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CRISPR SYSTEM BASED ANTIVIRAL
THERAPY

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a national phase entry of International
Application number PCT/US2018/041099 filed Jul. 6, 2018,
which claims the benefit of U.S. Provisional Application No.
62/530,029 filed Jul. 7, 2017. The entire contents of the
above-identified applications are hereby fully incorporated
herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

This invention was made with government support under
grant numbers MH1007006, MH110049 and AI110818
awarded by the National Institutes of Health, and Grant No.
D18AC00006 awarded by the Department of Defense. The
government has certain rights in the invention.

REFERENCE TO AN ELECTRONIC SEQUENCE
LISTING

The contents of the electronic sequence listing
(“BROD_2810US_ST25.txt,” 1,475,927 bytes, created on
Jan. 22, 2020) is herein incorporated by reference in its
entirety.

TECHNICAL FIELD

The subject matter disclosed herein is generally directed
to the use of CRISPR effector systems for use in treating,
preventing, suppressing, and/or alleviating viral pathogen-
esis, infection, propagation, and/or replication in a subject.

BACKGROUND

The CRISPR-Cas systems of bacterial and archaeal adap-
tive immunity show extreme diversity of protein composi-
tion and genomic loci architecture. The CRISPR-Cas system
loci has more than 50 gene families and there is no strictly
universal genes indicating fast evolution and extreme diver-
sity of loci architecture. So far, adopting a multi-pronged
approach, there is comprehensive cas gene identification of
about 395 profiles for 93 Cas proteins. Classification
includes signature gene profiles plus signatures of locus
architecture. A new classification of CRISPR-Cas systems is
proposed in which these systems are broadly divided into
two classes, Class 1 with multisubunit effector complexes
and Class 2 with single-subunit effector modules exempli-
fied by the Cas9 protein. Novel effector proteins associated
with Class 2 CRISPR-Cas systems may be developed as
powerful genome engineering tools and the prediction of
putative novel effector proteins and their engineering and
optimization is important.

The CRISPR-Cas adaptive immune system defends
microbes against foreign genetic elements via DNA or
RNA-DNA interference. Recently, the Class 2 type VI
single-component CRISPR-Cas effector Cas13a, previously
known as C2c2 (Shmakov et al. (2015) “Discovery and
Functional Characterization of Diverse Class 2 CRISPR-Cas
Systems”’; Molecular Cell 60:1-13; doi: dx.doi.org/10.1016/
j-molcel.2015.10.008) was characterized as an RNA-guided
Rnase (Abudayyeh et al. (2016), Science, [Epub ahead of
print], June 2; “C2c2 is a single-component programmable
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2

RNA-guided RNA-targeting CRISPR effector”; doi:
10.1126/science.aaf5573). It was demonstrated that C2c2
(e.g. from Leptotrichia shahii) provides robust interference
against RNA phage infection. Through in vitro biochemical
analysis and in vivo assays, it was shown that C2¢2 can be
programmed to cleave ssRNA targets carrying protospacers
flanked by a 3' H (non-G) PAM. Cleavage is mediated by
catalytic residues in the two conserved HEPN domains of
C2c¢2, mutations in which generate a catalytically inactive
RNA-binding protein. C2¢2 is guided by a single crRNA and
can be re-programmed to deplete specific mRNAs in vivo.
It was shown that [.shC2c2 can be targeted to a specific site
of interest and can carry out non-specific RNase activity
once primed with the cognate target RNA. These results
broaden our understanding of CRISPR-Cas systems and
demonstrate the possibility of harnessing Casl3, such as
Casl3a, Casl3b, or Casl3c to develop a broad set of
RNA-targeting tools.

While interference with phage infection in prokaryotes
has been demonstrated for L[sCasl3a, it is currently
unknown if Cas13 mediated antiviral therapy is feasible or
even possible at all in a eukaryotic setting. Indeed, the
extreme differences between prokaryotes and eukaryotes,
further confounded by the very nature of prokaryotic versus
eukaryotic viruses, including etiology and pathogenesis,
makes extrapolation from prokaryotic immunity to eukary-
otic immunity highly unpredictable.

Citation or identification of any document in this appli-
cation is not an admission that such document is available as
prior art to the present invention.

SUMMARY

Antiviral drugs do not exist for most emerging viruses,
and available direct-acting antivirals, which include small
molecules, short interfering RNAs, and antibodies, typically
target a small number of highly mutable viral proteins or
RNAs. This is problematic because RNA viruses evolve
rapidly and can easily acquire resistance to existing thera-
peutics. The present invention offers a new approach for
highly multiplexed, programmable antiviral therapies that
directly target viral RNA, and can be flexibly adapted to
target novel viruses or emerging outbreak pathogens. Class
2, type VI CRISPR system-based therapies can be used in
combination with existing antiviral compounds for viruses
where such compounds exist, either by increasing their
efficacy or by preventing the evolution of specific drug
resistance mutations. Perhaps most excitingly, if a virus
evolves resistance to a specific guide RNA sequence, it is
easy to switch to a different guide RNA sequence, or design
a new guide sequence to target the new mutation. Such
approaches should prevent the widespread development of
resistance to Class 2, type VI CRISPR system-based thera-
pies.

Current gold-standard pathogen diagnostics are often
expensive, slow, and lack sufficient sensitivity to detect viral
infections. Standard molecular amplification methods, such
as RT-qPCR, typically require nucleic acid extraction and
expensive thermocycling machinery. Immunoassays, such
as ELISAs, can only detect single targets, cross-react to
antigenically similar targets, and cannot be quickly devel-
oped or updated to deal with new or evolving threats. By
means of example, and without limitation, CRISPR-based
detection/diagnostic platforms, such as described in Groo-
tenberg et al. (2017), “Nucleic acid detection with CRISPR-
Cas13/C2c¢2”, Science, 356 (6336): 438-442 can transform
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the diagnosis of viral diseases with single-molecule detec-
tion sensitivity and single nucleotide polymorphism speci-
ficity.

The present inventors have surprisingly found that Class
2, type VI CRISPR systems are useful as an antiviral
therapeutic or prophylactic.

The present invention has, among others, the following
objectives: (1) Dissecting viral targets and viral evolution in
response to anti-viral therapy, including Class 2, type VI
CRISPR system therapy, to enable robust targeting. Methods
and guides are identified which effectively inhibit viral
pathogenesis, such as but not limited to viral replication. In
certain embodiments, the guides are selected which reduce
or avoid the evolution of viral resistance; (2) Multiplexed
Class 2, type VI CRISPR system-based viral therapeutics to
evade viral evolution; (3) Detecting viral mutations using,
for example, Class 2, type VI CRISPR system-based diag-
nostics. This includes diagnostics that can detect novel
mutations that arise in the course of therapy as well as
mutations known to arise which lead to treatment resistance.
Such diagnostics can be companion diagnostics to the thera-
peutic methods of the invention as described herein and can
be used to select an initial anti-viral therapy and also to
modify an anti-viral therapy in response to resistant mutants
that may emerge.

In certain aspects, a Class 2, type VI CRISPR system-
based diagnostic is used for disease surveillance before,
during, or after the course of anti-viral therapy.

The present inventors have found that Class 2, type VI
CRISPR systems, such as Casl3a, Cas13b, or Cas 13¢ have
transformative potential as a tool for rapidly formulating
antiviral therapeutics. Furthermore, Class 2, type VI
CRISPR system-based therapies can be easily retargeted by
changing the guide RNA sequences, which can help com-
batting the evolution of therapy resistance. Resistance muta-
tions can also be rapidly, sensitively, and specifically
detected, such as for instance, but not exclusively using the
Casl3-based SHERLOCK platform (Grootenberg et al.
(2017), “Nucleic acid detection with CRISPR-Cas13/C2¢2”,
Science, 356 (6336): 438-442). This is a major improvement
relative to existing approaches, which can take years to
develop a single therapy for a single virus and are difficult
to reformulate. Thus, the approaches according to the pres-
ent invention enable the development of many new antiviral
therapeutics. Moreover, this is an opportunity to learn basic
information about how viruses evolve to evade treatment.

In certain aspects, the present invention relates to devel-
opment of programmable, multiplexed viral therapeutics and
sensitive viral diagnostics. In certain aspects, the invention
relates to determining the rules for Class 2, type VI CRISPR
effector targeting and analyzing viral evolution in response
to Class 2, type VI CRISPR system targeting. In certain
aspects, the invention relates to development of multiplexed
Class 2, type VI CRISPR system-based therapies, such as to
thwart viral evolution. In certain aspects, the invention
relates to Class 2, type VI CRISPR system-based diagnos-
tics, such as to detect viruses that could cause outbreaks and
viral mutations that may occur during outbreaks.

Accordingly, in one aspect, the invention provides meth-
ods for treating, preventing, suppressing, and/or alleviating
viral pathogenesis, infection, propagation, and/or replication
in a subject, comprising administering to a subject in need
thereof a Class 2, type VI CRISPR system comprising (a) a
Class 2, type VI CRISPR effector protein and/or a poly-
nucleic acid encoding said effector protein and (b) one or
more guide RNAs and/or one or more polynucleic acids
encoding said one or more guide RNAs designed to bind to
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one or more target molecules of a virus. In certain embodi-
ments, viremia or viral load or titer is reduced or suppressed.

In another aspect, the invention relates to a Class 2, type
VI CRISPR system comprising (a) a Class 2, type VI
CRISPR effector protein and/or a polynucleic acid encoding
said effector protein and (b) one or more guide RNAs and/or
one or more polynucleic acids encoding said one or more
guide RNAs designed to bind to one or more target mol-
ecules of a virus for use in treating, preventing, suppressing,
and/or alleviating viral pathogenesis, infection, propagation
and/or replication in a subject. In certain embodiments,
viremia or viral load or titer is reduced or suppressed.

In a further aspect, the invention relates to a the use of
Class 2, type VI CRISPR system comprising (a) a Class 2,
type VI CRISPR effector protein and/or a polynucleic acid
encoding said effector protein and (b) one or more guide
RNAs and/or one or more polynucleic acids encoding said
one or more guide RNAs designed to bind to one or more
target molecules of a virus for the manufacture of a medi-
cament for treating, preventing, suppressing, and/or allevi-
ating viral pathogenesis, infection, propagation and/or rep-
lication in a subject. In certain embodiments, viremia or
viral load or titer is reduced or suppressed.

To provide better surveillance of key viral mutations in
nature, the present invention provides Class 2, type VI
CRISPR system-based diagnostics for detecting viral muta-
tions, variations, or polymorphisms, such as natural varia-
tions, or such as that may occur or have occurred during
outbreaks. By means of example, and without limitation, a
single nucleotide polymorphism in LCMYV that is associated
with the phenotypic switch between acute and persistent
infection may be detected; the single nucleotide polymor-
phisms observed during an Ebola virus epidemic or a Zika
virus epidemic may be detected, as well as the single
nucleotide polymorphisms that are responsible for drug
resistance in HIV may be detected. These tools enable to
track viral evolution during future outbreaks, and better
understand the role of adaptive mutations.

In a further aspect, the invention relates to methods for
detecting a virus, in particular in vitro methods for detecting
a virus. In a further aspect, the invention relates to methods
for diagnosing a viral infection, in particular in vitro meth-
ods for diagnosing a viral infection. In a further aspect, the
invention relates to methods for monitoring a viral infection,
in particular in vitro methods for monitoring a viral infec-
tion. In a further aspect, the invention relates to methods for
detecting or monitoring viral pathogenesis, infection, propa-
gation and/or replication, in particular in vitro methods for
detecting or monitoring viral pathogenesis, infection, propa-
gation and/or replication. In a further aspect, the invention
relates to methods for detecting or monitoring viral evolu-
tion, in particular in vitro methods for detecting or moni-
toring viral evolution. In a further aspect, the invention
relates to methods for detecting or monitoring viral muta-
tions or polymorphisms, in particular in vitro methods for
detecting or monitoring viral mutations or polymorphisms.
In a further aspect, the invention relates to methods for
detecting or monitoring development or evolution of viral
resistance such as resistance against the therapeutics of the
invention, in particular in vitro methods for detecting or
monitoring development or evolution of viral resistance,
such as resistance to the therapeutics of the invention. In
certain embodiments, these methods may involve CRISPR/
Cas system based detection systems, such as described for
instance in Gootenberg et al. (2017), “Nucleic acid detection
with CRISPR-Cas13/C2¢2”, Science, 356 (6336): 438-442,
which is incorporated herein by reference in its entirety. The
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methods are however not limited to such CRISPR/Cas
system based detection systems. In certain embodiments,
these methods are complementary diagnostic methods of the
therapeutic methods of the invention. In certain embodi-
ments, these methods are companion diagnostic methods of
the therapeutic methods of the invention.

Given the high mutation rate of viruses, and in particular
RNA viruses, monotherapy via individual guide RNAs may
not completely inhibit viral pathogenesis, such as viral
replication for extended periods of time. To determine the
evolutionary response to Class 2, type VI CRISPR system-
based therapy, in certain aspects, the invention relates to
methods to determine if particular regions of the viral
genome are more prone to evolving resistance to guide
targeting regions of the viral genome. Based on such analy-
sis, suitable gRNAs can be selected. Advantageously, to
further minimize development of viral resistance, the inven-
tion in certain aspects relates to multiplexed approaches, in
which multiple gRNAs are used to target particular viruses,
particular strains, or particular viral variants. For instance,
by using several guides, such as 2 or more, or 3 or more
distinct guides, the evolution of resistance to Class 2, type
VI CRISPR system-based therapies can be minimized. In
the rare case that any resistance were to be observed, the
guide RNA sequences being used could easily be switched.
For instance, a guide specifically targeting the emerging
resistance mutations can be designed or a guide targeting an
entirely different region of the viral genome. Alternatively,
if multiple guides are not sufficient to inhibit viral replication
on their own, they can be used in combination with existing
therapeutics.

The invention further relates to polynucleic acids, vectors,
vector systems, compositions, such as pharmaceutical com-
positions, comprising Class 2, type VI CRISPR system
comprising (a) a Class 2, type VI CRISPR effector protein
and/or a polynucleic acid encoding said effector protein and
(b) one or more guide RNAs and/or one or more polynucleic
acids encoding said one or more guide RNAs designed to
bind to one or more target molecules of a virus, and their use
in or for treating, preventing, suppressing, and/or alleviating
viral pathogenesis, infection, propagation and/or replication
in a subject. The invention also relates to methods for
treating, preventing, suppressing, and/or alleviating viral
pathogenesis, infection, propagation and/or replication in a
subject comprising administering such polynucleic acids,
vectors, vector systems or compositions, as well as the use
of such polynucleic acids, vectors, vector systems or com-
positions for the manufacture of a medicament for treating,
preventing, suppressing, and/or alleviating viral pathogen-
esis, infection, propagation and/or replication in a subject. In
certain embodiments, viremia or viral load or titer is
reduced. An aspect of the invention is that the above
elements are comprised in a single composition or com-
prised in individual compositions.

In certain embodiments, the effector protein and/or guide
RNA are comprised in one or more polynucleic acid, such as
a polynucleic acid encoding the effector protein and/or guide
RNA. In certain embodiments, said polynucleic acid encod-
ing said effector protein comprises a regulatory element
operably linked to a polynucleic acid encoding said effector
protein. In certain embodiments, said polynucleic acid
encoding said one or more guide RNAs comprises a regu-
latory element operably linked to a polynucleic acid encod-
ing said one or more guide RNAs. In certain embodiments,
said polynucleic acid encoding said one or more guide
RNAs and/or said effector protein are comprised in one or
more vectors, preferably (eukaryotic) expression vectors. In
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certain embodiments, said vector is a viral vector. In certain
embodiments, said viral vector is an adenoviral vector, an
AAV vector, or a retroviral vector.

In certain embodiments, the effector protein and/or guide
RNA are comprised in a polynucleic acid, preferably oper-
ably linked to a regulatory element, e.g. a promoter, such as
a vector, wherein said effector protein and/or guide RNA are
being expressed or are capable of being expressed consti-
tutively or inducibly. In certain embodiments, the effector
protein and/or guide RNA are comprised in a polynucleic
acid, preferably operably linked to a regulatory element, e.g.
a promoter, such as a vector, wherein said effector protein
and/or guide RNA are being expressed or are capable of
being expressed in a tissue specific manner.

In certain embodiments, the target molecule is, comprises,
consists of, or consists essentially of a polynucleic acid. In
certain embodiments, the target molecule is, comprises,
consists of, or consists essentially of RNA. In certain
embodiments, the target molecule is, comprises, consists of,
or consists essentially of a viral target molecule. In certain
embodiments, the target molecule is, comprises, consists of,
or consists essentially of RNA. In certain embodiments, the
target molecule is, comprises, consists of, or consists essen-
tially of a viral RNA. In certain embodiments, the target
molecule is, comprises, consists of, or consists essentially of
RNA. In certain embodiments, the target molecule is, com-
prises, consists of, or consists essentially of a viral RNA
transcribed from a viral DNA.

The subject may be a human or animal subject. In
particular embodiments, the subject is a mammalian subject.
The virus may thus be a human or animal virus. Alterna-
tively, the virus may be a mammalian virus. The virus may
be causative of human or animal disease. The virus may be
causative of mammalian disease.

In certain embodiments, the virus is a plant virus.

In particular embodiments, the virus is an RNA virus. In
further embodiments, the virus is a single stranded or double
stranded RNA virus. In further embodiments, the virus is a
positive sense RNA virus or a negative sense RNA virus or
an ambisense RNA virus.

In certain embodiments, the one or more guide RNA binds
to the coding strand of the RNA. In certain embodiments, the
guide RNA binds to the non-coding strand of the RNA. In
certain embodiments, the guide RNA binds to viral genomic
RNA (positive or negative sense or coding or non-coding
strand). In certain embodiments, the guide RNA binds to
transcribed RNA (positive or negative sense or coding or
non-coding strand) from viral genomic DNA or transcribed
RNA from a provirus.

In further embodiments, the virus is a Retroviridae virus,
Lentiviridae virus, Coronaviridae virus, a Picornaviridae
virus, a Caliciviridae virus, a Flaviviridae virus, a Togavi-
ridae virus, a Bornaviridae, a Filoviridae, a Paramyxoviri-
dae, a Pneumoviridae, a Rhabdoviridae, an Arenaviridae, a
Bunyaviridae, an Orthomyxoviridae, or a Deltavirus.

In particular embodiments, the virus is selected from the
group consisting of Lymphocytic choriomeningitis virus,
Coronavirus, HIV, SARS, Poliovirus, Rhinovirus, Hepatitis
A, Norwalk virus, Yellow fever virus, West Nile virus,
Hepatitis C virus, Dengue fever virus, Zika virus, Rubella
virus, Ross River virus, Sindbis virus, Chikungunya virus,
Borna disease virus, Ebola virus, Marburg virus, Measles
virus, Mumps virus, Nipah virus, Hendra virus, Newcastle
disease virus, Human respiratory syncytial virus, Rabies
virus, Lassa virus, Hantavirus, Crimean-Congo hemorrhagic
fever virus, Influenza and Hepatitis D virus.
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In particular embodiments, the virus is a DNA virus. In
further embodiments, the virus is a single stranded or double
stranded DNA virus. In further embodiments, the virus is a
positive sense DNA virus or a negative sense DNA virus or
an ambisense DNA virus. In further embodiments, the virus
is a Myoviridae, Podoviridae, Siphoviridae, Alloherpesviri-
dae, Herpesviridae (including human herpes virus, and Vari-
cella Zozter virus), Malocoherpesviridae, Lipothrixviridae,
Rudiviridae, Adenoviridae, Ampullaviridae, Ascoviridae,
Asfarviridae (including African swine fever virus), Baculo-
viridae, Cicaudaviridae, Clavaviridae, Corticoviridae,
Fuselloviridae, Globuloviridae, Guttaviridae, Hytrosaviri-
dae, Iridoviridae, Maseilleviridae, Mimiviridae, Nudiviri-
dae, Nimaviridae, Pandoraviridae, Papillomaviridae, Phy-
codnaviridae, Plasmaviridae, Polydnaviruses,
Polyomaviridae (including Simian virus 40, JC virus, BK
virus), Poxviridae (including Cowpox and smallpox), Spha-
erolipoviridae, Tectiviridae, Turriviridae, Dinodnavirus,
Salterprovirus, or Rhizidovirus.

In certain embodiments, the effector protein comprises
one or more HEPN domains, preferablt two HEPN domains.
In certain embodiments, the one or more HEPN domains
comprises a RxxxxH motif sequence. In certain embodi-
ments, the RxxxH motif comprises a R{N/H/K]X1X2X3H
sequence, preferably wherein X1 is R, S, D, E, Q, N, G, or
Y, and X2 is independently I, S, T, V, or L, and X3 is
independently L, . N, Y, V, [, S, D, E, or A.

In one example embodiment, the CRISPR system effector
protein is a RNA-targeting effector protein. Example RNA-
targeting effector proteins include Casl3b, Casl3c, and
C2¢2 (now known as Cas13a). It will be understood that the
term “C2c¢2” herein is used interchangeably with “Cas13a).
In another example embodiment, the RN A-targeting effector
protein is Casl3a, Cas13b, or Cas 13c. In other embodi-
ments, the C2c2 effector protein is from an organism of a
genus selected from the group consisting of: Leptotrichia,
Listeria, Corynebacter, Sutterella, Legionella, Treponema,
Filifactor, FEubacterium, Streptococcus, Lactobacillus,
Mycoplasma, Bacteroides, Flaviivola, Flavobacterium,
Sphaerochaeta, Azospirillum, Gluconacetobacter, Neisseria,
Roseburia, Parvibaculum, Staphylococcus, Nitratifractor,
Mycoplasma, Campylobacter, and Lachnospira, or the C2¢2
effector protein is an organism selected from the group
consisting of: Leptotrichia shahii, Leptotrichia. wadei, List-
eria seeligeri, Clostridium aminophilum, Carnobacterium
gallinarum, Paludibacter propionicigenes, Listeria weihen-
stephanensis, or the C2c2 effector protein is a L. wadei
F0279 or L. wadei F0279 (Lw2) C2C2 effector protein.

In certain embodiments, Casl3a is selected from Casl3a
from an organism selected from the Cas13a effector protein
is from an organism selected from the group consisting of:
Leptotrichia shahii; Leptotrichia wadei (Lw2); Listeria see-
ligeri; Lachnospiraceae bacterium MA2020; Lachno-
spiraceae bacterium NK4A179; Clostridium aminophilum
DSM 10710, Carnobacterium gallinarum DSM 4847, Car-
nobacterium gallinarum DSM 4847 (second CRISPR Loci);
Paludibacter propionicigenes WB4, Listeria weihenstepha-
nensis FSL R9-0317; Listeriaceae bacterium FSL M6-0635;
Leptotrichia wadei F0279; Rhodobacter capsulatus SB
1003; Rhodobacter capsulatus R121; Rhodobacter capsu-
latus DEA442; Leptotrichia buccalis C-1013-b; Herbinix
hemicellulosilytica; Fubacterium rectale; Eubacteriaceae
bacterium CHKCIO04; Blautia sp. Marseille-P2398; and
Leptotrichia sp. oral taxon 879 str. F0557, Lachnospiraceae
bacterium NK4A144; Chloroflexus aggregans; Demequina
aurantiaca; Thalassospira sp. TSL5-1; Pseudobutyrivibrio
sp. OR37; Butyrivibrio sp. YAB3001, Blautia sp. Marseille-
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P2398; Leptotrichia sp. Marseille-P3007; Bacteroides
ihuae; Porphyromonadaceae bacterium KH3CP3RA; List-
eria riparia; and Insolitispirillum peregrinum.

In certain embodiments, the effector protein cleaves the
target molecule. In certain embodiments, the effector mol-
ecule cleaves the target RNA. In certain embodiments, the
effector protein comprises one or more mutations. In certain
embodiments, the one or more mutations affect effector
protein catalytic activity, stability, and/or specificity.

In certain embodiments, the effector protein is or com-
prises a fusion protein. In certain embodiments, the effector
protein is a fusion protein with a heterologous domain. In
certain embodiments, the effector protein comprises a
nuclear localization signal (NLS) or a nuclear export signal
(NES). In certain embodiments the effector protein com-
prises a heterologous nuclear localization signal (NLS) or a
nuclear export signal (NES).

In certain embodiments, the effector protein is codon
optimized. It will be understood that codon optimization
may be species dependent.

In certain embodiments, the guide RNA comprises one or
more, preferably one, mismatch with the target sequence. In
certain embodiments, the guide RNA comprises one or
more, preferably one, synthetic mismatch with the target
sequence. In certain embodiments, said mismatch is up- or
downstream of a SNP or other single nucleotide variation in
said target molecule. In certain embodiments, the guide
RNAs comprise a pan-viral guide RNA set that targets each
virus and/or viral strain in a set of viruses.

In certain embodiments, more than one guide RNA is
provided. In certain embodiments, the guide RN As comprise
a pan-viral guide RNA set that targets each virus and/or viral
strain in a set of viruses. For instance, a panel of guide RNAs
may be provided which collectively recognize different
strains of a particular virus.

These and other aspects, objects, features, and advantages
of the example embodiments will become apparent to those
having ordinary skill in the art upon consideration of the
following detailed description of illustrated example
embodiments.

Accordingly, it is an object of the invention not to
encompass within the invention any previously known prod-
uct, process of making the product, or method of using the
product such that Applicants reserve the right and hereby
disclose a disclaimer of any previously known product,
process, or method. It is further noted that the invention does
not intend to encompass within the scope of the invention
any product, process, or making of the product or method of
using the product, which does not meet the written descrip-
tion and enablement requirements of the USPTO (35 U.S.C.
§ 112, first paragraph) or the EPO (Article 83 of the EPC),
such that Applicants reserve the right and hereby disclose a
disclaimer of any previously described product, process of
making the product, or method of using the product. It may
be advantageous in the practice of the invention to be in
compliance with Art. 53(c) EPC and Rule 28(b) and (c) EPC.
All rights to explicitly disclaim any embodiments that are
the subject of any granted patent(s) of applicant in the
lineage of this application or in any other lineage or in any
prior filed application of any third party is explicitly
reserved. Nothing herein is to be construed as a promise.

It is noted that in this disclosure and particularly in the
claims and/or paragraphs, terms such as “comprises”, “com-
prised”, “comprising” and the like can have the meaning
attributed to it in U.S. Patent law; e.g., they can mean
“includes”, “included”, “including”, and the like; and that
terms such as “consisting essentially of” and “consists
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essentially of” have the meaning ascribed to them in U.S.
Patent law, e.g., they allow for elements not explicitly
recited, but exclude elements that are found in the prior art
or that affect a basic or novel characteristic of the invention.

These and other embodiments are disclosed or are obvi-
ous from and encompassed by, the following Detailed
Description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B—Show location of designed guide
RNAs along the segmented LCMV genome. (FIG. 1A)
Guide RNAs S1-S6 are complementary to the LCMV S
RNA (of which S1 and S6 bind respectively to 5' UTR and
3'UTR). (FIG. 1B) Guide RNAs [1-1.6 are complementary
to the LCMV L RNA (of which L1 and L6 bind respectively
to 5' UTR and 3'UTR). All guide RNAs bind to the coding
strand.

FIG. 2—Cas13a and LCMV-specific guide RNA expres-
sion decreases LCMYV replication in cell culture. (FIG. 2A)
HEK293FT cells were transfected with plasmids expressing
Casl3a and single guide RNAs targeting LCMV or non-
targeting controls. 24 hours post-transfection, cells were
infected with LCMYV at an MOI of 5, and viral titers were
measured 48 hours post-infection using RT-qPCR of viral
RNA in the culture supernatant. (FIG. 2B) Inhibition of viral
replication. Empty vector, off-target #1 and off-target #2 are
considered negative controls. S1-S5 and L.1-L.6 target vari-
ous regions of the LCMV genome. Error bars indicate 1
standard deviation based on n=3-6 biological replicates.

FIG. 3—Inhibition of viral replication. LCMV infected
mammalian 293 FT cells were transfected with the indicated
C2c¢2 and guide plasmids. Plots represent RT-qPCR values
as genome equivalents per microliter with a bar for each
transfected guide plasmid. Empty vector, off-target #1 and
off-target #2 are considered negative controls. S1-S5 and
L1-L6 target various regions of the LCMV genome. Error
bars indicate 1 standard deviation based on n=6 biological
replicates.

FIG. 4—Combinations of multiple guides enhance the
Casl3a-mediated inhibition of LCMV replication.
HEK293FT cells were transfected with plasmids expressing
Casl3a and one or more guide RNAs targeting LCMV or
non-targeting controls. LCMYV infection was performed 24
hours post-transfection at an MOI of 5, and viral titers were
measured 48 hours post infection usting RT-qPCR of viral
RNA in the culture supernatant. Empty vector, off-target #1
and off-target #2 are considered negative controls. Error bars
indicate one standard deviation based on n=6 biological
replicates.

FIG. 5—Fraction of guides reducing viral replication.
Mean GFP fluorescence 48 hours post LCMV infection was
calculated from 3 replicates for all quides. Fold-change for
each LCMYV targeting guide was calculated as the ratio of
the mean fluorescence of the control guide over the LCMV
targeting guide. P values were calculated using a 2 tailed,
unpaired t.test. Targeting guides were considered any guide
with a p value less than or equal to 0.05 and fold change
(FC) greater than or equal to 2. The pie chart plots the data
displayed in the table with wedges corresponding to the
non-coding and coding region of LCMV’s 4 proteins.
Remaining guides are those LCMYV targeting guides that do
not pass the p value and FC threshold.

FIG. 6—Distribution of targeting efficiency of targeting
guides. The distribution of fold change of GFP fluorescence
(control guide over LCMYV targeting guide) for guides that
passed a p-value threshold of 0.05. Not shown on this graph,
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8 guides with GFP fluorescence reduction greater than 50
fold (* 8 guides show reduction >50 fold).

FIGS. 7A and 7B—Representative images (3 replicates
for each guide) illustrating the reduction of GFP (i.e. LCMV
replication) for (FIG. 7B) Guide targeting the coding region
of L (#104) compared to (FIG. 7A) the control (empty guide
vector). Images were taken 48 hours post LCMYV infection
at magnification of 4x. Fold change 2.72, p value 0.047.

FIG. 8—Fold change of GFP fluorescence 48 hours post
infection of control guide over LCMV-targeting guide for all
guides that passed a p-value threshold of 0.05 and fold
change threshold of 2. Each position on the x-axis is a guide
that was tested in LCMYV full-genome screen. Any guide that
did not pass this threshold was plotted as 1. For any guide
with fluorescence less than or at background, the fold change
is set as the maximum fold change observed.

FIGS. 9A-9C—Cas13a-based diagnostics can sensitively
detect Zika virus nucleic acid. Zika virus cDNA was serially
diluted in healthy human urine and water, inactivated endog-
enous human RNases, and used the SHERLOCK protocol to
quantify viral cDNA (FIG. 9A). Several cDNA samples
were also tested from patient urine or serum (FIG. 9B), and
a combination of guide RNAs were used to distinguish
between patient sample collected from different countries
during the Zika virus outbreak (FIG. 9C). Error bars indicate
one standard deviation. Abbreviations: DOM=Dominican
Republic, DOMUSA=Dominican Republic/USA,
HND=Honduras, USA=United State of America.

DETAILED DESCRIPTION OF THE
INVENTION

Unless defined otherwise, technical and scientific terms
used herein have the same meaning as commonly under-
stood by one of ordinary skill in the art to which this
disclosure pertains. Definitions of common terms and tech-
niques in molecular biology may be found in Molecular
Cloning: A Laboratory Manual, 2"¢ edition (1989) (Sam-
brook, Fritsch, and Maniatis); Molecular Cloning: A Labo-
ratory Manual, 4” edition (2012) (Green and Sambrook);
Current Protocols in Molecular Biology (1987) (F. M.
Ausubel et al. eds.); the series Methods in Enzymology
(Academic Press, Inc.): PCR 2: A Practical Approach (1995)
(M. J. MacPherson, B. D. Hames, and G. R. Taylor eds.):
Antibodies, A Laboraotry Manual (1988) (Harlow and Lane,
eds.): Antibodies A Laboraotry Manual, 2"/ edition 2013 (E.
A. Greenfield ed.); Animal Cell Culture (1987) (R. I. Fresh-
ney, ed.); Benjamin Lewin, Genes IX, published by Jones
and Bartlet, 2008 (ISBN 0763752223); Kendrew et al.
(eds.), The Encyclopedia of Molecular Biology, published
by Blackwell Science Ltd., 1994 (ISBN 0632021829); Rob-
ert A. Meyers (ed.), Molecular Biology and Biotechnology:
a Comprehensive Desk Reference, published by VCH Pub-
lishers, Inc., 1995 (ISBN 9780471185710); Singleton et al.,
Dictionary of Microbiology and Molecular Biology 2nd ed.,
J. Wiley & Sons (New York, N.Y. 1994), March, Advanced
Organic Chemistry Reactions, Mechanisms and Structure
4th ed., John Wiley & Sons (New York, N.Y. 1992); and
Marten H. Hotker and Jan van Deursen, Transgenic Mouse
Methods and Protocols, 2 edition (2011).

As used herein, the singular forms “a”, “an”, and “the”
include both singular and plural referents unless the context
clearly dictates otherwise.

The term “optional” or “optionally” means that the sub-
sequent described event, circumstance or substituent may or
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may not occur, and that the description includes instances
where the event or circumstance occurs and instances where
it does not.

The recitation of numerical ranges by endpoints includes
all numbers and fractions subsumed within the respective
ranges, as well as the recited endpoints.

The terms “about” or “approximately” as used herein
when referring to a measurable value such as a parameter, an
amount, a temporal duration, and the like, are meant to
encompass variations of and from the specified value, such
as variations of +/-10% or less, +/=5% or less, +/-1% or
less, and +/-0.1% or less of and from the specified value,
insofar such variations are appropriate to perform in the
disclosed invention. It is to be understood that the value to
which the modifier “about” or “approximately” refers is
itself also specifically, and preferably, disclosed.

Reference throughout this specification to “one embodi-
ment”, “an embodiment,” “an example embodiment,” means
that a particular feature, structure or characteristic described
in connection with the embodiment is included in at least
one embodiment of the present invention. Thus, appearances
of'the phrases “in one embodiment,” “in an embodiment,” or
“an example embodiment” in various places throughout this
specification are not necessarily all referring to the same
embodiment, but may. Furthermore, the particular features,
structures or characteristics may be combined in any suitable
manner, as would be apparent to a person skilled in the art
from this disclosure, in one or more embodiments. Further-
more, while some embodiments described herein include
some but not other features included in other embodiments,
combinations of features of different embodiments are
meant to be within the scope of the invention. For example,
in the appended claims, any of the claimed embodiments can
be used in any combination.

Specific reference is made to U.S. Provisional Application
No. 62/471,931 filed Mar. 15, 2017 and entitled “CRISPR
Effector System Based Diagnostics” and U.S. Provisional
Application No. 62/484,857 filed on Apr. 12, 2017 and
entitled “CRISPR Effector System Based Diagnostics for
Virus Detection.”

All publications, published patent documents, and patent
applications cited herein are hereby incorporated by refer-
ence to the same extent as though each individual publica-
tion, published patent document, or patent application was
specifically and individually indicated as being incorporated
by reference

Microbial Clustered Regularly Interspaced Short Palin-
dromic Repeats (CRISPR) and CRISPR-associated
(CRISPR-Cas) adaptive immune systems contain program-
mable endonucleases, such as Cas9 and Cpfl (Shmakov et
al., 2017; Zetsche et al., 2015). Although both Cas9 and
Cpfl target DNA, single effector RNA-guided RNases have
been recently discovered (Shmakov et al., 2015) and char-
acterized (Abudayyeh et al., 2016; Smargon et al., 2017),
including C2c¢2, providing a platform for specific RNA
sensing. RNA-guided RNases can be easily and conve-
niently reprogrammed using CRISPR RNA (crRNAs) to
cleave target RNAs.

In an aspect, the present invention relates to the use of the
CRISPR system, in particular a Class 2, type VI CRISPR
system, as an antiviral therapy or prophylactic (e.g. immu-
nization), and/or as a viral diagnostic. The embodiments
disclosed herein utilize RNA targeting effectors to treat and
prevent infection by a viral pathogen in a subject. It has been
found that RN A-targeting CRISPR proteins can be used to
suppress different stages of infection of a eukaryotic cell by
a virus. This implies that these CRISPR systems can be used

29 <

10

15

20

25

30

35

40

45

50

55

60

65

12

to treat or prevent diseases caused by such viruses. This is
of interest not only in human antiviral therapy, for diseases
such as Ebola hemorrhoragic fever, SARS, hepatitis C, West
Nile fever, polio and measles, but also for farm animals such
as sheep and cows suffering from diseases such as Bovine
viral diarrhea and Parainfluenza-3 virus-caused respiratory
infections. In certain embodiments, the CRISPR systems
according to the invention as described herein are used or
can be used for immunization.

In one aspect, the embodiments disclosed herein are
directed to methods for treating, preventing, suppressing,
and/or alleviating infection, propagation, replication of and/
or pathogenesis caused by a virus in a subject, comprising
administering to a subject in need thereof a Class 2, type VI
CRISPR system comprising an effector protein or a poly-
nucleic acid encoding an effector protein and one or more
guide RNAs or one or more polynucleic acids encoding one
or more guide RNAs designed to bind to one or more target
molecules of said virus. The polynucleic acid encoding said
one or more guide RN As and/or the effector protein may be
comprised in one or more vector, which may be the same or
different vectors, preferably (eukaryotic) expression vectors.
Accordingly, the application provides a Class 2, type VI
CRISPR system comprising an effector protein or a poly-
nucleic acid encoding an effector protein and one or more
guide RNAs or one or more polynucleic acids encoding one
or more guide RNAs designed to bind to one or more target
molecules of a virus for use in treating, preventing, sup-
pressing, and/or alleviating infection, propagation, replica-
tion of and/or pathogenesis caused by a virus in a subject.
Also, the invention provides pharmaceutical compositions
comprising the CRISPR system as defined herein, for use in
treating, preventing, suppressing, and/or alleviating infec-
tion, propagation, replication of and/or pathogenesis caused
by a virus in a subject.

In an aspect, the invention provides methods and com-
positions for modulating, e.g., reducing, (protein) expression
of a (viral) target RNA in cells. In the subject methods, a
CRISPR system of the invention is provided that interferes
with transcription, stability, and/or translation of an RNA.

In certain embodiments, an effective amount of CRISPR
system is used to cleave RNA or otherwise inhibit RNA
expression. In this regard, the system has uses similar to
siRNA and shRNA, thus can also be substituted for such
methods. The method includes, without limitation, use of a
CRISPR system as a substitute for e.g., an interfering
ribonucleic acid (such as an siRNA or shRNA) or a tran-
scription template thereof, e.g., a DNA encoding an shRNA.
The CRISPR system is introduced into a target cell, e.g., by
being administered to a mammal that includes the target cell,

Advantageously, a CRISPR system of the invention is
specific. For example, whereas interfering ribonucleic acid
(such as an siRNA or shRNA) polynucleotide systems are
plagued by design and stability issues and off-target binding,
a CRISPR system of the invention can be designed with high
specificity.

In certain embodiments, the systems, compositions, poly-
nucleic acids, vector and vector systems, and methods,
disclosed herein are useful for diagnosing and/or treating
viral pathogenesis, infection, propagation, and/or replication
in a subject. In certain embodiments, the systems, compo-
sitions, polynucleic acids, vector and vector systems, and
methods, disclosed herein are useful for preventing viral
pathogenesis, infection, propagation, and/or replication in a
subject. In certain embodiments, the systems, compositions,
polynucleic acids, vector and vector systems, and methods,
disclosed herein are useful for suppressing viral pathogen-
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esis, infection, propagation, and/or replication in a subject.
In certain embodiments, the systems, compositions, poly-
nucleic acids, vector and vector systems, and methods,
disclosed herein are useful for alleviating viral pathogenesis,
infection, propagation, and/or replication in a subject. In
certain example embodiments, the systems, compositions,
polynucleic acids, vector and vector systems, and methods,
disclosed herein are useful for immunization against a virus.
In certain example embodiments, the systems, compositions,
polynucleic acids, vector and vector systems, and methods,
disclosed herein are useful for suppressing or alleviating
viremia or reducing viral load or titer in a subject. In certain
embodiments, the systems, compositions, polynucleic acids,
vector and vector systems, and methods, disclosed herein are
useful for treating viral pathogenesis in a subject. In certain
embodiments, the systems, compositions, polynucleic acids,
vector and vector systems, and methods, disclosed herein are
useful for preventing viral pathogenesis in a subject. In
certain embodiments, the systems, compositions, poly-
nucleic acids, vector and vector systems, and methods,
disclosed herein are useful for suppressing viral pathogen-
esis in a subject. In certain embodiments, the systems,
compositions, polynucleic acids, vector and vector systems,
and methods, disclosed herein are useful for alleviating viral
pathogenesis in a subject. In certain embodiments, the
systems, compositions, polynucleic acids, vector and vector
systems, and methods, disclosed herein are useful for treat-
ing viral infection in a subject. In certain embodiments, the
systems, compositions, polynucleic acids, vector and vector
systems, and methods, disclosed herein are useful for pre-
venting viral infection in a subject. In certain embodiments,
the systems, compositions, polynucleic acids, vector and
vector systems, and methods, disclosed herein are useful for
suppressing viral infection in a subject. In certain embodi-
ments, the systems, compositions, polynucleic acids, vector
and vector systems, and methods, disclosed herein are useful
for alleviating viral infection in a subject. In certain embodi-
ments, the systems, compositions, polynucleic acids, vector
and vector systems, and methods, disclosed herein are useful
for treating viral propagation in a subject. In certain embodi-
ments, the systems, compositions, polynucleic acids, vector
and vector systems, and methods, disclosed herein are useful
for preventing viral propagation in a subject. In certain
embodiments, the systems, compositions, polynucleic acids,
vector and vector systems, and methods, disclosed herein are
useful for suppressing viral propagation in a subject. In
certain embodiments, the systems, compositions, poly-
nucleic acids, vector and vector systems, and methods,
disclosed herein are useful for alleviating or reducing viral
propagation in a subject. In certain embodiments, the sys-
tems, compositions, polynucleic acids, vector and vector
systems, and methods, disclosed herein are useful for treat-
ing viral replication in a subject. In certain embodiments, the
systems, compositions, polynucleic acids, vector and vector
systems, and methods, disclosed herein are useful for pre-
venting viral replication in a subject. In certain embodi-
ments, the systems, compositions, polynucleic acids, vector
and vector systems, and methods, disclosed herein are useful
for suppressing viral replication in a subject. In certain
embodiments, the systems, compositions, polynucleic acids,
vector and vector systems, and methods, disclosed herein are
useful for alleviating or reducing viral replication in a
subject.

In certain embodiments, the virus is a pathogenic virus. In
certain embodiments, the virus is an opportunistic patho-
genic virus. In certain embodiments, the virus is causative of
a disease, preferably in a human or animal subject, such as

10

15

20

25

30

35

40

45

50

55

60

65

14

a mammalian subject. In certain embodiments, the virus may
cause acute disease (e.g. in human or animal or in mammal).
In certain embodiments, the virus may cause chronic disease
(e.g. in human or animal or in mammal). In certain embodi-
ments, the virus may be dormant or in a dormant state. In
certain embodiments, the virus may be latent or in latency or
a latent state. In certain embodiments, the virus may be
lysogenic or in a lysogenic state. In certain embodiments,
the virus may be lytic or in a lytic state. In certain embodi-
ments, the virus may be a provirus. In certain embodiments
the virus may be episomal. In certain embodiments, the virus
may be a latent provirus. In certain embodiments, the virus
may be a latent episomal virus.

In certain embodiments, the systems, compositions, poly-
nucleic acids, vector and vector systems, and methods,
disclosed herein are useful for inducing or maintaining viral
latency or dormancy. In certain embodiments, the systems,
compositions, polynucleic acids, vector and vector systems,
and methods, disclosed herein are useful for preventing or
reducing viral activation and/or viral shedding.

In certain example embodiments, the systems, composi-
tions, polynucleic acids, vector and vector systems, and
methods, disclosed herein are useful for treating, preventing,
suppressing, and/or alleviating viral pathogenesis, infection,
propagation, and/or replication in a subject, or for immuni-
zation, or for reducing viremia or viral load or titer in a
subject. In certain example embodiments, the systems, com-
positions, polynucleic acids, vector and vector systems, and
methods, disclosed herein are useful for diagnosing a virus.
The virus may be a DNA virus (single or double stranded,
positive or negative sense or ambisense) or an RNA virus
(single or double stranded, positive or negative sense or
ambisense). In certain embodiments, the virus is Ebola,
measles, SARS, Chikungunya, hepatitis, Marburg, yellow
fever, MERS, Dengue, Lassa, influenza, rhabdovirus or HIV.
A hepatitis virus may include hepatitis A, hepatitis B, or
hepatitis C. An influenza virus may include, for example,
influenza A or influenza B. An HIV may include HIV 1 or
HIV 2. In certain example embodiments, the virus may be a
human respiratory syncytial virus, Sudan ebola virus, Bun-
dibugyo virus, Tai Forest ebola virus, Reston ebola virus,
Achimota, Aedes flavivirus, Aguacate virus, Akabane virus,
Alethinophid reptarenavirus, Allpahuayo mammarenavirus,
Amapari mmarenavirus, Andes virus, Apoi virus, Aravan
virus, Aroa virus, Arumwot virus, Atlantic salmon paramyo-
xivirus, Australian bat lyssavirus, Avian bornavirus, Avian
metapneumovirus, Avian paramyoxviruses, penguin or Falk-
land Islandsvirus, BK polyomavirus, Bagaza virus, Banna
virus, Bat hepevirus, Bat sapovirus, Bear Canon mammare-
navirus, Beilong virus, Betacoronoavirus, Betapapillomavi-
rus 1-6, Bhanja virus, Bokeloh bat lyssavirus, Borna disease
virus, Bourbon virus, Bovine hepacivirus, Bovine parain-
fluenza virus 3, Bovine respiratory syncytial virus, Brazoran
virus, Bunyamwere virus, Caliciviridae virus. California
encephalitis virus, Candiru virus, Canine distemper virus,
Canaine pneumovirus, Cedar virus, Cell fusing agent virus,
Cetacean morbillivirus, Chandipura virus, Chaoyang virus,
Chapare mammarenavirus, Chikungunya virus, Colobus
monkey papillomavirus, Colorado tick fever virus, Cowpox
virus, Crimean-Congo hemorrhagic fever virus, Culex fla-
vivirus, Cupixi mammarenavirus, Dengue virus, Dobrava-
Belgrade virus, Donggang virus, Dugbe virus, Duvenhage
virus, Eastern equine encephalitis virus, Entebbe bat virus,
Enterovirus A-D, European bat lyssavirus 1-2, Eyach virus,
Feline morbillivirus, Fer-de-Lance paramyxovirus, Fitzroy
River virus, Flaviviridae virus, Flexal mammarenavirus, GB
virus C, Gairo virus, Gemycircularvirus, Goose paramyox-
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iviurs SF02, Great Island virus, Guanarito mammarenavirus,
Hantaan virus, Hantavirus Z10, Heartland virus, Hendra
virus, Hepatitis A/B/C/E, Hepatitis delta virus, Human
bocavirus, Human coronavirus, Human endogenous retro-
virus K, Human enteric coronavirus, Human gential-asso-
ciated circular DNA virus-1, Human herpesvirus 1-8,
Human immunodeficiency virus 1/2, Huan mastadenovirus
A-G, Human papillomavirus, Human parainfluenza virus
1-4, Human paraechovirus, Human picobirnavirus, Human
smacovirus, lkoma lyssavirus, [lheus virus, Influenza A-C,
Ippy mammarenavirus, Irkut virus, J-virus, JC polyomavi-
rus, Japanses encephalitis virus, Junin mammarenavirus, KI
polyomavirus, Kadipiro virus, Kamiti River virus, Kedou-
gou virus, Khujand virus, Kokobera virus, Kyasanur forest
disease virus, Lagos bat virus, Langat virus, Lassa mam-
marenavirus, Latino mammarenavirus, Leopards Hill virus,
Liao ning virus, [jungan virus, Lloviu virus, Louping ill
virus, Lujo mammarenavirus, Luna mammarenavirus, Lunk
virus, Lymphocytic choriomeningitis mammarenavirus,
Lyssavirus Ozernoe, MSSI2\0.225 virus, Machupo mam-
marenavirus, Mamastrovirus 1, Manzanilla virus, Mapuera
virus, Marburg virus, Mayaro virus, Measles virus,
Menangle virus, Mercadeo virus, Merkel cell polyomavirus,
Middle East respiratory syndrome coronavirus, Mobala
mammarenavirus, Modoc virus, Moijang virus, Mokolo
virus, Monkeypox virus, Montana myotis leukoenchalitis
virus, Mopeia lassa virus reassortant 29, Mopeia mammare-
navirus, Morogoro virus, Mossman virus, Mumps virus,
Murine pneumonia virus, Murray Valley encephalitis virus,
Nariva virus, Newcastle disease virus, Nipah virus, Norwalk
virus, Norway rat hepacivirus, Ntaya virus, O'nyong-nyong
virus, Oliveros mammarenavirus, Omsk hemorrhagic fever
virus, Oropouche virus, Parainfluenza virus 5, Parana mam-
marenavirus, Parramatta River virus, Peste-des-petits-rumi-
nants virus, Pichande mammarenavirus, Picornaviridae
virus, Pirital mammarenavirus, Piscihepevirus A, Procine
parainfluenza virus 1, porcine rubulavirus, Powassan virus,
Primate T-lymphotropic virus 1-2, Primate erythroparvovi-
rus 1, Punta Toro virus, Puumala virus, Quang Binh virus,
Rabies virus, Razdan virus, Reptile bornavirus 1, Rhinovirus
A-B, Rift Valley fever virus, Rinderpest virus, Rio Bravo
virus, Rodent Torque Teno virus, Rodent hepacivirus, Ross
River virus, Rotavirus A-1, Royal Farm virus, Rubella virus,
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Sabia mammarenavirus, Salem virus, Sandfly fever Naples
virus, Sandfly fever Sicilian virus, Sapporo virus, Sathuperi
virus, Seal anellovirus, Semliki Forest virus, Sendai virus,
Seoul virus, Sepik virus, Severe acute respiratory syndrome-
related coronavirus, Severe fever with thrombocytopenia
syndrome virus, Shamonda virus, Shimoni bat virus, Shuni
virus, Simbu virus, Simian torque teno virus, Simian virus
40-41, Sin Nombre virus, Sindbis virus, Small anellovirus,
Sosuga virus, Spanish goat encephalitis virus, Spondweni
virus, St. Louis encephalitis virus, Sunshine virus, TTV-like
mini virus, Tacaribe mammarenavirus, Taila virus, Tamana
bat virus, Tamiami mammarenavirus, Tembusu virus,
Thogoto virus, Thottapalayam virus, Tick-borne encephali-
tis virus, Tioman virus, Togaviridae virus, Torque teno canis
virus, Torque teno douroucouli virus, Torque teno felis virus,
Torque teno midi virus, Torque teno sus virus, Torque teno
tamarin virus, Torque teno virus, Torque teno zalophus virus,
Tuhoko virus, Tula virus, Tupaia paramyxovirus, Usutu
virus, Uukuniemi virus, Vaccinia virus, Variola virus, Ven-
ezuelan equine encephalitis virus, Vesicular stomatitis Indi-
ana virus, WU Polyomavirus, Wesselsbron virus, West Cau-
casian bat virus, West Nile virus, Western equine
encephalitis virus, Whitewater Arroyo mammarenavirus,
Yellow fever virus, Yokose virus, Yug Bogdanovac virus,
Zaire ebolavirus, Zika virus, or Zygosaccharomyces bailii
virus Z viral sequence. Examples of RNA viruses that may
be detected include one or more of (or any combination of)
Coronaviridae virus, a Picornaviridae virus, a Caliciviridae
virus, a Flaviviridae virus, a Togaviridae virus, a Bornaviri-
dae, a Filoviridae, a Paramyxoviridae, a Pneumoviridae, a
Rhabdoviridae, an Arenaviridae, a Bunyaviridae, an
Orthomyxoviridae, or a Deltavirus. In certain example
embodiments, the virus is Coronavirus, SARS, Poliovirus,
Rhinovirus, Hepatitis A, Norwalk virus, Yellow fever virus,
West Nile virus, Hepatitis C virus, Dengue fever virus, Zika
virus, Rubella virus, Ross River virus, Sindbis virus, Chi-
kungunya virus, Borna disease virus, Ebola virus, Marburg
virus, Measles virus, Mumps virus, Nipah virus, Hendra
virus, Newcastle disease virus, Human respiratory syncytial
virus, Rabies virus, Lassa virus, Hantavirus, Crimean-
Congo hemorrhagic fever virus, Influenza, or Hepatitis D
virus.

In certain embodiments, the virus is a virus listed in Table
1 below, or a virus of the indicated genus/family.

TABLE 1

Virus Genus, Family

Host

Transmission Disease

Adeno-associated virus
Aichi virus

Australian bat lyssavirus
BK polyomavirus
Banna virus

Barmah forest virus
Bunyamwera virus
Bunyavirus La Crosse

Dependovirus

Kobuvirus, Picornaviridae
Lyssavirus, Rhabdoviridae
Polyomavirus, Polyomaviridae
Seadornavirus, Reoviridae
Alphavirus, Togaviridae
Orthobunyavirus, Bunvaviridae
Orthobunyavirus, Bunyaviridae

Bunyavirus snowshoe hare
Cercopithecine herpesvirus
Chandipura virus
Chikungunya virus
Cosavirus A

Cowpox virus
Coxsackievirus

Orthobunyavirus, Bunyaviridae
Lymphocryptovirus, Herpesviridae
Vesiculovirus, Rhabdoviridae
Alphavirus, Togaviridae
Cosavirus, Picornaviridae
Orthopoxvirus, Poxviridae
Entcrovirus, Picornaviridae

Crimean-Congo
hemorrhagic fever virus
Dengue virus

Dhori virus

Dugbe virus
Duvenhage virus

Nairovirus, Bunyaviridae

Flavivirus, Flaviviridae
Thogotovirus, Orthomyxoviridae
Nairovirus, Bunyaviridae
Lyssavirus, Rhabdoviridae

Human, vertebrates
Human

Human, bats
Human
Human,
Human, marsupials, mosquitoesZoonosis, arthropod bite
Human, mosquitoes
Human,
tamias
Human, rodents, mosquitoes
Human, monkeys

Human,
Human, monkeys, mosquitoes
Human

Human, mammals

Human

Human, vertebrates, ticks

Human, mosquitoes
Human, ticks
Human, ticks
Human, mammals

Respiratory None

Fecal-oral Gastroenteritis
Zoonosis, animal bite Fatal encephalitis
Respiratory fluids or urine None

cattle, pig, mosquitoes Zoonosis, arthropod bite Encephalitis
Fever, joint pain
Encephalitis
Encephalitis

Zoonosis, arthropod bite
deer, mosquitoes, Zoonosis, arthropod bite
Zoonosis, arthropod bite
Zoonosis, animal bite
Zoonosis, athropod bite
Zoonosis, arthropod bite
Fecal-oral (probable)
Zoonosis, contact
Fecal-oral

Encephalitis
Encephalitis
Encephalitis
Fever, joint pain

sandflies

None

Meningitis,
myocarditis, paralysis
Zoonosis, arthropod bite Hemorrhagic fever
Zoonosis, arthropod bite
Zoonosis, arthropod bite
Zoonosis, arthropod bite
Zoonosis, animal bite

Hemorrhagic fever

Fever, encephalitis

Thrombocytopaenia
Fatal encephalitis
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TABLE 1-continued

18

Virus

Genus, Family

Host

Transmission

Disease

Eastern equine

encephalitis virus

Ebolavirus

Echovirus

Encephalomyocar ditis virus
Epstein-Barr virus

European bat lyssavirus

GB virus C/Hepatitis G virus
Hantaan virus

Hendra virus

Hepatitis A virus
Hepatitis B virus
Hepatitis C virus
Hepatitis E virus

Hepatitis delta virus
Horsepox virus

Human adenovirus
Human astrovirus
Human coronavirus
Human cytomegalovirus

Human enterovirus 68, 70

Human herpesvirus 1

Human herpesvirus 2

Human herpesvirus 6

Human herpesvirus 7

Human herpesvirus 8

Human immunodeficiency virus
Human papillomavirus 1

Human papillomavirus 2
Human papillomavirus 16,18

Human parainfluenza
Human parvovirus B19
Human respiratory

syncytial virus

Human rhinovirus

Human SARS coronavirus
Human spumaretrovirus
Human T-lymphotropic virus

Human torovirus
Influenza A virus

Influenza B virus
Influenza C virus
Isfahan virus

JC polyomavirus
Japanese encephalitis virus

Junin arenavirus
KI Polyomavirus
Kunjin virus

Lagos bat virus

Lake Victoria marburgvirus
Langat virus

Lassa virus

Lordsdale virus
Louping ill virus
Lymphocytic
choriomeningitis virus
Machupo virus
Mayaro virus

MERS coronavirus

Alphavirus, Togaviridae

Ebolavirus, Filoviridae
Enterovirus, Picornaviridae
Cardiovirus, Picornaviridae
Lymphocryptovirus, Herpesviridae
Lyssavirus, Rhabdovirus
Pegivirus, Flaviviridae
Hantavirus, Bunyaviridae

Henipavirus, paramyxoviridae
Hepatovirus, picornaviridae

Human, birds, mosquitoes

Human, monkeys, bats
Human

Human, mouse, rat, pig
Human

Human, bats

Human

Human, rodents

Human, horse, bats
Human

Orthohepadnavirus, HepadnavividaeHuman, Chimpanzees

Hepacivirus, Flaviviridae
Hepevirus, Unassigned

Deltavirus, Unassigned
Orthopoxvirus, Poxviridae
Mastadenovirus, Adenoviridae
Mamastrovirus, Astroviridae
Alphacoronavirus, Coronaviridae
Cytomegalovirus, Herpesviridae

Enterovirus, Picornaviridae

Simplexvirus, Herpesviridae
Simplexvirus, Herpesviridae
Roseolovirus, Herpesviridae
Roseolovirus, Herpesviridae
Rhadinovirus, Herpesviridae
Lentivirus, Retroviridae
Mupapillomavirus,
Papillomaviridae
Alphapapillomavirus,
Papillomaviridae
Alphapapillomavirus,
Papillomaviridae
Respirovirus, Paramyxoviridae
Erythrovirus, Parvoviridae
Preumovirus, Paramyxoviridae

Enterovirus

Betacoronavirus, Coronaviridae
Spumavirus, Retroviridae
Deltaretrovirus, Retroviridae

Torovirus, Coronaviridae
Influenzavirus A,
Orthomyxoviridae
Influenzavirus B,
Orthomyxoviridae
Influenzavirus C,
Orthomyxoviridae
Vesiculovirus, Rhabdoviridae

Polyomavirus, Polvomaviridae
Flavivirus, Flaviviridae

Arenavirus, Arenaviridae
Polyomavirus, Polyomaviridae
Flavivirus, Flaviviridae

Lyssavirus, Rhabdoviridae
Marburgvirus, Filoviridae
Flavivirus, Flaviviridae
Arenavirus, Arenaviridae
Norovirus, Caliciviridae
Flavivirus, Flaviviridae
Arenavirus, Arenaviridae

Arenavirus, Arenaviridae
Alphavirus, Togaviridae
Betacoronavirus, Coronaviridae

Human

Human, pig, monkeys,
some rodents, chicken
Human

Human, horses
Human

Human

Human

Human

Human

Human
Human
Human
Human
Human
Human
Human

Human
Human

Human
Human
Human

Human
Human, palm civet
Human
Human

Human
Human, birds, pigs

Human
Human
Human, sandflies, gerbils

Human

Human, horses, birds,
mosquitoes

Human, rodents
Human

Human, horses, birds,
mosquitoes

Human, mammals
Human, monkeys, bats
Human, ticks

Human, rats

Human

Human, mammals, ticks
Human, rodents

Human, monkeys, mouse
Human, mosquitoes
Human, Tomb bat

Zoonosis, arthropod bite

Zoonosis, contact
Fecal-oral

Zoonosis

Contact, saliva
Zoonosis, animal bite

Encephalitis

Hemorrhagic fever
Common cold
Encephalitis
Mononucleosis
Fatal encephalitis

Blood, occasionally sexual None

Zoonosis, urine, saliva

Zoonosis, animal bite
Fecal-oral

Sexual contact, blood
Sexual, blood
Zoonosis, food

Sexual contact, blood
Zoonosis, contact
Respiratory, fecal-oral
Fecal-oral
Respiratory

Contact, urine, saliva

Fecal-oral

Sexual contact, saliva
Sexual contact, saliva
Respiratory, contact
Respiratory, contact
Sexual contact, saliva
Sexual contact, blood
Contact

Contact
Sexual

Respiratory
Respiratory
Respiratory

Respiratory

Zoonosis

Contact, saliva

Sexual contact,
maternal-neonatal
Fecal-oral

Respiratory or Zoonosis,
animal contact
Respiratory

Respiratory
Zoonosis, arthropod bite

Fecal-oral or urine
Zoonosis, arthropod borne

Zoonosis, fomite
Fecal-oral or urine
Zoonosis, arthropod borne

Zoonosis, animal bite
Zoonosis, fomite
Zoonosis, arthropod borne
Zoonosis, fomites
Fecal-oral

Zoonosis, arthropod bite
Zoonosis, fomite

Zoonosis, fomite
Zoonosis, arthropod bite
Zoonosis

Renal or respiratory
svndrome
Encephalitis
Hepatitis

Hepatitis

Hepatitis

Hepatitis

Hepatitis

None
Respiratory
Gastroenteritis
Respiratory
Mononucleosis,
pneumonia
Diarrhea,
neurological disorder
Skin lesions
Skin lesions
Skin lesions
Skin lesions
Skin lymphoma
AIDS

Skin warts

Skin warts

Genital warts,
cervical cancer
Respiratory
Skin lesion
Respiratory

Respiratory
Respiratory
None
Leukemia

Gastroenteritis
Flu

Flu
Flu

Undocumented,
encephalitis
Encephalitis
Encephalitis

Hemorrhagic fever
Encephalitis
Encephalitis

Fatal encephalitis
Hemorrhagic fever
Encephalitis
Hemorrhagic fever
Gastroenteritis
Encephalitis
Encephalitis

Encephalitis
Fever, joint pain
Respiratory



US 12,415,000 B2

19

TABLE 1-continued

20

Virus Genus, Family Host Transmission Disease
Measles virus Morbilivirus, Paramyxoviridae Human Respirator, Fever, rash
Mengo Cardiovirus, Picornaviridae Human, mouse, rabbit Zoonosis Encephalitis

encephalomyocarditis virus
Merkel cell polyomavirus
Mokola virus

Molluscum contagiosum virus
Monkeypox virus

Mumps virus

Murray valley encephalitis virus
New York virus

Nipah virus

Norwalk virus
O’nyong-nyong virus

Orf virus

Oropouche virus

Pichinde virus

Poliovirus

Punta toro phlebovirus
Puumala virus

Rabies virus

Rift valley fever virus

Rosavirus A
Ross river virus

Virus
Rotavirus A
Rotavirus B
Rotavirus C
Rubella virus
Sagiyama virus

Salivirus A

Sandfly fever sicilian virus
Sapporo virus

Semliki forest virus

Seoul virus

Simian foamy virus
Simian virus 5
Sindbis virus

Southampton virus

St. louis encephalitis virus
Tick-borne powassan virus
Torque teno virus
Toscana virus

Uukuniemi virus

Vaccinia virus
Varicella-zoster virus
Variola virus

Venezuelan equine
encephalitis virus
Vesicular stomatitis virus
Western equine
encephalitis virus

WU polyomavirus

West Nile virus

Yaba monkey tumor virus
Yaba-like disease virus
Yellow fever virus

Zika virus

Polyomavirus, Polyomaviridae
Lyssavirus, Rhabdoviridae

Molluscipoxvirus, Poxviridae
Orthopoxvirus

Rubulavirus, Paramyxoviridae
Flavivirus

Hantavirus, Bunyavirus
Henipavirus, Paramyxoviridae
Norovirus, Caliciviridae
Alphavirus, Togaviridae
Parapoxvirus, Poxviridae
Orthobunvavirus

Arenavirus, Arenaviridae
Enterovirus, Picornaviridae
Phlebovirus, Bunyaviridae
Hantavirus, Bunyavirus
Lyssavirus, Rhabdoviridae
Phlebovirus, Bunvaviridae

Rosavirus, Picornaviridae
Alphavirus, Togaviridae

Genus, Family
Rotavirus, Reoviridae
Rotavirus, Reoviridae
Rotavirus, Reoviridae
Rubivirus, Togaviridae
Alphavirus, Togaviridae

Salivirus, Picornaviridae
Phlebovirus, Bunyaviridae
Sapovirus, Caliciviridae
Alphavirus, Togaviridae

Hantavirus, Bunyavirus
Spumavirus, Retroviridae
Rubulavirus, Paramyxoviridae
Alphavirus, Togaviridae

Norovirus, Caliciviridae
Flavivirus, Flaviviridae
Flavivirus, Flaviviridae
Alphatorquevirus
Phlebovirus, Bunyaviridae
Phleboviris, Bunyaviridae
Orthopoxvirus, Poxviridae
Varicellovirus, Herpesviridae
Orthopoxvirus, Poxviridae
Alphavirus, Togaviridae

Vesiculovirus, Rhabdoviridae
Alphavirus, Togaviridae

Polyomavirus, Polyomaviridae
Flavivirus, Flaviviridae

Orthopoxvirus, Poxviridae
Orthopoxvirus, Poxviridae
Flavivirus, Flaviviridae
Flavivirus, Flaviviridae

Human

Human, rodents, cat, dog
shrew

Human

Human, mouse, prairie dog
Human

Human, mosquitoes
Human, mouse

Human, bats

Human

Human, mosquitoes
Human, mammals
Human, wild animals(sloths)
Human, rat, guinea pig
Human, mammals
Human, sandflies
Human, bank vole
Human, mammals
Human, mammals,
mosquitoes, sandflies
Human

Human, mosquitoes,
marsupials

Host

Human

Human

Human

Human

Human, horse, pig,
mosquitoes

Human

Human, sandflies
Human

Human, birds, hedgehog,
mosquitoes

Human, rats

Human, monkeys
Human, dog

Human, birds, mosquitoes

Human

Human, birds, mosquitoes
Human, ticks

Human

Human, mosquitoes
Human, ticks

Human, mammals

Human

Human

Human, rodents, mosquitoes

Human, cattle, horse, pig, flies
Human, vertebrates,
mosquitoes

Human

Human, birds, ticks,
mosquitoes

Human, monkeys

Human, monkeys

Human, monkeys, mosquitoes
Human, monkeys, mosauitoes

Zoonosis, animal bite

Contact

Zoonosis, contact
Respiratory, saliva
Zoonosis, arthropod bite
Zoonosis, urine, saliva
Zoonosis, animal bite
Fecal-oral

Zoonosis, arthropod bite
Zoonosis, contact
Zoonosis, arthropod bite
Zoonosis, fomite
Fecal-oral

Zoonosis, arthropod bite
Zoonosis, urine, saliva
Zoonosis, animal bite
Zoonosis, arthropod bite

Zoonosis, arthropod bite

Transmission

Fecal-oral

Fecal-oral

Fecal-oral

Respiratory

Zoonosis, arthropod bite

Zoonosis, arthropod bite
Fecal-oral
Zoonosis, arthropod bite

Zoonosis, urine, saliva
Zoonosis, contact
Zoonosis, contact
Zoonosis, arthropod bite

Fecal-oral

Zoonosis, arthropod bite
Zoonosis, arthropod bite
Sexual, blood

Zoonosis, arthropod bite
Zoonosis, arthropod bite
Contact

Respiratory, contact
Respiratory

Zoonosis, arthropod bite

Zoonosis, athropod bite
Zoonosis, arthropod bite

Merkel cell carcinoma

Encephalitis

Skin lesions

Skin lesions
Mumps
Encephalitis
Hemorrhagic fever
Encephalitis
Gastroenteritis
Fever, joint pain
Skin lesions
Fever, joint pain
Hemorrhagic fever
Poliomyelitis
Hemorrhagic fever
Hemorrhagic fever
Fatal encephalitis
Hemorrhagic fever

Fever, joint pain

Disease
Gastroenteritis
Gastroenteritis
Gastroenteritis
Rubella

Fever, joint pain

Gastroenteritis
Hemorrhagic fever
Gastroenteritis
Fever, joint pain

Hemorrhagic fever
None
Undocumented
Pogosta_disease
Fever, joint pain
Gastroenteritis
Encephalitis
Encephalitis

None
Hemorrhagic fever
Hemorrhagic fever
None

Varicella

Variola

Fever, joint pain

Encephalitis
Fever, joint pain

Respiratory fluids or urine None

Zoonosis, arthropod bite

Zoonosis, contact
Zoonosis, contact
Zoonosis, arthropod bite
Zoonosis, arthropod bite

Hemorrhagic fever

None
None
Hemorrhagic fever

Fever, joint pain, rash

In certain embodiments, the virus is a virus listed in Table

2 below. The type of delivery will be dependent upon the 60
tissue/cell tropism of the RNA (or DNA) virus of interest.

TABLE 2

Accordingly, in certain embodiments, the virus is a virus

listed in Table 2 below and the delivery vehicle is suitable

for delivery to the cells or tissues or organs (corresponding

to the indicated virus) listed in Table 2 below.

Virus Tissue/cell type Citation
Lassa virus DCs, vascular endothelial Kunz, S. et. al. 2005. Journal
of
cells Virology
Ebola virus Numerous (DCs, Martines, R.B. et. al. 2015.
65 macrophages, hepatocytes, Journal of Pathology.

etc.)
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TABLE 2-continued
Virus Tissue/cell type Citation
SARS-CoV Lung To, KF. et. al. 2004. Journal of
Pathology.
Zika Numerous (bodily fluids, Miner, J.J. & Diamond, M.S.
placenta, brain, etc.) 2017. Cell Host & Microbe.
Dengue Numerous (DCs, Flipse, J. et. al. 2016. Journal
macrophages, liver, etc.) of General Virology.
Chikungunya  Numerous (immune cells, Schwartz, O. & Albert, M.L.
liver, central nervous 2010. Nature Reviews.
system, etc.)
Influenza Lung epithelial cells or ~ Medina, R.A. & Garcia-Sastre
macrophages A. 2011 Nature Reviews.
HIV T cells, macrophages Weiss, R.A. 2002. IUBMB Life.
Rotavirus Intestine Lopez, S & Arias, C.F. 2006.
CTMI
Herpes Epithelial cells, neuronal Schelhaas, M. et. al. 2003.
Simplex cells Journal of General Virology.
(HSV-1)
HCV Liver Ding, Q, et. al. 2014. Cell Host
& Microbe.
HBV Liver Schieck, A. et. al. 2013.
Hepatology.

In certain embodiments, the virus is a virus listed in Table
3 below.

TABLE 3

List of Viruses with FDA-Approved Vaccines (15-16):

1. Adenovirus
2. Hepatitis A
3. Hepatitis B
4. Human Papillomavirus (HPV)
5. Influenza
6. Japanese Encephalitis Virus
7. Measles
8. Mumps
9. Polio
10. Rabies
11. Rotavirus
12. Rubella
13. Shingles/Zoster (HSV)
14. Smallpox*
15. Varicella (Chicken Pox)
16. Yellow Fever

List of Viruses with FDA-Approved Antiviral Drugs (9):

Cytomegalovirus
Human Immunodeficiency Virus (HIV)
Hepatitis B
Hepatitis C
Influenza
Respiratory Syncytial Virus
Human Papillomavirus (HPV)
Herpes Simplex Virus (Shingles)
9. Varicella Zoster Virus (Chicken pox)
List of Viruses with FDA-Approved Nucleic Acid Diagnostics (11):

RN RN

Adenovirus
Cytomegalovirus

Dengue

Enterovirus

Herpes Simplex Virus
Hepatitis B

Hepatitis C

Human Metapneumovirus
Human Papillomavirus
Influenza

Respiratory Syncytial Virus

POV XN AW

—_

In certain example embodiments, the virus may be a plant
virus selected from the group comprising Tobacco mosaic
virus (TMV), Tomato spotted wilt virus (TSWV), Cucumber
mosaic virus (CMV), Potato virus Y (PVY), the RT virus
Cauliflower mosaic virus (CaMV), Plum pox virus (PPV),
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Brome mosaic virus (BMV), Potato virus X (PVX), Citrus
tristeza virus (CTV), Barley yellow dwart virus (BYDV),
Potato leafroll virus (PLRV), Tomato bushy stunt virus
(TBSV), rice tungro spherical virus (RTSV), rice yellow
mottle virus (RYMV), rice hoja blanca virus (RHBV), maize
rayado fino virus (MRFV), maize dwarf mosaic virus
(MDMYV), sugarcane mosaic virus (SCMV), Sweet potato
feathery mottle virus (SPFMV), sweet potato sunken vein
closterovirus (SPSVV), Grapevine fanleaf virus (GFLV),
Grapevine virus A (GVA), Grapevine virus B (GVB), Grape-
vine fleck virus (GFkV), Grapevine leafroll-associated
virus-1, -2, and -3, (GLRaV-1, -2, and -3), Arabis mosaic
virus (ArMV), or Rupestris stem pitting-associated virus
(RSPaV).

In a preferred embodiment, the target RNA molecule is
part of said pathogen or transcribed from a DNA molecule
of said pathogen. For example, the target sequence may be
comprised in the genome of an RNA virus. It is further
preferred that CRISPR effector protein hydrolyzes said
target RNA molecule of said pathogen in said plant if said
pathogen infects or has infected said plant. It is thus pre-
ferred that the CRISPR system is capable of cleaving the
target RNA molecule from the plant pathogen both when the
CRISPR system (or parts needed for its completion) is
applied therapeutically, i.e. after infection has occurred or
prophylactically, i.e. before infection has occurred.

In certain example embodiments, the virus may be a
retrovirus. Example retroviruses that may be detected using
the embodiments disclosed herein include one or more of or
any combination of viruses of the Genus Alpharetrovirus,
Betaretrovirus, Gammaretrovirus, Deltaretrovirus, Epsilon-
retrovirus, Lentivirus, Spumavirus, or the Family Metaviri-
dae, Pseudoviridae, and Retroviridae (including HIV), Hep-
adnaviridae  (including Hepatitis B  virus), and
Caulimoviridae (including Cauliflower mosaic virus).

In certain example embodiments, the virus is a DNA
virus. Example DNA viruses that may be detected using the
embodiments disclosed herein include one or more of (or
any combination of) viruses from the Family Myoviridae,
Podoviridae, Siphoviridae, Alloherpesviridae, Herpesviri-
dae (including human herpes virus, and Varicella Zozter
virus), Malocoherpesviridae, Lipothrixviridae, Rudiviridae,
Adenoviridae, Ampullaviridae, Ascoviridae, Asfarviridae
(including African swine fever virus), Baculoviridae, Cicau-
daviridae, Clavaviridae, Corticoviridae, Fuselloviridae,
Globuloviridae, Guttaviridae, Hytrosaviridae, Iridoviridae,
Maseilleviridae, Mimiviridae, Nudiviridae, Nimaviridae,
Pandoraviridae, Papillomaviridae, Phycodnaviridae, Plas-
maviridae, Polydnaviruses, Polyomaviridae (including Sim-
ian virus 40, JC virus, BK virus), Poxviridae (including
Cowpox and smallpox), Sphaerolipoviridae, Tectiviridae,
Turriviridae, Dinodnavirus, Salterprovirus, Rhizidovirus,
among others.

In certain embodiments, the virus is a drug resistant virus.
By means of example, and without limitation, the virus may
be a ribavirin resistant virus. Ribavirin is a very effective
antiviral that hits a number of RNA viruses. Below are a few
important viruses that have evolved ribavirin resistance.
Foot and Mouth Disease Virus: doi:10.1128/JV1.03594-13.
Polio virus: pnas.org/content/100/12/7289.full.pdf. Hepati-
tis C Virus: jvi.asm.org/content/79/4/2346.full. A number of
other persistent RNA viruses, such as hepatitis and HIV,
have evolved resistance to existing antiviral drugs. Hepatitis
B Virus (lamivudine, tenofovir, entecavir): doi:10.1002/
hep.22900. Hepatitis C Virus (Telaprevir, BILN2061,
ITMN-191, SCH6, Boceprevir, AG-021541, ACH-806):
doi:10.1002/hep.22549. HIV has many drug resistant muta-
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tions, see hivdb.stanford.edu/for more information. Aside
from drug resistance, there are a number of clinically
relevant mutations that could be targeted with the CRISPR
systems according to the invention as described herein. For
instance, persistent versus acute infection in LCMV: doi:
10.1073/pnas. 1019304108; or increased infectivity of
Ebola: doi.org/10.1016/j.cell.2016.10.014 and doi.org/
10.1016/j.cell.2016.10.013.

General Provisions

In an aspect, the invention provides a nucleic acid binding
system, i.e. a CRISPR system or CRISPR/Cas system, more
in particular a Class 2 type VI Crispr system. The nucleic
acid binding system as described herein essentially com-
prises a CRISPR effector protein and a guide RNA.

In embodiments of the invention a guide RNA comprises
a guide sequence and a direct repeat sequence. In general, a
guide sequence (also called spacer sequence) is any poly-
nucleotide sequence having sufficient complementarity with
a target polynucleotide sequence to hybridize with the target
sequence and direct sequence-specific binding of a CRISPR
complex to the target sequence. In some embodiments, the
degree of complementarity between a guide sequence and its
corresponding target sequence, when optimally aligned
using a suitable alignment algorithm, is about or more than
about 50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99%,
or more. Optimal alignment may be determined with the use
of any suitable algorithm for aligning sequences, non-
limiting example of which include the Smith-Waterman
algorithm, the Needleman-Wunsch algorithm, algorithms
based on the Burrows-Wheeler Transform (e.g., the Burrows
Wheeler Aligner), ClustalW, Clustal X, BLAT, Novoalign
(Novocraft Technologies; available at novocraft.com),
ELAND (Illumina, San Diego, CA), SOAP (available at
soap.genomics.org.cn), and Maq (available at magq.source-
forge.net). In some embodiments, a guide sequence is about
or more than about 5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 75,
or more nucleotides in length. In some embodiments, a
guide sequence is less than about 75, 50, 45, 40, 35, 30, 25,
20, 15, 12, or fewer nucleotides in length. Preferably the
guide sequence is 10-30 nucleotides long. The ability of a
guide sequence to direct sequence-specific binding of a
CRISPR complex to a target sequence may be assessed by
any suitable assay. For example, the components of a
CRISPR system sufficient to form a CRISPR complex,
including the guide sequence to be tested, may be provided
to a host cell having the corresponding target sequence, such
as by transfection with vectors encoding the components of
the CRISPR sequence, followed by an assessment of pref-
erential cleavage within the target sequence, such as by
Surveyor assay as described herein. Similarly, cleavage of a
target polynucleotide sequence may be evaluated in a test
tube by providing the target sequence, components of a
CRISPR complex, including the guide sequence to be tested
and a control guide sequence different from the test guide
sequence, and comparing binding or rate of cleavage at the
target sequence between the test and control guide sequence
reactions. Other assays are possible, and will occur to those
skilled in the art. A guide sequence may be selected to target
any target sequence. In some embodiments, the target
sequence is a sequence within a genome of a cell. Exemplary
target sequences include those that are unique in the target
genome.

In general, and throughout this specification, the term
“vector” refers to a nucleic acid molecule capable of trans-
porting another nucleic acid to which it has been linked.
Vectors include, but are not limited to, nucleic acid mol-
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ecules that are single-stranded, double-stranded, or partially
double-stranded; nucleic acid molecules that comprise one
or more free ends, no free ends (e.g., circular); nucleic acid
molecules that comprise DNA, RNA, or both; and other
varieties of polynucleotides known in the art. One type of
vector is a “plasmid,” which refers to a circular double
stranded DNA loop into which additional DNA segments
can be inserted, such as by standard molecular cloning
techniques. Another type of vector is a viral vector, wherein
virally-derived DNA or RNA sequences are present in the
vector for packaging into a virus (e.g., retroviruses, repli-
cation defective retroviruses, adenoviruses, replication
defective adenoviruses, and adeno-associated viruses). Viral
vectors also include polynucleotides carried by a virus for
transfection into a host cell. Certain vectors are capable of
autonomous replication in a host cell into which they are
introduced (e.g., bacterial vectors having a bacterial origin
of replication and episomal mammalian vectors). Other
vectors (e.g., non-episomal mammalian vectors) are inte-
grated into the genome of a host cell upon introduction into
the host cell, and thereby are replicated along with the host
genome. Moreover, certain vectors are capable of directing
the expression of genes to which they are operatively-linked.
Such vectors are referred to herein as “expression vectors.”
Vectors for and that result in expression in a eukaryotic cell
can be referred to herein as “eukaryotic expression vectors.”
Common expression vectors of utility in recombinant DNA
techniques are often in the form of plasmids.

Recombinant expression vectors can comprise a nucleic
acid of the invention in a form suitable for expression of the
nucleic acid in a host cell, which means that the recombinant
expression vectors include one or more regulatory elements,
which may be selected on the basis of the host cells to be
used for expression, that is operatively-linked to the nucleic
acid sequence to be expressed. Within a recombinant expres-
sion vector, “operably linked” is intended to mean that the
nucleotide sequence of interest is linked to the regulatory
element(s) in a manner that allows for expression of the
nucleotide sequence (e.g., in an in vitro transcription/trans-
lation system or in a host cell when the vector is introduced
into the host cell).

The term “regulatory element” is intended to include
promoters, enhancers, internal ribosomal entry sites (IRES),
and other expression control elements (e.g., transcription
termination signals, such as polyadenylation signals and
poly-U sequences). Such regulatory elements are described,
for example, in Goeddel, GENE EXPRESSION TECH-
NOLOGY: METHODS IN ENZYMOLOGY 185, Aca-
demic Press, San Diego, Calif. (1990). Regulatory elements
include those that direct constitutive expression of a nucleo-
tide sequence in many types of host cell and those that direct
expression of the nucleotide sequence only in certain host
cells (e.g., tissue-specific regulatory sequences). A tissue-
specific promoter may direct expression primarily in a
desired tissue of interest, such as muscle, neuron, bone, skin,
blood, specific organs (e.g., liver, pancreas), or particular
cell types (e.g., lymphocytes). Regulatory elements may also
direct expression in a temporal-dependent manner, such as
in a cell-cycle dependent or developmental stage-dependent
manner, which may or may not also be tissue or cell-type
specific. In some embodiments, a vector comprises one or
more pol III promoter (e.g., 1, 2, 3, 4, 5, or more pol III
promoters), one or more pol I promoters (e.g., 1, 2, 3, 4, 5,
or more pol II promoters), one or more pol I promoters (e.g.,
1, 2, 3, 4, 5, or more pol I promoters), or combinations
thereof. Examples of pol III promoters include, but are not
limited to, U6 and H1 promoters. Examples of pol II
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promoters include, but are not limited to, the retroviral Rous
sarcoma virus (RSV) LTR promoter (optionally with the
RSV enhancer), the cytomegalovirus (CMV) promoter (op-
tionally with the CMV enhancer) [see, e.g., Boshart et al,
Cell, 41:521-530 (1985)], the SV40 promoter, the dihydro-
folate reductase promoter, the f-actin promoter, the phos-
phoglycerol kinase (PGK) promoter, and the EFla pro-
moter. Also encompassed by the term “regulatory element”
are enhancer elements, such as WPRE; CMV enhancers; the
R-US’ segment in LTR of HTLV-I (Mol. Cell. Biol., Vol. 8
(1), p. 466-472, 1988); SV40 enhancer; and the intron
sequence between exons 2 and 3 of rabbit -globin (Proc.
Natl. Acad. Sci. USA., Vol. 78 (3), p. 1527-31, 1981). It will
be appreciated by those skilled in the art that the design of
the expression vector can depend on such factors as the
choice of the host cell to be transformed, the level of
expression desired, etc. A vector can be introduced into host
cells to thereby produce transcripts, proteins, or peptides,
including fusion proteins or peptides, encoded by nucleic
acids as described herein (e.g., clustered regularly inter-
spersed short palindromic repeats (CRISPR) transcripts,
proteins, enzymes, mutant forms thereof, fusion proteins
thereof, etc.).

Advantageous vectors include lentiviruses and adeno-
associated viruses, and types of such vectors can also be
selected for targeting particular types of cells.

As used herein, the term “crRNA” or “guide RNA” or
“single guide RNA” or “sgRNA” or “one or more nucleic
acid components” of a Type V or Type VI CRISPR-Cas
locus effector protein comprises any polynucleotide
sequence having sufficient complementarity with a target
nucleic acid sequence to hybridize with the target nucleic
acid sequence and direct sequence-specific binding of a
nucleic acid-targeting complex to the target nucleic acid
sequence. In some embodiments, the degree of complemen-
tarity, when optimally aligned using a suitable alignment
algorithm, is about or more than about 50%, 60%, 75%,
80%, 85%, 90%, 95%, 97.5%, 99%, or more. Optimal
alignment may be determined with the use of any suitable
algorithm for aligning sequences, non-limiting example of
which include the Smith-Waterman algorithm, the Needle-
man-Wunsch algorithm, algorithms based on the Burrows-
Wheeler Transform (e.g., the Burrows Wheeler Aligner),
ClustalW, Clustal X, BLAT, Novoalign (Novocraft Tech-
nologies; available at novocraft.com), ELAND (Illumina,
San Diego, CA), SOAP (available at soap.genomics.org.cn),
and Magq (available at maq.sourceforge.net). The ability of a
guide sequence (within a nucleic acid-targeting guide RNA)
to direct sequence-specific binding of a nucleic acid-target-
ing complex to a target nucleic acid sequence may be
assessed by any suitable assay. For example, the components
of'a nucleic acid-targeting CRISPR system sufficient to form
a nucleic acid-targeting complex, including the guide
sequence to be tested, may be provided to a host cell having
the corresponding target nucleic acid sequence, such as by
transfection with vectors encoding the components of the
nucleic acid-targeting complex, followed by an assessment
of preferential targeting (e.g., cleavage) within the target
nucleic acid sequence, such as by Surveyor assay as
described herein. Similarly, cleavage of a target nucleic acid
sequence may be evaluated in a test tube by providing the
target nucleic acid sequence, components of a nucleic acid-
targeting complex, including the guide sequence to be tested
and a control guide sequence different from the test guide
sequence, and comparing binding or rate of cleavage at the
target sequence between the test and control guide sequence
reactions. Other assays are possible, and will occur to those
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skilled in the art. A guide sequence, and hence a nucleic
acid-targeting guide RNA may be selected to target any
target nucleic acid sequence. The target sequence may be
DNA. The target sequence may be any RNA sequence. In
some embodiments, the target sequence may be a sequence
within a RNA molecule selected from the group consisting
of messenger RNA (mRNA), pre-mRNA, ribosomaal RNA
(rRNA), transfer RNA (tRNA), micro-RNA (miRNA), small
interfering RNA (siRNA), small nuclear RNA (snRNA),
small nucleolar RNA (snoRNA), double stranded RNA
(dsRNA), non coding RNA (ncRNA), long non-coding
RNA (IncRNA), and small cytoplasmatic RNA (scRNA). In
some preferred embodiments, the target sequence may be a
sequence within a RNA molecule selected from the group
consisting of mRNA, pre-mRNA, and rRNA. In some
preferred embodiments, the target sequence may be a
sequence within a RNA molecule selected from the group
consisting of ncRNA, and IncRNA. In some more preferred
embodiments, the target sequence may be a sequence within
an mRNA molecule or a pre-mRNA molecule.

In some embodiments, a nucleic acid-targeting guide
RNA is selected to reduce the degree secondary structure
within the RNA-targeting guide RNA. In some embodi-
ments, about or less than about 75%, 50%, 40%, 30%, 25%,
20%, 15%, 10%, 5%, 1%, or fewer of the nucleotides of the
nucleic acid-targeting guide RNA participate in self-comple-
mentary base pairing when optimally folded. Optimal fold-
ing may be determined by any suitable polynucleotide
folding algorithm. Some programs are based on calculating
the minimal Gibbs free energy. An example of one such
algorithm is mFold, as described by Zuker and Stiegler
(Nucleic Acids Res. 9 (1981), 133-148). Another example
folding algorithm is the online webserver RNAfold, devel-
oped at Institute for Theoretical Chemistry at the University
of Vienna, using the centroid structure prediction algorithm
(see e.g., A. R. Gruber et al., 2008, Cell 106 (1): 23-24; and
P A Carr and G M Church, 2009, Nature Biotechnology
27(12): 1151-62).

These RNA structure prediction algorithms may also be
used to predict the structure of the target RNA. As target
RNA structure may have an influence of guide RNA binding
efficiency or CRISPR system cleavage efficiency, prediction
of the target RNA structure allows rational design of guide
RNAs, such that for instance guide RNAs may be chosen to
bind less structured areas of the target RNA, in order to
improve for instance accessability. Accordingly, in certain
embodiments, the one or more guide RNA as described
herein bind less structured or unstructured areas of the target
RNA. In certain embodiments, the guide RNA binds to
accessible areas of the target RNA.

In certain embodiments, a guide RNA or crRNA may
comprise, consist essentially of, or consist of a direct repeat
(DR) sequence and a guide sequence or spacer sequence. In
certain embodiments, the guide RNA or crRNA may com-
prise, consist essentially of, or consist of a direct repeat
sequence fused or linked to a guide sequence or spacer
sequence. In certain embodiments, the direct repeat
sequence may be located upstream (i.e., 5') from the guide
sequence or spacer sequence. In other embodiments, the
direct repeat sequence may be located downstream (i.e., 3")
from the guide sequence or spacer sequence.

In certain embodiments, the crRNA comprises a stem
loop, preferably a single stem loop. In certain embodiments,
the direct repeat sequence forms a stem loop, preferably a
single stem loop.

In certain embodiments, the spacer length of the guide
RNA is from 15 to 35 nt. In certain embodiments, the spacer
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length of the guide RNA is at least 15 nucleotides, preferably
at least 18 nt, such at at least 19, 20, 21, 22, or more nt. In
certain embodiments, the spacer length is from 15 to 17 nt,
e.g., 15, 16, or 17 nt, from 17 to 20 nt, e.g., 17, 18, 19, or
20 nt, from 20 to 24 nt, e.g., 20, 21, 22, 23, or 24 nt, from
23 to 25 nt, e.g., 23, 24, or 25 nt, from 24 to 27 nt, e.g., 24,
25,26, or 27 nt, from 27-30 nt, e.g., 27, 28, 29, or 30 nut, from
30-35nt, e.g., 30,31, 32, 33, 34, or 35 nt, or 35 nt or longer.

Also described is a challenge experiment to verify the
RNA targeting and cleaving capability of a CRISPR effector.
This experiment closely parallels similar work in E. coli for
the heterologous expression of StCas9 (Sapranauskas, R. et
al. Nucleic Acids Res 39, 9275-9282 (2011)). A plasmid
containing both a PAM and a resistance gene are introduced
into the heterologous E. coli, and then plate on the corre-
sponding antibiotic. If there is RNA cleavage of the plasmid
transcribed resistance gene, no viable colonies are observed.

In further detail, the assay is as follows for a DNA target,
but may be adapted accordingly for an RNA target. Two E.
coli strains are used in this assay. One carries a plasmid that
encodes the endogenous effector protein locus from the
bacterial strain. The other strain carries an empty plasmid
(e.g. pACYC184, control strain). All possible 7 or 8 bp PAM
sequences are presented on an antibiotic resistance plasmid
(pUC19 with ampicillin resistance gene). The PAM is
located next to the sequence of proto-spacer 1 (the DNA
target to the first spacer in the endogenous effector protein
locus). Two PAM libraries were cloned. One has a 8 random
bp 5' of the proto-spacer (e.g. total of 65536 different PAM
sequences=complexity). The other library has 7 random bp
3' of the proto-spacer (e.g. total complexity is 16384 differ-
ent PAMs). Both libraries were cloned to have in average
500 plasmids per possible PAM. Test strain and control
strain were transformed with 5'PAM and 3'PAM library in
separate transformations and transformed cells were plated
separately on ampicillin plates. Recognition and subsequent
cutting/interference with the plasmid renders a cell vulner-
able to ampicillin and prevents growth. Approximately 12h
after transformation, all colonies formed by the test and
control strains where harvested and plasmid DNA was
isolated. Plasmid DNA was used as template for PCR
amplification and subsequent deep sequencing. Representa-
tion of all PAMs in the untransfomed libraries showed the
expected representation of PAMs in transformed cells. Rep-
resentation of all PAMs found in control strains showed the
actual representation. Representation of all PAMs in test
strain showed which PAMs are not recognized by the
enzyme and comparison to the control strain allows extract-
ing the sequence of the depleted PAM. It will be understood
that the above allows identification of PAM (or PFS)
sequences (5' and/or 3') for any given CRISPR effector
orthologue.

For minimization of toxicity and off-target effect, it will
be important to control the concentration of nucleic acid-
targeting guide RNA delivered. Optimal concentrations of
nucleic acid-targeting guide RNA can be determined by
testing different concentrations in a cellular or non-human
eukaryote animal model and using deep sequencing the
analyze the extent of modification at potential off-target
genomic loci. The concentration that gives the highest level
of on-target modification while minimizing the level of
off-target modification should be chosen for in vivo delivery.
The nucleic acid-targeting system is derived advantageously
from a Type VI CRISPR system. In some embodiments, one
or more elements of a nucleic acid-targeting system is
derived from a particular organism comprising an endog-
enous RNA-targeting system. In particular embodiments,
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the Type VI RNA-targeting Cas enzyme is Cas 13a (C2c2)
or Cas13b. In embodiments, the Type VI CRISPR effector
protein such as C2c¢2 as referred to herein also encompasses
a homologue or an orthologue of a Type VI protein. The
terms “orthologue” (also referred to as “ortholog™ herein)
and “homologue” (also referred to as “homolog” herein) are
well known in the art. By means of further guidance, a
“homologue” of a protein as used herein is a protein of the
same species which performs the same or a similar function
as the protein it is a homologue of. Homologous proteins
may but need not be structurally related, or are only partially
structurally related. An “orthologue” of a protein as used
herein is a protein of a different species which performs the
same or a similar function as the protein it is an orthologue
of. Orthologous proteins may but need not be structurally
related, or are only partially structurally related. In particular
embodiments, the homologue or orthologue of a Type VI
protein such as C2c2 as referred to herein has a sequence
homology or identity of at least 80%, more preferably at
least 85%, even more preferably at least 90%, such as for
instance at least 95% with a Type VI protein such as C2c2.
In further embodiments, the homologue or orthologue of a
Type VI protein such as C2c2 as referred to herein has a
sequence identity of at least 80%, more preferably at least
85%, even more preferably at least 90%, such as for instance
at least 95% with the wild type Type VI protein such as
C2c2.

In an embodiment, the Type VI RNA-targeting Cas pro-
tein may be a C2c2 ortholog of an organism of a genus
which includes but is not limited to Leptotrichia, Listeria,
Corynebacter, Sutterella, Legionella, Treponema, Filifactor,
Eubacterium, Streptococcus, Lactobacillus, Mycoplasma,
Bacteroides, Flaviivola, Flavobacterium, Sphaerochaeta,
Azospirillum, Gluconacetobacter, Neisseria, Roseburia,
Parvibaculum, Staphylococcus, Nitratifractor, Mycoplasma
and Campylobacter. Species of organism of such a genus
can be as otherwise herein discussed.

Some methods of identifying orthologs of CRISPR-Cas
system enzymes may involve identifying tracr sequences in
genomes of interest. Identification of tracr sequences may
relate to the following steps: Search for the direct repeats or
tracr mate sequences in a database to identify a CRISPR
region comprising a CRISPR enzyme. Search for homolo-
gous sequences in the CRISPR region flanking the CRISPR
enzyme in both the sense and antisense directions. Look for
transcriptional terminators and secondary structures. Iden-
tify any sequence that is not a direct repeat or a tracr mate
sequence but has more than 50% identity to the direct repeat
or tracr mate sequence as a potential tracr sequence. Take the
potential tracr sequence and analyze for transcriptional
terminator sequences associated therewith.

It will be appreciated that any of the functionalities
described herein may be engineered into CRISPR enzymes
from other orthologs, including chimeric enzymes compris-
ing fragments from multiple orthologs. Examples of such
orthologs are described elsewhere herein. Thus, chimeric
enzymes may comprise fragments of CRISPR enzyme
orthologs of an organism which includes but is not limited
to Leptotrichia, Listeria, Corynebacter, Sutterella, Legion-
ella, Treponema, Filifactor, Eubacterium, Streptococcus,
Lactobacillus, Mycoplasma, Bacteroides, Flaviivola, Flavo-
bacterium, Sphaerochaeta, Azospirillum, Gluconaceto-
bacter, Neisseria, Roseburia, Parvibaculum, Staphylococ-
cus, Nitratifractor, Mycoplasma and Campylobacter. A
chimeric enzyme can comprise a first fragment and a second
fragment, and the fragments can be of CRISPR enzyme
orthologs of organisms of genuses herein mentioned or of
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species herein mentioned; advantageously the fragments are
from CRISPR enzyme orthologs of different species.

In embodiments, the Type VI RNA-targeting effector
protein, in particular the C2c2 protein as referred to herein
also encompasses a functional variant of C2¢2 or a homo-
logue or an orthologue thereof. A “functional variant” of a
protein as used herein refers to a variant of such protein
which retains at least partially the activity of that protein.
Functional variants may include mutants (which may be
insertion, deletion, or replacement mutants), including poly-
morphs, etc. Also included within functional variants are
fusion products of such protein with another, usually unre-
lated, nucleic acid, protein, polypeptide or peptide. Func-
tional variants may be naturally occurring or may be man-
made. Advantageous embodiments can involve engineered
or non-naturally occurring Type VI RNA-targeting effector
protein.

In an embodiment, nucleic acid molecule(s) encoding the
Type VI RNA-targeting effector protein, in particular C2c2
or an ortholog or homolog thereof, may be codon-optimized
for expression in an eukaryotic cell. A eukaryote can be as
herein discussed. Nucleic acid molecule(s) can be engi-
neered or non-naturally occurring.

In an embodiment, the Type VI RNA-targeting effector
protein, in particular C2¢2 or an ortholog or homolog
thereof, may comprise one or more mutations (and hence
nucleic acid molecule(s) coding for same may have
mutation(s). The mutations may be artificially introduced
mutations and may include but are not limited to one or more
mutations in a catalytic domain. Examples of catalytic
domains with reference to a Cas9 enzyme may include but
are not limited to RuvC I, RuvC II, RuvC III and HNH
domains.

In an embodiment, the Type VI protein such as C2¢c2 or
an ortholog or homolog thereof, may comprise one or more
mutations. The mutations may be artificially introduced
mutations and may include but are not limited to one or more
mutations in a catalytic domain. Examples of catalytic
domains with reference to a Cas enzyme may include but are
not limited to HEPN domains.

In an embodiment, the Type VI protein such as C2¢c2 or
an ortholog or homolog thereof, may be used as a generic
nucleic acid binding protein with fusion to or being operably
linked to a functional domain. Exemplary functional
domains may include but are not limited to translational
initiator, translational activator, translational repressor,
nucleases, in particular ribonucleases, a spliceosome, beads,
a light inducible/controllable domain or a chemically induc-
ible/controllable domain.

In some embodiments, the unmodified nucleic acid-tar-
geting effector protein may have cleavage activity. In some
embodiments, the RN A-targeting effector protein may direct
cleavage of one or both nucleic acid strands at the location
of or near a target sequence, such as within the target
sequence and/or within the complement of the target
sequence or at sequences associated with the target
sequence. In some embodiments, the nucleic acid-targeting
Cas protein may direct cleavage of one or both strands
within about 1, 2, 3,4, 5,6, 7,8, 9, 10, 15, 20, 25, 50, 100,
200, 500, or more base pairs from the first or last nucleotide
of a target sequence. In some embodiments, a vector encodes
a nucleic acid-targeting Cas protein that may be mutated
with respect to a corresponding wild-type enzyme such that
the mutated nucleic acid-targeting Cas protein lacks the
ability to cleave RNA strands of a target polynucleotide
containing a target sequence. As a further example, two or
more catalytic domains of Cas (e.g. HEPN domain) may be
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mutated to produce a mutated Cas substantially lacking all
RNA cleavage activity. In some embodiments, a nucleic
acid-targeting effector protein may be considered to sub-
stantially lack all RNA cleavage activity when the RNA
cleavage activity of the mutated enzyme is about no more
than 25%, 10%, 5%, 1%, 0.1%, 0.01%, or less of the nucleic
acid cleavage activity of the non-mutated form of the
enzyme; an example can be when the nucleic acid cleavage
activity of the mutated form is nil or negligible as compared
with the non-mutated form. An effector protein may be
identified with reference to the general class of enzymes that
share homology to the biggest nuclease with multiple nucle-
ase domains from the Type VI CRISPR system. Most
preferably, the effector protein is a Type VI protein such as
C2c2. By derived, Applicants mean that the derived enzyme
is largely based, in the sense of having a high degree of
sequence homology with, a wildtype enzyme, but that it has
been mutated (modified) in some way as known in the art or
as described herein.

Again, it will be appreciated that the terms Cas and
CRISPR enzyme and CRISPR protein and Cas protein are
generally used interchangeably and at all points of reference
herein refer by analogy to novel CRISPR effector proteins
further described in this application, unless otherwise appar-
ent, such as by specific reference to Cas9. As mentioned
above, many of the residue numberings used herein refer to
the effector proteinfrom the Type VI CRISPR locus. How-
ever, it will be appreciated that this invention includes many
more effector proteinsfrom other species of microbes. In
certain embodiments, Cas may be constitutively present or
inducibly present or conditionally present or administered or
delivered. Cas optimization may be used to enhance func-
tion or to develop new functions, one can generate chimeric
Cas proteins. And Cas may be used as a generic nucleic acid
binding protein.

Typically, in the context of an endogenous nucleic acid-
targeting system, formation of a nucleic acid-targeting com-
plex (comprising a guide RNA hybridized to a target
sequence and complexed with one or more nucleic acid-
targeting effector proteins) results in cleavage of one or both
DNA or RNA strands in or near (e.g., within 1, 2, 3, 4, 5, 6,
7,8, 9, 10, 20, 50, 100, 200, 500, or more base pairs from)
the target sequence. As used herein the term “sequence(s)
associated with a target locus of interest” refers to sequences
near the vicinity of the target sequence (e.g. within 1, 2, 3,
4,5,6,7,8,9, 10, 20, 50, 100, 200, 500, or more base pairs
from the target sequence, wherein the target sequence is
comprised within a target locus of interest).

An example of a codon optimized sequence, is in this
instance a sequence optimized for expression in a eukaryote,
e.g., humans (i.e. being optimized for expression in
humans), or for another eukaryote, animal or mammal as
herein discussed; see, e.g., SaCas9 human codon optimized
sequence in WO 2014/093622 (PCT/US2013/074667) as an
example of a codon optimized sequence (from knowledge in
the art and this disclosure, codon optimizing coding nucleic
acid molecule(s), especially as to effector protein (e.g.,
C2¢2) is within the ambit of the skilled artisan) . . . . Whilst
this is preferred, it will be appreciated that other examples
are possible and codon optimization for a host species other
than human, or for codon optimization for specific organs is
known. In some embodiments, an enzyme coding sequence
encoding a DNA/RNA-targeting Cas protein is codon opti-
mized for expression in particular cells, such as eukaryotic
cells. The eukaryotic cells may be those of or derived from
a particular organism, such as a mammal, including but not
limited to human, or non-human eukaryote or animal or
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mammal as herein discussed, e.g., mouse, rat, rabbit, dog,
livestock, or non-human mammal or primate. In some
embodiments, processes for modifying the germ line genetic
identity of human beings and/or processes for modifying the
genetic identity of animals which are likely to cause them
suffering without any substantial medical benefit to man or
animal, and also animals resulting from such processes, may
be excluded. In general, codon optimization refers to a
process of modifying a nucleic acid sequence for enhanced
expression in the host cells of interest by replacing at least
one codon (e.g., about or more than about 1, 2, 3, 4, 5, 10,
15, 20, 25, 50, or more codons) of the native sequence with
codons that are more frequently or most frequently used in
the genes of that host cell while maintaining the native
amino acid sequence. Various species exhibit particular bias
for certain codons of a particular amino acid. Codon bias
(differences in codon usage between organisms) often cor-
relates with the efficiency of translation of messenger RNA
(mRNA), which is in turn believed to be dependent on,
among other things, the properties of the codons being
translated and the availability of particular transfer RNA
(tRNA) molecules. The predominance of selected tRNAs in
a cell is generally a reflection of the codons used most
frequently in peptide synthesis. Accordingly, genes can be
tailored for optimal gene expression in a given organism
based on codon optimization. Codon usage tables are readily
available, for example, at the “Codon Usage Database”
available at kazusa.orjp/codon/and these tables can be
adapted in a number of ways. See Nakamura, Y., et al.
“Codon usage tabulated from the international DNA
sequence databases: status for the year 2000” Nucl. Acids
Res. 28:292 (2000). Computer algorithms for codon opti-
mizing a particular sequence for expression in a particular
host cell are also available, such as Gene Forge (Aptagen;
Jacobus, PA), are also available. In some embodiments, one
or more codons (e.g., 1, 2,3, 4, 5, 10, 15, 20, 25, 50, or more,
or all codons) in a sequence encoding a DNA/RNA-target-
ing Cas protein corresponds to the most frequently used
codon for a particular amino acid.

As used herein, the term “viral load” refers to viral
burden, viral titre or viral titer, and is a numerical expression
of the quantity of virus in a given volume, determined as
viral particles, or infectious particles per ml.

CRISPR Effector Proteins

In general, a CRISPR-Cas or CRISPR system as used in
herein and in documents, such as WO 2014/093622 (PCT/
US2013/074667), refers collectively to transcripts and other
elements involved in the expression of or directing the
activity of CRISPR-associated (“Cas™) genes, including
sequences encoding a Cas gene, such as Cas13a, Cas13b, or
Cas 13c in certain embodiments of the invention, a tracr
(trans-activating CRISPR) sequence (e.g. tracrRNA or an
active partial tracrRNA), a tracr-mate sequence (encompass-
ing a “direct repeat” and a tracrRN A-processed partial direct
repeat in the context of an endogenous CRISPR system), a
guide sequence (also referred to as a “spacer” in the context
of an endogenous CRISPR system), or “RNA(s)” as that
term is herein used (e.g., RNA(s) to guide Cas, such as Cas9,
e.g. CRISPR RNA and transactivating (tracr) RNA or a
single guide RNA (sgRNA) (chimeric RNA)) or other
sequences and transcripts from a CRISPR locus. In general,
a CRISPR system is characterized by elements that promote
the formation of a CRISPR complex at the site of a target
sequence (also referred to as a protospacer in the context of
an endogenous CRISPR system). When the CRISPR protein
is a C2c2 protein, a tracrRNA is not required. C2c2 has been
described in Abudayyeh et al. (2016) “C2c2 is a single-
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component programmable RNA-guided RNA-targeting
CRISPR effector”; Science; DOI: 10.1126/science.aaf5573;
and Shmakov et al. (2015) “Discovery and Functional
Characterization of Diverse Class 2 CRISPR-Cas Systems”,
Molecular Cell, DOI: dx.doi.org/10.1016/j.mol-
cel.2015.10.008; which are incorporated herein in their
entirety by reference. Cas13b has been described in Smar-
gon et al. (2017) “Cas13b Is a Type VI-B CRISPR-Associ-
ated RNA-Guided RNases Differentially Regulated by
Accessory Proteins Csx27 and Csx28,” Molecular Cell. 65,
1-13; dx.doi.org/10.1016/j.molcel.2016.12.023., which is
incorporated herein in its entirety by reference.

