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RNA-GUIDED GENOME RECOMBINEERING AT KILOBASE SCALE

RELATED APPLICATIONS AND INCORPORATION BY REFERENCE

{8001] This application claims the benefit of priority from U.S. Patent Application Serial No.
63/239,732 filed September 1, 2021, the contents of which are incorporated herein by reference
in their entireties.

{8002] Reference is made to U.S. Patent Application Serial No. 62/984,618, filed March 3,
2020, U.S. Patent Application Serial No. 63/146,447, filed February 5, 2021, and
PCT/US2021/020513, filed March 2, 2021

{8003] The foregoing applications, and all documents cited therein or during their prosecution

{“applu cited documents”) and all docurments cited or referenced in the applu cited documents, and

I3

all documents cited or referenced herein {“herein cited documents”™}, and all documenis cited or
referenced in herein cited documents, together with any manufacturer’s instructions, descriptions,
product specifications, and product sheets for any products mentioned herein or in any document
incorporated by reference herein, are hereby incorporated herein by reference, and may be
employed o the practice of the mvention. More specifically, all referenced documents are
incorporated by reference to the same extent as if each individual document was specifically and

individually indicated to be incorporated by reference.

FIELD OF THE INVENTION

{6004] The present invention refates to RNA-guided recombineering-editing systems using
phage recombination enzymes as well as methods, vectors, nucleic acid compositions, and kits

thereof,

BACKGROUND OF THE INVENTION

[0005] The Clustered Regularly Interspaced Short Palindromic Repeats {CRISPR) system,
originally found in bactenia and archaea as part of the immune system to defend against invading
viruses, forms the basis for genome editing technologies that can be programmed to target specific
stretches of a genome or other DNA for editing at precise locations. While various CRISPR-based
tools are available, the majority are geared towards editing short sequences. Long-sequence editing
is highly sought after in the engineering of model systems, therapeutic cell production and gene

therapy. Prior studies have developed technologies to improve CasS-mediated homology-5
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directed repair (HDR) (K. S, Pawelczak, et al., ACS Chem. Biol. 13, 389-39¢ (2018)), and tools
feveraging nucleic acid modification enzymes with Cas9, e.g., prime-editing (A. V. Anzalone, &t
al., Nature. 576, 149-157 {2019)) that demonstrated editing up to 80 base-pairs (bp} in length.
Despite these progresses, there are continued demands for large-scale mammalian genome

engineering with high efficiency and fidelity.

SUMMARY OF THE INVENTION

{0006] Provided herein are systems and methods that faciitate nucleic acid editing in a manner
that allows large-scale nucleic acid editing with high accuracy and low off-target errors. These
systems and methods employ a combination of recombination components with CRISPR
recombination components.

10007} For example, disclosed herein are systems comprising a protein, a nucleic acid
molecule comprising a guide RNA sequence that is complementary to a target DNA sequence, and
a recombination protein. A recombination protein may comprise an exonuclease, a single stranded
DNA binding protein (SSB), a single stranded DNA annealing protein (SSAP), or functional
fragroent or activity thereof. A recombination protein may comprise or be engineered to comprise
a two or more of the activities. In certain embodiments, recombination proteins are cooperative.
In certain embodiments the recombination protein comprises a microbial recombination protein,
for example a bacterial or bacteriophage protein, including but not limited to, RecE, RecT, lambda
exonuclease (Exo), Bet protein (betA, redB), exonuciease gpd, single-stranded DNA-binding
protein gp2.5, or a derivative or variant thereof. In certain embodiments the recombination protein
comprises a ecukaryotic or mammalian recombination protein. A certain non-limiting
embodiments, a eukaryotic recombination protein or system comprises RADS2 or a homolog
thereof which binds ssDNA, and mediates annealing of complementary ssDNA| including RPA-
bound complementary ssDNA. In some embodiments, the system further comprises donor BDNA.
In some embodiments, the target DNA sequence is a genomic DNA sequence in a host cell.
{3008] In certain embodiments, the invention provides a system comprising one, two, three, or
more recombination proteins of SEQ ID NGO 166 to SEQ D NO:491 or a recombination protein
at least 85%, at least 90%, at least 95% identical, or higher thereto. In certain embodiments, the
recombination protein has at least 85% tdentity to a recombination protein of Table 9. In certain

embodiments, the recombination protein has at least 85% identity to SEQ ID NG:179, SEQ ID
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NO:185, SEQ ID NO:205, SEQ ID NO:321, SEQ ID NO:353, SEQ ID NO:359, SEQ ID NO:366,
SEQ ID NO:424, or SEQ 1D NG:479.

{6009} In certain embodiments, the recombination protein has at least 95% identity to SEQ ID
NO: 166, SEQ ID NO:168, SEQ 1D NO:169, SEQ ID NO:170, SEQ ID NO:171, SEQ ID NO:241,
SEQ D NG:253, SEQ 1D NO:290, SEQ ID NO:408, SEQ ID NO:411, or SEQ 1D NG:442.
{3010} Io some embodiments, the system further comprises a recruitment system comprising
at least one aptamer sequence and an aptamer binding protein functionally linked to the
recombination protein as part of a fusion protein. In some embodiments, the aptamer sequence is
an RNA aptamer sequence or a peptide aptamer sequence. In some embodiments, the RNA
aptamer sequence 1s part of the nucleic acid molecule. In some embodiments, the nucleic acid
molecule comprises two RNA aptamer sequences. In some embodiments, the recombination
protein is functionally linked to the aptamer binding protein as a fusion protein. In some
embodiments, the binding protein comprises a MS2 coat protein, a lambda N22 peptide, or a
functional derivative, fragment, or variant thereof. In some embodiments, the fusion protein further
comprises a linker and/or a nuclear localization sequence.

{6011]  Without being bound by theory, the recruitment system serves to focalize one or more
recombination proteins to the location of a Cas protein / gRNA complex and via interaction
between recombinase and a template nucleic acid promoie HDR at 2 selected target while not
promoting off-target Cas protein function.

{8012} The recruitment system is adapiable to a multitude of combinations and configurations
of recombination proteins. For example, by selecting and incorporating multiple nueleic acid
aptamers, the system can corprise multiple recombination proteins, which may be the same or
different and in various ratios. In certain embodiments, the system comprises an exonuclease. In
certain embodiments, the system comprises an SSAP. In certain embodiments, the system
comprises an S8B. In certain embodiments, the system comprises an exonuclease and an SSAP.
In certain embodiments, the system comprises an exonuclease and an SSB. In certain
embodiments, the system comprises an SSAP and an S8SB. In certain embodiments, the sysitem
comprises an exonuclease and an SSAP and does not comprise an S8B. In certain embodiments,
the system comprises an exonuclease and an S5B and does not comprise an SSAP. In certain
embodiments, the system comprises an SSAP and an SSB and does not comprise an exonuclease.

In certatn embodiments, the sysiem comprises an exonuclease, an SSAP, and an SSB.
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{0013} Disclosed herein are compositions comprising a nucleic acid sequence encoding a
fusion protein comprising a recombination protein functionally linked to an aptamer binding
protein. The recombination protein may be a microbial recombination protein, including but not
fimited to RecE, RecT, lambda exonuclease (Exo), Bet protein (betd, redB), exonuclease gpo,
single-stranded DNA-binding protein gp2.5, or a derivative or variant thereof. The compositions
may further comprise one or both of a polyoucleotide comprising a nucleic acid sequence encoding
a Cas protein and a nucleic acid molecule comprising a guide BNA sequence that is
complementary to a target DNA sequence. In some embodiments, the nucleic acid molecule further
comprises at least one RMNA apiamer sequence. In some embodiments, the polynucleotide
comprising a nucleic acid sequence encoding a Cas protein further comprises a sequence encoding
at least one peptide aptamer sequence.

{6014] Also disclosed herein are vectors comprising a nucleic acid sequence enceding a fusion
protein comprising a recombination protein functionally linked to an aptamer binding protein. A
microbial recombination protein may comprise RecE, RecT, lambda exonuclease (Exc), Bet
protein (betA, redB), exonuclease gp6, single-stranded DNA-binding protein gp2 5, or a derivative
or variant thereof. The vectors may further comprise one or both of a polynucleotide comprising a
nucleie acid sequence encoding a Cas protein and a nucleie acid molecule comprising a guide RNA
sequence that is complementary to a target DNA sequence. In some embodiments, the nucleic acid
molecule further comprises at least one RNA aptamer sequence. In some embodiments, the
polynucleotide comprising a nucleic acid sequence encoding a Cas protein further comprises a
sequence encoding at least one peptide aptamer sequence.

{60158 In certain embodiments, the fusion protein comprises a recombination protein
comprising an aming acid sequence at least 75% similar, or at least 75% identical to a
recombination protein of SEQ ID NO: 166 to SEQ ID NO:491 . In certain embodiments the fusion
protein comprises a recombination protein comprising a sequence having at least 80%, at least
85%%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
4%, at least 95%, at least 96%, at least 97%, at least 98%, at least 98 5%, at least 99%, at least
00.5%, or 100% similarity or identity to a recombination protein of SEQ ID NO:166 t¢ SEQ 1D
NG:491
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{0016} In certain embodiments, systems comprising a recombination protein of the invention
are capable of editing efficiency equal to or greater than systems comprising EcRecT, for
example, without limitation, 1.2x, 1.5x, 1.7x, 2x, 2.5x, 3x, or more compared to EcRecT.

{6017} In certain embodiments, systems comprising a recombination protein of the invention
provide cell viability equal to or greater than systems comprising EcRecT, for example, without
fimitation, T.1x, 1.2x, 1.3x, 1.5x, 1.7x, 2x, 2.5x, 3%, or more compared {o EcRecT.

{0018] fn some embodiments, the Cas protein is Cas9 or Casi2a. In some embodiments, the
Cas protein is a catalytically dead. In some embodiments, the Cas9 protein is wild-type
Streptococeus pyogenes Cas9 or a wild type Staphyiococcus aureus Cas9. In some embodiments,
the Cas9 protein is a Cas9 nickase (e.g., wild-type Strepiococcus pyogenes Cas9 with an anuno
acid substation at position 10 of 310A).

{6019] Also disclosed is a eukaryotic cell comprising the systems or vectors disclosed herein.
{0020} Further disclosed herein are methods of altering a target genomic DNA sequence in a
host cell. The methods comprise contacting the systems, compositions, or vectors described herein
with a target DNA sequence (e.g., introducing the systems, compositions, or vectors described
herein into a host cell comprising a target genomic DNA sequence). Kits containing one or more
reagents or other components useful, necessary, or sutficient for practicing any of the methods are
also disclosed herein.

{0021} Accordingly, it is an object of the invention not to encompass within the invention any
previously known product, process of making the product, or method of using the product such
that Applicants reserve the right and hereby disclose a disclaimer of any previously known product,
process, or method. It is further noted that the tnvention does not intend to encompass within the
scope of the invention any product, process, or making of the product or method of using the
product, which does not meet the written description and enablement requirements of the USPTO
(35 U.8.C. §112, first paragraph) or the EPO (Article 83 of the EPC}, such that Applicants reserve
the right and hereby disclose a disclaimer of any previousty described product, process of making
the product, or method of using the product. It may be advantageous in the practice of the invention
to be in compliance with Art. 53(cy EPC and Rule 28(b) and (c) EPC. Al rights to explicitly
disclaim any embodiments that are the subject of any granied patent(s)} of applicant in the lineage
of this application or in any other lineage or in any prior filed application of any third party is
explicitly reserved. Nothing herein is to be construed as a promise.
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{0022} It is noted that in this disclosure and particularly in the claims and/or paragraphs, terms

"o

such as "comprises”, "comprised”, "comprising” and the like can have the meaning atiributed to it
in U.S. Patent law; e.g., they can mean "includes”, "included”, "including”, and the like; and that
terms such as "consisting essentially of" and "consists essentially of" have the meaning ascribed
tothem in U.S. Patent law, e.g., they allow for elements not explicitly recited, but exclude elements
that are found in the prior art or that affect a basic or novel characteristic of the invention.

§0023] These and other embodiments are disclosed or are obvious from and encompassed by
the following Detatled Description.

{0024} Other aspects and embodiments of the disclosure will be apparent in light of the

following detailed description and accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS
f0025] FIG. 1A and FIG. 1B are the reconstructed RecE (FIG. 1A} and RecT (FIG. 1B)
phylogenetic trees with eukaryotic recombination enzymes from yeast and human.
{0026} FIG. 2A i3 a phylogenetic tree and length distribution of RecE/RecT homologs. FIG.
2B is the wetagenomics distribution of RecE/T. FIG. 2C is a schematic showing central models
disclosed herein. FIG. 2D are graphs of the genome knock-in efficiency of RecE/T homologs.
{0027} FIG. 3A and 3B are graphs of the high-throughput sequencing {(HTS) reads of
homology directed repair (HDR) at the FALYY (FIG. 3A) locus and the VEGHA (FIG. 3B} locus.
FIGS. 3C-3D are graphs of the mKate knock-in efficiency at H8F 0441 (FIG. 30y, DYNLTT (FIG.
3Dy, and AAVS7 (FIG. 3E) loct in HEK293T celis. FIG. 3F is images of mKate knock-in efficiency
in HEK293T cells with RecT. FIG. 3G is a schematic of an exemplary A4V knock-in strategy
and chromatogram trace from RecT knock-in group. FIG. 3H is schematics and graphs of the
recruttment control experiment and corresponding knock-in efficiency. All results are normalized
to NR. {(NC, no cutting; NR, no recorubinator).
{0028} FIGS. 4A-4C are graphs of the relative mKate knock-in efficiencies to the NE group at
HSP9OAA L (FIG. 44), DYNLTT (FIG. 4B), and AAVS? (FIG. 4C) loct in HEK293T cells. (NC, no
cutting contral group. NR, no recombinator control group.} FIG. 4D is an image of an exemplary
agarose gel of junction PCR that validates mKate knock-in at 44757 locus. FIG. 4E and 4F are

graphs of the absohite and (FIG. 4E) and relative (FIG. 4F) LOV knock-in efficiencies at A4VS7
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ipcus. FIG. 4G are the Sanger sequencing results of the junction PCR product of an exemplary
miKate knock-in at A4 V57 locus.

{602%]  FIGS. 5A-5D are graphs of the genomic knock-in efficiencies at different loci across
cell lines AS49 (FIG. 5A), HepG2 (FIG. SB), Hel.a (FIG. 5C), and hESCs (H9) (FIG. SD). FIG.
5E is images of mKate knock-ins in hESCs. FIG. 5F and 5G are genomic-wide off-target site
{OTS) counts (FIG. SF) and OTS chromosomal distribution (FIG. 5G) of REDITvVI tools.

§3030] FIGS. 6A-6D are graphs of the relative mKate knock-in efficiency at the A4VS! locus
and the DYNTT locus in AS49 cell line (FIG. 6A), the DYNLT7 locus and the HSPY0AAT focus in
Hep(2 cell line (FIG. 6B), the DYNLTT locus and the HSP90447 locus in Hela cell line FIG.
6C), and the HSPRUA4AA T locus and the OCT4 locus in hES-H9 cell line (FIG. 6D). (NC,| no cutting
control group. NR, vo recombinator control group. All data normalized to NR group.) FIG. 6E is
representative FACS resulis of HSP9044/7 mKate knock-in in hES-H9 cells.

{8031} FIGS. 7A-7D are graphs of the absolute mKate kuock-in efficiencies of different
homology arm lengths at the DYNLTY (FIG. 7TA) and HSP904A4/ (FIG. 7B} loct and the no
recombinator controls for DYNLYT (FIG. 7C) and HSP30441 (FIG. 7TD).

{0032} FIGS. B8A-8E are graphs of the indel rates of the top 3 predicted off-target loci
associated with sgEMX1 (FIGS. 8A-8C) or sgVEGFA (FIGS. 8D-8E) in the REDITvI system.
{0033} FIG. 9A is a schematic of select embodiments of REDITV2N and corresponding knock-
in efficiencies in HEKZ93T cells. FIG. 9B and 9C are graphs of genomic-wide off-target site
{OTS) counts (FIG. 9B) and OTS chromosomal distribution (FIG. 9C) comparing REDITVZN
against REDTv. FIG. 9D is a schematic of select embodiments of REDITv2D and corresponding
knock-in efficiencies. FIG. 9E is a graph of editing efficiency of REDITv], REDITVIN, and
REDITvZD under serum starvation conditions. FIG. 9F is the knock-in efficiencies of REDITv3
in hESCs. FIG. 9G is images of mKate knock in using REDITV3 in hESCs.

{8034]  FIG. 10A and 10B are schematics and graphs of the relative mKate knock-in
efficiencies of select embodiments of REDITVZN (FIG. 10A) and REDITv2ZD (FIG. 10B) at the
DYNLTE locus and the HSP90AAT locus.

[8035] FIGS. 11A-11D are images of agarose gels showing junction PCR of mKate knock-in
at the DYNLTT focus and the HSP9044 17 locus for a select REDITVZN system. FIG. 11E is the

chromatogram sequence of junction PCR products at the DYNLT locus.
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{8036]  FIG. 12A and 12B are graphs of the genomic distribution of detected off-target
cleavages of select embodiments of REDITVZ (FIG. 12A) and REDITVZN (FIG. 12B). A pileup
includes alignments that have two or more reads overlapping with each other. Flanking pairs
include alignments that show up on opposite strands within 200bp upstream of each other. Target
matched includes alignments that match to a treated target in the upstream sequence (up to &
mismatches, including 1 mismatch in the PAM, are allowed in the target sequence) FIG 12Cisa
graph of the HTS HDR and indel reads at LALY/ Tocus for REBITVZN system.

{8037]  FIG. 13A1s an image of an agarose gel showing junction PCR of mKate knock-ins at
the DYNLTT locus for REDITV2D system. FIG. 138 s the chromatogram sequence of junction
PCR products at the DYNLTY locus.

{8038]  FIGS. 14A-14C are graphs of the mKate knock-in efficiencies at the H5P9044 7 locus
in REDITVZ (FIG. 14A), REDITV2IN (FIG. 14B) and REVITVZD (FIG 14C) when treated with
different FBS concentrations. FIGS. 14A-14C are graphs of the mKate knock-in efficiencies at the
HSP90AAT locus in REDITVZ (FIG. 14D), REDITVZN (FIG. 14E) and REVITV2ZD (FIG. 14F)
when treated with different serum FBS concentrations.

{0039} FIG. 15 is images of the nuclear localization of RecE S87 and RecT following EGFP
fusion to the REDITv systems. Nuclet were stained with NucBlue Live Ready Probes Reagent.
10040} FIG. 16A and 16B are the relative mKate knock-in efficiencies at HSP9044 /and
DYNLTT Toci following fusion of different nuclear localization sequences to either the N- or C-
terminus of RecT and RecE 587 FIG. 16C and 16D are graphs of the absolute mKate knock-in
efficiencies of the constructs from FIGS. 16A and 168 for the DYNLTY locus (FIG. 16C) and the
HYPBOAA T Tocus (FIG. 16D).

{0041} FIGS. 17A-17D are graphs of the relative (FIGS. 17A and 17B) and absolute {(FIGS.
17C and 17D) mKate knock-in efficiencies for the DYNLT{ locus (FIGS. 17A and 17C) and the
HEPOOAAT locus (FIGK. 178 and 17D) following fusion new NLS sequences as well as optimal
linkers to REDITV2 and REDITVY3 variants. The REDITV2 versions using REDITVIN (D10A or
HE840A) and REDITvZI} (dCas9) are indicated in the horizonal axis, along with the number of
guides used. The different colors represent the different control groups and REDIT versions.
j3042] FIG. 18 is a graph of the relative editing efficiency of REDITV3N system at HSF 904417
focus in hES-H9 cells.
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{8043]  FIG. 19A is a diagram of an exemplary saCas® expression vector. FIGS. 19B-19E are
graphs of the relative mKate knock-in efficiencies at the A4VS/ locus (FIG. 19B) and HSP20441
focus (FIG. 19C) of different effectors in saCas9 system and the respective absolute efficiencies
(F1G. 19D and 19E, respectively). {(NC, no cutting control group. NR, no recombinator control
group.

{8044]  FIG. 204 i3 a schematic of RecT truncations. FIGS. 20B and 20C are graphs of the
relative mKate knock-in efficiencies at the DYNLTT locus for wild-type Strepiococcus pyogenes
Cas9 and Streptococcus pyogenes CasOn(D10A) with single- and double-nicking.

{0045} FIG. 21A is a schematic of RecE 587 truncations. FIGS. 21B and 21C are graphs of
the relative mKate knock-in efficiencies at the DYNLTT locus for wild-type Strepfococcus
pyogenes Cas® and Swrepiococeus pyogenes CasO9n(D10A) with single- and double-nicking.
{6046} FIGS. 22A and 228 are graphs of comparison of efficiency to perform recombineering-
based editing with various exovucleases (FIG. 22A) and single-strand DNA annealing proteio
(SSAP) (FIG. 22B) from naturally occurring recombineering systems, including NR (no
recombinator) as negative control. The gene-editing activity was measured using mKate knock-in
assay at genomic loci {DYNLTT and HSPO0AATL} The data shown are percentage of successful
mKate knock-in using human HEK293 cells, each experiments were performed in triplicate (n=3).
{8047] FIGS. 23A-23E show a compact recruitment system using boxB and N22. The REDIT
recombinator proteins were fused to N22 peptide and within the sgRNA was boxB, the short
cognizant sequence of N22 peptide (FIG. 23A). FIGS. 23B-23E are graphs of the gene-editing
efficiency using mKate knock-in assay, with wildtype SpCas9, with side-by-side comparisons to
the MS2-MCP recruitment systemy. FIGS. 23B and 235 are absolute ruKate knock-in efficiency at
DYNLTI, HSP29A4AAT toct and FIGS. 23C and 23E are relative efficiencies. The data shown are
percentage of successful mKate knock-in using HEK293 human cells, each experiments were
performed in triplicate (n=3).

{0048} FIGS. 24A-24C show a SunTag recruitment system. The REDIT recombinator proteins
were fused to scFV antibody and the GCNA4 peptide in tandem fashion {10 copies of GUN4 peptide
separated by linkers) was fused to the Cas® protein (FIG. 24A). An mKate knock-in experiment
(FIG. 24B)with the DYNL ¥ locus was used to measure the gene-editing knock-in efficiency (FIG.
24C). All data are measurements of gene-editing efficiency using mKate knock-in assay, with

wildtype SpCas9. Absolute mKate knock-in efficiency at DYNLTT are shown in the bottom right
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corner of each flow cytometry plot, where the control i3 without recombinator (NR), which
included scFY fused to GFP protein as negative control, all experiments done in HEK293 human
cells.

[0049] FIGS. 25A and 25B exemplify REDIT with a Cas12A system. A Cpf1/CasiZa based
REDIT system via the SunTag recruitment design was created (FIG. 2Z5A) for two different
Cpf1/Casi2a proteins. Using the mKate knock-in assay, the efficiencies at two endogenous loci
(DYNET? and AAST) were measured. (FIG. 25B). Shown are absolute mKate knock-in efficiency
as measured by mKatet cell percentage using HEK293 human cells, each experiment was
performed in triplicate (n=3), where the negative control is without recombinator (NR).

{3050] FIGS. 26A and 26B are the measurements of precision recombineering activity via
mKate knock-in gene-editing assay using RecE and RecT bomologs at the DYNLTT Tocus (A) and
the HSP90AA{ Tocus (B). Shown are absolute mKate knock-in efficiency as measured by mKate+
cell percentage using HEK293 human cells, each experiments were performed in triplicate (n=3),
where the negative control is without recombinator {NR} and no cutting (NC}. The original RecE
and RecT from E. coli were also included as positive controls.

{0051} FIGS. 27A and 278 is a schematic showing the SunTag-based recruitment of SSAP
RecT to CasS-gRNA complex for gene-editing (FIG. 27A) and a graph quantifying the editing
efficiencies of SunTag compared to MS2-based strategies (FIG. 278).

j0052] FIGS. 28A-28C show comparisons of REDIT with alternative HDR-enhancing gene-
editing approaches. FIG. 28A is schematics showing alternative HDR-enhancing approaches via
fusing functional domains, CtiP or Geminin (Gem}, to Cas9 protein (left) and when combined with
REDIT (right}. FIG 28B is an alternative small-molecule HDR-enhancing approach through cell
cycle control. Nocodazole was used to synchronize cells at the G2/M boundary (left) according to
the timeline shown (right). FIG. 28C is comparisons of gene-editing efficiencies using REDIT and
alternative HDR-enhancing tools, Cas9-HE (CtIP fusion), Cas9-Gem (Geminin fusion), and
Nocodazole {noc), along with combination of REDIT with these methods (Cas9-HECas9-
Gem/noctREDT). Donor DNAs have 200 + 400 bp (DYNLYTY or 200 + 200bp (HSP9044 1) of
HAs. All assays performed with no donor, NTC and Cas® (no enhancement} controls. #F < 0.05,
compared to REDIT; #£7 < 0.01, compared to REDIT.

{3053} FIGS. 29A-29D show template design guideline, junction precision, and capacity of

REDIT gene-editing methods. FIG. 29A is graphs of a homology arm (HA) length test comparing
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different teraplate designs of HDR donors (longer HAs) or NHEIMME]T donors {zero/shorter
HAs)ustng REDIT and Cas9 references. Top and bottom are two genomic loct tested using mKate
knock-in assay. FIG. 29B is a design of an exemplary junction profiling assay through isolation of
knock-in clones, followed by genomic PCR using primers {(fwd, rev} binding ocutside donor to
avoid template amplification. Paired Sanger sequencing of the PCR products reveal homologous
and non-homologous edits at the 57~ and 37- junctions. FIG. 29C is a graph of the percentage of
colonies with indicated junction profiles from the Sanger sequencing of knock-in clones as in FIG.
29R. Editing methods and donor DNA are listed at the bottom (HA lengths indicated in bracket}.
FIG. 298 s a graph of knock-in efficiencies using a 2-kb cassette to insert dual-GFP/mKate tags
to validate REDIT methods with Cas9. HA lengths of donor DNAs indicated at the bottom.
{8054]  FIGS. 30A-30C show GlISseq results (Figure 6C-E) indicating that REDIT is an
efficient method with the ability to insert kilobase-fength sequences with less unwanted editing
events. FIG. 30A is a schematic showing the design, procedures, and analysis steps for GES-seq to
measure genome-wide nsertion sites of the knock-in cassettes. High-molecular-weight (HMW)
genomic DNA purification was needed to remove potential contamination from donor DNAs.
Donor DNAs had 200 bp HAs each side. FIG. 30B is representative GIS-seq resulis showing
plus/minus reads at on-target locus DYNLTI. The expected 2A-mKate knock-in site before the
stop codon of the last exon are the center of the trimmed reads (reads clipped to remove 2ZA-mKate
cassette). The template mutations help to avoid gRNA fargeting and distinguish genomic and
edited reads are labeled. FIG. 30C is a sumumary of top GIS-seq insertion sites comparing Cas9dn
and REDITdn groups, showing the expected on-target insertion site (highlighted) and reduced
number of identified off-target insertion sites when using REDITdn. (Left) OYNLTT and (Right)
ACTB loci with MLE calculated from the distribution of tiltered and trimmed GIS-seq reads.
fO055] FIGS. 31A-31F show the dependence of REDIT gene-editing on endogenous DNA
repair and applying REDIT methods for human stem cell engineering FIG. 31A is a model
showing the editing process and major repair pathways involved when using REDIT or Cas® for
gene-editing, the HDR pathway are highlighted for chemical perturbation (inhibition of RADST).
Donor DNAs with 200 + 200 bp HAs are used for all inhibitor experiments. FIGS. 31B and 31C
are graphs showing the relative knock-inefficiency of REDIT tools compared with Cas9 reference
treated with RADS1 inhibitor BO2 and RI-1, or vehicle-treated, for the wtCas9-based REDIT and
Cas® (FIG. 31B) and for Cas9 nickase-based REDITdn and CasQdn (FIG. 31C). All conditions

it
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were measured with 1-kb knock-in assay at two genomic loci (DYNLTT and HSP90A4AT). FIG.
31D are graphs of knock-in efficiencies in hESCs (H9) using REDIT and REDITdn tested across
three genomic loci, compared with corresponding Cas® and Cas9dn references. FIGS. 31E and
31F are flow cytometry plots of mKate knock-in results in hESCs using REDIT, REDITdn with
Cas9, Cas%dn, and NTC controls. Dronor DNAs in the hESC experiments have 200 + 200 bp HAs
across all loci tesied.

{0056] FIGS, 32A-32B show chemical perfurbations to dCas® REDIT. Gene editing
efficiencies were determined when treated with mammalian DNA repair pathway inhibitors
{(Mirin, RI-1, and BO2) with (FI1G. 32A} and without (FIG. 328) cell cycle inhibitor (Thy, doubly
Thymidine} blocking. Statistical analyses are from t-test results with 1% FDR via a two-stage step-
up method.

{6057} FIGS. 33A and 338 are schematics of the DNA compoenents {gene-editing vectors and
template DNA) and tail vein injection of mice, respectively.

{0058] FIGS. 34A-34C are results from the tail vein injection of mice with gene-editing
vectors. FIG 34 A is a schematic and gel electrophoresis of PCR analysis of liver hepatocytes from
the injected mice. FIG. 34B is the Sanger sequencing results of the PCR amplicon. FIG. 34C s a
schematic of nexi-generation sequencing and a graph of the quantification of knock-in junction
errors.

{0059] FIGS. 35A and 35B are schematics of the DNA components (gene-editing and control
vector) and adeno-associated virus (AAV) treatment, respectively. FIGS. 35C are fluorescent
images of lungs from AAV treated mice and graphs of corresponding quantitation of tumor
number.

{0060} FIGS. 36A-36C show the predicted structure of E. coli RecT {EcRecT) alone (FIG.
36A) and with bound single-strand DNA (FIG. 36B, 36C).

{0061} FIGS. 37A-378 show predicted interactions of HEcRecT SSAP amino acids with
ssDNA.

{0062} FIGS. 38A-38F show development of the dCas® gene-editor through mining
microbial SSAPs. (FIG. 38A) Schematic model of dCas9 editor with single-strand annealing
proteins {SSAP). (FIG. 38B) Design of the genomic knock-in assay to measure gene-editing
efficiencies (left); workflow of the SSAP screening experiments {right}. (FIG. 38C) Construct

designs for screening gene-editing efficiency of SSAPs using the 2A-mKate knock-in assay, with
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an 800bp transgene. (FIG. 38D) Results of initial screen of three SSAPs: Bet protein from
Lambda phage (LBet), RecT protein from Rac prophage (RacRecT), and gp2.5 from T7 phage
{T7gp2.5} (FIG. 38E) Screening RecT-like SSAP candidates via metagenomic homolog mining
and knock-in assay. The most active candidate is labeled as dCas9-SSAP. NTC: non~target
control. Donor templates were added in all groups except the no-donor controls, with the
homology arm (HA) lengths: DYNLTE, 2004200bp; HSPSOAAL, 200+400bp; ACTB,
200+400bp. (FIG. 38F) Measure gene-editing efficiencies using three types of donor designs
with different HA lengths at DYNLT1 (left) and HSPOOA AT {right) loci in HEK293T ceils. All
results in this and following figures are from replicate experiments with error bars representing
standard error of the mean {(SEM.), n =3, unless otherwise noted.

{6063]  FIGS. 39A-39H show on-target and off-target editing errors of dCas9-SSAP. (FIG.
39A) Deep sequencing to measure the levels of indel formation when using dCas®-SSAP and
Cas9 references at endogenous targets. The donor templates used are 200bp-HA HDR templates.
Details of the assay described in Methods. (FI1G. 39B) Clonal Sanger sequencing to analyze the
accuracy of knock-in editing using dCas9-SSAP and Cas9 references with different HDR and
MME]J donors. The donor templates used are the 200bp-HA HDR templates and 25bp-HA
MMET templates (Methods and Supplementary Notes). (FIG. 39C- FIG. 39E) Genome-wide
detection of insertion sites of knock-in cassette using unbiased sequencing, showing {(FIG. 39C)
workflow, (FIG. 39D) representative reads aligned at knock-in genomic site, and (e} summary of
detected on-target and off-target insertion sites. (FIG. 39F- FIG. 39G) workflow and results for
measuring cell fitness effect as defined by percentage of live cells after editing (normalized to
rnock controls). (FIG. 39H) Summary analysis of knock-in accuracy of dCas9-SSAP editor, in
comparison with Cas® HDR and Cas® MMEJ methods. Accuracy is defined as the overall yield
(%) of correct knock-in within all edited outcomes (correct knock-in, knock-in with indels, and
NHEJ indels).

{0064} FIGS 40A-40G show validation of dCag9-SSAP editor and comparison with Cas9
reference and other HDR-enhancing methods. (FIG 40A) Comparison of efficiencies using
dCas9-SSAP and other alternative Cas9, nCas®, and HDR-enhancing tools. Cas®-HE (CtP-
fusion Cas9), and Cas9-Gem (Geminin-fusion Cas?), nCas? {Cas®-D10A nickase reference)}, and
nCas9-hRADST (am improved Cas9 nickase editor). Donor templates are same as in Fig. 1. (FIG

40B) Imaging verification of mKate knock-in at endogenous genome locus using dCas9-SSAP
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editor. (FIG 40C) Design of knock-in donor with different lengths of transgenes. (FIG 40D}
knock-in efficiencies for different transgene lengths using dCas9-8SAP editors. Bonor HA
fengths are 200bp+200bp for DYNLTI, 200bp+400bp for HSP90AA4 /. (FIG 40E) performance of
dCas9-8SAP editor compared with Cas9 references across 7 endogenous {oci in HEK293T cells.
N, no-donor controls, NT, non-target controls. (FIG 40F- FIG 40G) knock-in gene-editing in
human embryonic stem celis (hESC, HO) using dCas9-SSAP editor, with quantified HDR
efficiencies (FI{ 40F) and flow cytometry analysis (FI1G 40G). Al statistical analysis are
performed using multiple t-test to compare across all genomic targets, with 1% false-discovery
rate (FDR) via a two-stage step-up method of Benjamini, Krieger and Yekutieli.

[0065] FIGS 41A-41D show chemical perturbations to probe the editing mechanism of
dCas3-SSAP editor. Gene-editing efficiency of dCas9-SSAP editor when treated with DNA
repair pathway inhibitors (Mirin, RIT and B02) without FIGS 41A, 418) or with (FIGS 41C,
41D) cell cycle synchronization (DTR, double Thymidine blocking). All donor templates are the
same as in Fig. 38. Statistical analysis are from t-test results with 1% FDR via a two-stage step-
up method of Benjamini, Krieger and Yekutieli.

{0066} FIGS. 42A-421 show minimization of dCas9-SSAP editor as a compact CRISPR
knock-in tool for convenient delivery. (FIG. 42A) Schematic showing the EcRecT predicted
secondary structure and priming sites for constructing truncated EcRecT proteins based on the
structural prediction. (FIG. 42B) Relative knock-in efficiencies of various truncated designs. All
groups were normalized to Cas9 references (individually for each target). (FIG 42C) Schematic
of d8aCas9-mSSAP system in AAV construct using the compact SaCas® (left, sizes of elements
not shown to scale) and (FIG. 42D) knock-in efficiencies at A4VS7 and HSP90AAT endogenous
targets via i vitro delivery of AAV2 vectors carrying the original and mimimized d8aCas®-
SSAP editors in HEK293T cells.

{8067} FIGS. 43A-43E show gel electrophoresis and sequencing verification of knock-in-
specific PCR products using dCas3-SSAP. (FIG. 43A) Agarose gel results of knock-in-specific
junction PCR at DYNLT1 locus. (FIG. 43B- FIG. 43E) Sanger sequencing chromatogram of
genomic junctions from knock-in experiments at DYNLT1 locus. For all samples, we amplified
the 57 (FIG. 43B, FIG. 43C) and 37 (FIG. 43D, FIG. 43E) end of genomic DNA using junction-

spanning primers outside of the donor DNAs to confirm knock-in.
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{0068} FIG. 44 shows a phylogenetic tree and amino acid alignment of representative RecT
homologs along with the protein conserved domain annotated.

{6069} FIGS. 45A-45B show deep sequencing of short-sequence editing comparing dCas9-
SSAP and Cas? editors. (FIG. 45A) Douor design of 16-bp replacement at FAXT7 (FIG. 45B)
Analysis of precision HDR and inde!l editing cutcomes using deep sequencing at FALX/ genomic
focus. The firsi round of PCR used sequencing primers completely outside of the donor {0 ensure
the sequencing resulis will be free from the donor template contamination, validated by the non-
target control {where the donor DNAs are delivered into the cells).

10070} FIGS. 46A-468 are schematics showing the workflows used in Sanger sequencing of
knock-in products (FIG. 46A) and the sequencing method used 1n deep on-target indel assay
(FIG 46B). Assays described bere correspond to Fig. 41, gPCR, genomic PCR. Seqg-F/seq-R are
primers for Sanger sequencing binding upstream/downstream of the knock-in templates.

{0071} FIGS. 47A-478 show Sanger sequencing chromatograms of genomic junctiouns from
dCas9-SSAP experiments at DYNLT1 locus. For all samples, the 57 (FIG. 47A) and 37 (FIG.
478) ends of genomic DNA were amplified using junction-spanning primers te confirm knock-in
precision. The genomic-binding primers used are completely outside of the donor DNAs to avoid
contamination.

{0072} FIGS. 48A-48B show Sanger sequencing chromatograms of genomic junctions from
dCas3-SSAP experiments at H5P9044 1 locus. For all samples, the 37 (FIG. 48A) and 37 (FIG.
48B) end of genomic DNA were amplified using junction-spanning primers to confirm knock-in
precision. The genomic-binding primers used are completely outside of the donor DNAs to avoid
contamination.

{8073] FIGS. 49A-49B show genome-wide insertion site mapping and quantification. (FIG.
49A% Overall workflow for unbiased genome-wide insertion site mapping process. On-target and
off-target insertions sites are recovered from reads that align to the reference genome (hg38).
Full protocol and data analysis pipeline are detailed in Methods. (FIG. 49B) Quantification of
genome-wide insertion sites counting all aligned reads (with valid UMI) showed decreased
insertion site abundance using Cas9-SSAP compared with Cas9 HDR, across two genomic loci
{(OYNLT] and HYP9OAAD The abundance of insertion sites are measured as RPKU, or Reads
Per Thousand UMIs.
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{8074]  FIGS. S0A-50B show testing of dCas9-SSAP editor tool using single-guide (FIG.
50A) and dual-guide (FIG. SOB) designs across three genomic targets {shown on the top}. The
donor PINAs used are the same as shown in Fig. 3a with 800-bp knock-in design.

{6075} FIGS. 51A-51C show validation of dCas9-SSAP knock-in efficiencies in three
additional cell lines in HepG2 (FIG. 51A), Hela (FIG. 51B), and U208 (FIG. 51C) cell lines.
The knock-in experiments used similar donor DNA with ~800-bp cassettes encoding 2A-mKate
transgene for all cell lines tested.

{6076} FIGS. 52A-52C show the full set of flow cytometry analysis data using dCas9-SSAP
editor for human stem cell engineering. Flow cyiometry analysis of knock-in gene-editing at
HSP2OAA L (FIG. 52A), ACTB (FIG. SZB), OCT4 (FIG. 52C) endogenous loct in human
embryonie stem cells (hESC, H9) using dCasO-SSAP compared with non-target controls and
Cas9 (Cas® HDR) references.

{8077] FIG. 53 is a schematic showing the RecT protein secondary structure predicted using
an online tool ({CFSSP, see Methods). The prediction results {(secondary structure visualized at
top, alignment at bottom} formed the basis for developing a truncated functional RecT variant.
{6078]  FIG. 54 depicts SSAP array screening, showing cell viability vs. editing efficiency (fold
over negative control (A, C) or percent of mKate knock-in (B, DY) for the ACTR target (A, B) and
the HSPOOAAYT target (C. I3}, The positive control is EcRecT.

j8079]  FIG. 55 depicts normalized (A) and absolute (B) editing efficiency, comparing activity
at two targets, HSP90OAA and ACTR. Figure SSC shows cell viability, comparing SSAP use for
HSPOOAATL knock-ins with ACTB knock-ins. The positive control is EcRecT.

{0080 FIG. 56 depicts by scatter plot a comparison of cell viability vs. normalized {A) or
absolute (B) editing efficiency for all targets combined. Bar graphs compare editing efficiency at
two targets, HSP90 and QCTB, normalized (C) or absolute (D) for each of the candidates. The
positive control is EcRecT.

{8081]  FIG. 57 depicts a tree and sequence alignment for SSAP 16 (1, SEQ ID NG: 185},
SSAP 10 (2, SEQ ID NO:179), SSAP 36 (3, SEQ ID NO:205), SSAP 152 (4, SEQ ID NO:321),
and SSAP 184 (5, SEQ 1D NO:353) compared with EcRecT (SEGQ ID NO:171). See Table 9.
{0082} FIG. 58 depicts a iree and sequence alignment for SSAP 16 (1, SEQ 1D NO:185),
SSAP 10 (2, SEQ ID NO:179), SSAP 36 (3, SEQ ID NO:205), SSAP_152 (4, SEQ 1D NO:321),
SSAP 184 (5, SEQ ID NO:353), SSAP 197 (6, SEQ ID NO:366), SSAP 305 (7, SEQ ID
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NO:424), SSAP 210 (8; SEQ 1D NO:379), and SSAP 190 (9, SEQ ID NO:359) compared with
HeRecT (SEQ ID N(:171). See Table 9.

{6083} FIG. 58 depicts a tree and sequence alignment for SSAP 16 (1, SEQ 1D NO:185),
SSAP 102, SEQIDNG:179), SSAP 36 (3, SEQID NG:20S), SSAP 197 (6, SEQ ID N(O:366),
and SSAP 210 (8; SEQ D NG:379) compared with EcRecT (SEQ D NG:171). See Table 9.

DETAILED DESCRIPTION OF THE INVENTION

{0084] Current genome editing technology is limited by the low efficiency and accuracy for
precision editing leading to very unreliable ability for using current tools such as CRISPR systerns
to introduce accurate replacement, deletion, or insertion in mammalian cells. The usual process
involves delivery of gene editing tool (like CRISPR} and DNA repair template for introducing
desirable changes to genome sequence. However, the DNA delivered into the cell can insert non-
specifically into off-target genomic loci or unintended targets, a major challenge for ensuring safe,
accurate gene editing for therapeutic purposes.

§0083] The present disclosure is directed to a system and the components for DNA editing. In
particular, the disclosed system based on CRISPR targeting and homology directed repair by phage
recombination enzymes. The system results in superior recombination efficiency and accuracy at
a kilobase scale.

{6086} The invention features RNA as a molecular entity to mediate gene editing, and
includes desigoned and validated components of systems and methods to apply RNA as template
(donor) to insert, delete, replace, or control genomic DNA sequences, mediated through the
activity of a recombination protein such as a SSAP (single-strand annealing protein, exemplified
by RecT, lambda Red, T7gp2.5).

{0087} In certain embodiments, the invention provides efficient gene editing through the
process of delivering three components into a cell: (1) local DNA cleavage, nicking, or R-loop-
formation using the CRISPR system comprising a CRISPR enzyme (including but not limited to
Cas9/CasOn/dCas? or Casl2a/nCas12a/dCas12a respectively for cleavage/nick/R-loop-
formation), and a guide RNA, where the guide RNA contains an aptamer (such as MS2, or PP7,
or BoxB) to recruit SSAP protein; (2) an RNA sequence bearing the desirable DNA changes

with one or more homology arm (HA) region{s} that i either fused/linked to the guide RNA in

(1), or fused/linked to a second guide RNA. The HA region is at least 20bp and provides a
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homology region next to the editing site for SSAP-mediated editing. If using a sccond guide
RNA, this second guide RNA will bind to a nearby genomic site, located between 0 bp to 150bp
away from the guide RNA in (1). This second guide RNA forms a complex with a CRISPR
enzyme {such as Cas¥nCas®/dCas? and CaslZa/mnCaslZa/dCas12a), is recruited to the target
genomic loct, and serves to provide RNA template/donor for the editing. The enzymes can be
either fully active CRISPR enzymes, nickases, or deactivated CRISPR enzymes {dCas9,
dCasl2a, etc.} that only bind 1o target loci. The guide may be regular guide RNA or shorter guide
RMA (typically 2--6bp shorter than the regular guide RNA, so 14bp to 18bp) to allow efficient
binding but not cleavage of targets. (3} SSAP protein fused to an RNA-aptamer-binding protein
(RBP) via linker. The RBP can be, without limitation, MSZ coat protein (MCP), PP7 coat protein
(PCP), or BoxB binding peptide from lambda phage (lambda N22 peptide). For this component,
we also identified an additional factor that could enhance this RNA~templated SSAP gene-
editing: if we fuse a reverse transcriptase (RT) to the SSAP protein via a long peptide linker,
making this third component RBP-SSAP-RT, or RBP-RT-SSAP (- represent linkers), this further
enhance editing efficiencies.

{0088} In other embodiments, the Cas9/nCas%/dCas® or Casl2a/nCasi2a/dCas12a protein is
fused via linker to a reverse transcriptase (RT), this design 1s comparable to the prime-editing.
The guide RNA in this design optionally comprises a primer-binding-site (PBS} of at least 14-bp
or more, which is complementary to a region at the editing site. This PBS promotes initiation of
RT activity. Alternatively, another design is to use the same guide RNA as in the first
embodiment, and to initiate RT activity by supplying to the cell a short oligo DNA (length is
T4bp or more) that is complementary (o a region at the editing site. This oligo DNA can initiate
RT activity and allow SSAP-mediated gene-editing,

10089] In other embodiments, the Cas9/nCas9/dCas? or CasiZa/nCasl2a/dCas12a protein i3
fused via linker to a reverse transcriptase (RT) from a retron system. The guide RNA in this
design has a msr/msd sequence from retron, and also one or more homology arm {(HA) region(s},
which is complementary 10 3 region at the editing site. The mer/msd sequence helps to initiate
RT activity. While the HA region help to mediate SSAP gene-editing.

{3090} The compositions and methods of the invention herein provide novel RNA-

mediated/RNA-templated gene editing in eukaryotic/mammalian cells. By designing cleavable
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RNA template using endogenous tRNA, ribozyime, or the direct repeat from Casl2a system, we
also achieve multiple-target gene editing using RNA as template.

{0091} The invention provides at least the following 3 advantages of our RNA-templated
SSAP gene editing systenu (1) reduced off-target or toxicity due to RNA beiog less
immunogenic compared with DNA used in existing gene editing process, and that RNA cannot
integrated directly into unintended genomic DNA sites or off-iarget DNA siies; (2) ease of
multiplexing the precision gene editing methods by using cleavable RNA template in our
methods; (3) simplicity of RNA delivery into cells, it is easier to manufacture, potentially
cheaper 1o scale up for clinical usage (4) RNA has a lot of engineering potential by combining
other regulatory or combiunatorial paylead/components via chemical linkage or biochemical
coupling, to enable more efficiency delivery, editing, or synergistic action of RNA-templated
gene editing with other type of gene editing or therapeutic modalities; and (5) the efficiency of
RNA-templated gene editing can be enhanced via RNA and protein factors and is orthogounal to

regular DNA-repair pathways that may be critical for health of target cells.
1. Definitions

{0092} To facilitate an understanding of the present technology, a number of terms and phrases
are defined befow. Additional definitions are set forth throughout the detailed description.

{0093] The terms “comprise{(s),” “include(s),” “having,” “has “can,” “contain{s),” and
variants thereof, as used herein, are intended to be open-ended transitional phrases, terms, or words
that do not preclude the possibility of additional acts or structures. The singular forms “a,” “and”

2

and “the” include plural references unless the context clearly dictates otherwise. The present
disclosure also contemplates other embodiments “comprising,” “consisting of” and “consisting
essentially of,” the ervbodiments or elements presented herein, whether explicitly set forth or not.
{0094} For the recitation of numeric ranges herein, each intervening number there between
with the same degree of precision is explicitly contemplated. For example, for the range of 6-9,
the numbers 7 and § are contemplated in addition to 6 and 9, and for the range 6.0-7.0, the number
6.0,61,62 63,64,65, 66,67, 68,69, and 7.0 are explicitly contemplated.

{0095} Unless otherwise defined herein, scientific, and technical terms used in connection with
the present disclosure shall have the meanings that are commonly understood by those of ordinary

skill in the art. For example, any nomenclature used in convection with, and techniques of] cell

,,,,,,,

19



WO 2023/034925 PCT/US2022/075850

acid chemistry and hybridization described herein are those that are well known and commonly
used in the art. The meaning and scope of the terms should be clear; in the event, however of any
iatent ambiguity, definitions provided herein take precedent over any dictionary or extrinsic
definition. Further, uniess otherwise required by context, singular terms shall include pluralities
and plural terms shall include the singular.

{8095] The terms “complementary” and “complementarity” refer to the ability of a nucleic
acid to form hydrogen bond(s) with another nucigic acid sequence by either traditional Watson-
Crick base-paring or other non-traditional types of pairing. The degree of complementarity
between two nucleic acid sequences can be indicated by the percentage of nuclestides in a nucleic
acid sequence which can form hydrogen bonds (e.g., Watson-Crick base pairing) with a second
nucleic acid sequence {e.g., 50%, 60%, 70%, 80%, 90%, and 100% complementary}. Two nucleic
acid sequences are “perfectly complementary” if all the contiguous nucleotides of a nucleic acid
sequence will hydrogen bond with the same number of contiguous nucleotides in a second nucleic
acid sequence. Two nucleic acid sequences are “substantially complementary” if the degree of
complementarity between the two nucleic acid sequences 18 at least 60% {e.g., 65%, 70%, 75%,
80%, 85%, 90%, 95%. 97%, 98%, 99%, or 100%} over a region of at least 8 nuclectides (e.g., 9,
10,11, 12,13, 14, 15,16, 17, 18, 19,20, 21, 22, 23, 24, 25, 30, 35, 40, 45, 50, or more nucleotides),
or if the two nucleic acid sequences hybridize under at least moderate, preferably high, stringency
conditions. Exemplary moderate stringency conditions include overnight incubation at 37° Cin a
solution comprising 20% formamide, 5xS8C (150 mM Na(l, 15 mM trisodiurn citrate), 50 mM
sodium phosphate (pH 7.6), 5xDenhardt’s solution, 10% dextran sulfate, and 20 mg/m!l denatured
sheared salmon sperm DNA, followed by washing the filters in IXSSC at about 37-50° C., or
substantially similar conditions, e.g., the moderately stringent conditions described in Sambrock
et al., infra. High stringency conditions are conditions that use, for example (1) low ionic strength
and high temperature for washing, such as 0.015 M sodium chloride/0.0015 M sodium citrate/0.1%
sodium dodecyl! sulfate (SDS) at 50° C, (2) employ a denaturing agent during hybridization, such
as formamide, for example, 50% (v/v) formamide with 0.1% bovine serum albumin (BSAY0.1%
Ficoll/0.1% polyvinyipyrrolidone (PVPY 350 mM sodium phosphate buffer at pH 6.5 with 750 mM
sodiur chloride and 75 mM sodium citrate at 42° C., or (3} employ 50% formamide, Sx8SC (0.75
M Nall, 0075 M sodium citrate}, 50 mM scedium phosphate {(pH 6.8), 0.1% sodium

pyrophosphate, SxDenhardt’s solution, sonicated salmon sperm DNA (50 ug/ml), 0.1% SDS, and
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10% dextran sulfate at 42° C., with washes at (1) 42° C. in 0.2x88C, (it) 55° C. in 50% formamide,
and {iii} 55° C. in 0.1xS8C (preferably in combination with EDTA). Additional details and an
explanation of stringency of hvbridization reactions are provided in, e.g., Sambrook et al,
Molecular Cloning: A Laboratory Manual, 3rd ed., Cold Spring Harbor Press, Cold Spring Harbor,
NY. (2001); and Ausubel et al, Current Protocols in Molecular Biology, Greene Publishing
Associates and John Wiley & Sous, New York (1994).

{60971 A cell has been “genetically modified,” “transformed,” or “transfected” by exogenous
DNA| e.g., arecombinant expression vector, when such DNA has been introduced inside the cell.
The presence of the exogenous DNA results in permanent or transient genetic change. The
transforming DNA may or may not be integrated (covalently linked) into the genome of the cell.
fo prokaryotes, yeast, and mamsalian cells for example, the travsforming DNA may be
maintained on an episomal element such as a plasmid. With respect to eukaryotic cells, a stably
transformed cell is oue in which the transforming DNA has become integrated into a chromosome
so that it is inherited by daughter cells through chromosome replication. This stability is
demonstrated by the ability of the eukaryotic cell to establish cell lines or clones that comprise a
population of daughter cells containing the transforming DNA. A “clone” is a population of cells
derived from a single cell or common ancestor by nutosis. A “cell line” is a clone of a primary cell
that is capable of stable growth in vitro for many generations.

{0098} As used herein, a “nucleic acid” or a “nucleic acid sequence” refers to a polymer or
oligomer of pyrimidine and/or purine bases, preferably cytosine, thymine, and uracil, and adenine
and guanine, respectively. The present technology contemplates any deoxyribonucleotide,
ribonuclectide, or peptide nucleic acid component, and any chemical vanants thereof, such as
methylated, hydroxymethylated, or glycosylated forms of these bases, and the like. The polymers
or oligomers may be heterogenous or homogenous in composition and may be isolated from
naturally occurring sources or may be artificially or synthetically produced. In addition, the nucleic
acids may be DNA or RNA| or a mixture thereof, and may exist permanently or transitionally in
single-stranded or double-stranded form, including homoduplex, heteroduplex, and hybrid states.
In some embodiments, a nucleic acid or nucleic acid sequence comprises other kinds of nucleic
acid structures such as, for instance, a DNA/RNA helix, peptide nucleic acid (PNA), morpholino
nucleic acid (see, e.g., Braasch and Corey, Biochemistry, 41(14}: 4503-4510 (2002)) and U.S. Pat.

No. 5,034,506, incorporated herein by reference), locked nucleic acid (LNA; see Wahlestedt et al
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Proc. Natl, Acad. Sci. US.A., 97 5633-5638 (2000}, incorporated herein by reference),
cyclohexenyl nucleic acids (see Wang, J. Am. Chem. Soc., 122: 8595-8602 (2000), incorporated
hierein by reference), and/or a ribozyme. Hence, the term “nucleic acid” or “nucleic acid sequence”
may also encompass a chain comprising non-natural nucleotides, modified nucleotides, and/or
non- nuclectide building blocks that can exhibit the same function as natural nucleotides (e g.,
“nucleotide analogs™); further, the term “nucleic acid sequence” as used herein refers to an
cligonucleotide, nucteotide or polynucieotide, and fragments or portions thereof, and to BNA or
RMNA of genomic or synthetic origin, which may be single or double-stranded, and represent the

EEINS

sense or antisense strand. The terms “nucleic acid,” “polynuclectide.” “nucleotide sequence,” and
“oligomuclectide” are used interchangeably. They refer to a polymeric form of nucleotides of any
length, either deoxyribonucleotides or ribonucleotides, or analogs thereof.

{6099] A “peptide” or “polypeptide” is a linked sequence of two or more amino acids linked
by peptide bonds. The peptide or polypeptide can be natural, synthetic, or a modification or
combination of natural and synthetic. Polypeptides include proteins such as binding proteins,
receptors, and antibodies. The proteins may be modified by the addition of sugars, lipids or other
moieties not included in the amino acid chain. The terms “polypeptide” and “protein,” are used
interchangeably herein,

[00108]  As used herein, the term “percent sequence identity” refers to the percentage of
aucleotides or nucleotide analogs in a nucleic acid sequence, or amino acids in an amino acid
sequence, that is identical with the corresponding nucleotides or amino acids in a reference
sequence after aligning the two sequences and introducing gaps, if necessary, to achieve the
rnaximum percent identity. Hence, in case a nucleic acid according to the technology is longer thao
a reference sequence, additional nucleotides in the nucleic acid, that do not align with the reference
sequence, are not taken into account for determining sequence identity. Methods and computer
programs for alignment are well known in the art, including BLAST, Align 2, and FASTA.
{80101} The term “percent sequence similarity” takes into account conservative amino acid
substitutions. Conservative substitution tables providing functionally similar amino acids are well
known in the art. The following five groups each contain amino acids that are conservative
substitutions for one another: Aliphatic: Glycine (G), Alanine (A), Valine (V), Leucine (L),
Iscleucine (1), Aromatic: Phenylalanine (F), Tyrosine (Y}, Tryptophan (W), Suifur-containing:

Methionine (M), Cysteine (C); Basic: Arginine (R}, Lysine (K), Histidine (H); Acidic. Aspariic
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acid (D), Glutamic acid (E), Asparagine (N}, Glutamine (Q). In addition, individual substitutions,
deletions, or additicns which alter, add, or delete a single amino acid or a small percentage of
amino acids in an encoded sequence are also “conservatively modified variations.” Means for
making this adjustment are well known to those of skill in the art. Typically this involves scoring
a conservative substitution as a partial rather than a full mismatch, thereby increasing the
percentage sequence identity. Thus, for example, where an identical amino acid is given a score of
1 and a non-~-conservative substitution is given a score of zero, a conservative substifution is given
a score between zero and 1. The scoring of conservative substitutions is calculated, e.g., as
implemented in the program PC/GENE (Inteiligenetics, Mountain View, California).

[001621 It will be understood that sequences 1dentified as having greater than a given percent
similarity to a reference sequence include as a subset the sequences having greater than the given
percent identity to the reference sequence. Thus, recitations herein to sequences having greater
than a given percent similarity include the subset of sequences having greater than a given percent
identity.

[80163] A “vector” or “expression vector” is a replicon, such as plasmid, phage, virus, or
cosmid, to which ancther DNA segment, e.g., an “insert,” may be attached or incorporated so as
to bring about the replication of the attached segment tn a cell.

{00104]  The term “wild-type” refers to a gene or a gene product that has the characteristics of
that gene or gene product when isolated from a naturally occurring source. A wild-type gene is
that which is most frequently observed in a population and is thus arbitrarily designated the
“normal” or “wild-type” form of the gene In contrast, the term “modified,” “mutant,” or
“polymorphic” refers to a gene or gene product that displays modifications in sequence and or
functional properties {e.g., altered characteristics) when compared to the wild-type gene or gene
product. It is noted that naturally occurring mutants can be isolated; these are identified by the fact

that they have altered characteristics when compared to the wild-type gene or gene product.
2. RNA-guided CRISPR Recombineering System

{00103] In bacteria and archaca, CRISPR/Cas gysterus provide immunity by incorporating
fragroents of invading phage, virus, and plasmid DNA into CRISPR loci and using corresponding
CRISPR RNAs ("crRNAS”) to guide the degradation of homologous sequences. Fach CRISPR
focus encodes acquired “spacers” that are separated by repeat sequences. Transcription of a

CRISPR locus produces a “pre-crRNA” which is processed to yield crRNAs containing spacer-
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repeat fragments that guide effector nuclease complexes to cleave dsDNA  sequences
complementary to the spacer. Three different types of CRISPR systems are known, type L, type I,
or type Hi, and classified based on the Cas protein type and the use of a proto-spacer-adjacent
motif (PAM) for selection of proto-spacers in invading BNA. The endogenous type I systems
comprise the Cas9 protein and two noncoding crRNAs: trans-activating crRNA (tractRNA} and a
precursor crRNA (pre-crRNA) array coniaining nuclease guide sequences (also referred to as
“spacers”) interspaced by tdentical direct repeats (DRs). tracsRNA is timportant for processing the
pre-crRNA and formation of the CasS complex. First, tractRNAs hybridize to repeat regions of
the pre-crRNA. Second, endogenous RNasellI cleaves the hybridized crRNA-tractRNAs, and a
second event removes the 57 end of each spacer, yielding mature ¢crRNAs that remain associated
with both the tractBNA and Cas9. Third, each mature complex locates a target double stranded
DINA (dsDNA) sequence and cleaves both strands using the nuclease activity of Cas?.

[00106] CRISPR/Cas gene editing sysiems have been developed to enable targeted
modifications to a specific gene of interest in eukaryotic cells. CRISPR/Cas gene editing systems
are commonly based on the RNA-guided Cas9 nuclease from the type H prokaryotic clustered
regularly interspaced short palindromic repeats (CRISPR) adaptive inunune system. Engineering
CRISPR/Cas systemns for use in eukaryotic cells typically involves reconstitution of the crRNA-
traceRNA-Cas® complex. In human cells, for example, the Cas9 amino acid sequence may be
codon-optimized and modified to include an appropriate nuclear localization signal, and the
oRNA and tracrRNA sequences may be expressed individually or as a single chimeric molecule
via an RNA polymerase I promoter. Typically, the crRINA and tracrRNA sequences are expressed
as a chimera and are referred to collectively as “guide RNA” {(gRNA) or single guide RNA
(sgRNA}. Thus, the terms “guide RNA,” “single guide RNA,” and “synthetic guide RNA,” are
used interchangeably herein and refer to a nucleic acid sequence comprising a tracrRNA and a pre-
crRINA array containing a guide sequence. The terms “guide sequence,” “guide,” and “spacer,” are
used interchangeably herein and refer to the about 20 nucleotide sequence within a guide RNA
that specities the target site. In CRISPR/Cas? systems, the guide RNA confains an approximate
20-nucleotide guide sequence followed by a protospacer adjacent motif (PAM) that directs Cas9
via Watson-Crick base paiting to a target sequence,

f001877 In some embodiments, the disclosure provides a system for RNA-guided

recombineering utilizing tools from CRISPR geve editing systerns. The system comprises: a Cas
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protein, a nucleic acid molecule comprising a guide RNA sequence that is complementary to a
target DNA sequence and a recombination protein. In certain embodiments, the recombination
protein comprises a microbial recombination protein. In certain embodiments, the recombination
protein comprises a viral recomsbination protein. In certain embodiments, the recombination
protein comprises a eukaryotic recombination protein. In certain embodiments, the recombination
protein comprises a roitochondrial recombination protein.

{80108] Cas protetn families are described in further detail in, e.g., Hatt et al |, PLoS Comput.
Biol, 16y 60 (2008), incorporated herein by reference. The Cas protein may be any Cas
endonucieases. In some embodiments, the Cas protein is Cas® or Cas12a, otherwise referred to as
Cpfl. In one embodiment, the Cas9 protein is a wild-type Cas9 protein. The Cas? protein can be
obtained from any suitable microorganism, and a vumber of bacteria express Cas9 protein
orthologs or variants. In some embodiments, the CasS is from Strepiococcus pyogenes or
Staphylococcus aurens. Cas9 proteins of other species are known in the art (see, e.g., U.S. Patent
Application Publication 2017/0051312, incorporated herein by reference) and may be used in
connection with the present disclosure. The amino acid sequences of Cas proteins from a variety
of species are publicly available through the GenBank and UniProt databases.

{0010%]  In some embodiments, the Cas9 protein is a Cas9 nickase (CasOn). Wild-type Cas9 has
two catalytic nuclease domains facilitating double-stranded DNA breaks. A Cas9 nickase protein
is typically engineered through inactivating point mutation{s} in one of the catalytic nuclease
domains causing Cas9 to nick or enzymatically break only one of the two DNA strands using the
remaining active nuclease domain. Cas® nickases are known in the art (see, e.g., U.S. Patent
Application Publication 2017/0051312, incorporated herewn by reference) and include, for
example, Strepiococcus pyogenes with point mutations at D10 or H840. In select embodiments,
the Cas9 nickase is Strepiococcus pyogenes Castn (DI0A).

{80118}  In some embodiments, the Cas protein is a catalytically dead Cas. For example,
catalytically dead Cas9 is essentially a DNA-binding protein due to, typically, two or more
mutations within its catalytic nuclease domains which renders the protein with very little or no
catalytic nuclease activity. Strepfococcus pyogenes Cas® may be rendered catalytically dead by
mutations of D10 and at least one of E762, HB40, W8S54, N863, or DORG, typically HB40 and/or
863 (see, e.g, U.S. Patent Application Publication 2017/005131Z, incorporated herein by

reference). Mutations in corresponding orthologs are known, such as N380 in Sigphviococcus
[
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anreus Cas9. Oftentimes, such mutations cause catalytically dead Cas proteins to possess no more
than 3% of the normal nuclease activity.

{60111} In some embodiments, the system comprises a nucleic acid molecule comprising a
guide RNA sequence complementary to a target DNA sequence. The guide RNA sequence, as
described above, specifies the target site with an approximate 20-nucleotide guide sequence
foliowed by a protospacer adjacent motif (PAM) that directs Cas9 via Watson-Crick base pairing
to a target sequence.

{00112] Theterms “target DNA sequence,” “target nucleic acid,” “target sequence,” and “target
site” are used interchangeably herein to refer to a polynucleotide (nucleic acid, gene, chromosome,
genome, eic ) to which a guide sequence (e.g, a guide RNA) is designed to have complementarity,
wherein hybridization between the target sequence and a guide sequence promotes the formation
of a Cas9/CRISPR complex, provided sufficient conditions for binding exist. In some
embodiments, the target sequence is a genomic DNA sequence. The term “genomic,” as used
herein, refers to a nucleic acid sequence {e.g., a gene or locus) that is located on a chromosome in
a cell. The target sequence and guide sequence need not exhibit complete complementarity,
provided that there is sufficient complementarity to cause hybridization and promote formation of
a CRISPR complex. A target sequence may comprise any polynucleotide, such as DNA or RNA.
Suitable DNA/RNA binding conditions include physiological conditions normally present in a
cell. Other suitable DNA/RNA binding conditions {e.g., conditions in a cell-free systern) are
konown o the art; see, e.g, Sambrook, referenced herein and incorporated by reference. The strand
of the target DNA that is complementary to and hybridizes with the DNA-targeting RNA is
referred to as the “complementary strand” and the strand of the target DNA that is complementary
to the “complementary strand” {(and is therefore not complementary to the DNA-targeting RNA)
is referred to as the “noncomplementary strand” or “non-complementary strand.”

{801131  The target genomic DBNA sequence may encode a gene product. The term “gene
product,” as used herein, refers to any biochemical product resulting from expression of a gene.
Gene products may be RNA or protein. RNA gene products include non-coding RNA, such as
RNA, rRNA, micro RNA (miRNA), and smali interfering RNA (siRNA}, and coding RNA| such
as messenger RNA {mRNA). In some embodiments, the target genomic DNA sequence encodes a

protein or polypeptide.
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{00114 In some embodiments, for instance, when the system includes a Cas9 nickase or a
catalytically dead Cas 9, two nucleic acid molecules comprising a guide RNA sequence may be
utilized. The two nucleic acid molecules may have the same or different guide RNA sequences,
thus complementary to the same or different target DNA sequence. In some embodiments, the
guide RNA sequences of the two nucleic acid molecules are complementary to a target DNA
sequences at opposite ends {e.g., 3” or §7) and/or on opposite strands of the insert location.
[00115]  In some embodiments, the system further comprises a recruitment system comprising
at least one aptamer segquence and an aptamer binding protein functionally linked to the
recombination protein as part of a fusion protein.

[00116] In some embodiments, the aptamer sequence is an RNA aptamer sequence. In some
embodiments, the nucleic acid molecule comprising the guide RNA also comprises one or more
RMNA aptamers, or distinct RNA secondary structures or sequences that can recruit and bind
another molecular species, an adaptor molecule, such as a nucleic acid or protein. Several CRISPR
systems are compatible with guide RNA insertions and extensions, including but not limited to
SpCas9, SaCas9, and LbCasi2a {aka Cpfl). The RNA aptamers can be naturally occurring or
synthetic oligonucleotides that have been engineered through repeated rounds of in vitro selection
or SELEX (systematic evolution of ligands by exponential enrichment) to bind to a specific target
molecular species. In some embodiments, the nucleic acid comprises two or more apiamer
sequences. The aptamer sequences may be the same or different and may target the same or
different adaptor proteins. In select embodiments, the nucleic acid comprises two aptamer
sequences.

{00117] Aoy RNA aptamer/ aptamer binding protein pair known may be selected and used 1o
connection with the present disclosure (see, e.g., Jayasena, 8.1, Clinical Chemistry, 1999, 45(9):
p. 1628-1650; Gelinas, et al., Current Opinion in Structural Biology, 2016, 36: p. 122-132; and
Hasegawa, H., Molecules, 2016; 21(4): p. 421, incorporated herein by reference).

{00118] A number of RNA aptamer binding, or adaptor, proteins exist, including a diverse array
of bacteriophage coat proteins. Examples of such coat proteins include but are not limited to; MS2,
QB, F2, GA, fr, IP501, M12, R17, BZ13, P34, 1500, KUT, M11, MX1, TW18, VK, SP, F, ID2,
NLOS, TW19, AP205, $Ch3, dCb8r, $Cb12r, $¢Ch23r, 7s and PRRI. In somwe embodiments, the
RNA aptamer binds MS2 bacteriophage coat protein or a functional derivative, fragment, or

variant thereof. MS2 binding RNA aptamers commonly have a simple stem-loop structure,
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classically defined by a 19 nucleotide RNA molecule with a single bulged adenine on the 57 feg of
the stem (Witherall GW, et al, {1991} Prog. Nucleic Acid Res. Mol Biol, 40, 185-220,
incorporated herein by reference}. However, a number of vastly different primary sequences were
found to be able to bind the MS2 coat protein { Parrott AM, et al., Nucleic Acids Kes.
2000;28(21.489-497, Buenrostro J, et al. Natwra Biotechnology 2014, 32, 562-568, and
incorporated herein by reference). Any of the RNA aptamer sequence kuown to bind the MS2
bacteriophage coat protein may be utilized in connection with the present disclosure to bind to
fusion proteins comprising MS2. In select embodiments, the MS2Z RNA aptamer sequence
comprises: AACAUGAGGAUCACCCAUGUCUGCAG (SEQ D N 145),
AGCAUGAGGAUCACCCAUGUCUGCAG (SEQ 1 NO:146), or
AGCGUGAGGAUCACCCAUGCCUGCAG (SEQ ID NO:147).

f0011%1  Neproteins {Nut-utilization site proteins) of bacteriophages contain arginine-rich
conserved RNA recognition motifs of ~20 amine acids, referred to as N peptides. The RNA
aptamer may bind a phage N peptide or a functional derivative, fragment, or varant thereof. In
some embodiments, the phage N peptide is the lambda or P22 phage N peptide or a functional
derivative, fragment, or variant thereof,

{801268]  In select embodiments, the N peptide is lambda phage N22 peptide, or a functional
derivative, fragment, or variant thereof. In some embodiments, the N22 peptide comprises an
amino acid sequence with at least 70% similarity to the aminc acid sequence
GNARTRRRERRAEKQAQWE AAN (SEQ ID NO:149). N22 peptide, the 22 amino acid RNA-
binding domain of the & bacteriophage antiterminator protein N (AN-{(1-22} or AN peptide}, i3
capable of specifically binding to specific stem-loop structures, including but not limited to the
BoxB stem-loop. See, for example Cilley and Williamson, RNA 1997, 3(1):57-67, incorporated
herein by reference. A number of different BoxB stem-loop primary sequences are known to bind
the N22 peptide and any of those may be utilized in connection with the present disclosure. In
some embodiments, the N22 peptide RNA aptamer sequence comprises a nuclectide sequence
with at least 70% similarity to an RNA sequence selected from the group consisting of
GCCCUGAAAAAGGGC (SEQ 1D NO:150), GCCCUGAAGAAGGGT (SEQ ID NOUIsT,
GCGCUGAAAAAGCGC (SEQ ID NO:152), GCCCUGACAAAGGGC (SEQ ID NO:153), and
GCGCUGACAAAGCGC (SEQ ID NO:154). In some embodiments, the N22 peptide RNA

aptamer sequence is selected from the group consisting of SEQ 1D NQOs: 150-154.
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j00121]  In select embodiments, the N peptide is the P22 phage N peptide, or a functional
derivative, fragment, or variant thereof. A number of different BoxB stem-loop primary sequences
are known to bind the P22 phage N peptide and variants thereof and any of those may be utilized
in connection with the present disclosure. See, for example Cocozaki, Ghattas, and Smith, Jowrnal
of Bacteriology 2008, 190(23):7699-7708, incorporated herein by reference. In some
embodiments, the P22 phage N peptide comprises an amino acid sequence with at feast 70%
similarity to the amino acid sequence GNAKTRRHERRRELAIERDTI (SEQ ID NO:155). In
some embodiments, the P22 phage N peptide RNA aptamer sequence comprises a sequence with
at least 70% similarity to an RNA sequence selected from the group consisting of
GCGCUGACAAAGCGC (SEQ ID NG:156) and CCGCCGACAACGCGE (SEQ 1D NG 157).
o some embodiments, the P22 phage N peptide RNA aptarver sequence is selected from the group
consisting of SEQ ID NOs: 1561587, UGCGCUGACAAAGCOGCG (SEQ ID NO:IISS) or
ACCGCCGACAACGCGGU (SEQ ID NO:159).

{00122} In certain embodiments, different aptamer/aptamer binding protein pairs can be
selected to bring together a combination of recombination proteins and functions.

{001231  In some embodiments, the aptamer sequence is a peptide aptamer sequence. The
peptide aptamers can be naturally occurring or synthetic peptides that are specifically recognized
by an affinity agent. Such aptamers include, but are not limited to, a ¢-Myc affinity tag, an HA
affinity tag, a His affinity tag, an 8 affinity tag, a methionine-His atfinity tag, an RGD-His affinity
tag, a 7x His tag, a FLAG octapeptide, a strep tag or strep tag IL, a VS tag, or a VSV-G epitope.
Corresponding aptamer binding proteins are well-known in the art and include, for example,
privoary antibodies, biotin, affimers, single domain antibodies, and astibody mirsetics.

{80124]  An exemplary peptide aptamer includes a GCN4 peptide (Tanenbaum et al., Cefl 2614;
159(3):635-646, incorporated herein by reference). Antibodies, or GCN4 binding protein can be
used as the aptamer binding proteins.

{001238] In some embodiments, the peptide aptamer sequence is conjugated to the Cas protein,
The peptide aptamer sequence may be fused to the Cas in any orientation {e.g., N-terminus to C-
terminus, C-terminus to N-terminus, N-terminus to Neterminus). In select embodimenis, the
peptide aptamer 13 fused to the C-terminus of the Cas protein.

[00126] Insome embodiments, between 1 and 24 peptide aptamer sequences may be conjugated
to the Cas proteiun. The aptamer sequences may be the same or different and may target the same
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or different aptamer binding proteins. In select embodiments, | to 24 tandem repeats of the same
peptide aptamer sequence are conjugated to the Cas protein. In preferred embodiments between 4
and 18 tandem repeats are conjugated to the Cas protein. The individual aptamers may be separated
by a linker region. Suitable linker regions are known in the art. The linker ray be flexible or
configured to allow the binding of affinity agents to adjacent aptamers without or with decreased
steric hindrance. The linker sequences roay provide an unsiructured or linear region of the
polypeptide, for example, with the inclusion of one or more glycine and/or serine residues. The
finker sequences can be at leastabout 2, 3, 4, 5, 6, 7, 8, 9, 10 or more amino acids in length.
{80127} In some embodiments, the fusion protein comprises a recombination protein
functionally linked to an aptamer binding protein. In some embodiments, the recombination
protein coruprises a microbial recombination protein. In some embodiments, the recombination
protein comprises a recombinase. In certain embodiments, the recombination protein comprises
$7-3” exonuclease activity. In certain embodiments, the recombination protein comprises 3°-5
exonuclease activity. In certain embodiments, the recombination protein comprises ssDNA
binding activity. In cerfain embodiments, the recombination protein comprises ssDNA annealing
activity.

{00128] The bacteriophage J-encoded genetic recombination machinery, named the A red
system, comprises the exo and ber genes, assisted by the gam gene, together designated A red
genes. Exo is a 53" exonuclease which targets dsDNA and Bet is a ssDNA-binding protein. Bet
functions include protecting ssDNA from degradation and promoting annealing of complementary
ssDNA strands. Another bacteriophage system found in £ cofi is the Rac prophage system,
comprising reck and rec? genes which are functionally similar to exo and ber. In some
embodiments, the microbial recombination protein may be RecE, RecT, lambda exonuclease
(Exo)}, Bet protein (betA, redB), exonuclease gpb, single-stranded DNA-binding protein gp2. 5, or
a derivative or variant thereof.

{60129} Recombination proteins and functional fragments thereof useful in the invention
include nucleases, ssDNA-binding proteins (85Bs), and ssDDNA annealing proteins (§8SABs}.
Among microbial proteins, these include, without limitation, £, cofi proteins such as Exol (xond;
sbe8), BExolll (xthA), ExolV (o), ExoVII {xsed, xsef), ExolX (ygdG), ExoX {exoX), DNA poll
5’ Exo (ExoV1) (poid), DNA Pol I 3" Exo (Exoll) (pold), DNA Pol 11 3 Exo (poiB), DNA Pol HI

37 Exo (dna(, mutD), RecBCD (recB, recC, recl?), and Rec] {rec/) and their functional fragments.
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{00136] While double-stranded DNA contains genetic information, use of the information
involves single-stranded intermediates. Whereas the single-stranded intermediates form secondary
structures and are sensitive to chemical and nucleolytic degradation, cells encode ssDNA binding
proteins (SSBs) that bind to and stabilize ssDNA. Useful SSBs include, without limitation, S8Bs
of prokaryotes, bacteriophage, eukarvotes, mammals, mitochondria, and viruses. While $8Bs are
found in every organism, the proteins theruselves share surprisingly little sequence sumilarity, and
may differ in subunit composition and oligomerization states. SSB proteins may comprise certain
structural features. One is use of oligonucieotide/oligosaccharide-binding {(OB) domains to bind
ssDNA through a combination of electrostatic and base-stacking interactions with the
phosphodiester backbone and nucleotide bases. Ancther feature 1s oligomerization that brings
together DNA-binding OB folds. Eukaryotic SSBs are regulated by phosphorylation ou serine and
threonine residues. Tyrosine phosphorylation of microbial SSBs is observed in taxonomically
distant bacteria and substantially increases affinity for ssDNA. The human mitochondrial ssDNA-
binding protein is structurally similar to SSB from FEscherichia coli (EcoSSB), but lacks the C-
terminal disordered domain. Eukaryotic replication protein A (RPA) shares function, but not
sequence homology with bacterial SSB. The herpes simplex virus (HSV-1} 8SB, ICP§, is a nuclear
protein that, along other replication proteins is required for viral DNA replication.

{00131] Without being bound by theory, it is thought that exonuclease activiiies and ssDNA
binding activities of the recombination proteins of the invention uncover and protect single
stranded regions of teruplate and target DNAGs, thereby facilitating recombination. Also, targeting
can be cooperative, involving target directed CRISPR-mediated nicking of chromosomal DNA
coordinated with recombivation directed by homology arms designed into template DNAs. o
certain embodiments of the invention, off-target effects are minimized. For example, whereas
targeted recombination involves coordinated CRISPR and recombination functions, at off-target
sites, homology with the HR template DNA is absent and nick repair may be favored.

{00132]  Single stranded DNA annealing protetns (SSAPs) also are ubiguitous among organisms
with diverse sequences and have been classified into families and superfamilies by bicinformatics
and experimental analysis. Moreover, phage encoded SSAPs are recognized to encode their own
SSAP recombinases which substitute for classic RecA proteins while functioning with host
proteins to control DNA metabolism. Steczkiewiz classified SSAPs into seven families (RecA,

Gp2.5, RecT/Redf, Exf, RadS2/22, Sak3, and Sak4) organized into three superfamilies including
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prokaryotes, eukaryotes, and phage (Steczkiewicz et al., 2021, Front. Microbiol 12:644622). Non-
limiting examples of SSAPs that can be used according to the invention are provided in Table 5.
Any one or more of the SSAPs can be employed in the invention.

{00133] In certain embodiments, a wicrobial recombination protein is RecE or RecT, or a
derivative or variant thereof. Derivatives or variants of RecE and RecT are functionally equivalent
proteins or polypeptides which possess substantially siroilar function to wild type RecE and RecT.
RecE and RecT derivatives or variants include biologically active amino acid sequences similar io
the wild-type sequences but differing due to amino acid substitutions, additions, deletions,
truncations, post-translational modifications, or other modifications. In some embodiments, the
derivatives may improve franslation, purification, biological half-life, activity, or ehiminate or
fessen any undesirable side effects or reactions. The derivatives or varianis may be naturally
occurring  polypeptides, synthetic or chemically synthesized polypeptides or genetically
engineered peptide polypeptides. RecE and RecT bioactivities are known to, and easily assayed
by, those of ordinary skill in the art, and include, for example exonuclease and single-stranded
nucleic acid binding, respectively.

{00134] The RecHE or RecT may be from a number of microbial organisms, including
Fuscherichia coli, Pantoea breeneri, Type-F symbiont of Plawtia stali, Providencia sp. MGF014,
Shigella sonnei, Pseudobacteriovorax aniillogorgiicola, among others. Other non-limiting scurces
include Desulfoialea  psvehirophila, Lactococens  lactis, Flavobacterium  psychrophilum,
Mycobacterivm smegmatis, Loctobocillus rhamnosus, Fsychrobacter arcticus, Psyclobacter
cryohalolentis, Psychromonas ingrahamii, Photobacterium profundum, Psychroflexus forguis,
and Caniobacter crescennus. In certain embodiments, the RecE and RecT protein s derived from
Escherichia coli.

