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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 1 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 3, with sequence similarity threshold of 0.3. 

 
Multiple alignments of protein sequences were constructed using MUSCLE 4 and MAFFT 5 

programs. Sites with the gap character fraction values >0.5 and homogeneity <0.1 6  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 3  with the sequence similarity threshold 

of 0.5; sequences were aligned within clusters using MUSCLE 4. Then cluster-to-cluster 

similarity scores were obtained using HHSEARCH 8 (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 8; the procedure was repeated iteratively. At the last step, sequence-based trees 

were reconstructed from the cluster alignments using the FastTree program 7 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 cas1 genes in the NCBI 

WGS database and locations of CRISPR arrays in the WGS database and the prokaryotic 

genome database. TBLASTN searches 9 with the E-value cutoff of 0.01 and low complexity 

filtering turned off were run with the Cas1 profiles 10 as queries, resulting in the identification of 

20,766 loci. The CRISPRfinder 11 and PILER-CR 12 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 1 with the 

standard model MetaGeneMark_v1.mod (Heuristic model for genetic code 11 and GC 30). All 

ORFs were further annotated using RPS-BLAST 13 searches with 30,953 profiles (COG, pfam, 

cd) from the NCBI CDD database 14 and 217 custom Cas protein profiles 10. The CRISPR-Cas 

system (sub)type identification for all loci was performed using the previously described 

procedures 10 15. 

 
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 16 

and HHpred 8. 

 
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 17 (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 l was limited to max( 0,   l − 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 <10-6) 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 3 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 15, a locus similarity graph was constructed with the similarity threshold of 0.61 (e-0.5), 

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 3 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 18. 

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). 
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Supplementary information S3 (figure). Multiple alignment of representatives from five V-U 
families.  
V-U1  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. 

 

V-U1 family 
 
1903609002 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- M T 2 
1024922355 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- M T 2 
1096423661 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - M 1 
118577413 MK R V TI T I DG E Q TK G I VI G T IA A N HT A A EW L L TA S V SA K S AK V R FD P E EA V A ET S - -- S L 57 

1003450287 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- M P FG K K AR H V KA Y - -- Q F 15 
1507071745 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- M E TA A T KN Y L AL S F 14 
488601079 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 0 
297565028 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 0 
257060308 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 0 

1903609002 TM T V HT M G VH Y - -- - - -- - - -- - - -- - - -- - - -- - - KW - - -- Q I PE V L RQ Q L WL A H NL R E 33 
1024922355 RV T V QT A G VH Y - -- - - -- - - -- - - -- - - -- - - -- - - KW - - -- Q M PD Q L TQ Q L RL A H DL R E 33 
1096423661 AI T V HT A G VH Y - -- - - -- - - -- - - -- - - -- - - -- - - RW - - TD N P PE Q L MR Q L RL A H DL R E 34 
118577413 VM I A PT R T EK Y L YL V P DE Q V QP V T TI V R KY G L LS P L DW D C PD Y P AG D A FE H L FL Q N KL W N 117 

1003450287 GA D A PQ E G ME A V -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - LE Q H RL R T DY Y N 39 
1507071745 GC L S PT R G EE Y L -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - LD Q I KK K H DL W N 38 
488601079 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 0 
297565028 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 0 
257060308 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 0 

1903609002 DL V S LQ L A YD D D LK A I WS S Y PD V A QA E D TM A A AE A D AV A L SE R V KQ A R IE A R SK K I ST E - 92 
1024922355 DL V T LE Y E YE D A VK A V WS S Y PA V A AL E A QV A E LD E R AS E L AS T V KE E K SR Q R TK R P SH P - 92 
1096423661 DL V T LQ L D YE T A KA G I WS S Y PA V A AA E T EL A D AE S A AE Q A AA A V SE E R TK L R TK R I TG P - 93 
118577413 DL V T IE R E HR A K YR E L IG S D EE T A QM D T EI A S IK D R LS V L DE G R KK L R VE H R KK K C PE I D 177 

1003450287 AL V E ME L R QR E E - R T A LL A N LA A E S- - - -- - G LE S P NQ V Y ER L K AA - - GE K G IR K H PE Y V 90 
1507071745 KL V E KD R E HR E K VR Q V MV F E SE T T K- - - -- - K IK E L EE E L NS L R EE I K NQ R K TK R T GK V D 92 
488601079 -- - - -- - - -- - - -- - M LI S Y RF R I YP S - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 12 
297565028 -- - - -- - - -- - - -- M S LL S V KC K L IP D A -- - - -- - - - S T - -- - - -- - - -- - - -- - - -- - - 16 
257060308 -- - - -- - - -- - - -- - M LE S Q PI T V AC K L -- - - -- - - - Q V - -- - - -- - - -- - - -- - - -- - - 15 

 
1903609002 

 
-- - L TQ Q L RD A K KR L K DA R Q AR R D AI A V VK D D AA E R RK A R SD Q L AA D Q KA L Y GQ Y C RD G D 

 
149 

1024922355 -- - A VA Q L AE T R AQ L K AA K A SR R E AI A S VR D E AT E R LR T I SD E R YA A Q KQ L Y RD Y C TD G L 149 
1096423661 -- - L AQ K L TA A R KR V R EA R S TR R A AI S E VH E E AK G R LV D A SD A L KA Q Q KA L Y KT Y C QD G D 150 
118577413 CL D E NI K K L- - K SE L K AV A S KA K E TR A A AK D R IR A A GN D I EN L E KD R Q AA V I KA Y N - N S G 234 

1003450287 AA R E RQ K A LY G H PR L L EL Q S RQ R E ER N - -- - - -- - - -- - - -- - - -- - - - A L R RS F G - A K G 127 
1507071745 LT D Q KA R I EE I K PQ L K QL K E KF K E ER S F I- - - FE A R KQ E L AQ L E KE R - WA V V KE L G KG S G 148 
488601079 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - KT V Q AK L N EQ L E LC - - 26 
297565028 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - A EK L S RT V N QF A N AC - - 31 
257060308 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - A NT L A KE I D ET M M VF A C AC - - 34 

1903609002 LY W A SF N T VL D H HK T A VK R I AA Q R AS G K PA T L RH H R FD - G SG T I AV Q L QR Q A GA P P RT P M 208 
1024922355 LY W A TF N A VL D H HK T A VK R I AA H R KQ G R AA Q L RH H R WD - G TG T I SV Q L QR Q A TD P A RT P A 208 
1096423661 LF W A TF N D VL D H HK A A VK R I GQ M R AA G Q PA Q L RH H R FD - G TG S I AV Q L QR Q A GQ P Q RT P E 209 
118577413 LW W G NY N A VL E S YK K A -- R I KA - - - L K D GA E L KY H R FD - G SG R F TN Q I QG - - GM S V QD - - 284 

1003450287 LY S S NY L D VE R A FD K A -- R Q SP - - -- - - -- E L RF R R YS P H EG R L AV L Y TE - - GL P M RE - - 173 
1507071745 LY W C NL E D VV N S YD I G -- R K KA - - - K A A GG E M RF H R WD - G TG K V TV R F QK - - GL P V NE - - 198 
488601079 - R W - LY N R LL S E VN K A -- - - -- - - -- - R KE G R RI R R ED - - TQ S L IV R I KR - - -- - E EK P E 66 
297565028 - N Y - -- - - - A L Q VA R R -- - - -- - - -- - D NI W N KF - - - A - - LQ R A VY A D LR - - -- - A EY - - 61 
257060308 - D W - -- - - -- V N QN T P -- - - -- - - -- - E KM T N KT - - - A - - MQ S L VY Q D VR - - -- - V NF - - 63 

