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DESCRIPTION

FIELD OF INVENTION

[0001] The present invention relates to inter alia modulating the resistance of a cell against a
target nucleic acid or a transcription product thereof. In particular, the present invention
relates, in one aspect, to a method for conferring resistance to a bacterial cell using a
functional combination of one or more cas genes or proteins and two or more CRISPR repeats
from the same CRISPR locus within a genome or plasmid against a target nucleic acid or a
transcription product thereof.

BACKGROUND TO THE INVENTION

[0002] Cultures - such as starter cultures - are used extensively in the food industry in the
manufacture of fermented products including milk products (such as yoghurt, butter and
cheese), meat products, bakery products, wine and vegetable products. The preparation of
cultures is labour intensive, occupying much space and equipment, and there is a considerable
risk of contamination with spoilage bacteria and/or phages during the step of propagation. The
failure of bacterial cultures by bacteriophage (phage) infection and multiplication is a major
problem with the industrial use of bacterial cultures. There are many different types of phages
with varying mechanisms to attack bacteria. Moreover, new strains of bacteriophages appear.

[0003] Strategies used in industry to minimise bacteriophage infection, and thus failure of a
bacterial culture, include the use of: (i) mixed starter cultures; and (ii) the alternate use of
strains having different phage susceptibility profiles (strain rotation).

1. (i) Traditionally, starter cultures in the dairy industry are mixtures of lactic acid bacterial
strains. The complex composition of mixed starter cultures ensures that a certain level of
resistance to phage attack is present. However, repeated sub-culturing of mixed strain
cultures leads to unpredictable changes in the distribution of individual strains and
eventually undesired strain dominance. This in turn may lead to increased susceptibility
to phage attack and risk of fermentation failures.

2. (ii) The rotation of selected bacterial strains which are sensitive to different phages is
another approach to limit phage development. However, it is difficult and cumbersome to
identify and select a sufficient number of strains having different phage type profiles to
provide an efficient and reliable rotation program. In addition, the continuous use of
strains requires careful monitoring for new infectious phages and the need to quickly
substitute a strain which is infected by the new bacteriophage by a resistant strain. In
manufacturing plants where large quantities of bulk starter cultures are made ahead of
time, such a quick response is usually not possible.
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[0004] Several attempts have been made to improve the resistance of cultures for use in
industry.

[0005] Pedersen et al (7th symposium on lactic acid bacteria: genetics, metabolism and
applications, September 1-5, 2002, Egmond aan Zee, The Netherlands) teach a phage
resistant Lactococcus lactis strain, which has no thymidylate synthase activity and which
requires thymidine for DNA replication.

[0006] WO 01/14520 discloses a lactic acid bacterium which have a reduced susceptibility
towards attack by at least one type of bacteriophage. Said lactic acid bacteria comprise a
mutated gene involved in pyrimidine metabolism, namely pyrG which results in a defect in
CTP-synthetase.

[0007] Kosuge et al (1998 - Appl. Environ. Microbiol., Volume: 64, Issue: 11, Page(s): 4328-
4332) and Kosuge et al (1994 - FEMS Microbiology Letters, 123 (1/2) 55-62) teach a Thermus
thermophilus HB27 bacterium which is mutated in the proB gene and is unable to utilise proline
for growth.

[0008] However, there is a continuing need to improve cultures for use in industry.

SUMMARY OF THE INVENTION

[0009] There is described herein the use of CRISPR loci or a component thereof for
modulating the resistance of a cell against a target nucleic acid or a transcription product
thereof.

[0010] CRISPRs (Clustered Regularly Interspaced Short Palindromic Repeats) (also known as
SPIDRs - SPacer Interspersed Direct Repeats) constitute a family of recently described DNA
loci. CRISPR loci consist of short and highly conserved DNA repeats (typically 24 to 40 bp,
repeated from 1 to 140 times) which are partially palindromic. The repeated sequences
(usually specific to a species) are interspaced by variable sequences of constant length
(typically 20 to 58 bp depending on the CRISPR). Up to 20 distinct CRISPR loci have been
found within a single chromosome.

[0011] Although the biological function of CRISPR loci is unknown some hypotheses have been
proposed. For example, it has been proposed that they may be involved in the attachment of
the chromosome to a cellular structure, or in the chromosome replication and replicon
partitioning (Jansen et al., 2002; Pourcel et al., 2005). Moreover, Mojica et al. 2005 hypothesis
that CRISPR could be involved in conferring specific immunity against foreign DNA and Pourcel
et al. (2005) hypothesise that CRISPRs are structures that are able to take up pieces of foreign
DNA as part of a defence mechanism. Bolotin et al. (2005) suggest that the CRISPR spacer
elements are the traces of past invasions by extrachromosomal elements, and hypothesise
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that they provide a cell with immunity against phage infection, and more generally foreign DNA
expression, by coding an anti-sense RNA. Bolotin et al. (2005) also suggest that cas genes are
necessary for CRISPR formation.

[0012] In contrast to the teachings of the prior art which hypothesise that CRISPR or CRISPR
spacers could be involved in conferring specific immunity, the present invention is based, in
part, on the surprising finding that cas genes or proteins are required for immunity against a
target nucleic acid or a transcription product thereof.

[0013] Even more surprisingly, the inventors have discovered that one or more cas genes or
proteins are associated with two or more CRISPR repeats within CRISPR loci. In other words,
cas genes or proteins seem to be specific for a given DNA CRISPR repeat, meaning that cas
genes or proteins and the repeated sequence form a functional pair. Accordingly, one or more
CRISPR spacers may be used together with one or more of these functional pairs (i.e. CRISPR
repeats and cas genes) in order to modulate the resistance of a cell against a target nucleic
acid or a transcription product thereof.

[0014] In one embodiment, for one or more CRISPR spacers to confer immunity to the cell, the
CRISPR repeat(s) and the cas gene(s) or proteins form a functional combination je. the
CRISPR repeat(s) and the cas gene(s) or proteins are compatible.

[0015] Accordingly, we suggest here for the first time that a cas gene or protein influences
resistance - such as the resistance of a bacteria to one or more bacteriophages. In particular,
the knowledge of two or more CRISPR repeats and/or one or more cas genes or proteins for a
given cell will be an advantage to predict, determine and modify its resistance, for example, its
lysotype, which defines the resistance/sensitivity of a given bacterium to various
bacteriophages. Consequently, identification and detection of CRISPR loci in, for example, cells
and bacteriophages could help to determine, predict and modify the resistance profile of a cell
or phage-host interactions.

[0016] Advantageously, the application of one or more CRISPR loci, two or more CRISPR
repeats, one or more cas genes or proteins and/or one or more CRISPR spacers in genetic
engineering could lead to resistant or sensitive variants of cells for use within a wide variety of
applications in the biotechnology industry.

SUMMARY ASPECTS OF THE PRESENT INVENTION

[0017] In one aspect there is provided a method for conferring resistance to a bacterial cell
comprising one or more cas genes or proteins and two or more CRISPR repeats against a
target nucleic acid or a transcription product thereof; wherein said one or more cas genes or
proteins and two or more CRISPR repeats form a functional combination; further wherein the
at least one or more cas genes or proteins and the two or more CRISPR repeats are from the
same CRISPR locus within a genome or plasmid; comprising the steps of: (i) identifying one or
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more CRISPR spacer(s) in an organism resistant to the target nucleic acid or transcription
product thereof; (ii) inserting the sequence of the one or more CRISPR spacer(s) into the
bacterial cell; such that the cell becomes substantially resistant to the target nucleic acid or
transcription product thereof; and (iii) determining if the cell modulates resistance against the
target nucleic acid or transcription product thereof, wherein modulation of the resistance of the
cell against the target nucleic acid or transcription product thereof is indicative that the CRISPR
spacer modulates the resistance of the cell.

[0018] In a second aspect there is provided a method for conferring resistance to a bacterial
cell against a target nucleic acid or a transcription product thereof, comprising the steps of: (i)
identifying one or more CRISPR spacer(s) in an organism resistant to the target nucleic acid or
transcription product thereof; (ii) preparing a recombinant nucleic acid comprising at least one
cas gene and at least two CRISPR repeats, together with said identified one or more CRISPR
spacer(s) wherein the at least one cas gene and the at least two or more CRISPR repeats form
a functional combination; further wherein the at least one cas gene and the at least two or
more CRISPR repeats are from the same CRISPR locus within a genome or plasmid; (iii)
introducing said recombinant nucleic acid into the cell such that the cell becomes substantially
resistant to the target nucleic acid or transcription product thereof; and (iv) determining if the
cell modulates resistance against the target nucleic acid or transcription product thereof,
wherein modulation of the resistance of the cell against the target nucleic acid or transcription
product thereof is indicative that the CRISPR spacer modulates the resistance of the cell.

[0019] The use of one or more cas genes or proteins for modulating resistance in a cell
against a target nucleic acid or a transcription product thereof is disclosed herein.

[0020] The use of a recombinant nucleic acid sequence comprising at least one cas gene and
at least two CRISPR repeats together with at least one CRISPR spacer, wherein at least one
CRISPR spacer is heterologous to at least one cas gene and/or at least two CRISPR repeats to
modulate resistance against a target nucleic acid or transcription product thereof is disclosed
herein.

[0021] A nucleic acid sequence consisting essentially of at least one cas gene is disclosed
herein.

[0022] A nucleic acid sequence consisting essentially of at least one cas gene and at least two
CRISPR repeats is disclosed herein.

[0023] A nucleic acid sequence consisting essentially of at least one cas gene and at least one
CRISPR spacer is disclosed herein.

[0024] A nucleic acid sequence consisting essentially of at least one cas gene, at least one
CRISPR spacer and at least two CRISPR repeats is disclosed herein.

[0025] A recombinant nucleic acid sequence comprising at least one cas gene and at least two
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CRISPR repeats together with at least one CRISPR spacer, wherein the CRISPR spacer is
heterologous to the at least one cas gene and/or the at least two CRISPR repeats is disclosed
herein.

[0026] A construct comprising one or more of the nucleic acid sequences described herein is
disclosed herein.

[0027] A vector comprising one or more of the nucleic acid sequences or one or more of the
constructs described herein is disclosed herein.

[0028] A cell comprising the nucleic acid sequence or the construct or the vector described
herein is disclosed herein.

[0029] A method for modulating (e.g. conferring or increasing) the resistance of a cell against
a target nucleic acid or a transcription product thereof comprising the steps of: (i) identifying a
sequence (eg. a conserved sequence) in an organism (preferably, a sequence essential to the
function or survival of the organism); (ii) preparing a CRISPR spacer which is homologous to
the identified sequence; (iii) preparing a nucleic acid (eg. a recombinant nucleic acid)
comprising at least one cas gene and at least two CRISPR repeats together with the CRISPR
spacer; and (iv) introducing said nucleic acid into a cell thus to render the cell resistant to said
target nucleic acid or transcription product thereof is disclosed herein.

[0030] A method for modulating (eg. conferring or increasing) the resistance of a cell against a
target nucleic acid or a transcription product thereof comprising the steps of: (i) identifying one
or more CRISPR spacers or pseudo CRISPR spacers in an organism resistant to the target
nucleic acid or transcription product thereof; (ii) preparing a recombinant nucleic acid
comprising at least one cas gene or protein and at least two CRISPR repeats together with
said identified one or more spacers; and (iii) introducing said recombinant nucleic acid into a
cell thus to render the cell resistant to said target nucleic acid or transcription product thereof is
disclosed herein.

[0031] A method for modulating (eg. conferring or increasing) the resistance of a cell
comprising at least one or more cas genes or proteins and two or more CRISPR repeats
against a target nucleic acid or a transcription product thereof comprising the steps of: (i)
identifying one or more CRISPR spacers in an organism resistant to the target nucleic acid or
transcription product thereof, and (ii) modifying the sequence of one or more CRISPR
spacer(s) in the cell such that the CRISPR spacer(s) has homology to the CRISPR spacer(s) in
the organism is disclosed herein.

[0032] A method for modulating (eg. reducing or decreasing) the resistance of a cell
comprising at least one or more cas genes or proteins and two or more CRISPR repeats
against a target nucleic acid or a transcription product thereof comprising the steps of: (i)
identifying one or more CRISPR spacers in an organism that is substantially resistant to the
target nucleic acid or transcription product thereof; and (ii) modifying the sequence of at least
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one or more CRISPR spacer(s) in the cell such that the CRISPR spacer(s) has a reduced
degree of homology to the spacer(s) in the organism is disclosed herein.

[0033] A method for modulating (eg. reducing or decreasing) the resistance of a cell
comprising at least one or more cas genes or proteins and two or more CRISPR repeats
against a target nucleic acid or a transcription product thereof comprising modifying the one or
more cas genes or proteins and/or two or more CRISPR repeats in the cell is disclosed herein.

[0034] A method for identifying a CRISPR spacer or pseudo CRISPR spacer for use in
modulating the resistance of a cell against a target nucleic acid or a transcription product
thereof comprising the steps of: (i) preparing a cell comprising at least two CRISPR repeats
and at least one cas gene or protein; (ii) identifying at least one CRISPR spacer or pseudo
CRISPR spacers in an organism that is substantially resistant to the target nucleic acid or
transcription product thereof; (iii) modifying the sequence of the CRISPR spacer in the cell
such that the CRISPR spacer has homology to the spacer of the organism; and (iv)
determining if the cell modulates resistance against the target nucleic acid or transcription
product thereof, wherein modulation of the resistance of the cell against the target nucleic acid
or transcription product thereof is indicative that the CRISPR spacer modulates the resistance
of the cell is disclosed herein.

[0035] A method for identifying a cas gene for use in modulating the resistance of a cell
against a target nucleic acid or transcription product thereof comprising the steps of: (i)
preparing a cell comprising at least one CRISPR spacer and at least two CRISPR repeats; (ii)
engineering the cell such that it comprises at least one cas gene; and (iii) determining if the cell
modulates resistance against the target nucleic acid or transcription product thereof, wherein
modulation of the resistance of the cell against the target nucleic acid or transcription product
thereof is indicative that the cas gene can be used to modulate the resistance of the cell is
disclosed herein.

[0036] A method for identifying a CRISPR repeat for use in modulating the resistance of a cell
against a target nucleic acid or transcription product thereof comprising the steps of: (i)
preparing a cell comprising at least one CRISPR spacer and at least one cas gene; (ii)
engineering the cell such that it contains the CRISPR repeat; and (iii) determining if the cell
modulates resistance against the target nucleic acid or transcription product thereof, wherein
modulation of the resistance of the cell against the target nucleic acid or transcription product
thereof is indicative that the CRISPR repeat can be used to modulate resistance is disclosed
herein.

