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Motifs

#positions

Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum subsp. vincentii ATCC 49256
Filifactor alocis ATCC 35896
Solobacterium moorei F0204
Coprococcus catus GD-7

Treponema denticola ATCC 35405
Peptoniphilus duerdenii ATCC BAA-1640
Catenibacterium mitsuokai DSM 15897
Streptococcus mutans UA159
Streptococcus pyogenes SF370

Listeria innocua Clip11262
Streptococcus thermophilus LMD-9
Staphylococcus pseudintermedius ED99
Acidaminococcus intestini RyC-MR95
Olsenella uli DSM 7084
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ERRVQ-RNSRRRLKRRKWRLNLLEE I FSDE IMK 1 -DSNFFRRLKESSLWLEDKNSKE
—-DRRLQ-RGNRRRLERKKQRIDLLQE IFSPEICK1-DPTFF IRLNESRLHLEDKSNDF
ERRTH-RGNRRRLARRKYRLLLLEQLFEKE IRKI-DDNFFVRLHESNLWADDKSKPS
ERRMF-RTARRRLDRRNWR I QVLQE I FSEE I SKV-DPGFFLRMKESKYYPEDKRDAEGNCPEL-PYALFVDDNYTDK
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RKPYILSLDIGTGSVGYACM-
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DYTWP IFNDSDFNE'

Oenococcus kitaharae DSM 17330 ARDYSVGLDIGTSSVGWAAL - === ——————————| —--KRRGY-RTTRRRLSRRHWRLRLLND I FAGPLTDFGDENFLARLKYSWVHPQDQSNQAHF- LLFDSKEQDK- DFYRK-YPTIYHLRLALM
Bifidobacterium bifidum S17 VDDYAISLDI F- T SRRMA-RTTRRRYSRRRWRLRLLDALFDQALSE I -DPSFLARRKYSWVHPDDENNADCWY- LFDSNEQDKR- FYEK-YPT1YHLRKALM
Lactobacillus rhamnosus GG NQPYGIGLDIGSNS IGFAVV~ DRRGS-RTTRRRLSRTRWRLSFLRDFFAPHITK I -DPDFFLRQKYSE I SPKDKDRF~ ~KYEKRLFNDRTD; EFYED-YPSMYHLRLHLM
Lactobacillus gasseri JV-V03 DRRAF-RTTRRRIKRRKWRLKLLEE I FDPYMTEV-DPYFFARLKESGLSPLDKRKN- ~VSSIVFPTALEDK. KFYCN-YPTIYHLRYDLM
Finegoldia magna ATCC 29328 ~KYSLFNDKNFSDK- QYFEK-FPTIFHLRKYLM
Mycoplasma mobile 163K NKKVVLGLDLGIASVGWCLT- —INPFSKNLELKYK: TNL-P IGFHNLRKAAI
isepticum str. F KPEVTIGLDL! 1A% DRRSF-RGVRRL IRRRKYKLKRFVNL IWKYNSYFGFK NKEDILNNYQ EQQKL-HNTVLNLKSEAL

neumoniae SCO1 KKNITIGFDLGIASIGWAT I ——————— == ——m - | ERRAF-RSTRRNIRRKAYRNQRF INL ILKYKDLFELKNISDIQRANKKDTENYEK I ISFFTEI YK KCAAK-HSNILEVKVKAL

Mycoplasma canis PG 14 KRKVTLGFDLGIASVGWAIV === === —m = — e o — = — | —--ERRTQ-RGTRRLLRRRKYRNQKFYNLV-KRTEVFGL! SREAIENRFR ELSIK-YPNIIELKTKAL
Mycoplasma synoviae 53 KEKIVIGFDL 1 'YRRAK-RTTRRLLRRKKFKREKFHKL ILKNAE I FGLQ: RNEILNVYK: DQSSK-YRNILKLKINAL
Eubacterium rectale ATCC 33656 FMKYILALDIGIASVGWAI L~ LRRDM-RGAKRNNRRLKTR INDF IKLWENN NLSIPQF- K-STEIVGLKVRAI
Streptococcus thermophilus LMD-9 MSDLVLGLDIGIGSVGVGIL- VRRTN-RQGRRLARRKKHRRVRLNRLFEE LIT- DFTKIST-NLNPYQLRVKGL
Enterococcus faecalis TX0012 --MYS1GLDL 1 —~-ERRTN-RGGRRL IRRKTNRLKDAKK I L, GFYEDKSLK: NSCPYQLRVKGL
Staphylococcus lugdunensis M23590 NQKFILGLDIGITSVGYGL -GRRSK-RGSRRLKRRRIHRLERVKKLLEDY- NLLDQ QIPQ-STNPYAIRVKGL
Eubacterium dolichum DSM 3991 MGRLVLGLDIGITSVGFGI TRRTK-RGGRRLKRRRVTRREDMLHLLKQ/ 11s TSFHP-LNNPYDVRVKGL
Lactobacillus coryniformis subsp. torquens KCTC 3535 'YPRAENPQ-TG--ASLAEPRRIK-RGLRRRTRRTKFRKQRTQQLF I HS. LLSKPEIEQIL. -TPQA-KYSVYELRVAGL
1lyobacter polytropus DSM 2926 FQKAENPK-DG--SSLASSRREK-RGSRRRNRRKKHRLDR IKN I LCE! LVKKNEIEKTYK: NAY-LKSPWELRAKSL
Ruminococcus albus 8 FKSGE 1QE-KNRNSRASQQCRRS-RGLRRLYRRKSHRKLRLKNYLSH1 LTTSEKIDYYYE TA-DNNVIQLRNKGL
Akkermansua mUC|n|ph|Ia ATCC BAA-835 SRSLTFSFDIGYASIGWAV FPKDDCQA- —~-FKRREY-RRLRRNIRSRRVRIERIGRLLVQ)/ QIITPEM KETSG-HPAPFYLASEAL
PVTWRLGVDVGERS IGLAAV - HDGGVGDE-RS--GASRLALRGMARRARRLRRFRRARLRDLDMLLSEL- WTPL-PDKNVSP DAWLARKRLA

dobacterium longum DJO10A GKRYRIGIDVGLNSVGLAAV- HDGGVDPQ-KNKEA I TRKNMSGVARRTRRMRRRKRERLHKLDMLLGKF- 'YPVIEPESLDKP: Fi {VRAELA
Bifidobacterium dentium Bdl HRRYRIGIDVGLMSVGLAA HDGG I DPQLGKKKS I SRKA 1 SGVARRTRRMRRRKVVRLRQLDATLESL- FP1VE-PDSLDT- WE IWLTRAKLA
Corynebacterium diphtheriae NCTC 13129 -MKYHVG IDVGTFSVGLAAI - HDSGLDPD-EIKSAVTRLASSG I ARRTRRLYRRKRRRLQQLDKF IQRQ: WPVIELEDYSDP LYPWKVRAELA
Elu: icrobium minutum P DKPYRIGLDLGVGS IGFAIVS-MEE FKASAGAA- DRKLS-RGQRNNHRHTRERMRYLWKVLAEQ-KL- LPVPADLDRKEN-=~====—————--! SSEGE--TSAKRFLGDVL-QKDIYELRVKSL
Nitratifractor salsug ~MKKILGVDLGITSFGYAIL--QET-~ RNNPYDEK-SG--ESSQS IRSTQ-KSMRRL I EKRKKR IRCVAQTMERY- ILDYSETMKIND PKNNP-IKNRWQLRAVDA
Sphaerochaeta globus str. FIPSTGAA- —--ERRQK-RGQRNSLRHRANRLKFLWKLLAER-NL- MLSY:! EQDVPDPARLRF: EDAVV-RANPYELRLKGL

Fibrobacter suct ogenes subsp.
Bacteroides frag s NCTC 9343
Capnocytophaga ochracea DSM 7271
Rhodopseudomonas palustris BisB18
Prevotella micans F0438
Prevotella ruminicola 23

succinogenes S85

—~MKKILGLDLGTNS IGWAVV---NA.

KLAWRKNTEGKYEF I FQDAFNEMLAEFKDKQP--E IVEEGKK IPY-DWT I'YYLRKKAL

~MKRILGLDLGTNSIGWALV~~~~N~~~~~~~~~-EAENKD--~ERSSIVKLGVRVNPLTVDELTNFE-KGKS I TTNADRTLK-RGMRRNLQRYKLRRETLTEVLKEH
~MKNILGLDLGTTSIGFAHI----V-~- —~EKSEIKELGVRIVSLTTDEQSDFE-KGKSITTNANRTLK- HGARLNLDRYQQRRKYLIDLLQK
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FGSSVSKNSNGREYSLAGNRSAH-| RRSRGLNEARRRKLWATLDLLIEH GLC-P- MSPDSLMQWRTVDKQKGLYR
FSEGVKIE-KG I ESSKAAERTEH-RSVRKHYWRRK IRKIRLLT I LSDN-DLC-PRLKHEQLRQWR~~~~~~~|

LLPDPRPDALNQAMRR I STASAA-

DGKPD
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TFETYRLRAKAV
THSTWQLRAKAV

-YSSPYQLRRELV
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Flavobacterium columnare ATCC 49512 ~MTKILGLDLGTNSIGWAT -~ FSEGVKSE-NGKE I SRAAERTAY-RSARKIKYRRKLRKYETLKVLS IN-GMC-PLSVEEVEQWKKSGFK~-======~~—~-| EYPLNPEFLDWLR: -TNEDK-NINPYLFRDKAS
Aminomonas paucivorans DSM 12260 MIGEHVR FTKAENPK-DG--SSLAEPRRQA-RGLRRRLRRKTQRLEDLRRLLAKE: LSLSDLETLFR ETP-AKDPYQLRAEGL
Rhodosplrlllum ruhrum ATCC 11170 IEPWILGLDIGTDSLGWAVF--SCE: FDSGRDAK-DH--TSRQAERGAF-RRARRQTRTWPWRRDRL I ALFQ; LTPPAAETRQI LALRREAV
Can Tum marinum IMCC1322 ~=MRRLGLDLGTNSIGWCLL. FSDGRDPK-SL--GSLKATRREA-RLTRRRRDRF IQRQKNL INALVKY LMPADE IQRQAL- YKDPYP IRKKAL
Verminephrobacter eiseniae EF01-2 AVAYRLALDLGSTSLGWAIF- ~RLNEAR---EPTAIIRAGVR FSDGRNA--NS--EPLAVHRRVA-RAMRRRRDRLLKRKKRMHDQLVQH FF EL. E-RLNPYQLRAKGL
Ralstonia syzygii R24 EKQHRWGLDIGTNS IGWAV —---ALIEGRPAGLVATGSR FSDGRNPK-DG--SSLAVERRGP-RQMRRRRDRYLRRRDRFMQAL IN LMPGDAAARKAL -TENPYVLRQRGL
Dinoroseobacter shibae DFL 12 FSDGRDPK-SG--ASLAVDRRAA-RAMRRRRDRYLRRRATLMKVLAET- LMPADPAEAKAL- E-ALDPFALRAAGL
lum sp- B510 FSDGRDPQ-DK--ASLAVARRLA-RQMRRRRDRYLTRRTRLMGALVRF LMPADPAARKRL. E' DPYLARERAT
Nitrobacter hamburgensi FPDGRDPQ-SG--TSNAVDRRMA-RGARKRRDRFVERRKEL 1AAL IKY: NLLPDDARERRAL. E-VLDPYALRKTAL
Bradyrhizobium sp- BTAil FPDGRNPQ-SK--QSNAAGRRLA-RSARRRRDRYLQRRGKLMGLLVKH LMPADEPARKRL. E-CLDPYGLRAKAL
Wolinella succinogenes DSM 1740 FTAAETPK-KK--ESPNKARREA-RG IRRVLI 1KKLFLR, L 1QDVDLDGEGGM FYSKAN-RADVWELRHDGL
Campylobacter jejuni subsp. jejuni NCTC 11168 ~MARILAFDIGISSIGWAF: FTKVENPK-TG--ESLALPRRLA-RSARKRLARRKARLNHLKHL I ANEFKL- NYEDYQSFDESL. KAYKGS-LISPYELRFRAL
Hel bacter mustelae 12198 ~MIRTLGI SIGWAV QVKHYLSKALGL. DLECFVQGEKLATL======= === mmm e e o | FQTSKD-FLSPWELRERAL
Bacillus cereus Rockl-15 ~MNYDIGLRIGITSCGWSI ~ASAAPRREA-RKSRRKHRRKKHRIER IKRL 1VQH. DLLSKKELDSLYL. PF-NIDVWNLQVEAL
Acidovorax ebreus TPSY MAQHVFGLDIGIASVGWAIL- DPLNLTRRQA-RLLRRRLYRRAWRLTQLSRLLKRK: L IADAKLF,; KAPSY-GDSAWELRRQGL
uncultured Termite group 1 bacterium phylotype RsD17 MKKRILGLD1GIASVGWALVE-FDD: -ESLAKPRREA-RSQRRRIRRRVERLNS IRELFVKN-GVV-E EWSVSKKNPNN1Y: ITLNQ-IKTPWQLRMESL
Clostridium perfringens D str. JGS1721 DINYALGLDI SVGWAV ~SSLALPRRLA-RGRRRLLRRKAYRVERVRKL ILKN NILTKEELEGLFK NKE-VID'
Clostridium cellulolyticum H10 ~MKYTLGLDVGIASVGWAV ESLATARRIA-RGMRRR I SRRSQRLRLVKKLFVQYE. 1 IKDSSEFNRIFD -TSRDG-WKDPWELRYNAL
Parvibaculum lavamentivorans DS-1 -MERIFGFDIGTTSIGFSVI DYSSTQ: NIQRLGVR —~PLNQQRRQK-RMMRRQLRRRR IRRKALNETLHEA-GF: LPAYGSADWPVV- M-ADEPYELRRRGL
KMDYRIGLDIGIASVGWAVL--QNN —~ESLAGPRRAA-RTTRRRLRRRKHRLDR IKWLFEN: QGL INIDDFLKRYNM== === == mmm e e oo, AGL-P-DVYQLRYEAL
meningi ~DSLAMARRLA-RSVRRLTRRRAHRLLRARRLLKR: EGVLQAADFDENGL = ==—==————mmm e e e e e | KSL-PNTPWQLRAAAL
Pasteurella multocida subsp. multocida str. Pm70 NLSYILGLDLGIASVGWAVV--EIN ESLALSRRLA-RSTRRL IRRRAHRLLLAKRFLKR: EGILSTIDLE. KGL-PNQAWELRVAGL
B

Sutterella wadsworthensis 3 1 45|
gamma proteobacterium HTCC5015
Legionella pneumophila str. Paris
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Francisella novicida U112

selected for tree reconstruction (272)

TDEEW

SQEGRRGK-RHQVRGYKRRKMAKRLLWL I LDSEYGIKR
SQAQRRAT-RHRVRNKKRNQFVKRVALQLFQHI LSRDL

EEVT.

N

THIIGVGLDLGGTYTGTFIT-
MLVSP I SVDLGGKNTGFFSF-

SSKSRTAV-RHRVRSYKGFDLRRRLLLLVAEYQLLQKKQTL-

PEER.

SQVGRRSK-RHSKRNNLRNKLVKRLFLLILQEHHGLS1

FKILPIAIDLGVKNTGVFSA———————— | LMNNRTAR-RHQRRG I DRKQLVKRLFKL IWTEQLNLEW:

D_RNAseH_1 L RRR 1

ke kxRt __________________________ e ke ___deeokokdedekek _________

e e e e e e e

Supplementary Figure 1. Multiple alignment of selected Cas9 sequences. Accession humbers are indicated on the left followed by bacterial names. The
conserved motifs and residues are indicated below the alignment. All analyzed Cas9 (formerly Csnl) sequences exhibit the protein architecture as previously
described.*®***® The conserved N-terminal RuvC (RNase HI) motif with catalytic aspartate and the central HNH motif with catalytic histidine and two
asparagines were shown to be involved in target DNA cleavage by dual-tracrRNA:crRNA—Cas9 during the CRISPR interference step.38 The functions of other

conserved motifs remain to be elucidated. Informative positions that were chosen for the tree reconstruction are indicated with asterisks.



303229466 Veillonella atypica ACS-134-V-Col7a

34762592 Fusobacterium nucleatum subsp. vincentii ATCC 49256
374307738 Filifactor alocis ATCC 35896

320528778 Solobacterium moorei F0204

291520705 Coprococcus catus GD-7

42525843 Treponema denticola ATCC 35405

304438954 Peptoniphilus duerdenii ATCC BAA-1640

224543312 Catenibacterium mitsuokai DSM 15897

24379809 Streptococcus mutans UA159

15675041 Streptococcus pyogenes SF370

16801805 Listeria innocua Clip11262

116628213 Streptococcus thermophilus LMD-9

323463801 Staphylococcus pseudintermedius ED99

352684361 Acidaminococcus intestini RyC-MR95

302336020 Olsenella uli DSM 7084

366983953 Oenococcus kitaharae DSM 17330

310286728 Bifidobacterium bifidum S17

258509199 Lactobacillus rhamnosus GG

300361537 Lactobacillus gasseri JV-V03

169823755 Finegoldia magna ATCC 29328

47458868 Mycoplasma mobile 163K

284931710 isepticum str. F

363542550 neumoniae SCO1

384393286 Mycoplasma canis PG 14

71894592 Mycoplasma synoviae 53

238924075 Eubacterium rectale ATCC 33656

116627542 Streptococcus thermophilus LMD-9

315149830 Enterococcus faecalis TX0012

315659848 Staphylococcus lugdunensis M23590

160915782 Eubacterium dolichum DSM 3991

336393381 Lactobacillus coryniformis subsp. torquens KCTC 3535
310780384 Ilyobacter polytropus DSM 2926

325677756 Ruminococcus albus 8

187736489 Akkermansua mucunlphlla ATCC BAA-835

117929158
189440764

dobacterium longum DJO10A
283456135 Bifidobacterium dentium Bdl
38232678 Corynebacterium diphtheriae NCTC 13129

187250660 Elusimicrobium minutum P
319957206 Nitratifractor salsug
325972003 Sphaerochaeta globus str.
261414553 Fibrobacter suc ogenes subsp. succinogenes S85
60683389 Bacteroides frag s NCTC 9343

256819408 Capnocytophaga ochracea DSM 7271

90425961 Rhodopseudomonas palustris BisB18

373501184 Prevotella micans F0438

294674019 Prevotella ruminicola 23

365959402 Flavobacterium columnare ATCC 49512

312879015 Aminomonas paucivorans DSM 12260

83591793 Rhodosplrlllum ruhrum ATCC 11170

294086111 Cani fum marinum IMCC1322
121608211 Verminephrobacter eiseniae EF01-2

344171927 Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12

288957741 lum sp- B510
92109262 Nitrobacter hamburgensi
148255343 Bradyrhizobium sp- BTAil

34557790 Wolinella succinogenes DSM 1740

218563121 Campylobacter jejuni subsp. jejuni NCTC 11168
291276265 Helicobacter mustelae 12198

229113166 Bacillus cereus Rockl-15

222109285 Acidovorax ebreus TPSY

189485225 uncultured Termite group 1 bacterium phylotype RsD17
182624245 Clostridium perfringens D str. JGS1721

220930482 Clostridium cellulolyticum H10

154250555 Parvibaculum lavamentivorans DS-1

257413184
218767588 meningi
15602992 Pasteurella multocida subsp. multocida str. Pm70
319941583 Sutterella wadsworthensis 3 1 45B

254447899 gamma proteobacterium HTCC5015

54296138 Legionella pneumophila str. Paris
331001027 Parasutterella excrementihominis YIT 11859
34557932 Wolinella succinogenes DSM 1740

118497352 Francisella novicida U112

Motifs

#positions selected for tree reconstruction (272)
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~RLVYLAVAWLVAHRGHFLNE:
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~RLTYLATHNIVKHRGNFLRE:
—~REVYLAIHHLVKYRGHFLIE-

NNKSLSSRDANPAQAVKSLRLALNDWCSERDYECAWKGEEDDGA I DEAILNVLADGEKGRSDQ

—-RETYLAIHHMVKYRGNFLVEGT:

DVKADSAFDVHTFADAIQRYAESNNSDE - ————~- NLLGK IDEKKLSAALTDKHGSKSQR

~REIFLATHHILKSRGHFLTPG,

LESSNAFKEDELLKLLGR I TRYEMSEGEQNSD I EQDDENKLVAPANGQLADALCATRGSRSMRVDN

KDFNTDKVDLED I FPALTEAYAQVYPDLELTFDLAKADDFKAKLLDEQATPSDTQKALVNLLLSS

—~RETYLAIHHIVKYRGNFLYNTP:

VKDFEASK IDVKDSLEKLNELYERLDSEFTVELDSSNALE IEK 1 IRDKKVFKINKVKS ITHQLLSLK
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FE
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303229466 Veillonella atypica ACS-134-V-Col7a

34762592 Fusobacterium nucleatum subsp. vincentii ATCC 49256
374307738 Filifactor alocis ATCC 35896

320528778 Solobacterium moorei F0204

291520705 Coprococcus catus GD-7

42525843 Treponema denticola ATCC 35405

304438954 Peptoniphilus duerdenii ATCC BAA-1640

224543312 Catenibacterium mitsuokai DSM 15897

24379809 Streptococcus mutans UA159

15675041 Streptococcus pyogenes SF370

16801805 Listeria innocua Clip11262

116628213 Streptococcus thermophilus LMD-9

323463801 Staphylococcus pseudintermedius ED99

352684361 Acidaminococcus intestini RyC-MR95

302336020 Olsenella uli DSM 7084

366983953 Oenococcus kitaharae DSM 17330

310286728 Bifidobacterium bifidum S17

258509199 Lactobacillus rhamnosus GG

300361537 Lactobacillus gasseri JV-V03

169823755 Finegoldia magna ATCC 29328

47458868 Mycoplasma mobile 163K

284931710 isepticum str. F

363542550 neumoniae SCO1

384393286 Mycoplasma canis PG 14

71894592 Mycoplasma synoviae 53

238924075 Eubacterium rectale ATCC 33656

116627542 Streptococcus thermophilus LMD-9

315149830 Enterococcus faecalis TX0012

315659848 Staphylococcus lugdunensis M23590

160915782 Eubacterium dolichum DSM 3991

336393381 Lactobacillus coryniformis subsp. torquens KCTC 3535
310780384 Ilyobacter polytropus DSM 2926

325677756 Ruminococcus albus 8

187736489 Akkermansua mucunlphlla ATCC BAA-835

117929158
189440764 dobacterium longum DJO10A
283456135 Bifidobacterium dentium Bdl

38232678 Corynebacterium diphtheriae NCTC 13129
187250660 Elusimicrobium minutum P
319957206 Nitratifractor salsug
325972003 Sphaerochaeta globus str.
261414553 Fibrobacter suc ogenes subsp. succinogenes S85
60683389 Bacteroides frag s NCTC 9343

256819408 Capnocytophaga ochracea DSM 7271

90425961 Rhodopseudomonas palustris BisB18

373501184 Prevotella micans F0438

294674019 Prevotella ruminicola 23

365959402 Flavobacterium columnare ATCC 49512

312879015 Aminomonas paucivorans DSM 12260

83591793 Rhodosplrlllum ruhrum ATCC 11170

294086111 Cani fum marinum IMCC1322
121608211 Verminephrobacter eiseniae EF01-2

344171927 Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12

288957741 lum sp- B510
92109262 Nitrobacter hamburgensi
148255343 Bradyrhizobium sp- BTAil

34557790 Wolinella succinogenes DSM 1740

218563121 Campylobacter jejuni subsp. jejuni NCTC 11168
291276265 Helicobacter mustelae 12198

229113166 Bacillus cereus Rockl-15

222109285 Acidovorax ebreus TPSY

189485225 uncultured Termite group 1 bacterium phylotype RsD17
182624245 Clostridium perfringens D str. JGS1721

220930482 Clostridium cellulolyticum H10

154250555 Parvibaculum lavamentivorans DS-1

257413184
218767588 meningi
15602992 Pasteurella multocida subsp. multocida str. Pm70
319941583 Sutterella wadsworthensis 3 1 45B

254447899 gamma proteobacterium HTCC5015

54296138 Legionella pneumophila str. Paris
331001027 Parasutterella excrementihominis YIT 11859
34557932 Wolinella succinogenes DSM 1740

118497352 Francisella novicida U112

Motifs

#positions selected for tree reconstruction (272)
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303229466 Veillonella atypica ACS-134-V-Col7a

