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Supplementary information S1 (box). Supplementary Methods description.

Prokaryotic Genome Database
Archaeal and bacterial genome sequences were downloaded from the NCBI FTP site
(ftp://ftp.ncbi.nlm.nih.gov/genomes/all/) in March 2016. For incompletely annotated genomes
(coding density less than 0.6 CDS per kbp) the existing annotation was discarded and replaced
with Meta-GeneMark ! annotation. Altogether the database includes 4,961 completely sequenced

and assembled genomes and 43,599 partially sequenced genomes coding for 1.85x108 proteins.

Clustering and Phylogenetic Analysis
To construct a non-redundant, representative sequence set, sequences were clustered using the
NCBI BLASTCLUST program 2. (ftp:/ftp.ncbi.nih.gov/blast/documents/blastclust.html) with
the sequence identity threshold of 90% and length coverage threshold of 0.9. The longest
sequence was selected to represent each cluster. Permissive clustering of sequences was

performed using UCLUST 2, with sequence similarity threshold of 0.3.

Multiple alignments of protein sequences were constructed using MUSCLE #and MAFFT 2
programs. Sites with the gap character fraction values >0.5 and homogeneity <0.1 > were
removed from the alignment. Phylogenetic analysis was performed using the FastTree program 7,

with the WAG evolutionary model and the discrete gamma model with 20 rate categories.

Relationships within diverse sequence families were established using the following procedure:
initial sequence clusters were obtained using UCLUST ? with the sequence similarity threshold
of 0.5; sequences were aligned within clusters using MUSCLE “. Then cluster-to-cluster
similarity scores were obtained using HHSEARCH £ (including trivial clusters consisting of a
single sequence each); a UPGMA dendrogram was constructed from the pairwise similarity
scores. Highly similar clusters (pairwise score to self-score ratio >0.1) were aligned to each other
using HHALIGN #; the procedure was repeated iteratively. At the last step, sequence-based trees
were reconstructed from the cluster alignments using the FastTree program ’ as described above
and rooted by mid-point; these trees were grafted to the tips of the profile similarity-based

UPGMA dendrogram.
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Pipeline for CRISPR-Cas loci annotation
The pipeline takes a list of locations (coordinates in the corresponding nucleotide sequence) of
the seed features as input. Two types of seeds were used: locations of cas/ genes in the NCBI
WGS database and locations of CRISPR arrays in the WGS database and the prokaryotic
genome database. TBLASTN searches ? with the E-value cutoff of 0.01 and low complexity
filtering turned off were run with the Cas1 profiles 'as queries, resulting in the identification of
20,766 loci. The CRISPRfinder '"and PILER-CR '*programs were used with default parameters
to identify CRISPR arrays in the WGS database (47,174 loci found) and in the prokaryotic
genome database (45,373 loci found). Sequences including up to 10 kbp upstream and

downstream of the seed features were extracted.

Open Reading Frame (ORF) annotation was performed using Meta-GeneMark ' with the
standard model MetaGeneMark v1.mod (Heuristic model for genetic code 11 and GC 30). All
ORFs were further annotated using RPS-BLAST ! searches with 30,953 profiles (COG, pfam,
cd) from the NCBI CDD database '“and 217 custom Cas protein profiles '°. The CRISPR-Cas
system (sub)type identification for all loci was performed using the previously described

procedures 1212,

Among all permissive clusters constructed from proteins from the seed loci, potential candidates
were selected using the size threshold (> 500aa), the distance to seed (genes closest to the seed
were preferred); the selection of candidates was limited to those that were located within 4 genes
from the seed; clusters that contained more homologs outside the seed loci than in those loci
were discarded. Additional prediction of protein domains was performed using the CD-search '

and HHpred .

The identified candidates were used as queries for a PSI-BLAST search against the NCBI NR
and NCBI WGS databases for the Cas1 seeds, and NCBI WGS and prokaryotic databases for the
CRISPR seeds in order to obtain additional loci that were added to the seed list. The evaluation

procedure was then repeated until convergence.
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Protospacer analysis
The initial pool of 488,437 spacers in the CRISPR arrays was reduced to 268,409 unique
sequences. The MEGABLAST program 7 (word size 18) was used to search for protospacers in
the virus subset of NR database (TaxID:10239) and the prokaryotic genome database. The
maximum number of mismatches for a spacer with length / was limited to max( O,\/Z——22) . All
MEGABLAST hits that target CRISPR arrays as well as all eukaryotic virus sequences were
discarded. This procedure produced 63,939 hits to prokaryotic genomes and 5,095 hits to
prokaryotic viruses. The 33480 ORFs that contained or intersected with the detected
protospacers were used as BLASTP queries to search the virus database. All ORFs with strong

hits (e-value <10°) were classified as originating from (pro)viruses.

Synteny analysis of subtype V-U loci
Protein sequences encoded by genes in the vicinity (+3 genes) of the Type V-U effector genes
were extracted and clustered using UCLUST * with the similarity threshold of 0.3. Genes were
annotated by the cluster IDs; each locus was represented as a set of genes and unordered gene
pairs. Weighted Jackard similarity coefficient was calculated for all pairs of loci as previously
described '°, a locus similarity graph was constructed with the similarity threshold of 0.61 (),

and connected components (subsets of highly similar loci) were extracted.

Analysis of selection in the evolution of Class 2 effector genes
Nucleotide and protein sequences of the effector genes were collected; clusters of identical
protein sequences were reduced to a single representative; remaining sequences were clustered
using UCLUST 2 with the similarity threshold of 0.67. The sequences from each cluster were
aligned, and a phylogenetic tree was constructed as described above and rooted using a modified
midpoint procedure. Sub-alignments of protein sequences, corresponding to sub-trees with the
mean depth <0.1, were extracted and converted to the nucleotide sequence alignments. Pairwise
dN, dS and dN/dS values were obtained using the codeml program of the PAML package '*.
Sequence pairs with 0.0002< dN <1.0 and 0.0002< dS <1.0 were selected, and the dN/dS values

were calculated.
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Supplementary information S2 (box). Supplementary Excel Files

located at the following FTP site:
ftp://ftp.ncbi.nlm.nih.gov/pub/wolf/ suppl/CRISPRclass2NRM/

Supplementary information S2 (box, part a) (MS Excel): Pipeline output for all protein
families associated with CRISPR arrays. Protein clusters £10 kb vicinity of CRISPR
arrays, their annotation (if any) and representative sequences. All clusters are sorted by the
relative frequency of genes in the CRISPR loci.

Supplementary information S2 (box, part b) (MS Excel): Pipeline output for all protein
families associated with CRISPR arrays. Protein clusters £10 kb vicinity of CRISPR
arrays, their annotation (if any) and representative sequences. All clusters are sorted by the
relative frequency of genes in the CRISPR loci.

Supplementary information S2 (box, part c¢): Class 2 loci. For each Class 2 effector gene the
surrounding genomic locus is given. Protein-coding genes and CRISPR arrays are shown. Genes
annotated in GenBank are identified with GenBank locus tags; genes annotated de novo are
identified by contig IDs and gene numbers.

Supplementary information S2 (box, part d): TnpB family FastTree in the newick format.
Complete tree used for the Figure 3A is provided. Sequences are denoted by a local GI number,
species name and those that are located next to CRISPR array marked by “CRISPR” prefix.
More details on the sequences could be found in supplementary information S2 (box, part g).

Supplementary information S2 (box, part e¢) (MS Excel): CRISPR array spacers. Unique
spacers were retrieved from all CRISPR arrays in supplementary information S2 (box, part a).
Similarity searches were performed using MEGABLAST (see supplementary information S1
(box)). Hits are annotated as follows: Spacer ID (column 1) includes contig ID where this spacer
was found, CRISPR coordinates and position number of the spacer in CRISPR array separated
by underscore. For the hits (column 2,3,4) coordinates of best spacer hit (contig ID, hit start
position, hit end position) are shown. Brief information about hit identity and annotation is
provided (column 5) as follows: “Intergenic” stands for hits that do not target ORFs or viruses.
“ORF” for hits into ORF that do not have good hits in virus contigs, “Virus” for hits that targets
viruses.

Supplementary information S2 (box, part f) (MS Excel): CRISPR-Cas systems and
CRISPR arrays in the genomes with Type V-U system. For each complete genome that
contains at least one V-U representative all CRISPR-Cas loci, CRISPR arrays and sequences or
repeats are provided. Loci are annotated according to the CRISPR-Cas system classification. V-
U genes are indicated.

Supplementary information S2 (box, part g) (MS Excel): HEPN domain proteins in the
CRISPR vicinity. All protein containing HEPN domains from the known families located in the
vicinity of CRISPR arrays are listed. The following information is provided: gene ID and
location, HEPN family, CRISPR-Cas system type (if any), sequence cluster ID.

Supplementary information S2 (box, part h) (MS Excel): Sequences used for analysis
of type V systems and TnpB family. For each sequence that was used for reconstruction of
the phylogenetic tree (Figure 2 and supplementary information S1 (box)) and profile
dendrogram (supplementary information S3) the following information is provided: TnpB
sequence ID and its coordinated in the genome, cluster ID, subfamily description, Genome
ID and species name and association with CRISPR array (if any).

NATURE REVIEWS | MICROBIOLOGY www.nature.com/nrmicro



SUPPLEMENTARY INFORMATION

In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

Supplementary information S3 (figure). Multiple alignment of representatives from five V-U
families.

V-Ul and V-U4 families are aligned with regular TnpB, whose sequence IDs are shown in bold font.
RuvC catalytic residues are highlighted by red letters. For V-U5 with inactivated RuvC domain HHpred
output demonstrating similarity with TnpB is shown. Additional information for respective sequences
could be found using numeric IDs in supplementary information S2 (box, part h). Alignments are colored
using http://www.bioinformatics.org/sms/multi align.html server according to 80% consensus for the

following groups of amino acids: ILMV,FWY ,KRH,DE,GAS,C.
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1903609002 ---