[0037] A method for identifying a functional combination of a cas gene and a CRISPR repeat
comprising the steps of. (a) determining the sequences of the cas gene and the CRISPR
repeat; (b) identifying one or more clusters of cas genes as determined by sequence
comparison analysis; (c) identifying one or more clusters of CRISPR repeats; and (d)
combining those cas gene and CRISPR repeat sequences that fall within the same cluster,
wherein the combination of the cas gene and CRISPR repeat sequences within the same
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cluster is indicative that the combination is a functional combination is disclosed herein,

[0038] A method for modulating the lysotype of a bacterial cell comprising one or more cas
genes or proteins and two or more CRISPR repeats comprising the steps of: (i) identifying one
or more pseudo CRISPR spacers in the genomic sequence of a bacteriophage against which
resistance is to be modulated; and (ii) modifying the sequence of one or more CRISPR spacers
of the bacterial cell such that the CRISPR spacer(s) of the bacterial cell has homology to the
pseudo CRISPR spacer(s) of the bacteriophage against which resistance is to be modulated is
disclosed herein.

[0039] A method for modulating (eg. conferring or increasing) the resistance of a bacterial cell
against a bacteriophage comprising the steps of: (i) identifying a sequence (eg, a conserved
sequence) in a bacteriophage (preferably, a sequence essential to the function or survival of
the bacteriophage); (ii) preparing a CRISPR spacer which is homologous to the identified
sequence; (iii) preparing a nucleic acid comprising at least one cas gene and at least two
CRISPR repeats together with the CRISPR spacer; and (iv) introducing said nucleic acid into
the bacterial cell thus to render the bacterial cell resistant to said target nucleic acid or
transcription product thereof is disclosed herein.

[0040] A method for modulating (eg. conferring or increasing) the resistance of a bacterial cell
against a target nucleic acid or transcription product in a bacteriophage thereof comprising the
steps of: (i) identifying one or more pseudo CRISPR spacers in a bacteriophage genome that
is capable of providing resistance to the target nucleic acid or transcription product thereof; (ii)
preparing a recombinant nucleic acid comprising at least one cas gene and at least two
CRISPR repeats together with said identified one or more pseudo CRISPR spacers; and (iii)
introducing said recombinant nucleic acid into said bacterial cell thus to render the bacterial cell
resistant to said target nucleic acid or transcription product thereof is disclosed herein.

[0041] A method for modulating the resistance of a bacterial cell comprising one or more cas
genes or proteins and two or more CRISPR repeats against a target nucleic acid or
transcription product thereof in a bacteriophage comprising the steps of: (i) identifying one or
more pseudo CRISPR spacers in a bacteriophage that is capable of providing resistance to a
target nucleic acid or transcription product thereof; (ii) identifying one or more CRISPR spacers
in a bacterial cell in which resistance is to be modulated; and (iii) modifying the sequence of the
CRISPR spacer(s) in the bacterial cell in which resistance is to be modulated such that the
CRISPR spacer(s) has a higher degree of homology to the pseudo CRISPR spacer(s) of the
bacteriophage against which resistance is to be modulated is disclosed herein.

[0042] A method for determining the resistance of a cell against a target nucleic acid or a
transcription product thereof comprising identifying one or more functional CRISPR repeat-cas

combinations and one or more CRISPR spacers in the cell is disclosed herein.

[0043] A cell obtained or obtainable by the method(s) described herein is disclosed herein.
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[0044] A CRISPR spacer or pseudo CRISPR spacer obtained or obtainable by the method(s)
described herein is disclosed herein.

[0045] A cas gene obtained or obtainable by the method(s) described herein is disclosed
herein,

[0046] A CRISPR repeat obtained or obtainable by the method(s) described herein is disclosed
herein.

[0047] A functional combination obtained or obtainable by the method(s) described herein is
disclosed herein.

[0048] A recombinant CRISPR locus comprising a CRISPR spacer or pseudo CRISPR spacer,
and/or a cas gene, and/or a CRISPR repeat and/or a functional combination is disclosed
herein.

[0049] The use of a cell, a CRISPR spacer or pseudo CRISPR spacer, a cas gene, a CRISPR
repeat or a functional combination for modulating the resistance of a cell against a target
nucleic acid or a transcription product thereof is disclosed herein.

[0050] A cell culture comprising a cell, a CRISPR spacer or pseudo CRISPR spacer, a cas
gene, a CRISPR repeat or a functional combination for modulating the resistance of a cell
against a target nucleic acid or a transcription product thereof is disclosed herein.

[0051] A food product or feed comprising the culture described herein is disclosed herein.

[0052] A process for preparing a food product or feed comprising the use of the culture
described herein is disclosed herein.

[0053] A food product of feed obtained or obtainable by the process described herein is
disclosed herein.

[0054] The use of the culture described herein for preparing a food product is disclosed
herein.

[0055] A nucleotide sequence comprising or consisting of the sequence set forth in any of SEQ
ID Nos. 7-10 and SEQ ID Nos. 359-405 or a variant, fragment, homologue or derivative thereof
is disclosed herein.

[0056] An amino acid sequence encoded by the nucleotide sequence described herein is
disclosed herein.

[0057] A construct or vector comprising one or more of the nucleotide sequences described
herein is disclosed herein.
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[0058] A host cell into which has been incorporated one or more of the nucleotide sequences
described herein or the construct or vector described herein is disclosed herein,

PREFERRED EMBODIMENTS

[0059] In some embodiments, the one or more cas genes or proteins are used in combination
with two or more CRISPR repeats.

[0060] The one or more cas genes or proteins and the two or more CRISPR repeats are or are
derivable (preferably, derived) from the same cell.

[0061] In some embodiments, the one or more cas genes or proteins and the two or more
CRISPR repeats naturally co-occur in the same cell.

[0062] In some embodiments, the one or more cas genes or proteins are used in combination
with one or more CRISPR spacers.

[0063] In some embodiments, the CRISPR spacer(s) is or is derivable (preferably, derived)
from an organism that is different to the cell from which the one or more cas genes or proteins
and/or the two or more CRISPR repeats are or are derivable (preferably, derived).

[0064] The spacer is obtained from a cell which is resistant to a target nucleic acid.

[0065] In some embodiments, the CRISPR spacer is a synthetic nucleic acid sequence.

[0066] In some embodiments, the CRISPR spacer(s) have homology to the target nucleic acid.

[0067] In some embodiments, the CRISPR spacer(s) have 100% identity to the target nucleic
acid over at least the length of the CRISPR spacer core.

[0068] In some embodiments, the one or more cas genes or proteins are used in combination
with at least one or more CRISPR spacers and at least two or more CRISPR repeats.

[0069] In some embodiments, the target nucleic acid or transcription product thereof is or is
derivable (preferably, derived) from bacteriophage DNA.

[0070] In some embodiments, the target nucleic acid or transcription product thereof is or is
derivable (preferably, derived) from plasmid DNA.

[0071] In some embodiments, the target nucleic acid or transcription product thereof is or is
derivable (preferably, derived) from a mobile genetic element.
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[0072] In some embodiments, the target nucleic acid or transcription product thereof is or is
derivable (preferably, derived) from a transposable element or an insertion sequence.

[0073] In some embodiments, the target nucleic acid or transcription product thereof is or is
derivable (preferably, derived) from an antibiotic resistance gene.

[0074] In some embodiments, the target nucleic acid or transcription product thereof is or is
derivable (preferably, derived) from a nucleic acid encoding a virulence factor.

[0075] In some embodiments, the virulence factor is selected from the group consisting of a
toxin-, an internalin- and a hemolysin-encoding nucleic acid.

[0076] The one or more cas genes and the two or more CRISPR repeats are or are derivable
(preferably, derived) from the same cell.

[0077] In some embodiments, the one or more cas genes and the two or more CRISPR
repeats naturally co-occur in the same cell.

[0078] In some embodiments, the CRISPR spacers are or are derivable (preferably, derived)
from an organism that is different to the cell from which the one or more cas genes and/or the
two or more CRISPR repeats are or are derivable (preferably, derived).

[0079] In some embodiments, the cell is a recipient cell or a host cell.

[0080] The one or more cas genes or proteins and the two or more CRISPR repeats are or are
derivable (preferably, derived) from the same cell.

[0081] In some embodiments, the spacers are or are derivable (preferably, derived) from an
organism that is different to the cell comprising the one or more cas genes or proteins and/or

the two or more CRISPR repeats.

[0082] In some embodiments, the one or more cas genes or proteins and the two or more
CRISPR repeats naturally co-occur in the same cell.

[0083] In some embodiments, said modification comprises inserting one or more CRISPR
spacers and/or pseudo CRISPR spacers into the cell.

[0084] In some embodiments, the spacer of the cell has 100% homology to the CRISPR
spacer or pseudo CRISPR spacer of the organism.

[0085] In some embodiments, said modification comprises genetically engineering the CRISPR
spacer of the cell.

[0086] In some embodiments, all or part of the spacer in the cell is modified.
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[0087] In some embodiments, said modification comprises the modification of a recombinant
spacer.

[0088] In some embodiments, said modification occurs through spontaneous mutation or
mutagenesis.

[0089] In some embodiments, the nucleotide sequences of the cas gene and the CRISPR
repeat are or are derivable (preferably, derived) from the same strains.

[0090] In some embodiments, the nucleotide sequences of the cas gene and the CRISPR
repeat are or are derivable (preferably, derived) from the same species.

[0091] In some embodiments, the nucleotide sequences of the cas gene and the CRISPR
repeat are or are derivable (preferably, derived) from the same genera.

[0092] In some embodiments, the nucleotide sequences of the cas gene and the CRISPR
repeat are or are derivable (preferably, derived) from the same organisms.

[0093] In some embodiments, the target nucleic acid in the bacteriophage is a highly
conserved nucleic acid sequence.

[0094] In some embodiments, the target nucleic acid in the bacteriophage encodes a host
specificity protein.

[0095] In some embodiments, the target nucleic acid in the bacteriophage encodes a protein
that is essential for survival, replication or growth of the bacteriophage.

[0096] In some embodiments, the target nucleic acid in the bacteriophage encodes a helicase,
a primase, a head or tail structural protein, a protein with a conserved domain (eg. holin, lysin,
and others) or a conserved sequences amongst important phage genes.

[0097] In some embodiments, the method for determining the resistance of a cell to a target
nucleic acid or a transcription product thereof comprises the additional step of comparing the
sequence of the one or more CRISPR spacers in the cell with the sequence of the target
nucleic acid .

[0098] In some embodiments, the method for determining the resistance of a cell to a target
nucleic acid or a transcription product thereof comprises the additional step of determining the
resistance profile of the cell.

[0099] In some embodiments, said culture is a starter culture or a probiotic culture.

FIGURES
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[0100]
Figure 1 Schematic representation of CRISPR1 of S. thermophilus CNRZ1066 (42 repeats).

Figure 2 Dotplot analysis of Cas protein sequences (A) and CRISPR locus sequences (B).
Organism names (genus, species, strain) are indicated on the right side of each dotplot (for
example Sth_LMG18311 = S. thermophilus strain LMG18311).

Figure 3 Spacer sequences of S. thermophilus CNRZ1066 CRISPR locus were blasted (short
nearly exact sequence searches using BlastN at the NCBI website) against the viruses
database, and aligned with the subsequent matches in S. thermophilus bacteriophages. (A)
The table indicates the spacer sequences of CNRZ1066 CRISPR presenting significant
sequence identities with phage sequences (dark cells). (B) Alignment of the sequence of
interspacing sequence #29 with eight phage sequences. (Remark: spacer #20 shows similarity
to a number of host specificity proteins).

Figure 4 Putative stem-loop secondary structure of a CRISPR repeat sequence of S.
thermophilus. Only one DNA strand is shown.

Figure 5 Integration of a CRISPR spacer into the CRISPR locus of Streptococcus thermophilus
provides resistance against a bacteriophage that the CRISPR spacer shows identity to. The
parent DGCC7710 is phage sensitive, and the BIM DGCC7710RH1 is phage resistant. The
BIM DGCC7710RH1 has a new spacer (Sn) in the CRISPR locus, which shows 100% identity
to phage sequence. In step (b) the strain is challenged with phage 858 and a phage resistant
mutant is selected. In step (c) the CRISPR | locus of the mutant has an additional spacer which
shares 100% identity with region 31.921-31.950bp of the phage.

Figure 6 Integration of a CRISPR spacer into the CRISPR locus of Streptococcus thermophilus
provides resistance against a bacteriophage that the CRISPR spacer shows identity to. The
parent DGCC7710 is phage sensitive, and the BIM DGCC7710RH2 is phage resistant. The
BIM DGCC7710RH2 has a new spacer (Sn) in the CRISPR locus, which shows 100% identity
to phage sequence. In step (b) the strain is challenged with phage 858 and a phage resistant
mutant is selected. In step (c) The experiment was independently repeated and another
mutant was selected. The CRISPR | locus of the mutant has an additional spacer (different
from that in RH1) which shares 100% identity with region 17.125-17.244bp of the phage.

Figure 7 Spacer arrangement of CRISPR | in various Streptococcus thermophilus strains.
Numbers indicate the position of the spacer. Strain names are listed on the left. Letters indicate
CRISPR spacer type, with identical spacers described with a similar 2-letter code. Spacers with
single nucleotide polymorphisms are labeled with identical letter combination, complemented
with a "prime" label. Unique spacers are not described by a letter combination, and are left
blank.

Figure 8 Homology of CRISPR spacers with known sequences, including bacterial
chromosomal sequences (shaded in gray), plasmid DNA sequences (black squares) and
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phage genomic sequences (shaded in black).

Figure 9 A graphical representation of the plasmid system used to genetically engineer a
number of constructs in Streptococcus thermophilus as described by Russell, M. W., and T. R.
Klaenhammer (2001) Efficient system for directed integration into the Lactobacillus acidophilus
and Lactobacillus gasseri chromosomes via homologous recombination. Applied and
Environmental Microbiology 67:4361-4364.

Figure 10 A graphical representation of the plasmid used to subclone PCR products of the
various constructs described herein (cas1 KO, cas4 KO, RT and S1S2). The plasmid is
available commercially from Invitrogen in the TOPO TA Cloning® kit.

Figure 11 A graphical representation of the plasmid used for homologous recombination in one
embodiment of the present invention.

Figure 12 A graphical representation illustrating the preparation of the CAS1KO construct in
which the cas? gene is disrupted by homologous recombination.

Figure 13 A graphical representation illustrating the preparation of the CAS4KO construct in
which the cas4 gene is disrupted by homologous recombination.

Figure 14 A graphical representation illustrating the S1S2 construct engineering using specific
primers and iterative PCR reactions. The first panel illustrates all primers used and the set up
for the first two PCR reactions (reaction #1 with primers P1 and P2 and reaction #2 with
primers P2 and P3). The second panel shows the PCR products obtained from the first two
PCR reactions, with the product from reaction #1 on the left and the product from reaction #2
on the right. The third panel shows the third PCR reaction, using a combination of the products
from the first two PCRs as the template for the third PCR reaction, and primer P1 from the first
reaction along with primer P4 from the second reaction. The fourth panel shows the product of
PCR#3, which technically generates the S1 S2 construct.

