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Supplementary Figure 1 | crRNA-tracrRNA interactions for each type II system.
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Supplementary Figure 2| Protospacer and PAM sequences in Cas9 recognition. (a)
Relative depletion of the two protospacers differs by Cas9 protein. Sequences with
moderate-activity PAMs, whose fold depletion is minimally biased by transformation
efficiency or Casg inactivation, display markedly different relative depletion patterns for
the different Cas9 proteins. In general, ST1 > TD > NM in relative depletion of
protospacer B over protospacer A. (b) Relative protospacer depletion is influenced by
bases in the PAM region. NM depletes both protospacers approximately equally for
TNNNG, but favors protospacer 2 by 2-fold for CNNNG, 3-fold for GNNNG, and 10-fold
for ANNNG. (c) Specific unfavored bases can dramatically reduce PAM recognition.
Although NNNNGNT is depleted by ~160-fold with protospacer library 1, the addition of
successive unfavored mutations reduces fold depletion to only 4-fold for NCCAGGT.

Results are drawn from a single library selection experiment.



a S. pyogenes

¥
5'-GUUUUAG--AGCUAUGCUGUUUUGAAUGGUCCCARAAC-3" crRNA

sl 1111 Lrrrrrrrrrr e
3! —UAAAAUUGAACGAL?CGACAAAACUUACCAAGGUUGUL‘J(S ' tracrRNA

S5Pm SPf

SPm

GTCCCCTCCACCCCACAGTG

iy

w
1 |

-

o : N 3
o=, N U RO
1

% age rate of Targeting M

GTCCCCTCCACCCCACAGTE CRRRAAA Consensus
R1T R2 R3 R4 R5 R6 R7 RS8

Supplementary Figure 3 | SP sgRNAs and editing efficiencies. (a) sgRNA truncation
points for SP. (b) Fully drawn sgRNAs corresponding to the above. (c¢) Profile of SP
activity in human cells with each sgRNA with different PAMs (n=3 biological replicates).

SPm is the traditional sgRNA and was used in future experiments (green arrow).
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Supplementary Figure 4 | NM sgRNAs and editing efficiencies. (a) Truncation
points for NM sgRNAs. (b) NM activity in human cwells with each sgRNA and a
GGAGGATT PAM. NMm1 was selected for use in future experiments (green arrow).

Error bars represent the standard deviation of three biological replicates.
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Supplementary Figure 5 | ST1 sgRNAs and editing efficiencies. (a) Truncation
points and point mutations for ST1 sgRNAs. (b) ST1 activity in human cells with each
sgRNA and a CAAGAA PAM. STf3 was used for the experiments illustrated in
Supplementary Figure 8; all other experiments utilized STm1 (green arrows). Error bars

represent the standard deviation of three biological replicates.
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Supplementary Figure 6 | Orthogonal gene editing in human cells. Editing
efficiencies are depicted for (a) SP (b) ST1 and (¢) NM. Activity was measured using a
homologous recombination-mediated GFP repair assay and quantified by flow
cytometry (plots from Fig. 6 are reproduced here). Included for comparison is a ZFN
cleaving an adjacent target sequence. sgRNAs are those indicated in Supplemental

Figures 3-5. Error bars represent the standard deviation of three biological replicates.
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Supplementary Figure 7 | Orthogonality arises primarily from sgRNAs, not PAMs.
Both enzymes can target the same sequence for certain PAMs, demonstrating that
specificity arises from orthogonal sgRNAs, not just orthogonal PAMs. Each data point is

the average of three biological replicates.



Supplementary Table 1 | List of plasmids available from Addgene.

Construct Addgene ID Description

DS-SPcas 48645 Bacterial SP Cas9 expression

DS-NMcas 48646 Bacterial NM Cas9 expression

DS-ST1cas 48647 Bacterial ST1 Cas9 expression

DS-TDcas 48648 Bacterial TD Cas9 expression

PM-SPITA 48649 Expresses crRNA targeting SP to protospacer A
PM-SP!TB 48650 Expresses crRNA targeting SP to protospacer B
PM-NMITA 48651 Expresses crRNA targeting NM to protospacer A
PM-NMITB 48652 Expresses crRNA targeting NM to protospacer B
PM-ST1ITA 48653 Expresses crRNA targeting ST1 to protospacer A
PM-ST1!TB 48654 Expresses crRNA targeting ST1 to protospacer B
PM-TDITA 48655 Expresses crRNA targeting TD to protospacer A
PM-TD!TB 48656 Expresses crRNA targeting TD protospacer B
DS-SPcasN- 48657 Bacterial nuclease-null SP Cas9 expression
DS-NMcasN- 48658 Bacterial nuclease-null NM Cas9 expression
DS-ST1casN- 48659 Bacterial nuclease-null ST1 Cas9 expression
DS-TDcasN- 48660 Bacterial nuclease-null TD Cas9 expression
SK-YFP-SPNM-B 48661 Bacterial SP and NM reporter: protospacer B
SK-YFP-ST1-B 48662 Bacterial ST1 reporter: protospacer B
SK-YFP-TD-B 48663 Bacterial TD reporter: protospacer B
SK-YFP-NM-A 48664 Bacterial NM reporter: protospacer A
SK-YFP-ST1-A 48665 Bacterial ST1 reporter: protospacer A
SK-YFP-TD-A 48666 Bacterial TD reporter: protospacer A

EE-SP!glll 48667 Bacterial SP Cas9 targeted to filamentous phage gene Il1
M-SPCas 48668 Mammalian SP Cas9 expression

M-ST1Cas 48669 Mammalian ST1 Cas9 expression

M-NMCas 48670 Mammalian NM Cas9 expression
M-SPm-sgRNA 48671 Mammalian SP sgRNA SPm

M-ST1-sgRNA 48672 Mammalian ST1 sgRNA STm1

M-NM-sgRNA 48673 Mammalian NM sgRNA NMm1

M-SPn-VP64 48674 Mammalian nuclease-null SP-VVP64 expression
M-ST1n-VP64 48675 Mammalian nuclease-null ST1-VVP64 expression
M-NMn-VP64 48676 Mammalian nuclease-null NM-VP64 expression
M-tdTom-SP 48677 Mammalian activation reporter: SP PAM
M-tdTom-ST1 48678 Mammalian activation reporter: ST1 PAM
M-tdTom-NM 48679 Mammalian activation reporter: NM PAM




Supplementary Table 2 | sgRNA sequence designs for SP, ST1, and NM.
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GUUUUAGAGCUAGAAAUAGCAAGUUAAAA
UAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUU

GUUUUAGAGCUAUGCUGUUUUGAAUGGUCCCAAAAC
GAAAUUGUUGGAACCAUUCAAAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGA
AAAAGUGGCACCGAGUCGGUGCUUUUUU

GTCCCCTCCACCCCACAGTG GTTTTAGAGCTATGCTGTTTTGAATGGTCCCAAAAC
GAAATTGTTGGAACCATTCAAAACAGCATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGA
AAAAGTGGCACCGAGTCGGTGCTTTTTT

GUUUUUGUACUCUCAGAAAUGCAGAAGCUACAAA
GAUAAGGCUUCAUGCCGAAAUCAACACCCUGUCAUUUUAUGGCAGGGUGUU

GUUUUUGUACUCUCAAGAUUUAAGUAACUGUACAAC
GAAACUUACACAGUUACUUAAAUCUUGCAGAAGCUACAAAGAUAAGGCUUCAUGCCGAAAUCAACA
CCCUGUCAUUUUAUGGCAGGGUGUU

GTCCCCTCCACCCCACAGTG GTTTTTGTACTCTCAGAAATGCAGAAGCTACAAA
GATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTTAGTACTCTCAGAAATGCAGAAGCTTICAAA
GATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTGTGTACTCTCAGAAATGCAGAAGCTACAAA
GATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTATGTACTCTCAGAAATGCAGAAGCTACAAA
GATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTTTGTACTCTGAAAAGAAGCTACAAA
GATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTTAGTACTCTGAAAAGAAGCTTICAAA
GATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTGTGTACTCTGAAAAGAAGCTACAAA
GATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTATGTACTCTGAAAAGAAGCTACAAA
GATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTTTGTACTCTCAAGATTTAAGTAACTGTACAAC
GAAACTTACACAGTTACTTAAATCTTGCAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACA
CCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTTAGTACTCTCAAGATTTAAGTAACTGTACAAC
GAAACTTACACAGTTACTTAAATCTTGCAGAAGCTTCAAAGATAAGGCTTCATGCCGAAATCAACA
CCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTGTGTACTCTCAAGATTTAAGTAACTGTACAAC
GAAACTTACACAGTTACTTAAATCTTGCAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACA
CCCTGTCATTTTATGGCAGGGTGTTTTTTT

GTCCCCTCCACCCCACAGTG GTTTATGTACTCTCAAGATTTAAGTAACTGTACAAC
GAAACTTACACAGTTACTTAAATCTTGCAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACA
CCCTGTCATTTTATGGCAGGGTGTTTTTTT



NM chimera trnc

NM chimera full

NM gRNA t1

NM_gRNA t2

NM_gRNA t3

NM_gRNA fl
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ST gRNA tl
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GUUGUAGCUCCCUUUCUCGAAAGAGAACCGUUGCUACAAU
AAGGCCGUCUGAAAAGAUGUGCCGCAACGCUCUGCCCCUUAAAGCUUCUGCUUUAAGGGGC

GUUGUAGCUCCCUUUCUCAUUUCGCAGUGCUACAAU
GAAAAUUGUCGCACUGCGAAAUGAGAACCGUUGCUACAAUAAGGCCGUCUGAAAAGAUGUGCCG
CAACGCUCUGCCCCUUAAAGCUUCUGCUUUAAGGGGC

GTCCCCTCCACCCCACAGTG GTTGTAGCTCCCTTTCTCGAAAGAGAACCGTTGCTACAAT
AAGGCCGTCTGAAAAGATGTGCCGCAACGCTCTGCCCCTTAAAGCTTCTGCTTTAACGGGCTTT
TTTT

GTCCCCTCCACCCCACAGTG GTTGTAGCTCCCTTTCGAAAGAACCGTTGCTACAAT
AAGGCCGTCTGAAAAGATGTGCCGCAACGCTCTGCCCCTTAAAGCTTCTGCTTTAACGGGCTTT
TTTT

GTCCCCTCCACCCCACAGTG GTTGTAGCTCCCGAAACGTTGCTACAAT
AAGGCCGTCTGAAAAGATGTGCCGCAACGCTCTGCCCCTTAAAGCTTCTGCTTTAACGGGCTTT
TTTT

GTCCCCTCCACCCCACAGTG GTTGTAGCTCCCTTTCTCATTTCGCAGTGCTACAAT
GAAAATTGTCGCACTGCGAAATGAGAACCGTTGCTACAATAAGGCCGTCTGAAAAGATGTGCCG
CAACGCTCTGCCCCTTAAAGCTTCTGCTTTAAGGGGCTTTTTTT

(ordered as gBlocks)

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCA
CCGAGTCGGTGCTTTTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTTTGTACTCTCAGAAATGCAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCT
GTCATTTTATGGCAGGGTGTTTTTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTTAGTACTCTCAGAAATGCAGAAGCTTCAAAGATAAGGCTTCATGCCGAAATCAACACCCT
GTCATTTTATGGCAGGGTGTTTTTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA
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TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTGTGTACTCTCAGAAATGCAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCT
GTCATTTTATGGCAGGGTGTTTTTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTATGTACTCTCAGAAATGCAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCT
GTCATTTTATGGCAGGGTGTTTTTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTTTGTACTCTGAAAAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCTGTCAT
TTTATGGCAGGGTGTTTTTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTTAGTACTCTGAAAAGAAGCTTCAAAGATAAGGCTTCATGCCGAAATCAACACCCTGTCAT
TTTATGGCAGGGTGTTTTTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTGTGTACTCTGAAAAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCTGTCAT
TTTATGGCAGGGTGTTTTTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA
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TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTATGTACTCTGAAAAGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCTGTCAT
TTTATGGCAGGGTGTTTTTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTGTAGCTCCCTTTCTCGAAAGAGAACCGTTGCTACAATAAGGCCGTCTGAAAAGATGTGCCG
CAACGCTCTGCCCCTTAAAGCTTCTGCTTTAACGGGCTTTTTTT
CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTGTAGCTCCCTTTCGAAAGAACCGTTGCTACAATAAGGCCGTCTGAAAAGATGTGCCGCAAC
GCTCTGCCCCTTAAAGCTTCTGCTTTAACGGGCTTTTTTT
CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTGTAGCTCCCGAAACGTTGCTACAATAAGGCCGTCTGAAAAGATGTGCCGCAACGCTCTGCC
CCTTAAAGCTTCTGCTTTAACGGGCTTTTTTT
CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTTAGAGCTATGCTGTTTTGAATGGTCCCAAAACGAAATTGTTGGAACCATTCAAAACAGCA
TAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTT
TT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA



ST gRNA fl

ST gRNA f2

ST gRNA f£3

ST gRNA f4

NM gRNA f1
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TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTTTGTACTCTCAAGATTTAAGTAACTGTACAACGAAACTTACACAGTTACTTAAATCTTGC
AGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTT
TTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTTAGTACTCTCAAGATTTAAGTAACTGTACAACGAAACTTACACAGTTACTTAAATCTTGC
AGAAGCTTCAAAGATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTT
TTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTGTGTACTCTCAAGATTTAAGTAACTGTACAACGAAACTTACACAGTTACTTAAATCTTGC
AGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTT
TTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTTATGTACTCTCAAGATTTAAGTAACTGTACAACGAAACTTACACAGTTACTTAAATCTTGC
AGAAGCTACAAAGATAAGGCTTCATGCCGAAATCAACACCCTGTCATTTTATGGCAGGGTGTTT
TTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA

TGTACAAAAAAGCAGGCTTTAAAGGAACCAATTCAGTCGACTGGATCCGGTACCAAGGTCGGGC
AGGAAGAGGGCCTATTTCCCATGATTCCTTCATATTTGCATATACGATACAAGGCTGTTAGAGA
GATAATTAGAATTAATTTGACTGTAAACACAAAGATATTAGTACAAAATACGTGACGTAGAAAG
TAATAATTTCTTGGGTAGTTTGCAGTTTTAAAATTATGTTTTAAAATGGACTATCATATGCTTA
CCGTAACTTGAAAGTATTTCGATTTCTTGGCTTTATATATCTTGTGGAAAGGACGAAACACC
GTCCCCTCCACCCCACAGTG
GTTGTAGCTCCCTTTCTCATTTCGCAGTGCTACAATGAAAATTGTCGCACTGCGAAATGAGAAC
CGTTGCTACAATAAGGCCGTCTGAAAAGATGTGCCGCAACGCTCTGCCCCTTAAAGCTTCTGCT
TTAAGGGGCTTTTTTT CTAGACCCAGCTTTCTTGTACAAAGTTGGCATTA



Supplementary Table 3 | Library amplification and sequencing primers.

Library amplification forward primers:
AATGATACGGCGACCACCGAGATCTACACCCTGCGGAAGCCGTTCTCGATGGACGAcCcgctttgacct
agaattcatttac
AATGATACGGCGACCACCGAGATCTACACGGAAGGTAGGGAACTGAAAGTGGTGGATGTGgcttt
gacctacatagcagaact

Library amplification reverse primers:

CAAGCAGAAGACGGCATACGAGATATTACTCGGACGGACAGACGGgcctctagcacgcgt
CAAGCAGAAGACGGCATACGAGATTCCGGAGAGACGGACAGACGGgcctctagcacgcegt
CAAGCAGAAGACGGCATACGAGATCGCTCATTGACGGACAGACGG(gcctctagcacgcegt
CAAGCAGAAGACGGCATACGAGATGAGATTCCGACGGACAGACGGgcctctagcacgcegt
CAAGCAGAAGACGGCATACGAGATATTCAGAAGACGGACAGACGGgcctctagcacgcegt
CAAGCAGAAGACGGCATACGAGATGAATTCGTGACGGACAGACGGgcctctagcacgcegt
CAAGCAGAAGACGGCATACGAGATCTGAAGCTGACGGACAGACGGgcctctagcacgcegt
CAAGCAGAAGACGGCATACGAGATTAATGCGCGACGGACAGACGGgcctctagcacgcegt
CAAGCAGAAGACGGCATACGAGATCGGCTATGGACGGACAGACGGgcctctagcacgcgt
CAAGCAGAAGACGGCATACGAGATTCCGCGAAGACGGACAGACGGgcctctagcacgcgt
CAAGCAGAAGACGGCATACGAGATTCTCGCGCGACGGACAGACGGgcctctagcacgcegt
CAAGCAGAAGACGGCATACGAGATAGCGATAGGACGGACAGACGGgcctctagcacgcegt

read 1 sequencing primers:
CCTGCGGAAGCCGTTCTCGATGGACGACCGCTTTGACCTAGAATTCATTTAC
GGAAGGTAGGGAACTGAAAGTGGTGGATGTGgctttgacctacatagcagaact

read 2 sequencing primer:
seq_primer_r_pspl_psp2 GACGGACAGACGGgcctctagcacgcegt

index read sequencing primer:
seqg_primer_index_pspl_psp2  acgcgtgctagaggcCCGTCTGTCCGTC
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Supplementary Note 1| Depletion biases in Cas9 library experiments

The library-based selection strategy employed for PAM-finding imposes apparent
minimum and maximum fold depletion values. For sequences that are barely depleted,
the noise in the transformation efficiency of the two libraries overwhelms the weak
depletion signals. For sequences that are efficiently depleted, the fold depletion value is
primarily determined by the very small number of survivors. In most cases, these are
not due to authentic survival events in the face of Casg pressure. Rather, they are the
result of low-frequency Cas9, tracrRNA, or crRNA mutations leading to Casg
inactivation and consequent target escape. Consequently, any analysis of target-
dependent activity differences should focus on moderately depleted sequences.

Because the PAM-finding selection was run overnight, surviving plasmids were forced to
evade Cas9-mediated cutting for an extended period, resulting in a highly stringent
selection capable of picking up subtle base preferences in the PAM recognition process.
By the same token, high stringency may have caused it to miss differences between
highly active PAM sequences. For example, our analysis found that NM Casg display
high activity with PAMs of NNNNGANN, NNNNGTTN, and NNNNGNNT, all of which
were depleted as efficiently as NNNNGATT (Figure 2D). While all of these PAMs are
more than sufficient for effector cleavage, they may differ for other Cas9-mediated
activities. In principle, such differences between highly active sequences can be
detected using the depletion assay by modulating the selection stringency, e.g. by
reducing the time from transformation to plasmid isolation for sequencing.
Alternatively, they may be assayed in the context of the activity of interest.

Finally, our experiments were run using two different protospacers. The various Cas9
proteins differed in their average activity levels on these sequences, exhibiting nonlinear
interactions between protospacer and PAM. Other protospacers may exhibit activity
differences that could affect the functional PAM by rendering it either more or less
stringent.
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Supplementary Note 2| Expressing novel Cas9 orthologs in bacteria

Characterizing a new Cas9 ortholog is complicated by the requirement for tracrRNA,
crRNA, and a PAM sequence downstream of the protospacer. Our sequencing-based
library depletion method will empirically detail the required PAM, but still requires
advance knowledge of the tracrRNA and crRNA and their directionality. These can
normally be discovered by identifying the repeat sequences within the CRISPR locus
and searching for a nearby sequence that is expected to base-pair with the repeat; this is
normally the tracrRNA. Searching for promoters and terminators on either side of the
CRISPR locus and tracrRNA usually suffices to identify directionality; in ambiguous
cases, a comparison with existing repeats is often helpful. The entire tracrRNA cassette,
including the native promoter and terminator, should be copied wholesale into the
expression vector. If there are multiple terminators downstream and it is unclear
precisely where the tracrRNA ends, it is safer to include all of them. To compensate for
possible differences in promoter strength between the native species and E. coli, we
prefer to clone the tracrRNA cassette downstream of the corresponding casg gene such
that the two are polycistronic. In the event that there is a promoter within the tracrRNA
cassette that would transcribe backwards towards casg (this is often the native cas9
promoter), we insert the lambda t1 terminator to mitigate transcription in that direction
only. Of the orthologs characterized in this study, the lambda t1 terminator was only
required for NM.

Producing a desired crRNA for PAM-finding simply requires insertion of the desired
spacer sequence (ideally at least 20 bp) upstream of the repeat identified in the CRISPR
locus. We have determined that there is no need to insert an additional repeat upstream
of the spacer and none of the targeting plasmids used in this study feature such a design,
but if it is done the spacing should match that of the native CRISPR locus. RNA
secondary structures involving the spacer sequence should be minimized if at all
possible.
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Supplementary Note 3| Sequences of cas9 genes for bacterial experiments.

In bacteria, the native coding sequence of SP was utilized for nuclease studies, while the
human-optimized version was employed for transcriptional repression. ST1, NM, and
TD utilized human-optimized genes for both.