In certain embodiments, a protospacer adjacent motif
(PAM) or PAM-like motif or protospacer flanking sequence
(PFS) directs binding of the effector protein complex as
disclosed herein to the target locus of interest. In some
embodiments, the PAM may be a 5' PAM (i.e., located
upstream of 5' end of the protospacer). In other embodi-
ments, the PAM may be a 3' PAM (i.e., located downstream
of 5" end of the protospacer). The term “PAM” may be used
interchangeably with the term “PFS” or “protospacer flank-
ing site” or “protospacer flanking sequence”.

In a preferred embodiment, the CRISPR effector protein
may recognize a 3' PAM. In certain embodiments, the
CRISPR effector protein may recognize a 3' PAM which is
5'H, wherein His A, C or U. In certain embodiments, the
effector protein may be Leptotrichia shahii C2¢2p, more
preferably Leptotrichia shahii DSM 19757 C2¢2, and 3'
PAM is a 5' H.

In the context of formation of a CRISPR complex, “target
sequence” refers to a sequence to which a guide sequence is
designed to have complementarity, where hybridization
between a target sequence and a guide sequence promotes
the formation of a CRISPR complex. A target sequence may
comprise RNA polynucleotides. The term “target RNA”
refers to a RNA polynucleotide being or comprising the
target sequence. In other words, the target RNA may be a
RNA polynucleotide or a part of a RNA polynucleotide to
which a part of the gRNA, ie. the guide sequence, is
designed to have complementarity and to which the effector
function mediated by the complex comprising CRISPR
effector protein and a gRNA is to be directed. In some
embodiments, a target sequence is located in the nucleus or
cytoplasm of a cell.

The nucleic acid molecule encoding a CRISPR effector
protein, in particular C2¢2 or Casl3b, is advantageously
codon optimized CRISPR effector protein. An example of a
codon optimized sequence, is in this instance a sequence
optimized for expression in eukaryote, e.g., humans (i.e.
being optimized for expression in humans), or for another
eukaryote, animal or mammal as herein discussed; see, e.g.,
SaCas9 human codon optimized sequence in WO 2014/
093622 (PCT/US2013/074667). Whilst this is preferred, it
will be appreciated that other examples are possible and
codon optimization for a host species other than human, or
for codon optimization for specific organs is known. In some
embodiments, an enzyme coding sequence encoding a
CRISPR effector protein is a codon optimized for expression
in particular cells, such as eukaryotic cells. The eukaryotic
cells may be those of or derived from a particular organism,
such as a plant or a mammal, including but not limited to
human, or non-human eukaryote or animal or mammal as
herein discussed, e.g., mouse, rat, rabbit, dog, livestock, or
non-human mammal or primate. In some embodiments,
processes for modifying the germ line genetic identity of
human beings and/or processes for modifying the genetic
identity of animals which are likely to cause them suffering
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without any substantial medical benefit to man or animal,
and also animals resulting from such processes, may be
excluded. In general, codon optimization refers to a process
of modifying a nucleic acid sequence for enhanced expres-
sion in the host cells of interest by replacing at least one
codon (e.g. about or more than about 1, 2, 3, 4, 5, 10, 15, 20,
25, 50, or more codons) of the native sequence with codons
that are more frequently or most frequently used in the genes
of that host cell while maintaining the native amino acid
sequence. Various species exhibit particular bias for certain
codons of a particular amino acid. Codon bias (differences
in codon usage between organisms) often correlates with the
efficiency of translation of messenger RNA (mRNA), which
is in turn believed to be dependent on, among other things,
the properties of the codons being translated and the avail-
ability of particular transfer RNA (tRNA) molecules. The
predominance of selected tRNAs in a cell is generally a
reflection of the codons used most frequently in peptide
synthesis. Accordingly, genes can be tailored for optimal
gene expression in a given organism based on codon opti-
mization. Codon usage tables are readily available, for
example, at the “Codon Usage Database” available at
kazusa.orjp/codon/and these tables can be adapted in a
number of ways. See Nakamura, Y., et al. “Codon usage
tabulated from the international DNA sequence databases:
status for the year 2000” Nucl. Acids Res. 28:292 (2000).
Computer algorithms for codon optimizing a particular
sequence for expression in a particular host cell are also
available, such as Gene Forge (Aptagen; Jacobus, PA), are
also available. In some embodiments, one or more codons
(e.g. 1,2,3,4,5,10, 15, 20, 25, 50, or more, or all codons)
in a sequence encoding a Cas correspond to the most
frequently used codon for a particular amino acid.

In certain embodiments, the methods as described herein
may comprise providing a Cas transgenic cell, tissue, organ,
or organism, in particular a C2¢2 or Cas13b transgenic cell,
tissue, organ, or organism, in which one or more guide
RNAs or nucleic acids encoding one or more guide RNAs
operably connected in the cell with a regulatory element
comprising a promoter of one or more gene of interest are
provided or introduced. As used herein, the term “Cas
transgenic cell” refers to a cell, such as a eukaryotic cell, in
which a Cas gene, such as a C2¢2 ar CAS13b gene, has been
genomically integrated. The nature, type, or origin of the cell
are not particularly limiting according to the present inven-
tion. Also the way the Cas transgene is introduced in the cell
may vary and can be any method as is known in the art. In
certain embodiments, the Cas transgenic cell is obtained by
introducing the Cas transgene in an isolated cell. In certain
other embodiments, the Cas transgenic cell is obtained by
isolating cells from a Cas transgenic organism. By means of
example, and without limitation, the Cas transgenic cell as
referred to herein may be derived from a Cas transgenic
eukaryote, such as a Cas knock-in eukaryote. Reference is
made to WO 2014/093622 (PCT/US13/74667), incorpo-
rated herein by reference. Methods of US Patent Publication
Nos. 20120017290 and 20110265198 assigned to Sangamo
BioSciences, Inc. directed to targeting the Rosa locus may
be modified to utilize the CRISPR Cas system of the present
invention. Methods of US Patent Publication No.
20130236946 assigned to Cellectis directed to targeting the
Rosa locus may also be modified to utilize the CRISPR Cas
system of the present invention. By means of further
example reference is made to Platt et. al. (Cell; 159 (2):
440-455 (2014)), describing a Cas9 knock-in mouse, which
is incorporated herein by reference. The Cas transgene can
further comprise a Lox-Stop-polyA-Lox (LSL) cassette
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thereby rendering Cas expression inducible by Cre recom-
binase. Alternatively, the Cas transgenic cell may be
obtained by introducing the Cas transgene in an isolated cell.
Delivery systems for transgenes are well known in the art.
By means of example, the Cas transgene may be delivered
in for instance eukaryotic cell by means of vector (e.g., AAV,
adenovirus, lentivirus) and/or particle and/or nanoparticle
delivery, as also described herein elsewhere.

It will be understood by the skilled person that the cell,
such as the Cas transgenic cell, as referred to herein may
comprise further genomic alterations besides having an
integrated Cas gene or the mutations arising from the
sequence specific action of Cas when complexed with RNA
capable of guiding Cas to a target locus.

In one example embodiment, the effector protein com-
prise one or more HEPN domains comprising a RxxxxH
motif sequence. The RxxxxH motif sequence can be, with-
out limitation, from a HEPN domain described herein or a
HEPN domain known in the art. RxxxxH motif sequences
further include motif sequences created by combining por-
tions of two or more HEPN domains. As noted, consensus
sequences can be derived from the sequences of the
orthologs disclosed in U.S. Provisional Patent Application
62/432,240 entitled “Novel CRISRP Enzymes and Systems”
and U.S. Provisional Patent Application entitled “Novel
CRISPR Enzymes and Systems” filed on Mar. 15, 2017.

In an embodiment of the invention, a HEPN domain
comprises at least one RxxxxH motif comprising the
sequence of R{N/H/K}X1X2X3H. In an embodiment of the
invention, a HEPN domain comprises a RxxxxH motif
comprising the sequence of R{N/H}X1X2X3H. In an
embodiment of the invention, a HEPN domain comprises
the sequence of R{N/K}X1X2X3H. In certain embodi-
ments, X1 is R, S, D, E, Q, N, G, Y, or H. In certain
embodiments, X2 is I, S, T, V, or L. In certain embodiments,
X3isL,EN,Y,V,1,S,D, E, or A.

Additional effectors for use according to the invention can
be identified by their proximity to casl genes, for example,
though not limited to, within the region 20 kb from the start
of the casl gene and 20 kb from the end of the casl gene.
In certain embodiments, the effector protein comprises at
least one HEPN domain and at least 500 amino acids, and
wherein the CRISPR effector protein is naturally present in
a prokaryotic genome within 20 kb upstream or downstream
of a Cas gene or a CRISPR array. In certain example
embodiments, the CRISPR effector protein is naturally pres-
ent in a prokaryotic genome within 20 kb upstream or
downstream of a Cas 1 gene. The terms “orthologue” (also
referred to as “ortholog” herein) and “homologue” (also
referred to as “homolog” herein) are well known in the art.
By means of further guidance, a “homologue” of a protein
as used herein is a protein of the same species which
performs the same or a similar function as the protein it is
a homologue of. Homologous proteins may but need not be
structurally related, or are only partially structurally related.
An “orthologue” of a protein as used herein is a protein of
a different species which performs the same or a similar
function as the protein it is an orthologue of. Orthologous
proteins may but need not be structurally related, or are only
partially structurally related

In particular embodiments, the Type VI RNA-targeting
Cas enzyme is C2c2. In other example embodiments, the
Type VI RNA-targeting Cas enzyme is Cas 13b. In particular
embodiments, the homologue or orthologue of a Type VI
protein such as C2c2 as referred to herein has a sequence
homology or identity of at least 30%, or at least 40%, or at
least 50%, or at least 60%, or at least 70%, or at least 80%,
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more preferably at least 85%, even more preferably at least
90%, such as for instance at least 95% with a Type VI
protein such as C2c2 (e.g., based on the wild-type sequence
of any of Leprotrichia shahii C2¢2, Lachnospiraceae bacte-
rium MA2020 C2c¢2, Lachnospiraceae bacterium NK4A179
C2¢2, Clostridium aminophilum (DSM 10710) C2¢2, Car-
nobacterium gallinarum (DSM 4847) C2c2, Paludibacter
propionicigenes (WB4) C2c2, Listeria weihenstephanensis
(FSL  R9-0317) (C2c2, Listeriaceae bacterium (FSL
M6-0635) C2c2, Listeria newyorkensis (FSL M6-0635)
C2¢2, Leptotrichia wadei (F0279) C2¢2, Rhodobacter cap-
sulatus (SB 1003) C2c2, Rhodobacter capsulatus (R121)
C2¢2, Rhodobacter capsulatus (DE442) C2c2, Leptotrichia
wadei (Lw2) C2¢2, or Listeria seeligeri C2c2). In further
embodiments, the homologue or orthologue of a Type VI
protein such as C2c2 as referred to herein has a sequence
identity of at least 30%, or at least 40%, or at least 50%, or
at least 60%, or at least 70%, or at least 80%, more
preferably at least 85%, even more preferably at least 90%,
such as for instance at least 95% with the wild type C2c2
(e.g., based on the wild-type sequence of any of Leprotrichia
shahii C2c2, Lachnospiraceae bacterium MA2020 C2c2,
Lachnospiraceae bacterium NK4A179 C2c2, Clostridium
aminophilum (DSM 10710) C2c2, Carnobacterium galli-
narum (DSM 4847) C2c2, Paludibacter propionicigenes
(WB4) C2c2, Listeria weihenstephanensis (FSL R9-0317)
C2c2, Listeriaceae bacterium (FSL M6-0635) C2¢2, Listeria
newyorkensis (FSL M6-0635) C2c2, Leptotrichia wadei
(F0279) C2c2, Rhodobacter capsulatus (SB 1003) C2c2,
Rhodobacter capsulatus (R121) C2¢2, Rhodobacter capsu-
latus (DE442) C2c2, Leptotrichia wadei (Lw2) C2c2, or
Listeria seeligeri C2c2).

In certain other example embodiments, the CRISPR sys-
tem the effector protein is a C2¢2 nuclease. The activity of
C2c¢2 may depend on the presence of two HEPN domains.
These have been shown to be RNase domains, i.e. nuclease
(in particular an endonuclease) cutting RNA. C2¢2 HEPN
may also target DNA, or potentially DNA and/or RNA. On
the basis that the HEPN domains of C2c2 are at least capable
of'binding to and, in their wild-type form, cutting RNA, then
it is preferred that the C2c2 effector protein has RNase
function. Regarding C2¢2 CRISPR systems, reference is
made to U.S. Provisional 62/351,662 filed on Jun. 17, 2016
and U.S. Provisional 62/376,377 filed on Aug. 17, 2016.
Reference is also made to U.S. Provisional 62/351,803 filed
on Jun. 17, 2016. Reference is also made to U.S. Provisional
entitled “Novel Crispr Enzymes and Systems” filed Dec. 8,
2016 bearing Broad Institute No. 10035.PA4. Reference is
further made to FEast-Seletsky et al. “Two distinct RNase
activities of CRISPR-C2c¢2 enable guide-RNA processing
and RNA detection” Nature doi:10/1038/nature19802 and
Abudayyeh et al. “C2c2 is a single-component program-
mable RNA-guided RNA targeting CRISPR effector”
bioRxiv doi:10.1101/054742.

RNase function in CRISPR systems is known, for
example mRNA targeting has been reported for certain type
IIT CRISPR-Cas systems (Hale et al., 2014, Genes Dev, vol.
28, 2432-2443; Hale et al., 2009, Cell, vol. 139, 945-956;
Peng et al., 2015, Nucleic acids research, vol. 43, 406-417)
and provides significant advantages. In the Staphylococcus
epidermis type III-A system, transcription across targets
results in cleavage of the target DNA and its transcripts,
mediated by independent active sites within the Cas10-Csm
ribonucleoprotein effector protein complex (see, Samai et
al., 2015, Cell, vol. 151, 1164-1174). A CRISPR-Cas sys-
tem, composition or method targeting RNA via the present
effector proteins is thus provided.
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In an embodiment, the Cas protein may be a C2c2
ortholog of an organism of a genus which includes but is not
limited to Leptotrichia, Listeria, Corynebacter, Sutterella,
Legionella, Treponema, Filifactor, Eubacterium, Streptococ-
cus, Lactobacillus, Mycoplasma, Bacteroides, Flaviivola,
Flavobacterium, Sphaerochaeta, Azospirillum, Gluconac-
etobacter, Neisseria, Roseburia, Parvibaculum, Staphylo-
coccus, Nitratifractor, Mycoplasma and Campylobacter.
Species of organism of such a genus can be as otherwise
herein discussed.

Some methods of identifying orthologues of CRISPR-Cas
system enzymes may involve identifying tracr sequences in
genomes of interest. Identification of tracr sequences may
relate to the following steps: Search for the direct repeats or
tracr mate sequences in a database to identify a CRISPR
region comprising a CRISPR enzyme. Search for homolo-
gous sequences in the CRISPR region flanking the CRISPR
enzyme in both the sense and antisense directions. Look for
transcriptional terminators and secondary structures. Iden-
tify any sequence that is not a direct repeat or a tracr mate
sequence but has more than 50% identity to the direct repeat
or tracr mate sequence as a potential tracr sequence. Take the
potential tracr sequence and analyze for transcriptional
terminator sequences associated therewith.

It will be appreciated that any of the functionalities
described herein may be engineered into CRISPR enzymes
from other orthologs, including chimeric enzymes compris-
ing fragments from multiple orthologs. Examples of such
orthologs are described elsewhere herein. Thus, chimeric
enzymes may comprise fragments of CRISPR enzyme
orthologs of an organism which includes but is not limited
to Leptotrichia, Listeria, Corynebacter, Sutterella, Legion-
ella, Treponema, Filifactor, Eubacterium, Streptococcus,
Lactobacillus, Mycoplasma, Bacteroides, Flaviivola, Flavo-
bacterium, Sphaerochaeta, Azospirillum, Gluconaceto-
bacter, Neisseria, Roseburia, Parvibaculum, Staphylococ-
cus, Nitratifractor, Mycoplasma and Campylobacter. A
chimeric enzyme can comprise a first fragment and a second
fragment, and the fragments can be of CRISPR enzyme
orthologs of organisms of genera herein mentioned or of
species herein mentioned; advantageously the fragments are
from CRISPR enzyme orthologs of different species.

In embodiments, the CRISPR effector protein as referred
to herein also encompasses a functional variant of the
CRISPR effector or a homologue or an orthologue thereof.
A “functional variant” of a protein as used herein refers to
a variant of such protein which retains at least partially the
activity of that protein. Functional variants may include
mutants (which may be insertion, deletion, or replacement
mutants), including polymorphs, etc. Also included within
functional variants are fusion products of such protein with
another, usually unrelated, nucleic acid, protein, polypeptide
or peptide. Functional variants may be naturally occurring or
may be man-made. Advantageous embodiments can involve
engineered or non-naturally occurring Type VI RNA-target-
ing effector protein.

In an embodiment, nucleic acid molecule(s) encoding the
CRISPR effector or an ortholog or homolog thereof, may be
codon-optimized for expression in a eukaryotic cell. A
eukaryote can be as herein discussed. Nucleic acid
molecule(s) can be engineered or non-naturally occurring.

In an embodiment, the CRISPR effector or an ortholog or
homolog thereof, may comprise one or more mutations (and
hence nucleic acid molecule(s) coding for same may have
mutation(s). The mutations may be artificially introduced
mutations and may include but are not limited to one or more
mutations in a catalytic domain. Examples of catalytic
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domains with reference to a Cas9 enzyme may include but
are not limited to RuvC I, RuvC II, RuvC III and HNH
domains.

In an embodiment, the CRISPR effector or an ortholog or
homolog thereof, may comprise one or more mutations. The
mutations may be artificially introduced mutations and may
include but are not limited to one or more mutations in a
catalytic domain. Examples of catalytic domains with ref-
erence to a Cas enzyme may include but are not limited to
HEPN domains.

In an embodiment, the CRISPR effector or an ortholog or
homolog thereof, may be used as a generic nucleic acid
binding protein with fusion to or being operably linked to a
functional domain. Exemplary functional domains may
include but are not limited to translational initiator, transla-
tional activator, translational repressor, nucleases, in par-
ticular ribonucleases, a spliceosome, beads, a light induc-
ible/controllable domain or a chemically inducible/
controllable domain.

In certain example embodiments, the CRISPR effector
protein, in particular the C2¢2 protein may be from an
organism selected from the group consisting of; Leprotri-
chia, Listeria, Corynebacter, Sutterella, Legionella,
Treponema, Filifactor, Eubacterium, Streptococcus, Lacto-
bacillus, Mycoplasma, Bacteroides, Flaviivola, Flavobacte-
rium, Sphaerochaeta, Azospirillum, Gluconacetobacter,
Neisseria, Roseburia, Parvibaculum, Staphylococcus,
Nitratifractor, Mycoplasma, and Campylobacter.

In certain embodiments, the effector protein may be a
Listeria sp. C2c2p, preferably Listeria seeligeria C2c2p,
more preferably Listeria seeligeria serovar 1/2b str.
SLCC3954 C2¢2p and the crRNA sequence may be 44 to 47
nucleotides in length, with a 5' 29-nt direct repeat (DR) and
a 15-nt to 18-nt spacer.

In certain embodiments, the effector protein may be a
Leptotrichia sp. C2c2p, preferably Leptotrichia shahii
C2¢2p, more preferably Leprotrichia shahii DSM 19757
C2c¢2p and the crRNA sequence may be 42 to 58 nucleotides
in length, with a 5' direct repeat of at least 24 nt, such as a
5' 24-28-nt direct repeat (DR) and a spacer of at least 14 nt,
such as a 14-nt to 28-nt spacer, or a spacer of at least 18 nt,
such as 19, 20, 21, 22, or more nt, such as 18-28, 19-28,
20-28, 21-28, or 22-28 nt.

In certain example embodiments, the effector protein may
be a Leprotrichia sp., Leptotrichia wadei F0279, or a List-
eria sp., preferably Listeria newyorkensis FSL M6-0635.

In certain example embodiments, the C2¢2 effector pro-
teins of the invention include, without limitation, the fol-
lowing 21 ortholog species (including multiple CRISPR
loci: Leptotrichia shahii; Leptotrichia wadei (Lw2); Listeria
seeligeri; Lachnospiraceae bacterium MA2020; Lachno-
spiraceae bacterium NK4A179; [Clostridium| aminophilum
DSM 10710, Carnobacterium gallinarum DSM 4847, Car-
nobacterium gallinarum DSM 4847 (second CRISPR Loci);
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latus DEA442; Leptotrichia buccalis C-1013-b; Herbinix
hemicellulosilytica; |Eubacterium] rectale; Eubacteriaceae
bacterium CHKCI004,; Blautia sp. Marseille-P2398; and
Leptotrichia sp. oral taxon 879 str. FO557. Twelve (12)
further non-limiting examples are: Lachnospiraceae bacte-
rium NK4A144; Chloroflexus aggregans; Demequina
aurantiaca; Thalassospira sp. TSL5-1; Pseudobutyrivibrio
sp. OR37; Butyrivibrio sp. YAB3001, Blautia sp. Marseille-
P2398; Leptotrichia sp. Marseille-P3007; Bacteroides
ihuae; Porphyromonadaceae bacterium KH3CP3RA; List-
eria riparia; and Insolitispirillum peregrinum.

In certain embodiments, the C2c2 protein according to the
invention is or is derived from one of the orthologues as
described in Table 4 below, or is a chimeric protein of two
or more of the orthologues as described in Table 4 below, or
is a mutant or variant of one of the orthologues as described
in Table 4 below (or a chimeric mutant or variant), including
dead C2c2, split C2c2, destabilized C2c2, etc. as defined
herein elsewhere, with or without fusion with a heterolo-
gous/functional domain.

In certain example embodiments, the C2¢2 effector pro-
tein is selected from Table 4 below.

TABLE 4
C2¢2 orthologue Code Multi Letter
Leptotrichia shahii C2-2 Lsh
L. wadei F0279 (Lw2) C2-3 Lw2
Listeria seeligeri C2-4 Lse
Lachnospiraceae bacterium MA2020 C2-5 LbM
Lachnospiraceae bacterium NK4A179 C2-6 LbNK179
Clostridium aminophilum DSM 10710 C2-7 Ca
Carnobacterium gallinarum DSM 4847 C2-8 Cg
Carnobacterium gallinarum DSM 4847 C2-9 Cg2
Paludibacter propionicigenes WB4 C2-10  Pp
Listeria weihenstephanensis FSL R9-0317 C2-11  Lwei
Listeriaceae bacterium FSL M6-0635 C2-12  LbFSL
Leptotrichia wadei F0279 C2-13  Lw
Rhodobacter capsulatus SB 1003 C2-14 Re
Rhodobacter capsulatus R121 C2-15 Re
Rhodobacter capsulatus DEA42 C2-16 Re
Leptotrichia buccalis C-1013-b C2-17  LbuC2c2
Herbinix hemicellulosilytics C2-18  HheC2c2
Eubacterium rectale C2-19  EreC2c2
Eubacteriaceae bacterium CHKC1004 C2-20  EbaC2c2
Blautia sp. Marseille-P2398 C2-21  BsmC2c2
Leptotrichia sp. oral taxon 879 str. FO557 C2-22  LspC2c2

Lachnospiraceae bacterium NK4al44
Chloroffexus aggregans

Demegquina aurantiaca

Thalassospira sp. TSL5-1
Pseudobutyrivibrio sp. OR37
Butyrivibrio sp. YAB3001

Blautia sp. Marseille-P2398
Leptotrichia sp. Marseille-P300
Bacteroides ihuae
Porphyromonadaceae bacterium KH3CP3RA
Listeria riparia

Insolitispirillum peregrinum

Paludibacter propionicigenes WB4, Listeria weihenstepha- 55

nensis FSL R9-0317; Listeriaceae bacterium FSL M6-0635; The wild type protein sequences of the above species are

Leptotrichia wadei F0279; Rhodobacter capsulatus SB listed in Table 5 below. In certain embodiments, a nucleic

1003; Rhodobacter capsulatus R121; Rhodobacter capsu- acid sequence encoding the C2¢2 protein is provided.

TABLE 5
C2¢2-2 L. shahii mgnl fghkrwyevrdkkdfkikrkvkvkrnydgnkyilninennnkekidnnkfirkyi

(Lsh) nykkndnilkeftrkfhagnilfklkgkegiiriennddfleteevvlyieaygkseklkalgi
(SEQ. I.D tkkkiideairggitkddkkieiknieneeeieidirdeytnktlndcsiilriiendeletkksi
No. 1) veifkninmslykiiekiienetekvfenryyeehlrekllkddkidviltnfmeirekiksnl

eilgfvkfylnvggdkkksknkkmlvekilninvdltvediadfvikelefwnitkriekv
kkvnneflekrrnrtyiksyylldkhekfkierenkkdkivkffveniknnsikekiekilae
fkidelikklekelkkgnecdteifgifkkhykvnfdskkfskksdeekelykiiyrylkgrie



39

US 12,415,000 B2
40

TABLE 5-continued

c2¢c2-3

c2c2-4

c2¢c2-5

L. wadei
(Lw2)

(SEQ. I.D.

No. 2)

Listeria
seeligeri

(SEQ. I.D.

No. 3)

Lachno-
spiraceae
bacterium
MA2020

(SEQ. I.D.

No. 4)

kilvnegkvrlkkmekieiekilnesilsekilkrvkgytlehimylgklrhndidmttvnt
ddfsrlhakeeldlelitffastnmelnkifsreninndenidffggdreknyvldkkilnski
kiirdldfidnknnitnnfirkftkigtnernrilhaiskerdlqgtgddynkviniignikisd
eevskalnldvvflcdkkniitkindikiseennndikylpsfskylpeilnlyrnnpknepf
dtietekivlnaliyvnkelykklileddleeneskniflgelkktlgnideideniienyykn
agisaskgnnkaikkygkkviecyigylrknyeelfdfsdfkmnigeikkgikdindnkt
veritvktsdktivinddfeyiisifallnsnavinkirnrffatsvwlntseygniidildeimg
Intlrnecitenwnlnleefigkmkeiekdfddfkiqgtkkeifnnyyediknniltefkddin
gcedvlekklekivifddetkfeidkksnilgdeqrklsninkkdlkkkvdgyikdkdgeik
skilcriifnsdflkkykkeidnliedmesenenkfgeiyypkerknelyiykknlflnign
pnfdkiyglisndikmadakflfnidgknirknkiseidailknlndklngyskeykekyi
kklkenddffaknignknyksfekdynryseykkirdlvefnylnkiesylidinwklaiq
marferdmhyivnglrelgiiklsgyntgisraypkrngsdgfytttayykffdeesykkfe
kicygfgidlsenseinkpenesirnyishfyivrnpfadysiaeqgidrvsnllsystrynnst
vasvfevfkkdvnldydelkkkfklignndilerlmkpkkvsvlelesynsdyiknliiellt
kientndtlkrpaatkkaggakkkkgsypydvpdyaypydvpdyaypydvpdya

mkvtkvdgishkkyieegklykstseenrtserlsellsirldiyiknpdnaseeenrirrenl
kkffsnkvlhlkdsvlylknrkeknavgdknyseediseydlknknsfsvlkkillnedvn
seeleifrkdveaklnkinslkysfeenkanygkinennvekvggkskrniiydyyresak
rndyinnvgeafdklykkedieklfflienskkhekykireyyhkiigrkndkenfakiiye
eignvnnikeliekipdmselkksgviykyyldkeelndknikyafchfveiemsgllkn
yvykrlsnisndkikrifeygnlkklienkllnkldtyvrncgkynyylgvgeiatsdfiarn
rgneaflrniigvssvayfslrniletenenditgrmrgktvknnkgeekyvsgevdkiyne
nkgnevkenlkmfysydfnmdnkneiedffanideaissirhgivhfnlelegkdifafk
niapseiskkmfgneinekklklkifkglnsanvinyyekdviikylkntkfnfvnknipf
vpsftklynkiedlrntlkffwsvpkdkeekdaqiyllkniyygeflnkfvknskviflcitn
evikinkgrngktghykygkfeniektvpveylaiigsreminngdkeekntyidfiqqif
lkgfidylnknnlkyiesnnnndnndifskikikkdnkekydkilknyekhnrnkeiphe
inefvreiklgkilkytenlnmfylilkllnhkeltnlkgslekygsankeetfsdelelinllnl
dnnrytedfeleaneigkfldfnenkikdrkelkkfdtnkiyfdgeniikhrafynikkyg
mlnllekiadkakykislkelkeysnkkneieknytmggnlhrkyarpkkdekfndedy
keyekaignigkythlknkvefnelnllgglllkilhrlvgytsiwerdlrfrlkgefpenhyi
eeifnfdnsknvkyksggivekyinfykelykdnvekrsiysdkkvkklkgekkdlyirn
yiahfnyiphaeisllevlenlrkllsydrklknaimksivdilkeygfvatflcigadkkieiq
tlesekivhlknlkkkklmtdrnseelcelvkvmfeykalekrpaatkkagqgakkkkgsy
pydvpdyaypydvpdyaypydvpdya*

mwisiktlihhlgvlffedymynrreldciievktmritkvevdrkkvlisrdknggklvye
nemgdnt egqimhhkkssfyksvvnkticrpegkgmkklvhgllgensgekikvsdvtk
Inisnflnhrfkkslyyfpenspdkseeyrieinlsqlledslkkqgqggtficwesfskdmely
inwaenyissktklikksirnnrigstesrsgglmdrymkdilnknkpfdigsvsekyqle
kltsalkatfkeakkndkeinyklkstlgnherqgiieelkenselngfnieirkhletyfpikkt
nrkvgdirnleigeigkivnhrlknkivgrilgegklasyeiestvnsnslgkikieeafalkfi
naclfasnnlrnmvypvckkdilmigefknsfkeikhkkfirqwsqffsgeitvddielas
wglrgaiapirneiihlkkhswkkffnnptfkvkkskiingktkdvtseflyketlflcdyfy
seldsvpeliinkmesskildyyssdglngvitipnfelslltsavpfapsflcrvylkgfdyqg
ngdeagpdynlklniynekafnseafgaqyslfkmvyygvilpgfttnndlfkssvdfiltl
nkerkgyakafgdirkmnkdekpseymsyigsglmlygkkgeekekinhfekfingvf
ikgfnsfieknatyichptkntvpendnieipfhtdmddsniafwlmcklldakglselrn
emikfscslgsteeistftkareviglallngekgcendwkelfddkeawkknmslyvseel
lgslpytgedggtpvinrsidlykkygtetileklfsssddykvsakdiaklheydvtekiaqg
geslhkgwiekpglardsawtkkygnvindisnyqwaktkveltgvrhlhgltidllsrla
gymsiadrdfgfssnyilerenseyrvtswillsenknknkyndyelynlknasikvsskn
dpglkvdlkglrltleylelfdnrlkekrnnishfnylngglgnsilelfddardvlsydrklk
nayskslkeilsshgmevtflcplygtnhhlkidklgpkkihhlgekstvssngvsneycgl
vrtlltmk

mgiskvnhkhvavggkdreritgfiyndpvgdeksledvvakrandtkvlfnvintkdly
dsgesdksekdkeiiskgakfvaksfnsaitilkkgnkiystltsqggvikelkdkfggariyd
ddieealtetlkksfrkenvrnsikvlienaagirsslskdeeeligeyfvkglveeytktklqg
knvyksikngnmvigpdsdsgvlslsesrrekgssayssdtlynckekdvlkafltdyavl
dedernsllwklrnlvnlyfygsesirdysytkeksvwkehdegkanktlfideichitkig
kngkegkvldyeenrsrcrkgninyyrsalnyaknntsgifenedsnhfwihlieneverl
yngiengeefkfetgyisekvwkavinhlsikyialgkavynyamkelsspgdiepgkid
dsyingitsfdyeiikaeeslgrdismnvvfatnylacatvdtdkdfllfskedirsctkkdgn
lcknimgfwggystwknfceeylkddkdalellyslksmlysmrnssfhfstenvdngs
wdteligklfeedcnraariekekfynnnlhmfysssllekvlerlysshherasqvpsfnr
vivrknfpsslseqritpkftdskdegiwgsavyylckeiyyndflgskeayklfregvknl
dkndinngkaadsflcgavvyygkaignatlsgvegaimteynrgnndglkkksayaek
gnsnkykhyplflkgvlgsafweyldenkeiygfisagihksnveikaedfianyssqqgy
kklvdkvkktpelgkwytlgrlinprgangflgsirnyvgfvkdigrrakengnpirnyye
vlesdsiikilemakingttsndihdyfrdedeyaeyisqfvnfgdvhsgaalnafcnses
egkkngiyydginpivnrnwvlcklygspdliskiisrvnenmihdfhkgedlireyqik
gicsnkkeqgdlrt fgvlknrvelrdiveyseiinelygglikweylrerdlmyfglgfhylc
lnnasskeadyikinvddrnisgailygiaamyinglpvyykkddmyvalksgkkasde
Insnegtskkinyflkygnnilgdkkdglylaglelfenvaeheniiifrneidhfhyfydrd
rsmldlysevidrfftydmklrknvvnmlynilldhnivssfvfetgekkvgrgdsevikp
sakirlranngvssdvftykvgskdelkiatlpakneefllnvarliyypdmeavsenmvr
egvvkveksndkkgkisrgsntrssngskynnksknrmnysmgsifekmdlkfd
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TABLE 5-continued

c2¢c2-6

c2c2-7

c2c2-8

c2¢c2-9

Lachno-
spiraceae
bacterium
NK4A179
(SEQ. I.D.
No. 5)

Clostridium
aminophilum
DSM

10710

(SEQ. I.D.
No. 6)

Carno
bacterium
gallinarum
DSM 4847
(SEQ. I.D.
No. 7)

Carno-
bacterium
gallinarum
DSM 4847
(SEQ. I.D.
No. 8)

mkiskvreenrgakltvnaktavvsenrsgegilyndpsrygksrkndedrdryiesrlks
sgklyrifnedknkretdelgwflseivkkinrrnglvlsdmlsvddrafekafekyaelsyt
nrrnkvsgspafetcgvdaataerlkgiisetnfinriknnidnkvsediidriiakylkkslcr
ervkrglkkllmnafdlpysdpdidvqrdfidyvledfyhvraksgvsrsiknmnmpvqg
pegdgkfaitvskggtesgnkrsaekeafkkflsdyasldervrddmlrrmrrlvvlyfyg
sddsklsdvnekfdvwedhaarrvdnrefiklplenklangktdkdaerirkntykelyrn
gnigeyrgavkaveednngryfddkmlmmffihrieygvekiyanlkgvteflcartgyls
ekiwkdlinyisikyiamgkavynyamdelnasdkkeielgkiseeylsgissfdyelika
eemlgretavyvafaarhlssgtveldsensdflllkpkgtmdkndknklasnnilnflkdk
etlrdtilgyfgghslwtdfpfdkylaggkddvdfltdlkdviysmrndsfhyatenhnng
kwnkelisamfehetermtvvmkdkfysnnlpmfyknddlkkllidlykdnverasqv
psfnkvivrknfpalvrdkdnlgieldlkadadkgenelkfynalyymflceiyynaflnd
knvrerfitkatkvadnydrnkernlkdriksagsdekkklreglgnyiaendfggrikniv
gvnpdytlagicglimteynggnngemgkksaarkdinkdsyghykmlllvnlrkafle
fikenyafvlkpykhdledkadfvpdfakyvkpyaglisrvagsselgkwyivsrflspaqg
anhmlgflhsykqgyvwdiyrrasetgteinhsiaedkiagvditdvdavidlsvklcgtiss
eisdyflcddevyaeyissyldfeydggnykdslnrfcecnsdavndgkvalyydgehpkln
rniilsklygerrflekitdrvsrsdiveyyklkketsqgyqgtkgifdsedegknikkfgemkn
ivefrdlmdyseiadelggglinwiylrerdlmnfglgyhyaclnndsnkgatyvtldydqg
kknrkingailygicamyinglplyyvdkdssewtvsdgkestgakigefyryaksfents
dcyasgleifenisehdnitelrnyiehfryyssfdrsflgiysevidrfftydlkyrknvptil
ynillghfvnvrfefvsgkkmigidkkdrkiakekecaritirekngvyseqgftyklkngtv
yvdardkrylgsiirllfypekvnmdemievkekkkpsdnntgkgyskrdrggdrkeyd
kykekkkkegnflsgmggninwdeinaglkn

mkfskvdhtrsavgigkatdsvhgmlytdpkkgevndldkrfdglnvkakrlynvings
kaeedddekrfgkvvkklnrelkdllfhrevsrynsignakynyygiksnpeeivsnlgm
veslkgerdpgkvisklllyylrkglkpgtdglrmileascglrklsgdekelkvilgtldedf
ekktfkknlirsiengnmavgpsnegdpiigitggrfnsgkneeksaiermmsmyadln
edhredvlrklrrinvlyfnvdtekteeptlpgevdtnpvievwhdhekgkendrgfatfa
kiltedretrkkeklavkealndlksairdhnimayrcsikvteqdkdglffedgrinrfwih
hiesaverilasinpeklyklrigylgekvwkdllnylsikyiavgkavfhfamedlgktgg
dielgklsnsysggltsfdyeqiradetlgrglsvevafaannlfravvgqtgkkiegsksee
needfllwkaekiaesikkegegntlksilgffggasswdlnhfcaaygnessalgyetkfa
ddlrkaiyslrnetfhfttlnkgsfdwnakligdmfsheaatgiavertrfysnnlpmfyres
dlkrimdhlyntyhprasqgvpsfnsvivrknfrlflsntlntntsfdtevygkwesgvyylf
keiyynsflpsgdahhlffeglrrirkeadnlpivgkeakkrnavqdfgrrcdelknlslsai
cgmimteynegnngnrkykstredkrkpdifghykmlllrtlgeafaiyirreeflcfifdlp
ktlyvmkpveeflpnwksgmfdslvervkgspdlgrwyvlckflngrllnglsgvirsyi
gfagdigrrakanhnrlymdntgrveyysnvlevvdfcikgtsrfsnvfsdyfrdedayad
vldnylgflcdekiaevssfaalktfcneeevkagiymdgenpvmgrnivmaklfgpde
vlknvvpkvtreeieeyyglekgiapyrgngyckseedgkkllrfgriknrvefgtitefsei
inellggliswsflrerdllyfglgfhylclhndtekpaeykeisredgtvirnailhgvaamy
vgglpvytladkklaafekgeadcklsiskdtagagkkikdf fryskyvlikdrmltdgng
kytiylaglelfentdehdnitdvrkyvdhfkyyatsdenamsildlyseihdrfftydmky
gknvanmlenillrhfvlirpefftgskkvgegkkitckaragieiaengmrsedftyklsd
gkknistcmiaardgkylntvarllyypheakksivdtrekknnkktnrgdgt fnkgkgta
rkekdngprefndtgfsntpfagfdpfrns

mritkvkikldnklygvtmgkeekygtlklneesrkstaeilrlkkasfnksfhsktinsgk
enknatikkngdyisqgifeklvgvdtnknirkpkmsltdlkdlpkkdlalfikrkfknddiv
eiknldlislfynalgkvpgehftdeswadfcgemmpyreyknkfierkiillansieqgnk
gfsinpetfskrkrvlhgwaievgergdfsildeklsklaeiynfkkmckrvgdelndleks
mkkgknpekekeaykkgknflciktiwkdypykthigliekikeneelngfnieigkyfe
hyfpikkerctedepyylnsetiattvnyglknalisylmgigkykgfglengvldskklge
igiyegfgtkfmdacvfatsslkniiepmrsgdilgkrefkeaiatssfvnyhhffpyfpfel
kgmkdreselipfgeqgteakgmgniwalrgsvggirneifhsfdkngkfnlpgldksnfe
fdasenstgksgsyietdykflfeaeknglegffierikssgaleyyplksleklfakkemkf
slgsqgvvafapsykklvkkghsygtategtanylglsyynryelkeesfqaqyyllkliyqgy
vilpnfsggnspafretvkailrinkdearkkmkknkkflrkyafegvremefketpdqgy
msylgsemreekvrkaekndkgfeknitmnfekllmgifvkgfdvilttfagkelllssee
kviketeislskkinerektlkasigvehglvatnsaisywlfcklldsrhlnelrnemikfleq
srikfnhtghaelignllpiveltilsndydekndsgnvdvsayfedkslyetapyvgtddrt
rvsfrpilklekyhtkslieallkdnpgfrvaatdigewmhkreeigelvekrknlhtewae
gggtlgaekreeyrdyckkidrfnwkankvtltylsglhylitdllgrmvgfsalferdlvyf
srsfselggetyhisdyknlsgvlrinaevkpikiknikvidneenpykgnepevkpfldrl
haylenvigikavhgkirngtahlsvlglelsmiesmnnlrdlmaydrklknavtksmiki
ldkhgmilklkidenhknfeieslipkeiihlkdkaiktngvseeycqlvlallttnpgngln

mrmtkvkingspvsmnrsklnghlywngttntvniltkkegsfaasflnktivkadgvkg
vkvlaenifiifeqgleksnsekpsvylnnirrlkeaglkrfflcskyheeikytsekngsvptkl
nliplffnavdrigedkfdeknwsyfckemspyldykksylnrkkeilansiggnrgfsm
ptaeepnllskrkglfggwamkfgespliggnnfaveqgfnkefankinelaavynvdelc
taiteklmnfdkdksnktrnfeikklwkghphnkdkaliklfngegnealngfnielgkyf
ehyfpktgkkesaesyylnpgtiiktvgyglrnafvgyllgvgklhgynkgvldsgtlgeig
myegfgtkfmdacvfassslrniiqattnediltrekflckeleknvelkhdlffkteiveerd
enpakkiamtpneldlwairgavgrvrngifhgginkrhepnglkvgsfengdlgnvsy
gktiygklfdaeikdieiyfaekikssgaleqgysmkdleklfsnkeltlslgggvvafapsyk
klykggyfygnektielegftdydfsndvfkanyylikliyhyvflpgfsgannklfkdtvh
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TABLE 5-continued

c2¢c2-10

cz2c2-11

c2c2-12

c2¢2-13

10

12

Paludibacter

propionicigenes

WB4
(SEQ. I.D.
No. 9)

Listeria
welhen-
stephanensis
FSL R9-0317
(SEQ. I.D.
No. 10)

Listeriaceae
bacterium
FSL Me6-

0635 =
Listeria
newyorkensis
FSL Me6-

0635

(SEQ. I.D.
No. 11)

Leptotrichia
wadel

F0279

(SEQ. I.D.
No. 12)

yviggnkelnttekdkknnkkirkyafeqgvklmknespekymgylgremgeertikea
kktneekpnynfeklligifikgfdtflrnfdlnlnpaeelvgtvkekaeglrkrkeriakiln
vdegiktgdeeiafwifaklldarhlselrnemikflcgssvkkglikngdliegqmgpilelci
lsndsesmekesfdkievflekvelaknepymgedkltpvkfrfmkglekygtrnfienl
vienpefkvsekivinwheekekiadlvdkrtklheewaskareieeynekikknkskkl
dkpaefakfaeykiiceaienfnrldhkvrltylknlhylmidlmgrmvgfsvlferdfvy
mgrsysalkkgsiylndydt fanirdwevnenkhlfgtsssdlt fgetaefknlkkpmeng
lkallgvtnhsfeirnniahlhvlrndgkgegvsllscmndlrklmsydrklknavtkaiiki
ldkhgmilkltnndhtkpfeieslkpkkiihleksnhsfpmdgvsgeycdlvkkmlvitn

mrvskykykdggkdkmvlvhrkttgaglvysggpvsnetsnilpekkrgsfdlstlnktii
kfdtakkgklnvdgykivekificypkgelpkgikaeeilpflnhkfgepvkywkngkee
sfnitlliveavqagdkrklgpyydwktwyigtksdllkksiennridltenlskrkkallaw
eteftasgsidlthyhkvymtdvlckmlgdvkpltddkgkintnayhrglkkalgnhgpa
ifgtrevpneanradnglsiyhlevvkylehyfpiktskrrntaddiahylkagtlkttiekgl
vnairaniigggktnhhelkadttsndliriktneafvinitgtcafaannirnmvdneqgtndi
lgkgdfiksllkdntnsglysfffgeglstnkaeketglwgirgavqqirnnvnhykkdalk
tvinisnfenptitdpkggtnyadtiykarfinelekipeafaqgglktggaysyytienlksllt
tfgfslerstipfapgfkkvingginygnakgdesfyelmleqylrkenfaeesynaryfml
kliynnlflpgfttdrkafadsvgfvgmgnkkgaekvnprkkeayafeavrpmtaadsia
dymayvgselmgegnkkeekvaeetrinfekfvlgviikgfdsflrakefdfvgmpgpg
ltatasnggkadklngleasitadckltpqgyakaddathiafyvfcklldaahlsnlrnelikfr
esvnefkfhhlleiieicllsadvvptdyrdlysseadclarlrpfieggaditnwsdlfvgsd
khspvihanielsvkygttkllegiinkdtgfktteanftawntagksieglikgredhheqg
wvkaknaddkekgerkreksnfagkfiekhgddyldicdyintynwldnkmhfvhlnr
lhgltiellgrmagfvalfdrdfgffdegqgiadefklhgfvnlhsidkklnevptkkikeiydi
rnkiigingnkinesvranligfisskrnyynnaflhvsndeikekgmydirnhiahfnylt
kdaadfslidlinelrellhydrklknayskafidlfdkhgmilklklnadhklkveslepkk
iyhlgssakdkpeyqgyctngvmmaycnmersllemkk

mlallhgevpsgklhnlkslntesltklfkpkfgnmisyppskgaehvgfcltdiavpaird
ldeikpdwgiffeklkpytdwaesyihykqgttigksiegnkigspdsprklvlgkyvtafln
geplgldlvakkykladlaesfkvvdlnedksanykikaclgghgrnildelkedpelngy
gievkkyigryfpikrapnrskharadflkkeliestveqgfknavyhyvleggkmeayel
tdpktkdlgdirsgeafsfkfinacafasnnlkmilnpecekdilgkgdfkknlpnsttgsd
vvkkmipffsdeignvnfdeaiwairgsiggirnevyhckkhswksilkikgfefepnn
mkytdsdmgklmdkdiakipdfieeklkssgiirfyshdklgsiwemkggfsllttnapf
vpsfkrvyakghdygtsknryydlglttfdileygeedfraryfltklvyyqggfmpwftad
nnafrdaanfvlrinknrqqdakafinireveegemprdymgyvqgggiaihedstedtpn
hfekfisqvfikgfdshmrsadlkfiknprngglegseieemsfdikvepsflknkddyia
fwtfckmldarhlselrnemikydghltgeqgeiiglallgvdsrendwkgffssereyeki
mkgyvgeelygrepyrgsdgktpilfrgvegarkygtetvigrlfdaspefkvskenitew
ergketieetierrkelhneweknpkkpgnnaffkeykeccdaidaynwhknkttivyv
nelhhllieilgryvgyvaiadrdfgemangyfkhsgiterveywgdnrlksikkldtflkk
eglfvseknarnhiahlnylslksectllylserlreifkydrklknayskslidildrhgmsv
vfanlkenkhrlvikslepkklrhlgekkidngyietngvseeycgivkrllei

mkitkmrvdgrtivmertskegqglgyegidgnktteiifdkkkesfyksilnktvrkpdek
eknrrkgainkainkeitelmlavlhgevpsgklhnlkslntesltklfkpkfgnmisypps
kgaehvgfcltdiavpairdldeikpdwgif feklkpytdwaesyihykgttigksiegnki
gspdsprklvlgkyvtaflngeplgldlvakkykladlaesfklvdlnedksanykikaclg
ghgrnildelkedpelngygievkkyiqryfpikrapnrskharadflkkeliestveqqfk
navyhyvleggkmeayeltdpktkdlgdirsgeafsfkfinacafasnnlkmilnpecek
dilgkgnfkknlpnsttrsdvvkkmipffsdelgnvnfdeaiwairgsiggirnevyhckk
hswksilkikgfefepnnmkyadsdmgklmdkdiakipefieeklkssgvvrfyrhdel
gsiwemkqgfsllttnapfvpsfkrvyakghdygtsknryynldlttfdileygeedfrary
fltklvyyggfmpwftadnnafrdaanfvlrinknrggdakafinireveegemprdym
gyvgggiaihedsiedtpnhfekfisgviikgfdrhmrsanlkfiknprngglegseieem
sfdikvepsflknkddyiafwifckmldarhlselrnemikydghltgeqgeliglallgvds
rendwkgffssereyekimkgyvveelygrepyrgsdgktpilfrgveqgarkygtetvigr
lfdanpefkvskcnlaewergketieetikrrkelhnewaknpkkpgnnaffkeykeccd
aidaynwhknkttlayvnelhhllieilgryvgyvaiadrdfgcmangyfkhsgitervey
wgdnrlksikkldt flkkeglfvseknarnhiahlnylslksectllylserlreifkydrklkn
ayskslidildrhgmsvvfanlkenkhrlvikslepkklrhlggkkidggyietngvseeyc
givkrllem

mkvtkvdgishkkyieegklykstseenrtserlsellsirldiyiknpdnaseeenrirrenl
kkffsnkvlhlkdsvlylknrkeknavgdknyseediseydlknknsfsvlkkillnedvn
seeleifrkdveaklnkinslkysfeenkanygkinennvekvggkskrniiydyyresak
rndyinnvgeafdklykkedieklfflienskkhekykireyyhkiigrkndkenfakiiye
eignvnnikeliekipdmselkksgviykyyldkeelndknikyafchfveiemsgllkn
yvykrlsnisndkikrifeygnlkklienkllnkldtyvrncgkynyylgvgeiatsdfiarn
rgneaflrniigvssvayfslrniletenenditgrmrgktvknnkgeekyvsgevdkiyne
nkgnevkenlkmfysydfnmdnkneiedffanideaissirhgivhfnlelegkdifafk
niapseiskkmfgneinekklklkifkglnsanvinyyekdviikylkntkfnfvnknipf
vpsftklynkiedlrntlkffwsvpkdkeekdaqiyllkniyygeflnkfvknskviflcitn
evikinkgrngktghykygkfeniektvpveylaiigsreminngdkeekntyidfiqqif
lkgfidylnknnlkyiesnnnndnndifskikikkdnkekydkilknyekhnrnkeiphe
inefvreiklgkilkytenlnmfylilkllnhkeltnlkgslekygsankeetfsdelelinllnl
dnnrytedfeleaneigkfldfnenkikdrkelkkfdtnkiyfdgeniikhrafynikkyg
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TABLE 5-continued

c2c2-14

c2¢c2-15

c2c2-16

LbuC2c2

15

16

17

Rhodobacter
capsulatus
SB 1003
(SEQ. I.D.
No. 13)

Rhodobacter
capsulatus
R121 (SEQ.
I.D. No. 14)

Rhodobacter
capsulatus
DE442

(SEQ. 1ID.
No. 15)

Leptorichia
buccalis C-
1013-b
(SEQ ID
NO: 1e6)

mlnllekiadkakykislkelkeysnkkneieknytmggnlhrkyarpkkdekfndedy
keyekaignigkythlknkvefnelnllgglllkilhrlvgytsiwerdlrfrlkgefpenhyi
eeifnfdnsknvkyksggivekyinfykelykdnvekrsiysdkkvkklkgekkdlyirn
yiahfnyiphaeisllevlenlrkllsydrklknaimksivdilkeygfvatflcigadkkieiq
tlesekivhlknlkkkklmtdrnseelcelvkvmfeykale

mgigkvggrtisefgdpagglkrkistdgknrkelpahlssdpkaliggwisgidkiyrkp
dsrksdgkaihsptpskmgfdarddlgeafwklvseaglagdsdydgfkrrlhpygdkf
gpadsgaklkfeadppepgafhgrwygamskrgndakelaaalyehlhvdekridggp
krnpktdkfapglvvaralgiessylprgmarlarnwgeeeiqgtyfvvdvaasykevaka
aysaaqafdpprgvsgrslspkvgfalaehlervtgskrcsfdpaagpsvlalhdevkkty
krlcargknaarafpadktellalmrhthenrvrngmvrmgryseyrgggagdlagshy
wtsaggteikeseifvrlwvgafalagrsmkawidpmgkivntekndrdltaavnirgvi
snkemvaeamarrgiyfgetpeldrlgaegnegfvfallrylrgerngtfhlgaragflkeir
kelektrwgkakeaehvyltdktvaairaiidndakalgarlladlsgafvahyaskehfstl
yseivkavkdapevssglprlklllkradgvrgyvhglrdtrkhafatklppppaprelddp
atkaryiallrlydgpfrayasgitgtalagpaarakeaatalagsvnvtkaysdvmegrtsrl
rppndgetlreylsaltgetatefrvgigyesdsenarkqaefienyrrdmlafmfedyirak
gfdwilkiepgatamtrapvlpepidtrggyehwgaalylvmhfvpasdvsnllhglrk
wealggkyelvgdgdatdgadarrealdlykrfrdvlvlflktgearfegraapfdlkpfral
fanpatfdrlfmatpttarpaeddpegdgasepelrvartlrglrgiarynhmavlsdlfakh
kvrdeevarlaeiedetgeksgivaagelrtdlhdkvmkchpktispeergsyaaaiktiee
hrflvgrvylgdhlrlhrlmmdvigrlidyagayerdtgtflinaskglgagadwavtiaga
antdartgtrkdlahfnvldradgtpdltalvnraremmaydrkrknavprsildmlarlglt
lkwgmkdhllgdatitgaaikhldkvrltvggpaavtearfsgdylgmvaavingsvgnp
kprrrddgdawhkppkpatagsqgpdgkppnkapsagsrlpppgvgevyegvvvkvid
tgslgflavegvagniglhisrlrriredaiivgrryrfrveiyvppksntsklnaadlvrid

mgigkvggrtisefgdpagglkrkistdgknrkelpahlssdpkaliggwisgidkiyrkp
dsrksdgkaihsptpskmgfdarddlgeafwklvseaglagdsdydgfkrrlhpygdkf
gpadsgaklkfeadppepgafhgrwygamskrgndakelaaalyehlhvdekridggp
krnpktdkfapglvvaralgiessylprgmarlarnwgeeeiqgtyfvvdvaasykevaka
aysaaqafdpprgvsgrslspkvgfalaehlervtgskrcsfdpaagpsvlalhdevkkty
krlcargknaarafpadktellalmrhthenrvrngmvrmgrvseyrgggagdlagshy
wtsaggteikeseifvrlwvgafalagrsmkawidpmgkivntekndrdltaavnirgvi
snkemvaeamarrgiyfgetpeldrlgaegnegfvfallrylrgerngtfhlgaragflkeir
kelektrwgkakeaehvvltdktvaairaiidndakalgarlladlsgafvahyaskehfstl
yseivkavkdapevssglprlklllkradgvrgyvhglrdtrkhafatklppppaprelddp
atkaryiallrlydgpfrayasgitgtalagpaarakeaatalagsvnvtkaysdvmegrssrl
rppndgetlreylsaltgetatefrvgigyesdsenarkqaefienyrrdmlafmfedyirak
gfdwilkiepgatamtrapvlpepidtrggyehwgaalylvmhfvpasdvsnllhglrk
wealggkyelvgdgdatdgadarrealdlykrfrdvlvlflktgearfegraapfdlkpfral
fanpatfdrlfmatpttarpaeddpegdgasepelrvartlrglrgiarynhmavlsdlfakh
kvrdeevarlaeiedetgeksgivaagelrtdlhdkvmkchpktispeergsyaaaiktiee
hrflvgrvylgdhlrlhrlmmdvigrlidyagayerdtgtflinaskglgagadwavtiaga
antdartgtrkdlahfnvldradgtpdltalvnraremmaydrkrknavprsildmlarlglt
lkwgmkdhllgdatitgaaikhldkvrltvggpaavtearfsgdylgmvaavingsvgnp
kprrrddgdawhkppkpatagsqgpdgkppnkapsagsrlpppgvgevyegvvvkvid
tgslgflavegvagniglhisrlrriredaiivgrryrfrveiyvppksntsklnaadlvrid

mgigkvggrtisefgdpagglkrkistdgknrkelpahlssdpkaliggwisgidkiyrkp
dsrksdgkaihsptpskmgfdarddlgeafwklvseaglagdsdydgfkrrlhpygdkf
gpadsgaklkfeadppepgafhgrwygamskrgndakelaaalyehlhvdekridggp
krnpktdkfapglvvaralgiessvlprgmarlarnwgeeeiqgtyfvvdvaasvkevaka
aysaaqafdpprgvsgrslspkvgfalaehlervtgskrcsfdpaagpsvlalhdevkkty
krlcargknaarafpadktellalmrhthenrvrngmvrmgrvseyrgggagdlagshy
wtsaggteikeseifvrlwvgafalagrsmkawidpmgkivntekndrdltaavnirgvi
snkemvaeamarrgiyfgetpeldrlgaegnegfvfallrylrgerngtfhlgaragflkeir
kelektrwgkakeaehvvltdktvaairaiidndakalgarlladlsgafvahyaskehfstl
yseivkavkdapevssglprlklllkradgvrgyvhglrdtrkhafatklppppaprelddp
atkaryiallrlydgpfrayasgitgtalagpaarakeaatalagsvnvtkaysdvmegrssrl
rppndgetlreylsaltgetatefrvgigyesdsenarkqaefienyrrdmlafmfedyirak
gfdwilkiepgatamtrapvlpepidtrggyehwgaalylvmhfvpasdvsnllhglrk
wealggkyelvgdgdatdgadarrealdlykrfrdvlvlflktgearfegraapfdlkpfral
fanpatfdrlfmatpttarpaeddpegdgasepelrvartlrglrgiarynhmavlsdlfakh
kvrdeevarlaeiedetgeksgivaagelrtdlhdkvmkchpktispeergsyaaaiktiee
hrflvgrvylgdhlrlhrlmmdvigrlidyagayerdtgtflinaskglgagadwavtiaga
antdartgtrkdlahfnvldradgtpdltalvnraremmaydrkrknavprsildmlarlglt
lkwgmkdhllgdatitgaaikhldkvrltvggpaavtearfsgdylgmvaavingsvgnp
kprrrddgdawhkppkpatagsqgpdgkppnkapsagsrlpppgvgevyegvvvkvid
tgslgflavegvagniglhisrlrriredaiivgrryrfrveiyvppksntsklnaadlvrid

mkvtkvggishkkytsegrlvkseseenrtderlsallnmrldmyiknpsstetkengkri
gklkkffsnkmvylkdntlslkngkkenidreysetdilesdvrdkknfavlkkiylnenv
nseelevfrndikkklnkinslkysfeknkanygkinenniekvegkskrniiydyyresa
krdayvsnvkeafdklykeediaklvleienitklekykirefyheiigrkndkenfakiiye
eignvnnmkeliekvpdmselkksqgviykyyldkeelndknikyafchfveiemsqgllk
nyvykrlsnisndkikrifeygnlkklienkllnkldtyvrnegkynyylgdgeiatsdfiar
nrgneaflrniigvssvayfslrniletenenditgrmrgktvknnkgeekyvsgevdkiyn
enkknevkenlkmfysydfnmdnkneiedffanideaissirhgivhfnlelegkdifaf
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TABLE 5-continued

HheC2c2

EreC2c2

EbaC2C2

Herbinix
hemicellulos
ilytica (SEQ
ID NO: 17)

Eubacterium
rectale
(SEQ ID
NO: 18)

Eubacteriaceae
bacterium
CHKCIO004

(SEQ ID

NO: 19)

kniapseiskkmfgneinekklklkifrglnsanvfrylekykilnylkrtrfefvnknipfv
psftklysriddlknslgiywktpktnddnktkeiidagiyllkniyygeflnyfmsnngnf
feiskeiielnkndkrnlktgfyklgkfedigekipkeylanigslyminagngdeeekdty
idfigkiflkgfmtylanngrlsliyigsdeetntslaekkgefdkflkkyegnnnikipyein
eflreiklgnilkyterinmfylilkllnhkeltnlkgslekygsankeeafsdglelinllnldn
nrytedfeleadeigkfldfngnkvkdnkelkkfdtnkiyfdgeniikhrafynikkygml
nllekiadkagykisieelkkysnkkneieknhkmgenlhrkyarprkdekftdedyesy
kgaienieeythlknkvefnelnllgglllrilhrlvgytsiwerdlrfrlkgefpengyieeif
nfenkknvkykgggivekyikfykelhgndevkinkyssanikvlkgekkdlyirnyia
hfnyiphaeisllevlenlrkllsydrklknavmksvvdilkeygfvatflcigadkkigigtl
esekivhlknlkkkklmtdrnseelcklvkimfeykmeekksen

mkltrrrisgnsvdgkitaafyrdmsggllyydsedndctdkviesmdferswrgrilkng
eddknpfymfvkglvgsndkivcepidvdsdpdnldilinknitgfgrnlkapdsndtle
nlirkigagipeeevlpelkkikemigkdivnrkeqgllksiknnripfslegsklvpstkkm
kwlfklidvpnktfnekmlekyweiydydklkanitnrldktdkkarsisravseelreyh
knlrtnynrfvsgdrpaagldnggsakynpdkeefllflkeveqyfkkyfpvkskhsnks
kdkslvdkyknycsykvvkkevnrsiinglvagligqgkllyyfyyndtwgedflnsygl
syigveeafkksvmtslswginrltsffiddsntvkfddittkkakeaiesnyfnklrtcsrm
gdhfkeklaffypvyvkdkkdrpdddienlivlvknaiesvsylrnrtfhfkessllellkel
ddknsggnkidysvaaefikrdienlydvfregirslgiaeyykadmisdcflctcglefaly
spknslmpafknvykrganlnkayirdkgpketgdgggnsykaleeyreltwyievknn
dgsynayknllgliyyhaflpevrenealitdfinrtkewnrketeerintknnkkhknfde
ndditvntyryesipdyqggeslddylkvlgrkgmarakevnekeegnnnyigfirdvvy
wafgaylenklknyknelgpplskeniglndtlkelfpeekvkspfnikerfsistfidnkg
kstdntsaeavktdgkedekdkknikrkdllecfylflrlldeneicklghgfikyrcslkerrf
pgnrtkleketellaeleelmelvrftmpsipeisakaesgydtmikkyflcdfiekkviknp
ktsnlyyhsdsktpvtrkymallmrsaplhlykdifkgyylitkkecleyiklsniikdygn
slnelheqgleriklksekgngkdslyldkkdfykykeyvenlegvarykhlghkinfesly
rifrihvdiaarmvgytqgdwerdmhflflcalvyngvleerrfeaifnnnddnndgrivkki
gnnlnnknrelvsmlcwnkklnknefgaiiwkrnpiahlnhftgtegnskssleslinslri
llaydrkrgnavtktindlllndyhirikwegrvdeggiyfnikekedienepiihlkhlhkk
deyiyknsymfdkgkewicngikeevydksilkcigniflddyedknkssanpkht

mlrrdkevkklynvingigvgtkpkkwnndeklspeenerraggknikmknykwrea
cskyvessgriindvifysyrkaknklrymrknedilkkmgeaeklskfsggkledfvayt
lrkslvvskydtgefdslaamvvilecigknnisdhereivckllelirkdfskldpnvkgsqg
ganivrsvrngnmivgpggdrflfpgvyakenetvtnknvekeglnefllnyanlddekr
aeslrklrrildvyfsapnhyekdmditlsdniekekfnvwekhecgkketglfvdipdvl
meaeaenikldavvekrerkvindrvrkgniicyrytravvekynsneplffennaingy
wihhienaverilknckagklfklrkgylaekvwkdainlisikyialgkavynfalddiw
kdkknkelgivderirngitsfdyemikahenlgrelavdiafsvnnlaravedmsnlgnk
esdfllwkrndiadklknkddmasysavlgffggksswdinifkdaykgkkkynyevrf
iddlrkaiycarnenfhfktalvndekwntelfgkiferetefclnvekdrfysnnlymfyq
vselrnmldhlysrsysraagvpsynsvivrtafpeyitnvlgygkpsydadtlgkwysac
vyllkeiyynsflgsdralglfeksvktlswddkkggravdnfkdhfsdiksactslagveq
iymteynggnngikkvrssndsifdgpvyghykyllkkaianafadylknnkdlfgfigk
pfkaneireidkeqflpdwtsrkyealcievsgKielgkwyivgkflnarslnlmvgsmrs
vigyvtdikrraasignelhvsvhdvekvekwvgvievesllasrtsngfedyfndkddy
arylksyvdfsnvdmpseysalvdfsneegsdlyvdpknpkvnrnivhsklfaadhilrd
ivepvskdnieefysgkaeiayckikgkeitaeegkavlkygklknrvelrdiveygeiine
llgglinwsfmrerdllyfqglgfhydclrndskkpegyknikvdensikdailygiigmyv
ngvtvyapekdgdklkeqgevkggvgvkvsafhryskylglnektlynagleifevvaeh
ediinlrngidhfkyylgdyrsmlsiysevidrfftydikygknvlnllgnillrhnvivepil
esgfktigeqtkpgaklsirsiksdtfqgykvkggtlitdakderyletirkilyyaeneednlk
ksvvvtnadkyeknkesddgnkgkekknkdnkgkkneetksdaeknnnerlsynpfa
nlnfklsn

mkiskeshkrtavavmedrvggvvyvpggsgidlsnnlkkrsmdtkslynvingigagt
apseyewkdylseaenkkreagkmigkanyelrrecedyakkanlavsriifskkpkkif
sdddiishmkkgrlskfkgrmedfvlialrkslvvstyngevidsrkaatvflknigkknis
adderqgikglmaliredydkwnpdkdssdkkessgtkvirsiehgnmvigpeknklsls
kisnvgkktktkgkekagldaflkeyaqgidensrmeylkklrrlldtyfaapssyikgaavs
lpeninfsselnvwerheaakkvninfveipesllnaegnnnkinkveqgehsleglrtdirrr
nitcyhfanalaaderyhtlffenmamngfwihhmenaverilkkenvgtlfldrigylse
kvwkdmlnllsikyialgkavyhfalddiwkadiwkdasdknsgkindltlkgissfdye
mvkagedlgremavgvafstnnlarvtckmddlsdaesdfllwnkeairrhvkytekge
ilsailgffggrslwdeslfekaysdsnyelkflddlkraiyaarnetfhfktaaidggswntrl
fgslfekeaglclnveknkfysnnlvlfykgedlrvildklygkecsraagipsyntilprkst
sdfmkgllglkepvygsaildgwysacyylfkevyynlflgdssakalfekavkalkgad
kkgekavesfrkryweisknaslaeicgsyiteynggnnkerkvrsandgmfnepiygh
vkmllkealkmafasyikndkelkfvykpteklfevsgdnflpnwnsekyntlisevkns
pdlgkwyivgkfmnarmlnlllgsmrsylqyvsdigkraaglgenglhlsaenvgqvkk
wigvlevelllsvrisdkftdyfkdeeeyasylkeyvdfedsampsdysallafsnegkidl
yvdasnpkvnrniigaklyapdmvlkkvvkkisgdeckefnekkegimgfknkgdev
sweeqgkileygklknrvelrdlseygelinellgglinwsylrerdllyfglgfhysclmne
skkpdayktirrgtvsienavlygiiamyingfpvyapekgelkpgcktgsaggkirafcqg
wasmvekkkyelynaglelfevvkehdniidlrnkidhfkyyggndsilalygeifdrfft
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TABLE 5-continued

C2c2
NK4A144

C2c2
Chloro_
agg

C2c2
Dem_Aur

C2c2
Thal_Sp
TSL5

C2c2
Pseudo_sp

Lachno-
spiraceae
bacterium
NK4A144
(SEQ ID
NO: 20)

RNA-

binding
protein S1
Chloroflexus
aggregans
(SEQ ID

NO: 21)

Demequina
aurantiaca
(SEQ ID
NO: 22)

Thalassospira
sp. TSL5-

1

(SEQ ID

NO: 23)

Pseudobutyr
ivibrio sp.
OR37

(SEQ ID

NO: 24)

ydmkyrnnvinhlgnillrhnviikpiiskdkkevgrgkmkdraaflleevssdrftykvk
egerkidaknrlyletvrdilyfpnravndkgedviicskkagdlnekkadrdknhdkskd
tngkkegkngeeksenkepysdrmtwkpfagikle

mkiskvdhtrmavakgnghrrdeisgilykdptktgsidfderfkklnecsakilyhvingi
aegsnkyknivdkvnnnldrvlftgksydrksiididtvlrnvekinafdristeereqgiiddl
leiglrkglrkgkaglrevlligagvivrtdkkgeiadfleildedfnktngakniklsienggl
vvspvsrgeerifdvsgagkgksskkagekealsaflldyadldknvrfeylrkirrlinlyf
yvknddvmslteipaevnlekdfdiwrdheqgrkeengdfvgcpdilladrdvkksnskqg
vkiaerglresireknikryrfsiktiekddgtyffankgisviwihrienaverilgsindkkl
yrlrlgylgekvwkdilnflsikyiavgkavinfamddlgekdrdiepgkisenavngltst
dyegikademlgrevavnvafaannlarvtvdipgngekedillwnksdikkykknskk
gilksilgffggastwnmkmfeiayhdgpgdyeenylydiigiiyslrnksfhflaydhgd
knwnreligkmiehdaervisverekfhsnnlpmfykdadlkkildllysdyagrasqvp
afntylvrknfpefIrkdmgykvhfnnpevengwhsavyylykeiyynlflrdkevknlf
ytslknirsevsdkkgklasddfasrceeiedrslpeicgiimteynagnfgnrkvksqgrvie
knkdifrhykmlliktlagafslylkgerfafigkatpipyettdvknflpewksgmyasfy
eeiknnldlgewyivgrflngrmlnglagslrsyiqgyaedierraaenrnklfskpdekiea
ckkavrvldlcikistrisaeftdyfdseddyadylekylkygddaikelsgssyaaldhfcn
kddlkfdiyvnaggkpilgrnivmaklfgpdnilsevmekvtesaireyydylkkvsgyr
vrgkcstekeqgedllkfgrlknavefrdvteyaevinellggliswsylrerdllyfglgfhy
mclknksfkpaeyvdirrnngtiihnailygivsmyingldfyscdkegktlkpietgkgv
gskiggfikysgylyndpsykleiynaglevfenidehdnitdlrkyvdhfkyyaygnkm
slldlyseffdrfftydmkygknvvnvlenillrhfvifypkfgsgkkdvgirdckkeragi
eisegsltsedfmfklddkageeakkfparderylgtiakllyypneiedmnrfmkkgeti
nkkvgfnrkkkitrkgknnssnevlsstmgylfknikl

mtdgvrreevaageladtplaaagtpaadaavaatpapaeavaptpegavdgpattgese
apvttagaaaheaepaeatgasftpvseqgpgkprrlkdlgpgmelegkvtsialygifvd
vgvgrdglvhisemsdrridtpselvgigdtvkvwyksvdldarrisltmlnpsrgekprr
srgsgpadgpdgprrgevdreklaslkvgeivegvitgfapfgafadigvgkdglihiselseg
rvekpedavkvgeryqfkvleidgegtrislslrragrtgrmgglepggiiegtvsgiatfga
fvdigvgrdglvhisalaphrvakvedvvkvgdkvkvkvlgvdpgskrisltmrleeeqgp
attagdeaaepaeevtptrrgnlerfaaaagtarersergersergerrerrerrpagsspdtyi
vgedddesfegnatiedlltkfggsssrrdrdrrrrheddddeemerpsnrrgreairrtlggi

gyde

mdltwhallilfivallagfldtlagggglltvpallltgipplgalgtnklgssfgtgmatygvi
rkkrvhwrdvrwpmvwaflgsaagavavgfidtdalliiipvvlalvaayflfvpkshlpp
peprmsdpayeativpiigaydgafgpgtgslyalsgvalraktivgstaiaktlnfatnfaal
lvfafaghmlwtvgavmiaggligayagshmlfrvnplvlrvlivvmslgmlirvild

mriikpygrshvegvatgeprrklrinsspdisrdipgfagshdaliiagwisaidkiatkpk
pdkkptgaginlrttlgdaawghvmaenllpaatdpaireklhliwgskiapwgtarpga
ekdgkptpkggwyerfcgvlspeaitgnvargiakdiydhlhvaakrkgrepakggess
nkpgkfkpdrkrglieeraesiaknalrpgshapcpwgpddgatyeqagdvaggiyaaa
rdcleekkrrsgnrntssvgylprdlaakilyaqygrvigpdttikaaldegpslfalhkaikd
cyhrlindarkrdilrilprnmaalfrlvraqydnrdinalirlgkvihyhaseqgksehhgir
dywpsggdignsrfwgsdggadikrheafsriwrhiialasrtlhdwadphsgkfsgend
dilllakdaieddvfkaghyerkedvlfgagaslfcgaedfekailkgaitgtgnlrnatfhfk
gkvrfekelgeltkdvpvevgsailaalwgkdaegrtrgiaetlgavlaghflteegnrhifaa
ltaamagpgdvplprlrrvlarhdsicqgrgrilplspepdrakleespaltegytvlkmlydg
pfrawlaggnstilnhyidstiartdkaardmngrklagaekdlitsraadlprlsvdekmg
dflarltaatatemrvqrgygsdgenagkgqaafiggfecdvigrafadflngsgfdfvlklka
dtpgpdaagecdvtaliapddisysppgawggvlyfilhlvpvddashllhgirkwgvleg
kekpagiandvgsvimlyldmhdakftggaalhgiekfaeffahaadfravippgslgdg
drsiprrglreivrfghlpllghmsgtvgithdnvvawgaartagatgmspiarrgkgreel
halavertarfrnadlgnymhalvdvikhrglsagvtlsdgvrlhrlmmgvlgrlvdyagl
werdlyfvvlallyhhgatpddvfkgggkknladggvvaalkpknrkaaapvgviddld
hygiygddrgsirnglshfnmlrggkapdlshwvngtrslvandrklknavaksviemla
regfdldwgigtdrgghilshgkirtrgaghfgksrlhivkksakpdkndtvkirenlhgda
mvervvglfaagvgkryditvekrldhlflkpgdgkgkngihthngwsktekkrrpsren
rkgnhen

mkfskeshrktavgvtesngiigllykdpinekekiedvvngranstkrlfnlfgteatskdi
sraskdlakvvnkaignikgnkkfnkkeqgitkglntkiiveelknvlkdekklivnkdiide
acsrllktsfrtaktkgavkmiltavlientnlskedeafvheyfvkklvneynktsvkkgip
valsngnmvigpnsvngtleisetkksketkttekdafraflrdyatldenrrhkmrlclrnl
vnlyfygetsvskddfdewrdhedkkgndel fvkkivsiktdrkgnvkevldvdatidai
rtnniacyrralayanenpdvffsdtmlnkfwihhveneveriyghinnntgdykyqglgy
lsekvwkgiinylsikyiaegkavynyamnalakdnnsnafgkldekfvngitsfeyeri
kaeetlgrecavniafaanhlanatvdlnekdsdflllkhednkdtlgavarpnilrnilgffg
gksrwndfdfsgideiqgllddlrkmiyslrnssfhfktenidndswntkligdmfaydfn
magnvgkdkmysnnvpmfystsdiekmldrlyaevherasqvpsfnsvivrknfpdy
lkndlkitsafgvddalkwgsavyyvckeiyyndflgnpetftmlkdyvgclpididksm
dgklksernahknfkeafatyckecdslsaicgmimteynngnkgnrkvisartkdgdkl
iykhykmilfealknvftiyleknintygflkkpklinnvpaieeflpnyngrqgyetlynrit
eetelgkwyivgrllnpkgvnglignfrsyvgyvndvarrakgtgnnlsndniawdvkni
igifdvaklngvtsniledyfddgddyarylknfvdytnknndhsatllgdfcakeidgiki
giyhdgtnpivnrniigcklygatgiisdltkdgsilsvdyeiikkymgmgkeikvyggk



51

US 12,415,000 B2
52

TABLE 5-continued

C2c2_Buty
sp

c2¢2
Blautia_
sp

c2c2_
Lepto_sp_
Marseille

c2c2_
Bacter-
oides_
ihuae

Butyrivibrio
sp.

YAB3001

(SEQ ID

NO: 25)

Blautia sp.
Marseille-
P2398

(SEQ ID
NO: 26)

Leptotrichia
sp.
Marseille-
P3007

(SEQ ID

NO: 27)

Bacteroides
ihuae

(SEQ ID

NO: 28)

gicktkeeqggnlkkygelknivelrniidyseildelqggqlinwgylrerdlmyfglgfhyl
clhneskkpvgynnagdisgavlygivamytnglslidangkskknakasagakvgsfc
syskeirgvdkdtkedddpiylagvelfeninehggcinlrnyiehfhyyakhdrsmldly
sevidrfftydmkytknvpnmmynillghlvvpafefgssekrlddndeqtkpramftlr
eknglsseqftyrlgdgnstvklsargddylravasllyypdrapeglirdaeaedkfakinh
snpksdnrnnrgnfknpkvgwynnktkrk

mkiskvdhrktavkitdnkgaegfiygdptrdsstmegiisnrarsskvlfnifgdtkkskd
Inkytesliiyvnkaikslkgdkrnnkyeeiteslktervinaligagneftcsenniedalnk
vlkksfrvgntksalkkllmaaycgyklsieekeeignyfvdklykeynkdtvlkytaksl
khgnmvvgpdtdnhvilpsriagatgnkmsekealteflkayavldeekrhnlriilrklv
nlyfyespdfiypennewkehddrknktetfvspvkvneekngktfvkidvpatkdlirl
kniecyrrsvaetagnpityftdhniskfwihhienevekifallksnwkdygfsvgyisek
vwkeiinylsikyiaigkavynyaledikkndgtlnfgvidpsfydginsfeyekikaeetf
grevavyvsfavnhlssatvklseagsdmlvinkndiekiaygntkrnilgffgggskwk
efdfdryinpvnytdidflfdikkmvyslrnesfhftttdtesdwnknlisamfeyecrrist
vgknkffsnnlplfygenslervlhklyddyvdrmsqvpsfgnvivrkkfpdymkeigi
khnlssednlklggalyflykeiyynafissekamkifvdlynkldtnarddkgritheam
ahknfkdaishymthdcsladicgkimteynggntghrkkgttysseknpeifrhykmil
fmllgkamteyisseeifdfimkpnspktdikeeeflpgykscaydnlikliadnvelgkw
yvitarllsprevngligsfrsykgfvsdierraketnnslsksgmtvdvenitkvldlctklngr
fsneltdyfdskddyavyvskfldfgfkidekfpaallgefcnkeengkkigiyvhngtepil
nsniiksklygitdvvsravkpvseklireylggevkikpylengvcknkeeqaalrkyge
lknriefrdiveyseiinelmgglinfsylrerdlmyfglgfhylclnnygakpegyysivn
dkrtikgailygivamytyglpiyhyvdgtisdrrknkktvldtlnssetvgakikyfiyysd
elfndslilynaglelfeninehenivnlrkyidhfkyyvsgdrslldiysevidryftydrky
kknymnlfsnimlkhfiitdfefstgektigekntakkecakvrikrgglssdkftykfkda
kpielsakntefldgvarilyypenvvltdlvrnsevedekriekydrnhnssptrkdktyk
gdvkknynkktskafdsskldtksvgnnlsdnpvlkgflseskkkr

mkiskvdhvksgidgklssgrgmlykgpgkkyegkgleefivrnlsrkakalygvipvs
gnskmekelgiinsfiknillrldsgktseeivgyintysvasgisgdhigelvdghlkeslrk
ytevgdkriyvpdiivallkskfnsetlgydnselkilidfiredylkekgikgivhsiennst
plriaeinggkrlipanvdnpkksyifeflkeyagsdpkggesllghmrylillylygpdkit
ddyceeieawnfgsivmdneglfseeasmligdriyvnggieegrgskdtakvkknksk
yrmlgdkiehsinesvvkhygeackaveekdipwikyisdhvmsvyssknrvdldklsl
pylakntwntwisfiamkyvdmgkgvyhfamsdvdkvgkgdnliiggidpkfsdgis
sfdyerikaeddlhrsmsgyiafavnnfaraicsdefrkknrkedvltvgldeiplydnykr
kllgyfggasnwddsiidiiddkdlvacikenlyvarnvnfhfagsekvgkkgddileeiv
rketrdigkhyrkviysnnvavfycdediiklmnhlygrekpygagipsynkvisktylp
dlifmllkgknrtkisdpsimnmmfrgtfyfllkeiyyndflgasnlkemfceglknnvknk
ksekpygnfmrrfeelenmgmdfgeicqgimtdyeqggnkgkkktatavmsekdkkir
tldndtgkykhfrtllyiglreafiiylkdeknkewyeflrepvkregpeekefvnkwklng
ysdcselilkdslaaawyvvahfingaglnhligdiknyigfisdidrrakstgnpvsestei
gieryrkilrvlefakffceggitnyltdyygdendfsthvghyvkfekknmepahalgafs
nslyacgkekkkagfyydgmnpivnrnitlasmygnkkllenamnpvtegdirkyysl
maeldsvlkngavcksedegknlrhfgnlknrielvdvltlselvndlvagligwvyirerd
mmylglglhyiklyftdsvaedsylrtldleegsiadgavlygiaslysfnlpmyvkpnks
svyckkhvnsvatkfdifekeycngdetvienglrlfeninlhkdmvkfrdylahfkyfak
ldesilelyskaydfffsyniklkksysyvltnyllsyfinaklsfstykssgnktvghrttkis
vvagtdyftyklrsivknkngvesienddrrcevvniaardkefvdevenvinynsdk

mkitkidgishkkyikegklykstseenktderlselltirldtyiknpdnaseeenrirrenl
keffsnkvlylkdgilylkdrreknglgnknyseediseydlknknnflvlkkillnedinse
eleifrndfekkldkinslkysleenkanygkinennikkvegkskrnifynyykdsakrn
dyinnigeafdklykkedienlfflienskkhekykirecyhkiigrkndkenfatiiyeeiq
nvnnmkeliekvpnvselkksgviykyylnkeklndenikyvfchfveiemskllkny
vykkpsnisndkvkrifeyqgslkklienkllnkldtyvrnegkysfylgdgeiatsdfivgn
rgneaflrniigvsstayfslrniletenenditgrmrgktvknnkgeekyisgeidklydnn
kgnevkknlkmfysydfnmnskkeiedffsnideaissirhgivhfnlelegkdiftflcni
vpsgiskkmfhdeinekklklkifkglnsanyfrylekykilnylnrtrfefvnknipfvpst
tklysriddlknslgiywktpktnddnktkeitdagiyllkniyygeflnyfmsnngnffeit
keiielnkndkrnlktgfyklgkfenlgektpkeylanigslyminagngdeeekdtyidfi
gkifikgfmtylanngrlsliyigsdeetntslaekkgefdkflkkyegnnnieipyeinefv
reiklgkilkyterlnmfylilkllnhkeltnlkgslekygsankeeafsdglelinllnldnnr
vtedfeleadeigkfldfngnkvkdnkelkkfdtnkiyfdgeniikhrafynikkygmlnl
lekisdeakykisieelknyskkkneieenhttgenlhrkyarprkdekftdedykkyeka
irniggythlknkvefnelnllgsillrilhrlvgytsiwerdlrfrlkgefpenqgyieeifnfdn
sknvkyknggivekyinfykelykddtekisiysdkkvkelkkekkdlyirnyiahfnyi
pnaeisilemlenlrkilsydrklknaimksivdilkeygfvvtflciekdkkirieslkseev
vhlkklklkdndkkkepiktyrnskelcklvkvmfeykmkekksen

mritkvkvkessdgkdkmvlihrkvgegtivldenladltapiidkykdksfelsllkqtiv
sekemnipkcdkctakerclsckgrekrlkevrgaiektigaviagrdiiprinifnedeic
wlikpkirneftfkdvnkgvvklnlpkvlveyskkndptiflayqqwiaaylknkkghik
ksilnnrvvidysdesklskrkgalelwgeeyetngrialesyhtsynigelvtlipnpeeyv
sdkgeirpafhyklknvlgmhgstvigtneilcinpifnenraniglsaynlevvkyfehyf
pikkkkknlslngaiyylkvetlkerlslglenalrmnllgkgkikkhefdkntesntlsgik
rdeffvinlvemcafaannirnivdkegvneilskkdlcnslskntidkelctkfygadfsqgi
pvaiwamrgsvggirneivhykaeaidkifalktfeyddmekdysdtpfkgylelsieki
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TABLE 5-continued

dsffieglssndvinyyctedvnkllnkcklslrrtsipfapgfktiyelgchlgdssntyrigh
ylmliggrvanstvtkaskaypayrfmlkliynhlflnkfldnhnkrffmkavafvlkdnr
enarnkfgyafkeirmmnndesiasymsyihslsvgeqgekkgdkndkvryntekfiek
vivkgfddflswlgvefilspngeerdktvtreeyenlmikdrvehsinsngeshiafftfc
klldanhlsdlrnewikfrssgdkegfsynfaidiielclltvdrveqrrdgykegtelkeyls
ffikgnesentvwkgfyfggdnytpvlyspielirkygtlellkliivdedkitggefeewqgt
lkkvvedkvtrrnelhgewedmknkssfsgekcesiygklerdidrynwldnklhlvhlrk
lhnlvigilsrmarfialwdrdfvlldasranddykilsffnfrdfinakktktddellaefgsk
iekknapfikaedvplmvecieakrsfygkvifrnnlgvladrnfiahynyisktakcslfe
miiklrtimyydrklrnavvksianvidgngmvlglslddshelkvdkviskrivhlknn
nimtdgvpeeyykicrrllemkk

c2c2_
Porph
bacterium

Porphyromo
nadaceae
bacterium
KH3CP3RA
(SEQ ID
NO: 29)

mefrdsiflcsllgkeiekaplcfaeklisggvisyypserlkefvgnhpfslfrktmpfspgf
krvmksggnygnanrdgrfydldigvylpkdgfgdeewnaryflmkliynglflpyfad
aenhlfrecvdfvkrvnrdyncknnnseeqafidirsmredesiadylafigsniiieenkk
ketnkegginfnkfllgvivkgfdsflkdrtelnflglpelggdgtrgddlesldklgavvav
dlkldatgidadlnenisfytfckildsnhlsrlrneiikygsansdfshnedfdydriisiielc
mlsadhvstndnesifpnndkdfsgirpylstdakvet fedlyvhsdaktpitnatmvlnw

kygtdklferlmisdgdflvtekdyfvwkelkkdieekiklreelhslwvntpkgkkgak
kkngrettgefseenkkeylevcereidryvnldnklhfvhlkrmhslliellgrfvgftylfer
dyqgyyhleirsrrnkdagvvdkleynkikdgnkydkddffactflyekankvrnfiahfn
yvltmwnspgeeehnsnlsgaknssgrgnlkesltelinelrevmsydrklknavtkavidl
fdkhgmvikfrivnnnnndnknkhhlelddivpkkimhlrgiklkrgdgkpipigtdsv

dplycrmwkklldlkptpf

Listeria
riparia
(SEQ

NO:

c2¢2
Listeria_
riparia

30)

c2¢2
insolitis_
peregrinum
(SEQ ID
NO: 31)

Insolitispir-
i1lum
peregrinum

mhdawaenpkkpgsdaflkeykacceaidtynwhknkativyvnelhhllidilgrlvg
yvaiadrdfgemangylkssghtervdswintirknrpdyiekldifmnkaglfvsekng
IDrnyiahlnylspkhkysllylfeklremlkydrklknavtkslidlldkhgmevvfanlknn
khrlviaslkpkkiet fkwkkik

mriirpygsstvaspspgdagpirslgrgngtfdvaefsrrhpelvlagwvamldkiirkpa
pgknstalprptaegrrlrggvgaalwaemgrhtpvppelkavwdskvhpyskdnapat
aktpshrgrwydrfgdpetsaatvaegvrrhlldsagpfrangggpkgkgviehraltign
gtllhhhgsekagplpedwstyradelvstigkdarwikvaaslyghygrifgpttpiseaq
trpefvlhtavkayyrrlfkerklpaerlerllprtgealrhavtvghgnrsladavrigkilhy

gwlgngepdpwpddaalyssrywgsdggtdikhseaysrvwrraltaagrtltswlypa
gtdagdilliggkpdsidrnflpllygdstrhwtrspgdvwlflkgtlenlrnssfhflalsaft
shldgtcesepaeqgaagalwgddrggdhqgvilslraldattylptgplhrivnavgstda
tlplprfrrvvtraantrlkgfpvepvnrrtmeddpllrcrygvlkllyergfrawletrpsias
cldgslkrstkaagtingknspggveilsratkllgaegggghgihdlfdrlyaataremrvqg
vgyhhdaeaarqgaefiedlkcevvarafcaylktlgiggdt frrgpeplptwpdlpdlpss
tigtaqaalysvlhlmpvedvgsllhglrrwlvalgarggedgtaitatipllelylnrhdakf
sgggagtglrwddwgvifdecqgat fdrvippgpaldshrlplrglrevlirfgrvndlaaligg
dkitaaevdrwhtaeqgtiaagggqrrealheglsrkkgtdaevdeyralvtaiadhrhltahvt
lsnvvrlhrimttvlgrlvdygglwerdltfvtlyeahrlgglrnllsesrvnkfldggtpaals
kknnaeengmiskylgdkarrgirndfahfnmlgggkktinitdeinnarklmandrklk
naitrsvttllggdgldivwtmdashrltdakidsrnaihlhkthnranireplhgksycrwv
aalfgatstpsatkksdkir

In an embodiment of the invention, there is provided
effector protein which comprises an amino acid sequence
having at least 80% sequence homology to the wild-type
sequence of any of Leptotrichia shahii C2c2, Lachno-
spiraceae bacterium MA2020 C2c2, Lachnospiraceae bac-
terium NK4A179 C2c2, Clostridium aminophilum (DSM
10710) C2c2, Carnobacterium gallinarum (DSM 4847)
C2¢2, Paludibacter propionicigenes (WB4) C2c2, Listeria
weihenstephanensis (FSL R9-0317) C2c2, Listeriaceae bac-
terium (FSL M6-0635) C2c2, Listeria newyorkensis (FSL
M6-0635) C2c2, Leptotrichia wadei (F0279) C2¢2, Rhodo-
bacter capsulatus (SB 1003) C2c2, Rhodobacter capsulatus
(R121) C2¢2, Rhodobacter capsulatus (DE442) C2c2, Lep-
totrichia wadei (Lw2) C2c2, or Listeria seeligeri C2c2.

In an embodiment of the invention, the effector protein
comprises an amino acid sequence having at least 80%
sequence homology to a Type VI effector protein consensus
sequence including but not limited to a consensus sequence
described herein

According to the invention, a consensus sequence can be
generated from multiple C2¢2 orthologs, which can assist in
locating conserved amino acid residues, and motifs, includ-
ing but not limited to catalytic residues and HEPN motifs in
C2c2 orthologs that mediate C2¢2 function. One such con-

45

50

55

60

65

sensus sequence, generated from the 33 orthologs mentioned
above using Geneious alignment is:

(SEQ ID NO: 32)
mkiskvxxxvxkkxxxgklxkxvnernrxakrlsnxlbkyixxidkixkk

exxkkfxaxeeitlklngxxxbxlxkaxxdlrkdnxysxjkkilhnedin
xeexellindxleklxkiesxkysygkxxxnyxmsvgehskksixrixes

akrnkealdkflkeyaxldprmexlaklrkllelyfyfkndxixxeeexn

vxxhkxlkenhpdfve nkenaelnxyaiexkkjlkyyfpxkxaknsn
dkifekgelkkxwihgjenaverillxxgkvxyklgxgylaelwkirine
ifikyixvgkavaxfalmxxkbendilggkixkklngitsfxyekikaee
ilgrexavevafaanxlyaxdlxxirxsilqgffggasnwdxflffhfats
xisdkkwnaelixxkkjglvireklysnnvamfyskddlekllnxlxxfx
lrasgvpsfkkvyvrxbfpgnllkkfndekddeaysaxyyllkeiyynxf

lpyfsannxfffxvknlvlkankdkfxxafxdiremnxgspieylxxtgx

nxxnegrkkeekexdfikfllgifxkgfddylknnxxfilkfipeptexi
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-continued
eixxelgawyivgkflnarkxnllgxfxsylkllddielralrnenikyq
ssnxekevlexcleligllsldlndyfbdexdfaxyjgkxldfekkxmkd
laelxpydgndgenpivnrnixlakkygtlnllekjxdkvsekeikeyye
lkkeieeyxxkgeelheewxgxknrvexrdileyxeelxggiinynxlxn
kvllyfglglhyllldilgrlvgytgiwerdaxlygiaamyxnglpeyix
xkkndkykdggivgxkinxfkxdkkxlynaglelfenxnehknixirnyi
ahfnylskaessllxysenlrxlfsydrklknavxkslinillrhgmvlk
fldgtdkksvxirsxkkixhlksiakklyypevxvskeycklvkxllkyk

In another non-limiting example, a sequence alignment
tool to assist generation of a consensus sequence and iden-
tification of conserved residues is the MUSCLE alignment
tool (ebi.ac.uk/Tools/msa/muscle/). For example, using
MUSCLE, the following amino acid locations conserved
among C2c2 orthologs can be identified in Leptotrichia
wadei C2¢2: K2; K5; V6; E301; 1L.331; 1335; N341; G351,
K352; E375; L392; 1.396; D403; F446; 1466; 1470; R474
(HEPN); H475; H479 (HEPN), E508; P556; L561; 1595;
Y596; F600; Y669, 1673; F681; L685; Y761, L676; L779;
Y782; 1.836; D847, Y863; 1.869; 1872; K879; 1933; 1954,
1958; R961; Y965; E970; R971; D972; R1046 (HEPN),
H1051 (HEPN), Y1075; D1076; K1078; K1080; 11083;
11090.
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An exemplary sequence alignment of HEPN domains
showing highly conserved residues is shown in FIG. 50

In certain example embodiments, the RNA-targeting
effector protein is a Type VI-B effector protein, such as
Cas13b and Group 29 or Group 30 proteins. In certain
example embodiments, the RNA-targeting effector protein
comprises one or more HEPN domains. In certain example
embodiments, the RNA-targeting effector protein comprises
a C-terminal HEPN domain, a N-terminal HEPN domain, or
both. Regarding example Type VI-B effector proteins that
may be used in the context of this invention, reference is
made to U.S. application Ser. No. 15/331,792 entitled
“Novel CRISPR Enzymes and Systems” and filed Oct. 21,
2016, International Patent Application No. PCT/US2016/
058302 entitled “Novel CRISPR Enzymes and Systems”,
and filed Oct. 21, 2016, and Smargon et al. “Casl3b is a
Type VI-B CRISPR-associated RNA-Guided RNase differ-
entially regulated by accessory proteins Csx27 and Csx28”
Molecular Cell, 65, 1-13 (2017); dx.doi.org/10.1016/j.mol-
cel.2016.12.023, and U.S. Provisional Application No. to be
assigned, entitled “Novel Cas13b Orthologues CRISPR
Enzymes and System” filed Mar. 15, 2017. In particular
embodiments, the Casl3b enzyme is derived from Ber-
geyella zoohelcum. In certain other example embodiments,
the effector protein is, or comprises an amino acid sequence
having at least 80% sequence homology to any of the
sequences listed in Table 6.

