
Acholeplasma_palmae_J233

Acidaminococcus_intestini_RyC-MR9510103

Acidothermus_cellulolyticus_11B10164

Acidovorax_avenae_subsp._avenae_ATCC_10089

Acidovorax_ebreus_TPSY

Actinokineospora_enzanensis_DSM_4464910151

Actinomadura_meyerae

Actinomadura_rubrobrunea_NBRC_1527510140

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

CRISPRcas9 generpfG cas1 HYP10cas9 gene
tracrRNAHYP4

HYP3

HYP2
HYP5

cas2

Acholeplasma_palmae_J233

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene soxS HYP16 pgdSHYP14
HYP13

tracrRNA

cas1
HYP18

Acidaminococcus_intestini_RyC-MR9510103

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene carCHYP23cas2
CRISPR tracrRNA otsA

cas1

HYP22

Acidothermus_cellulolyticus_11B10164

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP29 HYP30 HYP33HYP32HYP27CRISPR HYP28
cas2 tracrRNA

HYP31

Acidovorax_avenae_subsp._avenae_ATCC_10089

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP37 HYP42HYP34 HYP40 HYP41HYP39CRISPR
HYP38tracrRNA

HYP35

Acidovorax_ebreus_TPSY

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP51HYP49 HYP54 HYP57 HYP58HYP50 HYP56HYP46 HYP55
HYP47

HYP43
HYP44

HYP48 HYP53
HYP45 HYP52

tracrRNA

Actinokineospora_enzanensis_DSM_4464910151

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP61 HYP65HYP64HYP59
HYP60

HYP63 HYP66
HYP67

tracrRNA
HYP62

Actinomadura_meyerae

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

iolWHYP75HYP69 mshD HYP74
HYP68

HYP73 HYP76HYP72
HYP71 tracrRNA

Actinomadura_rubrobrunea_NBRC_1527510140

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genefucP HYP80 rbsK cas1kcsAdeoC CRISPR
tracrRNA

cas2
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Actinomyces_coleocanis_DSM_1543610105

Actinomyces_marimammalium10115

Actinomyces_meyeri

Actinomyces_nasicola

Actinomyces_radingae

Actinomyces_turicensis_ACS-279-V-Col410111

Actinomyces_vulturis

Actinopolyspora_halophila_DSM_4383410090

Actinopolyspora_mortivallis_DSM_4426110159

Actinopolyspora_xinjiangensis10158

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genefucP HYP80 rbsK cas1kcsAdeoC CRISPR
tracrRNA

cas2

Actinomyces_coleocanis_DSM_1543610105

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genedegA HYP91 cas1araQ cas2 CRISPR
tracrRNA

HYP90HYP89lacF

Actinomyces_marimammalium10115

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 genecysAHYP95 cas1HYP98HYP96 cas2HYP97

CRISPRHYP99 tracrRNA

Actinomyces_meyeri

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

cas9 geneyfmC kdgRHYP107 cas1
tracrRNA

yfiY ypeA HYP110
HYP106

Actinomyces_nasicola

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genepepPI cas1HYP116HYP113 HYP114 CRISPRcas2
tracrRNA

HYP117

Actinomyces_radingae

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genecshA cas1HYP124HYP122
HYP121

CRISPRHYP123
tracrRNA cas2HYP125

Actinomyces_turicensis_ACS-279-V-Col410111

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genemurD murGmraY cas2
CRISPRtracrRNA

ftsW cas1

Actinomyces_vulturis

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP140 treAHYP141 HYP144HYP137 glbOtracrRNAHYP139
HYP138

Actinopolyspora_halophila_DSM_4383410090

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP146 HYP153HYP148 HYP149 HYP157HYP150HYP147HYP145 HYP151 glbO
HYP152

HYP156 HYP158
HYP155tracrRNA

Actinopolyspora_mortivallis_DSM_4426110159

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP162 pepNHYP167HYP163HYP160 HYP165
HYP164glbO

HYP159 HYP166 HYP168
tracrRNA

Actinopolyspora_xinjiangensis10158

HYP175gabD1 gldAcas9 gene-1znuA HYP176 HYP177HYP170 HYP178CRISPR
tracrRNA
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Aerococcus_suis

Akkermansia_muciniphila_ATCC_BAA-83510093

Alcanivorax_pacificus_W11-510103

Algibacter_aquaticus

Algoriphagus_antarcticus10100

Algoriphagus_marinus

Alicycliphilus_denitrificans_K60110089

Alicyclobacillus_acidoterrestris_ATCC10167

Alicyclobacillus_hesperidum_URH17-3-610096

Alkalitalea_saponilacus10124

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
HYP175gabD1 gldAcas9 gene-1znuA HYP176 HYP177HYP170 HYP178CRISPR

tracrRNA

Aerococcus_suis

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP186HYP182 HYP184cas1-1 HYP183CRISPR
HYP185

tracrRNA
cas2

Akkermansia_muciniphila_ATCC_BAA-83510093

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP193HYP190 HYP195HYP192HYP187
CRISPR

zapEcas1
HYP191tracrRNA

Alcanivorax_pacificus_W11-510103

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene pcrAHYP197 HYP198 ywlC
tracrRNA

Algibacter_aquaticus

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene fadD mmgC mtnKHYP201

tracrRNA

Algoriphagus_antarcticus10100

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP209 HYP210 HYP211HYP207
tracrRNA

HYP208 HYP212

Algoriphagus_marinus

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP218HYP216cas1 HYP220HYP213 HYP222
HYP217

HYP221
HYP214

tracrRNA

HYP219

Alicycliphilus_denitrificans_K60110089

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
c2c1 cas4-cas1 eltD bacCsrlR ywlFCRISPRcas2

tracrRNA

Alicyclobacillus_acidoterrestris_ATCC10167

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP232 cas1HYP230 cas2
CRISPRtracrRNA

nuoL

Alicyclobacillus_hesperidum_URH17-3-610096

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene yicJxsa xylIHYP238HYP237 xynC

HYP242tracrRNA

Alkalitalea_saponilacus10124

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 genehypBA1ccpA yhdNcopB tracrRNA
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Alloscardovia_criceti_DSM_1777410123

Anabaena_cylindrica_PCC_712210114

Anaerococcus_tetradius_ATCC_3509810104

Aromatoleum_aromaticum_EbN110149

Azospirillum_sp._B510

Bacillus_niameyensis

Bacillus_smithii_7_3_47FAA10117

Bacillus_sporothermodurans8050

Bacteroides_coprophilus_DSM_18228_%3D10090

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 genehypBA1ccpA yhdNcopB tracrRNA

Alloscardovia_criceti_DSM_1777410123

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP258cas9 geneHYP250 HYP259HYP254
HYP255HYP251

HYP249 HYP256

tracrRNA

HYP257
HYP253

Anabaena_cylindrica_PCC_712210114

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2 csd csdselD HYP264HYP261
tracrRNA HYP265

Anaerococcus_tetradius_ATCC_3509810104

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP274guaD HYP272HYP267 HYP273
HYP270 tracrRNA

HYP268 HYP271
HYP275

Aromatoleum_aromaticum_EbN110149

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP281HYP279 gutBHYP278HYP276 HYP280
CRISPR budC

HYP282HYP277
tracrRNA

Azospirillum_sp._B510

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene CRISPRHYP286 nspCHYP290cas1HYP285 HYP291
tracrRNA cas2