{00138]  In some embodiments, the fusion protein comprises RecE, or a derivative or variant
thereof. The RecE, or derivative or variant thereof, may comprise an amino acid sequence selected
from the group consisting of SEQ ID NOs: 1-8. The RecE, or derivative or variant thereof, may
comprise an amine acid sequences with at least 70% {e.g., 75%., B0%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%) similarity to amino acid sequences selected
from the group consisting of SEQ 1D NQs: 1-8. In select embodiments, the RecE, or derivative or
variant thereof, comprises an amino acid sequences with at least 90% similarity to amino acid
sequences selected from the group consisting of SEQ 1D NOs: 1-8. In exemplary embodiments,
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the RecE, or derivative or variant thereof, comprises an amino acid sequences with at least 90%
similarity to amino acid sequences selected from the group consisting of 8EQ 1D NQOs: 1-3.
{60136] In some embediments, the fusion protein comprises RecT, or & derivative or variant
thereof. The RecT, or derivative or variant thereof, roay corprise an amino acid sequence selected
from the group consisting of SEQ 1D NOs: 9-14. The RecT, or derivative or variant thereof, may
comprise an amino acid sequences with at least 70% (e.g., 75%., 80%, 85%, 90%, 31%, 92%,
3%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%} simifarity to amino acid sequences selected
from the group consisting of SEQ ID NQOs: 9-14. In select embodiments, the RecT, or derivative
or variant thereof, comprises an amino acid sequences with at least 90% similarity to amino acid
sequences selected from the group consisting of SEQ ID NQOs: 9-14. In exemplary embodiments,
the RecT, or derivative or variani thereof, comprises an aroino acid sequences with at least 90%
similarity to amino acid sequences selected from the group consisting of SEQ 1D NO:9.

{00137} In certain embodiments, the fusion protein comprises a recombination protein
comprising an amino acid sequence at least 75% similar, or at least 753% identical to a
recombination protein of SEQ 1D NGO 166 to SEQ ID N(G:491 | a recombination protein of Table 9,
a recombination protein of SEQ 1D NOG:179, SEQ 13 NO:185, SEQ D NO:205, SEQ H3 NO:321,
SEQ 1D NG:353, SEG ID NO:359, SEQ 1D NO:366, SEQ 1D N(G:424, or SEQ IDNO479, or a
recombination protein of SEQ ID NO:166, SEQ D NO:168, SEQ 1D NO:169, SEQ 1D NO:170,
SEQ ID NO:171, SEQ ID NO:241, SEQ ID NO:253, SEQ ID NO:290, SEQ 1D NO:408, SEQ ID
NO:41L, or SEQ D NG:442. In certain embodiments the fusion protein comprises a recombination
protein comprising a sequence having at least 80%, at least 85%, at least 88%, at least 89%, at
feast 90%, at least 91%%, at least 92%, at least 93%, at least 94%, at least 95%, at least 96%, at least
7%, at least 98%, at least 98.5%, at least 99%, at least 99.5%, or 100% similarity or identity to
the above referenced recombination proteins.

{80138  Incertain embodiments, the fusion protein comprises a truncated recombination protein
of SEQ ID NG:166 to SEQ ID NO:491. Truncations may be from etther the C-terminal or N-
terminal ends, or both. For example, as demonstrated in Example 6 below, a diverse set of
truncations from either end or both provided a functional product. In some embodiments, one or
more (2,3.4,5.6,7,8,9, 10, 12, 14, 16, 18, 20, 25, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120 or
more) amine acids may be truncated from the C-terminal, N-terminal ends as compared to the

wild-type sequence. The invention includes guidance as to suitability of truncations, substitutions,

33



WO 2023/034925 PCT/US2022/075850

deletions, and insertions, for example with reference to Figures 36, 37, 44, and by comparison of
recombination protein sequences herein.

{60139} The invention provides recombination proteins capable of improved gene editing
activity. In certain embodiments, systerns comprising a recombination protein of the wnvention
are capable of editing efficiency equal to or greater than systems comprising EcRecT, for
example, without limitation, 1.2x, 1.5x, 1.7x, 2%, 2.5%, 3x, or more compared to EcRecT. In
certain embodiments, systems comprising a recombination protein of the invention provide cell
viability equal to or greater than systems comprising HEcRecT, for example, without limitation,
1A%, 1.2%, 1.3x, 1.5x%, 1.7, 2x, 2.5%, 3%, or more compared to BeRecT.

[00140]  In some embodiments, the recombination protein comprises a tyrosine recombinase or
functional fragment thereof In some embodiments, the recombination protein comprises a serine
recombinase or functional fragment thereof. In some embodiments, the recombination protein
comprises an integrase, resolvase, or invertase, or functional fragment thereof. In some
embodinents, the recombinase protein comprises a site-specific recombinase protein or functional
fragment thereof. In some embodiments, the recombination protein comprises an exonuclease or
functional fragment therecf In some embodiments, the recombination protein comprises an
ssDNA-binding protein or functional fragment thereof. In certain embodiments, the fusion protein
comprises without limitation, Hin, Gin, T3, §¥/six, CinH, Min, ParA, vd, Bxb1, ¢C31, TP901-1,
TGL WB, $370.1, $K38, $BTL, R4, dRVI, $FCL MR1T1, A118, U153, Bxz2, gp29, Cre, Dre, Vika,
Flp, Kw, SprA, HKO022, P22, L1, or L5 or a homolog of any of such proteins or functional fragment
thereof.  Such recombinases, which may be classified in the art as integrases, resolvases, or
invertases, may share substructures and activities with exonucleases and SS5Bs and be used
according to the invention.

[00141] In the fusion protein, the microbial recombination protein may be linked o either
terminus of the aptamer binding protein in any orientation {e.g., N-terminus o C-terminus, C-
terminus to N-terminus, N-termious to N-terminus). In select embodiments, the microbial
recombination protein N-terminus is linked to the aptamer binding protein C-terminus. Thus, the
overall fusion protein from N- to C-terminus comprises the aptamer binding protein (N- to C-
terminus) linked to the microbial recombination protein (N~ 1o C-terminus).

{00142] In some embodiments, the fusion protein further comprises a linker between the
microbial recombination protein and the aptamer binding protein. The linkers may comprise any
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amino acid sequence of any length. The linkers may be flexible such that they do not constrain
either of the two components they link together in any particular orientation. The linkers may
essentially act as a spacer. In select embodiments, the linker links the C-terminus of the microbial
recombination protein to the N-terminus of the aptamer binding protein. In select embodiments,
the linker comprises the amino acid sequence of the l16-residue XTEN linker,
SGSETPGTSESATPES  (SEQ D NOGi1Sy or  the 37-residue  EXTEN  linker,
SASGGSSGGSSGSETPGTSESATPESSGGSSGGSGGS (SEQ 1D N 148}

{60143] In some embodiments, the fusion protein further comprises a nuclear localization
sequence (NLK). The nuclear localization sequence may be at any location within the fusion
protein (e.g., C-terminal of the aptamer binding protein, N-terminal of the aptamer binding protein,
C-terminal of the microbial recombination protein). In select embodiments, the nuclear
focalization sequence is linked to the C-terminus of the microbial recombination protein. A number
of nuclear localization sequences are known in the art {see, e.g, Lange, A, et al., I Biol Chem.
2007, 282(8y. 5101-53105, incorporated herein by reference) and may be used in connection with
the present disclosure. The nuclear localization sequence may be the SV40 NLS, PKKKRKV
(SEQ 3 NO:16); the Tyl NLS, NSKKRSLEDNETEIKVSRDTWNTKNMRSLEPPREKKRIH
(SEQ ID NO:17); the ¢-Myc NLS, PAAKRVKLD (SEQ ID NO:18); the biSV40 NLS,
KRTADGSEFESPKKKRKY {SEQ 1) NO:19); and the Mut NLS,
PEKKRRRPSGSVPVLARPSPPKAGKSSCI (SEQ 1D NG:20). In select embodiments, the
nuclear localization sequence is the SV40 NLS, PKKERKVY (SEQ 3 NG 16).

{00144 The Cas protein and the fusion protein are desirably included in a single composition
alone, in combination with each other, and/or the polynucleotide(s) (e.g,, a vector) comprising the
guide RNA sequence and the aptamer sequence. The Cas protein and/or the fusion protein may or
may not be physically or chemically bound to the polynuclectide. The Cas protein and/or the
microbial recombination protein can be associated with a polynucleotide using any suitable
method for protein-protein linking or protein-virus linking known in the art.

[00145] The disclosure further provides compositions and vectors comprising a polynucleotide
comprising a nucleic acid sequence encoding a fusion protein comprising a microbial
recombination protein functionally Hoked to an RNA aptamer binding protein.

f00146] The compositions or vectors may further comprise at least one or both of a

polynuclectide comprising a nucleic acid sequence encoding a Cas protein and a nucleic acid
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molecule comprising a guide RNA sequence that is complementary to a target DNA sequence. In
some embodiments, the nucleic acid molecule comprising a guide RNA sequence further
comprises at least one RNA aptamer sequence. In some embodiments, the polynucleotide
comprising a nucleic acid sequence encoding a Cas protein further comprises a sequence encoding
at least one peptide aptamer sequence.

{80147] Descriptions of the nucleic acid molecule comprising a guide RNA sequence, the
aptamer sequences, the Cas proteins, the microbial recombination proteins, and the aptamer
binding proteins set forth above in connection with the inventive system also are applicable to the
polynucleotides of the recited compositions and vectors,

[00148]  The nucleic acid sequence encoding the Cas protein and/or the nucleic acid sequence
encoding a {usion protein comprising a nicrobial recombination protein functionally linked to an
aptamer binding protein can be provided to a cell on the same vector {e.g., in cis} as the nucleic
acid molecule comprising the guide RNA sequence and/or the RNA aptamer sequence. In such
embodiments, a unidirectional promaoter can be used to control expression of each nucleic acid
sequence. In another embodiment, a combination of bidirectional and unidirectional promoters can
be used to control expression of multiple nucleic acid sequences.

{0014%]  In other embodiments, a nucleic acid sequence encoding the Cas protein, the nucleic
acid sequence encoding a fusion protein comprising a microbial recombination protein
functionally linked to an aptamer binding protein, and the nucleic acid molecule comprising the
guide RNA sequence and/or the RNA aptamer sequence can be provided to a cell on separate
vectors {e.g., in frans). Each of the mucleic acid sequences in each of the separate vectors can
coraprise the same or different expression coutrol sequences. The separate vectors can be provided
to cells simultaneously or sequentially.

{00156]  The vector(s) comprising the nucleic acid sequences encoding the Cas protein and
encoding a fusion protein comprising a microbial recombination protein functionally linked to an
aptamer binding protein can be introduced into a host cell that is capable of expressing the
polypeptide encoded thereby, including any suitable prokarvotic or eukaryotic cell. As such, the
disclosure provides an isolated cell comprising the vector or nucleic acid sequences disclosed
herein. Preferred host cells are those that can be easily and reliably grown, have reasonably fast
growth rates, have well characterized expression systems, and can be transformed or transfected

easily and efficiently. Examples of suitable prokaryotic cells include, but are not limited to, cells
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from the genera Baciflus (such as Baciflus subtilis and Bacillus hrevis), Escherichia (such as £
colly, Pseudomonas, Streptomyces, Safmonella, and Fnvinia. Suitable eukaryotic cells are known
in the art and include, for example, yeast cells, insect cells, and mammalian cells. Examples of
suitable yeast cells include those from the genera Kfwyveromyces, Lichia, Bhino-sporidium,
Saccharomyces, and Schizosaccharomyces. Exemplary insect cells include S£9 and HIS
(fovitrogen, Carlsbad, Calif) and are described in, for example, Kitis et al., Biotechniques, 14
810-817 (1993); Lucklow, Curr. Opin. Bioctechnol., 4. 564-572 {1993}, and Lucklow et al, ./
Virof., 67. 4566-4579 (1993}, incorporated herein by reference. Desirably, the host cell is a
mammalian cell, and in some embodiments, the host cell is a human cell. A number of suitable
marmmalian and human host cells are known tu the art, and many are available from the American
Type Culture Collection (ATCC, Manassas, Va.). Examples of suitable mammalian cells include,
but are not limited to, Chinese hamster ovary cells (CHO) (ATCC No. CCL61), CHO DHFR-cells
(Utlaub et al, Proc. Natl. Acad. Sci. USA, 97: 4216-4220 (1980)), human embryouvic kidney
(HEK) 293 or 2937 cells (ATCC No. CRL1573), and 373 cells (ATCC No. CCL92). Other
suitable mammalian cell lines are the monkey COS-1 {ATCC No. CRL1650) and COS-7 cell lines
{ATCC No. CRL1651), as well as the €V-1 cell line (ATCC No. CCL70). Further exemplary
mammalian host cells include primate, rodent, and human cell lines, wncluding transtormed cell
lines. Normal diploid cells, cell sirains derived from in vitro culture of primary tissue, as well as
primary explants, are also suitable. Other suitable mammalian cell lines include, but are not limited
to, mouse neuroblastoma N2A cells, Hel.a, HEK, A549, Hep(G2, mouse L-929 cells, and BHK or
HaK hamster cell lines. Methods for selecting suitable mammalian host cells and methods for

transformation, culture, amplification, screening, and purification of cells are known n the art.
3. Methods of Altering Target DNA

{80151} Thedisclosure also provides a method of altering a target DNA. In some embodiments,
the method alters genomic DNA sequence in a cell, although any desired nucleic acid may be
modified. When applied to DNA contained in cells, the method comprises introducing the systems,
compositions, or vectors described herein into a cell comprising a target genomic DNA sequence.
Descriptions of the nucleic acid molecule comprising a guide RNA sequence, the Cas proteins, the
microbial recombination proteins, the recruitment systems, and polynucleotides encoding thereof,
the cell, the target genomic DNA sequence, and components thereof, set forth above in connection

with the inventive system are also applicable to the method of altering a target genomic DNA
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sequence in a cell. The systems, composition or vectors may be introduced in any manner known
in the art including, but not limited to, chemical transfection, electroporation, microinjection,
biclistic delivery via gene guns, or magnetic-assisted transfection, depending on the cell type.
{00152] Upon introducing the systems described herein into a cell comprising a target genomic
DNA sequence, the guide RNA sequence binds to the target genomic DNA sequence in the cell
genome, the Cas protein associates with the guide RNA and may induce a double strand break or
single strand nick in the target genomic DNA sequence and the aptamer recruits the microbial
recombination proteins to the target genomic DNA sequence through the aptamer binding protein
of the fusion protein, thereby altering the target genomic DNA sequence in the cell. When
introducing the compositions, or vectors described herein into the cell, the nucleic acid molecule
comprising & guide RNA sequence, the Cas9 protein, and the fusion protein are first expressed in
the cell.

{80153} In some embodiments, the cell is in an organism or host, such that introducing the
disclosed systems, compositions, vectors into the cell comprises administration to a subject. The
method may comprise providing or administering to the subject, in vivo, or by transplantation of
ex vivo treated cells, systems, compositions, vectors of the present systen.

{00154] A “subject” may be human or non-human and may include, for example, plants or
animal strains or species used as “model systems” for research purposes, such a mouse model as
described herein. Likewise, subject may include either adults or juveniles {e.g, children).
Moreover, subject may mean any living organism, preferably a mammal {e.g, human or non-
hwman) that may benefit from the administration of compositions contemplated herein. Examples
of mammals include, but are not limited to, any member of the Mammalian class: bumans, noo-
human primates such as chimpanzees, and other apes and monkey species; farm animals such as
cattle, horses, sheep, goats, swine; domestic animals such as rabbits, dogs, and cats; laboratory
animals including rodents, such as rats, mice, and guinea pigs, and the like. Examples of non-
mammals include, but are not limited to, birds, fish and the like. In one embodiment of the methods
and compostiions provided herein, the mammal is 3 human. Plants inchude without limitation
sugar cane, corn, wheat, rice, oil palm fruit, potatoes, soybeans, vegetables, cassava, sugar beets,
tomatoes, barley, bananas, watermelon, onions, sweet potatoes, cucumbers, apples, seed cotton,

oranges, and the like.
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{00158]  As used herein, the terrus “providing”, “administering,” “introducing,” are used
interchangeably herein and refer to the placement of the systems of the disclosure into a subject
by a method or route which results in at least partial localization of the system to a desired site.
The systems can be adminisiered by any appropriate route which results in delivery to a desired
lpcation in the subject.

e

{80156]  The phrase “altering a DNA sequence,” as used herein, refers to modifying at least one
physical feature of 3 DNA sequence of interest. DNA alterations include, for example, single or
double strand DNA breaks, deletion, or insertion of one or more nucleotides, and other
modifications that affect the structural integrity or nucleotide sequence of the DNA sequence. The
modifications of a target sequence in genomic DNA may lead to, for example, gene correction,
gene replacement, gene tagging, iransgene insertion, nucleotide deletion, gene disruption, gene
mutation, gene knock-down, and the like.

{80157} In some embodiments, the systems and methods described herein way be used to
correct one or more defects or mutations in a gene {referred to as “gene correction”). In such cases,
the target genomic DNA sequence encodes a defective version of a gene, and the system further
comprises a donor nucleic acid molecule which encodes a wild-type or corrected version of the
gene. Thus, in other words, the target genomic DNA sequence is a “disease-associated” gene. The
term “disease-associated gene,” refers to any gene or polynucleotide whose gene products are
expressed at an abnormal level or in an abnormal form in cells obtained from a disease-affected
individual as compared with tissues or cells obtained from an individual not affected by the disease.
A disease-associated gene may be expressed at an abnormally high level or at an abnormally low
fevel, where the altered expression correlates with the occurrence and/or progression of the disease.
A disease-associated gene also refers to a gene, the mutation or genetic variation of which is
directly responsible or is in linkage disequilibrium with a gene(s) that is responsible for the
etiology of a disease. Examples of genes responsible for such “single gene” or “monogenic”
diseases include, but are not limited to, adenosine deaminase, u-1 antitrypsin, cystic fibrosis
transmembrane conductance regulator (CEFTR), B-hemoglobin (HBB), oculocutaneous albinism [
(OCA2), Huntingtin (HTT), dystrophia myoctonica-protein kinase (DMPK), low-density
lipoprotein receptor {LBLR), apolipoprotein B (APOB), neurofibromin T {NF1), polycystic kidney
disease 1 (PKD), polycystic kidney disease 2 (PKD2)}, ceagulation factor VI (F8), dystrophin

(DMD), phosphate-regulating endopeptidase homologue, X-linked (PHEX), methyl-CpG-binding
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protein 2 (MECP2), and ubiguitin-specific peptidase 9Y, Y-linked (USPOY)}. Gther single gene or
monogenic diseases are known in the art and described in, e.g., Chial, H. Rare Genetic Disorders:
Learning About Genetic Disease Through Gene Mapping, SNPs, and Microarray Diata, Nature
fducation 1{1Y.192 (2008), incorporated herein by reference; Ouline Mendelian Inheritance o
Man (OMIM); and the Human Gene Mutation Database (HGMD).

{80158] In another embodiment, the target genomic BNA sequence can comprise a gene, the
mutation of which contributes to a particular disease in combination with mutations in other genes.
Diseases caused by the contribution of multiple genes which lack simple (e.g, Mendelian)
inherttance patterns are referred to in the art as 3 “multifactorial” or “polygenic” disease. Examples
of multitactorial or polygenic diseases include, but are not limited to, asthma, diabetes, epilepsy,
hypertension, bipolar disorder, and schizophrenia. Certain developmental abuoorroalities also can
be inherited in a multifactorial or polygenic pattern and include, for example, cleft lip/palate,
congenital heart defects, and neural tube defects.

{00159]  In another embodiment, the method of altering a target genomic DNA sequence can be
used to delete nucleic acids from a target sequence in a cell by cleaving the target sequence and
allowing the cell to repair the cleaved sequence in the abisence of an exogenously provided donor
nucleie acid molecule. Deletion of a nucleic acid sequence in this manner can be used in a variety
of applications, such as, for example, to remove disease-causing trinucleotide repeat sequences in
neurons, to create gene knock-outs or knock-downs, and to generate mutations for disease models
in research.

{00166]  The term “donor nucleic acid molecule” refers to a nucleotide sequence that is inserted
into the target DNA (e.g., genomic DNA). As described above the donor BNA ay include, for
example, a gene or part of a gene, a sequence encoding a tag or localization sequence, or a
regulating element. The donor nucleic acid molecule may be of any length. In some embodiments,
the donor nucleic acid molecule is between 10 and 10,000 nucleotides in length. For example,
between about 100 and 5,000 nucleotides in length, between about 200 and 2,000 nucleotides in
length, between about 300 and 1,000 nucleotides in length, between about 500 and 5,000
nucleotides in length, between about 1,000 and 5,000 nuclectides in length, or between about 1,000
and 10,000 nucleotides in length,

f00161] The disclosed systems and methods overcome challenges encountered during

conventional gene editing, including low efficiency and off-target events, particularly with
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kilobase-scale nucleic acids. In some embodiments, the disclosed systems and methods improve
the efficiency of gene editing. For example, the disciosed systems and methods can have a 2- to
10-fold increase in efficiency over conventional CRISPR-Cas9 systems and methods, as shown in
Examples 2, 3, and S. In some embodiments, the improvement in efficiency is accompaunied by a
reduction in off-target events. The off-target events may be reduced by greater than 50% compared
to conventional CRISPR-Cas? systems and methods, for example, a reduction of off-target events
by about 90% is shown in Example 3. Another aspect of increasing the overall accuracy of a gene
editing system is reducing the on-target insertion-deletions (indels), a byproduct of HDR editing.
In some embodiments, the disclosed systems and methods reduce the on-target indels by greater
than 90% compared to conventional CRISPR-Cas? systems and methods, as shown in Example 3.
{80162}  The disclosure further provides kits couvtaining one or more reagents or other
components useful, necessary, or sufficient for practicing any of the methods described herein. For
example, kits may include CRISPR reagents (Cas protein, guide RNA, vectors, compositions, etc ),
recombineering reagents (recombination protein-aptamer binding protein fusion protein, the
aptamer sequence, vectors, compositions, efc } transfection or administration reagents, negative
and positive conirol samples {e.g., cells, template DNA), cells, containers housing one or more
components {e.g., microcentrifuge tubes, boxes), detectable labels, detection and analysis
instruments, software, instructions, and the like.

{00163] The RNAs may be delivered using adeno associated virus {AAV), lentivirus,
adenovirus or other viral vector types, or combinations thereof. The RNAs can be packaged into
one or more viral vectors. In some embodiments, the viral vector is delivered to the tissue of
interest by, for example, an intramuscular injection, while other times the viral delivery s via
intravenous, transdermal, intranasal, oral, mucosal, or other delivery methods. Such delivery may
be either via a single dose, or multiple doses. One skilled in the art understands that the actual
dosage to be delivered herein may vary greatly depending upon a variety of factors, such as the
vector chose, the target cell, organism, or tissue, the general condition of the subject to be treated,
the degree of transformation/modification sought, the administration route, the administration
mode, the type of transformation/modification sought, etc.

{80164] Such a dosage may further contain, for example, a carrier {water, saline, ethanol,
glycerol, factose, sucrose, caicium phosphate, gelatin, dextran, agar, pectin, peanut ot sesame ol

ete.), a diuent, a pharmaceutically-acceptable carrier {e.g., phosphate-buffered saline), a
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pharmaceutically-acceptable excipient, and/or other compounds known in the art. Such a dosage
formulation is readily ascertainable by one skilled in the art. The dosage may further contain one
or more pharmaceutically acceptable salts such as, for example, a mineral acid salt such as a
hydrochioride, a hydrobromide, a phosphate, a sulfate, etc.; and the salts of organic acids such as
acetates, propionates, malonates, benzoates, etc. Additionally, auxiliary substances, such as
wetting or emulsifying agents, pH buffering substances, gels or gelling materials, flavorings,
colorants, microspheres, polymers, suspeansion agenis, etc. may also be present herein. In addition,
one or more other conventional pharmaceutical ingredients, such as preservatives, humectants,
suspending agents, surfactants, antioxidants, anticaking ageunts, fillers, chelating agents, coating
agents, chemical stabilizers, etc. may also be present, especially it the dosage form is a
reconstitutable form. Suitable exemplary ingredients include microcrystalline cellulose,
carboxymethylcellulose sodium, polysorbate 80, phenylethyl alcohol, chlorobutanol, potassium
sotbate, sorbic acid, sulfur dioxide, propyl gallate, the parabens, ethyl vanillin, glycerin, phenol,
parachlorophenol, gelatin, albumin, and a combination thereof. A thorough discussion of
pharmaceutically acceptable excipients is available in REMINGTON'S PHARMACEUTICAL
SCIENCES (Mack Pub. Co, N.J. 1991) which is incorporated by reference herein.

{00163] In an embodiment herein the delivery 1s via an adenovirus, which may be at a single
booster dose containing at least 1107 particles (also referred to as particle units, pu) of adenoviral
vector. In an embodiment herein, the dose preferably is at least about 1x10° particles (for example,
about 1x10%1x 10" particles), more preferably at least about 1x10' particles, more preferably at
least about 1x10%particles {e.g., about 1x10%1x10" particles or about 1x10%1x10" particles),
and most preferably at least about 1x10° particles {e.g., about 1x10°-1x10" particles or about
1x10%-1210" particles), or even at least about 1x10 particles (e.g., about 12101110 particles}
of the adenoviral vector. Alternatively, the dose comprises no more than about 110" particles,
preferably no more than about 1+10" particles, even more preferably no more than about
(_\;11

1x10" particles, even more preferably no more than about 1x10" particles, and most preferably

no more than about 1210 particles {e.g, no more than about 1x10% articles). Thus, the dose may
contain a single dose of adenoviral vector with, for example, about 1x10° particle units {pu), about
2210% pu, about 4+ 10° pu, about 1x107 pu, about 2x107 pu, about 4x 107 pu, about 1x10% pu, about
2x10% pu, about 4 10° pu, about 1x10° pu, about 2x10” pu, about 4x10° pu, about 1210% py, about

2x10' pu, about 4x10' % py, about 1x10M pu, about 2x10 pu, about 4<10H pu, about 110" pu,
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niz

about 2x 10" pu, or about 4x10" pu of adenoviral vector. See, for example, the adenoviral vectors
in UK. Pat No. 8,454,972 B2 to Nabel, et. al., granted on Fun. 4, 2013, incorporated by reference
herein, and the dosages at col 29, lines 36-58 thereof In an embodiment herein, the adenovirus is
delivered via multiple doses.

f00166] In an embodiment herein, the delivery is via an AAVY. A therapeutically effective
dosage for in vivo delivery of the AAV 1o a human is believed to be in the range of from about 20
to about SO ml of saline solution containing from about 1x10% 10 about 1x10'° functional AAV/ml
solution. The dosage may be adjusted to balance the therapeutic benefit against any side effects.
In an embodiment herein, the AAV dose is generally in the range of concentrations of from about
17210710 1x10° genomes AAV, from about 1x10%to 1x10% genomes AAV, from about 131010
about 1310 genomes, or about 110" 0 about 1x10'° genomes AAV. A human dosage may be
about 1x10* genomes AAV. Such concentrations may be delivered in from about 0.001 ml to
about 100 ml, about 0.05 to about 50 mi, or about 10 to about 25 mi of a4 carrier solution. Other
effective dosages can be readily established by one of ordinary skill in the art through routine trials
establishing dose response curves. See, for example, U.S. Pat. No. 8,404,658 B2 to Hajjar, et al |
granted on Mar. 20, 2013, at col. 27, lines 45-60.

{00167  In an embodiment herein the delivery is via a plasmid. In such plasmid compositions,
quantities of plasmid DNA in plasmid compositions can be from about 0.1 to about 2 mg, or from
about 1 ug to about 10 pg.

{00168] The doses herein are based on an average 70 kg individual. The frequency of
adrinistration is within the ambit of the medical or veterinary practitioner {e.g., physician,
veterinarian), or scientist skilled in the art. Mice used in experiments are about 20 g. From that
which is administered to a 20 g mouse, one can extrapolate to a 70 kg individual.

801691 Lentiviruses are complex retroviruses that have the ability to infect and express their
genes in both mitotic and post-mitotic cells. The most commonly known lentivirus is the human
immunodeficiency virus (HIV), which uses the envelope glycoproteins of other viruses to target a
broad range of cell types.

{80176]  Lentiviruses may be prepared as follows. After cloning pCasES10 {which countains a
fentiviral transfer plasmid backbone), HEK293FT at low passage (p=5) were seeded in a T-75

flask to 50% coufluence the day before transfection in DMEM with 10% fetal bovine serum and
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without antibiotics. After 20 hours, media was changed to OptiMEM (serum-free) media and
transfection was done 4 hours later. Cells were transfected with 10 pg of lentiviral transfer plasmid
{pCasES10) and the following packaging plasmids: 5 pg of pMDZ. G (VSV-g pseudotype), and
7.5 ug of psPAX2 (gag/pol/rev/tat). Transfection was done in 4 mL OptiMEM with a cationic Hipid
delivery agent {50 uL Lipofectamine 2000 and 100 uL Plus reagent). After 6 hours, the media was
changed to antibiotic-free DMEM with 10% fetal bovine serum.

{00171 Lentivirus may be purified as foliows. Viral supernatants were harvested afier 48 hours.
Supernatants were first cleared of debris and filtered through a 0.45 um low protein binding
(PVDF)} filter. They were then spun in an ultracentrifuge for 2 hours at 24,000 rpm. Viral pellets
were resuspended in 50 ul of DMEM overnight at 4 C. They were then aliquotted and immediately
frozen at —80 C.

f001721  In another embodiment, minimal non-primate lentiviral vectors based on the equine
infectious anemia virus (EIAV) are also contemplated, especially for ocular gene therapy (see,
e.g., Balagaan, ] Gene Med 2006, & 275-285, Published online 21 Nov. 2005 in Wiley
Interscience; available at the website: interscience wiley.com. DOL 10.1002/igm 845). In another
embodiment, RetinoStat®, an equine infectious anemia virus-based lentiviral gene therapy vector
that expresses angiostatic proteins endostain and angiostatin that is delivered via a subretinal
injection for the treatment of the web form of age-related macular degeneration is also
conternplated (see, e.g., Binley et al, HUMAN GENE THERAPY 23:980-991 (September 2012))
may be modified for the system of the present invention.

{001731  Lentiviral vectors have been disclosed as in the treatment for Parkinson's Disease, see,
e.g., US Patent Publication No. 20120295960 and U.S. Pat. Nos. 7,303,910 and 7,351,585,
Lentiviral vectors have also been disclosed for the treatment of ocular diseases, see e.g., US Patent
Publication  Nos. 20060281180, 20000007284, US2011011718%9;  US20090017543;
1S20070054961, US20100317109. Lentiviral vectors have also been disclosed for delivery to the
brain, see, e.g., US Patent Publication Nos, US20110293571; US20110293571, US20040013648,
US20070025970, USZ0090111106 and U.S. Pat. No. 7,259,615

j00174]  Several types of particle delivery systems and/or formulations are known to be useful
in a diverse spectrum of biomedical applications. In general, a particle 13 defined as a small object
that behaves as a whole unit with respect to its transport and properties. Particles are further

classified according to diameter Coarse particles cover a range between 2,500 and 10,000
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nanometers. Fine particles are sized between 100 and 2,500 nanometers. Ultrafine particles, or
nanoparticles, are generally between 1 and 100 nanometers in size. The basis of the 100-nm limit
is the fact that novel properties that differentiate particles from the bulk material typically develop
at a critical length scale of under 100 nm.

f001758]  As used herein, a particle delivery system/formulation is defined as any biological
delivery systero/formulation which includes a particle in accordance with the present invention. A
particle in accordance with the present invention is any entity having a greatest dimension (e.g.,
diameter) of less than 100 microns (ym}. In some embodiments, tnventive particles have a greatest
dimension of less than 10 In some embodiments, inventive particles have a greatest dimension of
less than 2000 nanometers {nm). In some embodiments, inventive particles have a greatest
dimension of less than 1000 nanometers {nm). In some embodiments, inventive particles have a
greatest dimension of less than 900 nm, 800 nm, 700 nm, 600 nm, 5300 nm, 400 nm, 300 nm, 200
m, or 100 nm. Typically, inventive particles have a greatest dimension (e.g,, diameter) of 500 nm
or {ess. In some embodiments, inventive particles have a greatest dimension (e.g., diameter) of 250
am or less. In some embodiments, inventive particles have a greatest dimension (e g., diameter) of
200 nm or less. In some embodiments, inventive particles have a greatest dimension {e.g.,
diameter) of 150 nm or less. In some emnbodiments, inventive particles have a greatest dimension
(e.g., diameter) of 100 nm or less. Smaller particles, e.g., having a greatest dimension of 50 nm or
iess are used in some embodiments of the invention. In some embodiments, inventive particles
have a greatest dimension ranging between 25 nm and 200 am.

{00176  Particle characterization (including e.g., characterizing morphology, dimension, etc.)
is done using a variety of different techniques. Comunon techniques are electron microscopy
(TEM, SEM), atomic force microscopy (AFM), dynamic light scattering (DLS), X-ray
photoelectron spectroscopy {(XPS), powder X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
{(MALDI-TOF), ultraviolet-visible spectroscopy, dual polarization interferometry and nuclear
magnetic resonance (NMR). Characterization (dimension measurements} may be made as to native
particles (i.e., preloading) or atter loading of the cargo (herein cargo refers to one or more RNAs
and/or vectors encoding the same, and may include additional components, carriers and/or

excipients) to provide particles of an optimal size for delivery for any 1n vitro, ex vive andfor in
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vivo application of the present invention. In certain preferred embodiments, particle dimension
{e.g., diameter) characterization s based on measurements using dynamic laser scattering (DL.S}.
{801771  Particles delivery systems within the scope of the present invention may be provided
in any form, including but not limited to solid, semi-solid, emulsion, or colloidal particles. As such
any of the delivery systems described herein, including but not limited to, e.g., lipid-based systems,
liposomes, micelles, microvesicles, exosorues, ot gene gun may be provided as particle delivery
systems within the scope of the present invention.

{80178]  In terms of this invention, it is preferred to have one or more components of the system
delivered using nanoparticies or lipid envelopes. CRISPR enzyme mRNA and guide RNA may be
delivered simultaneously using nanoparticles or lipid envelopes. Other delivery systems or vectors
may be used in conjunction with the vavoparticle aspects of the invention.

f00179%1  In general, a “nanoparticle” refers to any particle having a diameter of less than 1000
. fo certain preferred embodiments, nanoparticles of the invention have a greatest dimension
(e.g., diameter) of 500 nm or less. In other preferred embodiments, nanoparticles of the invention
have a greatest dimension ranging between 25 nm and 200 nm. In other preferred embodiments,
nanoparticles of the invention have a greatest dimension of 100 nm or less. In other preferred
embodiments, nanoparticles of the invention have a greatest dimension ranging between 35 nm
and 60 nm,

{00188] Nanoparticles encompassed in the present invention may be provided in ditferent
forms, e.g., as solid nanoparticles (e g., metal such as silver, gold, iron, titanium), non-metal, lipid-
based solids, polymers), suspensions of nanoparticles, or combinations thereof. Metal, dielectric,
and semiconductor nanoparticles may be prepared, as well as hybnd structures {e.g., core-shell
naneparticles). Nanoparticles made of semiconducting material may also be labeled quantum dots
if they are small enough {typically sub 10 nm) that quantization of electronic energy levels oceurs.
Such nanoscale particles are used in biomedical applications as drug carriers or imaging agents
and may be adapted for similar purposes in the present invention.

[00181] Semi-solid and soft nanoparticles have been mamufactured, and are within the scope of
the present invention. A prototype nanoparticle of semi-solid nature is the liposome. Varicus types
of liposome nanoparticles are currently used chinically as delivery systems for anticancer drugs

and vaccines. Nanoparticles with one half hydrophilic and the other half hydrophobic are termed
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Janus particles and are particularly effective for stabilizing emulsions. They can self-assemble at
water/oil interfaces and act as solid surfactants.

{60182} For example, Su X Fricke §, Kavanagh D G, Irvine D J (“In vitro and in vivo mRNA
delivery using liptd-enveloped pH-responsive polymer nanoparticles” Mol Pharm. 2011 Jun. 6;
8(3):774-87. doi: 10.1021/mp100390w. Epub 2011 Apr. 1} describes biodegradable core-shell
structured navoparticles with a poly(B-amino ester} (PBAE) core enveloped by a phospholipid
bilayer shell. These were developed for in vivo mRNA delivery. The pH-responsive PBAE
component was chosen to promote endosome disruption, while the lipid surface laver was selected
1o minimize toxicity of the polycation core. Such are, therefore, preferred for delivering RNA of
the present invention.

{60183] v ove embodiment, vanoparticies based on self-assembling bioadhesive polywers are
cortemplated, which may be applied to oral delivery of peptides, intravenocus delivery of peptides
and nasal delivery of peptides, all to the brain. Other embodiments, such as oral absorption and
ocular deliver of hydrophobic drugs are also contemplated. The molecular envelope technology
involves an engineered polymer envelope which is protected and delivered to the site of the disease
(see, e.g., Mazza, M. et al. ACSNano, 2013. 7(2): 1016-1026; Siew, A, et al. Mol Pharm, 2012,
9{1):14-28; Lalatsa, A, et al. J Contr Rel, 2012, 161(2):523-36; Lalatsa, A, et al, Mol Pharm,
2012 6y 1665-80; Lalatsa, A, et al. Mol Pharm, 2012, 9(6):1764-74; Garrett, N. L, et al ]
Biophotonics, 2012, 5(5-6):458-68; Garrett, N. L, et al. J Raman Spect, 2012 43(5):681-088;
Ahmad, S, et al. J Royal Soc Interface 2010. 7:8423-33; Uchegbu, I F. Expert Opin Drug Deliv,
2006, 3{(5%:629-40; Qu, X, et al. Biomacromolecules, 2006, 7(12)3452-9 and Uchegbu, L F., et
al. Int J Pharm, 2001, 224:185-199). Doses of about 5 mg/kg are contemplated, with single or
multiple doses, depending on the target tissue.

{00184] In one embodiment, nanoparticles that can deliver RNA to a cancer cell to stop tumor
growth developed by Dan Anderson's lab at MIT may be used/and or adapted to the CRISPR Cas
system of the present invention. In particular, the Anderson lab developed fully automated,
combinatorial systems for the synthesis, purification, characterization, and formulation of new
biomaterials and nanoformulations. See, e.g., Alabi et al, Proc Natl Acad Sci USA. 2013 Aug. 6;
110(32):12881-6; Zhang et al, Adv Mater. 2013 Sep. 6; 25(33):4641-S; Jiang et al., Nano Lett.
2013 Mar. 13; 13(31:1059-64; Karagiannis et al,, ACS Nano. 2012 Oct. 23; 6{10):8484.7;
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Whitehead et al, ACS Nano. 2012 Aug. 28; 6(8).:6922-9 and Lee et al., Nat Nanctechnol. 2012
Jun. 3; T(6):389-93.

{60185)  US patent application 20110293703 relates to lipidoid compounds are also particulardy
useful 1o the administration of polynucleotides, which may be applied to deliver the CRISPR Cas
system of the present invention. In one aspect, the amincalcohol lipidoid compounds are combined
with an agent o be delivered to a cell or a subject to form microparticies, nanoparticles, liposomes,
or micelles. The agent to be delivered by the particles, liposomes, or miceiles may be in the form
of a gas, liquid, or solid, and the agent may be a polynucleotide, protein, peptide, or small molecule.
The minoalcohol lipidotd compounds may be combined with other aminoalcohol lipidoid
compounds, polymers (synthetic or natural), surfactants, cholesterol, carbohydrates, proteins,
lipids, etc. to form the particles. These particles may then optionally be combined with a
pharmaceutical excipient to form a pharmaceutical composition.

[80186] US Patent Publication No. 0110293703 also provides methods of preparing the
amincalcohol lipidoid compounds. One or more equivalents of an amine are allowed to react with
one or more equivalents of an epoxide-terminated compound under suitable conditions to form an
aminoalcohol lipidoid compound of the present invention. In certain embodiments, all the amino
groups of the amine are fully reacted with the epoxide-terminated compound to form tertiary
amines. In other embodiments, all the amino groups of the amine are not fully reacted with the
epoxide-termuinated compound to form tertiary amines thereby resulting in primary or secondary
amines in the aminoalcohol lipidoid compound. These primary or secondary amines are left as is
or may be reacted with another electrophile such as a different epoxide-terminated compound. As
will be appreciated by one skilled in the art, reacting an amine with less than excess of epoxide-
terminated compound will result in a plurality of different amincalcohol lipidoid compounds with
various numbers of tails. Certain amines may be fully functionalized with two epoxide-derived
compound tails while other molecules will not be completely functionalized with epoxide-derived
compound tails. For example, a diamine or polyamine may include one, two, three, or four
epoxide-derived compound tails off the various amino moieties of the molecule resuliing in
primary, secondary, and tertiary amines. In certain embodiments, all the amino groups are not fully
functionalized. In certain embodiments, two of the same types of epoxide-terminated compounds
are used. In other embodiments, two or more different epoxide-terminated compounds are used.

The synthesis of the amivoalcohol lipidoid compounds is performed with or without solvent, and
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the synthesis may be performed at higher temperatures ranging from 30.-100 C,, preferably at
approximately 50.-90 C. The prepared amincalcohol lipidoid compounds may be optionally
purified. For example, the mixture of aminocalcohol lipidoid compounds may be purified to yield
an aminoaleohol lipidoid compound with a particular number of epoxide-derived compound tails.
Or the mixture may be purified to yield a particular stereo- or regioisomer. The aminoalcchol
lipidoid compounds may also be alkylated using an alkyl balide {e.g., methy] odide) or another
alkylating agent, and/or they may be acylated.

{60187] US Patent Publication No. 0110293703 also provides libraries of aminoalcohol lipidoid
compounds prepared by the inventive methods. These aminoalcohol lipidoid compounds may be
prepared and/or screened using high-throughput technigues involving hiquid handlers, robots,
microtiter plates, coroputers, eic. In certain embodiments, the aminoalcohol lipidoid compounds
are screened for their ability to transfect polynucieotides or other agents (e.g., proteins, peptides,
small molecules) into the cell.

{00188] US Patent Publication No. 20130302401 relates to a class of poly{beta-amino alcohols)
(PBAAs) has been prepared using combinatorial polvmenization. The inventive PBAAs may be
used in biotechnology and bomedical applications as coatings (such as coatings of films or
multilayer films for medical devices or implants), additives, materials, excipients, non-biotouling
agents, micropatterning agents, and cellular encapsulation agents. When used as surface coatings,
these PBAAs elicited different levels of inflammation, both in vitre and in vive, depending on
their chemical structures. The large chemical diversity of this class of materials allowed us to
identify polymer coatings that inhibit macrophage activation in vitro. Furthermore, these coatings
reduce the recruitment of inflammatory cells, and reduce fibrosis, following the subcutaneous
implantation of carboxylated pelystyrene microparticles. These polymers may be used to form
polyelectrolyte complex capsules for cell encapsulation. The invention may also have many other
biclogical applications such as antimicrobial coatings, DNA or siRNA delivery, and stem cell
tissue engineering. The teachings of US Patent Publication No. 20130302401 may be applied to
the system of the present tnvention.

j00189]  In another embodiment, lipid nanoparticles (LNPs) are contemplated. In particular, an
antitransthyretin small interfering RNA encapsulated in hipid nanoparticles (see, e.g., Coclho et
al., N Engl J Med 2013; 369:819-29) may be applied to the system of the present invention. Doses

of about 0.01 to about 1 mg per kg of body weight administered intravenously are contemplated.
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Medications to reduce the risk of infusion-related reactions are contemplated, such as
dexamethasone, acetampinophen, diphenhydramine or cetirizine, and ranitiding are contemplated.
Multipie doses of about 0.3 mg per kilogram every 4 weeks for five doses are alsc contemplated.
Lipids  include, but are not limited to, DLn-KC2-DMA4, C12-200 and colipids
disteroyiphosphatidyi choline, cholesterc], and PEG-DMG may be formulated RNA instead of
Nucleic  Acids (2012} 1, e4;

siRNA (see, e.g, Novobrantseva, Molecular Therapy
dot:10.1038/mtna. 2011.3) using a spontaneous vesicle formation procedure. The component molar
ratio may be about S50/10/385/1.5 (DLin-KC2-DMA or C12-200/disteroylphosphatidyl
choline/cholesterol/PEG-DMG). The final lipid:siRNA weight ratio may be "12:1 and 9.1 in the
case of DLin-KC2-DMA and C12-200 lipid nanoparticles (LNPs), respectively. The formulations
may have mean particle diameters of "80 nm with >90% entrapment efficiency. A 3 rog/kg dose
may be contemplated.

{80158} LNPs have been shown to be highly effective in delivering siRNAs to the liver (see,
e.g., Tabernero et al., Cancer Discovery, April 2013, Vol 3, No. 4, pages 363-470) and are
therefore contemplated for delivering CRISPR Cas to the liver. A dosage of about four doses of 6
mg/kg of the LNP (or RNA of the CRISPR-Cas) every two weeks may be contemplated. Tabemero
et al. demonstrated that tumor regression was observed after the first 2 cycles of ENPs dosed at
0.7 mg/kg, and by the end of 6 cycles the patient had achieved a partial response with complete
regression of the lvmph node metastasis and substantial shrinkage of the liver tumors. A complete
response was obtained after 40 doses in this patient, who has remained in remission and completed
treatment after receiving doses over 26 months. Two patients with RCC and extrahepatic sites of
disease including kidney, lung, and lymph nodes that were progressing following prior therapy
with VEGYF pathway inhibitors had stable disease at all sites for approximately 8 to 12 months,
and a patient with PNET and hiver metastases continued on the extension study for 18 months (36
doses) with stable disease.

{001%91] However, the charge of the LNP must be taken into consideration. As cationic lipids
combined with negatively charged lipids to induce nonbilayer structures that facilitate intracellular
delivery. Because charged LNPs are rapidly cleared from circulation following intravenous
injection, ionizable cationic Hpids with pKa values below 7 were developed (see, e.g., Rosin et al,
Molecular Therapy, vol. 19, no. 12, pages 1286-2200, December 2011} Negatively charged

polymers such as siRNA oligonucleotides may be loaded into LNPs at low pH values (e.g., pH 4)
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where the ionizable lipids display a positive charge. However, at physiological pH values, the
LNPs exhibit a low surface charge compatible with longer circulation times. Four species of
ionizable cationic lipids have been focused upon, namely 1,2-dilineoyi-3-dimethylammonium-
propane (DLinDAP), 12-dilincleyloxy-3-N N-dimethylaminopropane (DLinBMA),  1,2-
dilincleyloxy-keto-N, N-dimethyl-3-aminopropane  (DLinKDMA), and 1,2-dilinolevl-4-(2-
dimethylaminoethyl}-[1,3-dioxolane (DLinKC2-DMA). It has been shown that LNP siRNA
systems containing these lipids exhibit remarkably different gene silencing properties in
hepatocytes  in vivo, with potencies varying according to  the series DLinKC2-
DMA>DLinKDMA>DLInDMA>>DLinDAP employing a Factor VI gene silencing model (see,
e.g., Rosin et al, Molecular Therapy, vol. 19, no. 12, pages 1286-2200, December 2011). A dosage
of 1 ug/ml levels may be contemplated, especially for a formulation containing DLinKC2-DMA.
Preparation of LNPs and CRISPR Cas encapsulation may be used/and or adapted from Rosin et
al, Molecular Therapy, vol. 19, no. 12, pages 1286-2200, December 2011}, The cationic lipids 1,2-
dilineovl-3-dimethylammonium-propane {(DLinDAP), 1,2-dilinoleyloxy-3-N,N-
dimethylaminopropane  (DLinDMA),  1,2-dilinclevlioxyketo-N N-dimethyl-3-aminopropane
(DLinK-DMA), 1,2-dilinoleyl-4-(2-dimethylaminoethyl}-[1,3}-dioxolane (DLinKC2-DMA}, (3-
o-[2"-(methoxypolyethyleneglycol 20003 succinoyli-1,2-dimyristoyl-sn-glyeol (PEG-S-DMG},
and R-3-[{w-methoxy-poly(ethylene glycol)2000) casbamoyl]-1,2-dimyristyloxlpropyi-3-amine
(PEG-C-DOMG) may be provided by Tekmira Pharmaceuticals (Vancouver, Canada) or
synthesized. Cholesterol may be purchased from Sigma (St Louis, Mo.). The specific CRISPR Cas
RNA may be encapsulated in LNPs containing DLinDAP, DLinDMA, DLinK-DMA, and
DLinKC2-DMA (cationic liptd. DSPC.CHOL: PEGS-DMG or PEG-C-DOMG at 40:10:40:10
molar ratios}). When required, 0.2% SP-DiOCI8 (Invitrogen, Burlington, Canada} may be
incorporated to assess cellular uptake, intracellular delivery, and biodistribution. Encapsulation
may be performed by dissolving lipid  mixtures comprised of  cationic
lipid:DSPC cholesterol PEG-¢-DOMG (40:10:40:10 molar ratio} in cthanol to a final lipid
concentration of 10 mmol/1. This ethanol solution of liptd may be added dropwise to 30 mmol/1
citrate, pH 4.0 to form multilamellar vesicles to produce a final concentration of 30% ethanol
vol/vol. Large unilamelar vesicles may be formed following extrasion of multilamellar vesicles
through two stacked 80 nm Nuclepore polycarbonate filters using the Extruder (Northern Lipids,
Vancouver, Canada). Encapsulation may be achieved by adding RNA dissolved at 2 rog/mlin 50

51



WO 2023/034925 PCT/US2022/075850

mmol/1 citrate, pH 4.0 containing 30% ethanol vol/vol drop-wise to extruded preformed large
untlamellar vesicles and incubation at 31° C. for 30 minutes with constant mixing to a3 final
RNA/ipid weight ratio of 0.06/1 wi/wi. Removal of ethanol and neutralization of formulation
buffer were performed by dialysis against phosphate-buffered saline (PBS), pH 7.4 for 16 hours
using Spectra/Por 2 regenerated celiulose dialysis membranes. Nanoparticle size distribution may
be determined by dyvamic light scattering using a NICOMP 370 particle sizer, the vesicle/intensity
modes, and Gaussian fitting (Nicomp Particle Sizing, Santa Barbara, Califl). The particle size for
all three LNP systems may be “70 nm in diameter. siRNA encapsulation efficiency may be
determined by removal of free siRNA using VivaPureld MiniH columns {Sartorius Stedim
Biotech) from samples collected before and atter dialysis. The encapsulated RNA may be exiracted
from the eluted nanoparticles and quantified at 260 nm. siRNA to lipid ratio was determined by
measurement of cholesterol content in vesicles using the Cholesterol E enzymatic assay from
Wako Chemicals USA (Richmond, Va}. PEGylated liposomes {or LNP3) can also be used for
delivery.

{80192}  Preparation of large LNPs may be used/and or adapted from Rosin et al, Molecular
Therapy, vol. 19, no. 12, pages 1286-2200, December 2011. A lipid premix solution (20.4 mg/ml
total lipid concentration) may be prepared in ethanol containing DLinKC2-DMA, DSPC, and
cholesterol at $50:10:38.5 molar ratics. Sodium acetate may be added to the lipid premix at a molar
ratio of 0.75:1 (sodium acetate: DLinKC2-DMA). The lipids may be subsequently hydrated by
combining the mixture with 1.85 volumes of citrate buffer (10 mmol/1, pH 3.0) with vigorous
stirring, resulting in spontaneous liposome formation in aqueous buffer containing 35% ethanol.
The hiposome solution may be tncubated at 37° €. to allow for time-dependent increase in particle
size. Aliquots may be removed at various times during incubation to investigate changes in
liposome size by dynamic light scattering (Zetasizer Nano ZS, Malvern Instruments,
Worcestershire, UK}, Once the desired particle size is achieved, an aqueous PEG lipid sclution
{stock=10 mg/mi PEG-DMG in 35% {(vol/vol) ethanol) may be added to the liposome mixture to
vield a final PEG molar concentration of 3.5% of total lipid. Upon addition of PEG-lipids, the
liposomes should their size, effectively quenching further growth. RINA may then be added to the
empty liposomes at an 3iRNA to total lipid ratio of approximately 1:10 {wirwt), followed by
incubation for 30 minutes at 37° C. to form loaded LNPs. The mixture may be subsequently
dialyzed overnight in PBS and filtered with a 0.45-pm syringe filter.
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j00193]  Spherical Nucleic Acid (SNA™) constructs and other nanoparticies (particularly gold
nanoparticles} are also contemplated as a means to delivery CRISPR/Cas system to intended
targets. Significant data show that AuraSense Therapeutics' Spherical Nucleic Acid {SNAT™)
constructs, based upon nucleic acid-functionalized gold nanoparticles, are superior to alternative
platforms based on multiple key success factors, such as:

j80194]  Highin vivo stability. Due to their dense [oading, a majority of cargo (DNA or siRNA)
remains bound to the constructs inside cells, conferring nucleic acid stability and resistance to
enzymatic degradation.

[80195] Deliverability. For all cell types studied (e.g., neurons, tumor cell lines, etc) the
constructs demonstrate a transfection efficiency of 99% with no need for carriers or transfection
agents.

f00196] Therapeutic targeting. The unique target binding affinity and specificity of the
constructs allow exquisite specificity for matched target sequences (i.e, limited oft-target effects).
{00197}  Superior efficacy. The constructs significantly outperform leading conventional
transfection reagents (Lipofectamine 2000 and Cytofectin}.

{00198]  Low toxicity. The constructs can enter a variety of cultured cells, primary cells, and
fissues with no apparent toxicity.

{00199] No significant immune response. The constructs elicit minimal changes in global gene
expression as measured by whole-genome microarray studies and cytokine-specific protein assays.
[802008] Chemical tailorability. Any number of single or combinatorial agents {e.g., proteins,
peptides, small molecules) can be used to tailor the surface of the constructs.

{00201] This platform for sucleic acid-based therapeutics may be applicable to numerous
disease states, including inflammation and infectious disease, cancer, skin disorders and
cardiovascular disease.

§002021  Citable literature includes: Cutler et al | I Am. Chem. Soc. 2011 133:9254-9257, Hao
etal, Small. 2011 7:3158-3162, Zhang et al., ACS Nano. 20611 5:6962-6970, Cutler et al | J. Am.
Chem. Soc. 2012 134:1376-1391, Young et al., Nano Lett. 2012 12:3867-71, Zheng et al, Proc.
Natl. Acad. Sci. USA. 2012 109:11975-80, Mirkin, Nanomedicine 2012 7:635-638 Zhang et al ,
J. Am. Chem. Soc. 2012 134:16488-1691, Weintranb, Nature 2013 495.814-S16, Choi et al, Proc.
Natl. Acad. Sci. USA 2013 110(19):7625-7630, Jensen et al , Sci. Transl. Med. 5, 209ral152 (2013)
and Mirkin, et al., Small, doi.org/10.1002/smll. 201302143,
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{80203} Self-assembling nanoparticles with siRNA may be constructed with polyethyleneimine
(PEI} that 13 PEGylated with an Arg-Gly-Asp (RGID) peptide ligand attached at the distal end of
the polyethylene glycol (PEG), for example, as a means to target tumor neovasculature expressing
integring and used to deliver siRNA inhibiting vascular endothelial growth factor receptor-2
(VEGF R2) expression and thereby tumor angiogenesis {see, e.g., Schiffelers et al ., Nucleic Acids
Research, 2004, Vol 32, No. 19). Nanoplexes may be prepared by mixing equal volumes of
aqueous solutions of cationic polvmer and nucleic acid to give a net molar excess of ionizable
nitrogen {polymer) to phosphate (nucleic acid) over the range of 2 to 6. The electrostatic
interactions between cationic polymers and nucleic acid resufted in the formation of polyplexes
with average particle size distribution of about 100 nm, hence referred to here as nanoplexes. A
dosage of about 100 to 200 mg of CRISPR Cas is envisioned for delivery in the self-assembling
nanoparticles of Schiffelers et al.

{00204] The nanoplexes of Bartlett et al. (PNAS, Sep. 25, 2007, vol. 104, no. 39) may also be
applied to the present invention. The nanoplexes of Bartlett et al. are prepared by mixing equal
volumes of agueous solutions of cationic polymer and nucleic acid to give a net molar excess of
ionizable nitrogen (polymer) to phosphate {nucleic acid) over the range of 2 to 6. The electrostatic
interactions between cationic polymers and nucleic acid resulted in the formation of polyplexes
with average particle size distribution of about 100 om, hence referred to here as nanoplexes. The
DOTA-siRNA of Bartlett et al. was synthesized as follows: 1,4,7,10-tetraazacyclododecane-
1,4,7,10-tetraacetic acid mono{N-hydroxysuccinimide ester) (DOTA-NHSester) was ordered from
Macrocyclics {Dallas, Tex.). The amine modified RNA sense strand with a 100-fold molar excess
of DOTA-NHS-ester in carbonate buffer (pH 9) was added to a microcentrifuge tube. The contents
were reacted by stirring for 4 h at room temperature. The DOTA-RNAsense conjugate was
ethanol-precipitated, resuspended in water, and annealed to the unmoditied antisense strand to
yield DOTA-siRNA. All hiquids were pretreated with Chelex-100 (Bio-Rad, Hercules, Calif) to
remove trace metal contaminants. Ti-targeted and nontargeted siRNA nanoparticles may be
formed by using cyclodextrin-containing polycations. Typically, nanoparticles were formed in
water at a charge ratio of 3 (+/—) and an siRNA concentration of 0.5 g/liter. One percent of the
adamantane-PEG molecules on the surface of the targeted nanoparticles were modified with Tf
{adamantane-PEG-TE). The nanoparticles were suspended in a 5% {wi/vol} glucose carrier solution
for tnjection.
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{002058]  Davis et al. (Nature, Vol 464, 15 Apr. 2010) conducts a siRNA clinical trial that uses a
targeted nanoparticle~delivery system {(clinical trial registration number NCTO0089065). Patients
with solid cancers refractory to standard-of-care therapies are administered doses of targeted
nanoparticles on days 1, 3, 8 and 10 of a 21-day cycle by a 30-min intravencus infusion. The
nanoparticles consist of a synthetic delivery system containing: (1) a linear, cyclodextrin-based
polymer (CDP), (2) a buman transferrin protein (TF) targeting ligand displayed on the exterior of
the nanoparticie to engage TF receptors (TFR) on the susface of the cancer cells, (3} a hydrophilic
polymer (polyethylene glycol (PEG) used to promote nanoparticle stability in biclogical fluids),
and (4) siRNA designed to reduce the expression of the RRM2 (sequence used in the clinic was
previously denoted siR2B+5). The TFR has long been known to be upregulated in malignant cells,
and RRM?2 is av established anti-cancer target. These nanoparticles {clinical version denoted as
CALAA-01) have been shown to be well tolerated in multi-dosing studies in non-human primates.
Although a single patient with chronic myeloid leakemia has been administered siRNA by
liposomal delivery, Davis et al.'s clinical trial is the initial human trial to systemically deliver
siRNA with a targeted delivery system and to treat patients with solid cancer. To ascertain whether
the targeted delivery system can provide effective delivery of functional siRNA to human tumors,
Davis et al. investigated biopsies from three patients from three different dosing cohorts; patients
A, B and C, all of whom had metastatic melanoma and received CALAA-OT doses of 18, 24 and
30 mg m ™ siRNA, respectively. Similar doses may also be contemplated for the CRISPR Cas
systern of the present invention. The delivery of the invention may be achieved with nanoparticles
containing a linear, cyclodextrin-based polymer (CDP), a human transferrin protein (TF) targeting
figand displayed on the exterior of the nanoparticle to engage TF receptors (TFR) on the surface
of the cancer cells and/or a hydrophilic polymer (for example, polyethylene glycol (PEG) used to
promote nanoparticle stability in biological fluids).

[80206]  Delivery or administration according to the invention can be performed with liposomes.
Liposomes are spherical vesicle structures composed of a uni- or multifamellar lipid bilayer
surrounding internal aqueocus compartments and a relatively impermeable outer lipophilic
phospholipid bilaver. Liposomes have gained considerable attention as drug delivery carriers
because they are biocompatible, noutoxic, can deliver both hydrophilic and lipophilic drug
molecules, protect their cargo from degradation by plasma enzymes, and transport their load across

biological membranes and the blood brain barier (BBB) (see, ¢ g., Spuch and Navarro, Journal of
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Drug Delivery, vol. 2011, Article ID 469679, 12 pages, 2011, doi:10.1155/2011/469679 for
review}.

{602071  Liposomes can be made from several different types of lipids; however, phospholipids
are most commonly used to generate liposomes as drug carriers. Although liposome formation 1s
spontaneous when a lipid film 1s mixed with an aquecus solution, it can also be expedited by
applying force iu the form of shaking by using a bomogenizer, sovicator, or an extrusion apparatus
{see, e.g., Spuch and Navarro, Journal of Drug Delivery, vol. 2011, Article 1D 469679, 12 pages,
2011 doi 10.1155/201 1/469679 for review).

[00208] Several other additives may be added to liposomes in order to modify their structure
and properties. For instance, either cholesterol or sphingomyelin may be added to the liposomal
mixture in order to help stabilize the liposomal structure and to prevent the leakage of the liposomal
inner cargo. Further, liposomes are prepared from hydrogenated egg phosphatidylcholine or egg
phosphatidylcholine, cholesterol, and dicety! phosphate, and their roean vesicle sizes were adjusted
to about 50 and 100 nm. (see, e.g., Spuch and Navarro, Journal of Drug Delivery, vol. 2011, Article
1D 469679, 12 pages, 2011, doi:10.1155/2011/469679 for review).

{0020%] Conventional liposome formulation ts mainly comprised of natural phospholipids and
iipids such as 1,2-distearoryl-sn-glycero-3-phosphatidyl choline (DSPC), sphingomyelin, egg
phosphatidylcholines and monosialoganglioside. Since this formulation is made up of
phospholipids only, liposomal formulations have encountered many challenges, one of the ones
being the instability in plasma. Several attempts to overcome these challenges have been made,
specifically in the manipulation of the lipid membrane. One of these attempts focused on the
manipulation of cholesterol. Addition of cholesterol to conventional formulations reduces rapid
release of the encapsulated bicactive compound into the plasma or 1,2-dicleoyl-sn-glycero-3-
phosphoethanolamine (DOPE) increases the stability {(sce, e.g., Spuch and Navarro, Journal of
Drrug Pelivery, vol. 2011, Article 1D 469679, 12 pages, 2011, doi10.1155/2011/469679 for
review}.

[0021¢] In a particularly advantageous embodiment, Trojan Horse liposomes {(also known as
Molecular  Trojan Horses) are  desirable  and  protocols may be found at
cshiprotocols cship.org/content/2010/4/pdb.prot5407 tong. These particles allow delivery of a
fransgene to the entire brain after an intravascular injection. Without being bound by limitation, it

is believed that neutral lipid particles with specific antibodies conjugated to surface allow crossing
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of the blood brain barrier via endocytosis. Applicant postulates utilizing Trojan Horse Liposomes
to deliver the CRISPR family of nucleases to the brain via an intravascular injection, which would
allow whole brain transgenic animals without the need for embryonic manipulation. About 1-5 g
of nucleic acid molecule, e.g., DNA, RNA, may be contemplated for in vivo adminisiration in
liposomes.

{80211}  In another embodiment, the system may be administered in liposomes, such as a stable
nucleic-acid-lipid particle (SNALP) (see, e.g., Morrissey et al, Nature Biotechnology, Vol 23,
No. 8, August 2005). Daily intravenous injections of about 1, 3 or § mg/kg/day of a specific
CRISPR Cas targeted in a SNALP are contemplated. The daily treatment may be over about three
days and then weekly for about five weeks. In another embodiment, a specific CRISPR Cas
encapsulated SNALP) administered by intravenous iujection to at doses of abpit 1 or 2.5 mg/kg
are also contemplated (see, e.g., Zimmerman et al., Nature Letters, Vol 441, 4 May 2006}, The
SNALP formulation may contain the lipids 3-N-[(wmethoxypoly{ethylene glycoly 2000}
carbamoyli-1,2-dimyristyloxy-propylamine (PEG-C-DMA), 1,2-dilinoleyloxy-N,N-dimethyl-3-
aminopropane (DLinDMA), 1,2-distearoyl-sn-glycero-3-phosphocholine (DSPC) and cholesterol,
ina 2:40:10:48 molar percent ratio (see, e.g., Zimmerman et al |, Nature Letters, Vol. 441, 4 May
2006).

{00212} In another embodiment, stable nucleic-acid-lipid particles (SNALPs) have proven to
be effective delivery molecules to highly vascularized HepG2-derived liver tumors but not in
poorly vascularized HCT-116 derived liver tumors (see, e.g., Li, Gene Therapy (2012) 19, 775-
7803, The SNALP liposomes may be prepared by formulating D-Lin-DMA and PEG-C-DMA with
distearoyiphosphatidylcholine (BSPC), Cholesterol and siRNA using a 251 lipid/siRNA ratio and
a 48/40/10/2 molar ratio of Cholesterol/D-Lin-DMA/DSPC/PEG-C-DMA. The resulted SNALP
liposomes are about 80-100 nm i size.

{802131  In vet ancther embodiment, a SNALP may comprise synthetic cholesterol (Sigma-
Aldrich, 5t Louis, Mo., USA), dipalmitoylphosphatidylcholine {Avanti Polar Lipids, Alabaster,
Ala., LISA), 3-N-{{w-methoxy poly(ethylene alycol)2000)carbamoyi}-1,2-
dimyrestyloxypropylamine, and cationic 1,2-difinoleyloxy-3-N Ndimethviaminopropane (see,
e.g., Geisbert et al | Lancet 2010; 375 1896-905). A dosage of about 2 mgfkg total CRISPR Cas

per dose administered as, for example, a bolus intravencus infusion may be contemplated.
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{00214  In yet another embodiment, a SNALP may comprise synthetic cholesterol {Sigma-
Aldrich), 1,2-distearoyl-sn-glycero-3-phosphocholine (I3SPC; Avanti Polar Lipids fnc), PEG-
cDMA, and 1 2-dilinoleyloxy-3-{N;N-dimethylaminopropane (DLinDMA) (see, e.g., Judge,
Clin. Iovest. 119:661-673 (2009)). Formulations used for in vivo studies may comprise a final
lipid/RINA mass ratio of about 9:1.

{802158]  Other cationic lipids, such as amino lipid 2,2-dilinoleyl-4-dimethylaminoethyl-{1,3}-
dioxolane (BLin-KC2-BMA} may be utilized to encapsulate CRISPR Cas similar to SIRNA (see,
e.g., Javaraman, Angew. Chern. Int. Ed. 2012, 51, 8529-8533). A preformed vesicle with the
foliowing lipid composition may be contemplated: amino lipid, di stearoylphosphatidylcholine
(DSPC),  cholesterol  and  (R)-2,3-bis{octadecyloxy) propyl-1-{(methoxy poly{ethylene
glycol)2000propylcarbamate (PEG-lipid) in the molar ratio 40/10/40/10, respectively, and a FVH
siRNA/total lipid ratio of approximately 0.05 {(w/w). To ensure a narrow particle size distribution
in the range of 70-90 nm and a low polydispersity index of 0.11_0.04 (n=536), the particles may be
extruded up to three times through 80 nm membranes prior to adding the CRISPR Cas RNA.
Particles containing the highly potent amino lipid 16 may be used, in which the molar ratio of the
four lipid components 16, DSPC, cholesterol and PEG-lipid (50/10/38.5/1.5) which may be further
optimized to enhance in vivo activity.

[00216]  Any element of any suitable CRISPR/Cas gene editing system known in the art can be
emploved in the systems and methods described herein, as appropriate. CRISPR/Cas gene editing
technology is described in detail in, for example, U.S. Patent Application Publication
2014/0068797. U.S. Patents 8,697,359, 8,771,945 and 8,945,839 USZ010/0076057;
US2011/0189776;, US2011/0223638; US2013/0130248; W(O/2008/108989; W{/2010/054108;
WO/2012/164565; WO/2013/0098244;, WO/2013/176772; US20150050699; 1IS20150045546;
US20150031134;, US20150024500;, US20140377868; US20140357530; US20140349400;
URZ0140335620; UR20140335063;, UKZ0140315985;, UK20140310830; US2014031082¢8;
US2Z0140309487; US20140304853; US20140298547;, US20140295556; US20140294773;
US20140287938, US20140273234;, US20140273232; US20140273231;, US20140273230;
US20140271987, US20140256046, US20140248702; US20140242702; US20140242700;
UK20140242699, UR20140242664;, US20140234972, US20140227787, US20140212869;
US2Z0140201857; US20140199767, US20140189896; US20140186958; US20140186919;
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US20140186843; US20140179770;, US20140179006; and US20140170753, incorporated herein
by reference.

{602171  Although the present invention and its advantages have been described in detail, it
should be understood that various changes, substitutions, and alterations can be made herein
without departing from the spirit and scope of the invention as defined in the appended claims.
{80218] The present invention will be further lustrated in the following Examples which are

given for tlustration purposes only and are not intended to limit the invention in any way.
Examples

Fxample I - Materials and Methods

{8021%1  RecE/T Homolog Screening RefSeq non-redundant protein database was downloaded
from NCBI on October 29, 2019, The database was searched with £, cofi Rac prophage RecT
(NP _415865.1) and RecE (NP _4158066.1) as queries using position-specific iterated (PSi)-
BLAST! to retrieve protein homologs. Hits were clustered with CD-HIT2 and representative
sequences were selected from each cluster for multiple alignment with MUSCLE’. Then,
FastTreed was used for maximum likelihood tree reconstruction with default parameters. A diverse
set of RecET homologs were selected, synthesized by GenScript, and cloned into pMPH _MCP
vectors for testing.

{80220)  Plasmids construction pX330, pMPH and pU6-(Bbsl) CBh-Cas9-T2A-BFP plasmids
were obtained from Addgene. Tested effector DNA fragments were ordered from IDT, Genewiz,
and GenScript. The fragments were Gibson assembled into the backbones using NEBuilder HiFi
DNA Assembly Master Mix (New England Biolabs). All sgRNAs {Table 1) were inserted into
backbones using Golden Gate cloning. All constructs were sequence-verified with Sanger

sequencing of prepped plasmids.

Table 1. Sequence for sgRNAs

Primer Name {enomic Sequence
Target
sp-EMX FMXT GTCACCTCCAATGACTAGGG (SEQ ID NO2H)
sp-VEGFA VEGEA FOTGAGTGAGTGTGTGUGTG (SEQ 1D NO:22)
sp-DYNLTIL DYNLTT AAGGCCATAGGUTGGACTGC (SEQ 1D NO:23)
sp-HSPOOAAL HSP90AA] GTAGACTAATCTCTGGUTGA (SEQ 1D NO:24)
sp-0CT4 OCT4 TCTCCCATGCATTICAAACTG (SEG ID NO:25)
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sp-AAVS] AAVST ACCCCACAGTGGGGCCACTA (SEQ HD NO:26)
nsp-EMX1-guidel LMXI GTCACCTCCAATGACTAGGG (SEQ 1D NO:2T)
nsp-EMX1-guide? FAMXT GTCACCTCCAATGACTAGGG (SEQ 1D NO:28)

asp-DYNLT1-guidel DYNLTI AAGGCCATAGGCTGGACTGC (SEQ 1D NG:29)

nsp-DYNLT1-guide2 DYNLT! GGCACTGACGATGCAGTACA (SEQ ID NO:30)

nsp-HSPOOAAL- HEP90ALL GTAGACTAATCTCTGGCTGA (SEQ I NO:3 )
cuide!l

nsp-HSPOOAATL- HSP93441 TCGTCATCTCCTTCAAGGGG (SEQ ID NO:32)
guide?

nsp-OCT4-guidel OCT4 ATGCATGGGAGAGCCCAGAG (SEQ D NG33)
nsp-0CT4-guide2 OCT4 GCCTGCCCTTCTAGGAATGG (SEQ 1D NO:34)

§002211 (el cufture Huoman Embryonic Kidney (HEK) 2937, Hela and HepG2 were
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM, Life Technologies), with 10% fetal
bovine serum {(FBS, HyClone), 100 U/mL penicillin, and 100 pg/ml streptomycin (Life
Technologies} at 37 °C with 5% COa.

{602221  hES-HS cells were maintained in mTeSR1 medium {StemCell Technologies) at 37 °C
with $% CO:. Culture plates were pre-coated with Matrigel {Corning) 12 hours prior to use, and
cells were supplemented with 10 uM Y27632 (Sigma) for the first 24 hours after passaging.
Culture media was changed every 24 hours.

{00223 Transfecrion HEK293T cells were seeded into 96-well plates (Corning) 12-24 hours
prior to transfection at a density of 30,000 cells/well, and 250 ng of total DNA was transfected per
well. Hela and HepG2 cells were seeded into 48-well plates {Corning) one day prior to
transfection at a density of 50,000 and 30,000 cells/well respectively, and 400 ng of total DNA
was transfected per well. Transfections were performed with Lipofectamine 3000 (Life
Technologies) following the manufacturer’s instructions.

{00224] FElectroporation For hES-HY related transfection experiments, P3 Primary Cell 4D-
NucleofectorT™ X Kit S (Lonza} was used following the manufacturer’s protocol. For each
reaction, 300,000 cells were nucleofected with 4 pg total DNA using the DC100 Nucleofector
Program.

{00228 Fluorescence-activated cell sorving (FACS) mKate knock-in efficiency was analyzed
on a CytoFLEX flow cytometer (Beckman Coulter; Stanford Stem Cell FACS Core). 72 hours
after transfection, cells were washed once with PBS and dissociated with TrypLE Express Enzyme
{Thermo Fisher Scientific). Cell suspension was then transferred to a 96-well U-bottom plate

{Thermo Fisher Scientific) and centrifuged at 300xG for 5 minutes. After removing the
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supernatant, pelleted cells were resuspended with 50 pd 4% FBS in PBS, and cells were sorted
within 30 minutes of preparation.

{00226] RFLP HEK2937 cells were transfected with plasmid DNA and PCR templates and
harvested after 72 hours for genomic DNA using the QuickExtract DNA Extraction Solution
(Biosearch Technologies) following the manufacturer’s protocol. The target genomic region was
amplified using specific primers outside of the homology arms of the PCR template. PCR products
were purified with Monarch PCR & DNA Cleanup Kit (New England Biol.abs}. 300 ng of purified
product was digested with BsrGI (EMX1, New England BioLabs) or Xbal (VEGFA, NEB), and
the digested products were analyzed on a 5% Mini-PROTEAN TBE gel (Bio-Rad).

{002271  Next-Ueneration Sequencing Library Preparation 72 hours after transfection, genomic
DINA was extracted using QuickExtract DNA Extraction Selution (Biosearch Technologies). 200
ng total DNA was used for NGS library preparation. Genes of interest were amplified using
specific priroers (Table 2) for the first round PCR reaction. Hlumina adapters and index barcodes
were added to the fragments with a second round PCR using the primers listed in Table 2. Round
2 PCR products were purified by gel electrophoresis on a 2% agarose gel using the Monarch DNA
Gel Extraction Kit (NEB). The purified product was quantified with Qubit dsDNA HS Assay Kit

{Thermo Fisher) and sequenced on an llumina MiSeq according to the manufacturer’s

instructions.
Table 2. Sequence for primers used for PCR template, RFLF and NGS
Primer Name | Usage Genomic Sequence
Target
EMX1-PCR-F PCR EMXT CATTCTGCCTCTCTGTATGGAAAAGAGC
template (SEQ ID NO:35)
EMX1-PCR-R PCR FAEXE CCCATTGAACTACCTGGGCCTGATTC (8EQ
template D NG:36)
VEGFA-PCR- PCR VEGFA AGGTTTGAATCATCACGCAGGC (SEQ ID
F template NO:37)
VEGFA-PCR- PCR VEGFA ATTCAAGTGGGGAATGGCAAGC (SEQ ID
R template NG:38)
DYNLTI- PCR DYNLTT P TGCCGTAAATGCTGCTCTCT (SEQ ID NO:39)
PCR-100bp-F | template
DYNLTI- PCR DYNLTT | AGACTTGCCAAGGTTICTITGTG (SEQ ID
PCR-200bp-F | teniplate N{:40)
DYNLTY- PCR DYNETE  { AGTGACCTGTGTAATTATGCAGAAG (SEQ
PCR-400bp-F | template IDNGA4LH
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DYNLTI- PCR DYNLTT | TGAAAGTGCCACAAAACAAAGAGA (SEQ
PCR-100bp-R | template D NG:42)

DYNLTI- PCR OYNLTT | AAGACAAGTGGCAACGCAG (SEQID

PCR-200bp-R | template NO:43Y

DYNLTI- PCR DYNLTE CGTTTATGATACTATGCAGACTATGAAGAA

PCR-400bp-R | template C {(SEQ 1D NO44

HSPOOAAL- PCR HSP90A4A41 | ATGAAGATGACCCTACTGCTGAT (SEQ ID

PCR-100bp-F | template N{:45)

HSP90OAAT- PCR HSPO0AAL | TACTGTCTTGAAAGCAGATAGAAACC (SEQ

PCR-200bp-F | template ID NG:46)

HSP90AAL- PCR HSP90AAT | GCAGCAAAGAAACACCTGGA (SEQID

PCR-600bp-R | template NG:A4T)

HSPOOAAL- PCR HSPo0AAL | GTTGTCATGCCATACAGACTTTTT (SEQ ID

PCR-100bp-R_ | template N{)48)

HSPO9CAAT- PCR HS5P90A447 | AGCATTACTAGCTCTGCTTTAGTG (SEQ ID

PCR-200bp-R | template NO:49)

HSPOCAAL- PCR HSP90AAT | TCCACAAGACTGGGTCTGAG(SEQ ID

PCR-600bp-R | template NO:50)

OCT4-PCR-F PCR OCT4 GCGACTATGCACAACGAGAGG (SEQ ID
template NOSH

OCT4-PCR-R PCR OCT4 AAGTGTIGTCTATCTACTGTGTCCCAG (SEQ
template I NQO:32)

AAVSI-PCR-F | PCR AAVSI GATGCTCTTTCCGGAGCACT (SEQ ID
template N{:53)

AAVEI-PCR- PCR AAVST GCCAAGGACTCAAACCCAGAA (SEQID

R template NG54

EMXI-RFLB-F | RFLP FAEXE TGGTGGATTTCGGACTACCCT (SEQ ID

NG:55)

EMX1-RFLP- RFLP EMXi TTCGGACTGGAACCGTCAGC (SEQ 1D

R N{S6)

VEGFA- RFLP VEGFA AGACGTTCCTTAGTGCTGGC (SEQ ID

RFLP- NOQ:ST)

F

YVEGFA- RFLP VEGFA AAAAGTTTCAGTGCGACGCC (SEQ ID

RFLP- NO:58)

R

DYNLTI K1 Junction | DYNLT!T | AGGAGGTCCCATCAGATGCT (SEQID

PCR-F PCR NG:59)

HSPOOAAL hunction | HSP90441 | GGCTGGACAGCAAACATGGA (SEQ 1D

KIPCR-F PCR N{L60)

AAVST K Junction AAVS] GATGCTCTTTCCGGAGCACT (SEQ D

PCR-F PCR NOeh

Jupction PCR | Junction m&ate TTGCTGCCGTACATGAAGCTG (SEQ ID

universal-R PCR NO:62)

EMX1-NGS-F NGS EMXT CCATCTCATCCCTGCGTGTCTICCAGAAGA

AGGGCTCCCATCAC (SEQ ID NO:63)
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EMX1-NGS-R NGS FAX CCTCTCTATOGGOCAGTCGOTGATaAGCAG
CAAGCAGCACTCTG (SEQ ID NO:64)
VEGFA-NGS- NGS VEGFA CCATCTICATCCCTGUGTGTICTCCCAGCGT
¥ CTTCGAGAGTGAGG (SEQ D NO6S)
VEGFA-NGS- NGS VEGEA CCTCICTATGGGCAGTCGOGTGATSTTGGA
R ATCCTGGAGTGACCC (SEQ 1D NO:66)
EMX-OT1-F Off EMXTOT- | CCATCTCATCCCTGCGTOGICTICCACAAAA
Target |7 GUCTCCACATGCTAGGA (SEQ 1D NG:eT)
FMX-OT1-R OFfF FMXTOT- | CCTCTCTATGGGCAGTCGGTGATTeGCTGA
Target |/ CTTTGGGCTCCTTCT (SEQ ID NO:68)
EMX-OT2-F Off EMXI O | CCATCTCATCCCTIGCGIGTCTCCACACAC
Target |2 TCCCCAGGATCTCA (SEQ 1D NG
EMX-0OT2-R Off FMXIOT- | CCTCTCTATGGGCAGTCGGTGATRAATGT
Target | 2 CAGCTGAAGCAGGCT (SEQ ID NGOG0
EMX-0OT3-F Off FEMXTOT- | CCATCTCATCCCTGUOTIGTCTICCGGCTAC
Target |3 CCTOACAACTGCTT (SEQ ID NO7D)
EMX-0T3-R Off EMXT O7- | CCTICTCTATOGOCAGTCGLTGATeAGGAC
Target |3 AGACATGACAAGGCA (SEQ ID NG:T2)
VEGFA-OTI- Off VEGFA OF- | CCATCTCATCCCTGCOTGTICTCCGCAGGC
¥ Target |/ AAGCTGTCAAGGGT (SEQ D NG:T3)
VEGFA-OTI1- Off VEGFA OT- | CCTCTCTATGGGCAGTCGGTGATTeCCCTC
R Target |/ ACACCCACACCCTCA (SEQ D NG74)
VEGFA-OT2- Off VEGEA OFT- { CCATCTCATCCCTOGCOGTGTICTCCGGAGG
I3 Target |2 GOTGTCATCGTTCTG (SEQ ID NOTH)
VEGFA-OT2- Off VEGHA OF- | CCTCTCTATGOGGCAGTCGOGTGATeCAAAT
R Target |2 TGCGCCATAGCTGGE (SEG 1D NOT6)
VEGFA-OT3- Off VEGEFA OT- { CCATCTCATCCCTGCGIGTICTCCTGAGCG
¥ Target |3 CTCTTCGTCITTCC (SEQ ID NOUTT
VEGFA-OT3- Off VEGFA OT- { CCTCTCTATGGGCAGTCGOGTGATsGCCAG
R Target |3 GAACACAGGAATGCTA (SEQ ID NO.78)
Junction TCCACCCCACAGTOGOGCAAGCTTICTGACC
PCR TCTTICTCTTCCTCCCACAGGGCCT (SEQ ID
NO:163)
PCR TTGACCTGCAGTCCAGCUTANGG (SEQ ID
WO 164)
PCR CCACCGCAAATGCTTCTAGONGG (SEQ ID

NO: 165

{60228}

High-throughput Sequencing Data 4nalysis Processed (demultiplexed, trimmed, and

merged) sequencing reads were analyzed to determine editing outcomes using CRISPPResso2’ by

aligning sequenced amplicons to reference and expected HDR amplicons. The quantification

window was increased to 10 bp surrounding the expected cut site to better capture diverse editing

cutcomes, but substitutions were igoored to avoid inclusion of seguencing errors. Only reads
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containing no mismatches to the expected amplicon were considered for HDR quantification; reads
containing indels that partially matched the expected amplicons were included in the overall
reported indel frequency.