34762592 Fusobacterium nucleatum subsp. vincentii ATCC 49256
374307738 Filifactor alocis ATCC 35896

320528778 Solobacterium moorei F0204

291520705 Coprococcus catus GD-7

42525843 Treponema denticola ATCC 35405

304438954 Peptoniphilus duerdenii ATCC BAA-1640

224543312 Catenibacterium mitsuokai DSM 15897

24379809 Streptococcus mutans UA159

15675041 Streptococcus pyogenes SF370

16801805 Listeria innocua Clip11262

116628213 Streptococcus thermophilus LMD-9

323463801 Staphylococcus pseudintermedius ED99

352684361 Acidaminococcus intestini RyC-MR95

302336020 Olsenella uli DSM 7084

366983953 Oenococcus kitaharae DSM 17330

310286728 Bifidobacterium bifidum S17

258509199 Lactobacillus rhamnosus GG

300361537 Lactobacillus gasseri JV-V03

169823755 Finegoldia magna ATCC 29328

47458868 Mycoplasma mobile 163K

284931710 isepticum str. F

363542550 neumoniae SCO1

384393286 Mycoplasma canis PG 14

71894592 Mycoplasma synoviae 53

238924075 Eubacterium rectale ATCC 33656

116627542 Streptococcus thermophilus LMD-9

315149830 Enterococcus faecalis TX0012

315659848 Staphylococcus lugdunensis M23590

160915782 Eubacterium dolichum DSM 3991

336393381 Lactobacillus coryniformis subsp. torquens KCTC 3535
310780384 Ilyobacter polytropus DSM 2926

325677756 Ruminococcus albus 8

187736489 Akkermansua mucunlphlla ATCC BAA-835

117929158
189440764 dobacterium longum DJO10A
283456135 Bifidobacterium dentium Bdl

38232678 Corynebacterium diphtheriae NCTC 13129
187250660 Elusimicrobium minutum P
319957206 Nitratifractor salsug
325972003 Sphaerochaeta globus str.
261414553 Fibrobacter suc ogenes subsp. succinogenes S85
60683389 Bacteroides frag s NCTC 9343

256819408 Capnocytophaga ochracea DSM 7271

90425961 Rhodopseudomonas palustris BisB18

373501184 Prevotella micans F0438

294674019 Prevotella ruminicola 23

365959402 Flavobacterium columnare ATCC 49512

312879015 Aminomonas paucivorans DSM 12260

83591793 Rhodosplrlllum ruhrum ATCC 11170

294086111 Cani fum marinum IMCC1322
121608211 Verminephrobacter eiseniae EF01-2

344171927 Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12

288957741 lum sp- B510
92109262 Nitrobacter hamburgensi
148255343 Bradyrhizobium sp- BTAil

34557790 Wolinella succinogenes DSM 1740

218563121 Campylobacter jejuni subsp. jejuni NCTC 11168
291276265 Helicobacter mustelae 12198

229113166 Bacillus cereus Rockl-15

222109285 Acidovorax ebreus TPSY

189485225 uncultured Termite group 1 bacterium phylotype RsD17
182624245 Clostridium perfringens D str. JGS1721

220930482 Clostridium cellulolyticum H10

154250555 Parvibaculum lavamentivorans DS-1

257413184
218767588 meningi
15602992 Pasteurella multocida subsp. multocida str. Pm70
319941583 Sutterella wadsworthensis 3 1 45B

254447899 gamma proteobacterium HTCC5015

54296138 Legionella pneumophila str. Paris
331001027 Parasutterella excrementihominis YIT 11859
34557932 Wolinella succinogenes DSM 1740

118497352 Francisella novicida U112
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MVKSENEDEVR I AKEVEDKSFLTKLKGTNNSVVPYQIHERELNQILKNIVAYLPFM. ~NDEQEDI
KVIDHKEITQE IESE IEKENFLPKQVTKDNGV IPYQVHDYELKKILDNLGTRMPFI ~KENAEK1
KKL T INNSVNQEDFYKFLKT ILSAKSE IKEVNDILTEIETGTFLPKQISKSNAE IPYQLRKMELEK I LSNAEKHFSFL. ~KQKDEKGL-
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SGYFLDKIEREDFLRKQRTFDNGS IPHQ IHLQEMRA I IRRQAEFYPFL. ~ADNQDRI

TEELLVKLNREDLLRKQRTFDNGSIPHQIHLGELHAILRRQEDFYPFL. ~KDNREK1
ADYF IAK1EKENFLRKQRTFDNGA I PHQLHLEELEATLHQQAKYYPFL~ ~KENYDK1
-ADYFLEK IDREDFLRKQRTFDNGS IPYQ IHLQEMRAILDKQAKFYPFL. —~AKNKERT
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RGESAYENMRKKANVFFKKMIETSDLSETDKNRLIHDIEEDKLFPIQRDSDNG\/IPHQLHQNELKQI 1KKQGKYYPFL----LDAFEKDG:
~AAPNPVEAHR:
QAKDVLGSKKTLSKEDFYKEVKKNLDDSKASQEILDTIALDSFMPKQRTNENGVIPYQLHQLELDRI TKNQGKYYPFL--KEVNPVSSHL.
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~VVDKIKLIFKF YYVGPLNTKSTRSWVY -
—---QQLFEFRIPYYVGPLNRVDDGKDGK~

FSWAVRKQAGRVTPWNFEEK IDREKSAAAF IKNLTNKCT -
~SWIVRKEEGK I LPWNFEQKVD I EKSAEEF IKRMTNKCT -
VWMVRKPGREDR I YPWNMEE I IDFEKSNENF I TRMTNKCT -
——--RSDEK1YPWNFSNV IDLDKTAHEFMNRL IGRCT -
FTWSVRKSDARIYPWNFTEV IDVEASAEKF IRRMTNKCT -

EKLLTFRIPYYVGPLARGKSDFAWL -
EKILTFRIPYYVGPLARGNSRFAWM-
~KSLVTFRIPYFVGPLANGQSEFAWL~
—~EKILTFI 'YYVGPLARGNSDFAWS -~

~SRKSADK I TPWNFDE I VDKESSAEAF INRMTNYDL -
~TRKSEET ITPWNFEEVVDKGASAQSF | ERMTNFDK~
~TRKADGE IRPWN I EEKVDFGKSAVDF I EKMTNKDT -
RKRNEK I TPWNFEDV I DKESSAEAI IRMTSFDL -
~LSLIQFRIPYYVGPLVNDHTASKFGWM: —~ERKSNES IKPWNFDEVVDRSKSATQF IRRMTNKCS—
~KLLSIMTFRIPYFVGPLRKDNSEHAWL -~ ~ERKA-GK 1 YPWNFNDKVDLDKSEEAF IRRMTNTCT -
---ESLVSFRIPYYVGPLTRKNAA I GHDGKERFAWSSRK~-DGMEHAV I TPWNWEE I IDRDKSAEDF IMRMTGDCT -
NK1 —---TALINFRVPYYVGPLVEEEQK IADDGKN IPDPTNHWMVRKSNDT I TPWNLSQVVDLDKSGRRI RLTGTDT--
KQINKIEGLLTFRVPYFVGPLVVPEDLQKSD- —~NSENHWMVRKKKGE I TPWNFDEMVDKDASGRKF IERLVGTDS -
WKMPYQLDELLNFHIPYYVGPL I TPKQQAESG- ENVFAWMVRKDPSGN I TPYNFDEKVDREASANTF I QRMKTTDT~

V-
D-

INLKFGHQDYLKE IKQVFEKQN IDFMNY- YANENGNPEL I INEKGQK 1 YTKIFKTLWESK 1GKCS:
YKFSNKHWLEEVKKVLSNQTGL. PEKFKEEY- ESLFSYVRNYSEGPGS INSVSPYG YHLDEKEGKVVQKYNN IWDKT I GKCN:
YSFSNLQWVNE IKKLFEVQE INPEFSEKF- LNLFTSVRDYAKGPGSEH EYGI FQKDEK-GKVFKKYDN IWDKT IGKCS
FFFDFSNKEWLKE INYFFNVQKNT LSETFIEEF- KKIFSFTRD I SKGPGSDNMPSPYGI - —-FGEFGDNGQ-GGRYEH IWDKNI1GKCS: IFTNE-Q R
EEL IFSNKQWINE IVKVFENQSYL- TESFKEEY- LKLFNYVRPFNKGPGSKNSRTAYGV-: ~FSTDIDPETNKFKDYSN IWDKT IGKCS: LFEEE-1 R,
LSNVFTIGAYRKE IQRVFE IQKKYHPEL -~~~TDEFCDGY -~ ~MLIFNRKRKYYEGPGNEKSRTDYGR~ ~=-FTTKLDANGNY ITEDN I FEKL IGKCS 'YPDE-L. R,
LINVFPTSAYRSEALRILQTQQEFNPQI ~TDEFINRY-- ~LEILTGKRKYYHGPGNEKSRTDYGR YRTSGETLDNIFGILIGKCT-=-~--~~ FYPDE-F---——~——-| RA--
QLNVFKVSAYANELAT I LKTQQAFYPNEL-~--TDDWIALF----VQPGIAEEAGL I YRKRPYYHGPGNEANNSPY WSDFQKTGEPATN I FDKL 1 GKD: FQGEL- R
EKNRFKTAD I IKE I IQLLNVQKNFHQL - —~DENF INKY- 1ELVEMRREYFEGPGKGSPYGWEGD: PKAWYETLMGHCT ——---- YFPDELR---------! SV--
HENNFKTRAYVDEAFQILSHQDL -~~~ ~SNELKSAI T1ISRKRMYYDGPGGPLSPTPYGR YTYFGQKEP IDL I EKMRGKC! LFPNE-P R,
YLSTPNRQMLVDE IKQILDKQRELGNEKL---TDEFYATY -~ LLGDENRAG I FQAQRDFDI 'YAGDQ: I1KKMVGKD I —=~~~~| FEPTE-D------~-—-| RA--
'YLFSFSRKLLEDEVRKIQAKQKELGNTHF---TDDVLEKY: 1EVFNSQRNFDEGPSKPSPYYSE1GQ TAKMIGNCT- FESSE-K- “T——
NHYL I TRHMLVKEVDL I LENQSKYYGIL: —~DDKTIAKI —~KD 1 1FAQRDFE I GPGKNERFRRFT! YLDSIGKCQ: FFKDQ-E
LNTAFPRLIVEKEVRRILELSAPLIPGL----TAEIIELI AQHHPLTTEQRGVLLQHGIKLARRYRGS LLFGQL IPRFDNRI ISRCPVTWAQVYEAELKKGNSEQSARERAEK
FETRLRQEDVLWELRCIADVQGL.- PEDVVSN 1DAVFCQKRP. PAERIGRDP--~~~-~| LDPSQ-L-=---=~~-~~| RA--
LPVRLMQEDNANELKQ I FRVQRVP- DEWKPLF- RSVFYAVSPKGS: EQRVGQDP--~~~~| LAPEQ-A----~~~-—~| RA--
LPTKLMQSDNAAE IRRIFKVQRI DDETGRKL- LRAVFKACSPKGS: RRVGRD LAPGL PR
LSARLQQSDYAREIQEICRMQE QELYRKI IDVVFAAE! RVGKD: PLQPGK NR-
HKFSPTRDLV IKEAEA I LKKQAGKDGFHKEL-TEEY IEKL. TKAIGYESEK: LIPESGFCP-~~~~~ YLKDE-K-==-~~~~- RL--
'YEKMIRRED IEEE IEKVLLRQAELGALGL--PEEQVSELI DELKACITDQEMPTID: ESLFGKCT- FYKDE-L
PVPTRD I ISNEIDVLLQTQKQFYQEIL. VSAILFENEK. 1VPEAGCCP- YFPDE-K. KL--
KIIGKLVRTVERKFYKEELTQILKKQVEL IPELRDDNLYKQCIEELYP INEAHRNT I A- INDILFYQRPLK! KKSQIDNCP- YEER I -F IDSKTGEKKKV-P
~NSSGYLGA I SDRSKELYFNKQTVGQYQMEMLDKNPNASLRNMVFYRQDYLDEFNMLWEKQAVYHKEL -~-~-~-TEELKKEI RDI1IFYQRRLKS QKGLIGFCE: FESRQIEVDIDGKKKIKTVG
NNLN-=—=-—-| NASGYLGAISDRSKELYFNRQTVGQYLYAKLQENRHNSLKNKVFYRQDYLDEFER IWETQASFHKEL --~--TDELKKQI RDVVIFYQRKPKS: QKGLISFCE-~-~-~~~ FESKEIEIEKDGKTITKNIG
'YSHTAKRSDLEDEVRAILRAQLRF! TETLAQTF DVAFFQRPLQD: SEDRVGDCP-
SYRAIRSQYQDE IKEIFTYQK-----~ KLSVESELYERLTSEKK( TIFYKRPLR! QRGNVGKCT-
NHYTARKEHYLKEFKAICSKQE LDDAL IEKL- EKAIFDQRPLKS QKGQVGTCT-
KTLGQY FFSLYNKERIRNQYTSREEHYLEEF 1 1 ICQTQGIEGINT-~--NEKLPEKK~~-~--FTGLAKDLYRAIFFQRPLKS. QKGL IGKCS:
'YSHTLSRSLLLEEARRLFQSQRTLGNPHA-~--SSNLEEAF-—————=———-~ LHLVAFQNPFASGED: IRNKAGHCS:
'VAPTRAL I AEELAE I VARQSSAYPGL - —-DWPAVT- RLVLDQRPL: RSK P
YEFYPDRYMLEQEFDTLWAKQAAFNPSLY 1EAARERL. KEIVFFQRKL: KPQEVGRC I —~~~~~|
'YDLYVDRAMVEQEFDALWAAQAALQPGLF---TEAARAEL. KDTLLYQRDL: RPVKPGRCT---~~~|
'YELY IAREWIAQEFDALWASQQRFHAEVL ---ADAARDRL. RAILLFQRKL: LPVPVGKCF-
YDFYPDRRHLEEEFHKLWAAQGAHHPEL ~TETLRDLL- FEKIFFQRPL: KEPEVGLCLFSGHHGVPPKD-P
YPFYPARRMLEAEFDTLWAEQARHHPDLL-~--TAEAREIL. RHRIFHQRPL. KPPPVGRCT
RLFGDEVLPRADAPHGVRAF TITGTKASYDYYPTRDMLRDEFNAIWAGQSAHHATI ~TDEARTEI EHITFYQRPL. KPAIVGKCT-
'YPTRAMVDAEFEA IWAAQAPHHPTM: REAITFSQRAM KRPSIGKCS:

'YTSVVTRSLLLKEIKTIFNSQRILGNVFS
'YDKALSRVLLGEELALLFATQRRLGNPH.
Y INSVAREL IEEEVEK I FVKQREKGNNFA---DVNTEREY:
YKMCVSRDV IREE IHTLFEKQRELGNNFA-~~SDE I EDKY
'Y IHTIAREDLLNE IKY IFS1QRKLGSPFV-

REIAFFVRPMQR: 1EKMVGHCT-
LSVAFYKRALKD FSHLVGNCS FFTDE-K R,
LGNPDAQSKQEREGL I FYQRPLK! FGDKIGKCS: HIKKGENSPY: R,
LYIWGSQRPTLTYEQ LMSMVGNCI —--~~~ YEKKE-K-==-=~——-] RA--
1LGDGDRKSGLFWQQKPALSGAD: LLKMLGKCT- FEKGE-Y R,
LKTAFSQKP; 1SKMVGFCT- FENGE-K Ry
- ~FEIFNSQRPFSNFED LEKLVGFCT~-

RG IHAHRN! EEFERLWEVQSKFHPALK-
RNKAENYQHTMLRAMLVEEVKE I FSSQRRLGNEKA---TEELEEKY-

RNQRGDYSHTFSRKDLQAEL I LLFEKQKEFGNPHV-~~SGGLKEG I
RNQRGAYTHTFNRLDLLAELNLLFAQQHQFGNPHC---KEHIQQYM:

~LNIWEFQRPFASGD:! ILSKVGKCT~-

—~SEEMRARI DT IFAQRPVFW- RKNTLGECR-
———————————— LEIMTSQRSFDLGPGMQPD! KPSPYAMEGFSDRVGKCTF----LGDQGE-L-
777777777777 ETLLMTQRPALSGD; QKMLGHCT - ~FEPAE-P-

TELLMWQKPALSGE ILKMLGKCT- ~HEKNE-F-

EIWKTWSARL---TSAEPTLAPAAE I LERSTDRKSR--~

EDIIETLCTLDPNRT IPPYEDQNNRRPPLDQTLLLSPEKLTRQY(

P-LLKTLKSLSADLT IPPYEDQNNRRPPKCQSVLLSDEKLTMHY-
QDY ISILEKTPPEITIPPYEARTNTGMEKDQSLLLNPEKLNNLY

PKWKEWVGQLVK-QNDNAYLNEN!
PNWRNL IPG I~~~ 1DAHPFLEKDLEHTKLRDRKR -~

GDVLDVLAGLDPDRT IPPYEDQNNRRPPEDQTLYLNPKALSSEY!

EKWKSWANKF:- GAYPLLTEDLTEILKNTDRKSR: RSDV

PNWRD IAKRL -———-| NHGKFNDDLADSTVKGYS--

KE-IMELLTTTEPVMT IPPYDDMNNRGAVKCQTLRLNEEYLDKHL-

LCNELKQKVTKAGLVDFLLELDPCRT IPPYLDNNNRKPPKCQSL I LNPKFLDNQY-

PNWQQYLQELKKLQSIQNYLDSFETDLKVLKSSKDQPYF--VEYKSSNQQIASG




303229466 Veillonella atypica ACS-134-V-Col7a

34762592 Fusobacterium nucleatum subsp. vincentii ATCC 49256
374307738 Filifactor alocis ATCC 35896

320528778 Solobacterium moorei F0204

291520705 Coprococcus catus GD-7

42525843 Treponema denticola ATCC 35405

304438954 Peptoniphilus duerdenii ATCC BAA-1640

224543312 Catenibacterium mitsuokai DSM 15897

24379809 Streptococcus mutans UA159

15675041 Streptococcus pyogenes SF370

16801805 Listeria innocua Clip11262

116628213 Streptococcus thermophilus LMD-9

323463801 Staphylococcus pseudintermedius ED99

352684361 Acidaminococcus intestini RyC-MR95

302336020 Olsenella uli DSM 7084

366983953 Oenococcus kitaharae DSM 17330

310286728 Bifidobacterium bifidum S17

258509199 Lactobacillus rhamnosus GG

300361537 Lactobacillus gasseri JV-V03

169823755 Finegoldia magna ATCC 29328

47458868 Mycoplasma mobile 163K

284931710 isepticum str. F

363542550 neumoniae SCO1

384393286 Mycoplasma canis PG 14

71894592 Mycoplasma synoviae 53

238924075 Eubacterium rectale ATCC 33656

116627542 Streptococcus thermophilus LMD-9

315149830 Enterococcus faecalis TX0012

315659848 Staphylococcus lugdunensis M23590

160915782 Eubacterium dolichum DSM 3991

336393381 Lactobacillus coryniformis subsp. torquens KCTC 3535
310780384 Ilyobacter polytropus DSM 2926

325677756 Ruminococcus albus 8

187736489 Akkermansua mucunlphlla ATCC BAA-835

117929158
189440764 dobacterium longum DJO10A
283456135 Bifidobacterium dentium Bdl

38232678 Corynebacterium diphtheriae NCTC 13129
187250660 Elusimicrobium minutum P
319957206 Nitratifractor salsug
325972003 Sphaerochaeta globus str.
261414553 Fibrobacter suc ogenes subsp. succinogenes S85
60683389 Bacteroides frag s NCTC 9343

256819408 Capnocytophaga ochracea DSM 7271

90425961 Rhodopseudomonas palustris BisB18

373501184 Prevotella micans F0438

294674019 Prevotella ruminicola 23

365959402 Flavobacterium columnare ATCC 49512

312879015 Aminomonas paucivorans DSM 12260

83591793 Rhodosplrlllum ruhrum ATCC 11170

294086111 Cani fum marinum IMCC1322
121608211 Verminephrobacter eiseniae EF01-2

344171927 Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12

288957741 lum sp- B510
92109262 Nitrobacter hamburgensi
148255343 Bradyrhizobium sp- BTAil

34557790 Wolinella succinogenes DSM 1740

218563121 Campylobacter jejuni subsp. jejuni NCTC 11168
291276265 Helicobacter mustelae 12198

229113166 Bacillus cereus Rockl-15

222109285 Acidovorax ebreus TPSY

189485225 uncultured Termite group 1 bacterium phylotype RsD17
182624245 Clostridium perfringens D str. JGS1721

220930482 Clostridium cellulolyticum H10

154250555 Parvibaculum lavamentivorans DS-1

257413184
218767588 meningi
15602992 Pasteurella multocida subsp. multocida str. Pm70
319941583 Sutterella wadsworthensis 3 1 45B

254447899 gamma proteobacterium HTCC5015

54296138 Legionella pneumophila str. Paris
331001027 Parasutterella excrementihominis YIT 11859
34557932 Wolinella succinogenes DSM 1740

118497352 Francisella novicida U112

Motifs

#positions selected for tree reconstruction (272)

~KSSLLY-SEFMLLN-ELNNVRI DGKALAQGVKQHL IDSIFK ITGLDGE IKNDLTSY~RDMV~

~KDSFLY-SEY I LN-ELNKVQ' NDEFLNEENKRK I IDELFK: IKDSFNSNYVSY IKF-KD:
~KHSLLY-SKYMVLN-ELNNVK! RGKKLPTSLKQKVFEDLFE —-LSGFDKDFKTSLKSY—-----
~MDSLLY-SKYNVLN-EINPIK NGKAIPVEVKQAIYTDLFE YI1EKEDI VSG IDIEIKSKLKSH-HD--FT---QIVQENKC:-
~KDSLVY-SKFMVLN-ELNNLRL. NGEKISVELKQRIYEELFC GIAKKGVE-

CNKTDEVI
EFNLTGDIL-
CCSKDAE IK---
EFRIVDLTGLDK:
CFDSVEISGVED-
HVESPT IEGLED:

-KSSLLY-SEYTVLN-EINNLQI 1IDGKNICDIKLKQKIYEDLFK:
~KASL1Y-NEFMVLN-ELNNLKL- NEFLITEEMKKAIFEELFK:
-KNSL1V-SKYEVYN-ELNKIR DDKLLEVDVKND I YNELFM
~KHSLLY-EKFTVYN-ELTKVKY -~ KTE-QGKTAFFDANMKQE I FDGVFK
~KHSLLY-EYFTVYN-ELTKVKY- VTEGMRKPAFLSGEQKKAIVDLLFK:
~KHSLCY-QKYLVYN-ELTKVRY -~ IND-QGKTSYFSGQEKEQIFNDLFK
-KHSLLY-ETFNVYN-ELTKVRF- 1AESMRDYQFLDSKQKKD IVRLYFK-
-KNSLLY-QEMEVLN-ELNATQI ~LQTDPKNRKYRMMPQ I KLFAVEH I FK
~LDSLIY-EKFMILN-EINNIRI
~KCSLLY-EEFCALN-EFNGAHYV TVD -GDDERRFDAAQRER IMCDLFR
-KNSLLY-QKFDVLQ-ELNNIR RLD IRAKQDAFEHLFK-
————————————————————— SVRTGNHWNDKRRMRLGREEKTLLCQRLFM

NNECLGTDQKQRL IREVFE

NGKR I SVPLKEELYNNLFK

NGKPLDTDVKLKLIEELFK:

KNEY ISERLKRKILLSRFLN
YSIYLTGWF INQEFKKAYLNKLLDLL IKTNGEKP~
TDLKT-TNKKIWQLSSNDR-NELLDEL ---LK~
YSTDKKN--1QPLWKLSSVDKLNILLNLFN--LP-
EFTEFKNWWLNAEQKSE I LKFVFTELFNWKDKKY -

NGRKLEENEKHEIVERIKS NT-

—-GFQKENQFSTSLTPW-IDFT-
ENKVFNASYGTYHDL-CK.

