Supplementary Figure 1: A) Multiple alignment of Casl representative sequence set; B) Multiple
alignment of Cas2 representative sequence set; C) Multiple alignment of Cas4 representative
sequence set; (Please see Supplementary Materials and Methods for details); Sequences are denoted
by Genbank identifiers and complete organism name.
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407462288_Candidatus_Nitrosopumilus_koreensis_AR1
21229351_Methanosarcina_mazei_Gol

147921327 _Methanocel la_arvoryzae_MRE50
124485266_Methanocorpusculum_labreanum_zZ
307352568_Methanoplanus_petrolearius_DSM_11571
154150254 _Methanoregula_boonei_6A8
219852754_Methanosphaerula_palustris_E1-9c
126178701_Methanocul leus_marisnigri_JR1
397780289_Methanocul leus_bourgensis_MS2
156937861_Ignicoccus_hospitalis KINd-1
70607609_Sulfolobus_acidocaldarius_DSM_639
187736488_Akkermansia_muciniphila_ATCC_BAA-835
436839745_Desulfovibrio_hydrothermal |57AM137—7DSM714728
71894593_Mycoplasma_synoviae_53

193216853 Mycoplasma_arthritidis_158L3-1
187250661_Elusimicrobium_minutum_Peil91
325972002_Sphaerochaeta_globus_str-_Buddy
47458867_Mycoplasma_mobile_163K

269123825_Streptobacil lus_mon s_DSM_12112
57865886_Staphylococcus_epidermidis_RP62A
319957207_Nitratifractor_salsugi ,_DSM_16511
310286727_Bifidobacterium um_S17

90961086_Lactobaci llus_: ivarius_UCC118
406600270_Leuconostoc_gelidum_JB7
386318631_Staphylococcus_pseudintermedius_ED99
302336019 _Olsenella_uli_DSM_7084
15675042_Streptococcus_pyogenes_M1_GAS
352684362_Acidaminococcus_intestini_RyC-MR95
42525844 _Treponema_denticola_ATCC_35405
169823756_Finegoldia_magna_ATCC_29328
117929157_Acidothermus_cellulo icus_11B
283456134_Bifidobacterium_dentium_Bdl
38232679_Corynebacterium_diphtheriae_NCTC_13129
238924076_Eubacterium_rectale_ATCC_33656
116627543 _Streptococcus_thermophilus_LMD-9
57238545_Campylobacter_jejuni_RM1221
291276264_Helicobacter_mustelae_12198
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121608212_Verminephrobacter_eiseniae_EF01-2
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385809790_Ignavibacterium_album_JCM_16511
150021526_Thermosipho_melanesiensis_B1429
28211139 _Clostridium_tetani_E88 MGSTRY ITSV--GELKRKDNSLC
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288947693_Allochromatium_vinosum_DSM_180
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431929780_Thioflavicoccus_mobilis_8321

PINQLELVVVYGN-PLAETAVWRKLAAAGVPTVLL--PVR-G--RD:

206890539_Thermodesulfovi _yellowstonii_DSM_11347
52425690_Mannheimia_succiniciproducens_MBEL55E

MPTLY IDRR-TTELKVNGDVLI--~ -Y-E-----KG--E
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121997419_Halorhodospira_halophila_SL1
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292492856_Nitrosococcus_halophilus_Nc4
34541577_Porphyromonas_gingivalis_W83
88602029_Methanospirillum_hungatei_JF-1

325980970_Nitrosomonas_sp-_AL212

269798874 _Veillonella_parvula_DSM_2008
332668016_Hal iscomenobacter_hydrossis_DSM_1100
379728404 _Saprospira_grandis_str-_Lewin

150398872_Methanococcus_vanniel
150401497_Methanococcus_aeolicus_Nankai-3
284040851_Spirosoma_
257125862_Leptotrichia_bucca
21226661_Methanosarcina_mazei_Gol
218961577_Candidatus_Cloacamonas_acidaminovorans_str-_Evry
319790504_Thermovibrio_ammoni |
337288662_Thermodesulfobacterium_geofontis_OPF15
20094748_Methanopyrus_kandleri_AvV19
386750121_Helicobacter_cetorum_MIT_00-7128
126465226_Staphylothermus_marinus_F1
170290046_Candidatus_Korarchaeum_cryptofilum_OPF8
385805115_Fervidicoccus_fontis_Kam940
15898245_Sulfolobus_solfataricus_P2
156937921_Ignicoccus_hospitalis_KIN4-1

124027534 _Hyperthermus_butylicus_DSM_5456
118431380_Aeropyrum_pernix_K1
307595807_Vulcanisaeta_distributa DSM_14429
305663330_Ignisphaera_aggregans_DSM_17230
347523053_Pyrolobus_fumarii_1A
302347808_Acidilobus_saccharovorans_345-15
218884093_Desulfurococcus_kamchatkensis_1221n
389861365_Thermogladius_cellulolyticus_1633
15898286_Sulfolobus_solfat:
15922975_Sulfolobus_tokoda
18311772_Pyrobaculum_aeropl
18311699_Pyrobaculum_aeropl ) |
54296139_Legionella_pneumophila_str-_Paris
34557933_Wolin uccinogenes_DSM_1740
118497353_Francisella_novicida_U112
328954440_Desulfobacca_acetoxidans_DSM_11109
408403000_Candidatus_Nitrososphaera_gargensis_Ga9-2
330509017_Methanosaeta_conci _GP6
148656004_Roseiflexus_sp-_RS-1
386854797_Deinococcus_gobiensis_I-0
167628642_Heliobacte m_modesticaldum_lcel
148642083_Methanobrevibacter_smithii_ATCC_35061
288560430_Methanobrevibacter_ruminantium_M1
11499462_Archaeoglobus_fulgidus_DSM_4304
383319612_Methanocel la_conrad
294676823_Rhodobacter_capsulatus_SB_:
302343124_Desulfarculus_baarsii_DSM_2075
389875622_Tistrella_mob

288957883_Azospirillum_sp-_B510
116627764_Streptococcus_thermophilus_LMD-9
15609954_Mycobacterium_tuberculosis_H37Rv
348026605_Megasphaera_elsdenii_DSM_20460
296133514_Thermincola_potens_JR

114567264 _Syntrophomonas_wolfei_subsp-_wolfei_str-_Goettingen
332296542_Thermodesulfobium_narugense_DSM_14796
218442809_Cyanothece_sp-_PCC_7424
17228961_Nostoc_sp-_PCC_7120
119357853_Chlorobium_phaeobacteroides_DSM_266
119357846_Chlorobium_phaeobacteroides_DSM_266
336116789_Microlunatus_phosphovorus_NM-1

37677204 _Vibrio_vulnificus_YJO16
154250301_Fervidobacterium_nodosum Rt17-B1
38505760_Synechocystis_sp-_PCC_6803
83592490_Rhodospirillum_rubrum_ATCC_11170
261415948_Fibrobacter_succinogenes_subsp-_succinogenes_S85

76802276_Natronomonas_pharaonis, 2160
312114617_Rhodomicrobium_vanniel ATCC_17100
219683006_Bifidobacterium_animal subsp-_lactis_ADO11
116748794 _Syntrophobacter_fumaroxidans_MPOB
317051217_Desulfurispir um_indicum_S5
328949009_Treponema_succinifaciens_DSM_2489
333996012_Treponema_azotonutricium_ZAS-9

313673559_Calditerrivibrio_nitroreducens_DSM_19672
218961167_Candidatus_Cloacamonas_acidaminovorans_str-_Evry
294828260_Leptospira_interrogans_serovar_Lai_str-_56601
347756303_Candidatus_Chloracidobacterium_thermophilum_B
162457462_Sorangium_cellulosum_So_ce56
86742032_Frankia_sp-_Ccl3
433631663_Mycobacterium_canettii_CIPT_140070010
15612904 _Bacillus_halodurans_C-125
108763792_Myxococcus_xanthus_DK_1622

344996859 _Caldicellulosiruptor_lactoaceticus_6A
85858452_Syntrophus_aciditrophicus_SB
148657121_Roseiflexus_sp-_RS-1
159898907_Herpetosiphon_aurantiacus_DSM_785
17227877_Nostoc_sp-_PCC_7120
268318378_Rhodothermus_marinus_DSM_4252
55978328_Thermus_thermophi lus_HB8
297622675_Truepera_radiovictrix_DSM_17093
328953000_Desulfobacca_acetoxidans_DSM_11109
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337286709_Thermodesulfatator_indicus_DSM_15286
328953422_Desulfobacca_acetoxidans_DSM_11109
38505684 _Synechocystis_sp-_PCC_6803
134299482_Desulfotomaculum_reducens_MI-1
17229060_Nostoc_sp-_PCC_7120
302391602_Acetohalobium_arabaticum_DSM_5501

0lz
383762167_Cald nea_aerophila_DSM_: 14535 - NBRC 104270
46255267_Thermus_thermophi lus_HB27

134101617 _Saccharopolyspora_ erythraea NRRL_2338
378719041_Gordonia_polyi
320102061 _1sosphaera_pal L/
268318441_Rhodothermus_marinus_| DSM 4252
39995168_Geobacter_sulfurreducens_PCA

83591519 _Rhodospirillum_rubrum_ATCC_11170

50085564 _Acinetobacter_sp-_ADP1
77166205_Nitrosococcus_oceani_ATCC_19707
15602176_Pasteurella_multocida_subsp-_multocida_str-_Pm70
38234755_Corynebacterium_diphtheriae _NCTC_13129
21674788_Chlorobium_tepidum_TLS
53804737_Methylococcus_capsulatus_str-_Bath
209966592_Rhodospiri I lum_centenum_SW

89885834 _Rhodoferax_fer educens_T118
16130662_Escherichia_coli_str-_K-12_substr-_MG1655
68535718_Corynebacterium_jeikeium K411
86738746_Frankia_sp-_Ccl3
51891801_Symbiobacterium_thermophi lum_IAM_14863
29834079_Streptomyces_avermitilis_MA-4680

Continued

407462288_Candidatus_Nitrosopumilus_koreensis_AR1
21229351_Methanosarcina_mazei_Gol
147921327_Methanocel la_arvoryzae_MRE50
124485266_Methanocorpusculum_labreanum_Z
307352568_Methanoplanus_petrolearius_DSM_11571
154150254 _Methanoregula_boonei_6A8
219852754_Methanosphaerula_palustris_E1-9c
126178701_Methanocul leus_marisnigri_JR1
397780289_Methanocul leus_bourgensis_MS2
156937861_Ignicoccus_hospitalis_KIN4-1
70607609_Sulfolobus_acidocaldarius_DSM_639
iphila_ ATCC BAA-835
436839745_Desulfovibrio_hydrothermal is_AM13_-_DSM_14728
71894593 Mycoplasma_synoviae_53

193216853 Mycoplasma_arthritidis_158L3-1
187250661_Elusimicrobium_minutum_Peil91
325972002_Sphaerochaeta_globus_str-_Buddy
47458867_Mycoplasma_mobile_163K
269123825_Streptobaci s_DSM_12112
57865886_Staphylococcus_ epldermldl ,_RP62A
319957207 _Nitratifractor_salsuginis_DSM_16511
31028672778|f|d0bacter|um !
90961086_Lactobaci llus_salivarius_UCC118
406600270 Leuconostoc gelldum JB7
386318631_Staphylococcus_pseudintermedius_ED99
302336019_Olsenella_uli_DSM_7084
15675042_Streptococcus_pyogenes_M1_GAS
352684362_Acidaminococcus_intestini_RyC-MR95
42525844 _Treponema_denticola_ATCC_35405
169823756_Finegoldia_magna_ATCC_29328
117929157_Acidothermus_cellul ticus_11B
283456134 _Bifidobacterium_dentium_Bdl
38232679_Corynebacterium_diphtheriae_NCTC_13129
238924076_Eubacterium_rectale_ATCC_33656
116627543 _Streptococcus_thermophilus_LMD-9
57238545_Campylobacter_jejuni_RM1221
291276264_Helicobacter_mustelae_12198
294086112_Candidatus_Pun spi Tum_marinum_IMCC1322

189485226 _uncultured_ _Termite _group_1_| bacterium 1_phylotype_Rs-D17

222109284 _Acidovorax_ebreus_TPSY
15602991_Pasteurella_multocida_subsp-_multocida_str-_Pm70
3107803837I lyobacter_polytropus_DSM_2926
220930481_Clostridium_cellulolyticum_H10
34557789_Wolinella_succinogenes_DSM_17.
90425960_Rhodopseudomonas_palustris_BisB18
209542526_Gluconacetobacter_diazotrophicus_PAl_5
121608212_Verminephrobacter_eiseniae_EF01-2
60683388_Bacteroides_fragi > NCTC_9343
154250554 _Parvibaculum_lavamentivorans_DS-1
283778924 _Pirellula_staleyi_DSM_6068
154174048_Campy lobacter_curvus_525-92
292492938_Nitrosococcus_halophilus_Nc4
111224947_Frankia_alni_ACN14a
385809790_Ignavibacterium_album_JCM_16511
150021526_Thermosipho_melanesiensis_B1429
28211139_Clostridium_tetani_E88
48477075_Picrophilus_torridus_DSM_9790
41614813_Nanoarchaeum_equitans_Kin4-M
55376278_Haloarcula_marismortui_ATCC_43049
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~PGINLGRVLYVDEQ-GASLYKKGERVL~
MGTVYVTQD-DSF I SKVDERLN-

VIL-D--V.

PLCNLDQVVLVGN-VNLSSQL IKLFLGRGTEVHFI--STK-G
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PLVKVDQVVVFGN-ASISGSLISLLLKAEVPIAYL--SYY-G
PLNVIERVVVQGE- ITLTASALACLLERRICTHFL--SYS-G

PIGQVSEIILFGN-VGLTTPLMDALLYEGIPVIFL--TRD-G
PLIKIEDIVIIGN-VGLSTPAIKRMLDNG INVTFL--TVH-G

PMIQVSQVLVFGN-VEITTPALKRLLDEGIEVWLL--SQR-G

RAPARDPVYVTEP-GTTVGIRSERLA---
~PRDPDSRPLYVTTH-GAAVGLKGGRIR-
~TPRDDLKSLYLNTQ-GTFVSKSGAVLK~
~PSRNDRLPLYVLSQ-GSVVKRKGAQLL~
~PADGRGLPLYVQSP-KAYVRKDGDCLV--~

PPASPALPLYGQTP-GARIGKKDYTLV-~~1----Q-V~-

PLIAVEEIVILGN-AVVTPALLKHCAQEGVGIHYL--SPT-G

RLRDVLHLVAAGP-VQVTSQAVHALAEQGSPVVWT --STT-G--RL-~

LL IDVSQLCVFGN-VQVSSQVLAELWARG IPVLWF--SYN-G--WL--

RLIDLSRVSIFGN-VQITTQAIRALVEHNIPVFFH--SYA-G--RM

———-EG--E DR-S--L.

RLGETSQVALFGN-ATLTTAALHECLRRE IPVTWL--SYG-G--WF-~
LDEISEVVLAGP-VSLTTPAIHELLRRE IPVAWM--SS-~G-FWF-~~~—--|

~LRQERSRPVMLSKR-ACVFYLEKVRVV-
—-LPSHRQGLYYLEH--CRVMAKDERVV~
IPSSDLKT IMHSKRAN1YYLEH--CRVLLNGGRVE--YV-

- fLPQ\/KEKYPFLYLEKfofR IEIDDSSIKWIDC

~PASHQIRLEDRLSFLYLE-YCLIRQDRTGVI---Al QNGHNESSDEEEKLEP

FTKFFAI

RIV---YLTDNSQPVEYFYNIPEKNTAFLLLGKG-SSLTDAAARRLAESNVMVGFC--GSG-G--SP-LFSSLDL

PPANTNVILLGSG-TSLTQAAARLLASEQVMVAFV--GGG-G~-SP—---——--

ESL-YWNI

PIANTSCLLLGSG-TSITQAAMRELSKAGVMVGFC-~-SGG-G-TPLFNGTEAEI
PVASLAVLCLGPG-TSISNAAMTSCTRSGCTVIFT--GGG-G---~

QIL-RIQL
NVV-R--L

PVAMLNCILLGPG-TTVTHEAVKVMAAANCG I CWV~-GDD-SLMFY-

PYQGLSMILLAPG-TTVSHDALRLLARHGTLLAAV--GDG-G-VKF-

PYQRLNAVLLGPG-SSITHDAVRHCSGHGTCLAFV--GSD-G-TRL-~
PGSMVSCLMIEPG-VSVTHEAMKLCGENGTLLMWV--GEG-GTRFY-

LPLNPIPLKDRVSMIFLQY-GQIDVIDGAFVL-

PVGSVACIMLEPG-TRVSHAAVRLAAQVGTLLVWV--GEA-G--~—
PAASIAALLLGPG-TKVTYAAMALLGDSGVSVVWV-~-GEK-G-VRY-

~-LPRVQDRISFLYAE-RCVVNRDNNAVT -

LHRVEDRVSTLYVEKC--~-HVDRDDNAVV-

PAAFVATVLLGPG-TRITSAAVRLLADSGTALCWV-~-GDR-G-VRM-~

K RVH----V PCASLSLLMLGPG-TSVTHAAVMAMVEAGCLVAWC--GEQ-G-VRF-~
LPRIADSLSFLYLDIV---RIHQDDTGVC EVTSERRGTE: KVY=----V: PTAALGCVLLGPG-TSITARALATFARHGTTVLIT--GAG-G-VRC-~
T--FCNGMMD-SLTATKYRMA-QYDTFRNPEKCEYLRKQI I SAKKESQLKLL. RLIG: El SELPDSEHI
T--TMLP--P-ESTNLRTKFA-QYHAFEDKEARLE I AKKF I EAKFYKSKAVL ---DFLS QRYPE INFDILDGL TKLKD-~~~--VK: T- REILGVEGT
G--TWMP--K-ETSVGKLRVK-QYAKYLDPTTRYNIAYQI IKEKVKKSCNLI DYYEELDKSE IEEAF INEYTGF- VAYNK KEQHDI NKIMVYEAK
G--GIYG YFKGEFDIL-==========~ TAARE--~—-| EL. EY LITLPEIGRAFSL
G--VLRP: DYLIK M EELRRIQKF
G--ILKP: DQQGSSL- FYEGELQIL HNALH NL EY MVKLDE IRRLSDL
G--LIRP: VTGESP: LYQGELEVL QDARQ-----EL EY LVTLDEIRRLHRL
G--YLYP: DHAGHDI FYAGELDFL- HQARE SASVT M---ENLRRLSRL
G--YLYP: DCTGQDI FYTGELDFL YQARE-----EL SVT- M---EGLRRLSRL
V=-=TINP--V-KVGWSRARKN-QYSMGETELG-VKVAKEF I FGKLEGMSNVA-~~KNLS-~~~~~~ YKGKKPTPNSDYWRSEGRGEL- SCK NL DCVKKLEAE
—=-=VLVS--PFLNSLVNVRRK---FYTLSDDMKLYLARKF IKGKILGMINVA---KYFM. YLTKVPVEI DLELK----~ Ql DNTKSI DELRSVEAE
V--LLLP----ADRSTDTGLL~-RHLADMPARLRNRLWQKTLDAKCGNQTALA---QAWN PHHPAIAEL- K RM AV TEKTAREAE
N--TLYPDSRQYHITSGKHMA-RYESMSDTNKAK-AARKLVSAKINNYRQWL ---SSR DI SDKL KSIEK: V- Q--DASGN STLMGIEGN
V--QLLS----1SGYYSNKNF-LSQINWTQEFKDKTWEKI IKLKTTNYVNL I ---YFFG LLNKEDVEKF- NFYYK——-——-| Kl 1P GDKNSMEGH
A--Q1 1P----FQGYYNAKIL-QKQIKWDNDFKERVWRR I IKLKIRQTMVML -~~EHL, 1LRDDDKVKL- EDYAN V- K FDITNCEGH
G--MLLS--S-FTTNIYGRRL-QLQINASKPQIKQAWQQI ITSKLNNQAEVL ---KRFD- TL-KAAETI FNMAR: EV RS GDATFKEGV
G--MLLP--M-LQHKDTSQRM-D 1QLKASLPRRKQAWQQ I I TEKLKNQRDFL-~--QHLQ: 1-PGVKRL. DVLSQ----~ TV LS GDSSNNEAQ
S-=YLIP-~-1-EGNHNSLKVV-AEQVKWTKEYKATLWKD I IKNKTHNQKNLL IKNKLFN NSEFGIEYF- DDLIN NV- NL FDISNREGH
A--YSLP--1-NQHYRIPYVH-SLQGQQTSKSKEFVWEKLLKAKIRNSKKVL---ELEN SSDLIELM 16 SDVQNREGT
T--QLIS--S-YGMVNRLKRI-QSQFQLSGRTKDR IWKK IV INKIFNQTRCL---~ENN LHNENVKLM SS GDKSNKEAH
A--ILHP--Y-HQSSLATETL-KAQLSLPDDLRDRLWQE I IRVKILNQSAVL ---SHF, KKNPKL. RP DPYRTEAK
G--ETSP--Y-ETESSRRAY I - 1QQ IRWDEARKDLLWQH I IREK IAHQVSVL -~-EKNC- DSLDLEKM KP GDSDNREAV
T--ETVN--Y-YPNNRSLDTY-LQQYEWNDHVKE ILWTKIVRSK I INQIKVL---KNYQ 1DCQDL. El NDMTNREAV
G--EINQ--Y-HTNGRHNRN I -SEQI IWTLQRKNLLWGE I'VKRK 1 ENQMQVL ---~FAY- QSADREKF- KV- GDETNREAV
T--LLLP--L-YGHHRQARL I -QNQMNWKNERKGQLWQLLVKHK I LNQKQV I ---QECF- KE-RDSELF- EL DDSTNREGH
G--QYLP--L-YGAHNTSKRI -AEQLEWSEPSKKRVWQHVVKDK I SHQARLL ---ELR! RE-GFSDQL- RS GDTTNREAA
A--MLMP--F-YGRHDSSLQL-GKQMSWSETVKSQVWTT I AQKILNQSCYL---GACS YF-EKSQSI EN FDPSNREGH
S--SLLP--L-HARFDS IRKT-KQQMIWSQE IKDEVWDC I VKAKIRQQALFL-~~DELE: KKEQSKML- VS ADAHNREGH
S--EL1G--Y-YGSHDTSEKI-RLQIKWDKN IKQLVWTEVVTEKIRQQKYLL-~~EKLN L--PQASLL DI NDKTNKEAH
G--EIVN--Y-YNKHNSPLMI-RKQ I SWQNNSKQKTWRE ITKEKINRQALLL---KFIG NENANLL.: LEYK QV- QD GDVSNREGH
A--ATLPWST--HNRVAARHR-~-AQAELSLPRQKNAWMN I VKTK IRNQAAVL ---RALR: RDGVAQL- ERL/ Q R GDASNAEGA
A--ALHSWTN-VPSEVAVRQI --AQSEMTLPRKKNAWAK I VKAK IRGQASCL ---DSLG 1--EGGGAL RGIAS SV RS GDTSNYEGY
A--GSFSWNE--HTRIAARQR--AQASLSLPRQKSAWAQI IKAKILGQARTA---AQLG FDATDL KNLAR: \ R GDVDNREAM
G--FYSA--Y-DNHSRASKV I -GFQ IDKEQDYYGKLWQQI'VKIKIENQAKAY -~-QIMT- RDSDGPEKI L1 GDKSNREAH
G-~ 1YHS--Q-NGHFRAYKRL-KEQLDWSQKQKDKAWQIVTYYKINNQEDVL-~--AMFE: KSLDNIRLL- EP GDRTNREGH
G--VFTP--F-LGHFQSAKIA-KEQVNVSAQKKATLWQK T TKNKILNQAF IL---KKYN KIEQSNEL- INLAK-----KV. SL NDSKNIEAV
G--VFSP--F-LAHYRSSAIL-DLQIHFSKQNKSILWQKI IQAKIQNQTNLL ---MQEN KT-STATKL. QALQK V- KL DGTNNEAK
S--LSLP--L-VQHSDQTRRF-ETQALAKKG IKNR IWQK I IKGKVKNQATLL---VLYQ: SA-S-VERL- NRLHT-----L1 KS GDPQNIEAQ
G--1YVP--F-NQHSRFTQTA-NSQVKWDTAFKNR IWQK IVKQKICNQAE I I ---KKYS F-ANYVGL. KGTCD-----RV QS GDKTNCEAF
G--VFMP--F-LQHSRATRMQ-RLQLDLDKPSAKRAWAH I VQVK 1 GNQARCM---ELLG TVGTDRL- SYAR----~ RV- RS GDGGNLEAQ
G--QWLP--F-GQYYRQLKTL-KLQLETTLPQKKQLWQK IVQQKIRNQGFVL-~--EQV! YF-NETKRL NRMAN: V- KS GDKENVEAQ
G--1FQG--Y-GRHSRQLAVA-KAQ INMSVPRKKRLWQE I'VTKKLENQGRVL ---ELMR C-EGSKYL. YDLSK-~~~-| RV KS GDDGNLEAL
G--VLLP--F-SCHSRQYKIV-KTQINLSAPFKKRCWQRVVQQK IENQAFCL---NILE. L--KGRDEL INLSK S LS GDSTNVEAH
G--VFAP--F-GTHSRHTRAA-RVQAVWSEPFKKRCWQK I VRAKVSSQAEVL ---RRVG E-DAARRL. ENLVG KV TS GDTTGVEAQ
G--VALP--F-HRHHRQGA 1 A-KLQFDAKDGVKRRLWQAI IRRKILNQAASL ---SVLN RQNSETL. EIAR--—-- HV- EP GDPENVEAR
G--1LLP--F-HQHHAQAHIA-HAQISISQPLKKRLWQTLVVAK IRNQAALL ---DQL! RPQGQTI AAMAG RV- S DPGNVEAQ
G--MLLP--L-DGHHVQAKR I -EAQI AAGLPMHKRLWAAVVKSKLEQQAAAL - ~~EA\ PTAPL. QALVA KV RS GDPENIEGQ
G--LMLP--L-YGNTTQNERF-RKQLDTSLPLKKQLWQQT IQAKINNQASVL ---KDCM DE-E-VKCM RIWAT- N RS GDPDNLEAR
G~--MMLP--L-DAHHIQTERH-RAQVEASEPTKKRAWQAL IRSKIAQQGIVL~-~~AHFT: GEHGGL- LPMAR-----RV- RS GDPDNLEAQ
T--AY IDCQN-AEPDSAG I EA-QVDL IRNPESSLAIARQL I SAKLHNYATLA---DAYP PKSHSGN H-RSLMRL.: AKDAQ-----Q SS L---PELLGIEGS
G--NFYPSTSNSVNKSGFALLSQLRAFDDPVKRVY IARE I TRAHMLNDAANC---KKHG VKFDPAPHI LD, D! GQIMAAEGA
G--SFEPFNR--NPSGQVKLA-QAE I LLNETQRMALARELVRGAAHNMQANL ---LYYR-~~~~ YRGKTGLE: MLKEMKRL- /NLIP KAQDS STLMGIEGN
G--ALMPAED--MSSAQVVRA-QVDLTADPVRRAATARSL IAATAANVRWAL -~~ETDL- LD-GPLDAL- GTRL. AESS EELMGAEGT
G--SFLPASA--NGSGE1QIL-QYKAY IDNYKRITIAKS I IDAAIKNILFNL---KSYT-~=~~~ YSGIDLD: ETINTI RFTDSI QELMGFEGT
G--TFYPKQV--NKTGEMLVL-QYKHYED INKRLKIASE I LNAAVDNMVNLL ---SSFK. EITHTEIEYI KKQRN1 PALMAIEGN
G--TFYPREH--YNSGKLLVK-QVETYEN--RRLEVAKSIVEAIGDNIYELL---YHYY -~~~ KHDKKEVKETLDWIKNHSK INL- KKAN DI KQIMQVEGE
S--SLIPEDY--LLSGKVIMN-QAIKAYNIDERIKIARIFVYAAARNMAIVL---KR GNMGK1 KIPYK-~~-- El MESKS1 NELMSYEGN
G--SFLPRQK--TKSGLVLVK-QVEAYKDIEKRTEIALEIVDAIRYNCIKVL--~EKYH-~~~——-- IDEVKELRKIDVWKMFEESL NDWKD 1 NITRGIESN
G--SIMPERG--QTSGQTLVE-QVRAYDDSTRRRAIARQF I EGS I HNMRANV-~-KYYD- DRG EAQAE: L SDEMDT NELMGVEAT



389844445_Mesotoga_prima_MesGl-Ag-4-2
390962116_Thermococcus_sp-_CL1
13540937_Thermoplasma_volcanium_GSS1
289596694_Aciduliprofundum_boonei_T469
14590110_Pyrococcus_horikoshii_0T3
84489236_Methanosphaera_stadtmanae_DSM_3091
268317185_Rhodothermus_marinus_DSM_4252
18977490_Pyrococcus_furiosus_DSM_3638
427708213_Nostoc_sp-_PCC_7107
119720226_Thermofilum_pendens_Hrk_5
118497969_Francisella_novicida_U112
332661941_Hal iscomenobacter_hydrossis_DSM_1100
326793969_Marinomonas_mediterranea_MMB-1
220934970_Thioalkali io_sulfidophilus_HL-EbGr7
288947693_Allochromatium_vinosum_DSM_180
431929780_Thioflavicoccus_mob
206890539_Thermodesulfov _yellowstonii_DSM_11347
52425690_Mannheimia_succiniciproducens_MBEL55E
30248142_Nitrosomonas_europaea_ATCC_19718

121997419 _Halorhodos a_halophila_SL1
430760780_Thioalkalivibrio_nitratireducens_DSM_14787
292492856_Nitrosococcus_halophilus_Nc4
34541577_Porphyromonas_gingivalis_W83
88602029_Methanospirillum_hungatei_JF-1
325980970_Nitrosomonas_sp-_AL212

269798874 _Veillonella_parvula_DSM_2008

332668016_Hal iscomenobacter_hydrossis_DSM_1100
379728404_Saprospira_grandis_str-_Lewin
327314603_Prevotella_denticola_F0289
392395717_Flexibacter_litoralis_DSM_6794
150398872_Methanococcus_vannielii_SB
150401497_Methanococcus_aeolicus_Nankai-3
284040851_Spirosoma_linguale_DSM_74
257125862_Leptotrichia_buccalis_C-1013-b
21226661_Methanosarcina_mazei_Gol
218961577_Candidatus_Cloacamonas_acidaminovorans_str-_Evry
319790504_Thermovibrio_ammonificans_HB-1
337288662_Thermodesulfobacterium_geofontis_OPF15
20094748_Methanopyrus_kandleri_AV19
386750121_Helicobacter_cetorum_MIT_00-7128
126465226_Staphylothermus_marinus_F1
170290046_Candidatus_Korarchaeum_cryptofilum_OPF8
385805115_Fervidicoccus_fontis_Kam940
15898245_Sulfolobus_solfataricus_P2
156937921 _Ignicoccus_hospit:
124027534 _Hyperthermus_but
118431380_Aeropyrum_pernix_}
307595807_Vulcanisaeta_distributa_DSM_14429
305663330_Ignisphaera_aggregans_DSM_17230
347523053_Pyrolobus_fumarii_1A
302347808_Acidilobus_saccharovorans_345-15
218884093_Desulfurococcus_kamchatkensis_1221n
389861365_Thermogladius_cellulolyticus_1633
15898286_Sulfolobus_solfat:
15922975_Sulfolobus_tokoda -
18311772_Pyrobaculum_aerophi lum_str-_IM2
18311699_Pyrobaculum_aerop um_str-_1IM2
54296139_Legionella_pneumophila_str-_Paris
34557933_Wolinella_succinogenes_DSM_1740

118497353 _Francisella_novicida_U112
328954440_Desulfobacca_acetoxidans_DSM_11109
408403000_Candidatus_Nitrososphaera_gargensis_Ga9-2
330509017_Methanosaeta_conci _GP6
148656004_Roseiflexus_sp-_RS-1
386854797_Deinococcus_gobiensis_I1-0
167628642_Heliobacterium_modesticaldum_lcel
148642083 _Methanobre: acter_smithii_ATCC_35061
288560430_Methanobrevibacter_ruminantium_M1
11499462_Archaeoglobus_fulgidus_DSM_4304
383319612_Methanocel la_conrad
294676823_Rhodobacter_capsula
302343124 _Desulfarculus_baars
389875622_Tistrella_mob
374998939_Azos
288957883_Azospir 1_sp-_I
116627764 _Streptococcus_thermophi lus_LMD-9
15609954 _Mycobacterium_tuberculosis_H37Rv
348026605_Megasphaera_elsdenii_DSM_20460
296133514_Thermincola_potens

114567264 _Syntrophomonas_wolfei_subsp-_wolfei_str-_Goettingen

332296542_Thermodesulfobium_narugense_DSM_14796
218442809_Cyanothece_sp-_PCC_7424
17228961_Nostoc_sp-_PCC_7120
119357853_Chlorobium_phaeobacteroides_DSM_266
119357846_Chlorobium_phaeobacteroides_DSM_266
336116789_Microlunatus_phosphovorus_NM-1

37677204 _Vibrio_vulnificus_YJ016
154250301_Fervidobacterium_nodosum_Rt17-Bl
38505760_Synechocystis_sp-_PCC_6803
83592490_Rhodospirillum_rubrum_ATCC_11170
261415948_Fibrobacter_succinogenes_subsp-_succinogenes_S85
76802276_Natronomonas_pharaonis_DSM_2160
312114617_Rhodomicrobium_vannielii_ATCC_17100
219683006_Bifidobacterium_animalis_subsp-_lactis_AD011
116748794 _Syntrophobacter_fumaroxidans_MPOB
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T--ET-NWIKLQDW---R~

S--MLVGAN--QHAVVQARIN-QYRY I -—DRNALTLSIKL IAAKIKNQRATL---NYFN KHHKSIN- LL-NAIEEL
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G--RLSH--P-LIGTAKTRRE-QYLAYGDKRG-VHLAKEF I KAKMANQMATL---TNLA- KARKDSNPEVAESLL-KAKKE
A--YVSP--P-QMRTVNTRRE-QYRAYDSPAGAV-LAKEF I YAKMKNMSATL ---GTLA. KTRKDTSPESAESLR-QARDEI

G--YLAP--P-QPAEAQLQLA-QAALVLHPERRLALARVLVGARLRNQRARL ---AVLN VD-RATAAL

G--VLEP--M-VADKAALHLA-QAAVALDETKRLALARL I CAGRVRGQRALL ---MRLN 1E-SNLAAF:
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G--RLES--T-RHVNILRQRK-QFRAGDDEEFCFKFTCMIVAAKIHNQAVIL---RRYN RHVNSP, VD-ECISRM QLLEE-----NI RA-GS: AQVMGFEGA
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317051217_Desulfurispirillum_indicum_S5
328949009_Treponema_succinifaciens_DSM_2489
333996012_Treponema_azotonutricium_ZAS-9
313673559_Calditerrivibrio_nitroreducens_DSM_19672
218961167_Candidatus oacamonas_acidaminovorans_str-_Evry
294828260_Leptospira_interrogans_serovar_Lai_str-_56601
347756303_Candidatus_Chloracidobacterium_thermophilum_B
162457462_Sorangium_cellulosum_So_ce56
86742032_Frankia_sp-_Ccl3

433631663, _Mycobacterium_canettii_CIPT_140070010
15612904_Bacillus_halodurans_C-125
1087637927MyxococcusixanthusﬁDKﬁlGZZ
344996859_Caldicellulosiruptor_lactoaceticus_6A
85858452_Syntrophus_aciditrophicus_SB
148657121 Roseiflexus_sp-_RS-1
159898907_Herpetosiphon_aurantiacus_DSM_785
17227877_Nostoc_sp-_PCC_7120
268318378_Rhodothermus_marinus_DSM_4252
55978328_Thermus_thermophi lus_HB8
297622675_Truepera_radiovictrix_DSM_17093
328953000_Desulfobacca_acetoxidans_DSM_11109
337286709_Thermodesul fatator_indicus_DSM_15286
328953422_Desulfobacca_acetoxidans_DSM_11109
38505684 _Synechocystis_sp-_PCC_6803
134299482 _Desulfotomaculum_reducens_MI-1
17229060_Nostoc_sp-_PCC_7120

302391602 Acetohaloblum arabaticum_DSM_5501

320161859 _, _Anaerolinea thermop
156741961 Roseiflexus_castenholzii_DSM_13941
383762167_Caldilinea_aerophila_DSM_14535_-_NBRC_104270
46255267_Thermus_thermophilus_HB27
134101617_Saccharopolyspora_erythraea NRRL_2338
378719041_Gordonia_polyisoprenivorans_VH2

320102061 _1sosphaera_pallida_ATCC_43644
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G--QLCG--M-EGKNVFARMK-QYERYANPAYRNGLARV I VRQKVNNLRYFL ---AKHN

G--KLSF--G-DGKNIFLRQK-QFRILDNPQKSLEIAKSIVSGK IRNEISFM---QRIK.
G--KLNF--A-NAKNIFLRKK-QYATSDNDALALP IAKS IVLAKIKNE I SFV---QRIK:

RYHENR! 1E-DAIVQI KATLQ GL DKATNT DEIRGIEGA
—--RKN-SNE--NEA-VE-NAISSV. KNTLS N E--KT-DD 1---EKLRGYEGL
RKNGYDD- EFSQAIQAL- KAALE: GA ECAENH ELRGHEGI

G--RLVQ--E-LGKNVALRRL-QFEATQDEKFKFKIAKS I TYGKYKNS ISAL---RKLN -YHK--SKE-VS-DILNQL TARHN DL T--AA-ET Y---ESLLGYEGI
G--RLVG--E-FGKNVMLRVN-QFQYLNEPENRVYLANL I IRGKIENSLLHL-~-~AKRK: —-RNK--AES-LT-FAYIKN KALLA QL. KT--QI-LP K---DILLGYEGI
G--GINI--N-PSG-VQRRIR-QFKALTKET IRLNLAKKLVSAKCESQLRYL~-~-~LRAT: —---GKDETRNE-TE-SYLATI E--SA-DS P---SQLLGIEGS
G--SFRG--G-TPG-VQRRHR-QYAALSDPDFCLALARRLAMAKVENQIRY I ---LRAT- RPMLTEAGRDPA-LE-QHLTQM S--RA-VG P---DEIRGYEGS
G--VFSG--G-SSG-VQRRIR-QFRGLTDDVFAIGLARRLVMAK I EMQLRHV-~-LRAS. RKDEALRAGLDEP I E-SLRGGL- DR TSLMGQEGN
A--RVEG--P-TGGNPHLR 1A-QHDHFRDDERRLTLAMSY IAGKLQNSRQLL ---LRAA. RDATGTR--QTA-LR-DTAAHL. R--DT-TN V---AEAMGVEGQ
F--GLRA--P-THGNVLLRME-QWRAAVDRDRCLDVAKPVVAAKLLNSRVVL-~~LDAA KDR-SSR--SKQ-LR-SAADEL.- GGFAE K--AA-RD L DTVRGLEGI
A--RVVG--E-SRGNVVLRKT-QYRISENDQESTKIARNF I TGKVYNSKWML --~ERMT- R--NC-DS L ESLRGWEGQ
A--RVEG--V-PGGNVLLRRQ-QYRAADD IARSVAI SRALVVGKLGNARQFV~~-~LHAR- RDAAPER--QEA-LS-ETARRL- SEHLR L T--RV-ED L---VQVRGLEGI
G--S11P--A-LGKNINLRIL-QYKL--DSGKKLELSKLF IAGKVKNQITML~-~--FRWQ- KNY-GIR--LEE-E----1EQI- P--SA-QD 1---AELMGYEGA
G--RISP--P-ESKNVFLHKR-QYSLLGNETFTLRQVRAIVAGKLANMATLL ---MRIK. RSR-NVS--LAS-Q- F--QA-ES V---DSLRGYEGR
A--TLTA--G-PSRFGDLR IR-QMQFVGAPDRALRLAKD IVSAKLTNQRRLL ---AATG -W-PAA--ATA-1A-Q-1DAA A--NA-PH. V---DMLRGHEGA
A--MVSA--G-LGNNAALRLA-QCRIVDNPHLAVPLVQAIVVGKVANQIQLL---ERYG- -SDW-GGM-~-GLR-AK-QTMQHV 1Q---—- QT Q--HM-PD. 1---EQLRGLEGA
G--RLQG--H-FATNMT IRLA-QYRT-VETTFGMALAQKLV IGKVRNQRVLL~---QRRN- RAT-NGQ--ISE-LT-EAIDLI SVYAS QL. N-=NT-TT- PLNRNELMGVEGI
G--RLAA--E-FHPHVALRLA-QYEAFRDPERTLTLARLFVRGKLQNMAGLL-~--RRYA- DEYGSASLRAAASE INRDLERL- EQVTT: L EALRGVEGT
G--VAGA--Y-PDPHPAHLRA-QFAA-----| EGLPLARAFVVGKLRSALALL---ERHR LP-EAGGVV EALARAEGASEL ERLRGAEGE
G--VASS----CALAPPARLR-AQFAAATSAVGAG I AQLFVLAKLRSSLAVL -~--TAFR----~--RTRPELA. QL- HALG KV- ACTE L---ERLRGFEGL
G--QLTS--P-FTKNVTLRQA-QYDRAADPEFALDLAK I IVGAKLTNSRGLL ---QEF, RNHPES! LK-GEIERL- TELIL-----QI GGSPNL. AALLGLEGA
G--RLAP--P-RGKNVELRLA-QFRAFDNEKRRLE I ARAV I AGK I RNQKNFL -~ ~~RRQN-~~~~~RKLKNEK-~~-~~ 1G-QAILKL: EDAQS L---ESLRGIEGQ
G--RLIS--E-FGKNIELRRR-QFQKLDDPGIRLALARSYVKGKLNNCRIFL---RRQN QGLNQAD: LT-NTIHQL- DACD:! 1---ESLMGMEGA
G--SALP--S-ESRNGQLRLA-QFRAHEDP IQRLD I VKAFVKGKVHNQYNLLYRRGQVD: NPLKGRGKL- EQVRGIEGL
G--CLQA--A-LSKNSVLRIA-QHRAYQKQEERLLYASEFVRGKLSNMRTNL-~-~LRYN 1D-EAVSRI EKAKDL. NELMGLEGA
A--SLEP--E-MGKNIFVRAA-QWKAAGESEQA IHVTQGF IRGKLKNYRHTL ---LEAQ RRYEVDLNSNISQLS-NAIASI NTIRGLEGA
G--RLVP--E-YSKNSLLRLK-QFEAHKDMKVKLELTRKIVKGKLTNMRTLL---MRDT- RETRSEE------' VK-QLCQKM ERTES 1---DKLRGFEGM
G--ALTP--D-PTRNASLRLA-QYAAHTSIQHRFSLARTFVDGKLRNLRTQI--~LRFN- RSQ-REP--TLT-Q---AIERLRDAHRDLHGLS IPEYVD-~--~ PL D--RM-HG M---GQILGCEGQ
G--1LSG--G-LTPHVPLRRA-QYRALEKPSFSLEMAKGFVRAKLRHQRTLL---QRQN RPPKQDA SLSEVIERM EHAID-----EV QRKT: L---SSLRGLEGS
G--RLVG--S-VSAHAALRAA-QYRRADDRAWSLRLAQRFVEGKLRNCRALL -~~RRFA---~--RNR-ADA--PAE-AG-QAADDL. P--RT-TT- L NALMGVEGS
G--RLVG--A-TGGNGALRVA-QVLRSQDSLFALSLARHFVRAKLHNCRVLL---QRY; RRQEEPA 1Q-AAVEGL. ERCRT L NSLLGVEGQ
A--GLTR--T-PSKNAPARVA-QFKAYLEPTWKLALAQRFVLGK IRNGLVFL---RRN GA-EGWERL. KEALL----~E, E--RA-QD E---EALRGAEGR
S--VDIP--T-VGKHVELRRR-QF-~TATPNTALDFARRIVGGKIRNARTLL---RRN- —-P--HVE-EP-DLLNRL DADAV R E--RA-PT- R---STLLGIEGA
G--WAQG-----EMSKYVQLR-TAQACLDDATALGISRSI I SGKIKNARTLL ---RRN: RTDAE QSVQAL. MAD- S, TGAASP ELLGIEGA
G--LTRG--L-DLRNVMIRRE-QFRRADDPAFCLALAKRLVAGKARNQRTML ~~=QRN======~——————]| H--1EP-PA-GAIQRI E--QA-DS L---ESLLGLEGT
A--RLVS--M-YDVNAPVRVA-QFEVAADETKSLATARAIVTGK IKNQRTLL---RRNQ RTRSE RVLREL. RRAS! L DELLGIEGA
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G--STGG--Q-GPRSAAVRTA-QYALAGDERRRQAFARDLVSAK IRNGRTLL --~RRNW- RGAEAERQ: TALDRL. TTAET: T---ACLLGIEGE
T--FLAPQSE--YRPTEYMQI-WMKAWLDDDARLLMAKILLLERIVLVSQSW-~--KKNL- DLIQHGI‘(IDENALNTE RSENQ QELLAAEGR
—--LFLASQN-EYRPTEYCQA-WMRLWQDNDQRLKVAKTFQRNRAEFLMQQW-~~PKL, EPKPH ELAGDN GTILAQEAK
GCEFFSPQSE--YRPVMYLQQ-WCKFWFDDEKRLAVAKALQQQRLALLEP IW-~-~SKLE: W\ YSCEKL TALVT-----QY: QHEFAQAAHS. QALLAAEGR
N--AYSHATP-LTSTAKWAIA-QACLVSNTEYQKKAALAFYKRQFGG NAITGG 1 SVMRGLEGR
S--GQTP-~----TSNTRNMTH-QMKLAANPAKALEVARRLFAYRFPD ANLENK: TL. PQMMGMEGL
T--APPM--G--QGRSDVARA-HARLWADEKARLDVARHMYAFRFGR1 LPHKDI AVLRGIEGA
—-=YTAPPLF--DRDSTLARQ-QATWWAGESTR IMVAKRMYAKRFGETPRAT: SL DSLRGMEAA
—=-AAAH-----, AHQDASRVLRQAATHTNQRER I AAASRLYGLMFDDHM: PPSFTI EKLRGLEGS
R--VYASGQP--GGARSDKLLYQAKLALDEDLRLKVVRKMFELRFGEP. PARRSV: EQLRGIEGS
A--SGRS--L--SNSSAAAEA-QAS IVSNQRRRLFCARQMYAMRFP EDISR/ T™ AQLRGREGS
A--AGLG--P--SRGAGLLMR-QAYLVTRTSERLDVARRMYAKRFPDDD VTTATM QQLRGREGA
A--QGMG--E--TRSAVNLMQ-QARFWADPQRRMQVVRRMYEMRFGEPL. DPSLSL. RQIRGKEGA
A--AALP--D--SLTTTWLER-QTRAWADDTRRLAVATAMYEKRFGEATV- PPGTTL. AQLRGFEGQ
SAKVYWTEFAK=F I ====PE-=-K-==——m e mm e YQ---FHS--R-~--NQSHITSSKNNATD I INALLNYGY-SVLAGE I SKFVCGFGLDPYLGFMH-~---RSHT-GFQPLVYD I IEPFRWL----VDYTVYSMAN-HSSTR

YD---FCN--R

I1DQFRRAMGSGDMINTMLNYGY-SLLEAECLKAINSVGLDTHVGFLH---~EMAP-SKNSLAYDLQEPFRF
RNKSNSWNMNA-SDE INALLNYGY-AI LEAQIRRP I NAMGLDPAMGYLH- - -~EMKG-SGAPLVYDLQELYRWL.
~-LG---YRR=-R----CQ--—-

~VDLAVISLIE--S---
~IDLSVIQLLE--E.
PPF-MDPVNVMMSHGY -AVLYANFALACTGAGLDLSRGALYGE I VSAPG-GRGGCVLDLMEPATVSM---VDRV 1 IQMAA--E.

HG--~FKR--R----TS

RPH-VDPVNSLLSLGY-SILFGNCCVPLVGAYLDVDKGILR-~~~-~- E-GTNSLILDL IDPLKPFM-~-VDSVVFSIAR----~~
RPQ-CDP INAMLSFGY-AMLFGNCCVPV IGARLDPDLGILY -~ ~~---~-E-GSGALVQDLMASFKAQM--~1DGVIWSIAR--D:

ATDMYYEIMAR-TI - FRR--R RPY-MDPVNTMLSFSY-GILSGVCAVHLAGAHLDANIGLLH- Q-GERALVRDLTELFKPQM-~--VDQP IFALVR--Q
TTDMYYEILSR-TL- —--LG---FRR--R- ~RPY-LDPVNAMFALGY-AM1YGNCCVSVVGAHLDPDLGMLH- E-GAGSFVHDL I EPQKASM-~-VDRAV IRFAR--E
TGDMYYEILSR-TL- —--LG---FRR--R- ~RPY-RDPVNAMFSLGY-AMLYGNCCVSLVGAHLDPDLGMLH~ —--E-GAGSLVYDL I EPQKAVM-~-VDHTVIRFAS-
WSSKLWKDIVQ-FV- MRS--R VPRGNDPPNRTLDYLY-ALLYSVCNHALVGAGLDPYAGL IH----RERA-GKLSFVYDFSEMFKPMA-
MSKACWEQLRK-FL~ FTG--R KPRNEDE INRAVDYAY-SV 1 YALCTHSL IASGLDPYGGLMH-~~~-VEYP-GRTALTYDFSEMFKPVA-
CARLFWSVFAD T WANSDFRR R H---EEGFNNLFNYAY-AILLSCILQYLFALGLDPCFGIFH-~---QSRE-HAAPLAYDLMEPFRPA.
AARLCFSVFNSFIMDSTMRS---H VR---LPR K PDQLNALLDFCY-TLLFNRINSLLRVRGLNPYLG ILH---~-SSKN-NYESLVADLQEPFRAR
TAKLTFKNLYG ST ENEINKFLNYGY-TILMTYVSRNLVKKGYDNR I GVFH-~~-KSFN-NHFALATDLMEPFRFL-
CAKLNFKILF EK FVR--K TNTMEDTYNAYLNYGY-SVLLSYVARAICSKGYDNRLGIFH-~---RSYS-NFYPLACDLMEPFRCI
GAKVYFENLFN D---FHR: NTDDKD I INSALNYGY-AIVRSS IARAVVSAGLNPAIG I FH-~-~-SKNH-NPFCL 1DDL 1 EPLRPL.
GARVYFESTY( TS F FR: DNAINGKLDYGY-SILRSAVARAVVDTGLLPSCGVFH----SSRI-NPFCLVDDLMEPFRPM.
AAKVYWNMTYS KE FIR--N-=---—- NSATKLKFDKFEIVNAILNYGY-SILRSSAIQS I IKKGLDPRFSIFH-~--KSFS-NFFALASDLIEIFRPL
AAKVFFNYLYG TN FCR--Q----NE--———————- RDSINMALDYGY-GVFRSAITRLLCTYGFATY IGVHH----SSMM-NAFNLTYDFIEPYRP1
ATRIYFKDLFG KQ FKR RY NDVINSGLNYGY-SILRSFINKELATHGFEMSLG IKH----QSKE-NPFNLADD I IEVFRPF-
SARLYWNKLFD. GLKR EADSLDVRNQALNYAY-AILRSL I TRDLSAAGFLPALGLWH-~~--DNRY-NAFNLSDDLMEPFRP I
AAHMYFPRLFT: YE———FVR——S —————————————— ENGINGILDYGY-AIILSEVARKITEIGYLTEFG IHH----DNEK-NPFNLACDLMEPFRPF-
VARKYFEKLFG NK

AARMYFNRLFG NE l:\/D GIVNAMLDYGY-QILMAAVARE IVLQGYLSELG IHH-

AAKVYFNIVLD PG YAR GD- DTAQNAAMDYGY-QVLLAIVART IVSKGYLTELGIKH-

AARLYFPVLFG NG FSR------- Dl-eemmmme e DCPINAALNYGY~-AVILSAVSRE IVSRGYLTPLG I CH---~RSEY-NQFNLACDLMEPFRP1
AARIYFNTLFG ND FSR DL

AAKVYFNALFG NS FTR DL DSPINAGLNYGY-SLLLSLFNREIVSAGYLTQLGIFH-

AAKAYFAALFG AG FSR------- SL=mmmemeee| DIPINAALNYGY-SILLSAFNRE I IANGY ITQLGIFH-

AAKVYFNSLFG KD FSR SQ DNPTNAMLNFGY-SILLSIFTREITSSGYLTQLG I FH----ENQF-NYYNLSSDLMEPLRPM.
AARVYWARLFQDKH FRR VPRARDVVNGLLDYGY-AILRGCCLRAVVGAGLAPSLGLWH-~~~RRHD-NPFTLVDDL IEPFRPA.
AAREYWKRIFIGDG----KR FKR IPGDGTGRNAQLDYAY-TILRGFAVKAILSAGL IPTLGVNH-~---HGRS-NYFCLADDLLEVYRPA.
AAKRYWET I ED---D FRR--L PGLAATGWNGALDYAY-TVLRGHGMRAICSAGLVGTLGVFH-~--HGRG-NQFALVDDL IEPFRPA.
AAKVYFNLLMG TSmmmmmm e e e e e e e e e e e e e FSR= =G === =NE - = = = e e e DILLNSGLDYGY-AVIRGY IARACVGYGLNTQIGIHH---~-KSEY-NRFNLVDDLMEPLRP1
AAKVYFNELF KQ —~-ADVINAGLNYGY-AIMRAQMAR I VAGYGLNGLLG I FH--~--KNEY-NQFNLVDDLMEPFRQI
AAALYFKTLFG T ~=-LCFENSALNYGY-AIIRACI IRAVCISGLLPWLGIKH-~-~--DN1Y-NSFALCDDL IEVFRAS
ASALYFPSLFG RG FSPINAALNYGY-ATIRGCIARNLVGSGL IPSLG I FH----SNQF-NPFNLADDL IEPYRPF-

AAQUYWPALFG RD. FRR———————| DR

H---KGDVNALLNYGY-AI IRSAMVSAVLSAGLHPTFGMFH-~~~KNKN-NPLCLVDDLMEPYRPL.
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AAKTYWESIFE: N FQR--N KN SDIRNSALNYGY-AIVRGVVARSLASSGF I TCFGVHH-~~-SNDL-NAFNLADD I IEPFRPF----VDDIAIDIFK-NS---
ASAYYFPQVFG R FHR--——--- SQ TGWSNAALDYGY-AVMRGACARALVAHGMLPSLGLFH-

AALIYFQTLF KT- FKR SE ENNINAHLNYAY-TVLRSAIARALVLYGWLPQLGIFH-

GAKYYFQKLFG DD FTR RD HDIKNFALNYGY-AVIRGRIARSLTSYGY ICSLGIQH--~-KNEY-NAFNLADD I IEPYRSV

AAKYYFSVLFT: N FKR GM QDNTNYALNYGY-SILRGAVART IASYGFIPS G IHH-~~--RSEL-NNFNLADDF IEPFRP1
AAQVYWRSLFV-NF----KR WD G LDARNGGLNYGY-AVLRGALGRAIAGAGL IPAFGLHH-
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118497353_Francisella_novicida_U112
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386854797_Deinococcus_gobiensis_I-0
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34541577_Porphyromonas_gingivalis_W83
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392395717_Flexibacter_litoralis_DSM_6794
150398872_Methanococcus_vannielii_SB
150401497_Methanococcus_aeolicus_Nankai-3
284040851_Spirosoma_
257125862_Leptotrichia_bucca
21226661_Methanosarcina_mazei_Gol
218961577_Candidatus_Cloacamonas_acidaminovorans_str-_Evry
319790504_Thermovibrio_ammoni |
337288662_Thermodesulfobacterium_geofontis_OPF15
20094748 _Methanopyrus_kandleri_AV19
386750121_Helicobacter_cetorum_MIT_00-7128
126465226_Staphylothermus_marinus_F1
170290046_Candidatus_Korarchaeum_cryptofilum_OPF8
385805115_Fervidicoccus_fontis_Kam940
15898245_Sulfolobus_solfataricus_P2
156937921_Ignicoccus_hospitalis_KIN4-1

124027534 _Hyperthermus_butylicus_DSM_5456
118431380_Aeropyrum_pernix_K1
307595807_Vulcanisaeta_distributa_DSM_14429
305663330_Ignisphaera_aggregans_DSM_17230
347523053_Pyrolobus_fumarii_1A
302347808_Acidilobus_saccharovorans_345-15
218884093_Desulfurococcus_kamchatkensis_1221n
389861365_Thermogladius_cellulolyticus_1633
15898286_Sulfolobus_solfat:
15922975_Sulfolobus_tokoda
18311772_Pyrobaculum_aeropl
18311699_Pyrobaculum_aeropl
54296139_Legionella_pneumophila_str-_Paris

34557933 _Wolinella_succinogenes_DSM_1740
118497353_Francisella_novicida_U112
328954440_Desulfobacca_acetoxidans_DSM_11109
408403000_Candidatus_Nitrososphaera_gargensis_Ga9-2
330509017_Methanosaeta_conci _GP6
148656004_Roseiflexus_sp-_RS-1
386854797_Deinococcus_gobiensis_I-0
167628642_Heliobacte m_modesticaldum_lcel
148642083_Methanobrevibacter_smithii_ATCC_35061
288560430_Methanobrevibacter_ruminantium_M1
11499462_Archaeoglobus_fulgidus_DSM_4304
383319612_Methanocel la_conrad
294676823_Rhodobacter_capsula:
302343124_Desulfarculus_baars
389875622_Tistrella_mob
374998939 _Azos |
288957883_Azospirillum_sp-_B510

116627764 _Streptococcus_thermophilus_LMD-9
15609954_Mycobacterium_tuberculosis_H37Rv
348026605_Megasphaera_elsdenii_DSM_20460
296133514_Thermincola_potens._.

114567264 _Syntrophomonas_wolfei_subsp-_wolfei_str-_Goettingen

332296542_Thermodesulfobium_narugense_DSM_14796
218442809_Cyanothece_sp-_PCC_7424
17228961_Nostoc_sp-_PCC_7120

119357853 _Chlorobium_phaeobacteroides_DSM_266
119357846_Chlorobium_phaeobacteroides_DSM_266
336116789_Microlunatus_phosphovorus_NM-1
37677204_Vibrio_vulnificus_YJO16
154250301_Fervidobacterium_nodosum_Rt17-Bl
38505760_Synechocystis_sp-_PCC_6803
83592490_Rhodospirillum_rubrum_ATCC_11170
261415948_Fibrobacter_succinogenes_subsp-_succinogenes_S85
76802276_Natronomonas_pharaonis_DSM_2160
312114617_Rhodomicrobium_vannielii_ATCC_17100
219683006_Bifidobacterium_animal subsp-_lactis_ADO11
116748794 _Syntrophobact
317051217_Desulfurispir
328949009_Treponema_succini
333996012_Treponema_azotonutricium_ZAS-9
313673559_Calditerrivibrio_nitroreducens_DSM_19672
218961167_Candidatus_Cloacamonas_acidaminovorans_str-_Evry
294828260_Leptospira_interrogans_serovar_Lai_str-_56601
347756303_Candidatus_Chloracidobacterium_thermophilum_B
162457462_Sorangium_cellulosum_So_ce56
86742032_Frankia_sp-_Ccl3
433631663_Mycobacterium_canettii_CIPT_140070010
15612904_Bacillus_halodurans_C-125
108763792_Myxococcus_xanthus_DK_1622
344996859_Caldicellulosiruptor_lactoaceticus_6A
85858452_Syntrophus_aciditrophicus_SB
148657121_Roseiflexus_sp-_RS-1
159898907_Herpetosiphon_aurantiacus_DSM_785
17227877_Nostoc_sp-_PCC_7120
268318378_Rhodothermus_marinus_DSM_4252
55978328 _Thermus_thermophi lus_HB8
297622675_Truepera_radiovictrix_DSM_17093
328953000_Desulfobacca_acetoxidans_DSM_11109
337286709_Thermodesulfatator_indicus_DSM_15286
328953422 _Desulfobacca_acetoxidans_DSM_11109
38505684_Synechocystis_sp-_PCC_6803
134299482_Desulfotomaculum_reducens_MI-1
17229060_Nostoc_sp-_PCC_7120
302391602_Acetohalobium_arabaticum_DSM_5501
159898755_Herpetosiphon_aurantiacus_DSM_785
320161859_Anaerolinea_thermophila UNI-1
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156741961 _Roseiflexus_castenholzii_DSM_13941
383762167_Caldilinea_aerophila_DSM_: 14535 -_NBRC_104270
46255267_Thermus_thermophi lus_HB27
134101617_Saccharopolyspora_erythraea NRRL_2338
378719041_Gordonia_polyi
320102061 _1sosphaera_pal L/
268318441_Rhodothermus_marinus_| DSM 4252
39995168_Geobacter_sulfurreducens_PCA
83591519_Rhodospirillum_rubrum_ATCC_11170
50085564_Acinetobacter_sp-_ADP1
77166205_Nitrosococcus_oceani_ATCC_19707
15602176_Pasteurella_multo a_subsp-_multocida_str-_Pm70
38234755_Corynebacterium_diphtheriae_NCTC_13129
21674788_Chlorobium_tepidum_TLS
53804737_Methylococcus_capsulatus_str-_Bath
209966592_Rhodospirillum_centenum_SW
89885834_Rhodoferax_fer educens_T118
16130662_Escherichia_coli_str-_K-12_substr-_MG1655
68535718_Corynebacterium_jeikeium K411
86738746_Frankia_sp-_Ccl3
51891801_Symbiobacterium_thermophi lum_IAM_14863
29834079_Streptomyces_avermitilis_MA-4680

B

50085558 | Acinetobacter_sp-_ADP1

77166204 |Nitrosococcus_oceani_ATCC_19707

15602177 |Pasteurella_multocida_subsp-_multocida_str-_Pm70
209966591 |Rhodospiri I lum_centenum_SW

21674789 |Chlorobium_tepidum_TLS

86738747 |Frankia_sp-_Ccl3

38234756 | Corynebacterium_diphtheriae NCTC_13129
90111482 |Escherichia_coli_str-_K-12_substr-_MG1655
77128445 |Methylococcus_capsulatus_str-_Bath
57865885 | Staphylococcus_epider 7RP62A
193216854 |Mycoplasma_arthritidis_158L3-1

71894594 |Mycoplasma_synoviae_53

189440766 | Bifidobacterium_longum_DJO10A

38232680 Corynebacterium_diphtheriae_NCTC_13129
187250662 |Elusimicrobium_minutum_Peil91

117929156 |Acidothermus_cellulolyticus_11B
121608213 | Verminephrobacter_eiseniae_EF01-2
325972001 | Sphaerochaeta_globosa_str-_Buddy

319957208 |Nitratifractor_salsu »_DSM_16511
294086113|Candidatus_Pun um_marinum_IMCC1322
60683387 |Bacteroides_fragilis_NCTC_9343

154250553 | Parvibaculum_lavamentivorans_DS-1
187736487 | Akkermansia_mucinipl
116627544 | Streptococcus_thermophi lus_LMD-9

57238544 | Campy lobacter_jejuni_RM1221

291276263 |Helicobacter_mustelae_12198
220930480|Clostridium_cellulolyticum_H10

209542527 |Gluconacetobacter_diazotrophicus_PAIl_5

90425959 | Rhodopseudomonas_palustris_BisB18

189485227 Juncultured_Termite_group_1_bacterium_phylotype Rs-D17
310780382 I lyobacter_polytropus_DSM_2926

15602990 Pasteurella_multocida_subsp-_multocida_str-_Pm70
222109283 Acidovorax_ebreus_TPSY

238924077 | Eubacterium_rectale_ATCC_33656
406600269 | Leuconostoc_gelidum_JB7

90961087 | Lactobaci
269123824 |Streptobac
34557788|Wolinella succinogenes_DSM_1740
331702226 | Lactobax lus_buchneri_NRRL_B-30929
15675043 Streptococcus_pyogenes_M1_GAS
374307736 Filifactor_alocis_ATCC_35896
302336018|0lsenella_uli_DSM 7084
169823757 | Finegoldia_magna_ATCC_29328
42525845 | Treponema_denticola_ ATCC_35405
148642084 | Methanobre ATCC_35061
88602028 |Methanospirillum_hungatei
119720227 | Thermofi lum_pendens_Hrk_5
70607607 | Sulfolobus_acidocaldarius_DSM_639
156937922] Ignicoccus_hospitalis_KIN4-1
18311771 |Pyrobaculum_aeropl um_str-_IM2
385805116 |Fervidicoccus_fontis_Kam940
15922976 Sulfolobus_tokoda
347523052 Pyrolobus_fuma
118431379 | Aeropyrum_pernix_K1

305663329] Ignisphaera_aggregans_DSM_17230
307595806 | Vulcanisaeta_distributa_DSM_14429
302347807 |Acidi lobus_saccharovorans_345-15
124027532 |Hyperthermus_butylicus_DSM_5456
18311698 Pyrobaculum_aerophi lum_str-_IM2
150398873 | Methanococcus_vannielii
257125861 | Leptotrichia_buccalis_C-1013-b

150401498 | Methanococcus_aeolicus_Nankai-3

21226660 |Methanosarcina_mazei_Gol

218961576 | Candidatus_Cloacamonas_acidaminovorans_str-_Evry
284040852|Spirosoma_linguale_DSM_74

15898244 |Sulfolobus_solfataricus_P2
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332668018 |Hal iscomenobacter_hydrossis_DSM_1100
386854796 | Deinococcus_gobiensis_I1-0

288560432 |Methanobrevibacter_ruminantium_M1
330509016 | Methanosaeta_conci
20094746 | Methanopyrus_kand
11499460] Archaeoglobus_fulgidus_DSM_4304
383319614 |Methanocel la_conradii_HZ254
148656005 | Rosei Flexus_sp-_RS-.
408403001 |Candidatus_Nitrososphaera_gargensis_Ga9-2
167628643 |Heliobacterium_modesticaldum_lcel

170290048 | Candidatus_Korarchaeum_cryptofilum_OPF8
126465228 | Staphylothermus_marinus_F1

327314605 Prevotella_denticola_F0289

392395715 Flexibacter_litoralis_DSM_6794
34541576 | Porphyromonas_gingivalis_W83

288947692 | Al lochromatium_vinosum_DSM_180

379728402 |Saprospira_grandis_str-_Lewin

431929778 Thioflavicoccus_mobi lis_8321

288947691 | Al lochromatium_vinosum_DSM_180
269798875|Veillonel IaﬁparvulaﬁDSM72008

30248143 |Nitrosomonas_europaea_ATCC_19718

206889468 | Thermodesul fovibrio_yellowstonii_DSM_11347
121997422 |Halorhodospira_halophila_SL1

292492855 |Nitrosococcus_halophilus_Nc_4

430760779 Thioalk _nitratireducens_DSM_14787
317051220 Desulfurispirillum_indicum_S5
118497968|Francisella_novicida_ U112

76802277 | Natronomonas_pharaonis_DSM_2160

162457463 | Sorangium_cellulosum_So_ce56

347756304 | Candidatus_Chloracidobacterium_thermophilum_B
24215881 |Leptospira_interrogans_serovar_Lai_str-_56601
312114616 |Rhodomicrobium_vannielii_ATCC_17100
218884092 | Desulfurococcus_kamchatkensis_1221n
431929779 | Thioflavicoccus_mobilis_8321

39995169 | Geobacter_sulfurreducens_PCA

83591518 Rhodospi Tum_rubrum_ATCC_11170

332661940 |Hal iscomenobacter_hydrossis_DSM_1100

261415949 Fibrobacter_succinogenes_subsp-_succinogenes_S85
121997420 Halorhodospira_halophila_SL1
302343125|Desulfarculus_baars
389875623
374998938
294676822
288957882
319790503 ) |
108759816 | Myxococcus_xanthus_DK_1622

15612905|Baci llus_halodurans_C-125

189485224 |uncultured_Termite_group_1_bacterium_phylotype Rs-D17
86742033 |Frankia_sp-_Ccl3

433631662 |Mycobacterium_canettii_CIPT_140070010

333996013 Treponema_azotonutricium_ZAS-9

328949008 | Treponema_succinifaciens_DSM_2489

337288661 | Thermodesul fobacterium_geofontis_OPF15

319790501 | Thermovibrio_ammonificans_HB-1
283778925|Pirellula_staleyi_DSM_6068

386750120 Helicobacter_cetorum_| MIT 00-7128

220934971 lus_HL-EbGr7
15609953 | Mycobacterium_tubercu 5|s H37Rv
85858453|Syntrophus_ac-dltrophlcus_SB

268318440 |Rhodothermus_marinus_DSM_4252

320102062 Isosphaera_pallida_ATCC_43644
378719040|Gordonia_polyisoprenivorans_VH2
134101618]Saccharopolyspora_erythraea_NRRL_2338

336116790 Microlunatus_phosphovorus_NM-1

268318377 |Rhodothermus_marinus_DSM_4252

83592489 |Rhodospiril lum_rubrum_ATCC_11170

206890293 | Thermodesu I fo _yellowstonii_DSM_11347

52425689 |[Mannheimia_succ iproducens_MBEL55E

30248141 |Nitrosomonas_europaea_ATCC_19718

292492858 |Nitrosococ h _Nc_

430760782 Thioalkalivibrio_nitratireducens_DSM_14787
348026606 | Megasphaera_ elsdenii DSM 20460

317051218 |Desul furis 1

337286710| Thermodesul fa
85858454 |
436839746 | Desulfovibrio_hydrothermalis_AM13_-_DSM_14728
134299483 | Desulfotomaculum_reducens_MI-1
116627765|Streptococcus thermophi lus_LMD-9

37677206 |Vibrio_vul cus_YJOo16
37677205|Vibrio_vulnificus_YJ016

427708212 |Nostoc_sp-_PCC_7107

46255266 | Thermus_ thermophi lus_| HB27

159898908 | Herpetosiphon_aurantiacus_DSM_785
114567263|Syntroph0monas_woIfel_subsp _wolfel_str—_Goettingen
296133513 Thermincola_potens_JR

326793968 |Marinomonas_mediterranea_MMB-1

302391603 | Acetohalobium_arabaticum_DSM_5501

75910375 | Anabaena_variabilis_ATCC_29413

119357847 |Chlorobium_phaeobacteroides_DSM_266

38505685 | Synechocystis_sp-_PCC_6803

337286707 Thermodesul fatator_indicus_DSM_15286

119357852 | Chlorobium_phaeobacteroides_DSM_266

344996858 Caldicel lulosiruptor_lactoaceticus_6A
218442810|Cyanothece_sp-_PCC_7424
17227878 | Nostoc_sp-_PCC_7120
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159898756 | Herpetosiphon_aurantiacus_DSM_785

218961168 | Candidatus_Cloacamonas_acidaminovorans_str-_Evry
148657119 |Roseiflexus_sp-_RS-1

320161860 Anaerolinea thermop

a_UNI-1

297622674 a_radiovictrix_DSM_17093
383762166 nea_aerophila_DSM_14535_-_NBRC_104270
156741962 DSM_13941

38505761 | Synechocystis_sp-_PCC_6:
116748795 | Syntrophobacter_fumaroxidans_MPOB
332296541 | Thermodesul fol m_narugense_DSM_14796
313673557 |Calditerriv _nitroreducens_DSM_19672
328953001 | Desulfobacca_: acetoxldans DSM_11109
328953423 | Desulfobacca_acetoxidans_DSM_11109
118497354 |Francisella_novicida_U112

54296140 Legionella_pneumophila_str-_Paris
34557934 |Wolinella_: succmogenes DSM_1740
292492939 |Nitrosococcus_halophilus_| Nc_4
337288663 | Thermodesul fobacterium_geofontis_OPF15
52425691 |Mannheimia_succiniciproducens_MBEL55E
154174506 | Campy lobacter_curvus_525-92

48477074 Picrophilus_torridus_DSM_9790

328949007 | Treponema_succinifaciens_DSM_2489
111224948 |Frankia_alni_ACN14a
319790502 | Thermovibrio_ammonificans_HB-1
55376279 |Haloarcula_marismortui_ATCC_43049
268317184 |Rhodothermus_marinus_DSM_4252
150021525 | Thermosipho_melanesiensis_B1429
385809791 Ignavibacterium_album_JCM_16511
41614812 |Nanoarchaeum_equitans_Kin4-M

389844442 Mesotoga_prima_MesGl-Ag-4-2

390962115 Thermococcus_sp-_CL1

13540936 | Thermoplasma_volcanium_GSS1
289596693 | Acidul iprofundum_boonei_T469

33359262 |Pyrococcus_horikoshii_0T3

150021527 | Thermosipho_melanesiensis_B1429
84489237 | Methanosphaera_stadtmanae_DSM_3091
33359542 | Pyrococcus_furiosus_DSM_3638

Continued

50085558 | Acinetobacter_sp-_ADP1

77166204 |Nitrosococcus_oceani_ATCC_19707

15602177 |Pasteurella_multocida_subsp-_multocida_str-_Pm70
209966591 |Rhodospiri I lum_centenum_SW

21674789 |Chlorobium_tepidum_TLS

86738747 |Frankia_sp-_Ccl3

38234756 | Corynebacterium_diphtheriae_NCTC_13129
90111482 |Escherichia_coli_str-_K-12_substr-_MG1655
77128445 |Methylococcus_capsulatus_str-_Bath
57865885 | Staphylococcus_epidermidis_RP62A
193216854 |Mycoplasma_arthritidis_158L3-1

71894594 |Mycoplasma_synoviae_53

189440766 | Bifidobacterium_longum_DJO10A

38232680 Corynebacterium_diphtheriae_NCTC_13129
187250662 |Elusimicrobium_minutum_Peil91

117929156 |Acidothermus_cellulolyticus_11B
121608213 | Verminephrobacter_eiseniae_EF01-2
325972001 | Sphaerochaeta_globosa_str-_Buddy
319957208 |Nitratifractor_salsuginis_DSM_16511
294086113|Candidatus_Pun pirillum_marinum_IMCC1322
60683387 |Bacteroides_frag NCTC 9343

154250553 | Parvibaculum_la tivorans_DS-1
187736487 | Akkermansia_muciniphi ATCC_BAA-835
116627544 | Streptococcus_thermophi lus_LMD-9
57238544 | Campy lobacter_jejuni_RM1221

291276263 |Helicobacter_mustelae_12198
220930480|Clostridium_cel olyticum_H10
209542527 | Gluconacetobacter_diazotrophicus_PAl_5
90425959 | Rhodopseudomonas_palustris_BisB18
189485227 Juncultured_Termite_group_1_bacterium_phylotype Rs-D17
310780382] I lyobacter_polytropus_DSM_2926

15602990 Pasteurel la_multocida_subsp-_multocida_str-_Pm70
222109283 Acidovorax_ebreus_TPSY
238924077 | Eubacterium_rectale_ATCC_33656
406600269 | Leuconostoc_gelidum_JB
90961087 | Lactobaci l lus_salivarius_UCC118
269123824 |Streptobaci llus_moniliformis_DSM_12112
34557788|Wolinella succlnogenesﬁDSMil740
331702226 | Lactobaci I lus_buchneri_NRRL_B-30929
15675043 | Streptococcus_pyogenes_M1_GAS

374307736 |Filifactor_alocis_ATCC_35896

302336018 0lsenella i_DSM_7084

169823757 |Finegoldia_magna_/ ATCC 29328

42525845| Treponema_denticola_ATCC_35405

148642084 |Methanobrevibacter_smithii_ATCC_35061
88602028 | Methanosp um_hungatei_JF-1
119720227 | Thermofi lum_pendens_Hrk_5

70607607 | Sulfolobus_acidocaldarius_DSM_639
156937922] Ignicoccus_hospitalis_KIN4-1

18311771 |Pyrobaculum_aerophi lum_str-_IM2
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385805116 |Fervidicoccus_fontis_Kam940
15922976 Sulfolobus_tokoda
347523052 Pyrolobus_fuma
118431379 | Aeropyrum_pernix_K1

305663329 Ignisphaera_aggregans_DSM_17230
307595806 | Vulcanisaeta_distributa_DSM_14429
302347807 |Acidi lobus_saccharovorans_345-15
124027532 |Hyperthermus_but
18311698 Pyrobaculum_aerophi lum_str-_IM2

150398873 |Methanococcus_vanniel SB
257125861 | Leptotrichia_buccalis_C-1013-b
150401498 | Methanococcus_aeolicus_Nankai-3

21226660 |Methanosarcina_mazei_Gol

218961576 | Candidatus_Cloacamonas_acidaminovorans_str-_Evry
284040852 |Spirosoma_linguale_DSM_74

15898244 |Sulfolobus_solfataricus_P2

332668018 |Hal iscomenobacter_hydrossis_DSM_1100

386854796 | Deinococcus_gobiensis_I-0

288560432 |Methanobrevibacter_ruminantium_M1

330509016 | Methanosaeta_conci
20094746 |Methanopyrus_kand
11499460 Archaeoglobus_fulgidus_DSM_4304

383319614 |Methanocel la_conradii_HZ254

148656005 | Rosei flexus_sp-_RS-1

408403001 | Candidatus_Nitrososphaera_gargensis_Ga9-2
167628643 |Heliobacterium_modesticaldum_lcel

170290048 | Candidatus_Korarchaeum_cryptofilum_OPF8
126465228 Staphylothermus_marinus_F1

327314605 Prevotella_denticola_F0289

392395715 Flexibacter_litoralis_DSM_6794
34541576 | Porphyromonas_gingivalis_W83

288947692 | Al lochromatium_vinosum_DSM_180

379728402 Saprospira_grandis_str-_Lewin

431929778 | Thioflavicoccus_mobilis_8321

288947691 | Al lochromatium_vinosum_DSM_180
269798875|Veillonella_parvula_DSM_2008

30248143 |Nitrosomonas_euroj a_ATCC_19718

206889468 | Thermodesulfovibrio_yellowstonii_DSM_11347
121997422 |Halorhodospira_halophila_SL1

292492855 |Nitrosococcus_halopl us_Nc_4

430760779 _nitratireducens_DSM_14787
317051220 um_indicum_S5

118497968 |Francisella_novi a_U112

76802277 | Natronomonas_pharaonis_DSM_2160

162457463 | Sorangium_cellulosum_So_ce56

347756304 | Candidatus_Chloracidobacterium_thermophilum_B
24215881 |Leptospira_interrogans_serovar_Lai_str-_56601
312114616 |Rhodomicrobium_vannielii_ATCC_17100

218884092 | Desulfurococcus_kamchatkensis_1221n
431929779 | Thioflavicoccus_mobilis_8321

39995169 | Geobacter_sulfurreducens_PCA

83591518 |Rhodospirillum_rubrum_ATCC_ 11170

332661940 Hal iscomenobacter_hydrossis_DSM_1100

261415949 | Fibrobacter_succinogenes_subsp-_succinogenes_S85
121997420 |Halorhodospira_halophila_SL1

302343125 Desulfarculus_baarsii_DSM_2075

389875623 Tistrella_mob
374998938 Azospir

_lipoferum_4B
294676822 |Rhodobacter_capsulatus_SB_1003
288957882 | Azospirillum_sp-_B510
319790503 Thermovibrio_ammonificans_HB-1
108759816 | Myxococcus_xanthus_DK_1622
15612905|Baci llus_halodurans_C-125
189485224 |uncultured_Termite_group_1_bacterium_phylotype Rs-D17

86742033 |Frankia_sp-_Ccl3
433631662 |Mycobacterium_canet
333996013 | Treponema_azotonutr
328949008 | Treponema_succini fas
337288661 | Thermodesul fobacter
319790501 | Thermovibrio_ammoni |
283778925|Pirellula_staleyi_DSM_6068

386750120 Helicobacter_cetorum_MIT_00-7128

220934971 | Thioalka ibrio_sulfidophilus_HL-EbGr7
15609953 | Mycobacterium sis_H37Rv

85858453 | Syntrophus_aciditrophicus_SB

268318440 Rhodothermus_marinus_DSM_4252

320102062 | Isosphaera_pal lida_ATCC_43644
378719040]Gordonia_polyisoprenivorans_VH2

134101618 Saccharopolyspora_erythraea NRRL_2338
336116790 Microlunatus_phosphovorus_NM-1

268318377 |Rhodothermus_marinus_DSM_4252

83592489 |Rhodospirillum_rubrum_ATCC_ 11170

206890293 | Thermodesul fov _yellowstonii_DSM_11347
52425689 |[Mannheimia_succiniciproducens_MBEL55E

30248141 |Nitrosomonas_europaea_ATCC_19718

292492858 |Nitrosococcus_halophilus_Nc_4

430760782 Thioalkalivibrio_nitratireducens_DSM_14787
348026606 | Megasphaera_elsdenii_DSM_20460

317051218 Desulfurispirillum_indicum_S5

337286710 Thermodesul fatator_indicus_DSM_15286
85858454 | Syntrophus_aciditrophicus_SB

436839746 | Desulfovibrio_hydrothermalis_AM13_-_DSM_14728
134299483 | Desul fotomaculum_reducens_MI-1

116627765| Streptococcus_thermophi lus_LMD-9

37677206 |Vibrio_vulnificus_YJ016
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37677205|Vibrio_vulnificus_YJ016 —-VAWQSQPFD! YID
427708212 |Nostoc_sp-_PCC_7107

46255266 | Thermus_thermophi lus_HB27 GL---KRLEDPDFV-

159898908 | Herpetosiphon_aurantiacus_DSM_785 ~VVTHDPSFY- WTD.
114567263 | Syntrophomonas_wolfei_subsp-_wolfei_str-_Goettingen -ELLEEEEVV 1L
296133513 Thermincola_potens_JR 1V
326793968 |Marinomonas_mediterranea_MMB-1

302391603 | Acetohalobium_arabaticum_DSM_5501 1
75910375 | Anabaena_variabilis_ATCC_29413 PIDTTVFF,

119357847 |Chlorobium_phaeobacteroides_DSM_266 SFEIASPFI IT
38505685 | Synechocystis_sp-_PCC_6803 --QPEKPGSI1 1
337286707 | Thermodesul fatator_indicus_DSM_15286 -KKFLRRKEFE IL
119357852 Chlorobium_phaeobacteroides_DSM_266 TV---S--RDEPYY- 1
344996858 Caldicel lulosiruptor_lactoaceticus_6A —---RYYYEEDDI I

218442810 Cyanothece_sp-_PCC_7424 SPSPPPNYY. L1
17227878 Nostoc_sp-_PCC_7120 PPYEPPDYL- L
159898756 | Herpetosiphon_aurantiacus_DSM_785 -EPREAVTII 1
218961168 | Candidatus_Cloacamonas_acidaminovorans_str-_Evry ~-LYSYFEDLI v
148657119 |Roseiflexus_sp-_RS-1 SKDPTHY- LV-
320161860 Anaerolinea_thermophila UNI-1 KITPPPQVT: 1
297622674 Truepera_radiovictrix_DSM_17093 SPTEDARLF: MF-
383762166 |Caldilinea_aerophila_DSM_14535_-_ NBRC_104270 RP---1ERPGLRI'1

156741962 |Roseiflexus_castenholzii_DSM_13941 PP----VEKSVDIY 1V
38505761 | Synechocystis_sp-_PCC_6803 PLTKPPGSV: v
116748795 Syntrophobacter_fumaroxidans_MPOB ELPATTKFS. %
332296541 Thermodesulfobium_narugense_DSM_14796

313673557 |Calditerrivibrio_nitroreducens_DSM_19672 1
328953001 | Desul fobacca_acetoxidans_DSM_11109 IL
328953423 | Desulfobacca_acetoxidans_DSM_11109 WV
118497354 |Francisella_novicida_ U112

54296140|Legionella_pneumophila_str-_Paris v
34557934 |Wolinella_succinogenes_DSM_1740

292492939 |Nitrosococcus_halophilus_Nc_4 -SKSDSGKGEMKRVPVEDHRRDFSVL-

337288663 | Thermodesul fobacterium_geofontis_OPF15 GQN! WEKIKFIF

52425691 |Mannheimia_succiniciproducens MBEL55e ~ ———oeo GCA-—————- SLP---KFNQPYLI1

154174506 | Campy lobacter_curvus_525-92 QD: KNGALFS

48477074 Picrophilus_torridus_DSM_9790 GDV- SHKDNTI
328949007 | Treponema_succinifaciens_DSM 2489  ———eee GKN-—-—-— 1EKD---DKITDEDFV- IL
111224948|Frankia_alni_ACN14a GVP: LGNQDSVL.

319790502 Thermovibrio_ammonificans HB-1 ~  ———eee GTP-———— === FTPRDIQIL:

55376279 |Haloarcula_marismortu x GDD: PMDDQQFL.:

268317184 |Rhodothermus_marinus_DSM_4252 GTE QGHRDRFL.

