Supplementary Table S1. Strains, plasmids and primers used in the study.

Strain Relevant characteristics Source
Streptococcus pyogenes

WT

EC904 SF370 (M1 serotype) (WT) ATCC 700294
Acas9

EC1788 EC904Acas9 (16)

Arnc

EC1636 EC904Arnc (16)

Acas9 in SF370 + cas9 complementations in trans

EC2121 EC1788 + pEC714 (Pcas9(Spy)-cas9(Spy)-CtHis) This study
EC2127 EC1788 + pEC710 (171 tracrRNA-Pcas9(Spy)-CtHis) This study
EC2150 EC1788 + pEC553 (Pcas9(Spy)-cas9-HHI83AA(Spy)-CtHis) This study
EC2151 EC1788 + pEC554 (Pcas9(Spy)-cas9-D10A(Spy)-CtHis) This study
EC2152 EC1788 + pEC555 (Pcas9(Spy)-cas9-H840A(Spy)-CtHis) This study
EC2153 EC1788 + pEC556 (Pcas9(Spy)-cas9-N854A(Spy)-CtHis) This study
EC2154 EC1788 + pEC557 (Pcas9(Spy)-cas9-N863A(Spy)-CtHis) This study
EC2155 EC1788 + pEC558 (Pcas9(Spy)-cas9-D986A(Spy)-CtHis) This study
EC2156 EC1788 + pEC559 (Pcas9(Spy)-cas9-E762A(Spy)-CtHis) This study
EC2118 EC1788 + pEC518 (Pcas9(Spy)-cas9(Cje)-CtHis) This study
EC2128 EC1788 + pEC538 (Pcas9(Spy)-cas9(Fno)-CtHis) This study
EC2199 EC1788 + pEC544 (Pcas9(Spy)-cas9(Nme)-CtHis) This study
EC2119 EC1788 + pEC520 (Pcas9(Spy)-cas9(Pmu)-CtHis) This study
EC2111 EC1788 + pEC519 (Pcas9(Spy)-cas9(Smu)-CtHis) This study
EC2112 EC1788 + pEC521 (Pcas9(Spy)-cas9(Sth*)-CtHis) This study
EC2120 EC1788 + pEC522 (Pcas9(Spy)-cas9(Sth**)-CtHis) This study
Arnc in SF370 + rnc complementations in trans

EC2076 EC1636 + pEC484 (Prnc(Spy)-rnc(Spy)) This study
EC2084 EC1636 + pEC505 (Prnc(Spy)-rnc-catalytically inactive(Spy)) This study
EC2083 EC1636 + pEC504 (Prnc(Spy)-rnc-RNA binding inactive(Spy)) This study
EC2078 EC1636 + pEC486 (Prnc(Spy)-rnc(Cje)) This study
EC2080 EC1636 + pEC492 (Prnc(Spy)-rnc(Eco)) This study
EC2126 EC1636 + pEC537 (Prnc(Spy)-rnc(Fno)) This study
EC2085 EC1636 + pEC506 (Prnc(Spy)-rnc(Nme)) This study
EC2077 EC1636 + pEC485 (Prnc(Spy)-rnc(Pmu)) This study
EC2086 EC1636 + pEC507 (Prnc(Spy)-rnc(Sau)) This study
EC2082 EC1636 + pEC494 (Prnc(Spy)-rnc(Smuy)) This study
EC2131 EC1636 + pEC534 (Prnc(Spy)-rnc(Sth)) This study
Campylobacter jejuni

EC437 NCTC 11168; ATCC 700819 (WT), CIP 107370 Pasteur Institute
Francisella novicida

EC1041 U112 (WT) Anders Sjostedt
Neisseria meningitidis

EC438 CIP 107858 Pasteur Institute
Pasteurella multocida

EC439 Pm70 (WT), ATCC BAA-1113 Pasteur Institute
Staphylococcus aureus

EC36 COL (WT) Lab strain collection
Streptococcus mutans

EC1293 UA159 (WT) (16)
Streptococcus thermophilus

EC810 LMD-9 (WT) (16)

E. coli

RDN204 TOP10, host for cloning Invitrogen
EC1265 Rosetta Novagen

# Cje: Campylobacter jejuni NCTC 11168; Eco: Escherichia coli TOP10; Fno: Francisella novicida U112; Nme: Neisseria meningitidis A Z2491;
Pmu: Pasteurella multocida Pm70; Sau: Staphylococcus aureus COL; Smu: Streptococcus mutans UA159; Spy: Streptococcus pyogenes
SF370; Sth: Streptococcus thermophilus LMD-9.



Plasmid

Relevant characteristics

Source

Vectors for S. pyogenes

pEC85 repDEG-pAMB1, pJH1-aphlil, ColE1 Bernhard Roppenser
Plasmids for cas9 domain functional and co-evolution analysis in S. pyogenes SFE370
pEC268 pEC85Q171 tracrRNA (171 nt form) (16)
pEC309 pEC85Q Pcas9(Spy)-cas9(Spy) (16)
pEC368 pEC85Q171 tracrRNA-Pcas9(Spy)-cas9(Spy) (16)
pEC710 pEC85Q171 tracrRNA-Pcas9(Spy)-CtHis This study
pEC714 pEC710Qcas9(Spy) This study
pEC553 pEC710Qcas9-HHI83AA(Spy)-CtHis This study
pEC615 pEC553QspeM This study
pEC554 pEC710Qcas9-D10A(Spy)-CtHis This study
pEC659 pEC554QspeM This study
pEC555 pEC710Qcas9-H840A(Spy)-CtHis This study
pEC660 pEC555QspeM This study
pEC556 pEC710Qcas9-N854A(Spy)-CtHis This study
pEC661 pEC556QspeM This study
pEC557 pEC710Qcas9-N863A(Spy)-CtHis This study
pEC618 pEC557QspeM This study
pEC558 pEC710Qcas9-D986A(Spy)-CtHis This study
pEC662 pEC558QspeM This study
pEC559 pEC710Qcas9-E762A(Spy)-CtHis This study
pEC619 pEC559QspeM This study
pEC518 pEC710Qcas9(Cje)-CtHis This study
pEC538 pEC710Qcas9(Fno)-CtHis This study
pEC544 pEC710Qcas9(Nme)-CtHis This study
pEC520 pEC710Qcas9(Pmu)-CtHis This study
pEC519 pEC710Qcas9(Smu)-CtHis This study
pEC521 pEC710Qcas9(Sth*)-CtHis This study
pEC522 pEC710Qcas9(Sth**)-CtHis This study
Plasmids for rnc co-evolution analysis in S. pyogenes SF370
pEC483 pEC85QPrnc(Spy) This study
pEC484 pEC85QPrnc(Spy)-rnc(Spy) This study
pEC505 pEC85QPrnc(Spy)-rnc-catalytically inactive(Spy) This study
pEC504 pEC85QPrnc(Spy)-rnc-RNA binding inactive(Spy) This study
pEC486 pEC85QPrnc(Spy)-rnc(Cje) This study
pEC492 pEC85QPrnc(Spy)-rnc(Eco) This study
pEC537 pEC85QPrnc(Spy)-rnc(Fno) This study
pEC506 pEC85QPrnc(Spy)-rnc(Nme) This study
pEC485 pEC85QPrnc(Spy)-rnc(Pmu) This study
pEC507 pEC85QPrnc(Spy)-rnc(Sau) This study
pEC494 pEC85QPrnc(Spy)-rnc(Smu) This study
pEC534 pEC85QPrnc(Spy)-rnc(Sth) This study
Plasmids for protospacer study in vitro

pEC85QPspeM-speM . .
PEC287 (10 bp downstream protospacer: GGGTATTGGG) Lab plasmid collection
pEC691 pEC287 (10 bp downstream protospacer: TGGTATTGGG) This study
pEC692 pEC287 (10 bp downstream protospacer: TGGTGTTGGG) This study
pEC693 pEC287 (10 bp downstream protospacer: GGGTGATTGG) This study
pEC694 pEC287 (10 bp downstream protospacer: GGAGAATGGG) This study
pEC696 pEC287 (10 bp downstream protospacer: GGGTCATAGG) This study
pEC697 pEC287 (10 bp downstream protospacer: AGAAACAGGG) This study
pEC698 pEC287 (10 bp downstream protospacer: AGAACCAGGG) This study
pEC701 pEC287 (10 bp downstream protospacer: GTTTGATTGG) This study
pEC706 pEC287 (10 bp downstream protospacer: GGAAAATGGG) This study
Plasmids for Cas9 overexpression
pEC225 pET16b Novagen
pEC621 pEC225 inserted with cassette harboring Notl, Sacl, Sall site This study
pEC626 pEC621Qcas9(Spy) This study
pEC627 pEC621Qcas9-D10A(Spy) This study
pEC628 pEC621Qcas9-E762A(Spy) This study
pEC629 pEC621Qcas9-H840A(Spy) This study
pEC630 pEC621Qcas9-N854A(Spy) This study
pEC631 pEC621Qcas9-HHI83AA(Spy) This study
pEC632 pEC621Qcas9(Cje) This study
pEC633 pEC621Qcas9(Pmu) This study
pEC634 pEC621Qcas9(Nme) This study
pEC635 pEC621Qcas9(Smu) This study
pEC638 pEC621Qcas9-N863A(Spy) This study
pEC639 pEC621Qcas9-D986A(Spy) This study
pEC640 pEC621Qcas9(Sth*) This study
pEC641 pEC621Qcas9(Sth**) This study
pEC657 pEC621Qcas9(Fno) This study




Purpose

Primer

Sequence 5’-3"°

F/IR®

Usage®

tracrRNA expression in S. pyogenes SF370

tracrRNA | OLEC1014 | GGACTAGCCTTATTTTAACTTG R | NB (3’ probe)
crRNA (CRISPRO1 (type lI-A) expression in S. pyogenes SF370
crRNA | OLEC1049 | GGACCATTCAAAACAGCATAGCTCTAAAAC R | NB (repeat)
Loading controls for Northern blots
58S rRNA | OLEC288 | craaceGacraccrrarcrca R | NB
His-tagged cas9 constructs (pEC85-based)
OLEC2151 GCAGGAATTCATCAGTGATGGTGATGGTGATGCCCGGGTTTGTCGACCT E .
pEC710 CCTAAAATAAAAAGTTTAAATTAAATC Cloning
OLEC2066 GGTGGTCTGCAGGTTTGCAGTCAGAGTAGAATAGAAG R
OLEC2096 ATGCAGGTCGACATGGATAAGAAATACTCAATAGGC F .
PECT14 OLEC2097 ATGCAGCCCGGGGTCACCTCCTAGCTGACTCAAATC R Expression cas9(Spy)
OLEC2867 ATGCAGCCTGCAGGGTGACAGAGAGAAACTTGATTCAAC F Cloning of speM in other
speM OLEC2868 ATGCAGCCTGCAGGCTTCGTTTAAGTAAACATCAAAGTG R plasmids
EC518 OLEC2104 ATGCAGGTCGACGTGGCAAGAATTTTGGCATTTG F Cloni 9(Ci
P OLEC2105 ATGCAGCCCGGGTTTTTTAAAATCTTCTCTTTGTC R oning cas9(Cje)
EC538 OLEC2840 ATTAGTCGACATGAATTTCAAAATATTGCCAATAG F Cloning cas9(Fno)
P OLEC2841 ATTACCCGGGATTATTAGATGTTTCATTATAAATAC R g
EC544 OLEC2092 ATGCAGGTCGACATGGCTGCCTTCAAACCTAATCC F Cloning cas9(Nme)
P OLEC2093 ATGCAGCCCGGGACGGACAGGCGGGCGTTTTTTCAG R 9
OLEC2100 ATGCAGGTCGACATGCAAACAACAAATTTAAGTTA F .
PEC520 OLEC2101 ATGCAGCCCGGGACGCACAGGTTGTCTTTGCTGAG R Cloning cas9(Pmu)
EC519 OLEC2090 ATGCAGGTCGACATGAAAAAACCTTACTCTATTGGAC F Cloning casa(Smu)
P OLEC2091 ATGCAGCCCGGGGTCTCCTCCTAACTTATTGAGATC R 9
OLEC2098 ATGCAGGTCGACATGACTAAGCCATACTCAATTGG F . .
PEC521 OLEC2099 ATGCAGCCCGGGACCCTCTCCTAGTTTGGCAAGGTC R Cloning cas9(Sth)
EC522 OLEC2102 ATGCAGGTCGACATGAGTGACTTAGTTTTAGGACTTG F Cloning cas9(Sth*)
P OLEC2103 ATGCAGCCCGGGAAAATCTAGCTTAGGCTTATCACC R 9
OLEC2229 GTACGTGAGATTAACAATTACGCTGCTGCCCATGATGCGTATCTA F Mutagenesis
PECSS3 OLEC2230 TAGATACGCATCATGGGCAGCAGCGTAATTGTTAATCTCACGTAC R cas9-HHI983AA(Spy)
PEC554 OLEC2128 GAAATACTCAATAGGCTTAGCTATCGGCACAARATAGCGTCG F Mutagenesis
OLEC2129 CGACGCTATTTGTGCCGATAGCTAAGCCTATTGAGTATTTC R cas9-D10A(Spy)
pEC555 OLEC2223 TTTAAGTGATTATGATGTCGATGCCATTGTTCCACAAAGTTTCCT F Mutagenesis
OLEC2224 AGGAAACTTTGTGGAACAATGGCATCGACATCATAATCACTTAAA R cas9-H840A(Spy)
pEC556 OLEC2225 CCTTAAAGACGATTCAATAGACGCTAAGGTCTTAACGCGTTCTGA F Mutagenesis
OLEC2226 TCAGAACGCGTTAAGACCTTAGCGTCTATTGAATCGTCTTTAAGG R cas9-N854A(Spy)
pEC557 OLEC2227 GGTCTTAACGCGTTCTGATAAAGCTCGTGGTAAATCGGATAACGT F Mutagenesis
OLEC2228 ACGTTATCCGATTTACCACGAGC TTTATCAGAACGCGTTAAGACC R cas9-N863A(Spy)
PEC558 OLEC2231 GTAACAATTACCATCATGCCCATGCTGCGTATCTAAATGCCGTCG F Mutagenesis
OLEC2232 CGACGGCATTTAGATACGCAGCATGGGCATGATGGTAATTGTTAC R cas9-DIBGA(Spy)
PEC559 OLEC2221 CAGAAAATATCGTTATTGCAATGGCACGTGAAAATCAGACA F Mutagenesis
OLEC2222 TGTCTGATTTTCACGTGCCATTGCAATAACGATATTTTCTG R cas9-E762A(Spy)
rnc constructs (pEC85-based)
OLEC2149 ATGCAGGCATGCCCTGTAGTTTTGGCTTGTCTGATC F L
PEC483 OLEC3274 ATGCAGAGCTCCATGGAAAATCCCTTTCATATTTGTCAGTAGACC R Cloning in pEC85
OLEC2109 ATGCAGCCATGGAACAGCTTGAAGAGTTACTCTCAAC F .
pECA84 OLEC1668 CTTTTAAAAACATCTAAACCTCAC R Cloning mc(Spy), SEQ
EC504 OLEC2109 ATGCAGCCATGGAACAGCTTGAAGAGTTACTCTCAAC F Cloning of rnc RNA
PECS OLEC2656 ATGCAGGAATTCCTACCCTTTTTCCACCTGAGGAATC R binding inactive(Spy)
OLEC2142 GAACGCTTGGAATTTTTAGGAGCCGCTGTTCTACAATTGATTATT F Mutagenesis of rnc
pEC505 catalytically
OLEC2143 AATAATCAATTGTAGAACAGCGGCTCCTAAAAATTCCAAGCGTTC R inactive(Spy)
OLEC2116 ATGCAGCCATGGAAAACATTGAAAAGCTAGAGCAGAG F . .
pECA86 OLEC2117 | ATGCAGGAATTCCTATAAAGCTCCTAATTTCTCAAG R Cloning mc(Cje), SEQ
OLEC2124 ATGCAGCCATGGACCCCATCGTAATTAATCGGCTTC F .
PEC492 OLEC2125 ATGCAGGAATTCTCATTCCAGCTCCAGTTTTTTCAACG R Cloning mc(Eco), SEQ
OLEC2842 ATTACCATGGTTCCTGAATATTCACGATTTTATAAC F ]
PEC537 OLEC2843 ATTGAATTCCTATTTTTTTTCATGTAAGCCTTGTTGTG R Cloning mc(Fno), SEQ
OLEC2118 ATGCAGCCATGGAAGACGATGTTTTGAAACAGCAGG F )
PEC506 OLEC2119 ATGCAGGAATTCTCATTTCTTTTTCTTCTTCAGCGGC R Cloning mc(Nme), SEQ
OLEC2114 ATGCAGCCATGGCTCAAAATTTAGAACGTTTACAACG F .
PEC485 OLEC2115 ATGCAGGAATTCTCATTTCATTTCCAATAATTGT R Cloning mc(Pmu), SEQ
OLEC2126 ATGCAGCCATGGCTAAACAAAAGAAAAGTGAGATAG F .
PECS507 OLEC2127 | ATGCAGGAATTCCTATTTAATTTGTTTTAATTGCTTATAGG R Cloning rnc(Sau), SEQ
OLEC2110 ATGCAGCCATGGAAACATTAGAAAAAAAACTGGCAG F .
PECA94 OLEC2111 | ATGCAGGAATTCTTAAGAACCTCGTTGAAGTTTTTC R Cloning mc(Smu), SEQ
OLEC2849 ATTACCATGGATCAACTTGAACAAAAACTTGAACAGGACTTTGG F .
PEC534 OLEC2850 ATTAGAATTCTTAATTACCTAGTTGTTCAAGGGCAGACTTCGC R Cloning mc(Sth), SEQ

Cas9 overexpression (pEC621

based)

pECB21

OLEC2978

TAGCGGCCGCGAGCTCGTCGACGC

Tn

OLEC2979

TAGCGTCGACGAGCTCGCGGCCGC

Py

Cassette inserting Notl,
Sacl, Sall site in
pEC225




PEC626, 627, | OLEC2097 ATGCAGGTCGACATGGATAAGAAATACTCAATAGGC F :
628, 629, 630, 22 Clllonlng cas9(Spy and
631, 638,639 | OLEC2983 AGCTAGCGGCCGCTCAGTCACCTCCTAGCTGACTCAAATC R all mutants)
EC632 OLEC2104 ATGCAGGTCGACGTGGCAAGAATTTTGGCATTTG F Cloni 9(Ci
P OLEC2986 ATGCAGCGGCCGCTCATTTTTTAAAATCTTCTCTTTGTC R oning cas9(Cje)
EC633 OLEC2100 ATGCAGGTCGACATGCAAACAACAAATTTAAGTTA F Cloni 9P
P OLEC2173 ATGACGCGGCCGCTTAACGCACAGGTTGTCTTTGCTG R oning cas9(Pmu)
EC634 OLEC2092 ATGCAGGTCGACATGGCTGCCTTCAAACCTAATCC F Cloni 9(N
P OLEC2982 ATGACGCGGCCGCTTAACGGACAGGCGGGCGTTTTTTCAG R oning cas9(Nme)
EC635 OLEC2090 ATGCAGGTCGACATGAAAAAACCTTACTCTATTGGAC F Cloni a(s
P OLEC2981 | ATGACGCGGCCGCTTAGTCTCCTCCTAACTTATTGAG R oning cas9(Smu)
EC640 OLEC2098 ATGCAGGTCGACATGACTAAGCCATACTCAATTGG F Cloni o(Sth*
P OLEC2984 ATGACGCGGCCGCTTAACCCTCTCCTAGTTTGGCAAG R oning cas9( )
EC641 OLEC2102 ATGCAGGTCGACATGAGTGACTTAGTTTTAGGACTTG F Cloni o(Sth**
P OLEC2985 ATGACGCGGCCGCTTAAAAATCTAGCTTAGGCTTATCAC R oning cas9( )
EC657 OLEC2840 ATTAGTCGACATGAATTTCAAAATATTGCCAATAG F Cloni o(F
P OLEC2987 ATGCAGCGGCCGCCTAATTATTAGATGTTTCATTATAAATAC R oning cas9(Fno)
Mutagenesis 10 bp downstream of speM protospacer
OLEC3140 CAACCACTAATTTC TAGAAAAATCTTCG R .
PECE91 OLEC3141 CAATTTGTAAAAAAT GGTATTGGGGAATTC F Mutagenesis on pEC287
OLEC3140 CAACCACTAATTTC TAGAAAAATCTTCG R .
PECE92 OLEC3142 CAATTTGTAAAAAAT GGTGTTGGGGAATTC F Mutagenesis on pEC287
OLEC3140 CAACCACTAATTTC TAGAAAAATCTTCG R ]
PECE93 OLEC3144 CAATTTGTAAAAAAGGGTGATTGGGAATTC F Mutagenesis on pEC287
OLEC3140 CAACCACTAATTTCTAGAAAAATCTTCG R .
PECE94 OLEC3143 CAATTTGTAAAAAAGGAGAATGGGGAATTC F Mutagenesis on pEC287
OLEC3194 CAACCACTAATTTT TAGAAAAATCTTCG R ]
PECE96 OLEC3197 CAATTTGTAAAAAAGGGTCATAGGGAATTC F Mutagenesis on pEC693
OLEC3194 CAACCACTAATTTT TAGAAAAATCTTCG R .
PEC697 OLEC3198 CAATTTGTAAAAAAAGARACAGGGGAATTC F Mutagenesis on pEC694
OLEC3194 CAACCACTAATTTT TAGAAAAATCTTCG R .
PEC698 OLEC3199 CAATTTGTAAAAAAAGAACCAGGGGAATTC F Mutagenesis on pEC694
OLEC3194 CAACCACTAATTTT TAGAAAAATCTTCG R .
PEC701 OLEC3204 CAATTTGTAAAAAAGTT TGATTGGGAATTC F Mutagenesis on pEC693
OLEC3194 CAACCACTAATTTT TAGAAAAATCTTCG R .
PEC706 OLEC3208 CAATTTGTAAAAAAGGARAAATGGGGAATTC F Mutagenesis on pEC694
In vitro tracrRNA and crRNA of Streptococcus pyogenes SF370 (speM spacer underlined)
T7-tracrRNA OLEC1521 GAAATTAATACGACTCACTATAGAAAACAGCATAGCAAGTTAAAATAA F T7-tracrRNA 5'
-tracr OLEC1522 | AAAAAAAGCACCGACTCGGTGCCAC R T7-tracrRNA 3'
GAAATTAATACGACTCACTATAGGATAACTCAATTTGTAAAAAAGTTTT ,
T7-crRNA OLEC2177 | 5 GaGCTATGCTGTTTTG F CrRNA speM 5
(template) CAAAACAGCATAGCTCTAAAACTTTTTTACAAATTGAGTTATCCTATAG ,
OLEC2179 TGAGTCGTATTAATTTC R crRNA speM 3
In vitro tracrRNA and crRNA of Neisseria meningitidis A Z2491 (speM spacer underlined)
GAAATTAATACGACTCACTATAGGGAGAGCGAAATGAGAACCGTTGCTA
OLEC3083 CAATAAGGCGTCTGAAAAGATGTGCCGCAACGCTCTGCCCCTTAAAGCT | F T7-tracrRNA &'
T7-tracrRNA TCTGCTTTAAGGGGCATCGTTTATT
(template) AATAAACGATGCCCCTTAAAGCAGAAGCTTTAAGGGGCAGAGCGTTGCG
OLEC3084 GCACATCTTTTCAGACGCCTTATTGTAGCAACGGTTCTCATTTCGCTCT | R T7-tracrRNA 3'
CCCTATAGTGAGTCGTATTAATTTC
GAAATTAATACGACTCACTATAGATGATAACTCAATTTGTAAAAAAGTT ,
T7-crRNA OLEC2209 | orpcercecrTroTCATTT F crRNA speM 5
(template) AAATGAGAAAGGGAGCTACAACTTTTTTACAAATTGAGTTATCATCTAT ,
OLEC2214 AGTGAGTCGTATTAATTTC R crRNA speM 3
In vitro tracrRNA and crRNA of Streptococcus mutans UA159 (speM spacer underlined)
T7-tracrRNA OLEC3098 GAAATTAATACGACTCACTATAGGAAACAACACAGCAAGTTAAAATAAG | F T7-tracrRNA &'
-tract OLEC3099 | AAATAAAAAAGCACCGAATCGG R T7-tracrRNA 3'
GAAATTAATACGACTCACTATAGGATAACTCAATTTGTAAAAAAGTTTT
T7-crRNA OLEC3085 | ,GaccraraTTaT F CrRNA speM 5
(template) ACAACACAGCTCTAAAACTTTTTTACAAATTGAGTTATCCTATAGTGAG ,
OLEC3086 TCGTATTAATTTC R crRNA speM 3
In vitro tracrRNA and crRNA of Campylobacter jejuni NCTC 11168 (speM spacer underlined)
GAAATTAATACGACTCACTATAGGAAGGGACTAAAATAAAGAGTTTGCG ,
T74racrRNA | OFEC3128 | coacrereeaaeaTTacaaTCCCcoTARAACCGE F T7-tracrRNA 5
(template) GCGGTTTTAGGGGATTGTAACCCCGCAGAGTCCCGCAAACTCTTTATTT ,
OLEC3129 | 11 G7cCcCTTCCTATAGTGAGTCGTATTAATTTC R T7-tracrRNA 3
GAAATTAATACGACTCACTATAGGATAACTCAATTTGTAAAAAAGTTTT ,
T7-crRNA OLEC3087 AGTCCT F crRNA speM 5
AGGGACTAAAACTTTTTTACAAATTGAGTTATCCTATAGTGAGTCGTAT
(template) OLEC3088 GGGAC C c GAG cc GTGAGTCG R GrRNA speM 3'

TAATTTC




In vitro tracrRN

A and crRNAs

of Francisella novicida U112 (speM spacer underlined)

T7-tracrRNA OLEC3102 GAAATTAATACGACTCACTATAGGGTACCAAATAATTAATGCTCTG F T7-tracrRNA &'
OLEC3103 GTTATTCAGACGTGTCAAACAG R T7-tracrRNA 3'
GAAATTAATACGACTCACTATAGGATAACTCAATTTGTAAAAAAGTTTC ,
T7-crRNA OLEC3089 |, Gr7GCTGAATTATTTGGTARAC F crRNA speM 5
template GTTTACCAAATAATTCAGCAACTGAAACTTTTTTACAAATTGAGTTATC ,
(template) OLEC3090 | rATAGTGAGTCGTATTAATTTC R crRNA speM 3
In vitro tracrRNA and crRNAs of Streptococcus thermophilus* LMD-9 (speM spacer underlined)
T7-tracrRNA OLEC3104 GAAATTAATACGACTCACTATAGGAACAACACAGCGAGTTAAAATAAGG | F T7-tracrRNA 5'
OLEC3105 AAAAAAAACACCGAATCGGTG R T7-tracrRNA 3'
GAAATTAATACGACTCACTATAGGATAACTCAATTTGTAAAAAAGTTTT ,
T7-crRNA OLEC3085 | ,caccrararrar F crRNA speM 5
templats ACAACACAGCTCTAAAACTTTTTTACAAATTGAGTTATCCTATAGTGAG ,
(template) OLEC3086 | mograrraaTTTC R crRNA speM 3
In vitro tracrRNA and crRNAs of Streptococcus thermophilus** LMD-9 (speM spacer underlined)
T7-tracrRNA OLEC3106 GAAATTAATACGACTCACTATAGGCTTAAATCTTGCAGAAGCTACAAAG | F T7-tracrRNA 5'
OLEC3107 AAATAACGAAAACACCCTGCC R T7-tracrRNA 3'
GAAATTAATACGACTCACTATAGGATAACTCAATTTGTAAAAAAGTTTT ,
T7-crRNA OLEC3091 TGTACTCTCAAGATTTA F crRNA speM 5
templats TAAATCTTGAGAGTACAAAAACTTTTTTACAAATTGAGTTATCCTATAG
(template) OLEC3002 | pome e e R CrRNA speM 3'
In vitro tracrRNA and crRNAs of Pasteurella multocida Pm70 (speM spacer underlined)
OLEC3108 GAAATTAATACGACTCACTATAGGCTGCGAAATGAGAGACGTTGCTAC F T7-tracrRNA 5'
T7-tracrRNA =5/ F 3100 | AAAAACGATGCCCCTTGCAATTAAG R T7-tracrRNA 3
GAAATTAATACGACTCACTATAGGATAACTCAATTTGTAAARAAAGTTGT
T7-crRNA OLEC3093 | ,GrrcccrereTcaTTTcae F crRNA speM 5
template GCGAAATGAGAGAGGGAACTACAACTTTTTTACAAATTGAGTTATCCTA ,
(template) OLEC3094 | maGrGAGTCGTATTAATTTC R CcrRNA speM 3
Primers for sequencing analysis
cas9 Streptococcus mutans UA159
OLEC2792 ATGAAAAAACCTTACTCTATTGGA F SEQ
OLEC2793 GATTTTAAAAAGCATTTTGAATTA F SEQ
cas9(Smu) OLEC2794 TACTTGCCAAATCAAAAAGTTCTT F SEQ
OLEC2795 ATTATGGGACATCAACCTGAAAAT F SEQ
OLEC2796 TACCCACAATTGGAACCTGAATTT F SEQ
cas9 Neisseria meningitidis A 22491
OLEC2797 ATGGCTGCCTTCAAACCTAATCCA F SEQ
cas9(Nme) OLEC2798 GTTCAAAAAATGTTGGGGCATTGC F SEQ
OLEC2799 ATCCATATTGAAACTGCAAGGGAA F SEQ
OLEC2800 AACGCGTTTGACGGTAAAACCATA F SEQ
cas9 Streptococcus thermophilus* LMD-9
OLEC2807 ATGACTAAGCCATACTCAATTGGA F SEQ
OLEC2808 GATTTTAGGAAATGTTTTAATTTA F SEQ
. OLEC2809 TATTTGCCAGAAGAGAAGGTACTT F SEQ
cas9(Sth) OLEC2810 GTAATGGGAGGAAGAAAACCCGAG F SEQ
OLEC2811 GCAAGTGCTTTACTTAAGAAATAC F SEQ
OLEC2812 TTACTTTATCATGCTAAGAGAATA F SEQ
cas9 Streptococcus thermophilus** LMD-9
OLEC2817 ATGAGTGACTTAGTTTTAGGACTT F SEQ
OLEC2818 ATTTTTGGAATTCTAATTGGGAAA F SEQ
cas9(Sth**) OLEC2819 GGAGACTTTGACAATATTGTCATC F SEQ
OLEC2820 TTGAATTTGTGGAAAAAACAAAAG F SEQ
OLEC2821 CAGGAAAAATACAATGACATTAAG F SEQ
cas9 Pasteurella multocida Pm70
OLEC2813 ATGCAAACAACAAATTTAAGTTAT F SEQ
OLEC2814 ACGCATGAAAAAAATGAGTTTAAA F SEQ
cas9(Pmu) OLEC2815 CTTGGGAAATCTTTTAAAGAACGT F SEQ
OLEC2816 TATGAAATGGTGGATCAAGAAAGC F SEQ
cas9 Campylobacter jejuni NCTC 11168
OLEC2822 GTGGCAAGAATTTTGGCATTTGAT F SEQ
cas9(Cje) OLEC2823 GATGAAAAAAGAGCGCCAAAAAAT F SEQ
OLEC2824 AACTACAAGGCCAAAAAAGACGCC F SEQ
OLEC2825 AACAAAAGGAAGTTTTTTGAGCCT F SEQ
cas9 Francisella novicida U112
OLEC2869 ATGAATTTCAAAATATTGCCAATA F SEQ
OLEC2870 TTAGATACTCTTTTAACTGATGAT F SEQ
OLEC2871 TTAAAAGTCTTAAAGTCAAGTAAA F SEQ
cas9(Fno) OLEC2872 GGTTCAGAAGATAAAAAAGGTAAT F SEQ
OLEC2873 AGAATTTTCTGCCTACGTGATCTT F SEQ
OLEC2874 CCAATACTAATCCATAAAGAACTA F SEQ
OLEC2875 ACATCAAAAAATATTTTTTGGCTG F SEQ

% italic, sequence annealing to the template; underlined, restriction site; bold, T7 promoter.
b F, forward primer; R, reverse primer.
“NB, probe for Northern blot; SEQ, sequencing



Strain® Gl accession Amino acids (including Molecular weight [kDa] e[M cm™[°
number® purification-tag) (including purification-tag)
S. pyogenes SF370 13622193 1368 (1392) 158.4 (161.2) 110470
S. mutans UA159 24379809 1345 (1369) 156.6 (159.4) 114190
S. thermophilus* LMD-9 116628213 1388 (1412) 161.0 (163.8) 128390
S. thermophilus** LMD-9 116627542 1121 (1145) 129.4 (132.2) 103860
C. jejuniNCTC 11168 218563121 984 (1008) 114.9 (117.7) 78640
N. meningitidis A Z2491 218767588 1082 (1106) 124.3 (127.1) 101950
P. multocida Pm70 15602992 1056 (1080) 121.8 (124.6) 121460
F. novicida U112 118497352 1629 (1653) 190.4 (193.2) 189080
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Supplementary Figure S1. Biochemical characteristics and SDS-PAGE analysis of Cas9 proteins

purified in this study. (A) Overview of characteristics of Cas9 orthologous proteins °Note that the

biochemical characteristics of S. pyogenes Cas9 WT and mutants are identical; ®Genlnfo (GI) Identifier;

°e, Extinction coefficient. (B) SDS PAGE analysis of purified mutants of Cas9 from S. pyogenes. (C) SDS

PAGE analysis of purified Cas9 orthologs. M: PageRuIerT'vI Unstained Protein Ladder (Thermo Scientific).



Supplementary Table S2. List of bacterial strains with identified Cas9 orthologs.

a b Cas9 c d
Cluster Strain length (aa) Cas9 Gl CaslGl Subtype
Dolosigranulum pigrum ATCC 51524 1332 375088882
Enterococcus faecalis ATCC 29200 1337 229548613
Enterococcus faecalis ATCC 4200 1337 256617555
Enterococcus faecalis D6 1337 257086028
Enterococcus faecalis E1Sol 1337 257080914
Enterococcus faecalis OG1RF 1337 384512368
Enterococcus faecalis TX0470 1337 312900261
Enterococcus faecalis TX4244 1337 422695652
Enterococcus faecium 1,141,733 1339 257888853
Enterococcus faecium 1,231,408 1340 257893735
Enterococcus faecium E1133 1339 430847551
Enterococcus faecium E3083 1340 431757680
Enterococcus faecium PC4.1 1340 293379700
Enterococcus faecium TX1330 1340 227550972
Enterococcus faecium TX1337RF 1340 424765774
Enterococcus hirae ATCC 9790 1336 392988474
Enterococcus italicus DSM 15952 1330 315641599
Lactobacillus animalis KCTC 3501 1314 335357451
Listeria innocua ATCC 33091 1337 423101383
Listeria innocua Clip11262 1334 16801805
Listeria monocytogenes 10403S 1334 386044902
Listeria monocytogenes FSL J1-194 1334 254825045
Listeria monocytogenes FSL J1-208 1334 422810631
Listeria monocytogenes FSL N3-165 1334 254829042
Listeria monocytogenes FSL R2-503 1334 254854201
Listeria monocytogenes str. 1/2a F6854 1334 47097148
1 Streptococcus agalactiae 2603V/R 1370 22537057 Type lI-A
Streptococcus agalactiae 515 1377 77413160
Streptococcus agalactiae A909 1370 76788458
Streptococcus agalactiae ATCC 13813 1378 339301617
Streptococcus agalactiae CJB111 1370 77411010
Streptococcus agalactiae COH1 1370 77407964
Streptococcus agalactiae FSL S3-026 1370 417005168
Streptococcus agalactiae GB00112 1370 421147428
Streptococcus agalactiae H36B 1370 77405721
Streptococcus agalactiae NEM316 1377 25010965
Streptococcus agalactiae SA20-06 1370 410594450
Streptococcus agalactiae STIR-CD-17 1370 421532069
Streptococcus anginosus F0211 1345 315223162
Streptococcus anginosus SK1138 1386 421490579
Streptococcus anginosus SK52 = DSM 20563 1396 335031483
Streptococcus bovis ATCC 700338 1373 306833855
Streptococcus canis FSL 23-227 1375 392329410
Streptococcus constellatus subsp. constellatus SK53 1345 418965022
Streptococcus dysgalactiae subsp. equisimilis AC-2713 1371 410494913
Streptococcus dysgalactiae subsp. equisimilis ATCC 12394 1371 386317166
Streptococcus dysgalactiae subsp. equisimilis GGS_124 1371 251782637
Streptococcus dysgalactiae subsp. equisimilis RE378 1371 408401787
Streptococcus equi subsp. zooepidemicus MGCS10565 1348 195978435
Streptococcus equinus ATCC 9812 1377 320547102
Streptococcus gallolyticus subsp. gallolyticus ATCC BAA-2069 1370 325978669
Streptococcus gallolyticus subsp. gallolyticus TX20005 1370 306831733
Streptococcus gallolyticus UCN34 1371 288905639
Streptococcus infantarius subsp. infantarius CJ18 1375 379705580
Streptococcus iniae 9117 1368 406658208
Streptococcus macacae NCTC 11558 1338 357636406



Cas9

Cluster® Strainb length (aa) Cas9 Gl Cas1 GI s“btyped
Streptococcus mitis SK321 1392 307710946
Streptococcus mutans 11SSST2 1345 449165720
Streptococcus mutans 11SSST2 1345 449951835
Streptococcus mutans 11VS1 1345 449976542
Streptococcus mutans 14D 1345 450149988
Streptococcus mutans 15VF2 1355 449170557
Streptococcus mutans 15VF2 1355 449965974
Streptococcus mutans 1SM1 1345 449158457
Streptococcus mutans 1SM1 1345 449920643
Streptococcus mutans 24 1350 449247589
Streptococcus mutans 24 1350 450180942
Streptococcus mutans 2VS1 1345 449174812
Streptococcus mutans 2VS1 1345 449968746
Streptococcus mutans 3SN1 1345 449162653
Streptococcus mutans 3SN1 1345 449931425
Streptococcus mutans 4SM1 1345 449159838
Streptococcus mutans 4SM1 1345 449927152
Streptococcus mutans 4VF1 1345 449167132
Streptococcus mutans 4VF1 1345 449961027
Streptococcus mutans 5SM3 1345 449176693
Streptococcus mutans 5SM3 1345 449980571
Streptococcus mutans 66-2A 1359 449240165
Streptococcus mutans 66-2A 1359 450160342
Streptococcus mutans 81D3 1345 449154769
Streptococcus mutans 81D3 1345 449872064
Streptococcus mutans A19 1345 449187668
Streptococcus mutans A19 1345 450013175
Streptococcus mutans B 1345 450166294
Streptococcus mutans G123 1345 450029806
Streptococcus mutans GS-5 1345 397650022

1 Streptococcus mutans L123 1345 387785882 Type II-A
(continued) Streptococcus mutans M21 1345 449194333
Streptococcus mutans M21 1345 450036249
Streptococcus mutans M230 1345 449260994
Streptococcus mutans M230 1345 449903532
Streptococcus mutans M2A 1345 449209586
Streptococcus mutans M2A 1345 450074072
Streptococcus mutans N29 1345 449182997
Streptococcus mutans N29 1345 450003067
Streptococcus mutans N3209 1345 449210660
Streptococcus mutans N3209 1345 450077860
Streptococcus mutans N66 1345 449212466
Streptococcus mutans N66 1345 450083993
Streptococcus mutans NFSM1 1350 449202104
Streptococcus mutans NFSM1 1350 450051112
Streptococcus mutans NLML1 1345 450140393
Streptococcus mutans NLML4 1338 449202681
Streptococcus mutans NLML4 1338 450059882
Streptococcus mutans NLML9 1345 449209148
Streptococcus mutans NLML9 1345 450066176
Streptococcus mutans NMT4863 1355 449186850
Streptococcus mutans NMT4863 1355 450007078
Streptococcus mutans NN2025 1345 290580220
Streptococcus mutans NV1996 1345 450086338
Streptococcus mutans NVAB 1345 449181424
Streptococcus mutans NVAB 1345 449990810
Streptococcus mutans R221 1345 449258042
Streptococcus mutans R221 1345 449899675
Streptococcus mutans S1B 1345 449251227
Streptococcus mutans S1B 1345 449877120
Streptococcus mutans SF1 1345 450098705
Streptococcus mutans SF14 1345 449221374



Cas9

Cluster® Strainb length (aa) Cas9 Gl Cas1 GI s“l:;typed
Streptococcus mutans SF14 1345 450107816
Streptococcus mutans SM1 1345 449245264
Streptococcus mutans SM1 1345 450176410
Streptococcus mutans SM4 1345 449246010
Streptococcus mutans SM4 1345 450170248
Streptococcus mutans SM6 1345 449223000
Streptococcus mutans SM6 1345 450112022
Streptococcus mutans ST6 1350 449227252
Streptococcus mutans ST6 1350 450123011
Streptococcus mutans UA159 1345 24379809 24379808
Streptococcus mutans W6 1345 450094364
Streptococcus oralis SK304 1373 421488030
Streptococcus oralis SK610 1371 419782534
Streptococcus pseudoporcinus LQ 940-04 1374 416852857
Streptococcus pyogenes SF370 (M1 GAS) 1368 13622193 13622194
Streptococcus pyogenes MGAS10270 1368 94543903
Streptococcus pyogenes MGAS10750 1371 94994317
Streptococcus pyogenes MGAS15252 1367 383479946
Streptococcus pyogenes MGAS2096 1368 94992340

(contilnue d) Streptococcus pyogenes MGAS315 1368 21910213 Type lI-A
Streptococcus pyogenes MGAS5005 1368 71910582
Streptococcus pyogenes MGAS6180 1368 71903413
Streptococcus pyogenes MGAS9429 1368 94988516
Streptococcus pyogenes NZ131 1368 209559356
Streptococcus pyogenes SSI-1 1368 28896088
Streptococcus ratti FA-1 = DSM 20564 1370 400290495
Streptococcus salivarius K12 1385 421452908
Streptococcus sanguinis SK115 1377 422848603
Streptococcus sanguinis SK330 1392 422860049
Streptococcus sanguinis SK353 1370 422821159
Streptococcus sp. C300 1377 322375978
Streptococcus sp. F0441 1371 414157437
Streptococcus sp. M334 1375 322378004
Streptococcus sp. oral taxon 56 str. F0418 1371 339640839
Streptococcus suis ST1 1381 389856936
Streptococcus thermophilus 1388 343794781
Streptococcus thermophilus LMD-9 1388 116628213 116628212
Streptococcus thermophilus MN-ZLW-002 1388 387910220
Streptococcus thermophilus NDO3 1388 386087120
Campylobacter coli 1098 984 419564797
Campylobacter coli 111-3 984 419536531
Campylobacter coli 132-6 987 419572019
Campylobacter coli 151-9 984 419603415
Campylobacter coli 1909 984 419576091
Campylobacter coli 1957 965 419581876
Campylobacter coli 2692 984 419553162
Campylobacter coli 59-2 984 419578074
Campylobacter coli 67-8 965 419587721
Campylobacter coli 80352 965 419558307
Campylobacter coli 80352 987 419559505

2 Campylobacter jejuni subsp. doylei 269.97 984 153952471 Type lI-C
Campylobacter jejuni subsp. jejuni 110-21 987 419676124
Campylobacter jejuni subsp. jejuni 129-258 987 419619138
Campylobacter jejuni subsp. jejuni 1336 987 283956897
Campylobacter jejuni subsp. jejuni 140-16 984 419681578
Campylobacter jejuni subsp. jejuni 1577 984 419685099
Campylobacter jejuni subsp. jejuni 1854 987 419689467
Campylobacter jejuni subsp. jejuni 1997-10 984 419666522
Campylobacter jejuni subsp. jejuni 2008-1025 987 419650041
Campylobacter jejuni subsp. jejuni 2008-872 984 419654778
Campylobacter jejuni subsp. jejuni 2008-979 987 419660762
Campylobacter jejuni subsp. jejuni 2008-988 965 419656328



Cas9

Cluster® Strainb length (aa) Cas9 Gl Cas1 GI s“l:;typed
Campylobacter jejuni subsp. jejuni 2008-988 984 419655317
Campylobacter jejuni subsp. jejuni 260.94 961 86152042
Campylobacter jejuni subsp. jejuni 414 985 283953849
Campylobacter jejuni subsp. jejuni 51037 984 419674189
Campylobacter jejuni subsp. jejuni 51494 984 419619463
Campylobacter jejuni subsp. jejuni 53161 987 419647275
Campylobacter jejuni subsp. jejuni 60004 984 419629136
Campylobacter jejuni subsp. jejuni 81116 984 157415744
Campylobacter jejuni subsp. jejuni 84-25 984 88596565
Campylobacter jejuni subsp. jejuni 87459 984 419680124
Campylobacter jejuni subsp. jejuni ATCC 33560 984 419643715
Campylobacter jejuni subsp. jejuni CF93-6 987 86149266
Campylobacter jejuni subsp. jejuni CG8486 984 148925683