>SPcas

ATGGATAAGAAATACTCAATAGGCTTAGATATCGGCACAAATAGCGTCGGATGGGCGGTGATCACTGATGAATATAAGGTTCCGTCTAAAAAGTTCA
AGGTTCTGGGAAATACAGACCGCCACAGTATCAAAAAAAATCTTATAGGGGCTCTTTTATTTGACAGTGGAGAGACAGCGGAAGCGACTCGTCTCAA
ACGGACAGCTCGTAGAAGGTATACACGTCGGAAGAATCGTATTTGTTATCTACAGGAGATTTTTTCAAATGAGATGGCGAAAGTAGATGATAGTTTC
TTTCATCGACTTGAAGAGTCTTTTTTGGTGGAAGAAGACAAGAAGCATGAACGTCATCCTATTTTTGGAAATATAGTAGATGAAGTTGCTTATCATG
AGAAATATCCAACTATCTATCATCTGCGAAAAAAATTGGTAGATTCTACTGATAAAGCGGATTTGCGCTTAATCTATTTGGCCTTAGCGCATATGAT
TAAGTTTCGTGGTCATTTTTTGATTGAGGGAGATTTAAATCCTGATAATAGTGATGTGGACAAACTATTTATCCAGTTGGTACAAACCTACAATCAA
TTATTTGAAGAAAACCCTATTAACGCAAGTGGAGTAGATGCTAAAGCGATTCTTTCTGCACGATTGAGTAAATCAAGACGATTAGAAAATCTCATTG
CTCAGCTCCCCGGTGAGAAGAAAAATGGCTTATTTGGGAATCTCATTGCTTTGTCATTGGGTTTGACCCCTAATTTTAAATCAAATTTTGATTTGGC
AGAAGATGCTAAATTACAGCTTTCAAAAGATACTTACGATGATGATTTAGATAATTTATTGGCGCAAATTGGAGATCAATATGCTGATTTGTTTTTG
GCAGCTAAGAATTTATCAGATGCTATTTTACTTTCAGATATCCTAAGAGTAAATACTGAAATAACTAAGGCTCCCCTATCAGCTTCAATGATTAAAC
GCTACGATGAACATCATCAAGACTTGACTCTTTTAAAAGCTTTAGTTCGACAACAACTTCCAGAAAAGTATAAAGAAATCTTTTTTGATCAATCAAA
AAACGGATATGCAGGTTATATTGATGGGGGAGCTAGCCAAGAAGAATTTTATAAATTTATCAAACCAATTTTAGAAAAAATGGATGGTACTGAGGAA
TTATTGGTGAAACTAAATCGTGAAGATTTGCTGCGCAAGCAACGGACCTTTGACAACGGCTCTATTCCCCATCAAATTCACTTGGGTGAGCTGCATG
CTATTTTGAGAAGACAAGAAGACTTTTATCCATTTTTAAAAGACAATCGTGAGAAGATTGAAAAAATCTTGACTTTTCGAATTCCTTATTATGTTGG
TCCATTGGCGCGTGGCAATAGTCGTTTTGCATGGATGACTCGGAAGTCTGAAGAAACAATTACCCCATGGAATTTTGAAGAAGTTGTCGATAAAGGT
GCTTCAGCTCAATCATTTATTGAACGCATGACAAACTTTGATAAAAATCTTCCAAATGAAAAAGTACTACCAAAACATAGTTTGCTTTATGAGTATT
TTACGGTTTATAACGAATTGACAAAGGTCAAATATGTTACTGAAGGAATGCGAAAACCAGCATTTCTTTCAGGTGAACAGAAGAAAGCCATTGTTGA
TTTACTCTTCAAAACAAATCGAAAAGTAACCGTTAAGCAATTAAAAGAAGATTATTTCAAAAAAATAGAATGTTTTGATAGTGTTGAAATTTCAGGA
GTTGAAGATAGATTTAATGCTTCATTAGGTACCTACCATGATTTGCTAAAAATTATTAAAGATAAAGATTTTTTGGATAATGAAGAAAATGAAGATA
TCTTAGAGGATATTGTTTTAACATTGACCTTATTTGAAGATAGGGAGATGATTGAGGAAAGACTTAAAACATATGCTCACCTCTTTGATGATAAGGT
GATGAAACAGCTTAAACGTCGCCGTTATACTGGTTGGGGACGTTTGTCTCGAAAATTGATTAATGGTATTAGGGATAAGCAATCTGGCAAAACAATA
TTAGATTTTTTGAAATCAGATGGTTTTGCCAATCGCAATTTTATGCAGCTGATCCATGATGATAGTTTGACATTTAAAGAAGACATTCAAAAAGCAC
AAGTGTCTGGACAAGGCGATAGTTTACATGAACATATTGCAAATTTAGCTGGTAGCCCTGCTATTAAAAAAGGTATTTTACAGACTGTAAAAGTTGT
TGATGAATTGGTCAAAGTAATGGGGCGGCATAAGCCAGAAAATATCGTTATTGAAATGGCACGTGAAAATCAGACAACTCAAAAGGGCCAGAAAAAT
TCGCGAGAGCGTATGAAACGAATCGAAGAAGGTATCAAAGAATTAGGAAGTCAGATTCTTAAAGAGCATCCTGTTGAAAATACTCAATTGCAAAATG
AAAAGCTCTATCTCTATTATCTCCAAAATGGAAGAGACATGTATGTGGACCAAGAATTAGATATTAATCGTTTAAGTGATTATGATGTCGATCACAT
TGTTCCACAAAGTTTCCTTAAAGACGATTCAATAGACAATAAGGTCTTAACGCGTTCTGATAAAAATCGTGGTAAATCGGATAACGTTCCAAGTGAA
GAAGTAGTCAAAAAGATGAAAAACTATTGGAGACAACTTCTAAACGCCAAGTTAATCACTCAACGTAAGTTTGATAATTTAACGAAAGCTGAACGTG
GAGGTTTGAGTGAACTTGATAAAGCTGGTTTTATCAAACGCCAATTGGTTGAAACTCGCCAAATCACTAAGCATGTGGCACAAATTTTGGATAGTCG
CATGAATACTAAATACGATGAAAATGATAAACTTATTCGAGAGGTTAAAGTGATTACCTTAAAATCTAAATTAGTTTCTGACTTCCGAAAAGATTTC
CAATTCTATAAAGTACGTGAGATTAACAATTACCATCATGCCCATGATGCGTATCTAAATGCCGTCGTTGGAACTGCTTTGATTAAGAAATATCCAA
AACTTGAATCGGAGTTTGTCTATGGTGATTATAAAGTTTATGATGTTCGTAAAATGATTGCTAAGTCTGAGCAAGAAATAGGCAAAGCAACCGCAAA
ATATTTCTTTTACTCTAATATCATGAACTTCTTCAAAACAGAAATTACACTTGCAAATGGAGAGATTCGCAAACGCCCTCTAATCGAAACTAATGGG
GAAACTGGAGAAATTGTCTGGGATAAAGGGCGAGATTTTGCCACAGTGCGCAAAGTATTGTCCATGCCCCAAGTCAATATTGTCAAGAARAACAGAAG
TACAGACAGGCGGATTCTCCAAGGAGTCAATTTTACCAAAAAGAAATTCGGACAAGCTTATTGCTCGTAAAAAAGACTGGGATCCAAAAAAATATGG
TGGTTTTGATAGTCCAACGGTAGCTTATTCAGTCCTAGTGGTTGCTAAGGTGGAAAAAGGGAAATCGAAGAAGTTAAAATCCGTTAAAGAGTTACTA
GGGATCACAATTATGGAAAGAAGTTCCTTTGAAAAAAATCCGATTGACTTTTTAGAAGCTAAAGGATATAAGGAAGTTAAAAAAGACTTAATCATTA
AACTACCTAAATATAGTCTTTTTGAGTTAGAAAACGGTCGTAAACGGATGCTGGCTAGTGCCGGAGAATTACAAAAAGGAAATGAGCTGGCTCTGCC
AAGCAAATATGTGAATTTTTTATATTTAGCTAGTCATTATGAAAAGTTGAAGGGTAGTCCAGAAGATAACGAACAAAAACAATTGTTTGTGGAGCAG
CATAAGCATTATTTAGATGAGATTATTGAGCAAATCAGTGAATTTTCTAAGCGTGTTATTTTAGCAGATGCCAATTTAGATAAAGTTCTTAGTGCAT
ATAACAAACATAGAGACAAACCAATACGTGAACAAGCAGAAAATATTATTCATTTATTTACGTTGACGAATCTTGGAGCTCCCGCTGCTTTTAAATA
TTTTGATACAACAATTGATCGTAAACGATATACGTCTACAAAAGAAGTTTTAGATGCCACTCTTATCCATCAATCCATCACTGGTCTTTATGAAACA
CGCATTGATTTGAGTCAGCTAGGAGGTGACTGA

>SPcasm 4

ATGGACAAGAAGTACTCCATTGGGCTCGCTATCGGCACAAACAGCGTCGGCTGGGCCGTCATTACGGACGAGTACAAGGTGCCGAGCAAAAAATTCA
AAGTTCTGGGCAATACCGATCGCCACAGCATAAAGAAGAACCTCATTGGCGCCCTCCTGTTCGACTCCGGGGAGACGGCCGAAGCCACGCGGCTCAA
AAGAACAGCACGGCGCAGATATACCCGCAGAAAGAATCGGATCTGCTACCTGCAGGAGATCTTTAGTAATGAGATGGCTAAGGTGGATGACTCTTTC
TTCCATAGGCTGGAGGAGTCCTTTTTGGTGGAGGAGGATAAAAAGCACGAGCGCCACCCAATCTTTGGCAATATCGTGGACGAGGTGGCGTACCATG
AAAAGTACCCAACCATATATCATCTGAGGAAGAAGCTTGTAGACAGTACTGATAAGGCTGACTTGCGGTTGATCTATCTCGCGCTGGCGCATATGAT
CAAATTTCGGGGACACTTCCTCATCGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAAACTCTTTATCCAACTGGTTCAGACTTACAATCAG
CTTTTCGAAGAGAACCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCAAATCCCGGCGGCTCGAAAACCTCATCG
CACAGCTCCCTGGGGAGAAGAAGAACGGCCTGTTTGGTAATCTTATCGCCCTGTCACTCGGGCTGACCCCCAACTTTAAATCTAACTTCGACCTGGC
CGAAGATGCCAAGCTTCAACTGAGCAAAGACACCTACGATGATGATCTCGACAATCTGCTGGCCCAGATCGGCGACCAGTACGCAGACCTTTTTTTG
GCGGCAAAGAACCTGTCAGACGCCATTCTGCTGAGTGATATTCTGCGAGTGAACACGGAGATCACCAAAGCTCCGCTGAGCGCTAGTATGATCAAGC
GCTATGATGAGCACCACCAAGACTTGACTTTGCTGAAGGCCCTTGTCAGACAGCAACTGCCTGAGAAGTACAAGGAAATTTTCTTCGATCAGTCTAA
AAATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCAGGAGGAATTTTACAAATTTATTAAGCCCATCTTGGAAAAAATGGACGGCACCGAGGAG
CTGCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAAACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGATTCACCTGGGCGAACTGCACG

18



CTATCCTCAGGCGGCAAGAGGATTTCTACCCCTTTTTGAAAGATAACAGGGAAAAGATTGAGAAAATCCTCACATTTCGGATACCCTACTATGTAGG
CCCCCTCGCCCGGGGAAATTCCAGATTCGCGTGGATGACTCGCAAATCAGAAGAGACCATCACTCCCTGGAACTTCGAGGAAGTCGTGGATAAGGGG
GCCTCTGCCCAGTCCTTCATCGAAAGGATGACTAACTTTGATAAAAATCTGCCTAACGAAAAGGTGCTTCCTAAACACTCTCTGCTGTACGAGTACT
TCACAGTTTATAACGAGCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGCCAGCATTCCTGTCTGGAGAGCAGAAGAAAGCTATCGTGGA
CCTCCTCTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGAAGACTATTTCAAAAAGATTGAATGTTTCGACTCTGTTGAAATCAGCGGA
GTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAATCATTAAAGACAAGGACTTCCTGGACAATGAGGAGAACGAGGACA
TTCTTGAGGACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGAGATGATTGAAGAACGCTTGAAAACTTACGCTCATCTCTTCGACGACAAAGT
CATGAAACAGCTCAAGAGGCGCCGATATACAGGATGGGGGCGGCTGTCAAGAAAACTGATCAATGGGATCCGAGACAAGCAGAGTGGAAAGACAATC
CTGGATTTTCTTAAGTCCGATGGATTTGCCAACCGGAACTTCATGCAGTTGATCCATGATGACTCTCTCACCTTTAAGGAGGACATCCAGAAAGCAC
AAGTTTCTGGCCAGGGGGACAGTCTTCACGAGCACATCGCTAATCTTGCAGGTAGCCCAGCTATCAAAAAGGGAATACTGCAGACCGTTAAGGTCGT
GGATGAACTCGTCAAAGTAATGGGAAGGCATAAGCCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAAACTACCCAGAAGGGACAGAAGAAC
AGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAAATCCTTAAGGAACACCCAGTTGAAAACACCCAGCTTCAGAATG
AGAAGCTCTACCTGTACTACCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAACTGGACATCAATCGGCTCTCCGACTACGACGTGGCTGCTAT
CGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTGATAATAAAGTGTTGACAAGATCCGATAAAGCTAGAGGGAAGAGTGATAACGTCCCCTCAGAA
GAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCACACAACGGAAGTTCGATAATCTGACTAAGGCTGAACGAG
GTGGCCTGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATCACCAAGCACGTGGCCCAAATTCTCGATTCACG
CATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGGTGAAAGTTATTACTCTGAAGTCTAAGCTGGTCTCAGATTTCAGAAAGGACTTT
CAGTTTTATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGAATGCAGTGGTAGGCACTGCACTTATCAAAAAATATCCCA
AGCTTGAATCTGAATTTGTTTACGGAGACTATAAAGTGTACGATGTTAGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCACCGCTAA
GTACTTCTTTTACAGCAATATTATGAATTTTTTCAAGACCGAGATTACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATCGAAACAAACGGA
GAAACAGGAGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCCTGTCCATGCCGCAGGTGAACATCGTTAAAAAGACCGAAG
TACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCGACAAGCTGATCGCACGCAAAAAAGATTGGGACCCCAAGAAATACGG
CGGATTCGATTCTCCTACAGTCGCTTACAGTGTACTGGTTGTGGCCAAAGTGGAGAAAGGGAAGTCTAAAAAACTCAAAAGCGTCAAGGAACTGCTG
GGCATCACAATCATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTTCTCGAGGCGAAAGGATATAAAGAGGTCAAAAAAGACCTCATCATTA
AGCTTCCCAAGTACTCTCTCTTTGAGCTTGAAAACGGCCGGAAACGAATGCTCGCTAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGCACTGCC
CTCTAAATACGTTAATTTCTTGTATCTGGCCAGCCACTATGAAAAGCTCAAAGGGTCTCCCGAAGATAATGAGCAGAAGCAGCTGTTCGTGGAACAA
CACAAACACTACCTTGATGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCCTCGCCGACGCTAACCTCGATAAGGTGCTTTCTGCTT
ACAATAAGCACAGGGATAAGCCCATCAGGGAGCAGGCAGAAAACATTATCCACTTGTTTACTCTGACCAACTTGGGCGCGCCTGCAGCCTTCAAGTA
CTTCGACACCACCATAGACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGCCACACTGATTCATCAGTCAATTACGGGGCTCTATGAAACA
AGAATCGACCTCTCTCAGCTCGGTGGAGACTAA

>ST1cas

ATGAGCGACCTGGTGCTGGGCCTGGACATCGGCATCGGCAGCGTGGGCGTGGGCATCCTGAACAAGGTGACCGGCGAGATCATCCACAAGAACAGTC
GCATCTTCCCTGCTGCTCAGGCTGAGAACAACCTGGTGCGCCGCACCAACCGCCAGGGTCGCCGGCTTGCTCGCCGCAAGAAGCACCGGCGCGTGCG
CCTGAACCGCCTGTTCGAGGAGAGCGGCCTGATCACCGACTTCACCAAGATCAGCATCAACCTGAACCCCTACCAGCTGCGCGTGAAGGGCCTGACC
GACGAGCTGAGCAACGAGGAGCTGTTCATCGCCCTGAAGAACATGGTGAAGCACCGCGGCATCAGCTACCTGGACGACGCCAGCGACGACGGCAACA
GCAGCGTGGGCGACTACGCCCAGATCGTGAAGGAGAACAGCAAGCAGCTGGAGACCAAGACCCCCGGCCAGATCCAGCTGGAGCGCTACCAGACCTA
CGGCCAGCTGCGCGGCGACTTCACCGTGGAGAAGGACGGCAAGAAGCACCGCCTGATCAACGTGTTCCCCACCAGCGCCTACCGCAGCGAGGCCCTG
CGCATCCTGCAGACCCAGCAGGAGTTCAACCCCCAGATCACCGACGAGTTCATCAACCGCTACCTGGAGATCCTGACCGGCAAGCGCAAGTACTACC
ACGGCCCCGGCAACGAGAAGAGCCGCACCGACTACGGCCGCTACCGCACCAGCGGCGAGACCCTGGACAACATCTTCGGCATCCTGATCGGCAAGTG
CACCTTCTACCCCGACGAGTTCCGCGCCGCCAAGGCCAGCTACACCGCCCAGGAGTTCAACCTGCTGAACGACCTGAACAACCTGACCGTGCCCACC
GAGACCAAGAAGCTGAGCAAGGAGCAGAAGAACCAGATCATCAACTACGTGAAGAACGAGAAGGCCATGGGCCCCGCCAAGCTGTTCAAGTACATCG
CCAAGCTGCTGAGCTGCGACGTGGCCGACATCAAGGGCTACCGCATCGACAAGAGCGGCAAGGCCGAGATCCACACCTTCGAGGCCTACCGCAAGAT
GAAGACCCTGGAGACCCTGGACATCGAGCAGATGGACCGCGAGACCCTGGACAAGCTGGCCTACGTGCTGACCCTGAACACCGAGCGCGAGGGCATC
CAGGAGGCCCTGGAGCACGAGTTCGCCGACGGCAGCTTCAGCCAGAAGCAGGTGGACGAGCTGGTGCAGTTCCGCAAGGCCAACAGCAGCATCTTCG
GCAAGGGCTGGCACAACTTCAGCGTGAAGCTGATGATGGAGCTGATCCCCGAGCTGTACGAGACCAGCGAGGAGCAGATGACCATCCTGACCCGCCT
GGGCAAGCAGAAGACCACCAGCAGCAGCAACAAGACCAAGTACATCGACGAGAAGCTGCTGACCGAGGAGATCTACAACCCCGTGGTGGCCAAGAGC
GTGCGCCAGGCCATCAAGATCGTGAACGCCGCCATCAAGGAGTACGGCGACTTCGACAACATCGTGATCGAGATGGCCCGCGAGACCAACGAGGACG
ACGAGAAGAAGGCCATCCAGAAGATCCAGAAGGCCAACAAGGACGAGAAGGACGCCGCCATGCTGAAGGCCGCCAACCAGTACAACGGCAAGGCCGA
GCTGCCCCACAGCGTGTTCCACGGCCACAAGCAGCTGGCCACCAAGATCCGCCTGTGGCACCAGCAGGGCGAGCGCTGCCTGTACACCGGCAAGACC
ATCAGCATCCACGACCTGATCAACAACAGCAACCAGTTCGAGGTGGACCACATCCTGCCCCTGAGCATCACCTTCGACGACAGCCTGGCCAACAAGG
TGCTGGTGTACGCCACCGCCAACCAGGAGAAGGGCCAGCGCACCCCCTACCAGGCCCTGGACAGCATGGACGACGCCTGGAGCTTCCGCGAGCTGAA
GGCCTTCGTGCGCGAGAGCAAGACCCTGAGCAACAAGAAGAAGGAGTACCTGCTGACCGAGGAGGACATCAGCAAGTTCGACGTGCGCAAGAAGTTC
ATCGAGCGCAACCTGGTGGACACCCGCTACGCCAGCCGCGTGGTGCTGAACGCCCTGCAGGAGCACTTCCGCGCCCACAAGATCGACACCAAGGTGA
GCGTGGTGCGCGGCCAGTTCACCAGCCAGCTGCGCCGCCACTGGGGCATCGAGAAGACCCGCGACACCTACCACCACCACGCCGTGGACGCCCTGAT
CATTGCGGCTTCTAGCCAGCTGAACCTGTGGAAGAAGCAGAAGAACACCCTGGTGAGCTACAGCGAGGACCAGCTGCTGGACATCGAGACCGGCGAG
CTGATCAGCGACGACGAGTACAAGGAGAGCGTGTTCAAGGCCCCCTACCAGCACTTCGTGGACACCCTGAAGAGCAAGGAGTTCGAGGACAGCATCC
TGTTCAGCTACCAGGTGGACAGCAAGTTCAACCGCAAGATCAGCGACGCCACCATCTACGCCACCCGCCAGGCCAAGGTGGGCAAGGACAAGGCCGA
CGAGACCTACGTGCTGGGCAAGATCAAGGACATCTACACCCAGGACGGCTACGACGCCTTCATGAAGATCTACAAGAAGGACAAGAGCAAGTTCCTG
ATGTACCGCCACGACCCCCAGACCTTCGAGAAGGTGATCGAGCCCATCCTGGAGAACTACCCCAACAAGCAGATCAACGATAAAGGCAAGGAGGTGC
CCTGCAACCCCTTCCTGAAGTACAAGGAGGAGCACGGCTACATCCGCAAGTACAGCAAGAAGGGCAACGGCCCCGAGATCAAGAGCCTGAAGTACTA
CGACAGCAAGCTGGGCAACCACATCGACATCACCCCCAAGGACAGCAACAACAAGGTGGTGCTGCAGAGCGTGAGCCCCTGGCGCGCCGACGTGTAC
TTCAACAAGACCACCGGCAAGTACGAGATCCTGGGCCTGAAGTACGCCGACCTGCAGTTTGATAAGGGCACCGGCACCTACAAGATCAGCCAGGAGA
AGTACAACGACATCAAGAAGAAGGAGGGCGTGGACAGCGACAGCGAGTTCAAGTTCACCCTGTACAAGAACGACCTTCTGCTGGTGAAGGACACCGA
GACCAAGGAGCAACAGCTGTTCCGCTTCCTGAGCCGCACCATGCCCAAGCAGAAGCACTACGTGGAGCTGAAGCCCTACGACAAGCAGAAGTTCGAG
GGCGGCGAGGCCCTGATCAAGGTGCTGGGCAACGTGGCCAACAGCGGCCAGTGCAAGAAGGGCCTGGGCAAGAGCAACATCAGCATCTACAAGGTGC
GCACCGACGTGCTGGGCAACCAGCACATCATCAAGAACGAGGGCGACAAGCCCAAGCTGGACTTCTAA