1024922355 ---

1096423661 ---

118577413 ---

1003450287 ---

1507071745 ---

488601079 RAE

297565028 PRL

257060308 TSA

V-U2 family

1046552329 -----------MARKVFEFIYPH-~---- -~ KDFQEQFNRWAYGLKKFYNFCLQQFETLT
1019491369 ———————————M:EKVFEFIYPK ———————— KEFQEQFNRWAYGLKKFYNFCLEQFELL
428311397 —-—--—---———- Frrrerfabrs-------- LEQQAKIDRWLEINRSLWNMGLAALEDF
218248844 MFAIKSMSELVQHHITIQLEAYLS-------- TTQTALFENWTDSLRPLYNLALGLLYEE
1030942420 ------------- KVLEFQIHPT-------- EEQVSKIDQSLAACKLLWNLSIALKEES
1305565200 ——-—-—---———- KTLEFJIYPT—————— -~ LAQSQT IDKWLDKLKWVWNTGLSLKLAG
488601079 ------------MMISYRFRIYPS-------- KTVQAKLNEQLELCRWLYNRLLSEVNKA
297565028 -----------MSWMLSVKCILI PDAST----AEKLSRTVNQFANACNY -~ --- ALQVARR
257060308 ------------MESQPITVACKLQVANT LAKE IDETMMVFACACDW -~ - -~ VNQNTP
1046552329 DEYTYWDKLSKTRVPCCPVPWSLKLIETLDPN--PYLPELKNKHYVS-YSNLIAPQDIPV
1019491369 DEYTYWDKLSKTRVPCCPIPWNLKLIETEEPN--PYLPELKNKHYVS-YSNLIAPKDIPV
428311397 DDFYSYVKGQKEYAPCCPIQYEYRPLSEEEKACIPTHEKTSDRKYLAPFCRIISEKSRWY
218248844 QQ-RRWRTNQKF---==-===-=-—-=-~———- LKNYLDKSSLQTYLNEIENK---PDIYP
1030942420 KQ-RYYRKKHKF —= = - ————————m oo oo DEF--S---PEIWG
1305565200 RQ-KYYREKEIG--————---———————————————~—~——~——~———__ DQV--I---PDGVV
488601079 R--KEGRRTIRRE-= - === = === === === —mm—m o oo oo DTQSLIV
297565028 D- ~NIWNKF - — = —= = === = === == - = = o oo ALQRAVY
257060308 E- - KMTNKT- - ——— - ——— ————— - - o oo AMQSLVY
1046552329 ----IRNAPEARQYTLKKGETA--KDVFKRVKNPDQIVVTTAKPESSGLDKWPRGWLGGV
1019491369 ----IRNAPEARQYTLKEGETA--KDVFKRVKNPDKIVVTMAKPESSGLDKWPRGWLGGV
428311397 ----VKKLP---IYKVPTPAEK--KDSWGWL--=----=~--~--~ PSNHDED---RKYSNCT
218248844 VEWHITKALPECDWLTKEENEVRKKDNTKSLA---CRTI----NRD-------- GNFFT-
1030942420 LSY------- SGHYDEKEFKTLKDKEKKLLIGNPCCKIAYFKKTSN----—-——- GKEYTP
1305565200 LQWKWRKVVTE----DKKGKSTEKWEKVRLVG---TGVI---RPKN-------= GYPYC-
488601079 -------------- RIKREEKPELSKVYSKVLO- = ~MVN=--=---=-—--———m e~
297565028 -------—-—-——-——- ADLRAEY------- GLSAN---LAI--——-—-———————————————
257060308 -------------- QDVRVNF----= -~ GLSSN-=-TAT--==-=-==—===———m == —— ——
1046552329 GYSQPPKQ-------DYQPSLIKNFPNSEKTKDAGILVKKETLENSNLPDEIKKVILD P
1019491369 GYSQPJKQ-------DYKPSLIKNFPNSEKTRDAGILVKKET LENSDLPDEIKKAILD P
428311397 GYSCPMPRYGSVENPSWYEPMIRN-PTYKGSGGLSLVSKTE----- NLPQWMKD S - - Dilp
218248844 ----PRRPYWHLEEPQKLAKFKCF---TN----- QWLISCNLLTNYHLQKLL----- N
1030942420 LNSIPMRRFMNAENIDKDAVNYLN---RK----- K----LAFYFRENTAKFI----GE
1305565200 ----E@RQHLNIEDPDKYGQ-~~-=-=--====---=---—~ CEFYRSDKIPDFM----ADfP
488601079 ---YQRS-----——-——-—- NISS---LNELRKKG---—-—-—--——-- VKVGWLRYK--TSP
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539
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340

596
607
603
664
536
567
402
372
398

596
607
603
664
536
567
405
375
401

41
41
39
52
39
39
40
40
42

98
98
99
88
59
59
57
54
56

152
152
135
132
104
100
79
69
71

205
205
187
175
148
133
108
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297565028
257060308

1046552329
1019491369
428311397
218248844
1030942420
1305565200
488601079
297565028
257060308

1046552329
1019491369
428311397
218248844
1030942420
1305565200
488601079
297565028
257060308

1046552329
1019491369
428311397
218248844
1030942420
1305565200
488601079
297565028
257060308

1046552329
1019491369
428311397
218248844
1030942420
1305565200
488601079
297565028
257060308

1046552329
1019491369
428311397
218248844
1030942420
1305565200
488601079
297565028
257060308

1046552329
1019491369
428311397
218248844
1030942420
1305565200
488601079
297565028
257060308

1046552329

-———-RABF---——-—-—--— - - ———— - ——— - ARVGKRKG--=-=--=------ HKAGGFKAT--S
———QAI&%m———-——-———VCAN———RKTAKQKG ——————————— KKVKEFKPT--S I
YKF@GTLA-MLCTS EYLKSRSGQKDLKRGKPKYKRYRDRIETIIHPNPNAGSSKPAS
YKF@IGTLS-SLCTS EYMKSRTGONDLKRGKPKYKRYRDRIETIIHPNPNAGSSKPAS
ORFIFAGEMG-QLDTAMOEYLKSRYGQSEVKRGKPQYKRKRDKLQTLINTNPSANE —-—--—-——
MKV 8 S FISMNLMEA RY--Q----- KGDFRKLKFKSKRNPVISLCN----KQT-N-RTI
TEF GFFKSVIKTA @AA--K----- KGIRGIPRFKGRRDKVETLVN----GQP-D-TTI
TKF GVID-SLKKS AYVTP----- KHPGRKPKFKGRNDKIKSLVNLNAGGKS-K-EL
NS F LNFN---0Q0SG ID--——-m-—m - mmm m FD----R----- K-
YDO®MILSVN---VDTETVSLS--—--=-—-—-—-——-——-—-—-—-—-———————— TVD----G-—----— RV
YDA § FSFR———ESDE[‘VSVK ———————————————————————— LLN----S----- RO
ACRLE NILV-LPSFGKVKIKG KREFRDNDGS-IPRVKVVK SG A
i;MﬁEE NILV-LPSFGKIKIKG RRFRDNDGS-IPRVKVVK SA A
----RLVENNIFAGIPKLGKVRCKG KRWRNPDGS-IPRVATYK $DA G
D--PE SNNCQLLGKEFGLIEFRG NRH---QGQIQPRNG--S DG F
K----- SNGVIVSSKIGLLKVRG DRL---QGK-APRMA--K R TG \Y%
EKIPGSNNGYVQFPKLGKIRVKG DRY---DWQ-EWGAA--R I-EPSG \
SLSKV DIPI---=-=-=-=-=-=-~— R RSI----G---GKIKGVI ! GK A
PMRIA -YQR--=-=-=--—-——~— H RTA----K---SIQGGQ- R SS C
SMIKL-LI NYQI----=-=---=---— G KSK----N---PTSAT-- GN L
I NRSNKLFKKPLGA KEDNWITTDRFAVTKP SWYRESEE A KELDAKKL
BN NRSNKLFKKPLGA KEENWITTDRFSVTKP SWYRESEE A RELDAKKL
QRSEFSV-KATNAS QYELSL-SDGTRIQPQ YRKSEE A QKLAKKLT
QVEH--KPIPDSDLQ VILLT-LSDGKCISNQ SFLKENER STV KKLSRQT-
DD--TIYKESDKC VAIFT-DDLGRQSEAK WAKIQKK SN ROASRQK-
W PD--EPLPKSDKS LSVIT-TDQGREVEPP SLFRKQQA R RKASRQV-
DK--QPLPPTGRA THFCV-DSDGNYFEHP LDRTLE K KQLSRKQ-
DD--PPVLDPQGM VNIAT-DSDGETYSG- LNSVRH SR KKLQKKG-
EPT--QPEAKTDKV TDIAT-TSEGESWSG- SOITAKRN WA TTIQKKA-

QRVILWLNHPDNSIERIKTIFPSIAKEALEKVKACKRPQYLHELVKNNELSTSGLNQLKH
QRVILWLNHPENSTERIKEVFPGISKESIEKVKGCKRPQODLODLVSNNELSTSGLNQLKH

ERLILWIHHPDRTIQEIRKNFFPISNESYEALRAAKTEAEVIK----- AIGASRLNTLKY
———————————————————————————————— P-—---------—--—-—--GSKNWE--
———————————————————————————————— D-----=------—----—--GSNNQR--
———————————————————————————————— K-------—-—-—-—------GGCNQK--
———————————————————————————————— K-—------—-----—-—-——-GSKNRE--
———————————————————————————————————————————————————— TKGAKR - -
———————————————————————————————— S----------------KG-TRSSRR--
FNFRDCE @ESCYLFDKLLSASNKEIELAQR BRENHE ® KRRRRSHNQKQ Hw ERKY--
FNFRDCE!;ESCYLFDKLLSVSNKEIELAER @fiE WKRRRRSHNQKOQ Iw RKY - -
NIVPDAPPT----MKDKSPFSGAKQKALEKA SREADR 8 SLORRNHDHKITTM WRNY - -
e I e e KKA BA@EKQTADHRKYYNHKYV B H WNKY--
e it YAK BAERHEE ® ARQORKGRNAQL @K MSEY--
—————————————————————————— YRK BARLHHE @ RRSRNAFNHKL @K WREY--
e e T RIG BA@AvE S ENQRNDFLHKL RYYVNNY --
e T i T @Asc ETRFSNHVNHTL &R Fakaor
e S it e ROL BAAsc @RRFQKHINHEI RO INNAVT

LDAAIGGFISL
LDAAIGGFISL
ADASPGRKIAF
HDAGLGQLRAF
LDNAIGQLRTF
ADSALGDLISK

———————————— F-----V--RL
———————————————— F-----DLGQK
———————————— Y-----QLRQF

ES @FKE-WGRDFKR JkPGKGKAYSOR- v J-HENKEQKDITNHOD-- [§ Ju@ErTHR
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408
337
305
301
232
216
226

499
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462
369
337
333
264
246
260