2 Campylobacter jejuni subsp. jejuni HB93-13 984 86152450 Tvpe II-C
(continued) Campylobacter jejuni subsp. jejuni LMG 23210 987 419696801 P
Campylobacter jejuni subsp. jejuni LMG 23211 984 419697443
Campylobacter jejuni subsp. jejuni LMG 23263 984 419628620
Campylobacter jejuni subsp. jejuni LMG 23264 984 419632476
Campylobacter jejuni subsp. jejuni LMG 23269 987 419634246
Campylobacter jejuni subsp. jejuni LMG 23357 987 419641132
Campylobacter jejuni subsp. jejuni NCTC 11168 984 218563121 218563120
Campylobacter jejuni subsp. jejuni NW 983 424845990
Campylobacter jejuni subsp. jejuni PT14 987 407942868
Campylobacter lari 1003 345468028
Helicobacter canadensis MIT 98-5491 1007 253828136
Helicobacter cinaedi ATCC BAA-847 1023 396079277
Helicobacter cinaedi CCUG 18818 1023 313144862
Helicobacter cinaedi PAGU611 1023 386762035
Catellicoccus marimammalium M35/04/3 1140 424780480
Lactobacillus farciminis KCTC 3681 1126 336394701
Listeriaceae bacterium TTU M1-001 1087 381184145
Streptococcus anginosus 1_2_62CV 1125 319939170
Streptococcus gallolyticus UCN34 1130 288905632
Streptococcus gordonii str. Challis substr. CH1 1136 157150687
Streptococcus infantarius ATCC BAA-102 1129 171779984
Streptococcus macedonicus ACA-DC 198 1130 374338350
Streptococcus mitis ATCC 6249 1134 306829274
Streptococcus mutans NLML5 1128 449203378
Streptococcus mutans NLML5 1128 450064617
Streptococcus mutans NLML8 1125 449151037
Streptococcus mutans NLML8 1125 450133520
Streptococcus mutans ST1 1134 449228751
Streptococcus mutans ST1 1134 450114718
Streptococcus mutans U2A 1125 449232458
3 Streptococcus mutans U2A 1125 450125471 Type II-A
Streptococcus oralis SK1074 1121 418974877
Streptococcus oralis SK313 1134 417940002
Streptococcus parasanguinis FO449 1140 419799964
Streptococcus pasteurianus ATCC 43144 1130 336064611
Streptococcus salivarius JIM8777 1127 387783792
Streptococcus salivarius PS4 1135 419707401
Streptococcus sp. BS35b 1026 401684660
Streptococcus sp. C150 1139 322372617
Streptococcus sp. GMD6S 1121 406576934
Streptococcus suis 89/1591 1122 223932525
Streptococcus suis D9 1122 386584496
Streptococcus suis ST3 1122 330833104
Streptococcus thermophilus CNRZ1066 1128 55822627
Streptococcus thermophilus JIM 8232 1121 386344353
Streptococcus thermophilus LMD-9 1121 116627542 116627543
Streptococcus thermophilus LMG 18311 1122 55820735
Streptococcus thermophilus MN-ZLW-002 1121 387909441



Cas9

Cluster® Strainb length (aa) Cas9 Gl Cas1 GI s“l:;typed
Streptococcus thermophilus MTCC 5460 1122 445374534
(contisnue d) Streptococcus thermophilus NDO3 1121 386086348 Type lI-A
Streptococcus vestibularis ATCC 49124 1128 322517104
Actinobacillus minor NM305 1056 240949037
Actinobacillus pleuropneumoniae serovar 10 str. D13039 1054 307256472
Actinobacillus succinogenes 130Z 1062 152978060
Actinobacillus suis H91-0380 1054 407692091
Haemophilus parainfluenzae ATCC 33392 1054 325578067
Haemophilus parainfluenzae CCUG 13788 1052 359298684
Haemophilus parainfluenzae T3T1 1052 345430422
Haemophilus sputorum HK 2154 1052 402304649
Kingella kingae PYKK081 1060 381401699
Neisseria bacilliformis ATCC BAA-1200 1077 329117879
Neisseria cinerea ATCC 14685 1082 261378287
Neisseria flavescens SK114 1081 241759613
a Neisseria lactamica 020-06 1082 313669044 Type II-C
Neisseria meningitidis 053442 1082 161869390
Neisseria meningitidis 2007056 1082 433531983
Neisseria meningitidis 63049 1082 433514137
Neisseria meningitidis 8013 1082 385324780
Neisseria meningitidis 92045 1082 421559784
Neisseria meningitidis 93003 1081 421538794
Neisseria meningitidis 93004 1081 421541126
Neisseria meningitidis 96023 1082 433518260
Neisseria meningitidis 98008 1081 421555531
Neisseria meningitidis alphal4 1082 254804356
Neisseria meningitidis alpha275 1082 254672046
Neisseria meningitidis ATCC 13091 1082 304388355
Neisseria meningitidis N1568 1081 416164244
Neisseria meningitidis NM140 1081 421545139
Neisseria meningitidis NM220 1082 418291220
Neisseria meningitidis NM233 1082 418288950
Neisseria meningitidis WUE 2594 1082 385337435
Neisseria meningitidis 22491 1082 218767588 218767587
Neisseria sp. oral taxon 14 str. FO314 1089 298369677
Neisseria wadsworthii 9715 1097 350570326
Pasteurella multocida subsp. gallicida X73 1058 425063822
Pasteurella multocida subsp. multocida str. P52VAC 1056 421263876
Pasteurella multocida subsp. multocida str. Pm70 1056 15602992 15602991
Simonsiella muelleri ATCC 29453 1063 404379108
Lactobacillus brevis subsp. gravesensis ATCC 27305 1377 227509761
Lactobacillus buchneri CD034 1371 406027703
Lactobacillus buchneri NRRL B-30929 1371 331702228
Lactobacillus casei BL23 1361 191639137
Lactobacillus casei Lc-10 1361 418010298
Lactobacillus casei M36 1363 417996992
Lactobacillus casei str. Zhang 1361 301067199
Lactobacillus casei T71499 1360 417999832
Lactobacillus casei UCD174 1366 418002962
Lactobacillus casei W56 1389 409997999
5 Lactobacillus coryniformis subsp. coryniformis KCTC 3167 1354 333394446 Type II-A
Lactobacillus curvatus CRL 705 1368 354808135
Lactobacillus fermentum 28-3-CHN 1313 260662220
Lactobacillus fermentum ATCC 14931 1381 227514633
Lactobacillus florum 2F 1327 408790128
Lactobacillus gasseri JV-V03 1391 300361537
Lactobacillus hominis CRBIP 24.179 1386 395244248
Lactobacillus jensenii 269-3 1391 238854567
Lactobacillus jensenii 27-2-CHN 1395 256852176
Lactobacillus johnsonii DPC 6026 1375 385826041
Lactobacillus mucosae LM1 1382 377831443
Lactobacillus paracasei subsp. paracasei 8700:2 1362 239630053



Cas9

Cluster® Strainb length (aa) Cas9 GI Casl GI° s“l:;typed
Lactobacillus pentosus 1G1 1382 339637353
Lactobacillus pentosus KCA1 1361 392947436
Lactobacillus pentosus MP-10 1358 334881121
Lactobacillus plantarum 72)316 1358 448819853
Lactobacillus rhamnosus GG 1363 258509199 258509198
Lactobacillus rhamnosus HNOO1 1361 199597394
5 Lactobacillus rhamnosus R0011 1361 418072660 Tvpe II-A
(continued) Lactobacillus ruminis ATCC 25644 1375 323340068 P
Lactobacillus salivarius SMXD51 1339 418960525
Lactobacillus sanfranciscensis TMW 1.1304 1331 347534532
Lactobacillus sp. 66¢ 1419 408410332
Pediococcus acidilactici DSM 20284 1364 304386254
Pediococcus acidilactici MA18/5M 1366 418068659
Anaerophaga sp. HS1 1552 371776944
Anaerophaga thermohalophila DSM 12881 1515 346224232
Bacteroides coprophilus DSM 18228 1509 224026357
Bacteroides coprosuis DSM 18011 1504 333031006
Bacteroides dorei DSM 17855 1504 212694363
Bacteroides eggerthii 1_2_48FAA 1509 317474201
Bacteroides faecis 27-5 1526 380696107
Bacteroides fluxus YIT 12057 1509 329965125
Bacteroides nordii CLO2T12C05 1512 393788929 Tvpe II-C
Bacteroides sp. 20_3 1517 301311869 301311870 P
Bacteroides sp. D2 1510 383115507
Bacteroides uniformis CLO3TO0C23 1508 423303159
Bacteroides vulgatus CLO9T03C04 1504 423312075
Capnocytophaga gingivalis ATCC 33624 1436 228473057
Capnocytophaga sp. CM59 1437 402830627
Capnocytophaga sp. oral taxon 324 str. F0483 1471 429756885
6 Capnocytophaga sp. oral taxon 326 str. F0382 1450 429752492
Capnocytophaga sp. oral taxon 412 str. F0487 1450 393778597
Chryseobacterium sp. CF314 1419 399023756
Fibrobacter succinogenes subsp. succinogenes S85 1512 261414553
Flavobacteriaceae bacterium S85 1516 372210605
Flavobacterium columnare ATCC 49512 1459 365960762
Fluviicola taffensis DSM 16823 1458 327405121
Mucilaginibacter paludis DSM 18603 1473 373954054
Myroides odoratus DSM 2801 1466 374597806
Ornithobacterium rhinotracheale DSM 15997 1535 392391493 Tvpe II-C
Prevotella bivia JCVIHMPO10 1485 282858617 yp
Prevotella buccae ATCC 33574 1457 315607525
Prevotella nigrescens ATCC 33563 1506 340351024
Prevotella sp. MSX73 1483 402307189
Prevotella timonensis CRIS 5C-B1 1487 282881485
Prevotella veroralis F0319 1496 260592128
Sphingobacterium spiritivorum ATCC 33861 1426 300771242
Weeksella virosa DSM 16922 1440 325955459
Bacteroides fragilis 638R 1436 375360193
Bacteroides fragilis NCTC 9343 1436 60683389 60683388
Bacteroides sp.2_1_16 1436 265767599
Bacteroides sp.3_1_19 1424 298377533
Bacteroides sp. D2 1436 383110723
Bacteroidetes oral taxon 274 str. FOO58 1434 298373376
7 Belliella baltica DSM 15883 1352 390944707 Type II-C
Bergeyella zoohelcum CCUG 30536 1430 406673990
Capnocytophaga canimorsus Cc5 1430 340622236
Capnocytophaga ochracea DSM 7271 1426 256819408
Capnocytophaga sp. oral taxon 329 str. FO087 1435 332882466
Capnocytophaga sp. oral taxon 335 str. F0486 1426 420149252
Capnocytophaga sp. oral taxon 380 str. F0488 1432 429748017
Capnocytophaga sputigena Capno 1426 213962376
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Flavobacterium psychrophilum J1P02/86 1354 150025575
Galbibacter sp. ck-12-15 1391 408370397
Indibacter alkaliphilus LW1 1354 404451234
Joostella marina DSM 19592 1397 386818981
Kordia algicida OT-1 1391 163754820
Marinilabilia sp. AK2 1345 410030899
Myroides injenensis M09-0166 1401 399927444
Niabella soli DSM 19437 1426 374372722
7 Parabacteroides johnsonii DSM 18315 1443 218258638 Tvpe II-C
(continued) Parabacteroides sp. D13 1424 256840409 P
Prevotella histicola FO411 1375 357042839
Prevotella intermedia 17 1380 387132277
Prevotella nigrescens F0103 1380 445119230
Prevotella oralis ATCC 33269 1391 323344874
Prevotella sp. oral taxon 306 str. F0472 1375 383811446
Riemerella anatipestifer RA-CH-1 1405 407451859
Riemerella anatipestifer RA-GD 1400 386321727
Zunongwangia profunda SM-A87 1388 295136244
Actinomyces coleocanis DSM 15436 1105 227494853
Actinomyces georgiae FO490 1113 420151340
Actinomyces naeslundii str. Howell 279 1101 400293272
Actinomyces sp. ICM47 1144 396585058
Actinomyces sp. oral taxon 175 str. F0384 1095 343523232
Actinomyces sp. oral taxon 181 str. F0379 1103 429758968
Actinomyces sp. oral taxon 848 str. F0332 1120 269219760
Actinomyces turicensis ACS-279-V-Col4 1114 405979650
Bifidobacterium dentium Bd1 1138 283456135
Bifidobacterium longum DJO10A 1187 189440764
Bifidobacterium longum subsp. longum 2-2B 1124 419852381
Bifidobacterium longum subsp. longum KACC 91563 1138 384200944
Bifidobacterium sp. 12_1_47BFAA 1151 317482066 317482065
Corynebacterium accolens ATCC 49725 1099 227502575
Corynebacterium accolens ATCC 49726 1099 306835141
8 Corynebacterium diphtheriae 241 1084 375289763 Type II-C
Corynebacterium diphtheriae 31A 1084 376283539
Corynebacterium diphtheriae BH8 1084 376286566
Corynebacterium diphtheriae bv. intermedius str. NCTC 5011 1084 419861895
Corynebacterium diphtheriae C7 (beta) 1084 376289243
Corynebacterium diphtheriae HC02 1084 376292154
Corynebacterium diphtheriae NCTC 13129 1084 38232678
Corynebacterium diphtheriae VAO1 1084 376256051
Corynebacterium matruchotii ATCC 14266 1089 305681510
Corynebacterium matruchotii ATCC 33806 1069 225021644
Gardnerella vaginalis 1500E 1186 415717744
Gardnerella vaginalis 284V 1186 415703177
Gardnerella vaginalis 5-1 1186 298252606
Mobiluncus curtisii subsp. holmesii ATCC 35242 1123 315656340
Mobiluncus mulieris 28-1 1091 269977848
Mobiluncus mulieris FB024-16 1091 307700167
Scardovia inopinata F0304 1178 294790575
Bacillus cereus BAG4X12-1 1068 423439645
Bacillus cereus BAG4X2-1 1078 423445130
Bacillus cereus Rock1-15 1069 229113166
Bacillus smithii 7_3_47FAA 1088 365156657
9 Bacillus thuringiensis serovar finitimus YBT-020 1069 384183447 Type 1I-C
Brevibacillus laterosporus GI-9 1092 421874297 421874296
Clostridium perfringens C str. JGS1495 1065 169343975
Clostridium perfringens D str. JGS1721 1065 182624245
Sporolactobacillus vineae DSM 21990 = SL153 1084 404330915
Gemella haemolysans ATCC 10379 1392 241889924
10 Gemella morbillorum M424 1385 317495358 Type lI-A
Megasphaera sp. UPIl 135-E 1352 342218215
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Veillonella atypica ACS-134-V-Col7a 1398 303229466 303229394
10 Veillonella parvula ATCC 17745 1398 282849530 Type II-A
(continued) Veillonella sp. 6_1_27 1395 294792465
Veillonella sp. oral taxon 780 str. F0422 1120 342213964
Treponema denticola AL-2 1395 449103686
Treponema denticola ASLM 1395 449106292
Treponema denticola ATCC 35405 1395 42525843 42525844
11 Treponema denticola H1-T 1395 449118593 Type lI-A
Treponema denticola H-22 1395 449117322
Treponema denticola OTK 1395 449125136
Treponema denticola SP37 1395 449130155
Mycoplasma canis PG 14 1233 384393286 384393287
Mycoplasma canis PG 14 1233 419703974
Mycoplasma canis UF31 1233 384937953
12 Mycoplasma canis UF33 1233 419704625 Type II-A
Mycoplasma canis UFG1 1233 419705269
Mycoplasma canis UFG4 1233 419705920
Mycoplasma cynos C142 1239 433625054
Enterococcus faecalis Flyl 1150 257084992
Enterococcus faecalis R508 1150 424761124
Enterococcus faecalis T11 1150 257419486
13 Enterococcus faecalis TX0012 1150 315149830 315149831  Typell-A
Enterococcus faecalis TX0012 1150 422729710
Enterococcus faecalis TX1342 1150 422701955
Facklamia hominis CCUG 36813 1142 406671118
Gluconacetobacter diazotrophicus PAI 5 1003 209542524
Gluconacetobacter diazotrophicus PAI 5 1050 162147907
Methylocystis sp. ATCC 49242 1080 323139312
14 Methylosinus trichosporium OB3b 1082 296446027 296446028 Type II-C
Rhodopseudomonas palustris BisB18 1066 90425961
Rhodopseudomonas palustris BisB5 1064 91975509
Tistrella mobilis KA0O81020-065 1049 389874754
Francisella cf. novicida 3523 1646 387824704
Francisella cf. novicida Fx1 1629 385792694
Francisella novicida FTG 1629 208779141
15 . .. Type lI-B
Francisella novicida GA99-3548 1629 254374175
Francisella novicida U112 1629 118497352 118497353
Francisella tularensis subsp. novicida GA99-3549 1629 254372717
Acidovorax avenae subsp. avenae ATCC 19860 1045 326315085
Alicycliphilus denitrificans BC 1029 319760940
16 Alicycliphilus denitrificans K601 1029 330822845 330822846 Type II-C
gamma proteobacterium HdN1 1025 304313029
Nitrosomonas sp. AL212 1044 325983496
Verminephrobacter eiseniae EF01-2 1068 121608211
Mycoplasma gallisepticum NC95_13295-2-2P 1269 401767318
Mycoplasma gallisepticum NY01_2001.047-5-1P 1224 401768851
17 Mycoplasma gallisepticum str. F 1269 284931710 284931711  Typell-A
Mycoplasma gallisepticum str. F 1269 385326554
Mycoplasma gallisepticum str. R(low) 1270 294660600
Prevotella buccalis ATCC 35310 1218 282878504
Prevotella ruminicola 23 1204 294674019
18 Prevotella stercorea DSM 18206 1216 359406728 Type 1I-C
Prevotella tannerae ATCC 51259 1234 258648111
Prevotella timonensis CRIS 5C-B1 1218 282880052 282880053
Phascolarctobacterium succinatutens YIT 12067 1087 323142435
Roseburia intestinalis L1-82 1140 257413184
19 Roseburia intestinalis M50/1 1128 291537230 Type 1I-C
Roseburia inulinivorans DSM 16841 1152 225377804 225377803
Subdoligranulum sp. 4_3_54A2FAA 1084 365132400
Coriobacterium glomerans PW2 1384 328956315 328956316
20 Eggerthella sp. YY7918 1380 339445983 Type II-A
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20 Gordonibacter pamelaeae 7-10-1-b 1371 295106015 Type II-A
(continued) Olsenella uli DSM 7084 1399 302336020
Fusobacterium nucleatum subsp. vincentii ATCC 49256 1374 34762592
21 Fusobacterium sp. 1_1_41FAA 1367 294782278 Type II-A
Fusobacterium sp.3_1 27 1367 294785695
Fusobacterium sp. 3_1_36A2 1367 256845019 256845020
Finegoldia magna ACS-171-V-Col3 1347 302380288
22 Finegoldia magna ATCC 29328 1348 169823755 169823756 Type II-A
Finegoldia magna SY403409CC001050417 1348 417926052
Helcococcus kunzii ATCC 51366 1338 375092427
Prevotella denticola CRIS 18C-A 1422 325859619
23 Prevotella micans FO438 1425 373501184 Type lI-C
Prevotella sp. C561 1424 345885718 345885719
Leuconostoc gelidum KCTC 3527 1355 333398273
24 Oenococcus kitaharae DSM 17330 1389 366983953 366983954 Type II-A
Oenococcus kitaharae DSM 17330 1389 372325145
Anaerococcus tetradius ATCC 35098 1361 227501312
25 Lactobacillus iners LactinV 11V1-d 1369 309803917 Type II-A
Peptoniphilus duerdenii ATCC BAA-1640 1364 304438954 304438953
Coprococcus catus GD/7 1338 291520705 291520706
26 Dorea longicatena DSM 13814 1340 153855454 Type II-A
Ruminococcus lactaris ATCC 29176 1341 197301447
Staphylococcus pseudintermedius ED99 1334 323463801 323463802
27 Staphylococcus pseudintermedius ED99 1334 386318630 Type lI-A
Staphylococcus simulans ACS-120-V-Sch1l 1112 414160476
Dinoroseobacter shibae DFL 12 1079 159042956 159042957
28 Sphingobium sp. AP49 1110 398385143 Type 1I-C
Sphingomonas sp. S17 1090 332188827
29 Flavobacterium branchiophilum FL-15 1473 347536497 no casl Type II-C
Flavobacterium columnare ATCC 49512 1535 365959402
30 Bifidobacterium bifidum S17 1420 310286728 310286727 Type II-A
Scardovia wiggsiae FO424 1471 423349694
31 Burkholderiales bacterium 1_1_47 1428 303257695 Type II-B
Parasutterella excrementihominis YIT 11859 1428 331001027 331001028
32 Streptococcus sanguinis SK49 1421 422884106 422884107 Type II-A
Streptococcus sp. oral taxon 71 str. 73H25AP 1420 306826314
33 Eubacterium sp. AS15 1391 402309258 Type II-A
Eubacterium yurii subsp. margaretiae ATCC 43715 1391 306821691 306821690
34 Legionella pneumophila 130b 1372 307608922 Type II-B
Legionella pneumophila str. Paris 1372 54296138 54296139
35 Acidaminococcus intestini RyC-MR95 1358 352684361 Type II-A
Acidaminococcus sp. D21 1358 227824983 227824982
36 Lactobacillus farciminis KCTC 3681 1356 336394882 336394883 Type II-A
Lactobacillus versmoldensis KCTC 3814 1289 365906066
37 Mycoplasma synoviae 53 1304 144575181 Type II-A
Mycoplasma synoviae 53 1314 71894592 71894593
38 Elusimicrobium minutum Pei191 1195 187250660 187250661 Type II-C
uncultured Termite group 1 bacterium phylotype Rs-D17 1032 189485059
39 Clostridium spiroforme DSM 1552 1116 169349750 Type II-A
Eubacterium dolichum DSM 3991 1096 160915782 160915783
40 Eubacterium rectale ATCC 33656 1114 238924075 238924076 Type II-A
Eubacterium ventriosum ATCC 27560 1107 154482474
a1 Staphylococcus aureus subsp. aureus 1053 403411236 Type II-A
Staphylococcus lugdunensis M23590 1054 315659848 315659847
42 Ignavibacterium album JCM 16511 1688 385811609 385811610 Type lI-C
43 Odoribacter laneus YIT 12061 1498 374384763 374384762 Type lI-C
44 Caenispirillum salinarum AK4 1442 427429481 427429479 Type lI-C
45 Sutterella wadsworthensis 3_1_45B 1422 319941583 319941582  Type lI-B
46 Bergeyella zoohelcum ATCC 43767 1415 423317190 423317188 Type II-C
47 Wolinella succinogenes DSM 1740 1409 34557932 34557933  Type lI-B
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48 gamma proteobacterium HTCC5015 1397 254447899 no casl Type lI-B
49 Filifactor alocis ATCC 35896 1365 374307738 374307737  Type ll-A
50 Planococcus antarcticus DSM 14505 1333 389815359 389815358 Type lI-A
51 Catenibacterium mitsuokai DSM 15897 1329 224543312 224543313  Type ll-A
52 Solobacterium moorei F0204 1327 320528778 320528779 Type lI-A
53 Fructobacillus fructosus KCTC 3544 1323 339625081 339625080 Type lI-A
54 Mycoplasma ovipneumoniae SC01 1265 363542550 363542551 Type lI-A
55 Mycoplasma mobile 163K 1236 47458868 47458867  Type lI-A
56 Porphyromonas sp. oral taxon 279 str. F0450 1197 402847315 402847305 Type 1I-C
57 Actinomyces sp. oral taxon 180 str. F0310 1181 315605738 315605739 Type lI-C
58 Sphaerochaeta globus str. Buddy 1179 325972003 325972002 Type lI-C
59 Rhodospirillum rubrum ATCC 11170 1173 83591793 83591790 Type II-C
60 Azospirillum sp. B510 1168 288957741 288957738 Type II-C
61 Nitrobacter hamburgensis X14 1166 92109262 no casl Type II-C
62 Ruminococcus albus 8 1156 325677756 325677757 Type 1I-C
63 Barnesiella intestinihominis YIT 11860 1153 404487228 404487227 Type lI-C
64 Alicyclobacillus hesperidum URH17-3-68 1146 403744858 403744859 Type 1I-C
65 Acidothermus cellulolyticus 11B 1138 117929158 117929157 Type 1I-C
66 Nitratifractor salsuginis DSM 16511 1132 319957206 319957207 Type lI-C
67 Acidovorax ebreus TPSY 1131 222109285 222109284 Type II-C
68 Lactobacillus coryniformis subsp. torquens KCTC 3535 1119 336393381 336393380 Type lI-C
69 Alcanivorax sp. W11-5 1113 407803669 407803668 Type 1I-C
70 Akkermansia muciniphila ATCC BAA-835 1101 187736489 187736488 Type II-C
71 llyobacter polytropus DSM 2926 1092 310780384 310780383 Type 1I-C
72 Bradyrhizobium sp. BTAil 1064 148255343 no casl Type lI-C
73 Ralstonia syzygii R24 1062 344171927 344171926 Type lI-C
74 Treponema sp. JC4 1062 384109266 384109265 Type II-C
75 Wolinella succinogenes DSM 1740 1059 34557790 34557789 Type 1I-C
76 Rhodovulum sp. PH10 1059 402849997 402849996 Type 1I-C
77 Aminomonas paucivorans DSM 12260 1052 312879015 312879014 Type lI-C
78 Parvibaculum lavamentivorans DS-1 1037 154250555 154250554 Type lI-C
79 Candidatus Puniceispirillum marinum IMCC1322 1035 294086111 294086112 Type lI-C
80 Helicobacter mustelae 12198 1024 291276265 291276264  Type lI-C
81 Clostridium cellulolyticum H10 1021 220930482 220930481 Type 1I-C
82 uncultured delta proteobacterium HF0070_07E19 1011 297182908 no casl Type 1I-C
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Bifidobacterium longum subsp. longum 44B 967 419856216
Butyrivibrio fibrisolvens 16/4 103 291518094
Butyrivibrio fibrisolvens 16/4 177 291518096
Butyrivibrio fibrisolvens 16/4 765 291518097
Campylobacter coli 2685 933 419548338
Campylobacter jejuni subsp. jejuni 2008-894 666 419652996
Campylobacter jejuni subsp. jejuni 305 190 317510779
Campylobacter jejuni subsp. jejuni 305 759 317510780
Campylobacter jejuni subsp. jejuni 327 462 415747744
Campylobacter jejuni subsp. jejuni 327 512 415747743
Campylobacter jejuni subsp. jejuni CG8421 721 205356639
Campylobacter jejuni subsp. jejuni M1 861 384442103
candidate division TM7 single-cell isolate TM7c 372 167957190
Capnocytophaga ochracea F0287 303 315224863
Capnocytophaga ochracea F0287 1117 315224862
Coprococcus comes ATCC 27758 686 226325213
Diplosphaera colitermitum TAV2 210 225164109
Enterococcus faecalis TX1467 921 422867931
Enterococcus faecalis TX4248 936 307270261
Enterococcus faecium E2620 892 431752788
Enterococcus sp. 7L76 116 295113136
Francisella tularensis subsp. holarctica 257 878 254367943
Francisella tularensis subsp. holarctica FSC022 158 254369498
Francisella tularensis subsp. holarctica FSC022 244 254369502
Francisella tularensis subsp. holarctica FSC022 292 254369497
Francisella tularensis subsp. holarctica FSC022 393 254369499
Francisella tularensis subsp. holarctica FSC022 501 254369496
Francisella tularensis subsp. holarctica LVS 158 89256630
Francisella tularensis subsp. holarctica LVS 393 89256631
Francisella tularensis subsp. holarctica URFT1 53 290953529
Francisella tularensis subsp. holarctica URFT1 285 290953528
Francisella tularensis subsp. tularensis SCHU S4 1123 56707712
Gemella haemolysans M341 1258 329766883
Haemophilus pittmaniae HK 85 121 343519651
Haemophilus pittmaniae HK 85 203 343519677
Haemophilus pittmaniae HK 85 650 343519679
Helicobacter hepaticus ATCC 51449 131 32266975
Helicobacter pullorum MIT 98-5489 344 242308998
Helicobacter pullorum MIT 98-5489 702 242309214
Kingella kingae ATCC 23330 1000 333374624
Lactobacillus buchneri ATCC 11577 1239 227512703
Lactobacillus casei 21/1 234 417984225
Lactobacillus casei 21/1 1128 417984226
Lactobacillus casei CRF28 566 417994652
Lactobacillus casei CRF28 700 417993346
Lactobacillus casei UN'1 315 418005912
Lactobacillus casei UN'1 330 418005913
Lactobacillus casei UN'1 412 418005908
Lactobacillus casei UW4 236 418008739
Lactobacillus casei UW4 330 418008740
Lactobacillus crispatus 214-1 534 293381764
Lactobacillus crispatus CTV-05 298 312978192
Lactobacillus crispatus FB049-03 206 423318602
Lactobacillus crispatus FB049-03 347 423318603
Lactobacillus crispatus FB049-03 857 423318600
Lactobacillus crispatus JV-VO1 278 227878395
Lactobacillus crispatus JV-VO1 544 227878705
Lactobacillus crispatus MV-1A-US 277 256850790
Lactobacillus crispatus MV-1A-US 538 256850346
Lactobacillus crispatus MV-3A-US 279 262048056
Lactobacillus delbrueckii subsp. bulgaricus 2038 544 385815564
Lactobacillus delbrueckii subsp. bulgaricus 2038 669 385815562
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Lactobacillus iners LactinV 09V1-c 255 309804524
Lactobacillus iners LactinV 09V1-c 343 309804534
Lactobacillus iners LactinV 09V1-c 447 309804536
Lactobacillus iners SPIN 2503V10-D 270 309809475
Lactobacillus iners SPIN 2503V10-D 667 309809480
Lactobacillus ruminis ATCC 25644 1352 417973941
Lactobacillus salivarius ACS-116-V-Col5a 629 301299400
Lactobacillus salivarius CECT 5713 897 385839899
Lactobacillus salivarius UCC118 1149 90961083
Leptospira inadai serovar Lyme str. 10 125 398345609
Leptospira inadai serovar Lyme str. 10 418 398341884
Leptospira inadai serovar Lyme str. 10 907 398345610
Leuconostoc pseudomesenteroides 4882 468 399517481
Leuconostoc pseudomesenteroides 4882 883 399517482
Listeria ivanovii FSL F6-596 232 315301622
Listeria ivanovii FSL F6-596 849 315301624
Listeria monocytogenes FSL F2-208 782 422410878
Listeria monocytogenes FSL J1-208 300 255024093
Listeria seeligeri FSL N1-067 874 313631816
Listeria seeligeri FSL N1-067 874 422420175
Maritimibacter alkaliphilus HTCC2654 997 84685065
Mycoplasma iowae 695 226 350547050
Mycoplasma iowae 695 933 350546886
Neisseria lactamica ATCC 23970 408 269215119
Neisseria lactamica ATCC 23970 666 269215120
Neisseria lactamica Y92-1009 241 422110930
Neisseria lactamica Y92-1009 828 422110931
Neisseria meningitidis NM3001 67 421568320
Neisseria meningitidis NM3001 976 421568319
Neisseria mucosa C102 220 319639577
Neisseria sp. oral taxon 20 str. FO370 392 429743981
Neisseria sp. oral taxon 20 str. FO370 701 429743980
Neisseria subflava NJ9703 587 284799897
Nitritalea halalkaliphila LW7 79 390445315
Nitrobacter hamburgensis X14 641 92118334
Oribacterium sinus F0268 653 227873236
Parabacteroides merdae ATCC 43184 103 154493351
Parabacteroides merdae CLO3T12C32 84 423346601
Parabacteroides merdae CLO9TO0C40 82 423723156
Pasteurella bettyae CCUG 2042 398 387770127
Pasteurella bettyae CCUG 2042 610 387770112
Pasteurella multocida subsp. multocida str. Anand1_buffalo 199 421253447
Pasteurella multocida subsp. multocida str. Anand1_cattle 53 421259752
Pasteurella multocida subsp. multocida str. Anand1_cattle 63 421259756
Pasteurella multocida subsp. multocida str. Anand1_cattle 134 421259749
Pediococcus acidilactici 7_4 1229 270290729
Pediococcus lolii NGRI 0510Q 270 427443367
Pediococcus lolii NGRI 0510Q 1016 427441502
Peptoniphilus sp. oral taxon 386 str. F0131 1341 299144352
Porphyromonas catoniae FO037 211 429741290
Porphyromonas catoniae FO037 1009 429741242
Prevotella denticola F0289 1218 327314511
Prevotella disiens FB0O35-09AN 443 303235616
Prevotella disiens FB0O35-09AN 795 303237415
Prevotella melaninogenica D18 1354 288802595
Prevotella multiformis DSM 16608 129 325268382
Prevotella multiformis DSM 16608 535 325268383
Prevotella oulorum FO390 691 345881543
Prevotella oulorum F0390 774 345881542
Prevotella saccharolytica FOO55 242 429739781
Prevotella sp. oral taxon 317 str. F0108 593 288929745
Prevotella sp. oral taxon 317 str. FO108 1174 288930149



Cluster® Strain” Cas9 Cas9Gl  CaslGI° btype®
uster rain as as
length (aa) Subtype

aCas9 sequences are grouped according to the BLASTClust clustering program. Truncated sequences were not
selected for the clustering and are listed at the bottom of the table without any cluster number (see Materials
and Methods).

bBacterial strains harboring a cas9 orthologous gene are listed; Gl, Genlinfo Identifier. Bold, cluster
representatives chosen for the alignment and tree reconstruction (Supplementary Figures S1 and S2). Grey,
discarded, incomplete Cas9 sequences (see Materials and Methods). Note that the incomplete sequences were
all confirmed to be truncated Cas9 orthologs based on the presence of conserved motifs and/or similarity to
other Cas9 orthologs.

¢Cas1 Genlnfo Identifier of the representative sequences chosen for the alignment and tree reconstruction are
given (Supplementary Figures S2 and S3). Grey, discarded, incomplete sequences. Whenever possible, an
alternative Cas1 sequence from the same cluster as that of the discarded Cas1 sequence was selected
(clusters 8, 9 and 21, in bold).

dSubtype of the CRISPR-Cas loci belonging to a same Cas9 cluster as inferred from the representative Cas1
and Cas9 tree topology.



227494853
328956315
227824983
303229466
34762592
374307738
320528778
291520705
42525843
304438954
224543312
116628213
24379809
13622193
310286728
366983953
422884106
339625081
306821691
336394882
323463801
389815359
258509199
169823755
Jnet
47458868
284931710
71894592
363542550
384393286
238924075
315149830
116627542
315659848
160915782
325677756
225377804
336393381
310780384
301311869
385811609
60683389
319957206
187250660
325972003
296446027
347536497
345885718
282880052
312879015
294086111
330822845
344171927
159042956
83591793
288957741
427429481
92109262
148255343
34557790
218563121
Jnet
291276265
222109285
365156657
220930482
297182908
154250555
218767588
15602992
187736489
315605738
117929158
189440764
403744858
407803669
423317190
402847315
404487228
374384763
384109266
402849997
Jnet
331001027
34557932
54296138
319941583
254447899
118497352

Motifs

Actinomyces coleocanis DSM 154364
Coriobacterium glomerans PW2
Acidaminococcus sp. D21

Veillonella atypica ACS-134-V-ColTa
Fusobacterium nucleatum 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 thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SF370
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
Streptococcus sanguinis SK49
Fructobacillus fructosus KCTC 3544
Eubacterium yurii ATCC 43715
Lactobacillus farciminis KCTC 3681
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Lactobacillus rhamnosus GG
Finegoldia magna ATCC 29328
227501312

Mycoplasma mobile 163K

Mycoplasma gallisepticum str. F
Mycoplasma synoviae 53

Mycoplasma ovipneumoniae SCO1
Mycoplasma canis PG 14

Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8

Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCTIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3

Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. C561

Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260
Candidatus Puniceispirillum marinum IMCC1322
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. BS510

Caenispirillum salinarum BK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil

Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121

Helicobacter mustelae 12198
Acidovorax ebreus TPSY

Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10
uncultured delta proteobact. HF0070 07E19
Parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835
Actinomyces sp. oral taxon 180 str. F0310
Acidothermus cellulolyticus 11B
Bifidobacterium longum DJOLOA
Alicyclobacillus hesperidum URH17-3-68
Alcanivorax sp. W1l-5

Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str. F0450
Barnesiella intestinihominis YIT 11860
Odoribacter laneus YIT 12061
Treponema sp. JC4

Rhodovulum sp. PH10

331001027

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

informative positions

Supplementary Figure S2. Multiple sequence alignment of representative Cas9 sequences (see Supplementary Table S2 and Material and Methods). The
rows described as Jnet with following Gl identifier of a selected Cas9 sequence provide the predicted secondary structure of Cas9 within the corresponding
subgroups (sequences indicated below each Jnet). Conserved motifs are marked below the alignment and the mutated amino acid residues are highlighted.
Asterisks indicate informative positions chosen for the Cas9 tree reconstruction.

NYRIGIDVGLNSIGFCAV: 'VDQHD: TPLGFLN-LSVYRHDAGI DPNGKKT-~~~=~~~~-] NTTRLAMSGVARRTRRLFRKRKRRLAALDRFIEAQ TLPDHADYKD
DYSIGLDMGTSSVGWAVT- ERGTL. HFKRKPT-WGSRLFREAQTAA: Vi QRRRYVRRRWRLDLLQKLFEQQOMEQ-ADPDFFIRLRQS-RLLRDDRAEEHADY! LFNDCKFTER
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PYSIGLDIGTNSVGWAVV--TDDYKVPAKKMKVLGNTDK
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~SHIEKNL-LGALLFDSGNTAE- DRRLK-RTARRRYTRRRNRILYLQEIFSEEMGK-VDDSFFHRLEDS-FLVTEDKRGE~
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OYYIGLDVGTNSVGHAVT - TSYNLL KGKDM-WGARLFEKANTA, TK-R RKAMLKELFADEINR-VDPSFFIRLEESKFFLDDRSENNRQRY - == -= ===~ TLENDATFTDKD:
PYNIGLDIGTSSVGWAVT NYDLL IKKKNL-WGVRLFEEAQTAK--=-=-===========—- ETRLN-RSTRRRYRRRKNRINWLNE T FSEELAK TDPSFLIRLONS-WVSKKDPDRKRDKY LFIDGPYTDK
PYILSLDIGT YACM----D, GENVL: YHDKDA-LGVYLFDGALTA( RROF-RT NRRIKRLGLLQELLAPLVQ---NPNFY-QF QROFAWKNDNMDFKNKSL VLSFLGYE:
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NITIGFDLGIASIGWAII----D; TTSKILD-WGTRTFEERKTAN- ~ERRAF-RSTRRNIRRKAYRNQORF INLILKYKDL-F' LKNISDIQRANKKDTENYEKIISFFTEIY-
KVTLGFDLGIASVGWAIV----D TNQVYK-LGSRLFDAPDTNL- ~ERRTQ-RGTRRLLRRRKYRNQKFYNLV-KRTEV-F' SSREAIENRE
KYILALDIGIASVGWAIL TVIE-AGSNIFPEASAADNQ -LRRDM-RGAKRNNRRLKTRINDF IKLI LSIPOF
MYSIGLDLGISSVGWSVI TGNVID- LGVRLFSAKNSEKNL- AVGFYEDKSLKNS= === === == =m—mmmmmmoe
DLVLGLDIGIGSVGVGIL-~---NK L
KFILGLDIGITSVGYGLI Y
RLVLGLDIGITSVGFGII L
NYYLGLDVGIGSIGWAVI----NI
QYRIGLDIGITSVGWAVL NNSQD -DALAAPRRDA-RTTRRRLRRRRHRLERIKFLLOE!
GYRIGLDVGITSTGYAVL TDKI LPYKILT-LDSVIYPRAENPQTG -ASLAEPRRIK-RGLRRRTRRTKFRKQRTQOLF I
KYSIGLDIGIASVGWSVI----NK DERIED-MGVRIFQKAENPKD LASSRREK-R KHRLDRIKNILC!
KKIVGLDLGTNSIGWALI YINK LYGIEA-CGSRIIPMDAAILGNFDKGNS KLPWVKDETGSYKFIFQESFKEMLANFTEHHPILIAN
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KRILGLDLGTNSIGWAL AENKD RSSIVK-LGVRVNPLTVDELTNFEKGKS-----~ ITTNADRTLK-RGMRRNLQRYKLRRETLTEVLKE KLITEDTILSE -
KKILGVDLGITSFGYAIL--QET DLYRCLD-NSVVMRNNPYDEK SIRSTQ-KSMRRLIEKRKKRIRCVAQTMERY ILDYSETMKIND -
PYRIGLDLGVGSIGFAIV! DGNVL: LPKEIIM-VGSRIFKASAGA: DRKLS-RG TRERMRYLWKVLAEQ-KL ALPVPADLDRKEN-----=====-=-- SSEGETSAKR
PYSIGLDLGVGSIGVA' YDPIKI QPSDLVF-VSSRIFIPSTGAA---— ERRQK- RGQRNSLRHRANRLKFLWKLLAER NL SY: DVPDPARLRE-
MRVLGLDAGIASLGWALIE-IEE. L QGTIIG-AGTWMEDAPEEKTQAGA-
AKILGLDLGTNSIGHA ERENT DFSLID-KGVRIFSEGV-KSEKGIE
OKVLGLDLGTNSIGSAV: LDLSD DLOWQLEFFSSDIFRSSVNKESNGRE
KRILGLDTGTNSLGHWA DWDEHA QSYELIK-YGDVIFQEGV-KIEKGIE

IGEHVRGGCLF----D HWT FRLP-NTVRTFTKAENPKDG LSLSDLETLF
MRRLGLDLGTNSIGWCLL LGDD PVSIFR-TGARIFSDGRDPKSL: MPADEIQRQAL
RYRLALDLGSTSLGWALF- LDAC PTAVIK-AGVRIFSDGRNPKDG
OHRWGLDIGTNSIGWAVI LIEG PAGLVA-TGSRIFSDGRNPKDG
-MRLGLDIGTSSIGWWLY-~ETD: D. ITGVVD-GGVRIFSDGRDPK!
PWILGLDIGTDSLGWAVF--SCE TAKELLG-GGVRLFDSGRDAKDH============ TSRQAERGAF-RRARRQTRTWPWRRDRLIALFQ:
PYRLSFDLGTNSIGWGLL LDROG PREIRA-LGSRIFSDGRDPQDK- -ASLAVARRLA-ROMRRRRDRYLTRRTRLMGALVRF
RWSLALDIGEGSIGWAVA- VDAEG LOLTG-TGVTLFPSAWSNENG: ~TYVAHGAA-D-RAVRGQOQRHDSRRRRLAG-LARL:
LYRLGLDLGSNSLGWFVT-~HLE: RGD! PVAL IFPDGRDPQ! TSNAVDRRMA-RGARKRRDRFVERRKELIAALIKY
AYRLGVDLGANSLGWEVV--WLD: QPEGL IFPDGRNPQSK: ~QSNAAGRRLA-R DRYLQRRGKLMGLLVK
ERILGVDLGISSLGWAT -YDKDD! NRIID-CGVRLEFTAAETPKKK: -ESPNKARREA-RGIRRVLNRRRVRMNMIKKLFLRA:
ARILAFDIGISSIGHAF DELKD-CGVRIFTKVENPKTG-—-—--==-==--= ESLALPRRLA-RSARKRLARRKARLNHLKHLIANEFKL
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OHVFGLDIGIASVGWAIL EORIID-LGVRCFDKAETAKEG -DPLNLTRRQA-RLLRRRLYRRAWRLTQLSRLLKRK: LIADAKLE,
NYKMGLDIGIASVGWAVI L DLKRIED-LGVRIFDKAEHPONG -ESLALPRRIA-RSARRRLRRRKHRLERIRRLL' LTKEEMNLLF
KYTLGLDVGIASVGWAVI DNNKIID-LGVRCFDKAEESKTG--— -ESLATARRIA-RGMRRRISRRSQRLRLVKKLFVQY] IIKDSSEFNRIFD: -
EYTLGLDLGIKSIGWAIL SGERIAN-AGVYLFETAEELNSTGNKL -ISKAAERGRK-RRIRRMLDRKARRGRHIRYLLERE LPTDELEEVVVHQ
ERIFGFDIGTTSIGFSVI YSSTO NIQR-LGVRIFPEARDPDGT ~PLNQQRRQK-| RMMRRQLRRRRIRRKALNETLHEAGF LPAYGSADWPVV-—===========—=m=mmmmom
NYILGLDIGIASV ID-ED PICLID-LGVRVFERAEVPKTG -DSLAMARRLA-RSVRRLTRRRAHRLLRARRL: EGVLO)
SYILGLDLGIASVGWAVV I DPIGLID-VGVRIFERAEVPKTG -ESLALSRRLA- RSTRRLIRRRAHRLLLAKRFLK EGILSTI
SLTFSFDIGYASIGWAVI ASASHDD DPSVCG-CGTVLEPKDDCQA= —================ FKRREY-RRLRRNIRSRRVRTERTGRLLV( QIIT
RYRVGIDVGLRSIGEC; DDED PIRILN-SVVHVHDAGTGGPGET LRKRSGVAARARRRGRAEKQRLKKLDVLLEEL N-ELLD.
TWRLGVDVGERSIGL YEED PKEILA-AVSWIHDGGVGD! ASRLALRGMARRARRLRRFRRARLRDLDMLLSEL WTPLPDKNVSPV- -
RYRIGIDVGLNSVGLAAV- VSDi PVRLLN-AQSVIHDGGVDPQKNKE: ITRKNM: T RERLHKLDMLLGKE" YPVIEPESLDKP -
AYRLGLDIGITSVGH ALEKD! LKPVRIQD-LGVRIFDKAEDSKT -GASLALPRREARSARRRTRRRRHRLWRVKRLLEQHGT LSMEQIEALYAQRTSS:
RYRVGLDLGTASVGAAVE DEQ PMELIW-HYERLFSEPLVPDM -GQLKPKKAARRLA-RQQRRQTDRRASRLRRIAIVSRRLGT
KHILGLDLGTNSIGWALI 1 YGKIIG-MGSRIVPMGAELSK FEQGOAQTKNADRRTN-RGARRLNKRYKQRRNKLIYILOKLD!
KHVLGLDLGVGSIGWCLI ALDA DPAEILG-MGSRVVPLNNATKAIEA----FNAGAAFTASQERTAR-RTMRRGFARYQLRRYRLRRELEK
KNILGLDLGLSSIGWSVI ELVA-MGSRVVSLTAAEL! FTQGNGVSINSQRTQK-RTQRKGY DRYQLRRTLLRNKLDTL
ETTLGIDLGTNSIGLAL DO ILY-SGVRIFPEGINKDTI LGEKEESRNATRRAK-ROMRRQY FRKKLRKAKLLELLIAYD!
KWRLGLDLGTNS IGHSVF- LDKD: VQDLID-MGVRIFSDGRDPKT KEPLAVARRTA-RSQRKLIYRRKLRRKQVFKFLQEQGL:
GIRFAFDLGTNS IGWA' TGPGVEG] TAASLDG-SGVLIFKDGRNPKD: GOSLATMRRVP-RQSRKRRDRFVLRRRDLLAALRKAGL: FPV--DVEEGRRLAA:
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227494853 Actinomyces coleocanis DSM 15436# YTPWL~-~~VRAELAQTP~~~TRDEN-~~DLH-~~~~~~-] EKLATAVRHIARHRGWRS PV