TABLE 6

menktsignniyynpfkpgdksyfagyfnaamentdsvfrelgkrlkgkeytsenffdaifkeni
slveyeryvkllsdyfpmarlldkkevpikerkenfkknfkgiikavrdlrnfythkehgeveitde
ifgvldemlkstvltvkkkkvktdktkeilkksiekgldilcgkkleylrdtarkieekrrngrerge

kelvapfkysdkrddliaaiyndafdvyidkkkdslkesskakyntksdpggeegdlkipiskng
vviilslfltkgeihafkskiagfkatvideatvseatvshgknsicfmatheifshlaykklkrkvrta
einygeaenaeglsvyaket lmmgmldelskvpdvvygnlsedvgktfiedwneylkenngd
vgtmeeeqvihpvirkryedkfnyfairfldefaqgfpflrfgvhlgnylhdsrpkenlisdrrikekit
vigrlselehkkalfikntetnedrehyweifpnpnydfpkenisvndkdfpiagsildrekgpva
gkigikvkllnggyvsevdkavkahglkgrkaskpsigniieeivpinesnpkeaivfgggptayl
smndihsilyeffdkwekkkeklekkgekelrkeigkelekkivgkiqgagiggiidkdtnakilk
pygdgnstaidkeklikdlkgegnilgklkdeqtvrekeyndfiaygdknreinkvrdrnhkqyl
kdnikrkypeaparkevlyyrekgkvavwlandikrfmptdfknewkgeghsllgkslayyeq
ckeelknllpekvighlpfklggyfggkylyqfytcyldkfleyisglvggaenfksenkvikkve
necfkfikkgnythkeldarvgsilgypiflergfmdekptiikgktfkgnealfadwifryykeyq
nfgtfydtenyplvelekkgadrkrktkiyqggkkndvifilmakhifksvfkgdsidgfsledlyqgs
reerlgngerargtgerntnyiwnktvdlkledgkitvenvklknvgdfikyeydgrvgaflkyee
niewgaflikeskeeenypyvvereiegyekvrreellkevhlieeyilekvkdkeilkkgdngnf
kyyilngllkglknedvesykvfnintepedvninglkgeatdlegkafvltyirnkfahnglpkk
efwdycgekygkiekektyaeyfaevflckekealik

meddkkttdsiryelkdkhfwaafinlarhnvyitvnhinkileegeinrdgyettikntwneikdi
nkkdrlskliikhfpfleaatyrinptdttkgkeekqaeagsleslrksffvflyklrdlrnhyshykh
skslerpkfeegllekmynifnasirlykedygynkdinpdedflchldrteeefnyyftkdnegni

tesgllffvslflekkdaiwmggklrgfkdnrenkkkmtnevfcrsrmllpklrlgstgtgdwilld
mlnelircpkslyerlreedrekfrvpieiadedydaegepflentivrhgdrfpyfalryfdyneift
nlrfgidlgtyhfsiykkgigdykeshhlthklygferigeftkgnrpdewrkfvktfnsfetskepy
ipettphyhlengkigirfrndndkiwpslktnseknekskykldksfgaeaflsvhellpmmfy
yvlllktentdndneietkkkenkndkgekhkieeiienkiteiyalydtfangeiksideleeyckg
kdieighlpkgmiailkdehkvmateaerkgeemlvdvgkslesldngineeienverknsslks
gkiaswlyndmmrfgpvgkdnegkpinnskansteyqllgrtlaffgseherlapyfkgtkliess
nphpflkdtewekcennilsfyrsyleakknfleslkpedwekngyflklkepktkpktivggwk
ngfnlprgiftepirkwfmkhrenitvaelkrvglvakviplffseeykdsvgpfynyhfnvgnin
kpdeknfinceerrellrkkkdefkkmtdkekeenpsylefkswnkferelrlvrngdivtwllc
melfnkkkikelnvekiylknintnttkkeknteekngeeknikeknnilnrimpmrlpikvygr
enfsknkkkkirrntfftvyieekgtkllkggnfkalerdrrlgglfsfvktpskaesksntisklrvey
elgeygkarieiikdmlalektlidkynsldtdnfnkmltdwlelkgepdkasfgndvdlliavrna
fshngypmrnriafaninpfslssantseekglgianglkdkthktiekiieiekpietke

Bergeyella 1
zoohelcum (SEQ ID
NO: 33)
Prevotella 2
intermedia (SEQ ID
NO: 34)
Prevotella 3
buccae (SEQ ID
NO: 35)

mgkgdklfvdrkknaifafpkyitimenkekpepiyyeltdkhfwaaflnlarhnvyttinhinrr
leiaelkddgymmgikgswneqakkldkkvrlrdlimkhfpfleaaayemtnskspnnkegre
kegsealslnnlknvlfifleklgvlrnyyshykyseespkpifetsllknmykvidanvrlvkrdy

mhhenidmgrdfthlnrkkgvgrtkniidspnfhyhfadkegnmtiagllffvslfldkkdaiw
mgkklkgfledgrnlregmtnevicrsrislpklklenvgtkdwmgldmlnelvrcpkslyerlre
kdresfkvpfdifsddynaeeepfkntivrhgdrfpyfvlryfdlneifeqlrfgidlgtyhfsiynkr
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TABLE 6-continued

igdedevrhlthhlygfarigdfapgngpeewrklykdldhfetsgepyisktaphyhlenekigi
kfcsahnnlfpslgtdktengrskfnlgtgftacaflsvhellpmmfyyllltkdysrkesadkvegi
irkeisniyaiydafanneinsiadltrrlgntnilgghlpkgmisilkgrgkdmgkeaerkigemi
ddtgrrldllckgtngkirigkrnagllksgkiadwlyndmmrfgpvgkdgnnipinnskanste
yrmlgralalfgsenfrlkayfngmnlvgndnphpflaetgwehgtnilsfyrnylearkkylkgl
kpanwkgyghflilkvgktnrntivtgwknsfnlprgiftgpirewfekhnnskriydgilsfdry
gfvakaiplyfaeeykdnvgpfydypfnignrlkpkkredkkervelwgknkel fknypsek
kktdlayldflswkkferelrlikngdivtwlmflcelfnmatveglkigeihlrdidtntaneesnni
Inrimpmklpvktyetdnkgnilkerplatfyieetetkvlkggnfkalvkdrringlfsfaettdlnl
eehpisklsvdlelikyqgttrisifemtlglekklidkystlptdsfrnmlerwlgckanrpelknyvn
sliavrnafshngypmydatlfaevkkftlfpsvdtkkielniapglleivgkaikeieksenkn

Porphyromonas 4 mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslledhllsv
gingivalis (SEQ ID drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttf
NO: 36) ehlevspdissfitgtyslacgragsrfavifkpddfvlaknrkeglisvadgkecltvsgfafficlfl

dregasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallldmlnelnrcprilyd
mlpeeeragflpaldensmnnlsensldeesrllwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnpgsmgfisvhdlrklllmellcegsfsrmg
sdflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsg
llsafdmdgrglpsrlldewmnirpashsvklrtyvkglnederlrlrkfrkdgdgkaraiplvge
matflsgdivrmiiseetkklitsayynemgrslagyageenrrgfraivaelrlldpssghpflsat
metahrytegfykcylekkrewlakifyrpegdentkrrisvffvpdgearkllpllirrrmkegnd
lgdwirnkgahpidlpshlfdskvmellkykdgkkkwneafkdwwstkypdgmgpfyglrr
elnihgksysyipsdgkkfadcythlmektvrdkkrelrtagkpvppdlaadikrsfhravneref
mlrlvgeddrlmlmainkmmtdreedilpglknidsildeengfslavhakvlekegeggdnsl
slvpatieikskrkdwskyiryrydrrvpglmshfpehkatldevktllgeydrcrikifdwafale
gaimsdrdlkpylhesssregksgehstivkmlvekkgcltpdesqgylilirnkaahngfpcaae
mpliyrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildpenrffgkllnnmsgpi

ndl
Bacteroides 5 mesiknsgkstgktlgkdppyfglylmmallnyrkvenhirkwlgdvallpeksgfhsllttdnlss
pyogenes (SEQ ID akwtrfyyksrkflpflemfdsdkksyenrretaecldtidrgkissllkevygklgdirnafshyhi
NO: 37) ddgsvkhtaliissemhrfienaysfalgktrarftgvivetdflqaeekgdnkkffaiggnegiklk

dnalifliclfldreeafkflsratgflcstkekgflavretfcalccrgpherllsvnpreallmdmlnel
nrcpdilfemldekdgksflpllgeeegahilenslndelceaiddpfemiaslskrvryknrfpyl
mlryieeknllpfirfridlgclelasypkkmgeennyersvtdhamafgrltdfhnedavlggitk
gitdevrfslyapryaiynnkigfvrtsgsdkisfptlkkkggeghcvaytlgntksfgfisiydlrkil
1lsfldkdkaknivsgllegcekhwkdlsenlfdairtelgkefpvplirytlprskggklvsskladk
gekyeseferrkeklteilsekdfdlsgiprrmidewlnvlptsrekklkgyvetlkldcrerlrviek
rekgehplpprigematdlakdiirmvidggvkgritsayyseiqgrclagyagddnrrhldsiirelr
lkdtknghpflgkvlrpglghteklygryfeekkewleatfypaaspkrvprfvnpptgkgkelpl
iirnlmkerpewrdwkqgrknshpidlpsglfeneicrllkdkigkepsgklkwnemfklywdk
efpngmgrfyrckrrvevidkvveyeyseeggnykkyyealidevvrgkissskeksklgvedl
tlsvrrvflcrainekeyqlrllceddrllfmavrdlydwkeagldldkidnmlgepvsysqvigleg
ggpdavikaecklkdvsklmrycydgrvkglmpyfanheatgegvemelrhyedhrrrvinw
vfaleksvlknekliffyeesgggcehrrcidalrkaslvseeeyeflvhirnksahngfpdleigkl
ppnvtsgfceciwskykaiicriipfidperrffgkllegk

Alistipes 6 msneigafrehgfayapgnekgeeatfatyfnlalsnvegmmfgevesnpdkieksldtlppail
sp. (SEQ ID rgiasfiwlskedhpdkaysteevkvivtdlvrrlcfyrnyfshefyldtgyfysdelvdttaigeklp
ZOR0O009 NO: 38) ynfhhfitnrlfryslpeitlfrwnegerkyeilrdgliffcclflkrgqaerflnelrffkrtdeegrikrti

ftkyctreshkhigieegdflifgdiigdlnrvpkvedgvvdlskeneryiknretsnesdenkaryr
llirekdkfpyylmryivdfgvlpcitfkgndystkegrggfhyqdaavageercynfvvrngnv
yysympgagnvvriselggtisveelrnmvyasingkdvnksveqylyhlhllyekiltisggtik
egrvdvedyrplldklllrpasngeelrrelrkllpkrvedllsnrfdesegvsavekrlkaillrhegll
lsgnpalhidkiksvidylylffsddekfrqgptekahrglkdeefgmyhylvgdydshplalwk
eleasgrlkpemrkltsatslhglymlclkgtvewcrkglmsigkgtakveaiadrvglklydklk
eytpeglerevklvvmhgyaaaatpkpkaqaaipskltelrfysflgkremsfaafirqgdkkagkl
wlrnfytveniktlgkrgaaadaackklynlvgevervhtndkvlvlvagryrerllnvgskcavtl
dnperqgkladvyevgnawlsirfddldftlthvnlsnlrkaynliprkhilafkeyldnrvkgkle
eecrnvrrkedlctcesprysnitswlkenhsessiereaatmmlldverkllsfllderrkaiieygk
fipfsalvkecrladaglcgirndvlhdnvisyadaigklsayfpkeaseaveyirrtkevregrreel

manssq
Prevotella Ta mskeckkgrgekkrrlgkanfsisltgkhvifgayfnmartnfvktinyilpiagvrgnysengink
sp. (SEQ ID mlhalfligagrneelttegkgwekklrinpeqqtkfgkllflchfpvligpmmadvadhkaylnk

MA2016 NO: 39) kkstvgtedetfamlkgvsladcldiiclmadtltecrnfythkdpynkpsgladgylhgemiakk

ldkvvvasrrilkdreglsvnevefltgidhlhgevlkdefgnakvkdgkvmkt fveyddfyflcis
gkrlvngytvttkddkpvnvntmlpalsdfgllyfcvlflskpyaklfidevrlfeyspfddkenmi
msemlsiyrirtprlhkidshdskatlamdifgelrrcpmelynlldknagqgpf fhdevkhpnsht
pdvskrlryddrfptlalryidetelfkrirfglglgsfrykfydkencidgrvrvrrigkeingygrm
gevadkrmdkwgdligkreersvkleheelyinldgfledtadstpyvtdrrpaynihanrigly
wedsgnpkgykvidengmyipelvvtedkkapikmpaprcalsvydlpamlfyeylreggdn
efpsaeqgviieyeddyrkffkavaegklkpfkrpkefrdflkkeypklrmadipkklglfleshglc
ynnkpetvyerldrltlghleerelhignrlehygkdrdmignkdngygkksfsdvrhgalaryla
gsmmewgptklkdkekghdkltglnynyltaylatyghpgvpeegftprtlegvlinahliggsn
phpfinkvlalgnrnieelylhyleeelkhirsrigslssnpsdkalsalpfihhdrmryhertseem
malaaryttiglpdglftpyileilgkhytensdlgnalsgdvpvklnptcnaaylitlfygtvlkdna
gpfylsdktytrnkdgekaesfsfkrayelfsvinnnkkdtfpfemiplfltsdeigerlsaklldgd
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TABLE 6-continued

gnpvpevgekgkpatdsggntiwkrriysevddyaekltdrdmkisfkgeweklprwkgdkii
krrdetrrgmrdellgrmpryirdikdnertlrryktgdmvlfllaekmftniiseqssefnwkgmr
lskvcneaflrgtltfrvpvtvgettiyvegemnmslknygefyrfltddrlmsllnnivetlkpneng
dlvirhtdlmselaaydqgyrstifmligsienliitnnavlddpdadgfwvredlpkrnnfasllelin
glnnveltdderkllvairnafshnsynidfslikdvkhlpevakgilghlgsmlgveitk

Prevotella 7b mskeckkgrgekkrrlgkanfsisltgkhvifgayfnmartnfvktinyilpiagvrgnysengink
sp. (SEQ ID mlhalfligagrneelttegkgwekkhinpegqtkfgkllflchfpvlgpmmadvadhkaylnk
MA2016 NO: 40) kkstvgtedetfamlkgvsladcldiiclmadtltecrnfythkdpynkpsgladgylhgemiakk

ldkvvvasrrilkdreglsvnevefltgidhlhgevlkdefgnakvkdgkvmkt fveyddfyfkis
gkrlvngytvttkddkpvnvntmlpalsdfgllyfcvlflskpyaklfidevrlfeyspfddkenmi
msemlsiyrirtprlhkidshdskatlamdifgebrepmelynlldknaggpffhdevkhpnsht
pdvskrlryddrfptlalryidetelfkrirfglglgsfrykfydkencidgrvrvrrigkeingygrm
gevadkrmdkwgdligkreersvkleheelyinldgfledtadstpyvtdrrpaynihanrigly
wedsgnpkgykvidengmyipelvvtedkkapikmpaprcalsvydlpamlfyeylreggdn
efpsaeqgviieyeddyrkffkavaegklkpfkrpkefrdflkkeypklrmadipkklglfleshglc
ynnkpetvyerldrltlghleerelhignrlehygkdrdmignkdngygkksfsdvrhgalaryla
gsmmewgptklkdkekghdkltglnynyltaylatyghpgvpeegftprtlegvlinahliggsn
phpfinkvlalgnrnieelylhyleeelkhirsrigslssnpsdkalsalpfihhdrmryhertseem
malaaryttiglpdglftpyileilgkhytensdlgnalsgdvpvklnptcnaaylitlfygtvlkdna
gpfylsdktytrnkdgekaesfsfkrayelfsvinnnkkdtfpfemiplfltsdeigerlsaklldgd
gnpvpevgekgkpatdsggntiwkrriysevddyaekltdrdmkisfkgeweklprwkgdkii
krrdetrrgmrdellgrmpryirdikdnertlrryktgdmvlfllaekmftniiseqssefnwkgmr
lskvcneaflrgtltfrvpvtvgettiyvegemnmslknygefyrfltddrlmsllnnivetlkpneng
dlvirhtdlmselaaydqgyrstifmligsienliitnnavlddpdadgfwvredlpkrnnfasllelin
glnnveltdderkllvairnafshnsynidfslikdvkhlpevakgilghlgsmlgveitk

Riemerella 8 mekpllpnvytlkhkffwgaflniarhnafitichineglglktpsnddkivdvvecetwnnilnnd
anatipestifer (SEQ ID hdllkksgltelilkhfpfltamcyhppkkegkkkghgkeqgkekeseagsqaealnpsklieale
NO: 41) ilvnglhslrnyyshykhkkpdaekdifkhlykafdaslrmvkedykahftvnitrdfahlnrkgk

nkgdnpdfnryrfekdgfftesgllfftnlfldkrdaywmlkkvsgfkashkgrekmttevicrsri
llpkblesrydhngmlldmlselsrcpkllyeklseenkkhfqgveadgfldeieeegnpfkdtlirh
gdrfpyfalryldlnesfksirfgvdlgtyhyciydkkigdegekrhltrtllsfgrlgdfteinrpgew
kaltkdldyketsngpfiskttphyhitdnkigfrlgtskelypsleikdganriakypynsgfvaha
fisvhellplmfyghltgksedllketvrhigriykdfeeerintiedlekanqgflplgafpkgmlgl
lgnkgpdlsekakikiekliaetkllshrintklksspklgkrrekliktgvladwlvkdfmrfgpva
ydagngpiksskanstefwfirralalyggeknrlegyfkgtnligntnphpflnkfnwkacrnlv
dfyqqgylegekfleaikngpwepyqgyclllkipkenrknlvkgweqggislprglfteairetlse
dlmlskpirkeikkhgrvgfisraitlyfkekygdkhgsfynlsykleakapllkreehyeywqgn
kpgsptesqgrlelhtsdrwkdyllykrwghlekklrlyrngdvmlwlmtleltknhfkelnlnyh
glklenlavnvgeadaklnpingtlpmvlpvkvypatafgevgyhktpirtvyireehtkalkmg
nfkalvkdrringlfsfikeendtgkhpisglrlrreleiygslrvdafketlsleekllnkhtslsslene
fralleewkkeyaassmvtdehiafiasvrnafchngypfykealhapiplftvagptteekdglgi
aeallkvlreyceivksgi

Prevotella 9 meddkkttgsisyelkdkhfwaaflnlarhnvyitinhinklleireidndekvldiktlwgkgnk
aurantiaca (SEQ ID dlngkarlrelmtkhfpfletaiytknkedkkevkgekgaeagsleslkdclflfldklgearnyys
NO: 42) hykysefskepefeegllekmynifgnniglvindyghnkdinpdedfkhldrkggfkysfadn

egnitesgllffvslflekkdaiwmggklngfkdnlenkkkmthevfcrsrilmpklrlestgtgd
willdmlnelircpkslyerlggddrekfkvpfdpadedynaegepfkntlirhgdrfpyfvlryfd
yneifknlrfgidlgtyhfsiykkligggkedrhlthklygferigefakgnrpdewkaivkdldty
etsnkryisettphyhlengkigirfrngnkeiwpslktndennekskykldkgyqgaeaflsvhell
pmmfyylllkkekpnndeinasivegfikreirnifklydafangeinniddlekycadkgipkrh
lpkgmvailydehkdmvkeakrkgkemvkdtkkllatlekgtgkekeddgrnvkllksgeiar
wlyndmmr fgpvgkdnegkpinnskansteygqmlgrslalynneekptryfrgvnliesnnph
pflkwtkweecnniltfyysyltkkieflnklkpedwkkngyflklkepktnretivggwkngfn
lprgiftepirewfkrhgnnskeyekvealdrvglvtkviplffkeeyfkdkeenfkedtgkeindc
vgpfynfpynvgnihkpkekdflhreerielwdkkkdkfkgykekikskkltekdkeefrsylef
gswnkferelrlvrngdivtwllckelidklkidelnieelkklrinnidtdtakkeknnilnrvmp
melpvtvyeiddshkivkdkplhtiyikeaetkllkggnfkalvkdrringlfsfvktnseaeskrn
pisklrveyelgeygearieiigdmlaleeklinkykdlptnkfsemlnswlegkdeadkarfgnd
vdfliavrnafshngypmhnkiefanikpfslytannseekglgianglkdktkettdkikkiekpi

etke
Prevotella 10 medkpfwaaffnlarhnvyltvnhinklldleklydegkhkeiferedifnisddvmndansng
saccharolytica (SEQ ID kkrkldikkiwddldtdltrkyqlrelilkhfpfigpaiigagtkerttidkdkrststsndslkgtgeg
NO: 43) dindllslsnyksmffrllgileglrnyyshvkhsksatmpnfdedllnwmryifidsvnkvkedy

ssnsvidpntsfshliykdeqggkikperypftskdgsinafgllffvslflekqgdsiwmgkkipgfk
kasenymkmtnevfcrnhillpkirletvydkdwmlldmlnevvrcplslykrltpaagnkfkv
pekssdnanrgeddnpfsrilvrhgnrfpyfvlrffdlnevittlrfginlgeyhfaickkgigdkke
vhhlirtlygfsrlgnftgntrpeewnt ivkttepssgndgktvggvplpyisytiphygienekigi
kifdgdtavdtdiwpsvstekglnkpdkytltpgfkadvilsvhellpmmfyygillcegmlktd
agnavekvlidtrnaifnlydafvgekintitdlenylqgdkpilighlpkgmidllkghgrdmlkav
egkkamlikdterrlklldkglkgetdvaakntgtllknggiadwlvndmmr fgpvkrdkegnp
incskansteygmlgrafafyatdscrlsryftglhlihsdnshlflsrfeydkgpnliafyaaylkak
leflnelgpgnwasdnyflllrapkndrgklaegwkngfnlprglftekiktwfnehktivdisded
ifknrvggvarlipvifdkkfkdhsgpfyrydfnvgnvskpteanylskgkreelfksygnkflai
nipaektkeyreyknfslwkkferelrlikngdiliwlmcknlfdekikpkkdilepriaysyikld
slgtntstagslnalakvvpmtlaihidspkpkgkagnnekenkeftvyikeegtkllkwgnflctll
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adrrikglfsyiehddidlkghpltkrrvdleldlygtcridifqgtlgleaqlldkysdlntdnfyqml
igwrkkegiprnikedtdflkdvrnafshngypdskkiafrrirkfnpkelileeeeglgiatgmyk

evekvvnrikrielfd
HMPREF9712_ 11 mkdilttdttekgnrfyshkiadkyffggyfnlasnniyevfeevnkrntfgklakrdngnlknyii
03108 (SEQ ID hvfkdelsisdfekrvaifasyfpiletvdkksikernrtidltlsgrirgfremlislvtavdglrnfyth
[Myroides NO: 44) yhhsdivienkvldflnssfvstalhvkdkylktdktkeflketiaaeldilieaykkkgiekkntrfk
odoratimimus ankredilnaiyneafwsfindkdkdkdketvvakgadayfeknhhksndpdfalnisekgivy
CCuG llsffltnkemdslkanitgfkgkvdresgnsikymatgriysfhtyrglkgkirtseegvketllmg
10230] midelskvpnvvyghlsttggnsfiedwneyykdyeddvetddlsrvihpvirkryedrfnyfai

rfldeffdfptlrfgvhlgdyvhdrrtkglgkvesdriikekvtvfarlkdinsakasyfhsleegdke
eldnkwtlfpnpsydfpkeht lghggegknagkigiyvklrdtqykekaaleearkslnpkersat
kaskydiitgiieandnyksekplvitggpiaylsmndihsmlfslltdnaelkktpeeveaklidg
igkgineilskdtdtkilkkykdndlketdtdkitrdlardkeeieklilegkgraddynytsstkfni
dksrkrkhllfnaekgkigvwlandikrfmflceskskwkgyghtelgklfayfdtsksdlelilsn
mvmvkdypielidlykksrtivdflnkylearleyienvitrvknsigtpgflavrkecftflkksny
tvvsldkgverilsmplfiergfmddkptmlegksykghkekfadwfvhykensnygnfydte
vyeittedkrekakvtkkikgggkndvifimmvnymleevlklssndrlslnelygtkeerivnk
gvakdtgernknyiwnkvvdlgledglvhidnvklkdignfrkyendsrvkefltygsdivwsa
ylsnevdsnklyviergldnyesirskellkevgeiecsvyngvankeslkgsgnenfkqgyvlggl
lpigmdvremlilstdvkfkkeeiiglggagevegdlysliyirnkfahnglpikeffdfcennyrsi
sdneyyaeyymeifrsikekyan

Prevotella 12 meddkkttdsiryelkdkhfwaaflnlarhnvyitvnhinkileedeinrdgyentlenswneikd
intermedia (SEQ ID inkkdrlskliikhfpfleattyrgnptdttkgkeekgaeagsleslkksffvilyklrdlrnhyshyk
NO: 45) hskslerpkfeedlgnkmynifdvsigfvkedykhntdinpkkdflchldrkrkgkfhysfadne

gnitesgllffvslflekkdaiwvgkklegflccesnksygkmtnevicrsrmllpklrlestgtgdwil
ldmlnelircpkslyerlggvnrkkfyvsfdpadedydaegepflentivrhgdrfpyfalryfdyn
evfanlrfgidlgtyhfsiykkligggkedrhlthklygferiqgefdkgnrpdewkaivkdsdifick
keekeeekpyisettphyhlenkkigiafknhniwpstgteltnnkrkkynlgtsikaeaflsvhell
pmmfyylllktentkndnkvggkketkkggkhkieaiieskikdiyalydafangeinsedelke
vlkgkdikivhlpkgmiailknehkdmaekaeakgekmklatenrlktldkglkgkigngkry
nsapksgeiaswlyndmmr fgpvgkdengeslnnskansteyqllgrtlaffgseherlapyfkg
tkliessnphpflndtewekcsnilsfyrsylkarknfleslkpedwekngyflmlkepktnretiv
agwkngfnlprgfftepirkwfmehwksikvddlkrvglvakvtplffsekykdsvgpfynypf
nvgdynkpkeedflhreerielwdkkkdkflcgykakkkfkemtdkekeehrsylefgswnkf
erelrlyrngdivtwllctelidklkidelnikelkklrlkdintdtakkeknnilnrvmpmelpvtv
vkynkggyiiknkplhtiyikeaetkllkggnfkalvkdrringlfsfvktpseaesesnpisklrve
velgkygnarldiiedmlalekklidkynsldtdnfhnmltgwlelkgeakkarfgndvklltavr
nafshngypmydenlfgnierfslsssniieskgldiaaklkeevskaakkigneednkkeket

Capnocyto- 13 mknigrlgkgnefspfkkedkfyfggflnlannniedffkeiitrfgivitdenkkpketfgekilne
phaga (SEQ ID ifkkdisivdyekwvnifadyfpftkylslyleemgfknrvicfrdvmkellktvealrnfythyd
canimorsus NO: 46) hepikiedrvfyfldkvildvsltvknkylktdktkeflnghigeelkelckgrkdylvgkgkridk

egeiingiynnaflcdfickrekgddkenhnsvekilcnkepgnkkgkssatvwelceskssskyte
ksfpnrendkhclevpisgkgivfllsifinkgeiyaltsnikgflcakitkeepvtydknsirymath
rmfsflaykglkrkirtseinynedggasstyeketlmlgmldelnkvpdvvygnlsedvgktfie
dwneylkenngdygtmeeeqvihpvirkryedkfnyfairfldefagfptlrfgvhlgnyledkrt
kgicdttterevkkkitvigrlselenkkaiflnereeikgwevipnpsydfpkenisvnykdfpiv
gsildrekgpvsnkigirvkiadelgreidkaikekklrnpknrkangdekgkerlvneivstnsne
ggepvviiggptaylsmndihsvlyeflinkisgealetkivekietgikgiigkdattkilkpytna
nsnsinrekllrdlegeqqgilktlleeqgggrekdkkdkkskrkhelypsekgkvavwlandikrf
mpkafkegwrgyhhsllgkylayyegskeelknllpkevflchfpfklkgyfgqqgylngfytdyl
krrlsyvnelllnignfkndkdalkatekecfldfrkgnyiinpiniqigsilvypiflkrgfldekpt
midrekflcenkdteladwfmhyknykednygkfyayplekveekekflunkginkgkkndv
yvtlmmveyiigkifgdkfveenplvlkgifgskaerggnnthaattgernlngilngpkdikiggk
itvkgvklkdignfrkyeidgrvntfldyeprkevwmaylpndwkekekggqlppnnvidrgis
kyetvrskillkdvgelekiisdeikeehrhdlkggkyynfkyyilngllrglknenvenykvfkln
tnpekvnitglkgeatdlegkafvltyirnkfahnglpkkefwdycgekygkiekektyaeyfae

vikrekealik
Porphyromonas 14 mtegserpyngtyytledkhfwaaflnlarhnayitlthidrglayskaditndgdvlsflcalwknf
gulae (SEQ ID dndlerksrlrslilkhfsflegaaygkklfeskssgnkssknkeltkkekeelganalsldnlksilfd
NO: 47) flgklkdfrnyyshyrhsgsselplfdgnmlgrlynvidvsvgrvkidhehndevdphyhfnhlv

rkgkkdryghndnpsflchhfvdgegmvteagllffvslflekrdaiwmgkkirgflcggtetyqq
mtnevfcrsrislpklkleslrmddwmlldmlnelvrepkplydrlreddracfrvpvdilpdedd
tdgggedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykkmigegpedrhltrnl
vgfgrigdfaeehrpeewkrlyrdldyfetgdkpyisgtsphyhiekgkiglrfmpegghlwpsp
evgttrtgrskyagdkrltaeaflsvhelmpmmfyyfllrekyseevsaervqgrikrviedvyav
ydafardeintrdeldacladkgirrghlprgmiailsgehkdmeekirkklgemmadtdhrld
mldrgtdrkirigrknaglpksgviadwlvrdmmrfgpvakdasgkpinnskansteyrmlgra
lalfggekerltpyfrgqmnitggnnphpflhetrweshtnilsfyrsylrarkaflerigrsdrvenrpf
1llkepktdrgtivagwkgefhlprgifteavrdcliemghdevasykevgfmakavplyferace
drvgpfydspfnvgnslkpkkgrflskeeracewergkerfrdleawsysaarriedafagieyas
pgnkkkiegllrdlslweafesklkvradrinlaklkkeileagehpyhdfkswgkferelrlykng
diitwmmerdlmeenkvegldtgtlylkdirpnvgedgslnylnrvkpmrlpvvvyradsrgh
vhkeeaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgglameqypisklrveyelakyq
tarvevieltlrleeslltryphlpdesfremleswsdpllakwpelhgkvrlliavrnafshngypm
ydeavfssirkydpsspdaieermglniahrlseevkgaketveriiga
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TABLE 6-continued

Prevotella
sp. P5-125

Flavobacterium
branchiophilum

Myroides
odoratimimus

Flavobacterium
columnare

15
(SEQ ID
NO: 48)
16

(SEQ ID
NO: 49)
17

(SEQ ID
NO: 50)
18

(SEQ ID
NO: 51)

mnipalvengkkyfgtysvmamlnagtvldhigkvadiegegnennenlwfhpvmshlyna
kngydkgpektmfiierlgsyfpflkimaengreysngkykgnrvevnsndifevlkrafgvlk
myrdltnhyktyeeklndgcefltstegplsgminnyytvalrnmnerygyktedlafigdkrfld
vkdaygkkksgvntgfflslgdyngdtgkklhlsgvgialliclfldkgyiniflsrlpifssynagse
erriiirsfginsiklpkdrihseksnksvamdmlnevkrcpdelfttlsaekgsrfriisddhnevl
mkrssdrfvplllgyidygklfdhirfhvnmgklryllkadktcidggtrvrviegpingfgrleeae
tmrkgengtfgnsgirirdfenmkrddanpanypyivdtythyilennkvemfindkedsapll
pvieddryvvktipscrmstleipamafhmflfgskkteklivdvhnrykrlfgamgkeevtaen
iasfgiaesdlpgkildlisgnahgkdvdafirltvddmltdterrikrflcddrksirsadnkmgkrg
fkgistgkladflakdivlfgpsyndgenkitglnyrimgsaiavydsgddyeakgqgfklmfekar
ligkgttephpflykvfarsipanavefyerylierkfyltglsneikkgnrvdvpfirrdgnkwktp
amktlgriysedlpvelprgmfdneikshlkslpgmegidfnnanytyliaeymkrvldddfgtf
ygwnrnyrymdmlkgeydrkgslghcftsveereglwkerasrteryrkgasnkirsnrgmrn
agseeletildkrlsnsrneygksekvirryrvgdallfllakktlteladfdgerfklkeimpdaekgi
lseimpmsftfekggkkytitsegmklknygdffvlasdkrignllelvgsdivskedimeefnk
ydgcrpeissivinlekwafdtypelsarvdreekvdflcsilkillnnkninkegsdilrkirnafdh
nnypdkgvveikalpeiamsikkafgeyaimk

menlnkildkeneiciskifntkgiaapitekaldnikskgkndlnkearlhyfsighsflgidtkk
vidyvlieelkdekplkfitlgkdfftkefsiklgklinsirninnhyvhnfndinlnkidsnvfhflk
esfelaiiekyykynkkypldneivlflkelfikdentallnyftnlskdeaieyiltftitenkiwnin
nehnilniekgkyltfeamlflitiflykneanhllpklydfknnkskgelftffskkftsgdidaeeg
hlikfrdmigylnhyptawnndlklesenknkimttklidsiiefelnsnypsfatdigfkkeakaf
lfasnkkrngtsfsnksyneeirhnphikgyrdeiasaltpisfnvkedkfkifvkkhvleeyfpnsi
gyekfleyndftekekedfglklysnpktnklieridnhklykshgrngdrfmdfsmrflaennyf
gkdaffkeykfydtgegdeflgsnennddvkfhkgkvttyikyeehlknysywdcpfveenns
msvkisigseekilkigrnlmiyflenalynenvenggyklynnyyrelkkdveesiasldliksn
pdfkskykkilpkrilhnyapakgdkapenafetilkkadfreeqykklikkaeheknkedfvkr
nkgkgfklhfirkacgmmyfkekynt ikegnaafekkdpviekrknkehefghhknlnitreef
ndyckwmfafngndsykkylrdlfsekhffdngeyknlfessvnleafyaktkelfkkwietnk
ptnnenrytlenyknlilgkgvfinvyhfskylidknlinsennvigykslenveylisdfyfgskls
idgyktecgklfnklksnkledcllyeiaynyidkknvhkidigkiltskiiltindantpykisvpfn
klerytemiaikngnnlkarflidlplylsknkikkgkdsagyeiiikndleiedintinnkiindsv
kftevlimelekyfilkdkcilsknyidnseipslkgfskywikeneneiinyrniachfhlpfletfd
nifinvegkfikeelgnvstindlskpgeylillfikfichnnfylnlfnknesktikndkevkknryl
gkfingvilkkk

mkdilttdttekgnrfyshkiadkyffggyfnlasnniyevfeevnkrntfgklakrdngnlknyii
hvfkdelsisdfekrvaifasyfpiletvdkksikernrtidltisgrirgfremlislvtavdglrnfyth
yhhsdivienkvldfinssfvstalhvkdkylktdktkeflketiaaeldilieaykkkgiekkntrfk
ankredilnaiyneafwsfindkdkdkdketvvakgadayfeknhhksndpdfalnisekgivy
llsifitnkemdslkanitgfkgkvdresgnsikymatgriysfhtyrglkgkirtseegvketilmg
midelskvpnvvyghlsttggnsfiedwneyykdyeddvetddlsrvthpvirkryedrfnyfai
rfldeffdfpflrfgvhlgdyvhdrrtkglgkvesdriikekvtvfarlkdinsakasyfhsleegdke
eldnkwtlfpnpsydfpkeht lghggegknagkigiyvklrdtqykekaaleearkslnpkersat
kaskydiitgiieandnyksekplvitggpiaylsmndihsmlfsiltdnaelkktpeeveaklidg
igkgineilskdtdtkilkkykdndlketdtdkitrdlardkeeieklilegkgraddynytsstkfni
dksrkrkhllfnaekgkigvwlandikrfmfkeskskwkgyghielgklfayfdtsksdlelilsn
mvmvkdypielidlvicksrtivdfinkylearleyienvitryknsigtpgflavrkecftflkksny
tvvsldkgverilsmplfiergfmddkptmlegksykghkekfadwfvhykensnygnfydte
vyeittedkrekakvtkkikgggkndvifimmvnymleevlklssndrislnelygtkeerivnk
gvakdtgernknyiwnkvvdlgledglvhidnvklkdignfrkyendsrvkefitygsdivwsa
ylsnevdsnklyviergldnyesirskellkevgeiecsvyngvankeslkgsgnenfkqgyvlggl
lpigmdvremlilstdvkfkkeeiiglggagevegdlysliyirnkfahnglpikeffdfcennyrsi
sdneyyaeyymeifrsikekyan

mssknesynkgkt fnhykgedkyffggfinnaddnlrgvgkeflarinfnhnnnelasvfkdyf
nkeksvakrehalnllsnyfpvlerigkhtnhnfeqtreifellldtikklrdyythhyhkpitinpki
ydflddtlldvlitikkkkvkndtsrellkeklrpeltglkngkreelikkgkklleenlenavinhcli
pfleenktddkgnktvslrkyrkskpneetsititgsglvilmsfflhrkefgvitsglerfkakvnti
keeeislnknnivymithwsysyynfkglkhriktdqgvstlegnntthsltntntkealltgivdyl
skvpneiyetlsekggkefeedineymrenpenedstfssivshkvirkryenkfnyfamrfide
vaelptlrfmvnfgdyikdrgkkilesigfdseriikkeihlfeklslvteykknvylketsnidlsrfp
lfpnpsyvmannnipfyidsrsnnldeylngkkkagsgnkkrnit fekynkegskdaiiamlgk
eigvkdlggrstigllscnelpsmlyevivkdikgaelenkiagkireqgygsirdftldspgkdnipt
tliktintdssvtfengpidipriknalgkeltitgeklinvkeheievdnynrnkntykfkngpknk
vddkklgrkyviyrneirgeanwlasdlihfmknkslwkgymhnelgsflaffedkkndciall
etvinlkedciltkglknifikhgnfidfykeylklkedflstestflengfiglppkilkkelskrlkyi
fivfgkrgfiikeleekknnlyadainlsrgifdekptmipfkkpnpdefaswfvasyqynnygsf
yveltpdiverdkkkkyknlrainkvkiqgdyylklmvdtlygdlfngpldkslsdfyvskaerekik
adakaygklndsslwnkvihlslgnnritanpklkdigkykralgdekiatlltydartwtyalgkp
ekenendykelhytalnmelgeyekvrskellkgvgelekkildkfydfsnnashpedleiedkk
gkrhpnfklyitkallkneseiinlenidieillkyydynteelkekiknmdedekakiintkenyn
kitnvlikkalvliiirnkmahngyppkfiydlandvpkkeeeyfatyfnryfetitkelwenkek
kdktgv
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TABLE 6-continued

Porphyromonas
gingivalis

Porphyromonas
sp.

COT-052
OH4946

Prevotella
intermedia

PIN17_
0200
[Prevotella
intermedia
17]

Prevotella
intermedia

19

(SEQ ID

NO:

20

(SEQ ID

NO:

21

(SEQ ID

NO:

52)

53)

54)

AFJ07523

(SEQ ID

NO:

55)

BAU18623

(SEQ ID

NO:

56)

mtegnekpyngtyytledkhfwaaflnlarhnayitlahidrglayskaditndedilffkggwkn
ldndlerkarlrslilkhfsflegaaygkklfesgssgnksskkkelskkekeelganalsldnlksilf
dflgklkdfrnyyshyrhpesselplfdgnmlgrlynvidvsvqgrvkrdhehndkvdphrhfnhl
vrkgkkdkygnndnpfflchhfvdregtvteagllffvslflekrdaiwmgkkirgfkggteayqq
mtnevfcrsrislpklkleslrtddwmlldmlnelvrecpkslydrlreedrarfrvpvdilsdeddtd
gteedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykknigegpedrhltrnlygf
grigdfaeehrpeewkrlyrdldyfetgdkpyitgttphyhiekgkiglrfvpegghlwpspevga
trtgrskyaqdkrltaecaflsvhelmpmmfyyfllrekyseevsaekvggrikrviedvyavydaf
ardeintrdeldacladkgirrghlprqmiailsgehkdmeekvrkklgemiadtdhrldmldrgt
drkirigrknaglpksgvvadwlvrdmmrfgpvakdtsgkpinnskansteyrmlgralalfgg
ekerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylearkaflgsigrsdrvenhrifilke
pktdrgtivagwkgefhlprgifteavrdcliemgydevgsykevgfmakavplyferaskdry
gpfydypfnvgnslkpkkgrflskekraecewesgkerfrlaklkkeileakehpyhdfkswgkf
erelrlykngdiitwmmerdlmeenkvegldtgtlylkdirtdvgeqgslnvinrvkpmrlpvvv
yradsrghvhkegaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgalameqypisklry
eyelakygtarvcafegtleleeslltryphlpdknfrkmleswsdplldkwpdlhgnvrlliavrn
afshngypmydetlfssirkydpsspdaieermglniahrlseevkgakemveriiga

mtegserpyngtyytledkhfwaaflnlarhnayitlthidrglayskaditndgdvlsflcalwknf
dndlerksrlrslilkhfsflegaaygkklfeskssgnkssknkeltkkekeelganalsldnlksilfd
flgklkdfrnyyshyrhsesselplfdgnmlgrlynvidvsvgrvkrdhehndkvdphrhfnhlv
rkgkkdryghndnpsflchhfvdsegmvteagllffvslflekrdaiwvmgkkirgfkggtetyqq
mtnevfcrsrislpklkleslrtddwmlldmlnelvrepkplydrlreddracfrvpvdilpdeddt
dgggedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykkmigegpedrhltrnly
gfgrigdfaeehrpeewkrlvrdldyfetgdkpyisqttphyhiekgkiglrfvpegghlwpspev
gttrtgrskyagdkrltaeaflsvhelmpmmfyyfllrekyseevsaekvggrikrviedvyaiyd
afardeintlkeldacladkgirrghlpkgmigilsgerkdmeekvrkklgemiadtdhrldmldr
gtdrkirigrknaglpksgviadwlvrdmmrfgpvakdt sgkpinnskansteyrmlgralalfg
gekerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylrarkaflerigrsdrvencpflllk
epktdrgtivagwkgefhlprgifteavrdcliemgydevgsyrevgfmakavplyferacedry
gpfydspfnvgnslkpkkgrflskedraeewergkerfrdleawshsaarrikdafagieyaspg
nkkkiegllrdlslweafesklkvradkinlaklkkeileagehpyhdflcswgkferelrlykngdi
itwmmerdlmeenkvegldtgtlylkdirpnvgeggslnylnrvkpmflpvvvyradsrghvh
keeaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgglameqgypisklrveyelakygtar
vevfeltlrleesllsryphlpdesfremleswsdpllakwpelhgkvrlliavrnafshngypmyd
eavissirkydpsspdaieermglniahrlseevkgaketveriiga

meddkktkestnmldnkhfwaaflnlarhnvyitvnhinkvlelknkkdgdiiidndgdilaikt
hwekvngdlnkterlrelmtkhfpfletaiytknkedkeevkgekgakagsfdslkhclflfleklqg
earnyyshykysestkepmlekellkkmynifddniglvikdyghnkdinpdedflchldrteee
fnyyfttnkkgnitasgllffvslflekkdaiwmggklrgfkdnreskkkmthevfcrsrmllpklr
lestgtgdwilldmlnelircpkslyerlggeyrkkfnvpfdsadedydaegepfknt ivrhgdrfp
vfalryfdyneiftnlrfgidlgtyhfsiykkligggkedrhlthklygferigefakgqnrtdewkaiv
kdfdtyetseepyisetaphyhlengkigirfrndndeiwpslktngennekrkykldkgygaeaf
lsvhellpmmfyylllkkeepnndkknasivegfikreirdiyklydafangeinniddlekyced
kgipkrhlpkgmvailydehkdmaeeakrkgkemvkdtkkllatlekgtggeiedggrnirllk
sgelarwlvndmmrfgpvgkdnegnpinnskansteygmlgrslalynkeekptryfrgvnlin
ssnphpflkwtkweecnnilsfyrsyltkkieflnklkpedwekngyflklkepktnretivggw
kngfnlprgiftepirewflothgndseeyekvetldrvglvtkviplfflckedskdkeeylkkdaqg
keinncvgpfygfpynvgnihkpdekdflpseerkklwgdkkykfkgykakvkskkltdkek
eeyrsylefgswnkferelrlyrngdivtwllctelidklkveglnveelkklrlkdidtdtakgekn
nilnrympmglpvtvyeiddshnivkdrplhtvyieetktkllkggnflcalvkdrringlfsfvdts
setelksnpiskslveyelgeygnarietikdmllleetliekyktlptdnfsdmlngwlegkdead
karfgndvkllvavrnafshngypmrnriafaninpfslssadtseekkldianglkdkthkiikrii
eiekpietke

mkmeddkktkestnmldnkhfwaaflnlarhnvyitvnhinkvlelknkkdgdiiidndgdila
ikthwekvngdlnkterlrelmtkhfpfletaiytknkedkeevkgekgakagsfdslkhclflfle
klgearnyyshykysestkepmlekellkkmynifddniglvikdyghnkdinpdedflchldrt
eeefnyyfttnkkgnitasgllffvslflekkdaiwmggklrgflcdnreskkkmthevicrsrmll
pklrlestgtgdwilldmlnelircpkslyerlggeyrkkfnvpfdsadedydaegepflcentivrhg
drfpyfalryfdyneiftnlrfgidlgtyhfsiykkligggkedrhlthklygferigefakgnrtdew
kaivkdfdtyetseepyisetaphyhlengkigirfrndndeiwpslktngennekrkykldkqgy
gaeaflsvhellpmmfyylllkkeepnndkknasivegfikreirdiyklydafangeinniddle
kycedkgipkrhlpkgmvailydehkdmaeeakrkgkemvkdtkkllatlekgtggeiedggr
nirllksgeiarwlyndmmrfgpvgkdnegnpinnskansteygmlgrslalynkeekptryfr
gvnlinssnphpflkwtkweecnnilsfyrsyltkkieflnklkpedwekngyflklkepktnretl
vaggwkngfnlprgiftepirewflothgndseeyekvetldrvglvtkviplffkkedskdkeeylk
kdagkeinncvgpfygfpynvgnihkpdekdflpseerkklwgdkkykfkgykakvkskklt
dkekeeyrsylefgswnkferelrlyrngdivtwllctelidklkveglnveelkklrlkdidtdtak
geknnilnrvmpmglpvtvyeiddshnivkdrplhtvyieetktkllkggnflcalvkdrringlfs
fvdtssetelksnpiskslveyelgeygnarietikdmilleetliekyktlptdnfsdmlngwlegk
deadkarfgndvkllvavrnafshngypmrnriafaninpfslssadtseekkldianglkdkthk
iikriieiekpietke

meddkkttdsisyelkdkhfwaaflnlarhnvyitvnhinkvlelknkkdgdiiidndgdilaikt
hwekvngdlnkterlrelmtkhfpfletaiysknkedkeevkgekgakagsfdslkhclflflekl
getrnyyshykysestkepmlekellkkmynifddniqglvikdyghnkdinpdedfkhldrtee

dfnyyftrnkkgnitesgllffvslflekkdaiwmggklrgfkdnreskkkmthevfcrsrmllpk
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TABLE 6-continued

HMPREF6485_ EFU31981
0083 (SEQ ID

[Prevotella NO: 57)

buccae

ATCC

33574]

HMPREF9144 EGQ18444
1146 (SEQ ID

[Prevotella NO: 58)

i

ATCC

700821]

HMPREF9714 EHO008761
02132 (SEQ ID
[Myroides NO: 59)

odoratimimus

CCuG

12901]

HMPREF9711 EKB06014
00870 (SEQ ID
[Myroides NO: 60)

odoratimimus

CCuG

3837]

lrlestgtgdwilldmlnelircpkslyerlggedrekfkvpfdpadedydaegepfkntivrhgdr
fpyfalryfdyneiftnlrfgidlgtfhfsiykkligggkedrhlthklygferigefakgnrpdewka
ivkdldtyetsneryisettphyhlengkigirfrndndeiwpslktngennekskykldkgygae
aflsvhellpmmfyylllkkeepnndkknasivegfikreirdmyklydafangeinniddleky
cedkgipkrhlpkgmvailydehkdmvkeakrkgrkmvkdtekllaalekgtgektedggrni
rllksgeiarwlyndmmrfgpvgkdnegnpinnskansteygmlgrslalynkeekptryfrgv
nlinssnphpflkwtkweecnnilsfyrsyltkkieflnklkpedwekngyflklkepktnretivg
gwkngfnlprgiftepirewflothgndskeyekvealdrvglvtkviplffkkedskdkeedlkk
dagkeinncvgpfysfpynvgnihkpdekdflhreerielwdkkkdkfkgykakvkskkltdk
ekeeyrsylefgswnkferelrlyrngdivtwllctelidklkveglnveelkklrlkdidtdtakge
knnilnrympmglpvtvyeiddshnivkdrplhtvyieetktkllkggnflcalvkdrringlfsfy
dtsseaelksnpiskslveyelgeygnarletikdmilleetliekyknlptdnfsdmlngwlegkd
eadkarfgndvkllvavrnafshngypmrnriafaninpfslssadtseekkldianglkdkthkii
kriieiekpietke

mgkgdklfvdrkknaifafpkyitimenkekpepiyyeltdkhfwaaflnlarhnvyttinhinrr
leiaelkddgymmgikgswneqakkldkkvrlrdlimkhfpfleaaayemtnskspnnkegre
kegsealslnnlknvlfifleklgvlrnyyshykyseespkpifetsllknmykvidanvrlvkrdy
mhhenidmgrdfthlnrkkgvgrtkniidspnfhyhfadkegnmtiagllffvslfldkkdaiw
mgkklkgflcdgrnlregmtnevicrsrislpklklenvgtkdwmgldmlnelvrcpkslyerlre
kdresfkvpfdifsddynaeeepfkntivrhqdrfpyfvlryfdlneifeqglrfgidlgtyhfsiynkr
igdedevrhlthhlygfarigdfapgngpeewrklvkdldhfetsgepyisktaphyhlenekigi
kfcsahnnlfpslgtdktengrskfnlgtgftacaflsvhellpmmfyyllltkdysrkesadkvegi
irkeisniyaiydafanneinsiadltrrlgntnilgghlpkgmisilkgrgkdmgkeaerkigemi
ddtgrrldllckgtngkirigkrnagllksgkiadwlvndmmr fgpvgkdgnnipinnskanste
yrmlgralalfgsenfrlkayfngmnlvgndnphpflaetgwehgtnilsfyrnylearkkylkgl
kpanwkgyghflilkvgktnrntivtgwknsfnlprgiftgpirewfekhnnskriydgilsfdry
gfvakaiplyfaeeykdnvgpfydypfnignrlkpkkrgfldkkervelwgknkelfknypsek
kktdlayldflswkkferelrlikngdivtwlmflcelfnmatveglkigeihlrdidtntaneesnni
Inrimpmklpvktyetdnkgnilkerplatfyieetetkvlkggnfkalvkdrringlfsfaettdlnl
eehpiskisvdlelikyqgttrisifemtlglekklidkystlptdsfrnmlerwlgckanrpelknyvn
sliavrnafshngypmydatlfaevkkftlfpsvdtkkielniapglleivgkaikeieksenkn

mkeeekgktpvvstynkddkhfwaaflnlarhnvyitvnhinkilgegeinrdgyentlekswn
eikdinkkdrlskliikhfpflevttygrnsadttkgkeekgaeagsleslkksffviiyklrdlrnhys
hykhskslerpkfeedlgekmynifdasiglvkedykhntdikteedflchldrkggfkysfadne
gnitesgllffvslflekkdaiwvgkklegflccsnesygkmtnevicrsrmllpklrlgstgtgdwil
ldmlnelircpkslyerlreedrkkfrvpieiadedydaegepfknalvrhgdrfpyfalryfdynei
ftnlrfgidlgtyhfsiykkgigdykeshhlthklygferiqgeftkgnrpdewrkfvktinsfetske
pyipettphyhlengkigirfrndndkiwpslktnseknekskykldksfgaeaflsvhellpmm
fyylllktentdndneietkkkenkndkgekhkieeiienkiteiyalydafangkinsidkleeyc
kgkdieighlpkgmiailksehkdmateakrkgeemladvgkslesldngineeienverknssl
ksgeiaswlyndmmr fgpvgkdnegnpinnskansteygmlgrslalynkeekptryfrgvnl
iessnphpflnntewekcnnilsfyrsyleakknfleslkpedwekngyflmlkepktncetivgg
wkngfnlprgiftepirkwfmehrknitvaelkrvglvakviplffseeykdsvgpfynylfnvg
ninkpdeknflnceerrellrkkkdefkkmtdkekeenpsylefgswnkferelrlvrngdivtwl
lcmelfnkkkikelnvekiylknintnttkkeknteekngeekiikeknnilnrimpmrlpikvyg
renfsknkkkkirrntfftvyieekgtkllkggnfkalerdrrlgglfsfvkthskaesksntisksrve
velgeygkarieiikdmlaleetlidkynsldtdnfhnmltgwlklkdepdkasfgndvdlliavr
nafshngypmrnriafaninpfslssantseekglgianglkdkthktiekiieiekpietke

mkdilttdttekgnrfyshkiadkyffggyfnlasnniyevfeevnkrntfgklakrdngnlknyii
hvfkdelsisdfekrvaifasyfpiletvdkksikernrtidltlsgrirgfremlislvtavdglrnfyth
yvhhseivienkvldflnsslvstalhvkdkylktdktkeflketiaaeldilleaykkkgiekkntrflc
ankredilnaiyneafwsfindkdkdketvvakgadayfeknhhksndpdfalnisekgivylls
ffltnkemdslkanitgfkgkvdresgnsikymatgriysfhtyrglkgkirtseegvketllmgmi
delskvpnvvyghlsttggnsfiedwneyykdyeddvetddlsrvihpvirkryedrfnyfairfl
deffdfptlrfgvhlgdyvhdrrtkglgkvesdriikekvtvfarlkdinsakanyfhsleeqdkeel
dnkwtlfpnpsydfpkeht lghggegknagkigiyvklrdtgykekaaleearkslnpkersatk
askydiitgiieandnvksekplvftggpiaylsmndihsmlfslltdnaelkktpeeveaklidgi
gkgineilskdtdtkilkkykdndlketdtdkitrdlardkeeieklilegkgraddynytsstkfnid
ksrkrkhllfnaekgkigvwlandikrfmteefkskwkgyghtelgklfayydtsksdldlilsdm
vmvkdypielialvkksrtivdflnkylearlgymenvitrvknsigtpgflavrkecftflkksnyt
vvsldkgverilsmplfiergfmddkptmlegksyqgghkekfadwfvhykensnygnfydtev
veittedkrekakvtkkikgggkndvitlmmvnymleevlklssndrlslnelygtkeerivnkg
vakdtgernknyiwnkvvdlglceglvridkvklkdignfrkyendsrvkefltygsdivwsayl
snevdsnklyviergldnyesirskellkevgeiecsvyngvankeslkgsgnenfkqgyvlgglv
pigmdvremlilstdvkfikeeiiqlgqgageveqdlysliyirnkfahnglpikeffdfcennyrsis
dneyyaeyymeifrsikekyts

mkdilttdttekgnrfyshkiadkyffggyfnlasnniyevfeevnkrntfgklakrdngnlknyii
hvfkdelsisdfekrvaifasyfpiletvdkksikernrtidltlsgrirgfremlislvtavdglrnfyth
yvhhseivienkvldflnsslvstalhvkdkylktdktkeflketiaaeldilleaykkkgiekkntrfk
ankredilnaiyneafwsfindkdkdketvvakgadayfeknhhksndpdfalnisekgivylls
ffltnkemdslkanitgfkgkvdresgnsikymatgriysfhtyrglkgkirtseegvketllmgmi
delskvpnvvyghlsttggnsfiedwneyykdyeddvetddlsrvihpvirkryedrfnyfairfl
deffdfptlrfgvhlgdyvhdrrtkglgkvesdriikekvtvfarlkdinsakasyfhsleeqdkeel
dnkwtlfpnpsydfpkeht lghggegknagkigiyvklrdtgykekaaleearkslnpkersatk
askydiitgiieandnyksekplvitggpiaylsmndihsmlfslltdnaelkktpeeveaklidgi
gkgineilskdtdtkilkkykdndlketdtdkitrdlardkeeieklilegkgraddynytsstkfnid
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TABLE 6-continued

HMPREF9699_
02005
[Bergeyella
zoohelcum
ATCC

43767]

HMPREF9151
01387
[Prevotella

1
F0055]

A343_1752

[Porphyromonas

gingivalis
JCVI
$C001]

HMPREF1981
03090
[Bacteroides

pyogenes
F0041]

ksrkrkhllfnaekgkigvwlandikrfmfkeskskwkgyghtelgklfayfdtsksdlelilsdm
vmvkdypielidlyrksrtivdflnkylearlgyienvitrvknsigtpgfktvrkecfaflkesnytv
asldkgierilsmplfiergfmdskptmlegksyqghkedfadwfvhykensnygnfydtevy
eiitedkreqakvtkkikgggkndvitlmmvnymleevlklpsndrlslnelygtkeerivnkgv
akdtgernknyiwnkvvdlglceglvridkvklkdignfrkyendsrvkefltygsdivwsgyls
nevdsnklyviergldnyesirskellkevgeiecivyngvankeslkgsgnenfkqyvlqggllpr
gtdvremlilstdvkfkkeeimglggvreveqdlysliyirnkfahnglpikeffdfcennyrpisd
neyyaeyymeifrsikekyas

menktslgnniyynpfkpgdksyfagyfnaamentdsvfrelgkrlkgkeytsenffdaifkeni
slveyeryvkllsdyfpmarlldkkevpikerkenfkknflcgiikavrdlrnfythkehgeveitde
ifgvldemlkstvltykkkkvktdktkeilkksiekgldilcegkkleylrdtarkieekrrngrerge
kelvapfkysdkrddliaaiyndafdvyidkkkdslkesskakyntksdpggeegdlkipiskng
vvillslfltkgeihafkskiagfkatvideatvseatvshgknsicfmatheifshlaykklkrkvrta
einygeaenaeglsvyaketlmmgmldelskvpdvvygnisedvgkt fiedwneylkenngd
vgtmeeegvihpvirkryedkfnyfairfldefagfptlrfgvhlgnylhdsrpkenlisdrrikekit
vigrlselehkkalfikntetnedrehyweifpnpnydfpkenisvndkdfpiagsildrekgpva
gkigikvkllnggyvsevdkavkahglkgrkaskpsigniieeivpinesnpkeaivigggptayl
smndihsilyeffdkwekkkeklekkgekelrkeigkelekkivgkiqagiggiidkdtnakilk
pyadgnstaidkeklikdlkgegnilgklkdeqtvrekeyndfiaygdknreinkvrdrnhkqyl
kdnlkrkypeaparkevlyyrekgkvavwlandikrfmptdfknewkgeghsllgkslayyeq
ckeelknllpekvighlpfklggyfaggkylygfytcyldkrleyisglvggaenfksenkvikkve
necfkflkkgnythkeldarvgsilgypiflergfmdekptiikgktfkgnealfadwifryykeyq
nfgtfydtenyplvelekkgadrkrktkiyggkkndvifilmakhifksvfkgdsidgfsledlyqgs
reerlgngerargtgerntnyiwnktvdlkledgkitvenvklknvgdfikyeydqrvgaflkyee
niewgaflikeskeeenypyvvereieqyekvrreellkevhlieeyilekvkdkeilkkgdngnf
kyyilngllkglknedvesykvinlntepedvninglkgeatdlegkafvltyirnkfahnglpkk
efwdycgekygkiekektyaeyfaevflckekealik

mmekenvggshiyyeptdkcfwaafynlarhnayltiahinsfvnskkginnddkvldiiddw
skfdndllmgarinklilkhfpflkaplyglakrktrkgggkeggdyekkgdedpevigeaianaf
kmanvrktlhaflkgledlrnhfshynynspakkmevkfddgfcnklyyvidaalgmvkddnr
mnpeinmgtdfehlvrlgrnrkipnt fkynftnsdgtinnngllffvslflekrdaiwmgkkikgf
kggtenymrmtnevicrnrmvipklrletdydnhglmfdmlnelvreplslykrlkgedgdkfr
vpiefldedneadnpygenansdenpteetdplkntivrhghrfpyfvlryfdlnevifleqglrfginl
geyhfsiydktigertekrhltrtlfgfdrlgnfsvklgpehwknmvkhldteessdkpylsdamp
hygienekigihflktdtekketvwpsleveevssnrnkykseknitadaflsthellpmmfyyqgl
lsseektraaagdkvggvlgsyrkkifdiyddfangtinsmgklderlakdnllrgnmpggmlail
ehgepdmegkakekldrlitetkkrigkledgflcgkvrigkrradlpkvgsiadwlvndmmriq
pakrnadntgvpdskansteyrllgealafysaykdrlepyfrgvnliggtnphpflhrvdwkken
hllsfyhdyleakeqylshlspadwgkhghflllkvrkdignekkdwkkslvagwkngfnlprg
lftesiktwfstdadkvgitdtklfenrvgliakliplyydkvyndkpgpfyqypfnindrykpedt
rkrftaassklwnekkmlyknagpdssdkieypgyldflswkklerelrmlrngdmmvwlme
kdlfagctvegvefadlklsglevdvnvgdnlnylnnvssmilplsvypsdaggnvlrnskplht
vyvgenntkllkggnflesllkdrringlfsfiaaegedlgghpltknrleyelsiyqgtmrisvieqtlg
lekailtrnktlegnnfnnllnswsehrtdkktlgpdidfliavrnafshngypmstntvmggiekf
nigtpkleekdglgiasqglakktkdaasrlgniinggtn

mtegnekpyngtyytledkhfwaaffnlarhnayitlthidrglayskaditndedilffkggwkn
ldndlerkarlrslilkhfsflegaaygkklfesgssgnksskkkeltkkekeelganalsldnlksilf
dflgklkdfrnyyshyrhpesselplfdgnmlgrlynvidvsvqgrvkrdhehndkvdphrhfnhl
vrkgkkdregnndnpfflchhfvdreekvteagllffvslflekrdaiwmgldcirgfkggtetyqq
mtnevfcrsrislpklkleslrtddwmlldmlnelvrecpkslydrlreedrarfrvpvdilsdeddtd
gteedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykknigegpedrhltrnlygf
grigdfaeehrpeewkrlyrdldyfetgdkpyitgttphyhiekgkiglrfvpeggllwpspevga
trtgrskyaqdkrftacaflsvhelmpmmfyyfllrekyseeasaervggrikrviedvyavydaf
argeidtldrldacladkgirrghlprqmiailsgehkdmeekvrkklgemiadtdhrldmldrgt
drkirigrknaglpksgviadwlvrdmmrfgpvakdtsgkpinnskansteyrmlgralalfgge
kerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylkarkaflgsigrsdrvenhrflllkep
ktdrgtivagwkgefhlprgifteavrdcliemgldevgsykevgfmakavplyferackdrvgp
fydypfnvgnslkpkkgrflskekraeewesgkerfrdleawshsaarriedafagienasrenkk
kieqgllgdlslwetfesklkvkadkiniaklkkeileakehpyldfkswgkferelrlykngdiitw
mmerdlmeenkvegldtgtlylkdirtdvheqgslnylnrvkpmrlpvvvyradsrghvhkeqg
aplatvyieerdtkllkggnflecsfvkdrringlfsfvdtgalameqgypisklrveyelakygtarveca
fegtleleeslltryphlpdknfrkmleswsdplldkwpdlhgnvrlliavrnafshngypmydet
lfssirkydpsspdaieermglniahrlseevkgakemveriiga

mesiknsgkstgktlgkdppyfglylmmallnyrkvenhirkwlgdvallpeksgfhsllttdnlss
akwtrfyyksrkflpflemfdsdkksyenrrettecldtidrgkissllkevygklgdirnafshyhi
ddgsvkhtaliissemhrfienaysfalgktrarftgvivetdflqaeekgdnkkffaiggnegiklk
dnalifliclfldreeafkflsratgflcstkekgflavretfcalccrgpherllsvnpreallmdmlnel
nrcpdilfemldekdgksflpllgeeegahilenslndelceaiddpfemiaslskrvryknrfpyl
mlryieeknllpfirfridlgclelasypkkmgeennyersvtdhamafgrltdfhnedavlggitk
gitdevrfslyapryaiynnkigfvrtggsdkisfptlkkkggeghcvaytlgntksfgfisiydlrki
111lsfldkdkaknivsglleqcekhwkdlsenlfdairtelgkefpvplirytlprskggklvssklad
kgekyeseferrkeklteilsekdfdlsgiprrmidewlnvlptsrekklkgyvetlkldcrerlrvfe
krekgehpvpprigematdlakdiirmvidggvkgritsayyseiqgrclagyagddnrrhldsiir
elrlkdtknghpflgkvlrpglghteklygryfeekkewleatfypaaspkrvprivnpptgkgke
lpliirnlmkerpewrdwkgrknshpidlpsglfeneicrllkdkigkepsgklkwnemfklyw
dkefpngmgrfyrckrrvevidkvveyeyseeggnykkyyealidevvrgkissskeksklgv
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TABLE 6-continued

HMPREF1553_ ERJ65637
02065 (SEQ ID

[Porphyromonas NO: 65)

gingivalis

F0568]

HMPREF1988_ ERJ81987
01768 (SEQ ID

[Porphyromonas NO: 66)

gingivalis

F0185]

HMPREF1 ERJ87335
990_01800 (SEQ ID

[Porphyromonas NO: 67)

gingivalis

W4087]

M573_117042 KJJ86756
[Prevotella (SEQ ID

intermedia NO: 68)

ZT]

edltlsvrrviflcrainekeyglrllceddrllfmavrdlydwkeagldldkidnmlgepvsysqviqg
legggpdavikaecklkdvsklmrycydgrvkglmpyfanheatgegvemelrhyedhrrrvE
nwvfaleksvlknekliffyeesqgggcehrrcidalrkaslvseeeyeflvhirnksahngfpdlei
gklppnvtsgfceciwskykaiicriipfidperrffgkllegk

mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslledhllsv
drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttf
ehlevspdissfitgtyslacgragsrfadffkpddfvlaknrkeglisvadgkecltvsglafficlfl
dregasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallldmlnelnrcprilyd
mlpeeeragflpaldensmnnlsenslneesrllwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnprsmgfisvhdlrklllmellcegsfsrmgs
dflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsgl
lsafdmdgrglpsrlldewmnirpashsvklrtyvkglnedcrlrlgkfrkdgdgkaraiplvge
matflsgdivrmiiseetkklitsayynemgrslagyageenrhgfraivaelrlldpssghpflsat
metahrytedfykcylekkrewlaktfyrpegdentkrrisvffvpdgearkllpllirrrmkegnd
lgdwirnkgahpidlpshlfdskimellkykdgkkkwneafkdwwstkypdgmgpfyglrre
Inihgksysyipsdgkkfadcythlmektvgdkkrelrtagkpvppdlaadikrsfhravneref
mlrlvgeddrlmlmainkmmtdreedilpglknidsildeengfslavhakvlekegeggdnsl
slvpatieikskrkdwskyiryrydrrvpglmshfpehkatldevktllgeydrcrikifdwafale
gaimsdrdlkpylhesssregksgehstivkmlvekkgcltpdesqgylilirnkaahngfpcaae
mpliyrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildpenrffgkllnnmsgpi
ndl

mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslledhllsv
drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttf
ehlevspdissfitgtyslacgragsrfadffkpddfvlaknrkeglisvadgkecltvsglafficlfl
dregasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallldmlnelnrcprilyd
mlpeeeragflpaldensmnnlsenslneesrllwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnpgsmgfisvhdlrklllmellcegsfsrmg
sgflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsg
llsafdmngrglpsrlldewmnirpashsvklrtyvkglnederlrlrkfrkdgdgkaraiplvge
matflsgdivrmiiseetkklitsayynemgrslagyageenrrgfraivaelhlldpssghpflsat
metahrytedfykcylekkrewlaktfyrpegdentkrrisvffvpdgearkllpllirrrmkegnd
lgdwirnkgahpidlpshlfdskimellkykdgkkkwneafkdwwstkypdgmgpfyglrre
Inihgksysyipsdgkkfadcythlmektvgdkkrelrtagkpvppdlaadikrsfhravneref
mlrlvgeddrlmlmainkmmtdreedilpglknidsildeengfslavhakvlekegeggdnsl
slvpatieikskrkdwskyiryrydrrvpglmshfpehkatldevktllgeydrcrikifdwafale
gaimsdrdlkpylhesssregksgehstivkmlvekkgcltpdesqgylilirnkaahngfpcaae
mpliyrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildhenrffgkllnnmsgpi
ndl

mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslledhllsv
drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttf
ehlevspdissfitgtyslacgragsrfadffkpddfvlaknrkeglisvadgkecltvsglafficlfl
dregasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallldmlnelnrcprilyd
mlpeeeragflpaldensmnnlsenslneesrllwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnprsmgfisvhdlrklllmellcegsfsrmgs
dflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsgl
lsafdmdgrglpsrlldewmnirpashsvklrtyvkglnedcrlrlgkfrkdgdgkaraiplvge
matflsgdivrmiiseetkklitsayynemgrslagyageenrhgfraivaelrlldpssghpflsat
metahrytedfykcylekkrewlaktfyrpegdentkrrisvffvpdgearkllpllirrrmkegnd
lgdwirnkgahpidlpshlfdskvmellkykdgkkkwneafkdwwstkypdgmgpfyglrr
elnihgksysyipsdgkkfadcythlmektvrdkkrelrtagkpvppdlaayikrsfhravneref
mlrlvgeddrlmlmainkimtdreedilpglknidsildkengfslavhakvlekegeggdnslsl
vpatieikskrkdwskyiryrydrrvpglmshfpehkatldevktllgeydrcrikifdwafalega
imsdrdlkpylhesssregksgehstivkmlvekkgecltpdesqgylilirnkaahngfpcaaeipli
yrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildpenrffgkllnnmsgpindl

mkmeddkkttestnmldnkhfwaaflnlarhnvyitvnhinkvlelknkkdgdiiidndgdilai
kthwekvngdlnkterlrelmtkhfpfletaiytknkedkeevkgekqaeagsleslkdclflflek
lgearnyyshykysestkepmleegllekmynifddniglvikdyghnkdinpdedflchldrkg
gfkysfadnegnitesgllffvslflekkdaiwvmggkltgfkdnreskkkmthevfcrrrmllpklr
lestgtgdwilldmlnelircpkslyerlggeyrkkfnvpfdsadedydaegepfknt ivrhgdrfp
yvfalryfdyneiftnlrfgidlgtyhfsiykkligggkedrhlthklygferigefakgnrpdewkal
vkdldtyetsneryisettphyhlengkigirfrngnkeiwpslktngennekskykldkpygqaea
flsvhellpmmfyylllkkeepnndkknasivegfikreirdmyklydafangeinnigdlekyc
edkgipkrhlpkgmvailydepkdmvkeakrkgkemvkdtkkllatlekgtgeeiedggrnirl
lksgeiarwlyndmmrfgpvgkdnegnpinnskansteygmlgrslalynkeekptryfrgvnl
inssnphpflkwtkweecnnilsfyrnyltkkieflnklkpedwekngyflklkepktnretivgg
wkngfnlprgiftepirewflcrhgndskeyekvealkrvglvtkviplffkeeyfkedagkeinnc
vagpfysfpynvgnihkpdekdflpseerkklwgdkkdkfkgykakvkskkltdkekeeyrsyl
efgswnkferelrlyrngdivtwllctelidkmkveglnveelgklrlkdidtdtakgeknnilnri
mpmglpvtvyeiddshnivkdrplhtvyieetktkllkggnfkalvkdrringlfsfvdtsskaelk
dkpisksvveyelgeygnarietikdmillektlikkyeklptdnfsdmlngwlegkdesdkarfqg
ndvkllvavrnafshngypmrnriafaninpfslssadiseekkldianglkdkthkiikkiieiek
pietke
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TABLE 6-continued

A2033_10205
[Bacteroidetes
bacterium
GWA2 31 9

SAMNO05421542
0666

[Chryseo-
bacterium
Jjejuense]

SAMNO05444360_
11366
[Chryseo-
bacterium
carnipullorun]

SAMNO05421786 _
1011119
[Chryseo-
bacterium
ureilyticum|

Prevotella
buccae

OFX18020.1

(SEQ ID

NO:

69)

SDI27289.1

(SEQ ID

NO:

70)

SHM52812.1

(SEQ ID

NO:

71)

SIS70481.1

(SEQ ID

NO:

WP

72)

004343581

(SEQ ID

NO:

73

mengtgkgkgiyyyytknedkhyfgsflnlannniegiieefrirlslkdeknikeiinnyftdkks
ytdwerginilkeylpvidyldlaitdkefekidlkgketakrkyfrtnfsllidtiidlrnfythyfhk
pisinpdvakfldknllnycldikkgkmktdktkgalkdgldkelkklielkkaelkekkiktwni
tenvegavyndafnhmvyknnagvtilkdyhksilpddkidselklnfsisglvfllsmflskkei
egfksnlegfkgkvigengeyeiskfnnslkymathwifsyltflcglkgrvkntfdketllmgmi
delnkvphevyqgtlskeqggnefledineyvgdneenkksmensivvhpvirkryddkfnyfair
fldefanfptlkffvtagnfvhdkrekgiggsmltsdrmikekinvigklteiakyksdyfsnentl
etsewelfpnpsyllignnipvhidlihnteeakqcgiaidrikettnpakkrntrkskeeiikiiygk
nknikygdptallssnelpaliyellvnkksgkeleniivekivngyktiagfekggnlsnslitkkl
kksepnedkinaekiilainreleitenklniiknnraefrtgakrkhifyskelgqgeatwiaydlkrf
mpeasrkewkgfhhselgkflafydrnkndakallnmfwnfdndgligndlnsafrefhfdkfy
ekylikrdeilegfksfisnflcdepkllkkgikdiyrvidkryyiikstnagkeqllskpiclprgifd
nkptyiegvkvesnsalfadwyqytysdkhefgsfydmprdykegfekfelnniksignkknln
ksdkfiyfrykgdlkikgiksgdlfiklmvdelfnvvfknnielnlkklygtsderfkngliadvgk
nrekgdtsdnkmnenfiwnmtiplslcnggieepkvklkdigkfrkletddkviglleydkskv
wkkleiedelenmpnsyerirrekllkgigefehfllekekfdginhpkhfegdlnpnfktyving
vlrknsklnyteidklldlehisikdietsakeihlayflihvrnkfghnglpkleafelmkkyykkn
neetyaeyfhkvssqgivnefknslekhs

mektgtglgiyydhtklgdkyffggffnlagnnidnvikafiikffperkdkdiniagfldicfkdn
dadsdfgkknkflrihfpvigfltsdndkagfkkkfalllktiselrnfythyyhksiefpselfelldd
ifvkttseikklkkkddktggllnknlseeydirygggierlkelkaqggkrvsltdetairngvinaaf
nhliyrdgenvkpsrlygssysepdpaengislsgnsilfllsmflerketedlksrvkgflcakiikqg
geegisglkfmathwvisylcfkgikgklstefheetlligiidelskvpdevysafdsktkekfled
ineymkegnadlsledskvihpvirkryenkfnyfairfldeylsstslkfgvhvgnyvhdrrvkh
ingtgfgterivkdrikvfgrlsnisnlkadyikeglelpndsngweifpnpsyifidnnvpihvlad
eatkkgielfkdkrrkeqgpeelgkrkgkiskynivsmiykeakgkdklrideplallslneipally
gilekgatpkdieliiknklterfekiknydpetpapasqgiskrlrnnttakggealnaeklslliereie
ntetklssieekrlkakkeqrrntpgrsifsnsdlgriaawladdikrfmpaegrknwkgyghsgl
ggslayfekrpgeaflllkegwdtsdgssywnnwymnsflennhfekfyknylmkrvkyfsel
agnikghthntkflrkfikggmpadlfpkrhyilkdleteknkvlskplvisrglfdnnptfikgvk
vtenpelfaewysygyktehvighfygwerdynelldselgkgnsfaknsiyynresqldliklk
gdlkikkikigdlflkriaeklfenvinypttlsldefyltgeerackerialagslreegdnspniikd
dfiwsktiafrskgiyepaiklkdigkfnrfvlddeeskaskllsydknkiwnkeglerelsigens
vevirreklfkeignielgilsnwswdginhprefemedgkntrhpnfkmylvngilrkninlyk
ededfwleslkendflalpsevletksemvgllflvilirngfahnglpeigfynfirknypeignnt
vaelylnliklavgklkdns

mntrvtgmgvsydhtkkedkhffggflnlagdnitavikafcikfdknpmssvgfaescftdkds
dtdfgnkvryvrthlpvigylnyggdrntfrgklstllkavdslrnfythyyhsplalstelfelldtvE
asvavevkghkmkddktrgllskslaeeldirykqglerlkelkeggknidlrdeagirngvinaa
fnhliykegeiakptlsyssfyygadsaengitisgsgllfllsmflgkkeiedlksrirgfkakivrdg
eenisglkfmathwifsylsflcecgmkgrlstdfheetlligiidelskvpdevyhdfdtatrekfvedi
neyiregnedfslgdstiihpvirkryenkfnyfavrfldefikfpslrfgvhlgnfvhdrrikdihgt
gfgtervvkdrikvigklseisslkteyiekeldldsdtgweifpnpsyvfidnnipiyistnktfkng
ssefiklrrkekpeemkmrgedkkekrdiasmignagslnsktplamlslnempallyeilvkkt
tpeeieliikekldshfeniknydpekplpasqgiskrlrnnttdkgkkvinpeklihlinkeidateak
fallaknrkelkekfrgkplrqgtifsnmelgreatwladdikrfmpdilrknwkgyghnglggsla
ffnsrpkeaftilgdgwdfadgssfwngwiinsfvknrsfeyfyeayfegrkeyfsslaenikghts
nhrnlrrfidggmpkglfenrhyllenleteknkilskplviprglfdtkptfikgikvdegpelfae
wyqygystehvignfygwerdyndlleselekdndfsknsihysrtsgleliklkgdlkikkikiqg
dlflkliaghifenifkypasfsldelyltgeerinkegealigsqgrkegdhsdniikdnfigsktvtye
skgisepnvklkdigkfnrfllddkvktllsynedkvwnkndldlelsigensyevirreklfkkiqg
nfelgtltdwpwngtdhpeefgttdnkgvnhpnfkmyvvngilrkhtdwfkegednwlenlne
thfknlsfgeletksksiqgtafliimirngfahnglpavgffefigkkypeiqggsttselylnfinlavv
ellellek

metgilgngisydhtktedkhffggflntagnnidllikayiskfessprklnsvgfpdvcflcknds
dadfghklgfirkhlpvigylkyggnrevlkekifillgavdslrnfythfyhkpiglpnelltlldtif
geignevrgnkmkddktrhllkknlseeldfrygeqglerlrklksegkkvdlrdteairngvinaaf
nhliflcdaedflcptvsyssyyydsdtaengisisgsgllfllsmflgrremedlksrvrgfkariikh
eeghvsglkfmathwvisefcflecgiktrinadyheetlliglidelskvpdelyrsfdvatrerfiedi
neyirdgkedkslieskivhpvirkryeskfnyfairfldefvnfptlrfgvhagnyvhdrriksiegt
gfkterlykdrikvigklstisslkaeylakavnitddtgwellphpsyvfidnnipihltvdpsflai
gvkeygekrklgkpeemknrgggdkmhkpaisskigkskdinpespvallsmneipallyeil
vkkaspeeveakirgkltavferirdydpkvplpasgvskrlrnntdtlsynkeklvelankeveqt
erklalitknrrecrekvkgkfkrgkvfknaelgteatwlandikrfmpeegkknwkgyghsqglg
gslaffesrpgearsllgagwdfsdgssfwngwvmnsfardnt fdgfyesylngrmkyflrladn
iaggsstnklisnfikqggmpkglfdrrlymledlateknkilskplifprgifddkptfkkgvgvsee
peafadwysygydvkhkfgefyawdrdyeellreelekdtaftknsihysresqgiellakkqgdlk
vkkvrigdlylklmaeflfenvighelalpldgfyltgeerlkgeqgeaivgsgrpkgddspnivke
nfiwsktipfksgrviepnvklkdigkfrnlltdekvdillsynnteigkgvieneliigagsyefirr
eqglfkeiggmkrlslrsvrgmgvpirinlk

mgkgdklfvdrkknaifafpkyitimengekpepiyyeltdkhfwaaflnlarhnvyttinhinrr
leiaelkddgymmdikgswneqakkldkkvrlrdlimkhfpfleaaayeitnskspnnkegrek
egsealslnnlknvlfifleklgvlrnyyshykyseespkpifetsllknmykvidanvrlvkrdy
mhhenidmgrdfthlnrkkgvgrtkniidspnfhyhfadkegnmtiagllffvslfldkkdaiw
mgkklkgflcdgrnlregmtnevicrsrislpklklenvgtkdwmgldmlnelvrcpkslyerlre
kdresfkvpfdifsddydaeeepfkntivrhqdrfpyfvlryfdlneifeqglrfgidlgtyhfsiynkr
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TABLE 6-continued

Porphyromonas
gingivalis

Porphyromonas
gingivalis

Prevotella
pallens

Myroides
odoratimimus

WP

005873511

(SEQ ID

NO:

WP

74)

005874195

(SEQ ID

NO:

WP

75)

006044833

(SEQ ID

NO:

WP

76)

006261414

(SEQ ID

NO:

77)

igdedevrhlthhlygfarigdfaqggngpevwrklvkdldyfeasgepyipktaphyhlenekig
ikfesthnnlfpslktektengrskfnlgtgftaeaflsvhellpmmfyyllltkdysrkesadkvegi
irkeisniyaiydafangeinsiadltcrlgktnilgghlpkgmisilegrgkdmekeaerkigemi
ddtgrrldllckgtngkirigkrnagllksgkiadwlvndmmr fgpvgkdgnnipinnskanste
yrmlgralalfgsenfrlkayfngmnlvgndnphpflaetgwehgtnilsfyrnylearkkylkgl
kpanwkgyghflilkvgktnrntivtgwknsfnlprgiftgpirewfekhnnskriydgilsfdry
gfvakaiplyfaeeykdnvgpfydypfnignklkpgkggfldkkervelwgknkelflcnypse
kkktdlayldflswkkferelrlikngdivtwlmflcelfnmatveglkigeihlrdidtntaneesn
nilnrimpmklpvktyetdnkgnilkerplatfyieetetkvlkggnfkvlakdrringllsfaettdi
dleknpitklsvdhelikyqgttrisifemtlglekklinkyptlptdsfrnmlerwlgckanrpelkn
yvnsliavrnafshngypmydatlfaevkkftlfpsvdtkkielniapglleivgkaikeieksenk

n

mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslledhllsv
drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttf
ehlevspdissfitgtyslacgragsrfadffkpddfvlaknrkeglisvadgkecltvsglafficlfl
dregasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallldmlnelnrcprilyd
mlpeeeragflpaldensmnnlsenslneesrllwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnpgsmgfisvhnlrklllmellcegsfsrmg
sdflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsg
llsafdmngrglpsrlldewmnirpashsvklrtyvkglnederlrlrkfrkdgdgkaraiplvge
matflsgdivrmiiseetkklitsayynemgrslagyageenrrgfraivaellilldpssghpflsat
metahrytedfykcylekkrewlaktfyrpegdentkrrisvffvpdgearkllpllirrrmkegnd
lgdwirnkgahpidlpshlfdskimellkvkdgkkkwneafkdwwstkypdgmgpfyglrre
Inihgksysyipsdgkkfadcythlmektvgdkkrelrtagkpvppdlaadikrsfhravneref
mlrlvgeddrlmlmainkmmtdreedilpglknidsildeengfslavhakvlekegeggdnsl
slvpatieikskrkdwskyiryrydrrvpglmshfpehkatldevktllgeydrcrikifdwafale
gaimsdrdlkpylhesssregksgehstivkmlvekkgcltpdesqgylilirnkaahngfpcaae
mpliyrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildpenrffgkllnnmsgpi
ndl

mtecinekpyngtyytledkhfwaaffnlarhnayitlahidrglayskaditndedilfflcggwkn
ldndlerkarlrslilkhfsflegaaygkklfesgssgnksskkkeltkkekeelganalsldnlksilf
dflgklkdfrnyyshyrhpesselplfdgnmlgrlynvidvsvqgrvkrdhehndkvdphrhfnhl
vrkgkkdkygnndnpfflchhfvdreekvteagllffvslflekrdaiwmgkkirgfkggteayqg
agntnevfcrsrislpklkleslrtddwmlldmlnelvrepkslydrlreedrarfrvpvdilsdeddt
dgteedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykknigegpedrhltrnlyg
fgrigdfaeehrpeewkrlvrdldyfetgdkpyitgttphyhiekgkiglrfvpegqllwpspevyg
atrtgrskyagdkrftaeaflsvhelmpmmfyyfllrekyseeasaekvggrikrviedvyavyd
afardeintrdeldacladkgirrghlprgmiailsgehkdmeekvrkklgemiadtdhrldmldr
gtdrkirigrknaglpksgviadwlvrdmmrfgpvakdt sgkpinnskansteyrmlgralalfg
gekerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylkarkaflgsigrsdreenhrflllk
epktdrgtivagwksefhlprgifteavrdcliemgydevgsykevgfmakavplyferackdry
gpfydypfnvgnslkpkkgrflskekraeewesgkerfrdleawshsaarriedafvgieyaswe
nkkkiegllgdlslwet fesklkvkadkiniaklkkeileakehpyhdfkswgkferelrlvkngd
iitwmmerdlmeenkvegldtgtlylkdirtdvgeqggslnylnhvkpmrlpvvvyradsrghv
hkeeaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgalameqgypisklrveyelakyqgta
rvcafeqgtleleeslltryphlpdesfremleswsdplldkwpdlgrevrlliavrnafshngypmy
detifssirkydpssldaieermglniahrlseevklakemveriiga

mkeeekgktpvvstynkddkhfwaaflnlarhnvyitvnhinkilgegeinrdgyentlekswn
eikdinkkdrlskliikhfpflevttygrnsadttkgkeekgaeagsleslkksffviiyklrdlrnhys
hykhskslerpkfeedlgekmynifdasiglvkedykhntdikteedflchldrkggfkysfadne
gnitesgllffvslflekkdaiwvgkklegflccsnesygkmtnevicrsrmllpklrlgstgtgdwil
ldmlnelircpkslyerlreedrkkfrvpieiadedydaegepflcnalvrhgdrfpyfalryfdynei
ftnlrfgidlgtyhfsiykkgigdykeshhlthklygferiqgeftkgnrpdewrkfvktinsfetske
pyipettphyhlengkigirfrndndkiwpslktnseknekskykldksfgaeaflsvhellpmm
fyylllktentdndneietkkkenkndkgekhkieeiienkiteiyalydafangkinsidkleeyc
kgkdieighlpkgmiailksehkdmateakrkgeemladvgkslesldngineeienverknssl
ksgeiaswlyndmmr fgpvgkdnegnpinnskansteygmlgrslalynkeekptryfrgvnl
iessnphpflnntewekcnnilsfyrsyleakknfleslkpedwekngyflmlkepktncetivgg
wkngfnlprgiftepirkwfmehrknitvaelkrvglvakviplffseeykdsvgpfynylfnvg
ninkpdeknflnceerrellrkkkdefkkmtdkekeenpsylefgswnkferelrlyrngdivtwl
lcmelfnkkkikelnvekiylknintnttkkeknteekngeekiikeknnilnrimpmrlpikvyg
renfsknkkkkirrntfftvyieekgtkllkggnfkalerdrrlgglfsfvkthskaesksntisksrve
velgeygkarieiikdmlaleetlidkynsldtdnfhnmltgwlklkdepdkasfgndvdlliavr
nafshngypmrnriafaninpfslssantseekglgianglkdkthktiekiieiekpietke

mkdilttdttekgnrfyshkiadkyffggyfnlasnniyevfeevnkrntfgklakrdngnlknyii
hvfkdelsisdfekrvaifasyfpiletvdkksikernrtidltlsgrirgfremlislvtavdglrnfyth
yvhhseivienkvldflnsslvstalhvkdkylktdktkeflketiaaeldilleaykkkgiekkntrfk
ankredilnaiyneafwsfindkdkdketvvakgadayfeknhhksndpdfalnisekgivylls
ffltnkemdslkanitgfkgkvdresgnsikymatgriysfhtyrglkgkirtseegvketllmgmi
delskvpnvvyghlsttggnsfiedwneyykdyeddvetddlsrvihpvirkryedrfnyfairfl
deffdfptlrfgvhlgdyvhdrrtkglgkvesdriikekvtvfarlkdinsakanyfhsleeqdkeel
dnkwtlfpnpsydfpkeht lghggegknagkigiyvklrdtgykekaaleearkslnpkersatk
askydiitgiieandnvksekplvftggpiaylsmndihsmlfslltdnaelkktpeeveaklidgi
gkgineilskdtdtkilkkykdndlketdtdkitrdlardkeeieklilegkgraddynytsstkfnid
ksrkrkhllfnaekgkigvwlandikrfmteefkskwkgyghtelgklfayydtsksdldlilsdm
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vmvkdypielialvkksrtivdflnkylearlgymenvitrvknsigtpgflctvrkecftflkksnyt
vvsldkgverilsmplfiergfmddkptmlegksyqgghkekfadwfvhykensnygnfydtev
veittedkrekakvtkkikgggkndvitlmmvnymleevlklssndrlslnelygtkeerivnkg
vakdtgernknyiwnkvvdlglceglvridkvklkdignfrkyendsrvkefltygsdivwsayl
snevdsnklyviergldnyesirskellkevgeiecsvyngvankeslkgsgnenfkqgyvlgglv
pigmdvremlilstdvkfikeeiiqlgqgageveqdlysliyirnkfahnglpikeffdfcennyrsis
dneyyaeyymeifrsikekyts

Myroides WP_ mkdilttdttekgnrfyshkiadkyffggyfnlasnniyevfeevnkrntfgklakrdngnlknyii

odoratimimus 006265509 hvfkdelsisdfekrvaifasyfpiletvdkksikernrtidltlsgrirgfremlislvtavdglrnfyth
(SEQ ID yvhhseivienkvldflnsslvstalhvkdkylktdktkeflketiaaeldilleaykkkgiekkntrfk
NO: 78) ankredilnaiyneafwsfindkdkdketvvakgadayfeknhhksndpdfalnisekgivylls

ffltnkemdslkanitgfkgkvdresgnsikymatgriysfhtyrglkgkirtseegvketllmgmi
delskvpnvvyghlsttggnsfiedwneyykdyeddvetddlsrvihpvirkryedrfnyfairfl
deffdfptlrfgvhlgdyvhdrrtkglgkvesdriikekvtvfarlkdinsakasyfhsleeqdkeel
dnkwtlfpnpsydfpkeht lghggegknagkigiyvklrdtgykekaaleearkslnpkersatk
askydiitgiieandnvksekplvftggpiaylsmndihsmlfslltdnaelkktpeeveaklidgi
gkgineilskdtdtkilkkykdndlketdtdkitrdlardkeeieklilegkgraddynytsstkfnid
ksrkrkhllfnaekgkigvwlandikrfmfkeskskwkgyghtelgklfayfdtsksdlelilsdm
vmvkdypielidlyrksrtivdflnkylearlgyienvitrvknsigtpgfktvrkecfaflkesnytv
asldkgierilsmplfiergfmdskptmlegksyqghkedfadwfvhykensnygnfydtevy
eiitedkreqakvtkkikgggkndvitlmmvnymleevlklpsndrlslnelygtkeerivnkgv
akdtgernknyiwnkvvdlglceglvridkvklkdignfrkyendsrvkefltygsdivwsgyls
nevdsnklyviergldnyesirskellkevgeiecivyngvankeslkgsgnenfkqyvlqggllpr
gtdvremlilstdvkfkkeeimglggvreveqdlysliyirnkfahnglpikeffdfcennyrpisd
neyyaeyymeifrsikekyas

Prevotella WP_ mgkgdklfvdrkknaifafpkyitimengekpepiyyeltdkhfwaaflnlarhnvyttinhinrr

sp. MSX73 007412163 leiaelkddgymmgikgswnegqakkldkkvrlrdlimkhfpfleaaayeitnskspnnkegrek
(SEQ ID egsealslnnlknvlfifleklgvlrnyyshykyseespkpifetsllknmykvidanvrlvkrdy
NO: 79) mhhenidmgrdfthlnrkkgvgrtkniidspnfhyhfadkegnmtiagllffvslfldkkdaiw

mgkklkgflcdgrnlregmtnevicrsrislpklklenvgtkdwmgldmlnelvrcpkslyerlre
kdresfkvpfdifsddydaeeepfkntivrhqdrfpyfvlryfdlneifeqglrfgidlgtyhfsiynkr
igdedevrhlthhlygfarigdfapgngpeewrklvkdldhfetsgepyisktaphyhlenekigi
kfcsthnnlfpslkrektengrskfnlgtgftaecaflsvhellpmmfyyllltkdysrkesadkvegii
rkeisniyaiydafanneinsiadltcrlgktnilgghlpkgmisilegrgkdmekeaerkigemid
dtgrrldllckgtngkirigkrnagllksgkiadwlvsdmmrfgpvgkdtnnapinnskansteyr
mlghalalfgsessrlkayfrgqmnlvgnanphpflaetgwehgtnilsfyrnylearkkylkglkp
anwkgyghflilkvgktnrntivtgwknsfnlprgiftgpirewfekhnnskriydqilsfdrvgfv
akaiplyfaeeykdnvgpfydypfnignklkpgkggfldkkervelwgknkelfknypseknk
tdlayldflswkkferelrlikngdivtwlmflcelflattveglkigeihlrdidtntaneesnnilnri
mpmklpvktyetdnkgnilkerplatfyieetetkvlkggnfkvlakdrringllsfaettdidlekn
pitklsvdyelikygttrisifemtlglekklidkystlptdsfrnmlerwlgckanrpelknyvnsli
avrnafshngypmydatlfaevkkftlfpsvdtkkielniapglleivgkaikeieksenkn

Porphyromonas WP_ mtegnerpyngtyytledkhfwaaffnlarhnayitlahidrglayskaditndedilffkggwkn
gingivalis 012458414 ldndlerkarlrslilkhfsflegaaygkklfesgssgnksskkkeltkkekeelganalsldnlksilf
(SEQ ID dflgklkdfrnyyshyrhpesselplfdgnmlgrlynvidvsvqgrvkrdhehndkvdphrhfnhl
NO: 80) vrkgkkdrygnndnpffkhhfvdreekvteagllffvslflekrdaiwmgkkirgfkggtetyqqg

mtnevfcrsrislpklkleslrtddwmlldmlnelvrecpkslydrlreedrarfrvpvdilsdeddtd
gteedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykknigegpedrhltrnlygf
grigdfaeehrpeewkrlyrdldyfetgdkpyitgttphyhiekgkiglrfvpegghlwpspevga
trtgrskyaqdkrltaecaflsvhelmpmmfyyfllrekysdeasaervggrikrviedvyavydaf
argeintrdeldacladkgirrghlprqmigilsgehkdmeekvrkklgemivdtdhrldmldrgt
drkirigrknaglpksgviadwlvrdmmrfgpvakdtsgkpinnskansteyrmlgralalfgge
kerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylkarkaflgsigrsdrvenhrflllkep
ktdrgtivagwkgefhlprgifteavrdcliemgldevgsykevgfmakavplyferackdrvgp
fydypfnvgnslkpkkgrflskekraeewesgkerfrlaklkkeileakehpyldfkswgkferel
rlykngdiitwmicrdlmeenkvegldtgtlylkdirtdvgeggnlnylnrvkpmrlpvvvyrad
srghvhkegaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgalameqypisklrveyel
akygtarvcafeqtleleeslltryphlpdknfrkmleswsdplldkwpdlhgnvrlliavrnafsh
ngypmydeavissirkydpsspdaieermglniahrlseevkgakemaeriiga

Paludibacter WP_ mktsanniyfnginsfkkifdskgaiapiaekscrnfdikagndynkegrihyfavghtflcgldte
propionicigenes 013446107 nlfeyvldenlrakrptrfislqgfdkefienikrlisdirninshyihrfdplkidavptniidflkesfe
(SEQ ID lavigiylkekginylgfsenphadgklvaflhdkflpldekktsmlgnetpglkeykeyrkyflal
NO: 81) skqgaaidgllfaeketdyiwnlfdshpvltisagkylsfysclfllsmflykseamiliskikgflcknt

teeekskreiftffskrfnsmdidseenglvkfrdlilylnhypvawnkdleldssnpamtdklksk
iieleinrsfplyegnerfatfakygiwgkkhlgksiekeyinasftdeeitaytyetdtcpelkdahk
kladlkaakglfgkrkeknesdikktetsirelghepnpikdkliqgrieknlltvsygrngdrfmdfs
arflaeinyfggdasfkmyhfyatdegnselekyelpkdkkkydslkfhggklvhfisykehlkr
veswddafviennaiqlklsfdgventvtigralliylledalrnignntaenagkgllgeyyshnka
dlsaflgiltqgdsiepggktefkkllprrllnnyspainhlgtphsslplilekallaekrycslvvka
kaegnyddfikrnkgkgfklgfirkawnlmyfrnsylgnvqgaaghhksfhierdefndfsrymf
afeelsqgykyylnemfekkgffennefkilfgsgtslenlyektkgkfeiwlasntaktnkpdnyh
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TABLE 6-continued

Porphyromonas
gingivalis

Flavobacterium
columnare

Psychroflexus
torquis

Riemerella
anatipestifer

WP

013816155

(SEQ ID

NO:

WP

82)

014165541

(SEQ ID

NO:

WP

83)

015024765

(SEQ ID

NO:

WP

84)

015345620

(SEQ ID

NO:

85)

Innyeqgfsnglffinlshfinylkstgklgtdanggiiyealnnvgylipeyyytdkpersesksgn
klynklkatkledallyemamcylkadkgiadkakhpitklltsdvefnitnkegiglyhllvpflck
idafiglkmhkeggdkkhptsflanivnylelvkndkdirktyeafstnpvkrtltyddlakidghl
isksikftnvtleleryfifkeslivkkgnnidfkyikglrnyynnekkknegirnkafhfgipdsks
ydglirdaevmfianevkpthatkytdlnkglhtvedklmetvhndyfskegdgkkkreaaggk
yfeniisak

mtegnekpyngtyytledkhfwaaffnlarhnayitlahidrqglayskaditndedilfflcggwkn
ldndlerkarlrslilkhfsflegaaygkklfesgssgnkssknkeltkkekeelganalsldnlksilf
dflgklkdfrnyyshyrhpesselplfdgnmlgrlynvidvsvqgrvkrdhehndkvdphrhfnhl
vrkgkkdrygnndnpffichhfvdregtvteagliffvslflekrdaiwmgkkirgflcggtetyqq
mtnevfcrsrislpklkleslrtddwmlldmlnelvrecpkslydrlreedrarfrvpvdilsdeedtd
gaeedpfkntivrhgdrfpyfalryfdlkkvitslrfqgidlgtyhfaiykknigegpedrhltrnlygf
grigdfaeehrpeewkrivrdldyfetgdkpyitgttphyhiekgkiglrfvpegghlwpspevga
trtgrskyaqdkrftacaftsahelmpmmfyyfilrekyseeasaervggrikrviedvyavydaf
ardeintrdeldacladkgirrghlprgmigilsgehkdmeekirkklgemmadtdhrldmldrg
tdrkirigrknaglpksgviadwlvrdmmrfgpvakdtsgkpinnskansteyrmlgralalfgg
ekerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylkarkaflgsigrsdrvenhrfifike
pktdrgtivagwkgefhlprgifteavrdcliemgldevgsykevgfmakavplyferackdwv
gpfynypfnvgnslkpkkgrflskekraeewesgkerfrlaklkkeileakehpyldfkswgkfe
relrivkngdiitwmicgdlmeenkvegldtgtlylkdirtdvgeqgslnvinrvkpmrlpvvvy
radsrghvhkegaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgalameqgypisklrve
yvelakygtarvcafeqtleleeslltrcecphlpdknfrkmleswsdpildkwpdlhrkvriliavrnaf
shngypmydeavisgsirkydpsfpdaieermglniahrlseevkgaketveriiga

mssknesynkgkt fnhykgedkyffggfinnaddnlrgvgkefktrinfnhnnnelasvfkdyf
nkeksvakrehalnllsnyfpvlerigkhtnhnfeqtreifellldtikklrdyythhyhkpitinpki
ydflddtlldvlitikkkkvkndtsrellkeklrpeltglkngkreelikkgkklleenlenavinhclr
pfleenktddkgnktvslrkyrkskpneetsititgsglvilmsfflhrkefgvitsglegfkakvnti
keeeislnknnivymithwsysyynfkglkhriktdqgvstlegnntthsltntntkealltgivdyl
skvpneiyetlsekggkefeedineymrenpenedstfssivshkvirkryenkfnyfamrflde
vaelptlrfmvnfgdyikdrgkkilesigfdseriikkeihlfeklslvteykknvylketsnidlsrfp
lfpnpsyvmannnipfyidsrsnnldeylngkkkagsgnkkrnit fekynkegskdaiiamlgk
eigvkdlggrstigllscnelpsmlyevivkdikgaelenkiagkireqgygsirdftldspgkdnipt
tliktintdssvtfengpidiprlknaigkeltitgekllnykeheievdnynrnkntykfkngpknk
vddkklgrkyviyrneirgeanwlasdlihfmknkslwkgymhnelgsflaffedkkndciall
etvinlkedciltkglknlflkhgnfidfykeylklkedfintesiftengliglppkilkkelskrflcyi
fivfgkrgfiikeleekknnlyadainlsrgifdekptmipfkkpnpdefaswfvasyqynnygsf
yveltpdiverdkkkkyknlrainkvkiqgdyylklmvdtlygdlfngpldkslsdfyvskaerekik
adakaygkrndsslwnkvihlslgnnritanpklkdigkykralgdekiatlltyddrtwtyalgkp
ekenendykelhytalnmelgeyekvrskellkgvgelekgileeytdflstgihpadferegnpn
fkkylahsileneddldklpekveamreldetitnpiikkaivliiirnkmahngyppkfiydlanr
fvpkkeeeyfatyfnrvfetitkelwenkekkdktgv

mesiiglglsfnpyktadkhyfgsfinlvennlnavfaefkerisykakdenissliekhfidnmsi
vdyekkisilngylpiidflddelennintrvknfkknfiilaeaieklrdyythfyhdpitfednkep
llelldevilktildvkkkylktdktkeilkdslreemdllvirktdelrekkktnpkightdssqikns
ifndafggllyedkgnnkktgvshraktrinpkdihkgeerdfeiplstsglvflmslflskkeiedf
ksnikgfkgkvvkdenhnslkymathrvysilafleglkyriktdtfsketimmgmidelskvpd
cvygnisetkgkdfiedwneyflcdneentenlensrvvhpvirkryedkfnyfairfldefanflcti
kfgvimgyyihdgrtktigttnittertvkekinvigklskmdnlkkhffsglsddentdweffpn
psynfltgadnspannipiylelknggiikekdaikaevngtgnrnpnkpskrdllnkilktyedfh
ggdptailslneipallhlfivkpnnktgggieniirikiekgfkainhpsknnkgipkslfadtnvry
naiklkkdleaeldmlnkkhiafkengkassnydkllkehqgftpknkrpelrkyviyksekgeea
twlandikrfmpkdfktkwkgeghselgrklafydrhtkgdikellsgcefdhslldinayfgkdn
fedffskylenrietlegylkklhdfkneptplkgvflmcfldlkrgnyvtespeiikkrilakpfflpr
gviderptmkkgknplkdknefaewfveylenkdygkfynaeeyrmrdadfkknavikkgkl
kdfytlgmvnyllkevigkdemnlglselfgtrgerlklggiakkgmnketgdssentrngtyiw
nkdvpvsffngkvtidkvklknigkykryerdervktfigyevdekwmmylphnwkdrysv
kpinvidlgigeyeeirshellkeignieqgyiydhttdknillgdgnpnfkmyvinglligikgvni
pdfivlikgntnfdkidftgiascselekktiiliairnkfahnglpnkmiydlaneflkieknetyany
ylkvlkkmisdla

mf fsfhnagrvifkhlykafdaslrmvkedykahftvnitrdfahlnrkgknkgdnpdfnryrfe
kdgfftesgllfftnlfldkrdaywmlkkvsgfkashkgrekmttevicrsrillpklrlesrydhng
mlldmlselsrcpkllyeklseenkkhfgveadgfldeieeeqnpfkdtlirhgdrfpyfalryldln
esflesirfqgvdlgtyhyciydkkigdegekrhltrtllsfgrlgdfteinrpgewkaltkdldyketsn
gpfiskttphyhitdnkigfrlgtskelypsleikdganriakypynsgfvahafisvhellplmfyq
hltgksedllketvrhigriykdfeeerintiedlekanggrlplgafpkgmlgllgnkgpdlsekak
ikiekliaetkllshrintklksspklgkrrekliktgvladwlvkdfmrfgpvaydagngpiksska
nstefwfirralalyggeknrlegyfkgtnligntnphpflnkfnwkacrnlvdfyqqgylegrekfl
eaikhgpwepyqgyclllkvpkenrknlvkgweqggislprglfteairetlskdltlskpirkeikk
hgrvgfisraitlyfkekyqdkhgsfynlsykleakapllkkeehyeywggnkpgsptesgrlelh
tsdrwkdyllykrwghlekklrlyrngdimlwlmtleltknhfkelnlnyhglklenlavnvgea
daklnpingtlpmvlpvkvypttafgevgyhetpirtvyireeqgtkalkmgnflcalvkdrringlfs
fikeendtgkhpisglrlrreleiygslrvdafketlsleekllnkhaslsslenefrtlleewkkkyaas
smvtdkhiafiasvrnafchngypfyketlhapillftvagptteekdglgiaeallkylreyceivk
sgi
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TABLE 6-continued

Prevotella WP_ mendkrleesacytlndkhfwaaflnlarhnvyitvnhinktlelknkkngeiiidndgdilaikth
pleuritidis 021584635 wakvngdlnktdrlrelmikhfpfleaaiysnnkedkeevkeekgakagsfkslkdclflfleklqg
(SEQ ID earnyyshykysesskepefeegllekmyntfdasirlykedyqynkdidpekdflchlerkedfn
NO: 86) ylftdkdnkgkitkngllffvslflekkdaiwmggkfrgflcdnrgnkekmthevfcrsrmllpkir

lestgtgdwilldmlnelircpkslyerlggayrekflcvpfdsidedydaegepfrntivrhgdrfp
vfalryfdyneifknlrfgidlgtyhfsiykkliggkkedrhlthklygferigeftkgqnrpdkwgaii
kdldtyetsneryisettphyhlengkigirfrndnndiwpslktngeknekskynldkpygaeaf
lsvhellpmmfyylllkmentdndkednevgtkkkgnknnkgekhkieeiienkikdiyalyd
aftngeinsidelaeqregkdieighlpkglivilknkskdmaekanrkgkemikdtkkrlatldk
gvkgeiedggrnirllksgeiarwlyndmmrfgpvgkdnegkpinnskansteygqmlgrslaly
nkeekptryfrgvnlikssnphpfledtkweecynilsfyrnylkakikflnklkpedwkkngyfl
mlkepktnrktivggwkngfnlprgiftepikewfkrhgndseeykkvealdrvglvakviplff
keeyfkedagkeinncvgpfysfpynvgnihkpeeknflhceerrklwdkkkdk fkgykake
kskkmtdkekeehrsylefgswnkferelrlyrngdiltwllctklidklkidelnieelgklrlkdid
tdtakkeknnilnrvmpmrlpvtvyeidksfnivkdkplhtvyieetgtkllkggnfkalvkdrrl
nglfsfvktsseaeskskpisklrveyelgaygkaridiikdmlalektlidndenlptnkfsdmlks
wlkgkgeankarlgndvgllvavrnafshngypmynsevfkgmkllslssdipekeglgiakqgl
kdkiketieriieiekeirn

Porphyromonas WP_ mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslledhllsv

gingivalis 021663197 drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttf
(SEQ ID ehlevspdissfitgtyslacgragsrfadffkpddfvlaknrkeglisvadgkecltvsglafficlfl
NO: 87) dregasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallldmlnelnrcprilyd

mlpeeeragflpaldensmnnlsenslneesrllwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnprsmgfisvhdlrklllmellcegsfsrmgs
dflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsgl
lsafdmdgrglpsrlldewmnirpashsvklrtyvkglnedcrlrlgkfrkdgdgkaraiplvge
matflsgdivrmiiseetkklitsayynemgrslagyageenrhgfraivaelrlldpssghpflsat
metahrytedfykcylekkrewlaktfyrpegdentkrrisvffvpdgearkllpllirrrmkegnd
lgdwirnkgahpidlpshlfdskimellkykdgkkkwneafkdwwstkypdgmgpfyglrre
Inihgksysyipsdgkkfadcythlmektvgdkkrelrtagkpvppdlaadikrsfhravneref
mlrlvgeddrlmlmainkmmtdreedilpglknidsildeengfslavhakvlekegeggdnsl
slvpatieikskrkdwskyiryrydrrvpglmshfpehkatldevktllgeydrcrikifdwafale
gaimsdrdlkpylhesssregksgehstivkmlvekkgcltpdesqgylilirnkaahngfpcaae
mpliyrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildpenrffgkllnnmsgpi

ndl
Porphyromonas WP_ mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslledhllsv
gingivalis 021665475 drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttf
(SEQ ID ehlevspdissfitgtyslacgragsrfadffkpddfvlaknrkeglisvadgkecltvsglafficlfl
NO: 88) dregasgmlsrirgfkrtnenwaravhetfcdlcirhphdrlessntkeallldmlnelnrcprilyd

mlpeeeragflpaldensmnnlsenslneesrllwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnpgsmgfisvhdlrklllmellcegsfsrmg
sgflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsg
llsafdmngrglpsrlldewmnirpashsvklrtyvkglnederlrlrkfrkdgdgkaraiplvge
matflsgdivrmiiseetkklitsayynemgrslagyageenrrgfraivaelhlldpssghpflsat
metahrytedfykcylekkrewlaktfyrpegdentkrrisvffvpdgearkllpllirrrmkegnd
lgdwirnkgahpidlpshlfdskimellkykdgkkkwneafkdwwstkypdgmgpfyglrre
Inihgksysyipsdgkkfadcythlmektvgdkkrelrtagkpvppdlaadikrsfhravneref
mlrlvgeddrlmlmainkmmtdreedilpglknidsildkengfslavhakvlekegeggdnsl
slvpatieikskrkdwskyiryrydrrvpglmshfpehkatldevktllgeydrcrikifdwafale
gaimsdrdlkpylhesssregksgehstivkmlvekkgcltpdesqgylilirnkaahngfpcaae
mpliyrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildhenrffgkllnnmsgpi

ndl
Porphyromonas WP_ mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslledhllsv
gingivalis 021677657 drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttf
(SEQ ID ehlevspdissfitgtyslacgragsrfadffkpddfvlaknrkeglisvadgkecltvsglafficlfl
NO: 89) dregasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallldmlnelnrcprilyd

mlpeeeragflpaldensmnnlsenslneesrllwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnpgsmgfisvhdlrklllmellcegsfsrmg
sgflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsg
llsafdmngrglpsrlldewmnirpashsvklrtyvkglnederlrlrkfrkdgdgkaraiplvge
matflsgdivrmiiseetkklitsayynemgrslagyageenrrgfraivaelhlldpssghpflsat
metahrytedfykcylekkrewlaktfyrpegdentkrrisvffvpdgearkllpllirrrmkegnd
lgdwirnkgahpidlpshlfdskimellkykdgkkkwneafkdwwstkypdgmgpfyglrre
Inihgksysyipsdgkkfadcythlmektvgdkkrelrtagkpvppdlaadikrsfhravneref
mlrlvgeddrlmlmainkmmtdreedilpglknidsildeengfslavhakvlekegeggdnsl
slvpatieikskrkdwskyiryrydrrvpglmshfpehkatldevktllgeydrcrikifdwafale
gaimsdrdlkpylhesssregksgehstivkmlvekkgcltpdesqgylilirnkaahngfpcaae
mpliyrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildhenrffgkllnnmsgpi
ndl
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TABLE 6-continued

Porphyromonas
gingivalis

Porphyromonas
gingivalis

Prevotella
falsenii

Prevotella
pleuritidis

[Porphyromonas
gingivalis

WP

021680012

(SEQ ID

NO:

WP

90)

023846767

(SEQ ID

NO:

WP

91)

036884929

(SEQ ID

NO:

WP

92)

036931485

(SEQ ID

NO:

WP

93)

039417390

(SEQ ID

NO:

94)

mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslledhllsv
drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttf
ehlevspdissfitgtyslacgragsrfadffkpddfvlaknrkeglisvadgkecltvsglafficlfl
dregasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallldmlnelnrcprilyd
mlpeeeragflpaldensmnnlsenslneesrllwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnprsmgfisvhdlrklllmellcegsfsrmgs
dflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsgl
lsafdmdgrglpsrlldewmnirpashsvklrtyvkglnedcrlrlgkfrkdgdgkaraiplvge
matflsgdivrmiiseetkklitsayynemgrslagyageenrhgfraivaelrlldpssghpflsat
metahrytedfykcylekkrewlaktfyrpegdentkrrisvffvpdgearkllpllirrrmkegnd
lgdwirnkgahpidlpshlfdskvmellkykdgkkkwneafkdwwstkypdgmgpfyglrr
elnihgksysyipsdgkkfadcythlmektvrdkkrelrtagkpvppdlaayikrsfhravneref
mlrlvgeddrlmlmainkimtdreedilpglknidsildkengfslavhakvlekegeggdnslsl
vpatieikskrkdwskyiryrydrrypglmshfpehkatldevktllgeydrcrikifdwafalega
imsdrdlkpylhesssregksgehstivkmlvekkgecltpdesqgylilirnkaahngfpcaaeipli
yrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildpenrffgkllnnmsgpindl

mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslledhllsv
drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttf
ehlevspdissfitgtyslacgragsrfadffkpddfvlaknrkeglisvadgkecltvsglafficlfl
dregasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallldmlnelnrcprilyd
mlpeeeragflpaldensmnnlsenslneesrllwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnprsmgfisvhdlrklllmellcegsfsrmgs
dflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsgl
lsafdmngrglpsrlldewmnirpashsvklrtyvkglnedcrlrlrkfrkdgdgkaraiplvgem
atflsgdivrmiiseetkklitsayynemgrslaqyageenrrgfraivaelhlldpssghpflsatm
etahrytedfykcylekkrewlaktfyrpegdentkrrisvifvpdgearkllpllirrrmkegndlqg
dwirnkgahpidlpshlfdskimellkykdgkkkwneafkdwwstkypdgmgpfyglrreln
ihgksysyipsdgkkfadcythlmektvgdkkrelrtagkpvppdlaadikrsfhravnerefml
rlvgeddrlmlmainkmmtdreedilpglknidsildeengfslavhakvlekegeggdnslsly
patieikskrkdwskyiryrydrrypglmshfpehkatldevktllgeydrcrikifdwafalegai
msdrdlkpylhesssregksgehstivkmlvekkgceltpdesgylilirnkaahngfpcaaempl
iyrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildpenrffgkllnnmsgpindl

mkndnnstkstdytlgdkhfwaaflnlarhnvyitvnhinkvlelknkkdgeiiidndgdilaiktl
wgkvdtdinkkdrlrelimkhfpfleaatyqgsstnntkgkeeegakagsfeslkdclflfleklre
arnyyshykhsksleepkleekllenmynifdtnvglvikdyehnkdinpeedflchlgraegefn
yyftrnkkgnitesgllffvslflekkdaiwaqgtkikgflednrenkgkmthevfcrsrmllpklrles
tgtgdwilldmlnelircpkslykrlggekrekfrvpfdpadedydaegepflentivrhgdripyf
alryfdyneiftnlrfgidlgtyhfsiykkgigdkkedrhlthklygferigefakenrpdewkalvk
dldtfeesnepyisettphyhlengkigirnknkkkkktiwpsletkttvnerskynlgksfkaeaft
svhellpmmfyylllnkeepnngkinaskvegiiekkirdiyklygafaneeinneeelkeyceg
kdiairhlpkgmiailkneykdmakkaedkgkkmikdtkkrlaaldkgvkgevedggrnikpl
ksgriaswlyndmmrfgpvqrdrdgypinnskansteygllgrtialfgsererlapyfrgqmnlig
kdnphpflkdtkwkehnnilsfyrsyleakknflgslkpedwkkngyflklkepktnretivgg
wkngfnlprgiftepirewfirhgneseeykkvkdfdriglvakviplifkedygkeiedyvgpfy
gypfnvgnihnsgegifinkkereelwkgnktkflcdyktkeknkektnkdkfkkktdeekeefr
syldfgswkkferelrlvrngdivtwilcemelidklkidelnieelgklrlkdidtdtakkeknnilnr
impmelpvtvyetddsnniikdkplhtiyikeaetkllkggnflcalvkdrringlfsfvetsseaelk
skpiskslveyelgeyqrarveiikdmirleetligndeklptnkfrgmldkwlehkketddtdlkn
dvklltevrnafshngypmrdriafanikpfslssantsneeglgiakklkdktketidriieieeqta
tkr

mendkrleestcytlndkhfwaaftnlarhnvyitinhinklleirgidndekvldikalwgkvdk
dingkarlrelmikhfpfleaaiysnnkedkeevkeekgakagsfkslkdclflfleklgearnyys
hykssesskepefeegllekmyntfgvsirlykedyqynkdidpekdfichlerkedfnylftdkd
nkgkitkngliffvslflekkdaiwmggklrgfkdnrgnkekmthevfcrsrmllpkirlestqtg
dwilldmlnelircpkslyerlqgayrekfkvpfdsidedydaegepfrntivrhgdrfpyfalryf
dyneifknlrfqgidlgtyhfsiykkligdnkedrhlthklygferigefakgkrpnewgalvkdldi
yvetsneqyisettphyhlengkigirfknkkdkiwpsletngkenekskynldksfgaeaftsihel
lpmmfydillkkeepnndeknasivegfikkeikrmyaiydafaneeinskegleeycknkgfqg
erhlpkgmiailtnksknmaekakrkgkemikdtkkrlatldkgvkgeiedggrnirllksgeiar
wlyndmmr fgsvgkdkegkpinnskansteygqmlgrslalynkegkptpyfigvnlikssnph
pfleetkweecnnilsfyrsyleakknfleslkpedwkkngyflmlkepktnrktivggwkngfn
lprgiftepikewfkrhgndseeykkvealdrvglvakviplfficeeyficedagkeinncvgpfys
fpynvgnihkpeeknflhceerrklwdkkkdkfkgykakekskkmtdkekeehrsylefqgsw
nkferelrivrngdivtwilctelidklkidelnieelgklrlkdidtdtakkeknnilnrimpmglpv
tvyeidksfnivkdkplhtiyieetgtkllkggnfkalvkdrringlfsfvktsseaeskskpisklry
eyelgaygkaridiikdmlalektiidndenlptnkfsdmlkswlkgkgeankarlgndvdllvai
rnafshngypmynsevfkgmkllslssdipekeglgiakglkdkiketieriieiekeirn

mtegnerpyngtyytiedkhfwaaffnlarhnayitiahidrqlayskaditndedilfflcggwkn
ldndlerkarlrslilkhfsflegaaygkklfesgssgnksskkkeltkkekeelganalsldnlksilf
dflgklkdfrnyyshyrhpesselplfdgnmlgrlynvidvsvqgrvkrdhehndkvdphrhfnhl
vrkgkkdrygnndnpffichhfvdregtvteagliffvslflekrdaiwmgkkirgflcggteayqq
mtnevfcrsrislpklkleslrtddwmildmlnelvrecpkslydrlreedrarfrvpidilsdeddtd
gteedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykknigegpedrhltrnlygf
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TABLE 6-continued