553
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518
424
392
388
302
285
302
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1019491369 ED §FKE-WGRDFKR JKPGKGKAYSOR- bV B -HENKEQKDI TNHQD-- NEEFTHR 608
428311397 KQ @hDR-AGRVFSQ----HPAPYTTKE @V M -SMNEASYNVDDEGNRL ig8wec- 571
218248844 ES $ANSYENRHIER [ - -RANYTSOK MSR ME-HTDSENR-L---TQAS KgLEM- 474
1030942420 EN $ANE-RGRKIIR [ ---NPKHTSQT #N M -NIDKANR-V---SQSK sMgvEn- 441
1305565200 ET @ OD-TDREFVK /& ---AAHYTTVD MEN BEAKIKKA---L---SQORTHR SERETE- 436
488601079 CE $RER-AARRTVVK -~ -NPKNTSKR ¥ M & -YIVNNLK-L---HDRT Ig8@wEn- 351
297565028 RY AER-AGVPLVF [ -~ -DPRNTSRQ P2 ME-HAERANR-P---TQAL aAddysc- 334
257060308 TY g IL-AGVKLIL -~ -NPAYTSLS YK @ -VIGDR----—--- KGKG NEEgNkC- 348
1046552329 sr@vipgr§ArLp----E---------- FEEQQQ---------- KNLLGIETE ———------ 637
1019491369 SRBIIVPEVIWIILD----E---------- FEAGD-==—————————m = m o mmmm oo 627
428311397 DRBIVNSEVIMELA- ---Q---=------- FGNNP——==———————————————————mmm - 590
218248844 PALNARIREIE O T — - - - - - - - — oo o oo 487
1030942420 HABMDNA | IRGLRDEFLRAIGSLYKF------- PVSMIGKYPGLAGEFTP--DLDAN 492
1305565200 GRIENA | LKGKKQ--LQTVYRAWAWEHGETRKPDSECETHCHQEGVQAPPEDEHSS 494
488601079 DRI/ NA & DVGM-== == === ——————— - GRSRTPVEG-----=-~----- EP---LPC 380
297565028 AAME VA | VRGW---=-=-=--—-——----—- AAVNRP--Y-----=------- LG---EAS 361
257060308 DARJYNG | ALGA---===----=----- IINRPG--G--===----=--- SG---LSC 375
1046552329 —---- EQKIIWDDLSKECR--QAWRLREKWLSEN--------- APGGGCQDEVNSDKPSN 681
1019491369 -------- IQWDDLSKEAR--QAWRLREKWLSEN--------- APGSGCQDEVTTDKPSN 668
428311397 ---------- HTVLSANAQ--RARFANSVW-——----=---—-———— EIAHPEASTKPRW 621
218248844 -------- AF GLDK S = = o 494
1030942420 QESIGDAPIENADRSTSKQOMKQE-GNRIPTQSENDSQSLIFLSAPPQPCEDSHGTNNPKA 551
1305565200 QLTLVRTPAKGTQRGRGDV--KT-STPAKTTSKLDTVSDPNLDNKPDTRAPCTSSISPNS 551
488601079 VISYR-EVIAGQVLS----MKQE--=----—--—-—-—-—--——- VPSVRAE -—--------- 405
297565028 RVSLH--------=—------- GS==——=—mmm—mmm— - —-—- - VPGSPRL —=—--=--=---- 375
257060308 KLKTNVQYIQLSLFE----GLGL--=----=—-=--——-——--———- LKTSTSA —-——-——-—--- 401
1046552329 —-TRKSR-RRKK-————=---—---———————————- 690
1019491369 --ARRKR-NRKKKT ———=----=---——-——-——————- 679
428311397 --KKTEK-RKKRK--——-———=——-=---———————— 631
218248844 —-mmmm o mm o mm oo e oo 494
1030942420 LSDKASK-RKSKKSRGAIPENPDQLT IWDL----- LD 582
1305565200 VENKIPKTKKNKRSAQSSSESFTQLTIWDTAGEISFE 588
488601079 ------------------ - - - - —— - - 405
297565028 ----------------—--—-—————— - 375
257060308 -------------- - - - - - - - - 401
V-U3 family
1705264553 MPFILKQRGVRMITVRRLKBVCKDKE ---FYDFFKWEQREQNKAMN IAMGLIHSSTVLRS 57
1018643584 ----------- MITARIMIKMIIIGENRDAQYKFIREERYKONKABNVAWNHLYFLHVAKE 49
1077873159 -=-------- MITVRKIJAL TBMGDKDTRNSQYKWIRDEQYNQYRAMNMGMr YLAVNDILYM 51
1077873155 -----=------ MNKC IV ARIKN C— == == == = === - — = KELDYKV@SEKWRNIQY---LTC 32
1019720777 --------MSIAVKVMY OMVCP-------———--—- VNVEWKVFETY#RTLAY ---QSR 35
1017485595 -—-------- MVCNKVVJT AR ICD-QI - ------ DKDGKDVNYNDY KL DLOK-~--QTR 40
317133985 -—---------- MTKVVLAMISNVTD - - —= - - - KDGNKVEYNEUNRCHWDLOK---ETR 38
488601079 ----------- MLISYRFRMYPS-—-----------—- KTVQAKENEQWELCRW---LYN 31
297565028 ---------- MSLLSVCKMIPDAST -~ -=--—-——— AEKLSRTUNQFANACNY - --- -~ 33
257060308 ----------- MLESQPITACKLQV------- ANTLAKEIDETJMVFACACDW------ 36
1705264553 IDSGAEAQLKKSIGKLTONIEKLGKELEKEKITDKKKEQLLKAINTNKELIASKEKELKA 117
1018643584 KIRLLDNKFLODEKKLQESINKLYAEKKVIKDEKKRNELEKKIEKQOTNELKKLRSKSNKE 109
1077873159 NESGLEIRTIKDLKDCEKDIDKNKKE IEKLTARLEKEQNKKNSSSEKLDEIKYKISLVEN 111
1077873155 KASNKVMQOMYYMWENQKIDIKNKTGEYPDDKELFGK--~-===----- TYRNV--=----=-- 73
1019720777 TIGNRTIQKIWEFDNLSLNHFKETGEYPSAQQLYGCTQK--=----- TISGY------=-- 79
1017485595 EAKNKVIRLCWEWSGYSSEYFKTHEEYPKDKEIFGI---—------ SLRGY--------- 81
317133985 DLKNAVVRECWEWYGFTNDYYKLNEEYPNERDYLKKAKSDGT IKDYALDGF-—--====--- 89
488601079 RLLSEVNKARKEGRRIRRE--=——-——--—————————————————- DTQSL--=----=-- 55
297565028 --ALQVARRDNIWNKF = - === == - - - —— - mm—mmmm oo oo ALQRA--------- 52
257060308 ---VNQNTPEKMTNKT -~ - === ——-=——-———————————————— AMQSL--------- 54
1705264553 GEEFRCGIDKKFNELYMNKT T YH@ DSIC--------------- DFKYKRTIELVRQKV 162

NATURE REVIEWS | MICROBIOLOGY

In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

www.nature.com/nrmicro



SUPPLEMENTARY INFORMATION

In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

1018643584 ADKVLQEAIKINLSST----- TREV BBKQF - - —- - —————————- ELIS-DTKDRITQKV 148
1077873159 KIEDYKLKIVELNKIIEETQKERMD SOKEFKEKYVDDLYQVLDKIPFKHLDNK JEVTQRI 171
1077873155 ———-—-—---——mm——— - - GE BKTIM--—-----——-—--— NTINTSNV @@TNAII 97
1019720777 == =--=-=---=—=—-——-—————- DO BKEEY--—-------——-—- ODINKANM @TIQKT 103
1017485595 —-—--———-———————————— DR gKGDY - - —-—-—————————— NLYS-GNL @SAEIA 104
317133985 —-—---—--— - —m o —m— - AKYSKKY-—--—-——---—-———- NLHS-GNY @TLRDA 112
488601079 ----—----——————————-—- RIKREEK--------------~- PELS-KVY [KVLQOMV 78
297565028 -~ - - --—------—---—-——-—-—— ADBRAEY----—-—-—-——-—-—-——-—-———-—-—-—-—-—~— SANLA 68
257060308 -—— - ——----———————————- oD iVNF ——————————————————————— SSNLA 70
1705264553 KQDYSNSFTD- T BKVSLONYKSTFPLMIDGSCISILKEVDELD lWNGYKIKIMLGYE- 220
1018643584 SQDFKSDLKHG BLS LRTYKKNNPLLIRG--RALNFYREGKD M----IKWYGGII- 201
1077873159 KADIKSDKSNG BLK IRNYKRNFPLMTRGRDLKFKYD-DNDD fE----IKWMEGIK- 225
1077873155 MKKWNT DKKE - #L.SYQ § LPNFKLNMPIYIKNKSFSIVKGTSGYE [ ----CSIFNKSQD 152
1019720777 LKNWNSRRKE - BR ON S = m o m oo - 123
1017485595 YKEYKNSLKD - #LR IINYRENQPLDIKNKAIQLLYENDNFF JR----VALINKDKQ 159
317133985 CGSFKNNLKE - MR ILSYRADQPLDIKKTCIGLEYDKDTNTYY----VTLVLLNKN 167
488601079 NYQLRSNISS- BNELR (KGVKVGWLRYKTSPNSFKTLNFNQSGFK B------- FDRK-- 128
297565028 IRAI------- ARV GHKAGGFKATSVDYDQRILSVNVDTET f§----LSTVDGR-- 115
257060308 IQAIRRVCAN-RKT i:QKGKKVKEFKPTSI SYDARIFSFRESDWT f§----VKLLNSR-- 123
1705264553 —-—------- LDII BEXKRENENSLELQKT I1TGDYKICASS- @RD §nnvien Brp 270
1018643584 -———---—-- FKCM B6OHKN-NAPELKAT LEGSYKVCD---SSISVGKELILN LD 248
1077873159 —-----—--- FKVI BENRIK-NSLELRHT IEGKYKICDSS- BFD §NNLILN @LD 274
1077873155 LKR-----~— LTFI 8DKLDG----NKKAT IDLTYKQGAGQ- M KD WGKWYFI SFG 201
1019720777 == ======-=—==—-————————- MK VI IDSTYAKGAC-- @ HK @KKWYLS @YK 157
1017485595 KELNFKDCSVRFK BLVKDD----STRTI FDEVYTITASKI BMNK @KOWYIN YK 215
317133985 GVKHYNISDFRFK B VKDN----STRTI FDGVYGISASKL WNR ®SQWFLN vys 223
488601079 ---------- KLS BSKVGD----- IPIR IGGKIKGVI--- RT @GKWYAI @AE 170
297565028 ---—--—--- VKVP BRIAG------ YORH AKSIQGGQ---- WRG $sSWYyIH WCE 156
257060308 --------- QRIK B LIGN----- YOIG KNPTSAT----- KR §GNYYIH @LD 163
1705264553 I-PIEKDYKP VKGERIC YPAYMCL---NEDTYKKEAV[EHI----NNFLRI-- 320
1018643584 IGEVDTNVSCKKGERY] Nel VPAYMSI---NDKPYIRKALEEL----DDFLKI-- 299
1077873159 I-PIDIVNKKVSGERY AN IPAYCAL---NDVEYIKKSI JRI----DDFLKV-- 324
1077873155 F- -ENKKREL DI N[ NLLTMQIWDCNLKEWDRLAWN € MVDGRELMHY -- 257
1019720777 S-NIKEELKFDEDL BUIehs (INVLYFAF---N-KGLVRGAI Jéff -—---EEIEAF-- 205
1017485595 F- TKEIDKTLDKD WMNEANBNEE NPLVASV---Y-GSYDRLII e - - --GEIDKF-- 263
317133985 F- DKVEVKELDKK SmHelal Hell&' Y PL YASI ---S-GEKDRLAI jJeft ----DEIIEF-- 271
488601079 V---DKQPLPPTG §h NeRSMEASHATr HFC - - —— - - —— - VDSDGNYFEHP----KYLDRT--LE 212
297565028 Y- --DDPPVLDPQG /RNEAABNERNY N TA - - —— - - —— - TDSDGET YRJg- - - -- KHLNSV-- 197
257060308 E---PTQPEAKTD Sl TDIA-------—- TTSEGESWEIE- ---- KQITAK-- l 204
1705264553 Q MOER KK K RRENEXKN i kTY§ET KR F 374
1018643584 Q MOKR $RN Rl kN @TTY§EIFL BN F 353
1077873159 0 OSR R RFAE @ KN @KTY§EIFL BN F 378
1077873155 K BEAR &K S v KN @DTESEIKY Ry~ @F 316
1019720777 K BEHR ¥ S v Ak ENATHEKY Wy Q0 262
1017485595 REAN @0 KP-AYN srR DTViEkyY K2 Y 320
317133985 REEAR QA N AN RDTEiEk2 EK F 328
488601079 K BKKVQKQ K ENQRNDFL L vy N 263
297565028 RHRRL KK K TR NHV L &R K 243
257060308 HYAKLITI R RR lKHI 1 g N 257
1705264553 KNKCEY B fSK i - -- - --—--—-——-——-———————— —— KDGFGDSI KM EY 412
1018643584 DNLAEQ W Ny W -----—-—---—--— GEDK--------- NII QF [BY 392
1077873159 WSNOAEQ MK ol BE--- - - - --—- IETQN ————————— KSI ™ [BY 417
1077873155 g RNNCGI @b /S B - ---—--—-—- KFTEEVK------—-- EKM SK [KY 356
1019720777 CLKYNCGT W S K- - - - - -—— - —— GEKE----------- QTF EK [N 300
1017485595 WERNNCGT D D B ---------- G MONKN-------—- ERY TK BY 360
317133985 !KNDCGII —————————— Gf@FKNS---—--—-—- EGF MIEIR> Psk EN 367
488601079 Y----- DI A - ----—----- EMAENGSSTTLNRHITD- SA | --RL [€E 304
297565028 MRTE-RAS RO M- --------- G RERVRLRRPO----RAT |} B | oK BY 287
257060308 ETNK—QAI —————————— G JRERTN-RKPRSKKDKRLG-N | lQF Y 304
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1705264553 [I¥KSK YDCF-QK 3 []fg I DKEN¥E- - - TQED]| K KL NH N
1018643584 EEKRE - --SQEKI s LEI NOREY
1077873159 [EYORE - --SQADI K KV N
1077873155 EEQ A IDDRNFDCKNNQSKI VD HKE HIN
1019720777 NQYE ---DQST| o) kv HEY
1017485595 KAL HIAEENZP- - -EQKTI K KV N
317133985 KER C IHKDN:#P- - -TREQ E RV LHJ
488601079 ERANRT - —-HDRT| I EA DREFSF:
297565028 ERA P---TQALI A IePN- D v |G AN
257060308 JC ILAGUKIMI LYNFA YL S @ K LV IGDR -~ -~ - - KGKG] N (el D v |1 GA O T
1705264553 AR SKEFIK-—--—-—--————————— - - oo