—-HG--FESKLGSY I FF-CK--DVFKTDGLDE-A.
—~NGKNFNNALTTYNYL-VS--VL-GREFVENPS---

SYLKENYNLI-
~DYMVRNN-

KIFDQQLDDLN
~1D-~FN=—~NILEDKF =~~~ oo oo
~NLSEIAY-~-NKDDNKINLP I INAYHSLTT-—--~ I FKKHL INFENYL I S-NENDLSKLMSFYKQQSEKLFVPNEKGSYEINQ
LREET I AES 1 GKETLKDVENEEKLEKEDHKWKLKGLKLNTNG -~ --K 1 QYNDLSSLAKFVHKLKQHLKLDFLLEDQYATLDK INFLQSLFVY
1SISLKKNEIKK I ILKDFGFEKSDIDDQDT—-IEGRK I IKEEP-TTKLEVTKHLLATIYSH-——--— SSDSNWININNILEFLPYLDAICI I
1SEKK-KK----LTSTNINDIVKKES IKS IMISVED I DMIKDEWAGKEPNVYGVGLSGLN | EESAKENKFKFQDLK I LNVL IN-LLDNVGIKFEFKDRND I IKN
~-KYLLNFA---LENFNLNEE I LKNRDLENDTVLGLKGVKYYEKSNATADAALEFSSLKPLYVF IKFLKEKKLDLNYLLGLE-~
K1 1SDCMGEN I DDFAGAR - I1DKSGKE | FHKFEVY

~KNLPSA-LIFNLQN-EICTIKN.
~AASYTA-QEYNVLN-DLNNLTI

~KASYTA-QEFNLLN-DLNNLTV PTETKKLSKEQKNQI INYVKN KLLSCD-~---VADIKGYR- I1DKSGKAE IHTFEAY- RKMKTLETLD I EQMD:
~GLSLSA-QQYNLLN-DLTNLKI DGEVPLSSEQKEY ILTELMT- KLLGVK----KERLSGWR-—======—=——— == LDKKGKPEIHTLKGY -~ ~RNWRKIFAEAGIDLATL.
~KYAYSA-DLFNALN-DLNNLV I QRDGLSKLEYHEKYH I IENVFK. NEINVN PEDIKGYR I TKSGKPQFTEFKLY- ~HDLKSVLFDQSILE--
~KLAYSA-ELFNLLN-DLNNLSI KEVG LEQIRGFR IDTKGSPLLSELTGY- ~KMIREVLEKSNDEHLE
———————— KLLKLPD---DARFNLVNYGSLQTQKE I ---~---ETVEKKTRFVDFKAY -~ ~HDLVKVLPEEMWQ-~-~

VILYLKE———EERFGDLNVS ——————————————— KDEKQDKKTEKTKF- ———ISLIGNYTIKKLNLSEKLKSE

-RFTVIA-DIYAFVN-VLSQYTY- TNNRGE! KSYHIDI DKNSDTSLTKCFKY I —~KVVKPLFEKY--GYDWDKL IENY
LSKVPTANCPEF YEYRMAR-ILCNIR, DGEPLSAE IRRELMNQARQ fKAISSRLGKETETNVSNYFf ~=-TLHPDSEEALYLNPAVEVLQRSGIGQILSPSVYRI -~~~~~~ -
----S-RACLEF-QEYRI NLRI DGSGSRPLSLEERNAVIEALLA. LEILKLPN---ESDLTSVPE- —~-EDGPSSLAYSQFAPF-DETSAR I AEF I AKNRRK I PTFAQWWQEQ: -
L-KASLAF-QEYI N-VITNLRI KDASAELRKLTVDEKQSI'YDQLVS- RSQLKGVGS- LTSVQRIYESDNKIRKPLVAWWKSA--~
ALKASLAF-QEYRIAN-VLTNLVI E--DGTKRKLTIAEKQRVFGFL- —~ALHIHSAKPV IREKLVAWWKAASPTV

ALKASDAF-QRYRIAA-LIGNLR' RV--DGEKR I LSVEEKNLVFDHLVN- ~NRSIVNSR---IAPLVDWWKTASALE

- P~ASHKLN-EERRLWE-TLNNARY == === ===~ = ! SDPIVDIVTGEITGYYEKQFTKEQKQKLFDYLLT- 1LQGRDKKAQKIKGY -~ —~=-KLIKLES: —-MPFWARL---~

~AYSYLY-DLYRLYK-KLADLNI DGYEVTQEDREKV IEWVEKK IAQGKNLKK~~=~~==IT-~~HKD-~~~LR-~-~~—~-] KILGLAP---EQKIFGVED-~~~~~-| ERIV-———-| KGKKEPRTFVPFFFL—AD——IAKFKELFASIQKHPD -
~RCHFLN-EERRLWE-AINNARI KMPMQEGAAKRY Q! F! DEQRH TDITPKLVQKEFPALKTSTI LQGKEKAIQKIAGF- RFRRLEEKSFWKRL-

VKCIA-KSNPLF-QEFRLWQ-FIQNLRI YQREKEIDGKLLTDIDITSECLK. DWLNDRET IEQEDLLKH: FNTKK-SKNKENPYRWNYVEDKVY-PCNETRA--TILKGFSKCG INASVL-
NRVIS-RSSPLF-QEFKIWQ-ILNNIEVTVVGKKRKRRKLKENYSALFEELNDAEQLELNGSRRLCQEEKELLAQELF I -~~~~R~~DK~=====-MT==-KSE-~=-VL-~~~~~~-| KLLFDNPQELDLNFKT IDGNKTGY ========~~, ALFQAYSKMIEMSGH- EPVDFKKPVEKVVEYIKAVFDLLNWNTDILGF
ARVVP-KSSPLF-QEFKIWQ-ILNNV---1CKRKG IRKKK I SAKTTQLDLLNESSQT I FS-~--LDMECKQLLFDELNL. LI ~KLLGYSPQEWE INYNQLEGNRTQK~ —-ALYEAYLKIVEMEAH-DVKDILQIKSAKDDWSLDESPLSASE IREKVK

~RRAPSF-ELFRFLS-RLANLKL- RRLTAEE I ALAAKGFGE:
—IGRPEF-EEFRAWT-L INNIKIRE- TAGEPYKQLP IKLRQ-ELLKDCFLS:
~SSHPLY-EDFRMYS~-F INNIKVQV~ DTLYDKGERSLTDEEKQL I IPLFKR

KDKEASLDVVARTGG--~~-) -AAYGTKTLK----DALGDAPWRSLSR--
——-TINYKDSVSIA-ACPVTVRMKKLLGENWANCR I DGEKRRQAHGK
EKAYKFNYQMDTQVS-GSPVNAQLEE I FGEDWLSSVCEVYTL----AN

~VSHPDY-EEFRM| YLNTIKI  TQSEKTLRFLTLEEKLKLVPKFYR: KKNEFFYWFNYKPT-DSVSACVVSASLENAT --——- GKDWKIKTFEY
-RRSASA-ETFMLLQ-KTGNLRL === === mm e m e e oo IHRRTGEERPLTDKEREQ IHLLAWK- GDKAEEKLFVHLAGI ---——————-| HE IRKALDKGPDPAVWDTLRS--
~RALPTV-QDF I IRQ-TLANLRL- PSTSADEPRPLTDEEHAKALALLST- RNGAKQAARGTAGNL- TEAILAPL IPGW.

~KALPSF-QRFRIYQ-ELSNLAW 1DHDGVAHRITASLALRDHLFDELEH ILRKQGV~--VDYPVGFNL. ESDNRDHL IGNLTSC IMRDAKKMIGSAWDRL -~~~
~LALPST-QRFRILQ-EVNNLRL.- LDEALREVPLNLAQRDAVVSALE! KLLTLSG KFN LEDEKRAELKGNATS-~ —=VILARKDLFGDAWAGF -~~~

MTLADKRERPLSFQERNDLLAQLVA- KIVF GANKEAYRF: TIESERRK--ELKGC-~ ~DTAAKLAKVNALGTRWQAL---—
-TADGREARPLTREERDQV IHALDN: ~KVLKLRDGERFTLETGVRD: IACDPLRASPAHP- 1LDADAQW-
THLDLSERPLTPAERDRIVAFVQG: DKRPELLGDETG RIAPAFGPGWTAL -~~~
RDTGKGSRRLTKEQSDLVVAALLA. ESDRRAALDGDQT/ u'SDKKGF— —NKAWRGF— -
VETGPTSSRLGKEDQDKVARALLQ: ESDRRDHLKGDAT!

DNEGWEQK I IERKTLEELLDFAVS. —-KREATLFDPNEPTEL-| EFDKVEAEKKAWISLRGAAKLREALGNEFVGR
~KNSPLA-FMFVALTRI INLLNN LKNTEGILYTKDDLNALLNEVLK. ~-EKGTYFIEFKKYKEF-IK LGEHNL-
~KHAPSA-EEFVALTKSINFLKN LTNRHGLCFSQEDMCVYLGKILQ: —~GKNPEKAVFLSLPST- FKLNKITQ:
-KTSWAF-QYFSLLQ-KINKLK DDNTLRKLSKEERDIVIELAFK NTKFNHLTYSHVVE-- ~HLIKKQLKDRNVELTQEL ----~

-KASFSV-ERHVWLT-RLNNLRI 'VDGRSRPLNEAERQAALLLPYQ NAF IKAGLWGDGVRFGGLAYPSQAQ I DAEK:
-RDSYSA-ELFKVLC-TINNTTF- TDMKTGE IRSFSKEEIGKTLETV-==--=-KNVKD-----=-VK-=-YAK--—=IR-————— - KDLGLED---SVKFSGVDYRENA.
~KHCISS-EEFTLYE-GINKLSI IKDGEKRKLSEEERTLVVNEAFN
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QQETNPVVHRALTQARKV INAI IRE:

Q1 PEYGHHSQR IEPGAAKHLYLPPF-YEAQRKY/

GKGDH I GSMQFRDDAD I PRNPVVLRALNQARKVVNAL I RE:

TSAGYSLKQEGIKN
EKAGYNFKAIYEGVRTK--KLPVI-E

KLVPPAKENIN RAFAQTRKV INAVIRK-:

NMAELDFTGSS KLEKC-NKLT

DEIVNPVVNRALAQTRK! ISV IDK~

NGPDWEGWRRTNFPHRNQPTGE I LDKL-PSPASKEE:

EPTIENVTNPVVIRALTQARKVINAI I1QK.
RERISQLRNPTVVRTQNELRKVVNNL IGL~

EEA-GYDFKADSKGTKQK-LLTGE-NVNQTI
E1YGDHY-GKKNTEEKI-YLPP1-P,

NEITNPVVKRSVSQTVKVINAI IRT:

REIYGHHY-GEANQKTSQ-LLPAI-P;

IHGERKVPLKSAMCTRLSADSTRPFDGQMAS I IEHIARKIAQHKIAQINDVPK-:

RLPADSVRPFDGVLARMMQRLAYE I AMAKWEQIKH I PD-

\QCCRLPADCVRPFDGF IRKAIDRNSWEVAKR I AEEVKKSVDFT -

FHKKATATCQRLPADTQRPFSGKIERY IDKLGYELAK I KAKELEGMEA-

NKDK 1 ILSAKAQRLPAIPTRIVDGAVKKMAT I LAKN1VDDNWQN IKQVLSA.

B —————




303229466 Veillonella atypica ACS-134-V-Col7a

34762592 Fusobacterium nucleatum subsp. vincentii ATCC 49256

374307738 Filifactor alocis ATCC 35896
320528778 Solobacterium moorei F0204
291520705 Coprococcus catus GD-7

42525843 Treponema denticola ATCC 35405
304438954 Peptoniphilus duerdenii ATCC BAA-1640
224543312 Catenibacterium mitsuokai DSM 15897
24379809 Streptococcus mutans UA159

15675041 Streptococcus pyogenes SF370
16801805 Listeria innocua Clip11262
116628213 Streptococcus thermophilus LMD-9
323463801 Staphylococcus pseudintermedius ED99
352684361 Acidaminococcus intestini RyC-MR95
302336020 Olsenella uli DSM 7084

366983953 Oenococcus kitaharae DSM 17330
310286728 Bifidobacterium bifidum S17
258509199 Lactobacillus rhamnosus GG
300361537 Lactobacillus gasseri JV-V03
169823755 Finegoldia magna ATCC 29328
47458868 Mycoplasma mobile 163K

284931710 isepticum str. F
363542550 neumoniae SCO1
384393286 Mycoplasma canis PG 14

71894592 Mycoplasma synoviae 53

238924075 Eubacterium rectale ATCC 33656
116627542 Streptococcus thermophilus LMD-9
315149830 Enterococcus faecalis TX0012
315659848 Staphylococcus lugdunensis M23590
160915782 Eubacterium dolichum DSM 3991

336393381 Lactobacillus coryniformis subsp. torquens KCTC 3535

310780384 Ilyobacter polytropus DSM 2926
325677756 Ruminococcus albus 8

187736489 Akkermansua mucunlphlla ATCC BAA-835
117929158
189440764 dobacterium longum DJO10A
283456135 Bifidobacterium dentium Bdl

38232678 Corynebacterium diphtheriae NCTC 13129
187250660 Elusimicrobium minutum P
319957206 Nitratifractor salsug
325972003 Sphaerochaeta globus str.
261414553 Fibrobacter suct
60683389 Bacteroides frag s NCTC 9343
256819408 Capnocytophaga ochracea DSM 7271
90425961 Rhodopseudomonas palustris BisB18
373501184 Prevotella micans F0438

294674019 Prevotella ruminicola 23

365959402 Flavobacterium columnare ATCC 49512
312879015 Aminomonas paucivorans DSM 12260
83591793 Rhodosplrlllum ruhrum ATCC 11170
294086111 Can
121608211 Verminephrobacter eiseniae EF01-2
344171927 Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12
288957741 lum sp- B510
92109262 Nitrobacter hamburgensi
148255343 Bradyrhizobium sp- BTAil
34557790 Wolinella succinogenes DSM 1740

218563121 Campylobacter jejuni subsp. jejuni NCTC 11168

291276265 Helicobacter mustelae 12198
229113166 Bacillus cereus Rockl-15
222109285 Acidovorax ebreus TPSY

189485225 uncultured Termite group 1 bacterium phylotype RsD17

182624245 Clostridium perfringens D str. JGS1721
220930482 Clostridium cellulolyticum H10
154250555 Parvibaculum lavamentivorans DS-1
257413184
218767588

meningi
15602992 Pasteurella multocida subsp. multocida str. Pm70

319941583 Sutterella wadsworthensis 3 1 45B
254447899 gamma proteobacterium HTCC5015
54296138 Legionella pneumophila str. Paris
331001027 Parasutterella excrementihominis YIT 11859
34557932 Wolinella succinogenes DSM 1740

118497352 Francisella novicida U112

Motifs

#positions selected for tree reconstruction (272)

IFVEVARTNK--SEKKKKDSRQKRLSDLYSA I ---KKDDVLQSGLQDKEFGALKSG

NYDDAALR

KVF IEMARGGDESMKNKK IPARQEQLKKLYDSCG-~ND IANFS ID IKEMKNSLS:

SYDNNSLRQ:

1FI1EMARGGE--KVKKRTKSRKAQLLELYAACE--EDCREL IKEIE-
FIEMAREKKSAMKKKRTESRKDTLLELYKSCK--SQADGFYDEELFEKLSNESN

CMY-TGRE IDLDRLLQNNDT-~-YDIDHI'YPRSKV IKD-

DRDERDFN:

RLRR.

RVFVEMAREKQ---EGKRSDSRKKQLVELYRACK~-NEERDWITELN-

QSDQQLR!
NEDNLRLR!

1FIEMAKGAE-~-LEPARTKTRLKILQDLYNNCK--NDADAFSSE IKDLSGKIE:

1FI1EMARAKE--AKNSRKESRKNKLLEFYKFGKKAF INEIGEERYNYLLNEIN
1EFERSEE---AKERTESKIKKLENVYKDLD-EQTKKEYKSVLEELKGFDNTK:

EESKI

K1

NQGRRNSQ--QRLKGLTDSIKEFGSQILKEH

PVENSQLON

—~QFGK---CMY-SGDD I DINEL IRGNSK--WDRDH1YPQSK- IKD-
—~QMGR---SMY-TGKR I DFDKL INDKNT--YDIDHIYPRSK- IKD-

QKGQKNSR-~ERMKRIEEGIKELGSQILKEH

PVENTQLQN

NNSR--PRYKSLEKAIKEFGSQILKEH
NQGKSNSQ--QRLKRLEKSLKELGSK ILKEN
GKKQKSRK--QLW---DDNIKKNKLKSVDEYKY
KKRSVTRR--EQIKNLYRS IRKDFQQEV-DF
RKKGKRTK--RRYDAIKSALEKFKKDDPSLW:
ESHLTN--SRKNQLSTLLKNAGLSELVTQ:

PAKLSKIDNNALQN
1DVANKLNNEQLQQ:
EKILENKSDGQLQ
—KELCEKAPGDND.

PTDNQELRN

CMY-SGQS I DLDALLSPNATKHYEVDHIFPRSF-1KD-

DMY-TGDP IKLEHIKDQS-~~FYNIDHIYPQSM-VKD~

IFLELADD1Q---PSGRT I SRKSRLQDLYRNANLGKEFKG I ADELN-

QYDAAALQN

QRGK~---CMY-SGRP IKIEELHTGK~-~~-YEVDHI IPRSY~-IKD-

SDKDLQD:
DKASFT-

WLFIETADGTG-~-TAGKRTQSRQKQIQTVYANAAQEL I DSAVRGELEDKI

IAIEFTRDAD--DKAKISQTRANKLRKVYKELSNELASET IRNELER
1EMAKSEE---EKKTT I SRKNKLLDLYKAIKKDERDSQYEKLLTGLN

KDQKLLK
KLDDSDLR!

—-NKHERKK1EG INKYRK--EKYEELKKVYDLP:

EEKELENTKNYKKL IK-~KNGDK I SEGLKALG I SEDE IK.

NENTTLL-
DILKSPTK

—-DKKTIEEIK--KRNKK--GKGKTLEKLFQILNLENKGYKLS
1AKAQK--SKKSLVEERLEANNIDKSVFN

DLETKPAKL-
DKYEKL:

QVVIEMARELTKPNLEKLLNNATNSNIKILKEKL--DQTEKFDDFTKKKF ID-

KIENSVVFR

~~SEEQKKRINDSQKLNE--KEMEY IEKKLAVTYG IKLSP!

DFSSQKQL!

~~EDDEKKATQK IQKANK--DEKDAAMLKAANQYNGKAELPHSVF-
ELHAKNS--QRKNDSQSYFMQKSGWSQEKF:
SKDKQKFINEMQKKNE--NTRKRINE I IGKYGN:

QTT1--QKNRRFL.

CLY-SGKT IDPND I INNPQL~~FEIDHI IPRSI-SFD-

HGHKQL/

~QGER--~CLY-TGKT ISIHDL INNSNQ-~-FEVDHILPLSI-TFD-

QNAKRL!

-QDGI---CAY-TGLPISPELLVSDS----TEIDH
CLY-SLESIPLEDLLNNPNH--YEVDHI IPRSV-SFD-

KINAKLR:

SEEQRKAIRERQKFFE--MRNKQVADI 1GDDR

TAY-SLEP IDLKLL IDDPNA--YEVDHIIPISI -

~RNFKERGD IQKRQDKNR--QTNDKIAAELTELGI
KENKKRE--LENEKTKKFISEEFGIK:

PVNGQN 1
NVKGKLL-

—~KTFEDRAIDTKRNNDNQ--KENDRIVKE I IECIKCDE:

HARHLI

LSANLI

~TFSAMDSKK IQRELTLRQ--KSHTDAVNRLKRKLPGK:

--ESRERQAEEEAARRAHR--KANDRIRAELRASGLS
FARKDKREYEKNN--EKRS I FRSSLSEQLRADEQME.

DPSPADL.-
KVRESDL-

-SSVAKAKETERVQGERA--RYRNDLRRELCEQ-EGLN:

KIRESDI

KPSRADL-

-VTEKRAREMDGDMRRRA--ARNAKLFQEMQEKLNVQ

~KSAEDRSKLSREQNDNE--SNRNRIYEIY IRPQQQVIITR
KAMRERE--KALDK I I GKYKKEF-

ENPRNY1

~VGAEKRED I IKQQTKQE--KEAVLAYSKYCEPN:

PSIDKRL-

ogenes subsp. succinogenes S85 ~NPADKRKKMSEN I LKNE--NTNLR I KAMLMEFMNPSMG I E:

NLDKRY I

N

~KNAKEREELTKSIAQTT--KAHEEYKTLLQTEFGLT.
~KNAQKRYEMTQN INKAK-~LEHQKISE ILQKEFGIK.

MDTKSDI

~KSAEERKQLTDG I EARN--VEKAKRRKQAEEHLGRAPSD-

DANTKWALDRVNRIRR——DENEKIRKILKELNPTTNSISEQDIDKARVIFEQCETDFVTDGKVPYVNKDI

~~DANKRWAIQTWQRENE--KERERCRKE I EKY I ASPS.

DTDI

IDFQNENK--KFREEAIKE IKKLYLEECHKD:
—-QPAKVRRRIETEQQANE--KKKQQAEREFLDIVGT-

NPTEDDI
PGPGDL-

—~AGADERKRM I AEQAERE--RENAE I DVELRKSDRWM:

Tum marinum IMCC1322 ~MGADGKRELERFQKEGR-~AKNERARDELKKLGH-

—~QSREQKQQTQREQADNQ--KRNED IRKRIAP I LETSPE

IDSRESR.

RVRDRDI

—~AGLEEKER IKKQQTANL--ERNER IRQKLQDAGV-

PDNRENR:

EDNGRNR:

—~KSEEQKRADIKRIRDTT--EAAKKRSEKLEELEI

~RSAEDRRREDKRQADNQ--Ki
—~LSEQQKAERQREQRRNQ--DKNKARAEELAKFGR

RPTPRNL.

PANPRNL

~LSPRRLAELEREQAENQ--RKNDKRTSLLRKLGL

PASTHNL-

PLTRKNI

TKGE IED I KESQRKNE--KERKEAADW I AETSFQ!

~KNHSQRAK I EKEQNENY -~KAKKDAELECEKLGL-
~KAKSARMQLEK INKKNK~-~-SENDAASQLLEVLGL.

C1Y-SGDAIDPAGVAANDTR--YQVDHILPWSR-FGD-
CLY-TGQT INLTNLFNPNA---FDMEHT IPKSI-SFD-

EIYEEGNNISICDIIGSNPS--YDIEHT IPRSI-SQD-
CPY-CEEYLNPTRLAEPGY---AEMDHILPYSR-SLD-

CPY-TSTP 1GHADLLGDA-
QKF-QLWEQLAKEP-VDRC~~~CPF-TGKMMS I SDLFSDK~~~~VEIEHLLPFSL-TLD~
KKW- 1 LWEELNKKD 1 ADRH--~-CPY-SGERI SATMLLSEA---~VEIEHILPFSR-TLD-
LRM-RLFEELG---QGNGLGTPCI1Y-SGRQISLQRLFSND:
MLL-RLWEDLNPDDAMRRF---CPY-TGTRISAAMIFDGS.