328956315 Coriobacterium glomerans PW2 ETDEQ: RLIYLALHNIVKHRGNFLREGQ
227824983 Acidaminococcus sp. D21 ESSEK RLVYLAVAWLVAHRGHFLNEVD:
303229466 Veillonella atypica ACS-134-V-Col7a MENGT:! RKLFLAVHHILKYRGNFLYEG]
34762592 Fusobacterium nucleatum ATCC 49256 KNPEK: RLIYLALHSIFKSRGHFLFEGQ
374307738 Filifactor alocis ATCC 35896 ESEEK: RLIYLALHNIIKTRGHFLIDGD
320528778 Solobacterium moorei F0204 HNSTE

291520705 Coprococcus catus GD-17 ETTEL

42525843 Treponema denticola ATCC 35405 ENKVK

304438954 Peptoniphilus duerdenii ATCC BAA-1640 EDEGK

224543312 Catenibacterium mitsuokai DSM 15897 ESTEK

116628213 Streptococcus thermophilus LMD-9 DSTKK:

24379809 Streptococcus mutans UA159 YHENFPTIYH: DNPEK:

13622193 Streptococcus pyogenes SF370 DSTDK:

310286728  Bifidobacterium bifidum S17

366983953 Oenococcus kitaharae DSM 17330

422884106 Streptococcus sanguinis SK49 YHKKYPTIYH REVYMAISHILKYRGHFLTLDK:
339625081 Fructobacillus fructosus KCTC 3544 FHRSYPTIYH: REIYLAIHHLVKYRGHFLSSQE

306821691 Eubacterium yurii ATCC 43715
336394882 Lactobacillus farciminis KCTC 3681

RLVFLATLNLFSHRGHFLNASL:
RLIYLALHNILKYRGNFTYEHQ

323463801 Staphylococcus pseudintermedius ED99 ELIYMALYHLVKYRGHFLFDHL
389815359 Planococcus antarcticus DSM 14505 RLVYLALHNLVKYRGHFLOE
258509199 Lactobacillus rhamnosus GG REIFLATHHILKSRGHFLT!
169823755 Finegoldia magna ATCC 29328 RYYFLATNQMMKRRGHFLIDGQ
Jnet 227501312

47458868 Mycoplasma mobile 163K SELIVLLYFYLSLRGAFFDNPE
284931710 Mycoplasma gallisepticum str. F KALSWILHDYLKNRGHFYED!
71894592 Mycoplasma synoviae 53 SELVWILRDYLONRGYFY

LDLIWILHDYLENRGFFYDL]
DEIAWILHDYLKNRGYFYDEKE
DELYLILYSYLKHRGISYLEDALDDT
GEIYKVTLHILKKRGISYLDEV

363542550 Mycoplasma ovipneumoniae SCO1
384393286 Mycoplasma canis PG 14
238924075 Eubacterium rectale ATCC 33656
315149830 Enterococcus faecalis TX0012

116627542 Streptococcus thermophilus LMD-9 EELFIALKNMVKHRGISYLDDA:

315659848 Staphylococcus lugdunensis M23590 DELVIALLHIAKRRGIHKIDVID

160915782 Eubacterium dolichum DSM 3991 ELATALLHLCKHRGS SVETTEDDE:

325677756 Ruminococcus albus 8 EEIAACLIHICNNRGYKDFYEVNVEDIED:

225377804 Roseburia inulinivorans DSM 16841 EELAQVLIHIAKHRGFRSTRKAETK:

336393381 Lactobacillus coryniformis KCIC 3535 SELFRVLYFFIGHRGFKSNRKAELI

310780384 Ilyobacter polytropus DSM 2926 KEIAQILLHIAKRRGFKSFRKTD

301311869 Bacteroides sp. 20 3 EELAWILLNFNQKRGYYQLRGE-EEETPNKLVEY YSLKVEKVEDS

385811609 Ignavibacterium album JCM 16511 GKNKNPMIKL EELIRIIYLFNQRRGFKSSRKD-LTETA--ILDYDEFAKRLAEKEKYSAENYETKFVSITKVKEVVELK:
60683389 Bacteroides fragilis NCTC 9343 EEFARVLLMINKKRGYKS SRKAKGVEEGTLIDGMDIARELYNNNLTPGELCLOLLDAGKKFLPDFYRSDL
319957206 Nitratifractor salsuginis DSM 16511 QELFATFAHMAKHRGYKSIATE--—=================== DLIYELELELGLNDPEKE
187250660 Elusimicrobium minutum Peil9l QELGYVLYHT IRTFENDS:

325972003 Sphaerochaeta globus str. Buddy LGYALYHIANHR RTFLDEEK

296446027 Methylosinus trichosporium OB3b KTND!

347536497 Flavobacterium branchiophilum FL-15 EGILEEHCPKIEAIVEDLISIDEISTNITDYFFETGILD
345885718 Prevotella sp. C561

282880052 Prevotella timonensis CRIS 5C-Bl

312879015 Aminomonas paucivorans DSM 12260

294086111 Candidatus Puniceispirillum marinum IMCC1322

330822845  Alicycliphilus denitrificans K601
344171927  Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12

83591793 Rhodospirillum rubrum ATCC 11170

288957741 Azospirillum sp. B510

427429481 Caenispirillum salinarum AK4 PPKADPRAIFFLR-ADA; LFRVLHHMAAHRGIRLAELQ
92109262 Nitrobacter hamburgensis X14 LR-KTAL RALFHLNORRGF
148255343 Bradyrhizobium sp. BTAil LR-AKAL ALFHLNQRRGLFA
34557790 Wolinella succinogenes DSM 1740 LR-HDGL- DELARVLIHIAKHRGYKF'
218563121 Campylobacter jejuni NCTC 11168 LR-FRAL- QDFARVILHIAKRRGYDD:
Jnet 218563121

291276265 Helicobacter mustelae 12198 FQTSKDFL LR-ERAL ELARVILHIAKRRGYDD
222109285 Acidovorax ebreus TPSY APSYGD

365156657 Bacillus smithii 7 3 47FAA QKKQIDVHQ

220930482 Clostridium cellulolyticum H10 TSRDGWKDPWE

297182908 uncultured delta proteobact. HF0070 07E19 TLWD:

154250555 Parvibaculum lavamentivorans DS-1 DEPYE

218767588 Neisseria meningitidis 22491 DFDENGLIKSLENTPWQ

15602992 Pasteurella multocida str. Pm70

187736489 Akkermansia muciniphila ATCC BAA-835 IELWHVLRWYAHNRGYDI

315605738 Actinomyces sp. oral taxon 180 str. F0310 QCLSVAMAHT K.

117929158 Acidothermus cellulolyticus 11B LLGYAVSHM PWTT

189440764 Bifidobacterium longum DJO10A ISIALRHMARHR

403744858 Alicyclobacillus hesperidum URH17-3-68 EEIARVLIHIAHRRGE!

407803669 Alcanivorax sp. W1l-5 LRAVLLRMGKKRGY!

423317190 Bergeyella zoohelcum ATCC 43767 OLTA EDLGKITYKYNQLRGYAGGSLEPEKEDI FDEEQSKDKKNKSFIAFSKIVFLGEPQEETFK

402847315 Porphyromonas sp. oral taxon 279 str. F0450 PELGRVLCHINQKRGY]

404487228 Barnesiella intestinihominis YIT 11860 NELGRVLLHLNQKRGYK:

374384763 Odoribacter laneus YIT 12061 FREWLK PELGRILYQMIQRRGFL!

384109266 Treponema sp. JC4 YELGRALFNLAVRRGFK:

402849997 Rhodovulum sp. PH10 VIFHLNQRRGE

Jnet 331001027 HHHH

331001027 Parasutterella excrementihominis YIT 11859 Al NLRIALSGYLKRRGYARTE, TDTSVLESLDPSVFSSAPSFTNFFN--DSEPLNIQWEATANS TTKALI
34557932 Wolinella succinogenes DSM 1740 DVLPDETRGLENKRGYTYAGFE-----=-=--=---- LDEKKKDALESDTL--KEFLSEKLQS TDRDSDVEDFLNQIA ESFK
54296138 Legionella pneumophila str. Paris NAKEETALCHYLNNRGYTYVDTD: LDEYIKDETTINLL--KELL: SEHNFIDI FLOKMQ
319941583 Sutterella wadsworthensis 3 1 45B TD! RGREALSGLLKRRGYSRPNADG- EDLTPLENVRADVFAAHPAFSTYFS--EVRSLAEQWEEFTANT EKFL
254447899 gamma proteobact. HTCC5015 EEV: TEPLLKFINGLLNRRGYTYT EVDEESMNVSPLPFSEMMPDYFN--SSAPLLEQLAKLLSDKI

118497352 Francisella novicida U112 DKDTQQATSFLFNRRGFSFI-=--=-=====-=--==-" TDGYSPEYLNIVPEQVKAILMDIFDDYNGEDDLDSY LKLATEQESKISEI YNKLMQKT LEFKLMKLCTDIKDDKVSTKTLK
Motifs

informative positions TR AR



227494853 Actinomyces coleocanis DSM 15436#

328956315 Coriobacterium glomerans PW2
227824983  Acidaminococcus sp. D21

303229466 Veillonella atypica ACS-134-V-ColTa
34762592 Fusobacterium nucleatum 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
116628213 Streptococcus thermophilus LMD-9
24379809 Streptococcus mutans UALS59

13622193 Streptococcus pyogenes SF370
310286728  Bifidobacterium bifidum S17

366983953 Oenococcus kitaharae DSM 17330
422884106 Streptococcus sanguinis SK49
339625081 Fructobacillus fructosus KCTC 3544

306821691 Eubacterium yurii ATCC 43715
336394882 Lactobacillus farciminis KCTC 3681

323463801 Staphylococcus pseudintermedius ED99
389815359 Planococcus antarcticus DSM 14505
258509199  Lactobacillus rhamnosus GG
169823755 Finegoldia magna ATCC 29328

Jnet 227501312

47458868 Mycoplasma mobile 163K

284931710  Mycoplasma gallisepticum str. F
71894592 Mycoplasma synoviae 53

363542550 Mycoplasma ovipneumoniae SCO1
384393286 Mycoplasma canis PG 14
238924075 Eubacterium rectale ATCC 33656
315149830 Enterococcus faecalis TX0012

116627542 Streptococcus thermophilus LMD-9
315659848 Staphylococcus lugdunensis M23590
160915782  Eubacterium dolichum DSM 3991
325677756  Ruminococcus albus 8

225377804 Roseburia inulinivorans DSM 16841
336393381  Lactobacillus coryniformis KCTC 3535
310780384 Ilyobacter polytropus DSM 2926
301311869  Bacteroides sp. 20 3

385811609 Ignavibacterium album JCM 16511
60683389 Bacteroides fragilis NCTC 9343
319957206  Nitratifractor salsuginis DSM 16511
187250660  Elusimicrobium minutum Peil9l
325972003 Sphaerochaeta globus str. Buddy
296446027  Methylosinus trichosporium OB3b
347536497 Flavobacterium branchiophilum FL-15
345885718 Prevotella sp. C561

282880052 Prevotella timonensis CRIS 5C-Bl
312879015  Aminomonas paucivorans DSM 12260
294086111 Candidatus Puniceispirillum marinum IMCC1322

330822845  Alicycliphilus denitrificans K601
344171927  Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12
83591793 Rhodospirillum rubrum ATCC 11170
288957741 Azospirillum sp. B510

427429481 Caenispirillum salinarum RAK4
92109262 Nitrobacter hamburgensis X14
148255343 Bradyrhizobium sp. BTAil
34557790 Wolinella succinogenes DSM 1740
218563121 Campylobacter jejuni NCTC 11168
Jnet 218563121

291276265 Helicobacter mustelae 12198
222109285 Acidovorax ebreus TPSY
365156657 Bacillus smithii 7 3 47FAA

220930482 Clostridium cellulolyticum H10

297182908 uncultured delta proteobact. HF0070 07E19
154250555 Parvibaculum lavamentivorans DS-1
218767588 Neisseria meningitidis 22491

15602992 Pasteurella multocida str. Pm70

187736489 Akkermansia muciniphila ATCC BAA-835
315605738 Actinomyces sp. oral taxon 180 str. F0310
117929158 Acidothermus cellulolyticus 11B
189440764 Bifidobacterium longum DJO10A

403744858 Alicyclobacillus hesperidum URH17-3-68
407803669 Alcanivorax sp. W11-5

423317190 Bergeyella zoohelcum ATCC 43767

402847315 Porphyromonas sp. oral taxon 279 str. F0450
404487228  Barnesiella intestinihominis YIT 11860
374384763 Odoribacter laneus YIT 12061

384109266 Treponema sp. JC4

402849997  Rhodovulum sp. PH10

Jnet 331001027

331001027 Parasutterella excrementihominis YIT 11859
34557932 Wolinella succinogenes DSM 1740

54296138 Legionella pneumophila str. Paris
319941583 Sutterella wadsworthensis 3 1 45B
254447899  gamma protecbact. HTCC5015

118497352 Francisella novicida U112

Motifs

informative positions

VRSLHVEQP: QYLALK
~SLSAKSARPDEALNHLRETLRVWSSERGFECSIADNGSILAMLTHPDLSPSDRRKKIAPLFDVKSDDAAADKKLGIALAGAVIGLKTEFKNIFGDFPCEDSSIYLS - NDEAVDAVRSACPDD----
KDNIGDVLSFDAFYPEFLAFLSDNGVSPWVCESKALQATLLSRNSVNDKYKALKSLIFGSQKPEDNFDANISEDGLIQLLAGKKVKVNKLFPQESNDASFTL NDKEDAIEEI--LGTLTPD-

VEAKTLLOMPEGATPAEMV-
CAELFDRLCEVYSAYVLQGLL:
ECEWIAHIRRLFDWAIMKHAL:

—--VALDLSVDVN

TFNSNAF-TFEDVLKQALVNITFNCFDTNSAISSISNILMESGKTKS DKAKATERLVDTYTVEDEVNTPDKPQKEQVKEDKKTLKAFANLVLGLSANLIDLFGSVEDI DDDLKKLQ -~ IVGDTY ~DEKRDELAKV-~WGD~ EIHIIDDCKSVYDAIILMSIK:
NLKEIKNFETLYNNLISFLEDNGINKSIDKDNIEKLEKIICDSGKGLKDKEKEFKGIFNSDKQLVAIFKL: LNDLFDTDEYKKEEVEKEKISFREQIY EDDKPIYYSI--LGE- KIELLDIAKSFYDFMVLNNIL
-LQSAKQLRPILDTFLLSLQEEQNLSVSLSENQKDEYEEILKNRS IAKSEKVKKLKNLFEISDELEKEEKKAQSAVIENFCKFIVGNKGDVCKFLRVSKEELEIDSFSFSEGKYE DDIVKNLEEK--VPE- KVYLFEQMKAMYDWNILVDIL:

GKHKYLCDAKVEL
GNSVSISEAKIKV
GDEQYLSFAKVKI
TISLLNILKSIYDSSILENLLKDADKSKDGNKY ISKAFVKK
YVEFVDALHNVY SWVELQTIM:
YSDVFLKAKKLYDAILLSGFL
YAELFLSAKKLYDSILLSGIL
YADLFLAAKNLSDAILLSDIL
EREFLDRMQGQYNAIALKQLL
EFEFLCDLKAAFDGLTLKMLL

~FDSENQFDTSIQALFEYLREDMEVDIDADSQKVKEI LKDS SLKNSEKQSRLNKI LGLKPSDKQKKAITNLISGNK INFADLYDNPDLKDAEKNSI SFSKDDF
KEDTKNSFDKSINDLKIHLRDEYNIDLEFNNEDLIEI ITDT TLNKTNKKKELKNIVGDTKFLKAI SAIMIGSSQKLVDLFEDGEFEETTVKSVDFSTTAF —
KFNMDASNIEDKLSDIFTQFTSFNNIPYEDDEKKNLE ILEILKKPLSKKAKVDEVMTLIAPEKDYKSAFKELVTGIAGNKMNVTKMILCEPTKQGDSE IKLKFSDSNY —
FNSKNNDIQKNFQDFLDTYNATIFESDLSLENSKQLEEIVKDKISKLEKKDRI LKLFPGEKNSGIFSEFLKLIVGNQADFRKCFNLDEKASLHFSKESY -~~
~FDTRNNDVQRLFQEFLAVYDNTFENSSLQEQNVQVEEILTDK I SKSAKKDRVLKLFPNEKSNGRFAEFLKLIVGNQADFKKHFELEEKAPLQFSKDTY
~LNPDNSDVDKLFIQLVQTYNQLFEENPINASGVDAKAILSARLSKSRRLENLIAQLPGEKKNGLFGNLIALSLGLTPNFKSNFDLAEDAKLQLSKDTY
LESSNAFKEDELLKLLGRITRYEMSEGEQNSDIEQDDENKLVAPANGQLADALCATR! VDNALEALSAVNDLSREQRAIVKAIFAGLEGNKLDLAKI FVSKEFSSENKKILGIYFNKSDY EEKCVQIVDSGLLDDE
VKADSAF---DVHTFADAIQRYAESNNSDENLLGKIDEKKLSAALTDKHGSKSQRAETAETAF -~ DI LDLOSKKQIQAI L-===~~. KSVVGNQANLMATFGLDSSAISKDEQKNYKFSFDDADI -DEKIADSEAL-~LSDT:

FSDVFAKLKVLRDTILLSGMLTY---TGATHARFSATMVER
~TEIISGEAGYGLNKSMKADEALKLFE--~-FDNNQDKVATKTLLAGLTGNQIDFAKLFG-KDI SDKDEAKLWKLKLDDEALEEKSQTIL EIELFHAVVQAYDGFVLIGLL NGADSVSAAMVQL
-DNFEKILSQKGKSRTKILEELSEELS--~--ISKKDKSKYN-LIKLISGLEASVVELYNIEDIQDENKKI--KIGFRESDYEESSLKVK: YFDLVERAKSVHDMGLLSNIT GNSKYLCEARVEA
~NHISDILIGRG-NATQKSSNILKDFT- QFTVLDAANRIYSTITLNEIL NGESYFSMAKVNQ
-KVIYEILKDNEMTKNDRAKRV--— QSEFIERANKIYLSLTLODIL KGKKSMAMSKVAA
~KARETLLLNRNLTKTDQSKELTAMFG~ ~---KEYEPFCKLVAGLGVSLHQLFPSSEQALAYKETKTKVQLSNENVEE" SALLEAVQPFYQQVVLYELL: KGETYVAKAKVSA

GTEIFEQIQELYRARLLNGIV:
ISHVTDDKPLKEQLILLINDLLKIELEEELMDSIFEILADVNEKRTDKKNNLKELIKGODFNKQEGNILNS IFESIVTGKAKIKNI ISDEDILEKIKEDNKEDFVLTGDSY LQYFEEV--LQ! ITLFNTLKSTYDFLILQSIL
HHHH] HH-HHHH] HHHHHHHH HHHH! HHHHHHHH

DTKSKEMNK! TEIFDKNESTKNAEFPIDKI
YPTKELAKYF:

F-
EKLTDEFVSNSF'
NVADKYEGIEH:
TKEDFDQQTVE:

SSAYANG
DTEAAKESQD-—===========-=
DDGNSSVGD:

DVGNEL:
AKEAGETKKV--LSM-
ERNEYKEE---HD-
~=-EKEGGAVLKA-~TTE-~=======
DKKQMGQLL
ADDTGKLLSG--10) KII
KGKDTWYNVHLENGM:
TDGRKGKKR-FKVILEDSR:
QNELDRIWEK--QKEYYPEILTDVLKEELRGKKRDAVWAICAKYF:
KKADERRQ--VYN----—-=---. AL
EAQKENTENKKIAGN----=-----
DDKKL!

GYLTIGDMV- KDPK

~ADDTSKMKRA--VNE- TREKLARFGSARKMLVEDESF
NGYAKD--LDEGDKKLVSLYKSLLAI LKKNESDFENCKSET

EDGQE QEEEGKLLSG--VGE--=====~~ NERLL----REGGYRTAGEML
DNEAGVVKQ TADLEMKLGEAGART IGEFL

TDKK- DNDSGVLKKA--IGQ-======== LROQMAEQGS----RTVGEYL
T-DRAT AKESGKVKNA--IA FRAG] NARTVGEAL-
DI DNESGKIKD: TARLD) RTYGEFL-

_____________ IDKRER KALAKAKPAKATAKATAPAKE. ADDEAGFWE! EAALRQRM; PTVGALL:
RTATKI DEEAGKVKI AVERLEAAIARAGAPTLGAWE
DPP. ESDADDAA] AATEDEDGTRRAAADER-—
T-DSK: QSEDGAIKO: ASRLATDKGNETLGVFFADMH
I-EQ DKDASATKAA--AGR-
IGDD: DEESGKVKKA-—-——
IKNS-D- DKEKGATLKA--TIK( KL NYQSVGEYL: YKEYFQK
HHHH! HHHH
ITYGV DNDSGKIKKA--TAE- ~KEEQCKTIGEMM: -YKL
TSKAEEAKAD: DAEGGRVKQG--LAH~ ~QAKNYRSAAEMV-
RNSKESSEFLKN--IEE: QYRSVGEMT
E-DL! TTKEGVVITS-—-IKN- —~RTKNYRTIGEMI
TKK-L DDESDSADEEQGKINRA--TSR- EEL----KASDCKTIGQFL-
LEESDTPD PDVDDEK! RAATLKALKNEQTTLGAWL-
RKNE-GETAD K-ELGALLKG--VAD- HAL----QTGDFRTPAELA
RKNE-SQT K-ELGALLSG--VAQ- (6) ~QSDDYRTPAELA
ASNSL DGGNGEDT KHAQDLMDKHGTATMAET ICREL
VDTLLLEQAI RMOGLK RVEDRTGLQFSEEVTQGELV-~-—-===-=~. ATLLEHDGDVT
IXKDLKNLP WERTRESLEARY- SLEPGTVGQWAGYLLORAP: -GIR
7777777777777 PYRQVDSLISDNPY: Y GELKEK: AKAYNDDATAREEESTPAQLV- -VAM
1 DSDAGKLLK; VQENE-NLMQ YRTVAEML VSEATK
TFKAVRKVGE; ASGASRLEEE- --NKDSVTVGEYLAARVEHGLPSKLKVAANNEY
7777777777777 NKKLNRRAIIVET: EGNFEGSTFL- LINISASKSGDTITIKLPNKTNWRKKMENIENQ
7777777777777 VKSDARAIVGDEGE KKKDSNSAYL- EHKTVGQYF-
IK LTIGELF-
RKNLQKQTLGAYL--=—=-===========—=——
D PDEIKTQAD: QTHLEKAIK- NGCRTITEFL,
DRQ DREKGKIAI RLA-ETLA TNCRTLGEFL
HHHHHHHHHHHHHHHH - -~~~ HHHHHHHHH HHHH
DF" KY-IKTSFPEY: KEILANYVEGRRAILDASKY IANLQSLGHKHRSKYLSDILQDMKRDSRITRLSEAF! TDNLWRIIGNI LQERAVR
VFASATHSPNKKLELKDELKSEY ————-——==—-——————————— ENAKELLAGLRVTKEILDEFDKQENQGNLPRAKYFEELGEY IATNEKVKSFFDSNSL LTDMTKLIGNI [YOLKELR
F I-LVSK KKDDKELKNAVKNIKNFITGFEKNSVEGHRERKVYFENIKSDITKDNQLDSIKKKI PSVCLSNLLGHL! LOWKNLH
DKEF IEFAVAEGLID- KTEKKAYQSALSTLRANANVLTGLRQMGHKPRSEYFKATEADLKKDSRLAKINEAF! ERLARLLGNL! LOLRAER
KL-LDTALDGKY KDEKKELSEAWGNILIASENVLKSTVD YLANIKEDIKSNEELEKQISSK IDGFYNLVGHL. QLRLLR
EITSYEFELLADYLANYSESLKTQKFSYTDKQGNLKELSYYHHDKYNIQEFLKRHATINDRI-LDTLLTDDLDIWNFNFEKFDFDKNEEKL -QNQEDKDH IQAHLHHFVFAVNKIKSEMASGGRERSQYFQE ITNVLDENNHQEGY LKNFCENLHN-———- KKYSNLSVKNLVNLIGNLS--—===—--=—-] NLELKPLR




227494853 Actinomyces coleocanis DSM 15436#

328956315 Coriobacterium glomerans PW2
227824983  Acidaminococcus sp. D21

303229466 Veillonella atypica ACS-134-V-ColTa
34762592 Fusobacterium nucleatum 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
116628213 Streptococcus thermophilus LMD-9
24379809 Streptococcus mutans UALS59

13622193 Streptococcus pyogenes SF370
310286728  Bifidobacterium bifidum S17

366983953 Oenococcus kitaharae DSM 17330
422884106 Streptococcus sanguinis SK49
339625081 Fructobacillus fructosus KCTC 3544

306821691 Eubacterium yurii ATCC 43715
336394882 Lactobacillus farciminis KCTC 3681

323463801 Staphylococcus pseudintermedius ED99
389815359 Planococcus antarcticus DSM 14505
258509199  Lactobacillus rhamnosus GG
169823755 Finegoldia magna ATCC 29328

Jnet 227501312

47458868 Mycoplasma mobile 163K

284931710  Mycoplasma gallisepticum str. F
71894592 Mycoplasma synoviae 53

363542550 Mycoplasma ovipneumoniae SCO1
384393286 Mycoplasma canis PG 14
238924075 Eubacterium rectale ATCC 33656
315149830 Enterococcus faecalis TX0012

116627542 Streptococcus thermophilus LMD-9
315659848 Staphylococcus lugdunensis M23590
160915782  Eubacterium dolichum DSM 3991
325677756  Ruminococcus albus 8

225377804 Roseburia inulinivorans DSM 16841
336393381  Lactobacillus coryniformis KCTC 3535
310780384 Ilyobacter polytropus DSM 2926
301311869  Bacteroides sp. 20 3

385811609 Ignavibacterium album JCM 16511
60683389 Bacteroides fragilis NCTC 9343
319957206  Nitratifractor salsuginis DSM 16511
187250660  Elusimicrobium minutum Peil9l
325972003 Sphaerochaeta globus str. Buddy
296446027  Methylosinus trichosporium OB3b
347536497 Flavobacterium branchiophilum FL-15
345885718 Prevotella sp. C561

282880052 Prevotella timonensis CRIS 5C-Bl
312879015  Aminomonas paucivorans DSM 12260
294086111 Candidatus Puniceispirillum marinum IMCC1322

330822845  Alicycliphilus denitrificans K601
344171927  Ralstonia syzygii R24

159042956 Dinoroseobacter shibae DFL 12
83591793 Rhodospirillum rubrum ATCC 11170
288957741 Azospirillum sp. B510

427429481 Caenispirillum salinarum RAK4
92109262 Nitrobacter hamburgensis X14
148255343 Bradyrhizobium sp. BTAil
34557790 Wolinella succinogenes DSM 1740
218563121 Campylobacter jejuni NCTC 11168
Jnet 218563121

291276265 Helicobacter mustelae 12198
222109285 Acidovorax ebreus TPSY
365156657 Bacillus smithii 7 3 47FAA

220930482 Clostridium cellulolyticum H10

297182908 uncultured delta proteobact. HF0070 07E19
154250555 Parvibaculum lavamentivorans DS-1
218767588 Neisseria meningitidis 22491

15602992 Pasteurella multocida str. Pm70

187736489 Akkermansia muciniphila ATCC BAA-835
315605738 Actinomyces sp. oral taxon 180 str. F0310
117929158 Acidothermus cellulolyticus 11B
189440764 Bifidobacterium longum DJO10A

403744858 Alicyclobacillus hesperidum URH17-3-68
407803669 Alcanivorax sp. W11-5

423317190 Bergeyella zoohelcum ATCC 43767

402847315 Porphyromonas sp. oral taxon 279 str. F0450
404487228  Barnesiella intestinihominis YIT 11860
374384763 Odoribacter laneus YIT 12061

384109266 Treponema sp. JC4

402849997  Rhodovulum sp. PH10

Jnet 331001027

331001027 Parasutterella excrementihominis YIT 11859
34557932 Wolinella succinogenes DSM 1740

54296138 Legionella pneumophila str. Paris
319941583 Sutterella wadsworthensis 3 1 45B
254447899  gamma protecbact. HTCC5015

118497352 Francisella novicida U112

Motifs

informative positions

LRPKNREKTDTRPENKKPGE'

LGGKLMQSDNANELRKIAKIQGL-~~

YRRYGEDLALLKKLVKIYAPDQYRMFFSGATYPGTGIYDAAQARGY TKYNL
YEQHHHDLTQLKYFVKTYLAKEYDDIFRNVDSETTKNYVAYSYHVKEVKGTL

FDKHKEDLVILKSLLKLDRNVYNEMFKSDKKGLHNYVHYIKQGRTE

PKKSEYKPSESMQYDDFRKAVEKLFA--KTDARADERYRMMMDRFDKQQFLRRLKTSDNGS IYHQLHLEELKAIVENQGRFYPFL~
~ECSEADKVDFDEMIQRLTDNSFMPKQVSGENRVIPYQLYYYELKTILNKAASYLPFL -

YEEHKKDLKNLKYIIRKYNKENYDKLFKDKNENNYPAY IGLNKEKD
YEKHKTNLRLLRDIILKYCTKDEYNRMFNDEKEAGS YTAYVGKLKK:

KKEVVEKSRLKIDDLIKVIKGYLPKPE--RIEEKDKTIFNEILNKIELKTILPKORISDNGTLPYQTHEVELEKILENQSKYYDFL~-NYEENGVST

FEKNKKDLMI LKKY IKKNHPEDYKKI FSSPTEKKNYAAYSQT!
YOKHQADLKTLKKIVRQYMTKEDYKRVEVDTEEKLNNY SAYIGMTKKNGKKVDLK:

KYWIEKKRNPEEFYKSLGKLLDKI--EPLKEDLEVLTMMIEECKNHTLLPIQKNKDNGVIPHQVHEVELKKILENAKKYYSFL-
KNVCSQEEFCLFIKPYIR:

YEKHKTDLTKLKNVIKKHFPKDYKKVEG GY
FNKHGKDLKTLKRI IKKYLPSEYANIFRNKSINDNYVAYTKSNITSNKRTK

YNKHHDDLKLLKDC IKNNVPNKYFDMFRNDSEKSKGYYNY I

QCTQADFYDFLKKNV--====-=====
VCKTKSKKLIINNSVNQEDFYKFLKTI --LSAKSEIKEVNDILTEIETGTFLPKQI SKSNAEIPYQLRKMELEKILSNAEKHFSFL-
ASKFTKQEDFYKFIKKHLDTIKETKLN--SSENEDLKLIDEMLTDIEFKTFIPKLKSSDNGVIPYQLKLMELKK I LDNQSKYYDFL--NESDEYGTV
PSKAPVDEFYKYVKK---=--==-=----~ CIEKVDTPEAKQILNDIELENFLLKQNSRTNGSVPYQMOLDEMIKIIDNQAEYYPIL- KEKREQ

YNEHKEDLALLKEY IRNISLKTYNEVFKDDTKNGYAGY IDGKTNQEDFY VYL
YNEHQMDLAQLKQF TRQKLSDKYNEVFSDVSKDGYAGY IDGKTNQEAFYKYL

KKLLAEFEGADYFLEKIDREDFLRKQRTFDNGSIPYQTHLQEMRATLDKQAKFYPFL~ AKNKER

KGLLNKIEGSGYFLDKIEREDFLRKQRTFDNGSIPHQTHLQEMRATITRRQAEFYPFL~ ADNQDR

YDEHHQDLTLLKALVRQQOLPEKYKEIFFDQSKNGYAGY IDGGASQEEFYKFT
YDAHRANWNLIKLQLRTKENEKDINENYGILVGWKID!

KPILEKMDGTEELLVKLNREDLLRKQRTFDNGS IPHQTHLGELHATLRRQEDFYPFL~ KDNREK

FNEHQKDWEY IKSHIRNAKN -~ --AGNGLYEKSKKED(

YEEHRKDLQRFK-FFIKQNLSEQDYLDIF---GRKTQNGFDVDKETKGY
YDQHREDRKLLKSLAQKAGLKHKRFSETY

ORKSVRGESAYENMRKKANVFFKKMI -~ETSDLSETDKNRLIHDIEEDKLFPIQRDSDNGVIPHQLHONELKQITKKQGKYYPFL~-~---LDAFEKD
INAAYLALQSDNEDDRKKAKKIFQDEI-~-SSADIPDDVKADFLKKIDDDQFLPIQRTKNNGT I PHOLHRNELEQI IEKQGIYYPFL----KDTYQEN
VGY ITNKMVLTNPQROKTIQONFYDYI--SGKITGIEGAEYFLNKISDGTFLRKLRTSDNGATPNQTHAYELEKI IERQGKDY PFL~~~~LENK-~~

OLALATDEATIKNGISTARELV--EESNLSKEVKEDTLRRLDENEFLPKQRTKANSVIPHOLHLAELOKILONQGQYYPFL~

YENHHKDLLKIKELLKKYD--KKAYNDMFRKMTDKNYSAYVGSVNSNIAKI
YENHAIDLCKLRDMWHTTKNEEAVEQ-=----~ SRQAYDDY INKPKYGT

DKRKI---EDLYKYIEDTALKNIPDD-=-~--

YDKFRNELKQVKDIVYKADSTRTQFKKIFVS-SKKSLKQYDATPNDQTF

FKQYQKDMASLKNLLDKT-FGEKVYRSYFIS-DKNSQREYQKSHKVEVLCK
YGOHKEDLELFKTYLKKLNDHELAKT IRGLYDRY INGDDAKPFLREDEVKALTK:

KELYTSLKKFLKVALPTN—
LCLFDQYLIRP-KKQYSLLIKELKKIIPQD-
LDQFNKEAKFA-ETFYKDLKKLLEDKSKTSIGTTEKDEMLRI IKATDSNQFLQOKQKGIQNAAT PHONSLYEAEKTLRNQQAHYPFI -

YDEHKKDLEI LKKVIKKYDEDGKLFKQVFKEDNGNGYVSYIGYYLNKNKKITA-
HHHHHHHHHHHEHHH!

EVT--AHPNEVSEQLLNRMGQANFMLKQRTKANGAI PIQLOORELDQIIANQSKYYDWLA-~APNPVEAH
KKKISNIEFTKYVKGILE=-==-==-=-- KQC--DCEDEDVKYLLGKIEQENFLLKQISSINSVIPHOIHLFELDKILENLAKNY PSFN--NKKEEFTK

HHHHHHHH HHHH

YKISGKIRST INLKFGHODYLKETKQVFEKQNIDFMNY~ EKFAME
YKGIIDSKEDNDNKLEEEL- TKYKFSNKHWLEEVKKVLSNQTGL~ -PEKFKEE
LIFSNKQWINEIVKVFENQSYL— -TESFKEE

LDNKKDKAKEKDEEEESDAKKI
PKI

DL GYSFSNLOWVNEIKKLFEVQEIN- PEFSEK
———————— PTESEMKDNKDLKE. FFDFSNKEWLKEINYFFNVQKNILS- ETFIEE
YRGQSQIINENGEVLD LSNVETIGAYRKEIQRVFEIQKKYHPEL----TDEFCDG
LKENNRVKTGINAQGNY LNVFKVSAYANELATILKTQQAFYPNEL---TDDWIAL
YOTYGQLRGDFTV-EKDGKK! -TDEFINR
MNEGQV! -DENFINK
LRTNGHIRG: -SNELKSA
FDEPNSVYRKFHNSAASK -DDKTIAK
HTECLWNEKGY VLTPRNRPDDYKHTILRSMLVEEVHATFARQRAHGNQKA-~--TEGLEEA
YNDHKRNKGY ID! YLSTPNROMLVDEIKQILDKQRELGNEKL-~-TDEFYAT
FNTHVRNKAG! YLFSFSRKLLEDEVRKIQAKQKELGNTHF --~TDDVLEK
LEADGSPKKDKEGNIKRSFRAPKDDDWTLIKKKTEADIDKI KMTVGAYIYDTLLOKPDQ-KIRGK--LVRT IERKYYKNELYQILKTQSEFHEELR---DKQLYIA
LE-KGKFKQNKPD--~-~---~ LPKEEDWALCTTALDNRMG- SKHPGEFFFDELLKAFKE-K-RGYKIRQYPVNRWRYKKELEF IWTKQCQLNPELN-~--NLNINKE

YTEWNKEKGKTEQQEREHKLEGIY SKRKRDEAKRENLQWRVNGLKEKL

LEQLVIVFQEMNTQINNSSGYLGAISDRS-~KELYFNKQTVGQYQMEMLDKNPNASLRNMVEYRQDY LDEFNMLWEKQAVYHKEL - -~ ~TEELKKE

YRNHDD
FFENKEKHKREKISN;

YEKMIRREDIEEEIEKVLLRQAELGALGL--PEEQVSEL

FNTNGLIGYRNSESVKSK

FSPTRDLVIKEAEATLKKQAGKDGFHKE-LTEEYIEK

VPVPTRDIISNEIDVLLOTQKQFYQEIL---SDEYCDR

QTPTKNGASEIVRRFRNREGD
KDVLGKVKGKIKDI SQ;

DGNYKTLGQYFYSLY -

PDVAGAMKASEEKLSKGLSTY
ED--GVVKSGISQLST

EHNLLTVGAAFAQLED---EGVRVRNNNDYRAIRSQFQHEIETIFKFQ--QGLSV—-

CEYLGDYFYKLYDAQGNKVRIR--QRYTDRNKHYQHEFDAICEKQ

FQD D
OATNDTVRARRLSGTNAL

YSHTLSRSLLLEEARRLFQSQRTLGNPHA---SSNLEEA

LO---——— QGQGVRARYREKPY TTEEGKKRIDK:

YEFYPDRYMLEQEFDTLWAKQAAFNPSLY ---IEAARER

~-YDLYIDRAMIEQEFDALWAAQAAFNPTLF---HEAARAD

LEDGRPVRARMVGQGKD]
RQKATDPRHVPSVRTRLS TANRGGPDGKEE.

YELY TAREWIAQEFDALWASQQRFHAEVL---ADAARDR

----YDFYPDRRHLEEEFHKLWAAQGAHHPEL----TETLRDL

LDRGQPVRMRYNQSDRD:
KTRGETLRARLAGKGKE.

APTRALIAEELAEIVARQSSAYPGL- ~DWPAV

YPFYPARRMLEAEFDTLWAEQARHHPDLL---TAEARET

RLMAEHMHRHGTQPTCGE IMAGRLRETPAGAQPVTRARDGLRVGG
YEDRQTATRAELVRLGKDHLTGNARKKIWAKVRK

VAVPTRALIEQEFDATRATIQAPRHPDL~

RLF--GDEVLPRADAPHGVRARATITGTKASYDYYPTRDMLRDEFNATWAGQSAHHATI -

LRATVRARSPVGGDV( YEFYPTRAMVDAEFEATWARQAPHHPTM-
RGANGKKRNKHGL YEISTHRDLLVEEVEATFVAQQEMRSTIA---TDALKAA
FKENSKEFTNVRNKKE YERCTAQSFLKDELKLIFKKQREFGFSF~-~---SKKFEEE
HHHHHHHH HHHH
YFQKSLNVRNKKE: YNRCVGRSELREELKTIFQIQQELKSPWV---NEELIYK
FPDAQRNKRG! YDKALSRVLLGEELALLFATQRRLGNPH----ASDFFEK
FAYHKRNKLD: YSNMIARDDLEREIKLIFEKQREFNNPVC---TERLEEK
TPENSNKRNKVD! YIHTTAREDLLNEIKYIFSIQRKLGSPFV---TEKLEHD
AQNRDRQRNREGD: YSNLMARKLVFEEALQILAFQRKQGHE -L---SKDFEKT
PPSDRK RGIHAHRNVVAEEFERLWEVQSKFHPALK---SEEMRAR

ESGHIRNORGD:

EEGHIRNORG, YTHTFNRLDLLAELNLLFAQQHOFGNPHC---KEHIQQY
LEEGKADAPMEVSTPAYKI LNTAFPRLIVEKEVRRILELSAPLIPGL----TAEIIEL
TRGFVRKGGKA---TKVHGV: LEGKYMQSDLVAELRQICRTQRV-~~ -SETTFEK
LNPTQOSAGRRAELSNAT, ETRLRQEDVLWELRCIADVOGL ~PEDVVSN
LDAGYAEAPRLRWRTGSKKPDAEGY- LPVRLMQEDNANELKQIFRVQRVP— ~ADEWKPL
TDAEGKLVHGKKHGYVSNVRNKAGEY TVSRQATVDEVRKIFAAQRAL---GNDVMSEELEDS
YAPEYALFRQYLGL--PATKGRPDCL! HDVMKDHGVKEE
LKEKSKEMGREFYISEFLLELLKENRWAKI YPFLENLDKKTL
TGGISYR-I YPDILTDEFIRM
YPDILTDETIRC

RFAP

RYTLRDMY IREFEIIWQRQAGHLGLAHEQATRKKNIF

TYYPTRKMYEEEFNLIRSKQEKY-~~YPQVDWDDIYKA

G
WSRHRGTPRTRSPTRIRMEGEGAKA-LY:

FYPTREMVRAEFERLWTAQSRF-~--APDLLTPERHEE

HHHHHHH

HHHH: EE--H.

HHHH
WYFNDAKFEQGQEQLDAVKLKNVLVRALKY -LRSDDKEWSASQKQIIQSLEQ:
RYFNDKEMEKG-DIWIPNKLHKITERFVRS-WHPKNDADRQRRAELMKDLK:

VLDVLAGLDPDRTIPPYEDQNNRRPPEDQTLYLNPKALSSEYG----

KE-IMELLTTTEPVMTIPPYDDMNNRGAVKCQTLRLNEEY LDKHL!

RYLAKNP---—-] KQFDEQTFGNEFLRMLKNFRHLKGSQESLAVRNLIQQLEQ
WYFNAPDIMKD-RGWEPDRFKKTLVRAFKF-FHP-AKDONKQHLELIKQT

ODYISILEKTPPEITIPPYEARTNTGMEKDQSLLLNPEKLNNLY

DIIETLCTLDPNRTIPPYEDQNNRRPPLDQTLLLSPEKLTRQYG:

KYFNDPNMSGV-SYWDEKRLEKYFYQWVQG-WHTKGGTDEAEKKNI ILKT!