1018643584 MHSTKYITNKN--QSEYLKKLQQT-------------- TKLEKYS

1077873159 MMSNKYITKKEESKYYKIKESMV-—-—----—--—-——-———————

1077873155 MLPDIEELIES--KIG-—-——--—-——-—-—-————-————————~——~—-

1019720777 HVYNIEKVIQK--QLELQEKLNLT-------KYKERYIEQMENIN

1017485595 BIKDIDKIIEQ--YYNKG-—-—-—-—=--—--——————-—————————-

317133985 BVKDIDKIIKA--ELEKTEPEKKT--——-=--—---—-- EEEKPEK

488601079 LDVGMGRSRTPVEGEPLPCVISYR-EVIAGQVLSMKQEVPSVRAE

297565028 [WVRGWAAVNRP--YLGEASRVSLH---—---——-—~- GSVPGSPRL

257060308 KALGAIINRPG--GSGLSCKLKTNVQYIQLSLFEGLGLLKTSTSA

V-U4 family

1040961339 MSYLCARGRFNLSGFSTGSMGVLPVRASLFALLFTTLHGARI SAHWYGMSKENDHTVTCI
1405224212 == - === - - mm oo m oo MSSERAPKL--------- RNVVTOQ [}y
1206162758 == - === - - — - mm oo MGTEG--------- ALTH--RVV
1009979974 == == m - m o e m m e oo MTSTTLAPE---=-—-=---- EPLMVFR
451770599 -—--------—--—-—- MTTARANEIPTCQTQHLRSTHMTDV - ---—---=- E--L--SB
1305448890 == - - — - - - mmm oo oo MAEV--------—--- L--RINF
1706614983 == - = - - - mmmm oo oo MAEKTGTDA---=-—-—-—-=— GTMN--RE
1706842133 ——--—----———-———- MPLNGWTMLAQVEVRAMTTTTGTDL----—-=---- APRL--RINF
488601079 —— — === = mm o e - ML-- T8y
297565028

257060308

1040961339

1405224212

1206162758

1009979974

451770599

1305448890

1706614983 ErrfpP---N----- QAQKAE.MRC!G.AYTLLNAYNLQILRN—EQEYRNTRNAEGA
1706842133 FEHREDP---N----- PAQATLIMAQ YGAARVAMML IAHNRAALAA-GAARRTELAETGL
488601079 BFRMYPS----—---- KTVQAKNEQLELCWLRLLSEVNKZ—\RKE—GRRIRRE ——————
297565028 JSCKMIPDAST----AEKLSRTWUNQFANNCNY----- ALQVARRDNI -WNKF------—--
257060308 PITWACKLQVANTLAKEI DETMMVFBRCICDW------ VNQNT PEKM-TNKT------—--
1040961339 DEKAAGKKASEQVGRMPNYM----- SIATNEWTQLRDEV-—-—-—----———-————————-
1405224212 D-----=---=-—=-—- EPDVKFPGHFDLC-KMWTAWKNTAE---WTDRHTGQTTTGV -~ - -
1206162758 SDETAAAELLDDRDWRTATIKAAPDELRRPLRAATLGRAF-------- TAETRDPD----
1009979974 TKDKAKKELKAAAKEDPSLAIVWARDFDKNYITPERNRHK---HAAQRIAAGENPVDVWN
451770599 DPKTSAAQAPK-IPTKPAIQ--------- KALNTTKGDDR--—----— ISAAGD------
1305448890 AEEQARKQVRVPVPTKPTIQ--------- KRLNSFKGDSR----—--—- VQDLPDGVLG - -
1706614983 DYETINGEIRKLRKKDPAYKFLGHAEYEKRYLTPEKQRHE---AIAQAITDGADPAVVWS
1706842133 AGPELAARMKAERAADPTLRVASYQSYATAHLTPLIRRHR---EAAAAIAAGADPAEAWT
488601079 -------------—---- DTQ----- SL-=—-— - —————mmm—————————— - - IVR
297565028 -----—-———--————- ALQ----- RA——— == ——mmmmmmm e VYA
257060308 -------------—--—- AMQ----~- SL-—=m—mmmmmmmmmm e m e m e — VYQ
1040961339 ----—-----—-- CPWY----PEVPRRVFVE FOQRADJ FKNWFDS--KSGRRS------
1405224212 -—--—-----—--- PWV----ASNFVGTYQOA LRDAAQ@ WOQRFFRA---- - RKT - --—--
1206162758 ---SRF------ A--WWAVERHGVNRFAVS $§ LQALDf] FDRYYRD--TGGHRSARRARP

In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

469
449
474
416
357
417
424
361
344
358

477
478
497
430
393
433
453
405
375
401

111
65
67
69
81
59
67
83
50
47
49

145
103
115
126
117
100
124
140
58

55

57

180
134
162
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SUPPLEMENTARY INFORMATION

In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

1009979974 PDEERF------ NEPWL----HTANRRVLRS BOKQYEQMLDNFFKS--QNGSRA —------ 168
451770599 —----—---—--- CPWW----HTVSTYAFQSNFADADT BWKNWLAS - -LTGKRS ——-—-—- 152
1305448890 ---PRR------ PCPWW----WEVKT YCFQAMMADADT MIKNWLSS - - LT GARA ——----- 139
1706614983 -ETERF------ AEPWL----HTIARRVLVSEIKNADK MIDNYNKS - -RMKQRA —-—-—~— 165
1706842133 -D-ERY------ AEPWM----HTVPRRVLVS GLQNAAK TENWMAS - -ASGTRA —---—--- 180
488601079 IKREEK--------—-----—- PELS-KVYSKVLOMVNYQLRSNISS-LNELR----------- 93
297565028 DLRAEY ——=--=-=--—---—-—————————- GLIANTLATR ¥ ------ -ARVGK---------—- 77
257060308 DVRVNF-—---—-—--—---——————————— GLEQNLAIQEJIRRVCAN—RKTAK ——————————— 85
1040961339 --- Shav P @Y $ KSKSRE -NDVQPAFVANLNRYI----------- KTGELA-- 223
1405224212 —-- SARA BRP NI &KRGRARD J3b M- - - - - - - —— - - - - GDGLR--- 161
1206162758 RKD SRPA NP 8J &K RGRATD S -NLV-——-—mmmmmmm oo VAGQDPWR 198
1009979974 --- 3KV SKP S & KIRSTD AVDVSSSTTLIRDIGPKDHARY----- KTGEASTG 220
451770599 --- S PT Shp ¥ & KHRSRD “HDVN-—=-———-—- - oo NPTIRP-- 183
1305448890 —-- 3RV S PE¥Y &K KGRARD “HDVK-——-—=-—-—--——————————— KPGIR--- 170
1706614983 —--- ShRM S PE¥J K KGVSRD -HETTGAYGAYYHKKDPEYARRKVQLKRRGISAKP 221
1706842133 —-- SARV P (33 &K KGRSRD ; APEVIGAAGTPY-——---—-—--—---—-— KRGEPRRG 222
488601079 -KK[vK v[elwL EF@4r S- -- PN K TLNFNQSGFKID-—-----—- FD------- RK —-——---- 128
297565028 -RK[EHKAGFEATSV---DYDQRMLSVNVDTETVS----- LSTVD------- GR------- 115
257060308 -0K KKVKEFPTSI———SYDARFSFRESDWTVS ————— VKLLN------- SR -——---- 123
1040961339 -DMDYREEIK @PKC JVRLTPGSAGOL PLGRTML-----——-———-———————————— AE 258
1405224212 -IVDAK[ERGN #PK el VKT FEAT RK LAKGSVPCPTCRATGKITDSASGKVKKCSDCK 220
1206162758 VIEGAHEEIKMAP SMElS LRVHENT KRR B TARG ——————————————————— - 230
1009979974 ITIADYRERURMSHMETFRVFGSTKAMV BOLDRG —————————————————— - 252
451770599 -DDGYREENIAPRMES LRVHDSTKRIMK BIA TDRG —————————————————— oo 214
1305448890 -LAGYREEARMP TiRelE VRL HDFGKRIMA B IDRGR———————————————————— oo 202
1706614983 A VRAG ——————mmm oo 253
1706842133 A CRRG ————— o 254
488601079 TGGK ——————————mmmmmm—— 149
297565028 ARST —m oo 136
257060308 S KN PT - - 144
1040961339 ISG---PFVP-DA-------—--- 1s JRORR 302
1405224212 VEL---VREV-RT----=---—-—- AP EROLA 265
1206162758 VAL---PATAASTVLSPAGAPRAAAP BAQTR 279
1009979974 LFVSFLVEL---PIEIARS------—-—-—- TP KQYK 290
451770599 VKA---PAA--HA----=--——-—- AP @RORQ 250
1305448890 CKV---DQSV-PQ----------- RS JRAQRR 239
1706614983 VEL---TRP--ST----------- AP JAQRS 289
1706842133 VAD---PTPI-RT----=------ GPSRRQRA 291
488601079 AEV---DKQP--L----—---—-- pp if------- 179
297565028 CEY---DDPP--V--=-—-----—-- LDP —------ 165
257060308 LDE---PTQP--E--=--=------~ AK g ------ 172
1040961339 N INPIEs Grry T F----------- x-----—-- LstINp §vskveEQE J§ Hn J 343
1405224212 GP Ir R RO PN L - -—----—----—- B ---—-—-—-- orvoNp BLESHLR B TAQQ 305
1206162758 A U] e T v - - - - --—— B -—————— TLVANA BEGRAAAR o W 319
1009979974 A gh Wl s NN - -- - - - ———- -------EIIPNP W LRTADK o 8 330
451770599 AN AeESENeR A i BT - - - ------- - -———- DIIDNP $LAAGOK o 8 290
1305448890 R LoV il 1~ S IR PLHPYDRASLYVENP $LRRAAQ o 8 287
1706614983 A LGV EQAPQRFAQYP B EFTSDGAPTLANP WARAAEK o 8 348
1706842133 N LoV il » S R -------EVIDNG SPGARQAA 0 8 331
488601079 GRA HeliBA ARt THF CVD - -----—---- -------NYFEHP §WLDRTLE o @ 219
297565028 O oS vy PO - -------- - H-----—-—- ETYSG- @LNSVRH R @R § 204
257060308 DKV He\lgehieR - TD o T F----------- F------- ESWSG- @ITAKRN WA @RT 211
1040961339 APNATA---K - P2 ] LAR HARSALA PGFsno aw Psor----ac 393
1405224212 AMERcP---p & - RiiQQR HARVRHL @NSLQQATSA BHOH----5V 355
1206162758 REFNSIQQGPRK ShAP KGWVATQRT QHDTAAR @GLVYE BxT BAcy----an 375
1009979974 KiNalco---X f -- ENST BKRR HHELALQ $GYLNE MsM BSSF----5SA 380
451770599 AMIRITE---xK & -- ;R B @aAR HHEITER @TTLHT MK BTNwW----AT 340
1305448890 AFFNRITO---K - &R | VRR HHEVAVR $STLHQ MKR BTGF----AE 337
1706614983 AMERAC---K 3 -- KR & §voo HHLVALR $§SGLHQ §KR RTGY----TL 398
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SUPPLEMENTARY INFORMATION