KINSKNI

PNTYNNR:

~KTYKQRKELESTLKKNR--AENEKIKTKLLSMGI I

NPTGMDI

—~RPLDERNKVKRAQEEFR--DRNDRARSEFERDFGY-

KPKAAAF-

~NSKFDRSK I EEGQKKFQ--SQKDK I FKEVQELR!
~KNFKDRKL I EKEQKENR-~ANLDK IRENLRELMDK:

TPSSSLL-
EPTVVE

~MTRQDRDNLKKEHENNR-~KAREK I SDL IRQNGR:

SGLDI

NPSRDD

~KSKREREE 1QSG IRRNE--KQRKKATEDL IKNG I

~KTFEERRK IKGDMEKRQ--KNNEDVKKQIQEL-
KRQEENR--KDREKAAAKFREYI

PTGQDI
PKSKDI

PKSKDI

—KSFKERREIQKQQEDNR——TKRESAVQKFKELFSDEECE
S IKRVKD

EQKLKKKLED IQRNEENQEKRWLSKE

EESLRKSKTGSND----RVINSKKDRDGKKLAKAKENAEDRLKDKD-

CPY-TGDQIGFNALFREGR---YEVEHIWPRSR-SFD-
QQG1---CMY-SGKTIPLEELFKPGY—----DIDHILPYSI-TFD-

~GEIDH1YPRSL-SKKHFGV IFNSEVN
~GEIDHIIPRSL-TLKKSES1YNSEVN
~GEIDHILPRSH-TLKIYGTVFNPEGN
DFDGAK-EELDH I IPRSH----KKYGTLNDEAN

KGI---SAY-SGANLTDG--




303229466
34762592

374307738
320528778
291520705
42525843

304438954
224543312
24379809

15675041

16801805

116628213
323463801
352684361
302336020
366983953
310286728
258509199
300361537
169823755
47458868

284931710
363542550
384393286
71894592

238924075
116627542
315149830
315659848
160915782
336393381
310780384
325677756
187736489
117929158
189440764
283456135
38232678

187250660
319957206
325972003
261414553
60683389

256819408
90425961

373501184
294674019
365959402
312879015
83591793

294086111
121608211
344171927
159042956
288957741
92109262

148255343
34557790

218563121
291276265
229113166
222109285
189485225
182624245
220930482
154250555
257413184
218767588
15602992

319941583
254447899
54296138

331001027
34557932

118497352

Motifs

Veillonella atypica ACS-134-V-Col7a

Fusobacterium nucleatum subsp. vincentii ATCC 49256

Filifactor alocis ATCC 35896
Solobacterium moorei F0204
Coprococcus catus GD-7

Treponema denticola ATCC 35405
Peptoniphilus duerdenii ATCC BAA-1640
Catenibacterium mitsuokai DSM 15897
Streptococcus mutans UA159
Streptococcus pyogenes SF370
Listeria innocua Clip11262
Streptococcus thermophilus LMD-9
Staphylococcus pseudintermedius ED99
Acidaminococcus intestini RyC-MR95
Olsenella uli DSM 7084

Oenococcus kitaharae DSM 17330
Bifidobacterium bifidum S17
Lactobacillus rhamnosus GG
Lactobacillus gasseri JV-V03
Finegoldia magna ATCC 29328
Mycoplasma mobile 163K

isepticum str. F
neumoniae SCO1
Mycoplasma canis PG 14

Mycoplasma synoviae 53

Eubacterium rectale ATCC 33656
Streptococcus thermophilus LMD-9
Enterococcus faecalis TX0012
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991

Lactobacillus coryniformis subsp. torquens KCTC 3535

1lyobacter polytropus DSM 2926
Ruminococcus albus 8
Akkermansua mucunlphlla ATCC BAA-835

dobacterium longum DJO10A
Bifidobacterium dentium Bdl
Corynebacterium diphtheriae NCTC 13129

Elusimicrobium minutum P
Nitratifractor salsug
Sphaerochaeta globus str.
Fibrobacter suct ogenes subsp. succinogenes S85
Bacteroides frag s NCTC 9343

Capnocytophaga ochracea DSM 7271
Rhodopseudomonas palustris BisB18

Prevotella micans F0438

Prevotella ruminicola 23

Flavobacterium columnare ATCC 49512

Aminomonas paucivorans DSM 12260

Rhodosplrlllum ruhrum ATCC 11170

Cani fum marinum IMCC1322
Verminephrobacter eiseniae EF01-2

Ralstonia syzygii R24

Dinoroseobacter shibae DFL 12

lum sp- B510

Nitrobacter hamburgensi
Bradyrhizobium sp- BTAil

Wolinella succinogenes DSM 1740

Campylobacter jejuni subsp. jejuni NCTC 11168
Helicobacter mustelae 12198

Bacillus cereus Rockl-15

Acidovorax ebreus TPSY

uncultured Termite group 1 bacterium phylotype RsD17

Clostridium perfringens D str. JGS1721
Clostridium cellulolyticum H10
Parvibaculum lavamentivorans DS-1

meningi
Pasteurella multocida subsp. multocida str. Pm70
Sutterella wadsworthensis 3 1 458

gamma proteobacterium HTCC5015

Legionella pneumophila str. Paris
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Francisella novicida U112

#positions selected for tree reconstruction (272)

LVLCERTANA-KKSDIYPIDN RIQTKQKPFW) FLKH ~DVVFVKAENVSD
LVLVLKNENA-EKSNEYPVKK EIQEKMKSFWR FLKE. KNFIS DEKYKRLTGKD: DFELRGFMARQLVNVRQTTKEVGKILQQIEPE

LVLVNKTYNA-KKSNELLSED 1QKKMHSFWL - SLLN. KSKYDRLTRK( DFTDEELSGF IARQLVETRQSTKAIADIFKQIYSS--

RVLVEKDING-EKTDIYPISE D IRQKMQPFWK: ILKE EEKYKRLTRNY ELTDEELSSFVARQLVETQQSTKALATLLKKEYPSA- KIVYSKAGNVSE
RVLVKKNYNA-IKSDTYPLSL. D 1QKKMMSFWK: MLQQ QGFIT- KEKYVRLVRSD ELSADELAGF IERQIVETRQSTKAVAT ILKEALPDT- EIVYVKAGNVSN
RVLVCSSCNK-NKEDKYPLK! E1QSKQRGFWN FLQR NNFIS LEKLNRLTRAT: KIVYSKAETVSM
RVLVKKNLNH-EKGNQYP IPE. KVLNKNAYGFWK: ILFD KGLI QKKYTRLTRRT- EIVYSKAENASR
RVLVVPSENQ-RKLDDLVVPF D IRDKMYRFWK: LLFD. HELI PKKFYSLIKTE: KVAAIRANLSHE
RVLTSSKENR-GKSDDVPSKD: VVRKMKS YW KLL! KLIT- QRKFDNLTKAE RGGLTDDDKAGF IKRQLVETRQITKHVAR I LDERFNTETDENNKK IRQV- KIVTLKSNLVSN
KVLTRSDKNR-GKSDNVPSEE~~~~~~~~-' VVKKMKNYWR QLLN KLIT QRKFDNLTKAE RGGLSELDKAGF IKRQLVETRQITKHVAQILDSRMNTKYDENDKL IREV: KVITLKSKLVSD
LVLTSSAGNR-EKGDDVPPLE. 1VRKRKVFWE KLYQ NLMS KRKFDYLTKAE RGGLTEADKARF IHRQLVETRQITKNVAN I LHQRFNYEKDDHGNTMKQV- RIVTLKSALVSQ
KVL KSDDVPSLE: VVKKRKTFWY- QLLK: QRKFDNLTKAE- RGGLSPEDKAGF IQRQLVETRQI TKHVARLLDEKFNNKKDENNRAVRTV -~
KVLVIKKMNQ-TKGDQVPLQF-=----- 1QQPYERIAYWK: SLNK. DSKLHKLMKPE- FTAMDKEGF 1QRQLVETRQISVHVRDFLKEEY:

KVLVQSE ING-EKSSRYPLD, TRNKMKPLWD: YYN LKKYQRLTRST- PFTDDEKWDF INRQLVETRQSTKALA I LLKRKF PDT- EIVYSKAGLSSD
KVLVYREENQ-HKTDALLID! SIRQKMGGYWR MLHD- DKKFRNLFRNH 1DDKAMKGFVARQIVETSQMVKLVQTLFEARY PNT- RIVPVKAGISHD
RVLVSNITNR-RKSDSSNYLP- L IDKMRPF! LSK. KHKFANLTRTR DFDDMEKERF IARSLVETRQI IKNVASL I DSHF ET. KAVAIRSSLTAD
RVLVARAENA-RKTDSFTYMP- QI ADRMRNFWQ- ILLD RVKFERLTRQN EFSEREKERFVQRSLVETRQIMKNVATLMRQRYGN: IGLNAELTKE
RVLVNAT INR-EKNNVFASTL. FAGKMKATWR. KWHE. GRKLRNLMLRP DE IDKFAKGFVARQLVETRQI IKLTEQIAAAQYPNT— K1 TAVKAGLSHQ
RVLVKKAVNN-GKSDNVPVKLYGNRMAAD-LGMT IRHMWE: KWKD: KTKYNNLI1DP DKINKYESSGF IHRQLVETSQI IKLVSTILQSKYPDT~ E1IVVKARYNHY
LVLVNKNANQTTKGNI1YPVP! TRNNPKTYNYWK: YLME: PLTNEELGGF INRQLVETRQSTKAIKELFEKFYQKS-~-

LVIVNKLDNA-KKSNDLSAKQF IEK1YG I EKLKEAKEN! NWYL. —~NLDEFDNSDF INRNLSDTSY I TNALVNHLTFSNSKYKY:

KLLVLAESNQ-AKSNQTPYEF ISSGNAG IKWE DYE, TSSKYD1--GFLARNLNDTRYAT IVFRDALEDYANNHLVEDKPMF:

KILTEKAENL-KKGKL IASEY IKRNGDEF-YN KYYEK ~YDEFQV--EFLARNLNDTRYSTKLFYHALVEHFENNEFFTY IDENSSK-

KVLVHKQSNQ-EKSNSLPYEY 1KQGH: INWD: EFTK 'YVKRVFVNNVDS I LSKKERLKKSENLLTAS ——-———--YDGYDKL-GFLARNLNDTRYAT I LFRDQLNNYAEHHL I DNKKMF -~

KLLVKKSTNQ-LKKNKTVWEY- 'YQNESDPEAKWN! KF VAKR1'YLVQKSDKESKDNSEKNS I FKNKK: -PNLKFKNITKKLFDPYKDLGFLARNLNDTRVATKVFRDQLNNVSKHHSKDDENKLF—

KVLVYRSENQ-KKGNQTPYYY- LTHSH FEQYK;/ TVMNL -~ ~-~-SKKKEYAISRKKIQNLLYSE: DITKMDVLKGF INRNINDTSYASRLVLNT IQNFFMANEADT -~

KVLVYATANQ-EKGQRTPYQ LDSMDDAW: FRELK;/ FVRES KTLSNKKKEYLLTEE- D 1SKFDVRKKF IERNLVDTRYASRVVLNALQEHFRAHKIDT -
KVLVLSKANQ-VKGQQTPYDA--WMDGSFKK INGKFSNWD: DYQK. IVESR: HFSHKKENNLLETR: NIFDSEQVEKFLARNLNDTRYASRLVLNTLQSFFTNQET - === === == —m e — - |
KVLVKQSENS-KKSNLTPYQY- FNSGKSKLSYN QFKQ: HILNL-----SKSQDR I SKKKKEYLLEER: DINKFEVQKEF INRNLVDTRYATRELTNYLKAYF! KVKTINGSFTDY
KVLVTHRENQ-EKGNLTP1 FVKGRFTKGSL, QYK YCLKL-KEKNIKTNKGYRKKVEQYLLNEN DIYKYDIQKEFINRNLVDTSYASRVVLNTLTTYFKQNEIPT---~ ~KVFTVKGSLTNA
KVLTSAKCNR-EKGNRIPMVY ===~~~ LANNEQRLNALT: NIAD NIIRN RKRQKLLKQK: LSDEELKDWKQRNINDTRFITRVLYNYFRQAIEFNPELEKKQ- ~RVLPLNGEVTSK
KVLVLSGENR-KKSNLLPKEY- DRQGRDWD: TFVL: NVKAM KIHPRKKSNLLKEK: ~FTREDNKDWKSRALNDTRY I SRFVANYLENALEYRDDSPKK- -RVFMIPGQLTAQ
KALVYAEENQ-KKGQRTPLMY- MNEAQAADYR RVN TMFK KCSKKKYQYLMLPD-: LNDQELL( NDTRY ICKYLVNYLRKNLRFDRSYESSDEDDLK IRDHY: RVFPVKSRFTSM
LVLTWPGVNR-MKGQRTGYDF -~~~ VEQEQENPVPDKPNLHICSL. NNYRE: LVEKLDDKKGHEDDRRRKKKRKALLMVRG ~LSHKHQSQNHEAMKE I GMTEGMMTQSSHLMKLACKS IKTSLPDA-~~~

LAITCGACNK-~-EKGRRPFASWAETS NRVQLR DVID RVQKL----KYSGNMYWTRDEFSRYKKSV- -VARLKRRTSDPEV 1QSIESTGYAAVALRDRLLSYGEKNGVA-
FAAVCAECNR--MKSNTPFAIWARSEDA----QTRGVSL, EAKK. RVTMFTFNPKSYAPREVKAFKQAV IARLQ============— === — - QTEDDAAIDNRS IESVAWMADELHRR IDWYFNAKQYVNSAS I DDAEAETMKT -
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303229466 Veillonella atypica ACS-134-V-Col7a
34762592 Fusobacterium nucleatum subsp. vincentii ATCC 49256
374307738 Filifactor alocis ATCC 35896
320528778 Solobacterium moorei F0204

291520705 Coprococcus catus GD-7

42525843 Treponema denticola ATCC 35405
304438954 Peptoniphilus duerdenii ATCC BAA-1640
224543312 Catenibacterium mitsuokai DSM 15897
24379809 Streptococcus mutans UA159

15675041 Streptococcus pyogenes SF370
16801805 Listeria innocua Clip11262

116628213 Streptococcus thermophilus LMD-9
323463801 Staphylococcus pseudintermedius ED99
352684361 Acidaminococcus intestini RyC-MR95
302336020 Olsenella uli DSM 7084

366983953 Oenococcus kitaharae DSM 17330
310286728 Bifidobacterium bifidum S17
258509199 Lactobacillus rhamnosus GG

300361537 Lactobacillus gasseri JV-V03
169823755 Finegoldia magna ATCC 29328

47458868 Mycoplasma mobile 163K
284931710 isepticum str. F
363542550 neumoniae SCO1

384393286 Mycoplasma canis PG 14

71894592 Mycoplasma synoviae 53

238924075 Eubacterium rectale ATCC 33656

116627542 Streptococcus thermophilus LMD-9

315149830 Enterococcus faecalis TX0012

315659848 Staphylococcus lugdunensis M23590

160915782 Eubacterium dolichum DSM 3991

336393381 Lactobacillus coryniformis subsp. torquens KCTC 3535
310780384 Ilyobacter polytropus DSM 2926

325677756 Ruminococcus albus 8

187736489 Akkermansua mucunlphlla ATCC BAA-835

117929158
189440764

dobacterium longum DJO10A
283456135 Bifidobacterium dentium Bdl
38232678 Corynebacterium diphtheriae NCTC 13129

187250660 Elusimicrobium minutum P
319957206 Nitratifractor salsug
325972003 Sphaerochaeta globus str.
261414553 Fibrobacter suc ogenes subsp. succinogenes S85
60683389 Bacteroides frag s NCTC 9343

256819408 Capnocytophaga ochracea DSM 7271

90425961 Rhodopseudomonas palustris BisB18

373501184 Prevotella micans F0438

294674019 Prevotella ruminicola 23

365959402 Flavobacterium columnare ATCC 49512

312879015 Aminomonas paucivorans DSM 12260

83591793 Rhodosplrlllum ruhrum ATCC 11170

294086111 Cani fum marinum IMCC1322
121608211 Verminephrobacter eiseniae EF01-2

344171927 Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12

288957741 lum sp- B510

92109262 Nitrobacter hamburgensi
148255343 Bradyrhizobium sp- BTAil

34557790 Wolinella succinogenes DSM 1740

218563121 Campylobacter jejuni subsp. jejuni NCTC 11168
291276265 Helicobacter mustelae 12198

229113166 Bacillus cereus Rockl-15

222109285 Acidovorax ebreus TPSY

189485225 uncultured Termite group 1 bacterium phylotype RsD17
182624245 Clostridium perfringens D str. JGS1721

220930482 Clostridium cellulolyticum H10

154250555 Parvibaculum lavamentivorans DS-1

257413184
218767588 meningi
15602992 Pasteurella multocida subsp. multocida str. Pm70
319941583 Sutterella wadsworthensis 3 1 45B

254447899 gamma proteobacterium HTCC5015

54296138 Legionella pneumophila str. Paris
331001027 Parasutterella excrementihominis YIT 11859
34557932 Wolinella succinogenes DSM 1740

118497352 Francisella novicida U112

Motifs

#positions selected for tree reconstruction (272)
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303229466
34762592

374307738
320528778
291520705
42525843

304438954
224543312
24379809

15675041

16801805

116628213
323463801
352684361
302336020
366983953
310286728
258509199
300361537
169823755
47458868

284931710
363542550
384393286
71894592

238924075
116627542
315149830
315659848
160915782
336393381
310780384
325677756
187736489
117929158
189440764
283456135
38232678

187250660
319957206
325972003
261414553
60683389

256819408
90425961

373501184
294674019
365959402
312879015
83591793

294086111
121608211
344171927
159042956
288957741
92109262

148255343
34557790

218563121
291276265
229113166
222109285
189485225
182624245
220930482
154250555
257413184
218767588
15602992

319941583
254447899
54296138

331001027
34557932

118497352

Motifs

Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum subsp. vincentii ATCC 49256
Filifactor alocis ATCC 35896
Solobacterium moorei F0204
Coprococcus catus GD-7

Treponema denticola ATCC 35405
Peptoniphilus duerdenii ATCC BAA-1640
Catenibacterium mitsuokai DSM 15897
Streptococcus mutans UA159
Streptococcus pyogenes SF370
Listeria innocua Clip11262
Streptococcus thermophilus LMD-9
Staphylococcus pseudintermedius ED99
Acidaminococcus intestini RyC-MR95
Olsenella uli DSM 7084

Oenococcus kitaharae DSM 17330
Bifidobacterium bifidum S17
Lactobacillus rhamnosus GG
Lactobacillus gasseri JV-V03
Finegoldia magna ATCC 29328
Mycoplasma mobile 163K

isepticum str. F
neumoniae SCO1
Mycoplasma canis PG 14

Mycoplasma synoviae 53

Eubacterium rectale ATCC 33656
Streptococcus thermophilus LMD-9
Enterococcus faecalis TX0012
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Lactobacillus coryniformis subsp. torquens KCTC 3535
1lyobacter polytropus DSM 2926
Ruminococcus albus 8

Akkermansua mucunlphlla ATCC BAA-835

dobacterium longum DJO10A
Bifidobacterium dentium Bdl
Corynebacterium diphtheriae NCTC 13129

Elusimicrobium minutum P
Nitratifractor salsug
Sphaerochaeta globus str.
Fibrobacter suct ogenes subsp. succinogenes S85
Bacteroides frag s NCTC 9343

Capnocytophaga ochracea DSM 7271
Rhodopseudomonas palustris BisB18

Prevotella micans F0438

Prevotella ruminicola 23

Flavobacterium columnare ATCC 49512

Aminomonas paucivorans DSM 12260

Rhodosplrlllum ruhrum ATCC 11170

Cani fum marinum IMCC1322
Verminephrobacter eiseniae EF01-2

Ralstonia syzygii R24

Dinoroseobacter shibae DFL 12

lum sp- B510

Nitrobacter hamburgensi
Bradyrhizobium sp- BTAil

Wolinella succinogenes DSM 1740

Campylobacter jejuni subsp. jejuni NCTC 11168
Helicobacter mustelae 12198

Bacillus cereus Rockl-15

Acidovorax ebreus TPSY

uncultured Termite group 1 bacterium phylotype RsD17
Clostridium perfringens D str. JGS1721

Clostridium cellulolyticum H10

Parvibaculum lavamentivorans DS-1

meningi
Pasteurella multocida subsp. multocida str. Pm70
Sutterella wadsworthensis 3 1 458

gamma proteobacterium HTCC5015

Legionella pneumophila str. Paris
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Francisella novicida U112

#positions selected for tree reconstruction (272)

YKASVAAKAKDGAY I GMKTKYSVFAD-VTKYGGMTK IKNAYS I IVQYTGKK-~~
IKKGETSNEI IS IKPKLYDGKDNKL-NEKYGYYTSLKAAYF1'YVEHEKKNK--

QNKNGNSTVSLKKGLD-VKKYGGYFSANTSYFSLIEF----

QFP IKQGKD- I EKYGGYNKLSSAFLFAVEYKGKKAR-

KGKGQVP IKGNDERLAD- I EKYGGYNKAAGTYFMLVKSLDKKGK~

MKKGLGQHPLKKEGPFSN-1SKYGGYNKVSAAYYTLIEYEEK-

MRKGKGQIPQKENTNKSN-1EKYGGYNKASSAYFAL I ESDGKAG--

LSNDAHADKGVTKAVVPVNKNRSD-VHKYGGFSGLQYT IVAIEGQKKKGK-—
SILPKGNSDKL IPRKTKKFYWD-TKKYGGFDSP IVAYSILVIADIEKG-~

SILPKRNSDKL I ARKKD~~-WD-PKKYGGFDSPTVAYSVLVVAKVEKG-~

TIKPKGNSSKL IPRKTN-~-WD-PMKYGGLDSPNMAYAVV I --EYAKG-~

————————————————— ANLSSKPKPNSNENLVGAKEY --LD-PKKYGGYAG I SNSFTVLVKGT IEKG--

—-EVVYKGL-TPYQTYVVAIKSVNKKG-
LD-VVKYGGYDKSTAAYYLLVRFTLE-

ET1YSPKGKHKHE IPLKQG--~LD-PNLYGGYSDLLYSYFLIYEASDVSS--
RYPSVLHDAKSKAS INFDKH---KP-VDLYGGFSSAKPAYAAL I --—

YAATDPKG IKG IPFDGAKQD-TSLYGGFSSAKPAYAVL IESKG-

'YAAKDSKERGGSKQL IPKKQGYP-TQVYGGYTQESGSYNALVRVAEA.

FKMTVYPRLSRDTKKSRNL I SKKKDMP-TE 1 YGGYTNNSDAYMVIARI NKKKGT—

KKDYKKGK1YLPLKKDDRLQD-VSKYGGYKAINGAFFFLVEHTKS-—-—
YSGKYDKGKNT IKKVEKLNLLDNRTDK I -KK I EEFFDEDKLKENELTKLHIFNH--

~GKAW-~-DVKTSMNTVK-KM MASNDVR---VTRRLLEQ: SGALADATI
EKNTVN--1TRFIKEE: KGELFNLNP-
—EVIW-——EKCTYHEDTN-TY === ——mm e e e | DGGTLDRIRKIVERDNIL —--YTEYAYCE: KGELFNATI
PGAW DAKGSTFNT IKKY- KNI KGELFDQQI PKGK
~E 1 AW---KAGNKGS IVTVKK. KGGLFDQQI
1 TAW---EKGKT I I TVK-DM KGELFNQTI
S- —~YTAWIADDSEGNVKAAT IKK. KRELEGKNYR--FTRMSY I TGGLYDQNL-
KRWKDGFV INSMNYPYEVDGKL IWN--PDL INE 1KKC. FYYKDCY---CTTKLDQK: QLFNLT!
KKDEHISNIKKVLSYPQVNIVK: KVEEQ: TGGFSKE
~LANGE IRKRPLIETNGETGE I'VW- DKGRDFATVRKVLSMPQVN IVK: KTEVQ: TGGFSKE
----DRI1 DK-KYLDTVKKVMSYRQMN VK. KTEIQ: KGEFSK/
-LADGRV IERPL IEVNEETGESVW-~~~~-| NKESDLATVRRVLSYPQVNVVK: KVEEQ NHGLDRGKPKGLFN---
FFKKLEKM: EVSQGERL- ISKIKLDMNHFKINYSR KLANIT PQQFYNQ: TAVSPKTAELKYESNKSN-
~LFTHSIK~===~~———| NGNF -~~~ VAWNGEEDLGR I VKMLKQNKNT IHFTRF: SFDRK EGLF DIQPLKASTGLVPRKAG
FLSSG-- ~FDEETGE I FK---DDWDAKAEVEG IRRVLNCRQCF I SRMP' EGDTR 'YGGRYV
GFVVGSMRNAAPGKLNPETGE I TPEENADWS I -ADLDYLHKVMNFRKITVTR RLKDQ: KGQLYDE!
-EVVW---SEEDKDYLRK-VM MVF?KML———\/TQK\/GDI'J FGALYDETR-
-EIVW---DKERDIRELD-RI ITHEVYFE. TADLFKQTI
~SQIFENKSND I ISLETKKK! FDKKD1 IEKLKHAYN——YKYML SR ETETHDQEM.
~KVIWTPEKGRKI PSVL---1SNESHVK. KGELFNATI
—~KASF---DNFLLINALD-EL- MEKLNQMR FSRMVITK. KNTQLFNETL-
KQIRVRNQVS-EI KVIEKY 1QDSNIERKAR YSRKIENK-

S FEVDKLAKVE-DL
—KEDW---TSIKNNVQAR-K1

KKTI1QEKYEEAKKHTAIK---FSRKTRTI
KEIEEYL1D--LDDEVF- TKRK:

-KDYWKDQHNFLKIRENAIET

KNVLNNVDFQNQVR---YSRKANTK:

~LNGGLSDETLYGFKYDEKEDK:
TNRQLYNETIYGIATKTDEDG I TN= === === —m e e e e e e 'YYKKEKFS ILD-DKDI'YLRLLREREKFVINQSNPEVIDQ

~TNISLFNDTVYSAKKVGYEDQ IKRKNLKTLD IHESAKENKNSKVKRQFVYRKLVNVSLLN-NDKLADLFAEKED I LMYRANPWY INLA

YFK 1 IKKKLVT-SKNEELKKYFENPFGKKADGKSEYTVL

YGVKEFENNFYKLEKVNLFSRKDLRKF I L-EDLNEESEKNKKNENGSRKRILT-

LNTQLFNETL-

RGTREYDGKQYKINKLD IRTKEG IKVFA-KLAFSKKDSDRERLLVYLN-

'YATRQAKVGKDKADETYVLGKIKD1YTQDGYD--AFMK 1 YKKDKSKFLMYRH-

'YSVREKTEVKTLKSGKQKITTDEYTIGKIKD1YT-LDGWEAFKKKQDKLLMKDL -

YSTRKKDNSTY IVQT IKD 1 YAKDN-TTLKKQFDKSPEKFLMYQH-

YSTRV I DGKEKVVKKYKD Y~ DPKFTALAEDILNNAYQEKYLMALH*

RSAKLFDEKGIVLSRVS I TKLKINKKGQV-ATGDG I YDPENSNNG

RSSKKISNQIAVS-KKPLNS IKLKDLEKMQGRDT
IRVKE IDGKL IKLKRKSISEITA-ESINSIYTD:

SASLKENIREQLMEQRV 1QHVP-ADMGGALLKETMQRVLSV-

RAFSEHTVGAAWKGAELRRIVE-PEVYAAFLALTDPGGRFLKVSPS:
HPLEKVPLGSAMSADL IRRAST-PALWCALTRLPDYDEKEGL -

RKMKRVELFSPMDADL IRRAST-PALYCALTR-LPEYSPEKGL-

KLSKVKLSSQLSVSD IDKASS-EALWCALTR-EPGFDPKEGL -

YKIFYSERGYTLTTYKKLSALKLTDPQK~-KKTPKDFLETALLKFKGRESEMKNEKI

~GKKW---ANIRNEVVK EKNVK: YWHYVMRK. NRGLCNQTI
~KAPY---QHFVDTLKSK-EF- EDSIL---FSYQVDSK: FNRKISDATI
———————————————————— QVKW-~-~PNF-----RE-QL- KPVNLHPRIK--~FSHQVDRK: NRKLSDAT I
EMF11PKQVQ-DI KDFRNFK:- YSHRVDKK- PNRQLINDTL-

777777777777777777 DRY---FAFIASLKAI KVRK. FSHKIDTK: PNRSVADET I
AAEAQRMDADLFNKIFNGF PLPW——-PEFLDELLARISD —————————————————— NPVEMMKSRSWNTYTP I E1AKLKPVF-~-~VVRLANHK ISGPAHLDTI
MPW GFDLELQKRLESENPREEFYN L--LSDKRYLGWFNYEE: 1EKLRPVF-- KGQAHQETI

4] IPNLSEEVDKRLWDKNIYEQFW———KDDKDKKSCE EL- ——--YRENVASLYKGDPKFASSLSMPV- ISLKPDHK: YRGTITGEE/
PEKL. 1PQVRPVAN-~-QRHYVLND- DGRMMLRDL.
TEEPQSPA--—————————- YRQW---KESCSGLGDLLI TAARDSI PLRLR PTGALHEETL.
YES- ~FHLWL--DNMDVLLELLND, LDNDRIAV---MQSQRYVL. GNSIAHDATI
KTR- ~FKEW---LDCMNALLDLLND: LDSDRVPV---TRCQRMSL. GNSQAHAATI
Ry WRVW QKMEKLSALLTE: DLRDDRV! MSNVRLRL- N HKET1
LSKILLPPN=====—————| NIVW---ENIDADLESF-E! SVKTALKNAF -~~~ 1 SVKHDH: DNGELVKGTM.
TLADYI DEAF- RRFI LF- YRDMFDT IRS -~ I SYWVDKK PLSASSHKET!
PGYASEPNLSFE, QRELFRKKILEFMDLHAF--VSMKTDND- NGALLKDT'

DSFSSDSKNILEN:

'YSSRHEVPTLRKNILEAFDSLNV IKDRHKLTT-EEFMKRYDKE IRQKLWLHRIGNT-

1 1VSFKQNQRV INKTTNA-FLHFDENGK----KTFIKQGKGDSWA IRKSMHKDTV-

YSILGADTQGEDLVFVVKKKIKDI-GVKIGDYEEVASAIRGRIT-~-

———————— FGE INLRKVRSVSLNEAIKVPERVLNKKIKEKIL-ELKNNK IDAKNIKKY IEENHTGGYGID

TLISIKAKNKV ITGN INKTRKKGG-~VNKNMQQT- PRGQLHLETI YGSGKQYLTKEEKVNASFDMRK 1 GTVSKSAYRDALLKRLYE-NDNDPKKAFAGKNSLDKQP IWLDKEQM
NGKNKRVF 1FISHKAKNKVVTKNTNKP--AGT--DKQQITLT- PRGQLHKETI YGKYQYY INKEEK1GVKFDERT IAKVSNPVYREALLKRLQA-NDNDPKKAFAGKNALSKNP I YLDESKT
DIF-HC-- MPGIF: RGKAHDAT I KQIREIEGERLVFERKPVE-KLTDKDLEKIP IPKPYGQVSDPKRL--
EKK: DCR! RRVNDLDRF- LTPAHRRLRKR: K1VGGKEHPRW-QTGDSLRGE IHK-ASYYGA I TQFAKDANGKVLMKDGQAQI
TF—— e DKPW---PSFVIDI-KH EKFTKKNLRGKD R1IRDKFGNKLQMKGDTSRNSLHN-DKFYGAINHEGE IKYVYRTNI ———~——
ETEILVSHFTPDNVKKQ———SKSI TKNRGKKVYVLKN-EL: EKQTDTFYEELP: KNYLNGVEGKDYFKINTTGKTFYKIPIFNQGDT IRGSLHQ-ETTYGAIKLPDIDIETKKPLHTDKGGF
LPY- LARLCP LRGKAHMETL- DHPEGPRTAS-RIPLKDLNLEKLERMVGKDR-
-EPPY---PTFRAEVMKQ: DGGSLHAAT' FGVRNRPDARVLVQRKPVEKLFL-DANAKPLPADKIAE I IDGFA-
1DPW-~-DGFRDEVKKH QGALHNDT; YG I VEHAEN( TVVHRVP- I TSLGKQSDIEKVR -~~~
DM=—=— == e e | LLPWW--PSYYDHVER, FEGAMMKGTAHG IRED: IREDG-RIKQRPKAKGSADH--~-
DM PTPW---PNFLEDVR, PEGGLHNDT, 'YGIVAGPFEDGRYRVRHRVSLFDLKPGDLSN-VRCDAPLQAELEP I FEQD
ARDT: PPPW EGFRDDLRVR VSHRADHG----R I DHAARKQGRDSTAGQLHQET; YS1VDDIHVASRTDLLS-LKPAQLLDEPGRSGQVR
RVLEGFK. EEPW---DGFRAELERR HRPEH 1GGALHKET, 'YGPVDPPEEGFNLVV-RKP IDGLSKDE INSVR-
1EGKLHED! YGFVKPLDATGLKEEEAGNLVY-RKAIESLNENEVDRIR-
LQARLHEDT, YGTVEHPETEDGANLVY-RKTFVDISEKEIDRIR-
'TGQAHEQT, KPYPR IKQVKNKKKWRLAP
PSGALHEETF- RKEEEF-YQSYGG
'TGELHQET RTKEFY-YQAFG
~QVRDL IKKLNLDSYLDVDILHIKPVF- NGEAHKST I RSLIGINEIGKTVTCIKTRLEDIP -~~~ FDENGDFPMYGKDT -~~~
—~DDLAALREDMQRLGSYTTEDLGRLRTLF---VSRAPQRR: HKET1 YAQPESLKQQGGV IEKILLTSLKL-QDFDKLLNPESNDHFVEPHR:
1EGIF FAPRHK TGSAHKETI 'YSKKHLEKERYVTVKKSLD-KIKLSDLENIPCNE---~
77777777777777777 NPLEELKKSP IETYNEEF IKENVKPIF- RVPFRK ISGKLFKETI YSERAFKDGYFVS-KKSLVDLKRGDLDNFYNYEC:
LAGVF- 1SRAPI ITGPAHDET I RSPKHFNKGLTSVKIPLT-TVTLEKLETMVKNTKGG IS~
VSE IV---VSHRVRKK. SGPLHKETT- YGDTGTDIKTKSGTYRQFVT-RKKIESLSKGELDE IR-—
————————————— THSDVALEL-DYPEY I'YENLRP I F---VSRMPNHK 'TGAAHADTI RSPRHFKDEG IVLT-KTALTDLKLDKDGE IDGYYNPQS-
THFPQPW EFFAQEVMIRVFGKPDGKPEF: EEADTPEKLRTLLAEKLSSRPEAVHEYVTPLF- RAPNRK MSGQGHMET"
~HFPEPW-AYFRQEVN IRVF---DNHPD- —==--—---TVLKEMLPDRPQANHQFVQPLF---VSRAPTRK MSGQGHMET

EGIYAEQFLPIFTLNE--KIWIGYE--TLNAKGERCGAIEVSGKQPKELLEMLAPFFI
DGIYAERFLP ILIDEN--GLMAGYD-- IDNSLKAKGADVVFESLSPFLLFK--GEEV!
DSLYAERFIPVWVKGE--TFAIGFS--EKDLFE IK-~--PSNKEKLFTLLKTYSTKNI
ETIYAERFLDI IVSRG--EIF1GYP--SNMPFEEKPNRISIGGKDPFSILSVLGAYL

DGIYAENYLP ILIHKELNEVRKGYT--WKNSEE IK-- 1 FKGKKYD IQQLNNLVYCLKI

NK-PVGDLSAHATYR I LKKPAYEFLAKAAL.
GAQSLSDWQER I DGRYLYMS I DKVKAFDYL -~
PGESLQELQAKSKAKWL

DKAPSSEKEKLT I'YRVVKNKAFELFSKVAG-==~==-——~-!

FVDKPISIDIQISTLE--——-| ELRNILTTNNIAAT —————————~,

QPLSAEEKRLAAL --LDALRYCTSRKSLMSLFMA.
QEKVGEKD IAAEL--LNS IHFTQRKTELRAKFSD:
YFP INKTLA-~LEFLHHYFHKE IVTPDDTTVCHF INSLRYY
SKFTAEEDKAAK I --LEALHFVTVKQDVAATVSD---L IKSK-~~-
ENAIGERYKP IVVQEG--GYY IGYPATVKKGYELKNCKVVTSKND IAKLEK T IKNQDL I SLKENQY IKIFSINKQT I SELSNRYFNMNYKNLVERDKE IVGLLEF I VENCRYYTKKVDVKFAPKY IHETKYPFYDDWRRFDEAWRY -LQENQN-KTSSK:-
-AEYYY INL--KTQKLHEYY IENYNTALGYKKYSKEMEFLRSLAY-RSERVK-IKSID---—--| DVKQVLDKD-==========—- SNFHIGKITLPFK

H.

TVKILKEPMPVLSVKFESSKKNVLGSFKHT IALPAT
DSIENLAKQKGCLKKVEYSSK-~--EFKFKGSL I IPAA
DRFVIDK. SSLNEYYQPDK




303229466 Veillonella atypica ACS-134-V-Col7a

34762592 Fusobacterium nucleatum subsp. vincentii ATCC 49256
374307738 Filifactor alocis ATCC 35896

320528778 Solobacterium moorei F0204

291520705 Coprococcus catus GD-7

42525843 Treponema denticola ATCC 35405

304438954 Peptoniphilus duerdenii ATCC BAA-1640

224543312 Catenibacterium mitsuokai DSM 15897

24379809 Streptococcus mutans UA159

15675041 Streptococcus pyogenes SF370

16801805 Listeria innocua Clip11262

116628213 Streptococcus thermophilus LMD-9

323463801 Staphylococcus pseudintermedius ED99

352684361 Acidaminococcus intestini RyC-MR95

302336020 Olsenella uli DSM 7084

366983953 Oenococcus kitaharae DSM 17330

310286728 Bifidobacterium bifidum S17

258509199 Lactobacillus rhamnosus GG

300361537 Lactobacillus gasseri JV-V03

169823755 Finegoldia magna ATCC 29328

47458868 Mycoplasma mobile 163K

284931710 isepticum str. F

363542550 neumoniae SCO1

384393286 Mycoplasma canis PG 14

71894592 Mycoplasma synoviae 53

238924075 Eubacterium rectale ATCC 33656

116627542 Streptococcus thermophilus LMD-9

315149830 Enterococcus faecalis TX0012

315659848 Staphylococcus lugdunensis M23590

160915782 Eubacterium dolichum DSM 3991

336393381 Lactobacillus coryniformis subsp. torquens KCTC 3535
310780384 Ilyobacter polytropus DSM 2926

325677756 Ruminococcus albus 8

187736489 Akkermansua mucunlphlla ATCC BAA-835

117929158
189440764

dobacterium longum DJO10A
283456135 Bifidobacterium dentium Bdl
38232678 Corynebacterium diphtheriae NCTC 13129

187250660 Elusimicrobium minutum P
319957206 Nitratifractor salsug
325972003 Sphaerochaeta globus str.
261414553 Fibrobacter suc ogenes subsp. succinogenes S85
60683389 Bacteroides frag s NCTC 9343

256819408 Capnocytophaga ochracea DSM 7271

90425961 Rhodopseudomonas palustris BisB18

373501184 Prevotella micans F0438

294674019 Prevotella ruminicola 23

365959402 Flavobacterium columnare ATCC 49512

312879015 Aminomonas paucivorans DSM 12260

83591793 Rhodosplrlllum ruhrum ATCC 11170

294086111 Cani fum marinum IMCC1322
121608211 Verminephrobacter eiseniae EF01-2

344171927 Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12

288957741 lum sp- B510
92109262 Nitrobacter hamburgensi
148255343 Bradyrhizobium sp- BTAil

34557790 Wolinella succinogenes DSM 1740

218563121 Campylobacter jejuni subsp. jejuni NCTC 11168
291276265 Helicobacter mustelae 12198

229113166 Bacillus cereus Rockl-15

222109285 Acidovorax ebreus TPSY

189485225 uncultured Termite group 1 bacterium phylotype RsD17
182624245 Clostridium perfringens D str. JGS1721

220930482 Clostridium cellulolyticum H10

154250555 Parvibaculum lavamentivorans DS-1

257413184
218767588 meningi
15602992 Pasteurella multocida subsp. multocida str. Pm70
319941583 Sutterella wadsworthensis 3 1 45B

254447899 gamma proteobacterium HTCC5015

54296138 Legionella pneumophila str. Paris
331001027 Parasutterella excrementihominis YIT 11859
34557932 Wolinella succinogenes DSM 1740

118497352 Francisella novicida U112

Motifs

#positions selected for tree reconstruction (272)

GEEIKEIVPLPIYLINRNATDIEL. DYVKSVIPKAKD KYR ~KLCINQLVKV---NGFYYYLGG KTNDK1YIDN 1ELVVPHDIATY IKLL---DK
KVKTFERITRIDSTLIKNEKNL IK. —=YLVSQKKLLNPKTIKKI —=YPYTFTGVDSNKKVELKNKKQ-LYLEKKYEQ---==-=~~~~ ILKNALKFVEDNQGETE-
EDKKGDRARH---T1GVP 1Y 1ANM LEHSPSAFL- EYCEQKGY( RILVE KIKKNSL- LIINGYPLRIRGENEVD---TS
ERSLETVY IK---DVELYLQDPIK. YCE! LGLKEPQI PKILMGSLFS INNKKLVVT-
EIRTIEFVPL---YLKNQIEINHE SAIQYLAQERGLNS: PEILLSKIK DGFKM WLSGRTGNQL-
GNKIRSLETIPLYLVKD 1QKDQDV: FKILVPKIKI NGFPC HITGKTND:
RERTLETIPIMVYNQEKYGNTE. PKILKDKIKI NIKGKTGD:
KTELVKKISGVPLHLKAAS INEKT 1KDNIPVNQM- YVNARQL'
KSKKLKTVKALVGVT IMEKMTFER NVQEEN I IKL~- KLENGRKRLLASA:
KSKKLKSVKELLGITIMERSSFEK: EVKKDL KL~ ELENGRKRMLAS,
KN-KLVFEKK I IRVT IMERKAFEK. —~=-QPKVLAKL- S/
KKKITNVLEFQGISILDRINYRK. DIELTIEL. ELSDGSRRMLAS I ----LSTNNKRGE IHKGNQIFLSQ-

KEKMEYQM IDHYVFDFYKFQN

DEVLDAQIVYSL:

YINNHPCYFVSR: KEVINAKQFELTV-
PMGTRHIKLNSMI-SIDGFYLS IGGKSSKGKSVLCHA-

DKKTQHKLMMIPVEGLYKARIDH T1SETLQKDKQK:

ENLEHVRMVRKI EVDNCRLLVT/

YAKAN I LLRHVPKMQL IRYGGGLMV IKSAGELNN

~RKNWKPSANS -~ ~~~| FKIVIP
FE

NGKKNKT 1SS

DKNLYETLK T IWNEVKIE TKNKNL-

EQIFNEYTE NKKIKSQN FEKYMLDLTKEFPEKFSEFLVKSMLRNKTAT 1YDD: ~LKMLSS-ELKENKLSNVI 1

MAQSHLSEF: NKLKE IFE-KYNGFSNKTGNA-~~---- FVEYMNDLALKEPTLKAE IESAKSVEKLLYYNFKP--SDQF ~KRFYKNIRTTEYKSIPIKF: ~KILSKHDGGKS~-~FKDTLFSLYSLVYKVYE--

LHIEIIESYG KENNIPSRDEAINTKYTKNKINYNL-YLKQYMRSLT-KSLDQFSEEF INQMIANKTFVLYNP- TKNTTRKIKF: LRLVNDVKIND IRKNQ! KFNGKNNEPKA--FYENINSLGAIVFKN-
EKY IVDEILQILENEEFKDSKSDI NALNKYMDSLPSKFS. —~EFFSQDF INKCKKENSL ILTFDATKHNDPKKV -AVHKDSKNQIKSFYESY -
DRRTFDDLCK 1 YEDYSDAANPFVQ ~=YEKETGDI IRKYS. KKHNGPR I DK~ LESLVPYRMDVYYKEE-
DPQTFEKVIEP ILENYPNKQINEK. ~GKEVPCNPFLKYKEEHGY IRKYS. ~KKGNGPEIKS- VLQSVSPWRADVYFNKT -
DEKTYERLLSIAETTPDFQEVEEK. ~NGKVKRVKRSPFAVYCEEND IPAIQKYA-———————-| KKNNGPLIRS—--—-—-| LKYYDG————KLNKHINITKDSQGRPVEKTKNGRKV —————— TLQSLKPYRYDI1YQDLE--
DPRTFEKLEV---IMKQYANEKNP- LAKYHEETGEYLTKY:! KKNNGP 1VK! LKYIGN KLGSHLDVTHQF: KSSTKKL- KLSIKPYRFDVYLTDK-:
DPQTFDQIVKVVNYYFEEMSKSEK: KKGDGPAITQ-~~~~~| MKYFDG-~~~-VLGNHIDISAHY -~ ~~~~~ QVRDKKV ===~~~ VLQQISPYRTDFYYSKE-
DKVVYSAIRQALEAHN ELAFP- DHGTKKLVRK: RVAKKVSLPVRLKNK, DNGSMVR IDVFNTGK--
DRKLYEALKN- LEEYDDKPEK. KRGPLVR( I1KVEEK----QNVGV- YVNG IDVFRKNG-
DKILIDSLKT- FEQADYKD' DYLKKTNQHFF TTSSGKRVNK: TVIEK: PSRWLRK: EIDDNNFS----- LLNDSSYYCIELYKDSK-
DGSGEDAMVSLSKKKDGKKEKNQ KASKLVGVFP- EGPSK LKALK
EDVLPADENRHIVLSDRVLGPRDR === ===== == m——m e oo — -VKLFPDDRGS IRVR! GAAY IASFHH. RVFR HSPSFALL. RVSLADL- GLLRDGVDVFTAELPPWTP
PEDSHRE IRVHDTRYSADDEMGFF- QAAQIAVQE! DIGSAIHH. RVYRC WKTNAKGVRKY -~FYGMIRVFQTDLLRACH-- D

NRGRE IVLNGRHIRSTETVDFF- \QLMVRN EIGDS IHH- MRIYRYRK. -TGAKSQEY---VYGMIRVFQIDLLH-~-

PANPERHIRVNGTHVYAGDN IGLF- PVSAGSIALR YAELGSSFHH: RVYKI-T- KKP- FAMLRVYTIDLLP:

KSAIEN NKRLFDV 1QDNLEKAKKLLEEENE========———— e | KSKAEGKKEKN INDAS1YQ-=~~~~~~-| KAISLSGDKY ==~~~ VQLSKK~~~~EPGKFFAISK=-====~~~~ PTPTTTGY-~~~~! GYDTGDSLCVDLYYDNK-~--GK
NDESY TQIAQILTRYQL. MDAQNDKE I DEKFQQALKEL I TSP- IEVTGKLLRK MRFVYD-~---KLNAM QIDRGL. VETDKNMLG IH I SKGPN---EK
DKQPKWYPMEMKDK IEQLQSKNEA. -ALQKYKESLVQAAAVLEESNRKL IESGKKP I1QLSE---~~- KTISKKALELVGGYYYL I SNNKRTKTFVVKEPSNEVKGF ---AFDTGSNLCLDFYHDAQ-
KIDVFYFTKETKERFFATRKTLDT--SFNQAK IKDS IADSG I QK I LLAHLKSKNGDAEQAF! PDG IDEMNKN:- 1VELNNGKFHQP I LKVRVYEKADKFAVGQKGNKKVKFV-: EAAKGTNLFFAIFEKDG-

RKV- PEKVKIVTLEAIYTIRKEISPDLK. VDKV IDVGVRKIL IDRLNEYGNDAKKAFSNLDKNP IWLNKEKG I SIKR=~~~~-VTISGI SNAQSLHVKKDKDGK~~~~~~~~ P 1LDENGRN I PVDFVNTGNNHHVAVYYRPV -

KTL. PEKVNLTYLEEDFSIRKD I SPDNF--KDLKS~-~IEKVIDQGVKR I L IKRLQAYDNDPKKAFVDLEKNP IWLNKEKG IAIKR:

RDELVESLRAWIAAGKPKDRPPL! PKGDV IRK:

—————————— EDLEKV IVDTDLFGLMKGQFPEGT-

—~SFKDACEQGFYMIKKGK: —-NGEGDVKTHR- -YKSSKDYKQFF--YAAVGDLYVMCYY----T-

DPTIYYVI---RRELKYKRSTQDSGFTNW-
EAL-D.