Porphyromonas
gulae

Porphyromonas
gulae

Porphyromonas
gulae

Porphyrom
onas gulae

WP

039418912

(SEQ ID

NO:

WP

95)

039419792

(SEQ ID

NO:

WP

96)

039426176

(SEQ ID

NO:

WP

97)

039431778

(SEQ ID

NO:

98)

grigdfaeehrpeewkrivrdldyfetgdkpyitgttphyhiekgkiglrfvpegghlwpspevga
trtgrskyaqdkrltaecaflsvhelmpmmfyyfilrekyseevsaekvggrikrviedvyavydaf
argeidtldrldacladkgirrghlprqmiailsgehkdmeekvrkklgemiadtdhrldmldrgt
drkirigrknaglpksgviadwlvrdmmrfgpvakdtsgkpinnskansteyrmlgralalfgge
kerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylkarkafigsigrsdreenhrifilkep
ktdrgtivagwksefhlprgifteavrdcliemgydevgsykevgfmakavplyferackdrvq
pfydypfnvgnslkpkkgrflskekraeewesgkerfrlaklkkeileakehpyldfkswgkfer
elrlykngdiitwmmcrdlmeenkvegldtgtlylkdirtdvheqgslnylnrvkpmrlpvvvy
radsrghvhkegaplatvyieerdtkllkggnflesfvkdrringlfsfvdtgalameqypisklrve
yvelakygtarvcafeqtleleeslltryphlpdknfrkmleswsdplldkwpdlhrkvrlliavrnaf
shngypmydeavissirkydpsspdaieermglniahrlseevkgakemaeriigv

mtegserpyngtyytledkhfwaaflnlarhnayitlthidrglayskaditndgdvlsflcalwknl
dndlerksrlrslilkhfsflegaaygkklfeskssgnkssknkeltkkekeelganalsldnlksilfd
flgklkdfrnyyshyrhsgsselplfdgnmlgrlynvidvsvgrvkrdhehndkvdphrhfnhlv
rkgkkdryghndnpsflchhfvdsegmvteagllffvslflekrdaiwvmgkkirgfkggtetyqq
mtnevfcrsrislpklkleslrmddwmlldmlnelvrepkplydrlreddracfrvpvdilpdedd
tdgggedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykkmigegpedrhltrnl
vgfgrigdfaeehrpeewkrlyrdldyfetgdkpyisgtsphyhiekgkiglrfmpegghlwpsp
evgttrtgrskyagdkrltaeaflsvhelmpmmfyyfllrekyseevsaekvggrikrviedvyai
ydafardeintlkeldacladkgirrghlpkgmiailsgehknmeekvrkklgemiadtdhrldm
ldrgtdrkirigrknaglpksgviadwlvrdmmrfgpvakdasgkpinnskansteyrmlgrala
lfggekerltpyfrgmnitggnnphpflhdtrweshtnilsfyrsylrarkaflerigrsdrmenrpfl
llkepktdrgtivagwksefhlprgifteavrdcliemgydevgsyrevgfmakavplyferaced
rvgpfydspfnvgnslkpkkgrflskeeracewergkerfrdleawshsaarriedafagieyasp
gnkkkiegllrdlslweafesklkvradkinlaklkkeileagehpyhdflcswgkferelrlykng
diitwmmerdlmeenkvegldtgtlylkdirtnvgeqgslnylnhvkpmrlpvvvyradsrgh
vhkeeaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgglameqypisklrveyelakyq
tarvcafeqtleleeslltryphlpdknfrkmleswsdpllakwpelhgkvrlliavrnafshngyp
mydeavissirkydpsspdaieermglniahrlseevkgaketveriiga

mtegserpyngtyytledkhfwaaflnlarhnayitlthidrglayskaditndgdvlsflcalwknl
dndlerksrlrslilkhfsflegaaygkklfeskssgnkssknkeltkkekeelganalsldnlksilfd
flgklkdfrnyyshyrhsgsselplfdgnmlgrlynvidvsvgrvkrdhehndkvdphrhfnhlv
rkgkkdryghndnpsflchhfvdgegmvteagllffvslflekrdaiwmgkkirgfkggtetyqq
mtnevfcrsrislpklkleslrtddwmlldmlnelvrecpkplydrlrekdrarfrvpvdilpdeddt
dgggedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykkvigegpedrhltrnly
gfgrigdfaeehrpeewkrlyrdldyfetgdkpyisqttphyhiekgkiglrfvpegghlwpspev
gttrtgrskyagdkrltaeaflsvhelmpmmfyyfllrekyseevsaekvggrikrviedvyaiyd
afardeintrdeldacladkgirrghlpkgqmigilsgehknmeekvrkklgemiadtdhrldmld
rgtdrkirigrknaglpksgviadwlvrdmmr fgpvakdtsgkpinnskansteyrmlgralalf
ggekerltpyfrgmnitggnnphpfldetrweshtnilsfyrsylrarkaflerigrsdrvenrpflllk
epktdrgtivagwksefhlprgifteavrdcliemgydevgsykevgfmakavplyferackdry
gpfydspfnvgnslkpkkgrflskekraeewesgkerfrlaklkkeileagehpyhdfkswgkfe
relrlykngdiitwmmerdlmeenkvegldtgtlylkdirpnvgeggslnvinrvkpmrlpvvy
yradsrghvhkeeaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgglameqypisklry
eyelakygtarvcevieltlrleesllsryphlpdesfremleswsdpllakwpelhgkvrlliavrnaf
shngypmydeavissirkydpsspdaieermglniahrlseevkgaketveriiga

mtegserpyngtyytledkhfwaaflnlarhnayitlthidrglayskaditndgdvlsflcalwknf
dndlerksrlrslilkhfsflegaaygkklfeskssgnkssknkeltkkekeelganalsldnlksilfd
flgklkdfrnyyshyrhsgsselplfdgnmlgrlynvidvsvgrvkrdhehndkvdphyhfnhl
vrkgkkdryghndnpsflchhfvdsegmvteagllffvslflekrdaiwmgkkirgfkggtgpye
gntnevfcrsrislpklkleslrtddwmlldmlnelvrepkplydrlrekdracfrvpvdilpdedd
tdgggedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykkmigegpedrhltrnl
vgfgrigdfaeehrpeewkrlyrdldyfetgdkpyisgttphyhiekgkiglrfmpegghlwpsp
evgttrtgrskyagdkrltaeaflsvhelmpmmfyyfllrekyseevsaekvggrikrvikdvyai
ydafardeintlkeldacsadkgirrghlpkgmigilsgehknmeekvrkklgemiadtdhrld
mldrgtdrkirigrknaglpksgviadwlvrdmmrfgpvakdt sgkpinnskansteyrmlgra
lalfggekerltpyfrgqmnitggnnphpfldetrweshtnilsfyrsylrarkaflerigrsdrvenrpf
1llkepkndrgtivagwksefhlprgifteavrdcliemgydevgsykevgfmakavplyferac
kdrvgpfydspfnvgnslkpkkgrflskekraeewesgkerfrlaklkkeileakehpyhdfksw
gkferelrlykngdiitwmmerdlmeenkvegldtgtlylkdirtdvheggslnvinrvkpmrlp
vvvyradsrghvhkegaplatvyieerdtkllkggnflesfvkdrrlinglfsfvdtgglameqypis
klrveyelakygqtarvcafeqtleleeslltryphlpdenfremleswsdpllgkwpdlhgkvrllia
vrnafshngypmydeavfssirkydpsspdaieermglniahrlseevkgaketveriiga

mtegserpyngtyytledkhfwaaflnlarhnayitlthidrglayskaditndgdvlsflcalwknf
dndlerksrlrslilkhfsflegaaygkklfeskssgnkssknkeltkkekeelganalsldnlksilfd
flgklkdfrnyyshyrhsesselplfdgnmlgrlynvidvsvgrvkrdhehndkvdphrhfnhlv
rkgkkdryghndnpsflchhfvdgegmvteagllffvslflekrdaiwmgkkirgfkggtetyqq
mtnevfcrsrislpklkleslrtddwmlldmlnelvrepkplydrlreddracfrvpvdilpdeddt
dgggedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykkmigegpedrhltrnly
gfgrigdfaeehrpeewkrlyrdldyfetgdkpyisgtsphyhiekgkiglrfmpegghlwpspe
vgttrtgrskyagdkrltaeaflsvhelmpmmfyyfllrekyseevsaekvggrikrviedvyaiy
dafardeintlkeldacladkgirrghlpkgmiailsgehkdmeekirkklgemiadtdhrldmld
rgtdrkirigrknaglpksgviadwlvrdmmr fgpvakdtsgkplnnskansteyrmlgralalf
ggekkrltpyfrgmnitggnnphpflhetrweshtnilsfyrsylrarkaflerigrsdrmenrpflll
kepktdrgtivagwksefhlprgifteavrdcliemgydevgsyrevgfmakavplyferacedr
vagpfydspfnvgnslkpkkgrflskeeraeewergkerfrdleawshsaarriedafagieyaspg
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TABLE 6-continued

Porphyromonas
gulae

Porphyromonas
gulae

Porphyromonas
gulae

Capnocyto

phaga
cynodegmi

WP

039437199
(SEQ ID

NO:

WP

99)

039442171
(SEQ ID

NO:

WP

100)

039445055
(SEQ ID

NO:

WP

101)

041989581
(SEQ ID

NO:

102)

nkkkiegllrdlslweafesklkvradkinlaklkkeileagehpyhdflcswgkferelrlykngdi
itwmmerdlmeenkvegldtgtlylkdirpnvgeggslnylnrvkpmrlpvvvyradsrghvh
keeaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgglameqgypisklrveyelakygtar
vevifeltlrleeslltryphlpdesfrkmleswsdpllakwpelhgkvrlliavrnafshngypmyd
eavissirkydpsspdaieermglniahrlseevkgaketveriigv

mtegserpyngtyytledkhfwaaflnlarhnayitlthidrglayskaditndedilffkggwknl
dndlerksrlrslilkhfsflegaaygkkffeskssgnkssknkeltkkekeelganalsldnlksilf
dflgklkdfrnyyshyrhsgsselplfdgnmlgrlynvidvsvgrvkrdhehndevdphyhfnh
lvrkgkkdryghndnpsflchhfvdgegmvteagllffvslflekrdaiwmgkkirgflcggtepy
egqmtnevfcrsrislpklkleslrtddwmlldmlnelvrepkplydrlrekdracfrvpvdilpded
dtdgggedpfkntivrhgdrfpyfalryfdlkkvftslrfhidlgtyhfaiykkmigegpedrhltrn
lygfgrigdfaeehrpeewkrlyrdldyfetgdkpyisgttphyhiekgkiglrfvpegghlwpsp
evgttrtgrskyagdkrltaeaflsvhelmpmmfyyfllrekyseevsaekvggrikrviedvyai
ydafardeintlkeldacladkgirrghlpkgmigilsgerkdmeekvrkklgemiadtdhrldm
ldrgtdrkirigrknaglpksgviadwlvrdmmrfgpvakdtsgkplnnskansteyrmlgrala
lfggekerltpyfrgqmnitggnnphpflhetrweshtnilsfyrsylrarkaflerigrsdrvencpfll
lkepktdrgtivagwkgefhlprgifteavrdcliemgydevgsyrevgfmakavplyferaced
rvgpfydspfnvgnslkpkkgrflskekraeewesgkerfrlaklkkeileagehpyhdfkswgk
ferelrlykngdiitwmmerdlmeenkvegldtgtlylkdirpnvgeqgslnvinrvkpmrlpv
vvyradsrghvhkeeaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgalameqypiski
rveyelakyqtarvcafeqtleleeslltryphlpdesfremleswsdplltkwpelhgkvifliavr
nafshngypmydeavissiwkydpsspdaieermglniahrlseevkgaketieriiga

mtegserpyngtyytledkhfwaaflnlarhnayitlthidrglayskaditndgdvlsflcalwknl
dndlerksrlrslilkhfsflegaaygkklfeskssgnkssknkeltkkekeelganalsldnlksilfd
flgklkdfrnyyshyrhsgsselplfdgnmlgrlynvidvsvgrvkrdhehndkvdphyhfnhl
vrkgkkdryghndnpsflchhfvdsegmvteagllffvslflekrdaiwmgkkirgfkggtgpye
gntnevfcrsrislpklkleslrtddwmlldmlnelvrepkplydrlrekdracfrvpvdilpdedd
tdgggedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykkmigegpedrhltrnl
vgfgrigdfaeehrpeewkrlyrdldyletgdkpyisgttphyhiekgkiglrfvpegghlwpspe
vgttrtgrskcagdkrltaeaflsvhelmpmmfyyfllrekyseevsaekvggrikrviedvyaiy
dafardeintlkeldtcladkgirrghlpkgmitilsgerkdmkekirkklgemiadtdhrldmldr
gtdrkirigrknaglpksgviadwlvrdmmrfgpvakdasgkpinnskansteyrmlgralalfg
gekerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylrarkaflerigrsdrvencpflllk
epktdrgtivagwkdefhlprgifteavrdcliemgydevgsyrevgfmakavplyferacedry
gpfydspfnvgnslkpkkgrflskedraeewergmerfrdleawshsaarrikdafagieyaspg
nkkkiegllrdlslweafesklkvradkinlaklkkeileagehpyhdflcswgkferelrlykngdi
itwmmerdlmeenkvegldtgtlylkdirpnvgeggslnylnrvkpmrlpvvvyradsrghvh
keaplatvyieerntkllkggnfksfvkdrringlfsfvdtgglameqypisklrveyelakygtary
cvfeltlrleesllsryphlpdesfremleswsdpllakwpelhgkvrlliavrnafshngypmyde
avissirkydpsspdaieermglniahrlseevkgaketveriiga

mntvpatenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgsllcdhllsid
rwtkvyghsrrylpflhcfdpdsgiekdhdsktgvdpdsagrlirelyslldflrndfshnrldgttfe
hlkvspdissfitgaytfaceragsrfadffkpddfllaknrkeqglisvadgkecltvsgfafficlfldr
eqgasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallldmlnelnreprilydml
peeeragflpaldensmnnlsenslneesrllwdgssdwaealtkrirhqgdrfpylmlrfieemdll
kgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvrfslfa
pryaiydnkigychtsdpvypksktgekralsnpgsmgfisvhdlrklllmellcegsfsrmgsdf
lrkanrildetaegklqfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsglls
afdmngrglpsrlldewmnirpashsvklrtyvkglnedcrlrlrkfrkdgdgkaraiplvgemat
flsgdivrmiiseetkklitsayynemgrslagyageenrrgfraivaelhlldpssghpflsatmet
ahrytedfykcylekkrewlakt fyrpegdentkrrisvifvpdgearkllpllirrrmkegndlgd
wirnkgahpidlpshlfdskimellkykdgkkkwneafkdwwstkypdgmgpfyglrrelni
hgksysyipsdgkkfadcythlmektvrdkkrelrtagkpvppdlaayikrsfhravnerefmlrl
vgeddrlmlmainkmmtdreedilpglknidsildeengfslavhakvlekegeggdnslslvp
atieikskrkdwskyiryrydrrvpglmshfpehkatldevktllgeydrcrikifdwafalegaim
sdrdlkpylhesssregksgehstivkmlvekkgcltpdesqylilirnkaahngfpcaaempliy
rdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildhenrffgkllnnmsgpindl

menktslgnniyynpfkpgdksyfagylnaamenidsvirelgkrlkgkeytsenffdaifkeni
slveyeryvkllsdyfpmarlldkkevpikerkenflcknfrgiikavrdlrnfythkehgeveitde
ifgvldemlkstvltykkkkiktdktkeilkksiekgldilcgkkleylkdtarkieekrrngrergek
klvprfeysdrrddliaaiyndafdvyidkkkdslkessktkyntesypggeegdlkipiskngvv
fllslflskgevhafkskiagfkatvideatvshrknsicfmatheifshlaykklkrkvrtaeinyse
aenaeglsiyaketlmmgmldelskvpdvvygnlsedvgkt fiedwneylkenngdvgtmee
egvihpvirkryedkfnyfairfldefagfptlrfgvhlgnylhdsrpkehlisdrrikekitvigrlse
lehkkalfikntetnedrkhywevipnpnydfpkenisvndkdfpiagsildrekgptagkigik
vnllngkyisevdkavkahglkgrnnkpsigniieeivpingsnpkeiivfgggptaylsmndih
silyeffdkwekkkeklekkgekelrkeigkeleekivgkiqtgiggiidkdinakilkpygddds
taidkeklikdlkgegkilgklknegtarekeygeciaygeesrkikrsdksrgkylrnglkrkype
vptrkeilyygekgkvavwlandikrfmptdfknewkgeghsllgkslayyegckeelknllpg
gkvfkhlpfelgghfggkylygfytryldkrlehisglvggaenfknenkvfkkvenecfkflkkqg
nythkgldagagsvlgypiflergfmdekptiikgktfkgneslftdwfryykeygnfgtfydten
yplvelekkgadrkretkiyggkkndvifilmakhiflcesvfkgdsidrfsledlygsreerlengek
akgtgerntnyiwnktvdlnlecdgkvtvenvklknvgnfikyeydgrvgtflkyeenikwgafli
keskeeenypyivereieqgyekvrreellkevhlieeyilekvkdkeilkkgdngnfkyyilngllk
glknedvesykvinlntkpedvninglkgeatdlegkafvltyirnkfahnglpkkefwdycgek
vgkiekektyaeyfaevflcrekealmk
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TABLE 6-continued

Prevotella
sp. P5-119

Prevotella
sp. P4-76

Prevotella
sp. P5-60

Phaeo-

dactylibacter
xlamenensis

Flavobacterium

sp.

316

WP

042518169
(SEQ ID

NO:

WP

103)

044072147
(SEQ ID

NO:

WP

104)

044074780
(SEQ ID

NO:

WP

105)

044218239
(SEQ ID

NO:

WP

106)

045968377
(SEQ ID

NO:

107)

mnipalvengkkyfgtysvmamlnagtvldhigkvadiegegnennenlwfhpvmshlyna
kngydkgpektmfiierlgsyfpflkimaengreysngkykgnrvevnsndifevlkrafgvlk
myrdltnhyktyeeklidgcefltstegplsgmiskyytvalrntkerygyktedlafigdnikkitk
daygkrksqgvntgfflslgdyngdtgkklhlsgvgialliclfldkgyiniflsrlpifssynagseerr
iiirsfginsiklpkdrihseksnksvamdmlnevkrcpdelfttlsaekgsrfriisddhnevlimkr
stdrfvplllqgyidygklfdhirfhvnmgklryllkadktcidggtrvrviegpingfgrleeaetmr
kgengt fgnsgirirdfenvkrddanpanypyivdtythyilennkvemfisdkgssapllplied
dryvvktipscrmstleipamafhmflfgskkteklivdvhnrykrlfgamgkeevtaeniasfgi
aesdlpgkildlisgnahgkdvdafirltvddmltdterrikrflcddrksirsadnkmgkrgfkgist
gkladflakdivlfgpsyndgenkitglnyrimgsaiavydsgddyeakggfklmfekarligkg
ttephpflykvfarsipanavdfyerylierkfyltglcneikrgnrvdvpfirrdgnkwktpamktl
griysedlpvelprgmfdneikshlkslpgmegidfnnanytyliaeymkrvinddfqgtfyqgwk
rnyhymdmlkgeydrkgslghcftsveereglwkerasrteryrklasnkirsnrgmrnasseei
etildkrlsncrneygksekvirryrvgdallfllakktlteladfdgerfklkeimpdaekgilseim
pmsftfekggkkytitsegmklknygdffvlasdkrignllelvgsdivskedimeefnkydgcr
peissivinlekwafdtypelsarvdreekvdflecsilkillnnkninkegsdilrkirnafdhnnypd
kgiveikalpeiamsikkafgeyaimk

mnipalvengkkyfgtysvmamlnagtvldhigkvadiegegnennenlwfhpvmshlyna
kngydkgpektmfiierlgsyfpflkimaengreysngkykgnrvevnsndifevlkrafgvlk
myrdgashyktydeklidgcefltstegplsgminnyytvalrnmnerygyktedlafigdkrfkf
vkdaygkkksgvntgfflslgdyngdtgkklhlsgvgialliclfldkgyiniflsrlpifssynagse
erriiirsfginsikgpkdrihseksnksvamdmlneikrcpnelfetlsaekgsrfriisndhnevl
mkrssdrfvplllqgyidygklfdhirfhvnmgklryllkadktcidggtrvrviegpingfgrleev
etmrkgengt fgnsgirirdfenmkrddanpanypyivdtythyilennkvemfisdeetpapll
pvieddryvvktipscrmstleipamafhmflfgskkteklivdvhnrykrlfkamgkeevtaen
iasfgiaesdlpgkiidlisgnahgkdvdafirltvddmladterrikrfkddrksirsadnkmgkrg
fkgistgkladflakdivlfgpsvndgenkitglnyrimgsaiavynsgddyeakgqgfklmfekar
ligkgttephpflykvivrsipanavdfyerylierkfyliglsneikkgnrvdvpfirrdgnkwktp
amkt lgriydedlpvelprgmfdneikshlkslpgmegidfnnanytyliaeymkrvinddfqgtf
ygwkrnyrymdmlrgeydrkgslgscftsveereglwkerasrteryrklasnkirsnrgmrnas
seeletildkrlsnsrneygksekvirryrvgdallfllakktlteladfdgerfklkeimpdaekgils
eimpmsftfekggkkytitsegmklknygdffvlasdkrignllelvgsdtvskedimeefkkyd
gcrpeissivinlekwafdtypelsarvdreekvdflesilkillnnkninkegsdilrkirnafdhnn
ypdkgvveiralpeiamsikkafgeyaimk

mnipalvengkkyfgtysvmamlnagtvldhigkvadiegegnennenlwfhpvmshlyna
kngydkgpektmfiierlgsyfpflkimaengreysngkykgnrvevnsndifevlkrafgvlk
myrdltnhyktyeeklidgcefltstegpfsgmiskyytvalrntkerygykaedlafigdnrykft
kdaygkrksgvntgsflslgdyngdttkklhlsgvgialliclfldkqyinlflsrlpifssynagseer
riiirsfginsikgpkdrihseksnksvamdmlnevkrcpdelfttlsaekgsrfriisddhnevim
krssdrfvplllgyidygklfdhirfhvnmgklryllkadktcidggtrvrviegpingfgrleevet
mrkgengt fgnsgirirdfenmkrddanpanypyivetythyilennkvemfisdeenptpllpv
ieddryvvktipscrmstleipamafhmflfgsektekliidvhdrykrlfgamgkeevtaenias
fgiaesdlpgkimdlisgnahgkdvdafirltvddmltdterrikrfkddrksirsadnkmgkrgf
kgistgkladflakdivlfgpsyndgenkitglnyrimgsaiavydsgddyeakggflclmfekarl
igkgttephpflykvivrsipanavdfyerylierkfyliglsneikkgnrvdvpfirrdgnkwktp
amktlgriysedlpvelprgmfdneikshlkslpgmegidfnnanytyliaeymkrvinddfgtf
ygwkrnyrymdmlrgeydrkgslghcftsieereglwkerasrteryrklasnkirsnrgmrnas
seeietildkrlsncrneygksekiirryrvgdallfllakktlteladfdgerfklkeimpdaekgilse
impmsftfekggkiytitsggmklknygdffvlasdkrignllelvgsntvskedimeefickydq
crpeissivinlekwafdtypelparvdrkekvdfwsildvlsnnkdinnegsyilrkirnafdhnn
ypdkgiveikalpeiamsikkafgeyaimk

mtntpkrrtlhrhpsyfgaflniarhnafmimehlstkydmedkntldeaqlpnaklfgclkkryg
kpdvtegvsrdlrryfpflnyplflhlekggnaeqaatydinpedieftlkgffrllngmrnnyshyi
sntdygkfdklpvgdiyeaaiffildrgkhtkrfdvfeskhtrhlesnnseyrprslanspdhentva
fvtclflerkyafpflsrldcfrstndaaegdplirkashecytmfccrlpgpklessdilldmvnelg
rcpsalynllseedgarfhikreeitgfeedpdeeleqgeivlikrhsdrfpyfalryfddteafqtlrfdv
vlgrwrtkpvykkriymerdryltgsirtftrlsrllpiyenvkhdavrgneedgklvnpdvtsgfh
kswigiesddraflsdriehfsphynfgdgviglkfinpdryaaignvipklpgeekkdkdaklvn
etadaiistheirslflyhylskkpisagderrfigvdtetfikqgyidtiklffediksgelgpiadppny
gkneplpyvrgdkektgeeragyrergkeikerrkelntllgnryglsiqyipsrlreyllgykkvp
veklalgklragrkevkkrikdiekmrtprvgeqatwlaediviltppkmhtperkttkhpgklnn
dgfrimgsslayfsvnkkaikkffgketgiglsnretshpflyridvgrcrgildfytgylkykmdw
lddaikkvdnrkhgkkeakkyekylpssighktpleldytrlpvylprglfkkaivkalaahadfq
vepeednvifcldglldgdtgdfynwgryyrsalteketdnglvlahpyaeqilgtiktlegkgknn
klgnkakgkikdelidlkrakrrlldreqylravgaedralwlmigergkgkaeheeiafdgldlkn
itkiltesidarlripdtkvditdklplrrygdlrrvakdrrlvnlasyyhvaglseipydlvkkeleey
drrrvaffehvygfekevydryaaelmenpkgestyfshweyvavavkhsadthfnelfkekv
mglrnkfhhnefpyfdwllpevekasaalyadrvidvaegyygkmrklmrg

mdnnitvektelglgitynhdkvedkhyfggffnlagnnidlvageflckrlliggkdsinifanyfs
dgcsitnlergikilaeyfpvvsyidldeknksksirehlillletinnlrnyythyyhkkiiidgslfpl
ldtillkvvleikkkklkedktkgllkkglekemtilfnlmkaegkekkikgwnidenikgavinr
afshllyndelsdyrkskyntedetlkdtltesgilfllsifinkkegeqlkanikgykgkiasipdeei
tlknnslrmmathwtyshltykglkhriktdheketllvnmvdylskvpheiygnlsegnkslfle
dineymrdneenhdsseasrvihpvirkryenkfayfairfldefaefptlrfmvnvgnyihdnrk
kdiggtslitnrtikgginvfgniteihkkkndyfekeenkektlewelfpnpsyhfgkenipifidl
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TABLE 6-continued

Porphyromonas WP_

gulae 046201018
(SEQ ID
NO: 108)

WP_ Chryseo-
047431796 bacterium
sp.
YR477
(SEQ ID
NO: 109)

Riemerella WP_

anatipestifer 049354263
(SEQ ID
NO: 110)

Porphyromonas WP_

gingivalis 052912312
(SEQ ID
NO: 111)

eksketndlakeyakekkkifgssrkkggntakknretiinlvfdkyktsdrktvtfegptallsfne
Insflyaflvenktgkelekiiiekiangyqgilknesstvdktndnipksikkivntttdsfyfegkki
dieklekditieiektnekletikeneesagnykrnerntgkrklyrkyviftneigieatwitndilrf
ldnkenwkgyghselgkfisgydnykkealgllesewnlesdaffggnlkrmfgsnstfetfykk
yvldnrkntletylsaienlktmtdvrpkvlkkkwtelfrffdkkiyllstietkinelitkpinlsrgife
ekpt fingknpnkennghlfanwfiyakkqtilgdfynlplegpkaitnlkkhkyklersinnlkie
diyikgmvdflygklfegsfigslgdlytskekreiekgkaknegtpdesfiwkkgveinthngrii
aktkikdigkflailltdnkiahlisyddriwdfslnndgditkklysintelesyetirrekllkqgigqgf
egfllegeteysaerkhpekfekdenpnflckyiiegvinkiipnheieeieilkskedvfkinfsdili
Inndnikkgyllimirnkfahnglidknlfnfslglysknenenfseylnkvegniigefkeklk

mtegserpyngtyytledkhfwaaflnlarhnayitlthidrglayskaditndgdvlsflcalwknf
dndlerksrlrslilkhfsflegaaygkklfeskssgnkssknkeltkkekeelganalsldnlksilfd
flgklkdfrnyyshyrhsesselplfdgnmlgrlynvidvsvgrvkrdhehndkvdphrhfnhlv
rkgkkdryghndnpsflchhfvdsegmvteagllffvslflekrdaiwvmgkkirgfkggtetyqq
mtnevfcrsrislpklkleslrtddwmlldmlnelvrecpkplydrlrekdrarfrvpvdilpdeddt
dgggedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykkmigegpedrhltrnly
gfgrigdfaeehrpeewkrlyrdldyfetgdkpyisgttphyhiekgkiglrfmpegghlwpspe
vgttrtgrskyagdkrltaeaflsvhelmpmmfyyfllrekyseevsaekvggrikrviedvyaiy
dafardeintlkeldacladkgirrghlpkgmiailsgehkdmeekirkklgemiadtdhrldmld
rgtdrkirigrknaglpksgviadwlvrdmmr fgpvakdtsgkpinnskansteyrmlgralalf
ggekkrltpyfrgmnitggnnphpflhetrweshtnilsfyrsylrarkaflerigrsdrmenrpflll
kepktdrgtivagwksefhlprgifteavrdcliemgydevgsyrevgfmakavplyferacedr
vagpfydspfnvgnslkpkkgrflskeeraeewergkerfrdleawshsaarriedafagieyaspg
nkkkiegllrdlslweafesklkvradkinlaklkkeileagehpyhdflcswgkferelrlykngdi
itwmmerdlmeenkvegldtgtlylkdirpnvgeggslnylnrvkpmrlpvvvyradsrghvh
keeaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgglameqgypisklrveyelakygtar
vevifeltbleeslltryphlpdesfrkmleswsdpllakwpelhgkvrlliavrnafshngypmyd
eavissirkydpsspdaieermglniahrlseevkgaketveriigv

metgfighgiaydhskigdkhffggfinlaennikavlkafsekfnvgnvdvkgfadvslkdnlp
dndfgkrvsflkmyfpvvdfinipnnrakfrsdlttlfksvdglrnfythyyhkpldfdaslfillddi
fartakevrdgkmkddktrgllskslseelgkgyelglerlkelnrlgkkvnihdglgikngvinna
fnhliykdgesfktkltyssaltsfesaengieisgsgllfllsmflkrkeiedlknrnkgfkakvvide
dgkvnglkfmathwvisylcflcglksklstefheetlligiidelskvpdelycafdketrdkfiedi
neyvkeghgdfsledakvihpvirkryenkfnyfairfldefvkfpslrfgvhvgnyvhdrrikni
dgttfetervvkdrikvigrlseissykaqgylssysdkhdetgweifpnpsyvfinnnipihisvdts
fkkeiadfkklrragvpdelkirgaekkrkfeitgmigsksvingeepiallslneipallyeilingk
epaeieriikdklnergdviknynpenwlpasqgisrrlrsnkgeriintdkllglvtkellvtegklkii
sdnrealkgkkegkyirkfiftnselgreaiwladdikrfmpadvrkewkgyghsglggslafyn
srpkealailesswnlkdekiiwnewilksftgnkffdafyneylkgrkkyfaflsehivgytsnak
nlgkfikggmpkdlfekrhyiiedlgteknkilskpfifprgifdkkptfikgvkvedspesfanw
vaygyagkdhgfgkfydwkrdysdvilehlgkpfinngdrrtlgmeelkeriiikgdlkikkikiqg
dlflrliaenlfgkvflcysaklplsdfyltgeermekenmaalgnvreegdkspniikdnfiwskm
ipykkggiienavklkdigklnvlslddkvqgtllsyddakpwskialenefsigensyevirreklf
keiggfeseilfrsgwdginhpaglednrnpkfkmyivngilrksaglysqgediwfeynadfnn
ldadvletkselvglaflvtairnkfahnglpakefyfyirakygfadepsvalvylnftkyainefk
kvmi

mf fsfhnagrvifkhlykafdaslrmykedykahftvnitrdfahlnrkgknkgdnpdfnryrfe
kdgfftesgllfftnlfldkrdaywmlkkvsgfkashkgrekmttevicrsrillpklrlesrydhng
mlldmlselsrcpkllyeklseenkkhfgveadgfldeieeeqnpfkdtlirhgdrfpyfalryldln
esflesirfqgvdlgtyhyciydkkigdegekrhltrtllsfgrlgdfteinrpgewkaltkdldyketsn
gpfiskttphyhitdnkigfrlgtskelypsleikdganriakypynsgfvahafisvhellplmfyq
hltgksedllketvrhigriykdfeeerintiedlekanggrlplgafpkgmlgllgnkgpdlsekak
ikiekliaetkllshrintklksspklgkrrekliktgvladwlvkdfmrfgpvaydagngpiksska
nstefwfirralalyggeknrlegyfkgtnligntnphpflnkfnwkacrnlvdfyqqgylegrekfl
eaikngpwepyqgyclllkipkenrknlvkgweqggislprglfteairetlsedlmlskpirkeikk
hgrvgfisraitlyfkekygdkhgsfynlsykleakapllkreehyeywggnkpgsptesgrlelht
sdrwkdyllykrwghlekklrlyrngdvmlwlmtleltknhfkelnlnyhglklenlavnvgea
daklnpingtlpmvlpvkvypatafgevgyhktpirtvyireehtkalkmgnflcalvkdrringlf
sfikeendtgkhpisglrlrreleiygslrydaflcetlsleekllnkhtslsslenefralleewkkeyaa
ssmvtdehiafiasvrnafchngypfykealhapiplftvagptteekdglgiaeallkvlreyceiv
ksqgi

mtegnekpyngtyytledkhfwaaffnlarhnayitlahidrqglayskaditndedilfflcggwkn
ldndlerkarlrslilkhfsflegaaygkklfesgssgnksskkkeltkkekeelganalsldnlksilf
dflgklkdfrnyyshyrhpesselplfdgnmlgrlynvidvsvqgrvkrdhehndkvdphrhfnhl
vrkgkkdkygnndnpfflchhfvdreekvteagllffvslflekrdaiwmgkkirgfkggteayqg
agntnevfcrsrislpklkleslrtddwnilldmlnelvrcpkllydrlreedrarfrvpvdilsdeddt
dgteedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykknigegpedrhltrnlyg
fgrigdfaeehrpeewkrlvrdldyfetgdkpyitgttphyhiekgkiglrfvpegqllwpspevyg
atrtgrskyagdkrftaeaflsvhelmpmmfyyfllrekyseeasaekvggrikrviedvyavyd
afardeintrdeldacladkgirrghlprgmiailsgehkdmeekvrkklgemiadtdhrldmldr
gtdrkirigrknaglpksgviadwlvrdmmrfgpvakdt sgkpinnskansteyrmlgralalfg
gekerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylkarkaflgsigrsdreenhrflllk
epktdrgtivagwksefhlprgifteavrdcliemgydevgsykevgfmakavplyferackdry
gpfydypfnvgnslkpkkgrflskekraeewesgkerfrdleawshsaarriedafvgieyaswe
nkkkiegllgdlslwet fesklkvkadkiniaklkkeileakehpyhdfkswgkferelrlvkngd
iitwmmerdlmeenkvegldtgtlylkdirtdvgeqggslnylnhvkpmflpvvvyradsrghv
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TABLE 6-continued

Porphyromonas
gingivalis

Flavobacterium
columnare

Porphyromonas
gingivalis

Porphyromonas
gingivalis

WP

058019250
(SEQ ID

NO:

WP

112)

060381855
(SEQ ID

NO:

WP

113)

061156470
(SEQ ID

NO:

WP

114)

061156637
(SEQ ID

NO:

115)

hkeeaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgalameqgypisklrveyelakyqgta
rvcafeqgtleleeslltryphlpdesfremleswsdplldkwpdlgrevrlliavrnafshngypmy
detifssirkydpssldaieermglniahrlseevklakemveriiga

mtegnekpyngtyytlkdkhfwaaffnlarhnayitlthidrglayskaditndedilffkggwkn
ldndlerkarlrslilkhfsflegaaygkklfesgssgnksskkkeltkkekeelganalsldnlksilf
df lgklkdfrnyyshyrhpesselpmfdgnmlgrlynvidvsvqgrvkrdhehndkvdphrhfn
hlvrkgkkdregnndnpfflchhfvdregkvteagllffvslflekrdaiwmgkkirgfleggtetyq
agntnevfcrsrislpklkleslrtddwnilldmlnelvrcpkslydrlreedracfrvpvdilsdeddt
dgaeedpflentivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykknigegpedrhltrnlyg
fgrigdfaeehrpeewkrlyrdldcfetgdkpyitgttphyhiekgkiglrfvpegghlwpspevyg
atrtgrskyagdkrftaeaflsvhelmpmmfyyfllrekyseevsaervqgrikrviedvyavyda
fardeintrdeldacladkgirrghlprgmiail sgkhkdmeekvrkklgemiadtdhrldmldrqg
tdrkirigrknaglpksgviadwlvrdmmrfgpvakdtsgkpinnskansteyrmlgralalfgg
ekerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylkarkaflgsigrsdrvenhrflllke
pktdrgtivagwkgefhlprgifteavrdcliemgldevgsykevgfmakavplyferackdryq
pfydypfnvgnslkpkkgrflskekraeewesgkerfrdleawshsaarriedafagienasrenk
kkiegllgdlslwetfesklkvkadkiniaklkkeileakehpyldflcswgkferelrlykngdiit
wmmerdlmeenkvegldtgtlylkdirtdvgeggslnylnhvkpmrlpvvvyradsrghvhk
egaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgalameqgypisklrveyelakygtary
cafegtleleeslltryphlpdenfrkmleswsdplldkwpdlhrkvrlliavrnafshngypmyd
eavissirkydpsspdaieermglniahrlseevkgakemaeriiga

mssknesynkgkt fnhykgedkyffggfinnaddnlrgvgkefktrinfnhnnnelasvfkdyf
nkeksvakrehalnllsnyfpvlerigkhtnhnfeqtreifellldtikklrdyythhyhkpitinpkv
ydflddtlldvlitikkkkvkndtsrellkekfrpeltglkngkreelikkgkklleenlenavinhclr
pfleenktddkgnktvslrkyrkskpneetsitltgsglvilisifihrkefgvftsglegfkakvntik
eeeislnknnivymithwsysyynfkglkhriktdggvstlegnntthsltntntkealltgivdyls
kvpneiyetlsekqgkefeedineymrenpenedstfssivshkvirkryenkfnyfamrfldey
aelptlrfmvnfgdyikdrgkkilesigfdseriikkeihlfeklglvteykknvylketsnidlsrfpl
fpspsyvmannnipfyidsrsnnldeylngkkkagsgnrkrnitfekynkegskdaiiamlgkei
gykdlggrstigllscnelpsmlyevivkdikgaelenkiagkireqyqgsirdffldspgkdnipttlt
ktistdtsvtfengpidiprlknalgkeltitgeklinvkgheievdnynrnkntykfkngpkdkvd
dnklgrkyvfyrneiggeanwlasdlihfmknkslwkgymhnelgsflaffedkkndcialletv
fnlkedciltkdlknlflkhgnfidfykeylklkedflntestflengfiglppkilkkelskrinyifiv
fgkrgfiikeleekknnlyadainlsrgifdekptmipflckpnpdefaswfvasygynnyqsfyel
tpdkiendkkkkyknlrainkvkigdyylklmvdtlygqdlfngpldkslsdfyvsktdrekikad
akaygkrndsflwnkvihlslgnnritanpklkdigkykralgdekiatlltyddrtwtyalgkpek
enendykelhytalnmelgeyekvrskkllkgvgelekgildkfydfsnnathpedleiedkkgk
rhpnfklyitkallkneseiinlenidieilikyydynteklkekiknmdedekakivntkenynkit
nvlikkalvliiirnkmahngyppkfiydlatrfvpkkeeeyfacyfnrvfetittelwenkkkake

iv

mtegnerpyngtyytledkhfwaaffnlarhnayitlthidrglayskaditndedilffkggwknl
dndlerkarlrslilkhfsflegaaygkklfenkssgnksskkkeltkkekeelganalsldnlksilf
dflgklkdfrnyyshyrhpesselplfdgnmlgrlynvidvsvqgrvkrdhehndkvdphrhfnhl
vrkgkkdregnndnpffichhfvdregkvteagliffvslflekrdaiwmgkkirgflcggteayqq
mtnevfcrsrislpklkleslrtddwmildmlnelvrecpkslydrlreedrarfrvpvdilsdeddtd
gteedpfkntivrhgdrfpyfalryfdlkkvitslrfhidlgtyhfaiykknigegpedrhltrnlygf
grigdfaeehrpeewkrivrdldyfetgdkpyitgttphyhiekgkiglrfvpegghlwpspevga
trtgrskyaqdkrltaecaflsvhelmpmmfyyfilrekyseevsaekvggrikrviedvyavydaf
argeidtldrldacladkgirrghlprqmiailsgehkdmeekvrkklgemiadtdhrldmldrgt
drkirigrknaglpksgviadwlvrdmmrfgpvakdtsgkpinnskansteyrmlgralalfgge
kerltpyfrgmnitggnnphpflhetrweshtnilsfyrsylkarkafigsigrsdreenhrifilkep
ktdrgtivagwksefhlprgifteavrdcliemgydevgsykevgfmakavplyferackdrvq
pfydypfnvgnslkpkkgrflskekraeewesgkerfrlaklkkeileakehpyldfkswgkfer
elrlykngdiitwmmerdlmeenkvegldtgtlylkdirtevgeqggslnvinrvkpmrlpvvvyr
adsrghvhkegaplatvyieerdtkllkggnfksfvkdrringlfsfvdtgglameqypisklrvey
elakygtarvcafegtleleeslltrcphlpdknfrkmleswsdplldkwpdlgrevwlliavrnaf
shngypmydeavissirkydpsspdaieermglniahrlseevkgakemaeriiga

mntvpasenkggsrtveddpgyfglylnlarenlieveshvrikfgkkklneeslkgslicdhilsv
drwtkvyghsrrylpflhyfdpdsgiekdhdsktgvdpdsagrlirelyslldfirndfshnridgttf
ehlevspdissfitgtyslacgragsrfadffkpddfvlaknrkeglisvadgkecltvsglafficlfl
dregasgmlsrirgfkrtdenwaravhetfcdlcirhphdrlessntkeallidmlnelnrcprilyd
mlpeeeragflpaldensmnnlsenslneesrliwdgssdwaealtkrirhgdrfpylmlrfieem
dllkgirfrvdlgeieldsyskkvgrngeydrtitdhalafgklsdfgneeevsrmisgeasypvris
lfapryaiydnkigychtsdpvypksktgekralsnpgsmgfisvhdlrklllmellcegsfsrmg
sgflrkanrildetaegklgfsalfpemrhrfippgnpkskdrrekaettlekykgeikgrkdklnsg
llsafdmngrglpsrlldewmnirpashsvklrtyvkglnederlrlrkfrkdgdgkaraiplvge
matflsgdivrmiiseetkklitsayynemgrslagyageenrrgfraivaelhlldpssghpflsat
metahrytedfykcylekkrewlaktfyrpegdentkrrisvffvpdgearkllpllirrrmkegnd
lgdwirnkgahpidlpshlfdskimellkvkdgkkkwneafkdwwstkypdgmgpfyglrre
Inihgksysyipsdgkkfadcythlmektvgdkkrelrtagkpvppdlaadikrsfhravneref
mlrlvgeddrlmlmainkmmtdreedilpglknidsildkengfslavhakvlekegeggdnsl
slvpatieikskrkdwskyiryrydrrvpglmshfpehkatldevktllgeydrcrikifdwafale
gaimsdrdlkpylhesssregksgehstivkmlvekkgcltpdesqgylilirnkaahngfpcaae
mpliyrdvsakvgsiegssakdlpegsslvdslwkkyemiirkilpildpenrffgkllnnmsgpi
ndl



95

US 12,415,000 B2
96

TABLE 6-continued

Riemerella
anatipestifer

Flavobacterium
columnare

Riemerella
anatipestifer

Sinomicrobium
oceani

Reichen-
bachiella
agariperforans

WP

061710138
(SEQ ID

NO:

WP

116)

063744070
(SEQ ID

NO:

WP

117)

064970887
(SEQ ID

NO:

WP

072319476.1

118)

(SEQ ID

NO:

WP

073124441.1

119)

(SEQ ID

NO:

120)

mf fsfhnagrvifkhlykafdaslrmvkedykahftvnitrdfahlnrkgknkgdnpdfnryrfe
kdgfftesgllfftnlfldkrdaywmlkkvsgfkashkgsekmttevicrsrillpklrlesrydhng
mlldmlselsrcpkllyeklsekdkkcfgveadgfldeieeeqnpfkdtlirhgdrfpyfalryldln
esfksirfgvdlgtyhyciydkkigyeqgekrhltrtllnfgrlgdfteinrpgewkaltkdldynetsn
gpfiskttphyhitdnkigifirtskelypslevkdganriakypynsdfvahafisisvhellplmf
yghltgksedllketvrhigriykdfeeerintiedlekanggrlplgafpkgmlgllgnkgpdlsek
akikiekliaetkllshrintklksspklgkrrekliktgvladwlvkdfmrfqgpvvydagqngpikss
kanstesrlirralalyggeknrlegyfkgtnligntnphpflnkfnwkacrnlvdfygqylegekf
leaikhgpwepygyclllkvpkenrknlvkgweqggislprglfteairetlskdltlskpirkeikk
hgrvgfisraitlyfkekyqdkhgsfynlsykleakapllkkeehyeywggnkpgsptesgrlelh
tsdrwkdyllykrwghlekklrlyrngdimlwlmtleltknhfkelnlnyhglklenlavnvgea
daklnpingtlpmvlpvkvypttafgevgyhetpirtvyireegtkalkmgnfkalvkdrhlnglf
sfikeendtgkhpisglrlrreleiygslrydafketlsleekllnkhaslsslenefrtlleewkkkyaa
ssmvtdkhiafiasvrnafchngypfyketlhapillftvagptteekdglgiaeallrylreyceivk
sgi

mssknesynkgkt fnhykgedkyffggflnnaddnlrgvgkefktrinfnhnnnelasvfkdyf
nkeksvakrehalnllsnyfpvlerigkhtnhnfeqtreifellldtikklrdyythhyhkpitinpki
ydflddtlldvlitikkkkvkndtsrellkeklrpeltglkngkreelikkgkklleenlenavinhclr
pfleenktddkgnktvslrkyrkskpneetsitltgsglvEilmsifihrkefgvitsglegfkakvnti
keekislnknnivymithwsysyynfkglkhriktdgqgvstlegnntthsltntntkealltgivdyl
skvpneiyetlsekggkefeedineymrenpenedstfssivshkvirkryenkfnyfamrflde
vaelptlrfmvnfgdyikdrgkkilesigfdseriikkeihlfeklglvteykknvylketsnidlsrf
plfpspsyvmannnipfyidsrsnnldeylngkkkagsgnrkrnitfekynkegskdaiiamlgk
eigvkdlggrstigllscnelpsmlyevivkdikgaelenkiagkireqgygsirdftlnspgkdnipt
tliktistdtsvtfengpidiprlknaigkelaltgekllnvkgheievnnynrnkntykfkngpkdk
vddnklgrkyviyrneiggeanwlasdlihfmknkslwkgymhnelgsflaffedkkndciall
etvinlkedciltkdlknlflkhgnfidfykeylklkedflntestflengfiglppkilkkelskrinyi
fivfgkrgfiikeleekknnlyadainlsrgifdekptmipfkkpnpdefaswfvasyqynnygsf
yveltpdkiendkkkkyknlrainkvkiqgdyylklmvdtlygdlfngpldkslsdfyvsktdrekik
adakaygkrndsflwnkvihlslgnnritanpklkdigkykralgdekiatlltyddrtwtyalgkp
ekenendykelhytalnmelgeyekvrskkllkgvgelekgildkfydfsnnathpedleiedkk
gkrhpnfklyitkallkneseiinlenidieilikyydynteklkekiknmdedekakivntkenyn
kitnvlikkalvliiirnkmahngyppkfiydlatrfvpkkeeeyfacyfnrvfetittelwenkkka
keiv

mekplppnvytlkhkffwgaflniarhnafitichineglglttppnddkiadvvegtwnnilnnd
hdllkksgltelilkhfpflaamcyhppkkegkkkgsgkeqggkekeneagsqaealnpselikvl
ktivkglrtlrnyyshhshkkpdaekdifkhlykafdaslrmvkedykahftvnitgdfahlnrkg
knkgdnpdfdryrfekdgfftesgllfftnlfldkrdaywmlkkvsgfkashkgsekmttevicrs
rillpklrlesrydhngmlldmlselsrypkllyeklseedkkrfgveadgfldeieeegnpfkdtlir
hgdrfpyfalryldlnesfksirfgvdlgtyhyciydkkigdegekrhltrtllsfgrlgdfteinrpge
wkaltkdldyketskgpfiskttphyhitdnkigifigtskelypslevkdganriaqgypynsdfva
hafisvhellplmfyghltgksedllketvrhigriykdfeeerintiedlekanggrlplgafpkgm
lgllgnkgpdlsekakikiekliaetkllshrintklksspklgkrrekliktgvladwlvkdfmrfqgp
vaydagngpiesskanstefqgligralalyggeknrlegyfkgtnligntnphpflnkfnwkacrnl
vdfyggylecrekfleaikngpwepygyclllkipkenrknlvkgweqggislprglfteairetls
kdltlskpirkeikkhgrvgfisraitlyfrekyqgddhgsfydlpykleakasplpkkehyeywaq
nkpgsptelgrlelhtsdrwkdyllykrwghlekklrlyrngdvmlwlmtleltknhfkelnlnyh
glklenlavnvgeadaklnpingtlpmvlpvkvypatafgevgygetpirtvyireeqtkalkmg
nfkalvkdrringlfsfikeendtgkhpisglrlrreleiygslrvdafketlnleekllkkhtslssven
kfrilleewkkeyaassmvtdehiafiasvrnafchngypfyeealhapiplftvaqqtteekdglyg
iaeallrvlreyceivksgi

mestttlglhlkyghdlfedkhyfgggvnlavgniesifgafaerygignplrkngvpainnifhd
nisisnykeylkflkqgylpvvgfleksneinifefredfeilinaiyklrhfythyyhspikledrfytc
Inelfvavaiqgvkkhkmksdktrgllnknlhgllggliegkreklkdkkaegekvsldtksienav
Indafvhlldkdenirinyssrlsediitkngitlsisgllfllslflgrkeaedlrsriegfkgkgnelrf
mathwvfsylnykrikhrintdfgketlligiadelskvpdevyktldhenrskfledineyiregn
edaslnestvvhgvirkryenkfhylvlryldefvdfpslrfgvhlgnyihdrrdkvidgtnfitnrvi
kepikvfgklshvsklksdymeslsrehkngwdvfpnpsynfvghnipifinlrsasskgkelyr
dlmkiksekkkksreegipmerrdgkptkieisngidrnikdnnflediypgeplamlslnelpall
fellrrpsitpgdiedrmveklyerfgiirdykpgdglstskiskklrkadnstrldgkkllraigtetrn
areklhtleenkalgknrkrrtvyttreqgreaswlagdlkrfmpiasrkewrgyhhsglggilafy
dgnpkgplellegfwdlkedtyvwnswihkslsghngfvpmyegylkgrlgyykklesdiigfl
eehkvlkryytgghlnvifrerlyfiktetkgklellarplviprgifddkptfvgdkkvvdhpelfa
dwyvysykddhsfgefyhykrdyneifetelswdidfkdnkrglnpseqmdl frmkwdlkik
kikigdiflkivaediylkifghkiplslsdfyisrgerltldegavagsmrlpgdtsengikesnlwg
ttvpyekeqirepkiklkdigkfkyflgggkvinllkydpghvwtkaeleeelyigkhsyevvrre
mllgkchglekhileqfrfdgsnhpreleggnhpnfkmyivngiltkrgeleieaenwwlelgns
knsldkvevelltmktipegkafllilirnkfahnglpadnyfhyasnlmnlkksdtyslfwftvad
tivgefmsl

mktnpliassgekpnykkfntesdksfkkifgnkgsiapiaekacknfeikskspvnrdgrlhyfs
vghafknidsknyfryeldesgmdmkptgflalgkeffdfggalngllkhirnvnshyvhtfekl
eigsingklitflieafelavihsylneeelsyeaykddpgsggklvgflcedkfypnkeheveerkti
laknkrgalehllfievtsdidwklfekhkvftisngkylsfhaclfllslflykseangliskikgfkr
nddngyrskrqgiftffskkftsqdvnseeghlvkfrdviqylnhypsawnkhlelksgypgmtdk
Imryiveaeiyrsfpdgtdnhrfllfaireffggscldtwtgntpinfsngegkgfsyeintsaeikdi
etklkalvlkgpinfkekkegnflekdkrekkegptnrvkeklltrighnmlyvsygrngdrfmd
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TABLE 6-continued

faarflaetdyfgkdakfkmygfytsdeqrdhlkegkkelpkkefeklkyhgsklvdyftyaeqq
arypdwdtpfvvennaiqgikvtlfngakkivsvgrnlmlylledalysekrenagkglisgyfvhh
gkelkdgldileketeisregkrefkkllpkrilhryspagindttewnpmevileeakageqrygll
lekailhgteedfikrnkgkgfklrfvrkawhlmylkelymnkvaehghhksfhitkeefndfcr
wmfafdevpkykeyledyfsgkgffnnaeflcdliesstslndlyektkgrfegwskdltkgsden
kyllanyesmlkddmlyvnishfisyleskgkinrnahghiaykalnnvphlieeyyykdrlape
eykshgklynklktvkledallyemamhylslepalvpkvktkvkdilssniafdikdaaghhly
hllipfhkidsfvalinhgsqggekdpdktsflakigpylekvknskdlkavyhyykdtphtlryedl
nmihshivsgsvgftkvalkleeyfiakksitlgiarqgisyseiadlsnyftdevrntafhfdvpetay
smilggiesefldreikpgkpkslselstggvsvectafletlhnnlfdrkddkkerlskareryfeqin

The following Cas13c orthologues were codon optimized
for expression in mammalian cells.

TABLE 7
Fusobacterium (SEQ MEKFRRQNRNSIIKIIISNYDTKGIKELKVRYRKQAQLDTFIIKTEIVNN
necrophorum ID NO: DIFIKSIIEKAREKYRYSFLFDGEEKYHFKNKSSVEIVKKDIFSQTPDNM
subsp. 121) IRNYKITLKISEKNPRVVEAEIEDLMNSTILKDGRRSARREKSMTERKL
funduliforme IEEKVAKNYSLLANCPMEEVDSIKIYKIKRFLTYRSNMLLYFASINSFL
ATCC 51357 CEGIKGKDNETEEIWHLKDNDVRKEKVRENFKNKLIQSTENYNSSLK
contig00003 NQIEEKEKLLRKEFKKGAFYRTIIKKLQQERIKELSEKSLTEDCEKIIKL

YSKLRHSLMHYDYQYFENLFENKKNDDLMKDLNLDLFKSLPLIRKM
KLNNKVNYLEDGDTLEFVLQKTKKAKTLYQIYDALCEQKNGFNKFIND
FFVSDGEENTVFKQI INEKFQSEMEFLEKRISESEKKNEKLKKKLDSMK
AHFRNINSEDTKEAYFWDIHSSRNYKTKYNERKNLVNEYTELLGSSK
EKKLLREEITKINRQLLKLKQEMEEI TKKNSLFRLEYKMKIAFGFLFCE
FDGNISKFKDEFDASNQEKIIQYHKNGEKYLTSFLKEEEKEKFNLEKM
QKIIQKTEEEDWLLPETKNNLFKFYLLTYLLLPYELKGDFLGFVKKHY
YDIKNVDFIDENQNNIQVSQTVEKQEDYFYHKIRLFEKNTKKYEIVKY
SIVPNEKLKQYFEDLGIDIKYLTVEQKSEVSEEKNKKVSLKNNGMFNK
TILLFVFKYYQIAFKLFNDIELYSLFFLREKSGKPLEIFRKELESKMKDG
YLNFGQLLYVVYEVLVKNKDLDKILSKKIDYRKDKSFSPEIAYLRNFL
SHLNYSKFLDNFMKINTNKSDENKEVLIPSIKIQKMIQF IEKCNLQNQI
DFDFNFVNDFYMRKEKMFFIQLKQIFPDINSTEKQKMNEKEEILRNRY
HLTDKKNEQIKDEHEAQSQLYEKILSLQKIYSSDKNNFYGRLKEEKLL
FLEKQGKKKLSMEEIKDKIAGDISDLLGILKKEITRDIKDKLTEKFRYC
EEKLLNLSFYNHQDKKKEESIRVFLIRDKNSDNFKFESILDDGSNKIFIS
KNGKEITIQCCDKVLETLIIEKNTLKISSNGKIISLIPHYSYSIDVKY

Fusobacterium (SEQ MEKFRRQNRSSIIKIIISNYDTKGIKELKVRYRKQAQLDTFIIKTEIVNN
necrophorum ID NO: DIFIKSIIEKAREKYRYSFLFDGEEKYHFKNKSSVEIVKKDIFSQTPDNM
DJ-2 122) IRNYKITLKISEKNPRVVEAEIEDLMNSTILKDGRRSARREKSMTERKL
contig0065, IEEKVAENYSLLANCPMEEVDSIKIYKIKRFLTYRSNMLLYFASINSFL
whole genome CEGIKGKDNETEEIWHLKDNDVRKEKVKENFKNKLIQSTENYNSSLK

shotgun NQIEEKEKLLRKESKKGAFYRTIIKKLQQERIKELSEKSLTEDCEKIIKL
sequence YSELRHPLMHYDYQYFENLFENKENSELTKNLNLDIFKSLPLVRKMK

LNNKVNYLEDNDTLFVLQKTKKAKTLYQIYDALCEQKNGFNKFINDF
FVSDGEENTVFKQIINEKFQSEIEFLEKRISESEKKNEKLKKKLDSMKA
HFRNINSEDTKEAYFWDIHSSRNYKTKYNERKNLVNEYTELLGSSKE
KKLLREEITKINRQLLKLKQEMEEITKKNSLFRLEYKMKMAFGFLFCE
FDGNISRFKDEFDASNQEKIIQYHKNGEKYLTYFLKEEEKEKFNLKKL
QETIQKTGEENWLLPONKNNLFKFYLLTYLLLPYELKGDFLGFVKKH
YYDIKNVDFMDENQSSKITESKEDDFYHKIRLFEKNTKKYEIVKYSIVP
DKKLKQYFKDLGIDTKYLILDQKSEVSGEKNKKVSLKNNGMFNKTIL
LEVFKYYQIAFKLFNDIELYSLFFLREKSGKPFEVFLKELKDKMIGKQL
NFGQLLYVVYEVLVKNKDLSEILSERIDYRKDMCFSAEIADLRNFLSH
LNYSKFLDNFMKINTNKSDENKEVLIPSIKIQKMIKFIEECNLQSQIDFD
FNFVNDFYMRKEKMFFIQLKQIFPDINSTEKQKMNEKEEILRNRYHLT
DKKNEQIKDEHEAQSQLYEKILSLQKIYSSDKNNFYGRLKEEKLLFLE
KQEKKKLSMEEIKDKIAGDISDLLGILKKEITRDIKDKLTEKFRYCEEK
LLNLSFYNHQDKKKEESIRVFLIRDKNSDNFKFESILDDGSNKIFISKNG
KEITIQCCDKVLETLITIEKNTLKISSNGKIISLIPHYSYSIDVKY

Fusobacterium (SEQ MKVRYRKQAQLDTFIIKTEIVNNDIFIKSIIEKAREKYRYSFLFDGEEKY
necrophorum ID NO: HFKNKSSVEIVKNDIFSQTPDNMIRNYKITLKISEKNPRVVEAEIEDLM
BFTR-1 123) NSTILKDGRRSARREKSMTERKLIEEKVAENYSLLANCPIEEVDSIKIY
contig0068 KIKRFLTYRSNMLLYFASINSFLCEGIKGKDNETEEIWHLKDNDVRKE

KVKENFKNKLIQSTENYNSSLKNQIEEKEKLSSKEFKKGAFYRTIIKKL
QQERIKELSEKSLTEDCEKIIKLYSELRHPLMHYDYQYFENLFENKENS
ELTKNLNLDIFKSLPLVRKMKLNNKVNYLEDNDTLFVLQKTKKAKTL

YQIYDALCEQKNGFNKFINDFFVSDGEENTVFKQIINEKFQSEMEFLEK
RISESEKKNEKLKKKLDSMKAHFRNINSEDTKEAYFWDIHSSRNYKTK
YNERKNLVNEY TKLLGSSKEKKLLREEI TKINRQLLKLKQEMEEI TKK
NSLFRLEYKMKIAFGFLFCEFDGNISKFKDEFDASNQEKIIQYHKNGEK
YLTSFLKEEEKEKFNLEKMOQKIIQKTEEEDWLLPETKNNLFKFYLLTY
LLLPYELKGDFLGFVKKHYYDIKNVDFMDENQNNIQVSQTVEKQEDY
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TABLE 7-continued

Fusobacterium
necrophorum
subsp.
funduliforme
1 1 36S
contl.14

Fusobacterium
perfoetens
ATCC 29250
T364DRAFT
scaffold00009.9
o

Fusobacterium
ulcerans ATCC
49185 cont2.38

Anaerosalibacter
sp. ND1 genome
assembly
Anaerosalibacter
massiliensis

ND1

(SEQ
ID NO:
124)

(SEQ
ID NO:
125)

(SEQ
ID NO:
126)

(SEQ
ID NO:
127)

FYHKIRLFEKNTKKYEIVKYSIVPNEKLKQYFEDLGIDIKYLTGSVESG
EKWLGENLGIDIKYLTVEQKSEVSEEKNKKVSLKNNGMFNKTILLEVF
KYYQIAFKLFNDIELYSLFFLREKSEKPFEVFLEELKDKMIGKQLNFGQ
LLYVVYEVLVKNKDLDKILSKKIDYRKDKSFSPEIAYLRNFLSHLNYS
KFLDNFMKINTNKSDENKEVLIPSIKIQKMIQFIEKCNLONQIDFDFNEFV
NDFYMRKEKMFFIQLKQIFPDINSTEKQKKSEKEEILRKRYHLINKKNE
QIKDEHEAQSQLYEKILSLQKIFSCDKNNFYRRLKEEKLLFLEKQGKK
KISMKEIKDKIASDISDLLGILKKEITRDIKDKLTEKFRYCEEKLLNISFY
NHODKKKEEGIRVFLIRDKNSDNFKFESILDDGSNKIFISKNGKEITIQC
CDKVLETLMIEKNTLKISSNGKIISLIPHYSYSIDVKY

MTEKKSIIFKNKSSVEIVKKDIFSQTPDNMIRNYKITLKISEKNPRVVEA
EIEDLMNSTILKDGRRSARREKSMTERKLIEEKVAENYSLLANCPMEE
VDSIKIYKIKRFLTYRSNMLLYFASINSFLCEGIKGKDNETEEIWHLKD
NDVRKEKVKENFKNKLIQSTENYNSSLKNQIEEKEKLLRKESKKGAF
YRTIIKKLQQERIKELSEKSLTEDCEKIIKLYSELRHPLMHYDYQYFEN
LFENKENSELTKNLNLDIFKSLPLVRKMKLNNKVNYLEDNDTLFVLQ
KTKKAKTLYQIYDALCEQKNGFNKFINDFFVSDGEENTVFKQI INEKF
QSEMEFLEKRISESEKKNEKLKKKFDSMKAHFHNINSEDTKEAYFWDI
HSSSNYKTKYNERKNLVNEYTELLGSSKEKKLLREEITQINRKLLKLK
QEMEEITKKNSLFRLEYKMKIAFGFLFCEFDGNISKFKDEFDASNQEKI
IQYHKNGEKYLTYFLKEEEKEKFNLEKMOQKIIQKTEEEDWLLPETKNN
LFKFYLLTYLLLPYELKGDFLGFVKKHYYDIKNVDFMDENQNNIQVS
QTVEKQEDYFYHKIRLFEKNTKKYEIVKYSIVPNEKLKQYFEDLGIDIK
YLTGSVESGEKWLGENLGIDIKYLTVEQKSEVSEEKIKKFL

MGKPNRSSIIKIIISNYDNKGIKEVKVRYNKQAQLDTFLIKSELKDGKFI
LYSIVDKAREKYRYSFEIDKTNINKNEILIIKKDIYSNKEDKVIRKYILSF
EVSEKNDRTIVTKIKDCLETQKKEKFERENTRRLISETERKLLSEETQK
TYSKIACCSPEDIDSVKIYKIKRYLAYRSNMLLFFSLINDIFVKGVVKD
NGEEVGEIWRIIDSKEIDEKKTYDLLVENFKKRMSQEFINYKQSIENKI
EKNTNKIKEIEQKLKKEKYKKEINRLKKQLIELNRENDLLEKDKIELSD
EEIREDIEKILKIYSDLRHKLMHYNYQYFENLFENKKISKEKNEDVNLT
ELLDLNLFRYLPLVRQLKLENKTNYLEKEDKITVLGVSDSAIKYYSYY
NFLCEQKNGFNNFINSFFSNDGEENKSFKEKINLSLEKEIEIMEKETNE
KIKEINKNELQLMKEQKELGTAYVLDIHSLNDYKISHNERNKNVKLQ
NDIMNGNRDKNALDKINKKLVELKIKMDKI TKRNSILRLKYKLQVAY
GFLMEEYKGNIKKFKDEFDISKEKIKSYKSKGEKYLEVKSEKKYITKIL
NSIEDIHNITWLKNQEENNLFKFYVLTYILLPFEFRGDFLGFVKKHYYD
IKNVEFLDENNDRLTPEQLEKMKNDSFFNKIRLFEKNSKKYDILKESIL
TSERIGKYFSLLNTGAKYFEYGGEENRGIFNKNIIIPIFKYYQIVLKLYN
DVELAMLLTLSESDEKDINKIKELVTLKEKVSPKKIDYEKKYKFSVLL
DCFNRIINLGKKDFLASEEVKEVAKTFTNLAYLRNKICHLNYSKFIDDL
LTIDTNKSTTDSEGKLLINDRIRKLIKFIRENNQKMNISIDYNYINDYYM
KKEKFIFGQRKQAKTIIDSGKKANKRNKAEELLKMYRVKKENINLIYE
LSKKLNELTKSELFLLDKKLLKDIDFTDVKIKNKSFFELKNDVKEVANI
KOALQKHSSELIGIYKKEVIMAIKRSIVSKLIYDEEKVLSIIIYDKTNKK
YEDFLLEIRRERDINKFQFLIDEKKEKLGYEKIIETKEKKKVVVKIQNN
SELVSEPRIIKNKDKKKAKTPEEI SKLGILDLTNHYCFNLKITL

MENKGNNKKIDFDENYNILVAQIKEYFTKEIENYNNRIDNIIDKKELLK
YSEKKEESEKNKKLEELNKLKSQKLKILTDEEIKADVIKIIKIFSDLRHS
LMHYEYKYFENLFENKKNEELAELLNLNLFKNLTLLRQMKIENKTNY
LEGREEFNIIGKNIKAKEVLGHYNLLAEQKNGFNNFINSFFVQDGTEN
LEFKKLIDEHFVNAKKRLERNIKKSKKLEKELEKMEQHYQRLNCAYV
WDIHTSTTYKKLYNKRKSLIEEYNKQINEIKDKEVITAINVELLRIKKE
MEEITKSNSLFRLKYKMQIAYAFLEIEFGGNIAKFKDEFDCSKMEEVQ
KYLKKGVKYLKYYKDKEAQKNYEFPFEEIFENKDTHNEEWLENTSEN
NLFKFYILTYLLLPMEFKGDFLGVVKKHYYDIKNVDFTDESEKELSQV
QLDKMIGDSFFHKIRLFEKNTKRYEIIKYSILTSDEIKRYFRLLELDVPY
FEYEKGTDEIGIFNKNIILTIFKYYQIIFRLYNDLEIHGLFNISSDLDKILR
DLKSYGNKNINFREFLYVIKQNNNSSTEEEYRKIWENLEAKYLRLHLL
TPEKEEIKTKTKEELEKLNEISNLRNGICHLNYKEIIEEILKTEISEKNKE
ATLNEKIRKVINFIKENELDKVELGFNFINDFFMKKEQFMFGQIKQVK
EGNSDSITTERERKEKNNKKLKETYELNCDNLSEFYETSNNLRERANS
SSLLEDSAFLKKIGLYKVKNNKVNSKVKDEEKRIENIKRKLLKDSSDI
MGMYKAEVVKKLKEKLILIFKHDEEKRIYVTVYDTSKAVPENISKEIL
VKRNNSKEEYFFEDNNKKYVTEYYTLEI TETNELKVIPAKKLEGKEFK
TEKNKENKLMLNNHYCFNVKIIY

MKSGRREKAKSNKSSIVRVIISNFDDKQVKEIKVLYTKQGGIDVIKFKS
TEKDEKGRMKFNFDCAYNRLEEEEFNSFGGKGKQSFFVTTNEDLTEL
HVTKRHKTTGEIIKDYTIQGKYTPIKQDRTKVTVSITDNKDHFDSNDL
GDKIRLSRSLTQYTNRILLDADVMKNYREIVCSDSEKVDETINIDSQEI
YKINRFLSYRSNMIIYYQMINNFLLHYDGEEDKGGNDSINLINEIWKYE
NKKNDEKEKIIERSYKSIEKSINQYILNHNTEVESGDKEKKIDISEERIK
EDLKKTFILFSRLRHYMVHYNYKFYENLYSGKNFIIYNKDKSKSRRFS
ELLDLNIFKELSKIKLVKNRAVSNYLDKKTTIHVLNKNINAIKLLDIYR
DICETKNGFNNFINNMMTISGEEDKEYKEMVTKHFNENMNKLSTYLE
NFKKHSDFKTNNKKKETYNLLKQELDEQKKLRLWENAPYVYDIHSS
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TABLE 7-continued

KKYKELYVERKKYVDIHSKLIEAGINNDNKKKLNEINVKLCELNTEM
KEMTKLNSKYRLQYKLQLAFGFILEEFNLDIDKFVSAFDKDNNLTISK
FMEKRETYLSKSLDRRDNRFKKLIKDYKFRDTEDIFCSDRENNLVKLY
ILMYILLPVEIRGDFLGFVKKNYYDLKHVDFIDKRNNDNKD TFFHDLR
LFEKNVKRLEVTSYSLSDGFLGKKSREKFGKELEKFIYKNVSIALPTNI
DIKEFNKSLVLPMMKNYQIIFKLLNDIEISALFLIAKKEGNEGSITFKKV
IDKVRKEDMNGNINFSQVMKMALNEKVNCQIRNSIAHINMKQLYIEP
LNIYINNNQNKKTISEQMEEIIDICITKGLTGKELNKNIINDYYMKKEKL
VEFNLKLRKRNNLVSIDAQQKNMKEKS ILNKYDLNYKDENLNIKEIILK
VNDLNNKQKLLKETTEGESNYKNALSKDILLLNGIIRKNINFKIKEMIL
GIIQONEYRYVNINIYDKIRKEDHNIDLKINNKYIEISCYENKSNESTDE
RINFKIKYMDLKVKNELLVPSCYEDIYIKKKIDLEIRYIENCKVVYIDIY
YKKYNINLEFDGKTLFVKFNKDVKKNNQKVNLESNYIQNIKFIVS

The protein sequences of the C2¢2 (Cas13a) species are
listed in Table 8 below.

TABLE 8

c2¢c2-5

c2¢c2-6

Lachno-
spiraceae
bacterium
MA2020
(SEQ ID
NO: 128)

Lachno-
spiraceae
bacterium
NK4A179
(SEQ ID
NO: 129)

MQISKVNHKHVAVGQKDRERI TGFIYNDPVGDEKSLEDVVAKRANDTKV
LENVENTKDLYDSQESDKSEKDKEI ISKGAKEVAKSENSAITILKKQNKIYS
TLTSQQVIKELKDKEGGARIYDDDIEEALTETLKKSFRKENVRNSIKVLIEN
AAGIRSSLSKDEEELIQEYFVKQLVEEYTKTKLQKNVVKS IKNQNMVIQPD
SDSQVLSLSESRREKQSSAVSSDTLVNCKEKDVLKAFLTDYAVLDEDERNS
LLWKLRNLVNLYFYGSESIRDYSYTKEKSVWKEHDEQKANKTLFIDEICHI
TKIGKNGKEQKVLDYEENRSRCRKOQNINYYRSALNYAKNNTSGIFENEDS
NHEWIHLIENEVERLYNGIENGEEFKFETGYISEKVWKAVINHLSIKYIALG
KAVYNYAMKELSSPGDIEPGKIDDSYINGITSFDYEIIKAEESLQRDISMNV
VFATNYLACATVDTDKDELLFSKEDIRSCTKKDGNLCKNIMQFWGGYST
WKNECEEYLKDDKDALELLYSLKSMLYSMRNSSFHESTENVDNGSWDTE
LIGKLFEEDCNRAARIEKEKEYNNNLHMFYSSSLLEKVLERLYSSHHERAS
QVPSENRVEVRKNEPSSLSEQRITPKFTDSKDEQIWQSAVYYLCKEIYYND
FLOSKEAYKLFREGVKNLDKNDINNQKAADSFKQAVVYYGKAIGNATLSQ
VCQAIMTEYNRQNNDGLKKKSAYAEKQNSNKYKHYPLELKQVLQSAFWE
YLDENKEIYGFISAQIHKSNVEIKAEDFIANYSSQQYKKLVDKVKKTPELQK
WYTLGRLINPRQANQFLGSIRNYVQFVKDIQRRAKENGNPIRNYYEVLES
DSIIKILEMCTKLNGTTSNDIHDYFRDEDEYAEYISQFVNEGDVHSGAALN
AFCNSESEGKKNGIYYDGINPIVNRNWVLCKLYGSPDLISKIISRVNENMIH
DFFIKQEDLIREYQIKGICSNKKEQQODLRTFQVLKNRVELRDIVEYSEIINEL
YGQLIKWCYLRERDLMYFQLGEHYLCLNNASSKEADYIKINVDDRNISGAI
LYQIAAMY INGLPVYYKKDDMYVALKSGKKASDELNSNEQTSKKINYFLK
YGNNILGDKKDQLYLAGLELFENVAEHENIIIERNEIDHEHYFYDRDRSML
DLYSEVEDREFTYDMKLRKNVVNMLYNILLDHNIVSSFVFETGEKKVGRG
DSEVIKPSAKIRLRANNGVSSDVETYKVGSKDELKIATLPAKNEEFLLNVA
RLIYYPDMEAVSENMVREGVVKVEKSNDKKGKISRGSNTRSSNQSKYNNK
SKNRMNYSMGSIFEKMDLKED

MKISKVREENRGAKLTVNAKTAVVSENRSQEGILYNDPSRYGKSRKNDED
RDRYIESRLKSSGKLYRIFNEDKNKRETDELQWELSEIVKKINRRNGLVLS
DMLSVDDRAFEKAFEKYAELSYTNRRNKVSGSPAFETCGVDAATAERLKG
IISETNFINRIKNNIDNKVSEDIIDRIIAKYLKKSLCRERVKRGLKKLLMNAF
DLPYSDPDIDVQRDFIDYVLEDFYHVRAKSQVSRSIKNMNMPVQPEGDGK
FAITVSKGGTESGNKRSAEKEAFKKELSDYASLDERVRDDMLRRMRRLVV
LYFYGSDDSKLSDVNEKFDVWEDHAARRVDNREF IKLPLENKLANGKTD
KDAERIRKNTVKELYRNQNIGCYRQAVKAVEEDNNGRYFDDKMLNMFFI
HRIEYGVEKIYANLKQVTEFKARTGYLSEKIWKDLINYISIKYIAMGKAVYN
YAMDELNASDKKEIELGKISEEYLSGISSFDYELIKAEEMLOQRETAVYVAFA
ARHLSSQTVELDSENSDELLLKPKGTMDKNDKNKLASNNI LNELKDKETL
RDTILQYFGGHSLWTDFPFDKYLAGGKDDVDFLTDLKDVIYSMRNDSFHY
ATENHNNGKWNKELISAMFEHETERMTVVMKDKFYSNNLPMFYKNDD
LKKLLIDLYKDNVERASQVPSENKVEVRKNEPALVRDKDNLGIELDLKAD
ADKGENELKEYNALYYMEKEIYYNAFLNDKNVRERFITKATKVADNYDR
NKERNLKDRIKSAGSDEKKKLREQLONYIAENDFGOQRIKNIVQVNPDYTL
AQICQLIMTEYNQONNGCMQKKSAARKDINKDSYQHYKMLLLVNLRKAF
LEFIKENYAFVLKPYKHDLCDKADEVPDFAKYVKPYAGLISRVAGSSELQK
WYIVSRELSPAQANHMLGELHSYKQYVWDIYRRASETGTEINHSIAEDKIA
GVDITDVDAVIDLSVKLCGTISSEISDYFKDDEVYAEYISSYLDFEYDGGNYK
DSLNRECNSDAVNDQKVALYYDGEHPKLNRNIILSKLYGERRFLEKITDRV
SRSDIVEYYKLKKETSQYQTKGIFDSEDEQKNIKKFQEMKNIVEFRDLMDY
SEIADELQGQLINWIYLRERDLMNFQLGYHYACLNNDSNKQATYVTLDYQ
GKKNRKINGAILYQICAMYINGLPLYYVDKDSSEWTVSDGKESTGAKIGEF
YRYAKSFENTSDCYASGLEIFENISEHDNITELRNYIEHFRYYSSFDRSFLGI
YSEVEDREFTYDLKYRKNVPTILYNILLOHFVNVRFEFVSGKKMIGIDKKD
RKIAKEKECARITIREKNGVYSEQFTYKLKNGTVYVDARDKRYLQSIIRLLF
YPEKVNMDEMIEVKEKKKPSDNNTGKGYSKRDRQODRKEYDKYKEKKK
KEGNFLSGMGGNINWDEINAQLKN
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TABLE 8-continued

c2c2-7

c2c2-8

c2¢c2-9

[Clostridium]
aminophilum
DSM

10710

(SEQ ID

NO: 130)

Carnobacterium
gallinarum

DSM 4847

(SEQ ID

NO: 131)

Carnobacterium
gallinarum

DSM 4847

(SEQ ID

NO: 132)

MKESKVDHTRSAVGIQKATDSVHGMLY TDPKKQEVNDLDKREDQLNVK
AKRLYNVENQSKAEEDDDEKREGKVVKKLNRELKDLLEHREVSRYNSIGN
AKYNYYGIKSNPEEIVSNLGMVESLKGERDPQKVISKLLLYYLRKGLKPGT
DGLRMILEASCGLRKLSGDEKELKVFLQTLDEDFEKKTFKKNLIRSIENQN
MAVQPSNEGDPIIGITQGRENSQKNEEKSAIERMMSMYADLNEDHREDVL
RKLRRLNVLYFNVDTEKTEEPTLPGEVDTNPVFEVWHDHEKGKENDRQF
ATFAKILTEDRETRKKEKLAVKEALNDLKSAIRDHNIMAYRCSIKVTEQDK
DGLFFEDQRINREWIHHIESAVERILASINPEKLYKLRIGYLGEKVWKDLL
NYLSIKYIAVGKAVEHFAMEDLGKTGQDIELGKLSNSVSGGLTSFDYEQIRA
DETLQRQLSVEVAFAANNLFRAVVGQTGKKIEQSKSEENEEDELLWKAEK
IAESIKKEGEGNTLKSILQFFGGAS SWDLNHFCAAYGNESSALGYETKFAD
DLRKAIYSLRNETFHF TTLNKGSFDWNAKLIGDMFSHEAATGIAVERTRF
YSNNLPMFYRESDLKRIMDHLYNTYHPRASQVPSFNSVFVRKNFRLFLSN
TLNTNTSFDTEVYQKWESGVYYLFKEIYYNSFLPSGDAHHLFFEGLRRIRK
EADNLPIVGKEAKKRNAVQDFGRRCDELKNLSLSAICQMIMTEYNEQNNG
NRKVKSTREDKRKPDIFQHYKMLLLRTLQEAFAIYIRREEFKFIFDLPKTL
YVMKPVEEFLPNWKSGMFDSLVERVKQSPDLORWYVLCKFLNGRLLNQL
SGVIRSYIQFAGDIQRRAKANHNRLYMDNTQRVEYYSNVLEVVDFCIKGTS
REFSNVFSDYFRDEDAYADYLDNYLQFKDEKIAEVSSFAALKTFCNEEEVKA
GIYMDGENPVMQORNIVMAKLFGPDEVLKNVVPKVTREEIEEYYQLEKQIA
PYRONGYCKSEEDQKKLLRFQRIKNRVEFQTITEFSEI INELLGQLISWSFL
RERDLLYFQLGFHYLCLHNDTEKPAEYKEISREDGTVIRNAILHQVAAMY
VGGLPVYTLADKKLAAFEKGEADCKLSISKDTAGAGKKIKDFFRYSKYVLI
KDRMLTDONQKYTIYLAGLELFENTDEHDNI TDVRKYVDHFKYYATSDE
NAMSILDLYSEIHDRFFTYDMKYQKNVANMLENILLRHFVLIRPEFFTGSK
KVGEGKKITCKARAQIEIAENGMRSEDFTYKLSDGKKNISTCMIAARDQKY
LNTVARLLYYPHEAKKSIVDTREKKNNKKTNRGDGTFNKQKGTARKEKD
NGPREFNDTGFSNTPFAGFDPFRNS

MRITKVKIKLDNKLYQVTMQKEEKYGTLKLNEESRKSTAETLRLKKASEN
KSFHSKTINSQKENKNATIKKNGDYISQI FEKLVGVDTNKNIRKPKMSLTD
LKDLPKKDLALFIKRKFKNDDIVEIKNLDLISLEYNALQKVPGEHFTDESW
ADFCQEMMPYREYKNKFIERKIILLANSIEQNKGFS INPETFSKRKRVLHQ
WAIEVQERGDFS ILDEKLSKLAEI YNFKKMCKRVQDELNDLEKSMKKGKN
PEKEKEAYKKQKNFKIKTIWKDYPYKTHIGLIEKIKENEELNQFNIEIGKYF
EHYFPIKKERCTEDEPYYLNSET IATTVNYQLKNALISYLMQIGKYKQFGLE
NQVLDSKKLQEIGIYEGFQTKFMDACVFATS SLKNI IEPMRSGDILGKREFK
EAIATSSFVNYHHFFPYFPFELKGMKDRESELIPFGEQTEAKQMONIWAL
RGSVQQIRNEIFHS FDKNQKFNLPQLDKSNFEFDASENSTGKSQSYIETDY
KFLFEAEKNQLEQFFIERIKSSGALEYYPLKSLEKLFAKKEMKFSLGSQVVA
FAPSYKKLVKKGHS YQTATEGTANYLGLSYYNRYELKEESFQAQYYLLKLI
YQYVFLPNFSQGNSPAFRETVKAILRINKDEARKKMKKNKKFLRKYAFEQ
VREMEFKETPDQYMSYLQSEMREEKVRKAEKNDKGFEKNI TMNFEKLL

MQI FVKGFDVFLTTFAGKELLLS SEEKVIKETEI SLSKKINEREKTLKASIQV
EHQLVATNSAISYWLFCKLLDSRHLNELRNEMIKFKQSRIKENHTQHAEL T
QONLLPIVELTILSNDYDEKNDSQNVDVSAYFEDKSLYETAPYVQTDDRTR
VSFRPILKLEKYHTKSLIEALLKDNPQFRVAATD IQEWMHKREEIGELVEK
RKNLHTEWAEGQQTLGAEKREEYRDYCKKIDRFNWKANKV TLTYLSQL
HYLITDLLGRMVGFSALFERDLVYFSRSFSELGGETYHISDYKNLSGVLRLN
AEVKPIKIKNIKVIDNEENPYKGNEPEVKPFLDRLHAYLENVIGIKAVHGKI
RNQTAHLSVLQLELSMIESMNNLRDLMAYDRKLKNAVTKSMI KI LDKHG
MILKLKIDENHKNFEIESLIPKEIIHLKDKAIKTNQVSEEYCQLVLALLTTND
GNQLN

MRMTKVKINGSPVSMNRSKLNGHLVWNGTTNTVNILTKKEQSFAASFLN
KTLVKADQVKGYKVLAENIFIIFEQLEKSNSEKPSVYLNNIRRLKEAGLKRF
FKSKYHEEIKYTSEKNQSVPTKLNLIPLFFNAVDRIQEDKFDEKNWSYFCK
EMSPYLDYKKSYLNRKKEILANS IQOQNRGFSMPTAEEPNLLSKRKQLFQQ
WAMKFQESPLIQQONNFAVEQFNKEFANKINELAAVYNVDELCTAITEKL
MNFDKDKSNKTRNFEI KKLWKQHPHNKDKALIKLFNQEGNEALNQFNIE
LGKYFEHYFPKTGKKESAESYYLNPQTIIKTVGYQLRNAFVQYLLQVGKLH
QYNKGVLDSQTLQEIGMYEGFQTKFMDACVFASSSLRNIIQATTNEDILTR
EKFKKELEKNVELKHDLFFKTEIVEERDENPAKKIAMTPNELDLWAIRGA
VQRVRNQIFHQQINKRHEPNQLKVGSFENGDLGNVSYQKTIYQKLFDAEI
KDIEIYFAEKIKSSGALEQYSMKDLEKLFSNKELTLSLGGQVVAFAPSYKKL
YKQGYFYQNEKTIELEQFTDYDF SNDVFKANYYLIKLIYHYVFLPQFSQAN
NKLFKDTVHYVIQONKELNTTEKDKKNNKKIRKYAFEQVKLMKNESPEK
YMQYLOREMQEERTIKEAKKTNEEKPNYNFEKLLIQIFIKGFDTFLRNFDL
NLNPAEELVGTVKEKAEGLRKRKERIAKILNVDEQIKTGDEEIAFWIFAKL
LDARHLSELRNEMIKFKQSSVKKGLIKNGDLIEQMOPILELCILSNDSESME
KESFDKIEVFLEKVELAKNEPYMQEDKLTPVKFRFMKQLEKYQTRNFIEN
LVIENPEFKVSEKIVLNWHEEKEKIADLVDKRTKLHEEWASKAREIEEYN
EKIKKNKSKKLDKPAEFAKFAEYKI ICEAIENFNRLDHKVRLTYLKNLHYL
MIDLMGRMVGFSVLFERDFVYMGRSYSALKKQSIYLNDYDTFANIRDWEV
NENKHLFGTSSSDLTFQETAEFKNLKKPMENQLKALLGVTNHSFEIRNNI
AHLHVLRNDGKGEGVSLLSCMNDLRKLMSYDRKLKNAVTKAI IKILDKHG
MILKLTNNDHTKPFEIESLKPKKIIHLEKSNHSFPMDQVSQEYCDLVKKML
VFTN
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TABLE 8-continued

c2c2-
10

c2c2-
11

c2c2-
12

c2c2-

10

12

Paludibacter
propionicigenes
WB4

(SEQ ID

NO: 133)

Listeria
welhenstephan-
ensis

FSL R9-

0317 (SEQ

ID NO:

134)

Listeriaceae
bacterium
FSL Mé6-

0635 =
Listeria
newyorkensis
FSL Mé6-

0635 (SEQ

ID NO:

135)

Leptotrichia
wadel

F0279

(SEQ ID

NO: 136)

MRVSKVKVKDGGKDKMVLVHRKT TGAQLVYSGQPVSNETSNILPEKKRQ
SFDLSTLNKTIIKFDTAKKQKLNVDQYKIVEKIFKYPKQELPKQIKAEEILP
FLNHKFQEPVKYWKNGKEESFNLTLLIVEAVQAQDKRKLQPYYDWKTW
YIQTKSDLLKKSIENNRIDLTENLSKRKKALLAWETEFTASGSIDLTHYHK
VYMTDVLCKMLQDVKPLTDDKGKINTNAYHRGLKKALQNHQPAIFGTRE
VPNEANRADNQLSIYHLEVVKYLEHYFPIKTSKRRNTADD IAHYLKAQTL
KTTIEKQLVNAIRANI IQQGKTNHHELKADTTSNDLIRIKTNEAFVLNLTG
TCAFAANNIRNMVDNEQTNDILGKGDFIKSLLKDNTNSQLYSFFFGEGLST
NKAEKETQLWGIRGAVQQIRNNVNHYKKDALKTVFNISNFENPTITDPKQ
QTNYADTIYKARFINELEKIPEAFAQQLKTGGAVSYYTIENLKSLLTTFQFS
LCRSTIPFAPGFKKVFNGGINYQNAKQDESFYELMLEQYLRKENFAEESYN
ARYFMLKLIYNNLFLPGFTTDRKAFADSVGFVQMONKKQAEKVNPRKKE
AYAFEAVRPMTAADSIADYMAYVQSELMQEQNKKEEKVAEETRINFEKF
VLQVFIKGFDSFLRAKEFDFVQMPQPQLTATASNQQKADKLNQLEASITA
DCKLTPQYAKADDATHIAFYVFCKLLDAAHLSNLRNELIKFRESVNEFKF
HHLLEIIEICLLSADVVPTDYRDLYSSEADCLARLRPFIEQGADITNWSDLF
VQSDKHSPVIHANIELSVKYGTTKLLEQI INKDTQFKT TEANFTAWNTAQ
KSIEQLIKQREDHHEQWVKAKNADDKEKQERKREKSNFAQKF IEKHGDD
YLDICDYINTYNWLDNKMHFVHLNRLHGLTIELLGRMAGFVALFDRDFQ
FFDEQQIADEFKLHGFVNLHSIDKKLNEVPTKKIKEIYDIRNKI IQINGNKIN
ESVRANLIQFISSKRNYYNNAFLHVSNDEIKEKQMYDIRNHIAHFNYLTKD
AADFSLIDLINELRELLHYDRKLKNAVSKAFIDLFDKHGMILKLKLNADHK
LKVESLEPKKIYHLGSSAKDKPEYQYCTNQVMMAYCNMCRSLLEMKK

MLALLHQEVPSQKLHNLKSLNTESLTKLEKPKFQNMISYPPSKGAEHVQF
CLTDIAVPAIRDLDEIKPDWGIFFEKLKPYTDWAESYIHYKQTTIQKSIEQN
KIQSPDSPRKLVLQKYVTAFLNGEPLGLDLVAKKYKLADLAESEKVVDLNE
DKSANYKIKACLQOHQORNILDELKEDPELNQYGIEVKKYIQRYFPIKRAPN
RSKHARADFLKKELIESTVEQQFKNAVYHYVLEQGKMEAYELTDPKTKDL
QDIRSGEAFSFKFINACAFASNNLKMILNPECEKDILGKGDFKKNLPNSTT
QSDVVKKMIPFFSDEIQNVNEDEATIWAIRGSIQQIRNEVYHCKKHSWKSIL
KIKGFEFEPNNMKYTDSDMQKLMDKDIAKIPDFIEEKLKSSGIIREYSHDK
LOSIWEMKQGFSLLTTNAPFVPSFKRVYAKGHDYQTSKNRYYDLGLTTED
ILEYGEEDFRARYFLTKLVYYQQEMPWFTADNNAFRDAANFVLRLNKNR
QODAKAFINIREVEEGEMPRDYMGYVQGQIAIHEDSTEDTPNHFEKFISQV
FIKGEDSHMRSADLKFIKNPRNQGLEQSEIEEMSFDIKVEPSFLKNKDDYI
AFWTFCKMLDARHLSELRNEMIKYDGHLTGEQEI IGLALLGVDSRENDW
KQFFSSEREYEKIMKGYVGEELYQREPYRQSDGKTPILFRGVEQARKYGTE
TVIQRLFDASPEEKVSKCNITEWERQKETIEETIERRKELHNEWEKNPKK
PONNAFFKEYKECCDAIDAYNWHKNKT TLVYVNELHHLLIEILGRYVGYV
ATADRDEQCMANQYFKHSGITERVEYWGDNRLKSIKKLDTFLKKEGLEVS
EKNARNHIAHLNYLSLKSECTLLYLSERLREIFKYDRKLKNAVSKSLIDILD
RHGMSVVFANLKENKHRLVIKSLEPKKLRHLGEKKIDNGYIETNQVSEEY
CGIVKRLLEI

MKITKMRVDGRTIVMERTSKEGQLGYEGIDGNKTTEIIFDKKKESFYKSIL
NKTVRKPDEKEKNRRKQAINKAINKEI TELMLAVLHQEVPSQKLHNLKSL
NTESLTKLEKPKFQNMISYPPSKGAEHVQFCLTDIAVPAIRDLDEIKPDWG
IFFEKLKPYTDWAESYIHYKQTTIQKSIEQNKIQSPDSPRKLVLQKYVTAFL
NGEPLGLDLVAKKYKLADLAESFKLVDLNEDKSANYKIKACLQQHQRNIL
DELKEDPELNQYGIEVKKYIQRYFPIKRAPNRSKHARADFLKKELIESTVE
QOFKNAVYHYVLEQGKMEAYELTDPKTKDLQDIRSGEAFSFKFINACAFA
SNNLKMILNPECEKDILGKGNEKKNLPNSTTRSDVVKKMIPFFSDELQNV
NEDEAIWAIRGSIQQIRNEVYHCKKHSWKSILKIKGFEFEPNNMKYADSD
MQKLMDKDIAKIPEFIEEKLKSSGVVREYRHDELQS IWEMKQGFSLLTTN
APFVPSFKRVYAKGHDYQTSKNRYYNLDLTTEDILEYGEEDFRARYFLTKL
VYYQQEMPWF TADNNAFRDAANFVLRLNKNRQODAKAFINIREVEEGE
MPRDYMGYVQGQIAIHEDSIEDTPNHFEKFISQVFIKGFDRHMRSANLKFI
KNPRNQGLEQSEIEEMSFDIKVEPSFLKNKDDYIAFWIFCKMLDARHLSEL
RNEMIKYDGHLTGEQEIIGLALLGVDSRENDWKQFFSSEREYEKIMKGYV
VEELYQREPYRQSDGKTPILFRGVEQARKYGTETVIQRLFDANPEEKVSKC
NLAEWERQKETIEETIKRRKELHNEWAKNPKKPOQNNAFFKEYKECCDAI
DAYNWHKNKTTLAYVNELHHLLIEILGRYVGYVAIADRDFQCMANQYFK
HSGITERVEYWGDNRLKSIKKLDTFLKKEGLEVSEKNARNHIAHLNYLSLK
SECTLLYLSERLREIFKYDRKLKNAVSKSLIDILDRHGMSVVFANLKENKH
RLVIKSLEPKKLRHLGGKKIDGGYIETNQVSEEYCGIVKRLLEM

MKVTKVDGISHKKYIEEGKLVKSTSEENRTSERLSELLSIRLDIYIKNPDNA
SEEENRIRRENLKKFFSNKVLHLKDSVLYLKNRKEKNAVQDKNYSEEDISE
YDLKNKNSFSVLKKILLNEDVNSEELEIFRKDVEAKLNKINSLKYSFEENK
ANYQKINENNVEKVGGKSKRNIIYDYYRESAKRNDY INNVQEAFDKLYKK
EDIEKLFFLIENSKKHEKYKIREYYHKIIGRKNDKENFAKIIYEEIQNVNNIK
ELIEKIPDMSELKKSQVFYKYYLDKEELNDKNIKYAFCHFVEIEMSQLLKN
YVYKRLSNISNDKIKRIFEYQNLKKLIENKLLNKLDTYVRNCGKYNYYLQV
GEIATSDFIARNRONEAFLRNIIGVSSVAYFSLRNILETENENDITGRMRGK
TVKNNKGEEKYVSGEVDKIYNENKQNEVKENLKMFYSYDFNMDNKNEIE
DFFANIDEAISSIRHGIVHFNLELEGKDIFAFKNIAPSEI SKKMFONEINEKK
LKLKIFKQLNSANVFNYYEKDVIIKYLKNTKFNFVNKNIPFVPSFTKLYNKI
EDLRNTLKFFWSVPKDKEEKDAQIYLLKNIYYGEFLNKFVKNSKVFFKI TN
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TABLE 8-continued

c2c2-
14

c2c2-
15

c2c2-

15

16

17

Rhodobacter
capsulatus
SB 1003
(SEQ ID

NO: 137)

Rhodobacter
capsulatus
R121 (SEQ
ID NO:

138)

Rhodobacter
capsulatus
DE442

(SEQ ID

NO: 139)

EVIKINKQRNQKTGHYKYQKFENIEKTVPVEYLAIIQSREMINNQDKEEKN
TYIDFIQQIFLKGFIDYLNKNNLKYIESNNNNDNNDIFSKIKIKKDNKEKYD
KILKNYEKHNRNKEIPHEINEFVREIKLGKILKYTENLNMFYLILKLLNHKE
LTNLKGSLEKYQSANKEETFSDELELINLLNLDNNRVTEDFELEANEIGKF
LDFNENKIKDRKELKKFDTNKIYFDGENI IKHRAFYNIKKYGMLNLLEKIA
DKAKYKISLKELKEYSNKKNEIEKNYTMQONLHRKYARPKKDEUNDED
YKEYEKAIGNIQKYTHLKNKVEFNELNLLQGLLLKILHRLVGYTSIWERDL
RFRLKGEFPENHYIEEIFNFDNSKNVKYKSGQIVEKYINFYKELYKDNVEK
RSIYSDKKVKKLKQEKKDLYIRNYIAHFNYIPHAEI SLLEVLENLRKLLSYD
RKLKNAIMKSIVDILKEYGFVATFKIGADKKIEIQTLESEKIVHLKNLKKKK
LMTDRNSEELCELVKVMFEYKALE

MQIGKVQGRTISEFGDPAGGLKRKISTDGKNRKELPAHLS SDPKALIGQWI
SGIDKIYRKPDSRKSDGKAIHSPTPSKMQFDARDDLGEAFWKLVSEAGLA
QDSDYDQFKRRLHPYGDKFQPADSGAKLKFEADPPEPQAFHGRWYGAM
SKRGNDAKELAAALYEHLHVDEKRIDGQPKRNPKTDKFAPGLVVARALGI
ESSVLPRGMARLARNWGEEEIQTYFVVDVAASVKEVAKAAVSAAQAFDP
PRQVSGRSLSPKVGFALAEHLERVTGSKRCSFDPAAGPSVLALHDEVKKTY
KRLCARGKNAARAFPADKTELLALMRHTHENRVRNOQMVRMGRVSEYRG
QOAGDLAQSHYWTSAGQTEIKESEI FVRLWVGAFALAGRSMKAWIDPMG
KIVNTEKNDRDLTAAVNIRQVISNKEMVAEAMARRGIYFGETPELDRLGA
EGNEGFVFALLRYLRGCRNQTFHLGARAGFLKEIRKELEKTRWGKAKEAE
HVVLTDKTVAAIRAIIDNDAKALGARLLADLSGAFVAHYASKEHFSTLYSE
IVKAVKDAPEVSSGLPRLKLLLKRADGVRGYVHGLRDTRKHAFATKLPPP
PAPRELDDPATKARYIALLRLYDGPFRAYASGITGTALAGPAARAKEAATA
LAQSVNVTKAYSDVMEGRTSRLRPPNDGETLREYLSALTGETATEFRVQI
GYESDSENARKQAEFIENYRRDMLAFMFEDY IRAKGFDWILKIEPGATAM
TRAPVLPEPIDTRGQYEHWQAALYLVMHFVPASDVSNLLHQLRKWEALQ
GKYELVQDGDATDQADARREALDLVKRFRDVLVLFLKTGEARFEGRAAP
FDLKPFRALFANPATFDRLFMATPTTARPAEDDPEGDGASEPELRVARTL
RGLRQIARYNHMAVLSDLFAKHKVRDEEVARLAEIEDETQEKSQIVAAQE
LRTDLHDKVMKCHPKTISPEERQSYAAATIKTIEEHRFLVGRVYLGDHLRL
HRLMMDVIGRLIDYAGAYERDTGTFLINASKQLGAGADWAVTIAGAANT
DARTQTRKDLAHFNVLDRADGTPDLTALVNRAREMMAYDRKRKNAVPR
SILDMLARLGLTLKWQMKDHLLQDATI TQAATIKHLDKVRLTVGGPAAVT
EARFSQDYLOMVAAVENGSVQNPKPRRRDDGDAWHKPPKPATAQSQPD
QKPPNKAPSAGSRLPPPQVGEVYEGVVVKVIDTGSLGFLAVEGVAGNIGLH
ISRLRRIREDAIIVGRRYRFRVEIYVPPKSNTSKLNAADLVRID

MQIGKVQGRTISEFGDPAGGLKRKISTDGKNRKELPAHLS SDPKALIGQWI
SGIDKIYRKPDSRKSDGKAIHSPTPSKMQFDARDDLGEAFWKLVSEAGLA
QDSDYDQFKRRLHPYGDKFQPADSGAKLKFEADPPEPQAFHGRWYGAM
SKRGNDAKELAAALYEHLHVDEKRIDGQPKRNPKTDKFAPGLVVARALGI
ESSVLPRGMARLARNWGEEEIQTYFVVDVAASVKEVAKAAVSAAQAFDP
PRQVSGRSLSPKVGFALAEHLERVTGSKRCSFDPAAGPSVLALHDEVKKTY
KRLCARGKNAARAFPADKTELLALMRHTHENRVRNOQMVRMGRVSEYRG
QOAGDLAQSHYWTSAGQTEIKESEI FVRLWVGAFALAGRSMKAWIDPMG
KIVNTEKNDRDLTAAVNIRQVISNKEMVAEAMARRGIYFGETPELDRLGA
EGNEGFVFALLRYLRGCRNQTFHLGARAGELKEIRKELEKTRWGKAKEAE
HVVLTDKTVAAIRAIIDNDAKALGARLLADLSGAFVAHYASKEHESTLYSE
IVKAVKDAPEVSSGLPRLKLLLKRADGVRGYVHGLRDTRKHAFATKLPPP
PAPRELDDPATKARYIALLRLYDGPFRAYASGITGTALAGPAARAKEAATA
LAQSVNVTKAYSDVMEGRSSRLRPPNDGETLREYLSALTGETATEFRVQI
GYESDSENARKQAEFIENYRRDMLAFMFEDY IRAKGEDWILKIEPGATAM
TRAPVLPEPIDTRGQYEHWQAALYLVMHFVPASDVSNLLHQLRKWEALQ
GKYELVQDGDATDQADARREALDLVKRFRDVLVLFLKTGEARFEGRAAP
FDLKPFRALFANPATFDRLFMATPTTARPAEDDPEGDGASEPELRVARTL
RGLRQIARYNHMAVLSDLFAKHKVRDEEVARLAEIEDETQEKSQIVAAQE
LRTDLHDKVMKCHPKTISPEERQSYAAATIKTIEEHRELVGRVYLGDHLRL
HRLMMDVIGRLIDYAGAYERDTGTFLINASKQLGAGADWAVTIAGAANT
DARTQTRKDLAHFNVLDRADGTPDLTALVNRAREMMAYDRKRKNAVPR
SILDMLARLGLTLKWQMKDHLLQDATI TQAATIKHLDKVRLTVGGPAAVT
EARFSQDYLOMVAAVENGSVQNPKPRRRDDGDAWHKPPKPATAQSQPD
QKPPNKAPSAGSRLPPPQVGEVYEGVVVKVIDTGSLGFLAVEGVAGNIGLH
ISRLRRIREDAIIVGRRYRFRVEIYVPPKSNTSKLNAADLVRID

MQIGKVQGRTISEFGDPAGGLKRKISTDGKNRKELPAHLS SDPKALIGQWI
SGIDKIYRKPDSRKSDGKAIHSPTPSKMQFDARDDLGEAFWKLVSEAGLA
QDSDYDQFKRRLHPYGDKFQPADSGAKLKFEADPPEPQAFHGRWYGAM
SKRGNDAKELAAALYEHLHVDEKRIDGQPKRNPKTDKFAPGLVVARALGI
ESSVLPRGMARLARNWGEEEIQTYFVVDVAASVKEVAKAAVSAAQAFDP
PRQVSGRSLSPKVGFALAEHLERVTGSKRCSFDPAAGPSVLALHDEVKKTY
KRLCARGKNAARAFPADKTELLALMRHTHENRVRNOQMVRMGRVSEYRG
QOAGDLAQSHYWTSAGQTEIKESEI FVRLWVGAFALAGRSMKAWIDPMG
KIVNTEKNDRDLTAAVNIRQVISNKEMVAEAMARRGIYFGETPELDRLGA
EGNEGFVFALLRYLRGCRNQTFHLGARAGFLKEIRKELEKTRWGKAKEAE
HVVLTDKTVAAIRAIIDNDAKALGARLLADLSGAFVAHYASKEHFSTLYSE
IVKAVKDAPEVSSGLPRLKLLLKRADGVRGYVHGLRDTRKHAFATKLPPP
PAPRELDDPATKARYIALLRLYDGPFRAYASGITGTALAGPAARAKEAATA
LAQSVNVTKAYSDVMEGRSSRLRPPNDGETLREYLSALTGETATEFRVQI
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TABLE 8-continued

c2¢c2-2

c2¢c2-3

c2c2-4

(SEQ ID

NO:

140)

L wadei
(Lw2)
(SEQ ID

NO:

141)

Listeria
seeligeri
(SEQ ID

NO:

142)

GYESDSENARKQAEFIENYRRDMLAFMFEDY IRAKGFDWILKIEPGATAM
TRAPVLPEPIDTRGQYEHWQAALYLVMHFVPASDVSNLLHQLRKWEALQ
GKYELVQDGDATDQADARREALDLVKRFRDVLVLFLKTGEARFEGRAAP
FDLKPFRALFANPATFDRLFMATPTTARPAEDDPEGDGASEPELRVARTL
RGLRQIARYNHMAVLSDLFAKHKVRDEEVARLAEIEDETQEKSQIVAAQE
LRTDLHDKVMKCHPKTISPEERQSYAAATIKTIEEHRELVGRVYLGDHLRL
HRLMMDVIGRLIDYAGAYERDTGTFLINASKQLGAGADWAVTIAGAANT
DARTQTRKDLAHFNVLDRADGTPDLTALVNRAREMMAYDRKRKNAVPR
SILDMLARLGLTLKWQMKDHLLQDATI TQAATIKHLDKVRLTVGGPAAVT
EARFSQDYLOMVAAVENGSVQNPKPRRRDDGDAWHKPPKPATAQSQPD
QKPPNKAPSAGSRLPPPQVGEVYEGVVVKVIDTGSLGFLAVEGVAGNIGLH
ISRLRRIREDAIIVGRRYRFRVEIYVPPKSNTSKLNAADLVRID

MGNLFGHKRWYEVRDKKDFKI KRKVKVKRNYDGNKY ILNINENNNKEKI
DNNKFIRKYINYKKNDNILKEFTRKFHAGNILFKLKGKEGIIRIENNDDFLE
TEEVVLYIEAYGKSEKLKALGITKKKIIDEAIRQGITKDDKKIEIKRQENEEE
IEIDIRDEYTNKTLNDCSIILRIIENDELETKKSIYEIFKNINMSLYKIIEKIIEN
ETEKVFENRYYEEHLREKLLKDDKIDVILTNEMEIREKIKSNLEILGFVKFY
LNVGGDKKKSKNKKMLVEKILNINVDLTVEDIADEVIKELEFWNITKRIEK
VKKVNNEFLEKRRNRTYIKSYVLLDKHEKFKIERENKKDKIVKFFVENIKN
NSIKEKIEKILAEFKIDELIKKLEKELKKGNCDTEIEGIFKKHYKVNEDSKKE
SKKSDEEKELYKIIYRYLKGRIEKILVNEQKVRLKKMEKIEIEKILNESILSEK
ILKRVKQYTLEHIMYLGKLRHNDIDMTTVNTDDFSRLHAKEELDLELITFF
ASTNMELNKIFSRENINNDENIDEFGGDREKNYVLDKKILNSKIKIIRDLDF
IDNKNNITNNFIRKFTKIGTNERNRILHAISKERDLQGTQDDYNKVINIIQN
LKISDEEVSKALNLDVVEKDKKNIITKINDIKISEENNNDIKYLPSFSKVLPE
ILNLYRNNPKNEPFDTIETEKIVLNALIYVNKELYKKLILEDDLEENESKNI
FLOQELKKTLGNIDEIDENIIENYYKNAQISASKGNNKAIKKYQKKVIECYIGY
LRKNYEELFDFSDFKMNIQEIKKQIKDINDNKTYERITVKTSDKTIVINDDF
EYIISIFALLNSNAVINKIRNREFATSVWLNTSEYQNIIDILDEIMQLNTLRN
ECITENWNLNLEEFIQKMKEIEKDFDDFKIQTKKEIENNYYEDIKNNILTE
FKDDINGCDVLEKKLEKIVIEDDETKFEIDKKSNILQDEQRKLSNINKKDLK
KKVDQYIKDKDQEIKSKILCRIIENSDFLKKYKKEIDNLIEDMESENENKFQ
EIYYPKERKNELYIYKKNLELNIGNPNEDKIYGLISNDIKMADAKFLENIDG
KNIRKNKISEIDAILKNLNDKLNGYSKEYKEKYIKKLKENDDFFAKNIQNK
NYKSFEKDYNRVSEYKKIRDLVEFNYLNKIESYLIDINWKLAIQMARFERD
MHYIVNGLRELGIIKLSGYNTGISRAYPKRNGSDGFYTTTAYYKFFDEESYK
KFEKICYGEGIDLSENSEINKPENESIRNYISHFYIVRNPFADYSIAEQIDRVS
NLLSYSTRYNNSTYASVFEVEKKDVNLDYDELKKKFKLIGNNDILERLMKP
KKVSVLELESYNSDYIKNLIIELLTKIENTNDTL

MKVTKVDGISHKKYIEEGKLVKSTSEENRTSERLSELLSIRLDIYIKNPDNA
SEEENRIRRENLKKFFSNKVLHLKDSVLYLKNRKEKNAVQDKNYSEEDISE
YDLKNKNSFSVLKKILLNEDVNSEELEIFRKDVEAKLNKINSLKYSFEENK
ANYQKINENNVEKVGGKSKRNIIYDYYRESAKRNDY INNVQEAFDKLYKK
EDIEKLEFLIENSKKHEKYKIREYYHKIIGRKNDKENFAKIIYEEIQNVNNIK
ELIEKIPDMSELKKSQVFYKYYLDKEELNDKNIKYAFCHFVEIEMSQLLKN
YVYKRLSNISNDKIKRIFEYQNLKKLIENKLLNKLDTYVRNCGKYNYYLQV
GEIATSDFIARNRONEAFLRNIIGVSSVAYFSLRNILETENENDITGRMRGK
TVKNNKGEEKYVSGEVDKIYNENKQNEVKENLKMFYSYDFNMDNKNEIE
DFFANIDEAISSIRHGIVHFNLELEGKDIFAFKNIAPSEI SKKMFONEINEKK
LKLKIFKQLNSANVFNYYEKDVIIKYLKNTKFNFVNKNIPFVPSFTKLYNKI
EDLRNTLKFFWSVPKDKEEKDAQIYLLKNIYYGEFLNKFVKNSKVFFKI TN
EVIKINKQRNQKTGHYKYQKFENIEKTVPVEYLAIIQSREMINNQDKEEKN
TYIDFIQQIFLKGFIDYLNKNNLKYIESNNNNDNNDIFSKIKIKKDNKEKYD
KILKNYEKHNRNKEIPHEINEFVREIKLGKILKYTENLNMFYLILKLLNHKE
LTNLKGSLEKYQSANKEETFSDELELINLLNLDNNRVTEDFELEANEIGKF
LDFNENKIKDRKELKKFDTNKIYFDGENI IKHRAFYNIKKYGMLNLLEKIA
DKAKYKISLKELKEYSNKKNEIEKNYTMQONLHRKYARPKKDEUNDED
YKEYEKAIGNIQKYTHLKNKVEFNELNLLQGLLLKILHRLVGYTSIWERDL
RFRLKGEFPENHYIEEIFNFDNSKNVKYKSGQIVEKYINFYKELYKDNVEK
RSIYSDKKVKKLKQEKKDLYIRNYIAHFNYIPHAEI SLLEVLENLRKLLSYD
RKLKNAIMKSIVDILKEYGFVATFKIGADKKIEIQTLESEKIVHLKNLKKKK
LMTDRNSEELCELVKVMFEYKALEKRPAATKKAGQAKKKKGSYPYDVPD
YAYPYDVPDYAYPYDVPDYA*

MWISIKTLIHHLGVLFFCDYMYNRREKKIIEVKTMRITKVEVDRKKVLISR
DKNGGKLVYENEMQDNTEQIMHHKKSSFYKSVVNKTICRPEQKQMKKLV
HGLLQENSQEKIKVSDVTKLNISNFLNHRFKKSLYYFPENSPDKSEEYRIEI
NLSQLLEDSLKKQQGTFICWESFSKDMELYINWAENYISSKTKLIKKSIRN
NRIQSTESRSGQLMDRYMKDILNKNKPFDIQSVSEKYQLEKLTSALKATFK
EAKKNDKEINYKLKSTLOQNHERQIIEELKENSELNQFNIEIRKHLETYFPIK
KTNRKVGDIRNLEIGEIQKIVNHRLKNKIVQRILQEGKLASYEIESTVNSNS
LOKIKIEEAFALKFINACLFASNNLRNMVYPVCKKDILMIGEFKNSFKEIKH
KKFIRQWSQFFSQEITVDDIELASWGLRGAIAPIRNEI IHLKKHSWKKFFN
NPTFKVKKSKIINGKTKDVTSEFLYKETLFKDYFYSELDSVPELIINKMESS
KILDYYSSDQLNQVFTIPNFELSLLTSAVPFAPSFKRVYLKGFDYQONQDEA
QPDYNLKLNIYNEKAFNSEAFQAQYSLFKMVYYQVFLPQFTTNNDLFKSS
VDFILTLNKERKGYAKAFQDIRKMNKDEKPSEYMSYIQSQLMLYQKKQEE
KEKINHFEKFINQVFIKGFNSFIEKNRLTYICHPTKNTVPENDNIEIPFHTD
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TABLE 8-continued

MDDSNIAFWLMCKLLDAKQLSELRNEMIKFSCSLQSTEEISTFTKAREVIG
LALLNGEKGCNDWKELFDDKEAWKKNMSLYVSEELLQSLPYTQEDGQTP
VINRSIDLVKKYGTETILEKLFSSSDDYKVSAKDIAKLHEYDVTEKIAQQES
LHKOWIEKPGLARDSAWTKKYQNVINDISNYQWAKTKVELTQVRHLHQ
LTIDLLSRLAGYMSIADRDFQFSSNYILERENSEYRVTSWILLSENKNKNKY
NDYELYNLKNASIKVSSKNDPQLKVDLKQLRLTLEYLELFDNRLKEKRNN
ISHFNYLNGQLGNSILELFDDARDVLSYDRKLKNAVSKSLKEILSSHGMEV

TFKPLYQTNHHLKIDKLQPKKIHHLGEKSTVSSNQVSNEYCQLVRTLLTM

K

In certain embodiments, Casl13b is from an organism
selected from Bergeyella, Prevotella, Porphyromonas,
Bacteroides, Alistipes, Riemerella, Capnocytophaga, Flavo-
bacterium, Myroides, Chryseobacterium, Paludibacter, Psy-
chroflexus,  Phaeodactylibacter ~ Sinomicrobium, and
Reichenbachiella.