KYFNDKIHAKA-DHWDEQKFTETYCHWILG-EWRVGVKDQDKKDGAKYSYKDLCNELKOK:

AP-LLKTLKSLSADLTIPPYEDQNNRRPPKCQSVLLSDEKLTMHY:

VTKAGLVDFLLELDPCRTIPPYLDNNNRKPPKCQSLILNPKFLDNQY
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Jnet
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Motifs

Actinomyces coleocanis DSM 154364
Coriobacterium glomerans PW2
Acidaminococcus sp. D21
Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum 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 thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SE370
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
Streptococcus sanguinis SK49
Fructobacillus fructosus KCIC 3544
Eubacterium yurii ATCC 43715
Lactobacillus farciminis KCTC 3681
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Lactobacillus rhamnosus GG
Finegoldia magna ATCC 29328
227501312
Mycoplasma mobile 163K
Mycoplasma gallisepticum str. F
Mycoplasma synoviae 53
Mycoplasma ovipneumoniae SCO1
Mycoplasma canis PG 14
Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8
Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3
Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. CS561
Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260
Candidatus Puniceispirillum marinum IMCC1322
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. B510
Caenispirillum salinarum AK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil
Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121
Helicobacter mustelae 12198
Acidovorax ebreus TPSY
Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10
uncultured delta proteobact. HF0070 07E19
parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835
Actinomyces sp. oral taxon 180 str. F0310
Acidothermus cellulolyticus 11B
Bifidobacterium longum DJOL0A
Alicyclobacillus hesperidum URH17-3-68
Alcanivorax sp. W1l-5
Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str. F0450
rnesiella intestinihominis YIT 11860
Odoribacter laneus YIT 12061
Treponema sp. JC4
Rhodovulum sp. PH10
331001027
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Legionella pneumophila str. Paris
Sutterella wadsworthensis 3 1 45B
gamma proteobact. HTCC5015
Francisella novicida U112

informative positions

L IELVFAAD ELVGYDV—
Vi SLVSFRIPYYVGPL---------, STRNARTDQHGEN-RFAWSERKPGMQDEPIFPWNWESIIDRSKSAEKFILRMTGMCT -
I NQDKLLSIMTFRIPYFVGPL DNSEHAWL
F TEKLIKMLEFRIPYYVGPL THENIDI
K DKLLKTFKFRIPYYVGPL YHKDK!(
Y QKIESIFRFRIPYYVGPL TRHC(

VVDKIKLIFKFKIPYYVGPL TKSTRSWVY
I QLFEFRIPYYVGPL VDDGKDGK:
L KIIMLLTFKIPYYIGPI-==—=-===~ NDNHKKFFPD-~~~-] RCWVVKKEKSPSGKTTPWNFFDHIDKEKTAEAFITSRTNFCT
K DKVESIMEFRIPYYVGPL PDSKYAWIK 'TKITPWNFKDIVDLDSSREEFIDRLIGRCT~
L LSILTFRIPYYFGPL TSEHAWIK LEGKENQRILPWNYQDIVDVDATAEGFIKRMRSYCT~
I KILTFRIPYYVGPL-~-~--~~~. ARGNSDFAWST
I KLLTFRIPYYVGPL ARGKSDFAWLS
I KILTFRIPYYVGPL ARGNSRFAWMT ~RKSEETITPWNFEEVVDKGASAQSFIERMINFDK
G INKIEGLLTFRVPYFVGPL-VVPEDLOKSL KKGEITPWNFDEMVDKDASGRKFIERLVGT D!
SH LNKITALINFRVPYYVGPL-VEEEQKIADDGKNIPDPTNHWM
D
L TVSEMIIQLFEFQIPYYVGPL----DKNPKKDNKANSWAK~

EKLLSILSFRIPYYVGPL QSAl

VNDH'

EKNPF.
TASKFGWME.

SNGHARPWNFDEIVDREKS SNKFIRRMTVTD:

-RKSNESIKPWNFDEVVDRSKSATQF IRRMTNKC:!

VKDTTQSPFSWVE ~RKGDAPITPWNFDEQIDKAASAEAFISRMRKTCT
YQLDELLNFHIPYYVGPLITPKQQAESG--~ENVFAWMVRKDPSG=-~======~ NITPYNFDEKVDREASANTFIQRMKTTDT
I EKIRKTFTFRIPYYVGPLNDYHKNNGG: IFRNKGI IRPWNFEKIVDLHKSEEEFIKRMLNQCT—
E EEEEE HHHHHHH
KSFFSRIRNYSEGPGNEKSFSKYGL- YANEI PELIINEKGQKIYTKIFKTLWESKIGKC YDKKL-Y-
LFSYVRNYSEGPGSINSVSPYGI YHLDEKEGKVVQKYNNIWDKTIGKCI IFPDE-Y:
LKLFNYVRPFNKGPGSKNSRTAYG' FSTDIDPETNKFKDYSNIWDKTIGKC LFEEE-T

SR B R R B B R B R R R e O KR H R T e

LNLFTSVRDYAKGPGSEHSASEYGT

KKIFSFTRDISKGPGSDNMPSPYGT

FQK--DEKGKVFKKYDNIWDKTIGKC FFVEE

FGEF-GDNGQG-GRYEHIWDKNIGKC

IFNRKRKYYEGPGNEKSRTDYG!

TTKLDANGNY ITEDNIFEKLIGKC!

VQPGIAEEAGLIYRKRPYYHGP PYG

LEILTGKRKYYHGPGNEKSRTDY!

FOKTGEPATNIFDKLIGKD

YRTSGETLDNIFGILIGKCT-

IELVEMRREYFEGPGKGSPYGWEGD
ITIISRKRMYYDGPGGPLSPTPYG]

PKAWYETLMGHCT -

YTYFGOKEPIDLIEKMRGKC:!

KDIIFAQRDFEIGPGKNERFRRETG

VEIMTSQRSFDMGPGLOPDGK!

YLDSIGKCQ-----~

LLGDENRAGIFQAQRDFDEGPGAGPYAGD!

t

IEVFNSQRNFDEGPSKPSPYYSEIG!

RRNSISTRDFCHLFIEDIIFYQRPLK

DKESGEIKHA-SIKCIA-KSHP

L---RKLATVLYPSQSKF FGPKIKEFENSDVLHIISEDIIYYQRDLK: OKSLISECI D---GEI--Y-GLKCIP-KSSP
DIIIFYQRRLK QKGLIGFCE- DIDGKKKIKTVGNRVIS-RSSP
DELKACITDQEMPTID ESLEGKCT-
TKAIGY! LIPESGFCP-
VSAILF IVPEAGCCP—
TKARFFQRPLQD: EKLVGPCP-
FDGLAKDLYKATFFQRPLK: OKGLIGKC:!
ISE--KKNVGTIFYKRPLI ORGNVGKCT------
LIEDLQRATIFFQLPLK ORHGVGRCT------
LHLVAFQNPFASGED IRNKAGHC
KEIVFFQRKL: PQEVGRCI-
KDTLLHORPL: PVKPGRCT -
ILLFQRKL LPVPVGKCF-
FEKIFFQRPL EPEVGLCLFSGHHGVPPKD
RLVLDQRPL FLPGE-D:
IFHORPL: PPPVGRCT~ LYPDD-G-
LVLDQAPT AVPPATPCL- FLEELRR-—--=-=~ RGETFQGRTITREAIDRG-—~=~~ L-TVDP
IIFYQRPL PATVGKCT- LDPAT KEDPEGYR P-WSHP
ATFSQ! RPSIGKC: LDPATSQD DVDGF---RC-===~~-. A-WSHP
TAFFVRPMO! TEKMVGHCT--~~~~ YFPEI P-KSAP
LSVAFYKRALKD: FSHLVGNC:! FFTDE-K- P-KNSP
H
LLGN DAQSKQEREGLIFYQRPLI FGDKIGKC Y-
L TLGDGDRKSGLFWQOKPALSGAD, LLKMLGKCT-
Y LNIWSSQRPFASKED IEKKVGFCT—
F LNIWEFQRPFASGD: ILSKVGKCT--—--—
Y LDVLMGQ! LGNC:!
1 DTIFAQRPVF KNTLGEC]
I TLLMTQRPALSGDA- VOKMLGHCT—-—--—
TELLMWQKPALSGEA- TLKMLGKCT NE-F- - A-KHTY
1 AQHHPLTTEQRGVLLQHGIKLARRY] LLFGQLIPRFDNRIISRCPVTWAQVYEAELKKG==============- NSEQSARERAEKLSKVPTANCP
L VLSIFHSKEPAI ARRQRERVGLDELQ--LALDPAAK RAHP
V- IDAVFCQKRPSV- PAERIGRDI LDPSQ-L- L
F FYAVSPKG AEQRVGQD! LAPEQ L-KASL
Y LKILCSQRNFDDGPGGDSPYGHGSVSPDGVR: QSTYERMVGSCT- RAP-RSSY
1 IFFQRPLK PADKVGRC LQTNL PRAP-RAQT
IEIVSFIFPGEKESQKKYRELGLEKGLKY I TKNQVVEFYQRELKD QSHLISDCI Y] ATA-KSHP
L EVIFMORPLK: KHLVSLC] FEKQER JQDDGKGGWOLVERRVKFGPKVAP-KSSP
I RDEIIYYQRPLK KYLVSRCE------ FEKRF-—-——-————mmmmm o YLNAAGKKTEAGPKVSP-RTSP
L--=-—-= EGSATNVRNSKLITHLQAKYGRGHVLIEDTRITVTFQLPLKEVLGGKIEIEEEQLKFKSNESVLFWQRPL QKSLLSKC! FE FYDPVHQKWITAGPTPAP-LSHP
I FYQRPLK: PQORGYCI- TF-KAMP
I TLFRORDLA: PPKIGCCT~ RLP-RALP
EKWKSWANKF---AGAYPLLTEDLTEILKNTDRK. IKIRSDVLPDSDYRLAY
PNWRDIAKRL: KFNDDLADSTVKGY.: EDST
TISPSKQDEKRDSY
VAVNGHEPLPTLAYQLSY

PKWKEWVGQLVK-QNDNAYLNENVT:

PNWQOYLQELKKLQS IQNYLDSFETDLKVLKS SKDQPYF-~V--—--—

7777777777 EYKSSNQOIASGORDYKDLDAR
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Motifs

Actinomyces coleocanis DSM 154364
Coriobacterium glomerans PW2
Acidaminococcus sp. D21
Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum 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 thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SE370
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
Streptococcus sanguinis SK49
Fructobacillus fructosus KCIC 3544
Eubacterium yurii ATCC 43715
Lactobacillus farciminis KCTC 3681
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Lactobacillus rhamnosus GG
Finegoldia magna ATCC 29328
227501312
Mycoplasma mobile 163K
Mycoplasma gallisepticum str. F
Mycoplasma synoviae 53
Mycoplasma ovipneumoniae SCO1
Mycoplasma canis PG 14
Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8
Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3
Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. CS561
Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260
Candidatus Puniceispirillum marinum IMCC1322
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. B510
Caenispirillum salinarum AK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil
Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121
Helicobacter mustelae 12198
Acidovorax ebreus TPSY
Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10
uncultured delta proteobact. HF0070 07E19
parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835
Actinomyces sp. oral taxon 180 str. F0310
Acidothermus cellulolyticus 11B
Bifidobacterium longum DJOL0A
Alicyclobacillus hesperidum URH17-3-68
Alcanivorax sp. W1l-5
Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str. F0450
arnesiella intestinihominis YIT 11860
Odoribacter laneus YIT 12061
Treponema sp. JC4
Rhodovulum sp. PH10
331001027
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Legionella pneumophila str. Paris
Sutterella wadsworthensis 3 1 45B
gamma proteobact. HTCC5015
Francisella novicida U112

informative positions

AF-QRYRIAS-IVSNLRI LGSGADERLDVETQKRVFEYLLN----AKPTAD IT---WSD: IGVER---NLLMGTATQT -~ ———--=—==——-, ADGERASAKPPVDVT-
LY-EEFCVLN-ELNGAI IDGDDEHRFDAADREGI IEELFR: JIGAHVC JGEKGFESKLGSY-IF-

~NVAFATCKIKPLKEWWLNADYEARCVMVSALSH

IY-EKFMILN-EINNIRI DGYPISVDVKQQVFGLFEK- ALDKHGK- LTGIDTTIHSNYNTY-HH-
LY-SEFMLLN-ELNNVRI DGKALAQGVKQHLIDSTFK~ YITKKHKPE ITGLDGEIKNDLTSY-RI
LY-SEYIILN-ELNKV( DEFLNEENKRKIIDELFK— ANRTVE-—

LY-SKYMVLN-ELNNVK! KLPTSLKQKVFEDLFE- DIQIDD--

LY-SKYNVLN-EINPIK! KAIPVEVKQAIYTDLFE- YIEKEDI-

VY-SKFMVLN-ELNNLRL: KISVELKQRIYEELFC— GIAKKGVE~-

LY-SEYTVLN-EINNLQT IIDGKNICDIKLKQKIYEDLFK-

IY-NEFMVLN-ELNNLKL: LITEEMKKAIFEELFK—

IV-SKYEVYN-ELNKI DDKLLEVDVKNDIYNELFM~

LY-ETFNVYN-ELTKVRF-——-——==—-——————————m—o— e IAESMRDYQFLDSKQKKDIVRLYFK—

LY-EKFTVYN-ELTKVKY TEQ-GKTAFFDANMKQE I FDGVFK~
LY-EYFTVYN-ELTKVKY TEGMRKPAFLSGEQKKATVDLLFK—

LY-QKFDVLQ-ELNNT RRLDIRAKQDAFEHLFK:
IY-EEVMLON-ELTRVKY: DKY HFFDSELRQONTINGLFK~----NN-SKR-

DYLKAQ
ELISLNI
LIAQGYY:

MNH--GEKLST

LY-QKYEVLN-ELNNVRI LGTDQKQRLIREVF] DNLVAHGD---FARRPEIR:

LY-SEYMVLN-ELNNLRI KPLDTDVKLKLIEELFK—-===~ K-KTK: DYMVRNN---FADKEDFD

HH-HHH EE HHHH] E

SA-KVFDITN-KLTDWK NEYISERLKRKILLSRFLN---~-] KDSKS AVEKILKEENIKFE-- ~NLSEIAY---NKDDNKINLPIINAYHSLTT-

IA-MIFNEIN-ELSTI YSIYLTGWFINQEFKKAYLNKLLDLLIKTNGEKP IDARQFKKLREETIAESI—

SA-LIFNLON-EICTIKI FTEFKNWWLNAEQKSE I LKFVFTELFNWKDKKY SDKKFNKNLQDKIK-:

SY-EIFNLLN-QLINLST DLKT TNKKIWQLSSNDRNELLDELLKVKEKAKI -~ ISISLKKNEIKKII-

SA-LIFNFLN-ELANIRL----—==--=——=--=—— YSTD-----] KKNIQPLWKLSSVDKLNILLNLFNLPISEK-| KKKL —————— TSTNINDIVKKESI-—------ KSIM-IS---VEDIDMIKDEWAGKE-PNVYGVGLSGLNI--EESAK-ENKFKFQDLKILNVLINLLDNVGIKFEFKDRND—
TA-QEYNVLN-DLNNLTI RKLEENEKHEIVERIK! T 1ISDCMGENIDDFAGAR- Y NKMRKALLEIGIDISNY---
SA-QQYNLLN-DLTNLKI DGEVPLSSEQKEYILTELMT ~ G===VND---~ K KERLSGWR:

TA-QEFNLLN-DLNNLT TETKKLSKEQKNQI INYVKN— VADIKGYR

SA-DLFNALN-DLNNLVI RDGLSKLEYHEKYHI TENVFK~ DIKGY!

SA-ELFNLLN-DLNNLSI EKLTSEQKAMILKIVHE - KEVGVS----LEQIRGFR

IA-DIYAFVN-VLSQYTY: TNNRGESVEDTSFANDLINSALK KVVKPLFEKY --GYDWDKLIENYTDTDNNVLNR
TA-ELFVALQ-KINHTKL IDEFGTGRFFSEEERKTIIGLLLS -~ ---5--KE-------LK---YGT----IR--------KKLNIDP---SLKFNSLNYS—---------AKKEGETEEERVLDTEKAKF -~ - -~ ==~~~ ASMFWTYEYSKCLKDRTEEMPVGEKADLFDR
TF-QYFNLLQ-KMTSLNY—-====== == === —m o oo oo QNTTGDTWHTLNGLDRQAT IDAVFA- LVKVLPEEMWQ QLLDH
SG-ERFVFLQ-KLNNFRI VGLSGKRPLTEEERDIVEKEVYL~ ISLIGNYTIKKLNLSEKLKSEIEEDKSKLDK
LY-QEFRLWQ-FIVNLRI YRKETDVDVTQELLP— ~SKEKEET
LY-QEFRIWQ-DIHNIKY IRKESEVNGKKKINI - -] ~HPSKLNR
LF-QEFKIWQ-ILNNIEVTVVGKKRKRRKLKENYSALFEELNDAEQLELNGSRRLCQEEKELLAQELFT -— -~ R--DK: KSE:

LY-DLYRLYK-KLADLNI DGYEVTQEDREKVIEWVEKKIAQGKNLKK

LN-EERRLWE-TLNNARY --SE ILOGRDKKAQKIKGY.

LN-EERRLWE-AINNARI VLOGKEKATQKIAGE -
SF-ELFRFLS-RLNHVTL TTVEVGVK

DF-EEYRMWT-YLNTIKI
LF-EKFRAWT-LINNIKL
DY-EEFRMLC-FVNNI
SA-ETFMLLQ-KTGNLRL
SF-QRFRIYQ-ELSNLAW
ST-QRFRIHQ-EVNHLRL
SA-QRFRLMQ-ELNHL

LT-QRRVLYE-TVNQL TADGREARPLTREERDQVIHALDN----~ KKPTK-SLSSMVLK---LPA: DRFGPRWS ILDADAQW--=-—========
TV-QDFITRQ-TLANLRL======== == == m—mmm—mmmmm oo PSTSADEPRPLTDEEHAKALALLST RFVE: PA. RNGAKQAARGTAGNL TEAILAPLI
SA-QRLRLFQ-ELASL THLDLSERPLTPAERDRIVAFVQG- RPPKAGRKPGKVQKSVPFEK ESDKRPELLGDETGA~ RIAPAFGPGWTAL—

LI-QALRIRE-TVGNLRL ITEPDGRORYVPRAMPELGLSHGELTAPERDTLVRALMH ERDTSGGGITVNPTD- PLMARWIDGWVDL-
LA-QRFRILS-EARNLET TGKGSRRLTKEQSDLVVAALLA- ESDRRAALDGDQTA- ARLSDKKGF---NKAWRGF -
LA-QRFRIWQ-DVRNL ETGPTSSRLGKEDQDKVARALLQ- ESDRRDHLKGDAT TLSARRHF DI
TA-EKFIAISKFFSTVII NEGWEQK I TERKTLEELLDFAVS— KREATLFDPNEPTEL-EFDKVEAEKKAWI SLRGAAKLREALGNEFYGRFVALGKHADE
LA-FMFVALTRIINLL LKNTEGILYTKDDLNALLNEVLK——-~-] N--GT EKGTYFIEFKKYKEF-TI. ALGEHNL:

HH-HHHHHHHHHH--E HHHHHHHH

SA-EEFVALTKSINFLKI LTNRHGLCFSQEDMCVYLGKILO- -LLLDLPS---DFEFLGLDYS~ GKNPEKAVFLSLPST FKLNKITC DRKTQDK
SV-ERHVWLT-RLNNLRI VVDGRSRPLNEAERQAALLLPYQ~ AFIKAGLWGDGVRFGGLAYPSQAQIDAEK— TKDPEDQFLVKLPAW- HELRKAFKAAGHEALWQQTSTPALDGDPTLLDQ
TF-QSFIVWE-HINKLRL VSPDETRALTEIERNLLYKQAFS— LLNLSD---DIHFKGLLYDPKSS——— LKQIENIRFLELDSYf HKIRKCIENVYGKDGIRMF—~~~~~- NETDIDT
TS-EYFGLLQ-SINNLVL VEDNNTLTLNNDQRAKI IEYAHF EILFKAHNLTHKI EMKSY

ST-EWFKFLQ-NLGNLQT
LS-QQRRMLE-KLNNLAT
TA-ERFIWLT-KLNNLRI

TAFFKGLRYGKDN ~HAISRALEKEGLKDKKSPLNL—

SA-ERFVWLT-KLNNLRI QATFKHLRYSKI IATRKALENQGLKDTWQDLAK~
EF-YEYRMAR-ILCNT. AISSRLGKETETNVSNYF TLHPDSEEALYLNPAVEVLQRSGIGQILSPSVYRI -=—============-, AAN
AF-QKFKVVA-TLANMRT LTSEELNRVARYLLN- LEVPR---HRLRGSSR LETGGGLTYPPVDDT-=-=-====== TVRVMSAEVDWLADWWDCANDESRGHMIDAISN
EF-QEYRIVA-AVANLRI DGSGSRPLSLEERNAVIEALLA- LEILKL DLTSV]

AF-QEYRIAN-VITNLRI DASAELRKLTVDEKQSTYDQLVS~

SF-ERFQLLT-KVVNLRI--YRQQ---EDGGRYPC- -LST
AA-QNFRIEK-QMADL] LAAWRKLGLEDRWQELDEVTQIQVINFLA--~-DLGSPE
VF-QEYKVWE-QINKLIV--NTKIEAGTNRKGEKKYKY IDR: KLOLQKSL ELWDVLGL DSI
LF-QLCCIYE-AVNNIRL LLDMELETRMMTVQLTDEETGEVTEREVAV-VTDSYVR
LF-QVCRLWE-SINNIVV--K------ DRRNEIVE" LGEQFKTGIQGNKTRVEIE--—--=-~—- RALGNYPDKKR----- LLQFNLQEESSSMVNTETGEIIPM------- ISLSFEQ
EF-EEFRAYQ-FINNIIY LFEKFNFDDTTKV: PHP'
CS-QKLRILQ-DIGNLAY-~YE —~GGSKKRVE: LNDNQDKVLY-ELLI DSNSFNLEENRDF FGKLWDE IPL
SV-EARGIYE-RLAHLRI--T- LTRPERDVLASALL PHALVNFEEAGEK: WH LSF
HH-HHH HHHH HHHHHHH

IL-QRAFDRS-IALDECST

LL-HRLLDTS-KEIDIYELR-
IL-QRYLDLN-KKIDKFKIKKQLSFLG
AL-QRAFDRS-KALDPYALRAL: AAGSKSNKLTSARTALENCIGGQNVK
AL-HRIVERS-RSIDPYQLRLLIS-: ITDAEKRNDLAGYKRLKLSLGSEVDE
ILKQFIFDRV-KASDELLLNEIYFQAKKL~-~-QKASSELEKLESSKKLDEVIANSQLSQILKSQHTNGI FEQGTFLHLVCKYYKQ-RQRARDSRLY IMPEYRYDKKLHKYNNTGR:

FP-ENALLERADLHPPMKNKILNVIVGQALGV---SPAEGTDFIEEIWNS--KVKGRSTVRSICNAIENERKTYGPYFSEDYK
LEDNSNMLKRCNHNPPHKKNQT HNLVAGILGV -KLDEAKFAEFEKELWSA-~-~KVGNKKLSAYCKNIEELRKTHGNTFKIDIE
FDNAFSLCELSNINPPRKQKILPLLVGAILSEDF INNKDKWAKFKIFWNT -~HKIGRTSLKSKCKETEEARKNSGNAFKIDYE
FDNADGLLERSDLHPPMKKKILPLLVANILQT---DETTGQKFLDE IWRK--QIKGRETVASRCARIETVRKSFGGGFNIAYN
FETENKLFFKCGKTPPRKEKLKSTLLSAVLGK-NLSDDEQSSFIEEFWKSGTPKIERRNVRGWCRLASQVQKTYGVYLK-EYG
FDDDNQLLTYCNHKPROKRYQLLNDLAGVLQVSPNFLKDK IGSDDDLFISKWLVEH IRGFKKACEDSLKIQKDNRGLLNHKIN

QGKQLPANLIETQKEMETHFNSSLVS
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227494853
328956315
227824983
303229466
34762592
374307738
320528778
291520705
42525843
304438954
224543312
116628213
24379809
13622193
310286728
366983953
422884106
339625081
306821691
336394882
323463801
389815359
258509199
169823755
Jnet
47458868
284931710
71894592
363542550
384393286
238924075
315149830
116627542
315659848
160915782
325677756
225377804
336393381
310780384
301311869
385811609
60683389
319957206
187250660
325972003
296446027
347536497
345885718
282880052
312879015
294086111
330822845
344171927
159042956
83591793
288957741
427429481
92109262
148255343
34557790
218563121
Jnet
291276265
222109285
365156657
220930482
297182908
154250555
218767588
15602992
187736489
315605738
117929158
189440764
403744858
407803669
423317190
402847315
404487228
374384763
384109266
402849997
Jnet
331001027
34557932
54296138
319941583
254447899
118497352

Motifs

Actinomyces coleocanis DSM 154364
Coriobacterium glomerans PW2
Acidaminococcus sp. D21
Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum 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 thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SE370
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
Streptococcus sanguinis SK49
Fructobacillus fructosus KCIC 3544
Eubacterium yurii ATCC 43715
Lactobacillus farciminis KCTC 3681
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Lactobacillus rhamnosus GG
Finegoldia magna ATCC 29328
227501312
Mycoplasma mobile 163K
Mycoplasma gallisepticum str. F
Mycoplasma synoviae 53
Mycoplasma ovipneumoniae SCO1
Mycoplasma canis PG 14
Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8
Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3
Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. CS561
Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260
Candidatus Puniceispirillum marinum IMCC1322
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. B510
Caenispirillum salinarum AK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil
Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121
Helicobacter mustelae 12198
Acidovorax ebreus TPSY
Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10
uncultured delta proteobact. HF0070 07E19
parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835
Actinomyces sp. oral taxon 180 str. F0310
Acidothermus cellulolyticus 11B
Bifidobacterium longum DJOL0A
Alicyclobacillus hesperidum URH17-3-68
Alcanivorax sp. W1l-5
Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str. F0450
arnesiella intestinihominis YIT 11860
Odoribacter laneus YIT 12061
Treponema sp. JC4
Rhodovulum sp. PH10
331001027
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Legionella pneumophila str. Paris
Sutterella wadsworthensis 3 1 45B
gamma proteobact. HTCC5015
Francisella novicida U112

informative positions
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227494853 Actinomyces coleocanis DSM 15436# VNEFGVSEDWRP! TGARVGNPAVDRVLKAVNRYLMAAEAE -

-WG--APL--SVN-IEHVREG

328956315 Coriobacterium glomerans PW2 ---REGCPV: KRGRAMVMME I LRDEE LGFQKKVDDFNRAFF" AENAQALG-VNELPGSPAVRRSLNQSIRIVDEIASI-
227824983 Acidaminococcus sp. D21 TNDNLMQLLSECYT--FSDEITKLQEAYY: KAQLSLNDF-LDSMYISNAVKRPIYRTLAVVNDIRKA-
303229466 Veillonella atypica ACS-134-V-Col7a LMRNDSYNLMEILGDKFSFMEC IEEENAKLA—————=—===—===———=———————— QGQVVNPHDI -IDELALSPAVKRAVWQALRIVDEVAHT -KKA-LPS--RIF-VEVARTN
34762592 Fusobacterium nucleatum ATCC 49256 ALRRTNYNLMELLSSKFTLOES IDNENKI -TGR-VPK--KVF-IEMARGG

374307738 Filifactor alocis ATCC 35896 AMWETDNNLMQILSKKFTFMDNVEDFNSGKV
320528778 Solobacterium moorei F0204 TNATLMEILSNEKYQ-FKONIENYKAENY
291520705 Coprococcus catus GD-7 LWQTNDNLMQLLSRNYG--FTNEVEEFNTLKK-
42525843 Treponema denticola ATCC 35405 IITAMRETQNNLMELLSSEFTFTENIKKINSGFE
304438954 Peptoniphilus duerdenii ATCC BAA-1640 FMREYNLNLMELMSGHYT-FTEEVEKLNPV] LCYEM-VDELYLSPSVKRMLWQSLRVVDEIKRI~

224543312 Catenibacterium mitsuokai DSM 15897 VLEMSRLNLME I INDKDLGYAQMIEEATSC. DGKFTYEE-VERLAGSPALKRGIWQSLQIVEEITKV—

116628213 Streptococcus thermophilus LMD-9 ISNRNFMQLIHDD----- ALSFKKKIQKAQI ~-——=—=====—-—m———m—m IGDEDKGNIKEV-VKSLPGSPAIKKGILQSIKIVDELVKV-

24379809 Streptococcus mutans UA159 IGETD--NLNQV-VSDIAGSPAIKKGILOSLKIVDELVKI

13622193 Streptococcus pyogenes SF370 SGQGD--SLHEH-IANLAGSPAIKKGI LQTVKVVDELVKV

310286728 Bifidobacterium bifidum S17 IMRAEDRNLME I ITDKQLGFSDWIEQENLGA SSLMEV-VDDLRVSPKVKRGI IQSIRLIDDISKA-

366983953 Oenococcus kitaharae DSM 17330 TLYNTKMNLME I INNAEDDFGVRAWIDKQNTT == == =============—=—==me DGDEQDVYSL-IDELAGPKEIKRGIVQSFRILDDITKA-

422884106 Streptococcus sanguinis SK49 FLRNDEENRNLTKLISDNTLSFEPKIKDI-QSKST IEDDIFDE-TKKLAGSPATKRGILNSIKIVDELVQI- -IGY-PPH--NIV-IEMAREN
339625081 Fructobacillus fructosus KCTC 3544 LKSTSQNFMSTINNDKYGVQAWITEQ-—-NT! LTFDEKVNELTTSPANKRGIKQSFAVLNDIKKA- -MKE-EPR--RVY-LEFARED
306821691 Eubacterium yurii ATCC 43715 LWETNFNLMELLSSRFTYMDELEKRVKKLEK! LSEWTIED-LDDMYLSSPVKRMIWQSMKIVDEIQTV~

336394882 Lactobacillus farciminis KCTC 3681 LMWATNNNF IS IMSNDKYDFKNY IENH-NLNKI DONISDL-VNDIHVSPALKRGITQSIKIVQEIVKF-

323463801 Staphylococcus pseudintermedius ED99 LLRHSDENFME ILTNDVYGFQNF IKEE--NQV( TQHQD-TANLTTSPALKKGIWSTIKLVRELTST

389815359 Planococcus antarcticus DSM 14505 QY SSVFMEVLKNKGFGLEKK IQKMNQHQVD TKKIRYED-TEELAGSPALKRGIWRSVKIVEELVST -FGE--PA--NIV-LEVARED
258509199 Lactobacillus rhamnosus GG LMLSNHNLMQILADET -~ LKETMTELNQDKL TDDIEDVINDAYTSPSNKKALRQVLRVVEDIKHA- ~ANGQDPS--WLF-IETADGT
169823755 Finegoldia magna ATCC 29328 FLRNSSDNLMQIIGSQNYSFNEY IDKLRKKYI QEISYEVVENLYVSPSVKKMIWQVIRVTEEITKV~ -MGY-DPD--KIF-IEMAKSE
Jnet 227501312 HHHHHHHH EE-EEEEE--
47458868 Mycoplasma mobile 163K YEEKALONQK] FSHSNLFEKTWV DLIASPTVKRSLRQTMNLLKEIFKY - SEKNNLEIE--KIV-VEVTRSS
284931710 Mycoplasma gallisepticum str. F DKNNDKGWNFEATKNFDQKFIDITKKNNNLSL ONKRYLDDRFINDAILSPGVKRILREATKVFNAILKQ- ~FSE-EYDVTKVV-IELAREL
71894592 Mycoplasma synoviae 53 YESLKHSNEELKKRTEKAELKAQ! KYLKDNFLKEALVPLSVKTSVLOATKIFNQI IKN- ~FGK-KYEISQVV-IEMAREL
363542550 Mycoplasma ovipneumoniae SCO1 YLKWKDEE IRRKWEEQKSKLGKTDKKT YLNPRIFQDEI I SPGTKNTFEQAVLVLNQI IKK~- ~YSK-ENIIDAII-IESPREK
384393286 Mycoplasma canis PG 14 LEATKNYDEETKSQIEDNSSLMAKQD! Y LNDNFLKDAILPPNVKVTFQQAILIFNKI IQK~- -FSK-DFEIDKVV-IELAREM
238924075 Eubacterium rectale ATCC 33656 VTKGTQEEFAG-—---~ LKYIP VVSEDIFNPVVRRSVRISFKILNAVLKK- ~YK--ALD--TIV-IEMPRDR
315149830 Enterococcus faecalis TX0012 LEQFQLKSDVRKRY SEYKKLPT DVLAEIYNPTVNKTVSQAFKVIDALLVK- ~YGKEQIR--YIT-IEMPRDD
116627542 Streptococcus thermophilus LMD-9 LGKQK-———-— TT TKYIDEKLLTEEIYNPVVAKSVROATKIVNAATKE-

315659848 Staphylococcus lugdunensis M23590 QMETFTHLNIKPKKI - EFILSPVVKRTFGQATINLINKIIEK- -YG--VPE--DII-IELAREN
160915782 Eubacterium dolichum DSM 3991 LFGLKQNNELSVK NIQADDTAILSPVAKRAQRETFKVVNRLRET

325677756 Ruminococcus albus 8 KFNKEIPDIDENAKPQ--KLPPFKI DDCEFFKNPVVFRSINETRKLINAI IDK ~YG--YPA--AVN-IETADEL
225377804 Roseburia inulinivorans DSM 16841 AAGYDFRALNDGNKKH--LLKGEEINAT DITNPVVKRSVSQTIKVINATIIQK- -YG--SPQ--AVN-IELAREM
336393381 Lactobacillus coryniformis KCTC 3535 TNTGYDFRKKQISK: TIREEITNPVVRRAVTKTIKIVEQI IRR- -YG--KPD--GIN-IELAREL
310780384 Ilyobacter polytropus DSM 2926 DYDYKNNGIKFKRGE-LLPVVDK: ~YG--TPH--TIH-VEVARDL
301311869 Bacteroides sp. 20 3 GEYDENT ROKAINLTDIT- HFRALPLWLACYL ~VG--HID--EIH-IELGREM
385811609 Ignavibacterium album JCM 16511 DODLEKQVLKSFLEKKNESD----YLKGLKTYQAGYL ~FG--I1D--EIH-IELGREL
60683389 Bacteroides fragilis NCTC 9343 YAGYRHSESSLT-----~. REETANKVLKDRL -YG--KPD--EIR-VELAREL
319957206 Nitratifractor salsuginis DSM 16511 DDRE DYSRYPKSLRHLI -YG--PFD--EII-LETTRDA
187250660 Elusimicrobium minutum Peil9l LKEGKLTKEKQAIKD-RLPYYGAVLOEST

325972003 Sphaerochaeta globus str. Buddy METGEFQELSVWEQQSLLPYYGQILTGST

296446027 Methylosinus trichosporium OB3b "AADYDHTASRE! FD LK

347536497 Flavobacterium branchiophilum FL-15 KKKLVLFYKSN--ETENKEQQETIFNELLPIFIQQLKDYE--FIKIQRLDQKVLIFLKGKNETGQIFCTEEKGTAEEKEKKT NRLKKLYHPSDIEKFKKKI IKDEFGNEKIVLGSPLTPSIKNPMAMRALHQLRKVLNALILE - GQID--EKT--IIH-IEMAREL
345885718 Prevotella sp. C561 IRQIENSLGARRWS LMDANEQTDILOKVRDRYQDFFRSHERKFVES PKLGESFENYLTKKF P WKKLYHPSQITIYRPVSVGKDRS -~ VLRLGNPDIGATKNPTVLRVLNT LRRRVNQLLDD- GVISP-DET--RVV-VETAREL
282880052 Prevotella timonensis CRIS 5C-Bl TIEMLIKDFLANNFEL: AGATDKLYHPSMIETY-PNAQRNEFG--TLOLGSPRTNATRNPMAMRSLHILRRVVNOLLKE~

312879015 Aminomonas paucivorans DSM 12260 DAGYARPPPDRHP-----KLPPLE DWRNPVVFRALTQTRKVVNALVRR-

294086111 Candidatus Puniceispirillum marinum IMCC1322 EAGLGEANLYDPYAALSDKLDYYGKALAGHV- KFEDSDEKRYGTISNPTVHIALNQVRAVVNELIRL

330822845 Alicycliphilus denitrificans K601 ~  —=——= OAAGFDHHSQLGFEYDA! DL---VHPETGEIRSV--FKQLPYYGKALQRHV- AFGSGKPEDPDEKRYGKIANPTVHIGLNOVRMVVNALIRR ~EVV-
344171927 Ralstonia syzygii R24 GYPAHTADLENGERD--ALPYYGELLWRYT ~QDAPTAKNDAERKFGKIANPTVHIGLNOLRKLVNALIQR ~YG--KPA--QIV-VELARNL
159042956 Dinoroseobacter shibae DFL 12 ACGWHHSDGRTGECFD--RLPY YGEVLERHV === === === === mmm oo IPGSYHPDDDDITRFGRI TNPTVHIGLNQLRRLVNRI IET PH--QIV-VELARDL
83591793 Rhodospirillum rubrum ATCC 11170 TLALGLHHSHRPRQERLA-RLPYYARALPD LDGDPVGPPPAEDDGAAAEAYYGRIGNISVHIALNETRKIVNALL! PIL--RLVMVETTREL
288957741 Azospirillum sp. B510 LLRGGKDHS DFSREGALLDALPYYGAVLERHV AFGTGNPADPEEKRVGRVANPTVHI ALNQLRHLVNAILAR-—============—=-——=-] H

427429481 Caenispirillum salinarum AK4 LPRTMARARTPNRARQQORGPLPAYESVIPSQL ITSLRRAHKGRAADWSAADPEERNPFLRTWTGNAATDHILNQVRKTANEVITK YGNRRGWDPLPS--RIT-VELAREA
92109262 Nitrobacter hamburgensis X14 ---GAGYHI AKRAGYDHAKLPTGEQLGRLPYYGQWLQDAV DARDQKEKQYGQF PNPTVHI GLGQLRRVVNDLIDK~-

148255343 Bradyrhizobium sp. BTAil AAGYDHALLPGGKLSPTGYLPYYGQWLONDV DDERDT PNPTVHIGIGQLRRVVNELT

34557790 Wolinella succinogenes DSM 1740 LMLGVPHKEKSAILPPLNK: TDIDILNPTVIRAFAQFRKVANALVRK-——============—=—==== YG--AFD--RVH-FELAREL
218563121 Campylobacter jejuni NCTC 11168 LNLKVAINEDKKD----- FLPAFN TYYKDEVTNPVVLRAIKEYRKVLNALLKK=—============——==———= YG--KVH--KIN-IELAREV
Jnet 218563121 HHHHHHHHHHHH HHHHHHHHHH E-EEEEE--
291276265 Helicobacter mustelae 12198 TLOERGIFSKPQPKNRQ-LLPPLSELAK ESYFDIPNPVLRRALSEFRKVVNALLEK- -YG--GFH--YFH-IELTRDV
222109285 Acidovorax ebreus TPSY QIPEYGHHSORIEPGAAKHLYLPPFYEAQRKYA -=—=-=—====————————————— GKGDHIGSMQFRDDADI PRNPVVLRALNQARKVVNALIRE ~YG--SPI--AVN-IEMARDL
365156657 Bacillus smithii 7 3 47FAA LAGYNFTGPKKKEKAL--LLPVIPNI ANPVVMRALTQSRKVVNAT TKK ~YG--SPV--SIH-IELARDL
220930482 Clostridium cellulolyticum H10 ELDFTG LEKCNKLTV IIENVTNPVVIRALTQARKVINATIIQK-—===—=======—=—=———== YG--LPY--MVN-IELAREA
297182908 uncultured delta proteobact. HF0070 07E19 QQESLPEIGV] AGD FDEMYNPVVNRVLSQSRKLINAVID! YG--MPA--KIR-VELARDL
154250555 Parvibaculum lavamentivorans DS-1 WEGWRRTNFPHRNQPTGEILDKLPSPASK ERISQLRNPTVVRTQNELRKVVNNLIGL- -YG--KPD--RIR-IEVGRDV
218767588 Neisseria meningitidis 272491 EIYGDHY-GKKNTEEKI-YLPPI EIRNPVVLRALSQARKVINGVVRR ~YG--SPA--RIH-IETAREV
15602992 Pasteurella multocida str. Pm70 IYGHHY-GEANQKTSQ-LLPAT QEIRNPVVLRTLSQARKVINAIIRQ: ~YG--SPA--RVH-IETGREL
187736489 Akkermansia muciniphila ATCC BAA-835 HPDGELKAHDGCLYCLLDTDS SVNQHOK RRLDTMTNNHLVRHRMLILDRLLKDLIQD====================== FADGQKDRISRVCVEVGKEL
315605738 Actinomyces sp. oral taxon 180 str. F0310 TRLYGVDPGWVPT! PIEAPVGNPSVDRVLKQVARWLKFASK] PQ--TVN-IEHTREG
117929158 Acidothermus cellulolyticus 11B TCFGVDDNWRPPL- ~WG--PPQ--SIV-VELARGA
189440764 Bifidobacterium longum DJOL0A TLENVTDSWRP! ~WG--NPV--SVN-IEHVRSS
403744858 Alicyclobacillus hesperidum URH17-3-68 TEYVKQRLL PE-SIH-IELAREL
407803669 Alcanivorax sp. W1l-5 Y. SLATPAQGGRQSKL PPPL TGNEVVDVALRQVRHT INMMIDD- -LG--SVPA-QIV-VEMAREM
423317190 Bergeyella zoohelcum ATCC 43767 TYLD! E IAT--ILVYDKHTAKI YSHDELYKSYKEINLLKQGDLRNPLVEQIINEALVLIRDIW}(N* ~YG--IKPN-EIR-VELARDL
402847315 Porphyromonas sp. oral taxon 279 str. F0450 PTSEEITERTLLEKI LLO) LROPLVEKILNOMINLVNALKAE- ID-EVR-VELAREL
404487228 ar, iella intestinihominis YIT 11860 YTKAENEARALLDRL! ATKKI LRQPVVEKILNQMVNVVNALMEK - -YG---RFD-EIR-VELAREL
374384763 Odoribacter laneus YIT 12061 AVC! ILKEKNAEGEVIRKIKDYLVHNRFGFAKNDRAFQKLY ———————————————————— HHSQAITTQAQKERLPETGNLRNPIVQQGLNELRRTVNKLLATCREK- -YGPSFKFD-HIH-VEMGREL
384109266 Treponema sp. JC4 DOTVEKYDLLP TMEIDLSAPETNPEKHYGKISNPTVHVALNQTRVVVNALIKE -KPS-QIA-IELSRDL
402849997 Rhodovulum sp. PH10 SDERDGVILDRLP VVPGSGEPEEKNEAARWGRLANPTVHIGLNOLRKVVNRLIAA: -RPD-QIV-VELAREL
Jnet 331001027 HHHHHHHH!