Figure 15 A graphical representation of the details for primer design for primers 2 and 3, which
contain key sequences for the experiment, derived from spacers identical to phage sequences
(the PCR products derived from these PCR primers will generate the spacers that will
ultimately provide resistance to the phages).

Figure 16 A graphical representation of the integration of the S1S2 construct.

Figure 17 A graphical representation of the preparation of the RT construct using a restriction
enzyme to generate the RT construct from the S1S2 construct. There are Bgll restriction sites
within the repeats allow the "middle" part of the construct to be cut. Following enzymatic
digestion, a ligase is used to patch together the two end pieces, thus generating a new
construct that has RT, but no spacers.

Figure 18 A graphical representation of the integration of the RT construct.

Figure 19 A graphical representation of the RT' construct.
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Figure 20 A graphical representation of the RT' construct.

DETAILED DESCRIPTION OF THE INVENTION

CRISPR LOCUS

[0101] CRISPR loci are a distinct class of interspersed short sequence repeats (SSRs) that
were first recognized in E. coli (Ishino et al. (1987) J. Bacteriol. 169:5429-5433; Nakata et al.
(1989) J. Bacteriol. 171:3553-3556). Similar interspersed SSRs have been identified in
Haloferax mediterranei, Streptococcus pyogenes, Anabaena, and Mycobacterium tuberculosis
(Groenen et al. (1993) Mol. Microbiol. 10:1057-1065; Hoe et al. (1999) Emerg. Infect. Dis.
5:254-263; Masepohl et al. (1996) Biochim. Biophys. Acta 1307:26-30; Mojica et al. (1995)
Mol. Microbiol.17:85-93). The CRISPR loci differ from other SSRs by the structure of the
repeats, which have been termed short regularly spaced repeats (SRSRs) (Janssen et al.
(2002) OMICS J. Integ. Biol. 6:23-33; Mojica et al. (2000) Mol. Microbiol. 36:244-246). The
repeats are short elements that occur in clusters, that are always regularly spaced by unique
intervening sequences with a constant length (Mojica et al. (2000) Mol. Microbiol. 36:244-246).
Although the repeat sequences are highly conserved between strains, the number of
interspersed repeats and the sequences of the spacer regions differ from strain to strain (van
Embden et al. (2000) J. Bacteriol. 182:2393-2401).

[0102] The common structural characteristics of CRISPR loci are described in Jansen et al.
(2002) as (i) the presence of multiple short direct repeats, which show no or very little
sequence variation within a given locus; (ii) the presence of non-repetitive spacer sequences
between the repeats of similar size; (iii) the presence of a common leader sequence of a few
hundred basepairs in most species harbouring multiple CRISPR loci; (iv) the absence of long
open reading frames within the locus; and (v) the presence of one or more cas genes.

[0103] CRISPRs are typically short partially palindromic sequences of 24-40bp containing inner
and terminal inverted repeats of up to 11 bp. Although isolated elements have been detected,
they are generally arranged in clusters (up to about 20 or more per genome) of repeated units
spaced by unique intervening 20-58bp sequences. CRISPRs are generally homogenous within
a given genome with most of them being identical. However, there are examples of
heterogeneity in, for example, the Archaea (Mojica et al. 2000).

[0104] By way of example, the genome of Streptococcus thermophilus LMG18311 contains 3
CRISPR loci; the 36-bp repeated sequences are different in CRISPR1 (34 repeats), CRISPR2
(5 repeats), and CRISPR3 (a single sequence). Nevertheless, they are perfectly conserved
within each locus. CRISPR1 and CRISPR2 repeats are respectively interspaced by 33 and 4
sequences of 30 bp in length. All these interspacing sequences are different from each other.



DK/EP 2336362 T3

They are also different from those found in strain CNRZ1066 (41 interspacing sequences
within CRISPR1) and in strain LMD-9 (16 within CRISPR1 and 8 within CRISPR3), which both
are S. thermophilus. Figure 1 describes one of the CRISPRs identified in S. thermophilus.

[0105] Various methods for identifying CRISPR loci are already known in the art. By way of
example, Jensen et al. (2002) describe a computer based approach in which nucleotide
sequences are searched for CRISPR motifs using the PATSCAN program at the server of the
Mathematics and Computer Science Division at the Argonne National Laboratory, Argonne, IL,
USA. The algorithm that was used for identifying CRISPR motifs was pl1 =
a...bc...dp1c...dplc...dp1, where a and b are the lower and upper size limit of the repeat and
p1 and c and d are the lower and upper size limit of the spacer sequences. The values of a, b,
c and d may be varied from about 15 to about 70 bp at increments of about 5 bp.

[0106] CRISPR loci may be identified using dotplots (using, for example, a computer program
called Dotter).

[0107] Sequence similarity analysis may be performed using various methods that are well
known in the art. By way of example, analysis may be performed using NCBI BLAST with a
microbial genomes database (http://www.ncbi.nlm.nih.gov) and GenBank.

[0108] The amplification of CRISPR loci has been described in, for example, Mojica et al.
(2005) and Pourcel et al. (2005). Amplification of the desired region of DNA may be achieved
by any method known in the art, including polymerase chain reaction (PCR). By "amplification"
we mean the production of additional copies of a nucleic acid sequence. This is generally
carried out using PCR technologies well known in the art (Dieffenbach and Dveksler (1995)
PCR Primer, a Laboratory Manual (Cold Spring Harbor Press, Plainview, New York).

[0109] By "polymerase chain reaction" or "PCR" we mean a method such as that disclosed in
US4,683,195 and US4,683,202, which describe a method for increasing the concentration of a
segment of a target sequence in a mixture of genomic DNA without cloning or purification. The
length of the amplified segment of the desired target sequence is determined by the relative
positions of two oligonucleotide primers . with respect to each other, and therefore, this length
is a controllable parameter. By virtue of the repeating aspect of the process, the method is
referred to as "PCR". Because the desired amplified segments of the target sequence become
the predominant sequences (in terms of concentration) in the mixture, they are said to be
"PCR amplified."

[0110] In the PCR approach, oligonucleotide primers can be designed for use in PCR reactions
to amplify all or part of a CRISPR locus. By "primer" we mean an oligonucleotide, whether
occurring naturally as in a purified restriction digest or produced synthetically, which is capable
of acting as a point of initiation of synthesis when placed under conditions in which synthesis of
a primer extension product which is complementary to a nucleic acid strand is induced (i.e., in
the presence of nucleotides and an inducing agent - such as DNA polymerase and at a
suitable temperature and pH). The primer may be single stranded for maximum efficiency in
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amplification, but may alternatively be double stranded. If double stranded, the primer is first
treated to separate its strands before being used to prepare extension products. The primer
may be an oligodeoxyribonucleotide. The primer must be sufficiently long to prime the
synthesis of extension products in the presence of the inducing agent. The exact lengths of the
primers will depend on many factors, including temperature, source of primer, and the use of
the method. PCR primers are typically at least about 10 nucleotides in length, and most
typically at least about 20 nucleotides in length.

[0111] Methods for designing PCR primers and PCR cloning are generally known in the art and
are disclosed in Sambrook et al. (1989) Molecular Cloning: A Laboratory Manual (2d ed., Cold
Spring Harbor Laboratory Press, Plainview, New York). See also Innis et al., eds. (1990) PCR
Protocols: A Guide to Methods and Applications (Academic Press, New York); Innis and
Gelfand, eds. (1995) PCR Strategies (Academic Press, New York); and Innis and Gelfand, eds.
(1999) PCR Methods Manual (Academic Press, New York). Known methods of PCR include,
but are not limited to, methods using paired primers, nested primers, single specific primers,
degenerate primers, gene-specific primers, vector-specific primers, partially mismatched
primers, and the like.

[0112] The CRISPR loci may comprise, consist or consist essentially of DNA or RNA of
genomic, synthetic or recombinant origin.

[0113] The CRISPR loci may be double-stranded or single-stranded whether representing the
sense or antisense strand or combinations thereof.

[0114] The CRISPR loci may be prepared by use of recombinant DNA techniques (e.g.
recombinant DNA), as described herein.

[0115] Nucleotide sequences described herein may be obtained from databases - such as
GenBank or the JGI website at http://genome.jgi-psf.org/mic_home.html.

CRISPR ORIENTATION

[0116] For the avoidance of doubt, in the context of the present invention the CRISPR locus is
orientated as follows.

[0117] The CRISPR leader is a conserved DNA segment of defined size. For example, the
leader sequence of S. thermophilus CRISPR1 is the DNA segment starting immediately after
the stop codon of gene str0660, and ending just before the first repeat. The CRISPR leader is
located at the 5' end of the CRISPR locus. The CRISPR leader is located immediately
upstream of the first CRISPR repeat of the CRISPR locus.

[0118] The CRISPR trailer is a conserved DNA segment of defined size. For example, the
trailer sequence of S. thermophilus CRISPR1 is the DNA segment starting immediately after
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the terminal repeat, and ending just before the stop codon of gene str0661 (located on the
opposite DNA strand). The CRISPR trailer is located at the 3' end of the CRISPR locus. The
CRISPR trailer is located immediately downstream of the terminal repeat.

[0119] By way of example, the CRISPR leader and CRISPR trailer sequences in the CRISPR1
locus of Streptococcus thermophilus strain CNRZ1066 are:

CRISPR leader 5'-
CAAGGACAGTTATTGATTTTATAATCACTATGTGGGTATAAAAACGTCAAAATTTCATTTGAG-3'

CRISPR trailer 5'-TTGATTCAACATAAAAAGCCAGTTCAATTGAACTTGGCTTT-3'

[0120] The CRISPR leader corresponds to positions 625038 to 625100, and the CRISPR
trailer corresponds to positions 627845 to 627885 in the full genome (CP000024) of
Streptococcus thermophilus.

[0121] For the avoidance of doubt "upstream" means in the 5' direction and "downstream"
means in the 3' direction.

CAS

[0122] As used herein, the term "cas gene" has the conventional meaning as used in the art
and refers to one or more cas genes that are generally coupled, associated or close to or in
the vicinity of flanking CRISPR loci.

[0123] A comprehensive review of the Cas protein family is presented in Haft et al. (2005)
Computational Biology 1, 6 e60. As described therein, 41 CRISPR-associated (cas) gene
families are described, in addition to the four previously known gene families. It shows that
CRISPR systems belong to different classes, with different repeat patterns, sets of genes, and
species ranges.

[0124] The number of cas genes at a given CRISPR locus can vary between species.

[0125] The use of one or more cas genes or proteins for modulating resistance in a cell (eg. a
recipient cell) against a target nucleic acid or a transcription product thereof is disclosed
herein.

[0126] The use of one or more cas genes or proteins and one more CRISPR spacers for
modulating resistance in a cell (eg. a recipient cell) against a target nucleic acid or a

transcription product thereof is disclosed herein.

[0127] In some embodiments, one or more of the cas genes and/or proteins may naturally
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occur in a recipient cell and one or more heterologous spacers may be integrated or inserted
adjacent to the one or more of the cas genes or proteins.

[0128] In some embodiments, suitably one or more of the cas genes and/or proteins may be
heterologous to the recipient cell and one or more of the spacers may be homologous or
heterologous. In this instance, the spacers may be integrated or inserted adjacent to the one
or more of the cas gene or proteins.

[0129] The use of one or more cas genes or proteins and at least two CRISPR repeats for
modulating resistance in a cell (eg. a recipient cell) against a target nucleic acid or a
transcription product thereof is disclosed herein.

[0130] The use of one or more cas genes or proteins, at least two CRISPR repeats and at
least one CRISPR spacer for modulating resistance in a cell (eg. a recipient cell) against a
target nucleic acid or a transcription product thereof is disclosed herein.

[0131] CRISPR structures are typically found in the vicinity of four genes named cas? to cas4.
The most common arrangement of these genes is cas3-cas,4-cas?-cas-2. The Cas3 protein
appears to be a helicase, whereas Cas4 resembles the RecB family of exonucleases and
contains a cysteine-rich motif, suggestive of DNA binding. Cas1 is generally highly basic and is
the only Cas protein found consistently in all species that contain CRISPR loci, Cas2 remains to
be characterized, cas7-4 are typically characterized by their close proximity to the CRISPR loci
and their broad distribution across bacterial and archaeal species. Although not all cas7-4
genes associate with all CRISPR loci, they are all found in multiple subtypes.

[0132] Bolotin et al. (2005) have recently reported another cluster of three genes associated
with CRISPR structures in many bacterial species, named here as cas1B, cas5 and cas6.

[0133] The cas gene may be cas?, cas2, cas3, cas4, cas1B, casb and/or cas6. In one
embodiment, the cas gene is cas’.

[0134] The cas gene may be cas1, cas2, cas3, cas4, cas1B, casb and/or cas6 or a fragment,
variant, homologue or derivative thereof.

[0135] The cas genes may be cas1?, cas2, cas3, cas4, cas1B, cas5 and/or cas6 or a plurality
thereof or a combination thereof - such as cas? and cas2; cas? and cas3; cas? and cas4; cas1
and cas1B; cas1 and casb; cas1 and cas6; cas2 and cas3; cas2 and cas4, cas2 and cas1B;
cas2 and cas); cas2 and cas6; cas3 and cas4; cas3 and cas1B; cas3 and cas); cas3 and
casb,; cas4 and cas1B; cas4 and casb; cas4 and cas6,; cas1B and cas5; cas1B and casé6; cas1,
cas2 and cas3; cas1, cas2 and cas4, cas1, cas2 and cas1B; cas1, cas2, cas3 and cas4, cas1,
cas2, cas3 and cas1B; cas1, cas2, cas3 and casb; cas1, cas2, cas3 and cas6; cas1, cas2,
cas3, cas4 and cas1B; cas1, cas2, cas3, cas4 and casd; cas1, cas2, cas3, cas4, cas1B and
casb; cas1, cas2, cas3, cas4, cas1B, casb; cas1, cas2, cas3, cas4, cas1B and cas6; cas1,
cas2, cas3, cas4, cas1B, casb and casb6; cas2, cas3 and cas4, cas2, cas3 and cas1B; cas2,
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cas3 and cas); cas2, cas3 and casb; cas2, cas3, cas4 and cas1B; cas2, cas3, cas4, and cas);
cas2, cas3, cas4 and casb6; cas2, cas3, cas4, cas1B and cas5; cas2, cas3, cas4, cas1B and
casb; cas2, cas3, cas4, cas1B, casb and cas6; cas3, cas4 and cas1B; cas3, cas4 and casb5;
cas3, cas4 and cas6; cas3, cas4, cas1B and casb; cas3, cas4, cas1B and cas6,; cas3, cas4,
cas1B, casb and cas6; cas4, cas1B and cas5; cas4, cas1B and cas6; cas4, cas1B, casbd and
cas6; casb and cas6 or combinations thereof.