1903609002 VL A D EA - G KY R N VL H - -- - - - I - - -- - - -- - - -- - - - P G W TD P D VW E Q MT R S QC R Q SG R V 246 
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1024922355 II A D AD T G KW R S SL I - -- - - - V - - -- - - -- - - -- - - - P - W VN P D VW D T MD R A SR R K AG R V 246 
1096423661 LI A D VD - G KY G R VL S - -- - - - V - - -- - - -- - - -- - - - P - W VQ P D RW E R IP R R ER R M IG R V 246 
118577413 LL - - -- - E GN R N VA S - -- - - - L R L VS S G EL G D IS G K KP - - PS L D LQ S V GS R R DS R E YG I L 331 
1003450287 IG - - -- - S DT R V QL - - -- - - -- - - -- - - -- - - -- - - - P - - LP D P II Y R D- R A TR R K HQ R V 202 
1507071745 MF - - -- - S CT N N LL Q - -- - - - I - - -- - - -- - - -- - - DP - - VD K D AW Y N PV R A IR R K KS R T 231 
488601079 LS - - -- - K VY S K VL Q M VN Y Q LR S N IS S L NE L R KK G V KV G W LR Y K TS P N SF K T LN F N QS G F 121 
297565028 -- - - -- - - -- G L SA N L AI R A I- - - -- - A RV G K RK G H KA G G FK A T SV D Y DQ R I LS V N VD T E 105 
257060308 -- - - -- - - -- G L SS N L AI Q A IR R V CA N R KT A K QK G K KV K E FK P T SI S Y DA R I FS F R ES D W 113 

 

1903609002 TV R M RC G S T- - - -- D G QP Q W -- - I DL P V QV H R WL P A DA D I TG A E LV V T RV A G IY R A KL C V 
1024922355 VI R M RC G S SR N P DG T K TS E W -- - I DV P V QQ H R ML P A DA D I TA A Q LT V R RE G A DL R A TI G I 
1096423661 TV R M RA G Q L- - - -- S G EP Q W -- - L DI P V QQ H R ML P L DA D I TG A R LT V T RT A G TL R A QI S V 
118577413 AI T L YT G T D- - - -- E Q SK K F RR T L SF P V IL H R PL P E GA T L KS L S VH R K RV G T DF V W SV V F 
1003450287 LM K F RV R S V- - - -- E R QP L W -- - I TV P V YL H R EL P D G- V C RE V S LH W H RV A D RL R W TV S V 
1507071745 RV R L RA C S E- - - -- N K KP L F -- - I EL P V VL H R EI P E DA L I RT A S VI R E KV G M RY R Y KL N L 
488601079 KI - - -- - D -- - F DR K - KL S L SK V G DI P I RL H R SI - - GG K I KG V I IK R T KS G - -- K W YA I V 
297565028 TV - - -- - S LS T V DG R V KV P M RI A G - Y Q R HL L R TA - - KS I Q GG Q - LV R G RD S - -- S W YI H L 
257060308 TV - - -- - S VK L L NS R Q RI K L - L I G NY Q I GL L K SK - - NP T S AT - - LV K R KS G - -- N Y YI H I 

298 
303 
298 
386 
253 
283 
167 
153 
160 

 

1903609002 TA R I GD T E PV T - -- - S GP - T VA L H LG W R S- T E EG T A VA T W RS D A PL D I PF G L RT V M RV D A 352 
1024922355 TA K I PD Q G EV D - -- - E GP - T IA V H LG W R S- S D HG T V VA T W RS T E PL D I PE T L RG V I TT Q S 357 
1096423661 TA K I PD P E PV T - -- - D GP - D VA V H LG W R N- T D TG V R VA R W RS T E PI E V PF D F RD T L TV D P 352 
118577413 TF T T DC P - TY D Q RS S T GN - R CG L N LG W K KQ A G GG L R VA T - I- - - -- - - -- - - -- - - -- Y D 426 

1003450287 VV E V EG P - PV A - - S P T GR G A VA V D LG W R R- V E GG L R AG F W V- - - -- - - -- - - -- - - -- G E 292 
1507071745 VL E I LG E - NT N R IL P A LE G T AA I D LG W R T- V K DG L R VA C L V- - - -- - - -- - - -- - - -- D D 324 

 

488601079 QA E V DK Q - PL P - -- P T GR - A IG I D VG I T H- - - -- - - FC V - -- - - -- - - -- - - -- - - -- D S 196 
 

297565028 WC E Y DD P - PV L - -- D P QG - M LG V D LG I V N- - - -- - - IA T - -- - - -- - - -- - - -- - - -- D S 182 
257060308 TL D E PT Q - PE A - -- K T DK - V LG V D LG R T D- - - -- - - IA T - -- - - -- - - -- - - -- - - -- T S 189 

 

1903609002 AG T S - G I I VV P A TI E R RL T R TE - N IA S S RS L A LD A L RD K V VG W L SD N D A- - - PT Y R DA P L 407 
1024922355 AE R T VG S I VV P H RI E Q RV H H HA - T VA S H RD L A VD S I RD T L VA W L TE H G PQ P H P- Y D GD P I 415 
1096423661 GG R S - G E I FV P E AV P R RV E R AH - L IA S H RA D R MN E L RA R L VD Y L AE T G PR P H PS R E GE E L 410 
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1305565200 ET K C QD - T DR E F VK V - -- - A AH Y T TV D C SN C G AK I K KA - - - L - - - S Q R TH R C TE C G HT E - 436 
 

488601079 CE K A ER - A AR T V VK V - -- - N PK N T SK R C AM C G - Y I V NN L K - L - - - H D R TF T C PI C G WE A - 351 
297565028 RY K A ER - A GV P L VF V - -- - D PR N T SR Q C PA C G - H A E RA N R - P - - - T Q A LF R C VA C G YS G - 334 
257060308 TY K C IL - A GV K L IL V - -- - N PA Y T SL S C HK C L - V I G DR - - -- - - - K G K GF S C NN C G NK C - 348 

 

1046552329 SR D V IP G I NM I L D- - - - E - - -- - - -- - - FE E Q QQ - - -- - - -- - - KN L L GI E T E --------- 637 
1019491369 SR D I VP G V NM I L D- - - - E - - -- - - -- - - FE A G D ---------------------------------- 627 
428311397 DR D V NS G V NI E L A- - - - Q - - -- - - -- - - FG N N P ---------------------------------- 590 
218248844 PA D L NA A I NI E Q T ---------------------------------------------------------- 487 

1030942420 HA D Q NA A A NI L I RG L R DE F L RA I G SL Y K F- - - -- - - PV S M IG K Y PG L A GE F T P- - D LD A N 492 
1305565200 GR D S NA A K NI L L KG K K Q- - L QT V Y RA W A WE H G ET R K PD S E CE T H CH Q E GV Q A PP E D EH S S 494 
488601079 DR D Y NA S L NI L D VG M - -- - - -- - - -- - - -- - G RS R T PV E G -- - - -- - - -- - - EP - - - L P C 380 
297565028 AA D Y VA A V NI A V RG W - -- - - -- - - -- - - -- - A AV N R P- - Y -- - - -- - - -- - - LG - - - E A S 361 
257060308 DA D Y NG A Q NI K A LG A - -- - - -- - - -- - - -- - I IN R P G- - G -- - - -- - - -- - - SG - - - L S C 375 

 
1046552329 -- - - - E Q K II W D DL S K EC R - - Q A W RL R E KW L S EN - - -- - - -- - A PG G G CQ D E VN S D KP S N 681 

 