331001027 Parasutterella excrementihominis YIT 11859 SAQCCRLPADCVRPFDGFIRKAIDRNSWEVAKRIAEEVKKSVDET TVKI--PVA-IEANSFN
34557932 Wolinella succinogenes DSM 1740 FHKKATATCQRLPADTQRPFSGKIERYIDKLGYELAKIKAKELEGMEA - K-EIKV--PII-LEQNAFE
54296138 Legionella pneumophila str. Paris ASRLPADSVRPFDGVLARMMORLAYE IAMAKWEQIKHI PD—

319941583 Sutterella wadsworthensis 3 1 45B TVRAAQCSRLPAETARPFDGLVRRLVDRQAWE IAKRVSTDIQSKVDFS -NG-IVDV--SIF-VEENKFE
254447899 gamma proteobact. HTCC5015 THGERKVPLKSAMCTRLSADSTRPFDGQMASIIEHIARKIAQHKIAQINDVPK -

118497352 Francisella novicida U112 DKIILSAKAQRLPATPTRIVDGAVKKMATILAKNIVDDNWONIKQVLS - —~KH-QLHI--PII-TESNAFE
Motifs RuvC_II__§

informative positions KRR Kk KRk K KK Kk KR kKKK Kk K kKRR kKR Kk




227494853
328956315
227824983
303229466
34762592
374307738
320528778
291520705
42525843
304438954
224543312
116628213
24379809
13622193
310286728
366983953
422884106
339625081
306821691
336394882
323463801
389815359
258509199
169823755
Jnet
47458868
284931710
71894592
363542550
384393286
238924075
315149830
116627542
315659848
160915782
325677756
225377804
336393381
310780384
301311869
385811609
60683389
319957206
187250660
325972003
296446027
347536497
345885718
282880052
312879015
294086111
330822845
344171927
159042956
83591793
288957741
427429481
92109262
148255343
34557790
218563121
Jnet
291276265
222109285
365156657
220930482
297182908
154250555
218767588
15602992
187736489
315605738
117929158
189440764
403744858
407803669
423317190
402847315
404487228
374384763
384109266
402849997
Jnet
331001027
34557932
54296138
319941583
254447899
118497352

Motifs

Actinomyces coleocanis DSM 154364
Coriobacterium glomerans PW2
Acidaminococcus sp. D21
Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum 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 thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SE370
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
Streptococcus sanguinis SK49
Fructobacillus fructosus KCIC 3544
Eubacterium yurii ATCC 43715
Lactobacillus farciminis KCTC 3681
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Lactobacillus rhamnosus GG
Finegoldia magna ATCC 29328
227501312
Mycoplasma mobile 163K
Mycoplasma gallisepticum str. F
Mycoplasma synoviae 53
Mycoplasma ovipneumoniae SCO1
Mycoplasma canis PG 14
Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8
Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3
Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. CS561
Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260
Candidatus Puniceispirillum marinum IMCC1322
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. B510
Caenispirillum salinarum AK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil
Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121
Helicobacter mustelae 12198
Acidovorax ebreus TPSY
Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10
uncultured delta proteobact. HF0070 07E19
parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835
Actinomyces sp. oral taxon 180 str. F0310
Acidothermus cellulolyticus 11B
Bifidobacterium longum DJOL0A
Alicyclobacillus hesperidum URH17-3-68
Alcanivorax sp. W1l-5
Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str. F0450
arnesiella intestinihominis YIT 11860
Odoribacter laneus YIT 12061
Treponema sp. JC4
Rhodovulum sp. PH10
331001027
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Legionella pneumophila str. Paris
Sutterella wadsworthensis 3 1 45B
gamma proteobact. HTCC5015
Francisella novicida U112

informative positions

F-------ISKRQAVEIDRENQKRY--QRNQAVRSQIADHINAT. D TRY-LAIQI LY GTAITE DHIVPRA
DPK-KKGRRTKRRYNDLKDALEAFK--KEDPELWRELC TAPNDI DERL-SLYFI LY AIDIHQLSNAGI YEVDHIIPRT
E---SKKKRSVTRREQIKNLYRSIR--KDFQQEVDFLEKI LENKSD! QLQOSDAL DMY TGDPIKLEHIKDQSF" YNIDHIYPQS
K---SEKKKKDSRQKRLSDLYSAI ---KKDDVLQSGLODKEFGALKSG-——=-—===-===—-~— L-——-- ANYDDAAL AY TGNIIDLNQLNTDN----YDIDHIYPRS
DES-MKNKKI PARQEQLKKLYDSCG--NDIANFSIDIKEMKNSL YDNNSLRQ MY TGREIDLDRLLONNDT--YDIDHIYPRS
E---KVKKRTKSRKAQLLELYAACE--EDCRELIKEI DRDERDEF MY
KSA-MKKKRTESRKDTLLELYKSCK--SQADGFYDEELFEKL LRRDQL- 1Y
AQSDQOLI MY ETIQLDELWDNTK:
E---LEPARTKTRLKILQDLYNNCK--NDADAFSSEIKDLSGKIE: DNLRL! MY GKPIEIGHVFDTSN
E---AKNSRKESRKNKLLEFYKFGKKAF INEIGEERYNYLLNEL F] MY LEPIDLADLKSNNI
-AKERTESKIKKLENVYKDLD-EQTKKEYKSVLEELKGFDNTK ISSDSL: MY KKLDIDSLDK-
NOGKSNSQ--QRLKRLEKSLKELGSKILKENI PAKL: IDNNALQ! DMY TGDDLDIDRLSN~
NQGRRNSQ--QRLKGLTDSTKEFGSQILKE! PVENSQLQ! DMY TGEELDIDYLSQ-
QKGQKNSR--ERMKRIEEGIKELGSQILKE! PVENTQLQ! DMY VDQELDINRLSD-
PSGRTISRKSRLQDLYRNANLGKEFKGIADEL! 'SDKDLOD! DMY TGEELDLDRLSSA-
ESHLTNSRKNQLSTLLKNA--GLSELVTQVSQY DAAALQ) DMY LNLDNL YDIDHIIPQA
MTTEEGQKKAKTRKTKLESAL-~-KNIEN--SLLENGKY PHSDEQLQ:! DMY TLDKTGSPAPLYLDQLDQ--~~~~] YEVDHIIPYS
TSVRSVPRYNQLKEKYQSKSLSEEAKVLKKTLD: (NKMST DMY YDIDHIIPQA
EKVRTKSRKDRLKELY - -NGIKEDSKQWVKELD: DESYF' MY
KSEITTSREKRIKRLQS-KLLNKANDFKPQLRE-YLVPNKKIQ] LKKHKNDL: LY
Q---QKGKKQKSRKQLWDDNIKKNKLKSVDEYKY I 1D NKLNNEQLOQ MY
G----EKKRTKSRKDQWEELTK-TTLKNDPDLKSFIGE TIKSQGDQRFNE- LY---------———---——-——-——TGKALDIQNLSM------
G---TAGKRTQSROKQIQTVYANARQELIDSAVRGELEDKI DKASFT DRL-VLYFM olcle) DIY TGAPLNIDQLSH--
EKKTTISRKNKLLDLYKAIKKDERDSQYEKLLTGLI LDDSDLI L-YLYYT-----= QMG DMY TGEKIDLDKLFDSTH---YDKDHIIPQS
- -HHHHHHHHHHHHHHHHARE EEEEE--—
NKHERKKIEGINKYRK-~-EKYEELKKVYDL! NTTLL: DAY LRKIEANDVINKPWN--YDIDHIVPRS
EEKELENTKNYKKLIK--KNGDKISEGLKALGISEDEIK: DILKSPTK: DPY LKEIAFDDIFTKTEK--FEIDHIIPYS
TKP-NLEKLLNNATNSNIKILKEKL--DQTEKFDDFTKKKFID: IENSVVF! DPY TQLDIKINEIEDE-----TEIDHVIPYS
NDK-KTIEEIKK---RNKKGKGKTL--EKLFQILNLENKGYKL: DLETKPAKLL DLY TLDKINIDQLINGSQK--YEIEHIIPYS
TQD-QENDALKG-IAKAQKSKKSLV-~EERLEANNIDKSVF DKYEKLI YKI-FLWI QDFK: DPY TGAQISVNEIVN--NK--VEIDHIIPYS
--------SEEQKKRINDSQKLNE--KEMEY IEKKLAVTYGIKLS. DFSSQKQL! LY KTIDPNDIINNPQL--FEIDHIIPRS
EEDEKKRIKELHAKNS--QRKNDSQSY FMOKSGWSQEKF - == ==========-=~ QTTI--OKNRRFL AY TGLPISPELLVSDS----TEIDHIIPIS
EDDEKKATQKIQKANK--DEKDAAMLKAANQYNGKAELPHSVE- QL: LY TGKTISTHDLINNSNQ--FEVDHILPLS
SKDKQKF INEMOKKNE--NTRKRINEI IGKY ONAKRL LY LESIPLEDLLNNPNH--YEVDHIIPRS
SEEQRKATRERQKFF' QVADIIGDD] INAKL TAY LEPIDLKLLIDDPNA--YEVDHIIPIS
—~KTFEDRAIDTKRNNDNQ--KENDRIVKEIIECIKCD VHARHLI LY ETITKEDMLRDKDKL-FEVDHIVPYS
~KNFQDRTNLEKEMKKRQ--QENERAKQQT TELGK( PTGODI LY
~RNFKERGDIQKRQDKNR--QTNDKIAAELTELGI PVNGONT DPY
~KSYDDRQTIIKENKKRE--LENEKTKKFISEEFGIK: IVKGKLL: LKY-RLYQI QEG] AY RKELSLSEVILDESM--TDIDHIIPYS
~NPADKRARMSQOMIKNE--NTNLRIKALLTEFLNPEFGIENVRPY-SPSQODLLRIYEEGVLNSILELPEDIGIILGKFNQTDTLKRPTRSEL LRY-KLWLI OKY] PY TGEMIPLSKLFTPA----YEIEHIIPQS
KTSESQEKNF--QEKERARKLLKELLNS----SNFEHY-DENGN---KIFSSFTVNPNPDSPLDIEKFRIWKNQSGLTDEELNKKLKDEKI PTEIEV ——==-] KKY-ILWLT------ QKC PY TGKIIPLSKLFDSNV---YEIEHIIPRS
~KNAKEREELTKS IAQTT--KAHEEYKTLLQTEFGLT! [VSRTDI LRY-KLYKE---LESCGYK TLY TYISREKLE FDIEHIIPQA
PEKIRKEIDKAMRERE--KALDKIIGKYKKEF PSIDKRL: RKI-QLWEI OKGL: DLY VINLSQLLDGS----ADIEHIVPQS
~KSAEDRSKLSREQNDNE--SNRNRIYEIYIRPQQQVIIT! RNYT PF ADIEHLFPIA
K- ~VGAEKREDI IKQQTKQE--KEAVLAYSKYCE! 'LDKRYT PY ADVDHIFPRD
G- ~KSIEEREEITRGIEKRN--ROKDKLRGLFEKEVGRPPQD! ARGKEEL: LY VQVDHILPWS
N- NKRKGIQDYQNDNK--KFREDAIKEIKKLYFEDCKKEV] TEDDI Iy YDIEHTIPRS
DANRKWALDTYNRIRH--DENEKIKKILEEFYPKRDGISTDDIDKARYVIDQREVDYFTGSKTYNKDI MY TGRTINLSNLFDPN-A--FDIEHTIPES
DANKRRATADRQKEQD--KQHKKYGDEIRKLYKEETGKDI TQTD LKF-QLI LY TGEQIGITDFIGSNPK--FDIEHTIPQS
APGPGDL: LKM-RLWRE -~ PY AEMDHILPYS
IDSRE: OKF-QLWEQLAKEP-VDRC: PF VEIEHLLPFS
VRGSDI OKW-ICWEELSFDA-AD PY VEVEHILPFS
PDI LRM-RLFEELGQ---GNGLGT! 1Y VQVDHILPFS
L LL-RLWEDLNPDDAMRRF PY CDVDHILPYS
DERKRMIAEQAERE - -RENAE I DVELRKS D] NARE! QRV-RLA] NNL PY YDIDHVIPLA
~-RSAEDRRREDKRQADNQ--KRNEERKRLILSLI PTPRNL- LKL-RLWEEQGPV PY VDIDHILPFS
K- HGVIRRNEIAKENRENEGR--RKKESAALDTFCODNTVSWQAGG LPKERAA. LRL-RLAQRQEFF PY TEIDHVIERR
K- -LSEQQKAERQREQRRNQ--DKNKARAEELAKF PANPRNL LKM-RLWEELAHDP-LDRK- VY VDIDHILPVA
K- ~LSPRRLAELEREQAENQ--RKNDKRTSLLRKLGL- PASTHNL LKL-RLWDE. PY VDIDHLIPFS
TKGEIEDIKESQRKNE--KERKEAADWIAETSFQV: PLTRKNI LKK-RLYIQ AY CEIDHILPRS
Gmmmm—- NHSQRAKIEKEQNENY - -KAKKDAELECEKLGL: INSKNI LKL-RLFKI OKEF AY EKIKISDLODEKM---LEIDHIYPYS
HHHHHHHH HHHHHHHH EEEEEEEEE-
(o3 ~KAKSARMQLEKINKKNK--SENDAASQLLEVLGL- PNTY! LY ITIDHLKDQRA--~-LQIDHAFPLS
PKAAAF- AY QPLDIQRVLDDHNY--AQVDHALPYS
PTGLDI ~K: 00G! MY LKPIELERLLEPGY---VEVDHILPYS
VASGLDI AY KPIPVCDLLNDSL---TQIDHIYPYS
Gm=mmmmm KGRELRERTKLDQL-~-~---~ DKSKONDQRAEDFRAEFQ PRGD PY 1PVNSVLSED----TQIDHILPIS
-~KSKREREEIQSGIRRNE--KQRKKATEDLIKNGT PSRDDV- PY TGDQIGFNALFREGR---YEVEHIWPRS
~KSFKDRKEIEKRQEENR--KDREKAAAKFREY FPNEV PKSKDI LY KEINLGRLNEKGY---VEIDHALPFS
~KSFKERREIQKQQEDNR-~TKRESAVQKFKELFSDE! PKSKDI LY KEINIHRLNEKGY---VEIDHALPFS
~TFSAMDSKKIQRELTLRQ--KSHTDAVNRLKRKLPGK LSANLI T PF TGATYGDHELEN---~-~~ LELEHIVPHS
-KSA-SLLEEERERWERF-EARRETRQKEMYKRLGT PFRRSDY VRY-EILDL---=---! QDCA LY GNEINFQT FEVDHIIPRV
- EEEAARRAHR--KANDRIRAELRASGL DPSPADL- VRA-RLLEL-----— YDC MY GAPI LDHIVPRT
~SSVAFARKDKREY] --EKRSIFRSSLSEQLRADEQ) (VRESDL: LY GRTITFRT EMDHIVPRK
~KNLDERRKIEKAQKENQ--K QTKDEIRE-IL HVTGRDT MY LDVTRLFEP---GYAEVDHIIPYG
~GGVTRRNDIEKQNKRFA-~-SE----RKKAAQSTEE--NGK. TPTPART PY ESNISLEQALSG---AYTNFEHILPRT
~NSAKERATTHKRNKDNQ-~TI----NNKIKETLVK--NKK LSLANI PY TGQPIPLSDLFDK---EKYDVDHIIPIS
RNNKDRE--ER: VAAKIRE--CGL- YPTKPRI LY GRSIEEEQCLRE---GGMEVEHI IPKS
QSKEERSNTYKSINKNQ: QIAKRIVE--Y! PTRSRI Iy GQPVDVGDFLRG---FDVEVEHI IPKS
~SSKTEREKQSRQIRENE--KK----NEAAKVKLAE--YGL: AYRDNI PY TGKTLNISHTLGSD--NSVQIEHIIPYS
~NNVEKKAEIARKQNQRA--KENIAINDTISALYHTAFPGK: FYPNRND! NK- Iy GKGISGAELFTK----EIEIEHILPFS
K LNREQKERLDRENR TAILAE--HG! DTAENK- IRL-RLF] QARANAGIAL====CPY~======— === TGRAIGIAELFTS—
F------- TASLTDLKYIQLK: KLKKKLEDT RNEENQEKRWLSKI RI-RAD I AY: TGRPLDD IDHIIPRS
Y- EESLRKSKTGSND INSKKDRDGKKL: AKAKENAEDRLKDKD- RI-KAF T PY GDTIGDD: IDHILPRS
F FKKIK- DKTLE ATEKQNIQ--WEEKF: ORI-T T PY ASIGGQ IDHIYPRS
~SASVADLK- RVKDKI LSEAEKLETRWLIKI RI-KKA: T PY TGDRLA] IDHILPRS
F TAELEEIK] KAKK. ELGEKSKAGWVSKT: RI-KT: GI PY TGAPL! IDHIIPRS
F-—————- EPALADVKGKSLK: DRRKK: ALERISPENIFKDKI I-KEF AKGI AY ANLTDGDFDGAK----EELDHIIPRS

B T




227494853
328956315
227824983
303229466
34762592
374307738
320528778
291520705
42525843
304438954
224543312
116628213
24379809
13622193
310286728
366983953
422884106
339625081
306821691
336394882
323463801
389815359
258509199
169823755
Jnet
47458868
284931710
71894592
363542550
384393286
238924075
315149830
116627542
315659848
160915782
325677756
225377804
336393381
310780384
301311869
385811609
60683389
319957206
187250660
325972003
296446027
347536497
345885718
282880052
312879015
294086111
330822845
344171927
159042956
83591793
288957741
427429481
92109262
148255343
34557790
218563121
Jnet
291276265
222109285
365156657
220930482
297182908
154250555
218767588
15602992
187736489
315605738
117929158
189440764
403744858
407803669
423317190
402847315
404487228
374384763
384109266
402849997
Jnet
331001027
34557932
54296138
319941583
254447899
118497352

Motifs

Actinomyces coleocanis DSM 154364
Coriobacterium glomerans PW2
Acidaminococcus sp. D21

Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum 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 thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SE370
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
Streptococcus sanguinis SK49
Fructobacillus fructosus KCIC 3544
Eubacterium yurii ATCC 43715
Lactobacillus farciminis KCTC 3681
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Lactobacillus rhamnosus GG
Finegoldia magna ATCC 29328
227501312

Mycoplasma mobile 163K

Mycoplasma gallisepticum str. F
Mycoplasma synoviae 53

Mycoplasma ovipneumoniae SCO1
Mycoplasma canis PG 14

Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8

Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3
Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. CS561

Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260

Candidatus Puniceispirillum marinum IMCC1322

Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. B510
Caenispirillum salinarum AK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil
Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121

Helicobacter mustelae 12198
Acidovorax ebreus TPSY

Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10

uncultured delta proteobact. HF0070 07E19

Parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835

Actinomyces sp. oral taxon 180 str. F0310

Acidothermus cellulolyticus 11B

Bifidobacterium longum DJOL0A

Alicyclobacillus hesperidum URH17-3-68

Alcanivorax sp. W1l-5

Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str.
arnesiella intestinihominis YIT 11860

Odoribacter laneus YIT 12061

Treponema sp. JC4

Rhodovulum sp. PH10

331001027

Parasutterella excrementihominis YIT 11859

Wolinella succinogenes DSM 1740
Legionella pneumophila str. Paris
Sutterella wadsworthensis 3 1 45B
gamma proteobact. HTCC5015
Francisella novicida U112

informative positions

—~SSDMNLTLCDAHYNRFIKKNHIPTDMPNYDKAITIDGKEY PAITSQLORWVERVERLNRNVE YWKGOARRAQNKDR
ILTRIEPWKNKYEQLVKERDWKQRTFAGMDKAvﬂKDIRIQKRHKLQMEI DYWRGKYERFTMTE:

WAAECGIP-GVSVAEAL] DF' TADG-FASSKEHREL-QKGVKDRLKRKV DPEID, LAHRVQYYFDEKHTGT VRVFRGSL
IRRRMSGY KLI DKKFRNLLI IDDKALKGFIARQLVETGOMVKLVRSLLEARYPET - NIISVKASI
ATRNKMKPLWD: YY) HGLI LKKYQRLTRST! PFTDDEKWDFINRQLVETRQSTKALAILLKRKFPDT - EIVYSKAGL
TQTKOKPET FLKI OGLT RKYERLTRIA: PLTADDLSGFIARQLVETNQSVKATTTLLRRLYPDI~ DVVEVKAEN
TQEKMKSFT FLKE NFI. EKYKRLTGKD FELRGFMARQLVNVRQTTKEVGKILQQIEPET~ KIVYSKAEI
IQKKMHSFWL: LLI KLIT SKYDRLT! DFTDEELSGFIARQLVETRQSTKAIADIFKQIYSS-- EVVYVKSSL
DIRQKMQPFT ILK LI YKRLTRNY LTDEELSSFVARQLVETQOSTKALATLLKKEYPSA~ KIVYSKAGN
DIQKKMMSETW Q OGFIT EKYVRLVRSD LSADELAGFIERQIVETRQSTKAVATILKEALPDT- EIVYVKAGN
~DSISNRVLVCSSCNK-NKEDKYPLK TQSKORGF FL FI LEKLNRLTRAT PISDDETAKFIARQLVETRQATKVAAKVLEKMEPET~ KIVYSKAET
~DSLENRVLVKKNLNH-EKGNQYPI VLNKNAYGET ILFD LIG KKYTRLTRRT PFEERELAEFIERQIVETRQATKETANLLKNICQDS— EIVYSKAEN
~DSFDNRVLVVPSENQ-RKLDDLVVPF: DIRDKMYRET LLED: LI KKFYSLIKT] YTERDEERFINRQLVETRQITKNVTQIIEDHYSTT~ KVAARIRANL
KKRKTFWY: OLLK: LI, RKFDNLTKAE RGGLSPEDKAGFIQRQLVETRQITKHVARLLDEKFNNKKDENNRAVRTV- KIITLKSTL
RKMKSY! LL: AKRLIT RKFDNLTKAE RGGLTDDDKAGFIKRQLVETRQITKHVARILDERFNTETDENNKKIRQV- KIVTLKSNL
KKMKNY! OLLI AKLIT RKFDNLTKAE RGGLSELDKAGFIKRQLVETRQITKHVAQILDSRMNTKY DENDKLIREV- KVITLKSKL
~DSIDNRVLVARAENA-RKTDSFTY] TADRMRNFWQ ILLD L1 KFERLTROQ! SEREKERFVQRSLVETRQIMKNVATLMRQRYGNSA- AVIGLNAEL
~NSLDNRVLVSNITNR-RKSDSSNYL ALIDKMREF LSK: OGLL! HKFANLTRT FDDMEKERFIARSLVETRQI IKNVASLIDSHFGGET ~ KAVAIRSSL
TVANMKPFWE: LYI AKLIS-------------QTKYQRLTTSERTPDGV-~—-—--——=-~- LTESMKAGFIERQLVETRQI IKHVARILDNRF--SDT:
'VQKQDGSLWT- LLK: T
TQASCOGFT ILHD OGFT
IDRNLERWT- YMLI 16
ERIA: LNK: AGLT
PLEITEANQQYAMRTLWE: LHE LKLI FDEVDKDKFIARQLVETRQI IKHVRDLLDERF --SKS
AGKMKAT! LI RKLRNLMLR] EIDKFAKGFVARQLVETRQI IKLTEQIAAAQYPNT—
IRNNPKIYNY YL EFI EKYNRLIRNT PLTNEELGGFINRQLVETRQSTKAIKELFEKFYQKS— KIIPVKASL
HHHH HHHH
FIEKIYGIEKLKEAKE YL Al FNDKGKFIKLYTID ~NLDEFDNSDFINRNLSDTSYITNALVNHLTFSNSKYK SVNGKQ
-DSSSNKLLVLAESNQ-AKSNQTPYEF: ISSGNAGI DY YCRKFKDGDSSLLDSTQRSKKFAKMMKTD KVVCINGSV
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Motifs

Actinomyces coleocanis DSM 154364
Coriobacterium glomerans PW2
Acidaminococcus sp. D21
Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum 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 thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SE370
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
Streptococcus sanguinis SK49
Fructobacillus fructosus KCIC 3544
Eubacterium yurii ATCC 43715
Lactobacillus farciminis KCTC 3681
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Lactobacillus rhamnosus GG
Finegoldia magna ATCC 29328
227501312
Mycoplasma mobile 163K
Mycoplasma gallisepticum str. F
Mycoplasma synoviae 53
Mycoplasma ovipneumoniae SCO1
Mycoplasma canis PG 14
Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8
Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3
Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. CS561
Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260
Candidatus Puniceispirillum marinum IMCC1322
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. B510
Caenispirillum salinarum AK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil
Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121
Helicobacter mustelae 12198
Acidovorax ebreus TPSY
Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10
uncultured delta proteobact. HF0070 07E19
parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835
Actinomyces sp. oral taxon 180 str. F0310
Acidothermus cellulolyticus 11B
Bifidobacterium longum DJOL0A
Alicyclobacillus hesperidum URH17-3-68
Alcanivorax sp. W1l-5
Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str. F0450
rnesiella intestinihominis YIT 11860
Odoribacter laneus YIT 12061
Treponema sp. JC4
Rhodovulum sp. PH10
331001027
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Legionella pneumophila str. Paris
Sutterella wadsworthensis 3 1 45B
gamma proteobact. HTCC5015
Francisella novicida U112

informative positions
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Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8
Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3
Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. CS561
Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260
Candidatus Puniceispirillum marinum IMCC1322
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. B510
Caenispirillum salinarum AK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil
Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121
Helicobacter mustelae 12198
Acidovorax ebreus TPSY
Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10
uncultured delta proteobact. HF0070 07E19
parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835
Actinomyces sp. oral taxon 180 str. F0310
Acidothermus cellulolyticus 11B
Bifidobacterium longum DJOL0A
Alicyclobacillus hesperidum URH17-3-68
Alcanivorax sp. W1l-5
Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str. F0450
arnesiella intestinihominis YIT 11860
Odoribacter laneus YIT 12061
Treponema sp. JC4
Rhodovulum sp. PH10
331001027
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Legionella pneumophila str. Paris
Sutterella wadsworthensis 3 1 45B
gamma proteobact. HTCC5015
Francisella novicida U112

informative positions

TRASERAT ARETWKSFRGENVADRQT SENMRVLVEKFNL- KAHDDTI
——————— VYENPIGLSQVVRNYVRQ----~--=--------QADIFKRCRTIPGSSGF IVNSFMTSGFDKETGE I FKDDW---DAEAEVEGIRRSL- FWDATITY,
MVNQPY KTKTLFTHSIKI FV, DLGRIV-K KEGLFDIQPL
FRLFFK] TYNLAKMFNYDVICTNAQD: ALADATIYK A
PYRYLOETKI ELFNL IK
NPIQOWMKKNRDT: LENATT
FFNNI ELFDQQT
(AAWFIRNN GLFDQOT
7777777 NPWNFIKEKRDNPKIAD ELFNQTT
PLNFIKDKDNVI TGGLYDONL
DSK: YSEYMKMFRKNKNDOKRWKDGFVINSMNY PYEVDGKLIWN--PDLINEIKKC OLFNLT L
77777 LEPEFVYGDYPKYN-------SFRERKSATEKVYFYSNIMNIFKKS ISLADGRVIERPLIEVNEETG---ESVW---NKESDLATVR-R NHGLDRGKPKGLFNANL:
-K -TGGFSKEST
-K -TGGFSKEST
ALYDETRYA
DWSIA-DL: OLYDESRYP
LIYGHHAHF TLRKHLY: IMRFFNNPDSK-— CNRDLPIIKD-VI AFYNQNP'
- STNVYNEFDRYTNDYLKNLROLSSRD! -EVRRLKSFGEFVVGTMRKGNED- SEENTSYLRK-V] PLNKETIF:
----PVYKYHMDRFFERDVK~ SKSEVAWIGQSEG NSGTIVIVKK-T! HGSITKETIVGVKEIKFGRNKVEK-------=----
----RKNGFIISPLVNGTTQ--YDRNTG- NVGFRDKILK-IF TGQFYDQTIYS——============—=—=-——mo—
GERLISKIKL-DI OFYNQTA'
EF-FLFKNFGNLRLQ---SPVT! EYMKH-VY DGMFYKESIFS==============—=m==mmmmmm
- DVKKFREFNFIGALTHAKKNI IAKDTG -EIVW---DKERDIRELD-RI TADLFKQTIYA-—-==========——o-—--—oo—
~NPINYVKENREGDKV: -KYSLSKDFTRPRKSKG -KVIWTPEKGRKLIVDTL: ELFNATIA
E
LNVNYRKE: TRELDDLEKNNIKFKE-- KLNOMR: KNTQLENETLYS-—==================— GKY
LTQFADYKLF! TDGSWKKIDPKTGVVTEVT AKVIEKYIQDSNIERKAR TNISLFNDTVYSAKKVGYEDQIKRKNLKTLDIHESAK
VYESYDVQRREDG VYLINKETGEVKKAD--- NVLNNVDFONQVR: LNTQLFNETLYG: ----VKEF
7777777 LADNKTDKKFLLHDENYKE IETGELVKI QEKYEEAKKHTATK LNGGLSDETLYG FKYDEKEDK
——————— PSLNG--IISKRSEGYWVIE DRYTGEIKELK KEDWTS IKNNVQARKIAKET EYLIDLD--DEVE" TNRQLYNETIYG--~--=--=-==--=----IATKTDEDG
FIDFETGEIL DMWDENMSDEVYADYLY = -—=-=====-=--=- GKKwﬁ—ANIRNEVVKn EKN! LCNQTI TRE
ETGEKVMREIDFETGEIVNEMS - YWEFKKSKKYERKTY: oL ANRKLSDATIYS VREKTEVKTLKSGK
---OKNTLVSYSEDQ KAPY——-QHFVDTLKSK EF FNRKISDATI- YATROAKVG
NSVLEKPEIE QLDIQVDSEDNY: MFIIPKOVQ-DI PNRQLINDTL- Y
DESTGEVFSSGDDSMYY PNRSVADETT

YRGTITGEEA:
VTGSAHDATI

———————— YMQGRELAYSRNFKFPDEETGE I~~~ ~~~-LNRDNFTREQWDEKFGVK' PL RDELDIRLLNEDPKNFLLTHADVQRELDY PGWMYGEEESPTEEGRYINY IRPLF

YSQHQEVKI ALWHDAE IKDAEYAAEAQRMDADLFNKIFNGF-PL. PVEMMK: TYTPIEIAKLKPVE- ISGPAHLDTI--—==========—————— - RSAKLF
77777777 ISRYKELKNCKDVIPSIEYHA-----------DEETGEVYFEEVKDTRF —PMPW: ~LSDKRYLGWFNY] FIEKLRPVF: VKGQAHQETTI

VSASKNTKIT nLQTLLCHKDKTDNNGNYKWVIf ITVSFKONLRVINKTTNH--YQHYENGKKIVSNQSKGDSWATRKSMHKETV~ HGEVNLRMIKT

LNAADND! REYFLSLCNHKIRD KL: TSEVKSKLL: 'VVSYKESKPILSDPFNKY LKWE YKNGKWQKVFA~=-IQIKNDRW-—=-=====—-] KAVRRSMFKEPI-GTVWIKKIKEVSLKEAIKIQAIWEEV

ASLDPN. ATKNKYFQNGRAIA---———===—————————— YGSGKQYLTKEEKVNASF

RDNYGKSEAE LKELWKKYMPHIEGLTLADYT YSSRHEVPT

KDYKINYSERNWLSKILLPPN:
OGKRAVETL
ATREVQETEDKGLHYDLVKI

KQAKKIVRVRGKKQFVAEVERDVNGKA---VPKKASGKTIYK

—-LTPVRRRLRKKGY ~=VGGVDN--
HTKKY T IGK----
TREEILLRLDQGGVGYDEAFRNGLRPVF---VSRAPSRR-——========== LRGKAHMETL
AARRSEDLDLTRLFEGR- IDAIT QGALHNDT
\QARGDGLTRLVDX VRHI PDH! FE
LAARAREQDAERLIGDI VARCV***VSHKPDH ************* PEGGLHNDTA ******************* YGIVAGPF
AAGQGEARGQSAELIARDT LDRII 'VSHRADHGRIDHAARKQGRDSTAGQLHQETA-
ASGAGRILDLRKWPRTNF- DHIH PSIRPAHR-----—=====-~ DGGSLHAAT
-ASAEREAAAREDNIRRVLEGFK: ARTIV---VSHRPEHG------------- IGGALHKETA.
ADIVMPESDRQDPETG- VIL: PSET TPGALHNATH-------—----- YGRREITVDGRTDT
YDEEHEKFVI- LEKMV- 'VSHKPD! IEGKLHED:
DDTRRKI. LKAML 'VSHKPDHG- LQARLHEDT.
YYRFKETHREKERPKL: TETVKEGVEVKRLL ISRPPRAR- VTGQAHEQTA.
FKKEQESNSAEL: YAKKISELDYKNKRKF-----=—-—————-—————— FEPF---SGFRQKVLDK: IDEIF---VSKPERKK---------—-—-- PSGALHEETF-
E HHHH!
YLKDKETHRL] QKAQILREGDHKL: L] 'KDKIQI IQNIT PSHHVSHK— VTGELHQET'
******** YSRRKEISFLQEGFP-----------------DPETGEILNPAAFDRARQHF---------------PEPW---THFAHELKARLFT GAVHKETI Y
YKAREQNKESAKKKEPTIF: P 'ADELKARLSK: VTGAAHQETL-————=——————=-———————=——— RRC
YY YKVKY PL. RQDLMET ITGPAHDETI
YHQDIRRYKKLGEKR---=======—=——m—m PTPW--PETFRQDVLDV IQTKDTL
YWQLRDDPRAEKPAL ~TPPW- DTIRADAEKA: 'VSGPLHKETT:
FVRYKEMNAFDGKT— IDKETGEVLHQKTHF -—PQPW: EFFAQEVMIRVFGKPDGKPEFEEADTPEKL----RTLLAEKLSSRPEAVHEYVTPLF" QGHMETV:
FIRFKEVHPYKIENRYEMVDQESGEIISP--HF--PEPW. AYFRQEVNIRVFD---NHPD TVLKEMLPDRPQANHQFVQPLF" PTRK QGHMETI
LRRVLAMRRT PEKL: IPQVRPVAN--QRHYVLND: 'GRMMLRDL:
DRREAQQLT! AFESWKNE' EERMOQD] IGDVEYACDRLI LIDADKIPV---TENLRL! LHADQ: LKKARRGSK
PTGALHEETL:
- —RESLRESQRLIGLMP: GNSIAHDATIHPL----—-——--———-———————-— E
- ~YDKFKRNALADRNRYVQQVSKSEG--ITQYVDKETGEVFTWESFDERKFL- -FFRDELLARLSDDPSKNIRAIGLLTYSE TGAAHKETIRS I
AWKVADEKQR] VDVKVEL: -TIRDIA GRFFEATAYGI AQ
******** LNKVLODWLVEHKSEFMPNFEGSN--SELLEEILSLPENERTEIFTQIEK-------------FRAIEMPWK---GFPE! KPKDKLLLQYNKAGDRQIKL: QLHEGTLYGI Q
LSSEFGREDKKK! DQEAQEQQATETGRLSNLERWLT: —SVRT RPGQRVVTRGRNIYRKKMADGREVSCVQRGVLVPRGELMEASFYGK-————————— IL
LRAEEGPDF] LERYTQ RAGKRAVTPGKRY IRKNRKRISVQSVLIP LSEESVY H
YNARRENKKRGLD TEHF KQNPKTLCKISKTLYKDGKKIHSCGNA QLHKETVYGQ T
1 KPDHG. KLSKETLLGK: IK
DAARAEDQDLDR FRD! PVPFE---DFRDI KPEHG] ALHEDTSYGL: VP
EEEE
TKRMGSQLAIYEPINFDN-----=======--= LETGSCQVIQNTPRNFSDKTNI PIFKETIY---AERFLDIIVSRG--EIFIGYP--SNMPFEEK---=-====----==-= PNRISIGGKD
NADEVAKLAMLDSWNPASNEPLT- KGLSTNQKIEKMIKSGDYGQKNMREVFGK: GERYKPIVVQEG--GYYIGYPATVKKGYELK-: NCKVVTSKND
KEFPQFSQELDNSWFINH- LMPDEVHLNPVRSKEKYNKPNISST AERFIPVWVKGE--TFAIGFS--EKDLFEIK-: —-PSNKEK
AERDONGFDYLDGKTVLG- LYPQSCEVIHLOAKPQEEKSHFDSY AEQFLPIFTLNE--KIWIGYE--TLNAKGER- CGATEVSGKQ
QPHTASRLKTISSTSFEKTGWRS— ALTPDLIKVDALDRRPKYRRYNIGST AERFLPILIDEN--GLMAGYD-- IDNSLKAK~ GADVVFESLS
- KNYSLYPLDKNTGEVFTKDIFSQ- IKITDNEFSDKKLVRKKAIEGFENT: AENYLPILIHKELNEVRKGYT--WKNSEEIKIFKGKKYDIQQLNNLVYCLKFVDKPIS
] H




227494853
328956315
227824983
303229466
34762592
374307738
320528778
291520705
42525843
304438954
224543312
116628213
24379809
13622193
310286728
366983953
422884106
339625081
306821691
336394882
323463801
389815359
258509199
169823755
Jnet
47458868
284931710
71894592
363542550
384393286
238924075
315149830
116627542
315659848
160915782
325677756
225377804
336393381
310780384
301311869
385811609
60683389
319957206
187250660
325972003
296446027
347536497
345885718
282880052
312879015
294086111
330822845
344171927
159042956
83591793
288957741
427429481
92109262
148255343
34557790
218563121
Jnet
291276265
222109285
365156657
220930482
297182908
154250555
218767588
15602992
187736489
315605738
117929158
189440764
403744858
407803669
423317190
402847315
404487228
374384763
384109266
402849997
Jnet
331001027
34557932
54296138
319941583
254447899
118497352

Motifs

Actinomyces coleocanis DSM 154364
Coriobacterium glomerans PW2
Acidaminococcus sp. D21
Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum 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 thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SE370
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
Streptococcus sanguinis SK49
Fructobacillus fructosus KCIC 3544
Eubacterium yurii ATCC 43715
Lactobacillus farciminis KCTC 3681
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Lactobacillus rhamnosus GG
Finegoldia magna ATCC 29328
227501312
Mycoplasma mobile 163K
Mycoplasma gallisepticum str. F
Mycoplasma synoviae 53
Mycoplasma ovipneumoniae SCO1
Mycoplasma canis PG 14
Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8
Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3
Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. CS561
Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260
Candidatus Puniceispirillum marinum IMCC1322
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. B510
Caenispirillum salinarum AK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil
Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121
Helicobacter mustelae 12198
Acidovorax ebreus TPSY
Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10
uncultured delta proteobact. HF0070 07E19
parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835
Actinomyces sp. oral taxon 180 str. F0310
Acidothermus cellulolyticus 11B
Bifidobacterium longum DJOL0A
Alicyclobacillus hesperidum URH17-3-68
Alcanivorax sp. W1l-5
Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str. F0450
arnesiella intestinihominis YIT 11860
Odoribacter laneus YIT 12061
Treponema sp. JC4
Rhodovulum sp. PH10
331001027
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Legionella pneumophila str. Paris
Sutterella wadsworthensis 3 1 45B
gamma proteobact. HTCC5015
Francisella novicida U112

informative positions

PANEDRTIIVNGTHYGPLDKVGIF

~TKLQMHKVGDAWSLTEIDRAST

~PALWCALTR-QPDFTWKDGL:

~PSRYGSFSREQFAYFFIYKARNPRK- EQTLFEFAQVPVRLSAQIRQDENA:

KARASLLVRGG-——-———-——~. SVDIGSA
LERYARELAKD QGLEFIR
HDKEFLTDYA: QTTISET

QNKNGNST DKKGDRARH---IIGVPIYI LEHSPSAFL
———————— VPKGKGOFPIKQGKD: ERSLETVYIK---DVELYLQDPIK YCESV
~MKKGKGQVPIKGNDERLAD; ATQYLAQERGL

LKSYLTDLLGKKE-

KTRLVNVTMQ-

DELRKVLAKKK!

KFRLVNVLRQ-

LEQIRGK

KKGKIETVKEFH-DIFIIDYEKF!

PFQFLNDTSENGFLKRNNIN---RVLGFY

D----YIVNNPAIKKFEK -ILISKL-

~ADKTPKKPNLOAYRPIKTS-DERLCN-ILRYGGRTSISISGYCLVEYVK:

~VSDIRLC

~IIKNNV-

~VLDRQI-

————— PKNPKYKKLIAQKKD-MD-~----PNIYGGFSGDNKSSITIVKID! IK---PVAIP-IRLI-NDLKDK:
TAELKYESNK! VVYKGLTPYQTYVVAIKS EKMEYQMID-HYVFDFYKFQ!
VKQAKYVSPKTE: FVHDEVKNHSICLVEFTFMK-——=——=======——= === KEKEVQETKFID-LKVIEHHQFLK

--AKDSKERGGSKQLIPKKQGYP -TQVYGGYTQESGSYNALVRVAEA DTTAYQVIKISAQNASKIASANLK

--KKDYKKGKIYLPLKKDDRLOD ~VSKYGGYKAINGAFFFLVEHTKS KKRIRSIELFPLHLLSKFYEDKNT VLDYAINVL LODPKII
EEE-----] -EE HHHHHHHH]
DKGKNTIKKVEKLNLLDNRTDKT ~KKIEEFFDEDKLKENELTKLHIFNH DRNLYETLKIIWNEVKIEITKNKNL ILDNDFKI
~NDKLADLFAEKEDI LMYRANPWVINLAEQIFNEYTE- NKKIKSQNVFEKYMLDLTKEFPEK
~EDLI KNENGSRKRILT- Y IVDEILQILENEEFKDSKSDI NALNKYMDSLPSKFS—
--NEELKKYFENPFGKKADGKSEY TVLMAQSHLSEFNKLKEI FE----KYNGFSNKT! NAFVEYMNDLALKEP-
FVINQSNPE: IDQITEIIESYGKENNIPSRDEAINIKY TKNKINYI LYLKQYMRSLTKSLD-
77777 KLAFSKKDSDRERLLVYL! DRRTFDDLCKIYEDYSDAANPFV( YEKETGDIIRKYS—

DEKTYERLLSIAETTPDFQEVEEK

KVKRVKRSPFAVYCEENDI PAIQKYA—

DPQTFEKVIEPILENYPNKQINEK

EVPCNPFLKYKEEHGY IRKYS—

DPRTFEKLEV---IMKQYANEKN LAKYHEETGEYLTKYS—
~DPKFTALAEDILNNAYQEKYLMALH-===========-==—————— DPQTFDQIVKVVNYYFEEMSKSEK YFTKDKKGRIKISGMNPLSLYRDEHGMLKKY S~
INSIYTD: DKILIDSLKT---IFEQADYKDVG DYLKKTNQHFF~

~TKVPLTDLKLNKDNE IEGYYDKDS == ==============————mm e DRLLYQALVR---QLLLHGNDGKK AFAEDFHKPKA---—-—---——~
~ATGDGIYDPE! DKVVYSATRQALEAHNGSGEL DGYLEYV:
DRKLYEALKN---RLEEYDDKPEK: AFAEPFYKPTN-

QKMFNDLPNFILEKSILDNYPEILKELESDNKY I TEPHKKNNPVNRLLLEHILEYHNNPKEAFS —

DTGIQQIMLRHLETKDNDPTLAFS—

VDKVIDVGVRKILIDRLNEYGNDAKKAFSNLDKNPIWL--NKEKGIS

DKQPKWY PMEMKDKIEQLQSKNEA:

ALOKYKESLVQAAAVLEESNRKLIESGKKPIQ

-~ELKLADLDRVKDAE ARLIEKLRNWIEAGSPKDDPPL!
~DSIYGAI-KNPLNTDE TKYVIRKDL: SI-KGSDVES-IVDEVVKEKIKEATANKVLL

LSSNAQQKNKLVGTVHM-~-NEE.

fASYYGAI7fTQFAKDDEGKVLMI(EGRPQVNPTIKFVIRRELKYKKSAADSGFASWDDLGKAIVDKELFALM.KGQFPAETSF KDACEQGI YMIKKGKNGMPD-
IRYVVRRPL: FTKPEELEN-IVDETVKRT IKEATADKNE- KQATAEPIYI
DHPEGPRTA; DRKLYEALRE---RLAAFGGNGKK AFVAPFRKPC-————===-—==
~YGIVEHAENGASTVVHRVP: DPLIKSALLNETAGLSGKSFENAV
ISNLIRIH---EATQPLRH
DARAREVALTALAERYRORKVWL LMSVLPIRP:
DPQLRKALRV---ATGGKTGKDF LRYFASKPGPYQ-
PRMAKRFKALLARYQARHPEVP!
77777777 YGPV] FNL! DPRLRRALIDRLAIRRRDANDPAT LAKAAEDLA-—————=-==—-
VVTQRMNARDLVALLDNAKIVPAARLDAAAPGDT ILKEICTE IADRHDRVVDPEGTHARRWISARLAALVPAHAEAVARDIAELADLDALADADRT PEQEAR ALRQSPYLGRAISAKKADGRARAREQEILTRALLDPHWGPRGLRHL-T
-YGFVKPLDATGLKEEEAGNLVY ~RKATESLNENEVDRT DIQLRTIVRD---HVNVEKTK( LADALRQLQAPSDDYP— QFKHG
—————— YGTVEHPETEDGANLVY- ~RKTFVDISEKEIDRT DRRLRDLVRA---HVAGERQQGKT LKAAVLSFAQRRD-
PYPRIKQVKNKKKWRLAPT DEEKFESFKA: DRVASAN
77777777777777777 RKEEEF-----YQSYG EGVLKAL-----ELGKIRKVNGK:
EEEE:
RTKEFY ~YQAF
AQPESLKQQGGVIEKILLTSLKL, ~QDFDKLLNPESNDHFVEP! AFGPDNLFHKPDKN
VGIDEQSGKIQTAVKTKLSDIK-; ~LDKDGHFPMYQKI AFQEPLYKPKK:
- RSPKHFNKGLTSVKIPLT ~TVTLEKLETMVKNTKGGI AFAEKIYKPLK:
AFKAPFY!
FPPYEC SPGGPE

DGSGEDAMVSLSKKKDGKKEKNQV

PADLNRGLKLRGKRISADFPIDYF'
EDVLPADENRHIVLSDRVLGPRD!

PTDSPALAVQGGYV============= GLE

PEDSHREIRVHDTRY SADDEMGFF-

VKLEFPDDRGS IRVRG

DYFRI DDPRLYNTLRERL-VQFGGDAKAAF"
DKVRA- ISRIVGEAIRLHISNIFEKRVSKGMT:
NIQK: IVSPFLSGFIANHL-KEYNNKKEEAF:
-VVDPHLRELITTYN-QELKSREKGA!