KSIGNIVDPTVRSI IESAIAIHG ~SLKAAINKG IWM-~~ NEEKHIPIKK- ~DLSDKDYKQHY-~YVTNDGNYMML IFSKLNN-
ILKKDIK! NE1VFFVVRK--~EISKISENDVQN IVDNVVRKKTENATANSL ITFK 1 VKKKKVAV IKEGVT IWMREPNTEKGIEGIP IKK~~~~==VRI I TN----SVKNP IEIKVHS -~ -~~~ PLSKSRHKHKQKVYGQNDENYAMALYELDG--
DRKLYEALRE---RLAAFGGNGKK: PC. RSGEGPLVRS: LRIFDSGYSGVE: LRDGGEVY; DHESMVRVDVYAKKN-
SPRMAKRFKALLARYQAAHPEVPP- LAALAVARDP; FGPRGMTANT- 1AGRSDGDGEDAGL I T-========——~ PFRANPKAAVRTMGNAVYEVWE I QVKGRPR--
DPLIKSALLNETAGLSGKSFEN, Q KWCADNSIKS- LRIVETVSII PITDKEGVAYK--GYKGDGNAYMD 1 YQDPT~
KTITLIP1D---EPRQLARHGVD: EGKPLPYK. 'YASGSNYCIEITKNGK-
DARAREVALTALAERYRQRKVWLE- ELMSVLPIRP- DGKTLPD- PYK- YKGDSNYCYELF INER-
DPQLRKALRV---ATGGKTGKDFE-—========———————— - — == NALRYFASKPGPYQ: IRR: R1TKPLQAQARVPV- P, QDPIK YQGGSNHLFE IWRLPD-:
DPRLRRAL IDRLATRRRDANDPAT- LAKAAEDL, \QPASRGIRR-~~~~~ VRVLKKESNP IRVEHGG PFHKLLLAGEVHHVDVALRAD-
DIQLRT IVRD--~-HVNVEKTKGVA. LADALRQLQAPSDDYP- QFKHGLRH- R —PIANRASGVAYK AYSAGENFCVEVFETAG-
DRRLRDLVRA---HVAGERQQGKT- —--LKAAVLSFAQRRD: 1AGHPNG IRH ~PIRDKAGRIYK--SYNAGENAFVD I LQAES--
DEEKFESFK; DRVASANQKN:- FYETSTIPRVDVYHKKG-
KEGVLKAL-~-~~| ELGKIRKVNGK 1VKNGDMFRVD I FKHKK~
EEGVKKAL- ~KFGKIREINQ! 1VDI 'DIFKSKD--
DKYTYTAIKE---RYLEFNKDKEK: FSTPLYKLKR NGEPGNQIKS: KIIDT----RNIVN KVNQGK TAYNSN I IRVDVFSRDQ-
NERLYAAIRQ---RLEQFGGRADK: FGPDNLFHKPDKN: NQPTGPVVRS. IKLVR KQTGI PIRG! LAKNDSMLRVD IFTKAG-
NCG I IRVLKE---RLEKFKNDSLK: FADPVHMPTKC: PNKKGPVIRS: KIKESNKT- 1EVRK LAERGEMVRVDVF IKDK-
DKKLYDA I SE---RMKEFNYNGKK: FESPFRKPTK GKEGPVVRS: KIKSA-- VPFKD-======——-———- GIPMNEG-~-~-~-~~ LVAKEGMVRIDIYEKEG-
DKAVYNVLKN--~-RLIEHNNKPLK. FAEK1YKPLK: NGTNGATIRS: IRVETP- SYTGV- FRNEGK 1 SDNSLMVRVDVFKKKD-
DPRIKEIVAA---H' RGGDPKK: FPPYPC: IRK: RLTSK- -QQLNL- MAQTGN "YADLGSNHHIATYRLPD--
DLLLYEALKK---QLLLYGNDAKK: FAQDFHKPK; DGTEGPVVRK: KIQKK- QTMGV- FVDSGN 1AENGGMVR IDVFRVNG-
EPKLYEALKA---RLEAHKDDPAK. FAEPFYKYDK \GNRTQQVKA- QKTGV- N 1ADNATMVRVDVFEKGD-
EPALYAGLKA---RLAEFNQDPAK: FATPFYK: QGGQQVK -QKSGV- LVRENN VADNAS IVRTDVF IKNN--
QDWLRIC. DSPELADAFGKPCS-ADELTSKLAR IWKRPVMRD- LAHAPVRREFSLPAIDNPSG
SAWENLL- DEPLLETYWGTKMP-PQE IWEKVYRKHFPRN I PN: QAHRKVRKDFSLPVVDSVSG
KDWERLF NHPNFLALKANPAPNPKEFNEF IRKYFLSDNNPNSD IPN NGHNIKPQKHKAVRKVFSLPVIPGNAG
VEWGKVL- INVFKENTAEELKD-ENALRKALEAAWPSSFGTR. NLHSKAKRVFSLPVVATQSG
NEYKLDV- DT--QP IWDDFCR-- WYFLDRYKTANDKK- IRIKARKTFSLLAESGVQG
KEWQRLY RE--WQNTT IKDD-- YEFLKSFFNVKSIT- KLHKKVRKDFSLP-1STNEG




303229466 Veillonella atypica ACS-134-V-Col7a

34762592 Fusobacterium nucleatum subsp. vincentii ATCC 49256
374307738 Filifactor alocis ATCC 35896

320528778 Solobacterium moorei F0204

291520705 Coprococcus catus GD-7

42525843 Treponema denticola ATCC 35405

304438954 Peptoniphilus duerdenii ATCC BAA-1640

224543312 Catenibacterium mitsuokai DSM 15897

24379809 Streptococcus mutans UA159

15675041 Streptococcus pyogenes SF370

16801805 Listeria innocua Clip11262

116628213 Streptococcus thermophilus LMD-9

323463801 Staphylococcus pseudintermedius ED99

352684361 Acidaminococcus intestini RyC-MR95

302336020 Olsenella uli DSM 7084

366983953 Oenococcus kitaharae DSM 17330

310286728 Bifidobacterium bifidum S17

258509199 Lactobacillus rhamnosus GG

300361537 Lactobacillus gasseri JV-V03

169823755 Finegoldia magna ATCC 29328

47458868 Mycoplasma mobile 163K

284931710 isepticum str. F

363542550 neumoniae SCO1

384393286 Mycoplasma canis PG 14

71894592 Mycoplasma synoviae 53

238924075 Eubacterium rectale ATCC 33656

116627542 Streptococcus thermophilus LMD-9

315149830 Enterococcus faecalis TX0012

315659848 Staphylococcus lugdunensis M23590

160915782 Eubacterium dolichum DSM 3991

336393381 Lactobacillus coryniformis subsp. torquens KCTC 3535
310780384 Ilyobacter polytropus DSM 2926

325677756 Ruminococcus albus 8

187736489 Akkermansua mucunlphlla ATCC BAA-835

117929158
189440764 dobacterium longum DJO10A
283456135 Bifidobacterium dentium Bdl

38232678 Corynebacterium diphtheriae NCTC 13129
187250660 Elusimicrobium minutum P
319957206 Nitratifractor salsug
325972003 Sphaerochaeta globus str.
261414553 Fibrobacter suc ogenes subsp. succinogenes S85
60683389 Bacteroides frag s NCTC 9343

256819408 Capnocytophaga ochracea DSM 7271

90425961 Rhodopseudomonas palustris BisB18

373501184 Prevotella micans F0438

294674019 Prevotella ruminicola 23

365959402 Flavobacterium columnare ATCC 49512

312879015 Aminomonas paucivorans DSM 12260

83591793 Rhodosplrlllum ruhrum ATCC 11170

294086111 Cani fum marinum IMCC1322
121608211 Verminephrobacter eiseniae EF01-2

344171927 Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12

288957741 lum sp- B510
92109262 Nitrobacter hamburgensi
148255343 Bradyrhizobium sp- BTAil

34557790 Wolinella succinogenes DSM 1740

218563121 Campylobacter jejuni subsp. jejuni NCTC 11168
291276265 Helicobacter mustelae 12198

229113166 Bacillus cereus Rockl-15

222109285 Acidovorax ebreus TPSY

189485225 uncultured Termite group 1 bacterium phylotype RsD17
182624245 Clostridium perfringens D str. JGS1721

220930482 Clostridium cellulolyticum H10

154250555 Parvibaculum lavamentivorans DS-1

257413184
218767588 meningi
15602992 Pasteurella multocida subsp. multocida str. Pm70
319941583 Sutterella wadsworthensis 3 1 45B

254447899 gamma proteobacterium HTCC5015

54296138 Legionella pneumophila str. Paris
331001027 Parasutterella excrementihominis YIT 11859
34557932 Wolinella succinogenes DSM 1740

118497352 Francisella novicida U112

Motifs

#positions selected for tree reconstruction (272)
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NEKNET IDAVKERYNIEFN EMYDKFL-~-EKLSSKDYKNY INN-- ~KLYTNFLNSKEKFKKLKLWEKS: ILREFLKIFNKNTYGKYE IKDSQTKE

————————————————— 'YELVRNIEKFLEKYVEKKGNYP IDENRDH I TH-~ - - === ——————~EKMNQL - -~ YEVLLSKMKKFNKKGMADPS. ~DRIEKSKPKF IKLEDL IDKINV- NKMLNLLRCDNDTKADLSL IELPKNA-

~YLQEEPDGNIERQNILNITS NNIKLFDVLCTKFNSNTY! LN- ~SLKNDVNEGREKFSELDILEQC- 1LLQLLKAFKCNRESSNLEKLNNKKQ-

~--NKDAKLSERDGMTEEKL.

~-LQLYDTF--LDKLSNTVYSIRLS- ~AQIKTLTEKRAKF IGLSNEDQC VLNEILHMFQCQSGSANLKL IGGPGS:

~SQREKIGKT ISPYEDLSFRSY IKENLWKKTKNDE I GE: ~-KEFYDLLQKKNLE ' YDMLLTKHKDT I'YKKRPNS: ~AT IDILVKGKEKFKSL I ENQF- EVILEILKLFSATRNVSDLQHIGGSKY
KDNKD IKVTSFDN: IKEEEL IKLYKTLSDKLNNG 1 YSNKRN —~DVLNQI ILLFQSYNNGCNLKS I GLSAK~
LDDILMIQLY1 ELTNKMKVLYPAYRG I AEKFE--~ 1VMHRGPQNGN I1VYDDFK I SDRIGRLK~

—~~DEFKELLDVVSNFSKKYTLAEGNL-:
~~HYLDE I IEQI SEFSKRV I LADANL-

NLLTFTAIGAPATFKFFDKN IDRKRY-
~HLFTLTNLGAPAAFKYFDTT IDRKRY-

HK)
EKLKGSPEDNEQKQL~FVEQHK
E

SDGKSLDY IESNR: EMFAELLAHVSEFAKRYTLAEANL -~ ~NKINQLFEQNKEGD IKAIAQSF' DLMAF| KFFETTIERKRY -
SNT—————— INENHRKYVENHK - == === = = e o e e KEFEELFYY ILEFNENYVGAKKNG-— ~KLLNSAFQSWQNH: ELCSSFI---GPTGSERKGLFELTSRGSAADFEFLGVKIPRYRDY-
EQQLSLYNVMN NKETNVEKLLIEY- DFIAEKV INEYHHYLNSKLKEKRV: ~RTFFSESNQTHEDF I KALDELFK---VVTASATRSDK I GSRKNSMTHRAFLGKGKDVK I AY-

~MVPLIVPHKIECY

~ARKFKENNKLRIVEKFDK I TVEDN-

—~~LNLYELFLQKLQHNPYNKFFSTQF: ~DVLTNGRSTFTKLSPEEQVQTLL.
~-DSFFDNLKRRGSDRCALLFSQLKL -~ ~DKLSQNFYMISSDDKSKILISIL.
~VKLQAHRDDFNALNYEDKQQTLE:
~GIVSALHADAKTANLS IVGMTG:
~DAIERFEKLP INTDGNK I GKTE:
NAKQLTLSQNSMQ: ITDNCENDTEEEKALEEKAL IEAYDEIL TNIDKYLPLFDIN KFREKLHAGREKF INLSLDVKK~
NKYKKDAILTEEDRK IME--~— 1EKYELI DLDTLDNKQLYQLL—
EKDE IKINYEKLKTQKEKLQ
GDHDFDLHNMDAY LKKPKFVKYLKANE
IDEFDFLDENLY-NKEKLD I YKSDFAKP
GDKNWD IEDFKTY-NMEKIEKYKEYG:
—~LEESIFVPINSRVIHFGDKDKD I FDFDS--
~EKGRNV IDEEAYAR I LVNEKM1QPGQSRAD~
EKGTGTYKISQEKYND IKKKEGV -
EGKYG I TEKEYMKKVAEQTK.

—~RILDALHASPASSDLKKINLSSGFGRLFSPSHF:
SWRRMNNKSGYTFSDEDEF I FQSPSGL -
TLRQILIGLQANGTRSNVKNLGIKTDL
DTILQVLNGLHDNAVMPKIKSLGLSTP-
-VAF ISLSYKTSNNAVDFTVIGLGTECG-
LEIKY ILGKK IKDQKQ 1QKPVKKYFPN
1GDEYKPWRVLTSGTLL IHKKD: KKLMY ISSFQN TEIKNL IETEYKENDDSDSKKKKKANR:
PVNCKPVFVLKKGSILK: KKSLD IDDFKE: TKET: EEGNYYFISTISKRFNRDTAYGLKPLK~
DKTYNFHSFIFPGT ILLDKQN KEFYYISSIQT: RDI IEIKFLNKIEFKD-ENKNQDTSKTPKR-
YNKEKLLNE INLKRPENKKFNS I ~NEIEFVKFVKPGALLLNFENQQ- YY ISTLESSSLRAK IKLLNKMDKGKA-
LENLGFKFKLSFYKNDIIEY -~~~ ~EKDGK 1 YTERLVSRTMPKQRNY ETKP IDKAKFEKQNLY===~~~~~
~~DSDSEFK-~FTLYKNDLLLVKDTET-: ~KEQQLFRFLSRTMPK-~--QKHY - VELKPYDKQKFEGGEAL IKVLGNVANS:
—-GQVVRFC--FSLQKNDGLE IEWK: DSQRYDVRFYNFQ SAN:! INFKGLEQI ENQFKQKPYNNGAT
ELDLPDIRYKEYCELNNIKGEPR IKK
PEILKFTATNNDKSNK IEVKP IHCYCK.

~EAL1YPDETWHNFNFFFHAGET
~GIKPKYSNKENNTSVVP IKNFY -

~-TESDQFC--FSLYPGDMVHIESKT -~
—~-DGSFEFL--YSFYPNDLI F.
—-DDYYTHV--MY IFPGDYLR IKSTSKKSGEQL-

-------- FYTVPIYVHQTLL
NNLQGIAMSDIVH

IRHIKVFK. RIMALKEQNGGKPVRILKK~
-WRYAS IALVKAVE: GDAKQVGWLVPGDELDFGPEGVTTAA. SDRPDTLTEAGE I LAQFFPRCWRATVA-
DLFTVPLPPQSISMRYGEPRV—====== == e~ VQALQSGNAQYLGSLVVGDE IEMDFSSLDVD: ~-GQIGEYLQFFSQFSGGNLAWKHW- LAKAFSDDVVPDGVQK IVTKQGWLPPV-
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KQYGNQWKNN 1 EAYLKEKELVEKDVKLQF ILSPNDLVYLPTE: 1DKKRIYKV! FTNNRLYAIPYAI
FSMKQNE -~ YFVFPNEKTGFNPKE IDLL -~~~ ===~~~ DVENYGL I SPNLFRVQKFSLKN=~========-"
——FTMKQNE--MFVFPNATTGFNPAE IDLL -~~~ ———— =~ ==~ DPKNKKLISPNLFRVQKIATKD -----------
DSSYEFL--WSLFGLSYVE I SKANGE CIDGYFRGLHR SVCKHISLGKDATVSG
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LRLRPLQMSKEG IKKESAPELSK I IDR
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KRSYLTIPLNVMIDCQ-
KRGQLWDEAGNPKVELEEVV*
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303229466 Veillonella atypica ACS-134-V-Col7a

34762592 Fusobacterium nucleatum subsp. vincentii ATCC 49256
374307738 Filifactor alocis ATCC 35896

320528778 Solobacterium moorei F0204

291520705 Coprococcus catus GD-7

42525843 Treponema denticola ATCC 35405

304438954 Peptoniphilus duerdenii ATCC BAA-1640

224543312 Catenibacterium mitsuokai DSM 15897

24379809 Streptococcus mutans UA159

15675041 Streptococcus pyogenes SF370

16801805 Listeria innocua Clip11262

116628213 Streptococcus thermophilus LMD-9

323463801 Staphylococcus pseudintermedius ED99

352684361 Acidaminococcus intestini RyC-MR95

302336020 Olsenella uli DSM 7084

366983953 Oenococcus kitaharae DSM 17330

310286728 Bifidobacterium bifidum S17

258509199 Lactobacillus rhamnosus GG

300361537 Lactobacillus gasseri JV-V03

169823755 Finegoldia magna ATCC 29328

47458868 Mycoplasma mobile 163K

284931710 isepticum str. F

363542550 neumoniae SCO1

384393286 Mycoplasma canis PG 14

71894592 Mycoplasma synoviae 53

238924075 Eubacterium rectale ATCC 33656

116627542 Streptococcus thermophilus LMD-9

315149830 Enterococcus faecalis TX0012

315659848 Staphylococcus lugdunensis M23590

160915782 Eubacterium dolichum DSM 3991

336393381 Lactobacillus coryniformis subsp. torquens KCTC 3535
310780384 Ilyobacter polytropus DSM 2926

325677756 Ruminococcus albus 8

187736489 Akkermansua mucunlphlla ATCC BAA-835

117929158
189440764 dobacterium longum DJO10A
283456135 Bifidobacterium dentium Bdl

38232678 Corynebacterium diphtheriae NCTC 13129
187250660 Elusimicrobium minutum P
319957206 Nitratifractor salsug
325972003 Sphaerochaeta globus str.
261414553 Fibrobacter suc ogenes subsp. succinogenes S85
60683389 Bacteroides frag s NCTC 9343

256819408 Capnocytophaga ochracea DSM 7271

90425961 Rhodopseudomonas palustris BisB18

373501184 Prevotella micans F0438

294674019 Prevotella ruminicola 23

365959402 Flavobacterium columnare ATCC 49512

312879015 Aminomonas paucivorans DSM 12260

83591793 Rhodosplrlllum ruhrum ATCC 11170

294086111 Cani Tum marinum IMCC1322
121608211 Verminephrobacter eiseniae EF01-2

344171927 Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12

288957741 Ium sp- B510
92109262 Nitrobacter hamburgensi
148255343 Bradyrhizobium sp- BTAil

34557790 Wolinella succinogenes DSM 1740

218563121 Campylobacter jejuni subsp. jejuni NCTC 11168
291276265 Helicobacter mustelae 12198

229113166 Bacillus cereus Rockl-15

222109285 Acidovorax ebreus TPSY

189485225 uncultured Termite group 1 bacterium phylotype RsD17
182624245 Clostridium perfringens D str. JGS1721

220930482 Clostridium cellulolyticum H10

154250555 Parvibaculum lavamentivorans DS-1

257413184
218767588 meningi
15602992 Pasteurella multocida subsp. multocida str. Pm70
319941583 Sutterella wadsworthensis 3 1 45B

254447899 gamma proteobacterium HTCC5015
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Supplementary Figure 2. Expression of bacterial tracrRNA orthologues and crRNAs revealed by deep RNA
sequencing. Expression profiles of tracrRNA orthologues and crRNAs of selected bacterial strains are represented
along the corresponding genomes by blue bar charts (Images captured from the Integrative Genomics Viewer (IGV)
tool). Campylobacter jejuni (GenBank: NC_002163), Francisella novicida (GenBank: NC_008601), Neisseria
meningitidis (GenBank: NC_003116), Listeria innocua (GenBank: NC_003212) and Streptococcus mutans (GenBank:
NC_004350). Genomic coordinates are given. *Sequence coverage calculated using BEDTools-Version-2.15.0 (Scale
given in reads per million). *Distribution of reads starting (5") and ending (3') at each nucleotide position are indicated
(Scale given in numbers of reads). Upper panels correspond to transcripts from the positive strand and lower panels
correspond to transcripts from the negative strand. The negative coverage values and peaks presented below the
axes indicate transcription from the negative strand of the genome. Predominant 5'- and 3’-ends of the reads are
plotted for all RNAs. Note that given the low quality of L. innocua cDNA library, the reads are shortened for crRNAs,

and an accumulation of the reads at the 3' end of tracrRNA is observed, presumably due to RNA degradation.



Supplementary table 1. Bacterial species containing type Il CRISPR-Cas loci

characterized by the presence of the signature gene cas?9.

Cluster® Strains” Cas9 Gl Length (aa)
Enterococcus faecium 1,231,408 257893735 1340
Enterococcus italicus DSM 15952 315641599 1330
Listeriainnocua Clip11262 16801805 1334
Listeria monocytogenes serotype 1-2a str. F6854 47097148 1334
Streptococcus agalactiae 2603V-R 22537057 1370
Streptococcus agalactiae A909 76788458 1370
Streptococcus agalactiae NEM316 25010965 1377
Streptococcus anginosus F0211 315223162 1345
Streptococcus bovis ATCC 700338 306833855 1373
Streptococcus dysgalactiae subsp. equisimilis GGS 124 251782637 1371
Streptococcus equi subsp. zooepidemicus MGCS10565 195978435 1348
Streptococcus equinus ATCC 9812 320547102 1377
Streptococcus gallolyticus subsp. gallolyticus ATCC BAA-2069 325978669 1370
Streptococcus gallolyticus UCN34 288905639 1371

1 Streptococcus macacae NCTC 11558 357636406 1338
Streptococcus mutans NN2025 290580220 1345
Streptococcus mutans UA159 24379809 1345
Streptococcus pseudoporcinus SPIN 20026 313890160 1326
Streptococcus pyogenes SF370 15675041 1368
Streptococcus pyogenes MGAS10270 94990395 1368
Streptococcus pyogenes MGAS10750 94994317 1371
Streptococcus pyogenes MGAS2096 94992340 1368
Streptococcus pyogenes MGAS315 21910213 1368
Streptococcus pyogenes MGAS5005 71910582 1368
Streptococcus pyogenes MGAS6180 71903413 1368
Streptococcus pyogenes MGAS9429 94988516 1368
Streptococcus pyogenes NZ131 209559356 1368
Streptococcus pyogenes SSI-1 28896088 1368
Streptococcus thermophilus LMD-9 116628213 1388
Bacteroides coprophilus DSM 18228 224026357 1509
Bacteroides dorei DSM 17855 212694363 1504
Bacteroides sp. 20 3 301311869 1517
Capnocytophaga gingivalis ATCC 33624 228473057 1436
Fibrobacter succinogenes subsp. succinogenes S85 261414553 1512
Flavobacterium columnare ATCC 49512 365960762 1459
Fluviicola taffensis DSM 16823 327405121 1458

2 Mucilaginibacter paludis DSM 18603 373954054 1473
Prevotella bivia JCVIHMP010 282858617 1485
Prevotella buccae ATCC 33574 315607525 1457
Prevotella melaninogenica D18 288802595 1354
Prevotella veroralis FO319 260592128 1496
Sphingobacterium spiritivorum ATCC 33861 300771242 1426
Weeksella virosa DSM 16922 325955459 1440
Actinobacillus minor NM305 240949037 1056
Actinobacillus pleuropneumoniae serovar 10 str. D13039 307256472 1054
Actinobacillus succinogenes 130Z 152978060 1062

3 Haemophilus parainfluenzae T3T1 345430422 1052
Kingella kingae ATCC 23330 333374624 1000
Neisseria bacilliformis ATCC BAA-1200 329117879 1077

Neisseria cinerea ATCC 14685 261378287 1082



Cluster® Strainsb Cas9 Gl Length (aa)
Neisseria flavescens SK114 241759613 1081
Neisseria lactamica 020-06 313669044 1082

3 Neisseria meningitidis 053442 161869390 1082

(continued)  Neisseria meningitidis alphal4 254804356 1082
Neisseria meningitidis 22491 218767588 1082
Pasteurella multocida subsp. multocida str. Pm70 15602992 1056
Simonsiella muelleri ATCC 29453 404379108 1065
Lactobacillus farciminis KCTC 3681 336394701 1126
Streptococcus gallolyticus UCN34 288905632 1130
Streptococcus gordonii str. Challis substr. CH1 157150687 1136
Streptococcus infantarius subsp. infantarius ATCC BAA-102 171779984 1129
Streptococcus macedonicus ACA-DC 198 374338350 1130
Streptococcus mitis ATCC 6249 306829274 1134

4 Streptococcus pasteurianus ATCC 43144 336064611 1130
Streptococcus suis 89-1591 223932525 1122
Streptococcus suis ST3 330833104 1122
Streptococcus thermophilus CNRZ1066 55822627 1128
Streptococcus thermophilus LMD-9 116627542 1121
Streptococcus thermophilus LMG 18311 55820735 1122
Streptococcus vestibularis ATCC 49124 322517104 1128
Bacteroides cellulosilyticus DSM 14838 224535832 1219
Bacteroides fragilis NCTC 9343 60683389 1436
Bacteroidetes oral taxon 274 str. FO058 298373376 1434
Capnocytophaga canimorsus Cc5 340622236 1430
Capnocytophaga ochracea DSM 7271 256819408 1426

5 Capnocytophaga sputigena ATCC 33612 213962376 1426
Flavobacterium psychrophilum JIP02-86 150025575 1354
Kordia algicida OT-1 163754820 1391
Parabacteroides johnsonii DSM 18315 218258638 1443
Parabacteroides sp. D13 256840409 1424
Prevotella oralis ATCC 33269 323344874 1391
Zunongwangia profunda SM-A87 295136244 1388
Lactobacillus brevis subsp. gravesensis ATCC 27305 227509761 1377
Lactobacillus buchneri ATCC 11577 227512703 1239
Lactobacillus buchneri NRRL B-30929 331702228 1371
Lactobacillus fermentum ATCC 14931 227514633 1381
Lactobacillus gasseri JV-V03 300361537 1391

6 Lactobacillus jensenii 269-3 238854567 1391
Lactobacillus johnsonii DPC6026 385826041 1375
Lactobacillus ruminis ATCC 25644 323340068 1375
Lactobacillus salivarius UCC118 90961083 1149
Lactobacillus sanfranciscensis TMW 1-1304 347534532 1331
Pediococcus acidilactici DSM 20284 304386254 1364
Gemella haemolysans ATCC 10379 241889924 1392
Gemella moribillum M424 317495358 1385

7 Megasphaera sp. UPII 135-E 342218215 1352
Peptoniphilus sp. oral taxon 386 str. F0131 299144352 1341
Veillonella atypica ACS-134-V-Col7a 303229466 1398
Veillonella parvula ATCC 17745 282849530 1398
Actinomyces coleocanis DSM 15436 227494853 1105
Corynebacterium accolens ATCC 49726 306835141 1099

8 Corynebacterium diphtheriae NCTC 13129 38232678 1084
Corynebacterium matruchotii ATCC 14266 305681510 1089
Mobiluncus curtisii subsp. holmesii ATCC 35242 315656340 1123