[0136] The cas genes may be cas? and cas2; cas? and cas3; cas? and cas4, cas1 and cas1B;
cas1 and cas); cas? and cas6; cas2 and cas3; cas2 and cas4; cas2 and cas1B; cas2 and
casb; cas2 and cas6; cas3 and cas4; cas3 and cas1B; cas3 and casb; cas3 and casb6,; cas4
and cas1B; cas4 and casb; cas4 and cas6; cas1B and casb or cas1B and cas6 or
combinations thereof.

[0137] The cas genes may be a cas?, cas2 and cas3; cas1, cas2 and cas4, cas1, cas2 and
cas1B; cas1, cas2, cas3 and cas4; cas1, cas2, cas3 and cas1B; cas1, cas2, cas3 and cas);
cas1, cas2, cas3 and cas6; cas1, cas2, cas3, cas4 and cas1B; cas1, cas2, cas3, cas4 and
casb; cas1, cas2, cas3, cas4, cas1B and casé6; cas1, cas2, cas3, cas4, cas1B and cas)5; cas1,
cas2, cas3, cas4, cas1B and cas6; cas1, cas2, cas3, cas4, cas1B, casb and cas6 or
combinations thereof.

[0138] The cas genes may be cas2, cas3 and cas4, cas2, cas3 and cas1B; cas2, cas3 and
casb; cas2, cas3 and casb6, cas2, cas3, cas4 and cas1B; cas2, cas3, cas4, and casb ; cas2,
cas3, cas4 and casb6; cas2, cas3, cas4, cas1B and casb ; cas2, cas3, cas4, cas1B and cas6;
cas2, cas3, cas4, cas1B, cas5 and cas6 or combinations thereof.

[0139] The cas genes may be cas3, cas4 and cas1B; cas3, cas4 and casb; cas3, cas4 and
casb; cas3, cas4, cas1B and casb; cas3, cas4, cas1B and cas6; cas3, cas4, cas1B, cas5 and
casb; cas4, cas1B and casb; cas4, cas1B and cas6; cas4, cas1B, casb and cas6; casbd and
cas6 or combinations thereof.

[0140] The cas gene maybe one or more of cas?, cas2, cas3, cas4, cas1B, casb and/or cas6
or a plurality thereof - such as a plurality of any 2 cas genes, any 3 cas genes, any 4 cas
genes, any 5 cas genes, any 6 cas genes, or any 7 cas genes.

[0141] The plurality of cas genes may comprise, consist or consist essentially of a plurality of
the same cas genes - such as 2 cas genes, 3 cas genes, 4 cas genes, 5 cas genes, 6 cas
genes, 7 cas genes, 8 cas genes, 9 cas genes, 10 cas genes, 15 cas genes, 20 cas genes, 25
cas genes, 30 cas genes, 35 cas genes, 40 cas genes or even 50 or more cas genes.

[0142] The plurality of cas genes may comprise, consist or consist essentially of a plurality of
different cas genes-such as 2 different cas genes, 3 different cas genes, 4 different cas genes,
5 different cas genes, 6 different cas genes, 7 different cas genes, 8 different cas genes, 9
different cas genes, 10 different cas genes, 15 different cas genes, 20 different cas genes, 25
different cas genes, 30 different cas genes, 35 different cas genes, 40 different cas genes or
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even 50 or more different cas genes.

[0143] The plurality of cas genes may comprise, consist or consist essentially of a plurality of
the same and/or different cas genes - such as 2 different cas genes, 3 different cas genes, 4
different cas genes, 5 different cas genes, 6 different cas genes, 7 different cas genes, 8
different cas genes, 9 different cas genes, 10 different cas genes, 15 different cas genes, 20
different cas genes, 25 different cas genes, 30 different cas genes, 35 different cas genes, 40
different cas genes or even 50 or more different cas genes. The same cas gene may be
duplicated a plurality of times.

[0144] Suitably, the term "cas gene" refers to a plurality of cas genes - such as between 2 and
12 cas genes, more preferably, between 3 and 11 cas genes, more preferably, between 4 and
10 cas genes, more preferably, between 4 and 9 cas genes, more preferably, between 4 and 8
cas genes, more preferably, between 4 and 7 cas genes - such as 4, 5, 6, or 7 cas genes.

[0145] The cas gene(s) may comprise, consist or consist essentially of DNA or RNA of
genomic, synthetic or recombinant origin.

[0146] The cas gene(s) may be double-stranded or single-stranded whether representing the
sense or antisense strand or combinations thereof.

[0147] The cas gene(s) may be prepared by use of recombinant DNA techniques (e.g.
recombinant DNA), as described herein.

[0148] As described herein below, the cas gene may be a fragment of a cas gene, thereby
indicating hat the cas gene comprises a fraction of a wild-type sequence. Suitably, the
sequence comprises at least 30%, at least 40%, at least 50%, at least 60%, at least 65%, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at
least 97%, at least 98%, or least 99% of the wild-type sequence.

[0149] For some embodiments it is preferred that the cas gene is the cas gene that is closest
to the leader sequence or the first CRISPR repeat at the 5' end of the CRISPR locus- such as
cas4 or casb.

[0150] The Cas protein maybe Cas1, Cas2, Cas3, Cas4, Cas1B, Cas5 and/or Cas6.

[0151] The Cas protein may be Cas1, Cas2, Cas3, Cas4, Cas1B, Cas5 and/or Cas6 or a
fragment, variant, homologue or derivative thereof.

[0152] The Cas protein may be Cas1, Cas2, Cas3, Cas4, Cas1B, Cas5 and/or Cas6 or a
combination thereof - such as Cas1 and Cas2 ; Cas1 and Cas3 ; Cas1 and Cas4, Cas1 and
Cas1B; Cas1 and Cas5 ; Cas1 and Cas6 ; Cas2 and Cas3 ; Cas2 and Cas4 ; Cas2 and Cas1B,;
Cas2 and Cas5 ; Cas2 and Cas6 ; Cas3 and Cas4; Cas3 and CasIB ; Cas3 and Cas5 ; Cas3
and Cas6 ; Cas4 and CasIB ; Cas4 and Cas5; Cas4 and Cas6 ; Cas1B and Cas5 ; Cas1B and
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Cas6 ; Cas1, Cas2 and Cas3 ; Cas1, Cas2 and Cas4 ; Cas1, Cas2 and CasIB ; Cas1, Cas2,
Cas3 and Cas4 ; Cas1, Cas2, Cas3 and CasIB ; Cas1, Cas2, Cas3 and Cas5; Cas1, Cas2,
Cas3 and Cas6; Cas1, Cas2, Cas3, Cas4 and CasIB ; Cas1, Cas2, Cas3, Cas4 and Cas5 ;
Cas1, Cas2, Cas3, Cas4, CasIB and Cas6; Cas1, Cas2, Cas3, Cas4, Cas1B and Cas5 ; Cas1,
Cas2, Cas3, Cas4, Cas1B and Cas6,; Cas1, Cas2, Cas3, Cas4, Cas1B, Cas5 and Cas6; Cas2,
Cas3 and Cas4; Cas2, Cas3 and Cas1B; Cas2, Cas3 and Cas5 ; Cas2, Cas3 and Cas6 ; Cas2,
Cas3, Cas4 and Cas1B ; Cas2, Cas3, Cas4, and Cas5; Cas2, Cas3, Cas4 and Cas6; Cas2,
Cas3, Cas4, Cas1B and Cas5; Cas2, Cas3, Cas4, Cas1B and Cas6; Cas2, Cas3, Cas4,
Cas1B, Cas5 and Cas6; Cas3, Cas4 and Cas1B; Cas3, Cas4 and Cas5; Cas3, Cas4 and
Cas6; Cas3, Cas4, Cas1B and Cas5; Cas3, Cas4, Cas1B and Cas6; Cas3, Cas4, Cas1B, Cas5
and Cas6; Cas4, Cas1B and Cas5; Cas4, Cas1B and Cas6 or Cas4, Cas1B, Cas5 and Casb6,
Cas5 and Case6.

[0153] The Cas protein may be Cas1 and Cas2; Cas1 and Cas3 ; Cas1 and Cas4; Cas1 and
Cas1B; Cas1 and Cas5; Cas1 and Cas6; Cas2 and Cas3 ; Cas2 and Cas4 ; Cas2 and Cas1B,;
Cas2 and Cas5 ; Cas2 and Cas6; Cas3 and Cas4 ; Cas3 and Cas1B; Cas3 and Cas5 ; Cas3
and Cas6; Cas4 and Cas1B; Cas4 and Cas5 ; Cas4 and Cas6; Cas1B and Cas5 or Cas1B and
Casb6 or combinations thereof.

[0154] The Cas protein may be Cas1, Cas2 and Cas3; Cas1, Cas2 and Cas4; Cas1, Cas2 and
Cas1B; Cas1, Cas2, Cas3 and Cas4; Cas1, Cas2, Cas3 and Cas1B; Cas1, Cas2, Cas3 and
Cas5; Cas1, Cas2, Cas3 and Cas6; Cas1, Cas2, Cas3, Cas4 and Cas1B; Cas1, Cas2, Cas3,
Cas4 and Cas5 ; Cas1, Cas2, Cas3, Cas4, Cas1B and Cas6 ; Cas1, Cas2, Cas3, Cas4, Cas1B
and Cas5 ; Cas1, Cas2, Cas3, Cas4, Cas1B and Cas6; Cas1, Cas2, Cas3, Cas4, Cas1B, Cas5
and Cas6 or combinations thereof.

[0155] The Cas protein may be Cas2, Cas3 and Cas4 ; Cas2, Cas3 and CasIB ; Cas2, Cas3
and Cas5; Cas2, Cas3 and Cas6; Cas2, Cas3, Cas4 and Cas1B; Cas2, Cas3, Cas4, and Cas5
; Cas2, Cas3, Cas4 and Cas6,; Cas2, Cas3, Cas4, Cas1B and Cas5; Cas2, Cas3, Cas4, Cas1B
and Cas6; Cas2, Cas3, Cas4, Cas1B, Cas5 and Cas6 or combinations thereof.

[0156] The Cas protein may be Cas3, Cas4 and CasIB ; Cas3, Cas4 and Cas5 ; Cas3, Cas4
and Casb6 ; Cas3, Cas4, CasIB and Cas5 ; Cas3, Cas4, Cas1B and Cas6 ; Cas3, Cas4, Cas1B,
Cas5 and Cas6 ; Cas4, Cas1B and Cas5 ; Cas4, Cas1B and Cas6; Cas4, Cas1B, Cas5 and
Cas6; Cas5 and Cas6 or combinations thereof.

[0157] The Cas protein may be one or more of Cas1, Cas2, Cas3, Cas4, Cas1B, Cas5 and/or
Cas6 or a plurality thereof - such as a plurality of any 2 Cas genes, any 3 Cas genes, any 4
Cas genes, any 5 Cas genes, any 6 Cas genes, or any 7 Cas genes.

[0158] The plurality of Cas proteins may comprise, consist or consist essentially of a plurality of
the same Cas proteins - such as 2 Cas proteins, 3 Cas proteins, 4 Cas proteins, 5 Cas
proteins, 6 Cas proteins, 7 Cas proteins, 8 Cas proteins, 9 Cas proteins, 10 Cas proteins, 15
Cas proteins, 20 Cas proteins, 25 Cas proteins, 30 Cas proteins, 35 Cas proteins, 40 Cas
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proteins or even 50 or more Cas proteins.

[0159] The plurality of Cas proteins may comprise, consist or consist essentially of a plurality of
different Cas proteins - such as 2 different Cas proteins, 3 different Cas proteins, 4 different
Cas proteins, 5 different Cas proteins, 6 different Cas proteins, 7 different Cas proteins, 8
different Cas proteins, 9 different Cas proteins, 10 different Cas proteins, 15 different Cas
proteins, 20 different Cas proteins, 25 different Cas proteins, 30 different Cas proteins, 35
different Cas proteins, 40 different Cas proteins or even 50 or more different Cas proteins.

[0160] The plurality of Cas proteins may comprise, consist or consist essentially of a plurality of
the same and/or different Cas proteins - such as 2 different Cas proteins, 3 different Cas
proteins, 4 different Cas proteins, 5 different Cas proteins, 6 different Cas proteins, 7 different
Cas proteins, 8 different Cas proteins, 9 different Cas proteins, 10 different Cas proteins, 15
different Cas proteins, 20 different Cas proteins, 25 different Cas proteins, 30 different Cas
proteins, 35 different Cas proteins, 40 different Cas proteins or even 50 or more different Cas
proteins. The same Cas proteins may be duplicated a plurality of times.

[0161] Suitably, the term "Cas protein" refers to a plurality of Cas proteins - such as between 2
and 12 Cas proteins, more preferably, between 3 and 11 Cas proteins, more preferably,
between 4 and 10 Cas proteins, more preferably, between 4 and 9 Cas proteins, more
preferably, between 4 and 8 Cas proteins, more preferably, between 4 and 7 proteins genes -
such as 4, 5, 6, or 7 Cas proteins.

[0162] The Cas protein(s) may be encoded by a cas gene which may comprise DNA or RNA of
genomic, synthetic or recombinant origin.

[0163] The Cas protein(s) may be encoded by a cas gene which may be double-stranded or
single-stranded whether representing the sense or antisense strand or combinations thereof.

[0164] The Cas protein(s) may be prepared by use of recombinant DNA techniques (e.g.
recombinant DNA), as described herein.

[0165] A method for identifying a cas gene for use in modulating the resistance of a cell
against a target nucleic acid or transcription product thereof comprising the steps of: (i)
preparing a cell comprising at least one CRISPR spacer and at least two CRISPR repeats; (ii)
engineering the cell such that it comprises at least one cas gene; and (iii) determining if the cell
modulates resistance against the target nucleic acid or transcription product thereof, wherein
modulation of the resistance of the cell against the target nucleic acid or transcription product
thereof is indicative that the cas gene can be used to modulate the resistance of the cell is
disclosed herein.

[0166] One or more of the cas genes may be used to engineer a cell - such as a recipient cell.
In particular, one or more cas genes may be used to engineer a cell-such as a recipient cell -
that in combination with two or more CRISPR repeats and one or more CRISPR spacers can
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be used to modulate the resistance of a cell against a target nucleic acid or a transcription
product thereof. By way of example, the cas gene(s) may be inserted into the DNA of a cell
(eg. a recipient cell) - such as plasmid DNA or genomic DNA of a cell - using various methods
that are well known in the art. By way of further example, the cas genes may be used as a
template upon which to modify (eg. mutate) the DNA of a cell (eg. a recipient cell) - such as
plasmid DNA or genomic DNA- such that cas genes are created or formed in the DNA of the
cell. By way of further example, the cas genes may be cloned into a construct, a plasmid or a
vector and the like which is then transformed into the cell, using methods such as those
described herein.