1019491369 -- - - -- - - IQ W D DL S K EA R - - Q A W RL R E KW L S EN - - -- - - -- - A PG S G CQ D E VT T D KP S N 668 
 

428311397 -- - - -- - - -- H T VL S A NA Q - - R A R FA N S VW - - -- - - -- - - -- - - -- - E IA H P EA S T KP R W 621 
218248844 -- - - -- - - AF G L DK S -------------------------------------------------------- 494 

1030942420 QE S I GD A P IE N A DR S T SK Q M KQ E - GN R I PT Q S EN D S QS L I FL S A PP Q P CE D S HG T N NP K A 551 
1305565200 QL T L VR T P AK G T QR G R GD V - - K T - ST P A KT T S KL D T VS D P NL D N KP D T RA P C TS S I SP N S 551 
488601079 VI S Y R- E V IA G Q VL S - -- - M KQ E - -- - - -- - - -- - - -- - - -- - V PS V R AE ----------- 405 

 

297565028 RV S L H- - - -- - - -- - - -- - - - G S - -- - - -- - - -- - - -- - - -- - V PG S P RL ----------- 375 
 

257060308 KL K T NV Q Y IQ L S LF E - -- - G LG L - -- - - -- - - -- - - -- - - -- - L KT S T SA ----------- 401 
 

 
1046552329 -- T R KS R - RR K K -- - - -- - - -- - - -- - - -- - - -- - - - 690 
1019491369 -- A R RK R - NR K K KT - - -- - - -- - - -- - - -- - - -- - - - 679 
428311397 -- K K TE K - RK K R K- - - -- - - -- - - -- - - -- - - -- - - - 631 
218248844 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - 494 

1030942420 LS D K AS K - RK S K KS R G AI P E NP D Q LT I W DL - - -- - L D 582 
1305565200 VE N K IP K T KK N K RS A Q SS S E SF T Q LT I W DT A G EI S F E 588 
488601079 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - 405 
297565028 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - 375 
257060308 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - 401 

 

V-U3 family 
 
1705264553 MP F I LK Q R GV R M IT V R KL K I VC K D KE - - - F Y D FF K W EQ R E QN K A LN I A IG L I HS S T VL R S 57 
1018643584 -- - - -- - - -- - M II A R KI K L II I G EN R D AQ Y K FI R E ER Y K QN K A LN V A MN H L YF L H VA K E 49 
1077873159 -- - - -- - - - M I T VR K I KL T I MG D K DT R N SQ Y K WI R D EQ Y N QY R A LN M G MT Y L AV N D IL Y M 51 
1077873155 -- - - -- - - -- - M NK C I KV A I KN C - -- - - -- - - -- - - - K E L DY K V MS E K LR N I QY - - - L T C 32 
1019720777 -- - - -- - - MS I A VK V M KY Q I VC P - -- - - -- - - -- - - - V N V EW K V FE T Y LR T L AY - - - Q S R 35 
1017485595 -- - - -- - - - M V C NK V V KI A L IC D - QI - - -- - - - D K D GK D V NY N D IY K L LW D L QK - - - Q T R 40 
317133985 -- - - -- - - -- - M TK V V KL A L IS N V TD - - -- - - -- K D GN K V EY N E LN R C LW D L QK - - - E T R 38 
488601079 -- - - -- - - -- - M LI S Y RF R I YP S - -- - - -- - - -- - - -- K T VQ A K LN E Q LE L C RW - - - L Y N 31 
297565028 -- - - -- - - -- M S LL S V KC K L IP D A ST - - -- - - -- - - - A E K LS R T VN Q F AN A C NY - - -- - - 33 
257060308 -- - - -- - - -- - M LE S Q PI T V AC K L QV - - -- - - - A N T LA K E ID E T MM V F AC A C DW - - -- - - 36 

1705264553 ID S G AE A Q LK K S IG K L TQ N I EK L G KE L E KE K I TD K K KE Q L LK A I NT N K EL I A SK E K EL K A 117 
1018643584 KI R L LD N K FL Q D EK K L QE S I NK L Y AE K K VI K D EK K R NE L E KK I E KQ T N EL K K LR S K SN K E 109 
1077873159 NE S G LE I R TI K D LK D C EK D I DK N K KE I E KL T A RL E K EQ N K KN S S SE K L DE I K YK I S LV E N 111 
1077873155 KA S N KV M Q MY Y M WE N Q KI D I KN K T GE Y P DD K E LF G K -- - - -- - - -- T Y RN V - -- - - -- - - 73 
1019720777 TI G N RT I Q KI W E FD N L SL N H FK E T GE Y P SA Q Q LY G C TQ K - -- - - -- T I SG Y - -- - - -- - - 79 
1017485595 EA K N KV I R LC W E WS G Y SS E Y FK T H EE Y P KD K E IF G I -- - - -- - - -- S L RG Y - -- - - -- - - 81 
317133985 DL K N AV V R EC W E WY G F TN D Y YK L N EE Y P NE R D YL K K AK S D GT I K DY A L DG F - -- - - -- - - 89 
488601079 RL L S EV N K AR K E GR R I RR E - -- - - -- - - -- - - -- - - -- - - -- - - -- D T QS L - -- - - -- - - 55 
297565028 -- A L QV A R RD N I WN K F -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- A L QR A - -- - - -- - - 52 
257060308 -- - V NQ N T PE K M TN K T -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- A M QS L - -- - - -- - - 54 

1705264553 GE E F RC G I DK K F NE L Y MN K T TL Y H VL D S IC - - -- - - -- - - -- - - - D F K YK R T IE L V RQ K V 162 
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1018643584 AD K V LQ E A IK I N LS S T -- - - - T R E VI S K QF - - -- - - -- - - -- - - - E L I S- D T KD R I TQ K V 
1077873159 KI E D YK L K IV E L NK I I EE T Q KE R M DI Q K EF K E KY V D DL Y Q VL D K IP F K HL D N KS L V TQ R I 
1077873155 -- - - -- - - -- - - -- - - -- - - - V E G EM K T IM - - -- - - -- - - -- - - - N T I NT S N VG Q T NA I I 
1019720777 -- - - -- - - -- - - -- - - -- - - - I Y D QL K E EY - - -- - - -- - - -- - - - Q D I NK A N MS T T IQ K T 
1017485595 -- - - -- - - -- - - -- - - -- - - - L Y D RI K G DY - - -- - - -- - - -- - - - N L Y S- G N LS Q S AE I A 
317133985 -- - - -- - - -- - - -- - - -- - - - I Y A KY S K KY - - -- - - -- - - -- - - - N L H S- G N YS Q T LR D A 
488601079 -- - - -- - - -- - - -- - - -- - - - I V R IK R E EK - - -- - - -- - - -- - - - P E L S- K V YS K V LQ M V 
297565028 -- - - -- - - -- - - -- - - -- - - - V Y A DL R A EY - - -- - - -- - - -- - - -- - - -- - - - G L S AN L A 
257060308 -- - - -- - - -- - - -- - - -- - - - V Y Q DV R V NF - - -- - - -- - - -- - - -- - - -- - - - G L S SN L A 

148 
171 
97 
103 
104 
112 
78 
68 
70 

 