150021525| Thermosipho_melanesiensis_B1429 GKS: ENISNLI

385809791 ] Ignavibacterium_album_JCM_16511 KN EITQFF

41614812 Nanoarchaeum_equitans_Kin4-M KDLQIY

389844442 |Mesotoga_prima_MesGl-Ag-4-2 K KETQIL

390962115] Thermococcus_sp-_CL1 - D--EFDNV1

13540936 | Thermoplasma_volcanium_GSS1 GND! KGNTSNMI

289596693 | Acidul iprofundum_boonei_T469 GIE KGTTDMIF:
33359262|Pyrococcus_horikoshii_0T3 ~~ —mmeee GRD KSPVEMI1

150021527 | Thermosipho_melanesiensis_B1429 GIE KW---N--VSSNF1

84489237 | Methanosphaera_stadtmanae_DSM_3091 GIE K N--PIEFIL.:

33359542 | Pyrococcus_furiosus_DSM_3638 GIE KNPIEELI

C

11499463 Archaeoglobus_fulgidus_DSM_4304
383319613 |Methanocel la_conrad
330509014 | Methanosaeta_conci
408402999 Candidatus_Nitrososphaera_gargensis_Ga9-2
167628645 |Heliobacterium_modesticaldum_lcel

170290047 | Candidatus_Korarchaeum_cryptofilum_OPF8
126465227 | Staphylothermus_marinus_F1

156937920] Ignicoccus_hospitalis_KIN4-1

124027533 |Hyperthermus_butylicus_DSM_5456

118431381 |Aeropyrum_pernix_K1

307595808 | Vulcanisaeta_distributa DSM_14429

305663331] Ignisphaera_aggregans_DSM_17230

18311773 Pyrobaculum_aeropl um_str-_1IM2

18311700 Pyrobaculum_aerophi lum_str-_IM2

385805114 |Fervidicoccus_fontis_Kam940

15898287 Sulfolobus_solfataricus_P2

15922974 |Sulfolobus_tokodaii_str-_7

347523054 |Pyrolobus_fumarii_1A

218884094 | Desulfurococcus_kamchatkensis_1221n

389861364 | Thermogladius_cellulolyticus_1633

332296539 | Thermodesul fol m_narugense_DSM_14796
167627879 |Francisella_philomiragiaATCC_25017

56965355 |Bacillus_clausii_KSM-K16

76802275 |Natronomonas_pharaonis_DSM_2160

189485222 |uncultured_Termite_group_1_ bacterium_Rs-D17
134101617 | Saccharopolyspora_erythraea NRRL_2338
134299482 | Desul fotomaculum_reducens_MI-1

433631664 |Mycobacterium_canettii_CIPT_140070010
86742031 |Frankia_sp-_Ccl3

344996860 | Caldicel lulosiruptor_lactoaceticus_6A
219683006 |Bifidobacterium_animalis_subsp-_lactis_AD011l
347756303 Candidatus_Chloracidobacterium_thermophilum_B
294828260 | Leptospira_interrogans_serovar_Lai_str-_56601
268318441 |Rhodothermus_marinus_DSM_4252
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LGVSEV-AGKYCPTR--RDVWL-RRKMGLAP-~-~-ETTEPLAKGRLVHEAVTAAVRCASRGLSRGW-
LSPSSLNLLLTCP ~KFNINT IAGSAFHFALSKYFKTNRYDFESSW!
ILITWLNDF IFCPYSIYLHNIY-SNASDATY YSSSQTKGRDAHKS IDKG I YSTKKDD:!
MMLSGLQHFQFCK~~~-RQWAL - IHIEQQWE: ENVRT 1EGQHLHKKADQPF IKEKRGSKLT
VHVSALNEYLYCP----RRFYY-QRYHDEMG-~~~-TPYELVDGRSKHENAAQRGDW
LHIRGVQQLSYCK~~~~RRCAL-LF1EQQWS~~~--DNFFTAKG I VMHDKAHAEK IEHKKGVV 1

~EESFPVSLGKAITHEAVAKA I REAKSKNFSAE PPNYDN--EMINVAVKAVWEYTMSLCQSSYLKVRSEQPYATEEGVLLTSMPF
~EVTYPVSLGSTVHSTVNGAYKHVRLRNFSAD—=————————— = ———————— | FEKWYESQGFKPPTNP--DLVKKYSR I VWEHVLANAESRFREAASSQPYSEEEDM IMTAAPF
~PASEEMVAGR I YHQAMAELYPTAKRL I YKEGMS I CAELPG I LMERLDDA I VEANEQL SQTKFSPSAEAG--QSVSDNLRKLWSFEVSRIVSSIFAYLAKYKYLSDDSL INHALPF
~VPSKDMVRGLVYHYAVADE I SVAKAYMYKQGVLGAAGL YEHLKAKSEERFASYMLTHGEYFREAAFTEAD I EEVKMNLDKLWGYEASQMAAS ITKATLSKQPRIGIDALVHTAIPV
~KPNGAMFQGSLLHGLAARF IVATKGL I YQEG-~~-~VDGYRE I LRKLQEMTLSELLDEGLVFELASLAEADREELERKSRLLLEFERGRL IARLQEALVKQPY IGEDALTALAVPV
~PTTPQIAKG IVVHRLVSSMFLKAKKMVYMGK: ~-YELRDDL ITESEGIVERELENMRKYVKLPDE--EGLRGFCRR IARWEATR I EGKVMEVRAKYPFLNEESLVQIAFPV
~FTTSKQAEGV I IHKIVSHVFKEAKKL I'YSGD ~YSDLKNALLPGVKELVDNEVKY ISELVEN IDA--NKIKEFALQVADWEMLRIEGRINTVKAKYPY I DEEGLVSLAVPV
ESEAMSKGRAVHEAFMAPFKGVELETEDPL LKRVYEEAKVRKAAAEEEGIPV
—-PRSLRAQYGVLVHEFFLEPFRLVDRGADSLE ALTAGKYRLARRLGVRADRFLERVYELGAILALQSRVDGDIP
NGGLLRLGALVHEAFLLPFKAHRVGDAYRM FNYLLRRVRARGNE I RVMNAVFEKAVEFSAAARVDG IPV
~EDSESLRLGRMVHEVFLTPFKES IPFSQLDN RFES 1 INEYGDLGNKYRAQLYEVYTKAVATSLNAREEGIP1
DSQVLRLGRAVHEVFLLPFRYRGRD IEWLY MFRRSLKDYADLRGYWKAFESVFRKSLALSMIAEEEQMP I
~AAVKALVEGQALHQALFKALEDYKKYAYSGH PMSPSFEGVP--EDVRPKAEALYKYVATRLLGEHSYVSAARLARSRDSAVFYTAPI
~EPNGGMKFGAY IHEVFKRSLAELRSL IEGGA----—=~---—~~-~-] VKGWELVQSFNAEA I AREAAIAA--EAEADPRGVELARYLAIQVAARVDE IASRSSADSLS IAARAVPV
GPLESIRRAQELSRKRASELTKSYYRKAMEFYMTMVLSAISTLWIQQSLTNDPLSY 1S
KPWSVLETLFRNNKIVRSLCPPQF IKYCEEVYKAYALDLLSDFSDSTSFIPV
DPYQIVKESYLESEFCPQE I SEYCRKVYGNL I LFWSSWLAEAKAFYGGDSVGFLPW
KSTEDAVAELVGGARERASV I LESAG I EGDGDG I AVFAARVYKKMVFAWAQWMEETGAPP
EVWSAYEAAKEKWRR IDTGGSRENARLVEK I YKSTLLS ILGEAAYEEALYGSRRPPL
ETWDILTYCLGRFRPQGNGDTATALKAYKSTLVTLLGEVEYERLVSGGSGLPV
KEYRNYNPEVLSLSFNEEDK IKNNLFAMLK 1 YEPFARDLKVIS

DSEEMRLGRHVHASVDVTSGRERPAQRI1 DPSN---WR-
~RNFYY-RVVEGAED: SNHHLLEGKLQEERRDERQRLVREGYRQ
VLLSEIEHW1YCP----RQWAI - IHHEQHFT-~~--DNDDTTRGHLEHQRVDAVGHESRHGVQV
LP ISALEHHAYCP---~RQAAL - IHLDNVFA-~~~-DNIETMRGNVAHAHVHEPSPAVPTPQGNRIRQ
-RRFY1-EYFLGLRE- DNQYTLEGKNIQSELQFYGINGFY
—~RRAWL--E1QGEKI ESLQMERGFHDHRAVDDANGGRGDTD:!
TRVMALHALAYCE----RLFYL-EEVEEIRL--~---ANDRVYEGRRVHLQD ISEGIE:
—-==-MGIHSLLYCE--~--RLFYL-EEVEGILV--~---ADDRVYAGRTLHEELEPNEDSSGR
IPARMLNEFVYCP----RLFYL-EWVQGEWE-~----DNADTLEGSS IHKRTDSASGTLPE IDEAFG EHA




378719041 |Gordonia_polyisoprenivorans_VH2
320102061 | Isosphaera_pallida_ATCC_43644
39995168 | Geobacter_sulfurreducens_PCA
83591519 |Rhodospirillum_rubrum_ATCC_11170
108757432 | Myxococcus_xanthus_DK_1622
46255268 Thermus_thermophi lus_HB27
159898754 |Herpetosiphon_aurantiacus_DSM_785
38505683 | Synechocystis_sp-_PCC_6803
17229059 | Nostoc_sp-_PCC_7120

302391601 | Acetohalobium_arabaticum_DSM_5501
48477076 Picrophilus_torridus_DSM_9790
154174706 | Campy lobacter_curvus_525-92
111224946 | Frankia_al ACN14a

389844446 |Mesotoga_prima_MesGl-Ag-4-2
268317193 |Rhodothermus_marinus_DSM_4252
28211140|Clostridium_tetani_E88

41614818 Nanoarchaeum_equitans_Kin4-M
289596695 | Acidul iprofundum_boonei_T469
18977491 |Pyrococcus_furiosus_DSM_3638
14590111 |Pyrococcus_horikoshii_0T3
55376277 |Haloarcula_marismortui_ATCC_43049
84489235 | Methanosphaera_stadtmanae_DSM_3091
292492937 |Nitrosococcus_halophilus_Nc_4
385805117 Fervidicoccus_fontis_Kam940
347523047 |Pyrolobus_fumarii_1A

15898285 Sulfolobus_solfataricus_P2
15922977 |Sulfolobus_tokodaii_str-_7
302347806 | Acidilobus_saccharovorans_345-15
218884091 | Desulfurococcus_kamchatkensis_1221n
389861366 | Thermogladius_cellulolyticus_1633
156937923] Ignicoccus_hospitalis_KIN4-1
15896973 Sulfolobus_solfataricus_P2
18311697 | Pyrobaculum_aerophi lum_str-_IM2
170290049 | Candidatus_Korarchaeum_cryptofilum_OPF8
126465229 | Staphylothermus_marinus_F1
257125860] Leptotrichia_buccalis_C-1013-b
124027531 |Hyperthermus_butylicus_DSM_5456
18311770|Pyrobaculum_aerophi lum_str-_IM2
284040853 | Spirosoma_linguale_DSM_74
21226659 |Methanosarcina_mazei_Gol

218961575 Candidatus_Cloacamonas_acidaminovorans_str-_Evry
150401499 |[Methanococcus_aeolicus_Nankai-3
118497355|Francisella_novicida_U112

34557935|Wolinella succmogenes DSM_1740

167628644 |Heliobacterium_modesticaldum_lcel
386854795 Deinococcus_gobiensis_I-0
148656006 | Rosei flexus_sp-_RS-1
118431378 | Aeropyrum_per
307595805 Vulcanisaeta_( distributa_DSM_14429
305663328 Ignisphaera_aggregans_DSM_17230
408403002 Candidatus_Nitrososphaera_gargensis_Ga9-2
330509015 | Methanosaeta_con 6
11499461 | Archaeoglobus_fulgid
383319611|Methanocella_conradii —Hz254
33359542 | Pyrococcus_furiosus_DSM_3638

Continued

11499463 Archaeoglobus_fulgidus_DSM 4304
383319613 |Methanocella_conradii_HZ25.
330509014 | Methanosaeta_conci
408402999 Candidatus_Nitrososphaera_gargensis_Ga9-2
167628645 |Heliobacterium_modesticaldum_lcel
170290047 |Candidatus_Korarchaeum_cryptofilum_OPF8
126465227 | Staphylothermus_marinus_F1

156937920] Ignicoccus_hospitalis_KIN4-1

124027533 |Hyperthermus_} butyllcus DSM_5456
118431381 |Aeropyrum_per!
307595808 Vulcanisaeta_ trlbuta_DSM_14429
305663331 | Ignisphaera_aggregans_DSM_17230
18311773 |Pyrobaculum_aeropl
18311700 Pyrobaculum_aeropl
385805114 |Fervidicoccus_fontis_| Kam940
15898287 | Sulfolobus_solfataricus_P2
15922974 | Sulfolobus_tokoda
347523054 |Pyrolobus_fumari
218884094 | Desulfurococcus_kamchatkensis_1221n
389861364 | Thermogladius_cellulolyticus_1633
332296539 | Thermodesul fol
167627879 | Francisella_ph omlraglaATCC 25017

56965355 |Bacillus_clausii_KSM-K16

76802275 |Natronomonas_pharaonis_DSM_2160

189485222 |uncultured_Termite_group_1_bacterium_Rs-D17
134101617 ] Saccharopolyspora_erythraea NRRL_2338
134299482 | Desul fotomaculum_reducens_MI-1

433631664 |Mycobacterium_canettii_CIPT_140070010
86742031 |Frankia_sp-_Ccl3

344996860 | Caldicellulosiruptor_lactoaceticus_6A
219683006 | Bi fidobacterium_animalis_subsp-_lactis_AD011
347756303 | Candidatus_Chloracidobacterium_thermophilum_B

LPARMLNEYVYCP-~~--RLFYF-EWVDQRWV-~-~--DSHDTEQGHFTHRAVDKR-TGSLPEPES GDPAK
ENLDVVEGRHRHTRVDGKTDDLPSVQQVEK GEAERL
HNEFTVDGV IRHRRVDAGGGVLPSETQED:! RI
RSVDL IAGLRAHQATESGPTPALPDPMVLR EDQSL
VALSALQHLLYCE----RQAAL - IHVERQWR~-~~~--EDVNTASGRLLHERVDLPGHDARLGRR
LPLSKVNTVVYCP RRFYL-EYVLGEAH ANHHL IEGHYLHERAYTEPGE:
IP1SMLNALAYCP-~~--RRFGY-EYLQAEML-~-~---INEFVADGQILHSSVDAGGRTWIAGEVQ
INEHT IRGNHLHRNINEAGTSVDGDTRI
DNQYTIEGTTLHDRVHTTSENQREETWQ
~=DNTHT IEG I LKHDRAHSGERRYDSNR1Q
YRGIDVSYVNICM RRAWLSLHEIFYVR DSYYVSDGAYLADIN
ITGTLVNYFMTCK~~~--REAWLYAHH IHADQ-~~~~| DDENVLMGKALAD IKEKD
—--SSDLVSFGEIVDETTFTR
TSESVQLGKLLQEEYSQGE
ESEAVALGRLLDETTYAEELQ:
VNGTLVNYYFHCK----RQCWLHGNR INLED--~~--NSQDVKIGKAIHEVKKEKGK
1GGAY 1YYYFVCK~~~-RKLWFYANK I TMEH-~-~--~-ESDLVQIGKY IELFYKEKHKY
VTGLMVQYYFTCK-~
VTGVMMQYYEVCE-~
ITGVMIQYYKICK.
LHGLHFQHVRLCE:
ISLSLIRNLPYCE-~~--RMVWF-KLNSDIEE-~---PPTPSMILSSERHRDLKR I AESLMLPQPM.
FGGGVVKEFVWCP-~~--VAAWL-SVNLGVSP-~--~-PVTPRMLEGVEGHSRVLEVLHGLGFGD:
~VIPWI-RKKMGWKEP I --TNSQR I AKNVNLKE I VRDFPEPK
~AIPWI-NYVMGYRE----PSTFSMEEGKK I SYEEVVKSLNLTT-
VTGTAVKDYSYCP---~ALPWL-KVRLGLRE-~~--PETWGMRAGRSLRASDVAYKLGLERPW-
VSPSLVKEYYYCP-~ ~PMTDSMALGSEAMKPPT
~PATDSMLAGKQASGGGGLYAR
-PQTPSMELGKELDVRELVEKFVRPKCEV-
~RRVRY-ESEYKELAISQ-VYAPSAILGDILHLGLESV- LKGNFNAETEVE
~RYLWL-SKRHGV- ~PMTPNMAAGRGAEAGLRRFLAKALGAE:
-QEGFWAYLGKRAQEEAEEE IRKRFEIL.
~PPSLWSNLGRQVEEELSRYVEEHYNVI
~RITYY-ENVLKMFGEK-~-KEDSNKKEEERVKGKNS I NRKW IWDRLKLKK: QSTEKMMNSQENTILYWYN
PTFSMEAGGLSGETRWRLLERLEEVFARWR VEARE
PTERMRAGKEVQREAVEAVAKALGAEK T
~RFTYF-EYVLAIPQYE--EKNYKVMRGRNLHDERLERNKDYLRKRLGRP: GAPVTE
~RFIYY-MYCLD I PQHE-~-EKRFKV IKGREVHETRKLTNRDYVRKKLNC IRK:
—-RFVYY-MNILKIEQHE--HRRTLVNKGRD IHKLKMVQNKEYLRKKAGA I DK:
~RFVYF-ERVLG I PQHE-~-EKREKVV IGRN IHELREKINKGY IRKS INAKSK:
—~RIVYY-QELLAIKP----NKPLWAQGEEFHKKVEQLEKRRSFSRYGLE: NAI
~RVVYF-LEVLNIPK----ASPVWKEGSAHHRKQTELFKRRTLARFHLE: NAK
LPVNMIRQYCFCP-~~-RIVYY-HMVVGLKV~----AYPGWVQYGEEYQHKQQVLDKRRTLSKFKP1 SEQAV
~RPTAKMDFGKDAHARLDKLEKRRTLAAYPEL EAGE
~RETILMTHGREKHQTELVRERRRTLSRYELT EGE
~-PVTKLMEAGQEEHRAESGREERRSLRTYGLK TGE
~RPTEPMNLSRE1YSVDHVRGILRSSGFRIVKE:
~-PTESMKYAKQTQNTET I TKT IKELG IQGE\
PTESMKFARYSKIDILKIVRGYGIDGDI
-VLSSQQEDAKKTHKEKEKKDKRRKTMFYEEQ FPNCV
~PPDQKLQTGIEMHDS I TAKEKRRKGA I FYDP ELDQAE
—--SKPKMEEGKAAQEEARGKLRSFARKLKGEL
LQVSDITQYFYCP-~~-RKVYF-MKTMG IKV-~---KPRPKMDLGKEEHEREHRRVKERKT I YGFSE. DEVKE
GVERVNKVKKFLRMH-LNWVQNSVFEG-EVTLAEFER--- IKEGL- KK--T1DE NS DSVITYKLR MP————-| PR--ETL----

—--LGCSGLIS-VDCYDYLR
-LGCSGILS-VDCFDYLH--
~LGLSRNLS-ADAINMGG
-LGLSTHLS-VDAFSFD-

NVVFDLKVGEFNE: EMRLYTTGYALVLE-~----SIHEIPVDVGCI-~-1SITFNGER---MRVSKDLHY I

~VYLSFPKNHPT-PHIERDFFI 1
- 1VEQKIDGSA- ~VYVNFSNNSPV-PITKRVPHLI
-VVEQKLDGSF-
—~ATELAIDGSL-
~SLEMPVDGRL~
-EVEPEIPGHS-~

LRVEPPIPGAP

GLSDTVR-PDLLVG
~-VGLSDYVR-PDLLVG-

~-FMPIDITLSLGGNSLE-~-—
GAVIEFKFGPAQ

~-LGMSYVV--ADGVAL.
~LGLTLVR--ADALYY-~
~VGLSNTLR-VDAYHEG

GLVVEVKYGRWSR
GVILDIKYGAPRE:

~LGLAPNLS-ADLVAEG
-LGLSPQLS-IDVYAE:

~1YIQGYLES-~-LKINIKPIYI
~AEYEVPVDYGIL---VYVNPSDSG-~--LRVLYRPVYV

PADLQAGAQALCLR
~-NDYFQVLAQILAFE-
AMRIQLALQAACME-
—~-SDRLQVIAYCALLE-

~YRAVNVNH
~TLTYEMESER




294828260 | Leptospira_interrogans_serovar_Lai_str-_56601
268318441 |Rhodothermus_marinus_DSM_4252

378719041 Gordonia_po
320102061 | Isosphaera_pa
Ifurreducens PCA
Tum_rubrum_ATCC_11170
108757432 | Myxococcus_xanthus_DK_1622
46255268 Thermus_thermophi lus_HB27
159898754 |Herpetosiphon_aurantiacus_DSM_785
38505683 | Synechocystis_sp-_PCC_6803
17229059 | Nostoc_sp-_PCC_7120

302391601 | Acetohalobium_arabaticum_DSM_5501
48477076 Picrophilus_torridus_DSM_9790 -RKGLPISTGR---=-----=-SR---MDNVQIHKDF-- == === == =————
154174706 | Campy lobacter_curvus_525-92 -LQDFAFSNLK: FDKLSKQRGH:
111224946 |Frankia_alni_ACN14a -RRDVDLGEAK IDWTTG

389844446 Mesotoga_prima_MesG1l-Ag-4-2 -DKDIVIDEI LDILRNT: —-GHIYQVKYYLYYLK-

268317193 |Rhodothermus_marinus_DSM_4252 -HVNVEADGPAG-----| LRLAGR---IDWAELRD-----==-—==—=——~ —-AHRWQLRFYLWLLKLRGVTRPDGQPF-EGQL---NFPRQR--
28211140|Clostridium_tetani_E88 -QTEISIDNIK IDKITK

41614818 Nanoarchaeum_equitans_Kin4-M -ERKVIINEI PDV IKRYKDF:

289596695 | Acidul iprofundum_boonei_T469 - IKNLFGEGVS-----=-——=——-—— IDFTRKENGE-—-----—=-—---

18977491 |Pyrococcus_furiosus_DSM_3638 -EKEVLIGPIR IDFISRGDV

14590111 |Pyrococcus_horikoshii -WKEVLLEDIK IDALKTKGG

55376277 |Haloarcula_marismortui_ATCC_43049 -RNVSIDGTI 1DVLDD
84489235 | Methanosphaera_stadtmanae_DSM_3091 ~KKEIRVDNLV FDFIQTKDK
292492937 |Nitrosococcus_halophilus_Nc_4 -RSTQGLFGLA PDR 1 DWKH:
385805117 Fervidicoccus_fontis_Kam940 —-QFNKKLCHPQ-~

347523047 |Pyrolobus_fumarii_1A -RLLPPLASRR-:
15898285 Sulfolobus_solfataricus_P2 ~YYEVHLRDKD--
15922977 Sulfolobus_tokodai
302347806 | Acidi lobus saccharovorans 345-15
218884091 | Desulfurococcus_kamchatkensis_1221n
389861366 | Thermogladius_cellulolyticus_1633
156937923] Ignicoccus_hospit:
15896973 | Sulfolobus_solfataricus_P2

18311697 | Pyrobaculum_aerophi lum_str-_IM2

170290049 | Candidatus_Korarchaeum_cryptofilum_OPF8
126465229 | Staphylothermus_marinus_F1

257125860] Leptotrichia_buccalis_C-1013-b

124027531 |Hyperthermus_butylicus_DSM_5456

18311770 Pyrobaculum_aeropl um_str-_IM2

284040853 Spirosoma_ DSM_74

21226659 |Methanosarcina_mazei_Gol

218961575 Candidatus_Cloacamonas acidaminovorans_str—_Evry
150401499 [Methanococcus_aeolicus_Nankai-

118497355 a_| U112

34557935] succmogenes DSM_1740

54296141 |Legionella_pneumophi Iaﬁstr—j’arls

167628644 |Heliobacterium_modesticaldum_lcel

386854795 Deinococcus_gobiensis_I-0

148656006 | Rosei flexus_sp-_RS-1

118431378 | Aeropyrum_pernix_K1

307595805 |Vulcanisaeta_distributa DSM_14429

305663328] Ignisphaera_aggregans_DSM_17230

408403002 | Candidatus_Nitrosos haera_( \_gargensis_Ga9-2
330509015 Methanosaeta conci _GP6

11499461 | Archaeoglobus_fulgidus_DSM_4304

383319611 |Methanocel la_conradii_HZ254

33359542 | Pyrococcus_furiosus_DSM_3638

ADAVVLCEGR
ADA I IRNDNGK

-NHLE--ELAI
-NLVK--EIEF

~-VLPVDVKYSKSVSVKI

VIHDLAIENKT-~~-~~1GLYGM-~-VDTVL IMKNGE -~

Continued

~-CSSNCLFNAF--CL-~
~CERKCMYANT--CKE-

--PGSCRYREF--CF--
~CYAKCQYLRH--CGVGPEQIEVSA
~CPQSCPFANR--CS-~
~CPKYCLFSDM--CGVV T~
~CPRKCLFRNI--CLGE.
~CPKACPFAEV--CKR-
~GCPSWCPFRGVEGCPG
~-CPPGCVFREV--CGV~
~-CPRTCPFYGV--CHG-

11499463 Archaeoglobus_fulgidus_DSM_4304 -DANLRSWWIEERDRKAE I VFNEADPGVAKS:
383319613 |Methanocella_conrad —~NDDLRSWWIEERDKKSEMVYEEKDPGVVQ-
330509014 | Methanosaeta_conci -SDEVRQWF IEERDSKQDL I FYERDPGRCPN
408402999 Candidatus_Nitrososphaera_gargensis_Ga9-2 -DETLRREFLEARDLRMKM1'YDRRDPGLPRK:
167628645 |Heliobacterium_modesticaldum_lcel -DDELRQWFVEARDEKARMVYEE IDPGLAKD:
170290047 | Candidatus_Korarchaeum_cryptofilum_OPF8 -TDDLRSRFLERRDELQMML IREDEPKRAER
126465227 | Staphylothermus_marinus_F1
156937920] Ignicoccus_hospitalis_KIN4-1
124027533 |Hyperthermus_but
118431381 |Aeropyrum_pernix_}
307595808 | Vulcanisaeta_distributa DSM_14429
305663331] Ignisphaera_aggregans_DSM_17230
18311773 Pyrobaculum_aerophi lum_str-_IM2
18311700 Pyrobaculum_aeropl
385805114 |Fervidicoccus_fontis_Kam940
15898287 Sulfolobus_solfataricus_P2

—~-CDDKCPLWRH--CHGGSG-
—--CYQYCPFFKA--CNGGERS:
~CSPSCPFLNY--CNNNKR

15922974 |Sulfolobus_tokodaii_str-_7 ~CPETCPFYEV--CWK-
347523054 |Pyrolobus_fumarii_1A —--CPDQCPMRLV--CAP-
218884094 | Desulfurococcus_kamchatkensis_1221n —-NSYLRRYFIEERDEI I DML IENREPPRDSA: —-CNPSCPFYKV--CNK-
389861364 | Thermogladius_cellulolyticus_1633 -SNELRRWFLEERDE I'VDMLVSNREPPKDKN —--CPQTCPFYRV--CHQ-
332296539 | Thermodesulfobium |_narugense_| DSM_14796 —-SSEMKEKTLML IENVKD ILENKIFLPNGLVH---PYACK-YCSVSNF--CYFVNGI

--EKCK-FCI'YANL--CDKTDL-
—~PFCK-NCSLQH I --CLPKLMNKRSVK

167627879 |Francisella_pl
56965355 |Bacil lus_claus

~PTSAKLEKFEKHIQT IKQYNPMDNSFRQN I
~TDSLREKVVEMAKEMHHYYDNRYTPKVKTG

76802275 |[Natronomonas_pharaonis_DSM_2160 ~TEDHRQAVTKIVDQIQSMSATNIPPLTDNP: DKCD-ACSAREY--CMPAETAKLEPE
189485222 |uncultured_Termite_group_1_bacterium_Rs-D17 ~NKSLREETFALAQEFHSLVDSRETPKPEYS KKCY-NCSFKEL-~-CLPEIFDKQKSV
134101617 |Saccharopolyspora_erythraea_NRRL_2338 ~SATAEAELRHHLFRARHVASQGQPPPPLRH---~-SPKCP-RCALLPI--CMPDE INELSER

--NRCE-GCALVNR-~-CLPFEVKGIKEN
ARCP-ACSLNET--CLPRLVDDRHRQ
RRCR-RCSLHHD--CLPELANAAAGT
~=-NKCP-KCSELLN--CFPYEIKQTNIF

134299482 | Desul fotomaculum_reducens_MI-1 —-DEDLRLMVENAVGLARN IALSGE I PPPLAD:
433631664 |Mycobacterium_canettii_CIPT_140070010
86742031 |Frankia_sp-_Ccl3

344996860|Caldice losiruptor_lactoaceticus_6A —-EENKITKLAE I LDNMRKIAEG I LKPAWEFS:




219683006 | Bi fidobacterium_animalis_subsp-_lactis_AD011
347756303 | Candidatus_Chloracidobacterium_thermophilum_B
294828260 ]| Leptospira_interrogans_serovar_Lai_str-_56601

268318441 |Rhodothermus_marinus_DSM_4252
378719041|Gordonia_poly prenivorans_VH2
320102061 | Isosphaera_pallida_ATCC_43644
39995168 | Geobacter_sulfurreducens_PCA
83591519 |Rhodospirillum_rubrum_ATCC_11170
108757432 | Myxococcus_xanthus_DK_1622
46255268 | Thermus_thermophi lus_HB27
159898754 |Herpetosiphon_aurantiacus_DSM_785
38505683 | Synechocystis_sp-_PCC_6803
17229059 [ Nostoc_sp-_PCC_7120

302391601 | Acetohalobium_arabaticum_DSM_5501
48477076 |Picrophi lus_torridus_DSM_9790
154174706 | Campy lobacter_curvus_525-92
111224946 | Frankia_al 14a

389844446 | Mesotoga_prima_MesGl-Ag-4-2
268317193 |Rhodothermus_marinus_DSM_4252
28211140|Clostridium_tetani_E88

41614818 Nanoarchaeum_equitans_Kin4-M
289596695 | Aciduliprofundum_boonei_T469
18977491 |Pyrococcus_furiosus_DSM_3638
14590111 |Pyrococcus_horikoshii_0T3
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84489235 | Methanosphaera_stadtmanae_DSM_3091
292492937 |Nitrosococcus_halophilus_Nc_4
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15896973 | Sulfolobus_solfataricus_P2
18311697 | Pyrobaculum_aerophi lum_str-_IM2

170290049 | Candidatus_Korarchaeum_cryptofilum_OPF8

126465229 | Staphylothermus_marinus_F1
257125860 Leptotrichia_buccalis_C-1013-b
124027531 |Hyperthermus_butylicus_DSM_5456
18311770 Pyrobaculum_aeropl um_str-_1IM2
284040853 | Spirosoma_linguale_DSM_74
21226659 |Methanosarcina_mazei_Gol

218961575| Candidatus_Cloacamonas_acidaminovorans_str-_Evry

150401499 |[Methanococcus_aeolicus_Nankai-3
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54296141 |Legionella_pneumophila_str-_Paris
167628644 |Heliobacterium_modesticaldum_lcel
386854795 Deinococcus_gobiensis_I1-0
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118431378 Aeropyrum_pernix_|
307595805 |Vulcanisaeta_distributa_DSM_14429
305663328] Ignisphaera_aggregans_DSM_17230

408403002 Candidatus_Nitrososphaera_gargensis_Ga9-2
GP6

330509015 | Methanosaeta_con
11499461 |Archaeoglobus_fulgid | 4
383319611 |Methanocel la_conradii_HZ254
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Supplementary Figure S2: Cas1, Cas2, Cas4 phylogenetic trees (please see
Supplementary Materials and Methods for details and also see Makarova KS, Wolf Y1, Koonin
EV. The basic building blocks and evolution of CRISPR-Cas systems. Biochem Soc Trans.
2013 Dec 1;41(6):1392-400); Sequences are denoted by Genbank identifiers and organism
genus and abbreviated species name; automatically identified CRISPR-Cas system subtype
and gene in the Cas1 neighborhood are provided). The trees are provided in Newick format,
could be open in any tree-viewing software.

Cas1 Tree:

(((347756303|CAS-I-C|Chloracidobacterium_the__ 6-3-8¢c-7-5-1+4-2:0.38914,(294828260|CAS-1-C|Leptospira_int___1+4-2-x-x-6-3-8¢c-7-
5:0.54801,162457462|CAS-1-C|Sorangium_cel___6-3-8c-7-5-1-2:0.50926)0.895:0.13172)1.000:0.61947,((15612904|CAS-I-
C|Bacillus_hal___cmr5SS-cmr6g7-x-x-x-3-5-8c-7-4-1-2:0.64423,108763792|CAS-1-C|Myxococcus_xan___2-1-4-7-8¢c-5-
3HD:0.49951)0.765:0.13333,(86742032|CAS-1-C|Frankia_Ccl___3-5-8¢c-7-4-1-2:0.71514,433631663|CAS-1-C|Mycobacterium_can___ 2-1-
4-7-8¢-5-3:0.60677)0.734:0.20305)0.990:0.32273)0.717:0.14616,(219683006| CAS-1-U|Bifidobacterium_ani___3-csb1-
1+4:1.07926,(((378719041|CAS-1-U|Gordonia_pol___ 2-1+4-csb2-csb1-8-3:0.51986,134101617|CAS-111-A|Saccharopolyspora_ery  1+4-
2-X-X-X-X-csm3g7-cmr3g5-csm3g7-10:0.62705)0.819:0.11364,(268318441|junknown|Rhodothermus_mar___ 2-1+4:0.43464,312114617|CAS-
111-A|Rhodomicrobium_van___RT-2-1-csm3g7-csx19-csm3g7-csm3g7-10-x-csm6-csx1-x-
€sx16:1.15334)0.817:0.13822)0.378:0.07072,(32010206 1| CAS-1-U|Isosphaera_pal___1+4-2-csb2:0.57635,(39995168|CAS-1-
U|Geobacter_sul___3-8-csbl-csh2-x-x-1+4-2:0.33269,83591519|CAS-I-E|Rhodospirillum_rub___ 2-1-6e-5-7-cse2SS-8e-3-x-x-2-1+4-csh2-x-
X-csm3g7-csm3g7-csm3g7-10:0.61850)0.935:0.13614)0.960:0.17395)0.813:0.13734)0.850:0.11671,(((38505684| CAS-1-

D|Synechocystis PCC___3-10d-csc2g7-csclg5-6-4-1-2:0.83136,(344996859|CAS-1-D|Caldicellulosiruptor_lac__ 2-1-4-6-3-csclg5-csc2g7-
10d:0.90289,46255267|CAS-1-A|Thermus_the__ 2-1-4-x-8a-7-5-6:0.82022)0.822:0.10403)0.844:0.08986,(((302391602|CAS-I-
D]Acetohalobium_ara__10d-csc2g7-csclg5-3-4-1-2-6:0.44986,17229060|CAS-1-D|Nostoc_PCC___ 10d-csc2g7-cscl1g5-3-20G-6-4-1-x-
2:0.80140)0.816:0.13790,159898755|CAS-1-D|Herpetosiphon_aur___10d-csc2g7-cscl1g5-3-6-4-1-2:0.73922)0.853:0.07489,134299482|CAS-
111-A|Desulfotomaculum_red___1+4-2-10-csm2SS-csm3g7-csm4g5-csx1-6:0.60078)0.965:0.13680)0.386:0.06285,((268318378|CAS-111-
U|Rhodothermus_mar___csx1-csx20-x-x-csx1-csx1-6-x-2-1+4:0.71035,(336116789|CAS-111-A]Microlunatus_pho___ 10-csm3g7-cmr3g5-
€sm3g7-x-X-X-6-1+RT-2-x-10-csm3g7-cmr3g5-csm3g7:1.15764,(55978328|CAS-I11-A|Thermus_the__ csx1-1-x-10-csm2SS-csm3g7-
csm4g5-csm5g7-csx1-x-x-csx1:0.32915,297622675|CAS-111-U|Truepera_rad___ 2-1-csx1-csx1-
6:0.65702)0.999:0.43981)0.614:0.14144)0.987:0.24355,((76802276|CAS-1-D|Natronomonas_pha___R-6-10d-csc2g7-csc1g5-3-4-1-
2:1.07764,(390962116|CAS-111-A|Thermococcus_CL1__ 6-10-csm2SS-csm3g7-csmédg5-csmb5g7-R2-csx3-2-1:1.08282,(154174048|CAS-1-
B|Campylobacter_cur___1-2-4-3-5-7-8-6:1.20432,(((((28211139|CAS-I-B|Clostridium_tet__ 1-4-3-5-7-8b-6:0.80992,(18977490|CAS-111-
B|Pyrococcus_fur___2-1-4-3-5-7-8b-cmr6g7-cmr5SS-cmr4g7-csm6-cmr3g5:0.60617,(((84489236|CAS-1-B|Methanosphaera_sta_ 6-8-7-
5-3-4-1-2:0.38030,(289596694|CAS-111-A|Aciduliprofundum_boo___2-1-4-6-csx1-csx1-csm5g7-csm4g5-csm3g7-csm2SS-
10:0.63757,13540937|CAS-I11-A|Thermoplasma_vol___2-1-csx1-csm5g7-csm4g5-csm3g7-csm2SS-10-6-
€sm6:0.86508)0.905:0.15392)0.906:0.14613,14590110|CAS-I11-A|Pyrococcus_hor___10-csm2SS-csm3g7-csm4g5-csmb5g7-csm6-8b-7-5-x-1-
2-4-3-csx1:0.63787)0.819:0.15012,41614813|CAS-1-B|Nanoarchaeum_equ___ 2-1-x-7-5-3-
4:0.77636)0.073:0.03836)0.175:0.14006)0.656:0.10760,268317185|CAS-111-A|Rhodothermus_mar___2-1-x-csx1-csm5g7-csm4g5-csm3g7-
€sm2SS-10-4-3-5:0.62102)0.325:0.06368,(385809790|CAS-111-U|Ignavibacterium_alb___csm5g7-x-csx1-csx20-csx1-csx1-X-X-X-x-1-
2:0.72273,150021526|CAS-I11-B|Thermosipho_mel___2-1-2-X-x-x-csm6-cmrlg7-10-cmr3g5-cmr4g7-
¢mr5SS:0.71602)0.932:0.15479)0.396:0.05380,(389844445|CAS-111-B|Mesotoga_pri___cmr6g7-cmr5SS-cmr4g7-cmr3g5-10-cmrlg7-csm6-
2-X-x-1-4-3-5-7:0.68628,48477075|CAS-1-D|Picrophilus_tor___2-1-4-3-csc1g5-csc2g7-10d-
6:0.97627)0.470:0.06969)0.718:0.10249,(55376278|CAS-1-B|Haloarcula_mar___6-8-7-5-3-4-1-2:0.65921,(292492938|CAS-I-
D|Nitrosococcus_hal___6-10d-csc2g7-x-3-4-1-2:1.06977,111224947|CAS-1-B|Frankia_aln___6-x-7-3+5-4-1-
2:1.01974)0.382:0.12937)0.495:0.16546)0.929:0.19711)0.540:0.12245)0.997:0.40897)0.849:0.17499,(((((317051217|CAS-111-
A|Desulfurispirillum_ind___10-csm2SS-csm3g7-csm4g5-csmb5g7-X-x-csx1-csx20-x-1-2-x-2:0.86471,17227877|CAS-111-

B|Nostoc_PCC___ ¢sx18-1-2:0.92025)0.768:0.14478,(((85858452|CAS-111-B|Syntrophus_aci___cmr5SS-cmr6g7-csm6-csx1-X-X-X-X-X-x-1-2-
2:0.74830,(328949009|CAS-111-A|Treponema_suc___ csx1-X-x-2-2-1-x-X-x-csx20-csx1-x-csm5g7-csmag5-csm3g7-
€sm2SS:0.38670,333996012|CAS-111-B|Treponema_azo___csx20-csx1-cmr6g7-cmr5SS-cmr4g7-cmr3g5-10-cmrlg7-6-x-1-2-x-
€sx1:0.43621)1.000:0.46620)0.996:0.33602,((328953422|CAS-111-A|Desulfobacca_ace___csm5g7-csm6-X-csx20-csx1-X-X-X-Prim2+x-x-1-
2:0.58824,(313673559|CAS-111-A|Calditerrivibrio_nit__ 2-Prim2-1-x-X-X-X-X-X-X-X-csx20-csm5g7:0.86969,218961167|CAS-111-
A|Cloacamonas_aci___csmb5g7-csa3-csx1+x-X-X-X-X-X-Prim2-x-1-
2:0.68621)0.862:0.17223)0.840:0.15794,(154250301|unknown|Fervidobacterium_nod__ 1:0.90611,116748794|CAS-I11-
A|Syntrophobacter_fum___csm5g7-csm4g5-csm3g7-csm2SS-10-6-csx20-csx1-x-Prim2-1-
2:0.93083)0.434:0.06593)0.080:0.06603)0.699:0.08120,(332296542|CAS-111-A|Thermodesulfobium_nar___4-x-2-1-Prim2-csm5g7-csm4g5-
€sm3g7-csm2SS-10-csx1-csx1-6:0.88721,337286709|CAS-111-B|Thermodesulfatator_ind___cmr5SS-cmr4g7-x-x-cmr3g5-10-cmr1g7-x-2-X-
1-2-6:0.72067)0.539:0.11721)0.713:0.06506)0.646:0.10342,(((148657121|CAS-111-U|Roseiflexus_RS___2-X-1-RT-X-X-X-X-CsX15-Csx1-x-
€sx1:0.61021,159898907|unknown|Herpetosiphon_aur__ RT-1-2:0.55145)1.000:0.38100,(320161859|CAS-I111-A|Anaerolinea_the__ csx1-
10-csm2SS-csm3g7-csm4g5-csmb5g7-csx1-csx1-csx15-6-1-2:0.68967,(156741961|CAS-111-A|Roseiflexus_cas__ 10-csm2SS-csm3g7-csm4gs-
csm5g7-csx1-6-1-2:0.47789,383762167|CAS-111-A|Caldilinea_aer___2-1-6-csx15-x-csx1-csm5g7-csm4g5-csm3g7-csm2SS-10-
csx1:0.57444)0.084:0.08868)0.989:0.24410)0.762:0.09771,37677204|CAS-111|Vibrio_vul__6-csm3g7-x-csm3g7-5g10-cmr4g7-10-x-x-
1+RT-2-2-csx1-csx16-csx16-csm6:1.23121)0.614:0.07387)0.702:0.04517,((((296133514|CAS-111-A|Thermincola_pot___ 2-1-csm6-6-
csmbg7-csm4g5-csm3g7-csm2SS-10:0.55968,(348026605|CAS-111-A|Megasphaera_els__1-2-10-csm2SS-csm3g7-csm4g5-csmbg7-6-



€sm6:0.72836,114567264|CAS-111-A|Syntrophomonas_wol____csm6-x-2-1-x-6-csm5g7-csm4g5-csm3g7-csm2SS-
10:0.55211)0.097:0.09427)0.924:0.14860,(116627764|CAS-111-A|Streptococcus_the_ 1-2-6-csm2SS-csm3g7-csm4g5-csm5g7-x-
csm6:1.15855,15609954|CAS-111-A]Mycobacterium_tub__ 2-1-csm6-csm5g7-csm4g5-csm3g7-csm2SS-10-
6:0.80127)0.948:0.34739)0.991:0.30794,(218442809|CAS-111-A|Cyanothece_PCC___csm6-x-x-RT-1-2:0.82366,(38505760|CAS-I11-
B|Synechocystis_ PCC___cmr6g7-cmr5SS-cmr4g7-x-cmr3g5-10-csx18-1-2:1.05148,((119357853|CAS-I11|Chlorobium_pha___ 2-1-
6:0.57832,119357846|CAS-I11-A|Chlorobium_pha___ 6-csx1-csm5g7-csm4g5-csm3g7-csm2SS-10-x-csx15-csx1-1+RT-
2:0.71133)0.908:0.16639,(427708213|CAS-111|Nostoc_PCC___csx19-csm3g7-x-X-X-6-X-X-X-2-1-x-x-1+RT:1.09536,17228961|CAS-I11-
A|Nostoc_PCC___ 1+RT-x-x-x-csm3g7-csx19-csm3g7-csm3g7-x-csm3g7-
€sm3g7:0.37340)0.986:0.34526)0.475:0.09413)0.277:0.05347)0.828:0.10795)0.964:0.17610,(328953000|CAS-111|Desulfobacca_ace__ 6-x-X-
X-X-X-RT-x-x-1-2:0.79732,(261415948|CAS-I11-A|Fibrobacter_suc___1-2-x-x-csx1-10-csm3g7-x-csm3g7-csx20:0.76621,269798874|CAS-
111-A|Veillonella_par___6-csm3g7-csx19-csm3g7-5g10-csm3g7-10-csx20-1-2-x-csx1-
csx1:1.17138)0.843:0.22745)0.760:0.16672)0.679:0.01909)0.789:0.04869,((((326793969|CAS-111-B|Marinomonas_med___2-6-x-x-cmr6g7-
cmr5SS-cmr4g7-cmr3g5-10-cmrl1g7:0.97163,220934970|CAS-111-B|Thioalkalivibrio_sul___cmrlg7-10-cmr3g5-cmr4g7-cmr5SS-cmr6g7-
€sX1-x-Csx1-x-1-2-x-csx1:0.60767)0.999:0.58432,((436839745|CAS-I111-B|Desulfovibrio_hyd__ 1+RT-2-x-x-cmr6g7-cmr5SS-cmr4g7-
cmr3g5-10-cmrl1g7:1.37288,(283778924|CAS-111-AlPirellula_sta__ 1+RT-2-x-10-csm3g7-
csm3g7:1.45956,118497969|unknown|Francisella_nov__ 20G-x-x-x-x-csa3-2-1-
4:1.55280)0.320:0.28782)0.806:0.12534,(319790504|unknown|Thermovibrio_amm___ 2-2-2-1:1.30366,337288662|CAS-111-
A|Thermodesulfobacterium_OPB___10-csm2SS-csm3g7-csm4g5-csm5g7-6-csx1-x-2-1-
2:1.11781)0.980:0.53351)0.906:0.16162)0.600:0.09143,((((325980970|unknown|Nitrosomonas_AL2___ 1:1.73273,(407462288|unknown|Nitr
osopumilus_kor___1:1.50397,(21229351|unknown|Methanosarcina_maz___ 1:0.67446,147921327|unknown|Methanocella_arv___ 1:0.9953
7)0.976:0.45554)0.831:0.19198)0.904:0.19310,(((150398872|CAS-111-B|Methanococcus_van___10-cmr3g5-cmr4g7-cmr5SS-cmr6g7-x-x-6-
1-2:0.84562,(((((332668016|unknown|Haliscomenobacter_hyd__ RT-1-PDEDxK-2:1.20570,(327314603|CAS-111|Prevotella_den__ 10-
cmr6g7-5910-csm3g7-x-csm3g7-csx1-csx1-1-Prim-2:0.73847,(379728404|unknown|Saprospira_gra___ 2-x-
1:0.87455,392395717|unknown|Flexibacter_lit__ 2-x-1:0.68194)0.836:0.12742)0.831:0.12483)0.909:0.21557,284040851|CAS-I-
B|Spirosoma_lin___8-7-5-3-6-1-2-4:0.73413)0.213:0.10519,218961577|CAS-I-B|Cloacamonas_aci___4-2-1-3HD-5-7-8-
6:0.58565)0.358:0.09219,257125862|CAS-I11|Leptotrichia_buc___csm3g7-6-X-X-X-X-X-X-4-2-1-X-X-CSX1-
€5x20:0.61093)0.324:0.10225,(21226661|CAS-1-B|Methanosarcina_maz___4-2-1-6-3-5-7-8-¢sa3:0.33047,150401497|CAS-111-
A|Methanococcus_aeo___ 6-3-5-7-8-1-2-4-x-csx1-csm5g7-csmag5-csm3g7-csm2SS-
10:0.92232)0.484:0.09616)0.933:0.21764)1.000:0.55180,(((11499462|CAS-1-A|Archaeoglobus_ful___cmrlg7-csa3-csa5SS-7-5-csa8a2-3-
3HD-2-4-1-4:0.41184,383319612|CAS-1-A|Methanocella_con___4-1-4-2-csa3-x-x-X-X-x-7:0.53988)0.920:0.13193,(288560430|CAS-111-
A|Methanobrevibacter_rum___1-x-2-6-csx1-csm5g7-csm4g5-csm3g7-csm2SS-
10:0.47372,148642083|unknown|Methanobrevibacter_smi___1-2:0.88751)0.962:0.26391)0.999:0.31122,(((((((156937921|CAS-1-
Allgnicoccus_hos___4-1-2-4-3HD-3-x-5-7-csa5SS-R:0.93227,124027534|CAS-1-A|Hyperthermus_but___csaXg8-5-7-csa5SS-R-x-x-4-2-4-
1-x-x-x-R:0.65197)0.613:0.22777,(305663330| CAS-1-A|Ignisphaera_agg___R-x-7-5-3-3HD-x-6-4-2-1-4:0.36006,307595807|CAS-I-
AlVulcanisaeta_dis___3HD-3-x-5-7-x-R-x-4-2-1-4:0.64930)0.000:0.08743)0.820:0.16306,118431380|CAS-1-A|Aeropyrum_per___6-8a2-
3HD-3-5-7-csa5SS-R-4-2-1-4:0.62305)0.991:0.27322,(347523053|CAS-1-A|Pyrolobus_fum___4-X-X-x-x-2-1-4-R-x-x-3HD-3-8a2-5-7-
€sa5SS:0.78895,((218884093|CAS-1-A|Desulfurococcus_kam__ 6-3HD-3-csaXg8-5-7-csa5SS-R-4-2-1-4-R-x-cmr3g5-10-cmrég7-cmrlg7-
cmr5SS-cmr4g7-csm6:0.52821,389861365|CAS-1-A|Thermogladius_163__ 6-x-x-4-1-4-R:0.39368)0.988:0.22330,(302347808|CAS-I11-
B|Acidilobus_sac___ 6-x-4-2-1-4-cmr3g5-10-cmr6g7-csm3g7-cmr5SS-cmr4g7-csmé-x-csm6:0.75489,(385805115|CAS-1-
AlFervidicoccus_fon___6-R-3HD-3-8a2-5-7-x-X-4-1-2-4-R-R-x-X-csm6-cmr6g7-cmrlg7-cmr5SS:1.07762,(15898286|CAS-1-
A|Sulfolobus_sol___csaXg8-3HD-3-5-7-csa5SS-R-R-x-4-1-4:0.66104,15922975|CAS-1-A|Sulfolobus_tok__R-4-1-2-4-x-x-csa5SS-7-5-3-
3HD-csaXg8:0.46000)0.982:0.27868)0.852:0.19905)0.274:0.09946)0.000:0.06113)0.643:0.12690)0.943:0.18315,((18311772|CAS-I-
A|Pyrobaculum_aer___ 6-4-2-1-4-csa3-x-8a2-3HD-3-5-7-csa5SS-6:0.90508,18311699|CAS-1-A|Pyrobaculum_aer___ 3HD-3-x-X-x-6-csa3-x-
4-2-1-4:0.82264)0.635:0.11599,15898245|CAS-1-AlSulfolobus_sol___csx1-csa5SS-7-5-csaXg8-3-3HD-2-1-
6:1.32874)0.273:0.10934)0.979:0.21717,(((34541577|CAS-111-B|Porphyromonas_gin___2-1+RT-cmr6g7-x-cmr4g7-cmr3g5-
10:1.17610,(386750121|CAS-111|Helicobacter_cet_csm5g7-csx1-X-X-X-X-X-X-X-2-1:1.23102,328954440|CAS-111-

A|Desulfobacca_ace__ 1+RT-x-x-csm3g7-X-csm6-csm3g7-x-csm3g7-csm3g7:0.77196)0.683:0.11126)0.716:0.14667,(54296139|CAS-11-
BlLegionella_pne__ 9-1-2-4:0.74021,(34557933|CAS-11-B|Wolinella_suc___ 9-1-2-4:0.46386,118497353|CAS-11-B|Francisella_nov___ 9-1-
2-4:0.52534)0.502:0.15130)1.000:0.52829)0.629:0.07561,(148656004|CAS-111-U|Roseiflexus_RS___csm3g7-10-csx1-csx1-csx3-8b-7-5-3-6-1-
2-4:0.77295,(386854797|CAS-1-A|Deinococcus_gob__ 4-2-1-5-7-8a2-3-6:0.75119,167628642|CAS-1-A|Heliobacterium_mod___ 4-4-2-1-x-6-
5-7-x-3:0.54240)0.076:0.07286)0.605:0.12022)0.964:0.15886)0.878:0.08588,((126465226| CAS-1-A|Staphylothermus_mar___csm3g7-
csm4g5-csm5g7-10-x-x-1-4-2-4-6-R-csa5SS-7-5-csa8a2-3:0.60120,170290046|CAS-1-A|Korarchaeum_cry__ 1-4-2-4-R-csa5SS-7-5-csa8a2-
x-3:0.38512)1.000:0.74406,(330509017|CAS-1-A|Methanosaeta_con___4-4-2-1-3-x-x-x-x-5:0.72091,408403000|CAS-
I|Nitrososphaera_gar___ 4-1-2-4-x-x-x-3-5-7-x-
6:0.85041)0.834:0.11037)0.627:0.05146)0.645:0.08920)0.700:0.09695)0.851:0.07534,(119720226|CAS-111-B|Thermofilum_pen___cmr3g5-
10-cmr6g7-cmrlg7-cmr5SS-cmr4g7-1-2-3-csclg5-csc2g7-x-10d:1.21220,(156937861|CAS-I11|Ignicoccus_hos__ 6-x-x-
1:0.82794,70607609|CAS-1-D|Sulfolobus_aci___3-csc1g5-csc2g7-10d-R-6-X-2-4-1-X-X-X-X-X-X-X-X-X~
€sm3g7:0.96376)0.956:0.32568)1.000:0.59773)0.890:0.10459)0.784:0.05200, (((((187250661|CAS-11|Elusimicrobium_min__ 9-1-
2:0.61891,325972002|CAS-I1|Spirochaeta_Bud___ 2-1-9:0.74940)0.971:0.28775,((((386318631|CAS-11|Staphylococcus_pse__ 9-1-
2:0.79215,(15675042|CAS-11-A|Streptococcus_pyo_ 9-1-2-csn2:0.79682,(352684362|CAS-11-A|Acidaminococcus_int__ 9-1-2-
€sn2:0.51095,(169823756|CAS-11-A|Finegoldia_mag___csa3-X-X-x-x-9-1-2-csn2-PDEDxK:0.61846,42525844|CAS-11-



A|Treponema_den___9-1-2-csn2:0.40539)0.759:0.12239)0.928:0.19604)0.863:0.16984)0.000:0.05417,(302336019|CAS-11-
A|Olsenella_uli___csn2-2-1-9:0.70415,(90961086|CAS-11-A|Lactobacillus_sal___9-x-x-1-2-csn2:0.80559,(310286727|CAS-11-
A|Bifidobacterium_bif __csn2-1-9:0.67816,406600270|CAS-I11-A|Leuconostoc_gel___csn2-2-1-
9:0.48323)0.903:0.16893)0.956:0.22166)0.823:0.11869)0.980:0.22310,(((269123825|CAS-11|Streptobacillus_mon___2-1-
9:1.01742,(47458867|CAS-11|Mycoplasma_mob___1-9:0.80008,(71894593|CAS-11-A|Mycoplasma_syn___9-1-2-csn2-
1:0.77706,193216853|CAS-I1|Mycoplasma_art__ 1-2:0.64612)0.976:0.30122)0.975:0.30654)0.473:0.11491,(238924076|CAS-
I1|Eubacterium_rec__ 9-1-2:0.79548,116627543|CAS-I1|Streptococcus_the__ 9-1-2:0.73103)0.704:0.20755)0.000:0.04759,57865886|CAS-
111-A|Staphylococcus_epi___6-csm6-csm5g7-csmdg5-csm3g7-csm2SS-10-2-1:1.23206)0.549:0.13652)0.933:0.18660,((187736488|CAS-
I1JAkkermansia_muc___2-1-9:1.39758,319957207|CAS-11|Nitratifractor_sal___9-1-2:0.78599)0.825:0.24500,(((189485226|CAS-1-
Cluncultured_Ter___3-5-8¢-7-4-1-2-9-1-2:0.72350,34557789|CAS-11|Wolinella_suc___ 2-1-9:0.70129)0.951:0.22060,((15602991|CAS-
I1|Pasteurella_mul___ 2-1-9:0.67060,(222109284|CAS-I1|Acidovorax_ebr__ 2-1-9:0.79135,(310780383|CAS-11|llyobacter_pol___ 2-1-
9:0.66637,220930481|CAS-11|Clostridium_cel___2-1-9:0.45815)0.495:0.12122)0.235:0.10067)0.527:0.07214,(57238545|CAS-
I1|Campylobacter_jej  2-1:0.68707,291276264|CAS-11|Helicobacter_mus___ 2-1-
9:0.53967)0.991:0.31535)0.696:0.07398)0.467:0.12246,((90425960|CAS-I1|Rhodopseudomonas_pal___ 2-1-9:0.59972,209542526|CAS-
I1|Gluconacetobacter_dia__ 9-x-1-2:0.34389)0.999:0.30076,((60683388|CAS-11|Bacteroides_fra__ 2-1-9:0.67044,154250554|CAS-
Il|Parvibaculum_lav__ 2-1-9:0.59613)0.616:0.18474,(294086112|CAS-11|Puniceispirillum_mar__ 9-1-2:0.75736,121608212|CAS-
I1]Verminephrobacter_eis___ 9-1-
2:0.66201)0.970:0.28280)0.927:0.14692)0.886:0.15928)0.523:0.07411)0.916:0.17687)0.434:0.13234)0.871:0.16414,(117929157|CAS-
I1JAcidothermus_cel___ 2-1-9:0.43620,(283456134|CAS-I11|Bifidobacterium_den__ 2-1-9:0.77563,38232679|CAS-
I1|Corynebacterium_dip___9-1-2:0.38942)0.984:0.34995)0.999:0.58714)1.000:0.76830,(((50085564|CAS-1-F|Acinetobacter_ ADP___3f-x-
8f-5f-7-6f-1:0.87259,(77166205|CAS-1-F|Nitrosococcus_oce__ 3f-1-8f-5f-7f-6f:0.70997,15602176|CAS-1-F|Pasteurella_mul___8f-5f-7f-6f-
x-x-1-3f:0.74246)0.432:0.16689)0.999:0.75717,(38234755|CAS-I-E|Corynebacterium_dip___5-7-cse2SS-8e-6e-3-1-
2:1.23531,((53804737|CAS-1-E|Methylococcus_cap__ 2-1-6e-5-7-cse2SS-8e-3:0.57557,209966592|CAS-1-E|Rhodospirillum_cen__ 2-1-6e-
5-7-cse2SS-8e-3:0.74976)0.998:0.72881,(((68535718|CAS-1-E|Corynebacterium_jei_ 1-6e-5-7-cse2SS-8e-3:0.84511,86738746|CAS-1-
E|Frankia_Ccl___3-8e-cse2SS-7-5-6e-1-2:0.59793)0.909:0.30308,((89885834|CAS-1-E|Rhodoferax_fer__ 1-6e-csf3g5-csf2g7-x-csflg8-
DinG:1.24990,16130662|CAS-I-E|Escherichia_col___ 2-1-6e-5-7-cse2SS-8e-3:0.63487)0.991:0.50550,(51891801|CAS-1-
E[Symbiobacterium_the__ 1-3-8e-cse2SS-7-5-6e:0.60107,21674788|CAS-I-E|Chlorobium_tep_ 3-8e-cse2SS-6e-7-5-1-
2:1.27314)0.707:0.10574)0.656:0.10724)0.799:0.10534,29834079|CAS-1-E|Streptomyces_ave _ 1-6e-5-7-cse2SS-8e-
3:0.75713)0.915:0.20711)0.936:0.38681)0.855:0.25733)0.999:0.98797, (12448526 6|unknown|Methanocorpusculum_lab__ 1:0.82627,((15415
0254|unknown|Methanoregula_boo__1:0.58226,((126178701|unknown|Methanoculleus_mar___1:0.07443,397780289|unknown|Methano
culleus_bou__ 1:0.16232)0.999:0.36213,307352568|unknown|Methanoplanus_pet _ 1:0.81980)0.633:0.12886)0.049:0.09156,219852754|un
known|Methanosphaerula_pal___1:0.54240)0.915:0.20557)1.000:0.95417)0.185:0.13326)0.547:0.10037,332661941|CAS-111-
B|Haliscomenobacter_hyd___ 2-1-x-RT-cmr6g7-x-cmr4g7-cmr3g5-10:2.03433)0.792:0.07389)0.993:0.24809,((288947693|CAS-111-
UJAllochromatium_vin___csx1-x-csx16-x-2-2-1:0.63642,431929780|CAS-111-B|Thioflavicoccus_mob___cmr4g7-cmr3g5-10-cmrlg7-csx1-
X-X-X-2-2-1-RT:0.71938)0.990:0.42353,((292492856|CAS-111|Nitrosococcus_hal___csm4g5-csm5g7-x-csx1-x-x-csx1-csx1-x-2-1-x-
2:0.61028,((206890539|CAS-111-A|Thermodesulfovibrio_yel  csm2SS-csm3g7-csm4g5-csm5g7-6-x-X-x-X-2-1-1-
2:0.94103,(52425690|CAS-111-U|Mannheimia_suc___ 2-1-2-x-csx1-csx1-csx16-x-6:0.83608,30248142|CAS-I11|Nitrosomonas_eur___ 2-1-2-
€sx1-x-csx1-csx16-6-x-csm5g7-csm4g5-csm3g7:0.51689)0.754:0.15286)0.875:0.16834,430760780|CAS-111-
B|Thioalkalivibrio_nit___cmr4g7-cmr5SS-cmr6g7-csx1-x-csx1-x-x-6-2-1-1-2:0.57693)0.171:0.10187)0.479:0.12125,121997419|CAS-111-
B|Halorhodospira_hal___1-2-1-2-csx1-csx16-csx1-cmrlg7-10-cmr3g5-cmrdg7-cmr5SS-
cmr6g7:0.80291)0.973:0.28121)0.994:0.39809)0.748:0.06442)0.802:0.09835,((88602029|CAS- I 11-A|Methanospirillum_hun___csx1-X-X-X-X-
€sx1-csx1-x-x-2-1-x-X-X-csm3g7-csm3g7-x-X-csm3g7-csm3g7-10:1.27757,83592490| CAS-111-A|Rhodospirillum_rub___csm3g7-csm3g7-
csm3g7-10-6-2-1:0.90172)0.839:0.25935,((294676823|CAS-111-A|Rhodobacter_cap__ RT-X-X-Xx-X-x-10-csm3g7-csm3g7-2-1+RT-RT-
6:0.58881,(374998939|CAS-111-B|Azospirillum_lip___2-1+RT-x-csm3g7-x-X-x-cmr1g7-10-cmr3g5-cmr4g7-
cmr5SS:0.39128,(389875622|CAS-111-A|Tistrella_mob___10-cmr4g7-csm3g7-csm3g7-6-x-1+RT-2:0.63303,(302343124|CAS-111-
A|Desulfarculus_baa___csm3g7-csm3g7-csm3g7-10-1+RT-2-6:0.64546,288957883|CAS-111-A|Azospirillum_B51__ csm3g7-csm3g7-
csm3g7-6-2-1+RT:0.24663)0.814:0.09915)0.807:0.11976)0.877:0.14374)1.000:0.61254,20094748|CAS-111-A|Methanopyrus_kan___ 2-x-1-x-
10-csm2SS-csm3g7-csm4g5-csx1-
csmb5g7:1.51613)0.666:0.10913)0.922:0.15239)0.946:0.10901)0.045:0.02893)0.725:0.07257)0.132:0.03771)0.879:0.12499);

Cas2 Tree:

((C((((((269123824_streptobacillus_mon___ CAS-11_2-1-9:0.65435000,(90425959_Rhodopseudomonas_pal___ CAS-11_2-1-
9:0.22101000,209542527_Gluconacetobacter_dia__ CAS-11_9-x-1-
2:0.17402000)0.94:0.30411000)0.77:0.09933000,(((222109283_Acidovorax_ebr___ CAS-I1_2-1-
9:0.42855000,310780382_llyobacter_pol___ CAS-11_2-1-9:0.13912000)0.66:0.12085000,15602990_Pasteurella_mul____ CAS-11_2-1-
9:0.37916000)0.90:0.20861000,((291276263_Helicobacter_mus___ CAS-11_2-1-9:0.31167000,57238544_Campylobacter_jej _ CAS-
11_2-1:0.28830000)0.97:0.34796000,189485227_uncultured_Ter____ CAS-I-C_3-5-8¢-7-4-1-2-9-1-
2:0.13815000)0.81:0.07699000)0.63:0.13694000)0.85:0.07727000,(15675043_Streptococcus_pyo____ CAS-11-A_9-1-2-



csn2:0.46351000,((374307736_Filifactor_alo___ CAS-I1-A_csn2-2-1-9:0.28271000,302336018_Olsenella_uli____ CAS-II-A_csn2-2-1-
9:0.43920000)0.76:0.09571000,(42525845_Treponema_den___ CAS-I1-A_9-1-2-csn2:0.39033000,169823757_Finegoldia_mag___ CAS-II-
A_csa3-X-x-x-X-9-1-2-csn2-
PDEDxK:0.34299000)0.77:0.11939000)0.84:0.10746000)0.96:0.38688000)0.79:0.08033000,220930480_Clostridium_cel____ CAS-11_2-1-
9:0.29802000)0.88:0.09183000,((319957208_Nitratifractor_sal____ CAS-11_9-1-2:0.70234000,187736487_Akkermansia_muc____ CAS-
11_2-1-9:0.70126000)0.52:0.04877000,(34557788_Wolinella_suc____ CAS-11_2-1-9:0.64671000,((116627544_Streptococcus_the_ CAS-
11_9-1-2:0.56326000,238924077_Eubacterium_rec___ CAS-11_9-1-2:0.13222000)0.94:0.21511000,(90961087_L actobacillus_sal___ CAS-
11-A_9-x-x-1-2-csn2:0.11325000,(406600269_L euconostoc_gel_ CAS-I1-A_csn2-2-1-

9:0.31623000,331702226_L actobacillus_buc___ CAS-11_2-1-
9:0.07283000)0.66:0.08097000)0.97:0.21453000)0.73:0.09770000)0.09:0.07068000)0.16:0.13698000)0.85:0.12415000,(60683387_Bacteroide
s_fra__ CAS-11_2-1-9:0.32820000,154250553_Parvibaculum_lav___ CAS-11_2-1-
9:0.27515000)0.72:0.07487000)0.81:0.13684000,((294086113_Puniceispirillum_mar____ CAS-I1_9-1-
2:0.53000000,(189440766_Bifidobacterium_lon___ CAS-11_9-1-2:0.31549000,(117929156_Acidothermus_cel____ CAS-Il_2-1-
9:1.13966000,38232680_Corynebacterium_dip___ CAS-11_9-1-
2:0.36119000)0.34:0.23863000)0.96:0.35689000)0.60:0.03762000,(121608213_Verminephrobacter_eis___ CAS-11_9-1-
2:0.53910000,(57865885_Staphylococcus_epi__ CAS-111-A_6-csm6-csm5g7-csmag5-csm3g7-csm2SS-10-2-
1:1.29537000,(325972001_Spirochaeta_Bud___ CAS-11_2-1-9:0.39221000,187250662_Elusimicrobium_min___ CAS-I1_9-1-
2:0.87228000)0.61:0.25072000)0.68:0.09900000)0.79:0.12183000)0.88:0.15899000)0.82:0.22250000,(193216854_Mycoplasma_art___ CAS
-11_1-2:0.60540000,71894594 Mycoplasma_syn___ CAS-11-A_9-1-2-csn2-
1:0.22111000)0.93:0.55087000)0.97:0.66890000,((148642084_Methanobrevibacter_smi____unknown_1-
2:1.27532000,(((((((283778925_Pirellula_sta___ CAS-111-A_1+RT-2-x-10-csm3g7-
csm3g7:0.89402000,319790502_Thermovibrio_amm____unknown_2-2-2-
1:0.93403000)0.80:0.21342000,((118497968_Francisella_nov____unknown_20G-x-X-X-X-csa3-2-1-
4:1.02155000,((337288663_Thermodesulfobacterium_OPB___ CAS-I11-A_10-csm2SS-csm3g7-csm4g5-csm5g7-6-csx1-x-2-1-
2:1.15971000,337288661_Thermodesulfobacterium_OPB___ CAS-I11-A_10-csm2SS-csm3g7-csm4g5-csm5g7-6-csx1-x-2-1-
2:0.79480000)0.77:0.26073000,(319790501_Thermovibrio_amm____unknown_2-2-2-
1:0.48746000,319790503_Thermovibrio_amm____unknown_2-2-2-
1:0.90092000)0.74:0.15026000)0.72:0.06215000)0.82:0.16445000,((15609953_Mycobacterium_tub___ CAS-I11-A_2-1-csm6-csm5g7-
csm4g5-csm3g7-csm2SS-10-6:0.51178000,((296133513_Thermincola_pot__ CAS-111-A_2-1-csm6-6-csm5g7-csm4g5-csm3g7-csm2SS-
10:0.29366000,114567263_Syntrophomonas_wol____ CAS-111-A_csm6-x-2-1-x-6-csm5g7-csm4g5-csm3g7-csm2SS-
10:0.23322000)0.89:0.35153000,348026606_Megasphaera_els__ CAS-111-A_1-2-10-csm2SS-csm3g7-csm4g5-csm5g7-6-
¢sm6:0.67555000)0.78:0.13760000)0.90:0.31648000,116627765_Streptococcus_the_ CAS-I11-A_1-2-6-csm2SS-csm3g7-csm4g5-csmbg7-
X-csmé6:0.60642000)0.88:0.30205000)0.75:0.03587000)0.86:0.11603000,(((((269798875_Veillonella_par___ CAS-111-A_6-csm3g7-csx19-
csm3g7-5g10-csm3g7-10-csx20-1-2-x-csx1-csx1:0.77156000,88602028 Methanospirillum_hun___ CAS-111-A_csx1-X-X-X-X-CsX1-CsX1-X-X-
2-1-x-x-X-csm3g7-csm3g7-x-x-csm3g7-csm3g7:0.85308000)0.87:0.52835000,20094746_Methanopyrus_kan___ CAS-111-A_2-x-1-x-10-
€sm2SS-csm3g7-csmdg5-csx1-csmb5g7:1.62011000)0.51:0.19062000,(((37677205_Vibrio_vul___ CAS-111_6-csm3g7-x-csm3g7-5g10-
cmr4g7-10-x-x-1+RT-2-2-csx1-csx16-csx16-csm6:0.72100000,83592489_Rhodospirillum_rub__ CAS-111-A_csm3g7-csm3g7-csm3g7-10-
6-2-1:0.71732000)0.78:0.22771000,436839746_Desulfovibrio_hyd _ CAS-II1-B_1+RT-2-x-x-cmr6g7-cmr5SS-cmr4g7-cmr3g5-10-
c¢mr1g7:0.74051000)0.17:0.14583000,317051220_Desulfurispirillum_ind___ CAS-I11-A_csm2SS-csm3g7-csm4g5-csm5g7-x-X-csx1-csx20-
x-1-2-x-2:1.75303000:0.05677000,(((386750120_Helicobacter_cet  CAS-I111_csm5g7-csx1-X-X-X-X-X-X-X-2-
1:1.01565000,((((116748795_Syntrophobacter_fum___ CAS-111-A_csm4g5-csm3g7-csm2SS-10-6-csx20-csx1-x-Prim2-1-
2:0.31037000,218961168_Cloacamonas_aci____unknown_csa3-csx1+x-X-X-X-X-X-Prim2-x-1-
2:0.54685000)0.85:0.15969000,(328953423_Desulfobacca_ace_ CAS-111_csm6-x-csx20-csx1-x-X-X-Prim2+x-x-1-
2:0.41723000,(313673557_Calditerrivibrio_nit____unknown_2-Prim2-1:0.25389000,332296541_Thermodesulfobium_nar____ CAS-111-
A_4-x-2-1-Prim2-csm5g7-csm4g5-csm3g7-csm2SS-10-csx1-csx1-
6:0.43566000)0.40:0.12454000)0.15:0.04882000)0.92:0.18403000,(383762166_Caldilinea_aer____ CAS-111-A_2-1-6-csx15-x-csx1-csm5g7-
csm4g5-csm3g7-csm2SS-10:0.51565000,((156741962_Roseiflexus_cas__ CAS-111-A_10-csm2SS-csm3g7-csm4g5-csmbg7-csx1-6-1-
2:0.24695000,320161860_Anaerolinea_the__ CAS-111-A_10-csm2SS-csm3g7-csm4g5-csmbg7-csx1-csx1-csx15-6-1-
2:0.53996000)0.80:0.22964000,328953001_Desulfobacca_ace_ CAS-111_6-X-X-X-X-X-RT-x-x-1-
2:0.37791000)0.38:0.04439000)0.63:0.03747000)0.84:0.09147000,(159898756_Herpetosiphon_aur___ CAS-1-D_10d-csc2g7-csc1g5-3-6-4-
1-2:0.79678000,(((134299483_Desulfotomaculum_red___ CAS-111-A_1+4-2-10-csm2SS-csm3g7-csm4g5-csx1-
6:0.63110000,119357847_Chlorobium_pha__ CAS-I11-A_csx1-csm5g7-csm4g5-csm3g7-csm2SS-10-x-csx15-csx1-1+RT-2-X-X-X-x-2-1-
6:0.38435000)0.57:0.12431000,(76802277_Natronomonas_pha___ CAS-I-D_R-6-10d-csc2g7-csc1g5-3-4-1-
2:1.07211000,302391603_Acetohalobium_ara__ CAS-1-D_10d-csc2g7-csclg5-3-4-1-2-
6:0.31311000)0.70:0.11597000)0.69:0.09059000,75910375_Anabaena_var____ CAS-1-D_10d-csc2g7-csc1g5-20G-6-4-1-
2:0.30845000)0.71:0.06011000)0.92:0.23922000)0.82:0.08356000)0.60:0.01366000,(337286707_Thermodesulfatator_ind___ CAS-I11-
B_csx1-cmr6g7-cmr5SS-cmr4g7-x-x-cmr3g5-10-cmrlg7-x-2-x-1-2-6:0.54544000,(119357852_Chlorobium_pha__ CAS-111-A_csx1-
csm5g7-csm4g5-csm3g7-csm2SS-10-X-csx15-csx1-1+RT-2-x-X-X-X-2-1-6:0.29854000,(((((317051218_Desulfurispirillum_ind____ CAS-111-
A_csm2SS-csm3g7-csm4g5-csm5g7-x-x-csx1-csx20-x-1-2-x-2:0.47733000,85858453_Syntrophus_aci___ CAS-I11_cmr6g7-csm6-csx1-x-X-
X-X-X-X-1-2-2:0.66471000)0.86:0.26707000,85858454_Syntrophus_aci____ CAS-111_cmr6g7-csm6-csx1-X-X-X-X-X-X-1-2-
2:0.90326000)0.42:0.18606000,(328949008_Treponema_suc____ CAS-I111-A_csx1-x-x-2-2-1-X-X-X-€sx20-csx1-x-csm5g7-csmag5-



csm3g7:0.26185000,333996013_Treponema_azo___ CAS-I11-B_csx1-cmr6g7-cmr5SS-cmr4g7-cmr3g5-10-cmrlg7-6-x-1-2-x-
¢sx1:0.75344000)0.10:0.23727000)0.72:0.19590000,((34541576_Porphyromonas_gin____ CAS-I11-B_2-1+RT-cmr6g7-x-cmr4g7-cmr3g5-
10:0.69930000,336116790_Microlunatus_pho__ CAS-I11-A_10-csm3g7-cmr3g5-csm3g7-X-x-X-6-1+RT-2-x-10-csm3g7-cmr3g5-
csm3g7:0.98282000)0.85:0.43712000,268318377_Rhodothermus_mar___ CAS-I11-U_csx1-csx20-x-x-csx1-csx1-6-x-2-
1+4:0.44664000)0.92:0.50562000)0.36:0.17225000,(((((((30248141_Nitrosomonas_eur____ CAS-I11-A_2-1-2-csx1-x-csx1-csx16-6-x-
csmbg7-csm4g5-csm3g7-csm2SS:0.44781000,52425689_Mannheimia_suc__ CAS-111-U_2-1-2-x-csx1-csx1-csx16-x-
6:0.59489000)0.90:0.32569000,430760782_Thioalkalivibrio_nit___ CAS-111-B_cmr3g5-cmr4g7-cmr5SS-cmr6g7-csx1-x-csx1-x-x-6-2-1-1-
2:0.51091000)0.80:0.19099000,(431929779_Thioflavicoccus_mob___ CAS-111-B_cmr6g7-cmr5SS-cmr4g7-cmr3g5-10-cmrlg7-csx1-X-X-X-
2-2-1-RT:0.47668000,288947692_Allochromatium_vin____ CAS-111-U_cmr6g7-X-X-X-X-X-cSX1-X-csx16-X-2-2-
1:0.83407000)0.89:0.32391000)0.83:0.20682000,292492858_Nitrosococcus_hal___ CAS-I11-A_csm3g7-csm4g5-csm5g7-x-csx1-x-x-csx1-
csx1-x-2-1-x-2:0.56529000)0.85:0.21514000,(206890293_Thermodesulfovibrio_yel__ CAS-111-A_10-csm2SS-csm3g7-csm4g5-csm5g7-6-
X-X-X-X-2-1-1-2:0.54995000,121997420_Halorhodospira_hal___ CAS-111-B_1-2-1-2-csx1-csx16-csx1-cmrlg7-10-cmr3g5-cmr4dg7-cmr5SS-
cmrég7-6:0.80448000)0.82:0.18626000)0.92:0.35773000,((268318440_Rhodothermus_mar____ CAS-I-C_2-
1+4:0.65320000,((320102062_Isosphaera_pal___ CAS-1-Cu_1+4-2-csb2:0.62829000,(134101618_Saccharopolyspora_ery__ CAS-111-
A_1+4-2-x-X-X-X-csm3g7-cmr3g5-csm3g7-10:0.50543000,((83591518_Rhodospirillum_rub__ CAS-I-E_2-1-6e-5-7-cse2SS-8e-3-X-X-2-
1+4-csb2-x-x-csm3g7-csm3g7-csm3g7-10:0.49671000,39995169_Geobacter_sul__ CAS-1-Cu_3-8-csb1-csb2-x-x-1+4-
2:0.23073000)0.92:0.28853000,312114616_Rhodomicrobium_van___ CAS-111-A_RT-2-1-csm3g7-csx19-csm3g7-csm3g7-10-x-csm6-
€sx1:0.80211000)0.90:0.26751000)0.34:0.06159000)0.41:0.13074000,378719040_Gordonia_pol____ CAS-I-Cu_2-1+4-csb2-csb1-8-
3:0.70293000)0.27:0.09076000)0.90:0.28490000,((162457463_Sorangium_cel___ CAS-I-C_6-3-8c-7-5-1-
2:0.58650000,347756304_Chloracidobacterium_the__ CAS-I-C_6-3-8c-7-5-1+4-
2:0.47759000)0.36:0.08796000,24215881_Leptospira_int___ CAS-1-C_1+4-2-x-x-6-3-8¢c-7-
5:0.48595000)0.92:0.30625000)0.86:0.18671000)0.74:0.07975000,337286710_Thermodesulfatator_ind____ CAS-I11-B_csx1-cmr6g7-
cmr5SS-cmr4g7-x-x-cmr3g5-10-cmrl1g7-x-2-x-1-2-
6:0.72111000)0.83:0.20250000)0.69:0.06791000)0.69:0.05198000)0.91:0.17860000)0.78:0.06280000,((((427708212_Nostoc_ PCC____ CAS-
11-A_csm3g7-csx19-csm3g7-X-X-X-6-X-X-X-2-1-x-X-1+RT:0.48505000,(((433631662_Mycobacterium_can___ CAS-1-C_2-1-4-7-8¢-5-
3:0.46431000,86742033_Frankia_Ccl____ CAS-I1-C_3-5-8c-7-4-1-2:0.59968000)0.25:0.10391000,((189485224_uncultured_Ter____ CAS-I-
C_3-5-8¢-7-4-1-2-9-1-2:0.23678000,108759816_Myxococcus_xan____ CAS-I1-C_2-1-4-7-8¢-5-
3HD:0.66151000)0.76:0.28677000,15612905_Bacillus_hal___ CAS-I1-C_cmr5SS-cmr6g7-x-x-x-3-5-8¢-7-4-1-
2:0.12115000)0.98:0.52307000)0.86:0.20392000,261415949_Fibrobacter_suc___ CAS-I11-A_1-2-x-x-csx1-10-csm3g7-x-csm3g7-
€sx20:0.98191000)0.83:0.13763000)0.78:0.05780000,((297622674_Truepera_rad____ CAS-111-U_2-1-csx1-csx1-
6:0.43915000,344996858_Caldicellulosiruptor_lac___ CAS-1-D_2-1-4-6-3-csclg5-csc2g7-
10d:0.72375000)0.71:0.35642000,(17227878_Nostoc PCC___ CAS-I11-B_csx18-1-2:0.64378000,326793968_Marinomonas_med___ CAS-
111-B_2-6-x-x-cmr6g7-cmr5SS-cmr4g7-cmr3g5-10-
cmr1g7:0.64153000)0.70:0.19291000)0.62:0.01818000)0.85:0.06567000,((38505761_Synechocystis PCC___ CAS-111-B_cmr6g7-cmr5SS-
cmr4g7-x-cmr3g5-10-csx18-1-2:0.33189000,(((389875623_Tistrella_mob__ CAS-I11-A_10-cmr4g7-csm3g7-csm3g7-6-x-1+RT-
2:0.59765000,((302343125_Desulfarculus_baa__ CAS-111-A_csm3g7-csm3g7-csm3g7-10-1+RT-2-
6:0.43962000,294676822_Rhodobacter_cap___ CAS-111-A_RT-Xx-x-X-x-X-10-csm3g7-csm3g7-2-1+RT-RT-
6:0.18051000)0.66:0.10955000,288957882_Azospirillum_B51__ CAS-I11-A_csm3g7-csm3g7-csm3g7-6-2-
1+RT:0.07997000)0.13:0.11882000)0.87:0.18367000,374998938_Azospirillum_lip___ CAS-111-B_2-1+RT-x-csm3g7-x-x-x-cmr1g7-10-
cmr3g5-cmr4g7:0.10149000)0.95:0.45546000,220934971_Thioalkalivibrio_sul___ CAS-I11-B_10-cmr3g5-cmr4dg7-cmr5SS-cmr6g7-csx1-
X-Ccsx1-x-1-2-x-csx1:0.86008000)0.88:0.31193000)0.84:0.21401000,((148657119_Roseiflexus_ RS CAS-111-U_2-x-1-RT-X-X-X-X-CSX15-
¢sx1:0.64747000,159898908 Herpetosiphon_aur____unknown_RT-1-
2:0.45464000)0.67:0.06560000,((38505685_Synechocystis PCC___ CAS-1-D_3-10d-csc2g7-csclg5-6-4-1-
2:0.70582000,46255266_Thermus_the_ CAS-1-A_2-1-4-x-8a-7-5-
6:0.80808000)0.34:0.16455000,218442810_Cyanothece_ PCC___ CAS-III-A_csm6-x-x-RT-1-
2:0.60968000)0.55:0.12524000)0.88:0.21577000)0.69:0.03635000)0.73:0.03037000,37677206_Vibrio_vul____ CAS-I11_6-csm3g7-x-csm3g7-
5g10-cmr4g7-10-x-x-1+RT-2-2-csx1-csx16-csx16-

€sm6:0.81769000)0.32:0.05358000)0.72:0.05232000)0.82:0.11565000)0.15:0.12021000, ((((30248143_Nitrosomonas_eur____ CAS-111-A_2-
1-2-csx1-x-csx1-csx16-6-x-csm5g7-csm4g5-csm3g7-csm2SS:0.47226000,206889468_Thermodesulfovibrio_yel  CAS-111-A_10-csm2SS-
csm3g7-csm4g5-csm5g7-6-X-x-x-x-2-1-1-2:0.63151000)0.20:0.09160000,((430760779_Thioalkalivibrio_nit__ CAS-I11-B_cmr3g5-
cmrag7-cmr5SS-cmr6g7-csx1-x-csx1-x-x-6-2-1-1-2:0.42728000,121997422_Halorhodospira_hal___ CAS-111-B_1-2-1-2-csx1-csx16-csx1-
cmrl1g7-10-cmr3g5-cmr4g7-cmr5SS-cmr6g7-6:0.48149000)0.23:0.15776000,292492855_Nitrosococcus_hal__ CAS-I11-A_csm3g7-
csm4g5-csm5g7-x-csx1-x-x-csx1-csx1-x-2-1-x-2:0.23880000)0.94:0.26331000)0.81:0.16973000,52425691_Mannheimia_suc___ CAS-III-
U_2-1-2-x-csx1-csx1-csx16-x-6:1.01735000)0.74:0.20008000,(288947691_Allochromatium_vin___ CAS-111-U_cmr6g7-x-X-X-X-X-csx1-x-
csx16-x-2-2-1:0.79768000,431929778_Thioflavicoccus_mob___ CAS-111-B_cmr6g7-cmr5SS-cmr4g7-cmr3g5-10-cmrlg7-csx1-X-x-x-2-2-1-
RT:0.34180000)0.97:0.82237000)0.89:0.58176000)0.50:0.14925000,328949007_Treponema_suc____ CAS-I11-A_csx1-X-X-2-2-1-X-X-X-
€sx20-csx1-x-csm5g7-csmdg5-csm3g7:0.94210000)0.64:0.06485000)0.83:0.09917000,(((((385809791_Ignavibacterium_alb__ CAS-111-
U_csx1-csx20-csx1-csx1-x-X-x-X-1-2:0.40745000,150021525_Thermosipho_mel___ CAS-111-B_2-1-2-x-x-x-csm6-cmr1g7-10-cmr3g5-
cmr4g7-cmr5SS-cmr6g7:0.72705000)0.35:0.23605000,268317184_Rhodothermus_mar___ CAS-I11-A_2-1-x-csx1-csm5g7-csm4gs-
csm3g7-csm2SS-10-4-3:0.47741000)0.76:0.10019000,((((289596693_Aciduliprofundum_boo___ CAS-I11-A_2-1-4-6-csx1-csx1-csm5g7-
csm4g5-csm3g7-csm2SS-10:0.27366000,33359262_Pyrococcus_hor__ CAS-1-B_csm2SS-csm3g7-csm4gs-csm5g7-csm6-8b-7-5-x-1-2-4-3-