[0022%]  Swuistical Analysis Unless otherwise stated, all statistical analysis and comparison
were performed using t-test, with 1% false-discovery-rate (FDR) using two-stage step-up method
of Benjamini, Krieger and Yekutieli (Benjamini, Y., et al, Biometrika 93, 491-507 (2006),
incorporated herein by reference}. All experiments were performed in triplicates unless otherwise
noted to ensure sufficient statistical power in the analysis.

100230]  Determination of editing at predicted Cas9 off-target sifes To evaluate RecT/RecE off-
target editing activity at known Cas9 off-target sites, same genomic DNA extracts tor knock-in
analysis were used as template for PCR amplification of top predicted off-targets sites (high scored
as predicted CRISPOR, a web-based analysis tool} for the EMX!1, VEGFA guides, primer
sequences are listed in Table 2.

{00231} IGUIDE Off-target Analysis Genome-wide, unbiased off-target analysis was performed
following the iGUIDE pipeline (Nobles, C.L, er ol Genome Fiol 20, 14 {2019), incorporated
herein by reference) based on Guide-seq invented previously (Tsai, S., ef af. Nai Biotechnol 33,
187197 (2015}, incorporated herein by reference). HEK293T cells were transfected in 20ul
Lonza SF Cell Line Nucleofector Solution on a Lonza Nucleofector 4-I3 with program DS-150
according to the manufacturer’s instructions. 300ng of gRNA-Cas9 plasmids {or 150ng of each
gRNACasOn plasmid for the double nickase), 150ng of the effector plasmids, and 5pmol of double
stranded oligonucleotides {dsODN} were transfected. Cells were harvested after 72hrs for genomic
DNA using Agencourt DNAdvance reagent kit. 400ng of purified gDNA which was then
fragmented to an average of 500bp and ligated with adaptors using NEBNext Ultra II FS DNA
Library Prep kit following manufacturer’s instructions. Two rounds of nested anchored PCR from
the oligo tag to the ligated adaptor sequence were performed to amplify targeted DNA, and the
amplified library was purified, size-selected, and sequenced using Hlumina Miseq V2 PE300.
Sequencing data was analyzed using the published 1GUIDE pipeline, with the addition of a

downsampling step which ensures an unbiased comparison across samples.
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Example 2

{02321 In conirast to mammals, convenient recombineenng-edit tools are available for
bacteria, e.g., the phage lambda Red and RecE/T. Microbial recombineering has two major steps:
template DNA is chewed back by exonucleases (Exo), then the single-strand annealing protein
(SSAP) supports homology directed repair by the template, optionally facilitated by nuclease
inhibitor. A system for RNA-guided targeting of RecE/T recombineering activities was developed
and achieved kilobase (kb) human gene-editing without DNA cutting.

{602331  Candidate microbial systems with recombineering activities were surveyed. Two lines
of reasoning guided the search: 1) Orthogonality: prionitizing proteins with minimal resemblance
to mammalian repair enzymes; 2} Parsimony: focusing on systems with fewest interdependent
components. Three protein families were identified: lambda Red, RecE/T, and phage T7 gp6 (Exo)
and gp2.5 (SSAP) recombination machinery. Based on phylogenetic reconstruction, RecE/T
proteins were determined to be the most distant from eukaryotic recombination proteins and among
the most compact (FIG. 1). Thus, RecE/T systems were utilized for downstream analysis.
j00234] The NCBI protein database was systematically searched for RecE/T homologs. To
develop a portable tool, evolutiovary relationships and lengths were examined (FIG. 2A). Co-
occurrence analysis revealed that most RecE/T systems have only one of the two proteins (FIG.
2ZB). As prophage integration could be imprecise, the 11% of species harboring both homologs
were prioritized as evidence for intact functionality.

{00235]  The top 12 candidates were codon-optimized and MS2 coat protein (MCP) fusions
were consiructed to recruit these RecE/T homologs, hereafter termed “recombinator”, to wild-type
Streptococcus pyogenes Cas9 (wiCas9) via MS2 RNA aptamers. To understand their respective
molecular effects as Exo and SSAP, each was tested independently (FIG. 2C). Initial results
revealed Escherichia cofi RecE/T proteins (simplified as RecE and Rec™T) as promising candidates,
as determined by genomwe koock-in assays (FIG. 2D). While RecT is only 269 amivo acid (AA)
fong, RecE was truncated from AASS7 (RecE 5873 and the carboxy terminus domain
{(RecE CTD) based on functional studies (Muyrers, 1P, Genes Dev. (2000); 14, 1971-1982,
incorporated herein by reference).

{00236]  To validate RecE/T recombineering in human cells, homology directed repair (HDR)
was measured at five genomic sites with two templates. While the RecE variants (ReclE 587,
RecE CTD) demonstrated variable increases in knock-in efficiency, RecT significantly enhanced
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HDR in all cases, replacing ~16bp sequences at FAMXT and VEGFA, and knocking-in ~1kb cassette
at HSPYOAAL, DYNLTI, 44VS1 (FIGK. 3A-E, FIG. 4). These results were verified using imaging
{FIG. 3F) and junction sites were sequenced using Sanger sequencing to confirm precise insertion
(F1G. 3G, FIG. 4G). To test if these activities are truly sequence-specific, a no-recruitment control
with the PP7 coat protein (PCP) that recognizes PP7 aptamers not MS2 aptamers was employed.
RecE had activities without recruitment, whereas RecT showed efficiency increases v a
recruitment-dependent manner (FIG. 3H). Without being bound by theory, this may be explained
by RecE exonuclease activity acting promiscuously (FIG. 2C). The RecE/T recombineering-edit

(REDIT) tools was termed as REDITv1, with REDITv] RecT as the preferred variant.

Fxonple 3

{80237} Three tests on REDITvI were performed to explore: 1) activity across cell types, 2)
optimal designs of HDR template, and 3) specificity. REDITv1 activity was robust across multiple
genomic sites in HEK, A549, HepG2, and Hela cells (FIGS. 5A-C, FIGR. 6A-C). Noticeably, in
human embryonic stem cells (hESCs), REDITv1 exhibited consistent increases of kilobase knock-
in efficiency at HSP00A417 and OCT4, with up to 3.5-fold improvement relative to Cas9-HDR
(FIGS. 5D-E, FIGS. 6D-E). Different template designs were also tested. REDITvI performed
efficient kilobase editing using HA length as short as 200bp total, with longer HA supporting
higher efficiency. It achieved up to 10% efficiency (without selection) for kb-scale knock-in, a 5-
fold increase over Cas9-HDR and significantly higher than the 1~2% typical efficiency (FIG. 7).
Lastly, the accuracy of REDITv] accuracy was determined using deep sequencing of predicted
off-target sites (OTS8s) and GUIDE-seq. Although REDITv] did not increase off-target effects,
detectable OTSs remained at previously reported sites for KAXT and VAGEFA (FIGS. SF-G, FIG.
8). In short, REDITv1 showcased kilobase-scale genome recombineering but retained the off-

target tssues, with REDITvE RecT having the highest efficiency.

Fxample 4

[00238] To alleviate unwanted edits, a version of REDIT with non-cutting Cas9 nickases
(Cas9n} was assessed. A similar strategy was previously employed (Ran, F. A et al | Cell (2013),
154: 1380-1389, incorporated herein by reference) to address off-target issues but had low HDR

efficiency. REDIT was tested to determine if this system could overcome the limitation of
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endogenous repair and promote nicking-mediated recombination. Indeed, the nickase version
demonstrated higher efficiencies, with the best results from CasOn{310A} with single- and double-
nicking. This Cas9n(D10A) variant was designated REDITVIN (FIG. 9A). A 5%~10% knock-in
without selection was observed using REDITvZN double-nicking, comparable to REDITvI using
wiCas9 (FIG. 9A, FIG. 10A). Junction sequencing confirmed the precision of knock-in for all
targets (FIG. 11). This result represented 6- to 10-fold improvement over CasOn-HDR. Even with
single~nicking REDITv2ZN, a ~2% efficiency for 1kb knock-in was observed, a fevel considerably
higher than the 0.46% HDR efficiency in previous report (Cong, L. et al , Science. 339, 819-823,
incorporated herein by reference} using regular single-nicking Cas9n and a less-chalienging 12-bp
knock-in template (FIG. 9A).

[30238] The off-target activity of REDITVIN was investigated using GUIDE-seq. Results
showed minimal off-target cleavage and a reduction of OT8s by ~90% compared to REDITv1
(F1G. 9B). Specifically, for DYNLTI-targeting guides, the rost abundant K/F6 OTS was
significantly enriched in REDITv] group but disappeared when using REDITVIN (FIG. 9C).
REDITVZN was highly accurate (FIGS. 9B-C, FIG. 12}

{60246]  Another byproduct of HDR editing is on-target insertion-deletions (indeis). They could
drastically lower yields of gene-editing, especially for long sequences. Indel formation was
measured in an FALXT knock-in experiment using deep sequencing. REDITvV2N increased HDR to
the same efficiency as its counterpart using wtCas9 (FIG. 12C, top), with a reduction of unwanted
on-target indels by 92% (FI1G. 12C, bottom),

{602411  Concepts from GUIDE-seq, LAM-PCR, and TLA were used to develop an NGS-based
assay to identify genome-wide insertion sites (GIS), or GIS-seq (FIG. 304} Using GIS-seq, NGS
read clusters/peaks representing knock-in insertion sites were obtained (FIG. 30B), showing
representative reads from the on-target site). GIS-seq was applied to DYNLTT and ACTE loci 1o
measure the knock-in accuracy. Sequencing results indicated that, when considering sites with
high confidence based on maximum likelihood estimation, REDIT had less off-target tnsertion
sites identified compared with Cas9 (FIG. 30C). Together, the clonal Sanger sequencing of knock-
in junctions (FIGS. 9C and 12), GUIDE-seq analysis (FIG. 9B}, and GIS seq results (FIGS. 30A-
30C) indicated that REDIT can be an efficient method with the ability to insert kilobase-length

sequences with less unwanted editing events.
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Example 5

{00242] REDIT was examined for long sequence editing ability in the absence of any
nicking/cutting of the target DNA. Remarkably, when using catalytically dead Cas9 (dCas9) to
construct REDITV2D, an exact genomic knock-in of a kilobase cassette was observed in human
cells (FI1G. 9D, top, FIG. 13). While REDITv2ZD has lower efficiency than REDITV2N, it achieved
programmable DNA-damage-free editing at kilobase-scale with 1~2% efficiency and no selection
(FIG. 9D, FIG. 10B). It was hypothesized that two processes could be contributing to the
REDYTV2D recombineering. One possibility was via dCas9 unwinding. If dCas® could unwind
DNA as it induces sequence~-specific formation of loop, a double-binding with two dCas9s would
be expected to promote genome accessthility to RecE/T. However, a significant increase upon
delivering two guide RNAs was not observed (FIG. 9D, bottom). Another possibility was that the
unwinding of BNA during celf cycle permitted Recl/T to access the target region mediated by
dCas9 binding. A tkb knock-in was performed with different REDIT tools at varving serum levels
(10% regular, 2% reduced, and no serum ). As serum starvation arrests cell proliferation, the results
indicated that the cell cycle correlated positively with REDITV2D recombineering (FIG. 9E). Upon
no-serum  treatroent, HDR efficiency only dropped in REDITV2D{dCas9}) group, whereas
REDITvH{(wiCas9) and REDITV2N(D10A) were not affected (FIG. 9E, FIG. 14), supporting that

DNA unwinding permitted RecE/T to access the target region.

Example &

{00243] Microscopy analysis revealed incomplete nuclei-targeting of REDITv], particularly
REDITv] RecT (FIG. 15). Hence, different designs of protein linkers and nuclear localization
signals {(NLSs) were tested (FIG. 15A). The extended XTEN-linker with C-terminal SV40-NLS
was identified as a preferred configuration, termed REDITV3 (FIG. 16). REDITV3 further achieved
a 2-t0 3~ fold increase of HDR efficiencies over REDITV2 across genome targets and Cas® variants
(witCas9, Cas9n, dCas9) (FIG. 17).

{80244}  Finally, REDITV3 was utilized in hESCs to engineer kilobase knock-in alleles in human
stem cells. REDITvV3N single~ and double-nicking designs resulted in 5-fold and 20-fold increased
HDR efficiencies over no-recombinator controls, respectively (FIG. 9F). The efficacy and fidelity

were confirmed via a combination of assays described for previous REDIT versiong (FIGS. 9F-(,
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FIG. 18). Additonally, REDITv3 works effectively with Staphylococcus aurens Cas9 (SaCas9), a

compact CRISPR system suitable for in vive delivery (FIG. 19}

Example 7

{00245]  To further investigate RecT and RecE 587 variants, both RecT and RecE 587 were
truncated at various lengths as shown in FIG. 20A and FIG. 21A, respectively. The resulting
efficiencies were measured using an mKate knock-in assay, with both wildiype SpCas9 and
Cas9n{D10A) with single- and double-nicking at the DYNELTY locus (FIGS. 20B-C and FIGS. 218-
C, respectively). Efficiencies of the vo recombination group are shown as the control.

{00246] The truncated versions of both RecT and RecE 587 retained significant
recombineering activity when used with different Cas9s. Tn particular, compared with the full-
length RecT(1-269aa), the new truncated versions such as RecT(93-264aa) are over 30% smaller
yet they preserved essentially the full activities of RecT in stimulating recombination in eukaryotic
cells. Similarly, compared with the full-length RecH{1-280aa), truncated versions such as
RecE 587(120-221aa} and RecE 587(120-209aa) are over 60% smaller but still retained high
recombination activities in human cells. These truncated versions demaonstrated the potential to
further engineer minimal-functional recombineering enzymes using RecE and RecT protein
variants, but also provide valuable compact recombineering tools for human genome editing that
is ideal for in vitro, ex vive, and in vivo delivery given their small size.

[00247] Overall, REDIT harmnessed the specificity of CRISPR genome-targeting with the
efficiency of RecE/RecT recombineering. The disclosed high-efficiency, low-error system makes
a powerful addition to existing CRISPR toolkits. The balanced efficiency and accuracy of
REDITV3N makes it an attractive therapeutic option for knock-in of large cassette in immune and

stem cells.

Fxample 8

{60248] The reconstructed RecE and RecT phylogenetic trees with eukaryotic recombination
enzymes from yeast and human (FIGS. 1A and 18) show the evolutionary distance of the proteins
based on sequence homology. The dotted boxes indicate the full-length E coli RecB and E. coli
RecE protein. The catalytic core domain of E. coli RecB and E. coli RecE protein {solid boxes)

was used for the comparison. The gene-editing activities of these families of recombineering
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proteins were measured using the MSZ-MCP recruitment system, where sgRNA bearing MS2
stem-~loop is used with recombineering proteins fused to the MCP protein via peptide linker and
with nuclear-localization signals.

[0024%] Three cxonuclease proteins were used: the exonuclease from phage Lambda, the
RecES87 core domain of E. coli RecE protein, and the exonuclease (gene name gp6) from phage
T7 (FIG. 22A). The gene-editing activity was measured using mKate knock-in assay at gevomic
foci {DYNLTT and HSPOOAATL).

{6023¢] Similar measurements were made testing the genome editing efficiencies of three
single-strand DNA annealing proteins (SSAPs) from the same three species of microbes as the
exonucleases, namely Bet protein from phage Lambda, RecT protein from E. coli, and SSAP (gene
name gp2.5) from phage T7 (FIG. 22B).

{00251 From these results, the genome recombineering activities of all three major family of
phage/microbial recombination systems was systematically measured and validated in eukaryotic
cells (lambda phage exonuclease and beta proteins; E. coli prophase RecE and Rec proteins, T7
phage exonuciease gp6 and single-strand binding gp2.S proteins). All six proteins from three
systems achieved efficient gene editing to knock-in kilcbase-long sequences into mammalian
genome across two genomic loct. Overall, the exonucleases showed ~3-told higher recombination
efficiency {up to 4% mKate genome knock-in) when compared with no-recombinator controls.
The single-strand annealing proteins (SSAP) showed higher activities, with 4-fold to 8-fold higher
gene-editing activities over the control groups. This demoustrated the general applicability and
validity that microbial recombination proteins in the exonuclease and SSAP families could be
engineered via the Cas9-based fusion protein system to achieve highly efficient genome

recombination in mammalian cells.

Fxample 9

j002521  In order to demonstrate the generalizability of REDIT protein design, alternative
recruitment systems were developed and tested. For a wore compact REDIT system, the REDIT
recombinator proteins were fused to N22 peptide and at the same time the sgRNA included boxB,
the short cognizant sequence of N22 peptide, replacing MCP within the sgRNA (FIG. 23A). This
boxB~N22 system demonstrated comparable editing efficiencies at the two genomic sites tested as

shown in FIGS. 23B-23E with side-by-side comparisons of the MS2-MCP recruitment systen.

~d
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{00253] A REDIT system using SunTag recruitment, a protein-based recruitment system, was
developed (FIGS. 24A and 27A). Because SunTag is based on fusion protein design, the sgRNA
or guideRNASs are the same as wild-type CRISPR system. Specifically, the REDIT recombinator
proteins were fused to scFV antibody peptide {replacing MCP), and the GCN4 peptide was fused
in tandem fashion (10 copies of GCN4 peptide separated by linkers) to the Cas9 protein. Thus, the
scFV-REDIT could be recruited to the Cas9 coruplex via GCN4’s affinity to scFV.

802541 mKate knock-in experiments (FIG. 248 and 278} were used to measure the editing
efficiencies at the DYNLT7 locus and the HSPOOAA] locus, respectively. This SunTag-based
REDIT system demonsirated significant increase of gene-editing knock-in efficiency at the
DYNLT! genomic sites tested. In addition, the SunTag design significantly increased HRD

efficiencies to ~2-fold better than Cas® but did not achieve increases as high as the MS82-aptamer.

Fxample 10

{82551 In order to demonstrate the generalizability of REDIT protein design and develop
versatile REDIT system applicable to a range of CRISPR enzymes, Cpt1/Casi2a based REDIT
system using the SunTag recruitment design was developed (FIG. 25A). Two different
Cpfl/CasiZa proteins were tested (Lachnospiraceae bacterium ND200s, LbCpfl and
Acidaminococcas sp. BY31.6) using the mKate knock-in assay as previously shown (FIG. 25B).
{00256]  These results showed that the microbial recombination proteins (exonuclease and
single-strand annealing proteins) could be engineered using alternative designs such as the SunTag
recruitment system to perform genome editing in eukaryotic cells. These protein-based recruitment
systern does not require the usage of RNA aptamers or RNA-binding proteins, instead, they took
advantage of fusion protein domains directly connecting to the CRISPR enzymes to recruit REDIT
proteins.

{60257] In addition to the flexibility in recruitment system design, these resulis using
Cpfl/Casi2a-type CRISPR enzymes also demonstrated the general adaptability of REDIT proteins
to various CRISPR systems for genome recombivation. Cptl/Casl2a enzymes have different
catalytic residues and DNA-recognition mechanisms from the Cas9 enzymes. Hence, the REDIT
recombination proteins {exonucleases and single-strand annealing proteins) could function
independent from the specific choices of the CRISPR enzyme components (Cas9, Cpfl/Casiza,

and others). This proved the generalizability of the REDIT system and open up possibility to use
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additional CRISPR enzymes (known and unknown) as components of REDIT system to achieve

accurate genome editing in eukaryotic cells.

Example 11

{00258] 15 different species of microbes having RecE/RecT proteins were selected for a screen
of various RecE and RecT proteins across the microbial kingdom (Table 3). Each protein was
codon-optimized and synthesized. As previcusly described for E. colt RecE/RecT based REDIT
systems, each protein was fused via E-XTEN linker to the MCP protein with additional nuclear
iocalization signal. mKate knock-in gene-editing assay was used to measure efficiencies at
DYNETI locus (FIG. 20A, Table 4) and HSP9044/ locus (FIG. 26B, Table 4). The homologs

demonstrated the ability to enable and evhance precision gene-editing.

Table 3. RecE and RecT protein homologs
Homelog | Source Protein
T1 Pantoea stewartit RecT
El Pantoea stewartii RecE
T2 Pantoea brenneri RecT
E2 Pantoea brenneri RecE
T3 Pantoea dispersa RecT
H3 Pantoea dispersa RecE
T4 Tvpe-F symbiont of Plautia stali RecT
E4 Type-F symbiont of Plautia stali RecE
TS Providencia stuartii RecT
ES Providencia stuartii RecE
16 Providencia sp. MGFO14 RecT
HO Providencia sp. MGF014 RecE
17 Providencia alcalifaciens DSM 30120 RecT
E7 Providencia alcalifaciens DSM 30120 RecE
T8 Shewanelia putrefaciens RecT
E8 Shewanelia putrefaciens RecE
19 Bacillus sp. MUM 116 RecT
HY Bacillus sp. MUM 116 RecE
T10 Shigeila sonnet RecT
E10 Shigella sonnet RecE
Tit Salmonella enterica RecT
Ell Salmonella enterica RecE

~3
b



WO 2023/034925 PCT/US2022/075850
Ti12 Acetobacter RecT
B12 Acetobacter RecE
T13 Salmonella enterica subsp. enterica RecT

serovar Javiana str. 10721
Bi3 Salmonella enterica subsp. enterica RecE
serovar Javiana str. 10721
Ti4 Pseudobacteriovorax antillogorgiicola RecT
E14 Pseudobacteriovorax antillogorgiicola RecEH
T15 Photobacteriurs sp. JCM 19050 RecT
E15 Photobacterium sp. JCM 19050 RecE

Table 4, mKate Knock-In Gene-Editing Efficiencies
DBYNET1 HSPY0AAT
Mean I Mean -

mKate+ (%) SEM mKate+ (%) SEM
NC 1.2100 0.0802 1.7333 0.1245
NR 2.0500 0.14472 4.0100 0.2166
HEcRecE 587 51767 0.0897 3.7067 0.1784
HeRecT 99467 1.0143 6.5467 0.4646
Homolog Tl 11.7333 0.4667 8.0733 0.8752
Homolog E1 5.7333 0.8503 7.6567 0.4556
Homolog T2 12.0000 (.5292 6.9233 0.4594
Homolog E2 7.4533 (.8553 6.4867 0.4359
Homolog T3 11.9000 1.3013 7.1200 0.2730
Homolog E3 2.0533 0.1020 6.7467 0.1565
Homolog T4 10.4433 0.7331 5.7567 0.8704
Homolog F4 5.7200 0.4744 6.2567 0.3339
Homolog T5 10.8267 4.9445 6.4300 0.3262
Homolog E5 4.4667 0.7116 6.0233 0.4366
Homolog T6 ©.0533 0.3548 6.2500 0.4100
Homolog E6 5.4100 0.5981 5.9300 0.4708
Homolog T7 5.6467 0.7383 5.3700 0.4795
Homolog E7 4.4733 0.2444 5.7367 0.2105
Homolog T8 5.0400 0.5599 57133 (.4886
Homolog E¥ 4.6567 0.3088 7.0533 0.4388
Homolog T9 8.1300 (0.3523 6.2000 0.2511
Homolog E9 5.3233 0.5233 5.6900 0.4903
Homolog T10 §.5333 0.1601 5.5900 0.2237
Homolog E10 4.4000 1.0149 3.5900 0.1442
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Homolog T11 9.8467 1.4374 4.9233 0.4074
Homolog Ell 7.0567 I.5872 3.1167 02010
Homolog T12 8.5900 0.5401 5.2733 0.2935
Homolog E12 5.2633 0.3374 6.0800 0.5164
Homolog T13 99567 0.3324 5.7200 0.4267
Homolog E13 56333 0.2360 5.6900 0.3729
Homolog T14 6.7700 0.7022 4.7200 0.3612
Homolog E14 6.0167 (.4890 57100 0.1793
Homolog T15 7.8033 0.7075 5.2333 0.2302
Homolog E15 5.0700 (1.5543 6.0500 0.5696

Example 12

f0025%  Next, to benchmark the RecT-based REDIT design, it was compared with three
categories of existing HDR-enhancing tools (FIGS. 28A and 28B): DNA repair enzyme CilP
fusion with the Cas9 (Cas9-HE), a fusion of the functional domain {amino acids 1 to 110} of human
Geminin protein with the Cas9 (Cas®-Gem), and a small-molecule enhancers of HDR via cell cycle
control, Nocodazole. Across endogenous targets tested, the RecT-based REDIT design had
favorable performance compared with three alternative strategies (Figure 3C). Furthermore, the
RecT-based REDIT design, which putatively acted through activity independently from the other
approaches, may synergize with existing methods. To test this hypothesis, RecT-based REDIT
design was combined with three different approaches {conveniently through the MS2-aptamer)
(FIG. 28A, right). The RecT-based REDIT design could indeed further enhance the HDR-

promoting activities of the tested tools (FIG. 28C).

Example 13

[00268] The effect of teruplate HA lengths on the editing efficiency of REDIT was quantified
when using the canonical HDR donor bearing HAs of at least 100 bp on each side (FIG. 29A, left).
Higher HDR rates were observed for both Cas? and ReeT groups with increasing HA lengths, and
REDIT effectively stimulated HDR over CUas9 using HA lengths as short as ~100bp each side.
When supplied with a longer template bearing 600-800 bp total HA, RecT achieved over 10%
HDR efficiencies for kb-scale koock-in without selection, significantly higher than the 2-3%
efficiency when only using Cas9. Recent reports identified that using donor IDINAs with shorter

HAs (usually between 10 and 50 bp) could sigruficantly stimulate knock-in efficiencies thanks to
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the high repair activities from the Microhomology-mediated end joining (MMED) pathway.
Knock-in efficiencies of the REDIT-based method were compared with Cas9, using donor BNA
with Obp (NHEI-based), 10bp or 50bp (MMEJ-based) HAs. The results demonstrated that short-
HA donors leveraging MMET mechanisms yielded higher editing efficiencies compared with HDR
donors (FIG. 29A, right). At the same time, REDIT was abie to enhance the knock-in efficiencies
as long as there is HA present (no effect for the Obp NHEJ dovor). This effect i1s particularly
significant with The 10 bp donors in which there was a significant effect, were chosen for further
characterization and comparison with the HDR donors.

{00261 The knock-in cells were clonally isolated and the target genomic region was amplified
using primers binding completely outside of the donor DN As for colony Sanger sequencing (FIG.
298, Junction sequencing analysis (~48 colonies per gene per condition) revealed varying degrees
of indels at the 57~ and 3’- knock-in junctions, including at single or both junctions (FIG. 29C).
Overall, HDR donors had better precision than MMEJ donors, and REDIT modestly improved the
knock-in vield compared with Cas9, though junction indels were still observed.

{80262} Furthermore, the efficiencies of REDIT and Cas9 were compared when making
different tengths of editivg. For longer edits, 2-kb konock-in cassettes were used (FIG. 29D}, and
for shorter edits single-stranded oligo donors (3sODN) were used. When the knock-in sequence
iength was increased to ~2-kb using a dual-mKate/GFP template, REDIT maintained its HDR-
promoting activity compared with Cas9 across endogenous targets tested (FIG. 29D). For ssODN
tests, at two well-established loci EMXT and VEGEA, REDIT and Cas9 were used to introduce
12-16-bp exogenous sequences. As ssODN templates are short (<1100 bp HAs on each side), nexi-
generation sequencing {NGS) was used to quantify the editing events. Comparable levels of indels

were observed between Cas® and REDIT with improved HDR efficiencies using REDIT.

Fxample 14

{60263}  The sensitivity of REDIT s ability to promote HDR in the presence or absence of two
distinctive pharmacological inhibitors of RADS, BO2 and RI-1 (FIG. 31A). As expected, for
Cas9-based editing, RADS1 inhibition significantly lowered HDR efficiencies (FIGS. 31B, 31C,
and 324}, lotriguingly, RADS] inhibition decreased REDIT and REDITdn efficiencies only
maoderately, as both REDIT/REDITdn methods maintained significantly higher knock-in

efficiencies compared with Cas®/Cas9dn under RADST inhibition.
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{00264]  Mirin, a potent chemical inhibitor of DSB repair, which has also been shown to prevent
MRN complex formation, MRN-dependent ATM activation, and inhibit Mrell exonuclease
activity was also used. When treating cells with Mrining, only the editing efficiencies of Cas?
reference experiments were affected by the Miring treatment, whereas the REDIT versions were
essentially the same as vehicle-treated groups across all genomic targets (FIG. 32A).

[802658] To test if cell cycle inhibition affected recombination, cells were chemically
synchronized at the G1/S boundary using double Thymidine blockage (DTB). REDIT versions
had reduced editing efficiencies under DTB treatment, though it maintained higher editing
efficiencies under IINA repair pathway inhibition, compared with Cas9 reference experiments,
when Miring RI-1, or BO2Z were combined with DTB treatment (F1G. 32B).

j80266]  Tovalidate REDIT in different contexts, REDIT was applied in human embryouic stem
cells (hESCs) to test their ability to engineer long sequences in non-transformed human cells.
Robust stimulation of HDR  was observed across all three genomic sites (HSP904A41, ACTE,
QCT4/POUSEFTDY using REDIT and REDITdn (FIGS. 31D and 31E). Of note, REDIT and
REDITdn editing used donor DNAg with 200-bp HAs on each side and achieved up to over 5%
efficiency for kb-scale gene-editing without selection compared with ~1% efficiency using von-
REDIT methods. Additionally, REDIT improved knock-in efficiencies in A549 (lung-derived),
HepG2 (liver-derived), and Hela (cervix-derived)} cells, demonstrating up to ~15% kb-scale
genomic knock-in without selection. This improvement was up to 4-fold higher than the Cas9

groups, supporting the potential of using REDIT methods in different cell types.

Fxample 15

1002671 In vivo use of dCas9-EcRecT (SAFE-dCas®) was tested using cleavage free dCas9
editor via hydrodynamic tail vein injection. The gene editing vectors and template DNA used are
shown in FIG. 33A. A gene editing vector (60 ug) and termplate DNA (60 pg) were injected via
hydrodynamic tail vein injection to deliver the components to the mouse. Successtul gene editing
of Hiver hepatocytes was monitored by transgene-encoded protein expression from the albumin
locus. A schematic of the experimental procedure is shown in FIG. 33F

{00268] At approximately seven days after injection, the perfused mice livers were dissected.
The lobes of the liver were homogenized and processed to extract liver genomic DNA from the

primary hepatocytes. The extracted genomic DNA was used for three different downstream
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analyses: 13 PCR using knock-in-specific primers and agarose gel electrophoresis (FIG. 34A); 2)
Sanger sequencing of the knock-in PCR product (F14G. 34B); 3) high-throughput deep sequencing
of the knock-in junction to confirm and quantify the accuracy of gene-editing using SAFE-dCas®
in vivo (FIG. 34C). Each downstream analysis confirmed kuock-in success with |

f00269] In addition, in vivo use was tested using adeno-associated virus (AAV) delivery into
LTC mice lungs. LTC mice include three genome alleles: 1) Lkbl {flox/flox) allele allows Lkb1-
KO when expressing Cre; 23 R26{(LSL-TdTom) allele aliows detection of AAV-transduced cells
via TdTom red fluorescent protein; and 3) HI I(LSL-Cas9) allele aliows expression of Cas® in
AAV-transduced cells. Schematics of the RED] gene editing vector and Cas® controf vectors are
shown in FIG. 35A. As shown in FIG. 35B, successful gene editing using the gene editing vector
ieads to Kras alleles that drive tumor growth in the lung of the treated mice.

f002701  Approximately fourteen weeks after the AAV injection, perfused mice lungs were
dissected. Fixed lung tissue was used for imaging analysis to identify tumor formation from
successful gene-editing (FIG. 35C). Quantification of the surface umor number via imagining
analysis showed increased gene-editing efficiencies and total number of tumors in the REDIT

treated mice (FIG. 35C).

Escherichia coli RecE amine acid sequence (SEQ 1D NOG:1):
MSTKPLFLLRKAKKSSGEPDVVLWASNDFESTCATLDYLIVKSGKKLSSYFRKAVATNFP
VVNDLPAEGEIDFTWSERYQLSKDSMTWELKPGAAPDNAHYQGNTNVNGEDMTEIEEN
MLLPISGQELPIRWLAQHGSEKPVTHVSRDGLOALHIARAEELPAVTALAVSHKTSLLDP
LEIRELHKLVRDTDKVFPNPGNSNLGLITAFFEAYLNADYTDRGLLTKEWMEKGNRVSHI
TRTASGANAGGGNLTDRGEGHFVHDLTSLARDVATGYVLARSMDLDIYNLHPAHAKRIEE]
TAENKPPFSVFRDKFITMPGGLDYSRAIVVASVKEAPIGIEVIPAHVTEYLNKVLTETDHA
NPDPHIVDIACGRSSAPMPQRVTEEGKQDDEEKPOQPSGTTAVEQGEAETMEPDATEHHQ
DTQPLDAQSQVNSYDAKYQELRAELHEARKNIPSKENPYDDDKLLAASRGEFVDGISDPN
DPEKWVKGIQTRDCVYQNQPETEKTSPDMNQOPEPVVQOEPEIACNACGQTGGDNCPDCG
AVMGDATYQETFDEESQVEAKENDPEEMEGAEHPHNENAGSDPHRDCSDETGEVADP
VIVEDIEPGIYYGISNENYHAGPGISK SOLDDIADTPALYLWREKNAPYDTTIKTKTLDLGT
AFHCRVLEPEEFSNRFIVAPEFNRRTNAGKEEEKAFLMECASTGKTVITAEEGRKIELMY
QSVMALPLGOWLVESAGHAESSIYWEDPETGILCRCRPDKIIPEFHWIMDVKTTADIQRY
KTAYYDYRYHVODBAFYSDOYEAQFGVOPTRFVFLVASTTIECGRYPVEIFMMGEEREAKLA
GOQGEYHRNLRTLADCLNTDEWPA IKTLSLPRWAKEYAND

Escherichia coli RecE 587 amino acid sequence (SEQ ID NO:2):

ADPVIVEDIEPGIY Y GISNENYHAGPGVSKSQLDDIADTPAL YLWRKNAPYVDTTKTKTLD
LGTAFHCRVLEPEEFSNRFIVAPEFNRRTNSGKEEEKAFLRECASTGRKTVITAEEGRKIEL
MYQSVMALPLGOWLVESAGHAESSIYWEDPETAILCRCRPDKIIPEFHWIMDVKTTADI

7
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QRFKTAYYDYRYHVQDAFYSDGYEAQFGVQPTFVFLVASTTIECGRYPVEIFMMGEEA
KLAGQLEYHRNLRTLADCINTDEWPAIKTLSLPRWAKEY AND*

Escherichia coli CTD ReckE amino acid sequence (SEQ 1D NG:3):
GISNENYHAGPGYSKSQLDDIADTPALYLWREKNAPVDTTKTKTLDLGTAFHCRYLEPEE
FSNRFIVAPEFNRRTNSGKEEEKAFLRECASTGKTVITAEEGRKIELMYQSVMALPLGOW
LVESAGHAESSIYWEDPETAILCRCRPDKHPEFHWIMDVKTTADIGRFKTAYYDYRYHY
ODAFYSDGYEAQFGYOPTFVFLVASTTIECGRYPVEIFMMGEEAKLAGOLEYHRNLRTL
ADCLNTDEWPAIKTLSLPRWAKEYAND*

Pantoea brenneri RecE amino acid sequence (SEQ ID NGOy
MOPGIYYDISNEDYHRGAGISKSQLDDIAISPAIYQWRKHAPVDEEKTAALDLGTALHCL
LLEPDEFSKRFQIGPEVNRRTTAGKEKEKEFIERCEAEGITPITHDDNREKLKLMRDSALAH
PIARWMLEAQGNAEASIYWNDRDAGVLSRCRPDKITEFNWCVDVKSTADIMKFQKDF
YSYRYHVQDAFYSDGYESHFHETPTFAFLAVSTSIDCGRYPYGVFIMDQGAKDAGRAE
YRKRNIHTFAECLSRNEWPGIATLSLPFWAKELRNE

Type-F symbiont of Plautia stali RecE amine acid sequence (SEQ ID NO:5)p:
MOPGIYYDISNEDYHGGPGISKSQLDDIAISPAIYOQWRKHAPVDEEKTAALDLGTALHCL
LLEPDEFSKRFEIGPEVNRRTTAGKEKEKEFMERCEAEGYTPITHDDNRKLRLMRDSAM
AHPIARWMLEAQGNAEASIYWNDRDTGVLSRCRPDKHTDFNWCVDVEKSTADIKFQKD
FYSYRYHVODAFYSDGYESHFDETPTFAFLAVSTSIDCGRYPVOVFIMDQGAKDAGRAE
YKRNIHTFAECLSRNEWPGIATLSLPYWAKELRNE

Providencia sp. MGF014 RecE amino acid sequence (SEQ ID NO:6):
MEEGIYYNISNEDYHNGLGISKSQLDLINEMPAEYIWSKEAPVDEEKIKPLEIGTALHCLL
LEPDEYHKRYKIGPDVNRRINVGKEKEREFFDMCEKEGITPITHDDNRKLMIMRDSALA
HPIAKWCLEADGVSESSIYWTDKETDVLCRCRPDRUTAHNYHDVESSGDIEKFDYEYYN
YRYHVOQDAFYSDOGYKEVTGITPIFLFLVVSTKIDCGRKYPVRTYVMSEEAKSAGRTAYK
HNLLTYAECLKTDEWAGIRTLSLPRWAKELRNE

Shigella sonnei RecE amino acid sequence (SEQ ID NO:T):
DRGLLTKEWRKGNRVSRITRTASGANAGGGNLTDRGEGFVHDLTSLARDIATGVLARS
MDVDIYNLHPAHAKRIEEHAENKPPFSVFRDKFITMPGGLDYSRAIVVASVKEAPIGIEVI
PAHVTAYILNKVLTETDHANPDPEIVDIACGRSSAPMPQRVTEEGKOQDDEEKLOPSGTTA
DEQGEAETMEPDATKHHQDTQPLDAQSQVNSVDAKYQELRAELHEARKNIPSKNPVDA
DKLLAASRGEFVDGISDPNDPKWVKGIGTRDSVYQNQPETEKTSPDMKQPEPVYVQQEPE
IAFNACGQTGGDNCPDCGAVMGDATYOQETFDEENQVEAK ENDPEEMEGAEHPHNENA
GSDPHRDCSDETGEVADPVIVEDIEPGIYYGISNENYHAGPGVSKSQLDDIADTPALYLW
RKNAPVDTTKTKTLDLGTAFHCRVLEPEEFSNRFIVAPEFNRRTNAGKEEEKAFLMECA
STGKMVITAEEGRKIELMYQSVMALPLGOWLVESAGHAESSIYWEDPETGILCRCRPDK
HPEFHWIMDVKTTADIQRFKTAYYDYRYHVQDAFYSDGYEAQFGVOPTFVFLVASTTIE
CGRYPVEIFMMGEEAKLAGOQLEYHRNLRTLADCLNTDEWPAIKTLSLPRWAKEYAND

Pseadobacteriovorax antillogorgiicola RecE amino acid sequence (SEQ 1D NO:8):

~d
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MSKLSNLEKVSNSDVDTLSRIRMEKEGVYRDLPIESYHOSPGY SKTSLCOIDKAPIVIKTKY
POKSTKSLNIGTAFHEAMEGVFKDKYVVHPDPGVNKTTKSWRKDFYVRKRYPKHMPLKRSE
YDOVLAMYDAARSYRPFOQRYHLSRGFYESSFYWHDAVTNSLIKCRPDYITPDGMSVIDF
KTTVDPSPKGFQYQAYKYHYYVSAALTLEGIEAVTGIRPKEYLFLAVSNSAPYLTALYR
ASEKEIALGDHFIRRSLLTLKTCLESGKWPGLQEEILELGLPYSGLKELREEQEVEDEFME
LVG

Escherichia coli ReceT amino acid sequence (SEQ 1D NO:S):
MTKQOPPIAKADLOKTOQGNRAPAAVKNSDVISFINGPSMEEQLAAALPRHMTAERMIRIA
TTEIRKVPALGNCDTMSFVSAIVQCSQLGLEPGSALGHAYLLPFONKNEKSGEKKNVQLE
GYRGMIDLARRSGOIASLSARVYREGDEFSFEFGLDEKLIHRPGENEDAPVTHVYAVAR.
LKDGGTQFEVMTREKQIELVRSLSKAGNNGPWVTHWEEMAKK TAIRRLFKYELPVSIEIQR
AVSMDEKEPLTIDPADSSVLTGEYSVIDNSEE®

Pantoea brenneri RecT amino acid sequence (SEQ ID NG:10):
MSNOPPIASADLOQKTQOSKQVANKTPEQTLVGFMNGQPAMESOLAAALPRHMTADRMI
RIVITEIRKTPOLAGCDOSSFIGAVVOQCSOLGLEPGSALGHAYLLPFGNGRSKSGOSNV(
LHGYRGMIDLARRSGOIVSLEARVVRADDEFSFEYGLDENLVHRPGENEDAPITHVYAV
ARLKDGGTQFEVMTVEQVEKVKAQSKASSNGPWYTHWEEMAKKTVIRRLFKYLPVSI
EMQKAVVLDEKAESDVDODNASVLSAEYSVLESGDEATN

Type-F symbiont of Plautia stali RecT amino acid sequence (SEQ ID NO:11):
MSNQPPIASADLOKTQOSKQVANKTPEQTLYGEFMNGPAMKSGLAAALPRAMTADRMI
RIVITEIRKTPALATCDQSSFIGAVVQCSQLGLEPGSALGHAYLLPFGNGRSKSGQSNV(
LHGYRGMIDLARRSGQIVSLSARVVRADDEFSFEYGLDENLIHRPGDNEDAPITHVYAYV
ARLKDGGTQFEVMTAKQVEKVKAQSKASSNGPWVTHWEEMAKKTVIRRLFKYLPYSI
EMOKAVVLDEKAESDVDQOQDNASVLSAEY SVLEGDGGE

Providencia sp. MGEF014 RecT amino acid sequence (SEQ 1D NO:12)p
MSNPPLAQSDLOKTOGTEVK VK TKDGOLIGFINGPSMKAGLAAALPRHMTPDRMIRIVT
TEIRKTPALATCDMQSFVGAVYQUSQLGLEPGNALGHAYLLPFGNGKAKSGOSNVQLI
GYRGMIDLARRSNGHSISARTVROGDNFHFEY GENEDLTHTPSENEDSPITHVYAVARL
KDGGVOQFEVMTYNGVEKVRASSKAGONGPWVSHWEEMAKKTVIRRLFKYLPVSIEMG
KAVVLDEKAEANVDOGENATIFEGEYEEVGTDGN

Shigella sonnei RecT amine acid sequence (SEQ ID NO:13):
MTKOPPIAKADLOKTOENRAPAAIKNNDVISFINQPSMKEHQLAAALPRHMTAERMIRIA
TTEIRKVPALGNCDTMSFVSAIVQCSQLGLEPGSALGHAYLLPFGNKNEK SGKKNVQLIT
GYRGMIDLARRSGOIASLSARVVREGDEFNFEFGLDEKLIHRPGENEDAPVTHVYAVAR
LRKDGGTOFEVMTRROIELVRSQSKAGNNGPWYVTHWEEMAKKTAIRRLFKYLPYSIEIOR
AVSMDEKEPLTIDPADSSVLTGEYSVIDNSEE

Pseudobacteriovorax antillogorgiicola ReeT amino acid sequence (SEQ ID NO: 14y
MGHLVSKTEQDYIKQHYAKGATDOQEFEHFIGVCRARGLNPAANQIYFVKYRSKDGPAK
PAFH.SIDSLRLIAHRTGDYAGUSERPIFTDGGKACTVTVRRNLE SGETGNFSGMAFYDIEQ
VOORNGRPTSFWOSKPRTMLEKCAEAKALRKAFPOQDLGQFYIREEMPPOYDEPIQVHE
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PKALEEPRFSKSDLSRRKGLNREKLSALGVDPSRFDEVATFLDGTPDRELGOKLKLWLKE
AGYGVNQ

SV40 NLS amino acid sequence (SEQ ID NQ:16):
PKKKREY

Tyl MLS amine acid sequence (SEQ ID NO:17):
NSKKRSLEDNETEIKVSRDTWNTKNMRSLEPPRSKKRIH

e-Mye NLS amines acid sequence (SEQ 1D NG:18):
PAAKRVKLD

biSV40 NLS amino acid sequence (SEQ 1D NO:19%):
KRTADGSEFESPKKKRKY

Mut NLS amino acid sequence (SEQ 1D NO:20):
PEKKRRRPSGSVPVLARPSPPKAGKSSCI

Template DNA sequences (underlining marks the replaced or inserter editing seguences)

EMX1 HDR template sequence (SEQ 1D NG9
CATTCTGCCTCTCTGTATGGAAAAGAGCATGGGGCTGGCCCGTGGGGTGGTGTCCAC
TTTAGGCCCTGTGGGAGATCATGGGAACCCACGCAGTGGG T cataggeteteteatitactactcacat
ccactetgtgaagaagegattatgatetetectetagasaCTCGTAGAGTCCCATGTCTGCCGGUTTCCAGAG
CCTGCACTCCTCCACCTTIGGCTTGGCTTTGCTGGGGCTAGAGGAGCTAGGATGCACA
GCAGCTCTGTGACCCTTTIGTTTGAGAGGAACAGGAAAACCACCCTTCTCTCTGGCCC
ACTGTGTCCTCTTCCTGCCCTGCCATCCCCTTCTGTGAATGTTAGACCCATGGGAGCA
GCTGGTCAGAGGGGACCCCGGLCTGGGGCCCCTAACCCTATGTAGCCTCAGTCTTICC
CATCAGGCTCTCAGUTCAGCCTGAGTGTTGAGGCCCCAGTGGCTGUTCTGGGGHCCT
CCTGAGTTICTCATCTGTGCCCCTCCCTCCCTGGCCCAGGTGAAGGTGTGGTTCCAG
AACCGGAGGACAAAGTACAAACGGCAGAAGCTGGAGGAGGAAGGGCCTGAGTCCG
AGCAGAAGAAGAAGGGUTCCCATCACATCAACCGOGTGOCGCATTGCCACGAAGCAG
GCCAATGGGOAGGACATCGATGTCACCTCCAATGACTCGGATGTACACGGTICTGCA
ACCACAAACCCACGAGGGCAGAGTGCTGCTTGCTGCTGGCCAGGCCCCTGCGTGGG
CCCAAGCTGGACTCTGGCCACTCCCTGGCCAGGCTTTGGGGAGGCCTGGAGTCATGG
CCCCACAGGGCTTGAAGCCCGGGGCCGCCATTGACAGAGGGACAAGCAATGGGLTG
GCTGAGGCCTOGGGACCACTTGOCCTTCTCCTCGGAGAGUCCTGCCTGCCTGRGUGGEC
CCGCCCGCCACCGCAGCCTCCCAGCTGUTCTCCGTGTCTCCAATCTCCCTTTTGTTTT
GATGCATTTCTGTITTTAATTTATTTITCCAGGCACCACTGTAGTTTAGTGATCCCCAGT
GTCCCCCTTCCCTATGGGAATAATAAAAGTCTICTCTCTTAATGACACGGGCATCCAG
CTCCAGCCCCAGAGCCTGGGLTGGTAGATTCCGGCTCTGAGGGCCAGTGGGGGCTG
GTAGAGCAAACGCGTTCAGGGCCTGGGAGUCTGGGGTGGGGTACTGETGGAGGGGG
TCAAGGGTAATTCATTAACTCCTCTCTTTITGTTGGGGGACCCTGOGTCTCTACCTCCAG
CTCCACAGCAGGAGAAACAGGCTAGACATAGGGAAGGGCCATCCTGTATCTTGAGG
GAGGACAGGCCCAGGTCTTTICTTAACGTATTGAGAGGTGGGAATCAGGCCCAGGTA
GTTCAATGGG
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VEGFA HDR template sequence (SEQ 1D N{:80):
AGGTTTGAATCATCACGCAGGCCCTGGCCTCCACCOGCCCCCACCAGCCCCCTOGEC
TCAGTTCCCTGGCAACATCTGGGGETTGGGGGOGCAGCAGGAACAAGGGCCTCTGETC
TOGCCCAGCTOCCTICCCCCTTTGGOTTTITGCCAGACTCCACAGTGCATACGTGGECTC
CAACAGGTCCTCTTCCCTCCCAGTCACTGACTAACCCCGGOAACCACACAGCTTCCCG
TTecicagetecacaaactiggtaccaaatictictccoctgggaageatecciggacacticooaaaggaccecagicactocagectgttg
gctgecgetcactttgaigictgeaggecagatgagggetccagaiggeacatigicagagggacacacigtggeccetgtgeccageoct
gggcictcigtacatgaageaactceagicecaaatatgtagetgttigegaggicagaaataggeeotcCaggageaaactceceeeace
ceetticcaaageccaticectciitagocagagecggggtatocagacgacagtcactaggggacactcggocaccacagggaagcty
ggtgaatggagegageagegicticgagagtgaggacgtgtgigicigtategateagigagteteCoc ACTCTAGAGetgiCe
Tgttgagggegtteggagegggeagaaggecaggggicactocaggaticcaatagatetgtetgtecctetecccaccegicectgtecg
getetecgecticeactgoccecticaatattectageaaagagggaacggetcicaggecctgtecgeacgiaaccteacttcctgetecct
cctogecaatgeccegegggegegtgtetctggacagagtiteceggggecgeatggetaattticaggetgtgaacctiggigggatoga
getteeecticattgegeegguctGCGGGUCAGGUTTCACTGAGUCGTCCGCAGAGCCCGGGCCLGA
GCCGCOETOTGGAAGGGUTGAGGUTCOGCUT G T eeecgeececeggegegggocggrggcgagaiceogg
cgggecgg AGCCATGCGCCCCCOC Ottt AAAAGTCGGCTGOGTAGCGGGGAGGATCGC
GOGAGGUTTGGOGCAGLCGOGTAGUTCGGAGHGTCGTGGUGCTGGGGGUTAGLACCAG
CGCTCTGTCGGGAGGCGCAGCGOGTTAGGTGGACCGOTCAGCGGACTCACCGGCCAG
GGCGOTCGGTGCTGGAATTTGATATTCATTGATCC GG Gt tatcoctottctittticttaaacattittitt A
AAACTGTATTGTTTCTCGTTTITAATTITATTTTTGCTTGCCATTCCCCACTTGAAT

DYNLTI HDR template sequence (SEQ 1D NO:81):
AGTGACCTGTGTAATTATGCAGAAGAATGGAGCTGGATTACACACAGCAAGTTCCOT
GCTTCTGGGACAGCTCTACTGACGGTATGATTTITCATTCATGTTIGTGAAGTTTTGTIT
GTGTGAAATATATGACTGGAAGTTTICCTATCTTTGAATGCAATGCATGTTTATCACCT
TTTAAAACATTTAATAATAGACTTGCCAAGGTTCTTTGTGTAGCATAGAGATGGGTA
CTTGAATGTTGGCCTTATTGTGAGTAAAACGTCGTCCCCCAGCTITCCCTGCCGTAAA
TGCTGCTCTCTITCCCTCCCGCAGGOAGUTGCACTGTGCGATGGGAGAATAAGACCAT
GTACTGCATCGTCAGTGLCCTTCGGACTOTCTATTGRAAGCGGAGCTACTAACTTICAG
CCTGCTGAAGCAGGCTGGAGACGTGGAGGAGAACCCTGGAC CTgccaccatggtoagepagct
gattaaggagaacalgcacalgaagcistacatggagoocacceigaacaaccaccacticaagigcacalccgageoceaagecaagse
cetacgagggeacccagaceatgagaatcaagyoggtegageocooceetctecocticgecticgacatectggctaccagettcatgta
cggcagcaaaaccticatoaaccacacccagegcatccccgactictitaagcagtecticeccgageecticacatgsoasasagtcace
acatacgaagatgogooegigctoacegotacecaggacaccageciceaggacegetgectcatetacaacgicaagatcagaggost
gaacticccatscaaceeceoleleal 2cagaasaaracacticeectooraoocciCCacCSasacactelacseegeiSacsecsuce
fgeaaggcagascogacatggccctgaageicgtogocoooooccaceigatctecaaceiiaagaccacatacagaiccaagaaacee
golaagaacetcaagatgcccggcaictactiatelosacasoaoactogasasantiCaageagocesacalagagacalacsiceasca
scacgaggteoctotpoccagatactgcoacctecctageaaactogeocacaaacttaaticc TAACCaGCIGTCCIGCCT
ATGGCCTTTCTCOCTTTITGTICTCTAGTTCATCOTCTAACCACCAGCCATGAATTCAGTG
AACTCTTTTICTCATTCTCTTTGTTITGTGGCACTTTCACAATGTAGAGGAAAAAACCA
AATGACCGCACTGTGATGTGAATGGCACCGAAGTCAGATGAGTATCCCTIGTAGGTC
ACCTGCAGCCTGUOTTGUCCACTTIGTCTTAACTCTGAATATTTCATTITCAAAGGTIGCTA
AAATCTGAAATCTGCTAGTGTGAAACTTGCTCTACTCTCTGAAATGATTCAAATACA
CTAATTTTCCATACTITATACTTTTOTTAGAATAAATTATTCAAATCTAAAGTCTGTT
GTOGTTCTTCATAGTCTGCATAGTATCATAAALCG

81



WO 2023/034925 PCT/US2022/075850

HEP98AAT HDR template sequence (SEQ 1D NG:82):
GCAGCAAAGAAACACCTGGAGATAAACCCTGACCATTCCATTATTGAGACCTTAAG
GCAAAAGGCAGAGGCTGATAAGAACGACAAGTCTGTGAAGGATCTGGTCATCTTGC
TTTATGAAACTGCGCTCCTGTCTTICTGGCTTCAGTCTGGAAGATCCCCAGACACATG
CTAACAGGATCTACAGGATGATCAAACTTGGTCTGGGTAAGCCTTATACTATGTAAT
GTTAAAAAGAAAATAAACACACGTGACATTGAAGAAAATGGTGAACTTTCAGTTAT
CCAAACTTGGAGCACCTTGTCCTGCTTGCTGCTTGGAGGTATTAAAGTATGUIHHAGG
GATAAGTAAGGTCTTACAAGAGCAAAGAAATGAAATTGAGACTCATATGTCCTGTA
ATACTGTCTTGAAAGCAGATAGAAACCAAGAGTATTACCCTAATAGCTGGCTTTAAG
AAATCTTTGTAATATGAGGATTITTATTTTGGAAACAGGTATTGATGAAGATGACCCT
ACTGCTGATGATACCAGTGCTGUTGTAACTGAAGAAATGCCACCCCTTGAAGGAGAT
GACGACACATCACGCATGGAAGAAGTAGACGUAAGLGGAGCTACTAACTTICAGCCT

GCTGAAGCAGGCTGOAGACGTGUAGGAGAACCCTGGAC C T ateagcgagetoattaageagaaca

igcacaigaagcigiacatggagoocaccgtzaacaaccaccacticaastscacateceaeeeceaaeecaasceciacgageurac

ticatcaaccacacceaggecatcecegacttctitasgeagtocticcecgaggecticacategeagacaateaceacatacgaagates
otoctgaccgctacceaggacaccageciceaggacegctoccicatctacaacgicaagatcagaggggtgaacticecaiccas
cggccctatoatacagaacaaaacacicggctioooasacctocacegagacactataccecoctoacegeagcclogaasecagane
cgacatggecctgaageteptopocapagoccacctgateigcaacetiaacaccacatacagatccaagaaacccgctaagaacctoas
gatgccoggogtctactalotopacageagactsoaaagaatcaaggagaccoacaaagagacatacgicgagcageacgagatooct
gtggecagatactecgacctecctageaaactggeecacasacttaattcc TARATCTgTGGUTGAGGGATGACTTA
CCTGTTCAGTACTCTACAATTCCTCTGATAATATATTTTCAAGGATGTTTTTCTTTATYT
TTTOGTTAATATTAAAAAGTCTGTATGGCATGACAACTACTTTAAGGGGAAGATAAGA
TTTCTGTCTACTAAGTGATGCTGTGATACCTTAGGCACTAAAGCAGAGCTAGTAATG
CTTTTTGAGTTTCATGTTGGTTTATTTTCACAGATTGGGGTAACGTGCACTGTAAGAC
GTATGTAACATGATGTTAACTTTGTGOTCTAAAGTGTTTAGCTGTCAAGCCGGATGC
CTAAGTAGACCAAATCTTGTTATTGAAGTGTTICTGAGCTGTATCTTGATGTTITAGAA
AAGTATTCGTTACATCTTGTAGGATCTACTTTITTGAACTTITTCATTICCUTGTAGTTGA
CAATTCTGCATGTACTAGTCCTCTAGAAATAGGTTAAACTGAAGCAACTTGATGGAA
GGATCTCTCCACAGGGCTTGTTTTCCAAAGAAAAGTATTGTTTGGAGGAGCAAAGTT
AAAAGCCTACCTAAGCATATCGTAAAGCTGTTCAAAAATAACTCAGACCCAGTCTTG
TGGA

288¢

AAVYSI HDR template sequence (SEQ [D NO:83)

gatgetetttocggageacticcticteggegetgeaccacgtgatgiccteigageggatecteceegtgtetgggtectetecgggeatete
iccteccteacccaacoccatgeegicticactegetggaticectittcctictectictggegectgtgecatctictogtitctiaggatggectt
cieegacggatgictecctigegiceoegecteceeticitgtaggectgeateatcacegtittictggacaaccecaaagtaceccgictecct
spctttagecacctotcoatectcitpetttetitpectggacacceegtictectgiggatticaggptcaccicteactcottteatttggpoageic
ccetaccecccitacetetetagteigtgetageicticcageccectgicatggeaicticcaggggtocgagagetcagatagiciteticctc
caacccgggeccctatgtecacticaggacageatgtitgctgoctecagggatectgtgicecogagoetgggaccacctiataticecagg
gecggttaatgtgactetggttctggotactittatcigiccoectocaccecacagigggpcaageticigaccicticicticcioccacaggg
cotcongagatcteecascegaGOAAGLGGAGCTACTAACTTICAGUCTGCTGAAGCAGGCTGGA
GACGTGOAGGAGAACCCTGGACC Totoancgagcieattaaceacaacatocacatgasgcigtacategagooe
accgligaacaaccaccacticaagtecacalccgaggocgaaggcaagecoiacgagggcacccagaccatoagaatcaagocggicg
aggocogcccictecccticgecticgacaicctggctaceageticaiglacgocagcansaaccticalcaaccacacceaggacaleces
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ggoooccacctoalcipcaacctiaagaccacatacagatccaagaaaccegctaagaaccicaagatecccggegtciactaiotonac

aggagacigoaaagaatcasgeageccoacaaagagacalacgicgascascaceagatooctstosccagatacigegaccicecta
geaaactggegcacaaacttaatice T Aaactagggacaggattggtgacagaaaageeccatectiaggocteetecttectagtetoct
gatattgggtctaaccoccacctectgitaggeagaticottatetggtgacacaceoccatttcctggagecateteictectigecagaace
ctaaggittgcttacgatggagecagagaggaicctgggagegagagctigacaggaegiogoagggangggggeoatgcgtgaccty
cecggtictcagtggecaccetgegetacectoteccagaacetgagetgetetgacgeggetgtotggtaogtticactgatectggiacty
cagcticcttacacticccaagaggagaageagittggasaaacaaaatcagaataagtiggtoctgagtictaactiiggeteticaccttteta
gtecccaattiatatigttectcoegtgegicagtittacctgtgagataaggecagiagecageccegtoctggoaggeetgtagigaggagy
gggetgtecgtgtegaaaactcectitgigagaatgptpcgicctaggtgticaccaggticgtapgecgoctetactecetitctettictecate
ctictticcttaaagagtecceagigetatctgggacataticetcegeccagageagggiccegeticcctaaggecctgetetgggeticig
gatitgagtectigge

OCT4 HDR template sequence (SEQ ID NO:84):
GCGACTATGCACAACGAGAGGATTTTGAGGCTGCTGGGTCTCCTTTICTCAGGGGGAC
CAGTGTCCTTTCCTCTGGCCCCAGGGCCCCATTITTGGTACCCCAGGCTATGGGAGCC

CTCACTTCACTGCACTGTACTCCTCOGGTCCCTTTCCCTGAGGGGGAAGCCTTTICCCCC
TOTCTCCGTCACCACTCTGOGUTCTCCCATGCATTCAAAIGGAAGCGCAGCTACTAAC
TTCAGCCTOCTGAAGCAGGCIGGAGACOTIGLALGAGAALLCCTGUAC U Teccaccatagtoa
gegagcteattaageacaacatecacatgaagetatacatggageocacegtgaacaaccaccacticaagtacacatecgaggeceaa
ggeaageectacgagggcacceagaccateagaatcaagecpetcgacgocgpceeteteccettcpectiogacatectgectaccag
cticatgtacggcagcaaaaccticalcaaccacacccaggecatcecceactictitaagcagiccticcocgaggucticacatggnaga
gagtcaccacatacgaagategeagcatacioaccgotacooaggacaccageciecaggacggeigcctoatetacaacgicaagale

davaaam ¢ vetdaﬂaama AAZALLC ccg;zcgtf, tdutat;zt;z;za‘ududeactgwadﬂaatcdawav%c Jacaaaga gdcat

tcgageagcacgageiggctotosccagatacigegaceicestageaaactggggcacanactiaaticc TAaTGACTAG
GAATGGOGGACAGGGGGAGGGGAGGAGCTAGGGAAAGAAAACCTGGAGTTTGTGC
CAGGGTTTTTGGGATTAAGTTCTTCATICACTAAGGAAGGAATTGGGAACACAAAGG
GTGOGOGGCAGGGGAGTTTGGGGLCAALCTGOTTGGAGGGAAGGTGAAGTTICAATGATG
CTCTTGATTTTAATCCCACATCATGTATCACTTTTITICTTAAATAAAGAAGCCTGGGA
CACAGTAGATAGACACACTT

Pantoea stewartii RecT DNA (SEQ 1D N(O:85):
AGCAACCAGCCCCCTATCGCCTCCGCCGATCTGCAGAAGGCCAACACCGGCAAGCA
GGTGGCCAATAAGACCCCTGAGCAGACACTGOTGGGUTTCATGAATCAGCCAGCAA
TGAAGAGCCAGCTGGCCGCCGCCCTGCCAAGGCACATGACAGCCGATCGGATGATC
AGAATCGTGACCACAGAGATCCGCAAGACCCCCGUCCTGGUCACATGUGACCAGAG
CTCCTTCATCGGCGCCOTGGTGCAGTGTTCTCAGCTGGGCCTGGAGCCTGGCAGCGC
CCTGGGCCACGCCTACCTGCTGCCATTTGGCAACGGCCGGAGCAAGTCCGGACAGT
CCAATGTGCAGCTGATCATCGGCTATAGAGGCATGATCGATCTGGCCCGGAGATCTG
GCCAGATCGTGTCTCTGAGCGCCAGGGTGGTGCGCGCAGACGATGAGTTCTCCTTTIG
AGTACGGCCTGGATGAGAACCTGATCCACCGGOCCAGGUGAGAATGAGGACGCACCC
ATCACCCACGTGTATGCAGTGGCAAGACTGAAGGACGGAGGCACCCAGTTCGAAGT

83



WO 2023/034925 PCT/US2022/075850

GATGACAGTGAAGCAGATCGAGAAGGTGAAGGCCCAGTCCAAGGCCTCTAGCAACG
GACCCTGGOTGACCCACTGGGAGGAGATGGCCAAGAAAACCOGTCGATCAGGCGCCTG
TTTAAGTACCTOCCCOTCGAGCATCGAGATGCAGAAGGUCGTGATCCTGGATGAGAA
GGCCGAGTCTGACGTGOATCAGGACAATGCCTCCGTGCTGTCTGCCGAGTATAGCAGT
GCTGGACGGCTCCTCTGAGGAG

Pantoea stewartii RecE DNA (SEQ 1D NO:86):
CAGCCCGGCGTGTACTATGACATCTCCAACGAGGAGTATCACGCCGGCCCTGGCATC
AGCAAGTCCCAGCTGGACGACATCGCCGTGTCCCCAGCCATCTTCCAGTGGAGAAA
GTCTGCCCCCGTGGACGATGAGAAAACCGUCGUCCCTGGACCTGGOCACAGCCCTGE
ACTGCCTGCTGCTGGAGCCTGATGAGTTCTCCAAGAGGTTTATGATCGGCCCAGAGG
TGAACCGGAGAACCAATGCCGGCAAGCAGAAGGAGCAGGACTTCCTGGATATGTGC
GAGCAGCAGGGCATCACCCCTATCACACACGACGATAACCGGAAGCTGAGACTGAT
GAGGGACTCTGCCTTTGCCCACCCAGTGGCCAGATGGATGCTGGAGACAGAGGGCA
AGGCCGAGGCCTCTATCTACTGGAATGACAGGGATACACAGATCCTGAGCAGGTGL
CGCCCCGACAAGCTGATCACCGAGTTCTCTTGGTGCGTGGACGTGAAGAGCACAGC
CGACATCGGCAAGTTCCAGAAGGACTTCTACAGCTATCGCTACCACGTGCAGGACG
CCTTCTATTCCCGATGGUTACGAGGCCCAGTTTTGCGAGGTGCCAACCTTCGCCTTTCT
GGTGGTGAGCTCCTCTATCGATTGTGGCCGGTATCCCGTGCAGGTGTTTATCATGGA
CCAGCAGGCAAAGGATGCAGGAAGGGCCGAGTATAAGCGGAACCTGACCACATAC
GCCGAGTGCCAGOCAAGGAATGAGTGGUCTGGCATCGCCACACTGAGCCTGLCTTA
CTGGGCCAAGGAGATCCGGAATGTG

Pantoea breonert RecT DNA (SEQ 1D NO:87):
AGCAACCAGCCCCCTATCGCCTCCGCCGATCTGCAGAAAACCCAGCAGTCCAAGCA
GOTGOCCAACAAGACCCCTGAGUAGACACTGOTGOGUTTCATGAATCAGCCAGCAA
TGAAGAGCCAGCTGGCCGCCGCCCTGCCAAGGCACATGACCGCCGATCGGATGATC
AGAATCOGTGACCACAGAGATCCGCAAGACACCACAGCTGGCCCAGTGCGACCAGAG
CTCCTTCATCGGCGCCGTGGTGCAGTGTTCTCAGCTGGGLCTGGAGCCTGGCAGCGC
CCTGGGCCACGCCTACCTGCTGCCATTTGGCAACGGCCGGTCCAAGTCTGGCCAGAG
CAATGTGCAGCTGATCATCGGUTATAGAGGCATGATCGATCTGOCCCGGAGATCCG
GACAGATCGTGAGCCTGTCCGCCAGGGTGOTGCGCOGCAGACGATGAGTTCTCTTITG
AGTACGOCCTGGATGAGAACCTGGTGCACCGGCCAGGCGAGAATGAGGACGCACCO
ATCACCCACGTGTATGCAGTGGCAAGACTGAAGGACGGAGGCACCCAGTTCGAAGT
GATGACAGTGAAGCAGGTGGAGAAGGTCGAAGGCCCAGTCCAAGGCCTICTAGCAATG
GCCCCTGOGTOACCCACTOGOAGGAGATGOCCAAGAAAACCGTCGATCAGGCGCCTG
TTTAAGTACCTGCCOGTGAGCATCGAGATGCAGAAGGCCGTGGTGCTGGATGAGAA
GGCCGAGTCTGACGTGGATCAGGACAACGCCTCTOTGCTGAGCGCCGAGTATTCCGT
GCTGOAGTCTGOCGACGAGGUCACAAAT

Pantoea brenneri RecE DNA (SEQ D NO:88):
CAGCCTGGCATCTACTATGACATCAGCAACGAGGATTATCACAGGGGAGCAGGLAT
CAGCAAGTCCCAGCTGGACGACATCGCCATCTCCCCAGCCATCTACCAGTGGAGAA
AGCACGCCCCCGTGGACGAGGAGAAAACCGCCGCCCTGOATCTGGGCACAGCCCTIG
CACTGCCTGCTGCTGGAGCCTGACGAGTTCTCTAAGAGGTTTCAGATCGGCCCAGAG
GTGAACCGGAGAACCACAGCCGGCAAGGAGAAGGAGAAGGAGTTCATCGAGCGGT
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GCGAGGCAGAGGGAATCACCCCAATCACACACGACGATAATAGGAAGCTGAAGCT
GATGAGOGCGATTCCGUCCCTGGLCCACCCAATCGCAAGOTGOATGUTGGAGGCACAGG
GAAACGCAGAGGCCTCTATCTATTGOAATCGACAGAGATGCCGGCOTGUTGAGCAGG
TGCCGCCCCCGACAAGATCATCACCGAGTTCAACTOGTGCGTGGACGTGAAGTCCAC
AGCCGACATCATGAAGTTCCAGAAGGACTTCTACTCTTACAGATACCACGTGCAGGA
COGCCTTCTATTCCGATGGCTACGAGTCTCACTTTCACGAGACACCCACATTCGCCTTT
CYGGCCOGTGTCTACCAGCATCGACTGCGGCAGGTATCCTGTGCAGGTGTTTATCATG
GACCAGCAGGCAAAGGATGCAGGAAGGGCCGAGTACAAGAGAAACATCCACACCT
TCGCCGAGTGTCTGAGCAGGAATOGAGTGGCCTGOGCATCGCCACACTOTCCCTGCCTT
TTTGGGUCAAGGAGCTGUGCAATGAG

Pantoea dispersa RecT DNA (SEQ D NO:89):
TCCAACCAGCCACCTCTGGCCACCGCAGATCTGCAGAAAACCCAGCAGTCTAACCA
GGTGGCCAAGACCCCTGAGCAGACACTGGTGGGCTTCATGAATCAGCCAGCAATGA
AGAGCCAGCTGGCCGUCGCCUTGCCAAGGCACATGACCGCCGATCGGATGATCAGA
ATCGTGACCACAGAGATCCGCAAGACACCCGCCCTGGCCCAGTGCGACCAGAGCTC
CTTCATCGGAGCAGTGGTGCAGTGTAGCCAGCTGGGCCTGGAGCCTGGCTCCGCCCT
GGGCCACGCCTACCTGCTGUCATTTGGCAACGGCCGGTCCAAGTCTGGCCAGAGLA
ATGTGCAGCTGATCATCGGCTATAGAGGCATGATCGATCTGGCCCGGAGATCCGGA
CAGATCGTGAGCCTGTCCGCCAGGGTGGTGCGCGCAGACGATGAGTTICTICTITTITGAG
TACGGCCTGGATGAGAACCTGATCCACCGGLCAGGUGACAATGAGTCCGCCCCCAT
CACCCACGTGTATGCAGTGGCAAGACTGAAGGACGGAGGCACCCAGTTCGAAGTGA
TGACAGUCAAGCAGGTGGAGAAGGTGAAGGUCCAGTCCAAGGCUTCTAGCAACGG
ACCCTGGOTGACCCACTGGGAGGAGATGGUCAAGAAAACCGTGATCAGGUGCCTGT
TTAAGTACCTGCCCGTGAGCATCGAGATGCAGAAGGCCGTGGTGCTGGACGAGAAG
GCCGAGAGCGACGTGGATCAGGACAATGCCTCTOTGCTGAGCGUCGAGTATTCCGT
GCTGGAGTCTGGCACAGGCGAG

Pantoea dispersa RecE DNA (SEQ 1D NO:%0):
GAGCCAGGCATCTACTATGACATCAGCAACGAGGCCTACCACTCCGGCCCCGGCAT
CAGCAAGTCCCAGCTGGACGACATCGCCAGGAGCCCTGCCATCTTCCAGTGGUGCA
AGGACGCCCCAGTGGATACCGAGAAAACCAAGGUCCTGGACCTGGGCACCGATTTC
CACTGCGCCGTGCTGGAGCCAGAGAGGTTTIGCAGACATGTATCGCGTGGGCCCTGA
AGTGAATCGGAGAACCACAGCCGGUAAGGUCGAGGAGAAGGAGTTCTTTGAGAAGT
GTGAGAAGGATGGAGCCGTGCCCATCACCCACGACGATGCACGGAAGGTGGAGCTG
ATGAGAGGCTCCGTGATGGCCCACCCTATCGCCAAGCAGATGATCGCAGCACAGGG
ACACGCAGAGGCCTCTATCTACTGGCACGACGAGAGCACAGGCAACCTGTGCCGGT
GTAGACCCGACAAGTTTATCCCTGATTGGAATTGGATCGTGGACGTGAAAACCACA
GCCGATATGAAGAAGTTCAGGCGCGAGTTTTACGATCTGCGGTATCACGTGCAGGA
CGCCTTICTACACCGATGGCTATGCCGCCCAGTTTIGGCGAGCGGCCTACCTTCGTIOTT
TGTGGTGACATCCACCACAATCGACTGCGGCAGATACCCCACCGAGGTGTTCTTTCT
GOATGAGGAGACAAAGGCCGCCGOCAGGTCTCAGTACCAGAGCAACCTGGTGACCT
ATTCCGAGTGTCTGTCTCGCAATGAGTGGCCAGGCATCGCCACACTGTICTCTGCCCC
ACTGGGCCAAGGAGCTGAGGAACGTG
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Type-F symbiont of Plautia stali RecT DNA (SEQ ID NO:91):
TCCAACCAGUCCCCTATCGCCTCTGCCGATCTGCAGAAAACCCAGCAGTCTAAGCAG
GTGGCCAACAAGACCCCTGAGCAGACACTGGTGGGCTTCATGAATCAGCCAGCAAT
GAAGTCCCAGCTGGCCOCCGCCCTGCCAAGGCACATGACAGCCGATCGGATGATCA
GAATCGTOGACCACAGAGATCCGCAAGACCCCCGUCCTOGUCACATGUGACCAGAGC
TCCTTCATCGGAGCAGTGGTGCAGTGTAGCCAGCTGGGCCTGGAGCCTGGCTCCGLC
CTGGGCCACGCCTACCTGCTGCCATTTGGCAACGGCCGGTCCAAGTCTGGCCAGTCT
AATGTGCAGCTGATCATCGGCTATAGAGGCATGATCGACCTGGCCCGGAGAAGCGG
ACAGATCGTGAGCCTGTCCGCCAGGGTGGTGCGCGCAGACGATGAGTTCTICCTITTGA
GTACGGUCTGGATGAGAACCTGATCCACCGGCCAGGCGATAATGAGGACGCCCCCA
TCACCCACGTGTATGCAGTGGCAAGACTCGAAGCGACGGAGGCACCCAGTTCGAAGTG
ATCGACAGCCAAGCAGGTGGAGAAGGTGAAGGCCCAGAGCAAGGCCTCTAGUAACG
GACCCTGGOTOACCCACTGOCGAGGAGATOGGCCAAGAAAACCOTCGATCAGGCGCCTG
TTTAAGTACCTGCCCGTGAGCATCGAGATCGCAGAAGGCCGTGGTGCTGGATGAGAA
GGCCGAGAGCGACGTGUGATCAGCGACAATGCCTCTGTGCTGAGCGCCGAGTATICCG
TGCTGGAGGGCCGACGGCGGUGAG

Type-F symbiont of Plautia stali RecE DNA (SEQ 1D NG:92):
CAGCCTGGCATCTACTATGACATCAGCAACGAGGATTATCACGGCGGCCCTGGCATC
AGCAAGTCCCAGCTGGACGACATCGCCATCTCCCCAGCCATCTACCAGTGGAGGAA
GCACGUCCCCOTCGACGAGGAGAAAACCGUOGCCCTOGATCTGOGUACAGCCCTGC
ACTGCCTGCTGCTGGAGCCTGACGAGTTCTICTAAGAGATTTGAGATCGGCCCAGAGG
TGAACCGGAGAACCACAGCCGGCAAGGAGAAGGAGAAGGAGTTCATGGAGAGGTG
TGAGGCAGAGGGAGTGACCCCTATCACACACGACGATAATCGGAAGUTGAGACTGA
TGAGGGATAGCGCAATGGCCCACCCAATCGCCAGATGGATGCTGGAGGCACAGGGA
AACGCAGAGGCCTCTATCTATTGGAATGACAGGGATACCGGCGTGCTGAGCAGHGTG
CCGCCCCGACAAGATCATCACCGACTTCAACTGGTGCGTGGACGTGAAGTCCACAG
CCGACATCATCAAGTTCCAGAAGGACTTTTACTCTTATCGCTACCACGTGCAGGALCG
CCTICTATTCCGATGGUCTACGAGTCTCACTTTGACGAGACACCAACATTCGCCTTTCT
GOCCOTGTCTACAAGCATCCGATTGCGGCCGUGTATCCCOTGCAGGTGTTCATCATGGA
CCAGCAGGCAAAGGATGCAGGAAGGGCCCGAGTACAAGUGGAACATCCACACCTITTIC
CCGAGTGTCTGAGCCGCAATGAGTOGCCTGGCATCGLCACACTGTCCCTGCCTTACT
GGGCCAAGGAGCTGCGGAATGAG

Providencia stuartii RecT DNA (SEQ ID NG:93):
AGCAACCCACCTCTGGUCCAGGCAGACCTGCAGAAAACCCAGGGCACAGAGGTGAA
GGAGAAAACCAAGGATCAGATGCTGGTGGAGCTGATCAATAAGCCTTICCATGAAGG
CACAGCTGGCCGCCGLCCTGCCAAGGCACATGACACCCGACCGGATGATCAGAATC
GTGACCACAGAGATCAGAAAGACCCCCGUCCTGGCCACATGUGATATGCAGAGCTT
COTGGGAGCAGTGGTGCAGTGTTCCCAGUTGGGCCTGGAGCCTGGLAACGUCCTGE
GACACGCCTACCTGCTGCCTTTTGGCAACGGCAAGTCTAAGAGCGGCCAGTICTAATG
TGCAGCTOATCATCGGCTATCGGGGCATGATCGACCTGGUCCGGAGAAGCGGCCAG
ATCGTGTCCATCTCTGCCAGGACCGTGCGCCAGGGCGATAACTTCCACTTTGAGTAC
GGCCTGAACGAGAATCTGACCCACGTGCCTGGCGAGAATGAGGACTCTCCAATCAC
ACACGTGTACGCAGTGGCAAGGCTGAAGGATGGAGGCGTGCAGTTCGAAGTGATGA
CCTATAACCAGATCGAGAAGGTGCGCGCCAGCTCCAAGGCAGGACAGAATGGACCC
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TGGGTGAGCCACTGGGAGGAGATGGUCAAGAAAACCOTGATCAGGCGCCTGTTCAA
GTACCTGCCCGTGTCTATCGAGATGCAGAAGGCCGTOGATCCTGGACGAGAAGGCCG

AGGCCAACATCGATCAGGAGAATGCCACCATCTTTGAGGGCGAGTATGAGGAAGTG
GGCACAGACGGCAAG

Providencia stuartii RecE DNA (SEQ 1D NG:84):
GAGGGCATCTACTATAACATCAGCAATGAGGACTACCACAACGGCCTGGGCATCTC
CAAGTCTCAGCTGGATCTGATCAATGAGATGCCTGCCGAGTATATCTGGTCCAAGGA
GGCCCCCGTGGACGAGGAGAAGATCAAGCCTCTGGAGATCGGCACCGCCCTGCALCT
GCCTGCTGCTGGAGCCAGACGAGTACCACAAGAGATATAAGATCGGUCCCGATGTG
AACCGGAGAACAAATGCCGGCAAGGAGAAGGAGAAGGAGTTCTTTGATATGTGCGA
GAAGGAGGGCATCACCCCCATCACACACGACGATAACCGGAAGCTGATGATCATGA
GAGACTCYGUCCTGGCCCACCCTATCGCCAAGTGGTGTCTGGAGGUCGATGGLCGTGA
GCGAGAGCTCCATCTACTGGACCGACAAGGAGACAGATGTGCTGTGCAGGTGTCGL
CCAGACCGCATCATCACCGCCCACAACTACATCGTGGATGTGAAGTCTAGCGGCGA
CATCGAGAAGTTCGATTACGAGTACTACAACTACAGATACCACGTGCAGGACGCCTT
TTACTCCGATGGCTATAAGGAGGTGACCGGCATCACCCCTACATTICCTGTITTICTGGT
GOTGTCTACCAAGATCGACTGUGGCAAGTACCCCGTGUGGACCTACGTGATGAGLG
AGGAGGCAAAGTCCGCCGGAAGGACCGLCTACAAGCACAACCTGCTGACCTATGCC
GAGTGTCTGAAAACCGATGAGTGGGCCGGCATCAGGACACTGTCTICTGCCCAGATG
GGCAAAGGAGCTGCGGAATGAG