1705264553 KQ D Y SN S F TD - I VT G K VS L Q NY K S TF P L MI D G SC I S IL K E VD E L DI V N GY K I KI M L GY E - 
1018643584 SQ D F KS D L KH G L LS G E RV L R TY K K NN P L LI R G -- R A LN F Y RE G K DV M - -- - I KW Y G GI I - 
1077873159 KA D I KS D K SN G L LK G E RS I R NY K R NF P L MT R G RD L K FK Y D - D N D DI E - -- - I KW M E GI K - 
1077873155 MK K W NT D K KE - V LS Y Q KS L P NF K L NM P I YI K N KS F S IV K G TS G Y EI I - -- - C SI F N KS Q D 
1019720777 LK N W NS R R KE - I WR G E RK Q N S- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 
1017485595 YK E Y KN S L KD - V LR G D KS I I NY R E NQ P L DI K N KA I Q LL Y E ND N F FV R - -- - V AL I N KD K Q 
317133985 CG S F KN N L KE - I LR G D KS I L SY R A DQ P L DI K K TC I G LE Y D KD T N TY Y - -- - V TL V L LN K N 
488601079 NY Q L RS N I SS - L NE L R KK G V KV G W LR Y K TS P N SF K T LN F N QS G F KI D - -- - - -- F D RK - - 
297565028 IR A I -- - - -- - A RV G K RK G H KA G G FK A T SV D Y DQ R I LS V N VD T E TV S - -- - L ST V D GR - - 
257060308 IQ A I RR V C AN - R KT A K QK G K KV K E FK P T SI S Y DA R I FS F R ES D W TV S - -- - V KL L N SR - - 

220 
201 
225 
152 
123 
159 
167 
128 
115 
123 

 

1705264553 -- - - -- - - - L D I IL G K RE N E NS L E LQ K T LE K C IT G D YK I C AS S - IQ R D KN N N VI F N LT L D 
1018643584 -- - - -- - - - F K C ML G Q HK N - NA P E LK A T LS K V LE G S YK V C D- - - SS I S VG K E LI L N LS L D 
1077873159 -- - - -- - - - F K V IL G N RI K - NS L E LR H T LH K V IE G K YK I C DS S - LQ F D KN N N LI L N LT L D 
1077873155 LK R - -- - - - L T F II D K LD G - -- - N KK A T LN K I ID L T YK Q G AG Q - II K D RK G K WY F I IS F G 
1019720777 -- - - -- - - -- - - -- - - -- - - -- - - MK V I LD R I ID S T YA K G AC - - ML H K HK K K WY L S IT Y K 
1017485595 KE L N FK D C SV R F KL L V KD D - -- - S TR T I LE R C FD E V YT I T AS K I MY N K KK K Q WY I N LG Y K 
317133985 GV K H YN I S DF R F KI T V KD N - -- - S TR T I LE R C FD G V YG I S AS K L IW N R KK S Q WF L N LC Y S 
488601079 -- - - -- - - -- K L SL S K VG D - -- - - IP I R LH R S IG G K IK G V I- - - IK R T KS G K WY A I VQ A E 
297565028 -- - - -- - - - V K V PM R I AG - - -- - - YQ R H LL R T AK S I QG G Q -- - - LV R G RD S S WY I H LW C E 
257060308 -- - - -- - - - Q R I KL - L IG N - -- - - YQ I G LL K S KN P T SA T - -- - - LV K R KS G N YY I H IT L D 

270 
248 
274 
201 
157 
215 
223 
170 
156 
163 

 

1705264553 I- P I EK D Y KP V K GR V C GV D L GI K Y PA Y M CL - - - N E D TY K K EA V G SI - - -- N N FL R I -- R K 
1018643584 IG E V DT N V SC K K GR V L GV D L GM K V PA Y M SI - - - N D K PY I R KA L G SL - - -- D D FL K I -- R V 
1077873159 I- P I DI V N KK V S GR V V GV D L GL K I PA Y C AL - - - N D V EY I K KS I G RI - - -- D D FL K V -- R T 
1077873155 F- - E NK K R EL D I NR I L GI D V GI T N LL T M QI W D CN L K EW D R LA W N SC M V DG R E LM H Y -- R Q 
1019720777 S- N I KE E L KF D E DL I M GI D M GK I N VL Y F AF - - - N - K GL V R GA I S G- - - -- E E IE A F -- R K 
1017485595 F- T K EI D K TL D K DR I L GV D L GV I N PL V A SV - - - Y - G SY D R LI I G G- - - -- G E ID K F -- R K 
317133985 F- D K VE V K EL D K KK I L GV N L GV Y Y PL Y A SI - - - S - G EK D R LA I S G- - - -- D E II E F -- R K 
488601079 V- - - DK Q P LP P T GR A I GI D V GI T H FC - - -- - - -- - V DS D G NY F E HP - - -- K Y LD R T -- L E 
297565028 Y- - - DD P P VL D P QG M L GV D L GI V N IA - - -- - - -- - T DS D G ET Y S G- - - -- K H LN S V -- R H 
257060308 E- - - PT Q P EA K T DK V L GV D L GR T D IA - - -- - - -- - T TS E G ES W S G- - - -- K Q IT A K -- R N 

320 
299 
324 
257 
205 
263 
271 
212 
197 
204 

 

1705264553 QM Q E RR K K LQ K E LL L T -- - N G- - G KG R T KK T Q A- L E KL R E NE K N FA K T YN H A IS K R IV G F 
1018643584 QM Q K RR R N LH K T LV N V -- - K G- - G KG R E KK L Q A- L D RL K D KE K N FA T T YN H F LS Y N IV K F 
1077873159 QM Q S RR R R LQ I A IQ S A -- - K G- - G KG R V NK L Q A- L E RF A E KE K N FA K T YN H F LS S N IV K F 
1077873155 KI E A RR K S LL K N SK I S EK N T GK A G HG I S KR I Q A- I D VV R N KE K N FR D T FN H K YS R Y AV D F 
1019720777 KI E H RR I S LL R Q GK Y C SG N R I- - G KG R E KR I K P- I D VL N D KV A K FR N A TN H K YA N Y IV Q Q 
1017485595 RV E A NK V Q ML K Q GK Y C GD G R I- - G HG V N TR N K P- A Y NI E D KI S R FR D T VN H K YS K A VV D Y 
317133985 RI E A RR T A LK K Q AA V C GD G R I- - G HG Y K TR M K P- L Q NV S D KI A N FR D T FN H K AS K K LI D F 
488601079 KI K K VQ K Q LS R K QK - - -- - - -- - G SK N R EK V R IG L A KL Y E KL E N QR N D FL H K LS R Y YV N N 
297565028 RH R R LR K K LQ K - -- - - -- - K G- - T KG A K RR - - -- L K KL S G KE T R FS N H VN H T LS K R IV A K 
257060308 HY A K LR T T IQ K K AS - - -- - K G- - T RS S R RR C R QL L A RL S G KE R R FQ K H IN H E IS R Q LV N N 

374 
353 
378 
316 
262 
320 
328 
263 
243 
257 

 

1705264553 AR K N KC E Y IN L E KL T - -- - - -- - - -- - - -- - - -- - - KD G F GD S I L- R N WS Y F EL Q K MI E Y 
1018643584 AK D N LA E Q IN M E FL A - -- - - -- - - -- L A GE D K -- - - -- - - - N I I L- R N WS Y Y QL Q Q FV E Y 
1077873159 AV S N QA E Q IN M E LL S - -- - - -- - - -- L K ET Q N -- - - -- - - - K S I L- R N WS Y Y QL Q T MI E Y 
1077873155 AI R N NC G I IQ M E NL A - -- - - -- - - - K F T EE V K -- - - -- - - - E K M L- K N WS Y Y DL Q S KI K Y 
1019720777 CL K Y NC G T IQ L E DL K - -- - - -- - - - G I S KE - - -- - - -- - - - Q T F L- K N WT Y F DL Q E KI K N 
1017485595 AV K N NC G T IQ M E DL K - -- - - -- - - - G I T QN K N -- - - -- - - - E R Y L- K N WT Y F DL Q T KI E Y 
317133985 AI K N DC G I IQ L E NL K - -- - - -- - - - G V T KN S - -- - - -- - - - E G F L- K N WS F Y DL Q S KI E N 
488601079 Y- - - -- D I MV V E DL N - -- - - -- - - -- V K EM A E NG S S TT L N RH I T D- S A WS K F V- - R LL C E 
297565028 AQ R T E- R A LA L E DL Q - -- - - -- - - - G I R ER V R LR R P Q- - - - R A T L- H S WA F F DL G Q KL R Y 
257060308 AV T N K- Q A IA I E DL T - -- - - -- - - - G I R ER T N - R K P RS K K DK R L G- N N WA F Y QL R Q FL T Y 