¢sx1:0.59521000)0.88:0.14079000,(33359542_Pyrococcus_fur___ CAS-I-B_2-1-4-3-5-7-8b-cmr6g7-cmr5SS-cmr4g7-
€sm6:0.30594000,(((41614812_Nanoarchaeum_equ___ CAS-I-B_2-1-x-7-5-3-4:0.61326000,(48477074_Picrophilus_tor___ CAS-1-D_2-1-
4-3-csclg5-csc2g7-10d-6:0.64411000,154174506_Campylobacter_cur__ CAS-1-B_1-2-4-3-5-7-8-
6:0.68988000)0.77:0.19975000)0.87:0.23894000,13540936_Thermoplasma_vol____ CAS-I11-A_2-1-csx1-csmbg7-csm4g5-csm3g7-csm2SS-
10-6-csm6:0.34232000)0.84:0.15228000,(84489237_Methanosphaera_sta__ CAS-1-B_6-8-7-5-3-4-1-
2:0.35892000,150021527_Thermosipho_mel___ CAS-111-B_2-1-2-x-x-x-csm6-cmr1g7-10-cmr3g5-cmr4g7-cmr5SS-
cmr6g7:0.44479000)0.80:0.08895000)0.93:0.15361000)0.11:0.00015000)0.85:0.11140000,(111224948_Frankia_aln___ CAS-1-B_6-x-7-3+5-
4-1-2:0.86083000,55376279_Haloarcula_mar____ CAS-1-B_6-8-7-5-3-4-1-
2:0.50539000)0.83:0.21709000)0.72:0.03878000,389844442_Mesotoga_pri___ CAS-1-B_csm6-csm6+x-x-cmr6ég7-cmr5SS-cmr4g7-
cmr3g5-10-cmr1g7-csm6-2-x-x-1-4-3-5-7:0.45847000)0.82:0.17195000)0.68:0.19571000,390962115_Thermococcus_CL1___ CAS-1lI-
A_csx1-x-6-10-csm2SS-csm3g7-csmégs-csm5g7-R2-csx3-2-1:0.80322000)0.79:0.16255000,292492939_Nitrosococcus_hal__ CAS-I-D_6-
10d-csc2g7-x-3-4-1-2:1.14074000)0.86:0.32832000)0.90:0.17979000,(((408403001_Nitrososphaera_gar___ CAS-1_4-1-2-4-X-X-X-3-5-7-x-
6:0.58554000,(18311771_Pyrobaculum_aer___ CAS-I-A_6-4-2-1-4-csa3-x-8a2-3HD-3-5-7-
€sa5SS:1.14033000,((126465228_Staphylothermus_mar___ CAS-1-A_csm3g7-csm4g5-csm5g7-10-x-x-1-4-2-4-6-R-csa5SS-7-5-csa8a2-
3:0.26154000,170290048_Korarchaeum_cry__ CAS-I-A_1-4-2-4-R-csa5SS-7-5-csa8a2-x-3-
3HD:0.40242000)0.86:0.17885000,(330509016_Methanosaeta_con___ CAS-1-A_4-4-2-1-3-X-X-X-X-
5:0.80370000,((148656005_Roseiflexus_RS___ CAS-I11-U_10-csx1-csx1-csx3-8b-7-5-3-6-1-2-
4:1.02105000,386854796_Deinococcus_gob_ CAS-1-A_4-2-1-5-7-8a2-3-
6:1.37160000)0.38:0.04011000,167628643_Heliobacterium_mod___ CAS-1-A_4-4-2-1-x-6-5-7-x-
3:0.15876000)0.88:0.14551000)0.87:0.17843000)0.61:0.10408000)0.32:0.17182000)0.69:0.16217000,((((392395715_Flexibacter_lit____unkn
own_2-x-1:0.44069000,379728402_Saprospira_gra____unknown_2-x-1:0.77932000)0.43:0.26216000,327314605_Prevotella_den___ CAS-
111_10-cmr6g7-5g10-csm3g7-x-csm3g7-csx1-csx1-1-Prim-2:0.60272000)0.91:0.33715000,15898244 _Sulfolobus_sol___ CAS-1-A_csx1-
€sabSS-7-5-csaxXg8-3-3HD-2-1-6:0.58386000)0.60:0.05277000,332668018_Haliscomenobacter_hyd___unknown_RT-1-PDEDxK-
2:0.97255000)0.80:0.16408000)0.66:0.05231000,(((((284040852_Spirosoma_lin____ CAS-1-B_8-7-5-3-6-1-2-
4:0.51641000,218961576_Cloacamonas_aci____ CAS-1-B_4-2-1-3HD-5-7-8-
6:0.33190000)0.91:0.29536000,21226660_Methanosarcina_maz___ CAS-I-B_4-2-1-6-3-5-7-8-
€sa3:0.27037000)0.00:0.11790000,150401498_Methanococcus_aeo_ CAS-I11-A_6-3-5-7-8-1-2-4-x-csx1-csm5g7-csm4g5-csm3g7-
€sm2SS-10:0.70927000)0.64:0.07037000,257125861_Leptotrichia_buc___ CAS-I11_csm3g7-6-X-X-X-X-X-X-4-2-1-X-X-CsX1-
€sx20:0.64294000)0.94:0.33287000, ((((34557934_Wolinella_suc____ CAS-11-B_9-1-2-4:0.68476000,54296140_L egionella_pne___ CAS-II-
B_9-1-2-4:0.49844000)0.85:0.41634000,118497354_Francisella_nov____ CAS-11-B_9-1-2-
4:0.44155000)0.97:0.63521000,332661940_Haliscomenobacter_hyd___ CAS-I11-B_2-1-x-RT-cmr6g7-x-cmr4g7-cmr3g5-
10:0.87623000)0.60:0.22102000,150398873_Methanococcus_van____ CAS-111-B_10-cmr3g5-cmr4g7-cmr5SS-cmrég7-x-x-6-1-
2:0.74887000)0.46:0.29206000)0.64:0.14281000)0.68:0.06174000)0.81:0.17631000,(((385805116_Fervidicoccus_fon____ CAS-1-A_R-3HD-
3-8a2-5-7-x-x-4-1-2-4-R-R-Xx-x-csm6-cmr6g7-cmrlg7-cmr5SS-cmr4g7:0.87975000,((((119720227_Thermofilum_pen___ CAS-III-
B_cmr3g5-10-cmr6g7-cmrlg7-cmr5SS-cmr4g7-1-2-3-csc1g5-csc2g7-x-10d:0.29880000,70607607_Sulfolobus_aci_ CAS-1-D_3-csclgh-
csc2g7-10d-R-6-x-2-4-1:0.72201000)0.98:0.47456000,(347523052_Pyrolobus_fum___ CAS-I-A_4-x-X-X-X-2-1-4-R-x-x-3HD-3-8a2-5-
7:0.53973000,((305663329_Ignisphaera_agg__ CAS-I-A_R-x-7-5-3-3HD-x-6-4-2-1-4:0.18600000,307595806_Vulcanisaeta_dis___ CAS-
I-A_6-3HD-3-x-5-7-x-R-Xx-4-2-1-4:0.43362000)0.50:0.11061000,(118431379_Aeropyrum_per____ CAS-1-A_6-8a2-3HD-3-5-7-csa5SS-R-4-
2-1-4:0.27746000,156937922_Ignicoccus_hos___ CAS-I-A_4-1-2-4-3HD-3-x-5-7-csa5SS-
R:0.70425000)0.69:0.22932000)0.44:0.18671000)0.91:0.29882000)0.58:0.04873000,124027532_Hyperthermus_but__ CAS-I-A_3-3-
csaxXg8-5-7-csa5SS-R-x-x-4-2-4-1-x-x-x-R:0.62624000)0.91:0.28271000,302347807_Acidilobus_sac__ CAS-I-A_6-x-4-2-1-4-cmr3g5-10-
cmrég7-csm3g7-cmr5SS-cmr4g7-csm6-x-csm6:0.54554000)0.84:0.27918000)0.20:0.13179000,15922976_Sulfolobus_tok_ CAS-1-A_R-4-
1-2-4-x-x-csa5SS-7-5-3-3HD-csaX@8:0.41222000)0.25:0.18822000,218884092_Desulfurococcus_kam___ CAS-1-A_6-3HD-3-csaXg8-5-7-
€sa5SS-R-4-2-1-4-R-x-cmr3g5-10-cmr6g7-cmrlg7-cmr5SS-
cmr4g7:0.81926000)0.92:0.64207000)0.74:0.09009000,(288560432_Methanobrevibacter_rum___ CAS-111-A_1-x-2-6-csx1-csmb5g7-
csm4g5-csm3g7-csm2SS-10:0.92672000,(11499460_Archaeoglobus_ful__ CAS-1-A_cmrlg7-csa3-csa5SS-7-5-csa8a2-3-3HD-2-4-1-
4:0.35880000,383319614_Methanocella_con___ CAS-I-A_4-1-4-2-csa3-X-X-X-X-X-7-X-X~
3:0.24133000)0.96:0.43829000)0.62:0.05416000)0.84:0.21065000)0.78:0.21994000,18311698_Pyrobaculum_aer___ CAS-I-A_3HD-3-x-x-
X-6-csa3-x-4-2-1-4:1.11375000)0.67:0.07248000,((50085558_Acinetobacter ADP___ CAS-I-F_3f-x-8f-5f-7f-6f-
1:0.49611000,(77166204_Nitrosococcus_oce_ CAS-I-F_3f-1-8f-5f-7f-6f:0.58084000,15602177_Pasteurella_mul____ CAS-I-F_8f-5f-7f-
6f-x-x-1-3f:0.71605000)0.71:0.25381000)1.00:2.48456000,(((90111482_Escherichia_col___ CAS-I-E_2-1-6e-5-7-cse2SS-8e-
3:0.19505000,77128445 Methylococcus_cap__ CAS-I-E_2-1-6e-5-7-cse2SS-8e-
3:1.08019000)0.71:0.19962000,21674789_Chlorobium_tep_ CAS-I-E_3-8e-cse2SS-6e-7-5-1-
2:1.33635000)0.81:0.25236000,(209966591_Rhodospirillum_cen___ CAS-1-E_2-1-6e-5-7-cse2SS-8e-
3:1.03342000,(86738747_Frankia_Ccl____ CAS-I-E_3-8e-cse2SS-7-5-6e-1-2:0.29430000,38234756_Corynebacterium_dip___ CAS-I-E_5-
7-cse2SS-8e-6e-3-1-2:1.16325000)0.85:0.31309000)0.72:0.13876000)0.81:1.00213000)0.76:0.43903000);



Cas4 Tree:

((170290047_Candidatus_Kor___CAS-1-A:0.32712000,126465227_Staphylothermus_mar___ CAS-I-
A:0.33457000)0.99:0.59491000,(((408402999_Candidatus_Nit___ CAS-1-A:0.46381000,(330509014_Methanosaeta_con___ CAS-I-
A:0.57219000,(11499463 Archaeoglobus_ful___ CAS-1-A:0.37486000,383319613 Methanocella_con___ CAS-I1-
A:0.37265000)0.99:0.34884000)0.65:0.14787000)0.92:0.15885000,167628645_Heliobacterium_mod___ CAS-I-
A:0.38142000)0.98:0.30697000,(((385805114_Fervidicoccus_fon__ CAS-1-A:0.87288000,(218884094_Desulfurococcus_kam__ CAS-I-
A:0.32294000,389861364_Thermogladius_cel__ CAS-I-

A:0.20434000)0.51:0.12318000)0.92:0.21199000,((15898287_Sulfolobus_sol___ CAS-1-A:0.39623000,15922974_Sulfolobus_tok___ CAS-I-
A:0.37770000)0.96:0.21913000,((18311700_Pyrobaculum_aer___ CAS-1-A:0.81016000,347523054_Pyrolobus_fum___ CAS-I-
A:0.43936000)0.20:0.06803000,18311773_Pyrobaculum_aer___ CAS-I1-
A:0.72574000)0.77:0.12556000)0.60:0.03377000)0.71:0.16243000,(((307595808_Vulcanisaeta_dis___CAS-I-
A:0.21634000,124027533_Hyperthermus_but __ CAS-1-A:0.57735000)0.86:0.10869000,(118431381_Aeropyrum_per___ CAS-I-
A:0.41512000,305663331_Ignisphaera_agg__ CAS-1-A:0.21018000)0.90:0.10812000)0.92:0.19835000,156937920_Ignicoccus_hos___ CAS-
1-A:0.23716000)1.00:0.68066000)0.23:0.03755000)0.78:0.09126000,((((111224946_Frankia_aln___ CAS-I-
B:1.13081000,(((((84489235_Methanosphaera_sta_ CAS-1-B:0.56652000,(14590111 Pyrococcus_hor___ CAS-I-
B:0.27203000,55376277_Haloarcula_mar___CAS-1-B:0.96864000)0.88:0.20644000)0.80:0.17828000,(389844446_Mesotoga_pri___ CAS-I-
B:0.83994000,41614818 Nanoarchaeum_equ__ CAS-I-
B:0.35613000)0.97:0.39504000)0.09:0.06437000,(289596695_Aciduliprofundum_boo___ CAS-I11-
A:0.79798000,(268317193_Rhodothermus_mar___ CAS-1-A:1.07613000,(154174706_Campylobacter_cur___ CAS-I-
B:0.73180000,28211140_Clostridium_tet_ CAS-I-
B:0.51649000)0.92:0.28583000)0.36:0.15318000)0.71:0.11810000)0.92:0.30744000,18977491_Pyrococcus_fur___ CAS-1-
B:0.40489000)0.57:0.16692000,(48477076_Picrophilus_tor___ CAS-1-D:0.57967000,292492937_Nitrosococcus_hal___ CAS-I-
D:2.06459000)0.80:0.65148000)0.91:0.44422000)0.99:0.77832000, ((((((((159898754_Herpetosiphon_aur___ CAS-I-
D:0.42938000,(38505683_Synechocystis_sp__ CAS-1-D:0.60781000,46255268_Thermus_the_ CAS-I-
A:0.79859000)0.87:0.17858000)0.86:0.16668000,(((86742031_Frankia_Ccl___CAS-I-
C:0.80886000,433631664_Mycobacterium_can___CAS-1-C:0.72421000)0.95:0.40152000,((189485222_uncultured_Ter___ CAS-I-
C:0.69171000,56965355_Bacillus_hal___check:0.50337000)0.86:0.25583000,108757432_Myxococcus_xan___ CAS-I-
C:0.55447000)0.02:0.08514000)0.98:0.37358000,(302391601_Acetohalobium_ara___ CAS-1-D:0.50266000,17229059_Nostoc_sp___ CAS-I-
D:0.66094000)0.17:0.14424000)0.77:0.10147000)0.49:0.10657000,344996860_Caldicellulosiruptor_lac___ CAS-I-
D:1.17966000)0.54:0.03556000,134299482_Desulfotomaculum_red___ CAS-111-
A:0.72503000)0.83:0.09076000,(((((39995168_Geobacter_sul___ CAS-1-Cu:0.18797000,83591519_Rhodospirillum_rub___ CAS-I-
Cu:0.67734000)0.91:0.14642000,320102061_Isosphaera_pal__ CAS-1-Cu:0.29118000)0.59:0.09049000,378719041_Gordonia_pol___CAS-
1-Cu:0.76296000)0.86:0.12732000,268318441_Rhodothermus_mar___ CAS-I-
C:0.35064000)0.86:0.14406000,134101617_Saccharopolyspora_ery__ CAS-llI-
A:0.92088000)0.97:0.30155000)0.76:0.10722000,(294828260_Leptospira_int___ CAS-I-
C:0.34485000,347756303_Candidatus_Chl___CAS-I-
C:0.62198000)1.00:0.82703000)0.79:0.16940000,76802275_Natronomonas_pha___ CAS-I-
D:1.19261000)0.84:0.23501000,167627879_Francisella_nov___check:2.53097000,219683006_Bifidobacterium_ani__ CAS-I-
Cu:1.03586000:0.60263000)0.12:0.15433000)0.19:0.04486000,(332296539_Thermodesulfobium_nar___ CAS-I1I-
A:2.10154000,(18311697_Pyrobaculum_aer__ CAS-I-
A:1.34349000,15896973_Sulfolobus_sol___check:2.11406000)0.32:0.26671000)0.02:0.20274000)0.43:0.05955000,(((18311770_Pyrobaculu
m_aer___ CAS-1-A:1.04920000,(124027531_Hyperthermus_but__ CAS-1-A:1.08384000,((156937923_Ignicoccus_hos__ CAS-I-
A:1.64041000,118431378_Aeropyrum_per___ CAS-1-A:0.62763000)0.73:0.12480000,(305663328_Ignisphaera_agg__ CAS-I-
A:0.64154000,307595805_Vulcanisaeta_dis__ CAS-I-
A:0.34920000)0.96:0.35574000)0.14:0.05870000)0.24:0.21397000)0.80:0.16355000,(385805117_Fervidicoccus_fon___ CAS-I-
A:1.48413000,(((218884091_Desulfurococcus_kam___ CAS-1-A:0.89263000,389861366_Thermogladius_cel___ CAS-I-
A:0.52075000)0.92:0.41883000,347523047_Pyrolobus_fum___ CAS-1-A:1.69446000)0.60:0.04774000,(302347806_Acidilobus_sac__ CAS-
1-A:1.01638000,(15898285_Sulfolobus_sol___CAS-1-A:0.78934000,15922977_Sulfolobus_tok___ CAS-I-
A:0.61606000)0.94:0.36412000)0.85:0.25630000)0.84:0.12943000)0.90:0.22262000)0.75:0.19330000, (((((((284040853_Spirosoma_lin___CA
S-1-B:0.63299000,21226659_Methanosarcina_maz___ CAS-1-B:0.36828000)0.01:0.10159000,(218961575_Candidatus_Clo___ CAS-I-
B:0.52444000,150401499 Methanococcus_aeo__ CAS-I-
B:0.46347000)0.16:0.01868000)0.89:0.24404000,257125860_L eptotrichia_buc___ CAS-111-
A:1.09081000)0.97:0.41375000,(383319611_Methanocella_con___ CAS-1-A:0.66135000,11499461_Archaeoglobus_ful___ CAS-I-
A:0.51463000)0.97:0.34472000)0.89:0.14938000,(330509015_Methanosaeta_con___ CAS-I-

A:0.50473000,408403002_Candidatus_Nit___ CAS-1-B:0.92921000)0.89:0.21520000)0.72:0.06975000,(((148656006_Roseiflexus_sp-
__CAS-1-B:0.57761000,386854795_Deinococcus_gob__ CAS-1-A:0.79274000)0.84:0.17086000,((54296141_L egionella_pne__ CAS-I1-
B:0.54352000,34557935_Wolinella_suc___CAS-11-B:0.66238000)0.97:0.37315000,118497355_Francisella_nov___ CAS-II-
B:0.54478000)0.98:0.50460000)0.41:0.18627000,167628644_Heliobacterium_mod___ CAS-I-
A:0.76117000)0.84:0.18847000)0.85:0.14480000,(170290049_Candidatus_Kor___CAS-I-
A:0.72124000,126465229_Staphylothermus_mar___ CAS-I-
A:0.38343000)1.00:0.75378000)0.80:0.11271000)0.89:0.21765000)1.00:0.90558000);



Supplementary Figure S3. Multiple sequence alignments of type | and type Il CRISPR
repeats. See Figure 3. The alignments of short (24-26 nt) type I-A (A) and long (37 nt) type |
and type Il (B) CRISPR repeats used to create the logoplots of consensus repeat

sequences are shown.

A

Pyrolobus fumarii 1A

Ignisphaera aggregans DSM 17230
Hyperthermus butylicus DSM 5456
Thermogladius cellulolyticus 1633
Desulfurococcus kamchatkensis 1221n
Pyrobaculum aerophilum str. IM2
Fervidicoccus fontis Kam940
Sulfolobus tokodaii str. 7
Sulfolobus solfataricus P2
Vulcanisaeta distributa DSM 14429
Sulfolobus solfataricus P2
Aeropyrum pernix K1

Ignicoccus hospitalis KIN4/
Acidilobus saccharovorans 345-15

Pyrobaculum aerophilum str. IM2

Desulfobacca acetoxidans DSM 11109
Porphyromonas gingivalis W83
Helicobacter cetorum MIT 00-7128
Heliobacterium modesticaldum Icel
Roseiflexus sp. RS-1

Deinococcus gobiensis -0

GAAACAAC-CAAGAATGAATTGAAAG
GAAAC-TCCCAAAAGGGAGTAGAAAG
GAACA-ACTCAAAAGAGAATTGCAAG
GAAGCAA-TCAAGAA-GAATTGAAAG
GAATA--CAATAGAAAGAATTGAAAG
GAA-TCT-CAAAAAGAGGATTGAAAG
GAA-TCTGTT-AGATAGAATTGAAAG
GATAA-TCCTTAATG-GAATTGAAAG
GATAA-TCTCTTAT-AGAATTGAAAG
GATAT-TCTCTAAAGAGAATAGAAGG
GATTAATCCCAAAAG-GAATTGAAAG
GCATA-TCCCTAAAGGGAATAGAAAG
GTGAAGTCTCAAAAGAGGATAGAAAG
GTTGCAACACCATCTCGTGGTTTCC-
GTTTCAACTATCTTTTGATTTCTG-G

GTCGCAATCCCTTCGTAATCAGGTCAATGAAGCAGAG
GTCTTAATAGCCTTACGGACTGTGTATGTATAGTGAG
GTTTCAATCCCCTTGAACGGGTCAATCTGTAATAAAT
GTTTCACTGGATGACCCGCTATGTAGGGGATTGAAAG
GTTTCAGTACTCTTCAACGAGTCGAAATTGCCGAAAT
GTTTCAGTCCCCTATCGCCCGGGGAGTACGTTGCGGC



Supplementary Figure S4. Multiple alignment of Cas9 sequences divided into 5 groups according to tree topology and operon
organization (Please see Supplementary Materials and Methods for details); Sequences are denoted by Genbank identifiers and
complete organism name on the first page and further by abbreviated organism name. Color bars on the left group sequences according
to the Cas9 tree topology (compare with Figure 4). S. pyogenes and A. naeslundii Cas9 strucutres with domain architecture are mapped
on the alignment. r - RuvC motifs, | - loops, R - Arginine-rich motif, N - HNH domain, h - helical lobe, 1 - REC1 recognition lobe domain, 2 -
REC2 recognition lobe domain, P - PAM recognition motifs. Functional and conserved amino acids are highlighted: yellow - catalytic,
green - RNA-binding, red - target DNA binding, blue - conserved or semi-conserved (see Figure 2). Consensus is predicted using the
"Consensus" online tool (http://coot.embl.de/Alignment//consensus.html). Map of conserved positions used for the tree reconstruction is

shown below each alignment block.

Jnet 331001027 EEEEEE EEEEEE E EEEEE---EEE EEE-EEEE-E
331001027 Parasutterella excrementihominis YIT 11859 1IGVGLDLGGTYTGTFIT: SHPSDE EHRDHS-SAFTVVNSEKLSF- --SSKSRTAV-R
34557932 Wolinella succinogenes DSM 1740 VSPISVDLGGKNTGFFSF: T DSLDNSQ-SGTVIYDES-FVL. -SQVGRRSK-R
54296138 Legionella pneumophila str. Paris LSPIGIDLGGKFTGVCLS HLEAFAEL- PNHANTK-YSV IL IDHNNFQL. -SQAQRRAT-R
319941583 Sutterella wadsworthensis 3 1 45B SCSIGIDMGAKYTGVFY; LFDRE-EL. PTNLNSK-AMTLVMPETGPRY: -VQAQRTAV-R
254447899 gamma proteobacterium HTCC5015 ISPIAIDLGAKFTGVALY QYLEGA DCTQEVA-KGLLVDDRGNVTW- —-SQEGRRGK-R
118497352 Francisella novicida U112 ILPIAIDLGVKNTGVFS, FYQKGTSL- ERLDNKN-GKVYELSKDSYTL- --LMNNRTAR-R
consensus/95% -..huhDhG...TG.... . . - -..R.u. R
consensus/85% -..huhDhG...TG.... - - -.-R.u. R
227494853 Actinomyces coleocanis DSM 15436# NYRIGIDVGLNSIGFCAV- EVDQHD TPLGFLN-LSVYRHDAG IDPNGKKT ======———--| NTTRLAMSGVAR
328956315 Coriobacterium glomerans PW2 DYSIGLDMGTSSVGW, ERGTL, HFKRKPT-WGSRLFREAQT, ARMP-|
227824983 aminococcus sp. D21 PSYHLL.

303229466 Veillonella atypica ACS-134-V-Col7a DYFVGLDIGTNSVGWAVT- N TSYELL-

34762592 Fusobacterium nucleatum subsp. vincentii ATCC 49256 DYYLGFDIGTNSVGWCVT- LDYNVL

374307738 Filifactor alocis ATCC 35896 EYYLGLDVGTNSVGWAVT- SQYNLC

320528778 Solobacterium moorei F0204 NYYLGLDVGTSSVGWAVT- D. TDYNVL.:

291520705 Coprococcus catus GD-7 EYFLGLDMGTGSLGWAVT: D. STYQVM

42525843 Treponema denticola ATCC 35405 DYFLGLDVGTGSVGWAVT- D. TDYKLL-

304438954 Peptoniphilus duerdenii ATCC BAA-1640 EYYIGLDIGTASVGWAVT: D. ESYNIP: KFNGKKM-WGVRLFDDAKTAE -

224543312 Catenibacterium mitsuokai DSM 15897 DYCIGLDLGTGSVGWAVV----D: MNHRLM KRNGKHL-WGSRLFSNAET,

116628213 Streptococcus thermophilus LMD-9 PYSIGLDIGTNSVGWAVT--TDNYKVPSKKMKVLGNTSK-=========—=——| KY IKKNL-LGVLLFDSGITAE:

24379809 Streptococcus mutans UA159 PYSIGLDIGTNSVGWAVV--TDDYKVPAKKMKVLGNTDK- —-SHIEKNL-LGALLFDSGNTAE-

13622193 Streptococcus pyogenes ML GAS 4CMP

domains (Jinek et al.)
catalytic residues (Jinek et al.)
domains (Nishimasu et al.)

catalytic residues (Nishimasu et al.)

310286728 Bifidobacterium bifidum S17
366983953 Oenococcus kitaharae DSM 17330
422884106 Streptococcus sanguinis SK49

339625081 Fructobacillus fructosus KCTC 3544 VYDVGLDIGTGSVGWVAL - ENGKL., RAKGKNL-VGVRLFDTAQTAA-
306821691 Eubacterium yurii subsp. margaretiae ATCC 43715 QYYIGLDVGTNSVGWAVT- TSYNLL. RAKGKDM-WGARLFEKANTAA.
336394882 Lactobacillus farciminis KCTC 3681 PYNIGLDIGTSSVGWAVT- N DNYDLL. NIKKKNL-WGVRLFEEAQTAK:
323463801 Staphylococcus pseudintermedius ED99 PYILSLDIGTGSVGYACM- KGFNVL KYHDKDA-LGVYLFDGALTAQ:
258509199 Lactobax lus rhamnosus GG NSHLL. RLKGETA-1GARLFREGQSAA.
169823755 Finegoldia magna ATCC 29328 EFYNIL. RAKGKDL-WGVRLFEKADTAA-
389815359 Planococcus antarcticus DSM 14505 NYTIGLDIGVASVGWVCI ENYKIL NYNNRHA-FGVHEFESAES,
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DYAISLDIGNASVGISAF----T

EEEEE--EEEEE HH

DYSVGLDIGTSSVGWAAIL -

PNYRL'
NKYHL1

RAKGHEL - 1GVRLFDPADTAE:
RAKSKNL-1GVRLFDSAVTAE-

NYSIGLDIGVSSVGYAVV-

EDYRVPAFKFKVLGNTEK-~-EKIKKNL-1GSTTFVSAQPAK-

consensus/95% -Y.huhDhG. .ShGa. . . - c.. hG...F..u..u. -
consensus/85% -Y.hGLDhG. .SVGahh. ....c.h hG...Fc.u.oA.....
Jnet 227501312 --EEEEEE----EEEEEE EE E-e==- E-EEEEEE----HHH----
47458868 Mycoplasma mobile 163K KVVLGLDLGIASVGWCLT----D: 1SQKED: NKFP11L-HGVRLFETVDDSDDK-
EVTIGLDL SVGWAIV- DN

284931710 Mycoplasma ga septicum str. F
71894592 Mycoplasma synoviae 53
363542550 Mycoplasma ovipneumoniae SCO1
384393286 Mycoplasma canis PG 14
consensus/95%

consensus/85%

KIVIGFDLGVASVGWS1V~----NA

ETNIIHH-LGSRLFSQAKTAE-
ETKEVID-LGVRLFSEPEKAD:

NITIGFDLGIASIGWATLI -DS

TTSKILD-WGTRTFEERKTAN

KVTLGFDLGIASVGWAIV----DS
-h.hGhDLGBhuShGW.h.
-h.hGhDLGhuShGW.h.

ETNQVYK-LGSRLFDAPDTNL -
....hh. hG.R.F...c.
....hh. hG.R.F...c.

238924075 Eubacterium rectale ATCC 33656 KYTLALDIGIASVGWAIL DK ESETVIE-AGSN I FPEASAADNQ-~
315149830 Enterococcus faecalis TX0012 MYSIGLDLGISSVGWSVI DE- RTGNVID-LGVRLFSAKNSEKNL -~
116627542 Streptococcus thermophilus LMD-9 DLVLGLDIGIGSVGVGIL-~-~-NK: /TGE I IH-KNSR I FPAAQAENNL -~
315659848 Staphylococcus lugdunensis M23590 KFILGLDIGITSVGYGLI DY ETKN11D-AGVRLFPEANVENNE-
160915782 Eubacterium dolichum DSM 3991 RLVLGLDIGITSVGFGII DL DESE1VD-YGVRLFKEGTAAENE-
325677756 Ruminococcus albus 8 NYYLGLDVGIGSIGWAVI----N1 EKKRIED-FNVRIFKSGE I QEKNRN-~ --SRASQQCRRS-R
225377804 Roseburia inulinivorans DSM 16841 QYRIGLDIGITSVGWAVL. QNNSQD: EPVRITD-LGVRIFDVAENPKNG-~ —--DALAAPRRDA-R
336393381 Lactobacillus coryniformis subsp. torquens KCTC 3535 GYRIGLDVGITSTGYAVL KTDKN! LPYKILT-LDSVIYPRAENPQTG- ASLAEPRRIK-R

310780384 Ilyobacter polytropus DSM 2926

KYSIGLDIGIASVGIWSV 1 ----NK

--SSLASSRREK-R

KDERIED-MGVR I FQKAENPKDG-~
- h -

consensus/95% -h.huLDhGI .S.Ghuhh - ...h.. ....ha. - --.-.--R._R
consensus/85% -h.hGLDhGI .ShGauhh - ....h.c h...hF. -....-RR.. R
301311869 Bacteroides sp. 20 3 KKIVGLDLGTNSIGWALI N Y INKE HLYGIEA-CGSRI IPMDAAILGNFDKGNS---~--- ISQTADRTSY-R
385811609 Ignavibacterium album JCM 16511 KKVLGLDIGTNSIGCALL S LPKSIQDY: KGGRLEW-LTSRV IPLDADYMKAF I DGKNGLPQV-1TPAGKRRQK-R
60683389 Bacteroides fragilis NCTC 9343 KRILGLDLGTNSIGWALV- N EAENKD ERSSIVK-LGVRVNPLTVDELTNFEKGKS--- ITTNADRTLK-R
319957206 Nitratifractor salsuginis DSM 16511 KKILGVDLGITSFGYAIL--QET GK DLYRCLD-NSVVMRNNPYDEKSG-~=======~~-! ESSQSIRSTQ-K
187250660 Elusimicrobium minutum Peil91 PYRIGLDLGVGSIGFAIVS-MEE: NDGNVL. LPKET IM-VGSRIFKASAGA DRKLS-R
325972003 Sphaerochaeta globus str. Buddy PYSIGLDLGVGSIG A YDP IKK: QPSDLVF-VSSRIFIPSTGAA
296446027 Methylosinus trichosporium OB3b MRVLGLDAGIASLGWAL IE-IEE SNRGEL. SQGT 1 1G-AGTWMFDAPEEKTQAGA: KLKSEQRRTF-R
347536497 Flavobacterium branchiophilum FL-15 AKILGLDLGTNS IGWAV- VERENI DFSLID-KGVRIFSEGV-KSEKGIE- SSRAAERTGY-R
345885718 Prevotella sp. C561 QKVLGLDLGTNSIGS, RNLDLSD DLQWQLEFFSSD I FRSSVNKESNGRE - YSLAAQRSAH-R
282880052 Prevotella timonensis CRIS 5C-Bl KRILGLDTGTNSLGWAV: VDWDEH QSYEL IK-YGDVIFQEGV-KIEKGIE- SSKAAERSGY-K
282880052 Prevotella timonensis CRIS 5C-Bl KRILGLDTGTNSLGWAVV: DWDEHA QSYEL IK-YGDVIFQEGVKIEKGIE SSKAAERSGY-K
312879015 Aminomonas paucivorans DSM 12260  —————o MIGEHVRGGCLF-~---D DHWTPN WGAFRLP-NTVRTFTKAENPKDG- SSLAEPRRQA-R
294086111 Candidatus Puniceispirillum marinum IMCC1322 MRRLGLDLGTNSIGWCLL. DLGDD! EPVSIFR-TGARIFSDGRDPKSL - GSLKATRREA-R
330822845 Alicycliphilus denitrificans K601 RYRLALDLGSTSLGWALF RLDACN RPTAVIK-AGVR I FSDGRNPKDG- SSLAVTRRAA-R
344171927 Ralstonia syzygii R24 QHRWGLDIGTNSIGWAVI LIE RPAGLVA-TGSR IFSDGRNPKDG- SSLAVERRGP-R
159042956 Dinoroseobacter shibae DFL 12 ~MRLGLDIGTSSIGWWLY--ETD: GAGSD. RITGVVD-GGVRIFSDGRDPKSG- ASLAVDRRAA-R
83591793 Ilum rubrum ATCC 11170 PWILGLDIGTDSLGWAVF--SCE EKGPP!
288957741 um sp. B510 PYRLSFDLGTNSIGWGLL. NLDRQ!
427429481 Ilum salinarum AK4* RWSLALDIGEGS I GW; EVDAE! --TYVAHGAA-D-R
92109262 Nitrobacter hamburgensis X14 LYRLGLDLGSNSLGWFVT--HLE KRGDRH —--TSNAVDRRMA-R
148255343 Bradyrhizobium sp. BTAil AYRLGVDLGANSLGWFVV--WLD: DHG QSNAAGRRLA-R
34557790 Wolinella succinogenes DSM 1740 ERILGVDLGISSLGWAIV----E 'YDKDDE: ESPNKARREA-R
218563121 Campylobacter jejuni subsp. jejuni NCTC 11168 ARILAFDIGISSIGWAFS. ENDELKD-CGVRIFTKVENPKTG-- —--ESLALPRRLA-R
Jnet 218563121 ~-EEEEEE---- E---EEE---EEEE. HHHHHH-H
291276265 Helicobacter mustelae 12198 IRTLGIDIGIASIGWAVI--EGE YTDKGL- ENKE 1VA-SGVRVFTKAENPKNK -~ —--ESLALPRTLA-R
222109285 Acidovorax ebreus TPSY QHVFGLDIGIASVGWAIL GEQR1 1D-LGVRCFDKAETAKEG- DPLNLTRRQA-R
365156657 Bacillus smit 7 3 47FAA NYKMGLDIGIASVGWAVI NL DLKRIED-LGVRIFDKAEHPQNG-~ --ESLALPRRIA-R
220930482 Clostridium cel olyticum H10 KYTLGLDVGIASVGWAVI DK. DNNK11D-LGVRCFDKAEESKTG
297182908 uncult.delta proteobacterium HFOO70 07E19 EYTLGLDLGIKSIGWAIL SGERIAN-AGVYLFETAEELNSTGNKL. SKAAERGRK-R
154250555 Parvibaculum lavamentivorans DS-1 ERIFGFDIGTTSIGFSVI DYSSTQ SAGNIQR-LGVRIFPEARDPDGT -~ -PLNQQRRQK-R
218767588 Neisseria meningitidis Z2491 NYILGLDIGIASVGWAM EID-ED ENPICLID-LGVRVFERAEVPKTG-~: --DSLAMARRLA-R
15602992 Pasteurella multocida str. Pm70 SYILGLDLGIASVGWAVV: EIN-EN EDPIGL ID-VGVRIFERAEVPKTG-~: --ESLALSRRLA-R
187736489 Akkermansia muciniphila ATCC BAA-835 SLTFSFDIGYASIGWAVI SASHDD ADPSVCG-CGTVLFPKDDCQA--~ ---FKRREY-R
315605738 Actinomyces sp. oral taxon 180 str. F0310 RYRVGIDVGLRS IGFCAV: EVDDED HPIRILN-SVVHVHDAGTGGPGETE ~SLRKRSGVAA
117929158 Acidothermus cellulolyticus 11B TWRLGVDVGERS IGLAAV- SYEED KPKEILA-AVSWIHDGGVGDERS-- GASRLALRGMAR
189440764 Bifidobacterium longum DJO10A RYRIGIDVGLNSVGLAAV: EVSDEN SPVRLLN-AQSV IHDGGVDPQKNKE AITRKNMSGVAR
584580150 Actinomyces naeslundii str. Howell 279 HLRVGIDVGTHSVGLATL RVDDH! TPIELLS-ALSHIHDSGVGKEGKKD-~ --HDTRKKLSGIAR
= EE EEEEE-EEEEE HHHHH
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403744858 Alicyclobacillus hesperidum URH17-3-68 AYRLGLDIGITSVGWAVV- LEKDESG LKPVRIQD-LGVRIFDKAEDSKT -~ GASLALPRREAR
407803669 Alcanivorax sp. W11-5 RYRVGLDLGTASVG, F SMDEQ NPMEL IW-HYERLFSEPLVPDM —-GQLKPKKAARRLA-R
423317190 Bergeyella zoohelcum ATCC 43767 KHILGLDLGTNSIGWALI ERNIE EKYGK I 1G-MGSR1VPMGAELSK-~ FEQGQAQTKNADRRTN-R
402847315 Porphyromonas sp. oral taxon 279 str. F0450 KHVLGLDLGVGSIGWCLI ALDAQ DPAEILG-MGSRVVPLNNATKAIEA----FNAGAAFTASQERTAR-R
404487228 Barnesiella intestinihominis YIT 11860 KNILGLDLGLSSIGWSVI RENS: EEQELVA-MGSRVVSLTAAELSS FTQGNGVSINSQRTQK-R
374384763 Odoribacter laneus YIT 12061 ETTLGIDLGTNSIGLALV- DQ EEHQILY-SGVRIFPEGINKDTI - —--GLGEKEESRNATRRAK-R
384109266 Treponema sp. JC4 KWRLGLDLGTNSIGWSVF: SLDKD. NSVQDL ID-MGVR I FSDGRDPKT: --KEPLAVARRTA-R
402849997 Rhodovulum sp. PH10 GIRFAFDLGTNS IGWAVW- RTGPGVFGE: DTAASLDG-SGVL I FKDGRNPKD: -GQSLATMRRVP-R
consensus/95% ...huhDhG..ShG..h.. ... ... ...... h
consensus/85% ...huhDhG..ShGh.hh. ... .........  L.... h T 1 R....R
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#map




Jnet 331001027

P. excrementihomi
W. succinogenes
L. pneumophila
S. wadsworthensis
HTCC5015

F. novicida
consensus/95%
consensus/85%

A. coleocanis

C. glomerans
Acidaminococcus D21
V. atypica

F. nucleatum

F. alocis
S. moorei
C. catus
T. dentic
P. duerdenii

C. mitsuokai

S. thermophilus
S. mutans

S. pyogenes

domains
catalytic residues
domains
catalytic residues

S. sanguinis
F. fructosus

pseudintermedius
L. rhamnosus

F. magna

P. antarcticus
consensus/95%
consensus/85%

Jnet 227501312
M. mob
M. gal
M. synoviae

M. ovipneumoniae
M. canis
consensus/95%
consensus/85%

E. rectale

E. faecalis

S. thermophilus
S. lugdunensis
E. dolichum

R. albus

R. inulinivorans
L. coryniformis
1. polytropus
consensus/95%
consensus/85%

Bacteroides sp.20
1. album

B. fragilis

N. salsuginis

- minutum

S. globus

M. trichosporium
F. branchiophilum
Prevotella C561
P. timonensis

P. timonensis

A. paucivorans
P. marinum

A. denitrificans
R. syzygii

D. shibae

R. rubrum
Azospirillum B510
C. salinarum

N. hamburgensis

Bradyrhizobium BTAil

W. succinogenes
C. jejuni

Jnet 218563121

H. mustelae

A. ebreus

B. smithii

C. cellulolyticum
HF0070_07E19

P. lavamentivorans
N. meningitidis
P. multocida

A. muciniphila
Actinomyces F0310
A. cellulolyticus
B. longum

A. naeslundii

domains
catalytic residues

A. hesperidum
Alcanivorax W11-5
B. zoohelcum
Porphyromonas F0450
B. intestinihominis
0. laneus
Treponema JC4
Rhodovulum PH10
consensus/95%
consensus/85%
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DYLKKYPTI'YH--
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TARRRLDRRNWR 1QVLQE I FSEE I SK-VDPGFFLRMKES-KYYPEDKRDAEGNCPEL -
GARRRIERRKKR IKLLQELFSQE I AK-TDEGFFQRMKES-PFYAEDKTILQ--~

NYHKDYPTI'YH-~
TYHKAYPT INH-~

GSRRRLNRRKER INLLQDLFATE I SK-VDPNFFLRLDNS-DLYREDKDEKLKS-

DYHKKYPT IHH--

TYYHKYPTIYH-~

SIRRRYNKRRERIRLLRAILQDMVLE-KDPTFFIRLEHT-SFLDEEDKAKYLGTDYKD.

TARRRYTRRRNRILYLQE IFSTEMAT-LDDAFFQRLDDS-FLVPDDKRDS
TARRRYTRRRNRILYLQE I FSEEMGK-VDDSFFHRLEDS-FLVTEDKRGE~

YHDEFPTI'YH--
YHENFPTI'YH--

TARRRYTRRKNR I CYLQE I FSNEMAK-VDDSFFHRLEES-FLVEEDKKHE - RHPIFGNIVDEV

YHEKYPTIYH--
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TTRRRYSRRRWRLRLLDALFDQALSE- IDPSFLARRKYS-WVHPDDENNADCWY - GSVLFDSNEQDKR: FYEKYPTIYH--
TTRRRLSRRHWRLRLLND I FAGPLTDFGDENFLARLKYS-WVHPQDQSNQAHFA. AGLLFDSKEQDKD- FYRKYPTIYH--
VNRRRIDRRNHRITYLRD I FQKE I EK-VDKNFYRRLDESFRVLGDKSEDLQIK~ -QPFFGDKELET, YHKKYPTIYH--
TTRRRLSRRKWRLRLLDELFSAE INE- IDSSFFQRLKYS-YVHPKDEENKAHYY- GGYLFPTEEETKK FHRSYPTIYH--
TSRRRSEREKARKAMLKELFADE INR-VDPSFF IRLEESKFFLDDRSENNRQRY- ~TLFNDATFTDKD: YYEKYKTIFH--
STRRRYRRRKNR INWLNE IFSEELAK-TDPSFL IRLQNS-WVSKKDPDRKRDKY ~NLFIDGPYTDKE: YYREFPTIFH--
TSRRRKNRRIKRLGLLQELLAPLVQ---NPNFY-QFQRQFAWKNDNMDFKNKSL.- KKYPTIYH--
TTRRRLSRTRWRLSFLRDFFAPHITK- IDPDFFLRQKYS-E I SPKDKDRF-~- EFYEDYPSMYH--
SGRRRNDRKGMRLQ ILRE I FEDE IKK-VDKDFYDRLDES-KFWAEDKKVSG- QYFEKFPTIFH--
GMRRRYNRRKKRLQLLQSLFDSY IT---DSGFFSKTDSQHFWKNNN-EFENRSL. TEVLSSLRISS RKYPTIYH--
--RRR..cc..Rh.hL..hh...h -.-h.. S a.ThaH

-.RRRh.Rc..Rh.hL..hF...h_.. ...ho. - .ah..aPTlaH

---HHHHHHHHHHHHHHHHHHHHH - - - ————| HH H HHH-———-| HHH--
GQRRRNRRLFTRKRDF IKYLIDN-NI-1ELEFDKNPKIL-VRNFIEKY -—=-—-———mmemm— INPFSKNLELKYK: SVTNLPIGFHN--
GVRRLIRRRKYKLKRFVNL IWKYNSY-F GFKNKEDILNNYQ EQQKLHNTVLN--

TTRRLLRRKKFKREKFHKL ILKNAEI-F

GLQSRNEILNVYK:

STRRNIRRKAYRNQRF INL ILKYKDL-F-

ELKNISDIQRANKKDTENYEKIISFFTEIY

DQSSKYRNILK--
KKCAAKHSNILE-~

GTRRLLRRRKYRNQKFYNLV-KRTEV-F GLSSREAIENRFR

ELSIKYPNIIE--

-.RR..RR...c..cFh.hh.c...h h. - .-h. -
--RR._.RR...c..cFh.hh.c...h h. - --hooo -

GAKRNNRRLKTR INDF IKLWENN NLSIPQF: KSTEIVG--
GGRRL IRRKTNRLKDAKKIL. \VGFYEDKSLKNS. CPYQ--
QGRRLARRKKHRRVRLNRLFEES LIT DFTKISINLNPYQ--
GSRRLKRRRIHRLERVKKLLEDY: NLLDQ SQIPQSTNPYA--
GGRRLKRRRVTRREDMLHLLKQ: 11S TSFHPLNNPYD--
GLRRLYRRKSHRKLRLKNYLSIH1 GLTTSEKIDYYYE TADNNVIQ--
TTRRRLRRRRHRLERIKFLLQENG LIEMDSFMERYYK: NLPDVYQ--
GLRRRTRRTKFRKQRTQQLFIHS GLLSKPEIEQIL, TPQAKYSVYE--
GSRRRNRRKKHRLDRIKNILCES GLVKKNEIEK1YK: NAYLKSPWE--
-.CR..RR...R..c...hh.._. - .- --h.

-.RR..RR...R..ch..hh..._ -

GIRRLRERHLLRRERLHRILDLL-GF-LPKHYSDSLNRY-GKFLNDIEC:

KLPWVKDETGSYKF IFQESFKEMLANFTEHHP ILIAN

Cih.

NKKVPYDWTIYY-~

GSRRLKHRYKLRRSRL IRVFKTL-NW-LPEDFPLDNPKRIKET ISTEGKFSFRISD- YVP ISDESYREFYREFGYPENE I EQV I EE INFRRKTKGKNKNPMIKL LPEDWVVYY--
GMRRNLQRYKLRRETLTEVLKEH KLITEDTILSE NGNRTTFETYR--
SMRRL IEKRKKR IRCVAQTMERY GILDYSETMKIND: PKNNP IKNRWQ-~
GQRNNHRHTRERMRYLWKVLAEQ-KL. LPVPADLDRKEN SEGETSAKR FLGDVLQKDIYE-~
GQRNSLRHRANRLKFLWKLLAER-NL. MLSY: EQDVPDPARLRF EDAVVRANPYE--
GQRRVVRRRRQRMNEVRR ILHSH GLLPSSDRDALKQ PGLDPWR-~
SARKIKYRRKLRKYETLKVLSLN-RMCP-LSIEEVEEW- KKSGFK DYPLNP-EFLKWL TDEESNVN PYF--
RSRGLNEVRRRRLWATLNLL IKH-GFCP-MSSESLMRWCTYDKRKGLFR-=========~~~-| EYPIDDKDFNAWIL. LDFNGDGRPDYSSPYQ--
AIRKQYFRRRLRKIQVLKVLVKY-HLCPYLSDDDLRQW: HLQK. QYPKSD-ELMLWQR TSDEEGKN. PYY--
ATRKQYFRRRLRKIQVLKVLVKY-HLCPYLSDDDLRQW-: HLQK. QYPKSDELMLWQR: TSDEEGKNPYY -~
GLRRRLRRKTQRLEDLRRLLAKE GVLSLSDLETLFR: ETPAKDPYQ--
LTRRRRDRF IQRQKNL INALVKY- GLMPADE 1QRQAL. YKDPYP-~
AMRRRRDRLLKRKTRMQAKLVEH GFFPADAGKRKAL. EQLNPYA--
QMRRRRDRYLRRRDRFMQAL INV GLMPGDAAARKAL. VTENPYV--
AMRRRRDRYLRRRATLMKVLAET: GLMPADPAEAKAL. EALDPFA--
RARRQTRTWPWRRDRL I ALFQA, GLTPPAAETRQI LA--
QMRRRRDRYLTRRTRLMGALVRF GLMPADPAARKRL. EVAVDPYL--
AVRGQQQRHDSRRRRLAG-LARL. CAPVLERSPEDLKDLTRT: PPKADPRAIF
GARKRRDRFVERRKEL IAAL IKY NLLPDDARERRAL EVLDPYA--
SARRRRDRYLQRRGKLMGLLVKH GLMPADEPARKRL. ECLDPYG--
GIRRVLNRRRVRMNMIKKLFLR, GL 1QDVDLDGEGGM FYSKANRADVWE -~
SARKRLARRKARLNHLKHL IANEFKL. NYEDYQSFDESL. KAYKGSLISPYE-~
~~HHHHHHHHHHHHHHHHHHHH. HHH--
SARRRNARKKGR 1QQVKHYLSKALGL. DLECFVQGEKLATL. FQTSKDFLSPWE--
LLRRRLYRRAWRLTQLSRLLKRK: L IADAKLF; KAPSYGDSAWE--
SARRRLRRRKHRLERIRRLLVSE NVLTKEEMNLLFK: KKQIDWWQ--
GMRRRISRRSQRLRLVKKLFVQYE 1 IKDSSEFNRIFD TSRDGWKDPWE -~
RIRRMLDRKARRGRHIRYLLEREG LPTDELEEVVVHQ SNRTLWD-~
MMRRQLRRRRIRRKALNETLHEAGF LPAYGSADWPVV- MADEPYE-~
SVRRLTRRRAHRLLRARRLLKR EGVLQA DFDENGL IKSLPNTPWQ--
STRRLIRRRAHRLLLAKRFLKR EGILSTI DLEKGLPNQAWE-~
RLRRNIRSRRVRIERIGRLLVQ, QIITPEM KETSGHPAPFY--
RARRRGRAEKQRLKKLDVLLEEL GWGVSSN-ELLDS: HAPWH--
RARRLRRFRRARLRDLDMLLSEL GWTPLPDKNVSPV- DAWL--
RTRRMRRRKRERLHKLDMLLGKF GYPVIEPESLDKP: FEEWH--
RARRLLHHRRTQLQQLDEVLRDL. GFPIPTPGEFLDL. NEQTDPYRVWR--
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SARRRTRRRRHRLWRVKRLLEQHGI
QQRRQIDRRASRLRRIAIVSRRLGI PGRNDSGVH

LSMEQIEALYAQRTSS

PDVYA--
NDVPT--

GARRLNKRYKQRRNKL 1Y ILQKLDM

LPSQIKLKEDFSDPNK:-

IDKITILPISKKQEQLT,

TMRRGFARYQLRRYRLRRELEKVGM LPDAALIQLPL.
TQRKGYDRYQLRRTLLRNKLDTLGM LPDDSLSYLPK.
QMRRQYFRKKLRKAKLLELL IAYDM CPLKPEDVRRWKNWDK:

SQRKL I'YRRKLRRKQVFKFLQEQGL. FPK--TKEECMTLK

QSRKRRDRFVLRRRDLLAALRKAGL.

QQKSTVRQFPDTPAFREWLK

FPV--DVEEGRRLAA

e e e e e e e e e S e




Jnet 331001027 = ————mmmm—mmm—m—mm HH-———-—~ HHHHHHHHHHHHH----EEE. H HHHHHHHH. HHHHHH HH
P. excrementihomi PE RENLRIALSGYLKRRGYARTEAE-=~=====--——~~~ TDTSVLESLDPSVFSSAPSFTNFFN--DSEPLNIQWEAIANSPE. TTKALN KELSGQK---~
W. succinogenes DVLPDE IRGLFNKRGYTYAGFE- ~-LDEKKKDALESDTL --KEFLSEKLQS IDRDSDVEDFLNQIAS NAESFK DYKKGF---~

L. pneumophila NAKEETALCHYLNNRGYTYVDTD- LDEY IKDETTINLL--KELLP: ESEHNF IDW- FLQKMQ

S. wadsworthensis TDEE WKRGREALSGLLKRRGYSRPNADG EDLTPLENVRADVFAAHPAFSTYFS--EVRSLAEQWEEFTANIS NVEKFL. GDPNIPA----
HTCC5015 EEV- TEPLLKFINGLLNRRGYTY I-—-— —-SEEVDEESMNVSPLPFSEMMPDYFN--SSAPLLEQLAKLLSDKN KLVRFR EGKIPS--
F. novicida DKDTQQAISFLFNRRGFSFI

consensus/95% . - -.h..hh._ RGa. -

consensus/85% . -.h..hh._RGa... - .-

A. coleocanis

EKLATAVRHIARHRGWRSPWVP-

C. glomerans ~VR-SWLM. RLIYLALHNIVKHRGNFLREGQ
Acidaminococcus D21 -L1-VDLM ESSEK---HDP- RLVYLAVAWLVAHRGHFLNEVD.
V. atypica ~LR--KDL. MENGT---DDI RKLFLAVHHILKYRGNFLYEGA
F. nucleatum —=-RLIYLALHS IFKSRGHFLFEGQ
F. alocis ~RLIYLALHNIIKTRGHFL IDGD
S. moorei —=--RLVFLALHHL IKYRGHF I'YDNS
C. catus ETTEI---PDI RLVYLVLHHMMKHRGHFLLSGD
T. dentic ENKVK---PDP- —==-RLLYLACHNI IKKRGHFLFEGD

P. duerdenii
C. mitsuokai

RLLYLACHYLLKNRGHF IFEGQ

RLIYLALHHIVKYRGNFLYEGQ

S. thermophilus ~LR-KYL/ DSTKK---ADL RLVYLALAHM I KYRGHFL I EGE
S. mutans ~LR-QYL, DNPEK---VDL RLVYLALAHI I KFRGHFL 1EGK
S. pyogenes ~LR-KKLV----| DSTDK-~~ADL -~~~ RLIYLALAHMIKFREHF1 EGD
—HH-HHHH---—-| Hemmmmmme | Hemmmmmm HHHHHHHHHHHH
domains hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

catalytic residues
domains
catalytic residues

~LR-KALM EDDSQ---HDI RETYLAITHHMVKYRGNFLVEGT
-LR-LALM NDDQK--~HDL. REV-—--- HLVKYRGHFL IEGD:
S. sanguinis ~LR-KHL, DADKNSPVADI REVYMAISHILKYRGHFLTLDK
F. fructosus -LR-QELM QPNKR--FD1 RETYLAIHHLVKYRGHFLSSQE.
-LR-SALI NSDEK---FDV- RLVFLAILNLFSHRGHFLNASL.

hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
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RLIYLALHNILKYRGNFTYEHQ

pseudintermedius -LQ-EALL: ~ELIYMALYHLVKYRGHFLFDHL
L. rhamnosus -LR-LHLM-- —--REIFLAIHHILKSRGHFLTPGA
F. magna -LR-KYLM EEHGK---VDI RYYFLAINQMMKRRGHFL I1DGQ
P. antarcticus -LR-SDLI----- ESNKK---MDL-------~ RLVYLALHNLVKYRGHFLQEGN-
consensus/95% 3 D. c.hhhh...hh..RG.F.....
consensus/85% L....Lho. ... D. R.hahAh. .hhK.RG.Fh....
Jnet 227501312 ~HH--HHH----- H H HHHHHHHHHHHHH
M. mob -LR-KAAI NEKYK---LDK. ELIVLLYFYLSLRGAFFDNPE
M. gal -LK-SEAL. NAK---1DP KALSWILHDYLKNRGHFYEDNR:
M. synoviae -LK- SELVWILRDYLQNRGYFYKN

M. ovipneumoniae -VK-VKAL: DSK---IEK: LDLIWILHDYLENRGFFYDLEEE

M. canis -LK-TKAL. SQE---VCP: DETAWILHDYLKNRGYFYDEKE-
consensus/95% hc ..Ah -...c h.. -.h.hhL..YL._RGhFac....
consensus/85% hc ..Ah -...C h.. --h.hhL._YL._RGhFac....

E. rectale -LK-VRAI TEE-—-1TL. DELYLILYSYLKHRGISYLEDALDDT-
E. faecalis -LR-VKGL. ETYKVTLHILKKRGISYLDEV-

S. thermophilus -LR-VKGL. TDE---LSN: EELFIALKNMVKHRG ISYLDDAS

S. lugdunensis -IR-VKGL. SEA---LSK: DELVIALLHIAKRRGIHKIDVIDS

E. dolichum -VR-VKGL. NER---LNG EELATALLHLCKHRGSSVET IEDDEAK

R. albus -LR-NKGL: SEK---LTP EEIAACLIHICNNRGYKDFYEVNVED IED:

R. inu ivorans -LR-YEGL. DRK---LKD EELAQVL IHIAKHRGFRSTRKAETK

L. coryniformis -LR-VAGL. DRR---LTN ELFRVLYFF IGHRGFKSNRKAELNP-

1. polytropus -LR-AKSL. EAK---1ISN KETAQILLHIAKRRGFKSFRKTDRN

consensus/95% hc ..uh ... h.o. -Ehh..... h...RG....

consensus/85% hR hcuL -C. h.. -Ehh.hLh.h._cRGh. ..

Bacteroides sp.20 -LR-KKAL. TQK---1SK: EELAWILLNFNQKRGYYQLRGE-EEETPNKLVEYYSLKVEKVEDSG

1. album -LR-KKAL: EELIRIIYLFNQRRGFKSSRKD-LTETA--1LDYDEFAKRLAEKEKYSAENYETKFVS I TKVKEVVELK:
B. fragilis -LR-AKAV- TEE---1SL. EEFARVLLMINKKRGYKSSRKAKGVEEGTL IDGMD IARELYNNNLTPGELCLQLLDAGKKFLPDFYRSDL
N. salsuginis —-LRAVDAW- KRP---LSP QELFAIFAHMAKHRGYKSIATE--—-——=————mmm e e | DLIYELELELGLNDPEKE:

- minutum -LR-VKSL. DER---LSL
S. globus -LR-LKGL--
M. trichosporium -1R-AEAL--
F. branchiophilum -FR-DRAS: KHK---VSL
Prevotella C561 -LR-RELV--

QELGYVLYHIAGHRGSSAIRTFENDSE-
—--SELGYALYHIANHRGSSSVRTFLDEEK
~-=-VELAVALGH I ARHRGFKSNSKGAKTNDP
FELGRAFYHIAQRRGFLSNRLDQSAEGILEEHCPKIEAIVEDLISIDEISTNITDYFFETGILD
-TRQ---FDFEQP 1ER--YKLGRALYHIAQHRGFKSSKGETLSQQETNSKPSSTD

P. timonensis
P. timonensis
A. paucivorans

~HEK---LDLTVEADR-~

YTLGRALYHLTQRRGFLS

-LR-AEGL. DRP---LSF

PEWVRVLYHITKHRGFQS

P. marinum YEMGRAI FHINQRRGFKS
A. denitrificans EFARALFHINQRRGFKS
R. syzygii DQA---LTL PEFGRALFHLNQRRGFQS
D. shibae ~LR-AAGL DEP---LPL PHLGRALFHLNQRRGFKS
R. rubrum  —LR-REAV-———==-SRP-=—LAP-——————-| DALWAALLHLAHHRGFRS

Azospirillum B510
C. salinarum

N. hamburgensis
Bradyrhizobium BTAil
W. succinogenes

C. jejuni -LR-FRAL. NEL---LSK QDFARVILHIAKRRGYDD
Jnet 218563121 ~HH-HHHH. HH HHHHHHHHHHHHH
H. mustelae -LR-ERAL. YRV---LDK EELARVILHIAKRRGYDD

A. ebreus LEWARV I YHQCKHRGFHW-
B. smithii DELARVLLHLAKRRGFKS:
C. cellulolyticum  -LR-YNAL-------SRI-—-LKP-—-——-—- YELVQVLTHITKRRGFKS:
HF0070_07E19 QELAAVLFHLVRHRGYFP:

P. lavamentivorans
N. meningitidis

P. multocida

A. muciniphila
Actinomyces F0310
A. cellulolyticus
B. longum

A. naeslundii

domains
catalytic residues

A. hesperidum -LRVAGLD EETARVLIHIAHRRGFQS
Alcanivorax W11-5 ~LRAMAVN ER---1EL. QLRAVLLRMGKKRGYGG
B. zoohelcum ~LRVKALT: EK---VGL. EDLGK 1 1'YKYNQLRGYAGGSLEPEKED I FDEEQSKDKKNKSF I AFSK I VFLGEPQEE I FK
Porphyromonas F0450 -LRERAATAG RR---LTL. PELGRVLCHINQKRGYRH
B. intestinihominis ~LRAKAVT: QR---1EL. NELGRVLLHLNQKRGYKS
0. laneus ~LRKQAVT: ED---VTR PELGRILYQMIQRRGFLS
Treponema JC4 ~-LRIKALD EK---LEP: YELGRALFNLAVRRGFKS
Rhodovulum PH10 ~LRAKALD ES---LTP HEMGRV IFHLNQRRGFRS

consensus/95%
consensus/85%

#map

FEIGRALFHLNQRRGYKP-

PELFRVLHHMAAHRG IRLAELQ

YRL---LKG

HHVGRALFHLNQRRGFQS
HHVGRALFHLNQRRGLF,

DELARVLIHIAKHRGYKF

YEFGRAI'YHLAQHRHFKG

LEWSAVLLHL IKHRGYLS

IEWGAVLLHLIKHRGYLS.

TELWHVLRWYAHNRGYDN
QCLSVAMAH I ARHRGWRNSFSK

RLLGYAVSHMARHRGWRNPWTT-

ESISIALRHMARHRGWRN

PAISMAVRHIARHRGWRN
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R —




Jnet 331001027

P. excrementihomi
W. succinogenes
L. pneumophila

S. wadsworthensis
HTCC5015

F. novicida
consensus/95%
consensus/85%

A. coleocanis

C. glomerans
Acidaminococcus D21
V. atypica

F. nucleatum

F. alocis
S. moorei
C. catus
T. dentic
P. duerdenii

C. mitsuokai

S. thermophilus
S. mutans

S. pyogenes

domains
catalytic residues
domains
catalytic residues

S. sanguinis
F. fructosus

pseudintermedius
L. rhamnosus

F. magna

P. antarcticus
consensus/95%
consensus/85%

Jnet 227501312

M. synoviae

M. ovipneumoniae
M. canis
consensus/95%
consensus/85%

E. rectale

E. faecalis

S. thermophilus
S. lugdunensis
E. dolichum

R. albus

R. inu ivorans
L. coryniformis
1. polytropus
consensus/95%
consensus/85%

Bacteroides sp.20
1. album

B. fragilis

N. salsuginis

E. minutum

S. globus

M. trichosporium
F. branchiopl um
Prevotella C561
P. timonensis

P. timonensis

A. paucivorans

P. marinum

A. denitrificans
R. syzygii

D. shibae

R. rubrum
Azospirillum B510
C. salinarum

N. hamburgensis
Bradyrhizobium BTAil
W. succinogenes
C. jejuni

Jnet 218563121

H. mustelae

A. ebreus

B. smithii

C. cellulolyticum
HF0070_07E19

P. lavamentivorans
N. meningitidis
P. multocida

A. muciniphila
Actinomyces F0310
A. cellulolyticus
B. longum

A. naeslundii

domains
catalytic residues

A. hesperidum
Alcanivorax W11-5
B. zoohelcum
Porphyromonas F0450
B. intestinihominis
0. laneus
Treponema JC4
Rhodovulum PH10
consensus/95%
consensus/85%

#map

HHHH HHH-HHE. ~HHHHHHHHHHHHHHHHHHHHHHHHHHH - - - - HHHHHHHHHHHHHHHHHHHHHHHH-
EADF- KKY-IKTSFPEYS-~ —~AKEILANYVEGRRAILDASKY IANLQSLGHKHRSKYLSD I LQDMKRDSR I TRLSEAF
EAVFASATHSPNKKLELKDELKSEY ====== === m e m e | GENAKELLAGLRVTKE I LDEFDKQENQGNLPRAKYFEELGEY IATNEKVKSFFDSN
SSEF RKI-LVSKVEE. KKDDKELKNAVKN IKNF I TGFEKNSVEGHRHRKVYFEN IKSD I TKDNQLDS IKKK1
DKEF- 1EFAVAEGL ID KTEKKAYQSALSTLRANANVLTGLRQMGHKPRSEYFKAIEADLKKDSRLAKINEAF
NKNEF KKL-LDTALDGKY == === === == —— -~ ——— | KDEKKELSEAWGNILIASENVLKSTVDGHKSRSEYLAN IKED IKSNEELEKQISSK

EITSYEFELLADYLANYSESLKTQKFSYTDKQGNLKELSYYHHDKYNIQEFLKRHAT INDRI-LDTLLTDDLD IWNFNFEKFDFDKNEEKL-QNQEDKDH IQAHLHHFVFAVNK IKSEMASGGRHRSQYFQE I TNVLDENNHQEGYLKNI
- F - ...h..._..G...R..Yh..h...h.. -
. - heohoo. [ -.ho.....G...R..Yh..h...h._. .

SDQYLALK:

SLSAKSARPDEALNHLRETLRVWSSERGFECS IADNGS I LAMLTHPDLSPSDRRKK I APLFDVKSDDAAADKKLG IALAGAV I GLKTEFKNIFGDFPCEDSSITYLS ~NDEAVDAVRSACPDD
--KDNI1GDVLSFDAFYPEFLAFLSDNGVSPWVCESKALQATLLSRNSVNDKYKALKSL IFGSQKPEDNFDAN I SEDGL 1 QLLAGKKVKVNKLFPQESNDASFTL -~ ~NDKEDAIEEI--LGT
TFENSNAF-TFEDVLKQALVNITFNCFDTNSAISSISNILMESGKTKSDKAKATERLVDTYTVFDEVNTPDKPQKEQVKEDKKTLKAFANLVLGLSANL IDLFGSVED IDDDLKKLQ-~1VGDTY-DEKRDELAKV--WGD
~NLKETKNFETLYNNL I SFLEDNG INKS IDKDN IEKLEK I | CDSGKGLKDKEKEFKG IFNSDKQLVA I FKLSVGSSVSLNDLFDTDEYKKEEVEKEK ISFREQIY —-EDDKPIYYSI--LGE
LQSAKQLRPILDTFLLSLQEEQNLSVSLSENQKDEYEE ILKNRS IAKSEKVKKLKNLFE I SDELEKEEKKAQSAV IENFCKF I VGNKGDVCKFLRVSKEELE IDSFSFSEGKYE--~-DD IVKNLEEK--VPE
ANGDVKTLDEAVSDFEEYLNEND IEFNIENKKEF INVLSDKHLTKKEKK I SLKKLYGD ITDSENINISVL IEMLSGSS I SLSNLFKD I EFDGKQNLSLDSDI --~ —-EETLNDVVDI--LGD
~-1SQIKEFKSTFEQL IQN1QDEELEWH I SLDDAA1QFVEHVLKDRNLTRSTKKSRL IKQLNAKSACEKAILNLLSGGTVKLSD I FNNKELDESERPKVSFADSGY- -DDYIGIVEAE--LAE
FDSENQFDTSIQALFEYLREDMEVD I DADSQKVKE I LKDSSLKNSEKQSRLNK I LGLKPSDKQKKA ITNL I SGNK INFADLYDNPDLKDAEKNS I SFSKDDF —— === ==————~———-| DALSDDLASI--LGD
KFDTKNSFDKS INDLKITHLRDEYNIDLEFNNEDL IE I ITDTTLNKTNKKKELKNIVGDTKFLKAISAIMIGSSQKLVDLFEDGEFEETTVKSVDFSTTAF DDKYSEYEEA--LGD
KFNMDASN IEDKLSD IFTQFTSFNN IPYEDDEKKNLE I LE I LKKPLSKKAKVDEVMTL IAPEKDYKSAFKELVTG I AGNKMNVTKMILCEP IKQGDSE IKLKFSDSNY -~ -DDQFSEVEKD--LGE
FNSKNND 1QKNFQDFLDTYNATFESDLSLENSKQLEE I VKDK I SKLEKKDR I LKLFPGEKNSG I FSEFLKL I'VGNQADFRKCFNLDEKASLHFSKESY- -DEDLETLLGY--1GD
~FDTRNNDVQRLFQEFLAVYDNTFENSSLQEQNVQVEE I LTDK I SKSAKKDRVLKLFPNEKSNGRFAEFLKL I VGNQADFKKHFELEEKAPLQFSKDTY -~ -EEELEVLLAQ--1GD
~LNPDNSDVDKLFIQLVQTYNQLFEENP INASGVDAKA I LSARLSKSRRLENL IAQLPGEKKNGLFGNL IALSLGLTPNFKSNFDLAEDAKLQLSKDTY --~ ~DDDLDNLLAQ--1GD

HHHHHHHHHHHHHHH - - - = = =~ — - — | HHHHHH- -~ ~HHHHHHHHH -~ — - - — - - —| HHHHHHHHHH. HHHH. H HHHHHHHHHH--H-~
hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
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1111111111111111111111]
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—-LESSNAFKEDELLKLLGRITRYEMSEGEQNSD I EQDDENKLVAPANGQLADALCATRGSRSMRVDNALEALSAVNDLSREQRAIVKAIFAGLEGNKLDLAKIFVSKEFSSENKKILGI'YFNKSDYEEKCVQIVDSGLLDD

VKADSAF---DVHTFADAIQRYAESNNSDENL LGK I DEKKLSAALTDKHGSKSQRAETAETAF--DILDLQSKKQIQAIL-~—--- KSVVGNQANLMA I FGLDSSA I SKDEQKNYKFSFDDAD I -DEK IADSEAL --LSD
INP--NNINMQNSWIDF1 ~KNTAD I FKSSE-NRQEKVKK I LPYFQ--QELLKKDKS IFKQLLQLLFGLKTKFKDCFELEEEPD-~ ~LNFSKENYDENLENFL--GSLE
KIT-1GSTYNPEDLANAI ~TEI1SGEAGYGLNKSMKADEALKLFE---FDNNQDKVAIKTLLAGLTGNQIDFAKLFG-KD I SDKDEAKLWKLKLDDEALEEKSQTIL--SQLT
KGD--GDI1QGMDVFYN~- ~DNFEKILSQKGKSRTKILEELSEELS- 1 SKKDKSKYN-L IKL ISGLEASVVELYNIED IQDENKK I --KIGFRESDYEESSLKVK--EI1G
KFN--1SNLNNNLSKELI ~NHISDILIGRG-NATQKSSNILKDFT---~LDKETKKLLKEV INL ILGNVAHLNT IFKTSLTKDEEK-~--~ LNFSGKDIESKLDDLD--SILD
~KVIYEILKDNEMTKNDRAKRV--~ ~KNMEKKLEQFS IMLLGLKFNEGKLFNHADNAEELKGANQSHTFAD-NYEENLT-----PFLT
AKDFNTDKVDLED IFPALTEAYAQVYPDLELTFDLAKADDFKAKLLDEQATPSDTQKALVNLLLSSDGEKE I VKKRKQVLTEFAKAI TGLKTKFNLALGTEVDEADASNWQFSMGQL - ~DDKWSNIETS--MTD
I1SHVTDDKPLKEQL ILL INDLLKIELEEELMDSIFEILADVNEKRTDKKNNLKEL IKGQDFNKQEGNILNSIFESIVTGKAKIKN I ISDED I LEKIKEDNKEDFVLTGDSY -EENLQYFEEV--LQE
~WSEAASAEGMDDQLLELV-~~~~~ TRYAELENLSPLDLSESQW--~~~ KAAETLLLNRNLTKTDQSKELTAMFG—==~~=~=~~ KEYEPFCKLVAGLGVSLHQLFPSSEQALAYKETKTKVQLSNENVEEVM-~~~~~ ELLL

~~HHHHHHHHHHHHHH -~

DF

EKLTDEFVSNSF---
NVADKYEG I EH--—
TKEDFDQQTVES!

VSGSSAYAN
DTEAAKESQD----~
DDGNSSVGD
NDDVGNELS
KEAGETKKV--LSM
PDERNEYKEE---HD
EKEGGAVLKA--TTE
ENEADKKQMGQLLN-
DDTGKLLSG--1QE

ERKGKDTWYNVHLEN
TDGRKGKKR-FKVILED
QNELDRIWEK--QKE
SEKKADERRQ--VYN
EAQKENTENKKTAGN
SSDDKKLEE------
DDTSKMKRA--VNE
SNEKNGYAKD--LDE

NRLDTSAD. NKEDGVVKSG--15Q
NRRNPVEDGQERSR QEEEGKLLSG--VGE
NRK DNEAGVVKQ
NRKTDKK: DNDSGVLKKA--1GQ
NRKT—-DRAT AKESGKVKNA--1AA
NRKTDRG DNESGK IKD
NR IDKRERAAAKALAKAKPAKATAKATAPAKE: ADDEAGFWEG
VRTATKP DEEAGKVKE-
EVDPPP ESDADDAAP -~~~
NRKT-DSK- QSEDGAITKQA
NRAI-EQG DKDASAIKAA--AGR
1GDDE, DEESGKVKKA----~
IKNS-D DKEKGAILKA--1KQ
HHHHHHHH-~HHH
ITYGVE DNDSGK IKKA--1AE
TSKAEEAKADS DAEGGRVKQG--LAH
NRKSE RNSKESSEFLKN--1EE
NRKE-DL! TTKEGWITS--1KN
NTKK-LPP. DDESDSADEEQGK INRA--TSR
RELEESDTPD PDVDDEKEAA

K-ELGALLKG--VAD
K-ELGALLSG--VAQ

QRKNE-GETAD
KRKNE-SQTNN

NSL SEDGGNGEDT----~
SDRMQGLK:
SDSWERTRESLEARY
SKQYGELKEK-
PYSKVESLLSPAEE: SPFMKALRER-
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Jnet 331001027

P. excrementihomi
W. succinogenes
L. pneumophila
S. wadsworthensis
HTCC5015

F. novicida
consensus/95%
consensus/85%

A. coleocanis

C. glomerans
Acidaminococcus D21
V. atypica

F. nucleatum

F. alocis
S. moorei
C. catus
T. dentic
P. duerdenii

C. mitsuokai

S. thermophilus
S. mutans

S. pyogenes

domains
catalytic residues
domains
catalytic residues

S. sanguinis
F. fructosus

pseudintermedius
L. rhamnosus

F. magna

P. antarcticus
consensus/95%
consensus/85%

Jnet 227501312
M. mob

M. synoviae

M. ovipneumoniae
M. canis
consensus/95%
consensus/85%

E. rectale

E. faecalis

S. thermophilus
S. lugdunensis
E. dolichum

R. albus

R. inulinivorans
L. coryniformis
1. polytropus
consensus/95%
consensus/85%

Bacteroides sp.20
1. album

B. fragilis

N. salsuginis

- minutum

S. globus

M. trichosporium
F. branchiophilum
Prevotella C561
P. timonensis

P. timonensis

A. paucivorans
P. marinum

A. denitrificans
R. syzygii

D. shibae

R. rubrum
Azospirillum B510
C. salinarum

N. hamburgensis

Bradyrhizobium BTAil

W. succinogenes
C. jejuni

Jnet 218563121

H. mustelae

A. ebreus

B. smithii

C. cellulolyticum
HF0070_07E19

P. lavamentivorans
N. meningitidis
P. multocida

A. muciniphila
Actinomyces F0310
A. cellulolyticus
B. longum

A. naeslundii

domains
catalytic residues

A. hesperidum
Alcanivorax W11-5
B. zoohelcum
Porphyromonas F0450
B. intestinihominis
0. laneus
Treponema JC4
Rhodovulum PH10
consensus/95%
consensus/85%

#map

HHHHHH HHHHHHH. HHHHHHHHHHHHHH
———————————— NLQERAVRWYFNDAKFEQGQEQLDAVKLKNVLVRALKY - LRSDDKEWSASQKQ IQ Q
777777777777 NYQLKELRRYFNDKEMEKG-D IWIPNKLHK I TERFVRS-WHPKNDADRQRRAELMKDLKS:

NLQWKNLHRYLAKNP —-——- KQFDEQTFGNEFLRMLKNFRHLKGSQESLAVRNL IQQLEQ

—--NLQLRAERWYFNAPD IMKD-RGWEPDRFKKTLVRAFKF-FHP-AKDQNKQHLEL IKQIEN-

NFQLRLLRKYFNDPNMSGV-SYWDEKRLEKYFYQWVQG-WHTKGGTDEAEKKN I ILKTKG

—-NLELKPLRKYFNDK IHAKA-DHWDEQKFTETYCHWILG- EWRVGVKDQDKKDGAKVSVKDLCNELKQK

Nh..c..c.Yh

VALDLSVDVNLRPKNREKTDTRPENKKPGF
~SYAPGQT I SANMVEKYRRYGEDLALLKKLVKIYAPDQYRMFFSGATYPGTG I YDAAQARGYTKYNL.
~KDGRT I SESKVKLYEQHHHDLTQLKYFVKTYLAKEYDD I FRNVDSETTKNYVAYSYHVKEVKGTLP-
~EPGLTISQSKVKAFDKHKEDLV I LKSLLKLDRNVYNEMFKSDKKGLHNYVHY IKQGRTE.
~SDSNY I SEAKVKLYEEHKKDLKNLKY I lRKYNKENYDKLFKDKNENNYPAY I GLNKEKD-
ETEEY I SFAKVKQYEKHKTNLRLLRD I ILKYCTKDEYNRMFNDEKEAGSYTAYVGKLKK:
GKHKYLCDAKVELFEKNKKDLMILKKY IKKNHPEDYKK IFSSPTEKKNYAAYSQTNS
~GNSVSISEAKITKVYQKHQADLKTLKKIVRQYMTKEDYKRVFVDTEEKLNNYSAY I GMTKKNGKKVDLK:
——————— GDEQYLSFAKVKTYEKHKTDLTKLKNV IKKHFPKDYKKVFGYNKNEKNNNNYSGYVG
~TISLLNILKSTYDSSILENLLKDADKSKDGNKY I SKAFVKKFNKHGKDLKTLKR I IKKYLPSEYANIFRNKS INDNYVAYTKSN ITSNKRTK
~YVEFVDALHNVYSWVELQT IM---GATHTDNAS I SEAMVSRYNKHHDDLKLLKDC IKNNVPNKYFDMFRNDSEKSKGYYNY INR
~-YSDVFLKAKKLYDAILLSGFL--TVTDNETEAPLSSAMIKRYNEHKEDLALLKEY IRNISLKTYNEVFKDDTKNGYAGY IDGKTNQEDFYVYL
~=YAELFLSAKKLYDSILLSGIL--TVTDVGTKAPLSASMIQRYNEHQMDLAQLKQF IRQKLSDKYNEVFSDVSKDGYAGY IDGKTNQEAFYKYL
—~=YADLFLAAKNLSDAILLSDIL--RVNTEITKAPLSASMIKRYDEHHQDLTLLKALVRQQLPEKYKE IEFDQSKNGYAGY IBGGASQEEFYKFI
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—-EREFLDRMQGQYNATALKQLL -~

—~GRSTSVSDSKCASYDAHRANWNL IKLQLRTKENEKD INENYG ILVGWKIDS:

T- ~EFEFLCDLKAAFDGLTLKMLL- —~GDDKTVSAAMVRRFNEHQKDWEY IKSH IRNAKN: \GNGLYEKSKKFDG

ED ~FSDVFAKLKVLRDT ILLSGMLTY---TGATHARFSATMVERYEEHRKDLQRFK-FFIKQNLSEQDYLD I F~--GRKTQNGFDVDKETKGY:

DE ~EIELFHAVVQAYDGFVLIGLL- ~NGADSVSAAMVQLYDQHREDRKLLKSLAQKAGLKHKRFSETY

DE GNSKYLCEARVEAYENHHKDL LK IKELLKKYD--KKAYNDMFRKMTDKNYSAYVGSVNSN I AKE:

DD NGESYFSMAKVNQYENHA IDLCKLRDMWHTTKNEEAVEQ---~-~ SRQAYDDY INKPKYGT-

VE. KGKKSMAMSKVAAYDKFRNELKQVKD IVYKADSTRTQFKKIFVS-SKKSLKQYDATPNDQTFS:!

Q- PAGMSLSQAKVADYGQHKEDLELFKTYLKKLNDHELAKT IRGLYDRY INGDDAKPFLREDFVKALTK
—— KGKSTLSDAQVERYDEHKKDLE ILKKV IKKYDEDGKLFKQVFKEDNGNGYVSY IGYYLNKNKKIT
EE

fKGETY\/AKAKVSAFKQYQKDMASLKNLLDKT FGEKVYRSYF1S-DKNSQREYQKSHKVEVLCK:

_Thh..h..ha....L..hh... Chalun Al Al R kAN

~=HHHHHHHHHHHHHHHHH
—~-EIEIFDKNES IKNAEFP IDK1 -~

~=HHHHHHHHHHHHHHHHHHHHHHHHH - - - -HHH-HHHHHHHHHH,
IEFYKISGKIRST

—————————————————— NVYPTKELAKYF~~~~-~~~~-——---DKYGYYKG I IDSKEDNDNKLEEEL-
PSKKLHEHYEKYGFFRGSVKL. DNKLDNKKDKAKEKDEEEESDAKKE
- ~-PSILLYDFFKKNGFFKSNSS1 PKD
——PSYKLNEFYKKYGYFKGALSQ PTESEMKDNKDLKEA

~=NTIGKYRGQSQI INENGEVLD.
~LQRLKENNRVKTG INAQGNY
~-LERYQTYGQLRGDFTV-EKDGKKHR:
~-TKEQLNKNSKLLKDKFVCQIQ LERMNEGQVRG

NDQLL. KSGKYVCEIQ KERLRTNGHIR
~=SIVLISNLMNEGGYCTPAEMI -~ —--CNCREFDEPNSVYRKFHNSAASK
~NQKIM----QEKGYRTVGEML~ ~YLDEAFHTECLWNEKGY
~SIEEIRKAIAEKGYRTVGELY- LKDPKYNDHKRNKGY 1DG
~EEKGYLTIGDMV-~ AKDPKFNTHVRNKAGS

YYPEILTDVLKEELRGKKRDAVWAICAKYF~
777777777 ALRHLEELRKKYGGETIAQT1 -~
== IKRLM-~--AKKNYRTYGEYL -~
-QQAMTEQLAKEKGISTFIEVL-
~-TREKLARFGSAAKMLVEDESF-
GDKKLVSLYKSLLAI LKKNESDFENCKSEI -

—-VWKENYTEWNKEKGKTEQQEREHKLEG I'YSKRKRDEAKRENLQWRVNGLKEKL
~-HRAVEAGDLRSYRNHDD
~-YKEFFENKEKHKREK I SNAANN
—-TAFNTNGL IGYRNSESVKSK:
-VLRQTPTKNGASE I VRRFRNREGD
—=ERLNKKDVLGKVKGKIKDISQ
EIPDVAGAMKASEEKLSKGLSTY
NKED--GVVKSGISQLSTE:
—---YKLYDAQGNKVRIR
~-ARDPKFQDHRRNRAGD
ADRQATNDTVRARRLSGTNAL.
WTRLQ QGQGVRARYREKPYTTEEGKKRIDKS:
~-ARRLEDGRPVRARMVGQGKDEH
~-HKRRQKATDPRHVPSVRTRLS I ANRGGPDGKEEAG
77777777777777777 ADDLDRGQPVRMRYNQSDRD:
WRKTRGETLRARLAGKGKEA,
~-AFRRLMAEHMHRHGTQPTCGE IMAGRLRETPAGAQPVTRARDGLRVGG
LRKSYEDRQTAIRAELVRLGKDHLTGNARKK IWAKVRK
NRRHQLRATVRARSPVGGDVQAR

~EEAGCEYLGDYF--
~REGGYRTAGEML -~

~ASRLATDKGNETLGVFFADMH-
—QACGARTLGEFL -

~---WRERGANGKKRNKHGD:!
NYQSVGEYL YKEYFQKFKENSKEFTNVRNKKE
H=~~~HHHHH. HHHHHHH.
-YKLYFQKSLNVRNKKES:
~-LAEFPDAQRNKRGQ
QYRSVGEMI VKDSKFAYHKRNKLDS
~RTKNYRT IGEMI -~ ~-FMETPENSNKRNKVDE

~KASDCKT 1GQFL-~ -AQNRDRQRNREGD:
~-NERAATLKALKNEQTTLGAWL. RRPPSDRK:

- -NAHAL ----QTGDFRTPAELA-~ —-LNKFEKESGHIRNQRGD
~-NHQLL-~---QSDDYRTPAELA- ~LKKFAKEEGH IRNQRGA

- ——ERVKHAQDLMDKHGTATMAETI CREL-- LEEGKADAPMEVSTPAYKN

- —--ERVEDRTGLQFSEEVTQGELV-~ ~=-ATLLEHDGDVT IRGFVRKGGKA-~-~TKVHGV-

~SVSLEPGTVGQWAGYLLQRAP-
~AKAYNDDATAAEEESTPAQLV-
—=ILATTGEVL--DDGITPGQ---~

~-GIRLNPTQQSAGRRAELSNAT,
~VAMLDAGYAEAPRLRWRTGSKKPDAEGY-
~==AMAQVALTHNISMR-~~~~~~~ GPEGI
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~VQENE-NLMQ SKGYRTVAEML. VSEATKTDAEGKLVHGKKHGYVSNVRNKAGEY
-MVAL--ASVQ NKDSVTVGEYLAARVEHGLPSKLKVAANNEYYAPEYALFRQYLGL--PAIKGRPDCLP-

NIKVG--DSLEL~-~---LINISASKSGDT I TIKLPNKTNWRKKMEN I ENQLKEKSKEMGREFY I SEFLLELLKENRWAKIR
GIRAND-EKLQ EHKTVGQYF EQLRQNQSE PTGGISYR-IK
~VKTRY-DELK. EMRLTIGELF FRRLTENAFF---—-| RCKEQVY
~KDRMV-GIDET- RKNLQKQTLGAYL -~ DIAPKNGEK----YRFRTERVR
~MQTHLEKAIK--~~~---ENGCRT I TEFL. YKNQGENGG1 RFAPGRM.
~SKRLA-ETL. \TNCRTLGEFL WSRHRGTPRTRSPTRIRMEGEGAKA-LY




Jnet 331001027

P. excrementihomi
W. succinogenes
L. pneumophila
S. wadsworthensis
HTCC5015

F. novicida
consensus/95%
consensus/85%

A. coleocanis

C. glomerans
Acidaminococcus D21
V. atypica

F. nucleatum

F. alocis
S. moorei
C. catus
T. dentic
P. duerdenii

C. mitsuokai

S. thermophilus
S. mutans

S. pyogenes

domains
catalytic residues
domains
catalytic residues

S. sanguinis
F. fructosus

pseudintermedius
L. rhamnosus

F. magna

P. antarcticus
consensus/95%
consensus/85%

Jnet 227501312
M. mob

M. synoviae

M. ovipneumoniae
M. canis
consensus/95%
consensus/85%

E. rectale

E. faecalis

S. thermophilus
S. lugdunensis
E. dolichum

R. albus

R. inulinivorans
L. coryniformis
1. polytropus
consensus/95%
consensus/85%

Bacteroides sp.20
1. album

B. fragilis

N. salsuginis

- minutum

S. globus

M. trichosporium
F. branchiophilum
Prevotella C561
P. timonensis

P. timonensis

A. paucivorans
P. marinum

A. denitrificans
R. syzygii

D. shibae

R. rubrum
Azospirillum B510
C. salinarum

N. hamburgensis
Bradyrhizobium BTAil
W. succinogenes
C. jejuni

Jnet 218563121

H. mustelae

A. ebreus

B. smithii

C. cellulolyticum
HF0070_07E19

P. lavamentivorans
N. meningitidis
P. multocida

A. muciniphila
Actinomyces F0310
A. cellulolyticus
B. longum

A. naeslundii

domains
catalytic residues

A. hesperidum
Alcanivorax W11-5
B. zoohelcum
Porphyromonas F0450
B. intestinihominis
0. laneus
Treponema JC4
Rhodovulum PH10
consensus/95%
consensus/85%

#map

HHHHHH EEE--HHHH
SGDVLDVLAGLDPDRT IPPYEDQNNRRPPEDQTLYLNPKALSSEYG
KE-IMELLTTTEPVMT IPPYDDMNNRGAVKCQTLRLNEEYLDKHL-
SQDYISILEKTPPEITIPPYEARTNTGMEKDQSLLLNPEKLNNLY-
EDIIETLCTLDPNRT IPPYEDQNNRRPPLDQTLLLSPEKLTRQYG
P-LLKTLKSLSADLT IPPYEDQNNRRPPKCQSVLLSDEKLTMHY:
VTKAGLVDFLLELDPCRT IPPYLDNNNRKPPKCQSL I LNPKFLDNQY-

_..N......Qoh.L..c.L...h.
S.N.. .Qoh.L..c.L...h.
LGGKLMQSDNANELRKIAKIQGL DDALLREL-

- —GPKKSEYKPSESMQVDDFRKAVEKLFA——KTDARADERYRMMMDRFDKQQFLRRLKTSDNGS 1'YHQLHLEELKAIVENQGRFYPFL -
~ECSEADKVDFDEMIQRLTDNSFMPKQVSGENRV IPYQLYYYELKT ILNKAASYLPFL.
——--SKDKEY------ ILNETELQTLLPLQRIKDNGVIPYQLHLEELKVILDKCGPKFPFL -

~EPLKEDLEVLTMMIEECKNHTLLP 1QKNKDNGYV IPHQVHEVELKKILENAKKYYSFL~
~DMVKSENEDEVR IAKEVEDKSFLTKLKGTNNSVVPYQIHERELNQILKNIVAYLPFM
~IKVIDHKEITQE IESE 1EKENFLPKQVTKDNGV IPYQVHDYELKKILDNLGTRMPFI -

~ASKFTKQEDFYKF IKKHLDT IKETKLN--SSENEDLKL IDEMLTD IEFKTF IPKLKSSDNGV IPYQLKLMELKKTLDNQSKYYDFL--NESDEYGTVK.
——-PSKAPVDEFYKYVKK======—m e — == CIEKVDTPEAKQILND IELENFLLKQNSRTNGSVPYQMQLDEMIK I IDNQAEYYPIL-~~~~ KEKREQL.
KKLLAEFEGADYFLEK IDREDFLRKQRTFDNGS IPYQIHLQEMRAILDKQAKFYPFL. KNKERI
KGLLNKIEGSGYFLDKIEREDFLRKQRTFDNGS IPHQIHLQEMRAI IRRQAEFYPFL. DNQDRI

KPTLEKMDGTEELLVKLNREDLLRKQRTFDNGS IPHQIHLGELHAILRRQEDFYPFL-~~~-~ KDNREKI
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—---GQRKSVRGESAYENMRKKANVFFKKMI -~ETSDLSETDKNRL IHD I EEDKLFP IQRDSDNGV I PHQLHQNELKQ I IKKQGKYYPFL-
- INAAYLALQSDNEDDRKKAKK I FQDE I --SSAD I PDDVKADFLKK IDDDQFLP IQRTKNNGT IPHQLHRNELEQI IEKQGIYYPFL.-
-VGY ITNKMVLTNPQKQKT IQQNFYDY I --SGKI TG IEGAEYFLNK 1 SDGTFLRKLRTSDNGA IPNQ IHAYELEK I IERQGKDYPFL.-
—--EQLALATDEAT IKNG I STARELV--EESNLSKEVKEDTLRRLDENEFLPKQRTKANSV IPHQLHLAELQK ILQNQGQYYPFL.
-RRSVDKRK 1 ---EDLYKY IEDTALKNIPDD----~ NKDKIEILEKIKLGEFLKKQLTASNGV IPNQLQSRELRAILKKAENYLPFL.
—~KELYTSLKKFLKVALPTN- —~LAKEAEEK I SKGTYLVKPRNSENGVVPYQLNKIEMEKT IDNQSQYYPFL.-
—--LCLFDQYL IRP-KKQYSLLIKELKKIIPQD-
EVT--AHPNEVSEQLLNRMGQANFMLKQRTKANGAIP IQLQQRELDQI IANQSKYYDWLA--APNPVEAHR
——-KKKISNIEFTKYVKGILE--—----—- KQC--DCEDEDVKYLLGKIEQENFLLKQISSINSVIPHQIHLFELDKILENLAKNYPSFN--NKKEEFTKI
fffLDQFNKEAKFA ETFYKDLKKLLEDKSKTSIGTTEKDEMLRI IKAI DSNQFLQKQKG 1 QNAAI PHQNSLYEAEK ILRNQQAHYPF I -—--TTEW:
u.h..Q....Eh..th......
Nu hPhQh...Ehc.Ih..