DKEK VVDKRTHRILSGRL-AQYNDNPKEAF,

KHIGK VVDITTROMLLKHLQENYHIDITQEF]
NLDD IVDEKIKSKVKDYV-AKHKGQKIEA' LSDF- KENG
AGEVD] -VRDRALRARLGALA-APFRDESGRVRD AKGLAQALEAF-—————————————( GAENG
HHHHHHHHHH HHHH HHH-HHHHHHHHHH- - - EEE- -~EEEEEE - - -HHHHHHHHHHH- - - -
PFSILSVLGAYLDKAPSSEKEKLTTYRVV-----~ KNKAFELFSKVAG----SKFTAEEDKAAKT -~ LEALHFVTVKQDVAATVSDLIKSKKELSKDST LAKQKGCLKKVEYSSKEFKFKGSLI I PAAVEWGKVLWNVFKENTAEELKD
IAKLEKII---——--] KNQDLISLKENQYIKIFSINKQTISELSNRYFNMNYKNLVERDKEIVGLLEFIVENCRYYTKKVDVKFA----PKYIHETKYPFYDD: FDEAWRYLQENQNKTSSKDRFVIDKSS--LNEYYQPDKNEYKLD-VD
LFTLLKTYSTKNPGESLQELQAKSKAKWL-YFPINKTLALEFLHHYFH---KEIVTPDDTTVCHF---INSLRYYTKKESITVKI LKI 'VLSVKFESSKKNVLGSFKHTIALPATKDWERLFNHPNFLALKANPAP

PKELLEMLAPFFNK-PVGDLSAHATYRIL- ~KKPAYEFLAKAAL-

-QPLSAEEKRLAAL---LDALRYCTSRKSLMSLFMA-ANGKSLKKREDVLK:

PKLFQLKVELKGEKS--FKLNGSLTLPVKQDWLRICDSPELADAFGKPCS

PFLLFK--GEEVGAQSLSDWQERIDGRYL-YMSIDKVKAFDYLQEKVG- ----EKDIAAEL---LNSIHFTQRKTELRAKFSD-DSGKKMKTLDAIRK:

LKLTVTVNEIGKRKEKCGFSGTIGIPAKSAWENLLDEPLLETYWGTKMP

IDIQISTLEELRNILTTNNIAATAEYYYI~-~-NLKTQKLHEYYIENYN---TALGYKKYSKEMEF---LRSLAYRSERVKIK!

IDDVKQVLDKDSNF--IIGKITLPFKKEWQRLYREWQNTTIKDD- -~




227494853
328956315
227824983
303229466
34762592
374307738
320528778
291520705
42525843
304438954
224543312
116628213
24379809
13622193
310286728
366983953
422884106
339625081
306821691
336394882
323463801
389815359
258509199
169823755
Jnet
47458868
284931710
71894592
363542550
384393286
238924075
315149830
116627542
315659848
160915782
325677756
225377804
336393381
310780384
301311869
385811609
60683389
319957206
187250660
325972003
296446027
347536497
345885718
282880052
312879015
294086111
330822845
344171927
159042956
83591793
288957741
427429481
92109262
148255343
34557790
218563121
Jnet
291276265
222109285
365156657
220930482
297182908
154250555
218767588
15602992
187736489
315605738
117929158
189440764
403744858
407803669
423317190
402847315
404487228
374384763
384109266
402849997
Jnet
331001027
34557932
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319941583
254447899
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Motifs

Actinomyces coleocanis DSM 154364
Coriobacterium glomerans PW2
Acidaminococcus sp. D21
Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum 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 thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SE370
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
Streptococcus sanguinis SK49
Fructobacillus fructosus KCIC 3544
Eubacterium yurii ATCC 43715
Lactobacillus farciminis KCTC 3681
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Lactobacillus rhamnosus GG
Finegoldia magna ATCC 29328
227501312
Mycoplasma mobile 163K
Mycoplasma gallisepticum str. F
Mycoplasma synoviae 53
Mycoplasma ovipneumoniae SCO1
Mycoplasma canis PG 14
Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8
Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3
Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. CS561
Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260
Candidatus Puniceispirillum marinum IMCC1322
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. B510
Caenispirillum salinarum AK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil
Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121
Helicobacter mustelae 12198
Acidovorax ebreus TPSY
Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10
uncultured delta proteobact. HF0070 07E19
parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835
Actinomyces sp. oral taxon 180 str. F0310
Acidothermus cellulolyticus 11B
Bifidobacterium longum DJOL0A
Alicyclobacillus hesperidum URH17-3-68
Alcanivorax sp. W1l-5
Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str. F0450
arnesiella intestinihominis YIT 11860
Odoribacter laneus YIT 12061
Treponema sp. JC4
Rhodovulum sp. PH10
331001027
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Legionella pneumophila str. Paris
Sutterella wadsworthensis 3 1 45B
gamma proteobact. HTCC5015
Francisella novicida U112

informative positions
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304438954
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Jnet
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403744858
407803669
423317190
402847315
404487228
374384763
384109266
402849997
Jnet
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Motifs

Actinomyces coleocanis DSM 154364
Coriobacterium glomerans PW2
Acidaminococcus sp. D21
Veillonella atypica ACS-134-V-Col7a
Fusobacterium nucleatum 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 thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SE370
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
Streptococcus sanguinis SK49
Fructobacillus fructosus KCIC 3544
Eubacterium yurii ATCC 43715
Lactobacillus farciminis KCTC 3681
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Lactobacillus rhamnosus GG
Finegoldia magna ATCC 29328
227501312
Mycoplasma mobile 163K
Mycoplasma gallisepticum str. F
Mycoplasma synoviae 53
Mycoplasma ovipneumoniae SCO1
Mycoplasma canis PG 14
Eubacterium rectale ATCC 33656
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Ruminococcus albus 8
Roseburia inulinivorans DSM 16841
Lactobacillus coryniformis KCIC 3535
Ilyobacter polytropus DSM 2926
Bacteroides sp. 20 3
Ignavibacterium album JCM 16511
Bacteroides fragilis NCTC 9343
Nitratifractor salsuginis DSM 16511
Elusimicrobium minutum Peil9l
Sphaerochaeta globus str. Buddy
Methylosinus trichosporium OB3b
Flavobacterium branchiophilum FL-15
Prevotella sp. CS561
Prevotella timonensis CRIS 5C-Bl
Aminomonas paucivorans DSM 12260
Candidatus Puniceispirillum marinum IMCC1322
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Dinoroseobacter shibae DFL 12
Rhodospirillum rubrum ATCC 11170
Azospirillum sp. B510
Caenispirillum salinarum AK4
Nitrobacter hamburgensis X14
Bradyrhizobium sp. BTAil
Wolinella succinogenes DSM 1740
Campylobacter jejuni NCTC 11168
218563121
Helicobacter mustelae 12198
Acidovorax ebreus TPSY
Bacillus smithii 7 3 47FAA
Clostridium cellulolyticum H10
uncultured delta proteobact. HF0070 07E19
parvibaculum lavamentivorans DS-1
Neisseria meningitidis 22491
Pasteurella multocida str. Pm70
Akkermansia muciniphila ATCC BAA-835
Actinomyces sp. oral taxon 180 str. F0310
Acidothermus cellulolyticus 11B
Bifidobacterium longum DJOL0A
Alicyclobacillus hesperidum URH17-3-68
Alcanivorax sp. W1l-5
Bergeyella zoohelcum ATCC 43767
Porphyromonas sp. oral taxon 279 str. F0450
arnesiella intestinihominis YIT 11860
Odoribacter laneus YIT 12061
Treponema sp. JC4
Rhodovulum sp. PH10
331001027
Parasutterella excrementihominis YIT 11859
Wolinella succinogenes DSM 1740
Legionella pneumophila str. Paris
Sutterella wadsworthensis 3 1 45B
gamma proteobact. HTCC5015
Francisella novicida U112

informative positions
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IIIKDIFAYYKTIDSATGGLELISHDR-—==—============—- NFSLRGVGSKTLKRFEKY-QVDVLGN-IHKVKGEKRVGLAAPTNQKKGKTVDSL
LSLMPHFANNKNVKIDI VRTAISIEKY-NVDILGN-KSIVKGEPRRGMEKYNSFKSN-
LKISTYLEGRQDFDFF

D! H, TESIQDSKGGVKLDLORAHCAVPK-
SWRVSALDTPSK-============= ITLKPRLLSNEPLLKTSRVGGHESDLVVAECVEKIMKK:
SAEQAEVLRTER— SDRPDTLTEAGEILAQFFPRCWRAT'
LRIRPRYLAAEG— LAKAFSDDVVPDGVQK IVTKQGWLPPV:

RI YFVSANT. 1 LRTHI EGL

DVEFGSQNCYET
~DKNTSGRIPKFHRVQSLKAY TRKV-RVDLLGR-ISLL-
~KYDGKPNLKLSMQOMGKLKRV-==========—=—————u SIKSLLG--LNPHKV-HISVLGE-IKEIS—
FRIQSLI RA---NPVKV-QIDEIGR-ITFLNGPLC-

~YAVSYCADWINSTN--ETMLTGYWKPTPTONWVSVN- ~VLFDKQKARLV-TVSPIGR-VFRK-~

~RLSPHNDGGKLQD-~~~RHADADDPFRWDLATI PLL~ ~KDR---GCVAV-RVDPIGV-VTLRRSNV

E!
SRRYLRVEMPGEKFLAWFGE -——----~ NSISLGSSFKFSVSEVFD--NKIYTENAEFTKFLPKPREDNK! TI-FFEL PRVIFNYIVGGAASSLKEIFSEAGKER
PISAIDKSAKRMIFRALFEKEKGKRKKKTTISFKESGPVQDY LKVE-LKKI VKI-QLRTDGSISNIVVRKNAADFTLSFRSEHIQKLLK~
TRRYIRITQSLADFIKTIDE-~~=~=~~~, ALMIKPSDSIDDPLNMP--NEIVCKNKLEGNELKPRD ~GKM-KIVSTG--KIVTYEFESDSTPQWIQTLYVTQLKKQ

GRRYVRVETTFIQASHWFEQSVENWAITSPLSLPASFKVDKPAEFQ--KAV: GTELSELLGQPR
NREYIRFTVDEDQFERHF" KSALRVNGIQDLDTVNKTFDWNREIPSLLIPPR:
SRPKVRVKLDYVIDDDS— —--KINYFMNHSLLKSRY

~SEI-FIENVGNAKHIRFWY IVVSSNKKMNESYNNVSKS -
~SNL-FLLETG--QKITFEY IANGANAEVKKAYSLRRA--
L-EILK----QSTIIEFESSGFNKTIKEMLGMKLAGT

F R KRR KA X R KK KX AR R — - - ____—_-_-———_—




16130662

11500011

18977490

46447796

54296139

331001028
319941582
118497353
34557933

187736488
407803668
325972002
187250661
47458867

363542551
71894593

384393287
284931711
117929157
317482065
315605739
294086112
282880053
374384762
423317188
385811610
402847305
345885719
404487227
301311870
60683388

402849996
154250554
159042957
288957740
330822846
344171926
319957207
315149831
116627543
238924076
218563120
291276264
325677757
296446028
34557789

222109284
336393380
218767587
15602991

310780383
312879014
403744859
421874296
220930481
225377803
315659847
160915783
323463802
389815358
328956316
422884107
116628212
24379808

13622194

227824982
169823756
320528779
303229394
304438953
374307737
256845020
306821690
42525844

291520706
258509198
336394883
339625080
310286727
366983954

Escherichia coli str. K-12 substr.
Archaeoglobus fulgidus DSM 4304
Pyrococcus furiosus DSM 3638
Desulfovibrio vulgaris str. Hildenborough
Legionella pneumophila str. Paris
Parasutterella excrementihominis YIT 11859
Sutterella wadsworthensis 3 1 458
Francisella novicida U112
Wolinella succinogenes DSM 1740
Akkermansia muciniphila ATCC BAA-835
Alcanivorax sp. W11-5
Sphaerochaeta globus str. Buddy
Elusimicrobium minutum Peil9l
Mycoplasma mobile 163K
Mycoplasma ovipneumoniae SCO1
Mycopl synoviae 53
Mycoplasma canis PG 14
Mycoplasma gallisepticum str. F
Acldothermus cellulolyticus 11B

obacterium sp. 12 1 47BFAA
‘taxon 180 str. F0310
um marinum IMCC1322
Prevotella timonensis CRIS 5C-B1
Odoribacter laneus YIT 12061
Bergeyella zoohelcum ATCC 43767
Ignavibacterium album JCM 16511
Porphyromonas sp. oral taxon 279 str.
Prevote sp. C561
Barnesiella intestinihominis YIT 11860
Bacteroides sp. 20 3
Bacteroides fragilis NCTC 9343
Rhodovulum sp. PH10
Parvibaculum lavamentivorans DS-1
Dinoroseobacter shibae DFL 12
Azospi um sp. B510
Alicycliphilus denitrificans K601
Ralstonia syzygii R24
Nitratifractor suginis DSM 16511
Enterococcus faecalis TX0012
Streptococcus thermophilus LMD-9
Eubacterium rectale ATCC 33656
Campylobacter jejuni NCTC 11168
Helicobacter mustelae 12198
Ruminococcus albus 8
Methy!| inus trichosporium OB3b
Wolinella succinogenes DSM 1740
Acidovorax ebreus TPSY
Lactobacl lus corynlformls KCTC 3535

i 72491

MG1655

F0450

Pasteurella multocida Pm70

Ilyobacter polytropus DSM 2926
Aminomonas paucivorans DSM 12260
Alicyclobacillus hesperidum URH17-3-68
Breviba lus laterosporus GI-9
olyticum H10
Roseburia inu vorans DSM 16841
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Coriobacterium glol s PW2
Streptococcus sangui SK49
Streptococcus thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SF370
Acidaminococcus sp. D21
Finegoldia magna ATCC 29328
Solobacterium moorei F0204

Veillonella atypica ACS-134-V-Col7a
Peptoniphilus duerdenii ATCC BAA-1640
Filifactor alocis ATCC 35896

Treponema denticola ATCC 35405
Coprococcus catus GD-7
Lactobacillus rhamnosus GG

Lactoba s farciminis KCTC 3681
Fructobacillus fructosus KCTC 3544
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330

informative positions

”TWLPLNPIPLKDRVSMIFLQYGQIDVIDGAFVLIDKT—

~GIRTHIPVGSVAC IMLE-PGTRVSHAAVRLAAQVGTLLVWVGEAGVRVYASGQPGG-ARSDKLLYQAKLALDEDLRLKV-VRKMFELRFGEPAP-

KNYYLVSDG-KLRRHENT I YFENE-

—~DGKRPIPINS1YAI'YALG-SLSITSKAISLLAKEGVCIHFFNRYGYY IGSFYPRESLVSGEVVLRQAEHHLDSEKRLHL -~ARAFVEGA ILNMARVLKK--AEQD

KSLTIFSDG-TLLRRENTLYFENV-

—~NGRKPLAIEG1YDIY 1YG-HVNITSQALHY IAQKG IL IHFFNHYGYYDGTFYPRETLLSGDL I IKQAEHYLDKNKRLFL-AKSFVVGGAKNMEKNLKN--WGIS

NTLYVTTQGTYLAKEGECIVVRVGD- —~EVRLRVPVHSLGGVVCFG-QVSCSPFLMGFAAERGLGFSFLTEHGRFLARVQGPVS-GNVLLRREQYRRADSPEASAEV-ARS I VSAKVVNARGVLQR--AMRD

KHLTLSEQGSFCKLQGERILVFNKD-
RHLTVSGFGDFLGVHGNRL IVRNGD-

~QMVFEGTLNRLKTISIVKQGVTLTSNLLVACAMRG IQIFILDYSGKAVCSLQG--G-LHRTAKVRESQFKY I'YTKEASNMAARF I LAK IKKQSAVLKY --FAKA

~NVILETALSRLRTIRID-KSVSLSSNL ILACAARG IR 1 YFLDWKGVGVVEVSGMH--RHAVVGVRKSQFECLKSLQAQLLAKE I IFSKIRNQRAVLLY --FSKY

RYLTVSSFGTALGLSGERLVVHEAD-

—~GRTWETALSRLRT IRIEKKG I SVSTNLMLACAARG IRLFLVDWRGVGVVALSGLHQ-HAVVS IREAQFLAIHSSQGRT I -AAEMI TAK IRNQRTVLLY --FWKY

KHL 1 1SEYG I'YLGLESGRLVVKNK:

—~DDKKYFPLNRLATLS | AKKGVSFSSDLVEQFSLRG IKLFFLDFRGVAHSMLVGANQ-HAVVQAR I -NQYRY IDRNALTL-S IKL I AAK IKNQRATLNY --FNKH

KHLY IDEYGSFVGKTSERLTVSQGG- —~ELKAEIPLSRLKSVNILKGG ISLSSD1 1EACSLRG IKIFFLDFRNVAHTAI TSTAN-HAVANVRKAQFLT IESNHGRE I -ARTL IVGKLKNQRATLQYFYKYLK

HILSIDAYTCHLSCDKGQLRCADGE -
HILLVESPC-ALN IHLECLKVSRK(

—~NSPRTIPLEDVGAVVLSSFKATLTSNLLIELARKR IGFVLCESYR-PAVLLLPAD--RSTDTGLLRHLADMPARLRNRL -WQKTLDAKCGNQTALAQA--WNPH

MEPLRLLPSD IAVLCLHHHTVQLSVHVLRKLTEAGAAILVTDDRHQPAGLMLQDYG-RPNAVVRLRQQ I ALEQSGQDRLVWQQLVSWKLRTQSRLLGK--LERR
RVIDLGGTGYYLHTVHNKL IVEKD-~

—~GEESL IPFDD IHS 1 1CHG I GFRYSDKFFKSCLHHKVPVTFCDEKH I PLGMLLPMLQ-HKDTSQRMD 1 QLKASLPRRKQA-WQQ I I TEKLKNQRDFLQH--LQIP
RVLD1PGDGYHLCVKNNNFSAVKDR-

—~EEKLHCLFDD INSTILYGNNIT ISNTCIQKCLEHKVPV IFCDKTYNPAGMLLSSFT-TN1YGRRLQLQINASKPQ IKQA-WQQ I I TSKLNNQAEVLKR--FDTL

KIVEINTDE-YVHLYLNNLY IKRK-

~NEKILLNIRDIDTILFNNQYST IS IRLLTFLAKNNVN I IFMNEKNEPNSYL IP 1EG-NHNSLKVVAEQVKWTKEYKATL-WKD I IKNK THNQKNLL IK--NKLF

MMAK.

KITEISESE-YVYLFLNNIVIKKD:
KVVEIKETE-YLFFHLNSL I VKKE-

—~SEKFVFPIDTVDVL IFENDRAT IS 1PV INELVEKKVN I 1 1CKNHL-PQSL I IPYSG-YYNN-KIFQEQIKWDIPYKTKT-WQE I IKLKIQRSISVLKS--1QK1

MSK.

~NNKIVLPLSDIDTILISNPYCT ISVPL INAIVSNN INL I ICNKDFEPNVQLLS ISG-YYSN-KNFLSQINWTQEFKDKT-WEK I IKLKTTNYVNLIYF--FGLL

______________________ MQLPHPPEHLCSGFLF IMSK:
MTGPW

KVLEISQSE-Y ISYFLNSL IVKSN-
KVLEVSETE-FISLHLDTL IVRKH-~

~EKR11VPISQIDTVLVSNPRCNISVPLLNELVAQNVN I I ICDSKFKPTVQISP 1QG-YYSN-KNFLNQ INWSKDFKGFV-WRE I IKTKIVNYTKLIYY--LDIT
—~GARVTLPLKTLDTILITNPYCNISVPLLNKIVENNINLIVCNTKFQPTMQILP ISS-YYSN-KNYLWQIRWTDEQKNQ I -WKQLVKLKIINYARLINH--LNIT

DVVDLSELSGEVHAAQGALLVGDE RVPLVDVA-MMLTGPYVSLHGSV IDRAAAFGVGVVHCDWRGVPVAATLPWST-HNRVAARHRAQAEL SLPRQKNA-WMN I VKTK IRNQAAVLRA--LRRD

MONQW

MNSOW-

RVIDCTDLDGS ISYERGF GECVDVPLAQ IAWLL -GLHVRCSAAVLHEMARYGVSVMLCDWRGVPDAALHAWTDMPTTVTTRQLAQSNMSLPRKKSA-WAR IVQMK IRGQAACLDS--SKLE

R IDLCGFEGTLRSTRGGVEVCAQE 7777777777777777777 GLPTTIPVAELAVVLYV-GMKVNLSAAVLHRLAEADVAVLFCDWRG I PEGGCYSWSD-HGRVAARHRAQAEV TLPRKKNA-WARL IRAK IEGQASVLEN-- IKIR

MIEISGQPRHISVRRGAI IVSDNE -~ -~TELGQIDLDGVLSVIVTSRGATVTTPMITEAAARNIP I 1 ICNDRFQPVSLSLPLVQ-HSDQTRRFETQALAKKG IKNR I -WQK I IKGKVKNQATLLVL--YQSA

R FSHPA-SLSLRYNQLV I TMKDLP- ~DERRTIPIED IGFLMVDNPMVS1SVPL INALTENNVSVVFCNQKGMPTSMLFNLDN-NNTQGETLRNQLSASQSFNKQL-WKQ I I ECKIKNQAQLLEK--LGKE

RTLFFGKPS-RLSVKDKQLVIEIKET- —~GELHKAPIED IGFVVIENQQI SVSLPLLQEFMSNNVAV I FCDASHMPNSMLLNLDG-HHLQSEMFRFQINASEPLKKNL-WKQTVEAK IRNQAALLDK -~SGKN

RS1YIGNPA-YLKLKDQQMKIVCPETK. KGSVPVEDLGLLMLDHFQI T ISHQL IQWLMGNNVV I ISCDAHHLPHGQMLPLHG-NATYSQRIKDQIEASEPLKKQL -WKQT IECK IANQAAVLER--LGTF

—Al
RTLYFGNPA-YLSLKNMQML I KLP I SGNDNEATDEDKNEKYKDRNNQNTFPIEDIG IV ILDNQQITITQGLLSSLLDNNSAIVTCDSRHHPAGLFLPLES-NLEQSQRFQEQIEASVPLKKQL-WQQT I SSK 1 INQALLLNK--1GVK

RT1Y1GNPA-YLSLRLKQMEVRQPLDDRE- ~TTVRTIPIEDIGVVLLDHPQITITHALLGALLENNCAIVTCSATHMPSGLLLPLDG-HTLQTERFRAQLDASLPLRKQL-WQQTVQAKILNQAHALHT--VLGE

KTLYFGNPA-YLSLRNGQLV IRLPEVEKAE-LPDI 1 QETIRTVPIED IGVVVLDNKQITITQGALAELVANSAAV I TCDSKCMPTGMLLPLSG-NTLHQERFRNQ I EAAIPLRKQL-WQQTVKAK IENQAYCLQK--NTSK

RTLYFGNPS-YLSLRNAQLVLRLPEVSNNDTLPDTFK: KEAERT IPIED IGVVVLDHSQITITQGLLEALLENNCAI I TCDKSRLPVGL I LPLCG-NTTQNERFRDQLNASLPLKKQL-WQQTVQQK IANQAAILES--QGI 1

KTFYFGNPA-YLSLRNQQLV IKLPE IVKNDTVPESFK: RQSEITKPIED IAVIVLDNKQIT ITQGVLEALLENNCAV I TCDGRSMPVGLMLPLYG-NTTQNERFRDQLDASLPLKKQL-WQQT I QAK INNQASVLCS--CKNE

KTLYFGNPV-YLSLRNAQLV IKLPDVEKATVLPETLK-: —~KQAEVTKPIEDIGIVVLDNKQITITSGVLEALLENNCSVITCDSRSMPVGLMLPLYG-NTTQNERFRKQLDTSLPLKKQL-WQQT IQAK INNQASVLKD--CMDE

RIT CLERGFLRITGP, LLGKIPLDDIEAVILTHPAASLTTQAVAALAARGTPLVVSGPDFRPVAFLLP I DG-HHGQGHRLEAQAEASRPTRKRV-WAE IVRAKVTAQADMVEH--VGGA

KTVEFATPGTRLSVANKQLVIERPD- ~LPKATLPIEDLGVV IVDDLRATYTQAVF I ELLEAGATVMVTGRDHLPAGMMLPLDA-HH IQTERHRAQVEASEPTKKRA-WQAL IRSK 1AQQG I VLAH--FTGE

QIVDIATDGRHLSRDRGFLKVSEGA- —~REIGRIPLDQIAGV IVHAHGTTWTTSLLTELADRGAPVVLCGANHAPRSVLMPLDG-HHAQGARLRAQWQARAPLVKQA-WKQTV I AK I AMQAAALEA--MGEP

RIVEIAEDGRHLSLSRGFLVVTAE RELGRVPLDDI MANAHGLTYSNALLMALMERGAVVVMCGPNHLPAAFVWPVDA-HHVQSRRMRAQVDAPAPLAKRL -WQALVRAK IRQQAAALEA--RGLP

RIVEIADDRRHLFVNRGFLVVRDTEGER- —~KELGQVPLDD IAAV IANAHGLTYTNNLLVALAERGAPFVLCGPNHNAMGMLLP 1DG-HHVQAKR 1 EAQ I AASLPVHKRL -WAAVVKSKLEQQAAALEA--AAAP

RIVEIATNNRYLGLDRGFMVVKSAD- —EEVGRVPLDDLAAV I | AAHG I THSSNLLVALAERGVPFVLTAANMQPVAMLWSVDG-NYQQAGRMEAQLGASL PQNKRL-WQQVVRSKLQMQAVVLES--VGVP

MLLGF-

KTIRITKPC-RLS IENGNLVVEDE-- —~KVRFKLSLSDTDS I I FEGDRFTLSAKVLAALSRHKVATLFCDEYYMPTAILHPYHQ-SSLATETLKAQLSLPDDLRDRL-WQE I IRVK ILNQSAVLSH--FAKK

MTV

RTVFVKNGE-KLKVKLDNLEV IKE-- —~GNTYVIPLTDIESVILEGDQTV I TTRLLAKFAQHHIDTVICDNTFMPVGVFLG 1GQ-YHRSAKRA IWQSNLKEEQKQVA-WCE IVTQKIQNQIAVAKY --LGTD

MAF-

RVVHVSQSE-KMRLKLDNLLVQKM. —~GQEFTVPLSDIS11VAEGGDTVVTLRLLSALSKYNIALVVCDNEHLPTG I YHSQNG-HFRAYKRLKEQLDWSQKQKDKA-WQIVTYYKINNQEDVLAM--FEKS

MSYDEAF-

RVILIENEV-TIKVKLNNLIITKC. ~GEDIWIPLDD ISMIVLDNLASNLSTRLMCQLAEQG I GLMLYNQQHLPTGFYSAYDN-HSRASKV 1GFQ I DKEQDY YGKL-WQQ I VK IKIENQAKAYQI --MTRD

KTLLISSNA-KLNLELNHLVIKQD- —~ENTAKLFLKD INTIVLESLQISISSALFNAFAKYK I I LLTCDETHS INGVFTPFLG-HFQSAK FAKEQMNVSAQKKA I L-WQK I IKNK I LNQAF I LKK-~HNK1

MFDEAF

MW

RTLFMSKPA-KLSHKNNNL I I HGK: ~EDIG-IPLRDIHTIVIDTPQITLTSSLMKELAQYKILVFFCDDSHLPSGVFSPFLA-HYRSSAILDLQIHFSKQNKS IL-WQK I IQAK IQNQTNLLMQ-~-ENKT

MAW.

RTVIVTKGE-KLTLRDNWLVVYSD: ~NNEQCVPLGD I1'YSVV I DNRAALVSVSLMAALAEAN IHVIFCDSKHTPTALMLPMNT-HYKPFGV I KRQLGLSDEFKAVL-WQR IVKQKLTNQI ICLKL--AGIN

MAAW-

—~DGEARLPLEDVAY I ILDAPHATLTSTL ISACMEAGVV IVSVDARHTPNGLALPFHS-HHRQAGVAAKQVLLSEPFKKRC-WQGVVVAK IDNQAAHLES--LGRN

MWW

~GERTQLPLAD IGVV IVENPQVTLSAALLSALAQEGTALMSCDSSHLPDGVFAPFGT-HSRHTRAARVQAVWSEPFKKRC-WQK I VRAKVSSQAEVLRR--VGAE

MAF-

RS1VINRPA-KLKREHFALVVEQE- —~Q-SARVPFED IAVIVLNHRE I TLTHPVLSACGEYG I GLYSTGDNHQPNGVFMPFLQ-HSRATRMQRLQLDLDKPSAKRA-WAH IVQVK I GNQARCMEL --LGTV

MTW-

RNLY IQNPA-RLS ISRSQLVIQQE- ERYTVPVEDISSIMIEHKQCT I TAPTLSFLAEHQVAVFTCDQKHLPCAVVLPLGQ-YYRKLEALEAQLHVRTKTKARL -WQKLMKQK I ENQAKVLEL --NHCK

MMSSVK IDKFADLSKDNLCVKLYHPDFLY IGNRDFLGV IMSW-
MGW-

RSLL 1QNGG-KLSLQRRQLLIQQN-~—
RSIL1SQGG-KLSLQRKQMLIQQS-~

—~GESHTVPLED NRETL I TAPLLSALAEHGATLLTCDEQFLPCGQWLPYAQ-YHRQLK ILKLQLNISEPLKKQL-WQH IVRQK I LNQAFVADE--TGND
~NNSFTVPLEDIAVIVIESKETL ITAPLLSALAQYGVTLLTCDEQFLPCGQWLPFGQ-YYRQLKTLKLQLETTLPQKKQL-WQK IVQQK IRNQGFVLEQ--VGYF

MGW-

fGGEVNIPLEDISSIILDNNSVTITSRVLEEIASRDIVLLTSDEKHLPNGIFQGYGR HSRQLAVAKAQ INMSVPRKKRL-WQE IVTKKLENQGRVLEL --MRCE

MSH

RSVFIANPA-RLSTGGGRLQVEQE: PLEDLGALVLESPQVSLTVPLLRELAENRVPLFVCDRRHLPCGVLLPFHA-HCRQEKVLRAQMGLSRPFAKNC-WQRVVRRK ILNQAACLRF--LDLP

RHVMVTRSA-KLSCRNNQLVVRQEDESSGE--=-—========—- TCEYTIPLEDIRTLMLEDRQS I I TSALLARLAEFR IAVFTCDEKHLPNGVLLPYCQ-HSRGPK IMQSQLEMKRPLVKRL-WQAVVRRKIENQAACLTL--CGCS

MGW

MS IRLNQLVVKQ: EEEVTIPLEDIASIVVEENQVVLTAALLSKCSEYG IGLYTCDEKHLPNGVLLPFQS-HSRQLRVLETQYNLSKPFKKRV-WQK 1 I TTK IMNQALCLSY--LDKT

MGF-

RN IVSNPT-KLKLKQNNLWVEQ-- —~SDGFSIPIDD INTIVLDSADVT ITSALLSKLAEED IALYSCDGKHTPNGVLLPFSC-HSRQYK IVKTQINLSAPFKKRC-WQRVVQQK IENQAFCLNI --LELK

MS|

RNIMISSNM-KLRIQDQQLVVTA-- —~GDEVHIPLED INCILIENQSVTLSAYLLQKVADSG IALYVCDEKHLPNAVLLPMVR-HSRHFK I LKYQMETGKPLQKRL-WQQVV IQK IRNQALCLQL--LELD

MGF-

RIVYVSDVN-HMSLNLNSLKIKKG: ~DLETKIPLADIFALVIEDLTVT ITSRLLVELSNYNILVIFCNQKHLPECSLQP 1SG-HFNQY I QUKEQLKWDEARKNEL ~WSAIVKRKTHNQIECMKY--LDID

MSF.

—~QGDIQFPISDIQILVIDHYRSTLTVPLVNKLTENNVCV 1 1CGIDHLPKSY ILPMNG-HFAQSGN IMKQ I TWSNE IKQIL-HQQ IVKAKTFNQIEILKT--NQCK

MSW.

NLSRIPLNE ILCLVIEHPNVSMTGHLMNALSDQK IVT ILCNTKHLPNTLLLPLYG-HHRQARL I QNQMNWKNERKGQL -WQLLVKHK ILNQKQV I QE--CFKE

MAF-

TVNRVPLEE I SFLLIENPNIQLTGHL INALSHHH IVTL I CDANMKPSSVVNSVYG-HHRQSR I | AQQATWTEERKGML -WQE I TKQK IENQRQLL IH--LKKE

MGW.

—~DDAAKIHLSE ISSVTLQSTQVFVSAYLLSELAKAK ITFVISDEKRNPVGQYLP 1'YG-AHNTSKRIGEQISWEEP IKKRV-WQRVVRDKITNQARLLEI--RGRS

MAGW-

—~SRTELIHLSEVDILLLETTDIVLSTML IKRLVDENILVIFCDDKRLPTAYLMPYYG-RHDSSLQLSRQITWNEETKAQV-WTT I lAQKILNQAFYLGS--CGFL

MGW-

~YKTEMIHLSE IDILLLETTD IVLTTMLVKRLVDEN ILVIFCDDKRLPTAFLTPYYA-RHDSSLQIARQIAWKENVKCEV-WTA I TAQKILNQSYYLGE--CSFF

MAGW-

~YQTEMIHLSE IDILLLETTDIVLSTML IKRLVDEN ILVIFCDDKRLPTAMLMPYYA-RHDSSLQLSHQ I SWTEEVKCDV-WTT I IAQK ILNQSCYLGE--CFYF

MSY.

~YKTELIHLSEIDILLLETTDIVLSTMLVKRLVDENVLVIFCDDKRLPTAMLMPFYG-RHDSSLQLGKQMSWSETVKSQV-WTT I lAQKILNQSCYLGA--CSYF

MGW-

~VSKKRIFIDEIKTLIIENTGVAITAYLLSELMNRKVNL IFCDKAHNPQSSLLPLHA-RFDS IRKIKQQM IWSQE I KDEV-WDC IVKAK IRQQALFLDE--LEKK

MGW

~EEIVKIHIPEIAVL 1 IDSTMVSFTTAL 1EKL IAEKVK I IFCGKDHNT IGE I VNYYN-KHNSPLMIRKQ I SWQNNSKQKT-WRE I TKEK INRQALLLKF-- IGNE

MSW

~NQVSRVHLSE ISLI IVETPSVSLTAYLLCELAANKIG I IFCDEKRYPNGQY IPFYG-SHDTSEKIRKQYNWNLNSKM I I -WKEVV IRK IAGQMGVLNRYNHVKS

MTV

—~FETTKIYIDEIYMLVIESTAVSLTAVLLNEL IKKKVAIVFCDEKRNPASEVLPLHG-SHNSSKRCREQADWSKDVQAY I -WTE IVRRK IMNQAELLKY --KELK

MSW

~NKVQKIYLKDISHI IVNTTEASI TFALLNEI'VKNK IKLIFCDETRNPTAEVSPLYS-SYNTSEKIRLQIKWDEYTKGEV-WQQ I VKQK IKNQRNLLEA--AGKP

MSGW-

—~DGTDRVY IPDIGFLMIESTRVSLTTTL ISELVKNKVK I IFCDANHNPQSEL LPYHG-SHDTSLKVREQVSWSDE IKQLV-WTE I VKEK IKNQMELLEE--YQNF

MSW.

—~NGTDFIHIGEVNTLILETTT ISITAALMCEL IKQKVKV I FCDEKSNPHFELLPFYG-SHDCSAK I KEQ I AWTDFLKESL-WT I IVTEK IENQMKLLKK-~-LNKE

—~ESTTKIHLSE IHTLILATTAISITCALLSELTKQK IKVWFCDEKRNPSSEL IPYYG-SHDSSAKVRTQ I QWDNEMKLEV-WTQIVKEK IRQQALHLKS--RSKS

—~EKTQKVFIEEISVLIIETTAVSITAALLNEL IKQKVKV IFCDEKRNPASEL IGYYG-SHDTSEKIRLQIKWDKNIKQLV-WTEVVTEKIRQQKYLLEK--LNLP

R11VISKRA-KLDLQLGKMVVRSD: EITK-IVLSEISTIHIESTAVSITASL ISELAKRK IKVIFCDEKRNPSCELVNYYG-SHDTSNKIRKQIAWKQQTKEAI-WTE IVTDKIRKQKDLLEL--LRRK

RSF 11 TQHC-KVTTKQHSLVWQTN-~ —~GEVYTMPIDDLNQV IFTTTRAL I SADA I AALADANAKV I FSGRDGQPVTETKNLYS-DRRRAEQVRLQVNWPLDL IETV-WTK 1 VAAK I SNQAQVAKL -~CGHD

RTIY1TQKA-KLSYKANHLLIQTN-~ ~MDIKQIPFHQINCI 1 IATTQSVITGYL ISKLVTENIKVIFCAEDHNPCAELNGYYN-NTQRNQNIENQVSWSLPTKQDL-WTRVVKNKLQNQRSVLVR--ADLS

RTVFVNEHA-K INYKMND INIQTK-~

~EGGTRIPIDDIRVLILGNTRTVITSYAVNELQKKNVK I INCDEKGMPVGEFLSYCD-NTKQN IN IWKQFDWAENRKNLL-WQK IVQTK IFNQHQALGE--KVIA

RNVVVTRHC-KISTKMRLLVIQTD: —~DDVCQLPMDD IGMLMIETTRAVITTCAIADLLKRDVK1VFCDDKHLP IGETSPYET-ESSRRAY I 1QQIRWDEARKDLL-WQH I IREKTAHQVSVLEK-NCDSL

RNILINQHC-KISYKMNMCVVQTE-~- ~TDVHQIPVEDIRLLVIATTRAVITTYAVMELLKRQVG I LFTDDKAFP IGE INNYLG-GGNRNKN1QQQVDWP I ERKQNL-WAE IVKSK I LNQSKCLDF--FSEN

[ —

Supplementary Figure S3. Multiple sequence alignment of representative Cas1 sequences (see Supplementary Table S2 and Materials and

Methods). Informative positions chosen for the Cas1 tree reconstruction are marked with asterisks at the bottom of the alignment.
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Escherichia coli str. K-12 substr. MG1655

Archaeoglobus fulgidus DSM 4304
Pyrococcus furiosus DSM 3638

Desulfovibrio vulgaris str. Hildenborough

Legionella pneumophila str. Paris

Parasutterella excrementihominis YIT 11859

Suttere wadsworthensis 3 1 45B
Francisella novicida U112
Wolinella succinogenes DSM 1740
Akkermansia muciniphila ATCC BAA-835
Alcanivorax sp. W11-5
Sphaerochaeta globus str. Buddy
Elusimicrobium minutum Peil91
Mycoplasma mobile 163K
Mycoplasma ovipneumoniae SCO1
Mycoplasma synoviae 53

Mycoplasma car PG 14

Mycoplasma ga epticum str. F
Acidothermus cellulolyticus 11B
Bifidobacterium sp. 12 1 47BFAA

Actinomyces sp. oral taxon 180 str. F0310
um marinum IMCC1322

Candidatus Puniceis
Prevotella timonensis CRIS 5C-B1
Odoribacter laneus YIT 12061

Bergeyella zoohelcum ATCC 43767
Ignavibacterium album JCM 16511

Porphyromonas sp. oral taxon 279 str. F0450

Prevotella sp. C561

Barnesiella intestinihominis YIT 11860

Bacteroides sp. 20 3

Bacteroides fragilis NCTC 9343

Rhodovulum sp. PH10

Parvibaculum lavamentivorans DS-1

bacter shibae DFL 12

um sp. B510

hilus denitrificans K601

Ralstonia syzygii R24

Nitratifractor salsu is DSM 16511

Enterococcus faeca TX0012

Streptococcus thermophilus LMD-9

Eubacterium rectale ATCC 33656

Campylobacter jejuni NCTC 11168

Helicobacter mustelae 12198

Ruminococcus albus 8

Methylosinus trichosporium OB3b

Wolinella succinogenes DSM 1740

Acidovorax ebreus TPSY

Lactobaclllus corynlformls KCTC 3535
72491

Pasteurella multocida Pm70
Ilyobacter polytropus DSM 2926
Aminomonas paucivorans DSM 12260

i lus hesperidum URH17-3-68
lus laterosporus GI-9
olyticum H10
Roseburia inu vorans DSM 16841
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Coriobacterium glomerans PW2

S|
Streptococcus thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SF370
Acidaminococcus sp. D21
Finegoldia magna ATCC 29328
Solobacterium moorei F0204
Veillonella atypica ACS-134-V-Col7a
Peptoniphilus duerdenii ATCC BAA-1640
Filifactor alocis ATCC 35896
Fusobacterium sp. 3 1 36A2
Eubacterium yurii ATCC 43715
Treponema denticola ATCC 35405
Coprococcus catus GD-7
Lactobacillus rhamnosus GG
Lactobacillus farciminis KCTC 3681
Fructobacillus fructosus KCTC 3544
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330

informative positions

RRSVEQLRGIE RVR, TYALLAKQYGVTWN RRYDP---KDWEK!
~SD--VIASLQHLSSAK! 1V-ELMG EAAARNAYYTK-FDE I LKNFEFGKRSRMPPE -
S —~DF---SNHLKELQGAKK -~~~ === ===~ -~ VT-EIMN-————————-! VEGR IRQEYYARWDESLPGEFR I GKRTRRPPK -
H-GDKVDGVALEAEVLHLRACLMRLQQPAG

DTINQCISAATSCLYGVTEAAILAAGYAPAIGFVHTGK--PLSFVYDIADI I KF---DTVVPKAFE | ARRNPG-——--- E----PDREVRLACRDIFRS
~NEVNAMISFGNSLLYSAVLSE I YHTQLNPAISYLHEPSERRFSLALDIAELFKPVIVDRL IFYLVNNG IVTESDFDSRLGG I LLSE-EGKKKFVRHFNE
~NEMNAL I SFLNSRLYATMISE I YNTQLAPT I SYLHEPSERRFSLALDLSE IFKP 1 IADR I ANRLVKKG I IKKDHFREDLNGVLLTD-EGMK IVTKAYNQ