Bacillus_niameyensis

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneopuCC HYP296yjiB CRISPRcas2
HYP295 tracrRNA

cas1

Bacillus_smithii_7_3_47FAA10117

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

cas9 gene CRISPRHYP303cas1
cas2 tracrRNA

Bacillus_sporothermodurans8050

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene carB carA

HYP314
tracrRNA

Bacteroides_coprophilus_DSM_18228_%3D10090

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene btuB
HYP322

HYP324HYP316 HYP317 HYP321
HYP320

HYP319
tracrRNA

HYP325

HYP318
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Bacteroides_coprosuis_DSM_1801110112

Bacteroides_fluxus_YIT_1205710112

Bacteroides_nordii_CL02T12C0510068

Bacteroides_propionicifaciens_DSM_1926399

Bdellovibrio_exovorus_JSS10102

Belliella_baltica_DSM_1588310107

Bibersteinia_trehalosi_USDA-ARS-USMAR10102

Bifidobacterium_aesculapii10112

Bifidobacterium_bifidum_S1710074

Bifidobacterium_bombi_DSM_1970310084

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Bacteroides_coprosuis_DSM_1801110112

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene pgcAnudC HYP330HYP327

tracrRNA

Bacteroides_fluxus_YIT_1205710112

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-1 prcA rclAHYP335
HYP334

tracrRNA
HYP332

Bacteroides_nordii_CL02T12C0510068

1,000 2,000 3,000 4,000 5,000 6,000
cas9 gene CRISPRHYP338

tracrRNA

Bacteroides_propionicifaciens_DSM_1926399

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene lolECRISPR cas2 tracrRNA
prfB

cas1 lolD

Bdellovibrio_exovorus_JSS10102

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene thlAHYP349 HYP350HYP345 ppiA
tracrRNAHYP346

Belliella_baltica_DSM_1588310107

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene ttrS HYP361cas1 ttrBttrRCRISPR
HYP352

cas2
tracrRNA

HYP355
HYP354

HYP353

Bibersteinia_trehalosi_USDA-ARS-USMAR10102

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP368glnD cas1HYP365 HYP366
tracrRNA

HYP364 cas2
HYP367

Bifidobacterium_aesculapii10112

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPR cas1HYP372 cas2
tracrRNA

Bifidobacterium_bifidum_S1710074

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 genetkt tal cas1HYP378

tracrRNA

Bifidobacterium_bombi_DSM_1970310084

cas9 genednaX HYP383 cas1recR CRISPR
tracrRNA cas2
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Bifidobacterium_callitrichos_DSM_239710110

Blastopirellula_marina_DSM_364510108

Bryobacter_aggregatus_MPL310113

Butyrivibrio_hungatei_NK4A15310108

Campylobacter_fetus_subsp._fetus10098

Campylobacter_jejuni

Candidatus_Puniceispirillum_marinum_I9695

Capnocytophaga_canis

Capnocytophaga_gingivalis_ATCC_3362410113

Carnobacterium_funditum_DSM_597010079

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genednaX HYP383 cas1recR CRISPR
tracrRNA cas2

Bifidobacterium_callitrichos_DSM_239710110

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene fliG mdcBcas1 cheXCRISPR tracrRNA dhmA2HYP393
HYP390cas2

Blastopirellula_marina_DSM_364510108

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene pknBHYP400 HYP401CRISPR cas2
tracrRNA

cas1 HYP399
HYP403

Bryobacter_aggregatus_MPL310113

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene dauAHYP405 dppE
tracrRNA HYP407

Butyrivibrio_hungatei_NK4A15310108

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene rnjkdsDrluBtracrRNA rsmA

Campylobacter_fetus_subsp._fetus10098

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genemco moeAmoaE cas2CRISPR
HYP415

HYP421
HYP422

cas1
tracrRNA

Campylobacter_jejuni

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

cas9 gene HYP429 bphA1aldcas1 lrpCRISPR tracrRNA
HYP426cas2

Candidatus_Puniceispirillum_marinum_I9695

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene HYP433fabF nahK

tracrRNA

Capnocytophaga_canis

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene uvrBHYP438yigZcas1
tracrRNA

aroC fcl

Capnocytophaga_gingivalis_ATCC_3362410113

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP445HYP442 cas1mazF cas2
CRISPRtracrRNAHYP443

Carnobacterium_funditum_DSM_597010079
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Carnobacterium_iners

Catellicoccus_marimammalium_M35/04/310082

Catenibacterium_mitsuokai_DSM_158975416

Caviibacter_abscessus

Chitinophaga_costaii

Chryseobacterium_arachidis10088

Chryseobacterium_indologenes10101

Chryseobacterium_molle

Cloacibacillus_evryensis_DSM_1952210082

Cloacibacterium_normanense10081

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP453HYP449 cas1HYP452 cas2 CRISPR
HYP450 tracrRNA

HYP451

Carnobacterium_iners

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene-1bglF HYP462HYP461cas1 CRISPR

cas2
HYP463

HYP464tracrRNA

Catellicoccus_marimammalium_M35/04/310082

1,000 2,000 3,000 4,000 5,000

cas9 gene cas1 csn2 CRISPR
cas2 tracrRNA

Catenibacterium_mitsuokai_DSM_158975416

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2 ydcPHYP470 csp
tracrRNA

fieF
HYP471

HYP472

Caviibacter_abscessus

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000
cas9 gene HYP481HYP480HYP478 msrBcas1

tracrRNA
HYP482

Chitinophaga_costaii

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
HYP484yceItracrRNA

Chryseobacterium_arachidis10088

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene yugI ywaDcas1 gph HYP490
tracrRNA

cas2

Chryseobacterium_indologenes10101

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene cphAubiGHYP493 HYP496HYP494

HYP495tracrRNA

Chryseobacterium_molle

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP499 HYP500 cas2 CRISPR
tracrRNA

cas1

Cloacibacillus_evryensis_DSM_1952210082

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene-1 ffh HYP509HYP508cspACRISPR cspGtracrRNA

Cloacibacterium_normanense10081
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Cloacibacterium_normanense10081

Clostridium_amylolyticum10093

Clostridium_cellulolyticum_H1010103

Clostridium_colicanis_DSM_1363410073

Clostridium_felsineum_DSM_79410068

Clostridium_perfringens_D_str._JGS17210093

Clostridium_spiroforme_DSM_155210075

Comamonas_granuli_NBRC_10166310099

Coprobacter_fastidiosus_NSB110098

Coriobacterium_glomerans_PW210113

Corynebacterium_diphtheriae10090

Cloacibacterium_normanense10081

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP510 ctkAHYP511 CRISPRcas2
tracrRNA

cas1HYP513

Clostridium_amylolyticum10093

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP518 HYP519 HYP521 cas2HYP520 HYP522
tracrRNA

cas1
HYP517

Clostridium_cellulolyticum_H1010103

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 geneybiR rfbM cas1dosC CRISPRHYP527 cas2cooS

tracrRNA

Clostridium_colicanis_DSM_1363410073

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP543HYP537 HYP540 HYP541HYP536xerD
HYP539

HYP538 HYP542tracrRNA
HYP535

Clostridium_felsineum_DSM_79410068

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 geneHYP546 cas1HYP545 HYP547 CRISPRcas2HYP548

HYP544 tracrRNA

Clostridium_perfringens_D_str._JGS17210093

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene yclMcas1 HYP557HYP552 HYP559CRISPRglpK
cas2tracrRNA