[0167] The cas genes may comprise or consist of a cas cluster selected from the group
consisting of any one or more of SEQ ID No. 461, SEQ ID No. 466, SEQ ID No. 473, SEQ ID
No. 478, SEQ ID No. 488, SEQ ID No. 493, SEQ ID No. 498, SEQ ID No. 504, SEQ ID No. 509,
SEQ ID No. 517

[0168] The cas genes may comprise or consist of any one or more of SEQ ID Nos. 462-465,
467-472,474-477, 479-487, 489-492, 494-497, 499-503, 505-508, 510-516 and/or 517-521.

[0169] Suitably, the one or more cas genes or proteins are used together with or in
combination with two or more CRISPR repeats and optionally one or more CRISPR spacers.

CRISPR REPEAT

[0170] As used herein, the term "CRISPR repeat" has the conventional meaning as used in the
art je. multiple short direct repeats, which show no or very little sequence variation within a
given CRISPR locus.

[0171] As used herein, the term "CRISPR" is synonymous with the term "CRISPR repeat".

[0172] The number of nucleotides in a repeat is generally about 20 to about 40 base pairs, but
may be about 20 to about 39 base pairs, about 20 to about 37 base pairs, about 20 to about
35 base pairs, about 20 to about 33 base pairs, about 20 to about 30 base pairs, about 21 to
about 40 base pairs, about 21 to about 39 base pairs, about 21 to about 37 base pairs, about
23 to about 40 base pairs, about 23 to about 39 base pairs, about 23 to about 37 base pairs,
about 25 to about 40 base pairs, about 25 to about 39 base pairs, about 25 to about 37 base
pairs, about 25 to about 35 base pairs, or about 28 or 29 base pairs. The number of repeats
may range from about 1 to about 140, from about 1 to about 100, from about 2 to about 100,
from about 5 to about 100, from about 10 to about 100, from about 15 to about 100, from
about 20 to about 100, from about 25 to about 100, from about 30 to about 100, from about 35
to about 100, from about 40 to about 100, from about 45 to about 100, from about 50 to about
100, from about 1 to about 135, from about 1 to about 130, from about 1 to about 125, from
about 1 to about 120, from about 1 to about 115, from about 1 to about 110, from about 1 to
about 105, from about 1 to about 100, from about 1 to about 95, from about 1 to about 90,
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from about 1 to about 80, from about 1 to about 70, from about 1 to about 60, from about 1 to
about 50, from about 10 to about 140, from about 10 to about 130, from about 10 to about
120, from about 10 to about 110, from about 10 to about 95, from about 10 to about 90, from
about 20 to about 80, from about 30 to about 70, from about 30 to about 60, from about 30 to
about 50, from about 30 to about 40, or about 32.

[0173] Suitably, the number of nucleotides in a repeat is generally about 20 to about 40 base
pairs, but may be about 20 to about 39 base pairs, about 20 to about 37 base pairs, about 20
to about 35 base pairs, about 20 to about 33 base pairs, about 20 to about 30 base pairs,
about 21 to about 40 base pairs, about 21 to about 39 base pairs, about 21 to about 37 base
pairs, about 23 to about 40 base pairs, about 23 to about 39 base pairs, about 23 to about 37
base pairs, about 25 to about 40 base pairs, about 25 to about 39 base pairs, about 25 to
about 37 base pairs, about 25 to about 35 base pairs, or about 28 or 29 base pairs.

[0174] Suitably, the number of repeats may range from about 2 to about 140, from about 2 to
about 100, from about 2 to about 100, from about 5 to about 100, from about 10 to about 100,
from about 15 to about 100, from about 20 to about 100, from about 25 to about 100, from
about 30 to about 100, from about 35 to about 100, from about 40 to about 100, from about 45
to about 100, from about 50 to about 100.

[0175] Suitably, the number of repeats may range from about 2 to about 135, from about 2 to
about 130, from about 2 to about 125, from about 2 to about 120, from about 2 to about 115,
from about 2 to about 110, from about 2 to about 105, from about 2 to about 100, from about 2
to about 95, from about 2 to about 90, from about 2 to about 80, from about 2 to about 70,
from about 2 to about 60, from about 2 to about 50, from about 2 to about 40, from about 2 to
about 30, from about 2 to about 20, from about 2to about 10, from about 2 to about 9, from
about 2 to about 8, from about 2 to about 7, from about 2 to about 6, from about 2 to about 5,
from about 2 to about 4, or from about 2 to about 3.

[0176] The CRISPR repeat(s) may comprise, consist or consist essentially of DNA or RNA of
genomic, synthetic or recombinant origin.

[0177] The CRISPR repeat(s) may be double-stranded or single-stranded whether
representing the sense or antisense strand or combinations thereof.

[0178] The CRISPR repeat(s) may be prepared by use of recombinant DNA techniques (e.qg.
recombinant DNA), as described herein.

[0179] One or more of the CRISPR repeats may be used to engineer a cell - such as a
recipient cell. In particular, one or more, preferably, two or more CRISPR repeats may be used
to engineer a cell - such as a recipient cell - that in combination with one or more cas genes or
proteins and one or more CRISPR spacers can be used to modulate the resistance of a cell
against a target nucleic acid or a transcription product thereof. By way of example, the CRISPR
repeat(s) may be inserted into the DNA of a cell (eg. a recipient cell) - such as plasmid DNA or
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genomic DNA of a cell - using various methods that are well known in the art. By way of further
example, the CRISPR repeat(s) may be used as a template upon which to modify (eg. mutate)
the DNA of a cell (eg. a recipient cell) - such as plasmid DNA or genomic DNA- such that
CRISPR repeat(s) are created or engineered in the DNA of the cell. By way of further example,
CRISPR repeat(s) may be cloned into a construct, a plasmid or a vector and the like which is
then transformed into the cell, using methods such as those described herein.

[0180] A method for identifying a CRISPR repeat for use in modulating the resistance of a cell
against a target nucleic acid or transcription product thereof comprising the steps of: (i)
preparing a cell comprising at least one CRISPR spacer and at least one cas gene; (ii)
engineering the cell such that it contains a CRISPR repeat; and (iii) determining if the cell
modulates resistance against the target nucleic acid or transcription product thereof, wherein
modulation of the resistance of the cell against the target nucleic acid or transcription product
thereof is indicative that the CRISPR repeat can be used to modulate resistance is disclosed
herein.

[0181] Suitably, one or more cas genes or proteins are used together with or in combination
with two or more CRISPR repeats and optionally one or more CRISPR spacers. The cas
gene(s) or protein(s) and CRISPR repeat(s) form a functional combination as described below.

[0182] A CRISPR spacer is flanked by two CRISPR repeats. In other words, a CRISPR spacer
has at least one CRISPR repeat on each side.

[0183] The CRISPR repeats may comprise or consist of the nucleotide sequence set forth in
any one or more of SEQ ID Nos. 1-22.

FUNCTIONAL COMBINATION

[0184] As mentioned above, surprisingly, the inventors have discovered that a given set of cas
genes or proteins is always associated with a given repeated sequence within a particular
CRISPR locus. In other words, cas genes or proteins seem to be specific for a given DNA
repeat, meaning that cas genes or proteins and the repeated sequence form a functional pair.

[0185] Accordingly, particular combinations of one or more cas genes or proteins and

two or more CRISPR repeats are used in order for a CRISPR spacer to confer resistance
against a target nucleic acid or transcription product thereof in a cell (eg. a recipient cell).
Accordingly, it has been surprisingly found that it is not possible to merely use any cas genes
or proteins or any CRISPR repeat. Instead it is a feature of the present invention that the
combination is functional.

[0186] In the context of the CRISPR repeat-cas gene or protein combination described herein,
the term "functional" means that the combination is able to confer resistance to a target nucleic
acid or a transcription product thereof when used together with a CRISPR spacer which aligns
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with or is homologous to a target nucleic acid or transcription product thereof.

[0187] As used herein the term "functional CRISPR repeat-cas combination" and "functional
CRISPR repeat-cas gene combination" includes a functional combination in which cas is a cas
gene or a Cas protein.

[0188] The one or more cas genes or proteins and the
two or more CRISPR repeats are or are derivable (preferably, derived) from the same cell (eg.
the same recipient cell).

[0189] In one embodiment, the term "derivable" is synonymous with the term "obtainable".
[0190] In one embodiment, the term "derived" is synonymous with the term "obtained".

[0191] The one or more cas genes or proteins and the

two or more CRISPR repeats are derivable (preferably, derived) from the same CRISPR locus
within a genome or plasmid, preferably a genome or plasmid of the same strain, species or
genera.

[0192] Suitably, the one or more cas genes or proteins and the

two or more CRISPR repeats are derivable (preferably, derived) from the same CRISPR locus
within a single genome or plasmid, preferably a single genome or plasmid of the same strain,
species or genera.

[0193] Suitably, the one or more cas genes or proteins and the
two or more CRISPR repeats naturally co-occur.

[0194] Suitably, the one or more cas genes or proteins and the two or more CRISPR repeats
naturally co-occur in the same cell (eg. recipient cell).

[0195] Suitably, the one or more cas genes or proteins and the
two or more CRISPR repeats naturally co-occur in the same genome of a cell (eg. recipient
cell).

[0196] Suitably, the one or more cas genes or proteins and the
two or more CRISPR repeats naturally co-occur in the same genome of a strain, species or
genera.

[0197] A combination or nucleic acid consisting essentially of at least two CRISPR repeats and
at least one cas gene or protein is disclosed herein.

[0198] The term "consists essentially of" may refer to a combination of at least two CRISPR
repeats and at least one cas gene or protein and excluding at least one further component of a
CRISPR locus - such as the absence of one or more CRISPR spacer(s) and/or the absence of
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one or more common leader sequence(s) of a CRISPR locus.

[0199] Alternatively, the term "consists essentially of" may refer to a combination of at least two
CRISPR repeats and at least one cas gene or protein only and excluding all other components
of a CRISPR locus - such as a naturally occurring CRISPR locus.

[0200] Alternatively, the term "consists essentially of" may refer to a combination of at least two
CRISPR repeats and at least one cas gene or protein only and excluding at least one further
component of a CRISPR locus - preferably excluding at least one further component of a
naturally occurring CRISPR locus.

[0201] Alternatively, the term "consists essentially of" may refer to a combination of at least two
CRISPR repeats and at least one cas gene or protein with the proviso that at least one further
component of the natural CRISPR locus is absent (eg. substantially absent).

[0202] A combination of at least two CRISPR repeats and at least one cas gene or protein with
the proviso that all other components of the CRISPR locus are absent (eg. substantially
absent), preferably that all other components of the CRISPR locus of the natural combination
of CRISPR repeat(s) and cas gene(s) are absent is disclosed herein.

[0203] Suitably, the one or more cas genes or proteins are used in combination or together
with one or more CRISPR spacers.

[0204] Suitably, the one or more cas genes or proteins are used in combination or together
with at least one or more CRISPR spacers and at least
two or more CRISPR repeats.

[0205] Various arrangements of CRISPR repeats(s) and cas gene(s) or protein(s) - such as
functional CRISPR repeat-cas combinations - are contemplated.

[0206] The combination may comprise, consist or consist essentially of at least any of 9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19 or 20 CRISPR repeat(s) in combination with any of 1, 2, 3, 4,
5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19 or 20 cas genes or proteins - such as 16
CRISPR repeat and 12 cas genes or proteins or 18 CRISPR repeats and 20 cas genes or
proteins or any other combinations thereof.

[0207] The CRISPR repeat(s) and cas gene(s) may be arranged in various ways.

[0208] The combination may be cas7-repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats), cas2-repeat (wherein the repeat is
at least two repeats, preferably, with at least one spacer in between the repeats), cas3-repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats), cas4-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats), cas7B-repeat (wherein the repeat is at least two repeats,
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preferably, with at least one spacer in between the repeats), cas5-repeat (wherein the repeat is
at least two repeats, preferably, with at least one spacer in between the repeats), and/or cas6-
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats),.

[0209] The cas gene may be cas1, cas2, cas3, cas4, cas1B, casb and/or cas6 or a fragment,
variant, homologue or derivative thereof.