Providencia sp. MGF014 RecT DNA {(SEQ 1D NO:95):
TCTAACCCCCCTCTGGCCCAGAGCCGACCTGCAGAAAACCCAGGGCACAGAGGTGAA
GGTGAAAACCAAGGATCAGCAGCTGATCCAGTTCATCAATCAGCCTTCTATGAAGG
CACAGCTGGCCGCCGLCCTGUCAAGGCACATGACACCCGACCGGATGATCAGAATC
GTGACCACAGAGATCAGAAAGACCCCCGCCCTGOGCCACATGCGATATGCAGTCCTIT
CGTGOGCGCCOTGGTGCAGTGTTCTCAGCTGGGCCTGGAGCCTGGCAACGCCCTGE
GACACGCCTACCTOCTGCCTTTITGGCAACGGCAAGGCCAAGTCCGGCCAGTCTAATG
TGCAGCTGATCATCGGCTATCGGGGCATGATCGACCTGGCCCGGAGATCCAACCAG
ATCATCTCTATCAGCGCCAGGACCGTGCGUCAGGGUGATAACTTCCACTTTGAGTALC
GGCCTGAATGAGGACCTGACCCACACACCTAGCGAGAATGAGGATTCCCCAATCAL
CCACGTGTACGCAGTGGCAAGGCTGAAGGACGGAGGUGTGCAGTTTGAAGTGATGA
CATATAACCAGGTGOAGAAGOTGCGCGCCAGCTCCAAGGCAGGACAGAATGGACCC
TGGGTGAGCCACTGGCGAGGAGATGGCCAAGAAAACCOTGATCAGGCGCCTGTTCAA
GTACCTGUCCGTOTCCATCGAGATGCAGAAGGCAGTGGTGUTGGACGAGAAGGCAG
AGGCCAACGTGGATCAGGAGAATGCCACCATCTTTGAGGGCGAGTATGAGGAAGTG
GGCACAGATGGCAAT

Providencia sp. MGFO14 RecE DNA (SEQ ID NG:%6):
AAGGAGGGCATCTACTATAACATCAGCAATGAGGACTACCACAACGGCCTGGGCAT
CTCCAAGTCTCAGCTGGATCTGATCAATGAGATGCCTGCCGAGTATATCTGGTCCAA
GGAGGCCCCCGTGGACGAGGAGAAGATCAAGCCTCTGGAGATCGGCACCGCCCTGC
ACTGCCTGCTGCTGGAGCCAGACGAGTACCACAAGAGATATAAGATCGGCCCCGAT
GTGAACCGGAGAACAAATGTGGGCAAGGAGAAGGAGAAGGAGTTCTTTGATATGTG
CGAGAAGGAGGGCATCACCCCCATCACACACGACGATAACCGGAAGCTGATGATCA
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TCGAGAGACTCTGCCCTGGCCCACCCTATCGCCAAGTGOTGTICTGOAGGCCGATGGCG
TGAGCOAGAGCTCCATCTACTGGACCGACAAGGAGACAGATOTGCTGTGCAGGTGT
COGCCCAGACCGCATCATCACCGUCCACAACTACATCATCGATGTGAAGTCTAGCGHC
GACATCGAGAAGTTCGATTACCGAGTACTACAACTACAGATACCACGTGCAGGACGC
CTTTTACTCCGATGGCTATAAGGAGGTGACCGGCATCACCCCTACATTCCTGTITICTG
GTGGTGTCTACCAAGATCGACTGUCGGCAAGTACCCCGTGCGGACCTACGTGATGAG
CGAGGAGGCAAAGTCCGCCGGAAGGACCGUCTACAAGCACAACCTGCTGACCTATG
CCGAGTGTCTGAAAACCGATGAGTGGOGCCGGCATCAGGACACTOTCTCTGCCCAGA
TGGGCAAAGGAGCTGCGGAATGAG

Shewanella putrefaciens RecT DNA (SEQ ID NO:97):
CAGACCGCACAGGTGAAGCTGAGCGTGCCCCACCAGCAGGTGTACCAGGACAACTT
CAATTATCTGAGCTCCCAGGTGGTGGGUCACCTGGTGGATCTGAACGAGGAGATCG
GCTACCTGAACCAGATCGTGTTTAATTCTCTGAGCACCGCCTCTCCCCTGGACGTGG
CAGCACCTTGGAGCETGTACGGCUTGCTGCTGAACGTGTGCCGGCTGGGCCTGTCCC
TGAATCCAGAGAAGAAGCTGGCCTATGTGATGCCCTCCTGGTCTGAGACAGGCGAG
ATCATCATGAAGCTGTACCCCGGCTATAGGGGUGAGATCGCCATCGUCTCTAACTTC
AATGTGATCAAGAACGCCAATGUCGTGCTGOTGTATGAGAACGATCACTTCCGCATC
CAGGCAGCAACCGGCGAGATCGAGCACTTTGTGACAAGCCTGTCCATCGACCCTAG
GGTGCGCGGAGCATGCAGCGGAGGCTACTGTCGGTCCGTGCTGATGGATAATACAA
TCCAGATCTCTTATCTGAGCATCGAGGAGATGAACGUCATCGCCCAGAATCAGATCG
AGGCCAACATGGGCAATACCCCTTGGAACTCCATCTGGCGGACAGAGATGAATAGA
GTGGCCCTGTACCGGAGAGUAGCAAAGGACTGGAGGUAGCTGATCAAGGUCACCCC
AGAGATCCAGTCCGCCCTGTCTGATACAGAGTAT

Shewanella putrefaciens RecE DNA {SEQ 1D N{O:98):
GGCACCGCCCTGGCCCAGACAATCAGCCTGGACTGGCAGGATACCATCCAGCCAGE
ATACACAGCCTCCGGCAAGCCTAACTTCCTGAATGCCCAGGGCGAGATCGTGGAGG
GCATCTACACCGATCTGCCTAATTCCOTGTATCACGCCCTGGACGCACACAGCTCCA
CCGGCATCAAGACATTCGCCAAGGGCCGCCACCACTACTTTCGGCAGTATCTGTCTG
ACGTGTGCCOGCAGAGAACAAAGCAGCAGGAGTACACCTTCGACGCCGGCACCTAC
GGCCACATGCTGOTGUTGGAGCCAGAGAACTTCCACGGCAACTTCATGAGGAACCC
CGTGCCTGACGATTTTCCAGACATCGAGCTGATCGAGAGCATCCCACAGCTGAAGG
CCGCCCTGGCCAAGAGCAACCTGUCCCGTGTCCGGAGCAAAGGCCGUCCTGATCGAG
AGACTGTACGCCTTCGACCCATCCCTGCCCCTGTTTGAGAAGATGAGGGAGAAGGE
CATCACCGACTATCTGGATCTGCGCTACGCCAAGTATCTGCGGACCGACGTGGAGCT
GOATGAGATGGCCACATTCTACGGCATCGATACCTCTCAGACACGGGAGAAGAAGA
TCGAGGAGATCCTGGCCATCTCTCCTAGCCAGCCAATCTGGGAGAAGCTGATCAGCC
AGCACGTGATCGACCACATCGTGTGGGACGATGUCATGAGGGTGGAGAGATCCACC
AGGGCCCACCCTAAGGCAGACTGGUTGATCTCTGATGGCTATGCCGAGCTGACAAT
CATCGCAAGGTGCCCAACCACCGGCCTGCTGCTGAAGGTGCGGTTTGACTGGCTGA
GGAATGATGCCATCGGCGTGGACTTCAAGACCACACTGTCTACCAACCCCACAAAG
TTTGGCTACCAGATCAAGGACCTGCGGTATGATCTGCAGCAGGTGTTCTACTGTTAT
GTGGCCAATCTGOCCGGCATCCCTGTGAAGCACTICTGCTTTGTGGCCACCGAGTAC
AAGGACGCCGATAACTGTGAGACATTTGAGCTGTCTCACAAGAAAGTGATCGAGAG

88



WO 2023/034925 PCT/US2022/075850

CACCGAGGAGATGTTCGACCTGCTGGATGAGTTTAAGGAGGCCCTGACCTCCGGCA
ATTGGTATGGCCACGACAGGTCCCGCTCTACATGOGTCATCGAGHTG

Bacillus sp. MUM 116 RecT DNA (SEQ 1D NO:99):
AGCAAGCAGCTCGACCACAGTGAATACCCAGGCCGTGOTGGGLCACATTCTCCCAGEGC
CGAGCTOGGATACCCTGAAGCAGACAATCOCCAAGGGCACCACAAACGAGCAGTTCG
CCCTGTTTGTGCAGACCTGCGLCAACTCTAGGUTGAATCCATTTCTGAACCACATCC
ACTGTATCGTGTATAACGOCAAGGAGGGCGCCACCATGAGCCTGCAGATCGCAGTG
GAGGGCATCCTGTACCTGGUACGCAAGACAGACGGCTATAAGGGCATCGAGTGCCA
GUTGATCCACGAGAATGACGAGTTCAAGTTTGATGCCAAGTCCAAGGAGGTGOATC
ACCAGATCGOATTCCCCAGGOGCAACGTGATCGGAGGATATGCAATCGCAAAGAGG
GAGGOGCTTTGACGATGTIGGTGOTGCTGATGGAGTCTAACGAGGTGGACCACATGCT
GAAGGGCCGGAATGGCCACATGTGGAGAGACTGOTTCAACGATATGTTTAAGAAGC
ACATCATGAAGCGGGCCGCCAAGCTGCAGTACGGCATCCGAGATCGCAGAGGACGAG
ACAGTGAGCAGUGGACCTAGCOTGGATAATATCCCAGAGTATAAGUCACAGLCCCG
GAAGGACATCACACCCAACCAGGACGTOGATCGATGCCCCCOCTCAGCAGCCTAAGC
AGGACGATGAGGCCGUCAAGUTGAAGOGCCGCCAGATCTCGAGGTGAGCAAGAAGTTC
AAGAAGUTGGOCATCGTGAAGGAGGATCAGACCGAGTACGTGGAGAAGCACGTGC
CTGGCTTCAAGGGCACACTGTCCGACTTTATCGGCCTGTCTCAGCTGCTGGATCTGA
ATATCGAGOGCCCAGCAGGUCCCAGTCCOGUCGACGGUGATCTGCTGGALC

Bacillus sp. MUM 116 RecE DNA (SEQ ID NG:160):
ACCTACGCCGCCGACGAGACACTGGTGCAGCTGUTGCTGTCCOTGUATGGUAAGCA
GCTGCTOCTGGCGAAGGGGUCTCGAAGAAGGGCAAGGCCCAGTACTATATCAATGAGG
TGCCATCTAAGGCCAAGGAGTTCGAGGAGATCCGGGACCAGUTGTTTCGACAAGGAT
CTGTTCATGTCCCTCGTTTAACCCCTCTTACTTCTTTACCOCTGCACTOGGGAGAAGCAGA
GGGCCATGATGCTGAAGTATGTGACAGCCCCCGTGTCTAAGGAGOTGCTGAAGAAT
CTGCCTGAGGCCCAGTCCGAGOTGCTGGAGAGATACCTGAAGAAGCACTCTCTGGT
GGATCTGGAGAAGATCCACAAGGACAACAAGAATAAGCAGGATAAGGCCTATATCT
CTGCCCAGAGCAGGACCAACACACTGAAGGAGCAGCTGATGCAGCTGACCGAGGA
GAAGCTGGACATCGATTCCATCAAGGCCGAGCTGGUCCACATCGACATGCAGGTCA
TCGAGUCTGGAGAAGCAGATGUGATACAGCCTTCGAGAAGAACCAGGCCTTTAATCTG
CAGGCCCAGATCAGGAATCTGCAGGACAAGATCGAGATGAGCAAGGAGCGGTGGC
CCTCCCTGAAGAACGAAGTGATCGAGOATACCTGCCGGACATGUCAAGCGGLLCCTG
GACGAGGATAGCGTGGAGGCCGTGAAGGCCGACAAGGATAATCGGATCGCCGAGT
ACAAGGCCAAGCACAACTCCCTGOTGTCTCAGAGAAATGAGCTGAAGGAGCAGCTG
AACACCATCGAGTATATCOGACGTGACAGAGUTGAGAGAGCAGATCAAGGAGCTGGA
TGAGTCCGGACAGCCTCTGAGGGAGCAGGTGCGCATCTACAGCCAGTATCAGAATC
TGGACACCCAGGTGAAGTCCGCCGAGGUCAGACGAGAACGOCATCCTGCAGGATCTG
AAGGCCTCTATCTTCATCCTOGATAGCATCAAGGCCTTTAGGGOCAAGGAGGCCGA
GATGCAGGCCGAGAAGGTGCAGGCCCTOTTCACCACACTGAGCGTGCGCCTGTTTA
AGCAGAATAAGGGCGACGOCGAGATCAAGCCAGATTTCGAGATCGAGATGAACGA
CAAGCCCTATCGGACCCTGAGCCTGTCCGAGGGCATCCGGGCAGGCCTGGAGCTGC
GGGACGTGCTGAGCCAGCAGTCCGAGCTGGTGACCCCTACATTCGTGGATAATGCC
GAGTCTATCACCAGCTTCAAGCAGCCAAACGOGCCAGUTCGATCATCAGCCGGETOGET
GGCAGGACAGGAGCTGAAGATCGAGGCCGTGAGCGAG
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Shigella sonnei RecT DNA (SE D NO:181):
ACCAAGCAGCCCCCTATCGCCAAGGCCGACCTGCAGAAAACCCAGGAGAACAGGG
CACCAGCAGCCATCAAGAACAATGATGTGATCTCCTITTATCAATCAGCCCTCTATGA
AGGAGCAGCTGGCCGECGUCCTGCCTAGGCACATGACCGCCGAGAGGATGATCCGE
ATCGCCACCACAGAGATCCGCAAGGTGCCTGCCCTGGGCAACTGCGACACAATGAG
CTTCOGTGAGCGCCATCGTGCAGTGTAGCCAGUTGGGCCTGGAGCCAGGCTCCGCCCT
GGOCCACGUCTACCTGCTGUCCTTCGGLAACAAGAATGAGAAGTCCGGCAAGAAGA
ATGTGCAGCTGATCATCGGCTATAGGGGCATGATCGATCTGGCCCGGAGATCTGGC
CAGATCGCCTCTCTGAGCGCCAGAGTGGTGCGGGAGGGCGACGAGTTCAACTTITGA
GTTCGGCCTGGATGAGAAGCTGATCCACCGGCCTGGCGAGAATGAGGACGCCCLAG
TGACCCACGTGTACGCAGTGGLCAGACTGAAGGATGGCGGCACCCAGTTTGAAGTG
ATGACAAGGCGCCAGATCGAGCTGOTGAGGTCCCAGTCTAAGGCCGGUCAACAATGG
CCCTTGGGTGACCCACTGGGAGGAGATGGCCAAGAAAACCGCCATCCGGAGACTEGT
TCAAGTACCTGCCAGTGTICTATCGAGATCCAGCGCGCCGTGAGCATGGACGAGAAG
GAGCCACTGACCATCGACCCCGUCOATAGCTCCGTGUTGACAGGUGAGTATTICTGT
GATCGATAACAGCGAGGAG

Shigelia sonnei RecE DNA (SEQ ID NOG:192):
GATCGCGGCCTGCTGACAAAGGAGTGGAGGAAGGGAAACCGGGTGAGCCGGATCA
CCAGGACAGCCAGCGGAGCAAACGCAGGAGGAGGAAATCTGACCGACAGAGGUGA
GGGCTTCGTGCACGATCTGACAAGCCTGGCCCGCGACATCGCAACCGGLCGTGLTGG
CCCOGAGCATGOACGTGGACATCTACAACCTGCACCCTGCCCACGCCAAGAGGATC
GAGGAGATCATCGCCGAGAATAAGCCCCCTTTCAGUGTGTTTAGAGACAAGTTTATC
ACAATGCCAGGCGGCCTGGACTACTCCAGGGCCATCGTGGTGGCCTCTGTGAAGGA
GGCCCCAATCGGCATCGAAGTGATCCCCGCCCACGTGACCGCCTATCTGAACAAGG
TGCTGACCGAGACAGACCACGCCAATCCAGATCCCGAGATCGTGGACATCGCATGC
GGCAGAAGCTCCGCCCCTATGCCACAGAGGGTGACCGAGGAGGGCAAGCAGGACG
ATGAGGAGAAGCTGCAGCCTTCTGGCACCACAGCAGATGAGUAGGGAGAGGCAGA
GACAATGGAGCCAGACGLCACAAAGCACCACCAGGATACCCAGCCTCTGGACGCCC
AGAGCCAGGTGAACAGCGTGGATGCCAAGTATCAGGAGCTGAGAGCCGAGCTGCAC
GAGGCCAGGAAGAACATCCCTTCCAAGAATCCAGTGGACGCAGATAAGCTGUTGGC
CGCCTCTCGCGGCGAGTTCGTGGACGGCATCAGCGACCCAAACGATCCCAAGTGGG
TGAAGGGCATCCAGACACGGGATTCCGTGTACCAGAATCAGCCTGAGACAGAGAAA
ACCAGCCCCGACATGAAGCAGCCAGAGCCTGTGGTGCAGCAGGAGCCTGAGATCGC
CTTCAACGCCTGCGGACAGACCGGUGGLCGACAATTGCCCAGATTGTGGCGLCGTGA
TGGGCGATGCCACCTATCAGGAGACATTTGACGAGGAGAACCAGGTGGAGGCCAAG
GAGAATGATCCTGAGGAGATGGAGGGCGCCGAGCACCCACACAACGAGAATGCCG
GCAGCGACCCCCACAGAGACTGTTCCGATGAGACAGGCGAGGTGGCCGATCCOGTG
ATCOTGGAGGACATCGAGCCTGGCATCTACTATGGCATCAGUAACGAGAATTACCA
CGCAGGCCCCGGUGTGTCCAAGTCTCAGCTGGACGACATCGCCGACACACCTGCCCT
GTATCTGTGGAGGAAGAACGCOCCCAGTGGATACCACAAAGACCAAGACACTGGACC
TGGGCACCGCATTCCACTGCCGCGTGCTGGAGCCAGAGGAGTTCAGCAATCGOGTTTA
TCGTGGCCCCCGAGTTCAACCGGAGAACAAATGCCGGCAAGGAGGAGGAGAAGGC
CTTTCTGATGGAGTGTGCCTCCACAGGCAAGATGGTCATCACCGCCGAGGAGGGCA
GAAAGATCGAGCTGATGTACCAGTCTGTGATGGCACTGCCACTGGGACAGTGGCTG
a0
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GTGGAGAGCGUCOGGACACGCAGAGTCTAGCATCTATTIGGGAGGACCCCGAGACAGEH
CATCCTGTGCAGGTGTCGCCCCGACAAGATCATCCCTGAGTTCCACTGGATCATGGA
COTGAAAACCACAGCCGACATCCAGUCGGTTCAAGACAGCCTACTATGATTACAGGT
ATCACGTGCAGGATGCCTTICTACTCCGACGGCTATGAGGCCCAGTTTGGLGTGCAGC
CCACCTTCOTOTTTICTGOTGGUCTCTACCACAATCGAGTOCGGCAGATACCCCGETOG
AGATCTTTATGATGGGAGAGGAGGCAAAGCTGGCCGGACAGCTGGAGTATCACCGC
AACCTGCGGACACTGGCCGATTGTCTGAATACCGACGAGTGGCCAGCCATCAAGALC
CCTGTCCCTGCCCAGATGGGCAAAGGAGTACGCCAACGAL

Salmonella enterica RecT DNA {SEQ 1D NO:163):
ACCAAGCAGCCCCCTATCGCCAAGGCCGACCTGCAGAAAACCCAGGGAAACAGGGC
ACCTGCAGCAGTGAATGACAAGGATGTGCTGTGCGTGATCAACAGCCCTGCCATGA
AGGCACAGCTGGCCGCCGCCCTGUCAAGGCACATGACCGCCGAGAGGATGATCCGE
ATCGCCACCACAGAGATCAGGAAGGTGCCAGAGCTGCGCAACTGCGACAGCACCAG
CTTCATCGGCGCCATCGTGCAGTGTTCTCAGCTGGGCCTGGAGCCCGGCAGCGLCCT
GGGCCACGCCTACCTGUTGCCTTTTGGCAATGGCAAGGCCAAGAACGGCAAGAAGA
ATGTGCAGCTGATCATCGGCTATCGGGGCATGATCCATCTGGCCCGGAGATCTGGCC
AGATCATCTCCCTGAGCGCCAGAGTGGTGCGGGAGTGTGACGAGTTCTCCTACGAGC
TGGGCCTGGATGAGAAGCTGGTGCACCGGCCAGGCGAGAACGAGGACGCACCCATC
ACCCACGTGTATGCCGTGGCCAAGCTGAAGGATGGCGGCGTGCAGTTTGAAGTGAT
GACCAAGAAGCAGOTGGAGAAGOTGAGAGATACACACTCCAAGGCCGCCAAGAAT
GCCGCCTCTAAGGGCGCCAGCTCCATCTGGGACGAGCACTTCGAGGATATGGCCAA
GAAAACCGTGATCCGGAAGCTGTTTAAGTACCTGCCOGTGAGCATCGAGATCCAGA
GAGCCGTGAGCATGGACGGCAAGGAGGTGGAGACAATCAACCCAGACGACATCAG
CGTGATCGCCGGCGAGTATTCCGTGATCGATAATCCCGAGGAG

Salmonella enterica RecE DNA {(SEQ ID NG:164):
GATCGCGGCCTGCTGACAAAGGAGTGGAGGAAGGGAAACCGGGTGAGCCGGATCA
CCAGGACAGCCAGCGGAGCAAACGCAGGAGGAGGAAATCTGACCGACAGAGGCGA
GGGCTTCGTGCACGATCTGACAAGCCTGGCCCGCGACGTGGCAACCGGCGTGCTGG
CCCGGAGCATGOACGTGGACATCTACAACCTGCACCCTOCCCACGCCAAGAGGGTG
GAGGAGATCATCGCCGAGAATAAGCCCCCTTITCAGCGTGTTTAGAGACAAGTTTATC
ACAATGCCTGGCGGCCTGOACTACTCCAGGGCCATCOTGGTGGCCTCTGTGAAGGA
GGCCCCTATCOGUCATCGAAGTGATCCCAGCCCACGTGACCGAGTATCTGAACAAGG
TGCTGACCGAGACAGACCACGCCAATCCAGATCCCCAGATCOTGGACATCGCATGC
GOGCAGAAGCTCCGUCCCTATGCCACAGAGGOTGACCGAGGAGGGLAAGCAGGALCG
ATGAGGAGAAGCCCCAGCCTTCTGCGAGCTATGGCCGACGAGCAGGCAACCGCAGAG
ACAGTGGAGCCAAACGCCACAGAGCACCACCAGAATACCCAGCCCCTGGATGCCCA
GAGCCAGGTGAACTCCGTGGACGCCAAGTATCAGGAGCTGAGAGUCGAGUTGCAGG
AGGCCAGGAAGAACATCCCCTCCAAGAATCCTGTGGACGCAGATAAGCTGCTGGCC
GCCTCTICGCGGCCGAGTTICGTGGATGGCATCAGCCGACCCTAACGATCCAAAGTGGET
GAAGGGCATCCAGACACGGRATTICCGTGTACCAGAATCAGCCCGAGACAGAGAAG
ATCTCTCCTGACGCCAAGCAGCCAGAGCCCGTGGTGCAGCAGGAGCCCGAGACAGT
GTGCAACGCCTGTGGACAGACCGGLGGCGACAATTGCCCTGATTGTGGCGCCGTGA
TGGGCGACGCCACATATCAGGAGACATTCGGCGAGGAGAATCAGGTGGAGGCCAAG
GAGAAGGACCCCGAGGAGATGGAGGGAGCAGAGCACCCTCACAACGAGAATGCCG
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GCAGCGACCCACACAGAGACTOGTTCCGATGAGACAGGCGAGOTOGCCGATCCAGTG
ATCGTGOAGGACATCOAGCCTGOUATCTACTATGGUATCAGUCAACGAGAATTACCA
COCAGGCCCCOGOCOGTOTCCAAGTCTCAGCTOGGACGACATCGUCGACACACCCGULC
TOCTATCTGTGGAGGAAGAACGCCCCTGTGGATACCACAAAGACCAAGACACTGGAC
CTOGGCACCGCATTCCACTGCCGCOTGCTGOAGCOCTGAGGAGTTCAGUAATCGGTTTY
ATCGTGGCCCCAGAGTTCAACCGGAGAACAAATGCCGGCAAGGAGGAGGAGAAGG
CCTTTCTGATGGAGTGTGCCTCCACCGGCAAGACAGTGATCACCGCCGAGGAGGGL
AGAAAGATCGAGCTGATGTACCAGTCTGTGATGGCACTGCCTCTGGGACAGTGGCT
GGTOGGAGAGCGCCOGACACGCAGAGTCTAGCATCTATTGGGAGGACCCCGAGACAG
GCATCCTGTGCAGGTGTCGCCCAGACAAGATCATCCCCGAGTTCCACTGGATCATGG
ACGTGAAAACCACAGCCGACATCCAGUGGTTCAAGACAGCCTACTATGATTACAGG
TATCACGTGCAGGATGCCTTCTACTCCGACGGUTATGAGGCCCAGTTTGOCGTGCAG
CCAACCTTCGTGTTTCTGOTGGCCTCTACCACAGTGGAGTGUGGCAGATACCCOGTG
GAGATCTTTATGATGGGAGAGGAGGCAAAGCTGGCCGGACAGCAGGAGTATCACCG
CAACCTGUCGGACACTGGCCGATTGTCTGAATACCGACGAGTGOCCTGCCATCAAGA
CCCTGTCCCTGCCACGOTGOOGUCAAGGAGTACGUCAACGAL

Acetobacter RecT DNA (SEQ D NO:105):
AACGCCCCCCAGAAGCAGAATACCAGAGCCGCCOTGAAGAAGATCAGCCCTCAGGA
GITCGCCGAGCAGTTIGCCOCCATCATCCCACAGGTCAAGTCCGTGUTGCCCGCCCA
COTGACCTTCGAGAAGTTTGAGCGGOTGOTGAGACTGOCCGTGUGGAAGAACCCTG
ACCTOGCTGACATGCTCCCCAGCCTCTCTOGTTCATGGCATGTATCCAGGCAGCCTCCG
ACGGLCTGCTGCCTGATGGAAGGUAGGUGAGCAATCGTGAGCCGGTGGAGCTCCAAG
AAGAGCTGCAACGAGGCCTCCTGOATGCCAATOOTGGCCGGCCTGATGAAGCTGGC
CCOGGAACAGCGOCGACATCGCCAGCATCTCTAGCCAGOGTGGTGTTCGAGGGCGAGC
ACTTTAGAGTGOTGUTOGOCGACGAGGAGAGGATCGAGCACGAGCGCGATCTGEGE
AAGACCGGCGGCAAGATCOTGOCAGCCTACGCCGTGGCAAGGCTGAAGGACGGCA
GCGATCCAATCCGCGAGATCATGTCCTGGGGCCAGATCGAGAAGATCAGAAACACA
AATAAGAAGTGGGAGTOGGGACCCTGGAAGGCCTGGOAGGACGAGATGGCCAGAA
AGACCGTGATCCGGAGACTGGCCAAGAGACTGCCCATGTCTACAGATAAGGAGGGA
GAGAGGCTGCGCAGCGCCATCGAGAGGATCGACTCCCTGGTGGACATCTCTGCCAA
COTGGACGCACCTCAGATCOGCAGCAGACGATGAGTTTGCCGCCGCCGLCCACGGLG
TGGAGCCACAGCAGATCGCAGCACCTGACCTGATCGOCCGCCTGOCCCAGATGLAG
TCCCTGGAGCAGUGTGCAGGACATCGAGCCOCCAGGTGTCTCACGCCATCCAGGAGHGC
CGACAAGAGGOGCGACAGCGATACAGCCAATGCCCTGGATGCCGCCCTGCAGAGLG
CCCTOTCCCGCACCTCTACAGCCAAGGAGGAGGTGCCTGCC

Acetobacter RecE DNA (SEQ ID NO:166):
GTGATCTCTAAGAGCGGCATCTACGACCTGACCAACGAGCAGTATCACGUCGATCCT
TGCCCAGAGATGTCCCTGAGCTCCTCTGGAGCCAGGGACCTGLTGAGCTCCTGTCCT
GCCAAGTTCATCGCCGCCAAGCAGCTGCCACAGCAGAATAAGAGGTGCTTITGACAT
CGGCTCTGUCGOACACCTGATGGTGCTGGAGCCACACCTGTTCGACCAGAAGGTGY
GCGAGATCAAGCACCCTGATTGGCGCACAAAGGCAGCAAAGGAGGAGCGGGACGC
CGCCTACGCCGAGGGAAGAATCCCCCTGCTGAGCCGUGAGGTGGAGGACATCAGGG
CAATGCACTCCGTGGTGTGGAGAGATTCTCTGGGAGCCAGGGCCTTCAGCGGAGGT
AAGGCAGAGCAGTCCCTGGTGTGGCGCGACGAGGAGTTITGGCATCTGGTGCCGGCT
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GCGGCCCOATTACGTGCCTAACAATGCCOTGCOGATCTTCGACTATAAGACCGCCAC
AAACGGCTCCCCCOATOCCTTTATGAAGGAGATCTACAATCGGGGUTATCACCAGC
AGGCCGCCTOGTATCTGGACGGATATCGAGGCAGTGACCGGUCACAGGCCACGCGAG
TTCTGGTTITGTGGTGCAGGAGAAAACCGCCCCCTTCCTGCTGTICTTICTTITCAGATGE
ATCGAGATGAGCCTGGAGATCGGCCGGACCUTGAACAGACAGGCCAAGGGCATOTTT
GCCTGGTGCCTGCGCAACAATTGTTIGGCCAGGCTATCAGCCCGAGGTGGATGGCAA
GGTGAGATTCTTTACCACATCTCCCCCTGCCTGGCTGGTGAGGGAGTACGAGTTTAA
GAATGAGCACGGCGUCTATGAGCCACCCGAGATCAAGCGGAAGGAGGTGECC

Salmonella enterica subsp. enterica serovar Javiana str. 10721 RecT DNA (SEQ 1D NG:107):
CCAAAGCAGCCCCCTATCGCCAAGGCAGACCTGCAGAAAACCCAGGGAGCACGGAC
CCCAACAGCAGTGAAGAACAATAACGATGTGATCTCCTTTATCAATCAGCCTTCTAT
GAAGGAGCAGCTGGCCGCCGCCCTGCCAAGGCACATCGACCGCCGAGCGGATGATCA
GAATCGCCACCACAGAGATCAGGAAGGTGCCCGCCCTGGGCGACTGCGATACAATG
TCTTTTGTGAGCGCCATCGTGCAGTGTAGCCAGCTGGGCCTGGAGCCTGGCGGLGCC
CTGGGCCACGCCTACCTGUTGCCTTTCGGCAATCGGAACGAGAAGTCCGGCAAGAA
GAATGTGCAGCTGATCATCGGCTATAGAGGCATGATCGACCTGGCCCGGAGATCCG
GACAGATCGCCAGCOTOTCCGCCAGGGTGGTGCGCGAGGGUGACGATTTCTCTTITG
AGTTCGGCCTGGAGGAGAAGCTGGTGCACAGGCCAGGCGAGAACGAGGACGCCCC
CGTGACCCACGTGTACGCAGTGGCACGCCTGAAGGATGGAGGCACCCAGTTTGAAG
TGATGACACGGAAGCAGATCGAGCTGGTGAGAGCCCAGTCTAAGGCCGGCAATAAC
GGCCCTTGGGTGACCCACTGGGAGGAGATGGCCAAGAAAACCGCCATCAGGCGCCT
GTTCAAGTACCTGUCCGTGAGCATCGAGATCCAGAGGGUCGTGAGCATGGATGAGA
AGGAGACACTCGACAATCGACCCAGCCGATGCCAGCGTGATCACCGGCGAGTATTICC
GTGGTGGAGAATGCCGGCGTGGAGGAGAACGTGACAGCC

Salmonella enterica subsp. enterica serovar Javiana str. 10721 RecE DNA (SEQ ID NO:108):
TACTATGACATCCCAAACGAGGCCTACCACGCAGGCCCCGGUGTGTCTAAGAGCCA
GCTGGACGACATCGCCGATACCCCCGCCATCTATCTGTGGUGGAAGAATGCCCCTGT
GGACACCGAGAAAACCAAGTCCCTGGATACCGGCACAGCCTTCCACTGCAGGGTGE
TGGAGCCAGAGGAGTTCAGCAAGCGGTTICATCATCGCCCCCGAGTTCAACCGGAGA
ACCTCCGCCGGCAAGGAGGAGGAGAAAACCTTCCTGGAGGAGTGTACCCGGACAG
GCAGAACCGTGCTGACAGCCGAGGAGGGCAGGAAGATCGAGCTGATGTACCAGTC
CGTGATGGCACTGCCACTGGGACAGTGGCTGGTGGAGTCTGCCGGCTACGCCGAGA
GCTCCGTOTATTGGGAGGACCCTGAGACAGGCATCCTGTGCCGGTGTAGACCCGAT
AAGATCATCCCTGAGTTCCACTGGATCATGGACGTGAAAACCACAGCCGACATCCA
GAGGTTTCGCACCGCCTACTATGACTACAGATACCACGTGCAGGACGCCTTCTACTC
TGATGGCTATAGAGCCCAGTTTGGCGAGATCCCTACATTICGTGTTTICTGGTGGCCAG
CACCACAGCAGAGTGCGGCAGATACCCCGTGGAGATCTTTATGATGGGAGAGGACG
CAAAGCTGGCCGGACAGCGUGAGTATAGGCGCAATCTGCAGACCCTGGCCGAGTGT
CTGAACAATGATGAGTGGCCTGCCATCAAGACACTGTCTCTGCCACGOTGGGCCAA
GGAGAACGCCAATGCC

Pseudobacteriovorax antitlogorgiicola RecT DNA (SEQ ID NO: 109
GGCCACCTGGTGAGUAAGACCGAGUCAGGATTACATCAAGCAGCACTATGCCAAGGG
CGCCACAGACCAGGAGTTCGAGCACTTTATCGGUGTGTGCAGGGCCAGAGGUCTGA
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ACCCAGCCGCCAATCAGATCTACTICGTGAAGTATCGGTCCAAGGATGGACCAGCA
AAGCCAGCCTTTATCCTGTCTATCGACAGCCTGAGGUTGATCGCACACCGCACCGGO
GATTACGCAGGATGCTCTCAGCCCATCTTCACAGACGGCGOCAAGGCCTOTACCGY
GACAGTGCGGAGAAACCTGAAGAGCGGCGAGACAGGCAATTTCTCCGGCATGGCCT
TTTATGACGAGCAGGTGCAGCAGAAGAACGGUCCGGUCTACCTCCTTTTGGCAGTCTA
AGCCAAGAACAATGCTGGAGAAGTGTGCAGAGGCAAAGGCCCTGAGGAAGGCCTTC
CCTCAGGATCTGGGCCAGTTITTACATCAGAGAGGAGATGCCCCCTCAGTATGACGAG
CCTATCCAGGTGCACAAGCCAAAGOGCCCTGGAGGAGCCCAGGTTCAGCAAGTCCGA
TCTOTCCAGGCGCAAGGGCCTGAACAGGAAGCTGTCTGCCCTGGGAGTGGACCCCA
GCCOGCTTCGATGAGOGTGGUCACCTTTCTGGACGOGCACACTTOATCGCGAGCTGGGLC
AGAAGCTGAAGCTGTGOUTGAAGGAGGUCCGOGCTACGGCOTGAATCAG

Pseudobacteriovorax antillogorgiicola RecE DNA (SE} D NO:1i0):
AGCAAGCTGTCCAACCTGAAGGTGTCTAATAGCGACGTGGATACACTGAGCCGGAT
CAGAATGAAGGAGGGCGTGTATCGGGACCTGCCAATCGAGAGCTACCACCAGTCCC
CCGGCTATTCTAAGACCAGCCTOTGCCAGATCGATAAGGCCCCTATCTACCTGAAAA
CCAAGGTGCCACAGAAGTCCACAAAGTCTCTGAACATCGGCACCGCCTTCCACGAG
GCTATGOAGGGCOTOTTTAAGGACAAGTATGTGUTGCACCCCGATCCTGGCETGAAT
AAGACCACAAAGTCTTGGAAGGACTTCGTGAAGAGGTATCCTAAGCACATGCCALCT
GAAGCGCAGCGAGTACGACCAGGTGCTGGCCATGTACGATGCCGCCCGGTCTTATA
GACCTTTTCAGAAGTACCACCTGAGCCGGGGCTTCTACGAGAGCTCCTTTTATTIGGC
ACGATGCCGTGACAAACAGCCTGATCAAGTGCAGACCCGACTATATCACCCCTGAT
GGCATGAGCGTGATCGACTTCAAGACCACAGTGGACCCCAGCCCCAAGGGCTTTCA
GTACCAGGCCTACAAGTATCACTACTACGTGAGCGUCGUCCTGACCCTGOAGGGAA
TCGAGGCAGTGACCGGCATCAGGCCAAAGGAGTACCTGTTCCTGGCCGTGTCCAATT
CTGCCCCATACCTGACCGCCCTGTATCGCGCCTCTGAGAAGGAGATCGCCCTGGGLG
ACCACTTTATCCGGCGGAGCCTGCTGACCCTGAAAACCTGTCTGGAGTCTGGCAAGT
GGCCCGGCCTGCAGGAGGAGATCCTGGAGCTGGGCCTGCCTTTICTCCGGUCTGAAG
GAGUTCGAGAGAGGAGCAGGAGOTGGAGGATCGAGTTTATGGAGCTGOTGGGC

Photobacterium sp. JOM 19050 RecT BNA (SEQ ID NO: 111y
AACACCGACATGATCGCCATGCCCCCTTCTCCAGCCATCAGCATGCTGGACACAAGC
AAGCTGGATGTGATGGTGCGGGCAGCAGAGCTGATGTCCCAGGCCGTIGGTCATGGT
GCCCGACCACTTCAAGGGCAAGCCAGCCGATTGCCTGGCAGTGGTCATGCAGGCAG
ACCAGTGGGGCATGAACCCCTTTACCGTGGCCCAGAAAACCCACCTGGTGAGCGGO
ACCCTGGGATACGAGTCCCAGCTGGTGAATGCCGTGATCAGCTCCTICTAAGGCCATC
AAGGGCCGOTTCCACTATGAGTGGTCTGATGGCTGGGAGAGACTGGCCGGCAAGGT
GCAGTACGTGAAGGAGTCTCGGCAGAGAAAGGGCCAGCAGGGCAGCTATCAGGTG
ACCOTGGCCAAGUCAACATGGAAGCCAGAGGACGAGCAGGGUCTGTGGGTGLGET
GTGGAGCCGTOCTGGCCGGAGAGAAGGACATCACATGOGGGCCCTAAGCTGTACCTG
GCCAGCGTGCTGOTGCGGAACAGCGAGCTGTGGACCACAAAGCCCTACCAGCAGGC
CGCCTATACCGCCCTGAAGGATTGGTCCCGCUTGTATACACCTGCCGTGATGCAGGG
CTCTATGACCGGCAAGAGCTGGTCCCTGACAGGCAGGCTGATCAGCCCCCGC

Photobacterium sp. JCM 19050 RecE DNA (SEQ D NOG:112):
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GCCGAGCGOGOTGAGAACCTATCAGCGGCACGCCOTGTTICGCACACGAGCTGAAGGC
CGAGTTTGATGAGGCCOTGGAGAACGGCAAGACCGGUGTGACACTGGAGGACCAGG
CCAGGGCCAAGAGGATGGTGCACGAGGUCACCACAAACCCCGCCTCTCGGAATTCEG
TTCAGATACGACGGAGAGCTGGUCGUATGCGAGAGGAGCTATTTTIGGCGCGATGA
GGAGOCAGGCCTGOTGUTGAAGGCCAGGCCTGACAAGGAGATCGGCAACAATCTGA
TCGATGTGAAGTCCATCGAGOTGCCAACCGACGTGTGCGCCTGTGATCTGAACGCCT
ATATCAATCGGCAGATCGAGAAGAGAGGCTACCACATCTCCGCCGCCCACTATCEGT
CTGGCACAGGCAAGGACCOGCTTCTITTIGGATCTTCATCAATAAGGTGAAGGGCTACG
AGTGGOTGGCAATCOGTGGAGGCCTCTCCCCTGCACATCGAGCTGGGCACCTATGAG
OGTGUTGGAGOGGUCTGCGGAGUCATCGUCAGCTCCACAAAGGAGOGCAGATTACCCAGC
ACCTCTGTCCCACCCTGTGAACGAGAGAGGCATCCCACAGCCCCTGATGTCTAATCT
GAGCACATACGCCATGAAGAGGCTGGAGCAGTTTCGUGAGCTG

Providencia alcalifaciens DSM 30120 RecT DNA (SEQ ID NG:113):
AAGOCACAGCTGOCCOCCGCCCTGUCTAAGCACATCACCAGUGACCGOATGATCAG
AATCGTGTCCACCGAGATCAGAAAGACCCCATCTCTGGCCAACTGCGACATCCAGA
GCTTCATCGGCGCCGTGOTGCAGTGTTCTCAGCTGGGCCTGGAGCCAGGCAACGCCO
TGGGACACGCCTACCTGCTGCCCTTTGGCAATGGCAAGTCCGACAACGGCAAGTCTA
ATGTGCAGCTCGATCATCGGCTATCGGGGCATGATCGATCTGGCCCGGAGAAGCGGC
CAGATCATCTICTATCAGCGCCAGGACCGTGCGCCAGGGCGACAACTTCCACTTTGAG
TACGGCCTGAACGAGAATCTGACCCACATCCCCGAGGGLCAATGAGGACTCCCCTAT
CACACACGTGTACGCAGTGGCACGGCTGAAGGATGAGGGCGTGCAGTTCGAAGTGA
TGACATATAACCAGATCGAGAAGGTCGAGAGATAGCTCCAAGGCCGGCAAGAATGGE
CCCTGOGGTCGACCCACTGGGAGGAGATGGCCAAGAAAACCGTGATCAGGCGCCTOTT
TAAGTACCTGCCCGTGAGCATCGAGATGCAGAAGGCCGTGATCCTGGACGAGAAGH
CCOAGGUCAATATCGAGCAGGATCACTCCOCCATCTTCGAGOGCCGAGTTTGAGGAG
GTGGACTCTAACGGCAAT

Providencia alcalifaciens DSM 30120 RecE DNA {(SEQ ID NO:114):
AACGAGGGCATCTACTATGACATCTCTAATGAGGACTATCACCACGGCCTGGGCATC
TCTAAGAGCCAGCTGGATCTGATCGACGAGAGCCCCGCCGATTTCATCTGGCACCGG
GATGCCCCTGTGGACAACGAGAAAACCAAGGCCCTGGATTTTGGCACAGCCCTGCA
CTGCCTGCTGCTGGAGCCAGACGAGTTCCAGAAGAGGTTTCGCATCGCCCCCGAGGT
GAACCGGAGAACAAATGCCGGCAAGGAGCAGGAGAAGGAGTTCCTGGAGATGTGC
GAGAAGGAGAATATCACCCCCATCACAAACGAGGATAATAGGAAGCTGTCTCTGAT
GAAGGACAGCGCAATGGCCCACCCTATCGCCCGUTGGTGTCTGGAGGCCAAGGGCA
TCGCCGAGAGUTCCATCTATTGGAAGGACAAGGATACAGACATCCTGTGCCGGTET
AGACCAGACAAGCTGATCGAGGAGCACCACTGGCTGGTGGATGTGAAGTCCACCGC
CGACATCCAGAAGTTCGAGCGGTCTATGTACGAGTATAGATACCACGTGCAGGATIC
CTTITATTCTGACGGCTACAAGAGCCTGACAGGCGAGATGCCCGTGTTCGTOTTCCT
GGCCOTGTCCACCGTGATCAACTGCGGCAGATACCCCGTGCGGGTGTTCGTGCTGGA
CGAGCAGGCAAAGTCCGTGGGACGGATCACCTATAAGCAGAATCTGTTTACATACG
CCGAGTGTCTGAAAACCGACGAGTGGGCCGGCATCAGAACCCTGAGCCTGCCCTCC
TGGGCAAAGGAGCTGAAGCACGAGCACACCACAGCCTCT
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Pantoea stewartii RecT Protein (SEQ ID NO:118):
MSNQPPIASADLQKANTGKOVANKTPEOQTLYVGFMNGQPAMKSQLAAALPRHMTADRMI
RIVITEIRKTPALATCDOSSFIGAVVOQCSQLGLEPGSALGHAYLLPFGNGRSKSGOSNV(
LHGYRGMIDLARRSGQIVSLSARVVRADDEFSFEYGLDENLIHRPGENEDAPITHVYAY
ARLKDGOTOFEVMTVKOIEKVKAQSKASSNGPWYTHWEEMAKKTVIRRLFKYLPVSIE
MOKAVILDEKAESDVDQDNASVLSAEYSVLDGSSEE

Pantoea stewartii RecE Protein (SEQ 1D NO:116):
MOPGVYYDISNEEYHAGPGISKSQLDRIAVSPAIFQWRKSAPVDDEKTAALDLGTALRC
LLLEPDEFSKRFMIGPEVNRRTNAGKOQRKEGDFLDMCEQQGITPITHDDNRKLRLMRDSA
FAHPVARWMLETEGKAEASIYWNDRDTOQILSRCRPDKLITEFSWCVDVESTADIGKFQK
DFYSYRYHVQDAFYSDGYEAQFCEVPTFAFLVVSSSIRCGRYPVOQVEFIMDOQQAKDAGR
ABEYKRNLTTYAECQARNEWPGIATLSLPYWAKEIRNVY

Pantoea brenneri RecT Protein (SEQ 1D NOG:117):

MSNOPPIASADLOKTQOSKQVANK TPEQTLVGFMNOPAMESOLAAALPRIMTADRMI

RIVITEIRKTPQLAGQCDQSSFIGAVVQCSOLGLEPGSALGHAYLLPFGNGRSKSGOSNVQ
LHGYRGMIDLARRSGOIVSLSARVVRADDEFSFEYGLDENLVHRPGENEDAPITHV YAV
ARLEDGGTOFEVMTVEQVEKVKAQSKASSNGPWVTHWEEMAKKTVIRRLFKYLPVSI

EMQKAVVLDEKAESDVDODNASVLSAEYSVLESGDEATN

Pantoea brenneri RecE Protein (SEQ 1D NG:118):
MOPGIYYDISNEDYHRGAGISKSQLDDIAISPAIYQWRKHAPVDEEKTAALDLGTALHCL
LLEPDHEFSKRFOIGPEVNRRTTAGKEK EKEFIERCEAEGITPITHDDNRKLKLMRDSALAH
PIARWMLEAQGNAEASIYWNDRDAGVLSRCRPDKITEFNWCVDVKSTADIMKFQKDF
YSYRYHVQDAFYSDGYESHFHETPTFAVLAVSTSIDCGRYPVOVEFIMDQGQAKDAGRAE
YRKRNIHTFAECLSRNEWPGIATLSLPFWAKELRNE

Pantoea dispersa RecT Protein (SEQ 1D NO:119):

MSNQPPLATADLOK TOQSNQVAK TPEQTLVGFMNOPAMESOLAAALPRAMTADRMIR
IVITEIRKTPALAQCDQSSFIGAVVQUSQLGLEPGSALGHAYLLPFGNGRSKSGOSNVQLE
IGYROGMIDLARRSGOIVSLSARVVRADDEFSFEYGLDENLIHRPGDNESAPITHVYAVAR
LKDGGTQFEVMTAKOQVEKVKAQSKASSNGPWVTHWEEMAKKTVIRRLFKYLPYSIEM
CKAVVLDEKAESDVDOQDNASVLSAEYSVLESGTGE

Pantoea dispersa RecE Protein (SEQ ID NO:120):
MEPGIYYDISNEAYHSGPGISKSQLDBIARSPAIFOWRKDAPVDTEKTKALDLGTDFHCA
VLEPERFADMYRVGPEVNRRTTAGKAEEKEFFEKCEKDGAVPITHDDARKVELMRGSY
MAHPIAKQMIAAQGHAEASIYWHDESTGNLCRCRPDKFIPDWNWIVDVKTTADMKKFR
REFYDLRYHVOQDAFYTDGY AAQFGERPTFVEVVTISTTIDCGRYPTEVFFLDEETKAAGR
SEYOQSNLVTYSECLSRNEWPGIATUSLPHWAKELRNY

Type-F symbiont of Plautia stali RecT Protein (SEQ ID NG:121):

MSNGPPIASADLOKTQQSKOVANKTPEQTLVGFMNQPAMKSQLAAAL PRHMTADRMI
RIVTTEIRKTPALATCDQSSFIGAVVQCSQLGLEPGSALGHAYLLPFGNGRSKSGOSNV(Q
LHGYRGMIDLARRSGOIVSLSARVVRADDEFSFEYGLDENLIHRPGDNEDAPITHVYAV
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ARLKDGOTOFEVMTAKQVEKVEKAQSKASSNGPWVTHWEEMAKKTVIRRLFKYLPVSI
EMOQKAVVLDEKAESDVDQDNASVLSAEYSVLEGDGGE

Type-F symbiont of Plantia stali RecE Protein (SEQ ID NG:122)
MQPGIYYDISNEDYHGGPGISKSQLDDIAISPAIYOWREKHAPVDEEK TAALDLGTALHCL
LLEPDEFSKRFEIGPEVNRRTTAGKEKEKEFMERCEAEGVTPITHDDNRKLRLMRDSAM
AHPIARWMLEAQGNAEASIYWNDRDTGVLSRCRPDKHTDENWCVDVKSTADUKFQGKD
FYSYRYHVODAFYSDGYESHFDETPTFAFLAVSTSIDCGRYPVOVFIMDOQQAKDAGRAE
YEKRNIHTFAECLSRNEWPGIATLSLPYWAKELRNE

Providencia stuartti RecT Protein (SEQ ID NG 1233
MSNPPLAQADLGKTQGTEVKEKTKDOMLVELINKPSMEKAQLAAALPRHMTPDRMIRIY
TTERRKTPALATCDMOQSNFVGAVVQCSQLGLEPGNALGHAYLLPFGNGKSKSGUSNVQLE
IGYRGMIDLARRSGOIVSISARTVROGDNFHFEYGLNENLTHVPGENEDSPITHVYAVAR
LXDGGVQFEVMTYNOIEKVRASSKAGONGPWVSHWEEMAKKTVIRRLFKYLPVSIEM
QKAVILDEKAEANIDQENATIFEGEYEEVGTDGK

Providencia stuartii RecE Protein (SEQ 1D NO:124):
EGIYYNISNEDYHNGLGISKSQLDLINEMPAEYIW SKEAPVDEEKIKPLEIGTALHCLLLE
PDEYHKRYKIGPDYNRRTNAGKEKEKEFFDMCEKEGITPITHDDNRKLMIMREDSALAHP
IAKWCLEADGVSESSIYWTDKETDVLCRCRPDRITAHNYIVDVKSSGDIEKFDYEYYNY
RYHVQUDAFYSDGYKEVTGITPTFLFLVVSTKIDCGRYPVRTY VMSEEAKSAGRTAYKH
NLLTYAECLKTDEWAGIRTLSLPRWAKELRNE

Providencia sp. MGF0G14 RecT Protein (SEQ 1D NG:128):
MENPPLAQSDLOKTQGTEVKVKTKDOQOQLIQFINQPSMKAGLAAALPRAMTPDRMIRIVT
TEIRKTPALATCDMOSFVGAVVOQCSQLGLEPGNALGHAYLLPFONGK AKSGQSNYQLI
GYRGMIDLARRSNGHSISARTVRQGDNFHFEYGLNEDLTHTPSENEDSPITHVYAVARL
KDGGVOFEVMTYNQVEKVRASSKAGONGPW VSHWEEMAKKTVIRREFKYLPVSIEMQ
KAVVLDEKAEANVDOENATIFEGEYEEVGTDGN

Providencia sp. MGF(14 RecE Protein {(SEQ 1D NO:126):
MKEGIYYNISNEDYHNGLGISKSQLDLINEMPAEYIWSKEAPVDEEKIKPLEIGTALHCLL
LEPDEYHKRYKIGPDVNRRTNVGKEKEKEFFDMCEKEGITPITHDDNRKLMIMRDSALA
HPIAKWCLEADGVSESSIYWTDKETDVLCRCRPDRUTAHNYHDVKSSGDIEKFDYEYYN
YRYHVODAFYSDGYKEVTGITPTFLFLVVSTRIDCGKYPVRTYVMSEEAKSAGRTAYK
HNLLTYABECLKTDEWAGIRTLSLPRWAKELRNE

Shewanella putrefaciens RecT Protein (SEQ 1D NG:127):
MQOTAQVKLSVPHOOVYOQDNFNYLSSOVVGHLYVDLNEEIGYLNQIVEFNSLSTASPLDVA
APWSVYGLLLNVCRLGLSLNPEKKLAYVMPSWSETGEIMKLYPGYRGEIATASNFNVIK
NANAVLVYENDHFRIQAATGEIEHFVTSLSIDPRVYRGACSGGYCRSVLMDNTIQISYLSIE
EMNAIAQNQIEANMGNTPWNSIWRTEMNRVALYRRAAKDWRGQLIKATPEIQSALSDTE
Y

Shewanella putrefaciens RecE Protein (S8EQ D NO: 1283
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MGTALAQTISLDWQDTIQPAYTASGKPNFLNAQGEIVEGIYTDLPNSVYHALDAHSSTGE
KTFAKGRHHYFROYLSDVCRORTKOQQEYTFBAGTYGHMLVLEPENFHGNEFMRNPVPD
DFPDIELIESIPOLKAALAKSNLPVSGAKAALIERLYAFDPSLPLFEKMREKAITDYLDLR
YAKYIRTDVELDEMATFYGIDTSQTREKKIEEIL ATSPSQPIWEKLISQHVIDHIVWDDAM
RVERSTRAHPKADWLISDOYAELTHARCPTTGLLLEKVRFDWELERNDAIGVDFKTTLSTND
TKFGYQIKDLRYDLOQVFYCYVANLAGIPVKHFCFVATEYKDADNCETFELSHKKVIES
TEEMFDLLDEFKEALTSGNWYGHDRSRSTWVIEY

Bacillus sp. MUM 116 RecT Protein (SEQ 1D NO:129)
MSKGLTTVNTOAVVGTFSQAELDTLRKOTIAKGTINEQFALFVQTCANSRLNPFLNHIHCE
VYNGKEGATMSLOIAVEGILYLARKTDGYKGIECQLIHENDEFKFDAKSKEVDHQIGFP
RGNVIGGY AIAKREGFDDVYVLMESNEVDHMELKGRNGHMWRDWENDMFKKHIMKR
AAKLOYGIEIAEDETYSSGPSVDNIPEYKPOQPREKDITPNQDVIDAPPOQOPKOQDDEAAKLK
AARSEVSKKFKKLGIVKEDQTEY VEKHVPGFKGTLSDFIGLSQLLDLNIEAQEAQSADG
DLLD

Bacillus sp. MUM 116 RecE Protein (SEQ ID NG:130):
MTIYAADETLVQLLLSVDGKGQLLLGRGLEKGKAQYYINEVPSKAKEFEEIRDGLFDKDLE
MSLFNPSYFFTLHWEKGQRAMMLEYVTAPVSKEVLENLPEAQSEVLERYLEKKHSLVDLE
KIHKDNKNKQDKAYISAQSRTNTLKEQLMQLTEEKLDIDSIK AEL AHIDMOVIELEK QM
DTAFERNQAFNLOAQIRNLODRIEMSKERWPSLKNEVIEDTCRTCKRPLDEDSVEAVEKA
DKDNRIAEYKAKHNSLVSQRNELKEQLNTIEYIDVTELREQIKELDESGQPLREQVRIYS
QYOQNLDTOVKSAEADENGILODLKASIFILDSIKAFRGKEAEMQAEKVOQALFTTLSYVRLF
KONKGDGEIKPDFEIEMNDEPYRTLSLSEGIRAGLELRDVLEQOSELVIPTFVDNAESITS
FKOPNGOQLHSRVVAGQELKIEAVSE

Shigells sonnei RecT Protein (SEQ 1D NO:131):
MTKQPPIAKADLOKTQENRAPAAIKNNDVISFINQPSMKEQLAAALPRHMTAERMIRIA
TTEIREKVPALGNCDTMSFYSAIVOQCSQLGLEPGSALGHAYLLPFGNENEK SGKENVQLE
GYRGMIDLARRSGOIASLIARVVREGDEFNFEFGLDEKLIHRPGENEDAPVTHVYAVAR
LEXDGGTOFEVMTRROIELVRSQSKAGNNGPWVTHWEEMAKKTAIRRLFKYLPVSIEIQR
AVSMBDEKEPLTIDPADSSVLTGEYSVIDNSEE

Shigella sonnei RecE Protein (SEQ 1D NO:132):
DRGLLTEKEWRKGNRVSRITRTASGANAGGGNLTDRGEGFVHDLTSLARDIATGVLARS
MDVDIYNLHPAHAKRIEEITAENKPPFSVFRDKFITMPGGLDYSRAIVVASVKEAPIGIEV]
PAHVTAYINKVLTETDHANPDPEIVDIACGRSSAPMPORVTEEGKQDDEEKLOPSGTTA
DEQGEAETMEPDATKHHODTOPLDAGQSOVNSVDAKYQELRAELHEARKNIPSKNPVDA
DKLLAASRGEFVRGISDPNDPKWVKGIQTRDSVYOQNQPETEKTSPDMKQPEPVVQQEPE
IAFNACGQTGGDNCPRCGAVMGDATYQETFDEENQVEAKENDPEEMEGAEHPHNENA
GSDPHRDCSDETGEVADPVIVEDIEPGIY YGISNENYHAGPGVSKSQLDDIADTPALYLW
REKNAPVDTTKTKTLDLGTAFHCRVLEPEEFSNRFIVAPEFNRRTNAGKEEEKAFEMECA
STGKMVITAEEGREIELMYQSVMALPLGOWLVESAGHAESSIYWEDPETGILCRCRPDK
HPEFHWIMDVKTTADIORFKTAYYDYRYHVGDAFYSDGYEAQFGVQPTFVFLVASTTIE
CGRYPVEIFMMGEEAKLAGQLEYHRNERTLADCINTDEWPAIKTLSLPRWAKEYAND

98



WO 2023/034925 PCT/US2022/075850

Salmonella enterica RecT Protein (SEQ ID NO:133):
MTKOPPIAKADLOKTOQGNRAPAAVNDKDVLCVINSPAMKAGLAAALPRHMTAERMIRI
ATTEIRKVPELRNCDSTSFIGAIVOQCSQLGLEPGSALGHAYLLPFGNGKAKNGEKNVOLH
GYRGMIDLARRSGQHSLSARVVRECDEFSYELGLDEKLVHRPGENEDAPITHVYAVAKL
KDGGVQFEVMTKKOVEKVRDTHSKAAKNAASKGASSIWDEHFEDMAKKTVIRKLFKY
LPVSIEIQRAVSMDGKEVETINPDDISVIAGEYSVIDNPEE

Salmonella enterica RecE Protein (SEQ ID NO:134):
DRGLLTKEWRKGNRVSRITRTASGANAGGGNLTDRGEGFVHDLTSLARDVATGVLAR
SMDVDIYNLHPAHAKRVEETAENKPPFSVFRDKFITMPGGLDYSRATVVASVKEAPIGIE
VIPAHVTEYLNKVLTETDHANPDPEIVEBACGRSSAPMPORVTEEGKQDDEEK POPSGA
MADEQATAETVEPNATEHHONTQOPLDAQSQVNSVDAKYQELRAELQEARKNIPSKNPY
DADKLLAASRGEFVDGISDPNDPKWVKGIQTRDSVYQNGPETEKISPDAKQPEPVVQQE
PETVONACGQTGGDNCPRCGAVMGBATYQETFGEENQVEAKEKDPEEMEGAEHPHNE
NAGSDPHRDCSDETGEVADPVIVEDIEPGIYYGISNENYHAGPGVSKSQLDDIADTPALY
LWRKNAPVDTTKTK TLDLGTAFHCRVLEPEEFSNRFIVAPEFNRRTNAGKEEEKAFLME
CASTGKTVITAEEGRKIELMYQSVMALPLGOWLVESAGHAESSIYWEDPHETGILCRCRP
DKIPEFHWIMDVKTTADIQRFKTAYYDYRYHVQDAFYSDGYEAQFGVQPTEVFLVAST
TVECGRYPVEIFMMGEEAKLAGQOQEYHRNLRTLADCINTDEWPAIKTLSLPRWAKEY A
ND

Acetobacter RecT Protein (SEQ ID NO: 135
MNAPOQKONTRAAVEKISPOEFAEQFAATIPQVKSVLPAHVTFEKFERVVRLAVRKNPDL
LTCSPASLFMACIQAASDGLLPDOREGAIVSRWSSKKSCNEASWMPMVAGLMKLARNS
GDIASISSOVVEEGEHFRVVLGDEERIEHERDLGKTGGKIVAAYAVARLKDGSDPIREIM
SWOQIEKIRNTNKKWEWGPWKAWEDEMARKTVIRRLAKRLPMSTDKEGERTI RSAIERT
DSLVDISANVDAPQIAADDEFAAAAHGVEPQGQIAAPDLIGRLAQMOSLEQVGDIEPQVS
HAIQEADKRGDSDTANALDAALQSALSRTSTAKEEVPA

Acetobacter RecE Protein (SEQ ID NG:136)%:
MVISKSGIYDLTNEQYHADPCPEMSLSSSGARDLLSSCPAKFIAAKQLPQONKRCFDIGS
AGHLMVLEPHLFDOQKVCEIKHPDWRTKAAKEERDAAYAEGRIPLLSREVEDIRAMHSY
VWRDSLGARAFSGGK AEQSLYWRDEEFGIWCRLRPDYVPNNAVRIFDYKTATNGSPDA
FMIKEITYNRGYHQOQAAWYLDGYEBAVTGHRPREFWFVVQEKTAPFLESFFOMDEMSLEIG
RTLNROQAKGIFAWCLRNNCWPGYQPEVDGKYVRFFTTSPPAWLVREYEFKNEHGAYEPP
EIKRKEVA

Salmonella enterica subsp. enterica serovar Javiana str. 10721 RecT Protein (SEQ D NO: 137y
MPKOPPIAKADLOKTOGARTPTAVENNNDVISFINQPSMKEQLAAALPRHMTAERMIRI
ATTEIRKVPALGDUDTMSFVSAIVQCSQLGLEPGGALGHAYLLPFGNRNEKSGKKNYQL
HOGYRGMIDLARRSGQIASLSARVVREGDDFSFEFGLEEKLVHRPGENEDAPVTHVYAVA
REKDGGTOQFEVMTRKOQIELVRAQSKAGNNGPWVTHWEEMAKK TAIRRLFKYLPVSIEL
QRAVSMDEKETLTIDPADASVITGEYSVVENAGVEENVTA

Salmonella enterica subsp. enterica serovar Javiana str. 10721 RecE Protein (SEQ 1D NO:138):
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MYYDIPNEAYHAGPGVSKSQLDDIADTPAIYL WRKNAPVDTEKTKSLDTGTAFHCRVLE
PEEFSKRFHAPEFNRRTSAGKEEERK TFLEECTRTGRTVLTAEBEGRKIELMYQSVMALPLG
OWLVESAGYAHESSVYWEDPETGILCRCRPDKIPEFHWIMDVETTADIORFRTAYYDYR
YHVQDAFYSDGYRAQFGEIPTFVFLVASTTAECGRYPVEIFMMGEDAKEAGQREYRREN
LOTLABCLNNDEWPAIKTLSLPRWAKENANA

Pseudobacteriovorax antillogorgticola RecT Protein (SEQ 1D NO:13%):
MGHLVSKTEQDYIKQHYAKGATDOEFEHFIGVCRARGLNPAANQIYFVKYRSKDGPAK
PAFILSIDSLRLIAHRTGDYAGCSEPIFTDGGKACTVTVRRNLKSGETGNFSGMAFYDEQ
VOQORKNGRPTSFWOSKPRTMLEKCAEAKALRKAFPODLGOFYIREEMPPOQYDEPIQVHK
PKALEEPRFSKSDLUSRRKGLNREKLSALGVDPSRFDEVATFLDGTPDRELGOKLKLWLKE
AGYGVNG

Pseudobacteriovorax antilogorgiicola RecE Protein (SEG 1D NO: 1403
MSKLSNLKVSNSDVDTLSRIRMKEGYYRDLPIESYHQSPGYSKTSLCQIDKAPIYLKTKY
POKSTKSLNIGTAFHEAMEGVFEDEYVVHPDPGVNKTTKSWKDFVKRYPKHMPLKRSE
YDOVLAMYDAARSYRPFOKYHLSRGFYESSFYWHDAVTINSLIKCRPDYITPDGMSVIDF
KTTVDPSPKGFQYQAYRKYHYYVSAALTLEGIEAVTGIRPKEYLFLAVSNSAPYLTALYR
ASEKEIALGDHFIRRSLLTLETCLESGKWPGLQEEILELGLPFSGLKELREEQEVEDERFME
LVG

Photobacterium sp. JCM 19050 RecT Protein (SEQ ID NO:141):
MNTDMIAMPPSPAISMLDTSKLDVMVRAAELMSQAVVMVPRHFKGKPADCLAVVMO
ADOWGMNPFTVAQKTHLVSGTLGYESQLVNAVISSSKAIKGRFHYEWSDOWERLAGK
VOQYVKESRGRKGQOGSYQVTVAKPTWKPEDEGGLW VRCGAVLAGEKDITWGPKLYL
ASVLVRNSELWTTKPYQQAAYTALKDWSRLYTPAVMQGSMTGKSWSLTGRLISPR

Photobacterium sp. JCM 19050 RecE Protein (SEQ 1D NO:142):
MAERVRTYQRDAVFAHELKAEFDEAVENGKTGVTLEDQARAKRMVHEATTNPASRN
WERYDGELAACERSYFWRDEEAGLVLKARPDKEIGNNLIDVKSIEVPTDVCACDLNAYI
NROIEKRGYHISAAHYLSGTOKDRFFWIFINKVKGYEWVAIVEASPLHIELGTYEVLEGL
RSIASSTKEADYPAPLSHPVNERGIPOPLMSNLSTYAMKRLEQFREL

Providencia alcalifaciens DSM 30120 RecT Protein (SE) 1D NO:143):
MKAQLAAALPKHITSDRMIRIVSTEIRKTPSLANCDIOQSFIGAVVQCSQLGLEPGNALGH
AYLLPFGNGKSDNGKSNVOLIGYRGMIDLARRSGQUSISARTVROGDNFHFEYGLNEN
LTHIPEGNEDSPITHVYAVARLEDEGVOFEVMTIYNQIEK VRDSSKAGKNGPWVTHWEE
MAKKTVIRRLFKYLPVSIEMOKAVILDEK AEANIEQDHSAIFEAEFEEVDSNGN

Providencia alcalifaciens DSM 30120 RecE Protein (SEQ ID NG: 144
MNEGIYYDISNEDYHHGLGISKSQLDLIDESPADFIWHRDAPVDNEKTKALDFGTALHCL
LLEPDEFQKRFRIAPEVNRRTNAGKEQEKEFLEMCEKENITPITNEDNRKLSEMEDSAM
AHPIARWCLEAKGIAESSIYWKDKDTDILCRCRPDKLIEEHHWLVDVKSTADIQKFERS
MYEYRYHVQDSFYSDGYRSLTGEMPVEVFLAVSTVINCGRYPVRVEFVLDEQAKSVGRI
TYKONLFTYAECLKTDEWAGIRTLSLPSWAKELKHEHTTAS

100



WO 2023/034925 PCT/US2022/075850

Mouse Albumin knock-in sense template (SEQ 1D NO:168)
CACCTTCAGATTTTCCTGTAACGATCGGGAACTGGCATCTTCAGGGAGTAGetgacetctic
tettccteecacagg ATCCTGGAGCCACCCGCAGTTCOAAAAGCTCAGTGAAGAGAAGAACA
AAAAGCAGCATATTACAGTTAGTTGTICTTCATCAATCTTTAAATATGTTGTGTGGTTT
TTCTCTCCCTGTTTCCAC

Mouse Altbumin knock-in anti-sense template (SEQ 1D NO:161)
GTGGAAACAGGGAGAGAAAAACCACACAACATATTTAAAGATTGATGAAGACAACT
AACTGTAATATGCTGCTTTTTGTTCTTICTCTTCACTGAGCTTTTCGAACTGCGGGTGE
CTCCAGGATcotgtgegaggaagagaagaggtcagCTACTCCOUTGAAGATGCCAGTTCCCGATCGT
TACAGGAAAATCTGAAGGTG

(SEQ 1D NO:162)
ACTTTGAGTGTAGCAGAGAGGAACCATTGCCACCTTCAGATTTTCCTGTAACGATCG
GGAACTGGCATCTTCAGGGAGTAGCTGACCTCTTCTCTTCCTCCCACAGGATCCTGG
AGCCACC

Example 16
{00271 The structure of £. cofi RecT (EcRecT) alone (FIG. 36A) and with bound single-strand
DINA (FIGS. 36B and 36C) was predicted. The contact interface is consistent with truncation data

{Example 7, FIG. 20A). Predicted interactions of EcRecT SSAP amino acids with DNA are shown
in FIGS. 37A and 37B.

Fxample 17

002721 322 new SSAP proteins were identified from sequence data, synthesized, and screened
for activity with Cas® and dCas9. Gene editing activities are shown below in Table 5, followed

by aming acid sequences of the proteins.