LD-AVRG 1EGEAAKGYFSVFDN---—- LILTREAAFRFEGRSRRPPLDRVNCLLSFIYTLLGHDVRSALEGVGLDSAVGFLHRDRPGRHGLALDVMEEFRAVVADRLAL SL INLGKLKKSDFE IQETGAVRMTDDARKALLVAYQK
K—----NRPENEKTILHAASQKMAG IVANIT - === == === ———— ET-NWIKLQDWRFTLLGFEGSAAR I YWETVKEVNLVCSDFEG---RRPRVNK - ~DITNSMLNYAYSILSSWVWQAI TNAGLELYAG ILHTSKPGKPSLVLDLMEEFRPWCADR I I FKLHARAQKQNE-L - TPALKK--TLIGEMANLYAK
LMKRETAYGLLLRNAGTRLEEISNLLNTR, SGPDWKN:- TVMGLEGSASL I YWNALKEARLLPETFQE- REGRGST - ~EITNAALNYGYAILHSY IQNALGNAGLE I'YAGLLHADRAGKPSLVLDCIEEYRAWVVDRNV I SLRCKLGSEQNFL -
LNKSAPEKAEKLREA---ADT IAKIVTKTKAE IENLQTWNEG IWST - ILMG—=--—=~--—~" YEGAAATLYWQALRTAELVPETFLT- REGRGSV- —~EIVNAALNYGYAILQSY IWSALDNAGFELYAGFLHRRRPGKPSLVLDVMEEYRAWVVDRN I IKLRSMLKNSKRG!
——-KSINLLNAIEELKRVAQL IKNAKT: LN-DVL YEGYAANIYFSSLAK---—-| ASFANREGRGSQEIANSMLNFGYAILSSVILNAITNAGLEPYLGFLHQKRPGKMSLVLDLMEEVRAWVVDRVVlKLREQVKNKQV*
TDKQSKKLESAIEKIKETIESLK-~~----——-———-| N1-ELSNNKHWSQ I IMGKEGGMAA YFDA IGAELLEECDFTT-
H PATAELKRM VT-EKT/ REAECARLFW-
-TARLARLAEAVE PG-DAGH LEGQGARLYWRDLFD:
77777777777777777 VKRLDVLSQTVL -~~--~~-===----SG-DSSN----------NEAQGARVYFES 1 YG:
ETIFNMARE! G-DATF KEGVGAKVYFENLF- NDFHRNTDDK: DI INSALNYGYAI'VRSS I ARAVVSAGLNPAIG I FHSKNHNPFCL IDDL IEPLRPL I -DFMVKNKLDVLTQEESLS~-
~NSEFGIEYFDDL INNVN: LF-DISN REGHAAKVYWNMTYS———--| KEFIR---NNSATKLKFDKFEIVNAILNYGYSILRSSAIQS I IKKGLDPRFS IFHKSFSNFFALASDL IEIFRPLV-DEIAYLHKDETFFDV -~
—~SED--EAKMWDYFHDVQ: PY-DTNN- REGHAAKLYFKLLF DNINILLNYGY IVLLSYVAR I 1CGKGLDNRLG I' YHKSFNNNFPLACDLMEPYRYWV-DQIVYNHINAEFLNFQ-
—~KED--VEKFNFYYKKIT PG-DKN: MEGH I AKLTFKNLY( ~NEINKFLNYGYT ILMTYVSRNLVKKGYDNR I GVFHKSFNNHFALATDLMEPFRFL I -DKLVYELL I IEKNYDF-
IN-DRSN- CEGHAAKLSFKILYG: ~NTINTFLDYGYTVLMTYVSRS I IKNGLDNR IG I FHKSFNNHFALSCDLMEPLRAL I -DKLVYTHIY 1 YGKKDF-
DG-DLNN- CEGHAAKLSFKLLYG EDFSR---SQKD- ~DIINKYLDYGY IVLMTYVSRTLVKNGLDNR I G IFHKSFNNHFALSCD IMEPFRP 1 1 -DYLTFSYL IKNQNDDFK:-
\QLERLAAQVR SG-DASN E RVYWARLFQD- KHFRRVPRAR- -DVVNGLLDYGYAILRGCCLRAVVGAGLAPSLGLWHRRHDNPFTLVDDL IEPFRP, DKTVIEIVTAGAS! PTKRLLVAVLDH
LLRGI R SG-DPSN CEGHAAREYWRRMFPQD---EKFRR--- 1P-GQG ~YGRNAQLDYAYMVLRGFAVKAV IAAGL I PSLGVNHHGRGNYFCLADDLLEVYRPAV-DYRVSLLNDEDSLQEK- AVKKHLVDAVNQ
ELLALADQVR SG-DPGN IEAQAARLYWSRTLG-----KGVGRQPAAGQL -~ - 1GANACLDYGYSVLRGHLMRAVLAAGLAPALGVFHRGRGNAFALADDL | EPFRPAI -DEVALQLPPTASPSDR- SVKQLLVAAASQ
S VERLNRLHTL IK- SG-DPQN 1EAQAAQVYWPALF( RDFRR---DRHK: DVNALLNYGYAI IRSAMVSAVLSAGLHPTFGMFHKNKNNPLCLVDDLMEPYRPLY-DQLVKRLVERGHSN---V-
KCLFPYYNNVK: SG-DSTN REGAAAKLYWTQLF( KDFIR---DRTQ. TNALLNYGYTILRAAVTRAIMSAGLFPALG I FHHNRSNAFPLADDMMEPYRPFV-DEIVYHLTQNGQTT---L~
NILKPFYCNVK —~ECPNNLLNYAY IVLRAAVARAI TGSGLLPTLGLFHHNRYNAFCLADDLMEPYRPYA-DEVVSGLFQKGEKE---L~
PMYEYLNQVK ~DSPNQFFNFGYSVLRS IVARAIVETGLLPVLG I FHKNKYNAYCLADDLMEPYRPFV-DLLV IRWLEKNPEAEE-L -
S DNMKKWARDVK: ~KPPNNLLNYGYAILRAVVARSLVASGLLPTLG IHHHNKYNAFCLADD IMEPYRPFV-DDI IVTLVRDGEDFTE-L -
P- KNMLAWSRQVK: DADN: ~AAPNSLLNYGYAILRAT IARALVGCGLLPTLG IHHHNKYNAYCLADD IMEPYRPYV-DLLVVEICEEEGFPTE-L-
FVPLHVLARKVR SD-DADN- PPNNLLNYGYAILRAVIARALVGSGLLPVYGIHHHNRYNAYCLADD IMEPYRPFV-DDLVLSTMKKME 1 SDD-L -
KNMR/ EVR G-DIDN: PPNNLLNYGYAILRAVVARSLV I SGLLPTLG IHHHNRYNAYCLADDVMEPYRPYV-DGLVCE IMESGKDYSM-L-
E TKCMRIWANDVR: SG-DPDN PPNNLLNYGYAILRAIVARGLVTSGMLPTLG IHHHNRYNAYCLADD IMEPYRPYV-DELVFGL IRTKGISPEIL-
E. VKCMRIWATNVR SG-DPDN PPNNLLNYGYAILRAVVARGLV I SGLLPTLGIHHHNRYNAYCLADD IMEPYRPYV-DELVFSLIQEYGKNAE-L -
IRALLPRVR SG-DPDN —~AGANALLNYGYTVLRAATARAIVAAGLHPSLALHHRSRGDALRLADDVMEPFRPTV-DLAVKMLLDEGRED---L~
H GLLPMARRVR: SG-DPDN —~EGVNALLNYGYAVVRAATARATVAAGL I PSLGVFHRNRANPFCLADDLLEPYRPYV-DWRVRLLANQMGEEAPSL -
H PVGMLARKVT G-DATN
GLVEMARRVR: G-DPDN: LEAQAARRYWPALFG REFRR DGANALLNYGYAILRSATARAVTAAGLHPS I GLHHANRGNPLCLVDDLMEPFRPFV-DLAVLRLAEAGHRE-~--V- ETKRYLALVPSL
T PLLALVSKVK. G-DPEN: 1EGQGARRYWGLLFG: MTFRR———DQ"' DGVNALLNYGYTILRSATARAVVAAGLHPS I GLHHSNDSNAMRLVDDLMEPFRPVV-DLKVWQLLAQGEAH---V~- ETKRALVRVLYD
S PLSALVSKVR G-DPEN YEAQGARRYWVLLFG- —~EGINTLLNYGYTVLRAATARAV I AAGLHPSVGLHHSNTQNAMRLVDDLMEPFRPL I -DLQVHACWRAGD I ALDR- ETKKRLADVMYL
N PKLERYAEQIR PG-DPYR: TEAKSARLYWNKLF- ~DVRNQALNYAYAI LRSL I TRDLSAAGFLPALGLWHDNRYNAFNLSDDLMEPFRP IV-DAAVYLLLPLCDEEYLTP- EFKKAIISIFDS
Semmmm e ER---VEVLEKLSEGIL: ~CLPNACMNYGYAV IRAQMARCVVALGLLPMLG I FHKNEYNSFNLVDDLMEPFRPLM-DWY IHQT ILKKNEKYLTY-
REGHAAKVYFNELF DVINAGLNYGYAIMRAQMAR IVAGYGLNGLLG I FHKNEYNQFNLVDDLMEPFRQ1V-DVWVYDNLRDQEFLKY-
REAHAAKVYFNLLM —~ILLNSGLDYGYAVIRGY IARACVGYGLNTQ G IHHKSEYNRFNLVDDLMEPLRP 1V-D IVAYNSMKNDKYFTP-.
IEAVAAALYFKTLFG ~CFENSALNYGYAI IRACIIRAVC I SGLLPWLG IKHDN 1 YNSFALCDDL I EVFRASV-DDCVLKLKGESEFLSK-
NEAKASALYFPSLFG: PINAALNYGYAI IRGC I ARNLVGSGL I PSLG I FHSNQFNPFNLADDL I EPYRPFV-DSRVLALRIENELTL -
RE/ KRYF IALF( DVTNAALNYGYAT IRSAVAKTLVAYGYNCVLG IHH INEQNAYNLADDMMEPLRPLV-DLWVDNSRDDLFEELT-- TNRRDLVDLVNV
EALRAMAKL' SG-DPDN VEARAARDYWRALY - ~DLRNKMMNYGYAVVRACVARALVAYGLLPALGLHHVSVTNAFNLADD I LEPFRPFV-DAI KTDDLT- DD HV
D \RRLENLVGKVT: SG-DTT EAQAAQVYWRSLF DARNGGLNYGYAVLRGALGRAIAGAGL I PAFGLHHAGELNSFNLADDL I EPFRPFV-DLLVWGLFLERTGDDP-L~ EERMRIAQILGE
TDRLASY SG-DGGN LEAQASAYYFPQVFG WSNAALDYGYAVMRGACARALVAHGMLPSLGLFHRSEQNAFNLADDL IEPYRPVV-DLHVAQHRPADEDAELQP- SDKVALVGLLNV
Nemm o VAELNFLATQVT - == == === === EG-DKTF--———m———-| KESRAARLYFMGLFG RN-E--—————-] NPMNGALNYGYAT IRG I 1 ARDICAYGFEPALGVFHKNELNPFNLADDL IEPFRAYV-DLWAYEHQTDLKAG---L~- TNKQALFQLLFT
L. KRLRTLASEVR: G-DTGN: REAQAAALYFQALFG NAALNYTYAVLR, RALTLYGWLPALGLFHRSELNPFNLADDF IEPLRPLA-DLTVIHLYEQGRLKTE-L- GIKQHLIKILYY
[ ETKRLNRMANQVK: G-DKEN VEAQAAL I YFQTLFG-—----| KTFKR---SE-E-------- NNINAHLNYAYTVLRSA I ARALVLYGWLPQLG I FHRSEVNPFNLADDFVEPFRPLV-DLMVWQLWHTNQLTSG-L - ~-NTKQKLISLLHH
G SKYLYDLSKRVK: DDGN: LEALGAKYYFQKLFG RD-H-==—-—--| DIKNFALNYGYAVIRGRIARSLTSYGY 1 CSLG IQHKNEYNAFNLADD I IEPYRSVV-DLWVANN IDKLSDELTT-
G EELHALASQVR DPDQ RE( RLYFSRLM. DD-P- TSRNAALDYGYSVLRGALARSLAAHGFLPALG IQHHNELNPFNLADDL LELFRPQV-DLWVFRNVSDDDPFSP-
G DEALLALAGR DKG 1ESQAARMYFKHLFG---—- KAFKR---SS-D-------- DFINSAMNYGYAL IRGQVARSLCAFGFQPS I GLQHHSELNNFNLADDLMEPYRP IV-DYVVASELDVDSP ILSKL-
G ESELLAIRNTVD: SG-DSTN- REAYAAKVYFQHLF HIEINHSLNYGYSILRGNVARVLVQYGFFPCLG I DHHNENNAFNLADDFMEVFRPLV-DLFVVKHFHEEMEFTP-
G RDEL INLSKSVL- G-DSTN: ~DNTNYALNYGYSILRGAVART I ASYGF I PS IG IHHRSELNNFNLADDF IEPFRP 1V-DMWVKQN INEDTLLTP-
G HEELLRMCKEVQ: SG-DRTH ~HIINSALNYGYAI IRGMIARSI ICYGLEPS IG I FHHSELNNYNLADDM I EPFRPLV-DLYVSSHFDISEIDST-L-
Q KMTDLYH LF-DRNN 1EGQAAKYYFNSFF-- ~LIENAVLNYGYTIFNAATART I VAKGL IPA1GIHH I GGRNHFNLASDL 1EPFRP IV-DLFLLKYPPEDFLTK -~
Y- IKKLYEFYDTVD LG-DATN REGLAAKMYFREMFG -DVINAGLNYGYSIFRSLISS I 1VGKGYLPNLG I FHKGKTNMFNLSDD I IEVFRP 1V-DKYVYDNLKEELLFKS-
R DSELFDAFANNVE ~TAQNAAMDYGYQVLLAIVART I VSKGYLTELG IKHHNEFN I YNLASDFME I FRPL I -DYLVLKNVEQQFET -~
IDELSMFRDQVE: —~EPRNWALNYGYVV IHSLIARQIVSRGYLTELG I FHANEFNQMNLASDFVEVFRPLV-DY IVHEH I TDTFGK:

AGRIGAIVSDVR
KSQSV IDLYHGLD:

-LAINAALNYGYA

SAVNREIVSRGYLTQLGVCHRNEYNQFNLSCDLMEPFRP 1V-DRIVFDNVQDDFTR--

- NDVNAALDYGYTL ILSMFAREIVLSGCMTQFGLKHANQFNQFNLASD IMEPFRP I 1 -DK1VYENQNSSFV-
ES-D---—--~-| NDINAALDYGYTLLLSMFAREVVVCGCMTQIGLKHANQFNQFNLASD IMEPFRP I 1 -DRTVYQNRHNNFV -
NDINAGLDYGYTLLLSMFAREVVVSGCMTQFGLKHANQFNQFNFASD IMEPFRP IV-DR1VYENRNNSFI -
HPINAGLDYGYTLLLSMFAREVVVSGCMTQFGLKHANQFNQFNFASD I MEPFRPLV-DKIVYENRNQPFP -
PINAGLNYGYSLLLSLFNREIVSAGYLTQLGIFHENTYNPYNFSCDLMEPFRILV-DRYVYNMNPTTFAK.
~NPTNAMLNFGYSILLSIFTREITSSGYLTQLGIFHENQFNYYNLSSDLMEPLRPMI-DNIVYFYEPEKFDK:

RIYFNALFG
RF-DPSN REGHSARI YFNTLFG:
KSQSIMDLYHDLE PF-DPSN- REGHSARIYFNTLF
KSQSIMDLYHGLE: NF-DPSN- REGHAARIYFNTLF
REGHAAKVYFNALF

KIKRELFTIFSD
KIKKELFSIFSE

NLLLEYKSQVQ

G EKLKQYSYDVE ~N1INAQLNYGYSILLSAVCREIVKNGY ITQIGIHHDNIFNSYNLACDLMEPLRPFI-DLL ILKLEHIVLSA

E. DLLYQYLDELT: REGHAAKVYFNALF NPVNAALNYGYAILLSTVNREILSLGY ITQLGLNHCNQFNPYNLGSDLMEPLRGF 1 -DE1VINLMPTEFNR:

E. YALLEKYIEEVE LK-DATN REGHAAKVYFNALF NINAALNYGYAILLASINRQVVSNGYLTQIGIFHDNMFNQFNFSSDL I EPWRVLV-DNTVY IDDIKIFGK:

D RAELLKTYIEEME: PG-DKNN REGHAAKVYFNTVF NTINAALNYGYNILLSCFNREIVSNGYLTQIGLWHSSRFNSFNLASDLMEPFR1 IV-DRKVLTLNLENFDS:

Emmmmmmm e YKILQEYASQIE-----——---———- HN-DNTN-—--——————-| REGHSAK I YFSALFG-----I NNFSR---NK-E--------I NSLNAFLNYGYQLLLSTFNKEIVANGYLTQIG I FHKNMFNYYNLSSDLMEPFRV IV-DELAYKENPQKFEK- -

Qemmmm e YEMLEDYVRQVQ---~--==--=--—- FA-DSTN---——-—-—-| REGHAAKVYFNALFG----- LDFSR***RA D-mmmm e TVVNSALNYGYAT IASMFSRE I TSCGYMTQLGLFHDNMFNHFNLASDLMEPFRVLYV-DRKVCSMEMEEFTS-~

Q LLAEYITDID: IN-DKTN IPINAALNYGYSILLSAFNRI ANGY 1 TQLG I FHDNMFNPFNLGSDLMEPFRPLYV-DAEVFKLNPQKFEH- EEKLKIVSVINK

E LLDTYLKKIT- WN-DGTN ~SLINAALNYGYSVLMSAFAREIVASGYLTQLG IFHDNMFNQFNLASDLMEPFRIL I -DREVLMMTLEVFQH SEKMQLVNVLNH
QGLLDDLDALE IN-DVSN ATNAALNYGYSVLLSTTNRAIVSTGHLTEVGLHHHSASNPYNLGSDLMEPFRPAV-DYWVAQHRIKELTP- DVKYGL IDLLNL

P- SFLDNEYRF1Q EN-DSSN- ~TKINAMLNYGYTILLSATNQE I AQGYLTQLG IHHHSLKNCFNLSSDLMEPFRPFV-DDKVFQKSDYNFDE: YMKLELVDILNQ

L ] YGKLKE IGLEVK-=~--===—-mm—— EA-DEDN-----—--—-| REGQAARLYFPRIFD-- ~LKANAHLNYGYS I LLSAVSRE I VAAGFLTQIGVHHQSQTNPFNLASDLMEPFRPYV-DRIVKWQRDSPLTL -~ EHKLNLVSVLNE

D LEKMKSLVVDVK: PG-DSDN- RE/ HMYFPRLFT-- ~NGINGILDYGYAI ILSEVARKITE IGYLTEFG IHHDNEKNPFNLACDLMEPFRPFM-DERVFQLGAEHLDS-- KVKVELMRFMRS

D RSLEQLIIQVN QN-DNSN RE RMYFTRLFG-- PSFVR---HNDD- ~EPINALLNYGYSILLSTVARE I SSNGFLTELG IHHNSQENVFNLACDLMEPFRP I 1 -DRAVAQMTDFDLSL-- QHKIELIELFDD
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Escherichia coli str. K-12 substr. MG1655
Archaeoglobus fulgidus DSM 4304

Pyrococcus furiosus DSM 3638

Desulfovibrio vulgaris str. Hildenborough
Legionella pneumophila str. Paris
Parasutterella excrementihominis YIT 11859
Suttere wadsworthensis 3 1 458
Francisella novicida U112

Wolinella succinogenes DSM 1740
Akkermansia muciniphila ATCC BAA-835
Alcanivorax sp. W11-5

chaeta globus str. Buddy
crobium minutum Peil91
Mycoplasma mobile 163K
Mycoplasma ovipneumoniae SCO1
Mycoplasma synoviae 53
Mycoplasma canis PG 14
Mycoplasma gallisepticum str. F
Acidothermus cellulolyticus 11B
ifidobacterium sp. 12 1 47BFAA

. F0310
IMCC1322

Prevotella timonensis CRIS 5C-B1

Odoribacter laneus YIT 12061

Bergeyella zoohelcum ATCC 43767

Ignavibacterium album JCM 16511

Porphyromonas sp. oral taxon 279 str. F0450

Prevotella sp. C561

Barnesiella intestinihominis YIT 11860

Bacteroides sp. 20 3

Bacteroides fragilis NCTC 9343

Rhodovulum sp. PH10

Parvibaculum lavamentivorans DS-1

Dinoroseobacter shibae DFL 12

Azosp sp. B510

Alicycliphilus denitrificans K601

Ralstonia syzygii R24

Nitratifractor salsuginis DSM 16511

Enterococcus faecalis TX001:

Streptococcus thermophi lus LMD 9

Eubacterium rectale ATCC 33656

Campylobacter jejuni NCTC 11168

Helicobacter mustelae 12198

Ruminococcus albus 8

Methylosinus trichosporium 0B3b

Wolinella succinogenes DSM 1740

Acidovorax ebreus TPSY

Lactubaclllus corynlformls KCTC 3535
22491

Pasteurella multocida Pm70
Ilyobacter polytropus DSM 2926
Aminomonas paucivorans DSM 12260

i lus hesperidum URH17-3-68
lus laterosporus GI-9
olyticum H10
Roseburia inu vorans DSM 16841
Staphylococcus lugdunensis M23590
Eubacterium dolichum DSM 3991
Staphylococcus pseudintermedius ED99
Planococcus antarcticus DSM 14505
Coriobacterium glomerans PW2
Streptococcus sanguin SK49
Streptococcus thermophilus LMD-9
Streptococcus mutans UA159
Streptococcus pyogenes SF370
Acidaminococcus sp. D21

Finegoldia magna ATCC 29328
Solobacterium moorei F0204
Veillonella atypica ACS-134-V-Col7a
Peptoniphilus duerdenii ATCC BAA-1640
Filifactor alocis ATCC 35896
Fusobacterium sp. 3 1 36A2
Eubacterium yurii ATCC 43715
Treponema denticola ATCC 35405
Coprococcus catus GD-7
Lactobacillus rhamnosus GG
Lactobacillus farciminis KCTC 3681
Fructobaci llus fructosus KCTC 3544
Bifidobacterium bifidum S17
Oenococcus kitaharae DSM 17330
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46447796 Desulfovibrio vulgaris str. Hildenborough
95 11500011 Archaeoglobus fulgidus DSM 4304
18977490 Pyrococcus furiosus DSM 3638
94

Cas1

16130662 Escherichia coli K-12 MG1655.

Cas1 outgroup
(type I-A, I-C, I-B and I-E)

F
1
1
1
1
1
1
|
1
1
1
1
1
1
1 89 77
1
1
1
1
|
1
1
1
1
1
1
1
1
1
1
1
|
1
1
1

34557933 Wolinella succinogenes DSM 1740
331001028 Parasttterella excrementihominis Y1T 11859
319941582 Sutterella wadsworthensis 3 1 458

54296139 Legionella pneumophila str. Paris

389815358 Planococcus antarcticus DSM 14505
339625080 Fructobacillus fructosus KCTC 3544
258509198 Lactobacillus rhamnosus GG
Z 336394883 Lactobacillus farciminis KCTC 3681
72 310286727 Bifidobacterium bifidum S17
85 366983954 Oenococcus kitaharae DSM 17330
100/ 13622194 Streptococcus pyogenes M1 GAS
@2 24379808 Streptococcus mutans UA159
04 422884107 Streptococcus sanguinis SK49
42116628212 Streptococcus thermophilus LMD-9
320528779 Solobacterium moorei F0204
66 303229394 Veillonella atypica ACS-134-V-Col7a
227824982 Acidaminococcus sp. D21
86 74 169823756 Finegoldia magna ATCC 29328
92 374307737 Filifactor alocis ATCC 35896
57 306821690 Eubacterium yurii ATCC 43715
291520706 Coprococcus catus GD-7
42525844 Treponema denticola ATCC 35405
304438953 Peptoniphilus duerdenii ATCC BAA-1640
256845020 Fusobacterium sp. 3 1 36A2
328956316 Coriobacterium glomerans PW2
47458867 Mycoplasma mobile 163K
363542551 Mycoplasma ovipneumoniae SCO1
71894593 Mycoplasma synoviae 53
284931711 Mycoplasma gallisepticum str. F
2 21 384393287 Mycoplasma canis PG 14
40 315659847 Staphylococcus lugdunensis M23590
37 160915783 Eubacterium dolichum DSM 3991
238924076 Eubacterium rectale ATCC 33656
84 315149831 Enterococcus faecalis TX0012
94 116627543 Streptococcus thermophilus LMD-9

94

{ 218563120 Campylob. JjejuniNCTC 11168
99 291276264 Helicobacter mustelae 12198
325677757 Ruminococcus albus 8
421874296 Brevibacillus laterosporus GI-9
225377803 Roseburia inulinivorans DSM 16841
220930481 Clostridium cellulolyticum H10
310780383 /ly polytropus DSM 2926
222109284 Acidovorax ebreus TPSY
403744859 Alicyclobacillus hesperidum URH17-3-68
312879014 Aminomonas paucivorans DSM 12260
336393380 Lactobacillus coryniformis KCTC 3535
218767587 Neisseria meningitidis Z2491
15602991 Pasteurella multocida str. Pm70
296446028 Methylosinus trichosporium OB3b
84 34557789 Wolinella succinogenes DSM 1740
294086112 Cand. Puniceispirillum marinum IMCC1322
402849996 Rhodovulum sp. PH10
159042957 Dinoroseobacter shibae DFL 12
288957740 Azospirillum sp. B510
330822846 Alicycliphil trifi
23 99 344171926 Ralstonia syzygii R24
154250554 Parvibaculum lavamentivorans DS-1
282880053 Prevotella timonensis CRIS 5C-B1
374384762 Odoribacter laneus YT 12061
423317188 Bergeyella zoohelcum ATCC 43767
385811610 Ignavibacterium album JCM 16511
402847305 Porphyromonas sp. oral taxon 279 str- F0450
345885719 Prevotella sp. C561
404487227 Barnesiella intestinihominis YIT 11860
301311870 Bacteroides sp. 20 3
60683388 Bacteroides fragilis NCTC 9343
187736488 Akkermansia muciniphila ATCC BAA-835
84 319957207 Nitratifractor salsuginis DSM 16511
407803668 Alcanivorax sp. W11-5
325972002 Sphaerochaeta globus str. Buddy
98 187250661 icrobium minutum Pei191
117929157 Acidothermus cellulolyticus 11B
99 317482065 Bifidobacterium sp. 12 1 47BFAA
93 315605739 Actinomyces sp. oral taxon 180 str- F0310

46

99

97

K601

61
92

99

118497352 F novicida U112
254447899 gamma proteobacterium HTCC5015
331001027 Parasutterella excrementihominis Y1T 11859 !
100 319941583 Sutterella wadsworthensis 3 1 458
54296138 Legionella pneumophila str. Paris
oli

389815359 Planococcus antarcticus DSM 14505

422884106 Streptococcus sanguinis SK49
100 13622193 Streptococcus pyogenes M1 GAS
48 116628213 Streptococcus thermophilus LMD-9
78~ 24379809 Streptococcus mutans UA159
97, 328956315 Coriobacterium glomerans PW2
41 336394882 Lactobacillus farciminis KCTC 3681
224543312 Catenibacterium mitsuokai DSM 15897
258509199 Lactobacillus rhamnosus GG

s 310286728 Bifidobacterium bifidum $17
9% 366983953 Oenococcus kitaharae DSM 17330
% 75 339625081 Fructobacillus fructosus KCTC 3544

169823755 Finegoldia magna ATCC 29328
40 303229466 Veillonella atypica ACS-134-V-Col7a
320528778 Solobacterium moorei F0204

9 21
902 4 227824983 Acidaminococcus sp. D21
87
291520705 Coprococcus catus GD-7
4034 34762592 Fusobacterium nucleatum ATCC 49256
374307738 Filifactor alocis ATCC 35896
98 43 304438954 Peptoniphilus duerdenii ATCC BAA-1640
70 42525843 Treponema denticola ATCC 35405
96 315659848 Staphylococcus lugdunensis M23590
160915782 Eubacterium dolichum DSM 3991
31 116627542 Streptococcus thermophilus LMD-9
89 315149830 Enterococcus faecalis TX0012

238924075 Eubacterium rectale ATCC 33656
47458868 Mycoplasma mobile 163K
363542550 My« i oniae SCO1
284931710 Mycoplasma gallisepticum str. F
71894592 Mycoplasma synoviae 53

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

306821691 Eubacterium yurii ATCC 43715 |
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

218563121 Campylobacter jejuni NCTC 11168
291276265 Heli 12198
296446027 Methylosinus trichosporium OB3b 1
310780384 Ilyobacter polytropus DSM 2926 1
365156657 Bacillus smithii 7 3 4TFAA I
220930482 Clostridium cellulolyticum H10 1
222109285 Acidovorax ebreus TPSY 1
218767588 Neisseria meningitidis Z2491 I
15602992 Pasteurella multocida str. Pm70 !
312879015 Aminomonas paucivorans DSM 12260 !
336393381 L illus coryniformis KCTC 3535 N
225377804 Roseburia inulinivorans DSM 16841 |
403744858 Alicyclobacillus hesperidum URH17-3-68 )
297182908 uncultured delta proteobacterium HF0070 07E19 :
84 325677756 Ruminococcus albus 8 h
384109266 Treponema sp. JC4 \
407803669 Alcanivorax sp. W11-5 |
427429481 C irillum salinarum AK4 I
83591793 Rhodospirillum rubrum ATCC 11170 I
344171927 Ralstonia syzygii R24 1
402849997 Rhodovulum sp. PH10 |
330822845 Alicycliphil itrific K601 1
294086111 Cand. Puniceispirillum marinum IMCC1322 1
288957741 Azospirillum sp. B510 1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

35|

92109262 Nitrobacter hamburgensis X14
148255343 Bradyrhizobium sp. BTAi1

159042956 Dinoroseobacter shibae DFL 12
154250555 Parvibaculum lavamentivorans DS-1
423317190 Bergeyella zoohelcum ATCC 43767
301311869 Bacteroides sp. 20 3

385811609 Ignavibacterium album JCM 16511
60683389 Bacteroides fragilis NCTC 9343
402847315 Porphyromonas sp. oral taxon 279 str. F0450
404487228 Barnesiella intestinihominis Y1T 11860
374384763 Odoribacter laneus YIT 12061

347536497 Flavobacterium branchiophilum FL-15
345885718 Prevotella sp. C561

95
40}

69|

42 282880052 Prevotella timonensis CRIS 5C-B1
23 _: 187250660 Elusimicrobium minutum Pei191
100" 325972003 Sphaerochaeta globus str. Buddy
117929158 Acidothermus cellulolyticus 11B
315605738 Actinomyces sp. oral taxon 180 str. F0310

= 227494853 Actinomyces coleocanis DSM 15436
[— 91 189440764 Bifidobacterium longum DJO10A
02 187736489 Akkermansia muciniphila ATCC BAA-835

319957206 Nitratifractor salsuginis DSM 16511



Supplementary Figure S4. Phylogenetic analysis of representative Cas9 and Cas1
sequences. Phylogenetic trees of Cas1 (left) and Cas9 (right) reconstructed from selected, informative
positions of Cas1 and Cas9 multiple sequence alignments are shown (see Figure 1 and Supplementary
Figures S2 and S3). The Cas1 tree is rooted to the outgroup of selected Cas1 orthologs of type |
CRISPR-Cas systems. The Cas1 and Cas9 orthologs of the types classified as II-A, 1I-B and 1I-C are
highlighted with shaded boxes. The same branch colors were used for each bacterial strain on both trees.
Each protein is represented by the Genlinfo (Gl) identifier followed by the bacterial strain name. The
bootstrap values are given for each node (see Materials and Methods). The scale bars for the branch
length are given as the estimated number of amino acid substitution per site. Note the similarity of the
trees topology and monophyletic clusters of subtypes II-A and II-B on both trees supported by high

bootstrap values.
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Supplementary Figure S5. RNase lll is a general executioner of tracrRNA:pre-crRNA processing in type Il CRISPR-
Cas. Northern blot analysis of total RNA from S. pyogenes WT, Arnc and Arnc complemented with rnc orthologs or rnc
mutants probed with (A) tracrRNA and (B) crRNA repeat (Supplementary Table S1). The dashed-line boxes represented
below the Northern blots in (B) show the area of the blots with enhanced exposure. All RNAse Il orthologs can co-process

S. pyogenes tracrRNA and pre-crRNA. No mature forms of tracrRNA and crRNAs could be observed in Arnc
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complemented with the truncated version or catalytically inactive (dead) mutant of RNase lII.
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15674631

Streptococcus pyogenes SF370

*
——————— DIQFNDLTLLETAFTHTSYANEHRLLNVSHNERLEFLGDAVLQL I I SEYLFAKYPKKTEGDMSKLRSMIVREESLAGFSRFCSFDAY IKLGKGEEKSGGRRRDT I LGDLFEAFLGALLLDKGIDAVR

24379904 Streptococcus mutans UA159 -KI1VFSDKELLETAFTHTSYANEHRLLN I SHNERLEFLGDAVLQLT I SHYLFDKYPQKAEGDLSKMRSMIVREESLAGFSRNCHFDRY IKLGKGEEKSGGRQRDT I LGDLFEAFLGALLLDAGLKAVE
116628032 Streptococcus thermophilusLMD-9  ------MNQLEQKLEQDF------- GIVFSQKDLLETAFTHTSYANEHRLLN I SHNERLEFLGDAALQLV ISVYLYNRYPNKPEGEMSKMRST I VREESLAGFTKACGFEQY IRLGKGEEKSGGRERAT I LGDLWEAFLGALYLDQGLPAVE
57651802 Staphylococcus aureus COL -MSKQKKSE I'VNRFRKRFDTKMTELGFTYQN I DLYQQAFSHSSF INDFNMNRLDHNERLEFLGDAVLELTVSRYLFDKHPNLPEGNLTKMRAT IVCEPSLV I FANKIGLNEM I LLGKGEEKTGGRTRPSL I SDAFEAF IGALYLDQGLD I'VW
118498035 Francisella novicidaUl1l2 = -————- MVPEYSRFYNIL------~ GYNFKDYTLLIRALTHRSKTKK-----=~ NYERLEFLGDSVLSFVIAEVLYKQFTDLAEGKLSQLRSKLVKGTTLAQLASSLKMDEY I I LGASEQ--GGHKREKILEDVFEAVIGAIYLDSDFATVK
218767809 Neisseria meningitidisZ2491 MKDDVLKQQAHAA I QKKL —-GYAFRD I SLLRQALTHRSHHAK —--HNERFEFVGDS I LNYTVARMLFDAFPKLTEGELSRLRASLVNEGVLAEMAAEMNVGDGLYLGAGELKSGGFRRPS I LADAMEAMFAAVSFDADFNTAE
15601926 Pasteurella multocidaPm70 = --—-—- MTQNLERLQRQI -GYQFNQPALLKQALTHRSAAVK-------HNERLEFLGDAILNF I I AEALYHQFPKCNEGELSRMRATLVREPTLASLARQFELGDYLSLGPGELKSGGFRRESILADCVEAI IGAISLDSDLATTT
218563224 Campylobacter jejuni NCTC 11168 - —---MKNIEKLEQSL ~TYEFKDKNLL IHALTHKSFKKSY - —--NNERLEFLGDAVLDLVVGEYLFHKFAKDAEGDLSKLRAALVNEKSFAK IANSLNLGDF I LMSVAEENNGGKEKPS ILSDALEAT IGAIHLEAGFEFAK
16130492 Escherichiacoli 2 ——— MNP IVINRLQRKL-—————-— GYTFNHQELLQQALTHRSASSK------- HNERLEFLGDSILSYVIANALYHRFPRVDEGDMSRMRATLVRGNTLAELAREFELGECLRLGPGELKSGGFRRESILADTVEAL IGGVFLDSDIQTVE
Motifs L Cuttingdomain 1
15674631 Streptococcus pyogenes SF370 RFLKQVMIPQVEKGNFE--RVKDYKTCLQEFLQTKGDVAIDYQV I SEKGPAHAKQFEVS IVVNG-AVLSKGLGKSKKLAEQDAAKNALAQLSEV-——————-—

24379904 Streptococcus mutans UA159 AFLNQVVIPKVENNNYE--RVTDYKTALQELLQVDGDVL IDYEVLKESGPAHAKCFEVAVSMNH-EKLSSGTGKSKKLAEQEAAKNALEKLQRGS-

116628032 Streptococcus thermophilus LMD-9 KFLNQVMIPQVEKGNFD--RVIDYKTALQERLQVNGKVDITYTVIDESGPAHAKEFTMQVAVDG-KELSTGFGKSKKLAEQAAAKSALEQLGN--—

57651802 Staphylococcus aureus COL KFAEKV IFPHVEQNELL--GVVDFKTQFQEYVHQQNKGDVTYNL IKEEGPAHHRLFTSEV I LQG-EAIAEGKGKTKKESEQRAAESAYKQLKQIK-—-—-——

118498035 Francisella novicidaUl1l2 KVILKWYQP I ISSINLDT IKVKDSKSKLQEILLQNALSLPEYSIET IDGKDHEQQFTVVAMSKDLNLRVKAQGTSRKKAEQKAAEKM I EMLSQQGLHEKK -~

218767809 Neisseria meningitidisZ2491 KVVRHLFAERVRRVDFQN-QAKDGKTALQEALQARRFALPKYRIEEQIGHANDSMFV I SCDLGELGFVCRAKGTSRKAAEQEAAKEALKWLEEKLPLKKKKK

15601926 Pasteurella multocidaPm70 KIVQHWYQAQLKQIQPGD-NQKDPKTRLQEYLQGKRLPLPTYNVVEIKGEAHCQTFTVECYVKN IDRTFMGSGASRRKAEQAAAEK I LQLLEMK-====——~

218563224 Campylobacter jejuni NCTC 11168 TIALRLIEKNFPQIDAKI-LIKDYKTKLQEITQGKIGQTPQYETVRAFGPDHLKQFEIALMLDG-KELARATAGSKKEAQQMAAKTALEKLGAL -~

16130492 Escherichia coliK-12 KLILNWYQTRLDE I SPGD-KQKDPKTRLQEYLQGRHLPLPTYLVVQVRGEAHDQEFT IHCQVSGLSEPVVGTGSSRRKAEQAAAEQALKKLELE.

Motifs L dsRNAbinding domain 1

Supplementary Figure S6. Multiple sequence alignment of bacterial endoribonucleases lll used in the study. Domains indicated below the alignment are
according to the domains identified in RNase Il from E. coli (58, 59). The conserved catalytic aspartate residue mutated in the catalytically inactive “rnc dead” mutant

and the last amino acid of the truncated rnc mutant are indicated above the alignment with an asterisk and an arrow, respectively.
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Supplementary Figure S7. Conserved catalytic amino acid residues of Cas9 are not involved in dual-RNA
processing by RNase Ill. Northern blot analysis of total RNA extracted from S. pyogenes WT, Acas9 and Acas9
complemented with pEC342 (backbone vector containing tracrRNA-171 nt and the native cas operon promoter from
S. pyogenes) or pEC342-derived plasmids encoding Cas9 WT or mutants, hybridized with (A) tracrRNA or (B) crRNA
repeat probe (Supplementary Table S1). tracrRNA:crRNA co-processing is observed in all strains encoding Cas9 point
mutants. Note that in a previous study, we observed low abundance of tracrRNA in the cas9 deletion mutant (16). For this

reason, plasmids used in cas9 complementation studies were designed to encode tracrRNA in addition to cas9.
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Supplementary  Figure S8. Cas9 and
tracrRNA:crRNA co-evolved. Northern blot
analysis of total RNA extracted from S. pyogenes
WT, Acas9 and Acas9 complemented with
pEC342 or pEC342-derived plasmids encoding
Cas9 WT or mutants, hybridized with (A) tracrRNA
or (B) crRNA repeat probe (Supplementary Table
S1). Only S. pyogenes Cas9 WT and closely
related Cas9 orthologs from S. mutans and S.
thermophilus* (CRISPR3) can contribute to co-

processing of S. pyogenes tracrRNA:pre-crRNA.
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Supplementary Table S83. Overview of type Il CRISPR-Cas spacer sequences from selected bacterial strains with BLAST

candidate protospacers and their downstream sequence.

. a Number 10 bp
Strain of CRISP% Spacer sequence Blast candidate® %. d downstream
Spacer Identity e
spacers protospacer
S. pyogenes MGAS1882 (MGAS1882_1116), MGAS8232 (spyM18_0769), MGAS 10394
(M6_Spy0995, M6_Spy1349), SSI-1 (SPs0926), P9 100 TGGCTTTITC
endopeptidase gene
S. pyogenes MGAS2096 (MGAS2096_Spy1450), A20 (A20_1472c), M1 476
GCGCTGGTTG CTTCTTGCGC
1 TECECTEETTEATTTCTTICTTECECTTTTT (M1GAS476_1503), MGAS9429 (MGAS9429_Spy1426), MGAS5005 (M5005_Spy1424) o7 ElcrrTC
endopeptidase gene
S. pyogenes M1 GAS (SPy_0700), MGAS2096 (MGAS2096_Spy0592) o7 Bl T
endopeptidase gene
S. pyogenes MGAS6180 (M28_Spy1234); NIH1 (NIH1.1_43), SSI-1 (SPs0647),
MGAS315 (SpyM3_0930, SpyM3_1215) 100 TGACTTTTTC
Streptococcus phage related gene
pyogenes
SF370 (Accession: 6 2 TTATATGRACATAACTCAATTTGTAARAAA gene for pyrogenic exotoxin M (speM) of several Streptococci strains 100 GGETATTGGG
NC_002737)
S. pyogenes MGAS8232 (spyM18_0742), MGAS 10750 (MGAS10750_Spy0588),
MGAS10270 (MGAS10270_Spy0563) 100 TGGTATGITIG
3 AGGAATATCCGCAATAATTAATTGCGCTCT adenine specific methylase gene
S. pyogenes Manfredo (SpyM50653) 97 —
adenine specific methylase gene
S. pyogenes Alab49 (SPYALAB49_001176), MGAS10750 (MGAS10750_Spy1285),
MGAS9429 (MGAS9429_Spy0843), MGAS10394 (M6_Spy1203), SSI-1 (SPs0763),
MGAS315 (SpyM3_1101), ®H4489A (hylP) 100 HERCGCA A
4 AGTGCCGAGGAAAAATTAGGTGCGCTTGGC hyaluronoglucosaminidase gene
S. pyogenes MGAS8232 (spyM18_1254), NZ131 (Spy49_0785) 97 G Al

hyaluronoglucosaminidase gene




. a Number 10 bp
Strain of (S:RISPT Spacer sequence Blast candidate® ” d downstream
pacer Identity e
spacers protospacer
S. pyogenes MGAS10750 (MGAS10750_Spy0839), MGAS10270
(MGAS10270_Spy0546, MGAS10270_Spy0804), SSI-1 (SPs0517, SPs0888),
5 TAAATTTGTTTAGCAGGTAAACCGTGCTTT MGAS 1882 (MGAS1882_1156), MGAS8232, NZ131(Spy49_1511c), MGAS315 100 TEETTATATC
(SpyM3_0965, SpyM3_1347)

phage protein gene or intergenic region

Streptococcus mutans dM102 (orf13)

UA159 (Accession: 5 3 CTAACTATGATGACACAACAGCTTTTAGCG . . . 100 TTGARAATTTC
NG._004350) putative tail protein gene
I —
Streptococcus mutans
M102 (orf1
LJ23 (Accession: 8 2 TGAAGTGCAAGCTTACGTGACTGACTCGCG ® 0 (o . %) . 90 AGGTATGCAG
NC_017768) putative minor structural protein
3 TAATAGCAATCGTGACGGACGTATTGATTT (DN”QZ (orf15) . 97 AGGTGAAATT
putative minor structural protein
5 GTTGAGTGCAACAGCTAGCTAATAGCTTTT OM102 100 AGGCTGGCAC
Streptococcus mutans
GS-5 (Accession: 21
NC_018089) 16 AGGCATTTTCTGATTGAGATTTTCGATATT OM102 (orf3) . 93 TERMARAGATG
putative large terminase gene
18 TATAGCTAATATGTGTATACTGACAGCGCA CDNHQZ (orf7) . . 100 AGAAAGATTG
putative DNA packaging protein gene
2 GATTGTGCCCGCTAGTAAACCGCCTCGCGC ®M102 (orf20) 93 TGEAGATTTG

putative endolysin gene

6 GATTGTATCAGTAATCGAACTTCTGCTTAT ®M102 (orf38, orf39) 93 GGGATTTGAC

hypothetical protein gene

Streptococcus mutans ®M102 (orf11)
NN2025 (Accession: 69 8 TGGTCCAAAGTGCAGAGCCAAAGAAAAACA 97 AABCGGTCTT

NC_013928) putative major tail protein gene

9 ATTGTCAATCGCCGTTCTGCGCTTGCGACG PM102 (orf17) 90 CGGTTTTGAA

hypothetical protein gene

17 GCTTGAATATAATTGTGTATCCGCCAATGA ®M102 (orf21) 93 CGAATTACGA

putative replisome organizer gene




Strain® Number — pispr o % 10bp
of b Spacer sequence Blast candidate g downstream
Spacer Identity e
spacers protospacer
23 AAAAAGAAACGCCTTTTGATTTGACCAATC ®M102 (orf14) 90 AAGAGCAAGA
putative receptor-binding protein gene
29 AGTTATTAATATCTATGACAGTCTCAAAGA ®M102 (orf14) 93 GGECTACAGA
putative receptor-binding protein gene
37 TTCTGGCTGTCTTTCAGAGTGATAAGCGCA ®M102 (orf2) 100 GGATTTTTCA
putative small terminase gene
40 TGCAAGTTATCTTGCTATGTGGACGAATTG ®M102 (orf9) 93 GGEBARCAATC
hypothetical protein gene
PM102 (orf3)
43 GCAATTTAGTTTTATTCCGTGGGAGCAGCA ) ) 93 AGGCTCCATT
putative large terminase gene
48 AGAGTATAGCCAGTGTTTTCAAGGCCTTTA ¢M10_2 (orf12) . 93 GTGGTGACAA
putative tape measure protein gene
49 CGCAACAATGACTATTAATATCAACGGTGG ¢M192 (orf15) . 93 CGGGAGCAAT
putative minor structural protein gene
56 AATCGCTTCTTTGCTAACCACAATTTGTGC ¢M192 (orf26) I . . 93 AGGCGCAGAG
putative RecT family single-strand annealing protein gene
60 AAATGCTCTTGAAGAACCTGATAGATGACA oM (.)2 (orf3) . 93 GAGACGAAAA
putative large terminase gene
66 TGCAAAAGATGGCCTCGAGCAATTATCGCA ®M102 (orf33) 100 TGEATTAAGC
hypothetical protein gene
Streptococcus 9 TCAATGAGTGGTATCCARGACGARAACTTA Streptococcus thermophilus plasmid pSt106 100 R CAAGTTT
thermophilus putative resolvase gene
LMD-9
CASS4 locus 8 3 CCTTGTCGTGGCTCTCCATACGCCCATATA Streptococcus thermophilus plasmid pND103 100 B Glelcloleleleh
(Accession:
NC_008532)
4 TGTTTGGGAAACCGCAGTAGCCATGATTAA ®7201 (orf33) 100 \GGlilcheleloh




. a Number 10 bp
Strain of (S:RISPT Spacer sequence Blast candidate® ” d downstream
pacer Identity e
spacers protospacer
5 ACAGAGTACAATATTGTCCTCATTGGAGACAC ® TP"J34. (orf11) . 94 T{EleGGTAGGA
hypothetical protein gene
®Sfi19 (orf1626) 100 TlgTECTAAT
minor tail protein gene
OYMC 2011 (Ssal_phage00063)
6 CTCATATTCGTTAGTTGCTTTTGTCATAAA 90 Clel€TGCTAAC
putative minor tail protein gene
®7201 (orf33) % T@récTacA
2 CTTCACCTCAAATCTTAGAGCTGGACTAAA ®7201 (orf39) 100 GTAGRATAGA
3 ATGTCTGAAAAATAACCGACCATCATTACT ® TP-J34 (orf49), ®Sfi11 (orf669) 93 CCAGRATGTC
putative minor structural protein gene
CDA!.Q13.2 (orf35) 9% o BT
helicase gene
4 GAAGCTCATCATGTTAAGGCTAAAACCTAT
CDSf|1_1 (on‘4§3), ®SFi18 (orf443), ®Sfi21 (orf443), ®Sfi19 (orf443), PO 1205 (orf10) 9% crCBAT T
putative helicase gene
Streptococcus
thermophilus LMD-9 $1033, (D 1042 e . 97 ATAAAATTCA
CASS4a locus nonfunctional host specificity protein gene
. 16
(Accession: 5 TACTCTARATACATITCTICCACCATICTA ®DT1.1 (orf18), ®DT1.2 (orf18), PDT1.3 (orf18), ®DT1.4 (orf18), ®DT1.5 (orf18), PMD4
NC_008532) (orf18) 93 ATEARATTCA
host specificity protein gene
6 ATTCGTGAAAAAATATCGTGAAATAGGCAA pSt08 plasmid 97 CCGRARAATA
DALQ13.2 (orf25), ©858 (orf30), ST (orf253) % g BT
endonuclease gene
7 TCTAGGCTCATCTAAAGATAAATCAGTAGC
®J1 (orf253), ®S3b (orf253) 9% rCEEmCEATTA
endonuclease gene
13 AACTACCAAGCAAATCAGCAATCAATAAGT OSfi11 100 TCAAGAATAT