19



>STcasm 4

ATGAGCGACCTGGTGCTGGGCCTGGCCATCGGCATCGGCAGCGTGGGCGTGGGCATCCTGAACAAGGTGACCGGCGAGATCATCCACAAGAACAGTC
GCATCTTCCCTGCTGCTCAGGCTGAGAACAACCTGGTGCGCCGCACCAACCGCCAGGGTCGCCGGCTTGCTCGCCGCAAGAAGCACCGGCGCGTGCG
CCTGAACCGCCTGTTCGAGGAGAGCGGCCTGATCACCGACTTCACCAAGATCAGCATCAACCTGAACCCCTACCAGCTGCGCGTGAAGGGCCTGACC
GACGAGCTGAGCAACGAGGAGCTGTTCATCGCCCTGAAGAACATGGTGAAGCACCGCGGCATCAGCTACCTGGACGACGCCAGCGACGACGGCAACA
GCAGCGTGGGCGACTACGCCCAGATCGTGAAGGAGAACAGCAAGCAGCTGGAGACCAAGACCCCCGGCCAGATCCAGCTGGAGCGCTACCAGACCTA
CGGCCAGCTGCGCGGCGACTTCACCGTGGAGAAGGACGGCAAGAAGCACCGCCTGATCAACGTGTTCCCCACCAGCGCCTACCGCAGCGAGGCCCTG
CGCATCCTGCAGACCCAGCAGGAGTTCAACCCCCAGATCACCGACGAGTTCATCAACCGCTACCTGGAGATCCTGACCGGCAAGCGCAAGTACTACC
ACGGCCCCGGCAACGAGAAGAGCCGCACCGACTACGGCCGCTACCGCACCAGCGGCGAGACCCTGGACAACATCTTCGGCATCCTGATCGGCAAGTG
CACCTTCTACCCCGACGAGTTCCGCGCCGCCAAGGCCAGCTACACCGCCCAGGAGTTCAACCTGCTGAACGACCTGAACAACCTGACCGTGCCCACC
GAGACCAAGAAGCTGAGCAAGGAGCAGAAGAACCAGATCATCAACTACGTGAAGAACGAGAAGGCCATGGGCCCCGCCAAGCTGTTCAAGTACATCG
CCAAGCTGCTGAGCTGCGACGTGGCCGACATCAAGGGCTACCGCATCGACAAGAGCGGCAAGGCCGAGATCCACACCTTCGAGGCCTACCGCAAGAT
GAAGACCCTGGAGACCCTGGACATCGAGCAGATGGACCGCGAGACCCTGGACAAGCTGGCCTACGTGCTGACCCTGAACACCGAGCGCGAGGGCATC
CAGGAGGCCCTGGAGCACGAGTTCGCCGACGGCAGCTTCAGCCAGAAGCAGGTGGACGAGCTGGTGCAGTTCCGCAAGGCCAACAGCAGCATCTTCG
GCAAGGGCTGGCACAACTTCAGCGTGAAGCTGATGATGGAGCTGATCCCCGAGCTGTACGAGACCAGCGAGGAGCAGATGACCATCCTGACCCGCCT
GGGCAAGCAGAAGACCACCAGCAGCAGCAACAAGACCAAGTACATCGACGAGAAGCTGCTGACCGAGGAGATCTACAACCCCGTGGTGGCCAAGAGC
GTGCGCCAGGCCATCAAGATCGTGAACGCCGCCATCAAGGAGTACGGCGACTTCGACAACATCGTGATCGAGATGGCCCGCGAGACCAACGAGGACG
ACGAGAAGAAGGCCATCCAGAAGATCCAGAAGGCCAACAAGGACGAGAAGGACGCCGCCATGCTGAAGGCCGCCAACCAGTACAACGGCAAGGCCGA
GCTGCCCCACAGCGTGTTCCACGGCCACAAGCAGCTGGCCACCAAGATCCGCCTGTGGCACCAGCAGGGCGAGCGCTGCCTGTACACCGGCAAGACC
ATCAGCATCCACGACCTGATCAACAACAGCAACCAGTTCGAGGTGGCTGCCATCCTGCCCCTGAGCATCACCTTCGACGACAGCCTGGCCAACAAGG
TGCTGGTGTACGCCACCGCCGCTCAGGAGAAGGGCCAGCGCACCCCCTACCAGGCCCTGGACAGCATGGACGACGCCTGGAGCTTCCGCGAGCTGAA
GGCCTTCGTGCGCGAGAGCAAGACCCTGAGCAACAAGAAGAAGGAGTACCTGCTGACCGAGGAGGACATCAGCAAGTTCGACGTGCGCAAGAAGTTC
ATCGAGCGCAACCTGGTGGACACCCGCTACGCCAGCCGCGTGGTGCTGAACGCCCTGCAGGAGCACTTCCGCGCCCACAAGATCGACACCAAGGTGA
GCGTGGTGCGCGGCCAGTTCACCAGCCAGCTGCGCCGCCACTGGGGCATCGAGAAGACCCGCGACACCTACCACCACCACGCCGTGGACGCCCTGAT
CATTGCGGCTTCTAGCCAGCTGAACCTGTGGAAGAAGCAGAAGAACACCCTGGTGAGCTACAGCGAGGACCAGCTGCTGGACATCGAGACCGGCGAG
CTGATCAGCGACGACGAGTACAAGGAGAGCGTGTTCAAGGCCCCCTACCAGCACTTCGTGGACACCCTGAAGAGCAAGGAGTTCGAGGACAGCATCC
TGTTCAGCTACCAGGTGGACAGCAAGTTCAACCGCAAGATCAGCGACGCCACCATCTACGCCACCCGCCAGGCCAAGGTGGGCAAGGACAAGGCCGA
CGAGACCTACGTGCTGGGCAAGATCAAGGACATCTACACCCAGGACGGCTACGACGCCTTCATGAAGATCTACAAGAAGGACAAGAGCAAGTTCCTG
ATGTACCGCCACGACCCCCAGACCTTCGAGAAGGTGATCGAGCCCATCCTGGAGAACTACCCCAACAAGCAGATCAACGATAAAGGCAAGGAGGTGC
CCTGCAACCCCTTCCTGAAGTACAAGGAGGAGCACGGCTACATCCGCAAGTACAGCAAGAAGGGCAACGGCCCCGAGATCAAGAGCCTGAAGTACTA
CGACAGCAAGCTGGGCAACCACATCGACATCACCCCCAAGGACAGCAACAACAAGGTGGTGCTGCAGAGCGTGAGCCCCTGGCGCGCCGACGTGTAC
TTCAACAAGACCACCGGCAAGTACGAGATCCTGGGCCTGAAGTACGCCGACCTGCAGTTTGATAAGGGCACCGGCACCTACAAGATCAGCCAGGAGA
AGTACAACGACATCAAGAAGAAGGAGGGCGTGGACAGCGACAGCGAGTTCAAGTTCACCCTGTACAAGAACGACCTTCTGCTGGTGAAGGACACCGA
GACCAAGGAGCAACAGCTGTTCCGCTTCCTGAGCCGCACCATGCCCAAGCAGAAGCACTACGTGGAGCTGAAGCCCTACGACAAGCAGAAGTTCGAG
GGCGGCGAGGCCCTGATCAAGGTGCTGGGCAACGTGGCCAACAGCGGCCAGTGCAAGAAGGGCCTGGGCAAGAGCAACATCAGCATCTACAAGGTGC
GCACCGACGTGCTGGGCAACCAGCACATCATCAAGAACGAGGGCGACAAGCCCAAGCTGGACTTCTAA
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ATGGCCGCCTTCAAGCCCAACCCCATCAACTACATCCTGGGCCTGGACATCGGCATCGCCAGCGTGGGCTGGGCCATGGTGGAGATCGACGAGGACG
AGAACCCCATCTGCCTGATCGACCTGGGTGTGCGCGTGTTCGAGCGCGCTGAGGTGCCCAAGACTGGTGACAGTCTGGCTATGGCTCGCCGGCTTGC
TCGCTCTGTTCGGCGCCTTACTCGCCGGCGCGCTCACCGCCTTCTGCGCGCTCGCCGCCTGCTGAAGCGCGAGGGTGTGCTGCAGGCTGCCGACTTC
GACGAGAACGGCCTGATCAAGAGCCTGCCCAACACTCCTTGGCAGCTGCGCGCTGCCGCTCTGGACCGCAAGCTGACTCCTCTGGAGTGGAGCGCCG
TGCTGCTGCACCTGATCAAGCACCGCGGCTACCTGAGCCAGCGCAAGAACGAGGGCGAGACCGCCGACAAGGAGCTGGGTGCTCTGCTGAAGGGCGT
GGCCGACAACGCCCACGCCCTGCAGACTGGTGACTTCCGCACTCCTGCTGAGCTGGCCCTGAACAAGTTCGAGAAGGAGAGCGGCCACATCCGCAALC
CAGCGCGGCGACTACAGCCACACCTTCAGCCGCAAGGACCTGCAGGCCGAGCTGATCCTGCTGTTCGAGAAGCAGAAGGAGTTCGGCAACCCCCACG
TGAGCGGCGGCCTGAAGGAGGGCATCGAGACCCTGCTGATGACCCAGCGCCCCGCCCTGAGCGGCGACGCCGTGCAGAAGATGCTGGGCCACTGCAC
CTTCGAGCCAGCCGAGCCCAAGGCCGCCAAGAACACCTACACCGCCGAGCGCTTCATCTGGCTGACCAAGCTGAACAACCTGCGCATCCTGGAGCAG
GGCAGCGAGCGCCCCCTGACCGACACCGAGCGCGCCACCCTGATGGACGAGCCCTACCGCAAGAGCAAGCTGACCTACGCCCAGGCCCGCAAGCTGL
TGGGTCTGGAGGACACCGCCTTCTTCAAGGGCCTGCGCTACGGCAAGGACAACGCCGAGGCCAGCACCCTGATGGAGATGAAGGCCTACCACGCCAT
CAGCCGCGCCCTGGAGAAGGAGGGCCTGAAGGACAAGAAGAGTCCTCTGAACCTGAGCCCCGAGCTGCAGGACGAGATCGGCACCGCCTTCAGCCTG
TTCAAGACCGACGAGGACATCACCGGCCGCCTGAAGGACCGCATCCAGCCCGAGATCCTGGAGGCCCTGCTGAAGCACATCAGCTTCGACAAGTTCG
TGCAGATCAGCCTGAAGGCCCTGCGCCGCATCGTGCCCCTGATGGAGCAGGGCAAGCGCTACGACGAGGCCTGCGCCGAGATCTACGGCGACCACTA
CGGCAAGAAGAACACCGAGGAGAAGATCTACCTGCCTCCTATCCCCGCCGACGAGATCCGCAACCCCGTGGTGCTGCGCGCCCTGAGCCAGGCCCGC
AAGGTGATCAACGGCGTGGTGCGCCGCTACGGCAGCCCCGCCCGCATCCACATCGAGACCGCCCGCGAGGTGGGCAAGAGCTTCAAGGACCGCAAGG
AGATCGAGAAGCGCCAGGAGGAGAACCGCAAGGACCGCGAGAAGGCCGCCGCCAAGTTCCGCGAGTACTTCCCCAACTTCGTGGGCGAGCCCAAGAG
CAAGGACATCCTGAAGCTGCGCCTGTACGAGCAGCAGCACGGCAAGTGCCTGTACAGCGGCAAGGAGATCAACCTGGGCCGCCTGAACGAGAAGGGC
TACGTGGAGATCGACCACGCCCTGCCCTTCAGCCGCACCTGGGACGACAGCTTCAACAACAAGGTGCTGGTGCTGGGCAGCGAGAACCAGAACAAGG
GCAACCAGACCCCCTACGAGTACTTCAACGGCAAGGACAACAGCCGCGAGTGGCAGGAGTTCAAGGCCCGCGTGGAGACCAGCCGCTTCCCCCGCAG
CAAGAAGCAGCGCATCCTGCTGCAGAAGTTCGACGAGGACGGCTTCAAGGAGCGCAACCTGAACGACACCCGCTACGTGAACCGCTTCCTGTGCCAG
TTCGTGGCCGACCGCATGCGCCTGACCGGCAAGGGCAAGAAGCGCGTGTTCGCCAGCAACGGCCAGATCACCAACCTGCTGCGCGGCTTCTGGGGCC
TGCGCAAGGTGCGCGCCGAGAACGACCGCCACCACGCCCTGGACGCCGTGGTGGTGGCCTGCAGCACCGTGGCCATGCAGCAGAAGATCACCCGCTT
CGTGCGCTACAAGGAGATGAACGCCTTCGACGGTAAAACCATCGACAAGGAGACCGGCGAGGTGCTGCACCAGAAGACCCACTTCCCCCAGCCCTGG
GAGTTCTTCGCCCAGGAGGTGATGATCCGCGTGTTCGGCAAGCCCGACGGCAAGCCCGAGTTCGAGGAGGCCGACACCCCCGAGAAGCTGCGCACCC
TGCTGGCCGAGAAGCTGAGCAGCCGCCCTGAGGCCGTGCACGAGTACGTGACTCCTCTGTTCGTGAGCCGCGCCCCCAACCGCAAGATGAGCGGTCA
GGGTCACATGGAGACCGTGAAGAGCGCCAAGCGCCTGGACGAGGGCGTGAGCGTGCTGCGCGTGCCCCTGACCCAGCTGAAGCTGAAGGACCTGGAG
AAGATGGTGAACCGCGAGCGCGAGCCCAAGCTGTACGAGGCCCTGAAGGCCCGCCTGGAGGCCCACAAGGACGACCCCGCCAAGGCCTTCGCCGAGC
CCTTCTACAAGTACGACAAGGCCGGCAACCGCACCCAGCAGGTGAAGGCCGTGCGCGTGGAGCAGGTGCAGAAGACCGGCGTGTGGGTGCGCAACCA
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CAACGGCATCGCCGACAACGCCACCATGGTGCGCGTGGACGTGTTCGAGAAGGGCGACAAGTACTACCTGGTGCCCATCTACAGCTGGCAGGTGGCC
AAGGGCATCCTGCCCGACCGCGCCGTGGTGCAGGGCAAGGACGAGGAGGACTGGCAGCTGATCGACGACAGCTTCAACTTCAAGTTCAGCCTGCACC
CCAACGACCTGGTGGAGGTGATCACCAAGAAGGCCCGCATGTTCGGCTACTTCGCCAGCTGCCACCGCGGCACCGGCAACATCAACATCCGCATCCA
CGACCTGGACCACAAGATCGGCAAGAACGGCATCCTGGAGGGCATCGGCGTGAAGACCGCCCTGAGCTTCCAGAAGTACCAGATCGACGAGCTGGGC
AAGGAGATCCGCCCCTGCCGCCTGAAGAAGCGCCCTCCTGTGCGCTAA
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ATGGCCGCCTTCAAGCCCAACCCCATCAACTACATCCTGGGCCTGGCCATCGGCATCGCCAGCGTGGGCTGGGCCATGGTGGAGATCGACGAGGACG
AGAACCCCATCTGCCTGATCGACCTGGGTGTGCGCGTGTTCGAGCGCGCTGAGGTGCCCAAGACTGGTGACAGTCTGGCTATGGCTCGCCGGCTTGC
TCGCTCTGTTCGGCGCCTTACTCGCCGGCGCGCTCACCGCCTTCTGCGCGCTCGCCGCCTGCTGAAGCGCGAGGGTGTGCTGCAGGCTGCCGACTTC
GACGAGAACGGCCTGATCAAGAGCCTGCCCAACACTCCTTGGCAGCTGCGCGCTGCCGCTCTGGACCGCAAGCTGACTCCTCTGGAGTGGAGCGCCG
TGCTGCTGCACCTGATCAAGCACCGCGGCTACCTGAGCCAGCGCAAGAACGAGGGCGAGACCGCCGACAAGGAGCTGGGTGCTCTGCTGAAGGGCGT
GGCCGACAACGCCCACGCCCTGCAGACTGGTGACTTCCGCACTCCTGCTGAGCTGGCCCTGAACAAGTTCGAGAAGGAGAGCGGCCACATCCGCAAC
CAGCGCGGCGACTACAGCCACACCTTCAGCCGCAAGGACCTGCAGGCCGAGCTGATCCTGCTGTTCGAGAAGCAGAAGGAGTTCGGCAACCCCCACG
TGAGCGGCGGCCTGAAGGAGGGCATCGAGACCCTGCTGATGACCCAGCGCCCCGCCCTGAGCGGCGACGCCGTGCAGAAGATGCTGGGCCACTGCAC
CTTCGAGCCAGCCGAGCCCAAGGCCGCCAAGAACACCTACACCGCCGAGCGCTTCATCTGGCTGACCAAGCTGAACAACCTGCGCATCCTGGAGCAG
GGCAGCGAGCGCCCCCTGACCGACACCGAGCGCGCCACCCTGATGGACGAGCCCTACCGCAAGAGCAAGCTGACCTACGCCCAGGCCCGCAAGCTGC
TGGGTCTGGAGGACACCGCCTTCTTCAAGGGCCTGCGCTACGGCAAGGACAACGCCGAGGCCAGCACCCTGATGGAGATGAAGGCCTACCACGCCAT
CAGCCGCGCCCTGGAGAAGGAGGGCCTGAAGGACAAGAAGAGTCCTCTGAACCTGAGCCCCGAGCTGCAGGACGAGATCGGCACCGCCTTCAGCCTG
TTCAAGACCGACGAGGACATCACCGGCCGCCTGAAGGACCGCATCCAGCCCGAGATCCTGGAGGCCCTGCTGAAGCACATCAGCTTCGACAAGTTCG
TGCAGATCAGCCTGAAGGCCCTGCGCCGCATCGTGCCCCTGATGGAGCAGGGCAAGCGCTACGACGAGGCCTGCGCCGAGATCTACGGCGACCACTA
CGGCAAGAAGAACACCGAGGAGAAGATCTACCTGCCTCCTATCCCCGCCGACGAGATCCGCAACCCCGTGGTGCTGCGCGCCCTGAGCCAGGCLCLGC
AAGGTGATCAACGGCGTGGTGCGCCGCTACGGCAGCCCCGCCCGCATCCACATCGAGACCGCCCGCGAGGTGGGCAAGAGCTTCAAGGACCGCAAGG
AGATCGAGAAGCGCCAGGAGGAGAACCGCAAGGACCGCGAGAAGGCCGCCGCCAAGTTCCGCGAGTACTTCCCCAACTTCGTGGGCGAGCCCAAGAG
CAAGGACATCCTGAAGCTGCGCCTGTACGAGCAGCAGCACGGCAAGTGCCTGTACAGCGGCAAGGAGATCAACCTGGGCCGCCTGAACGAGAAGGGC
TACGTGGAGATCGCCGCTGCCCTGCCCTTCAGCCGCACCTGGGACGACAGCTTCAACAACAAGGTGCTGGTGCTGGGCAGCGAGGCTCAGAACAAGG
GCAACCAGACCCCCTACGAGTACTTCAACGGCAAGGACAACAGCCGCGAGTGGCAGGAGTTCAAGGCCCGCGTGGAGACCAGCCGCTTCCCCCGCAG
CAAGAAGCAGCGCATCCTGCTGCAGAAGTTCGACGAGGACGGCTTCAAGGAGCGCAACCTGAACGACACCCGCTACGTGAACCGCTTCCTGTGCCAG
TTCGTGGCCGACCGCATGCGCCTGACCGGCAAGGGCAAGAAGCGCGTGTTCGCCAGCAACGGCCAGATCACCAACCTGCTGCGCGGCTTCTGGGGCC
TGCGCAAGGTGCGCGCCGAGAACGACCGCCACCACGCCCTGGACGCCGTGGTGGTGGCCTGCAGCACCGTGGCCATGCAGCAGAAGATCACCCGCTT
CGTGCGCTACAAGGAGATGAACGCCTTCGACGGTAAAACCATCGACAAGGAGACCGGCGAGGTGCTGCACCAGAAGACCCACTTCCCCCAGCCCTGG
GAGTTCTTCGCCCAGGAGGTGATGATCCGCGTGTTCGGCAAGCCCGACGGCAAGCCCGAGTTCGAGGAGGCCGACACCCCCGAGAAGCTGCGCACCC
TGCTGGCCGAGAAGCTGAGCAGCCGCCCTGAGGCCGTGCACGAGTACGTGACTCCTCTGTTCGTGAGCCGCGCCCCCAACCGCAAGATGAGCGGTCA
GGGTCACATGGAGACCGTGAAGAGCGCCAAGCGCCTGGACGAGGGCGTGAGCGTGCTGCGCGTGCCCCTGACCCAGCTGAAGCTGAAGGACCTGGAG
AAGATGGTGAACCGCGAGCGCGAGCCCAAGCTGTACGAGGCCCTGAAGGCCCGCCTGGAGGCCCACAAGGACGACCCCGCCAAGGCCTTCGCCGAGC
CCTTCTACAAGTACGACAAGGCCGGCAACCGCACCCAGCAGGTGAAGGCCGTGCGCGTGGAGCAGGTGCAGAAGACCGGCGTGTGGGTGCGCAACCA
CAACGGCATCGCCGACAACGCCACCATGGTGCGCGTGGACGTGTTCGAGAAGGGCGACAAGTACTACCTGGTGCCCATCTACAGCTGGCAGGTGGCC
AAGGGCATCCTGCCCGACCGCGCCGTGGTGCAGGGCAAGGACGAGGAGGACTGGCAGCTGATCGACGACAGCTTCAACTTCAAGTTCAGCCTGCACC
CCAACGACCTGGTGGAGGTGATCACCAAGAAGGCCCGCATGTTCGGCTACTTCGCCAGCTGCCACCGCGGCACCGGCAACATCAACATCCGCATCCA
CGACCTGGACCACAAGATCGGCAAGAACGGCATCCTGGAGGGCATCGGCGTGAAGACCGCCCTGAGCTTCCAGAAGTACCAGATCGACGAGCTGGGC
AAGGAGATCCGCCCCTGCCGCCTGAAGAAGCGCCCTCCTGTGCGCTAA
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ATGAAGAAGGAGATCAAGGACTACTTCCTGGGCCTGGACGTGGGCACCGGCAGCGTGGGCTGGGCCGTGACCGACACCGACTACAAGCTGCTGAAGG
CCAACCGCAAGGACCTGTGGGGCATGCGCTGCTTCGAGACTGCTGAGACCGCCGAGGTGCGCCGGCTGCACCGCGGTGCTCGCCGGCGCATCGAGCG
CCGCAAGAAGCGCATCAAGCTGCTGCAGGAGCTGTTCAGCCAGGAGATCGCCAAGACCGACGAGGGCTTCTTCCAGCGCATGAAGGAGAGCCCCTTC
TACGCCGAGGACAAGACCATCCTGCAGGAGAACACCCTGTTCAACGACAAGGACTTCGCCGACAAGACCTACCACAAGGCCTACCCCACCATCAACC
ACCTGATCAAGGCCTGGATCGAGAACAAGGTGAAGCCCGACCCTCGCCTGCTGTACCTGGCCTGCCACAACATCATCAAGAAGCGCGGCCACTTCCT
GTTCGAGGGCGACTTCGACAGCGAGAACCAGTTCGACACCAGCATCCAGGCCCTGTTCGAGTACCTGCGCGAGGACATGGAGGTGGACATCGACGCC
GACAGCCAGAAGGTGAAGGAGATCCTGAAGGACAGCAGCCTGAAGAACAGCGAGAAGCAGAGCCGCCTGAACAAGATCCTGGGCCTGAAGCCCAGCG
ACAAGCAGAAGAAGGCCATCACCAACCTGATCAGCGGCAACAAGATCAACTTCGCCGACCTGTACGACAACCCCGACCTGAAGGACGCCGAGAAGAA
CAGCATCAGCTTCAGCAAGGACGACTTCGACGCCCTGAGCGACGACCTGGCCAGCATCCTGGGCGACAGCTTCGAGCTGCTGCTGAAGGCCAAGGCC
GTGTACAACTGCAGCGTGCTGAGCAAGGTGATCGGCGACGAGCAGTACCTGAGCTTCGCCAAGGTGAAGATCTACGAGAAGCACAAGACCGACCTTA
CCAAGCTGAAGAACGTGATCAAGAAGCACTTCCCCAAGGACTACAAGAAGGTGTTCGGCTACAACAAGAACGAGAAGAACAACAACAACTACAGCGG
CTACGTGGGCGTGTGCAAGACCAAGAGCAAGAAGCTGATCATCAACAACAGCGTGAACCAGGAGGACTTCTACAAGTTCCTGAAGACCATCCTGAGC
GCCAAGAGCGAGATCAAGGAGGTGAACGACATCCTGACCGAGATCGAGACCGGCACCTTCCTGCCCAAGCAGATCAGCAAGAGCAACGCCGAGATCC
CCTACCAGCTGCGCAAGATGGAGCTGGAGAAGATCCTGAGCAACGCCGAGAAGCACTTCAGCTTCCTGAAGCAGAAGGACGAGAAGGGCCTGAGCCA
CAGCGAGAAGATCATCATGCTGCTGACCTTCAAGATCCCCTACTACATCGGCCCCATCAACGACAACCACAAGAAGTTCTTCCCCGACCGCTGCTGG
GTGGTGAAGAAGGAGAAGAGCCCCAGCGGCAAGACCACCCCCTGGAACTTCTTCGACCACATCGACAAGGAGAAGACCGCCGAGGCCTTCATCACCA
GCCGCACCAACTTCTGCACATACCTGGTGGGCGAGAGCGTGCTGCCCAAGAGCAGCCTGCTGTACAGCGAGTACACCGTGCTGAACGAGATCAACAA
CCTGCAGATCATCATCGACGGCAAGAACATCTGCGACATCAAGCTGAAGCAGAAGATCTACGAGGACCTGTTCAAGAAGTACAAGAAGATCACCCAG
AAGCAGATCAGCACCTTCATCAAGCACGAGGGCATCTGCAACAAGACCGACGAGGTGATCATCCTGGGCATCGACAAGGAGTGCACCAGCAGCCTGA
AGAGCTACATCGAGCTGAAGAACATCTTCGGCAAGCAGGTGGACGAGATCAGCACCAAGAACATGCTGGAGGAGATCATCCGCTGGGCCACCATCTA
CGACGAGGGCGAGGGCAAGACCATCCTGAAGACCAAGATCAAGGCCGAGTACGGCAAGTACTGCAGCGACGAGCAGATCAAGAAGATCCTGAACCTG
AAGTTCAGCGGCTGGGGCCGCCTGAGCCGCAAGTTCCTGGAGACCGTGACCAGCGAGATGCCCGGCTTCAGCGAGCCCGTGAACATCATCACCGCCA
TGCGCGAGACCCAGAACAACCTGATGGAGCTGCTGAGCAGCGAGTTCACCTTCACCGAGAACATCAAGAAGATCAACAGCGGCTTCGAGGACGCCGA
GAAGCAGTTCAGCTACGACGGCCTGGTGAAGCCCCTGTTCCTGAGCCCCAGCGTGAAGAAGATGCTGTGGCAGACCCTGAAGCTGGTGAAGGAGATC
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AGCCACATCACCCAGGCTCCTCCTAAGAAGATCTTCATCGAGATGGCCAAGGGCGCCGAGCTGGAGCCTGCTCGCACCAAGACCCGCCTGAAGATCC
TGCAGGACCTGTACAACAACTGCAAGAACGACGCCGACGCATTCAGCAGCGAGATCAAGGACCTGAGCGGCAAGATCGAGAACGAGGACAACCTGCG
CCTGCGCAGCGACAAGCTGTACCTGTACTACACCCAGCTGGGCAAGTGCATGTACTGCGGCAAGCCCATCGAGATCGGCCACGTGTTCGACACCAGC
AACTACGACATCGACCACATCTACCCCCAGAGCAAGATCAAGGACGACAGCATCAGCAACCGCGTGCTGGTGTGCAGCAGCTGCAACAAGAACAAGG
AGGACAAGTACCCTCTGAAGAGCGAGATCCAGAGCAAGCAGCGCGGCTTCTGGAACTTCCTGCAGCGCAACAACTTCATCAGCCTGGAGAAGCTGAA
CCGCCTGACCCGCGCCACCCCCATCAGCGACGACGAGACCGCCAAGTTCATCGCCCGCCAGCTGGTGGAGACTCGCCAAGCTACCAAGGTGGCCGLC
AAGGTGCTGGAGAAGATGTTCCCCGAGACCAAGATCGTGTACAGCAAGGCCGAGACCGTGAGCATGTTCCGCAACAAGTTCGACATCGTGAAGTGCC
GCGAGATCAACGACTTCCACCACGCCCACGACGCCTACCTGAACATCGTGGTGGGCAACGTGTACAACACCAAGTTCACCAACAACCCCTGGAATTT
CATTAAGGAGAAGCGCGACAACCCCAAGATCGCCGACACCTACAACTACTACAAGGTGTTCGACTACGACGTGAAGCGCAACAACATCACCGCCTGG
GAGAAGGGCAAGACCATCATCACCGTGAAGGACATGCTGAAGCGCAACACCCCCATCTACACCCGCCAGGCCGCCTGCAAGAAGGGCGAGCTGTTCA
ACCAGACCATCATGAAGAAGGGCCTGGGCCAGCACCCCCTGAAGAAGGAGGGCCCCTTCAGCAACATCAGCAAGTACGGCGGCTACAACAAGGTGAG
CGCCGCCTACTACACCCTGATCGAGTACGAGGAGAAGGGCAACAAGATCCGCAGCCTGGAGACCATCCCCCTGTACCTGGTGAAGGACATCCAGAAG
GACCAGGACGTGCTGAAGAGCTACCTGACCGACCTGCTGGGCAAGAAGGAGTTCAAGATCCTGGTGCCCAAGATCAAGATCAACAGCCTGCTGAAGA
TCAACGGCTTCCCCTGCCACATCACCGGCAAGACCAACGACAGCTTCCTGCTGCGCCCCGCCGTGCAGTTCTGCTGCAGCAACAACGAGGTGCTGTA
CTTCAAGAAGATCATCCGCTTCAGCGAGATCCGCAGCCAGCGCGAGAAGATCGGCAAGACCATCAGCCCCTACGAGGACCTGAGCTTCCGCAGCTAC
ATCAAGGAGAACCTGTGGAAGAAGACCAAGAACGACGAGATCGGCGAGAAGGAGTTCTACGACCTGCTGCAGAAGAAGAACCTGGAGATCTACGACA
TGCTGCTGACCAAGCACAAGGACACCATCTACAAGAAGCGCCCCAACAGCGCCACCATCGACATCCTGGTGAAGGGCAAGGAGAAGTTCAAGAGCCT
GATCATCGAGAACCAGTTCGAGGTGATCCTGGAGATCCTGAAGCTGTTCAGCGCCACCCGCAACGTGAGCGACCTGCAGCACATCGGCGGCAGCAAG
TACAGCGGCGTGGCCAAGATCGGCAACAAGATCAGCAGCCTGGACAACTGCATCCTGATCTACCAGAGCATCACCGGCATCTTCGAGAAGCGCATCG
ACCTGCTGAAGGTGTAA
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ATGAAGAAGGAGATCAAGGACTACTTCCTGGGCCTGGCCGTGGGCACCGGCAGCGTGGGCTGGGCCGTGACCGACACCGACTACAAGCTGCTGAAGG
CCAACCGCAAGGACCTGTGGGGCATGCGCTGCTTCGAGACTGCTGAGACCGCCGAGGTGCGCCGGCTGCACCGCGGTGCTCGCCGGCGCATCGAGCG
CCGCAAGAAGCGCATCAAGCTGCTGCAGGAGCTGTTCAGCCAGGAGATCGCCAAGACCGACGAGGGCTTCTTCCAGCGCATGAAGGAGAGCCCCTTC
TACGCCGAGGACAAGACCATCCTGCAGGAGAACACCCTGTTCAACGACAAGGACTTCGCCGACAAGACCTACCACAAGGCCTACCCCACCATCAACC
ACCTGATCAAGGCCTGGATCGAGAACAAGGTGAAGCCCGACCCTCGCCTGCTGTACCTGGCCTGCCACAACATCATCAAGAAGCGCGGCCACTTCCT
GTTCGAGGGCGACTTCGACAGCGAGAACCAGTTCGACACCAGCATCCAGGCCCTGTTCGAGTACCTGCGCGAGGACATGGAGGTGGACATCGACGCC
GACAGCCAGAAGGTGAAGGAGATCCTGAAGGACAGCAGCCTGAAGAACAGCGAGAAGCAGAGCCGCCTGAACAAGATCCTGGGCCTGAAGCCCAGCG
ACAAGCAGAAGAAGGCCATCACCAACCTGATCAGCGGCAACAAGATCAACTTCGCCGACCTGTACGACAACCCCGACCTGAAGGACGCCGAGAAGAA
CAGCATCAGCTTCAGCAAGGACGACTTCGACGCCCTGAGCGACGACCTGGCCAGCATCCTGGGCGACAGCTTCGAGCTGCTGCTGAAGGCCAAGGCC
GTGTACAACTGCAGCGTGCTGAGCAAGGTGATCGGCGACGAGCAGTACCTGAGCTTCGCCAAGGTGAAGATCTACGAGAAGCACAAGACCGACCTTA
CCAAGCTGAAGAACGTGATCAAGAAGCACTTCCCCAAGGACTACAAGAAGGTGTTCGGCTACAACAAGAACGAGAAGAACAACAACAACTACAGCGG
CTACGTGGGCGTGTGCAAGACCAAGAGCAAGAAGCTGATCATCAACAACAGCGTGAACCAGGAGGACTTCTACAAGTTCCTGAAGACCATCCTGAGC
GCCAAGAGCGAGATCAAGGAGGTGAACGACATCCTGACCGAGATCGAGACCGGCACCTTCCTGCCCAAGCAGATCAGCAAGAGCAACGCCGAGATCC
CCTACCAGCTGCGCAAGATGGAGCTGGAGAAGATCCTGAGCAACGCCGAGAAGCACTTCAGCTTCCTGAAGCAGAAGGACGAGAAGGGCCTGAGCCA
CAGCGAGAAGATCATCATGCTGCTGACCTTCAAGATCCCCTACTACATCGGCCCCATCAACGACAACCACAAGAAGTTCTTCCCCGACCGCTGCTGG
GTGGTGAAGAAGGAGAAGAGCCCCAGCGGCAAGACCACCCCCTGGAACTTCTTCGACCACATCGACAAGGAGAAGACCGCCGAGGCCTTCATCACCA
GCCGCACCAACTTCTGCACATACCTGGTGGGCGAGAGCGTGCTGCCCAAGAGCAGCCTGCTGTACAGCGAGTACACCGTGCTGAACGAGATCAACAA
CCTGCAGATCATCATCGACGGCAAGAACATCTGCGACATCAAGCTGAAGCAGAAGATCTACGAGGACCTGTTCAAGAAGTACAAGAAGATCACCCAG
AAGCAGATCAGCACCTTCATCAAGCACGAGGGCATCTGCAACAAGACCGACGAGGTGATCATCCTGGGCATCGACAAGGAGTGCACCAGCAGCCTGA
AGAGCTACATCGAGCTGAAGAACATCTTCGGCAAGCAGGTGGACGAGATCAGCACCAAGAACATGCTGGAGGAGATCATCCGCTGGGCCACCATCTA
CGACGAGGGCGAGGGCAAGACCATCCTGAAGACCAAGATCAAGGCCGAGTACGGCAAGTACTGCAGCGACGAGCAGATCAAGAAGATCCTGAACCTG
AAGTTCAGCGGCTGGGGCCGCCTGAGCCGCAAGTTCCTGGAGACCGTGACCAGCGAGATGCCCGGCTTCAGCGAGCCCGTGAACATCATCACCGCCA
TGCGCGAGACCCAGAACAACCTGATGGAGCTGCTGAGCAGCGAGTTCACCTTCACCGAGAACATCAAGAAGATCAACAGCGGCTTCGAGGACGCCGA
GAAGCAGTTCAGCTACGACGGCCTGGTGAAGCCCCTGTTCCTGAGCCCCAGCGTGAAGAAGATGCTGTGGCAGACCCTGAAGCTGGTGAAGGAGATC
AGCCACATCACCCAGGCTCCTCCTAAGAAGATCTTCATCGAGATGGCCAAGGGCGCCGAGCTGGAGCCTGCTCGCACCAAGACCCGCCTGAAGATCC
TGCAGGACCTGTACAACAACTGCAAGAACGACGCCGACGCATTCAGCAGCGAGATCAAGGACCTGAGCGGCAAGATCGAGAACGAGGACAACCTGCG
CCTGCGCAGCGACAAGCTGTACCTGTACTACACCCAGCTGGGCAAGTGCATGTACTGCGGCAAGCCCATCGAGATCGGCCACGTGTTCGACACCAGC
AACTACGACATCGCTGCTATCTACCCCCAGAGCAAGATCAAGGACGACAGCATCAGCAACCGCGTGCTGGTGTGCAGCAGCTGCGCCAAGAACAAGG
AGGACAAGTACCCTCTGAAGAGCGAGATCCAGAGCAAGCAGCGCGGCTTCTGGAACTTCCTGCAGCGCAACAACTTCATCAGCCTGGAGAAGCTGAA
CCGCCTGACCCGCGCCACCCCCATCAGCGACGACGAGACCGCCAAGTTCATCGCCCGCCAGCTGGTGGAGACTCGCCAAGCTACCAAGGTGGCCGCC
AAGGTGCTGGAGAAGATGTTCCCCGAGACCAAGATCGTGTACAGCAAGGCCGAGACCGTGAGCATGTTCCGCAACAAGTTCGACATCGTGAAGTGCC
GCGAGATCAACGACTTCCACCACGCCCACGACGCCTACCTGAACATCGTGGTGGGCAACGTGTACAACACCAAGTTCACCAACAACCCCTGGAATTT
CATTAAGGAGAAGCGCGACAACCCCAAGATCGCCGACACCTACAACTACTACAAGGTGTTCGACTACGACGTGAAGCGCAACAACATCACCGCCTGG
GAGAAGGGCAAGACCATCATCACCGTGAAGGACATGCTGAAGCGCAACACCCCCATCTACACCCGCCAGGCCGCCTGCAAGAAGGGCGAGCTGTTCA
ACCAGACCATCATGAAGAAGGGCCTGGGCCAGCACCCCCTGAAGAAGGAGGGCCCCTTCAGCAACATCAGCAAGTACGGCGGCTACAACAAGGTGAG
CGCCGCCTACTACACCCTGATCGAGTACGAGGAGAAGGGCAACAAGATCCGCAGCCTGGAGACCATCCCCCTGTACCTGGTGAAGGACATCCAGAAG
GACCAGGACGTGCTGAAGAGCTACCTGACCGACCTGCTGGGCAAGAAGGAGTTCAAGATCCTGGTGCCCAAGATCAAGATCAACAGCCTGCTGAAGA
TCAACGGCTTCCCCTGCCACATCACCGGCAAGACCAACGACAGCTTCCTGCTGCGCCCCGCCGTGCAGTTCTGCTGCAGCAACAACGAGGTGCTGTA
CTTCAAGAAGATCATCCGCTTCAGCGAGATCCGCAGCCAGCGCGAGAAGATCGGCAAGACCATCAGCCCCTACGAGGACCTGAGCTTCCGCAGCTAC
ATCAAGGAGAACCTGTGGAAGAAGACCAAGAACGACGAGATCGGCGAGAAGGAGTTCTACGACCTGCTGCAGAAGAAGAACCTGGAGATCTACGACA
TGCTGCTGACCAAGCACAAGGACACCATCTACAAGAAGCGCCCCAACAGCGCCACCATCGACATCCTGGTGAAGGGCAAGGAGAAGTTCAAGAGCCT
GATCATCGAGAACCAGTTCGAGGTGATCCTGGAGATCCTGAAGCTGTTCAGCGCCACCCGCAACGTGAGCGACCTGCAGCACATCGGCGGCAGCAAG
TACAGCGGCGTGGCCAAGATCGGCAACAAGATCAGCAGCCTGGACAACTGCATCCTGATCTACCAGAGCATCACCGGCATCTTCGAGAAGCGCATCG
ACCTGCTGAAGGTGTAA
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Supplementary Note 4 | For the wild-type Cas9 two versions were created: one
bearing a single NLS on the C-term of the protein, and another bearing a 3XNLS on the
C-term of the protein. Both versions showed comparable activity, with the former used
for experiments in the manuscript.