Table 8. Cas9 Activity with SSAP

SSAP Protein ID | Activity Cas® with Cash with dCas® with dCas9 with
{Uniprot} across all SSAP SSAP SSAP SSAP
experiments | activity activity activity activity
{normalized) {normalized)
WP 1301232231 | 2.999 2.358 1.579 3.640 2.062
SEI77195 1 1811 1.340 0.516 2282 1278
WP 0382462191 | 0.121 -1.654 -0.724 1.896 2.101
WP 1492163021 | 0.692 -0.279 -0.275 1.664 1.531
UPIOOOR4REFEs | -0.284 -1.881 -(.590 1313 1.363
UPIO000030D3A | 0.058 ~0.942 -0.788 1.058 0.695
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WP 0748467401 | 0.358 0.254 0.626 0.863 0.407
UPINOOREASS33 0.551 0.397 (.895 0.705 1.131
UPIN00958E115 0.781 0.893 0.751 (.668 0.984
CDATI469 1 -1.027 -2.602 ~3.388 0.549 0.332
UPIN00T795D815 0.534 0.757 0.560 0311 0.109
WP 0697285151 | 0.393 0.562 0.533 0.225 0.240
UPIN0064R44CT -0.190 -0.544 ~0.573 0.163 0.148
UPID0064DSETIY | -0.778 -1.644 -1.327 0.088 0.036
RTLO4618.1 0.184 0.287 0.247 0.082 $0.048
WP 0374041931 | -0.857 -1.623 ~(1.850 -0.092 -0.051
OI076374 1 -0.501 -0.905 -3.436 -0.097 -0.073
GAKO1483 1 -.236 -(3.293 ~(.508 -0.179 -0.069
UPIOOOTFI3RTS 0.082 0.370 0.407 -0.205 -(.040
WP 1063168031 | -1.424 -2.628 -0.424 -0.220 -0.063
WP 1020867791 | 0.114 0.635 0.826 -0.407 -0.170
WP 1145995051 | -0.120 0.257 (0.239 -(0.498 -0.164
UPI000034E66T -1.223 -1.791 ~0.870 ~0.655 -0.866
UPIO00]E 12231 -1.249 -1.797 ~2.283 -0.701 -0.355
UPI00015968D7 -1.288 -1.876 -0.850 -0.701 -2.250
UPIOOORD18539 | -3.014 -5.286 ~0.810 ~0.742 -0.240
WP 1257117471 | -0.150 0.465 0.410 -0.764 -0.279
WP 129141488 1 | -0.431 -0.118 -0.065 -0.784 -0.325
UPIOOO1EOC400 | 0.498 1.789 4337 ~0.792 -0.867
WP 1353729961 1 | -0.932 -1.0587 -0.929 -0.807 -0.626
UPIC00000AFSY -0.440 -0.026 -0.032 -0.854 -0.392
GAE17732.1 -0.575 ~0.275 -0.560 -0.876 -0.635
WP 0614139581 | -0.371 0.154 0.174 -(.896 -0.293
UPIO00SE4CRT74 | -0.751 -0.518 -0.176 -0.987 -0.289
WP 1180166481 | -1.214 -1.429 -0.887 -1.000 -0.320
WP 0710627961 | -1.168 -1.284 -1.104 -1.053 -0.424
UPI00015COYED -0.687 -(3.287 -0.195 -1.088 -0.491
WP 0174157471 | -0.738 -0.428 -0.545 -1.088 -1.120
WP 0845050571 | -1.095 -1.090 -2.185 -1.100 -0.907
WP 0797081121 | -0.030 1.070 2.23%1 -1.129 -1.000
WP 1251416361 | 0.144 1.429 0.558 -1.142 -0.148
WP 0696865121 | -0.636 -(.160 -(.383 -1.151 -0.400
COF61365 1 0.233 1.622 2756 -1.156 -(3.358
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WP 1176242421 | -1.613 -2.047 -0.694 -1.179 -0.244
WP 1300673961 | -1.050 -0.911 -3.635 -1.189 -0.361
UPINOO78EDO2 1 -(3.491 0.218 (0.538 -1.201 -0.336
WP 016998579 1 | -2.985 -4.713 ~(1.683 -1.257 -0.422
WP 0025669011 | -2.868 -4.474 -1.192 -1.263 -0.179
AGFO3134.1 -0.985 -0.693 -1.286 -1.277 -1.011
UPINOOTREF484 | -0.847 -0.298 ~(1.329 -1.396 -0.389
WP 018705791 1 | -0.622 0.173 0.129 -1.417 -0.419
WP 1096150671 | 0412 2341 2793 -1.516 -0.177
WP 019168122.1 | -1.867 -2.201 ~(1.296 -1.534 -0.179
UPIDO0980SCID | -0.687 0.284 0.225 -1.658 -0.897
WP 0822096001 | -0.753 0.244 0.617 ~-1.749 -0.598
WP 0523991471 | -1.321 -0.840 -(3.758 -1.801 -0.508
SFOR3314.1 -1.554 -1.283 ~(.722 -1.826 -2.544
WP 1073787941 | -1.198 -(3.553 -1.314 -1.842 -1.900
WP 141925904 1 | -0.846 .236 0.173 -1.928 -0.948
WP 0778672131 | -1.39%4 -(.842 ~(0.289 ~-1.946 -0.772
WP 1245375941 | -0.630 0.714 1.299 -2.015 -0.557
WP 1386009011 | -2.188 -2.337 -0.343 -2.038 -0.267
AATS0028.1 -0.980 0.085 0.091 -2.044 -1.493
WP 0686723061 | -2.301 -2.551 -0.452 -2.052 -0.337
WP 051267408 1 | -1.635 -1.201 -0.666 -2.069 -0.685
WP 0273474701 | -0.900 0.273 0.278 ~2.073 -1.380
WP 0968738571 | -2.i22 -2.139 -0.908 -2.105 -0.826
WP 1367108361 | 0.44% 3.010 2.232 -2.113 -0.351
SYWI13692 1 -2.400 -2.670 -0.476 -2.129 -0311
WP 1187717701 | -0.974 0.197 0.073 -2.145 -1.216
WP 0272057411 | -1.538 -0.918 -0.925 -2.157 -0.568
UPICOO2RB78771 -1.308 -0.435 -1.203 -2 180 -0.281
UPI000865FR1S -0.560 1110 4.696 -2.230 -0.296
WP 1064781531 | -2.036 -1.798 -0.307 -2.273 -3.413
UPICOOR36BD3F | -2.308 -2.257 -0.341 -2.360 -0.367
WP 1060642841 | -1.072 0.280 0.259 <2423 -(.328
WP 024207388 1 | ~1.200 0.031 0.019 -2.431 -0.313
CTIF42377 1 -1.325 0211 -0.214 -2.440 -(.309
BAQ93806.1 -4 877 ~7.274 -1.400 -2.480 -0.364

-0.883 0.742 1.773 -2.508 -0.276

WP OB1955873 .1
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UPIN0065CYD47 | -1.264 -0.011 ~(1.001 -2.517 -0.565
WP 147981944 1 | -3.320 -4.061 ~(.571 -2.578 -0.849
WP 0281133521 | -1.240 0.114 0.106 -2.593 -0.657
WP 045553720.1 | -1.217 0.216 0.821 -2.649 -1.18%
UPIDO025CF494 | -0.927 0.813 0.564 ~2.667 -0.795
WP 0200073691 | -3.455 -4.226 -0.744 -2.685 -0.421
WP 016979878 1 | -0.971 0.754 0.207 ~2.696 -0.444
WP 1488702361 | -1.758 -0.806 ~0.733 -2.710 -0.380
LambdaBet -3.613 -4.490 -(3.856 -2.737 -0.416
UPIN0OTR64693 -0.583 1.583 1.090 ~2.755 -1.023
WP 1438387302 1 | -4.836 -6.903 -1.680 -2.770 -0.443
UPIOOOTE2AFCT | -0.998 .839 0.359 ~2.835 -0.450
WP 0725260121 | -0.742 1.362 1.914 -2.847 -0.374
UPI00062002D72 -1.512 -0.124 ~(0.406 ~2.900 -0.907
WP 0609053911 | -1.873 -0.836 -0.308 -2.910 -0.432
WP 0136558301 | -L.177 .596 1.140 ~2.950 -0.446
WP 1315214051 | -1.882 -0.802 ~(.382 -2.961 -0.450
WP 100916003 1 | -2.321 -1.578 -0.629 -3.063 -2.608
RDC50983 1 -3.431 -3.728 -3.241 -3.134 -3.818
WP 0636011711 | -2.057 -0.932 ~0.510 ~3.182 -0.478
AFH22576.1 -3.156 -3.033 -0.543 -3.279 -0.575
WP 0646643001 | -2.305 -1.322 -0.932 -3 288 -0.449
WP 0025951461 | -5.320 -7.323 ~1.345 -3.318 -0.536
WP 109401438 1 | -1.672 -0.020 -0.011 -3.325 -0.539
UPIO00212F382 -1.354 0.692 1.723 -3.399 -0.852
UPICOO78ESORBE | -3.3%1 -3.376 -0.549 -3.405 -0.557
WP 1151497841 | -1.869 -(3.322 -1.581 -3 416 -1.995
KKZ74881 1 -2.669 -1.842 -1.9G8 -3.497 -0.528
WP 0892812991 | -2.336 -1.166 -(.249 -3.506 -0.681
GAC42786 1 -5.493 -7.473 -3.513 -0.512
WP 000840020 1 | -1.897 -(3.224 -0.145 -3.571 -0.553
WP 1321100731 | -2.204 -(.830 -0.252 -3.577 -0.602
WP 1003064181 | -4.276 -4 946 -1.095 -3.605 -(.058
UPI000ID2DE2y | -2.192 -0.774 -0.320 -3.610 -0.537
UPI0000010203 -4.27 -4.919 -0.814 -3.622 -0.496
WP 0667908101 | -1.807 0.069 0.668 -3.682 -0.539
WP 0687205761 | ~0.901 1.888 0.942 -3.690 -03.763
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WP 1238491581 | -2.441 -11738 ~(.3606 -3.704 -0.608
WP 1154071851 | -1.849 0.045 0.060 -3.743 -0.567
WP 0830484091 | -3.591 -3.406 ~{3.596 -3.777 -0.714
WP 1095237331 | -1.640 0.510 0.610 ~3.790 -0.578
WP 1068336171 | -4.559 -5.271 -0.961 -3.846 -0.563
WP 019417330.1 | -1.537 0.824 0919 ~-3.897 -0.611
OAR27843 1 -1.809 0.282 0.572 ~3.899 -0.575
WP 045958204 1 | -2.219 -0.504 -0.093 -3.935 -0.392
WP 1471296281 | -1.788 0.372 0.623 -3.947 -0.622
UPIOOOR94RIDT | -1.700 0.575 0.280 -3.974 -0.714
WP 0926012021 | -0.786 2.444 1.806 ~4.016 -0.671
WP 1158568921 | -1.672 0.679 1.662 ~4.023 -0.49%
UPIOOORDSGOCE | -2.666 -1.263 -(.349 -4 070 -0.652
UPIO0O2ATIONET | -4.468 -4.826 ~(.842 -4 110 -0.643
UPIOOO20BAZ2EG | -1.738 0.597 (.8R0 -4 113 -0.660
SDL282’3 1 -2.5238 -(3.924 -3.410 -4.132 -0.827
CDEGR291 1 -2313 -0.476 ~0.351 ~-4.151 -0.615
WP 1201910521 | -1.782 0.53%6 1.792 -4.159 -0.615
WP 0737931431 | -1.792 0.580 0.924 -4, 163 -0.726
WP 0984082801 | -2.932 -1.697 -0.475 ~4.168 -0.640
WP 0997006561 | -2.669 -1.160 -0.694 ~4.178 -0.675
UPIOOO1CESe7A | -2.181 -0.183 -0.399 -4.179 -0.615
WP 1257695091 | -3.017 -1.843 -1.377 -4.191 -0.610
GAEO9585 1 -4 441 -4.631 ~(.809 ~4.250 -0.686
UPIO000805F63 -2.282 -0.308 -0.267 -4.256 -0.591
WP 1315355361 | -2.3453 ~0.432 ~0.643 ~4.259 -1.301
UPIO001504E53 -2.297 -0.331 -0.351 ~4.263 -0.702
WP 1380679571 | -4.402 -4.531 -1.341 ~4.273 -1.117
UPICOOSFERB4RO | -1.644 0.998 0451 -4.286 -0.712
WP 0024533961 | -3.206 -2.221 -(.998 ~4.310 -0.557
UPI00078BREST -3.018 -1.710 -(.437 -4.326 -0.647
UPICOOO1FIERG | -2.055 0.274 0.640 -4 383 -0.616
WP 067502792 1 | -2.958 -1.480 -(.437 -4 435 -0.734
POROZS6T 1 -2.757 -1.056 -(.259 -4 457 -0.721
RDI65706.1 -4.494 -4.531 -1.341 -4 458 -1.272
UPICOOR3SB374 | -4.391 -4 284 -0.776 -4 498 -0.87
WP 0842619001 | ~2.611 ~(.682 -(.190 -4.540 -0.705
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UPINOOTRCARAR | -2.185 0.198 0.190 -4 569 -0.746
WP 132769795 1 | -5.073 -5.574 -1.211 -4.572 -0.829
WP 028562280 1 | -2.900 -1.206 -(1.494 -4.593 -0.870
WP 0349101071 | -5.290 -5.948 ~1.267 -4.633 -0.842
WP 0095249311 | -2.714 -0.7738 -0.800 -4.650 -0.774
T7ep2.5 -2.001 0.660 1.440 -4.662 -0.557
WP 118206945 1 | -5.345 -6.013 ~1.700 -4.677 -0.799
UPIDO022F]R4D | -3.661 -2.642 -(.956 -4.680 -0.675
WP 05572841091 | -1.184 2314 1.852 -4 682 -0.968
WP 1285209041 | -1.789 1.105 2.418 ~4 682 -0.680
WP 106074518 1 | -4.014 -3.280 ~0.553 ~4.748 -0.956
WP 0042344371 | -2.575 -0.330 -0.310 -4.819 -0.774
WP 073010654 1 -3.807 2773 -(.529 -4 841 ~1.414
UPIOOOTRASECT | -3.5338 -2.138 ~-1.289 ~4.940 -0.604
UPI0002314B74 -2.227 0.503 0.506 -4.957 -0.886
TCPIRIGL -6.718 -8 469 -4.966 -0.819
WP 1075147941 | -3.187 -1.37 ~(1.848 ~5.000 -0.780
WP 0720043461 | -3.012 -0.983 -1.345 -5.041 -0.760
UPIOOORS661AA | -2.702 -0.312 -0.125 -5.001 -1.071
WP 0471509961 | -3.889 -2.674 ~0.477 ~5.104 -1.491
WP 0927349751 | -2.237 0.735 1.158 -5.210 -0.836
UPIOO079B 1358 -3.303 -1.348 -0.539 -5258 -0.804
WP 0191081211 | -3.063 -0.854 ~1.210 ~5.272 -0.814
WP 1454582001 | -3.822 -2.356 -0.702 -5.287 -0.724
WP 0760652821 | -2.230 0.839 0272 -5.299 -0.965
UPICOO1E3SACE | -4.480 -3.642 -0.681 -5319 -0.711
WP 0800779681 | -4.370 -3.807 -0.873 ~5.333 -0.891
WP 0035875841 | -1.297 2771 4.679 -5.365 -0.904
WP 0081706051 | -2.272 0.844 2.230 -5.389 -0.877
WP 1480019881 | -5.237 -5.016 -0.970 -5 457 -1.152
UPI000150D6AC | -3.004 -0.403 -0.403 -5.545 -0.758
WP 0731126301 | -4.727 -3 891 -0.617 -5.563 -1.144
WP 0673491071 | -3.738 -1.938 -1.023 -5.577 -0.839
WP 1271007801 | -3.040 -(.440 -2.025 -5 652 -(.952
SUIY49750.1 -3.606 -1.549 -1.689 -5.663 -0.742
UPICO01SCO1AE | -3.202 -(3.858 -0.452 -5.666 -1.047

-0.879 -8.056 -5.703 -1.399

UPRIOCCO09B0O19
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WP 0970064571 | -4.992 -4.259 ~(.733 -5.725 -1.307
WP 087200962 1 | -4.633 -3.533 -1.181 -5.734 -0.898
UPINOO00RIF7 -3.138 -0.503 ~-1.380 -5.773 -1.126
WP 1123300761 | -2.625 0.565 0.375 -5.815 -0.919
RPI78794 .1 -4.262 -2.690 -0.447 -5.835 -0.886
WP 1177680351 | -3.593 -1.3338 ~(1.432 -5.849 -0.934
WP 0817353251 | -4.408 2.932 ~2.350 -5.884 -0.905
RRGOBR33 1 -5.191 -4.466 ~(.701 -5.916 -1.175
RDE19343 .1 -6.515 -7.102 -2.102 -5.929 -1.086
WP 1109909071 | -3.196 -0.442 ~(1.140 -5.95] -1.083
SCQ72869 1 -6.1138 -6.279 ~(1.994 -5.957 -0.867
WP 0068457111 | -S5.195 -4.425 -(.688 -5.964 -1.008
WP 147265819 1 -3.650 -1.310 -0.511 -5 0R9 ~-1.036
WP 035430909 1 | -3.333 -1.038 -0.628 -6.027 -0.986
WP 0516240471 | -2.644 0.745 0.408 -6.032 -1.721
AKT73182.1 -2.584 0.868 0.712 -6.036 -0.929
SCI472694 1 -3.703 -1.337 ~(.698 ~6.070 -0.834
WP 0251143961 | -4.043 -1.981 -0.329 -6.106 -1.313
UPI00000105D3 -6.946 -7.779 -1.250 -6.114 -1204
RZT66774.1 -3.655 -1121 ~0.672 ~6.188 -0.973
WP 110092637 1 | -3.495 -0.584 -0.262 -6.395 -0.952
WP 0682027591 | -4.084 -1.761 -1.896 -6.406 -0.956
WP 0872252551 |-3.394 -0.307 ~0.056 ~6.481
WP 0512002791 | -6.481 -6.481 ~0.481
WP 0614052621 | -4.491 -2.468 -0.973 -6.514 -1.107
WP 0094241401 | -3.043 0.427 0.447 ~6.524 -1210
WP 0300752141 | -3.064 0.4438 0.210 ~6.577 -1.182
ERL63827 1 -4.769 -2.947 -0.511 -6.590 -1.417
PAV10712.1 -4.703 -2.785 -1.134 -6.622 -1.370
WP 1084048271 | -5.193 -3.731 -0.574 ~6.656 -1.610
WP 079588582 1 | -3.563 -4.285 -0.748 -6.840 -1.230
WP 0512647031 | -4.070 1.229 -0.520 -6.910 -1.386
WP 0326869411 | -4.539 -2.144 -1.524 -6.933 -1.193
UPI000003003E | -4.940 -2.882 -0.474 -6.997 -1.447
WP 0217473871 | 4416 -1.833 -2.092 -6.999 -1.192
WP 0066576221 | -3.670 -(.340 -0.087 -7.000 -1.112
WP 0153581111 | ~4.137 -1.27 -0.894 =7.001 -0.946
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WP 0266273031 | -6.274 -5.364 -1.014 -7.184 -1.057
UPINDOADRATO4 | -5.479 <3757 -(1.629 -7.200 -1.353
WP 0943694691 | -4.771 -2.249 ~(1.663 -7.293 -1.765
UPINOOOFRFE04 -4.489 -1.629 -2.086 -7.349 -2.203
WP 025706233.1 | -6.749 -6.123 -0.874 -7.375 -1.526
UPINOOTR647FE | -3.427 0.570 2.381 ~7.424 -1.335
UPINOO00ORSE2R ~7.537 -7.6238 ~1.701 -7.447 -1.443
WP 1182270471 | -3.873 -0.273 ~0.044 -7.473
UPINOO0SFOATS -7.690 -7.814 -1.324 -7.567 -1.196
WP 1119213061 | -S5.739 -3.745 ~(1.581 -7.734 -1.301
WP 019125538 1 | -4.137 -0.535 ~0.174 ~7.740 -1.199
UPIOOOOFSESS2 -4.307 -0.849 -(.295 -7.766 -2.216
WP 0761706101 | -0.169 -4.432 ~0.752 -7.905 -1.546
WP 1425112201 | -3.700 0.543 0.321 ~7.949 -1.164
WP 1140149651 | -4.249 -0.461 -0.195 -8.036 -1.510
WP 067024960 1 | -0.496 -4.933 -0.798 -8.053 -1.345
WP 0201351111 | -6.275 -4.494 -0.728 -8.056
WP 1162328021 | -4.873 -1.673 -1.388 -8.073 -1.172
WP 1466782711 | -5.013 -1.825 -0.708 -8.201 -2.012
UPIOOO2R78R34 | -3.528 1.307 0.578 ~8.362 -1.043
WP 100196224 1 | -3.031 2727 3.516 -8.790
WP 1182466101 | -7.244 -5.698 -1.064 -8.790
UPIOOO2E4CORE | -6.514 -4.118 ~0.619 ~8.909 -1.787
WP 1323052161 | -3.683 1.686 2.052 -8.053
WP 0738461851 | -6.122 -2.969 -0.509 -9.275
WP 076079849 1 | -6.687 -3.975 -1.807 ~9.420 -2.412
WP 1236090061 | -5.040 -0.626 ~2.428 -9.454 -1.210
UPICOOR40B5De | -5.182 -3.908 -1.189 -9.459 -1.391
WP 132412730.1 | 9467 -9.467 -9.467
WP 1257771631 | -S.085 -(0.640 -3.561 -9.530 -2.720
RMD50745.1 -8.768 =7.746 -2.190 -8.789
UPI0009880690 -10.167 -10.167 -10.167
OLA20462 1 -6.593 -2.825 -3.398 -10.362 -2.349
WP 1500511321 | -9.340 -7.735 -1.412 -10.925
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UPH000010203 (SEQ ID NG:172)

ATNESEENQLSTEKKETGLGSAGNTIKGEMNSPAIKKRFEEVEKGRAPQYMSSIVNLVNS
DINLKKCDOMSYVVASCMYAATLDLPVDKNLGYAWVVPYGNKAQFQLGYKGYVQLAL
RTGOYKSINVIEIHEGELIDWNPLTEELKIDFSKEKESDAVIGYAGYFELLNGFKESTYWTK
BEQITKHKNKFSKSDFGWKKDFDAMARKTVLRNMEL SKWGILSIEMONAYTADOQGHKNE]
IETGEVKENIEYIEADFESYEDNSIEEGGANE

UPIG000010503 (SEQ ID NO:1T3)

ATNESLKNQLTTKKETGLGSAGNTIKGLMNSPAIKKRFEEVEKQRAPQYMSSIVNLVNS
DINLKKCDOMSVVASCMVAATLDLPVDKNLGY AWVVPYGNKAQFOLGYKGYVQLAL
RTGOQYKSINVIEIHEGELIDWNPLTEELKIDFSKKESDAVIGYAGYFELLNGFKKSTYWTK
BOITKHKNKFSKSDFGWRKDFDAMARKTVLRNME SKWGILSIEMOQNAYTADQGHRKNE]
METGEVKENIEYIEADFESYEDNSIEEGGANE

UPICO00030D3A / HAW2682705.1 RecT [Escherichia coli] (SEQ ID NO:167)

TKOPPIAKADLOKTOGNRAPAAVKNSDVISFINQPSMEKEQLAAALPRHMTAERMIRIAT
TEIRKVPALGNCDTMSFVSAIVOCSQLGLEPGSALGHAYLLPFGNKNEKSGEKNVQLIG
YROGMIDLARRSGQGIASLSARVVREGDEFSFEFGLDEKLIHRPGENEDAPYVTHVYAVARL
KDGOTOFEVMTREQIELVRSLSKAGNNGPWVTHWEEMAKKTAIRRLFKYLPVSIEIQRA
VSMDEKEPLTIDPADSSVLTGEYSVIDNSEE

UPICOO0030D3E (SEQ ID NO:166)

STALATLAGKLAERVGMDSVDPOELITTLROTAFKGDASDAQFIALLIVANQYGLNPWT
KEIYAFPDKQNGIVPYVGVDGW SRIINENGOFDGMDFEQDNESCTCRIYRKDRNHPICV
TEWMDECRREPFK TREGREITGPWOQSHPKRMLRHKAMIQUARLAFGFAGIYDKDEAER]
VENTAYTAERGPERDITPVNDETMOEINTLLIALDK TWDDDLLPLCSOIFRRDIR ASSELT
QAEAVKALGFLKQKAAEQKVAA

UPIGO0009AF52 (SEQ ID NG:174)

ANELGIFSVDNLNMTTIKQYLDGGGKASDAELVLLINLCKONNMNPFMEEVYFIRYGN
QPAQIVVSRDFYRKRAFQNPNFVGIEVGVIVLNKDGVLEBNEGTFK THEQELVGAWAR
VHLENTEIPVYVAVSYDEYVOMKDGHPNKMWTNKPCTMLGKVAESGALRMAFPAEFS
GTYGEEEYPEPEKEPREVNGVEEPDRAQIESFDEKEDYAAKKIEELKEKAQPOKEVVEET
GEVIDEEPLEGF

UPICO0000BO1S (SEQ 1D NG:175)
STALATLAGKLAERVGMDSVDPOQELITTLROTAFKGDASDAQFIALLIVANQYGLNPWT
KEIYAFPDKONGIVPYVOVDGW SRINENQGOFDGMDFEQDNESCTCRIYRKDRNHPICY
TEWMBECRREPFKTREGREITGPWQSHPKRMLRHKAMIQCARLAFGFAGIYDKDEAER]T

VENTAYTAERGPERDITPVNDETMOQEINTLLIALDKTWDDDELPLCSQIFRRDIRASSELT
CAEAVKALGFLKOKATEQKVAA

109



WO 2023/034925 PCT/US2022/075850

UPIO00009B628 (SEQ ID NO:176)

STNDELKNKLANKONGGOVASAQSLGLKGLLEAPTMREKKFESVLDKKAPQFLTSLLNL
YNGDDYLOKTDPMTYVVTSAMVAATLDL PIDKNEGYAWIVPYKGRAQFQGLGYKGYIQL
ALRTGOQYKSINVIEVRDGELLKWNRLTEEIELDLDNNTSEKVICYCGYFQLINGFEKTVY
WITRKEIEAHKKKFSKSDFGWKKDYDAMAKKTVLRNMLSKWGILSIDMOTAVTEDEAE
PRERKDVTEDESIPDHDAPITPSDTLEAGSEVQGSMI

UPIOO0009BCIS (SEQ ID NO:1TT

STALATLAGKEAERVGMDSVDPOQELITTLROQTAFKGDASDAQFIALLIVANQYGLNPWT
KEIYAFPDRKONGIVPVYVGYDOWSRINENQQFDGMDFEQDNESCTCRIYRKDRNHPICY
TEWMDECRREPFKTREGREITGPWQSHPKRMLRHKAMIQCARLAFGFAGIYDKDEAERI
VENTAYTAERQPERDITPVNDETMOQEINTLLIALDKTWDDDLLPLCSQIFRRBDIRASSELT
QAVAVKVLGFLKOQKASEQKVAA

UPICO000B3FS7Y Bet [Gammaproteobacterial (8EQ 1D NO:178)

EKPKLIQRFAERFSVDPNKLFDTLKATAFKQRDGSAPTNEOMMALLYVADQYGLNPFT
KEIFAFPDKOQAGHPYVGYVDGWSRIINQHDOFDGMEFK TSENK VSLDGAKECPEWMECH
YRRDRSHPVKITEYLDEVYRPPFEGNGKNGPYRVDGPWQTHTKRMLRHK SMIQCSRIAF
GFVGIFDODEAERIEGOATHVVEPS VIPPEQVDDRTRGLVYKLIERABASNAWNSALEY
ANEHFQGVELTFAKQEIFNAQQQAAKALTQPLAS

UPIGO0019AB49 Bet [Escherichia coli] (SEQ ID NO:179)

STALATLAGKLAERVGMDSVDPOELITTLROTAFKGDASDAQFIALLIVANQYGLNPWT
KEIYAFPDKQNGIVPYVGVDGW SRIINENGOFDGMDFEQDNESCTCRIYRKDRNHPICV
TEWMDECRREPFK TREGREITGPWOQSHPKRMLRHKAMIQUARLAFGFAGIYDKDEAER]
VENTAYTAERGPERDITPVNNETMOEINTLLIALDK TWDDDLLPLCSOIFRRDIR ASSELT
QAEAVKALGFLKQKATEQKVAA

UPIO00034E66D Bet [Lactococcus phage phiLC3] (SEQ ID NO:180)

ANEIDIYDAKNINTATVEKFLKGGGOQASDEELAMLLAISRNOQNMNPFMKEVYFIKYGS
AAAQIVVSRDFYRKRAFOQNPNFAGIEVGVIVLNKDGYVLEHENEGTFKTKDOELVGAWAR
VHLENTEIPVYVAVSYDEY VOMKNGOPNSMWTNKPOTMLGKVAESQALRMAFPAEFS
GTYGEEEYPEPEKEPREVNGVEEPDRAQIESFDKENY AARKIEELKEK AGQPGKEFVEEIG
EAIDEITAEDF

UPIOOOOSFOATS (SEG ID NOG:181)
STALATLAGKLAERVGMDSVDPOQELITTLROTAFKGDASDAQFIALLIVANQYGLNPWT
KEIYAFPDKONGIVPYVOVDGW SRINENQGOFDGMDFEQDNESCTCRIYRKDRNHPICY
TEWMBECRREPFKTREGREITGPWQSHPKRMLRHKAMIQCARLAFGFAGIYDKDEAER]T

VENTAYTAERQPERDITPVNDETMOEINTLLIALDK TWDDDLLPLCSQIFRRDIRASSELT
OQABAVKALGFLKOQKASEQKVAA
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UPIOO0150DOAC (SEQ ID NO:182)

ANELGIFSVDNLNMTTIKQYLDGGGKASDAEL VLEINLCKQNNMNPFMKEVYFIKYGN
QPAQIVVSRDFYRKRAFONPNFVGIEVOVIVENKDGVLEHNEGTFK THEQELVGAWAR
VHLKNTEIPVYVAVSYDEYVOMKDGHPNKMWTINKPCTMLGEVAESQALRMAFPAEFS
GTYGEEEFPEPEKEPREVNGVKEPDRAQIESFDKEDYAAKKIEELKEKAQPQKEVVEETG
BVIDEEPLEGF

UPIOO01594E53 (SEQ D NO:1183)

TTALQTLTNKLAERFEMGDGSGEVETLKSSAFAGATVSDAQMIALL VIANGQYQLNPWT

KEIYAFPGGNGGLTPIVGVDGW VRIINREPOQYDGMEFHFTDDYSACTCTIYRKDRSKPIV
VTEFMGECKKSSPAWNSHPKRMURHKAMIQCARLAFGFTGIYDQDEAERIAENEKPPK

NITPONNVVETTAVELISEEQLSGIRQLMQVTGTEEAKIEAYIGVOQALNQIPKSQAEAVIK
KLNLTLDKONAEKADNGESVGEEIPL

UPIO0015968D7 (SEQ 1D N(:184)

AKNELAKGSYLTDLOGKLDONTLRDFVDPKHOASPOELQALLAIVEGRNLNPFTKEVYFI
KYGSAPAQIVVSKEAIMKRAEENPDIDGFEAGIVVETKDGAIERLTGTIVPKSATLRGGW
CKVYRKDRSHAIEADADFAYYTTSKNLWOKMPALMIRKVAIVSAFREAFSESVGGLYT
ADEMORETQAEVRARKMKEAYEERKLYLLTOMEAKSYKKTKSKNENEAKKTKEAEAIE
TVEEPTQDGNLEW

UPIOOOISCOIAE (SEQ ID NG 18S)

MAKENY SDPNGKLLINSITTFEVNGEEVELSGNIURDYLVSGNAEVTDOEIMIFLQLCKYQ
KLNPFLNEAYLVKFKNTKGPDKPAQHVSKEAFMKRAETHEQYDGFEAGVIVERGGEHIE
LEGAVSLASDKLLOGGWAKVEFRKDRNRPVSVRISEKEFNKROQSTWNTMPLTMMRKTAY
VNAMREAFPDNLGAMYTEEEQGSLONTETSVOQOEIKONANAEVLDIPSQONEVPDEKE

VREPEHVEMPPIYGEQQSTPPARPY

UPIG0015CO2E0 (SEQ ID NGO:186)

ATNDELKNQLANKONGGOVASAQSLDLKGLLEAPTMRKEFEKVLDEKKAPQFLTSLLNL
YNGDDYLQKTDPMTVVTSAMVAATLDEPIDKNLGY AWIVPYKGRAQFQLGYKGYIQL
ALRTGOYKSINVIEVRDGELLKWNRLTEEIELDLDNNTSEKVIGYCGYFQLINGFEKTVY
WTRKEIEAHKKKFSKSDFGWKKDYDAMAKKTYVLRNMLSKWGILSIDMQTAVTEDEAE
PRERKDVTEDESIPRIDAPITPSDTLEAGSEVQGSMI

UPIOOOISEIFOA (SEQ ID NO:187)
POEIAKVEYTAADGOEVRLTPGVIAKYIVSGNGLASEKDIY SFMARCQARGLNPLAGDA
YMTVYQGKDOGNTSSSVIVSKDYFVRTATAQDSFDGMEAGVTVLNGOGOIQGKREGCEFF
PSLGEKLLGOGWAKVHVKDREHPSKAAVTIMDEYDOQHRSLEWKSKPATMIRKVAIVQALR
EAYPGQFGGVYDRDEMPPSQEPQOVPVEVYEAPEAYETPDNQNRATEEF

UPIGO01BEF484 (SEQ 1D NO:188)
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NTPTMIKRKFEEVLHENANAFMSNVMTLVSNDSYLAESEPMSILSGALTAATENLGLDK
NLOGYAYLVPFNTKNKOQTGKWERKAQFILGYRKGYIQLAQRSGKYKALNVIEVYEGELLS
WNRLTEEFEFDPNGROSDDVIGY VOGYFELLNGFKKTVYWTKQEIEAHRIANSKDKEKTK
LSGVWATDYNAMARKTVERNMELSKWGIL SIEMOEATTSDEKVOQOMOEDGNIESETEVE
ENTTMKTAEVINEADSDSLNOQTDLFDTKNPPLE

UPIOO0ICES9TA CK3 26380 [butyrate-producing bacterium S83/4] (SEQ 1D NO:189)

ENATAVQOQAESQGTQDFSAPVKHNTDFSLGIFGSSDNFLMATOMAKAFASSTIVPKEYQ
GNFANGLVAMDIANRLKTSPFMYMONLDVIQGRPAWRATFLIAMINRSKKYDIELQFEE
KRDENGKPYSCTCWTTKDGREVTGIEVIMDMAEAEGW TKKNGSKWITMPOVYMLRYR
AASFFSRMNCPELSNGLYTTDEVYEMADSEYKVYNLEDEVKRDLAQNANKEEFVAPPN
HETAPESESKGSEPLDPAVENQKSGDTPDWMEKPETM

UPIOO0TD2ZDFE22 RecT [Cellulosilyticurn lentocellum] (SEQ 1D NG:190)

SDKKELVEKETHSRINQLLATKMEAMPKDFNOQTRFLONCMTVLOQDTKGIENCHPVSIA
RTLLKGAFLGLDFFQRECYAIPYGGELOQFQTDYKGETKMAKKYSIRDIKDIYAKVVRKG
DEFKEEIVAGQOQVYVDFKPLPEFNDAEHGAFAVVLYQDGOMEYETMSTKQIEGIRDNFSK
MENGLMWTRTPEEAYKKTVLRRLTKKIEKDFASIDQAKAYEESSDMOFKODEQKODA
KDPFADAVDVEFTEETEGQVRLDGEADGAK

UPIGO01EQC499 (SEQ ID NO:191)

SNELMTKAVTYEVNNEEVKLSGQIVKOYLTSGQAVTDQEVTIMFIQLCRY QHLNPFLNE
AYLVEKFNGKPAQUTSKEAFMKRAESNPNYAGLKAGCIVERNGELIYTEGAFTLKTDNIL
GAWADVIRKDRREPTHVEISMDEFSKSOQATWKSMPATMIRKTAIVNALREAFPODLGA
LYTEDDKNPNEATQTTYKQEPEVNTTKTADVLAKKFSGAPQIKSVENVQESEEESNNAS
NHGEATEPYNNVEEPTATAEVEQGOLL

UPIOOOIE2ZAFCT (SEQ ID NO:192)

TNNQLATOQIKRDITTDPSLLTGADIKKYFDPONLLTEKQVGOALALCKGRNLNPFANEY
YIVAYQNNSGTEFSLIVSKEAFMEKRAERCEGYDGFEAGITVMRNGEMIEIEGSLKEPEDIL
IGGWAVVYRKDRSHRYEVTVDFNEYVKTDRNGNPRSTWEKSMPATMIRKTALVQTLRE
AFPDELGNMYTDIDGGOGDTFDAIKDYTPOQESREDVVARKMAQIDOFNKEQEANHADPEP
TONEDPIQGELLDGELEY

UPIGO0TIE3SACE (SEQ ID NO:193)
TNNQIVEAKGDFLTNPQLLNSGHRKYLDPQOGKASDEEL AYFIAQAKAOQNLNPFTKEIYFI
KYGTOQPAQIVTAKSAFEKKADSHPOFDGRKEAGVIYLMDGEIK Y SKGAFIPKGAEBILGGW
AKVYRKDRTYPTETEVSFEEYDNSKIRARVKELTQQGKDVTYPVMNSYGKPIGENNWD
TMPCYMIRKVALVSAYREAFPAELGASYEADEIQLDNTPKDVTPGESREDVVARKMAE!]
EQFNKEQEANHADPEPTONEDPIQGELLDGELEY

UPICO020BAZED (SEQ D3 NG:194)

112



WO 2023/034925 PCT/US2022/075850

NNEVMEKSVEYEVNGNSVKLTPNMIKQFITKGNADVTDOQEAIMEMKLAEQQOQLNPFLN
BEVYLIKFRGEPAQNIVAKEAFMKRAEKHSEYDGLEAGHVORGEEIKELPGAVCLPTDNL
LGOWARVYREDRENPFYVOLDFKEFSKGOATWNOMPKNMIRKTAIVNALREAFPEAL

CAMYTEDDARLEEVKTAEPIKEKAETTQILENKFKELSENGQTEVGDEQTNESTEPEPTA
KQEQLL

UPIC00212F382 (SEQ 1D NO:195)

TVOQLVOPRNSDEYDFDOTKLDLIKRTICKGATNDELGQLFIHACKRTGLDPFMRGIFAVKR
WDSSTRKEIMTIOTGIDGYRLIADRTOKYAPGRKDTEFGYDNEGNIRWAKAYIKKMTPD
GOWHEISAIAFWEEYVOQTTREGKSTLFWLKKSHIMLSKCTEALAL RKTFPAERSGIYTKE
EMAQEFSPLEEHLVERIAASRNDQGRS

UPIGO022F8B4D (SEQ 1D NG:196)

SNNOQLSTQOAKRDIAIDTSVWTEFQDVKRYFDPONLLTEKQVGQALSLIKGRNLNPLANE
VYIVAYKKKTGOGTEFSLIVSKEAFLEKRAAQNPNYEGFEAGVVTVDTDGVMHERKGALM
LPGDTLVGOGWARVYRKNFKVPVEIFVSREEYDKKQSTWNAMPATMIRKTALVNALRE
AFPEDLGNMYTEDDGGETFDRIKQAEPVESREDVMARKMAQGIEQMKQEQAQRQOIDTSY
PTDDVIDPDDEPAQGELLEDLEY

UPIC002314B74 (SEQ D NG:197)

ATTPNPIPAQDGSPIPSPDDIVGELARRKIYAGIPDDDVALALALCOQKYGFDPLLKHLVLL
ATKDRDETTGOGOKHYNAYVTRDGLLHVAHTSGMLDGLETIQGKDDLGEWABRAVVY
RKDMSRPFRYRVYLSEY VREAKGVWKTHPQAMETKTAEVFALRRAFDVALTPFEEMG
FONONIAGDTGPSPRKTGFTEKAGFTONTRESAEASLPGKARFSTEAGLTDMTVIPPNRVT
GSIPETSRLNTSAGSTGROQRRQLF

UPIO0O02SCADZE (SEQ ID NO:198)

STALATLAGKLAERVOMDSVDPOQELITTLROTAFKGDASDAQFIALLIVANGQYGLNPWT
KEIYAFPDKONGIVPVVGVDGW SRINENGQFDGMDFEGDDESCTCRIYRKDRNHPICY
TEWMDECRRAPFKTREGREITGPWQSHPKRMLRHKAMIQCARLAFGFAGIYDKDEAER
IVENTAYTTERQPERDITPVNEETMSEINALLTSMEKTWDDDLLPLCSQIFRRYIRASSEL
SQAEAEKVLGFLKQKATEGKVAA

UPIO0025CF49A (SEQ ID NO:199)
EKPKLIQRFAERFSVDPNKLFDTLKATAFKOQRDGSAPTNEOMMALLYVVADQYGLNPFT
KEIFAFPDKQAGHPYVVGVDGW SRIINQHDQFDGMEFK TSETK VSLDGAKECPEWMECHI
YRRDRSHPVKITEYLDEVYRPPFEGNGKNGPYRVDGPWOQTHTKRMLRHKSMIQCSRIAF
GFVGIFDODEAERIIEGQATHVVEPSVIPPEQVDDRTRGLVYKLIERAEASNAWNSALEY
ANEHFQGVELTFAKQEIFNAQQQAAKALTOPLAS

UPIO00ZADS2ET (SEQ ID NO:200)
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TTVNQTELKNKLAEKAKTPAKTGNTVFDLIRKMEPEIKR AL PKQISPERFARTAMTAVRNN
TPKLOACEPISFIAALMOSAQLGLEPNTPLGQAYLIPYGKEVOFQLGYQOMLUTLAYRTGE
YOSIYAMPVY ANDEFEYEYGLNEKLVHKPAPDPEGEPIYYYAVYKLKNGGHGFVVMSR
QOIERHRDKYSPSAKQGKFSPWNTDFDSMAKKTVLKQLLKYAPKSVEFATOQIAQDETIK
TEIAEDMTEVQGIEVEYEATDDOENQENGQEQED

UPIO002BT7R771 (SEQ 1D NG:201)

EFETDEEEKEMSNNQLSTQQAKRDIAIDTSVWTFODVKRYFDPONLLTEKQVGQALSLE
KGRNENPLANEVYIVAYKEKTGGTEFSLIVSKEAFLKRAAQNPNYEGFEAGVVTVDTD

GYMHERKGALMUPGDTLVGGWARVYRKNFKVPVEIFVSREEYDKKGSTWNAMPATM
IRKTALVNALREAFPEDLGNMYTEBDGGETFDRIKQAEPVESREDVMARKMAQIEQMK
QEQAQROIDTSYPTDDVIDPDDEPAQGELLEDLEY

UPHOO02B78B34 (SEQ ID NO:202)

TTNQYVTHKNFENAPNVOQKSFDDVWRKGAGVOQFATSILSVIQGNASLESASNESIMTSAM
KAAVLNLPIEPSLGRAYLVPYKGQVQFQLGYKGLIELAQRSGKYKSINAGPVYKSQFEFVS
YDPLFEELTEDFTOPODEVIGYFASFSLLNGFRKLTYWTKAEVEAHGKKFSKTFGNGPW
KTDFDAMARKTVLKHILSIYGPLSVEMOTGMOQNDESENDNATRDIKTAEPYNADOQQLL
EDLMNVDTETGEILEEVSELKDNGELDLKYEDPNAR

UPIOO02B884FG / WP 003158887.1 Bet [Fseudomonas aeruginosa] (SEQ ID NO:203)

GTALTPLLTKFATRYEMGTTPEEVANTLRQTCFKGOVNDSOMVALLIVADQYKELNPET

KELYAFPDKNNGIVPVVGYDOWARIINENPOFDGMEFSMDOQGTECTCKIYRKDRSHAT
SATEYMAECKRNTOPWOSHPRRMLRHKAMIQCARLAFGFAGIYDOQDEAERIVERDVTP
AEQYEDVSEAICLIKDSPTMEDLQSAFSNAWKAYKTKGARDOQLTAAKDQRKKELLDAY
IDVEFEETGDDRAA

UPIGO0ZCB4AGT / WP _010792303.1 Bet [Pseudomonas aeruginosa} (SEQ 1D NG:204)

GTALTPLLTKFATRYEMGTTPEEVANTLKOTCFKGOVNDSQMVALLIVADGYKENPET
KELYAFPDKNNGIVPYVVGVDGWARINENPOFDGMEFSMDQOQGTECTCKIYRKDRSHAL
SATEYMAECKERNTOPWOSHPRRMLRHKAMIGCARLAFGFAGIYDODEAERIVERDVTPR
AFQYEDVSEAVCLIKDSPTMEDLQSAFSNAWKAYKTKGARDOLTAAKDQRKKELLDA
PIDVEFEETGDDRAA

UPIGO02E4COBF (SEQ 1D NO:205)
SSIAAAAESAEVTPASHNKYRDDIATVLPPKERERIDRWIRLAIGAVNSNPELISRVRADO
GASMMQALMKCAALGHEPGSGLFHLVPKGISRIEGWEDYKGILOQRIDRSGVYARTVIGY
VYANDEYSYDQNVDERPRHVRATGDRGEPISSYAYAVYPSGAITTVAEATPEQIASSKS
KARGADNAASPWRAPGAPMHREKVAVRLLEKHVATSAEDRREPISRSAANDVVIDATA
DYYQEP

UPIC003282677 (SEQ 1D NG:206}
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TNELTQTKGAYLTDLOKLDGATLRNFVDPKHQASPQELQTLLAIVENRNLNPFTKEVYF
IKYGNNPAQIVVSKDAFMKRAEQNONYDGFESGHYEDASGELKNKRKGVILPENCTLIGG
WCEVYRKDRTRPVYREVELSAYNTOKNWWORKAPGOMIEKVAIVAAVRDSFSEDVGGL
YTSEEMEQAAPIDVTPQESQEEVRTRKMAQIEEMKREQEKHOQSSAYPEDEIPNFEDEPLQ
GELLEEMEY

UPIOO033853AF (SEQ D NO:207)

NERTNLQYAPAPVERFKECLNSHEIKARLKNSLKNNWTOQFQTSMLDLYSGDAYLQKCD
PMAVALECVKAATLDLPISKSLGFAYVVPYNNVPTFTLGYKGLIQLAQRTGOQYRTINAD
VVYEGEIRGADKLSGMVDLSGERTGDEVVGYFAYFKLINGFEKMIYMTRAEAEKWRD
DYSPSAKSKYSPWRTDFDKMALKTCIRRLISKYGIMSVEMOQGVMTEEAEPRAAAAAKR
ABETVOANANSKVIDIDAAPPAANESPAEAAPQPDF

UPHO003427695 (SEQ 1D NO:208)

DYVTKIQEVENRLLDAKHDALPSGFRKTRFSENCRAYVREYTDLOKYDEEEVALVLFK
GAVLGLDFLAKECHVITEGSALRFQTDYKGEMALVEKYSVRPILDIYAKNVREGDVERE
BEISEGKPLIHFNPLAFNNSQUGSFAVALFSDGGMVYETMPAEEIESIRRNY GKNPGSDTW
EKSQGEMYKRTVLRRLCKTIEIDFDABGSLAYEAGSSFEFNREPOQPKKRSPINPPEVEESE
VLSDDGTSEAE

UPIO00353091F (SEQ ID NO:209)

SNALTITODOTEFTPKOLSVLENLGVQGAAPQEVAMEFDYCORTGLSPWARQIYMIGR
WDRNLGRKKYAVQVSIDGQRLVAERSGVYEGQTAPQWCGPDGOWVDVWLANEPPQA
ARVGVWRKSFREPAYGVARLSSYMPVTRDGRKPOQGLWGOTMPDVMLAKCAESLALRKA
FPLELSGLYTSEEMQOGADAPRTEPAPVDEDVVDAEIVDDEERMOWVEAIQAAETTDVL
REMWADIKTCPDALOQAELRFLIPARAKELAA

UPI000386D631 (SEQ ID NG:210)

IECAKLGLEPNNILGOAYLVPVCVDGVNKVEFQLGYKGLIELAYRSGKIK SLYANEVFE
KDEFHIDYGLDOKLIHKPFLGGDRGEVIGY YAVYQMDNRGASFVEMTRDEILGHSRKYS
RSFGCDLWESEFDAMAKKTVIKKLLKYAPLSIELQESVSVDESVEGIGCIGVE

UPIOO03E3D237 (SEQ ID NO:21D)

GTALTPLLTKFATRYEMGTTPEEVANTLRQTCFKGOVNDSOMVALLIVADQYKLNPFT
KELYAFPDKNNGIVPVVGVDOGWARIINENPOQIFDGMEFSMDOQGTECTCKIYRKDRSHAT
SATEYMAECKRNTOQPWOSHPRRMLRHKAMIGCARLAFGFAGIYDODEAERIVERDVTP
GEPVEDVTEALSLINSAPTMDDLOAAFSDAWKAYKSKGARDQLTVAKDOREKELLEAP
IDVEFEETGDDRAA

UPIO0044F 7143 (SEQ ID NO:212)

STALATLAGKLAERVOGMDSVDPOQELITTLROTAFKGDASDAQFIALLIVANQYGLNPWT
KEIYAFPDKONGIVPYVGVDGW SRINENGQFDGMDFEQGDNESCTCRIYRKDRNHPICY
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TEWMDECRREPFK TREGKENIGPWQSHPKRMLRHK AMIQCARL AFGFAGIYDKDEAERI
VENTACTAEHOPERDITPVNDETMOEINTLLIALDK TWDDDLLPLOSQIFRRDIRASSELT
OABAVKALGFLKOKATEQKVAA

UPIO004995B90 (SEQ ID NO:213)

TNNQLATOTKRNITTDPSLLTGABIKKYFDPONLLTEKQVGOALALCKGRNLNPFANEY
YIVAYTNRNGGKEFSLIVSKEAFLKRAAQCKDYEGFEAGVVVVDSEGYVMHERKGAIML
PEDTLIGGWARVHRKNFKVPVEIFVSREEYDKKQSTWNTMPATMIRKVALVNALREAYF
PEDLGNMYTHEDDGGETFDRIKDVTPOESREDVVARKMAQIEQFNKEQEANHADPEPA(G
TEETIQGELLDGELEY

UPIO0O0SIFS876 (SEQ ID NO:214)

SNREIWEVIRACSKAGNNGGSSPWDSFPDEMARKAIVKRASKYWPRRDRLDTAIDYLNTQ
GOEGHLNADHIPERDVTPASDEIINEITQGAITEINKTWDDELPLCSKTFRRTIASHEYLSQE
BEAVKTLDFVKKKAARNKATABAKIHATTENNSEAVS

UPIOOOSB8CE48 (SEQ 1D N(:21S)

ATNDELEKNKLANKONGGOQVASAQSLDLKGELEAPTMRKKFEKVLDKKAPQFLTSLLINL
YNGDDYLOKTDPMTVVTSAMVAATLDLPIDKNLGY AWIVPYKGRAQPFQLGYKGYIQL
ALRTGOYKSINVIEVREGELLKWNRLTEEIELDLDNNTSEKVVGYCGYFQLINGFEKTVY
WITRKEIEAHKKKFSKSDFOWKKDYDAMAKKTYVLRNMLSKWGILSIDMQOQTAVTEDEAE
PRERKDVTDDESIPDHEAPITPSDTLEAGSVVQGSMI

UPIG00598CDM40 (SEQ 1D NO:216)

TNNQLATQGTKRNITTDPSLLTGADIKKYFDPONLLTEKQVOQALALCKGRNLNPFANEY
YIVAYTNRNGGKEFSLIVSKEAFLKRAAQGCKDYEGFEAGVVVVDSEGYMHERKGAIML
PEDTLIGGWARVHRKNFKVPVEIFVSREEYDKKQSTWNTMPATMIRKVALVNALREAF
PEDLGNMYTEDDGGETFDRIKDVTPQESREDVVARKMAGIEQFNKEQEANHADPEPAQ
TEEPIOGELLDGELEY

UPIOOOSDCEBAD (SEQ ID NG:217)

TNNQLATOTKRNITTDPSLLTGADIKKYFDPONLLTEKOVGRALALCKGRNLNPFANEY
YIVAYTNRNGGKEFSLIVSKEAFLKRAAQCKDYEGFEAGYVVVDSEGVMHERKGAIML
PEDTLIGOGWARVHRENFKVPVEIFVSREEYDKKOSTWNTMPATMIRKVALVNALREAF
PEDLGNMYTEDDGGETFDRIKDVTPOESREDVVARKMAERIEQFNKEQEANHADPEPAQ
TEESIGGELLDGELEY

UPIOO0SEACB74 (SEQ ID NG:218)
TNNQLATQTKRNITTDPSLLTGADIKKYFDPONLLTEKQVGQALALCKGRNLNPFANEY

YIVAYTNRNGGKEFSLIVSKEAFLKRAAQCKDYEGFEAGVVVYDSEGYVMHERKGAIML
PEDTLIGGWARVHRKNFEVPVEIVVSREEYDKKOSTWNTMPATMIRKVALVNALREAF
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PEDLGNMYTEDDGGETFDRIKDVTPOESREDVVARKMAEIEQFNKEQETNHADPEPAQ
TEETIQGELLDGELEY

UPIOOOSFEB4BO (SEQ ID NO:219)

NEIQAYDKINDRDGMEMLGAAIQRSGMEGAETKEQGILALQCMVEKKPPLEMAKNYH
HQGKLSKRADAMLADFRKAGGKFIFADLKNPTVORKAKVIFEDYKDEDVEYSIDDAK TA
GVYNAKGAWVKYPGAMLRARLVSETLRAIAPEIVTGYYTPEELETPINAKPELKCAQPY
KAKPEPKKAQPDVIEATVCESELDAKL VELIGDREQIVNLYWEKKGLIDGLDTTWRDLN
DDTKRKMIDOFDOFMDAAQRKAAG

UPIO0002002D2 (SEQ 1D N(:2203

AENEKQALLOEENKSENVVSTVKRTALATNPFSDTBORNNIFKMAQLISQSDMIPATYK

GKPMNCVIALEQANRMGVSPEMVMONLY VVKGVPSWSGQGUMMIQGCGKIRDVDY
VYSGEKGTDRSRECKVVATRISDOKRIEGTEITMOMVKSEGWISNTKWKNMPEQOMLGYR
AATFFARMYCPNELNGFATEGEAEDMNHEKPORIEAINVLGDTAHE

UPIO0064B44C1 (SEQ ID NO:221)

TIMDLENDPKMESQIQRALPNGMSAERIARIALTALRMNPQLGQECSPOSFAAALMTSAQ

LGLEPNTPLGHAWLIPRKNHGKMEVOFELGYKGMLDLVRRSGMITAIFAEEVREKDEFE
FEYGTNPYLKHKPYLGGDRGKVLFYYAVATFKDGGYAFKVMSIPEIEEARKL SQSANSP
YSPWNRFYDEMARKKTVEKRLCKYLPLSIEVORNLAQDETIRTOQIEADDILDLPNENEFEY
VEVEEIPGEEEKEEAKEGPFPNKALRESPTPLT

UPIO0064DSEL3 (SEQ ID NO:222)

STALTTLTSOQLSORFRKLDGGEELLTTLKOTAFKGOVIBAQMTALLIVANQFGENPWTKE
IYAFPDKNGGIVPVVGVDGWARIINEHPQFDOMDFEMDGEQSCTCVIYRKDRTRPIRITE
YMAECKKTGGGOPWOSHPRRMERHKAMIQCARMAFGFGGISDEDDAERIREKDITPQAE
VVPKALEPYPADKFEENFEQWKSLIESGRRSADDVIAKIKSRNTMTDEQETRERACGGE
EGKTYENA

UPIO0065C2D47 Bet [Pseudomonas phage PS-11 (SEQ 1D NO:223)

SNVATIKPSSLSARMAERFGVDPNEMMATEKATAFKGOVIDAQMQALLIVADOQYGLNP
WTKEIYAFPRKGGIVPVVGVDOW SRIINENGAFDGMDFQQDDESCTCHYRKDRNHPIK
YVTEWMAECKRNTOPWOSHPKRMLRHKAMIQUCARLAFGYTGIFDEDEAQRIVEKDVTP
AVNEPDITPALEAIKNASSMEELHAAFKAAWNQHPSARARLTAVKDERKKALSEPIEGE
LVENEDGPAQQ

UPIO0067AT349 RecT [Streptococcus phage APCMO1] (SEQ 1D NO:224)
AKNELVKGEYLTDLOKLDGNTLRNFVDPKHRASPOELQALLAIVENRNLNPFTKEVYFI

KYGSAPAQIVVSKEAIMKRAEENPNFDGFEAGIVIETK SGSIERETGTIAPKRAEL RGGWC
KVYREDRSHAIEADADFAYYTTGEKNLWQOQEMPALMIRKVAIVSAFREAFSESVGGLYTA
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DEMEQNNTQETQEEVRARRMKQAYEEKLRELTEMEAKSYKKVEDESASKEIEAAKTTK
NTKEVEVIEETEVTEEPTGQEDSLEW

UPICO06CEIFSD (SEQ 1D NG:225)

STALATLAGKLAERVGMDSVDPQELITTLROTAFKGDASDAQFIALLIVANQYGLNPWT
KEIY AFPDKONGIVPVVGVDGW SRINENQOFDGMDFEQDNESCTCRIYRK DRNHPICY

TEWMDECRREPFK TRDGREITGPWOQSHPKRMLRHEAMIQCARLAFGFAGIYDKDEAER
FVENTTY TTDROPERDITPVSDETMREINDLLITMNK TWDDDLLPLCSQIFRRDIGASSDL
TQIEAVKALGFLKOKAARQK VEA

UPICO078ESOBE RecT [Pireltula sp. SH-Sr6A] (SEQ ID N(:226)

SEATKEAKPETAIAKKPNGIKDWLKSDALKTQGIASVAPKHMAPERVMRIALNAVSRTPK
LADCTPESFMRCLLDLSSWGLVPDGRHAHLIPYGTECTLVLDYKGLVTLAYRSGWVKK]
HADVVFEGDIFVYSLGTVCQHIPWEFRDDANKPEHK GHFRAAYCVVTMADGIEKHEY
MTASEIDAIKAKSRSGNSGPWKDHYTEMAKKTVYRRASKWLPLSPEQADAMERDDDRI
IDAVSVAVTQRLSKAAMPLIGANETGDTE

UPIOOO7BEBEST RecT [Pirellula sp. SH-S5r6A  (SEQ 1D NO:227)

SEATKEAKPETAIAKEPNGIKDWLKSDALKTOIASVAPKHMAPERVMRIALNAVSRTPK
LADCTPESFMRCLLDESSWGOLEPDGRHAHLIPYGTECTLVLDYKGLVTLAYRSGWVKKI
HADVVFEGDIFVYSLGTVCOQHIPWEFRDDANKPEHK GHFRAAYCVVTMADGIEKHEY
MTASEIDAIKAKSRSONSGPWKDHYTEMAKKTVYRRASKWLPLSPEQADAMERDDDRI
IDAVSVAVTORLSKAAMPLIGANETGDTE

UPIGOO78EDOZ] (SEQ ID NG:228)

SEIQQOAEAQTOQAHPTAVLDDYRGAIASVAPPGTNIDLFIRMTKSNYNRSDEIVAAVKR
NPGLFMOAVMDSAALGHIPGSEYYYLTPRRODGISGIESWKGVAKRIFNTGRYQRIVCEVY
VYEGEQWEFQPGEDLKPKHVIDWDARQVGSKVRFTYAYAVDFEGNPSTVAVCTKLDL
DKAQKGSROGKVWDOWYEQMAKKTAIKRLEDFVDTSAVDLRADGSSRRHSAEVAE

UPIO00OT795D81S (SEQ ID NG:229)

ASKNEAIEVSPAEIASVRKEKPASIVKAEKAKKEPCALVEYEDAEGREVVLTREDIINTISS
NPRITDKEIKLFIELARAGKENPFTREIFITKYGDYPATFIVGKDVFTKRAQSNPLFKGMOQ
AGHVORGNAVDOREGSATFGDEMLIGOWCKVYVQOQGYDVPIVDSVSENEYAARKTRGT
LNAMWASKPATMIRKVAIVHALREAFPSDFQGLYDOQSEMGLSGQGGE

UPIOO079B135B (SEQ ID NO:230)

ATSEKRAVTGDGKPATVOQOLLTNPKIKSQIALALPQHLTPERLTRIVLTEIRRTPALAKCK
PESLLAAVMOQCAQLGLEPGGSLGHAWLMPFKNEVOQFIIGYRGMIDLARRSGQVLSIEAR
GVYESDTFHVSFGLEPDLTHQPDWDPADRGKLAFVYAVARLKDGGFOFDVMSRAEVE
KIRAQSPAGKSGPWVTHFEEMAKKTVIRRLFEKYLPVSVEMARAVGLDEAAERGEQSDA
IDADCVIESEEEATPEEK GDSAA
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UPIOO07B4SECT (SEQ ID NO:231D)

SEISKAVATOQONPLAVVARYKRELGTVLPTVLROQDPDRWELMAAENAARKNPDIMAVT
KADQGASYMRALVECARLGHEPGSKDFHFIKRGNAISGEESYRGIHKRVLNSGFYRSVY
ARTVEFSNDTYSFDPLTDIVPNHVPAQGDRGKPLSAYAFAVHWDGTPSTVAEATPERIAT
AKAKSFASDKPTSPWOLPTGVMYRKTAIRELEPY VHVAPEPQPRRHLDGTVGGIPATDF
DVDDGDVLDITADQLAEAGELV

UPIOO0TBO4ZFE (SEQ D NG:232)

SELQQAAQGQADAGPVOVIYSHAKEIONVLAKGTDMDRWLOMARLAVMRDPNLVNA
AKRDPGSEMOAMLDCAEKGHIPGTEDYYLVPREKGGIQGMESWKGIAKRIMRSGRYQSI
VAEVVYEGEDFDEFNPNTMDRPVHGIKYMARTSGOPVLSYAYAVDHEGKPSTIAVADPR
YIAKVEKANSKGTYWADWDEAMYRKTAVEKMLYDYVDTSSTDRRGVSTVOVDGPYVGTE
IDGVLEIEGGDQ

UPICO07B64693 (SEQ 1D N(O:233

SELOQQAAQGQOSNNPVSFIYSHAKDIONVLTKGTDMDRWLOMARLAVMRDONLVASA
KRDPGSLMOALLDCAEKGHVPGTEDYYLVPRKGGIOGMESWER GIAKRIMRSGRYOQSTY
NEVVYEGETFEFNPNTMDRPVHNINYMTRTSGKPYMSYAYALDHDGKPSSVAIADPRY]
AKVEKNSRGSVWEDWDEQMYRKTAVEMLOBYVDTSSVDRRDVSTVOVDDANVIDY
DDTFTAREAGE

UPIOOOTBCAEARB (SEQ ID NOG:234)

TODLATATADQQPAQRRTAFDLVESMRGELHKALPEHASIDNFLRLALTELEMNPOELGN
CSGESLLGALMTAARVGLEVGGPLGQFYLTPRRLKRDGWAVVPIVGYRGLITLARRAG
VGOVNAVVVHEGDTFREGASSERGFFFDWEPAVERGKPVOALAAARLAGGDVOHRYL
SLAEVHERRDRGOFKDGSNSPWATDYDAMVRKTALRALVPLLPOSTALSFAVQADEQ
VORYDAGDIDIPALDETDTEDTK

UPIOOOTF13B78 (SEQ ID NO:235)

TNOQLAHKDEFFNTPAVKOKFOEVLNGNERQFTASLLSIVNNNKLLARASNTSIMTAAMEK
AAVLNLPIEPSLGFAYIVPYGQDAQFQLGYKGLIQLAIRSGOFKAINSGKVYKAQFKSYD
PLFETLDIDFTOQPEDEVYGYFATFELVNGFKKLTFWTKEQAESHGKRISKTYAKGPWST
DFDAMAQKTVLKSILSKYAPLSTEMQEGLISDNQTEEVETDPIDVTIPKNEDTOQTLLSDLM
SDEAESETEKV

UPIO00865F43D (SEQ 1D N(O:236)

TSQOLDTTHTINQOVTTFRHTLVOMENEIAAAT PAHMTGDRFLRUILTEVRKNPELAECS
TESIFGGILTAAALGLEPGLNGECWLIPRE VGKGPGSRKEATFOVGYKGHKLEFWONPLA
SYLDTGVVYANDAWKFREGLDPILEHTPATGDROGAVRGY YAVVGLTTGARIFDFFTPK
QISALRGTAGPNGGISDPEHWMERKTALLOVMKMAPKSTDEASAASVIDGTVQTVEAA
ADQVAAASTOGPVNPTTOEVLEAEPVEGGAA
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UPIOO0BaSFB1IS (SEQ ID NG:237)

TOOMPIEAQGEPTKELQOKAAVDRFNATLHOMONEIARALPKHMTGDRFVRIVLTEVR

KDPTLALCDPLTMFGSLLTAAALGLEPGLNGECWLVPRKNHGTLEAQLOVGYRGVVKL
FWONPAAAYLDTGYVCERDHFRFAKGLNPILEHTPAEGDRGKVVRYYAVAGLNTGAR

VFDVFTPAQIK TLRGGK VGSNGDIPDPEHWMERKTALLOVLKLMPK STOLAAVPAADG
RAHTISDAQQIFGGVDTSTGEVLEAEPVEGDAA

UPIOOOS18539 (SEQ ID N(O:238)

ETIDIKQELASQAQTDSKKEVKETKAMSIAEMIKAMMPEIKRALPSMITPERFTRIALSAL
NNTPELGACTPMSFISALLNAAQLGLEINSPLGHAYLIPYKNKGVLECQFQIGYLGLIALA
YRNELMQTIQAQCVYENDEFLYEY GLNPKLVHRPATSDRGEPVFFY GLFKMINSGFGFC
YMSKQEMDEFARTYSKGLASSFSPWKTSYNEMAKKTVIKQALKYAPIKTDFQKALSTD
ESIKYAISEDMTEAVNEIVSONTEVA

UPIOO0ERO00CE (SEQ ID NG:239)

SNLKNQLANKAGGTATRKQPOTMODWIKVMEPQIKKALPSVITAERFTRMALTAISTNP
KLAECTPESFMGALMNAAQLGLEPNTPLGQAYLIPYGKSVOQFQVGYKGLMELAQRSGO
FKSIYAHTVYENDEFEVEYGLTQNIVHKPNFDDRGKPIGFYAVYKLTNGGENFVEMTQR
EVEEFGKAKSKTFNNGPWETDFEAMAKKTVLKGLLKYAPIKVEFQREIAQDATIKTEIA

EDMTEVPEEMVEAEYEVVEQNTMAEDADLKGTPFETK

UPIOO0BE 12231 (SEQ ID NO:240)

SNNELLAKPVEFEVNGEAVKLTGKTVKNFLVSGNGEVSDQEVVMFINLCKYQKLNPFL
NEAYLVKFKSKSGPDKPAQVIVSKEAFMKRAEKHPNYEGFEAGIIVERDGOLVDIEGAIK
LINDKLVGGWARVYRSDROKPITTRISLSEFSKGOSTWNSMPLTMIRK SAIVNAQREAF
PETLGALYTEDDAKLDTTSSHDOQEQVIEQEIK TK ANOEVIDVEYTEESEQK SPOQEQTET
TQAGPGF

UPIOO0SEASBG33 (SEQ ID NG:241)

ATNSSLKNQLSKKENVTIGNTMOQGLLNNPKMK KRFEEILDKKAPOYMSSILNLYNGDTS
LOKCEPMSVLSSSMIAATMBLPVDKNLGYAWIVPYKNKAQFOQMGYKGYIQLALRTGQ

YRHINAIEBIHEGELVNWNPLTEELEIDFTRKESDRKHGYAGYFELLNGFKESTYWTKTQIE
NHRKKFSKSDYGWNKDFDAMAIKTVIRNML SKWGILSIEMONAYTADENIKDSFIDDS

ENVSANIEDLVEADYTVNQDSLESKEEFEGTPLE

UPIOOOSIFIEBO (SEQ ID NO:242)
KEMTVMKTSAPLCYADVAEVKCEEFYEDQYKAGAEELFDNTSYDRLKVYLEKHGGLE
OGVHADVVRAGDTFVYRPGVIRRHGYVPGEQRGOVYAVY AKAHIKGGATRCVILARHE
VEIDMDAKHGOGNPDGDWENLAKVVALRSLAEALPLPSAVLQSCRTWSAK

UPIO0095BETLS (SEQ ID NO:243)
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SNPPLAQADLOKTQGTEVKTK TKDQQLIHFINOPSMK AQLAAALPRHMTPDRMIRIVTT
BIRKTPALANCDMOSFIGAVVOCUSOLGLEPGNALGHAYLLPFGNGKAK SGOSNVQLIG
YRGMIDLARRSNOISISARTVROGDSFHFEYGLNENL THVPGENEDSPITHVYAVARLK
DGGVQFEVMTHNQIEK VRASSKAGONGPW VSHWEEMAKK TVIRRLFK YLPVSIEMOK
AVILDEKAEANVDOENASVFEGEFEEVSQSA

UPIO00980SC1D (SEQ D NG:244)

ANELGIFSVDNLNMTTIKQYLDGGGKASDAEL VLLINLCKONNMNPFMKEVYFIKYGN
QPAQIVVSRDFYRKRAFONPNFAGIEVOVIVLNKDGVLERNEGTFETHEQELVGAWAR
VHLKNTEIPVYVAVSYDEY VOMEDGHPNEMWTINKPCTMLGKVAESQGALRMAFPAEFS
GTYGEEELPEPEKEPREVNGVKEPDRAQIESFDRKEDY AAKKIEELKEKAQPOQKEVVKET
GEVIDKITAEDF

UPHOO09B0OSF63 (SEQ 1D N(O:245)

ANELGIFSVDNLNMTTIKOQYLDGGGKASDAELVLLINLCKGNNMNPFMKEVYFIKYGN
QPAQIVVSRDFYRKRAFONPNFAGIEVOGVIVLNKDGVLEHNEGTFKTHEQELYVGAWAR
VHLEKNTEIPYVYVAVSYDEYVOMKDGHPNKMWITNKPCTMLGKVAESQAL RMAFPAEFS
GTYGEEELPEPERKEPREVNGVKEPDRAQIESFDKEDYAARKIEELKEKAQPOQKEVVKET
GEVIDEITAEDF

UPIN009880690 (SEQ ID NO:246)

TNNQLVEAKGDFLTNPOQLLNSGIHRKYLDPOGKASDEELAYFIAQAK AQNLNPFTKEIYFI
KYGTOQPAQIVTAKSAFEKKADSHPOQFDGKEAGVIYLLDGEIK Y SKGAFIPKGAEILGOW
ARKVYRKDRTYPTETEVSFEEYDNSKIRARVKELTOQQGKDVTYPVMNSYGKPIGENNWD
TMPCVMIRKVALVSAYREAFPAELGASYEADEIQLDNTPKDITPOENREDVIARKMAQIE
QFNKEQAHTDPEPTQTEEPIQGELLDGELEY

UPIOO09FSES32 (SEQ ID NO:247)

RTDGTKEAGAAATAPTEGKAPAKAHKPADTIGAMIEKLKPOIERALPKHVTPDRMARM
ALTAIRNNPKLGQAEAVSLMGSHOQASQLGLEPNTPLGQCYHPYNSKNGMQAQFQOMGY
KGIVDLAHRSGOYROLTAHPYVDEADEFRYSYGLNPDLVHVPAEKPSGKITHYYAVYHL
TNGGFDFRVWSREKVEAHAKQYSKSFSSGPWOTNFDOMACKTYMIDLLRYAPKSVEIA
KATSADNRTHTINPEDPDLNIDTIDGDFELEGEER

UPIOO09F8F604 (SEG ID NO:248)

EALLLRRWOMGNLTKTTGFALAPQNLEQAMOQLATMICNSQLAPNNYKGKPEDRDTLVAM
MMGHELGLNPLOSIONIAVINGRPSIYGDALLALVONSPAFGGIQESFDEDTMTATCTY
WRKGGEKHTQHYSKDDADTAGLWGKQOPWK QHPKRMLAMRARGFAVRNGQFADALA
GLVTREEAEDMEKEINPTPAPQAQSKRIGOKQSRTQYSESDENENFPKWKAAVESGKKT
SEQUSMVETKGDLTOGMIEAIESIEAGEPA

UPIOOCAOSBATO4 (SEQ 1D N(:249)
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GHLVSKTEQDYIKGHY AKGATDGEFEHFIGVCRARGLNPAANQIYFVKYRSKDGPAKP
AFILSIDSLRLUIAHRTGDYAGCSEPIFTDGGKACTVIVRRNLKSGETONFSGMAFYDEQY
QOKNGRPTSFWOSKPRTMLEKCAEAKALRKAFPODLGOFYIREEMPPOYDEPIQVHKP
KALFEPRFSKSDLSRRKGLNRKELSALGVDPSRFDEVATFLDGTPDRELGOKLKLWLKEA
OYGVNG

UPICO0B36BD3F (SEQ 1D NO250)

TDVKQELERKVGKQDSTAVRETKNMSIPDMIKALEPEIRRAL PAVLTPERFLRMALSAVY
NNTPRLAECTPMSFIAAMMNAAQLGLEPNTPLGQAYLIPYRNENQLECQFQIGYKGIDL
AYRTGOMOMIQAHAVHEFDDFEYEYGLNPKLIHRPGDRGNRGEITYFYGLFKLVNGGFG
FEVMNREAMEAFAQQYSQSYGSQYSPWVKNFEDMAKKTVIKKALKYGPVKAEFQKATL
SMDETIKTEIAVDMTEVONEESE

UPHOOOB38B374 (SEQ IDNO2SY

ENEVMTQDOAYEVASPFGSSENFOQELFDIGKMEASSSLVPDRYRGREPMDCTIAVDMAN
RMGVSPMMVMOQLY VVKONPQWSGOQACMSLIRGSSEYKNVRPVYTGKKGEDSWGC
YIEAEKKKTGEIVKGTEVTIAMAKAEGWYSKKDKYGNETSKWOQTMPELMEAYRAAAF
FARVYIPNALMGCAVEGEAEDIMKRAITAEDPFKEDAK

UPIOO0B49BSDY (SEQ 1D NO:252)

TLOAVOPTQGDKAVESGLDOQTKFELIKRTICKGTTDDEFQLFIHACKRTGLDPFMROIFAVY
KRWDSAERREVMTIQTGIDGYRLIADRTGRYAPGRDABFGYDAHGGLRWAKAYVKEKM
TPDGHWHEISATAFWTEYVQTTKDGRPTVEWMKKGHVMESKCAFEALAT RKTFPAELS
GIYTQEEMAQTMSLPDTKGDSQTIGSDKAYEIER SIDNDPEFK TQLLTRLORAFGCKSFS
DLPODOFKNVKKVIENHOIKEKIA

UPIOOOBABEFES / WP 088258624.1 Bet [Fimbriiglobus ruber] (SEQ D NG:253)

TDIAHRSYSAPGQLSLIRRTVAKDTNGDEFDLFIEICKQQGLDPFKKQIFAQVYNKDKADK
ROIVIVTSIDGYRAKAQRCGDYRPAEEETRFEADAALKIRRGPMGSFVRSCGLOVRPGQ
GVVSRYGEARWDEFAPLDDAEFDWVDTGETWPDTGKPKKKKVAKSAKKTLKEGNWEK
NMPHVMLGKCAEAQALGGGGRERSAACTSKRRWTRETWT

UPIOOOBS66TAA (SEQ 1D NO:254)

TASKQTDIFSEVSGGEDITITLADIKNYFCANATDOQECVLFGQLCKANGLNPWLKEAYLI
KYDKNAPAAMVTGKDAYMKRANEHPAFDGYEAGVEVYLPDVGOVEYREGTAYYEDL
GEQLIGGYAKVYRKDRSRPYYEEVPLKEYDTKQSKWKTSPATMIRK VAL VHALREAFP
TNIQGMYDADETPYAADYEGSFREMDDPTPAPSMRORIAPAPVADPLEDLEADVIEAGD
VE

UPIOO0OBO4BIDT (SEQ ID NO:25S)

ADLTETANGADLAAAIGGKOQAETGRATAFDLVKSMEAEFAKALPRHVPVEQFMRTAVY
TELRONADLORSTSESLLGAFLTAARLGLEVGGPMGEFYLTPRFAKLPGOQDOKAWQVY
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PIVGYRGLVELARNAGVGAVKAWVVYEGDHFVEGANSERGPFFDFHPVPGDPAGRKE
VOVLAVARLSGGDVOHTYLTIHQVEKRKARGSAGDRKGPWATDRAAMIRKSGIRALAGE
LPOQSTLLALARVVDEEVQTYVPGSLVDVOTGELEA

UPIOOOBDO4ECE (SEQ ID NO:256)

NTELETMINNVYDNLGSVIMQQGIAALLPAQVTPEQFTRTAATALIENVDLONADKQNLY
LALTRCAKDGLMPDGREAAL VVRSTKVNKGFVKKAVYMPMVDGVIKRAROQSGQVANI
TAKVVYSQDEFEYVIDENGEHL THRPAFVDGDDIVKVYAFAKINSGELVVEVMSRAGY
EKIRDTVOSAKYDSSPWVEWFDRMALKTVIHRLARRLPCASELFSLFEVYEDANSTEKT
LRMAPASFKRLSIN

WP 0326869411 RecT [Raoultella planticoia] (SEQ ID NO:257)

TKOPPIAKADLQEKTOGTRVSSPKONNDVISFINQPSMEEQLAAALPRHMTAERMIRIATT
EIRKVPALASCDTMSFVSAIVQUSQGLGLEPGGALGHAYLLPFGNKNEKSGKEKNVQLUGY
ROGMIDLARRSGOQIASLSARVVREGDEFSYEFGLEEKLTHRPGENEDAPVTHVYAVARLK
DGOTQFEVLTSKQIELVRSOSKAANSGPWYTHWEEMAKKTAIRRLFKYLPVSIEIQORAY
SIDEKEALTIDPADTSVLTGEYSVINSESEE

WP 069728515.1 RecT [Pantoea brenneri] (SEQ ID NO:258)

SNQPPIASADLQKTOQSKQVANKTPEQTL VGFMNGPAMK SQLAAALPRAMTADRMIRI

VITEIRKTPOLAQCDOQSSFIGAVVQCSOLGLEPGSALGHAYLLPFGNGRSKSGOQSNVOLIL
GYRGMIDLARRSGOIVSLSARVVRADDEFSFEYGLDENL VHRPGENEDAPITHVYAVAR
LKDGGTOFEVMTVKOVEK VKAQSKASSNGPWVTHWEEMAKKTVIRRLFKYLPVSIEM

OKAVVLDEKAESDVDODNASVLSAEYSVLESGDEATN

WP 045958294.1 RecT [Xenorhabdus poinarit] (SEQ [ NO:259)

TNTPPLAQADLQKAQPOTKVAATKDOQALIQFINKPSMKAQGLAAALPRHMAPDRMIRIVT
TEIRKTPALANCDMOSFVGAVVOQCSQLGLEPGSALGHAYLLPFONGKSKTGOSNVQLI
GYRGMIDLARRSGOIVSISARTVRDGDQFHYEYGLNENLTHIPGENEDAPITHVYAVARL
ODGGVOQFEVMTRKOQVEKVREKSSAGNNGPWVTHWEEMAKKTVIRRLFKYLPVSIEMQ
KAVILDEKADANIDOQDNAAIFEGEFEEVGNDG

WP_102086779.1 RecT [Proteus mirabilis] (SEQ 1D NOG:260)

SNPPLAQADLQKTOOTEVKTKTKDQOQLIHFINQPSMKTOLAAALPRHMTPDRMIRIVTT
HIRKTPALANCDMQSFIGAVVQCSQLGLEPGNALGHAYLLPFOGNGKAKSGOQSNVOLIIG
YROMIDLARRSNGHSISARTVRQGDSFHFEYGLNENLTHVPGENEDSPITHVYAVARLK
DGGVOFEVMTHNQIEKVRASSKAGONGPWVSHWEEMAKKTVIRRLFKYLPVSIEMQK
AVILDEKAEANVDQENASVFEGEFEEVGSNGN

WP 109615067.1 RecT [Edwardsiella piscicida] (SEQ ID NG:261)

TNNOOPPIATADLOKAQSOAPAVKPDOKLINFINQPSMKGQIAA ALPRHMAPDRMIRIT
TEIRKTPALATCDMQSFIGSVVQCSQLGLEPGGALGHAYLLPFGNGKAKSGQSNVQLIG
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YROGMIDLARRSGQIVSISARTVRDGDQFHYEYGLDETEKHVPGDNESSPITHVYAVAKL
KDGOVOFEVMTEFNQIEKVRGOSKAGNNGPWOTHWEEMAKKTVIRRLFKYLPVSIEMQ
KAVILDEKAEANIDQENASVISAEFSVVED

WP 124537594.1 RecT [Morganella morganti] (SEQ ID NO:262)

SNPPIAQADLOKAQGTAVKEKTKDOQOLICFINQPOMKAQLAAALPRHITPDRMIRIVTTE
IRKTPSLATCDMOSFIGAVVQCSQLGLEPGNALGHAYLLPFGNGKAASGOSNVOLHGYR
OGMIDLARRSGQUSISARTVREGDSFHFEYGLNEDLTHVPGENDSGPITHVYAVARLKEG
GVOQFEVMSFSQIEKVRDESKAGKNGPWYVSHWEEMAKKTVIRRLFKYLPVSIEMQRAVIL
DEKAEANVDOQEHASIFEGEYETVSPE

WP 00066576221 RecT [Providencia alcalifaciens] (SEQ ID NG:263)

STPPLAKSDLOKTQGTEVKIKTNEQKLVEFINQPGMKAQUAAALPKHITSDRMIRIVSTE]
REKTPSLANCDIGSFIGAVVQCSQLGLEPGNALGHAYLLPFGNGKSDNGQONVOQLHGYR
GMIDLARRSGQIUSISARTVROQGDNFHFEYGLNENL THIPEGNEDSPITHVYAVARLKDG
GVQFEVMTYNQIEKVRNLSKAGKNGPWVTHWEEMAKKTVIRRLFKYLPVSIEMOQKAVI
LDEKAEANIEQEHSAIFEAEFEEVDSNGN

WP 109401438.1 RecT [Proteus terrae] (SEQ ID NO:264)

SNPPLAQADLOKTOGTIEVREKTKDOMEL VEFINKPNMKAQLAAALPRHMAPDRMIRIVT
TEIRKTPELANCDMOQSFVGAVVQCSQLGLEPGNALGHAYILPFEKEKRKQGNOQWVTVRTY
DAQLHGYRGMIDLARRSGOIVSISARTVROGDSFHFEY GENENLTHVPGENEDSPITHVY
AVARLKDGGVOQFEVMTHNQIEK VRTSSKAGONGPW VSHWEEMAKKTVIRREFKYLPY
SEMOKAVILDEKAEANVDQENSSVFEGEFEEVGQGA

WP 1151497841 RecT [Plesiomonas shigelloides] (SEQ 1D NO:265)

SNOQRPPIATADLOKAQSOPPAAKPEQNLINFINQPSMKSQIAAALPRHMAPERMIRHTTE]
RKTPKLATCDVQSFIGAVVQCSQLGLEPGGOLGHAYLLPFONGKAESGKPNVQLIGYR
GMIDLARRSGQIVSISSRIVREGDOFHYEYGLNETLKHVPGDNESAPITHVYAVAKLKDG
GTQFEVMSFNEIEKIRGOSKAGNDGPWIKHWEEMAKKTVIRRLFKYLPYVSIEMQRAVIL
DEKAEADIEQDNASHGAEYSVVENAA

WP (349101071 RecT [Gilliamella apicola] (SEQ 1D NO:266)

SEQNQPPIAKSDLEKTOQLTNQDKKPATLAELVNSPRKIKNQLAMALPKHMNPDRMARIVT
TEIRKTPALADSNIQSFLGAVVOQUSQLGLEPGGALGHAYLLPFGNGKAKDGKSNVQLEG
YRGMIDLARRSGQGHSISARTVREGDDFHYEYGENEDLKHTPKADESAPITYVYAVARLK
DOGSQFEVMTEFNQIESVRKOSKAGDKGPWITHWEEMAKKTVIRRLFKYLPVSIEIQOAVE
LDEKAFAGISQDNEMILDADFSVVEA

WP 016979878.1 RecT [Pseudomonas fluorescens] (SEQ 1D NO:267)

NSTAETATPFSSQDLERKTQPTKAQSKTGSLASLLASPKMKSQFAAALPKHMTPERMARI
VTTEIRRKNPELVKCEQHSFLGAVIQCAQLGLEPGNTLGHAYILPYGKQAGLIHGYRGMID
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LARRSGQISISARTVREGDYFEYEFGLDENLIHRPVETTOQPGAVTHVYAVARLKDGGRQ
FEVMSRAQIEEVRVOSKAAKSGPWYTHWEEMAKKTVIRRVFKYLPVSVEIQRAVMLDE
KAEAGVCOENECVFDGDFEVITDTEE

WP _080977968.1 RecT [Pseudomonas stutzeri] (SEQ 1D NO:268)

STENVAPFSQKDMOOATGOQOVKPRSPADSLAAMLASPEMEAQFAAALPKHMTAERM
ARIVTTEIRKTPALVKCDOHSFLGSVIQCAQLGLEPGNSLGHAYLLPYGNQVQLIGYRG
MIDLARRSGOQIVSLSARTVREHDEFDYOQLGLHEDLTHKPFEGEHAGEITHVYAVARLQG
GGVOFEVMIKAQVEAVRAQSKAGK SGPWVSHWEEMAKKTVIRRLFKYLPVSVEIQRA
VTLDEAAFAGLPQGNEY VFDGDFEVVNDASGAQQ

KXJ39364.1 AXA67 02205 [Methylothermaceae bacteria B42] (SEQ ID NO:269)

ATSLKRAVTODGKPATVOOLLTNPRKIKSQIALALPOHLTPERLTRIVLTEIRRTPALAKCK
PESLLAAVMQCAQLGLEPGGSLGHAWLMPFKNEVOFHGYRGMIDLARRSGQVLSIEAR
GVYESDTFHVSFGLEPDLTHOPDWDPADRGKLAFVYAVARLKDGGFOQFDVMSRAEVE
KIRAQSPAGKSGPWVTHFEEMAKKTVIRRLFKYLPVSVEMARAVGLDEAAERGEQSDA
IDADCVIESEEEATPEEKGDSAA

WP 106478153.1 RecT [Halomonadaceae bacterium RABEGI7](SEQ 1D NO:270)

SEVATODTLGKELQOHSGOQKKPMPTTIOGMLEDPRFTSQIARALPKHITPDRITRIALTE
VNKTPALGKCDPVTLFGSHQSAQLGLELGGALGHAYLVPYGNQAQFHGYRGMIDLARR
SGOMVYSLOAHTVHDNDEFDFEYGLDEKLRHVPARGDRGPMVAVYSVAKLVGGGHOIE
VMWKEDVDAIRSK SKAGNSGPWRDHYEEMAKK TAIRRLFKYLPVSVEMQKAVALDEQ
ABAGVODNNVEDGEFSYGEAR

WP 1291414881 RecT [Halomonas coralii}] (SEQ ID NO:271)

TDOATAEPQEDLGKQLOQHSQRKPMPTTIOGMLKDDRFTGOIARALPKHITPDRISRIAL

TEVNKTPALGKCDPMSLFGSHQSAQLGLELGGALGHAYLVPYKDGAQFIGYRGMIDLA
RRSGOMVSLOQAHTVHENDDFEFEY GLDEKLRHVPARGORGPMIAVY AVAKLTGGGHQ
IEVMWEKEDVDAIRQOSKAGNSGPWRDHYEEMAKKTAIRRLFKYLPVSVEMQKAVSLD

HQAEAGVODNNVFDGEFSYQEPE

WP (842619001 RecT {Zymobacter palmae] (SEQ 1D NG:272)

TNTVQQGAPQQDQLAQOQLOUASGNTROEKPMPSTIQOGMLKDDRFKTOQIARALPKHYTP
ERIMRIALTEINKTPKLKECDPIGLFGSIVQSAQLGLELGGALGHAYLVPYGKQAQFHGY
ROMIDEARRSGOMVYSLOQAHTVHENDEFNFEYGENENLRHVPARGERGPMIAVYAVAK
LVGGGHOIEVMWEEDVDAVREKSSKAGGSGPWRDHYEEMAKKTAIRRLFKYLPVSVEM
QRAVSLDEQAEEGVQDNNVFDGDYTVAEH

WP 020007369.1 RecT [Salinicoceus albus] (SEQ 1D NO:273)

STNESLEKNOQVATNQOKNEVSNGNEPKTIGDYIDOMAPAMAQALPKHMSVERMTRMATT
VIRTTPOQLKEADVASLLGAVMOSAQLGLEPGPMGHCYFLPFKNNKKGTTEVTIFHGYKG
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MIDLARRSGHISTIYAHAVYENDEFEYELGLHADEKHKPSEDERGAFKGAYAVAHFKD
GOYQFEYMPKSDIDKRRSRSKAGNSNY SPWATDYEEMAKKTVIRHMWKYLPVSVEMG
CAVAHDEGTGKDIKDVTPDEDSFVDMPEYIADVPAEGEGE

WP 13152140S.1 RecT [unclassified Lysinibacillus] (SEQ ID N(G:274)

ATTTBLKAQMOGAPATQOKPKTIDDYLKQMAPAMAQALPKHMDVDRLMRLAMTTIR
TTPALKDADVSSLLGAVMQAAQLGLEPGLMGHCYLLPFKNNKKGITEVOFHGYKGMID
LARRSGHIQSIYAHAVYQKDEFEYELGLDPKILKHKPOCMDEDKGNEFVGAYAVAHFKDG
GYQFEFMSKAEIEKRKGRSKAANSTYSPWATDYEEMAKKTVVRHMWEYLPISVEMQO
QVAYDEGTAPKREMKDITPETEFFVDAPEIEVEVVNE

WP 1327697951 RecT [Tepidibacillus fermentans] (SEQ 1D NO:275)

ATNEKVKTOQLANRANGOAPTPTPEQTIAAYMKKMAPRFAEVLPKHMDIDRMTRIALTTI
RTNPKILEASVPSLLGAIMOAAQLGLEPGEVGHCYLVPFRKNGKTGOTEVQFIIGYKGMI
DLARRSGNIESIYAHAVYENDTFEYEYGLHPKLVHEPAMTDRGEFIGAYAVAHFKDGG
YOFEFMPKEEIEKRRNRSKTANGGPWVTDYEEMAKKTVVRHMWEKYLPISIEIQQAAAQ
DEVIRKDVTSEPEFVDDVIDISTEIEEQSVEVEGEEAQ

WP 120191052.1 RecT [Ammoniphilus oxalaticus] (SEQ ID NO:276)

STKATSNELKNQLANRQGONNAATNNNPANTIAAYLKRMAPEIEKALPAHMDADRT ARI
ALTTIRTTPKLLECTIPSLMGAVMOSAQLGLEPGLIGHCYHPYGKEATFHGYRKGMIDLAR
REGNIESIYAHAVYENDEFEYEYGLKPNLVHKPAMSDOGDFIGAYAVAHFKDGGYQFE
FMPKEEIDKRRNRSAASKGGPWYVTDYEEMAKKTYVRHMWKYLPISIEIQQAATQDEVY
RKBITEDPMPVDVLDIPFEASDAEETSEEGEINFD

WP _066790810.1 RecT [Rummeliibacillus stabekisii] {SEQ 13D NO:277)

ATTTELKEQMKQQAPAQTKKPKTIEDYMKOQMAPAMAEAL PKHMSVDRLTRLAMTTIR
TTPALRQADVSSLLGAVMOQAAQLGLEPGLLGQCYLLPFKNKEKKAITEVOFHGYKGMID
LARRSGHIQSIYSHAVFENDVFEYELGLEPKLKHTPTMSTDKGAFIGAYAVAHFKDGGH
QFEFMSKADIEKRKGRSKAANSDYSPWLTDYEEMAKKTVIRHMWKYLPISVEMQEGY
AYDEGVGRSIKDVTPEEDVEVQAPDEILEAEATEA

WP (098408280.1 RecT {Bacillus] (multispecies) (8EQ ID NO:278)