Cluster® Strainsb Cas9 Gl Length (aa)
Mobiluncus mulieris 28-1 269977848 1091
Gluconacetobacter diazotrophicus PAI 5 162147907 1050
Gluconacetobacter diazotrophicus PAI 5 209542524 1003

9 Methylocystis sp. ATCC 49242 323139312 1080
Methylosinus trichosporium OB3b 296446027 1082
Rhodopseudomonas palustris BisB18 90425961 1066
Rhodopseudomonas palustris BisB5 91975509 1064
Acidovorax avenae subsp. avenae ATCC 19860 326315085 1045
Alicycliphilus denitrificans BC 319760940 1029

10 Alicycliphilus denitrificans K601 330822845 1029
gamma proteobacterium HdN1 304313029 1025
Nitrosomonas sp. AL212 325983496 1044
Verminephrobacter eiseniae EF01-2 121608211 1068
Campylobacter jejuni subsp. doylei 269-97 153952471 984
Campylobacter jejuni subsp. jejuni 81116 157415744 984
11 Campylobacter jejuni subsp. jejuni NCTC 11168 218563121 984
Helicobacter canadensis MIT 98-5491 253828136 1007
Helicobacter cinaedi CCUG 18818 313144862 1023
Coriobacterium glomerans PW2 328956315 1384
12 Eggerthella sp. YY7918 339445983 1380
Gordonibacter pamelaeae 7-10-1-b 295106015 1371
Olsenella uli DSM 7084 302336020 1399
Lactobacillus casei BL23 191639137 1361
13 Lactobacillus casei str. Zhang 301067199 1361
Lactobacillus paracasei subsp. paracasei 8700-2 239630053 1362
Lactobacillus rhamnosus GG 258509199 1363
Prevotella buccalis ATCC 35310 282878504 1218
14 Prevotella ruminicola 23 294674019 1204
Prevotella tannerae ATCC 51259 258648111 1234
Prevotella timonensis CRIS 5C-B1 282880052 1218
Bifidobacterium dentium Bd1 283456135 1138
15 Bifidobacterium longum DJO10A 189440764 1187
Gardnerella vaginalis 5-1 298252606 1186
Scardovia inopinata F0304 294790575 1178
Anaerococcus tetradius ATCC 35098 227501312 1361
16 Lactobacillus iners LactinV 11V1-d 309803917 1369
Peptoniphilus duerdenii ATCC BAA-1640 304438954 1364
Coprococcus catus GD-7 291520705 1338
17 Dorea longicatena DSM 13814 153855454 1340
Ruminococcus lactaris ATCC 29176 197301447 1341
Phascolarctobacterium succinatutens YIT 12067 323142435 1087
18 Roseburia intestinalis L1-82 257413184 1140
Roseburia inulinivorans DSM 16841 225377804 1152
Dinoroseobacter shibae DFL 12 159042956 1079
19 Maritimibacter alkaliphilus HTCC2654 84685065 997
Sphingomonas sp. S17 332188827 1090
20 Flavobacterium branchiophilum FL-15 347536497 1473
Flavobacterium columnare ATCC 49512 365959402 1535
21 Burkholderiales bacterium 1 1 47 303257695 1428
Parasutterella excrementihominis YIT 11859 331001027 1428
29 Prevotella denticola F0289 327314511 1218
Prevotella micans F0438 373501184 1425
23 Acidaminococcus intestini RyC-MR95 352684361 1358
Acidaminococcus sp. D21 227824983 1358




Cluster® Strainsb Cas9 Gl Length (aa)
24 Staphylococcus pseudintermedius ED99 323463801 1334
Staphylococcus simulans ACS-120-V-Schl 410878248 1112

o5 Mycoplasma gallisepticum str. F 284931710 1269
Mycoplasma gallisepticum str. R-low 294660600 1270

26 Elusimicrobium minutum Peil91 187250660 1195
uncultured Termite group 1 bacterium phylotype Rs-D17 189485059 1032

28 Clostridium spiroforme DSM 1552 169349750 1116
Eubacterium dolichum DSM 3991 160915782 1096

29 Eubacterium rectale ATCC 33656 238924075 1114
Eubacterium ventriosum ATCC 27560 154482474 1107

30 Staphylococcus aureus M06/0171 403411236 1053
Staphylococcus lugdunensis M23590 315659848 1054

31 Francisella novicida U112 118497352 1629
32 Sutterella wadsworthensis 3 1 45B 319941583 1422
33 Bifidobacterium bifidum S17 310286728 1420
34 Wolinella succinogenes DSM 1740 34557932 1409
35 gamma protecbacterium HTCC5015 254447899 1397
36 Treponema denticola ATCC 35405 42525843 1395
37 Oenococcus kitaharae DSM 17330 366983953 1389
38 Fusobacterium nucleatum subsp. vincentii ATCC 49256 34762592 1374
39 Legionella pneumophila str. Paris 54296138 1372
40 Filifactor alocis ATCC 35896 374307738 1365
41 Finegoldia magna ATCC 29328 169823755 1348
42 Catenibacterium mitsuokai DSM 15897 224543312 1329
43 Solobacterium moorei F0204 320528778 1327
44 Mycoplasma synoviae 53 71894592 1314
45 Mycoplasma ovipneumoniae SCO01 363542550 1265
47 Mycoplasma mobile 163K 47458868 1236
48 Mycoplasma canis PG14 384393286 1233
49 Sphaerochaeta globus str. Buddy 325972003 1179
50 Rhodospirillum rubrum ATCC 11170 83591793 1173
51 Azospirillum sp. B510 288957741 1168
53 Nitrobacter hamburgensis X14 92109262 1166
54 Ruminococcus albus 8 325677756 1156
55 Enterococcus faecalis TX0012 315149830 1150
56 Acidothermus cellulolyticus 11B 117929158 1138
57 Nitratifractor salsuginis DSM 16511 319957206 1132
58 Acidovorax ebreus TPSY 222109285 1131
59 Lactobacillus coryniformis subsp. torquens KCTC 3535 336393381 1119
60 Akkermansia muciniphila ATCC BAA-835 187736489 1101
61 llyobacter polytropus DSM 2926 310780384 1092
62 Bacillus cereus Rock1-15 229113166 1069
63 Clostridium perfringens D str. JGS1721 182624245 1065
64 Bradyrhizobium sp. BTAil 148255343 1064
65 Ralstonia syzygii R24 344171927 1062
66 Wolinella succinogenes DSM 1740 34557790 1059
67 Aminomonas paucivorans DSM 12260 312879015 1052




Cluster® Strainsb Cas9 Gl Length (aa)

68 Parvibaculum lavamentivorans DS-1 154250555 1037
69 Candidatus Puniceispirillum marinum IMCC1322 294086111 1035
70 uncultured Termite group 1 bacterium phylotype Rs-D17 189485225 1032
72 Helicobacter mustelae 12198 291276265 1024
73 Clostridium cellulolyticum H10 220930482 1021

®Sequences are grouped according to the BLASTclust clustering program. Only sequences longer than 800
amino acids were selected for the BLASTclust analysis (see Materials and Methods). bRepresentative strains
harboring cas9 orthologue genes are listed; Gl, Geninfo Identifier. Bold, representative sequences of each
group chosen for the alignment and tree formation. Grey, discarded, incomplete Cas9 sequences (see
Materials and Methods). Sequences that were not clustered are listed at the bottom of the table. They were
considered as possible Cas9 sequences based on the presence of conserved motifs and/or other cas genes
in their immediate vicinity. As incomplete, they were not selected for further analysis.



pairing in selected bacterial species.

Supplementary Table 2. Predicted pre-crRNA repeat:tracrRNA anti-repeat base-

Strain®

CRISPR type I
identifier®

pre-crRNA repeat:tracrRNA base-pairing®

Francisella tularensis subsp. novicida

U112

NC_008601_1°

GUUUCAGUUGCUGAAUUAUUUGGUAAACUACU-GUUAG

LEERRELEEL 1=ty i 1l
CAAAGUCAACAAUCUAAUAAACCAUAC-AUGAACACAA

GUUUCAGUUGC-UGAAUUAUUUGGUAAACUACUGUUAG

o O O R U A
UAAUGUCU-CGUAAUUAAUAAACCAUGUAAAUAUUAAA

Wolinella succinogenes
DSM 1740

NC_005090_2°

GCAACACUUUAUAGCAAAUCCGCUUAGCCUG-UGAAAC

IEELRELEE LR et 1= = = il
CGUUGUGAAAUAUCGUUUAGGCAAGCUACGGAACUUU

GCAACACUUUAUAGCAAAUCCGCUUAGCCUGUGAAAC

L=ttt 1 <= 11 < 11
CGUUGUGAGAUAUUAUUAGGGUAGGUCGAAAUUGUUUY

gamma proteobacterium

GUUUCAGAGCUUAUCCCAACAAACCA-ACAGCUGAAAC

NN NN o AR N
AUAAGUCUUACGUAGGGUUGUAAGAUAUGU-GACUUUA

ND°
HTCC5015 GUUUCAGAGCUUAUCCCAACAAACCAACAGCUGAAAC
FEERRERERRRREL 1 (I
CAAAGUCUCGAAUAAGGUCGUUUAUGAGGGAACAAUA
GCGAAGAUCAUAACGCUACGAGCUAUAGCACUGAAAC
le I=tLEETREREt=ennnneeter 1 1
Sutterella wadsworthensis N UGUCUUUAGUAUUGCGGUGCUCGAUAACGAACCUUUG
31458 GCGAAGAUCAUAACGCUACGAGCUAUAGCACUGAAAC
< PEERRRRernner teneeeetn | 11
AAUCUCUAGUAUUGCGAUACUCGAUAUCCUUUAGUGG
Parasutterella excrementihominis ND - ible t | ¢ hort i
YIT 11859 ot possible to analyze — too short contig
; ; CCAAUAAUCCCUCAUCUAAAAAUCCA-ACCACUGAAAC
Legionella pneumophila
<t Pars NC_006368_1 TR R
: AUUUAAUCUUUAGUAGAUUUAAAGCUAUGG-GACUUUA
; . GUUUUAG--AGCUAUGUUAUUUUGAAUGCUAACAAAAC
Listeria innocua
11262 NC_003212_2 LU= LELLEEEEEL =T
p AAAUUGAACGAUACAAUAAAACUUAUGAUUGUUAUA
; GUUUUAG--AGCUGUGUUGUUUCGAAUGGUUCCAAAAC
Streptococcus thermophilus
LMD-9 NC_008532_5 NN N NN
AAAUUGAGCGACACAACAAAGCUUACCAAAGUUUGG
GUUUUAG--AGCUGUGUUGUUUCGAAUGGUUCCAAAAC
Streptococcus mutans
UA159 NC_004350_1 Pl FEEERRenne e i=eeennn 1l
AAAUUGAACGACACAACAAAGCUUACUAAGGUUGUG
GUUUUAG--AGCUAUGCUGUUUUGAAUGGUCCCAAAAC
Streptococcus pyogenes
SF370 NC_002737_1 Pl DRERRRRER e tn 1
AAAUUGAACGAUACGACAAAACUUACCAAGGUUGUU
Fusobacterium nucleatum subsp. GUUUGAGAGUAAUGUUAUUUUAAAUAGAUUCAAAAC
Vineentii ATCC 49256 ND IR IR IRRTURIS TR
CAUAUACGAGGUAAAAAAUAAUGAAUUUAAUUUUUA
Filifactor alocis GUUUGAGAGUAGUGUAAUUUCAUAUGGUAGUCAAAC
ATCC 35896 NC_016630_2 | = L LILLILEELI=TILIELLELTLE ]
ACUUGG-CACAUCACAUUAGAGUAUACCAUCAGUU-GA
Peptoniphilus duerdenii ND No significant anti t found
ATCC BAA-1640 o significant anti-repeat foun
; GUUUGAG--AGUUGUGUAAUUUAAGAUGGAUCUCAAAC
Treponema denticola
NC_002967_1 FEEEs DRERRRRER e nnenn i

ATCC35405

AACUUGAGCAACACAUUAAAUUCUACCUAGAAUUUA




Strain®

CRISPR type Il

pre-crRNA repeat:tracrRNA base-pairing®

identifier®
Coprococcus catus
GDS? ND No significant anti-repeat found
: ; GUUUGAGAACUAUGUAAAUUAUGCUGGUAG-CAAAAC
S acterium moorel ND | = LI O == | 1 1]
AACUUGAAUGAUACAUUUAAUA-GAAUGACCAUAUUC
; : GUUU-GCGAGUAGUGUAAUUCUGUAAAUCUCUAAAAC
vellonella atypca ND =1 LU =TH=1
ACS-134-V-Col7a
AACUUGAGCAUCACAUUAAGACAUUUGGAGGUUUUG
Acidaminococcus intestini
RyC-MR95 NC_016077_1 No significant anti-repeat found
; ; GUUUGAG-A-AUGAUGUAAUUUCAUAUAGGUAUUAAAC
Finegoldia magna
ATCC 29328 NC_010376_1 Pl DREERREER =ttt
AACUUGAGUACUACAUUAGAGUAUAUCCAUAAUUUG
Olsenella uli GUUUUGG-G-GCAGUGUCGUUUUGACUGGUAAU-CAAAC
DSM 7084 NC_014363_7 Pl FEEEE=tinii=tennnnnnnet i
AAACUGAGCGUCAUAGCAAGACUGACCAUUAAGUCU
; GUC-UCAGGUAGAUGUCAGAUCAAUCAGUUCAAGA-GC
Lactobacillus rhamnosus
GG NC_013198_2 O N NN A NN
AGUUGAGCAUCUACAGUCUAGUUAGUUAAGUUCAAC
GUUUUAGAUGGUUGUUAGAUCAAUAAGGUUUAGAUC
FERRRLEREEE TR te=i=ti= 11
Lactobacillus gasseri . CAAAAUCUACCGACAAUCUAGUUACUUUAGAUU-AGU
ND
JV-V03 GUUUUAGA-UGGUUGUUAGAUCAAUAAGGUUUAG-AUC
P D= DREERREnneneeennnet=eneenn 1
AAAUUUAGACCAACAAUCUAGUUAUUUCAAAUCACA
Catenibacterium mitsuokai ND No significant anti-repeat found
DSM 15897 No sequence upstream of Cas9 available in the analyzed contig
; GCUUCAGAUGUGUGUCAGAUCAAUGAGGUAGAACCC
Oenococcus kitaharae
DSM 17330 ND < L THEErRne e e
AAGUUACGACACACAGUCUAGUUACUCCAUCUUGGG
pps ; i GUUU-CAGAUGCCUGUCAGAUCAAUGACUUUGACCAC
Sifdobactertum bifidum NC_014616 1 1= LILLLLLIEL DOLEIEE=EIT 1]
S17
AGUUAAAUACGGACAGUCCAGUUACUGGAACUAGUA
; : GUU--UUAGCACUAUGUUUAUUUAGAAAGAGGUAAAAC
Staphylococcus pseudintermedius
ED99 NC_017568_1 Lol = LEERRREERnn i =tnnnttl
AAUUGAAU-UGAUACAAAUAAAUCUUUCUUCAUUUUG
Eubacterium rectale AUUUUAGUA-A-CUGAAUAAUUUACGUGACUGUAAAAC
Tos am686 NC_012781_2 ELCLEEE 1 L D=1
AAAUCAUCUAGACUUUUUAAAUGCACUGAUAUUUUA
; GUUUUUGU--AUUCUCAAUAAUUUCUUAUCAGUAAAAC
Enterococcus faecalis
TX0012 ND <PREEEEE TR el
UAAAAACAUCUAAGAGUUAUUAAAGAAUAGUCAUUUUA
: GUUUUUGUACUCU-CAAGAUUUAAGUAACUGUACAAC
S ceus hermephis NC 0085322 [Tl I+ 1L LLELLILENTLETI [
AAACAUCGAAGACGUUCUAAAUUCAUUGACACAUUC
; GUUUUAGUACUCUGUAAUUUUAGGUAUAAGUGAUAC
Sy coccus lugdunensis ND 1= < LI = |
AAGUCAUCUAAGACAUUAAAAUCCAUAUUCAUGUUC
; ; GUUUUGUUA-C-CAUAUGGAUUUUUGCUAGAUUAAGAC
Eubacterium dolichum
DSM 3991 ND LT AR A RRRNNRANARAI Y
AAACAAUCUAGUAUAUUUGAAAACGAUCUAAUACUA
; GUUUUGGUGUAGUAUCAUUCUUAUGUAUUCUUAAAC
Mycoplasma mobile
NC_006908_1 FEEE=000 TERRRern et

163K

AAAAAUCACUACAUAGUAAGAAUACAUAAGAAUUGA




Strain®

CRISPR type Il

pre-crRNA repeat:tracrRNA base-pairing®

identifier”
Mycoplasma ovipneumoniae GUUUUUGUGCUGU-ACAAUUUCUUACUAGAGUAAAAC
sco1 ND NIRRT
AAUAAAAAC-ACGCUGUUAAAGAAUGAUCUCAUUUUA
; ; GUUUUAGCACUGUACAAUACUUGUGUAAGCAAUAAC
Mycoplasma gallisepticum
str. F NC_017503_1 <TRRRRRREr 1 beeeer teenenenninrinl
' AAUAAAAUCGUG-C-UGUUAUUAACACAUUCGUUAUUA
Mycoplasma canis GUUUUAGUGUUGUACAAUAUUUGGGUAAACAAUAAC
PG 14 ND O N NN RN RN
ACUAAAUCCUACAUGUUAUAAACCCAUUUGUUAUUA
; GUUUUGGGGUUGUACAAUUAUUUUGUUAAGUAAAAC
Mycoplasma synoviae
53 ND RN S S RN
UAAAACCUUAGCAUGUUAAUAAAACAAUUCAUUCAU
Bacillus cereus Rock
ND No CRISPR array
1-15
llyobacter polytropus
DSM 2926 NC 014633 2 No significant anti-repeat found®
plasmid pILYOPO1
Mo LT L
DSM 12260 UCCUCUCCUAGACGAGGAAGCCGUCCCUCCCUUCCG
Clostridium perfringens AUUAUAGCAUAUCGAGAAUUUA-CUAGGAACUAUAAC
D st JGS1721 ND ELLLELCEELLEELL FUE L T
. CCAUAUCGUAUAGCUCUCAAAUUGAUCAAUGAUAUU
- : AUUAUAGCAUAUCGGAGCCUGAAUUGGAGCUAUAAC
Clostridium cellulolyticum
H10 NC_011898_3 FEEEE RREREER el il
UAAUACCGUAUAGCCUCGGACUUAACAACGAUAUUA
: AGUGUAGCUAUCCGGGGUGAGAGAGGGAGCUACAAC
Acidovorax ebreus
ND e el 0 i il

TPSY

UAACACCAAUAGGCCCCACUCUCGGCAACGACGUUA

Neisseria meningitidis
72491

NC_003116_10

GUUGUAGCUCCCUUUCUCAUUUCGCAGUGCUACAAU

<HEEEeer 1t il
UAACAUCGUUGCCAAGAGUAAAGCGUCACGCUGUUA

Pasteurella multocida

GUUGUAGUUCCCUCUCUCAUUUCGCAGUGCUACAAU

PM70 NC_002663_3 <tiitit= 1 1Tl il

UAACAUCGUUGCAGAGAGUAAAGCGUCACGUUGUUA

UncmﬂﬂedTérmﬁegroupl GUUAUAGUUUCCUUCCUCUCUCAGAUGUGCUAUAAU
bacterium ND <tittl=1t 1 e et= 1 1=l

phylotype Rs-D17 UAAUAUUAUUGGUAGGAGAGAGUCUAUUCAAUGUUU

: ’ AUUAUAGCGAGGAAUGGCUGAGUAGGCGGCUAUAAC

Wolinella succinogenes

NC_005090_1 I= < LI <t0REREEnneeritt=r = |

DSM 1740

CAGCGACGCGAUUUACCGACUCAUCCGUCGCCGAUA

Campylobacter jejuni
NCTC11168

NC_002163_2°

GUUUUAGUCCCUUUUUAAAUUUCUUUAUGGUAAAAU

N O N N e I R Y
CAAAUACAAACAAAUUUUUUUACUAAAAACAUAAUA

GUUUUAGUCCCUUUUUAAAUUUCUUUAUGGUAAAAU

st =1
UAAAAUCAGGGAAAAAUUUAAAGAAUACUCUAAUAU

Helicobacter mustelae

AUUUUAGCAUAAACAUAUUUAUGAAGUGGCUAAAAC

19198 NC_013949_1 1= 111 1 1 I 1 =1 11 1
UAGAACGGUAAUAUUUCAUAUAAAUAACUGUUUAUG
. P AUUAUACCAUACCAAGUGAUAACAGGGA-AUUACAAC
Roseburia intestinalis
L1-82 ND FEEEEE e =i
UAAUAUAGUAUGGUUCACUAUUAAUCCAAUAAUGUU
: ; ; GAUCUAUUUUAGCUGAAAACUGAAGGAAUCAAUAGC
Lactobacillus coryniformis subsp.
ND IO O W N g

torquens KCTC 3535

CUAGAUAAAAUCGACUUUUGAAUGAUAUC-UUAUUUU




Strain®

CRISPR type Il

pre-crRNA repeat:tracrRNA base-pairing®

identifier”
Ruminococcus albus . .
8 ND Not possible to analyze — too short contig
; AGCCUACCACGGGGAAAUCGGUAGGGAAGCCACGGC
Rhoc opseudomonas palusirs NC_00795_4 1= | 1 LLLLLLEEIILEI=TETIT]
UUAGUACGCCACCCUUUAGCCAUCCUUUCGGUGCCG
Cand. Puniceispirillum marinum NC_014010_1 AGUAUAGCACUCUGGUGAUUGAG-AGCCUAGAGCAAC
IMCC1322 NC 014010 3 FEE=TRRRREE e teeeer 11
— = CGUUAUUGUGAGACCACUAACUCCUCGGAUACCAAU
; cani AUUGUAGCUCACUGGGAUAUGCGCACUGGCCG-GAAC
penminephrobacter eiseniae NC_008786_1 TN
GCCUAUAGAGUGACCCUAUACGCGAGACCUGCGAUU
: " AGGUUAGCAGAUCGGGAAUUGCGCUCUGGCUAC-AAC
Ralstonia syzygii
R24 ND s<IIPELEEERTEneneneeer o et 1l
AAAGGUCGUCUAGCCCUUAACGCGAAAC-GAUGAUUG
i AGUGUAGCCGAUGGGGAUCGGGGGUCCAGCCG-CAAC
Azospirillum sp.
B510 NC_013854_2 <1 LR il
ACCUUUAAGCUACCCCUAGCCCCCAGGUCGGCAAUU
Nitrobacter hamburgensis
X14 ND No CRISPR array
Bradyrhizobium sp.
BTAi’i P ND No CRISPR array
; ; AGUUUAGCUGUUCAGAAUUCGGGGUCCAGCCG-CAAC
Dinoroseobacter shibae
NC_009952_2 L=l <PEEEERRnennn ey neer 1l

DFL 12

ACAGAAAUGCAAGUCUUAAGCGCCAGCUCGGCAAUU

Rhodospirillum rubrum
ATCC 11170

NC_007643_6"

ACUCUACCAUGGCGGUGUGGGACGGGGCCAUGGAAC

ELED LRl LRt
GCGAGAUAGUACCG-CACACCCUGCCCCGGUACCUUG

ACUCUACCAUGGCGGUGUGGGACGGGGCCAUGGAAC

TRELRELREER e 1 = |
UGAGAUGGUACCGGCACACCCUGCCAAGAGGGCAAA

Elusimicrobium minutum

Pei191 NC_010644_1 No significant anti-repeat found
; GGUCAAUCUUAACAAAAAUCAGCGGUCAUCCCCAAC
Spirochaeta sp.
Budd NC_015152_1 NI
y CAAUAUAGAAUUGUUUUUGGUCGCUAAUAGAGAUUA
Lo GUUGUGGUUUGAUGUAGGAAAGGAAUG AUAUACAAC
Prevotella ruminicola
23 NC_014033_4 <tHitl=1 THHnnnd I<1 | <1 11
UAACACUAUUCUACAUCCUUAGAAUGCACACGUUUU
Flavobacterium columnare GUUGUGGUUUGAUUAAAGAUUAGAAAACACGAUAUU
ATCC 49512 NC_016510_1 e ol SO OO I W B
UAACACUAUUCUAAUUUCUAAUCUUAU-UAAAAUAGA
Prevotella micans ND No CRISPR
F0438 0 array
. : AGAGUAGCAAAUCGAGAGACGGCCGCAAUCCGCAGC
Parvibaculum lavamentivorans
DS-1 NC_009719_1 PEEREeeeeeenenr e e 1 htie-
AGACAUCGUUUAGCUCUCCGCCAGCGAAAAGCGUUC
Bacteroides fragilis
9 NC_003228_4  No significant anti-repeat found

NCTC 9343




CRISPR type Il

Strain® ) s
identifier”

pre-crRNA repeat:tracrRNA base-pairing®

Capnocytophaga ochracea UGUUAUCAAUCGCAAAACUACAAAAUUUGAAAGCAAUUCACAAC

DSM7271 NC_013162 2  [|<|IIl | < AL TURERLREREREEEnnnng
AUAAUAUGGAUGAAAACAGCGUGUUAAACUUUCGUUAAGUGUUA

Fibrobacter succinogenes subsp. GUUGUUAUUGCACUAGUAAAACUAGAAAAUCUGAAAGCAAUUCACAAC
succinogenes NC_013410_1 = <1 1= 111 I 1 LERRRRE e
sS85 GUUUUUAAAAU-UGAUAUAAUAAAAGUAUUAGACUUUCGUUAAGUGUUA

Nitratifractor salsuginis GUUUUAAGACCCCUCAAAA--CCCCACCCUGUUACAAU

DSM 16511 NC_014935.3  =ILIILILILIILILILIL 111 LTI
UAAAAUUCUGGGGAGUUUUUUGGGAUGGGACAAUGU

Akkermansia muciniphila GUUGUACUGUGCCUUAUUUUGGA-UUCAAGGCAAAAC

NC_010655_1 FEEE <Thienitt= e el 11 i
ATCC BAA-835 GUACAUUUUACGGAAUAGCACCUCAAGGGCA-UAUUC

Acidothermus cellulolyticus

11B NC_008578_17 No significant anti-repeat found

Corynebacterium diphtheriae

NCTC 13129 NC_002935_1 No significant anti-repeat found

Bifidobacterium longum

DJO10A NC_010816_1 No significant anti-repeat found

Bifidobacterium dentium

Bd1 NC_013714_9 No significant anti-repeat found

®The vertical color bars represent subclusters of similar Cas9 orthologues as in Figs. 1 and 2.