412 
392 
417 
356 
300 
360 
367 
304 
287 
304 
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1705264553 KA K S KG I E VR Y I DP C F TS Q K CS K C GY I D KE N R E- - - TQ E D FI C K KC G F KL N A D H N A SI N I 469 
1018643584 KA K R EG I D VK Y V DP Y R TS Q M CS K C GN Y E PG Q R E- - - SQ E K FI C K SC H L EI N A D Y N A SQ N I 449 
1077873159 KA Q R EG I K VK Y I DP Y H TS Q T CS K C GN Y E EG Q R E- - - SQ A D FI C K KC G Y KV N A D Y N A AR N I 474 
1077873155 KA E E QG I K VN F I KP S Y TS K R CS L C GA I D DR N R DC K N NQ S K FQ C V VC D H KE H A D I N A AK N I 416 
1019720777 QA N Q YE V K VV K I DP F Y TS Q R CS E C GY I H KN N R Q- - - DQ S T FE C Q QC S F KV H A D Y N A AK N I 357 
1017485595 KA K A LG I E VK Y K NP K Y TS Q R CS K C GH I A EE N R P- - - EQ K T FK C V KC G F KV N A D Y N A SQ N L 417 
317133985 KA K E RG I K VV Y I EP A Y TS L R CS K C GC I H KD N H P- - - TR E Q FI C Q EC G Y RV L H D Y N A SQ N I 424 
488601079 KA E R AA R T VV K V NP K N TS K R CA M C GY I V NN L K L- - - HD R T FT C P IC G W EA D R D Y N A SL N I 361 
297565028 KA E R AG V P LV F V DP R N TS R Q CP A C GH A E RA N R P- - - TQ A L FR C V AC G Y SG A A D Y V A AV N I 344 
257060308 KC I L AG V K LI L V NP A Y TS L S CH K C LV I G DR - - -- - - KG K G FS C N NC G N KC D A D Y N G AQ N I 358 

 
1705264553 

 
AR S K EF I K -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - 

 
477 

1018643584 AH S T KY I T NK N - - Q S E YL K K LQ Q T -- - - -- - - -- - - -- T K LE K Y S 478 
1077873159 AM S N KY I T KK E E SK Y Y KI K E SM V - -- - - -- - - -- - - -- - - -- - - - 497 
1077873155 AL P D IE E L IE S - - K I G -- - - -- - - -- - - -- - - -- - - -- - - -- - - - 430 
1019720777 SV Y N IE K V IQ K - - Q L E LQ E K LN L T -- - - -- - K YK E R YI E Q ME N I N 393 
1017485595 AI K D ID K I IE Q - - Y Y N KG - - -- - - -- - - -- - - -- - - -- - - -- - - - 433 
317133985 AV K D ID K I IK A - - E L E KT E P EK K T -- - - -- - - -- - - -- E E EK P E K 453 
488601079 LD V G MG R S RT P V EG E P LP C V IS Y R - E V I AG Q V LS M K QE V P SV R A E 405 
297565028 AV R G WA A V NR P - - Y L G EA S R VS L H -- - - -- - - -- - - GS V P GS P R L 375 
257060308 KA L G AI I N RP G - - G S G LS C K LK T N VQ Y I QL S L FE G L GL L K TS T S A 401 

 

V-U4 family 
 
1040961339 MS Y L CA R G RF N L SG F S TG S M GV L P VR A S LF A L LF T T LH G A RI S A HW Y G MS K E ND H T VT C I 60 
1405224212 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - M S S ER A P KL - - -- - - -- - R NV V T QQ A Y 18 
1206162758 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - M G T EG - - -- - - -- - A LT H - - R V V 12 
1009979974 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - M T S TT L A PE - - -- - - -- - E PL M V FR G A 18 
451770599 -- - - -- - - -- - - -- - - - M T T AR A N EI P T CQ T Q HL R S TH M T DV - - -- - - -- - E -- L - - S A Y 30 

1305448890 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- M A EV - - -- - - -- - - -- L - - R A F 8 
1706614983 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - M A E KT G T DA - - -- - - -- - G TM N - - R A Y 16 
1706842133 -- - - -- - - -- - - -- - - - M P L NG W T ML A Q VE V R AM T T TT G T DL - - -- - - -- - A PR L - - R A F 32 
488601079 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - M L - - I S Y 5 
297565028 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - MS L - - L S V 6 
257060308 -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - M L - - E S Q 5 

 
1040961339 

 
KI C L EP - - - N - - -- - K AQ R A QF A S FA G S AR W A YN F A LA I K IG Y Q KR - W FE A R KQ F I ES G L 

 
111 

1405224212 KY A L EP - - - T - - -- - P RQ Q C AF S S HA G A AR F A YN W G IA R V AD S L DA - - -- - Y AE Q K AA G I 65 
1206162758 RV C L DD A A LT - - -- - P DQ R T LL D R HA G T AR A V WN W G LA A R NA Q Q DA L M AH V R AV A L EQ A A 67 
1009979974 RF R L DP - - - T - - -- - G EQ Q G IL S Q QA G A AR V A YN M M CT L N KD I L EA - R SQ L Y ST L I KD G K 69 
451770599 RF A L DT - - - T - - -- - P AQ L T ML R Q HA G A AR W A YN H A LG V K FA A L DE - R KT V I AG L V EQ G L 81 

1305448890 KF T L DP - - - T - - -- - R AQ V G AL Q Q HA G A AR W A FN W A LG E K VA A H RE - W RR Q V GA L L AE G V 59 
1706614983 KF R L DP - - - N - - -- - Q AQ K A EL M R CV G A AR Y T YN L L NA Y N LQ I L RN - E QE Y R NT R N AE G A 67 
1706842133 KH R L DP - - - N - - -- - P AQ A T LL A Q YA G A AR V A YN M L IA H N RA A L AA - G AA R R TE L A ET G L 83 
488601079 RF R I YP S - -- - - -- - K TV Q A KL N E QL E L CR W L YN R L LS E V NK A R KE - G RR I R RE - - -- - - 50 
297565028 KC K L IP D A ST - - -- A E KL S R TV N Q FA N A CN Y - -- - - AL Q V AR R D NI - W NK F - -- - - -- - - 47 
257060308 PI T V AC K L QV A N TL A K EI D E TM M V FA C A CD W - -- - - - V N Q NT P E KM - T NK T - -- - - -- - - 49 

1040961339 DE K A AG K K AS E Q VG R M PN Y M -- - - - S I A TN E W TQ L R DE V - -- - - -- - - -- - - -- - - -- - - 145 
1405224212 D- - - -- - - -- - - -- - E PD V K FP G H FD L C - K M W TA W K NT A E -- - W TD R H TG Q T TT G V -- - - 103 
1206162758 SD E T AA A E LL D D RD W R TA T I KA A P DE L R RP L R AA T L GR A F -- - - -- - - TA E T RD P D -- - - 115 
1009979974 TK D K AK K E LK A A AK E D PS L A IV W A RD F D KN Y I TP E R NR H K -- - H AA Q R IA A G EN P V DV W N 126 
451770599 DP K T SA A Q AP K - IP T K PA I Q -- - - -- - - - K A L NT T K GD D R -- - - -- - - IS A A GD - - -- - - 117 