INLKFGHQDYLKE IKQVFEKQN IDFMNY -

TKYKFSNKHWLEEVKKVLSNQTGL- PEKFKEEY-
EEL IFSNKQWINE IVKVFENQSYL. TESFKEEY:
GGYSFSNLQWVNE IKKLFEVQEIN PEFSEKF-
FFFDFSNKEWLKE INYFFNVQKN I L! ETFIEEF
..h.Fu...ah.Eh..hh..Q.. - ...F..c.
..h.Fu...ah.Eh..hh..Q.. - ...F..c.

LSNVFTIGAYRKE 1QRVFE 1 QKKYHPEL ----TDEFCDGY-
QLNVFKVSAYANELAT I LKTQQAFYPNEL ---TDDWIALF
LINVFPTSAYRSEALRILQTQQEFNPQI TDEF INRY-
EKNRFKTAD I IKE I IQLLNVQKNFHQL ---~-DENF INKY-
HENNFKTRAYVDEAFQILSHQDL. SNELKSAI
NHYLITRHMLVKEVDL ILENQSKYYGIL--~-DDKTI1AKI
VLTPRNRPDDYKHT ILRSMLVEEVHAIFAAQRAHGNQKA-~--TEGLEEAY
YLSTPNRQMLVDE IKQ 1 LDKQRELGNEKL
YLFSFSRKLLEDE\/RKIQAKQKELGNTHF
...h..Eh..h..
..hh__Eh..hh..Q..h..

KMTVGAY I'YDTLLQKPDQ-KIRGK--LVRT IERKYYKNELYQILKTQSEFHEELR-~--DKQLY IACL---NE----LYPNNE

SKHPGEFFFDELLKAFKE-K-RGYKIRQYPVNRWRYKKELEF IWTKQCQLNPELN-~-NLNINKE I L---RKLATVLYPSQSKF:
—--SLEQLVIVFQEMNTQINNSSGYLGAISDRS--KELYFNKQTVGQYQMEMLDKNPNASLRNMVFYRQDYLDEFNMLWEKQAVYHKEL --~-TEELKKEI
YEKMIRRED I EEE IEKVLLRQAELGALGL--PEEQVSELI
HKFSPTRDLV IKEAEAILKKQAGKDGFHKE-LTEEY I EKL-
GVPVPTRDIISNEIDVLLQTQKQFYQEIL~---SDEYCDRI
YSRSLLRDDLAAEMRALFTAQARFQSAIA---TADLQTAF
MLDGNYKTLGQYFYSLY-~-~-SKEKIR--NQYTSREEHYLSEFITICKVQGIDQINE----EEKINEKK
MKEHNLLTVGAAFAQLED---EGVRVRNNNDYRAIRSQFQHE IET I FKFQ--QGLSV--~-ESELYERL.
MEEAGCEYLGDYFYKLYDAQGNKVR IR--QRYTDRNKHYQHEFDAICEKQ EL
QRYTDRNKHYQHEFDA I CEKQEL SSELIEDL-
YSHTLSRSLLLEEARRLFQSQRTLGNPHA-~--SSNLEEAF
YEFYPDRYMLEQEFDTLWAKQAAFNPSLY-~--1EAARERL
YDLY IDRAMIEQEFDALWAAQAAFNPTLF---HEAARADL.
YELY IAREWIAQEFDALWASQQRFHAEVL -~-ADAARDRL.
YDFYPDRRHLEEEFHKLWAAQGAHHPEL --~-TETLRDLL

GVVAPTRAL IAEELAE I VARQSSAYPGL. DWPAVT
YPFYPARRMLEAEFDTLWAEQARHHPDLL ---TAEAREIL
GVAVPTRAL IEQEFDAIRATQAPRHPDL. PWDSL.

RLF--GDEVLPRADAPHGVRARAT I TGTKASYDYYPTRDMLRDEFNA IWAGQSAHHAT I -
YEFYPTRAMVDAEFEA IWAAQAPHHPTM
YEISIHRDLLVEEVEAIFVAQQEMRSTIA:

YERCIAQSFLKDELKL I FKKQREFGFSF SKKFEEEV-
HHHHHHHHHHHH HHHHHHHH

YNRCVGRSELREELKT IFQIQQELKSPWV~-~-NEEL I YKLLGNP-

'YDKALSRVLLGEELALLFATQRRLGNPH DFFEKL

'YSNMIARDDLERE IKL I FEKQREFNNPVC-~~-TERLEEKY
YTHT IAREDLLNEIKY IFSIQRKLGSPFV-~--TEKLEHDF
YSNLMARKLVFEEALQ I LAFQRKQGHE-L-~-SKDFEKTY
RGIHAHRNVVAEEFERLWEVQSKFHPALK-~-SEEMRARI
YSHTFSRKDLQAEL I LLFEKQKEFGNPHV-
YTHTENRLDLLAELNLLFAQQHQFGNPHC
LNTAFPRLIVEKEVRRILELSAPLIPGL----TAEIIELI

LEGKYMQSDLVAELRQICRTQRV- ETTFEKL.
FETRLRQEDVLWELRCIADVQGL. PEDVVSNV:
LPVRLMQEDNANELKQIFRVQRVP DEWKPLF-
LG-KLHQSDNANE IRKICARQGVS PDVCKQLL.
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RHTVSRQAIVDEVRKIFAAQRAL ---GNDVMSEELEDSY-
NMYALRHQIEHEFER IWATQSQF---HDVMKDHGVKEEI
NNTILRARYESEFEAIWNEQVKH-~-~YPFLENLDKKTL. IEIVSFIFPGEKES
DQIFSRQCY IDEYDQIMAVQRVH-~-~YPDILTDEF IRML-
PRQAYVEEFDC IMNCQRKF---YPDILTDETIRCI
RYTLRDMY IREFE I INQRQAGHLGLAHEQATRKKNIFL -
TYYPTRKMYEEEFNL IRSKQEKY---YPQVDWDD I YKAI
FYPTREMVRAEFERLWTAQSRF---APDLLTPERHEEI

~--EGSATNVRNSKL I THLQAKYGRGHVLIEDTRITVTFQLPLKE
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consensus/85%
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C. glomerans
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V. atypica
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F. alocis
S. moorei
C. catus
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C. mitsuokai

S. thermophilus
S. mutans

S. pyogenes

domains
catalytic residues
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S. sanguinis
F. fructosus

pseudintermedius
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F. magna
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consensus/95%
consensus/85%
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M. mob

M. synoviae
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M. canis
consensus/95%
consensus/85%

E. rectale

E. faecalis

S. thermophilus
S. lugdunensis
E. dolichum

R. albus

R. inulinivorans
L. coryniformis
1. polytropus
consensus/95%
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- minutum
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P. timonensis
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W. succinogenes
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Jnet 218563121

H. mustelae

A. ebreus

B. smithii

C. cellulolyticum
HF0070_07E19

P. lavamentivorans
N. meningitidis
P. multocida

A. muciniphila
Actinomyces F0310
A. cellulolyticus
B. longum

A. naeslundii

domains
catalytic residues
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Alcanivorax W11-5
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B. intestinihominis
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consensus/95%
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#map

HHHHHHHHHH HHH- - ~HHHHHHHH- - - -~ £ EEE HHHH
KWKSWANKF GAYPLLTEDLTEILKNTDRKSR 1KIRSDVLPDSDYRLAY
PNWRD I AKRL. NHGKFNDDLADSTVKGYS EDST
PNWRNL IPGI 1DAHPFLEKDLEHTKLRDRKR 11SPSKQDEKRDSY
EIWKTWSARL TSAEPTLAPAAE ILERSTDRKSR VAVNGHEPLPTLAYQLSY
PKWKEWVGQL VK-QNDNAYLNENVT. LAN
PNWQQYLQEL VKLQSIQNYLDSFETDLKVLKSSKDQPYF——V—— —EYKSSNQQIASGQRDVKDLDAR

..W..h...h .

..W..h...h .. ..
- —~ IELVFAADSPKG, GELVGYDV LPGQHGK: RR EKAHP
- ~--SLVSFRIPYYVGPL -~~~ STRNARTDQHGEN-RFAWSERKPGMQDEP I FPWNWES I 1DRSKSAEKF I LRMTGNCT- -YLQQE-P VL P-KSSL
- ~SNQDKLLSIMTFRIPYFVGPL. RKDNSEHAWL ERKAGK I YPWNFNDKVDLDKSEEAF IRRMTNTCT ~YYPGE-D VL P-LDSL
~SVTEKL IKMLEFRIPYYVGPL-~-------| NTHHN 1 DNGG -~ -~~~ FSWAVRKQAGRVTPWNFEEK I DREKSAAAF I KNLTNKCT: -YLFGE-D VL P-KSSL
~-DKLLKTFKFRIPYYVGPL. NSYHKDKGGN SWIVRKEEGK I LPWNFEQKVD I EKSAEEF IKRMTNKCT- Vi P-KDSF
- ~SVVQKIESIFRFRIPYYVGPL. TRHQEKGSN VWMVRKPGREDR I YPWNVIEE I IDFEKSNENF I TRMTNKCT. VL P-KHSL
- VVDK IKLIFKFKIPYYVGPL NTKSTRSWVY. RSDEK I YPWNFSNV I DLDKTAHEFMNRL 1GRCT: VL P-MDSL
- QQLFEFRIPYYVGPL. NRVDDGKDGK FTWSVRKSDAR I YPWNFTEV I DVEASAEKF I RRMTNKCT: VL P-KDSL
NDNHKKFFPD RCWVVKKEKSPSGKTTPWNFFDH I DKEKTAEAF I TSRTNFCT. VL P-KSSL
NPDSKYAWIK RENTK I TPWNFKDIVDLDSSREEF I DRLIGRCT: VL P-KASL
NETSEHAWIK RLEGKENQR I LPWNYQD I VDVDATAEGF I KRMRSYCT- VL P-KNSL
RGNSDFAWSI RKRNEK I TPWNFEDV 1 DKESSAEAF INRMTSFDL VL P-KHSL
RGKSDFAWLS RKSADK I TPWNFDE IVDKESSAEAF INRMTNYDL VL P-KHSL
- —EKILTFREPYYVGPE RGNSRFAVM RKSEENTPYNFEEVVDKGASAQSF I ERITIFDK VL P-KHSL
HHHHH e Ee——H
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—~RKKKGE I TPWNFDEMVDKDASGRKF IERLVGTD:! YLLGE-P- TL P-KNSL
—~RKSNDT ITPWNLSQVVDLDKSGRRF IERLTGTDT: -YLIGE-P: TL P-KNSL
—~AKGSNSRFAWIKRATSSD I LDDNDEDTRNGK IRPWNYQKL INMDETRDAFITNLIGNDI - ILLNE-K. VL P-KRSL
- —~GQDNKIEELLRFRIPYYVGPLVTKKDVEHAGGDADNHWVER- NEGFEKSRVTPWNFDKVFNRDKAARDF IERLTGNDT- TL P-QNSL
- -TVSEMIIQLFEFQIPYYVGPL ----DKNPKKDNKANSWAK: - 1KQGGR I LPWNFEDKVDVKGSRKEF Il EKMVRKCT: TL P-KQSL
- —~RKSNGHARPWNFDE I VDREKSSNKF IRRMTVTD:! VL P-KNSL
- —~RKSNES IKPWNFDEVVDRSKSATQF IRRMTNKC! VL P-KNSL
- WKMPYQLDELLNFHIPYYVGPL I TPKQQAESG-ENVFAWMV- —~RKDPSGN I TPYNFDEKVDREASANTF IQRMKTTDT- VL P-KQSL
- —-EKIRKTFTFRIPYYVGPLNDYHKNNGG NAWI FRNKGEK IRPWNFEK I'VDLHKSEEEF IKRMLNQCT: VL P-KSSI
VKDTTQSPFSWE----——-—--——-| RKGDAP I TPWNFDEQ I DKAASAEAF I SRMRKTCT VL P-KSSL
....PaNh...h.. -h P...Sh
..h.PWNa...hD. -L P.K.SL

EEE. EEE: HHHHHHHHHHHH
- —--KSFFSRIRNYSEGPGNEKSFSKYGL: 'YANENGN- PEL I INEKGQKIYTKIFKTLWESKIGKCS YDKKL-Y- R P-KNSF
—~ESLFSYVRNYSEGPGS INSVSPYGI YHLDEKEGKVVQKYNNIWDKT IGKCN 1FPDE-Y- R P-KNSP
~LKLFNYVRPFNKGPGSKNSRTAYGV: FSTDIDPETNKFKDYSN IWDKT IGKC! LFEEE-1 R P-KNLP
-LNLFTSVRDYAKGPGSEHSASEYGI FQK--DEKGKVFKKYDNIWDKTIGKCS FFVEE-N RS P-VNYP
~KKIFSFTRDISKGPGSDNMPSPYGI FGEF-GDNGQG-GRYEH IWDKN I GKC! IFTNE-Q R P-KYLP
..hF._.R.h.cBPG..... o.YGh  _...... .- ..a..hW-__IGKC. hoo.. . Ru P ...
-.hF...R.h.cGPG..... o.Yéh  _...... - -IGKC. ho... . Ru P ....
- ML IFNRKRKYYEGPGNEKSRTDYGR FTTKLDANGNY ITEDNIFEKL IGKCS VYPDE-L. R Y
- VQPGIAEEAGL 1 YRKRPYYHGPGNEANNSPYGR WSDFQKTGEPATN I FDKL I GKD: FQGEL. R S-GLSL
- -LEILTGKRKYYHGPGNEKSRTDYGR YRTSGETLDNIFGILIGKCT: FYPDE-F R KASY
- - IELVEMRREYFEGPGKGSPYGWEGD: PKAWYETLMGHCT ------ YFPDELR V- KYAY
- ~ITHISRKRMYYDGPGGPLSPTPYGR YTYFGQKEP IDL 1EKMRGKC LFPNE-P: R P-KLAY
- -KD I IFAQRDFE IGPGKNERFRRFTG YLDSIGKCQ: FFKDQ-E: RG RFTV
- -VE IMTSQRSFDMGPGLQPDGKP PYAMEGFGDRVGKCT: FEKDE-Y- R P-KATY
- LLGDENRAG I FQAQRDFDEGPGAGPYAGDQ: IKKMVGKD1 FEPTE-D R KATY
- - IEVFNSQRNFDEGPSKPSPYYSEI GQ TAKMIGNCT FESSE-K. RT. KNTW
-hh...R.a..GPu... - ..ho...G... - - —
._.h.hh._.R.a._GPG._. - ..h...hGc.. R. . .h.h
—-PRRNSISTRDFCHLFIED I IFYQRPLKS: KKSLIDNCP------ YEENR-Y1 DKESGE IKHA-STKCIA-KSHP
FGPKIKEFENSDVLHIISED I 1YYQRDLKS: QKSLISECR YEKRK-GI1 D---GEI--Y-GLKCIP-KSSP
—---RDITIFYQRRLKS: QKGL IGFCE: FESRQIEV- DIDGKKKIKTVGNRVIS-RSSP
- -DELKACITDQEMPTID- ESLFGKCT- FYKDE-L. P-AYSY
- -TKAIGYESEK L IPESGFCP -YLKDE-K RL P-ASHK
1VPEAGCCP- -YFPDE-K: KL P-RCHF
EKLVGPCP- FEVDE-K. R P-KRGY
FDGLAKDLYKAIFFQRPLKS. QKGLIGKC! FEKSK-S: RC. ISHP
- —--1SE--KKNVGTIFYKRPLRS! QRGNVGKCT: LERSK-P: RC. 1GHP
- SSELIEDLQRAIFFQLPLKS QRHGVGRCT: FERGK-P: RC DSHP
- RHGVGRCT- FERGK-P: RC. DSHP
- IRNKAGHCS LEPDQ-1 R P-RRSA
KEIVFFQRKL. KPQEVGRCI FLSDE-D: RI-————- S-KALP
KDTLLHQRPL. RPVKPGRCT: LLPEE-E R P-LALP
RAILLFQRKL. LPVPVGKCF LEPNQ-P: RV LP
FEKIFFQRPL KEPEVGLCLFSGHHGVPPKD-P- RL P-KAHP
RLVLDQRPL RSKGAGPC, FLPGE-D R L-RALP
RHRIFHQRPL. KPPPVGRCT: LYPDD-G R P-RALP
RRLVLDQAPI VPPATPCL. FLEELRR------—-| RGETFQGRTITREAIDRG------ L-TVDP
777777777777777777 EHIIFYQRPL. KPAIVGKCT: LDPAT-RP- FKEDPEGYR, P-WSHP
REATFSQRAM: KRPSIGKC! LDPATSQD: DVDGF---RC- —--A-WSHP
REIAFFVRPMQR: IEKMVGHCT--—--- YFPEE-R R P-KSAP
—————————————————— LSVAFYKRALKD- FSHLVGNC:! FFTDE-K R P-KNSP
HHHHHHHH. H
- DAQSKQEREGL IFYQRPLKG FGDKIGKCS HIKKGENS PY. R C-KHAP
ILGDGDRKSGLFWQQKPALSGAD LLKMLGKCT FEKGE-Y- R P-KASF
1EKKVGFCT FEPKE-K. R P-KATY
ILSKVGKCT LLKEE-L. R P-TSCY
LDVLMGQRSGR SPKLGNCS LIPSE-L. R P-SSAP
DT IFAQRPVFW. RKNTLGECR FMPGE-P: LC P-KGSW
VQKMLGHCT- FEPAE-P: K KNTY
ILKMLGKCT HEKNE-F K KHTY
LLFGQL IPRFDNR I ISRCPVTWAQVYEAELKKG NSEQSARERAEKLSKVPTANCP
RQRERVGLDELQ--LALDPAAKQ PR ERAHP
PAERIGRDP: LDPSQ-L. R RACL
EQRVGQDP- LAPEQ, R L-KASL
RAVFKADSPRGS: \VSRVAPDP: LPGQGSFR R P-KCDP
HHHHHH EE. E----H
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LKILCSQRNFDDGPGGDSPYGHGSVSPDGVR QS1YERMVGSCT: FETGE KRAP-RSSY
RNATFFQRPLKS PADKVGRC:! LQTNL. PRAP-RAQI

QKKYRELGLEKGLKYI TKNQVVFYQRELKD QSHLISDCR YEPNE KAIA-KSHP
-RDEVIFMQRPLKS CKHLVSLCE- FEKQERVM RVQQDDGKGGWQLVERRVKFGPKVAP-KSSP

-RDEITYYQRPLKS CKYLVSRCE- FEKRF: YLNAAGKKTEAGPKVSP-RTSP
\/LGGKIEIEEEQLKFKSNES\/LFWQRPLDc QKSLLSKCV- FEGRN FYDPVHQKWI IAGPTPAP-LSHP
FYQRPLK. PQQRGYCI ERTF-KAMP

"ILFRQRDL" PPKIGCCT: RRLP-RALP




Jnet 331001027
P. excrementihomi
W. succinogenes
L. pneumophila
S. wadsworthensis

HH-HHHHHHH-—---| HHHHHH HHHHHHHHHHH---HHH
IL-QRAFDRS-IALDECSIRR-—======—————————m = TAEDFENGVV IKNEKLEDVLSGHQLE-
LL-HRLLDTS-KEIDIYELR GKKPNELLVK-~~--- TLGQSDAN
IL-QRYLDLN-KKIDKFKIKKQLSFLG-~ ~-QGKQLPANL IETQKEMETHFNSSLVS.
AL-QRAFDRS-KALDPYALRAL--~-

HHHHHHHHHHHH- -~
~-FP-ENALLERADLHPPMKNKILNVIVGQALGV-
~PVKNKDDSLN-~LEDNSNMLKRCNHNPPHKKNQ IHNLVAGILGV -
~FDNAFSLCELSNINPPRKQKILPLLVGAILSED
~FDNADGLLERSDLHPPMKKKILPLLVANILQT-

~VLIQIASAYNKE-REDAAQG-IW
~TFLDCARRYYRE-ADDAKVG-LW

HTCC5015 AL-HRIVERS-RSIDPYQLRLLIS- —~FETENKLFFKCGKTPPRKEKLKSTLLSAVLGK-
F. novicida ILKQFIFDRV KASDELLLNEIYFQAKKL———QKASSELEKLESSKKLDEVIANSQLSQILKSQHTNGIFEQGTFLHLVCKVYKQ RQRARDSRLYIMPEYRYDKKLHKYNNTGR——FDDDNQLLTYCNHKPRQKRYQLLNDLAGVLQVS
consensus/95% hL...hh-_._ .. .D...h.......... . aa.......chooooo o oL..hhoholhoo o cholulha. o ... oo.......0 hoo._.hooo... P..K....
consensus/85% hL...hh-_. h ..... h ....... P..K....

A. coleocanis
C. glomerans
Acidaminococcus D21

AF-QRYRIAS-1VSNLRI

--ADGERASA

LY-EEFCVLN-ELNGAHW.

RHLGSGADERLDVETQKRVFEYLLN----AKPTAD-~
-SIDGDDEHRFDAADREG I IEELFR

1Y-EKFMILN-EINNIRI

GGQGEKGF
LTGIDTTI

V. atypica LY-SEFMLLN-ELNNVRI —--ITGLDGEI
F. nucleatum LY-SEY T ILN-ELNKVQV --LKGIKDSF
F. alocis LY-SKYMVLN-ELNNVKV- LSGFDKDF
S. moorei LY-SKYNVLN-EINPIKV VSGIDIEI
C. catus VY-SKFMVLN-ELNNLRL. --1TGIDGDF
T. dentic LY-SEYTVLN-EINNLQI --ILGIDKEC

P. duerdenii

1Y-NEFMVLN-ELNNLKL.

LSGTDGDF

C. mitsuokai 1V-SKYEVYN-ELNKIRV- GFQKENQF

S. thermophilus LY-ETFNVYN-ELTKVRF TAESMRDYQFLDSKQKKD IVRLYFK~ —--LKGIEKQF

S. mutans LY-EKFTVYN-ELTKVKY- KTEQ-GKTAFFDANMKQE I FDGVFK~ LTGLDKENKVF

S. pyogenes L¥-EYFTVYN-ELTKVKY VTEGMRKPAFLSGEQKKATVDLLFK~ ~--1SGVEDRF
HH-HHHHHHH-HH HHHHHHHHHH. HHH----HH H

domains hhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh

catalytic residues
domains
catalytic residues
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LY-QEYEVLN-ELNNVRL-===——=— == —mmm o m - SVRTGNHWNDKRRMRLGREEKTLLCQRLFM- —--NLLRKEY---GRTYELS —--GLSDESKF
LY-QKFDVLQ-ELNNIRV- SGRRLD IRAKQDAFEHLFK. —--DFLVQAGY ISEDTQIE- GL-ADVNGKNF
S. sanguinis 1Y-EEVMLQN-ELTRVKY KDKYG: KAHFFDSELRQN I INGLFK----NN-SKR-- KYLSDNHKDL. SGVEKGKSF
F. fructosus RY-QLFTVLN-ELNNVRV- NGKKFDSKTKADL INDLFK: DYLKAQ TGLADESKF
LY-EKFMVLN-EINNIKI DGEKISVEAKQKTYNDLFV- KELISLNIM SGT-=====
KWLTAQGYY: 1GLSQKDEF
pseudintermedius LY-QEMEVLN-ELNATQI - —-EIMLNSNHRENFMNH--GEKLSI -FGTQDDKKF
L. rhamnosus LY-QKYEVLN-ELNNVRI DNLVAHGD---FARRPEIR- GLADEKRF
F. magna LY-SEYMVLN-ELNNLRI ~DYMVRNN---FADKEDFD-
P. antarcticus TY-ERFEVLN-ELNGIQL--=-—=—- === mm e — |
consensus/95% .a ..h.hh. Eh..h.h
consensus/85% hy .ca.hhN Eh..h.h

Jnet 227501312
M. mob

M. synoviae

M. ovipneumoniae
M. canis
consensus/95%
consensus/85%

E. rectale
E. faecalis
S. thermophilus
S. lugdunensis

HH-HHHHHHH-H---EEE

HHHHH EE EEE--——-

SA-KVFDITN-KLTDWKH
TA-MIFNEIN-ELSTIRS

KNEY ISERLKRKILLSRFLN-~--- KDSKS--==----,

SA-LIFNLQN-EICTIKN

YSTYLTGWF INQEFKKAYLNKLLDLL IKTNGEKP-~

EFTEFKNWWLNAEQKSE I LKFVFTELFNWKDKKY -

SY-EIFNLLN-QLINLST:

SA-LIFNFLN-ELANIRL--------——

-h _hF_..N _h..h..
-h _.hF__.N .h..h_.

TA-QEYNVLN-DLNNLTI

TNKKIWQLSSNDRNELLDELLKVKEKAK I -~~~

——-KKNI QPLWKLSSVDKLN TLLNLFNLPISEK-KKKL-~~~-~

c..hL..hh_..

NGRKLEENEKHE IVERIKS IN MR K1 1SDCMGEN IDDFAGAR-

SA-QQYNLLN-DLTNLKI

TA-QEFNLLN-DLNNLTV-

DGEVPLSSEQKEY ILTELMT -~~~ FG---VND----VV

KLLGVK-~-~--KERLSGWR-
VADIKGYR~

PTETKKLSKEQKNQI INYVKN MG---PAKLFKY 1

SA-DLFNALN-DLNNLV1

QRDGLSKLEYHEKYHI IENVFK~

E. dolichum SA-ELFNLLN-DLNNLSI EGEKLTSEQKAMILKIVHE --1DTKGSPL
R. albus IA-DIYAFVN-VLSQYTY TNNRGESVFDTSFANDL INSALK KSYHIDIS DKNSDTSL
R. inu ivorans TA-ELFVALQ-KINHTKL. IDEFGTGRFFSEEERKTIIGLLLS: AKKEGETEEERVL
L. coryniformis TF-QYFNLLQ-KMTSLNY- QNTTGDTWHTLNGLDRQAI IDAVFA --ETVEKKTR
1. polytropus SG-ERFVFLQ-KLNNFRI VGLSGKRPLTEEERD IVEKEVYL-

consensus/95% .. ..a.hh. _h....h -

consensus/85% ou ..a.hL. ch..h.h -

Bacteroides sp.20 LY-QEFRLWQ-FIVNLRI1 YRKETDVDVTQELLP- EWLNEKKE IDQKAFFKYPP———--— FGFKK----TTSNYRWN
1. album LY-QEFRIWQ-DIHNIKV- IRKESEVNGKKKINI ~--ELFNSKDSLSEKDILELISLNIINSGIKISK-KEEETTHRIN
B. fragilis LF-QEFKIWQ-ILNNIEVTVVGKKRKRRKLKENYSALFEELNDAEQLELNGSRRLCQEEKELLAQELFI - —--ALFQAYSK
N. salsuginis LY-DLYRLYK-KLADLNI DGYE\/TQEDREK\/IEW\/EKKIAQGKNLKK** --KGKKEPRT
- minutum LN-EERRLWE-TLNNARY === === === === === — | SDPIVDIVTGEITGYYEKQFTKEQKQKLFDYLLT-~~~~ G==SE~=memm| -=1LQGRDKK

S. globus LN-EERRLWE-AINNART KMPMQEGAAKRYQSASF: DEQRH SGTDITPKLVQKEFPALKTSI 1

M. trichosporium SF-ELFRFLS-RLNHVTL RDGKQERTLTRDELALAAADFGA--~~--, A--AK-----=-VS---FTA----LR-—=———-- KKLKLPE---TTVFVGVK~-~---~

F. branchiopl
Prevotella C561
P. timonensis
P. timonensis
A. paucivorans

um

DF-EEYRMWT-YLNTIKI
LF-EKFRAWT-LINNIKV-

TQSDKKLRFLTQDEKLKLVPK-FYR----K--ND

DY-EEFRMLC-FVNNIQV:

RMSVDTLDEQLPMKLRLDLYNECFLAFV--R--TE-~
KGPHDLELRPLTYEEREKIEPL-FFRKS-~-K--PN-

KGPHDLELRPLTYEEREKIEPLFFR-

DY-EEFRMLC-FVNNIQV:

SA-ETFMLLQ-KTGNLRL

ITHRRTGEERPLTDKEREQIHLLAWK~

P. marinum SF-QRFRIYQ-ELSNLAW. IDHDGVAHRI TASLALRDHLFDELEH ILRKQGV--VDYPVGFNL~ —-—-ESDNRDHL
A. denitrificans ST-QRFRIHQ-EVNHLRL LDENLREVALTLAQRDAVVTALET--~~-K-~AK-=~----LS---FEQ----IR--~—~---~ KLLKLSG---SVQFN --LEDAKRTE
R. syzygii SA-QRFRLMQ-ELNHLRV: MTLADKRERPLSFQERNDLLAQLVA KIVF NKEAYRF: TIESERRK
D. shibae LT-QRRVLYE-TVNQLRV TADGREARPLTREERDQV IHALDN-~---KKPTK-SLSSMVLK~~~LPA-~~~LA-~~~----KVLKLRDGERFTLETGVRD-~~=~~-~~~-~-——, AIACDPLR
R. rubrum TV-QDFIIRQ-TLANLRL PSTSADEPRPLTDEEHAKALALLST- —--RNGAKQAA
Azospirillum B510 SA-QRLRLFQ-ELASLRV: THLDLSERPLTPAERDRIVAFVQG ESDKRPEL

C. salinarum

N. hamburgensis
Bradyrhizobium BTAil
W. succinogenes
C. jejuni

Jnet 218563121

H. mustelae

A. ebreus

B. smithii

C. cellulolyticum
HF0070_07E19

P. lavamentivorans
N. meningitidis

P. multocida

A. muciniphila
Actinomyces F0310
A. cellulolyticus
B. longum

A. naeslundii

domains
catalytic residues

L1-QALRIRE-TVGNLRLHE

RITEPDGRQRYVPRAMPELGLSHGELTAPERDTLVRALMH

ERDTSGGG

LA-QRFRILS-EARNLEI
LA-QRFRIWQ-DVRNLAV

TA-EKFIAISKFFSTVII

LA-FMFVALTRTINLLNN

LKNTEGILYTKDDLNALLNEVLK-

HH-HHHHHHHHHH--EEE

HHHHHHHHHHHHH HHH

SA-EEFVALTKSINFLKN
SV-ERHVWLT-RLNNLRI

LTNRHGLCFSQEDMCVYLGKILQ: ~--LLLDLPS---DFEFLGLDYS

TF-QSFIVWE-HINKLRL

NAFIKAGLWGDGVRFGGLAYPSQAQ I DAEK
S

TS-EYFGLLQ-SINNLVL.

ST-EWFKFLQ-NLGNLQI
LS-QQRRMLE-KLNNLAI

—--DVDLQ
ELGGESKL

TA-ERFIWLT-KLNNLRI

NARPLDAEERDAILSKLQQ---~~

SA-ERFVWLT-KLNNLRI

LEQGSERPLTDTERATLMDEPYR

LEDGAERALNEEERQLL INHPYE-

EF-YEYRMAR-ILCNIR
AF-QKFKVVA-TLANMRI

DGEPLSAE IRRELMNQARQ-

EF-QEYRI NLRI

REQSAG-ERSLTSEELNRVARYLLN----HTESES-~

AF-QEYRIAN-VITNLRI

EF-QRFRIIS-1VANLRI

HH-HHHHHHH-HH---EE

~--EKLGVH----RRDLRGTAV- --HTDDG-ER

HH----HH HHH HHHEE

EE--HHHHHHHHHHE
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A. hesperidum
Alcanivorax W11-5
B. zoohelcum
Porphyromonas F0450
B. intestinihominis
0. laneus

SF-ERFQLLT- K\/VNLRIffYRQfofEDGGRYPC 777777777777777777 ELTQTERARVI-DCAY-
AA-QNFRIEK-QMADLRW- MLNDHQKAVIRELLN
VF-QEYKVWE-QINKL IV--NTKIEAGTNRKGEKKYKY IDR
LF-QLCCIYE-AVNNIRL TRPNGSPC:
LF-QVCRLWE-SINNIVV--K: DRRNEIVF-
EF-EEFRAYQ-FINNIIY KNEH
Treponema JC4 CS-QKLRILQ-DIGNLAY--YE. GGSKKRVE:
Rhodovulum PH10 SV-EARGIYE-RLAHLRI--T- -TGPVSDRG--
consensus/95% .- ----h.._.h._h.h__
consensus/85% .- --.-hh___h._h.h___.

DITPEERAKIV-AHLQ
I1SAEQRAALF-DFLN-
LTAIQREAVFELMCT-
LNDNQDKVLY-ELLN
--LTRPERDVLASALLA-

DQLTSKSGLKGNSTRVALA:
LGEQFKTGIQGNKTRVEIE
LFEKFNFDDTTKV
DSNSFNLEENRDF-
PHALVNFEEAGEK:

#map ke _ e e e _ ek ARk,



Jnet 331001027

P. excrementihomi
W. succinogenes
L. pneumophila
S. wadsworthensis
HTCC5015

F. novicida
consensus/95%
consensus/85%

A. coleocanis

C. glomerans
Acidaminococcus D21
V. atypica

F. nucleatum

F. alocis
S. moorei
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Jnet 331001027

P. excrementihomi
W. succinogenes
L. pneumophila
S. wadsworthensis
HTCC5015

F. novicida
consensus/95%
consensus/85%

A. coleocanis

C. glomerans
Acidaminococcus D21
V. atypica

F. nucleatum

F. alocis
S. moorei
C. catus
T. dentic
P. duerdenii

C. mitsuokai

S. thermophilus
S. mutans

S. pyogenes

domains
catalytic residues
domains
catalytic residues

S. sanguinis
F. fructosus

pseudintermedius
L. rhamnosus

F. magna

P. antarcticus
consensus/95%
consensus/85%

Jnet 227501312
M. mob
M. gal
M. synoviae

M. ovipneumoniae
M. canis
consensus/95%
consensus/85%

E. rectale

E. faecalis

S. thermophilus
S. lugdunensis
E. dolichum

R. albus

R. inulinivorans
L. coryniformis
1. polytropus
consensus/95%
consensus/85%

Bacteroides sp.20
1. album

B. fragilis

N. salsuginis

- minutum

S. globus

M. trichosporium
F. branchiophilum
Prevotella C561
P. timonensis

P. timonensis

A. paucivorans
P. marinum

A. denitrificans
R. syzygii

D. shibae

R. rubrum
Azospirillum B510
C. salinarum

N. hamburgensis
Bradyrhizobium BTAil
W. succinogenes
C. jejuni

Jnet 218563121

H. mustelae

A. ebreus

B. smithii

C. cellulolyticum
HF0070_07E19

P. lavamentivorans
N. meningitidis
P. multocida

A. muciniphila
Actinomyces F0310
A. cellulolyticus
B. longum

A. naeslundii

domains
catalytic residues

A. hesperidum
Alcanivorax W11-5
B. zoohelcum
Porphyromonas F0450
B. intestinihominis
0. laneus
Treponema JC4
Rhodovulum PH10
consensus/95%
consensus/85%
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F VADLK----K NKRVKDKM LSEAEKLETRWL IKN ERI-KK RGT- CPY-
KELGEKSKAGWVSKT- ERI-KTS: SEGI CPY-
LERISPENIFKDKN NRI-KEF: KG1 SAY-
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DPK-KKGRRTKRRYNDLKDALEAFK--KEDPELWRELC: ETAPNDM DERL-SLYFM QRGK: CLY-
E---SKKKRSVTRREQIKNLYRS IR--KDFQQEVDFLEKILENKSDG QLQSDAL- YLYF: QLGR DMY-
K---SEKKKKDSRQKRLSDLYSAI ---KKDDVLQSGLQDKEFGALKSG L NYDDAALR SKKL-YLYYT- QMGR: CAY-
DES-MKNKKTPARQEQLKKLYDSCG--NDIANFSIDIKEMKNSL! SYDNNSLRQ: KKL-YLYYL QFGK: CMY-
E---KVKKRTKSRKAQLLELYAACE--EDCRELIKEIE DRDERDFNS MKL-FLYYT: QFGK. CMY-
KSA-MKKKRTESRKDTLLELYKSCK--SQADGFYDEELFEKLSNESNS RLRRDQL- YLYYT- QMGR: SMY-
Q----EGKRSDSRKKQLVELYRACK--NEERDWITELN QSDQQLRS DKL-FLYY1 QKGR CMY-
E---LEPARTKTRLKILQDLYNNCK--NDADAFSSE IKDLSGKIE: NEDNLRLR! DKL-YLYYT: QLGK: CMY-
AKNSRKESRKNKLLEFYKFGKKAF INEIGEERYNYLLNEIN SEEESKFRW- DNL-YLYYT: QLGR: CMY-
AKERTESKIKKLENVYKDLD-EQTKKEYKSVLEELKGFDNTK: KISSDSL- FLYFT. QLGK: CMY-
——————— NQGKSNSQ--QRLKRLEKSLKELGSKILKENIPAKLS KIDNNALQN DRL-YLYYL QNGK: DMY-
-NQGRRNSQ--QRLKGLTDS IKEFGSQILKEH PVENSQLQN DRL-FLYYL QNGR------—---| DMY-
-QKGQKNSR--ERMKR IEEGIKELGSQILKEH PVENTQLQN EKL-YLYYL QNGR: DMY-
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Q----PSGRTISRKSRLQDLYRNANLGKEFKG I ADELN \CSDKDLQD: DRL-FLYYT: QLGK: DMY-
Q----ESHLTNSRKNQLSTLLKNA--GLSELVTQVSQY DAAALQN DRL-YLYFL QQGK: DMY-
MTTEEGQKKAKTRKTKLESAL--KNIEN--SLLENGKV- PHSDEQLQS EKL-YLYYL QNGK: DMY-
Q----TSVRSVPRYNQLKEKYQSKSLSEEAKVLKKTLD NKNKMSD- DRY-FLYFQ QQGK: DMY-
EKVRTKSRKDRLKELY--NG I KEDSKQWVKELD: KDESYFRS KKM-YLYYL QKGR CMY-
~KSEITTSREKRIKRLQS-KLLNKANDFKPQLRE-YLVPNKKIQE- ELKKHKNDLS! ERI-MLYFL QNGK: SLY-
NKLNNEQLQQ: EKL-WLYLS QNGK: CMY-
DKASFT. DRL-VLYFM QGGR: DIY-
KLDDSDLR! RKL-YLYYT: QMGR: DMY-
1KSQGDQRFNE: QRF-WLYVT. QQGK. CLY-
. I .... hLYh. Q.6c _hY
- ..h.. ...h hLya. Q.Gc -hy
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Ne—mmmeee NKHERKKTEG INKYRK--EKYEELKKVYDLP- NENTTLL. KKL-WLLRQ QQGY DAY-
S———————- EEKELENTKNYKKL IK--KNGDK I SEGLKALGISEDE IK. DILKSPTK! YKF-LLWLQ: QDHI DPY-
TKP-NLEKLLNNATNSN IKTLKEKL--DQTEKFDDFTKKKF ID KIENSVVFR NKL-FLWFE QDRK: DPY-
NDK-KTIEEIKK---RNKKGKGKTL--EKLFQILNLENKGYKLS. DLETKPAKLL.: DRL-RFYHQ QDGI DLY-
TQD-QENDALKG- IAKAQKSKKSLV--EERLEANN IDKSVFN DKYEKLI YKI-FLWIS: QDFK: DPY-
c....h... - - .ch .hh.. Q... D.Y
- C....h... .- - - -ch _hh._. Q.- D.¥
—--SEEQKKRINDSQKLNE--KEMEY IEKKLAVTYGIKLSPS DFSSQKQLS LKL-KLWNE QDGI CLY-
—~EEDEKKR IKELHAKNS--QRKNDSQSYFMQKSGWSQEKF - ——————=———————~ QTTI--QKNRRFL.- KL-LYYYE. QDGI CAY-
—~EDDEKKA QK 1QKANK--DEKDAAMLKAANQYNGKAELPHSVF: HGHKQL. TKI-RLWHQ QGER CLY-
—~SKDKQKF INEMQKKNE--NTRKRINE I IGKYGN- QNAKRLV- EK1-RLHDE QEGK. CLY-
-SEEQRKAIRERQKFFE--MRNKQVAD I IGDDR KINAKLR EKL-VLYQE QDGK: TAY-
KTFEDRAIDTKRNNDNQ--KENDRIVKE I IECIKCDE: VHARHL 1 EKY-KLWE QEGK. CLY-
KNFQDRTNLEKEMKKRQ--QENERAKQQ I IELGKQ: NPTGQDI LKY-RLWND QGGY CLY-
RNFKERGD I QKRQDKNR--QTNDKIAAELTELGI PVNGQNI IRY-KLHKE QNGV- DPY-
—~KSYDDRQT I IKENKKRE--LENEKTKKF I SEEFGIK: NVKGKLL- LKY-RLYQE QEGR CAY-
e e Covunnn .- R - - - .ch .ha.. Q... LY
- c.c..h.c...... . . P N .Kh .La.. Q.G. -hy
~NPADKRARMSQQMIKNE--NTNLRIKALLTEFLNPEFGIENVRPY-SPSQQDLLRIYEEGVLNSILELPEDIGI ILGKFNQTDTLKRPTRSEI LRY-KLWLE QKYR:
NNSEERKKTSESQEKNF--QEKERARKLLKELLNS----SNFEHY-DENGN---K1FSSFTVNPNPDSPLD I EKFRIWKNQSGLTDEELNKKLKDEKIPTEIEV -~~~ KKY-1LWLT------QKCR-

KNAKEREELTKS 1AQTT-~KAHEEYKTLLQTEFGLT- NVSRTDI LRY-KLYKE---LESCGYK
——PEK I RKE I DKAMRERE - ~KALDK I 1 GKYKKEF PSIDKRL RK 1 -QLWER------QKGL-
K--—-----KSAEDRSKLSREQNDNE--SNRNRIYEIY IRPQQQVI I TR R ENPRNY LKF-ELLEE QKSQ
VGAEKREDI IKQQTKQE--KEAVLAYSKYCEPN NLDKRY ERF-RLLED QAFV.
KS I EEREE I TRG 1 EKRN--RQKDKLRGLFEKEVGRPPQDG RGKEEL. LRF-ELWSE QMGR
—~~DANKRKG I QDYQNDNK - ~KFREDA I KE I KKLYFEDCKKEVEP- TEDDI LRY-QLWME QNRS
—~~DANRKWALDTYNRIRH--DENEK IKK I LEEFYPKRDG I STDD IDKARYV I DQREVDYFTGSKTYNKDI KKY-KFWLE QGGQ
—~DANKRRA I ADRQKEQD - -KQHKKYGDE I RKLYKEETGKD I EP: TQTDV LKF-QLWEE QNHH
—~DANKRRA I ADRQKEQD--KQHKKYGDE I RKLYKEETGKD 1EPTQTDV. LKF-QLWEE QNHH
—QPAKVRRR I ETEQQANE--KKKQQAEREFLDIVGT: PGPGDL. LKM-RLWRE QGGF
~MGADGKRELERFQKEGR-~AKNERARDELKKLGH IDSRESR QKF-QLWEQLAKEP-VDRC~
QSREQKVEAQRRQADNQ--RRNARIRRS I AEVL G GEE RVRGSDI QKW- I CWEEL SFDA-ADRR~
AGLEEKER IKKQQTANL-~ERNER IRQKLQDAGV- PDNRENR LRM-RLFEELGQ---GNGLGTP
~KSEEQKRADIKRIRDTT--EAAKKRSEKLEELEI EDNGRNR MLL-RLWEDLNPDDAMRRF -~
K-------AGADERKRM I AEQAERE - -RENAE I DVELRKSDRWM NARERR
K- -RSAEDRRREDKRQADNQ--KRNEERKRL I LSLGE RPTPRNL
K-----HGV IRRNE | AKENRENEGR - -RKKESAALDTFCQDNTVSWQAGG LPKER
K- - L SEQQKAERQREQRRNQ--DKNKARAEELAKFGR PANPRNL
K- LSPRRLAELEREQAENQ--RKNDKRTSLLRKLGL PASTHNL LKL-RLWDE
N- —TKGE I ED I KESQRKNE - ~KERKEAADWI AETSFQV. PLTRKNI LKK-RLY1Q
G- KNHSQRAK I EKEQNENY -~KAKKDAELECEKLGL KINSKNI LKL-RLFKE
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c- KAKSARMQLEK INKKNK--SENDAASQLLEVLGL PNTYNNR LKC-KLWKQ
S- RPLDERNKVKRAQEEFR--DRNDRARSEFERDFGY KPKAAAF- EKW-MLYRE
s- HSFDERKK I QKDQTENR-~KKNETAIKQL IEYELTK: NPTGLDI VKF-KLWSE
G- MTRQDRDNLKKEHENNR--KAREK I SDLIRQNGR VASGLDI LKW-RLWED
DKSKQNDQRAEDFRAEFQQ PRGDQS LRY-RLWKE
~KSKREREE 1QSGIRRNE--KQRKKATEDL IKNGIA NPSRDDV. EKW- I LWKE
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Jnet 331001027

P. excrementihomi
W. succinogenes
L. pneumophila
S. wadsworthensis
HTCC5015

F. novicida
consensus/95%
consensus/85%

A. coleocanis

C. glomerans
Acidaminococcus D21
V. atypica

F. nucleatum

F. alocis
S. moorei
C. catus
T. dentic
P. duerdenii

C. mitsuokai

S. thermophilus
S. mutans

S. pyogenes

domains
catalytic residues
domains
catalytic residues

S. sanguinis
F. fructosus

pseudintermedius
L. rhamnosus

F. magna

P. antarcticus
consensus/95%
consensus/85%

Jnet 227501312
M. mob

M. synoviae

M. ovipneumoniae
M. canis
consensus/95%
consensus/85%

E. rectale

E. faecalis

S. thermophilus
S. lugdunensis
E. dolichum

R. albus

R. inulinivorans
L. coryniformis
1. polytropus
consensus/95%
consensus/85%

Bacteroides sp.20
1. album
B. fragilis
N. salsuginis

- minutum
S. globus
M. trichosporium
F. branchiophilum
Prevotella C561
P. timonensis
P. timonensis
A. paucivorans
P. marinum
A. denitrificans
R. syzygii
D. shibae
R. rubrum
Azospirillum B510
C. salinarum
N. hamburgensis
Bradyrhizobium BTAil
W. succinogenes
C. jejuni
Jnet 218563121
H. mustelae
A. ebreus
B. smithii
C. cellulolyticum
HF0070_07E19
P. lavamentivorans
N. meningitidis
P. multocida
A. muciniphila
Actinomyces F0310
A. cellulolyticus
B. longum
A. naeslundii

domains
catalytic residues

A. hesperidum
Alcanivorax W11-5
B. zoohelcum
Porphyromonas F0450
B. intestinihominis
0. laneus
Treponema JC4
Rhodovulum PH10
consensus/95%
consensus/85%
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Supplementary Figure S5. Multiple alignment of Cas1 sequences associated with type Il CRISPR-Cas systems (Please see
Supplementary Materials and Methods for details); Sequences are denoted by Genbank identifiers and complete organism name.

16130662 _Escherichia_coli_str- K-12_ substr- MG1655 MTWLPLNPIPLKDRVSMIFLQYGQIDVIDGAFVLIDKT
11500011_Archaeoglobus_fulgidus_DSM_4304 K NYYLVSDG-KLRRHENTIYFENE
18977490 _Pyrococcus_furiosus_DSM 3638 MR KSLTIFSDG-TLLRRENTLYFENV
46447796_Desulfovibrio_vulgaris_str-_Hildenborough KLL TLYVTTQGTYLAKEGECIVVRVGD:
54296139 Legionella pneumophila str-_ Paris KHLTLSEQGSFCKLQGERILVENKD
331001028 Parasutterella excrementihominis_ YIT 11859 RHLTVSGFGDFLGVHGNRLIVRNGD
319941582 Sutterella wadsworthensis_3_ 1 _45B YLTVSSFGTALGLSGERLVVHEAD:
118497353 Francisella novicida U112 KHLIISEYGIYLGLESGRLVVKNK—
34557933_Wolinella_ succinogenes_DSM 1740 T HLYIDEYGSFVGKTSERLTVSQGG
187736488_Akkermansia_muciniphila ATCC_BAA-835 MSY

407803668 Alcanivorax_sp-_W11-5

325972002 _Sphaerochaeta_globus_str-_ Buddy

2l

187250661 Elusimicrobium minutum_ Peil9l M RVLDIPGDGYHLCVKNNNFSAVKDR
47458867_Mycoplasma_mobile 163K MGW: IVEINTDE-YVHLYLNNLYIKRK:
363542551 _Mycoplasma_ovipneumoniae_SCO1 ME KIIEISESE-YVYLFLNNIVIKKD:

71894593 Mycoplasma_synoviae 53 MMAK: KVVEIKETE-YLFFHLNSLIVKKE

384393287 _Mycoplasma_canis_PG_14 MSK- KVLEISQSE-YISYFLNSLIVKSN-

284931711 Mycoplasma_gallisepticum str- ¥ —-—mo———————— oo MQOLPHPPEHLCSGFLFIMSK-~———==-—~ KVLEVSETE-FISLHLDTLIVRKH-—=———==———=————————
117929157_Acidothermus_cellulolyticus_11B MTGPW RVVDLSELSGEVHAAQGALLVGDE

317482065 Bifidobacterium_sp-_12_ 1 47BFAA MONO! RVIDCTDLDGSISYERGRMRVVKNDT - -GECV
315605739_Actinomyces_sp-_oral_ taxon_ 180_str-_F0310 MNSQ! RVIDLCGFEGTLRSTRGGVEVCAQE
294086112_Candidatus_Puniceispirillum marinum_IMCC1322 MIEISGQPRHISVRRGAIIVSDNE:
282880053_Prevotella_ timonensis_CRIS_5C-Bl MLK: RSVVFSHPA-SLSLRYNQLVITMKDLP-
374384762_Odoribacter_ laneus_YIT 12061 MLK: RTLFFGKPS-RLSVKDKQLVIEIKET-

423317188 _Bergeyella_ zoohelcum ATCC_43767 MLY: RSIYIGNPA-YLKLKDQOMKIVCPETK-

385811610 Ignavibacterium_album_JCM 16511 MIK RTLYFGNPA-YLSLKNMOMLIKLPISGNDNEATDEDKNEKYKDRNNON
402847305_Porphyromonas_sp-_oral_taxon_279_str-_F0450 MME RTIYIGNPA-YLSLRLKQMEVRQPLDDRE-============~~ TTVR
345885719 Prevotella_sp-_C561 MIK KTLYFGNPA-YLSLRNGQLVIRLPEVEKAE-LPDIIK-
404487227 _Barnesiella intestinihominis_YIT_11860 MIK: RTLYFGNPS-YLSLRNAQLVLRLPEVSNNDTLPDTFK-
301311870_Bacteroides_sp-_20_3 MIK: KTFYFGNPA-YLSLRNQQLVIKLPEIVKNDTVPESFK-
60683388_Bacteroides_fragilis NCTC_9343 MIK: KTLYFGNPV-YLSLRNAQLVIKLPDVEKATVLPETLK-
402849996_Rhodovulum_sp-_PH10 MLG: RIIEVEGEGRRLCLERGFLRITGPA:
154250554_Parvibaculum_lavamentivorans_DS-1 MIR-

159042957 Dinoroseobacter shibae DFL_12 MD

288957740 _Azospirillum_sp-_B510 T

330822846_Alicycliphilus_denitrificans_K601 T

344171926_Ralstonia_syzygii R24 MIG: RIVEIATNNRYLGLDRGFMVVKSAD:

319957207 _Nitratifractor salsuginis_DSM_16511 TIRITKPC-RLSIENGNLVVEDE

315149831 Enterococcus_faecalis_TX0012 MLLGF

116627543 _Streptococcus_thermophilus_LMD-9 T

238924076_Eubacterium rectale ATCC_33656 F

218563120 Campylobacter jejuni_subsp-_jejuni NCTC_11168 - ATCC 700819 MSYDEAF

291276264_Helicobacter mustelae 12198 FDEAF

325677757_Ruminococcus_albus_8

296446028 Methylosinus_trichosporium OB3b

34557789 _Wolinella succinogenes_DSM_ 1740

222109284 _Acidovorax_ebreus_TPSY MV
336393380_Lactobacillus_coryniformis_subsp-_torquens_KCTC_3535 F

218767587 Neisseria meningitidis 22491 MTW RST.LIONGG-KLST.ORROLTTOON-——— ———— - ———— oo ———
15602991 Pasteurella multocida_ subsp-_multocida_str-_Pm70 MMSSVKIDKFADLSKDNLCVKLYHPDFLYIGNRDFLGVIMSW-========~ RSILISQGG-KLSLQRKOMLIQQ F
310780383_Ilyobacter_polytropus_DSM 2926 IFITSST-KISTRDSGLLITKE
312879014_Aminomonas_paucivorans_DSM 12260 MGW- RSVFIANPA-RLSTGGGRLQVEQE-

403744859 Alicyclobacillus_hesperidum URH17-3-68 3 HVMVTRSA-KLSCRNNQLVVRQEDESSGE~
421874296 Brevibacillus laterosporus _GI-9 MSTRLNQLVVKQ

220930481 _Clostridium cellulolyticum H10 IIVSNPT-KLKLKONNLWVEQ-

225377803 _Roseburia_inulinivorans_DSM_16841 F IMISSNM-KLRIQDOQLVVTA-
315659847_Staphylococcus_lugdunensis_M23590 MSW RIVYVSDVN-HMSLNLNSLKIKKG
160915783_Eubacterium_dolichum DSM_3991 F VLYIENQY-HLOLYLDNLKVETS-
323463802_Staphylococcus_pseudintermedius_ED99 MSF RTVIITKES-KLSLRMNQLIVKSE-
389815358_Planococcus_antarcticus_DSM_14505 TVILAKEA-KLTLRMGHLIVSGE
328956316_Coriobacterium_glomerans_PW2 F [VLIESAC-KCTYQGGYLVVRKE-
422884107_Streptococcus_sanguinis_SK49 MGW RTVVVNTHS-KLSYKNNHLIFKDA-

116628212 _Streptococcus_thermophilus_LMD-9 TVVVNIHS-KLSYKNNHLIFRNS-

24379808 _Streptococcus mutans UA159 MGH

13622194_Streptococcus_pyogenes_M1_GAS

227824982_Acidaminococcus_sp-_D21 v

169823756 Finegoldia magna ATCC 29328 MGH

320528779_Solobacterium moorei_ F0204

303229394 _Veillonella atypica ACS-134-V-Col7a MSW:

304438953_Peptoniphilus_duerdenii ATCC_BAA-1640 T

374307737_Filifactor_alocis_ATCC_35896

256845020_Fusobacterium sp-_3_1 36A2 MSGW-
306821690_Eubacterium_yurii_subsp-_margaretiae ATCC_43715

42525844 _Treponema_denticola ATCC_35405 MSW

291520706_Coprococcus_catus_GD-7 IIVISKRA-KLDLQLGKMVVRSD-

258509198 Lactobacillus_rhamnosus_GG SFIITQHC-KVTTKQHSLVVQTN-

336394883 _Lactobacillus_farciminis KCTC_ 3681 MGW RTIYITQKA-KLSYKANHLLIQTN-
339625080_Fructobacillus_fructosus_KCTC_3544 TVFVNEHA-KINYKMNDINIQTK
310286727_Bifidobacterium bifidum_S17 MAW- RNVVVTRHC-KISTKMRLLVIQTD—

366983954 Oenococcus_kitaharae DSM_17330 ILINQHC-KISYKMNMCVVQTE-

#map of conserved positions used for tree reconstruction e
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16130662 Escherichia coli str- K-12 substr- MG1655 HIPVGSVACIMLE-PGTRVSHAAVRLAAQVGTLLVWVGEAGVRVYASGQPGG-ARSDKLLYQAKLALDEDLRLKV-VRKMFELRFGEPAP -~~~
11500011 Archaeoglobus fulgidus DSM 4304 PIPINSIYATYALG-SLSITSKAISLLAKEGVCTHFFNRYGYYIGSFYPRESLVSGEVVLRQAEHHLDSEKRLHL-ARAFVEGAT LNMARVLKK--AEQD
18977490_Pyrococcus_furiosus_DSM 3638 PLAIEGIYDIYIYG-HVNITSQALHYIAQKGILIHFFNHYGYYDGTFYPRETLLSGDLIIKQAEHYLDKNKRLFL-AKSFVVGGAKNMEKNLKN--WGIS
46447796_Desulfovibrio_vulgaris_str-_Hildenborough RVPVHSLGGVVCFG-QVSCSPFLMGFAAERGLGFSFLTEHGRFLARVQGPVS-GNVLLRREQYRRADSPEASAEV-ARSIVSAKVVNARGVLOR--AMRD
54296139 Legionella pneumophila str-_ Paris EGTLNRLKTISIVKQGVTLTSNLLVACAMRGIQIFILDYSGKAVCSLQG--G-LHRTAKVRESQFKYIYTKEASNMAARFILAKIKKQSAVLKY --FAKA
331001028_Parasutterella excrementihominis_YIT 11859 ETALSRLRTIRID-KSVSLSSNLILACAARGIRIYFLDWKGVGVVEVSGMH-~RHAVVGVRKSQFECLKSLQAQLLAKEI IFSKIRNQRAVLLY --FSKY
319941582 Sutterella wadsworthensis_3_1 45B ETALSRLRTIRIEKKGISVSTNLMLACAARGIRLFLVDWRGVGVVALSGLHQ-HAVVSIREAQFLATHSSQGRTI-AAEMITAKIRNQRTVLLY -~FWKY
118497353 Francisella novicida Ul12 YFPLNRLATLSIAKKGVSFSSDLVEQFSLRGIKLFFLDFRGVAHSMLVGANQ-HAVVQARI-NQYRYIDRNALTL-SIKLIAAKIKNQRATLNY --FNKH
34557933 Wolinella succinogenes DSM 1740 ETPLSRLKSVNILKGGISLSSDIIEACSLRGIKIFFLDFRNVAHTAITSTAN-HAVANVRKAQFLT IESNHGREI-ARTLIVGKLKNQRATLOYFYKYLK
187736488 Akkermansia muciniphila ATCC_BAA-835 TIPLEDVGAVVLSSFKATLTSNLLIELARKRIGFVLCESYR-PAVLLLPAD--RSTDTGLLRHLADMPARLRNRL-WQKTLDAKCGNQTALAQA--WNPH
407803668_Alcanivorax_sp- W11-5 RLLPSDIAVLCLHHHTVQLSVHVLRKLTEAGAATLVTDDRHQPAGLMLODYG-RPNAVVRLROQTALEQSGQDRLVWQQLVSWKLRTQSRLLGK-~LERR
325972002 _Sphaerochaeta globus_str- Buddy LIPFDDIHSTICHGIGFRYSDKFFKSCLHHKVPVTFCDEKHI PLGMLLPMLQ-HKDTSQRMDIQLKASLPRRKQA-WQQT ITEKLKNQRDFLOH-~LQTP
187250661 Elusimicrobium minutum Peil9l HCLFDDINSIILYGNNITISNTCIQKCLEHKVPVIFCDKTYNPAGMLLSSFT-TNIYGRRLOLOINASKPQIKQA-WQQIITSKLNNQAEVLKR--FDTL
47458867_Mycoplasma_mobile 163K LLNIRDIDTILFNNQYSTISIRLLTFLAKNNVNIIFMNEKNEPNSYLIPIEG-NHNSLKVVAEQVKWTKEYKATL-WKDI IKNKTHNOKNLLIK~-NKLF
363542551 Mycoplasma_ovipneumoniae_ SCO1 VFPIDTVDVLIFENDRATISIPVINELVEKKVNIIICKNHL-PQSLIIPYSG-YYNN-KIFQEQIKWDIPYKTKT-WQEIIKLKIQRSISVLKS--IQKI
71894593 Mycoplasma_synoviae 53 VLPLSDIDTILISNPYCTISVPLINAIVSNNINLIICNKDFEPNVQLLSISG-YYSN-KNFLSQINWTQEFKDKT-WEKI IKLKTTNYVNLIYF~--FGLL
384393287 Mycoplasma canis PG 14 IVPISQIDTVLVSNPRCNISVPLLNELVAQNVNIITCDSKFKPTVQISPIQG-YYSN-KNFLNQINWSKDFKGEV-WRET TKTKIVNYTKLIYY-~LDIT
284931711 Mycoplasma_gallisepticum str-_ F TLPLKTLDTILITNPYCNISVPLLNKIVENNINLIVCNTKFQPTMQILPISS-YYSN-KNYLWQIRWTDEQKNQI-WKQLVKLKIINYARLINH--LNIT
117929157_Acidothermus_cellulolyticus_11B RVPLVDVA-MMLTGPYVSLHGSVIDRARAFGVGVVHCDWRGVPVAATLPWST-HNRVAARHRAQAELSLPROKNA-WMNTVKTK TRNQAAVLRA-~LRRD
317482065 _Bifidobacterium_sp-_12 1 47BFAA DVPLAQIAVVLL-GLHVRCSAAVLHEMARYGVSVMLCDWRGVPDAALHAWTDMPTTVTTRQLAQSNMSLPRKKSA-WARIVOMKIRGQAACLDS --SKLE
315605739 Actinomyces_sp-_oral taxon 180 str- F0310 TIPVAELAVVLV-GMKVNLSAAVLHRLAEADVAVLFCDWRGI PEGGCYSWSD-HGRVAARHRAQAEVTLPRKKNA-WARLIRAKTEGQASVLEN--TKIR
294086112_Candidatus_Puniceispirillum_marinum_ IMCC1322 QIDLDGVLSVIVTSRGATVTTPMITEARARNIPIIICNDRFQPVSLSLPLVQ-HSDQTRRFETQALAKKGIKNRI -WQKT TKGKVKNQATLLVL-~YQSA
282880053 Prevotella_timonensis_CRIS_5C-Bl TIPIEDIGFLMVDNPMVSISVPLINALTENNVSVVECNOKGMPTSMLENLDN-NNTQGETLRNQLSASQSFNKOL-WKQI TECKIKNQAQLLEK-~LGKE
374384762_Odoribacter laneus_YIT 12061 KAPTEDIGFVVIENQQTSVSLPLLQEFMSNNVAVIFCDASHMPNSMLLNLDG-HHLQSEMFRFQINASEPLKKNL-WKQTVEAKTRNQAALLDK-~SGKN
423317188 _Bergeyella_zoohelcum ATCC_43767 SVPVEDLGLLMLDHFQITISHQLIQWLMGNNVVIISCDAHHLPHGOMLPLHG-NATYSQRIKDQIEASEPLKKQL-WKQTIECKIANQAAVLER-~LGTF
385811610_Ignavibacterium album JCM_16511 TFPIEDIGIVILDNQQITITQGLLSSLLDNNSATVTCDSRHHPAGLFLPLES-NLEQSQRFQEQTEASVPLKKQL-WQQTISSKI INQALLLNK--IGVK
402847305_Porphyromonas_sp-_oral_taxon_279_str-_F0450 TIPIEDIGVVLLDHPQITITHALLGALLENNCATVTCSATHMPSGLLLPLDG-HTLQTERFRAQLDASLPLRKQL-WQQTVQAKI LNQAHALHT-~VLGE
345885719 Prevotella_sp-_C561 TVPIEDIGVVVLDNKQITITQGALAELVANSARVITCDSKCMPTGMLLPLSG-NTLHOERFRNQTEAAT PLRKOL-WOQTVKAKIENQAYCLOK-~NTSK
404487227 Barnesiella_intestinihominis_YIT_ 11860 TIPIEDIGVVVLDHSQITITQGLLEALLENNCATITCDKSRLPVGLILPLCG-NTTQNERFRDQLNASLPLKKQL-WQQTVQQKIANQAATLES--QGI T
301311870 _Bacteroides_sp-_20_3 TKPIEDIAVIVLDNKQITITQGVLEALLENNCAVITCDGRSMPVGLMLPLYG-NTTONERFRDQLDASLPLKKQL-WQQTIQAKINNQASVLCS-~CKNE
60683388 Bacteroides fragilis NCTC 9343 TKPIEDIGIVVLDNKQITITSGVLEALLENNCSVITCDSRSMPVGLMLPLYG-NTTONERFRKQLDTSLPLKKQL-WQQTIQAKINNQASVLKD-~CMDE
402849996_Rhodovulum_sp-_PH10 KIPLDDIEAVILTHPAASLTTQAVAALAARGTPLVVSGPDFRPVAFLLPIDG-HHGQGHRLEAQAEASRPTRKRV-WAE IVRAKVTAQADMVEH--VGGA
154250554 _Parvibaculum_lavamentivorans_DS-1 TLPIEDLGVVIVDDLRATYTQAVFIELLEAGATVMVTGRDHLPAGMMLPLDA-HHIQTERHRAQVEASEPTKKRA-WQALIRSKIAQQGIVLAH-~FTGE
159042957 Dinoroseobacter shibae DFL_12 RIPLDQIAGVIVHAHGTTWTTSLLTELADRGAPVVLCGANHAPRSVLMPLDG-HHAQGARLRAQWQARAPLVKQA-WKQTVIAKTAMQARALEA~
288957740 Azospirillum_sp- B510 RVPLDDIAVVMANAHGLTYSNALLMALMERGAVVVMCGPNHLPAAFVIWPVDA~HHVQSRRMRAQVDAPAPLAKRL-WQALVRAKIRQOAAALEA~
330822846_Alicycliphilus_denitrificans_K601 QVPLDDIAAVIANAHGLTYTNNLLVALAERGAPFVLCGPNHNAMGMLLPIDG-HHVQAKRIEAQTAASLPVHKRL-WAAVVKSKLEQQARALEA-~AAAP
344171926_Ralstonia_syzygii_R24 RVPLDDLAAVIIAARHGITHSSNLLVALAERGVPFVLTAANMQPVAMLWSVDG-NYQQAGRMEAQLGASLPONKRL-HQQVVRSKLOMOAVVLES -~ VGVP
319957207 Nitratifractor_salsuginis_DSM 16511 KLSLSDTDSIIFEGDRFTLSAKVLAALSRHKVATLFCDEYYMPTAILHPYHO-SSLATETLKAQLSLPDDLRDRL-WQET IRVKILNQSAVLSH-~FAKK
315149831 Enterococcus_faecalis TX0012 VIPLTDIESVILEGDQTVITTRLLAKFAQHHIDTVICDNTFMPVGVFLGIGQ-YHRSAKRATHQSNLKEEQKQVA-WCETVTQKIQNQIAVAKY -~LGTD
116627543 _Streptococcus_thermophilus_LMD-9 TVPLSDISIIVAEGGDTVVTLRLLSALSKYNTALVVCDNEHLPTGIYHSONG-HFRAYKRLKEQLDWSQKQKDKA-WQIVTYYKINNQEDVLAM-~FEKS
238924076 Eubacterium rectale ATCC 33656 WIPLDDISMIVLDNLASNLSTRLMCQLAEQGIGLMLYNQOHLPTGFYSAYDN-HSRASKVIGFQIDKEQDYYGKL-WQQTIVKIKIENQAKAYQT ~~MTRD
218563120_Campylobacter_jejuni_subsp-_jejuni NCTC_11168_- ATCC_700819 KLFLKDINIIVLESLQISISSALFNAFAKYKIILLTCDETHSINGVFTPFLG-HFQSAKTAKEQMNVSAQKKAIL-WQKIIKNKILNQAFTLKK-~HNKI
291276264 Helicobacter mustelae 12198 -IPLRDIHTIVIDTPQITLTSSLMKELAQYKILVFFCDDSHLPSGVFSPFLA-HYRSSATILDLOIHFSKONKSIL-WQKI IQAKIONQTNLLMQ-~ENKT
325677757 Ruminococcus_albus_8 CVPLGDIYSVVIDNRAALVSVSLMAALAEANTHVIFCDSKHTPTALMLPMNT -HYKPFGVIKRQLGLSDEFKAVL-WQRIVKQKLTNQT ICLKL--AGIN
296446028 Methylosinus_trichosporium OB3b RLPLEDVAYIILDAPHATLTSTLISACMEAGVVIVSVDARHTPNGLALPFHS-HHRQAGVAAKQVLLSEPFKKRC-WQGVVVAKIDNQAAHLES ~~LGRN
34557789_Wolinella_succinogenes_DSM_1740 QLPLADIGVVIVENPQVTLSAALLSALAQEGTALMSCDSSHLPDGVFAPFGT-HSRHTRAARVQAVHSEPFKKRC-WQKIVRAKVSSQAEVLRR--VGAE
222109284_Acidovorax_ebreus_TPSY RVPFEDIAVIVLNHREITLTHPVLSACGEYGIGLYSTGDNHQPNGVFMPFLQO-HSRATRMQRLOLDLDKPSAKRA-WAHIVQVKIGNQARCMEL-~LGTV
336393380_Lactobacillus_coryniformis_subsp-_torquens_KCTC_3535 TVPVEDISSIMIEHKQCTITAPTLSFLAEHQVAVFTCDOKHLPCAVVLPLGQ-YYRKLEALEAQLHVRTKTKARL-WQKLMKOKTENQAKVLEL-~NHCK
218767587 Neisseria meningitidis_z2491 TVPLEDIAVIIIENRETLITAPLLSALAEHGATLLTCDEQFLPCGQWLPYAQ-YHRQLKILKLOLNISEPLKKQL-WQHIVRQKILNQAFVADE--TGND
15602991 Pasteurella multocida_subsp-_multocida_str-_Pm70 TVPLEDIAVIVIESKETLITAPLLSALAQYGVTLLTCDEQFLPCGQWLPFGQ-YYROLKTLKLOLETTLPQKKQL-WQKIVOQKIRNOGFVLEQ-~VGYF
310780383 _Ilyobacter polytropus DSM 2926 NIPLEDISSIILDNNSVTITSRVLEEIASRDIVLLTSDEKHLPNGIFQGYGR-HSRQLAVAKAQINMSVPRKKRL-WQETVTKKLENQGRVLEL-~-MRCE
312879014_Aminomonas_paucivorans_DSM_12260 SVPLEDLGALVLESPQVSLTVPLLRELAENRVPLFVCDRRHLPCGVLLPFHA-HCRQEKVLRAQMGLSRPFAKNC-WQRVVRRKI LNQAACLRF~~LDLP
403744859 Alicyclobacillus_hesperidum URH17-3-68 TIPLEDIRTLMLEDRQSIITSALLARLAEFRIAVFTCDEKHLPNGVLLPYCQ-HSRGPKIMOSQLEMKRPLVKRL-WQAVVRRKIENQAACLTL--CGCS
421874296_Brevibacillus_laterosporus_GI-9 TIPLEDIASIVVEENQVVLTAALLSKCSEYGIGLYTCDEKHLPNGVLLPFQS-HSRQLRVLETQYNLSKPFKKRV-WQKI ITTKIMNQALCLSY~~LDKT
220930481 _Clostridium_cellulolyticum H10 SIPIDDINTIVLDSADVTITSALLSKLAEEDIALYSCDGKHTPNGVLLPFSC-HSROYKIVKTQINLSAPFKKRC-WQRVVQOKIENQAFCLNI-~LELK
225377803_Roseburia_inulinivorans_DSM 16841 HIPLEDINCILIENQSVTLSAYLLOKVADSGIALYVCDEKHLPNAVLLPMVR-HSRHFKILKYQOMETGKPLQKRL-WQQVVIQKIRNQALCLQL-~LELD
315659847 Staphylococcus_lugdunensis M23590 KIPLADIFALVIEDLTVTITSRLLVELSNYNILVIFCNQKHLPECSLQPISG-HFNQY IQMKEQLKWDEARKNEL-WSATVKRKIHNQIECMKY -~LDID
160915783 _Fubacterium_dolichum_DSM_3991 QFPISDIQILVIDHYRSTLTVPLVNKLTENNVCVIICGIDHLPKSYILPMNG-HFAQSGNIMKQITWSNETKQIL-HQQIVKAKIFNOQTEILKT--NQCK
323463802 _Staphylococcus_pseudintermedius ED99 RIPLNEILCLVIEHPNVSMTGHLMNALSDQKIVTILCNTKHLPNTLLLPLYG-HHRQARLIQNOMNWKNERKGQL-WQLLVKHKI LNQKQVIQE-~CFKE
389815358_Planococcus_antarcticus_DSM_14505 RVPLEEISFLLIENPNIQLTGHLINALSHHHIVTLICDANMKPSSVVNSVYG-HHRQSRI TAQOATWTEERKGML-WOE I TKOKTENQROLLIH-~LKKE
328956316 Coriobacterium glomerans PW2 KIHLSEISSVTLQOSTQVFVSAYLLSELAKAKITFVISDEKRNPVGQYLPIYG-AHNTSKRIGEQI SWEEPTKKRV-WQRVVRDKITNQARLLET -~RGRS
422884107_Streptococcus_sanguinis_SK49 LIHLSEVDILLLETTDIVLSTMLIKRLVDENILVIFCDDKRLPTAYLMPYYG-RHDSSLQLSRQITWNEETKAQV-WTTITIAQKILNQAFYLGS--CGFL
116628212_Streptococcus_thermophilus_LMD-9 MIHLSEIDILLLETTDIVLTTMLVKRLVDENILVIFCDDKRLPTAFLTPYYA-RHDSSLQIARQIAWKENVKCEV-WTATIAQKILNOSYYLGE--CSFF
24379808_Streptococcus_mutans_UA159 MIHLSEIDILLLETTDIVLSTMLIKRLVDENILVIFCDDKRLPTAMLMPYYA-RHDSSLQLSHQISWTEEVKCDV-WTITIIAQKILNQSCYLGE--CFYF
13622194_Streptococcus_pyogenes_M1_GAS LIHLSEIDILLLETTDIVLSTMLVKRLVDENVLVIFCDDKRLPTAMLMPFYG-RHDSSLOLGKOMSWSETVKSQV-WTTIIAQKILNQSCYLGA-~-CSYF
2277824982 _Acidaminococcus_sp-_D21 RIFIDEIKTLIIENTGVAITAYLLSELMNRKVNLIFCDKAHNPQSSLLPLHA-RFDSIRKIKQOMIWSQEIKDEV-WDCIVKAKIRQQALFLDE--LEKK
169823756_Finegoldia magna_ ATCC_29328 KIHIPEIAVLIIDSTMVSFTTALIEKLIAEKVKIIFCGKDHNTIGEIVNYYN-KHNSPLMIRKQISWONNSKQKT-WREITKEKINRQALLLKF--IGNE
320528779_Solobacterium moorei_F0204 RVHLSEISLIIVETPSVSLTAYLLCELAANKIGIIFCDEKRYPNGQYIPFYG-SHDTSEKIRKQYNWNLNSKMI I-WKEVVIRKIAGOMGVLNRYNHVKS
303229394 _Veillonella atypica ACS-134-V-Col7a KIYIDEIYMLVIESTAVSLTAVLLNELIKKKVAIVECDEKRNPASEVLPLHG-SHNSSKRCREQADWSKDVQAY I-WTEIVRRKIMNQAELLKY--KELK
304438953 _Peptoniphilus_duerdenii_ ATCC_BAA-1640 KIYLKDISHITVNTTEASITFALLNEIVKNKIKLIFCDETRNPTAEVSPLYS-SYNTSEKIRLOQIKWDEYTKGEV-WQQIVKQKIKNQRNLLEA-~AGKP
374307737_Filifactor_alocis ATCC_35896 RVYIPDIGFLMIESTRVSLTTTLISELVKNKVKIIFCDANHNPQSELLPYHG-SHDTSLKVREQVSWSDEIKQLV-WTEIVKEKIKNQMELLEE--YQNF
256845020_Fusobacterium sp-_3_1 36A2 FIHIGEVNTLILETTTISITAALMCELIKQKVKVIFCDEKSNPHFELLPFYG-SHDCSAKIKEQIAWTDFLKESL-WTIIVTEKIENQMKLLKK--LNKE
306821690 Fubacterium_yurii_subsp-_margaretiae ATCC_43715 KIHLSEIHTLILATTAISITCALLSELTKQKIKVVFCDEKRNPSSELIPYYG-SHDSSAKVRTQIQWDNEMKLEV-WTQIVKEKTRQQALHLKS —
42525844 _Treponema_denticola ATCC_35405 KVFIEEISVLIIETTAVSITAALLNELIKQKVKVIFCDEKRNPASELIGYYG-SHDTSEKIRLOQIKWDKNIKQLV-WTEVVTEKIRQQOKYLLEK--LNLP
291520706_Coprococcus_catus_GD-7 -IVLSEISTIIIESTAVSITASLISELAKRKIKVIFCDEKRNPSCELVNYYG-SHDTSNKIRKQIAWKQOTKEAI-WTEIVTDKIRKQKDLLEL--LRRK
258509198 _Lactobacillus_rhamnosus_GG TMPIDDLNQVIFTTTRALISADAIAALADANAKVIFSGRDGQPVTETKNLYS-DRRRAEQVRLOVNWPLDLIETV-WTKIVAAKISNQAQVAKL--CGHD
336394883 _Lactobacillus_farciminis_KCTC_3681 QIPFHQINCIIIATTQSVITGYLISKLVTENIKVIFCAEDHNPCAELNGYYN-NIQRNONIENQVSWSLPTKQDL-WTRVVKNKLONQRSVLVR--ADLS
339625080_Fructobacillus_fructosus_KCTC_3544 RIPIDDIRVLILGNTRTVITSYAVNELQKKNVKIINCDEKGMPVGEFLSYCD-NTKQONINIWKQFDWAENRKNLL-WOKIVQTKIFNOHQALGE--KVIA
310286727_Bifidobacterium_bifidum_S17 QLPMDDIGMLMIETTRAVITTCAIADLLKRDVKIVECDDKHLPIGETSPYET-ESSRRAYIIQQIRWDEARKDLL-WQHITREKIAHQVSVLEK-NCDSL
366983954_Oenococcus_kitaharae DSM_17330 QTPVEDIRLLVIATTRAVITTYAVMELLKRQVGILFTDDKAFPIGEINNYLG-GGNRNKNIQQQOVDWPTERKQNL-WAE IVKSKILNOSKCLDF-~FSEN
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16130662 Escherichia coli str- K-12_substr-_ MG1655
11500011_Archaeoglobus_fulgidus_DSM_4304

S—-RVRA- TYALLAKQYGVTWNG-—-—— RRYDP---KDWEKG----—
IV-ELMG -AEAAARNAYYTK-FDEILKNFEFGKRSRMPPE-

18977490_Pyrococcus_furiosus_DSM 3638 S -DF---SNHLKELQGAKK: VT-EI -VEGRIRQEYYARWDESLPGEFRIGKRTRRPPK- -
46447796_Desulfovibrio _vulgaris_str-_ Hildenborough H-GDKVDGVALEAEVLHLRACLMRLQQPAG LD-AVRG: IEGEAAKGYFSVFDN-—-—- LILTREAAFRFEGRSRRPP
54296139 _Legionella pneumophila str-_Paris K----NRPENEKIILHAASQKMAGIVANIT----—--———=—=—- ET-NWIKLQDWRFTLLGFEGSAARIYWETVKEVNLVCSDFEG---RRPRVNK---—



331001028_Parasutterella excrementihominis YIT 11859
319941582 Sutterella wadsworthensis_3_1_45B
118497353 _Francisella novicida U112

34557933 Wolinella succinogenes DSM 1740

187736488 _Akkermansia muciniphila ATCC_BAA-835
407803668 Alcanivorax_sp-_W11-5

325972002 _Sphaerochaeta_globus_str-_ Buddy

187250661 Elusimicrobium minutum Peil9l
47458867_Mycoplasma_mobile 163K

363542551 Mycoplasma_ovipneumoniae SCO1

71894593 Mycoplasma_synoviae 53
384393287_Mycoplasma_canis_PG_14

284931711 Mycoplasma_gallisepticum str-_ F

117929157 _Acidothermus_cellulolyticus_11B
317482065_Bifidobacterium sp-_12_1_47BFAA

315605739 Actinomyces_sp-_oral taxon_180_str- F0310
294086112 Candidatus_Puniceispirillum_marinum_ IMCC1322
282880053_Prevotella timonensis_CRIS_5C-Bl
374384762_Odoribacter laneus_YIT 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

402849996 _Rhodovulum_sp- PH10
154250554_Parvibaculum_lavamentivorans_DS-1
159042957_Dinoroseobacter shibae DFL_12
288957740_Azospirillum_sp-_B510
330822846_Alicycliphilus_denitrificans_K601
344171926 _Ralstonia_syzygii_R24

319957207 _Nitratifractor salsuginis_DSM_16511
315149831 _Enterococcus_faecalis_TX0012
116627543_Streptococcus_thermophilus_LMD-9
238924076_Eubacterium rectale ATCC_33656

218563120 Campylobacter jejuni_subsp-_jejuni NCTC_11168 - ATCC 700819
291276264 _Helicobacter mustelae 12198
325677757_Ruminococcus_albus_8

296446028 Methylosinus_trichosporium OB3b

34557789 _Wolinella succinogenes_DSM_ 1740

222109284 _Acidovorax_ebreus_TPSY
336393380_Lactobacillus_coryniformis_subsp-_torquens_KCTC_3535
218767587 Neisseria meningitidis_22491

15602991 Pasteurella multocida_subsp- multocida str- Pm70
310780383_Ilyobacter_polytropus_DSM 2926
312879014_Aminomonas_paucivorans_DSM_12260

403744859 Alicyclobacillus_hesperidum URH17-3-68
421874296 Brevibacillus_laterosporus_GI-9

220930481 _Clostridium_cellulolyticum H10
225377803_Roseburia_inulinivorans_DSM 16841
315659847_Staphylococcus_lugdunensis_M23590
160915783_Eubacterium_dolichum DSM 3991
323463802_Staphylococcus_pseudintermedius_ED99
389815358 Planococcus_antarcticus_DSM_14505
328956316_Coriobacterium_glomerans_PW2

422884107 Streptococcus_sanguinis_SK49

116628212 Streptococcus_thermophilus_LMD-9
24379808_Streptococcus_mutans_UA159
13622194_Streptococcus_pyogenes M1 GAS

227824982 Acidaminococcus_sp-_D21

169823756 Finegoldia magna ATCC_ 29328
320528779_Solobacterium moorei_F0204

303229394 _Veillonella atypica ACS-134-V-Col7a
304438953 Peptoniphilus_duerdenii_ ATCC_BAA-1640
374307737_Filifactor_alocis_ATCC_35896
256845020_Fusobacterium sp-_3_1 36A2

306821690 _Eubacterium_yurii_subsp-_margaretiae ATCC_43715
42525844 _Treponema_denticola ATCC_35405
291520706_Coprococcus_catus_GD-7
258509198_Lactobacillus_rhamnosus_GG

336394883 _Lactobacillus_farciminis_ KCTC_3681
339625080_Fructobacillus_fructosus_KCTC_3544
310286727_Bifidobacterium_bifidum_S17

366983954 Oenococcus_kitaharae DSM 17330

#map of conserved positions used for tree reconstruction

Continued

16130662_Escherichia coli_str- K-12_substr-_MG1655
11500011 Archaeoglobus_fulgidus_DSM_4304

18977490 _Pyrococcus_furiosus DSM_ 3638

46447796 Desulfovibrio vulgaris_str— Hildenborough
54296139 Legionella_pneumophila_str-_Paris
331001028_Parasutterella excrementihominis YIT 11859
319941582 Sutterella wadsworthensis_3_1_45B
118497353 _Francisella novicida U112

34557933 Wolinella succinogenes DSM 1740
187736488_Akkermansia_muciniphila ATCC_BAA-835
407803668 Alcanivorax sp- W11-5
325972002_Sphaerochaeta_globus_str-_Buddy
187250661 Elusimicrobium minutum Peil9l
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47458867 _Mycoplasma_mobile 163K

363542551 Mycoplasma_ovipneumoniae_ SCO1
71894593 _Mycoplasma_synoviae 53

384393287 Mycoplasma canis PG 14
284931711 Mycoplasma_gallisepticum str-_F
117929157 _Acidothermus_cellulolyticus_11B
317482065_Bifidobacterium sp-_12 1 47BFAA

315605739 Actinomyces_sp-_oral taxon_180_str- F0310
294086112 Candidatus Punlcelsplrlllum marinum  IMCC1322

282880053_Prevotella_timonensis_CRIS_5C-Bl
374384762 Odoribacter laneus_YIT 12061

423317188 Bergeyella Zoohelcum ATCC 43767
385811610 Ignavibacterium_album_. JCM 16511

402847305_Porphyromonas_spf_oral_taxon_279_strf_FO450

345885719_Prevotella_sp-_C561

404487227 Barnesiella intestinihominis_YIT_11860

301311870 Bacteroldes _sp-_20_3

60683388 Bacteroides fragllls NCTC_9343
402849996_Rhodovulum_sp _PHI10
154250554_Parvibaculum_lavamentivorans_DS-1
159042957 _Dinoroseobacter_shibae DFL_12
288957740_Azospirillum sp-_B510
330822846_Alicycliphilus_denitrificans_K601
344171926_Ralstonia_syzygii_R24

319957207 Nitratifractor_salsuginis_DSM_ 16511
315149831 _Enterococcus_faecalis_TX0012
116627543 Streptococcus thermophllus LMD-9
238924076_Eubacterium rectale ATCC_33656

218563120_Campylobacter_jejunl_subsp—_jejuni_NCTC_l1168_—_ATCC_700819

291276264 _Helicobacter mustelae 12198
325677757_Ruminococcus_albus_8

296446028 Methyloslnus trlchosporlum OB3b
34557789 _Wolinella succinogenes_DSM_ 1740
222109284 _Acidovorax_ebreus_TPSY

336393380_Lactobacillus_coryniformis_subsp-_torquens_KCTC_3535

218767587 Neisseria meningitidis_22491

15602991 _Pasteurella multocida_subsp-_multocida_str-_Pm70

310780383_Ilyobacter_polytropus_DSM 2926
312879014_Aminomonas_paucivorans_DSM 12260

403744859_Alicyclobacillus_hesperidum URH17-3-68

421874296_Brevibacillus_laterosporus_GI-9
220930481 Clostrldlum \_cellulolyticum H10
225377803_ _Roseburia_inulinivorans_DSM_ 16841
315659847_Staphylococcus_lugdunens1s_M23590
160915783 Eubacterium_dolichum DSM 3991

323463802_Staphylococcus_pseudintermedius_ED99

389815358 Planococcus_antarcticus_DSM_14505
328956316_Coriobacterium_glomerans_PW2
422884107_Streptococcus_sanguinis_SK49
116628212_Streptococcus_thermophilus_LMD-9
24379808_Streptococcus_mutans_UA159
13622194_Streptococcus_pyogenes_Ml_GAS
227824982 Acidaminococcus_sp-_D21
169823756_Finegoldia magna_ ATCC_29328
320528779_Solobacterium_moorei_F0204
303229394 _Veillonella atypica ACS-134-V-Col7a

304438953 _Peptoniphilus_duerdenii ATCC_BAA-1640

374307737_Filifactor_alocis_ATCC_35896
256845020_Fusobacterium_sp-_3_1 36A2
306821690 Eubacterlum _yuri
42525844 _Treponema_denticola ATCC_35405
291520706_Coprococcus_catus_GD-7

258509198 _Lactobacillus_rhamnosus_GG
336394883 Lactobacillus_farciminis_KCTC_3681
339625080_Fructobacillus_fructosus_KCTC_3544
310286727 Blfldobacterlum bifidum_S17
366983954_Oenococcus_kitaharae _DSM_17330

#map of conserved positions used for tree reconstruction

Continued

16130662_Escherichia coli_str-_ K-12_substr-_MG1655

11500011 Archaeoglobus fulgldus DSM_4304
18977490_Pyrococcus_furiosus_DSM_ 3638

46447796_Desulfovibrio vulgarls str- _Hildenborough

54296139 Legionella_pneumophila_str-_Paris

331001028_Parasutterella excrementihominis YIT 11859

319941582 _Sutterella wadsworthensis 3 1 45B
118497353 Francisella_novicida_U112
34557933 _Wolinella_succinogenes_DSM 1740

187736488_Akkermansia_muciniphila_| ATCC _BAA-835

407803668 Alcanlvorax _sp-_W11-5

325972002 Sphaerochaeta globus str- Buddy
187250661 Elusimicrobium minutum Peil9l
47458867 Mycoplasma moblle 163K

363542551 Mycoplasma_ovipneumoniae_SCO1
71894593 _Mycoplasma_synoviae 53

384393287 Mycoplasma_canis PG 14
284931711 Mycoplasma_gallisepticum str-_ F
117929157 _Acidothermus_cellulolyticus_: 118
317482065_Bifidobacterium_sp-_12_1 47BFAA

315605739 Actinomyces_sp-_oral_taxon_180_str-_F0310

“subsp-_margaretiae ATCC_43715
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—~LKANAHLNYGYSILLSAVSREIVAAGFLTQIGVHHQSQTNPFNLASDLMEPFRPYV-DRIVKWQRDSPLTL—
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RLEKTVKHRKLNRKVSYQRLIRLECYKLVKHFTAVEK
ELEKTVKHPKLGKGVTRRRLIRLEAYKIIKHLVGVEE
RKQDEIVHPFLNERIPLGLVFHVQAMLMARWLRGDLD
PL-- -PYHKRRISLESIIQRQVYHLSAVFSGEGK:
TMST--KINYSQKQCKLENALQRQVYKLAGAIVEGKR:
TMAN--AVSWQGKSVRLENALQRQAYRLAGTVVDGKR:
TIAKKY--IYNGKKLKLEHIIQRQVYRLSGEFAGEHN:
TMNK--KHLYNGKNLSLQGVMQRQVYRLVGAFMQONR:
SV-- -MYRDKQLPLKAAVEAVCRSFRKAVLAGQS
CLNGQDFRLPAAIRKTVASYLRILEAGGG:
VFEEQDVEFSYALRLYVLSYLSFLSRNRD:
YFEDGAFNLTAGIQKYIQSYIAFLEEREN:
IYKGKYFYVNDTFDQIADNLVNKRSWEWV-
EYKGKHIKFSKYMEFEIMDILNLKENYKE
LLNKSPISVNEYICKLIENFINKDFNFES:
ATKNTKLSVNEYIDKIVKSVINNNLICED
FPNGKN--LNQVIDMLIKAIINNKINERD:
DASGATVG--TAVERFAQQVGRYVEGEIR:
-FNGSGLTIPSSLNDFAQQFGLYCEGKID:

-SLRPPAMELSHA-
-RLQVPEYVGES--




294086112 _Candidatus_Puniceispirillum marinum_IMCC1322

282880053 Prevotella timonensis CRIS_5C-Bl
374384762 Odoribacter laneus_YIT_ 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
402849996 _Rhodovulum_sp-_PH10
154250554_Parvibaculum_lavamentivorans_DS-1
159042957 _Dinoroseobacter_shibae DFL_12
288957740_Azospirillum_sp-_BS510
330822846_Alicycliphilus_denitrificans_K601
344171926 _Ralstonia_syzygii_R24

319957207 _Nitratifractor_salsuginis_DSM_ 16511
315149831 Enterococcus_faecalis_TX0012
116627543 Streptococcus_thermophilus_LMD-9
238924076 Eubacterium rectale ATCC 33656

218563120_Campylobacter_jejuni_subsp-_jejuni_ NCTC_11168_-_ ATCC_ 700819

291276264_Helicobacter mustelae 12198
325677757_Ruminococcus_albus_8

296446028 Methylosinus_trichosporium_OB3b
34557789_Wolinella_succinogenes_DSM_1740
222109284 Acidovorax_ebreus_TPSY

336393380_Lactobacillus_coryniformis_subsp-_torquens_KCTC_3535

218767587 Neisseria meningitidis_22491

15602991 Pasteurella multocida_subsp-_multocida_str-_Pm70

310780383 Ilyobacter polytropus DSM 2926
312879014_Aminomonas_paucivorans_DSM 12260
403744859_Alicyclobacillus_hesperidum URH17-3-68
421874296_Brevibacillus_laterosporus_GI-9
220930481 Clostridium_ cellulolyticum H10
225377803_Roseburia_inulinivorans_DSM_16841
315659847_Staphylococcus_lugdunensis_M23590
160915783 Eubacterium dolichum DSM 3991
323463802_Staphylococcus_pseudintermedius_ED99
389815358_Planococcus_antarcticus_DSM_ 14505
328956316_Coriobacterium glomerans_PW2
422884107_Streptococcus_sanguinis_SK49
116628212 Streptococcus_thermophilus_LMD-9
24379808_Streptococcus_mutans_UA159
13622194_Streptococcus_pyogenes_M1_GAS
227824982_Acidaminococcus_sp-_D21
169823756_Finegoldia magna ATCC_29328
320528779_Solobacterium_moorei_F0204

303229394 _Veillonella atypica ACS-134-V-Col7a
304438953_Peptoniphilus_duerdenii_ ATCC_BAA-1640
374307737_Filifactor_alocis_ ATCC_35896
256845020_Fusobacterium_sp-_3_1 36A2

306821690 Eubacterium_yurii_subsp-_margaretiae ATCC_43715

42525844 _Treponema_denticola ATCC_35405
291520706_Coprococcus_catus_GD-7

258509198 Lactobacillus_rhamnosus_GG
336394883 Lactobacillus_farciminis_KCTC_3681
339625080_Fructobacillus_fructosus_KCTC_3544
310286727_Bifidobacterium bifidum_S17
366983954_Oenococcus_kitaharae DSM_17330

#map of conserved positions used for tree reconstruction
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KYGKETCSVTVAMDKYVKGFIKYISEKDS— SKFHCPVVSSLEWRK-
-MYREKKMYMCNMIENYIEQYASLIMKRTD- NIVFPDVYNLIGEEYG-
-NFDGONYPLNRAINHYVANFKNALLYEDE- LKIVKFEFDD:
LLQGKFYPFHRSITRMVWSISNFICDRGK- MIELPILDKESNGREVYESFSDV:
KMGKKKTRVRYAIDKYISSLTSAIEKNDP-
RVGKEIVSLLVASEKAAEGLVQAMESGSA-
-IMTERYETLLSATQITARSLVSAGEQKES- RRLI-LPWMGEDDVQGEVYEADGDV -
—AMPRGOMSVLASIEQAAESLARLYDGGSE- QVLELPRLIGLRQHVFEI-
RIDGEFHSLSNAVHKLVSSYTTCCRNNSA- AGLKLPELIPLVAHEYE
SIERQHFSTLAAIDKMISSFQAGVTDKNA- KQLKLPEILPLKEYQYE
SFQEETFSVLAAIDRTVGSFQAALTTPNA- NLLKLPEILPLKEHQYE
~KLTGKKYSVNISIDEVIKRYTKCIRGKGG- NLILPSIIPIQEHRYV-

~-VFEGKIISIRSAIEKVISSFSSSCAKNDY- SLLKLPEIIPLEVHANE
~SVKGDMRIVSNCIDMLIASYSSALQGNRT- ELDLPELIQLQVHSYE-
-EIDGKMQTIIRAIEIMIQSIIEYFKNGHL- DIVKFPNLRKYQFYEL-
EIDGKLQTVPNAVNEYVESILKVIETGKI- TDFKFPSPHVVDYDL--
EVIKIPTWTY

HYNGKDMYLSNIVSDYTKKVIQALNQPEK—-
LYNGKEMYLSNIVSDYTKKVIKALNQLGE

RIDSKVSYVNNAIKLYCKSIFEALHYEDT-
~RINNVNHYLSDIIKIYTKSIFDALSANDL-
~IINGRTEVLTNAVKIYCKSIFDALEQKDI-
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Cas1

46447796 Desulfovibrio vulgaris str. Hildenborough
9511500011 Archaeoglobus fulgidus DSM 4304 Cas1 OUtg roup
18977490 Pyrococcus furiosus DSM 3638 (type I-A, I-C, I-B and |_E)
94 16130662 Escherichia coli K-12 MG 1655

1
34557933 Wolinella succinogenes DSM 1740 I I CJ B )
331001028 Parasutterella excrementihominis Y1T 11859 :
319941582 Sutterella wadsworthensis 3 1 458 !
54296139 Legionella pneumophila str. Paris
B i 1
353 Francisella a,

CCUS P T
389815358 Planococcus antarcticus DSM 14505 I - A
339625080 Fructobacillus fructosus KCTC 3544
9 94 258509198 Lactobacillus rhamnosus GG
&z 336394883 Lactobacilus farciminis KCTC 3681
72 310286727 Bifidobacterium bifidum S17
85 366983954 Oenococcus kitaharae DSM 17330
100 13622194 Streptococcus pyogenes M1 GAS
92 24379808 Streptococcus mutans UA159
24 422884107 Streptococcus sanguinis SK49
42 116628212 Streptococcus thermophilus LMD-9
320528779 Solobacterium moorei F0204

66 303229394 Veillonella atypica ACS-134-V-Col7a
89 77 227824982 Acidaminococcus sp. D21
86 1 169823756 Finegoldia magna ATCC 29328
92 374307737 Filifactor alocis ATCC 35896
57 306821690 Eubacterium yurii ATCC 43715
57 6241 291520706 Coprococcus catus GD-7
42525844 Treponema denticola ATCC 35405
8554 304438953 Peptoniphilus duerdenii ATCC BAA-1640

256845020 Fusobacterium sp. 3 1 36A2
328956316 Coriobacterium glomerans PW2
o 47458867 My mobile 163K
363542551 Mycoplasma ovipneumoniae SCO1
71894593 Mycoplasma synoviae 53
284931711 Mycoplasma gallisepticum str. F

€ 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

99[ 291276264 Heli

2325677757 Ruminococcus albus 8

421874296 Brevibacillus laterosporus GI-9

225377803 Roseburia inulinivorans DSM 16841

220930481 Clostridium cellulolyticum H10

310780383 Ilyobacter polytropus DSM 2926

222109284 Acidovorax ebreus TPSY

o114 403744859 Alicyclobacillus hesperidum URH17-3-68

312879014 Aminomonas paucivorans DSM 12260

336393380 L: bacillus 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 Alicycliphilus denitrificans K601

344171926 Ralstonia syzygii R24

154250554 Parvibaculum lavamentivorans DS-1

282880053 Prevotella timonensis CRIS 5C-B1

374384762 Odoribacter laneus YIT 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

9260683388 Bacteroides fragilis NCTC 9343
187736488 Akkermansia muciniphila ATCC BAA-835

1 84 319957207 Nitratifractor salsuginis DSM 16511

1 407803668 Alcanivorax sp. W11-5

I 325972002 Sphaerochaeta globus str. Buddy

! 98 187250661 Elusimicrobium minutum Pei191

1

1

1

46

99

82

80

99

117929157 Acidothermus cellulolyticus 11B
99 317482065 Bifidobacterium sp. 12 1 47BFAA
] 93 315605739 Actinomyces sp. oral taxon 180 str- F0310
____________________________________________ 1
—_—
05

Supplementary Figure S6. Phylogenetic tree of representative Cas1 sequences. The
tree was reconstructed from selected, informative positions of the Cas1 multiple sequence
alignment (see Supplementary Figure S5 and Supplementary Materials and Methods), and
was rooted to selected Cas1 orthologs of the type | CRISPR-Cas outgroup. Shaded boxes
group Cas1 sequences associated with three major type || CRISPR-Cas subtypes. Colored
branches indicate the CRISPR-Cas loci with similar architecture. Compare with Figure 4.
Note the similar topology of Cas1 and Cas9 trees (Figure 4).