[0210] The cas genes may be cas1?, cas2, cas3, cas4, cas1B, cas5 and/or cas6 or a plurality
thereof or a combination thereof - such as cas? and cas2-repeat (wherein the repeat is at least
two repeats, preferably, with at least one spacer in between the repeats); cas? and cas3-
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats); cas? and cas4 -repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats), cas? and cas1B-repeat (wherein
the repeat is at least two repeats, preferably, with at least one spacer in between the repeats);
cas1 and casb-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats) ; cas? and cas6-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas2 and cas3 -repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats); cas2 and cas4-repeat (wherein the repeat is at least two repeats, preferably, with at
least one spacer in between the repeats) ; cas2 and cas7b-repeat (wherein the repeat is at
least two repeats, preferably, with at least one spacer in between the repeats) ; cas2 and cas5-
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats); cas2 and cas6-repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats) ; cas3 and cas4 -repeat (wherein
the repeat is at least two repeats, preferably, with at least one spacer in between the repeats);
cas3 and cas1B-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats) ; cas3 and cas5-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats) ; cas3 and cas6-repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats); cas4 and cas1B-repeat (wherein the repeat is at least two repeats, preferably, with at
least one spacer in between the repeats); cas4 and cas5-repeat (wherein the repeat is at least
two repeats, preferably, with at least one spacer in between the repeats) ; cas4 and cas6-
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats) ; cas7B and casb -repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats); cas7B and cas6-repeat (wherein
the repeat is at least two repeats, preferably, with at least one spacer in between the repeats);
cas1, cas2 and cas3-repeat (wherein the repeat is at least two repeats, preferably, with at least
one spacer in between the repeats); cas1, cas2 and cas4-repeat (wherein the repeat is at least
two repeats, preferably, with at least one spacer in between the repeats); cas?, cas2 and
cas1B-repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats); cas?1, cas2, cas3 and cas4-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas?, cas2, cas3 and
cas1B-repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
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between the repeats); cas?, cas2, cas3 and casb-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats) ; cas?, cas2, cas3 and
cas6-repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats) ; cas?, cas2, cas3, cas4 and cas1B-repeat (wherein the repeat is at least
two repeats, preferably, with at least one spacer in between the repeats), cas?, cas2, cas3,
cas4 and cas5-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats) ; cas?1, cas2, cas3, cas4, cas1B and cas6-repeat (wherein the
repeat is at least two repeats, preferably, with at least one spacer in between the repeats);
cas1, cas2, cas3, cas4, cas1B, cas5-repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats); cas?, cas2, cas3, cas4, cas1B
and cas6-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats) ; cas?, cas2, cas3, cas4, cas1B, cas5 and cas6 -repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats); cas2, cas3 and cas4-repeat (wherein the repeat is at least two repeats, preferably,
with at least one spacer in between the repeats) ; cas2, cas3 and cas1B-repeat (wherein the
repeat is at least two repeats, preferably, with at least one spacer in between the repeats) ;
cas2, cas3 and casb -repeat (wherein the repeat is at least two repeats, preferably, with at
least one spacer in between the repeats); cas2, cas3 and cas6 -repeat (wherein the repeat is
at least two repeats, preferably, with at least one spacer in between the repeats); cas2, cas3,
cas4 and cas1B-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats) ; cas2, cas3, cas4, and cas5-repeat (wherein the repeat is at
least two repeats, preferably, with at least one spacer in between the repeats) ; cas2, cas3,
cas4 and cas6-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats); cas2, cas3, cas4, cas1B and cas5-repeat (wherein the repeat
is at least two repeats, preferably, with at least one spacer in between the repeats) ; cas2,
cas3, cas4, cas1B and cas6-repeat (wherein the repeat is at least two repeats, preferably, with
at least one spacer in between the repeats) ; cas2, cas3, cas4, cas1B, cas5 and cas6-repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats) ; cas3, cas4 and cas1B-repeat (wherein the repeat is at least two repeats, preferably,
with at least one spacer in between the repeats); cas3, cas4 and cas5-repeat (wherein the
repeat is at least two repeats, preferably, with at least one spacer in between the repeats) ;
cas3, cas4 and cas6-repeat (wherein the repeat is at least two repeats, preferably, with at least
one spacer in between the repeats) ; cas3, cas4, cas1B and cas5 -repeat (wherein the repeat
is at least two repeats, preferably, with at least one spacer in between the repeats); cas3, cas4,
cas1B and cas6-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats); cas3, cas4, cas1B, cas5 and cas6-repeat (wherein the repeat
is at least two repeats, preferably, with at least one spacer in between the repeats) ; cas4,
cas1B and casb-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats) ; cas4, cas1B and cas6-repeat (wherein the repeat is at least
two repeats, preferably, with at least one spacer in between the repeats) ; cas4, cas1B, casd
and cas6 -repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats); cas5 and cas6 -repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats) or combinations thereof.
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[0211] The cas genes may be cas? and cas2 -repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas? and cas3-repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats) ; cas? and cas4 -repeat (wherein the repeat is at least two repeats, preferably, with at
least one spacer in between the repeats); cas? and cas1B-repeat (wherein the repeat is at
least two repeats, preferably, with at least one spacer in between the repeats),; cas? and cas5 -
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats); cas? and cas6 -repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats); cas2 and cas3-repeat (wherein
the repeat is at least two repeats, preferably, with at least one spacer in between the repeats);
cas2 and cas4 -repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats); cas2 and cas1B-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas2 and cas5-repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats) ; cas2 and cas6-repeat (wherein the repeat is at least two repeats, preferably, with at
least one spacer in between the repeats) ; cas3 and cas4-repeat (wherein the repeat is at least
two repeats, preferably, with at least one spacer in between the repeats); cas3 and cas1B-
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats) ; cas3 and cas5-repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats) ; cas3 and cas6-repeat (wherein
the repeat is at least two repeats, preferably, with at least one spacer in between the repeats) ;
cas4 and cas1B-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats) ; cas4 and cas5-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats) ; cas4 and cas6-repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats); cas1B and casb -repeat (wherein the repeat is at least two repeats, preferably, with
at least one spacer in between the repeats) or cas7B and cas6 - repeat (wherein the repeat is
at least two repeats, preferably, with at least one spacer in between the repeats) or
combinations thereof.

[0212] The cas genes may be a cas?, cas2 and cas3-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats) ; cas?, cas2 and cas4 -
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats); cas?, cas2 and casiB-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas?, cas2, cas3 and
cas4-repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats) ; cas?, cas2, cas3 and cas1B-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas?, cas2, cas3 and
casb-repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats); cas?, cas2, cas3 and cas6-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats) ; cas?, cas2, cas3, cas4
and cas1B -repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats); cas1, cas2, cas3, cas4 and cas5-repeat (wherein the repeat is
at least two repeats, preferably, with at least one spacer in between the repeats); cas?, cas2,
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cas3, cas4, cas1B and cas6-repeat (wherein the repeat is at least two repeats, preferably, with
at least one spacer in between the repeats) ; cas?, cas2, cas3, cas4, cas1B and cas5-repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats); cas1, cas2, cas3, cas4, cas1B and cas6-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas?, cas2, cas3, cas4,
cas1B, casb and cas6 -repeat (wherein the repeat is at least two repeats, preferably, with at
least one spacer in between the repeats) or combinations thereof.

[0213] The cas genes may be cas2, cas3 and cas4 -repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas2, cas3 and cas1B-
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats); cas2, cas3 and cas5-repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats); cas2, cas3 and cas6-repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats); cas2, cas3, cas4 and cas1B-repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats) ; cas2, cas3, cas4, and cas5-
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats); cas2, cas3, cas4 and cas6-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats) ; cas2, cas3, cas4, cas1B
and casb-repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats) ; cas2, cas3, cas4, cas1B and cas6-repeat (wherein the repeat
is at least two repeats, preferably, with at least one spacer in between the repeats) ; cas2,
cas3, cas4, cas1B, casb and cas6 -repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats) or combinations thereof.

[0214] The cas genes may be cas3, cas4 and cas1B-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas3, cas4 and cas5-
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats); cas3, cas4 and cas6-repeat (wherein the repeat is at least two repeats,
preferably, with at least one spacer in between the repeats) ; cas3, cas4, cas1B and cas5-
repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats); cas3, cas4, cas1B and cas6-repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas3, cas4, cas1B, casb
and cas6 -repeat (wherein the repeat is at least two repeats, preferably, with at least one
spacer in between the repeats); cas4, cas1B and casb5-repeat (wherein the repeat is at least
two repeats, preferably, with at least one spacer in between the repeats); cas4, cas1B and
cas6-repeat (wherein the repeat is at least two repeats, preferably, with at least one spacer in
between the repeats) ; cas4, cas1B, cas5 and casé6 -repeat (wherein the repeat is at least two
repeats, preferably, with at least one spacer in between the repeats); cas5 and cas6 -repeat
(wherein the repeat is at least two repeats, preferably, with at least one spacer in between the
repeats) or combinations thereof.

[0215] Where the combination of a cas gene and a CRISPR repeat comprises more than one
cas gene, it will be understood that the CRISPR repeat may be inserted at the 3' end of the cas
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genes, the 5' end of the cas genes, or even in between the cas genes, provided that at least
one of the cas genes remains functional.

[0216] In one embodiment, a first CRISPR repeat-cas gene or protein combination (comprising
at least one cas gene or protein and at least two CRISPR repeats, wherein both are derivable
(preferably, derived) from the same CRISPR locus within a genome) may be used in
combination with a second CRISPR repeat-cas gene or protein combination (comprising at
least one cas gene or protein and at least two CRISPR repeats, wherein both are derivable
(preferably, derived) from the same or a different CRISPR locus within a genome). Accordingly,
in this embodiment of the invention, the first and second combination are derivable (preferably,
derived) from the same or different CRISPR loci within a genome.

[0217] Thus the first and second CRISPR repeat-cas gene or protein combinations may even
be from different genomes - such as different genomes within the same cluster, as described in
further detail herein.

[0218] In a still further embodiment of the present invention, a first and/or a second CRISPR
repeat-cas gene or protein combination (comprising at least one cas gene and at least two
CRISPR repeats derivable (preferably, derived) from the same CRISPR locus within a genome)
may be used in combination with 3, 4, 5, 6, 7, 8, 9 or 10 or more CRISPR repeat-cas gene or
protein combinations (each comprising at least one cas gene or protein and at least two
CRISPR repeats derivable (preferably, derived) from the same or a different CRISPR loci within
a genome). Accordingly, in this embodiment of the invention, the combinations are derivable
(preferably, derived) from the same or different CRISPR loci within a genome.

[0219] In a further embodiment of the invention, the combinations may even be from different
genomes - such as different genomes within the same cluster, as described in further detail
herein.

[0220] In other words, for the CRISPR-repeat-cas gene or protein combination to confer
resistance, in some embodiments, the CRISPR-repeat(s) and cas gene(s) or protein(s)
naturally co-occur within a given CRISPR locus of a genome. In some embodiments, the
CRISPR-repeat(s) and cas gene(s) or protein(s) naturally co-occur within the same CRISPR
locus of a genome. These functional combinations together may confer resistance against a
target nucleic acid or a transcription product thereof.

[0221] A-method for identifying a functional combination of a cas gene on protein and a
CRISPR repeat comprising the steps of: (i) analysing the sequences (eg. nucleic acid or
protein sequences) of the cas gene or protein and the CRISPR repeat; (ii) identifying one or
more clusters of cas genes or proteins; (iii) identifying one or more clusters of CRISPR repeats;
and (iv) combining those cas gene or protein and CRISPR repeat sequences that fall within the
same cluster is disclosed herein.

[0222] A method for identifying a functional combination of a cas gene or protein and a
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CRISPR repeat for use in modulating the resistance of a cell against a target nucleic acid or a
transcription product thereof comprising the steps of: (i) preparing a cell comprising a
combination of one or more

cas genes or proteins and one or more, preferably, two or more CRISPR repeats; (ii)
engineering the cell such that it contains one or more CRISPR spacers; and (iii) determining if
the cell modulates resistance against a target nucleic acid, wherein modulation of the
resistance of the cell against the target nucleic acid or a transcription product thereof is
indicative that the combination can be used to modulate the resistance of the cell against the
target nucleic acid is disclosed herein.

[0223] The sequences of the cas gene or protein and the CRISPR repeat are or are derivable
(preferably, derived) from the same strains.

[0224] The sequences of the cas gene or protein and the CRISPR repeat are or are derivable
(preferably, derived) from the same species.

[0225] The sequences of the cas gene or protein and the CRISPR repeat are or are derivable
(preferably, derived) from the same genera.

[0226] The sequences of the cas gene or protein and the CRISPR repeat are or are derivable
(preferably, derived) from the same organism.

[0227] Suitably, the analysis is performed using dotplot analysis.

[0228] The combination may comprise, consist or consist essentially of DNA or RNA of
genomic, synthetic or recombinant origin.

[0229] The combination may comprise, consist or consist essentially of DNA and RNA of
genomic, synthetic or recombinant origin.

[0230] The combination may comprise, consist or consist essentially of a DNA CRISPR repeat
of genomic, synthetic or recombinant origin.

[0231] The combination may comprise, consist or consist essentially of a RNA CRISPR repeat
of genomic, synthetic or recombinant origin.

[0232] The combination may comprise, consist or consist essentially of a DNA cas gene repeat
of genomic, synthetic or recombinant origin.

[0233] The combination may comprise, consist or consist essentially of a RNA cas gene of
genomic, synthetic or recombinant origin.

[0234] The combination may comprise, consist or consist essentially of a DNA CRISPR repeat
and DNA cas gene of genomic, synthetic or recombinant origin.
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[0235] The combination may comprise, consist or consist essentially of a DNA CRISPR repeat
and RNA cas gene of genomic, synthetic or recombinant origin.

[0236] The combination may comprise, consist or consist essentially of a RNA CRISPR repeat
and DNA cas gene of genomic, synthetic or recombinant origin.

[0237] The combination may comprise, consist or consist essentially of a RNA CRISPR repeat
and RNA cas gene of genomic, synthetic or recombinant origin.

[0238] The CRISPR repeat may be double-stranded or single-stranded whether representing
the sense or antisense strand or combinations thereof.

[0239] The cas gene may be double-stranded or single-stranded whether representing the
sense or antisense strand or combinations thereof.

[0240] The CRISPR repeat may be double-stranded or single-stranded whether representing
the sense or antisense strand or combinations thereof and the cas gene may be double-
stranded or single-stranded whether representing the sense or antisense strand or
combinations thereof.

[0241] The CRISPR repeat may be double-stranded whether representing the sense or
antisense strand or combinations thereof and the cas gene may be double-stranded whether
representing the sense or antisense strand or combinations thereof.

[0242] The CRISPR repeat may be double-stranded whether representing the sense or
antisense strand or combinations thereof and the cas gene may be single-stranded whether
representing the sense or antisense strand or combinations thereof.

[0243] The CRISPR repeat may be single-stranded whether representing the sense or
antisense strand or combinations thereof and the cas gene may be double-stranded whether
representing the sense or antisense strand or combinations thereof.

[0244] The CRISPR repeat may be single-stranded whether representing the sense or
antisense strand or combinations thereof and the cas gene may be single-stranded whether
representing the sense or antisense strand or combinations thereof.

[0245] One or more of the functional combinations as described above may be used to
engineer a cell - such as a recipient cell. In particular, one or more functional combinations
may be used to engineer a cell - such as a recipient cell - that in combination with one or more
CRISPR spacers can be used to modulate the resistance of a cell against a target nucleic acid
or a transcription product thereof. By way of example, the functional combinations may be
inserted into the DNA of a cell (eg. a recipient cell) - such as plasmid DNA or genomic DNA of a
cell - using various methods that are well known in the art. By way of further example, the
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functional combinations may be used as a template upon which to modify (eg. mutate) the
DNA of a cell (eg. a recipient cell) - such as plasmid DNA or genomic DNA- such that functional
combinations are created in the DNA of the cell. By way of further example, functional
combinations may be cloned into a construct, a plasmid or a vector and the like which are then
transformed into the cell, using methods such as those described herein.

[0246] Described herein the functional combination is obtained or obtainable by a method
comprising the steps of: (a) analysing the sequences of a cas gene and a CRISPR repeat; (b)
identifying one or more clusters of cas genes; (c) identifying one or more clusters of CRISPR
repeats; and (d) combining those cas gene and CRISPR repeat sequences that fall within the
same cluster, wherein the combination of the cas gene and CRISPR repeat sequences within
the same cluster is indicative that the combination is a functional combination.

[0247] Clusters are described in further detail below.

CRISPR SPACER

[0248] As used herein, the term "CRISPR spacer" has the conventional meaning as used in
the art and refers to the non-repetitive spacer sequences that are found between multiple short
direct repeats (i.e. CRISPR repeats) of CRISPR loci. In other words, a CRISPR spacer is found
between two CRISPR repeats.

[0249] It has been found that CRISPR spacer sequences in prokaryotes often have significant
similarities to a variety of DNA molecules - such as genetic elements (including, but not limited
to, chromosomes, bacteriophages, and conjugative plasmids). Interestingly, cells carrying
these CRISPR spacers are unable to be infected by DNA molecules containing sequences
homologous to the spacers (Mojica et al. 2005).

[0250] Typically, the CRISPR spacer is naturally present in between two identical multiple short
direct repeats that are palindromic.

[0251] Suitably, the CRISPR spacer is homologous to the target nucleic acid or a transcription
product thereof or an identified sequence. Although homology can also be considered in terms
of similarity, in the context of the present invention it is preferred to express homology in terms
of sequence identity. A homologous sequence is taken to include a CRISPR spacer, which may
be at least 70, 75, 80, 85 or 90% identical, or at least 91, 92, 93, 94, 95, 96, 97, 98 or 99 %
identical to the target nucleic acid sequence or a transcription product thereof or an identified
sequence.