®The CRISPR loci belong to the type Il (Nmeni/CASS4) CRISPR-Cas system. Nomenclature is according to
the CRISPR database (CRISPRdb). Note that S. thermophilus LMD-9 and W. succinogenes contain two type
II'loci.

‘Upper sequence, pre-crRNA repeat consensus sequence (5 to 3'); lower sequence, tracrRNA homologue
sequence annealing to the repeat (anti-repeat; 3’ to 5’). Note that the repeat sequence given is based on the
assumption that the CRISPR repeat-spacer array is transcribed from the same strand as the cas operon. For
the sequences that were validated experimentally in this study, RNA sequencing data were taken into account
to determine base-pairing. See Fig. 2.

“Two possible anti-repeats were identified in the F. tularensis subsp. novicida, W. succinogenes and gamma
proteobacterium HTCC5015 type II-B loci. Upper sequence pairing, anti-repeat within the putative leader
sequence; lower sequence pairing, anti-repeat downstream of the repeat spacer array. See Fig. 2.

*Two possible anti-repeats were identified in the S. wadsworthensis type 11-B locus. Upper sequence pairing,
anti-repeat; lower sequence pairing, anti-repeat within the putative leader sequence. See Fig. 2.

Two possible anti-repeats were identified in the L. gasseri type II-A locus. Upper sequence pairing, anti-repeat
upstream of cas9; lower sequence pairing, anti-repeat between the cas9 and casl genes. See Fig. 2.

9Two possible anti-repeats were identified in the C. jejuni type 1I-C loci. Upper sequence pairing, anti-repeat
upstream of cas9; lower sequence pairing, anti-repeat downstream of the repeat-spacer array. See Fig. 2.

"Two possible anti-repeats were identified in the R. rubrum type II-C locus. Upper sequence pairing, anti-

repeat downstream of the repeat-spacer array; lower sequence pairing, anti-repeat upstream of casl. See Fig.
2.



Supplementary table 3. tracrRNA orthologue and crRN A sequencing data.

SRNA |Strand| Size mature form |Region of interest IReadsI Coverage (%) | Sequence I 5'end read number I 3' end read number
C. jejuni NCTC 11168 (NC_002163.1), total mapped reads: 9914 184
CrRNA CIRNAL 36 1455167 1455202 781 0.0079  AGITTTTAAAAGAGCT TGGLGGT TGITTTAGT| 1455162 A 1 1455198 T 5
4 spacers CCCTTIT 1455165 G 2 1455199 C 5
1455166 C 3 1455200 C 16
1455167 A 419 1455201 C 72
1455168 G 19 1455202 T 385
1455169 T 7 1455203 T 82
1455170 T 75 1455204 30
1455171 T 24 1455205 T 112)
1455172 T 9 1455206 5
1455173 T 11
1455174 A 4
CRNAZ 38 1455231 1455268 2658 0.0268  CAAAGITTCATTAGITGAATTTAACTGITITA| 1455227 T 4 1455264 T E |
29 1455240 1455268 GrCCCITI T 1455228 T 1 1455265 C 14
1455230 C 37 1455266 C 60
1455231 C 206 1455267 C 240
1455232 A 72 1455268 T 1364
1455233 A 34 1455269 T 348
1455234 A 59 1455270 29
1455235 G 280 1455271 T 44
1455236 T 168 1455272 15|
1455237 T 130 1455273 A 2
1455238 T 36
1455239 C 259
1455240 A 317
1455241 T 148
1455242 T 298
1455243 A 157
1455244 G 40
C'RNA3 35 1455300 1455334 4729 0.0477  AAGAATGAGGATGATGATATTTTACAGITITA| 1455202 T 16 1455329 G 21]
GTCCCTTIT 1455293 C 62 1455330 T 479)
1455204 T 5 1455331 C 23
1455295 A 12 1455332 C 48
1455296 C 23 1455333 C 179)
1455297 A 367 1455334 T 1226
1455298 A 143 1455335 T 220
1455299 G 563 1455336 54
1455300 A 1014 1455337 T 49
1455301 A 415 1455338 55
1455302 T 242 1455339 A 1
1455303 G 589
1455304 A 55
1455305 G 2
CIRNA4 26 1455376 1455401 17404 01755  GIGIGCTAAAAAAAATGGACTTARATGITITA| 1455360 T 6 1455398 C 63
GTCCCTTIT 1455361 G 2 1455399 C 645]
1455362 A 9 1455400 T 9844
1455363 G 261 1455401 T 1518
1455364 T 51 1455402 481
1455365 G 598 1455403 T 763|
1455366 T 77 1455404 578
1455367 G 552 1455405 A 4
1455368 C 579
1455369 T 901
1455370 A 816
1455371 A 227
1455372 A 262
1455373 A 1072
1455374 A 1269
1455375 A 1991
1455376 A 2204
1455377 A 1978
1455378 T 371




SRNA Strand | Size mature form | Region of interest |Reads| Coverage (%) | Sequence 5' end read number I 3'end read number
tracrRNA  — |tacrRNAL 65 1455502 1455566 833829 8.4105  AAGAAATTTAA A/GGGACTAAAATAAAGAGT| 1455496 T 1 1455565 G 12371
tracrRNA2 58 1455509 1455566 TTGCGGGACTCTGCGGGGTTACAATCCCCTAA| 455497 A 31 1455566 C 713292
AACCGCTTTT
1455498 A 27 1455567 T 74594
1455499 G 24 1455568 T 10412
1455500 A 19 1455569 T 9580
1455501 A 232 1455570 T 426
1455502 A 435 1458571 A 91
1455503 T 369 1455572 A 97
1455504 T 253 1455573 A 542)
1455505 T 85
1455506 A 65
1455507 A 193
1455508 33472
1455509 A 615001
1455510 131879
1455511 G 16444
1455512 G 9390
1455513 G 1053
F. novicida U112 (NC_008601.1), total mapped reads: 48205
CrRNA — | oRNA5 52 817556 817607 117 02427  ATAACTCGACCAATATTTGACAAAGITICAGT| 817612 T 10 817557 A 3
13 spacers TGCTGAATTATTTCGTAAACCT 817611 T 10 817556 C 55
817607 A 53 817555 T 13|
817606 T 7 817553 C 12)
817552 T 1
crRNAG 56 817627 817682 116 0.2406 GGCAGGTTTTGTATGGTCATATAGGAGIGITT| 817685 A 4 817629 A 4
CAGTTCCTGAATTATTTGGTAAACCT 817682 G 23 817628 A 3|
817681 G 13 817627 C 53
817679 A 2 817626 T 20
817677 G 4
CRNA7 66 817699 817764 11 0.0228  AGCTATAGGGI TACCTATCITTTGAGIGITGG| 817764 A 7 817699 A 2
CAAATAAGTTTCAGTTGCTGAATTATTTGGTA|  g1276s 1
AACCT
817754 T 4
817745 T 2
CRNA9 53 817845 817897 24 00498 ATGCITTTAAACTACIGATATATACGITICAG| 817897 A 3 817845 C 7
TTGCTGAATTATTTGGTAAACT
racrRNA  — |tacrRNAL 74 817065 817138 2808 58251  CIACCAAATAATTAATGCTCTGIAATCATITA| 817140 A 2 817066 A 28
tracrRNA2 64 817065 817128 AAAGTATTTTGAACGGACCTCTGTTTGACACG|  g17139 T 2 817065 C 1523
TCTGAATAACTAAAAA
817138 G 615 817064 T 440
817136 A 9 817063 A 7
817135 C 2 817062 A 10
817134 C 37 817061 A 19
817133 A 26 817060 A 14
817132 A 7 817059 A 6
817131 A 328 817058 G 5
817130 T 355 817057 C 32
817129 A 165 817055 A 10
817128 A 484
817127 T 24
817126 T 55
817125 A 32
817124 A 19
N. meningitidis 22491 (NC_003116.1), total mapped reads: 13110087
CrRNA — | oRNAL 48 608456 608503 1346 0.0103  TATCCATTCCCAGOCGGAAATTAAGITGIAGC| 608453 T 30 608500 T 25
16 spacers TCCCTTTCTCATTTC -CAGT 608454 G 105 608501 C 77
608455 T 64 608502 175
608456 A 250 608503 C 293
608457 T 4 608504 A 78
608458 C 21 608505 G 505
608459 C 175 608507 T 1
608460 A 118
608461 T 39
CRNAZ 50 608520 608569 685 0.0052  GCCTTTTTACAAGCTCGCTTTCTTIGITGIAG| 608517 T 5 608564 T 8
CTCCCTTTCTCATTTC CAGT 608518 C 41 608565 T 16
608519 T 7 608566 T 8
608520 G 61 608567 C 31
608521 C 21 608568 101]
608522 C 44 608569 C 173
608523 T 21 608570 A 43]
608524 T 31 608571 G 6
608525 T 17 608572 T 2




SRNA

Strand

Size mature form | Region of interest | Reads | Coverage (%) | Sequence 5' end read number I 3'end read number
CrRNA3 50 608586 608635 12402  0.0946  TAAAGGITTCIGI1GOGACCCGAATGITGIAG| 608583 T 5 608631 T 75,
CTCCCTTTCTCATTTCCAGT 608584 G 3 608632 T 114
608585 G 513 608633 C 414
608586 T 2243 608634 1510
608587 A 2091 608635 C 2219
608588 A 188 608636 A 297,
608589 A 233 608637 G 52
608590 G 744 608638 T g
608591 G 1152
crRNA4 49 608653 608701 26361 0.2011 TAACTTTGACCGTGTGCAATCCAGITAGITGT [ 608646 T 7 608697 T 295
AGCTCCCTTTCTCATTTC CAGT 608647 C 127 608698 T 569)
608648 T 203 608699 C 1167
608649 T 377 608700 4910)
608650 T 2751 608701 C 4968
608651 A 477 608702 A 764
608652 A 1334 608703 G 62)
608653 C 11694 608704 T 4
608654 T 3665
608655 T 382
crRNAS 49 608719 608767 28747 0.2193 AACCCACTAAATTTTGCAAATGOGGTTGTAGC| 608717 G 20 608764 T 426
TCCCTTTCTCATTTCCCAGT 608718 C 1171 608765 C 1316
608719 A 8128 608766 3040
608720 A 116 608767 C 6431
608721 C 59 608768 A 1049
608722 C 420 608769 G 102
608723 C 1089 608770 T 11
608724 A 557
crRNAG 50 608784 608833 121014 0.9231 TTTTTTTGTACTGTTGTTTGAACGAGITGTAG| 608781 G 42 608830 T 2295
CTCCCTTTCTCATTTCCCAGT 608782 C 630 608831 C 7060
608783 C 10039 608832 13864
608784 T 26026 608833 C 44472
608785 T 11430 608834 A 6853|
608786 T 8248 608835 G 802
608787 T 3648 608836 T 69)
CRNA7 52 608848 608899 24611 0.1877 TTOGT T 1CAGAT AGCAAACGCAGTAGIGITGE | 608846 A 28 608896 T 369)
ACGCTCCCTTTCTCATTTCCAGT 608847 A 631 608897 C 1114
608848 T 11039 608898 3441
608849 T 753 608899 C 9015
608850 C 239 608900 A 1558
608851 G 2205 608901 G 137
608852 T 1910 608902 T g
608853 T 826
84 608916 608999 901 0.0069 g%% m GGTGTQ;::TA/% 608913 C 6 608996 A 5
vy 608914 G 3 608997 A 2
608915 G 2 608998 C 2
608916 A 266 608999 T 259
608017 T 17 609000 G 171
608918 A 96 609001 G 24
608919 T 26 609004 T 16
CRNALO 49 609049 609097 _ 5027 _ 0.0383 _ CITTTGIATTGATTCAAGGIGCTTGITGIAGC| 609046 T 89 609094 T 81
TCCCTTTCTCATTTCCCAGT 609047 C 37 609095 C 218
609048 G 647 609096 845
609049 C 1614 609097 C 1237
609050 T 583 609098 A 219)
609051 T 208 609099 G 39
609052 T 104 609101 G 7
609053 T 18
CRNALL 52 609112 609163 22711 01732 ATTCGICGATGATGGAAACTCGAGCATGITGE| 609109 A 58 609160 T 540)
AGCTCCCTTTCTCATTTC CAGT 609110 G 331 609161 C 1263
609111 T 99 609162 2850
609112 A 10627 609163 C 4882
609113 T 1234 609164 A 552)
609114 T 66 609165 G 52)
609115 C 191 609166 T 15|
609116 G 4906
609117 T 136
CRNALZ 52 609178 609229 5067  0.0386  1AGCCAGIGCTAAAACCGCACCCGCTTGITGE| 609175 G 7 609226 T 57]
ACCTCCCTTTCTCATTTCCAGT 609176 G 3 609227 C 189
609177 G 42 609228 576
609178 T 897 609229 C 1348
609179 A 72 609230 A 321
609180 G 584 609231 G 33|
609181 C 154 609232 T 2
609182 C 314
609183 A 38




SRNA Strand | Size mature form | Region of interest |Reads| Coverage (%) | Sequence 5' end read number I 3'end read number
crRNA13 51 609245 609295 4666 0.0356 ATAGAAATACATACGCCGAGTAATTAGITGTA| 609243 A 6 609292 T 65
CCTCCCTTTCTCATTTCLCAGT 609244 A 62 609293 C 201
609245 A 1311 609294 475
609246 T 141 609295 C 1039
609247 A 116 609296 A 229
609248 G 44 609297 G 25
609298 T 1
crRNA14 51 609311 609361 7147 0.0545 TTTTTGTAATTGTTCTGCCTTTTTTAGITGTA[ 609308 T 12 609358 T 136
GCTCCCTTTCTCATTTCCCAGT 609309 T 22 609359 C 442)
609310 C 207 609360 858|
609311 T 1190 609361 C 2335
609312 T 774 609362 A 540
609313 T 577 609363 G 69
609314 T 195 609364 T 5
609315 T 37
crRNALS 50 609378 609427 49818 0.3800 ACGGCGGAAACCATTGCCACAAAACGITGTAG] 609375 C 319 609424 T 532]
CTCCCTTTCTCATTTCCCAGT 609376 C 7253 609425 C 1414
609377 C 7249 609426 2553]
609378 A 19015 609427 C 7448
609379 C 547 609428 A 1854
609380 G 307 609429 G 210
609381 G 190 609430 T 10|
crRNA16 50 609444 609493 42398 0.3234 AATAATAACCCAATACACGATGTTAAGTTGTA| 609441 A 8 609490 T 579
CCTCCCTTTCTCATTTCLCAGT 609442 A 548 609491 C 2197
609443 A 3686 609492 6466
609444 A 4638 609493 C 13217|
609445 T 1428 609494 A 2438
609446 A 2861 609495 G 200|
609447 A 1322 609496 T 12|
609448 T 287
tracrRNA — |tracrRNAL 163 614162 614324 208318 1.5890 TTGTCTTATTTATATACAAATAGATTATTGAC| 614158 C 1 614319 G 311
tracrRNA2 100 614225 614324 Ilﬁlﬁﬁﬁﬁﬁ% 614161 A 1 614320 G 109
tracrRNA3 82 614243 614324 ACAAT AAGGCCGT CTGAAMGATGTGoCGCAA| 614162 T 2 614321 G 258|
CGCTCTGCCCCTTAAAGCTTCTGCTTTAAGGG| 614164 G 1 614322 G 150
GCATCGTTTAT 614223 A 506 614323 C 41244
614224 C 39 614324 A 128531
614225 A 14761 614325 T 167
614226 T 169 614326 C 4197
614227 A 276 614327 G 36
614239 C 208 614328 T 122
614240 G 42037 614329 T 865)
614241 39965 614330 T 1132]
614242 A 22890 614331 A 1061
614243 A 51186 614332 T 2788
614244 T 17711 614333 T 3758
614245 G 4192 614334 T 77
614246 A 488 614335 C 18
614336 G 3
614337 G 3I
614338 T 1
L. innocua Clip11262 (NC_003212.1), total mapped reads: 16186 5 (Note: low quality of the RNA library)
CrRNA — | crRNAL 35 2769606 2769640 2 0.0012 CGTAACTTTGCCTAGGATAGITTTAGAGCTAT| 2769640 G 1 2769606 T 1]
10 spacers GT
crRNA2 22 2769540 2769561 2 0.0012 CATTATGITTTAGAGCTATGT 2769561 C 1 2769540 T 1]
2769560 A 1
crRNA3 24 2769468 2769491 3 0.0019 GAGTTTTAGAGCTATGI AT ITTG 2769491 G 3 2769468 G 1]
crRNA4 27 2769402 2769428 7 0.0043 TTATAGTTTTAGAGCTATGT ATTTTG 2769428 T 5 2769407 A 1]
2769427 T 2 2769406 T 1
2769405 T 1
2769403 T 1
2769402 G 1
crRNA5 26 2769337 2769362 5 0.0031 TAAATGTTTTAGAGCTATGT AT I TT 2769362 T 3 2769339 T 1]
2769360 A 2 2769337 T 2)
crRNA8 23 2769142 2769164 2 0.0012 TACAAGTTTTAGAGCTATGT AT 2769164 T 1 2769143 A 1]
2769163 A 1 2769142 T 1
crRNA9 30 2769072 2769101 19 0.0117 TTCATGTTGITTTAGAGCTATGT AT I TTG 2769101 T 6 2769079 T 4
2769100 T 1 2769078 T 1
2769099 C 4 2769075 T 2)
2769098 A 3 2769073 T 3
2769097 T 3 2769072 G 6
2769096 G 2
crRNAL0 28 2769000 2769027 19 0.0117 GTTTTAGAGCTATGCTATTTCGAATACT 2769027 G 1 2769000 T 1]




SRNA Strand | Size mature form | Region of interest |Reads| Coverage (%) | Sequence 5' end read number I 3'end read number

tracrRNA  — |tacrRNAL 90 2774774 2774863 367 0.2267  ATTGITAGTATTCA'AA AACATAGCAAGTTA| 2774774 A 34 2774861 T 2
tracrRNA2 76 2774788 2774863 ?’:ﬁ;ﬁ%éﬂ@Tﬂcﬁﬂgmm 2774783 A 1 2774862 T 47
tracrRNA3 68 2774796 2774863 2774786 C 1 2774863 T 150]
2774787 A 1 2774864 T 67,
2774788 A 22 2774865 T 30
2774794 C 1 2774866 G 15
2774795 A 1 2774867 T 6

2774796 T 5

2774797 A 2

2774799 C 5

2774801 A 1

S. mutans UA159 (NC_004350.2), total mapped reads: 1542239

crRNA — crRNAL 38 1328162 1328199 267104 17.3192 CGCCATTAATTAATATGGTGAGTTTTAGAGCTG| 1328201 A 8 1328166 18547|
5 spacers TGTTGTTTCGA 1328200 C 178 1328165 T 41345
1328199 G 264047 1328164 T 53386
1328198 C 191 1328163 G 9084
1328197 C 167 1328162 T 59197
1328196 A 117 1328161 T 28333
1328160 T 4240
1328159 C 18236
1328158 G 26742
1328157 A 5573
1328156 A 17]
C'RNA2 36 1328098 1328133 26578 17233 CCTAGCGCAGITAGIGCICIGITTTAGAGCIG| 1328135 C 2 1328101 T 37
TCTTGTTTCCA 1328134 A 13 1328100 800)
1328133 G 25656 1328099 T 6395
1328132 C 212 1328098 T 11256
1328131 T 25 1328097 G 301
1328130 A 62 1328096 T 1453
1328129 G 25 1328095 T 1755
1328094 T 447
1328093 C 1302
1328092 G 1996
1328091 A 670
1328090 A 5
C'RNA3 34 1328034 1328067 138134 8.9567 TGITGIGICATCATAGI TAGGI TTTAGAGCTG| 1328069 G 2 1328036 G 2880)
TCTTGTTTCCA 1328068 C 66 1328035 T 733
1328067 T 134361 1328034 68203
1328066 G 609 1328033 T 37212
1328065 T 321 1328032 T 24528
1328031 G 1003
1328030 T 889
1328029 T 610
1328028 T 124
1328027 C 371
1328026 G 546
1328025 A 145
C'RNA4 35 1327967 1328001 104705 67802  CAATTAGACAATAGACAAACGITITAGAGCIG| 1328003 T 8 1327969 T 348
TCTTGTTTCA 1328002 T 36 1327968 8606
1328001 C 101017 1327967 T 59863
1328000 A 681 1327966 T 25845
1327999 A 216 1327965 G 756
1327964 T 3053
1327963 T 1433I
1327962 T 1602
1327961 C 864
1327960 G 839
1327959 A 322
crRNAS 37 1327899 1327935 63999 4.1497 TTCGGACATGACTTGCCACAGITTTAGAGCTG| 1327940 A 4 1327902 902
TCTTGTTATCCA 1327937 T 6 1327901 T 3296
1327936 A 17 1327900 T 12381
1327935 T 62587 1327899 G 19843
1327934 T 1029 1327898 T 2864
1327933 C 108 1327897 T 14180
1327932 G 19 1327896 T 2061]
1327931 G 36 1327895 C 2079)
1327894 G 5250
1327893 A 630




SRNA Strand | Size mature form | Region of interest |Reads| Coverage (%) | Sequence 5' end read number I 3'end read number
tracrRNA - tracrRNA1 102 1335040 1335141 1299 0.0842 GTTGGAATCATTCGAAACAACACAGCAAGTTA| 1335038 G 1 1335140 T 13
tracrRNA2 88 1335054 1335141 w&@q@gwgﬂgé 1335040 G 466 1335141 T 64
tracrRNA3 80 1335062 1335141 CTTTTTITATTT 1335041 T 6 1335142 T 29
1335042 T 1 1335143 A 13|
1335051 T 4 1335144 T 6|
1335053 G 3 1335145 T 13|
1335054 A 415 1335146 T 1]
1335055 A 2 1335149 T 1]
1335057 C 1
1335058 A 1
1335062 186
1335063 A 15

For the bacterial species studied, all tracrRNA orthologues and mature crRNAs retrieved by sequencing are listed,
including coordinates (region of interest) and corresponding cDNA sequences (5' to 3').

The arrows represent the transcriptional direction (strand). Number of cDNA reads (calculated using SAMtools),
coverage numbers (percentage of mapped reads) and predominant ends associated with each transcript are
indicated.

Numbers of reads starting or stopping at each nucleotide position around the 5" and 3' ends of each transcript are
displayed, the predominant ends are indicated in red in the sequence. The putative primary processing sites are
indicated in dark blue (see Fig. 3). The sizes of each crRNA mature forms are indicated.

The number allocated to each crRNA species corresponds to the spacer sequence position in the pre-crRNA,
according to the CRISPRdb. The number allocated to each tracrRNA species corresponds to different forms of the
same transcript. Note that given the low quality of L. innocua cDNA library, values should be considered carefully.
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