Supplementary Figure S7. Analysis of Csn2 orthologs. (A) Complete multiple sequence alignment of selected Csn2 orthologs and selected ATPases. See
Figure 5. Underlined, regions of homology with short Csn2 ortholog according to HHPRED. (B) HHPRED hits for selected Csn2 orthologs representative of five
families. See Figure 5. (C) Selected proteins with structures similar to long and short Csn2 structures (3zth and 3toc) according to PDBe and their structural
alignment with long and short Csn2 representatives (3toc and 3zth). Walker A, Walker B and signature motifs are highlighted in boxes. See Figure 5 and
Supplementary Materials and Methods.
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HHPRED hits for Csn2 long

SCPB,

51
55

79
79

85
90

158
158

156
167

231
231

232
245

305
305

o Hit Prob E-value P-value Score SS Cols Query HMM Template HMM

1 4i99 A Chromosome partition pr 95.0 2.5 1.7E-05 43.4 14.0 230 2-245 1-305 (354

2 glxew.l ¢.37.1.12 (X:,Y:) Smc 94.6 3.1 2.1E-05 42.3 13.3 219 4-236 6-278 (329)

3 3auy_A DNA double-strand break 81.5 8.8 5.9E-05 37.8 4.9 66 1-67 4-72 (371

4 4ad8_A DNA repair protein RECN 76.4 18 0.00012 40.1 5.9 47 1-48 39-88 (517)

5 4aby A DNA repair protein RECN 75.0 21 0.00014 38.5 5.7 46 1-47 39-87 (415

6 3kta B Chromosome segregation 73.2 71 0.00048 32.3 8.4 115 113-242 9-123 (173

7 glf2t.1 ¢.37.1.12 (A:,B:) Rad5 72.6 1.1E+02 0.00074 30.8 9.4 216 13-244 15-263 (292)

8 d2zadb_ c¢.9.1.1 (B:) automated 72.3 70 0.00047 29.0 7.3 62 175-243 26-89  (90)

9 2fnaA01 71.5 60 0.0004 31.6 7.3 87 161-249 95-181 (208

10 dle69%a_ c.37.1.12 (A:) Smc hea 70.9 13 8.7E-05 37.8 3.1 47 4-51 5-55 (308

11 PF02463 SMC_N: RecF/RecN/SMC 69.4 23 0.00016 35.2 4.4 46 1-47 1-51 (220

12 d2hxxa_ c.9.1.1 (A:) automated 69.3 1.1E+02 0.00073 27.8 7.8 52 191-243 34-88 (89

13 PF13304 ARA 21: AAA domain; P 68.1 1.6E+02 0.0011 27.9 9.0 215 22-244 1-295 (303

14 1wlw_A Structural maintenance  67.3 1.3E+02 0.00086 31.5 8.9 124 113-244  269-393 (430

15 3zgx_A SMC, chromosome partiti 66.5 20 0.00014 36.5 3.4 44 4-48 5-52 (426
No 1
>4i99 A Chromosome partition protein SMC; winged-helix domain and SMC head domain, chromosome condensa
furiosus}
Probab=95.02 E-value=2.5 Score=43.40 Aligned cols=230 Identities=11% Similarity=0.085 Sum probs=0.0
Q ss_pred ce---EEEEEecccce----EEEeccc-eEEEecCcHHHHHHHHHHHHHHhCCCCccHHHhh-=-=========—==—————
Q gi|365905381|r 1 -M---RLKIEIDDQSF----FELDFGD-IVYISGYNHQONMWKIYRSLYYYFNKSPM--LSTN-—-————————————————
Q Consensus 2 mM---~1~i~h~~~vn———— ie~~~g~-~tqi~G~N~qlK~yi~g~L~~yF~gkkyse~e~~--=----------ooooo

|| L N R [ I e B I e B O I [ -.
T Consensus 1 mryI~~i~I~=-NFksf~rmn~~ i~fr~~~inviiG~NgsGKSniLeAi~~~l~~~nnn~n I~~~ drinv~masnvnvmnsnan
T 4i99 A 1 MPYIEKLELK-GFKSYGNKKVVIPFSKGFTAIVGANGSGKSNIGDAILFVLGGLSAKAMRASRISDLIFAGSKNEPPAKY
T ss_dssp —CEEEEEEEE-SBGGGCSSCEEEECCSSEEEEECCTTSSHHHHHHHHHHHTTCCCTGGGTCSSGGGGBCCCCSSCCCCSC
T ss_pred CCccCEEEEE-CcccccCCEEEECCCCCeEEEECCCCCCHHHHEEHHEEEhcCCchhheccechhHiHhhececceCCecce
Q ss_pred hhcCCCCeEEecCcccecCee—————————————— CeEEEEEccHHHHHH-----
Q gi|365905381|r 52 IYGDDNIEISLDDVSP-STK-————————————— NTQTYFISNRDSIYQ----—
Q Consensus 56 f~~~ep I~~d~~~l~v~rk———mmmmmm—m——— i~Is~~~di~e-——--
R e S L +
T Consensus 80 ~rismmamsssanss Inmmnnnn g in~vann—mmsn v s s e
T 4i99 A 80 AEVAIYFNNEDRGFPIDEDEVVIRRRVYPDGRSSYWLNGRRA-TRSEILDILTAAMISPDGYNIVLQGDITKFIKMSPLE
T ss_dssp EEEEEEEECTTCCSSSSSSEEEEEEEECTTSCEEEEETTEEE-CHHHHHHHHHHTTCCTTSTTEECTTSHHHHHHCCHHH
T ss_pred EEEEEeecccccCccccceEEEEEEEEecCCceEEEECCcee-hHHHHHHHHHAhCCCccceEEEEccchhhhhheChHE
Q ss_pred ——--HHHhcccchHHHHHHHHhhhHHHHHHHHHHHHHHHHHHHHhChHHHHHhhcCCeEEEhhcccecchhHHHHHHhhece
Q gi|365905381|r 86 —---OMIYKKGNLLFENLNTLNDSFEITRILEELNDTNTKLSLLVQ--EHINNYANNLIIDFEDV--TYFD--VLKYFLKV
Q Consensus 91 ———qm~~kKGTll~~yL ~~~~~~~ dI~~~le~iNd~1l~~i~~~iN~~~~in~~~~~ Iv~vvmvemsvvn v 1l~k~~~~
............ E At s R .
T Consensus 159 ~emmmamss s
T 4i99 A 159 RRLLIDDISGIAEYDSKKEKALEE- EKEKKNVFMRTFEAISRNFS——EIFAKLSPGGSARLILE——NPED——PFSGGLEI
T ss_dssp HHHHHHHHHTC-———-——-——————— CCHHHHHHHHHHHHHHHHH--HHHHHHSTTCEEEEEES--STTS—-GGGSCEEE
T ss _pred hhhhhhhhcccchhHHHHHHHHHH-HHHhhhhhhhhhhhHhHHHH--HHhhhheCCCeceeeee——cccC——cecceeeE
0 ss_pred ccccCCcee-ceeecchHHHHHHHHHHEHHHHhCCCCCEEEEEeChHHEHhccHHHHHHHHHEHHHHhCCCCEEEEEEC
0 gi[365905381|r 157 SYEDSNRTF-PLEFMETESLVDELLNLIESSLKKANNDTWIVLYNLDSFVSRS-AKKTILNKLKEFTDRF-ELKVIYLG
Q Consensus 168 R 1Lv1kNiD~fls~~~s~~~iv~~lo~lt~kvs~lv~iif~
.. + o= -]+

T Consensus 232 ~vmvmvmmmvSsnn s S~grmm I~lrvmmvmvmn = i~ llDEpe~~th ~~~~~~ l~~~L ~~~~~~~~~~ QviitT
T 4199 A 232 EAKPAGKDVKRIEAMSGGEKALTALAFVFAIQKFKPAP-FYLFDEIDAHLDDA-NVKRVADLIKESS---KESQFIVIT
T ss_dssp EEESSSSSCCCGGGSCHHHHHHHHHHHHHHHHHHSCCS-EEEEESTTTTCCHH-HHHHHHHHHHHHA---TTSEEEEEC
T ss_pred EecccccccccccccchhHHHHHHHHHHHHHHhheCec-hhhhecHHhhcCHH-HHHHHHHHHHHhC---cCCeEEEEE
No 2

>glxew.l c¢.37.1.12
E-value=3.1

P

000 HHa 33 1010 1O HHa 33 10 10O H 3343 000

ERERER=]

robab=94.58

ss_pred
gi]365905381|r
Consensus

Consensus
glxew.l
ss_dssp
ss_pred

ss_pred
gi]365905381|r
Consensus

Consensus
glxew.l
ss_dssp
ss_pred

ss_pred
911365905381 |r
Consensus

Consensus
glxew.1
ss_dssp
ss_pred

ss_pred
gi[365905381|r
Consensus

Consensus
glxew.1l
ss_dssp
ss_pred

(X:

2
4

6
6

85
85

106
111

160

179
190

234
234

Y:) Smc head domain {Pyrococcus furiosus [TaxId:

Score=42.31 Aligned_cols=219 Identities=12%

22611}
Similarity=0.084

EEEEEecccce----EEEeccc-eEEEecCcHHHHHHHHHHHHHHhCCCCc

RLKIEIDDQSF —FELDFGD-IVYISGYNHONMWKIYRSLYYYFNKSPM
~l~i~h~~~~~————ie~~~g~—~tqi~G~N~qlK~yi~q~L~~yF~gkkys

FHEH Lt B o o U B B e B R e IR e

~i~vi~=NFks~~~~~n~ 1~f~~~1nvi~G~NGsGKS~il~AI~~~L

KLELK- GFKSYGNKKVVIPFSKGFTAIVGANGSGKSNIGDAILFVLGGLSAKAMRASRISDLIFAGSKNEPPAKYAEVAI

EEEEE-SBTTBCSSCEEEECCSSEEEEEECTTSSSHHHHHHHHHHTTSSCCCC SEEEEE
EEEEE-CeEcccCCEEEEeCCCCeEEEECCCCCCHHHHHHHHHHHHCCCcchhhccecchhhhhhececcccccechhhhhhh

————— HHHhhhhcCCCCeEEecCccccCccceEEEEE----ccHHHHHHHHH-----------hcccchHHHHHHHHhhh
—-LSTNIYGDDNIEISLDDVSP-STKNTQTYFI- SNRDSIYQQOMI- —YKKGNLLFENLNTLNDS
-—-—-—-e~e~~if~~~ep~I~~d~v~~l~v~vrke~v~vviscI-———-s~~~divegmy———————- ~kKKGT1l~~yL

B ++ +.o.. I
B Rt R B i~gg~i~~
YFNNEDRGFPIDED----EVVIRRRV- YPDGRSSYWLNGRRATRSEILDILTAAMISPDGYNIVLQGDITKFIKMSPLER
-EEEEEEEE-CTTSCEEEEETTEEECHHHHHHHHHHTTCCTTCTTEECTTHHHHHHHCCHHHH
hhhhhceceCCecCC----cceEEEEE-ecCCCEEEEeCCeEccHHHHHHHHHHCCCCCCceEEEeehhhhHhheCCchhh

HHHHHHHHHHHHHHHHHHHHhChHHHHHhhcCCeEEEhhccccchhHHHHHHhhcccccceCCecee-ceeecchHHHHHEH
FEITRILEELNDTNTKLSLLVQ--EHINNYANNLIIDFEDV--TYFD--VLKYFLKVSYEDSNRTF-PLEFMETESLVDE
~dI~~~le~iNd~1l~~i~~~iN~~~~in~nss~ i~vmmvenvmmm 11~

RLLIDDISVFMRTFEAISRNFS--EIFAKLSPGGSARLILE--NPED--PFSGGLEIEAKPAGKDVKRIEAMSGGEKALT
HHHHHHHCCHHHHHHHHHHHHH--HHHHHHSTTCEEEEEES--CSSS--GGGSCEEEEEECTTSCCEEGGGSCHHHHHHH
hhhhhhcccechhhhHHhhhhh--hhhheecCCCeEEEecc--CCcc--ccccCcEEEEECCCCceeehhhhhhHHHHHHE

HHHHHHHHHhcCCCcEEEEEeChHHHHhccHHHHHHHHHHHHHHhCC

LLNLIESSLKKANNDTWIVLYNLDSFVSRS-AKKTILNKLKEFTDRF 224 (340)
[ e R e i 1Lv1kNiD~fls~~~s~~~i~~~1~~1t~k~ 236 (365)
R +. R R PN B R R A

n L e ide~e~~Lor~onnnn Leomnlnnnmmnn 278 (329

ALAFVFAIQKFK-PAPFYLFDEIDAHLDDA-NVKRVADLIKESSKES 278 (329

HHHHHHHHHHHS-CCSEEEEESTTTTSCHH-HHHHHHHHHHHHTTTS
HHHHHHHHHhhc-ccchhhhhhHHhhcCHH-HHHHHHHHHHHhccCC

Sum_probs=0.0

47
50

84
84

105
110

159
159

178
189

233
233

DNA binding protein;

(340)
(365)

(354)
(354)

(340)
(365)

(354
(354)

(340)
(365)

(329)
(329)

(340)
(365)

(329)
(329)

(340)
(365)

(329)
(329)

2.30A {Pyrococcus



No 3

>3auy_A DNA double-strand break repair RAD50 ATPase; DNA repair, ABC transporter ATPase domain-like; HET: DNA ADP; 2.70A {Methanocaldococcus
jannaschii} PDB: 3aux A* 3av0_B*

Probab=81.48 E-value=8.8 Score=37.79 Aligned cols=66 Identities=14% Similarity=0.233 Sum probs=0.0

Q ss pred CceEEEEEecccce--EEEeccc-eEEEecCcHHHHHHHHHHHHHHhCCCCccHHHhhhheCCCCeEEec

Q giT365905381\r 1 --MRLKIEIDDQSF--FELDFGD-IVYISGYNHQNMWKIYRSLYYYFNKSPM--LSTNIYGDDNIEISLD 63 (340
Q Consensus 1 ~mM~1l~i~h~~~~~-—ie~~~g~-~tqi~G~N~qlK~yi~g~L~~yF~gkkyse~e~~if~~~ep~I~~d 67 (365

(I I [ i i o EO I B B e I I -t

T Consensus 4 ~i~~i~i~—nFre~~ss~~isfronnmnsvinGANgSGKSEil~vAl~v~~rLvvss v~ v~ 72 (371)
T 3auy A 4 ILKEIRMN-NFKSHVNSRIKFEKGIVAIIGENGSGKSSIFEAVFFALFGAGSNFNYDTIITKGKKSVYVE 72 (371)
T ss_dssp EEEEEEEE-EETTEEEEEEECCSEEEEEEECTTSSHHHHHHHHHHHHHCCC-CCCTTTTBCTTCSEEEEE

T Ss:pred EEEEEEEe-CcccCCCeEEECCCCeEEEECCCCCCHHHHHHHHHHHhcCCCCCCcHHHHhhCCCCCEEEE

No 4

>4ad8_A DNA repair protein RECN; DNA binding protein, ATPase domain; HET: DNA; 4.00A {Deinococcus radiodurans}
Probab=76.35 E-value=18 Score=40.08 Aligned cols=47 Identities=19% Similarity=0.240 Sum_probs=0.0

Q ss_pred CceEEEEEecccc--eEEEeccc-eEEEecCcHHHHHHHHHHHHHHhCCCC

Q gi|365905381|r 1 --MRLKIEIDDQS--FFELDFGD-IVYISGYNHONMWKIYRSLYYYFNKSP 46 (340)

Q Consensus 1 ~mM~l~i~h~~~~——~ie~~~g~-~tqi~G~N~qlK~yi~g~L~~yF~gkk 48 (365
[ I e I e T R T e e R o e N

T Consensus 39 mL~rL~i~-Nf~~i~~~~i~F~~glnvItG~nGsGKS~I1dAI~~~LG~ra 88 (517)

T 4ad8_A 39 RLSRLEIR-NLATITQLELELGGGFCAFTGETGAGKSIIVDALGLLLGGRA 88 (517)

T ss_dssp CCCEEEEE-SBTTBSCEEEECCCSEEEEEESHHHHHHHHTHHHHHHTCSCC

T ss_pred ccCeEEEE-ccccEEEEEEEcCCCeEEEECCCCCCHHHHHHHHHHHhCCCC

No 5

>4aby A DNA repair protein RECN; hydrolase, double strand break repair, ATPase, nucleotide binding domain; HET: DNA; 3.00A {Deinococcus
radiodurans}
Probab=75.04 E-value=21 Score=38.48 Aligned cols=46 Identities=20% Similarity=0.269 Sum_probs=0.0

Q ss_pred CceEEEEEecccce--EEEeccc-eEEEecCcHHHHHHHHHHHHHHhCCC

Q gi|365905381|r 1 --MRLKIEIDDQSF--FELDFGD-IVYISGYNHONMWKIYRSLYYYFNKS 45 (340)

Q Consensus 1 ~mM~l~i~h~~~~~——ie~~~g~=-~tqi~G~N~qlK~yi~g~L~~yF~gk 47 (365
[ e B e e I I I e e e IR S S

T Consensus 39 mL~~L~Ik-NF~~i~~1~i~f~~glnV1tGeNGsGKS~1LdAL~11~G~r 87 (415)

T 4aby A 39 RLSRLEIR-NLATITQLELELGGGFCAFTGETGAGKSIIVDALGLLLGGR 87 (415

T ssidgsp CCCEEEEE-EETTEEEEEEECCSSEEEEEESHHHHHHHHTHHHHHHTTCC

T ss_pred ccceEEEe-ccccEEEEEEECCCCcEEEECCCCCCHHHHHHHHHHHhCCC

No 6

>3kta_B Chromosome segregation protein SMC; structural maintenance of chromosomes, ABC ATPase, CFTR adenylate kinase, AP5A, transferase; HET: AP5;
1.63A {Pyrococcus furiosus} PDB: lxew_ Y lxex B*
Probab=73.19 E-value=71 Score=32.26 Aligned cols=115 Identities=13% Similarity=0.128 Sum probs=0.0

Q ss_pred HHHHHHHHHHHHHHHHHHhChHHHHHhhcCCeEEEhhccccchhHHHHHHhhcccccccCCceeceeecchHHHHHHHHE
Q gi|365905381|r 108 ITRILEELNDTNTKLSLLVQ--EHINNYANNLIIDFEDV--TYFD--VLKYFLKVSYEDSNRTFPLEFMETESLVDELLN 181 (340)
Q Consensus 113 I~~~le~iNd~1l~~i~~~iN~~~~in~~~~~ B - e 1l~rk~~nmnvnmnvnnn s le~v~~nnnnnnn L~ 192 (365
P o I P S S -t Fo R I
T Consensus LI e e e T At a~L~1 ~==glevmaynm e va v v v LSGGEks~~alLa 76 (173
T 3kta_B 9 FMRTFEAISRNFSEIFAKLS-- —-PGGSARLILENPEDPFSG--GLEIEAKP---AGKDVKRIEAMSGGEKALTALA 76 (173
T ss_dssp HHHHHHHHHHHHHHHHHHHS-- —-TTCEEEEEESCSSSGGGS—-CEEEEEET---TSSSCCCGGGCCHHHHHHHHHH
T ss_pred HHHHHHHHHHHHHHHHHHHC------— CCCEEEEEecCccccccc--ceEEEEEc---CCCCCCchhhcCccHHHHHHHH
Q ss_pred HHHHHHhcCCCcEEEEEeChHHHHhccHHHHHHHHHHHHHHhcCCCEEEE
0 gil365905381|r 182 LIESSLKKANNDTWIVLYNLDSFVSRS-AKKTILNKLKEFTDRF-ELKVI 229 (340)
Q Consensus 193 1l~v~v~lemnnnn~ 1LV1KNiD~fls~~~s~~~i~~nlnonlt~kvv~l~~i 242 (365)
B I i R I S e I e e |
T Consensus 77 1~lal~~~~~~ p-f~ilDE~da~LD~~=~~~~ Vrn~Lvm~ e~ — Q~ivi 123 (173
T 3kta_ B 77 FVFAIQKFKPAP-FYLFDEIDAHLDDA-NVKRVADLIKESSKES-QFIVI 123 (173
T ss_dssp HHHHHHHHSCCS-EEEEESTTTTCCHH-HHHHHHHHHHHHTTTS-EEEEE
T ss_pred HHHHHhccCCCC-ceEeccccccCCHH-HHHHHHHHHHHhCCCC-EEEEE
No 7

>glf2t.1 c¢.37.1.12 (A:,B:) Rad50 {Archaeon Pyrococcus furiosus [TaxId: 2261]}
Probab=72.62 E-value=1.le+02 Score=30.76 Aligned cols=216 Identities=11% Similarity=0.093 Sum probs=0.0

Q ss_pred ceEEEeccc-eEEEecCcHHHHHHHHHHHHHHh----CCCCccHHHhhhhcCCCCeE----EecCcc————==—=—————

Q gi|365905381|r 11 SFFELDFGD-IVYISGYNHQNMWKIYRSLYYYF----NKSPM--LSTNIYGDDNIEI----SLDDVS-— 66 (340

Q Consensus 13 ~~ie~~~g~-~tqi~G~N~qlK~yi~g~L~~yF-—--~ gkkyse~e~~if~~~ep~I-—==~~ d 70 (365

B e I e e e I P | N

T Consensus 15 ~~~nl~afrn~In~IVG~NGSGKStiL~Al~~~l~~vr~r~nmsnvnsns s g~ iei~frrr~mnnns R it 94 (292

T glf2t.1 15 SDTIVVEFKEGINLIIGQONGSGKSSLLDAILVGLYWPLRIKDIKKDEFTKVGARDTYIDLIFEKDGTKYRITRRFLKGYSS 94 (292)

T ss_dssp SSEEEECCSEEEEEECCTTSSHHHHHHHHHHHHHCSSCCTTSSCCCSCSTTCCCEEEEEEEEETTEEEEEEEEECCC--—

T ss_pred cCeEEEcCCCeEEEECCCCCCHHHHHHHHHHHhcCCcccCeccecececcecececcecececcececececcececcccececcceecch

Q ss_pred -ccCecceEEEEEccHHHHHHHHHhcccchHHHHHHEHhhhHHHHHHHHHHHHHHHHEHHEhChHHEHHHhheC

Q gi|365905381|r 67 P-STKNTQTYFISNRDSIYQQOMIYKKGNLLFENLNTLNDSFEITRILEELNDTNTKLSLLVQ--EHINNYAN 135 (340

Q Consensus 71 —l~~rk~~~~i~Is~~~di~veqme~kKGT1l~~yL~v~nn~~ dI~~~le~iNd~1l~~i~~~iN~~~~in~~~~ 142 (365
L T RN i T e L i T T

T Consensus 05 v NN N N N N N N N N N N N NN 1~~ 171 (292)

T glf2t.1 95 GEIHAMKRL-VGNEWKHVTEPSSKAISAFMEKLIPYNIFLNAIYIRQGQIDAILESAREAALSKIGELAS--EIFAEFTE 171 (292)

T ss_dssp —~EEEEEEEE-ETTEEEESSCSSHHHHHHHHHHHSCHHHHHHHTEECTTHHHHHTCCCHHHHHHHHHHHHH--HHHHHHTT

T ss_pred hhHHHHhhh-ccccceeeccchHHHHHHHHHHhhhhhhhheeeccccecchhhhecccccceccccccecccce--hhhhhhhh

Q ss_pred CeEEEhhccccchhHHHHHHhheccccececeCCceeceeecchHHHHHHHHHH---HHHHHhcCCCcEEEEEeChHHHHhcC

Q gi|365905381|r 136 NLIIDFEDV--TYFD--VLKYFLKVSYEDSNRTFPLEFMETESLVDELLNL IESSLKKANNDTWIVLYNLDSFVSRS 208 (340)

Q Consensus 1Lv1kNiD~fls~~ 219 (365

.. R E e
la~~la~~wnlomnmn== 1111DEp~~~Ld~~ 241 (292)

T Consensus 172
T glf2t.1 172 GKYSEVVVR-- -AEENKVRLFVVWEGKERPLTFLSGGERIALGLAFRLAMSLYLAGEIS--LLILDEPTPYLDEE 241 (292)
T ss_dssp TSCCEEEEE-— -ETTSSEEEEEEETTEEECGGGSCHHHHHHHHHHHHHHHHHHHHSSCS--EEEEESCSCTTCHH
T ss_pred hhhhhccece-- -ccccccccccchhhheCechhhechHHHHHHHHHHHHHHhhhheCCCC--EEEEeCCcccCCHH
Q ssipred HHHHHHHHHHHHHHhcCCCEEEEEE
Q gi|365905381|r 209 -AKKTILNKLKEFTDRF-ELKVIYL 231 (340)
Q Consensus 220 ~s~~~i~~~l~a~lt~k~e~~1l~~1i1if 244 (365)
B i o S S
T Consensus 242 =~~~ lrvn~l~nsmnn—— qviv~ 263 (292)
T glf2t.1 242 -RRRKLITIMERYLKKIP--QVILV 263 (292)
T ss_dssp —HHHHHHHHHHHTGGGSS--EEEEE
T ssipred -HHHHHHHHHHHHHhCCC--EEEEE



No 8
>d2zadb_ c.9.1.1 (B:) automated matches {Bacillus amyloliquefaciens [TaxId: 1390]}
Probab=72.27 E-value=70 Score=29.00 Aligned cols=62 Identities=10% Similarity=0.091 Sum_probs=0.0

Q ss_pred eeceeecchHHHHHHHHHHHHHHHhcCCCCEEEEEeChHHHHhC--cHHHHHHHHHHHHHHhCCCCEEEEE

Q 9i|365905381|r 164 TFPLEFMETESLVDELLNLIESSLKKANNDTWIVLYNLDSFVSR--S-AKKTILNKLKEFTDRF-ELKVIY 230 (340

Q Consensus 175 ~~v~le~vrsssnvvsss Lollr~~lnmsssns 1Lv1kNiD~fls~=—=~~ s~~v~inv~~lo~lt~kv~~lv~ii 243 (365
R N e s B I e [T S R e Rl R

T Consensus 26 ~~P~~fG~NIDAL~D~L~~~=——————~~~ 3 I~n=nnnn 1~~vl~da~~~~r~~ 1~in~ 89 (90

T d2zadb_ 26 ALPEYYGENLDALWAALTGW-- —-VEYPLVLEWRQFEQSKQLTEN-GAESVLQVFREAKAEGADITIIL 89 (90

T ss_dssp TCCTTCCCSHHHHHHHHHHT-— -CCSSEEEEEETHHHHHHHC-C-HHHHHHHHHHHHHHTTCCEEEEE

T ss_pred CCCcccCCCHHHHHHHhcCC-=-=-—-— CCCCCEEEEeCcHHHHHHCHH-HHHHHHHHHHHHHHHCCCceEec

No 9

>2fnaA0l

Probab=71.53 E-value=60 Score=31.56 Aligned cols=87 Identities=24% Similarity=0.332 Sum_probs=0.0

Q ss_pred HHhhccececceceCCceeceeecchHHHHHHHHHHAAAARhcCCCCEEEEEeChHHHHhccHHHHHHHHAAAAARhcCCCEE
Q gi|365905381|r 150 LKYFLKVSYEDSNRTFPLEFMETESLVDELLNLIESSLKKANNDTWIVLYNLDSFVSRS-AKKTILNKLKEFTDRF-ELK 227 (340)
Q Consensus 161 1~k le~v Lollr~~ I~ 1Lv1kNiD~fls~~~s~~~i~~~1~~1t~k~~~1~ 240 (365
LT P RN Femei B T Bl PN R T S
T Consensus 95 DE~~~~~mm~ o~ I~ 172 (208
T 2fnaA0l 95 LKKALKKIEGIEIRGLSLELKLKKESLEELFELLEKLLEKKGKKVILIIDEIQKLAKLE-G-KDLLSALKSILDNLKNVL 172 (208
T ss_pred HHHHcCCccCCCCCCCececcCCCCCCCHHHHAAAAAARARACCCCEEEEECChhHhhccc-c-hhHHHHHHEHHHECCCCEE
Q ss_pred EEEEcCCCC
Q gi|365905381|r 228 VIYLGNSLT 236 (340)
Q Consensus 241 ~iif~s~~~ 249 (365)
R
T Consensus 173 ~~~~gs~~~ 181 (208
T 2fnaA0l 173 FIATGSSVG 181 (208)
T ss_pred EEEeeCcHh
No 10

>dle69a_ c¢.37.1.12 (A:) Smc head domain {Thermotoga maritima [TaxId: 2336]}
Probab=70.93 E-value=13 Score=37.79 Aligned cols=47 Identities=21% Similarity=0.330 Sum_probs=0.0

Q ss_pred EEEEEecccce---EEEeccc-eEEEecCcHHHHHHHHHHHHHHhCCCCccH

Q gi|365905381|r 2 RLKIEIDDQSF---FELDFGD-IVYISGYNHONMWKIYRSLYYYFNKSPM-- 47 (340)

Q Consensus 4 ~1l~i~h~~~~~v———ie~~~g~-~tgi~G~N~qlK~yi~g~L~~yF~gkkyse 51 (365
+HE [+ L+t B e I I I It el o o O I 5

T Consensus 5 ~i~I~-NFksf~~~~~ i~f~~~1nv1vG~NgsGKS~iL~Ai~~~1lg~~~~~~ 55 (308)

T dle69a_ 5 KLYLK-GFKSFGRPSLIGFSDRVTAIVGPNGSGKSNIIDAIKWVFGEQSKKE 55 (308

T ss_dssp EEEEE-SBTTBCSCEEEECCSSEEEEECCTTTCSTHHHHHHHHTSCC-—--—

T ss_pred EEEEE-CeEEECCCEEEeCCCCeEEEECCCCCcHHHHHHHHHHHhCCCchhh

No 11

>PF02463 SMC_N: RecF/RecN/SMC N terminal domain; InterPro: IPR003395 This domain is found at the N terminus of structural maintenance of
chromosomes (SMC) proteins, which function together with other proteins in a range of chromosomal transactions, including chromosome condensation,
sister-chromatid cohesion, recombination, DNA repair and epigenetic silencing of gene expression []. The domain is also found in RecF and RecN
proteins, which are involved in DNA metabolism and recombination.; PDB: 3HTK A 1W1W_C 2WD5 A 3L51 A 1XEW_Y 3KTA B 3NWC_B 1XEX A 1GXL_C 1GXK_A
Probab=69.41 E-value=23 Score=35.22 Aligned cols=46 Identities=24% Similarity=0.339 Sum_probs=0.0

Q Ss_pred CceEEEEEecccce----EEEeccc-eEEEecCcHHHHHHHHHHHHHHhCCC

Q gi|365905381|r 1 --MRLKIEIDDQSF----FELDFGD-IVYISGYNHQONMWKIYRSLYYYFNKS 45 (340

Q Consensus 1 ~mM~l~i~h~~~~~————je~~~g~-~tqi~G~N~qlK~yi~g~L~~yF~gk 47 (365
[ o S R T I T s S I A e

T Consensus 1 ~I~~l~i~-nFr~~~~~nannannnnnnn 1i~G~NGsGKS~ileAi~~~1~~~ 51 (220)

T PF02463_consen 1 MIKSLEIE-NFRNFKGKNAELSFSPGLNVIVGPNGSGKSNILEAIEFVLGGR 51 (220

T SS_dSSp EEEEEEEE-SBTTC-SCEEEEETTSSEEEEEESTTSSHHHHHHHHHHHTTSS

T ss_pred CccEEEEc-CceEEecCeEEEecCCCCEEEECCCCCCHHHHHHHHHHHHHHC

No 12

>d2hxxa c.9.1.1 (A:) automated matches {Bacillus amyloliquefaciens [TaxId: 1390]}
Probab=69.32 E-value=1.le+02 Score=27.82 Aligned_cols=52 Identities=10% Similarity=0.179 Sum_probs=0.0

Q ss_pred HHHHHHHHhcCCC-cEEEEEeChHHHHhc--cHHHHHHHHHHHHHHhcCCCEEEEE

Q gi|365905381|r 180 LNLIESSLKKANN-DTWIVLYNLDSFVSR--S-AKKTILNKLKEFTDRF-ELKVIY 230 (340)

Q Consensus 191 L~all~~~lr~~n~—n~ 1Lv1kNiD~fls~—=~~ s~~~i~~~la~lt~k~~~r1l~~ii 243 (365
[l I I [ 4=+t o+t + R e R

T Consensus 34 1DAL~D~L~~~~~~ pr~I~vvvmmvnn Ir~=nmnn 1~~v~~da~~~~~~ 1~i~~ 88 (89

T d2hxxa 34 LDALXDALTGXVEYPLVLEXRQFEQSKQLTEN-GAESVLQVFREAKAEGADITIIL 88 (89

T SsidSSE HHHHHHHHHHTCCSSEEEEEETHHHHHHTTTT-HHHHHHHHHHHHHHTTCCEEEEE

T ss_pred HHHHHHHHcCcCCCCcEEEECChHHHHHHCcH-HHHHHHHHHHHHHHHCCCceEec

No 13

>PF13304 AAA 21: AAA domain; PDB: 3QKS B 1US8 B 1F2U B 1F2T B 3QKT A 1II8 B 3QKR B 3QKU A.
Probab=68.12 E-value=1.6e+02 Score=27.89 Aligned cols=215 Identities=16% Similarity=0.181 Sum probs=0.0

Q ss_pred eEEEecCcHHHHHHHHHHHHHHh-- --CCCCccHHHhhhhcCCCCeEEecCccccCccceEEEEEccH

Q gi|365905381|r 20 IVYISGYNHONMWKIYRSLYYYF NKSPM--LSTNIYGDDNIEISLDDVSP-STKNTQTYFISNR 80 (340
Q Consensus 22 ~tqi~G~N~qlK~yi~g~L~~yF-- --~gkkyse~e~~if~~~ep~I~~d~~~1l~~rk~~~~i~Ig~~ 85 (365

R I I I et T

T Consensus 1 i~viiG~N~sGKS~il~ai 79 (303
T PF13304_consen 1 INVIIGPNGSGKSNILEAIYFLFSRKFSNNSKDDIIFNSNIDSISFSFDSESFEIDIEFEIEDFES-DNIIYEYSFSFNK 79 (303
T ss_dssp

T ss_pred CCccecceeeceececececcecececceceecccececccceccccecccceccccecchheeccecceeEeeeccee-ceceeeeeecccce

Q ss_pred HHH HHHHHhcccchHHHHHHH-

Q gi|365905381|r 81 DSI YQOOMIYKKGNLLFENLNT- 101 (340
Q Consensus 86 ~di ~eqm~~kKGT1ll~~yL~~- 106 (365

ce. e -

T Consensus 80 ~ 159 (303
T PF13304 consen 80 SDIIEEWLSEYDNKKKIFIFERKNSDEEIDESNEKFDKIKKIRNIFNKIFLSLNKNNSLFFSEILKNISKNFNSISKNND 159 (303)
T Ssidsspi HHHHHHHHHHHHHHHHHHHH

T ss_pred ccchhhhhheccccccceeeecccccececccecccecceccecceccecccecccecchhhhhhHHhhhhhhhhhhhhhhhhehhh

Q ss_pred ~----HhhhHHHHHHHHHHHHHHHHHHHHhChHHHHAhhcCCeEEEhhccccchhHHHHHHhheccccceCCeeeceeec

Q giT365905381\r 102 -----LNDSFEITRILEELNDTNTKLSLLVQ--EHINNYANNLIIDFEDV--TYFD--VLKYFLKVSYEDSNRTFPLEFM 170 (340)
Q Consensus 107 181 (365
T Consensus 160 237 (303
T PF13304 consen 160 KIRNSEIDNFNDFKDEINESEIIDLLNKLIKEINDIFIDISDIEIEIEKSIKIDED--INESSIIIKIKGDGKEIPLSSL 237 (303
T ss dssp HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHTTTSS-EEEEEEETTEE-——————————— EEEEEETTEEEEGGGS--

T ss:pred hhhhhhhhhhHHHHHHHHHHHhhhhhhhhhhhhhhhhhhhhhhhhhhhhecccccc--ccceeEEEEEcCCCeEEeeccC




Q ss_pred chHHHHHHHHHHHHHHHhcCCCcEEEEEeChHHHHhccHHHHHHHHHHHHHHhcCCCEEEEEE

Q gil365905381|r 171 ETESLVDELLNLIESSLKKANNDTWIVLYNLDSFVSRS-AKKTILNKLKEFTDRF-ELKVIYL 231 (340)

Q Consensus 182 ~~mmmmns Lrollr~~losnnnss 1Lv1kNiD~fls~~~s~~~i~v~~l~~lt~k~~~1~~iif 244 (365
+obtt— R S I T I I A o+

T Consensus 238 S~Gr~~~l——~lan~lan s i11iDEpE~~LHp~-~g~~1~~~1 ~~Qviit 295 (303

T PF13304_consen 238 SSGEKRLL--SLLSLLLSAKKNGSILLIDEPENHLHPS-WQORKLIELLKELSK--KNIQVIIT 295 (303

T ss_dssp —-HHHHHHH--HHHHHHHTTTTT-SEEEEESSSTTSSHH-HHHHHHHHHHHTGG--GSSEEEEE

T ss_pred CHHHHHHH--HHHHHHhCcCCCCeEEEecCCcCCCCHH-HHHHHHHHHHhhCc--cCCEEEEe

No 14

>lwlw_A Structural maintenance of chromosome 1; cohesin, chromosome segregation, cell adhesion, kleisin, MIT cell cycle; HET: AGS; 2.90A
{Saccharomyces cerevisiae} SCOP: c.37.1.12
Probab=67.30 E-value=1.3e+02 Score=31.47 Aligned cols=124 Identities=11% Similarity=0.092 Sum probs=0.0

Q ss_pred HHHHHHHHHHHHHHHHHHhChHHHHHhhcCCeEEEhhcccechhHHHHHHhhccccceccCCcee-ceeecchHHHHHHHH
Q 911365905381 |r 108 ITRILEELNDTNTKLSLLVQ--EHINNYANNLIIDFEDV--TYFD--VLKYFLKVSYEDSNRTF-PLEFMETESLVDELL 180 (340
Q Consensus 113 I~~~le~iNd~1l~~i~~~iN~~~~in i 11~k ~lervmmnmamann L 191 (365
B B T s AU S LT o S R [ o I
T Consensus 269 ~rmvn I e P R e Invmmmmvns s mm R R R T 1S~Ge~~r~~~ 1 344 (430
T lwlw_ A 269 FEKTFDYVSDHLDAIYRELTKNPNSNVELAGGNASLTIE--DEDE--PFNAGIKYHATPPLKRFKDMEYLSGGEKTVAAL 344 (430)
T ss_dssp ——--CHHHHHHHHHHHHHHTC EEEEC EEEECTTCCCCCGGGSCHHHHHHHHH
T ss_pred HHHHHhHHHHHHHHEEEEEhhhhhhhhhccccceccceccec--cccec--hhheCceEEEecCCccceehhhcCccHHHHHEEHR
Q ss_pred HHHHHHHhcCCCcEEEEEeChHHHHhccHHHHHHHHHHHHHHhcCCCEEEEEE
Q gi|365905381|r 181 NLIESSLKKANNDTWIVLYNLDSFVSRS-AKKTILNKLKEFTDRF-ELKVIYL 231 (340)
Q Consensus 192 ~1ll~~~le~nnnn~ 1Lv1kNiD~fls~~~s~~~i~~~l~v~lt~k~~~l~~iif 244 (365)
R R I i Il I I I R P N it
T Consensus 345 al~la~~~~~~nn~— i~11DEpd~~Ld~~=~~~~ B et Q~Ivt 393 (430
T lwlw_ A 345 ALLFAINSYQPSP-FFVLDEVDAALDIT-NVQRIAAYIRRH--RNPDLQFIVI 393 (430
T ss_dssp HHHHHHHTSSCCS-EEEESSTTTTCCHH-HHHHHHHHHHHH--CBTTBEEEEE
T ss_pred HHHHHHHhcCCCC-EEEEECCCCCCCHH-HHHHHHHHHHHH--hCCCCEEEEE
No 15

>3zgx_A SMC, chromosome partition protein SMC; cell cycle; 3.40A {Bacillus subtilis}
Probab=66.45 E-value=20 Score=36.46 Aligned cols=44 Identities=20% Similarity=0.338 Sum_probs=0.0

Q ss_pred EEEEEecccce---EEEeccc-eEEEecCcHHHHHHHHHHHHHHhCCCC

Q gi|365905381|r 2 RLKIEIDDQSF---FELDFGD-IVYISGYNHQONMWKIYRSLYYYFNKSP 46 (340

Q Consensus 4 ~l~i~h~~~~~———ie~~~g~-~tqi~G~N~qlK~yi~g~L~~yF~gkk 48 (365
L+t B R = T I I el ey [Na ey B I (N

T Consensus 5 ~i~i~-nFks~~~~~~ R e vivG~NGsGKS~iLeAi~~~1g~~~ 52 (426

T 3zgx A 5 RLDVI-GFKSFAERISVDFVKGVTAVVGPNGSGKSNITDAIRWVLGEQS 52 (426)

T ss_dssp CEEEE-SSSSBCSCCCBCCCSSEEEEECC---CTTHHHHHHHHHHTCCC

T ss_pred EEEEE-CceeecCCEEEecCCCeEEEECCCCCcHHHHHHHHHHHhCCCc



HHPRED hits for Csn2 Mycoplasma

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
1 PIRSF037215 Peptidase T 21.0 2.9E+02 0.002 31.2 3.1 33 90-122 293-325 (419
2 PF07693 KAP_NTPase: KAP famil 17.6 1.8E+03 0.012 22.8 7.1 81 143-237 157-246 (325

No 9
>PIRSF037215 Peptidase T
Probab=20.96 E-value=2.9e+02 Score=31.18 Aligned cols=33 Identities=15% Similarity=0.278 Sum_probs=0.0

Q ss_pred cchHhhhhhHHHHHHHHHHHHHhhhcchheecc

0 gi]350546883|r 83 -IETNKILGNDKI-HNIKEYINSKIGFDVIEEK 113 (250)

Q Consensus 90 ~~~~dkivmmn i~~~I~~~iN~kiGfdfv~~e 122 (265)
4t R e I I I

T Consensus 293 DFd~~~F~~rK~~~na~ N R R e 325 (419

T PIRSF037215 293 DFDRDGFEARKELIKEIVDKLNAKYGRARIKLE 325 (419

T ss_pred CCChhHHHHHHHHHHHHHHHHHhhCCCCeEEEE

No 10

>PF07693 KAP_NTPase: KAP family P-loop domain; InterPro: IPR011646 The KAP (after Kidins220/ARMS and PifA) family of predicted NTPases are
sporadically distributed across a wide phylogenetic range in bacteria and in animals. Many of the prokaryotic KAP NTPases are encoded in plasmids
and tend to undergo disruption to form pseudogenes. A unique feature of all eukaryotic and certain bacterial KAP NTPases is the presence of two or
four transmembrane helices inserted into the P-loop NTPase domain. These transmembrane helices anchor KAP NTPases in the membrane such that the P-
loop domain is located on the intracellular side [].

Probab=17.57 E-value=1.8e+03 Score=22.80 Aligned cols=81 Identities=16% Similarity=0.138 Sum_probs=0.0

Q ss_pred HHHHHHHHHHhhcccceEEEEEecCCcccHHHHHHHhC ceeEEEEeCcHHHHHhhhHHHHHHHhhccCCcc
Q gi|350546883|r 134 KNIFISLIKNNLFD-ERMTFVFCDIDWLNINDISEYIN —SHNFIFVTND-LRKNIVNITQIESCVICND--- 199 (250
Q Consensus 143 s~len ~g~~~yI1Kd~d~I~i~~L~e~~n-—--—-—-——-~~n~I1i1tNd~ i~~fr~iE frnnnnn 213 (265

ottt R e St RS S . .

T Consensus 157 ~~~vmnmmsan I il iViiIDALDR~~~~~ R R N e i~~Il~~Dr==n~~ l~~ai 228 (325
T PF07693 consen 157 EELISKIKKKLKESKKRIVIIIDDLDRCSPEEIVELLEAIKLLLDFPNIIFILAFDP--EILEKATEKNYGEGF------ 228 (325
T ss_pred HHHHHHHHHhhhcCCceEEEEEcchhcCCcHHHHHHHHHHHHhcCCCCeEEEEEecH--HHHHHHHHhhcCcce-—----
Q ss_pred eEEEecchHHHHHHHHHHhcCccc
Q gi|350546883|r 200 FLVEIYDYNKLISYLELKMNTLIN 223 (250)
Q Consensus 214 ~iv~I~n~~~~~y~lE~~~nns i~ 237 (265)

RISt P I
T Consensus 229 ——=————n~~n~n~nnn yLeKiig~~~~ 246 (325)
T PF07693_consen -DEIDGREYLEKIIQVPFS 246 (325

=)

ss_pred - ----= ccccHHHHHHhhcCeEEE



HHPRED hits for Csn2 Staphylococcus long

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
1 PF13304 AAA 21: AAA domain; P 91.0 4.4 3E-05 33.6 7.1 59 175-234 241-302 (303
2 COG3593 Predicted ATP-dependen 89.8 1.9 1.3E-05 48.4 5.6 91 132-236 255-347 (581
3 3zgx A SMC, chromosome partiti 87.6 9.7 6.5E-05 35.0 7.4 60 176-235 334-395 (426
4 COG3910 Predicted ATPase [Gene 87.5 3.5 2.3E-05 42.5 5.2 54 182-235 136-192 (233)
5 glii8.1 c¢.37.1.12 (A:,B:) Rad5 86.8 2.9 1.9E-05 37.0 3.7 35 201-235 311-348 (369)
6 PIRSF034888 P-loop UCP034888 86.4 5.8 3.9E-05 40.2 6.0 61 175-236 308-372 (444
7 4i99 A Chromosome partition pr 84.0 4.2 2.8E-05 38.5 3.7 35 201-235 276-312 (354)
8 glf2t.1 c.37.1.12 (A:,B:) Rad5 82.0 6.5 4.4E-05 35.4 3.9 35 201-235 234-271 (292)
9 SUPFAM0046693 c.37.1 P-loop co 80.5 8.3 5.6E-05 30.1 3.5 34 201-234 235-271 (293)

10 dle69%a_ c¢.37.1.12 (A:) Smc hea 79.8 33 0.00022 32.3 7.5 60 176-235 225-286 (308

11 PF13175 AAA 15: AAA ATPase do 78.9 21 0.00014 35.2 6.3 57 178-234 351-415 (415

12 PF11398 DUF2813: Protein of u 71.3 17 0.00011 39.3 4.1 36 201-236 293-328 (373

13 SUPFAM0050337 c.37.1 P-loop co 69.9 24 0.00016 30.2 3.8 36 201-236 363-401 (427)

14 SUPFAM0050943 c.37.1 P-loop co 66.1 31 0.00021 28.1 3.6 34 201-234 256-291 (330

15 SUPFAM0036790 c.37.1 P-loop co 65.9 34 0.00023 27.5 3.7 35 201-235 250-286 (308

No 1
>PF13304 AAA 21: AAA domain; PDB: 3QKS_B 1US8_B 1F2U B 1F2T B 3QKT A 1II8_B 3QKR B 3QKU A.
Probab=90.97 E-value=4.4 Score=33.65 Aligned cols=59 Identities=29% Similarity=0.388 Sum probs=0.0

Q ss_pred HHHHHHHHHHHHHHhhcCeEEEEEEcccCCCCHHHHHHHHHHHhcC---CCcEEEEcCChhHH

Q gi|315659845|r 163 IEQVLPLVIEELKKQHNNQLLLIYLYPEANLSPKEQIRLKQLLISL---DVNIIVLTGSMHFL 222 (333)

Q Consensus 175 leQvlPL~veemn~g~~~k~11IYLYPEANLS~KEqir~r~~1~~L---~i~iIVLT~S~~FL 234 (345
I T e L e R el e IR e o=

T Consensus 241 ~~~~le~lvvs s i11iDEPE~~LHp~~g~~l~~~lr~nnnnn QviitTHSp~il 302 (303

T PF13304 consen 241 EKRLL-SLLSLLLSAKKNGSILLIDEPENHLHPSWQRKLIELLKELSKKNIQVIITTHSPFIL 302 (303)

T ss dssp HHHHH-HHHHHHHTTTTT-SEEEEESSSTTSSHHHHHHHHHHHHHTGGGSSEEEEEES -GGG-

T ss_pred HHHHH-HHHHHHhCcCCCCeEEEecCCcCCCCHHHHHHHHHHHHhhCecCCEEEEeCccchhe

No 2

>C0G3593 Predicted ATP-dependent endonuclease of the OLD family [DNA replication, recombination, and repair]
Probab=89.82 E-value=1.9 Score=48.39 Aligned cols=91 Identities=29% Similarity=0.317 Sum probs=0.0

Q ss_pred HHHHHhccCCCccccccccHHHHHHHhceeehhhhhHHHHHHHHHHHHHHHHHHHHEhhcCeEEEEEEcccCCCCHHHHH
Q gi1|315659845|r 120 DLLELLNYTDLPLRTKQFDIKQFVKMLKFEYDLKDDYTRLIVRIEQVLPLVIEELKKQHNNQLLLIYLYPEANLSPKEQI 199
Q Consensus 132 DLl~~l~~t~LPL~iK~FDiKQFiK~L~FeY~l~~DYSrLIleerlPL~veemn~q~~~k~llIYLYPEAnLS KEqi 211
| + ++ R R ++ . N T T . +l+.==]].]=].
T Consensus 255 ~~~knvasssvam——nass v —— lgl~nl~~=——==~~~ln~~mnmnsnnnns r~~=———— ILLiEEPEahLHPg~g~ 320
T COG3593 255 DLSKYLKILLR——NTKQIEIES————NGLGLNNLIA————MQLLQAIGSLELERVARPN————ILLIEEPEAHLHPQLQA 320
T ss_pred hHHHHHHHHHH--Hhccchhhh----hchhhhhhHH----HHHHHHHhHhhhhhhcccc----eEEEeCchhhcCHHHHH
Q ss_pred HHHHHHhcCC--CcEEEEcCChhHHHH
Q gi|315659845|r 200 RLKQLLISLD--VNIIVLTGSMHFLAQ 224 (333)
Q Consensus 212 r~r~~1l~~L~--i~1IVLT~S~~FLae 236 (345
B e o B S I S S
T Consensus 321 ~1~~11~~1~~~~Q~IVTThS~~~~s~ 347 (581
T COG3593 321 VLWDLLNNLPLGLQRIVTTHSPHLLSL 347 (581)
T ss_pred HHHHHHhcCCcceEEEEEcCCcccccc
No 3

>3zgx_A SMC, chromosome partition protein SMC; cell cycle; 3.40A {Bacillus subtilis}
Probab=87.60 E-value=9.7 Score=35.02 Aligned cols=60 Identities=17% Similarity=0.113 Sum probs=0.0

Q ss_pred HHHHHHHHHHHHHhhcCeEEEEEEcccCCCCHHHHHHHHHHHhcC--CCcEEEEcCChhHHH

Q gi|315659845|r 164 EQVLPLVIEELKKQHNNQLLLIYLYPEANLSPKEQIRLKQLLISL--DVNIIVLTGSMHFLA 223 (333

Q Consensus 176 eQvlPL~veemn~g~~~k~11IYLYPEAnNLS~KEqir~r~~1~~L--~i~iIVLT~S~~FLa 235 (345
B I o e I o I B L S ey B B N S B R Y e

T Consensus 334 k~~~~lal~~av~~msnvssas i1DEpe~~Lhp~~~~~ l~~~l~~~s~~~QiiitTHsp~~~~ 395 (426

T 3zgx A 334 RALTAIALLFSILKVRPVPFCVLDEVEAALDEANVFRFAQYLKKYSSDTQFIVITHRKGTME 395 (426

T ss_dssp HHHHHHHHHHHHHHHSCCSCEEEESTTTTSCTHHHHHHHHHHHHCSSSSCEEEECSCHHHHH

T ss_pred HHHHHHHHHHHHHhcCCCCEEEEECCCCCCCHHHHHHHHHHHHHhCCCCEEEEEeCcHHHHH

No 4

>C0G3910 Predicted ATPase [General function prediction only]
Probab=87.49 E-value=3.5 Score=42.49 Aligned cols=54 Identities=35% Similarity=0.431 Sum probs=0.0

Q ss_pred HHHHHHHhhcCeEEEEEEcccCCCCHHHHHHHHHHHhcC---CCcEEEEcCChhHHH

Q gi|315659845|r 170 VIEELKKQHNNQLLLIYLYPEANLSPKEQIRLKQLLISL---DVNIIVLTGSMHFLA 223 (333)
Q Consensus 182 ~veemn~g~~~k~11IYLYPEANLS~KEqir~r~~l~~L---~i~iIVLT~S~~FLa 235 (345

o= Al === [==11+=1.11=-=1

T Consensus 136 f~~i~~~rf~~~GiYiLDEPEa~LSp~RQlella~l~~la~sGaQ~IiATHSPiLlA 192 (233)
T COG3910 136 FLAIFHNRFNGQGIYILDEPEAALSPSRQLELLAILRDLADSGAQIIIATHSPILLA 192 (233
T ss_pred HHHHHHHHhccCceEEecCccccCCHHHHHHHHHHHHHHHhcCCeEEEEecChhhee

No 5

>glii8.1 ¢.37.1.12 (A:,B:) Rad50 {Archaeon Pyrococcus furiosus [TaxId: 2261]}
Probab=86.76 E-value=2.9 Score=36.99 Aligned cols=35 Identities=11% Similarity=0.219 Sum probs=0.0

Q ss_pred ccCCCCHHHHHHHHHHHhcC---CCcEEEEcCChhHHH

Q giT315659845\r 189 PEANLSPKEQIRLKQLLISL---DVNIIVLTGSMHFLA 223 (333)

Q Consensus 201 PEAnLS~KEgir~r~~l~~L---~i~iIVLT~S~~FLa 235 (345
[+ +=] . ++=++] ..+ Rt o [ R R I R

T Consensus 311 pe~~Lh~~~r~n~ B R ettt QViitTHS~~~~~ 348 (369

T glii8.1 311 PTPYLDEERRRKLITIMERYLKKIPQVILVSHDEELKD 348 (369

T ss_dssp CSSSSCSHHHHHHHHHHHHTGGGSSEEEEEESCGGGGG

T Ss:pred CCCCCCHHHHHHHHHHHHHHHhcCCEEEEEechHHHHH

No 6

>PIRSF034888 P-loop UCP(034888
Probab=86.44 E-value=5.8 Score=40.15 Aligned cols=61 Identities=36% Similarity=0.480 Sum probs=0.0

Q ss_pred HHHHHHHHHHHHHHhhcCeEEEEEEcccCCCCHHHHHHHHHHHheC---C-CcEEEEcCChhHHHH

Q gi|315659845|r 163 IEQVLPLVIEELKKQHNNQLLLIYLYPEANLSPKEQIRLKQLLISL---D-VNIIVLTGSMHFLAQ 224 (333)

Q Consensus 175 leQvlPL~veemn~g~~~k~11IYLYPEANLS~KEqir~r~~1~~L---~-1i~iIVLT~S~~FLae 236 (345
ot | |+t R el A i R D = o + ot =] - ..

T Consensus 308 ~~~~LPi~La ~~K~~~~yiIEEPEGHLHP~~Q~~~~~~ I~ gr~~v~~~THSd~~~~~ 372 (444

T PIRSF034888 308 VAYVLPILLALR-LLSKEGSLVIIEEPEAHLHPKAQSVLADLLADLVKSGRVQVVVTTHSDHLLNR 372 (444)

M

ss_pred HHHHHHHHHHhc-cccCCCcEEEEeCcccccCHhHHHHHHHHHHHHHHCCCceEEEECCHHHHHHHE



No 7

>4199 A Chromosome partition protein SMC; winged-helix domain and SMC head domain, chromosome condensa SCPB, DNA binding protein; 2.30A {Pyrococcus
furiosus}

Probab=84.00 E-value=4.2 Score=38.51 Aligned cols=35 Identities=23% Similarity=0.264 Sum probs=0.0

Q ssipred ccCCCCHHHHHHHHHHHhcC~--CCcEEEEcCChhHHH

Q gi|315659845|r 189 PEANLSPKEQIRLKQLLISL--DVNIIVLTGSMHFLA 223 (333)

Q Consensus 201 PEAnLS~KEgqir~r~~l1~~L--~i~iIVLT~S~~FLa 235 (345
RS N R P P I R PR S

T Consensus 276 pe~~Lhp~~~~~ IR it QviitTHsp~~1~ 312 (354

T 4i99_A 276 IDAHLDDANVKRVADLIKESSKESQFIVITLRDVMMA 312 (354)

T ss_dssp TTTTCCHHHHHHHHHHHHHHHTTSEEEEECCCHHHHT

T ss_pred HHhhcCHHHHHHHHHHHHHhCcCCeEEEEECCHHHHH

No 8
>glf2t.1 ¢.37.1.12 (A:,B:) Rad50 {Archaeon Pyrococcus furiosus [TaxId: 2261]}
Probab=82.01 E-value=6.5 Score=35.39 Aligned cols=35 Identities=11% Similarity=0.217 Sum probs=0.0

Q ss_pred ccCCCCHHHHHHHHHHHhcCC---CcEEEEcCChhHHH

Q gi|315659845|r 189 PEANLSPKEQIRLKQLLISLD---VNIIVLTGSMHFLA 223 (333)

Q Consensus 201 PEAnLS~KEgir~r~~l~~L~---i~iIVLT~S~~FLa 235 (345
[ 4+ o[+ | ottt ] . 4= IR

T Consensus 234 p~~~Ld 1~~~1 qviv~TH 271 (292)

T glf2t.1 234 PTPYLDEERRRKLITIMERYLKKIPQVILVSHDEELKD 271 (292)

T ss dssp CSCTTCHHHHHHHHHHHHHTGGGSSEEEEEESCGGGGG

T ss_pred CcccCCHHHHHHHHHHHHHHHhCCCEEEEEee cHHHHH

No 9

>SUPFAM0046693 c.37.1 P-loop containing nucleoside triphosphate hydrolases (52540) SCOP seed sequence: dlf2t.1l.
Probab=80.50 E-value=8.3 Score=30.15 Aligned cols=34 Identities=35% Similarity=0.573 Sum probs=0.0

Q ss_pred ccCCCCHHHHHHHHHHHhcC---CCcEEEEcCChhHH

Q gi|315659845|r 189 PEANLSPKEQIRLKQLLISL---DVNIIVLTGSMHFL 222 (333)

Q Consensus 201 PEAnLS~KEgir~r~~l~~L---~i~iIVLT~S~~FL 234 (345
(I I S R e el R I

T Consensus 235 pr~~LDv~~svmsss R Hromnn 271 (293)

T SUPFAM0046693 235 PTAGLDPETREELLELLKELAKEGKTVIVVTHDLELL 271 (293)

T ss_pred CcccCCHHHHHHHHHHHHHHHhcCCEEEEEECcCcHHHH

No 10

>dle69a_ c¢.37.1.12 (A:) Smc head domain {Thermotoga maritima [TaxId: 2336]}
Probab=79.78 E-value=33 Score=32.35 Aligned cols=60 Identities=17% Similarity=0.143 Sum_probs=0.0

Q ss_pred HHHHHHHHHHHHHhhcCeEEEEEEcccCCCCHHHHHHHHHHH--hcCCCcEEEEcCChhHHH
Q gi|315659845|r 164 EQVLPLVIEELKKQHNNQLLLIYLYPEANLSPKEQIRLKQLL--ISLDVNIIVLTGSMHFLA 223 (333)
Q Consensus 176 eQvlPL~veemn~g~~~k~11IYLYPEAnNLS~KEqir~r~~l1--~~L~i~iIVLT~S~~FLa 235 (345

Lttt

R el B L I O B

T Consensus 225 ~~1~~ ~iDEpe~~Lhp~~~~~1~~~1~ 286 (308)
T dle69a_ 225 KALVGLALLFALMEIKPSPFYVLDEVDSPLDDYNAERFKRLLKENSKHTQFIVITHNKIVME 286 (308
T Ssidssp HHHHHHHHHHHHTTTSCCSEEEEESCCSSCCHHHHHHHHHHHHHHTTTSEEEEECCCTTGGG

T ss_pred hhHHHHHhhhhhhhhececCchhhhhhcecccCCHHHHHHHHHHHHHhccCCEEEEEECCHHHHH

No 11

>PF13175 AAA 15: AAA ATPase domain
Probab=78.91 E-value=21 Score=35.16 Aligned cols=57 Identities=26% Similarity=0.446 Sum_probs=0.0

0 ss_pred HHHHHHHHHHHhhCCeE----EEEEEccCCCCCHHHHHHHHHHHhCC-~~~CCCEEEECCChhHH
Q gi|315659845|r 166 VLPLVIEELKKQHNNQL----LLIYLYPEANLSPKEQIRLKQLLISL----DVNIIVLTGSMHFL 222 (333)
Q Consensus 178 v1PL~veemn~g~~~k~==--— 11IYLYPEANLS~KEqir~r~~l~~L-=-=-=-~i~iIVLT~S~~FL 234 (345
R R L R I B U I U R R IO = =]+
T Consensus 351 ~a~vmvanmsssvaass v 111idEPE~~LHp~~g~~~~~~ La~vnnmnasnnn QiiitTHSp~ii 415 (415
T PF13175_consen 351 YISLLINFLRENKESNNNNYNILLIDEPELHLHPQAQRKFIDFLKKLSKNNNIQITITTHSPFII 415 (415)
T ss_pred HHHHHHHHHHHhhhccCcceeEEEEeCccccCCHHHHHHHHHHHHHHhccCCCEEEEECCChhhC
No 12
>PF11398 DUF2813: Protein of unknown function (DUF2813); InterPro: IPR022602 This entry contains YbjD from Escherichia coli (strain K12), which

is a conserved protein with a nucleotide triphosphate binding domain.
Probab=71.25 E-value=17 Score=39.29 Aligned _cols=36 Identities=36% Similarity=0.271 Sum_probs=0.0

Q ss_pred ccCCCCHHHHHHHHHHHhcCCCcEEEEcCChhHHHH

Q gi|315659845|r 189 PEANLSPKEQIRLKQLLISLDVNIIVLTGSMHFLAQ 224 (333)

Q Consensus 201 PEAnNLS~KEgir~r~~1~~L~i~iIVLT~S~~FLae 236 (345
R e e N R R AR

T Consensus 293 PEarLHP~ml~~aW~11~~1P~QkI~TTnSgeLLS~ 328 (373)

T PF11398 consen 293 PEARLHPIMLATAWSLLSLLPGQKITTTNSGELLSQ 328 (373)

T ss_pred cccccCHHHHHHHHHHHhhCCccEEeecCCHHHhhh

No 13

>SUPFAM0050337 ¢.37.1 P-loop containing nucleoside triphosphate hydrolases (52540) SCOP seed sequence: dlwlwa_.
Probab=69.89 E-value=24 Score=30.21 Aligned_cols=36 Identities=36% Similarity=0.515 Sum_probs=0.0

Q ss_pred ccCCCCHHHHHHHHHHHhcC---CCcEEEEcCChhHHHH

Q gi|315659845|r 189 PEANLSPKEQIRLKQLLISL---DVNIIVLTGSMHFLAQ 224 (333)

Q Consensus 201 PEAnLS~KEgir~r~~l~~L---~i~iIVLT~S~~FLae 236 (345
[ I e IS Rt o R I S

T Consensus 363 ~~~~Ldr~~nnnnnnn I~~~ hr~nnnn 401 (427)

T SUPFAMO0050337 363 PTAGLDPENRERLLELLRELASEGGQVIVVTHDPELAAR 401 (427)

T ss_pred CcccCCHHHHHHHHHHHHHHHhCCCEEEEEECccHHHHHA

No 14

>SUPFAM0050943 c.37.1 P-loop containing nucleoside triphosphate hydrolases (52540) SCOP seed sequence: dlxew.l.
Probab=66.11 E-value=31 Score=28.06 Aligned _cols=34 Identities=35% Similarity=0.563 Sum_probs=0.0

Q ssipred ccCCCCHHHHHHHHHHHhcC--CCcEEEEcCChhHH

Q gi|315659845|r 189 PEANLSPKEQIRLKQLLISL--DVNIIVLTGSMHFL 222 (333)

Q Consensus 201 PEAnLS~KEgir~r~~1l~~L--~i~iIVLT~S~~FL 234 (345
[T B e o P S S [ I

T Consensus 256 ~~~~Ldvssssss I h~~nnn 291 (330

T SUPFAM0050943 256 PTAGLDPETRERLLELLKELAEGRQVIVVTHDLELA 291 (330)

3

ss_pred ccccCCHHHHHHHHHHHHHHhCCCEEEEEEccHHHH



No 15
>SUPFAM0036790 c.37.1 P-loop containing nucleoside triphosphate hydrolases (52540) SCOP seed sequence: dle69%a_.
Probab=65.91 E-value=34 Score=27.51 Aligned cols=35 Identities=34% Similarity=0.552 Sum_probs=0.0

Q ss_pred ccCCCCHHHHHHHHHHHhcC--CCcEEEEcCChhHHH

Q gi|315659845|r 189 PEANLSPKEQIRLKQLLISL--DVNIIVLTGSMHFLA 223 (333)

Q Consensus 201 PEAnLS~KEgir~r~~l~~L--~i~iIVLT~S~~FLa 235 (345
(I I e e T S Pt [ I

T Consensus 250 pr~~Ldv~sssvvsss Inmmnmnnns R~ 286 (308

T SUPFAM0036790 250 PTSGLDPETREALLELLRELAKGRTVIVVTHDLELLA 286 (308)

]

ss_pred ccccCCHHHHHHHHHHHHHAhcCCEEEEEEccHHHHD



HHPRED hits for Csn2 Staphylococcus short

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
1 gliig.1 ¢.37.1.12 (A:,B:) Rad5 96.9 0.017 1.1E-07 49.4 7.8 79 158-237 282-363 (369)
2 glf2t.1 ¢.37.1.12 (A:,B:) Rad5 96.3 0.045 3E-07 47.6 6.8 59 177-237 224-286 (292)
3 cd03275 ABC_SMC1_euk Eukaryoti 96.2 0.32 2.2E-06 45.2 11.9 123 110-237 111-237 (247)
4 3gkt_A DNA double-strand break 95.6 0.34 2.3E-06  43.3 8.8 76 158-235  252-330 (339
5 PRK11147 ABC transporter ATPas 95.5 0.31 2.1E-06 51.7 9.8 93 138-236 420-515 (635
6 3auy A DNA double-strand break 95.5 1.2 8E-06 38.9 11.5 153 77-237 209-365 (371)
7 4i99_A Chromosome partition pr 95.5 0.33 2.2E-06 44.8 8.7 82 155-237 244-327 (354
8 SUPFAM0046693 c.37.1 P-loop co 95.5 0.58 3.9E-06 35.8 8.4 73 161-235 207-284 (293
9 cd03293 ABC_NrtD_SsuB_transpor 95.3 0.75 5E-06 41.5 10.1 93 138-236 112-211 (220)

10 dle69a_ c.37.1.12 (A:) Smc hea 95.2 0.36 2.4E-06  43.8 8.0 76 161-237  224-301 (308

11 TIGR02211 LolD lipo_ex lipopro 95.2 0.82 5.5E-06 41.1 10.0 94 138-239 122-221 (221)

12 SUPFAMO0050337 c.37.1 P-loop co 95.2 0.74 5E-06 38.1 8.7 74 161-235 337-413 (427)

13 3zgx_A SMC, chromosome partiti 95.0 0.42 2.8E-06 42.7 7.7 77 161-239 333-411 (426

14 lwlw_A Structural maintenance 95.0 0.79 5.3E-06 41.5 9.2 77 161-239 338-418 (430

15 PRK10247 putative ABC transpor 94.9 1 TE-06 41.2 10.0 94 138-238 117-217 (225

No 1

>glii8.1 ¢.37.1.12 (A:,B:) Rad50 {Archaeon Pyrococcus furiosus [TaxId: 2261]}
Probab=96.90 E-value=0.017 Score=49.40 Aligned cols=79 Identities=10% Similarity=0.151 Sum probs=0.0

Q ss_pred HHHHHHHHHhhhhhhhccCCcccEEEEECChhhcCHHHHHHHHHHHHhh---ceeEEEEeCCHHHHHhcCcceeeeeecC
Q gi|389815356|r 156 GAYQYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATSQ---ACTMICLTTSPQVINQVGLSNVHLIKRT 232 (288)
Q Consensus 158 ~~~grk~Fid~~~~~L~h~~keNvl~~1FPE~hLg~sd~K~f~~~~~~~———n~ t~Ii~T~hP~~I~~i~~~nv~LiK~n 234 (291)
| —=++=+ R e Sl N N e e R P .+
T Consensus 282 Ge~~r~n~ la~~l~~mnvmssnnas 111iDEpe~~Lh~~~~~~ R QUiitTHS~~~~~~~ A=~~~ v~~~~ 360 (369
T glii8.1 282 GERIALGLAFRLAMSLYLAGEISLLILDEPTPYLDEERRRKLITIMERYLKKIPQVILVSHDEELKDAAD-HVIRISLEN 360 (369)
T ss_dssp HHHHHHHHHHHHHHHHHHHSSCSEEEEECCSSSSCSHHHHHHHHHHHHTGGGSSEEEEEESCGGGGGTSS-EEEEEEECS
T ss_pred HHHHHHHHHHHHHHHHhcCCCCCEEEEECCCCCCCHHHHHHHHHHHHHHHhcCCEEEEEechHHHHHhCC-EEEEEEEeC
Q ss_pred Ccc
Q gi|389815356|r 233 GER 235 (288
Q Consensus 235 ge~ 237 (291)
| ++
T Consensus 361 g~s 363 (369
T gliis.1l 361 GSS 363 (369
T ss_dssp SSE
T ss_pred CEE
No 2

>glf2t.1 c¢.37.1.12 (A:,B:) Rad50 {Archaeon Pyrococcus furiosus [TaxId: 2261]}
Probab=96.35 E-value=0.045 Score=47.57 Aligned cols=59 Identities=14% Similarity=0.197 Sum probs=0.0

Q ss_pred CcccEEEEECChhhcCHHHHHHHHHHHHhhc---eeEEEEeCCHHHHHhcCcceeeee-ecCCcc

Q gi|389815356|r 175 KATNVCFYDFPENELNKSELKELFQFATSQA CTMICLTTSPQVINQVGLSNVHLI-KRTGER 235 (288

Q Consensus 177 ~keNvl~~1FPE~hLg~sd~K~f~~~rrmnn———n t~Ii~T~hP~~I~~i~~~nv~Li-K~nge~ 237 (291
o =t I o I [ e S A A S J N e [ o B P SN [ ISR Sy (e

T Consensus 224 ~~~~1111DEp~~~Ld~~~~n~~ R qQViv~TH~~~~n~ == D~ii~l~~~~g~~ 286 (292

T glf2t.1 224 GEISLLILDEPTPYLDEERRRKLITIMERYLKKIPQVILVSHDEELKDAA--DHVIRISLENGSS 286 (292)

T ss_dssp SSCSEEEEESCSCTTCHHHHHHHHHHHHHTGGGSSEEEEEESCGGGGGGC--SEEEEEEEETTEE

T ss_pred CCCCEEEEeCCcccCCHHHHHHHHHHHHHHHhCCCEEEEEeecHHHHHhC--CEEEEEEecCCEE

No 3

>cd03275 ABC_SMC1_euk Eukaryotic SMC1 proteins; SMC proteins are large (approximately 110 to 170 kDa), and each is arranged into five recognizable
domains. Amino-acid sequence homology of SMC proteins between species is largely confined to the amino- and carboxy-terminal globular domains. The
amino-terminal domain contains a 'Walker A' nucleotide-binding domain (GxxGxGKS/T, in the single-letter amino-acid code), which by mutational
studies has been shown to be essential in several proteins. The carboxy-terminal domain contains a sequence (the DA-box) that resembles a 'Walker
B' motif, and a motif with homology to the signature sequence of the ATP-binding cassette (ABC) family of ATPases. The sequence homology within
the carboxy-terminal domain is relatively high within the SMC1-SMC4 group, whereas SMC5 and SMC6 show some divergence in both of these sequences.
In eukaryotic cells, the proteins are found as heterodimers of SMCl paired with SMC3, SMC2 with SMC4, and SMC5 with SMC6 (for

Probab=96.25 E-value=0.32 Score=45.21 Aligned cols=123 Identities=11% Similarity=0.083 Sum_probs=0.0

Q ss_pred HHHHHHHHHhceE-ecCCeEeecccchhhHHHHHhhcCecchhheccechhHHHHHHHHHhhhhhhheeCCcccEEEEECCh
Q gi|389815356|r 108 QGELEKAFEQCVV-EFEGMELQPSTELISFEQLIKIAPIEVRTVSDEPMGAYQYQSFLLKSWLHLVHNKATNVCFYDFPE 186 (288)
Q Consensus 110 e~~le~~~~sl~i-~~e~yg~~~gss~i~1~kLlk~f~~dfhn~lddln~~~grk~Fid~~~~~L~h~~keNvl~~1FPE 188 (291)

R e s R et BN R =] -

p~~111DEPt 187 (247)

T Consensus 111 ~~ R e s i ~~LS G~ k~rl la~al~~
T cd03275 111 LKEYNEELEKINILVKARNFLVFQGDV ESIASKNPPGKRFRDMDNLSGGEKTMAALALLFAIHSYQPAPFFVLDEVD 187 (247)
T ss_pred HHHHHHHHHHhCCCCCCCeEEEECCch---hhhhhccCechhhhhHHHcCHHHHHHHHHHHHHHHhccCCCCEEEEeccc
Q ss_pred hhcCHHHHHHHHHHHHhh---ceeEEEEeCCHHHHHhcCcceeeeeecCCcc
Q gi|389815356|r 187 NELNKSELKELFQFATSQ ACTMICLTTSPQVINQVGLSNVHLIKRTGER 235 (288)
Q Consensus 189 ~hLg~sd~K~f~~~~nn~———nnt~Ti~T~hP~~I~~i nv~LiK~nge~ 237 (291)
+ol... R R R o [ I I R
T Consensus 188 ~~LD~~~~~~ R i g~~vi~visHe~vnnr——nns dri~v~~m~mnnn 237 (247
T cd03275 188 AALDNTNVGKVASYIREQAGPNFQFIVISLKEEFF--SKADALVGVYRDQEC 237 (247)
T ss_pred ccCCHHHHHHHHHHHHHhccCCcEEEEEECCHHHH--hhCCeEEEEEecCCC
No 4

>3gkt_A DNA double-strand break repair RAD50 ATPase; RECA-like fold, coiled-coils, ATP binding, DNA bindi MRE11l, replication; HET: DNA ANP; 1.90A
{Pyrococcus furiosus} PDB: 3gku A* 1ii8 A 3gks_B* 3gkr_B* 1ii8_B
Probab=95.57 E-value=0.34 Score=43.27 Aligned cols=76 Identities=12% Similarity=0.135 Sum probs=0.0

Q ss_pred HHHHHHHHHhhhhhhhccCCcccEEEEECChhhcCHHHHHHHHHHHHhh---ceeEEEEeCCHHHHHhcCcceeeeeecC
0 gi[389815356|r 156 GAYQYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATSQ---ACTMICLTTSPQVINQVGLSNVHLIKRT 232 (288)
Q Consensus 158 ~~~grk~Fid~~~~~L~h~~keNv1~~1FPE~hLg~sd~K~f~~~rrnno—onn t~Ii~T~hP~~I~~i~~~nv~LiK~n 234 (291
[ e T T o e R R R I O A o) I
T Consensus 252 Grrrmnm~ la~~la~~rr~~nnas 111iDEpe~~Lhp~~~~~ R T e QiiitTHs~~1l~~~~-=d~i~~v~~e 329 (339
T 3qgkt_A 252 GERIALGLAFRLAMSLYLAGEISLLILDEPTPYLDEERRRKLITIMERYLKKIPQVILVSHDEELKDAA--DHVIRISLE 329 (339)
T ss_dssp HHHHHHHHHHHHHHHHHTTTTTCEEEEECCCTTCCHHHHHHHHHHHHHTGGGS SEEEEEESCGGGGGGC -~ SEEEEEEEE
T ss_pred chHHHHHHHHHHHHHHHhCCCCCEEEEECCCCCCCHHHHHHHHHHHHHHHhCCCEEEEEEccHHHHHhC--CEEEEEE
Q ss_pred C
Q gi|389815356|r 233 G 233 (288)
Q Consensus 235 g 235 (291
+
T Consensus 330 ~ 330 (339
T 3gkt_A 330 N 330 (339)
T ss_dssp T
T ss_pred c



No 5

>PRK11147 ABC transporter ATPase component;
Probab=95.53

Q
Q
Q

ERERE

ERERE

ss_pred
911389815356
Consensus

Consensus
PRK11147
ss_pred

ss_pred
gi1389815356|r
Consensus

Consensus
PRK11147
ss_pred

No 6

>3auy_A DNA double-strand break repair RAD50 ATPase;

E-value=0.31

136
138

420
420

213
215

495
495

Reviewed

Score=51.69 Aligned cols=93 TIdentities=16% Similarity=0.246
HHHHHhhcCc—---chhhcccchhHHHHHHHHHhhhhhhheeCCecccEEEEECChhhcCHHHHHHHHHHHHhhceeEEEEe

FEQLIKIAPI---EVRTVSDEPMGAYQYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATSQACTMICLT

1~kLlk~f~~——= dfhn~lddln~~~grk~Fid~~~~~L~h~~keNv1l~~1FPE~hLg~sd~K~f~~~~~~~~nt~Ti~T
B e o S I Pl NN R e e N I e e aae s B L
R e LSgGekgRl~la~al~~— —~p~1L1LDEPt~~LD~~~~~~ R R tvi~vS
VLGYLQDFLFHPKRAMTPVKALSGGERNRLLLARLFLK-----PSNLLILDEPTNDLDVETLELLEELLDSYQGTVLLVS
HHHHHHhcCCCHHHHhChhhhCCHHHHHHHHHHHHHhCc----— CCCEEEEcCCCCCCCHHHHHHHHHHHHhCCCeEEEEE