Number % 10 bp

Strain of (S:RISPT Spacer sequence Blast candidate® ityd downstream
pacer Identity e
spacers protospacer
<DYM‘C-2011 (Ssal_phage00051) - o TECERCAT
predicted clp-protease gene
PSfi21 (orf221) %0 CBlCEETAT
clp-protease gene
858 (orf22) 93 AAAAAAAACT
16 AACAGTTACTATTAATCACGATTCCAACGG $2972 (ori21) . 93 AAARAAAACT
structural protein gene
®Abc2 (orf17) 93 o GACT

tail protein gene
|
Campylobacter jejuni
subsp. jejuni
NCTC 11168 5 1-5 no significant BLAST hits
(Accession:
NC_002163)
Campylobacter jejuni
subsp. Jejun|‘CF93-6 5 3 TCATCATCACTTAAAACCTTAAATTTACC C. jejuni RM1221 (C?JE1445)
(Accession: hypothetical protein gene
AANJ00000000)
Campylobacter jejuni
subsp. jejuni HB93-
13cJejuni_subspJeju 9 1 GCATTGOTTTACTACATAGCCAGTCGTGTA C. jejuni subsp. doyle? 269.97 (J_JD26997_1 148)
nihb_13_42 conserved hypothetical protein gene
(Accession:
AANQ00000000)

93 ATAACGCAAG

100 TCACACACGC

Campylopgctgr jejuni 5 2 T ATTTTTGTCGCTAATTGCACCTAAAGAC C. ]ejl..lnl sut.)sp. doylei 269.97 (JUD26997_0867)
subsp. jejuni NW putative primase gene

97 TCCAACACAT




. a Number 10b
Strain of (S:RISPT Spacer sequence Blast candidate® ” d dOW”Strpeam
spacers pacer Identity protospacer®
genomic scaffold C. jejuni subsp. jejuni PT14 (A911_r08426, A911_r08428, A911_r08430), NCTC 11168-
Mich_State_Univ:Cont BN148 (BN148_r02, BN148_r05, BN148 r08), S3 (CJS3_1811, CJS3_1817,
ig3 (Accession: CJS3_1830), ICDCCJ07001 (ICDCCJ07001_29, ICDCCJ07001_396,
JH376989 REGION: ICDCCJ07001_718), M1 (CJM1_0031, CJM1_0413, CJM1_0727), IA3902
13521..15062) (CJSA_Cj23SA, CJSA_Cj23SB, CJSA_Cj23SAC), BABS091400, 81116 (C8J_Cj23SA,
C8J_Cj23SB, C8J_Cj23SC), 81-176 (CJJ81176_1714, CJI81176_1727,
5 CGGACACGAGGAATCCTGTCTGAATCCGGG CJJ81176_1707), NCTC 11168; C. jejuni DSM 4688, UNSW091300, strain 100, 100 TCGACERCGA
RP0001, 102-27 (rrlC, rrIB, rrlA), 69-30 (rrlC, rriB, rrlA), 140-16 (rriC, rrlB, rrlA), 110-21
(rrlC, rriB, rrlA), RM1221 (CJE_Cj23SA, CJE_Cj23SB, CJE_Cj23SC),
TGH9011_ATCC43431 (rrl); C. coli 59-2 (rrlC, rriB, rrlA); C. jejuni subsp. doylei 269.97
(JJD26997_0040, JUD26997_1264, JUD26997_1520)
23S rRNA gene
Campylobacter jejuni C. jejuni strain TGH 9011 (Tgh093) 97 TAAAACACTT
S”bs& doylei 269.97 5 2 CTAAGCAATCTTATTTTACCATCTTTTTTA
lflcc;:oe()sg;%r;) C. jejuni RM1221 (QJE1099) 93 TAAAACACTT
hypothetical protein gene
C. jejuni 00-3477 (cje0227), C. jejuni subsp. jejuni S3 (CJS3_0723), PCGC-2007 100 GeTeeBRTTA
prophage related genes
1 TTACTGATATTAAAATTAACTCCATAATTT C. jejuni NCTC 13255 (putative CJIE1-2-like prophage), 99-7046 (putative CJIE1-3-like
Campylobacter jejuni prophage), 00-2425 (putative CJIE1 prophage), RM1221 (CJE0227)C. jejuni subsp. 63 e .
SUb(SA‘)ééZJSUS?é);?36 , jejuni ICDCCJ07001 (ICDCCJ07001_691)
NZ_CM000854 m§19r t§|l sheath protein . . . .
NZ_ADGL01000000) C. jejuni NCTC 13255 (putative CJIE1-2-like prophage), 99-7046 (putative CJIE1-3-like
prophage), 00-3477 (putative CJIE1-4 Mu-like prophage), 00-2425 (putative CJIE1
2 ATAAAGCTAATGCAAAAGTTGAAAACAAA prophage), RM1221 (CJE0238),C. jejuni subsp. jejuni S3 (CJS3_0704), ICDCCJ07001, 100 AGAGCTATAA
C. hyoilei
hypothetical protein gene
C. jejuni subsp. jejuni PT14 (A911_03310), NCTC 11168-BN148 (BN148_0680c), S3
c . (CJS3_0675), ICDCCJO7001 (ICDCCJO7001_619), M1 (CIJM1_0650), IA3902
ampylobacter jejuni .
subsp. jejuni 414 (CJSA_0644), 81116 (C8J_0632), 81-176 (CJJ81176_0703), NCTC 11168 (Cj0680c),
(Accession: 33 2 TTTATCTGCATCCATAATGGCAATGAGTGA P694a (Cjo680c), P569a (Cj0680c), P179a (Cj0680c), H73020 (Cj0680c), H704a 97 AACTTCAGGC

NZ_CM000855
NZ_ADGMO01000000)

(Cjoe80c), C. jejuni RM1221 (CJEQ778), C. jejuni subsp. doylei 269.97
(JJD26997_1327)
excinuclease ABC subunit B gene



Strain® Number — -pispR e % 10 bp
of Spacer® Spacer sequence Blast candidate dentity? downstream

spacers P Y protospacer®
e

) CTTCTGCCTTTTTACAAGCTCGCTTTCTTT N. gonorrhoeae (NGU65994, PivNG), FA 1090 (NGO1137, NGO1164, NGO1262) 97 ceBcBECCaG

invertase related genes, phage associated protein genes

N.meningitidis NZ-05/33 (NMBNZ0533_1722), M04-240196 (NMBNZ0533_1722), MO1-
240149 (NMBH4476_1701), H44/76 (NMBH4476_1701) 100 GTeTRART

hypothetical proteins upstream of transposase gene

N. lactamica isolate 3207487 (plasmid pNL3.2), N. lactamica (plasmid pNL9) 97 GTCTGATTTT

N. gonorrhoeae TCDC-NG08107, NCCP11945

) ) ] ) ] 93 GGCTGTTITIT
3 TTTGGTAAAGGTTTCTGTTGCGACCCGAAT intergenic region (putative phage proteins)
N. gonorrhoeae NCCP11945 (NGK_1948, NGK_1990, NGK_2023)
) . 93 GTCTGATTTT
hypothetical protein genes
N. gonorrhoeae
93 GTCTGATTTIT
intergenic region PivNG
16 N. gonorrhoeae FA 1090
] ) ) ) 93 GICTGATTIT
numerous intergenic regions in prophages
i i ingitidi N. gonorrhoeae TCDC-NG08107, N. gonorrhoeae NCCP11945
Neisseria meningitidis 7 ABATTCGTTTCAGATAGCAAACGCAGTAGT - gonormoeae ‘ gonel 97 GGACEATTEC
serogroup A strain intergenic region (putative phage proteins)
Z2491 (Accession:
NC_003116) N. lactamica plasmid pNL9 93 TGCGGGCATA
12 GGGTAGCCAGTGCTAAAACCGCACCCGCTT
N. meningitidis plasmid pJS-B 100 TACGAACATT
N. lactamica plasmid pNL9 93 AGCTGCITIG
13 CCAAATAGAAATACATACGCCGAGTAATTA
N. meningitidis plasmid pJS-B 97 AGCCGCTTTG

14 TTTCTTTTTGTAATTGTTCTGCCTTTTTTA N. lactamica plasmid pNL9 100 ATTGGATTTT




Number 10 bp

Strain of CRISPT Spacer sequence Blast candidate® ” d downstream
Spacer Identity e
spacers protospacer
N. meningitidis plasmid pJS-B 100 ATTGGATTTT
N. meningitidis strain alpha522 draft genome (NMALPHA522_0671), H44/76
(NMBH4476_0684), 053442 ( NMCC_0153), N. meningitidis serogroup C FAM18
(NMC1864) 100 CCATGATTAC
15 TACCCACGGCGGAAACCATTGCCACAAAAC hypothetical protein gene
N.meningitidis M04-240196 (NMBM04240196_0048, NMBM04240196_0749)
100 CCATGATTAC
putative membrane protein gene
Pasteurella multocida
str. Pm70 (Accession: 5 1-5 no significant BLAST hits
NC_002663)
Pasteurella multocida 9 AAAGAATACACCCTTATTCCAAAAAGTTTG P. multocida 1.8 kb plasmid 100 Ecca@rcfiTc
subsp. gallicida X73
(Accession: 20 P. multocida subsp. multocida str. HNOB(PMCNO6_2098)
15 GTCTGAACAGTATTAACACTTCCTGTTTCT : . P- : = 97 Ecat@cTRcT
CM001580 hypothetical protein gene
AMBP01000000)
Francisella tularensis
subsp. novicida U112 13 113 no significant BLAST hits
(Accession:
NC_008601)
Francisella novicida 15 ATCTCAAAAGCAGCTCTTTCGCGTGTAATATCGTT F. cf. nOV'C'd? 3523 (FN3523_1002) 91 THe6ATTAGAT
phage protein gene
FTG FTG_scaffold1
genomic scaffold 29
(Accession: 19 CTATCTAAGAGAACTTACAAGACAAGAGAAAATACT F.cf. nov'.C|da 3523.(FN3523—0993) 94 THE6TGGTARA
NZ_DS995363 hypothetical protein gene
NZ_ABXZ01000000)
10 2 AGCCCTATCAGAAATATATGCAAGTTTGAATATAG F. cf. novicida 3523 (FN3523_1009) 89 rg6cTcTAGC

Francisella tularensis phage-related baseplate assembly protein gene




Number 10 bp

Strain? . 0
rain of CRISPT Spacer sequence Blast candidate® % d downstream
Spacer Identity e
spacers protospacer
subsp. novicida GA99- 3 AGATAACTCTTATATTGATTTGTATATTGAAGATA F. cf. nOVI.CIda 3523.(FN3523—1OO6) 94 HerTTAGCAT
3548 supercont1.3 hypothetical protein gene
(Accession: o
DS264589 4 CGCAAAAAAGGCGAATTTGAGCAGAAAATTTGGGC F. cf. nOVI.CIda 3523.(FN3523—0999) 91 He6TATTGAT
hypothetical protein gene
ABAH01000000)

®Selected strains used in this study. No potential protospacers were found for Streptococcus mutans UA159, Campylobacter jejuni subsp. jejuni NCTC 11168,
Pasteurella multocida str. Pm70 and Francisella tularensis subsp. novicida U112. Therefore, closely related strains were analyzed for the presence of type Il
t())RISPR—Cas arrays. Spacer sequences from selected arrays were then used to search for protospacer candidates.

Numbering of spacers starts from the leader proximal end based on RNAseq data (15). Spacers with no significant protospacer BLAST hit are not listed in
the table.

°A BLAST candidate was considered a potential protospacer when the identity to the spacer was = 90% and when the protospacer originated either from
phage, plasmid or genomic DNA related to the analyzed species. For each identified protospacer, the strain name, the protospacer-containing gene locus and
the potential function of the gene are given.

dPercentage identity between spacer and protospacer sequence.
°10 nt sequence located directly 3’ of the protospacer sequence. The identified sequences for each bacterial species were aligned usin% GeneDoc
(http://www.nrbsc.org/gfx/genedoc/). The degree of conservation is indicated with a color code (black: 100%, dark grey: = 80%, light grey: =2 60%). These

sequences were used to create the logo plot represented in Figure 5.
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Supplementary Figure S9. Cas9 orthologs cleave plasmid DNA in the presence of their cognate

dual-RNA and specific PAM. Agarose gel electrophoresis analysis of dual-RNA:Cas9 titration (0-100

nM dual-RNA-Cas9 complex) on plasmid DNA (5 nM) containing speM protospacer and adjacent WT
PAM (PAM+), imperfect PAM (PAMt) or no PAM (PAM-). For S. pyogenes, S. mutans, S.

thermophilus®, S. thermophilus** and N. meningitidis, the PAM sequence has already been published

(27,28,53,54). For the other bacterial species, PAMs were predicted based on the downstream

sequence of protospacer identified in the investigated or related strains (see Supplementary Table S2

and Materials and Methods). The 10 bp sequence located directly downstream of the crRNA-targeted

speM protospacer is shown. The nucleotide(s) predicted to belong to the PAM sequence are shaded

in grey. li: linear cleavage product, sc: supercoiled plasmid DNA, M: 1 kb DNA ladder.
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Supplementary Figure S$10. Summary of in vitro plasmid cleavage assays of Cas9 orthologs
in combination with dual-RNAs. Agarose gel electrophoresis of cleavage assays. (A) S. mutans Cas9
(50 nM), (B) S. thermophilus™* Cas9 (25 nM), (C) S. thermophilus** Cas9 (100 nM), (D) C. jejuni Cas9 (100
nM), (E) N. meningitidis Cas9 (100 nM), (F) P. multocida Cas9 (25 nM), (G) F. novicida Cas9 (100 nM) in
complex with equimolar concentrations of each of the dual-RNA orthologs were incubated with
plasmid DNA (5 nM) containing speM protospacer sequence and the PAM sequence specific to the

Cas9 ortholog analyzed. li: linear cleavage product, sc: supercoiled plasmid DNA, M: 1 kb DNA ladder.



Supplementary Table S4. Cas9 is present in bacteria from 12 different phyla and diverse habitats.

Strain® Class Isolation/habitat®

Actinobacteria

Actinobacteridae

Acidothermus cellulolyticus 11B
Actinomyces coleocanis DSM 15436
Actinomyces georgiae FO490
Actinomyces naeslundii str. Howell 279

Actinomyces sp.
Actinomyces sp.
Actinomyces sp.
Actinomyces sp.
Actinomyces sp.

ICM47

oral taxon 175 str. F0384
oral taxon 180 str. F0310
oral taxon 181 str. F0379
oral taxon 848 str. F0332

Actinomyces turicensis ACS-279-V-Col4
Bifidobacterium bifidum S17
Bifidobacterium dentium Bd1
Bifidobacterium longum DJO10A
Bifidobacterium sp. 12_1_47BFAA
Corynebacterium accolens ATCC 49726
Corynebacterium diphteriae NCTC 13129
Corynebacterium matruchotii ATCC 14266
Gardnerella vaginalis 5-1

Mobiluncus curtisii ATCC 35242
Mobiluncus mulieris 28-1

Scardovia inopinata F0304

Scardovia wiggsiae F0424

Acidothermaceae

Actinomycetaceae
Actinomycetaceae
Actinomycetaceae
Actinomycetaceae
Actinomycetaceae
Actinomycetaceae
Actinomycetaceae
Actinomycetaceae
Actinomycetaceae
Bifidobacteriaceae
Bifidobacteriaceae
Bifidobacteriaceae
Bifidobacteriaceae
Corynebacterineae
Corynebacterineae
Corynebacterineae
Bifidobacteriaceae
Actinomycetaceae
Actinomycetaceae
Bifidobacteriaceae
Bifidobacteriaceae

extremophile (hot water spring)

dog genital tract

oral cavity

oral cavity

ND

oral cavity

oral cavity

oral cavity

oral cavity

genital tract
gastrointestinal tract/feces
oral cavity

gastrointestinal tract/feces
gastrointestinal tract/feces
wound

oral cavity

oral cavity

genital tract

genital tract

genital tract

oral cavity

oral cavity

Coriobacteridae

Coriobacterium glomerans PW?2 Coriobacteriaceae invertebrate (red soldier bug)
Eggerthella sp. YY7918 Coriobacteriaceae gastrointestinal tract/feces
Gordonibacter pamelaeae 7-10-1-b Coriobacteriaceae gastrointestinal tract/feces
Olsenella uli DSM 7084 Coriobacteriaceae oral cavity
Bacteroidetes
Bacteroidia

Anaerophaga sp. HS1

Anaerophaga thermohalophila DSM 12881
Bacteroides cellulosilyticus DSM 14838
Bacteroides coprophilus DSM 18228
Bacteroides coprosuis DSM 18011
Bacteroides dorei DSM 17855
Bacteroides eggerthii 1_2_48FAA
Bacteroides faecis MAJ27

Bacteroides fluxus YIT 12057
Bacteroides fragilis NCTC9343
Bacteroides nordii CLO2T12C05
Bacteroides oleiciplenus YIT 12058
Bacteroides sp.2_1_16

Bacteroides sp. 203

Bacteroides sp.3_1_19

Bacteroides sp. 3_1_33FAA
Bacteroides sp. 9_1_42FAA
Bacteroides sp. D2

Bacteroides uniformis CLO3TO0C23
Bacteroides vulgatus CLO9T03C04
Bacteroidetes oral taxon 274 str. FO058
Barnesiella intestinihominis YIT 11860

Marinilabiliaceae
Marinilabiliaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae
Bacteroidaceae

extremophile (hot water spring)
environmental sample (oil residue)

gastrointestinal tract/feces
gastrointestinal tract/feces
pig feces

gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
oral cavity

gastrointestinal tract/feces



Strain® Class

Isolation/habitatb

Bacteroidia (continued)

Marinilabilia sp. AK2 Marinilabiliaceae extremophile (solar saltern)

Odoribacter laneus YIT 12061 Porphyromonadaceae gastrointestinal tract/feces

Parabacteroides johnsonii DSM 18315 Bacteroidaceae gastrointestinal tract/feces

Parabacteroides sp. D13 Bacteroidaceae gastrointestinal tract/feces

Porphyromonas catoniae FO037 Porphyromonadaceae oral cavity

Porphyromonas sp. oral taxon 279 str. F0450 Porphyromonadaceae oral cavity

Prevotella bivia JCVIHMPO010 Prevotellaceae genital tract

Prevotella buccae ATCC 33574 Prevotellaceae oral cavity

Prevotella buccalis ATCC 35310 Prevotellaceae oral cavity

Prevotella denticola F0289 Prevotellaceae oral cavity

Prevotella disiens FBO35-09AN Prevotellaceae oral cavity

Prevotella histicola FO411 Prevotellaceae oral cavity

Prevotella intermedia 17 Prevotellaceae oral cavity

Prevotella melaninogenica D18 Prevotellaceae oral cavity/rumen

Prevotella micans FO438 Prevotellaceae oral cavity

Prevotella multiformis DSM 16608 Prevotellaceae oral cavity

Prevotella nigrescens ATCC 33563 Prevotellaceae oral cavity

Prevotella oralis ATCC 33269 Prevotellaceae oral cavity

Prevotella oulorum F0390 Prevotellaceae oral cavity

Prevotella ruminicola 23 Prevotellaceae rumen

Prevotella saccharolytica FO055 Prevotellaceae oral cavity

Prevotella sp. C561 Prevotellaceae oral cavity

Prevotella sp. MSX73 Prevotellaceae oral cavity

Prevotella sp. oral taxon 306 str. F0472 Prevotellaceae oral cavity

Prevotella sp. oral taxon 317 str. FO108 Prevotellaceae oral cavity

Prevotella sp. oral taxon 472 str. F0295 Prevotellaceae oral cavity

Prevotella stercorea DSM 18206 Prevotellaceae gastrointestinal tract/feces

Prevotella tannerae ATCC 51259 Prevotellaceae oral cavity

Prevotella timonensis CRIS 5C-B1 Prevotellaceae wound (breast abscess)

Prevotella veroralis F0319 Prevotellaceae oral cavity

Tannerella sp. 6_1_58FAA_CT1 Porphyromonadaceae gastrointestinal tract/feces
Cytophagia

Belliella baltica DSM 15883 Cyclobacteriaceae environmental sample (groundwater)

Indibacter alkaliphilus LW1 Cyclobacteriaceae extremophile (soda lake)

Nitritalea halalkaliphila LW7 Cyclobacteriaceae extremophile (saline soda lake)

Flavobacteria

Bergeyella zoohelcum ATCC 43767 Flavobacteriaceae
Capnocytophaga canimorsus Cc5 Flavobacteriaceae
Capnocytophaga gingivalis ATCC 33624 Flavobacteriaceae
Capnocytophaga ochracea DSM 7271 Flavobacteriaceae
Capnocytophaga sp. CM59 Flavobacteriaceae
Capnocytophaga sp. oral taxon 324 str. F0483 Flavobacteriaceae
Capnocytophaga sp. oral taxon 326 str. F0382 Flavobacteriaceae
Capnocytophaga sp. oral taxon 329 str. FO087 Flavobacteriaceae
Capnocytophaga sp. oral taxon 335 str. F0486 Flavobacteriaceae
Capnocytophaga sp. oral taxon 380 str. F0488 Flavobacteriaceae
Capnocytophaga sp. oral taxon 412 str. F0487 Flavobacteriaceae
Capnocytophaga sputigena ATCC 33612 Flavobacteriaceae
Chryseobacterium sp. CF314 Flavobacteriaceae
Flavobacteriaceae bacterium S85 Flavobacteriaceae
Flavobacterium branchiophilum FL-15 Flavobacteriaceae
Flavobacterium columnare ATCC 49512 Flavobacteriaceae
Flavobacterium psychrophilum JIP02/86 Flavobacteriaceae
Fluviicola taffensis DSM 16823 Cryomorphaceae

Galbibacter sp. ck-12-15 Flavobacteriaceae
Joostella marina DSM 19592 Flavobacteriaceae
Kordia algicida OT-1 Flavobacteriaceae
Myroides injenensis M09-0166 Flavobacteriaceae

Myroides odoratus DSM 2801 Flavobacteriaceae

oral cavity

dog and cat oral cavity/zoonotic infections
oral cavity

oral cavity

oral cavity

oral cavity

oral cavity

oral cavity

oral cavity

oral cavity

oral cavity

oral cavity

vegetation

environmental sample (seawater)
fish pathogen

fish pathogen

fish pathogen

environmental sample (fresh water)
extremophile (deep sea sediment)
environmental sample (seawater)
environmental sample (seawater)
human clinical specimens

fish



Strain® Class Isolation/habitat”

Flavobacteria (continued)

Ornithobacterium rhinotracheale DSM 15997 Flavobacteriaceae bird respiratory tract
Psychroflexus torquis ATCC 700755 Flavobacteriaceae extremophile (antarctic ice)
Riemerella anatipestifer ATCC 11845 = DSM 15868 Flavobacteriaceae bird

Weeksella virosa DSM 16922 Flavobacteriaceae genital tract/urine

Zunongwangia profunda SM-A87 Flavobacteriaceae extremophile (deep sea sediment)

Sphingobacteria

Mucilaginibacter paludis DSM 18603
Niabella soli DSM 19437
Sphingobacterium spiritivorum ATCC 33861

Sphingobacteriaceae
Chitinophagaceae
Sphingobacteriaceae

food (fermented)
environmental sample (soil)
human clinical specimens

Firmicutes
Bacilli

Alicycliphilus denitrificans K601 Alicyclobacillaceae environmental sample (sewage)
Alicyclobacillus hesperidum URH17-3-68 Alicyclobacillaceae extremophile (hot water spring)
Bacillus cereus Rock1-15 Bacillaceae environmental sample (soil)
Bacillus smithii 7 3 47FAA Bacillaceae human clinical specimens
Bacillus thuringiensis serovar finitimus YBT-020 Bacillaceae environmental sample (soil)
Brevibacillus laterosporus GI-9 Paenibacillaceae environmental sample (soil)
Catellicoccus marimammalium M35/04/3 Enterococcaceae grey seal gastrointestinal tract
Dolosigranulum pigrum ATCC 51524 Carnobacteriaceae human clinical specimens
Enterococcus faecalis TX0012 Enterococcaceae gastrointestinal tract/feces
Enterococcus faecium 1231408 Enterococcaceae gastrointestinal tract/feces
Enterococcus hirae ATCC 9790 Enterococcaceae gastrointestinal tract/feces
Enterococcus italicus DSM 15952 Enterococcaceae food (fermented)
Enterococcus sp. 7L76 Enterococcaceae gastrointestinal tract/feces
Facklamia hominis CCUG 36813 Aerococcaceae burbuncle (human)
Fructobacillus fructosus KCTC 3544 Leuconostocaceae vegetation
Gemella haemolysans ATCC 10379 Streptococcaceae oral cavity
Gemella moribillum M424 Streptococcaceae gastrointestinal tract/feces
Lactobacillus animalis KCTC 3501 Lactobacillaceae food (fermented)

Lactobacillus brevis subsp. gravesensis ATCC 27305

Lactobacillus buchneri ATCC 11577
Lactobacillus casei str. Zhang

Lactobacillus coryniformis subsp. coryniformis KCTC 3167
Lactobacillus coryniformis subsp. torquens KCTC 3535

Lactobacillus crispatus FB049-03
Lactobacillus curvatus CRL 705
Lactobacillus delbrueckii subsp. bulgaricus 2038
Lactobacillus farciminis KCTC 3681
Lactobacillus fermentum ATCC 14931
Lactobacillus florum 2F

Lactobacillus gasseri JV-V03

Lactobacillus hominis CRBIP 24.179
Lactobacillus iners LactinV 11V1-d
Lactobacillus jensenii 269-3

Lactobacillus johnsonii DPC 6026
Lactobacillus mucosae LM1

Lactobacillus paracasei subsp. paracasei 8700:2
Lactobacillus pentosus 1G1

Lactobacillus plantarum 72)316
Lactobacillus rhamnosus GG

Lactobacillus ruminis ATCC 25644
Lactobacillus salivarius UCC118
Lactobacillus sanfranciscensis TMW 1-1304
Lactobacillus sp. 66¢

Lactobacillus versmoldensis KCTC 3814
Leuconostoc gelidum KCTC 3527
Leuconostoc pseudomesenteroides 4882

Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Lactobacillaceae
Leuconostocaceae
Leuconostocaceae

food (fermented)

food (fermented)
gastrointestinal tract/feces
food (fermented)

food (fermented)

genital tract

food (fermented)

food (fermented)

food (fermented)

food (fermented)
vegetation

oral cavity

gastrointestinal tract/feces
genital tract/urine

genital tract/blood

pig gastrointestinal tract
wild pig gastrointestinal tract
food (fermented)

food (fermented)
gastrointestinal tract/feces
gastrointestinal tract/feces
rumen

oral cavity

food (fermented)

ND

food (fermented)

food (fermented)

food (fermented)



Strain®

Class

Isolation/habitatb

Bacilli (continued)

Listeria innocua Clip11262

Listeria ivanovii FSL F6-596

Listeria monocytogenes str. 1/2a F6854
Listeria seeligeri FSL N1-067
Listeriaceae bacterium TTU M1-001
Oenococcus kitaharae DSM 17330
Pediococcus acidilactici DSM 20284
Pediococcus lolii NGRI 0510Q

Listeriaceae
Listeriaceae
Listeriaceae
Listeriaceae
Listeriaceae
Leuconostocaceae
Lactobacillaceae
Lactobacillaceae

environmental sample (soil)

animal and human/environmental samples
animal and human/environmental samples
animal and human/environmental samples

environmental sample (soil)
food (fermented)
vegetation

vegetation (fermented)

Planococcus antarcticus DSM 14505 Planococcaceae extremophile (antarctic)
Sporolactobacillus vineae DSM 21990 = SL153 Sporolactobacillaceae environmental sample (soil)
Staphylococcus aureus subsp. aureus Staphylococcaceeae human clinical specimens
Staphylococcus lugdunensis M23590 Staphylococcaceeae human clinical specimens
Staphylococcus massiliensis S46 Staphylococcaceeae skin
Staphylococcus pseudintermedius ED99 Staphylococcaceeae dog skin
Staphylococcus simulans ACS-120-V-Schl Staphylococcaceeae genital tract
Streptococcus agalactiae 2603V/R Streptococcaceae gastrointestinal tract/feces
Streptococcus anginosus F0211 Streptococcaceae oral cavity
Streptococcus bovis ATCC 700338 Streptococcaceae rumen/zoonotic infections
Streptococcus canis FSL Z3-227 Streptococcaceae food (fermented)
Streptococcus constellatus subsp. constellatus SK53 Streptococcaceae human clinical specimens
Streptococcus downei FO415 Streptococcaceae monkey oral cavity
Streptococcus dysgalactiae DSM 12112 Streptococcaceae various animals/zoonotic infections
Streptococcus equi subsp. zooepidemicus MGCS10565 Streptococcaceae horse respiratory tract
Streptococcus equinus ATCC 9812 Streptococcaceae ruminants alimentary tract
Streptococcus gallolyticus UCN34 Streptococcaceae ruminants alimentary tract
Streptococcus gordonii str. Challis substr. CH1 Streptococcaceae oral cavity
Streptococcus infantarius ATCC BAA-102 Streptococcaceae gastrointestinal tract/feces
Streptococcus iniae 9117 Streptococcaceae fish/human pathogen
Streptococcus macacae NCTC 11558 Streptococcaceae monkey oral cavity
Streptococcus macedonicus ACA-DC 198 Streptococcaceae food (fermented)
Streptococcus mitis ATCC 6249 Streptococcaceae oral cavity
Streptococcus mutans UA159 Streptococcaceae oral cavity
Streptococcus oralis SK1074 Streptococcaceae oral cavity
Streptococcus parasanguinis FO449 Streptococcaceae oral cavity
Streptococcus pasteurianus ATCC 43144 Streptococcaceae blood
Streptococcus pseudoporcinus SPIN 20026 Streptococcaceae genital tract
Streptococcus pyogenes SF370 Streptococcaceae oral cavity/wounds
Streptococcus ratti FA-1 = DSM 20564 Streptococcaceae rat oral cavity
Streptococcus salivarius JIM8777 Streptococcaceae oral cavity
Streptococcus sanguinis VMC66 Streptococcaceae oral cavity
Streptococcus sp. BS35b Streptococcaceae oral cavity
Streptococcus sp. C150 Streptococcaceae oral cavity (expectorated sputum)
Streptococcus sp. C300 Streptococcaceae oral cavity (expectorated sputum)
Streptococcus sp. F0441 Streptococcaceae oral cavity
Streptococcus sp. GMDA4S Streptococcaceae oral cavity
Streptococcus sp. GMD6S Streptococcaceae oral cavity
Streptococcus sp. M334 Streptococcaceae oral cavity (expectorated sputum)
Streptococcus sp. oral taxon 056 str. F0418 Streptococcaceae oral cavity
Streptococcus sp. oral taxon 071 str. 73H25AP Streptococcaceae oral cavity
Streptococcus suis 89/1591 Streptococcaceae pig
Streptococcus thermophilus LMD-9 Streptococcaceae food (fermented)
Streptococcus vestibularis ATCC 49124 Streptococcaceae oral cavity

Clostridia
Acidaminococcus intestini RyC-MR95 Acidaminococcaceae wound/abscess

Acidaminococcus sp. D21
Aminomonas paucivorans DSM 12260
Anaerococcus tetradius ATCC 35098
Butyrivibrio fibrisolvens 16/4
Catenibacterium mitsuokai DSM 15897
Clostridium cellulolyticum H10

Acidaminococcaceae
Syntrophoomonadaceae
Peptostreptococcaceae
Lachnospiraceae
Lachnospiraceae
Clostridiaceae

gastrointestinal tract/feces
environmental sample (sewage)
human clinical specimens
rumen

gastrointestinal tract/feces
vegetation (composted)



Strain®

Class

Isolation/habitatb

Clostridia (continued)

Clostridium perfringens D str. JGS1721

Clostridium spiroforme DSM 1552
Coprococcus catus GD/7
Coprococcus comes ATCC 27758
Dorea longicatena DSM 13814
Eubacterium dolichum DSM 3991
Eubacterium rectale ATCC 33656
Eubacterium sp. AS15

Eubacterium ventriosum ATCC 27560

Eubacterium yurii subsp. margaretiae ATCC 43715

Filifactor alocis ATCC 35896

Finegoldia magna ATCC 29328
Helcococcus kunzii ATCC 51366
Oribacterium sinus F0268

Peptoniphilus duerdenii ATCC BAA-1640
Peptoniphilus sp. oral taxon 386 str. F0131
Phascolarctobacterium sp. YIT 12067

Phascolarctobacterium succinatutens YIT 12067

Pseudoramibacter alactolyticus ATCC 23263
Roseburia intestinalis L1-82

Roseburia inulinivorans DSM 16841
Ruminococcus albus 8

Ruminococcus lactaris ATCC 29176
Subdoligranulum sp. 4_3_54A2FAA

Clostridiaceae

Clostridiaceae
Lachnospiraceae
Lachnospiraceae
Clostridiaceae
Eubacteriaceae
Eubacteriaceae
Eubacteriaceae
Eubacteriaceae

Peptostreptococcaceae
Peptostreptococcaceae
Peptostreptococcaceae
Clostridiales Family XI

Lachnospiraceae

Peptostreptococcaceae
Peptostreptococcaceae

Acidaminococcaceae
Acidaminococcaceae
Clostridiaceae
Lachnospiraceae
Lachnospiraceae
Ruminococcaceae
Ruminococcaceae
Ruminococcaceae

environmental sample (vegetation/marine
sediment)

gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
oral cavity

gastrointestinal tract/feces
oral cavity

cat and human oral cavity
oral cavity

wound

human clinical specimens
wound

oral cavity

gastrointestinal tract/feces
gastrointestinal tract/feces
oral cavity

gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces
gastrointestinal tract/feces

Negativicutes

Megasphaera sp. UPIl 135-E
Veillonella atypica ACS-134-V-Col7a
Veillonella parvula ATCC17745
Veillonella sp. 6_1_27

Veillonella sp. oral taxon 780 str. F0422

Veillonellaceae
Veillonellaceae
Veillonellaceae
Veillonellaceae
Veillonellaceae

rumen
oral cavity
gastrointestinal/genital tract
gastrointestinal tract/feces
oral cavity

Proteobacteria

Alphaproteobacteria

Acetobacter aceti NBRC 14818
Azospirillum sp. B510
Bradyrhizobium sp. BTAil
Caenispirillum salinarum AK4
Dinoroseobacter shibae DFL 12
Gluconacetobacter diazotrophicus PAIS
Maritimibacter alkaliphilus ATCC2654
Methylocystis sp. ATCC 49242
Methylosinus trichosporium OB3b
Nitrobacter hamburgensis X14
Parvibaculum lavamentivorans DS-1
Puniceispirillum marinum IMCC1322
Rhodopseudomonas palustris BisB18
Rhodospirillum rubrum ATCC 11170
Rhodovulum sp. PH10

Sphingobium sp. AP49

Sphingomonas sp. S17

Tistrella mobilis KA0O81020-065

Acetobacteraceae
Rhodospirillaceae
Bradyrhizobiaceae
Rhodospirillaceae
Rhodobacteraceae
Acetobacteriaceae
Rhodobacteraceae
Methylocystaceae
Methylocystaceae
Bradyrhizobiaceae
Phyllobacteriaceae
SAR16 clade
Bradyrhizobiaceae
Rhodospirillaceae
Rhodobacteraceae
Sphingomonadaceae
Sphingomonadaceae
Rhodospirillaceae

environmental sample

vegetation

vegetation

extremophile (solar saltern)
environmental sample (seawater)
vegetation

environmental sample (seawater)
environmental sample (sewage, fresh water)
environmental sample (soil, fresh water)
environmental sample (soil)
environmental sample (sewage)
environmental sample (seawater)
environmental sample (soil)
environmental sample (sea mud)
environmental sample (soil)

vegetation

environmental sample (stromatolite)
environmental sample (seawater)

Betaproteobacteria

Acidovorax avenae subsp. avenae ATCC 19860

Acidovorax ebreus TPSY
Burkholderiales bacterium 1 1 47
Kingella kingae ATCC 23330

Comamonadaceae
Comamonadaceae
Burkholderiales
Neisseriaceae

environmental sample (soil)
environmental sample (water)
gastrointestinal tract/feces
oral cavity



Strain®

Class

Isolation/habitatb

Betaproteobacteria (continued)

Neisseria bacilliformis ATCC BAA-1200
Neisseria cinerea ATCC 14685
Neisseria flavescens SK114

Neisseria lactamica 020-06

Neisseria meningitides 22491
Neisseria mucosa C102

Neisseria sp. oral taxon 014 str. F0314
Neisseria subflava NJ9703

Neisseria wadsworthii 9715
Nitrosomonas sp. AL212

Parasutterella excrementihominis YIT 11859

Ralstonia syzygii R24

Simonsiella muelleri ATCC 29453
Sutterella parvirubra YIT 11816
Sutterella wadsworthensis 3 1 45B

Verminephrobacter aporrectodeae subsp. tuberculatae At4

Verminephrobacter eiseniae EF01-2

Neisseriaceae
Neisseriaceae
Neisseriaceae
Neisseriaceae
Neisseriaceae
Neisseriaceae
Neisseriaceae
Neisseriaceae
Neisseriaceae
Nitrosomonadaceae
Alcaligenaceae
Burkholderiaceae
Neisseriaceae
Alcaligenaceae
Alcaligenaceae
Comamonadaceae
Comamonadaceae

oral cavity

oral cavity

human clinical specimens

oral cavity

oral cavity

oral cavity (expectorated sputum)
oral cavity

oral cavity

skin

environmental sample (fresh water)
gastrointestinal tract/feces
environmental sample (soil)

oral cavity

gastrointestinal tract/feces
gastrointestinal tract/feces
invertebrate (earthworm)
invertebrate (earthworm)

Gammaproteobacteria

Actinobacillus minor NM305

Actinobacillus pleuropneumoniae serovar 10 D13039

Actinobacillus succinogenes 130Z
Actinobacillus suis H91-0380
Actinobacillus ureae ATCC 25976
Alcanivorax sp. W11-5

Pasteurellaceae
Pasteurellaceae
Pasteurellaceae
Pasteurellaceae
Pasteurellaceae
Alcanivoracaceae

Francisella tularensis subsp. holarctica LVS
Francisella tularensis subsp. novicida U112
Francisella tularensis subsp. tularensis WY96-3418

Francisellaceae
Francisellaceae
Francisellaceae

gamma proteobacterium HTCC5015
gammaproteobacterium HdN1
Haemophilus parainfluenzae T3T1
Haemophilus pittmaniae HK 85
Haemophilus sputorum HK 2154
Legionella pneumophila str. Paris
Pasteurella bettyae CCUG 2042

Pasteurella multocida subsp. gallicida X73

Pasteurella multocida Pm70

Unclassified
Unclassified
Pasteurellaceae
Pasteurellaceae
Pasteurellaceae
Legionellaceae
Pasteurellaceae
Pasteurellaceae
Pasteurellaceae

pig respiratory tract

pig respiratory tract

rumen

pig pathogen

respiratory tract

extremophile (deep sea sediment)
engineered live vaccine strain
human/environmental sample (water)
wound

environmental sample (seawater)
environmental sample (sewage)

oral cavity/genital tract

oral cavity

oral cavity

human clinical specimens

genital tract

bird pathogen

bird respiratory tract/zoonotic infections

Deltaproteobacteria

uncultured delta proteobacterium HF0070_07E19

Unclassified

environmental sample (seawater)

Epsilonproteobacteria

Campylobacter coli 2962 Campylobacteraceae animals/human pathogen
Campylobacter jejuni NCTC11168 Campylobacteraceae bird
Campylobacter jejuni subsp. doylei 269-97 Campylobacteraceae blood
Campylobacter lari Campylobacteraceae gastrointestinal tract/feces
Helicobacter canadensis MIT 98-5491 Helicobacteriaceae gastrointestinal tract/feces
Helicobacter cinaedi CCUG 18818 Helicobacteriaceae gastrointestinal tract/feces
Helicobacter hepaticus ATCC 51449 Helicobacteriaceae mouse liver
Helicobacter mustelae 12198 Helicobacteriaceae ferret
Helicobacter pullorum MIT 98-5489 Helicobacteriaceae bird/zoonotic infections
Nitratifractor salsuginis DSM 16511 Unclassified extremophile (deep sea sediment)
Wolinella succinogenes DSM 1740 Helicobacteraceae rumen

Fusobacteria
Fusobacterium nucleatum subsp. vincentii ATCC 49256 Fusobacteriaceae oral cavity
Fusobacterium sp. 1_1_41FAA Fusobacteriaceae gastrointestinal tract/feces
Fusobacterium sp.3_1_27 Fusobacteriaceae gastrointestinal tract/feces
Fusobacterium sp. 3_1_36A2 Fusobacteriaceae gastrointestinal tract/feces
Illyobacter polytropus DSM 2926 Fusobacteriaceae environmental sample (sea mud)



Strain® Class Isolation/habitat”

Fusobacteria (continued)

Streptobacillus moniliformis DSM 12112 Leptotrichiaceae rodent/human pathogen

Spirochaetes
Leptospira inadai serovar Lyme str. 10 Leptospiraceae human clinical specimens
Sphaerochaeta globus str. Buddy Spirochaetaceae extremophile (marine hot spring)
Treponema denticola ATCC 35405 Spirochaetaceae oral cavity
Treponema phagedenis F0421 Spirochaetaceae monkey genital tracts
Treponema sp. JC4 Spirochaetaceae rumen
Treponema vincentii ATCC 35580 Spirochaetaceae oral cavity

Tenericutes

Mollicutes

Mpycoplasma canis PG 14 Mycoplasmataceae dog oral cavity
Mycoplasma cynos C142 Mycoplasmataceae dog respiratory tract
Mycoplasma gallisepticum str. F Mycoplasmataceae bord pathogen
Mycoplasma iowae 695 Mycoplasmataceae bird
Mycoplasma mobile 163K Mycoplasmataceae fish pathogen
Mycoplasma ovipneumoniae SC01 Mycoplasmataceae goat respiratory tract
Mycoplasma synoviae 53 Mycoplasmataceae bird pathogen
Solobacterium moorei F0204 Erysipelotrichaceae gastrointestinal tract/feces

Elusimicrobia

Elusimicrobium minutum Peil91 Elusimicrobiaceae invertebrate (scarab beetle)
Uncultured Termite group 1 bacterium phylotype Rs-D17 Elusimicrobiaceae invertebrate
Fibrobacteres
Fibrobacter succinogenes S85 Fibrobacteraceae rumen
Ignavibacteria
Ignavibacterium album JCM 16511 Ignavibacteriaceae extremophile (hot water spring)

Planktomycetes

Blastopirellula marina DSM 3645 Planctomycetaceae environmental sample (seawater)
Verrucomicrobia

Diplosphaera colitermitum TAV2 Opitutaceae invertebrate (termite)

Akkermansia muciniphila ATCC BAA-835 Verrucomicrobiaceae gastrointestinal tract/feces

Unclassified

candidate division TM7 single-cell isolate TM7c Unclassified oral cavity

uncultured bacterium Unclassified environmental sample (groundwater)
uncultured bacterium Unclassified environmental sample (groundwater)
uncultured bacterium T3_7_42578 Unclassified invertebrate (honeybee)

2Single strains representing every species found to harbor the cas9 gene are listed.

*The origin of the specific strain and/or typical habitat of the species are given for every strain. ND, no
data available. Note that if not specified otherwise, isolates from body sites and feces are human
commensals and pathogens.
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Supplementary Figure S11. Cas9 tree topology suggests both horizontal and vertical transfer
of type Il CRISPR-Cas systems. See Figure 1, Supplementary Figure S4 and Supplementary Table S4.
The codes for taxonomy (phyla in color) and habitat (symbols) of the bacterial strains harboring
representative Cas9 orthologs are indicated (right panel). The clusters grouping evolutionary distant
bacteria (1 and 3) but isolated mainly from similar sources (human for cluster 1 and mostly environmental
samples for cluster 3) suggest horizontal transfer of type Il systems. Clusters 2, 4 and 5 group closely

related bacteria isolated from diverse habitats indicating vertical transfer of the systems.
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Supplementary Figure S12. tracrRNA:crRNA repeat duplexes form similar secondary
structures in loci with closely related Cas9 orthologs. Antirepeat sequence of processed
tracrRNA (red) and repeat-derived sequence of mature crRNA (grey) were co-folded for each type lI
CRISPR-Cas locus studied (see Materials and Methods). Color bars indicated on the left group dual-
RNAs from loci with closely related Cas9 (see Figure 1 and Supplementary Figure S4). RNA duplexes
belonging to the same groups display structural similarities, suggesting a role of the structure in dual-
RNA recognition by Cas9.
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