TOAEKLEKNDIAKQEQKNEVAQDDKPKTILDVMMOQHKESFEMALPKHLDADRLIRLAVT
EFRKNPMLEKECTPESLLGAVMOAAQVGLEPDALGSAYEVPYYNKNKNVREVOLOIGY
KGLIELVRRSGOVTSIVANEVYENDEFDFEYGINEKLYHKPTMDADRGKLKCFYAYARF
KDGOHAFTYMSVEQINQIRDEKFSKSQENGKHFGPWADHYESMAKKTVIKOQLVEYMPIS
VEIQNQITRDETVHSSFKEEPKPIYAFEESPDIDAPIEN

WP 047150996.1 RecT [Aveurinibacillus tyrosinisolvens] (SEQ 1D NG:279)

SDLEEKLEKRANETEAAPPSPAQTIAAYLEKRMEPHIARALPKHMDVERLTRIALTTIRTN
PRLLECTVPSLLGAVMQAAQLGLEPGLLGOQCYHPHGREATFHGYKGMIDLARRSGNIKS
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IYAHDVRENDEFEYEYGLHPFLKHRPAMTDRGKFIGVYAVAHFNDGGYQFEFMPYEEIE
RRKLRSRSYKNGPWYVTDYEEMAKKTVIRHMFKYLPLSVEIMRSAAQDETVRPBLTSDP
VSIVERPIEGKITAEDVQPEEIPNVPDAEQGDY

WP 018705791.1 RecT [Siminovitchia fordii] (SEQ ID NG:280)

ATNODIKNGLANKANGNKPASPANTIAAYLKKMGPEIEKALPKHMBADRLARIALTTIR
TTPKLLECNISSEMGAVMQSAQLGLEPGLIGHCYIIPY GKEATFHGYKGMIDLARRSGOI
ONIYAHAVFENDEFDYALGLHPKLEHKPAGSNRGEHGAYAVAHFKDGGYQFEYMAKE
DIEKREKSRSAAARSKHSPWATDYEEMAKKTVIRHMWKYLPISVEIQQQAIQDEVVRKD
VTSEPEFIDMEDMPEVEEGOSEESEQVEAPFD

WP 035430909.1 RecT [Bacillus sp. UNC322MFChird. 1] (SEQ ID NO:281)

ATNKDVENQLANRKENKPATPEQKVEAYMTAMAPRFAEVLPKHMSMDRMSRIALUTTI
RINPKLLECSYPSLMGAVMQAVQLGLEPGLLGHCYILPYKSEATFIIGYK GMIBDLARRSG
HIQSIYAHAVYENDEFDYELGLHPKLTHEKPSFGERGEFIGAY AVAHFRKDGGHOMEFMPE
SEIEKRRSRSASGNSSYSPWKSDYEEMAKKTVVRYMFKYLPISIEVQSQAQHDEVVREKD
ITEEPEFIEMDSIEVAEASEGDGOKEFVIEE

RDCS30983.1 RecT [Acinetobacter sp. RIT5921 (SEQ 1D NO:282)

ADLEKNKLANKAAGTVIKTSPNAGMEKQLMKSMSKEIEAALPSHMSSERFORVALTAFG
NNPKELMNCDPMSFIAAMMDSAQLGLEPNTPLOGOAYLIPYGTRVOFQVOYKGLLELALR
SGRIKTLYAHEVRENDTFEVEYGLHODLIHEPVERKGNRGEVIGY YAVYHLDTGGHSEVE
MTKDEVLEHAKGKSKTENNGPWOTDFDAMAKKTVIKQLLKYAPLSIEMOKAVSSDET
VESKIDEDMSLVVDESDSIEANFEIKEDEDGOLDVYVK

WP 150051132.1 RecT [Methylomonas rhizoryzae] (SEQ 1D NO:283)

SELESALNAPETOKPOQTLPAMLKOQHOPRFKAIAPRDVDVTRFSAALMADVRSNQKLAE
CNPMTVLGAFIRSTOQLGLEPGSOQLGOAYFVPFKGECQLVIGYRGMIELAYRSGKVASISA
RTVYENDVFEWELGTDERITHKPATGDRGALVAVYAMAKLTTGGIHFEVLDLAEIEKA
KRASKSSSFGPWKDHFEEMAKKTAIRRLFKYLPYVGTDLTRAVALDEKAESGSQONDIEA
ETVLDGEFYPAGGGNDG

WP (0970064571 {Lacrimispora amygdalina} (SEQ 1D NO:.284)

AVDVENELERKASGONSQVKLTKSMTIADMVK ALEPEIKRALPAVLTPERFTRMALSAL

NNTPELAGCTPMSIAAMMNAAQLGLEPNTPLGQAYLIPYRNKGVLECQFQIGYRKGMID
LAYRTGOIQVIGGQAVREFDYFEYQYGLDPKLVHRPGEEERGEITFIY GLFRLSNGGYGF

EVSNKADMDAFAAKYSKSFGSKYSPWTENYEDMARKKTVIKRALKYAPVSVDFQKAMS

MDETIKTEISVDMSEIRNECPEISENGEAA

WP 087225255.1 RecT [Lachooclostridiom sp. Anl4] (SEQ 1D NO:285)

TDVKQELERKVGKODSTAVRLTENMSIPDMIKALEPEIRRALPAVETPERFLRMALSAY
NNTPKLAECTPMSFIAAMMNAAQLGLEPNTPLGOAYLIPYKNKNQLECQFQIGYKGHDL
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AYRTGOMOMIQAHAVHEFDDFEYEYGLNPKLIHRPGDGNRGEITYFYGLFKLVNGGFG
FEVMNREAMEAFAQQYSQSYGSQYSPWVKNFEDMAKKTVIKKALKYGPVKAEFQKAL
SMDETIKTEIAVDMTEVONEESE

WP 0025669911 RecT [Enterocloster bolteae] (SEQ ID NO:286)

GVNVKHELEQRAAGQGASVRLTKNMTIVDMVEKALEPEIRRALPAVLTPERFTRMALSS]
NNTPELAECTPMSFIAALLNAAGLGLEPNTPLGOAYLIPYKNKGKLECQFQLGYKGLIDL
AYRTGOQVOQHQAQVVREFDSFEYQYGLDSKLVHKPGEGARGEITYVYGLFKLSNGGYGF
EVANKTEMDTFAARYSKSFGSKYSPWTEDYESMAKKTVIKRVLKYAPISSDFQKALSM
DETIKTGIAVDMSEIRNECLPEEAGSEAA

WP 132412730.1 RecT {Kribbella albertanoniae] {(SEQ ID NO:287)

ATADSVREELARSKEVERTQPKASNADNVIGLINRSLPEIAKALPGHVKPERIARIATTAY
RVTPKLADCTOASFLGALLTAAQLGLEPNTPTGEAYLLPFGRNVQOLIGYRGYIKLANGS
GOVRNIMAMTVYENDHFDYEKYGSNPFLEHTPTLGQDPGPVECWYACATFINGGTNEY
VLDKFKVEGYRARARSKDDGPWYTDYDAMARKTCIRRLAPYLPMSVELAQAMOQVDE
EVTAFTPGVSDPEVLATLAGVDTGTGEVQQ

WP 130067396.1 RecT {Bacillus albus] (SEQ 1D NO:288)

ATNEKLKNQLANRKESAPATPEQTVEAYMKKMAPKMAEVLEPKHMDMGRMSRMALTT
MRTSPKLLNCTVSSLMGAVMOAVQLGLEPGLLGHCYILPYRGEATFUHGYKGMIDLARR
SGHIQSIYAHAVHENDEFDYELGLHPKLEHKPVHGDRGAFVGAYAVAHFKDGGYOME
FMPKSEIEKRRKRSASANSSFSPWKSDYEFEMAKKTVIRYIFKYLPISIEVOLLAAQDEVVR
KDITEEPEFIEADPIDVEQPTTEGDGQQEFSIEE

WP _087099033.1 RecT [Bacillus cytotoxicus] (SEQ ID NO:289)

ATNEKIKNGLANRKANASLSPEQTVEAYMKKMAPRFAEVEPKHMDMDRMSRIALTTIR
TNPRKLLECNVPSLMGAVMOAVOLGLEPGLLGHCYILPYKGEATFHGYKGMIDLARRSG
HIGSIYAHAVYENDEFEYELGLNPOQLKHKPSFGDRGEFIGAY AVAHFKDGGHQMEFMP
KSEIEKRRKRSASANSNY SPWKSDYEEMAKKTVYVRYMEKYLPISIEVOSQAQHDEVVR
KDITEEPGQFIEADSVEVEETPTEGTNQEEFVIEE

WP_149216302.1 RecT [Bacillus sp. JAS24-2] (SEQ 1D NO:290)y

ATNKDVENQLANRKASAPVTITEQTVEAYMKEKMGPKMAEVLPKHMBDMBDRMSRIALTT
IRTINPKLLECSVPSEMGAVMSAVOLGUEPGLLGHCYILPYKSEATFHGYKGMIDLARRS
GHIGSIYAHAVYENDEFEYELGLHPOQLKHKPSFGDRGEFIGAY AVAHFKDGGHOMERM
PRSEIEKRRGRSASANSNY SPWEKTDYEEMAKKTYVVRYMEFKYLPISIEVOSQAQQDEVVR
KDITEEPEFIEVEQQTEGDGOQGDFVIEGE

WP 125141636.1 RecT [Clostridium transplantifaecale] (SEQ ID NO:251)

TDVKEELARKAGNTGKQEIRLNKNMSIPDMVEKVLEPEIKRALPSVLTPERFTRMALSAIN
NTPKLAECSPMSFIAALMNAAQLGLEPNTPLGQAYLIPYKNKNGLECQFQIGYKGYIDL
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AYRTGOVOMIQAQAVHEFDYFEYEYGLTPKLVHRPGEGERGEITYFYGLFKMINGGFGF
EVMNRAAMBAFAKQYSGSINSKYSPWNSQYEEMARKKTHRKALKYGPVESDFQKAISM
DESIKTELSIDMSEVRNEDLIDGEFEEAA

WP 120055566.1 RecT [Lachooclostridiom pacaense] (SEQ 1D NO:292)

TDVKQELEKRAGSSNQAIKLTRSMTIVBMVKALEPEIKRALPAVLTPERFTRMALSAINS
TPKLAECTPMSFIAALMNAAQLGLEPNTPLGQAYLLPYKNKGVLECQFQGIGYKGVIDLA
YRTGQIQOMIQAQAVRESDYFEYQYGLEPKL VHRPGDGARGEVTFIYGMFRLTNGGYGF

EVANKEADMDAFAEKYSKSYGSRYSPWTENYEDMAKKTVIKRALKYAPISSDLOKALSS

DETIKTVLSVDMSEINNECQIDEVIQEDAA

WP 118246619.1 RecT [Clostridium sp. AM58-1XD] (SEQ ID NO:293)

SVDVENELEKRAAGTYVNPAVEKLTENMTIVDMVRALEPEIKRALPTILTPERFMEMALSA
INNTPELADCTPMSFIAALMNAAGLOGMEPNTPLOQAYLIPYKNKGTLECQFQIGYKGLID
LAYRTGLIQVIQAQTVREFDSFEYQYGLDSRLTHRPGDGERGEITYIYGLFKLTNGGYGE
EYSNKADMDAFAEKYSKSFGSRFSPWKENYEDMAKKTVIKRALKYAPVSSDFQKALS
MDETIKSELSIDMSEIRNECQVEASGQEGAA

WP 0251143961 RecT {Lysinibacillus fusiformis] (SEQ 1D NG:294)

ATTNELK AKSQNQVQONVTPEGSLNTLLKRMGPQIORALPKHMDADRIARIALTAVRA
TPKLLECDOMSFVAALMOSAQLGVEPNTGLGOAYLIPYGKQVOQFQLGYKGLIDLAVRS
GOYKAIYAHEVYKEDEFSFAYGLHKDLVHVPSTNPEGEPIGY YAVYHLEKNGGYDFVYW
TRERIDKHAHEFSQAVEKGWTSPWKTNYDAMAKK TVLKEVLE YAPKSIELOKVVEAD
ETIKTEVSEDMSDVIDVIDYSVIEDESAQEELIEQ

WP 0830484091 RecT [Marispirochaeta aestuarii] (SEQ 1D NG:295)

RTDGTKEAGAAATAPTEGKAPAKAHKPADTIGAMIEKLKPQIERALPKHVYTPDRMARM
ALTAIRNNPKLGQAEAVSLMGSHOQASQLGLEPNTPLGOQCYHPYNSKNGMQAQFQMGY
KGIVDBLAHRSGOYRQLTAHPVDEADEFRYSYGLNPDLVHVPABKPSGKITHYYAVYHL
TNGGFDFRVWSREKVEAHAKQYSKSFSSGPWQTNFDOMACKTVMIDLLRYAPKSVEIA
KATSADNRTHTINPEDPDLNIDTIDGDFELEGEER

WP (1994241401 RecT [Solibacillus sp. R5-41] (SEQ ID N{:296)

ATSNELKKQAQGOVTAKPTTPEGSLNALLKEMGPEIQRALPKHMDADRIARIALTAVRT
TPEKLLECDQLSFVAALMOSAQLGVEPNTGLGOAYLIPY GGKVOQFQLGYKGLIDLAVRSG
OYKAIYAHEVYADDEFSFAYGLHKDLVHVPSANPSGDPIGYYAVYHLKNGGYDEVYW
TRERIBDIHSKAFSQAVOQKGWTSPWKTNYDAMAKKTYVLEEVLKYAPKSIEMOKVVYEADE
TIKNEVAPDMSNVIDVTDYSILEDPQDVTDAQ

WP _076065282.1 RecT [Viridibacillus sp. FSL H8-0123] (SEQ ID NO:297)

ATNNALKEQMKOQAPSKEVKPEQSLNTLLKRMGPEIQRALPKHMDADRIARIALTAVRN
TPKLLDCDGMSFVAALMOQSAQLGVEPNTGLGQAYLIPYGKQVQFQLGYKGLIDLAVRS
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GOYKAIYAHEVYEDDEFSFAYGLHKDLVHVPAPNPTGEPIGY YAVYHLONGGYDEVY
WITRERIDOHAHKFSMAVOKGWTSPWETNFDAMAKKTVLKEVLKYAPKSIEMOQKVVD
ADETVKTDVSDDMSNVIDVTDYTVMDQEQETIQEPTK.

WP 024292388.1 RecT [Lacrimispora indolis] (SEQ ID NG:298)

SDVEKQHELEKRAAGGGGOSOSVRLTKNMTIVDMVEALEPEIKRALPSILTPERFTRMALS
AINNTPKLGECTPMSFIAALMNAAGLGLEPNTPLGOAYLIPYKNKGVLECQFQLGYRGLI
DLAYRNERMOSVEAQVVYENDEFSYELGLHPSLIHRPSFDEPGEIRAFYAIFRLDNGGFR
FEVMSKSYVDAYAARYSKAFTSDFSPWESNYEGMAKKTVIKOLLKYAPMKSEFQKAY
TMDETIKTELSVDMSEVENQEVIDRELTEQVA

WP 0095249311 RecT [Peptoanacrobacter stomatis] (SEQ 1D NO:299)

GAKELIQKKQENKOQISPTSNMNMELLQSMAGAIKKALPAQINSERFORVALTAFSSNOKL
QQCDPISFLAAMMOQSAQLGLEPNTPLGQAYLIPYGRQVOQFQVOYKGLLELAQRSGQFK

SEYSHEVRENDEFEMEY GLNQEKLVHKPNLKQERGEVIGY YACYHLTNGGESMFFMTRD
BFINFGKSKSKTENNGPWQTDFDAMAKKTVLKQLLKYAPLSIESQKFMSMDETVESDIS

ANMDEINNDTVDFEVDIQTGEVINDIVVENTNEDEAN

WP 015358111.1 RecT {Thermoclostridium stercorarium] (SEQ D NO:300)

TTVNOQTELKNKLAEKAKTPAKTGNTVFDLIRKMEPEIKRALPKOGISPERFARIAMTAVRN
TPRKLOACEPISFIAALMOQSAQLGLEPNTPLGOQAYLIPYGREVOQFQLGYQGMLTLAYRTGE
YOSIYAMPVYANDEFEYEYGLNEKL VHEKPAPDPEGEPIYY YAVYKLENGGHGFVVMSR
QQIERHRDKYSPSAKQGKFSPWNTDFDSMAKKTVLKOQLLKYAPKSVEFATQIAGQGRETIK
TEIAEDMTEVQGIEVEYEATDBOQENQENQEQED

WP 002595146.1 RecT [Enterocloster clostridicformis] (SEQ ID NO:301)

GIDVKHELEKRAAGODKPVKLTRNMTIADMVKALEPEIKRATPAILTPERFTRMALSAV
NNTPELANCTPMSFIAALMNAAQLGLEPNTPLOQAYLIPYKNKGTLECQFQLOYKGLID
LAYRTGQIQUQAQGAVREFDYFEYQYGLDSRLVHKPGNEERGOQITFIYGLFKLSNGGYGF
EYSNKAEMDAFAAKYSKSFGSKYSPWTEDYESMAKKTVIKRALKYAPVSSDFOQKALSE
DETVKSEIAVDMSEIRNDCIPADMGTEAA

WP 100306418.1 RecT {Lacrimispora celerecrescens] (SEQ 1D NG:302)

SDVKQELEKRAAGGGIQSOSVELTKNMTIVDMVKALEPEIKRALPSILTPERFTRMALS
AINNTPKLGECTPMSFIAALMNAAQLGLEPNTPLGQAYLIPYKNKGVLECQFOQLGYRGLI
DEAYRNDRMOSIEAQVVYENDEFSYELGLHPSLTHRPSFDEPGEIRAFYAIFRLDNGGER
FEVMSKSYVBAYATKYSKAFTSDFSPWRENNYEGMAKKTVIKQLLKYAPIKSDFQRKALT
LDETVEKTQLSIDMSEIRNECLPDTSENSEVA

WP 071062796.1 RecT [Auvdreesenia angusta] (SEQ ID NG:303)

SNLENQLANKAGGTATKRQPOTMODWIKVMEPQIKKALPSVITAERFTRMALTAISTNP
KLAECTPESFMGALMNAAQLGLEPNTPLGQAYLIPYGKSVOFQVGYKGLMELAQRSGQ
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FKSIYAHTVYENDEFEVEYGLTOQNIVHKPNFDDRGKPIGFYAVYKLTNGGENFVFMTQR
BEVEEFGKAKSKTFNNGPWRTDFEAMAKKTVLKGLLKYAPIKVEFQREIAQDATIKTEIA
EDMTEVPEEMVEAEYEVVEQNTMAEDADLKGTPFETK

SF(OB3314.1 RecT [Amycolatopsis arida (SEQ ID NG:304)

HOTALNPERFTRVALTVIRQSADLOQRCRPESLLGALMTSAQLGLEPGPLGEAYLVPYGD
OVTFIPGYRGLIKLAWQSGOLRHISARVVHEGDRFSYSYGLHPDLIHQPTRGDRGPITDY
YAAATLIDGGVEFEVLDVATVETIRARSRAGRKGPWVTDWEAMARKTAIRQLAKWLP
MATVMSRAIAAEGTVRTDLDADALDDLTADPGPEVLDADPAWDGPEPPGDARNQEP
TTQGDA

WP 1100926371 RecT [Corynebacterium striatum] (SEQ ID NO:305)

GTNLEQRMAANNAPARKQNRPVTLADQIRSMESQFQLAMPKGMEAQQLVRDALTCLRQ
TPKLAECTPOSVLGGLMTCSQLGLRPGYLGHAYLLPFWDRKOQGOMVAQLVVGYRGLY
BELAHRSGQIOSLIARTVYENDHFDVDYGLDDKLVHKPCMNGPRGNPIAYYAVAKETTG
GHSFIVMSKDEMLAYRDEFAKAKNKQGEVEFGPWADNFDAMAHKTCVROLAKWMPSS
TDLDRGIAADETVRVDLSESALDYPOHVDGEVVDSKPAEDEAA

WP 1296923391 RecT [Gottfriedia acidiceleris] (SEQ ID NO:306)

ATPAELKNLLAAKPKGEVKLTPDQOQVSSYLKAYEGTFRQIAPKHFNTERFORIALSEIRK
NPKLLDCONLPSEMSAVLOGSVEKLGLEPGLFGQAYLIPYGKEVQFQIGYKGLIELAQRSGRI

AKIQAREVYEHDEFEVSYGIDDTHHKPKLDGDRGDVRLY YAVAWFKDGAAQFEIMSKS
DVENHRDKFSKTKNYGPWKENFDAMARKTVLKKLVNQLPMDVEFHEAVQEDETVRK

TINDEPEVIAAEYEHDAPEVVEGNE

WP 1180166481 RecT [unclassified Coprococcus] (multispecies) (SEQ ID NO:307)

ANNIDLKQELAEQASKVPAKKDEEVKLTKSMTIPBMVYKAMMPEIKKAL PAVMTPERFET
RIALSALNTTPALNQUCTPMSFLAALMNAAQLGLEPNTPLGQAYLIPYKNHGTLECQFQIG
YKGLIELAYRSGOMOTIQAQTVYENDEFAYQYGLEPVLVHRPAYSDRGEVKYFYGIFKT
YNGGYGMAVMSRAEMDLYAKTYSKAYDSSYSPWKSNYEDMAKKTVIKQALKYAPIK
TDFQRALSFDETIKKEISLDMSTVENELLDVA

WP (0512002791 RecT {Butyrivibrio sp. FCS006] (SEQ D NG:308)

PYLFGGOMEREEQEIKNQLAAKAVETTNPKLSENMNIADLIKAIEPEIKKALPTVITPERFTR
TALSALNTTPKLAECSOMSFLAALMNAAQLGLEVNSPLGQAYLIPYNNKGRKLECQFQIG
YRKGMLGLAYRNPEIOQTIQAQVVYENDDFKYELGLDSKLYHKPSLSDPRGKVRCYYALYK
LRNGGYGFEVMSRRDVEEYAKRYSKVTDSLY SPWANNFDSMAKKTVIKQLLKYAPLR
TDLEKAMSMDESIKTRVSVDMSEVENEETFDAEVEY

WP 107514794.1 RecT [Stapbylococeus equorum] (SEQ ID NO:309)

ATNETLKOQKVVERKPNGVKEQSPKTOLNHLLKKMAPEIQRALPKHMDSDRMARIAMT
AVSNTPKLLECDOMSFIAAT MQASQLGVEPNTGLGOAYLIPYAGKVQFQLSYKGLIDLA
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TRSGOYKSIYAHEVYTNDEFEYRYGLFKDLIHIPSQEPEGNPIGY YAVYHLKNGGYDEV
YWTRERVDKHAKEFSQAVOKGWTSPWITNYDAMAKKTVLKEVLEYAPKSIEMNEAY
ENDSTIKEEIDKDMSTVIDVTIDYSEVEEQESLETGGQTSK

WP 117624242.1 RecT [Hungatella hathewayi] (SEQ ID NO:310)

RRERNVTAVKOQELEKKAAGTSQAVELTKNMTIVDMVKALEPEIKRALPSILTPERFTRM
ALSAINNTPKLAECTPMSFIAALMNAAQLGLEPNTPLGQAYLIPYKNKGVLECQFQLGY
RGMIDLAYRNERMOSIEAQTVYEHDEFFYELGLHPAL VHRPTFEDRGEIRAFYAIFRLDN
GGYRFEVMSKSY VDAY AMRYSKAFTSEFSPWESNYEGMAKKTVIKQLLKYAPVESEF
QKAITLDETVKTELSYVDMSEVQNEDLSETLTAESAA

WP 1187717791 RecT [Roseburia intestinalis] (SEQ ID NO:311)

GDIRSELAKKAEQTOQONTKLTKSMSIADLIK AMEPEIQKALPSVITPERFTRMALSALNTT
PKLQECTPMSFLAALMNAAQLGLEPNTPLGQAYLIPYKNKNVLECQFQLGYRGMIDLA
YRNGHMOSIEAGAVYENDVESYALGLHPELVHKPTLEEKGALKAFYAIFRLDNGGEFRFE
YMGKTYIDWYANRY SKAFTSEFSPWRKSNYEGMAKKTVIKQLLKYAPLKTEFQRALSTD
ETIKNSENVDMGEVLSEDHDMPCEEVA

WP 107378794.1 RecT {Staphylococcus chromogenes] (SEQ 1D N(O:312)

ANAKEFKKOQMNSKNEVAETNNAPOKAKGPRQOVSDLLDRMAPEIQKALPNNMSAERM
ARIAMTAVSSNPKLLECDPKSFIGALMQASQIGLEPNTALGQAYLIPYONQVQLOLSYLG
LIELATRTGOYKAIYAHEVYKDDEFSYEYGLYKNLIHKPVDDPNGEPIGY YAVYHLMNG
GYDFAYWTRKKVEAHAQQYSKAVOQOWNSPWKSDFNAMAKKTVLKDLEKYAPKAIE
VSQAIGESDSKVSEINDEGEUDVTDYSQEEEK

WP 094369469.1 RecT [Romboutsia weinsteinti] (SEQ 1D KO:313)

TNLKNTLKNKEAKGNNLAINPSY AMKQLMIKMEKGEITSALPKELCSERFQRVALTAFNS
NPKLONCAPMTFIAAMMOSDQLGLEPNTPLGQAYLIPYKVKGIDKVQFQIGYRKGLLELA
HRSGRLKTLYAHEVRENDEFDIDYGLEQRLIHKPLLKGNRGEVIGY YAVYHLEHNGYSF
VEMTYDEVEEHGKKYSKSFEGGIWEKEFDSMAKKTYVIKKLLKYAPLSIEIQKAINFDESY
KGSIDSDMLLVDKADESIDVEGNVLNQRGIKYGCE

CDF42377.1 {Rosebusia sp. CAGI182Z] (SEQ ID N(:314)

DVKEELAKMAEEKPTKEKLTRSMSIQDMIKVIEPEIKKALPSVLTRPERFTRMALSAINNTP
KLAECSQISFLAALMNAAQLGLEPNTPLGQAYLIPFONKGKLECOFQIGYKGHELVYRN
PLIQTIQAQVVYENDEFEYELGLNSRLFHRPALYDRGETVLFYALFKMSNGGYGFEVLS
KODMDAYAKRYSKGISSEYSPWKSNYEEMAKKTMIKKVLKYAPIRTDFOQKAVSMDESI
KKELSVDMSEVSNENHDMEEITQEEE

WP 1236090061 RecT [Mobilisporobacter senegalensis] (SEQ [D NO:315)

KDIKSALEKEVDKODVKLTKSMSITDMIKALEPEIKKALPSVITPERFTRMALSAVNNTP
KLAECSQMSFLAATLMINAAQLGLEPNTSLGQAYLIPYOQNKGKLECQFQLGFKGMIDLVY
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RNEKVOQTIQAHCVYEEDYFEYELGLDSKLAHKPALANRGKMILVYAFFKLENGGFGEFE
VMSKEDIDIHALKYSKGYSSQYSPWRSNYEDMAKKTVIKKVLEKYAPLKIDFQRAISVDE
TVKAEISIDMIEVONEEHDGOQCTDVGEIEEK

WP 115856892.1 RecT [Staphylococcus felis] (SEQ ID NG:316)

ANANSFKEQVSNKNEVSENNNTPOOK TKGPROOQVSDLLERMAPEIOKALPSHMSAERM
ARIAMTAISSNTQLLECNPRSLIGALLOASQIGLEPNTALGQAYLIPY YNRNKGEFEAGLQ
LSYLGLIELATRTGQYKAIY AHEVYKEDEFYYEYGLHKNLVHKPVDDPKSEPIGYYAVY
HLONGGYDFSFWTRNK VELHAGOYVSK AVOK GWNSPWE TDFNAMAKKTVLKDLLKY A
PKSVEVSRAVGTDSKVSEISQNGEIDVTDYSKEEE

WP 1084048271 RecT [Corynebacterium liangguodongii] (SEQ ID NO:317)

KDLETRMAANQOPAQORPTTLADQIRGMEQOQFALAMPKGAEASQLVRDALTALRQOAP
KLAQUTPOQSVLGSLMTCAGLGLRPGVLGHAYLIPFYDRRAGGLVAQLVIGYQGLVELA
HRSGOIKSLIARTVYENDVIDVDYGLEDKLVHEPYMGGDKGOQPIAYYAVAKFTTGGHA
FYVMSHPEMLDYRARFAKSAFRGPWVDNFEAMALKTCVRQLSKWMPKSTELATATAA
DESVRVDLTPDAINYPEHVDGEVVDAQGTTEDTAGEGE(QSA

WP 021747387.1 RecT [unclassified Oscillibacter] (multispecies) (SEQ ID NO:31§)

KEGLIQGTOQSAQAAKKGPATMODYIKKMOGEIAKAL PSVLTPERFTRITLSALSTNPKL A
QTTPKSFLOGAMMTAAQLGMEPNTPLGQAYLIPFKNHGYVLECOFQLGYKGLIBLAYRSG
EVATIQAQTVYENDEFEYELGLEPKLHHVPAKGERGEPVYFYAVFRTKDGGYGFEVMS
VODVRTHAKKYSKAYSNGPWOTNFEEMAKKTVLKKALKYAPLKTEFMRGLTSDETIK
TEISEDMYSVPDETVIEAEGYEVDGDTGEVIERPADGO

WP 1031106151 RecT [Brevibacillus reuszeni] (SEQ 1D N(O:319)

SNKLAQRAGQQTOPVKPDOQISALLKRMEPEIARAL PKHUTSDRLARIAMTSIRQNPKLL
ACBOMSLLAGVMOQSAQLGLEPNTPLGEAYLIPYGKEAQFQVGYKGHSLAHRTGEY QAL
YAHEVFKNDEFSYSYGLDKTLNHKPADEPEGDPIYFYAVYRLENGGFDFVVWSTKKID
AHAKKYSQAYQKGWTTPWKTDFVAMAKKTVLKEVLKYAPKSAEMAKALVMDETVK
NEISEDMSEVPGMVIDIEADAANVEETAGGGASE

WP_016998679.1 RecT [Mammalitcoccus] (SEQ 1D NO:320)

ATNESIKNQVASRKIKNEVONKSPKTOQLNDLLIKMGPEIQRALPKHMBDADRMARIAMTA
VSTTPKLLECDOMSFIGALMOASQLGVEPNTGLGOQAYLIPYGGKVOFQLSYRGLIDLAT

RSGOYKAIYAHEVFPNDEFNYQYGLFKNLEHIPSQEPEGEPIGY YAVYHLKNGGYDEVY
WITRERVDEHAKDFSQAVOKGWTSPWKTNYDAMAKKTYLEKEVLKYAPKSIEMNKAVN
SDSTIKDEINEDMSSVIDITDYEEVNDQQEEKKEESK

WP 147540090.1 RecT [Clostridiaceae bacterium] (SEQ 1D NO:321)

SNLEKALKTNETKGNSVTVSKAY AMKOLMIKMKGEITSALPTNLSSERFEKVALTAFNS
NPKLQKCDPRTFIAAMMOQSAQLGLEPNTALGLAYLIPYEVKGINKVQFQIGYKGLLELA
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NRSGKLKTLYAHEVRENDEFDIDYGLEGKLIHKPLEKGNRGNVIGY YAVYHLEPSGYNF
VEMTYDEVLEHGKKYSKSFEGGVWEKEFDSMAKKTVIKKLLKYAPLSIEMOKAIVEDE
SVKGSIDSDMLLVDKEDESIEGSELN

WP 019168122.1 RecT [Staphylococcus tntermedius] (SEQ 1D NO:322)

ANANSFKEQVSKNEVOETNNEK PKGPROOVSDLLERMAPEIOKALPSHMSAERMARIA
MTAISSNPOLLECNPRSLIGALLQASQIGLEPNTALGQAYLIPYYNHKKKEFEAQLQLSYL
GLIELATRTGOYKAIYAHEVYKEDEFYYEYGLHKNLVHKPVDDPNGEPVGYYAVYHLQ
NGGPFDFAYWTKNKIELHAGNYSKAVOKGWNSPWKTDFNAMAKK TVLKDLLK Y APKSI
EISQAVGSDSKVTEINKOGEIDITEYGQEALEG

WP 148820236.1 RecT [Corynebacterium urealyticum] (SEQ ID NO:323)

AKNLEARMOOQSTNAPARADKPLSLPDOQIRQMEDOQFRLAMPKGAEATOLVRDALTCLR
QTPQLAQCTPASYVLGGLMTCAQLGERPGVLGHAYLIPFEFNDRRSGNSVAQLVIGYQGLVE
LAHRSGOIKALIARTVYENDHFDVDYGLEDKLVHKPHMGADKGNPVAYYAVVKETTG
GHAFYVMSHPEMLQYRDKNAKSPKRGPWVDNFEAMAHKTCVROLAKWMPKSTEFSQ
ALATDESIRLDVTPDAINYPDHPAEGEVIRGEVEQDGGQQ

WP 096823857.1 RecT [Staphylococcus nepalensis] (SEQ D NG:324)

ATONQFKNQLTGKKENNNQPQOK AVGPKQEISNLLDRMAPQIQK ALPQHMSAERMART
AMTAVSSTPKLLECDPKSLIGALMOSSOIGLEPNTNLGOAYLIPYGKEVOLOVSYLGMIE
LANRSKOYKATYAHEVYPEDYFEYQYGLOKDLIHKPADNPOSEPIGYYAVYHLLNGGY
DFVYWSKAKIDDHARGFSKAVOKGWOQSPWK TNFNAMAKK TVLKDLLKFAPKSIEMN
NAVSSDSKAQQIDDGNIDVTIDY SOVNDEPEQLQEGO

WP _098170605.1 RecT [Bacillus sp. AFS017336] (SEQ D NO:325)

ATNESLKNGITNKKTGEVPLTPAQOVSSYLKAYEGTFQOIAPKHEFNTERFQRIALSEIRKN
PRLLECSVPSLEMSAVLOSVELGLEPGLFGQAYLIPYGKEVQFQIGYRGLIELSQRSGRILK
IQAREVYENDEFEVSYGIDDNIIHKPALDVDRGKVRLYYAVAWFKDGGAQFELMSISDVY
EXHRDKFSKTAKFGPWKDHFDEMAKKTYVLKKLVKQLPMDVEFQEAVQEDETVRKTIT
DEPEILOAEFEIVDQPEISVE

WP 087290962.1 RecT {Pseudoflavonifractor sp. Anl84] (SEQ 1D NG:326)

ATERKAIQRATGRAPALENRPALQOQYIKGMSGEIKKALPSYVMTPERFTRIVLSALSTNEKL
AETTPOSFLGAMMTAAQLGLEPNTPLGQAYELPYWNSKANAYECOQFOQLGYKGLLDLA
YRSGEISVIQAHVVYSEDQFSYSFOLKPELKHIPAGEERGEPYVYVYAIFHTKDGOGYGFEY

CSIDDIRAHAQRYSKSFONGPWOQTNFEEMAKKTVLERVLKYAPLKSEFLRGLAQDETIK
QEISEDMYMVEAAYAEPDVSSAEND

WP 051264703.1 RecT [Nakamurella factea] (SEQ 1D NO:327)

ASNLAARAAEQVEQQTAPNRPPTIKEQIGRMESQFALAMPRGSEAAQLVRDAITAINTN
POLAECTPASVLGALMTCAQLGLRPGVLGHAWVLPFRSKGVMQAQLVIGYQGLVELA
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HRTGOVASLIAREVHERDHFDVDYGLADSLIHKPLELNGDRGPVTGY YAIVKFKGGGHSE
IYASKADVEAHRDKFSKMESFOPWVDNFDSMALKTVVRMLAKWMPKSTEFANAISAD
BEGVRVDYSPTADVAQATEYVQPOLEEAPVEGVVVSEGGES

CCZ61365.1 [Clostridium hathewayi CAG:224] (S8EQ ID NO:328)

ANDIRGELARRASGTETQAVKLTKNMSIPDMIKALEPEIKRALPTILTPERFTRIALSAINN
TPKLAECSPMSFIAALMNAAQLGLEPNTPLGOAFLIPYKVKGSLECQFQIGYRGMIDLAY
RNERVQSIEAHTVYENDVFEYELGLNPRLVHIPTMEEPGDPIAFYGIFRLDNGGFRFEVM

NKNAIDAYAARYSKAYDSASSPWENNYESMACKTVLKOQLLEYSPMKSEFQKAVSMDE
SVEKTELSVDMSEVONVNLIEETOQEDAA

WP 0687205761 RecT [Veillonellaceae bacterium DNF0O0626] (SEQ ID NG:329)

KTTGGLOQQOQOQUQOQAGALONGGTTLKGYLQAMMPEIRK ALPTVMTPERFTRIVMTTIST
NPALONCTPOSFLGAVMQOAAQLGVEPNTPLGRAYLIFYGNQVOQFQLGYKGLIDLAYRS

GEVOSLOAHEVYONDTFEYELGLINPKLKHIPALTNRGDVILYYAVIKFKNGGEGFEVMS
KEDVEAFAKSKSKTYGRGPWOTDFDEMAKKTVEKKVLKYAPMKTDFIRAVATDETVK
SSVAEQMADIPDETVTIDTEAQVVYDKETGEVKS

WP 0374041931 RecT {Solobacterium moorei] (SEQ 1D NO:330)

TEIKAAKAPATVAKAGVSTQNKTIKDYITIMKPEIEK ALPSTITPERFTRITLSAVSNNPKL

QACSPSTFLSAMMOSAQLGLEPNTPLOQAYLIPYGNSCOFQLGYKGLLOLAYNSGQIKTI
RTETVYENDEFKYELGLHSDLVHVPAMSNRGONPTAYYAVIEYTNGCGYGFEVMSHDDVL
EHAKKFSKTFNNGPWOQSDFESMAKKTVEKQALKYAPLSTELVSKINTDETVKSSISDHM
EEVKNDIDLSQHDAETGEIHE

WP _027347470.1 RecT [Helcococcus sueciensis] (SEQ ID N(G:331)

AQAKELL ENKTNNTVKKSEKOTMENLL TEMADEIKKALPENVKSERFRRIALTAFNGN
KBLOQCEPTSFLAAMMOGSAQLGLEPNTPLGOQAYLIPYNNSKKNIKEVQRFQVGYKGMLD
LAHRTNQYKNIQGANIVYEKDEFDIEYGLNPKLKHIPNMEEDRGOAIGY YAVYNLINGGQ
GFEYMTRAEVEKHAQKFSKTYRNGPWQTDFDEMAKKTVLKKVLKYAPMSTELQEATA
IDERVVNEENIKSKNEDKFVDVDWSYVDDVEEDVIE

WP_(72526012.1 RecT [Clostridium sp. Marseille-P3244] (SEQ D NO:332)

AARATNSVEKEELAKKAETKAVOGEKKLTREMNADLIKAMAPEIKKALPEVITPERFTRM
ALSALNTTPKLOECTOMSFLAALMNAAQLGLEPNTPLGOAYLIPFNNKGTMECQFQIGY
KOGLIDLGYRNPOMOQHSAGAVYENDEFEYELGLNPKLEHRPAL HDRGELREFYGLFKLY
NGGFGFEVMSKEAVDAYAKEY SKSFDSSFSPWKTNYEAMAKKTVIKQALKYAPIKADF
RKALSTDETIKNEIAEDMSEIHGEDIFDAEYTEQTA

WP 092453396.1 RecT [Clostridium fimetarium] (SEQ 1D NO:333)

ETIDIKQELASQAQTDSKKEVELTEKAMSIAEMIKAMMPEIKRALPSMITPERFTRIALSAL
NNTPELQACTPMSFISAT LNAAQLGLEINSPLGHAYLIPYKNKGVLECQFQIGYLGLIALA
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YRNELMOTIQAQCYYENDEFLYEYGLNPKLVHRPATSDRGEPVEFYGLFKMINSGFGFC
VMSKQEMBEFARTYSKGLASSFSPWRTSYNEMAKKTVIKQALKYAPIKTDFQKALSTD
ESIKYAISEDMTEAVNEIVSQNTEVA

WP 027295741.1 RecT [Robinsoniella sp. KNHs210] (SEQ 1D NO:334)

TTRTONIKEELAKKAEGTNGDTRLTKAMSIADLIKAMEPEIKKALPEVITPERFTRMALS
ALNTTPKLRECTQISFLAAMMNAAQLGLEPNTPLGQAYLIPFNNKGTMECQFQIGYKGM
IDLESYRNPOMOMISAQAVYENDEFKYELGENPTLIHRPVLRGRGEVILFYGLFKLTNGGY
GFEVMSKEEMDAYAKAYSKAIDSSFSPWRSNYNGMARKKTVIKQVLKYAPIKADFREAL
SSDETIKNEISENMSEIHGEINFDTDYMEESA

WP 117768035.1 RecT [Blautia sp. OF03-15BH] (SEQ ID NO:335)

NVKEELAQKAEITOQEEVEKLKEKSMSISDMIRALQPEIKKALPSVVTPERFIRMALSALNTT
PKLAECSQISVLAALMNAAGLGLEPNTPMGQAYLIPFNNKGKMECQFQIGYKGLLELVY
RNPAIQHOAQTVYENDYFEYELGLNSRLIHRPELEDRGEIRLFYGLFEKMVYNGGYGFEVM
SROEMDOQYAARYSKSFASGFSPWENNYEDMAKKTMIKRVLKYAPVKIETARALINDEST
KLHLSEDMSEVENETVVDGQAEEKAA

SCJ42694.1 {Ruminoccoccus sp.] (SEQ 1D NG:336)

GTSIOKNVENNALQKEKMPTMOAYIKKMEGEIKKALPSVMTPERFTRITLSAL STNPKL
AATTPGSFLGAMMTAAQLGLEPNTPLGOAYLIPY SNKGKLECQFQIGYKGLIDLAYRSG
SISVIQAHTVYENDDFEYELGLDPEKLKHIPSKSADKGNPAWFYAVFKTKDGGYGFEVMS
IEDIRSHAAKYSQSYNSAYSPWKTNFEEMAKKTVLKKALKYAPLKSDFVROISTDETIKT
KLSDDMESYPAETIEVEGIEVDTETGEITEVDHA

WP 0927249751 RecT [Romboutsia lituseburensis] (SEQ 1D NO:337)

SNLKNVLKNGEDKGQGITVNPTY AMKOQLMIKMENDIDLALPKNESSERFOKVSMSAFN
NNEKLONCEPTTFIAAMMGSAQLGLEPNTPLGOVYLIPHNLNGVDKVOFOVOYKGLLG
LAHRSGKLKTLY AHEVKENDEFEIDY GLEQKLIHKPLLKGNRGDVIGY YAVYHLEPSGY
SFEFMTYDEVAKHGKKYSKDFEGGIWEKDFDSMAKKTVIKKLLKYAPLSIEMQOKAVAF
DESVESSIDSDMLLVESIGE

KKZ74881.1 VO3 05385 [Streptomyces showdoensis] (SEQ 1D NO:338)

TSDARNAVARRAANVOGOVEQAGEQPKPTMAQOQIERMEKPEIARALPKHMBADRIARIAL
TLIRKNPDLANCTTESFLGALMTCSQLGRFEPGSPTQEAYIPRKGOAEFQLGY QGMVTLE
YOHPMASSVEKVETVRENDYFEHEEGLEERLIHRPFADGPRGKAIAYYSVARLINGGRTE
KVMYPAEIEERROKLPSENSPAWRDNYDEMAKKTVLRNHFK ALPKSAELARALAHDG
TVRTDWOPDAIDVPPEYLSEPQRPELEAGAQ

WP 055284109.1 RecT [Dorea longicatenal (SEQ 1D NO:339)

TVGKTDEIKQELARKVENTKAGTKLEKSMSIADMIKVMEPQIKKALPEVITPERFTRMA
LSALNTTPKENECTPMSFLAALMNAAQGEGLEPNTPLGOQAFLIPYNNKGKMECQFQLGY
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KGLIDLSYRNPNMOUTAHTVYENDEFEYELGENPCLDHRPTLGERGEIRL FYGLFKLTN
GOFGFEVMSKTAMDDFAKEYSKAFDSSFSPWRTINYESMALKTHKKALKYAPLKSEFRN
ALSTDETIKNEIGADMSEINSENIFDTVYQEECA

SDIL.28883.1 RecT [Streptomyces indicus] (SEQ 1D N{:340)

STDARNAVARRAETVOQVEQQAQOOPTLAQGIERMKPEMERALPKHMSADRMARIAL
TLIRKNPDLATCNTOSFLGALMTCSGLGFEPGSPTOQEAYIIPRKGNAEFQLGYQOMVTLE
YOHPMASSIKVETVRENDYFEHEEGLEERL VHRPCATGPRGRAIAYYSVARLINGGRTF

KYMYPDEIEERROQKLPSKNSPAWRDNYDEMAKKTVLRNHFRKALPKSAQLARALAHDG
TVRTDATADVIDVAPEYPORPELEAGPTA

WP 1454582091 RecT [Staphyiococcus pettenkotert] (SEQ ID NO:341)

ATOKDFENOQISOKETOQQRQEVOKKKKGPROOVSDLLDRMAPEIEK ALPNHLSADRMAR
VAMTAVSSNPKLLECDPKSFIGAVMOSAQLGLEPNTALGEAYLVPYAGKVNFQLSYLG
LINLATRSGOYRKAIYAHEVYAEDEFRYQYGLHKDLIBKPVDNPRKGKPIGY YAVYHLLNG
GYDFVYWTTERIQKHAKKYSFAVOKGYQSPWNDEFDAMAKKTVLKDLLKYAPKSIEM
NNAVRSDDKQSELSDEGVYVIDVTNYDEENGEEK

WP 1177872521 RecT {Tyzzerella nexilis] (SEQ 1D NO:342)

AGVKEELAKKAESTKGETKLTESMSIADUIK AMEPEIKK ALPEVITPERFTRMALSALNT
TPRKLRECTOMSFLAALMNAAQLGLEPNTPLOGOQAYLIPYNNKGVMECQFQIGYKGLIDLS
YRNPOMOQIISAQAVYENDDESYELGLNPRKLEHCPTLGERGEVRLFYGFFKLVNGGFGFE

VMSKTAMDEYAKEYSKAFDSSFSPWKSNYIGMAKKTVIKQAL K YAPLKTDFRKALSND
ETIKTELSDBMSDIHGEEIWDVEYQEKTA

WP 073112630.1 RecT [Hespellia stercorisuis] (SEQ 1D N(:343)

ADIKEFELAKKVAEGTEDKKKE TKSMSIADLIK AMEPEIKKAT PEVITPERFTRMALSALN

TTPKEKECTQTSFLTALMNAAQGLGLEPNTPLGQAYLIPYKNKGNLECQFQIGYKGLIDLS
YRNROQMOQIIQAQAVYENDEFEYELGENPVLVHRPALONRGAVEKLFYGIFKLTNGGFGFE
VYMSKADMDAYAKEYSKAFDSSFSPWKSNYIGMAKKTVIKQAIKYAPLKTDFRKALSTD
ETIKTEFCEDMSIEVOCKDIWDTEYKERSA

CPD36322.1 {Roseburia sp. CAG:309] (SEQ 1D N(:344)

DVENELAKKAENTOGRKVKLTKSMSIADMIKTLEPEIARALPSVITPERFTRMALNALNNTP
KLAECTOMSFLAALMNAAQLGLEPNTPLGOAYLIPYKNKGVLECQFQIGYKGMLDLVY
RNEMVQTVOAQVVYOQNDEFHYALGLTGRLEHIPTLRDRGEPYAFYALFKLENGGYGFE
VMSKTDMBAFALQYSKGISSEY SPWKTNYIDMAKKTVIKKVLKYAPLKTEFQRALSND

ETIKTHFAVDMSEVEPETVIDMEEGELLESAS

WP 128520904.1 RecT [Absicoccus porci] (SEQ 1D NO:3453

TTTNOOGMITKKANNSVAKK TNRTMEDYITMY QGEIAKALPSVMTPERFVRIATTAVT
NTPKLASCTPQSFIGALLNAAQLGLEPNTPLGQAYLIPYGNQCQFQIGYLGMVELAQRA
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GINVDARVVYANDEFDYSLGLHPDIKHVPAMKDRGEAIAYYAVWHNGENFGFEVMSR
EDVEKHMKEYSKTYSNGPWKTEFDEMAKKTVLKRALKYAPKETDLARAVMOQDETIK
OFNPKADNDMADAKNDFFDVEYDEVDENTDPVTGEVK

GAKO01483.1 RecT {Geomicrobium sp. JCM 19055] (8EQ ID NO:346)

GYKOMIDLARRSGHIKSIYAHTVHANDEFEYELGLEPKLVHEPATGDRGNMEYAYAVA
HFVDGGYQFEVFSHHDIEQVKKRSKAGNFGPWKTDYEEMAKKTVVRRMEKYLPISIEI()
QHASQDETVRRDITEEAEKVDNIDLPNYEDPNNIDVPDEEQDEQKDEKQKQQGSAEEIA
LDFK

WP 1353299611 RecT [Streptomyces ap. MZ041 (SEQ D NO:347)

STNLAARVEARRONPTTKQPARRGKAAQOPTLVOFVQOSMRGEIARALPSHVASPERIAR
IALTELRRVDHLAECTQESFGGALMTCAALGLEPGGVOGEAYLLPFWNKKVRAYEVTL
VIGYQGMVRLFWQHPAAAGLAAHTVHEGDEFDFEYGLEPFLRHKPARTGRGKPTDYY

AVAKMANGGSAFVVMNVEDIEAIRHRSKARDAGPWSTDYGLRRHGAQDLHSAVV(QY

AAEVC

WP 0795885821 RecT [Acetoanacrobium noterae] (SEQ 113 NO:348)

SNLENELAKKANNSVTDONEEPOQTIKDWIKVMEPAIKKALPSVITPERFTRMALTAISYVN
PKLAECTPKSFMGSLMNAAQLGLEPNTPLGUAYLIPYKNKGNMEVOQFGIGYKGLIELAY
RSGEFANIY AKEVFENDEFEYEFGLEPVLKHKPASGNRGEVIAYYAVFKLTNGGFGEFEY
MSKEDITNHAKTYSQAYSSSYSPWSKNIFDEMAKKTVLKKVLKYAPIKVEFVKQIVODS
TIKTEINSDMTEVESQNVFEAEETDYEVIDOQEETK

WP 107635892.1 RecT [Staphyiococcus haemolyticus] (SE(Q 1D NO:349)

ATONEFKNQLAKKEDKONTNAPTOQTKSTNPRTIAQNYLAK MK PEIEKALPAHMSHERM
TRIALSAVNSNPELTEVILNNPTSFLGALMQSAQLGLEPNTNLGHAYLIPY YDKNSGKKIE

VNLOLGYMGLLDLAHRSGMYQKIFAMPYVYRKDDYFEYOQYGTNEKLNHYPAQVYSKGEP]
GYYAFYKLUINGGVHFVYWSROKMOMHKDRYTRRGSVWNNNFDAMALKTVIKDVLK
YAPKSVEMGEAVOSDENNFEFNEDSKVIDVTDYETEENK

WP 1076389531 RecT [Staphylococcus hominis] (SEQ D N(O:350)
ATANDFKNQVTKKESDNTKESSNKKTELATTSPROVAQNYLEKMEKPEIAKALPAHMSH
ERMTRIALSAVNSNPOQLTEVILNNPTSFLOGALMQSAQLGLEPNTSLGHAYLIPYNFKGKK
IVNLOLGYMGLLELAHRSGLYRKIFAMPVFEDDFFEYQYGTNEKLNHIPAQVONGDAY
GYYAFYQLINGGVHFVYWSROQKMERHKDLYTRKGSVWNTNFDAMALKTVIKDVLKY
APKSVEMSESAVOSDNSNFEFSEDSSTVIDVTRYETEDNK

SUY49750.1 RecT [Lacrimispora sphenoides] (SEQ 1D NG:351)
ADVEGELEKRAAGSGGQSVKLTKNMTIVDOMYKALEPEIKRALPCILTPERFSRMALSAL
NNTPKLGECTPMSFIAALMNAAQLGLEPNTPLGOAYLIPYKNKGVLECOFQLGYRGLID
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LAYRNERMOSIEAQVVYDNDEFSYELGLHPSLIHRPTFDEPGEIQAFY AWWRLDNGGEFREFE
VMSKNYVDSLCHALFKSIYFRFOSLEK

CDE68291.1 [Clostridium sp. CAG:277] (SEQ 1D NO:352)

DFKEELAAKAEVAATTKKSDGVEKLTKNMSIVDMIKALEPEIKRALPSVLIPERFVRMAL
TAVNNTPALAGUTPMSFIAALMNAAQLGLEPNTPLGQAYLIPYRKNKKKGVVECQFQIGY
KGMIDEVYRNDNVQTIGAHIVRENDHFEYELGL ESKLRHIPAMEGRGEMMYVYALFKL
TNGGYGFEVLNKEAVIAHAERY SPSYDGFSPWKTDFESKGLELFLIE DL SSKQSGK

WP 0609053911 RecT {Streptomyces scabiet] (SEQ 1D NG:353)

DADRMARIALTLIRKNPDLATCSGESFLGALMTCSQLGFEPGSPTOQEAFIVPYKGEATFQ
LOYOQGMVTLFYGHPMASSVKVETVRENDYFEHEEGLEEKLVHRPCKTGPRGKAIAYYS
VARLINGOGRTFRVMYPAEIEERREKLPSENSPAWRNSYDEMAKKTVLRNHFKALPKSA

ELARAMAHDGTVRTDWQPDAIDVPPEYLSEPQRPELGTGSTQ

WP 1466782711 RecT [Pirellula sp. SH-Sr6A] (SEQ ID NG:354)

SEATKEAKPHTAIAKKPNGIKDWLKSDAL KTQIASVAPKHMAPER VMRIALNAVSRTPK
LADCTPESFMRCLLDLSSWGLEPDGRHAHLIPYGTECTLVEDYKGLVTLAYRSGWVKKI
HADVVFEGDIFVYSLGTVCOHIPWEFRDDANKPEHKGHFRAAYCVVTMADGIEKHEY
MTASEIDAIKAKSRSGNSGPWKDHYTEMAKKTVYRRASKWLPLSPEQADAMERDDDRI
IDAVSVAVTQRLSKAAMPLIGANETGODTE

WP 1260329091 RecT {Bifidobacterium castoris} (SEQ 1D NO:3553

GALATTAKNNELTTMNTMGDIHALIRGRRAQIESVMSGVLTPERLYSLLQSAVSHEPKL
LOQCTPESIVACCMECAVLGLEPSNVDGLGRKAYILPYGNKNYQTGQVEATFILGYKOMIE
LARRSGEIKSLNVTPVFEDDGIKLFMDEAGQPYIKAGEVNPLANHTPDKLMFVFLNAEF
TNGGHYRTYMTRAEIDAAKKRSSAGDRGPWKTDY VAMARKTVVRRAFPYLPVSTEAQ
SAAVEDETTPHFDFLDRNTTPVGEPSDVMQEATA

WP 114599505.1 RecT [Staphviococcus warneri] {SEQ ID NG:356)

ATONDFKNOITDKKENKPQOSTNPROVASDLLERMKPEIAKALPAHMSQDRMTRIALS
AVNSNPKLSEVILNNPTSFLGALMOSAQLGLEPNTNLGHAYLIPYGNIVQLOLGYLGLLE
LAYRSGKYQKIMAMPVYKDDFFEYQYGTDEKLNHIPAQQOTGDAVGYYAFYKLTNGG
THFVYWSROKMNMHOQOQQYSKGONVWRNNFDAMALKTVIKDVLKYAPKSIEMGEAVT
SDNNNIFDFKDGODIDVIDYETEEN

SC72869.1 ReeT protein [Propiombacterium freudenreichi] (SEQ 1D NO:357)

TQOMPIKAQGEPTKELQQEAAVDRFNATLHOMONEIARALPKHMTGDRFVRIVLTEVR
KNPTLALCDPLTMEGSLLTAAALGLEPGLNGECWLVPRKNHGTLEAQLOVGYRGVVKL
FWONPAATYLDTOYVCERDEFRFAKGLNPILEHTPAEGDRGKVVRY YAVAGLNTGAR
VEDVFTPAQIKTLRGGKVGSNGDIPDPEHWMERKTALLOVLKLMPESTOLAAVPAADG
RAHTISDAGQIFGGVDPTTGEVLDAEPVEDGAA
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WP 127100780.1 RecT [Asaia sp. W19} (SEQ ID NO:358)

SNALATPTEKLRTOITSMTGEFRNALPSHIKPEKFORVVMTVVOQNQGLMNADRKSLLA
SCLKCAADGELIPDGREAALVMEGQOVOYMPMLAGIGKRIRNSGEIASIQAHVIYENDHYF]
WHOGIDASIEHRPLFPGDROKAIGAYAVAKFKDGSDPOFEVMDVAAIEKVRAVSRAGK
SGPWVOWWDEMARKTVFRRLSKWLPMDTEAEDLMRRDDENDAQDVAAPTIRVEAEA
PSKLDALEHDDDGVVLEETRELEGSAA

EIC09117.1 RecT protein {Microbacterium lagvaniformans OR2217 (SEGQ 1D NG:3593

TDLSTVAAAAKQNPTMKDLVEAQLPAIERQLGGTMNSDAFVRAVLSEITKSPDLMQAD
PRTLLGGVMLAAQLRLEIGSGLGEFYLTPREKDHGRMICLPIVOFOGMVKLALRSEFVTN
VOAFIVREGDDFTY GANAERGMFYDWTPKDFEEKRPMVGVVATARMKOQGGTTWAYL
TREQVEDRRPSYWOKTPWGSHPDEMAKKTAVRATAKYLPKATDLGRAEADEQKVQH
VKGLDEVIVTRLDDEPETVVVQETTDAWAATPVAEVQP

WP 1360462711 RecT [Microbacterium sp. K417 (SEQ ID N(O:360)

SKDLSTAAAAAKSOQPTMKDLVEAQLPAIERQLGGAMNSDAFVRAVLSEIGKSPDLMNA
DPKTLLOGVMLAAQLRLEIGSGLGEFYLTPREDRGROQICLPUGYQGMIKLALRSEY VLN
VOAFLVREGDDFTYGGNSERGMEFYDWTPKDFEESRPWIGVVATAKMROGGGTTWVYLT
RTQVIDRRPSYWASTPWKTNEDEMVKKTAVRALAKFLPKSTDLGRALEADEAKVYGHL
KGVDEVQVIRLDDDAETFVVQEQDPMSRTPEEQAEDEANR

WP 136309287.1 RecT [Streptococcus pyogenes] (SEG 1D NO:361)

SDLEVAAAAAKTOPTMKDLVEAQLPAIERQLGGAMNSAAFVRAVLSEIGKSPDLMAAD
PKTLLGGVMLAAQLRLEIGSGLGEFYLTPREKERGROICLPHGYQGLIKLALRSEFVMNY
QAFLVROGDOFSYGANAERGMFEYDWVPODFEETRDWIGVVATARMRSGGTTWVYLT
RTQVIDRRPSYWNSTPWEKTNEDEMVKKTAVRALAKFLPKSTDLGRALEADEAKVQTLR
GLDEVEVTRLDDEADTVVVQEQNPMSRTPEEQAEDAEAQR

WP 1109909071 RecT [Mesotoga sp. TolDC] (SEQ 1D NG:3623

KASEIASMVKKEDERRNHKPDPLAGIVENL TSIKGEIANALPDAGITPERMIRIVVTLLRQ
NEKSLABAAMONPASLLGAVMMAAGLGLDPTNGLDQCALVPRKGKVCFDIMYEGLVEL
GYRSDBRMESIVARTVYEKDTFSLKYGLNEELVHIPYLDGDPGESKGY YMVGKLEGGGN
HVYMTKEQVHKIRDRYSVAYKAGLSGSRKDSPWETSEDRMGEKTVVEKAGFRWIPKSPH
RTALAILDETAREASRLPMRN

WP 109196224 1 RecT [Streptomyces sp. CS014] (SEQ ID NO:363)

TENTYVTAAVAVRDTGPAAQIEAYRDEYAALVPSHINADQWVRLAVGAIRGNEDLTNAA
RTDIGVFLRELKTAARLGLEPGTEQFYLTPRKSKAHRGOKIKGIVGYQGUELIYRAGAY
SSVIVESVRANDTFRYVIGRDERPVHEIDWFGGDRGDLVOGVYAYATMEDGATSKVYVVL
NHAQVMOIRAKSDSKHSEYSPWNTNPESMWLKSAVROLMKWVPTSAEYMREGLRAQ
AEVAAEQPPAADLPPMPSVELNDEDEAVDAELVDEEA
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WP 068202759.1 RecT [Isoptericola dokdonensis] (SEQ ID NO:364)

TODLATAIADGQPAGRRTAFDLVESMRGELHK AT PEHASIDNFLRLALTELKMNPQLGN
CSGESLLGALMTAARVGLEVGGPLGOFYLTPRRLKRDGWAVVPIVGYRGLITLARRAG
VOOVNAVYVHEGDTFREGASSERGFFFDWEPAVERGKPVGALAAARLAGGDVQHRYL
SLAEVHERRDRGGFKDGSNSPWATDYDAMVRKTALRALVPLLPOSTALSFAVQADEQ
VORYBDAGBIDIPALDETDTEDTK

WP 1147973271 RecT [Gaiella occulta] (SEQ D NO:365)

STAVARRDPVAEVCTTIASKEFEAKIVOQALPDGVTPARFVRTTLTAIQONPDVVKGTROS
LYNAVIRCAQDGLLPDGREAALVVFRAKGTDVVQYLPMIGGLRKIAAEYGIKIETAVVY
HRDKFEWELGFEPRVLHVPPALGEDRGEPIGAYAVATDKLGRKYVEVMSRQEIEEVRK
YSRAATSEYGPWVKWWAEMARKTVOGRRLFKQLPLHDEDERGERVISASDAEISFSPSG
LDSLPHVDPSEPEEVLTGDVMDDDDDDGIPFGEPAA

PAV10712.1 CBG25 01455 [Arsenophonus sp. ENCAJ (SEQ 1D N(:366)

NTELETMNNVYDNLOSVIMOQQGIAALLPAQVTPEQFTRTAATALIENVDLONADKQSLY
LALTRCAKDGLMPDGREAALVVRITKVNKOQFVEKAVYMPMYDGVIKRARQSGOVANI
TAKVVYSQDEFEY VIDENGEHLTHRPAFVDGDDIVKVYAFAKINSGEL VVEVMSRAGY
EKIRDTVQSAKYDSSPWVKWEDRMALKTVIHRLARRLPCASELFSLFEVYEDANSTERT
LRMAPASFKRLSIN

WP 147981944.1 RecT [Streptomyces sp. msi91] (SEQ D NG:367)

VEHYKADLAQVMPSHVEPDTFIRLAVGOGVLRRDRNLAQAAQNNPAALMGALMDAAQL
GLTPGTEQFYLVPRKKAGRLEVQGIRGYQGEIELIYRAGAVSSVIVEVVRQADTFRYSPG
RDERPEHEIDWDAEDRGPLRLVYAYAVMKDGATSKVYVVENRAQVMKAKAMSQGSDS
AYSPWOKHEEAMWMKTAAHRLTEKWVPTSAEYMREQLRAAAEVAAEHRPTPVAAAPG
MPSVPGEDEAIEAEFVDEDEVA

BAQ93806.1 phage RecT family (TIGR00616) [uncultured Mediterranean phage uvMED]
{SEQ ID NO:368)

TSSITPLVAMOQGTLEKMADKFTEALPROMDVYNKFISVAKLTLNKNPRLULQADKTSLMOQ
TIMKAAQDGLYLDGKEAAAVOYGOSVOYIPMVEGHKVEHNSGLIKTISAEVVYENDFF
DYELGTAPKITHKPLIVGDRGKPMCVYAVAITTNDGEY YEVMNMDOQINQCROVSKASS
SPHSPWVKWFDOMAKKTVIHRIAKREPKNDAINSVVTVDDEPNFQOAVNVTPSEPKDS
LSRLRDSIGMEGKDVEQAANDLLEKYNKEAREE

WP (61405262.1 RecT [Streptomyces] (multispecies) (SEQ 1D N(:369)

SQISNALATRDOQGPAAQIEQYRDEYAALVPSHYNADOQWVRLAVGAVRGDEKLMEAAQ
NDIGLFLREMETAARLGLEPGTEQFYLTPRESKPHGOGRKVIKGIVGYQGIVELIYRAGAA
STVIVEAVRENDTFRYVPGRDDRPVHEIDWEFANDRGPLVOVYAYAVMEKDGAVSKVVYY
ENRSRVMEFKAKSDSKHSEYSPWNTNEEAMWLKSAVROQLAKWVPTSAEYRRDQLLAH
TETADSVVASVSTAPLPPGPSALDDADPDDDGPIDAELVD
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WE 114014965.1 RecT [Streptomyces reniochalinae] (SEQ ID NO:370)

SQISNAVAKRDNSPGAMVQOQYKADFSTVLPDHVKPDTWVRLAQGVLRRDKNLAQAAE
RNPGSLMTALLDCARTLGHEPGTESFYLVPFGGEVQGIEGYRGVVERMYRAGAIASVKA
EVVCOQGDDFDYQPDMDEPRHRVDWEGDRGPIVCGAYAYATFKDGSTSRVAVINRAYIDK
VEKESKGSDRATSPWMKWEEQMVLKTVAKRLEPW VPTSNEWRREQLRAAREVANEP
TPPTTPAPPAPEQVDPDTGEVIDGELVDRDTPTO

WP 027699748.1 RecT [Weissella oryzae] (SEQ 1D NO:371)

SNNLTSAQYFNAPNIKGKFEEVLGKNANGYVTSLLSVINGSQQLORAEPSSIMVAAMKA
ATLNLPIESSLGFAYIVPYOGNNAQFQIGYKGLIQLALRSGQIKGLNSGYVYETQFISYDPL

FEELEIDFKKPAEGKIAGYFASMKLTNGFSKYVVYWTKEQVEQHRDRFSKGKNNGPWKS
DFDAMAQKTVMEKAMISKY APENQEMQOUAIVEDSESELTVPRDVTTSNEAAELNSLLTT

PKVOEGANTDLSEPFPNAEETQLFDDLASVTGD

SYW13692.1 Phage RecT family protein [Oenococcus oent] (SEQ 2 NG:3723

SNELKTILNAPTTKEKFDEVLGRNAQGYINSVLNAVGNSKLLONASPNSILSGAMKAAT
LNLSIDPNLGYAYFVPYGHEAQLQIGYQGLIQLAOQRSGQIKILNAAPIVDEQFKSLDPVTG
KLTLNKKIVPDTNKKPTGY VAYLKTVIGFEHTEFMSY ADIEKFAKRFSK SFNSSTSPWK
TDFNAMAKK TLIKQVLKYAPMSIDLOTAVSADNDDIEPK DITPDEDKETVDKISNLISDN
KQDDTLSOLEEVANANN

WP 141158250.1 RecT [Pseudarthrobacter sp. NIBRBACO00502771] (SEGQ 1D NO:373)

TSQLAEATAAKAVEQRKNPTARDLIGAGQAAIETOLAGAMNSAAFVRAAISSVSASPOL
QGATPASLLGGIMLAAQLKLEIGPALGHFHLTPRMVSKKDGDNWVEVWTCLPHGYQG

YIELAYRSGRIEKIESLLVRKGDKFDHGANSERGRFFDWAPADYEETREWTGVIALAKIK
GAGTVWAYLPKEKVIARRPDRWEKTPWATNEEEMARK SGIRALAPYLPKSTELGKALE
ADEHKVEHIAGVHDLVVSKAEDEPLEEPTA

TAKO4183 1 EPO34 03495 [Patescibacteria group bacterium} {SEQ ID NO:374)

TNQPTTHVATTPNORPATTLEQFRHQLVGDYQKOQVLNYFNGOKEKAMKFMSAVVYSA
QENPALLECDRTTLLHAFMACAEYQLYPSSVSGEAYVIPYKGKAQFQLGYQGITLLYR
AGVEAVNAQIUCENDAFEYEEGLEPNLVHEKPNVLEKDRGKPIGVYATAAINGHKLFKVLSE
AEVMKFKGFSQSKNSEYTPWNPDNDPELWMWRKTAIKQLSKLLPKNDALQKAISEDN
QDSVIEARRSTLDAGGPAVGRALHDPNASNEPEGK

WP 092601202.1 RecT [Actinopolyspora xinjiangensis] (SEQ ID NO:375)

TGOQTIGTAVAKKDDENPSATATNRADLARVMPSHVRTDSWYRIAQGIVRRDKNLAHAA
ROSPOTIMVALMEAARLGLEPGTEQYYLTPRENKGEPEVLGIPGYQOGLIELMYRSGAVY
SSVVVETVRENDTFOWAPGRMERPEHEADWFAINGERGOLRGVYAYAIMSNGATSKY
VVLNRNDIARARDSAQGADSEHSPWKNHEEAMWILKTAARRLAKWVPTSTEDRRIVQG
VAERSDOPTEAPLDLTDEPDTDOPIEGELVDEEATE
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WP 067024969.1 RecT [Mycobacterium sp. 1245499.0] (SEQ ID NO:376)

TTOPEYKPVAQGADKOMTTGKLLKMLEPEIGRAL PKGMDPDRICRLVMTEVRKNPMLT
QCTQESFAGALLTASALGLEPGVNGEAWLVPYRDRKRGIVECOQFIMGYNGVAKELFW(QS
PHADRLDAQLVCANDHFRYVKGLASPILEHVESDGDRGDPIAY YAIVGVKGAQPMWDVE
KPEATAQLRGGRVGTKGDIDDPORWMERKTAL KQVLKLAPKSTRLDLAIRADERSGSDL
YKSQGMEVHAIEPGFIETEAEPETQEQ

WP 0757374851 RecT [Streptomyces acidiscabies] {SEQ ID NO:377)

TDNAISNAIATRDNGPEAIVOOHRDDLTLVEPAHHKGETWMRLATGALRRDANLRQTA
ARNPGSLMNALLECARLGHEPGTESFYLVPFONEVQGIEGYRGIVERIYRAGAVKAVKA
EVVYENDHFRYHPGMDRPEHEPDYFADRGRIGAYAYGVFQDGSTSRYVVINRAYIDK
YVEKKESKGSDRASSPWVKWEEGMVLKTVARRLEPWVPTAVEWRTEPTPASAAEATAPY
GDGVKAIAAPAPTSPYDDEGPIEGEFVDEYDGGAA

AKT73182.1 RecT {(prophage associated) [Yersinia pestis] (SEQ 1D N(:378)

NOVATLESHHADLSSALTRQGIQSLLPSHVSPEQFTRTAATALVADPELONADROQSLVMS
LIRCAQDGLVPDGREAAMVVYNTKOQGDOWVKKAQYLPMVDGVLKRARQGSGOVANIT

GKVVHMADKFDYWVDENGEHIEHRPAFENHGEIRTL VYAFAKL TSGEIVVEVMSRSEVE

KVRBATAKKDRDGKPKVPAVWOKWEDRMALKTVLHRLARRLPCASELYSLLDVNQIA
DEAEKPAHCGAQRESSTTAA

WP 123127078.1 RecT [Rufibacter latericius] (SEQ ID NO:379)

SNOLOQVAREQVISAQKSFKNVPNNKLDFEREAGFAMOMIQSNPFLASMDANSIRNCIVN
VALTGLTINPVELKLAYLVPRKGKLILDPSYMGLINVLVTSGAAKKIEADVYVCENDFFDY
EKGINGFIKHKPSLSSRGEHAAYATAHLPNGEVOFEIMNREELEKVRKSSEAAKKGSSPY
DOWASEMMRKAPIRRLFKYLPKHNIPDOVINTLSLDEOQNNGVDFSAQKQEATKGKAAD
FFEDEPANTVDADYTDMSHEEADNELAA

WP 093587584.1 RecT [unclassified Streptomyces] (multispecies) (SEQ ID NG:380)

SQIGNAJATRDEGPAAQIEVYRDEYAALVPSHVNADQWVRLAVGAIRGNDDLLKAAGN
DIGLFLREMKTAARLGLEPGTEQFYLTPRKSKAHGGRPVIKGIVGYQGIVELIYRAGAAS

TVIVEAVRONDVFRYVPGRDDRPVHEIDWEFGQDRGPLVGVYAYAVMEDGAVSKVVYVL
NKARVMELKAKSDSKNSPYSPWNTNEEAMWLKSGVROQLAKWYVPTSAEFRRDQLLAHT
DTADGVIASVSAPPLPPOSAALEDLDPDREGPIDGELLDD

WP 030975214.1 RecT [Streptomyces sp. NRRL $-1824] (SEQ ID NO:381)

SEISNAIATRDOQGPAAQIEAYRDEYAALVPSHINVDOWVRLAAGAIRGNEDLMEAARND
IGVFLRELKTAARLGLEPGTEQFYLTARKSKAHGYALHKGIVOYQGIVELIYRAGAVSSY
IVEAVRANDTFSYVPGRDDRPIHEIDWFGGDRGPLYVGOVYAYAVMEDGAVSKVVVMNH

KRVYMEIKARSDSKNSQYSPWNTDEESMWLKSAIRQLAKWVPTSAEYKSEQLRAHAEATL

GELASVASAPLPPOPSVLDDVDPDDEGPIEGELVD
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RKTo60104.1 RecT [Agromyces sp. OV415] (SEQ ID NO:382)

STTVALPAQKAEAVIQQVTGAANGFAAALADRIGPDRFVRAAVTSIRTSPOQLAQCEPLSI
LGGLFVAAQLALEVGGPRGLAYLVPYGREAQLIVGYRGY VELFYRAGARKVEWFIVRD
GDTFROWSTGRGGRDYEWTPLDDDSNRRPIGAVAQIQGAHGEFQFEHMTVDQINERRP
KRATSGPWVDWYEEMALKTVMROLAKTARQSTDDLAFAAANDGAVITOVEGGQARY
VHPATSEPEQPLSLDALERTPGELAEETND

WP 0174157471 RecT [Clostridium tunisiense] (SEQ 1D NG:383)

TTKANVTSVENALKEQGIQVQOVAAQTDTSFQOVLTKOLOHOQFKAIGSLVPKHVTPERLC
RIGINAASRNPQLMNCTPETIVGAIVNCATLGLEPNLLGHAYIVPEYNNKTGKMEAQFQY
GYKGALDLIRRTGAVSTLSAHEVYGPRSIFWTOYFY

RYEO0S836.1 EOP33 (1060 [Ruckeitsiaceae bacterium] (SEQ 1D NG:384)

TNSIETNIEDLSPGNQTKTOISETNAPIVSEIRTIKRDGVYDLCSSRREKVLPFLGNNSQKF
HERLARSFAFEINTNPEKLASCDOQLSILQAFYKCCEYGLDPASSLOQQIWMIPYNGKIDFQIGY
KOGWLOLLWGSKLITNAYSCAVY QGDOFEYELGLNPNIKHIPQHKSINDVNELIATYGV]

KLEKSNEVOLRVOCWRDELEKSKKSSKSNGREDSPWNRHFEAMALIVPMRKMAKNLALA
LRAEDFDDEDYVNENNNQGMA

WP 0523991471 RecT [Francisella sp. FSC1006] (SEQ ID NO:385)

SNLVVAKQCLASAEKSFIGISGDEKKYKRECNFAVOSLOANSYMEQQANANPNSLRNAIL
INLASMGETENPAEKKAYLVPYGGKNPRVDLOISYMGLIDEAISDGAIMWAQAKVVRO

NDLFNITGVDTPPEHKYNPFDSEQTRGDVIGVYCVAKIFPNSDYITEIMSITDINSIKSRSSG
VESGNTTPWDTDFDEMAKKTVIKRASKYWKGSSKLSKAIDFLNNENNEGINFNKQEEK

PKONINDEMNDDYVDIDSEVGDE

WP 0673491071 RecT {Streptomyces noursei] (SEQ 1D NO:386)

TSPIRAAVARRAGDPAALISQYTADFAAVLESHIKPATFVRLAQGILRRDEKLAQAAAND
PGOFMSVLLDAARLGLEPGTEAYYLVYPFKGRVOQGIVOWQGEHIELMYRAGAISSVIVETY
REDDVFVWTPGLVDRETPPRWEGPMSYPFHEVEWAGDRGPLRLVYAYAVMKGGATS
KVVVLNAQDIERAKKTSQGADSPSSPWROHEAAMWSKTAVHRLAKYVPTSAEYITAQG
VRAVROADALSAPPVEEVVDVYELVGDGQEQEARR

WP 1438878021 RecT {Streptococcus lutetiensis| (SEQ ID NO:387)
ANGLOMSHKDFFNRPAVENKFSEVVSGKSDOFITSLLEVYNNNKLLSKADNNSILNAA
MEKAATLNLPIEPSLGSAYIVPFRGOQAQFQLGYKGLIELAQRSGOYKSINAGVVYKAQFK
SYDPLFETLDLDFNGPODEVIGYFACFELLNGFREKITYWTREEVYNHGEKRFSKSFNNGP
WHKTDFDAMAKKTLLKSHGTYGPKSVDMQQEAITDDNKTEYEKAEPIDVTPQEENLTDLY
GETPQEELPIANPETGEIQEEQTALFNGLGDLTDD

WP (0737931431 RecT {Streptomyces uncialis] {(SEQ ID NG:383)
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SQISTAIATRDNGPAAVVEQYRESLALVMPSHLOQRVGAWIRNTOQGLLRRDSKIMEAA
ONDVGOFVAVLMDAARLGLEPGTEHY YLVPRWNNKKRATEVTGVRGYQGEIELMYR
AGAVESVIVEVVHTODQFRFRPGRDARPVHDIDWDLEDRGSLRLVYAY AVMKDGATS
KVVVLNRGHIAAARAKSDSAAKDWSPWNTDEEAMWEL K TAAHRI TKWVPTSAEYLRE
QIRAQVAVESEQRPEPLPVAPPPAPGTVDADPDDEGPIDGELVD

WP_116200709.1 RecT [Amycolatopsis circi] (SEQ 1D NO:389)

ISQTVITAVAQQKDSSPAAL VRKYRTDFATVLPSHIKPETWLRIATGALRRSPOLANAA
KRNPSSLLVALLEAARKGLEPGTEQFYLVPRKGKNGPEVLGITGYQGEVELMYRAGAY
SSVKVEVVREHDTFAYNPGEHDRPVHEIDWRADRGDLVLTYAYAVMRDGATSNVYVL
SADDIAVILKKADGADSPFSPWOWNPKAMWELKSAARQLAKWVPTSAEYVRLPDVPLE
SUPPAKPLODLPRVDODVVDAEIVEDWPTAPDDTADGAR

WP 0201351111 RecT [Streptomyces sp. 351MFTsuS. 1] (SEQ 1D NG:390)

SQISNAIEKRDOQGPGAVIEQYKQELALVAASHVEVDTFARLAVGALRONPKLAAAAQS
NPGSLMSALMTAARLGLEPGTEQFYLRPIKRKGVAEVQGIVGYQGIVELIYNAGAASSY
YVEVVRANDGEFNYVPGLHERPVHNVDWEGDROGDLVGVYAYAVMAGGATSKVYVLER
THINRAKAKSDGADSDYSPWRTDEEAMWEKTAARRLGKWVPTSAERLTMPAERTDTVY
LPVGSAAPALDAADPDEDEGPVDGELEPAGGWPETAQPPQ

WP 099421180.1 RecT [Streptococcus macedonicus] (SEQ D NG:391)

ANOMOVSHEDFFNSPAVEKNKLSEVVGGR SDRFIASLLSILNNNKLLSSADNNSILTAAM
KAATINLPIEPSLGFAYIVPYKRQAQFQLOYKGLIQLAIRSGOIKSINSGVIYKAQFKSYD
PLFETLEVDFSQPEDEVAGYFATIELENGFKKLIYWTKERAYNHGKRESKSFGNSPWQT
DFDAMAQKTLLKOQIOSKYAPLSVELQEAITADNENEDEKAAPIDVTPOEESLSDLIGEAA
QEELPAADPETGEIGEEQTALFEQLGDLTDD

WP 141925904.1 RecT [Haloactinospora alba] (SEQ 1D NG:392)

GOSVTNAVAQRDTSPSGMVGKYRDDFAGVMPSHVNGAGWVRIAQGILRRDAKLAEAA
RNAPOSLMSALMDAAQQGLTPGTTEFYLVPRKRKGSLEVOGITGYQGEIELIYRAGAVA
SVVAEIVHEHDTFEWIPGKHERPIHEADWFGNRGTMVGAYAYAVMNSGSTSKVVILNG
HDIEKARAMSDGADSSYSPWOKWPESMWLEKTAAHRLAKWVPTSAEYRHEQERARAR
SEDTEIPASPDSDVVHAEIVEENDDEQAT

WP 136710836.1 RecT [Clostridium tyrobutyricum] (SEQ D NO:393)
SDKEKMYVLGESHKALSKILETKQEALPKDENKARFLOQNCMTYLQDTKDIDKCQPISVA
RTMLKGAFLGLDFFNRECYAIPYGGNLGFQTDYKGHIKLAKKYSFNSIKDIY AKIVREGD
DFQESIEDGROTINFKPLPFNNGEUHGAFAVCLFGDGSMLYETMTRKQEIEDIRNNFSKAKN
SPAWVKTPGEMYKKTVLRRLCKEIELDFDSVETKKTYDETSEFEFGSANHEVSNFDKDD
SNIEADAERIQODDYQEGDGEDE

WP 1321100731 RecT {Actinocrispum wychmicini] (SEQ D N{:394)
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SQOTVTAAVAQRDNGAQALIAKYRTDFAQVLPSHLRPTTFVRLSQGLLRRNVKLAEAAE