[0252] In some embodiments,, the CRISPR spacer is 100% identical to the target nucleic acid
sequence.

[0253] The number of CRISPR spacers at a given CRISPR loci or locus can vary between
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species.

[0254] Suitably, the number of spacers may range from about 1 to about 140, from about 1 to
about 100, from about 2 to about 100, from about 5 to about 100, from about 10 to about 100,
from about 15 to about 100, from about 20 to about 100, from about 25 to about 100, from
about 30 to about 100, from about 35 to about 100, from about 40 to about 100, from about 45
to about 100, from about 50 to about 100.

[0255] Suitably, the number of spacers may range from about 1 to about 135, from about 1 to
about 130, from about 1 to about 125, from about 1 to about 120, from about 1 to about 115,
from about 1 to about 110, from about 1 to about 105, from about 1 to about 100, from about 1
to about 95, from about 1 to about 90, from about 1 to about 80, from about 1 to about 70,
from about 1 to about 60, from about 1 to about 50, from about 1 to about 40, from about 1 to
about 30, from about 1 to about 20, from about 1 to about 10, from about 1 to about 9, from
about 1 to about 8, from about 1 to about 7, from about 1 to about 6, from about 1 to about 5,
from about 1 to about 4, from about 1 to about 3, from about 1 to about 2.

[0256] Typically, CRISPR spacers are identified by sequence analysis as the DNA stretches
located in between two repeats.

[0257] As described herein, the inventors have surprisingly discovered that the use of one or
more cas genes or proteins in combination with one or more, preferably, two or more CRISPR
repeats (preferably, functional combination(s) thereof) provides for the specificity of immunity
to be conferred by one or more CRISPR spacers in a cell - such as a recipient cell.

[0258] As used herein, the term "specificity of immunity" means that immunity can be
conferred against a specific nucleic acid sequence or transcription product thereof using a
specific CRISPR spacer (or pseudo CRISPR spacer) sequence. Accordingly, a given CRISPR
spacer does not confer resistance against any nucleic acid sequence or transcription product
thereof but only to those sequences against which the CRISPR spacer (or pseudo CRISPR
spacer) is homologous - such as 100% identical.

[0259] The CRISPR spacer(s) may be or may be derivable (preferably, derived) from an
organism - such as a donor organism - that is different to the cell - such as the recipient cell or
even a further donor organism - from which the one or more cas genes or proteins and/or the
one or more, preferably, two or more CRISPR repeats are or are derivable (preferably,
derived). The CRISPR spacers may be or may be derivable (preferably, derived) from an
organism - such as a donor organism - that is heterologous to the cell - such as the recipient
cell or even a further donor organism - from which the one or more cas genes or proteins
and/or the one or more, preferably, two or more CRISPR repeats are or are derivable
(preferably, derived). The one or more cas genes or proteins and/or the one or more,
preferably, two or more CRISPR repeats may be or may be derivable (preferably, derived) from
a homologous (ie. the same) cell - such as a homologous recipient cell.
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[0260] For the avoidance of doubt, the CRISPR spacer(s) may be designed and produced
synthetically (eg. using recombinant DNA techniques).

[0261] In one embodiment, the CRISPR spacers are heterologous (ie. different) to the cell -
such as the recipient cell - from which the one or more cas genes or proteins and/or the one or
more, preferably, two or more CRISPR repeats are or are derivable (preferably, derived) and
the one or more cas genes or proteins and/or the one or more, preferably, two or more
CRISPR repeats are or are derivable (preferably, derived) from a homologous cell - such as a
homologous recipient cell.

[0262] In another embodiment, the CRISPR spacers are heterologous (ie. different) to the cell
- such as the recipient cell - from which the one or more cas genes or proteins are or are
derivable (preferably, derived).

[0263] In another embodiment, the CRISPR spacers are heterologous to the cell - such as the
recipient cell and the one or more cas genes or proteins and/or the one or more, preferably,
two or more CRISPR repeats are or are derivable (preferably, derived) from a homologous cell
- such as a homologous recipient cell.

[0264] In another embodiment, the CRISPR spacers are heterologous to the cell - such as the
recipient cell - whereas the one or more cas genes or proteins and/or the one or more,
preferably, two or more CRISPR repeats is/are homologous to the cell - such as the recipient
cell.

[0265] In another embodiment, the CRISPR spacers are heterologous to the recipient cell,
whereas the recipient cell is homologous for the one or more cas genes or proteins and/or the
one or more, preferably, two or more CRISPR repeats.

[0266] In another embodiment, the CRISPR spacer used in accordance with the present
invention is one which is not naturally associated with the CRISPR repeat and/or cas genes
and/or functional CRISPR repeat-cas gene combination. In other words, the CRISPR spacer in
the recombinant CRISPR locus according to the present invention is heterologous to the
CRISPR repeat and/or cas genes of the CRISPR locus.

[0267] One or more of CRISPR spacers may be used to engineer a cell - such as a recipient
cell. In particular, one or more CRISPR spacers may be used to engineer a cell - such as a
recipient cell - that in combination with one or more cas genes or proteins and/or one or more,
preferably, two or more CRISPR repeats (preferably, one or more functional combination
thereof) can be used to modulate the resistance of a cell against a target nucleic acid or a
transcription product thereof.

[0268] Suitably one or more of CRISPR spacers may be used to engineer a cell - such as a
recipient cell. In particular, one or more CRISPR spacers are used to engineer a cell - such as
a recipient cell - that in combination with one or more cas genes or proteins can be used to



DK/EP 2336362 T3

modulate the resistance of a cell against a target nucleic acid or a transcription product
thereof.

[0269] By way of example, the CRISPR spacers may be inserted into the DNA of a cell (eg. a
recipient cell) - such as plasmid DNA or genomic DNA of a cell - using various methods that
are well known in the art.

[0270] By way of further example, the CRISPR spacers may be used as a template upon which
to modify (eg. mutate) the DNA of a cell (eg. a recipient cell) - such as plasmid DNA or
genomic DNA- such that CRISPR spacers are created in the DNA of the cell.

[0271] By way of further example, CRISPR spacers may be cloned into a construct, a plasmid
or a vector and the like which are then transformed into the cell, using methods such as those
described herein.

[0272] A method for identifying a CRISPR spacer for use in modulating the resistance of a cell
against a target nucleic acid or a transcription product thereof comprising the steps of: (i)
preparing a cell comprising at least two CRISPR repeats and at least one cas gene or protein;
(ii) identifying at least one CRISPR spacer in an organism - such as a donor organism; (iii)
modifying the sequence of the CRISPR spacer of the cell such that it has homology to the
CRISPR spacer of the donor organism comprising the target nucleic acid; and (iv) determining
if the cell modulates resistance against the target nucleic acid, wherein modulation of the
resistance of the cell against the target nucleic acid or transcription product thereof is indicative
that the CRISPR spacer modulates the resistance of the cell against the target nucleic acid is
disclosed herein,

[0273] The CRISPR spacers may comprise or consist of the nucleotide sequence set forth any
one or more of in any of SEQ ID Nos. 23-460 and/or SEQ ID Nos. 522-665.

[0274] A CRISPR spacer is flanked by two CRISPR repeats. In other words, a CRISPR spacer
has at least one CRISPR repeat on each side.

[0275] Without wishing to be bound by any particular theory, the further a given CRISPR
spacer is from the 5' end of the CRISPR locus (comprising the cas gene(s) and/or the leader
sequence), the lower the resistance conferred by that CRISPR spacer may be. Accordingly, in
one embodiment of the present invention it is preferred that one or more of the first 100
CRISPR spacers from the 5' end of the CRISPR locus (comprising the cas genes and/or the
leader sequence) are modified, more preferably, that one or more of the first 50 CRISPR
spacers from the 5' end of the CRISPR locus (comprising the cas genes and/or the leader
sequence) are modified, more preferably, that one or more of the first 40 CRISPR spacers
from the 5' end of the CRISPR locus (comprising the cas genes and/or the leader sequence)
are modified, more preferably, that one or more of the first 30 CRISPR spacers from the 5' end
of the CRISPR locus (comprising the cas genes and/or the leader sequence) are modified,
more preferably, that one or more of the first 20 CRISPR spacers from the 5' end of the
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CRISPR locus (comprising the cas genes and/or the leader sequence) are modified, more
preferably, that one or more of the first 15 CRISPR spacers from the 5' end of the CRISPR
locus (comprising the cas genes and/or the leader sequence) are modified, more preferably,
that one or more of the first 10 CRISPR spacers from the 5' end of the CRISPR locus
(comprising the cas genes and/or the leader sequence) are modified.

[0276] As will be appreciated by the skilled person, different bacteria have different numbers of
CRISPR spacers.

CRISPR SPACER CORE

[0277] For a specific CRISPR type within a microbial species, the CRISPR spacer is typically
represented by a defined predominant length, but the size may vary. CRISPR types described
to date have been found to contain a predominant spacer length of between about 20 bp and
about 58 bp.

[0278] As used herein, the term "CRISPR spacer core" means the length of the shortest
observed spacer within a CRISPR type. Thus, by way of example, within Streptococcus
thermophilus CRISPR Type 1, the dominant spacer length is 30 bp with a minority of spacers
between 28 bp and 32 bp in size. So in this particular example (S. thermophilus CRISPR Type
1), the CRISPR spacer core is defined as a continuous stretch of 28 bp.

[0279] Suitably, the CRISPR spacer core is homologous to the target nucleic acid or a
transcription product thereof or an identified sequence over the length of the core sequence.
Although homology can also be considered in terms of similarity, in the context of the present
invention it is preferred to express homology in terms of sequence identity. A homologous
sequence is taken to include a CRISPR spacer core, which may be at least 90% identical or at
least 91, 92, 93, 94, 95, 96, 97, 98 or 99 % identical to the target nucleic acid sequence or a
transcription product thereof or an identified sequence over the length of the core sequence.

[0280] Suitably, the CRISPR spacer core is 100% identical to the target nucleic acid sequence
or a transcription product thereof or an identified sequence over the length of the core
sequence.

PSEUDO-CRISPR SPACER

[0281] As used herein, the term "pseudo-CRISPR spacer" refers to a nucleic acid sequence
present in an organism (eg. a donor organism) - such as a bacteriophage - which is preferably
essential for function and/or survival and/or replication and/or infectivity and the like, and which
forms a CRISPR spacer sequence; and/or can be used to form or prepare a CRISPR spacer
sequence which is complementary to or homologous to the pseudo-CRISPR spacer; and/or
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can be used to modulate resistance.

[0282] One or more of pseudo CRISPR spacers or CRISPR spacer(s) which is/are
complementary or homologous to the one or more pseudo CRISPR spacer(s) may be used to
engineer a cell - such as a recipient cell. In particular, one or more pseudo CRISPR spacers or
CRISPR spacer(s) which is/are complementary or homologous to the one or more pseudo
CRISPR spacer(s) may be used to engineer a cell - such as a recipient cell - that in
combination with one or more cas genes or proteins and/or one or more CRISPR repeats (eg,
one or more functional combinations thereof) can be used to modulate the resistance of a cell
against a target nucleic acid or a transcription product thereof.

[0283] One or more pseudo CRISPR spacers or CRISPR spacer(s) which is/are
complementary or homologous to the one or more pseudo CRISPR spacer(s) may be used to
engineer a cell - such as a recipient cell - that in combination with one or more cas genes or
proteins can be used to modulate the resistance of a cell against a target nucleic acid or a
transcription product thereof.

[0284] By way of example, the pseudo CRISPR spacers or CRISPR spacer(s) which is/are
complementary or homologous to the one or more pseudo CRISPR spacer(s) may be inserted
into the DNA of a cell (eg. a recipient cell) - such as plasmid DNA or genomic DNA of a cell -
using various methods that are well known in the art.

[0285] By way of further example, the pseudo CRISPR spacers may be used as a template
upon which to modify (eg. mutate) the DNA of a cell (eg. a recipient cell) - such as plasmid
DNA or genomic DNA- such that CRISPR spacers are created in the DNA of the cell. By way of
further example, pseudo CRISPR spacers or CRISPR spacer(s) which is/are complementary or
homologous to the one or more pseudo CRISPR spacer(s) may be cloned into a construct, a
plasmid or a vector and the like which are then transformed into the cell, using methods such
as those described herein.

NUCLEIC ACID SEQUENCE

[0286] A nucleic acid sequence (eg. a recombinant or an isolated nucleic acid sequence)
consisting essentially of at least one cas gene or protein is disclosed herein.

[0287] The nucleic acid sequence may be DNA or RNA of genomic, synthetic or recombinant
origin e.g. cDNA. The nucleotide sequence may be double-stranded or single-stranded
whether representing the sense or antisense strand or combinations thereof. Recombinant
nucleic acid sequences may be prepared by use of recombinant DNA techniques, as described
herein. The target nucleic acid sequence may be or may be derived from a gene.

[0288] As used herein, the term "consisting essentially of" in the context of the nucleic acid
sequence refers to a nucleic acid sequence comprising one or more cas genes and excluding
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at least one further component of a CRISPR locus - such as the CRISPR repeats, the CRISPR
spacers and/or the common leader sequence.

[0289] A nucleic acid sequence consisting essentially of at least one cas gene and at least two
CRISPR repeats is disclosed herein.

[0290] A nucleic acid sequence consisting essentially of at least one cas gene and at least one
CRISPR spacer is disclosed herein.

[0291] A nucleic acid sequence consisting essentially of at least one cas gene, at least one
CRISPR spacer and at least two CRISPR repeats is disclosed herein.

[0292] A nucleic acid sequence comprising at least one cas gene with the proviso that at least
one further component of a CRISPR Ilocus is absent, suitably, with the proviso that at least one
further component of a natural CRISPR locus is absent (eg. substantially absent) is disclosed
herein.

[0293] A nucleic acid sequence comprising at least one cas gene with the proviso that the
CRISPR spacers of the CRISPR locus are absent, suitably, with the proviso that CRISPR
spacers of a natural CRISPR locus are absent (eg. substantially absent) is disclosed herein.

[0294] A nucleic acid sequence comprising at least one cas gene with the proviso that the
CRISPR repeats of the CRISPR locus are absent, suitably, with the proviso that the CRISPR
repeats of a natural CRISPR locus are absent is disclosed herein.

[0295] A nucleic acid sequence comprising at least one cas gene with the proviso that the
common leader sequences of the CRISPR locus are absent, suitably, with the proviso that the
common leader sequences of the natural CRISPR locus are absent is disclosed herein.

[0296] A nucleic acid sequence comprising at least one cas gene with the proviso that the
CRISPR spacers and the CRISPR repeats of the CRISPR locus are absent, suitably, with the
proviso that the CRISPR spacers and the CRISPR repeats of the natural CRISPR locus are
absent is disclosed herein.