CCHHHHHhcCcceeeeeecCCc

TSPQVINQVGLSNVHLIKRTGE 234 (288)
~hP~~I~~i~~~nv~LiK~nge 236 (291)
e TR AR

Hd~~~~~~~—~dri~n~lo~~g~ 515 (635
HDRQFVDNT-VTECWIFEGNGK 515 (635)

CCHHHHHHh-cCEEEEEeCCCe

DNA repair, ABC transporter ATPase domain-like;

jannaschii} PDB: 3aux A* 3av0_B*

Probab=95.51

Q
Q
Q

10 10 1© HHEHEE 0oO0 [ERERERE]

HHEAaAAa

ss_pred
gi|389815356|r
Consensus

Consensus
3auy_ A
ss_dssp
ss_pred

ss_pred
gi|389815356|r
Consensus

Consensus
3auy_ A
ss_dssp
ss_pred

ss_pred
911389815356
Consensus

Consensus
3auy_ A
ss_dssp
ss_pred

No 7

>4199 A Chromosome partition protein SMC;

furiosus}

Probab=95.47

[eNeNe) HAada3 [eR el e

HHaAaAa

ss_pred
gi|389815356|r
Consensus

Consensus
4i99 A
ss_dssp
ss_pred

ss_pred
911389815356
Consensus

Consensus
4i99 A
ss_dssp
ss_pred

No 8

>SUPFAM0046693 c.37.1 P-loop containing nucleoside triphosphate hydrolases
Probab=95.46

Q
Q
Q

]

ss_pred
gi]389815356|r
Consensus

Consensus
SUPFAMO0046693
ss_pred

E-value=1.2

75
77

209
209

155
157

282
282

231
233

361
361

E-value=0.33

153
155

244
244

231
233

323
323

E-value=0.58

159
161

207
207

Score=38.93 Aligned_cols=153 Identities=13% Similarity=0.067
hhhhhHHHHHHHHHHHHHHHhcCchHHHHHHHHHHHHHHHHHhceEecCCeEeecccchhhHHHHHhheCcchhhecech
EFFKDKHHAKQLIELMKFELENSPELLEVFTVLQGELEKAFEQCVVEFEGMELQPSTELISFEQLIKIAPIEVRTVSDEP
~~f~~K~~~e~ly~~fe~gi~n~ettn~~f~k~e~~le~~~~sl~i~~e~yg~~~gss~i~1~kLlk~f~~dfhn~1ddl

. ot +ooo.. +ooo.. +.+

KLTKFVEYLDKVRRIFGRNGFQAYLREKYVPLIQKYLNEAFSEFDLPYSFVELTKDFE-— —VRVHAPNGVLTIDNL
HHHHHHHHHHHHHHHHSTTTHHHHHHHHHHHHHHHHHHHHHHHTTCSCSCEEECTTCC— EEEEETTEEECGGGS
HHHHHHHHHHHHHHHHHhhHHHHHHHHHHHHHHHHHHHHHHHHhhhceccccceccecee-— —eeeecccccecccece

hHHHHHHHHHh--hhhhhhccCCcccEEEEECChhhcCHHHHHHHHHHHHh--hceeEEEEeCCHHHHHhcCcceeeeee
MGAYQYQSFLL--KSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATS--QACTMICLTTSPQVINQVGLSNVHLIK

n~~~qrk~Fid-—-~~~~~ L~h~~keNvl~~1FPE~hLg~sd~K~f~~~~mn——nnn t~Ii~T~hP~~I~~i~~~nv~LiK

R N R Rk el I I I I O LT S [ I I I O Rl
s~G la~~la 11iDEpe~~L~~~~~~~ 1~~~ 1~ 1~~~ ~Q1ivETHS v~~~ = d~~i~i~k
SGGEQIAVALSLRLAIANALIGNRVECIILDEPTVYLDENRRAKLAEIFRKVKSIPQMIIITHHRELEDVA-DVIINVKK

CHHHHHHHHHHHHHHHHHHHHSSCCSEEEEESTTTTCCHHHHHHHHHHHHHCCSCSEEEEEESCGGGGGGC-SEEEEEEE
cchHHHHHHHHHHHHHHHHHhCCCCCeEEEECCcccCCHHHHHHHHHHHHHhccCCEEEEEECcHHHHHhC-CcEEEEEE

cCCcc
RTGER 235 (288)
~nge~ 237 (291)
L+
~~~~s 365 (371)
DGNVS 365 (371)
SSSCE
CCCEE

winged-helix domain and SMC head domain,

Score=44.85 Aligned_cols=82 Identities=13% Similarity=0.182

chhHHHHHHHHHhhhhhhhceCCcccEEEEECChhhcCHHHHHHHHHHHHh--hceeEEEEeCCHHHHHhcCcceeeeee
EPMGAYQYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATS--QACTMICLTTSPQVINQVGLSNVHLIK

dln~~~grk~Fid~~~~~L~h~~keNvl~~1FPE~hLg~sd~K~f~~~~nr——nnn t~Ii~T~hP~~I~~i~~~nv~LiK
B I o e S il I I B O e T T R I U S P S
- R e it I~lrvmvmnvmnns i~liDEpe~~Lhp~~~~~ I e et QviitTHsp~~1~~~d=~1~~v~~
EAMSGGEKALTALAFVFAIQKFKPAPFYLFDEIDAHLDDANVKRVADLIKESSKESQFIVITLRDVMMANAD-KIIGVSM

GGSCHHHHHHHHHHHHHHHHHHSCCSEEEEESTTTTCCHHHHHHHHHHHHHHHTTSEEEEECCCHHHHTTCS-EEEEEEC
cccchhHHHHHHHHHHHHHHhhcCechhhheccHHhhcCHHHHHHHHHHHHHhCcCCeEEEEECCHHHHHhcc-cEEEEEE

cCCcc
RTGER 235 (288)
~nge~ 237 (291)
L+
~~~~s 327 (354)
RDGVS 327 (354)
SSSscCC
ECCce

(52540) SCOP seed sequence:

Score=35.81 Aligned cols=73 Identities=16% Similarity=0.195

HHHHHHhhhhhh--hccCCcccEEEEECChhhcCHHHHHHHHHHHHhh---ceeEEEEeCCHHHHHhcCcceeeeeecCC
QYQOSFLLKSWLH--LVHNKATNVCFYDFPENELNKSELKELFQFATSQ---ACTMICLTTSPQVINQVGLSNVHLIKRTG

grk~Fid~~~~~—— L~h~~keNvl~~1FPE~hLg~sd~K~f~~~~nnn———nn t~Ii~T~hP~~I~~i~~~nv~LiK~ng
[, [ S Fhrb = B I B I R P
~~~~~~~ R e B B D) o 1D e 2 B s S e £
ERQRVALARALALALLLLSDPPLLLLDEPTAGLDPETREELLELLKELAKEGKTVIVVTHDLELL-~ALADRI IVLDDGR

HHHHHHHHHHHHHHHHhccCCCeEEEeCCcccCCHHHHHHHHHHHHHHHhcCCEEEEEEccHHHH--hhcCEEEEEeCCe

Sum_probs=0.0

212
214

494
494

HET: DNA ADP;

Sum_probs=0.0

154
156

281
281

230
232

360
360

chromosome condensa SCPB,

Sum_probs=0.0

Sum_probs=0.0

(288)
(291)

(635)
(635)

(288)
(291)

DNA binding protein;

230 (288)
232 (291)
322 (354)
322 (354)
dlf2t.1.
233 (288)
235 (291)
284 (293)
284 (293)

2.70A {Methanocaldococcus

2.30A {Pyrococcus



No 9

>cd03293 ABC_NrtD SsuB_transporters NrtD and SsuB are the ATP-binding subunits of the bacterial ABC-type nitrate and sulfonate transport systems,
respectively. ABC transporters are a large family of proteins involved in the transport of a wide variety of different compounds, like sugars,
ions, peptides, and more complex organic molecules. The nucleotide binding domain shows the highest similarity between all members of the family.
ABC transporters are a subset of nucleotide hydrolases that contain a signature motif, Q-loop, and H-loop/switch region, in addition to, the Walker
A motif/P-loop and Walker B motif commonly found in a number of ATP- and GTP-binding and hydrolyzing proteins.

Probab=95.32 E-value=0.75 Score=41.53 Aligned cols=93 Identities=14% Similarity=0.162 Sum probs=0.0

Q ss pred HHHHHhhcCcc--hhhcccchhHHHHHHHHHhhhhhhheeCCcccEEEEECChhhcCHHHHHHHHHHHHhh----ceeEE

Q giT389815356\r 136 FEQLIKIAPIE--VRTVSDEPMGAYQYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATSQ----ACTMI 209 (288

Q Consensus 138 1~kLlk~f~~d--fhn~lddln~~~gqrk~Fid~~~~~L~h~~keNvl~~1FPE~hLg~sd~K~f~~~~~~~————nn t~I 211 (291
B T N e ks P ST B el et R L+

T Consensus 112 ~mmnlemmn]vnnnnnnnnn LSgG~~qrl~ la~al~~—— —=~p~111LDEPt~~LD~~~~~~~~~n R ettt tii 186 (220

T cd03293 112 AEELLELVGLSGFENAYPHOLSGGMRORVALARALAV-----DPDVLLLDEPFSALDALTREQLOEELLDIWRETGKTVL 186 (220)

T ss_pred HHHHHHHcCChhhhhCCcccCCHHHEHHHHHHEHHHC---—— CCCEEEECCCCCCCCHHHHHHHHHHHHHHHHHCCCEEE

Q ss_pred EEeCCHHHHHhcCcceeeeeec-CCc

0 9i]389815356|r 210 CLTTSPQVINQVGLSNVHLIKR-TGE 234 (288)

Q Consensus 212 1i~T~hP~~I~~i~~~nv~LiK~-nge 236 (291)
R I I e T o e

T Consensus 187 i~sHr~~mmmnnn— d~i~~l~~~~G~ o 211 (220

T cd03293 187 LVTHDIDEAVFLA-DRVVVLSARPGR 211 (220)

T ss_pred EEecCHHHHHHhC-CEEEEEECCCCE

No 10

>dle69a_ c¢.37.1.12 (A:) Smc head domain {Thermotoga maritima [TaxId: 2336]}

Probab=95.25 E-value=0.36 Score=43.76 Aligned cols=76 Identities=13% Similarity=0.133 Sum probs=0.0

Q ss_pred HHHHHHhhhhhhhccCCcccEEEEECChhhcCHHHHHHHHHHHHhhc--eeEEEEeCCHHHHHhcCcceeeeeecCCcc

Q gi|389815356|r 159 QYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATSQA--CTMICLTTSPQVINQVGLSNVHLIKRTGER 235 (288)

Q Consensus 161 grk~Fid~ ~L~h~~keNvl~~1FPE~hLg~sd~K~f~ ~==~t~Ii~T~hP~~I~~] nv~LiK~nge~ 237 (291)
[+ —+=. B e I I e IR I PR I

T Consensus 224 ~~~~i~la~~la~ ~~v111DEp~~~Ld~ R Rt B ~qviittH~~ —~~ ~ 301 (308

T dle69a_ 224 EKALVGLALLFALMEIKPSPFYVLDEVDSPLDDYNAERFKRLLKENSKHTQFIVITHNKIVMEAADLL-HGVTMVNGVS 301 (308

T ss_dssp HHHHHHHHHHHHHTTTSCCSEEEEESCCSSCCHHHHHHHHHHHHHHT TTSEEEEECCCTTGGGGCSEE-EEEEESSSCE

T ss:pred hHHHHHHHHHHHHhcccCCCEEEEeCCccccCHHHHHHHHHHHHHhCcCCeEEEEECCHHHHhhchhE-EEEEEeCCEE

No 11

>TIGR02211 LolD_lipo_ex lipoprotein releasing system, ATP-binding protein. This model represents LolD,
(pfam00005) . LolD is involved in localization of lipoproteins in some bacteria. It works with a transmembrane protein LolC, which in some species
is a paralogous pair LolC and LolE. Depending on whether the residue immediately following the new, modified N-terminal Cys residue, the nascent
lipoprotein may be carried further by LolA and LolB to the outer membrane, or remain at the inner membrane. The top scoring proteins excluded by
this model include homologs from the archaeal genus Methanosarcina.

Probab=95.22 E-value=0.82 Score=41.08 Aligned cols=94 Identities=13%

a member of the ABC transporter family

Similarity=0.282 Sum probs=0.0

Q ss_pred HHHHHhhcCcc--hhhccecchhHHHHHHHHHhhhhhhheeCCcccEEEEECChhhcCHHHHHHHHHHHHhh----ceeEE
Q gi11389815356|r 136 FEQLIKIAPIE--VRTVSDEPMGAYQYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATSQ----ACTMI 209 (288
Q Consensus 138 1~kLlk~f~~d--fhn~lddln~~~grk~Fid~~~~~L~h~~keNvl~~1FPE~ th~sd~K~f~~ ~nvnv————n~~t~T 0 211 (291
P P o Rt [ RS I L e
T Consensus N e e LS~G~~grv~laral~~—-——---~ p~llllDEPt~~LD ~~~~~~ B e tii 196 (221)
T TIGR02211 122 AYEMLEKVGLEHRINHRPSELSGGERQRVAIARALVN-----QPSLVLADEPTGNLDNNNAKIIFDLMLELNRELNTSFL 196 (221)
T ss_pred HHHHHHHcCChhhhhCChhhCCHHHHHHHHHHHHHhC-----CCCEEEEeCCCCcCCHHHHHHHHHHHHHHHHhcCCEEE
Q ss_pred EEeCCHHHHHhcCcceeeeeecCCcccc
Q gi|389815356|r 210 CLTTSPQVINQVGLSNVHLIKRTGERYS 237 (288)
Q Consensus 212 i~T~hP~~I~~i~~~nv~LiK~nge~~~ 239 (291)
i P S P el e
T Consensus 197 ~~tH~~~~~~vn~==dny~~la=~Grin~ 221 (221
T TIGR02211 197 VVTHDLELAKKL--DRVLEMK-DGQLFN 221 (221
T ss_pred EEeCCHHHHhhc--CEEEEEe-CCEecC
No 12
>SUPFAM0050337 c.37.1 P-loop containing nucleoside triphosphate hydrolases (52540) SCOP seed sequence: dlwlwa_
Probab=95.16 E-value=0.74 Score=38.14 Aligned cols=74 Identities=18% Similarity=0.277 Sum probs=0.0
Q ss pred HHHHHHhhhhhhhccCCcccEEEEECChhhcCHHHHHHHHHHHHhh---ceeEEEEeCCHHHHHhcCcceeeeeecCC
Q giT389815356\r 159 QYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATSQ---ACTMICLTTSPQVINQVGLSNVHLIKRTG 233 (288
Q Consensus 161 qu~Fid~~~~~L~h~~keNvl~~lFPE~th~sd~K~f ~~~~~~~~~~~~ t~Ii~T~hP~~I~~i~~~nv~LiK~ng 235 (291)
SR =] ] R +.+. \++\ Lt I
T Consensus lDE~~~~Ld~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ g~ 413 (427)
T SUPFAMO0050337 337 EKQRLALALALALAELLPPPLLLLDEPTAGLDPENRERLLELLRELASEGGQVIVVTHDPELAARL ADRILVLKDGG 413 (427)
T ss_pred HHHHHHHHHHHHHHhccCCCeEEEecCcccCCHHHHHHHHHHHHHHHhcCCEEEEEEccHHHHHhh-ccEEEEEeCCc
No 13
>3zgx A SMC, chromosome partition protein SMC; cell cycle; 3.40A {Bacillus subtilis}
Probab=95.04 E-value=0.42 Score=42.72 Aligned cols=77 Identities=10% Similarity=0.156 Sum probs=0.0
Q ss_pred HHHHHHhhhhhhhceCCcccEEEEECChhhcCHHHHHHHHHHHHhh--ceeEEEEeCCHHHHHhcCcceeeeeecCCccc
Q gi|389815356|r 159 QYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATSQ--ACTMICLTTSPQVINQVGLSNVHLIKRTGERY 236 (288)
Q Consensus 161 grk~Fid~ ~L~h~~keNv1l~~1FPE~hLg~sd~K~f~~ t~Ii~T~hP~~I~~i~~~nv~LiK~nge~~ 238 (291)
et —++-+ R I R A R LR
T Consensus 333 ek~~~~lal~~a~ ii —d~~~~vnm~~~g~ 4100 (426
T 3zgx A 333 ERALTAIALLFSILKVRPVPFCVLDEVEAALDEANVFRFAQYLKKYSSDTQFIVITHRKGTMEEA--DVLYGVTMQESGV 410 (426
T ss_dssp HHHHHHHHHHHHHHHHSCCSCEEEESTTTTSCTHHHHHHHHHHHHCSSSSCEEEECSCHHHHHHC--SCEEEEEC----C
T ss_pred hHHHHHHHHHHHHHhcCCCCEEEEECCCCCCCHHHHHHHHHHHHHhCCCCEEEEEeCcHHHHHhc--CcEEEEEECCCCe
Q ss_pred c
Q gi|389815356|r 237 S 237 (288)
Q Consensus 239 ~ 239 (291
+
T Consensus 411 s 411 (426
T 3zgx A 411 s 411 (426)
T ss_dssp B
T ss_pred E
No 14

>lwlw_A Structural maintenance of chromosome 1; cohesin, cell adhesion, HET: AGS; 2.90A

{Saccharomyces cerevisiae} SCOP: c¢.37.1.12
Probab=94.95 E-value=0.79 Score=41.46 Aligned cols=77

chromosome segregation, kleisin, MIT cell cycle;

TIdentities=8% Similarity=0.119 Sum probs=0.0

Q ss_pred HHHHHHhhhhhhhccCCcccEEEEECChhhcCHHHHHHHHHHHHhh---ceeEEEEeCCHHHHHhcCcceee-eeecCCc

Q gi|389815356|r 159 QYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATSQ---ACTMICLTTSPQVINQVGLSNVH-LIKRTGE 234 (288)

Q Consensus 161 grk~Fid~~~~~L~h~~keNvl~~1FPE~hLg~sd~K~f~~~~~nn———nn t~Ii~T~hP~~I~~i~~~nv~-LiK~nge 236 (291
R I Ll R =] ++] | B o I R N IR N I

T Consensus 338 e~~~r~ lal~la~~~~r~nn~ i~11DEpd~~Ld 1~~~l ~IvtTH ~~ade s m ey s 415 (430

T lwlwiA 338 EKTVAALALLFAINSYQPSPFFVLDEVDAALDITNVQRIAAYIRRHRNPDLQFIVISLKNTMF--EKSDALVGVYRQQQE 415 (430

T ss_dssp HHHHHHHHHHHHHHTSSCCSEEEESSTTTTCCHHHHHHHHHHHHHHCBTTBEEEEECSCHHHH--TTCSEEEEEEEETTT

T ss_pred HHHHHHHHHHHHHHhCcCCCCEEEEECCCCCCCHHHHHHHHHHHHHHhCCCCEEEEECCCHHHH--HhcCCEEEEEEECCC




100 O

ERER=R|

ss_pred
911389815356
Consensus

Consensus
lwlw A
ss_dssp
ss_pred

No 15
>PRK10247 putative ABC transporter ATP-binding protein YbbL; Provisional

Probab=94.94

Q
Q
Q

HAaAa

= 1010 10

=B A

ss_pred
gi1389815356|r
Consensus

Consensus
PRK10247
ss_pred

ss_pred
gi|389815356|r
Consensus

Consensus
PRK10247
ss_pred

235
237

416
416

E-value=1

136
138

117
117

209
211

192
192

ccc
RYS 237 (288)
~~~ 239 (291)
St
~~s 418 (430)
NSS 418 (430)
TEE
Cce

Score=41.20 Aligned _cols=94 TIdentities=13% Similarity=0.127 Sum_probs=0.0

HHHHHhhcCcc---hhhcccchhHHHHHHHHHhhhhhhheeCCecccEEEEECChhhcCHHHHHHHHHHHHhh----ceeE
FEQLIKIAPIE---VRTVSDEPMGAYQYQSFLLKSWLHLVHNKATNVCFYDFPENELNKSELKELFQFATSQ----ACTM
1~kL1k~f~~d---fhn~lddln~~~qrk~Fid~~~~~L~h~~keNvl~~1FPE~hLg~Sd~K~fr~~~~nnmm==n~ t~
R N e B R e il Bt P P +.0+
e ] ] v LS~G~~grv~laral~~-----~ p~1111DEPt~~LD~~~~~~ Irom~lrnmmns tv

FLDDLERFALPDTILTKNIAELSGGEKQRISLIRNLQF- -MPKVLLLDEITSALDESNKHNVNEIIHRYVREQNIAV
HHHHHHHcCCChHHhcCCcccCCHHHHHHHHHHHHHhCc----— CCCEEEEeCCcccCCHHHHHHHHHHHHHHHHhcCCEE

EEEeCCHHHHHhcCcceeeeeecCCccc

ICLTTSPQVINQVGLSNVHLIKRTGERY 236 (288)
Ii~T~hP~~I~~i~~~nv~LiK~nge~~ 238 (291)
| [+] o+, +. B S S S S

ii~sh d~i~~l 217 (225)
LWVTHDKDEIN-H-ADKVITLQPHAGEM 217 (225

EEEECChHHHH-h-CCEEEEEecccchH

208
210

191
191

(288)
(291)

(225)
(225)



HHPRED hits for Csn2 short

No Hit Prob E-value P-value Score SS Cols Query HMM Template HMM
1 2yl5 A Beta-N-acetylhexosamini 68.5 45 0.0003 36.0 6.5 70 141-210 3-112 (442)
2 dlt5ia_ ¢.37.1.19 (A:) Spliceo 66.9 64 0.00043 29.8 6.3 45 163-212 13-57 (168
3 dls2ma2 c.37.1.19 (A:252-422) 64.2 67 0.00045 29.6 5.9 45 163-212 18-62 (171)
4 d2gjxal c.1.8.6 (A:167-528) be 51.3 81 0.00054 33.3 4.7 61 150-210 5-88 (362)
5 d2rbdal ¢.37.1.19 (A:307-474) 51.2 1.3E+02 0.00085 28.1 5.4 48 160-212 15-62 (168
6 cd06564 GH20_DspB_LnbB-like Gl 50.5 1.2E+02 0.00079 31.6 5.6 61 150-210 4-99 (326
7 dloywa3 c.37.1.19 (A:207-406) 49.2 2.2E+02 0.0015 26.8 6.7 44 164-212 17-60 (200)
8 dlfuka_ c¢.37.1.19 (A:) Initiat 48.9 2.7E+02 0.0018 25.9 7.1 44 164-212 14-57 (162)
9 2hjv_A ATP-dependent RNA helic 48.3 2.4E+02 0.0016 25.6 6.6 45 163-212 21-65 (163)

10 PF14258 DUF4350: Domain of un 47.5 2.1E+02 0.0014 22.7 5.4 59 142-212 10-69 (70)

11 cd02742 GH20_hexosaminidase Be 47.1 1.9E+02 0.0013 29.9 6.4 61 150-210 3-89 (303

12 SUPFAM0048920 c.1.8 (Trans)gly 46.0 2.4E+02 0.0016 26.4 6.4 61 150-210 5-107 (443

13 cd06565 GH20_GcnA-like Glycosy 45.7 2.2E+02 0.0015 29.6 6.6 61 150-210 3-77 (301)

14 1t5i A C_terminal domain of A 45.2 2.5E+02 0.0017 25.9 6.3 45 163-212 17-61  (172)

15 PF09664 DUF2399: Protein of u 44.3 1.1E+02 0.00077 28.6 4.1 31 22-64 20-50 (152)

No 1

>2yl5 A Beta-N-acetylhexosaminidase; hydrolase; 2.15A {Streptococcus pneumoniae} PDB: 2yla A* 2yl9 A*
Probab=68.49 E-value=45 Score=36.01 Aligned cols=70 Identities=16% Similarity=0.270 Sum_probs=0.0

Q ss_pred cHHHHHHhcCcEecccCCCcHHHHHHHHHHHHHHhcCCCEEEEE
Q gi|339625078|r 126 ELERLLHSQNIVVEKGNNSTIFGKIEEVIHVMGMLDESRYLFLT 169 (224)
Q Consensus 141 d~~~11K~~~ikie~~~rnnnn eki~~~iki~~~1~~kkllvfv 184 (251)
B I e Il Bt SR
T Consensus 3 ~~~~1~~~RG~mLDvaR~f~~~~~ ik~~ID~mA~~KIN~1H~HltDdgwriei~~~pl~~~gr~~~~nr~~nnnnn g~~~ 82 (442)
T 2y15_A 3 HMEKLAKNKVISIDAGRKYFTLNQLKRIVDKASELGYSDVHLLLGNDGLRFLLDDMTITANGKTYASDDVKKAIIEGTKA 82 (442)
T ss_dssp CHHHHHSEEEEEEETTTSCCCHHHHHHHHHHHHHHTCCEEEEEEESSSBCBCCSCCCEEETTEEECHHHHHHHHHHHHHH
T ss_pred ccchhhhccceEEecCCCCCCHHHHHHHHHHHHHhCCcEEEEEECCCCcceeccCCcceeceeecccccccccccCCece
Q ss_pred —---ChHHhCCHHHHHHHHHHHHHhCCeEE
Q 911339625078 |r 170 ----NASLYCKLSDLNQLHECLLAEGVNLI 195 (224)
Q Consensus 185 —===Nl~~YLt~~el~~L~~~i~~~~1~vL 210 (251
R I I o B e e R P = S
T Consensus 83 ~~mmnanan YT~~di~eIv~YA~~rgI~VI 112 (442)
T 2y15_A 83 YYDDPNGTALTQAEVTELIEYAKSKDIGLI 112 (442)
T ss_dssp HCCCTTCSCBCHHHHHHHHHHHHTTTCEEE
T ss_pred cccCCCCCCcCHHHHHHHHHHHHHCCCeee
No 2

>dlt5ia_ ¢.37.1.19 (A:) Spliceosome RNA helicase BAT1 (UAP56) {Human (Homo sapiens) [TaxId: 9606]}
Probab=66.89 E-value=64 Score=29.83 Aligned cols=45 Identities=13% Similarity=0.269 Sum_probs=0.0

Q ss_pred HHHHHHHHHHHHhcCCCEEEEEChHHhCCHHHHHHHHHHHHHhCCeEEEE

Q gi|339625078|r 148 GKIEEVIHVMGMLDESRYLFLTNASLYCKLSDLNQLHECLLAEGVNLISI 197 (224)

Q Consensus 163 eki~~~iki~~~1~~kk1l1lvfvNl~~YLt~~el~~L~~~i~~~~1~vL~i 212 (251)
R R S [++11+] L S B s e

T Consensus 13 ~K~~~Lo~llr~n~n~ K~viIF~~—————~~n~nnn 1~~~ Liv~vnvnenns i 57 (168

T dltbia_ 13 EKNRKLFDLLDVLEFNQVVIFVK -SVQRCIALAQLLVEQNFPATIAT 57 (168

T ss_dssp GHHHHHHHHHHHSCCSSEEEECS —-SHHHHHHHHHHHHHTTCCEEEE

T ss_pred HHHHHHHHHHHhCCCCeEEEEEe----- eeecchhhhhhhcceccccecccec

No 3

>dls2ma2 c.37.1.19 (A:252-422) Putative ATP-dependent RNA helicase DHH1 {Baker's yeast (Saccharomyces cerevisiae) [TaxId: 4932]}
Probab=64.23 E-value=67 Score=29.63 Aligned cols=45 TIdentities=11% Similarity=0.121 Sum_probs=0.0

Q Ss_pred HHHHHHHHHHHHhcCCCEEEEEChHHhCCHHHHHHHHHHHHHhCCeEEEE

Q 91339625078 |r 148 GKIEEVIHVMGMLDESRYLFLTNASLYCKLSDLNQLHECLLAEGVNLISI 197 (224)

Q Consensus 163 eki~~~iki~~~1~~kkl1VEvNI~~YLt~~el~~L~~~i~~~~1~vL~1 212 (251)
R S [ ++] | +] [ eeeenn E T I I

T Consensus 18 ~K~~~Lo~lla~mn~~ K~iVE~~—————~an~ s B T e 62 (171

T dls2ma2 18 QKLHCLNTLFSKLQINQAIIFCN-----— STNRVELLAKKITDLGYSCYYS 62 (171)

T SS_dSSp GHHHHHHHHHHHSCCSEEEEECS----— HHHHHHHHHHHHHHTCCEEEE

T ss_pred HHHHHHHHHHHhCCCCceEEEEe----- eeehhhHhHHhhhcccecccce

No 4

>d2gjxal c¢.1.8.6 (A:167-528) beta-hexosaminidase A {Human (Homo sapiens) [TaxId: 9606]}
Probab=51.25 E-value=81 Score=33.35 Aligned_cols=61 Identities=13% Similarity=0.296 Sum_probs=0.0

Q ss_pred CcEecccCCCcHHHHHHHHHHHHHHhcCCCEEE-———————————————— EEChHHh------ CCHHHHHHHHHHHHHhC
Q gi|339625078|r 135 NIVVEKGNNSTIFGKIEEVIHVMGMLDESRYLF- —-LTNASLY- -CKLSDLNQLHECLLAEG 191 (224)
Q Consensus 150 ~ikie~~~~~~n~ eki~~~iki~~~1~~kkllv-———-———m——————————— fUNlI~~Y—=m———— Lt~~el~~L~~~i~~~~ 206 (251)
[ I e e T I RS | R S IR S S I [ S
T Consensus 5 G~mlD~aR~f~~~~~ ik~~Id~ma~~KIN~1hlHl~D~~~~rle~~~~P~lt~~ga~~~~~~~ yT~~di~~1lv~yA~~rg 84 (362
T d2gjxal 5 GLLLDTSRHYLPLSSILDTLDVMAYNKLNVFHWHLVDDPSFPYESFTFPELMRKGSYNPVTHIYTAQDVKEVIEYARLRG 84 (362)
T ss_dssp EEEEETTTSCCCHHHHHHHHHHHHHTTCCEEEEECCCSSCCCBCCSSCTHHHHHHSSCTTTSCBCHHHHHHHHHHHHHTT
T ss_pred ceEEecCCCCcCHHHHHHHHHHHHHcCCcEEEEEeecccCceeeccCCcccecccCCecCCCCCccCHHHHHHHHHEHHEHCC
Q ss_pred CeEE
Q gi|339625078|r 192 VNLI 195 (224)
Q Consensus 207 1~vL 210 (251
+.+
T Consensus 85 I~VI 88 (362)
T d2gjxal 85 IRVL 88 (362)
T ss_dssp CEEE
T ss_pred Ceee
No 5

>d2rbd4al ¢.37.1.19 (A:307-474) ATP-dependent RNA helicase DDX25 {Human (Homo sapiens) [TaxId: 9606]}
Probab=51.19 E-value=1.3e+02 Score=28.07 Aligned cols=48 Identities=8% Similarity=0.167 Sum probs=0.0

Q ssipred cHHHHHHHHHHHHHHhcCCCEEEEEChHHhCCHHHHHHHHHHHHHhCCeEEEE

Q gi|339625078|r 145 TIFGKIEEVIHVMGMLDESRYLFLTNASLYCKLSDLNQLHECLLAEGVNLISI 197 (224)

0 Consensus 160 ~~~eki~~~ikive~lvvkkl1VEVNL~~YLt~velvsDovvivesslsviei 212 (251)
EE R N Lo +.+ I R

T Consensus 15 ~~~nRaon~La~vll~vsnmssnss 1IF~~—————r~~n~~n R e 62 (168

T d2rbdal 15 HRKDKYQALCNIYGSITIGQAIIFCQ —TRRNAKWLTVEMIQDGHQVSLL 62 (168)

T ssidssp SHHHHHHHHHHHHTTSCCSEEEEECS— -CHHHHHHHHHHHHTTTCCEEEE

T

ss_pred CHHHHHHHHHHHHHhCCCCCEEEECC-—--— HHHHHHHHHHHHHhcCCcceec



No 6

>cd06564 GH20 DspB_LnbB-like Glycosyl hydrolase family 20 (GH20) catalytic domain of dispersin B (DspB), lacto-N-biosidase (LnbB) and related
proteins. Dispersin B is a soluble beta-N-acetylglucosamidase found in bacteria that hydrolyzes the beta-1,6-linkages of PGA (poly-beta-(1l,6)-N-
acetylglucosamine), a major component of the extracellular polysaccharide matrix. Lacto-N-biosidase hydrolyzes lacto-N-biose (LNB) type I
oligosaccharides at the nonreducing terminus to produce lacto-N-biose as part of the GNB/LNB (galacto-N-biose/lacto-N-biose I) degradation pathway.
The lacto-N-biosidase from Bifidobacterium bifidum has this GH20 domain, a carbohydrate binding module 32, and a bacterial immunoglobulin-like
domain 2, as well as a YSIRK signal peptide and a G5 membrane anchor at the N and C termini, respectively. The GH20 hexosaminidases are thought to
act via a catalytic mechanism in which the catalytic nucleophile is not provided by solvent or the enzyme, but by the substrate itself.
Probab=50.45 E-value=1.2e+02 Score=31.57 Aligned cols=61 Identities=18% Similarity=0.315 Sum_probs=0.0

Q ss_pred CcEecccCCCcHHHHHHHHHHHHHHhcCCCEEE EEChHHhCCHHH
Q gi|339625078|r 135 NIVVEKGNNSTIFGKIEEVIHVMGMLDESRYLF LTNASLYCKLSD 179 (224
Q Consensus 150 ~ikie~~~ fyNl~~YLt~~e 194 (251
[+ +1+. .. R [ ) B
T Consensus 4 G~mLD~aR~~~~~~~ ik~~id~ma~~K~N~1hlHltD~~~~~~n~nn S R R et YT~~d 83 (326
T cd06564 4 GFMLDVGRKYYSMDFLKDIIKTMSWYKMNDLQLHLNDNLIFNLDDMSTTVNNATYASDDVKSGNNYYNLTANDGYYTKEE 83 (326
T ss_pred eeEEEccCCCCCHHHHHHHHHHHHHcCCceEEEeecCCcccccCCCchhhhhhhhheeccececcceccCCCCCCCCeccHHH
Q ss_pred HHHHHHHHHHhCCeEE
Q gi|339625078|r 180 LNQLHECLLAEGVNLI 195 (224)
Q Consensus 195 l~~L~~~i~~~~1~vL 210 (251
R I o S
T Consensus 84 i~eiv~yA~~rgI~vI 99 (326)
T cd06564 84 FKELIAYAKDRGVNII 99 (326
T ss_pred HHHHHHHHHHcCCeEe
No 7

>dloywa3 c¢.37.1.19 (A:207-406) RecQ helicase domain {Escherichia coli [TaxId: 562]}
Probab=49.19 E-value=2.2e+02 Score=26.83 Aligned cols=44 Identities=7% Similarity=0.167 Sum_probs=0.0

Q ss_pred HHHHHHHHHHHhcCCCEEEEEChHHhCCHHHHHHHHHHHHHhCCeEEEE
Q 911339625078 |r 149 KIEEVIHVMGMLDESRYLFLTNASLYCKLSDLNQLHECLLAEGVNLISI 197 (224)
Q Consensus 164 ki~~~iki~~~1~~kk1l1vEuyNl~~YLt~~el~~L~~~in~ 212 (251)
++. ] ]
T Consensus 17 k~~~lv~~le~ ~1IF~ 60 (200)
T dloywa3 17 PLDQLMRYVQEQRGKSGIIYCN SRAKVEDTAARLQSKGISAAAY 60 (200
T ss_dssp HHHHHHHHHHHTTTCCEEEECS SHHHHHHHHHHHHHTTCCEEEE
T ss_pred HHHHHHHHHHhcCCCCEEEEEC— —-cHHHHHHHHHHHHHCCCCEEEE

No 8
>dlfuka_ c¢.37.1.19 (A:) Initiation factor 4a {Baker's yeast (Saccharomyces cerevisiae) [TaxId: 4932]}
Probab=48.91 E-value=2.7e+02 Score=25.86 Aligned_cols=44 Identities=14% Similarity=0.210 Sum_probs=0.0

Q ss_pred HHHHHHHHHHHhcCCCEEEEEChHHhCCHHHHHHHHHHHHHhCCeEEEE
Q gi|339625078|r 149 KIEEVIHVMGMLDESRYLFLTNASLYCKLSDLNQLHECLLAEGVNLISI 197 (224)
Q Consensus 164 ki~~~iki~~~1~~kkllvfvNl~~YLt~~el~~L~~~i~~~~1~vL~1 212 (251)

o] e A

T Consensus 57 (162)
T dlfuka_ 14 KYECLTDLYDSISVTQAVIFCN- —TRRKVEELTTKLRNDKFTVSAIL 57 (162)
T ss_dssp HHHHHHHHHHHTTCSCEEEEES— —-SHHHHHHHHHHHHHTTCCEEEE

T ss_pred HHHHHHHHHHhCCCCcEEEEEE-----— EEchHHHHHHHHhhcCceEEEe

No 9

>2hjv_A ATP-dependent RNA helicase DBPA; parallel alpha-beta, hydrolase; 1.95A {Bacillus subtilis}
Probab=48.29 E-value=2.4e+02 Score=25.60 Aligned cols=45 Identities=18% Similarity=0.144 Sum_probs=0.0

Q Ss_pred HHHHHHHHHHHHhcCCCEEEEEChHHhCCHHHHHHHHHHHHHhCCeEEEE

Q 91339625078 |r 148 GKIEEVIHVMGMLDESRYLFLTNASLYCKLSDLNQLHECLLAEGVNLISI 197 (224)

Q Consensus 163 eki~~~iki~~~1~~kkllvEfvNl~~YLt~~el~~L~~~i~~~~l~vL~i 212 (251
B ]+ [T A IS

T Consensus A O R B e 1VE~~ I~~~L 65 (163

T 2hjv7A 21 NKFSLLKDVLMTENPDSCIIFCR-----TKEHVNQLTDELDDLGYPCDKI 65 (163

T ss_dssp GHHHHHHHHHHHHCCSSEEEECS-----SHHHHHHHHHHHHHTTCCEEEE

T ss_pred HHHHHHHHHHHhcCCCCEEEEEC----— CHHHHHHHHHHHHHCcCCCEEEE

No 10

>PF14258 DUF4350: Domain of unknown function (DUF4350)
Probab=47.48 E-value=2.le+02 Score=22.67 Aligned_cols=59 Identities=22% Similarity=0.297 Sum_probs=0.0

Q ss_pred HHHHHHhcCcEecccCCCcHHHHHHHHHHHHHHhcCCCEEEEEChHHhCCH-HHHHHHHHHHHHhCCeEEEE
Q gi|339625078|r 127 LERLLHSQNIVVEKGNNSTIFGKIEEVIHVMGMLDESRYLFLTNASLYCKL-SDLNQLHECLLAEGVNLISI 197 (224)
Q Consensus 142 ~~~11K~~~ikie~~~~nnnn eki~~~iki~~~1~~kkl1VEVNl~~YLt~=~el~~L~~~i~~~~1~vL~i 212 (251)
R R I R i P i I R 5 I e R
T Consensus 10 ~~~~vLv~vngesVnms s —— s lrmmmmmmmm—mn tll~inm~n~m~nnmnvnnnnnn 1~~~yn=~Gr~lvl~ 69 (70
T PF14258_consen 10 LYQLLEEQGVKVERWRK--PYEALEA-- —-DDGTLLVIGPDLRLSEPEEAEALLEWVE-AGNTLVLA 69 (70
T ss_pred HHHHHHHCCCeeEEecc—--cHHHhCC-- —--CCCEEEEEeCCCCCCchHHHHHHHHHHH-cCCEEEE
No 11
>cd02742 GH20_hexosaminidase Beta-N-acetylhexosaminidases of glycosyl hydrolase family 20 (GH20) catalyze the removal of beta-1,4-linked N-acetyl-
D-hexosamine residues from the non-reducing ends of N-acetyl-beta-D-hexosaminides including N-acetylglucosides and N-acetylgalactosides. These

enzymes are broadly distributed in microorganisms, plants and animals, and play roles in various key physiological and pathological processes.
These processes include cell structural integrity, energy storage, cellular signaling, fertilization, pathogen defense, viral penetration, the
development of carcinomas, inflammatory events and lysosomal storage disorders. The GH20 enzymes include the eukaryotic beta-N-
acetylhexosaminidases A and B, the bacterial chitobiases, dispersin B, and lacto-N-biosidase. The GH20 hexosaminidases are thought to act via a
catalytic mechanism in which the catalytic nucleophile is not provided by the solvent or the enzyme, but by the substrate itself.

Probab=47.13 E-value=1.9e+02 Score=29.93 Aligned_cols=61 Identities=18% Similarity=0.322 Sum_probs=0.0

Q ss_pred CcEecccCCCcHHHHHHHHHHHHHHhcCCCE-EEEE hHHhCCHHHHHHHHHHHH
Q gi|339625078|r 135 NIVVEKGNNSTIFGKIEEVIHVMGMLDESRY-LFLT NASLYCKLSDLNQLHECLL 188 (224)
Q Consensus 150 ~ikie~~ ~~gki~~~iki~~~1~~kkl-1vfv Nl~~YLt~~el~~L~~~i~ 203 (251
[+.+]+.. R el IR I S R s S I R I
T Consensus 3 G~mlD~aR~ ~1lk~~id~ma~~K~N~1hlHl1~D~~~~~le~~~~p~l~~~g~ ~~yT~~di~elv~yA~ 82 (303
T cd02742 3 GIMLDVSRHFLSVESIKRTIDVLARYKINTFHWHLTDDQAWRIESKKFPELAEKGGQINPRSPGGFYTYAQLKDIIEYAA 82 (303)
T ss_pred ceeeeccccCcCHHHHHHHHHHHHHhCCcEEEEeeecCCCceEeeCccchhhhhececcccCCCCCCeECHHHHHHHHEEHHE
Q ss_pred HhCCeEE
Q gi1339625078|r 189 AEGVNLI 195 (224)
Q Consensus 204 ~~~1~vL 210 (251
ALt
T Consensus 83 ~rgI~vi 89 (303
T cd02742 83 ARGIEVI 89 (303)
T ss_pred HCCCEEE



No 12

>SUPFAM0048920 c.1.8 (Trans)glycosidases (51445) SCOP seed sequence: dlgbaa3;

Probab=46.02 E-value=2.4e+02 Score=26.43 Aligned cols=61 Identities=10%

ss_pred CcEecccCCCcHHHHHHHHHHHHHHhcCCCEEEEE

InterPro: IPR017853.
Similarity=0.224

Q ss_|
Q gi|339625078|r 135 NIVVEKGNNSTIFGKIEEVIHVMGMLDESRYLFLT
Q

Consensus 150 ~ikie~~~~nnn~ eki~~~iki~~~1~~kkllvfv

Sum_probs=0.0

NAS 172 (224)
N1~ 187 (251)

84 (443)

[+.+]+ B I +-.
T Consensus 5 Gr~~vDr~Rvvv v v s v k~N~I~~hl~Dryvvs s Prlr~vrsmvmssvmn v s e e
T SUPFAMO0048920 5 GLMLDVARHFFSVETIKRLIDAMALYKLNVLHLHLTDDQGWRLEIKSYPELTEVGAYRGSDLVETALLLPQLGSLPDSGG 84 (443)
T ss_pred ccccccCCCcCCHHHHHHHHHHHHHhCCCEEEEEeecCCCceeecCCechhhhecceecceccechheecccceccceCCC
Q ss_pred HhCCHHHHHHHHHHHHHhCCeEE
Q 911339625078 |r 173 LYCKLSDLNQLHECLLAEGVNLI 195 (224)
Q Consensus 188 ~YLt~~el~~L~~~i~~~~1~vL 210 (251
B o I I R I P oo IS
T Consensus 85 ~~yt~~maa~san yA~~~~i~y~ 107 (443)
T SUPFAMO0048920 85 GFYTQEDIKEIVAYAAERGIEVI 107 (443)
T ss_pred CccCHHHHHHHHHHHHhCCCEEE
No 13

>cd06565 GH20_GcnA-like Glycosyl hydrolase family 20 (GH20) catalytic domain of N-acetyl-beta-D-glucosaminidase (GcnA, also known as BhsA) and
related proteins. GecnA  1is an exoglucosidase which cleaves N-acetyl-beta-D-galactosamine (NAG) and N-acetyl-beta-D-galactosamine residues from 4-

methylumbelliferylated (4MU) substrates, as well as cleaving NAG from chito-oligosaccharides (i.e. NAG polymers) .

the substrate are unable to be cleaved and act instead as mild competitive inhibitors. Additionally,
first-row transition metals as well as by mercury. GcnA forms a homodimer with subunits comprised of three domains, an N-terminal zincin-like
The GH20 hexosaminidases are thought to act via a catalytic

domain, this central catalytic GH20 domain, and a C-terminal alpha helical domain.
mechanism in which the catalytic nucleophile is not provided by solvent or the enzyme,
Similarity=0.221

Probab=45.73 E-value=2.2e+02 Score=29.59 Aligned cols=61 Identities=7%

Q ss_pred CcEecccC-CCcHHHHHHHHHHHHHHhcCCCEEEEECh--
Q 911339625078 |r 135 NIVVEKGN-NSTIFGKIEEVIHVMGMLDESRYLFLTNA-
Q Consensus 150 ~ikie~ ~eki~~~iki 1~~kk1l1vEvN1-

--HHhCCHHHHHHHHHHHHHhCCeEE
~SLYCKLSDLNQLHECLLAEGVNLI
~YLt~~el~~Lv~~in

[+.+]+.. e P R == T i R B S
T Consensus 3 G~mlD~~R~ ~1lk~~id~ma~~k~N~1~1hl~D~f~~~~~p~ ~yT~~el~el~~yA~~~gI~vI
T cd06565 3 GVHLDLKRNAVPKVSYLKKLLRLLALLGANGLLLYYEDTFPYEGEPEVGRMRGAYTKEEIREIDDYAAELGIEVI
T ss_pred eEEEecCCCCCCCHHHHHHHHHHHHHCcCCCEEEEEEecceecCCCcccccCCCCcCHHHHHHHHHHHHHCCCEEE
No 14

In contrast, sulfated forms of
the enzyme is known to be poisoned by several

but by the substrate itself.
Sum_probs=0.0

195 (224)
~1~vL 210 (251)

77 (301)
77 (301)

>1t5i A C_terminal domain of A probable ATP-dependent RNA helicase; RECA-like fold, PRE-mRNA processing protein; 1.90A {Homo sapiens} SCOP:

c.37.1.19
Probab=45.25 E-value=2.5e+02 Score=25.94 Aligned cols=45 Identities=13%

ss_pred HHHHHHHHHHHHhcCCCEEEEEChHHhCCHHHHHHHHHHHHHhCCeEEEE

Q
Q gi|339625078|r 148 GKIEEVIHVMGMLDESRYLFLTNASLYCKLSDLNQLHECLLAEGVNLISI 197
Q Consensus 163 eki~~~iki~~~1~~kkllvfvNl~~YLt~~el~~L~~~i~~~~1~vL~1 212

R R

T Consensus 17 ~K~~~L~~11~ 61

T 1t5i A 17 EKNRKLFDLLDVLEFNQVVIFVK-----SVQRCIALAQLLVEQNFPAIAI 61

T ss_dssp GHHHHHHHHHHHSCCSSEEEECS-----SHHHHHHHHHHHHHTTCCEEEE

T ss_pred HHHHHHHHHHHhCCCCcEEEEEC----- CHHHHHHHHHHHHhcCCCEEEE

No 15

>PF09664 DUF2399: Protein of unknown function C-terminus (DUF2399); 1InterPro:

eukaryotic proteins. Its function is unknown.
Probab=44.26 E-value=1.le+02 Score=28.56 Aligned cols=31 Identities=13%

Q ss_pred EEEEECCHHHHHHHHHHHHHhccccccCccccccceEEECCCC

Q gi|339625078|r 21 NLITVANSELYLRLIAKLS----NDIEDD-------— IIYSYDN 52 (224

Q Consensus 22 tvL~ien~~~fr~linv~lomvmmmsnnmssnnns s 1~d~~ 64 (251)
o I O AR (N R Lt

T Consensus 20 ~V~VVENp~VE P -LVCt~G~ 50 (152

T PF09664_consen 20 RVYVVENPAVFSALADEL-----GASCPP-- -LVCTSGQ 50 (152)

T ss_pred EEEEEecHHHHHHHHHhc----- CCCCCe-—-—--- EEEcCCc

Similarity=0.269

Similarity=0.228

Sum_probs=0.0

IPR024465 This domain is found in archaeal, bacterial and

Sum_probs=0.0



C

Proteins with structure most similar to S. thermophilus Csn2 structure (3zth)

Target Q-score P-score Z-score Seg%
lwlw:A S. cerevisiae Smcl 0.1447 -0 6.767 11.73
4i199:A P. furiosus Smc 0.1404 0.6379 8.12 11.9
lvpl:A T. maritima ABC transporter ATP-binding protein 0.1374 -0 5.211 13.38
2onk:A A. fulgidus Molybdate/tungstate ABC transporter, ATP-binding protein 0.1346 -0 5.001 7.273
4glu:D Y. pestis Hemin import ATP-binding protein HmuV 0.1308 1.04e-09 5.957 13.69
4hlu:C T. maritima Energy-coupling factor transporter ATP-binding protein EcfA 0.1288 -0 5.253 11.52
20lk:A G. stearothermophilus Amino acid ABC transporter 0.1271 -0 5.316 10.19
lg6h:A M. jannaschii high-affinity branched-chain amino acid transport ATP-binding protein 0.1266 -0 5.862 10.69
4fi3:C E. coli Vitamin B12 import ATP-binding protein BtuD 0.1253 -0 5.085 10.78
2fgk:B E. coli Alpha-hemolysin translocation ATP-binding protein hlyB 0.1231 -0 4.874 12.26
2yz2:A T. maritima Putative ABC transporter ATP-binding protein TM 0222 0.1219 -0 5.316 0.1562
112t:A M. jannaschii Hypothetical ABC transporter ATP-binding protein MJ0796 0.1216 0.001364 5.357 0.1241

Proteins with structure most similar to S. pyogenes Csn2 structure (3toc)

Target Q-score P-score Z-score Seqg%
2onk:A A. fulgidus Molybdate/tungstate ABC transporter, ATP-binding protein 0.1986 0.05449 4.77 9.028
2pcij:A A. aeolicus Lipoprotein-releasing system ATP-binding protein lolD 0.1959 0.00532 4.49 7.692
3gfo:A C. perfringens Cobalt import ATP-binding protein cbiO 1 0.1766 0.1979 5.312 14.39
1ji0:A T. maritima ABC transporter TM 1139 0.1728 0.859 5.647 15.15
3n70:D E. coli P-loop NTPase domain of the Sigma-54 transport activator 0.172 0.09933 3.876 6.522
2fgj:A E. coli Alpha-hemolysin translocation ATP-binding protein hlyB 0.1675 0.3295 5.372 8.759
20lk:B G. stearothermophilus Amino acid ABC transporter ArtP 0.1624 -0 4.349 4.511
3vx4:A S. mutans Putative ABC transporter, ATP-binding protein ComA 0.1614 0.493 5.853 6.923
2ihy:A S. aureus ATPase subunit of ABC transporter 0.1602 -0 4.327 11.03
1g9x:C M. jannaschii High-affinity branched-chain amino acid transport ATP-binding protein 0.1597 -0 4.683 10.08
117v:C E. coli Vitamin B1l2 transport system permease protein Btuc 0.1591 8.58e-10 4.305 8.209
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A

312126587
434408285
414076241
428299778

17233043
166363864

Caldicellulosiruptor hydrothermalis 108
Stanieria cyanosphaera PCC 7437
Anabaena sp. 90

Calothrix sp. PCC 6303

Nostoc sp. PCC 7120

Microcystis aeruginosa NIES-843

MRFVPVVDKDGNPLMPTKPS-RARRWIKSGKATPFWSK--~GIFCVRLNI

7777777 MY 1QLGL IAMYVPVVDKNQ I PLMPTTST-RAKRWIKSGKATGFWKR~

GVFCVRLNI

EPSARYKQPVALGI
EPSNRNYQPIACGV

MRVPVISVDNTPLMPTKPS-RARRWIKCGKAIGKFDKL--GIFYVQLLA
MRVPV I SKDNLPLMLTKPS-RARRWIKEGKA I GKFNKL--GIFYVKLLT:

ESSNTETQEIVLGL
EASDEKIQEVVIGL

MLRKGTLTLLLR I ISMARVPV I SKDGKSLMPTKPS-RARRWIKEGKAIGKFNDL--GIFYVQL ID:

MQLTG

EPSGRATQDIVIGI

EPSDSKTQPIAIGI

166367659 |Microcystis aeruginosa NIES-843 MARVPV I SKDGKSLMPTKPS-RARRWIKEGKA I GKFNDL--GIFYVQL ID: EPSDSKTQPIAIGI
307150343 | Cyanothece sp. PCC 7822 MERVPV I SKEGKPLMPTKSS-RARKWIKDGKAVGKFNDL --NQFYVQLAV: EPSDSKIQLISIGI
307153352 | Cyanothece sp. PCC 7822 MLRVPV I SKEGKPLMPTKPS-RARKWIKDGKAVGKFNDL --NQFYVQL 1V: NSSDNKTQTISIGI
428306661 |Crinalium epipsammum PCC 9333 MLRVPV I SKNNLPLMPTKSS-RARRWIEEGKAVGALDDL --GQFYVQLIE: DNQTQPIAVGI
307150912 |Cyanothece sp. PCC 7822 MLRVPVIAPDKTPLMPTKCS-RARRWIKEGKA I GKFNDL--GQFYVQLIE: QPSDNKTQPITIGI
428775289 |Halothece sp. PCC 7418 MSNLRLMVRSGST-HDKGCVREERSEV- KVSCCVLKT- LEGDL

428779516 | Dacty lococcop: MYRVPVRSKNGKPLMPTKAS-RARRWLKEGKAV I' YKNDL -~HSFAVQLTI DSGEETQPIAVGI
428778599 | Dacty lococcop: MYRVPV I SKDGKPLMPTKSS-RARRWLNEGKAVVYKNDL -~HSFAVQLTI DSGKETQPIAVGI
428781696 | Dactylococcops MYRVPV I SKEGRPLMPTKTS-RARRWLKEGKAV I YKNDL-~HSFAIQLTV: DSGEEIQPIAVGY
428215045|0scillatoria acuminata PCC 6304 —--MLDSVGEETITPIGGLSQTMLRVPVLSPDGKPLMPTQPS-RARRWIRDGLAVGKWSDL -~GMFYVQRVE QTSGEETQPIAVGV
428313425|Microcoleus sp. PCC 7113 MPTKPS-RARRWIQDGLAVKKWSDL--GVFY IQLIN QPSGEKTQPIAIGI

158340109
428775002
307150700

312126663
312621424
222530402
222530431

307591386

Acaryochloris marina MBIC11017
Halothece sp. PCC 7418
Cyanothece sp. PCC 7822

Caldicellulosiruptor
Caldicellulosiruptor
Caldicellulosiruptor
Caldicellulosiruptor

hydrothermalis 108
kronotskyensis 2002
besc DSM 6725
besc DSM 6725

Cyanothece sp. PCC 7822

MILRVPVISPEGQPLMPTKPS-RARRMVRDGKAVGKWNDA--GVYY IQLTA

DPSDTQTQPIHLGC

MNR IPVVSKDGQPLMPTKPS-RARKWIESGRA I SKWSDL--GLYYVQLLQ:

MLRVPVIAPNKTPLMPTKCS-RARRWIKEGKALGRFNDL--GQFYLQLIE:

MLLFT 1DRNGKPGHPTRRFDMVRKLVKRRRAK I IGGGASGKPPVVMFLD:

EPSGTETQPVVAGL
QPSDNKTQPIAIGI

REFDYSKTVSRKL I VL

MVIFTVDKHGRPGHPTRRFDMVRKLVKQGRAK I IGGGTSGKPPVVMFLD:

______________________ REFDYTKTIERRLFVVL

MV IFTVDKHGRPGHPTRRFDMVRKLVKQGRAK I IGGGASGKPPVVMFLD:

MV IFTVDKHGRPGHPTRRFDMVRKLVKQGRAK I IGGGASGKPPVVMFLD:

REFDYSKTIERRLFVVL
REFDYSKTIERRLFVVL

YPFTHILKK

MSNFVFVLDAKKNPLSPCHPS-VARKLLKQGKAAVLRR-

ECQKPTETIKLKL

302391131
435854579
435852864
435854272
313123202

Acetohalobium arabaticum DSM 5501
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Lactobacillus delbrueckii

MAINYAFVLDNEGKMLDPTKAK-KAWYL IRQGKAELVEE-
MAQLQYALYV IDNEGK I LDPTKVK-KAWYL IRKGRVKLVEE~
MPNKYAFVLDSKGKLLDPTKSK-KAWYL IRKGKASLVEE-
MPNKYAFVLDSKGKLLDPTKSK-KAWYL IRKGKASLVEE-
MKHENANRVFLLNKDGKPLMPCCPR-KARLLLKSGKAFVVKK~

YPLIIQLNR TVPSSQINDDEIVLGI
YPLIIQLKK == e e e e e e KIPKEEVNNDKIVLGI
YPLITKLKR EVPKDQVNSDKLILGI
YPLITKLKR EVPKDQVNSDKLILGI
YPFTIQLKY- GSYGYKQKVSLGV

77362205 |Pseudoalteromonas haloplanktis TAC125

298675374
298674707
298675090
169834784
229587454

Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Clostridium botu um A3 str. Loch Maree
Clostridium botulinum Ba4 str. 657

MLAYVLNKHGKPLMPCKAA-KARKLLKAGEAKVVKR-~--TPFTIKLLH

MHVYVLSKNKKPLMPTRPA-KARRLLKSGKAKVVRR-~~-TPFSIKLLY:

MRVFVLSKNKKPLMPTRPA-KARRLLESGKAKVVRR-~~~SPFTIKLLY:

MRVFV 1 SKNKKPLMPTRPA-KARRLLKSGKAKVVRR-~~~TPFTIKLLY:
MPLMVYVLNKEGKPLMPTNRYAK IRVLLKSKKAVVVNS--~-KPFT IKLSY-

MIKRGVPLMVYVLSKKGKPLMPTNRYAKVRVLLKFKKAVVVSS

KPFTIKLLY-

GSSGHTQHVVAGM
ETTEYTQPVIAGM
DTAEYTQPVIAGM
ETTEYTQPVVAGM
NTKDFVQPITLGI

NTKDFVQPITLGI

297585104 |Bacillus selenitireducens MLS10 MFVYVLNKNGQPLMPCKPR-KARLLLNEKKAKVVKQ-~~-TPFTIQLLY: GSSGYKQPVSLGV
188587532 |Natranaerobius thermophilus JW-NM-WN-LF MVYVLAKNGKPLMPTKKHGKVRHLLKDGKAK IVKR--~~TPFTIQLLY ESDNYTQPVNLGV
312793946 |Caldicellulosiruptor kristjanssonii 177R1B MVYV I SKDGKPLMPTKRHGKVRRLLKQGLAKVVRR-~~~EPFTIQLLY DTTTYTQPVTVGV
344996431 |Caldicellulosiruptor lactoaceticus 6A MVYV I SKDGKPLMPTKRHGKVRRLLKQGLAKVVRR-~-~~EPFTIQLLY DTTTYTQPVTVGV
217077332| Thermosipho africanus TCF52B MVYV I SKHGKTLMPTKRHGKVRRLLKQGLAKVVRR-~~~GPFTIQLLY DTTTYTQPLTVGI

375009168
407477159
172057416
169823684
160902522
160902616

Geobaci llus thermoleovorans CCB US3 UF5
Exiguobacterium antarcticum B7
Exiguobacterium sibiricum 255-15
Finegoldia magna ATCC 29328

Petrotoga mob
Petrotoga mob

MFVY I INKHGKPLMPCSPR-KARLLLKQKKAKVVRR-~~~TPFTIQLLY:

MFVFVLNHHGEPLMPCKPS-KARKLLHNSKAKLVKQ-~~-TPFTIQLFY:

MFVFVLNYHGEPLMPCKPS-KARKLLNNGKAKL IKQ-
MVVYVLNIDNKPLMPTTRFGKVRRLLRNKKANVVKR-~~~TPFTIKLLY:

TPFTIQLLF

MLVYVLNKYGKPLMPCKPS-KARKLLKEGKAKVVRK-~~~EPFTIQLLY:

MLVYVLNKHGEPLMPCKSS-KARKLLKDGKAKVVRK~-~~~EPFTIQLLY:

GSSGYKQPVSLGV
GSSGYKQEISLGV
GSSGYKQEISLGV
RTDNNVQDITLGV
GSSGYKQPITLGY
GSSGYKQPITLGV

333978211 |Desulfotomaculum kuznetsovii DSM 6115 MAPAFAGHSKVFVVDAEGKPLLPCHPA-RARKLLKVGKVEVLRG-~~~SPFTIRLKY PVENPVGSLRAKV
260892456 | Ammonifex degens MAPTFVGYPKVFVVDAEGKPLLPCHPA-RARKLLKSGKAEVLRG-~~~SPFTIKLKY PVSTPVGSLRAKV
260893631 | Ammonifex degensii KC4 MAPTFVGYPKVFVVDAEGKPLLPCHPA-RARKLLKSGKAEVLRG-~~~SPFTIKLKY PVSNPVGSLRAKV
302391857 | Acetohalobium arabaticum DSM 5501 MVFVLNKDKTPLNPCHNG-KAKWLLDNNYAVVHKT ----QPFT IRLKK KVTNPNLKDYTLKI
428778981 |Dactylococcopsis salina PCC 8305 MQNY I FQLDSNKQPLDMIHPA-KARRLQSQGKAATFRM-~--YPYTIIRNI VKSPNTKSY ILKI
260892735 MVFVLDRKGRPLMPCSER-RARKLLEQGRAVVVRL--~-~EPFVIRLKD RVAEEASLQPLRLKI
260893993 MVFVLDRKGRPLMPCSER-RARKLLEQGRAVVVRL --~-~EPFVIRLKD RVAEEASLQPLRLKI
433655673 Thermoanaerobacterium M0795 MWQTQKAE I TLARRDYLL IALLVLYRTPKGEFYMVFVLDKHKKPLMPCTEK-RARLLLESGRAV IHK1-~~--NPFVIRLKD VTVDNCIIQPCRIKI
332982963 |Mahel la australiensis 50-1 BON MVFVLDKHKKPLMPCSEK-RARLLLERSRAVVHKK--~-~EPFTIRLKD RTEEESQLQSLRLKL
332983053 |Mahella australiensis 50-1 BON MVFVLDKHKKPLMPCSEK-RARLLLERSRAVVHKK-~~-~EPFTIRLKD RTEEESQLQSLRLKL
222530385|Caldicellulosiruptor bescii DSM 6725 MVFVLNRDKTPLAPCHEA-VARKLLKHGKAV IHR1-~-~~YPFTIRLKE QKDTSTFKPNYRLK1
298674346 |Methanohalobium evestigatum Z-7303 MVFVLNKNKKPLTPCHPA-KAR I LLKAGKAT IHKK--~-~YPFT IRLKE LKSDDVKDDFRLK1

298675173
292490518
428778759

Methanohalobium evestigatum Z-7303
Nitrosococcus halopl
Dactylococcopsis sa

MVFVLNKNKKFLTPCHPA-KAR I LLKARKAT IHKK-~~-~YPFT IRLKE

YPFTIILKE.
FPFTLILKK

MGVFVLDKNRQPLMPCQPA-RARKLLREGKAAVFRC~

MSNYVFV IDQKKTPLKPVHPK-RARQLLSSGKAAVFRL -~

LKSDDIKDDFRLK1
RAGGTTQPISLTV
EVPNPDIHPLTLKI

300114477|Nitrosococcus watson MNSVFVLDANKTPLMPCRPS-RARRLLRDRKAAVYRM-~~-QPFTLMLKY: RVEASPQP IEFKV
292491781 |Nitrosococcus halopl MNRVFVLDTDRKPLMPCSPA-RARRLLRDGKAAVYRM QPFTIILKY- RVDPNPQPVEFKV
292491869 |Nitrosococcus halopl MNRVFVLDTDRKPLMPCSPA-RARRLLRDGKAGVYRM-~~-QPFT I ILKY: RVDPNPQPVEFKV
292491893 |Nitrosococcus halopl MNRVFVLDTDRKPLMPCSPA-RARRLLRDGKAAVYRM QPFTIILKY- RVDPNPQPVEFKV
292491036 |Nitrosococcus haloph MNSVFVLDTDKTPLMPCRPS-RARRLLRDGRAAVFRM-~~-QPFTVILKY: RVVPTPQPVEFKV
292490884 |Nitrosococcus halopl MNRVFVLDTDKTALMPCRPS-RARRLLRDGKAGVYRM-~~-QPFT I ILKY: RVDSNPQPVEFRV
292491492 |Nitrosococcus halopl MNRVFVLDTDKTALMPCRPS-RARRLLRDGKAGVYRM QPFTIILKY- RVDSNPQPVEFRV
297563003 |Nocardiopsis dassonv i DSM 43111 - ~--MPPGAGEQAREDRPPKTTPREGHPYVFVPDRHGTPLQPTHPA-RARRLLARGRA I AARH-~~-TPFVIRLKD: RTTAESGVDGVETGI
374989417 | Streptomyces bingchenggensis BCW-1 MFVLDKHGRPLQPCTPA-RARKLLKKGRAVVHRH-~-~-TPFAIRLKD RTIAESEVDGVELGI
374989654 | Streptomyces gchenggensis BCW-1 MFVLDKHGQPLQPCTPA-SARKLLKKGRAVVHRH-~~-~TPFVIRLKD RTIAESEVDGVELGI

271963428 m roseum DSM 43021 MFVLDKHGQPLQPTSPA-YARKLLRSGRAVVHRH-~~-~TPFVIRLKD RTAADSTVEGMHVGI
271964894 um roseum DSM 43021 MVRH----TPFVIRLKD RTVAGSTMQGVELGI
258511478 acidocaldarius DSM 446 MRQNRVLVLDTHRRPLMPCHPA-RARQLLKAGRASVFRR-~~~YPFT 1 ILHD- RNGGDVQPMQLKL

160902264
121604978
347754630
218667603
218667415
344201059
344201127
288940385
288941921
288940786
288941171
288941306
121582913
121604604

Petrotoga mobilis SJ95

Polaromonas naphthalenivorans CJ2
Chloracidobacterium thermophilum B
idithiobacillus ferrooxidans ATCC 23270
lus ferrooxidans ATCC 23270
lus ferrivorans SS3

lus ferrivorans SS3
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Polaromonas naphthalenivorans CJ2
Polaromonas naphthalenivorans CJ2

91791204 |Polaromonas sp. JS666
91791283 |Polaromonas sp. JS666

121582916
121582983

Polaromonas naphthalenivorans CJ2
Polaromonas naphthalenivorans CJ2

MEKESVQRVFVLDKNKQPLMPCHPA-RARELLKKGKAAVFRY -

HPFTIILKD:

MPCSEK-RARKLLESGRARVHKL---~FPFGIRLVD

REGGDTQPIQVKI

RLVEDSVFQPLRLSL

MPCSEK-RARLLLERGRARVHRL -
\VFVLDRRKRPLMPCSEK-RARLLLERGRARVHRM-

VPFTIRLLD
VPFTIRLVD

REQEDCALQPVRLKL

LVLDKRKKPLMPCSEK-RARLLLERGRARVHRM-~~-VPFT IRLVD:

RLQADSVLQPLRLKL

\VFVLDKRKKPLMPCSEK-RAR I LLERGRARVHRM-~~-VPFT IRLVD:

RLQEDSTLQPVRLKL

RLQDDSVLQPVRVAA

LVLDKRKKPLMPCSEK-RAR I LLERGRARVHRM-~~-VPFT IRLVD:

APFTIRLKD

FVLDKQKHPLMPCTEK-RARLLLERGRAVVVRL -

RRVENSVLQPVRVAA

APFTLRLKD

\VFVLDKQKHPLMPCTEK-RARLLLERGRAVVVRL -

RIGGALQPLRLKL

APFTLRLKD

RIGGAVQPLRLKL

FVLDKQKHPLMPCTEK-RARLLLERGRAVVVRL -

RIGGAVQPLRLKL

\VFVLDKQKHPLMPCTEK-RARLLLERGRAVVVRL ----APFT IRLKD-

M APFTLRLKD

FVLDKQKHPLMPCTEK-RARLLLERGRAVVVRL -

RIGGAVQPLRLKL

M

FVLDRSARPLMPCTEK-RARLLLERGRARVHKV-~--MPFT IRVVD:

——————————————— MCRKACVTRPVRAEGFEMAVFVLDRSGRPLMPCTEK-RARLLLERGRARVHKM-

RIGGAVQPLRLKL

LPFTIRVVD

LEAEDCEFQALRVKL

RFAESSEFQALRIKL

MPCTEK-RARLLLARGRARVHRL -
MPCTEK-RARLLLARGRARVHRL -~

VPLVIRLVD
TPMVIRLVD

RQAAACDFQPLRIKL

M MPFTIRLID:

FVLDRSGQPVMPCSEK-RARLLLQSKRARVHRV-

RQAAACDFQPLRLKL

M MPFTIRLID:

RSQADCLLQPLRLKL

FVLDRGGQPVMPCSEK-RARLLLQSKRARVHRV-

RSQTDCLLQPLRLKL

428304158|Crinalium epipsammum PCC 9333 MRVFVLDKNLQPLDPCHPA-RARELMNKGRAALFKR-~-~-YPFTIVLQD: RSVEESVTHPHRIKI
428204921 |Chroococcidiopsis thermalis PCC 7203 MQNYVFV IDQNKQPLNL I PPA-RARELLTKQKAAVFRM-~~-YPFT 1 ILKH VANPLPKPLTIKI
307153539 | Cyanothece sp. PCC 7822 MSKVFVLAPNKKPLNPVHSG-QARRLLNQGKAAIFRR- IPFSTILKK: EVNNSANPLRVKI
428216193 Oscillatoria acuminata PCC 6304 MHVFVLDTNKKPLSPCHPC-KARQLLKSGRASVFRR-~~-YPFT I ILHD: TKALDSTVGETRLKI1
414079584 | Anabaena sp. 90 MSNFVLVLDTNKKPLTP IHPG-DARFLLNQQKAAVFRR--~~FPFT I ILKE- PKSHVPTQPIELKI
172055147 |Cyanothece sp. ATCC 51142 MFVFVLSKDKRPLSPCHQA-RARKLLKEGKAAVYRK~-~~-YPFT I ILKE: EVNPSKPQPCRIKL

428316510
428314951
307591386

Os is PCC 7112

dis PCC 7112

illatoria nigro-v
Cyanothece sp. PCC 7822

YPFTIILKY-

MSNFVFVLDTNKQPLEPVAPG-QARRLLKLTQAAVYLR~
YPLTIVLKY-

MSNFVFVVDTNGQPLNPVPPG-QARRLLKLQKAATYRR~

ISNFVF

YPFTILKK.

MSNFVFVLDAKKNPLSPCHPS-VARKLLKQGKAAVLRR~

\VDHPKTQPAQLK
TVSAPQIQPHQLK1
ECQKPTETIKLKL

75812341 Anabaena variabilis ATCC 29413 MCKVFV INKEKRPLNP IHPA-QARQLLRSGKAAVFKR-~~~FPFT I IVKE: NVNTNVSPLRLKL
17233293 |Nostoc sp. PCC 7120 MCKVFV IDNEKRSLNP IHPA-QARQLLKRGKAAVFRR-~-~~FPFT IVVKE: SYTDATVSPLRLKF
75812782 Anabaena variabilis ATCC 29413 MSKVFVLDTEKRPLDP IHSA-QARQLLRNKKAAVFRR-~~~FPFT I ILKE: RADASVSDLRIKL
434407609 | Cylindrospermum stagnale PCC 7417 MSKIFVIDTDRQPLNP IHPA-QARQLLRNKKAA I FRR-~~~FPFTLILKE: SRTNSPSSPLRLKI
414078405|Anabaena sp. 90 MSKTLVLDTNKRPLDP IHPA-QARQLLRNKKAAVFRQ-~~~FPFT I ILKE: RPDSPVSPLRLKI
440685156 | Anabaena cylindrica PCC 7122 MSKVFVLDTNFIPLNP IHSA-QARQLLRNKKAAIFRQ-~~~FPFTI ILKE: RPDSPVSSLRLKI
428315656 |Oscillatoria nigro-viridis PCC 7112 MVLNNLGVQECQSRMMRKCHVR~-~-~ FVGERDTATYAL---~LPDLKV- EVTAPQKPITLKL
428204926 Chroococcidiopsis thermalis PCC 7203 MSNQVLVLDTNRKPLTPCTPG-TARSLLKAGKAAVFRR--~~-FPFS T ILKK. EVKDVPQPLTLKL
218440244 |Cyanothece sp. PCC 7424 MSNFVFVLDTNKRRLNPVHPR-EARLMLNQGKAAVFRK~---YPFT I ILKE- SCPDVLVQDLELLL
428775092 |Halothece sp. PCC 7418 MSNFVFVLDTNKQPLDPVHPG-KARRLLSRGNAAVFRR--~-YPFT I ILKE- CPDIPMQDLELKL

414075475
428305120

Anabaena sp. 90
Crinalium epipsammum PCC 9333

YPFTHILNK

MSNYALVLDTNKQPLSPCHPS-VARKLLDSGKAALFRM-

MSNFILVLDTNRKPLNPCTPG-1ARGLLKSGKARVFRR---~FPFV I ILNK.

CSDIVNQAIELKI
\VLSSPAQMQLKL

427713881|Synechococcus sp. PCC 6312 MSNF I FVLDTQKRPLDPVHPG-KARHLLNQGKAAVYRR- FPFTLILKE HPDVPVQDLELKL
S. pyogenes Cas9 (7) KKYSIGL
S. pyogenes Cas9 domains reerrrr
A. naeslundii Cas9 aa2) LRVGI
A. naeslundii Cas9 domains rrrer

Supplementary Figure S8. Distant Cas9 homologs. Compare with Figure 2. (A) Multiple sequence alignment of Cas9 distant homologs (See
Supplementary Material and Methods). Sequences are denoted by Genbank identifiers and the complete organism name. Mapped sequences and
domains of A. naeslundii and S. pyogenes Cas9 are shown in the last rows of the alignment with catalytic residues highlighted in yellow. For Cas9
domain description, see Supplementary Figure S4. Mapping was done manually according to HHPRED hits for Cas9 homologs shown in (B).

(B) HHPRED hits for Cas9 distant homologs. Top ten hits and selected hits to Cas9, RuvC and transposase structures are shown.



312126587
434408285
414076241
428299778

17233043
166363864
166367659
307150343
307153352
428306661
307150912
428775289
428779516
428778599
428781696
428215045
428313425
158340109
428775002
307150700

312126663
312621424
222530402
222530431

307591386
302391131
435854579
435852864
435854272
313123202

Caldicellulosiruptor hydrothermalis 108
Stanieria cyanosphaera PCC 7437
Anabaena sp. 90

Calothrix sp. PCC 6303

Nostoc sp. PCC 7120

Microcystis aeruginosa NIES-843

Microcystis aeruginosa NIES-843
Cyanothece sp. PCC 7822
Cyanothece sp. PCC 7822
Crinalium epipsammum PCC 9333
Cyanothece sp. PCC 7822
Halothece sp. PCC 7418
Dactylococcopsis sa

Oscillatoria acuminata PCC 6304
Microcoleus sp. PCC 7113
Acaryochloris marina MBIC11017
Halothece sp. PCC 7418
Cyanothece sp. PCC 7822

Caldicellulosiruptor hydrothermalis 108
Caldicellulosiruptor kronotskyensis 2002
Caldicellulosiruptor bescii DSM 6725
Caldicellulosiruptor bescii DSM 6725

Cyanothece sp. PCC 7822
Acetohalobium arabaticum DSM 5501
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Lactobacillus delbrueckii NDO2

77362205 | Pseudoalteromonas haloplanktis TAC125

298675374
298674707
298675090
169834784
229587454

297585104
188587532
312793946
344996431
217077332
375009168
407477159
172057416
169823684
160902522
160902616

333978211
260892456
260893631
302391857
428778981
260892735
260893993
433655673

Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Clostridium botulinum A3 str. Loch Maree
Clostridium botulinum Ba4 str. 657

Bacillus selenitireducens MLS10
Natranaerobius thermopl us JW-NM-WN-LF
Caldicellulosiruptor kristjanssonii 177R1B
Caldicellulosiruptor lactoaceticus 6A
Thermosipho africanus TCF52B

Geobaci llus thermoleovorans CCB US3 UF5
Exiguobacterium antarcticum B7
Exiguobacterium sibiricum 255-15
Finegoldia magna ATCC 29328

Petrotoga mobi
Petrotoga mob

Desulfotomaculum kuznetsovii DSM 6115
Ammonifex degens KC4

Ammonifex degensii KC4

Acetohalobium arabaticum DSM 5501
Dactylococcopsis salina PCC 8305
Ammonifex degensii KC4

Ammonifex degensii KC4
Thermoanaerobacterium

‘thermosaccharolyticum M0795

332982963
332983053
222530385
298674346
298675173
292490518
428778759
300114477
292491781
292491869
292491893
292491036
292490884
292491492
297563003
374989417
374989654
271963428
271964894
258511478
160902264
121604978
347754630
218667603
218667415
344201059
344201127
288940385
288941921
288940786
288941171
288941306
121582913
121604604

Mahella australiensis 50-1 BON
Mahella australiensis 50-1 BON
Caldicellulosiruptor bescii DSM 6725
Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Nitrosococcus halophilus Nc 4
Dactylococcopsis sa
Nitrosococcus watso

Nitrosococcus halopl Nc 4
Nitrosococcus halopl Nc 4
Nitrosococcus halopl Nc 4
Nitrosococcus halopl Nc 4
Nitrosococcus halopl Nc 4
Nitrosococcus halopl Nc 4
Nocardiopsis dasson i DSM 43111

Streptomyces bingchenggensis BCW-1

Streptomyces gchenggensiis BCW-1
Streptosporan m roseum DSM 43021
Streptosporangium roseum DSM 43021

Alicyclobacillus acidocaldarius DSM 446
Petrotoga mobilis SJ95

Polaromonas naphthalenivorans CJ2
Chloracidobacterium thermophilum B
Acidithiobacillus ferrooxidans ATCC 23270
Acidithioba s ferrooxidans ATCC 23270
Acidithiobacillus ferrivorans SS3
Acidithiobacillus ferrivorans SS3
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Polaromonas naphthalenivorans CJ2
Polaromonas naphthalenivorans CJ2

91791204 |Polaromonas sp. JS666
91791283 |Polaromonas sp. JS666

121582916
121582983
428304158
428204921
307153539
428216193
414079584
172055147
428316510
428314951
307591386
75812341]

Polaromonas naphthalenivorans CJ2
Polaromonas naphthalenivorans CJ2
Crinalium epipsammum PCC 9333
Chroococcidiopsis thermalis PCC 7203
Cyanothece sp. PCC 7822
Oscillatoria acuminata PCC 6304
Anabaena sp. 90

Cyanothece sp. ATCC 51142

latoria is PCC 7112
latoria nigro-viridis PCC 7112
Cyanothece sp. PCC 7822

nabaena variabilis ATCC 29413

17233293 |Nostoc sp. PCC 7120
75812782 Anabaena variabilis ATCC 29413

434407609
414078405
440685156
428315656
428204926
218440244
428775092
414075475
428305120
427713881

Cylindrospermum stagnale PCC 7417
Anabaena sp. 90

Anabaena cylindrica PCC 7122
Oscillatoria nigro-viridis PCC 7112
Chroococcidiopsis thermalis PCC 7203
Cyanothece sp. PCC 7424

Halothece sp. PCC 7418

Anabaena sp. 90

Crinalium epipsammum PCC 9333
Synechococcus sp. PCC 6312

S. pyogenes Cas9

S. pyogenes Cas9 domains
A. naeslundii Cas9

A. naeslundii Cas9 domains

DPGSKMEGYSVKS K HTYLNIQ-AY, VTHVKSAVET: RRNMRRARRY ——~~~~ RK.
DPGSKREGYTVKS K HQYLNIQ-ATT. VDWVNEHLKT: RREMRRARRF-----~ RK.
DPGKLFSGIAVQ KK FTLQMLHLVLP- FKTVKDRMDQ RSMMRRNRRG--RRINRK
DPGKMFSGVAVQS KK YTLQMLHLVLP FKTVKNRMEQ RSIMRRGRRG--RRINRK:
DPGKKFSGIGVQ K FTLYTAHLILP FQTVRDRMD, RRL) RRIDRK
DPGKLFSGIGVQS L FTLWKAHLELP- FKRVKERLDN RRLMRRGRRK--RRINRQ
DPGQLFSGIGVQS L FTLWKAHLELP- FKRVKERMDN RRLMRRGRRK--RRINRQ
DPGKLFSGIGVQ SS YSLWTGHLELP FKTVKKRMED RRMMRRARRG--RRINRN
DPGKLFSGIGVQS S YSLWAGHLELP-------~ FKTIKKRMED -~ ~========~-~ RRMMRRTRRG--RRINRH
DPGKLFTGIGVQ R FTLWTAHLELP- FKRVKERMDN RRL) RRINR
DPGKLFSGIGVQS H FSLWKAHLELP- FKRVRERMDN RRLMRRSRRG--RRINGK:
QAEFNYSGIGVQS K TTLFTAHLELP FQRVKDRMET- RAMMRRNRRG--RRINRK:
DPGKHYSGIGVQ F MTLFTAHLELP- FQRVKDRMET- RAMMRRNRRG--RR IDRK
DPGKHYSGIGVQS K TLFTAHLELP FQRVKNRMET- RAMMRRSRRG--RRINRK: LPF----DQ
DPGKHYSGIGVQ SQ TLFTAHLELP FQRVKDRMET- RAMN RRINRK LPF----DQ
DPGKLYSGIGVQS K TLFMAHLILP FQTVKDRMEQ RRMMRRNRRG--RRINRQ
DPGKHYSGIGVQS K VTLFMAHLVLP FQSIKDRMEQ RRMMRRGRRG--RRINRK:
DPGKSYSGIAVQ H FTLYTAHLVLP- FQRIKERLGAAV IKNGKV IKNVRGRALQRRVRRG--RR INRK:
DPGKSYSGVGVQS K CTLLQLHLILP FGRVRSRMDQ RRLLRRSRRS--RRINRD
DPGKFFSGIGVQ SL FTLWKAHLELP- FQRVRERIDN RGLMRRSRRG--RRINRK
DPGYHCIGFVVC-EL- KGGKL. IVYCTGILVSR---~---~ IPEIKELITE-—==-=———————- RKAHRRNRRYYSRCKKKRLSARQNRVLLKF - ~~--~
DPGYHHIGFAVC-EL- RWGVL. IVYCIGVLETR IPEIKDLMTK RRGYRRNRRYHSRCRKKRMSKRQSRVLTKF-~---~
DPGYHHIGFAVC-EL-~~-~-| RWGVL-——=——mm e IVYCIGVLETR: IPEIKDLMTK. RRGYRRNRRYHSRCRKKRMSKRHSRVLTKF
DPGYHHIGFAVC-EL- RWGVL. IVYCIGVLETR IPEIKDLMTK RRGYRRNRRYHSRCRKKRMSKRHSRVLTKF
DPGSKTTGIALVQQD: KLIWGAEL IHR QQIKDNLLT- RRQIRRSRRN RK
DDGAKYVGVALVQDC- KTKN KVLFKAKMKQR: QDVSAKMEE RNDYRGYRRS HK
DDGYDKVGFAL 1QKC- QSKN KVLFKATMKQR: QEVSKLMTQ RREYRRYRRQ HK.
DDGTKKVGFALVQKC- QTKN KVLFKAVMEQR QDVSKKMEE- RRGYRRYRRS HK
DDGAKKVGFALVQKC: QTKN KVLFKAVMEQR QDASKKMEE- RRGYRRYRRS---~-~ HK.
DTGQRHIGFAIVSQN KVLHQSEVELR QDVHKNLYT- RKTYRRSKRN RK
DTGSKHVGCAAIAN! KVIYQSEVALR TDVSKKMQQ RAMYRRTRRN RK
DSGSKY I1GCAAVAND: EVMYQSEIKLR DDVSKKMKD RADHRMNRRY ——~~~~ RK.
DSGSKHIGCAAVAND: EVLYQSEVELR DDVSKKVQQ RASYRRNRRS RK
DSGSKHIGCAAVVND: EVLYQSEVELR DDVSRKMKD RADYRRNRRS---~-~ RK.
DSGYLNIGFSAITKE. NEL ISGEVKLL. KGMSERLKE KAMYRRQRR R
DSGYLNIGFSAITKE. KELISGEVKLL. KCMSERLKE KAMYRRQRR R
DAGTKHIGFSAPTEK. DVLFEGDVQLR TDIQDKLAT RRQYRRSRR
DAGTKHVGLSATTGN EVLFEGEAQLR TNIQELLST. RREARRARRN
DIGSKVVGVSAITEK. QELFSSEVELR QDIRKLLLE-===——=—=————-| RREHRRFRRY-—
DIGSKVVGVSAITEK: QELFSSEVELR QDIRKLLLE RREHRRFRRY--
DIGSKTVGISAITEK. QELLSMEVELR QDIKRLLLE RREYRRNRRY ——-~-~
DMGTRHVG I SATTKK. DVLFEAEAQLR TDIVELLAI RRQFRRSRRN
DAGTKHIGFSATTST- KVLLEGEVQLR TDIQDLLAT RRAMRSARRS:
DAGTKHIGFSATTST- KVLLEGEVQLR TDIQDLLAT RRAMRSARRS
DSGSKY IGLSASTEN KEIFSAEYELR-==~~~~~~ NDIVKKLSS
DAGSKSIGLSATTEN KELFAAEVEIR DDIPKLISQ
DAGSKTVGLSATTKK. KELFASEVEIR DDITKLISQ KRQYRRDRRL-
DDGSKWVGIALVNEH T EVVFRGTLIQR DVVR-LLTL RREYRRNRRY
DDGSRYVGIALVNEH T EVVFRGVLVQR DVVR-LLTL RREYRRGRRY
DDGSRYVGIALVNEH T EVVFRGVLVQR DVVR-LLTL RREYRRGRRY
DPGSKTTGLAINNG QVAFLANLHHR DT IKQNLQT- RREHRRFRR
DPGATWTGFAIQCGE- E1IFRMELKHR GL IKKSLEQ RADFRKGRRS:
DPGYEVTGISVVRVA GGKE VVVYFAEVHHR TDVPGKLLS RRQARRSRRS
DPGYEVTGISVVRVA GGKE VVVFFAEVHHR TDVPGKLLS RRQARRSRRS
DPGSKVTGIAILQGE- KVLLLVELYHK QGIKKSLDD RRNHRRFRRN
DPGSKATGVAVLADD: T KATWLGE IHHK. SNIKKKLKD RRALRSSRRN
DPGSKATGAAVLADD: T KATWLGE IHHK SNIKKKLKD RRALRSSRRN
DYGSRCTGIVILKNN C EVVFMMKLYHR: TEIKENMDR-—=~—====~——~-| RRSLRRSRRN
DYGSRYTGLAILKNN-~~~~~| K DVIWLDQVHHR: TDIKKKLDD RRN S
DYGSKHTGLAILKNN K DVIWLAQIHHR TDIKKKLDD RRSFRRRRF
DPGSKTTG I SLNAQF- NSGT- VCIFAMQLEHR-~--—~~~~ GRQIKESLDS RRGVRRSRRN
DPGSKVTGFALVTDQ G EVVWRMQLEHR G 1 IKKRLEQ RRALRRKRRS
DPGSKTTGLALVGKF- QAQGR VVLWAGNLTHR QAIRDRLER RRALRRGRRY
DPGSKITGLALVGNF- PQQGR VVLWAANLTHR YAIRERLAS. RRSLRRGRRG
DPGSKITGLALVGNF- PQQGR: VVLWAANLTHR YAIRERLAS RRSLRRGRRG
DPGSKITGLALVGNF- PQQGR VVLWAANLTHR YAIRERLAS RRSLRRGRRG
DPGSKTTGMALVGHF- SVQGR VVLWAANLMHR QSVRDRLER RRLLRRGRRG
DPGSKTTGLALVGNF- PQQGR VVLWAANLEHR QSVRDRLEK:
DPGSKTTGLALVGNF- PQQGR VVLWAANLEHR QSVRDRLEK:
DPGSKRAGTAVFTDR RGER RGRCAIRPDHR GQIAKRMRQ
DPGSKHTGIATFTAQ ER RGRYAVHLDHR IRKKRGQ
DPGSRHTGIAAFTAR ER RGRYAVQLDHR \VIRKRMGQ
DPGSKHTGIAVFTEH GGSR TGRYALQLDHR IRDKLAS
DPGSKHTGIAAFSER GGSR 1GLYALQLDHR: GQIRDKLAS
APGSKTTGVALVADF QRGK TVVWAAEIQHR DQIRQALLR RRMLRRGRRY
DPGSKITGVTLVGDF- KNGK. KVIWGAE IHHR QS IKKALDT RRGVRRSRRN
DPGSKTTGLAVCRVA------ETIDVTTGEIQPTM HIQFLMELMHR. \T IKKSL! RSAN
DPGSRATGVALVRES- HAIRAALRQ RAAFRRRRR
DPGSKTTGLALVREK-~ QAIRDALAS RGAFRRRRR
TVLMLLELQHR: YAIRDALTQ RR
=VVLMLLELQHR HAIRDALTQ RRAFRRRRR
~VVLMLLELKHR HAIRDALTQ RGGHRRFRR
HGLWFGELAHR QAIRETLGQ RRHLRRARRS:
HGLWFGELVHR QAIREALTL. RRHYRRARRS:
HGLWFGELAHR QAIREALTL. RRHYRRARRS
HGLWLGELAHR QAIREALTL. RRHYRRARRS:
DPGSRVTGLAIVRES-- HGLWLGELAHR QAIREALTL. RRHYRRARRS
DPGSKTTGIALVRET- INLFELMHR KQISEALT, RRGHRRMRRS:
DPGSKTTGIALVREA ERGAV LNLFELAHR----~~~~ GRQISKALTA-————=——=————-| RRGHRRLRRG-~~~~~~|
—~-ESVDASTGEIHSGV- VINLLDLVHR RQISEALT; RRQM
DPGSKTTGVALVRDV- ~ESIEVATGE IHCGV~~~-~-~, AVLNLMELVHR-~~-~~~~ GRHISEALT, RRQMRRRRRS:
DPGSRATGLALVRDI - -ETIEPAMGEVTRGA \VVSLLELEHR RQISEALT; RRQMRRRRRN
~PNTPGAKNAPAFEl -~ -~--, AVINLFELVHR--~-~~~~ GRQISEALT, RRQMRRRRR
RVTSALLISHR QQIKNALES RRALRRGRRN--~~~~ RK.
DPGSKVTGIAIFDGE- NVIWVAELEHR GQIKNALLS RRSLRRSRRN RK
DPGAKTTGLSLVNDQ T EVIWAGELTHR FAIRESLTS RRQLRRSRRG-
DPGSQITGLAICQEN RVIWAAELVHR SATKDALLS RRQLRRGRRN--
DPGSKTTGFALVQNN KV IWGMELQHR: LAIKESLET- RKGVRRGRRS
DPGAKVTGIAL 1QGD: RMIFGAELEHR FRIKDSLES
DPGSKTTGLAIVQGN QVIWGAELTHR QQIKNDLES
DPGAKVSGLAIVRDD: KVIWGAELTHR QQIKHDLAS
DPGSKTTGIALVQQD: KLIWGAEL IHR QQIKDNLLT- RRQIRRSRRN
DPGAKTTGIALINDA-~~~-~~| ND. EVVFAAELKHR FAIRDAITS RRQLRRSRRN--
DPGAKYTGIALVNDV- N EVVFAAELKHR FAIRDALTS RRQLRRSRRS--
DPGAKITGIALVND:! T EVVFAADLKHR FAIRDALIS RRQLRRTRRN
DPGAKHTGIALVNDS T EVVFAADLEHR FAIRDSLTT- RRQLRRSRRN--~~-~
DPGAKFTGMALVND:! T EVVFAAELKHR FVIRDALTS RRQLRRSRR
DPGAKFTGMALVNDS T EVVFAAELKHR FAIRDALTS RRQLRRSRRA--~~-~
DPGSTTTGIALVQGE- EVIFGAQLAHR QSIKASLES
DPGSKTTGIALLKG QLLWVAELIHR IKDAILS
DPGSKVTGIAIKQGN KVLFGAEVQHR QQIRDALLS
DPGSRVTGIAIVQGT- KVIFGAELEHR QQIKDALLS RRQLRRSRRN
DPGSKTTGIALVQGE- K1 IFGAELSHR SAIKASLES RRSLRRGRRN--
DPGSKTTGIALLQGE- QVVFGAELTHR QQIKNALES RRALRRGRRS-
DPGSKVTGIAIKQGN KITFGAELQHR QQIKDALLS
DIGTNSVGWAVITDE--~~~~] YKVPSKKFKVLGNTDRHS IKKNL IGALLFDS: ET----AE) TRLKRTARRR YT RR
FErrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrreerererreeeeeer|
DVGTHSVGLATLRVDDHGTP I —=====—— === ———— | ELLSALSHIHDSGVGKEGKKDHDTRKKLS 1ARRARRLL HH RRT--——--
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312126587
434408285
414076241
428299778

17233043
166363864
166367659
307150343
307153352
428306661
307150912
428775289
428779516
428778599
428781696
428215045
428313425
158340109
428775002
307150700

312126663
312621424
222530402
222530431

307591386
302391131
435854579
435852864
435854272
313123202

Caldicellulosiruptor hydrothermalis 108
Stanieria cyanosphaera PCC 7437
Anabaena sp. 90

Calothrix sp. PCC 6303

Nostoc sp. PCC 7120

Microcystis aeruginosa NIES-843
Microcystis aeruginosa NIES-843
Cyanothece sp. PCC 7822
Cyanothece sp. PCC 7822
Crinalium epipsammum PCC 9333
Cyanothece sp. PCC 7822
Halothece sp. PCC 7418
Dactylococcopsis salina PCC 8305
Dactylococcopsis salina PCC 8305
a PCC 8305
Oscillatoria acuminata PCC 6304
Microcoleus sp. PCC 7113
Acaryochloris marina MBIC11017
Halothece sp. PCC 7418
Cyanothece sp. PCC 7822

Caldicellulosiruptor hydrothermalis 108

Caldicellulosiruptor kronotskyensis 2002
Caldicellulosiruptor DSM 6725
Caldicellulosiruptor DSM 6725

Cyanothece sp. PCC 7822
Acetohalobium arabaticum DSM 5501
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Lactobacillus delbrueckii NDO2

77362205 | Pseudoalteromonas haloplanktis TAC125

298675374
298674707
298675090
169834784
229587454

297585104
188587532
312793946
344996431
217077332
375009168
407477159
172057416
169823684
160902522
160902616

333978211
260892456
260893631
302391857
428778981
260892735
260893993
433655673

Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Clostridium botulinum A3 str. Loch Maree
Clostridium botulinum Ba4 str. 657

Bacillus selenitireducens MLS10
Natranaerobius thermopl us JW-NM-WN-LF
Caldicellulosiruptor kristjanssonii 177R1B
Caldicellulosiruptor lactoaceticus 6A
Thermosipho africanus TCF52B

Geobaci llus thermoleovorans CCB US3 UF5
Exiguobacterium antarcticum B7
Exiguobacterium sibiricum 255-15
Finegoldia magna ATCC 29328

Petrotoga mob
Petrotoga mob

Desulfotomaculum kuznetsovii DSM 6115
Ammonifex degens
Ammonifex degensii KC4

Acetohalobium arabaticum DSM 5501
Dactylococcopsis salina PCC 8305
Ammonifex degens
Ammonifex degens
Thermoanaerobacterium

‘thermosaccharolyticum M0795

332982963
332983053
222530385
298674346
298675173
292490518
428778759
300114477
292491781
292491869
292491893
292491036
292490884
292491492
297563003
374989417
374989654
271963428
271964894
258511478
160902264
121604978
347754630
218667603
218667415
344201059
344201127
288940385
288941921
288940786
288941171
288941306
121582913
121604604

Mahella australiensis 50-1 BON
Mahella australiensis 50-1 BON
Caldicellulosiruptor bescii DSM 6725
Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Nitrosococcus halopl
Dactylococcopsis sa
Nitrosococcus watso
Nitrosococcus halopl
Nitrosococcus halopl
Nitrosococcus haloph
Nitrosococcus halopl
Nitrosococcus halopl
Nitrosococcus halopl
Nocardiopsis dassonvillei DSM 43111
Streptomyces bingchenggensis BCW-1

Streptomyces gchenggensis BCW-1
Streptosporan m roseum DSM 43021
Streptosporangium roseum DSM 43021

Alicyclobacillus acidocaldarius DSM 446
Petrotoga mobilis SJ95

Polaromonas naphthalenivorans CJ2
Chloracidobacterium thermophilum B

lus ferrooxidans ATCC 23270
lus ferrooxidans ATCC 23270
s ferrivorans SS3

lus ferrivorans SS3
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Polaromonas naphthalenivorans CJ2
Polaromonas naphthalenivorans CJ2

91791204 |Polaromonas sp. JS666
91791283 |Polaromonas sp. JS666

121582916
121582983
428304158
428204921
307153539
428216193
414079584
172055147
428316510
428314951
307591386
75812341]

Polaromonas naphthalenivorans CJ2
Polaromonas naphthalenivorans CJ2
Crinalium epipsammum PCC 9333
Chroococcidiopsis thermalis PCC 7203
Cyanothece sp. PCC 7822
Oscillatoria acuminata PCC 6304
Anabaena sp. 90
Cyanothece sp. ATCC 51142
illatoria nigro-viridis PCC 7112
latoria nigro- dis PCC 7112
Cyanothece sp. PCC 7822
nabaena variabilis ATCC 29413

17233293 |Nostoc sp. PCC 7120
75812782 Anabaena variabilis ATCC 29413

434407609
414078405
440685156
428315656
428204926
218440244
428775092
414075475
428305120
427713881

Cylindrospermum stagnale PCC 7417
Anabaena sp. 90

Anabaena cylindrica PCC 7122
Oscillatoria nigro-viridis PCC 7112
Chroococcidiopsis thermalis PCC 7203
Cyanothece sp. PCC 7424

Halothece sp. PCC 7418

Anabaena sp. 90

Crinalium epipsammum PCC 9333

Synechococcus sp. PCC 6312

S. pyogenes Cas9

S. pyogenes Cas9 domains
A. naeslundii Cas9

A. naeslundii Cas9 domains

---RPVRFNNR-KNKD

---RQPRANRL INKFC

RNHRQARFDNR-RGSK
RSHRQARFDNR-KNKK:

RAHRQKRFDNR-RQGK

RAHRQKRFSNR-KQGK:

RAHRQQRFSNR-KQGK:
RAHREKRFNNR-KQGK

RAHRQKRFNNR-KQGK:

LPPSTKARWQWKLRIVKWLTRIF~==-P1TD----FVVEDIKAVTKLGQ=~-~=============——-] KRW-
LPPSTKSRWQWKLRLCSWLSKMF---PITT WGGKW-
LPPSIRANKDLEYRVISLLLQLY---PIKT----VVIEEV- EARG-
LPPSIRANKDLEFRVINLLCELY---PVST----1VIEEV EAKG-
LPPSIRANRQLELRIVSELCKIY ~GRKKARS-
LAPSIRANRQLELRVVSELTKIY- ~GRKGAKS-
LAPSIRANRQLELRVVSELTKIY---P1TD----1YFEYVKADVDLTS- ~GRKGAKS-
~GRKKARS-

LPGVRNEFRTPS IRANRQLELRVVKELCKVF ~GRKKACS-

RAHRQKRFSNR-KRSK

LAPSTKANRQLE IRVVSELCKIY

RAHRQKRFSNR-RQGK:
RSHRQKRFSNR-RGNK:

LSPSIKANRQLELRVVSELSKIY---P1TD----1YFEYVKADVDLTS-

RSHRQKRFNNR-RCHK

LPPSIKANRQLEYRVVKELSQLF---PITS----11YEIV.