In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

1706842133 AY[MRTO---P J-- Fr & Wrro BALOHGIALR IGLLHQ = §ror----av EEl 381
488601079 OFEFIKOK------ G JKN | RIG YEKLENQ §DFLHK JERYYVNNY----DI & @ 269
297565028 K ----KB -TKGA &R & --- SGKETRFSNHVNHT BSKR WAKAQRTERA BN 253
257060308 TtiAS——Ki—TRSS' fCROL iSGKERRFQKHINHE RO INNAVTNKQA i 267
1040961339 BKFDLASMLAS--AK Jv JKPGKNV----DVKARFNAH --v fiasTIiDk JHEGKR 444
1405224212 EEWDVQQTAQH--- - iPKNLPKQI —————— RRNRNRA --T @carrwo Bs Prw 402
1206162758 NVAGMTATPAARPDP JRPGVYLANGRAAKSGLNRA --v GEFRRQ PM 432
1009979974 NVAGMTSS--AR BV JNPGKNV----KQKAGLNRS --I PGRIRTL TD 431
451770599 NVAGMTRS--ARSFI BNPGTNV----RAKAGLSRA . W --T BPGELRROQ GW 391
1305448890 HVAGMTRS--AK 3T MAPSRNV----RAKAGLNRS & B --T $GELRRQ CW 388
1706614983 AVAGMTAS--AR ST FAPGKNV----RQKAGLNRS --a ESTLRRQ SW 449
1706842133 NVAGMTRS--AR SrL ¥APGRNV----AAKSGLNRA M. B --A H.GMLRROQ SW 432
488601079 N------------VK #U----- AEN-GSSTTLNRH saw JkFv--RL JFE @ER 308
297565028 o---------—--FERKR----- VRL-RRPQ----RATL-HSW §FDLGOK ER 291
257060308 T--------——--HRR-—-—- TN--RKPRSKKDKRLG-NNW S YQOLRQF IL 308
1040961339 DRV ITLDNS K@&:--TCVCGPEQ Yy oz § s01
1405224212 YHT W VTDRHAPT AMErvKATPIPPTOQDE | v IAV 461
1206162758 YHRO MLE BARRFAPT T~ -VRAKLRLDE ¥ ME~21 § 490
1009979974 RYWE ViRFFPS SEEs--KTTIPLAQ & | SHvyeE 8 488
451770599 YHET BARICDRWEPS E JKV--RTKLRLSQ BH~2y § 449
1305448890 YHER WAV BDRWWPS A -QNPRLTLAD MEz2TH § 446
1706614983 YHBQ M T BDRFFAS A MR RAK TKLDLRV SHr2E 8 508
1706842133 AH60 KM BDRFAPS R el - VK STLS LAE BEr2w § 490
488601079 A SRT /K MNP - KNT M fel - TVNNLKLHD EErov ¥ 365
297565028 AHP W F #DP -RNT A -AERANRPTOQAL ME2vr 8 348
257060308 A YUK B L MNP -AYT K @ Vv-1GDR---KG § BEx2L § 362
1040961339 TVG----------- FDELGLDMTASLTPD--TGKRPIAFMTS - —-AH -—-—-——-—-—————- 532
1405224212 AQH------ HDAPSGGESKNARGENTRPT- -APRRNGQFSAK--REPRSRPPGRGQTGTP 511
1206162758 HQA---LGTS PADAGDAKRRDHKEGDRERSVILVSQDLGPPR--SAERVTDSSPPTRAA- 544
1009979974 KRL------- VEQKCSEHSAPEGAEDKRPWSVHLPSTQYVDGLYTRKRQGPSGHSS —————— 537
451770599 AVAS-DTGETLTARRDTAEAPTRVGRRRGAVDAGRPHRETGA--ATPAEQPAGHPKHADQ 506
1305448890 ALA--DTAPPVAPDRGETQNARRAGTRPT---GPRAGRHPAT--KREDTAPAVPPQRSNP 499
1706614983 VRM---YEAQLAPGMGESLNGRGVTDSDAAVSVVLGDAALDA--SRPAAMGGGSP ———--—- 558
1706842133 VQEERGAGVE LARGRRESRNGRGAAVSGP-PSGGAAGQGRGS -~VKPAPQGVGMSSRATG 547
488601079 MGRSRTP---VE-GEPL---PCVISYR------- EVIAG--QVLSMKQ---EVPSVRAE- 405
297565028 WAAVNRP------ YLGE---ASRVSLH--—--—--—---———-——-———- G---SVPGSPRL- 375
257060308 AI INRPG---—-- GSGL---SCKLKTN------ VOYIQL--SLFEGLG---LLKTSTSA- 401
1040961339 -------------—---—---—--— 532
1405224212 GT-----=--=—————-——————- 513
1206162758 ——--—----————————————- 544
1009979974 ------------------—--—— 537
451770599 RTLPLVS----—---——-—--—— 513
1305448890 LALPPPPTGYEQVTLF------ 515
1706614983 —=—==—=———==——-————————~ 558
1706842133 WSSQPPSTEGESAVRGASALAR 569
488601079 -------------—-----—-—--— 405
297565028 ------------"----"----—- 375
257060308 -----—-———-——————————— 401
V-US5 family
1002781834 -—-------- TRO A Wb ¥~ o ST B B R o PN EET W 48
257060041 ---------- TRO A b ¥~ 0 K SEE 48
1405885249 -----—------ SLRQ Mk BTE  NEgF W | 48
440680311 ----------- SLRQ Bk M¥sE x[§ 48
1111222001 ----------~- TRQE b ¥~ D « g 48
1016058386 ----------- TLRQ IQUIT D K\ 48
1002781021 -----=----—- R Nx e TRO T b A E LY 48
1002400088 ----------~- CRL [ RNl i 1 1 SRS T E 48
1002400093 ----------- OCRL T A 2 SRBRCRERT i 1/ :XeJold 49
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SUPPLEMENTARY INFORMATION

1000428792 --MCFVWYFIFEOK
1004799941 —-----—--—- M iy
1004798910 --—-------~- 1 Sie}
1002125473 ———---—-—---- 1 5[o)
1007062327 -—-=---=------ 1 5 )%
1007109870 -—-—-------~- 1 Sie}
428305730 ----MSDQTSQNNE -SL

1030021203 MSRDRQKKSTSPIHR
17230183 MSRDRKKGSKSPBHLR

-IROEINHINSIHD VLR K
-IR@OEINH T KIPD VLR K

In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

TROK L MENESN TP L] ool EBEEx B-7
TRSY AQK 48
SRHQ 48
TROK 48
TLRH 48
TRQOQ 48
TLCF 54

1206817639 ——=—=—=-=————~ 1S OCRL VA TLOH 48
1300380544 ——-——--——-——~— 1S QCRL VA Sn el A /NoB@ TP LINELL 48
220908491 -——----——-—-——~ 1S ﬂJHL I\ VRRH LMiNeEI TP LVN IL 48
1085045623 —=—=—=—==————~ 1S OCRL VA TROY L vESRRg e JJyE 15 48
1085056708 ——=-—=-=————~— 1S TRQOK L VNS TP L INE LL 48
1406824382 ——————————— 1S NRQOQ LMMNSM TP LINE I L 48
428311644 —————————— - 1S KDSLRH gl T ] VNE L L 48
1085030414 -—-—---—-—-——~— 1S QCRL VA ARQQ 1 VN TP LINE LT | 48
1300485477 —————=————— 1S QCKL VA TRRA LMNRO P LINE L L 48
428312908 ————-—————— 1S OCRL V2 WARESN:Le) L MENoRl TP L INE L L 48
1016001624 -—=-—---—-—-——~— A [ofob: SR DT RQ F -AQK TP LINE I 48
1507700957 —————=————— 1S QCRL IA TRRQQ | [ TPLINELL 48
428306136 —=————————~ 5 OCRL VA TRHH T MENRM TPLINE LT § 48
1019531886 ——=-——--—-—-—-—~— QCRL VA TRQT 2EL 48
1002781834 RQOQ RRLONK 108
257060041 RQQ ORLQRK 108
1405885249 LEK KRRKNQ | 108
440680311 LEK KRRKQO 108
1111222001 RQK KRLQYK 108
1016058386 LEK KRRKROQ| 108
1002781021 RQK ORLQORK 108
1002400088 FKAKQMWPKSA KQLQORRI 108
1002400093 LTANQIMPSKL TQKRLS 109
1000428792 RRN PSTV KRLOQOQ 117
1004799941 LKK PDGV KERQQT BDRK 108
1004798910 ROK[ESH PAKI KRSQSOQ 108
1002125473 RQQ PTTV KRLOQOQ 108
1007062327 VKN PATV KRLORK | 108
1007109870 ROKESHPTGI KRYQSOQ 108
428305730 LTQCA BPASV RLKRLS 114
1030021203 QEK[ETHSKKE OKIKKQKE 119
17230183 KE N[EFRETKKE QKRKKQKE 113
1206817639 LKNEWPKDT KRRQROQ | 108
1300380544 VOA[MMUPEKT KRRADR 108
220908491 QRK 5KSS KNRRYR 106
1085045623 ROS[EHENPASVFEDY RKTIMNTES R] RRLRNOQ 108
1085056708 RKNENHP STV KRLQQQ 108
1406824382 QQKEMMP STV KRLQQOQ 108
428311644 LKV AEV EERRFR WRK 108
1085030414 ROK[EEAPSTF KRLQQQ MDRK 108
1300485477 SLT[EE#PRLY TRLRNOQ I 108
428312908 ROKR @BPAGT ORLORK 108
1016001624 RTKKZMPKDF KALDWK 108
1507700957 KRKENPPGT RRLIFR 108
428306136 RKK PDGI QRLEQK 108
1019531886 ROREEUMTAKY ORLQRK ; 108

1002781834 NEYIM-V EEvor Pss T ®ax TLKPE-K---PDKFPETSTTKGKKSK 163
257060041 NEEIEA-A P00 PTN ET BAK TLQPQODR--EQSSKKKAKKCKKSTNK 165
1405885249 OFYIM- x SN EA= o Pss vV RTK FEHFSKFTPOSDSEALRRNONDKSKKGKKTK 167
440680311 Oy OFEoE Pss v RNK SKFTPQSDSEALRRNQNDKQKKVKKTK 167
1111222001 1/JEER- =00« E8 =Bl v & TG v illE A BR s K E QFSPQID---TNNSONKRKTKSKNSK 164
1016058386 ERYIM LO M OE Pcs Miv RTE | KFTPQSD------- ONKNQRKSKRTR 160
1002781021 REYIM- T\ AA<EIE B oo oo N fE A THQKTEK ——-————————————————————— 148
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SUPPLEMENTARY INFORMATION

1002400088 RENIM- VPR <EEcEA= onccos@ET
1002400093 - Tl <Y< oM 1 0 D

1000428792 1
1004799941 E
1004798910
1002125473
1007062327 KQ
1007109870 1

428311644
1085030414
1300485477
428312908
1016001624
1507700957
428306136
1019531886
1002781834 KY-—-----—— KNNNS--—=-———= == —— — =
257060041 NS —=——————— — = —— —— —— ———— ———— ——
1405885249 KP-----—- TKAKTSS————m—m—mm m— —— — —
440680311 KS------ TKPKTSS-——————— ———— — —
1111222001 KS----- KSSDISKN--——-——————————
1016058386 KS-----— AKLQ-TPS——-———————————
1002781021 —————— ———— m—m e e =
1002400088 KS—------ SSEETITe——m—mme———— ——
1002400093 S—=———=— == == m e ———— -
1000428792 KS----- SASNPDRS-—=——— === == ————
1004799941 KS----- KTKNENST-———————-——— - —
1004798910 KSDGDCAERTLRERS - --———-=————— ——
1002125473 KS-=---- SSSSSDRS-——=————— ———— — —
1007062327 EV-—-—-—-—-——— KSLST-c—e e —
1007109870 KS----- OKSDSEGN-=-—-——————————