[0297] A nucleic acid sequence comprising at least one cas gene with the proviso that the
CRISPR spacers and the CRISPR repeats of the CRISPR locus are absent, suitably, with the
proviso that the CRISPR spacers and the CRISPR repeats of the natural CRISPR locus are
absent is disclosed herein.

[0298] A nucleic acid sequence comprising at least one cas gene with the proviso that the
CRISPR spacers and the common leader sequences of the CRISPR locus are absent, suitably,
with the proviso that the CRISPR spacers and the common leader sequences of the natural
CRISPR locus are absent is disclosed herein.
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[0299] A nucleic acid sequence comprising at least one cas gene with the proviso that the
CRISPR repeats and the common leader sequences of the CRISPR locus are absent, suitably,
with the proviso that the CRISPR repeats and the common leader sequences of the natural
CRISPR locus are absent is disclosed herein.

[0300] A nucleic acid sequence comprising at least one cas gene with the proviso that the
CRISPR repeats, the CRISPR spacers and the common leader sequences of the CRISPR
locus are absent, suitably, with the proviso that the CRISPR repeats, the CRISPR spacers and
the common leader sequences of the natural CRISPR locus are absent is disclosed herein.

[0301] The nucleic acid sequence and the nucleic acids may be isolated or substantially
purified. By "isolated" or "substantially purified" is intended that the nucleic acid molecules, or
biologically active fragments or variants, homologues, or derivatives thereof are substantially or
essentially free from components normally found in association with the nucleic acid in its
natural state. Such components include other cellular material, culture media from recombinant
production, and various chemicals used in chemically synthesising the nucleic acids.

[0302] An "isolated" nucleic acid sequence or nucleic acid is typically free of nucleic acid
sequences that flank the nucleic acid of interest in the genomic DNA of the organism from
which the nucleic acid was derived (such as coding sequences present at the 5' or 3' ends).
However, the molecule may include some additional bases or moieties that do not deleteriously
affect the basic characteristics of the composition.

[0303] The nucleic acid sequence(s) may be used in the engineering of a cell - such as a
recipient cell. By way of example, the nucleic acid sequence may be inserted into the DNA -
such as plasmid DNA or genomic DNA - of a recipient cell, using methods - such as
homologous recombination. By way of further example, the nucleic acid sequence(s) may be
used as a template upon which to modify (eg. mutate) the DNA of a cell (eg. a recipient cell) -
such as plasmid DNA or genomic DNA- such that the nucleic acid sequence(s) are created in
the DNA of the cell. By way of further example, the nucleic acid sequence(s) may be cloned
into a construct, a plasmid or a vector and the like which are then transformed into the cell,
using methods such as those described herein.

[0304] A CRISPR spacer is flanked by two CRISPR repeats. In other words, a CRISPR spacer
has at least one CRISPR repeat on each side.

TARGET NUCLEIC ACID SEQUENCE

[0305] As used herein, the term "target nucleic acid sequence" refers to any nucleic acid
sequence or transcription product thereof, against which resistance in a cell - such as a
recipient cell - is to be modulated.

[0306] The resistance may be against the target nucleic acid sequence per se.
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Advantageously, this confers resistance to a cell against a donor organism from which the
target nucleic acid(s) is derivable (preferably, derived). Thus, by way of example, the insertion
of a pseudo CRISPR spacer derivable (preferably, derived) from a bacteriophage or a CRISPR
spacer(s) which is/are complementary or homologous to the one or more pseudo CRISPR
spacer(s) into a cell - such as a recipient cell - may confer resistance to the bacteriophage.
Thus, by way of further example, insertion between two CRISPR repeats of a pseudo CRISPR
spacer derivable (preferably, derived) from a bacteriophage or CRISPR spacer(s) which is/are
complementary or homologous to the one or more pseudo CRISPR spacer(s) into a cell - such
as a recipient cell - may confer resistance to the bacteriophage.

[0307] The resistance may be against a transcription product of the target nucleic acid
sequence - such as a transcript of the target nucleic acid sequence (eg. an RNA (eg. mRNA)
transcript (eg. a sense or an antisense RNA transcript) or even a polypeptide transcription
product. Advantageously, this confers resistance to a cell against a donor organism from which
the transcription product is derivable (preferably, derived).

[0308] The target nucleotide sequence may be DNA or RNA of genomic, synthetic or
recombinant origin.

[0309] The nucleotide sequence may be double-stranded or single-stranded whether
representing the sense or antisense strand or combinations thereof.

[0310] The nucleotide sequence may be prepared by use of recombinant DNA techniques
(e.g. recombinant DNA).

[0311] The nucleotide sequence may be the same as a naturally occurring form, or may be
derivable (preferably, derived) therefrom.

[0312] The target nucleic acid sequence may be or may be derivable (preferably, derived)
from a gene.

[0313] The target nucleic acid sequence may be or may be derivable (preferably, derived)
from a variant, homologue, fragment or derivative of a gene.

[0314] In one embodiment, the target nucleic sequence is or is derivable (preferably, derived)
from bacteriophage.

[0315] In one embodiment, the target nucleic sequence is or is derivable (preferably, derived)
from plasmid DNA.

[0316] In one embodiment, the target nucleic sequence is or is derivable (preferably, derived)
from a mobile genetic element.

[0317] In one embodiment, the target nucleic sequence is or is derivable (preferably, derived)
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from a transposable element or an insertion sequence.

[0318] In one embodiment, the target nucleic sequence is or is derivable (preferably, derived)
from a gene that confers resistance.

[0319] In one embodiment, the target nucleic sequence is or is derivable (preferably, derived)
from a gene that confers resistance to an antibiotic.

[0320] In one embodiment, the target nucleic sequence is or is derivable (preferably, derived)
from a virulence factor.

[0321] In one embodiment, the target nucleic sequence is or is derivable (preferably, derived)
from a toxin, an internalin or a hemolysin.

MODULATING RESISTANCE

[0322] In a further aspect, there is provided a method for modulating the resistance of a cell -
such as a recipient cell - against a target nucleic acid or a transcription product thereof.

[0323] As used herein, the term "modulating resistance" may refer to suppressing, reducing,
decreasing, inducing, conferring, restorating, elevating, increasing or otherwise affecting the
resistance of a cell to a target nucleic acid.

[0324] As used herein, the term "resistance" is not meant to imply that a cell is 100% resistant
to a target nucleic acid or a transcription product thereof, but includes cells that are tolerant of
the target nucleic acid or a transcription product thereof.

[0325] As used herein the term "resistance to target nucleic acid or transcription product
thereof" means that resistance is conferred against a cell or an organism - such as a phage -
that comprises or produces the target nucleic acid or transcription product thereof.

[0326] Without being bound by any particular theory, we believe that resistance or immunity is
not linked to the "entry" of foreign DNA into a cell (ie. penetration through the cell membrane).
Immunity or resistance would rather correspond to an obstruction, hurdle, impediment, barrier
or avoidance to persistency, maintenance or survival of the incoming nucleic acid (either, for
example, in a free linear form, or integrated within the bacterial chromosome, outside from a
CRISPR locus or within a circular molecule - such as a plasmid), or to a obstruction, hurdle,
impediment, barrier or avoidance to its replication and/or transcription and/or expression.

[0327] In one embodiment, the minimal components conferring immunity or resistance against
a target nucleic acid or expression product thereof is at least one cas gene (or one Cas
protein) and at least two CRISPR repeats flanking a spacer.
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[0328] In one embodiment, it is preferred that "modulating resistance" means inducing,
conferring, elevating or increasing the resistance of a cell to a target nucleic acid.

[0329] A method for modulating (e.g. conferring or increasing) the resistance of a cell against
a target nucleic acid or a transcription product thereof comprising the steps of: (i) identifying a
sequence (eg. a conserved sequence) in an organism (preferably, a sequence essential to the
function or survival of the organism); (ii) preparing a CRISPR spacer which is a sequence
homologous, (suitably 100% identical), to the identified sequence; (iii) preparing a nucleic acid
comprising at least one cas gene and at least two CRISPR repeats together with the CRISPR
spacer; and (iv) transforming a cell with said nucleic acid thus to render the cell resistant to
said target nucleic acid or transcription product thereof is disclosed herein.

[0330] As used herein, the term "conserved sequence" in the context of identifying a
conserved sequence in an organism does not necessarily have to be conserved in its strictest
sense since the knowledge of one sequence from a given organism will be enough.
Furthermore the sequence does not need to be part of an essential entity, since we believe
that a spacer inspired from an essential gene would be more efficient in conferring immunity or
resistance.

[0331] In one embodiment, the conserved sequence is a sequence that is essential for
function and/or survival and/or replication and/or infectivity and the like of an organism or a
cell. By way of example, the conserved sequence may be a helicase, a primase a head or tail
structural protein, a protein with a conserved domain (eg. holing, lysine, and others) or a
conserved sequences amongst important phage genes.

[0332] A method for modulating (eg. conferring or increasing) the resistance of a cell against a
target nucleic acid or a transcription product thereof comprising the steps of: (i) identifying one
or more CRISPR spacers in an organism resistant to the target nucleic acid or transcription
product thereof; (ii) preparing a recombinant nucleic acid comprising at least one cas gene or
protein and at least two CRISPR repeats together with said identified one or more spacers; and
(iii) transforming a cell with said recombinant nucleic acid thus to render the recipient cell
resistant to said target nucleic acid or transcription product thereof is disclosed herein.

[0333] A method for modulating (eg. conferring or increasing) the resistance of a cell
comprising at least one or more cas genes or proteins and one or more, preferably, two or
more CRISPR repeats against a target nucleic acid or a transcription product thereof
comprising the steps of: (i) identifying one or more CRISPR spacers in an organism resistant to
the target nucleic acid or transcription product thereof, and (ii) modifying the sequence of one
or more CRISPR spacer(s) in the cell such that the CRISPR spacer(s) has homology to the
CRISPR spacer(s) in the organism is disclosed herein.

[0334] Described herein one or more CRISPR spacers in a cell - such as a recipient cell - are
modified (eg. genetically engineered) such that the CRISPR spacer(s) have homology to one
or more CRISPR spacer(s) in an organism - such as a donor organism - that is substantially
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resistant to a target nucleic acid or a transcription product thereof in order to render the cell
resistant to the target nucleic acid.

[0335] Suitably, the one or more cas genes or proteins and
two or more CRISPR repeats in the cell are a functional combination as described herein.

[0336] The genetic engineering may include, but is not limited to, adding (eg. inserting),
deleting (eg. removing) or modifying (eg. mutating) the sequence of the one or more CRISPR
spacers or in a cell such that the CRISPR spacer has homology (eg. increased homology after
the genetic engineering) to one or more CRISPR spacers of a donor organism. This
engineering step will result in a cell that was substantially sensitive to a target nucleic acid or a
transcription product thereof being substantially resistant to the target nucleic acid or a
transcription product thereof.

[0337] The genetic engineering may even include, but is not limited to, adding (eg. inserting)
or deleting (eg. removing) the sequence of the one or more pseudo CRISPR spacers in to a
cell. This engineering step will result in a cell that was substantially sensitive to a target nucleic
acid or a transcription product thereof being substantially resistant to the target nucleic acid or
a transcription product thereof.

[0338] Described herein "modulating resistance" means suppressing, reducing or decreasing
the resistance of a cell to a target nucleic acid.

[0339] A method for decreasing or reducing the resistance of a cell - such as a recipient cell -
comprising at least one or more cas genes or proteins and one or more, preferably, two or
more CRISPR repeats against a target nucleic acid or a transcription product thereof is
disclosed herein.

[0340] Described herein the method comprises the steps of: (i) identifying one or more
CRISPR spacers in an organism that is substantially resistant to the target nucleic acid or a
transcription product thereof, and (ii) modifying the sequence of one or more CRISPR
spacer(s) in the cell such that the CRISPR spacer(s) has a reduced degree of homology to the
CRISPR spacer(s) in the organism.

[0341] A method for modulating (eg. decreasing) the resistance of a cell comprising one or
more cas genes or proteins and one or more, preferably, two or more CRISPR repeats against
a target nucleic acid or transcription product thereof comprising the steps of: (i) identifying a
CRISPR spacer or a pseudo CRISPR spacer in an organism comprising a target nucleic acid or
transcription product thereof against which resistance is to be modulated; and (ii) identifying
the CRISPR spacer in the organism in which resistance is to be modulated; and (iii) adapting
the sequence of the CRISPR spacer in the organism in which resistance is to be modulated
such that the CRISPR spacer has a lower degree of homology to the CRISPR spacer or
pseudo CRISPR spacer of the organism comprising the target nucleic acid or transcription
product thereof against which resistance is to be modulated is disclosed herein.
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[0342] One or more CRISPR spacers in a substantially resistant cell are engineered in order to
render the cell sensitive to a target nucleic acid. The genetic engineering may include, but is
not limited to, the addition (eg. insertion), deletion (eg. removal) or modification of one or more
functional CRISPR repeat-cas combinations or portions or fragments thereof in the
substantially resistant cell and/or the addition (eg. insertion), deletion (eg. removal) or
modification of one or more CRISPR spacers or portions or fragments thereof in the
substantially resistant cell.

[0343] This engineering step will then result in a cell that was substantially resistant to a target
nucleic acid or a transcription product thereof becoming substantially sensitive to a target
nucleic acid or a transcription product thereof.

[0344] Typically, in order to confer sensitivity to a cell, it is expected that one or more CRISPR
spacers, one or more cas genes or proteins, one or more, preferably, two or more CRISPR
repeats or one or more functional CRISPR repeat-cas combinations from a substantially
resistant cell will be removed, deleted or modified such that resistance is no longer conferred.

[0345] Advantageously, cells that are sensitive to a target nucleic acid or a transcription
product thereof may be prepared such that their levels within a given culture - such as a starter
culture - may be modulated (eg. decreased) as desired. Thus, by way of example, a starter
culture comprising two or more bacterial strains may be developed such that all members of
the culture are sensitive to the same agent (eg. bacteriophage). Accordingly, at a time when it
is no longer desired for the culture to be alive, the culture may be contacted with the same
single agent in order to kill all members of the culture.

[0346] Moreover, it may even be possible to modulate the sensitivity of a cell to one or more
agents (eg. bacteriophage) such that the agent kills only a certain proportion of the cells in a
given culture -such as 10, 20, 30, 40, 50, 60, 70, 80, 90 or 95% of the cells in a given culture.

[0347] In one aspect, a cell - such as a recipient cell - may be engineered such that it
comprises a CRISPR spacer or a sequence corresponding to a pseudo CRISPR spacer
thereby rendering the cell resistant to a target nucleic acid or transcription product thereof.
Suitably, the cell is engineered such that the CRISPR spacer or sequence corresponding to the
pseudo CRISPR spacer is used together with a functional cas gene-CRISPR repeat
combination, as described herein.

[0348] In one aspect, a cell that is resistant to a target nucleic acid or transcription product
thereof is engineered such that the CRISPR spacer conferring the immunity against the target
nucleic acid or transcription product thereof is inserted<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>