Clostridium_spiroforme_DSM_155210075

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP568HYP566 HYP569HYP563 HYP564
HYP565

cas2
CRISPR mtgAtracrRNA

cas1
yfkJ

Comamonas_granuli_NBRC_10166310099

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene HYP576HYP572 HYP575HYP574HYP573

tracrRNA

Coprobacter_fastidiosus_NSB110098

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene HYP581HYP578 HYP579 HYP583HYP582

HYP580
HYP584

tracrRNA

Coriobacterium_glomerans_PW210113

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genehcnC moeZ cas1HYP590 CRISPR
tracrRNA

thiDthiG cas2
thiS

Corynebacterium_diphtheriae10090

cas9 geneHYP598 cas1HYP595 CRISPRHYP596
tracrRNAHYP594

HYP599

cas2
HYP597
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Corynebacterium_vitaeruminis_DSM_202910098

Dinoroseobacter_shibae_DFL_12_%3D_DSM10078

Enterococcus_faecalis_TX001210085

Eubacterium_dolichum_DSM_399110086

Eubacterium_yurii_subsp._margaretia10088

Filifactor_alocis_ATCC_3589610104

Fimbriiglobus_ruber

Finegoldia_magna

Finegoldia_magna_ATCC_2932810106

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP598 cas1HYP595 CRISPRHYP596
tracrRNAHYP594

HYP599

cas2
HYP597

Corynebacterium_vitaeruminis_DSM_202910098

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP604 HYP605 HYP613 HYP615HYP606HYP603 HYP609
HYP614

HYP608
CRISPR HYP610

HYP611

tracrRNA HYP612
HYP607

Dinoroseobacter_shibae_DFL_12_%3D_DSM10078

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-1 HYP621 pstC1cas1ftsX pstS1
CRISPRtracrRNA cas2ftsE

Enterococcus_faecalis_TX001210085

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene CRISPRcas1 HYP628 lytC HYP630HYP624
tracrRNA cas2

Eubacterium_dolichum_DSM_399110086

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene ccpA cobQudkrpmEHYP632

tracrRNA

Eubacterium_yurii_subsp._margaretia10088

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene Int-Tn HYP642HYP641HYP640

HYP639tracrRNA

Filifactor_alocis_ATCC_3589610104

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP644 HYP655HYP643 HYP653HYP646 HYP651HYP649HYP648
HYP654

HYP645 HYP652
HYP650HYP647

tracrRNA

Fimbriiglobus_ruber

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2 cadA birAHYP658 ziaRHYP659 HYP663
tracrRNA

cas1
HYP665cadA

Finegoldia_magna

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2 cadA birAHYP668 ziaRHYP669 HYP673
tracrRNA

cas1
HYP675cadA

Finegoldia_magna_ATCC_2932810106

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene radDcshA HYP681HYP676

tracrRNA HYP679
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Flavobacterium_branchiophilum_FL-1510080

Flavobacterium_columnare_ATCC_4951210079

Flavobacterium_filum_DSM_1796110129

Flavobacterium_psychrophilum_JIP02/8610095

Flavobacterium_terrae

Francisella_tularensis_subsp._novicid10109

Fructobacillus_fructosus_KCTC_354410073

Fuerstia_marisgermanicae10101

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Flavobacterium_branchiophilum_FL-1510080

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene-1 liaSrcsBHYP684 HYP686

yidD
HYP683

HYP689tracrRNA

Flavobacterium_columnare_ATCC_4951210079

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-1 ltxB HYP694parD4 tracrRNA
HYP692

Flavobacterium_filum_DSM_1796110129

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene saeRHYP697 HYP704
tracrRNA HYP701

HYP696
HYP703

HYP702

HYP698
HYP699

Flavobacterium_psychrophilum_JIP02/8610095

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene-1 liaSHYP707 rcsBHYP709CRISPR

HYP708
HYP706

tracrRNA

Flavobacterium_terrae

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genemftC CRISPRcbh cas4HYP714
HYP713

tracrRNA cas1-1
cas2-1grxC HYP718

HYP722
HYP726

HYP719
HYP723

HYP727

HYP728HYP720
HYP724

HYP721

HYP729

HYP717

HYP725

HYP730

Francisella_tularensis_subsp._novicid10109

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP736 cas1 HYP741HYP737CRISPRHYP735 tracrRNA
cas2

Fructobacillus_fructosus_KCTC_354410073

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP745 HYP747 inlAHYP743HYP742
tracrRNA HYP746

Fuerstia_marisgermanicae10101

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cyacas9 genecas1 HYP753CRISPR
HYP752 soj

tracrRNA
cas2
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Haematospirillum_jordaniae10088

Haemophilus_felis

Halolactibacillus_miurensis10108

Helcococcus_sueciensis_DSM_1724310103

Helicobacter_muridarum

Helicobacter_pullorum_MIT_98-548910113

Herpetosiphon_geysericola10145

Hugenholtzia_roseola_DSM_954610072

Hyphomicrobium_zavarzinii_ATCC_2749610095

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cyacas9 genecas1 HYP753CRISPR
HYP752 soj

tracrRNA
cas2

Haematospirillum_jordaniae10088

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

hgpAcas9 genecas1 HYP765HYP762CRISPR
tracrRNA

HYP763

cas2
HYP758

HYP757
HYP756

Haemophilus_felis

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

yknYHYP769rlmI HYP773HYP767 satP
HYP768

tracrRNA
HYP771

Halolactibacillus_miurensis10108

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP781 HYP784HYP779 HYP782
HYP780

HYP776
HYP777

tracrRNA

cas1
HYP778 HYP785HYP783

Helcococcus_sueciensis_DSM_1724310103

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genecas1aadKtilS HYP791HYP790 CRISPR
HYP795

HYP788 tracrRNA
cas2HYP789

Helicobacter_muridarum

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 geneopuE CRISPR cas1 HYP802ogt cas2HYP796

tracrRNA

Helicobacter_pullorum_MIT_98-548910113

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP804 HYP812gprHYP806 HYP810 HYP811HYP808mprA
HYP803 tracrRNAHYP805

Herpetosiphon_geysericola10145

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
degQCRISPRcas1HYP813 cas2

tracrRNA

Hugenholtzia_roseola_DSM_954610072

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

xerDHYP817 HYP832HYP823 HYP827 HYP830HYP820 HYP826
HYP831HYP821

HYP819 HYP829
HYP824

HYP822

HYP825
HYP833HYP828

tracrRNA

Hyphomicrobium_zavarzinii_ATCC_2749610095

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP834 mdtH HYP838 HYP839HYP835 HYP841 HYP844HYP843
HYP837 HYP840 HYP842

tracrRNA
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Ignavibacterium_album_JCM_1651110138

Ilyobacter_polytropus_DSM_292610111

Indibacter_alkaliphilus_LW110107

Insolitispirillum_peregrinum10082

Joostella_marina_DSM_1959210106

Kandleria_vitulina_DSM_2040510099

Kingella_kingae_Vir545310091

Kiritimatiella_glycovorans10115

Kordia_algicida_OT-1

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Ignavibacterium_album_JCM_1651110138

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genemepA cas1HYP847HYP845 HYP849HYP848 CRISPRcas2
HYP846 tracrRNA

slyA

Ilyobacter_polytropus_DSM_292610111

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene ppiAHYP855

tracrRNA

Indibacter_alkaliphilus_LW110107

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP863 HYP864cas1
HYP865

cas2
CRISPR tracrRNA

HYP862
HYP860

Insolitispirillum_peregrinum10082

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene HYP869HYP868 HYP872HYP870