RNPASFLAALLECARLGHDPGTDOFALVPENDRKRNTVEVVGIEQYQGVIERMYRAGA

VRSVEAEVVRAADPFEYAPDVMDRPGHKPNWFADRGELIGVYAYAEFFDGSTSRVVM
MNRETVMAHKAKSRGATSEDSPWQAWEESMWLK TAVHELEKWVPTSSEDRRAARDG
TADPAPVEVPRVADEVLDADLVEDDHADHPTATPTGDVR

WP _125769509.1 RecT {Companilactobacillus furfuricola] (SEQ 1D NO:3953

YNNLAKLPIQTLVKEPKIVEKFESVEOGNKSAQFVTSLINVYNSNQSLEKNVDOMSVVASA
MVAASLDLPINQDLGYMWLVPYGGKAQPOMGYKGYIQLAQRTGOYKHLNAVAVYED
EFQSYNPLTEQLDYEPHFKDRDSSEKPVGYVOYFELTSGFEKTVYWTRKOQIDDHRQSES
KMSGKSKPSGVWATNFDAMALKTVERNLISKWGPMSVEMOKAYESDEHATTISANDI
KDIEVQEQEPATDVSQLINGSATEVNVNDSTINSKDSE

WP 0042344371 RecT [Streptococcus parauberis} {SEQ 1D NO:396)

ANQLTVVNTLOSDAVKEKFEAVMGERANGEFVSSVLSVVTNNNILSKADEFNSVYTSAME
AAVIDLPVEPSLGMARIVPYKGKAQFQIGYKGLIQLALRSGOVVGLNAGKVYEGQFKS
FNALTEKLDIVDIYNPKKDEPIVOYFAYMKLSNGFEKTTYWTKEQVEEHGKKYSQSYDS
KFSPWOTNFDAMARKTVLEKSILSTY APLTIEMONANDFDNGKNTGIEPLEVEDVTPETD
NESLLTDLLEDEPSYNTETGEHEDTELDLDYGQINAK

WP 0068457111 RecT [Weissella koreensis] (SEQ ID NO:397)

ANELVEQLEKSEKVAAQFETTAGKNAAAFASEVAISVMGNKALENASLSSVYVEATKAS
ALGLSLLPTVGEAYLVPYKGQAQFOQLGYKGLVOQLAMRSGOMKSFGTVKVYEGEHPRW
DKYSQELHTDGDETGEVVGYYAQFTLINGFKKADYWTKSAVEEHRSRFSKSKSGPWST
DFDAMAQKTVLKSILOYAPKSSEMTRAMASEDMNGDISEGTAKPIDITPETETPKVEEA
NONGIDTNEMVYDEIKEYAKETNEAPKEQTVSAADEFFK

WP 073846185.1 RecT [Amycolatopsis sp. CBO0013] (SEQ ID NO:398)

TTOTVTSAVAQODSSPAALVRKYRTDFATVLPSHIKPETWLRIATGALRRSSQLAHAAE
KNPTSLLVALLDAARKGLEPGTEQYYLVPRKTKRGPEVLGITGYQGEVELMYRAGAVS
SVKVEGVREHDTFAYNPGEHDRPVHEINWRANRGDLVLAYAYAY AKMRDGATSNVS
VLSADDIAVILSKAEGADSPESPWOWNPKAMWLEKSAAHQLAKWVPTSAERVWOPDGP
PLEAPPATPVTLPTVEDVVDAEVVEDWPTTPADTADSEQ

WP 1425112291 RecT [Leuconostoc pseudomesenteroides] (SEQ D NO:399)
ANEITLAKQLSSDKVVEQFAATAGESAKSFAKEVALTISGNPALQHAKLGTVIVEATKAS
ALGLSLLPTVGEAYLVPYKGDAQFQLGYKGIVOQLAMRSGOMKSFGAESVYEGENPKW
DEYNQELVTDGEETGRHGYYAFFTLYNGFKMAAYWPKEKVEAHRDRFSKSKKGPWST
DFDAMAKKTVLKSILOYAPKSSEMEKRALAEDTOAEYVQAGIQDVTPEPANIEAPIETAN
APEINAQEESLFGELSDVDKETAPNPFAQNLGGDN

WP (23055804.1 RecT [Peptoniphitus sp. BV3C26] (SEQ 1D NG:400)
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TNIQKOQENRALSPYVNQMKNLLANQGMONLFADALKENKDRFIASHDUYNGDNYLQNC
DPKEVAMEALKAATINLPINKSLOYAYIVPFKNKGKLTPOQFQIGYKGYIOMADQRSGOYK
ALNAGIMYEGMEIKRDFLRGTFEIVOEPKSDKAIGYFAYFOLLNGYEKALYMSKEDITD
HAKRYSQSFGSDESPWKNOQFDEMAQKTVLRRILTKYGVLTTEFQEAAKREEDEEVLKA
TEENAMIEMNSGEETIAVDPKTGEUEETEAPF

PCR98661.1 RecT [Lactococeus fupiensis JCM 16395] (SEQ 1D NG:401)

KSAPVQARFQEVLGKKSSGFVSSLLTVVNNNNLLEKRATPDSIMTAAMKAATLDLPIEPS
LOFAYIPYGOEAQFQIGYKGLIQLALRSGQITGLNSGIVYKSQFISYDPLFEELEIDFMOP
EDEVVGYFASMEKLSNGFMEVVYWTKARVENHKKRFSKAGAKSPWATDFDAMAQKT
VLKAMISKFAPLSQEMOIAVIADNESETLEPKDVTPEQPLISIDEPKENENSQSQISIPEDG
APQUENEEFVEELFPVGQA

WP 106316803.1 RecT {Actinoplanes utalicus] (SEQ ID N(:402)

PETIANAVAQRDQSPTALVADYRNDFAAVLPSHLPPATFVRLAQGVLRRDONLMRTAM
NNPGSLMTAMEDCARLGHEPGTPAYYFVPIKGAIEGWEGYRGVIERIYRAGAVOQSVRA

EVVRENDFYEYEHGMPHPIHRYERFASPEQRGPLLGYVWAYAVMEDGOMSRPVEMGRE

EVLAHRDMNPSNNRSDSPWKKWERSMWELKCAVHELEKWVPSSTEYRREIARMBAPQP
AAAAAPVTYVPPOVGQRDAIEGEVAEDWPEPAEVPGGAQ

WP 013655830.1 RecT [Cellulosilyticum fentocellum] (SEQ 1D NO:403)

SDEKKELVLEKETHSRLNQLLATKMEAMPKDEFNQTRFLONCMTVLODTKGIENCHPVSIA
RTLLKGAFLGLDFFOQRECYAIPYGGELQFQTDYKGETKMAKKYSIRDIKDIYAKVVRKG
DEFKEEIVAGQQVVDFKPLPFNDAEHGAFAVVLYQDOGMEYETMSTEKGIEGIRDNFSK
MEKNGLMWTKTPEEAYKKTVLRRETKKIEKDFASIDOAKAYEESSDMOFKQDEQKQDA
KDPFADAVDVEFTEETEGOVRLDGEADGAK

WP 148001988.1 RecT [Streptomyces sp. adm13(20183] (SEQ ID NO:404)

SQIGNEIARQSHSPAANEQHKADLAVVAASHVRVDTFARLAVGVLRONEKLAAAAANN
PGSLMSALMTAARLGLEPGTEQFYLRPIKRKGOLEVQGIVOYQGIVELIYNAGAAQSVY
VEVVRARDEFAWTPGALDEHRPPRWPGAMKOQPHHEVDWEFGDRGPLVGAYAYAVMQ
GGAISKYVVVLNRDHIARAKAKSDGADTDYSPWRTDEEAMWILKTAARRLGKWVPTSAE
KRTGVIERLDTPPAPLNEIDPDEDDEPIDGELVD

WP 011988985.1 RecT [Clostridium kluyveri] (SEQ D NO:405)

POKKMMVLSESHKALNKLLETKKEALPKDENKSRFLONCMTYLOQDTKDIDKCQPISVA
RTMLKGAFLGLDFFNRECYAIPYNGNLOFQTDYKGHEIKLAKKYSINPIKDIYAKVVRKG
DEFQESIVNGHOTYNFKPLPEFNNDEHGAFAVCLFOQDGSMIYETMTK QGEIEDIRNNFSKAK
NSPAWVKTPGEMYKKTVLRRLCKFIEL DFNSIESKKTYDEASDFQFEHEPNKEVSNFDK
GSIDEDKTVEADTETEAKEDNREYAFPKESE

GAC42786.1 recombinational DNA repair protein [Paenibacillus popilliae ATCC 14706] (SEQ
D NG:406)
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STSHLLTIHNNLEKLIDSKREAMPKSFNKTRFLONCMTVLODTKDVGKCDPOSVARTLL
KGAFLGLDFFNKECYAITYGGSVOFQTDYKGEKKLAKKYSVRPVKDIYAKLVREGDEF!
BEIKDGOPTVOFKPLPFNDSEIKGAFAVSLFEDDGLAYEVMSVAEIELTRENYSKOPNGO
AWVEKSKGEMYKKTVERRLCKNIELDFDTIEQAQAFEDSSDFEFNKEPKQAQQSPLNPOA
TVIDAEYEEVKEESDNETNGE

OBRO1022.1 RecT [Clostridium ragsdalei P11} (SEQ 1D NO:407)

LDKOQANGFITSLINLKODKLKGCNDMTVLGSALKAAPLKLPIDPNLGFAWHPFKNHGK
LEAQFOQVGYRGFIOMAQRSAQYKKLNVTEIYEGOQLKSFNPLTEELELDLDNKQSDEVVG
YAAYFRRINGFEKMVYWSKEKVTAHARRFSKSFOGNGPWKTDFDAMARKTVLENMLS
TWGILSIDMOEAITSDSKHKTTEDDYELLEEGTEDESNANVTDVEYTESDESGKEEDGK
DPYEGTPESENNTES

SHI77195.1 RecT [Paenibacillus polymyxa] (SEQ 1D NG:408)

POKLLVIHDNLNKMLDEK SEAMPTSENK TRFLONCMAVLODTKDIEQCDAKSVARTML
KGAFLGLDFFNKECY AIPYNENIGTKNKPRWIK SLOFQTDYKGEKKLAKK YSTRRVKDI
YAKLVRDGDDFREEIESGOPTINFRPLPFNDGHRGAFAVALFEDGGMIYETMSLEEIEKT
RDDYSKQSTGKAWTK SPGEMYKK TVLRRLOKNIELDFDTIEQAQAFEDSSDFDMNKEL
KPQQQSPLNPNTTIDAEYEEIKEEPADGPEGQE

KKT72154.1 RecT [Candidatus Collierbacteria bacteriurn GW2011 GWBI1 44 6] (SEQ ID
NG:409)

SNOQIQHCSEVDLKMILANQYMEKQINNFFONEKQAMKFLSSVMSAVQRIPELLNCEPKSLE
NSFMTMAQLGLMPSEVSGEAYVLPYNNKNGKVAQFQLGYQUGLVTLFFRAGGOKIRAE]
VREKNDEVSYVNGEIKHTIDIFKSNEERGEAVGAYAVATINGQEVCKYMNATDILAFGSR
FSKSWTTSFTPWKEANDPELNMWKKTVLKQLGKMLPKNESINLAIAEDNKDSHSDRIL
PAVEESKNLTMGSIVKTEEPVIEVEPEEIKO

WP 1257771631 RecT {Antribacter gilvas] (SEQ 1D N{:416)

SADVVIRQHATELTSVLPSHLAEKGDGWLNAAVAAVRKDRNLWNAANSDPGAVMNA
LAEAARLGLOPGSKEYYLTVRGGEVLGIVGYQGEIELMYRAGAVSSVIVEPVFERDGFE
YTPGVDDRPKHRIDWDADDRGPIRLAYAYAVMEKDGAVSKVYVVVNKTRIRRAKDASAT
AGKSHSPWTSDEVAMWMKTAAHDLAKWYVPTSAEYIREQLRAVEKEVEAEPARASDPRP
EPVHIVEAQILDEDPFPNAPEDGAA

WP 1301232231 RecT [Lactococcus sp. S-13]1 (SEQ ID NG:411)

SNOQITKTQQTLKSPEVK AKFEEVLGKK ADGFVASLLSVVGNSNLK TVEANSVMTAAMK
AATLDLPIEPSLGFAYVIPYGREAQFQIGYKGFIQLALRSGOLTGLNCGIVYESQFVSYDP
LFEELELDFTQQASGDAVGYFASMKLANGFKKVTYWSKEQVLAHKKKFVESANGPWR
DHFDAMAQKTVLKAMLTK YAPASIESKMIQTAITEDDSERFENAK DVTPDEPVISIDEPY
TSEVSQNESSAESQEQFPEDEVEELFPIGKS

WP 147265819.1 RecT [Nocardia puris] (SEG ID NO:412)
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ABSISSEVARQASPLAVVARYRSELAGSLPAAVRHDVDRWEMVAEMA VRRSPDLMELY
RREQGASLMRALIECARLGHEPGSPEFYLIPRGGIVSGEESYRGIHKRILNSGEYQRVVAR
VVHERDRFSFDPRIDEIPDHRPAEGERGAPARAYAFAVRWDGTPSTVGEATPERITAAKA
KARGVDRKDSPWNSPTGVMYRKTAIRELASYVHTSAEPRPRPAAPTEPPAVDEVSTVY
DAEVIDEVDVLBITAEPTA

TCP18101.1 RecT [Nicoletella semolina] (SEQ 1D N(:413)

LXNADPQSVENAACMAATLNLPIONGLGFAYIVPYQONKKEKKTEAQFQLGYKGLIQLA
QRSGOFKRLVAVPVYEKQLIAEDPINGFEFDWKOKPENGERKPIGYYAYFRLLNDFTAEL
YMTTHEVDEHAQRYSOQTYRTYLDEKKSKGOWASSYVWADNFEAMALKTVMKLLLSKQA
PLSVEMOQGAVLADOQAVVENVETNEFSYVDNQIEEAEYTELEKVSTDIFEKCKQSILNKET
TLOELCDSGYEFSQEQYAELEKLEVE

OAB27843 1 recombinase [Paenibacillus macquariensis subsp. defensor] (SEQ 1D NO:414)

SDKLLVIHKNLENLLDSKREAMPSNFNKTRFLONCMTVLODTRDIDRCDATSVARTML

KGAFLGLDFFNKECYAITYAGAVQFQTDYKGEKKLAKKYSVRPVRDIYAKLVKEGDDF
KEEVKDRGQOTIQFAPKPFNDGEVLGAFAVALFEDGGLVYEVMSKVRIETTRKNYSKQA

NGOAWTKSPGEMYKETVLRRLCENIELDFDTIEQAQAFEDSGDMDLNKEVKPPOVSPL
NATVIDAEYTEIREGDPNATNQE

WP 019417330.1 RecT [Anoxybacillus] (SEQ ID NO:415)

ATTOSLKNOIAKKONSNIOQGVTLEOLLNSESMEKRFEEVLGKRAQOFATSILNLYNSE
KMLOKCEPMSIISSAMVAASLDLPVDKNLGYMYIVPYGTTATPIMGYRGYIOLALRTGOQ
YKHINVIEVYEGELOKWDRLTEEFEMDSKOKKSDVVVGYAAYFELINGFRKTVYWTRE
QIEAHRKKYSKSDFGWKNDFDAMAKK TVLKSLLSKWGILSIEMQONAFNEDEKEVDTKE
VKDITSEVOEAEYIEAEAFEVPIETETPOQEEIVEDAQ

CDA71469 1 phage RecT family [Ruminococcus sp. CAG:S79] (SEQ ID NO:416)

NERTNLGYAPAPVERFKECLNSHEIKARLKNSLENNWTQFQTSMLDLYSGDAYLQKCD
PMAVALECVKAATLDLPISKSLGFAYVVPYNNVPTFTLGYKGLIQLAQRTGQYRTINAD
VVYEGEIRGADKLSGMVDLSGERTGDEVVGYFAYFKLINGFEKMIYMTRAEAEKWRD
DYSPSAKSKYSPWRTDFDKMALKTCIRRLISKYGIMSVEMOGVMTEEAEPRAAAAAKR
ABETVOQANANSKVIDIDAAPPAANESPAEAAPQPDF

WP 019108121.1 RecT [Peptoniphilus senegalensis} (SEQ D NO:417)
TNOIARKPYNEIKNVLSYVPSVRNLFDNALADNAGAFVSSLIDLYGGDSYLONCEPKDVY
MEALKAATLKLPINKNLGFGYVVPFKNKNGKLVPTFHGYKGLIQLAMRTGOYKAINSGE
IYEGMEIKEDVLRGTLEIKGSKOSEKIKGYFAYFQLINGFEKALYMDVEEAADWGRKYS
KSFAKGPWTTEFDAQAQKTCLRRULSKYGVLSTEMOQRLEKTEEDVDIAVGTIENNAVEE
LNIPSSQADYIVDEETGEILDDEEIVAPF

AFH22576.1 RecT family protein [environmental Halophage eHP-30] (SEQ 1D N(»:418)
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TEQNOTPAKTESKSPIK AQL YKDNVGORFQELLGERASAFMTSVMSVVKDNDQLSQAER
PSSVLNAAMTAATLDMPIDNNLGMAYIVPYRKDGKSGKTY AQFOLGYKGFIOLAQRSGO
FKTISATPVROGOIVTADPLRGYEFDFTQGODKEVVGYAAYFALLNGFEK TLYMSK AR
MEQHAASYAAGYKKGYSNWNRKFDEMALKTVIKOLLSKYAPLSVDMOKAQQTDOTV
SVEEPNAIEQQEAAPEIDASSNNNONG

WP 1380679571 RecT [Streptococcus pseudoporcinus] (SEQ D NO:419)

ANQLTYVVNTLQSDAVKEKFEAVMGEKANGFVSSVLSVVINNNLLAKADFNSVYTSAM
KAAVLDLPVEPSLOMAYIVPYKGKAQFQIGYKGLIQLAQRSGKVTEKLNSGEIYEGOFKS
YNALSEELDIDDIYTPKEDEEVVGYFGYMKLSNGFEKITYWTKERVEKHGKKYSQSYDS
KFSPWOTNFDAMAEKTVLESILSTYAPLTIEMONANDFDONGKNTGIEPLEVKDVTPEND
NESLLSDLLEDEPSVDAETGEIMENTELDLDYGSINAK

WP 072904346.1 RecT {Hathewaya proteolytica] {(SEQ 1D NO:420)

ADSKKELILKESYSVLDRLIETKISAMPKDFNRTRFLONCMTVLODTKDIEKCQPISVART
LIKGAFLGLDFFQKECYAIPYGGTLOFQTDYKGETKMAKKYSIRPIKDIYAKVVREDDL
FEEEIKEGOQQFVNFKPIPFSDKPHOGAFAVVLYQDGOMEYETMSKTQIEGIRDNFSKMKN
GLMWTKTPEEAYKKTVLRRLTKKIEKDFDTIHQAKTYEETSDSEFKKEEKCNEKSVEDY
EYSEVESEELEQOQTMLENSPFGGEQ

GAE17732.1 RecT [Bacteroides pyogenes DSM 20611 = JCM 6294} (SEQ 1D NO:421)

QVADPOSVLNSAVIAATLDLPINPNLGFAAIVPYNDRKSGKCIAQFOLMYKGLVELCLRS
GOFASLIDEVVYEGQIVKKNKFTGEYIWDEDAKTSNKVIGYMAYFRLVNGFEKTFYMTS
BEVTAHAKAYSOQSFKSGYGVWEDNFDIMARKTVEKLLLSKYAPKSIEMOQRAITFDOQAA
VEKGDLTETNVDEAFEIEYIDNESGSDKIKQAAEDAVIQSQOKTLL

CDF09406.1 [Eubacterium sp. CAG76] (SEQ ID N(O:422)

ABRKQGITTKEYLAEVKGGLENELNENAKALPENFNQSREFVENCISLIKSNLSNYNNITPES
VYLALAKGAYLGLDFFNGECYAIRPYSGEVNFOTDYKGEIKLAKTYSRNPIKDIYAKNVR
DGDFFEENESGKOSVNFRPVPFSDKKHGTFAVVLFKDGSMMYDTMSVKEIEEVRNNES
KAKNSKAWAATPGEMYEKTVLRRLCKLIBLDFNSQQRLAYEDAGDFDRKEKADEPVAD
DTVNVFDAEFKEVEPENKDAATTEEMGLEEA

WP 099299656.1 RecT [Pediococcus pentosaceus] (SEQ ID NO:423)

MNDISKVPMEVLVQODKVORMLENTLRKGKTROFTTSLINVVNSNQSLADVDOMSVIKS
AMVAASLDLPIDONLGFMWLVYPYKGOMATPOIGYRKGYIQLALRTGOYKKENTIVVHEGE
MEYWNPLTEDFEYDPKGKESDEVIGYLGYLRMINGFERTVYWTKOQNIEDHRMKFSKM
SGKAKPSGYWASNYDAMALKTVMENLLSKWGIMSIEMQOQAVYVQDEKAPETDVRDVT
PTETNSIDSLEAPEPKGEPINDSNEATVPTNAE

WP 1182270471 RecT {Bacteroides eggerthii] (SEQ 1D NO:424)
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GTVITVPOQLKSMLANENVEKSRFKEILGKKAPGFISSIVAVANSNTLLOKAEPQSIMNAAY
IAATLDLPINPNLGFAYHPYGNQASFQIGYKGMTQLAMRSGOQYKTINVTEVYEGEIKSEN
RETGEYTFGERKSDKIVGYMAYFSLTNGFEKYMYMSREECEKHGEKKFSQTYKRGGGL
WATDFDSMSKKTVLKMLUISKYGILSIDMORAQTFDOQAVVKDDLVEKNIDEAEVSYEDN
PTNADVRRNAMEEALEEAEVVDETTGEIFNQPAQ

WP (0947544951 RecT [Critbacterium bergeronit] (SEQ I3 N(:425)

EYNNMNNOMOQQTATQVTPINOQMENLLANKGINGMFEQALKMNAGAFISSLIDLYNSD
GYLOQRKCEPKDVAMEALKAATLNLPINKGLGFAYIVPYGKAPQFOQIGYKGYIQLAMRTG
QYKHINAGAVYEGEEVKENRLAGTVEILGBKENDNETGYFAYFKLTNGFEKCLYMSKQ
EMTTHAQRFSKAFKNGPWQSDFSAMATKTVERLLLSKYGVLSTOMOEAIAKENDDELQ
QOINONANKEVIDIEKIDNENVIDIEATDAADDDIEAPF

WP 045553720.1 RecT {Listenia] {multispecies) (SEQ 1D NO:426)

ATNDELKNQLANKONGOGOVASAQSLDLKGLLEAPTMREKFEKVLDKKAPQFLTSLLNL
YNGDDYLOKTDPMTVVTSAMVAATLDLPIDKNLGY AWIVPYKGRAGQGFQLGYKGYIQL
ALRSGOYKSINVIEVREGELLKWNRETEEIELDUDNNTSEKVYVGYCGYFQLINGFEKTVY
WITRKEIEAHKQKFSKSDFGWEKKDYDAMAKKTVLRNMLSKWGILSIDMOTAVTEDEAE
PRERKDVTEDESIPDIIDAPITPSDTLEAGSEV(QGSMI

WP 1060245181 RecT [Clostndium thermopalmarium] (SEQ 1D NG:427)

ATVNELKNEIATKKETGVGSAGNTIKGLINSPAIKKRFEDVLNEKKAPQYMSSIVNLVNGD
TNLKKCDOMSVIASCMVAATLDLPIDKNLGYAWIVPYGNRAQFQLGYKGYVQLALRT
GOYKAINVIEVHEGELIEWNPLTEELKIDFSQKKSDATGY AGYFELLNGFKKSTYWTKE
QHRHKNKFSKSDFGWKKDFDAMAKKTVLRNMELSKWGILSIEMONAYTADGATIRPEA
VETGDIKGNVDYVEADFEENYEGTPFEEVEEGGYNE

WP 073010654.1 RecT [Virgibacillus chiguensis] (SEQ 1D NO:428)

ATNSSLENGIANKGNGNONTPOGYTVKQLMSASSVENRFEETLGKKAPQFMASVINLY
NGDTNLOKCDOMSVYSSAMVAAALDLPIDKNLGY AWVVPYGNKATFOMGYKGYIGL
ALRTGQYKNINVIEVYEGEVKSFNRLTEEIELEFEGKESDKVIGY VGYFELINGFREKTVY
WSKDEIERHKKRFSKTGFAWKDNYDAMAKKTVIRNMLNKWGILSIDMOTAVTTDGNA
VTQDFEQEDSGLVIDAEFSEVNEASEGQQEIKFENADA

WP 111921306.1 RecT [Clostridium cochlearium] (SEQ 1D N(G:429)
ATNESLKNQLATKKETGIGSAGNTIKSLINSPVIKKRFEEVLDKRAPGYMSSIVNLYNSDT
NLKKCDOMSVIASCMVAATMDLPYVDENLGY AWIVPYOGNKAQFOMGYKGYVQLALRY
GOYKSINVIEVHEGELEEWNPLTEELKIDFSKKESDAVIGYAGYFELLNGFKESTYWTKE
QITKHKNKFSKSDFGWKKDFDAMAKKTVLRNMLSKWGIHLSIEMONAYTADHGVIKNEI
METGEVKENVEYIEADFESYEGTSIEEGGSNE

WP (191255381 RecT [Peptoniphitus grossensis] (SEQ 1D NG:430)
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TNIQKQENRALSPVNOMKNLLKNQGMOQNLFADALKENKDRFLASIIDLYNGDTSLODC
NPKEVVMEALKAATLNLPINKNLGYAYIVPYNSKGTTRPOFQIGYKGYIOMAQRSGQY
KALNAGILYEGMEVKRDFLRGTFENGEPK SDKVMGYFAYFQLLNGYEKATYMTEDEVT
EHAFRYSOSYGSKYSPWKKQFDEMGQK TVIKKLLSKYGVLTTEFQDAVKEEEDREVLR
ATENNAMLEMTNPDEEEETIEVNPETGENEDDVK APF

BRL63827.1 YgaK [Schleiferilaciobacillus shenzhenensis LY-73] (SEQ D NG:431)

SAVSESKDLQHVDQLSVLNSAMTAASENLPINONLGFFYLVPYKGIAQAQMGYKGYIQ
LAQRSGOYQRLNAIPVY ADEFGSWNPLTEELDYTPHFEDRKASDEPVGY VGFFKLANG
FEKTVYWSREKQIEAHRDRESKSSKSSASPWNTDFDAMALKTVLRNLITKWGPMTTDIOR
ANDADEGDYKNDLSTDTSEPKDVTPOGASLEQFLGETDQQOKPATKPAPKKKAEEAKPN
DUKPDVTHDPNEHTEQTSLSDDDLPFD

WP 0512674081 RecT [Gulosibacter moolinativorax] (SEQ [D NG:432)

TDLTERKIATRAVAVKEKDPKIADLMKSYEPQFARSLGKSMDAAKFGODALTAIKQTPKLL
EADOQRSLFGAWLAAQLKLPYGGPLAQFHLTPRKVAGEMTVVPHGYNGYIQLAMNTGL
YSKVGAFTVHANDHFRTGANSERGEFYDYERATGDRGELTGVIGYAKVKGFDESSEVY
LDAATVRERHRPKFWDKTPWASDEGEMFRKTAIRVLOKYLPEKSIEAAPLALAAQADQA
TVRRVDGVDDLOQIDHEDIAIAEVIEDD

WP 112330076.1 ReeT [Cereibacter johrii] (SEQ ID NO:433)

TENTACQAPAAARQLTPIQAISQTLESDAFAPKISASLDGTGISPARFEKRAALACLSRPEAS
YLVEKCDRGSIFTAVMNAAAAELELHPAL GQAYIVPRGGOQAVLQVGYKGFIALASRAG
LAVEADVIYAGDRFSIRKGTNPDVSVEPELDPAKRGEW VAVYVITHYASGAKTLTFMTR
AEVEAIRNRYSDAYKRGGAGAKTWNESPEEMAKKTCIRRASKI WPISVPGGGDDDGGE
VIEADPAPVPAPRMRDVTPGGGLDRLAASL

WP 0636011711 RecT [Clostridium coskatii] (SEQ ID NG:434)

SDKKMVVLINESHTMLNKLLETKQEALPKDFNKARFLONCMTVLODTKGIEQCQPITVA
RTMLKGAFLGLDFFNKECYAIPYKDNLQFQTDYKGEIKLAKKYSFNPIKDIYAKIVROG
DDFOQEAIINGOQTINFTPVPFNNGEHGAFAVCLFQDGSMLYETMAKQEIENTRKNFSKAP
NSPAWTKTPGEMYKKTVLRRLCKLIELDFDSVECKKVYNET SDFEFENGQQHEVSNFDK
KDIDEDKIVEADVEVQDDNENNVPEDGHE

WP 1182069451 RecT [Bactercides stercoris] (SEQ 1D NG:4353
STITTIPOQLKSMLANDNVKARFKEILGKKAPGFISSIVAVANSNTLLOKAEPQSIMNAAVY
AATLDLPINPNLGFAYVVPYGNQAQFOMGWRGFVQLAMRSGOQYKTINVNEIYEGEIKK
SNRFTGEYEFGERASDKIVGYMAYFSLINGFEKFLYMSKEDCEKHGRKFSQTYKRGTGI
WSTDFDSMAKKTYVLKMLLSKFGILSIEMORAQTFDQAIKDNLAETDIDEAEVSYNDNP
DNEEARRNAMEKEALQEAEVVDENTGELFNTETK

WP (998400291 RecT [Clostridium combesii] (SEQ 1D NO:436)

152



WO 2023/034925 PCT/US2022/075850

ANTKAIVLOETANNLNTLLKAKVKALPKGEFNETRFLONCMTVLODTRNIEKCNSVSVA
RTMLKGAFLGLDFFSKECYAIPYNDYKTGKCHLEFQTDYKGERKLMKQYSVRPIKDIYA
KVVREGDKFEEDEKGIPTINFRPKPESNEKHIGVFAVVLFEDGGLLYETMSVEDVEKIKVG
FAKRDKEGNYSKAWTATPEEMYKKTVIRRLRKSVELEFDSVEQOKTYEEASEFDVKRD
HEVEKEEASPFENVDFEEAEEGNTIEAKGE

WP 0696865121 RecT [Oceancbacillus sp. E9] (SEQ I3 NOC:4373

ATNDSLEKNGQLSSKQGONONTPSGYTIKQLMGAESVKKRFEEMLDSKASQFMASVINLVN
GDTNLOKCDOMSVVSSAMYAATLDLPIDRNLGY AWVIPYGNQATFQLGYKGYIQLALR
SGOYRNINVIEVYEGELQSFNRLTEEIELDFEKRTSDEVIGYTGFFELINGFRKTVYWSKA
BIEKHENKFSKSGFGWENDWDAMAKKTVYVRNMLINKWGHLSIDMQKAYVEETKDPSEP
NGEVIDLNLTEDELTAAQEQFSDENANE

RMDS50745.1 [Candidatus Parcubacteria bacterium] (SEQ 1D NO:438)

TEYKRPQOQPEQTKMLSAKLNQAGAPNREVSSFDVOQLRDWEFKKHSREMOQTLAGSKEEAN
KHTSLIFVAQRNPKLMTCTMESIGECEMQSAQLKLYPGPLOECAYVPFGNRATFMPOY(Q
GLCKLAYNSGVVRSIATEVVYANDLFEFELGTNAYLRHVPTLSDNRGERIAAWCVVKT
THGEVHVKPISFIEGIRKRSPAGNKEKDSPWNTSDDDYDAMARKTVLKOALKTIPKSSDL
AAAIQVDNAVESGSVDNVVTHIEPVTDPTPEETKE

WP 001413958.1 RecT [Lactococcus sp. DDO1] (SEQ ID NO:439)

ANLTPTQTVLKSDAAKRKFEEVLGEKKTNGFVGSLLSLVGSTNLKNVESNSVMTAAMK
AATLDLPIEPSLGFAYVIPYGREAQFQIGYKGLIQLAIRSGOVTKLNAGPYVYENQFIKYDS
LFEELEIDFSMPOQGVEIAGYFASMELANGFRKHEYWDKEKVTAHGKRFSKSFNRSSSPWQ
TDFDAMATKTVLKAMLSTYAPLSTEMOQGAIVADNESATPKDATPVTDDLVLEAVEDSK
QIEENEHNNDOVASENYQEPQGEPEVLDLEL

WP 147120628 1 RecT [Nocardia ninae} (SEQ ID NO:440)

AESISKEVARQANPLAVVAKYOQNELGK SMPAAIRGDVGRWMMVYAEMAVRKNPKLLSI
VOADQGASLMRALIECARLGHEPGTKYFYLVPRGNQISGEEGYHGHKRVLNSGHYQKY
LARTVFERDEYSFDPLTDOQLPTHVPASGERGKPVSAYAFALHWDGTPSTVAEASPERIA
AAKAKSYGTDRKDSPWOSVIGVMYRKTAIRELEPY VHTSAEPQPROQDNAGSRGAVMD
PSTYDDAEPLDADVLDITADQIAEHDGEGAL

WP (0748467401 RecT [Clostridium cadaveris] (SEQ 1D NO:441)
ATNSSEENQLSKKENVTIGNTMQGLLNNPKMKKRFEEIL DKKAPQOYMSSILNLYNGDTS
LOQKCEPMEVLSSSMIAATMDELPVIDKNLGY AWIVPYRNKAQFOMGYKGYIQLALRTGQ
YEKHINAIEIHEGELVNWNPLTEELEIDFTKKESDKIGYAGYFELLNGFKKSTYWTKTQIE
NHRKKFSKSDYGWNKDFDAMAIKTYIRNMLSKWGIHLSIEMONAY TADENIKDSFIDDS
ENVSANIEDLVEADYTVNQDSLESKEEFEGTPLE

WP _038246219.1 RecT [Virgibacillus] (multispecies) (SEQ 1D NO:442)
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ATNDSVENQIANKNQGSNGYNPNNLGLKQLLSTPTMRKKFDEVLDKKAPQFMSSLLNL
YONDSYLOKAEPMSYVTSALVAATLDLPIDENLGY AWIVPYGORKAQFQLGYKGYIQLA
LRTGOQYRNINVIEVYEGELKSFNRLTEEMELDFEQKQSDEKVIGY TGYFELINGFRETVY
WSKEEIEKHKKRFSKSDFGWKKDWDAMAKKTVIRNMENKWGILSIDMQKGIVEDNKD
PIEKANEFDEQDUIEADFSEVNDDOEIDFSDAQ

WP 1060642841 RecT [Clostridium liquoris] (SEQ 1 NO:443)

TTASELKNQLATRKETGVGSAGNTVKGLLESPAIKKRFEEVLKQRAPOYMSSIVNLVNG
DANLKKCDOMSVIASCMVYVAATLDLPVDKNLOGYAWVVPYGNEAQFQLGYKGYVQLAL
RTGOYKSINVIEIHEGELIEWNPLTEELRIDFEKKKSDAHGYAGYFELINGFRKSTYWTKE
QITKHKNKFSKSDFGWKEDFDAMAKKTVLRNMLSKWGIHLSIEMONAYTADQETIKSEY
LETONIKENVEYVEADFDVDFEGTPFEEGVTNE

WP 0285622301 RecT [Paenibacitlus pinihurm] (SEQ 1D NG:444)

ADANKLLVINEKLIKLIESKQDAMPKSFNIKTRFIONCMAVLODTDEIDKCDATSVARTLL
KGAFLGLDFMNKECYPHYGOGKCTFQTDYKGEIKLAQKYSVRPVENIYAELVREGDFFL
KEVKDGQRTIQHKPPEGFNDGK VIGAFAIVEYKDGGMDUESMSVAEIETTREKNYSKQA
NGPSWTKSPGEMOKKTVLRRLCKTIOLDFDTIEAKEAFEDGGDFDFRKQDPEPQQOSPED
KNATVVDAEYEEVEEEDQSESAT

WP 008672306.1 RecT [Oceancbacillus sp. Castelsardo] (SEQ 1D NO:445)

ATNSTLENQISNKKOQONNQVGETOGTTMKOLLASPAVMNRFEEVEGRKRANQFTASILG
LYNSEKMLOKAEPMSVISSAMIAATIDEPVDKNLGYAWIVPYGGKAQFOMGYKGYIQL
ALRTGOYRNINVIEVYEGELKKWDRLTEEIELDFESRTSDKVIGYTGYFELINGFRKTVY
WSKEDVEKHKKRFSKSDFGWKNDWDAMARKTVIRNMLNKWGILSIDMOKGMVEDSK
DPVEVNEEFSSDVIDADYEVVGENEQQDFTVEENA

WP 067592792.1 RecT [Nocardia terpenica] {SEQ ID NO:446)

SSIAAAAESAEVTPASIINKYRDDIATVLPPKLRERIDRWIRLAIGAVNSNPELISRVRADG
GASMMQOQALMKCAALGHEPGSGLFHLVPKGSRIEGWEDYKGILGQRIDRSGVYARTVIGY
VYANDEYSYDONVDERPRHVRATGDRGEPISSYAYAVYPSGAITTVAEATPEQIASSKS
KARGADNAASPWRAPGAPMHRKVAVRLLEKHVATSAEDRREPISRSAANDVVIDATA
DYYQEP

WP 0797081131 RecT [Paraliobacillus ryukyuensis] (SEQ [D NO:447)
ATNDTLEKNQISNKKNNOQVAEGKQGTTMKGLINSPAVMKRFEEVLGKRANQFTASILSL
YNNEKTLOKSEPMEVISSAMIAATLDLPIDKNLGYAWIVPYGNKAQFGLGYKGYIQLAL
RTGOQYRNINVIEVYEGELVKWNRLTEELELDFEQKKSDKVIGYTGYFELINGFRETVYW
SKADIEKHKQKFSKSNFGWSNDWDAMAKKTVIRNMLNKWGILSIDMOKAYSTDEIEQE
QESNDFIDGEWAEVSEDDITEAMNEY

OLA20462.1 BHW17 09115 [Dorea sp. 42 8] (SEQ 1D N(G:448)
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AVNNSLAKRDOGSMKLSVYLONDAVKKQINQVVGGKNGTRFISSIVSAVOSTPALGECTS
PSIVNAALLGEALNLSPSPOLGRFYMVPFDNRKEKGUCKEAQFQLGYKGYIQLAERSGY YK
KINVLAIKEGELIRYDPLDEEIEVELIDDDVIREETPAMGYYAMFEYENGFCIQOKWRSE

DEFGTFRAGONSGKGSLEVFFFLVQRF

WP 05890680S.1 RecT [Lactiplantibacillus plantarum] (SEGQ 1D NO:449)

SNELAHMPMK QL VEQDAIQOMLSRTLADK ASQFSTSLINL VNGNQSLAK VDOMSVIQS
AMYVAATLNLPIDONLGYMWLVPYKGRATPOIGYKGYIQLAQRTGOYLAMNAIATHSGE
LKGWNPLTEDFOFDPMGRTSDEVIGY VO YFKLTNGFEK TVFW TE ASMEEHRMSFSKMS
GGKTPQGVWASNYDAMAIK TVERNMLSKWGPMSIEMEQALANDETAPQTPLNVEAEE
SASETTDNMLDKFROOQGEVNTSDOEHNTEDBQGDPRDOS

RZT66774.1 ReeT [Leucobacter luti] (SEQ ID NO:450)

SDLSQAAVAVKKSKTVEDYLTEYEPQFQRALGKSMDAAKFSQDALTAIKQTPOLGQAD
LOTLFGSLFLAAQLRKLPVGGPLAQFHLTPRERGDKLEVLPHGFGGY VOLIMNTGLYSKY
GAFLIYEKDYFDEGANSERGEFYDFKKSRGDRGPVVGVIAYVKLKGFDESGQGYVFLDAD
TIRSRHRPRYWEKTPWGSDEGEMFKKTGYRVLOKLLPKSVEAAPLALAADADQGATVR
KVDGIEDLTIOHDVVDAEVVPDGVPY

WP (87916041.1 RecT [Paenibacillus donghaensis] (SEQ D NG:451)

SNTQLATIHNNLERLIDSKRDAMPSSFNKTRFLONCMTVLODTYGIEKADPVSIARTMLK
GAFLGLDFFNKECYANYGGKVEFMIDYKGEVKLAKKYSIKRIKDIYAKVVRAGDEFEE
TIEGGNQSINFKPLPFNDGEVLGAFAVVVYEDGSMNYDTMSVKEIESIKENFSKKSKDTG
CFSKAWVVTTSEMYRKTVLRRLCKNIELDFDTIEAKQAFEDGGDFEFNKDKKPAGESPL
NPKSTVIDGEFTAVGEGAADGTE

WP 009411480.1 RecT [Capnocyiophaga sp. oral taxon 324] (SEQ 1D N(O:452)

ETOVLOKOQSLANFLNKSDKFLEQNLGAKKSEFVSNLLALSDSNKELSQCEPADLMKCA
MNATALNLPLNKNLGYAYVIPYFDGKTNRTIPQFOMGYKGFVQLAIRSGQYKTINTCEI
REGEIKRNKVTGHIDFLGENPSGAVIGYLAYIELLNGFQQSLFMTIEEVOQAHARKYSKIY
AKTNRGLWKDEFDEMAKKTVLKLLLINRYGVLSVEMOKAIEKDOQADNEGNYIDNPOGR
YIQDAEVIEQNEPTENAQPYQPVTSEEPNKVDFKDV

WP 116232802.1 RecT [Paenibacillus sp. VMFN-D1] (SEQ ID NO:453)

AKALLENKLOQERAAGASTPSTOGTSLKALLNSPAIKKRIDELLDKRSAQYMTSIVNLYN
SPAMLOKAEPMSVISSCIVAATLDLPVDKNLOYAWIVPYSGKAQFOQLGYKGYIQLALRT
GOYKAINVIEVYHGELVKWNPLTEALELDFEKRKSDAVIGYAGYFELINGFRKSVYWTR
HQIESHRKKFSKSDFGWKKDYDAMAKKTHRNMLSKWGILSIEMQDAYSKEIFAIPPLNN
ENEEDPPIDLTPEDYRVGDEPODGKEQGEMNFE

WP 123849158.1 RecT {Chitinophaga lutea] (SEQ ID NO:454)
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SNVNAPAAPVKSKIEVLKDIMNAPSVQEQFOQNALRENSGVEVASVIDEFNSDTYLONCE

PROVVMECLKAATLKLPINKNLGFAYVVPYKSNGKQIPQFQIGYKGYIQLAMRTGQOYRI
INADKVYEGEYRTENKLTGEFDLSGTATSETVVGYFAHIEMINGFAKTLYMTKEKVAA
HAKKYSKSFGKETSPWHTEFDAMALKTVLRNLESHYGYLSVEMMGAMNADIESDOVG
SEVSQTINDKANKQEMTFDDAEVVDDDEKEQNPE

WP (784102601 RecT [Priestia abyssalis] (SEQ [ NO:455)

ATNOSLKNQLOSROSAGTPAQOQSNSLKALLSSPTVKKRFEEVLDKRSAQFMTSIVNLYN
SEKMLOKCEPMSVISSAMVAATLDLPVDENLGYAWIVPYRENTASFOLGYKGYIQLALR
TSOYRFINVIPVHEGELMKWNPLTEEIEIDFDARQSDVIHGYAAYFELENGFREKTVYWTK
NOVEKHRKKFAKSDFOWRKNDYDAMAMKTVLKAMLSKWGILSIEMOKAYSEDEEPREL
KDITEEAQEVDYIEAEVIDVPAEEKASAFDQENFHIE

AATO0028.1 phage recombination protein [Leifsonia xyli subsp. xyhi str. CTCBO7](SEQ 1D
NO:456)

AVKEKNPTIEDYLIKYEPEFQRALGASMDAAKFAQDAL TAIKQNPKIGHSDPRSLFGALFL
AAQLKIPVGGPLAGFHLTTRTVKGNLTVVPIVGYGGY VQLIMNTGLY SRV SAFLIHAGD
YEVTGANSERGEFYDFRRADSDRGEVEKGVIAYAKVEGHNESSWVYIDAETMRAKHRP
KYWESTPWADDAGEMFKKTGIRVLOKYLPKSVESLNVALAASADGAIVRKVDGVPDL
DIQHDRDTETVAVPEQPVSVPQPGDET

WP 0800224551 RecT [Clostridium thermobutyricum] {SEQ ID NO:457)

QSTGDIVEPONYNYSNALKSAQLILAETVDRNKVPVLOSCSKPSICNALLDMVIQGLSPA
KKQCYFVPYGOKLOLMKSYLGNIAATKRLKGVEDVFANVIYEGDVFEYKLNLNTGLIE]
EKHEQKFENISKKIEGAYAVVVRENQNNY VEVMNIEQIKNAWNQOQGAAKGNSGAHKNFE
ABEEMAKKTVINRACKRFYNTSDDSDTLIESINRTNEYKEEDHETTKSEVGEEIKENANTE
NLGLEDTEVVEAEVIENIEFEGDK

WP (817596391 RecT [Clostridium jeddahense] (SEQ 1D NO:458)

LGERTPQFISSIVSLVNADANLORAFYDAPVTVIQSALKVATENLPIDPNLGYAYIVPENN
TVKNPDGSIRKRIEASFIMGYKGMNQLALRTGVYKTINVVDVREGELKSYNRLTEDIEL
DFVEDDEEREKLPIGWVGY YRLINGTEK TIYMTRKQIETHEKKNHK GOYMGKGWRED
FOSMAMETVFRRLIGK WCLMSIDYQRANPGTLAAADALAHGQFDDEDPLPDAVPLQAE
AQEVNPETGEVQS

WP 089281209.1 RecT [Avaerovirgula multivorans] (SEQ 1D NG:459)

DAKHLTYVHONLNTLLKAKADALPKGFNQTRFLONCMTVLODTRKDIESVEPKSVARTM
LKGAFLGLDFFNKECYAIVYNKEKAGNSWIKTLEFQTDYKGEIKLAKKYSINTIKDIYAKL
VREGDEFEEGVKDGKQVINFKPKPFNNNKILGAFAVAYYENGSMIYDTMSVEEIESVKK

AYAKADKEGKYSKAWIESTGEMYKKTVLRRLCKLIELDEDTIEQEQAFDEGSGMEFKQ

BEGKTDKPKSSLEAEFVEAEYEEVEESETSEVVEE

RDI65706.1 phage RecT family recombinase [Nocardia pseudobrasiliensis] (SEQ ID NGO:460)
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SSIANAANASELTPASIVNRYRDDIAAVEPPKLGARIDRWLRLAIGAVNSNADLVDRVR

ADQGASMMGQTIMECAALGHEPGSGLFHLVPKGPRIEGWEDYRKGVELQRIDRSGVYARY
VVEVVHANDDYAYDPNLDDRPOHKRAAADRGEPVSAYAYAVYPNGAVTAVAEATPE
LIAASKAKARGADNASSPWRAPGAPMHRKVAIRQLEKFVATSAEDMREVAVRNAAPD
VEDAPADYYQER

WP (761706101 RecT [Paenibacillus rhizosphasrae] (SEG 1D NO:461)

SSKLVEINSKLDSFLDAQHKAMPKGENKTRFLONSMSVLRDIEGLEQCDPKSVALVMLK
GAFLGLDFFNKECYPVVYAGKVEFQTDYKGEVKLVKKYSTKPVREIYAKLVROGDDFS
EEIVAGSQTINFKPLPFNNGEIVGAFAVVNY VDGTMQYDTMSTEEIEKIK VNFSRKSKKT
NEYSKAWVVTPGEMYKKTVLRRLCKTIDLDFDTIEQAQAFEDAADMDENQDSK PQQOS
PLNPMVIDVEYEEVKEEQADAAEQE

WP 1068336171 RecT [Brevibacillus porteri} (SEQ 1D NG:462)

ADONKLVVIYNNLEKLLDSKREAMPTSFNK TRELONCMTYLOETKDIELCNPTTVART
MLKGAFLGLDFFNKECYAVVYKGSVEFQTDYKGEVKLAKKYSTKPVREVYAKLVREG
DEFAEEINSGNQTINFRPKPFNNEEILGAFAVVNYMDGTMAYDIMSKEEIEKIKENFSRK S
KOTGEYSKAWVVTPGEMYKKTVLRRLCKNIDLDFDTIEQRQAFEDAGDVDFNQEVKPA
QOSPLNSTVIEAEFEEVSEEQTNAAEQE

RDE19343.1 RecT [Parageobacillus thermoglucosidasius] (SEQ 1D NO:463)

AKGADLENKLANKNSTNPTAYLKNLVYAPTVOOKFKEVEKEKAAHFLTSLISLVDSSPD
LOKCONPMTHASAMEKAATLEL PIDKNLGYAWIVPYKNVATFQIGYKGYIQLALRTGLYR
SINVIEVYEGELRKWNRLTEELDIDEGARKSDHVIGYAGYFELTNGFIKRVYWSKEDIER
HREKFAKSDFGWENNYDAMAKKTVLRNMLSKWGILSIDMORAYVNDIDDPEQTKEVI
DVEWSEIEEANVANSPEQOEIVFEQ

WP 138600901.1 RecT [Pseudealteromonas] {multispecies) (SEQ 1D NO:464)

SLSLOEYQNLLYGKLTACKGOFDACLSENGYKLDFNTELNYVYOQIVMSGLNVEYSFPYT
PVESVITSFLKAAKIGLSLCPTEQLCFLKTEYSESSGQYVTQLGLGYKGILKEAYRSGKY
KOINANVEYEKDNFOQYNGVNSKVTHTTTVLSKAMRGOLAGGYCQTELIDGSFKTTVMP
PEEILAIFEQGKAMGNEAWLSVHYDOMREKTLIKRHWKTLCPCIYRDSVMNDPMLEDD
QDCOHSSNQOQAYEEQFESAYSREAY

WP _082209600.1 RecT [Peptostreptococcaceae bacterium VA2] (SEQ ID NO:465)
QPFLVQRYPHLDVVLNDGVHVEKSFFFONHILYLYKYIECLOIFHKPLLKGDRGKVIGY
YAVYHLEPNGYNFVEMTYDEVKNHGKKY SKNFEGGIWEKEFDSMAKKTVIKKLLKYA
PLSIEMQKAVTFDESVKGSIDNDMULVESIEDVEEIGLDTNI

WP 0266273031 RecT [Dysgonomonas capnocyiophagoides] (SEQ 1D NG :466)

STQOVOOOTKPLSLANFLNAPSTANFLEETLARKKSEFVSNLIALCDADPKLAGCDPAD
LMKCAMNATSLNLPLNKNLGYAYVIAYKGVPSFQIGYKGLIQLAIRTGQYKFINATEIRE
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GEIRHNKITGEVIFNGEKPDAPIVOYMSYLEL VNGFTASLYMTEEQIEQHALRFSQTYKN
DKOQYRSSTSKWSDPLARPTMCKKTVEKLLLGTYGLEMTTEFAKALDSDSDDEVSTSGHR
FEEAEIVOQOQGEPNEEQSDEPKRME]

WP 109523733.1 RecT [Nocardia aurea} (SEQ ID NO:467)

SESISAAADAQKVTPRIVEDRHRBAFAQVLPPTINLDRWLRLAESAINASAGLLDIFRRD
RGASALKAI MKCAQLGHEPGSGLFHLVPKGQAIEGWED YKGILORILRSALYAKVVVA
PVYANDEYAFDYNVDERPRHKQAAGDRGEPVRAYAYAVHRDGSTSTIAEATPAMIAG
AKAKGHKTDASTSPWONPRAPMHOKVAVRELERFVSTSAVDLRVTGDVTDLIIEEP

GAEO9585.1 [Paenibacillus sp. JOM 10014} (SEQ 1D NO:468)

TMDYVTKIODALDRELDAKHDALPSGFKKTRFSENCRAYVEKDYKDLOKYDAEEVASY

LFKGAVLGLDFLAKECHVITEGSALRFOQTDYRKGEMTLVEKKYSVRPILDIYAKNVREGDD
FREEISGGKPLIHFNPRAFNNSKITGSFAVALFTDGGMVYETMPAEEIESIREHY GKNPGS

DTWEKSQGEMYKRTVLRRLCKTIEIDFDAEQSLAYEAGSSFEFDREGQGQOPKKRSPFNPPEY
HESEVLSNDGITET(

RRGO8E33.1 RecT {Lactobacillus sp.| (SEQ 1D NQO:469)

NSLSGALNSRNQAGSPTSMIKNLMRSDSIKNRFDEVMGAKAPOQFMASITNLVNSNODLO
HVDAMSVVASAMVYAATLDLPIDPNLGYMYIVPYRGOQAQPOMGYKGYIQLALRTGOYK
HINALPVYDDEVKSWNPLTEELEYESSGTSHDNOQTPAGY VGYFQLINGFEKTTYWTYDQ
INSHROKFSKMSSKTDPTGVWKSNFDAMALKTVLRNLUISKWGIMSIEMQOAFVKDERP
QEFDHETGEIQDVOQEVEAEEENVAPETQGSTDKKEE

GEA30849.1 CDIOL 17720 [Clostridium diolis] (SEQ ID NO:470)

ATNSSLKNQLIEKEQSTVNVOQETIFKNLINSDEIKSKFTEVLKDKAFEYINSHNLVKEIPVE
NALGASDSHQSADLGSLLIECEPRSIDACMIAASLDE SIDKNLEY VWIPYKKKSNFQLG
YEGYIQLLLRTGEYKAINVIEVYEGQLEKSWNPLTEEFDIDVSAKKSDAVIGYAGYFEMY
NGFREYVYWSKDNMDAFRNNSFKGDPRWNNDYKAMAKRTVMRINMLSKWGRLSAE
MQOQRAYLEDINTDKFINGN

WP 077867213.1 RecT [Clostridium saccharobutylicum] (SEQ 1D NG:471)
ATNSSLENQLIEKEQTTVNVOETMFKNLINSDDVESKFTEVLEKDKAIQYINSIHNLYVNSDK
DLIECEPKSHDACMSAVSLDLSVEENLEY VEIIPYKKKANFOLGYRGYIGLLLRTGEYKS
VYNUEVYEGOLKSWNQLAEEFDIDFTYKKSDAVIGY AGYFEMLNGFRKSVYWSKENMD
ALRENSFKSDTRWNNDYKAMAKRAVIRNMISKWGSLSIEMEKAYCEDLNTDKFYNGN
WP 132305216.1 RecT [Paenibacillus sp. BKO33] (SEQ ID NO:472)
AANTOUITIHNNLEKLIEAKKDAMPQGFNKTRFIONCMTVLODTYGIEKCEFTTVARTLL

KGAFLGLDFFNKECYAIPYGASMNFQTDYKGERKEAKKYSVRKVKBDIYAKLVRAGDVF
BENITDGOQOQTIOFAPVPENNGDIVGAFAVVEFHDGGOMLYETMSIAEMEHIKENY SKKSK
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DTGKFSKAWEVSTGEMYKKTVLRRLCKNIELDFDTIEQARAFEDAADVDFNKKTAPQG
TSPLNVVEAEYEVVNDGSATEAQSE

RPI78794.1 EHM45 05245 [Desulfobacteraceae bacterium] (SEQ ID N(O:473)

ATPNTPTTTIDAGDFLKKSEKSLEKNYAVRKYDFTSFLKSAMIAINDNTTLSECLRTEAGK
KSLENAMRY AATTGLSLNPOQEGKAALIGYKNKAGEMVLNY QIMENGLIDLALSSGKVE
FVTADLVRANDEFSIKKSASGDDYSFSPAIRDRGEVIGFVAALKLKGSATYVKWMSTEE
VAEFRDKYSSMYKNRPDASPWTHSFNGMGIKTVMKALLRSVSISPDVDAAVKSDDYIE
ABFTVHGTTADDAVTOQLOTPSKPVEAEEGOGELL

WP (0516240471 RecT [Clostridium akagii] (SEQ 1D NO:474)

ATSESLKNOLYVNEETRPPKDPFKALVYSAGIKKRFEDMLDKQANGFITSLENLEKQDKLK
SCRDFTVLGSALKAAALKLPIDPNLGFAWIPFKNHGKLEAQFQIGYKGFIOMAQRSGOY
KKINVTEIYEGOLKSFNPLTEEIVEDLDNIKSDLRKINKRYLIVMRMNLLALHLRKISKG

WP 0817353251 RecT {Paenibacillus gorillae] (SEQ ID NG:475)

LEAKHBALPSGEFNAVRFVONCKAYLPEVRNFERFNPREIALQFLKGAILGLDFLAKECH
VITEGSAARFQTDYKGEMKLAMKHSVRPLINIYAKNVREGDVFRESVVEGRPVVSFDP
LPFNNSKHGSFAVAQFNDGOMDYESMSSTEIESIRTHY GKNPGSDTWEKSQGEMYKRT
ALRRLCKTIEIDFDARQRUAFDAGSSFEFNREPRPQOQSPLNLESEVLTDEVEQG

WF 084505057.1 RecT [Acetobacterium dehalogenans] (SEQ ID NG:476)

CLRSWTRSFSNSVPLEIRFRLLYTAFLSQGSPLSSVNTTOSADKGSPIFFYAMFKTKDGG
YGFEVMSVEDVRAHAKKYSOSFSSAYSPWSKNFEEMAKKTVEKKALKYAPLKSDEFVR
GIVVDETIKREISEDMY AAPSIEIEYEVDEDGVIQDEPTSNELTEAEK

AGE93134.1 RecT protein [uncultured organism} (SEQ 1D NOG:4773

SNELONIKPEVFGEVEDKEGSLADNNGIDLPENYSARNALKQAYLKLQSKDEPVFDKYK
DETIYNALLDTLTOQGLNPGKDOVYYIGYONHLTAQKSYFONIALAKRMAGVQEVSSNVE
LEGDEVDISIERGQOVIESHDRNFDSMDGOVKGAYAVISFEDERKDKYEIMTLKELKQA
WAQGKSFGONGKSPHHKFTKEMAKKTVINRALKPLIKASDDSGLIKEKPKLEKELKDGQ
QERTEGEKIEEVDVDKEEVVEVDYDY

WP 0760798491 RecT [Paenibacillus sp. FSL R7-03331 (SEQ D N(:478)
TVAIELOVQETLDRILDSKHDALPSDFNKKRESENCKAYVADEKDLHKYSPEEIAANLFK
GAVLGLDFLAKECHLISGGVELKFQTDYRKGEMKLTKKYSVRPLLDVYAKNVREGDEFR
EEVIEGRPVIHFAPLPFNASSHGSFAVALFOQDOGMVYESIPAGEIEEIRKNYGKSLGDAW
DKSOQGEMYKRTYVLRRLCKTIETDFDAEQRLIVDAGGAFEFTKQPARSRQOQSPFNPPEESE
VTODDRVAETDOG

WP 119800346.1 RecT [Paenibacillus sp. 101 IMAR3CS] (SEQ ID NO:479)
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ATEGISSLEALLEAKHDALPSGFNPTRFVONCIAYLPEIRNWDRFNAEDLAIQFFKGAVL
GLDFLAKECHIAEGSGVRFQTDYKGEMKLAMKHSVRPLLTIVAKNVREGDOIEEAVIE
GRPVINFNPLPFNNSSISGSFAVAQYTDGGMVYETMSAERIEAVR TNYGKNPGSDTWDK
SKGEMYKRTYVLRRLCK TIEIDFDAEQRLAFEAGSEFDFSKOPRPQORSPFEEKEVGPDEY
QG

WP (25706233.1 RecT [Paenibacillus graminis] (SEQ 1D NO:480)

TVAIETQVGETLDRILDSKHDALPSDFKKKRFSENCK VY VAEEKDLHK YTIDDIVANLEK
GAVLGLDFLAKECHLITGGVDLKFOTDYKGEMKLTKK YSVRPMLDVY AKNVREGDIFR
EQIEGRPATHFDPLPFNASKIIGSFAIALFQDGGMVYESIPAGEIEEIRKNYGKSLGDAWE
KSQGEMYKRTVLRRLCKTIETDEDAEORLIYEMGGAFEFTKQPTRSROQSPENPPEESEY
JONDRAAETDOG

OIHO76374.1 AUISS 06865 [Gallionellaceae bacterium CG1 02 536 9971 (SEQ 1D NO:481)

GREEVERIRDGISROYQAAKKYKKESTWODTDFVAMGLKTAIRRICKFLPKSPELATALA
MDEQAGRONLNLDDVINGSYTPVVDKDTGEIVDVADGOGKTGNSNAATSTKLEKLEKTV
AATRDANSVEALDEIYIRAEGDLDDANLEIAMREYRKCKDAISNSLE

WP 131535536.1 RecT [Pedobacter nototheniae] (SEG ID NO:482)

STEQSQUOQTAARVPAKFQEGTVDSILKRVSDFONTGELVEPANYIPENAVRAAWL MLM
ETTDRNDEPAIEVCTKESIANAFLEMYTKGLSVVKKQCYFVVYGNKLSLEDSYIGKIAIA
KREAGVKEVNAVTIYEGDIFKYENDIETGRKRILEHKQELKNINPDKIVGA

WP 0281133521 RecT {Ferrimonas kyonanensis] (SEQ 1D NO:483)

NOMINEPDFVTALKDSRETYIDLTONGGENLNYGLEAGWAHQQGIEASRYQNLDLTCSEPR
GSIMQAFCEAARLGLSFDPREKKHIVIMGOKDVQSGRTITILY VGYKGMIALACRTGEMI
GGHADLVFEEDTFTYRSGTQLPVHEHDGRPNHERGRLKCGYVVAHOQPGGMVKTLLYVP
KEVLLEAASNGLNAGGSNNTWCGPYMEMMYQKTCWRYAFNAWYSELEAVGMTQAQ
LESATTAVSYQ

WP 100916003.1 RecT [Pseudoalteromonas spongiae] (SEQ 1D NO:484)

NEKFOQHLOTELSSQLLSTRERFNELNNENNLKYNFEEEYNFFYHLVTSSFYNINGIATCTE
SSLKEAFLNIAKYGLSINPKLNLCYIRTEQSCAQANVNIAVYDFGYKGLLKLITRTGK VK]
VTADVEYENDNFEFRGTREPVRHSTKTLSAAARGAMAGOGYCUSSELVAGOVVTITIMTPE
ELREIESICOSTONEAWNSVFIDELRRKTLIKRHWETLMOQVIEEQNLSVPIEETYQCDFAN
GGY

WP 125711747 1 RecT [Companilactobacillus kedongensis] (SEGQ ID NG:485)

MEKDLARIPYVKELVRSDTIKSKFNDVLGKRAPQFISSIVNIVNSNOQDLEKNVYDOTSVISSALY
AASLDLPINQSFGYMYLVPYSGKAQPOMGYKGYIQLAQRSGOYKRENAISVSKEKVPD
KMVIFIPDYRMEEAETQIDMYQDHIEDVEAGRVEPTRCGKCDYCKSTAKLGKIVSMDD
LiD
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WP 002845682.1 RecT [Peptostreptococeus anaerobius] (SEQ ID NG:486)

SNOQVTESKKGYVAEKNITDSALNAINKYMNDGVLHLPKTYSVENAMKSAYLTLSQAKD
KNGKSVLESCTKESIYOSLLDMAVQGLTPAKNOCYFIPYGSKLTMSRSYLGTIAVTKSA
VPEVEDVKGYAIYDKDVFETEFDYNTGCIKIKKFERNFDSIDTNSIKGAFALIGERGVLH
TEVMNMAQIRNAWSMGATNGK SKAHNQFTDOMAIRTVINRACKFYINTSDDTSVLFAD
SYANSDEDTSSEREVEIVDENVREKEK

WP 1154071851 RecT [Shewanelia morhuae} (SEQ 1D NG 487

QTAQVKLSVPHQOQVYQDNENYLSSQVVGHLVDLNEEIGYILNQIVENSLSTASPLDVAAP
WESVYGLLLNVCRLGLSINPEKKLAYVMPSWSEETGEIMEKLYPGYRGEIAIASNENVIKN

ANAVLVYENDHFRIQAATGEIEHFVTSLSIDPRVRGACSGGYCRSVLMDNTIQISYLSIEE
MNATAQNCGIEANMGNTPWNSIWRTEMNRVALYRRAAKDWROLIKATPEIOQOSALSDTEY

WP 0819558731 RecT [Helicobacter trogontum] (SEQ 1D NO:488)

SNITTIQRKNEALALLENKEIQERLCALCGNEASKDKFKASLLNIALDSNLSACSMOSIVK
ASLDIAGLELSLNKNLGKAYIVPRKVKIGNDYITEARIDIGYRKGWLELAKRSKLSVKAHS
VIDCDDEVYSVDGVDEYMKLTPNFELROEHDSAWVEKEHLKGIVVGIKDBLKSGDSEVEF
VSKGTLLKIMOQKNDSVENGKYSAYTDWLHEMLLAKAIKSCLSKTAMSEDTFYLHSNNK
LFY

WP _064604300.1 RecT [Pseudoalteromonas sp. MOQS005] (SEQ 1D NO:489)

SISQODYENLLYSKLYECESQYQAYLAEHNEKENENAELNYMYKAVMSGVGIEGGEPY
TPLESIVESFLEKAAKLGLSLDPSEQFCFLRSQYDHSTGLYHTELGLGYKGVLHLAYRSGK
VEKQIVSNVFYNKDNFQFNGPNSKVTHTMTVLSTSARGNLAGGYCQTELVDGSFIVIVM
PPEEILAIEEQGKSVONPAWLSAHVNQMREKTLILRHWEKTLYPAIYSSSLLBSAQIFDDE
CEEFPFSSPSQGFSESQTIGSY

WP (694554961 RecT [Shewanella xiamenensis] (SEQ ID N(:490)
OTAQVKLSVPHOQOVFODNFNYLSSQIVGHOVDLNEEIGYLNQIVENSLATTSPLDVAAS
WSVYRLLLNVCRLGLSLDPEKKLAYVIPSLSETGEKIMKLYPGYRGEIAIASNANVLKNA
NAVLVYENDHFRIQAATGEIEHFVTSLSIDPRVRGACSGOYCRSVLMDGSVLMSYLSIEE
MDSIAGHQIEANMGNTPWNSIWRTEMNRVALYRRAAKDWRGLIKATPEMOQSSLLDTEF
RTLO4618.1 EKKS8 09925 [Candidatus Dependentiae bacterium] (SEQ 1D NG:491)
CHVLNFQTDYKGEIKLAHKYSVRKUHDIYAKVVRDGDVLEIRVENGSQIVNFNPKVENDG
KHGAFAVVEFVDGSLLYETMSKSEIDHTRVTFSKMPNGMAWKDSEGEMCRKTVERRIC

KLUIDLHFDSVEQEQAWNDGSDADLTKNEPVKPEIQONPFPTKAVEAVIVTEEEKT RKOQLK
DKDPTLODWQGIDALVREHKEANQ

Example 18
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{00273] Exemplified by CRISPR-Cas? systems, gene editing has become a powerful tool for
probing the mechanisms of human health and diseases. Cas® editing can cause DNA damage at
on- and off-target sites and rely on the endogenous DNA repair mechanisms that are error-prone.
These features often lead to unwanted mutations and safety concerns, which can be exacerbated
when we alter long sequences. Building on prior studies that mammalian genome DNA becomes
transiently accessible upon dCas® DNA-unwinding and R-loop formation, we hypothesized that
microbial single-strand annealing proteins {(SSAPs) could stimulate DNA strand exchange for
gene-editing when coupled to dCas%-guideRNA complex. Thus, we developed a cleavage-free
gene-editing tool using the catalytically-dead dCas9 for knock-in long sequences. Our data
demonstrated that this dCas9-based editor had very low editing errors at target loci, minirmal
detectable off-target effect, and higher overall accuracy than Cas9 editors. Meanwhile, dCas9-
SSAP editor had comparable efficiencies as Cas9 editors, with robust performances across human
cell lines and stem cells. This dCas9-8SAP editor was effective for inserting sequences of variable
lengths, up to kilobase scale. In experiments where we chemically inhibited DNA repair enzymes,
dCas3-SSAP editing demoustrated notable independence from endogenous mammalian repair
pathways. For conventient viral delivery of the dCas9-SSAP editor for challenging cell types, we
performed truncation and aptamer engineering to minimize its size to fit into a single AAV vector
for future applications. (verall, this tool opens opportunities towards safer genome engineering in
mammalian cells.

[80274]  Since the initial demounsiration of CRISPR-Cas9 gene-editing, significant efforts have
improved and expanded gene-editing technologies for studying genome function, modeling
biological processes, and gene therapies. New generations of gene-editing tools, such as base
editing and prime editing, substantially improved the efficiency and fidelity of gene editing and
are powerful for altering relatively short sequences. Most gene-editing tools work by cleaving
genome DNA to induce single-strand nicks {S8Ns} or double-stranded breaks (DS8Bs) that
facilitate targeted editing. These DNA modifications are often repaired by error-prone endogenous
pathways such as non-homologous end-jeining (NHED. This process often leads to unwanted
mutations and off-target effects, which could result in toxicity and raise safety concerns. Such
editing errors and off-target effects would become increasingly and sometimes prohibitively severe
when engineering long genomic sequences (>=100bp). These unwanted effects limit the

application of gene-editing to engineering large-scale genomic knock-in or in vivo gene-editing.

162



WO 2023/034925 PCT/US2022/075850

j00275]  Available CRISPR-based methods for long-sequence editing, such as homology-
directed repatr (HDR)} or microhomology-mediated end-joining (MMEI]}, rely on Cas® cutting and
often trigger random indel formation within the genome. Many recent efforts have enhanced
precision long-sequence editing, such as chemical enhancers, fusion of enhancement domains, and
modified donor DNAs. Nicking-based HDR has been shown to reduce editing errors but could
lead to lower efficiency. Thus, there remains a need for efficient, safer CRISPR editing tools for
long-seguence alterations.

{80276] Bacteriophages evolved enzvmes that take advantage of accessible replicating genome
DNA to perform precise recombination. We reasoned that the kev enzyme for microbial
recombination, the single-strand annealing protein (SSAP), could be useful for gene editing in
mamrualian cells, would not rely on DNA cleavage, and not trigger the ertor-prone pathways
involved in Cas? editing. Motivated by this hypothesis and our prior work showing its ability to
stimulate genomic recombination, we developed a gene-editing tool using the deactivated Cas9
(dCas9, or catalvtically dead Cas9) and microbial SSAPs. This dCas® editor uses the SSAP for
knock-in editing when supplied with a donor DNA| without the need for genomic DNA cleavage.
We termed it dCas9-SSAP editor (dCasS-5SSAP).

{002771  To optimize dCas9-SSAP, we performed a metagenomic search of SSAPs focusing on
RecT homologs, and identified EcRecT as the most efficient one for human genome knock-in. For
validation, we conducted a series of genome engineering and chemical perturbation experirents.
Our data showed that dCas9-SSAP had comparable knock-in efficiencies to wild-type Cas®
references, with efficiencies significantly higher than Cas?9 nickase editors. dCas9-8SAP achieved
up to 12% koock-in efficiency without selection, across multiple genomic targets and cell lines,
for kilobase-scale sequence editing. More importantly, our data showed that this new tool
generates nearly zero on- and off-target errors. In an assay for lkb-sequence knock-in, dCas9-
SSAP had less than 0.3% editing errors across all cells, while Cas9 editors had similar yields but
an additional 10%-16% incorrectly-edited cells. Across loci tested, dCasP-SSAP had 90%-99.6%
editing accuracies, while Cas® editors’ accuracy ranges from 10% to 38% (FIG. 39¥F}.

{80278}  Further, we probed the mechanism of dCas9-SSAP editing via inhibiting several DNA
repair enzymes and performing cell cycle synchronization. In these experiments, dCas9-SSAP

demonstrated less dependence on the endogenous DNA repair pathways, as opposed to Cas®
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editing. Results of our cell cycle assays supported our hypothetical mechanism of dCas9 editor;
they are consistent with the known biophysical, biochemical properiies of dCas9.

{6027%1  Finally, to help with delivery of dCas9-SSAP for future applications, we optimize its
molecular design using structural-guided truncation, and obtain a minimized dSaCas9-mSSAP,
achieving over 50% reduction in size and retaining similar levels of efficiency. This minimal
dCas® editor would allow convenient delivery using viral vectors such as adeno-associated virus
{AAY), potentially useful for hard-to-transfect cell types or in vivo applications. Overall, the
dCas9-3SAP editor is capable of efficient, accurate knock-in genome engineering. With space for
further improvement, it has potential research and therapeutic values as a cleavage-free gene-
editing tool for mammalian cells.

{B0288]  Using phage SS4Ps for dCasP knock-in gene editing

[002817  Most CRISPR-based editors capable of long-sequence knock-in require SSNs or BSBs,
which can trigger the competing, error-prone NHEJ pathways, resulting in variable efficiency and
accuracy. In contrast, bacteriophages evolved DNA-modifying enzymes to integrate themselves
into the genomes of host bacteria via sequence homology, e g, Lambda Red. Such precise phage
integration relies on a major homology-directed step: recombination between genomic and donor
DNA is stimulated by the SSAPs, e g, Lambda Bet or its functional homolog, RecT. From prior
studies, we reasoned that phage SSAPs may not rely on DNA cleavage thanks to its unusual ATP-
independent activity, in contrast to the ATP-dependent RADST protein in human cells. Phage
SSAPs’ high affinity for single- and double-stranded DNAs may allow attachment to donor
templates when multiple SSAPs are recruited to genomic targets via RINA-guided dCas9. It could
then promote genomic-donor DNA exchange without cleavage, as target DNA strands become
transiently accessible during dCas%-mediated DNA-unwinding and R-loop formation.

{00282] Based on this hypothesis, we designed a system fo recruit SSAPs to catalytically-dead
Cas9 (dCas9) (FIG. 3BA). The dCas9 protein cannot cut DNA but retains the ability to unwind
target sites and form R-loop, rendering the non-target strand putatively accessible for SSAP-
stimulated homologous recombination. To test this, we engineered and evaluated three major types
of microbial SSAPs: lambda Bet protein (lambda bet); E. coli Rac prophage RecT (Rac RecT),
and phage T7 gp2.5 (T7 gp2.5). We recruited these SSAPs to the deactivated version of S.
pyogenes Cas9 (dSpCas9, simplified as dCas9 hereafter) via an RNA aptamer MS2 stem-loop

(FIGS. 384, 38C). This MS2Z-aptamer was inserted into sgRNA scaffold, and the candidate SSAPs
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are fused to an N-term MS2 coat protein (MCP) that binds specifically to the MS2 aptamer, thus
allowing multiple SSAPs to form a complex with dCas9-guideRNA. To measure their gene-editing
activity in human cells, we generated knock-in donors with an 800-bp transgene encoding
fluorescent protein (FP) cassette flanked by homology-arms {HA), which allow tn-frame insertion
of the FP into housekeeping genes, e.g, DYNLTL, HSPOOAAL ACTB (FIG. 38B, left). Upon
precise knock-in, we measured the percentage of FP-expressing cells to quantify the gene-editing
efficiency (FIGS. 38B-38D). Our initial test identified that RecT has higher knock-in editing
activities relative to other SSAPs in human cells, whereas no editing above background was
observed with dCas9-only or non-targe controls (FIGS. 38C, 38D} We validated this knock-in
editing using gel electrophoresis and sequencing (FIG. 44). This provided evidence that coupling
SSAP to dCas® via RNA aptarmer enables knock-in gene-editing,

F002831  Development of dCas@-SSAF as a mammalian gene-editing tool

{80284] We conducted metagenomic mining to identify the best SSAP for maromalian gene-
editing. We focused on RecT homologs and sought to maximize evolutionary diversity via a
phylogenetic analysis. We systematically searched the NCBI non-redundant sequence database
for RecT homologs, and identified 2,071 initial candidates. Then we built phylogenetic trees,
filtered out proteins with high sequence homology, and subsampled the evolutionary branches,
obtaining 16 highly diverse SSAP candidates (FIG. 44).

{B0285) We examined the SSAP candidates by knock-in screening and evaluating their editing
efficiencies across three genomic loci: HAPR0AAL, DYNLTI, and ACTR (FI1G. 38E). Among all
candidates, EcRecT demonstrates the highest efficiency for dCas9 editing — it achieves genomic
knock-in of kilobase cassette with up to ~6% efficiency 1u human cells. This was significantly
higher than dCas9 controls without SSAP, which were comparable to the no-donor controls,
suggesting that dCas9 alone cannot perform genomic knock-in {FIG. 38E). To measure possible
background insertion of donor DNA, we included non-target controls using guide RNAs that do
not recognize the genomic targets and observed comparable activity to the no-donor negative
control (FIG. 38E) We also tested SSAP with a non-target control, confirming that expressing
SSAP alone is not sufficient for knock-in (FIG. 38E). Lastly, we tested the new editor with
different donor DNA designs (FIG. 38F). Our results suggested that SSAP-mediated editing is
more efficient when using HDR than MME] donors, and longer homology arms in general make

the editing efficiency higher (FIG. 38F). This is counsistent with priot reports that MMEJ rely ov
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DNA breaks which are missing in dCas® editing. Taken together, the proposed dCas9 editor
enabled efficient knock-in editing in buman cells, with EcRecT as the top SSAP. In what follows,
we focus on this top design, referred to as dCas9-SSAP.

[00286] Characierizing the accruracy of dCasP-SSAP gene-editing

f00287] The motivation for developing dCas9-SSAP is to perform potentially safer, cleavage-
free dCas9 editing with the help of SSAP. Thus, we experimentally evaluated the accuracy of
dCas9-SSAP for knock-in editing where the target sequence is ~1kb in length. We measured the
on-target error, off-target insertion, cell fitness effect, and editing vields of dCas9-SSAP, in
comparison with Cas9 references.

j00288] On-target error analysis. There are two types of on-target errors: (1) on-target indel
formation, whose occurrence means that knock-in is unsuccessful; (2) knock-in errors, which
means that knock-in happens but is imperfect, and that junction indels occur.

{80289} Toevaluate type (1), we used deep sequencing to measure the on-target indel formation
of dCas9 editor. We used the nested PCR design with an initial primer binding outside the donor
DNA to avoid template contamination (FIG. 39A, FIG. 46). Deep sequencing of on-target sites
showed that the dCas9 editor’s level of on-target error is as low as that of negative controls, in
contrast to high levels of indel formation observed for Cas9 editor (FIG. 39A).

{80298} To evaluate type (2), we benchmarked the knock-in errors of dCas9-SSAP and
measured junction indels. We clonally isolated edited cells, and then amplified the knock-in
genomic loct using a similar 2-step nested PCR design to avoid contamination (FIG. 39B, FIG.
463, we assessed the edited genomic alleles via Sanger sequencing. The long-read Sanger
sequencing allowed us to thoroughly examine the entire knock-in junctions. Our results indicated
that, while MMEJ donors are more efficient than HDR donors when using Cas9, they also led to
significantly higher percentage of editing errors (FIG. 39B). More importantly, dCasS-SSAP
cutperformed Cas9-HDR and Cas9-MME] in terms of the percentage of clones with no knock-in
errors {(FIG. 398, FIGS. 47-48). At one locus, dCas9-SSAP achieved 100% knock-in success
(within limit of assay sensitivity, see Methods).

{80291}  Off-target error analysis. We evaluated the off-target knock-in error of dCasS-SSAP
editing via a genome-~wide transgene insertion assay (FIGS 39C-39E, FIG. 49). Briefly, we
isolated high-molecular weight genomic DNA, followed by fragmentation and UMI-adapter

figation, and then used fransgene-specific primers for unbiased identification of insertion sites

166



WO 2023/034925 PCT/US2022/075850

within the genome (FIG. 39C). Through a previously-validated analysis pipeline modified from
(Cas9 genome-wide off-target work (Methods), we were able to identify enriched peaks of reads
that represent high-abundance transgene insertion sites (FIG. 39D). For this analysis, we also
performed down-sampling to ensure all groups have the same sequencing depth/coverage.
Considering insertion sites with >1% of total aligned reads, our results confirmed that dCas9-SSAP
had no detected off-target insertion site, while Cas9 references led to a significant number of off-
target errvor sites (FIG. 39E). Notably, in all dCas9-SSAP samples, there were significantly fess
off-target sites when we consider all sites with at least one UMI aligned, in contrast to Cas® editor
(F1(. 49). This result suggests that dCas9-SSAP could help to address the off-target issues that are
prominent for long-sequence knock-in.

j602921  Cell fitness effect and editing vield analysis. We also compared the fitness of cells that
went through Cas9/dCas9-based editing. We experimented with two target sites and cur data
suggests that dCas® editing in general leads to higher cell fitness than Cas9 editing (FIGS. 39F,
309G, defined by the normalized percentage of live cells after editing}.

{00293]  For the full picture, we summarized editing yields for dCas9-SSAP with comparison to
Cas9 references. We tabulated the percentage of accurate knock-ins, percentage of knock-ins with
errors, and the percentage of on-target indels without knock-ins, where the sum of latter two is the
total on-target ervors (FIG. 39H). We also measured the overall accuracy rate of editing, which is
defined by the ratio between successful knock-in cells and total edited cells (FIG. 39H). In this
analysis, we observed that Cas9 editors suffered from frequent errors for long-sequence editing,
where the percentage of erronecus edits are significantly higher than the yields, and their accuracy
rate ranges from 10% to 38%. While dCas%-SSAP had similar levels of kuock-in yields with the
best Cas® references, it had minimal error and achieved 90%-99% accuracy rate across genomic
foci.