In certain embodiments, Casl13b is from an organism
selected from Bergeyella zoohelcum, Prevotella intermedia,
Prevotella buccae, Porphyromonas gingivalis, Bacteroides
pyogenes, Alistipes sp. ZOR0009, Prevotella sp. MA2016,
Prevotella sp. MA2016, Riemerella anatipestifer, Prevotella
aurantiaca, Prevotella saccharolytica,
HMPREF9712_03108 [Myroides odoratimimus CCUG
10230], Prevotella intermedia, Capnocytophaga canimor-
sus, Porphyromonas gulae, Prevotella sp. P5-125, Flavo-
bacterium branchiophilum, Myroides odoratimimus, Flavo-
bacterium  columnare,  Porphyromonas  gingivalis,
Porphyromonas sp. COT-052 OH4946, Prevotella interme-
dia, PIN17_0200 [Prevotella intermedia 17|, Prevotella
intermedia, HMPREF6485_0083 [Prevotella buccae ATCC
33574], HMPREF9144_1146 [Prevotella pallens ATCC
700821], HMPREF9714_02132 [Myroides odoratimimus
CCUG 12901], HMPREF9711_00870 [Myroides odoratimi-
mus CCUG 3837], HMPREF9699_02005 [Bergeyella
zoohelcum ATCC 43767], HMPREF9151 01387 [Pre-
votella saccharolytica FO055], A343_1752 [Porphyromonas
gingivalis JCVI SC001], HMPREF1981_03090 [Bacteroi-
des pyogenes FO041], HMPREF1553_02065 [Porphyromo-
nas gingivalis FO568], HMPREF1988_01768 [ Porphyromo-
nas gingivalis F0185], HMPREF1990_01800
[Porphyromonas gingivalis W4087], M573_117042 [Pre-
votella intermedia ZT], A2033_10205 [Bacteroidetes bac-
terium GWA2_31_9], SAMNO05421542_0666 [Chryseobac-
terium Jejuense], SAMNO05444360_11366
[Chryseobacterium carnipullorum],
SAMNO05421786_1011119 [Chryseobacterium ureilyticum),
Prevotella buccae, Porphyromonas gingivalis, Porphyromo-
nas gingivalis, Prevotella pallens, Myroides odoratimimus,
Myroides odoratimimus, Prevotella sp. MSX73, Porphy-
romonas gingivalis, Paludibacter propionicigenes, Porphy-
romonas gingivalis, Flavobacterium columnare, Psychro-
flexus  torquis, Riemerella anatipestifer, Prevotella
pleuritidis, Porphyromonas gingivalis, Porphyromonas gin-
givalis, Porphyromonas gingivalis, Porphyromonas gingi-
valis, Porphyromonas gingivalis, Prevotella falsenii, Pre-
votella pleuritidis, [Porphyromonas gingivalis,
Porphyromonas gulae, Porphyromonas gulae, Porphyromo-
nas gulae, Porphyromonas gulae, Porphyromonas gulae,
Porphyromonas gulae, Porphyromonas gulae, Capnocy-
tophaga cynodegmi, Prevotella sp. P5-119, Prevotella sp.
P4-76, Prevotella sp. P5-60, Phaeodactylibacter xiamenen-
sis, Flavobacterium sp. 316, Porphyromonas gulae,
WP_047431796, Riemerella anatipestifer, Porphyromonas
gingivalis, Porphyromonas gingivalis, Flavobacterium
columnare, Porphyromonas gingivalis, Porphyromonas gin-
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givalis, Riemerella anatipestifer, Flavobacterium colum-
nare, Riemerella anatipestifer, Sinomicrobium oceani, and
Reichenbachiella agariperforans.

In certain embodiments, the effector protein may be a
Listeria sp. C2c2p, preferably Listeria seeligeria C2c2p,
more preferably Listeria seeligeria serovar 1/2b str.
SLCC3954 C2¢2p and the crRNA sequence may be 44 to 47
nucleotides in length, with a 5' 29-nt direct repeat (DR) and
a 15-nt to 18-nt spacer.

In certain embodiments, the effector protein may be a
Leptotrichia sp. C2c2p, preferably Leptotrichia shahii
C2¢2p, more preferably Leptotrichia shahii DSM 19757
C2c¢2p and the crRNA sequence may be 42 to 58 nucleotides
in length, with a 5'direct repeat of at least 24 nt, such as a 5'
24-28-nt direct repeat (DR) and a spacer of at least 14 nt,
such as a 14-nt to 28-nt spacer, or a spacer of at least 18 nt,
such as 19, 20, 21, 22, or more nt, such as 18-28, 19-28,
20-28, 21-28, or 22-28 nt.

More preferably, the effector protein may be a Leptotri-
chia sp., preferably Leptotrichia wadei F0279, or a Listeria
sp., preferably Listeria newyorkensis FSL M6-0635.

In certain embodiments, the effector protein may be a
Type VI loci effector protein, more particularly a C2¢2 or
Cas13b, and the crRNA sequence may be 36 to 63 nucleo-
tides in length, preferably 37-nt to 62-nt in length, or 38-nt
to 61-nt in length, or 39-nt to 60-nt in length, more prefer-
ably 40-nt to 59-nt in length, or 41-nt to 58-nt in length, most
preferably 42-nt to 57-nt in length. For example, the crRNA
may comprise, consist essentially of or consist of a direct
repeat (DR), preferably a 5' DR, 26-nt to 31-nt in length,
preferably 27-nt to 30-nt in length, even more preferably
28-nt or 29-nt in length or at least 28 or 29 nt in length, and
a spacer 10-nt to 32-nt in length, preferably 11-nt to 31-nt in
length, more preferably 12-nt to 30-nt in length, even more
preferably 13-nt to 29-nt in length, and most preferably
14-nt to 28-nt in length, such as 18-28 nt, 19-28 nt, 20-28 nt,
21-28 nt, or 22-28 nt.

In certain example embodiments, the RNA-targeting
effector protein is a Casl3c effector protein as disclosed in
U.S. Provisional Patent Application No. 62/525,165 filed
Jun. 26, 2017, and PCT Application No. US 2017/047193

filed Aug. 16, 2017. Example wildtype orthologue
sequences of Casl3c are provided in Table 9 below.
TABLE 9
Name

EHO19081 (SEQ. ID. No. 124)

WP_094899336
WP_040490876
WP_047396607
WP_035935671
WP_035906563
WP_042678931
WP_062627846
WP_005959231
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TABLE 9-continued

Name
EHO19081 (SEQ. ID. No. 124)

WP_027128616
WP_062624740
WP_096402050

The application further provides orthologs of C2¢2 which
demonstrate robust activity making them particularly suit-
able for different applications of RNA cleavage and detec-
tion. These applications include but are not limited to those
described herein. More particularly, an ortholog which is
demonstrated to have stronger activity than others tested is
the C2c2 ortholog identified from the organism Leptotrichia
wadei (LwC2c2). The application thus provides methods for
modifying a target locus of interest, comprising delivering to
said locus a non-naturally occurring or engineered compo-
sition comprising a CRISPR effector protein, more particu-
larly a CRISPR effector protein with increased activity as
described herein and one or more nucleic acid components,
wherein at least the one or more nucleic acid components is
engineered, the one or more nucleic acid components directs
the complex to the target of interest and the effector protein
forms a complex with the one or more nucleic acid compo-
nents and the complex binds to the target locus of interest.
In particular embodiments, the target locus of interest com-
prises RNA. The application further provides for the use of
the C2c2 effector proteins with increased activity in RNA
sequence specific interference, RNA sequence specific gene
regulation, screening of RNA or RNA products or lincRNA
or non-coding RNA, or nuclear RNA, or mRNA, mutagen-
esis, Fluorescence in situ hybridization, or breeding.

In some embodiments, the Cas sequence is fused to one
or more nuclear localization sequences (NLSs) or nuclear
export signals (NESs), such as about or more than about 1,
2,3,4,5,6,7,8,9, 10, or more NLSs or NESs. In some
embodiments, the Cas comprises about or more than about
1,2,3,4,5,6,7,8,9, 10, or more NLSs or NESs at or near
the amino-terminus, about or more than about 1, 2, 3, 4, 5,
6, 7, 8, 9, 10, or more NLSs or NESs at or near the
carboxy-terminus, or a combination of these (e.g. zero or at
least one or more NLS or NES at the amino-terminus and
zero or at one or more NLS or NES at the carboxy terminus).
When more than one NLS or NES is present, each may be
selected independently of the others, such that a single NL.S
or NES may be present in more than one copy and/or in
combination with one or more other NLSs or NESs present
in one or more copies. In a preferred embodiment of the
invention, the Cas comprises at most 6 NLSs. In some
embodiments, an NLS or NES is considered near the N- or
C-terminus when the nearest amino acid of the NLS or NES
is within about 1, 2, 3, 4, 5, 10, 15, 20, 25, 30, 40, 50, or
more amino acids along the polypeptide chain from the N-
or C-terminus. Non-limiting examples of NLSs include an
NLS sequence derived from: the NLS of the SV40 virus
large T-antigen, having the amino acid sequence
PKKKRKYV (SEQ ID NO: 143; the NL.S from nucleoplas-
min (e.g. the nucleoplasmin bipartite with NLS the sequence
KRPAATKKAGQAKKKK) (SEQ ID NO: 144); the c-myc
NLS having the amino acid sequence PAAKRVKLD (SEQ
ID NO: 145) or RQRRNELKRSP (SEQ ID NO: 146); the
hRNPA1 M9 NLS having the sequence
NQSSNFGPMKGGNFGGRSSGPYGGGGQYFAK-
PRNQGGY (SEQ ID NO: 147); the sequence
RMRIZFKNKGKDTAELRRRRVEVSVELRKAKKD-
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EQILKRRNV (SEQ ID NO:148) of the IBB domain from
importin-alpha; the sequences VSRKRPRP (SEQ ID NO:
149) and PPKKARED (SEQ ID NO: 150) of the myoma T
protein; the sequence POPKKKPL (SEQ ID NO: 151) of
human p53; the sequence SALIKKKKKMAP (SEQ ID NO:
152) of mouse c-abl 1V; the sequences DRLRR (SEQ ID
NO: 153) and PKQKKRK (SEQ ID NO: 154) of the
influenza virus NS1; the sequence RKLKKKIKKI. (SEQ ID
NO: 155) of the Hepatitis virus delta antigen; the sequence
REKKKFLKRR (SEQ ID NO: 156) of the mouse Mx1
protein; the sequence KRKGDEVDGVDEVAKKKSKK
(SEQ ID NO: 157) of the human poly(ADP-ribose) poly-
merase; and the sequence RKCLQAGMNLEARKTKK
(SEQ ID NO: 158) of the steroid hormone receptors (hu-
man) glucocorticoid. Non-limiting examples of NESs
include an NES sequence LYPERLRRILT (SEQ ID No,
159) (ctgtaccctgageggetgeggeggatectgace (SEQ. ID No.
160). In general, the one or more NLSs or NESs are of
sufficient strength to drive accumulation of the Cas in a
detectable amount in respectively the nucleus or the cyto-
plasm of a eukaryotic cell. In general, strength of nuclear
localization/export activity may derive from the number of
NLSs/NESs in the Cas, the particular NLS(s) or NES(s)
used, or a combination of these factors. Detection of accu-
mulation in the nucleus/cytoplasm may be performed by any
suitable technique. For example, a detectable marker may be
fused to the Cas, such that location within a cell may be
visualized, such as in combination with a means for detect-
ing the location of the nucleus (e.g. a stain specific for the
nucleus such as DAPI) or cytoplasm. Cell nuclei may also
be isolated from cells, the contents of which may then be
analyzed by any suitable process for detecting protein, such
as immunohistochemistry, Western blot, or enzyme activity
assay. Accumulation in the nucleus may also be determined
indirectly, such as by an assay for the effect of CRISPR
complex formation (e.g. assay for DNA cleavage or muta-
tion at the target sequence, or assay for altered gene expres-
sion activity affected by CRISPR complex formation and/or
Cas enzyme activity), as compared to a control no exposed
to the Cas or complex, or exposed to a Cas lacking the one
or more NLSs or NESs. In certain embodiments, other
localization tags may be fused to the Cas protein, such as
without limitation for localizing the Cas to particular sites in
a cell, such as organells, such mitochondria, plastids, chlo-
roplast, vesicles, golgi, (nuclear or cellular) membranes,
ribosomes, nucleoluse, ER, cytoskeleton, vacuoles, cen-
trosome, nucleosome, granules, centrioles, etc.

According to one aspect the invention provides non-
naturally occurring or engineered composition comprising a
guide RNA comprising a guide sequence capable of hybrid-
izing to a target sequence in a genomic locus of interest in
a cell, wherein the guide RNA is modified by the insertion
of one or more distinct RNA sequence(s) that bind an
adaptor protein. In particular embodiments, the RNA
sequences may bind to two or more adaptor proteins (e.g.
aptamers), and wherein each adaptor protein is associated
with one or more functional domains. The guide RNAs of
the CRISPR enzymes described herein are shown to be
amenable to modification of the guide sequence. In particu-
lar embodiments, the guide RNA is modified by the insertion
of distinct RNA sequence(s) 5' of the direct repeat, within
the direct repeat, or 3' of the guide sequence. When there is
more than one functional domain, the functional domains
can be same or different, e.g., two of the same or two
different activators or repressors. In an aspect the invention
provides a herein-discussed composition, wherein the one or
more functional domains are attached to the RNA targeting
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enzyme so that upon binding to the target RNA the func-
tional domain is in a spatial orientation allowing for the
functional domain to function in its attributed function; In an
aspect the invention provides a herein-discussed composi-
tion, wherein the composition comprises a CRISPR-Cas
complex having at least three functional domains, at least
one of which is associated with the RNA targeting enzyme
and at least two of which are associated with the gRNA.

Accordingly, In an aspect the invention provides non-
naturally occurring or engineered CRISPR-Cas complex
composition comprising the guide RNA as herein-discussed
and a CRISPR enzyme which is an RNA targeting enzyme,
wherein optionally the RNA targeting enzyme comprises at
least one mutation, such that the RNA targeting enzyme has
no more than 5% of the nuclease activity of the enzyme not
having the at least one mutation, and optionally one or more
comprising at least one or more nuclear localization
sequences. In particular embodiments, the guide RNA is
additionally or alternatively modified so as to still ensure
binding of the RNA targeting enzyme but to prevent cleav-
age by the RNA targeting enzyme (as detailed elsewhere
herein).

In particular embodiments, the RNA targeting enzyme is
a CRISPR enzyme which has a diminished nuclease activity
of at least 97%, or 100% as compared with the CRISPR
enzyme not having the at least one mutation. In an aspect the
invention provides a herein-discussed composition, wherein
the CRISPR enzyme comprises two or more mutations. The
mutations may be selected from mutations of one or more of
the following amino acid residues: R597, H602, R1278, and
H1283, such as for instance one or more of the following
mutations: RS97A, H602A, R1278A, and H1283A, accord-
ing to Leptotrichia shahii CRISPR protein or a correspond-
ing position in an ortholog.

In particular embodiments, an RNA targeting system is
provided as described herein above comprising two or more
functional domains. In particular embodiments, the two or
more functional domains are heterologous functional
domain. In particular embodiments, the system comprises an
adaptor protein which is a fusion protein comprising a
functional domain, the fusion protein optionally comprising
a linker between the adaptor protein and the functional
domain. In particular embodiments, the linker includes a
GlySer linker. Additionally or alternatively, one or more
functional domains are attached to the RNA effector protein
by way of a linker, optionally a GlySer linker. In particular
embodiments, the one or more functional domains are
attached to the RNA targeting enzyme through one or both
of the HEPN domains.

In an aspect the invention provides a herein-discussed
composition, wherein the one or more functional domains
associated with the adaptor protein or the RNA targeting
enzume is a domain capable of activating or repressing RNA
translation. In an aspect the invention provides a herein-
discussed composition, wherein at least one of the one or
more functional domains associated with the adaptor protein
have one or more activities comprising methylase activity,
demethylase activity, transcription activation activity, tran-
scription repression activity, transcription release factor
activity, histone modification activity, DNA integration
activity RNA cleavage activity, DNA cleavage activity or
nucleic acid binding activity, or molecular switch activity or
chemical inducibility or light inducibility.

In an aspect the invention provides a herein-discussed
composition comprising an aptamer sequence. In particular
embodiments, the aptamer sequence is two or more aptamer
sequences specific to the same adaptor protein. In an aspect
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the invention provides a herein-discussed composition,
wherein the aptamer sequence is two or more aptamer
sequences specific to different adaptor protein. In an aspect
the invention provides a herein-discussed composition,
wherein the adaptor protein comprises MS2, PP7, Qf, F2,
GA, fr, JP501, M12, R17, BZ13, JP34, JP500, KUI, M11,
MX1, TW18, VK, SP, F1, ID2, NL95, TW19, AP205, ¢Cb5,
¢Cb8r, ¢Cb12r, pCb23r, 7s, PRR1. Accordingly, in particu-
lar embodiments, the aptamer is selected from a binding
protein specifically binding any one of the adaptor proteins
listed above. In an aspect the invention provides a herein-
discussed composition, wherein the cell is a eukaryotic cell.
In an aspect the invention provides a herein-discussed
composition, wherein the eukaryotic cell is a mammalian
cell, a plant cell or a yeast cell, whereby the mammalian cell
is optionally a mouse cell. In an aspect the invention
provides a herein-discussed composition, wherein the mam-
malian cell is a human cell.

In an aspect the invention provides a herein above-
discussed composition wherein there is more than one
gRNA, and the gRNAs target different sequences whereby
when the composition is employed, there is multiplexing. In
an aspect the invention provides a composition wherein
there is more than one gRNA modified by the insertion of
distinct RNA sequence(s) that bind to one or more adaptor
proteins.

In an aspect the invention provides a herein-discussed
composition wherein one or more adaptor proteins associ-
ated with one or more functional domains is present and
bound to the distinct RNA sequence(s) inserted into the
guide RNA(s).

In an aspect the invention provides a herein-discussed
composition wherein the guide RNA is modified to have at
least one non-coding functional loop; e.g., wherein the at
least one non-coding functional loop is repressive; for
instance, wherein at least one non-coding functional loop
comprises Alu.

In an aspect the invention provides a nucleic acid mol-
ecule(s) encoding guide RNA or the RNA targeting
CRISPR-Cas complex or the composition as herein-dis-
cussed. In an aspect the invention provides a vector com-
prising: a nucleic acid molecule encoding a guide RNA
(gRNA) comprising a guide sequence capable of hybridizing
to a target sequence in a genomic locus of interest in a cell,
wherein the direct repeat of the gRNA is modified by the
insertion of distinct RNA sequence(s) that bind(s) to two or
more adaptor proteins, and wherein each adaptor protein is
associated with one or more functional domains; or, wherein
the gRNA is modified to have at least one non-coding
functional loop. In an aspect the invention provides vector(s)
comprising nucleic acid molecule(s) encoding: non-natu-
rally occurring or engineered CRISPR-Cas complex com-
position comprising the gRNA herein-discussed, and an
RNA targeting enzyme, wherein optionally the RNA target-
ing enzyme comprises at least one mutation, such that the
RNA targeting enzyme has no more than 5% of the nuclease
activity of the RNA targeting enzyme not having the at least
one mutation, and optionally one or more comprising at least
one or more nuclear localization sequences. In an aspect a
vector can further comprise regulatory element(s) operable
in a eukaryotic cell operably linked to the nucleic acid
molecule encoding the guide RNA (gRNA) and/or the
nucleic acid molecule encoding the RNA targeting enzyme
and/or the optional nuclear localization sequence(s).

The use of two different aptamers (each associated with a
distinct nucleic acid-targeting guide RNAs) allows an acti-
vator-adaptor protein fusion and a repressor-adaptor protein
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fusion to be used, with different nucleic acid-targeting guide
RNAs, to activate expression of one DNA or RNA, whilst
repressing another. They, along with their different guide
RNAs can be administered together, or substantially
together, in a multiplexed approach. A large number of such
modified nucleic acid-targeting guide RNAs can be used all
at the same time, for example 10 or 20 or 30 and so forth,
whilst only one (or at least a minimal number) of effector
protein molecules need to be delivered, as a comparatively
small number of effector protein molecules can be used with
a large number modified guides. The adaptor protein may be
associated (preferably linked or fused to) one or more
activators or one or more repressors. For example, the
adaptor protein may be associated with a first activator and
a second activator. The first and second activators may be the
same, but they are preferably different activators. Three or
more or even four or more activators (or repressors) may be
used, but package size may limit the number being higher
than 5 different functional domains. Linkers are preferably
used, over a direct fusion to the adaptor protein, where two
or more functional domains are associated with the adaptor
protein. Suitable linkers might include the GlySer linker.

It is also envisaged that the nucleic acid-targeting effector
protein-guide RNA complex as a whole may be associated
with two or more functional domains. For example, there
may be two or more functional domains associated with the
nucleic acid-targeting effector protein, or there may be two
or more functional domains associated with the guide RNA
(via one or more adaptor proteins), or there may be one or
more functional domains associated with the nucleic acid-
targeting effector protein and one or more functional
domains associated with the guide RNA (via one or more
adaptor proteins).

The fusion between the adaptor protein and the activator
or repressor may include a linker. For example, GlySer
linkers GGGS can be used. They can be used in repeats of
3 ((GGGGS)3) or 6, 9 or even 12 (SEQ ID Nos. 161-164)
or more, to provide suitable lengths, as required. Linkers can
be used between the guide RNAs and the functional domain
(activator or repressor), or between the nucleic acid-target-
ing effector protein and the functional domain (activator or
repressor). The linkers the user to engineer appropriate
amounts of “mechanical flexibility”.

The invention comprehends a nucleic acid-targeting com-
plex comprising a nucleic acid-targeting effector protein and
a guide RNA, wherein the nucleic acid-targeting effector
protein comprises at least one mutation, such that the nucleic
acid-targeting Cas protein has no more than 5% of the
activity of the nucleic acid-targeting Cas protein not having
the at least one mutation and, optionally, at least one or more
nuclear localization sequences; the guide RNA comprises a
guide sequence capable of hybridizing to a target sequence
in a RNA of interest in a cell; and wherein: the nucleic
acid-targeting effector protein is associated with two or more
functional domains; or at least one loop of the guide RNA
is modified by the insertion of distinct RNA sequence(s) that
bind to one or more adaptor proteins, and wherein the
adaptor protein is associated with two or more functional
domains; or the nucleic acid-targeting effector protein is
associated with one or more functional domains and at least
one loop of the guide RNA is modified by the insertion of
distinct RNA sequence(s) that bind to one or more adaptor
proteins, and wherein the adaptor protein is associated with
one or more functional domains.

In an aspect the invention provides a method for modi-
fying gene expression comprising the administration to a
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host or expression in a host in vivo of one or more of the
compositions as herein-discussed.

In an aspect the invention provides a herein-discussed
method comprising the delivery of the composition or
nucleic acid molecule(s) coding therefor, wherein said
nucleic acid molecule(s) are operatively linked to regulatory
sequence(s) and expressed in vivo. In an aspect the invention
provides a herein-discussed method wherein the expression
in vivo is via a lentivirus, an adenovirus, or an AAV.
Destabilized CRISPR Effector

In certain embodiments, the effecteor protein (CRISPR
enzyme; e.g. Casl3a, Cas13b, or Cas 13c) according to the
invention as described herein is associated with or fused to
a destabilization domain (DD). In some embodiments, the
DD is ER50. A corresponding stabilizing ligand for this DD
is, in some embodiments, 4HT. As such, in some embodi-
ments, one of the at least one DDs is ER50 and a stabilizing
ligand therefor is 4HT. or CMPS8 In some embodiments, the
DD is DHFR50. A corresponding stabilizing ligand for this
DD is, in some embodiments, TMP. As such, in some
embodiments, one of the at least one DDs is DHFR50 and
a stabilizing ligand therefor is TMP. In some embodiments,
the DD is ER50. A corresponding stabilizing ligand for this
DD is, in some embodiments, CMP8. CMP8 may therefore
be an alternative stabilizing ligand to 4HT in the ER50
system. While it may be possible that CMP8 and 4HT
can/should be used in a competitive matter, some cell types
may be more susceptible to one or the other of these two
ligands, and from this disclosure and the knowledge in the
art the skilled person can use CMP8 and/or 4HT.

In some embodiments, one or two DDs may be fused to
the N-terminal end of the CRISPR enzyme with one or two
DDs fused to the C-terminal of the CRISPR enzyme. In
some embodiments, the at least two DDs are associated with
the CRISPR enzyme and the DDs are the same DD, i.e. the
DDs are homologous. Thus, both (or two or more) of the
DDs could be ER50 DDs. This is preferred in some embodi-
ments. Alternatively, both (or two or more) of the DDs could
be DHFRS50 DDs. This is also preferred in some embodi-
ments. In some embodiments, the at least two DDs are
associated with the CRISPR enzyme and the DDs are
different DDs, i.e. the DDs are heterologous. Thus, one of
the DDS could be ER50 while one or more of the DDs or any
other DDs could be DHFR50. Having two or more DDs
which are heterologous may be advantageous as it would
provide a greater level of degradation control. A tandem
fusion of more than one DD at the N or C-term may enhance
degradation; and such a tandem fusion can be, for example
ERS50-ER50-C2¢2 or DHFR-DHFR-C2¢2 It is envisaged
that high levels of degradation would occur in the absence
of either stabilizing ligand, intermediate levels of degrada-
tion would occur in the absence of one stabilizing ligand and
the presence of the other (or another) stabilizing ligand,
while low levels of degradation would occur in the presence
of both (or two of more) of the stabilizing ligands. Control
may also be imparted by having an N-terminal ER50 DD
and a C-terminal DHFR50 DD.

In some embodiments, the fusion of the CRISPR enzyme
with the DD comprises a linker between the DD and the
CRISPR enzyme. In some embodiments, the linker is a
GlySer linker. In some embodiments, the DD-CRISPR
enzyme further comprises at least one Nuclear Export Signal
(NES). In some embodiments, the DD-CRISPR enzyme
comprises two or more NESs. In some embodiments, the
DD-CRISPR enzyme comprises at least one Nuclear Local-
ization Signal (NLS). This may be in addition to an NES. In
some embodiments, the CRISPR enzyme comprises or
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consists essentially of or consists of a localization (nuclear
import or export) signal as, or as part of, the linker between
the CRISPR enzyme and the DD. HA or Flag tags are also
within the ambit of the invention as linkers. Applicants use
NLS and/or NES as linker and also use Glycine Serine
linkers as short as GS up to (GGGGS)3.

Destabilizing domains have general utility to confer insta-
bility to a wide range of proteins; see, e.g., Miyazaki, ] Am
Chem Soc. Mar. 7, 2012; 134 (9): 3942-3945, incorporated
herein by reference. CMP8 or 4-hydroxytamoxifen can be
destabilizing domains. More generally, A temperature-sen-
sitive mutant of mammalian DHFR (DHFRts), a destabiliz-
ing residue by the N-end rule, was found to be stable at a
permissive temperature but unstable at 37° C. The addition
of methotrexate, a high-affinity ligand for mammalian
DHER, to cells expressing DHFRts inhibited degradation of
the protein partially. This was an important demonstration
that a small molecule ligand can stabilize a protein otherwise
targeted for degradation in cells. A rapamycin derivative was
used to stabilize an unstable mutant of the FRB domain of
mTOR (FRB¥*) and restore the function of the fused kinase,
GSK-3B.6,7 This system demonstrated that ligand-depen-
dent stability represented an attractive strategy to regulate
the function of a specific protein in a complex biological
environment. A system to control protein activity can
involve the DD becoming functional when the ubiquitin
complementation occurs by rapamycin induced dimerization
of FK506-binding protein and FKBP12. Mutants of human
FKBP12 or ecDHFR protein can be engineered to be meta-
bolically unstable in the absence of their high-affinity
ligands, Shield-1 or trimethoprim (TMP), respectively.
These mutants are some of the possible destabilizing
domains (DDs) useful in the practice of the invention and
instability of a DD as a fusion with a CRISPR enzyme
confers to the CRISPR protein degradation of the entire
fusion protein by the proteasome. Shield-1 and TMP bind to
and stabilize the DD in a dose-dependent manner. The
estrogen receptor ligand binding domain (ERLBD, residues
305-549 of ERS1) can also be engineered as a destabilizing
domain. Since the estrogen receptor signaling pathway is
involved in a variety of diseases such as breast cancer, the
pathway has been widely studied and numerous agonist and
antagonists of estrogen receptor have been developed. Thus,
compatible pairs of ERLBD and drugs are known. There are
ligands that bind to mutant but not wild-type forms of the
ERLBD. By using one of these mutant domains encoding
three mutations (L.384M, M421G, G521R)12, it is possible
to regulate the stability of an ERLBD-derived DD using a
ligand that does not perturb endogenous estrogen-sensitive
networks. An additional mutation (Y537S) can be intro-
duced to further destabilize the ERLBD and to configure it
as a potential DD candidate. This tetra-mutant is an advan-
tageous DD development. The mutant ERLBD can be fused
to a CRISPR enzyme and its stability can be regulated or
perturbed using a ligand, whereby the CRISPR enzyme has
a DD. Another DD can be a 12-kDa (107-amino-acid) tag
based on a mutated FKBP protein, stabilized by Shieldl
ligand; see, e.g., Nature Methods 5, (2008). For instance a
DD can be a modified FK506 binding protein 12 (FKBP12)
that binds to and is reversibly stabilized by a synthetic,
biologically inert small molecule, Shield-1; see, e.g., Ban-
aszynski L A, Chen L C, Maynard-Smith L. A, Ooi A G,
Wandless T J. A rapid, reversible, and tunable method to
regulate protein function in living cells using synthetic small
molecules. Cell. 2006; 126:995-1004; Banaszynski [ A,
Sellmyer M A, Contag C H, Wandless T J, Thorne S H.
Chemical control of protein stability and function in living
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mice. Nat Med. 2008; 14:1123-1127; Maynard-Smith L A,
Chen L C, Banaszynski [. A, Ooi A G, Wandless T J. A
directed approach for engineering conditional protein sta-
bility using biologically silent small molecules. The Journal
of'biological chemistry. 2007; 282:24866-24872; and Rodri-
guez, Chem Biol. Mar. 23, 2012; 19 (3): 391-398-all of
which are incorporated herein by reference and may be
employed in the practice of the invention in selected a DD
to associate with a CRISPR enzyme in the practice of this
invention. As can be seen, the knowledge in the art includes
a number of DDs, and the DD can be associated with, e.g.,
fused to, advantageously with a linker, to a CRISPR enzyme,
whereby the DD can be stabilized in the presence of a ligand
and when there is the absence thereof the DD can become
destabilized, whereby the CRISPR enzyme is entirely desta-
bilized, or the DD can be stabilized in the absence of a ligand
and when the ligand is present the DD can become desta-
bilized; the DD allows the CRISPR enzyme and hence the
CRISPR-Cas complex or system to be regulated or con-
trolled-turned on or off so to speak, to thereby provide
means for regulation or control of the system, e.g., in an in
vivo or in vitro environment. For instance, when a protein of
interest is expressed as a fusion with the DD tag, it is
destabilized and rapidly degraded in the cell, e.g., by pro-
teasomes. Thus, absence of stabilizing ligand leads to a D
associated Cas being degraded. When a new DD is fused to
a protein of interest, its instability is conferred to the protein
of interest, resulting in the rapid degradation of the entire
fusion protein. Peak activity for Cas is sometimes beneficial
to reduce off-target effects. Thus, short bursts of high
activity are preferred. The present invention is able to
provide such peaks. In some senses the system is inducible.
In some other senses, the system repressed in the absence of
stabilizing ligand and de-repressed in the presence of stabi-
lizing ligand.

In certain embodiments, the activity of the CRISPR
effector depends on the presence of two HEPN domains.
These have been shown to be RNase domains, i.e. nuclease
(in particular an endonuclease) cutting RNA. C2¢2 HEPN
may also target DNA, or potentially DNA and/or RNA. On
the basis that that the HEPN domains of C2c2 are at least
capable of binding to and, in their wild-type form, cutting
RNA, then it is preferred that the CRISPR effector, such as
C2c2 or Casl3b effector protein has RNase function. It may
also, or alternatively, have DNase function.

Thus, in some embodiments, the effector protein may be
a RNA-binding protein, such as a dead-Cas type effector
protein, which may be optionally functionalised as described
herein for instance with an transcriptional activator or
repressor domain, NLS or other functional domain. In some
embodiments, the effector protein may be a RNA-binding
protein that cleaves a single strand of RNA. If the RNA
bound is ssRNA, then the ssRNA is fully cleaved. In some
embodiments, the effector protein may be a RNA-binding
protein that cleaves a double strand of RNA, for example if
it comprises two RNase domains. If the RNA bound is
dsRNA, then the dsRNA is fully cleaved.

RNase function in CRISPR systems is known, for
example mRNA targeting has been reported for certain type
IIT CRISPR-Cas systems (Hale et al., 2014, Genes Deyv, vol.
28, 2432-2443; Hale et al.,, 2009, Cell, vol. 139, 945-956;
Peng et al., 2015, Nucleic acids research, vol. 43, 406-417)
and provides significant advantages. In the Staphylococcus
epidermis type III-A system, transcription across targets
results in cleavge of the target DNA and its transcripts,
mediated by independent active sites within the Cas10-Csm
ribonucleoprotein effector complex (see, Samai et al., 2015,
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Cell, vol. 151, 1164-1174). A CRISPR-Cas system, compo-
sition or method targeting RNA via the present effector
proteins is thus provided.

The target RNA, i.e. the RNA of interest, is the RNA to
be targeted by the present invention leading to the recruit-
ment to, and the binding of the effector protein at, the target
site of interest on the target RNA. The target RNA may be
any suitable form of RNA. This may include, in some
embodiments, mRNA. In other embodiments, the target
RNA may include tRNA or rRNA. In other embodiments,
the target RNA may include miRNA. In other embodiments,
the target RNA may include siRNA.

Guide RNAs

As used herein, the term “guide sequence,” “crRNA” or
“guide RNA” or “single guide RNA,” “gRNA” refers to a
polynucleotide comprising any polynucleotide sequence
having sufficient complementarity with a target nucleic acid
sequence to hybridize with the target nucleic acid sequence
and to direct sequence-specific binding of a RNA-targeting
complex comprising the gRNA and a CRISPR effector
protein to the target nucleic acid sequence. In general, a
gRNA may be any polynucleotide sequence (i) being able to
form a complex with a CRISPR effector protein and (ii)
comprising a sequence having sufficient complementarity
with a target polynucleotide sequence to hybridize with the
target sequence and direct sequence-specific binding of a
CRISPR complex to the target sequence. As used herein the
term “capable of forming a complex with the CRISPR
effector protein” refers to the gRNA having a structure that
allows specific binding by the CRISPR effector protein to
the gRNA such that a complex is formed that is capable of
binding to a target RNA in a sequence specific manner and
that can exert a function on said target RNA. Structural
components of the gRNA may include direct repeats and a
guide sequence (or spacer). The sequence specific binding to
the target RNA is mediated by a part of the gRNA, the
“guide sequence”, being complementary to the target RNA.
In embodiments of the invention the term guide RNA, i.e.
RNA capable of guiding Cas to a target locus, is used as in
foregoing cited documents such as WO 2014/093622 (PCT/
US2013/074667). As used herein the term “wherein the
guide sequence is capable of hybridizing” refers to a sub-
section of the gRNA having sufficient complementarity to
the target sequence to hybridize thereto and to mediate
binding of a CRISPR complex to the target RNA. In general,
a guide sequence is any polynucleotide sequence having
sufficient complementarity with a target polynucleotide
sequence to hybridize with the target sequence and direct
sequence-specific binding of a CRISPR complex to the
target sequence. In some embodiments, the degree of
complementarity between a guide sequence and its corre-
sponding target sequence, when optimally aligned using a
suitable alignment algorithm, is about or more than about
50%, 60%, 75%, 80%, 85%, 90%, 95%, 97.5%, 99%, or
more. Optimal alignhment may be determined with the use of
any suitable algorithm for aligning sequences, non-limiting
example of which include the Smith-Waterman algorithm,
the Needleman-Wunsch algorithm, algorithms based on the
Burrows-Wheeler Transform (e.g. the Burrows Wheeler
Aligner), ClustalW, Clustal X, BLAT, Novoalign (Novocraft
Technologies; available at novocraft.com), ELAND (Illu-
mina, San Diego, CA), SOAP (available at soap.genom-
ics.org.cn), and Magq (available at maq.sourceforge.net).

In certain embodiments, the CRISPR system as provided
herein can make use of a crRNA or analogous polynucle-
otide comprising a guide sequence, wherein the polynucle-
otide is an RNA, a DNA or a mixture of RNA and DNA,
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and/or wherein the polynucleotide comprises one or more
nucleotide analogs. The sequence can comprise any struc-
ture, including but not limited to a structure of a native
crRNA, such as a bulge, a hairpin or a stem loop structure.
In certain embodiments, the polynucleotide comprising the
guide sequence forms a duplex with a second polynucleotide
sequence which can be an RNA or a DNA sequence.

In certain embodiments, use is made of chemically modi-
fied guide RNAs. Examples of guide RNA chemical modi-
fications include, without limitation, incorporation of 2'-O-
methyl (M), 2'-O-methyl 3'phosphorothioate (MS), or 2'-O-
methyl 3'thioPACE (MSP) at one or more terminal
nucleotides. Such chemically modified guide RNAs can
comprise increased stability and increased activity as com-
pared to unmodified guide RNAs, though on-target vs.
off-target specificity is not predictable. (See, Hendel, 2015,
Nat Biotechnol. 33 (9): 985-9, doi: 10.1038/nbt.3290, pub-
lished online 29 Jun. 2015). Chemically modified guide
RNAs further include, without limitation, RNAs with phos-
phorothioate linkages and locked nucleic acid (LNA)
nucleotides comprising a methylene bridge between the 2'
and 4' carbons of the ribose ring.

In some embodiments, a guide sequence is about or more
than about 5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21,
22,23, 24,25, 26,27, 28, 29, 30, 35, 40, 45, 50, 75, or more
nucleotides in length. In some embodiments, a guide
sequence is less than about 75, 50, 45, 40, 35, 30, 25, 20, 15,
12, or fewer nucleotides in length. Preferably the guide
sequence is 10 to 30 nucleotides long. The ability of a guide
sequence to direct sequence-specific binding of a CRISPR
complex to a target sequence may be assessed by any
suitable assay. For example, the components of a CRISPR
system sufficient to form a CRISPR complex, including the
guide sequence to be tested, may be provided to a host cell
having the corresponding target sequence, such as by trans-
fection with vectors encoding the components of the
CRISPR sequence, followed by an assessment of preferen-
tial cleavage within the target sequence, such as by Surveyor
assay. Similarly, cleavage of a target RNA may be evaluated
in a test tube by providing the target sequence, components
of a CRISPR complex, including the guide sequence to be
tested and a control guide sequence different from the test
guide sequence, and comparing binding or rate of cleavage
at the target sequence between the test and control guide
sequence reactions. Other assays are possible, and will occur
to those skilled in the art.

A guide sequence, and hence a nucleic acid-targeting
guide RNA may be selected to target any target nucleic acid
sequence. In the context of formation of a CRISPR complex,
“target sequence” refers to a sequence to which a guide
sequence is designed to have complementarity, where
hybridization between a target sequence and a guide
sequence promotes the formation of a CRISPR complex. A
target sequence may comprise RNA polynucleotides. The
term “target RNA” refers to a RNA polynucleotide being or
comprising the target sequence. In other words, the target
RNA may be a RNA polynucleotide or a part of a RNA
polynucleotide to which a part of the gRNA, i.e. the guide
sequence, is designed to have complementarity and to which
the effector function mediated by the complex comprising
CRISPR effector protein and a gRNA is to be directed. In
some embodiments, a target sequence is located in the
nucleus or cytoplasm of a cell. The target sequence may be
DNA. The target sequence may be any RNA sequence. In
some embodiments, the target sequence may be a sequence
within a RNA molecule selected from the group consisting
of messenger RNA (mRNA), pre-mRNA, ribosomal RNA
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(rRNA), transfer RNA (tRNA), micro-RNA (miRNA), small
interfering RNA (siRNA), small nuclear RNA (snRNA),
small nuclear RNA (snoRNA), double stranded RNA
(dsRNA), non coding RNA (ncRNA), long non-coding
RNA (IncRNA), and small cytoplasmic RNA (scRNA). In
some preferred embodiments, the target sequence may be a
sequence within a RNA molecule selected from the group
consisting of mRNA, pre-mRNA, and rRNA. In some
preferred embodiments, the target sequence may be a
sequence within a RNA molecule selected from the group
consisting of ncRNA, and IncRNA. In some more preferred
embodiments, the target sequence may be a sequence within
an mRNA molecule or a pre-mRNA molecule.

In some embodiments, a nucleic acid-targeting guide
RNA is selected to reduce the degree of secondary structure
within the RNA-targeting guide RNA. In some embodi-
ments, about or less than about 75%, 50%, 40%, 30%, 25%,
20%, 15%, 10%, 5%, 1%, or fewer of the nucleotides of the
nucleic acid-targeting guide RNA participate in self-comple-
mentary base pairing when optimally folded. Optimal fold-
ing may be determined by any suitable polynucleotide
folding algorithm. Some programs are based on calculating
the minimal Gibbs free energy. An example of one such
algorithm is mFold, as described by Zuker and Stiegler
(Nucleic Acids Res. 9 (1981), 133-148). Another example
folding algorithm is the online webserver RNAfold, devel-
oped at Institute for Theoretical Chemistry at the University
of Vienna, using the centroid structure prediction algorithm
(see e.g., A. R. Gruber et al., 2008, Cell 106 (1): 23-24; and
P A Carr and G M Church, 2009, Nature Biotechnology
27(12): 1151-62).

In certain embodiments, a guide RNA or crRNA may
comprise, consist essentially of, or consist of a direct repeat
(DR) sequence and a guide sequence or spacer sequence. In
certain embodiments, the guide RNA or crRNA may com-
prise, consist essentially of, or consist of a direct repeat
sequence fused or linked to a guide sequence or spacer
sequence. In certain embodiments, the direct repeat
sequence may be located upstream (i.e., 5') from the guide
sequence or spacer sequence. In other embodiments, the
direct repeat sequence may be located downstream (i.e., 3)
from the guide sequence or spacer sequence.

In certain embodiments, the crRNA comprises a stem
loop, preferably a single stem loop. In certain embodiments,
the direct repeat sequence forms a stem loop, preferably a
single stem loop.

In certain embodiments, the spacer length (i.e. guide
sequence length or spacer sequence length) of the guide
RNA is from 15 to 35 nt. In certain embodiments, the spacer
length of the guide RNA is from 18 to 35 nt. In certain
embodiments, the spacer length of the guide RNA is from 19
to 33 nt. In certain embodiments, the spacer length of the
guide RNA is from 20 to 30 nt. In certain embodiments, the
spacer length of the guide RNA is at least 15 nucleotides,
preferably at least 18 nt, such as at least 19, 20, 21, 22, or
more nt. In certain embodiments, the spacer length is from
15to 17 nt, e.g., 15, 16, or 17 nt, from 17 to 20 nt, e.g., 17,
18, 19, or 20 nt, from 20 to 24 nt, e.g., 20, 21, 22, 23, or 24
nt, from 23 to 25 nt, e.g., 23, 24, or 25 nt, from 24 to 27 nt,
e.g., 24, 25, 26, or 27 nt, from 27-30 nt, e.g., 27, 28, 29, or
30 nt, from 30-35 nt, e.g., 30, 31, 32, 33, 34, or 35 nt, or 35
nt or longer.

In certain embodiments, the spacer length is 18 to 30
nucleotides. In certain embodiments, the spacer length is 19
to 30 nucleotides. In certain embodiments, the spacer length
is 20 to 30 nucleotides. In certain embodiments, the spacer
length is 21 to 30 nucleotides. In certain embodiments, the
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spacer length is 22 to 30 nucleotides. In certain embodi-
ments, the spacer length is 23 to 30 nucleotides. In certain
embodiments, the spacer length is 24 to 30 nucleotides. In
certain embodiments, the spacer length is 25 to 30 nucleo-
tides. In certain embodiments, the spacer length is 26 to 30
nucleotides. In certain embodiments, the spacer length is 27
to 30 nucleotides. In certain embodiments, the spacer length
is 28 to 30 nucleotides. In certain embodiments, the spacer
length is 29 to 30 nucleotides. In certain embodiments, the
spacer length is 18 to 29 nucleotides. In certain embodi-
ments, the spacer length is 19 to 29 nucleotides. In certain
embodiments, the spacer length is 20 to 29 nucleotides. In
certain embodiments, the spacer length is 21 to 29 nucleo-
tides. In certain embodiments, the spacer length is 22 to 29
nucleotides. In certain embodiments, the spacer length is 23
to 29 nucleotides. In certain embodiments, the spacer length
is 24 to 29 nucleotides. In certain embodiments, the spacer
length is 25 to 29 nucleotides. In certain embodiments, the
spacer length is 26 to 29 nucleotides. In certain embodi-
ments, the spacer length is 27 to 29 nucleotides. In certain
embodiments, the spacer length is 28 to 29 nucleotides. In
certain embodiments, the spacer length is 18 to 28 nucleo-
tides. In certain embodiments, the spacer length is 19 to 28
nucleotides. In certain embodiments, the spacer length is 20
to 28 nucleotides. In certain embodiments, the spacer length
is 21 to 28 nucleotides. In certain embodiments, the spacer
length is 22 to 28 nucleotides. In certain embodiments, the
spacer length is 23 to 28 nucleotides. In certain embodi-
ments, the spacer length is 24 to 28 nucleotides. In certain
embodiments, the spacer length is 25 to 28 nucleotides. In
certain embodiments, the spacer length is 26 to 28 nucleo-
tides. In certain embodiments, the spacer length is 27 to 28
nucleotides. In certain embodiments, the spacer length is 18
to 27 nucleotides. In certain embodiments, the spacer length
is 19 to 27 nucleotides. In certain embodiments, the spacer
length is 20 to 27 nucleotides. In certain embodiments, the
spacer length is 21 to 27 nucleotides. In certain embodi-
ments, the spacer length is 22 to 27 nucleotides. In certain
embodiments, the spacer length is 23 to 27 nucleotides. In
certain embodiments, the spacer length is 24 to 27 nucleo-
tides. In certain embodiments, the spacer length is 25 to 27
nucleotides. In certain embodiments, the spacer length is 26
to 27 nucleotides. In certain embodiments, the spacer length
is 18 to 26 nucleotides. In certain embodiments, the spacer
length is 19 to 26 nucleotides. In certain embodiments, the
spacer length is 20 to 26 nucleotides. In certain embodi-
ments, the spacer length is 21 to 26 nucleotides. In certain
embodiments, the spacer length is 22 to 26 nucleotides. In
certain embodiments, the spacer length is 23 to 26 nucleo-
tides. In certain embodiments, the spacer length is 24 to 26
nucleotides. In certain embodiments, the spacer length is 25
to 26 nucleotides. In certain embodiments, the spacer length
is 18 to 25 nucleotides. In certain embodiments, the spacer
length is 19 to 25 nucleotides. In certain embodiments, the
spacer length is 20 to 25 nucleotides. In certain embodi-
ments, the spacer length is 21 to 25 nucleotides. In certain
embodiments, the spacer length is 22 to 25 nucleotides. In
certain embodiments, the spacer length is 23 to 25 nucleo-
tides. In certain embodiments, the spacer length is 24 to 25
nucleotides. In certain embodiments, the spacer length is 18
to 24 nucleotides. In certain embodiments, the spacer length
is 19 to 24 nucleotides. In certain embodiments, the spacer
length is 20 to 24 nucleotides. In certain embodiments, the
spacer length is 21 to 24 nucleotides. In certain embodi-
ments, the spacer length is 22 to 24 nucleotides. In certain
embodiments, the spacer length is 23 to 24 nucleotides. In
certain embodiments, the spacer length is 18 to 23 nucleo-
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tides. In certain embodiments, the spacer length is 19 to 23
nucleotides. In certain embodiments, the spacer length is 20
to 23 nucleotides. In certain embodiments, the spacer length
is 21 to 23 nucleotides. In certain embodiments, the spacer
length is 22 to 23 nucleotides. In certain embodiments, the
spacer length is 18 to 22 nucleotides. In certain embodi-
ments, the spacer length is 19 to 22 nucleotides. In certain
embodiments, the spacer length is 20 to 22 nucleotides. In
certain embodiments, the spacer length is 21 to 22 nucleo-
tides. In certain embodiments, the spacer length is 18 to 21
nucleotides. In certain embodiments, the spacer length is 19
to 21 nucleotides. In certain embodiments, the spacer length
is 20 to 21 nucleotides. In certain embodiments, the spacer
length is 18 to 20 nucleotides. In certain embodiments, the
spacer length is 19 to 20 nucleotides. In certain embodi-
ments, the spacer length is 18 to 19 nucleotides.

In certain embodiments, the spacer length of the guide
RNA is less than 28 nucleotides. In certain embodiments, the
spacer length of the guide RNA is at least 18 nucleotides and
less than 28 nucleotides. In certain embodiments, the spacer
length of the guide RNA is between 19 and 28 nucleotides.
In certain embodiments, the spacer length of the guide RNA
is between 19 and 25 nucleotides. In certain embodiments,
the spacer length of the guide RNA is 20 nucleotides. In
certain embodiments, the spacer length of the guide RNA is
23 nucleotides. In certain embodiments, the spacer length of
the guide RNA is 25 nucleotides.

In a classic CRISPR-Cas systems, the degree of comple-
mentarity between a guide sequence and its corresponding
target sequence can be about or more than about 50%, 60%,
75%, 80%, 85%, 90%, 95%, 97.5%, 99%, or 100%; a guide
or RNA or sgRNA can be about or more than about 5, 10,
11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26,
27, 28, 29, 30, 35, 40, 45, 50, 75, or more nucleotides in
length; or guide or RNA or sgRNA can be less than about 75,
50, 45, 40, 35, 30, 25, 20, 15, 12, or fewer nucleotides in
length. However, an aspect of the invention is to reduce
off-target interactions, e.g., reduce the guide interacting with
a target sequence having low complementarity. Indeed, in
the examples, it is shown that the invention involves muta-
tions that result in the CRISPR-Cas system being able to
distinguish between target and off-target sequences that have
greater than 80% to about 95% complementarity, e.g.,
83%-84% or 88-89% or 94-95% complementarity (for
instance, distinguishing between a target having 18 nucleo-
tides from an off-target of 18 nucleotides having 1, 2 or 3
mismatches). Accordingly, in the context of the present
invention the degree of complementarity between a guide
sequence and its corresponding target sequence is greater
than 94.5% or 95% or 95.5% or 96% or 96.5% or 97% or
97.5% or 98% or 98.5% or 99% or 99.5% or 99.9%, or
100%. Off target is less than 100% or 99.9% or 99.5% or
99% or 99% or 98.5% or 98% or 97.5% or 97% or 96.5%
or 96% or 95.5% or 95% or 94.5% or 94% or 93% or 92%
or 91% or 90% or 89% or 88% or 87% or 86% or 85% or
84% or 83% or 82% or 81% or 80% complementarity
between the sequence and the guide, with it advantageous
that off target is 100% or 99.9% or 99.5% or 99% or 99%
or 98.5% or 98% or 97.5% or 97% or 96.5% or 96% or
95.5% or 95% or 94.5% complementarity between the
sequence and the guide.

In certain embodiments, modulations of cleavage effi-
ciency can be exploited by introduction of mismatches, e.g.
1 or more mismatches, such as 1 or 2 mismatches between
spacer sequence and target sequence, including the position
of the mismatch along the spacer/target. The more central
(i.e. not 3' or §') for instance a double mismatch is, the more
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cleavage efficiency is affected. Accordingly, by choosing
mismatch position along the spacer, cleavage efficiency can
be modulated. By means of example, if less than 100%
cleavage of targets is desired (e.g. in a cell population), 1 or
more, such as preferably 2 mismatches between spacer and
target sequence may be introduced in the spacer sequences.
The more central along the spacer of the mismatch position,
the lower the cleavage percentage.

In certain example embodiments, the cleavage efficiency
may be exploited to design single guides that can distinguish
two or more targets that vary by a single nucleotide, such as
a single nucleotide polymorphism (SNP), variation, or
(point) mutation. This aspect is of particular relevance for
the diagnostic applications of the present invention, such as
in particular the companion diagnostic applications. The
CRISPR effector may have reduced sensitivity to SNPs (or
other single nucleotide variations) and continue to cleave
SNP targets with a certain level of efficiency. Thus, for two
targets, or a set of targets, a guide RNA may be designed
with a nucleotide sequence that is complementary to one of
the targets i.e. the on-target SNP. The guide RNA is further
designed to have a synthetic mismatch. As used herein a
“synthetic mismatch” refers to a non-naturally occurring
mismatch that is introduced upstream or downstream of the
naturally occurring SNP, such as at most 5 nucleotides
upstream or downstream, for instance 4, 3, 2, or 1 nucleotide
upstream or downstream, preferably at most 3 nucleotides
upstream or downstream, more preferably at most 2 nucleo-
tides upstream or downstream, most preferably 1 nucleotide
upstream or downstream (i.e. adjacent the SNP). When the
CRISPR effector binds to the on-target SNP, only a single
mismatch will be formed with the synthetic mismatch and
the CRISPR effector will continue to be activated and a
detectable signal produced. When the guide RNA hybridizes
to an off-target SNP, two mismatches will be formed, the
mismatch from the SNP and the synthetic mismatch, and no
detectable signal generated. Thus, the systems disclosed
herein may be designed to distinguish SNPs within a popu-
lation. For, example the systems may be used to distinguish
pathogenic strains that differ by a single SNP or detect
certain disease specific SNPs, such as but not limited to,
disease associated SNPs, such as without limitation cancer
associated SNPs.

In certain embodiments, the guide RNA is designed such
that the SNP is located on position 1, 2,3, 4, 5,6, 7,8, 9,
10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25,
26, 27, 28, 29, or 30 of the spacer sequence (starting at the
5'end). In certain embodiments, the guide RNA is designed
such that the SNP is located on position 1, 2, 3, 4, 5, 6, 7,
8, or 9 of the spacer sequence (starting at the 5' end). In
certain embodiments, the guide RNA is designed such that
the SNP is located on position 2, 3, 4, 5, 6, or 7 of the spacer
sequence (starting at the 5' end). In certain embodiments, the
guide RNA is designed such that the SNP is located on
position 3, 4, 5, or 6 of the spacer sequence (starting at the
5'end). In certain embodiments, the guide RNA is designed
such that the SNP is located on position 3 of the spacer
sequence (starting at the 5' end).

In certain embodiments, the guide RNA is designed such
that the mismatch (e.g. the synthetic mismatch, i.e. an
additional mutation besides a SNP) is located on position 1,
2,3,4,5,6,7,8,09, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 of the spacer
sequence (starting at the 5' end). In certain embodiments, the
guide RNA is designed such that the mismatch is located on
position 1, 2, 3, 4, 5, 6, 7, 8, or 9 of the spacer sequence
(starting at the 5' end). In certain embodiments, the guide
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RNA is designed such that the mismatch is located on
position 4, 5, 6, or 7 of the spacer sequence (starting at the
5" end. In certain embodiments, the guide RNA is designed
such that the mismatch is located on position 5 of the spacer
sequence (starting at the 5' end).

In certain embodiments, the guide RNA is designed such
that the mismatch is located 2 nucleotides upstream of the
SNP (i.e. one intervening nucleotide).

In certain embodiments, the guide RNA is designed such
that the mismatch is located 2 nucleotides downstream of the
SNP (i.e. one intervening nucleotide).

In certain embodiments, the guide RNA is designed such
that the mismatch is located on position 5 of the spacer
sequence (starting at the 5' end) and the SNP is located on
position 3 of the spacer sequence (starting at the 5' end).

The embodiments described herein comprehend inducing
one or more nucleotide modifications in a eukaryotic cell (in
vitro, i.e. in an isolated eukaryotic cell) as herein discussed
comprising delivering to cell a vector as herein discussed.
The mutation(s) can include the introduction, deletion, or
substitution of one or more nucleotides at each target
sequence of cell(s) via the guide(s) RNA(s). The mutations
can include the introduction, deletion, or substitution of 1-75
nucleotides at each target sequence of said cell(s) via the
guide(s) RNA(s). The mutations can include the introduc-
tion, deletion, or substitution of 1, 5, 10, 11, 12, 13, 14, 15,
16,17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35,
40, 45, 50, or 75 nucleotides at each target sequence of said
cell(s) via the guide(s) RNA(s). The mutations can include
the introduction, deletion, or substitution of 5, 10, 11, 12, 13,
14,15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29,
30, 35, 40, 45, 50, or 75 nucleotides at each target sequence
of said cell(s) via the guide(s) RNA(s). The mutations
include the introduction, deletion, or substitution of 10, 11,
12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27,
28, 29, 30, 35, 40, 45, 50, or 75 nucleotides at each target
sequence of said cell(s) via the guide(s) RNA(s). The
mutations can include the introduction, deletion, or substi-
tution of 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40,
45, 50, or 75 nucleotides at each target sequence of said
cell(s) via the guide(s) RNA(s). The mutations can include
the introduction, deletion, or substitution of 40, 45, 50, 75,
100, 200, 300, 400 or 500 nucleotides at each target
sequence of said cell(s) via the guide(s) RNA(s).

Typically, in the context of an endogenous CRISPR
system, formation of a CRISPR complex (comprising a
guide sequence hybridized to a target sequence and com-
plexed with one or more Cas proteins) results in cleavage in
or near (e.g. within 1, 2,3, 4, 5, 6,7, 8, 9, 10, 20, 50, or more
base pairs from) the target sequence, but may depend on for
instance secondary structure, in particular in the case of
RNA targets.

Guide RNA According to the Invention Comprising a Dead
Guide Sequence

In one aspect, the invention provides guide sequences
which are modified in a manner which allows for formation
of'the CRISPR complex and successful binding to the target,
while at the same time, not allowing for successful nuclease
activity (i.e. without nuclease activity/without indel activ-
ity). For matters of explanation such modified guide
sequences are referred to as “dead guides” or “dead guide
sequences”. These dead guides or dead guide sequences can
be thought of as catalytically inactive or conformationally
inactive with regard to nuclease activity. Indeed, dead guide
sequences may not sufficiently engage in productive base
pairing with respect to the ability to promote catalytic
activity or to distinguish on-target and off-target binding
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activity. Briefly, the assay involves synthesizing a CRISPR
target RNA and guide RNAs comprising mismatches with
the target RNA, combining these with the RNA targeting
enzyme and analyzing cleavage based on gels based on the
presence of bands generated by cleavage products, and
quantifying cleavage based upon relative band intensities.

Hence, in a related aspect, the invention provides a
non-naturally occurring or engineered composition RNA
targeting CRISPR-Cas system comprising a functional RNA
targeting as described herein, and guide RNA (gRNA)
wherein the gRNA comprises a dead guide sequence
whereby the gRNA is capable of hybridizing to a target
sequence such that the RNA targeting CRISPR-Cas system
is directed to a genomic locus of interest in a cell without
detectable RNA cleavage activity of a non-mutant RNA
targeting enzyme of the system. It is to be understood that
any of the gRNAs according to the invention as described
herein elsewhere may be used as dead gRNAs/gRNAs
comprising a dead guide sequence as described herein
below. Any of the methods, products, compositions and uses
as described herein elsewhere is equally applicable with the
dead gRNAs/gRNAs comprising a dead guide sequence as
further detailed below. By means of further guidance, the
following particular aspects and embodiments are provided.

The ability of a dead guide sequence to direct sequence-
specific binding of a CRISPR complex to an RNA target
sequence may be assessed by any suitable assay. For
example, the components of a CRISPR system sufficient to
form a CRISPR complex, including the dead guide sequence
to be tested, may be provided to a host cell having the
corresponding target sequence, such as by transfection with
vectors encoding the components of the CRISPR sequence,
followed by an assessment of preferential cleavage within
the target sequence. For instance, cleavage of a target RNA
polynucleotide sequence may be evaluated in a test tube by
providing the target sequence, components of a CRISPR
complex, including the dead guide sequence to be tested and
a control guide sequence different from the test dead guide
sequence, and comparing binding or rate of cleavage at the
target sequence between the test and control guide sequence
reactions. Other assays are possible, and will occur to those
skilled in the art. A dead guide sequence may be selected to
target any target sequence. In some embodiments, the target
sequence is a sequence within a genome of a cell.

As explained further herein, several structural parameters
allow for a proper framework to arrive at such dead guides.
Dead guide sequences are typically shorter than respective
guide sequences which result in active RNA cleavage. In
particular embodiments, dead guides are 5%, 10%, 20%,
30%, 40%, 50%, shorter than respective guides directed to
the same.

As explained below and known in the art, one aspect of
gRNA-RNA targeting specificity is the direct repeat
sequence, which is to be appropriately linked to such guides.
In particular, this implies that the direct repeat sequences are
designed dependent on the origin of the RNA targeting
enzyme. Thus, structural data available for validated dead
guide sequences may be used for designing CRISPR protein
specific equivalents. Structural similarity between, e.g., the
orthologous nuclease domains HEPN of two or more
CRISPR effector proteins may be used to transfer design
equivalent dead guides. Thus, the dead guide herein may be
appropriately modified in length and sequence to reflect such
CRISPR protein specific equivalents, allowing for formation
of'the CRISPR complex and successful binding to the target
RNA, while at the same time, not allowing for successful
nuclease activity.
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The use of dead guides in the context herein as well as the
state of the art provides a surprising and unexpected plat-
form for network biology and/or systems biology in both in
vitro, ex vivo, and in vivo applications, allowing for mul-
tiplex gene targeting, and in particular bidirectional multi-
plex gene targeting. Prior to the use of dead guides, address-
ing multiple targets has been challenging and in some cases
not possible. With the use of dead guides, multiple targets,
and thus multiple activities, may be addressed, for example,
in the same cell, in the same animal, or in the same patient.
Such multiplexing may occur at the same time or staggered
for a desired timeframe.

For example, the dead guides allow to use gRNA as a
means for gene targeting, without the consequence of nucle-
ase activity, while at the same time providing directed means
for activation or repression. Guide RNA comprising a dead
guide may be modified to further include elements in a
manner which allow for activation or repression of gene
activity, in particular protein adaptors (e.g. aptamers) as
described herein elsewhere allowing for functional place-
ment of gene effectors (e.g. activators or repressors of gene
activity). One example is the incorporation of aptamers, as
explained herein and in the state of the art. By engineering
the gRNA comprising a dead guide to incorporate protein-
interacting aptamers (Konermann et al., “Genome-scale
transcription activation by an engineered CRISPR-Cas9
complex,” doi:10.1038/nature14136, incorporated herein by
reference), one may assemble multiple distinct effector
domains. Such may be modeled after natural processes.

Thus, one aspect is a gRNA of the invention which
comprises a dead guide, wherein the gRNA further com-
prises modifications which provide for gene activation or
repression, as described herein. The dead gRNA may com-
prise one or more aptamers. The aptamers may be specific to
gene effectors, gene activators or gene repressors. Alterna-
tively, the aptamers may be specific to a protein which in
turn is specific to and recruits/binds a specific gene effector,
gene activator or gene repressor. If there are multiple sites
for activator or repressor recruitment, it is preferred that the
sites are specific to either activators or repressors. If there
are multiple sites for activator or repressor binding, the sites
may be specific to the same activators or same repressors.
The sites may also be specific to different activators or
different repressors. The effectors, activators, repressors
may be present in the form of fusion proteins.

In an aspect, the invention provides a method of selecting
a dead guide RNA targeting sequence for directing a func-
tionalized CRISPR system to a gene locus in an organism,
which comprises: a) locating one or more CRISPR motifs in
the gene locus; b) analyzing the 20 nt sequence downstream
of each CRISPR motif by: i) determining the GC content of
the sequence; and ii) determining whether there are off-
target matches of the first 15 nt of the sequence in the
genome of the organism; c¢) selecting the sequence for use in
a guide RNA if the GC content of the sequence is 70% or
less and no off-target matches are identified. In an embodi-
ment, the sequence is selected if the GC content is 50% or
less. In an embodiment, the sequence is selected if the GC
content is 40% or less. In an embodiment, the sequence is
selected if the GC content is 30% or less. In an embodiment,
two or more sequences are analyzed and the sequence
having the lowest GC content is selected. In an embodiment,
off-target matches are determined in regulatory sequences of
the organism. In an embodiment, the gene locus is a regu-
latory region. An aspect provides a dead guide RNA com-
prising the targeting sequence selected according to the
aforementioned methods.
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In an aspect, the invention provides a dead guide RNA for
targeting a functionalized CRISPR system to a gene locus in
an organism. In an embodiment of the invention, the dead
guide RNA comprises a targeting sequence wherein the CG
content of the target sequence is 70% or less, and the first 15
nt of the targeting sequence does not match an off-target
sequence downstream from a CRISPR motif in the regula-
tory sequence of another gene locus in the organism. In
certain embodiments, the GC content of the targeting
sequence 60% or less, 55% or less, 50% or less, 45% or less,
40% or less, 35% or less or 30% or less. In certain embodi-
ments, the GC content of the targeting sequence is from 70%
to 60% or from 60% to 50% or from 50% to 40% or from
40% to 30%. In an embodiment, the targeting sequence has
the lowest CG content among potential targeting sequences
of the locus.

In an embodiment of the invention, the first 15 nt of the
dead guide match the target sequence. In another embodi-
ment, first 14 nt of the dead guide match the target sequence.
In another embodiment, the first 13 nt of the dead guide
match the target sequence. In another embodiment first 12 nt
of the dead guide match the target sequence. In another
embodiment, first 11 nt of the dead guide match the target
sequence. In another embodiment, the first 10 nt of the dead
guide match the target sequence. In an embodiment of the
invention the first 15 nt of the dead guide does not match an
off-target sequence downstream from a CRISPR motif in the
regulatory region of another gene locus. In other embodi-
ments, the first 14 nt, or the first 13 nt of the dead guide, or
the first 12 nt of the guide, or the first 11 nt of the dead guide,
or the first 10 nt of the dead guide, does not match an
off-target sequence downstream from a CRISPR motif in the
regulatory region of another gene locus. In other embodi-
ments, the first 15 nt, or 14 nt, or 13 nt, or 12 nt, or 11 nt of
the dead guide do not match an off-target sequence down-
stream from a CRISPR motif in the genome.

In certain embodiments, the dead guide RNA includes
additional nucleotides at 3'-end that do not match the target
sequence. Thus, a dead guide RNA that includes the first
20-28 nt, downstream of a CRISPR motif can be extended
in length at 3' end.

Vectors and Expression Systems

In certain aspects the invention involves vectors, e.g. for
delivering or introducing in a cell CRISPR effector and/or
RNA capable of guiding CRISPR effector to a target locus
(i.e. guide RNA), and optionally also for propagating these
components (e.g. in prokaryotic cells). A used herein, a
“vector” is a tool that allows or facilitates the transfer of an
entity from one environment to another. It is a replicon, such
as a plasmid, phage, or cosmid, into which another DNA
segment may be inserted so as to bring about the replication
of the inserted segment. Generally, a vector is capable of
replication when associated with the proper control ele-
ments. In general, the term “vector” refers to a nucleic acid
molecule capable of transporting another nucleic acid to
which it has been linked. Vectors include, but are not limited
to, nucleic acid molecules that are single-stranded, double-
stranded, or partially double-stranded; nucleic acid mol-
ecules that comprise one or more free ends, no free ends (e.g.
circular); nucleic acid molecules that comprise DNA, RNA,
or both; and other varieties of polynucleotides known in the
art. One type of vector is a “plasmid,” which refers to a
circular double stranded DNA loop into which additional
DNA segments can be inserted, such as by standard molecu-
lar cloning techniques. Another type of vector is a viral
vector, wherein virally-derived DNA or RNA sequences are
present in the vector for packaging into a virus (e.g. retro-
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viruses, replication defective retroviruses, adenoviruses,
replication defective adenoviruses, and adeno-associated
viruses (AAVs)). Viral vectors also include polynucleotides
carried by a virus for transfection into a host cell. Certain
vectors are capable of autonomous replication in a host cell
into which they are introduced (e.g. bacterial vectors having
a bacterial origin of replication and episomal mammalian
vectors). Other vectors (e.g., non-episomal mammalian vec-
tors) are integrated into the genome of a host cell upon
introduction into the host cell, and thereby are replicated
along with the host genome. Moreover, certain vectors are
capable of directing the expression of genes to which they
are operatively-linked. Such vectors are referred to herein as
“expression vectors.” Common expression vectors of utility
in recombinant DNA techniques are often in the form of
plasmids.

Recombinant expression vectors can comprise a nucleic
acid of the invention in a form suitable for expression of the
nucleic acid in a host cell, which means that the recombinant
expression vectors include one or more regulatory elements,
which may be selected on the basis of the host cells to be
used for expression, that is operatively-linked to the nucleic
acid sequence to be expressed. Within a recombinant expres-
sion vector, “operably linked” is intended to mean that the
nucleotide sequence of interest is linked to the regulatory
element(s) in a manner that allows for expression of the
nucleotide sequence (e.g. in an in vitro transcription/trans-
lation system or in a host cell when the vector is introduced
into the host cell). With regards to recombination and
cloning methods, mention is made of U.S. patent application
Ser. No. 10/815,730, published Sep. 2, 2004 as US 2004-
0171156 A1, the contents of which are herein incorporated
by reference in their entirety. Thus, the embodiments dis-
closed herein may also comprise transgenic cells comprising
the CRISPR effector system. In certain example embodi-
ments, the transgenic cell may function as an individual
discrete volume. In other words samples comprising a
masking construct may be delivered to a cell, for example in
a suitable delivery vesicle and if the target is present in the
delivery vesicle the CRISPR effector is activated and a
detectable signal generated.

The vector(s) can include the regulatory element(s), e.g.,
promoter(s). The vector(s) can comprise CRISPR effector
encoding sequences, and/or a single, but possibly also can
comprise at least 2, 3, 4, 5, 6, 7, or 8 or more, such as 10,
12, 14, 16 or more, such as 32 or 48 or 50 guide RNA(s)
(e.g., sgRNAs) encoding sequences, such as 1-2, 1-3, 1-4
1-5,3-6,3-7,3-8, 3-9, 3-10, 3-8, 3-16, 3-30, 3-32, 3-48, 3-50
RNAC(s) (e.g., sgRNAs). In a single vector there can be a
promoter for each RNA (e.g., sgRNA), advantageously
when there are up to about 16 RNA(s); and, when a single
vector provides for more than 16 RNA(s), one or more
promoter(s) can drive expression of more than one of the
RNAC(s), e.g., when there are 32 RNAC(s), each promoter can
drive expression of two RNA(s), and when there are 48
RNA(s), each promoter can drive expression of three
RNAC(s). By simple arithmetic and well established cloning
protocols and the teachings in this disclosure one skilled in
the art can readily practice the invention as to the RNA(s) for
a suitable exemplary vector such as AAV, and a suitable
promoter such as the U6 promoter. For example, the pack-
aging limit of AAV is ~4.7 kb. The length of a single
U6-gRNA (plus restriction sites for cloning) is 361 bp.
Therefore, the skilled person can readily fit about 12-16,
e.g., 13 U6-gRNA cassettes in a single vector. This can be
assembled by any suitable means, such as a golden gate
strategy used for TALE assembly (genome-engineering.org/
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taleffectors/). The skilled person can also use a tandem guide
strategy to increase the number of U6-gRNAs by approxi-
mately 1.5 times, e.g., to increase from 12-16, e.g., 13 to
approximately 18-24, e.g., about 19 U6-gRNAs. Therefore,
one skilled in the art can readily reach approximately 18-24,
e.g., about 19 promoter-RNAs, e.g., U6-gRNAs in a single
vector, e.g., an AAV vector. A further means for increasing
the number of promoters and RNAs in a vector is to use a
single promoter (e.g., U6) to express an array of RNAs
separated by cleavable sequences. And an even further
means for increasing the number of promoter-RNAs in a
vector, is to express an array of promoter-RNAs separated
by cleavable sequences in the intron of a coding sequence or
gene; and, in this instance it is advantageous to use a
polymerase II promoter, which can have increased expres-
sion and enable the transcription of long RNA in a tissue
specific manner. (see, e.g., nar.oxfordjournals.org/content/
34/7/e53.short and  nature.com/mt/journal/v16/n9/abs/
mt2008144a.html). In an advantageous embodiment, AAV
may package U6 tandem gRNA targeting up to about 50
genes. Accordingly, from the knowledge in the art and the
teachings in this disclosure the skilled person can readily
make and use vector(s), e.g., a single vector, expressing
multiple RNAs or guides under the control or operatively or
functionally linked to one or more promoters-especially as
to the numbers of RNAs or guides discussed herein, without
any undue experimentation.

The guide RNA(s) encoding sequences and/or CRISPR
effector encoding sequences, can be functionally or opera-
tively linked to regulatory element(s) and hence the regu-
latory element(s) drive expression. The promoter(s) can be
constitutive promoter(s) and/or conditional promoter(s) and/
or inducible promoter(s) and/or tissue specific promoter(s).
The promoter can be selected from the group consisting of
RNA polymerases, pol I, pol II, pol LI, T7, U6, H1,
retroviral Rous sarcoma virus (RSV) LTR promoter, the
cytomegalovirus (CMV) promoter, the SV40 promoter, the
dihydrofolate reductase promoter, the 3-actin promoter, the
phosphoglycerol kinase (PGK) promoter, and the EFla
promoter. An advantageous promoter is the promoter is U6.

In some embodiments, one or more elements of a nucleic
acid-targeting system is derived from a particular organism
comprising an endogenous CRISPR RNA-targeting system.
In certain example embodiments, the effector protein
CRISPR RNA-targeting system comprises at least one
HEPN domain, including but not limited to the HEPN
domains described herein, HEPN domains known in the art,
and domains recognized to be HEPN domains by compari-
son to consensus sequence motifs. Several such domains are
provided herein. In one non-limiting example, a consensus
sequence can be derived from the sequences of C2c2 or
Casl3b orthologs provided herein. In certain example
embodiments, the effector protein comprises a single HEPN
domain. In certain other example embodiments, the effector
protein comprises two HEPN domains.

The term “nucleic acid-targeting system”, wherein
nucleic acid is DNA or RNA, and in some aspects may also
refer to DNA-RNA hybrids or derivatives thereof, refers
collectively to transcripts and other elements involved in the
expression of or directing the activity of DNA or RNA-
targeting CRISPR-associated (“Cas™) genes, which may
include sequences encoding a DNA or RNA-targeting Cas
protein and a DNA or RNA-targeting guide RNA compris-
ing a CRISPR RNA (crRNA) sequence and (in some but not
all systems) a trans-activating CRISPR/Cas system RNA
(tractrRNA) sequence, or other sequences and transcripts
from a DNA or RNA-targeting CRISPR locus. In general, a
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RNA-targeting system is characterized by elements that
promote the formation of a DNA or RNA-targeting complex
at the site of a target DNA or RNA sequence. In the context
of formation of a DNA or RNA-targeting complex, “target
sequence” refers to a DNA or RNA sequence to which a
DNA or RNA-targeting guide RNA is designed to have
complementarity, where hybridization between a target
sequence and a RNA-targeting guide RNA promotes the
formation of a RNA-targeting complex. In some embodi-
ments, a target sequence is located in the nucleus or cyto-
plasm of a cell.

In an aspect of the invention, novel RNA targeting sys-
tems also referred to as RNA- or RNA-targeting CRISPR/
Cas or the CRISPR-Cas system RNA-targeting system of
the present application are based on identified Type VI Cas
proteins which do not require the generation of customized
proteins to target specific RNA sequences but rather a single
enzyme can be programmed by a RNA molecule to recog-
nize a specific RNA target, in other words the enzyme can
be recruited to a specific RNA target using said RNA
molecule.

In an aspect of the invention, novel DNA targeting
systems also referred to as DNA- or DNA-targeting
CRISPR/Cas or the CRISPR-Cas system RNA-targeting
system of the present application are based on identified
Type VI Cas proteins which do not require the generation of
customized proteins to target specific RNA sequences but
rather a single enzyme can be programmed by a RNA
molecule to recognize a specific DNA target, in other words
the enzyme can be recruited to a specific DNA target using
said RNA molecule.

The nucleic acids-targeting systems, the vector systems,
the vectors and the compositions described herein may be
used in various nucleic acids-targeting applications, altering
or modifying synthesis of a gene product, such as a protein,
nucleic acids cleavage, nucleic acids editing, nucleic acids
splicing; trafficking of target nucleic acids, tracing of target
nucleic acids, isolation of target nucleic acids, visualization
of target nucleic acids, etc.

In some embodiments, one or more vectors driving
expression of one or more elements of a nucleic acid-
targeting system are introduced into a host cell such that
expression of the elements of the nucleic acid-targeting
system direct formation of a nucleic acid-targeting complex
at one or more target sites. For example, a nucleic acid-
targeting effector enzyme and a nucleic acid-targeting guide
RNA could each be operably linked to separate regulatory
elements on separate vectors. RNA(s) of the nucleic acid-
targeting system can be delivered to a transgenic nucleic
acid-targeting effector proteinanimal or mammal, e.g., an
animal or mammal that constitutively or inducibly or con-
ditionally expresses nucleic acid-targeting effector protein;
or an animal or mammal that is otherwise expressing nucleic
acid-targeting effector proteinor has cells containing nucleic
acid-targeting effector protein, such as by way of prior
administration thereto of a vector or vectors that code for
and express in vivo nucleic acid-targeting effector protein.
Alternatively, two or more of the elements expressed from
the same or different regulatory elements, may be combined
in a single vector, with one or more additional vectors
providing any components of the nucleic acid-targeting
system not included in the first vector. nucleic acid-targeting
system elements that are combined in a single vector may be
arranged in any suitable orientation, such as one element
located 5' with respect to (“upstream” of) or 3' with respect
to (“downstream” of) a second element. The coding
sequence of one element may be located on the same or
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opposite strand of the coding sequence of a second element,
and oriented in the same or opposite direction. In some
embodiments, a single promoter drives expression of a
transcript encoding a nucleic acid-targeting effector protein
and the nucleic acid-targeting guide RNA, embedded within
one or more intron sequences (e.g., each in a different intron,
two or more in at least one intron, or all in a single intron).
In some embodiments, the nucleic acid-targeting effector
protein and the nucleic acid-targeting guide RNA may be
operably linked to and expressed from the same promoter.
Delivery vehicles, vectors, particles, nanoparticles, formu-
lations and components thereof for expression of one or
more elements of a nucleic acid-targeting system are as used
in the foregoing documents, such as WO 2014/093622
(PCT/US2013/074667). In some embodiments, a vector
comprises one or more insertion sites, such as a restriction
endonuclease recognition sequence (also referred to as a
“cloning site”). In some embodiments, one or more insertion
sites (e.g., about or more than about 1,2,3,4,5,6,7,8, 9,
10, or more insertion sites) are located upstream and/or
downstream of one or more sequence elements of one or
more vectors. In some embodiments, a vector comprises two
or more insertion sites, so as to allow insertion of a guide
sequence at each site. In such an arrangement, the two or
more guide sequences may comprise two or more copies of
a single guide sequence, two or more different guide
sequences, or combinations of these. When multiple differ-
ent guide sequences are used, a single expression construct
may be used to target nucleic acid-targeting activity to
multiple different, corresponding target sequences within a
cell. For example, a single vector may comprise about or
more than about 1, 2, 3,4, 5,6, 7, 8, 9, 10, 15, 20, or more
guide sequences. In some embodiments, about or more than
about 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or more such guide-
sequence-containing vectors may be provided, and option-
ally delivered to a cell. In some embodiments, a vector
comprises a regulatory element operably linked to an
enzyme-coding sequence encoding a a nucleic acid-targeting
effector protein. nucleic acid-targeting effector protein or
nucleic acid-targeting guide RNA or RNA(s) can be deliv-
ered separately; and advantageously at least one of these is
delivered via a particle or nanoparticle complex. nucleic
acid-targeting effector protein mRNA can be delivered prior
to the nucleic acid-targeting guide RNA to give time for
nucleic acid-targeting effector protein to be expressed.
nucleic acid-targeting effector protein mRNA might be
administered 1-12 hours (preferably around 2-6 hours) prior
to the administration of nucleic acid-targeting guide RNA.
Alternatively, nucleic acid-targeting effector protein mRNA
and nucleic acid-targeting guide RNA can be administered
together. Advantageously, a second booster dose of guide
RNA can be administered 1-12 hours (preferably around 2-6
hours) after the initial administration of nucleic acid-target-
ing effector protein mRNA+guide RNA. Additional admin-
istrations of nucleic acid-targeting effector protein mRNA
and/or guide RNA might be useful to achieve the most
efficient levels of genome and/or transcriptome modifica-
tion.

In one aspect, the invention provides methods for using
one or more elements of a nucleic acid-targeting system. The
nucleic acid-targeting complex of the invention provides an
effective means for modifying a target RNA. The nucleic
acid-targeting complex of the invention has a wide variety of
utility including modifying (e.g., deleting, inserting, trans-
locating, inactivating, activating) a target RNA in a multi-
plicity of cell types. As such the nucleic acid-targeting
complex of the invention has a broad spectrum of applica-
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tions in, e.g., gene therapy, drug screening, disease diagno-
sis, and prognosis. An exemplary nucleic acid-targeting
complex comprises a RNA-targeting effector protein com-
plexed with a guide RNA hybridized to a target sequence
within the target locus of interest.

In one embodiment, this invention provides a method of
cleaving a target RNA. The method may comprise modify-
ing a target RNA using a nucleic acid-targeting complex that
binds to the target RNA and effect cleavage of said target
RNA. In an embodiment, the nucleic acid-targeting complex
of the invention, when introduced into a cell, may create a
break (e.g., a single or a double strand break) in the RNA
sequence. For example, the method can be used to cleave a
disease RNA in a cell. For example, an exogenous RNA
template comprising a sequence to be integrated flanked by
an upstream sequence and a downstream sequence may be
introduced into a cell. The upstream and downstream
sequences share sequence similarity with either side of the
site of integration in the RNA. Where desired, a donor RNA
can be mRNA. The exogenous RNA template comprises a
sequence to be integrated (e.g., a mutated RNA). The
sequence for integration may be a sequence endogenous or
exogenous to the cell. Examples of a sequence to be inte-
grated include RNA encoding a protein or a non-coding
RNA (e.g., a microRNA). Thus, the sequence for integration
may be operably linked to an appropriate control sequence
or sequences. Alternatively, the sequence to be integrated
may provide a regulatory function. The upstream and down-
stream sequences in the exogenous RNA template are
selected to promote recombination between the RNA
sequence of interest and the donor RNA. The upstream
sequence is a RNA sequence that shares sequence similarity
with the RNA sequence upstream of the targeted site for
integration. Similarly, the downstream sequence is a RNA
sequence that shares sequence similarity with the RNA
sequence downstream of the targeted site of integration. The
upstream and downstream sequences in the exogenous RNA
template can have 75%, 80%, 85%, 90%, 95%, or 100%
sequence identity with the targeted RNA sequence. Prefer-
ably, the upstream and downstream sequences in the exog-
enous RNA template have about 95%, 96%, 97%, 98%,
99%, or 100% sequence identity with the targeted RNA
sequence. In some methods, the upstream and downstream
sequences in the exogenous RNA template have about 99%
or 100% sequence identity with the targeted RNA sequence.
An upstream or downstream sequence may comprise from
about 20 bp to about 2500 bp, for example, about 50, 100,
200, 300, 400, 500, 600, 700, 800, 900, 1000, 1100, 1200,
1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 2100,
2200, 2300, 2400, or 2500 bp. In some methods, the
exemplary upstream or downstream sequence have about
200 bp to about 2000 bp, about 600 bp to about 1000 bp, or
more particularly about 700 bp to about 1000 bp. In some
methods, the exogenous RNA template may further com-
prise a marker. Such a marker may make it easy to screen for
targeted integrations. Examples of suitable markers include
restriction sites, fluorescent proteins, or selectable markers.
The exogenous RNA template of the invention can be
constructed using recombinant techniques (see, for example,
Sambrook et al., 2001 and Ausubel et al., 1996). In a method
for modifying a target RNA by integrating an exogenous
RNA template, a break (e.g., double or single stranded break
in double or single stranded DNA or RNA) is introduced into
the DNA or RNA sequence by the nucleic acid-targeting
complex, the break is repaired via homologous recombina-
tion with an exogenous RNA template such that the template
is integrated into the RNA target. The presence of a double-
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stranded break facilitates integration of the template. In
other embodiments, this invention provides a method of
modifying expression of a RNA in a eukaryotic cell. The
method comprises increasing or decreasing expression of a
target polynucleotide by using a nucleic acid-targeting com-
plex that binds to the RNA (e.g., mRNA or pre-mRNA). In
some methods, a target RNA can be inactivated to effect the
modification of the expression in a cell. For example, upon
the binding of a RNA-targeting complex to a target sequence
in a cell, the target RNA is inactivated such that the sequence
is not translated, the coded protein is not produced, or the
sequence does not function as the wild-type sequence does.
For example, a protein or microRNA coding sequence may
be inactivated such that the protein or microRNA or pre-
microRNA transcript is not produced. The target RNA of a
RNA-targeting complex can be any RNA endogenous or
exogenous to the eukaryotic cell. For example, the target
RNA can be a RNA residing in the nucleus of the eukaryotic
cell. The target RNA can be a sequence (e.g., mRNA or
pre-mRNA) coding a gene product (e.g., a protein) or a
non-coding sequence (e.g., ncRNA, IncRNA, tRNA, or
rRNA).

Examples of target RNA include a sequence associated
with a signaling biochemical pathway, e.g., a signaling
biochemical pathway-associated RNA. Examples of target
RNA include a disease associated RNA. A “disease-associ-
ated” RNA refers to any RNA which is yielding translation
products at an abnormal level or in an abnormal form in cells
derived from a disease-affected tissues compared with tis-
sues or cells of a non disease control. It may be a RNA
transcribed from a gene that becomes expressed at an
abnormally high level; it may be a RNA transcribed from a
gene that becomes expressed at an abnormally low level,
where the altered expression correlates with the occurrence
and/or progression of the disease. A disease-associated RNA
also refers to a RNA transcribed from a gene possessing
mutation(s) or genetic variation that is directly responsible
or is in linkage disequilibrium with a gene(s) that is respon-
sible for the etiology of a disease. The translated products
may be known or unknown, and may be at a normal or
abnormal level. The target RNA of a RNA-targeting com-
plex can be any RNA endogenous or exogenous to the
eukaryotic cell. For example, the target RNA can be a RNA
residing in the nucleus of the eukaryotic cell. The target
RNA can be a sequence (e.g., mRNA or pre-mRNA) coding
a gene product (e.g., a protein) or a non-coding sequence
(e.g., ncRNA, IncRNA, tRNA, or rRNA).

In some embodiments, the method may comprise allow-
ing a nucleic acid-targeting complex to bind to the target
RNA to effect cleavage of said target RNA or RNA thereby
modifying the target RNA, wherein the nucleic acid-target-
ing complex comprises a nucleic acid-targeting effector
protein complexed with a guide RNA hybridized to a target
sequence within said target RNA. In one aspect, the inven-
tion provides a method of modifying expression of RNA in
a eukaryotic cell. In some embodiments, the method com-
prises allowing a nucleic acid-targeting complex to bind to
the RNA such that said binding results in increased or
decreased expression of said RNA; wherein the nucleic
acid-targeting complex comprises a nucleic acid-targeting
effector protein complexed with a guide RNA. Similar
considerations and conditions apply as above for methods of
modifying a target RNA. In fact, these sampling, culturing
and re-introduction options apply across the aspects of the
present invention. In one aspect, the invention provides for
methods of modifying a target RNA in a eukaryotic cell,
which may be in vivo, ex vivo or in vitro. In some embodi-
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ments, the method comprises sampling a cell or population
of cells from a human or non-human animal, and modifying
the cell or cells. Culturing may occur at any stage ex vivo.
The cell or cells may even be re-introduced into the non-
human animal or plant. For re-introduced cells it is particu-
larly preferred that the cells are stem cells.

Indeed, in any aspect of the invention, the nucleic acid-
targeting complex may comprise a nucleic acid-targeting
effector protein complexed with a guide RNA hybridized to
a target sequence.

The invention relates to the engineering and optimization
of systems, methods and compositions used for the control
of gene expression involving RNA sequence targeting, that
relate to the nucleic acid-targeting system and components
thereof. In advantageous embodiments, the effector protein
enzyme is a Type VI protein such as C2¢2. An advantage of
the present methods is that the CRISPR system minimizes or
avoids off-target binding and its resulting side effects. This
is achieved using systems arranged to have a high degree of
sequence specificity for the target RNA.

In other example embodiments, the Type VI RNA-target-
ing Cas enzyme is Cas13d. In certain embodiments, Cas13d
is Eubacterium siraeum DSM 15702 (EsCas13d) or Rumi-
nococcus sp. N15.MGS-57 (RspCas13d) (see, e.g., Yan et
al., Cas13d Is a Compact RNA-Targeting Type VI CRISPR
Effector Positively Modulated by a WYL-Domain-Contain-
ing Accessory Protein, Molecular Cell (2018), doi.org/
10.1016/j.molcel.2018.02.028). RspCas13d and EsCasl3d
have no flanking sequence requirements (e.g., PFS, PAM).
Delivery Generally
CRISPR Effector Protein Complexes can Deliver Functional
Effectors

Unlike CRISPR-Cas-mediated gene knockout, which per-
manently eliminates expression by mutating the gene at the
DNA level, CRISPR-Cas knockdown allows for temporary
reduction of gene expression through the use of artificial
transcription or translation factors. Mutating key residues in
both DNA or RNA cleavage domains of the CRISPR protein
results in the generation of a catalytically inactive CRISPR
protein. A catalytically inactive CRISPR complexes with a
guide RNA and localizes to the or RNA sequence specified
by that guide RNA’s targeting domain, however, it does not
cleave the target RNA. Fusion of the inactive CRISPR
protein to an effector domain, e.g., a transcription or trans-
lation repression domain, enables recruitment of the effector
to any or RNA site specified by the guide RNA. In certain
embodiments, CRISPR effector may be fused to a transcrip-
tional repression domain and recruited to the promoter
region of a gene. Especially for gene repression, it is
contemplated herein that blocking the binding site of an
endogenous transcription factor would aid in downregulat-
ing gene expression. In another embodiment, an inactive
CRISPR protein can be fused to a chromatin modifying
protein. Altering chromatin status can result in decreased
expression of the target gene. In further embodiments,
CRISPR protein may be fused to a translation repression
domain.

In an embodiment, a guide RNA molecule can be targeted
to a known transcription response elements (e.g., promoters,
enhancers, etc.), a known upstream activating sequences,
and/or sequences of unknown or known function that are
suspected of being able to control (protein) expression of the
target RNA.

In some methods, a target polynucleotide can be inacti-
vated to effect the modification of the expression in a cell.
For example, upon the binding of a CRISPR complex to a
target sequence in a cell, the target polynucleotide is inac-

10

20

30

40

45

138

tivated such that the sequence is not transcribed, the coded
protein is not produced, or the sequence does not function as
the wild-type sequence does. For example, a protein or
microRNA coding sequence may be inactivated such that the
protein is not produced. In some methods, a target poly-
nucleotide can be inactivated to effect the modification of the
expression in a cell. For example, upon the binding of a
CRISPR complex to an RNA target sequence in a cell, the
target polynucleotide is inactivated such that the sequence is
not translated, affecting the expression level of the protein in
the cell.

In particular embodiments, the CRISPR enzyme com-
prises one or more mutations selected from the group
consisting of R597A, H602A, R1278A and H1283A and/or
the one or more mutations are in the HEPN domain of the
CRISPR enzyme or is a mutation as otherwise discussed
herein. In some embodiments, the CRISPR enzyme has one
or more mutations in a catalytic domain, wherein when
transcribed, the direct repeat sequence forms a single stem
loop and the guide sequence directs sequence-specific bind-
ing of a CRISPR complex to the target sequence, and
wherein the enzyme further comprises a functional domain.
In some embodiments, the functional domain is a. In some
embodiments, the functional domain is a transcription
repression domain, preferably KRAB. In some embodi-
ments, the transcription repression domain is SID, or con-
catemers of SID (eg SID4X). In some embodiments, the
functional domain is an epigenetic modifying domain, such
that an epigenetic modifying enzyme is provided. In some
embodiments, the functional domain is an activation
domain, which may be the P65 activation domain.
Delivery of the CRISPR Effector Protein Complex or Com-
ponents Thereof

Through this disclosure and the knowledge in the art,
TALEs, CRISPR-Cas systems, or components thereof or
nucleic acid molecules thereof or nucleic acid molecules
encoding or providing components thereof may be delivered
by a delivery system herein described both generally and in
detail.

Vector delivery, e.g., plasmid, viral delivery: The CRISPR
enzyme, for instance a Type VI protein such as C2¢2, and/or
any of the present RNAs, for instance a guide RNA, can be
delivered using any suitable vector, e.g., plasmid or viral
vectors, such as adeno associated virus (AAV), lentivirus,
adenovirus or other viral vector types, or combinations
thereof. Effector proteins and one or more guide RNAs can
be packaged into one or more vectors, e.g., plasmid or viral
vectors. In some embodiments, the vector, e.g., plasmid or
viral vector is delivered to the tissue of interest by, for
example, an intramuscular injection, while other times the
delivery is via intravenous, transdermal, intranasal, oral,
mucosal, or other delivery methods. Such delivery may be
either via a single dose, or multiple doses. One skilled in the
art understands that the actual dosage to be delivered herein
may vary greatly depending upon a variety of factors, such
as the vector choice, the target cell, organism, or tissue, the
general condition of the subject to be treated, the degree of
transformation/modification sought, the administration
route, the administration mode, the type of transformation/
modification sought, etc.

Such a dosage may further contain, for example, a carrier
(water, saline, ethanol, glycerol, lactose, sucrose, calcium
phosphate, gelatin, dextran, agar, pectin, peanut oil, sesame
oil, etc.), a diluent, a pharmaceutically-acceptable carrier
(e.g., phosphate-buffered saline), a pharmaceutically-accept-
able excipient, and/or other compounds known in the art.
The dosage may further contain one or more pharmaceuti-
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cally acceptable salts such as, for example, a mineral acid
salt such as a hydrochloride, a hydrobromide, a phosphate,
a sulfate, etc.; and the salts of organic acids such as acetates,
propionates, malonates, benzoates, etc. Additionally, auxil-
iary substances, such as wetting or emulsifying agents, pH
buffering substances, gels or gelling materials, flavorings,
colorants, microspheres, polymers, suspension agents, etc.
may also be present herein. In addition, one or more other
conventional pharmaceutical ingredients, such as preserva-
tives, humectants, suspending agents, surfactants, antioxi-
dants, anticaking agents, fillers, chelating agents, coating
agents, chemical stabilizers, etc. may also be present, espe-
cially if the dosage form is a reconstitutable form. Suitable
exemplary ingredients include microcrystalline cellulose,
carboxymethylcellulose sodium, polysorbate 80, phenyl-
ethyl alcohol, chlorobutanol, potassium sorbate, sorbic acid,
sulfur dioxide, propyl gallate, the parabens, ethyl vanillin,
glycerin, phenol, parachlorophenol, gelatin, albumin and a
combination thereof. A thorough discussion of pharmaceu-
tically acceptable excipients is available in REMINGTON’S
PHARMACEUTICAL SCIENCES (Mack Pub. Co., N.J.
1991) which is incorporated by reference herein.