HYP867 HYP871
tracrRNA

Joostella_marina_DSM_1959210106

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP879HYP877 HYP878HYP876HYP875 ywlF
tracrRNA

cas1 HYP880

Kandleria_vitulina_DSM_2040510099

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene mnmC HYP891 aroFsurEcas1cas1CRISPR tracrRNA
cas2

HYP884
HYP883

HYP882

Kingella_kingae_Vir545310091

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP897 HYP900HYP898CRISPR HYP896cas2 HYP901HYP899
tracrRNA

cas1

Kiritimatiella_glycovorans10115

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP905 HYP907HYP904HYP902
tracrRNA HYP906

Kordia_algicida_OT-1

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP914 HYP915 HYP919HYP912
HYP916

HYP917
HYP913HYP910

HYP911
tracrRNA

HYP918
cas1
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Lachnoclostridium_phocaeense10115

Lacinutrix_jangbogonensis10084

Lactobacillus_amylolyticus10098

Lactobacillus_apinorum

Lactobacillus_buchneri_CD03410072

Lactobacillus_curvatus

Lactobacillus_farciminis_KCTC_3681_%310070

Lactobacillus_florum_DSM_22689_%3D_JC10098

Lactobacillus_fuchuensis_DSM_14340_%37332

Lactobacillus_hordei_DSM_195199244

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP914 HYP915 HYP919HYP912
HYP916

HYP917
HYP913HYP910

HYP911
tracrRNA

HYP918
cas1

Lachnoclostridium_phocaeense10115

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene xerCHYP923 HYP925HYP921
HYP922

tracrRNA
HYP924

Lacinutrix_jangbogonensis10084

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2CRISPR cas1gtaB HYP928 HYP932
tracrRNAcas2

Lactobacillus_amylolyticus10098

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene HYP934 HYP936

HYP937HYP935
HYP938

HYP939
tracrRNA

Lactobacillus_apinorum

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPRHYP940 cas1HYP941 HYP945
tracrRNAcas2

Lactobacillus_buchneri_CD03410072

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2CRISPR cas1 metQHYP946 tracrRNA
cas2

Lactobacillus_curvatus

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene-1tsaD cas1 HYP956 CRISPRrimI cas2 purU

tracrRNA

Lactobacillus_farciminis_KCTC_3681_%310070

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 geneHYP958 HYP959 CRISPRHYP960

tracrRNA

Lactobacillus_florum_DSM_22689_%3D_JC10098

1,000 2,000 3,000 4,000 5,000 6,000 7,000

cas9 gene-2cas1HYP962 metQCRISPR
cas2

tracrRNA

Lactobacillus_fuchuensis_DSM_14340_%37332

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

cas9 gene-1 CRISPRHYP970cas1
tracrRNA cas2

Lactobacillus_hordei_DSM_195199244

cas9 gene-2CRISPR cas1HYP975 HYP979HYP971
HYP972

HYP974

HYP973
tracrRNAcas2
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Lactobacillus_jensenii

Lactobacillus_kalixensis_DSM_160436485

Lactobacillus_kullabergensis10115

Lactobacillus_lindneri

Lactobacillus_nodensis_DSM_19682_%3D_10070

Lactobacillus_paracollinoides10065

Lactobacillus_rennini_DSM_2025310091

Lactobacillus_rhamnosus10122

Lactobacillus_rhamnosus_GG10122

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2CRISPR cas1HYP975 HYP979HYP971
HYP972

HYP974

HYP973
tracrRNAcas2

Lactobacillus_jensenii

1,000 2,000 3,000 4,000 5,000 6,000

cas9 genecas1 HYP983cas2
tracrRNA

Lactobacillus_kalixensis_DSM_160436485

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPRHYP984 cas1 HYP990HYP985
HYP986 tracrRNA

cas2

Lactobacillus_kullabergensis10115

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPR cas1HYP993HYP991
HYP992 tracrRNAcas2

Lactobacillus_lindneri

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-1 HYP1004tsaD HYP1002cas1 HYP1003CRISPRrimI
tracrRNA cas2

Lactobacillus_nodensis_DSM_19682_%3D_10070

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPR cas1HYP1008tal immR
HYP1007

HYP1012
tracrRNAcas2

Lactobacillus_paracollinoides10065

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2HYP1014 cas1CRISPR HYP1015 HYP1019tracrRNA
HYP1013 cas2

Lactobacillus_rennini_DSM_2025310091

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPR cas1HYP1022 irtBHYP1020
cas2HYP1021 tracrRNA

Lactobacillus_rhamnosus10122

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPR cas1HYP1029 irtBHYP1027
cas2HYP1028 tracrRNA

Lactobacillus_rhamnosus_GG10122

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

cas9 genecas9 geneyfhAybiT yxeB yusV
tracrRNA

HYP1037
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Lactobacillus_similis_DSM_23365_%3D_J8727

Lactobacillus_versmoldensis_DSM_1485710089

Lactobacillus_zymae

Lagierella_massiliensis10110

Legionella_pneumophila_str._Paris10164

Leptospira_noguchii_serovar_Panama_st10125

Limnohabitans_planktonicus_II-D510091

Listeria_innocua_Clip1126210090

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Lactobacillus_similis_DSM_23365_%3D_J8727

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneyhdG cas1HYP1043 HYP1044 yecDCRISPRHYP1041
tracrRNAcas2

Lactobacillus_versmoldensis_DSM_1485710089

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2rbsK cas1HYP1049 HYP1053 lacMCRISPRyybR
HYP1050 tracrRNAcas2

Lactobacillus_zymae

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene mrcA yigZHYP1059

tracrRNA HYP1060
HYP1061

Lagierella_massiliensis10110

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPRHYP1064 lexA cas4
tracrRNA

cas1-1HYP1066
cas2-1HYP1077HYP1069

HYP1082
HYP1086

HYP1097

HYP1074
HYP1078

HYP1092HYP1083
HYP1093HYP1067

HYP1071 HYP1087
HYP1088

HYP1098

HYP1075
HYP1079

HYP1094
HYP1089

HYP1099

HYP1084HYP1072
HYP1080

HYP1095HYP1076
HYP1090

HYP1100

HYP1068

HYP1073 HYP1081
HYP1085

HYP1091

HYP1096

HYP1070

Legionella_pneumophila_str._Paris10164

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

uvrBmanApomA dnaJ HYP1110 glpG trmLHYP1106 rsbV
cas9 gene HYP1116

tracrRNA HYP1114

Leptospira_noguchii_serovar_Panama_st10125

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP1121 HYP1126cas1 HYP1127HYP1123 HYP1128 HYP1130HYP1120cas2 hemE
HYP1122 HYP1124

HYP1125tracrRNA
HYP1119

Limnohabitans_planktonicus_II-D510091

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene ecfA1ecfTtruAcsn2 rplMrpsI
cas1 tracrRNA HYP1137

ecfA2

HYP1134

Listeria_innocua_Clip1126210090

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene bepCmacAzupT

HYP1144tracrRNA
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Lunatimonas_lonarensis