Sequences of the nuclease-null Casg9_VP64 activator constructs are based on the
quadruple mutants detailed in the Online Methods. For each ortholog two versions were
created: one bearing a NLS on the C-term of the protein, and another bearing an NLS on
both the C-term and N-term of the protein. Both versions showed comparable activity,
with the former used for experiments in the manuscript.

(NLS and VP64 domains are highlighted).

>Cas9SP

gccaccATGGACAAGAAGTACTCCATTGGGCTCGATATCGGCACAAACAGCGTCGGCTGGGCCGTCATTACGGACGAGTACAAGGTGCCGAGCAAAA
AATTCAAAGTTCTGGGCAATACCGATCGCCACAGCATAAAGAAGAACCTCATTGGCGCCCTCCTGTTCGACTCCGGGGAGACGGCCGAAGCCACGCG
GCTCAAAAGAACAGCACGGCGCAGATATACCCGCAGAAAGAATCGGATCTGCTACCTGCAGGAGATCTTTAGTAATGAGATGGCTAAGGTGGATGAC
TCTTTCTTCCATAGGCTGGAGGAGTCCTTTTTGGTGGAGGAGGATAAAAAGCACGAGCGCCACCCAATCTTTGGCAATATCGTGGACGAGGTGGCGT
ACCATGAAAAGTACCCAACCATATATCATCTGAGGAAGAAGCTTGTAGACAGTACTGATAAGGCTGACTTGCGGTTGATCTATCTCGCGCTGGCGCA
TATGATCAAATTTCGGGGACACTTCCTCATCGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAAACTCTTTATCCAACTGGTTCAGACTTAC
AATCAGCTTTTCGAAGAGAACCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCAAATCCCGGCGGCTCGAAAACC
TCATCGCACAGCTCCCTGGGGAGAAGAAGAACGGCCTGTTTGGTAATCTTATCGCCCTGTCACTCGGGCTGACCCCCAACTTTAAATCTAACTTCGA
CCTGGCCGAAGATGCCAAGCTTCAACTGAGCAAAGACACCTACGATGATGATCTCGACAATCTGCTGGCCCAGATCGGCGACCAGTACGCAGACCTT
TTTTTGGCGGCAAAGAACCTGTCAGACGCCATTCTGCTGAGTGATATTCTGCGAGTGAACACGGAGATCACCAAAGCTCCGCTGAGCGCTAGTATGA
TCAAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGAAGGCCCTTGTCAGACAGCAACTGCCTGAGAAGTACAAGGAAATTTTCTTCGATCA
GTCTAAAAATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCAGGAGGAATTTTACAAATTTATTAAGCCCATCTTGGAAAAAATGGACGGCACC
GAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAAACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGATTCACCTGGGCGAAC
TGCACGCTATCCTCAGGCGGCAAGAGGATTTCTACCCCTTTTTGAAAGATAACAGGGAAAAGATTGAGAAAATCCTCACATTTCGGATACCCTACTA
TGTAGGCCCCCTCGCCCGGGGAAATTCCAGATTCGCGTGGATGACTCGCAAATCAGAAGAGACCATCACTCCCTGGAACTTCGAGGAAGTCGTGGAT
AAGGGGGCCTCTGCCCAGTCCTTCATCGAAAGGATGACTAACTTTGATAAAAATCTGCCTAACGAAAAGGTGCTTCCTAAACACTCTCTGCTGTACG
AGTACTTCACAGTTTATAACGAGCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGCCAGCATTCCTGTCTGGAGAGCAGAAGAAAGCTAT
CGTGGACCTCCTCTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGAAGACTATTTCAAAAAGATTGAATGTTTCGACTCTGTTGAAATC
AGCGGAGTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAATCATTAAAGACAAGGACTTCCTGGACAATGAGGAGAACG
AGGACATTCTTGAGGACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGAGATGATTGAAGAACGCTTGAAAACTTACGCTCATCTCTTCGACGA
CAAAGTCATGAAACAGCTCAAGAGGCGCCGATATACAGGATGGGGGCGGCTGTCAAGAAAACTGATCAATGGGATCCGAGACAAGCAGAGTGGAAAG
ACAATCCTGGATTTTCTTAAGTCCGATGGATTTGCCAACCGGAACTTCATGCAGTTGATCCATGATGACTCTCTCACCTTTAAGGAGGACATCCAGA
AAGCACAAGTTTCTGGCCAGGGGGACAGTCTTCACGAGCACATCGCTAATCTTGCAGGTAGCCCAGCTATCAAAAAGGGAATACTGCAGACCGTTAA
GGTCGTGGATGAACTCGTCAAAGTAATGGGAAGGCATAAGCCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAAACTACCCAGAAGGGACAG
AAGAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAAATCCTTAAGGAACACCCAGTTGAAAACACCCAGCTTC
AGAATGAGAAGCTCTACCTGTACTACCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAACTGGACATCAATCGGCTCTCCGACTACGACGTGGA
TCATATCGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTGATAATAAAGTGTTGACAAGATCCGATAAAAATAGAGGGAAGAGTGATAACGTCCCC
TCAGAAGAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCACACAACGGAAGTTCGATAATCTGACTAAGGCTG
AACGAGGTGGCCTGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATCACCAAGCACGTGGCCCAAATTCTCGA
TTCACGCATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGGTGAAAGTTATTACTCTGAAGTCTAAGCTGGTCTCAGATTTCAGAAAG
GACTTTCAGTTTTATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGAATGCAGTGGTAGGCACTGCACTTATCAAAAAAT
ATCCCAAGCTTGAATCTGAATTTGTTTACGGAGACTATAAAGTGTACGATGTTAGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCAC
CGCTAAGTACTTCTTTTACAGCAATATTATGAATTTTTTCAAGACCGAGATTACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATCGAAACA
AACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCCTGTCCATGCCGCAGGTGAACATCGTTAAAAAGA
CCGAAGTACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCGACAAGCTGATCGCACGCAAAAAAGATTGGGACCCCAAGAA
ATACGGCGGATTCGATTCTCCTACAGTCGCTTACAGTGTACTGGTTGTGGCCAAAGTGGAGAAAGGGAAGTCTAAAAAACTCAAAAGCGTCAAGGAA
CTGCTGGGCATCACAATCATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTTCTCGAGGCGAAAGGATATAAAGAGGTCAAAAAAGACCTCA
TCATTAAGCTTCCCAAGTACTCTCTCTTTGAGCTTGAAAACGGCCGGAAACGAATGCTCGCTAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGC
ACTGCCCTCTAAATACGTTAATTTCTTGTATCTGGCCAGCCACTATGAAAAGCTCAAAGGGTCTCCCGAAGATAATGAGCAGAAGCAGCTGTTCGTG
GAACAACACAAACACTACCTTGATGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCCTCGCCGACGCTAACCTCGATAAGGTGCTTT
CTGCTTACAATAAGCACAGGGATAAGCCCATCAGGGAGCAGGCAGAAAACATTATCCACTTGTTTACTCTGACCAACTTGGGCGCGCCTGCAGCCTT
CAAGTACTTCGACACCACCATAGACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGCCACACTGATTCATCAGTCAATTACGGGGCTCTAT
GAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACAGCAGGGCTGACCCCAAGAAGAAGAGGAAGGTGTGA