1305448890 AE E Q AR K Q VR V P VP T K PT I Q -- - - -- - - - K R L NS F K GD S R -- - - -- - - VQ D L PD G V LG - - 100 
1706614983 DY E T IN G E IR K L RK K D PA Y K FL G H AE Y E KR Y L TP E K QR H E -- - A IA Q A IT D G AD P A VV W S 124 
1706842133 AG P E LA A R MK A E RA A D PT L R VA S Y QS Y A TA H L TP L I RR H R -- - E AA A A IA A G AD P A EA W T 140 
488601079 -- - - -- - - -- - - -- - - - D T Q -- - - - S L - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - I V R 58 
297565028 -- - - -- - - -- - - -- - - - A L Q -- - - - R A - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - V Y A 55 
257060308 -- - - -- - - -- - - -- - - - A M Q -- - - - S L - -- - - -- - - -- - - -- - - -- - - -- - - -- - - - V Y Q 57 

1040961339 -- - - -- - - -- - - - C P W Y- - - - P E V PR R V FV G G FQ R A DA A F KN W F DS - - KS G R RS - - -- - - 180 
1405224212 -- - - -- - - -- - - -- P W V- - - - A S N FV G T YQ A A LR D A AG A W QR F F RA - - -- - R KT - - -- - - 134 
1206162758 -- - S RF - - -- - - A- - W WA V E RH G V NR F A VS S S LQ A L DA A F DR Y Y RD - - TG G H RS A R RA R P 162 
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1009979974 PD E E RF - - -- - - NE P W L- - - - H T A NR R V LR S G QK Q Y EQ A L DN F F KS - - QN G S RA ------- 168 
451770599 -- - - -- - - -- - - - C P W W- - - - H T V ST Y A FQ S A FA D A DT A W KN W L AS - - LT G K RS ------- 152 
1305448890 -- - P RR - - -- - - PC P W W- - - - W E V KT Y C FQ A A MA D A DT A W KN W L SS - - LT G A RA ------- 139 
1706614983 - E T E RF - - -- - - AE P W L- - - - H T I AR R V LV S G IK N A DK A W DN Y N KS - - RM K Q RA ------- 165 
1706842133 - D - E RY - - -- - - AE P W M- - - - H T V PR R V LV S G LQ N A AK A T EN W M AS - - AS G T RA ------- 180 
488601079 IK R E EK - - -- - - -- - - -- - - - P E L S- K V YS K V LQ M V NY Q L RS N I SS - L NE L R ----------- 93 
297565028 DL R A EY - - -- - - -- - - -- - - -- - - -- - - - G L S AN L A IR A I -- - - -- - A RV G K ----------- 77 
257060308 DV R V NF - - -- - - -- - - -- - - -- - - -- - - - G L S SN L A IQ A I RR V C AN - R KT A K ----------- 85 

 
1040961339 -- - G AA M G WP K F KS K S KS R E SF V I A- N D VQ P A FV A N LN R Y I- - - -- - - -- - - KT G E LA - - 223 
1405224212 -- - G AR A G RP R F KK R G RA R D SF Q L H- - - -- - - -- - - -- - - -- - - -- - - -- - - GD G L R- - - 161 
1206162758 RK D G RP A A WP R F KK R G RA T D AF A L F- - N LV - - -- - - -- - - -- - - -- - - -- - - VA G Q DP W R 198 
1009979974 -- - G QK M G KP R F KT K I RS T D SF T I DA V D VS S S TT L I RD I G PK D H AR Y - -- - - KT G E AS T G 220 
451770599 -- - G - P I G AP R F KS K H RS R D SF R I H- H D VN - - -- - - -- - - -- - - -- - - -- - - NP T I RP - - 183 

1305448890 -- - G QR V G YP R F KK K G RA R D SF R L H- H D VK - - -- - - -- - - -- - - -- - - -- - - KP G I R- - - 170 
1706614983 -- - G AR M G IP R F KR K G VS R D SF T V P- H E TT G A YG A Y YH K K DP E Y AR R K VQ L K RR G I SA K P 221 
1706842133 -- - G AR V G LP R F KK K G RS R D SF T I PA P E VI G A AG T P Y- - - -- - - -- - - -- - - KR G E PR R G 222 
488601079 - K K G VK V G WL R Y KT S - -- P N SF K T LN F N QS G F KI D - -- - - -- - F D- - - -- - - RK ------- 128 
297565028 - R K G HK A G GF K A TS V - -- D Y DQ R I LS V N VD T E TV S - -- - - LS T V D- - - -- - - GR ------- 115 
257060308 - Q K G KK V K EF K P TS I - -- S Y DA R I FS F R ES D W TV S - -- - - VK L L N- - - -- - - SR ------- 123 

 

1040961339 - D M D YR H I KV P K CG E V RL T P GS A G QL R Q LG R T ML - - -- - - -- - - -- - - -- - - -- - - -- A E 258 
1405224212 - I V D AK H V NL P K IG T V KT F E AT R K LA R R LA K G SV P C PT C R AT G K IT D S AS G K VK K C SD C K 220 
1206162758 VI E G AH R I KV P S LG S L RV H E NT K R LR R L IA R G ----------------------------------- 230 
1009979974 II A D YR H V RL S H LG T F RV F G ST K A LV R Q LD R G ----------------------------------- 252 
451770599 - D D G YR R I IV P R LG S L RV H D ST K R LK R A ID R G ----------------------------------- 214 

1305448890 - L A G YR R L RL P T IG E V RL H D FG K R LA R L ID R G R ---------------------------------- 202 
1706614983 TI T D YR H V RL A S LG V I RT H N TT K P LV K A VR A G ----------------------------------- 253 
1706842133 VI T D HR H L RL A S LG T I RT Y D KT S R LV R A CR R G ----------------------------------- 254 
488601079 -- - - -- K L SL S K VG D - -- - - IP I R LH R S IG G K ----------------------------------- 149 
297565028 -- - - - V K V PM R I AG - - -- - - YQ R H LL R T AK S I ----------------------------------- 136 
257060308 -- - - - Q R I KL - L IG N - -- - - YQ I G LL K S KN P T ----------------------------------- 144 

1040961339 AK T G EL I T RI T S GT I S R- L G DR W Y VS L V IS G - -- P F VP - D A- - - -- - - -- - - IS T K RQ R R 302 
1405224212 AA G S RP A A RI V R GT V A RD S A GR W Y LA L T VE L - -- V R EV - R T- - - -- - - -- - - AP T P RQ L A 265 
1206162758 -- - - -- - G RP T S AR F T R- T G GR W Y MS V V VA L - -- P A TA A S TV L S PA G A PR A A AP T R AQ T R 279 
1009979974 -- - - -- - G RI K S CT V S R- S A DR W Y VS F L VE L - -- P I EI A R S- - - -- - - -- - - TP T K KQ Y K 290 
451770599 -- - - -- - A VI Q S VT I S R- G G HR W Y AS I L VK A - -- P A A- - H A- - - -- - - -- - - AP T R RQ R Q 250 