Lutibacter_profundi

Lyngbya_aestuarii_BL_J

Mariniphaga_anaerophila10086

Marinovum_algicola_DG_89810148

Methylosinus_trichosporium_OB3b10174

Methylovulum_miyakonense_HT1210140

Micromonospora_rosaria

Mucilaginibacter_paludis_DSM_1860310100

Mycoplasma_canis_PG_14

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

Lunatimonas_lonarensis

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene argSpbpEHYP1149HYP1147

tracrRNA

Lutibacter_profundi

1,000 2,000 3,000 4,000 5,000 6,000

gltAnuoHHYP1152 ndhI HYP1157sixA
HYP1158tracrRNA

Lyngbya_aestuarii_BL_J

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene prfC uhpBHYP1162
tracrRNA

uvrYHYP1161

Mariniphaga_anaerophila10086

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP1169cas1 HYP1171 HYP1172CRISPR HYP1168
HYP1170tracrRNAHYP1165

Marinovum_algicola_DG_89810148

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP1179HYP1177HYP1176 HYP1178CRISPR cas2
tracrRNA

cas1 HYP1180

Methylosinus_trichosporium_OB3b10174

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene glgAHYP1186 menGHYP1187cas2
CRISPR HYP1188

HYP1185
tracrRNA
HYP1184

cas1

Methylovulum_miyakonense_HT1210140

1,000 2,000 3,000 4,000 5,000

HYP1196HYP1193HYP1191 lrpC
HYP1192

HYP1194
tracrRNA

Micromonospora_rosaria

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP1198 HYP1202HYP1200 novNHYP1203
tracrRNA HYP1201HYP1199

Mucilaginibacter_paludis_DSM_1860310100

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP1215 HYP1219 CRISPR
cas9 gene-1

cas1 ybiTrsmEHYP1212 ybiT

cas9 gene-1

cas1cas9 geneHYP1205
HYP1210

cas9 gene

ppa ybiT
ybiTHYP1206 ppa

ybiT
cas2 HYP1221tracrRNA

Mycoplasma_canis_PG_14
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Mycoplasma_cynos_C142

Mycoplasma_gallisepticum_str._F10090

Mycoplasma_mobile_163K

Mycoplasma_ovipneumoniae_SC018140

Mycoplasma_synoviae_53

Myroides_odoratus_DSM_280110091

Myroides_phaeus

Necropsobacter_massiliensis10078

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

CRISPRlysS HYP1235 trxBHYP1232
cas9 gene-1

cas1
HYP1240

HYP1239
cas2HYP1231

cas1
cas9 genelysS

trxB lgtHYP1229

HYP1230
tracrRNA

Mycoplasma_cynos_C142

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

CRISPRHYP1250cas9 gene cas1 HYP1255HYP1244
cas9 gene-1

cas1
HYP1247 HYP1251 HYP1256

trmHHYP1246
cas2HYP1245

tracrRNA

Mycoplasma_gallisepticum_str._F10090

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

mglA cas9 gene HYP1267 cas1HYP1261 thyA HYP1271 cas2
HYP1270HYP1262

HYP1269
cas1

HYP1259
HYP1268HYP1260

thyA
tracrRNAHYP1264

Mycoplasma_mobile_163K

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

cas9 gene-1CRISPR cas1HYP1275 cas1 HYP1280
HYP1276

cas2
tracrRNA

Mycoplasma_ovipneumoniae_SC018140

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

secY CRISPRcas9 gene cas1 HYP1293
HYP1290 HYP1292

cas2cas1
HYP1285

cas1HYP1284 HYP1294

tracrRNA HYP1289

Mycoplasma_synoviae_53

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP1297 HYP1299HYP1296
tracrRNA HYP1298

Myroides_odoratus_DSM_280110091

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene pbuEHYP1301 hypBhypA

tracrRNA

Myroides_phaeus

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene dctPcas1 HYP1308 dapD dctQCRISPR
tracrRNA

cas2

Necropsobacter_massiliensis10078

cas9 gene mnmEftsY HYP1321cas1 gndCRISPR tracrRNA
cas2

HYP1315
HYP1314

HYP1313
HYP1312

HYP1316
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Neisseria_arctica

Neisseria_bacilliformis_ATCC_BAA-120010125

Neisseria_meningitidis_Z249110140

Neisseria_wadsworthii_971510157

Nitratifractor_salsuginis_DSM_1651110129

Nocardia_higoensis_NBRC_10013310154

Nonomuraea_maritima

Oenococcus_kitaharae_DSM_1733010079

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene mnmEftsY HYP1321cas1 gndCRISPR tracrRNA
cas2

HYP1315
HYP1314

HYP1313
HYP1312

HYP1316

Neisseria_arctica

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP1330cas1 HYP1327 HYP1329 HYP1332cas2
CRISPR HYP1331tracrRNA

HYP1328

Neisseria_bacilliformis_ATCC_BAA-120010125

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

dnaEcas9 genecas1 HYP1343cas2 HYP1346
CRISPR HYP1341

tracrRNA

HYP1342
HYP1345

HYP1344HYP1336
HYP1335

HYP1334
HYP1333

Neisseria_meningitidis_Z249110140

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene mepCcas1 budCpiiCHYP1354
HYP1353

CRISPR tracrRNA
cas2

HYP1349
HYP1348

HYP1347

Neisseria_wadsworthii_971510157

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP1359 CRISPRfetB
thiE

HYP1361 HYP1366
cas2

secE2
HYP1358

tracrRNA

HYP1360 HYP1367

Nitratifractor_salsuginis_DSM_1651110129

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP1373bbsG HYP1376 ybiTHYP1374 HYP1377yybR
HYP1370

HYP1375HYP1369
tracrRNA

Nocardia_higoensis_NBRC_10013310154

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP1380 ilvDHYP1383 HYP1385HYP1382 HYP1384
HYP1381

HYP1387
HYP1379 HYP1386

tracrRNA

Nonomuraea_maritima

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPR cas1csn2 HYP1393
tracrRNAcas2

Oenococcus_kitaharae_DSM_1733010079

cas9 gene HYP1400
trpA

tdk HYP1397
HYP1398

HYP1394
tracrRNA

trpA
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Olsenella_uli_DSM_7084

Paraliobacillus_ryukyuensis10112

Parvibaculum_lavamentivorans_DS-110125

Pasteurella_multocida_subsp._multocid10106

Pediococcus_damnosus

Pedobacter_cryoconitis

Peptoniphilus_obesi_ph110110

Persephonella_marina_EX-H110150

Phascolarctobacterium_succinatutens_Y10093

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP1400
trpA

tdk HYP1397
HYP1398

HYP1394
tracrRNA

trpA

Olsenella_uli_DSM_7084

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene cas1cwlK HYP1407HYP1405 cas2
HYP1403

HYP1402
tracrRNAHYP1406

Paraliobacillus_ryukyuensis10112

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP1415cas1CRISPR drrAHYP1417
tracrRNA

HYP1418cas2
HYP1416HYP1414

Parvibaculum_lavamentivorans_DS-110125

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene bepEHYP1429cas1 arsC
HYP1426

arfACRISPR

tracrRNA

cas2
HYP1422

HYP1421
HYP1420

Pasteurella_multocida_subsp._multocid10106

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2HYP1435CRISPR cas1 HYP1437HYP1431
HYP1432

tracrRNAcas2

Pediococcus_damnosus

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene HYP1442arsBHYP1439 HYP1440

tracrRNA

Pedobacter_cryoconitis

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene clpB cbpA HYP1446
tracrRNA HYP1447