(802941  Benchmarking the efficiency of dCas9-SSAP editing with Cas? editing

{00293] Having established that dCas9-SSAFP has higher accuracy for knock-in editing, we
further validated its efficiencies and usages. We benchmarked its editing efficiency across different
cell lines. For benchmarks, we experimented with both wild-type and nicking-based Cas9 (nCas9)
editors, including three HDR-enhancing tools. We examined their 1-kb knock-in activities across
the three genome targets in human HEK2937T ceils. Results from this comparison demonstrated

that dCas9-SSAP achieved higher efficiencies than the Cas9, nCas9, and nCas9-hRADST nickase
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editors, with comparable efficiencies as Cas9-HE and Cas9-GEM, two published HDR-enhancing
editors (FI3. 40A). Additionally, our data showed that a single-guide dCas®-SSAP editor was
sufficient for effective knock-in, with minor improvement when using two guide RNAs (FIG. 50}
Thus, we concluded that dCas3-SSAP had similar levels of efficiency as the CasS-based editors.
f00296] Next we evaluated the editing efficiencies of dCas9-88AP with different donor DNA
desigus (FIG. 40C). Our results indicated that SSAP-mediated editing is more efficient when using
HDR than MMEJ donors and longer HAs generally result in a higher editing efficiency. We
evaluated the editing efficiency of dCASO-SSAP when the sequence for knock-in has variable
length, up to 2-kb for dual-FP knock-in (FIG 40D). Our data showed that dCas®-SSAP had
consistent performances, with comparable and often higher efficiencies than Cas® references
across the transgene lengths tested (FIG. 40D).

[002971  Lastly, we tested if dCasS-SSAP editor has robust activities across genomic targets,
and if it is applicable in more challenging cases beyond one model cell line. We selected four
additional endogenous loct from house-keeping genes (BUAP3{, HISTIHZBK, CLTA, RABIiA)
in addition to the three previously tested ones (DYNLTI, HSPO0AAL ACIB) (FIG. 40E). Across
all genomic sites, dCas9-SSAP editor demonstrated efficiencies up to 12% without selection,
comparable and often slightly higher than Cas9 references using the same donors (FIG. 40E).
Further, we applied dCas9-SSAP to three cell lines with distinctive tissue origins {cervix-derived
HelLa cells, liver-derived HepG2 cells, and bone-derived U-208 cells). We observed consistent
knock-in efficiencies comparable to Cas? references in all three lines (FIG. 51). Finally, we used
dCas9-SSAP editor in human embryonic stem cells (hESCs} to engineer sequences in a more
therapeutically relevant setiing. We observed robust knock-in editing activity across all three
genomic sites tested (FIGS. 40F, 40G). Of note, dCas9-SSAP editing used short ~200-bp HAs and
achieved up to ~3% efficiency for kb-scale editing without selection, comparable and often higher
than the Cas9 references in human stem cells (FIG. 406G, FIG. 52).

{00298 Chemical perturbations suggest dCas3-5SAP gene-editing has less dependence on
endogenous DNA repair pathways

j00299]  Recall our model that dCas9-SSAP performs gene editing without DNA cleavage or
dependence on an endogenous repair pathway. To better understand the nature of dCas9-SSAP

editing, we used three orthogonal chemical perturbations to probe its mechanism (FIG. 41).
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{80366} First, we investigate if the dCas9-SSAP editing depends on the DSB repair pathway as
Cas9 editing does (FIG. 41A}. In Cas9-mediated knock-in, the recognition of DSBs by the Mret1-
Rad50-Nbst (MRIN)} complex is a necessary step for downstream HDR repair. We leveraged
Mirin, a potent chemical inhibitor of DSB repair, which has been shown to prevent MRN complex
formation, ATM activation, and Mrell exonuclease activity. We treated cells with Mirin and
tested the editing efficiencies of dCas9-SSAP and Cas9 references on these cells. Across all
genomic targets, we cbserve that the dCas9-SSAP efficiencies were nearly unaffected by the Miusin
treatment and essentially the same as vehicle-treated groups (FIG. 41B, Mirin). Meanwhile, Cas9
references demonstrated substantially reduced editing efficiencies under the Mirin treatment,
which suggests Cas9 editing depends on the DSB repair (FIG. 418, Mirin).

{80301} Second, we tovestigated the dependence of dCas9-SSAP on the HDR pathways. We
used two small-molecule inhibitors of the HDR enzyme RADSE, Ri-1 and B02, to block this rate-
fimiting step. Qur data showed that blocking RADIST activity via these two inhibitors significantly
reduced Cas9 editing efficiencies at all genomic targets, but it did not have a significant effect on
dCas9-SSAP editing (FIG. 41B, RIl and BO02) These two repair-modulating experiments
generated consistent results: dCas9-SSAP showed significantly less dependence on the
endogenous DNA repair mechanisms than Cas9 references. They suggest that dCas3-S5AP acts
through the activity of SSAP when recruited by the dCas%-guideRNA complex and differs from
Cas9 editing.

[803621  Thud, we investigated how cell cycling affects the dCas9-SSAP editor. Cell cycling
has been shown to facilitate the accessibility of mammalian genomes. More specifically, the
genome replication {during S phase} may provide a favorable environment for the dCas9 to unwind
DNAs and allow SSAP-mediated recombination (FIG. 41C). To test this potential effect, we
synchronized cells at the G1/S boundary using the double Thymidine blockage (DTB). DTB
treatment indeed reduced dCas9-SSAP editing efficiencies (FIG. 41D). Nonetheless, when we
combined Mirin, RI-1, or BO2 with DTB treatment, dCas®-8SAP maintained higher eoditing
efficiencies than Cas9 references across genomic foct tested (FIG. 41D). This further supported
that the dCas9-SSAP editor had less dependence on endogenous repair pathways.

{80303] Taken together, our data supported the hypothetical mechanism of dCas9-SSAP
editing: RNA-guided dCas9 binds to genomic targets and makes them accessible to the SSAP, so

SSAP would promote homology-ditected recorbination without generating any DNA break (FIG.

169



WO 2023/034925 PCT/US2022/075850

38A). Deeper understanding into this process will require further investigation, e.g., biophysical
analysis of the dCas9-SSAP complex as it performs gene-editing or additional assays to perturb
mammalian genome accessibility.

{00304  Mimimization of dCas@-35AF gene-editing iool for convenient delivery

f00365]  Finally, to optimize the dCasS-SSAP editor for potential future applications, we sought
to develop a minimal version compatible with the size limitations of viral vectors such as AAV.
We designed 14 different truncated EcRecT variants based on its secondary structure prediction
(F1G. 42A, FIG. 53), and tested all constructs for their gene-editing activities alongside full-length
dCas9-3SAP controls. From the optimization results, we identified a short RecT variant {around
~200aa in length) that had comparable etficiencies with the original fuli-length RecT-based design
(FIG. 42B),

f00306]  We next integrated this short RecT variant with the more compact SaCas9 system and
the smaller N22-BoxB aptamer design to build a minimal-functional dSaas3-mSSAP editor (FIG.
42, This allowed us to fit the dSaCas9-mSSAP into a single AAY and employ a >=4kb donor
AAY for leng-sequence editing (F1G. 42C). We tested the dSaCas9-mSSAP editor via delivery of
AAV?2 particles, and confirmed that it had efficiencies comparable to the full-length version in
HEK293T cells (FIG. 42D). This design, while needing further in vive validation, could provide a
convenient option for the delivery of this dCas9 knock-in editor.

[00307)  Discussion

{80308] Overall, the dCas9-SSAP editor harmonizes the RNA-guided programmability of
CRISPR genome-targeting with the SSAP activity of phage enzyme RecT. It enables long-
sequence editing with minimal DNA damage and provides research and therapeutic possibilities
for addressing some of the currently intractable diseases involving large disease-causing variants,
delivering therapeutic genes i vivo where sclection methods are lmited, or minimizing
undesirable modifications during gene-editing. Compared with other long-sequence editing
methods that depend on endogenous repair pathways following DNA cleavage, dCas9-SSAP and
its mini-version facilitate homology-mediated gene editing via non-cutting dCas%s. This efficient,
low-error technology offers a new and complementary approach to existing CRISPR editing tools.
{003681  Materials and Methods

[003101  Plasmids construction
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{00311}  Human codon optimized DNA fragments were ordered from Genescript, Genewiz and
T BNA. The fragments encoding the recombination enzymes were (Gtbson assembled into
backbones (addgene plasmid #61423) using Q5® High-Fidelity 2X Master Mix {New England
Biolabs). The amino acids sequence for these SSAP could be found in the Table 8 All sgRNAs
were inserted intc backbones (dCas9-SSAP and dSaCasS-8SSAP plasmids) using Golden Gate
cloning. dCas9-SSAP plasmids bearing Bbsl{dSpCas®) and Bsal(dSaCas9) sites as gRNA
backbones were sequence-verified (Eton and Genewiz). The sgRNA sequence used in this research
could be found in the Table 6. All dCas®-SSAP plasmids will be deposited to Addgene for open
access.

003121 Cell culture

{80313] Human Bmbryonic Kidney (HEK) 2937, Hela, Hep(2 and U208 cells were
maintained in Dulbecco’s Modified Eagle’s Medium (DMEM, Life Technologies), with 10% fetal
bovine serum (FBS, BenchMark), 100 U/ml peoicillin, and 100 pg/ml streptomycin (Life
Technologiesy at 37 °C with 5% COZ. HEK 2937, Hela, Hep(G2 and U208 cells were obtained
from American Type Culture Collection {ATCC). The identity of the cell line is authenticated
regularly by short tandem repeat (STR) assay and routinely tested for the presence of Mycoplasma
using gPCR assay.

{00314] hES-HO cells were maintained in mTeSR1 medium (StemCell Technologies) at 37 °C
with 5% CO2. Culture plates were pre-coated with Matrigel (Coring) 12 hours prior to use. 10
uM Rho Kinase inhibitor Y27632 (Sigma) was added for the first 24 hours after each passaging.
Culture media was changed every 24 hours.

{00315]  Tronsfection

{80316] HEK293T, Hela, HepG2 and U208 cells were seeded into 96-well plates (Corning)
12-24 hours prior to transfection at a density of 30,000 cells/well, and 250 ng of total DNA was
transfected per well. Cells were transfected with Lipofectamine 3000 (Life Technologies)
following the manufacturer’s instructions when the cell are ~70% confluence. In brief, we used
250 ng total DNA, 0.4 ul Lip3000 reagent, mixed with 10 ul of Opti-MEM per well. For the 250
ng DNA, we used 160 ng of dCas9-SSAP guide RNA plasmids (for double sgRNAJ design, use
equal amount of the two guide RNA plasmids, e.g., 80ng each), 60 ug of pMCP-RecT or GFP
control plasmid (addgene # 64539) and 30 ng of PCR template DNA (the PCR primer could be
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found in Table 7, the template sequence could be found in Supplementary Sequences). Three days
later, the cells were analyzed using FACS.

{00317y Electroporation

{00318] For hES-H9 transfection, P3 Pamary Cell 4D-NucleofectorT™M X Kit 8§ (Lonza} was
used following the manufacturer’s protocol. In brief, the hES-HO9 cells were resuspended using
Accutase (lonovative Cell Technology) and washed with PBS twice before the electroporation.
For each reaction, 300,000 cells were nuclecfected with 4 pg total DNA mixed in 20 ul
electroporation buffer using the DC100 Nucleofector Program. For the 4 ug DNA, we used 2.6 ug
of d(Cas9-8SAP guide RNA plasmids (for double sgRNAJ design, use equal amount of the two
guide RNA plasmids, e.g., 1.3 ug each), 1 ug of pMCP-RecT or GFP control plasmid and 0.4 ug
of PCR template DNA (the PCR primer could be found in Table 7, the template sequence could
be found in Supplementary Sequences). After electroporation, the cells were seeded into 12-well
plates with | mL of mTeSR 1 media added with 10 uM Y27632. Culture media was changed every
24 hours. Four days later, the cells were analyzed using FACS.

{00318 Fluorescence-activared cell analysis {FACS)

{00328] mKate knock-in efficiency was analyzed on a CyioFLEX flow cytometer (Beckman
Coulter; Stanford Stem Cell FACS Core). 72 hours after transfection or 96 hours after
electroporation, cells were washed twice with PBS and dissociated with TrypLE Express Enzyme
(Thermo Fisher Scientific). Cell suspension was then transferred to a 96-well U-bottom plate
{Thermo Fisher Scientific) and centrifuged at 300g for 5 minutes. After removing the supernatant,
pelieted cells were resuspended with 50 ul 4% FBS in PBS, and cells were analyzed within 30
minutes after preparation.

{80321} Sanger Sequencing and NGS of knock-in junctions

{00322] HEK293T cells transtected with plasmid DNA and HDR templates were harvested 72
hours after transfection. The genomic DNA of these cells were exiracted using the QuickExtract
DNA Extraction Solution (Biosearch Technologies) following the manufacturer’s protocol. The
target genomic region was amplified using specific primers outside of the homology arms of the
HDR template. The primers used for Sanger sequencing or NGS analysis could be found in the
Table 7. PCR products were purified with Monarch PCR & DNA Cleanup Kit (New England
Biolabs} 100 ng of purified product was sent for Sanger sequencing with target-specific primers

(EtouBio or Genewiz).



WO 2023/034925 PCT/US2022/075850

{00323 Treatment with HR and cell cycle inhibitor

{00324]  All inlibitors were ordered from Sigma-Aldrich. For different inhibitor assays, the cells
were pretreated with Mirin (Sigma, M9948-5MG, 25 uM), BO2 (Sigma, SML0O364, 10 uM),) or
RI-1 {Sigma, 553514-10MG-M, 1 uM) for 16 hours. For cell cycle test, the cells were pretreated
with Thymidine (Sigma, T9250-1G, 2mM} for 18 hours, then remove thymidine, culture the cells
using normal D10 without thymidine for 9 hours, add the second round of thymidine to a final
concentration of 2 mM for another 18 hours. After the inhibitor and thymidine, the cells were
transfected with dCas®-SSAF using Lipofectamine 3000 following the manufacturer’s instruction.
3 days later, the cells were analyzed on a CytoFLEX flow cytometer and genomic DNA were also
harvested for sequencing validation as above.

{80328} Next-Generation Sequencing Library Preparation

§003261 72 hours after transfection, genomic DNA was extracted using QuickExtract DNA
Extraction Solution (Biosearch Technologies). 200 ng total DNA was used for NGS library
preparation. Genes of interest were amplified using specific primers {Table 7} for the first round
PCR reaction. filumina adapters and index barcodes were added to the fragments with a second
round PCR using the primers listed in Table 7. Round 2 PCR products were purified by gel
electrophoresis on a 2% E-gel using the Monarch DNA Gel Extraction Kit (New England BioLab).
The purified product was quantified with Qubit dsDNA HS Assay Kit (Thermo Fisher} and
sequenced on an Hlumina MiSeq system using paired-end PE300 kits. All sequencing data will be
deposited to NCBI SRA archive.

{80327  TOPO cloning experiment

[00328] Total of 250 ng genomic DBNA was used for the TOPO cloniug experiments. The
knock-in events were amplified using specific TA colony primers targeted to DYNLTT or
HSPOOAAT locus (Table 7) using Phusion Flash High-Fidelity PCR  Master Mix
{ThermoScientific, F-5481L). Purify the targeted PCR products using Gel exiraction kit {New
England Biolabs, T10Z0L) following the manufacturer’s instructions. Add a-tail to the PCR
products using Tag polvmerase (New England Biol.abs, M02735) through incubate at 72C for 30
minutes. Set up the TOPQO cloning reaction and transformation foliowing the manufacturer’s
instructions (Thermo Scientific, K457501). Send the colony plates for RCA/colony sequencing
using M13F (5 -GTAAAACGACGGCCAG-3") and M13R {(5"-CAGGAAACAGCTATGAC-3")

primers. The sequence results were analyzed using SnapGene software.
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180328} High-throughput Sequencing Data Analysis

{00330 Processed {(demultipiexed, mmmed, and merged) sequencing reads were analyzed io
and expected HDR amplicons. The guantification window was increased to 10 bp surrounding the
expected cut stie to better capture diverse editing cutcomes, but substitutions were ignored to avoid
inclusion of sequencing errors. Only reads containing no mismatches to the expected amplicon
were considered for HDR quantification; reads coniaining indels that partially matched the
expected amplicons were included in the overall reported indel frequency. The computation work
was supported by the 8CG cluster hosted by the Genetics Bioinformatics Service Center (GBSC)
at the Department of Genetics of Stanford. AH customized scripts for data analysis wiil be
deposited to Github under Cong Lab and made avatlable for download.

F00331)  Inserfion site mapping and analysis

{00332] We are using a process that was previously developed (GIS-seq) and adapted for the
genome-wide, unbiased off-target analysis of mKate knock-in, following the similar protocol in
our previous study. Briefly, we harvest the HEK293T cells 3 days after transfection. The genomic
DINA was size-selected to avoid the template contamination in the following step via the
DNAdvance genomic DNA kit {A48705, Beckman Coulter). 400 ng of puritied genomic DNA
was fragmented to an average of 500bp using NEB Fragmeniase, ligated with adaptors, and size-
selected using NEBNext Ultra 1 FS DNA Library Prep kit following manufacture’s instruction.
Following two rounds of nested anchored PCR to amplify targeted DNA (from the end of the
knock-in sequence to the ligated adaptor sequence), and do a size-selected purification following
the NEBNext Ultra 1T FS DBNA library Prep kit protocol. The hibraries were sequenced using
Hiumina Miseg V3 PE60CO kits. Sequencing data was analyzed to determine off-target insertion
events with all analysis code deposited to Github {(github com/cong-lab).

1803331 Statistical Analysis

{00334]  Unless otherwise stated, all statistical analysis and comparison were performed using
t-test, with 1% false-discovery-rate (FDIR) using a two-stage step-up method of Benjamini, Krieger
and Yekutieli. All experiments were performed in triplicates uniess otherwise noted to ensure
sufficient statistical power in the analysis,

{80335} SSAP mining process
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{00336]  For initial SSAP screening, we identified the three major family of phage
recombination enzymes from Bacteriophage lambda, £ cofi Rac prophage, and bacteriophage
T7, and extracted the primary enzyme sequences as listed in supplementary sequences.

{60337] For RecT-like SSAP mining. RefSeq non~redundant protein database was downloaded
from NCBI on October 29, 2019, We systematically searched the NCBI non-redundant sequence
database for RecT homologs. Our search follows two guidelines: 13 Closely-related candidaies are
fess likely to have differential activities;, 2} Microbial enzymes that function well when
heterologous expressed in eukaryotic cells are difficult to predict, thus sampling diverse
evolutionary branches of RecT homologs would be ideal. After identifying a large set of 2,071
candidates, we built phylogenetic trees and selected representative candidates after filtering out
proteins with high sequence homology. Then, we used a threshold of at least 10% sequence
divergence and sizes up to 300-aa (to avoid extremely large proteins that are hard to synthesize
and less portable) to refine the hits, and randomly sampled the evolutionary branches to obtain a
final list of 16 SSAPs (FIG. 38E, FIG. 44) Overall, the SSAP candidates have significant
evolutionary and sequence heterogeneity, while retaining conserved regions that have been
previously suggested to be important for their biochemical activities.

[00338] The multiple sequence alignment between RecT homologs used online tool {T-Coffee:
teoffee crg cat/apps/tcoffee/do regular).

1003381 Donor design test comparing Cas® HDR, Cas® MMEJ, and dCas3-SSAF

[80340]  Asshown in FIG. 38F, we teated the new editor with different donor DNA designs. We

considered three major types of donor DNAs with different homology arm (HA} length designs.

long-sequence engineering and transgene knock-in; 2} MMET donors with typically short HAs (<=
50bp), which have been shown to improve editing etficiencies for DSB-mediated knock-in; 3}
WHEJ donors without HAs (Obp), which could help gauge the levels of donor integration due to
Cas9-induced DSBs. Our results from these tests revealed two characteristics of dCas9-SSAP that
are distinct from Cas9 gene-editing.

{00341}  Firstly, for the NHEJ donors without any HAs (highlighted box in FIG. 38F), we
observed kunock-in cassette expression when using Cas9 editor but not for the dCas9-85SAP editor

(F1G. 38F). This is consistent with previous reports that Cas9-mediated DSBs could induce
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NHEJ-mediated donor DNA insertion, but this integration is minimal when using the non-cutting
dCasO-SSAP (FIG. 38F, dCas9-SSAP with NHEJ Obp donor).

{60342]  Secondly, dCas9-SSAP benefited from successively longer HA within the donor,
regardless of whether the HAs are for HDR-type or MMEI-type, in contrast to Cas9 editor that
showed a boost of knock-in efficiencies when using the MME donors (FI1G. 38F, HDR and MMEJ
donors). This is consistent with the assumption that the enbancing effect when using MMEJ donors
is dependent on Cas9 cleavage of target genomic sites.

{80343] Further, while the focus of this work is long-sequence engineering, we also tested
dCas9-8SAP for shorter sequence editing (FIG. 45) and observed precise knock-in of 16-bp
sequence into FALXT locus in human HEK293T celis. This experiment allowed us to verify the
minimal indel formation when using dCas9-SSAP compared with Cas9-based editor using deep
sequencing (FIG. 45B).

{00344] In summary, dCas9-SSAP editing becomes most efficient when using HDR. donors,
and longer homology arms in general make editing efficiency higher.

{00345} Step-hy-siep gene-editing protocol using dCas9-SSAP plasmids

{00346] A, Design of guide RNA sequences at target genomic loci

{00347]  This step 15 the same as standard Cas9 experiments. Briefly, based on the Cas? enzyme
used, target sequence {usually 20-bp) near the knock-in or editing sites can be selected next to the
protospacer adjacent motif (PAM). For SpCas9 use “NGG” and for SaCas? use “NNGRRT”. We
usually append exira “G” base (o the beginning of the guide sequence to facilitate Us/Pol-III
transcription initiation if the first base of the guide sequence is not “G7. Two DNA oligos could

be ordered based on selected guides, with golden gate cloning overhangs, as shown below.
5§ ~CACCGNNNNNNNNNNNNNNNNNKNN -3
3 —~CNNNNNNNNNNNNNNNNNNNCAAA -5°

{60348] N denotes the guide sequences. Standard desalting oligos are sufficient for this cloning.
The two oligos above will be annealed to form the insert fragments in the next step.

{003491 B. Annealing of two DNA oligos for each guide RNA target. Perform phosphorylation
and annealing of each pair of oligos via reaction setup below,

oligol Top {100uM} tul
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oligo? Bottom (100udM) 1ud
10X T4 ligation Buffer{ NEB) Tul
ddH20 6.5ul
T4 PNK (NEB) 0.5ul
Total 10ul

{00356  Anneal in a thermocycler using the following parameters:

37C 30 min

O5C 5 min and then ramp down to 25C at 5C/min
{80351} C1.Golden Gate Cloning of annealed oligos into sgRNA/dspCas? (dCas9-SSAP)
plasmid
{00352]  For wild-type Cas? test, one guide RNA is needed and the backbone vectors for the
cloning will bear Bbsl cloning sites matching the annealed oligos from Step B. The wild-type Cas®

plasmids for this step will be: pCas9-MS2-BB Bbsl {see list of plasmids at end of protocol)

Item Volume Note

Water 4.3 ul

Cutsmart Buffer 0.8 ul 10x

T4 ligase 0.2 ul

Bbsl-HF 0.4 ul

ATP (25mM) 0.3 ul ~ final ImM
plasmid/vector Tul ~ 50ng total plasmid
Annealed Oligo (1:10 diluted) | 1 ul dituted 10ul into 100ul
Total 3ul

{00353]  This protocol uses a minimal amount of enzyme and could be scaled up as needed.
After setting up the golden gate reaction {on ice), immediately move the reaction into
Thermocycler and perform the golden gate reaction using the following parameters:

37C S min
16C  Smin
cycle for ~25 cycles, additional cycles up to 50 could be used to maximize efficiency

65C S min
177
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4C hold
{00354]  After the reaction, perform bacterial transformation as per standard protocol of the
competent celis used in the lab.
{00355] (2 Golden Gate Cloning of annealed oligos into sgRNA/dspCas® {(dCasS-SSAP)
plasmid
{803586] For dCas9-SSAP using dSpCas9, one or two guide RNAs can be used with double
guide RNAs providing slightly better efficiency of editing. The backbone vectors for the cloning
will bear Bbsl cloning sites matching the annealed oligos from Step B. The dCas3-SSAP plasmids

for this step will be: pdCas9-SSAP-MS2Z-BB _ Bbsl (see list of plasmids at end of protocol}

Htem Volume Note

Water 43 ul Add first

Cutsmart Buffer 0.8 ul 10x

T4 ligase 0.2 ul

Bbsl-HF 0.4 uf

ATP (25mM) 03 ul ~ final 1mM

dCas9-SSAP plasmid/vector ful ~ 50ng total p-dCas9-8SAP
plasmid

Annealed Oligo (1:10 diluted) | 1 ul dituted 10ul into 100ul

Total Sul

{80357]  Golden Gate reaction setup and transformation steps are similar as above.

{00358] D. Preparation of HDR templates

{00359]  Please refer to Supplementary Sequences for template used in the study and examples

of ternplate designs are illustrated as in Fig. 38. We recommend using a dsDNA template with at

feast 200bp of homology arms on each end of the insertion/replacement sequences (the edited

portion of the template). We suggest cloning the template into simple plasmids such as pUCH9,

then, restriction digestion of plasmids or standard PCR (using primers such as listed in the Table

7} could be employed for generating large amounts of dsDNA teruplates.

{00366] E. Perform gene-editing via delivery of dCas9-SSAP plasmids and template DNA

{00361] With previous steps, the three components of dCasS-SSAP editing method are ready

for experiments: the guide RNA/Cas9 plasmid (cloned in step A-C), the template DNA (from step
178
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D), and the SSAP plasmid (pMCP-RecT, can be obtained from Addgene). For delivery into cells
in vitro, routing transfection or electroporation could be performed following the recommended
conditions by the reagent or equipment manufacturer and selected based on the cell types. For
HEK293T cells as an example, a typical transfection condition is described below:

f00362] 1. One day before transfection, 3E4 HEK293T/Hela/HepG2/U20S8 cells seeded on
each well of 96-well plate, the cell density should be around 70% on the next day at the time of
transfection.

{80363] 2. Forlipofectamine 3000 as the transfection reagent, use a total of 250 ng DNA + 0 4
ul Lip3000 reagents {ea.} and perform the reagent set up using 10 ul of Opti-MEM per well, as in
the manufacturer's protocol.

{80364] 3. Transfection material
dCas9-5SAP guide RNA plasmids, 160ng (for double sgRNAGJ design, use equal amount of the
two guide RNA plasmids, e.g., BOng each), pMCP-RecT or GFP control plasmid, 60ng;
Template DNA, up to 30ng.

{80365} 4. Mix plasmids with template DNA and perform transfection according to the
manufacturer's protocol for HEK293T/Hela/HepG2/U 208 cells.

{00366 S, 12-24 hours after transfection, if applicable could switch to fresh media.

{00367] 6. After at least 3 days post transfection, cells could be harvested or proceed to

downstream experiments or analysis as needed.

List of Plasmids {all will be available at Addgene via plasmid ID)

Plasmid 1D Detaited Description

SpCas9 Plasmids

p(Cas9-MS2-BB Bbsi pU6-MS2-gRNA-backbone(Bbsh-CBH-SpCasS-T2A-EBFP

pMCP-RecT pLenti-EF 1 A-MCP-EXTEN-RecT-NLS

dCas9-SSAP Plasmids

p-dCas3-SSAP-MS2-BB Bbsl  pUs-MS2-gRNA-backbone(Bbsl)-CBH-dSpCasy-T2ZA-EBFP

pMCP-RecT Same as above

dsaCas9-SSAP plasmids
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plitaN22-miniRecT-p2A-dSaCas?

p-dSa-SSAP-template

pU6-boxB-BB-H1-boxB-BB-Right HA-mKate-Left HA

[60368]

Sequences for gRNAs are provided in Table 6. Annotations of the guide RNA names

are; guides starting with sp indicate SpCas® guide RNA targets, and guides starting with dsp

indicate dSpCas® guide RNA targets.

Table 6. Sequence for gRNAs

guideRNA Name Genomic Guide sequence
target
sp-DYNLTIL DYNLTI AAGGCCATAGGCTGGACTGC (SEQ ID NGO:23)
sp-HSP9GAAL HEPOOAAT GTAGACTAATCTCTGGCTGA (REQ ID NO:24)
sp-ACTH ACTH CCACCGCAAATGCTTCTAGG (SEQ D N(O:492)
dsp-DYNLT1-guidel | DYNLTY AAGGCCATAGGCTGGACTGC (SEQ ID NO:29)
dsp-DYNLT1i-guide? | DYNLTI GGCACTGACGATGCAGTACA (SEQ ID NO:36G)
dsp-HSPOOAAT-guidel | HSPIOAAS GTAGACTAATCTCTGGCTGA (SEQ ID NG D
dsp-HSPOOAAL-guide2 | HSPOOAAS TCGTCATCTCCTTCAAGGGES (S8EQ ID NO:32)
dsp-0CT4-guidel OCT4 ATGCATGGGAGAGCCCAGAG (SEQ 1D NG:33)
dsp-0CT4-guide2 OCTd GCCTGCCCTTCTAGGAATGG (SEQ ID NO:34)
dsp-ACTB-guidel ACTR CCACCGCAAATGCTTCTAGG (SEQ ID NO:492)
dsp~-ACTB-guide2 ACTB GCTTGCTGATCCACATCTGC (SEQ 1D NO:493)
dSa-HSPOOAAL- HEPOOA4AT AGTAGACTAATCTCTGGCTG (SEQ ID NO:494)
guidel
dSa-HSPOOAAL- HSP9OAAL GATGTGTCGTCATCTCCTTCA (SEQ ID
guide? NQG:4953
dSa-AAVS1-guidel AAVSI CACAGTGGGGCCACTAGGGA (SEQID
NO:496)
dSa-AAVSI-guide2 AAYSI GAGCCACATTAACCGGCCCT (SEQ 1D
NG:497)
dSp-CLTA-guidet CLTA CGGATCCAGCTCAGCCATGG (SEQ ID

N(3:498)
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dSp-CLTA-guide? CL74 GGCGGTCCCGCGCTGGGGAA (SEQ ID
NO:499)

dSp-RAB11A-guide RAB1IA GGTAGTCGTACTCGTCGTCG (SEQ 1D NO:500)

dSp-HISTIHZBK- HISTIH2BK | TOGOGCTTTAAGACGCTTACT (SEQ 1D NG5S0

guidel

dSp-HISTIHZBK- HISTIH2BK | TAAACACGTGTTCCTAATCC (SEQ ID NG:502)

guide?

dSp-BCAP31-guidel BCAP3I TGGACAAGAAGGAAGAGTAA (SEQ ID
NO:503)

dSp-BCAP3 1-guide2 BCAP3I GACAGAAATCCCACAGCAGT (SEQ ID

N(O:504)

{00369 Table 7 provides Primer Sequences.

{00378]  Sequences for primers used for DNA template generation, targeted sequencing, and

NGS assays are listed below. All NGS adapter sequences are shown underscored color.

Table7

. Primer Sequences

Primer name Usage

Target

(Genomic

Primer sequence

RecT-18aa-F Truncation | Hecl

AATAGAGCCCCTGCTGCTGTGAAG
(SEQ 1D NG:SOS5)

RecT-45a3-F Truncation | Hec?

GCCCTGCCTCGCCACATGA
(SEQ ID NO:506)

RecT-73aa-F Truncation | Kec?

GATACCATGTCTTTCGTGAGCGCC
(SEQ ID NO:507)

Rec¢T-93aa-F Truncation § Kec?

AGTGCCCTGGGCCACGC
(SEQ 1D NO:508)

RecT-251aa-R | Truncation | Rec’

AGGGTCGATGGTCAGGGGC
(SEQ ID NO:509)

RecT-264aa-R | Truncation | Rec’

AATCACAGAGTACTCGCCGGTCAG
(SEQ ID NO:510)

DYNLTI- PCR
PCR-100bp-F | template

DYNLTT

TGCCGTAAATGCTGCTCTCT
(SEQ IDNO:39)
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DYNLT!- PCR DYNLTI AGACTTGCCAAGGTTCTTTIGTG
PCR-200bp-F | template {SEQ ID NO:40)
DYNLT!- PCR DYNLYTI AGTGACCTGTGTAATTATGCAGAAG
PCR-400bp-F | template {(SEQ ID NG44
DYNLTI- PCR DYNLTT TGAAAGTGCCACAAAACAAAGAGA
PCR-100bp-R | template (SEQ ID NO:42)
DYNLTI- PCR DYNLTT AAGACAAGTGGCAACGCAG
PCR-200bp-R | template (SEQ 1D NG:43)
DYNLTI- PCR DYNLITT COTTTATGATACTATGCAGACTATGAAGA
PCR-400bp-R | template AC

(SEQ 1D NG:511)
DYNLTL- PCR DYNLTT GGAGAATAAGACCATGTACTGC
PCR-50-F template (SEQ D NO:5123
DYNLTL- PCR DYNLT GAGGATGAACTAGAGACAAAAGG
PCR-50-R template {(SEQ ID NG5
DYNLTI- PCR DYNLTT TCAGTGCCTTCGGACTG
PCR-25-F teraplate {(SEQ IDNG:514)
DYNLTI- PCR DYNLTT AAAGGCCATAGGCAGGAC
PCR-25-R template {SEQ 1D NQO:515)
DYNLTI- BCR DYNLTT ACTGTCTATTGGAAGCGGA
PCR-10-F template {SEQ ID NQ:516)
DYNLTI- PCR DYNLTT GGACAGCTGGTTAGGAATTAAG
PCR-10-R template {SEQ ID NOSIT
mKate-PCR-0- | PCR DYNLT GGAAGCGGAGCTACTAACTT
] template {SEQ 1D NO:518)
mKate-PCR-0- | PBCR DYNLTI TTAGGAATTAAGTTTGTGCCCC
R template {(SEQ ID N{O:519)
HSPOOAAL- PCR HSPY0A4T | ATGAAGATGACCCTACTGCTGAT
PCR-100bp-F | template {SEQ ID NO:4S)
HSPOOAAL- PCR HSP90A4! | TACTGTCTTGAAAGCAGATAGAAACC
PCR-200bp-F | template {SEQ ID NG:46)
HSPOOAAL- PCR HSP9GAATD | GCAGCAAAGAAACACCTGGA
PCR-600bp-F | template (SEQ ID NO4T)
HSPS0AAL- PCR HSP9GAATD | GTTGTCATGCCATACAGACTTTTT
PCR-100bp-R | template (SEQ 1D NG:48)
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HSPOOAAL- PCR HSPY0A4T | AGCATTACTAGCTCTGCTTTAGTG

PCR-200bp-R | template {SEQ ID NO:49)

HSPOOAAL- PCR HSPY0A4! | TCCACAAGACTGGGTCTGAG

PCR-600bp-R | template {SEQ ID NG5SO

HSPOOAAL- PCR HSP9GAAD | AMATGCCACCCCTTGAAGG

PCR-50bp-F template (SEQ ID NG:520)

HSPOOAAL- PCR HSP9GAAT | ATCAGAGGAATTGTAGAGTACTGA

PCR-50bp-R | template (SEQ ID NG:S21

HSPO0AAL- PCR HSP9GAAT | ACACATCACGCATGGAAGA

PCR-25bp-F template {(SEQ ID NO:S22)

HSPOOAAL- PCR HSP9GAAT | GGTAAGTCATCCCTCAGCC

PCR-25bp-R | template (SEQ 1D NG:523)

HSPOOAAL- PCR HSP90AAT | AGAAGTAGACGGAAGCGE

PCR-10bp-F template {(SEQ D NG:524)

HSPOOAAL- PCR HSP90AAT | AGCCACAGATTTAGGAATTAAGTTT

PCR-10bp-F template (SEQ 1D NO:5253

OCT4-PCR-F | PCR OCT4 GCGACTATGCACAACGAGAGG
template (SEQ 1D NO:5L)

OCT4-PCR-R | PCR (CT4 AAGTGTGTCTATCTACTGIGTCCCAG
template {(SEQ D NG:52)

ACTB-PCR-F | PCR ACTE TGTGGTGTGTGGGGAGCT
template (SEQ 1D NO:526)

ACTB-PCR-R | PCR ACTE TTACACGAAAGCAATGCTATCACCTC
template {SEQ IDNG:527

DYNLTI KT | Junction DYNLTI AGGAGGTCCCATCAGATGCT

PCR-F PCR {(SEQ ID NO:59)

HEPOOAAT KT | Junction H5P90441 | GGCTGGACAGCAAACATGGA

PCR-F PCR {SEQ 1D NO:60)

Junction PCR | Junction mKare TTGCTGCCGTACATGAAGCTG

universial-R PCR {(SEQ ID NG:62)

EMXI1-NGS-F | NGS FMXT CCATCTCATCCCTIGOCGTGTCTCCAGAAGA

AGOGGCTCCCATCAC
(SEQ ID NG:528)
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EMXI1-NGS-R | NGS FErXT CCTCTCTATGGGCAGTCGGTGATGAGCA
GCAAGCAGCACTCTG
{(SEQ 1D NG:529)
Junction NGS- | Junction m&ate CCTCTOTATGOGGCAGTCGOTGATGOTACA
57 common-RB | NGS GCTTCATGTGCATGT
{(SEQ D NG5303
Junction NGS- | Junction mKate CCATCTCATCCCTGCGTGTCTCCGAGGCC
37 common-F | NGS GACAAAGAGACA
{(SEQ ID NQ:53D
DYNLTI- Junction DYNETT- CCATCTCATCCCTOGCGTOTCTCCGTAAAT
Junction NGS- | NGS mRare GCTGCTCTCTTCCC
57-F {SEQ 1D N{:532)
DYNLTI- Junction DYNLT{- CCTCTCTATGGGCAGTICGGETIGATGTTIGTG
Junction NGS- § NGS m&ate AAAGTGCCACAAAACA
3R {SEQ ID NG:533)
HSPOOAAL- Junction HSP90AAT | CCATCEICATCCCTGUOTGICTCCCTACTG
Junction NGS- | NGS ~-m&ate CTGATGATACCAGTG
5.F {(SEQ 1D NG:534)
HSPOOAAL- Junction HSP93AAT | CCTICTCTATGGOGCAGTCGGTGATGGTTGT
Junction NGS- | NGS -mKate CATGCCATACAGALCT
3’-R {(SEQ ID NQ:535)
ACTB-TA-F TA colony {ACTE AGTCCTGTGGCATCCACGAA
{(SEQ ID NQ:536)
ACTB-TA-R TA colony | ACYE GGCACGAAGGCTCATCATTICAA
{SEQ ID NO:537)
HSPOOAAL- TA colony | HsPU0A41 | AGACACATGCTAACAGGATCTA
TA-F {SEQ 1D NO:538)
HSPOOAAL- TA colony | HSPUA4] | ATGCAGAATTGTCAACTACAGG
TA-R {SEQ ID N{O:539)
HISTIH2BK- {PCR HISTIH2E | AGGCCATGGGAATCATGAAC
PCR-F template K {SEQ ID NO:540)
HISTIH2BK- [ PCR HISTIH2B | CTCACGTTAGAACGCCATTACA
PCR-R template K {(SEQ D NG:541)
BCAP31-PCR- | PCR BCAP3I AGGCCTTTGGGTGCAGCTG
F template (SEQ 1D NG:542)
BCAP31-PCR- | PCR BCAP3I CAGTCCACCTGCTCCALCCC
R template {(SEQ ID N{:543)
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CLTA-PCR-F | PCR CLIA GGGTAGCTCCTGAACCATTGT
template {SEQ ID N{O:544)

CLTA-PCR-F | PCR CLITA CCAGAAGCACTCAAACATGCTG
template {SEQ 1D NO:545)

RABI1A- PCR RABIIA CTGCCGGAAATGGCGCAG

PCR-F template {(SEQ 1D NG:546)

RABIA- PCR RARIIA GTAGGAGACGGAACCGCACAA

PCR-R template {(SEQ 1D NG:547)

{00371 Table 8 provides sequence for certain SSAP tested in this Example.

Table & - 8SAP Sequences

SSAP

Amino Acid Sequence

f.ambda bet
(SEQ ID
NO:166)

MSTALATLAGKLAER VGMDSVDPQELITTLRQTAFKGDASDAQFIALLI
VANQYGLNPW TKEIY AFPDK QNGIVPVVGVDGW SRIINENQQFDGMDF
FODNESCTCRIVREKDRNHPICVTEWMDECRREPFK TREGREITGPWQSH
PKRMLRHK AMIQCARL AFGFAGIYDKDEAERIVENTAYTAERQPERDIT
PVNDETMOEINTLLIALDK TWDDDLLPLCSOIFRRDIRASSELTOAEAVK
ALGFLEQKAAEQKVAA

Rac Rect
(SEQID
NG 167)

MTKOPPIAKADLOKTQGNRAPAAVKNSDVISFINGQPSMKEQLAAALPRH
MTAERMIRIATTEIRKVPALGNCDTMSFVSAIVOQCSQLGLEPGSALGHAY
LLPFONKNEKSGKKNVOQLIGYRGMIDLARRSGOQIASLSARVYREGDEFS
FEFGLDEKUIHRPGENEDAPVTHVYAVARLKDGGTOQFEVMTREKQIELVR
SLSKAGNNGPWVTHWEEMAKKTAIRRLFKYLPVSIEIGRAVSMDEKEPL
TIDPADSSVLTGEYSVIDNSEE

T7 gp2.5
(SEQ D
NO:168)

MARKKIFTSALGTAEPYAYIAKPDYGNEERGFGNPROVYKVDLTIPNKDP
RCORMVDEIVKCHEEAYAAAVEEYEANPPAVARGRKPLKPYEGDMPEF
DNGDGTTTFKFKCYASFODKKTKETKHINLYVVVDSKGKKMEDVPIIGGG
SKLEVKYSLVPYKWNTAVOASVEKLOLESVMLVELATFGGGEDDWADE
VEENGYVASGSAKASKPRDEESWDEDDEESEEADEDGDF

CspRecT
(SEQ ID
NO:169)

MNOIVKFTDDSGLAVQVTPDDVRRYICENATEKEVGLFLOLCQTQRLNP
FVKDAYLVKYGGAPASMITSYQVFNRRACRDANYDGIKSGVVVLRDGD
VVHKRGAACYKKAGEELIGGWAEVRFKDGRETAYAEVALDDYSTGKS
NWAKMPGVMIEKCAKAAAWRLAFPDTFOGMYAAEEMDQAQGPEQVR
AQAEQPVDLOPIRELFKPYCEHFGITPAEGMTAVCGAVGAEGMHSMTE

JOARRARAWMEEEMAAPAVEAEYEVVDEGEVF




WO 2023/034925 PCT/US2022/075850

PapRecT
(SEQ ID
NG:1703

MGTALTPLLTKFATRYEMGTTPEEVANTLKQTCFKGQVNDSOMVALLE
VADQYKLNPFTKELYAFPDEKNNGIVPYVVOVDGOGWARINENPQFDGMEFS
MBDOQGTECTCKIYRKDRSHAISATEYMAECKRNTOQPWOQSHPRRMLRHK
AMIQCARLAFGFAGIYDODEAERIVERDVTPAEQYEDVSEAICLIKDSPT
MEDLOAAFSNAWKAYRKTKGARDQLTAAKDQRKEELLDAPIDVEFEET
GDDRAA

EcRecT
(SEQ ID
NO:171)

MTKQPPIAKADLOKTOGNRAPAATKNNDVISFINGPSMEKEQLAAALPRH
MTAERMIRIATTEIRKVPALGNCDTMSFVSAIVQCSQLGLEPGSALGHAY
LLPFGNENEKSGKENVOLEGYRGMIDLARRSGOIASLSARVVREGDEFN
FEFGLDEKLIHRPGENEDAPVTHVYAVARLKDGGTQFEVMTRKOQIELVR
SQSKAGNNGPWVTHWEEMARKKTAIRRLFKYLPVSIEIQRAVSMDEKEPL
TIDPADSSVLTGEYSVIDNSEE

PasRecT
(SEQID
NO:115)

MSNOPPIASADLOKANTGKQVANKTPEQTLVGFMNQPAMKSQLAAALP
RHMTADRMIRIVTTEIRK TPALATCDQSSFIGAVYQCSQLGLEPGSALGH
AYLLPFGNGRSKSGOSNVOLIGYRGMIDLARRSGOIVSLSARVVRADDE
FSFEYGLDENLIHRPGENEDAPITHVYAVARLEDGGTOFEVMTVEQIEK
VKAQSKASSNGPWVTHWEEMAKKTVIRRLFK YLPVSIEMQKAVILDEK
AESDVDODNASVLSAEYSVLDGSSER

SeRecT
(SEGQ ID
N3G

MTKOQPPIAKADLOKTOENRAPAAIKNNDVISFINQPSMKEQLAAALPRH
MTAERMIRIATTEIRKVPALGNCDTMSEVSAIVOQCSQLGLEPGSALGHAY
LLPFGNEKNEKSGKENVOLOGYRGMIDLARRSGQIASLSARVVREGDERN
FEFGLDEKLIHRPGENEDAPVTHVYAVARLKDGGTOQFEVMTRROIELVR
SOSKAGNNGPWYVTHWEEMAKKTAIRREFKYLPVSIEIQRAVSMDEKEPL
TIDPADSSVLTGEYSVIDNSEE

AcRecT
(SEQ ID
NO:133)

MTKQPPIAKADLOKTOQGNRAPAAVNDKDVLCVINSPAMKAQGLAAALPR
HMTAERMIRIATTEIRKVPELRNCDSTSFIGAIVOUSQLGLEPGSALGHAY
LLPFONGKAKNGEKNVOLIGYRGMIDLARRSGOISLSARVVRECDEFS
YELGLDEKLVHRPGENEDAPITHVYAVAKLKDGOVOFEVMTKKQVEK
VRDTHSKAAKNAASKGASSIWDEHFEDMAKKTVIRKLFKYLPVSIEIQR
AVSMDGKEVETINPDDISVIAGEYSVIDNPEE

SejRecT
(SEQ ID
NO:135)

MNAPQKONTRAAVKKISPOEFAEQFAAIIPQVESVLPAHVTFEKFERVY
RLAVRKNPDLLTCSPASLFMACIQAASDGLLPDGREGAIVSRWSSKKSC
NEASWMPMVAGLMKLARNSGDIASISSQVVFEGEHFRVVLGDEERIEHE
RDLGKTGGKIVAAYAVARLKDGSDPIREIMSWGQIEKIRNTNKKWEWG
PWKAWEDEMARKTVIRRLAKRLPMSTDKEGERLRSAIERIDSLVDISAN
VDAPOQIAADDEFAAAAHGVEPQQIAAPDLIGRLAOMOQSLEQVODIEPQV
SHAIQEADKRGDSDTANALDAALQSALSRTSTAKEEVPA
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PsaRecT
(SEGQ 1D
NG 1373

MPRKOPPIAKADLOQKTOGARTPTAVKNNND VISFINQPSMKEQLAAALPR
HMTAERMIRIATTEIRKVPALGDCDTMSFVSAIVQUSQLGLEPGGALGH
AYLLPFGNRNEKSGKENVQLHGYRGMIDLARRSGQIASLSARVVREGD
DFSFEFGLEEKTI VHRPGENEDAPVTHVYAVARLKDGGTQFEVMTRKQIE
LVRAQSKAGNNGPWVTHWEEMAKKTAIRRLFKYLPVSIEIQRAVSMDE
KETLTIDPADASVITGEYSVVENAGVEENVTA

PhRecT
(SEQ ID
NO:139)

MGHLVSKTEQDYIKQHY AKGATDQEFEHFIGYVCRARGLNPAANOIYFY
KYRSKDGPAKPAFILSIDSERLIAHRTGDYAGCSEPHFTDGGKACTVTVR
RNLKSGHTONFSGMAFYDEQVOQOQRNGRPTSFWOSKPRTMLEKCAEAK
ALRKAFPODUGOFYIREEMPPOYDEPIQVHKPKALEEPRFSKSDLSRRKG
LNRKLSALGVDPSRFDEVATFLDGTPDRELGOKLELWLKEAGYGVNQ

PraRecT
(SEQ ID
NC:i41)

MNTDMIAMPPSPAISMEDTSKLDVMVRAAELMSQAVVMVPDHFKGKP
ADCLAVVMQADOQWGMNPFTVAQKTHLVSGTLGYESQLVNAVISSSKAL
KGRFHYEWSDGWERLAGKVOQYVKESRQRKGOQGSYQVTIVAKPTWKE
EDEQGLWVRCGAVLAGEKDITWGPKLYLASVLVRNSELWTTKPY(QQA
AYTALKDWSRLYTPAVMOGSMTGKSWSLTGRLUISPR

PabRecT
(SEQID
NG 117)

MSNOQPPIASADLOK TQQSKQVANKTPEQTLVGFMNQPAMKSQLAAALP
RHMTADRMIRIVTTEIRK TPOLAQCDQSSFIGAVVOQCSQLGLEPGSALGH
AYLLPEGNGRSKSGOSNVOLIGYRGMIDLARRSGOIVSLSARVVRADDE
FSFEYGLDENLVHRPGENEDAPITHVYAVARLKDGGTOFEVMTVKOVE

KVKAQSKASSNGPWVTHWEEMAKK TVIRRLFKYLPVSIEMQKAVVLDE
KAESDVDODNASVLSAEYSVLESGDEATN

PadRecT
(SEGQ ID
NO:119)

MSNQPPLATADLOQKTQOSNOVAKTPEQTLVOGFMNQPAMKS(QLAAALP
RHMTADRMIRIVTTEIRKTPALAQCDOSSFIGAVVQCSOLGLEPGSALGH
AYLLPFGNGRSKSGOSNVOLIGYRGMIDEARRSGOIVSLSARVVRADDE
FSFEYGLDENLIHRPGDNESAPITHVYAVARLKDGGTOFEVMTARQVEK
VEKAQSKASSNGPWYVTHWEEMAKKTVIRRLFKYLPVSIEMQKAVVLDEK
AESDVDQDNASVLSAEYSYLESGTGE

PlsRecT
(SEQ ID
NO:121)

MSNQPPIASADLOQKTQUSKQVANKTPEQTLVGFMNGPAMKSQLAAALP
RHMTADRMIRIVITEIRKTPALATCDOSSFIGAVVQUSQLGLEPGSALGH
AYLLPFGNGRSKSGQSNVQLIGYRGMIDLARRSGQIVSLSARVVRADDE
FSFEYGLDENLIHRPGDNEDAPITHVYAVARLKDGGTOQFEVMTAKQVEK
VKAQSKASSNGPWVTHWEEMAKKTVIRRLFKYLPVSIEMOKAVVLDEK
AESDVDODNASVLSAEYSVLEGDGGE

PrsRecT
(SEQID
NG 123)

MSNPPLAQADLQKTOQGTEVKEKTKDOMLVELINKPSMEKAQLAAALPRH
MTPDRMIRIVITEIRKTPALATCDMQSFVGAVYVQUSQLGLEPGNALGHA
YLLPFONGKSKSGOSNVOLIGYRGMIDLARRSGOIVSISARTVROGDNY
HFEY GLNENLTHVPGENEDSPITHVYAVARLKDGGVOFEVMTYNGIEK
VRASSKAGONGPWYVSHWEEMARKKTVIRRLFKYLPVSIEMOKAVILDEK
AEANIDOQENATIFEGEYEEVGTDGK
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MSNPPLAQSDLOKTQGTEVKVKTKDQOLIGFINQPSMEKAQLAAALPRH
MTPDRMIRIVITEIRKTPALATCBMOSFYGAVVQUSGLGLEPGNALGHA

nggzg) YLLPFGNGKAKSGOSNVOLIGYRGMIDLARRSNOISISARTVROQGDNF
i\fj 5 1251 HFEYGLNEDLTHTPSENEDSPITHVY AVARLKDGGVOFEVMTYNQVEK

VRASSKAGONGPWVSHWEEMAKKTVIRRLFKYLPVSIEMOKAVVLDEK
AEANVDQENATIFEGEYEEVGTDGN

MKAQLAAALPKHITSDRMIRIVSTEIRKTPSLANCDIOSFIGAVVGCSQLG
ShpRecT LEPGNALGHAYLLPFGNGKSDNGKSNVQLIGYRGMIDLARRSGQISISA

(SEQID RTVROGDNFHFEYGLNENLTHIPEGNEDSPITHVYAVARLKDEGVQFEY
NG 143) MTYNQIEKVRDSSKAGKNGPWVTHWEEMAKKTVIRRLFKYLPVSIEMQ

KAVILDEKAEANIEQDHSAIFEAEFEEVDSNGN

MQTAQVKLSVPHQOVYQDNFNYLSSQVVGHLVDLNEEIGYLNOIVENS

BaRecT LSTASPLODVAAPWEVYGLLINVCORLGLSLNPEKKLAYVMPSWSETGEH
(SEQ ID MEKLYPOGYRGEIAIASNFNVIKNANAVLVYENDHFRIQAATGEIEHFVTSL
NCH127) SIDPRVRGACSGGYCRSVLMDNTIQISYLSIEEMNAIAQNQIEANMGNTP

WNSIWRTEMNRVALYRRAAKDWRQLIKATPEIQSALSDTEY

MSKOQLTTVNTQAVVGTEFSQAELDTLKOTIAKGTTNEQFALFVQTCANSR
ENPFLNHIHCIVYNGKEGATMSLOIAVEGILYLARKTDGYKGIECQLIHE

ShsRecT NDEFKFDAKSKEVDHQIGFPRGNVIGGY ATIAKREGFDDVVVLMESNEVD

(SEQ ID HMLKGRNGHMWRDWEFNDMFEKHIMKRAAKLOQYGIEIAEDETVSSGPS

NG 129) VDNIPEYKPOQPREKDITPNQDVIDAPPQOPKQDDEAAKLKAARSEVSKKF
KELGIVKEDQTEY VEKHVPGFRGTLSDFIGLSQLLDLNIEAGEAGSADG
DLLD

[00372] Template DNA sequences
{803731  Annotations of the replaced or inserter editing sequences are detailed below with each
of the templates. Unless otherwise noted, when different homology arms are used in the Hxample,

we used pritoers listed in Table 7 to obtain templates with different homology arm lengths.

DYNLTY P2A-mKate knock-in HDR template sequence {SEQ 1D NO:548)

T T N T L Y o g H
LAl Homaiogy rm-insertion Ssquenee-Right Homology Arm

{Underlined are the inserted miKate fluorescent protein sequence, the proceeding non-

underiined part is the P2A peplide saquence)
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TCCCTGTAGGTCACCTGCAGCCTGCGTTGCCACTTGTCTTAACTCTGAATATTTCAT
TTCAAAGGTGCTAAAMATCTGAAATCTGCTAGTGTGAAACTTGCTCTACTCTCTGAAA
TGATTCAAATACACTAATTTTCCATACTTTATACTTTTGTTAGAATAAATTATTICAAAT

CTAAAGTCTGTTGTGTTCTTCATAGTCTGCATAGTATCATAAACG

TGAATTCAGTGAACTCTTTTCTCATTCTCTTTGTTTTGTGGCACTTTCACAATGTAGA
GGAAAAAACCAAATGACCGCACTGTGATGTGAATGGCACCGAAGTCAGATGAGTA
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GGGATGACTTACCTGTTCAGTACTCTACAATTCCTCTGATAATATATTTTCAAGGAT
GTTTTTCTTTATTTTTGTTAATATTAAAAAGTCTGTATGGCATGACAACTACTTTAAG

GGGAAGATAAGATTTCTGTCTACTAAGTGATGCTGTGATACCTTAGGCACTAAAGC
AGAGCTAGTAATGCTTTTTGAGTTTCATGTTGGTTTATTTTCACAGATTGGGGTAAC

S,

N
N
N

SN N
3

BN
N
X

NN
N
CAN

2
R

GTGCACTGTAAGACGTATGTAACATGATGTTAACTTTGTGGTCTAAAGTGTTTAGCT
GTCAAGCCGGATGCCTAAGTAGACCAAATCTTGTTATTGAAGTGTTCTGAGCTGTA

ATTCCCTGTAGTTGACAATTCTGCATGTACTAGTCCTCTAGAAATAGGTTAAACTGA
AGCAACTTGATGGAAGGATCTCTCCACAGGGCTTGTTTTCCAAAGAAAAGTATTGT

TTGGAGGAGCAAAGTTAAAAGCCTACCTAAGCATATCGTAAAGCTGTTCAAAAATA

ACTCAGACCCAGTCTTGTGGA

TCTTGATGTTTAGAAAAGTATTCGTTACATCTTGTAGGATCTACTTTTTGAACTTTTC

AAVE1T P2A-mKate knock-in HDR template sequence (SEQ ID NO

{Underlined are tt

RN
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CCCCATCCTTAGGCCTCCTCCTTCCTAGTCTCCTGATATTGGGTCTAACCCCCAC{I
TCCTGTTAGGCAGATTCCTTATCTGGTGACACACCCCCATTTICCTGGAGCCATCTC
TCTCCTTGCCAGAACCTCTAAGGTTTGCTTACGATGGAGCCAGAGAGGATCCTGE
GAGGGAGAGCTTGGCAGGGGOTGGGAGGGAAGGGGGGGATGCGTGACCTGCCC
GOTTCTCAGTGGOCACCCTGCGCTACCCTCTCCCAGAACCTGAGCTGCTCTGACG
CGGCTGTCTGGTGCGTTTCACTGATCCTGGTGCTGCAGCTTCCTTACACTTCCCAA
GAGGAGAAGCAGTTTGGAAAAATUAAAATCAGAATAAGTTGGTCCTGAGTTCTAACT
TTGGCTCTTCACCTTTCTAGTCCCCAATTTATATTGTTICCTCCGTGLCGTCAGTTTTA
CCTGTGAGATAAGGCCAGTAGCCAGCCCCGTCCTGGCAGGGUTGTGGTGAGGAG
GGGGGTGTCCETGTGGAAAACTCCOTTTGTGAGAATGGTGCGTCCTAGGTGTTCA
CCAGGTCGTGGCCGCCTCTACTCCCTTTCTCTTTCTCCATCCTTCTTTCCTTAARAGA
GTCCCCAGTGCTATCTGGGACATATTCCTCCGCCCAGAGCAGGGTCCCGCTTCLC
TAAGGCCCTGCTCTGGGEETTCTGGGTTTGAGTCCTTGGC

OCT4 P2A-mKate knock-in HDR template sequence {SEQ 1D NO:5581)

Laft Homology Arme-inseriion Ssguencs-Right Homology Arm
{Underlined are the mserted mikate ﬂuorescerat protein sequence, the proceeding non-
undarlined part is the P2A peplide sequence)

\TGACTAGGAATGGGGGACA&GGGGAGGGGAGGAG@TAGGGAAAGAAAAC
CTGGAGTTTGTGCCAGGG TTTTTGGGATTAAGTTCTTCATTCACTAAGGAAGGAATT
191
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GGGAACACAAAGGGTGGGGGCAGGGGAGTTTGGGGCAACTGGTTGGAGGGAAG
GTGAAGTTCAATGATGCTCTTGATTTTAATCCCACATCATGTATCACTTTTTITCTTAA

ATAAAGAAGCCTGGGACACAGTAGATAGACACACTT

552)

in HDR template sequence {(SEQ ID RO:

-miKate knock

ACTB P2A

ht Homology Arm

1g

R

serted mKate fluorescent protein

nderlined are the in
underlined part is the P2A peptide seguence)

& proceeding non-

th

ce,

seguen

u

{

A
\

TAGGCGGACTAT

GACTTAGTTGOGTTACACCCTTTCTTGACAAAACCTAACTTGCGCAGAAAACAAGAT

GAGATTGOCATGGCTTTATITGTTTITITTGTTITGTITIGGTITITIITTTTINITTIG

RGN

GCTTGACTCAGGATTTAAAAACTGGAACGGTGAAGGTGACAGCAGTCGGTTGGAG

GGAAGTCCCTTGCCATCC

TAAAAGCCACCCCACTTCTCTCTAAGGAGAATGGCCCAGTCCTCTCCCAAGTCCAC

GATGCGTTGTTACA
ACAGGGGAGGTGATAGCATTGCTTTCGTGTAA

CGAGCATCCOCCCAAAGTTCACAATGTGGCCGAGGACTTTGATTGCACATIGTTGTT

TTTTTAATAGTCATTCCAMATATGA

553)

EMX1 HDR template sequence {(S8EQ 1D NO

ht Homology Arm

-Rig
Le. TGTACA

)

e inserted BsrGl restriction site

h

{Underlined are t
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‘ GCAACCACAA
ACGCACGAGGGCAGAGTGCTGCTTGCTGCTGGCCAGGCCCCTGCGTGGGC CCAA
GCTGGACTCTGGCCACTCOCTGGCCAGGCTTTGGGGAGGCCTGGAGTCATGGCO
CCACAGGGCTTGAAGCCCGGGGUCGCCATTGACAGAGGGACAAGCAATGGGCTG
GCTGAGGCCTGGGACCACTTGGCCTTCTCCTCGGAGAGCCTGCCTGCCTGGGELG
GGCCCGLCCCGCCACCGCAGCCTCCCAGCTGOTCTCCGTGTCTCCAATCTCCCTTT

TGTTTTGATGCATTTCTGTTTTAATTTATTTTCCAGGCACCACTGTAGTTTAGTGATC
CCCAGTGTCCCCCTTCCCTATGGGAATAATAAAAGTCTCTCTCTTAATGACACGGG
CATCCAGCTCCAGCCCCAGAGCCTGGGGTGGTAGATTCCGGCTCTGAGGGCCAG
TGGGGGCTGGTAGAGCAAACGCGTTCAGGGLCTGGGAGCCTGGGGETGGGGTACT
GGTGGAGGGGGTCAAGGGTAATTCATTAACTCCTCTCTTITGTTGGGGGACCCTG
GTCTCTACCTCCAGCTCCACAGCAGGAGAAACAGGCTAGACATAGGGAAGGGCCA
TCCTGTATCTTGAGGGAGGACAGGCCCAGGTCTTTCTTAACGTATTGAGAGGTGG
GAATCAGGCCCAGGTAGTTCAATGGG

DYNLT1 mKate-T2A-EGFP HDR template {SEQ ID NO:554)
(Uﬂdemne
connecting non-
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GCTAGCGGCAGTGGAGAGGGCAGAGGAAGTCTGCTAACATGCGGTGACGTCGAG
GAGAATCCTGGCCCAGGTGGTTCTGCCOGETGGCTCCGGTTCTGGUTCCAGCGET
GGCAGCTCTGGTGCGTCCGGCACGGGTACTGCGGGTGGCACTGGCAGCGGTTCC
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HSPS0AA1T mKate-T2ZA-EGFP HDR template (SEQ D NO
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re the inserted mKate fluorescent protein sequence

underiined part is the P2A peptide sequance)

A3
A

S

o
7
7,

s
.

e
X
&
s

SN

N
LY
SN ¢
T T
SN 3

e
Ny
N}
A

N

NN

Y
&
\

SN

AN

1

g

NN

ATGGCATGACAACTACTTTAAGGGGAAGATAAGATTTCTGTCTACTAAGTGATGCT

GTGATACCTTAGGCACTAAAGCAGAGCTAGTAATGCT

HISTTHZBK P2A-mKate knock-in HDR template sequence {SEQ 1D NO

{(Underlined a

N
i

N
3

RN

-
e

NN

\
N

R
< 3

o
X

e

S
N

N
AR 3

{a
X

5

XY

N
o~

Ay

SN

N

=

N

N o
3
AR

N
X,
SN

{

an
SN

N\

§

SNy

N

&

o
L MR

SN

.y

3

1 N

Shes
NN
SN X

AR
A

195

D&
\

&

SR

QY
S\

oY
N

Nt X

N

;
s

X

BN
&3

A

A

PN
A
N

N
~
N\

N
N

[

TCGGGCGATCTTTTITAAAGGGATTATCATGATCTTATCACACTGAGTAATGCATGCA
GTGCTTGTAATCGAGTCTGGCTAAGGAGAAGCCACATACACTTTGTTAGTACTGAG
AGTGCTTCCTGGCTCTTGGLCGCGAAAATCGATACTTCCGTTGTGTCGAGTGCTGTG
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ACTTCCTGTTAGAACTTGTTGAAAGCCTATTGTGTCACGTGTACTTTCCACCATGTA
ATGGCGTTCTAACGTGAG

BCAP31 P2A-mKate knock-in HDR template sequence (SEQ ID NO:587}

¢ X NG TAATAAGGGCC
TC CTTCCTCCCCTGCCTG CAG CTGGCWCCACCTGGCACGTGCCTGCTGCTTCCT
GAGAGCCCGGCCTCTCCCTCCAGTACTTCTGTITIGTGCOCTTCTGCTTCCCCCATT
CCCTTCCACAGCTCATAGCTCGTCATCTCGGOCCTTGTCCACACTCTCCAAGCACA
TTACAGGGGACCTGATTGCTACACGTTCAGAATGCGTTTGCTGTCATCCTGLTTGEG
CCTGGCCAGGCUTGGCACAGCCTTGGCTTCCACGCOTGAGLCGTGGAGAGCACGA
GTTAGTTGTAGTCCGGCTTGCGGTGGGGCTCACTTICCTGTTGGTTTGAGCCCCTTT
TTGTTTTGCCCTCTGGGTGTTTTCTTTGGTCCCGCAGGAGGGTGGGTGGAGCAGE
TGGACTG

CLTA P2A-mKate knock-in HOR template sequence {SEQ 1D NO:558)

yeee

Ll

///,
e
,/,,

Homalogy Arv-inserfion Ssgenes-Right Homology Arm
(Uﬂderimed are the inserted miate ﬁuarescerat protein seqguence, the proceeding non-

underiined part is the P2A peptide sequance)
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Underiined ars the inserted mKats fluorescent protein sequence

underlined part is the P2A peplide sequence)
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CCGCACGGCGAGCCGLCGGGEGETCOGEETGAGAGTGLGGGLGCGTITGEGGO
GAGAGGACTTGTCTGGAAMCTCGGTCCACAGTGGGTCCGAGAGCTTCTGTGTGAC
TCGTGCTCCTTGCTGAATTAGGAGGTTAGGGAGCAGTGCAAACAGGAAACGAGAC
CCTGGCCCGGTCTTTCAGAAACCTAGGCTCGAGAAGCCTGTTCGGTTCTCAGCAT

GTTTGAGTGCTTICTGG

RAB11A P2A-miKate knock-in HDR {emplate sequence (SEQ ID NO
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ACCCGGGCCACTCCOGGTGGACCCTCGTGCOGGUCACCCCTGCACTGATATAGG
CCTCCCTCAGCCOCTTCCTTTITGTGCGGTTCCGTCTCCTAC

FExample 19

{80374}  Arrayed SSAP library screening on endogenous genome targets (ACTB, HSPOOAAL)
using miate knock-in assay.

{8037381  SSAP-encoding plasmids were purified and quantified.

{00376] Fach SSAP encoding plasmid was tested in duplicate, including a negative control
{same plasmid encoding Flag HA which is not expected to promote gene editing). Transfections
were in 96-well plates and transfection efficiency was estimated to be 50%.

{80377 Knock-in templates:

I. HSPO0A AL gCK240+241, tm 66.1C, mKate/pCK 1451/pCK 1452 as PCR template

2. ACTB: gCK115+116, tm 63.6C, mKate/pCK1453/pCK 1454 as PCR templatelL. G

f00378] Three days after transfection, mKate positive cells and cell viability were quantified
across all replicates, along with positive {original RecT SSAP) and negative (Flag-HA control
protein) controls. Higher frequency of mKate+ cells indicates a candidate SSAP is more active
(i.e., has higher ability to mediate precision knock-in editing of the kilobase-scale transgene). At
the same time, the cell viability was measured by live cell counts via flow cytometry, to help
quantify the fitness effect of SSAP on mammalian cells.

(803791 FIG. 55 shows results of SSAP array screening, showing editing efficiency as fold over
negative control or percent of mKate knock-in and cell viability for the ACTB target and the
HSPSOAATL target. FIG. 56 shows normalized {(56A) and absolute (56B) editing efficiency at
HSPIOAA compared to editing efficiency at ACTB. FIG. 56C shows cell viability, comparing
SSAP use for HSP9OAATL knock-ins with ACTB koock-ins. FIG. 57 provides plots comparing
cell viability and editing efficiency, normalized (A} and absolute (B) over all targets and (A, B)
and bar graphs illustrating normalized (C) or absolute (D) editing efficiency at ACTB and HSP90
for each of the SSAP candidates.

{80386} Alignments and phylogenic trees depicting related proteins and sequence alignments
for several of the top targets are provided in FIG. 58, 539, and 60. The alignments indicate certain
conserved regions and motifs, consistent with regions of predicted 3D structure (e.g., FIG. 306, 37,
44, 533, Atleast 3 regions are highly conserved: {1} the N-terminal part has a S/N/Y-R/K-F/L/A-
rich region resembling a Serine/Tyrosine recombinase motif; (2) the middie-part has a M-R/K-
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R/K-rich region; (3) the C-terminal part includes a D/E-D/E-F/Y region that resembles a

transposase-like motif. Some candidates SSAP may have one, or more of these regions. This is

also in agreement with the predicted 3D structure of SSAP and interaction of the SSAP with DNA

that promotes homology-based recombination via highly-charged amino acids.

160381}

Top scoring SSAP proteins are shown in Table 9. The table shows editing efficiency

as the normalized average of two targets (HSP90 and ACTB), absolute editing efficiency, and cell

viability. SSAP protetns are identified by Uniparc deposit number and SEQ 1D NO. Alignment

numbers correspond to SSAPs in FIG. 38, 59, and 60.

{00382}
Table 9 - Top scoring SSAP proteins
Sijp r?f(li::f;tx ‘Fg&iﬁ?&‘ Cell Viability
soup | AL | G | S840 | (G, | il | U | e
‘ Average, two two targets)

NG two targets) targets)
SSAP 4 UPIOGU0030D3E 166 260 | 5.570396093 13.8) 1.192302514
SSAP 6 UPIOOO009BO1Y 175 260 | 4.879114721 12,075 1.281594986
SSAP 10 UPIOO0019AB49 179 260 | 5750036812 14.25 | 12366400684 2
SSAP 12 UPIOOO05F0ATS 181 260 | 4.26258344 10.5525 | 1291292719
SSAP 15 UPION01 396807 184 247 | 5476976375 13551 1.226370883
SSAP 16 UPRIODOISCOTAE 185 260 | 8.460844704 20.95 1.14376164 i
SSAP 20 UPIOOOICESS7A 189 267 | 5.982113642 14851 1.173569699
SSAP 29 UPIO00ZSCADZE 198 260 | 5204384264 12.9225 | 1.130604022
SSAP 36 UPIOCOZE4COBF 205 2421 638315382 1581 094183346 3
SSAP 67 UPIOO0RGSF43D 236 264 | 4616392216 114625 | 1.087954602
SSAP 152 | WP 1475400901 321 2611 6.57396273 16251 1.158741271 4
SSAP 158 | WP 051264703 1 327 272 1 5439714833 13.45 | 0.994338899
SSAP 172 | WP_145458209.1 341 265 | 4239056723 10.4925 | 0.904622423
SSAP 173 | WP 1177872521 342 265 1 4.673521809 P55 | 0.878738037
SSAP 184 | WP_060905391.1 353 218 | 5.689215831 14.075 | 0736074079 3
SSAP 190 | EXC091171 359 268 | 5259951409 13.025 | 1.044246213 9
SSAP 191 | WP_136046271 1 354 372 4.749640064 PL?S | 1128706938
SSAP_192 | WP_136300287 .1 361 2721 5371858742 133 1.071002146
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SSAP 193 | WP 110990907 1 362 256 | 5.034165276 12465 1 1.146734355
SSAP 194 | WP _109196224.1 363 270 | 4.924086254 12,175 1 1138604793
SSAP 197 | PAVIOTI2 1 366 247 | 5.661014037 14.025 | 1020328961 6
SSAP i198 | WP 1479819441 367 250 | 5.524340663 13.65 | 444334117
SSAP 199 | BAQY3806.1 368 266 | 4.601904797 114025 0518628486
SSAP 210 | WP _123127078.1 379 265 | 6.483753804 16.05 | 04079387638 3
SSAP 211 WP (93587384 .1 380 272 1 5516630673 13.65 | (.356287241
SSAP 220 | WP 116200709 1 389 268 | 4.598610157 11.375 1 4.915229877
SSAP 221 | WP 0201351111 390 270 | 4.3865(03223 1135} 0.977166931
SSAP 235 | WP _148001988.1 404 264 | 4251235234 10.53 | 0.884712362
SSAP 262 FRL63827.1 431 260 | 3.675763273 91025 | 1121804954
SSAP 288 | WP 08002245511 457 | 261 3.8322433 94725 | 0.683553486
SSAP 305 | WP 051624047 1 424 179 1 4612455417 11,425 (0.557802727 7
SSAP 309 | WP 076079849 1 478 252 1 3.991676483 9883 | 0.922352431
SSAP 229 | WP 0738461851 398 269§ 3971178545 98525 0877647599
?ié{fglpc:‘:sz: EeRecT 7 2689 | 3.807178675 94225 | 0865096117 | EcRecT
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{80383)  All references, including publications, patent applications, and patents, cited herein are
hereby incorporated by reference 1o the same extent as if each reference were tndividually and
specifically indicated to be incorporated by reference and were sef forth in its entirety herein.

[00384] Preferred embodiments of this invention are described herein, including the best mode
known to the inventors for carrying out the invention. Variations of those preferred embodiments
may become apparent to those of ordivary skill in the att upon reading the foregoing description.
The inventors expect skilled artisans to employ such variations as appropriate, and the inventors
intend for the invention to be practiced otherwise than as specifically described herein.
Accordingly, this invention includes all modifications and equivalents of the subject matter recited
in the claims appended hereto as permitted by applicable law. Moreover, any combination of the
above-described elements in all possible variations thereof is encompassed by the nvention unless

otherwise indicated herein or otherwise clearly contradicted by context.

& 3k ok

{803858] Having thus described in detail preferred embodiments of the present invention, itis to
be understood that the invention defined by the above paragraphs is not to be limited to particular
details set forth in the above description as many apparent variatious thercof are possible without

departing from the spirit or scope of the present invention.
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WHAT IS CLAIMED IS:

1. A systerm comprising:

a Cas protein,

a nucleic acid molecule comprising a guide RNA sequence that is complementary to a
target DNA sequence; and

a recombination protein,

wherein the recombination protein coruprises an exonuclease, a single stranded DNA
annealing protein (8SAP), or a single stranded DNA binding protein (SSB), or a combination of

two or more thereof,

>

2. The system of claim 1, wherein the recombination protein comprises an amino acid
sequence having at least 95% identity to a recombination protein of SEQ 1D N(G:166 to SEQ 1D

N401.

3. The system of claim 1, wherein the recombination protein comprises an amino acid

sequence having at least 95% identity to a recomwbination protein of Table 9.

4, The gystern of claim 1, wherein the recombination protein comprises an amino actd
sequence having at least 95% identity to SEQ ID NO: 179, SEQ D NO:185, SEQ ID NO:205,
SEQ ID NO:321, SEQ ID NO:353, SEQ ID NO:359, SEQ ID NO:366, SEQ 1D NO:424, or SEQ
1D NG:479.

S. The system of claim 1, wherein the recombination protein comprises an amino acid
sequence having at least 95% 1dentity to SEQ ID NG: 166, SEQ 1D NO: 168, SEQ ID NO:169,
SEQ ID NO:170, SEQ 1D NO:171, SEQ ID NO:241, SEQ ID NO-253, SEQ ID NO:290, SEQ
I NG408, SEQ ID NGi411, or SEQ ID NO442,

6. The system of any one of claims 1-5, further comprising a recruitiment system
comprising.

at least one aptamer sequence; and

an aptamer binding protetn functionally linked to the microbial recombination protein as

part of a fusion protein.
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~
I
7

The systern of claim 6, wherein the at least one aptamer sequence is an RNA aptarer

sequence or a peptide aptamer sequence.

g The system of claim 7, wherein the nucleic acid molecule comprises the at least one RNA

aptanier sequence.

9. The system of claim 8, wherein the nucleic acid molecule comprises two RNA aptamer

sequences.

10. The system of claim 9, wherein the two RNA aptamer sequences comprise the same

sequence.

it The system of any of claims 7-10, wherein the aptamer binding protein comprises a MS2

coat protein, or a functional derivative or variant thereof

12 The systemn of any of claims 7-10, wherein the aptamer binding protein comprises phage
o ® >

N peptide, or a functional derivative or variant thereof.

13 The system of claim 7, wherein the at least one peptide aptamer sequence is conjugated to

the Cas protein.

14 The system of claim 13, wherein the at least one peptide aptamer sequence comprises

between 1 and 24 peptide aptamer sequences.

IS, The system of claim 13 or 14, wherein the aptamer sequences comprise the same
sequence.
16. The system of any of claims 6-7 or 13-15, wherein the aptamer sequence comprises a

(GCN4 peptide sequence.

17. The systers of any of claims 6-16, wherein the recombination protein N-terminus is

linked to the aptamer binding protein C-erminus.

18. The system of any of claims 6-17, wherein the fusion protein further comprises a linker
o " 3

between the microbial recombination protein and the aptamer binding protein.
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19, The systero of claim 18, wherein the linker comprises the arino acid sequence of SEQ
D NG:1S.
20, The system of any of claims 6-19, wherein the fusion protein further comprises a nuclear

focalization sequence.
ls]

21 The system of claim 20, wherein the nuclear localization sequence comprises the amino

acid sequence of SEQ D NOG:16.

22, The system of claim 20 or claim 21, wherein the nuclear localization sequence is on the

recombination protein C-terminus.

23, The system of any of claims 1-22, wherein the Cas protein is catalytically dead.
24, The system of any of claims 1-23, wherein the Cas protein comprises Cas9 or CasiZa.
25, The system of any of claims 1-24, wherein the Cas9 protein comprises wild-type

Streptococcus pyogenes Cas9 or a wild type Staphiylococcus aureus Cas9,
26.  The system of any of claims 1-25, wherein the Cas protein comprises a nickase.

27. The system of claim 26, wherein the nickase comprises wild-type Strepiococcus

pyogenes {asY with an amino acid substation at position 10 of D10A.
28, The system of any of claims 1-27, further comprising donor nueleic acid.

29. The systern of any of claims 1-28, wherein the target DNA sequence is a genomic DNA

sequence 1n a host cell,

30. A composition comprising:

a polynucleotide comprising a nucleic acid sequence encoding a fusion protein
comprising a recombination protein functionally linked to an aptamer binding protein, wherein
the recombination protein comprises an amino acid sequence having at least 95% identity to a
recombination protein of SEQ 112 NO:166 to SEQ 1D NO:491,

a polynucleotide comprising a nucleic acid sequence encoding a Cas protein; and
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a nucleic acid molecule comprising a guide RNA sequence that is complementary to a

target DNA sequence an aptamer that binds to the aptamer binding protein.

31 A composition comprising:

a polvnuclectide comprising a nucleic acid sequence encoding a fusion protein
comprising a recombination protein functionally linked to an aptamer binding protein, wherein
the recombination protein comprises an amino acid sequence having at least 95% identity to a
recombination protein of SEQ 1D NO:166 to SEQ 1D NO:491;

a polynucleoctide comprising a nucleic acid sequence encoding a Cas protein and at least
one peptide aptamer sequence that binds to the aptamer binding protein; and

a nucleic acid molecule comprising a guide RNA sequence that is complementary to a

target DNA sequence.

5]
b

A vector comprising:
a polynucleotide comprising a nucleic acid sequence encoding a fusion protein
comprising a recombination protein functionally linked to an aptamer binding protein,

a polynucleotide comprising a nucleic acid sequence encoding a Cas protein; and

a nucleic acid molecule comprising a guide RNA sequence that is complementary to a
target DNA sequence an aptamer that binds to the aptamer binding protein,
wherein the recombination protein comprises an amino acid sequence having at least 95%

ideutity to a recornbination protein of SEQ 1D NO:166 to SEQ ID N(G:491.

33 A vector comprising

a polynucleotide comprising a nucleic acid sequence encoding a fusion protein
comprising a recombination protein functionally linked to an aptamer binding protein,

a polynucleotide comprising a nucleic acid sequence encoding a Cas protein and at least
one peptide aptamer sequence that binds to the aptamer binding protein; and

a nucleic acid molecule comprising a guide RNA sequence that i complementary to a
target DNA sequence,

wherein the recombination protein coruprises an amino acid sequence having at least 95%

identity to a recombination protein of SEQ D NO:166 to SEQ [ NG:491.
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34, A eukaryotic cell comprising the system of any one of claims 1-29, or the vector of any

of claims 32-33.

35, A method of altering a target genomic DNA sequence in a cell, comprising introducing
the system of any one of clairms 1-29, the composition of any one of claims 30-31, or the vector

of any one of claims 32-33 into a cell comprising a target genomic DNA sequence.

36. The method of claim 35, wherein the cell is a mammalian cell.

37 The method of claim 35 or claim 36, wherein the cell is a human cell.

38.  The method of any one of claims 35-37, wherein the cell i3 a stem cell.

39. The method of any one of claims 35-38, wherein the target genomic DNA sequence

encodes a gene product.

40. The method of any one of claims 35-39, wherein the introducing into a cell comprises

administering to a subject.

41 The method of claim 40, wherein the subject is a human.

42, The method of claim 40 or 41, wherein the administering comprises in vivo
administration.

43, The method of claim 40 or 41, wherein the administering comprises transplantation of ex

vivo treated cells comprising the system, composition, or vector.

44, Use of the system of any one of claims 1-29, the composition of any one of claims 30-31,

or the vector of any oune of claims 32-33 for the alieration of a target DNA sequence in a cefl.
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