In an embodiment herein the delivery is via an adenovi-
rus, which may be at a single booster dose containing at least
1x105 particles (also referred to as particle units, pu) of
adenoviral vector. In an embodiment herein, the dose pref-
erably is at least about 1x106 particles (for example, about
1x106-1x1012 particles), more preferably at least about
1x107 particles, more preferably at least about 1x108 par-
ticles (e.g., about 1x108-1x1011 particles or about 1x108-
1x1012 particles), and most preferably at least about 1x100
particles (e.g., about 1x109-1x1010 particles or about
1x109-1x1012 particles), or even at least about 1x1010
particles (e.g., about 1x1010-1x1012 particles) of the adeno-
viral vector. Alternatively, the dose comprises no more than
about 1x1014 particles, preferably no more than about
1x1013 particles, even more preferably no more than about
1x1012 particles, even more preferably no more than about
1x1011 particles, and most preferably no more than about
1x1010 particles (e.g., no more than about 1x109 articles).
Thus, the dose may contain a single dose of adenoviral
vector with, for example, about 1x106 particle units (pw),
about 2x106 pu, about 4x106 pu, about 1x107 pu, about
2x107 pu, about 4x107 pu, about 1x108 pu, about 2x108 pu,
about 4x108 pu, about 1x109 pu, about 2x109 pu, about
4x109 pu, about 1x1010 pu, about 2x1010 pu, about 4x1010
pu, about 1x1011 pu, about 2x1011 pu, about 4x1011 pu,
about 1x1012 pu, about 2x1012 pu, or about 4x1012 pu of
adenoviral vector. See, for example, the adenoviral vectors
in U.S. Pat. No. 8,454,972 B2 to Nabel, et. al., granted on
Jun. 4, 2013; incorporated by reference herein, and the
dosages at col 29, lines 36-58 thereof. In an embodiment
herein, the adenovirus is delivered via multiple doses.

In an embodiment herein, the delivery is via an AAV. A
therapeutically effective dosage for in vivo delivery of the
AAV to a human is believed to be in the range of from about
20 to about 50 ml of saline solution containing from about
1x1010 to about 1x1010 functional AAV/ml solution. The
dosage may be adjusted to balance the therapeutic benefit
against any side effects. In an embodiment herein, the AAV
dose is generally in the range of concentrations of from
about 1x105 to 1x1050 genomes AAV, from about 1x108 to
1x1020 genomes AAV, from about 1x1010 to about 1x1016
genomes, or about 1x1011 to about 1x1016 genomes AAV.
A human dosage may be about 1x1013 genomes AAV. Such
concentrations may be delivered in from about 0.001 ml to
about 100 ml, about 0.05 to about 50 ml, or about 10 to about
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25 ml of a carrier solution. Other effective dosages can be
readily established by one of ordinary skill in the art through
routine trials establishing dose response curves. See, for
example, U.S. Pat. No. 8,404,658 B2 to Hajjar, et al.,
granted on Mar. 26, 2013, at col. 27, lines 45-60.

In an embodiment herein the delivery is via a plasmid. In
such plasmid compositions, the dosage should be a sufficient
amount of plasmid to elicit a response. For instance, suitable
quantities of plasmid DNA in plasmid compositions can be
from about 0.1 to about 2 mg, or from about 1 pg to about
10 pg per 70 kg individual. Plasmids of the invention will
generally comprise (i) a promoter; (ii) a sequence encoding
an nucleic acid-targeting CRISPR enzyme, operably linked
to said promoter; (iii) a selectable marker; (iv) an origin of
replication; and (v) a transcription terminator downstream of
and operably linked to (ii). The plasmid can also encode the
RNA components of a CRISPR complex, but one or more of
these may instead be encoded on a different vector.

The doses herein are based on an average 70 kg indi-
vidual. The frequency of administration is within the ambit
of the medical or veterinary practitioner (e.g., physician,
veterinarian), or scientist skilled in the art. It is also noted
that mice used in experiments are typically about 20 g and
from mice experiments one can scale up to a 70 kg indi-
vidual.

In some embodiments the RNA molecules of the inven-
tion are delivered in liposome or lipofectin formulations and
the like and can be prepared by methods well known to those
skilled in the art. Such methods are described, for example,
in US. Pat. Nos. 5,593,972, 5,589,466, and 5,580,859,
which are herein incorporated by reference. Delivery sys-
tems aimed specifically at the enhanced and improved
delivery of siRNA into mammalian cells have been devel-
oped, (see, for example, Shen et al FEBS Let. 2003, 539:
111-114; Xia et al.,, Nat. Biotech. 2002, 20:1006-1010;
Reich et al., Mol. Vision. 2003, 9:210-216; Sorensen et al.,
J. Mol. Biol. 2003, 327:761-766; Lewis et al., Nat. Gen.
2002, 32:107-108 and Simeoni et al., NAR 2003, 31,
11:2717-2724) and may be applied to the present invention.
siRNA has recently been successfully used for inhibition of
gene expression in primates (see for example. Tolentino et
al., Retina 24 (4): 660 which may also be applied to the
present invention.

Indeed, RNA delivery is a useful method of in vivo
delivery. It is possible to deliver nucleic acid-targeting Cas
proteinCas9 and guide RNAgRNA (and, for instance, HR
repair template) into cells using liposomes or particles. Thus
delivery of the nucleic acid-targeting Cas protein/CRISPR
enzyme, such as a CasCas9 and/or delivery of the guide
RNAs of the invention may be in RNA form and via
microvesicles, liposomes or particles. For example, Cas
mRNA and guide RNA can be packaged into liposomal
particles for delivery in vivo. Liposomal transfection
reagents such as lipofectamine from Life Technologies and
other reagents on the market can effectively deliver RNA
molecules into the liver.

Means of delivery of RNA also preferred include delivery
of RNA via nanoparticles (Cho, S., Goldberg, M., Son, S.,
Xu, Q., Yang, F., Mei, Y., Bogatyrev, S., Langer, R. and
Anderson, D., Lipid-like nanoparticles for small interfering
RNA delivery to endothelial cells, Advanced Functional
Materials, 19:3112-3118, 2010) or exosomes (Schroeder, A.,
Levins, C., Cortez, C., Langer, R., and Anderson, D., Lipid-
based nanotherapeutics for siRNA delivery, Journal of Inter-
nal Medicine, 267:9-21, 2010, PMID: 20059641). Indeed,
exosomes have been shown to be particularly useful in
delivery siRNA, a system with some parallels to the RNA-
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targeting system. For instance, El-Andaloussi S, et al.
(“Exosome-mediated delivery of siRNA in vitro and in
vivo.” Nat Protoc. 2012 December; 7 (12): 2112-26. doi:
10.1038/nprot.2012.131. Epub 2012 Nov. 15) describe how
exosomes are promising tools for drug delivery across
different biological barriers and can be harnessed for deliv-
ery of siRNA in vitro and in vivo. Their approach is to
generate targeted exosomes through transfection of an
expression vector, comprising an exosomal protein fused
with a peptide ligand. The exosomes are then purified and
characterized from transfected cell supernatant, then RNA is
loaded into the exosomes. Delivery or administration
according to the invention can be performed with exosomes,
in particular but not limited to the brain. Vitamin E (a-to-
copherol) may be conjugated with nucleic acid-targeting Cas
protein and delivered to the brain along with high density
lipoprotein (HDL), for example in a similar manner as was
done by Uno et al. (HUMAN GENE THERAPY 22:711-719
(June 2011)) for delivering short-interfering RNA (siRNA)
to the brain. Mice were infused via Osmotic minipumps
(model 1007D; Alzet, Cupertino, CA) filled with phosphate-
buffered saline (PBS) or free TocsiBACE or Toc-siBACE/
HDL and connected with Brain Infusion Kit 3 (Alzet). A
brain-infusion cannula was placed about 0.5 mm posterior to
the bregma at midline for infusion into the dorsal third
ventricle. Uno et al. found that as little as 3 nmol of
Toc-siRNA with HDL could induce a target reduction in
comparable degree by the same ICV infusion method. A
similar dosage of nucleic acid-targeting effector protein
conjugated to a-tocopherol and co-administered with HDL
targeted to the brain may be contemplated for humans in the
present invention, for example, about 3 nmol to about 3
umol of nucleic acid-targeting effector protein targeted to the
brain may be contemplated. Zou et al. (HUMAN GENE
THERAPY 22:465-475 (April 2011)) describes a method of
lentiviral-mediated delivery of short-hairpin RNAs targeting
PKCy for in vivo gene silencing in the spinal cord of rats.
Zou et al. administered about 10 ul of a recombinant
lentivirus having a titer of 1x10° transducing units (TU)/ml
by an intrathecal catheter. A similar dosage of nucleic
acid-targeting effector protein expressed in a lentiviral vec-
tor targeted to the brain may be contemplated for humans in
the present invention, for example, about 10-50 ml of
nucleic acid-targeting effector protein targeted to the brain in
a lentivirus having a titer of 1x10° transducing units (TU)/ml
may be contemplated.

In terms of local delivery to the brain, this can be achieved
in various ways. For instance, material can be delivered
intrastriatally e.g., by injection. Injection can be performed
stereotactically via a craniotomy.

Packaging and Promoters Generally

Ways to package nucleic acid-targeting effector coding
nucleic acid molecules, e.g., DNA, into vectors, e.g., viral
vectors, to mediate genome modification in vivo include:

To achieve NHEJ-mediated gene knockout:

Single virus vector:

Vector containing two or more expression cassettes:

Promoter-nucleic acid-targeting effector protein coding
nucleic acid molecule-terminator

Promoter—guide RNA1-terminator

Promoter—guide RNA (N)-terminator (up to size limit
of vector)

Double virus vector:

Vector 1 containing one expression cassette for driving
the expression of nucleic acid-targeting effector pro-
tein
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Promoter—nucleic acid-targeting effector protein cod-
ing nucleic acid molecule-terminator

Vector 2 containing one more expression cassettes for
driving the expression of one or more guideRNAs

Promoter—guide RNA1-terminator

Promoter—guide RNA1 (N)-terminator (up to size
limit of vector)

To mediate homology-directed repair.

In addition to the single and double virus vector
approaches described above, an additional vector is used to
deliver a homology-direct repair template.

The promoter used to drive nucleic acid-targeting effector
protein coding nucleic acid molecule expression can
include:

AAV ITR can serve as a promoter: this is advantageous
for eliminating the need for an additional promoter element
(which can take up space in the vector). The additional space
freed up can be used to drive the expression of additional
elements (gRNA, etc.). Also, ITR activity is relatively
weaker, so can be used to reduce potential toxicity due to
over expression of nucleic acid-targeting effector protein.

For ubiquitous expression, can use promoters: CMV,
CAG, CBh, PGK, SV40, Ferritin heavy or light chains, etc.

For brain or other CNS expression, can use promoters:
Synapsinl for all neurons, CaMKIlalpha for excitatory neu-
rons, GAD67 or GAD65 or VGAT for GABAergic neurons,
etc.

For liver expression, can use Albumin promoter.

For lung expression, can use SP-B.

For endothelial cells, can use ICAM.

For hematopoietic cells can use IFNbeta or CD45.

For Osteoblasts can use OG-2.

The promoter used to drive guide RNA can include:

Pol IIT promoters such as U6 or H1

Use of Pol Il promoter and intronic cassettes to express

guide RNA
Adeno Associated Virus (AAV)

nucleic acid-targeting effector protein and one or more
guide RNA can be delivered using adeno associated virus
(AAV), lentivirus, adenovirus or other plasmid or viral
vector types, in particular, using formulations and doses
from, for example, U.S. Pat. No. 8,454,972 (formulations,
doses for adenovirus), U.S. Pat. No. 8,404,658 (formula-
tions, doses for AAV) and U.S. Pat. No. 5,846,946 (formu-
lations, doses for DNA plasmids) and from clinical trials and
publications regarding the clinical trials involving lentivirus,
AAV and adenovirus. For examples, for AAV, the route of
administration, formulation and dose can be as in U.S. Pat.
No. 8,454,972 and as in clinical trials involving AAV. For
Adenovirus, the route of administration, formulation and
dose can be as in U.S. Pat. No. 8,404,658 and as in clinical
trials involving adenovirus. For plasmid delivery, the route
of administration, formulation and dose can be as in U.S.
Pat. No. 5,846,946 and as in clinical studies involving
plasmids. Doses may be based on or extrapolated to an
average 70 kg individual (e.g., a male adult human), and can
be adjusted for patients, subjects, mammals of different
weight and species. Frequency of administration is within
the ambit of the medical or veterinary practitioner (e.g.,
physician, veterinarian), depending on usual factors includ-
ing the age, sex, general health, other conditions of the
patient or subject and the particular condition or symptoms
being addressed. The viral vectors can be injected into the
tissue of interest. For cell-type specific genome/transcrip-
tome modification, the expression of nucleic acid-targeting
effector protein can be driven by a cell-type specific pro-
moter. For example, liver-specific expression might use the
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Albumin promoter and neuron-specific expression (e.g., for
targeting CNS disorders) might use the Synapsin I promoter.

In terms of in vivo delivery, AAV is advantageous over
other viral vectors for a couple of reasons:

Low toxicity (this may be due to the purification method
not requiring ultra centrifugation of cell particles that
can activate the immune response) and.

Low probability of causing insertional mutagenesis
because it doesn’t integrate into the host genome.

AAV has a packaging limit of 4.5 or 4.75 Kb. This means
that nucleic acid-targeting effector protein (such as a Type
VI protein such as C2c¢2) as well as a promoter and tran-
scription terminator have to be all fit into the same viral
vector. Therefore embodiments of the invention include
utilizing homologs of nucleic acid-targeting effector protein
that are shorter.

As to AAV, the AAV can be AAV1, AAV2, AAVS or any
combination thereof. One can select the AAV of the AAV
with regard to the cells to be targeted; e.g., one can select
AAV serotypes 1, 2, 5 or a hybrid capsid AAV1, AAV2,
AAVS or any combination thereof for targeting brain or
neuronal cells; and one can select AAV4 for targeting
cardiac tissue. AAV8 is useful for delivery to the liver. The
herein promoters and vectors are preferred individually. A
tabulation of certain AAV serotypes as to these cells (see
Grimm, D. et al, J. Virol. 82:5887-5911 (2008)) is as
follows:

TABLE 10
Cell AAV-  AAV- AAV- AAV- AAV- AAV- AAV- AAV-
Line 1 2 3 4 5 6 8 9
Huh-7 13 100 2.5 0.0 0.1 10 07 0.0
HEK293 25 100 2.5 0.1 0.1 5 07 01
Hela 3 100 2.0 0.1 6.7 1 02 01
HepG2 3 100 16.7 0.3 1.7 5 03 ND
HeplA 20 100 0.2 1.0 0.1 1 02 00
911 17 100 11 0.2 0.1 17 0.1 ND
CHO 100 100 14 14 333 50 10 1.0
COS 33 100 33 33 5.0 14 20 05
MeWo 10 100 20 0.3 6.7 10 1.0 02
NIH3T3 10 100 2.9 2.9 0.3 10 03 ND
A549 14 100 20 ND 0.5 10 05 0.1
HT1180 20 100 10 0.1 0.3 33 05 01
Mono 1111 100 ND ND 125 1429 ND ND
cytes
Imma- 2500 100 ND ND 222 2857 ND ND
ture DC
Mature 2222 100 ND ND 333 3333 ND ND
DC
Lentivirus

Lentiviruses are complex retroviruses that have the ability
to infect and express their genes in both mitotic and post-
mitotic cells. The most commonly known lentivirus is the
human immunodeficiency virus (HIV), which uses the enve-
lope glycoproteins of other viruses to target a broad range of
cell types.

Lentiviruses may be prepared as follows. After cloning
pCasES10 (which contains a lentiviral transfer plasmid
backbone), HEK293FT at low passage (p=5) were seeded in
a T-75 flask to 50% confluence the day before transfection
in DMEM with 10% fetal bovine serum and without anti-
biotics. After 20 hours, media was changed to OptiMEM
(serum-free) media and transfection was done 4 hours later.
Cells were transfected with 10 pg of lentiviral transfer
plasmid (pCasES10) and the following packaging plasmids:
5 pug of pMD2.G (VSV-g pseudotype), and 7.5 ug of psPAX2
(gag/pol/rev/tat). Transfection was done in 4 m[. OptiMEM
with a cationic lipid delivery agent (50 ul. Lipofectamine
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2000 and 100 ul Plus reagent). After 6 hours, the media was
changed to antibiotic-free DMEM with 10% fetal bovine
serum. These methods use serum during cell culture, but
serum-free methods are preferred.

Lentivirus may be purified as follows. Viral supernatants
were harvested after 48 hours. Supernatants were first
cleared of debris and filtered through a 0.45 um low protein
binding (PVDF) filter. They were then spun in a ultracen-
trifuge for 2 hours at 24,000 rpm. Viral pellets were resus-
pended in 50 ul of DMEM overnight at 4 C. They were then
aliquotted and immediately frozen at -80° C.

In another embodiment, minimal non-primate lentiviral
vectors based on the equine infectious anemia virus (EIAV)
are also contemplated, especially for ocular gene therapy
(see, e.g., Balagaan, J Gene Med 2006; 8:275-285). In
another embodiment, RetinoStat®, an equine inffctious ane-
mia virus-based lentiviral gene therapy vector that expresses
angiostatic proteins endostatin and angiostatin that is deliv-
ered via a subretinal injection for the treatment of the web
form of age-related macular degeneration is also contem-
plated (see, e.g., Binley et al., HUMAN GENE THERAPY
23:980-991 (September 2012)) and this vector may be
modified for the nucleic acid-targeting system of the present
invention.

In another embodiment, self-inactivating lentiviral vec-
tors with an siRNA targeting a common exon shared by HIV
tat/rev, a nucleolar-localizing TAR decoy, and an anti-
CCRS5-specific hammerhead ribozyme (see, e.g., DiGiusto et
al. (2010) Sci Transl Med 2:36ra43) may be used/and or
adapted to the nucleic acid-targeting system of the present
invention. A minimum of 2.5x106 CD34+ cells per kilogram
patient weight may be collected and prestimulated for 16 to
20 hours in X-VIVO 15 medium (Lonza) containing 2
umol/L-glutamine, stem cell factor (100 ng/ml), F1t-3 ligand
(F1t-3L) (100 ng/ml), and thrombopoietin (10 ng/ml) (Cell-
Genix) at a density of 2x 106 cells/ml. Prestimulated cells
may be transduced with lentiviral at a multiplicity of infec-
tion of 5 for 16 to 24 hours in 75-cm?2 tissue culture flasks
coated with fibronectin (25 mg/cm2) (RetroNectin, Takara
Bio Inc.).

Lentiviral vectors have been disclosed as in the treatment
for Parkinson’s Disease, see, e.g., US Patent Publication No.
20120295960 and U.S. Pat. Nos. 7,303,910 and 7,351,585.
Lentiviral vectors have also been disclosed for the treatment
of ocular diseases, see e.g., US Patent Publication Nos.
20060281180, 20090007284, US20110117189;
US20090017543; US20070054961, US20100317109. Len-
tiviral vectors have also been disclosed for delivery to the
brain, see, e.g, US Patent Publication Nos.
US20110293571;  US20110293571,  US20040013648,
US20070025970, US20090111106 and US Patent No. U.S.
Pat. No. 7,259,015.

RNA Delivery

RNA delivery: The nucleic acid-targeting Cas protein, for
instance a Type VI protein such as C2¢2, and/or guide RNA,
can also be delivered in the form of RNA. nucleic acid-
targeting Cas protein (such as a Type VI protein such as
C2¢2) mRNA can be generated using in vitro transcription.
For example, nucleic acid-targeting effector protein (such as
a Type VI protein such as C2¢2) mRNA can be synthesized
using a PCR cassette containing the following elements:
T7_promoter-kozak sequence (GCCACC)-effector protrein-
3' UTR from beta globin-polyA tail (a string of 120 or more
adenines). The cassette can be used for transcription by T7
polymerase. Guide RNAs can also be transcribed using in
vitro transcription from a cassette containing T7_promoter-
GG-guide RNA sequence.
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To enhance expression and reduce possible toxicity, the
nucleic acid-targeting effector protein-coding sequence and/
or the guide RNA can be modified to include one or more
modified nucleoside e.g., using pseudo-U or 5-Methyl-C.

mRNA delivery methods are especially promising for
liver delivery currently.

Much clinical work on RNA delivery has focused on
RNAIi or antisense, but these systems can be adapted for
delivery of RNA for implementing the present invention.
References below to RNAI etc. should be read accordingly.
Particle Delivery Systems and/or Formulations:

Several types of particle delivery systems and/or formu-
lations are known to be useful in a diverse spectrum of
biomedical applications. In general, a particle is defined as
a small object that behaves as a whole unit with respect to
its transport and properties. Particles are further classified
according to diameter. Coarse particles cover a range
between 2,500 and 10,000 nanometers. Fine particles are
sized between 100 and 2,500 nanometers. Ultrafine par-
ticles, or nanoparticles, are generally between 1 and 100
nanometers in size. The basis of the 100-nm limit is the fact
that novel properties that differentiate particles from the bulk
material typically develop at a critical length scale of under
100 nm.

As used herein, a particle delivery system/formulation is
defined as any biological delivery system/formulation which
includes a particle in accordance with the present invention.
A particle in accordance with the present invention is any
entity having a greatest dimension (e.g. diameter) of less
than 100 microns (m). In some embodiments, inventive
particles have a greatest dimension of less than 10 m. In
some embodiments, inventive particles have a greatest
dimension of less than 2000 nanometers (nm). In some
embodiments, inventive particles have a greatest dimension
of less than 1000 nanometers (nm). In some embodiments,
inventive particles have a greatest dimension of less than
900 nm, 800 nm, 700 nm, 600 nm, 500 nm, 400 nm, 300 nm,
200 nm, or 100 nm. Typically, inventive particles have a
greatest dimension (e.g., diameter) of 500 nm or less. In
some embodiments, inventive particles have a greatest
dimension (e.g., diameter) of 250 nm or less. In some
embodiments, inventive particles have a greatest dimension
(e.g., diameter) of 200 nm or less. In some embodiments,
inventive particles have a greatest dimension (e.g., diameter)
of 150 nm or less. In some embodiments, inventive particles
have a greatest dimension (e.g., diameter) of 100 nm or less.
Smaller particles, e.g., having a greatest dimension of 50 nm
or less are used in some embodiments of the invention. In
some embodiments, inventive particles have a greatest
dimension ranging between 25 nm and 200 nm.

Particle characterization (including e.g., characterizing
morphology, dimension, etc.) is done using a variety of
different techniques. Common techniques are electron
microscopy (TEM, SEM), atomic force microscopy (AFM),
dynamic light scattering (DLS), X-ray photoelectron spec-
troscopy (XPS), powder X-ray diffraction (XRD), Fourier
transform infrared spectroscopy (FTIR), matrix-assisted
laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF), ultraviolet-visible spectroscopy, dual
polarisation interferometry and nuclear magnetic resonance
(NMR). Characterization (dimension measurements) may
be made as to native particles (i.e., preloading) or after
loading of the cargo (herein cargo refers to e.g., one or more
components of CRISPR-Cas system e.g., CRISPR enzyme
or mRNA or guide RNA, or any combination thereof, and
may include additional carriers and/or excipients) to provide
particles of an optimal size for delivery for any in vitro, ex
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vivo and/or in vivo application of the present invention. In
certain preferred embodiments, particle dimension (e.g.,
diameter) characterization is based on measurements using
dynamic laser scattering (DLS). Mention is made of U.S.
Pat. Nos. 8,709,843; 6,007,845; 5,855,913; 5,985,309,
5,543,158; and the publication by James E. Dahlman and
Carmen Barnes et al. Nature Nanotechnology (2014) pub-
lished online 11 May 2014, doi:10.1038/nnano.2014.84,
concerning particles, methods of making and using them and
measurements thereof.

Particles delivery systems within the scope of the present
invention may be provided in any form, including but not
limited to solid, semi-solid, emulsion, or colloidal particles.
As such any of the delivery systems described herein,
including but not limited to, e.g., lipid-based systems, lipo-
somes, micelles, microvesicles, exosomes, or gene gun may
be provided as particle delivery systems within the scope of
the present invention.

Particles

CRISPR enzyme mRNA and guide RNA may be deliv-
ered simultaneously using particles or lipid envelopes; for
instance, CRISPR enzyme and RNA of the invention, e.g.,
as a complex, can be delivered via a particle as in Dahlman
etal.,, WO2015089419 A2 and documents cited therein, such
as 7C1 (see, e.g., James E. Dahlman and Carmen Barnes et
al. Nature Nanotechnology (2014) published online 11 May
2014, doi:10.1038/nnano.2014.84), e.g., delivery particle
comprising lipid or lipidoid and hydrophilic polymer, e.g.,
cationic lipid and hydrophilic polymer, for instance wherein
the cationic lipid comprises 1,2-dioleoyl-3-trimethylammo-
nium-propane (DOTAP) or 1,2-ditetradecanoyl-sn-glycero-
3-phosphocholine (DMPC) and/or wherein the hydrophilic
polymer comprises ethylene glycol or polyethylene glycol
(PEG); and/or wherein the particle further comprises cho-
lesterol (e.g., particle from formulation 1=DOTAP 100,
DMPC 0, PEG 0, Cholesterol 0; formulation number
2=DOTAP 90, DMPC 0, PEG 10, Cholesterol 0; formulation
number 3=DOTAP 90, DMPC 0, PEG 5, Cholesterol 5),
wherein particles are formed using an efficient, multistep
process wherein first, effector protein and RNA are mixed
together, e.g., at a 1:1 molar ratio, e.g., at room temperature,
e.g., for 30 minutes, e.g., in sterile, nuclease free 1X PBS;
and separately, DOTAP, DMPC, PEG, and cholesterol as
applicable for the formulation are dissolved in alcohol, e.g.,
100% ethanol; and, the two solutions are mixed together to
form particles containing the complexes).

Nucleic acid-targeting effector proteins (such as a Type VI
protein such as C2c2) mRNA and guide RNA may be
delivered simultaneously using particles or lipid envelopes.

For example, Su X, Fricke J, Kavanagh D G, Irvine D J
(“In vitro and in vivo mRNA delivery using lipid-enveloped
pH-responsive polymer nanoparticles” Mol Pharm. 2011
Jun. 6; 8 (3): 774-87. doi: 10.1021/mp100390w. Epub 2011
Apr. 1) describes biodegradable core-shell structured par-
ticles with a poly(f-amino ester) (PBAE) core enveloped by
a phospholipid bilayer shell. These were developed for in
vivo mRNA delivery. The pH-responsive PBAE component
was chosen to promote endosome disruption, while the lipid
surface layer was selected to minimize toxicity of the
polycation core. Such are, therefore, preferred for delivering
RNA of the present invention.

In one embodiment, particles based on self-assembling
bioadhesive polymers are contemplated, which may be
applied to oral delivery of peptides, intravenous delivery of
peptides and nasal delivery of peptides, all to the brain.
Other embodiments, such as oral absorption and ocular
delivery of hydrophobic drugs are also contemplated. The
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molecular envelope technology involves an engineered
polymer envelope which is protected and delivered to the
site of the disease (see, e.g., Mazza, M. et al. ACSNano,
2013.7 (2): 1016-1026; Siew, A., et al. Mol Pharm, 2012. 9
(1): 14-28; Lalatsa, A., et al. J Contr Rel, 2012. 161 (2):
523-36; Lalatsa, A., et al., Mol Pharm, 2012. 9 (6): 1665-80;
Lalatsa, A., et al. Mol Pharm, 2012. 9 (6): 1764-74; Garrett,
N. L., et al. J Biophotonics, 2012. 5 (5-6): 458-68; Garrett,
N. L., et al. ] Raman Spect, 2012. 43 (5): 681-688; Ahmad,
S., et al. J Royal Soc Interface 2010. 7: S423-33; Uchegbu,
1. F. Expert Opin Drug Deliv, 2006. 3 (5): 629-40; Qu, X.,
et al. Biomacromolecules, 2006. 7 (12): 3452-9 and
Uchegbu, 1. F., et al. Int ] Pharm, 2001. 224:185-199). Doses
of about 5 mg/kg are contemplated, with single or multiple
doses, depending on the target tissue.

In one embodiment, particles that can deliver RNA to a
cancer cell to stop tumor growth developed by Dan Ander-
son’s lab at MIT may be used/and or adapted to the nucleic
acid-targeting system of the present invention. In particular,
the Anderson lab developed fully automated, combinatorial
systems for the synthesis, purification, characterization, and
formulation of new biomaterials and nanoformulations. See,
e.g., Alabi et al., Proc Natl Acad Sci USA. 2013 August 6;
110 (32): 12881-6; Zhang et al., Adv Mater. 2013 Sep. 6; 25
(33): 4641-5; Jiang et al., Nano Lett. 2013 Mar. 13; 13 (3):
1059-64; Karagiannis et al., ACS Nano. 2012 Oct. 23; 6
(10): 8484-7; Whitehead et al., ACS Nano. 2012 Aug. 28; 6
(8): 6922-9 and Lee et al., Nat Nanotechnol. 2012 Jun. 3; 7
(6): 389-93.

U.S. patent application No. 20110293703 relates to lipi-
doid compounds are also particularly useful in the admin-
istration of polynucleotides, which may be applied to deliver
the nucleic acid-targeting system of the present invention. In
one aspect, the aminoalcohol lipidoid compounds are com-
bined with an agent to be delivered to a cell or a subject to
form microparticles, nanoparticles, liposomes, or micelles.
The agent to be delivered by the particles, liposomes, or
micelles may be in the form of a gas, liquid, or solid, and the
agent may be a polynucleotide, protein, peptide, or small
molecule. The minoalcohol lipidoid compounds may be
combined with other aminoalcohol lipidoid compounds,
polymers (synthetic or natural), surfactants, cholesterol,
carbohydrates, proteins, lipids, etc. to form the particles.
These particles may then optionally be combined with a
pharmaceutical excipient to form a pharmaceutical compo-
sition.

US Patent Publication No. 20110293703 also provides
methods of preparing the aminoalcohol lipidoid compounds.
One or more equivalents of an amine are allowed to react
with one or more equivalents of an epoxide-terminated
compound under suitable conditions to form an aminoalco-
hol lipidoid compound of the present invention. In certain
embodiments, all the amino groups of the amine are fully
reacted with the epoxide-terminated compound to form
tertiary amines. In other embodiments, all the amino groups
of the amine are not fully reacted with the epoxide-termi-
nated compound to form tertiary amines thereby resulting in
primary or secondary amines in the aminoalcohol lipidoid
compound. These primary or secondary amines are left as is
or may be reacted with another electrophile such as a
different epoxide-terminated compound. As will be appre-
ciated by one skilled in the art, reacting an amine with less
than excess of epoxide-terminated compound will result in
a plurality of different aminoalcohol lipidoid compounds
with various numbers of tails. Certain amines may be fully
functionalized with two epoxide-derived compound tails
while other molecules will not be completely functionalized
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with epoxide-derived compound tails. For example, a
diamine or polyamine may include one, two, three, or four
epoxide-derived compound tails off the various amino moi-
eties of the molecule resulting in primary, secondary, and
tertiary amines. In certain embodiments, all the amino
groups are not fully functionalized. In certain embodiments,
two of the same types of epoxide-terminated compounds are
used. In other embodiments, two or more different epoxide-
terminated compounds are used. The synthesis of the ami-
noalcohol lipidoid compounds is performed with or without
solvent, and the synthesis may be performed at higher
temperatures ranging from 30-100° C., preferably at
approximately 50-90° C. The prepared aminoalcohol lipi-
doid compounds may be optionally purified. For example,
the mixture of aminoalcohol lipidoid compounds may be
purified to yield an aminoalcohol lipidoid compound with a
particular number of epoxide-derived compound tails. Or
the mixture may be purified to yield a particular stereo- or
regioisomer. The aminoalcohol lipidoid compounds may
also be alkylated using an alkyl halide (e.g., methyl iodide)
or other alkylating agent, and/or they may be acylated.

US Patent Publication No. 20110293703 also provides
libraries of aminoalcohol lipidoid compounds prepared by
the inventive methods. These aminoalcohol lipidoid com-
pounds may be prepared and/or screened using high-
throughput techniques involving liquid handlers, robots,
microtiter plates, computers, etc. In certain embodiments,
the aminoalcohol lipidoid compounds are screened for their
ability to transfect polynucleotides or other agents (e.g.,
proteins, peptides, small molecules) into the cell.

US Patent Publication No. 20130302401 relates to a class
of poly(beta-amino alcohols) (PBAAs) has been prepared
using combinatorial polymerization. The inventive PBAAs
may be used in biotechnology and biomedical applications
as coatings (such as coatings of films or multilayer films for
medical devices or implants), additives, materials, excipi-
ents, non-biofouling agents, micropatterning agents, and
cellular encapsulation agents. When used as surface coat-
ings, these PBAAs elicited different levels of inflammation,
both in vitro and in vivo, depending on their chemical
structures. The large chemical diversity of this class of
materials allowed us to identify polymer coatings that inhibit
macrophage activation in vitro. Furthermore, these coatings
reduce the recruitment of inflammatory cells, and reduce
fibrosis, following the subcutaneous implantation of car-
boxylated polystyrene microparticles. These polymers may
be used to form polyelectrolyte complex capsules for cell
encapsulation. The invention may also have many other
biological applications such as antimicrobial coatings, DNA
or siRNA delivery, and stem cell tissue engineering. The
teachings of US Patent Publication No. 20130302401 may
be applied to the nucleic acid-targeting system of the present
invention.

In another embodiment, lipid nanoparticles (LNPs) are
contemplated. An antitransthyretin small interfering RNA
has been encapsulated in lipid nanoparticles and delivered to
humans (see, e.g., Coelho et al., N Engl J Med 2013;
369:819-29), and such a system may be adapted and applied
to the nucleic acid-targeting system of the present invention.
Doses of about 0.01 to about 1 mg per kg of body weight
administered intravenously are contemplated. Medications
to reduce the risk of infusion-related reactions are contem-
plated, such as dexamethasone, acetampinophen, diphenhy-
dramine or cetirizine, and ranitidine are contemplated. Mul-
tiple doses of about 0.3 mg per kilogram every 4 weeks for
five doses are also contemplated.
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LNPs have been shown to be highly effective in delivering
siRNAs to the liver (see, e.g., Tabernero et al., Cancer
Discovery, April 2013, Vol. 3, No. 4, pages 363-470) and are
therefore contemplated for delivering RNA encoding
nucleic acid-targeting effector protein to the liver. A dosage
of about four doses of 6 mg/kg of the LNP every two weeks
may be contemplated. Tabernero et al. demonstrated that
tumor regression was observed after the first 2 cycles of
LNPs dosed at 0.7 mg/kg, and by the end of 6 cycles the
patient had achieved a partial response with complete
regression of the lymph node metastasis and substantial
shrinkage of the liver tumors. A complete response was
obtained after 40 doses in this patient, who has remained in
remission and completed treatment after receiving doses
over 26 months. Two patients with RCC and extrahepatic
sites of disease including kidney, lung, and lymph nodes that
were progressing following prior therapy with VEGF path-
way inhibitors had stable disease at all sites for approxi-
mately 8 to 12 months, and a patient with PNET and liver
metastases continued on the extension study for 18 months
(36 doses) with stable disease.

However, the charge of the LNP must be taken into
consideration. As cationic lipids combined with negatively
charged lipids to induce nonbilayer structures that facilitate
intracellular delivery. Because charged LNPs are rapidly
cleared from circulation following intravenous injection,
ionizable cationic lipids with pKa values below 7 were
developed (see, e.g., Rosin et al, Molecular Therapy, vol. 19,
no. 12, pages 1286-220 December 2011). Negatively
charged polymers such as RNA may be loaded into LNPs at
low pH values (e.g., pH 4) where the ionizable lipids display
a positive charge. However, at physiological pH values, the
LNPs exhibit a low surface charge compatible with longer
circulation times. Four species of ionizable cationic lipids
have been focused upon, namely 1,2-dilineoyl-3-dimethyl-
ammonium-propane (DLinDAP), 1,2-dilinoleyloxy-3-N,N-
dimethylaminopropane (DLinDMA), 1,2-dilinoleyloxy-
keto-N,N-dimethyl-3-aminopropane (DLinKDMA), and
1,2-dilinoleyl-4-(2-dimethylaminoethyl)-[ 1,3]-dioxolane
(DLinKC2-DMA). It has been shown that LNP siRNA
systems containing these lipids exhibit remarkably different
gene silencing properties in hepatocytes in vivo, with poten-
cies varying according to the series DLinKC2-
DMA>DLinKDMA>DLinDMA>>DLinDAP employing a
Factor VII gene silencing model (see, e.g., Rosin et al,
Molecular Therapy, vol. 19, no. 12, pages 1286-220 Decem-
ber 2011). A dosage of 1 ug/ml of LNP or CRISPR-Cas RNA
in or associated with the LNP may be contemplated, espe-
cially for a formulation containing DLinKC2-DMA.

Preparation of LNPs and CRISPR-Cas encapsulation may
be used/and or adapted from Rosin et al, Molecular Therapy,
vol. 19, no. 12, pages 1286-220 December 2011). The
cationic lipids 1,2-dilineoyl-3-dimethylammonium-propane
(DLinDAP), 1,2-dilinoleyloxy-3-N,N-dimethylaminopro-
pane (DLinDMA), 1,2-dilinoleyloxyketo-N,N-dimethyl-3-
aminopropane (DLinK-DMA), 1,2-dilinoleyl-4-(2-dimeth-
ylaminoethyl)-[1,3]-dioxolane (DLinKC2-DMA), (3-0-[2"-

(methoxypolyethyleneglycol 2000) succinoyl]-1,2-
dimyristoyl-sn-glycol ~ (PEG-S-DMG), and R-3-[(w-
methoxy-poly(ethylene  glycol)2000)  carbamoyl]-1,2-

dimyristyloxlpropyl-3-amine (PEG-C-DOMG) may be
provided by Tekmira Pharmaceuticals (Vancouver, Canada)
or synthesized. Cholesterol may be purchased from Sigma
(St Louis, MO). The specific nucleic acid-targeting complex
(CRISPR-Cas) RNA may be encapsulated in LNPs contain-
ing DLinDAP, DLinDMA, DLinK-DMA, and DLinKC2-
DMA (cationic lipid: DSPC: CHOL: PEGS-DMG or PEG-
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C-DOMG at 40:10:40:10 molar ratios). When required,
0.2% SP-DiOC18 (Invitrogen, Burlington, Canada) may be
incorporated to assess cellular uptake, intracellular delivery,
and biodistribution. Encapsulation may be performed by
dissolving lipid mixtures comprised of cationic lipid: DSPC:
cholesterol: PEG-c-DOMG (40:10:40:10 molar ratio) in
ethanol to a final lipid concentration of 10 mmol/l. This
ethanol solution of lipid may be added drop-wise to 50
mmol/l citrate, pH 4.0 to form multilamellar vesicles to
produce a final concentration of 30% ethanol vol/vol. Large
unilamellar vesicles may be formed following extrusion of
multilamellar vesicles through two stacked 80 nm Nuclepore
polycarbonate filters using the Extruder (Northern Lipids,
Vancouver, Canada). Encapsulation may be achieved by
adding RNA dissolved at 2 mg/ml in 50 mmol/I citrate, pH
4.0 containing 30% ethanol vol/vol drop-wise to extruded
preformed large unilamellar vesicles and incubation at 31°
C. for 30 minutes with constant mixing to a final RNA/lipid
weight ratio of 0.06/1 wt/wt. Removal of ethanol and
neutralization of formulation buffer were performed by
dialysis against phosphate-buffered saline (PBS), pH 7.4 for
16 hours using Spectra/Por 2 regenerated cellulose dialysis
membranes. Particle size distribution may be determined by
dynamic light scattering using a NICOMP 370 particle sizer,
the vesicle/intensity modes, and Gaussian fitting (Nicomp
Particle Sizing, Santa Barbara, CA). The particle size for all
three LNP systems may be ~70 nm in diameter. RNA
encapsulation efficiency may be determined by removal of
free RNA using VivaPureD MiniH columns (Sartorius Ste-
dim Biotech) from samples collected before and after dialy-
sis. The encapsulated RNA may be extracted from the eluted
particles and quantified at 260 nm. RNA to lipid ratio was
determined by measurement of cholesterol content in
vesicles using the Cholesterol E enzymatic assay from Wako
Chemicals USA (Richmond, VA). In conjunction with the
herein discussion of LNPs and PEG lipids, PEGylated
liposomes or LNPs are likewise suitable for delivery of a
nucleic acid-targeting system or components thereof.

Preparation of large LNPs may be used/and or adapted
from Rosin et al, Molecular Therapy, vol. 19, no. 12, pages
1286-220 December 2011. A lipid premix solution (20.4
mg/ml total lipid concentration) may be prepared in ethanol
containing DLinKC2-DMA, DSPC, and cholesterol at
50:10:38.5 molar ratios. Sodium acetate may be added to the
lipid premix at a molar ratio of 0.75:1 (sodium acetate:
DLinKC2-DMA). The lipids may be subsequently hydrated
by combining the mixture with 1.85 volumes of citrate
buffer (10 mmol/l, pH 3.0) with vigorous stirring, resulting
in spontaneous liposome formation in aqueous buffer con-
taining 35% ethanol. The liposome solution may be incu-
bated at 37° C. to allow for time-dependent increase in
particle size. Aliquots may be removed at various times
during incubation to investigate changes in liposome size by
dynamic light scattering (Zetasizer Nano ZS, Malvern
Instruments, Worcestershire, UK). Once the desired particle
size is achieved, an aqueous PEG lipid solution (stock=10
mg/ml PEG-DMG in 35% (vol/vol) ethanol) may be added
to the liposome mixture to yield a final PEG molar concen-
tration of 3.5% of total lipid. Upon addition of PEG-lipids,
the liposomes should their size, effectively quenching fur-
ther growth. RNA may then be added to the empty lipo-
somes at a RNA to total lipid ratio of approximately 1:10
(wt: wt), followed by incubation for 30 minutes at 37° C. to
form loaded LNPs. The mixture may be subsequently dia-
lyzed overnight in PBS and filtered with a 0.45-um syringe
filter.
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Spherical Nucleic Acid (SNA™) constructs and other
particles (particularly gold particles) are also contemplated
as a means to delivery nucleic acid-targeting system to
intended targets. Significant data show that AuraSense
Therapeutics’ Spherical Nucleic Acid (SNA™) constructs,
based upon nucleic acid-functionalized gold particles, are
useful.

Literature that may be employed in conjunction with
herein teachings include: Cutler et al., J. Am. Chem. Soc.
2011 133:9254-9257, Hao et al., Small. 2011 7:3158-3162,
Zhang et al., ACS Nano. 2011 5:6962-6970, Cutler et al., J.
Am. Chem. Soc. 2012 134:1376-1391, Young et al., Nano
Lett. 2012 12:3867-71, Zheng et al., Proc. Natl. Acad. Sci.
USA. 2012 109:11975-80, Mirkin, Nanomedicine 2012
7:635-638 Zhang et al., J. Am. Chem. Soc. 2012 134:16488-
1691, Weintraub, Nature 2013 495: S14-S16, Choi et al.,
Proc. Natl. Acad. Sci. USA. 2013 110 (19): 7625-7630,
Jensen et al., Sci. Transl. Med. 5, 209ral52 (2013) and
Mirkin, et al., Small, 10:186-192.

Self-assembling particles with RNA may be constructed
with polyethyleneimine (PEI) that is PEGylated with an
Arg-Gly-Asp (RGD) peptide ligand attached at the distal
end of the polyethylene glycol (PEG). This system has been
used, for example, as a means to target tumor neovasculature
expressing integrins and deliver siRNA inhibiting vascular
endothelial growth factor receptor-2 (VEGF R2) expression
and thereby achieve tumor angiogenesis (see, e.g., Schiffel-
ers et al., Nucleic Acids Research, 2004, Vol. 32, No. 19).
Nanoplexes may be prepared by mixing equal volumes of
aqueous solutions of cationic polymer and nucleic acid to
give a net molar excess of ionizable nitrogen (polymer) to
phosphate (nucleic acid) over the range of 2 to 6. The
electrostatic interactions between cationic polymers and
nucleic acid resulted in the formation of polyplexes with
average particle size distribution of about 100 nm, hence
referred to here as nanoplexes. A dosage of about 100 to 200
mg of nucleic acid-targeting complex RNA is envisioned for
delivery in the self-assembling particles of Schiffelers et al.

The nanoplexes of Bartlett et al. (PNAS, Sep. 25, 2007,
vol. 104, no. 39) may also be applied to the present inven-
tion. The nanoplexes of Bartlett et al. are prepared by mixing
equal volumes of aqueous solutions of cationic polymer and
nucleic acid to give a net molar excess of ionizable nitrogen
(polymer) to phosphate (nucleic acid) over the range of 2 to
6. The electrostatic interactions between cationic polymers
and nucleic acid resulted in the formation of polyplexes with
average particle size distribution of about 100 nm, hence
referred to here as nanoplexes. The DOTA-siRNA of Bartlett
et al. was synthesized as follows: 1,4,7,10-tetraazacyclodo-
decane-1,4,7,10-tetraacetic acid mono(N-hydroxysuccinim-
ide ester) (DOTA-NHSester) was ordered from Macrocy-
clics (Dallas, TX). The amine modified RNA sense strand
with a 100-fold molar excess of DOTA-NHS-ester in car-
bonate buffer (pH 9) was added to a microcentrifuge tube.
The contents were reacted by stirring for 4 h at room
temperature. The DOTA-RNAsense conjugate was ethanol-
precipitated, resuspended in water, and annealed to the
unmodified antisense strand to yield DOTA-siRNA. All
liquids were pretreated with Chelex-100 (Bio-Rad, Hercu-
les, CA) to remove trace metal contaminants. Tf-targeted
and nontargeted siRNA particles may be formed by using
cyclodextrin-containing polycations. Typically, particles
were formed in water at a charge ratio of 3 (+/-) and an
siRNA concentration of 0.5 g/liter. One percent of the
adamantane-PEG molecules on the surface of the targeted
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particles were modified with Tf (adamantane-PEG-TT). The
particles were suspended in a 5% (wt/vol) glucose carrier
solution for injection.

Davis et al. (Nature, Vol 464, 15 Apr. 2010) conducts a
RNA clinical trial that uses a targeted particle-delivery
system (clinical trial registration number NCT00689065).
Patients with solid cancers refractory to standard-of-care
therapies are administered doses of targeted particles on
days 1, 3, 8 and 10 of a 21-day cycle by a 30-min intrave-
nous infusion. The particles comprise, consist essentially of,
or consist of a synthetic delivery system containing: (1) a
linear, cyclodextrin-based polymer (CDP), (2) a human
transferrin protein (TF) targeting ligand displayed on the
exterior of the nanoparticle to engage TF receptors (TFR) on
the surface of the cancer cells, (3) a hydrophilic polymer
(polyethylene glycol (PEG) used to promote nanoparticle
stability in biological fluids), and (4) siRNA designed to
reduce the expression of the RRM2 (sequence used in the
clinic was previously denoted siR2B+5). The TFR has long
been known to be upregulated in malignant cells, and RRM2
is an established anti-cancer target. These particles (clinical
version denoted as CALAA-01) have been shown to be well
tolerated in multi-dosing studies in non-human primates.
Although a single patient with chronic myeloid leukaemia
has been administered siRNAby liposomal delivery, Davis
et al.’s clinical trial is the initial human trial to systemically
deliver siRNA with a targeted delivery system and to treat
patients with solid cancer. To ascertain whether the targeted
delivery system can provide effective delivery of functional
siRNA to human tumours, Davis et al. investigated biopsies
from three patients from three different dosing cohorts;
patients A, B and C, all of whom had metastatic melanoma
and received CALAA-01 doses of 18, 24 and 30 mg m-2
siRNA, respectively. Similar doses may also be contem-
plated for the nucleic acid-targeting system of the present
invention. The delivery of the invention may be achieved
with particles containing a linear, cyclodextrin-based poly-
mer (CDP), a human transferrin protein (TF) targeting
ligand displayed on the exterior of the particle to engage TF
receptors (TFR) on the surface of the cancer cells and/or a
hydrophilic polymer (for example, polyethylene glycol
(PEG) used to promote particle stability in biological fluids).

In terms of this invention, it is preferred to have one or
more components of nucleic acid-targeting complex, e.g.,
nucleic acid-targeting effector protein or mRNA, or guide
RNA delivered using particles or lipid envelopes. Other
delivery systems or vectors are may be used in conjunction
with the particle aspects of the invention.

In general, a “nanoparticle” refers to any particle having
a diameter of less than 1000 nm. In certain preferred
embodiments, nanoparticles of the invention have a greatest
dimension (e.g., diameter) of 500 nm or less. In other
preferred embodiments, nanoparticles of the invention have
a greatest dimension ranging between 25 nm and 200 nm. In
other preferred embodiments, particles of the invention have
a greatest dimension of 100 nm or less. In other preferred
embodiments, nanoparticles of the invention have a greatest
dimension ranging between 35 nm and 60 nm.

Particles encompassed in the present invention may be
provided in different forms, e.g., as solid particles (e.g.,
metal such as silver, gold, iron, titanium), non-metal, lipid-
based solids, polymers), suspensions of particles, or com-
binations thereof. Metal, dielectric, and semiconductor par-
ticles may be prepared, as well as hybrid structures (e.g.,
core-shell particles). Particles made of semiconducting
material may also be labeled quantum dots if they are small
enough (typically sub 10 nm) that quantization of electronic
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energy levels occurs. Such nanoscale particles are used in
biomedical applications as drug carriers or imaging agents
and may be adapted for similar purposes in the present
invention.

Semi-solid and soft particles have been manufactured,
and are within the scope of the present invention. A proto-
type particle of semi-solid nature is the liposome. Various
types of liposome particles are currently used clinically as
delivery systems for anticancer drugs and vaccines. Particles
with one half hydrophilic and the other half hydrophobic are
termed Janus particles and are particularly effective for
stabilizing emulsions. They can self-assemble at water/oil
interfaces and act as solid surfactants.

U.S. Pat. No. 8,709,843, incorporated herein by reference,
provides a drug delivery system for targeted delivery of
therapeutic agent-containing particles to tissues, cells, and
intracellular compartments. The invention provides targeted
particles comprising polymer conjugated to a surfactant,
hydrophilic polymer or lipid.

U.S. Pat. No. 6,007,845, incorporated herein by reference,
provides particles which have a core of a multiblock copo-
lymer formed by covalently linking a multifunctional com-
pound with one or more hydrophobic polymers and one or
more hydrophilic polymers, and contain a biologically
active material.

U.S. Pat. No. 5,855,913, incorporated herein by reference,
provides a particulate composition having aecrodynamically
light particles having a tap density of less than 0.4 g/cm3
with a mean diameter of between 5 um and 30 pm, incor-
porating a surfactant on the surface thereof for drug delivery
to the pulmonary system.

U.S. Pat. No. 5,985,309, incorporated herein by reference,
provides particles incorporating a surfactant and/or a hydro-
philic or hydrophobic complex of a positively or negatively
charged therapeutic or diagnostic agent and a charged mol-
ecule of opposite charge for delivery to the pulmonary
system.

U.S. Pat. No. 5,543,158, incorporated herein by reference,
provides biodegradable injectable particles having a biode-
gradable solid core containing a biologically active material
and poly(alkylene glycol) moieties on the surface.

W02012135025 (also published as US20120251560),
incorporated herein by reference, describes conjugated poly-
ethyleneimine (PEI) polymers and conjugated aza-macro-
cycles (collectively referred to as “conjugated lipomer” or
“lipomers™). In certain embodiments, it can be envisioned
that such methods and materials of herein-cited documents,
e.g., conjugated lipomers can be used in the context of the
nucleic acid-targeting system to achieve in vitro, ex vivo and
in vivo genomic perturbations to modify gene expression,
including modulation of protein expression.

In one embodiment, the particle may be epoxide-modified
lipid-polymer, advantageously 7C1 (see, e.g., James E.
Dahlman and Carmen Barnes et al. Nature Nanotechnology
(2014) published online 11 May 2014, doi:10.1038/
nnano.2014.84). C71 was synthesized by reacting C15 epox-
ide-terminated lipids with PEI600 at a 14:1 molar ratio, and
was formulated with C14PEG2000 to produce particles
(diameter between 35 and 60 nm) that were stable in PBS
solution for at least 40 days.

An epoxide-modified lipid-polymer may be utilized to
deliver the nucleic acid-targeting system of the present
invention to pulmonary, cardiovascular or renal cells, how-
ever, one of skill in the art may adapt the system to deliver
to other target organs. Dosage ranging from about 0.05 to
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about 0.6 mg/kg are envisioned. Dosages over several days
or weeks are also envisioned, with a total dosage of about 2
mg/kg.

Exosomes

Exosomes are endogenous nano-vesicles that transport
RNAs and proteins, and which can deliver RNA to the brain
and other target organs. To reduce immunogenicity, Alvarez-
Erviti et al. (2011, Nat Biotechnol 29:341) used self-derived
dendritic cells for exosome production. Targeting to the
brain was achieved by engineering the dendritic cells to
express Lamp2b, an exosomal membrane protein, fused to
the neuron-specific RVG peptide. Purified exosomes were
loaded with exogenous RNA by electroporation. Intrave-
nously injected RVG-targeted exosomes delivered GAPDH
siRNA specifically to neurons, microglia, oligodendrocytes
in the brain, resulting in a specific gene knockdown. Pre-
exposure to RVG exosomes did not attenuate knockdown,
and non-specific uptake in other tissues was not observed.
The therapeutic potential of exosome-mediated siRNA
delivery was demonstrated by the strong mRNA (60%) and
protein (62%) knockdown of BACE1, a therapeutic target in
Alzheimer’s disease.

To obtain a pool of immunologically inert exosomes,
Alvarez-Erviti et al. harvested bone marrow from inbred
C57BL/6 mice with a homogenous major histocompatibility
complex (MHC) haplotype. As immature dendritic cells
produce large quantities of exosomes devoid of T-cell acti-
vators such as MHC-II and CD86, Alvarez-Erviti et al.
selected for dendritic cells with granulocyte/macrophage-
colony stimulating factor (GM-CSF) for 7 d. Exosomes
were purified from the culture supernatant the following day
using well-established ultracentrifugation protocols. The
exosomes produced were physically homogenous, with a
size distribution peaking at 80 nm in diameter as determined
by particle tracking analysis (NTA) and electron micros-
copy. Alvarez-Erviti et al. obtained 6-12 pg of exosomes
(measured based on protein concentration) per 106 cells.

Next, Alvarez-Erviti et al. investigated the possibility of
loading modified exosomes with exogenous cargoes using
electroporation protocols adapted for nanoscale applica-
tions. As electroporation for membrane particles at the
nanometer scale is not well-characterized, nonspecific CyS5-
labeled RNA was used for the empirical optimization of the
electroporation protocol. The amount of encapsulated RNA
was assayed after ultracentrifugation and lysis of exosomes.
Electroporation at 400 V and 125 pF resulted in the greatest
retention of RNA and was used for all subsequent experi-
ments.

Alvarez-Erviti et al. administered 150 pg of each BACE1
siRNA encapsulated in 150 ng of RVG exosomes to normal
C57BL/6 mice and compared the knockdown efficiency to
four controls: untreated mice, mice injected with RVG
exosomes only, mice injected with BACE1 siRNA com-
plexed to an in vivo cationic liposome reagent and mice
injected with BACE1 siRNA complexed to RVG-9R, the
RVG peptide conjugated to 9 D-arginines that electrostati-
cally binds to the siRNA. Cortical tissue samples were
analyzed 3 d after administration and a significant protein
knockdown (45%, P<0.05, versus 62%, P<0.01) in both
siRNA-RVG-9R-treated and siRNARVG exosome-treated
mice was observed, resulting from a significant decrease in
BACE1 mRNA levels (66% [+ or —] 15%, P<0.001 and 61%
[+ or —] 13% respectively, P<0.01). Moreover, Applicants
demonstrated a significant decrease (55%, P<0.05) in the
total [beta]-amyloid 1-42 levels, a main component of the
amyloid plaques in Alzheimer’s pathology, in the RVG-
exosome-treated animals. The decrease observed was
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greater than the P-amyloid 1-40 decrease demonstrated in
normal mice after intraventricular injection of BACEL
inhibitors. Alvarez-Erviti et al. carried out 5'-rapid amplifi-
cation of cDNA ends (RACE) on BACE] cleavage product,
which provided evidence of RNAi-mediated knockdown by
the siRNA.

Finally, Alvarez-Erviti et al. investigated whether RNA-
RVG exosomes induced immune responses in vivo by
assessing 1L-6, IP-10, TNFa and IFN-a serum concentra-
tions. Following exosome treatment, nonsignificant changes
in all cytokines were registered similar to siRNA-transfec-
tion reagent treatment in contrast to siRNA-RVG-9R, which
potently stimulated IL-6 secretion, confirming the immuno-
logically inert profile of the exosome treatment. Given that
exosomes encapsulate only 20% of siRNA, delivery with
RVG-exosome appears to be more efficient than RVG-9R
delivery as comparable mRNA knockdown and greater
protein knockdown was achieved with fivefold less siRNA
without the corresponding level of immune stimulation. This
experiment demonstrated the therapeutic potential of RVG-
exosome technology, which is potentially suited for long-
term silencing of genes related to neurodegenerative dis-
eases. The exosome delivery system of Alvarez-Erviti et al.
may be applied to deliver the nucleic acid-targeting system
of the present invention to therapeutic targets, especially
neurodegenerative diseases. A dosage of about 100 to 1000
mg of nucleic acid-targeting system encapsulated in about
100 to 1000 mg of RVG exosomes may be contemplated for
the present invention.

El-Andaloussi et al. (Nature Protocols 7, 2112-2126
(2012)) discloses how exosomes derived from cultured cells
can be harnessed for delivery of RNA in vitro and in vivo.
This protocol first describes the generation of targeted
exosomes through transfection of an expression vector,
comprising an exosomal protein fused with a peptide ligand.
Next, El-Andaloussi et al. explain how to purify and char-
acterize exosomes from transfected cell supernatant. Next,
El-Andaloussi et al. detail crucial steps for loading RNA into
exosomes. Finally, El-Andaloussi et al. outline how to use
exosomes to efficiently deliver RNA in vitro and in vivo in
mouse brain. Examples of anticipated results in which
exosome-mediated RNA delivery is evaluated by functional
assays and imaging are also provided. The entire protocol
takes ~3 weeks. Delivery or administration according to the
invention may be performed using exosomes produced from
self-derived dendritic cells. From the herein teachings, this
can be employed in the practice of the invention

In another embodiment, the plasma exosomes of Wahl-
gren et al. (Nucleic Acids Research, 2012, Vol. 40, No. 17
e130) are contemplated. Exosomes are nano-sized vesicles
(30-90 nm in size) produced by many cell types, including
dendritic cells (DC), B cells, T cells, mast cells, epithelial
cells and tumor cells. These vesicles are formed by inward
budding of late endosomes and are then released to the
extracellular environment upon fusion with the plasma
membrane. Because exosomes naturally carry RNA between
cells, this property may be useful in gene therapy, and from
this disclosure can be employed in the practice of the instant
invention.

Exosomes from plasma can be prepared by centrifugation
of bufly coat at 900 g for 20 min to isolate the plasma
followed by harvesting cell supernatants, centrifuging at 300
g for 10 min to eliminate cells and at 16 500 g for 30 min
followed by filtration through a 0.22 mm filter. Exosomes
are pelleted by ultracentrifugation at 120 000 g for 70 min.
Chemical transfection of siRNA into exosomes is carried out
according to the manufacturer’s instructions in RNAIi
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Human/Mouse Starter Kit (Quiagen, Hilden, Germany).
siRNA is added to 100 ml PBS at a final concentration of 2
mmol/ml. After adding HiPerFect transfection reagent, the
mixture is incubated for 10 min at RT. In order to remove the
excess of micelles, the exosomes are re-isolated using alde-
hyde/sulfate latex beads. The chemical transfection of
nucleic acid-targeting system into exosomes may be con-
ducted similarly to siRNA. The exosomes may be co-
cultured with monocytes and lymphocytes isolated from the
peripheral blood of healthy donors. Therefore, it may be
contemplated that exosomes containing nucleic acid-target-
ing system may be introduced to monocytes and lympho-
cytes of and autologously reintroduced into a human.
Accordingly, delivery or administration according to the
invention may be performed using plasma exosomes.
Liposomes

Delivery or administration according to the invention can
be performed with liposomes. Liposomes are spherical
vesicle structures composed of a uni- or multilamellar lipid
bilayer surrounding internal aqueous compartments and a
relatively impermeable outer lipophilic phospholipid
bilayer. Liposomes have gained considerable attention as
drug delivery carriers because they are biocompatible, non-
toxic, can deliver both hydrophilic and lipophilic drug
molecules, protect their cargo from degradation by plasma
enzymes, and transport their load across biological mem-
branes and the blood brain barrier (BBB) (see, e.g., Spuch
and Navarro, Journal of Drug Delivery, vol. 2011, Article ID
469679, 12 pages, 2011. doi:10.1155/2011/469679 for
review).

Liposomes can be made from several different types of
lipids; however, phospholipids are most commonly used to
generate liposomes as drug carriers. Although liposome
formation is spontaneous when a lipid film is mixed with an
aqueous solution, it can also be expedited by applying force
in the form of shaking by using a homogenizer, sonicator, or
an extrusion apparatus (see, e.g., Spuch and Navarro, Jour-
nal of Drug Delivery, vol. 2011, Article ID 469679, 12
pages, 2011. doi:10.1155/2011/469679 for review).

Several other additives may be added to liposomes in
order to modify their structure and properties. For instance,
either cholesterol or sphingomyelin may be added to the
liposomal mixture in order to help stabilize the liposomal
structure and to prevent the leakage of the liposomal inner
cargo. Further, liposomes are prepared from hydrogenated
egg phosphatidylcholine or egg phosphatidylcholine, cho-
lesterol, and dicetyl phosphate, and their mean vesicle sizes
were adjusted to about 50 and 100 nm. (see, e.g., Spuch and
Navarro, Journal of Drug Delivery, vol. 2011, Article ID
469679, 12 pages, 2011. doi:10.1155/2011/469679 for
review).

A liposome formulation may be mainly comprised of
natural phospholipids and lipids such as 1,2-distearoryl-sn-
glycero-3-phosphatidyl choline (DSPC), sphingomyelin,
egg phosphatidylcholines and monosialoganglioside. Since
this formulation is made up of phospholipids only, liposomal
formulations have encountered many challenges, one of the
ones being the instability in plasma. Several attempts to
overcome these challenges have been made, specifically in
the manipulation of the lipid membrane. One of these
attempts focused on the manipulation of cholesterol. Addi-
tion of cholesterol to conventional formulations reduces
rapid release of the encapsulated bioactive compound into
the plasma or 1,2-dioleoyl-sn-glycero-3-phosphoetha-
nolamine (DOPE) increases the stability (see, e.g., Spuch
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and Navarro, Journal of Drug Delivery, vol. 2011, Article ID
469679, 12 pages, 2011. doi:10.1155/2011/469679 for
review).

In a particularly advantageous embodiment, Trojan Horse
liposomes (also known as Molecular Trojan Horses) are
desirable and protocols may be found at cshprotocols.cshl-
p-org/content/2010/4/pdb.prot5407.long. These particles
allow delivery of a transgene to the entire brain after an
intravascular injection. Without being bound by limitation, it
is believed that neutral lipid particles with specific antibod-
ies conjugated to surface allow crossing of the blood brain
barrier via endocytosis. Applicant postulates utilizing Trojan
Horse Liposomes to deliver the CRISPR family of nucleases
to the brain via an intravascular injection, which would
allow whole brain transgenic animals without the need for
embryonic manipulation. About 1-5 g of DNA or RNA may
be contemplated for in vivo administration in liposomes.

In another embodiment, the nucleic acid-targeting system
or conmponents thereof may be administered in liposomes,
such as a stable nucleic-acid-lipid particle (SNALP) (see,
e.g., Morrissey et al., Nature Biotechnology, Vol. 23, No. 8,
August 2005). Daily intravenous injections of about 1, 3 or
5 mgkg/day of a specific nucleic acid-targeting system
targeted in a SNALP are contemplated. The daily treatment
may be over about three days and then weekly for about five
weeks. In another embodiment, a specific nucleic acid-
targeting system encapsulated SNALP) administered by
intravenous injection to at doses of about 1 or 2.5 mg/kg are
also contemplated (see, e.g., Zimmerman et al., Nature
Letters, Vol. 441, 4 May 2006). The SNALP formulation
may contain the lipids 3-N-[(wmethoxypoly(ethylene gly-
col)2000) carbamoyl]-1,2-dimyristyloxy-propylamine
(PEG-C-DMA), 1,2-dilinoleyloxy-N,N-dimethyl-3-amino-
propane (DLinDMA), 1,2-distearoyl-sn-glycero-3-phospho-
choline (DSPC) and cholesterol, in a 2:40:10:48 molar
percent ratio (see, e.g., Zimmerman et al., Nature Letters,
Vol. 441, 4 May 2006).

In another embodiment, stable nucleic-acid-lipid particles
(SNALPs) have proven to be effective delivery molecules to
highly vascularized HepG2-derived liver tumors but not in
poorly vascularized HCT-116 derived liver tumors (see, e.g.,
Li, Gene Therapy (2012) 19, 775-780). The SNALP lipo-
somes may be prepared by formulating D-Lin-DMA and
PEG-C-DMA with distearoylphosphatidylcholine (DSPC),
Cholesterol and siRNA using a 25:1 lipid/siRNA ratio and a
48/40/10/2 molar ratio of Cholesterol/D-Lin-DMA/DSPC/
PEG-C-DMA. The resulted SNALP liposomes are about
80-100 nm in size.

In yet another embodiment, a SNALP may comprise
synthetic cholesterol (Sigma-Aldrich, St Louis, MO, USA),
dipalmitoylphosphatidylcholine (Avanti Polar Lipids, Ala-
baster, AL, USA), 3-N-[(w-methoxy poly(ethylene glycol)
2000) carbamoyl]-1,2-dimyrestyloxypropylamine, and cat-
ionic 1,2-dilinoleyloxy-3-N,Ndimethylaminopropane (see,
e.g., Geisbert et al., Lancet 2010; 375:1896-905). A dosage
of'about 2 mg/kg total nucleic acid-targeting systemper dose
administered as, for example, a bolus intravenous infusion
may be contemplated.

In yet another embodiment, a SNALP may comprise
synthetic cholesterol (Sigma-Aldrich), 1,2-distearoyl-sn-
glycero-3-phosphocholine (DSPC; Avanti Polar Lipids Inc.),
PEG-CDMA, and 1,2-dilinoleyloxy-3-(N;N-dimethyl)ami-
nopropane (DLinDMA) (see, e.g., Judge, J. Clin. Invest.
119:661-673 (2009)). Formulations used for in vivo studies
may comprise a final lipid/RNA mass ratio of about 9:1.

The safety profile of RNAi nanomedicines has been
reviewed by Barros and Gollob of Alnylam Pharmaceuticals
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(see, e.g., Advanced Drug Delivery Reviews 64 (2012)
1730-1737). The stable nucleic acid lipid particle (SNALP)
is comprised of four different lipids—an ionizable lipid
(DLinDMA) that is cationic at low pH, a neutral helper lipid,
cholesterol, and a diffusible polyethylene glycol (PEG)-
lipid. The particle is approximately 80 nm in diameter and
is charge-neutral at physiologic pH. During formulation, the
ionizable lipid serves to condense lipid with the anionic
RNA during particle formation. When positively charged
under increasingly acidic endosomal conditions, the ioniz-
able lipid also mediates the fusion of SNALP with the
endosomal membrane enabling release of RNA into the
cytoplasm. The PEG-lipid stabilizes the particle and reduces
aggregation during formulation, and subsequently provides
a neutral hydrophilic exterior that improves pharmacoki-
netic properties.

To date, two clinical programs have been initiated using
SNALP formulations with RNA. Tekmira Pharmaceuticals
recently completed a phase I single-dose study of SNALP-
ApoB in adult volunteers with elevated LDL cholesterol.
ApoB is predominantly expressed in the liver and jejunum
and is essential for the assembly and secretion of VDL and
LDL. Seventeen subjects received a single dose of SNALP-
ApoB (dose escalation across 7 dose levels). There was no
evidence of liver toxicity (anticipated as the potential dose-
limiting toxicity based on preclinical studies). One (of two)
subjects at the highest dose experienced flu-like symptoms
consistent with immune system stimulation, and the decision
was made to conclude the trial.

Alnylam Pharmaceuticals has similarly advanced ALN-
TTRO1, which employs the SNALP technology described
above and targets hepatocyte production of both mutant and
wild-type TTR to treat TTR amyloidosis (ATTR). Three
ATTR syndromes have been described: familial amyloidotic
polyneuropathy (FAP) and familial amyloidotic cardio-
myopathy (FAC)-both caused by autosomal dominant muta-
tions in TTR; and senile systemic amyloidosis (SSA) cause
by wildtype TTR. A placebo-controlled, single dose-escala-
tion phase I trial of ALN-TTRO1 was recently completed in
patients with ATTR. ALN-TTRO1 was administered as a
15-minute IV infusion to 31 patients (23 with study drug and
8 with placebo) within a dose range of 0.01 to 1.0 mg/kg
(based on siRNA). Treatment was well tolerated with no
significant increases in liver function tests. Infusion-related
reactions were noted in 3 of 23 patients at 0.4 mg/kg; all
responded to slowing of the infusion rate and all continued
on study. Minimal and transient elevations of serum cytok-
ines IL-6, IP-10 and IL.-Ira were noted in two patients at the
highest dose of 1 mg/kg (as anticipated from preclinical and
NHP studies). Lowering of serum TTR, the expected phar-
macodynamics effect of ALN-TTRO1, was observed at 1
mg/kg.

In yet another embodiment, a SNALP may be made by
solubilizing a cationic lipid, DSPC, cholesterol and PEG-
lipid e.g., in ethanol, e.g., at a molar ratio of 40:10:40:10,
respectively (see, Semple et al., Nature Niotechnology,
Volume 28 Number 2 Feb. 2010, pp. 172-177).

The lipid mixture was added to an aqueous buffer (50 mM
citrate, pH 4) with mixing to a final ethanol and lipid
concentration of 30% (vol/vol) and 6.1 mg/ml, respectively,
and allowed to equilibrate at 22° C. for 2 min before
extrusion. The hydrated lipids were extruded through two
stacked 80 nm pore-sized filters (Nuclepore) at 22° C. using
a Lipex Extruder (Northern Lipids) until a vesicle diameter
of 70-90 nm, as determined by dynamic light scattering
analysis, was obtained. This generally required 1-3 passes.
The siRNA (solubilized in a 50 mM citrate, pH 4 aqueous
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solution containing 30% ethanol) was added to the pre-
equilibrated (35° C.) vesicles at a rate of ~5 ml/min with
mixing. After a final target siRNA/lipid ratio of 0.06 (wt/wt)
was reached, the mixture was incubated for a further 30 min
at 35° C. to allow vesicle reorganization and encapsulation
of the siRNA. The ethanol was then removed and the
external buffer replaced with PBS (155 mM NaCl, 3 mM
Na2HPO4, 1 mM KH2PO4, pH 7.5) by either dialysis or
tangential flow diafiltration. siRNA were encapsulated in
SNALP using a controlled step-wise dilution method pro-
cess. The lipid constituents of KC2-SNALP were DLin-
KC2-DMA (cationic lipid), dipalmitoylphosphatidylcholine
(DPPC; Avanti Polar Lipids), synthetic cholesterol (Sigma)
and PEG-C-DMA used at a molar ratio of 57.1:7.1:34.3:1 4.
Upon formation of the loaded particles, SNALP were dia-
lyzed against PBS and filter sterilized through a 0.2 pm filter
before use. Mean particle sizes were 75-85 nm and 90-95%
of the siRNA was encapsulated within the lipid particles.
The final siRNA/lipid ratio in formulations used for in vivo
testing was ~0.15 (wt/wt). LNP-siRNA systems containing
Factor VII siRNA were diluted to the appropriate concen-
trations in sterile PBS immediately before use and the
formulations were administered intravenously through the
lateral tail vein in a total volume of 10 ml/kg. This method
and these delivery systems may be extrapolated to the
nucleic acid-targeting system of the present invention.
Other Lipids

Other cationic lipids, such as amino lipid 2,2-dilinoleyl-
4-dimethylaminoethyl-[1,3]-dioxolane (DLin-KC2-DMA)
may be utilized to encapsulate nucleic acid-targeting system
or components thereof or nucleic acid molecule(s) coding
therefor e.g., similar to SIRNA (see, e.g., Jayaraman, Angew.
Chem. Int. Ed. 2012, 51, 8529-8533), and hence may be
employed in the practice of the invention. A preformed
vesicle with the following lipid composition may be con-
templated: amino lipid, distearoylphosphatidylcholine
(DSPC), cholesterol and (R)-2,3-bis(octadecyloxy) propyl-
1-(methoxy poly(ethylene glycol)2000) propylcarbamate
(PEG-lipid) in the molar ratio 40/10/40/10, respectively, and
a FVII siRNA/total lipid ratio of approximately 0.05 (w/w).
To ensure a narrow particle size distribution in the range of
70-90 nm and a low polydispersity index of 0.11+0.04
(n=56), the particles may be extruded up to three times
through 80 nm membranes prior to adding the guide RNA.
Particles containing the highly potent amino lipid 16 may be
used, in which the molar ratio of the four lipid components
16, DSPC, cholesterol and PEG-lipid (50/10/38.5/1.5)
which may be further optimized to enhance in vivo activity.

Michael S D Kormann et al. (“Expression of therapeutic
proteins after delivery of chemically modified mRNA in
mice: Nature Biotechnology, Volume: 29, Pages: 154-157
(2011)) describes the use of lipid envelopes to deliver RNA.
Use of lipid envelopes is also preferred in the present
invention.

In another embodiment, lipids may be formulated with the
nucleic acid-targeting system of the present invention or
component(s) thereof or nucleic acid molecule(s) coding
therefor to form lipid nanoparticles (LNPs). Lipids include,
but are not limited to, DLin-KC2-DMA4, C12-200 and
colipids disteroylphosphatidyl choline, cholesterol, and
PEG-DMG may be formulated with RNA-targeting system
instead of siRNA (see, e.g., Novobrantseva, Molecular
Therapy-Nucleic Acids (2012) 1, e4; doi:10.1038/
mtna.2011.3) using a spontaneous vesicle formation proce-
dure. The component molar ratio may be about 50/10/38.5/
1.5 (DLin-KC2-DMA or C12-200/disteroylphosphatidyl
choline/cholesterol/PEG-DMG). The final lipid: siRNA
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weight ratio may be ~12:1 and 9:1 in the case of DLin-
KC2-DMA and C12-200 lipid particles (LNPs), respec-
tively. The formulations may have mean particle diameters
of ~80 nm with >90% entrapment efficiency. A3 mg/kg dose
may be contemplated.

Tekmira has a portfolio of approximately 95 patent fami-
lies, in the U.S. and abroad, that are directed to various
aspects of LNPs and LNP formulations (see, e.g., U.S. Pat.
Nos. 7,982,027; 7,799,565; 8,058,069; 8,283,333; 7,901,
708; 7,745,651; 7,803,397, 8,101,741; 8,188,263; 7,915,
399; 8,236,943 and 7,838,658 and European Pat. Nos
1766035; 1519714; 1781593 and 1664316), all of which
may be used and/or adapted to the present invention.

The nucleic acid-targetingsystem or components thereof
or nucleic acid molecule(s) coding therefor may be delivered
encapsulated in PLGA Microspheres such as that further
described in US published applications 20130252281 and
20130245107 and 20130244279 (assigned to Moderna
Therapeutics) which relate to aspects of formulation of
compositions comprising modified nucleic acid molecules
which may encode a protein, a protein precursor, or a
partially or fully processed form of the protein or a protein
precursor. The formulation may have a molar ratio 50:10:
38.5:1.5-3.0 (cationic lipid: fusogenic lipid: cholesterol:
PEG lipid). The PEG lipid may be selected from, but is not
limited to PEG-c-DOMG, PEG-DMG. The fusogenic lipid
may be DSPC. See also, Schrum et al., Delivery and
Formulation of Engineered Nucleic Acids, US published
application No. 20120251618.

Nanomerics® technology addresses bioavailability chal-
lenges for a broad range of therapeutics, including low
molecular weight hydrophobic drugs, peptides, and nucleic
acid based therapeutics (plasmid, siRNA, miRNA). Specific
administration routes for which the technology has demon-
strated clear advantages include the oral route, transport
across the blood-brain-barrier, delivery to solid tumours, as
well as to the eye. See, e.g., Mazza et al., 2013, ACS Nano.
2013 Feb. 26; 7 (2): 1016-26; Uchegbu and Siew, 2013, J
Pharm Sci. 102 (2): 305-10 and Lalatsa et al, 2012, J
Control Release. 2012 Jul. 20; 161 (2): 523-36.

US Patent Publication No. 20050019923 describes cat-
ionic dendrimers for delivering bioactive molecules, such as
polynucleotide molecules, peptides and polypeptides and/or
pharmaceutical agents, to a mammalian body. The dendrim-
ers are suitable for targeting the delivery of the bioactive
molecules to, for example, the liver, spleen, lung, kidney or
heart (or even the brain). Dendrimers are synthetic 3-dimen-
sional macromolecules that are prepared in a step-wise
fashion from simple branched monomer units, the nature
and functionality of which can be easily controlled and
varied. Dendrimers are synthesized from the repeated addi-
tion of building blocks to a multifunctional core (divergent
approach to synthesis), or towards a multifunctional core
(convergent approach to synthesis) and each addition of a
3-dimensional shell of building blocks leads to the formation
of'a higher generation of the dendrimers. Polypropylenimine
dendrimers start from a diaminobutane core to which is
added twice the number of amino groups by a double
Michael addition of acrylonitrile to the primary amines
followed by the hydrogenation of the nitriles. This results in
a doubling of the amino groups. Polypropylenimine den-
drimers contain 100% protonable nitrogens and up to 64
terminal amino groups (generation 5, DAB 64). Protonable
groups are usually amine groups which are able to accept
protons at neutral pH. The use of dendrimers as gene
delivery agents has largely focused on the use of the
polyamidoamine. and phosphorous containing compounds
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with a mixture of amine/amide or N-P(0O,)S as the conju-
gating units respectively with no work being reported on the
use of the lower generation polypropylenimine dendrimers
for gene delivery. Polypropylenimine dendrimers have also
been studied as pH sensitive controlled release systems for
drug delivery and for their encapsulation of guest molecules
when chemically modified by peripheral amino acid groups.
The cytotoxicity and interaction of polypropylenimine den-
drimers with DNA as well as the transfection efficacy of
DAB 64 has also been studied.

US Patent Publication No. 20050019923 is based upon
the observation that, contrary to earlier reports, cationic
dendrimers, such as polypropylenimine dendrimers, display
suitable properties, such as specific targeting and low tox-
icity, for use in the targeted delivery of bioactive molecules,
such as genetic material. In addition, derivatives of the
cationic dendrimer also display suitable properties for the
targeted delivery of bioactive molecules. See also, Bioactive
Polymers, US published application No. 20080267903,
which discloses “Various polymers, including cationic
polyamine polymers and dendrimeric polymers, are shown
to possess anti-proliferative activity, and may therefore be
useful for treatment of disorders characterised by undesir-
able cellular proliferation such as neoplasms and tumours,
inflammatory disorders (including autoimmune disorders),
psoriasis and atherosclerosis. The polymers may be used
alone as active agents, or as delivery vehicles for other
therapeutic agents, such as drug molecules or nucleic acids
for gene therapy. In such cases, the polymers’ own intrinsic
anti-tumour activity may complement the activity of the
agent to be delivered.” The disclosures of these patent
publications may be employed in conjunction with herein
teachings for delivery of nucleic acid-targetingsystem(s) or
component(s) thereof or nucleic acid molecule(s) coding
therefor.

Supercharged Proteins

Supercharged proteins are a class of engineered or natu-
rally occurring proteins with unusually high positive or
negative net theoretical charge and may be employed in
delivery of nucleic acid-targetingsystem(s) or component(s)
thereof or nucleic acid molecule(s) coding therefor. Both
supernegatively and superpositively charged proteins
exhibit a remarkable ability to withstand thermally or chemi-
cally induced aggregation. Superpositively charged proteins
are also able to penetrate mammalian cells. Associating
cargo with these proteins, such as plasmid DNA, RNA, or
other proteins, can enable the functional delivery of these
macromolecules into mammalian cells both in vitro and in
vivo. David Liu’s lab reported the creation and character-
ization of supercharged proteins in 2007 (Lawrence et al.,
2007, Journal of the American Chemical Society 129,
10110-10112).

The nonviral delivery of RNA and plasmid DNA into
mammalian cells are valuable both for research and thera-
peutic applications (Akinc et al., 2010, Nat. Biotech. 26,
561-569). Purified+36 GFP protein (or other superpositively
charged protein) is mixed with RNAs in the appropriate
serum-free media and allowed to complex prior addition to
cells. Inclusion of serum at this stage inhibits formation of
the supercharged protein-RNA complexes and reduces the
effectiveness of the treatment. The following protocol has
been found to be effective for a variety of cell lines
(McNaughton et al., 2009, Proc. Natl. Acad. Sci. USA 106,
6111-6116). However, pilot experiments varying the dose of
protein and RNA should be performed to optimize the
procedure for specific cell lines.
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(1) One day before treatment, plate 1x10° cells per well in
a 48-well plate.

(2) On the day of treatment, dilute purified +36 GFP
protein in serumfree media to a final concentration 200
nM. Add RNA to a final concentration of 50 nM. Vortex
to mix and incubate at room temperature for 10 min.

(3) During incubation, aspirate media from cells and wash
once with PBS.

(4) Following incubation of +36 GFP and RNA, add the
protein-RNA complexes to cells.

(5) Incubate cells with complexes at 37° C. for 4h.

(6) Following incubation, aspirate the media and wash
three times with 20 U/mL heparin PBS. Incubate cells
with serum-containing media for a further 48h or
longer depending upon the assay for activity.

(7) Analyze cells by immunoblot, qPCR, phenotypic
assay, or other appropriate method.

David Liu’s lab has further found +36 GFP to be an
effective plasmid delivery reagent in a range of cells. As
plasmid DNA is a larger cargo than siRNA, proportionately
more +36 GFP protein is required to effectively complex
plasmids. For effective plasmid delivery Applicants have
developed a variant of 436 GFP bearing a C-terminal HA2
peptide tag, a known endosome-disrupting peptide derived
from the influenza virus hemagglutinin protein. The follow-
ing protocol has been effective in a variety of cells, but as
above it is advised that plasmid DNA and supercharged
protein doses be optimized for specific cell lines and deliv-
ery applications.

(1) One day before treatment, plate 1x10° per well in a

48-well plate.

(2) On the day of treatment, dilute purified p36 GFP
protein in serumfree media to a final concentration 2
mM. Add 1 mg of plasmid DNA. Vortex to mix and
incubate at room temperature for 10 min.

(3) During incubation, aspirate media from cells and wash
once with PBS.

(4) Following incubation of p36 GFP and plasmid DNA,
gently add the protein-DNA complexes to cells.

(5) Incubate cells with complexes at 37 C for 4h.

(6) Following incubation, aspirate the media and wash
with PBS. Incubate cells in serum-containing media
and incubate for a further 24-48h.

(7) Analyze plasmid delivery (e.g., by plasmid-driven
gene expression) as appropriate.

See also, e.g., McNaughton et al., Proc. Natl. Acad. Sci.
USA 106, 6111-6116 (2009); Cronican et al., ACS Chemical
Biology 5, 747-752 (2010); Cronican et al., Chemistry &
Biology 18, 833-838 (2011); Thompson et al., Methods in
Enzymology 503, 293-319 (2012); Thompson, D. B., et al.,
Chemistry & Biology 19 (7), 831-843 (2012). The methods
of'the super charged proteins may be used and/or adapted for
delivery of the nucleic acid-targeting system of the present
invention. These systems of Dr. Lui and documents herein in
conjunction with herein teachings can be employed in the
delivery of nucleic acid-targeting system(s) or component(s)
thereof or nucleic acid molecule(s) coding therefor.

Cell Penetrating Peptides (CPPs)

In yet another embodiment, cell penetrating peptides
(CPPs) are contemplated for the delivery of the CRISPR Cas
system. CPPs are short peptides that facilitate cellular
uptake of various molecular cargo (from nanosize particles
to small chemical molecules and large fragments of DNA).
The term “cargo” as used herein includes but is not limited
to the group consisting of therapeutic agents, diagnostic
probes, peptides, nucleic acids, antisense oligonucleotides,
plasmids, proteins, particles including nanoparticles, lipo-



US 12,415,000 B2

163

somes, chromophores, small molecules and radioactive
materials. In aspects of the invention, the cargo may also
comprise any component of the CRISPR Cas system or the
entire functional CRISPR Cas system. Aspects of the present
invention further provide methods for delivering a desired
cargo into a subject comprising: (a) preparing a complex
comprising the cell penetrating peptide of the present inven-
tion and a desired cargo, and (b) orally, intraarticularly,
intraperitoneally, intrathecally, intrarterially, intranasally,
intraparenchymally, subcutaneously, intramuscularly, intra-
venously, dermally, intrarectally, or topically administering
the complex to a subject. The cargo is associated with the
peptides either through chemical linkage via covalent bonds
or through non-covalent interactions.

The function of the CPPs are to deliver the cargo into
cells, a process that commonly occurs through endocytosis
with the cargo delivered to the endosomes of living mam-
malian cells. Cell-penetrating peptides are of different sizes,
amino acid sequences, and charges but all CPPs have one
distinct characteristic, which is the ability to translocate the
plasma membrane and facilitate the delivery of various
molecular cargoes to the cytoplasm or an organelle. CPP
translocation may be classified into three main entry mecha-
nisms: direct penetration in the membrane, endocytosis-
mediated entry, and translocation through the formation of a
transitory structure. CPPs have found numerous applications
in medicine as drug delivery agents in the treatment of
different diseases including cancer and virus inhibitors, as
well as contrast agents for cell labeling. Examples of the
latter include acting as a carrier for GFP, MRI contrast
agents, or quantum dots. CPPs hold great potential as in vitro
and in vivo delivery vectors for use in research and medi-
cine. CPPs typically have an amino acid composition that
either contains a high relative abundance of positively
charged amino acids such as lysine or arginine or has
sequences that contain an alternating pattern of polar/
charged amino acids and non-polar, hydrophobic amino
acids. These two types of structures are referred to as
polycationic or amphipathic, respectively. A third class of
CPPs are the hydrophobic peptides, containing only apolar
residues, with low net charge or have hydrophobic amino
acid groups that are crucial for cellular uptake. One of the
initial CPPs discovered was the trans-activating transcrip-
tional activator (Tat) from Human Immunodeficiency Virus
1 (HIV-1) which was found to be efficiently taken up from
the surrounding media by numerous cell types in culture.
Since then, the number of known CPPs has expanded
considerably and small molecule synthetic analogues with
more effective protein transduction properties have been
generated. CPPs include but are not limited to Penetratin, Tat
(48-60), Transportan, and (R-AhX-R4)
(Ahx=aminohexanoyl).

U.S. Pat. No. 8,372,951, provides a CPP derived from
eosinophil cationic protein (ECP) which exhibits highly
cell-penetrating efficiency and low toxicity. Aspects of
delivering the CPP with its cargo into a vertebrate subject are
also provided. Further aspects of CPPs and their delivery are
described in U.S. Pat. Nos. 8,575,305; 8,614,194 and 8,044,
019. CPPs can be used to deliver the CRISPR-Cas system or
components thereof. That CPPs can be employed to deliver
the CRISPR-Cas system or components thereof is also
provided in the manuscript “Gene disruption by cell-pen-
etrating peptide-mediated delivery of Cas9 protein and guide
RNA”, by Suresh Ramakrishna, Abu-Bonsrah Kwaku Dad,
Jagadish Beloor, et al. Genome Res. 2014 Apr. 2. [Epub
ahead of print], incorporated by reference in its entirety,
wherein it is demonstrated that treatment with CPP-conju-
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gated recombinant Cas9 protein and CPP-complexed guide
RNAs lead to endogenous gene disruptions in human cell
lines. In the paper the Cas9 protein was conjugated to CPP
via a thioether bond, whereas the guide RNA was complexed
with CPP, forming condensed, positively charged particles.
It was shown that simultaneous and sequential treatment of
human cells, including embryonic stem cells, dermal fibro-
blasts, HEK293T cells, Hela cells, and embryonic carci-
noma cells, with the modified Cas9 and guide RNA led to
efficient gene disruptions with reduced off-target mutations
relative to plasmid transfections.

Implantable Devices

In another embodiment, implantable devices are also
contemplated for delivery of the nucleic acid-targeting sys-
tem or component(s) thereof or nucleic acid molecule(s)
coding therefor. For example, US Patent Publication
20110195123 discloses an implantable medical device
which elutes a drug locally and in prolonged period is
provided, including several types of such a device, the
treatment modes of implementation and methods of implan-
tation. The device comprising of polymeric substrate, such
as a matrix for example, that is used as the device body, and
drugs, and in some cases additional scaffolding materials,
such as metals or additional polymers, and materials to
enhance visibility and imaging. An implantable delivery
device can be advantageous in providing release locally and
over a prolonged period, where drug is released directly to
the extracellular matrix (ECM) of the diseased area such as
tumor, inflammation, degeneration or for symptomatic
objectives, or to injured smooth muscle cells, or for preven-
tion. One kind of drug is RNA, as disclosed above, and this
system may be used/and or adapted to the nucleic acid-
targeting system of the present invention. The modes of
implantation in some embodiments are existing implantation
procedures that are developed and used today for other
treatments, including brachytherapy and needle biopsy. In
such cases the dimensions of the new implant described in
this invention are similar to the original implant. Typically,
a few devices are implanted during the same treatment
procedure.

US Patent Publication 20110195123, provides a drug
delivery implantable or insertable system, including systems
applicable to a cavity such as the abdominal cavity and/or
any other type of administration in which the drug delivery
system is not anchored or attached, comprising a biostable
and/or degradable and/or bioabsorbable polymeric substrate,
which may for example optionally be a matrix. It should be
noted that the term “insertion” also includes implantation.
The drug delivery system is preferably implemented as a
“Loder” as described in US Patent Publication
20110195123.

The polymer or plurality of polymers are biocompatible,
incorporating an agent and/or plurality of agents, enabling
the release of agent at a controlled rate, wherein the total
volume of the polymeric substrate, such as a matrix for
example, in some embodiments is optionally and preferably
no greater than a maximum volume that permits a therapeu-
tic level of the agent to be reached. As a non-limiting
example, such a volume is preferably within the range of 0.1
m> to 1000 mm®, as required by the volume for the agent
load. The Loder may optionally be larger, for example when
incorporated with a device whose size is determined by
functionality, for example and without limitation, a knee
joint, an intra-uterine or cervical ring and the like.

The drug delivery system (for delivering the composition)
is designed in some embodiments to preferably employ
degradable polymers, wherein the main release mechanism
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is bulk erosion; or in some embodiments, non degradable, or
slowly degraded polymers are used, wherein the main
release mechanism is diffusion rather than bulk erosion, so
that the outer part functions as membrane, and its internal
part functions as a drug reservoir, which practically is not
affected by the surroundings for an extended period (for
example from about a week to about a few months). Com-
binations of different polymers with different release mecha-
nisms may also optionally be used. The concentration gra-
dient at the surface is preferably maintained effectively
constant during a significant period of the total drug releas-
ing period, and therefore the diffusion rate is effectively
constant (termed “zero mode” diffusion). By the term “con-
stant” it is meant a diffusion rate that is preferably main-
tained above the lower threshold of therapeutic effective-
ness, but which may still optionally feature an initial burst
and/or may fluctuate, for example increasing and decreasing
to a certain degree. The diffusion rate is preferably so
maintained for a prolonged period, and it can be considered
constant to a certain level to optimize the therapeutically
effective period, for example the effective silencing period.

The drug delivery system optionally and preferably is
designed to shield the nucleotide based therapeutic agent
from degradation, whether chemical in nature or due to
attack from enzymes and other factors in the body of the
subject.

The drug delivery system of US Patent Publication
20110195123 is optionally associated with sensing and/or
activation appliances that are operated at and/or after
implantation of the device, by non and/or minimally inva-
sive methods of activation and/or acceleration/deceleration,
for example optionally including but not limited to thermal
heating and cooling, laser beams, and ultrasonic, including
focused ultrasound and/or RF (radiofrequency) methods or
devices.

According to some embodiments of US Patent Publica-
tion 20110195123, the site for local delivery may optionally
include target sites characterized by high abnormal prolif-
eration of cells, and suppressed apoptosis, including tumors,
active and or chronic inflammation and infection including
autoimmune diseases states, degenerating tissue including
muscle and nervous tissue, chronic pain, degenerative sites,
and location of bone fractures and other wound locations for
enhancement of regeneration of tissue, and injured cardiac,
smooth and striated muscle.

The site for implantation of the composition, or target site,
preferably features a radius, area and/or volume that is
sufficiently small for targeted local delivery. For example,
the target site optionally has a diameter in a range of from
about 0.1 mm to about 5 cm.

The location of the target site is preferably selected for
maximum therapeutic efficacy. For example, the composi-
tion of the drug delivery system (optionally with a device for
implantation as described above) is optionally and prefer-
ably implanted within or in the proximity of a tumor
environment, or the blood supply associated thereof.

For example, the composition (optionally with the device)
is optionally implanted within or in the proximity to pan-
creas, prostate, breast, liver, via the nipple, within the
vascular system and so forth.

The target location is optionally selected from the group
comprising, consisting essentially of, or consisting of (as
non-limiting examples only, as optionally any site within the
body may be suitable for implanting a Loder): 1. brain at
degenerative sites like in Parkinson or Alzheimer disease at
the basal ganglia, white and gray matter; 2. spine as in the
case of amyotrophic lateral sclerosis (ALS); 3. uterine cervix
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to prevent HPV infection; 4. active and chronic inflamma-
tory joints; 5. dermis as in the case of psoriasis; 6. sympa-
thetic and sensoric nervous sites for analgesic effect; 7. Intra
osseous implantation; 8. acute and chronic infection sites; 9.
Intra vaginal; 10. Inner ear--auditory system, labyrinth of the
inner ear, vestibular system; 11. Intra tracheal; 12. Intra-
cardiac; coronary, epicardiac; 13. urinary bladder; 14. biliary
system; 15. parenchymal tissue including and not limited to
the kidney, liver, spleen; 16. lymph nodes; 17. salivary
glands; 18. dental gums; 19. Intra-articular (into joints); 20.
Intra-ocular; 21. Brain tissue; 22. Brain ventricles; 23.
Cavities, including abdominal cavity (for example but with-
out limitation, for ovary cancer); 24. Intra esophageal and
25. Intra rectal.

Optionally insertion of the system (for example a device
containing the composition) is associated with injection of
material to the ECM at the target site and the vicinity of that
site to affect local pH and/or temperature and/or other
biological factors affecting the diffusion of the drug and/or
drug kinetics in the ECM, of the target site and the vicinity
of such a site.

Optionally, according to some embodiments, the release
of said agent could be associated with sensing and/or
activation appliances that are operated prior and/or at and/or
after insertion, by non and/or minimally invasive and/or else
methods of activation and/or acceleration/deceleration,
including laser beam, radiation, thermal heating and cooling,
and ultrasonic, including focused ultrasound and/or RF
(radiofrequency) methods or devices, and chemical activa-
tors.

According to other embodiments of US Patent Publica-
tion 20110195123, the drug preferably comprises a RNA,
for example for localized cancer cases in breast, pancreas,
brain, kidney, bladder, lung, and prostate as described below.
Although exemplified with RNAi, many drugs are appli-
cable to be encapsulated in Loder, and can be used in
association with this invention, as long as such drugs can be
encapsulated with the Loder substrate, such as a matrix for
example, and this system may be used and/or adapted to
deliver the nucleic acid-targeting system of the present
invention.

As another example of a specific application, neuro and
muscular degenerative diseases develop due to abnormal
gene expression. Local delivery of RNAs may have thera-
peutic properties for interfering with such abnormal gene
expression. Local delivery of anti apoptotic, anti inflamma-
tory and anti degenerative drugs including small drugs and
macromolecules may also optionally be therapeutic. In such
cases the Loder is applied for prolonged release at constant
rate and/or through a dedicated device that is implanted
separately. All of this may be used and/or adapted to the
nucleic acid-targeting system of the present invention.

As yet another example of a specific application, psychi-
atric and cognitive disorders are treated with gene modifiers.
Gene knockdown is a treatment option. Loders locally
delivering agents to central nervous system sites are thera-
peutic options for psychiatric and cognitive disorders includ-
ing but not limited to psychosis, bi-polar diseases, neurotic
disorders and behavioral maladies. The Loders could also
deliver locally drugs including small drugs and macromol-
ecules upon implantation at specific brain sites. All of this
may be used and/or adapted to the nucleic acid-targeting
system of the present invention.

As another example of a specific application, silencing of
innate and/or adaptive immune mediators at local sites
enables the prevention of organ transplant rejection. Local
delivery of RNAs and immunomodulating reagents with the
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Loder implanted into the transplanted organ and/or the
implanted site renders local immune suppression by repel-
ling immune cells such as CD8 activated against the trans-
planted organ. All of this may be used/and or adapted to the
nucleic acid-targeting system of the present invention.

As another example of a specific application, vascular
growth factors including VEGFs and angiogenin and others
are essential for neovascularization. Local delivery of the
factors, peptides, peptidomimetics, or suppressing their
repressors is an important therapeutic modality; silencing
the repressors and local delivery of the factors, peptides,
macromolecules and small drugs stimulating angiogenesis
with the Loder is therapeutic for peripheral, systemic and
cardiac vascular disease.

The method of insertion, such as implantation, may
optionally already be used for other types of tissue implan-
tation and/or for insertions and/or for sampling tissues,
optionally without modifications, or alternatively optionally
only with non-major modifications in such methods. Such
methods optionally include but are not limited to
brachytherapy methods, biopsy, endoscopy with and/or
without ultrasound, such as ERCP, stereotactic methods into
the brain tissue, Laparoscopy, including implantation with a
laparoscope into joints, abdominal organs, the bladder wall
and body cavities.

Implantable device technology herein discussed can be
employed with herein teachings and hence by this disclosure
and the knowledge in the art, CRISPR-Cas system or
components thereof or nucleic acid molecules thereof or
encoding or providing components may be delivered via an
implantable device.

CRISPR Effector Protein mRNA and Guide RNA

CRISPR effector protein mRNA and guide RNA might
also be delivered separately. CRISPR effector protein
mRNA can be delivered prior to the guide RNA to give time
for CRISPR effector protein to be expressed. CRISPR
effector protein mRNA might be administered 1-12 hours
(preferably around 2-6 hours) prior to the administration of
guide RNA.

Alternatively, CRISPR effector protein mRNA and guide
RNA can be administered together. Advantageously, a sec-
ond booster dose of guide RNA can be administered 1-12
hours (preferably around 2-6 hours) after the initial admin-
istration of CRISPR effector protein mRNA+guide RNA.

The CRISPR effector protein of the present invention, e.g.
a C2c2 effector protein is sometimes referred to herein as a
CRISPR Enzyme. It will be appreciated that the effector
protein is based on or derived from an enzyme, so the term
‘effector protein’ certainly includes ‘enzyme’ in some
embodiments. However, it will also be appreciated that the
effector protein may, as required in some embodiments, have
DNA or RNA binding, but not necessarily cutting or nicking,
activity, including a dead-Cas effector protein function.

Additional administrations of CRISPR effector protein
mRNA and/or guide RNA might be useful to achieve the
most efficient levels of genome modification. In some
embodiments, phenotypic alteration is preferably the result
of genome modification when a genetic disease is targeted,
especially in methods of therapy and preferably where a
repair template is provided to correct or alter the phenotype.

In some embodiments diseases that may be targeted
include those concerned with disease-causing splice defects.

In some embodiments, cellular targets include Hemopoi-
etic Stem/Progenitor Cells (CD34+); Human T cells; and
Eye (retinal cells)—for example photoreceptor precursor
cells.
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In some embodiments Gene targets include: Human Beta
Globin—HBB (for treating Sickle Cell Anemia, including
by stimulating gene-conversion (using closely related HBD
gene as an endogenous template)); CD3 (T-Cells); and
CEP920-retina (eye).

In some embodiments disease targets also include: cancer;
Sickle Cell Anemia (based on a point mutation); HIV;
Beta-Thalassemia; and ophthalmic or ocular disease—for
example Leber Congenital Amaurosis (LCA)-causing Splice
Defect.

In some embodiments delivery methods include: Cationic
Lipid Mediated “direct” delivery of Enzyme-Guide complex
(RiboNucleoProtein) and electroporation of plasmid DNA.

Inventive methods can further comprise delivery of tem-
plates, such as repair templates, which may be dsODN or
ssODN, see below. Delivery of templates may be via the
cotemporaneous or separate from delivery of any or all the
CRISPR effector protein or guide and via the same delivery
mechanism or different. In some embodiments, it is pre-
ferred that the template is delivered together with the guide,
and, preferably, also the CRISPR effector protein. An
example may be an AAV vector.

Inventive methods can further comprise: (a) delivering to
the cell a double-stranded oligodeoxynucleotide (dsODN)
comprising overhangs complimentary to the overhangs cre-
ated by said double strand break, wherein said dsODN is
integrated into the locus of interest; or —(b) delivering to the
cell a single-stranded oligodeoxynucleotide (ssODN),
wherein said ssODN acts as a template for homology
directed repair of said double strand break. Inventive meth-
ods can be for the prevention or treatment of disease in an
individual, optionally wherein said disease is caused by a
defect in said locus of interest. Inventive methods can be
conducted in vivo in the individual or ex vivo on a cell taken
from the individual, optionally wherein said cell is returned
to the individual.

For minimization of toxicity and off-target effect, it will
be important to control the concentration of CRISPR effec-
tor protein mRNA and guide RNA delivered. Optimal con-
centrations of CRISPR effector protein mRNA and guide
RNA can be determined by testing different concentrations
in a cellular or animal model and using deep sequencing the
analyze the extent of modification at potential off-target
genomic loci. For example, for the guide sequence targeting
5'-GAGTCCGAGCAGAAGAAGAA-3' (SEQ ID No. 165)
in the EMXI gene of the human genome, deep sequencing
can be used to assess the level of modification at the
following two off-target loci, 1: 5-GAGTCCTAGCAG-
GAGAAGAA-3' (SEQ ID No. 166) and 2:
5'-GAGTCTAAGCAGAAGAAGAA-3' (SEQ ID No. 167).
The concentration that gives the highest level of on-target
modification while minimizing the level of off-target modi-
fication should be chosen for in vivo delivery.

Inducible Systems

In some embodiments, a CRISPR effector protein may
form a component of an inducible system. The inducible
nature of the system would allow for spatiotemporal control
of gene editing or gene expression using a form of energy.
The form of energy may include but is not limited to
electromagnetic radiation, sound energy, chemical energy
and thermal energy. Examples of inducible system include
tetracycline inducible promoters (Tet-On or Tet-Off), small
molecule two-hybrid transcription activations systems
(FKBP, ABA, etc), or light inducible systems (Phytochrome,
LOV domains, or cryptochrome). In one embodiment, the
CRISPR effector protein may be a part of a Light Inducible
Transcriptional Effector (LITE) to direct changes in tran-
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scriptional activity in a sequence-specific manner. The com-
ponents of a light may include a CRISPR effector protein, a
light-responsive cytochrome heterodimer (e.g. from Arabi-
dopsis thaliana), and a transcriptional activation/repression
domain. Further examples of inducible DNA binding pro-
teins and methods for their use are provided in U.S. 61/736,
465 and U.S. 61/721,283, and WO 2014018423 A2 which is
hereby incorporated by reference in its entirety.
Modifying a Target with CRISPR Cas System or Complex
(e.g., C2c2-RNA Complex)

In one aspect, the invention provides for methods of
modifying a target polynucleotide in a eukaryotic cell, which
may be in vivo, ex vivo or in vitro. In some embodiments,
the method comprises sampling a cell or population of cells
from a human or non-human animal, and modifying the cell
or cells. Culturing may occur at any stage ex vivo. The cell
or cells may even be re-introduced into the non-human
animal or plant. For re-introduced cells it is particularly
preferred that the cells are stem cells.

In some embodiments, the method comprises allowing a
CRISPR complex to bind to the target polynucleotide to
effect cleavage of said target polynucleotide thereby modi-
fying the target polynucleotide, wherein the CRISPR com-
plex comprises a CRISPR effector protein complexed with
a guide sequence hybridized or hybridizable to a target
sequence within said target polynucleotide.

In one aspect, the invention provides a method of modi-
fying expression of a polynucleotide in a eukaryotic cell. In
some embodiments, the method comprises allowing a
CRISPR complex to bind to the polynucleotide such that
said binding results in increased or decreased expression of
said polynucleotide; wherein the CRISPR complex com-
prises a CRISPR effector protein complexed with a guide
sequence hybridized or hybridizable to a target sequence
within said polynucleotide. Similar considerations and con-
ditions apply as above for methods of modifying a target
polynucleotide. In fact, these sampling, culturing and re-
introduction options apply across the aspects of the present
invention.

Indeed, in any aspect of the invention, the CRISPR
complex may comprise a CRISPR effector protein com-
plexed with a guide sequence hybridized or hybridizable to
a target sequence. Similar considerations and conditions
apply as above for methods of modifying a target polynucle-
otide.

Thus in any of the non-naturally-occurring CRISPR effec-
tor proteins described herein comprise at least one modifi-
cation and whereby the effector protein has certain improved
capabilities. In particular, any of the effector proteins are
capable of forming a CRISPR complex with a guide RNA.
When such a complex forms, the guide RNA is capable of
binding to a target polynucleotide sequence and the effector
protein is capable of modifying a target locus. In addition,
the effector protein in the CRISPR complex has reduced
capability of modifying one or more off-target loci as
compared to an unmodified enzyme/effector protein.

In addition, the modified CRISPR enzymes described
herein encompass enzymes whereby in the CRISPR com-
plex the effector protein has increased capability of modi-
fying the one or more target loci as compared to an unmodi-
fied enzyme/effector protein. Such function may be provided
separate to or provided in combination with the above-
described function of reduced capability of modifying one or
more off-target loci. Any such effector proteins may be
provided with any of the further modifications to the
CRISPR effector protein as described herein, such as in
combination with any activity provided by one or more
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associated heterologous functional domains, any further
mutations to reduce nuclease activity and the like.

In advantageous embodiments of the invention, the modi-
fied CRISPR effector protein is provided with reduced
capability of modifying one or more off-target loci as
compared to an unmodified enzyme/effector protein and
increased capability of modifying the one or more target loci
as compared to an unmodified enzyme/effector protein. In
combination with further modifications to the effector pro-
tein, significantly enhanced specificity may be achieved. For
example, combination of such advantageous embodiments
with one or more additional mutations is provided wherein
the one or more additional mutations are in one or more
catalytically active domains. In such effector proteins,
enhanced specificity may be achieved due to an improved
specificity in terms of effector protein activity.