Peptoniphilus_obesi_ph110110

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

spoVDHYP1448 HYP1452HYP1450 rsmH dfa3HYP1449 HYP1451 ftsLHYP1454
HYP1455tracrRNA

HYP1456

fapR

HYP1453
HYP1462

Persephonella_marina_EX-H110150

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genehadI HYP1464 cas1 CRISPR
tracrRNA

cas2

Phascolarctobacterium_succinatutens_Y10093

HYP1470 gcvPfieF HYP1469 cas9 geneHYP1473 HYP1478higA
HYP1475

HYP1477higB

HYP1474
tracrRNA
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Phormidium_ambiguum_IAM_M-7110118

Phycisphaera_mikurensis_NBRC_10266610165

Planctomicrobium_piriforme10096

Planococcus_antarcticus_DSM_1450510100

Porphyromonas_catoniae_ATCC_5127010116

Prevotella_fusca_JCM_1772410092

Prevotella_oulorum_JCM_149669148

Prevotella_stercorea_DSM_182065203

Propionimicrobium_lymphophilum10090

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP1470 gcvPfieF HYP1469 cas9 geneHYP1473 HYP1478higA
HYP1475

HYP1477higB

HYP1474
tracrRNA

Phormidium_ambiguum_IAM_M-7110118

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

bamA HYP1485HYP1483HYP1482 HYP1487HYP1484HYP1481 HYP1486
tracrRNA

Phycisphaera_mikurensis_NBRC_10266610165

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genecas1 HYP1493 HYP1495HYP1494 HYP1498
HYP1496

HYP1492 HYP1497
tracrRNA

cas2 HYP1490

Planctomicrobium_piriforme10096

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP1501 HYP1502 higB-2
HYP1503

HYP1504 HYP1507cas1
higA-2tracrRNA

Planococcus_antarcticus_DSM_1450510100

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene bprVHYP1513cas1 HYP1512nfrA2
tracrRNA

cas2

Porphyromonas_catoniae_ATCC_5127010116

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene valS

tracrRNA

Prevotella_fusca_JCM_1772410092

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000

cas9 gene-1 HYP1518 HYP1520 HYP1521
HYP1522tracrRNA HYP1519

Prevotella_oulorum_JCM_149669148

1,000 2,000 3,000 4,000 5,000

cas9 genecas1
tracrRNA

cas2

Prevotella_stercorea_DSM_182065203

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene dnaGHYP1529 sigBHYP1531cas2
CRISPR

tracrRNA
HYP1530

cas1

Propionimicrobium_lymphophilum10090

Cas9beta-galactosidase (EC 3.2.1.23)Glutamine amidotransferase, class I hypothetical protein
hypothetical proteinhypothetical protein

hypothetical protein
tracrRNA" 
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Proteiniphilum_saccharofermentans

Pseudoramibacter_alactolyticus10102

Rhodobacter_vinaykumarii10149

Rhodopseudomonas_palustris_BisB1810161

Rhodospirillum_rubrum_ATCC_1117010144

Rhodovibrio_salinarum_DSM_915410072

Rhodovulum_sp._PH10

Rhodovulum_sulfidophilum10086

Riemerella_columbipharyngis10091

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
Cas9beta-galactosidase (EC 3.2.1.23)Glutamine amidotransferase, class I hypothetical protein

hypothetical proteinhypothetical protein
hypothetical protein

tracrRNA" 

Proteiniphilum_saccharofermentans

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene dnaKmhpA HYP06tracrRNA
cas9 gene

cas1
HYP04

Pseudoramibacter_alactolyticus10102

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP17HYP16HYP10HYP08 HYP14HYP12HYP11
HYP13

alkAHYP09

tracrRNA

Rhodobacter_vinaykumarii10149

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP21
HYP22

HYP23CRISPR cas2
tracrRNA

cas1

Rhodopseudomonas_palustris_BisB1810161

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene HYP30 HYP32HYP31cas1 HYP33CRISPR HYP29cas1cas2

tracrRNA
HYP28

Rhodospirillum_rubrum_ATCC_1117010144

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP41HYP39HYP37 HYP42HYP36 HYP38HYP35
HYP43HYP40tracrRNA

Rhodovibrio_salinarum_DSM_915410072

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP46 HYP48 HYP52HYP45 HYP50 HYP53
HYP49

CRISPR
HYP44

HYP51HYP47 tracrRNA

Rhodovulum_sp._PH10

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP58 HYP61cas1 HYP63cas2
HYP62

HYP59
CRISPR

HYP57
tracrRNA

HYP60

Rhodovulum_sulfidophilum10086

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene cadA HYP69 menGHYP68

HYP66
HYP64 tracrRNA

Riemerella_columbipharyngis10091

cas9 gene rnbcas1 fabI HYP82HYP77 ftsZCRISPR
HYP83tracrRNAcas2 HYP78

HYP71
HYP73

HYP72
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Rodentibacter_pneumotropicus10096

Roseburia_intestinalis_L1-8210092

Roseiflexus_castenholzii_DSM_1394110141

Roseivirga_spongicola

Ruminococcus_lactaris_ATCC_2917610104

Salsuginibacillus_kocurii_DSM_1808710155

Scardovia_inopinata_JCM_1253710072

Scytonema_hofmanni_UTEX_234910167

Scytonema_tolypothrichoides10090

Sedimenticola_thiotaurini10095

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene rnbcas1 fabI HYP82HYP77 ftsZCRISPR
HYP83tracrRNAcas2 HYP78

HYP71
HYP73

HYP72

Rodentibacter_pneumotropicus10096

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genesmcHYP85 cas1HYP88
HYP84

CRISPR
HYP86 tracrRNA cas2

Roseburia_intestinalis_L1-8210092

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

yvhJHYP97 HYP103
HYP104

HYP101HYP99HYP92 HYP98HYP93 HYP95 HYP105
tracrRNA

HYP102
HYP96HYP94

Roseiflexus_castenholzii_DSM_1394110141

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene HYP109yehUyehT HYP110

tracrRNA

Roseivirga_spongicola

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene ord bmrR HYP118HYP115
HYP114

tracrRNA HYP117
HYP116

Ruminococcus_lactaris_ATCC_2917610104

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneylmB thiYssuB cas1 cas2 CRISPRHYP119
HYP120 tracrRNA

ribX

Salsuginibacillus_kocurii_DSM_1808710155

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genedagK serS cas1HYP129HYP128
tracrRNA

HYP132 cas2

Scardovia_inopinata_JCM_1253710072

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

arcB arnT HYP138 HYP141HYP140tracrRNA
HYP139

Scytonema_hofmanni_UTEX_234910167

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP150cas9 gene yxlFCRISPR HYP148HYP142 HYP143
HYP149HYP146 tracrRNAHYP144

Scytonema_tolypothrichoides10090

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene srmBHYP154cas1 HYP155CRISPR cas2

HYP156tracrRNA

Sedimenticola_thiotaurini10095

cas9 gene HYP165HYP160 HYP163
HYP161

HYP167
HYP166

HYP162
HYP168

HYP169
tracrRNA

cas1 thpR
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Sharpea_azabuensis_DSM_1893410112