1305448890 -- - - -- - A VV Q S VT V A R- C G HR W Y AS V L CK V - -- D Q SV - P Q- - - -- - - -- - - RS T R AQ R R 239 
1706614983 -- - - -- - A EI K S FT V S R- A A DH W Y VS I L VE L - -- T R P- - S T- - - -- - - -- - - AP T R AQ R S 289 
1706842133 -- - - -- - A QI R S MT I S Q- A G GR W Y AS I L VA D - -- P T PI - R T- - - -- - - -- - - GP S R RQ R A 291 
488601079 -- - - - I K G VI - - - I K R T- K S GK W Y AI V Q AE V - -- D K QP - - L- - - -- - - -- - - PP T ------- 179 
297565028 -- - - - Q G G Q- - - - L V R G- R D SS W Y IH L W CE Y - -- D D PP - - V- - - -- - - -- - - LD P ------- 165 
257060308 -- - - - S A T -- - - - L V K R- K S GN YY IH I T LD E - -- P T QP - - E- - - -- - - -- - - AK T  ------ 172 

 
1040961339 NG V V GV D L GS G R FY A T TS E - -- - - -- - - -- G - -- - - -- - L SI I N PK F V SK Y E QE L A RA N R 
1405224212 GG P V GV D F GV - R QV A T LS T - -- - - -- - - -- G - -- - - -- - Q LV D N PR H L ES H L RR V K TA Q Q 
1206162758 AG L V GV D L GI - K TL A T MS D - -- - - -- - - -- G - -- - - -- - T LV A N AR H G RA A A RR L A RL Q R 
1009979974 AG A V GI D L GV - K SL A A LS T - -- - - -- - - -- G - -- - - -- - E II P N PR F L RT A D KK I K KL Q R 
451770599 AG T V GV D L GV - H HL A A LS T - -- - - -- - - -- G - -- - - -- - D II D N PR H L AA G Q KR L T KA Q R 
1305448890 RG R V GV D L GV - K HL A A LS Q - -- - - -- - - -- P L HP Y D RA S L YV E N PR H L RR A A QR L A KA Q R 
1706614983 AG A V GV D L GV - R YL A A LS D E QA P Q RF A Q YP S L EF T S DG A P TL A N PR W A RA A E KR L V RL Q R 
1706842133 NG A V GV D L GV - K HL A A LS T - -- - - -- - - -- G - -- - - -- - E VI D N GR P G AR Q A AR L T RL Q R 
488601079 GR A I GI D V GI - T HF C V DS D - -- - - -- - - -- G - -- - - -- - N YF E H PK Y L DR T L EK I K KV Q K 
297565028 QG M L GV D L GI - V NI A T DS D - -- - - -- - - -- G - -- - - -- - E TY S G - K H L NS V R HR H R RL R K 

 
343 
305 
319 
330 
290 
287 
348 
331 
219 
204 

257060308 DK V L GV D L GR - T DI A T TS E - -- - - -- - - -- G - -- - - -- - E SW S G - K Q I TA K R NH Y A KL R T 211 
 

1040961339 AL A K TA - - - K G - -- S A AR K K AL A R LR R V HA R S AL A R DG F S HQ V S AW L T SQ F - -- - A GV A V 
1405224212 AL S R CP - - - P G - -- S R RR A K AQ Q R LG R L HA R V RH L R EN S L QQ A T SA L I HQ H - -- - S VI A V 

 

1206162758 RA A R QQ G P RK G A AP S K GW V A TQ R T IT R L QH D T AA R R RG L V YE L T KT L A AG Y - -- - A AV A I 
 

1009979974 KI A R CQ - - - K G - -- S K NS I R LK R R LA R C HH E L AL Q R AG Y L NE L T SM L A SS F - -- - S AI A L 
451770599 AL S R TE - - - K G - -- S N RR R R AA A R VG R R HH E I TE R R AT T L HT L T KH L A TN W - -- - A TV A I 

1305448890 AL A R TQ - - - K G - -- S K RR A K AV R R VG R L HH E V AV R R ES T L HQ L T KR L A TG F - -- - A EV A V 
1706614983 AL S R AQ - - - K G - -- S K RR A R IV Q Q IA R H HH L V AL R R ES G L HQ V S KR L A TG Y - -- - T LI G L 

393 
355 
375 
380 
340 
337 
398 

SUPPLEMENTARY INFORMATION

NATURE REVIEWS | MICROBIOLOGY  www.nature.com/nrmicro



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

1706842133 AY A R TQ - - - P G - -- S N RR E R VR R Q IA A L QH G I AL R R AG L L HQ V S TR L A TD F - -- - A VV A L 
488601079 QL S R KQ K - -- - - - G S K NR E K VR I G LA K L YE K L EN Q R ND F L HK L S RY Y V NN Y - -- - D IM V V 
297565028 KL Q K -- - - - K G - - T K G AK R R -- - - LK K L SG K E TR F S NH V N HT L S KR I V AK A Q RT E R AL A L 
257060308 TI Q K KA S - - K G - - T R S SR R R CR Q L LA R L SG K E RR F Q KH I N HE I S RQ L V NN A V TN K Q AI A I 

381 
269 
253 
267 

 

1040961339 E K F D LA S M LA S - - A K G TV E K PG K N V- - - - D V K AR F N AH L A D- - - VG I A ST I D KL L Y KG K R 444 
1405224212 E G W D VQ Q T AQ H - -- - A SP K N LP K Q I- - - -- - R RN R N RA L L D- - - TG I G AA R W QL Q S KG A W 402 
1206162758 E D L N VA G M TA T P AA R P DP D R PG V Y LA N G RA A K SG L N RA I L D- - - VG F G EF R R QL T Y KT P M 432 
1009979974 E D L N VA G M TS S - - A R G TV E N PG K N V- - - - K Q K AG L N RS I L D- - - IS P G RI R T LL E Y KC T D 431 
451770599 E D L N VA G M TR S - - A R G TI D N PG T N V- - - - R A K AG L S RA I L D- - - TS P G EL R R QL T Y KT G W 391 

1305448890 E D L H VA G M TR S - - A K G TI D A PS R N V- - - - R A K AG L N RS I L D- - - TA P G EL R R QL T Y KT C W 388 
1706614983 E D L A VA G M TA S - - A A G TI E A PG K N V- - - - R Q K AG L N RS I L D- - - AA F S TL R R QL E Y KA S W 449 
1706842133 E D L N VA G M TR S - - A R G TL E A PG R N V- - - - A A K SG L N RA I L D- - - AG L G ML R R QL D Y KT S W 432 
488601079 E D L N -- - - -- - - -- - - VK E M -- - - - A E N - G S S TT L N RH I T D- S A WS K F V- - R LL C E KA E R 308 
297565028 E D L Q -- - - -- - - -- - G IR E R -- - - - V R L - R R P Q- - - - R A T L- H S WA F F DL G Q KL R Y KA E R 291 
257060308 E D L T -- - - -- - - -- - G IR E R -- - - - T N - - R K P RS K K DK R L G- N N WA F Y QL R Q FL T Y KC I L 308 

 

1040961339 DG C R VQ V V NT L D NS S T TC A K CG H - - T C V CG P E QK T F TC P D CG Y - NA P R QL N S AQ Y I RQ L A 
1405224212 YG T T VV V T DR H A PT G R QC S A CG T V KA T P IP P T QD E Y RC P A CG T - SL D R RT N T AR V L AA V A 
1206162758 YG A Q LL E I AR F A PT S K TC S T CG A - VR A K LR L D ER T Y RC E H CG L - VI D R D L N A AR N I AA L G 
1009979974 RG V E LQ V I DR F F PS S Q LC S S CG S - - K T T IP L A QR I Y HC D V CG G - VI D R D V N A AI N I VY E A 
451770599 YG S T LA I C DR W F PS S Q QC C E CK V - - R T K LR L S QR V F TC P A CG Y G PI D R D V H A AR N I AA Y A 