Additional functionalities which may be engineered into
modified CRISPR effector proteins as described herein
include the following. 1. modified CRISPR effector proteins
that disrupt RNA: protein interactions without affecting
protein tertiary or secondary structure. This includes resi-
dues that contact any part of the RNA: RNA duplex. 2.
modified CRISPR effector proteins that weaken intra-pro-
tein interactions holding the CRISPR effector in conforma-
tion essential for nuclease cutting in response to RNA
binding (on or off target). For example: a modification that
mildly inhibits, but still allows, the nuclease conformation of
the HNH domain (positioned at the scissile phosphate). 3.
modified CRISPR effector proteins that strengthen intra-
protein interactions holding the CRISPR effector in a con-
formation inhibiting nuclease activity in response to RNA
binding (on or off targets). For example: a modification that
stabilizes the HNH domain in a conformation away from the
scissile phosphate. Any such additional functional enhance-
ment may be provided in combination with any other
modification to the CRISPR effector protein as described in
detail elsewhere herein.

Any of the herein described improved functionalities may
be made to any CRISPR effector protein, such as a C2¢2
effector protein. However, it will be appreciated that any of
the functionalities described herein may be engineered into
CRISPR effector proteins from other orthologs, including
chimeric effector proteins comprising fragments from mul-
tiple orthologs.

The invention uses nucleic acids to bind target DNA
sequences. This is advantageous as nucleic acids are much
easier and cheaper to produce than proteins, and the speci-
ficity can be varied according to the length of the stretch
where homology is sought. Complex 3-D positioning of
multiple fingers, for example is not required. The terms
“polynucleotide”, “nucleotide”, “nucleotide sequence”,
“nucleic acid” and “oligonucleotide” are used interchange-
ably. They refer to a polymeric form of nucleotides of any
length, either deoxyribonucleotides or ribonucleotides, or
analogs thereof. Polynucleotides may have any three dimen-
sional structure, and may perform any function, known or
unknown. The following are non-limiting examples of poly-
nucleotides: coding or non-coding regions of a gene or gene
fragment, loci (locus) defined from linkage analysis, exons,
introns, messenger RNA (mRNA), transfer RNA, ribosomal
RNA, short interfering RNA (siRNA), short-hairpin RNA
(shRNA), micro-RNA (miRNA), ribozymes, cDNA, recom-
binant polynucleotides, branched polynucleotides, plasmids,
vectors, isolated DNA of any sequence, isolated RNA of any
sequence, nucleic acid probes, and primers. The term also
encompasses nucleic-acid-like structures with synthetic
backbones, see, e.g., Eckstein, 1991; Baserga et al., 1992;
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Milligan, 1993; WO 97/03211; WO 96/39154; Mata, 1997,
Strauss-Soukup, 1997; and Samstag, 1996. A polynucleotide
may comprise one or more modified nucleotides, such as
methylated nucleotides and nucleotide analogs. If present,
modifications to the nucleotide structure may be imparted
before or after assembly of the polymer. The sequence of
nucleotides may be interrupted by non-nucleotide compo-
nents. A polynucleotide may be further modified after
polymerization, such as by conjugation with a labeling
component. As used herein the term “wild type” is a term of
the art understood by skilled persons and means the typical
form of an organism, strain, gene or characteristic as it
occurs in nature as distinguished from mutant or variant
forms. A “wild type” can be a base line. As used herein the
term ““variant” should be taken to mean the exhibition of
qualities that have a pattern that deviates from what occurs
in nature. The terms “non-naturally occurring” or “engi-
neered” are used interchangeably and indicate the involve-
ment of the hand of man. The terms, when referring to
nucleic acid molecules or polypeptides mean that the nucleic
acid molecule or the polypeptide is at least substantially free
from at least one other component with which they are
naturally associated in nature and as found in nature.
“Complementarity” refers to the ability of a nucleic acid to
form hydrogen bond(s) with another nucleic acid sequence
by either traditional Watson-Crick base pairing or other
non-traditional types. A percent complementarity indicates
the percentage of residues in a nucleic acid molecule which
can form hydrogen bonds (e.g., Watson-Crick base pairing)
with a second nucleic acid sequence (e.g., 5,6, 7, 8,9, 10 out
of 10 being 50%, 60%, 70%, 80%, 90%, and 100% comple-
mentary). “Perfectly complementary” means that all the
contiguous residues of a nucleic acid sequence will hydro-
gen bond with the same number of contiguous residues in a
second nucleic acid sequence. “Substantially complemen-
tary” as used herein refers to a degree of complementarity
that is at least 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
97%, 98%, 99%, or 100% over a region of 8, 9, 10, 11, 12,
13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 30, 35, 40,
45, 50, or more nucleotides, or refers to two nucleic acids
that hybridize under stringent conditions. As used herein,
“stringent conditions” for hybridization refer to conditions
under which a nucleic acid having complementarity to a
target sequence predominantly hybridizes with the target
sequence, and substantially does not hybridize to non-target
sequences. Stringent conditions are generally sequence-
dependent, and vary depending on a number of factors. In
general, the longer the sequence, the higher the temperature
at which the sequence specifically hybridizes to its target
sequence. Non-limiting examples of stringent conditions are
described in detail in Tijssen (1993), Laboratory Techniques
In Biochemistry And Molecular Biology-Hybridization
With Nucleic Acid Probes Part I, Second Chapter “Overview
of principles of hybridization and the strategy of nucleic acid
probe assay”, Elsevier, N.Y. Where reference is made to a
polynucleotide sequence, then complementary or partially
complementary sequences are also envisaged. These are
preferably capable of hybridizing to the reference sequence
under highly stringent conditions. Generally, in order to
maximize the hybridization rate, relatively low-stringency
hybridization conditions are selected: about 20 to 25° C.
lower than the thermal melting point (T,,). The T,, is the
temperature at which 50% of specific target sequence
hybridizes to a perfectly complementary probe in solution at
a defined ionic strength and pH. Generally, in order to
require at least about 85% nucleotide complementarity of
hybridized sequences, highly stringent washing conditions
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are selected to be about 5 to 15° C. lower than the T,,. In
order to require at least about 70% nucleotide complemen-
tarity of hybridized sequences, moderately-stringent wash-
ing conditions are selected to be about 15 to 30° C. lower
than the T,,. Highly permissive (very low stringency) wash-
ing conditions may be as low as 50° C. below the T,,
allowing a high level of mis-matching between hybridized
sequences. Those skilled in the art will recognize that other
physical and chemical parameters in the hybridization and
wash stages can also be altered to affect the outcome of a
detectable hybridization signal from a specific level of
homology between target and probe sequences. Preferred
highly stringent conditions comprise incubation in 50%
formamide, 5xSSC, and 1% SDS at 42° C., or incubation in
5xSSC and 1% SDS at 65° C., with wash in 0.2xSSC and
0.1% SDS at 65° C. “Hybridization” refers to a reaction in
which one or more polynucleotides react to form a complex
that is stabilized via hydrogen bonding between the bases of
the nucleotide residues. The hydrogen bonding may occur
by Watson Crick base pairing, Hoogstein binding, or in any
other sequence specific manner. The complex may comprise
two strands forming a duplex structure, three or more strands
forming a multi stranded complex, a single self-hybridizing
strand, or any combination of these. A hybridization reaction
may constitute a step in a more extensive process, such as
the initiation of PCR, or the cleavage of a polynucleotide by
an enzyme. A sequence capable of hybridizing with a given
sequence is referred to as the “complement” of the given
sequence. As used herein, the term “genomic locus” or
“locus” (plural loci) is the specific location of a gene or
DNA sequence on a chromosome. A “gene” refers to
stretches of DNA or RNA that encode a polypeptide or an
RNA chain that has functional role to play in an organism
and hence is the molecular unit of heredity in living organ-
isms. For the purpose of this invention it may be considered
that genes include regions which regulate the production of
the gene product, whether or not such regulatory sequences
are adjacent to coding and/or transcribed sequences. Accord-
ingly, a gene includes, but is not necessarily limited to,
promoter sequences, terminators, translational regulatory
sequences such as ribosome binding sites and internal ribo-
some entry sites, enhancers, silencers, insulators, boundary
elements, replication origins, matrix attachment sites and
locus control regions. As used herein, “expression of a
genomic locus” or “gene expression” is the process by
which information from a gene is used in the synthesis of a
functional gene product. The products of gene expression
are often proteins, but in non-protein coding genes such as
rRNA genes or tRNA genes, the product is functional RNA.
The process of gene expression is used by all known
life-eukaryotes (including multicellular organisms), pro-
karyotes (bacteria and archaea) and viruses to generate
functional products to survive. As used herein “expression”
of a gene or nucleic acid encompasses not only cellular gene
expression, but also the transcription and translation of
nucleic acid(s) in cloning systems and in any other context.
As used herein, “expression” also refers to the process by
which a polynucleotide is transcribed from a DNA template
(such as into and mRNA or other RNA transcript) and/or the
process by which a transcribed mRNA is subsequently
translated into peptides, polypeptides, or proteins. Tran-
scripts and encoded polypeptides may be collectively
referred to as “gene product.” If the polynucleotide is
derived from genomic DNA, expression may include splic-
ing of the mRNA in a eukaryotic cell.

The terms “polypeptide”, “peptide” and “protein” are
used interchangeably herein to refer to polymers of amino
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acids of any length. The polymer may be linear or branched,
it may comprise modified amino acids, and it may be
interrupted by non-amino acids. The terms also encompass
an amino acid polymer that has been modified; for example,
disulfide bond formation, glycosylation, lipidation, acety-
lation, phosphorylation, or any other manipulation, such as
conjugation with a labeling component. As used herein the
term “amino acid” includes natural and/or unnatural or
synthetic amino acids, including glycine and both the D or
L optical isomers, and amino acid analogs and peptidomi-
metics. As used herein, the term “domain” or “protein
domain” refers to a part of a protein sequence that may exist
and function independently of the rest of the protein chain.
As described in aspects of the invention, sequence identity
is related to sequence homology. Homology comparisons
may be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These
commercially available computer programs may calculate
percent (%) homology between two or more sequences and
may also calculate the sequence identity shared by two or
more amino acid or nucleic acid sequences.

In aspects of the invention the term “guide RNA”, refers
to the polynucleotide sequence comprising one or more of a
putative or identified tracr sequence and a putative or
identified crRNA sequence or guide sequence. In particular
embodiments, the “guide RNA” comprises a putative or
identified crRNA sequence or guide sequence. In further
embodiments, the guide RNA does not comprise a putative
or identified tracr sequence.

As used herein the term “wild type” is a term of the art
understood by skilled persons and means the typical form of
an organism, strain, gene or characteristic as it occurs in
nature as distinguished from mutant or variant forms. A
“wild type” can be a base line.

As used herein the term “variant” should be taken to mean
the exhibition of qualities that have a pattern that deviates
from what occurs in nature.

The terms “non-naturally occurring” or “engineered” are
used interchangeably and indicate the involvement of the
hand of man. The terms, when referring to nucleic acid
molecules or polypeptides mean that the nucleic acid mol-
ecule or the polypeptide is at least substantially free from at
least one other component with which they are naturally
associated in nature and as found in nature. In all aspects and
embodiments, whether they include these terms or not, it
will be understood that, preferably, the may be optional and
thus preferably included or not preferably not included.
Furthermore, the terms “non-naturally occurring” and “engi-
neered” may be used interchangeably and so can therefore
be used alone or in combination and one or other may
replace mention of both together. In particular, “engineered”
is preferred in place of “non-naturally occurring” or “non-
naturally occurring and/or engineered.”

Sequence homologies may be generated by any of a
number of computer programs known in the art, for example
BLAST or FASTA, etc. A suitable computer program for
carrying out such an alignment is the GCG Wisconsin Bestfit
package (University of Wisconsin, U.S.A; Devereux et al.,
1984, Nucleic Acids Research 12:387). Examples of other
software than may perform sequence comparisons include,
but are not limited to, the BLAST package (see Ausubel et
al., 1999 ibid—Chapter 18), FASTA (Atschul et al., 1990, J.
Mol. Biol., 403-410) and the GENEWORKS suite of com-
parison tools. Both BLAST and FASTA are available for
offline and online searching (see Ausubel et al., 1999 ibid,
pages 7-58 to 7-60). However, it is preferred to use the GCG
Bestfit program. Percentage (%) sequence homology may be
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calculated over contiguous sequences, i.c., one sequence is
aligned with the other sequence and each amino acid or
nucleotide in one sequence is directly compared with the
corresponding amino acid or nucleotide in the other
sequence, one residue at a time. This is called an “ungapped”
alignment. Typically, such ungapped alignments are per-
formed only over a relatively short number of residues.
Although this is a very simple and consistent method, it fails
to take into consideration that, for example, in an otherwise
identical pair of sequences, one insertion or deletion may
cause the following amino acid residues to be put out of
alignment, thus potentially resulting in a large reduction in
% homology when a global alignment is performed. Con-
sequently, most sequence comparison methods are designed
to produce optimal alignments that take into consideration
possible insertions and deletions without unduly penalizing
the overall homology or identity score. This is achieved by
inserting “gaps” in the sequence alignment to try to maxi-
mize local homology or identity. However, these more
complex methods assign “gap penalties” to each gap that
occurs in the alignment so that, for the same number of
identical amino acids, a sequence alignment with as few
gaps as possible-reflecting higher relatedness between the
two compared sequences—may achieve a higher score than
one with many gaps. “Affinity gap costs™ are typically used
that charge a relatively high cost for the existence of a gap
and a smaller penalty for each subsequent residue in the gap.
This is the most commonly used gap scoring system. High
gap penalties may, of course, produce optimized alignments
with fewer gaps. Most alignment programs allow the gap
penalties to be modified. However, it is preferred to use the
default values when using such software for sequence com-
parisons. For example, when using the GCG Wisconsin
Bestfit package the default gap penalty for amino acid
sequences is —12 for a gap and -4 for each extension.
Calculation of maximum % homology therefore first
requires the production of an optimal alignment, taking into
consideration gap penalties. A suitable computer program
for carrying out such an alignment is the GCG Wisconsin
Bestfit package (Devereux et al., 1984 Nuc. Acids Research
12 p387). Examples of other software than may perform
sequence comparisons include, but are not limited to, the
BLAST package (see Ausubel et al., 1999 Short Protocols in
Molecular Biology, 4th Ed.—Chapter 18), FASTA (Altschul
et al., 1990 J. Mol. Biol. 403-410) and the GENEWORKS
suite of comparison tools. Both BLAST and FASTA are
available for offline and online searching (see Ausubel et al.,
1999, Short Protocols in Molecular Biology, pages 7-58 to
7-60). However, for some applications, it is preferred to use
the GCG Bestfit program. A new tool, called BLAST 2
Sequences is also available for comparing protein and
nucleotide sequences (see FEMS Microbiol Lett. 1999 174
(2): 247-50; FEMS Microbiol Lett. 1999 177 (1): 187-8 and
the website of the National Center for Biotechnology infor-
mation at the website of the National Institutes for Health).
Although the final % homology may be measured in terms
of'identity, the alignment process itself is typically not based
on an all-or-nothing pair comparison. Instead, a scaled
similarity score matrix is generally used that assigns scores
to each pair-wise comparison based on chemical similarity
or evolutionary distance. An example of such a matrix
commonly used is the BLOSUMG62 matrix—the default
matrix for the BLAST suite of programs. GCG Wisconsin
programs generally use either the public default values or a
custom symbol comparison table, if supplied (see user
manual for further details). For some applications, it is
preferred to use the public default values for the GCG
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package, or in the case of other software, the default matrix,
such as BLOSUMG62. Alternatively, percentage homologies
may be calculated using the multiple alignment feature in
DNASIS™ (Hitachi Software), based on an algorithm,
analogous to CLUSTAL (Higgins D G & Sharp P M (1988),
Gene 73 (1), 237-244). Once the software has produced an
optimal alignment, it is possible to calculate % homology,
preferably % sequence identity. The software typically does
this as part of the sequence comparison and generates a
numerical result. The sequences may also have deletions,
insertions or substitutions of amino acid residues which
produce a silent change and result in a functionally equiva-
lent substance. Deliberate amino acid substitutions may be
made on the basis of similarity in amino acid properties
(such as polarity, charge, solubility, hydrophobicity, hydro-
philicity, and/or the amphipathic nature of the residues) and
it is therefore useful to group amino acids together in
functional groups. Amino acids may be grouped together
based on the properties of their side chains alone. However,
it is more useful to include mutation data as well. The sets
of amino acids thus derived are likely to be conserved for
structural reasons. These sets may be described in the form
of a Venn diagram (Livingstone C. D. and Barton G. J.
(1993) “Protein sequence alignments: a strategy for the
hierarchical analysis of residue conservation” Comput.
Appl. Biosci. 9:745-756) (Taylor W. R. (1986) “The classi-
fication of amino acid conservation” J. Theor. Biol. 119;
205-218). Conservative substitutions may be made, for
example according to Table 11 below which describes a
generally accepted Venn diagram grouping of amino acids.
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meant any therapeutically relevant improvement in or effect
on one or more diseases, conditions, or symptoms under
treatment. For prophylactic benefit, the compositions may be
administered to a subject at risk of developing a particular
disease, condition, or symptom, or to a subject reporting one
or more of the physiological symptoms of a disease, even
though the disease, condition, or symptom may not have yet
been manifested.

The term “effective amount” or “therapeutically effective
amount” refers to the amount of an agent that is sufficient to
effect beneficial or desired results. The therapeutically effec-
tive amount may vary depending upon one or more of: the
subject and disease condition being treated, the weight and
age of the subject, the severity of the disease condition, the
manner of administration and the like, which can readily be
determined by one of ordinary skill in the art. The term also
applies to a dose that will provide an image for detection by
any one of the imaging methods described herein. The
specific dose may vary depending on one or more of: the
particular agent chosen, the dosing regimen to be followed,
whether it is administered in combination with other com-
pounds, timing of administration, the tissue to be imaged,
and the physical delivery system in which it is carried.

The practice of the present invention employs, unless
otherwise indicated, conventional techniques of immunol-
ogy, biochemistry, chemistry, molecular biology, microbiol-
ogy, cell biology, genomics and recombinant DNA, which
are within the skill of the art. See Sambrook, Fritsch and
Maniatis, MOLECULAR CLONING: A LABORATORY
MANUAL, 2nd edition (1989); CURRENT PROTOCOLS

TABLE 11
Set Sub-set
Hydrophobic F WY HKMIULV A G C Aromatic FWYH
(SEQ ID No. 168) (SEQ ID No. 171)
Aliphatic ILV
Polar WYHEKREDCSTNQ Charged HKRETD
(SEQ ID No. 169) (SEQ ID No. 172)
Positively charged H K R
Negatively charged E D
Small VCAGSPTND Tiny A G S

(SEQ ID No. 170)
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The terms “subject,” “individual,” and “patient” are used
interchangeably herein to refer to a vertebrate, preferably a
mammal, more preferably a human. Mammals include, but
are not limited to, murines, simians, humans, farm animals,
sport animals, and pets. Tissues, cells and their progeny of
a biological entity obtained in vivo or cultured in vitro are
also encompassed.

The terms “therapeutic agent”, “therapeutic capable
agent” or “treatment agent” are used interchangeably and
refer to a molecule or compound that confers some benefi-
cial effect upon administration to a subject. The beneficial
effect includes enablement of diagnostic determinations;
amelioration of a disease, symptom, disorder, or pathologi-
cal condition; reducing or preventing the onset of a disease,
symptom, disorder or condition; and generally counteracting
a disease, symptom, disorder or pathological condition.

As used herein, “treatment” or “treating,” or “palliating”
or “ameliorating” are used interchangeably. These terms
refer to an approach for obtaining beneficial or desired
results including but not limited to a therapeutic benefit
and/or a prophylactic benefit. By therapeutic benefit is

45

IN MOLECULAR BIOLOGY (F. M. Ausubel, et al. eds.,
(1987)); the series METHODS IN ENZYMOLOGY (Aca-
demic Press, Inc.): PCR 2: A PRACTICAL APPROACH
(M. J. MacPherson, B. D. Hames and G. R. Taylor eds.
(1995)), Harlow and Lane, eds. (1988) ANTIBODIES, A
LABORATORY MANUAL, and ANIMAL CELL CUL-
TURE (R. I. Freshney, ed. (1987)).

Several aspects of the invention relate to vector systems
comprising one or more vectors, or vectors as such. Vectors
can be designed for expression of CRISPR transcripts (e.g.
nucleic acid transcripts, proteins, or enzymes) in prokaryotic
or eukaryotic cells. For example, CRISPR transcripts can be
expressed in bacterial cells such as Escherichia coli, insect
cells (using baculovirus expression vectors), yeast cells, or
mammalian cells. Suitable host cells are discussed further in
Goeddel, GENE EXPRESSION TECHNOLOGY: METH-
ODS IN ENZYMOLOGY 185, Academic Press, San Diego,
Calif. (1990). Alternatively, the recombinant expression
vector can be transcribed and translated in vitro, for example
using T7 promoter regulatory sequences and T7 polymerase.

Embodiments of the invention include sequences (both
polynucleotide or polypeptide) which may comprise
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homologous substitution (substitution and replacement are
both used herein to mean the interchange of an existing
amino acid residue or nucleotide, with an alternative residue
or nucleotide) that may occur i.e., like-for-like substitution
in the case of amino acids such as basic for basic, acidic for
acidic, polar for polar, etc. Non-homologous substitution
may also occur i.e., from one class of residue to another or
alternatively involving the inclusion of unnatural amino
acids such as ornithine (hereinafter referred to as Z),
diaminobutyric acid ornithine (hereinafter referred to as B),
norleucine ornithine (hereinafter referred to as O), pyriyl-
alanine, thienylalanine, naphthylalanine and phenylglycine.
Variant amino acid sequences may include suitable spacer
groups that may be inserted between any two amino acid
residues of the sequence including alkyl groups such as
methyl, ethyl or propyl groups in addition to amino acid
spacers such as glycine or [3-alanine residues. A further form
of variation, which involves the presence of one or more
amino acid residues in peptoid form, may be well under-
stood by those skilled in the art. For the avoidance of doubt,
“the peptoid form” is used to refer to variant amino acid
residues wherein the a-carbon substituent group is on the
residue’s nitrogen atom rather than the a-carbon. Processes
for preparing peptides in the peptoid form are known in the
art, for example Simon R J et al., PNAS (1992) 89 (20),
9367-9371 and Horwell D C, Trends Biotechnol. (1995) 13
(4), 132-134.

Homology modelling: Corresponding residues in other
CRISPR orthologs can be identified by the methods of
Zhang et al., 2012 (Nature; 490 (7421): 556-60) and Chen et
al., 2015 (PLOS Comput Biol; 11 (5): e1004248)—a com-
putational protein-protein interaction (PPI) method to pre-
dict interactions mediated by domain-motif interfaces.
PrePPI (Predicting PPI), a structure based PPI prediction
method, combines structural evidence with non-structural
evidence using a Bayesian statistical framework. The
method involves taking a pair a query proteins and using
structural alignment to identify structural representatives
that correspond to either their experimentally determined
structures or homology models. Structural alignment is
further used to identify both close and remote structural
neighbors by considering global and local geometric rela-
tionships. Whenever two neighbors of the structural repre-
sentatives form a complex reported in the Protein Data
Bank, this defines a template for modelling the interaction
between the two query proteins. Models of the complex are
created by superimposing the representative structures on
their corresponding structural neighbor in the template. This
approach is further described in Dey et al., 2013 (Prot Sci;
22:359-66).

For purpose of this invention, amplification means any
method employing a primer and a polymerase capable of
replicating a target sequence with reasonable fidelity. Ampli-
fication may be carried out by natural or recombinant DNA
polymerases such as TaqGold™, T7 DNA polymerase,
Klenow fragment of E. coli DNA polymerase, and reverse
transcriptase. A preferred amplification method is PCR.

In certain aspects the invention involves vectors. A used
herein, a “vector” is a tool that allows or facilitates the
transfer of an entity from one environment to another. It is
a replicon, such as a plasmid, phage, or cosmid, into which
another DNA segment may be inserted so as to bring about
the replication of the inserted segment. Generally, a vector
is capable of replication when associated with the proper
control elements. In general, the term “vector” refers to a
nucleic acid molecule capable of transporting another
nucleic acid to which it has been linked. Vectors include, but
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are not limited to, nucleic acid molecules that are single-
stranded, double-stranded, or partially double-stranded;
nucleic acid molecules that comprise one or more free ends,
no free ends (e.g., circular); nucleic acid molecules that
comprise DNA, RNA, or both; and other varieties of poly-
nucleotides known in the art. One type of vector is a
“plasmid,” which refers to a circular double stranded DNA
loop into which additional DNA segments can be inserted,
such as by standard molecular cloning techniques. Another
type of vector is a viral vector, wherein virally-derived DNA
or RNA sequences are present in the vector for packaging
into a virus (e.g., retroviruses, replication defective retrovi-
ruses, adenoviruses, replication defective adenoviruses, and
adeno-associated viruses (AAVs)). Viral vectors also include
polynucleotides carried by a virus for transfection into a host
cell. Certain vectors are capable of autonomous replication
in a host cell into which they are introduced (e.g., bacterial
vectors having a bacterial origin of replication and episomal
mammalian vectors). Other vectors (e.g., non-episomal
mammalian vectors) are integrated into the genome of a host
cell upon introduction into the host cell, and thereby are
replicated along with the host genome. Moreover, certain
vectors are capable of directing the expression of genes to
which they are operatively-linked. Such vectors are referred
to herein as “expression vectors.” Common expression
vectors of utility in recombinant DNA techniques are often
in the form of plasmids.

Recombinant expression vectors can comprise a nucleic
acid of the invention in a form suitable for expression of the
nucleic acid in a host cell, which means that the recombinant
expression vectors include one or more regulatory elements,
which may be selected on the basis of the host cells to be
used for expression, that is operatively-linked to the nucleic
acid sequence to be expressed. Within a recombinant expres-
sion vector, “operably linked” is intended to mean that the
nucleotide sequence of interest is linked to the regulatory
element(s) in a manner that allows for expression of the
nucleotide sequence (e.g., in an in vitro transcription/trans-
lation system or in a host cell when the vector is introduced
into the host cell). With regards to recombination and
cloning methods, mention is made of U.S. patent application
Ser. No. 10/815,730, published Sep. 2, 2004 as US 2004-
0171156 A1, the contents of which are herein incorporated
by reference in their entirety.

Aspects of the invention relate to bicistronic vectors for
guide RNA and wild type, modified or mutated CRISPR
effector proteins/enzymes (e.g. C2c2). Bicistronic expres-
sion vectors guide RNA and wild type, modified or mutated
CRISPR effector proteins/enzymes (e.g. C2c2) are pre-
ferred. In general and particularly in this embodiment and
wild type, modified or mutated CRISPR effector proteins/
enzymes (e.g. C2c2) is preferably driven by the CBh pro-
moter. The RNA may preferably be driven by a Pol III
promoter, such as a U6 promoter. Ideally the two are
combined.

In some embodiments, a loop in the guide RNA is
provided. This may be a stem loop or a tetra loop. The loop
is preferably GAAA, but it is not limited to this sequence or
indeed to being only 4 bp in length. Indeed, preferred loop
forming sequences for use in hairpin structures are four
nucleotides in length, and most preferably have the sequence
GAAA. However, longer or shorter loop sequences may be
used, as may alternative sequences. The sequences prefer-
ably include a nucleotide triplet (for example, AAA), and an
additional nucleotide (for example C or G). Examples of
loop forming sequences include CAAA and AAAG.
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In practicing any of the methods disclosed herein, a
suitable vector can be introduced to a cell or an embryo via
one or more methods known in the art, including without
limitation, microinjection, electroporation, sonoporation,
biolistics, calcium phosphate-mediated transfection, cat-
ionic transfection, liposome transtection, dendrimer trans-
fection, heat shock transfection, nucleofection transfection,
magnetofection, lipofection, impalefection, optical transfec-
tion, proprietary agent-enhanced uptake of nucleic acids,
and delivery via liposomes, immunoliposomes, virosomes,
or artificial virions. In some methods, the vector is intro-
duced into an embryo by microinjection. The vector or
vectors may be microinjected into the nucleus or the cyto-
plasm of the embryo. In some methods, the vector or vectors
may be introduced into a cell by nucleofection.

The term “regulatory element” is intended to include
promoters, enhancers, internal ribosomal entry sites (IRES),
and other expression control elements (e.g., transcription
termination signals, such as polyadenylation signals and
poly-U sequences). Such regulatory elements are described,
for example, in Goeddel, GENE EXPRESSION TECH-
NOLOGY: METHODS IN ENZYMOLOGY 185, Aca-
demic Press, San Diego, Calif. (1990). Regulatory elements
include those that direct constitutive expression of a nucleo-
tide sequence in many types of host cell and those that direct
expression of the nucleotide sequence only in certain host
cells (e.g., tissue-specific regulatory sequences). A tissue-
specific promoter may direct expression primarily in a
desired tissue of interest, such as muscle, neuron, bone, skin,
blood, specific organs (e.g., liver, pancreas), or particular
cell types (e.g., lymphocytes). Regulatory elements may also
direct expression in a temporal-dependent manner, such as
in a cell-cycle dependent or developmental stage-dependent
manner, which may or may not also be tissue or cell-type
specific. In some embodiments, a vector comprises one or
more pol III promoter (e.g., 1, 2, 3, 4, 5, or more pol III
promoters), one or more pol I promoters (e.g., 1, 2, 3, 4, 5,
or more pol II promoters), one or more pol I promoters (e.g.,
1, 2, 3, 4, 5, or more pol 1 promoters), or combinations
thereof. Examples of pol III promoters include, but are not
limited to, U6 and H1 promoters. Examples of pol II
promoters include, but are not limited to, the retroviral Rous
sarcoma virus (RSV) LTR promoter (optionally with the
RSV enhancer), the cytomegalovirus (CMV) promoter (op-
tionally with the CMV enhancer) [see, e.g., Boshart et al,
Cell, 41:521-530 (1985)], the SV40 promoter, the dihydro-
folate reductase promoter, the f-actin promoter, the phos-
phoglycerol kinase (PGK) promoter, and the EFla pro-
moter. Also encompassed by the term “regulatory element”
are enhancer elements, such as WPRE; CMV enhancers; the
R-U5" segment in LTR of HTLV-I (Mol. Cell. Biol., Vol. 8
(1), p. 466-472, 1988); SV40 enhancer; and the intron
sequence between exons 2 and 3 of rabbit -globin (Proc.
Natl. Acad. Sci. USA., Vol. 78 (3), p. 1527-31, 1981). It will
be appreciated by those skilled in the art that the design of
the expression vector can depend on such factors as the
choice of the host cell to be transformed, the level of
expression desired, etc. A vector can be introduced into host
cells to thereby produce transcripts, proteins, or peptides,
including fusion proteins or peptides, encoded by nucleic
acids as described herein (e.g., clustered regularly inter-
spersed short palindromic repeats (CRISPR) transcripts,
proteins, enzymes, mutant forms thereof, fusion proteins
thereof, etc.). With regards to regulatory sequences, mention
is made of U.S. patent application Ser. No. 10/491,026, the
contents of which are incorporated by reference herein in
their entirety. With regards to promoters, mention is made of
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PCT publication WO 2011/028929 and U.S. application Ser.
No. 12/511,940, the contents of which are incorporated by
reference herein in their entirety.

Vectors can be designed for expression of CRISPR tran-
scripts (e.g., nucleic acid transcripts, proteins, or enzymes)
in prokaryotic or eukaryotic cells. For example, CRISPR
transcripts can be expressed in bacterial cells such as
Escherichia coli, insect cells (using baculovirus expression
vectors), yeast cells, or mammalian cells. Suitable host cells
are discussed further in Goeddel, GENE EXPRESSION
TECHNOLOGY: METHODS IN ENZYMOLOGY 185,
Academic Press, San Diego, Calif. (1990). Alternatively, the
recombinant expression vector can be transcribed and trans-
lated in vitro, for example using T7 promoter regulatory
sequences and T7 polymerase.

Vectors may be introduced and propagated in a prokaryote
or prokaryotic cell. In some embodiments, a prokaryote is
used to amplify copies of a vector to be introduced into a
eukaryotic cell or as an intermediate vector in the production
of a vector to be introduced into a eukaryotic cell (e.g.,
amplifying a plasmid as part of a viral vector packaging
system). In some embodiments, a prokaryote is used to
amplify copies of a vector and express one or more nucleic
acids, such as to provide a source of one or more proteins for
delivery to a host cell or host organism. Expression of
proteins in prokaryotes is most often carried out in Escheri-
chia coli with vectors containing constitutive or inducible
promoters directing the expression of either fusion or non-
fusion proteins. Fusion vectors add a number of amino acids
to a protein encoded therein, such as to the amino terminus
of the recombinant protein. Such fusion vectors may serve
one or more purposes, such as: (i) to increase expression of
recombinant protein; (ii) to increase the solubility of the
recombinant protein; and (iii) to aid in the purification of the
recombinant protein by acting as a ligand in affinity purifi-
cation. Often, in fusion expression vectors, a proteolytic
cleavage site is introduced at the junction of the fusion
moiety and the recombinant protein to enable separation of
the recombinant protein from the fusion moiety subsequent
to purification of the fusion protein. Such enzymes, and their
cognate recognition sequences, include Factor Xa, thrombin
and enterokinase. Example fusion expression vectors
include pGEX (Pharmacia Biotech Inc; Smith and Johnson,
1988. Gene 67:31-40), pMAL (New England Biolabs, Bev-
erly, Mass.) and pRITS (Pharmacia, Piscataway, N.I.) that
fuse glutathione S-transferase (GST), maltose E binding
protein, or protein A, respectively, to the target recombinant
protein.

Examples of suitable inducible non-fusion E. coli expres-
sion vectors include pTrc (Amrann et al., (1988) Gene
69:301-315) and pET 11d (Studier et al., GENE EXPRES-
SION TECHNOLOGY: METHODS IN ENZYMOLOGY
185, Academic Press, San Diego, Calif. (1990) 60-89).

In some embodiments, a vector is a yeast expression
vector. Examples of vectors for expression in yeast Saccha-
romyces cerivisae include pYepSecl (Baldari, et al., 1987.
EMBO J. 6:229-234), pMFa (Kuijan and Herskowitz, 1982.
Cell 30:933-943), pJRY88 (Schultz et al., 1987. Gene
54:113-123), pYES2 (Invitrogen Corporation, San Diego,
Calif.), and picZ (InVitrogen Corp, San Diego, Calif).

In some embodiments, a vector drives protein expression
in insect cells using baculovirus expression vectors. Bacu-
lovirus vectors available for expression of proteins in cul-
tured insect cells (e.g., SF9 cells) include the pAc series
(Smith, et al., 1983. Mol. Cell. Biol. 3:2156-2165) and the
pVL series (Lucklow and Summers, 1989. Virology 170:31-
39).
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In some embodiments, a vector is capable of driving
expression of one or more sequences in mammalian cells
using a mammalian expression vector. Examples of mam-
malian expression vectors include pCDMS8 (Seed, 1987.
Nature 329:840) and pMT2PC (Kaufman, et al., 1987.
EMBO J. 6:187-195). When used in mammalian cells, the
expression vector’s control functions are typically provided
by one or more regulatory elements. For example, com-
monly used promoters are derived from polyoma, adenovi-
rus 2, cytomegalovirus, simian virus 40, and others dis-
closed herein and known in the art. For other suitable
expression systems for both prokaryotic and eukaryotic cells
see, e.g., Chapters 16 and 17 of Sambrook, et al., MOLECU-
LAR CLONING: A LABORATORY MANUAL. 2nd ed.,
Cold Spring Harbor Laboratory, Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, N.Y., 1989.

In some embodiments, the recombinant mammalian
expression vector is capable of directing expression of the
nucleic acid preferentially in a particular cell type (e.g.,
tissue-specific regulatory elements are used to express the
nucleic acid). Tissue-specific regulatory elements are known
in the art. Non-limiting examples of suitable tissue-specific
promoters include the albumin promoter (liver-specific;
Pinkert, et al., 1987. Genes Dev. 1:268-277), lymphoid-
specific promoters (Calame and Eaton, 1988. Adv. Immunol.
43:235-275), in particular promoters of T cell receptors
(Winoto and Baltimore, 1989. EMBO J. 8:729-733) and
immunoglobulins (Baneiji, et al., 1983. Cell 33:729-740;
Queen and Baltimore, 1983. Cell 33:741-748), neuron-
specific promoters (e.g., the neurofilament promoter; Byrne
and Ruddle, 1989. Proc. Natl. Acad. Sci. USA 86:5473-
5477), pancreas-specific promoters (Edlund, et al., 1985.
Science 230:912-916), and mammary gland-specific pro-
moters (e.g., milk whey promoter; U.S. Pat. No. 4,873,316
and European Application Publication No. 264,166). Devel-
opmentally-regulated promoters are also encompassed, e.g.,
the murine hox promoters (Kessel and Gruss, 1990. Science
249:374-379) and the a-fetoprotein promoter (Campes and
Tilghman, 1989. Genes Dev. 3:537-546). With regards to
these prokaryotic and eukaryotic vectors, mention is made
of U.S. Pat. No. 6,750,059, the contents of which are
incorporated by reference herein in their entirety. Other
embodiments of the invention may relate to the use of viral
vectors, with regards to which mention is made of U.S.
patent application Ser. No. 13/092,085, the contents of
which are incorporated by reference herein in their entirety.
Tissue-specific regulatory elements are known in the art and
in this regard, mention is made of U.S. Pat. No. 7,776,321,
the contents of which are incorporated by reference herein in
their entirety.

In some embodiments, a regulatory element is operably
linked to one or more elements of a CRISPR system so as
to drive expression of the one or more elements of the
CRISPR system. In general, CRISPRs (Clustered Regularly
Interspaced Short Palindromic Repeats), also known as
SPIDRs (SPacer Interspersed Direct Repeats), constitute a
family of DNA loci that are usually specific to a particular
bacterial species. The CRISPR locus comprises a distinct
class of interspersed short sequence repeats (SSRs) that were
recognized in E. coli (Ishino et al., J. Bacteriol., 169:5429-
5433 [1987]; and Nakata et al., J. Bacteriol., 171:3553-3556
[1989]), and associated genes. Similar interspersed SSRs
have been identified in Haloferax mediterranei, Streptococ-
cus pyogenes, Anabaena, and Mycobacterium tuberculosis
(See, Groenen et al., Mol. Microbiol., 10:1057-1065 [1993];
Hoe et al., Emerg. Infect. Dis., 5:254-263 [1999]; Masepohl
et al., Biochim. Biophys. Acta 1307:26-30 [1996]; and
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Mojica et al., Mol. Microbiol., 17:85-93 [1995]). The
CRISPR loci typically differ from other SSRs by the struc-
ture of the repeats, which have been termed short regularly
spaced repeats (SRSRs) (Janssen et al., OMICS J. Integ.
Biol., 6:23-33 [2002]; and Mojica et al., Mol. Microbiol.,
36:244-246 [2000]). In general, the repeats are short ele-
ments that occur in clusters that are regularly spaced by
unique intervening sequences with a substantially constant
length (Mojica et al., [2000], supra). Although the repeat
sequences are highly conserved between strains, the number
of interspersed repeats and the sequences of the spacer
regions typically differ from strain to strain (van Embden et
al., J. Bacteriol., 182:2393-2401 [2000]). CRISPR loci have
been identified in more than 40 prokaryotes (See e.g., Jansen
et al., Mol. Microbiol., 43:1565-1575 [2002]; and Mojica et
al., [2005]) including, but not limited to Aeropyrum, Pyro-
baculum, Sulfolobus, Archaeoglobus, Halocarcula, Metha-
nobacterium, Methanococcus, Methanosarcina, Methano-
DPYrus, Pyrococcus, Picrophilus, Thermoplasma,
Corynebacterium, Mycobacterium, Streptomyces, Aquifex,
Porphyromonas, Chlorobium, Thermus, Bacillus, Listeria,
Staphylococcus, Clostridium, Thermoanaerobacter, Myco-
plasma, Fusobacterium, Azarcus, Chromobacterium, Neis-
seria, Nitrosomonas, Desulfovibrio, Geobacter, Myxococ-
cus, Campylobacter, Wolinella, Acinetobacter, Erwinia,
Escherichia, Legionella, Methylococcus, Pasteurella, Pho-
tobacterium, Salmonella, Xanthomonas, Yersinia,
Treponema, and Thermotoga.

In general, “nucleic acid-targeting system” as used in the
present application refers collectively to transcripts and
other elements involved in the expression of or directing the
activity of nucleic acid-targeting CRISPR-associated
(“Cas”) genes (also referred to herein as an effector protein),
including sequences encoding a nucleic acid-targeting Cas
(effector) protein and a guide RNA (comprising crRNA
sequence and a trans-activating CRISPR/Cas system RNA
(tractrRNA) sequence), or other sequences and transcripts
from a nucleic acid-targeting CRISPR locus. In some
embodiments, one or more elements of a nucleic acid-
targeting system are derived from a Type V/Type VI nucleic
acid-targeting CRISPR system. In some embodiments, one
or more elements of a nucleic acid-targeting system is
derived from a particular organism comprising an endog-
enous nucleic acid-targeting CRISPR system. In general, a
nucleic acid-targeting system is characterized by elements
that promote the formation of a nucleic acid-targeting com-
plex at the site of a target sequence. In the context of
formation of a nucleic acid-targeting complex, “target
sequence” refers to a sequence to which a guide sequence is
designed to have complementarity, where hybridization
between a target sequence and a guide RNA promotes the
formation of a DNA or RNA-targeting complex. Full
complementarity is not necessarily required, provided there
is sufficient complementarity to cause hybridization and
promote formation of a nucleic acid-targeting complex. A
target sequence may comprise RNA polynucleotides. In
some embodiments, a target sequence is located in the
nucleus or cytoplasm of a cell. In some embodiments, the
target sequence may be within an organelle of a eukaryotic
cell, for example, mitochondrion or chloroplast. A sequence
or template that may be used for recombination into the
targeted locus comprising the target sequences is referred to
as an “editing template” or “editing RNA” or “editing
sequence”. In aspects of the invention, an exogenous tem-
plate RNA may be referred to as an editing template. In an
aspect of the invention the recombination is homologous
recombination.
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Typically, in the context of an endogenous nucleic acid-
targeting system, formation of a nucleic acid-targeting com-
plex (comprising a guide RNA hybridized to a target
sequence and complexed with one or more nucleic acid-
targeting effector proteins) results in cleavage of one or both
RNA strands in or near (e.g. within 1, 2, 3,4, 5,6, 7,8, 9,
10, 20, 50, or more base pairs from) the target sequence. In
some embodiments, one or more vectors driving expression
of one or more elements of a nucleic acid-targeting system
are introduced into a host cell such that expression of the
elements of the nucleic acid-targeting system direct forma-
tion of a nucleic acid-targeting complex at one or more
target sites. For example, a nucleic acid-targeting effector
protein and a guide RNA could each be operably linked to
separate regulatory elements on separate vectors. Alterna-
tively, two or more of the elements expressed from the same
or different regulatory elements, may be combined in a
single vector, with one or more additional vectors providing
any components of the nucleic acid-targeting system not
included in the first vector. nucleic acid-targeting system
elements that are combined in a single vector may be
arranged in any suitable orientation, such as one element
located 5' with respect to (“upstream” of) or 3' with respect
to (“downstream” of) a second element. The coding
sequence of one element may be located on the same or
opposite strand of the coding sequence of a second element,
and oriented in the same or opposite direction. In some
embodiments, a single promoter drives expression of a
transcript encoding a nucleic acid-targeting effector protein
and a guide RNA embedded within one or more intron
sequences (e.g. each in a different intron, two or more in at
least one intron, or all in a single intron). In some embodi-
ments, the nucleic acid-targeting effector protein and guide
RNA are operably linked to and expressed from the same
promoter.

In general, a guide sequence is any polynucleotide
sequence having sufficient complementarity with a target
polynucleotide sequence to hybridize with the target
sequence and direct sequence-specific binding of a nucleic
acid-targeting complex to the target sequence. In some
embodiments, the degree of complementarity between a
guide sequence and its corresponding target sequence, when
optimally aligned using a suitable alignment algorithm, is
about or more than about 50%, 60%, 75%, 80%, 85%, 90%,
95%, 97.5%, 99%, or more. Optimal alignment may be
determined with the use of any suitable algorithm for
aligning sequences, non-limiting example of which include
the Smith-Waterman algorithm, the Needleman-Wunsch
algorithm, algorithms based on the Burrows-Wheeler Trans-
form (e.g. the Burrows Wheeler Aligner), ClustalW, Clustal
X, BLAT, Novoalign (Novocraft Technologies, ELAND
(Illumina, San Diego, CA), SOAP (available at soap.genom-
ics.org.cn), and Maq (available at magq.sourceforge.net). In
some embodiments, a guide sequence is about or more than
about 5, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23,
24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50, 75, or more
nucleotides in length. In some embodiments, a guide
sequence is less than about 75, 50, 45, 40, 35, 30, 25, 20, 15,
12, or fewer nucleotides in length. The ability of a guide
sequence to direct sequence-specific binding of a nucleic
acid-targeting complex to a target sequence may be assessed
by any suitable assay. For example, the components of a
nucleic acid-targeting system sufficient to form a nucleic
acid-targeting complex, including the guide sequence to be
tested, may be provided to a host cell having the corre-
sponding target sequence, such as by transfection with
vectors encoding the components of the nucleic acid-target-
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ing CRISPR sequence, followed by an assessment of pref-
erential cleavage within or in the vicinity of the target
sequence, such as by Surveyor assay as described herein.
Similarly, cleavage of a target polynucleotide sequence (or
a sequence in the vicinity thereof) may be evaluated in a test
tube by providing the target sequence, components of a
nucleic acid-targeting complex, including the guide
sequence to be tested and a control guide sequence different
from the test guide sequence, and comparing binding or rate
of cleavage at or in the vicinity of the target sequence
between the test and control guide sequence reactions. Other
assays are possible, and will occur to those skilled in the art.

A guide sequence may be selected to target any target
sequence. In some embodiments, the target sequence is a
sequence within a gene transcript or mRNA.

In some embodiments, the target sequence is a sequence
within a genome of a cell.

In some embodiments, a guide sequence is selected to
reduce the degree of secondary structure within the guide
sequence. Secondary structure may be determined by any
suitable polynucleotide folding algorithm. Some programs
are based on calculating the minimal Gibbs free energy. An
example of one such algorithm is mFold, as described by
Zuker and Stiegler (Nucleic Acids Res. 9 (1981), 133-148).
Another example folding algorithm is the online webserver
RNAfold, developed at Institute for Theoretical Chemistry
at the University of Vienna, using the centroid structure
prediction algorithm (see e.g. A. R. Gruber et al., 2008, Cel/
106 (1): 23-24; and P A Carr and G M Church, 2009, Nature
Biotechnology 27 (12): 1151-62). Further algorithms may be
found in U.S. application Ser. No. 61/836,080; incorporated
herein by reference.

In some embodiments, the nucleic acid-targeting effector
protein is part of a fusion protein comprising one or more
heterologous protein domains (e.g., about or more than
about1,2,3,4,5,6,7,8,9, 10, or more domains in addition
to the nucleic acid-targeting effector protein). In some
embodiments, the CRISPR effector protein/enzyme is part
of a fusion protein comprising one or more heterologous
protein domains (e.g. about or more than about 1, 2, 3, 4, 5,
6,7, 8,9, 10, or more domains in addition to the CRISPR
enzyme). A CRISPR effector protein/enzyme fusion protein
may comprise any additional protein sequence, and option-
ally a linker sequence between any two domains. Examples
of protein domains that may be fused to an effector protein
include, without limitation, epitope tags, reporter gene
sequences, and protein domains having one or more of the
following activities: methylase activity, demethylase activ-
ity, transcription activation activity, transcription repression
activity, transcription release factor activity, histone modi-
fication activity, RNA cleavage activity and nucleic acid
binding activity. Non-limiting examples of epitope tags
include histidine (His) tags, V5 tags, FLAG tags, influenza
hemagglutinin (HA) tags, Myc tags, VSV-G tags, and thio-
redoxin (Trx) tags. Examples of reporter genes include, but
are not limited to, glutathione-S-transferase (GST), horse-
radish peroxidase (HRP), chloramphenicol acetyltransferase
(CAT) beta-galactosidase, beta-glucuronidase, luciferase,
green fluorescent protein (GFP), HcRed, DsRed, cyan fluo-
rescent protein (CFP), yellow fluorescent protein (YFP), and
autofluorescent proteins including blue fluorescent protein
(BFP). A nucleic acid-targeting effector protein may be
fused to a gene sequence encoding a protein or a fragment
of a protein that bind DNA molecules or bind other cellular
molecules, including but not limited to maltose binding
protein (MBP), S-tag, Lex A DNA binding domain (DBD)
fusions, GAL4 DNA binding domain fusions, and herpes
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simplex virus (HSV) BP16 protein fusions. Additional
domains that may form part of a fusion protein comprising
a nucleic acid-targeting effector protein are described in
US20110059502, incorporated herein by reference. In some
embodiments, a tagged nucleic acid-targeting effector pro-
tein is used to identify the location of a target sequence.

In some embodiments, a CRISPR enzyme may form a
component of an inducible system. The inducible nature of
the system would allow for spatiotemporal control of gene
editing or gene expression using a form of energy. The form
of energy may include but is not limited to electromagnetic
radiation, sound energy, chemical energy and thermal
energy. Examples of inducible system include tetracycline
inducible promoters (Tet-On or Tet-Off), small molecule
two-hybrid transcription activations systems (FKBP, ABA,
etc), or light inducible systems (Phytochrome, LOV
domains, or cryptochrome). In one embodiment, the
CRISPR enzyme may be a part of a Light Inducible Tran-
scriptional Effector (LITE) to direct changes in transcrip-
tional activity in a sequence-specific manner. The compo-
nents of a light may include a CRISPR enzyme, a light-
responsive cytochrome heterodimer (e.g. from Arabidopsis
thaliana), and a transcriptional activation/repression
domain. Further examples of inducible DNA binding pro-
teins and methods for their use are provided in U.S. 61/736,
465 and U.S. 61/721,283 and WO 2014/018423 and U.S.
Pat. Nos. 8,889,418, 8,895,308, US20140186919,
US20140242700, US20140273234, US20140335620,
W02014093635, which is hereby incorporated by reference
in its entirety.

In some aspects, the invention provides methods com-
prising delivering one or more polynucleotides, such as or
one or more vectors as described herein, one or more
transcripts thereof, and/or one or proteins transcribed there-
from, to a host cell. In some aspects, the invention further
provides cells produced by such methods, and organisms
(such as animals, plants, or fungi) comprising or produced
from such cells. In some embodiments, a nucleic acid-
targeting effector protein in combination with (and option-
ally complexed with) a guide RNA is delivered to a cell.
Conventional viral and non-viral based gene transfer meth-
ods can be used to introduce nucleic acids in mammalian
cells or target tissues. Such methods can be used to admin-
ister nucleic acids encoding components of a nucleic acid-
targeting system to cells in culture, or in a host organism.
Non-viral vector delivery systems include DNA plasmids,
RNA (e.g. a transcript of a vector described herein), naked
nucleic acid, and nucleic acid complexed with a delivery
vehicle, such as a liposome. Viral vector delivery systems
include DNA and RNA viruses, which have either episomal
or integrated genomes after delivery to the cell. For a review
of gene therapy procedures, see Anderson, Science 256:808-
813 (1992); Nabel & Felgner, TIBTECH 11:211-217 (1993);
Mitani & Caskey, TIBTECH 11:162-166 (1993); Dillon,
TIBTECH 11:167-175 (1993); Miller, Nature 357:455-460
(1992); Van Brunt, Biotechnology 6 (10): 1149-1154 (1988);
Vigne, Restorative Neurology and Neuroscience 8:35-36
(1995); Kremer & Perricaudet, British Medical Bulletin 51
(1): 31-44 (1995); Haddada et al., in Current Topics in
Microbiology and Immunology, Doerfler and Bohm (eds)
(1995); and Yu et al., Gene Therapy 1:13-26 (1994).

Methods of non-viral delivery of nucleic acids include
lipofection, nucleofection, microinjection, biolistics, viro-
somes, liposomes, immunoliposomes, polycation or lipid:
nucleic acid conjugates, naked DNA, artificial virions, and
agent-enhanced uptake of DNA. Lipofection is described in
e.g., US. Pat. Nos. 5,049,386, 4,946,787, and 4,897,355)

10

15

20

25

30

35

40

45

50

55

60

65

186

and lipofection reagents are sold commercially (e.g., Trans-
fectam™ and Lipofectin™). Cationic and neutral lipids that
are suitable for efficient receptor-recognition lipofection of
polynucleotides include those of Felgner, WO 91/17424;
WO 91/16024. Delivery can be to cells (e.g. in vitro or ex
vivo administration) or target tissues (e.g. in vivo adminis-
tration).

The preparation of lipid: nucleic acid complexes, includ-
ing targeted liposomes such as immunolipid complexes, is
well known to one of skill in the art (see, e.g., Crystal,
Science 270:404-410 (1995); Blaese et al., Cancer Gene
Ther. 2:291-297 (1995); Behr et al., Bioconjugate Chem.
5:382-389 (1994); Remy et al., Bioconjugate Chem. 5:647-
654 (1994); Gao et al., Gene Therapy 2:710-722 (1995);
Ahmad et al., Cancer Res. 52:4817-4820 (1992); U.S. Pat.
Nos. 4,186,183, 4,217,344, 4,235,871, 4,261,975, 4,485,
054, 4,501,728, 4,774,085, 4,837,028, and 4,946,787).

The use of RNA or DNA viral based systems for the
delivery of nucleic acids takes advantage of highly evolved
processes for targeting a virus to specific cells in the body
and trafficking the viral payload to the nucleus. Viral vectors
can be administered directly to patients (in vivo) or they can
be used to treat cells in vitro, and the modified cells may
optionally be administered to patients (ex vivo). Conven-
tional viral based systems could include retroviral, lentivi-
rus, adenoviral, adeno-associated and herpes simplex virus
vectors for gene transfer. Integration in the host genome is
possible with the retrovirus, lentivirus, and adeno-associated
virus gene transfer methods, often resulting in long term
expression of the inserted transgene. Additionally, high
transduction efficiencies have been observed in many dif-
ferent cell types and target tissues.

The tropism of a retrovirus can be altered by incorporat-
ing foreign envelope proteins, expanding the potential target
population of target cells. Lentiviral vectors are retroviral
vectors that are able to transduce or infect non-dividing cells
and typically produce high viral titers. Selection of a retro-
viral gene transfer system would therefore depend on the
target tissue. Retroviral vectors are comprised of cis-acting
long terminal repeats with packaging capacity for up to 6-10
kb of foreign sequence. The minimum cis-acting LTRs are
sufficient for replication and packaging of the vectors, which
are then used to integrate the therapeutic gene into the target
cell to provide permanent transgene expression. Widely used
retroviral vectors include those based upon murine leukemia
virus (MuLV), gibbon ape leukemia virus (GaLV), Simian
Immuno deficiency virus (SIV), human immuno deficiency
virus (HIV), and combinations thereof (see, e.g., Buchscher
et al., J. Virol. 66:2731-2739 (1992); Johann et al., J. Virol.
66:1635-1640 (1992); Sommnerfelt et al., Virol. 176:58-59
(1990); Wilson et al., J. Virol. 63:2374-2378 (1989); Miller
et al., J. Virol. 65:2220-2224 (1991); PCT/US94/05700). In
applications where transient expression is preferred, adeno-
viral based systems may be used. Adenoviral based vectors
are capable of very high transduction efficiency in many cell
types and do not require cell division. With such vectors,
high titer and levels of expression have been obtained. This
vector can be produced in large quantities in a relatively
simple system. Adeno-associated virus (“AAV”) vectors
may also be used to transduce cells with target nucleic acids,
e.g., in the in vitro production of nucleic acids and peptides,
and for in vivo and ex vivo gene therapy procedures (see,
e.g., West et al., Virology 160:38-47 (1987); U.S. Pat. No.
4,797,368; WO 93/24641; Kotin, Human Gene Therapy
5:793-801 (1994); Muzyczka, J. Clin. Invest. 94:1351
(1994). Construction of recombinant AAV vectors are
described in a number of publications, including U.S. Pat.
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No. 5,173,414, Tratschin et al., Mol. Cell. Biol. 5:3251-3260
(1985); Tratschin, et al., Mol. Cell. Biol. 4:2072-2081
(1984); Hermonat & Muzyczka, PNAS 81:6466-6470
(1984); and Samulski et al., J. Virol. 63:03822-3828 (1989).
Functional Alteration

The use of the CRISPR system of the present invention to
precisely deliver functional domains, to activate or repress
genes or to alter epigenetic state by precisely altering the
methylation site on a a specific locus of interest, can be with
one or more guide RNAs applied to a single cell or popu-
lation of cells or with a library applied to genome in a pool
of cells ex vivo or in vivo comprising the administration or
expression of a library comprising a plurality of guide RNAs
(sgRNAs) and wherein wherein the CRISPR complex com-
prising the CRISPR effector protein is modified to comprise
a heterologous functional domain. In an aspect the invention
provides a method for screening a genome/transcriptome
comprising the administration to a host or expression in a
host in vivo of a library. In an aspect the invention provides
a method as herein discussed further comprising an activator
administered to the host or expressed in the host. In an aspect
the invention provides a method as herein discussed wherein
the activator is attached to a CRISPR effector protein. In an
aspect the invention provides a method as herein discussed
wherein the activator is attached to the N terminus or the C
terminus of the CRISPR effector protein. In an aspect the
invention provides a method as herein discussed wherein the
activator is attached to a sgRNA loop. In an aspect the
invention provides a method as herein discussed further
comprising a repressor administered to the host or expressed
in the host. In an aspect the invention provides a method as
herein discussed, wherein the screening comprises affecting
and detecting gene activation, gene inhibition, or cleavage in
the locus.

In an aspect, the invention provides efficient on-target
activity and minimizes off target activity. In an aspect, the
invention provides efficient on-target cleavage by CRISPR
effector protein and minimizes off-target cleavage by the
CRISPR effector protein. In an aspect, the invention pro-
vides guide specific binding of CRISPR effector protein at a
gene locus without DNA cleavage. Accordingly, in an
aspect, the invention provides target-specific gene regula-
tion. In an aspect, the invention provides guide specific
binding of CRISPR effector protein at a gene locus without
DNA cleavage. Accordingly, in an aspect, the invention
provides for cleavage at one locus and gene regulation at a
different locus using a single CRISPR effector protein. In an
aspect, the invention provides orthogonal activation and/or
inhibition and/or cleavage of multiple targets using one or
more CRISPR effector protein and/or enzyme.

In an aspect the invention provides a method as herein
discussed, wherein the host is a eukaryotic cell. In an aspect
the invention provides a method as herein discussed,
wherein the host is a mammalian cell. In an aspect the
invention provides a method as herein discussed, wherein
the host is a non-human eukaryote. In an aspect the inven-
tion provides a method as herein discussed, wherein the
non-human eukaryote is a non-human mammal. In an aspect
the invention provides a method as herein discussed,
wherein the non-human mammal is a mouse. An aspect the
invention provides a method as herein discussed comprising
the delivery of the CRISPR effector protein complexes or
component(s) thereof or nucleic acid molecule(s) coding
therefor, wherein said nucleic acid molecule(s) are opera-
tively linked to regulatory sequence(s) and expressed in
vivo. In an aspect the invention provides a method as herein
discussed wherein the expressing in vivo is via a lentivirus,
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an adenovirus, or an AAV. In an aspect the invention
provides a method as herein discussed wherein the delivery
is via a particle, a nanoparticle, a lipid or a cell penetrating
peptide (CPP).

In an aspect the invention provides a pair of CRISPR
complexes comprising CRISPR effector protein, each com-
prising a guide RNA (sgRNA) comprising a guide sequence
capable of hybridizing to a target sequence in a genomic
locus of interest in a cell, wherein at least one loop of each
sgRNA is modified by the insertion of distinct RNA
sequence(s) that bind to one or more adaptor proteins, and
wherein the adaptor protein is associated with one or more
functional domains, wherein each sgRNA of each CRISPR
effector protein complex comprises a functional domain
having a DNA cleavage activity.

In an aspect the invention provides a method for cutting
a target sequence in a locus of interest comprising delivery
to a cell of the CRISPR effector protein complexes or
component(s) thereof or nucleic acid molecule(s) coding
therefor, wherein said nucleic acid molecule(s) are opera-
tively linked to regulatory sequence(s) and expressed in
vivo. In an aspect the invention provides a method as
herein-discussed wherein the delivery is via a lentivirus, an
adenovirus, or an AAV.

In an aspect the invention provides a library, method or
complex as herein-discussed wherein the sgRNA is modified
to have at least one non-coding functional loop, e.g.,
wherein the at least one non-coding functional loop is
repressive; for instance, wherein the at least one non-coding
functional loop comprises Alu.

In one aspect, the invention provides a method for altering
or modifying expression of a gene product. The said method
may comprise introducing into a cell containing and
expressing a DNA molecule encoding the gene product an
engineered, non-naturally occurring CRISPR system com-
prising a CRISPR effector protein and guide RNA that
targets the RNA molecule, whereby the guide RNA targets
the RNA target molecule encoding the gene product and the
CRISPR effector protein cleaves the RNA molecule encod-
ing the gene product, whereby expression of the gene
product is altered; and, wherein the CRISPR effector protein
and the guide RNA do not naturally occur together. The
invention comprehends the guide RNA comprising a guide
sequence linked to a direct repeat sequence. The invention
further comprehends the CRISPR effector protein being
codon optimized for expression in a FEukaryotic cell. In a
preferred embodiment the Eukaryotic cell is a mammalian
cell and in a more preferred embodiment the mammalian
cell is a human cell. In a further embodiment of the
invention, the expression of the gene product is decreased.

In some embodiments, one or more functional domains
are associated with the CRISPR effector protein. In some
embodiments, one or more functional domains are associ-
ated with an adaptor protein, for example as used with the
modified guides of Konnerman et al. (Nature 517, 583-588,
29 Jan. 2015). In some embodiments, one or more functional
domains are associated with a dead sgRNA (dRNA). In
some embodiments, a dRNA complex with active CRISPR
effector protein directs gene regulation by a functional
domain at on gene locus while an sgRNA directs DNA
cleavage by the active CRISPR effector protein at another
locus, for example as described analogously in CRISPR-
Cas9 systems by Dahlman et al., ‘Orthogonal gene control
with a catalytically active Cas9 nuclease’ (in press). In some
embodiments, dRNAs are selected to maximize selectivity
of regulation for a gene locus of interest compared to
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off-target regulation. In some embodiments, dRNAs are
selected to maximize target gene regulation and minimize
target cleavage

In certain embodiments, the (heterologous) functional
domain is a translational repressor.

For the purposes of the following discussion, reference to
a functional domain could be a functional domain associated
with the CRISPR effector protein or a functional domain
associated with the adaptor protein.

In some embodiments, the one or more functional
domains is an NLS (Nuclear Localization Sequence) or an
NES (Nuclear Export Signal). In some embodiments, the
one or more functional domains is a transcriptional activa-
tion domain comprises VP64, p65, MyoD1, HSF1, RTA,
SET7/9 and a histone acetyltransferase. Other references
herein to activation (or activator) domains in respect of those
associated with the CRISPR enzyme include any known
transcriptional activation domain and specifically VP64,
p65, MyoD1, HSF1, RTA, SET7/9 or a histone acetyltrans-
ferase.

In some embodiments, the one or more functional
domains is a transcriptional repressor domain. In some
embodiments, the transcriptional repressor domain is a
KRAB domain. In some embodiments, the transcriptional
repressor domain is a NuE domain, NcoR domain, SID
domain or a SID4X domain.

In some embodiments, the one or more functional
domains have one or more activities comprising translation
activation activity, translation repression activity, methylase
activity, demethylase activity, transcription activation activ-
ity, transcription repression activity, transcription release
factor activity, histone modification activity, RNA cleavage
activity, DNA cleavage activity, DNA integration activity or
nucleic acid binding activity.

In some embodiments, the DNA cleavage activity is due
to a nuclease. In some embodiments, the nuclease comprises
a Fok1 nuclease. See, “Dimeric CRISPR RNA-guided Fokl
nucleases for highly specific genome editing”, Shengdar Q.
Tsai, Nicolas Wyvekens, Cyd Khayter, Jennifer A. Foden,
Vishal Thapar, Deepak Reyon, Mathew J. Goodwin, Martin
J. Aryee, J. Keith Joung Nature Biotechnology 32 (6):
569-77 (2014), relates to dimeric RNA-guided FokI Nucle-
ases that recognize extended sequences and can edit endog-
enous genes with high efficiencies in human cells.

In some embodiments, the one or more functional
domains is attached to the CRISPR effector protein so that
upon binding to the sgRNA and target the functional domain
is in a spatial orientation allowing for the functional domain
to function in its attributed function.

In some embodiments, the one or more functional
domains is attached to the adaptor protein so that upon
binding of the CRISPR effector protein to the sgRNA and
target, the functional domain is in a spatial orientation
allowing for the functional domain to function in its attrib-
uted function.

In an aspect the invention provides a composition as
herein discussed wherein the one or more functional
domains is attached to the CRISPR effector protein or
adaptor protein via a linker, optionally a GlySer linker, as
discussed herein.

It is also preferred to target endogenous (regulatory)
control elements, such as involved in translation, stability,
etc. Targeting of known control elements can be used to
activate or repress the gene of interest. Targeting of putative
control elements on the other hand can be used as a means
to verify such elements (by measuring the translation of the
gene of interest) or to detect novel control elements (In
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addition, targeting of putative control elements can be useful
in the context of understanding genetic causes of disease.
Many mutations and common SNP variants associated with
disease phenotypes are located outside coding regions. Tar-
geting of such regions with either the activation or repres-
sion systems described herein can be followed by readout of
transcription of either a) a set of putative targets (e.g. a set
of genes located in closest proximity to the control element)
or b) whole-transcriptome readout by e.g. RNAseq or
microarray. This would allow for the identification of likely
candidate genes involved in the disease phenotype. Such
candidate genes could be useful as novel drug targets.

Histone acetyltransferase (HAT) inhibitors are mentioned
herein. However, an alternative in some embodiments is for
the one or more functional domains to comprise an acetyl-
transferase, preferably a histone acetyltransferase. These are
useful in the field of epigenomics, for example in methods
of interrogating the epigenome. Methods of interrogating the
epigenome may include, for example, targeting epigenomic
sequences. Targeting epigenomic sequences may include the
guide being directed to an epigenomic target sequence.
Epigenomic target sequence may include, in some embodi-
ments, include a promoter, silencer or an enhancer sequence.

Use of a functional domain linked to a CRISPR effector
protein as described herein, preferably a dead-CRISPR
effector protein, more preferably a dead-FnCRISPR effector
protein, to target epigenomic sequences can be used to
activate or repress promoters, silencer or enhancers.

Examples of acetyltransferases are known but may
include, in some embodiments, histone acetyltransferases. In
some embodiments, the histone acetyltransferase may com-
prise the catalytic core of the human acetyltransferase p300
(Gerbasch & Reddy, Nature Biotech 6th April 2015).

In some preferred embodiments, the functional domain is
linked to a dead-CRISPR effector protein to target and
activate epigenomic sequences such as promoters or enhanc-
ers. One or more guides directed to such promoters or
enhancers may also be provided to direct the binding of the
CRISPR enzyme to such promoters or enhancers.

In certain embodiments, the RNA targeting effector pro-
tein of the invention can be used to interfere with co-
transcriptional modifications of DNA/chromatin structure,
RNA-directed DNA methylation, or RNA-directed silenc-
ing/activation of DNA/chromatin. RNA-directed DNA
methylation (RdADM) is an epigenetic process first discov-
ered in plants. During RdDM, double-stranded RNAs (dsR-
NAs) are processed to 21-24 nucleotide small interfering
RNAs (siRNAs) and guide methylation of homologous
DNA loci. Besides RNA molecules, a plethora of proteins
are involved in the establishment of RADM, like Argonautes,
DNA methyltransferases, chromatin remodelling complexes
and the plant-specific PollV and PolV. All these act in
concert to add a methyl-group at 5' position of cytosines.
Small RNAs can modify the chromatin structure and silence
transcription by guiding Argonaute-containing complexes to
complementary nascent (non-coding) RNA trancripts. Sub-
sequently the recruitment of chromatin-modifying com-
plexes, including histone and DNA methyltransferases, is
mediated. The RNA targeting effector protein of the inven-
tion may be used to target such small RNAs and interfere in
interactions between these small RNAs and the nascent
non-coding transcripts.

The term “associated with” is used here in relation to the
association of the functional domain to the CRISPR effector
protein or the adaptor protein. It is used in respect of how
one molecule ‘associates’ with respect to another, for
example between an adaptor protein and a functional
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domain, or between the CRISPR effector protein and a
functional domain. In the case of such protein-protein inter-
actions, this association may be viewed in terms of recog-
nition in the way an antibody recognizes an epitope. Alter-
natively, one protein may be associated with another protein
via a fusion of the two, for instance one subunit being fused
to another subunit. Fusion typically occurs by addition of the
amino acid sequence of one to that of the other, for instance
via splicing together of the nucleotide sequences that encode
each protein or subunit. Alternatively, this may essentially
be viewed as binding between two molecules or direct
linkage, such as a fusion protein. In any event, the fusion
protein may include a linker between the two subunits of
interest (i.e. between the enzyme and the functional domain
or between the adaptor protein and the functional domain).
Thus, in some embodiments, the CRISPR effector protein or
adaptor protein is associated with a functional domain by
binding thereto. In other embodiments, the CRISPR effector
protein or adaptor protein is associated with a functional
domain because the two are fused together, optionally via an
intermediate linker.
CRISPR Effector Protein Complexes can be Used in Plants
The CRISPR effector protein system(s) (e.g., single or
multiplexed) can be used in conjunction with recent
advances in crop genomics. The systems described herein
can be used to perform efficient and cost effective plant gene
or genome interrogation or editing or manipulation—for
instance, for rapid investigation and/or selection and/or
interrogations and/or comparison and/or manipulations and/
or transformation of plant genes or genomes; e.g., to create,
identify, develop, optimize, or confer trait(s) or character-
istic(s) to plant(s) or to transform a plant genome. There can
accordingly be improved production of plants, new plants
with new combinations of traits or characteristics or new
plants with enhanced traits. The CRISPR effector protein
system(s) can be used with regard to plants in Site-Directed
Integration (SDI) or Gene Editing (GE) or any Near Reverse
Breeding (NRB) or Reverse Breeding (RB) techniques.
Aspects of utilizing the herein described CRISPR effector
protein systems may be analogous to the use of the CRISPR-
Cas (e.g. CRISPR-Cas9) system in plants, and mention is
made of the University of Arizona website “CRISPR-
PLANT” (genome.arizona.edu/crispr/) (supported by Penn
State and AGI). Embodiments of the invention can be used
in genome editing in plants or where RNAi or similar
genome editing techniques have been used previously; see,
e.g., Nekrasov, “Plant genome editing made easy: targeted
mutagenesis in model and crop plants using the CRISPR-
Cas system,” Plant Methods 2013, 9:39 (doi:10.1186/1746-
4811-9-39); Brooks, “Efficient gene editing in tomato in the
first generation using the CRISPR-Cas9 system,” Plant
Physiology September 2014 pp 114247577, Shan, “Targeted
genome modification of crop plants using a CRISPR-Cas
system,” Nature Biotechnology 31, 686-688 (2013); Feng,
“Efficient genome editing in plants using a CRISPR/Cas
system,” Cell Research (2013) 23:1229-1232. doi:10.1038/
cr.2013.114; published online 20 Aug. 2013; Xie, “RNA-
guided genome editing in plants using a CRISPR-Cas sys-
tem,” Mol Plant. 2013 November; 6 (6): 1975-83. doi:
10.1093/mp/sst119. Epub 2013 Aug. 17; Xu, “Gene
targeting using the Agrobacterium tumefaciens-mediated
CRISPR-Cas system in rice,” Rice 2014, 7:5 (2014), Zhou
et al., “Exploiting SNPs for biallelic CRISPR mutations in
the outcrossing woody perennial Populus reveals 4-cou-
marate: CoA ligase specificity and Redundancy,” New Phy-
tologist (2015) (Forum) 1-4 (available online only at new-
phytologist.com); Caliando et al, “Targeted DNA
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degradation using a CRISPR device stably carried in the
host st genome, NATURE COMMUNICATIONS 6:6989,
DOI: 10.1038/ncomms7989, nature.com/naturecommunica-
tions DOI: 10.1038/ncomms7989; U.S. Pat. No. 6,603,
061—Agrobacterium-Mediated  Plant  Transformation
Method; U.S. Pat. No. 7,868,149—Plant Genome
Sequences and Uses Thereof and US 2009/0100536-Trans-
genic Plants with Enhanced Agronomic Traits, all the con-
tents and disclosure of each of which are herein incorporated
by reference in their entirety. In the practice of the invention,
the contents and disclosure of Morrell et al “Crop genomics:
advances and applications,” Nat Rev Genet. 2011 Dec. 29;
13 (2): 85-96; each of which is incorporated by reference
herein including as to how herein embodiments may be used
as to plants. Accordingly, reference herein to animal cells
may also apply, mutatis mutandis, to plant cells unless
otherwise apparent; and, the enzymes herein having reduced
off-target effects and systems employing such enzymes can
be used in plant applciations, including those mentioned
herein.

In an aspect, the RNA targeting effector protein of the
invention can be used for antiviral activity in plants, in
particular against RNA viruses. The effector protein can be
targeted to the viral RNA using a suitable guide RNA
selective for a selected viral RNA sequence. In particular,
the effector protein may be an active nuclease that cleaves
RNA, such as single stranded RNA. provided is therefore
the use of an RNA targeting effector protein of the invention
as an antiviral agent. Examples of viruses that can be
counteracted in this way include, but are not limited to,
Tobacco mosaic virus (TMV), Tomato spotted wilt virus
(TSWV), Cucumber mosaic virus (CMV), Potato virus Y
(PVY), Cauliflower mosaic virus (CaMV) (RT virus), Plum
pox virus (PPV), Brome mosaic virus (BMV) and Potato
virus X (PVX).

Sugano et al. (Plant Cell Physiol. 2014 March; 55 (3):
475-81. doi: 10.1093/pcp/pcu014. Epub 2014 Jan. 18)
reports the application of CRISPR-Cas9 to targeted muta-
genesis in the liverwort Marchantia polymorpha L., which
has emerged as a model species for studying land plant
evolution. The U6 promoter of M. polymorpha was identi-
fied and cloned to express the gRNA. The target sequence of
the gRNA was designed to disrupt the gene encoding auxin
response factor 1 (ARF1) in M. polymorpha. Using Agro-
bacterium-mediated transformation, Sugano et al. isolated
stable mutants in the gametophyte generation of M. poly-
morpha. CRISPR-Cas9-based site-directed mutagenesis in
vivo was achieved using either the Cauliflower mosaic virus
35S or M. polymorpha EFla promoter to express Cas9.
Isolated mutant individuals showing an auxin-resistant phe-
notype were not chimeric. Moreover, stable mutants were
produced by asexual reproduction of TI plants. Multiple arfl
alleles were easily established using CRIPSR/Cas9-based
targeted mutagenesis. The CRISPR systems of the present
invention can be used to regulate the same as well as other
genes, and like expression control system such as RNAi and
siRNA, the method of the invention can be inducible and
reversible.

Kabadi et al. (Nucleic Acids Res. 2014 Oct. 29; 42 (19):
el47. doi: 10.1093/nar/gku749. Epub 2014 Aug. 13) devel-
oped a single lentiviral system to express a Cas9 variant, a
reporter gene and up to four sgRNAs from independent
RNA polymerase III promoters that are incorporated into the
vector by a convenient Golden Gate cloning method. Each
sgRNA was efficiently expressed and can mediate multiplex
gene editing and sustained transcriptional activation in
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immortalized and primary human cells. The instant inven-
tion can be used to regulate the plant genes of Kabadi.

Xing et al. (BMC Plant Biology 2014, 14:327) developed
a CRISPR-Cas9 binary vector set based on the pGreen or
pCAMBIA backbone, as well as a gRNA. This toolkit
requires no restriction enzymes besides Bsal to generate
final constructs harboring maize-codon optimized Cas9 and
one or more gRNAs with high efficiency in as little as one
cloning step. The toolkit was validated using maize proto-
plasts, transgenic maize lines, and transgenic Arabidopsis
lines and was shown to exhibit high efficiency and speci-
ficity. More importantly, using this toolkit, targeted muta-
tions of three Arabidopsis genes were detected in transgenic
seedlings of the T1 generation. Moreover, the multiple-gene
mutations could be inherited by the next generation. (guide
RNA) module vector set, as a toolkit for multiplex genome
editing in plants. The CRISPR systems and proteins of the
instant invention may be used to target the genes targeted by
Xing.

The CRISPR systems of the invention may be used in the
treatment, prevention, suppression, and/or alleviation of of
plant virus pathogenesis, replication, proparation, viremia,
viral load or titer and/or infection. Gambino et al. (Phytopa-
thology. 2006 November; 96 (11): 1223-9. doi: 10.1094/
PHYTO-96-1223) relied on amplification and multiplex
PCR for simultaneous detection of nine grapevine viruses.
The CRISPR systems and proteins of the instant invention
may similarly be used to detect multiple targets in a host.
Moreover, the systems of the invention can be used to
simultaneously knock down viral gene expression in valu-
able cultivars, and prevent activation or further infection by
targeting expressed vial RNA.

Murray et al. (Proc Biol Sci. 2013 Jun. 26; 280 (1765):
20130965. doi: 10.1098/rspb.2013.0965; published 2013
Aug. 22) analyzxed 12 plant RNA viruses to investigatge
evoluationary rates and found evidence of episodic selection
possibly due to shifts between different host genotyopes or
species. The CRISPR systems and proteins of the instant
invention may be used to tarteg or immunize against such
viruses in a host. For example, the systems of the invention
can be used to block viral RNA expression hence replication.
Also, the invention can be used to target nuclic acids for
cleavage as wll as to target expression or activation. More-
over, the systems of the invention can be multiplexed so as
to hit multiple targets or multiple isolate of the same virus.

Ma et al. (Mol Plant. 2015 Aug. 3; 8 (8): 1274-84. doi:
10.1016/j.molp.2015.04.007) reports robust CRISPR-Cas9
vector system, utilizing a plant codon optimized Cas9 gene,
for convenient and high-efficiency multiplex genome editing
in monocot and dicot plants. Ma et al. designed PCR-based
procedures to rapidly generate multiple sgRNA expression
cassettes, which can be assembled into the binary CRISPR-
Cas9 vectors in one round of cloning by Golden Gate
ligation or Gibson Assembly. With this system, Ma et al.
edited 46 target sites in rice with an average 85.4% rate of
mutation, mostly in biallelic and homozygous status. Ma et
al. provide examples of loss-of-function gene mutations in
TO rice and TlArabidopsis plants by simultaneous targeting
of multiple (up to eight) members of a gene family, multiple
genes in a biosynthetic pathway, or multiple sites in a single
gene. Similarly, the CRISPR systems of the instant invention
can dffieicnelty target expression of multiple genes simul-
taneously.

Lowder et al. (Plant Physiol. 2015 Aug. 21. pii: pp.
00636.2015) also developed a CRISPR-Cas9 toolbox
enables multiplex genome editing and transcriptional regu-
lation of expressed, silenced or non-coding genes in plants.
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This toolbox provides researchers with a protocol and
reagents to quickly and efficiently assemble functional
CRISPR-Cas9 T-DNA constructs for monocots and dicots
using Golden Gate and Gateway cloning methods. It comes
with a full suite of capabilities, including multiplexed gene
editing and transcriptional activation or repression of plant
endogenous genes. T-DNA based transformation technology
is fundamental to modern plant biotechnology, genetics,
molecular biology and physiology. As such, we developed a
method for the assembly of Cas9 (WT, nickase or dCas9)
and gRNAC(s) into a T-DNA destination-vector of interest.
The assembly method is based on both Golden Gate assem-
bly and MultiSite Gateway recombination. Three modules
are required for assembly. The first module is a Cas9 entry
vector, which contains promoterless Cas9 or its derivative
genes flanked by attl.1 and attR5 sites. The second module
is a gRNA entry vector which contains entry gRNA expres-
sion cassettes flanked by attl.5 and attl.2 sites. The third
module includes attR1-attR2-containing destination T-DNA
vectors that provide promoters of choice for Cas9 expres-
sion. The toolbox of Lowder et al. may be applied to the
CRISPR effector protein system of the present invention.

Organisms such as yeast and microalgae are widely used
for synthetic biology. Stovicek et al. (Metab. Eng. Comm.,
2015; 2:13 describes genome editing of industrial yeast, for
example, Saccharomyces cerevisae, to efficiently produce
robust strains for industrial production. Stovicek used a
CRISPR-Cas9 system codon-optimized for yeast to simul-
taneously disrupt both alleles of an endogenous gene and
knock in a heterologous gene. Cas9 and gRNA were
expressed from genomic or episomal 2p-based vector loca-
tions. The authors also showed that gene disruption effi-
ciency could be improved by optimization of the levels of
Cas9 and gRNA expression. Hlavova et al. (Biotechnol.
Adv. 2015) discusses development of species or strains of
microalgae using techniques such as CRISPR to target
nuclear and chloroplast genes for insertional mutagenesis
and screening. The same plasmids and vectors can be
appliced to the CRISPR systems of the instant invention.

Petersen (““Towards precisely glycol engineered plants,”
Plant Biotech Denmark Annual meeting 2015, Copenhagen,
Denmark) developed a method of using CRISPR/Cas9 to
engineer genome changes in Arabidopsis, for example to
glyco engineer Arabidopsis for production of proteins and
products having desired posttranslational modifications.
Hebelstrup et al. (Front Plant Sci. 2015 Apr. 23; 6:247)
outlines in planta starch bioengineering, providing crops that
express starch modifying enzymes and directly produce
products that normally are made by industrial chemical
and/or physical treatments of starches. The methods of
Petersen and Hebelstrup may be applied to the CRISPR
effector protein system of the present invention.

Kurthe t al, J Virol. 2012 June; 86 (11): 6002-9. doi:
10.1128/JV1.00436-12. Epub 2012 Mar. 21) developed an
RNA virus-based vector for the introduction of desired traits
into grapevine without heritable modifications to the
genome. The vector provided the ability to regulate expres-
sion of of endogenous genes by virus-induced gene silenc-
ing. The CRISPR systems and proteins of the instant inven-
tion can be used to silence genes and proteins without
heritable modification to the genome.

In an embodiment, the plant may be a legume. The present
invention may utilize the herein disclosed CRISP-Cas sys-
tem for exploring and modifying, for example, without
limitation, soybeans, peas, and peanuts. Curtin et al. pro-
vides a toolbox for legume function genomics. (See Curtin
et al., “A genome engineering toolbox for legume Functional
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genomics,” International Plant and Animal Genome Con-
ference XXII 2014). Curtin used the genetic transformation
of CRISPR to knock-out/down single copy and duplicated
legume genes both in hairy root and whole plant systems.
Some of the target genes were chosen in order to explore and
optimize the features of knock-out/down systems (e.g.,
phytoene desaturase), while others were identified by soy-
bean homology to Arabidopsis Dicer-like genes or by
genome-wide association studies of nodulation in Medicago.
The CRISPR systems and proteins of the instant invention
can be used to knockout/knockdown systems.

Peanut allergies and allergies to legumes generally are a
real and serious health concern. The CRISPR effector pro-
tein system of the present invention can be used to identify
and then edit or silence genes encoding allergenic proteins
of such legumes. Without limitation as to such genes and
proteins, Nicolaou et al. identifies allergenic proteins in
peanuts, soybeans, lentils, peas, lupin, green beans, and
mung beans. See, Nicolaou et al., Current Opinion in Allergy
and Clinical Immunology 2011; 11 (3): 222).

In an advantageous embodiment, the plant may be a tree.
The present invention may also utilize the herein disclosed
CRISPR Cas system for herbaceous systems (see, e.g.,
Belhaj et al., Plant Methods 9:39 and Harrison et al., Genes
& Development 28:1859-1872). In a particularly advanta-
geous embodiment, the CRISPR Cas system of the present
invention may target single nucleotide polymorphisms
(SNPs) in trees (sce, e.g., Zhou et al., New Phytologist,
Volume 208, Issue 2, pages 298-301, October 2015). In the
Zhou et al. study, the authors applied a CRISPR Cas system
in the woody perennial Populus using the 4-coumarate: CoA
ligase (4CL) gene family as a case study and achieved 100%
mutational efficiency for two 4CL genes targeted, with every
transformant examined carrying biallelic modifications. In
the Zhou et al., study, the CRISPR-Cas9 system was highly
sensitive to single nucleotide polymorphisms (SNPs), as
cleavage for a third 4CL gene was abolished due to SNPs in
the target sequence. These methods may be applied to the
CRISPR effector protein system of the present invention.

The methods of Zhou et al. (New Phytologist, Volume
208, Issue 2, pages 298-301, October 2015) may be applied
to the present invention as follows. Two 4CL genes, 4CL1
and 4CL2, associated with lignin and flavonoid biosynthe-
sis, respectively are targeted for CRISPR-Cas9 editing. The
Populus tremulaxalba clone 717-1B4 routinely used for
transformation is divergent from the genome-sequenced
Populus trichocarpa. Therefore, the 4CL1 and 4CL2
gRNAs designed from the reference genome are interro-
gated with in-house 717 RNA-Seq data to ensure the
absence of SNPs which could limit Cas efficiency. A third
gRNA designed for 4CLS5, a genome duplicate of 4CL1, is
also included. The corresponding 717 sequence harbors one
SNP in each allele near/within the PAM, both of which are
expected to abolish targeting by the 4CL5-gRNA. All three
gRNA target sites are located within the first exon. For 717
transformation, the gRNA is expressed from the Medicago
U6.6 promoter, along with a human codon-optimized Cas
under control of the CaMV 35S promoter in a binary vector.
Transformation with the Cas-only vector can serve as a
control. Randomly selected 4CL1 and 4CL.2 lines are sub-
jected to amplicon-sequencing. The data is then processed
and biallelic mutations are confirmed in all cases. These
methods may be applied to the CRISPR effector protein
system of the present invention.

In plants, pathogens are often host-specific. For example,
Fusarium oxysporum f. sp. [ycopersici causes tomato wilt
but attacks only tomato, and F oxysporum f. dianthii Puc-

10

15

20

25

30

35

40

45

55

60

65

196

cinia graminis f. sp. tritici attacks only wheat. Plants have
existing and induced defenses to resist most pathogens.
Mutations and recombination events across plant genera-
tions lead to genetic variability that gives rise to suscepti-
bility, especially as pathogens reproduce with more fre-
quency than plants. In plants there can be non-host
resistance, e.g., the host and pathogen are incompatible.
There can also be Horizontal Resistance, e.g., partial resis-
tance against all races of a pathogen, typically controlled by
many genes and Vertical Resistance, e.g., complete resis-
tance to some races of a pathogen but not to other races,
typically controlled by a few genes. In a Gene-for-Gene
level, plants and pathogens evolve together, and the genetic
changes in one balance changes in other. Accordingly, using
Natural Variability, breeders combine most useful genes for
Yield, Quality, Uniformity, Hardiness, Resistance. The
sources of resistance genes include native or foreign Vari-
eties, Heirloom Varieties, Wild Plant Relatives, and Induced
Mutations, e.g., treating plant material with mutagenic
agents. Using the present invention, plant breeders are
provided with a new tool to induce mutations. Accordingly,
one skilled in the art can analyze the genome of sources of
resistance genes, and in Varieties having desired character-
istics or traits employ the present invention to induce the rise
of resistance genes, with more precision than previous
mutagenic agents and hence accelerate and improve plant
breeding programs.

Aside from the plants otherwise discussed herein and
above, engineered plants modified by the effector protein
and suitable guide, and progeny thereof, as provided. These
may include disease or drought resistant crops, such as
wheat, barley, rice, soybean or corn; plants modified to
remove or reduce the ability to self-pollinate (but which can
instead, optionally, hybridise instead); and allergenic foods
such as peanuts and nuts where the immunogenic proteins
have been disabled, destroyed or disrupted by targeting via
a effector protein and suitable guide.

With respect to general information on CRISPR-Cas
Systems, components thereof, and delivery of such compo-
nents, including methods, materials, delivery vehicles, vec-
tors, particles, AAV, and making and using thereof, including
as to amounts and formulations, all useful in the practice of
the instant invention, reference is made to: U.S. Pat. Nos.
8,999,641, 8,993,233, 8,945,839, 8,932,814, 8,906,616,
8,895,308, 8,889,418, 8,889,356, 8,871,445, 8,865,406,
8,795,965, 8,771,945 and 8,697,359; US Patent Publications
US 2014-0310830 (U.S. application Ser. No. 14/105,031),
US 2014-0287938 Al (U.S. application Ser. No. 14/213,
991), US 2014-0273234 Al (U.S. application Ser. No.
14/293,674), US2014-0273232 Al (U.S. application Ser.
No. 14/290,575), US 2014-0273231 (U.S. application Ser.
No. 14/259,420), US 2014-0256046 Al (U.S. application
Ser. No. 14/226,274), US 2014-0248702 A1 (U.S. applica-
tion Ser. No. 14/258,458), US 2014-0242700 Al (U.SS.
application Ser. No. 14/222,930), US 2014-0242699 Al
(U.S. application Ser. No. 14/183,512), US 2014-0242664
Al (U.S. application Ser. No. 14/104,990), US 2014-
0234972 Al (U.S. application Ser. No. 14/183,471), US
2014-0227787 Al (U.S. application Ser. No. 14/256,912),
US 2014-0189896 A1 (U.S. application Ser. No. 14/105,
035), US 2014-0186958 (U.S. application Ser. No. 14/105,
017), US 2014-0186919 Al (U.S. application Ser. No.
14/104,977), US 2014-0186843 Al (U.S. application Ser.
No. 14/104,900), US 2014-0179770 Al (U.S. application
Ser. No. 14/104,837) and US 2014-0179006 A1 (U.S. appli-
cation Ser. No. 14/183,486), US 2014-0170753 (U.S. appli-
cation Ser. No. 14/183,429); European Patents EP 2 784 162
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B1 and EP 2 771 468 B1; European Patent Applications EP
2 771 468 (EP13818570.7), EP 2 764 103 (EP13824232.6),
and EP 2 784 162 (EP14170383.5); and PCT Patent Publi-
cations PCT Patent Publications WO 2014/093661 (PCT/
US2013/074743), WO  2014/093694 (PCT/US2013/
074790), WO 2014/093595 (PCT/US2013/074611), WO
2014/093718 (PCT/US2013/074825), WO 2014/093709
(PCT/US2013/074812), WO 2014/093622 (PCT/US2013/
074667), WO 2014/093635 (PCT/US2013/074691), WO
2014/093655 (PCT/US2013/074736), WO 2014/093712
(PCT/US2013/074819), WO 2014/093701 (PCT/US2013/
074800), WO 2014/018423 (PCT/US2013/051418), WO
2014/204723 (PCT/US2014/041790), WO 2014/204724
(PCT/US2014/041800), WO 2014/204725 (PCT/US2014/
041803), WO 2014/204726 (PCT/US2014/041804), WO
2014/204727 (PCT/US2014/041806), WO 2014/204728
(PCT/US2014/041808), WO 2014/204729 (PCT/US2014/
041809). Reference is also made to U.S. provisional patent
applications 61/758,468; 61/802,174; 61/806,375; 61/814,
263; 61/819,803 and 61/828,130, filed on Jan. 30, 2013;
Mar. 15, 2013; Mar. 28, 2013; Apr. 20, 2013; May 6, 2013
and May 28, 2013 respectively. Reference is also made to
U.S. provisional patent application 61/836,123, filed on Jun.
17,2013. Reference is additionally made to U.S. provisional
patent applications 61/835,931, 61/835,936, 61/836,127,
61/836,101, 61/836,080 and 61/835,973, each filed Jun. 17,
2013. Further reference is made to U.S. provisional patent
applications 61/862,468 and 61/862,355 filed on Aug. 5,
2013; 61/871,301 filed on Aug. 28, 2013; 61/960,777 filed
on Sep. 25, 2013 and 61/961,980 filed on Oct. 28, 2013.
Reference is yet further made to: PCT Patent applications
Nos: PCT/US2014/041803, PCT/US2014/041800, PCT/
US2014/041809, PCT/US2014/041804 and PCT/US2014/
041806, each filed Jun. 10, 2014 Jun. 10, 2014; PCT/
US2014/041808 filed Jun. 11, 2014; and PCT/US2014/
62558 filed Oct. 28, 2014, and U.S. Provisional Patent
Applications Ser. Nos. 61/915,150, 61/915,301, 61/915,267
and 61/915,260, each filed Dec. 12, 2013; 61/757,972 and
61/768,959, filed on Jan. 29, 2013 and Feb. 25, 2013;
61/835,936, 61/836,127, 61/836,101, 61/836,080, 61/835,
973, and 61/835,931, filed Jun. 17, 2013; 62/010,888 and
62/010,879, both filed Jun. 11, 2014; 62/010,329 and
62/010,441, each filed Jun. 10, 2014; 61/939,228 and
61/939,242, each filed Feb. 12, 2014; 61/980,012, filed Apr.
15, 2014; 62/038,358, filed Aug. 17, 2014; 62/054,490,
62/055,484, 62/055,460 and 62/055,487, each filed Sep. 25,
2014; and 62/069,243, filed Oct. 27, 2014. Reference is also
made to U.S. provisional patent applications Nos. 62/055,
484, 62/055,460, and 62/055,487, filed Sep. 25, 2014; U.S.
provisional patent application 61/980,012, filed Apr. 15,
2014; and U.S. provisional patent application 61/939,242
filed Feb. 12, 2014. Reference is made to PCT application
designating, inter alia, the United States, application No.
PCT/US14/41806, filed Jun. 10, 2014. Reference is made to
U.S. provisional patent application 61/930,214 filed on Jan.
22, 2014. Reference is made to U.S. provisional patent
applications 61/915,251; 61/915,260 and 61/915,267, each
filed on Dec. 12, 2013. Reference is made to US provisional
patent application U.S. Ser. No. 61/980,012 filed Apr. 15,
2014. Reference is made to PCT application designating,
inter alia, the United States, application No. PCT/US14/
41806, filed Jun. 10, 2014. Reference is made to U.S.
provisional patent application 61/930,214 filed on Jan. 22,
2014. Reference is made to U.S. provisional patent appli-
cations 61/915,251; 61/915,260 and 61/915,267, each filed
on Dec. 12, 2013.

10

15

20

25

30

35

40

45

50

55

60

65

198

Mention is also made of U.S. application 62/091,455,
filed, 12 Dec. 2014, PROTECTED GUIDE RNAS (PGR-
NAS); U.S. application 62/096,708, 24 Dec. 2014, PRO-
TECTED GUIDE RNAS (PGRNAS); U.S. application
62/091,462, 12 Dec. 2014, DEAD GUIDES FOR CRISPR
TRANSCRIPTION FACTORS; U.S. application 62/096,
324, 23 Dec. 2014, DEAD GUIDES FOR CRISPR TRAN-
SCRIPTION FACTORS; U.S. application 62/091,456, 12
Dec. 2014, ESCORTED AND FUNCTIONALIZED
GUIDES FOR CRISPR-CAS SYSTEMS; U.S. application
62/091,461, 12 Dec. 2014, DELIVERY, USE AND THERA -
PEUTIC APPLICATIONS OF THE CRISPR-CAS SYS-
TEMS AND COMPOSITIONS FOR GENOME EDITING
AS TO HEMATOPOETIC STEM CELLS (HSCs); U.S.
application 62/094,903, 19 Dec. 2014, UNBIASED IDEN-
TIFICATION OF DOUBLE-STRAND BREAKS AND
GENOMIC REARRANGEMENT BY GENOME-WISE
INSERT CAPTURE SEQUENCING; U.S. application
62/096,761, 24 Dec. 2014, ENGINEERING OF SYSTEMS,
METHODS AND OPTIMIZED ENZYME AND GUIDE
SCAFFOLDS FOR SEQUENCE MANIPULATION; U.S.
application 62/098,059, 30 Dec. 2014, RNA-TARGETING
SYSTEM; U.S. application 62/096,656, 24 Dec. 2014,
CRISPR HAVING OR ASSOCIATED WITH DESTABILI-
ZATION DOMAINS; U.S. application 62/096,697, 24 Dec.
2014, CRISPR HAVING OR ASSOCIATED WITH AAV;,
US application 62/098,158, 30 Dec. 2014, ENGINEERED
CRISPR COMPLEX INSERTIONAL TARGETING SYS-
TEMS; U.S. application 62/151,052, 22 Apr. 2015, CEL-
LULAR TARGETING FOR EXTRACELLULAR EXO-
SOMAL REPORTING; U.S. application 62/054,490, 24
Sep. 2014, DELIVERY, USE AND THERAPEUTIC
APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND
COMPOSITIONS FOR TARGETING DISORDERS AND
DISEASES USING PARTICLE DELIVERY COMPO-
NENTS; U.S. application 62/055,484, 25 Sep. 2014, SYS-
TEMS, METHODS AND COMPOSITIONS FOR
SEQUENCE MANIPULATION WITH OPTIMIZED
FUNCTIONAL CRISPR-CAS SYSTEMS; U.S. application
62/087,537, 4 Dec. 2014, SYSTEMS, METHODS AND
COMPOSITIONS FOR SEQUENCE MANIPULATION
WITH OPTIMIZED FUNCTIONAL CRISPR-CAS SYS-
TEMS; U.S. application 62/054,651, 24 Sep. 2014, DELIV-
ERY, USE AND THERAPEUTIC APPLICATIONS OF
THE CRISPR-CAS SYSTEMS AND COMPOSITIONS
FOR MODELING COMPETITION OF MULTIPLE CAN-
CER MUTATIONS IN VIVO; U.S. application 62/067,836,
23 Oct. 2014, DELIVERY, USE AND THERAPEUTIC
APPLICATIONS OF THE CRISPR-CAS SYSTEMS AND
COMPOSITIONS FOR MODELING COMPETITION

OF MULTIPLE CANCER MUTATIONS IN VIVO; U.S.
application 62/054,675, 24 Sep. 2014, DELIVERY, USE
AND THERAPEUTIC APPLICATIONS OF THE CRISPR-
CAS SYSTEMS AND COMPOSITIONS IN NEURONAL
CELLS/TISSUES; U.S. application 62/054,528, 24 Sep.
2014, DELIVERY, USE AND THERAPEUTIC APPLICA-
TIONS OF THE CRISPR-CAS SYSTEMS AND COMPO-
SITIONS IN IMMUNE DISEASES OR DISORDERS; U.S.
application 62/055,454, 25 Sep. 2014, DELIVERY, USE
AND THERAPEUTIC APPLICATIONS OF THE CRISPR-
CAS SYSTEMS AND COMPOSITIONS FOR TARGET-
ING DISORDERS AND DISEASES USING CELL PEN-
ETRATION PEPTIDES (CPP); U.S. application 62/055,
460, 25 Sep. 2014, MULTIFUNCTIONAL-CRISPR
COMPLEXES AND/OR OPTIMIZED ENZYME LINKED
FUNCTIONAL-CRISPR COMPLEXES; U.S. application
62/087,475, 4 Dec. 2014, FUNCTIONAL SCREENING



US 12,415,000 B2

199

WITH OPTIMIZED FUNCTIONAL CRISPR-CAS SYS-
TEMS; U.S. application 62/055,487, 25 Sep. 2014, FUNC-
TIONAL SCREENING WITH OPTIMIZED FUNC-
TIONAL CRISPR-CAS SYSTEMS; U.S. application
62/087,546, 4 Dec. 2014, MULTIFUNCTIONAL CRISPR
COMPLEXES AND/OR OPTIMIZED ENZYME LINKED
FUNCTIONAL-CRISPR COMPLEXES; and U.S. applica-
tion 62/098,285, 30 Dec. 2014, CRISPR MEDIATED IN
VIVO MODELING AND GENETIC SCREENING OF
TUMOR GROWTH AND METASTASIS.

Each of these patents, patent publications, and applica-
tions, and all documents cited therein or during their pros-
ecution (“appln cited documents™) and all documents cited
or referenced in the appln cited documents, together with
any instructions, descriptions, product specifications, and
product sheets for any products mentioned therein or in any
document therein and incorporated by reference herein, are
hereby incorporated herein by reference, and may be
employed in the practice of the invention. All documents
(e.g., these patents, patent publications and applications and
the appln cited documents) are incorporated herein by
reference to the same extent as if each individual document
was specifically and individually indicated to be incorpo-
rated by reference.

Also with respect to general information on CRISPR-Cas
Systems, mention is made of the following (also hereby
incorporated herein by reference):

Multiplex genome engineering using CRISPR/Cas sys-

tems. Cong, L., Ran, F. A, Cox, D., Lin, S., Barretto,
R., Habib, N., Hsu, P. D., Wu, X., Jiang, W., Marraffini,
L. A., & Zhang, F. Science February 15; 339 (6121):
819-23 (2013);

RNA-guided editing of bacterial genomes using CRISPR-
Cas systems. Jiang W., Bikard D., Cox D., Zhang F,
Marraffini I A. Nat Biotechnol March; 31 (3): 233-9
(2013);

One-Step Generation of Mice Carrying Mutations in
Multiple Genes by CRISPR/Cas-Mediated Genome
Engineering. Wang H., Yang H., Shivalila C S,
Dawlaty M M., Cheng A W., Zhang F., Jaenisch R. Cell
May 9; 153 (4): 910-8 (2013);

Optical control of mammalian endogenous transcription
and epigenetic states. Konermann S, Brigham M D,
Trevino A E, Hsu P D, Heidenreich M, Cong L, Platt R
J, Scott D A, Church G M, Zhang F. Nature. August 22;
500 (7463): 472-6. doi: 10.1038/Nature12466. Epub
2013 Aug. 23 (2013);

Double Nicking by RNA-Guided CRISPR Cas9 for
Enhanced Genome Editing Specificity. Ran, FA., Hsu,
PD., Lin, CY., Gootenberg, JS., Konermann, S.,
Trevino, AE., Scott, DA., Inoue, A., Matoba, S., Zhang,
Y., & Zhang, F. Cell August 28. pii: S0092-8674
(13)01015-5 (2013-A);

DNA targeting specificity of RNA-guided Cas9 nucle-
ases. Hsu, P, Scott, D., Weinstein, J., Ran, FA., Kon-
ermann, S., Agarwala, V., Li, Y., Fine, E., Wu, X,
Shalem, O., Cradick, TJ., Marraffini, LA., Bao, G., &
Zhang, F. Nat Biotechnol doi:10.1038/nbt.2647 (2013);
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Wang et al. (2013) used the CRISPR/Cas system for the
one-step generation of mice carrying mutations in
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multiple genes which were traditionally generated in
multiple steps by sequential recombination in embry-
onic stem cells and/or time-consuming intercrossing of
mice with a single mutation. The CRISPR/Cas system
will greatly accelerate the in vivo study of functionally
redundant genes and of epistatic gene interactions.
Konermann et al. (2013) addressed the need in the art for
versatile and robust technologies that enable optical
and chemical modulation of DNA-binding domains

Zetsche et al. (2015), “Cpfl is a single RNA-guided 10 based CRISPR Cas9 enzyme and also Transcriptional
endonuclease of a class 2 CRISPR-Cas system,” Cell Activator Like Effectors
163, 759-771 (Oct. 22, 2015) doi: 10.1016/ Ran et al. (2013-A) described an approach that combined
j.cell.2015.09.038. Epub Sep. 25, 2015 a Cas9 nickase mutant with paired guide RNAs to
Shmakov et al. (2015), “Discovery and Functional Char- introduce targeted double-strand breaks. This addresses
acterization of Diverse Class 2 CRISPR-Cas Systems,” 15 the issue of the Cas9 nuclease from the microbial
Molecular Cell 60, 385-397 (Nov. 5, 2015) doi: CRISPR-Cas system being targeted to specific genomic
10.1016/j.molcel.2015.10.008. Epub Oct. 22, 2015 loci by a guide sequence, which can tolerate certain
Gao et al, “Engineered Cpfl Enzymes with Altered P AM mismatches to the DNA target and thereby promote
Specificities,” bioRxiv 091611; doi: dx.doi.org/ undesired off-target mutagenesis. Because individual
10.1101/091611 Epub Dec. 4, 2016 20 nicks in the genome are repaired with high fidelity,
each of which is incorporated herein by reference, may be simultaneous nicking via appropriately offset guide
considered in the practice of the instant invention, and RNAs is required for double-stranded breaks and
discussed briefly below: extends the number of specifically recognized bases for
Cong et al. engineered type II CRISPR-Cas systems for target cleavage. The authors demonstrated that using
use in eukaryotic cells based on both Streptococcus 25 paired nicking can reduce off-target activity by 50- to
thermophilus Cas9 and also Streptococcus pyogenes 1,500-fold in cell lines and to facilitate gene knockout
Cas9 and demonstrated that Cas9 nucleases can be in mouse zygotes without sacrificing on-target cleavage
directed by short RNAs to induce precise cleavage of efficiency. This versatile strategy enables a wide variety
DNA in human and mouse cells. Their study further of genome editing applications that require high speci-
showed that Cas9 as converted into a nicking enzyme 30 ficity.
can be used to facilitate homology-directed repair in Hsu et al. (2013) characterized SpCas9 targeting speci-
eukaryotic cells with minimal mutagenic activity. Addi- ficity in human cells to inform the selection of target
tionally, their study demonstrated that multiple guide sites and avoid off-target effects. The study evaluated
sequences can be encoded into a single CRISPR array >700 guide RNA variants and SpCas9-induced indel
to enable simultaneous editing of several at endogenous 35 mutation levels at >100 predicted genomic off-target
genomic loci sites within the mammalian genome, loci in 293T and 293 FT cells. The authors that SpCas9
demonstrating easy programmability and wide appli- tolerates mismatches between guide RNA and target
cability of the RNA-guided nuclease technology. This DNA at different positions in a sequence-dependent
ability to use RNA to program sequence specific DNA manner, sensitive to the number, position and distribu-
cleavage in cells defined a new class of genome engi- 40 tion of mismatches. The authors further showed that
neering tools. These studies further showed that other SpCas9-mediated cleavage is unaffected by DNA meth-
CRISPR loci are likely to be transplantable into mam- ylation and that the dosage of SpCas9 and sgRNA can
malian cells and can also mediate mammalian genome be titrated to minimize off-target modification. Addi-
cleavage. Importantly, it can be envisaged that several tionally, to facilitate mammalian genome engineering
aspects of the CRISPR-Cas system can be further 45 applications, the authors reported providing a web-
improved to increase its efficiency and versatility. based software tool to guide the selection and valida-
Jiang et al. used the clustered, regularly interspaced, short tion of target sequences as well as off-target analyses.
palindromic repeats (CRISPR)-associated Cas9 endo- Ran et al. (2013-B) described a set of tools for Cas9-
nuclease complexed with dual-RNAs to introduce pre- mediated genome editing via non-homologous end
cise mutations in the genomes of Streptococcus pneu- 50 joining (NHEJ) or homology-directed repair (HDR) in
moniae and Escherichia coli. The approach relied on mammalian cells, as well as generation of modified cell
dual-RNA: Cas9-directed cleavage at the targeted lines for downstream functional studies. To minimize
genomic site to kill unmutated cells and circumvents off-target cleavage, the authors further described a
the need for selectable markers or counter-selection double-nicking strategy using the Cas9 nickase mutant
systems. The study reported reprogramming dual- 55 with paired guide RN As. The protocol provided by the
RNA: Cas9 specificity by changing the sequence of authors experimentally derived guidelines for the selec-
short CRISPR RNA (crRNA) to make single- and tion of target sites, evaluation of cleavage efficiency
multinucleotide changes carried on editing templates. and analysis of off-target activity. The studies showed
The study showed that simultaneous use of two crR- that beginning with target design, gene modifications
NAs enabled multiplex mutagenesis. Furthermore, 60 can be achieved within as little as 1-2 weeks, and
when the approach was used in combination with modified clonal cell lines can be derived within 2-3
recombineering, in S. preumoniae, nearly 100% of weeks.
cells that were recovered using the described approach Shalem et al. described a new way to interrogate gene
contained the desired mutation, and in E. coli, 65% that function on a genome-wide scale. Their studies showed
were recovered contained the mutation. 65 that delivery of a genome-scale CRISPR-Cas9 knock-

out (GeCKO) library targeted 18,080 genes with
64,751 unique guide sequences enabled both negative
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and positive selection screening in human cells. First,
the authors showed use of the GeCKO library to
identify genes essential for cell viability in cancer and
pluripotent stem cells. Next, in a melanoma model, the
authors screened for genes whose loss is involved in
resistance to vemurafenib, a therapeutic that inhibits
mutant protein kinase BRAF. Their studies showed that
the highest-ranking candidates included previously
validated genes NF1 and MED12 as well as novel hits
NF2, CUL3, TADA2B, and TADA1l. The authors
observed a high level of consistency between indepen-
dent guide RNAs targeting the same gene and a high
rate of hit confirmation, and thus demonstrated the
promise of genome-scale screening with Cas9.