Shimia_marina

Skermanella_aerolata_KACC_1160410150

Solimonas_aquatica

Solobacterium_moorei_F020410112

Sphaerochaeta_globosa_str._Buddy10069

Sphingomonas_changbaiensis10087

Sphingomonas_paucimobilis10094

Sphingomonas_sanxanigenens10087

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP165HYP160 HYP163
HYP161

HYP167
HYP166

HYP162
HYP168

HYP169
tracrRNA

cas1 thpR

Sharpea_azabuensis_DSM_1893410112

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene sufDsufScas1 HYP175cas2
CRISPR

tracrRNA
HYP173

sufC
HYP176

Shimia_marina

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP180 HYP181 HYP190HYP183 HYP185 HYP186
HYP187

ybaQcas2 higBHYP182
HYP184CRISPR tracrRNA

Skermanella_aerolata_KACC_1160410150

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP202cas1 HYP201HYP196 HYP199HYP191 HYP197
higB HYP198tracrRNA

HYP203

HYP195
HYP200

Solimonas_aquatica

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene yxdMHYP206cas1 HYP208
tracrRNA

yesS
HYP209 yxdL

Solobacterium_moorei_F020410112

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPRtrpB cas2HYP212 cas1
tracrRNA

Sphaerochaeta_globosa_str._Buddy10069

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genecas1 HYP221 HYP226HYP225rnk
HYP220

CRISPR
cas2 HYP223

tracrRNA HYP222 HYP227

Sphingomonas_changbaiensis10087

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
HYP232 HYP238HYP229 HYP233 HYP234HYP230 HYP237

HYP231HYP228
HYP235

HYP236
HYP239CRISPR

tracrRNA

Sphingomonas_paucimobilis10094

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP243 HYP244 HYP248HYP241 HYP250HYP246
HYP249

cas2 HYP242
HYP245 HYP247tracrRNA

Sphingomonas_sanxanigenens10087

HYP259purQ cas1HYP256 HYP258HYP251 HYP255
HYP254 HYP260

CRISPRtracrRNA
HYP257

HYP253
cas2
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Sphingomonas_soli_NBRC_10080110097

Spiroplasma_apis_B31

Spiroplasma_helicoides

Spiroplasma_litorale

Staphylococcus_aureus_M040810080

Staphylococcus_lugdunensis_M2359010082

Staphylococcus_lutrae

Staphylococcus_massiliensis10083

Staphylococcus_pseudintermedius10097

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP259purQ cas1HYP256 HYP258HYP251 HYP255
HYP254 HYP260

CRISPRtracrRNA
HYP257

HYP253
cas2

Sphingomonas_soli_NBRC_10080110097

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

CRISPR cas9 gene-1 murP crrHYP264 cas9 gene treBbglH
cas9 gene

HYP263 HYP275
HYP269

tracrRNA

bglA

bglA

Spiroplasma_apis_B31

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

CRISPRcas9 gene HYP285cas9 gene-1 cas9 gene cas1
cas9 gene

HYP276
HYP278

HYP277
tracrRNA cas2

Spiroplasma_helicoides

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

CRISPRcas9 gene HYP296lacC cas9 gene-1 cas9 gene
cas9 gene

cas1HYP293
HYP286 HYP288 HYP297tracrRNA cas2

Spiroplasma_litorale

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP298 cas1HYP304HYP302HYP299
HYP301 HYP303

HYP305 tracrRNA
cas9 gene

cas2

HYP300

Staphylococcus_aureus_M040810080

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 genespoVK ygcS cas1ybjI cas2CRISPR

tracrRNA

Staphylococcus_lugdunensis_M2359010082

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genegabRyccS pdxS CRISPRpdxT cas2
tracrRNA

cas1

Staphylococcus_lutrae

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneallC cas1dehH2 HYP326HYP325 cas2
HYP327

tracrRNA
cas9 gene

Staphylococcus_massiliensis10083

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene lacElacG lacD lacBlacFtracrRNAcas1

Staphylococcus_pseudintermedius10097

cas9 geneuidA HYP341 cas1HYP339 HYP342
tracrRNA

cas2

cas9 gene
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Staphylococcus_simulans10083

Stenoxybacter_acetivorans_DSM_1902110152

Steroidobacter_denitrificans10159

Streptococcus_agalactiae_2603V/R10102

Streptococcus_dysgalactiae_subsp10087

Streptococcus_equinus

Streptococcus_gordonii_str._Challis10085

Streptococcus_henryi_DSM_1900510070

Streptococcus_intermedius_B19610081

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneuidA HYP341 cas1HYP339 HYP342
tracrRNA

cas2

cas9 gene

Staphylococcus_simulans10083

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 genesltmoeA cas1HYP351mobA
HYP348 tracrRNA

cas2

Stenoxybacter_acetivorans_DSM_1902110152

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP365pntBpntAA HYP360 pyrFHYP356 bepAHYP355
HYP361

HYP362
HYP358

tracrRNA

Steroidobacter_denitrificans10159

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene hemNyutF HYP369 glmM
HYP371

HYP372tracrRNA
HYP367

Streptococcus_agalactiae_2603V/R10102

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene hemNyutF HYP379 glmMtracrRNA HYP377
HYP375

Streptococcus_dysgalactiae_subsp10087

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-1 CRISPRHYP387cas1HYP381 ndk
HYP382 tracrRNA cas2

Streptococcus_equinus

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-1 CRISPRHYP395cas1 ltaS2rplScrcB
tracrRNAHYP391

crcB
cas2

Streptococcus_gordonii_str._Challis10085

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-1addA HYP401cas1 CRISPR HYP404
HYP403

HYP402
tracrRNA cas2

Streptococcus_henryi_DSM_1900510070

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-1 CRISPRgabR HYP409cas1
cas2tracrRNA

Streptococcus_intermedius_B19610081

cas9 gene yknY yutF HYP416
tracrRNA

cas1 HYP414

HYP412
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Streptococcus_macacae_NCTC_1155810088

Streptococcus_marimammalium7535

Streptococcus_mutans_UA159-FR10102

Streptococcus_mutans_UA15910102

Streptococcus_ovis_DSM_1682910100

Streptococcus_pantholopis10090

Streptococcus_plurextorum_DSM_228105283

Streptococcus_pseudoporcinus_LQ10089

Streptococcus_pyogenes_M1_47610087

Streptococcus_pyogenes_M1_GAS10087

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene yknY yutF HYP416
tracrRNA

cas1 HYP414

HYP412

Streptococcus_macacae_NCTC_1155810088

1,000 2,000 3,000 4,000 5,000 6,000 7,000

cas9 gene-1 HYP422uvrB cas1mutX
cas2tracrRNA

Streptococcus_marimammalium7535

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene yesSnfr1 HYP427
tracrRNA

cas1 HYP428

HYP425

Streptococcus_mutans_UA159-FR10102

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene yesSnfr1 HYP434
tracrRNA

cas1 HYP435

HYP432

Streptococcus_mutans_UA15910102

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene HYP440 HYP443HYP439 HYP441HYP438 mutT2

tracrRNA

Streptococcus_ovis_DSM_1682910100

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene hemNyutF HYP447 yvdTtracrRNA HYP445

Streptococcus_pantholopis10090

1,000 2,000 3,000 4,000 5,000
cas9 gene tracrRNA

Streptococcus_plurextorum_DSM_228105283

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene hemN glmMyutF HYP454 HYP456tracrRNA
HYP452

Streptococcus_pseudoporcinus_LQ10089

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene hemNyutF glmMtracrRNA HYP461 HYP463
HYP459

Streptococcus_pyogenes_M1_47610087

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene hemNyutF glmMHYP469tracrRNA HYP471
HYP466 HYP468