>Cas9SP3XNLS

gccaccATGGACAAGAAGTACTCCATTGGGCTCGATATCGGCACAAACAGCGTCGGCTGGGCCGTCATTACGGACGAGTACAAGGTGCCGAGCAAAA
AATTCAAAGTTCTGGGCAATACCGATCGCCACAGCATAAAGAAGAACCTCATTGGCGCCCTCCTGTTCGACTCCGGGGAGACGGCCGAAGCCACGCG
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GCTCAAAAGAACAGCACGGCGCAGATATACCCGCAGAAAGAATCGGATCTGCTACCTGCAGGAGATCTTTAGTAATGAGATGGCTAAGGTGGATGAC
TCTTTCTTCCATAGGCTGGAGGAGTCCTTTTTGGTGGAGGAGGATAAAAAGCACGAGCGCCACCCAATCTTTGGCAATATCGTGGACGAGGTGGCGT
ACCATGAAAAGTACCCAACCATATATCATCTGAGGAAGAAGCTTGTAGACAGTACTGATAAGGCTGACTTGCGGTTGATCTATCTCGCGCTGGCGCA
TATGATCAAATTTCGGGGACACTTCCTCATCGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAAACTCTTTATCCAACTGGTTCAGACTTAC
AATCAGCTTTTCGAAGAGAACCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCAAATCCCGGCGGCTCGAAAACC
TCATCGCACAGCTCCCTGGGGAGAAGAAGAACGGCCTGTTTGGTAATCTTATCGCCCTGTCACTCGGGCTGACCCCCAACTTTAAATCTAACTTCGA
CCTGGCCGAAGATGCCAAGCTTCAACTGAGCAAAGACACCTACGATGATGATCTCGACAATCTGCTGGCCCAGATCGGCGACCAGTACGCAGACCTT
TTTTTGGCGGCAAAGAACCTGTCAGACGCCATTCTGCTGAGTGATATTCTGCGAGTGAACACGGAGATCACCAAAGCTCCGCTGAGCGCTAGTATGA
TCAAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGAAGGCCCTTGTCAGACAGCAACTGCCTGAGAAGTACAAGGAAATTTTCTTCGATCA
GTCTAAAAATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCAGGAGGAATTTTACAAATTTATTAAGCCCATCTTGGAAAAAATGGACGGCACC
GAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAAACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGATTCACCTGGGCGAAC
TGCACGCTATCCTCAGGCGGCAAGAGGATTTCTACCCCTTTTTGAAAGATAACAGGGAAAAGATTGAGAAAATCCTCACATTTCGGATACCCTACTA
TGTAGGCCCCCTCGCCCGGGGAAATTCCAGATTCGCGTGGATGACTCGCAAATCAGAAGAGACCATCACTCCCTGGAACTTCGAGGAAGTCGTGGAT
AAGGGGGCCTCTGCCCAGTCCTTCATCGAAAGGATGACTAACTTTGATAAAAATCTGCCTAACGAAAAGGTGCTTCCTAAACACTCTCTGCTGTACG
AGTACTTCACAGTTTATAACGAGCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGCCAGCATTCCTGTCTGGAGAGCAGAAGAAAGCTAT
CGTGGACCTCCTCTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGAAGACTATTTCAAAAAGATTGAATGTTTCGACTCTGTTGAAATC
AGCGGAGTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAATCATTAAAGACAAGGACTTCCTGGACAATGAGGAGAACG
AGGACATTCTTGAGGACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGAGATGATTGAAGAACGCTTGAAAACTTACGCTCATCTCTTCGACGA
CAAAGTCATGAAACAGCTCAAGAGGCGCCGATATACAGGATGGGGGCGGCTGTCAAGAAAACTGATCAATGGGATCCGAGACAAGCAGAGTGGAAAG
ACAATCCTGGATTTTCTTAAGTCCGATGGATTTGCCAACCGGAACTTCATGCAGTTGATCCATGATGACTCTCTCACCTTTAAGGAGGACATCCAGA
AAGCACAAGTTTCTGGCCAGGGGGACAGTCTTCACGAGCACATCGCTAATCTTGCAGGTAGCCCAGCTATCAAAAAGGGAATACTGCAGACCGTTAA
GGTCGTGGATGAACTCGTCAAAGTAATGGGAAGGCATAAGCCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAAACTACCCAGAAGGGACAG
AAGAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAAATCCTTAAGGAACACCCAGTTGAAAACACCCAGCTTC
AGAATGAGAAGCTCTACCTGTACTACCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAACTGGACATCAATCGGCTCTCCGACTACGACGTGGA
TCATATCGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTGATAATAAAGTGTTGACAAGATCCGATAAAAATAGAGGGAAGAGTGATAACGTCCCC
TCAGAAGAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCACACAACGGAAGTTCGATAATCTGACTAAGGCTG
AACGAGGTGGCCTGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATCACCAAGCACGTGGCCCAAATTCTCGA
TTCACGCATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGGTGAAAGTTATTACTCTGAAGTCTAAGCTGGTCTCAGATTTCAGAAAG
GACTTTCAGTTTTATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGAATGCAGTGGTAGGCACTGCACTTATCAAAAAAT
ATCCCAAGCTTGAATCTGAATTTGTTTACGGAGACTATAAAGTGTACGATGTTAGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCAC
CGCTAAGTACTTCTTTTACAGCAATATTATGAATTTTTTCAAGACCGAGATTACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATCGAAACA
AACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCCTGTCCATGCCGCAGGTGAACATCGTTAAAAAGA
CCGAAGTACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCGACAAGCTGATCGCACGCAAAAAAGATTGGGACCCCAAGAA
ATACGGCGGATTCGATTCTCCTACAGTCGCTTACAGTGTACTGGTTGTGGCCAAAGTGGAGAAAGGGAAGTCTAAAAAACTCAAAAGCGTCAAGGAA
CTGCTGGGCATCACAATCATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTTCTCGAGGCGAAAGGATATAAAGAGGTCAAAAAAGACCTCA
TCATTAAGCTTCCCAAGTACTCTCTCTTTGAGCTTGAAAACGGCCGGAAACGAATGCTCGCTAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGC
ACTGCCCTCTAAATACGTTAATTTCTTGTATCTGGCCAGCCACTATGAAAAGCTCAAAGGGTCTCCCGAAGATAATGAGCAGAAGCAGCTGTTCGTG
GAACAACACAAACACTACCTTGATGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCCTCGCCGACGCTAACCTCGATAAGGTGCTTT
CTGCTTACAATAAGCACAGGGATAAGCCCATCAGGGAGCAGGCAGAAAACATTATCCACTTGTTTACTCTGACCAACTTGGGCGCGCCTGCAGCCTT
CAAGTACTTCGACACCACCATAGACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGCCACACTGATTCATCAGTCAATTACGGGGCTCTAT
GAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACGCGGCCGCAGATCCAAAAAAGAAGAGAAAGGTAGATCCAAAAAAGAAGAGAAAGGTAGATC
CAAAAAAGAAGAGAAAGGTAGATACGGCCGCATAG

SP VP64
>Cas9 4

gccaccATGGACAAGAAGTACTCCATTGGGCTCGCTATCGGCACAAACAGCGTCGGCTGGGCCGTCATTACGGACGAGTACAAGGTGCCGAGCAAAA
AATTCAAAGTTCTGGGCAATACCGATCGCCACAGCATAAAGAAGAACCTCATTGGCGCCCTCCTGTTCGACTCCGGGGAGACGGCCGAAGCCACGCG
GCTCAAAAGAACAGCACGGCGCAGATATACCCGCAGAAAGAATCGGATCTGCTACCTGCAGGAGATCTTTAGTAATGAGATGGCTAAGGTGGATGAC
TCTTTCTTCCATAGGCTGGAGGAGTCCTTTTTGGTGGAGGAGGATAAAAAGCACGAGCGCCACCCAATCTTTGGCAATATCGTGGACGAGGTGGCGT
ACCATGAAAAGTACCCAACCATATATCATCTGAGGAAGAAGCTTGTAGACAGTACTGATAAGGCTGACTTGCGGTTGATCTATCTCGCGCTGGCGCA
TATGATCAAATTTCGGGGACACTTCCTCATCGAGGGGGACCTGAACCCAGACAACAGCGATGTCGACAAACTCTTTATCCAACTGGTTCAGACTTAC
AATCAGCTTTTCGAAGAGAACCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCTGAGCGCTAGGCTGTCCAAATCCCGGCGGCTCGAAAACC
TCATCGCACAGCTCCCTGGGGAGAAGAAGAACGGCCTGTTTGGTAATCTTATCGCCCTGTCACTCGGGCTGACCCCCAACTTTAAATCTAACTTCGA
CCTGGCCGAAGATGCCAAGCTTCAACTGAGCAAAGACACCTACGATGATGATCTCGACAATCTGCTGGCCCAGATCGGCGACCAGTACGCAGACCTT
TTTTTGGCGGCAAAGAACCTGTCAGACGCCATTCTGCTGAGTGATATTCTGCGAGTGAACACGGAGATCACCAAAGCTCCGCTGAGCGCTAGTATGA
TCAAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGAAGGCCCTTGTCAGACAGCAACTGCCTGAGAAGTACAAGGAAATTTTCTTCGATCA
GTCTAAAAATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCAGGAGGAATTTTACAAATTTATTAAGCCCATCTTGGAAAAAATGGACGGCACC
GAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAAACAGCGCACTTTCGACAATGGAAGCATCCCCCACCAGATTCACCTGGGCGAAC
TGCACGCTATCCTCAGGCGGCAAGAGGATTTCTACCCCTTTTTGAAAGATAACAGGGAAAAGATTGAGAAAATCCTCACATTTCGGATACCCTACTA
TGTAGGCCCCCTCGCCCGGGGAAATTCCAGATTCGCGTGGATGACTCGCAAATCAGAAGAGACCATCACTCCCTGGAACTTCGAGGAAGTCGTGGAT
AAGGGGGCCTCTGCCCAGTCCTTCATCGAAAGGATGACTAACTTTGATAAAAATCTGCCTAACGAAAAGGTGCTTCCTAAACACTCTCTGCTGTACG
AGTACTTCACAGTTTATAACGAGCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGCCAGCATTCCTGTCTGGAGAGCAGAAGAAAGCTAT
CGTGGACCTCCTCTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGAAGACTATTTCAAAAAGATTGAATGTTTCGACTCTGTTGAAATC
AGCGGAGTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAATCATTAAAGACAAGGACTTCCTGGACAATGAGGAGAACG
AGGACATTCTTGAGGACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGAGATGATTGAAGAACGCTTGAAAACTTACGCTCATCTCTTCGACGA
CAAAGTCATGAAACAGCTCAAGAGGCGCCGATATACAGGATGGGGGCGGCTGTCAAGAAAACTGATCAATGGGATCCGAGACAAGCAGAGTGGAAAG
ACAATCCTGGATTTTCTTAAGTCCGATGGATTTGCCAACCGGAACTTCATGCAGTTGATCCATGATGACTCTCTCACCTTTAAGGAGGACATCCAGA
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AAGCACAAGTTTCTGGCCAGGGGGACAGTCTTCACGAGCACATCGCTAATCTTGCAGGTAGCCCAGCTATCAAAAAGGGAATACTGCAGACCGTTAA
GGTCGTGGATGAACTCGTCAAAGTAATGGGAAGGCATAAGCCCGAGAATATCGTTATCGAGATGGCCCGAGAGAACCAAACTACCCAGAAGGGACAG
AAGAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAAATCCTTAAGGAACACCCAGTTGAAAACACCCAGCTTC
AGAATGAGAAGCTCTACCTGTACTACCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAACTGGACATCAATCGGCTCTCCGACTACGACGTGGC
TGCTATCGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTGATAATAAAGTGTTGACAAGATCCGATAAAGCTAGAGGGAAGAGTGATAACGTCCCC
TCAGAAGAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCACACAACGGAAGTTCGATAATCTGACTAAGGCTG
AACGAGGTGGCCTGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACGCCAGATCACCAAGCACGTGGCCCAAATTCTCGA
TTCACGCATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGGTGAAAGTTATTACTCTGAAGTCTAAGCTGGTCTCAGATTTCAGAAAG
GACTTTCAGTTTTATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGAATGCAGTGGTAGGCACTGCACTTATCAAAAAAT
ATCCCAAGCTTGAATCTGAATTTGTTTACGGAGACTATAAAGTGTACGATGTTAGGAAAATGATCGCAAAGTCTGAGCAGGAAATAGGCAAGGCCAC
CGCTAAGTACTTCTTTTACAGCAATATTATGAATTTTTTCAAGACCGAGATTACACTGGCCAATGGAGAGATTCGGAAGCGACCACTTATCGAAACA
AACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCCTGTCCATGCCGCAGGTGAACATCGTTAAAAAGA
CCGAAGTACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCGACAAGCTGATCGCACGCAAAAAAGATTGGGACCCCAAGAA
ATACGGCGGATTCGATTCTCCTACAGTCGCTTACAGTGTACTGGTTGTGGCCAAAGTGGAGAAAGGGAAGTCTAAAAAACTCAAAAGCGTCAAGGAA
CTGCTGGGCATCACAATCATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTTCTCGAGGCGAAAGGATATAAAGAGGTCAAAAAAGACCTCA
TCATTAAGCTTCCCAAGTACTCTCTCTTTGAGCTTGAAAACGGCCGGAAACGAATGCTCGCTAGTGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGC
ACTGCCCTCTAAATACGTTAATTTCTTGTATCTGGCCAGCCACTATGAAAAGCTCAAAGGGTCTCCCGAAGATAATGAGCAGAAGCAGCTGTTCGTG
GAACAACACAAACACTACCTTGATGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGATCCTCGCCGACGCTAACCTCGATAAGGTGCTTT
CTGCTTACAATAAGCACAGGGATAAGCCCATCAGGGAGCAGGCAGAAAACATTATCCACTTGTTTACTCTGACCAACTTGGGCGCGCCTGCAGCCTT
CAAGTACTTCGACACCACCATAGACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGCCACACTGATTCATCAGTCAATTACGGGGCTCTAT
GAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACAGCAGGGCTGACCCCAAGAAGAAGAGGAAGGTGGAGGCCAGCGGTTCCGGACGGGCTGACG
CATTGGACGATTTTGATCTGGATATGCTGGGAAGTGACGCCCTCGATGATTTTGACCTTGACATGCTTGGTTCGGATGCCCTTGATGACTTTGACCT
CGACATGCTCGGCAGTGACGCCCTTGATGATTTCGACCTGGACATGCTGATTAACTCTAGATGA

SP VP64
>Cas9 4 N

gccaccATGCCCAAGAAGAAGAGGAAGGTGGGAAGGGGGATGGACAAGAAGTACTCCATTGGGCTCGCTATCGGCACAAACAGCGTCGGCTGGGCCG
TCATTACGGACGAGTACAAGGTGCCGAGCAAAAAATTCAAAGTTCTGGGCAATACCGATCGCCACAGCATAAAGAAGAACCTCATTGGCGCCCTCCT
GTTCGACTCCGGGGAGACGGCCGAAGCCACGCGGCTCAAAAGAACAGCACGGCGCAGATATACCCGCAGAAAGAATCGGATCTGCTACCTGCAGGAG
ATCTTTAGTAATGAGATGGCTAAGGTGGATGACTCTTTCTTCCATAGGCTGGAGGAGTCCTTTTTGGTGGAGGAGGATAAAAAGCACGAGCGCCACC
CAATCTTTGGCAATATCGTGGACGAGGTGGCGTACCATGAAAAGTACCCAACCATATATCATCTGAGGAAGAAGCTTGTAGACAGTACTGATAAGGC
TGACTTGCGGTTGATCTATCTCGCGCTGGCGCATATGATCAAATTTCGGGGACACTTCCTCATCGAGGGGGACCTGAACCCAGACAACAGCGATGTC
GACAAACTCTTTATCCAACTGGTTCAGACTTACAATCAGCTTTTCGAAGAGAACCCGATCAACGCATCCGGAGTTGACGCCAAAGCAATCCTGAGCG
CTAGGCTGTCCAAATCCCGGCGGCTCGAAAACCTCATCGCACAGCTCCCTGGGGAGAAGAAGAACGGCCTGTTTGGTAATCTTATCGCCCTGTCACT
CGGGCTGACCCCCAACTTTAAATCTAACTTCGACCTGGCCGAAGATGCCAAGCTTCAACTGAGCAAAGACACCTACGATGATGATCTCGACAATCTG
CTGGCCCAGATCGGCGACCAGTACGCAGACCTTTTTTTGGCGGCAAAGAACCTGTCAGACGCCATTCTGCTGAGTGATATTCTGCGAGTGAACACGG
AGATCACCAAAGCTCCGCTGAGCGCTAGTATGATCAAGCGCTATGATGAGCACCACCAAGACTTGACTTTGCTGAAGGCCCTTGTCAGACAGCAACT
GCCTGAGAAGTACAAGGAAATTTTCTTCGATCAGTCTAAAAATGGCTACGCCGGATACATTGACGGCGGAGCAAGCCAGGAGGAATTTTACAAATTT
ATTAAGCCCATCTTGGAAAAAATGGACGGCACCGAGGAGCTGCTGGTAAAGCTTAACAGAGAAGATCTGTTGCGCAAACAGCGCACTTTCGACAATG
GAAGCATCCCCCACCAGATTCACCTGGGCGAACTGCACGCTATCCTCAGGCGGCAAGAGGATTTCTACCCCTTTTTGAAAGATAACAGGGAAAAGAT
TGAGAAAATCCTCACATTTCGGATACCCTACTATGTAGGCCCCCTCGCCCGGGGAAATTCCAGATTCGCGTGGATGACTCGCAAATCAGAAGAGACC
ATCACTCCCTGGAACTTCGAGGAAGTCGTGGATAAGGGGGCCTCTGCCCAGTCCTTCATCGAAAGGATGACTAACTTTGATAAAAATCTGCCTAACG
AAAAGGTGCTTCCTAAACACTCTCTGCTGTACGAGTACTTCACAGTTTATAACGAGCTCACCAAGGTCAAATACGTCACAGAAGGGATGAGAAAGCC
AGCATTCCTGTCTGGAGAGCAGAAGAAAGCTATCGTGGACCTCCTCTTCAAGACGAACCGGAAAGTTACCGTGAAACAGCTCAAAGAAGACTATTTC
AAAAAGATTGAATGTTTCGACTCTGTTGAAATCAGCGGAGTGGAGGATCGCTTCAACGCATCCCTGGGAACGTATCACGATCTCCTGAAAATCATTA
AAGACAAGGACTTCCTGGACAATGAGGAGAACGAGGACATTCTTGAGGACATTGTCCTCACCCTTACGTTGTTTGAAGATAGGGAGATGATTGAAGA
ACGCTTGAAAACTTACGCTCATCTCTTCGACGACAAAGTCATGAAACAGCTCAAGAGGCGCCGATATACAGGATGGGGGCGGCTGTCAAGAAAACTG
ATCAATGGGATCCGAGACAAGCAGAGTGGAAAGACAATCCTGGATTTTCTTAAGTCCGATGGATTTGCCAACCGGAACTTCATGCAGTTGATCCATG
ATGACTCTCTCACCTTTAAGGAGGACATCCAGAAAGCACAAGTTTCTGGCCAGGGGGACAGTCTTCACGAGCACATCGCTAATCTTGCAGGTAGCCC
AGCTATCAAAAAGGGAATACTGCAGACCGTTAAGGTCGTGGATGAACTCGTCAAAGTAATGGGAAGGCATAAGCCCGAGAATATCGTTATCGAGATG
GCCCGAGAGAACCAAACTACCCAGAAGGGACAGAAGAACAGTAGGGAAAGGATGAAGAGGATTGAAGAGGGTATAAAAGAACTGGGGTCCCAAATCC
TTAAGGAACACCCAGTTGAAAACACCCAGCTTCAGAATGAGAAGCTCTACCTGTACTACCTGCAGAACGGCAGGGACATGTACGTGGATCAGGAACT
GGACATCAATCGGCTCTCCGACTACGACGTGGCTGCTATCGTGCCCCAGTCTTTTCTCAAAGATGATTCTATTGATAATAAAGTGTTGACAAGATCC
GATAAAQCTAGAGGGAAGAGTGATAACGTCCCCTCAGAAGAAGTTGTCAAGAAAATGAAAAATTATTGGCGGCAGCTGCTGAACGCCAAACTGATCA
CACAACGGAAGTTCGATAATCTGACTAAGGCTGAACGAGGTGGCCTGTCTGAGTTGGATAAAGCCGGCTTCATCAAAAGGCAGCTTGTTGAGACACG
CCAGATCACCAAGCACGTGGCCCAAATTCTCGATTCACGCATGAACACCAAGTACGATGAAAATGACAAACTGATTCGAGAGGTGAAAGTTATTACT
CTGAAGTCTAAGCTGGTCTCAGATTTCAGAAAGGACTTTCAGTTTTATAAGGTGAGAGAGATCAACAATTACCACCATGCGCATGATGCCTACCTGA
ATGCAGTGGTAGGCACTGCACTTATCAAAAAATATCCCAAGCTTGAATCTGAATTTGTTTACGGAGACTATAAAGTGTACGATGTTAGGAAAATGAT
CGCAAAGTCTGAGCAGGAAATAGGCAAGGCCACCGCTAAGTACTTCTTTTACAGCAATATTATGAATTTTTTCAAGACCGAGATTACACTGGCCAAT
GGAGAGATTCGGAAGCGACCACTTATCGAAACAAACGGAGAAACAGGAGAAATCGTGTGGGACAAGGGTAGGGATTTCGCGACAGTCCGGAAGGTCC
TGTCCATGCCGCAGGTGAACATCGTTAAAAAGACCGAAGTACAGACCGGAGGCTTCTCCAAGGAAAGTATCCTCCCGAAAAGGAACAGCGACAAGCT
GATCGCACGCAAAAAAGATTGGGACCCCAAGAAATACGGCGGATTCGATTCTCCTACAGTCGCTTACAGTGTACTGGTTGTGGCCAAAGTGGAGAAA
GGGAAGTCTAAAAAACTCAAAAGCGTCAAGGAACTGCTGGGCATCACAATCATGGAGCGATCAAGCTTCGAAAAAAACCCCATCGACTTTCTCGAGG
CGAAAGGATATAAAGAGGTCAAAAAAGACCTCATCATTAAGCTTCCCAAGTACTCTCTCTTTGAGCTTGAAAACGGCCGGAAACGAATGCTCGCTAG
TGCGGGCGAGCTGCAGAAAGGTAACGAGCTGGCACTGCCCTCTAAATACGTTAATTTCTTGTATCTGGCCAGCCACTATGAAAAGCTCAAAGGGTCT
CCCGAAGATAATGAGCAGAAGCAGCTGTTCGTGGAACAACACAAACACTACCTTGATGAGATCATCGAGCAAATAAGCGAATTCTCCAAAAGAGTGA
TCCTCGCCGACGCTAACCTCGATAAGGTGCTTTCTGCTTACAATAAGCACAGGGATAAGCCCATCAGGGAGCAGGCAGAAAACATTATCCACTTGTT
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TACTCTGACCAACTTGGGCGCGCCTGCAGCCTTCAAGTACTTCGACACCACCATAGACAGAAAGCGGTACACCTCTACAAAGGAGGTCCTGGACGCC
ACACTGATTCATCAGTCAATTACGGGGCTCTATGAAACAAGAATCGACCTCTCTCAGCTCGGTGGAGACAGCAGGGCTGACCCCAAGAAGAAGAGGA
AGGTGGAGGCCAGCGGTTCCGGACGGGCTGACGCATTGGACGATTTTGATCTGGATATGCTGGGAAGTGACGCCCTCGATGATTTTGACCTTGACAT
GCTTGGTTCGGATGCCCTTGATGACTTTGACCTCGACATGCTCGGCAGTGACGCCCTTGATGATTTCGACCTGGACATGCTGATTAACTCTAGATGA