1206817639 KT---KKDTEESNST---—-=-=-=—=—————
1300380544 KS----- OQATKDLPT--=————————— ——
220908491 SK-----—--——-- N J
1085045623 DPT--=———=—=—=——= == == ———— ———— — —
1085056708 KS----- SASNPDRS--——-———————— ——
1406824382 KP----- SSSSPKRS-=————————————
428311644 == mmm e e e e e e e - -
1085030414 GR----- SSSSPVSS——————————— ——
1300485477 QT ------ SNQAGAN-———-—————————
428312908 KP----~- ODLGSNRS—--—=—-—=———=————
1016001624 - ——-—-—-—-—-————— HDR- - ———— ———— — =
1507700957 == ——mm mmmm e e =
428306136 —————— mm e e e e e — -
1019531886 ———————— == == == = = —— ———— — — —— — —
1002781834 K QK-P PEK

257060041 K QR-P TEK

1405885249 0 EL-D PEE

440680311 QBSEL-D WPEE

1111222001 K NK-E PEK

In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

I OKEY EI‘LI LMDSEKS---QSSSKPKKPKKPKKKK 164
CYKEQOMAK RTONKLK- - =--- - - LDEPQHSEKAHW 161
RTKINS H8IA TTTPESD----PKTLLTKRGKTKQSK 172
RSQOINTKISP KYLAQSE----QNNNQTQSQNKKKSK 163
TKINA BBSIRS OFAPQPD---TVEAQPAKGKKRKKTK 164

KAMPTSD----SDSSQPKTKKGKEAK 163

RAKINT |Hi8D SFATRQINQVNSKSKT SKNNKNKQEK 167
ABREIRA OFAPQDT----NRDTSNKGKKSKMGK 163

OETEDIKSH
KFKSPRL |
ETDDIKCH

DE TEDP IQT X
@DIEDL

DETEDI T 5
-—- ETDDI S 178
--- c 177
- B R cosE=T B ByTaTv 257
- EENC osEl=T B WyTATYV 254
- S cEoffl=T B WvkvPO 263
- GEEQHET BT WFNVPO 263
- 30 o NN B Proveo 261
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S U P P LE M E NTA RY I N FO RMATI O N In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

1016058386 Q DPEE DL T[epNW T Jagi INITNVPQ
1002781021 DPEK A DL TIg:8\] EETI SI;QTDPE
1002400088 Q DLDK IVNESIPQ
1002400093 Q NPDY O LNOTPI-T
1000428792 K NP EK 9 TNITTVPE
1004799941 Q DPNQ E MNI'SSVPE
1004798910 K NAEK O LNILNVPE
1002125473 K DSEK O TNITTFPE
1007062327 E DIEE 0 KNNSVPE
1007109870 K NS EK O TNIYNVPE
428305730 Q PKK I K QPI-T

HAFDNLINQVPQ
AFDKLINQVPK

1206817639 Q NPDT TBKL M SQVPQ
1300380544 E DSEK T ENITRNVPE
220908491 K QEK T I QQLSE
1085045623 Q DPKK \Y% I ROV PK
1085056708 K DLEK T TNITTVPE
1406824382 K DSEK T TNITTVAE
428311644 Q PEA A Q GLI-I
1085030414 Q DPEK T INITSVPQ
1300485477 K NP EK A TNI'SHIPE
428312908 K DKEK T ANISTVPE
1016001624 T DT NI T TTAPI
1507700957 K DP KK T TNI'SQVPQ
428306136 K LEK T I TTAPA
1019531886 Q DAKK T LNMCDTDPK

1405885249 NENEAKA[JMA
440680311 NENEAKA[]
1111222001 SETEAK S [N NFR K s HA (A3igs

1016058386 NENEAKA[A AR K P AD yAdivdr

1002781021 DTAQARS(JED KT 0505 il

1002400088 DENEAS A[J0r KK K S HN IN=pa=pvr : Y i/ ESLKKLNLN
1002400093 TIEEITSLET OMMOK Y SH iMgivr y

1000428792 NNAEAKRJOD I T RS S S iz

1004799941 SNDEAN I |ife) Ri#

1004798910 NEAEAK S{ielD SHK K S 1T A

1002125473 DNAEAKR{MED I

1007062327 SENEAK S8

1007109870 DE TEAK L{gfelN Sl

1030021203 NNEEFAE@IA SN KV sD HENAZED

17230183 NNEEFANIIADASRKI SN iMiiagiiD
1206817639 DENEAK SN Ok T s 55 ks WD
1300380544 NEDEAKA[HOA OR EA s S (A aEiin
220908491 TVAQARE QPKF [hRad
1085045623 DEDEAA I|{if§]s RIMMT DAAK F ERaidin
1085056708 DNVEAKRHED TM8T R 5 5 S [l 1
1406824382 DNAQAKR[ED I

1016001624 DQTEANTRFEFS I
1507700957 DEAQAK S|Jie]D T
428306136 DEPEAQS (e T
1019531886 DVEQSR T|e]D K

1002781834 ——-—-——----~- o< P EEERoork $6----- kDHH I s
257060041 --—--=—--—--- Q QL 1 YAoK $G----- 90:B: 0 SAl ElLR S|
1405885249 ---—-—--———~- -KI-I 3 B BPoETL $s----- KROH £ R S

256
235
260
248
269
260
266
260
261
260
260
296
292
266
260
257
258
260
260
249
260
261
258
238
237
237
235
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S U P P LE M E NTA RY I N FO RMATI O N In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

440680311 —---------—-- o ®s----- ] 358
1111222001 —-—==-==-=---~-~ 3 s oor KNS ---- - #5356
1016058386 —-——--------- $: 1 k< R o r L K NS - - - - - # 351
1002781021 —-—--------- CDIOIR OL i1 F oJR F e D ofe):Nag R W, 330
1002400088 PE---------- Y nigo FECK BOET - §AN---- - 362
1002400093 —-—------- -~ 3 K FFT )y oS Y @SH---- - 343
1000428792 —-—=--------- 364
1004799941 —----------- 357
1004798910 —-——------- -~ 361
1002125473 —-——-------- DR OL BT F ofR T I D sJolBR o 355
1007062327 —-—=-=--=-=----- Fr Ao DI KH0G---- - #E 356
1007109870 —-—=-=------ -~ DER B PJoET KNS ---- - 355
428305730 —-—------—-- Yo Y2 Fory @H----- 355
1030021203 —----------- SEKG--EIKL 393

17230183 --—-—-=-=-—-—--—--~— > S SEKG--EVKL S 389
1206817639 —-——--------- DEJRO FaC @o)o1 WD - - - - - A 361
1300380544 —-—--------- - 360
220908491 IKAWFKDHQEYP ORI D IRQNT. WO OF Y QAN - - -— - 370
1085045623 —-——-------- §C O ¥e I D ofolB SNEEEE . 353
1085056708 —-—--------- C ] 3 355
1406824382 —-—--------- G N ] ] 355
428311644 —-—------—-- Yo ] 3 346
1085030414 355
1300485477 356
428312908 353
1016001624 333
1507700957 332
428306136 . 332
1019531886 C Fv A0 OVK@DG - - - - 5 330
1002781834 e« - - - | 373
257060041 e - - - By 370
1405885249 379
440680311 379
1111222001 377
1016058386 372
1002781021 351
1002400088 383
1002400093 364
1000428792 385
1004799941 381
1004798910 382
1002125473 376
1007062327 377
1007109870 376
428305730 409
1030021203 414

17230183 410
1206817639 382
1300380544 381
220908491 391
1085045623 377
1085056708 376
1406824382 376
428311644 367
1085030414 376
1300485477 377
428312908 374
1016001624 354
1507700957 353
428306136 353
1019531886 351

1002781834 Hif Fvw JEEHc0 PoBRSKKFQTNRLRMKPELTFSIFFRSQTLET YLOVWLVI TAYRLO 433
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257060041
1405885249
440680311
1111222001
1016058386
1002781021
1002400088
1002400093
1000428792
1004799941
1004798910
1002125473
1007062327
1007109870
428305730
1030021203
17230183
1206817639
1300380544
220908491
1085045623
1085056708
1406824382
428311644
1085030414
1300485477
428312908
1016001624
1507700957
428306136
1019531886

1002781834
257060041
1405885249
440680311
1111222001
1016058386
1002781021
1002400088
1002400093
1000428792
1004799941
1004798910
1002125473
1007062327
1007109870
428305730
1030021203
17230183
1206817639
1300380544
220908491
1085045623
1085056708
1406824382
428311644
1085030414
1300485477
428312908
1016001624
1507700957
428306136
1019531886

G g
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SET®LAF-- -pKNAKERTHT -
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In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

1002781834 \PNAPGT TGKA ey ----- - 516
257060041 \PNAPGT T GKA ey - - - 513
1405885249 VAV YV D jaAvseifelv e - - --- - - - - - - - - - -~ 486
440680311 OENer - - - - - - - - ———— — - —————— — — —— — — 486
1111222001 R - - -- - - - - - - -~ - -~ ————————————— 484
1016058386 (D, T, (G | 479
1002781021 AV EEVADK B WANAME: T TOKT WMMIEYI & OpeIN - — - - - - ——— - —— — — — — — — —— — — — — — — 458
1002400088 e - - - - - - - - —————————————————— 526
1002400093 MABRTRKVRNKKPN--SNNSNQSLSSAYKQ 502
1000428792 SMeEr------------- - - 492
1004799941 D __________________________ 488
1004798910 (17| 489
1002125473 R D __________________________ 483
1007062327 (3 | Y 486
1007109870 (3 ] 5 483
428305730 M DKKRRVRDQQPELPKYEERQHFTNIYKE 549
1030021203 0 7|5 501
17230183 g 4T INEFDN - - ----—-— - 517
1206817639 VAN A< F AN BV SNKV B &V & o0 - - - - - - - - - - —————————— ———— — — 492
1300380544 EASF I N 3 QUNGOY 2 TRV I S & PBAID - - - - - ————— - m—m————— 489
220908491 GARVEMT N M2 AR GR TGEV T kT P S TERED — -~~~ - -~ ——————mm e~ 487
1085045623 NN S <X GVNNAN VTDKA MM % T ¥ o0 - - - - - - - - - - ———————————— - —— — 484
1085056708 ENAH S K 3 SINABE 12KV B & T ¢ PBHID - - - - - ——————————————————— 483
1406824382 K M« 3 WONAEE 1 ANKy B G BT Y OBAED - - - - - - e 483
428311644 PIKEGKTKKK 479
1085030414 cAVEH DK X W NAARTIAEKV A TS WME@D----- - - -~ -~ -~ —~ -~ -~ -~ —— - —— 483
1300485477 484
428312908 481
1016001624 461
1507700957 460
428306136 460
1019531886 458
1002781834 574
257060041 571
1405885249 544
440680311 544
1111222001 542
1016058386 537
1002781021 516
1002400088 584
1002400093 562
1000428792 550
1004799941 546
1004798910 547
1002125473 541
1007062327 544
1007109870 541
428305730 609
1030021203 579
17230183 575
1206817639 550
1300380544 547
220908491 545
1085045623 542
1085056708 541
1406824382 541
428311644 KTQ | 539
1085030414 -- 541
1300485477 —- MK 542
428312908 -- 539
1016001624 --DMR 519
1507700957 -~ 518
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N b H R ! N
Pitvclr i
1002781834 SERAAZK MK Di
257060041
1405885249
440680311
1111222001
1016058386
1002781021
1002400088
1002400093
1000428792
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1002125473
1007062327
1007109870
428305730
1030021203
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1300380544
220908491
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1085056708
1406824382
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1007062327
1007109870
428305730
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428311644
1085030414
1300485477
428312908
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i T IO S MO BYel
i S BNO K M40 INE