Streptococcus_pyogenes_M1_GAS10087

cas9 gene macBHYP474 nfr1
tracrRNA
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Streptococcus_ratti_FA-110088

Streptococcus_sanguinis_SK4910097

Streptococcus_thermophilus_JIM_823210071

Streptococcus_thermophilus_LMD-910088

Streptococcus_thermophilus_LMD10071

Streptococcus_varani

Streptomyces_catenulae

Streptomyces_scopuliridis_RB725574

Streptomyces_yeochonensis_CN73210154

Sunxiuqinia_elliptica

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene macBHYP474 nfr1

tracrRNA

Streptococcus_ratti_FA-110088

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene sufB nrnAHYP484crcBrplS
tracrRNA

HYP478

crcB
HYP482

Streptococcus_sanguinis_SK4910097

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-1 CRISPRHYP491cas1HYP487HYP486
tracrRNA cas2

Streptococcus_thermophilus_JIM_823210071

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene-2 gyrBezrAserB gphtracrRNA

Streptococcus_thermophilus_LMD-910088

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-1 CRISPRHYP497cas1 HYP498HYP493
HYP492 tracrRNA

HYP499
cas2

Streptococcus_thermophilus_LMD10071

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene addA rexB

tracrRNA

Streptococcus_varani

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP512 HYP513HYP510 HYP519HYP514HYP508 HYP515
HYP516

HYP518HYP511
HYP509 HYP517tracrRNA

Streptomyces_catenulae

1,000 2,000 3,000 4,000 5,000

HYP525HYP523HYP520 HYP524HYP521 HYP522 tracrRNA

Streptomyces_scopuliridis_RB725574

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP535HYP529HYP527 HYP534HYP532HYP531 HYP533HYP530HYP526
HYP528 tracrRNA

Streptomyces_yeochonensis_CN73210154

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene luxQdinBHYP536

tracrRNA

Sunxiuqinia_elliptica

cas9 gene nepI rclR yiaJCRISPR mazFcas2 HYP547 HYP548tracrRNAcas1
mazE
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Thalassospira_alkalitolerans10093

Thermobifida_halotolerans10148

Tistrella_mobilis_KA081020-06510160

Traorella_massiliensis

Treponema_denticola_ATCC_3540510109

Treponema_lecithinolyticum_ATCC_7003310070

Treponema_maltophilum_ATCC_5193910070

Treponema_putidum

Turicimonas_muris

Ureibacillus_thermosphaericus_str._Th10071

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene nepI rclR yiaJCRISPR mazFcas2 HYP547 HYP548tracrRNAcas1
mazE

Thalassospira_alkalitolerans10093

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
HYP552 HYP554 HYP556HYP553 HYP555glbOettA tracrRNA

Thermobifida_halotolerans10148

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP560 HYP563HYP561HYP557CRISPR
HYP559

tracrRNA HYP562HYP558

Tistrella_mobilis_KA081020-06510160

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP567HYP566 HYP569 HYP572
HYP571

HYP568
tracrRNA

cas1

HYP570

Traorella_massiliensis

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene recQ HYP576
tracrRNA

HYP575

Treponema_denticola_ATCC_3540510109

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP580cas1 tracrRNAcas2

Treponema_lecithinolyticum_ATCC_7003310070

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene glgA sufBcas1 aroHCRISPR
tracrRNA

sufC
cas2

Treponema_maltophilum_ATCC_5193910070

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene recQ HYP590
tracrRNA

HYP591

Treponema_putidum

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP596HYP593 yciBHYP592
tracrRNAHYP594

Turicimonas_muris

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene CRISPRrsmF HYP605cas1
tracrRNA cas2

Ureibacillus_thermosphaericus_str._Th10071

cas9 gene feoB corCcas1 HYP608
feoA

HYP612
HYP609

tracrRNA HYP613
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Urinacoccus_massiliensis10083

Vagococcus_fluvialis_bH8198798

Vagococcus_teuberi

Veillonella_atypica_ACS-134-V-Col7a8035

Veillonella_magna_DSM_1985710080

Verminephrobacter_eiseniae_EF01-210149

Virgibacillus_dakarensis10085

Weeksella_virosa_DSM_1692210105

Weissella_halotolerans_DSM_20190

Williamwhitmania_taraxaci10097

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene feoB corCcas1 HYP608

feoA
HYP612

HYP609
tracrRNA HYP613

Urinacoccus_massiliensis10083

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
cas9 gene yhhXcas1 truA

tracrRNA

Vagococcus_fluvialis_bH8198798

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene tkt ysdClexA
HYP622 HYP624tracrRNA

cas1

Vagococcus_teuberi

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
cas9 gene dcuD yxeP

tracrRNA

Veillonella_atypica_ACS-134-V-Col7a8035

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene pepScas1 HYP632 comEACRISPR HYP634
HYP633tracrRNA

cas2

Veillonella_magna_DSM_1985710080

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene HYP646HYP644
HYP641

HYP642 HYP648HYP638CRISPR
HYP645cas2 HYP643

HYP647HYP639

tracrRNA

Verminephrobacter_eiseniae_EF01-210149

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneHYP650 mboIIMHYP649 cas2 CRISPRmutT2
tracrRNA

cas1

Virgibacillus_dakarensis10085

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene mutS2dinB1 HYP659
tracrRNA

lexA

Weeksella_virosa_DSM_1692210105

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene-2cas1 deoRbudCHYP662 HYP664CRISPRHYP661
tracrRNAcas2

Weissella_halotolerans_DSM_20190

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene ffhfolDHYP671 argSHYP670

tracrRNA

Williamwhitmania_taraxaci10097

cas9 geneCRISPRHYP686 cas4HYP688
HYP687 HYP711

cas1-1recN
cas2-1

tracrRNA

HYP701
HYP707HYP694

HYP698HYP691
HYP702

HYP705

HYP708

HYP695
HYP699HYP692

HYP703

HYP709
HYP706

HYP700
HYP696

HYP704

HYP689
HYP693

HYP710

HYP697HYP690
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Wolinella_succinogenes

Wolinella_succinogenes_DSM_174010145

Yuhushiella_deserti

Zunongwangia_profunda_SM-A8710095

bacterium_A7P-90m

uncultured_Termite_group_1_bacterium10090

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 geneCRISPRHYP686 cas4HYP688
HYP687 HYP711

cas1-1recN
cas2-1

tracrRNA

HYP701
HYP707HYP694

HYP698HYP691
HYP702

HYP705

HYP708

HYP695
HYP699HYP692

HYP703

HYP709
HYP706

HYP700
HYP696

HYP704

HYP689
HYP693

HYP710

HYP697HYP690

Wolinella_succinogenes

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene hisS rfaFcas1 HYP678 aroHCRISPR HYP683
tracrRNA

HYP680
HYP679

cas2

Wolinella_succinogenes_DSM_174010145

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

HYP724HYP721dpp5
malL

HYP717 HYP718 HYP720HYP719
HYP723

tracrRNA

Yuhushiella_deserti

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000
cas9 gene HYP728HYP727 topA ssbHYP726

tracrRNA

Zunongwangia_profunda_SM-A8710095

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

cas9 gene ffhfolDHYP307 argSHYP306
tracrRNA

HYP305

bacterium_A7P-90m

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000

CRISPRcas9 geneCRISPR cas2
tracrRNA

cas1

uncultured_Termite_group_1_bacterium10090
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