>Cas9STl

gccaccATGAGCGACCTGGTGCTGGGCCTGGACATCGGCATCGGCAGCGTGGGCGTGGGCATCCTGAACAAGGTGACCGGCGAGATCATCCACAAGA
ACAGTCGCATCTTCCCTGCTGCTCAGGCTGAGAACAACCTGGTGCGCCGCACCAACCGCCAGGGTCGCCGGCTTGCTCGCCGCAAGAAGCACCGGCG
CGTGCGCCTGAACCGCCTGTTCGAGGAGAGCGGCCTGATCACCGACTTCACCAAGATCAGCATCAACCTGAACCCCTACCAGCTGCGCGTGAAGGGC
CTGACCGACGAGCTGAGCAACGAGGAGCTGTTCATCGCCCTGAAGAACATGGTGAAGCACCGCGGCATCAGCTACCTGGACGACGCCAGCGACGACG
GCAACAGCAGCGTGGGCGACTACGCCCAGATCGTGAAGGAGAACAGCAAGCAGCTGGAGACCAAGACCCCCGGCCAGATCCAGCTGGAGCGCTACCA
GACCTACGGCCAGCTGCGCGGCGACTTCACCGTGGAGAAGGACGGCAAGAAGCACCGCCTGATCAACGTGTTCCCCACCAGCGCCTACCGCAGCGAG
GCCCTGCGCATCCTGCAGACCCAGCAGGAGTTCAACCCCCAGATCACCGACGAGTTCATCAACCGCTACCTGGAGATCCTGACCGGCAAGCGCAAGT
ACTACCACGGCCCCGGCAACGAGAAGAGCCGCACCGACTACGGCCGCTACCGCACCAGCGGCGAGACCCTGGACAACATCTTCGGCATCCTGATCGG
CAAGTGCACCTTCTACCCCGACGAGTTCCGCGCCGCCAAGGCCAGCTACACCGCCCAGGAGTTCAACCTGCTGAACGACCTGAACAACCTGACCGTG
CCCACCGAGACCAAGAAGCTGAGCAAGGAGCAGAAGAACCAGATCATCAACTACGTGAAGAACGAGAAGGCCATGGGCCCCGCCAAGCTGTTCAAGT
ACATCGCCAAGCTGCTGAGCTGCGACGTGGCCGACATCAAGGGCTACCGCATCGACAAGAGCGGCAAGGCCGAGATCCACACCTTCGAGGCCTACCG
CAAGATGAAGACCCTGGAGACCCTGGACATCGAGCAGATGGACCGCGAGACCCTGGACAAGCTGGCCTACGTGCTGACCCTGAACACCGAGCGCGAG
GGCATCCAGGAGGCCCTGGAGCACGAGTTCGCCGACGGCAGCTTCAGCCAGAAGCAGGTGGACGAGCTGGTGCAGTTCCGCAAGGCCAACAGCAGCA
TCTTCGGCAAGGGCTGGCACAACTTCAGCGTGAAGCTGATGATGGAGCTGATCCCCGAGCTGTACGAGACCAGCGAGGAGCAGATGACCATCCTGAC
CCGCCTGGGCAAGCAGAAGACCACCAGCAGCAGCAACAAGACCAAGTACATCGACGAGAAGCTGCTGACCGAGGAGATCTACAACCCCGTGGTGGCC
AAGAGCGTGCGCCAGGCCATCAAGATCGTGAACGCCGCCATCAAGGAGTACGGCGACTTCGACAACATCGTGATCGAGATGGCCCGCGAGACCAACG
AGGACGACGAGAAGAAGGCCATCCAGAAGATCCAGAAGGCCAACAAGGACGAGAAGGACGCCGCCATGCTGAAGGCCGCCAACCAGTACAACGGCAA
GGCCGAGCTGCCCCACAGCGTGTTCCACGGCCACAAGCAGCTGGCCACCAAGATCCGCCTGTGGCACCAGCAGGGCGAGCGCTGCCTGTACACCGGC
AAGACCATCAGCATCCACGACCTGATCAACAACAGCAACCAGTTCGAGGTGGACCACATCCTGCCCCTGAGCATCACCTTCGACGACAGCCTGGCCA
ACAAGGTGCTGGTGTACGCCACCGCCAACCAGGAGAAGGGCCAGCGCACCCCCTACCAGGCCCTGGACAGCATGGACGACGCCTGGAGCTTCCGCGA
GCTGAAGGCCTTCGTGCGCGAGAGCAAGACCCTGAGCAACAAGAAGAAGGAGTACCTGCTGACCGAGGAGGACATCAGCAAGTTCGACGTGCGCAAG
AAGTTCATCGAGCGCAACCTGGTGGACACCCGCTACGCCAGCCGCGTGGTGCTGAACGCCCTGCAGGAGCACTTCCGCGCCCACAAGATCGACACCA
AGGTGAGCGTGGTGCGCGGCCAGTTCACCAGCCAGCTGCGCCGCCACTGGGGCATCGAGAAGACCCGCGACACCTACCACCACCACGCCGTGGACGC
CCTGATCATTGCGGCTTCTAGCCAGCTGAACCTGTGGAAGAAGCAGAAGAACACCCTGGTGAGCTACAGCGAGGACCAGCTGCTGGACATCGAGACC
GGCGAGCTGATCAGCGACGACGAGTACAAGGAGAGCGTGTTCAAGGCCCCCTACCAGCACTTCGTGGACACCCTGAAGAGCAAGGAGTTCGAGGACA
GCATCCTGTTCAGCTACCAGGTGGACAGCAAGTTCAACCGCAAGATCAGCGACGCCACCATCTACGCCACCCGCCAGGCCAAGGTGGGCAAGGACAA
GGCCGACGAGACCTACGTGCTGGGCAAGATCAAGGACATCTACACCCAGGACGGCTACGACGCCTTCATGAAGATCTACAAGAAGGACAAGAGCAAG
TTCCTGATGTACCGCCACGACCCCCAGACCTTCGAGAAGGTGATCGAGCCCATCCTGGAGAACTACCCCAACAAGCAGATCAACGATAAAGGCAAGG
AGGTGCCCTGCAACCCCTTCCTGAAGTACAAGGAGGAGCACGGCTACATCCGCAAGTACAGCAAGAAGGGCAACGGCCCCGAGATCAAGAGCCTGAA
GTACTACGACAGCAAGCTGGGCAACCACATCGACATCACCCCCAAGGACAGCAACAACAAGGTGGTGCTGCAGAGCGTGAGCCCCTGGCGCGCCGAC
GTGTACTTCAACAAGACCACCGGCAAGTACGAGATCCTGGGCCTGAAGTACGCCGACCTGCAGTTTGATAAGGGCACCGGCACCTACAAGATCAGCC
AGGAGAAGTACAACGACATCAAGAAGAAGGAGGGCGTGGACAGCGACAGCGAGTTCAAGTTCACCCTGTACAAGAACGACCTTCTGCTGGTGAAGGA
CACCGAGACCAAGGAGCAACAGCTGTTCCGCTTCCTGAGCCGCACCATGCCCAAGCAGAAGCACTACGTGGAGCTGAAGCCCTACGACAAGCAGAAG
TTCGAGGGCGGCGAGGCCCTGATCAAGGTGCTGGGCAACGTGGCCAACAGCGGCCAGTGCAAGAAGGGCCTGGGCAAGAGCAACATCAGCATCTACA
AGGTGCGCACCGACGTGCTGGGCAACCAGCACATCATCAAGAACGAGGGCGACAAGCCCAAGCTGGACTTCAGCAGGGCTGACCCCAAGAAGAAGAG
GAAGGTGTGA

>Cas9°T13xNLs

gccaccATGAGCGACCTGGTGCTGGGCCTGGACATCGGCATCGGCAGCGTGGGCGTGGGCATCCTGAACAAGGTGACCGGCGAGATCATCCACAAGA
ACAGTCGCATCTTCCCTGCTGCTCAGGCTGAGAACAACCTGGTGCGCCGCACCAACCGCCAGGGTCGCCGGCTTGCTCGCCGCAAGAAGCACCGGLG
CGTGCGCCTGAACCGCCTGTTCGAGGAGAGCGGCCTGATCACCGACTTCACCAAGATCAGCATCAACCTGAACCCCTACCAGCTGCGCGTGAAGGGC
CTGACCGACGAGCTGAGCAACGAGGAGCTGTTCATCGCCCTGAAGAACATGGTGAAGCACCGCGGCATCAGCTACCTGGACGACGCCAGCGACGACG
GCAACAGCAGCGTGGGCGACTACGCCCAGATCGTGAAGGAGAACAGCAAGCAGCTGGAGACCAAGACCCCCGGCCAGATCCAGCTGGAGCGCTACCA
GACCTACGGCCAGCTGCGCGGCGACTTCACCGTGGAGAAGGACGGCAAGAAGCACCGCCTGATCAACGTGTTCCCCACCAGCGCCTACCGCAGCGAG
GCCCTGCGCATCCTGCAGACCCAGCAGGAGTTCAACCCCCAGATCACCGACGAGTTCATCAACCGCTACCTGGAGATCCTGACCGGCAAGCGCAAGT
ACTACCACGGCCCCGGCAACGAGAAGAGCCGCACCGACTACGGCCGCTACCGCACCAGCGGCGAGACCCTGGACAACATCTTCGGCATCCTGATCGG
CAAGTGCACCTTCTACCCCGACGAGTTCCGCGCCGCCAAGGCCAGCTACACCGCCCAGGAGTTCAACCTGCTGAACGACCTGAACAACCTGACCGTG
CCCACCGAGACCAAGAAGCTGAGCAAGGAGCAGAAGAACCAGATCATCAACTACGTGAAGAACGAGAAGGCCATGGGCCCCGCCAAGCTGTTCAAGT
ACATCGCCAAGCTGCTGAGCTGCGACGTGGCCGACATCAAGGGCTACCGCATCGACAAGAGCGGCAAGGCCGAGATCCACACCTTCGAGGCCTACCG
CAAGATGAAGACCCTGGAGACCCTGGACATCGAGCAGATGGACCGCGAGACCCTGGACAAGCTGGCCTACGTGCTGACCCTGAACACCGAGCGCGAG
GGCATCCAGGAGGCCCTGGAGCACGAGTTCGCCGACGGCAGCTTCAGCCAGAAGCAGGTGGACGAGCTGGTGCAGTTCCGCAAGGCCAACAGCAGCA
TCTTCGGCAAGGGCTGGCACAACTTCAGCGTGAAGCTGATGATGGAGCTGATCCCCGAGCTGTACGAGACCAGCGAGGAGCAGATGACCATCCTGAC
CCGCCTGGGCAAGCAGAAGACCACCAGCAGCAGCAACAAGACCAAGTACATCGACGAGAAGCTGCTGACCGAGGAGATCTACAACCCCGTGGTGGCC
AAGAGCGTGCGCCAGGCCATCAAGATCGTGAACGCCGCCATCAAGGAGTACGGCGACTTCGACAACATCGTGATCGAGATGGCCCGCGAGACCAACG
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AGGACGACGAGAAGAAGGCCATCCAGAAGATCCAGAAGGCCAACAAGGACGAGAAGGACGCCGCCATGCTGAAGGCCGCCAACCAGTACAACGGCAA
GGCCGAGCTGCCCCACAGCGTGTTCCACGGCCACAAGCAGCTGGCCACCAAGATCCGCCTGTGGCACCAGCAGGGCGAGCGCTGCCTGTACACCGGC
AAGACCATCAGCATCCACGACCTGATCAACAACAGCAACCAGTTCGAGGTGGACCACATCCTGCCCCTGAGCATCACCTTCGACGACAGCCTGGCCA
ACAAGGTGCTGGTGTACGCCACCGCCAACCAGGAGAAGGGCCAGCGCACCCCCTACCAGGCCCTGGACAGCATGGACGACGCCTGGAGCTTCCGCGA
GCTGAAGGCCTTCGTGCGCGAGAGCAAGACCCTGAGCAACAAGAAGAAGGAGTACCTGCTGACCGAGGAGGACATCAGCAAGTTCGACGTGCGCAAG
AAGTTCATCGAGCGCAACCTGGTGGACACCCGCTACGCCAGCCGCGTGGTGCTGAACGCCCTGCAGGAGCACTTCCGCGCCCACAAGATCGACACCA
AGGTGAGCGTGGTGCGCGGCCAGTTCACCAGCCAGCTGCGCCGCCACTGGGGCATCGAGAAGACCCGCGACACCTACCACCACCACGCCGTGGACGC
CCTGATCATTGCGGCTTCTAGCCAGCTGAACCTGTGGAAGAAGCAGAAGAACACCCTGGTGAGCTACAGCGAGGACCAGCTGCTGGACATCGAGACC
GGCGAGCTGATCAGCGACGACGAGTACAAGGAGAGCGTGTTCAAGGCCCCCTACCAGCACTTCGTGGACACCCTGAAGAGCAAGGAGTTCGAGGACA
GCATCCTGTTCAGCTACCAGGTGGACAGCAAGTTCAACCGCAAGATCAGCGACGCCACCATCTACGCCACCCGCCAGGCCAAGGTGGGCAAGGACAA
GGCCGACGAGACCTACGTGCTGGGCAAGATCAAGGACATCTACACCCAGGACGGCTACGACGCCTTCATGAAGATCTACAAGAAGGACAAGAGCAAG
TTCCTGATGTACCGCCACGACCCCCAGACCTTCGAGAAGGTGATCGAGCCCATCCTGGAGAACTACCCCAACAAGCAGATCAACGATAAAGGCAAGG
AGGTGCCCTGCAACCCCTTCCTGAAGTACAAGGAGGAGCACGGCTACATCCGCAAGTACAGCAAGAAGGGCAACGGCCCCGAGATCAAGAGCCTGAA
GTACTACGACAGCAAGCTGGGCAACCACATCGACATCACCCCCAAGGACAGCAACAACAAGGTGGTGCTGCAGAGCGTGAGCCCCTGGCGCGCCGAC
GTGTACTTCAACAAGACCACCGGCAAGTACGAGATCCTGGGCCTGAAGTACGCCGACCTGCAGTTTGATAAGGGCACCGGCACCTACAAGATCAGCC
AGGAGAAGTACAACGACATCAAGAAGAAGGAGGGCGTGGACAGCGACAGCGAGTTCAAGTTCACCCTGTACAAGAACGACCTTCTGCTGGTGAAGGA
CACCGAGACCAAGGAGCAACAGCTGTTCCGCTTCCTGAGCCGCACCATGCCCAAGCAGAAGCACTACGTGGAGCTGAAGCCCTACGACAAGCAGAAG
TTCGAGGGCGGCGAGGCCCTGATCAAGGTGCTGGGCAACGTGGCCAACAGCGGCCAGTGCAAGAAGGGCCTGGGCAAGAGCAACATCAGCATCTACA
AGGTGCGCACCGACGTGCTGGGCAACCAGCACATCATCAAGAACGAGGGCGACAAGCCCAAGCTGGACTTCGCGGCCGCAGATCCAAAAAAGAAGAG
AAAGGTAGATCCAAAAAAGAAGAGAAAGGTAGATCCAAAAAAGAAGAGAAAGGTAGATACGGCCGCATAG

9ST1 VP64

>Cas m4

gccaccATGAGCGACCTGGTGCTGGGCCTGGCCATCGGCATCGGCAGCGTGGGCGTGGGCATCCTGAACAAGGTGACCGGCGAGATCATCCACAAGA
ACAGTCGCATCTTCCCTGCTGCTCAGGCTGAGAACAACCTGGTGCGCCGCACCAACCGCCAGGGTCGCCGGCTTGCTCGCCGCAAGAAGCACCGGCG
CGTGCGCCTGAACCGCCTGTTCGAGGAGAGCGGCCTGATCACCGACTTCACCAAGATCAGCATCAACCTGAACCCCTACCAGCTGCGCGTGAAGGGC
CTGACCGACGAGCTGAGCAACGAGGAGCTGTTCATCGCCCTGAAGAACATGGTGAAGCACCGCGGCATCAGCTACCTGGACGACGCCAGCGACGACG
GCAACAGCAGCGTGGGCGACTACGCCCAGATCGTGAAGGAGAACAGCAAGCAGCTGGAGACCAAGACCCCCGGCCAGATCCAGCTGGAGCGCTACCA
GACCTACGGCCAGCTGCGCGGCGACTTCACCGTGGAGAAGGACGGCAAGAAGCACCGCCTGATCAACGTGTTCCCCACCAGCGCCTACCGCAGCGAG
GCCCTGCGCATCCTGCAGACCCAGCAGGAGTTCAACCCCCAGATCACCGACGAGTTCATCAACCGCTACCTGGAGATCCTGACCGGCAAGCGCAAGT
ACTACCACGGCCCCGGCAACGAGAAGAGCCGCACCGACTACGGCCGCTACCGCACCAGCGGCGAGACCCTGGACAACATCTTCGGCATCCTGATCGG
CAAGTGCACCTTCTACCCCGACGAGTTCCGCGCCGCCAAGGCCAGCTACACCGCCCAGGAGTTCAACCTGCTGAACGACCTGAACAACCTGACCGTG
CCCACCGAGACCAAGAAGCTGAGCAAGGAGCAGAAGAACCAGATCATCAACTACGTGAAGAACGAGAAGGCCATGGGCCCCGCCAAGCTGTTCAAGT
ACATCGCCAAGCTGCTGAGCTGCGACGTGGCCGACATCAAGGGCTACCGCATCGACAAGAGCGGCAAGGCCGAGATCCACACCTTCGAGGCCTACCG
CAAGATGAAGACCCTGGAGACCCTGGACATCGAGCAGATGGACCGCGAGACCCTGGACAAGCTGGCCTACGTGCTGACCCTGAACACCGAGCGCGAG
GGCATCCAGGAGGCCCTGGAGCACGAGTTCGCCGACGGCAGCTTCAGCCAGAAGCAGGTGGACGAGCTGGTGCAGTTCCGCAAGGCCAACAGCAGCA
TCTTCGGCAAGGGCTGGCACAACTTCAGCGTGAAGCTGATGATGGAGCTGATCCCCGAGCTGTACGAGACCAGCGAGGAGCAGATGACCATCCTGAC
CCGCCTGGGCAAGCAGAAGACCACCAGCAGCAGCAACAAGACCAAGTACATCGACGAGAAGCTGCTGACCGAGGAGATCTACAACCCCGTGGTGGCC
AAGAGCGTGCGCCAGGCCATCAAGATCGTGAACGCCGCCATCAAGGAGTACGGCGACTTCGACAACATCGTGATCGAGATGGCCCGCGAGACCAACG
AGGACGACGAGAAGAAGGCCATCCAGAAGATCCAGAAGGCCAACAAGGACGAGAAGGACGCCGCCATGCTGAAGGCCGCCAACCAGTACAACGGCAA
GGCCGAGCTGCCCCACAGCGTGTTCCACGGCCACAAGCAGCTGGCCACCAAGATCCGCCTGTGGCACCAGCAGGGCGAGCGCTGCCTGTACACCGGL
AAGACCATCAGCATCCACGACCTGATCAACAACAGCAACCAGTTCGAGGTGGCTGCCATCCTGCCCCTGAGCATCACCTTCGACGACAGCCTGGCCA
ACAAGGTGCTGGTGTACGCCACCGCCGCTCAGGAGAAGGGCCAGCGCACCCCCTACCAGGCCCTGGACAGCATGGACGACGCCTGGAGCTTCCGCGA
GCTGAAGGCCTTCGTGCGCGAGAGCAAGACCCTGAGCAACAAGAAGAAGGAGTACCTGCTGACCGAGGAGGACATCAGCAAGTTCGACGTGCGCAAG
AAGTTCATCGAGCGCAACCTGGTGGACACCCGCTACGCCAGCCGCGTGGTGCTGAACGCCCTGCAGGAGCACTTCCGCGCCCACAAGATCGACACCA
AGGTGAGCGTGGTGCGCGGCCAGTTCACCAGCCAGCTGCGCCGCCACTGGGGCATCGAGAAGACCCGCGACACCTACCACCACCACGCCGTGGACGL
CCTGATCATTGCGGCTTCTAGCCAGCTGAACCTGTGGAAGAAGCAGAAGAACACCCTGGTGAGCTACAGCGAGGACCAGCTGCTGGACATCGAGACC
GGCGAGCTGATCAGCGACGACGAGTACAAGGAGAGCGTGTTCAAGGCCCCCTACCAGCACTTCGTGGACACCCTGAAGAGCAAGGAGTTCGAGGACA
GCATCCTGTTCAGCTACCAGGTGGACAGCAAGTTCAACCGCAAGATCAGCGACGCCACCATCTACGCCACCCGCCAGGCCAAGGTGGGCAAGGACAA
GGCCGACGAGACCTACGTGCTGGGCAAGATCAAGGACATCTACACCCAGGACGGCTACGACGCCTTCATGAAGATCTACAAGAAGGACAAGAGCAAG
TTCCTGATGTACCGCCACGACCCCCAGACCTTCGAGAAGGTGATCGAGCCCATCCTGGAGAACTACCCCAACAAGCAGATCAACGATAAAGGCAAGG
AGGTGCCCTGCAACCCCTTCCTGAAGTACAAGGAGGAGCACGGCTACATCCGCAAGTACAGCAAGAAGGGCAACGGCCCCGAGATCAAGAGCCTGAA
GTACTACGACAGCAAGCTGGGCAACCACATCGACATCACCCCCAAGGACAGCAACAACAAGGTGGTGCTGCAGAGCGTGAGCCCCTGGCGCGCCGAL
GTGTACTTCAACAAGACCACCGGCAAGTACGAGATCCTGGGCCTGAAGTACGCCGACCTGCAGTTTGATAAGGGCACCGGCACCTACAAGATCAGCC
AGGAGAAGTACAACGACATCAAGAAGAAGGAGGGCGTGGACAGCGACAGCGAGTTCAAGTTCACCCTGTACAAGAACGACCTTCTGCTGGTGAAGGA
CACCGAGACCAAGGAGCAACAGCTGTTCCGCTTCCTGAGCCGCACCATGCCCAAGCAGAAGCACTACGTGGAGCTGAAGCCCTACGACAAGCAGAAG
TTCGAGGGCGGCGAGGCCCTGATCAAGGTGCTGGGCAACGTGGCCAACAGCGGCCAGTGCAAGAAGGGCCTGGGCAAGAGCAACATCAGCATCTACA
AGGTGCGCACCGACGTGCTGGGCAACCAGCACATCATCAAGAACGAGGGCGACAAGCCCAAGCTGGACTTCAGCAGGGCTGACCCCAAGAAGAAGAG
GAAGGTGGAGGCCAGCGGTTCCGGACGGGCTGACGCATTGGACGATTTTGATCTGGATATGCTGGGAAGTGACGCCCTCGATGATTTTGACCTTGAC
ATGCTTGGTTCGGATGCCCTTGATGACTTTGACCTCGACATGCTCGGCAGTGACGCCCTTGATGATTTCGACCTGGACATGCTGATTAACTCTAGAT
GA
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9STl VP64N