LPPSTKANRQLEYRIVKELSQLF

RAHRQKRFNNR-CGHK:

LPPSIKANRQLEYRVVKELSQLF-

RAHRQKRFDNR-RGHK
RAHRQQRFDNR-RRNK:

LPPSTKANRQLEYRVVKELSQLF

RAHRQKRFANR-RGNK:

LPPSVRANRQFELRVVTELCRLF

LPPSVRANRQLELRVATELCQIF-

RAHRQKRFNNR-RQPK

LPPSIKASRQMELRVIKELSKIF

RNHRQKRFDNR-RGKK:
RAHRQKRFSNR-RQGK

LAPSIRASRQLEIRVVKEIASIY

---KVPRTVR--DRDR

LAPSTKANRQLELRIISELSKIY---PITD----1YFEYVKADVDLTS-

LNATLRHGIETHLNLYKKLLKFF--~-PFPAEQVVFVMEDN IFDVRTMT -

~KAPRNVRTKDRTN.

\TLRHG IETHLNLYKKLLKFF-

---KAPRNVRTKDRTN
—--KAPRNVRTKDRTN

\TLRHG IETHLNLYKKLLKFF---PFPAEQVVFVMEDN IFDVRTMT -

\TLRHG IETHLNLYKKLLKFF---PFPAEQVVFVMEDNIFDVRTMT === ==~ ————————-|

—---RQARFLNR-TRLK

---RPKRFDNRFASKR
---RAKRFDNRSSSKR

—---RQARFLNRVHGKR
—---RPARWLNR-ASMR

GW- LPPSLRHRVETTMTWVKR I CKFV~~~HVTN-~-~-1SVELVKFDTQALD- --NPEISG-
~EGEELYS-
~EGKELYS-

IPPSTLQKKQATLRVVNKLKKY I ~EGRELYN-
KGR---~1PPSI1LQKKQAILRVVNKLKKY 1 ~EGRELYN-
DGLW-~---LPPSVKSKVSHNIAWIKRYLAVL -~-PNPD-~---LHIEVGKFDMAKMV - --NPDISG-

~RKPRFNNR-GNSK

---RKPRFDNR-GNSK:
---RKPRFNNR-KRSK

---RKPRFDNR-KRSE

---RQPRFDNR-KKEK
—~—RKPRFNNR-KKPN

—---RKPRFLNR-VHSK

KE GR NPIVTS-

KE NR 1APSIKSKVQSHERERRFVESIL. NPNVSG-

KD GR 1APSIKSKVQSHERERRFVESIL. NPNVSG-

KE NR 1APSIKNKVQSHDRERRFVES I L-~~PVKK~~~--WIVETASFDIHKIT- NPNVSG-
EW----LAPSIQHKYDSHIRFIDKLKKLL-~~PITN----11IEVANFDTHKLK~ NPSIEG-
NW- LAPSIQHKYDSHIRFIDKLKKLL-~-~PITN----111EVANFDTHKLK- NPSIEG-
GW- LAPSVQHKVDSHIRFVEKVHALL ---P I TT----1TVEVAQFDIQKIK KPEIEG-
GW- NPEIEG-
GW- NPTVEG-
GW- NPTVEG-
GW- NPDVEG-
GW- NLNIRG-
GW- LAPS1QHKVDAHLKL IRMIHRLL. NPDISG-
GW- LAPSVQHKVDSHLKL IRMIHRLL.

KK GW- LAPSIRHKVNSHLKIISDVCSI 1

~KKQKQADATQPYGRQGNW-~~~LAPSVEHK IKSHIKL IDLVHSIL.
NK

GW- TAPSVEHKIKSHIKLIDLVYRLL---PITK----1VVEVASFDIQKIK~

—--RECRNHNR-KQL/

—--RPCRNRAR-QQVV.
—--RPCRNRAR-QQUV.

PF PSIRQKKEAVCRVLTDLAKIA---P 1SG----VDVELVAAGVK-~
PF PSVRQKKEATYRVLADLAKIA---P1SG----VDVELVSSGVK-~
PF PSVRQKKEATYRVLADLAKIA--~P 1SG--~-VDVELVSAGVK-~--~
NW- LPPSVDS IVNNIKTWVQRLKKLC

---REPRFDNR-RKPE
---REPRFDNR-GRPE

---REPRFDNR-KREK

—--RQARFNNR-HPAKCVACGKNAKHGSRYCRPCQKARNYVDNGYREKRLPPSLQARVNQT INCVTKLCKLL -~~P 1 TA----1STEHVKFDTQLMQ-
—--RQARFNNR-HPAKCVACGKNAKHGSRYCRPCQKARNYVDNGYREKRLPPSLQARVNQT INCVTKLCKLL -~~P 1 TA---- I STEHVKFDTQLMQ-

GW- LAPSLRHRLQTVETWVKKFLKLC

GW- LPPSAEARVSQVFSVVGKLVRWL ---PVTE-~-~-1VVESAKFDTQKLQ-

GW. LPPGAVARVNQVLSVVGKLVRWL-~~PVTE-~~--IVVESAKFDTQKLQ--~=======~=~~~-| NPEVSG-

GW- LPLSLEARVQQV INTVKKLAKY I ---PIDN----ISIEYVKFDTQLMQ- NPEISG-
NPDIND-
NPDIND-

NW- LPPTLLSRVRNIETWVKRLCKLC NPEISG-

~RKPRFDNR~-KKPE-

NPEIKG-

GW- LPPSLQSRVDNIQTWITRLRELV-

GW-

---RKPRFDNR-KKPK
---RQPRFLNR-SRPK.

NPEIKG-
NPDITG-

GW.

GW-

NPEIDG-

GW.

NPEISG-

GW.

---RAPRFLNR-TKPK.
—---RAPRFLNR-TKPK

NPEING-
NPEING-

GW-

GW- LPPSLNSRVENVSSWFNRLLDRV- NPEING-

GW- LAPSLRSRVENVSTWFNRLLDRA NPEISG-

-RAPRFLNR-TRPQ

GW.

—---RAPRFLNR-TRP;
---RAPRFLNR-TRP;

NPEISG-
--NPEISG-

GW.

GW-

~AGRPAEG-

GW.

~AGRPLEG-

GW-

~AGRPLEG-
~AGRPLEG-

GW.

GW.

~AGRPLEG-

GW- LPPSLMSRVHNIETWVARLRRWA: YPEISG-

GW- LPPSLISRVENILTWIKRIRRFS.

GW-

DPEING-
NPEISG-

GW.

NPEISG-

DW-——-| NPEISG-

GR

~RPARFDNR-AKPE.

NPEISG-

GW.

~--RPARFDNR-TKP;
---RPARFNNR-TKPK

NPEISG-
NPEISG-

GW-

GW.

NPEISG-

-RAPRVLNR-PRRE.

GW.

NPEISG-

GW-

—---RAPRFLNR-TRRE
---RAPRFLNR-PRRE

NPEISG-
NPEISG-

GW.

GW-

NPEISG-

GW.

NPDIEG-

GW.

—--RAPRFLNRDNKAK:
---RAPRFLNRGNKKS

NPEIEG-
NPEISG-

GW-

GW.

NPEISG-

GW-

NTEIEG-

GW.

—--RAPRGLNRGNKQK:
---RQPRFSHR-TRKP

NPQIEG-
NPEISG-

GW.

GW- LPPSLMHRVLTVETWVKRLCRYA NPEIDG-

KS-~--LPPSLMSRVHNILTWVRKLTRLA. NPEIRG-

~RQPRFNNR-KRVD.

GW-

---RKPRFLNR-TRKP.
—--RQARFLNR-TKPQ

NPEVTG-
NPEISG-

GW.

NPEISG-

GW- LPPSLQSRVENINTWVNRLRKLC

GW- LPPSLESRVKNIVTWVNRIRRYV NPEISG-
GW- LPPSLESRVENILTWVNRIRRYV NPEISG-
GW- LPPSLRHRVETTMTWVKR I CKFV- NPEISG-
GW- LAPSLQSRVEN IKTWVSKLRKVA: RPDIQG-
GW- LAPSLQSRVEN IKTWVNRLRKVA. HPDIQG-
GW- LAPSLMSRVHNVETWVNRLRKFA: NPEIEG-
GW- LAPSLQSRVEN IKTWVNKLVKFA: NPDIQG-
GW- LAPSLQSRVEN IKTWVKKLRKFA: NPDIQG-
GW- LAPSLQSRIENIKTWVKKLRQFA: NPDLQG-
GW- LAPSLQHRVET ILTWVTRLMKVA. NPEISG-
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312126587 Caldicellulosiruptor hydrothermalis 108 --NESF SPLE-TGK:

434408285|Stanieria cyanosphaera PCC 7437 --GKSF SPLQ-VGK:

414076241 Anabaena sp. 90 —--NKGF- SPVM-VGQ:

428299778|Calothrix sp. PCC 6303 --SKSF- SPVM-VGQ:

17233043 |Nostoc sp. PCC 7120 --GKGF- SAVM-VGQ:

166363864 |Microcystis aeruginosa NIES-843 --GKGF SSVM-VG!

166367659 |Microcystis aeruginosa NIES-843 --GKGF SSVM-VGQ:

307150343 Cyanothece sp. PCC 7822 --GKGF- SPVM-VGQ:

307153352 Cyanothece sp. PCC 7822 --GKGF- SPVM-VGQ:

428306661 |Crinalium epipsammum PCC 9333 --GSGF SAVM-VGQ:

307150912 Cyanothece sp. PCC 7822 --GKGF- SAVM-VGQ.

428775289 |Halothece sp. PCC 7418 --DKGF- SPVM-VSQ.

428779516 | Dactylococcopsis salina PCC 8305 —--DKGF- SPVM-VSQ-

428778599 | Dactylococcopsis salina PCC 8305 --DQGF SPVM-VGQ:

428781696 a PCC 8305 —--DKGF- SPVM-VGQ:

428215045 0scillatoria acuminata PCC 6304 --SKSF SPVM-VGQ:

428313425|Microcoleus sp. PCC 7113 --GNGF- SPVM-VGQ:

158340109 |Acaryochloris marina MBIC11017 --GKGF- SPVM-TAQ:

428775002 |Halothece sp. PCC 7418 --GKGF- SPVM-1GQ.

307150700 Cyanothece sp. PCC 7822 --GKGF- SAVM-VGQ

312126663 Caldicellulosiruptor hydrothermalis 108 --TGYQ KSPR-VP: —~QKHHL IQRKYGGTD I -RENVVYLCRDCH--EDVHA-
312621424 Caldicellulosiruptor kronotskyensis 2002 --TGYQ KSPR-VP: —QKHHL IQRKCGGTDV-QENVVYLCRDCH--EDVHA-
222530402 |Caldicellulosiruptor DSM 6725 --TGYQ KSPR-VP: EKKCI--1CG---TEDN--L- —~QKHHL IQRKCGGTDV-QENLVYLCRDCH--EDVHA-
222530431 |Caldicellulosiruptor DSM 6725 --TGYQ KSPR-VP: EKKCI--1CG---TEDN--L--—-- QKHHL IQRKCGGTDV-QENLVYLCRDCH--EDVHA--————————~
307591386 Cyanothece sp. PCC 7822 --KEYQ-- -QGEL-FGY-EIREYLLEKW-GRRCV--YCG--1KDVP--L- —~EVEHILAKSKGGSDR-CSNLTISCRICN--QLKGN---QDIKDFLS

302391131
435854579
435852864
435854272
313123202

Acetohalobium arabaticum DSM 5501
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Lactobacillus delbrueckii NDO2

77362205 | Pseudoalteromonas haloplanktis TAC125

298675374
298674707
298675090
169834784
229587454

Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Clostridium botuli
Clostridium botulinum Ba4 str. 657

~ESNR-LDE-
~ESNR-LDE-
ESNR-LDE-
ESNR-LDE-
~EGSL-KDWKNYEYYVLARD-EYTCQ-~-LCHKHGEGVK--L~
——————————————————————— QGAL-LGYYNVKAYVLQRD-NYKCQ--SGRKTKHNAK--L~
NGDL-KGYYNIR1YVLHRD-DYTCQ-~KCKNKSKDPK-~L.
NGDL-KGYYNIRTYVLHRD-NYTCQ-~-KCKNRSKDPK~~L.
NGDL-KGYYNIRTYVLHRD-NYTCQ--KCKNRSKDPK-~L~
NGEQ-KDFFNLREY I LHRD-GHKCQNPNCKSKGAES I --L~
NGEQ-KDFFNLREY ILYRD-GHKCQNPNCKNKSPEP I --L~

~HAHHT IPVRDGGADS-1'YNL I TLCADCH-~NNKVD-~~~~|
~EAHHI 1PQRDSGADS-1'YNL I TLCKDCH-~KDKVD-
~HAHHIMPRRDGGADS- 1 YNL I TLCKACH-~-KDKVD-
~HAHHIMPRRDGGADS- 1 YNL I TLCKACH-~KDKVD-
~VVHHIVYRSQGGTDR-VDNL I TLCTNCH--TTKNH-
~HVHHKVFRSQGGTDA-LSNL IALCETCH-~-NDLHV~
~ECHHI I1FRSKGGTDR-PNNL I TLCETCH-~-SKLHK~
~ECHHIVFRSKGGTNR-PDNL I TLCETCH-~-GKLHN-
~ECHHIVFRSNGGTDR-PDNL I TLCETCH-~-GKLHD-
~QVHHIGFWKQDRSDR-PGNL I TLCNKCH--TPKNH-
~QVHHIGFWKQDRSDR-PGNL I TLCNKCH--TPKNH-

NLRKATLKRD-DYTCQ--LCE--VEDTM--L~
NLRKATLYRD-DCAFQ--1CG--ATDTM-~L~
NLRKATLYRD-DCTCQ--LCG--TTETM--L.
NLRKATLYRD-DCTCQ--LCG--ATETM-~-L.

297585104 |Bacillus selenitireducens MLS1I0 --EGYQ-----—————————————————- QGDQ-FGFWNVREYVFFRD-NHRCQ--HCKGKSKDK I -—L----- NVHHIESRKTGG-DS-PDNLLTLCETCH--KKIHR-==—=——-——-
188587532 |Natranaerobius thermophilus JW-NM-WN-LF -QGEQ-LGFWNVREYVLYRD-NHTCQ--YCRGKSKDSI--L- ~NVHHIRSRQSHG-DR-PGNLVTLCETCH--TKLHK-
312793946 Caldicellulosiruptor kristjanssonii 177R1B EGPQ-KDFWDVREYCLWRA-GHKSE--LSG---KKGV--L

344996431 |Caldicellulosiruptor lactoaceticus 6A EGPQ-KDFWDVREYCLWRA-GHKSE--LSG---KKGV--L.

217077332| Thermosipho africanus TCF52B EGPQ-KSFSDVREYCLWRA-GYKSE--LSG---KKGI--L.

375009168 Geobaci llus thermoleovorans CCB US3 UF5 QGEQ-MGFWNVREYVLYRD-NHTCQ-~-YCKGKKKDPV--L.

407477159 Exiguobacterium antarcticum B7 -KGDQ-LGFWNVREYVFFRD-KHICQ--HCKGKSKDK I --L.

172057416 | Exiguobacterium sibiricum 255-15 KGDQ-LGFWNVREYVFFRD-KHMCQ--HCKGKSKDK I --L.

169823684 |Finegoldia magna ATCC 29328 -QGEQ-LGFWNIREYVLFRD-NHTCQ--HCKGKSKDP I --L.

160902522 | Petrotoga mob QGEQ-LDFWNVREYVLWRD-NYTCQ--RCKDKSKDKR--L.

160902616

333978211
260892456
260893631
302391857
428778981
260892735

Petrotoga mob

Desulfotomaculum kuznetsovii DSM 6115
Ammonifex degens
Ammonifex degensii KC4

Acetohalobium arabaticum DSM 5501
Dactylococcopsis salina PCC 8305
Ammonifex degens

-QGEQ-LDFWNVREYVLWRD-NYTCQ--HCKGKSKDKR-~L~

L-PGE-
L-PGK-
L-PGK-
-QGTL-QGY-

QGEL-QGY-
-QGEL-QGY-

~NVHHIESRQIGG-NA-PSNLITLCETCH--RDYHN-

GAREKVLNRD-G-ACV--LCG---SEEK--L~
STREKVLNRD-G-ACV--LCG---STRR--L~
STREKVLNRD-G-ACV--LCG---STRR--L~
NVREYLLYKH-NHTCQ--YCGGESGDPV--L.

~QRHHLVPRSKGGSDT-PMNQVVLCEKCH--RKTHA-
~QRHHLVPRSKGGTDT-PENQVLLCAECH--RKLHA-
~QRHHLVPRSKGGTDT-PENQVLLCAECH--RELHA-~
~EVEHKIPSSRGGTDS- IKNLTLSCKTCN--QDKDN-~--RTLKEWLQ
EIREYLLEKW-GRQCV--YCE--KQDTP--L. ~QIEHIKPKSKGGSNR~-IGNLTLSCPECN--QNKGN-~--QDVEDFLS
EVREYLLEKY-GRRCA--YCG--KENVP-~-L -~---EVDHVVPKSRGGTDR-VSNLTLACRECN--QAKGN---KLPQEWLE

260893993 | Ammonifex degens
433655673 | Thermoanaerobacterium
‘thermosaccharolyticum M0795

332982963 |Mahella australiensis 50-1 BON
332983053 |Mahel la australiensis 50-1 BON
222530385|Caldicellulosiruptor bescii DSM 6725
298674346 |Methanohalobium evestigatum Z-7303
298675173 |Methanohalobium evestigatum Z-7303
292490518 |Nitrosococcus halopl
428778759 Dactylococcopsis sa
300114477 |Nitrosococcus watso
292491781 |Nitrosococcus halopl
292491869 |Nitrosococcus halop
292491893 |Nitrosococcus haloph
292491036 |Nitrosococcus halop
292490884 |Nitrosococcus halopl
292491492 |Nitrosococcus halopl
297563003 |Nocardiopsis dassonvillei DSM 43111
374989417 |Streptomyces bingchenggensis BCW-1
374989654 | Streptomyces gchenggensis BCW-1
271963428 | Streptosporan:
271964894 | Streptosporangium roseum DSM 43021
258511478 Alicyclobacillus acidocaldarius DSM 446
160902264 | Petrotoga mobilis SJ95

121604978 Polaromonas naphthalenivorans CJ2
347754630 Chloracidobacterium thermophilum B
218667603 lus ferrooxidans ATCC 23270
218667415 lus ferrooxidans ATCC 23270
344201059 s ferrivorans SS3
344201127 lus ferrivorans SS3
288940385|Allochromatium vinosum DSM 180

288941921 |Allochromatium vinosum DSM 180

288940786| Al lochromatium vinosum DSM 180

288941171 |Allochromatium vinosum DSM 180

288941306 | Al lochromatium vinosum DSM 180

121582913 |Polaromonas naphthalenivorans CJ2
121604604 |Polaromonas naphthalenivorans CJ2
91791204 |Polaromonas sp. JS666

91791283 |Polaromonas sp. JS666

121582916 |Polaromonas naphthalenivorans CJ2
121582983 |Polaromonas naphthalenivorans CJ2
428304158 Crinalium epipsammum PCC 9333

428204921 |Chroococcidiopsis thermalis PCC 7203
307153539 Cyanothece sp. PCC 7822

428216193 |0scillatoria acuminata PCC 6304
414079584 | Anabaena sp. 90

172055147 |Cyanothece sp. ATCC 51142
428316510 illatoria nigro-viridis PCC 7112
428314951 latoria nigro- dis PCC 7112
307591386 Cyanothece sp. PCC 7822

75812341 |Anabaena variabilis ATCC 29413
17233293 |Nostoc sp. PCC 7120

75812782 Anabaena variabilis ATCC 29413
434407609 | Cylindrospermum stagnale PCC 7417
414078405]Anabaena sp. 90

440685156 | Anabaena cylindrica PCC 7122
428315656 |Oscillatoria nigro-viridis PCC 7112
428204926 | Chroococcidiopsis thermalis PCC 7203
218440244 |Cyanothece sp. PCC 7424

428775092 |Halothece sp. PCC 7418
414075475]Anabaena sp. 90

428305120 Crinalium epipsammum PCC 9333
427713881 Synechococcus sp. PCC 6312

RGEL-QGY-EVREYLLEKY-GRKCA--YCG~--KENVP-~-L-~~-~ EVDHVVPKSRGGTDR-VSNLTLACRECN-~-RAKGN-~--KLPQEWLE

-QGEL-QGY~-EVREYLLVKW-GRKCA--YCG--KENVP--L-
~HGEL-FGY-EVKEYLLEKW-GRKCT--YCG--KENVP--L-
~HGEL-FGY-EVKEYLLEKW-GRKCA--YCG--KENVP--L-
HGTL-QGY-EVKEYLLEKF-NWRCV--YCG--ATGVP--L.
QGTL-QGY-NVREYLLEKF-QRTCA--YCG--KQDVQ--L
-QGTL-KGY-EVREYLLEKF-QRTCA--YCD--KQNVQ--L-
~QGTL-YGF-ELREYLLARH-QHTCA--YCHGLSKDS I --L-
QGTL-QGY-SVREYLLEKW-DRKCA--YCK--KENVP--L
QGEL-LGY-EVREYLLEKW-GRKCA-~-YCN--KQDIP--L.
~QGEL-MGY-EVREYLLEKW-DRKCA--YCN--KKD IP--L-
-QGEL-MGY~-EVREYLLEKW-DRKCA--YCN--KKDIP--L-
QGEL-MGY-EVREYLLEKW-DRKCA--YCN--KKDIP-~L
QGEL-QGY-EVREYVLEKW-GRKCA-~YCH--KTN1P--L
~QGEL-MGY-EVREYLLEKW-GRKCA--YCS--NKDVP--L-
——VEYQ-mmmmmm o oo oo QGEL-MGY-EVREYLLEKW-GRKCA--YCS--NKDVP--L-
HGTL-HGY-EVREYLLAKW-GRACA--YCG--ATGTP--L.
—HGTL-HGT-E IREYLLAKF-GRACV--YCG-~ IAGVP--L.
HGTL-HGT-EIREYLLAKF-GRACV--YCN-~1SGVP--L.
QGTL-VGY-EVREYLLAKW-GRACA--YCG-~ I SRTP--L.
YGTL-HGY-EVREYLLAKW-GRACA--YCG--ASGVP--L.
-QGTL-YGY-EVREYLLEKW-GRKCA--YCG--AENVP--L.
RGTL-YGY~EIKEYLLEKW-GRKCV--YCG--KENVP--L.
-QGTL-QGY-EVREYLLEKF-NRTCA--YCD--AQNVP--L.
QGTL-AGC-EVREYLLEKW-GRKCA--YCD--AENVP--L.
~QGTL-FGY-EVREYLLEKW-GRECA--YCG--AEHTP--L.
RGEL-FGY-EVREYLLEKW-GRKCA--YCD--AQNTP--L.
77777777777777777777777 QGEL-QGY-EVREYLLEKW-GRKCV--YCD-~AEHTP--L-
-QGEL-QGY~-EVREYLLEKW-GRKCA--YCD--AEHTP--L-
QGEL-AGY-EVREYLLEKW-HRTCA--YCS--ATGVP--L
QGEL-AGY-EVREYLLEMW-HRSCA--YCG--ATNVP--L.
-QGEL-AGY-EVREYLLETW-HRTCA--YCG--ATNVP--L-
~QGEL-AGY-EVREYLLETW-HRTCA--YCG--ATHVP--L-
QGEL-AGY-EVREYLLETW-HRTCA--YCG--ATHVP--L
QGTL-AGY-EVREYLLEKW-GRTCA--YCG--ARNVP--L.
~QGTL-AGY-EVREYLLEKW-GRTCA--YCG-~AKNVP--L-
-QGTL-FGY-ELREYLLEKW-GRQCA--YCD--AKDTP--L-
QGTL-YGY-ELREYLLEKW-GRQCA-~-YCD--AKDTP--L
QGTL-AGY-EVREYLLEKW-KRTCA--YCD--AQNTP--L.
~QGTL-AGY-EVREYLLEKW-SRTCA--YCD--AQNTP--L-
RGEL-YGF-EVKEYLLQKW-KRKCA-~-YCG-~ IEDVP--F-
-QGEL-AGY~-EVREYLLEKW-GHNCV--YCD--KQDVP--L.
QGEL-AGY-EVREYLLEKF-NRKC I --YCS--QTDTR--L
-QGEL-FSY-EVREYLLTKW-GRKCA--YCS--AENVP--L-
~QGEL-QGY-EVREYLLNKW-NRKCA--YCT--AENVP--L-
QGTL-CGY-EVREYLLEKY-HRTCQ--YCG--AKEVP--F
QGEL-AGY-EVREYLLAKW-GRKCA--YCG-~-VENVP--F.
QGEL-AGY-EIREYLLEKW-GRKCA--YCN--AQN1P--L.
QGEL-FGY-EIREYLLEKW-GRRCV~-~YCG-~ IKDVP--L
QGTL-AGF-ETRQYLLEKW-NRECA-~-YCG-~ IKDVP--L.
QGTL-AGF-ETRQYFLEKW-NRECA--YCG-— IKDVP--L.
QGTL-AGY-ETREFLLEKW-NRQCA--YCG-~IKDIP--L
QGTL-AGY-ETREFLLEKW-NRQCA--YCG--VKDVP--L
QGTL-AGY-ETKEYLLEKW-NRQCA--YCG-~-VKDVP--F.
QGTL-AGY-ETREYLLEKW-DRQCA--YCG--VKDVP--F
QGVL-CGY-EVREYLLNKW-ERKCA--YCG--VTDTP--L.
-QGEL-QGY-EVREYLLEKF-NRQCV~--YCG--AKDMP--L.
RGEL-QGY-EVREYLLEKW-NRRCA--YCS--VENVP--F
~QGEL-QGY-EVREYLLEKW-NRKCA--YCG--AKNVA--L.
QGTL-SGY-EVREYLLEKW-QRKCA--YCG-— IENVP--L.
~QGTL-FGY-EVREYLLAKW-DRKCA--YCS-~AENVP--L - - ---Q1 EHIHPKAKGGTNR - I SNLCVACEPCN- - IKKGT -~ ~QDVEVFLT
~—DEYQ-mmmmm i mm o QGEL-QGY-EVREYLLEKW-GRKCT--YCG-~TKDVP-~L -~~~ EVEHIHPRSRGGTDR-VSNL TMACHACN--QSKGN---QD IRDFLF

~EVEHIVPKSRGGTDR-VSNLT IACHECN--QKKGN---MTAEEF--
~EVEHI IPKSRGGTDR- I SNLT I ACHKCN--QKKGN~~--MTAEEF--
~EVEHI IPKSRGGTDR- I SNLT IACHKCN--QKKGN-~--MTAEEF--

~EIEHIVPRSRGGSNR-VSNLT IACHDCN--QRKSN-~-~-LTAEEF--
~EVEHIVPRSRGGSDR-VSNLT IACHDCN--QRKSN-~--LTAEEF--
~EIEHILPKSLGGTDR-VGNLVVACRTCN--QHKNNLHPQAWADACR

~EVEHI IPRSRGGSNR-VSNLTLARAPCN-~-KKKNS-~--KTAAEF--
~EVEHI IPRSRGGSNR-VSNLTLARAPCN--KKKNS---KTAAEF--

~EIEHLVPRSRGGSHR-VSNLTLACTPCN--QKKNS---KTAAEF--
~EVEHIVPRSRGGSHR-VSNLTLVCTPCN--QKKNS-~--KTATEF--
~EVEHIVPRSRGGSHR-VSNLTLACTPCN--QKKNS-~--KTATEF--
~NIDHVRPRSRGGTDR-VADLALACVPCN--RAKAD---QPVEEFVT
~NIDHVHPRSRGGSDR- I SNLVIACIPCN--ESKSH---RPVEEFVR
~NIDHVHPRSRGGSDR~-ISNLVTACIPCN--ETKSN---RPVEEFVR
~NIDHIHPRSRGGCDR~-ISNLTVACIPCN--QTKNA---TPVEEFLK
~NLDHIHPRSRGGSNR~- I SNLCVACVGCN--QAKNA---TPIEEFLT

~TIDHIHPRSAGGSDR-VSNLTLACFPCN--QRKSN---RDVREFLA
~TIDHIHPKSAGGSDR-VSNLTLACFPCN--QRKSN-~--QDVRAFLA
~TIDHIHPKSTGGSDR-VSNLTLACLPCN--QRKSN---QDVRAFLA
~EIEHIVPRSRGGSDR-VSNLTLACRACN--QRK(

~EIEHIVPRAKGGSDR-ASNLTLACRPCN--QRKGS-~--RSIEDFLQ
~EIEHIVPRARGGSDR-VSNLTLACRPCN--QRKGN---RSIEDFLK
~EIEHIVPRARGGSDR-VSNLTLACRACN--QRKAN---QSIEDFLK

~QIEHIHPKSKSGSDR~-IGNLTLACQCCN--QKKAA-~-~LPVEVYLA
~QIEHIHPKSKSGSDR~-1GNLTLACQCCN--QKKAA-~-~LPVEVFLA
~QIEHIRPKALGGSNR-ASNLTLACQCCN--QKKAA---RSIEEFLA
KKAA---RSIEDFLA
~QIEHIEPRARGGSHR- I SNLCLACQPCN--QKKAA---RTLQDFLK
~QIEHIEPRARGGSHR- I SNLCLACGPCN--QKKAA---RTLQDFLK
~EIEHI 1AKSKGGSNR-VSNLCLSCHSCN--QAKGN-~--QDIRDFLK

~EVEHIHPKSKGGSDR-VSNLTLACHPCN--QAKGN---RNIREFLS
~QVEHIKPKAKGGTNR~- I SNLCLACEKCN--1KKGT---QDIEKFLV

S. pyogenes Cas9

S. pyogenes Cas9 domains
A. naeslundii Cas9

A. naeslundii Cas9 domains

ILKEHP—— === —— e VENT-QLQ-NEKLYLYYLQ-NGRDM-~-YVD--QELDI--NRLSDYDVDHIVPQSFLKDDS- IDNKVLTRSDKN--RGKSD-~--NVPSEEVV

--DERDKANRRRYNDNQEAMKK 1QRDYGKEGY I -SRG-D I VRLDALELQGCACL~--YCG--TTIGYHTC~~~~~ QLDHIVPQAGPGSNNRRGNLVAVCERCN-~-RSKSN-~~--TPFAVWA




312126587 |Caldicellulosiruptor hydrothermalis 108

434408285|Stanieria cyanosphaera PCC 7437
414076241 |Anabaena sp. 90
428299778|Calothrix sp. PCC 6303

17233043 |Nostoc sp. PCC 7120

166363864 |Microcystis aeruginosa NIES-843
166367659 |Microcystis aeruginosa NIES-843
307150343 Cyanothece sp. PCC 7822
307153352 | Cyanothece sp. PCC 7822
428306661 |Crinalium epipsammum PCC 9333
307150912 |Cyanothece sp. PCC 7822
428775289 |Halothece sp. PCC 7418
428779516 | Dactylococcopsis salina PCC 8305
428778599 | Dactylococcopsis salina PCC 8305
428781696 a PCC 8305
428215045 0scillatoria acuminata PCC 6304
428313425|Microcoleus sp. PCC 7113
158340109 |Acaryochloris marina MBIC11017
428775002 |Halothece sp. PCC 7418
307150700 Cyanothece sp. PCC 7822

312126663 |Caldicellulosiruptor hydrothermalis 108
312621424 |Caldicellulosiruptor kronotskyensis 2002
DSM 6725
DSM 6725

222530402 |Caldicellulosiruptor
222530431 |Caldicellulosiruptor

307591386 Cyanothece sp. PCC 7822
302391131 |Acetohalobium arabaticum DSM 5501
435854579 |Halobacteroides halobius DSM 5150
435852864 |Halobacteroides halobius DSM 5150
435854272 |Halobacteroides halobius DSM 5150
313123202 | Lactobacillus delbrueckii ND0O2

77362205 | Pseudoalteromonas haloplanktis TAC125

298675374 |Methanohalobium evestigatum Z-7303
298674707 |[Methanohalobium evestigatum Z-7303
298675090 | Methanohalobium evestigatum Z-7303
169834784 |Clostridium botuli
229587454 |Clostridium botulinum Ba4 str. 657

297585104 |Bacillus selenitireducens MLS10
188587532 |Natranaerobius thermopl

217077332 Thermosipho africanus TCF52B

375009168 | Geobaci llus thermoleovorans CCB US3 UF5

407477159 | Exiguobacterium antarcticum B7
172057416 | Exiguobacterium sibiricum 255-15
169823684 |Finegoldia magna ATCC 29328
160902522 | Petrotoga mob
160902616 | Petrotoga mob

333978211 | Desulfotomaculum kuznetsovii DSM 6115

260892456 | Ammonifex degens
260893631 |Ammonifex degensii KC4

302391857 | Acetohalobium arabaticum DSM 5501
428778981 | Dactylococcopsis salina PCC 8305
260892735 | Ammonifex degens
260893993 | Ammonifex degens
433655673 | Thermoanaerobacterium
‘thermosaccharolyticum M0795

332982963 |Mahella australiensis 50-1 BON
332983053 |Mahel la australiensis 50-1 BON

222530385|Caldicellulosiruptor bescii DSM 6725

298674346 |Methanohalobium evestigatum Z-7303
298675173 |Methanohalobium evestigatum Z-7303
292490518 |Nitrosococcus halopl
428778759 Dactylococcopsis sa
300114477 |Nitrosococcus watsol
292491781 |Nitrosococcus halopl
292491869 |Nitrosococcus halop
292491893 |Nitrosococcus haloph
292491036 |Nitrosococcus halop
292490884 |Nitrosococcus halopl
292491492 |Nitrosococcus halopl
297563003 |Nocardiopsis dassonv
374989417 | Streptomyces bingchenggensis BCW-1
374989654 | Streptomyces gchenggensis BCW-1
271963428 | Streptosporan:
271964894 | Streptosporangium roseum DSM 43021

258511478 Alicyclobacillus acidocaldarius DSM 446

160902264 | Petrotoga mobilis SJ95

121604978 Polaromonas naphthalenivorans CJ2
347754630|Chloracidobacterium thermophilum B
218667603
218667415
344201059 s ferrivorans SS3
344201127 lus ferrivorans SS3
288940385|Allochromatium vinosum DSM 180
288941921 |Allochromatium vinosum DSM 180
288940786| Al lochromatium vinosum DSM 180
288941171 |Allochromatium vinosum DSM 180
288941306 | Al lochromatium vinosum DSM 180
121582913 |Polaromonas naphthalenivorans CJ2
121604604 |Polaromonas naphthalenivorans CJ2
91791204 |Polaromonas sp. JS666

91791283 |Polaromonas sp. JS666

121582916 |Polaromonas naphthalenivorans CJ2
121582983 |Polaromonas naphthalenivorans CJ2
428304158 Crinalium epipsammum PCC 9333

428204921 |Chroococcidiopsis thermalis PCC 7203

307153539 | Cyanothece sp. PCC 7822
428216193 |0scillatoria acuminata PCC 6304
414079584 | Anabaena sp. 90

172055147 |Cyanothece sp. ATCC 51142
428316510 illatoria nigro-v
428314951 latoria nigro-
307591386 Cyanothece sp. PCC 7822

75812341 |Anabaena variabilis ATCC 29413
17233293 |Nostoc sp. PCC 7120

75812782 Anabaena variabilis ATCC 29413
434407609 | Cylindrospermum stagnale PCC 7417
414078405]Anabaena sp. 90

440685156 | Anabaena cylindrica PCC 7122
428315656 Oscillatoria

218440244 |Cyanothece sp. PCC 7424
428775092 |Halothece sp. PCC 7418
414075475]Anabaena sp. 90

428305120 Crinalium epipsammum PCC 9333
427713881 Synechococcus sp. PCC 6312

S. pyogenes Cas9

S. pyogenes Cas9 domains
A. naeslundii Cas9

A. naeslundii Cas9 domains

um A3 str. Loch Maree

us JW-NM-WN-LF
312793946 Caldicellulosiruptor kristjanssonii 177R1B
344996431 |Caldicellulosiruptor lactoaceticus 6A

lei DSM 43111

lus ferrooxidans ATCC 23270
lus ferrooxidans ATCC 23270

dis PCC 7112
dis PCC 7112

igro-viridis PCC 7112
428204926 | Chroococcidiopsis thermalis PCC 7203

NW. FYA-ELSRL-
DW- FYS-ELAKL
RY- QIS-RLSKL-
RF- QIN-RLSEI---A---SIKLKKGWE
KW- MLK-QLEQF PVAKVEGYQ
KW 1E-QLSQL TVHTRFGWQ
KW 1E-QLSQL TVHTRFGWQ
KW- MLE-QLRQL NVHTRYGWQ
KW MLE-QLRQL---G---NVDTRYGWQ
KW- 1E-QLSKF: RVHTRFGWQ
KW- MLE-QLKQF---G: DVHTRLGWQ
KV- MTEQWLPNI PVTAKYGWE
KV- MTEQWLPQI PVTTKYGWE
KV- ITEQWLPSI---A---PVTIKHGWE
KV- MTEQWLPSI PVTTKFGWE
KV- MLG-WLSKL PIETQLGYQ
KW- MLE-HLSKL PTSTLYGWE
YW- ME-QLEAI PVIKRHGWQ
QF CIS-ELEKI---A---PVYVREGWQ
KW- MLK-QLKQF---G---NVHTRLGWQ
GRVY IP-VEGVRQWR, LGTVN, 1IGRLREI-
GRVY IP-VDGVKQWRA LGTVN, TIGRLREI-
GRVY IP-VEGVRQWR, LGTMN, 1IGQLREI-
GRVY IP-VEGVRQWRA LGTMN, TIGQLREI-
NQP: S LLEKTL-KQSKQSLKN VAAVNTTRW- LFNKLKETG
KDQ: LLTKT--DGKELNLKP- MHVMQGKS- W---LREELSTMA
KD EFLN11-DGKELNIKP- MHVMQGKT---W---LREKLSKIV
KDQ: FLAIID-SKELSDLK HVMQGKT- W---LRDKLSKIA
KDQ: FLDIIN-SKELSDLKS HVMQGKT ---W---LRDKLSKIA
KW- MKAK-—-KKVTKQLKG======== == mm o m e ETFMNILRK---R---IMTTFPEAS
KFELKVKR
NKN P NTKH
NKK: P SNTKH
NKK: P NTKH
W- QPKIKSFKE: \TFMSMIRW---R- LVNTLGCKH
W- HPKVKSFKE: \TFMSMIRW---R. LVNTLGCKH
EGLEH LF-QRKKKPFRD: QMAVMRW-~-~F---TYNGLKARY
ESLEN YF-HPKDKGFKD- F
IKIPR SK-LEKVKIFKD-
—-SK-LEKVKIFKD:
IKIPR-- —~SK-LEKVRILKD:
KGLEH 1F-QRKRPPMRD: MFSRIREKY
EKLEH LF-QRKSRSFRD: QMTVMRW---F---1YNAVKETY
ENLEH LF-QRKSRSFRD: QMTVMRW---F TYNAVKETY
GKIK. LN-IKRGKSLKD: LYNRLKEIY
GKIK. LD-FKRGQKFKD: LYNRLKDLY
GKIK. LN-FKRGQKFKD: -LYNRLKDLY
GEV: LD-REGWTFAWV- HAVLGKAY- LLALLSRFG
GGAT- LD-RRGKTFAWV: HAVLGKAY LLALLSRFG
GE. LD-RRGKTFAWV: HAVLGKAY LLALLSRFG
DLK: EQDFRK KLPKVRYKNVKQILESKVDISLKD: RVNSYRY---K---LLDQLKSIC
GKP: D LLKR VL-AEAPKPLDS G! NSTRY IVEMAKNLC
ELK: DSGRAVDRKRAENVPK - ——————- VL-ARLKEPLKA CMNATRY ---V---LVERLRALG
ELK: NSGRAVDRKRAENIPK. VL-ARLKEPLKA. CMNATRY---V---LVERLRALG
GYPD- 1Q-KQAKQPLKD. ~TYNLLKEMY
GYPE. 1Q-KQAKQPLKD: -LYNNLKKFG
GYPE- 1Q-KQAKQPLKD LYDNLKKFG
GYPE. 1Q-KLVKAPLRD -1YEVLKNTG
GHPE- VY-EKAKKPMKD: VLDVLKNTG
GYPE- VH-EKARKSLKD- -VLDVLKNTG
KRK: N KLEQQRSLAMRAIL-KGHRPTLKD: NATRY VGRVIKQLI
KKP: T ILE! VL-KQAKSPLKD- \WVNATRN---K---1VEVISQHS
GYPK. 1Q-AKAKLPLRD NATRY IGRAIQSLS
GYTQ. 1Q-SKSKLPLKD NATRY IGCTIQSVG
GYTQ: 1Q-SKSKLPLKD AVNATRY- IGCTIQSVG
GYTQ. 1Q-SKSKLPLKD NATRY IGCTIQSVG
GYPH LQ-TKANQPLKD: AVNATRY- IGRAIQSIG
GYSQ. 1Q-SKANQPLKD. NATRY VGRAIQSVG
GYSQ. 1Q-SKANQPLKD. NATRY VGRAIQSVG
NP- R L 1S-AQTKAPLRD AVDATRW- LWRSLDEC-
DK S KLAK: 1L-AQAKAPLRD QSTRW---A---LWRALDQM-
DK T KLAK: ML-SRAKAPLRD: AVQSTRW-: LWRALDQM-
AKP- T LLAK: 1L-KQAKAPLRD NATRW- LWRALEATG
DRP: V- VLVK. 1L-QQSKAPLRD NATRW- -LWRALTATG
HDQ: E RLHR 1Q-AQLKLSLRD AMNATRW- VFRRLKDTG
NNP: E RLKQ: IK-SESKRPLKD--—=====—=—=m e e e TAALNATRW- - IFNQLRGNS
KDP: K RLAK: VL-KQAKAPLLD- AVNTTRW: LFGALKQTG
KDP: K RLAR 1E-AQRKAPLRD NSTRW- LWRRLTATA
KFP: E RIRK: 1L-AQAKAPLRD NSTRW- -LFQRLKATN
HDP: K RLTR 1E-ASRKAPLKD TAAVNSTRW- LWRQLVATG
HDQ: K RLAR 1E-SQRKAPLRD NSSRW- LLQRLEETG
HDT: K RLAH 1E-AVRKAPLKD VINSTRW- LWQRLVDTG
RQP LLRQ 1Q-AQAQAPLQD: NATRW- ~LFAALKAQG
RQP V. RLHQ 1Q-AQARAPLQD: NATRW- ~LLNALQTTG
RQP: LLHR 1Q-AQAKAPLQD AVNATRW- LLNALQTTG
RQP LLHR 10-AQAQAPLQD: NATRW---A---LLNALQTTG
RQP: LLHR 1Q-AQAQAPLQD AVNATRW- LLNALQTTG
RKP: E LFKR 1L-GQAKRPLKD NSTRW- -LVNALKTTG
RKP: E LLKR 1L-GQAKRPLKD NSTRW- -LVNALKTTG
KDK: K RLT( 1L-AQAQKPLRD AVNVTRW: LANALKATG
RDK: K RLDR 1L-AQATKPLRD NATRW---T---LANALKATG
KDP: K RLAR 1L-AQAQRPLRD AVNVTRW: LANALKTTG
KDP: RLAR 1L-AQAKKPLRD NATRW---A---LAEALKATS
GKP: D LQLR 1L-SQAKTPLKD. -LYRKLQLTG
KDL T RLER IK-RQSKTPLKD. LYNTLKEM-
GKQ: D LAKK: 1L-DQAKKPLAD LFNQLKQFN
AK D ILNR 1L-KQSKTPLKD -LYQQLKETG
KKP: E LLKQ: 1L-SQAQRTLKD: -LFNKLKETG
GKP: E VLKR VK-ANAKKPLRD: -VFNRLKASG
KKP: D ILSR 1L-KQASQPLKD LFQQLKQTG
QQP: E LFDR 1A-KQAKQPLKD: NSTRW---Q---LFNRLKETS
NQP: S LLEK: 1L-KQSKQSLKN VAAVNTTRW- LFNKLKETG
KDK: P RLEK: 1L-ALTKKPLAD NATRF: LLYALKSTG
KDK: S RLEK: IL-ALTKKSLAD NTTRF: LLEVLKSTG
KDP: T RLQK: 1L-AQAKKPLAD AVNATRY ---K---LLEVLKSTD
KDP: S RLEK: P1-KQVKRPLSD: NTTRL. LLFVLKSTG
KDP: T RLQK: 1L-KQAKRPLAD AVNATRW- LFRVLKDTG
KDP: S RLEK: 1L-KQAKRPLAD SVNTTRL. LLKVLKATG
KKP: D VLKK. 1L-SQAKRPLKD. VVNSTRW---A---LFNRLGMTG
NKP: D VLKR V1 -SQAKAPLKD- \TAVNVTRW- LFNALKELG
SK! D LLNH VL-KQAKSPLKD: NSTRW---A---LFNALKATG
SKP: D VLNR 1L-KQSQLPLKD AVNSTQW- LFNALKQTG
KKP: D LLKC: 1L-AQAKRPLKD NSTRW- -LFSRLQETG
KKP: D VLKR 1L-AQAKRPLKD NSTRW- -LMNRLKQTG
GKP: E LLQR 1L-RKAKAPLKD AVNSTRW: LFNALKATG
KKM K NYWR QL-LNAKL ITQRKFDNLTKAERGGLSELDKAGF IKRQLVETRQ I TKH---VAQILDSRM
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312126587
434408285
414076241
428299778

17233043
166363864
166367659
307150343
307153352
428306661
307150912
428775289
428779516

Caldicellulosiruptor hydrothermalis 108
Stanieria cyanosphaera PCC 7437
Anabaena sp. 90

Calothrix sp. PCC 6303

Nostoc sp. PCC 7120

Microcystis aeruginosa NIES-843
Microcystis aeruginosa NIES-843
Cyanothece sp. PCC 7822
Cyanothece sp. PCC 7822
Crinalium epipsammum PCC 9333
Cyanothece sp. PCC 7822
Halothece sp. PCC 7418
Dactylococcopsis salina PCC 8305

428778599 | Dactylococcopsis salina PCC 8305
428781696 a PCC 8305
428215045 0scillatoria acuminata PCC 6304

428313425
158340109

Microcoleus sp. PCC 7113
Acaryochloris marina MBIC11017

428775002 |Halothece sp. PCC 7418

307150700 Cyanothece sp. PCC 7822

312126663 Caldicellulosiruptor hydrothermalis 108
312621424 |Caldicellulosiruptor kronotskyensis 2002
222530402 |Caldicellulosiruptor DSM 6725
222530431 |Caldicellulosiruptor DSM 6725

307591386
302391131
435854579
435852864

Cyanothece sp. PCC 7822
Acetohalobium arabaticum DSM 5501
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
435854272 |Halobacteroides halobius DSM 5150
313123202 | Lactobacillus delbrueckii ND0O2
77362205 | Pseudoalteromonas haloplanktis TAC125
298675374 |Methanohalobium evestigatum Z-7303
298674707 |[Methanohalobium evestigatum Z-7303
298675090 | Methanohalobium evestigatum Z-7303
169834784 |Clostridium botulinum A3 str. Loch Maree
229587454 |Clostridium botulinum Ba4 str. 657

297585104
188587532
312793946
344996431
217077332
375009168
407477159
172057416
169823684
160902522
160902616

Bacillus selenitireducens MLS10
Natranaerobius thermopl us JW-NM-WN-LF
Caldicellulosiruptor kristjanssonii 177R1B
Caldicellulosiruptor lactoaceticus 6A
Thermosipho africanus TCF52B

Geobaci llus thermoleovorans CCB US3 UF5
Exiguobacterium antarcticum B7
Exiguobacterium sibiricum 255-15
Finegoldia magna ATCC 29328

Petrotoga mob
Petrotoga mob

333978211 | Desulfotomaculum kuznetsovii DSM 6115
260892456 | Ammonifex degens
260893631 |Ammonifex degensii KC4

302391857 | Acetohalobium arabaticum DSM 5501
428778981 | Dactylococcopsis salina PCC 8305
260892735 | Ammonifex degens
260893993 | Ammonifex degens
433655673 | Thermoanaerobacterium
‘thermosaccharolyticum M0795

332982963 |Mahella australiensis 50-1 BON
332983053 |Mahel la australiensis 50-1 BON
222530385|Caldicellulosiruptor bescii DSM 6725
298674346 |Methanohalobium evestigatum Z-7303
298675173 |Methanohalobium evestigatum Z-7303
292490518 |Nitrosococcus halopl
428778759 Dactylococcopsis sa
300114477 |Nitrosococcus watso
292491781 |Nitrosococcus
292491869 |Nitrosococcus
292491893 |Nitrosococcus
292491036 [Nitrosococcus
292490884 |Nitrosococcus
292491492 |Nitrosococcus
297563003 |Nocardiopsis dassonvillei DSM 43111
374989417 |Streptomyces bingchenggensis BCW-1
374989654 | Streptomyces gchenggensis BCW-1
271963428
271964894
258511478
160902264
121604978
347754630
218667603

Streptosporangium roseum DSM 43021
Alicyclobacillus acidocaldarius DSM 446
Petrotoga mobilis SJ95

Polaromonas naphthalenivorans CJ2
Chloracidobacterium thermophilum B

lus ferrooxidans ATCC 23270

218667415 lus ferrooxidans ATCC 23270
344201059 s ferrivorans SS3
344201127 lus ferrivorans SS3
288940385|Allochromatium vinosum DSM 180

288941921
288940786
288941171
288941306

DSM 180
DSM 180

Allochromatium vinosum
Allochromatium vinosum
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
121582913 |Polaromonas naphthalenivorans CJ2
121604604 |Polaromonas naphthalenivorans CJ2
91791204 |Polaromonas sp. JS666

91791283 |Polaromonas sp. JS666

121582916 |Polaromonas naphthalenivorans CJ2
121582983 |Polaromonas naphthalenivorans CJ2
428304158 Crinalium epipsammum PCC 9333
428204921 |Chroococcidiopsis thermalis PCC 7203
307153539 Cyanothece sp. PCC 7822

428216193 |0scillatoria acuminata PCC 6304
414079584 | Anabaena sp. 90

172055147 |Cyanothece sp. ATCC 51142
428316510 illatoria nigro-viridis PCC 7112
428314951 latoria nigro- dis PCC 7112
307591386 Cyanothece sp. PCC 7822

75812341 |Anabaena variabilis ATCC 29413
17233293 |Nostoc sp. PCC 7120

75812782 Anabaena variabilis ATCC 29413
434407609 | Cylindrospermum stagnale PCC 7417
414078405]Anabaena sp. 90

440685156 | Anabaena cylindrica PCC 7122
428315656 |Oscillatoria nigro-viridis PCC 7112
428204926 | Chroococcidiopsis thermalis PCC 7203
218440244 |Cyanothece sp. PCC 7424

428775092 |Halothece sp. PCC 7418
414075475]Anabaena sp. 90

428305120 Crinalium epipsammum PCC 9333
427713881 Synechococcus sp. PCC 6312

pyogenes Cas9

pyogenes Cas9 domains
naeslundii Cas9
naeslundii Cas9 domains

~SYGLKKTS---KKLEETFE:

ELGLKK-T--KNKLAETFE-~
~YLGLHKEK--SDKSLQIPE-~
~HLGMHKEK--TDKSLQIPE-~

~HLGLEKS---KDKAKRSPE -~
~LLGLEKD---KQKSNQTPA-~

~HLGLEKS---KDKAKQSPE-~

——PWLKFVPASDVAQMRKRL -~GLEK-~
—~PWLKFVPASDVVQMRKRL -~GLEK-
——PWLKFVPASDAAQMRKKL -~GLKK-~
e PWLKFVPASDAAQMRKKL -~GLKK-~

—-LSIETGTGGRTKYNRCRL--NLEK-~
—--KLEITTGGDTANRRIDY--NIEK-~
~=NLEITTGGDTANKRIDY--DIKK-~
QLEITSGGNTANKRIDY--EIEK-
QLEITSGGNTANKRIDY--EIEK-
FQYGSQTYVDRKNL--LLPK-~
~-WDFEETFGYVTKFKREQV-LGLPK-~
~WKFQETFGY ITKYKREQK-LKLEK~
~WKFQETFGY ITKYKREQI-LGLEK~
~-WKFQETFGY I TKYKREQK-LNLEK-~
~TYGYITKSNRIAL--KLEK-~
~TYGYITKHNRIAL--NLEK-~

~=-PDVNLTFGY I TKNTRIKN--NLPK-~
EVEITYGSITKAKRVEM--GLER-
EVEITYGS I TKAKRVEM--GLER-
DVGITFGSITKSKRIEM--GLEK~
~SHANITYGY ITKCIRIAN--GLSK~
~PYVKLTYGFLTKNTRIEN--GLEK~
~PYVKLTYGFLTKNRRIQN--GLEK~
~DDVSLTYGYLTKNKRIEN--NLPK-
~SNVHLTYGY ITKNTRIQN--SLTK~
~=SNVHLTYGY I TKNTRIQN--NLPK-~

--KVRMCEGWRTKEWREGL --GLAK-~
--EVRVAEGWQTKEWRESL--GLPK-~
~--EVRVAEGWQTKEWRESL --GLPK-~
~SNIETSTGAKTKYNRNQV-AELEK-
~DHVKCWTGGRTKYNRVNQ--ELPK~
~-PPVLTATTAQTKYNRARF--NLPK-~
e PPVLTATAAQTKYNRARF--NLPK-~

~--PVECGTGALTKKNRIDR--NLPK-~
~-LPVECGTGAMTKKQRLAH--KLPK-~
~-LPVECGTGAMTKKQRLAH--KLPK-~
~LPVECGSGALTKMNRIKL--GLPK~
~LPIECGTGALTKMNRIKL--NLPK~
—~-LPVECGTGALTKMNRIKL~--NLPK-~
~-PDIRFCSGGQTKRNRTLQ--GYPK-~
~--SVKTATGAQTKMNRVRL--GLPK~
~LPTSFWSGGRTKKNRLSQ--GYPK~
~-LPTSFWSGGRTKKNRISQ--GYTK-~
~-LPTSFWSGGRTKKNRISQ--GYTK-~
~LPTSFWSGGRTKKNRISQ--GYTK~
~LPTSFWSGGRTKKNRLSQ--GYAK~
~-LPTSFWSGGRTKKNRISQ--SYGK-~
~-LPTSFWSGGRTKKNRISQ--SYGK-~
~PPTRVGSGGRTKWNRTRD--HLPE-
~LPTHIASGGRTKWNRTRC--GLPK~
~LPPHIASGGRTKWNRTRC--GLPK-
~LPVATASGARTKWNRSRT--GAAK~
~LPVATASGGRTKWNRSRT--GAAK~
~LPVEAGSGGRTKYNRFSQ--GYPK~
~-LPIEVGTGGRTKYNRETQ--NYPK~
~LPVETGTGGQTKYNRCRL--SIPK-
~LPVEAGTGGRTKWNRHRL--NLPK-
~LPVEVASGGRTKWNRHRL--QVPK~
~LDVEVGTGGRTKWNRSRL--QIPK~
~-LDVEVGSGGGTKWNRKRF--SVPK -~
~-MDVEAASGGRTKWNRTRF~-SMPK -~
~LPVETGSGGRTKFNRSRL--NLPK~
~LAVETGSGGRTKFNRTRL--DIPK~
~-LAVETGSGGRTKFNRTRL--DIPK-~
~-LAVETGSGGRTKFNRTRL--DIPK-~
~LAVETGSGGRTKFNRTRL--DIPK-
~LVVETASGGRTKFNRIQL--GIPK~
~-LVVETASGGRTKFNRMAL --G IPK-~
~-LPVELASGGRTKFNRCTL--GVPK-~
-LPVELASGGQTKFNRCRL--GVPK~
~FPLELASGGRTKFNRCTL--DVPK~
~-LPLELASGGQTKFNRCTL--GMPK-~
~-LPVEVSSGGRTKFNRTKC--GIEK-~
~LPITTGTGGQTKFNRIRF--GLKK~
~LPVEVGTGGLTKFNRCRQ--NLDK~
~-LTVETGTGALTKYNRTRL--NLPK-~
—-LPITTGSGGLTKFNRTRL--GLPK-~
~LEVEAGSGGLTKFNRTKH--ELPK~
~LAIEVSTGGKTKYNRSRL--GLPK~
~-LPVEIGTGGQTKYNRTRL--ELPK~
~LSIETGTGGRTKYNRCRL--NLEK-
~LPIETGSGGLTKFNRTQQ-~-ALNK~
-LPVEIGSGGLTKFNRTQQ--GLNK~
~LPVECGSGGLTKFNRTNQ--QLQK~
~LPVEIGSGGLTKFNRSQL--KLEK~
~LPVETGSGGLTKFNRSQQ--NLAK~
~LPVETGSGGLTKFNRSQQ--KLEK~
~LPVSTGSGGLTKFNRTRL--QLPK~
~LPVVTSSGGKTKFNRSRL--GLPK~
~LPVTTGTGGQTKFNRTRL--NLPK~
~-LPVATGTGGQTKFNRTRL--DLPK~
-LPVFTGSGGQTKFNRTRL--NFPK~
~-LPVLAASGGKTKFNRCRL-~LLPK-~

NTKYDENDKL IRE--VKV I TLKSKLVSDFRKDF--QF YK-~
[dadesssadasnnassnsdassnsdasnssdassnsdasss
————————————— PETTVMVYRGS I TAAARKAA--GIDSRI
FErrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrerer

HCVDAW-CLAN. WCTGGHVQP- DNTELLVIIPLRF
--AHCVDSF-ALAY SVVGGNSLP KNTNLLIVVPLRF
—--THAVDAV-ALASSEFVKYQTWEGAK--NHGASWIGGVD I TESQF——-------~--~ TIVRRPPI

~-THAVDAI -TLASSEFVKYKSFEGKN--TRGASWVGNVS I TESQF - ~TIVRRPPI
~THAVDGV-AIAATAFVEYRQYHTVK--VNGGDWFGNVV I TFALF~ -KLIRRPPY
~SHANDG I -ALACFQFLDYWPFHNYN--GHGYDWKGSVKVTNAPF - ~AVIKRPPI
~-SHANDG I -ALACFQFLDYWPFHNYN--GHGYDWKGSVKVTNAPF - ~AVIKRPPI
~--SHANDGL -TLACFQFLDYKSFQTVN--SQGHHWVGSVAITSCPF- —~AVIKRPPF
~SHGLDGL-TLACFQFLDYKSFQTVN--SQGHHWVGSVT I TNCPF- ~AVIKRPPF
~SHANDG I -ALACFRFLDYLPFHTAN--SHGHEWQGKVTLTSAIF- ~VVVKRPPI
~-SHANDG I -TLACFRFLDYREFHTHN--SRGHDW 1 GKVQLTPSPF- ~AVVKRPPI
--THAVDGV-ALASHEFLKYKFLKGDQGW- ~SVIKRPPV
~THAVDGV-ALASYQFLKYKRIKGYKGW-~~~-~FEGSVE I TNAPF~ ~STIKRPPV
~THAVDGV~-ALASYQFLKYKYLKGDKGW- ~SVIKRPPI
~THAVDGV~-ALASHDFLKYKYLKGDKGW- ~SVIKRPPV
~SHAVDGV-TLACSEF IKYKPFQTAK--THGHTWKGSVQLTHAAF - ~VVIRRPPI
~THAVDG I -SLASSQF 1QYRQLKGKQGW- ~VVIRRPPV
~AHAVDG I -ALAASQFTRYQASQSDSMD- WVGS IDVTPCQF: RVITRPAY

~THSVDGV~-ALACGYF IQFRRFHSSCGHGKT--WKGKVTTTNSQF--R I I TRP-GAVKRGKEYGV
~-SHANDG I -ALACFHFLDYREFHTHN--SRGHDWIGKVYLTPSPF- ~VVVKRPPI

~-GHANDA-~-LATAAVFC--NCTETDRTHMIELTLVKFRRHNRAR IHAVRD:
~GHANDA-~-LATAAVFC--NCTETDRTHMIELNMVKFRRHNRAR IHAVRD:
~-GHANDA--LATAAVFC--SCTEADRTHMIELTLVKFRRHNRAR IHAVRD:
——————————————— GHANDA-~-LATAAVFC--SCTEADRTHMIELTLVKFRRHNRAR IHAVRD:

~-RHFIDA--GCVGNLES--~LKLLTRQ---PLL IKATGHGNRQMCG INKY:

VDNIDDIK-~EYY IKPLRKKSKAKIKELKC:
VDNIDDIK--EYY IKPLRKKSKAKIKELKC:

—--THYNDA--FCIAGSSN-
~=TNYNDA--FCIAGGSN-

~QNRVKP--~--L IFEQIKRNSRSLEKFYDA

——————————————— SHAVDA--RCISGHPT---AKPSEAT----YQYKQVRKNNRQLHKTTIL.
~-SHAVDA--RCISGNPL--~AKPPVNT----LY IKQVRKNNRQLHKFNPS:
~THRNDAF-VIAGGNKNV--NRVPEW-

~THRNDA-~-FVIADGNK~
~SHMVDA--RCISGNPL.
~RHAVDA--RCISGNPL.
~RHAVDA--RCISGNPL.
~EHKIDA--FCIANNLS
~THRIDA--LCISGHPQ
~-THRIDA--LCISGHPQ---AKQLDYY~----YHIKEVRRHNRQIHKANIL.

--SHANDA--ACLFPPGG-
—-SHTNDA--LSLFLPGG-
~~SHTNDA--LSLFLPGG-—-------—-—-|
~THYFDA--LCVGTAKQ-EYSFQKGFK
~SHS 1DA--ACVGESGS--KIKLLVSQ
~-THYFDA--CCVGEVSG--ELEVAAGY---VQVFRAVGRGTRRVANLDRH
777777777777777 THYFDA--CCVGEVSG-~ELEVAAGY -~ ~VQVFRAVGRGTRQMANLDRH-——— === === ==

——-PLKIFGPEYL I'YPLRRRKWE-

--EHYCDA--CCVGQSTP-KEFVFKADY -~~~ I LEFHAKGRGTRQRTLLNKY:
~-THYYDA--CFVGASTS-DEITISTEY---VSIWSAIGRGNRQMCRTDKY:
—--THYYDA--CCVGASTS-DEITISTEY---VSIWSAIGRGTRQMCRTDKY:
~DHHFDA-~1CVGYSTP---NRIWLKT-KTVLHVIAKGRGTRQIAILDRY:
~DHHFDA-~-CCVGESTP-DELRFKTNS-~-VLHIHAKGRGSYKRCKLDKY:
~-DHHFDA--CCVGESTP-DELRFKTNS---VLHIHAKGRGSYKRCKLDKY:
~-AHWIDA--ACVGEQGQ--QVRLECSG-~--YLQVSAKGHGARQQCRMDKY:
~EHCLDA--ACVGEVET---LTILSHQ
~DHWIDA--VCVGENGA-KVTITEDVR
~-DHWIDA-~-ACVGESAG-QVTITEGYR---ALHIKATGRGTRQVVRTDKY:
~-DHWIDA--ACVGESAE-QVTITEGYR---ALHIKATGRGTRQVVRTDKY:
~DHWIDA--ACVGESAE-QVTITEGYR
~DHWIDA-~-ACVGESGE-QVTLAEGDR
~-DHWIDA-~-ACVGE IGE-QVTLTEGYR---ALQIKATGRGTRQVARTDKY:
~-DHWIDA--ACVGE IGE-QVTLTEGYR---ALQIKATGRGTRQVARTDKY:

~SHTLDA-~-LNVGKLDT
~SHTLDA--LNVGKLDT
~SHALDA-~-LHVGHLET
~SHTLDA-~LHVGALDH---VTGWPSM
~AKWIDA--ACVGESGQ-CVRLDTQMQ
~KHWIDA-~ACVGESGQ-NVQIEPDMQ
~THALDA--ACVGQVQS---VNNTNAP:
~AHALDA-~-ACVGEVHA
~EHCLDA-~-ACVGHVDT
~EHCLDA--ACVGHVDG
~=AHCLDA-~-ACTGHVDA---1QDRQQP---VLS IKATGRGRYKRTQLTKY:
~-AHCLDA-~-ACVGHVDA--~ IDAWRQP---VLSVKSTGRGSYQRTRLTKH
~THALDA--SCVGAVDQ
~THALDA--ACVGAVDQ
~--THALDA--ACVGAVDQ---VRDWNRP---VLAICATGRGAYSRTRTFNN
~-THALDA-~-ACVGAVDQ-~--VRDWNRP---VLAIRATGRGAYRRTRTFNN
~THALDA--ACVGAVDQ
~THALDA--ACVGYVNS.
~=THALDA-~ACVGHVNA---MTGWHKP---TLRLKAMGRGSYQRTRLDKY:
~-THALDA--ACVGQVRF~---1QDWSRP---TLTLKAMGRGSYQRTRLDRF:
~THALDA--ACVGQVRF-
~THALDA-~-ACVGQVEA
~-THALDA-~-ACVGRVDA-~-~ IAGWQNHASATLT IKAMGRGSYQRTRLDGF:
~=THWTDA-~-ACVGASTP-EKLL INGIK-~~PLTIKAKGHG IRQRCRPDKY:
~QHWIDA--VCVGNIEA---TKLLTQQ
~THWLDA-~-ACVGQSTP-EQL I IKGVR

~=THWIDA--ACVGKVET---LKILTTK.
~THWLDA-~-ACVGKSTP-SKLRMLVQK-
~THWLDA-~-ACVGNVEV---LQVFTKQ
~THWLDA-~-ACVGLVSQ---LKILTAG
~RHFIDA--GCVGNLES---LKLLTRQ
~SHWLDA-~-CCVGASTP--ILKIKGIK-
~SHWLDA-~-CCVGASTP--ILKIKGIR
~THWLDA--ACVGQSTP--ILIIKGIK
~SHWLDA-~ACVGKSTP--VLKVKGIK-
~THWIDA--ACVGQSTP--ILTIKGIK
~THWIDA-~-ACVGQLTP--ILNIKGVK.
~SHWLDA-~ACVGRVEE---LKVLTSQ
~THFFDA--ACVGETLE---LQVCTRE
~AHWTDA-~-ACVGRIDS---LLILTSK.
~THWLDA-~-ASVGEIDS---LKVLTTK
~THWLDA-~-ACVGQIGE---LEILTNK.
~-THWLDA-~-ACVGEVEQ---LEVKTTQ---PLL IKATGHGTRQMCGTDRF:

———————— VREINNYHHAHDA--YLNAVVGT
FEFCrrrrrrrrrrrrrrrreerrrreeerer
NL IGEKGRKDRIDRRHHAVDA--SVVALMEA
FrFrrrrrrrrrrrerrrrreerrreeerer



312126587
434408285
414076241
428299778

17233043
166363864
166367659
307150343
307153352
428306661
307150912
428775289
428779516
428778599
428781696
428215045
428313425
158340109
428775002
307150700

312126663
312621424
222530402
222530431

307591386
302391131
435854579
435852864
435854272
313123202

Caldicellulosiruptor hydrothermalis 108
Stanieria cyanosphaera PCC 7437
Anabaena sp. 90

Calothrix sp. PCC 6303

Nostoc sp. PCC 7120

Microcystis aeruginosa NIES-843
Microcystis aeruginosa NIES-843
Cyanothece sp. PCC 7822
Cyanothece sp. PCC 7822
Crinalium epipsammum PCC 9333
Cyanothece sp. PCC 7822
Halothece sp. PCC 7418
Dactylococcopsis salina PCC 8305
Dactylococcopsis salina PCC 8305
a PCC 8305
Oscillatoria acuminata PCC 6304
Microcoleus sp. PCC 7113
Acaryochloris marina MBIC11017
Halothece sp. PCC 7418
Cyanothece sp. PCC 7822

Caldicellulosiruptor hydrothermalis 108
Caldicellulosiruptor kronotskyensis 2002
Caldicellulosiruptor DSM 6725
Caldicellulosiruptor DSM 6725

Cyanothece sp. PCC 7822
Acetohalobium arabaticum DSM 5501
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Lactobacillus delbrueckii NDO2

77362205 | Pseudoalteromonas haloplanktis TAC125

298675374
298674707
298675090
169834784
229587454

297585104
188587532
312793946
344996431
217077332
375009168
407477159
172057416
169823684
160902522
160902616

333978211
260892456
260893631
302391857
428778981
260892735
260893993
433655673

Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Clostridium botulinum A3 str. Loch Maree
Clostridium botulinum Ba4 str. 657

Bacillus selenitireducens MLS10
Natranaerobius thermopl us JW-NM-WN-LF
Caldicellulosiruptor kristjanssonii 177R1B
Caldicellulosiruptor lactoaceticus 6A
Thermosipho africanus TCF52B

Geobaci llus thermoleovorans CCB US3 UF5
Exiguobacterium antarcticum B7
Exiguobacterium sibiricum 255-15
Finegoldia magna ATCC 29328

Petrotoga mob
Petrotoga mob

Desulfotomaculum kuznetsovii DSM 6115
Ammonifex degens
Ammonifex degensii KC4

Acetohalobium arabaticum DSM 5501
Dactylococcopsis salina PCC 8305
Ammonifex degens
Ammonifex degens
Thermoanaerobacterium

‘thermosaccharolyticum M0795

332982963
332983053
222530385
298674346
298675173
292490518
428778759
300114477
292491781
292491869
292491893
292491036
292490884
292491492
297563003
374989417
374989654
271963428
271964894
258511478
160902264
121604978
347754630
218667603
218667415
344201059
344201127
288940385
288941921
288940786
288941171
288941306
121582913
121604604

Mahella australiensis 50-1 BON
Mahella australiensis 50-1 BON
Caldicellulosiruptor bescii DSM 6725
Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Nitrosococcus halopl
Dactylococcopsis sa
Nitrosococcus watso
Nitrosococcus halopl
Nitrosococcus halopl
Nitrosococcus haloph
Nitrosococcus halopl
Nitrosococcus halopl
Nitrosococcus halopl
Nocardiopsis dassonvillei DSM 43111
Streptomyces bingchenggensis BCW-1

Streptomyces gchenggensis BCW-1
Streptosporan m roseum DSM 43021
Streptosporangium roseum DSM 43021

Alicyclobacillus acidocaldarius DSM 446
Petrotoga mobilis SJ95

Polaromonas naphthalenivorans CJ2
Chloracidobacterium thermophilum B

lus ferrooxidans ATCC 23270
lus ferrooxidans ATCC 23270
s ferrivorans SS3

lus ferrivorans SS3
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Polaromonas naphthalenivorans CJ2
Polaromonas naphthalenivorans CJ2

91791204 |Polaromonas sp. JS666
91791283 |Polaromonas sp. JS666

121582916
121582983
428304158
428204921
307153539
428216193
414079584
172055147
428316510
428314951
307591386
75812341]

Polaromonas naphthalenivorans CJ2
Polaromonas naphthalenivorans CJ2
Crinalium epipsammum PCC 9333
Chroococcidiopsis thermalis PCC 7203
Cyanothece sp. PCC 7822
Oscillatoria acuminata PCC 6304
Anabaena sp. 90
Cyanothece sp. ATCC 51142
illatoria nigro-viridis PCC 7112
latoria nigro- dis PCC 7112
Cyanothece sp. PCC 7822
nabaena variabilis ATCC 29413

17233293 |Nostoc sp. PCC 7120
75812782 Anabaena variabilis ATCC 29413

434407609
414078405
440685156
428315656
428204926
218440244
428775092
414075475
428305120
427713881

Cylindrospermum stagnale PCC 7417
Anabaena sp. 90

Anabaena cylindrica PCC 7122
Oscillatoria nigro-viridis PCC 7112
Chroococcidiopsis thermalis PCC 7203
Cyanothece sp. PCC 7424

Halothece sp. PCC 7418

Anabaena sp. 90

Crinalium epipsammum PCC 9333

Synechococcus sp. PCC 6312

HRRQLHMLQFDKGG IRRRYGGTR-S-LGFKRGSYVKHPKYG

LCYVGGHMNG-~~~-~

LCFVGGSSKG

HRRQLHRLEHAPGAIRSPYGGTM-S-AGFKRGSLVKHPKYN

SRRQLHLMTFSEGGNRRKYGGTT-TRHGFRKGDFVEATQG
SRRQLHLMVPTKGGNRRKYGGTT-TRHGFRKGDYVKATQGK:

KTFFGWVSGD-
KTFFGWVSGD:

SRRQLHLMVPAKSGVRRKYGGST-TRHGLRKGDLVTS-PK

1GYVSGD

1GYVSGD

SRRQLHLMVFSKGGKRRKYGGST-TGHGFRKGDLVSS-PKG

SRRQLHLMVFSKGGKRRKYGGST-TRHGFRKGDLVSS-PKG
SRRQLHLMLPSQGGLRRKYGGTT-TDFDL IKGDLVDS-PK

1GY1SGD

SRRQLHLMLKSKGG IRRQYGGT I -TDFDLRKGDLVNC-PKG

1GYVSGQ

IDYVSGQ

SRRQLHLMLPYQGG IRRKYGGTT-TEFSLRKGDLVNS-SK

1GYVSGQ

SRRQLHLMLPSKGG IRRKYGGTT-TDFDLRKGDLVNS-PKG
SRRQLHLMIPAKGG IRRKYGGTV-TRHGFRKGDYVEVERKG

1GYVSGQ
IKYRGWVSGD:

SRRQLHLMIPAKGGVRRKYGGTV-TRHDFRKGDYVETERK

TKYRGWVSGE----~-----

SRRQLHLMLPAKDAVRRKYGGTV-TRHNVRKGDYVETERKG

VKFRGWVSGD

SRRQLHLMLPAKGGVRRKYGGTV-TRHGFRKGDYVETERK
SRRQLHLMVPSKGGVRRKYGGTM-TRHGVRKGDLVRASMDR

VKFRGWVGGD
RVVMGWVSGD:

SRRQLHLMIPAKGGKRRKYGGTT-TRHDFRKGDLVKAEMAG

RVCVGWVSGD:

FRRALHFDNPGKGGTHKRKGGTV-TPWVFRSGDLVVGEK;

KVFRGWVGGY-

FRRQLHFE I PGQNGVRKRKGGT I -TPWGFRVGDLVRATKGK:
SRRQLHLMVPSKGG IRRKYGGTT-TDFGLRKGDLVNS-PK

TESIGYIGGY

~=RLYKVNGK I VAKNRRKRTDQKEPSFAD I SPLSPE 1QRKLK:
~-RLYKVDGKI1VAKNRRKRTDQKEPSFAD I SPLPPE IQRKLK:
--RLYKVDGK I'VAKNRRKRTDQKEPSFAD I SPLPPE 1QRKLK.
—--RLYKVDGKTVAKNRRKRTDQKEPSFAD I SPLPPE 1QRKLK

-------- GFP----- IRHRSRNKFYKG

1GYVSGQ

VYPGTKILNPLRKETPTI--AGDVWIYE-~

~PTGKRFVATGVVSQK--Y

VYPGTKILNPLRKEMPT I --AGEVWVHE PTGKRFVTTGVVSQK--Y

VYPGTKILNPLRKEMPT I -~AGDVWIHE-~-----PTGKRFVTTGVVSQK--Y

VYPGTKILNPLRKETPTI--AGDVWIHE--~--- PTGKRFVTTGVVSQK--Y
FQTGAQVKAVVTKGKK-----VGVYLGR: V-LCR GRF- D
FKHRDVIRY IKRDGT T-~~~-~~-~ YLGY-—---~ ITALR-VKNNKYNSKVCN

~ITSLR-IKNNKYKSKVCN

ITSLR-IKNNKYNSKVCN

ITSLR-IKNNKYNSKVCN

—————— KGRKQPNMSSKRNEKNTKYACG LWLNDYVRVI ~VKGFK--SNGYYV----Y
———————— GGR-----SEKRIPVGKLFG LKKHDFVQTPQG TGFVKGK: R--SSGYF:
VK. EKKIPTGKLHG LKKFDFIETPYV- SGFVKGK: R--TSGNF-----§
--GIR-----SDKKIPTGKLHG LRKFDFIKTPDV SGFVKGK: R
- --GVR-----SEKKIPTGKLHG LRKFDFIQTPDI SGFVKGK: R--TSGNF-----§
~=-KVID--~---IRTNTKVSGAELFNGRRTRNKNLNSENLRKYRGVKVSKGQRR IRTKRYF~-~-YQPGDLVKYEDK VYTVKGT- Q--NKGKY=-----1
—=-KVID-----IRTNTKVSGAELFNGRRTRNKSFNSENLRKYRG IKISKGQRRIRTKRYF~-~--YQPGDLVKYEDK TYTVKGT Q--NKGKY=-----1
KGGI RKANKAERFVKG FQLFDKVLCEGQ PCFIFGR
——==-=---KGG I -----RKANKAPYLVKG FRLFDKVLYNNR===~~~~~~| KCFIFGR
KRPVNTVKEVHG FRRFDKIEYQGG TYTIFGL.
KRPVNTVKEVHG FRRFDKIEYQGG TYTIFGL.
IRPSNTVKEVRG FRRFDKVRYKNQ 1G1 IHGL.
RKSNKAPRFVKG FQLFDKVVYERK ECFIFGR
RKANKAERLVHG YQLFDKVQYEEQ TCFVFGR
RKANKAERLVHG YQLFDKVQYEEQ TCFVFGR
FRLFDRVKYQDK: EYFIFGR
~=-KGGI--~---RKLNQAPYLVHG FRLFDKVKYKGI
KGGT- RKLNQAPYLVHG FRLFDKVRYNGI
NP- TKTCEERSG FQHWD 1VRA-ERAGRR-~
NP- TKTCEEKNG FRHWDVVRA-VRAGKV -~
NNP- TKTCEEKNG FRHWDVVRA-VRAGKV - ~=~~~-~
FP RAYRSRNKYVDN FKTGDLVKAV IPKGKN-~ V-STR--KSGYF: R
- ~~GFPALNKDNQP IKPKTKYTH: CEAGDMIKFRLEKNRKTV--RAG I YKGR V-KTP--TPKGF E

RGHRAREKVHFG
RGHRARGKIHSG

FATGDLVVAEVPNGKY
FMTGDLAVAEVPAGRY

FP RAYLSRQKEYFN -V-AVR--KSGYF-----D
77777777 GFP-----KGYRKNRKQYFG -V-AVR--SSGYF-----D
FP KGYRKNRKQYFG -V-AVR--SSGYF-----D
- --GFP-----RGHRTRKKFFYG V-SCR--NSGYF D
- --GFP-----RKPAPRIKYIFG V-ACR--SNGYF D
FP RKPAPRIKYIFG -V-TCR--SKGYF-----D
- --GFP-----RTSAKAARTVQG -V-AVR--SSGFF-----N
L-CPY--SDGNC: E
LAGIR--ARGTF D
~LASIR--ASGTF-----D
FP RGKAGRCRRVKG -LASIR--ASGTF-----D
77777777 GFP-----RGKAGRCRRVKG LASIR--ASGTF D
FP RGKAGRCKRVKG LAGIR--ANGVF: D
77777777 GFP-----RGKAGRCKRVRG
77777777 GFP-----RGKAGRCKRVRG
FP RLRLPRRKRFFG FQTGDLARAAVPSDMN THTGR
77777777 GFP-----RRTSPRIKTVHG
FP. RRTSPRIKTVHG YATGDLVTASVPKGKY TGTHTGR: V-MIR--TTGKF:
GFP- RLVRPRIKLHHG FQTGGLVRANVPAGKK:- AGVHLGR: V-LVR--SSGSF
GFP- RLALPRTKQHHG FQTGDLVRAVVPTGKK: AGVHTGR: V-AVR--STGNF
GFP- RSHAPSSRSYMG FRTGDLVQAHVPRGKY AGTHVGR: 1-VIR--HRPSF
GFP- KKYRPKERTYMG YKTGD VLAV IPKGKN. MGIHIGR 1-AIR--HRPSF
GFP- RTYLTHQKTAFG FKTGDMVIATVPKGVK KGIHKGR V-AIR--LTGSF
- --GFP-----RGDLTRSKSAFG FQTGDLVRVVVTTGKK: V-AIR--ASGSF

FP. RGYLTRSKSAFG FQTGDMVKAVVTKGKK: -V-AIR--ASGSF-----N
FP RGYLTRSKSAFG FQTGDMVKAVVTKGKK VGTYLGR: V-AIR GSF- N
FP. RGYVTRQKRHFG FQTGDMVRAVVTRGKK-~~~-~AGTYVGR-~~~~~ V-VIR--ASGSF----~ S
FP RGYLTRTKSAFG FQTGDMVRAVVTTGKK-----KGEYLGR: V-AIR GSF- N
FP. RGYLIREKRVHG FQTGDWVRAEVPAGKR -V-AVR--RTGAF-----N
FP. RGYLMRHKRVHG N
FP RGYLMRHKRVHG FQTGDWVRAEVPKGKK VHVGR V-AVR--QTGSF-----N
FP. RGYLMRHKRVHG FQTGDWVRAEVPKGKK - -~~~ AGVHVGR-~~~~~ V-AVR--QTGSF-----N
FP RGYLMRHKRVHG FQTGDWVRAEVPKGKK VHVGR V-AVR N
C; RGYLTRSKS1QG
S, RGYLTRSKS1QG
FP RGYLMRGKRVQG
FP. RGYLMRSKRVHG
FP RGYLMRAKSVHG
FP. RGYLMREKSVHG -V-AIR--KTGSF-----N
- —-GFP-----KAHAPSAKFFMG 1-AIR--FRPKF-----V
IRHRDSNQVHFG V-LCR--KTGSF D
- —=GFP-----IRHRSRIKIHKG V-LCR--ASGSF D
F RGHRPRQRYFFG ~L-ACR--TSGRF-----N
FP. CTEPKKIFTH. =V-KTP--TKNGC-----E
- --GFP-----TRYVPHKKDVKG V-AVR--STGSF N
L-TVR--ESGVF E
-L-1VR--ASGVF-----E
FQTGAQVKAVVTKGKK VGVYLGR: V-LCR GRF- D
FQTGD IVKAVVTKGKK: ~1-ATR--ATGSF-----N
FQTGD IVKAVVTKGKK: IGTYIGR 1-ATR--ATGSF N
FP NRYVPKLKFIKG FQTGDIVKAVVTNGKK IGEYIGR V-AVR--STGSF N
FP. RYVPRFKYVLG FQTGDIVKAIVTRGKK: IGEYIGR AVR--TSGSF N
———————— GFP-----SRYVPRFKFVKG FQTGDIVKAVVTAGKK VGEYFGR: V-AIR--TSGTF N
FP. RYVPRFKFVNG FQTGD IVKAVVTKGKK: IGAYIGR V-AVR--TSGSF N
~1-LCR--ASGSF-----D
—--TRHRSKAI IHKG FKTGDMIKAVVTTGKK NYVGR V-LCR--KSGSF D
RYVPRNKFVKG FQTGDIVKAIVEKGKK-~~-~1GQYVGR-~~~~~ V-AVR--STGSF---~~ N
————— KRHRSRVQTHKG FQTGDI ITATVTKGKK IGSYVGR V-LCR GSF- D
RYVPRIKFVKG FQTGDIVKAIVTTGKK: IGKYI1GR-~~~--V-AVR--ATGSF-----N
77777 TRHRKTIQIHKG FQTGDIVKAAVREGKK - ~~~~-FGTYVGR-~~~~-V-LCR--ATGSF-----D

----- TRHKSRVQIHKG

FQTGDIVRATVTAGKK----- IGFYVGR V-LCR GSF D




312126587
434408285
414076241
428299778

17233043
166363864
166367659
307150343
307153352
428306661
307150912
428775289
428779516
428778599
428781696
428215045
428313425
158340109
428775002
307150700

312126663
312621424
222530402
222530431

307591386
302391131
435854579
435852864
435854272
313123202

Caldicellulosiruptor hydrothermalis 108
Stanieria cyanosphaera PCC 7437
Anabaena sp. 90

Calothrix sp. PCC 6303

Nostoc sp. PCC 7120

Microcystis aeruginosa NIES-843
Microcystis aeruginosa NIES-843
Cyanothece sp. PCC 7822
Cyanothece sp. PCC 7822
Crinalium epipsammum PCC 9333
Cyanothece sp. PCC 7822
Halothece sp. PCC 7418
Dactylococcopsis salina PCC 8305

Dactylococcopsis salina PCC 8305
a PCC 8305
Oscillatoria acuminata PCC 6304

Microcoleus sp. PCC 7113
Acaryochloris marina MBIC11017
Halothece sp. PCC 7418
Cyanothece sp. PCC 7822

Caldicellulosiruptor hydrothermalis 108

Caldicellulosiruptor kronotskyensis 2002
Caldicellulosiruptor DSM 6725
Caldicellulosiruptor DSM 6725

Cyanothece sp. PCC 7822
Acetohalobium arabaticum DSM 5501
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Halobacteroides halobius DSM 5150
Lactobacillus delbrueckii NDO2

77362205 | Pseudoalteromonas haloplanktis TAC125

298675374
298674707
298675090
169834784
229587454

297585104
188587532
312793946
344996431
217077332
375009168
407477159
172057416
169823684
160902522
160902616

333978211
260892456
260893631
302391857
428778981
260892735
260893993
433655673

Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Clostridium botulinum A3 str. Loch Maree
Clostridium botulinum Ba4 str. 657

Bacillus selenitireducens MLS10
Natranaerobius thermopl us JW-NM-WN-LF

Caldicellulosiruptor kristjanssonii 177R1B

Caldicellulosiruptor lactoaceticus 6A
Thermosipho africanus TCF52B

Geobaci llus thermoleovorans CCB US3 UF5
Exiguobacterium antarcticum B7
Exiguobacterium sibiricum 255-15
Finegoldia magna ATCC 29328

Petrotoga mob
Petrotoga mob

Desulfotomaculum kuznetsovii DSM 6115
Ammonifex degens
Ammonifex degensii KC4

Acetohalobium arabaticum DSM 5501
Dactylococcopsis salina PCC 8305
Ammonifex degens
Ammonifex degens
Thermoanaerobacterium

‘thermosaccharolyticum M0795

332982963
332983053
222530385
298674346
298675173
292490518
428778759
300114477
292491781
292491869
292491893
292491036
292490884
292491492
297563003
374989417
374989654
271963428
271964894
258511478
160902264
121604978
347754630
218667603
218667415
344201059
344201127
288940385
288941921
288940786
288941171
288941306
121582913
121604604

Mahella australiensis 50-1 BON
Mahella australiensis 50-1 BON
Caldicellulosiruptor bescii DSM 6725
Methanohalobium evestigatum Z-7303
Methanohalobium evestigatum Z-7303
Nitrosococcus halopl
Dactylococcopsis sa
Nitrosococcus watso
Nitrosococcus halopl
Nitrosococcus halopl
Nitrosococcus haloph
Nitrosococcus halopl
Nitrosococcus halopl
Nitrosococcus halopl
Nocardiopsis dassonvillei DSM 43111
Streptomyces bingchenggensis BCW-1

Streptomyces gchenggensis BCW-1
Streptosporan m roseum DSM 43021
Streptosporangium roseum DSM 43021

Alicyclobacillus acidocaldarius DSM 446
Petrotoga mobilis SJ95

Polaromonas naphthalenivorans CJ2
Chloracidobacterium thermophilum B

s ferrivorans SS3
lus ferrivorans SS3
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Allochromatium vinosum DSM 180
Polaromonas naphthalenivorans CJ2
Polaromonas naphthalenivorans CJ2

91791204 |Polaromonas sp. JS666
91791283 |Polaromonas sp. JS666

121582916
121582983
428304158
428204921
307153539
428216193
414079584
172055147
428316510
428314951
307591386
75812341]

Polaromonas naphthalenivorans CJ2
Polaromonas naphthalenivorans CJ2
Crinalium epipsammum PCC 9333
Chroococcidiopsis thermalis PCC 7203
Cyanothece sp. PCC 7822
Oscillatoria acuminata PCC 6304
Anabaena sp. 90
Cyanothece sp. ATCC 51142
illatoria nigro-viridis PCC 7112
latoria nigro- dis PCC 7112
Cyanothece sp. PCC 7822
nabaena variabilis ATCC 29413

17233293 |Nostoc sp. PCC 7120
75812782 Anabaena variabilis ATCC 29413

434407609
414078405
440685156
428315656
428204926
218440244
428775092
414075475
428305120
427713881

Cylindrospermum stagnale PCC 7417
Anabaena sp. 90

Anabaena cylindrica PCC 7122
Oscillatoria nigro-viridis PCC 7112
Chroococcidiopsis thermalis PCC 7203
Cyanothece sp. PCC 7424

Halothece sp. PCC 7418

Anabaena sp. 90

Crinalium epipsammum PCC 9333
Synechococcus sp. PCC 6312

lus ferrooxidans ATCC 23270
lus ferrooxidans ATCC 23270

—=-=-KLSLHDINTGK-RFTQQANPDDC-KF ICFASWRY-~KYKEL.