Nishimasu et al. reported the crystal structure of Strepto-
coccus pyogenes Cas9 in complex with sgRNA and its
target DNA at 2.5 A° resolution. The structure revealed
a bilobed architecture composed of target recognition
and nuclease lobes, accommodating the sgRNA: DNA
heteroduplex in a positively charged groove at their
interface. Whereas the recognition lobe is essential for
binding sgRNA and DNA, the nuclease lobe contains
the HNH and RuvC nuclease domains, which are
properly positioned for cleavage of the complementary
and non-complementary strands of the target DNA,
respectively. The nuclease lobe also contains a car-
boxyl-terminal domain responsible for the interaction
with the protospacer adjacent motif (PAM). This high-
resolution structure and accompanying functional
analyses have revealed the molecular mechanism of
RNA-guided DNA targeting by Cas9, thus paving the
way for the rational design of new, versatile genome-
editing technologies.

Wu et al. mapped genome-wide binding sites of a cata-
Iytically inactive Cas9 (dCas9) from Streptococcus
pyogenes loaded with single guide RNAs (sgRNAs) in
mouse embryonic stem cells (mESCs). The authors
showed that each of the four sgRNAs tested targets
dCas9 to between tens and thousands of genomic sites,
frequently characterized by a S-nucleotide seed region
in the sgRNA and an NGG protospacer adjacent motif
(PAM). Chromatin inaccessibility decreases dCas9
binding to other sites with matching seed sequences;
thus 70% of off-target sites are associated with genes.
The authors showed that targeted sequencing of 295
dCas9 binding sites in mESCs transfected with cata-
Iytically active Cas9 identified only one site mutated
above background levels. The authors proposed a two-
state model for Cas9 binding and cleavage, in which a
seed match triggers binding but extensive pairing with
target DNA is required for cleavage.

Platt et al. established a Cre-dependent Cas9 knockin
mouse. The authors demonstrated in vivo as well as ex
vivo genome editing using adeno-associated virus
(AAV)-, lentivirus-, or particle-mediated delivery of
guide RNA in neurons, immune cells, and endothelial
cells.

Hsu et al. (2014) is a review article that discusses gen-
erally CRISPR-Cas9 history from yogurt to genome
editing, including genetic screening of cells.

Wang et al. (2014) relates to a pooled, loss-of-function
genetic screening approach suitable for both positive
and negative selection that uses a genome-scale lenti-
viral single guide RNA (sgRNA) library.

Doench et al. created a pool of sgRNAs, tiling across all
possible target sites of a panel of six endogenous mouse
and three endogenous human genes and quantitatively
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assessed their ability to produce null alleles of their
target gene by antibody staining and flow cytometry.
The authors showed that optimization of the PAM
improved activity and also provided an on-line tool for
designing sgRNAs.

Swiech et al. demonstrate that AAV-mediated SpCas9
genome editing can enable reverse genetic studies of
gene function in the brain.

Konermann et al. (2015) discusses the ability to attach
multiple effector domains, e.g., transcriptional activa-
tor, functional and epigenomic regulators at appropriate
positions on the guide such as stem or tetraloop with
and without linkers.

Zetsche et al. demonstrates that the Cas9 enzyme can be
split into two and hence the assembly of Cas9 for
activation can be controlled.

Chen et al. relates to multiplex screening by demonstrat-
ing that a genome-wide in vivo CRISPR-Cas9 screen in
mice reveals genes regulating lung metastasis.

Ran et al. (2015) relates to SaCas9 and its ability to edit
genomes and demonstrates that one cannot extrapolate
from biochemical assays. Shalem et al. (2015)
described ways in which catalytically inactive Cas9
(dCas9) fusions are used to synthetically repress
(CRISPRI) or activate (CRISPRa) expression, show-
ing. advances using Cas9 for genome-scale screens,
including arrayed and pooled screens, knockout
approaches that inactivate genomic loci and strategies
that modulate transcriptional activity.

Shalem et al. (2015) described ways in which catalytically
inactive Cas9 (dCas9) fusions are used to synthetically
repress (CRISPRIi) or activate (CRISPRa) expression,
showing. advances using Cas9 for genome-scale
screens, including arrayed and pooled screens, knock-
out approaches that inactivate genomic loci and strat-
egies that modulate transcriptional activity.

Xu et al. (2015) assessed the DNA sequence features that
contribute to single guide RNA (sgRNA) efficiency in
CRISPR-based screens. The authors explored effi-
ciency of CRISPR/Cas9 knockout and nucleotide pref-
erence at the cleavage site. The authors also found that
the sequence preference for CRISPRi/a is substantially
different from that for CRISPR/Cas9 knockout.

Parnas et al. (2015) introduced genome-wide pooled
CRISPR-Cas9 libraries into dendritic cells (DCs) to
identify genes that control the induction of tumor
necrosis factor (Tnf) by bacterial lipopolysaccharide
(LPS). Known regulators of Tlr4 signaling and previ-
ously unknown candidates were identified and classi-
fied into three functional modules with distinct effects
on the canonical responses to LPS.

Ramanan et al (2015) demonstrated cleavage of viral
episomal DNA (cccDNA) in infected cells. The HBV
genome exists in the nuclei of infected hepatocytes as
a 3.2 kb double-stranded episomal DNA species called
covalently closed circular DNA (cccDNA), which is a
key component in the HBV life cycle whose replication
is not inhibited by current therapies. The authors
showed that sgRNAs specifically targeting highly con-
served regions of HBV robustly suppresses viral rep-
lication and depleted cccDNA.

Nishimasu et al. (2015) reported the crystal structures of
SaCas9 in complex with a single guide RNA (sgRNA)
and its double-stranded DNA targets, containing the
5'-TTGAAT-3' PAM and the 5'-TTGGGT-3' PAM. A
structural comparison of SaCas9 with SpCas9 high-
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lighted both structural conservation and divergence,
explaining their distinct PAM specificities and ortholo-
gous sgRNA recognition.

Zetsche et al. (2015) reported the characterization of
Cpfl, a putative class 2 CRISPR effector. It was dem-
onstrated that Cpfl mediates robust DNA interference
with features distinct from Cas9. Identifying this
mechanism of interference broadens our understanding
of CRISPR-Cas systems and advances their genome
editing applications.

Shmakov et al. (2015) reported the characterization of
three distinct Class 2 CRISPR-Cas systems. The effec-
tors of two of the identified systems, C2c1 and C2c3,
contain RuvC like endonuclease domains distantly
related to Cpfl. The third system, C2c2, contains an
effector with two predicted HEPN RNase domains.

Gao et al. (2016) reported using a structure-guided satu-
ration mutagenesis screen to increase the targeting
range of Cpfl. AsCpfl variants were engineered with
the mutations S542R/K607R and S542R/K548V/
NS552R that can cleave target sites with TYCV/CCCC
and TATV PAMs, respectively, with enhanced activities
in vitro and in human cells.

Also, “Dimeric CRISPR RNA-guided FoklI nucleases for
highly specific genome editing”, Shengdar Q. Tsai, Nicolas
Wyvekens, Cyd Khayter, Jennifer A. Foden, Vishal Thapar,
Deepak Reyon, Mathew J. Goodwin, Martin J. Aryee, J.
Keith Joung Nature Biotechnology 32 (6): 569-77 (2014),
relates to dimeric RNA-guided Fokl Nucleases that recog-
nize extended sequences and can edit endogenous genes
with high efficiencies in human cells.

In addition, mention is made of PCT application PCT/
US14/70057, and BI-2013/107 entitiled “DELIVERY, USE
AND THERAPEUTIC APPLICATIONS OF THE CRISPR-
CAS SYSTEMS AND COMPOSITIONS FOR TARGET-
ING DISORDERS AND DISEASES USING PARTICLE
DELIVERY COMPONENTS (claiming priority from one or
more or all of US provisional patent applications: 62/054,
490, filed Sep. 24, 2014; 62/010,441, filed Jun. 10, 2014; and
61/915,118, 61/915,215 and 61/915,148, each filed on Dec.
12, 2013) (“the Particle Delivery PCT"), incorporated herein
by reference, with respect to a method of preparing an
sgRNA-and-Cas9 protein containing particle comprising
admixing a mixture comprising an sgRNA and Cas9 protein
(and optionally HDR template) with a mixture comprising or
consisting essentially of or consisting of surfactant, phos-
pholipid, biodegradable polymer, lipoprotein and alcohol;
and particles from such a process. For example, wherein
Cas9 protein and sgRNA were mixed together at a suitable,
e.g., 3:1to 1:3 or 2:1 to 1:2 or 1:1 molar ratio, at a suitable
temperature, e.g., 15-30 C, e.g., 20-25 C, e.g., room tem-
perature, for a suitable time, e.g., 15-45, such as 30 minutes,
advantageously in sterile, nuclease free buffer, e.g., 1X PBS.
Separately, particle components such as or comprising: a
surfactant, e.g., cationic lipid, e.g., 1,2-dioleoyl-3-trimeth-
ylammonium-propane  (DOTAP); phospholipid, e.g.,
dimyristoylphosphatidylcholine (DMPC); biodegradable
polymer, such as an ethylene-glycol polymer or PEG, and a
lipoprotein, such as a low-density lipoprotein, e.g., choles-
terol were dissolved in an alcohol, advantageously a C1-6
alkyl alcohol, such as methanol, ethanol, isopropanol, e.g.,
100% ethanol. The two solutions were mixed together to
form particles containing the Cas9-sgRNA complexes.
Accordingly, sgRNA may be pre-complexed with the Cas9
protein, before formulating the entire complex in a particle.
Formulations may be made with a different molar ratio of
different components known to promote delivery of nucleic
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acids into cells (e.g. 1,2-dioleoyl-3-trimethylammonium-
propane (DOTAP), 1,2-ditetradecanoyl-sn-glycero-3-phos-
phocholine (DMPC), polyethylene glycol (PEG), and cho-
lesterol) For example DOTAP:DMPC:PEG:Cholesterol
Molar Ratios may be DOTAP 100, DMPC 0, PEG 0,
Cholesterol 0; or DOTAP 90, DMPC 0, PEG 10, Cholesterol
0; or DOTAP 90, DMPC 0, PEG 5, Cholesterol 5. DOTAP
100, DMPC 0, PEG 0, Cholesterol 0. That application
accordingly comprehends admixing sgRNA, Cas9 protein
and components that form a particle; as well as particles
from such admixing. Aspects of the instant invention can
involve particles; for example, particles using a process
analogous to that of the Particle Delivery PCT, e.g., by
admixing a mixture comprising sgRNA and/or Cas9 as in the
instant invention and components that form a particle, e.g.,
as in the Particle Delivery PCT, to form a particle and
particles from such admixing (or, of course, other particles
involving sgRNA and/or Cas9 as in the instant invention).
Viral Detection, Monitoring, and Diagnosis

Treating and surveilling viral infections remains a scien-
tific challenge. In the past 50 years, the world has produced
90 clinically approved antiviral drugs, but these drugs are
only treat 9 viral diseases, less than 10% of the 130 viruses
known to be human pathogens (2). Vaccines have emerged
as the predominant approach to combating viral diseases,
but only 16 viruses are covered by FDA-approved vaccines.
Viral nucleic acid diagnostics are equally sparse, as only 11
viruses currently have an FDA-approved nucleic acid diag-
nostic. Thus, there remains a pressing need both to detect
viruses and to develop novel antiviral therapies, especially
in light of recent major outbreaks across the globe.

Viral evolution exacerbates the challenges already asso-
ciated with antiviral therapy and viral detection. Antiviral
therapy drives selection leading to resistant viral genomes,
and mutations in the viral genome can decrease the sensi-
tivity of nucleic acid diagnostics. To counteract viral evo-
Iution, we need to better understand the process by which
antiviral therapy resistance evolves. Concomitantly, we need
therapeutic approaches that can be easily adapted if a virus
evolves resistance, paired with diagnostics to detect resis-
tance mutations which could emerge over time.

In certain aspects of the invention, a sequence-specific
nuclease, such as a CRISPR effector protein, has the poten-
tial to solve these therapeutic and diagnostic challenges.
CRISPR-based technologies have revolutionized many
areas of biology, including genome editing, high-throughput
screening, and chromosome imaging.

The sequence-specific nature of CRISPR/Cas system
cleavage naturally lends itself to therapeutic and diagnostic
applications. The present inventors have found that Cas13 is
able to target the RNA of Lymphocytic choriomeningitis
virus (LCMV), a genetic relative of Lassa virus which
infects tens of thousands of West Africans annually, thereby
inhibiting its replication. In addition to therapy, Casl3 is
uniquely poised for viral detection using the recently pub-
lished Specific High sensitivity Enzymatic Reporter unlock-
ing (SHERLOCK) platform (Grootenberg et al. (2017),
“Nucleic acid detection with CRISPR-Cas13/C2¢2”, Sci-
ence, 356 (6336): 438-442). SHERLOCK can detect RNA
with single molecule sensitivity and has the specificity to
identify single nucleotide polymorphisms.

In order to realize the potential of Cas13-based therapeu-
tics and diagnostics, we must uncover mechanisms sur-
rounding Cas13 cleavage and viral evolution. An important
scientific question is how target RNA sequence, secondary
structure, and gene function influence Cas13-mediated inhi-
bition of viral replication. Secondarily, viruses rapidly gen-
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erate mutations, allowing them to escape many antiviral
selective pressures, possibly including Cas13 targeting.

In certain aspects, the present invention relates to a Class
2, type VI CRISPR system-based detection and therapeutic
technologies, such as Cas13-based detection and therapeutic
technologies to understand and counteract the evolution of
viruses that can cause infectious outbreaks, such as in
humans. In certain aspects, the invention relates to methods
for determining how viral genomes evolve in response to
Class 2, type VI CRISPR system, such as Cas13, targeting.
In certain aspects, the invention relates to methods for
preventing guide RNA targeting resistance from evolving,
such as by using multiplexed therapies. In certain aspects,
the invention relates to methods for rapidly identifying viral
pathogens and/or determining if they have acquired any
undesired mutations.

In one aspect, the invention provides a nucleic acid
detection system (suitable for the detection or diagnostic
methods as described herein elsewhere, such as suitable for
a companion or complementary diagnostic method accord-
ing to certain aspects of the invention as described herein)
comprising: a CRISPR system comprising an effector pro-
tein and one or more guide RNAs designed to bind to
corresponding target molecules; a RNA-based masking con-
struct; and optionally, nucleic acid amplification reagents to
amplify target RNA molecules in a sample. In another
aspect, the embodiments provide a polypeptide detection
system comprising: a CRISPR system comprising an effec-
tor protein and one or more guide RNAs designed to bind a
trigger RNA, a RNA-based masking construct; and one or
more detection aptamers comprising a masked RNA poly-
merase promoter binding site or a masked primer binding
site. An exemplary method is for example described in
Grootenberg et al. (2017), “Nucleic acid detection with
CRISPR-Cas13/C2c2”, Science, 356 (6336): 438-442,
incorporated herein by reference in its entirety.

As used herein, a “companion diagnostic” or “companion
diagnostic method” refers to a diagnostic test used as a
companion to a therapeutic drug to determine its applica-
bility to a specific person. Companion diagnostics are typi-
cally co-developed with drugs to aid in selecting or exclud-
ing patient groups for treatment with that particular drug on
the basis of their biological characteristics that determine
responders and non-responders to the therapy. A companion
diagnostic may be a medical device, often an in vitro device,
which provides information that is preferably essential for
the safe and effective use of a corresponding drug or
biological product. The test helps a health care professional
determine whether a particular therapeutic product’s ben-
efits to patients will outweigh any potential serious side
effects or risks. Companion diagnostics can for instance
identify patients who are most likely to benefit from a
particular therapeutic product; identify patients likely to be
at increased risk for serious side effects as a result of
treatment with a particular therapeutic product; or monitor
response to treatment with a particular therapeutic product
for the purpose of adjusting treatment to achieve improved
safety or effectiveness.

In further embodiments, the system may further comprise
nucleic acid amplification reagents. The nucleic acid ampli-
fication reagents may comprise a primer comprising an RNA
polymerase promoter. In certain embodiments, sample
nucleic acids are amplified to obtain a DNA template
comprising an RNA polymerase promoter, whereby a target
RNA molecule may be generated by transcription. The
nucleic acid may be DNA and amplified by any method
described herein. The nucleic acid may be RNA and ampli-
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fied by a reverse transcription method as described herein.
The aptamer sequence may be amplified upon unmasking of
the primer binding site, whereby a trigger RNA is tran-
scribed from the amplified DNA product. The target mol-
ecule may be a target DNA and the system may further
comprises a primer that binds the target DNA and comprises
a RNA polymerase promoter.

In another embodiment, the one or more guide RNAs are
designed to detect a single nucleotide polymorphism, splice
variant of a transcript, or a frameshift mutation in a target
RNA or DNA.

In other embodiments, the one or more guide RNAs are
designed to bind to one or more target molecules that are
diagnostic for a (viral) disease or disease state/grade.

In other embodiments of the invention, the RNA-based
masking construct suppresses generation of a detectable
positive signal or the RNA-based masking construct sup-
presses generation of a detectable positive signal by masking
the detectable positive signal, or generating a detectable
negative signal instead, or the RNA-based masking con-
struct comprises a silencing RNA that suppresses generation
of'a gene product encoded by a reporting construct, wherein
the gene product generates the detectable positive signal
when expressed.

In further embodiments, the RNA-based masking con-
struct is a ribozyme that generates the negative detectable
signal, and wherein the positive detectable signal is gener-
ated when the ribozyme is deactivated, or the ribozyme
converts a substrate to a first color and wherein the substrate
converts to a second color when the ribozyme is deactivated.

In other embodiments, the RNA-based masking agent is
a RNA aptamer, or the aptamer sequesters an enzyme,
wherein the enzyme generates a detectable signal upon
release from the aptamer by acting upon a substrate, or the
aptamer sequesters a pair of agents that when released from
the aptamers combine to generate a detectable signal.

In another embodiment, the RNA-based masking con-
struct comprises a RNA oligonucleotide to which a detect-
able ligand and a masking component are attached. In
another embodiment, the detectable ligand is a fluorophore
and the masking component is a quencher molecule, or the
reagents to amplify target RNA molecules such as, but not
limited to, NASBA or RPA reagents.

In another aspect, the invention provides a diagnostic
device comprising one or more individual discrete volumes,
each individual discrete volumes comprising a CRISPR
effector protein, one or more guide RNAs designed to bind
to corresponding target molecule, a RNA-based masking
construct, and optionally further comprise nucleic acid
amplification reagents.

In another aspect, the invention provides a diagnostic
device comprising one or more individual discrete volumes,
each individual discrete volume comprising a CRISPR
effector protein, one or more guide RNAs designed to bind
to a trigger RNA, one or more detection aptamers compris-
ing a masked RNA polymerase promoter binding site or a
masked primer binding site, and optionally further compris-
ing nucleic acid amplification reagents.

In some embodiments, the individual discrete volumes are
droplets, or the individual discrete volumes are defined on a
solid substrate, or the individual discrete volumes are
microwells, or the individual discrete volumes are spots
defined on a substrate, such as a paper substrate.

In another aspect, the invention provides a method for
detecting target RNAs in samples, comprising: distributing
a sample or set of samples into one or more individual
discrete volumes, the individual discrete volumes compris-
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ing a CRISPR system comprising an effector protein, one or
more guide RNAs, a RNA-based masking construct; incu-
bating the sample or set of samples under conditions suffi-
cient to allow binding of the one or more guide RNAs to one
or more target molecules; activating the CRISPR effector
protein via binding of the one or more guide RNAs to the
one or more target molecules, wherein activating the
CRISPR effector protein results in modification of the
RNA-based masking construct such that a detectable posi-
tive signal is produced; and detecting the detectable positive
signal, wherein detection of the detectable positive signal
indicates a presence of one or more target molecules in the
sample.

In another aspect, the invention provides a method for
detecting peptides in samples, comprising: distributing a
sample or set of samples into a set of individual discrete
volumes, the individual discrete volumes comprising pep-
tide detection aptamers, a CRISPR system comprising an
effector protein, one or more guide RNAs, a RNA-based
masking construct, wherein the peptide detection aptamers
comprising a masked RNA polymerase site and configured
to bind one or more target molecules; incubating the sample
or set of samples under conditions sufficient to allow binding
of the peptide detection aptamers to the one or more target
molecules, wherein binding of the aptamer to a correspond-
ing target molecule exposes the RNA polymerase binding
site resulting in RNA synthesis of a trigger RNA; activating
the CRISPR effector protein via binding of the one or more
guide RNAs to the trigger RNA, wherein activating the
CRISPR effector protein results in modification of the
RNA-based masking construct such that a detectable posi-
tive signal is produced; and detecting the detectable positive
signal, wherein detection of the detectable positive signal
indicates a presence of one or more target molecules in a
sample.

In certain example embodiments, such methods further
comprise amplifying the sample RNA or the trigger RNA. In
other embodiments, amplifying RNA comprises amplifica-
tion by NASBA or RPA.

The low cost and adaptability of the assay platform lends
itself to a number of applications including (i) general
RNA/DNA/protein quantitation, (ii) rapid, multiplexed
RNA/DNA and protein expression detection, and (iii) sen-
sitive detection of target nucleic acids, peptides, and proteins
in both clinical and environmental samples. Additionally, the
systems disclosed herein may be adapted for detection of
transcripts within biological settings, such as cells. Given
the highly specific nature of the CRISPR effectors described
herein, it may possible to track allelic specific expression of
transcripts or disease-associated mutations in live cells.

In certain example embodiments, a single guide RNA
specific to a single target is placed in separate volumes. Each
volume may then receive a different sample or aliquot of the
same sample. In certain example embodiments, multiple
guide RNA each to separate target may be placed in a single
well such that multiple targets may be screened in a different
well. In order to detect multiple guide RNAs in a single
volume, in certain example embodiments, multiple effector
proteins with different specificities may be used. For
example, different orthologs with different sequence speci-
ficities may be used. For example, one orthologue may
preferentially cut A, while others preferentially cut C, U, or
T. Accordingly, guide RNAs that are all, or comprise a
substantial portion, of a single nucleotide may be generated,
each with a different fluorophore. In this way up to four
different targets may be screened in a single individual
discrete volume.
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In certain aspects, the present invention relates to person-
alized medicine. In particular, the provision of a companion
diagnostic tool as described herein allows to tailor therapy,
such as to overcome, circumvent, or prevent viral resistance,
or to specifically target particular viral species, or strains
which are prevalent in certain conditions, such as associated
with particular geographic regions or particular viral out-
breaks (or stages of the outbreak).

It will be understood that the CRISPR/Cas system based
detection methods described herein are non-limiting
examples of suitable detection/diagnostic systems.

In certain example embodiments, the systems, devices,
and methods, disclosed herein are directed to detecting the
presence of one or more viral agents in a sample, such as a
biological sample obtained from a subject. Accordingly, the
methods disclosed herein can be adapted for use in other
methods (or in combination) with other methods that require
quick identification of microbe species, monitoring the
presence of microbial proteins (antigens), antibodies, anti-
body genes, detection of certain phenotypes (e.g. bacterial
resistance), monitoring of disease progression and/or out-
break, and antibiotic screening. Because of the rapid and
sensitive diagnostic capabilities of the embodiments dis-
closed here, detection of microbe species type, down to a
single nucleotide difference, and the ability to be deployed
as a POC device, the embodiments disclosed herein may be
used guide therapeutic regimens, such as selection of the
appropriate antibiotic or antiviral. The embodiments dis-
closed herein may also be used to screen environmental
samples (air, water, surfaces, food etc.) for the presence of
microbial contamination.

Particular embodiments disclosed herein describe meth-
ods and systems that will identify and distinguish viral
species within a single sample, or across multiple samples,
allowing for recognition of many different viruses. The
present methods allow the detection of pathogens and dis-
tinguishing between two or more species of one or more
virus or a combination thereof, in a biological or environ-
mental sample, by detecting the presence of a target nucleic
acid sequence in the sample. A positive signal obtained from
the sample indicates the presence of the virus. Multiple
viruses can be identified simultaneously using the methods
and systems of the invention, by employing the use of more
than one effector protein, wherein each effector protein
targets a specific microbial target sequence. In this way, a
multi-level analysis can be performed for a particular subject
in which any number of microbes can be detected at once.
In some embodiments, simultaneous detection of multiple
viruses may be performed using a set of probes that can
identify one or more viral species.

Multiplex analysis of samples enables large-scale detec-
tion of samples, reducing the time and cost of analyses.
However, multiplex analyses are often limited by the avail-
ability of a biological sample. In accordance with the
invention, however, alternatives to multiplex analysis may
be performed such that multiple effector proteins can be
added to a single sample and each masking construct may be
combined with a separate quencher dye. In this case, posi-
tive signals may be obtained from each quencher dye
separately for multiple detection in a single sample.

Disclosed herein are methods for distinguishing between
two or more species of one or more virus in a sample. The
methods are also amenable to detecting one or more species
of one or more virus in a sample.

Viral Detection

In some embodiments, a method for detecting viruses in

samples is provided comprising distributing a sample or set
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of samples into one or more individual discrete volumes, the
individual discrete volumes comprising a CRISPR system as
described herein; incubating the sample or set of samples
under conditions sufficient to allow binding of the one or
more guide RNAs to one or more microbe-specific targets;
activating the CRISPR effector protein via binding of the
one or more guide RNAs to the one or more target mol-
ecules, wherein activating the CRISPR effector protein
results in modification of the RNA-based masking construct
such that a detectable positive signal is generated; and
detecting the detectable positive signal, wherein detection of
the detectable positive signal indicates a presence of one or
more target molecules in the sample. The one or more target
molecules may be mRNA, gDNA (coding or non-coding),
trRNA, or RN A comprising a target nucleotide tide sequence
that may be used to distinguish two or more microbial
species/strains from one another. The guide RNAs may be
designed to detect target sequences. The embodiments dis-
closed herein may also utilize certain steps to improve
hybridization between guide RNA and target RNA
sequences. Methods for enhancing ribonucleic acid hybrid-
ization are disclosed in WO 2015/085194, entitled
“Enhanced Methods of Ribonucleic Acid Hybridization”
which is incorporated herein by reference. The microbe-
specific target may be RNA or DNA or a protein. If DNA
method may further comprise the use of DNA primers that
introduce a RNA polymerase promoter as described herein.
If the target is a protein than the method will utilized
aptamers and steps specific to protein detection described
herein.

Detection of Single Nucleotide Variants

In some embodiments, one or more identified target
sequences may be detected using as a non-limiting example
guide RNAs that are specific for and bind to the target
sequence as described herein. The systems and methods of
the present invention can distinguish even between single
nucleotide polymorphisms present among different viral
species and therefore, use of multiple guide RNAs in accor-
dance with the invention may further expand on or improve
the number of target sequences that may be used to distin-
guish between species. For example, in some embodiments,
the one or more guide RNAs may distinguish between
viruses at the species, genus, family, order, class, phylum,
kingdom, or phenotype, or a combination thereof.
Screening for Drug Resistance

In certain example embodiments, the devices, systems
and methods disclosed herein may be used to screen for viral
genes of interest, for example antibiotic and/or antiviral
resistance genes. As a non-limiting example, guide RNAs
may be designed to distinguish between known genes of
interest. Samples, including clinical samples, may then be
screened using the embodiments disclosed herein for detec-
tion of such genes. The ability to screen for drug resistance
at POC would have tremendous benefit in selecting an
appropriate treatment regime.

Ribavirin is an effective antiviral that hits a number of
RNA viruses. Several clinically important virues have
evolved ribavirin resitance including Foot and Mouth Dis-
ease Virus doi:10.1128/JVI1.03594-13; polio virus (Pfeifer
and Kirkegaard. PNAS, 100 (12): 7289-7294, 2003); and
hepatitis C virus (Pfeiffer and Kirkegaard, J. Virol. 79 (4):
2346-2355, 2005). A number of other persistant RNA
viruses, such as hepatitis and HIV, have evolved resitance to
existing antiviral drugs: hepatitis B virus (lamivudine, teno-
fovir, entecavir) doi:10/1002/hep22900; hepatits C virus
(telaprevir, BILN2061, ITMN-191, SCh6, boceprevir,
AG-021541, ACH-806) doi:10.1002/hep.22549; and HIV
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(many drug resistance mutations) hivb.standford.edu. The
embodiments disclosed herein may be used to detect such
variants among others.

Aside from drug resistance, there are a number of clini-
cally relevant mutations that could be detected with the
embodiments disclosed herein, such as persistent versus
acute infection in LCMV (doi:10.1073/pnas.1019304108),
and increased infectivity of Ebola (Diehl et al. Cell. 2016,
167 (4): 1088-1098.

As described herein elsewhere, closely related viral spe-
cies (e.g. having only a single nucleotide difference in a
given target sequence) may be distinguished by introduction
of a synthetic mismatch in the gRNA, as described herein
elsewhere.

Set Cover Approaches

In particular embodiments, all viral species within a
defined set of viruses can be identified.

The ability to detect multiple transcript abundances may
allow for the generation of unique viral signatures indicative
of a particular phenotype. Various machine learning tech-
niques may be used to derive the gene signatures. Accord-
ingly, for instance the guide RNAs of the CRISPR systems
may be used to identify and/or quantitate relative levels of
biomarkers defined by the gene signature in order to detect
certain phenotypes. In certain example embodiments, the
gene signature indicates susceptibility to an antibiotic, resis-
tance to an antibiotic, or a combination thereof.

In one aspect of the invention, a method comprises
detecting one or more virus. In this manner, differentiation
between infection of a subject by individual viruses may be
obtained. In some embodiments, such differentiation may
enable detection or diagnosis by a clinician of specific
diseases, for example, different variants of a disease. Pref-
erably the viral sequence is a genome of the pathogen or a
fragment thereof. The method further may comprise deter-
mining the evolution of the virus. Determining the evolution
of the virus may comprise identification of viral mutations,
e.g. nucleotide deletion, nucleotide insertion, nucleotide
substitution. Amongst the latter, there are non-synonymous,
synonymous, and noncoding substitutions. Mutations are
more frequently non-synonymous during an outbreak. The
method may further comprise determining the substitution
rate between two viral sequences analyzed as described
above. Whether the mutations are deleterious or even adap-
tive would require functional analysis, however, the rate of
non-synonymous mutations suggests that continued progres-
sion of this epidemic could afford an opportunity for patho-
gen adaptation, underscoring the need for rapid containment.
Thus, the method may further comprise assessing the risk of
viral adaptation, wherein the number non-synonymous
mutations is determined. (Gire, et al., Science 345, 1369,
2014).

Monitoring Viral Outbreaks

In some embodiments, the methods as described herein
may be used to determine the evolution of a pathogen
outbreak. The method may comprise detecting one or more
target sequences from a plurality of samples from one or
more subjects, wherein the target sequence is a sequence
from a microbe causing the outbreaks. Such a method may
further comprise determining a pattern of pathogen trans-
mission, or a mechanism involved in a disease outbreak
caused by a pathogen.

The pattern of pathogen transmission may comprise con-
tinued new transmissions from the natural reservoir of the
pathogen or subject-to-subject transmissions (e.g. human-
to-human transmission) following a single transmission
from the natural reservoir or a mixture of both. In one
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embodiment, the pathogen transmission may be bacterial or
viral transmission, in such case, the target sequence is
preferably a microbial genome or fragments thereof. In one
embodiment, the pattern of the pathogen transmission is the
early pattern of the pathogen transmission, i.e. at the begin-
ning of the pathogen outbreak. Determining the pattern of
the pathogen transmission at the beginning of the outbreak
increases likelihood of stopping the outbreak at the earliest
possible time thereby reducing the possibility of local and
international dissemination.

Determining the pattern of the pathogen transmission may
comprise detecting a pathogen sequence according to the
methods described herein. Determining the pattern of the
pathogen transmission may further comprise detecting
shared intra-host variations of the pathogen sequence
between the subjects and determining whether the shared
intra-host variations show temporal patterns. Patterns in
observed intrahost and interhost variation provide important
insight about transmission and epidemiology (Gire, et al.,
2014).

Detection of shared intra-host variations between the
subjects that show temporal patterns is an indication of
transmission links between subject (in particular between
humans) because it can be explained by subject infection
from multiple sources (superinfection), sample contamina-
tion recurring mutations (with or without balancing selection
to reinforce mutations), or co-transmission of slightly diver-
gent viruses that arose by mutation earlier in the transmis-
sion chain (Park, et al.,, Cell 161 (7): 1516-1526, 2015).
Detection of shared intra-host variations between subjects
may comprise detection of intra-host variants located at
common single nucleotide polymorphism (SNP) positions.
Positive detection of intra-host variants located at common
(SNP) positions is indicative of superinfection and contami-
nation as primary explanations for the intra-host variants.
Superinfection and contamination can be parted on the basis
of SNP frequency appearing as inter-host variants (Park, et
al., 2015). Otherwise superinfection and contamination can
be ruled out. In this latter case, detection of shared intra-host
variations between subjects may further comprise assessing
the frequencies of synonymous and nonsynonymous vari-
ants and comparing the frequency of synonymous and
nonsynonymous variants to one another. A nonsynonymous
mutation is a mutation that alters the amino acid of the
protein, likely resulting in a biological change in the microbe
that is subject to natural selection. Synonymous substitution
does not alter an amino acid sequence. Equal frequency of
synonymous and nonsynonymous variants is indicative of
the intra-host variants evolving neutrally. If frequencies of
synonymous and nonsynonymous variants are divergent, the
intra-host variants are likely to be maintained by balancing
selection. If frequencies of synonymous and nonsynony-
mous variants are low, this is indicative of recurrent muta-
tion. If frequencies of synonymous and nonsynonymous
variants are high, this is indicative of co-transmission (Park,
et al., 2015).

Like Ebola virus, Lassa virus (LASV) can cause hemor-
rhagic fever with high case fatality rates. Andersen et al.
generated a genomic catalog of almost 200 LASV sequences
from clinical and rodent reservoir samples (Andersen, et al.,
Cell Volume 162, Issue 4, p 738-750, 13 Aug. 2015).
Andersen et al. show that whereas the 2013-2015 EVD
epidemic is fueled by human-to-human transmissions,
LASV infections mainly result from reservoir-to-human
infections. Andersen et al. elucidated the spread of LASV
across West Africa and show that this migration was accom-
panied by changes in LASV genome abundance, fatality
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rates, codon adaptation, and translational efficiency. The
method may further comprise phylogenetically comparing a
first pathogen sequence to a second pathogen sequence, and
determining whether there is a phylogenetic link between
the first and second pathogen sequences. The second patho-
gen sequence may be an earlier reference sequence. If there
is a phylogenetic link, the method may further comprise
rooting the phylogeny of the first pathogen sequence to the
second pathogen sequence. Thus, it is possible to construct
the lineage of the first pathogen sequence. (Park, et al.,
2015).

The method may further comprise determining whether
the mutations are deleterious or adaptive. Deleterious muta-
tions are indicative of transmission-impaired viruses and
dead-end infections, thus normally only present in an indi-
vidual subject. Mutations unique to one individual subject
are those that occur on the external branches of the phylo-
genetic tree, whereas internal branch mutations are those
present in multiple samples (i.e. in multiple subjects).
Higher rate of nonsynonymous substitution is a character-
istic of external branches of the phylogenetic tree (Park, et
al., 2015).

In internal branches of the phylogenetic tree, selection has
had more opportunity to filter out deleterious mutants.
Internal branches, by definition, have produced multiple
descendent lineages and are thus less likely to include
mutations with fitness costs. Thus, lower rate of nonsyn-
onymous substitution is indicative of internal branches
(Park, et al., 2015).

Synonymous mutations, which likely have less impact on
fitness, occurred at more comparable frequencies on internal
and external branches (Park, et al., 2015).

By analyzing the sequenced target sequence, such as viral
genomes, it is possible to discover the mechanisms respon-
sible for the severity of the epidemic episode such as during
the 2014 Ebola outbreak. For example, Gire et al. made a
phylogenetic comparison of the genomes of the 2014 out-
break to all 20 genomes from earlier outbreaks suggests that
the 2014 West African virus likely spread from central
Africa within the past decade. Rooting the phylogeny using
divergence from other ebolavirus genomes was problematic
(6, 13). However, rooting the tree on the oldest outbreak
revealed a strong correlation between sample date and
root-to-tip distance, with a substitution rate of 8x10-4 per
site per year (13). This suggests that the lineages of the three
most recent outbreaks all diverged from a common ancestor
at roughly the same time, around 2004, which supports the
hypothesis that each outbreak represents an independent
zoonotic event from the same genetically diverse viral
population in its natural reservoir. They also found out that
the 2014 EBOV outbreak might be caused by a single
transmission from the natural reservoir, followed by human-
to-human transmission during the outbreak. Their results
also suggested that the epidemic episode in Sierra Leon
might stem from the introduction of two genetically distinct
viruses from Guinea around the same time (Gire, et al.,
2014).

It has been also possible to determine how the Lassa virus
spread out from its origin point, in particular thanks to
human-to-human transmission and even retrace the history
of'this spread 400 years back (Andersen, et al., Cell 162 (4):
738-50, 2015).

In relation to the work needed during the 2013-2015
EBOV outbreak and the difficulties encountered by the
medical staff at the site of the outbreak, and more generally,
the method of the invention makes it possible to carry out
sequencing using fewer selected probes such that sequenc-
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ing can be accelerated, thus shortening the time needed from
sample taking to results procurement. Further, kits and
systems can be designed to be usable on the field so that
diagnostics of a patient can be readily performed without
need to send or ship samples to another part of the country
or the world.

In any method described above, sequencing the target
sequence or fragment thereof may used any of the sequenc-
ing processes described above. Further, sequencing the
target sequence or fragment thereof may be a near-real-time
sequencing. Sequencing the target sequence or fragment
thereof may be carried out according to previously described
methods (Experimental Procedures: Matranga et al., 2014;
and Gire, et al., 2014). Sequencing the target sequence or
fragment thereof may comprise parallel sequencing of a
plurality of target sequences. Sequencing the target sequence
or fragment thereof may comprise Illumina sequencing.

Analyzing the target sequence or fragment thereof that
hybridizes to one or more of the selected probes may be an
identifying analysis, wherein hybridization of a selected
probe to the target sequence or a fragment thereof indicates
the presence of the target sequence within the sample.

Currently, primary diagnostics are based on the symptoms
a patient has. However, various diseases may share identical
symptoms so that diagnostics rely much on statistics. For
example, malaria triggers flu-like symptoms: headache,
fever, shivering, joint pain, vomiting, hemolytic anemia,
jaundice, hemoglobin in the urine, retinal damage, and
convulsions. These symptoms are also common for septice-
mia, gastroenteritis, and viral diseases. Amongst the latter,
Ebola hemorrhagic fever has the following symptoms fever,
sore throat, muscular pain, headaches, vomiting, diarrhea,
rash, decreased function of the liver and kidneys, internal
and external hemorrhage.

When a patient is presented to a medical unit, for example
in tropical Africa, basic diagnostics will conclude to malaria
because statistically, malaria is the most probable discase
within that region of Africa. The patient is consequently
treated for malaria although the patient might not actually
have contracted the disease and the patient ends up not being
correctly treated. This lack of correct treatment can be
life-threatening especially when the disease the patient con-
tracted presents a rapid evolution. It might be too late before
the medical staff realizes that the treatment given to the
patient is ineffective and comes to the correct diagnostics
and administers the adequate treatment to the patient.

The method of the invention provides a solution to this
situation. Indeed, because the number of guide RN As can be
dramatically reduced, this makes it possible to provide on a
single chip selected probes divided into groups, each group
being specific to one disease, such that a plurality of
diseases, e.g. viral infection, can be diagnosed at the same
time. Thanks to the invention, more than 3 diseases can be
diagnosed on a single chip, preferably more than 4, 5, 6, 7,
8,9,10,11,12, 13, 14, 15, 16, 17, 18, 19, 20 diseases at the
same time, preferably the diseases that most commonly
occur within the population of a given geographical area.
Since each group of selected probes is specific to one of the
diagnosed diseases, a more accurate diagnostics can be
performed, thus diminishing the risk of administering the
wrong treatment to the patient.

In other cases, a disease such as a viral infection may
occur without any symptoms, or had caused symptoms but
they faded out before the patient is presented to the medical
staff. In such cases, either the patient does not seek any
medical assistance or the diagnostics is complicated due to
the absence of symptoms on the day of the presentation.
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The present invention may also be used in concert with
other methods of diagnosing disease, identifying pathogens
and optimizing treatment based upon detection of nucleic
acids, such as mRNA in crude, non-purified samples (see,
e.g., US patent publication No.).

The method of the invention also provides a powerful tool
to address this situation. Indeed, since a plurality of groups
of selected guide RNAs, each group being specific to one of
the most common diseases that occur within the population
of the given area, are comprised within a single diagnostic,
the medical staff only need to contact a biological sample
taken from the patient with the chip. Reading the chip
reveals the diseases the patient has contracted.

In some cases, the patient is presented to the medical staff
for diagnostics of particular symptoms. The method of the
invention makes it possible not only to identify which
disease causes these symptoms but at the same time deter-
mine whether the patient suffers from another disease he was
not aware of.

This information might be of utmost importance when
searching for the mechanisms of an outbreak. Indeed, groups
of patients with identical viruses also show temporal pat-
terns suggesting a subject-to-subject transmission links.
Sample Types

Appropriate samples for use in the methods disclosed
herein include any conventional biological sample obtained
from an organism or a part thereof, such as a plant, animal,
bacteria, and the like. In particular embodiments, the bio-
logical sample is obtained from an animal subject, such as
a human subject. A biological sample is any solid or fluid
sample obtained from, excreted by or secreted by any living
organism, including, without limitation, single celled organ-
isms, such as bacteria, yeast, protozoans, and amoebas
among others, multicellular organisms (such as plants or
animals, including samples from a healthy or apparently
healthy human subject or a human patient affected by a
condition or disease to be diagnosed or investigated, such as
an infection with a pathogenic microorganism, such as a
pathogenic bacteria or virus). For example, a biological
sample can be a biological fluid obtained from, for example,
blood, plasma, serum, urine, stool, sputum, mucous, lymph
fluid, synovial fluid, bile, ascites, pleural effusion, seroma,
saliva, cerebrospinal fluid, aqueous or vitreous humor, or
any bodily secretion, a transudate, an exudate (for example,
fluid obtained from an abscess or any other site of infection
or inflammation), or fluid obtained from a joint (for
example, a normal joint or a joint affected by disease, such
as rheumatoid arthritis, osteoarthritis, gout or septic arthri-
tis), or a swab of skin or mucosal membrane surface.

A sample can also be a sample obtained from any organ
or tissue (including a biopsy or autopsy specimen, such as a
tumor biopsy) or can include a cell (whether a primary cell
or cultured cell) or medium conditioned by any cell, tissue
or organ. Exemplary samples include, without limitation,
cells, cell lysates, blood smears, cytocentrifuge preparations,
cytology smears, bodily fluids (e.g., blood, plasma, serum,
saliva, sputum, urine, bronchoalveolar lavage, semen, etc.),
tissue biopsies (e.g., tumor biopsies), fine-needle aspirates,
and/or tissue sections (e.g., cryostat tissue sections and/or
paraffin-embedded tissue sections). In other examples, the
sample includes circulating tumor cells (which can be iden-
tified by cell surface markers). In particular examples,
samples are used directly (e.g., fresh or frozen), or can be
manipulated prior to use, for example, by fixation (e.g.,
using formalin) and/or embedding in wax (such as formalin-
fixed paraffin-embedded (FFPE) tissue samples). It will
appreciated that any method of obtaining tissue from a
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subject can be utilized, and that the selection of the method
used will depend upon various factors such as the type of
tissue, age of the subject, or procedures available to the
practitioner. Standard techniques for acquisition of such
samples are available in the art. See, for example Schluger
et al., J. Exp. Med. 176:1327-33 (1992); Bigby et al., Am.
Rev. Respir. Dis. 133:515-18 (1986); Kovacs et al., NEJM
318:589-93 (1988); and Ognibene et al., Am. Rev. Respir.
Dis. 129:929-32 (1984).

In other embodiments, a sample may be an environmental
sample, such as water, soil, or a surface such as industrial or
medical surface. In some embodiments, methods such as
disclosed in US patent publication No. 2013/0190196 may
be applied for detection of nucleic acid signatures, specifi-
cally RNA levels, directly from crude cellular samples with
a high degree of sensitivity and specificity. Sequences spe-
cific to each pathogen of interest may be identified or
selected by comparing the coding sequences from the patho-
gen of interest to all coding sequences in other organisms by
BLAST software.

Several embodiments of the present disclosure involve the
use of procedures and approaches known in the art to
successfully fractionate clinical blood samples. See, e.g. the
procedure described in Han Wei Hou et al., Microfluidic
Devices for Blood Fractionation, Micromachines 2011, 2,
319-343; Ali Asgar S. Bhagat et al., Dear Flow Fraction-
ation (DEF) Isolation of Circulating Tumor Cells (CTCs)
from Blood, 15™ International Conference on Miniaturized
Systems for Chemistry and Life Sciences, Oct. 2-6, 2011,
Seattle, WA; and International Patent Publication No.
W02011109762, the disclosures of which are herein incor-
porated by reference in their entirety. Blood samples are
commonly expanded in culture to increase sample size for
testing purposes. In some embodiments of the present inven-
tion, blood or other biological samples may be used in
methods as described herein without the need for expansion
in culture.

Further, several embodiments of the present disclosure
involve the use of procedures and approaches known in the
art to successfully isolate pathogens from whole blood using
spiral microchannel, as described in Han Wei Hou et al.,
Pathogen Isolation from Whole Blood Using Spiral Micro-
channel, Case No. 15995JR, Massachusetts Institute of
Technology, manuscript in preparation, the disclosure of
which is herein incorporated by reference in its entirety.

Owing to the increased sensitivity of the embodiments
disclosed herein, in certain example embodiments, the
assays and methods may be run on crude samples or samples
where the target molecules to be detected are not further
fractionated or purified from the sample.

The invention is further described in the following
examples, which do not limit the scope of the invention
described in the claims.

EXAMPLES

Example 1. C2c2 Prevents Infection and Reduces
Replication of Lymphocytic Choriomeningitis Virus
(LCMV)

Guide RNAs were designed to bind to various areas of the
LCMYV genome, as indicated in FIGS. 1A and 1B, and are
listed in Table 12 below.
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TABLE 12
gRNA SEQ ID
annotation gRNA sequence NO
L1l ctcacgaagaaagttgtgcaaccaaaca 173
L2 tcttcaatctggttggtaatggatattt 174
L3 gccaatttgttagtgtectctataaatt 175
L4 tatctcacagaccctatttgattttgece 176
L5 aaattettcattaaattcaccatttttg 177
L6 tatagtttaaacataactctctcaatte 178
sS1 atccaaaaagcctaggatccceggtgeg 179
S2 agaatgtcaagttgtattggatggttat 180
S3 aaagcagccttgttgtagtcaattagte 181
S4 tgatctctttettetttttgteccttac 182
S5 tctetttettetttttgteccttactat 183
S6 caatcaaatgcctaggatccactgtgceg 184

A plasmid expressing Leptotrichia wadei (Lw) C2c2/
Casl3a fused to msfGFP with a nuclear export signal, and a
plasmid expressing guide RNA were transfected into 293 FT
cells using Lipofectamine 2000. 293 FT cells were plated
simultaneously to lipofectamine-plasmid mixture addition.
After 24 h, the transfected 293 FT cells were infected with
LCMYV armstrong (MOI 5, 1h) (viral titer was determined by
focus forming unit assay with Vero cells). After 1 hour of
infection, cells were washed with citrate buffer to destroy
virus remaining in the infection media that did not infect the
cells. 48 hours post infection, virus-containing supernatant
was removed and diluted 1:10 in Nuclease-free water and
then used as input for RT-qPCR with primers against LCMV
GP. The results are shown in FIG. 2B.

293 FT cells were plated 1 day prior to LCMV infection,
so that infection was performed at approximately 80-85%
confluency. 24h post plating, 293 FT cells were infected with
LCMYV Armstrong (MOI 5, 1h) (viral titer was determined
by focus forming unit assay with Vero cells). After 1 hour of
infection, cells were washed with citrate buffer to destroy
virus remaining in the infection media that did not infect the
cells. After 24h, a plasmid expressing Lw C2c2/Casl3a
fused to msfGFP with a nuclear export signal, and a plasmid
expressing guide RNA was transfected into 293 FT cells
using Lipofectamine 2000. 48h after infection, virus-con-
taining supernatant was removed and diluted 1:10 in Nucle-
ase-free water and then used as input for RT-qPCR with
primers against LCMV GP. The results are shown in FIG. 3.

A plasmid expressing Lw C2c¢2/Cas13a fused to msfGFP
with a nuclear export signal, and either a single plasmid or
multiple plasmids expressing guide RNA(s) were trans-
fected into 293 FT cells using Lipofectamine 2000. 293 FT
cells were plated simultaneously to lipofectamine-plasmid
mixture addition. Cells were transfected with 1 to 4 different
guide RNAs. After 24 h, the cells were infected with LCMV
Armstrong (MOI 5, 1h) (viral titer was determined by focus
forming unit assay with Vero cells). After 1 hour of infec-
tion, cells were washed with citrate buffer to destroy virus
remaining in the infection media that did not infect the cells.
48 hours post infection, virus-containing supernatant was
removed and diluted 1:10 in Nuclease-free water and then
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used as input for RT-qPCR with primers against LCMV GP.
The results are shown in FIG. 4.

From FIGS. 2B-4, it is clear that the CRISPR system
designed to target viral RNA can reduce viral replication and
thus viral load, which is even more pronounced when using
multiple guide RNAs.

Example 2. Whole Genome Screen of LCMV for
Casl3 Targeting Guides

A genome-wide screen was performed to identify the
most efficient guide RNAs. 283 guide RNAs are tiled across
the LCMV genome: every 50 nt on the coding strand (207
guides) and every 150 nt on the non-coding strand (76
guides).

LCMYV Screen design and approach: To conduct a full-
genome screen for guides that reduce LCMV replication

10

15
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guides were tiled across both the S and L. segment of the
LCMV genome. For coding regions, a 28 nt guide was
designed every 50 nt along the coding region. For non-
coding regions, guides were designed every 150 nt. There
are 4 coding regions for LCMYV for the four proteins (GPC,
NP (or dN), Z and L) and each of these 4 proteins has their
own non-coding region. With this strategy, 283 guides were
tested total: GPC: 11 guides in the non-coding region and 32
guides in the coding region; NP: 12 guides in the non-coding
region and 35 guides in the coding region; Z: 4 guides in the
non-coding region and 7 guides in the coding region; L.: 49
guides in the non-coding region and 133 guides in the coding
region. The spacer sequences of the respective gRNAs, as
well as their relative positions within the LCMV genome
and LMCYV genes are provided in Table 13 below.

1D
1 L_targ Z Lsh/Lw2/Ca/LbFSL_1
2 L_targ Z Lsh/Lw2/Ca/LbFSL_2
3 L_targ Z Lsh/Lw2/Ca/LbFSL_3
4 L_targ Z Lsh/Lw2/Ca/LbFSL_4
5 L_targ Z Lsh/Lw2/Ca/LbFSL_5
6 L_targ Z Lsh/Lw2/Ca/LbFSL_6
7 L_targ Z Lsh/Lw2/Ca/LbFSL_7
1 L_targ L Lsh/Lw2/Ca/LbFSL_1
2 L_targ L Lsh/Lw2/Ca/LbFSL_2
3 L_targ L Lsh/Lw2/Ca/LbFSL_3
4 L_targ L Lsh/Lw2/Ca/LbFSL_4
5 L_targ L Lsh/Lw2/Ca/LbFSL_5
6 L_targ L Lsh/Lw2/Ca/LbFSL_6
7 L_targ L Lsh/Lw2/Ca/LbFSL_7
8 L_targ L Lsh/Lw2/Ca/LbFSL_8
9 L_targ L Lsh/Lw2/Ca/LbFSL_9
10 L_targ_ L Lsh/Lw2/Ca/LbFSL_10
11 L_targ L Lsh/Lw2/Ca/LbFSL_11
12 L_targ_ L Lsh/Lw2/Ca/LbFSL_12
13 L_targ L Lsh/Lw2/Ca/LbFSL_13
14 L_targ L Lsh/Lw2/Ca/LbFSL_14
15 L_targ L Lsh/Lw2/Ca/LbFSL_15
16 L_targ_ L Lsh/Lw2/Ca/LbFSL_16
17 L_targ L Lsh/Lw2/Ca/LbFSL_17
18 L_targ L Lsh/Lw2/Ca/LbFSL_18
19 L_targ_ L Lsh/Lw2/Ca/LbFSL_19
20 L_targ_ L Lsh/Lw2/Ca/LbFSL_20
21 L_targ L Lsh/Lw2/Ca/LbFSL_21

TABLE 13
Spacer sequence SEQ ID No.
gttactcttcgtagggaggtggagagcet 1 185
ctggttggtaatggatatttacaaagag 2 186
cagaaggtttaaacagtgcctgcaaagg 3 187
agctgtcaaatttctgccagcaagattt 4 188
gtggtatctggtaggatttecggeccectgt 5 189
ctctetggacttgecttgaccecateget 6 190
agcctcacgaagaaagttgtgcaaccaa 7 191
(START OF L)
tcagtcgatgteccteggecaccgacceyg 8 192
tcccottgagtctaaacctgcecceccccecac 9 193
ctagatttgctaaaacaaagtctgcaat 10 194
caaaagcgacagtggaatcagcagaata 11 195
ggaggattacacttatctctgaacccaa 12 196
cgatgcaggaagaggttcccaaggacat 13 197
aagtcctgctagaaagactttcatgtece 14 198
tattttggacaaggtttctteccttcaaa 15 199
agtggcacaggctcccactcaggtceccaa 16 200
aatcccatccagtattcttttggagecce 17 201
caccaagtatcaagggatcttccatgta 18 202
atatcaaagacaccatcgttcaccttga 19 203
gtggaggcattcatccaacattcttcta 20 204
gagagcatgataaaagttcagccacacc 21 205
accaagaatatcaatgaaaatttcctta 22 206
gtgcgtaaagtccactgaaattgaaaac 23 207
tgagcatgtagtcccacagatcctttaa 24 208
gtcaggccecctgcectaatcaacatggcag 25 209
tcggtaagagaaccacccaaaaccaaac 26 210
gcctetecacatttttgttecaccacctt 27 211
cccagtgectcagcaccatcecttcagatg 28 212
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iD Spacer sequence SEQ ID No.
22 L_targ_ L Lsh/Lw2/Ca/LbFSL_22 ccatgaaaaattgectaatgtectggtt 29 213
23 L_targ_ L Lsh/Lw2/Ca/LbFSL_23 atgattcaaaatacacctgttttaagaa 30 214
24 L_targ L Lsh/Lw2/Ca/LbFSL_24 ctaacaacaaattcatcaaccagactgg 31 215
25 L_targ L Lsh/Lw2/Ca/LbFSL_25 ggcaaggtcagaaaacagaacagtgtaa 32 216
26 L_targ_ L Lsh/Lw2/Ca/LbFSL_26 caacatgagaaatgagtgacaaggattce 33 217
27 L_targ_ L Lsh/Lw2/Ca/LbFSL_27 cagaggtcaaggaatttaattetgggac 34 218
28 L_targ L Lsh/Lw2/Ca/LbFSL_28 catgtcagacataaatggaagaagctga 35 219
29 L_targ_ L Lsh/Lw2/Ca/LbFSL_29 accgectcacagattgaatcacttggtt 36 220
30 L_targ_ L Lsh/Lw2/Ca/LbFSL_30 agccttgagetcetecaggetttettgeta 37 221
31 L_targ L Lsh/Lw2/Ca/LbFSL_31 cttaagagttaggttctcactgttatte 38 222
32 L_targ_ L Lsh/Lw2/Ca/LbFSL_32 ggacccaaacacccaactcaaaagagtt 39 223
33 L_targ_ L Lsh/Lw2/Ca/LbFSL_33 tcccaaagaagaggecttaaaaggcata 40 224
34 L_targ_ L Lsh/Lw2/Ca/LbFSL_34 atgagactgtttgtcacaaatgtacage 41 225
35 L_targ_ L Lsh/Lw2/Ca/LbFSL_35 ctettgtcacatgatcatetgtggttag 42 226
36 L_targ L Lsh/Lw2/Ca/LbFSL_36 tacagattttccctattttigtttetea 43 227
37 L_targ_ L Lsh/Lw2/Ca/LbFSL_37 gcaaaggcctataaagccagatgagata 44 228
38 L_targ L Lsh/Lw2/Ca/LbFSL_38 tgattgcttectgacagecagettetgtge 45 229
39 L_targ_ L Lsh/Lw2/Ca/LbFSL_39 agtttgttectggagtgtettgatcaatg 46 230
40 L_targ_ L Lsh/Lw2/Ca/LbFSL_40 agtcatcactgatggataaaccaccttt 47 231
41 L_targ L Lsh/Lw2/Ca/LbFSL_41 ggaacatttcattcaaattcaaccagtt 48 232
42 L_targ L Lsh/Lw2/Ca/LbFSL_42 tcttettecaagaccgaggaggtetecca 49 233
43 L_targ L Lsh/Lw2/Ca/LbFSL_43 atctctgttaaataggtctaagaaaaat 50 234
44 L_targ_ L Lsh/Lw2/Ca/LbFSL_44 tgagcttatgatgcagtttecttacaag 51 235
45 L_targ L Lsh/Lw2/Ca/LbFSL_45 ttaggacacagttcctcaatgagtettt 52 236
46 L_targ_ L Lsh/Lw2/Ca/LbFSL_46 atccagecaatctttecacatcagtgttg 53 237
47 L_targ_ L Lsh/Lw2/Ca/LbFSL_47 aagggaaattggcatactttaggaggte 54 238
48 L_targ L Lsh/Lw2/Ca/LbFSL_48 ttaactagggagactgggacgccatttg 55 239
49 L_targ_ L Lsh/Lw2/Ca/LbFSL_49 atctattgtttcacaaagttgatgtgge 56 240
50 L_targ_ L Lsh/Lw2/Ca/LbFSL_50 gcgcetgcagatacaaactttgtgagaag 57 241
51 L_targ L Lsh/Lw2/Ca/LbFSL_51 tagaatctagatttaaattectgcagega 58 242
52 L_targ_ L Lsh/Lw2/Ca/LbFSL_52 gctgataaatttgtttaacaagecgete 59 243
53 L_targ_ L Lsh/Lw2/Ca/LbFSL_53 ggacaaggacttcctecggatcacttac 60 244
54 L_targ_ L Lsh/Lw2/Ca/LbFSL_54 tcaaataaagtgatctgatcatcacttg 61 245
55 L_targ_ L Lsh/Lw2/Ca/LbFSL_55 gccaaagataacaccaatgcagtagttyg 62 246
56 L_targ L Lsh/Lw2/Ca/LbFSL_56 catagaagtcagaagcattatgcaagat 63 247
57 L_targ L Lsh/Lw2/Ca/LbFSL_57 ctggatatatgggatggcactatcceca 64 248
58 L_targ L Lsh/Lw2/Ca/LbFSL_58 tctetcagtaacagttgtttetgaacee 65 249
59 L_targ_ L Lsh/Lw2/Ca/LbFSL_59 tgacatatgatttcatcattgcattcac 66 250
60 L_targ_ L Lsh/Lw2/Ca/LbFSL_60 agcttatgecatgtgecaagttaacaaag 67 251
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iD Spacer sequence SEQ ID No.
61 L_targ L Lsh/Lw2/Ca/LbFSL_61 acgcacatactggtcatcacctagtttg 68 252
62 L_targ_ L Lsh/Lw2/Ca/LbFSL_62 acaaaaatgggcacatcattggtceccca 69 253
63 L_targ L Lsh/Lw2/Ca/LbFSL_63 tttaagaaccctteecegeacattgatag 70 254
64 L_targ_ L Lsh/Lw2/Ca/LbFSL_64 aaattccttatcattgtttaaacaggag 71 255
65 L_targ L Lsh/Lw2/Ca/LbFSL_65 actcaaaataatcttctattaaccttgt 72 256
66 L_targ_ L Lsh/Lw2/Ca/LbFSL_66 ccaatatagagttctetattteccecaa 73 257
67 L_targ_ L Lsh/Lw2/Ca/LbFSL_67 aaatttcagccttecagagtcaggacct 74 258
68 L_targ L Lsh/Lw2/Ca/LbFSL_68 attcttectgagtagaagcacagattttt 75 259
69 L_targ_ L Lsh/Lw2/Ca/LbFSL_69 gtcaacgacagagctttactaagggact 76 260
70 L_targ_ L Lsh/Lw2/Ca/LbFSL_70 gattctcacgtcttettecagtttgtee 77 261
71 L_targ L Lsh/Lw2/Ca/LbFSL_71 cttgectttgecatatgectgtatttece 78 262
72 L_targ_ L Lsh/Lw2/Ca/LbFSL_72 tgcaacagaatcatcttecatgcaagaaa 79 263
73 L_targ_ L Lsh/Lw2/Ca/LbFSL_73 ctttctacaaaggttttttgecatctea 80 264
74 L_targ_ L Lsh/Lw2/Ca/LbFSL_74 tgactgaggtgaaatacaaaggtgacag 81 265
75 L_targ_ L Lsh/Lw2/Ca/LbFSL_75 tcacagataaatttcatgtcatcattgg 82 266
76 L_targ_ L Lsh/Lw2/Ca/LbFSL_76 ttctactaaatggaaagatatttetgac 83 267
77 L_targ_ L Lsh/Lw2/Ca/LbFSL_77 ccatctteectgttagaataagetgtaa 84 268
78 L_targ_ L Lsh/Lw2/Ca/LbFSL_78 gtaagtttttctccatctectttgteat 85 269
79 L_targ_ L Lsh/Lw2/Ca/LbFSL_79 cegtgetattgtggtgttgacettttet 86 270
80 L_targ_ L Lsh/Lw2/Ca/LbFSL_80 tctcttecttctccatcaaaacatattte 87 271
81 L_targ L Lsh/Lw2/Ca/LbFSL_81 cectgtetettetececttggaacegatga 88 272
82 L_targ_ L Lsh/Lw2/Ca/LbFSL_82 aactttatattcatagtetgagtggete 89 273
83 L_targ_ L Lsh/Lw2/Ca/LbFSL_83 cgaaactcteegtaatttgactcacage 90 274
84 L_targ L Lsh/Lw2/Ca/LbFSL_84 tcatattccagaagtegttetecattta 91 275
85 L_targ_ L Lsh/Lw2/Ca/LbFSL_85 tttgttactagcaagatctaatgetgte 92 276
86 L_targ_ L Lsh/Lw2/Ca/LbFSL_86 gatctaggctgtttagettettetetee 93 277
87 L_targ L Lsh/Lw2/Ca/LbFSL_87 ttaaatgaagacaccattaggctaaagg 94 278
88 L_targ L Lsh/Lw2/Ca/LbFSL_88 tgtatgctgacagtcaatttetttacta 95 279
89 L_targ_ L Lsh/Lw2/Ca/LbFSL_89 agaacacacattcttectcaggagtgat 96 280
90 L_targ_ L Lsh/Lw2/Ca/LbFSL_90 aaaccaaattgacttttgggctcaaaga 97 281
91 L_targ L Lsh/Lw2/Ca/LbFSL_91 atctgttagectgtcaggggtetecttt 98 282
92 L_targ_ L Lsh/Lw2/Ca/LbFSL_92 acacattcaacataaatttaaattttge 99 283
93 L_targ_ L Lsh/Lw2/Ca/LbFSL_93 gtaccaaaaatagtttttattaggaatc 100 284
94 L_targ_ L Lsh/Lw2/Ca/LbFSL_94 ctcagcaggtgtgatcagatccteccte 101 285
95 L_targ_ L Lsh/Lw2/Ca/LbFSL_95 atgagaaatctgacactattgecatcac 102 286
96 L_targ_ L Lsh/Lw2/Ca/LbFSL_96 tgcttttgatttetetttgttgggttygg 103 287
97 L_targ_ L Lsh/Lw2/Ca/LbFSL_97 cctecagtgecaacctecaatgteggtgaga 104 288
98 L_targ L Lsh/Lw2/Ca/LbFSL_98 atctaatccatgaaatcatgatgtctat 105 289
99 L_targ_ L Lsh/Lw2/Ca/LbFSL_99 gaaaaaattggtaaaaagaaccttttag 106 290
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iD Spacer sequence SEQ ID No.
100 L_targ L Lsh/Lw2/Ca/LbFSL_100 atgaccatccgggecttgtatggagtag 107 291
101 L_targ L Lsh/Lw2/Ca/LbFSL_101 tctggtataataggtggtattettcaga 108 292
102 L_targ L Lsh/Lw2/Ca/LbFSL_102 aacacttctttgecattctaccacttgat 109 293
103 L_targ L Lsh/Lw2/Ca/LbFSL_103 ttgccttagtectagecaactgagetagtt 110 294
104 L_targ L Lsh/Lw2/Ca/LbFSL_104 gacaaacagatgataatcttctcagget 111 295
105 L_targ L Lsh/Lw2/Ca/LbFSL_105 gtgctgggttggaaattgtaatcttcaa 112 296
106 L_targ L Lsh/Lw2/Ca/LbFSL_106 gtgagctccaattttcataaagttctca 113 297
107 L_targ L Lsh/Lw2/Ca/LbFSL_107 attcttgctcaaggtgttecagacagtece 114 298
108 L_targ L Lsh/Lw2/Ca/LbFSL_108 accactaacaggcatttttgaatttttg 115 299
109 L_targ L Lsh/Lw2/Ca/LbFSL_109 cctaaacaattcctcaaaagacaccttt 116 300
110 L_targ L Lsh/Lw2/Ca/LbFSL_110 tattcctcaaaagtctaatgaactecte 117 301
111 L_targ L Lsh/Lw2/Ca/LbFSL_111 agcctatcattcacactactatagcaac 118 302
112 L_targ L Lsh/Lw2/Ca/LbFSL_112 ttttaaccctttgaatttegactgtttt 119 303
113 L_targ L Lsh/Lw2/Ca/LbFSL_113 catccagatttaacaactgtctecttet 120 304
114 L_targ L Lsh/Lw2/Ca/LbFSL_114 ttgactttgtttaacatagagaggagcce 121 305
115 L_targ L Lsh/Lw2/Ca/LbFSL_115 actteccectttegtgeccatgggtetet 122 306
116 L_targ L Lsh/Lw2/Ca/LbFSL_116 gacaggattccactgectecectgettaa 123 307
117 L_targ L Lsh/Lw2/Ca/LbFSL_117 gcaaggttttcatagagctcagagaatt 124 308
118 L_targ L Lsh/Lw2/Ca/LbFSL_118 tactttctgaaagtttetetttaattte 125 309
119 L_targ L Lsh/Lw2/Ca/LbFSL_119 acctgctgaaaagagagtttattecaaa 126 310
120 L_targ L Lsh/Lw2/Ca/LbFSL_120 ttggggttgatgecttegtggeacatee 127 311
121 L_targ L Lsh/Lw2/Ca/LbFSL_121 tgacctegeatctttecagaatttteata 128 312
122 L_targ L Lsh/Lw2/Ca/LbFSL_122 cgatagtagtcttcagggactcacagag 129 313
123 L_targ L Lsh/Lw2/Ca/LbFSL_123 aagactttctcattttggttagaatact 130 314
124 L_targ L Lsh/Lw2/Ca/LbFSL_124 tctaaatttgaagtttgeccactetgge 131 315
125 L_targ L Lsh/Lw2/Ca/LbFSL_125 aacgaccatctactattggaactaatgt 132 316
126 L_targ L Lsh/Lw2/Ca/LbFSL_126 tcectgatgeatgecaatttgttagtgt 133 317
127 L_targ L Lsh/Lw2/Ca/LbFSL_127 actggctggagtgctectaacaaaacac 134 318
128 L_targ L Lsh/Lw2/Ca/LbFSL_128 ctatcagcttgtaaccatcaggaatgat 135 319
129 L_targ L Lsh/Lw2/Ca/LbFSL_129 attccagactccaccaaaattgttteca 136 320
130 L_targ L Lsh/Lw2/Ca/LbFSL_130 tgtgcagccactettgtetgeactgtet 137 321
131 L_targ L Lsh/Lw2/Ca/LbFSL_131 acttgagtccctcaatcagaaccattet 138 322
132 L_targ L Lsh/Lw2/Ca/LbFSL_132 ttgagtttectgecttgacaaccteteat 139 323
START OF

GPC

133 L_targ L Lsh/Lw2/Ca/LbFSL_133 taactctctcaattetgagatgatttea 140 324
1 S_targ_ GPC_Lsh/Lw2/Ca/LbFSL_1 ttcagegtettttecagacggtttttac 141 325

2 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_2 caactacaaattecctttgttggttaate 142 326

3 S_targ_ GPC_Lsh/Lw2/Ca/LbFSL_3 accttttatgtgectgtgtgttggtatt 143 327
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4 S_targ_ GPC_Lsh/Lw2/Ca/LbFSL_4 tgactagatatgcagatgtggaaaacat 144 328
5 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_5 ggggtactcccctgectetttatgtaat 145 329
6 S_targ_ GPC_Lsh/Lw2/Ca/LbFSL_6 catgttatecggcttectgttegatttga 146 330
7 S_targ_ GPC_Lsh/Lw2/Ca/LbFSL_7 agtaagaaccattggtgacaagccagca 147 331
8 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_8 gtctttgcatgttctaggtaccaaaact 148 332
9 S_targ_ GPC_Lsh/Lw2/Ca/LbFSL_9 ccecatcagatctetecaagtggttecte 149 333
10 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_10 aagaattcactgttgttttgaataagtg 150 334
11 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_11 ttgaacttactcaaagcagecttgttgt 151 335
12 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_12 acagaattcttcatcatgatttacattg 152 336
13 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_13 cgaaacacttaagctetgcagcaagaat 153 337
14 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_14 ccacctggattetecaccectgaagagt 154 338
15 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_15 gcccgctagtetectagtgaagaactta 155 339
16 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_16 tcectggacatecccaaaaggacctgeata 156 340
17 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_17 ctatitigtataatcaggtattggtaac 157 341
18 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_18 cttgecatectgagectgtecagecccag 158 342
19 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_19 cgaaggcagttctaaacatatctaggac 159 343
20 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_20 tggctctgageactttgtgeatttgaga 160 344
21 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_21 tatgccattgttgaagtegecaggatact 161 345
22 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_22 tgatactgaggtgtaggctecgaaactat 162 346
23 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_23 gtctttttattgaaggcagaggtcagat 163 347
24 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_24 ggaatcattggtgaaggtcaattctagt 164 348
25 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_25 aatggtgggagttgttggctgaacatge 165 349
26 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_26 tgtgacatatcaaactccactgacttaa 166 350
27 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_27 gtcgggtceccttaagaccgtacatgeca 167 351
28 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_28 ggaaactgatcaatgcgaatatcccaca 168 352
29 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_29 ttgataccecgtgatcacgataagcacaa 169 353
30 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_30 atcgatgatgtgaggcagagcctcaaac 170 354
31 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_31 ttetgtaggatagggectgacacccagt 171 355
START OF NP
32 S_targ_GPC_Lsh/Lw2/Ca/LbFSL_32 caaaaagcctaggatececggtgeyg 172 356
1 S_targ_ NP_Lsh/Lw2/Ca/LbFSL_1 cttagagtgtcacaacatttgggectet 173 357
2 S_targ NP_Lsh/Lw2/Ca/LbFSL_2 atgttgtgaacagttttcagatctggga 174 358
3 S_targ NP_Lsh/Lw2/Ca/LbFSL_3 aaaaatgatgcagtccatgagtgcacag 175 359
4 S_targ NP_Lsh/Lw2/Ca/LbFSL_4 ttttgtceccttactattecagtatgeat 176 360
5 S_targ_NP_Lsh/Lw2/Ca/LbFSL_5 tceccacactttgtetteatacteccteg 177 361
6 S_targ NP_Lsh/Lw2/Ca/LbFSL_6 atcgataagcttaatgtecttectatte 178 362
7 S_targ NP_Lsh/Lw2/Ca/LbFSL_7 tgtcatecggagecttgacagettagaac 179 363
8 S_targ_ NP_Lsh/Lw2/Ca/LbFSL_8 ataactgacgaggtcaaccegggttgeg 180 364
9 S_targ_NP_Lsh/Lw2/Ca/LbFSL_9 catgecegtgtgagtacttggaatettge 181 365
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10 S_targ NP_Lsh/Lw2/Ca/LbFSL_10 gttccctgtaaaagtgtatgaactgece 182 366
11 S_targ NP_Lsh/Lw2/Ca/LbFSL_11 atttccactggatcattaaatctacect 183 367
12 S_targ NP_Lsh/Lw2/Ca/LbFSL_12 gttggggtcaattccteccatgaggtet 184 368
13 S_targ NP_Lsh/Lw2/Ca/LbFSL_13 agcttaageccacctgaggtggaccetge 185 369
14 S_targ NP_Lsh/Lw2/Ca/LbFSL_14 gagttgactgcaggtttctegettgtga 186 370
15 S_targ NP_Lsh/Lw2/Ca/LbFSL_15 tgctectecccacaategatgttetacaa 187 371
16 S_targ NP_Lsh/Lw2/Ca/LbFSL_16 ctgaaaggcaaactttatagaggatgtt 188 372
17 S_targ NP_Lsh/Lw2/Ca/LbFSL_17 acttggtctgaaacaaacatgttgagtt 189 373
18 S_targ NP_Lsh/Lw2/Ca/LbFSL_18 cttcaagaggtectegetgttgettgge 190 374
19 S_targ NP_Lsh/Lw2/Ca/LbFSL_19 tgttacccecatecaacagggetgecce 191 375
20 S_targ NP_Lsh/Lw2/Ca/LbFSL_20 ctaaagttatagccagaaatgttgatge 192 376
21 S_targ NP_Lsh/Lw2/Ca/LbFSL_21 ccecagaactgggtgettgtettteage 193 377
22 S_targ NP_Lsh/Lw2/Ca/LbFSL_22 gatacttgactgtgtaaagcaagccaag 194 378
23 S_targ NP_Lsh/Lw2/Ca/LbFSL_23 tcattgageggagtetgtgactgtttgg 195 379
24 S_targ NP_Lsh/Lw2/Ca/LbFSL_24 tggcattgtgccaaattgattgttcaaa 196 380
25 S_targ NP_Lsh/Lw2/Ca/LbFSL_25 aaactcttaccacaccacttgcaccetg 197 381
26 S_targ NP_Lsh/Lw2/Ca/LbFSL_26 atctgtaggatctgagatctttggteta 198 382
27 S_targ NP_Lsh/Lw2/Ca/LbFSL_27 catatataccectgaagectggggectt 199 383
28 S_targ NP_Lsh/Lw2/Ca/LbFSL_28 tcagettetcaaggtecagecgecaagaga 200 384
29 S_targ NP_Lsh/Lw2/Ca/LbFSL_29 cteccecactttcaaaacattettetttyg 201 385
30 S_targ NP_Lsh/Lw2/Ca/LbFSL_30 agaatgtacagtctggttgagacttetg 202 386
31 S_targ NP_Lsh/Lw2/Ca/LbFSL_31 ctectettttecttecteatgatectetyg 203 387
32 S_targ NP_Lsh/Lw2/Ca/LbFSL_32 tccaacccattcagaaggttggttgeat 204 388
33 S_targ NP_Lsh/Lw2/Ca/LbFSL_33 atctgatgtgaagctetgcaattetett 205 389
34 S_targ NP_Lsh/Lw2/Ca/LbFSL_34 agctcttaacttecttagacaaggacat 206 390
35 S_targ NP_Lsh/Lw2/Ca/LbFSL_35 agacaaatgcgcaatcaaatgectagga 207 391
START OF Znc
1 L_targ_Znc_Lsh/Lw2/Ca/LbFSL_1 cgcaccgaggatectaggetttttgatg 208 392
2 L_targ_Znc_Lsh/Lw2/Ca/LbFSL_2 ttgagggactcaagttgetgtecacgetg 209 393
3 L_targ_Znc_Lsh/Lw2/Ca/LbFSL_3 gttacaagctgatagacaattctctecat 210 394
4 L_targ_Znc_Lsh/Lw2/Ca/LbFSL_4 tagtagatggtcgttgtgattatgataa 211 395
START of Lnc
1 L_targ_ Lnc_Lsh/Lw2/Ca/LbFSL_1 cgcaccgaggatectaggetttttgatg 212 396
2 L_targ_ Lnc_Lsh/Lw2/Ca/LbFSL_2 ttgagggactcaagttgetgtecacgetg 213 397
3 L_targ_ Lnc_Lsh/Lw2/Ca/LbFSL_3 gttacaagctgatagacaattctctecat 214 398
4 L_targ_ Lnc_Lsh/Lw2/Ca/LbFSL_4 tagtagatggtcgttgtgattatgataa 215 399
5 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_5 tgaagactactatcgacaagcgcteegg 216 400
6 L_targ_ Lnc_Lsh/Lw2/Ca/LbFSL_6 ctettttecagecaggtttagaagagattt 217 401
7 L_targ_ Lnc_Lsh/Lw2/Ca/LbFSL_7 cagtggaatcctgtectttgatgagatt 218 402
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8 L_targ_ Lnc_Lsh/Lw2/Ca/LbFSL_8 tgttaaatctggatgttttgtgtettte 219 403
9 L_targ_ Lnc_Lsh/Lw2/Ca/LbFSL_9 gacttttgaggaatagaaaaaagtcaaa 220 404
10 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_10 accttgagcaagaatgccacataccatt 221 405
11 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_11 tatcatctgtttgtetggecttaacaaa 222 406
12 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_12 acctattataccagaagactggagaatce 223 407
13 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_13 tttcatggattagatcatgtectgattt 224 408
14 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_14 tgtcagatttctecatctacatcattaat 225 409
15 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_15 ttatgttgaatgtgtcatacctgtgtca 226 410
16 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_16 aagaatgtgtgttctatgagcaaatgaa 227 411
17 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_17 taaacagcctagatcccatgactaacte 228 412
18 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_18 ttacggagagtttcgtaagaaaacaaaa 229 413
19 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_19 atggagaagaagagacaagcttcttcaa 230 414
20 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_20 taacagggaagatggctcacttaagaaa 231 415
21 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_21 atttcacctcagtcattaaagatcagtg 232 416
22 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_22 atatgcaaaggcaaggcttgaatttcaa 233 417
23 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_23 tctactcagaagaatcaccaacatcata 234 418
24 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_24 aagattattttgagtctttttcaagttt 235 419
25 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_25 tgtgcccatttttgttettaatgtttet 236 420
26 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_26 tgaaatcatatgtcaagtcgaagctaaa 237 421
27 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_27 cttectgacttetatggtttgettagega 238 422
28 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_28 aggaagtccttgtectgttggaatteca 239 423
29 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_29 ttgtatctgcagegetacacaatgtcaa 240 424
30 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_30 atgccaatttecctttggatccatttet 241 425
31 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_31 tgcatcataagctcaaaaatggtgaatt 242 426
32 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_32 tgaatgaaatgttcccattaaggatggt 243 427
33 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_33 tgtcagaagcaatcaacaagtcagettt 244 428
34 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_34 atcatgtgacaagagtttgcaateggga 245 429
35 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_35 tgggtgtttgggtectagecagaaccgac 246 430
36 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_36 aatctgtgaggcggttatatcccaagat 247 431
37 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_37 tcatttctecatgttgttaagtggaaaag 248 432
38 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_38 tgtattttgaatcatttgttegagaatt 249 433
39 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_39 aaaatgtggagaggcctatgtttaggaa 250 434
40 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_40 gggactacatgctcaactacacaaaagg 251 435
41 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_41 ttttatcatgctectecacctetttaaggg 252 436
42 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_42 ccttgatacttggtgattetettgaget 253 437
43 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_43 accttgtccaaaatatcattgtgaagcet 254 438
44 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_44 taagtgtaatcctccaggaactatgtat 255 439
45 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_45 ttagactcaaggggaggtcctgegacga 256 440
46 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_46 gtgggtgtgtgtgtgtgtgtgtgtgegt 257 441
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47 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_47
48 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_48

49 L_targ_Lnc_Lsh/Lw2/Ca/LbFSL_49

1 S_targ GPCnc_Lsh/Lw2/Ca/LbFSL_1
2 S_targ GPCnc_Lsh/Lw2/Ca/LbFSL_2
3 S_targ GPCnc_Lsh/Lw2/Ca/LbFSL_3
4 S_targ GPCnc_Lsh/Lw2/Ca/LbFSL_4
5 S_targ GPCnc_Lsh/Lw2/Ca/LbFSL_5
6 S_targ GPCnc_Lsh/Lw2/Ca/LbFSL_6
7 S_targ GPCnc_Lsh/Lw2/Ca/LbFSL_7
8 S_targ GPCnc_Lsh/Lw2/Ca/LbFSL_8
9 S_targ GPCnc_Lsh/Lw2/Ca/LbFSL_9
10 S_targ_GPCnc_Lsh/Lw2/Ca/LbFSL_10

11 S_targ_GPCnc_Lsh/Lw2/Ca/LbFSL_11

1 S_targ_ NPnc_Lsh/Lw2/Ca/LbFSL_1
2 S_targ_ NPnc_Lsh/Lw2/Ca/LbFSL_2
3 S_targ_ NPnc_Lsh/Lw2/Ca/LbFSL_3
4 S_targ_ NPnc_Lsh/Lw2/Ca/LbFSL_4
5 S_targ_ NPnc_Lsh/Lw2/Ca/LbFSL_5
6 S_targ_ NPnc_Lsh/Lw2/Ca/LbFSL_6
7 S_targ_ NPnc_Lsh/Lw2/Ca/LbFSL_7
8 S_targ_ NPnc_Lsh/Lw2/Ca/LbFSL_8
9 S_targ_ NPnc_Lsh/Lw2/Ca/LbFSL_9
10 S_targ NPnc_Lsh/Lw2/Ca/LbFSL_10
11 S_targ NPnc_Lsh/Lw2/Ca/LbFSL_11

12 S_targ NPnc_Lsh/Lw2/Ca/LbFSL_12

To perform the screen, HEK293FT cells were reverse
transfected with a plasmid encoding Casl3a with BFP
fluorescence and a plasmid encoding a single guide using
lipofectamine 2000. Three control guides were also reverse
transfected: 1 empty vector, and 2 off-target guides. Twenty-
four hours after transfection, cells were infected with a
GFP-expressing LCMV at an MOI 1 for 1 hour. Viral
replication, as measured by GFP fluorescence, was then
measured 48 hours post infection (72 hours post reverse
transfection). The fraction of guides which reduce viral
replication is provided in FIG. 5 and Table 14 below. The
amount of viral reduction, as measured by fold change in
GFP fluorescence, is provided in FIG. 6. FIGS. 7A and 7B

provide representative images illustrating the reduction of 65

GFP. From FIG. 8 it is clear that targeting guides cluster
along the LCMV genome.

Spacer sequence SEQ ID No.
tgttgatatcttcaatctggttggtaat 258 442
taaagggccaagataggtggtatctggt 259 443
caactaaacgcctaggatccceggtgeg 260 444
START OF
GPCnc
cgcaccggggatcctaggetttttggat 261 445
tgcttatcgtgatcacgggtatcaaggce 262 446
agtcagtggagtttgatatgtcacatct 263 447
tgacctctgcecttcaataaaaagacctt 264 448
caaatgcacaaagtgctcagagccagtg 265 449
accaatacctgattatacaaaatagaac 266 450
cttcaggggtggagaatccaggtggtta 267 451
acaaggctgctttgagtaagttcaaaga 268 452
tttggtacctagaacatgcaaagaccgg 269 453
acataaagaggcaggggagtaccccect 270 454
taaccaacaaaggaatttgtagttgtgg 271 455
START OF
NPnc
cgcacagtggatcctaggcatttgattg 272 456
tgtcattaaggatgcaaccaaccttctg 273 457
aaagtcaacatcaaagaagaatgttttg 274 458
aacacagcaactagaccaaagatctcag 275 459
ggcttgtatggccaaacagtcacagact 276 460
acagcagtccagcatcaacatttctgge 277 461
ggccaagagaaaactcaacatgtttgtt 278 462
aacaattgatctcacaagcgagaaacct 279 463
gattgacattgagggtagatttaatgat 280 464
cctettecaatgegcaaccegggttgace 281 465
cagggaagcttcgagggagtatgaagac 282 466
caaagcaaggctcccagatctgaaaact 283 467
TABLE 14
Total Total Targeting guides
55 guides targeting Targeting guides  (in non-coding
Protein tested guides (in coding region) region)
GPC 43 6 5 1
NP 47 8 7 1
zZ 11 0 0 0
60 L 182 39 34 5
Totals 283 53 46 7

Various modifications and variations of the described
methods, pharmaceutical compositions, and kits of the
invention will be apparent to those skilled in the art without
departing from the scope and spirit of the invention.
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Although the invention has been described in connection
with specific embodiments, it will be understood that it is
capable of further modifications and that the invention as
claimed should not be unduly limited to such specific
embodiments. Indeed, various modifications of the
described modes for carrying out the invention that are
obvious to those skilled in the art are intended to be within
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the scope of the invention. This application is intended to
cover any variations, uses, or adaptations of the invention
following, in general, the principles of the invention and
including such departures from the present disclosure come
within known customary practice within the art to which the
invention pertains and may be applied to the essential
features herein before set forth.

SEQUENCE LISTING

The patent contains a lengthy sequence listing. A copy of the sequence listing is available in electronic form from
the USPTO web site (https://seqdata.uspto.gov/?pageRequest=docDetail&DocID=US12415000B2). An electronic copy
of the sequence listing will also be available from the USPTO upon request and payment of the fee set forth in

37 CFR 1.19(b)(3).

The invention claimed is:
1. A Class 2, type VI CRISPR system effective to reduce
a viral load in a eukaryotic subject and detect the presence
of a virus, the system comprising:
(a) a Cas13 protein and/or a polynucleic acid encoding the
Cas13 protein; and

(b) two or more guide RNAs and/or one or more poly-
nucleic acids encoding said two or more guide RNAs
that bind to one or more target viral, wherein the one or
more target viral mRNAs comprise viral sequences
that, when cleaved by the Cas13 protein, (i) results in
the reduction in viral load for use in treating, suppress-
ing, and/or alleviating viral pathogenesis, infection,
propagation and/or replication in the subject, wherein
the reduction in viral load is greater as compared to a
Class 2, type VI CRISPR system having a single guide,
and (ii) stimulates Cas13 protein collateral activity, and
wherein the two or more guide RNAs are selected from
a pool of tiled guide RNAs that are tiled across the
coding strand of a viral genome starting every 50
nucleotides.

2. The CRISPR system according to claim 1, wherein (a)
said polynucleic acid encoding said polynucleic acid encod-
ing the Cas13 protein comprises a regulatory element oper-
ably linked to a polynucleic acid encoding said Casl3
protein, (b) said polynucleic acid encoding said one or more
guide RN As comprises a regulatory element operably linked
to a polynucleic acid encoding said one or more guide RNAs
or both (a) and (b).

3. The CRISPR system according to claim 2, wherein said
regulatory element allows constitutive or inducible expres-
sion of said Casl3 protein and/or said one or more guide
RNAs, optionally tissue specific expression.

4. The CRISPR system according to claim 1, wherein said
polynucleic acid encoding said one or more guide RNAs
and/or said polynucleic acid encoding said Cas13 protein are
comprised in one or more vectors, wherein the one or more
vectors are one or more eukaryotic expression vectors.

5. The CRISPR system according to claim 4, wherein said
vector is a viral vector, or an adenoviral vector, or an AAV
vector, or a retroviral vector.

6. The CRISPR system according to claim 1, wherein the
CRISPR system is effective to reduce viremia.

7. The CRISPR system according to claim 1, wherein said
subject is an animal subject, or a mammalian subject, or a
human subject.
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8. The CRISPR system according to claim 1, wherein the
one or more target RNAs comprise sequences of or that
correspond to regions of a viral genome that are less likely
to evolving resistance to the one or more guide RNAs.

9. The CRISPR system according to claim 1, wherein (a)
said Cas13 protein comprises one or more mutations, and
wherein the one or more mutations affect catalytic activity
and/or stability and/or specificity; (b) wherein said Casl13
protein is codon optimized; (c) wherein said Cas13 protein
comprises a NLS or a NES; (d) wherein said Cas13 protein
comprises a fusion protein; or (e) any combination of (a)-(d).

10. The CRISPR system according to claim 1, wherein the
system further comprises (¢) a masking construct that pro-
duces a detectable signal or modifies a detectable signal in
response to Casl3 protein collateral activity.

11. The CRISPR system according to claim 1, wherein
said Cas13 protein comprises one or more HEPN domains
that comprise a RxxxxH motif sequence, wherein the
RxxxxH motif sequence comprises a R{N/H/K]X1X2X3H
sequence, and wherein X1 is R, S, D, E, Q, N, G, or Y, X2
is independently I, S, T, V, or L, and X3 is independently L,
FEN,Y,V,1,S, D,E, or A.

12. The CRISPR system according to claim 1, wherein the
Casl3 protein is Casl3a, Cas13b, or Cas 13c.

13. The CRISPR system according to claim 12, wherein
the Casl3 protein is from an organism of a genus selected
from the group consisting of: Leptotrichia, Listeria, Coryne-
bacter, Sutterella, Legionella, Treponema, Filifactor, Eubac-
terium, Streptococcus, Lactobacillus, Mycoplasma, Bacte-
roides,  Flaviivola, Flavobacterium, Sphaerochaeta,
Azospirillum, Gluconacetobacter, Neisseria, Roseburia,
Parvibaculum, Staphylococcus, Nitratifractor, Mycoplasma,
Campylobacter, and Lachnospira;

or wherein the Cas13 protein is from an organism selected

from the group consisting of: Leptotrichia shahii; Lep-
totrichia wadei (Lw2); Listeria seeligeri; Lachno-
spiraceae bacterium MA2020; Lachnospiraceae bacte-
rium NK4A179; Clostridium aminophilum DSM
10710, Carnobacterium gallinarum DSM 4847, Car-
nobacterium gallinarum DSM 4847 (second CRISPR
Loci); Paludibacter propionicigenes WB4, Listeria
weihenstephanensis FSL R9-0317; Listeriaceae bacte-
rium FSL M6-0635; Leptotrichia wadei F0279; Rho-
dobacter capsulatus SB 1003, Rhodobacter capsulatus
R121; Rhodobacter capsulatus DE442; Leptotrichia
buccalis  C-1013-b; Herbinix hemicellulosilytica;
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FEubacterium  rectale; Eubacteriaceae  bacterium
CHKCIO004; Blautia sp. Marseille-P2398; and Leprotri-
chia sp. oral taxon 879 str. FO557, Lachnospiraceae
bacterium NK4A144; Chloroflexus aggregans; Deme-
quina  aurantiaca; Thalassospira sp. TSL5-1;
Pseudobutyrivibrio sp. OR37; Butyrivibrio sp.
YAB3001; Blautia sp. Marseille-P2398; Leptotrichia
sp. Marseille-P3007; Bacteroides ihuae; Porphy-
romonadaceae  bacterium KH3CP3RA; Listeria
riparia; and Insolitispirillum peregrimim; or

wherein the Casl3 protein is a L. wadei F0279 Casl3a

protein.

14. The CRISPR system according to claim 1, wherein the
two or more guide RNAs designed to bind to the one or more
target molecules comprise a synthetic mismatch, and
wherein said mismatch is up- or downstream of a SNP or
other single nucleotide variation in said target molecule.

15. The CRISPR system according to claim 1, wherein the
guide RNAs comprise a pan-viral guide RNA set that targets
each virus and/or viral strain in a set of viruses.

16. The CRISPR system according to claim 1, wherein the
virus is a DNA virus, or a single stranded, or double stranded
DNA virus, or a positive sense DNA virus, or a negative
sense DNA virus, or an antisense DNA virus.

17. The CRISPR system according to claim 16, wherein
the virus is a Myoviridae, Podoviridae, Siphoviridae, Allo-
herpesviridae, Herpesviridae (including human herpes virus,
and Varicella Zoster virus), Malocoherpesviridae, Lipothrix-
viridae, Rudiviridae, Adenoviridae, Ampullaviridae, Asco-
viridae, Asfarviridae, Baculoviridae, Cicaudaviridae, Clava-
viridae, Corticoviridae, Fuselloviridae, Globuloviridae,
Guttaviridae, Hytrosaviridae, Iridoviridae, Maseilleviridae,
Mimiviridae, Nudiviridae, Nimaviridae, Pandoraviridae,
Papillomaviridae, Phycodnaviridae, Plasmaviridae, Polyd-
naviruses, Polyomaviridae, Poxviridae, Sphaerolipoviridae,
Tectiviridae, Turriviridae, Dinodnavirus, Salterprovirus,
Rhizidovirus, or any combination thereof; or Simian virus
40, JC virus, or BK virus; or cowpox or smallpox; or African
swine fever virus; or Human herpes virus or varicella Zoster
virus.

18. The CRISPR system according to claim 1, wherein the
virus is a single-stranded, or double-stranded RNA virus, or
a positive sense RNA virus, or a negative sense RNA virus,
or an antisense RNA virus.

19. The CRISPR system according to claim 18, wherein
the virus is a Retroviridae virus, Lentiviridae virus, Coro-
naviridae virus, a Picornaviridae virus, a Caliciviridae virus,
a Flaviviridae virus, a Togaviridae virus, a Bornaviridae, a
Filoviridae, a Paramyxoviridae, a Pneumoviridae, a Rhab-
doviridae, an Arenaviridae, a Bunyaviridae, an Orthomyxo-
viridae, or a Deltavirus; or

wherein the virus is Lymphocytic choriomeningitis virus,

Coronavirus, HIV, SARS, Poliovirus, Rhinovirus,
Hepatitis A, Norwalk virus, Yellow fever virus, West
Nile virus, Hepatitis C virus, Dengue fever virus, Zika
virus, Rubella virus, Ross River virus, Sindbis virus,
Chikungunya virus, Borna disease virus, Ebola virus,
Marburg virus, Measles virus, Mumps virus, Nipah
virus, Hendra virus, Newcastle disease virus, Human
respiratory syncytial virus, Rabies virus, Lassa virus,
Hantavirus, Crimean-Congo hemorrhagic fever virus,
Influenza, or Hepatitis D virus.

20. A pharmaceutical composition comprising:

the CRISPR system as defined in claim 1; and

a pharmaceutically acceptable excipient.

21. The pharmaceutical formulation of claim 20, wherein
the pharmaceutical formulation is (a) effective to treat,

10

15

20

25

30

35

40

45

50

55

60

65

238

prevent, suppress, and/or alleviate viral pathogenesis, infec-
tion, propagation, and/or replication in a subject; (b) is
effective to reduce viremia, viral load, or viral titer in a
subject; or both (a) and (b).

22. The CRISPR system according to claim 1, wherein
said two or more guide RNAs is three or more, four or more,
or five or more gRNAs.

23. The CRISPR system according to claim 1, wherein
each of the said two or more guide RNAs bind to different
target sequences.

24. The CRISPR system according to claim 1, wherein
said two or more guide RNAs are selected based on prior
diagnosis or detection of the virus, and wherein said diag-
nosis or detection comprises identifying a particular viral
mutation or nucleotide variation.

25. The CRISPR system according to claim 24, wherein
said diagnosis or detection comprises identifying a particular
viral strain or particular viral drug resistance.

26. The CRISPR system according to claim 24, wherein
said diagnosis or detection comprises a companion or
complementary diagnostic method.

27. A Class 2, type VI CRISPR system effective to reduce
a viral load in a subject and detect the presence of a virus,
the system consisting essentially of:

(a) a Casl3 protein and/or a polynucleic acid encoding the

Cas13 protein;

(b) one or more guide RNAs and/or one or more poly-
nucleic acids encoding said one or more guide RNAs
that bind to one or more target viral mRNAs or that are
encoded by a coding DNA strand of the viral genome,
wherein the one or more target viral mRNAs comprise
viral sequences that, when cleaved by the Casl3 pro-
tein, (i) results in the reduction in viral load for use in
treating, suppressing, and/or alleviating viral pathogen-
esis, infection, propagation and/or replication in a sub-
ject, wherein the reduction in viral load is greater as
compared to a Class 2, type VI CRISPR system having
a single guide, and (ii) stimulates Cas13 protein col-
lateral activity, and wherein the two or more guide
RNAs are selected from a pool of tiled guide RN As that
are tiled across the coding strand of a viral genome
starting every 50 nucleotides.

28. A Class 2, type VI CRISPR system effective to reduce

aviral load in a subject, the system consisting essentially of:

(a) a Casl3 protein and/or a polynucleic acid encoding the
Cas13 protein;

(b) two or more guide RNAs and/or one or more poly-
nucleic acids encoding said two or more guide RNAs
that to bind to one or more target viral mRNAs or that
are encoded by a coding DNA strand of the viral
genome, wherein the one or more target viral mRNA
comprise viral sequences that, when cleaved by the
Cas13 protein, (i) results in the reduction in viral load
for use in treating, suppressing, and/or alleviating viral
pathogenesis, infection, propagation and/or replication
in a subject, wherein the reduction in viral load is
greater as compared to a Class 2, type VI CRISPR
system having a single guide, and (ii) stimulates Cas13
protein collateral activity, and wherein the two or more
guide RNAs are selected from a pool of tiled guide
RNAs that are tiled across the coding strand of a viral
genome starting every 50 nucleotides.

29. A method for treating, suppressing, and/or alleviating
viral pathogenesis, infection, propagation and/or replication
and detection of a virus in a eukaryotic subject, comprising
administering to a subject in need thereof the system of
claim 1.
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30. The method according to claim 29, wherein (a) said
polynucleic acid encoding said Casl3 protein comprises a
regulatory element operably linked to a polynucleic acid
encoding said Casl3 protein, (b) said polynucleic acid
encoding said two or more guide RNAs comprises a regu-
latory element operably linked to a polynucleic acid encod-
ing said two or more guide RNAs, or both (a) and (b).

31. The method according to claim 30, wherein said
regulatory element allows constitutive or inducible expres-
sion of said Cas13 protein and/or said two or more guide
RNAs.

32. The method of claim 31, wherein the constitutive or
inducible expression is tissue specific expression.

33. The method according to claim 29, wherein said
polynucleic acid encoding said two or more guide RNAs
and/or said Casl3 protein are comprised in one or more
eukaryotic expression vectors.

34. The method according to claim 33, wherein said
vector is a viral vector, or an adenoviral vector, or an AAV
vector, or a retroviral vector.

35. The method according to claim 29, wherein the
method reduces viremia in the subject.

36. The method according to claim 29, wherein said
subject is an animal subject, or a mammalian subject, or a
human subject.

37. The method according to claim 29, wherein the one or
more target RNAs are part of said virus or are transcribed
from a DNA molecule of said virus.

38. The method according to claim 29, wherein the Cas13
protein cleaves the one or more target RNAs.

39. The method according to claim 29, wherein the Cas13
protein comprises one or more mutations that affect catalytic
activity and/or stability and/or specificity.

40. The method according to claim 29, wherein the Cas13
protein is codon optimized, wherein said Casl3 protein
optionally comprises a NLS or a NES, and wherein said
Casl3 protein optionally comprises a fusion protein.

41. The method according to claim 29, wherein said
Casl3 protein comprises one or more HEPN domains that
comprises a RxxxxH motif sequence, wherein the RxxxxH
motif sequence comprises a R{N/H/K]X,X,X,H sequence,
and wherein X; is R, S, D, E, Q, N, G, or Y, X, is
independently I, S, T, V, or L, and X; is independently L, F,
N,Y,V,1,S,D,E, or A.

42. The method according to claim 29, wherein the Cas13
protein is from an organism of a genus selected from the
group consisting of: Listeria, Corynebacter, Sutterella,
Legionella, Treponema, Filifactor, Eubacterium, Streptococ-
cus, Lactobacillus, Mycoplasma, Bacteroides, Flaviivola,
Flavobacterium, Sphaerochaeta, Azospirillum, Gluconac-
etobacter, Neisseria, Roseburia, Parvibaculum, Staphylo-
coccus, Nitratifractor, Mycoplasma, Campylobacter, and
Lachnospira;

or wherein the Cas13 protein is from an organism selected

from the group consisting of: Leptotrichia shahii; Lep-
totrichia wadei (Lw2); Listeria seeligeri; Lachno-
spiraceae bacterium MA2020; Lachnospiraceae bacte-
rium NK4A179; Clostridium aminophilum DSM
10710, Carnobacterium gallinarum DSM 4847, Car-
nobacterium gallinarum DSM 4847 (second CRISPR
Loci); Paludibacter propionicigenes WB4, Listeria
weihenstephanensis FSL R9-0317; Listeriaceae bacte-
rium FSL M6-0635; Leptotrichia wadei F0279; Rho-
dobacter capsulatus SB 1003, Rhodobacter capsulatus
R121; Rhodobacter capsulatus DE442; Leptotrichia
buccalis  C-1013-b;  Herbinix hemicellulosilytica;
FEubacterium  rectale; Eubacteriaceae  bacterium
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CHKCIO004; Blautia sp. Marseille-P2398; and Leprotri-
chia sp. oral taxon 879 str. FO557, Lachnospiraceae
bacterium NK4A144; Chloroflexus aggregans; Deme-
quina  aurantiaca;  Thalassospira sp. TSL5-1;
Pseudobutyrivibrio sp. OR37; Butyrivibrio sp.
YAB3001; Blautia sp. Marseille-P2398; Leptotrichia
sp. Marseille-P3007; Bacteroides ihuae; Porphy-
romonadaceae  bacterium KH3CP3RA; Listeria
riparia; and Insolitispirillum peregrinum; or

wherein the Casl3 protein is a L. wadei F0279 Casl3a

protein.

43. The method according to claim 29, wherein the two or
more guide RNAs designed to bind to the one or more target
RNAs comprise a synthetic mismatch up- or downstream of
a SNP or other single nucleotide variation in said one or
more target RNAs.

44. The CRISPR system according to claim 29, wherein
the two or more guide RNAs comprise a pan-viral guide
RNA set that targets each virus and/or viral strain in a set of
viruses.

45. The method according to claim 29, wherein the virus
is a DNA virus, or a single-stranded, or double-stranded
DNA virus, or a positive sense DNA virus, or a negative
sense DNA virus, or an antisense DNA virus.

46. The method according to claim 45, wherein the virus
is a Myoviridae, Podoviridae, Siphoviridae, Alloherpesviri-
dae, Herpesviridae, Malocoherpesviridae, Lipothrixviridae,
Rudiviridae, Adenoviridae, Ampullaviridae, Ascoviridae,
Asfarviridae, Baculoviridae, Cicaudaviridae, Clavaviridae,
Corticoviridae, Fuselloviridae, Globuloviridae, Guttaviri-
dae, Hytrosaviridae, Iridoviridae, Maseilleviridae, Mim-
iviridae, Nudiviridae, Nimaviridae, Pandoraviridae, Papil-
lomaviridae, Phycodnaviridae, Plasmaviridae,
Polydnaviruses, Polyomaviridae, Poxviridae, Sphaerolipov-
iridae, Tectiviridae, Turriviridae, Dinodnavirus, Salterprovi-
rus, Rhizidovirus, or any combination thereof; or

Simian virus 40, JC virus, or BK virus; or

cowpox or smallpox; or

African swine fever virus; or

Human herpes virus or varicella Zoster virus.

47. The method according to claim 29, wherein the virus
is an RNA virus, or a single-stranded, or double-stranded
RNA virus, or wherein the virus is a positive sense RNA
virus, or a negative sense RNA virus, or an antisense RNA
virus.

48. The method according to claim 47, wherein the virus
is a Retroviridae virus, Lentiviridae virus, Coronaviridae
virus, a Picornaviridae virus, a Caliciviridae virus, a Flavi-
viridae virus, a Togaviridae virus, a Bornaviridae, a Filo-
viridae, a Paramyxoviridae, a Pneumoviridae, a Rhabdoviri-
dae, an Arenaviridae, a Bunyaviridae, an Orthomyxoviridae,
or a Deltavirus; or

wherein the virus is Lymphocytic choriomeningitis virus,

Coronavirus, HIV, SARS, Poliovirus, Rhinovirus,
Hepatitis A, Norwalk virus, Yellow fever virus, West
Nile virus, Hepatitis C virus, Dengue fever virus, Zika
virus, Rubella virus, Ross River virus, Sindbis virus,
Chikungunya virus, Borna disease virus, Ebola virus,
Marburg virus, Measles virus, Mumps virus, Nipah
virus, Hendra virus, Newcastle disease virus, Human
respiratory syncytial virus, Rabies virus, Lassa virus,
Hantavirus, Crimean-Congo hemorrhagic fever virus,
Influenza, or Hepatitis D virus.

49. The method according to claim 29, wherein said two
or more guide RNAs is or more, four or more, or five or
more gRNAs.
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50. The method according to claim 49, wherein each of
the two or more said guide RNAs bind to different target
sequences.

51. The method according to claim 49, wherein said two
or more guide RNAs are selected based on prior diagnosis 3
or detection of the virus, and wherein said diagnosis or
detection comprises identifying a particular viral mutation or
nucleotide variation.