>Cas m4

gccaccATGCCCAAGAAGAAGAGGAAGGTGAGCGACCTGGTGCTGGGCCTGGCCATCGGCATCGGCAGCGTGGGCGTGGGCATCCTGAACAAGGTGA
CCGGCGAGATCATCCACAAGAACAGTCGCATCTTCCCTGCTGCTCAGGCTGAGAACAACCTGGTGCGCCGCACCAACCGCCAGGGTCGCCGGCTTGC
TCGCCGCAAGAAGCACCGGCGCGTGCGCCTGAACCGCCTGTTCGAGGAGAGCGGCCTGATCACCGACTTCACCAAGATCAGCATCAACCTGAACCCC
TACCAGCTGCGCGTGAAGGGCCTGACCGACGAGCTGAGCAACGAGGAGCTGTTCATCGCCCTGAAGAACATGGTGAAGCACCGCGGCATCAGCTACC
TGGACGACGCCAGCGACGACGGCAACAGCAGCGTGGGCGACTACGCCCAGATCGTGAAGGAGAACAGCAAGCAGCTGGAGACCAAGACCCCCGGCCA
GATCCAGCTGGAGCGCTACCAGACCTACGGCCAGCTGCGCGGCGACTTCACCGTGGAGAAGGACGGCAAGAAGCACCGCCTGATCAACGTGTTCCCC
ACCAGCGCCTACCGCAGCGAGGCCCTGCGCATCCTGCAGACCCAGCAGGAGTTCAACCCCCAGATCACCGACGAGTTCATCAACCGCTACCTGGAGA
TCCTGACCGGCAAGCGCAAGTACTACCACGGCCCCGGCAACGAGAAGAGCCGCACCGACTACGGCCGCTACCGCACCAGCGGCGAGACCCTGGACAA
CATCTTCGGCATCCTGATCGGCAAGTGCACCTTCTACCCCGACGAGTTCCGCGCCGCCAAGGCCAGCTACACCGCCCAGGAGTTCAACCTGCTGAAC
GACCTGAACAACCTGACCGTGCCCACCGAGACCAAGAAGCTGAGCAAGGAGCAGAAGAACCAGATCATCAACTACGTGAAGAACGAGAAGGCCATGG
GCCCCGCCAAGCTGTTCAAGTACATCGCCAAGCTGCTGAGCTGCGACGTGGCCGACATCAAGGGCTACCGCATCGACAAGAGCGGCAAGGCCGAGAT
CCACACCTTCGAGGCCTACCGCAAGATGAAGACCCTGGAGACCCTGGACATCGAGCAGATGGACCGCGAGACCCTGGACAAGCTGGCCTACGTGCTG
ACCCTGAACACCGAGCGCGAGGGCATCCAGGAGGCCCTGGAGCACGAGTTCGCCGACGGCAGCTTCAGCCAGAAGCAGGTGGACGAGCTGGTGCAGT
TCCGCAAGGCCAACAGCAGCATCTTCGGCAAGGGCTGGCACAACTTCAGCGTGAAGCTGATGATGGAGCTGATCCCCGAGCTGTACGAGACCAGCGA
GGAGCAGATGACCATCCTGACCCGCCTGGGCAAGCAGAAGACCACCAGCAGCAGCAACAAGACCAAGTACATCGACGAGAAGCTGCTGACCGAGGAG
ATCTACAACCCCGTGGTGGCCAAGAGCGTGCGCCAGGCCATCAAGATCGTGAACGCCGCCATCAAGGAGTACGGCGACTTCGACAACATCGTGATCG
AGATGGCCCGCGAGACCAACGAGGACGACGAGAAGAAGGCCATCCAGAAGATCCAGAAGGCCAACAAGGACGAGAAGGACGCCGCCATGCTGAAGGC
CGCCAACCAGTACAACGGCAAGGCCGAGCTGCCCCACAGCGTGTTCCACGGCCACAAGCAGCTGGCCACCAAGATCCGCCTGTGGCACCAGCAGGGC
GAGCGCTGCCTGTACACCGGCAAGACCATCAGCATCCACGACCTGATCAACAACAGCAACCAGTTCGAGGTGGCTGCCATCCTGCCCCTGAGCATCA
CCTTCGACGACAGCCTGGCCAACAAGGTGCTGGTGTACGCCACCGCCGCTCAGGAGAAGGGCCAGCGCACCCCCTACCAGGCCCTGGACAGCATGGA
CGACGCCTGGAGCTTCCGCGAGCTGAAGGCCTTCGTGCGCGAGAGCAAGACCCTGAGCAACAAGAAGAAGGAGTACCTGCTGACCGAGGAGGACATC
AGCAAGTTCGACGTGCGCAAGAAGTTCATCGAGCGCAACCTGGTGGACACCCGCTACGCCAGCCGCGTGGTGCTGAACGCCCTGCAGGAGCACTTCC
GCGCCCACAAGATCGACACCAAGGTGAGCGTGGTGCGCGGCCAGTTCACCAGCCAGCTGCGCCGCCACTGGGGCATCGAGAAGACCCGCGACACCTA
CCACCACCACGCCGTGGACGCCCTGATCATTGCGGCTTCTAGCCAGCTGAACCTGTGGAAGAAGCAGAAGAACACCCTGGTGAGCTACAGCGAGGAC
CAGCTGCTGGACATCGAGACCGGCGAGCTGATCAGCGACGACGAGTACAAGGAGAGCGTGTTCAAGGCCCCCTACCAGCACTTCGTGGACACCCTGA
AGAGCAAGGAGTTCGAGGACAGCATCCTGTTCAGCTACCAGGTGGACAGCAAGTTCAACCGCAAGATCAGCGACGCCACCATCTACGCCACCCGCCA
GGCCAAGGTGGGCAAGGACAAGGCCGACGAGACCTACGTGCTGGGCAAGATCAAGGACATCTACACCCAGGACGGCTACGACGCCTTCATGAAGATC
TACAAGAAGGACAAGAGCAAGTTCCTGATGTACCGCCACGACCCCCAGACCTTCGAGAAGGTGATCGAGCCCATCCTGGAGAACTACCCCAACAAGC
AGATCAACGATAAAGGCAAGGAGGTGCCCTGCAACCCCTTCCTGAAGTACAAGGAGGAGCACGGCTACATCCGCAAGTACAGCAAGAAGGGCAACGG
CCCCGAGATCAAGAGCCTGAAGTACTACGACAGCAAGCTGGGCAACCACATCGACATCACCCCCAAGGACAGCAACAACAAGGTGGTGCTGCAGAGC
GTGAGCCCCTGGCGCGCCGACGTGTACTTCAACAAGACCACCGGCAAGTACGAGATCCTGGGCCTGAAGTACGCCGACCTGCAGTTTGATAAGGGCA
CCGGCACCTACAAGATCAGCCAGGAGAAGTACAACGACATCAAGAAGAAGGAGGGCGTGGACAGCGACAGCGAGTTCAAGTTCACCCTGTACAAGAA
CGACCTTCTGCTGGTGAAGGACACCGAGACCAAGGAGCAACAGCTGTTCCGCTTCCTGAGCCGCACCATGCCCAAGCAGAAGCACTACGTGGAGCTG
AAGCCCTACGACAAGCAGAAGTTCGAGGGCGGCGAGGCCCTGATCAAGGTGCTGGGCAACGTGGCCAACAGCGGCCAGTGCAAGAAGGGCCTGGGCA
AGAGCAACATCAGCATCTACAAGGTGCGCACCGACGTGCTGGGCAACCAGCACATCATCAAGAACGAGGGCGACAAGCCCAAGCTGGACTTCAGCAG
GGCTGACCCCAAGAAGAAGAGGAAGGTGGAGGCCAGCGGTTCCGGACGGGCTGACGCATTGGACGATTTTGATCTGGATATGCTGGGAAGTGACGCC
CTCGATGATTTTGACCTTGACATGCTTGGTTCGGATGCCCTTGATGACTTTGACCTCGACATGCTCGGCAGTGACGCCCTTGATGATTTCGACCTGG
ACATGCTGATTAACTCTAGATGA