518
516

GRsNOF BIPHE: |
EAFNQF g0 H

BN -

B LLAKpY

634
631
604
604
602
597
576
644
622
610
606
606
601
604
600
669
639
635
610
607
605
602
601
601
599
601
602
599
579
578
578
576

670
667
642
642
638
635
612
682
660
648
643
642
639
639
635
711
678
674
649
645
643
641
639
639
637
637
636
635
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SUPPLEMENTARY INFORMATION

1016001624 EKVERVEVERKEPKOETLTEKRL OMVASRTEKNLKKK------
1507700957 AKAEAVHABEEx®sIrEorrxkoBEERREC .

428306136 AKIf Be@o@rIrEsrofxBEE BESBAEDDRTKS -------
1019531886 SKLEHrHBeBoRrrofTrrokRrE@RrkBMRSRLsA-------

HHpred output for sequence 1002781834

>COG0675 InsQ Transposase
E-value=3.4e-09

Probab=98.99

Q ss_pred

Q Tue Jul 12 23:

Q Consensus

T Consensus
T COG0675
T ss_pred

Q ss_pred

Q Tue Jul 12 23:

Q Consensus

T Consensus
T COG0675
ss pred

=}

ss_pred

00

Consensus

10

T Consensus
T COG0675
T ss_pred

Tue_Jul_12 23:

[Mobilome: transposons] .

Aligned_cols=142

prophages,

Score=106.41 Identities=20%

RuvC-I

CCCCCCCCccCCCCceEEYEECCCLCceEEEEEeCccceEEEeccHHHHhhccHHHHHHHHHHHHHHHHHEhHHHHEhccce
465 SYNRPHKT VQGKS:\ EKPATVAVVDGTTGKATAYRSTKQLLGNNYHLEFNRQGKQKQONTSHQRHKSQKHFAD
465 ~PATVAVVD~~t~Kvl~yrs-~ kQLLg ny~L1~R~R~ggg~1lsh~Rhk~ qu~~~

. P P R
R ~k~ ISHNMMNMNM.NMNM.NMN\
RDGRKLLKRL! KKAQKRLSRKKSRSKRRKKAKLKLAR
————— CCccccCchhHHHHHHHHHHHHHHHHHHhhhhhhhhhHHHHHHH

162 ~
162

RuvC-II

cchhHHHHhhhHHHHHHHHHHHHHHHCCCCEEHecccc HHHHHHHHHHHHHhhcCCCchHHHHHHHHHHHhHhcCCCHH

545 NQFGESQLGQYIDCLLAKAIISVAQTYCAGHYIVY KDMRELIQSEIQAKAEAKIPGYVEGQAKYAKSYRVQVHQWSHG

545 ~g~~Es~LG~yvdrllAk~IV~1Aqg~ygAg ~diRe~i~SeigArAe~K~pg~ke~QkkYaK~yR~~vH~WSYg
[+l +. 1+ PRSI RS

236 R SRR

236 LRERIRNRRKDF-HKLAKKLVELADL

HHHHHHHHHHHH-HHHHHHHHHHhhheeee

HHHHHHHHHHHHcCceEEEe

625 RLIDNITSQASKFNITVEEG 644 (670

625 RL~q-I~~KA~k~GI-Ve~~ 644 (670)
S e O I I T I SR Y R I

284 ~~~~~l~yka~~~ -~ 303 (364)

284 ELRRQLEYKAEWGG KVV 303 (364)

HHHHHHHHHHHhCCeeEEEC

Similarity=0.212 Sum probs=0.

544
544

235
235

624
624

283
283
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S U P P L E M E NTA RY I N FO RMATI O N In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

Supplementary information S4 (figure). Strength of purifying selection for Class 2 effector protein
families.

The three quartiles of the distribution of the dN/dS ratio, estimated for sequence pairs with 0.0002<dN<1.0 and
0.0002<dS<1.0 (see supplementary information S1 (box) for details) are given. The background color highlights the scale
from low (blue) tohigh (red) values.

no. of dN/dS
sequence
system gene pairs 1st quartile = median 3rd quartile

11-A cas9 2239 0.12 0.19 0.25
I-B cas9 67 0.21 0320 064
I-C cas9 2756- 0.12 0.19
V-A cas12a 48 0.13 0.21
V-B cas12b 4 0.11 0.17 0.25
V-U1 c2c4 4 0.14 022/ 044
V-U2 c2c8 3 008 0.25 0.30
V-U3 c2¢10 14 0.12
V-U4 c2c9 11 0.15 0.36
V-U5 c2c5 16 0.15 0.16 0.19
VI-A cas13a1 8 0.27

VI-B cas13b 515 0.34

VI-C cas13a2 3 0.28 0.28 0.31
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S U P P L E M E NTA RY I N FO R MATI O N In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

Supplementary information S5 (figure). UPGMA dendrogram of protein family profile similarity

Profiles were built for distinct subfamilies of type V systems (red) and TnpB family (blue). The profiles correspond to the clusters, information for
which is provided in the supplementary information S2 (box, part h). The profile dendrogram was built on the basis of similarity score matrix
obtained using the HHalign program (see details in the Supplementary Methods). The dotted line indicates the arbitrary sumilarity cutoff ~2 (in
distance units shown by the scale bar below the tree) which, empirically, corresponds to the limit of confident identification of relationships
between groups of sequences (i.e. the groups to the right of the line are considered to be confidently identified.)

No confidence in identification

of sequence relationships ]
. Regular TnpB representatives
PK_22_5

PK_6_29
PK_13_7
Type V-U3 (C2c10)
PK_26_4
PK_5_30
PK_16_6
PK_31_3
PK_9_19
Type V-B (Cas12b/C2c1)
Type V-B (Cas12c/C2c3)
Type V-A (Cas12a/Cpf1)
Type V-U2 (C2c8)
Type V-U4 (C2c9)
Type V-U2 (C2c8)
PK_4_36
PK_24 4
PK_8_23
Type V-U1 (C2c4)
Type V-U1 (C2c4)
PK_20_5
X Type V-U5 (C2c5)

X X

N
’

H

|

|

|

'f‘ X - not included in the TnpB FastTree tree because of low sequence similarity
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In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

Supplementary information S6 (figure). Membrane proteins associated with Cas13b genes

Multiple alignment of representatives of predicted membrane proteins associated with Cas13b genes.
Numeric sequence IDs are from Genbank. Secondary structure was predicted using the Jpred4 server.
Transmembrane domain were predicted using the TMHMM server.

Variant 1.

TMHMM output

# WEBSEQUENCE Length: 181
# WEBSEQUENCE Number of predicted TMHs:

1 (shown in cyan)

6
29

# WEBSEQUENCE Exp number of AAs in TMHs: 21.52507
WEBSEQUENCE Exp number, first 60 AAs: 21.51976
} NERSEQUENCE ZaCelobeoh. bl Stgnar soquingeses
WEBSEQUENCE TMHMM2 .0 inside 1
WEBSEQUENCE TMHMM2 .0 TMhelix 7
WEBSEQUENCE TMHMM2.0 outside 30

181

HEPN domain motifs (E..RxxxxH) are shown by reverse shading.

739007499 |Bacte|Prevotella aurantiaca
339613715|Bacte|Prevotella pallens_ATCC_ 700821
496453857 |Bacte|Prevotella saccharolytica
916920636 |Bacte|Prevotella falsenii

490473138 |Bacte|Prevotella buccae

771514465 |Bacte|Prevotella intermedia
640560407 |Bacte|Prevotella pleuritidis
696216473 |Bacte|Porphyromonas_sp_COT-052_OH4946
333804400 |Bacte|Porphyromonas_gingivalis_TDC60
700239026 |Bacte | Porphyromonas_gulae

491058122 |Bacte|Riemerella _anatipestifer
CONSENSUS

Jnet 491058122

739007499 |Bacte|Prevotella aurantiaca
339613715|Bacte|Prevotella pallens_ATCC_700821
496453857 |Bacte|Prevotella saccharolytica
916920636 |Bacte|Prevotella_falsenii

490473138 |Bacte|Prevotella buccae

771514465 |Bacte|Prevotella_intermedia
640560407 |Bacte|Prevotella pleuritidis
696216473 |Bacte|Porphyromonas_sp_COT-052_OH4946
333804400 |Bacte|Porphyromonas_gingivalis_TDC60
700239026 |Bacte | Porphyromonas gulae
491058122\Bacte\Riemerella_angtipestifer
CONSENSUS

Jnet 491058122

739007499 |Bacte|Prevotella aurantiaca
339613715|Bacte|Prevotella_pallens_ATCC_700821
496453857 |Bacte|Prevotella saccharolytica
916920636 |Bacte|Prevotella falsenii

490473138 |Bacte|Prevotella _buccae
771514465|Bacte|Prevotella intermedia
640560407\Bacte\Prevotella:pleuritidis
696216473 |Bacte|Porphyromonas_sp COT-052 OH4946
333804400 |Bacte|Porphyromonas gingivalis TDC60
700239026 |Bacte | Porphyromonas_gulae

491058122 |Bacte|Riemerella anatipestifer
CONSENSUS B

Jnet 491058122

al
MDCTLISKEVATALLSTISSFIPIVIAAYLTYRYAIKKLHKESIENIERAKYEAILKAHQSIYKLLRETT
MDCTSILODMITALITSLESSATIIFAGYRTYRNAIKKLREESIENIKRAHYEAILKAHQSIYKLLRETT
————— MECNDCSOLITTLVSLLTAALSGFLSYYFAVRKYRKESQENVERWKYEAIWHAHQSFYKLLRFMT
————————— MITALIPALINSAATIIVVVYLTYFYAVKKLREESFENIERAKYEATILKAHQSVYKLLREFIT
———————— MDYMELAKEAFSIICTFIAAYVAYYYATKQLHQKSVENIEYAKYQAVLQAHKSLYRLLREFTT
MDCTLISKEVATAMFSTISSLIPIVIAAYLTYRYATKKLRKESFENIERAKYEAVLKAHQSIYKLLRFIT
MDCTLISKEVATALFSTLSSLVPIVIAAYLTYRYATIKKLHKESFESIECAKYEAILKAHQSIYKLLRFIT
—-—-MMTMTICWTPICVOLIELSGIFIAAYLAYRYAVRKLSKESIENIERCKYQAVLEAHRSFYKLLRETT
-—-MMTMTICWTPICVOLIKLSGIFIAAYLAYRYAVRKLSLESIENIERCKYQAVLEAHRSFYKLLRETT
——-MMTMTICWTPICVOLIELSGIFIAAYLAYRYAVRKLSKESIENIERCKYQAVLEAHRSFYKLLRETT
fffffff MYWILEVLKIVTPTIAVIVSAIVSTIVLSRKIRQELKGNIERQKYEDILHAHKQOMYRLLAYMT
————————————————————————— I-----Y--A--K---E---NIE--KYE-IL-AH-S-YKLLRF-T
Lemmmm e HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH-HHHHHHHHHHHHHHHHHHHHHHH-

a2
DTENDDCILLWEQSKGSK-EKVYYFRQANIRKFIK]
DTENDDCILVWEQPKDGG-EKTYYFRQANIRQFFK]
DNENADSILVFRKQEGSK-QPQPIFRKDKAREFL
DTENDDCILVWEEPKGGG-EKAYYFRQANIRKFT
DTENEDSILIWERPKDGGLEATYYFRKGNIRKFIK]
DTENDDCIMVWEQPKGGG-EKVYYFRQANIRKFIK]
DTENDDCILVWEQPKGGG-EKTYYFRQANIRKFIK]
DTENADSILVWQKAKGSG-AKTYYFRPACIRGFLS
DTENADSILVWQKAKGGG-AKTYYFRPACIRGFLS
DTENADSILVWQKAKGGG-AKTYYFRPACIRGFLS
DODNPKNLLKWEVPKGQK-DKIHYINRANAQAFL

a2.1
LTEEIYNKGNGIYLSKEVILLVFKYRTLVHKLLL
LTEEVYNKGNGIYLSKEVMSLIFKYRTLVHKLLL
LTDEFYKKGNGLFLSKEVADSLFKYRHIVEFGLLQ
LTEEIYNKGNGIFLSKKTMSLIFEYRTLVYGLLL
LSKEIYNEGCGIFMSKEALSLISEYRNIVYGEFML
LTEEIYNKGNGIFLSKKVMPLIFEYRSLVYGLLL
LTEEIYNKGNGIYLSKEVMSLIFKYRTLVHKLLL
LTDEFYKNGNGVFLSKEIISRIFEYRSIVYGLLL
LTDEFYKNGNGIFLSKEIISRIFEYRSIVYGLLL
LTDEFYKNGNGVFLSKEIISRIFEYRSIVYGLLL
LPELFYGEGCGLFLSEEVTKKFFEYRSIVHKLLL