~RVSLHSVETGK-RLCQNAKPQD I -KFLTYNTWRT--KYAN.

—---TEKAVSVSDANWKRLGQCTVKKV-KLILRSTSL I - I TAVKTARVASLSALK
—---TETKVSVSDADWKRLGQCTAKKV-QLVTRSTGL I - IKATKVVSPSETLCERVASLSGLKTLSFPHPARSL

~TEKQVSVSDANWKRLGQIASSKV-QL I SRSNGL I -

~TEKQLSVSDTNGQRLGQIAVSKI-QLIRRSNGLI-VSH

----TEKQLSVSDTNGQRLGQIAVSKI-QL IRRSNGL 1 -VSR
—---TKKQISVSDANWKRLGQIAFSKV-TLIRRSTGL I -VSY

~TKKQISVSDANWKRLGQIAVSKV-TLIRRSNGL I -VNC

~TKKQISVSDANWKRLGQIASSKV-TL IRRSTGL I -V

—=--TKKQISVSDANWKRLGQIAVSKV-TLIKRSNGL 1 -VT,
—=-=TKTQISVSDFGWKRVGQFSAKKT-QLLKRSTNL I -VNTSNGRRAFLRGVASGVSPDVYTPRLPLNQRL.

~TKNQVSVSGFDWKRLGQFGAKKT-QLLKRNTNL I -VNTQTGGRAFLSR

~TKTQVSVSDFDWKRLGQFSAKNT-QVLKRSTNL IVNTLNGGRAFLSH

~TKTQVSVSDFDWKRLGQFSAKKT-QLLKRNTNL I -VNTQTGGRAFLSQ

~TARQVSVSNCDWKRLGQFTASKV-QL IHRATGLL-VSRLHYLLVNGPSIA
~TQKQVSVSDLNWKRLGQFTASKV-QLLCRATGLL-VSPLRYCQLLGY

TK--KAKSVSLYDHNWRR I GKFVVSKC-TLLRRSNKLC-

SE--VNKVMSLYDWQWKR 1 GQFSVSKT-TL IRRSNGLC-V,
—---TKKQISVSDANWKRLGQIASSKV-ILIQRSTGLI-VSH

LYSPQ----LEKIV-~--GKTYVKPEEC-KRVLRNEG IV-VMYNSLYHN.

LYSPQ----LEKIV-~--GKTYVKPEEC-KRILRNEGIV-VMYNSLYHS.

LYSPQ----LKKIV-~--GKMYVQPEEC-RQVLHNEGMV-VMYNSLYHS.
LYSPQ----LKKIV---GKMYVQPEEC-RQVLHNEGMV-VMYNSLYHS.

TASHQ-----GRTT---GITY---KFC-TAIQKKDGYN-YEF
FTTLD-----GEKTFR-GYGL~---TNL-TLVNRPQGLM-11
FTTLN-----GEKTFR-GYGL~~--TNL-TLINRPKGLM-11
FSTLK: GKIFR--GYGF-~-~RNL-TLLNRPKGLM-1V:

FSTLK: GKIFR--GYGF-~-~RNL-TLLNRPKGLM-1V:

~=GNYVLNNGKNY INGQQC-RL IMHNGNWQ-KAEQKLSLYEFK
~-GDKVHASANIK-~--KNTVRISARTTTLT-QLMEAAIPLCTKVPSILAVN

~VELLTPYKFRKGLV-CV
~VELLAPYKFRKGLV-CV

LRLLD----~ GTVISR-GKSY---KKI-ALKEKATSWL-VERSETVHIPPHE
LRLLD-----GTKIHA-SASH-~--KRL-DLIESATSML-KEV!

TGTLS:

TGTLS:

IRTLS.
LRLLD:

~KKL-KRVEHASTLL - 1ERRKGDSSPTFAL.

LRTIA ~KKL-TLLEKAKTWL-VD 1QSEGGEGRSQP

LRTLA

~KKL-TLLEKAKTWL-VD IQPEGGEGRSHP

~KKL-EF IEPRKTVL-VERR

~KDL-1LVSKAKTLL-WERRENSAFLSPLPYLP:
—-KDL-ILVSKAKTLL-WERRENSAFLSPLPYLP:

~-DGNF---EVSY---SKA-KLLHRPRGLA-YVPVW

~-DDNF---EVSY---SKA-RLLHRPRGLA-YMPVW
~-SKA-RLLHRPRGLA-YMP,

~KYL-NLLQRGAGYS-YSFEDI

~EYLIRFMHRNDGYA-YSF

LKDLS---GRRVCQ-~~-GIAF---HHF-KLVQRFDGWR-YEKFKVAALSSPHLKVGASSA,

LKDLS---GRRVCQ-~~-GIAF---RHF-KLVQRFDGWR-YEKFK I AALSSPHLKVGASSA

IRDAN---GKNIAQ---GISY---QYC-HI IQRYDGYK-YGRRKRHILLHPSDAMDGVSC

IKDST---GNCLCQ-~--GVSW---KYM-QVLQRNSGWQ-YDKERRNPLLSQLK

IKDST---GNCLCQ-~--GVSW---KYM-QVLQRNSGWQ-YDKERRNPLLSQLK
~KHC-K11QRFDGYC-YELERIRISGTFPLQPVEVGASMCQ

~KYF-KLVQRFDGYT-YQLDRLNLNKNTNTD-~-GRNSSHC-

~KRIAQ---GINH---KYF-KLVQRFDGYT-YQLDRLNLNSNTNTD--GRNSSHC
-=1VTQ---GISY---QYC-RTLHRCDGYG-YGYVIDTQIASTQQEDAGEAA

~SYVSRVVHQKDSYK-YRHLS

~KNF-QLIQRGDGYD-YGLLTV-

—--KNF-KL1QRGDGYD-YSLSAV-

—=INF-KLIQRGDGYD-YSLSAV-
~INF-KLIQRGDGYD-YSLSAV-

~KNF-KL IQRGEGYD-YGLSAV-

—-KHF-KL1QRGDGYD-YGLSAV-
~-KHF-KL1QRGDGYD-YGLSAV-

~KNL-CLLQRADGYG-YTTQKEAGAPST,

HIHY---RFC-KLVQRGDGYG-YHWSLLHPALNHG I AEAGRN

~--GLVS---GIHH---RFF-SLI1QRADGYG-YSLTKIASTQGDAGRGRSVAAALSLPGMNARVSRANG
—-GLVQ---HVHH---RFC-KLVQRADGYG-YAFTTRPQRQGLPHGL IWSKG

GIAY---RHC-CL1QRADGYG-YAFQPKPDTEEARRAA

--GTVQ---GVSY---RHC-RVLQRADGYG-YAFQPKPDTEKARRAA
--GTVQ---GVSY---RHC-RVLQRADGYG-YAFQPKPDAEKARR

G1SH---KHC-R1VQRNDGYG-YFFHRADLTQDANR

--GVVQ---GIGH---KNC-RVVQRNDGYG-YFFNRAQHTGCEQAGPGATDALHPALYLPGLNPGVSR
—=QKFD--~-VHP---KYL-KTIHHSDGYE-YQS

GISH---KNC-RVVHKNDGYA-YEF

—-LTVQ---GISH---KYC-QITHHGDGYL-YGL.
STM---KDI-TKVHCSDGYS-YV

GISY---KYC-KI IHRKDGYD-YAF

~=GRVA---GISH---KFC-THIHRKDGYN-YAY
————— GRVA---GISH---KYC-KAMHKKDGYA-YVF
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>4oge_A HNH endonuclease domain protein;
hydrolase; HET: SPD; 2.20A {Actinomyces naeslundii} PDB:
Probab=99.75 E-value=6.1e-19 Score=202.49 Aligned_cols=189

Hit Prob E-value P-value Score SS Cols Query HMM Template HMM

PF14239 RRXRR: RRXRR protein 100.0 1.6E-79 2.7E-84 564.5 20.9 174 5-178 1-176 (176)
4oge_A HNH endonuclease domain 99.7 6.1E-19 1.1E-23 202.5 4.6 189 128-321 476-748 (1101)
4cmp_A CAS9, crispr-associated 99.7 6.7E-18 1.2E-22 197.5 6.4 196 125-321  732-999 (1372)
COG3513 Predicted CRISPR-assoc 99.5 3.6E-14 6.2E-19 154.1 6.0 138 184-321 561-748 (1088)
2qgp_A HNH endonuclease; Q39X4 99.4 1.8E-13 3.2E-18 119.1 4.5 60 186-245 27-88 (112)
PF13395 HNH_4: HNH endonuclea 99.2 4.6E-12 7.9E-17 96.8 2.4 46 197-242 1-53 (54)

PF01844 HNH: HNH endonuclease 99.1 2.7E-11 4.7E-16 88.5 1.9 44  197-240 1-47 (47)

COG1403 McrA Restriction endon 98.8 5.4E-09 9.4E-14 91.5 3.3 61 184-245 59-120 (146)
PF14279 HNH_5: HNH endonuclea 97.1 0.00038 6.7E-09 56.6 2.0 39 197-238 1-41 (71)

PF13391 HNH_2: HNH endonuclea 97.0 0.0006 1E-08 53.1 2.5 44  197-240 1-61 (66)

1e7l_A GP49, recombination end 91.2 0.29 5E-06 46.0 3.7 53 184-238 10-66 (157)
1hjr_A Holliday junction resol 87.7 1.5 2.7E-05 41.0 5.7 41 56-96 2-46 (158)
PF02075 RuvC: Crossover junct 87.4 1.4 2.4E-05 40.7 5.3 40 57-96 1-45 (149)
4ep4_A Crossover junction endo 87.0 1.3 2.3E-05 41.8 5.0 41 56-96 2-50 (166)
4oge_A HNH endonuclease domain 80.5 1.3 2.3E-05 52.9 2.6 74 56-129 12-99 (1101)
4cmp_A CAS9, crispr-associated 58.7 5.3 9.2E-05 49.2 1.0 53 54-110 7-79 (1372)
COG0675 Transposase and inacti 50.6 75 0.0013 31.6 7.5 152 40-233 161-328 (364)
CO0G3513 Predicted CRISPR-assoc 36.7 30 0.00052 40.7 2.4 63 55-117 4-80 (1088)
PF01385 OrfB_1S605: Probable 29.0 39 0.00068 31.9 1.6 110 40-156 106-221 (227)

No 1
F14239 RRXRR:
Probab=100.00

RRXRR protein
E-value=1.6e-79 Score=564.55 Aligned_cols=174

Identities=61%

Q ss_pred EEEECCCCCcCCCCCHHHHHHHHHCCCeEEEecCCEEEEEEeccCCCccCCEEEEECCCCCCEEEEEEECCEEEEEEEEE
Q Thu_Feb_20_16: 5 IFVLDTQKRPLDPVHPGKARHLLNQGKAAVYRRFPFTL I LKEAHPDVPVQDLELKLDPGSKVTGIATKQGNKI IFGAELQ
Q Consensus 5 VfVId~~gkPLmP~~p~rAR~ILk~gkA~v~~~~pFtl~L~~~~~~~~~ qpi~1giDpG~k~~G~av~~~~~~ I-——el~
UL i N e N e N el N R N R NN RN R RN Rannnd N R N
T Consensus 1 VFVId-~gkPLmP~~p~rAR~LLk~GKA~V~r~~PFtl~L~~~~~~~~~ gpi~1giDpGsk~tGiav——~~~ vi-——el~
T PF14239_consen 1 VFVLDKNGKPLMPCHPARARKLLKQGKAKVVRRYPFTIQLKYEPSGSYTQPIRLGIDPGSKTTGIAVVSEKKVLWAAELE
T ss_pred CeEECCCCCcCCCCCHHHHHHHHHCCCEEEEecCCeEEEEEeccCCCcccCEEEEECCCCCeEEEEEEeCCEEEEEeEee
Q ss_pred eCchHHHHHH-HHHHHHHhhhc-ccecCeccCCchhheecccccccCcChhHHHHHHHHHHHHHHHHHhCCechheeeeeeeeh
Q Thu_Feb_20_16: 85 HRGQQIKDAL-LSRRQLRRGRR-NRKTRYRQPRFLNRNRPDGWLAPSLKHRVDTVLTWVNRLRNLAPLGS I AQELVRFDL
Q Consensus 85 ~r~~~vk~~1-~~Rr-~RR~RR-~rk~ryR~~RF~NR~r~~gwL~PSi~~~~~~~~~~ v~~l~~~~Pi~~i~~E~v~fD~
L el Rl el el et I It O N G O B Il et Bt Rl ot B W Bl Bl et Bl s
T Consensus 81 ~r~——i~~~Ir-~RR~~RR~RR~~rk~RyR~~RF~NR~r~~gwL~PSl~~rv~~~l~~v~~L~~~~Plt~i~~E~v~FD~
T PF14239_consen 81 HRGQDIKDRLRTQRRAYRRGRRYNRKTRYRKARFDNRKRPKGWLPPSL.RHRVDTHLRWVKRLCKLLPITAIVVELVKFDT
T ss_pred ccHHHHHHHHHHHHHHHhhhecccecccececccceccececcccCcCeCcCHHHHHHHHHHHHHHHHHhCCccceEEEEEEeeh
Q ss_pred hhhcCCccccceeccc
Q Thu_Feb_20_16: 163 QKLQONPEISGIEYQQG 178 (425)
Q Consensus 163 gk~~np~i~G~~YQqg 178 (425)
I+I+IIII+I+IIIII
T Consensus 161 g-1-np~i~G~~YQqG 176 (176)
T PF14239_consen 161 QKLQNPEISGVEYQQG 176 (176)
T

ss_pred

No 2

hheceCcCeccececeeCCC

crispr-CAS, CAS9, RUVC, RNA-guided DNA endonuclease,
4ogc _A*
ldentities=24%

Q ss_pred hhHHHHHHHHHHHHHHHHHhC-CcchheeeeeeeehhhhcCCccccceec ccccch
Q Thu_Feb_20_16: 128 PSLKHRVDTVLTWVNRLRNLA-PLGSIAQELVRFDLQKLQNPEISGIEYQ
Q Consensus 128 PSi~————~~~~~~ v~~l~~~~-Pi~~i~~E~v~fD~gk-~np~i~-G-~YQ

| I S B It S B RS B = S
T Consensus 476 P-V-RaL~Q-rKVVNalikkyG~P~~1~1EIAR----El~~s~ker-~i~k-~kkn-kene~~~kel~e~~~~~~~~~~~
T 4oge_A 476 PSVDRTLKIVGRYLSAVESMWGTPEV IHVEHVR----DGFTSERMADERDKANRRRYNDNQEANKK IQRDYGKEGY I SRG
T ss_dssp HHHHHHHHHHHHHHHHHHHHHCCCSEEEEECCS - - - - SCSSCHHHHHHHHHHHHHHHHHHHHHHHHHHHHHCCCSCCCHH
T ss_pred HHHHHHHHHHHHHHHHHHHHAhCCehhhhhHHhh - - -~ hhec eHHHHHHHHHHHHHHHHHHHHHHHHHHHHhceceCCChh
Q ss_pred hHHHHHHHHh-CCcccceCCcCCe--eeEeeeccccCCCCcc-hhhhhhhhhhhhhhhecCCHHHHhcceH---——-—-—
Q Thu_Feb_20_16: 184 EVREYLLEKW-GRKCTYCGTKDVP--L.LEVEHIHPRSRGGTDR-VSNLTMACHACNQSKGNQD IRDFLFGKP—~-—-—————
Q Consensus 184 ~vrey-l-k--~~~C~yCg~~~~~--Lev~-Hl~-prs~gGsd~-~sNI~1-C~~Cn~~K-n~~~~~Fl -~~~

Rl ol LR B I RN S G el K sl B IR I R B B ] K
T Consensus 552 di~K~~Lw~eQ~g~C~YSG~~1~~~~~ eIDHI iP~S~~~dDS~~~NKVLv~~~~N~~Kgn-tP~e~f~~~~~~~~~~~~~
T 4oge_A 552 DIVRLDALELQGCACLYCGTTIGYHTCQLDHI'VPQAGPGSNNRRGNLVAVCERCNRSKSN-TPFAVWAQKCG IPHVGVKE
T ss_dssp HHHHHHHHHHTTSBCTTTCCBCCTTTCEEEESSCBSSSSCCCSGGGEEEECHHHHHHHTT-SCHHHHHHHHCCTTCSHHH
T ss_pred HHHHHHHHHHCCCcCCCCCCcCChhheeeeeeeeccCCCCCCccccceEECHHHHhhCCC-ChHHHHhecccecchhhHHH
Q ss_pred HHHHHHHHhccCCchhHHHHHHHHHH---HHHHHHhhC--CCeEEeechhhhhhh
Q Thu_Feb_20_16: 251 ——————-mmmm oo ELLQRILRKAKAPLKDAAAVNSTRWA--~LFNALKATG-~-LPLTTGTGGQTKFNR
Q Consensus 251 - ~~l~~i~~~~k~~lkda~~vn~tR~~---l~~~Lk~~~-—~~V~~~~G~~Tk~~R

P =—_+. ]+ 1+ +oto |+t J-++]+]---

T Consensus 631 kk Fi~R~L~dTryisk—~~~~ L~ V~~v~G~I1Ts~IR
T 4oge_A 631 AIGRVRGWRKQTPNTSSEDLTRLKKEVIARLRRTQEDPEIDERS IESVAWNMANELHHR IAAAYPETTVMVYRGS I TAAAR
T ss_dssp HHHHHHTCCCCC---CHHHHHHHHHHHHHHHHCCSCBCCCCTTTTBCCCHHHHHHHHHHHHHS TTSEEEEECT THHHHHH
T ss_pred HHHHHHHHHHHHHHhhhhhhHHHHHHHHhhcccccceecechheececHHHHHHHHHHHHHHHHHCCCCeEEEECCHHHHHHH
Q ss_pred hheCCce—-——————————————— cccccceeeccccc
Q Thu_Feb_20_16: 301 TRLDIPK-—————mmmmm AHWLDAACVGQVDA 321 (425)
Q Consensus 301 ~~~gL~K-————————momo——— ~H~~DA-cig-~~~ 321 (425)

-+ LT+ -4+
T Consensus 711 ~—~wgl~~~~~~~~~~~~| K~R~d~rHHAIDA-VIA~-~~~ 748 (1101)
T 4oge_A 711 KAAGIDSRINL IGEKGRKDR IDRRHHAVDASVVALNEA 748 (1101)
T ss_dssp HHHTCTTTSCCSSCCCCSSCCBT THHHHHHHHHHHCCH
T ss_pred HHcCCchhhhhhececececeCCCCCCchHHHHHHHHhCCH

cytoplasnmic,

84
84

80
80

162
162

160
160

183
183

551
551

250
250

630
630

300
300

710
710

Similarity=1.015 Sum_probs=0.0

(425)
(425)

(176)
(176)

(425)
(425)

(176)
(176)

Similarity=0.347 Sum_probs=0.0

(425)
(425)

(1101)
(1101)

(425)
(425)

(1101)
(1101)

(425)
(425)

(1101)
(1101)


http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%231
http://pfam.sanger.ac.uk/family?acc=PF14239
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%232
http://pdb.rcsb.org/pdb/explore.do?structureId=4OGE
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%233
http://pdb.rcsb.org/pdb/explore.do?structureId=4CMP
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%234
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=COG3513
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%235
http://pdb.rcsb.org/pdb/explore.do?structureId=2QGP
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%236
http://pfam.sanger.ac.uk/family?acc=PF13395
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%237
http://pfam.sanger.ac.uk/family?acc=PF01844
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%238
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=COG1403
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%239
http://pfam.sanger.ac.uk/family?acc=PF14279
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%2310
http://pfam.sanger.ac.uk/family?acc=PF13391
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%2313
http://pdb.rcsb.org/pdb/explore.do?structureId=1E7L
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%2316
http://pdb.rcsb.org/pdb/explore.do?structureId=1HJR
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%2317
http://pfam.sanger.ac.uk/family?acc=PF02075
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%2318
http://pdb.rcsb.org/pdb/explore.do?structureId=4EP4
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%2322
http://pdb.rcsb.org/pdb/explore.do?structureId=4OGE
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%2337
http://pdb.rcsb.org/pdb/explore.do?structureId=4CMP
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%2344
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=COG0675
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%2357
http://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=COG3513
http://toolkit.tuebingen.mpg.de/hhpred/results/9987282%2375
http://pfam.sanger.ac.uk/family?acc=PF01385
http://pfam.sanger.ac.uk/family?acc=PF14239
http://pdb.rcsb.org/pdb/explore.do?structureId=4OGE
http://pdb.rcsb.org/pdb/explore.do?structureId=4ogc

No

3

>4cmp_A CAS9, crispr-associated endonuclease CAS9/CSN1; hydrolase, DNAse, RNA-guided, immunity, crRNA, genome
editin; 2.62A {Streptococcus pyogenes} PDB: 4cmg _A
Probab=99.71 E-value=6.7e-18 Score=197.53 Aligned_cols=196 Identities=20% Similarity=0.121 Sum_probs=0.0
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Q
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ss_pred
Thu_Feb_20_16:
Consensus

Consensus
4cmp_A
ss_dssp
ss_pred

ss_pred
Thu_Feb_20_16:
Consensus

Consensus
4cmp_A
ss_dssp
ss_pred

ss_pred
Thu_Feb_20_16:
Consensus

Consensus
4cmp_A
ss_dssp
ss_pred

ss_pred
Thu_Feb_20_16:
Consensus

Consensus
4cmp_A
ss_dssp
ss_pred
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125
125

732
732

183
183

811
811

258
258

891
891

300
300

971
971

ccChhHHHHHHHHHHHHHHHHHhC---Ccchh hhhhc CCcccec---ceecccccece
WLAPSLKHRVDTVLTWVNRLRNLA---PLGSIAQELVRFDLQKLQ--—————————————— NPE1SG---1EYQQGELQG
WL~PSi~~~~~~~~~~ v-~l~~~~——-Pi~—~i~—~E~v-fD-gk-—~--—-— -~ np~i~G---~~YQqg-1-g
PRy R R L B3 RS R =t o —— -
~~nP~V~r~1-Q~~kwn~1ik-~G~~~P~~1~1EIAR-El~~s~k~rk k~~k e
AGSPAIKKG I LQTVKVVDELVKVMGRHKPEN I'VIEMAR-ENQTTQKGQKNSRERMKR IEEG IKELGSQI LKEHPVENTQL
SSCHHHHHHHHHHHHHHHHHHHHT TTCCCSEEEEEEC-—————————-| CHHHHHHHHHHHHHTTC-—————- CCCCGGGG
cCChHHHHHHHHHHHHHHHHHHHhCCCCCCeEEEEecC-CCCccHhHHHHHHHHHHHHHHHHHHHHHHHHHhcCCCechh

hhHHHHHHHHNhCCcceceCCeClee----~ eEeeeccccCCCCcchhhhhhhhhhhhhhhecCCHHHHhcccHHHHHHHH
~EVEHIHPRSRGGTDRVSNLTMACHACNQSKGNQD IRDFLFGKPELLQRIL
i

YEVREYLLEKWGRKCTYCGTKDVPL--
~~vrey~l-k-~~-C~yCg~——~~ L-—-—- ev-Hl-prs-gGsd-~sNI-1-C~—~Cn—~K-n———~~Fl -~~~ 1
R Rl I R R | L G el Il B I Rt It B R ol Rl B |
~~~K~~Lw~eQ~gkc~YTG~~1~i~~L~~ydIDHI iP~S~~~DDS~~NKVLV~~~~N~~K~n~tP~e~~~~~~~~~ w1
QNEKLYLYYLQNGRDMYVDQELD INRLSDYDVDH I'VPQSFLKDDS I DNKVLTRSDKNRGKSDNVPSEEVVKKNMKNYWRQL
GSHHHHHHHHTTSBCTTTSCBCCHHHHHHHCEEESSCTTTCCCCSGGGEEECC--CCTTTCSSSSSCTTGGGGHHHHHHH
HHHHHHHHHHCCCCCCCCCCcCChhheeCcCecceeecccCCCCccchhhhececHHHHhheCCCChHHHHHHHHHHHHHHH

HhceCCchh HHHHHHHHH---HHHHHHHhhC- - == == == == — -~ CCeEEeechhhhhh
AAAVNSTRW---ALFNALKATG-———————————— LPLTTGTGGQTKFN
a~~vn-tR~—-—~l~~~Lk-~~—— ~~V~~~~G~~Tk~~
+o+] -1 P P [ ) [

~~~~~ is—K-~-L~~~~~~~~~e~~~~~Fi~-RqL-DTryisK L VW~VKG~~Ts~1

LNAKL ITQRKFDNLTKAERGGLSEL.LDKAGF IKRQLVETRQITKHVAQ I LDSRVMNTKYDENDKL IREVKV I TLKSKLVSDF

HHTTSSCHHHHHHHHC-- -~ CCHHHHHHHHHHHHCCCCHHHHHHHHHHHHHHCCCBCTTSCBCCCCEEEECCHHHHHHH

HHhhhcCHHHHHHHHhhhheeccechhheechhheecCHHHHHHHHHHHHHHHHHhhhcccccccCCCCCEEEEECCHhhHHH

hhheCCce------- cccccceeeccccc

RTRLDLPK-—————- AHWLDAACVGQVDA 321 (425)

R~~~gL~K---—-—- ~H~~DA~cig~~~~ 321 (425)

1--111+1 LH+D T+

R~~wgl~K~r~~n~~HHA~DA~lia~~~~ 999 (1372)

RKDFQFYKVREINNYHHAHDAYLNAVVGT 999 (1372)
HHHTTCCCCTTTCSHHHHHHHHHHHHHHH
HHHcCCCccCCCCcchhHHHHHHHHhecH

182
182

810
810

257
257

890
890

299
299

970
970

(425)
(425)

(1372)
(1372)

(425)
(425)

(1372)
(1372)

(425)
(425)

(1372)
(1372)

>C0G3513 Predicted CRISPR-associated nuclease, contains McrA/HNH-nuclease and RuvC-like nuclease domain [Defense

me

Probab=99.48 E-value=3.6e-14 Score=154.15 Aligned_cols=138

Q
Q
Q

-
T
T
Q
Q
Q
-
T
T

444 ©O0O0

No

chanisms]

ss_pred
Thu_Feb_20_16:
Consensus

Consensus
C0G3513
ss_pred

ss_pred
Thu_Feb_20_16:
Consensus

Consensus
C0G3513
ss_pred

ss_pred
Thu_Feb_20_16:
Consensus

Consensus
C0G3513
ss_pred

5

184
184

561
561

255
255

641
641

301
301

721
721

hHHHHHHHHhCCccceceCCe-——-—-—- CCceeEeeeccccCCCCcchhhhhhhhhhhhhhheeCCHHHHheec-HHHHH
EVREYLLEKWGRKCTYCGTK- —---DVPLEVEHIHPRSRGGTDRVSNLTMACHACNQSKGNQD IRDFLFGK-PELLQ
~vrey~l-k-~~~C~yCg~~-------- ~~~Lev~Hl-prs—~gGsd~~sNl-1-C~~Cn~~K-n~~~~~Fl~~~—~~~1~
+ot=| | -] P R I s Ry e I I R R I R |+

i IKLrLY~~Q-gkemYsggei~1-rL~dk——~elDHi~P—Sr—-DDS-~NKVLv-s-—Ng-KgnqtP—e-——~k-s—-q
ILKLRLYYLQNGKCMYSGQEIDIHRLSDKGYYEIDH I VPQSRTWDDS IDNKVLVLSSENQEKGNQTPYEEFVGKNSAKWQ
hhHHHHHHHhcCccceecCececchhhecececcceeeceecccccccecccccceeEEeccccccccCCCCHHHHhhhhHHHHH

HHHHhcecCCchh-
RILRKAKAPLKD-

~HHHHHHHhhCCC eEEeechhhhhhh

LTTGTGGQTKFNR

---*L-1 S]] -1+
k~~~~vL~s~~~~tK~eR~I1-~~Dk~~Fi~RnLndTRy I-r~v-n~1-~r1-1-~d~n-kl~~kv~-V~t-~g~1ts~IR
KLEAGVLASQRPFTKAER I LLQEYDKAGF IDRNLNDTRY IARFVANYLKDRLNLSGDENTKLGSKVRVFTLKGQLTSLLR
HHHHHHHhccCchhHHHhhhhhhhehheehhheechHHHHHHHHHHHHHHHhcceceCCecececccceeEEEecchHHHHHHH

hheCCec------- cccccceeeccccc
TRLDLPK-===--- AHWLDAACVGQVDA 321 (425)
~~~gL~K-—————- ~H-~DA-cig—~—~ 321 (425)
--11-1 ]+

~~wgl-kvr-~N-~HHA-DAVWVa-a-~ 748 (1088)
KTWGLYKVRENNNYHHAHDAVVVACALN 748 (1088)
hhcceeeecccccchhhhhhhheecccH

254
254

640
640

300
300

720
720

Identities=28% Similarity=0.304 Sum_probs=0.0

(425)
(425)

(1088)
(1088)

(425)
(425)

(1088)
(1088)

>2qgp_A HNH endonuclease; Q39X46, GMR87, X-RAY, NESG, structural genomics, PSI-2, protein structure initiative;
2_.60A {Geobacter metallireducens gs-15} PDB: 4h9d _A

Probab=99.41 E-value=1.8e-13 Score=119.11 Alignea_cols:GO

Q
Q
Q

T
T
T
T

No
>PF1.

Probab=99.23 E-value=4.6e-12 Score=96.76 Aligned_cols=46 Identities=50% Similarity=0.959 Sum_probs=0.0

Q
Q
Q

T

T PF13395_consen

T

No
>PFO

Probab=99.12 E-value=2.7e-11 Score=88.50 Aligned_cols=44 Identities=41% Similarity=0.954 Sum_probs=0.0

Q
Q
Q

T

T PF01844_consen

T
T

ss_pred
Thu_Feb_20_16:
Consensus

Consensus

2qgp_A
ss_dssp
ss_pred

6

186
186

27
27

HHHHHHHhCCcccceCCeCCe--eeEeeeccccCCCCcchhhhhhhhhhhhhhhecCCHHHH
REYLLEKWGRKCTYCGTKDVP-~-LEVEHIHPRSRGGTDRVSNLTMACHACNQSKGNQDIRDF 245 (425)
rey~l-k-~~~C~yCg~~~~~ —--Lev~-Hl-prs~gGsd~~sNl~1-C~~Cn~~K~n~~~~~f 245 (425)
L e R I e e e NN R R S A B PR Eaad P I R RSt o I |

g-C~yCg iDHiiP~s~gg~—~—~ NIv~~C~~CN~~K~~~~p~e~ 88 (112)
QWWKNR ARG I CHYCGE I FPPEELTMDHLVPVVRGGKSTRGNVVPACKECNNRKKYLLPVEW 88 (112)
HHHHHHHHHTBCTTTCCBCCGGGEEEEESSCTTTTCCCSTTTEEEEEHHHHHHHHTCCSHHH
HHHHHhHhCCCcCCCcCCCCCCccceccceeeecCCCCCChhHhHHhhHHHHHHHCCCCHHHH

3395 HNH_4: HNH endonuclease

ss_pred
Thu_Feb_20_16:
Consensus
Consensus

ss_pred

7

197
197

1
1

ccccCCeCCee---—-—— eEeeeccccCCCCcchhhhhhhhhhhhhhheeCCH
CTYCGTKDVPL-=-=~~~ EVEHIHPRSRGGTDRVSNLTMACHACNQSKGNQDI 242 (425)
C~yCg~—~~~ ev-HIl-prs-gGsd-~sNI-1-C~~Cn~~K-n~~~ 242 (425)

I-111++ S NN R Rl PR o E RS R K R |
C~-Y~g~—~i~~~~1-~~~~~iDHi iP~s~~~~~s~~Nlvl~~~~~N~~K~~k~P 53 (54)
CPYCGKP ISIENLFKNKYEIDHI IPRSRGGDDSFWNLVL.CCKECNRSKGNKTP 53 (54)
CCCCCCCCChhhececCCceeEEEecccccCCCCechhheECHHHhhecececeCC

1844 HNH: HNH endonuclease PDB: 2QGP _C.

ss_pred
Thu_Feb_20_16:
Consensus

Consensus

ss_dssp
ss_pred

197
197

1
1

cccecCCcC---CeceeEeeeccccCCCCecchhhhhhhhhhhhhhheeC
CTYCGTKD---VPLEVEHIHPRSRGGTDRVSNLTMACHACNQSKGNQ 240 (425)
C~yCg~~~---~~Lev~-Hl-prs~gGsd~~sNI~1-C~~Cn~~K~n~ 240 (425)
|++]]+-- e NN R R B R O R B
Cc—~C v~Hi gg~———~| NI-~1C~~Ch~~k~~k 47 (47)
CQYCGKPGSDNESLHVHH I IPRSKGGKNDLENL I LL.CPSCHRKKHDK 47 (47)
-TTT--B--GG-GEEEEESS-TTTT---STTTEEEEEHHHHHHHH--
CCCCCCcCccCecceEeECcCchhecCCCCCHHHHHHHNHHHHHHhCCC

Identities=28% Similarity=0.499 Sum_probs=0.0


http://pdb.rcsb.org/pdb/explore.do?structureId=4CMP
http://pdb.rcsb.org/pdb/explore.do?structureId=4cmq
http://www.ncbi.nlm.nih.gov/COG/old/palox.cgi?COG3513
http://pdb.rcsb.org/pdb/explore.do?structureId=2QGP
http://pdb.rcsb.org/pdb/explore.do?structureId=4h9d
http://pfam.sanger.ac.uk/family?acc=PF13395
http://pfam.sanger.ac.uk/family?acc=PF01844
http://pdb.rcsb.org/pdb/explore.do?structureId=2QGP

No 8
>C0G1403 McrA Restriction endonuclease [Defense mechanisms]
Probab=98.76 E-value=5.4e-09 Score=91.49 Aligned_cols=61 Identities=36% Similarity=0.641 Sum_probs=0.0

Q ss_pred hHHHHHHHHhCCccceeCCe-CCceeEeeeccccCCCCcchhhhhhhhhhhhhhhecCCHHHH

Q Thu_Feb_20_16: 184 EVREYLLEKWGRKCTYCGTK-DVPLEVEHIHPRSRGGTDRVSNLTMACHACNQSKGNQDIRDF 245 (425)

Q Consensus 184 ~vrey-l-k-~~~C~yCg~~-~~~Lev~-Hl-prs-gGsd~~sNl~1-C~~Cn~~K~n~~~~~f 245 (425)
PR e R s Bl RS S I Bl S I (PR E Y IR [ Y I B .

T Consensus 59 ~~r~~~~~~ d~~~c~~Cc~~~~~ ~~~~~dHiip~~~g~~~~~~ NI~~lc~~c~~~k~~~~~~~~ 120 (146)

T C0G1403 59 KTRRAVLLRDNGLCQYCGSVGT-DLEVDHIVPLSRGGASAWENLETLCERCHNKKGSRLPGKA 120 (146)

T ss_pred HHHHHHHHhccccceceeCCeCC-CeceeeEEEeeccCCccHHHHHHHHHHHhcccecececececece

No 9

>PF14279 HNH_5: HNH endonuclease
Probab=97.05 E-value=0.00038 Score=56.63 Aligned_cols=39 Identities=38% Similarity=0.837 Sum_probs=0.0

Q ss_pred ccccCCcCCcee--EeeeccccCCCCcchhhhhhhhhhhhhhhe

Q Thu_Feb_20_16: 197 CTYCGTKDVPLE--VEHIHPRSRGGTDRVSNLTMACHACNQSKG 238 (425)

Q Consensus 197 C~yCg~~~~~ Le--v~HI~prs~gGsd~~sNl-1-C~~Cn~~K~ 238 (425)
I-11++- B 1 B B Bl U EE I P P |

T Consensus 1 Ci~C~—~~~~~~~~s~EHIIP~SLGG~~~~~~ ---vC~~CN~~~g 41 (71)

T PF14279_consen 1 CIYCNKEKSESNFSEEH I IPESLGGKLKINN---VCDKCNNKFG 41 (71)

T ss_pred CccCCCCCCccClleeccCechheCCeccecece---hhHHHhHHHN

No 10
>PF13391 HNH_2: HNH endonuclease
Probab=96.99 E-value=0.0006 Score=53.06 Aligned_cols=44 Identities=27% Similarity=0.269 Sum_probs=0.0

Q ss_pred ccccCCcC----CceeEeeeccccCC--CCC-—————————— chhhhhhhhhhhhhhhceC

Q Thu_Feb_20_16: 197 CTYCGTKD- VPLEVEHIHPRSRG--GTD-~ ~RVSNLTMACHACNQSKGNQ 240 (425)

Q Consensus 197 C~yCg~~~----~~Lev-Hl-prs~g--Gsd----------~ ~~sNI~-1-C~~Cn~~K~n~ 240 (425)
|+ 1]--+ P Rt I I P Rand RS S RS B

T Consensus 1 C-itg———m eaaHl~-P-s Ngl~L~~~1H~~Ffd~~ 61 (66)

T PF13391_consen 1 CVITGIRDPSPWELLEAAHIVPFSLGSWWMNNWFGEYANDWISPSNGLLLRPDLHKLFDRG 61 (66)

T ss_pred CcCCcCCcCCCCCcEEEEEcccCccCCCchhhhhhhhheceCCCeccEEEECCHhHHHHHCCC

No 13

>1e71_A GP49, recombination endonuclease VIIl; resolvase, holliday junction, DNAse; HET: S04; 1.32A {Bacteriophage
T4} SCOP: a.140.4.1 d.4.1.5 PDB: 2gnc _A* 1en7 _A 1le7d _A 2qnf _A*
Probab=91.18 E-value=0.29 Score=45.98 Aligned_cols=53 Identities=19% Similarity=0.421 Sum_probs=0.0

Q ss_pred hHHHHHHHHhCCccceceCCe----CCceeEeeeccccCCCCcchhhhhhhhhhhhhhhe
Q Thu_Feb_20_16: 184 EVREYLLEKWGRKCTYCGTK----DVPLEVEHIHPRSRGGTDRVSNLTMACHACNQSKG 238 (425)
Q Consensus 184 ~vrey-l-k~~~~C~yCg~~----~~~Lev~HI~prs~gGsd~~sNIl-1-C~~Cn~~K~ 238 (425)
I N P I 1 I N el [ [
T Consensus 10 ~~~~~1--~Q-g-C~IC~—~~1~~~~~~~~ VDHdH~~~--g~~tG~VRGILC~~CN~~IG 66 (157)
T 1le7l_A 10 EEKQKFYDAQNGKCL I CQRELNPDVQANHLDHDHELN-~-GPKAGKVRGLLCNLCDAAEG 66 (157)
T ss_dssp HHHHHHHHHTTTBCTTTCCBCCSSGGGSEEEECCCCS--STTTTBEEEEECHHHHHHHH
T ss_pred HHHHHHHHHhCCcCccecCCececececececcecececcCCCCCC--CCCCCechhhecHhHhechhe

No 16
>1hjr_A Holliday junction resolvase (RUVC); site-specific recombinase; 2.50A {Escherichia coli} SCOP: c.55.3.6
Probab=87.67 E-value=1.5 Score=40.99 Aligned_cols=41 Identities=22% Similarity=0.353 Sum_probs=0.0

Q ss_pred EEEEECCCCCCEEEEEEECC---~EEEEEEEEE@CChHHHHHHHH

Q Thu_Feb_20_16: 56 LELKLDPGSKVTGIAIKQGN----KIIFGAELQHRGQQIKDALLS 96 (425)

Q Consensus 56 i~1giDpG-k-~G-av————----—~l-—~el-~r---vk-—l-~ 96 (425)
DN B R P N S +]1--

T Consensus 2 ~ILGIDPGI~~tG~gVi~~~g~—~~~~Vv~~G~i~t~—~~~~~-RIl-~ 46 (158)

T 1hjr_A 2 11LGIDPGSRVTGYGVIRQVGRQLSYLGSGCIRTKVDDLPSRLKL 46 (158)

T ss dssp EEEEEECCSSEEEEEEEEEETTEEEEEEEEEEECCCSCHHHHHHH

T ss_pred EEEEEccCCCCeeEEEEEecCCeEEEEEeeEEECCCCCHHHHHHH

No 17

>PF02075 RuvC: Crossover junction endodeoxyribonuclease RuvC; PDB: 1HJR _A.
Probab=87.43 E-value=1.4 Score=40.65 Aligned_cols=40 Identities=23% Similarity=0.387 Sum_probs=0.0

Q ss_pred EEEECCCCCCEEEEEEECC----EEEEEEEEEeCCh-HHHHHHHH

Q Thu_Feb_20_16: 57 ELKI.DPGSKVTGIAIKQGN----KIIFGAELQHRGQ-QIKDALLS 96 (425)

Q Consensus 57 ~1giDpG-k-~G~av-—~~~--——~~1 el~~r-——-vk-~1-~ 96 (425)
LN - -+ 1+ D+ S S |

T Consensus 1 ILGIDPgl-~tG-avi~~~~~~~~~ i—G-l-t— RI-~ 45 (149)

T PF02075_consen 1 ILGIDPGLSNTGYAVIEEDGGKLRL IDYGTIKTSSKDSLPERLKE 45 (149)

T ss_dssp EEEEE--SSEEEEEEEEEETTEEEEEEEEEEE - - -S—-HHHHHHH

T ss_pred CEEECCCCCCeeEEEEEeeCCEEEEEE@CEEECCCCCCHHHHHHH

No 18

>4ep4_A Crossover junction endodeoxyribonuclease RUVC; resolvase, hydrolase; 1.28A {Thermus thermophilus} PDB:
4ep5 _A
Probab=86.99 E-value=1.3 Score=41.83 Aligned_cols=41 Identities=17% Similarity=0.267 Sum_probs=0.0

Q ss_pred EEEEECCCCCCEEEEEEECCEE EEEEEEEeCch-HHHHHHHH

Q Thu_Feb_20_16: 56 |ELKLDPGSKVTGIAIKQGNKI IFGAELQHRGQ-QIKDALLS 96 (425)

Q Consensus 56 i~1giDpG~k~~G~av——~~~~~ I-—el~—~r———-~vk-—~1-~ 96 (425)
S+ ]+ - ARCSERETL PP | B

T Consensus 2 rILGIDPGI~~tG~gvi~~~g v—~G~1-t RL~~ 50 (166)

T 4ep4_A 2 VVAGIDPGITHLGLGVVAVEGKGALKARLLHGEVVKTSPQEPAKERVGR 50 (166)

T ss_dssp EEEEEECCSSEEEEEEEEECSSSSSCEEEEEEEEEECCTTSCHHHHHHH

T ss_pred EEEEEccccCceEEEEEEecCCccceEEEEEeCeEECCCCCCHHHHHHH


http://www.ncbi.nlm.nih.gov/COG/old/palox.cgi?COG1403
http://pfam.sanger.ac.uk/family?acc=PF14279
http://pfam.sanger.ac.uk/family?acc=PF13391
http://pdb.rcsb.org/pdb/explore.do?structureId=1E7L
http://scop.mrc-lmb.cam.ac.uk/scop/search.cgi?key=a.140.4.1
http://scop.mrc-lmb.cam.ac.uk/scop/search.cgi?key=d.4.1.5
http://pdb.rcsb.org/pdb/explore.do?structureId=2qnc
http://pdb.rcsb.org/pdb/explore.do?structureId=1en7
http://pdb.rcsb.org/pdb/explore.do?structureId=1e7d
http://pdb.rcsb.org/pdb/explore.do?structureId=2qnf
http://pdb.rcsb.org/pdb/explore.do?structureId=1HJR
http://scop.mrc-lmb.cam.ac.uk/scop/search.cgi?key=c.55.3.6
http://pfam.sanger.ac.uk/family?acc=PF02075
http://pdb.rcsb.org/pdb/explore.do?structureId=1HJR
http://pdb.rcsb.org/pdb/explore.do?structureId=4EP4
http://pdb.rcsb.org/pdb/explore.do?structureId=4ep5

No 22
>4oge_A HNH endonucl

ease domain protein; crispr-CAS, CAS9, RUVC, RNA-guided DNA endonuclease, cytoplasmi

hydrolase; HET: SPD; 2.20A {Actinomyces naeslundii} PDB: 4ogc _A*

Q ss_pred
Q Thu_Feb_20_16:
Q Consensus

Consensus
4o0ge_A
ss_dssp
ss_pred

Probab=80.53 E-value=1.3 Score=52.86 Aligned_cols=74 Identities=19% Similarity=0.209 Sum_probs=0.
EEEEECCCCCCEEEEEEECC------| chHHHHHHHHHHHHHhhhcececeCeeCCchhheeeC

56 LELKLDPGSKVTGIAIKQGN- GQQIKDALLSRRQLRRGRRNRKTRYRQPRFLNRNR

56 i~1giDpG—k~~G~av—~~~--——-- ~~~Vk~~1~~Rr~~RR~RR~rk~ryR~~RF~NR~r

L e e O 1 e s LR FR ] LN sy B ER e

12 YrLGLDIGi~SiGWAVi~~d~~~~p~~1i~~GVRiF~~g~~~~~~ K-8~ RP-~R~~RR~~FRrk~R——~1-~ 11~

12 LRVGIDVGTHSVGLATLRVDDHGTP IELLSALSHIHDSGVGKEGKKDHDTRKKLSG I ARRARRLLHHRRTQLQQLDEVLR
EEEEEEECSSEEEEEEEEECTTCCEEEEEEEEEEECC -CHHHHHHHHHHHHHHHHHHHHHHHHHH

ss_pred
Thu_Feb_20_16:
Consensus

Consensus
4o0ge_A
ss_dssp
ss_pred

4444 o000 HA---

No 37

eEEEEEecccceeeEEEEecCCCCcceeeecceEeccCCCCccccCccccchHHHHHHHHHHHHHHHHHHHHHHHHHHHH

cccecchh
122 PDGWLAPS 129 (425)
122 —-gwL-PS 129 (425)

--II+II+
92 ~~g-——~ 99 (1101)
92 DLGFPIPT 99 (1101)
TTTCCCC-
Hececece

>4cmp_A CAS9, crispr-associated endonuclease CAS9/CSN1; hydrolase, DNAse, RNA-guided, immunity, crRNA, g
editin; 2.62A {Streptococcus pyogenes} PDB: 4cmg _A

Probab=58.70 E-value=5.3 Score=49.16 Aligned_cols=53 Identities=28% Similarity=0.396 Sum_probs=0.

Q ss_pred
Q Thu_Feb_20_16:
Q Consensus

T Consensus
T 4cmp_A
T ss_dssp
T ss_pred

No 44

CCEEEEECCCCCCEEEEEEEC CEEEEEEEEEeCchHHHHHHHHHHHHHhhhcceeCe
54 QDLELKLDPGSKVTGIAIKQG--- NK 1 IFGAELQHRGQQ IKDALLSRRQLRRGRRNRKTR 1
1

54 qpi-1giDpG-k—~G-av——~--- el~~r-~-vk-~1--Rr—-RR-RR-rk-r 1
++ - - - - ++ R PR S =++] |-+ -+] | +--+]

7 k-y~IGLDiGTnSVGWAv-d k k~~~G~ rlF»»g t----aaeRr——~R——RRr——Rr

7 KKYSIGLDIGTNSVGWAV I TDEYKVPSKKFKVLGNTDRHS IKKNL I GALLFDSGET----AEATRLKRTARRRYTRR
~CCEEEEEECSSEEEEEEECTTSCCCEEEEEBCSSSSCCEEEEESEEEEECCCCSC-~~-~HHHHHTSCCHHHHHHHH

CCceeeeccccCcceeEEEcCcccchhhhheecececCeceCeCCecceccccecCeCCec----hHHHHhhHHHHhhHHHH

>C0G0675 Transposase and inactivated derivatives [DNA replication, recombination, and repair]

Probab=50.60 E-value=75 Score=31.60 Aligned_cols=152 Identities=18% Similarity=0.323 Sum_probs=0.

Q ss_pred
Q Thu_Feb_20_16:
Q Consensus

Consensus
C0G0675
ss_pred

ss_pred
Thu_Feb_20_16:
Consensus

Consensus
C0G0675
ss_pred

444 000 - --

ss_pred
Thu_Feb_20_16:
Consensus

Consensus
C0G0675
ss_pred

444 ©O0O0

No 57

EEEEEEeccCCCccCCEEEEECCCCCCEEEEEEECCEEEEEEEEEE@CchHHHHHHHHHHHHHhhheceeceCeeCCehhhee
40 FTLILKEAHPDVPVQDLELKLDPGSKVTGIAIKQGNKI IFGAELQHRGQQ I KDALLSRRQLRRGRRNRKTRYRQPRFLNR
40 Ftl-L-—~~~~~~~~ qpi~lgiDpG~k~~G~av ~~~~~~ I~~~eI~~r~~~vk~~I~~Rr~~RR~RR~rk~ryR~~RF~NR
L O —+11l-1 R S +o.. L ——e. EaE
161 v - ngIg—— - k~1s
161 VLVEVEEEEP-VPKPGKVVGIDLG--LKNLATVSDN---GTVP IPRDGRKLLKRLKKAQKRLSRKKSRSKRRKKAKLKLA
EEEEeccccc-cCCCCCeEEEecC--CceEEEEeCC---ccccCehhHHHHHHHHHHHHHHHHHHhhhhhhhhhHHHHHH

cccccccchhHHHHHHHHHHHHHHHHHhCCechheeeeeeeehhhheCCecccceecccceccch-hHHHHHHHH--hC--
120 NRPDGWLAPSLKHRVDTVLTWVNRLRNLAPLGSIAQELVRFDLQKLQNPEISGIEYQQGELQGY-EVREYLLEK--WG--

120 ~r——gwL-PSi~~~~~~~~~~ v=~l~~~~Pi~~i~~E~v-fD-gk--np~i~G-~YQqg~1-g~-~vrey-l-Kk--—~—-
P it SE I S Y [P ERPTT e S B I |

285 ~~~~——~mr~~~~k Y i 1-yka

235 RLRE--RIRNRRKDFHKLAKKLVELADLVGVETLVVEDLVK RRS | SDWAFGELRRQLEYKAEWGG
HHHH--HHHHHHHHHHHHHHHHHHHhhh ccce cchhhhhHHHHHHHHHHHHHhCCe

195 233 (425)

195 233 (425)

299 ~Cc 328 (364)

299 LSGRLFKCPRC 328 (364)

eEEEcCCCCCccccccecC cCceEECCCC

>C0G3513 Predicted CRISPR-associated nuclease, contains McrA/HNH-nuclease and RuvC-like nuclease domain
Probab=36.67 E-value=30 Score=40.66 Aligned_cols=63 Identities=32% Similarity=0.385 Sum_probs=0.0

Q ss_pred
Q Thu_Feb_20_16:
Q Consensus

T Consensus
T COG3513
T ss_pred

No 75
>PF01385 OrfB_1S605:

Probab=29.04 E-value=39 Score=31.85 Aligned_cols=110 Identities=16% Similarity=0.156 Sum_probs=0.

Q ss_pred
Q Thu_Feb_20_16:
Q Consensus

Consensus
PF01385_consen
ss_pred

— =

ss_pred
Thu_Feb_20_16:
Consensus

Consensus
PF01385_consen
ss_pred

444 ©O0O0

CEEEEECCCCCCEEEEEEECCE EEEEEEEeCch-HHHHHHHHHHHHHhhhcececeCeeCCehhh
55 DLELKLDPGSKVTGIAIKQGNK-=-=====mmeeem I IFGAELQHRGQ-Q IKDALLSRRQLRRGRRNRKTRYRQPRFL 1
55 pi~1giDpG-K-~G-av-~~~~---——mm e ~l-—~el--r——--vk-~1-~-Rr--RR~-RR~rk~ryR-~RF~ 1
N B By B R 2 Ranty | EEE BN e I ) B s I
4 ~yilglDIGi~SVGWAvve~-de~~~~~~ Ikd~Gvrif-~ae~pktGeslA~~rRLaRsaRRr~~RRk~RI~~1krL~

4 AYILGLDIGINSVGWAVVEDDEDEVPIKLKDLGVRIFEGAELPKTGESLALARRLARSARRR IRRRKNRLLYLKRLL
ceEEEeeccccceeeEEeeccccccchHHHHhhhhhheeceecCCechhhHHHHHHHHHHHHHHHHHHHHHHHHHHHH

Probable transposase;

EEEEEEeccC---CCccCCEEEEECCCCCCEEEEEEECCEEEEEEEEEeCchHHHHHHHHHHHHHhhhecceceCeeC---C
40 FTLILKEAHP---DVPVQDLELKLDPGSKVTGIAIKQGNKI IFGAELQHRGQQ I KDALLSRRQLRRGRRNRKTRYR---Q

40 Ftl-L-—~~—~ ~——~~~~qpi~1giDpG-k~~G-av—~~~~~ I-—el-~r-—-vk-~1-~Rr--RR~-RR~rk-~ryR---~
J++ ] -++o0 ol LL EFE S I 1 B P S S S P LT S R S -
106 ~yl-i vgVDIGi A~~~ 1 1 k~
106 WYLSITVEVEVEPPPPDTEKVVGVDLGIKNLATVSSGDGTR----— F 1 INGKELKS IKKRLRKLRRRLQRKKKKSKKRKL
CCCCCCCCCCCCCCCCCCC CCCCeeecccccCccce————— cccccccccccccccccccchhececeecececececech

chhhceeCCCCCCChhHHHHHHHHHHHHHHHHHhCCCchheee
114 PRFLNRNRPDGWLAPSLKHRVDTVLTWVNRLRNLAPLGSIAQE 156 (425)
114 ~RF-NR-r——QWL-PSi~————————-y-—l-——-Pi—i—E 156 (425)

181 221 (227)
181 RRKLARLHRK-—IRNRRKDFLHKVSKK1VKEADEIGVEDLVVE 221 (227)
hhHHHHHHHH - ~HHHHHHHHHHHHHHHHHH CCeEeeCccEeC

c,
0
121 (425)
121 (425)

91 (1101)
91 (1101)

enome

0

10 (425)
10 (425)

79 (1372)
79 (1372)

0
119 (425)
119 (425)

234 (364)
234 (364)

194 (425)
194 (425)

298 (364)
298 (364)

17 (425)
17 (425)

80 (1088)
80 (1088)

0
113 (425)
113 (425)

180 (227)
180 (227)
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Supplementary Figure S9. CRISPR repeats and tracrRNA orthologs pairwise identity. (A) Sequence
identity of each type Il CRISPR repeat pair is represented with a color scale from green (lowest) to red
(highest identity). The repeat sequences are ordered according to the corresponding Cas9 sequences on the
Cas9 phylogenetic tree. The numbers on the left indicate the exact position on the tree. Color bars on the top
and left correspond to the colors of Cas9 tree clusters. (see Figure 4 and Supplementary Table S1) Note the
high similarity of the repeat sequences belonging to the same, large clusters of the Cas9 tree. (B) Sequence
identity of every tracrRNA sequence pair is represented with a color scale from green (lowest) to red (highest
identity). The tracrRNA sequences are ordered according to the corresponding Cas9 sequences on the Cas9
phylogenetic tree and the numbers on the left indicate the exact position on the tree. Color bars on the top
and left correspond to the colors of the Cas9 tree clusters (see Figure 4 and Supplementary Table S1). Note
that tracrRNA sequences show higher similarity only in small clusters of closely related loci.



Type 1I-B

F. novicida 3523
GUUUCAGUUACUAGAUUAUCUGAUAUACUA-UCUUAG
GUUUCAGUAGCUAGAUUAUUUGGUACAUACUAGUGUU
UUUUCGUUAAUUAGGUUAUUUGAUAUACUGCUUUCAA
AUUUUAGCGGUUAUAUUAUCUGAUAUACUUUACCCAG
GUUUCGGUAGCUAGGUUAUUUGAUGUACAAUAAAAAC

UUAUAAGUAGCUAGAUUAUUUGAUAUACUGCUGUUAG
GUUUCAGUAGCUAGAUUAUUUGAUAUACUGCUGUUAG

F. novicida U112 and Fx1

UUUUUAGUAAACUAGACUAUUUAAUAAACUA-UGUUAG
GUUUCAGUUGUUAGAU-UAUUUGGUAUGUACUUGUGUU
UUUUUAUUAUUUGAAU-GCUUUGGUAGUAUGUUGAGAU

GUUUUCGUGAUUAUAU-UAUUUGAUACAAUGUGUCCAA
GUUUCAGUUGCUGAAU-UAUUUGGUAAACUACUGUUAG

Gammaproteobacterium HTCC5015

AUAACAAGGGAGUAUUUGCUGGAAUAAGCUCUGAAAC
GUUUCAGCUGUUGGUUUGUUGGGAUAAGCUCUGAAAC

Distance from 1% repeat: 55 nt instead of ~33 nt spacer

Wolinella succinogenes DSM1740

UUUGUUAAAGCUGGAUGGGAUUAUUAUAGAGUGUUGC
GUUUCACAGGCUAAGCGGAUUUGCUAUAAAGUGUUGC

Distance from 1% repeat: 37 nt, like other spacers (~33-37 nt)

Legionella pneumophila str. Paris

AUUUCAUUAGUUAAAUUUUUAGAUGAGGGAUUAUUGG
GUUUCAGUGGUUGGAUUUUUAGAUGAGGGAUUAUUGG

Distance from 1% repeat: 38 nt, like other spacers (~34-36 nt)

Sutterella wadsworthensis 3 1 45B

GUUUCAGCGCUUUAGCUUGCAGCGUUAUGAUCUCUAU
GUUUCAGUGCUAUAGCUCGUAGCGUUAUGAUCUUCGC

Distance from 1% repeat: 38 nt, like other spacers (~33-39 nt)



Type lI-A
Streptococcus pyogenes M1 GAS

GUUUUAGAGCUAUGCUGUUUUGAAUGGUCCCAAAAC
GUUUUAGAGCUAUGCUGUUUUGAAUGGUCUCCAUUC

Streptococcus thermophilus LMD-9

GUUUUUGUACUCUCAAGAUUUAAGUAACUGUACAAC
GUUUUUGUACUCUCAAGAUUUAAGUAACUGUACAGU

Treponema denticola ATCC 35405

GUUUGAGAGUUGUGUAAUUUAAGAUGGAUCUCAAAC
GUUUGAGAGUUGUGUAAUUUAAGAUGACAACCAAGC

Type lI-C
Neisseria meningitidis 22491

GUUGUAGCGCCCAUUCUCAUUUCGCAGUGCUACAAU
GUUGUAGCUCCCUUUCUCAUUUCGCAGUGCUACAAU

Campylobacter jejuni subsp. jejuni NCTC 11168

AUUUUAGUCCCUUUUUAAAUUUCUUUAUGGUAAAAU
GUUUUAGUCCCUUUUUAAAUUUCUUUAUGGUAAAAU

Candidatus Puniceispirillum marinum IMCC1322

UGGGGGGUAGGCUCUCAAUCACCAGAGUGCUAUACU
GUUGCUCUAGGCUCUCAAUCACCAGAGUGCUAUACU

Supplementary Figure S10. Degenerated repeats of type Il CRISPR-Cas. Black:
consensus repeat sequence; red: degenerated repeat sequence; yellow highlighted: scaRNA
repeat. Nucleotides mutated in the degenerated repeats are highlighted in grey. For every
strain, the repeats are listed in the direction of 5’ to 3’ end of the CRISPR array. For the type
11-B, the degenerated repeat distance from the first, regular repeat in the array is given. Note
that unlike type 1I-B, type 1I-A and II-C repeats display a lower amount of mutations and their
distribution are typically at one of the repeat ends.



Streptococcus pyogenes
SF370

GUUUUAG--AGCUAUGCUGUUUUGAAUGGUCCCAAAAC

[11Te FEEEEErrrrrrr et
AAAUUGAACGAUACGACAAAACUUACCAAGGUUGUU

Listeria innocua
Clip11262

GUUUUAG--AGCUAUGUUAUUUUGAAUGCUAACAAAAC

[1l]e FEEEEEEEEr ettt rrrer |
AAAUUGAACGAUACAAUAAAACUUAUGAUUGUUAUA

GUUUUAG--AGCUGUGUUGUUUCGAAUGGUUCCAAAAC

[1l]e L B B B
AAAUUGAGCGACACAACAAAGCUUACCAAAGUUUGG

Streptococcus thermophilus
LMD-9

GUUUUAG--AGCUGUGUUGUUUCGAAUGGUUCCAAAAC

[11Te FEETEEEEEE et rrrr 1l
AAAUUGAACGACACAACAAAGCUUACUAAGGUUGUG

Streptococcus mutans
UA159

B
Neisseria meningitidis GUUGUAGCUCCCUUUCUCAUUUCGCAGUGCUACAAU
72491 AR e R R RN R R R
UAACAUCGUUGCCAAGAGUAAAGCGUCACGCUGUUA
Pasteurella multocida GUUGUAGUUCCCUCUCUCAUUUCGCAGUGCUACAAU
PM70 sthErtbre 0 FEEEEEr et rrrtd
UAACAUCGUUGCAGAGAGUAAAGCGUCACGUUGUUA
C
Enterococcus faecalis GUUUUUGUAC--UCUCAAUAAUUUCUUAUCAGUAAAAC
TX0012 ARRRREN FEEEEEEEE TR et
UAAAAACAUCUAAGAGUUAUUAAAGAAUAGUCAUUUUA
Eubacterium rectale AUUUUAGUA-A-CUGAAUAAUUUACGUGACUGUAAAAC
ATCC 33656 LR bttt
AAAUCAUCUAGACUUUUUAAAUGCACUGAUAUUUUA
Streptococcus thermophilus GUUUUUGUA-CU-CU-CAAGAUUUAAGUAACUGUACAAC
LMD-9 RN N R AR R R RN RN
UAGAAACAUCGAAGACGUUCUAAAUUCAUUGACACA
D

GUUUGAG-A-ACCUUGUAAAUCAAUAAGUAUGUAAAAC

Eubacterium yurii subsp. margaretiae
4 P 9 FITTTTe L O B B

ATCC 43715 CAAACUUGAGUGGAACAUUUAGUUACUAUUAC-UAUA
GUUUGAG-A-ACUAUGUAAAUUAU---GCUGGUA----GCAAAAC
Solobacterium moorei F0204 [EEERA FEEEEEEEEErrnd ARREEN Il

CAAACUUGAAUGAUACAUUUAAUAGAAUGACCAUAUUCUGUUAAAG

Supplementary Figure S11. Compensatory mutations within CRISPR repeat:tracrRNA
duplexes suggest coevolution of type Il CRISPR-Cas RNA components. Basepairings:
upper sequence, repeat (5’ to 3’ orientation); lower sequence, tracrRNA antirepeat (3’ to 5
orientation). Highlighted are nucleotides different from the corresponding ones in top
duplexes for every panel. Color bars indicate clusters of Cas9 tree of selected loci (see
Figure 4). (A, B) RNAs associated with very closely related Cas9 orthologs (same
BLASTclust group, see Supplementary Materials and Methods and Supplementary Table
S1). (C, D) RNAs associated with Cas9 orthologs from the same Cas9 phylogenetic tree



cluster but from different BLASTCLUST groups. Note the conservation of the cofolding
pattern in (A, B, C) and 5 part of (D). The conserved structure at the 5’ part of the repeat in
(D) is most likely present in mature crRNA:tracrRNA duplex. Note, that bacterial strains in (C)

belong to different families (Bacilli and Clostridia) and in (D) to different phyla (Firmicutes and
Tenericutes).



@ EEEE F@™@EP™EE mMEMEmE® o mEmEAIN mEEEIE WP EEE

CENC IR RGN

novicida U112
novicida Fx1

novicida 3523
holarctica LVS

tularensis SCHU

novicida U112
novicida Fxl
novicida 3523
holarctica LVS
tularensis SCHU

novicida U112
novicida Fxl1
novicida 3523
holarctica LVS

tularensis SCHU

novicida U112
novicida Fxl
novicida 3523
holarctica LVS
tularensis SCHU

novicida U112
novicida Fx1
novicida 3523
holarctica LVS

tularensis SCHU

novicida U112
novicida Fx1l
novicida 3523
holarctica LVS

tularensis SCHU

novicida U112
novicida Fx1
novicida 3523
holarctica LVS
tularensis SCHU

sS4

sS4

sS4

S4

sS4

S4

sS4

CAACGTCTAGTTGTTTCCCATGCCATCCATTTAAGTTGATGTTTCACTAAATTCTTAATCCAAAACGAAATATAATTTTGCT-ATAACTATTATAACAAATAATCATTAAACTAACTGTATAAAACTAATAAAAATAACTTTAAAAAAGA
CAACGTCTAGTTGTTTCCCATGCCATCCATTTAAGTTGATGTTTCACTAAATTCTTAATCCAAAACGAAATATAATTTTGCT-ATAACTATTATAACAAATAATCATTAAACTAACTGTATAAAGCTAATAAAAATAACTTTAAAAAAGC
CAACGTCTGGTTGTTTCCCATGCCATCCATTTAAGTTGATTTTTCACTAAATTCTTAATCCAAAACGAAATATAATTTTGCTAATAGATATTATAACAAATAATCATTAAACTAACTGTATAAAGCTACTAAAAATAACTTTTAAAAGGC

TATTTTAAAGACCCTTTTAGCTTGGTTAGTTTGAGATTTTTATTTATACTTTATAAATACTGATAATCTCAATATTAGTTATGTTTACATTTTTGTTGTTAGCTATCGCGTTTATAGCAACCCTATATGCTTTATACTACTTTATTTTAG
TATTTTAAAGACCCTTTTAGCTTGGTTAGTTTGAGATTTTTATTTATATTTTATAAATACTGATAATCTCAATATTAGTTATGATTACACTTTTGTTGTTAGCTGTCGCGTTTATAGCAACCCTATATGCTTTATACTACTTTATTTTAG
TATTTTAGAAACTCTTTTA-TTTTGCTAGTTTGAGCTTTTTATTTATACTCTATAAATACTGATAATCTCAATATTAGTTATGATTACACTTTTGTTGTTAGCTATGGTATTTATGGCAACTTTATATTCTATATACTACTTTATTTTAG

CTATTGTTAAGCTAATTGTAGCGATATATCATTTTAACTATTTTTTTTCTAAAAATGATTCAAAAAATTAATTAATTCATAAAATAAATTGCTTAAAGTCTATCAAAACTTTGTTTGTCTATTTCTGAAAGTAGTATTTAGATAA--———
CTATTTTTAAGCTAATTGTAGCGATATATCATTTTAACTATTTTTTTTCTAAAACTGATTCAAAAAATTAATTAATTCATAAAATAAATTGCTTAAAGTCTATTAAAACTTTGTTTGTCTATTTCTGAAAGTAGTATTTAGATAA--———
CTATTATTAAGCTAATTGCAGCCATATATCATTTTAGCTATTATTTTT----AACTGATTCAAAAAA-TAATTAATCCATAAAATAAATTGCTTAAAGTCTCTTAAAACTTTGTTTACATAGCTCTTAGAATTAGGTTTTCATAAGCAAG

----AATCTTATGAAAAATTA--TTTTTAAATGAGTTTTTTAGTAAACTAGACTATTTAATAAACTATGTTAGAATTATCAAAGCAAATG-AAAAAGATTAGCTGTAAGTTTCAGTTGTTAGATTATTTGGTATGTACTTGTGTTA-— -~
----AAGCTTATGAAAAATTA--TTTTTAAATGAGTTTTTTAGTAAACTAGACTATTTAATAAACTATGTTAGAATTATCAAAGCAAATG-AAAAAGATTAGCTGTAAGTTTCAGTTGTTAGATTATTTGGTATGTACTTGTGTTA-— -~
TAATGATCTTACTAAATATTATTTTTTTTAATAAG--TTTCAGT-TACTAGATTATCTGATATACTATCTTAGGATTAGTCCAGCAAATGAAAAAAGATTAGCTGTAAGTTTCAGTAGCTAGATTATTTGGTACATACTAGTGTTATAGG

GTTTAAAGTAGCT-——-—--—-—-—- AGAAAATTCACTTTTAGACCTAC-TTATTTTTATTATTTG----AATGCTTT-GGTAGTATGTTGAGATCAACATTTTGCTGTAAAACTGTTTTCGTGATTATATTATTTGATACAATGTGTCCAAC
GTTTAAAGTAGCT-—-—-—--—- AGAAAATTCACTTTTAGACCTAC-TTATTTTTATTATTTG----AATGCTTT-GGTAGTATGTTGAGATCAACATTTTGCTGTAAAACTGTTTTCGTGATTATATTATTTGATACAATGTGTCCAAC
GTTAGGATTAACCTAACATATAAAGAACAATTAGCTGTAAATTTTCGTTAATTAGGTTATTTGATATACTGCTTTCAATACTGTACTTGAATTGATATTTTGCTATATAACTATTTTAGCGGTTATATTATCTGATATACTTTACCCAGA

TAGAAACT TTTAGGAA T A T T T AC A A A A T T A A T T A A~ — == — = = = = — = o o
TAGAAACT TTTAGGAA T A T T T AC A A A A T T A A T T A A~ — = — = — = = = = = o o o
TAGAAACTTCTAAATATTATTCGTAAAATTAATTAAGTTTCGGTAGCTAGGTTATTTGATGTACAATAAAAACT TACCTGTTTGATGCTAGGTAT TAGTGTTATTTATAAGTAGCTAGATTATTTGATATACTGCTGTTAGGGTATGACA

-------------------------- GTTTCAGTTGCTGAATTATTTGGTAAACTACTGTTAGACAATGGCAAGCTTGATTACTTTTATAGTGTGAT---GTTTCAGTTGCTGAATTATTTGGTAAACTACTGTTAGAAGGATTTAATAC
__________________________ GTTTCAGTTGCTGAATTATTTGGTAAACTACTGTTAGCTTTAACTCATCAAAATTCACAAATCACCTATTAAAAGTTTCAGTTGCTGAATTATTTGGTAAACTACTGTTAGATCAAATCGACAG
ATGACTATAACCAACACTCGTCCAGAGTTTCAGTAGCTAGATTATTTGATATACTGCTGTTAGTTTTCTTAATCTTAGGGTATCTAAATACAAATTCTCTGTTTCAGTAGCTAGATTATTTGATATACTGCTGTTAGAATAAGCATTTCA
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sS4

sS4
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S4

sS4

sS4

sS4

CTTAAAATTATCCAAATTTATATGTTTCAGTTGCTGAATTATTTGGTAAACTACTGTTAGTGCCTAATCCTCAGCAGCAACACTTAATTCAAGAATGTTTCAGTTGCTGAATTATTTGGTAAACTACTGTTAGTTACACATTCAGCTGGT
TAAATACATATATGAGAAGCT--GTTTCAGTTGCTGAATTATTTGGTAAACTACTGTTAGTAACGTTTTGGAATAAGTCTACATTTTCTTTATT--GTTTCAGTTGCTGAATTATTTGGTAAACTACTGTTAGATACAATCTTGTATTAA
AGATATTTTATTTAATTTTTAT-GTTTCAGTAGCTAGATTATTTGATATACTGCTGTTAGTCTAATGTAGAAGCTATATTATCTATTTCACAATT-GTTTCAGTAGCTAGATTATTTGATATACTGCTGTTAGCTGGTGGAGGCGGTCAA

TCTTTAGCATTATT--AACGTTTCAGTTGCTGAATTATTTGGTAAACTACTGTTAGAGTAATAGCCAATGCTTTTAAACTACTGATATATACGTTTCAGTTGCTGAATTATTTGGTAAACTACTGTTAGGCAATGACAGAAAACAGCACA
TGAGAGAGACAGATCCAACGT TTCAGTTGCTGAAT TAT T TGT TAGT TATCGAGCGTAAGAC T TGG T TAC TACAT CC AGA -~~~ = = = — = — o e
ACTGGCGGCGAGGGTGA--GTTTCAGTAGCTAGATTATTTGATATACTGCTGTTAGAGTGCTTGAAACTTCAAGCCTGTTGTTGAAACGG--GTTTCAGTAGCTAGATTATTTGATATACTGCTGTTAGATAATATGCTTAACAATATGT

————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— GTTTCAGTTGCTG
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— GTTTCAGTTGCTG
TAGCTAGATTATTTGATATACTGCTGTTAGCCTCAACTTTAGCCTTAGGCTCAGTCTTTTTGGCGTTTCAGTAGCTAGATTATTTGATATACTGCTGTTAGTGTTACTGGTTTTGCTGAAGGTGGTTATACTGGCAAGTTTCAGTAGCTA
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— GTTTCAGTTGCTG
————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————— GTTTCAGTTGCTG
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AATTATTTGGTAAACTACTGTTAGAGCCAAAACAAACCTAGTGTTTGCAAGGCTTTGAGAGTTTTTTAAAATGGTATTTTTTCGCAAATACCCTAATTGTAAAAAAACGTAGACAT TTTGCGAAAAAAT i eaee
AATTATTTGGTAAACTACTGTTAGAGCCAAAACAAACCTAGTGTTTGCAAGGCTTTGAGAGTTTTTTAAAATGGTATTTTTTCGCARATACCCTAATTGTARAAAAAACGTAGACATTTTGCGAAAAAAT s
GATTATTTGATATACTGCTGTTAGAGCCAAGACAAACCTAGAGTTTGCAAGGCTTTGAGAGAATTATTTGCTGGTGTTTTTTCGCAAACATCCTACTTGTAAAAAAATGTAGACATTTTGCGAAAAAAT
AATTATTTGGTAAACTACTGTTAGAGCCAAAACAAACCTAGTGTTTGCAAGGCTTTGAGAGTTTTTTAAAATGGTATTTTTTCGCAAATACCCTAATTGTAAAAAAACGTAGACAT TTTGCGAAAAAAT N eaee
S4  AATTATTTGGTAAACTACTGTTAGAGCCAAAACAAACCTAGTGTTTGCAAGGCTTTGAGAGTTTTTTAAAATGGTATTTTTTCGCAAATACCCTAATTGTAAAAAAACGTAGACATTTTGCGAAAAAAT s

o e e S S A S OGRS T . 2 2 A GCAAAAATTTGCCACCTAAGTGGCTTTTTTTGT TTGGCAATTAATATATCTTGTTCGCTTCTTAGCTCGAT-TAC
e e e RS T~ ~ 2. A AGCARAAATTTGCCACCTAAGTGGCTTTTTTTGT TTGGAAAT TAATATAACT TGTTTGCTTCTTAGCTCGAT-TAC
e SRS T - ~ 2 2 AGTAAAAATTTGCCACTCAAGTGGCTTTTTTTG-CTAGTGGATAATTTAT -TTGAGCTTTGTATAGCTAACCATAG
o e S S S A S OGRS r . » 2 2 A A CAAAAAT TTGCCACCTAAGTGGCTTTTTTTGT TTGGCAATTAATATATCTTGTTCGCTTCTTAGCTCGAT - TAC
s4 A S . » 2 A AACAAAAAT TTGCCACCTAAGTGGCTTTTTTTGT TTGGCAAT TAATATATCTTGTTCGCTTCTTAGCTCGAT-TAC

sS4

sS4

Supplementary Figure S12. Alignment of Francisella sp. CRISPR loci. See Figure 6. F. novicida DNA sequence from the 3’-end portion of
the radical SAM protein-encoding gene located upstream of the repeat-spacer array to the 5’-end portion of the cas4 gene was aligned with the
F. holarctica and F. tularensis region between cas4 and the gene encoding the transposase inserted within the CRISPR locus using MUSCLE
with manual corrections. Blue highlighted, 3’-end of the radical SAM protein-encoding gene; yellow highlighted, scaRNA; red letters,
degenerated repeats; grey highlighted, repeats; red highlighted, tracrRNA; green highlighted, 5-end of the cas4 gene. See as well
Supplementary Figure S9 for the degenerated repeat alignments.
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