>Cas9NM

gccaccATGGCCGCCTTCAAGCCCAACCCCATCAACTACATCCTGGGCCTGGACATCGGCATCGCCAGCGTGGGCTGGGCCATGGTGGAGATCGACG
AGGACGAGAACCCCATCTGCCTGATCGACCTGGGTGTGCGCGTGTTCGAGCGCGCTGAGGTGCCCAAGACTGGTGACAGTCTGGCTATGGCTCGCCG
GCTTGCTCGCTCTGTTCGGCGCCTTACTCGCCGGCGCGCTCACCGCCTTCTGCGCGCTCGCCGCCTGCTGAAGCGCGAGGGTGTGCTGCAGGCTGCC
GACTTCGACGAGAACGGCCTGATCAAGAGCCTGCCCAACACTCCTTGGCAGCTGCGCGCTGCCGCTCTGGACCGCAAGCTGACTCCTCTGGAGTGGA
GCGCCGTGCTGCTGCACCTGATCAAGCACCGCGGCTACCTGAGCCAGCGCAAGAACGAGGGCGAGACCGCCGACAAGGAGCTGGGTGCTCTGCTGAA
GGGCGTGGCCGACAACGCCCACGCCCTGCAGACTGGTGACTTCCGCACTCCTGCTGAGCTGGCCCTGAACAAGTTCGAGAAGGAGAGCGGCCACATC
CGCAACCAGCGCGGCGACTACAGCCACACCTTCAGCCGCAAGGACCTGCAGGCCGAGCTGATCCTGCTGTTCGAGAAGCAGAAGGAGTTCGGCAACC
CCCACGTGAGCGGCGGCCTGAAGGAGGGCATCGAGACCCTGCTGATGACCCAGCGCCCCGCCCTGAGCGGCGACGCCGTGCAGAAGATGCTGGGCCA
CTGCACCTTCGAGCCAGCCGAGCCCAAGGCCGCCAAGAACACCTACACCGCCGAGCGCTTCATCTGGCTGACCAAGCTGAACAACCTGCGCATCCTG
GAGCAGGGCAGCGAGCGCCCCCTGACCGACACCGAGCGCGCCACCCTGATGGACGAGCCCTACCGCAAGAGCAAGCTGACCTACGCCCAGGCCCGCA
AGCTGCTGGGTCTGGAGGACACCGCCTTCTTCAAGGGCCTGCGCTACGGCAAGGACAACGCCGAGGCCAGCACCCTGATGGAGATGAAGGCCTACCA
CGCCATCAGCCGCGCCCTGGAGAAGGAGGGCCTGAAGGACAAGAAGAGTCCTCTGAACCTGAGCCCCGAGCTGCAGGACGAGATCGGCACCGCCTTC
AGCCTGTTCAAGACCGACGAGGACATCACCGGCCGCCTGAAGGACCGCATCCAGCCCGAGATCCTGGAGGCCCTGCTGAAGCACATCAGCTTCGACA
AGTTCGTGCAGATCAGCCTGAAGGCCCTGCGCCGCATCGTGCCCCTGATGGAGCAGGGCAAGCGCTACGACGAGGCCTGCGCCGAGATCTACGGCGA
CCACTACGGCAAGAAGAACACCGAGGAGAAGATCTACCTGCCTCCTATCCCCGCCGACGAGATCCGCAACCCCGTGGTGCTGCGCGCCCTGAGCCAG
GCCCGCAAGGTGATCAACGGCGTGGTGCGCCGCTACGGCAGCCCCGCCCGCATCCACATCGAGACCGCCCGCGAGGTGGGCAAGAGCTTCAAGGACC
GCAAGGAGATCGAGAAGCGCCAGGAGGAGAACCGCAAGGACCGCGAGAAGGCCGCCGCCAAGTTCCGCGAGTACTTCCCCAACTTCGTGGGCGAGCC
CAAGAGCAAGGACATCCTGAAGCTGCGCCTGTACGAGCAGCAGCACGGCAAGTGCCTGTACAGCGGCAAGGAGATCAACCTGGGCCGCCTGAACGAG
AAGGGCTACGTGGAGATCGACCACGCCCTGCCCTTCAGCCGCACCTGGGACGACAGCTTCAACAACAAGGTGCTGGTGCTGGGCAGCGAGAACCAGA
ACAAGGGCAACCAGACCCCCTACGAGTACTTCAACGGCAAGGACAACAGCCGCGAGTGGCAGGAGTTCAAGGCCCGCGTGGAGACCAGCCGCTTCCC
CCGCAGCAAGAAGCAGCGCATCCTGCTGCAGAAGTTCGACGAGGACGGCTTCAAGGAGCGCAACCTGAACGACACCCGCTACGTGAACCGCTTCCTG
TGCCAGTTCGTGGCCGACCGCATGCGCCTGACCGGCAAGGGCAAGAAGCGCGTGTTCGCCAGCAACGGCCAGATCACCAACCTGCTGCGCGGCTTCT
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GGGGCCTGCGCAAGGTGCGCGCCGAGAACGACCGCCACCACGCCCTGGACGCCGTGGTGGTGGCCTGCAGCACCGTGGCCATGCAGCAGAAGATCAC
CCGCTTCGTGCGCTACAAGGAGATGAACGCCTTCGACGGTAAAACCATCGACAAGGAGACCGGCGAGGTGCTGCACCAGAAGACCCACTTCCCCCAG
CCCTGGGAGTTCTTCGCCCAGGAGGTGATGATCCGCGTGTTCGGCAAGCCCGACGGCAAGCCCGAGTTCGAGGAGGCCGACACCCCCGAGAAGCTGC
GCACCCTGCTGGCCGAGAAGCTGAGCAGCCGCCCTGAGGCCGTGCACGAGTACGTGACTCCTCTGTTCGTGAGCCGCGCCCCCAACCGCAAGATGAG
CGGTCAGGGTCACATGGAGACCGTGAAGAGCGCCAAGCGCCTGGACGAGGGCGTGAGCGTGCTGCGCGTGCCCCTGACCCAGCTGAAGCTGAAGGAC
CTGGAGAAGATGGTGAACCGCGAGCGCGAGCCCAAGCTGTACGAGGCCCTGAAGGCCCGCCTGGAGGCCCACAAGGACGACCCCGCCAAGGCCTTCG
CCGAGCCCTTCTACAAGTACGACAAGGCCGGCAACCGCACCCAGCAGGTGAAGGCCGTGCGCGTGGAGCAGGTGCAGAAGACCGGCGTGTGGGTGCG
CAACCACAACGGCATCGCCGACAACGCCACCATGGTGCGCGTGGACGTGTTCGAGAAGGGCGACAAGTACTACCTGGTGCCCATCTACAGCTGGCAG
GTGGCCAAGGGCATCCTGCCCGACCGCGCCGTGGTGCAGGGCAAGGACGAGGAGGACTGGCAGCTGATCGACGACAGCTTCAACTTCAAGTTCAGCC
TGCACCCCAACGACCTGGTGGAGGTGATCACCAAGAAGGCCCGCATGTTCGGCTACTTCGCCAGCTGCCACCGCGGCACCGGCAACATCAACATCCG
CATCCACGACCTGGACCACAAGATCGGCAAGAACGGCATCCTGGAGGGCATCGGCGTGAAGACCGCCCTGAGCTTCCAGAAGTACCAGATCGACGAG
CTGGGCAAGGAGATCCGCCCCTGCCGCCTGAAGAAGCGCCCTCCTGTGCGCAGCAGGGCTGACCCCAAGAAGAAGAGGAAGGTGTGA
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gccaccATGGCCGCCTTCAAGCCCAACCCCATCAACTACATCCTGGGCCTGGACATCGGCATCGCCAGCGTGGGCTGGGCCATGGTGGAGATCGACG
AGGACGAGAACCCCATCTGCCTGATCGACCTGGGTGTGCGCGTGTTCGAGCGCGCTGAGGTGCCCAAGACTGGTGACAGTCTGGCTATGGCTCGCCG
GCTTGCTCGCTCTGTTCGGCGCCTTACTCGCCGGCGCGCTCACCGCCTTCTGCGCGCTCGCCGCCTGCTGAAGCGCGAGGGTGTGCTGCAGGCTGCC
GACTTCGACGAGAACGGCCTGATCAAGAGCCTGCCCAACACTCCTTGGCAGCTGCGCGCTGCCGCTCTGGACCGCAAGCTGACTCCTCTGGAGTGGA
GCGCCGTGCTGCTGCACCTGATCAAGCACCGCGGCTACCTGAGCCAGCGCAAGAACGAGGGCGAGACCGCCGACAAGGAGCTGGGTGCTCTGCTGAA
GGGCGTGGCCGACAACGCCCACGCCCTGCAGACTGGTGACTTCCGCACTCCTGCTGAGCTGGCCCTGAACAAGTTCGAGAAGGAGAGCGGCCACATC
CGCAACCAGCGCGGCGACTACAGCCACACCTTCAGCCGCAAGGACCTGCAGGCCGAGCTGATCCTGCTGTTCGAGAAGCAGAAGGAGTTCGGCAACC
CCCACGTGAGCGGCGGCCTGAAGGAGGGCATCGAGACCCTGCTGATGACCCAGCGCCCCGCCCTGAGCGGCGACGCCGTGCAGAAGATGCTGGGCCA
CTGCACCTTCGAGCCAGCCGAGCCCAAGGCCGCCAAGAACACCTACACCGCCGAGCGCTTCATCTGGCTGACCAAGCTGAACAACCTGCGCATCCTG
GAGCAGGGCAGCGAGCGCCCCCTGACCGACACCGAGCGCGCCACCCTGATGGACGAGCCCTACCGCAAGAGCAAGCTGACCTACGCCCAGGCCCGCA
AGCTGCTGGGTCTGGAGGACACCGCCTTCTTCAAGGGCCTGCGCTACGGCAAGGACAACGCCGAGGCCAGCACCCTGATGGAGATGAAGGCCTACCA
CGCCATCAGCCGCGCCCTGGAGAAGGAGGGCCTGAAGGACAAGAAGAGTCCTCTGAACCTGAGCCCCGAGCTGCAGGACGAGATCGGCACCGCCTTC
AGCCTGTTCAAGACCGACGAGGACATCACCGGCCGCCTGAAGGACCGCATCCAGCCCGAGATCCTGGAGGCCCTGCTGAAGCACATCAGCTTCGACA
AGTTCGTGCAGATCAGCCTGAAGGCCCTGCGCCGCATCGTGCCCCTGATGGAGCAGGGCAAGCGCTACGACGAGGCCTGCGCCGAGATCTACGGCGA
CCACTACGGCAAGAAGAACACCGAGGAGAAGATCTACCTGCCTCCTATCCCCGCCGACGAGATCCGCAACCCCGTGGTGCTGCGCGCCCTGAGCCAG
GCCCGCAAGGTGATCAACGGCGTGGTGCGCCGCTACGGCAGCCCCGCCCGCATCCACATCGAGACCGCCCGCGAGGTGGGCAAGAGCTTCAAGGACC
GCAAGGAGATCGAGAAGCGCCAGGAGGAGAACCGCAAGGACCGCGAGAAGGCCGCCGCCAAGTTCCGCGAGTACTTCCCCAACTTCGTGGGCGAGCC
CAAGAGCAAGGACATCCTGAAGCTGCGCCTGTACGAGCAGCAGCACGGCAAGTGCCTGTACAGCGGCAAGGAGATCAACCTGGGCCGCCTGAACGAG
AAGGGCTACGTGGAGATCGACCACGCCCTGCCCTTCAGCCGCACCTGGGACGACAGCTTCAACAACAAGGTGCTGGTGCTGGGCAGCGAGAACCAGA
ACAAGGGCAACCAGACCCCCTACGAGTACTTCAACGGCAAGGACAACAGCCGCGAGTGGCAGGAGTTCAAGGCCCGCGTGGAGACCAGCCGCTTCCC
CCGCAGCAAGAAGCAGCGCATCCTGCTGCAGAAGTTCGACGAGGACGGCTTCAAGGAGCGCAACCTGAACGACACCCGCTACGTGAACCGCTTCCTG
TGCCAGTTCGTGGCCGACCGCATGCGCCTGACCGGCAAGGGCAAGAAGCGCGTGTTCGCCAGCAACGGCCAGATCACCAACCTGCTGCGCGGCTTCT
GGGGCCTGCGCAAGGTGCGCGCCGAGAACGACCGCCACCACGCCCTGGACGCCGTGGTGGTGGCCTGCAGCACCGTGGCCATGCAGCAGAAGATCAC
CCGCTTCGTGCGCTACAAGGAGATGAACGCCTTCGACGGTAAAACCATCGACAAGGAGACCGGCGAGGTGCTGCACCAGAAGACCCACTTCCCCCAG
CCCTGGGAGTTCTTCGCCCAGGAGGTGATGATCCGCGTGTTCGGCAAGCCCGACGGCAAGCCCGAGTTCGAGGAGGCCGACACCCCCGAGAAGCTGC
GCACCCTGCTGGCCGAGAAGCTGAGCAGCCGCCCTGAGGCCGTGCACGAGTACGTGACTCCTCTGTTCGTGAGCCGCGCCCCCAACCGCAAGATGAG
CGGTCAGGGTCACATGGAGACCGTGAAGAGCGCCAAGCGCCTGGACGAGGGCGTGAGCGTGCTGCGCGTGCCCCTGACCCAGCTGAAGCTGAAGGAC
CTGGAGAAGATGGTGAACCGCGAGCGCGAGCCCAAGCTGTACGAGGCCCTGAAGGCCCGCCTGGAGGCCCACAAGGACGACCCCGCCAAGGCCTTCG
CCGAGCCCTTCTACAAGTACGACAAGGCCGGCAACCGCACCCAGCAGGTGAAGGCCGTGCGCGTGGAGCAGGTGCAGAAGACCGGCGTGTGGGTGCG
CAACCACAACGGCATCGCCGACAACGCCACCATGGTGCGCGTGGACGTGTTCGAGAAGGGCGACAAGTACTACCTGGTGCCCATCTACAGCTGGCAG
GTGGCCAAGGGCATCCTGCCCGACCGCGCCGTGGTGCAGGGCAAGGACGAGGAGGACTGGCAGCTGATCGACGACAGCTTCAACTTCAAGTTCAGCC
TGCACCCCAACGACCTGGTGGAGGTGATCACCAAGAAGGCCCGCATGTTCGGCTACTTCGCCAGCTGCCACCGCGGCACCGGCAACATCAACATCCG
CATCCACGACCTGGACCACAAGATCGGCAAGAACGGCATCCTGGAGGGCATCGGCGTGAAGACCGCCCTGAGCTTCCAGAAGTACCAGATCGACGAG
CTGGGCAAGGAGATCCGCCCCTGCCGCCTGAAGAAGCGCCCTCCTGTGCGCGCGGCCGCAGATCCAAAAAAGAAGAGAAAGGTAGATCCAAAAAAGA
AGAGAAAGGTAGATCCAAAAAAGAAGAGAAAGGTAGATACGGCCGCATAG
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gccaccATGGCCGCCTTCAAGCCCAACCCCATCAACTACATCCTGGGCCTGGCCATCGGCATCGCCAGCGTGGGCTGGGCCATGGTGGAGATCGACG
AGGACGAGAACCCCATCTGCCTGATCGACCTGGGTGTGCGCGTGTTCGAGCGCGCTGAGGTGCCCAAGACTGGTGACAGTCTGGCTATGGCTCGCCG
GCTTGCTCGCTCTGTTCGGCGCCTTACTCGCCGGCGCGCTCACCGCCTTCTGCGCGCTCGCCGCCTGCTGAAGCGCGAGGGTGTGCTGCAGGCTGCC
GACTTCGACGAGAACGGCCTGATCAAGAGCCTGCCCAACACTCCTTGGCAGCTGCGCGCTGCCGCTCTGGACCGCAAGCTGACTCCTCTGGAGTGGA
GCGCCGTGCTGCTGCACCTGATCAAGCACCGCGGCTACCTGAGCCAGCGCAAGAACGAGGGCGAGACCGCCGACAAGGAGCTGGGTGCTCTGCTGAA
GGGCGTGGCCGACAACGCCCACGCCCTGCAGACTGGTGACTTCCGCACTCCTGCTGAGCTGGCCCTGAACAAGTTCGAGAAGGAGAGCGGCCACATC
CGCAACCAGCGCGGCGACTACAGCCACACCTTCAGCCGCAAGGACCTGCAGGCCGAGCTGATCCTGCTGTTCGAGAAGCAGAAGGAGTTCGGCAACC
CCCACGTGAGCGGCGGCCTGAAGGAGGGCATCGAGACCCTGCTGATGACCCAGCGCCCCGCCCTGAGCGGCGACGCCGTGCAGAAGATGCTGGGCCA
CTGCACCTTCGAGCCAGCCGAGCCCAAGGCCGCCAAGAACACCTACACCGCCGAGCGCTTCATCTGGCTGACCAAGCTGAACAACCTGCGCATCCTG
GAGCAGGGCAGCGAGCGCCCCCTGACCGACACCGAGCGCGCCACCCTGATGGACGAGCCCTACCGCAAGAGCAAGCTGACCTACGCCCAGGCCCGCA
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AGCTGCTGGGTCTGGAGGACACCGCCTTCTTCAAGGGCCTGCGCTACGGCAAGGACAACGCCGAGGCCAGCACCCTGATGGAGATGAAGGCCTACCA
CGCCATCAGCCGCGCCCTGGAGAAGGAGGGCCTGAAGGACAAGAAGAGTCCTCTGAACCTGAGCCCCGAGCTGCAGGACGAGATCGGCACCGCCTTC
AGCCTGTTCAAGACCGACGAGGACATCACCGGCCGCCTGAAGGACCGCATCCAGCCCGAGATCCTGGAGGCCCTGCTGAAGCACATCAGCTTCGACA
AGTTCGTGCAGATCAGCCTGAAGGCCCTGCGCCGCATCGTGCCCCTGATGGAGCAGGGCAAGCGCTACGACGAGGCCTGCGCCGAGATCTACGGCGA
CCACTACGGCAAGAAGAACACCGAGGAGAAGATCTACCTGCCTCCTATCCCCGCCGACGAGATCCGCAACCCCGTGGTGCTGCGCGCCCTGAGCCAG
GCCCGCAAGGTGATCAACGGCGTGGTGCGCCGCTACGGCAGCCCCGCCCGCATCCACATCGAGACCGCCCGCGAGGTGGGCAAGAGCTTCAAGGACC
GCAAGGAGATCGAGAAGCGCCAGGAGGAGAACCGCAAGGACCGCGAGAAGGCCGCCGCCAAGTTCCGCGAGTACTTCCCCAACTTCGTGGGCGAGCC
CAAGAGCAAGGACATCCTGAAGCTGCGCCTGTACGAGCAGCAGCACGGCAAGTGCCTGTACAGCGGCAAGGAGATCAACCTGGGCCGCCTGAACGAG
AAGGGCTACGTGGAGATCGCCGCTGCCCTGCCCTTCAGCCGCACCTGGGACGACAGCTTCAACAACAAGGTGCTGGTGCTGGGCAGCGAGGCTCAGA
ACAAGGGCAACCAGACCCCCTACGAGTACTTCAACGGCAAGGACAACAGCCGCGAGTGGCAGGAGTTCAAGGCCCGCGTGGAGACCAGCCGCTTCCC
CCGCAGCAAGAAGCAGCGCATCCTGCTGCAGAAGTTCGACGAGGACGGCTTCAAGGAGCGCAACCTGAACGACACCCGCTACGTGAACCGCTTCCTG
TGCCAGTTCGTGGCCGACCGCATGCGCCTGACCGGCAAGGGCAAGAAGCGCGTGTTCGCCAGCAACGGCCAGATCACCAACCTGCTGCGCGGCTTCT
GGGGCCTGCGCAAGGTGCGCGCCGAGAACGACCGCCACCACGCCCTGGACGCCGTGGTGGTGGCCTGCAGCACCGTGGCCATGCAGCAGAAGATCAC
CCGCTTCGTGCGCTACAAGGAGATGAACGCCTTCGACGGTAAAACCATCGACAAGGAGACCGGCGAGGTGCTGCACCAGAAGACCCACTTCCCCCAG
CCCTGGGAGTTCTTCGCCCAGGAGGTGATGATCCGCGTGTTCGGCAAGCCCGACGGCAAGCCCGAGTTCGAGGAGGCCGACACCCCCGAGAAGCTGC
GCACCCTGCTGGCCGAGAAGCTGAGCAGCCGCCCTGAGGCCGTGCACGAGTACGTGACTCCTCTGTTCGTGAGCCGCGCCCCCAACCGCAAGATGAG
CGGTCAGGGTCACATGGAGACCGTGAAGAGCGCCAAGCGCCTGGACGAGGGCGTGAGCGTGCTGCGCGTGCCCCTGACCCAGCTGAAGCTGAAGGALC
CTGGAGAAGATGGTGAACCGCGAGCGCGAGCCCAAGCTGTACGAGGCCCTGAAGGCCCGCCTGGAGGCCCACAAGGACGACCCCGCCAAGGCCTTCG
CCGAGCCCTTCTACAAGTACGACAAGGCCGGCAACCGCACCCAGCAGGTGAAGGCCGTGCGCGTGGAGCAGGTGCAGAAGACCGGCGTGTGGGTGCG
CAACCACAACGGCATCGCCGACAACGCCACCATGGTGCGCGTGGACGTGTTCGAGAAGGGCGACAAGTACTACCTGGTGCCCATCTACAGCTGGCAG
GTGGCCAAGGGCATCCTGCCCGACCGCGCCGTGGTGCAGGGCAAGGACGAGGAGGACTGGCAGCTGATCGACGACAGCTTCAACTTCAAGTTCAGCC
TGCACCCCAACGACCTGGTGGAGGTGATCACCAAGAAGGCCCGCATGTTCGGCTACTTCGCCAGCTGCCACCGCGGCACCGGCAACATCAACATCCG
CATCCACGACCTGGACCACAAGATCGGCAAGAACGGCATCCTGGAGGGCATCGGCGTGAAGACCGCCCTGAGCTTCCAGAAGTACCAGATCGACGAG
CTGGGCAAGGAGATCCGCCCCTGCCGCCTGAAGAAGCGCCCTCCTGTGCGCAGCAGGGCTGACCCCAAGAAGAAGAGGAAGGTGGAGGCCAGCGGTT
CCGGACGGGCTGACGCATTGGACGATTTTGATCTGGATATGCTGGGAAGTGACGCCCTCGATGATTTTGACCTTGACATGCTTGGTTCGGATGCCCT
TGATGACTTTGACCTCGACATGCTCGGCAGTGACGCCCTTGATGATTTCGACCTGGACATGCTGATTAACTCTAGATGA
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gccaccATGCCCAAGAAGAAGAGGAAGGTGGCCGCCTTCAAGCCCAACCCCATCAACTACATCCTGGGCCTGGCCATCGGCATCGCCAGCGTGGGCT
GGGCCATGGTGGAGATCGACGAGGACGAGAACCCCATCTGCCTGATCGACCTGGGTGTGCGCGTGTTCGAGCGCGCTGAGGTGCCCAAGACTGGTGA
CAGTCTGGCTATGGCTCGCCGGCTTGCTCGCTCTGTTCGGCGCCTTACTCGCCGGCGCGCTCACCGCCTTCTGCGCGCTCGCCGCCTGCTGAAGCGL
GAGGGTGTGCTGCAGGCTGCCGACTTCGACGAGAACGGCCTGATCAAGAGCCTGCCCAACACTCCTTGGCAGCTGCGCGCTGCCGCTCTGGACCGCA
AGCTGACTCCTCTGGAGTGGAGCGCCGTGCTGCTGCACCTGATCAAGCACCGCGGCTACCTGAGCCAGCGCAAGAACGAGGGCGAGACCGCCGACAA
GGAGCTGGGTGCTCTGCTGAAGGGCGTGGCCGACAACGCCCACGCCCTGCAGACTGGTGACTTCCGCACTCCTGCTGAGCTGGCCCTGAACAAGTTC
GAGAAGGAGAGCGGCCACATCCGCAACCAGCGCGGCGACTACAGCCACACCTTCAGCCGCAAGGACCTGCAGGCCGAGCTGATCCTGCTGTTCGAGA
AGCAGAAGGAGTTCGGCAACCCCCACGTGAGCGGCGGCCTGAAGGAGGGCATCGAGACCCTGCTGATGACCCAGCGCCCCGCCCTGAGCGGCGACGL
CGTGCAGAAGATGCTGGGCCACTGCACCTTCGAGCCAGCCGAGCCCAAGGCCGCCAAGAACACCTACACCGCCGAGCGCTTCATCTGGCTGACCAAG
CTGAACAACCTGCGCATCCTGGAGCAGGGCAGCGAGCGCCCCCTGACCGACACCGAGCGCGCCACCCTGATGGACGAGCCCTACCGCAAGAGCAAGC
TGACCTACGCCCAGGCCCGCAAGCTGCTGGGTCTGGAGGACACCGCCTTCTTCAAGGGCCTGCGCTACGGCAAGGACAACGCCGAGGCCAGCACCCT
GATGGAGATGAAGGCCTACCACGCCATCAGCCGCGCCCTGGAGAAGGAGGGCCTGAAGGACAAGAAGAGTCCTCTGAACCTGAGCCCCGAGCTGCAG
GACGAGATCGGCACCGCCTTCAGCCTGTTCAAGACCGACGAGGACATCACCGGCCGCCTGAAGGACCGCATCCAGCCCGAGATCCTGGAGGCCCTGC
TGAAGCACATCAGCTTCGACAAGTTCGTGCAGATCAGCCTGAAGGCCCTGCGCCGCATCGTGCCCCTGATGGAGCAGGGCAAGCGCTACGACGAGGC
CTGCGCCGAGATCTACGGCGACCACTACGGCAAGAAGAACACCGAGGAGAAGATCTACCTGCCTCCTATCCCCGCCGACGAGATCCGCAACCCCGTG
GTGCTGCGCGCCCTGAGCCAGGCCCGCAAGGTGATCAACGGCGTGGTGCGCCGCTACGGCAGCCCCGCCCGCATCCACATCGAGACCGCCCGCGAGG
TGGGCAAGAGCTTCAAGGACCGCAAGGAGATCGAGAAGCGCCAGGAGGAGAACCGCAAGGACCGCGAGAAGGCCGCCGCCAAGTTCCGCGAGTACTT
CCCCAACTTCGTGGGCGAGCCCAAGAGCAAGGACATCCTGAAGCTGCGCCTGTACGAGCAGCAGCACGGCAAGTGCCTGTACAGCGGCAAGGAGATC
AACCTGGGCCGCCTGAACGAGAAGGGCTACGTGGAGATCGCCGCTGCCCTGCCCTTCAGCCGCACCTGGGACGACAGCTTCAACAACAAGGTGCTGG
TGCTGGGCAGCGAGGCTCAGAACAAGGGCAACCAGACCCCCTACGAGTACTTCAACGGCAAGGACAACAGCCGCGAGTGGCAGGAGTTCAAGGCCCG
CGTGGAGACCAGCCGCTTCCCCCGCAGCAAGAAGCAGCGCATCCTGCTGCAGAAGTTCGACGAGGACGGCTTCAAGGAGCGCAACCTGAACGACACC
CGCTACGTGAACCGCTTCCTGTGCCAGTTCGTGGCCGACCGCATGCGCCTGACCGGCAAGGGCAAGAAGCGCGTGTTCGCCAGCAACGGCCAGATCA
CCAACCTGCTGCGCGGCTTCTGGGGCCTGCGCAAGGTGCGCGCCGAGAACGACCGCCACCACGCCCTGGACGCCGTGGTGGTGGCCTGCAGCACCGT
GGCCATGCAGCAGAAGATCACCCGCTTCGTGCGCTACAAGGAGATGAACGCCTTCGACGGTAAAACCATCGACAAGGAGACCGGCGAGGTGCTGCALC
CAGAAGACCCACTTCCCCCAGCCCTGGGAGTTCTTCGCCCAGGAGGTGATGATCCGCGTGTTCGGCAAGCCCGACGGCAAGCCCGAGTTCGAGGAGG
CCGACACCCCCGAGAAGCTGCGCACCCTGCTGGCCGAGAAGCTGAGCAGCCGCCCTGAGGCCGTGCACGAGTACGTGACTCCTCTGTTCGTGAGCCG
CGCCCCCAACCGCAAGATGAGCGGTCAGGGTCACATGGAGACCGTGAAGAGCGCCAAGCGCCTGGACGAGGGCGTGAGCGTGCTGCGCGTGCCCCTG
ACCCAGCTGAAGCTGAAGGACCTGGAGAAGATGGTGAACCGCGAGCGCGAGCCCAAGCTGTACGAGGCCCTGAAGGCCCGCCTGGAGGCCCACAAGG
ACGACCCCGCCAAGGCCTTCGCCGAGCCCTTCTACAAGTACGACAAGGCCGGCAACCGCACCCAGCAGGTGAAGGCCGTGCGCGTGGAGCAGGTGCA
GAAGACCGGCGTGTGGGTGCGCAACCACAACGGCATCGCCGACAACGCCACCATGGTGCGCGTGGACGTGTTCGAGAAGGGCGACAAGTACTACCTG
GTGCCCATCTACAGCTGGCAGGTGGCCAAGGGCATCCTGCCCGACCGCGCCGTGGTGCAGGGCAAGGACGAGGAGGACTGGCAGCTGATCGACGACA
GCTTCAACTTCAAGTTCAGCCTGCACCCCAACGACCTGGTGGAGGTGATCACCAAGAAGGCCCGCATGTTCGGCTACTTCGCCAGCTGCCACCGCGG
CACCGGCAACATCAACATCCGCATCCACGACCTGGACCACAAGATCGGCAAGAACGGCATCCTGGAGGGCATCGGCGTGAAGACCGCCCTGAGCTTC
CAGAAGTACCAGATCGACGAGCTGGGCAAGGAGATCCGCCCCTGCCGCCTGAAGAAGCGCCCTCCTGTGCGCAGCAGGGCTGACCCCAAGAAGAAGA
GGAAGGTGGAGGCCAGCGGTTCCGGACGGGCTGACGCATTGGACGATTTTGATCTGGATATGCTGGGAAGTGACGCCCTCGATGATTTTGACCTTGA
CATGCTTGGTTCGGATGCCCTTGATGACTTTGACCTCGACATGCTCGGCAGTGACGCCCTTGATGATTTCGACCTGGACATGCTGATTAACTCTAGA
TGA
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Supplementary Software 1 | The patternProp.py script returns total reads and
fraction of reads for each 1-base derivative of an input PAM.

Usage: python patternProp.py [PAM] file.fastq

#!/usr/bin/env python
import sys
from Bio import SeqIO
pattern=sys.argv|[1]
for arg in sys.argv[2:]:
A=[0,0,0,0,0,0,0,0]
T=[0,0,0,0,0,0,0,0]
C=[0,0,0,0,0,0,0,0]
G=[0,0,0,0,0,0,0,0]
pA=[]
pT=[]
pC=[]
pG=[]
for rec in SeqlO.parse(arg, "fastq"):
is_fit=1
for j,p in enumerate(pattern):
if str(p)!="N" and str(p)!=str(rec.seq[j]):

is_fit=0
if is_fit:
for i,b in enumerate(str(rec.seq)):

if b=="A":

Ali]=A[i]+1
elif b=="T":

T[i]=T[i]+1
elif b=="C"

C[i]=C[i]+1
elif b=="G"

G[il=Gli]+1

else:

for p in xrange(0,8,1):
sum=A[p]+T[p]+C[pl+Gl[p]
pA.append(float(A[p])/float(sum))
pT.append(float(T[p])/float(sum))
pC.append(float(C[p])/float(sum))
pG.append(float(G[p])/float(sum))

print arg+' absolute'+pattern
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print 'b\p 1 2 3 4 5

print 'A '+str(Alo])+' "+str(A[1])+' "+str(A[2])+'
"+str(A[5D+' "+str(A[6])+' "+str(A[7])

print 'T '+str(T[o])+' "+str(T[1])+' "+str(T[2])+'
"+str(T[5])+' "+str(T[6])+' "+str(T[7])

print 'C '+str(C[o])+' "+str(C[1])+' "+str(C[2])+'
"+str(C[5])+' "+str(C[6])+' "+str(C[7])

print 'G '+str(G[o])+' "+str(G[1])+' "+str(G[2])+'
"+str(G[5])+' "+str(G[6])+' "+str(G[7])

print arg+' percent'

print b\p 1 2 3 4 5

print 'A '+str(pAloD)+'  '+str(pA[1])+' "+str(pA[2])+'
"+str(pA[5])+'  '+str(pA[6D)+'  '+str(pAl7])
print 'T '+str(pT[o])+' "+str(pT[1])+' "+str(pT[2])+'
"+str(pT[5D+' "+str(pT[6])+' "+str(pT[7])
print 'C '+str(pClo])+"  "+str(pC[1])+' "+str(pC[2])+'
"+str(pC[5])+' "+str(pC[61)+'  '+str(pC[7])
print 'G '+str(pG[o])+' "+str(pG[1])+' "+str(pG[2])+'
"+str(pG[5D+'  '+str(pGl6])+'  "+str(pGl7])

6 7
"+str(A[3])+'

"+str(T[3])+'

"+str(C[3])+'

"+str(G[3])+'

6 7

"+str(pA[3D+'

"+str(pT[3])+'

"+str(pC[3])+'

"+str(pG[3])+'

8V
"+str(Al4])+'

"+str(T[4])+'

"+str(C[4])+'

"+str(G[4])+'

8'

“+str(pAl4])+'

“+str(pT[4]D+'

“+str(pCl4])+'

"+str(pGl4D)+'



Supplementary Software 2 | The patternProp3.py script returns fraction of total
reads for each 1-base derivative of an input PAM.

Usage: python patternProp3.py [PAM] file.fastq

#!/usr/bin/env python
#Take pattern as argi, fg as arg2 and bg as arg3
import sys
from Bio import SeqIO
pattern=sys.argv|[1]
A=[0,0,0,0,0,0,0,0]
T=[0,0,0,0,0,0,0,0]
C=[0,0,0,0,0,0,0,0]
G=[0,0,0,0,0,0,0,0]
PA=[]
pT=[]
pC=[]
pG=I[]
for rec in SeqlO.parse(sys.argv[2], "fastq"):
is_fit=1
for j,p in enumerate(pattern):
if str(p)!="N" and str(p)!=str(rec.seq[j]):

is_fit=0
if is_fit:
for i,b in enumerate(str(rec.seq)):

if b=="A":
Ali]=A[i]+1

elif b=="T":
T[i]=T[i]+1

elif b=="C"
C[i]=C[i]+1

elif b=="G"
G[i]=Gl[i]+1

else:

Abg=[0,0,0,0,0,0,0,0]
Tbg=[0,0,0,0,0,0,0,0]
Cbg=[0,0,0,0,0,0,0,0]
Gbg=[0,0,0,0,0,0,0,0]
pAbg=[]
pTbg=(]
pCbg=[]
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pGbg=[]
for rec in SeqlO.parse(sys.argv[2], "fastq"):

for i,b in enumerate(str(rec.seq)):

if b=="A"
Abg[i]=Abg[i]+1
elif b=="T":
Tbgl[i]=Tbg[i]+1
elif b=="C"
Cbg[i]=Cbg[i]+1
elif b=="G"

Gbg[i]=Gbgl[i]+1

else:

for p in xrange(0,8,1):
sumbg=Abg[p]+Tbg[p]+Cbg[p]+Gbg[p]
pAbg.append(float(Abg[p])/float(sumbg))
pThg.append(float(Tbg[p])/float(sumbg))
pCbg.append(float(Cbg[p])/float(sumbg))
pGbg.append(float(Gbg[p])/float(sumbg))
for p in xrange(0,8,1):
sumbg=Abg[p]+Tbg[p]+Cbg[p]l+Gbg[p]
pA.append(float(A[p])/float(sumbg))
pT.append(float(T[p])/float(sumbg))
pC.append(float(C[p])/float(sumbg))
pG.append(float(G[p])/float(sumbg))
print str(sys.argv[1])+' percentFGs/total’
print 'b\p 1 2 3 4 5 6 7 8'
print 'A '+str(pA[lo])+' "+str(pA[1])+' "+str(pA[2])+' "+str(pA[3D+' "+str(pAl4])+' "+str(pA[5])+'
"+str(pA[6])+' "+str(pA[7])
print 'T '+str(pT[o])+' "+str(pT[1])+' "+str(pT[2])+' "+str(pT[3])+' "+str(pT[4]+' "+str(pT[5])+'
"+str(pT[6])+' "+str(pT[7])
print 'C '+str(pC[o])+' "+str(pC[1])+' "+str(pC[2])+' "+str(pC[3])+' "+str(pC[4D)+' "+str(pC[5])+'
"+str(pCl6])+'  '"+str(pC[7])
print'G '+str(pG[o])+' "+str(pG[1])+' "+str(pG[2])+' "+str(pG[3])+' "+str(pG[4])+' "+str(pG[5])+'
"+str(pG[6])+' "+str(pG[7])
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