D-EN-D-IL-W---KG------- YFR----R-F--EL----Y--G-GIFLSKEV----F-YR-IV--LLL
——————— EEEEEE--------------HHHHHHHHHHHHHHHH----HHHHHHHHHHHHHHHHHHHHHHH
a3 ad

AEKNNPDEKIMISKQEIAKSMIEIHQSLSIQIRNDINLKKRDLCLNSENT - ———-———-—--—
AEKNNPDEKIMIHNREVVKEMIEINQSLSIQIRKDIDLQQRNLYNHNKKGKKYWWKRKKQNI
VFSNYDENEVQLKNTQAVENMKKNFQQLSPEIRKSLHLHRRDLLFS————————————————

TAKDNPAEAIEITNKKLAKRMIEIBEOSLSIQIRKDRNLOQ-—-——————-——————————————
SAQNNPQETIRITNRESVERIKKIBIONLSIEIRQAINLKKRDLRF-—-—====-=——-———-————
TAKDKPDETIEIKNEKLAKRMIEIBIOSLSIQIRKDINLKQRDLQEDS
AKKNNPDEKIMIDKRELAKEMIEIRIONLSIKIREAINLQORDLHFK-
SERDSSDERIVMNKPETAERMIRIBIOELTQTVREATALKGRTLNE-—
SERQNSDERIVMNKPETAERMISIBIOELTQTVREAIALKKRTLNF-—
SERDSSDERIVMNKPETAERMIRIBIOELTQTVREAIALKGRTLNF-—--—-=-—-———-———-————
AEQNSTEAEFRLKNEEAATRMKVLEHKLSQSIRQCLKIEQRDLKAL--——=——=-——=—————

————————— I-----E----M----Q-LS--IR----L--R-L----
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SUPPLEMENTARY INFORMATION

Variant 2.

TMHMM output

# WEBSEQUENCE Length: 219

# WEBSEQUENCE Number of predicted TMHs:

# WEBSEQUENCE Exp number of AAs in TMHs: 88.84536
# WEBSEQUENCE Exp number, first 60 AAs: 37.17311
# WEBSEQUENCE Total prob of N-in: 0.99188
# WEBSEQUENCE POSSIBLE N-term signal sequence
WEBSEQUENCE TMHMM2 .0 inside 1
WEBSEQUENCE TMHMM2 .0 TMhelix 9
WEBSEQUENCE TMHMM2 .0 outside 32
WEBSEQUENCE TMHMM2 .0 TMhelix 46
WEBSEQUENCE TMHMM2 .0 inside 69
WEBSEQUENCE TMHMM2 .0 TMhelix 141
WEBSEQUENCE TMHMM2 .0 outside 164
WEBSEQUENCE TMHMM2 .0 TMhelix 178
WEBSEQUENCE TMHMM2.0 inside 201

501433496 |Bacte|Porphyromonas gingivalis
545407573 |Bacte|Bacteroides pyogenes

818455803 |Bacte|Wolfebacteria bacterium GW2011
754594446 |Bacte|Capnocytophaga canimorsus
405580122 |Bacte|Bergeyella zoohelcum ATCC 43767
754599666 | Bacte | Capnocytophaga cynodegmi
493307991 |Bacte |Myroides odoratimimus

503850671 |Bacte|Flavobacterium branchiophilum
CONSENSUS 0.8

501433496 |Bacte|Porphyromonas gingivalis
545407573 |Bacte|Bacteroides pyogenes

818455803 |Bacte|Wolfebacteria bacterium GW2011
754594446 |Bacte|Capnocytophaga canimorsus
405580122 |Bacte|Bergeyella zoohelcum ATCC 43767
754599666 | Bacte | Capnocytophaga cynodegmi
493307991 |Bacte |Myroides odoratimimus

503850671 |Bacte|Flavobacterium branchiophilum
CONSENSUS 0.8

501433496 |Bacte|Porphyromonas gingivalis
545407573 |Bacte|Bacteroides pyogenes

818455803 |Bacte|Wolfebacteria bacterium GW2011
754594446 |Bacte|Capnocytophaga canimorsus
405580122 |Bacte|Bergeyella zoohelcum ATCC 43767
754599666 | Bacte | Capnocytophaga cynodegmi
493307991 |Bacte |Myroides odoratimimus

503850671 |Bacte|Flavobacterium branchiophilum
CONSENSUS 0.8

501433496 |Bacte|Porphyromonas gingivalis
545407573 |Bacte|Bacteroides pyogenes

818455803 |Bacte|Wolfebacteria bacterium GW2011
754594446 |Bacte|Capnocytophaga canimorsus
405580122 |Bacte|Bergeyella zoohelcum ATCC 43767
754599666 | Bacte|Capnocytophaga cynodegmi
493307991 |Bacte |Myroides odoratimimus

503850671 |Bacte|Flavobacterium branchiophilum
CONSENSUS 0.8

501433496 |Bacte | Porphyromonas gingivalis
545407573 |Bacte|Bacteroides pyogenes

818455803 |Bacte|Wolfebacteria bacterium GW2011
754594446 |Bacte|Capnocytophaga canimorsus
405580122 |Bacte|Bergeyella zoohelcum ATCC 43767
754599666 | Bacte |Capnocytophaga cynodegmi
493307991 |Bacte|Myroides odoratimimus

503850671 |Bacte|Flavobacterium branchiophilum
CONSENSUS 0.8

4 (shown in cyan)

8
31
45
68

140
163
177
200
219

MEKFSLYDFLAITILPGIAFIVVERIIFSSLHLSLPVDIPLGLESTIVYALI-CGA
MNKFSFYDELSILLPGVIFLVAIRVAQLFWREFNTGLYFPQGWEFSLVYSLVIGAS
MDTKTFPKTSLFDQISFLMVGAIATIVIVENMVYF-FTMPIPT VDLGSALVWLVI
MDRLSIYELLSFVVPGVIMIELINEFSAEYV-FGKDRLI---TAGNLSDGLLEFFAT
MDRLSIYELLSEVVPGVIMIELINESAEYV-FGKAPLI---TAGNLSDGLLEFFAT
MERLSIYELLSFVVLGVIMIELMNEFSAEYV-FGKAPLI---TAGNLSDSLLEFFAT
MDKLSLYELFSFVIPGGIALHLLNWCSVNV-LSTGTLF---NLSDLSNSLIALVE
--—---MEKLSLYEILSFVVPGYVLLELSKWFGSFF-I--DANF--NLDESLSNSLLOFIT

VLYVLSFSL----VKLEPRL---FGL-YRHVADLYQKMK-ALHPIMND-TLNRQAEQWGL
L-YVLGEFSVKKNYSGFFRC----LGL-YEHVTILYYRFE-TLHPFMNG-ALNKYAEEWNG

S-YFLGHVIHGISNAIRDIPIIPLLD-WESKLAYLPHEALLLKE----— AEAYFEQPYQE
A-LFIGCLIHIITFRLIKRK---WYKKLAYKPINEIENNAYIKQ----- IFTTLKEEYSK
A-LFIGCLIHIITFWLIKRK---WYKKLACTPMDKMKNDEYITE----- ILPDLKEIYRT
A-LFIGCLIHIITFRLIKRK---WYQKLACTPMDKMKNDEYITE--—--- ILPHLKEIYRA
A-LLIGVTLHIITENILLK----CGS--YRQIIYKSVQEIKLDDYIQQ-VIPFLNQEYFH
A-LFLGITIHVLTFKIEMK----IKW--YKDLIYKSVQKISVENDFIQKAIPFLNEHYIA

_____ G- e

GKIYLSEEEF--CQSEEKEKIRMLQSDFYDRMWYRLDFRGKLGNAKSFQCYYFFFRHSEF -
TKPYCTVEQYDAMDASAQKEIEDAQDIFYDHMYYRLDCKGKLEGAKAFQSYYLCFLHSEFL

KKPp--—-——————— DHLWSLCYIFATAKDTTSQVETFSAYYNLYRG-——
IHN--———————————— INSIDEISKLNIFESGYYYLEAQGKISQAKNFQSIYFLERNIVT
NKG-----=-————-—— ISVTENISNGSVEFDTAYYYLEAQGKISQAKNFQSIYFLFRNIVT

ISATENISNGSVEDTAYYYLEAQGKISQAKNFQSIYFLERNIVT
HEVAANTNNAVPAENLEDYAYYYLEVNGKNAQAKNFQSLYFFFRNMET
--KHTEKPVNENEAENNLFDYAYYYLEINDKIAAAKSFQSTYFLERNEET
———————————————————————————————— Y--L----K-----————-¥=====--—-

——-WGLVLISLILLSYKLLAY--IPACDMEDIGWREYSDIAVPIMILSALEVFL--AQWE
GLLIFGVYLLICILLSYFMDV--LLADT WQVAFLFLMNLCVMYLFMRLARWE
=—-WETTLLIETLFLSYFLVF--SYTHA MLAVWILSI-AIAVLMYR-RAKRF
LSLEVLPVSVIFLLISFFMKD-CTLSGK IITIIIGTL-VIGGLSSV-IAQWF
LSLEVLPVSVIFLLASFFMND-CSLSEK IITIIIGTF-VLGGLSSV-IAQWF
LSLFVLPVSVIFLLASFFMND-CKLSGK IITIVIGTL-VIGGISSV-IAQWF
LGIVSIVILIIALVYSTITSV-GKDVLS- --EIVLKIAFFAVIIGIAVP-VANWL
ITLEFFLPISVITILILYTONYCCCLQRT- --ALTAFILLI-ITAFILVY-IGRWL

RIKMVEKMYWTFYISLIEQENSNL--
RORMVLKMYWAFYESLIE
WQYLHDKVFGIFLITLKFPKKETV-—
RVKMTDRIFGLYYAELTHNKK
RVKMTDRIFGLYYAELTHNKK
RVKMTDRIFGLYYAELTHHKK
RKKMIITVFGCYYADRVHQTNK-—-—--—
REKTVEKVIWSYYVAITHEENNNKTK
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