1305448890 YG S R LA V L DR W W PS S K TC S A CG R - QN P R LT L A DR T F HC T G CG L - RI D R D L N A SR N I AT H A 
1706614983 YG S Q VQ I I DR F F AS S Q TC S A CG A R AK T K LD L R VR V F EC A A CG V - RI D R D V N A AR N I RA E A 
1706842133 AG S Q VK M I DR F A PS S K AC S R CG T - VK S T LS L A ER T F EC E A CH L - VI D R D V N A AI N I RA W A 
488601079 AA R T VV K V NP - K NT S K RC A M CG Y - IV N N LK L H DR T F TC P I CG W - EA D R D Y N A SL N I LD V G 
297565028 AG V P LV F V DP - R NT S R QC P A CG H - AE R A NR P T QA L F RC V A CG Y - SG A A D Y V A AV N I AV R G 
257060308 AG V K LI L V NP - A YT S L SC H K CL V - IG D R -- - K GK G F SC N N CG N - KC D A D Y N G AQ N I KA L G 

501 
461 
490 
488 
449 
446 
508 
490 
365 
348 
362 

 

1040961339 TV G - -- - - -- - - -- F D EL G L DM T A SL T P D- - T GK R P IA F M TS - - AH ---------------- 532 
1405224212 AQ H - -- - - - H D A PS G G ES K N AR G E NT R P T- - A PR R N GQ F S AK - - RE P R SR P P GR G Q TG T P 511 
1206162758 HQ A - -- L G TS P A DA G D AK R R DH K E GD R E RS V I LV S Q DL G P PR - - SA E R VT D S SP P T RA A - 544 
1009979974 KR L - -- - - -- V E QK C S EH S A PE G A ED K R PW S V HL P S TQ Y V DG L Y TR K R QG P S GH S S ------ 537 
451770599 AV A S - D T G ET L T AR R D TA E A PT R V GR R R GA V D AG R P HR E T GA - - AT P A EQ P A GH P K HA D Q 506 
1305448890 AL A - - D T A PP V A PD R G ET Q N AR R A GT R P T- - - GP R A GR H P AT - - KR E D TA P A VP P Q RS N P 499 
1706614983 VR M - -- Y E AQ L A PG M G ES L N GR G V TD S D AA V S VV L G DA A L DA - - SR P A AM G G GS P ------- 558 
1706842133 VQ E E RG A G VE L A RG R R ES R N GR G A AV S G P- P S GG A A GQ G R GS - - VK P A PQ G V GM S S RA T G 547 
488601079 MG R S RT P - -- V E - G E P L- - - PC V I SY R - -- - - -- E V IA G - - Q V L SM K Q -- - E VP S V RA E - 405 

 

297565028 WA A V NR P - -- - - - Y L G E- - - AS R V SL H - -- - - -- - - -- - - -- - - -- - G -- - S VP G S PR L - 375 
 

257060308 AI I N RP G - -- - - - G S G L- - - SC K L KT N - -- - - - V Q Y IQ L - - S L F EG L G -- - L LK T S TS A - 401 
 
1040961339 -- - - -- - - -- - - -- - - -- - - -- 532 
1405224212 GT - - -- - - -- - - -- - - -- - - -- 513 
1206162758 -- - - -- - - -- - - -- - - -- - - -- 544 
1009979974 -- - - -- - - -- - - -- - - -- - - -- 537 

 

451770599 RT L P LV S - -- - - -- - - -- - - -- 513 
 

1305448890 LA L P PP P T GY E Q VT L F -- - - -- 515 
1706614983 -- - - -- - - -- - - -- - - -- - - -- 558 
1706842133 WS S Q PP S T EG E S AV R G AS A L AR 569 
488601079 -- - - -- - - -- - - -- - - -- - - -- 405 
297565028 -- - - -- - - -- - - -- - - -- - - -- 375 
257060308 -- - - -- - - -- - - -- - - -- - - -- 401 

 

 

V-U5 family 
 
1002781834 -- - - -- - - -- - M ST I T - I Q C RL V A PE A T RQ A L WQ L M AQ K N TP L V SE L L RQ V A QH P D FE T W 48 
257060041 -- - - -- - - -- - M ST I T - I Q C RL V A PE A T RQ A L WQ L M AQ K N TP L V SE L L RQ V A QH P D FE T W 48 

1405885249 -- - - -- - - -- - M SV I T - I Q C RL V A EE D S LR Q L WE L M TE K N TP F I NE I L LH L G KH P E FE T W 48 
440680311 -- - - -- - - -- - M SV I T - I Q C RL V A EE D S LR Q L WE L M SE K N TP F I NE I L LQ I G KH P E FE T W 48 

1111222001 -- - - -- - - -- - M TQ I T - V Q C RL V A TE T T RQ E L WD L M AD K N TP L I NE L L KQ V A EH S D FE A W 48 
1016058386 -- - - -- - - -- - M SV I T - I Q C RL V A EE D T LR Q V WE L M TD K N TP L V NE L L AQ V G KH P E FE T W 48 
1002781021 -- - - -- - - -- - M SQ I T - I Q C RL V A KE P T RQ T L WQ L M AE L N TP F I NE L L QK V A QN P D FE Q W 48 
1002400088 -- - - -- - - -- - M TL K T - L E C RL Y A PS D T LR Y L WL L M AE K N TP L I NE I I NH L S EH P D FD Q W 48 
1002400093 -- - - -- - - -- - M TH I T VV Q C RL I A PE S T LQ H I WK M M AQ Q Q TP L I NQ L L HD I N TH P D IN T W 49 
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1000428792 -- M C FV W Y FI F M SQ K T - I Q C RL I A SE S T RQ K L WK L M AE S N TP L I NE L L QQ L S KH P D FE K W 57 
1004799941 -- - - -- - - -- - M SV I T - I Q C RL I A SE A T RS Y L WQ L M AQ K N TP L I NE L I EQ L G IH P E IE Q W 48 
1004798910 -- - - -- - - -- - M SQ I T - I Q C RL V A SE P S RH Q L WK L M VD L N TP L I NE L L VQ V A QH P E FE T W 48 
1002125473 -- - - -- - - -- - M SQ I T - I Q C RL I A SE S T RQ K L WK L M AT L N TP L I NE L I EQ L G KH P D FE N W 48 
1007062327 -- - - -- - - -- - M SV I T - I Q C RL V A DE E T LR H L WT L M AE K N TP F A NE I L EQ L A QH A E FE S W 48 
1007109870 -- - - -- - - -- - M SQ I T - I Q C RL V A SE T T RQ Q L WQ L M AE K N TP L I NE L L SQ I G KH P E FE T W 48 
428305730 -- - - MS D Q TS Q N NE I T - I Q S LL E A PE E T LC F L WQ L M VN V - TE L I NS L L HH I N TH P D FD I W 54 
1030021203 MS R D RQ K K ST S P IH R T - I R C HL H A SE D V LR K V WE E M TQ K N TP L I VQ L L KS V S EQ P E FE T N 59 

17230183 MS R D RK K G SK S P SL R T - I R C HL H T KE D V LR K V WE E M TQ K N TP L I VE L L KS V S EQ P E FE T N 59 
1206817639 -- - - -- - - -- - M SI I T - I Q C RL V A ND R T LQ H L WE L M AE K N TP L I SE L L EQ L G KH P D FE T W 48 
1300380544 -- - - -- - - -- - M ST I T - I Q C RL V A EE A T LR Y F WE L M AE K N TP L I NE L L EQ L G QH P D FD T W 48 
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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 

 

1002781834 EA S E IK S W QD K L LS Q S KS I P YP V A YE T N ED L T WS I N EK G R LC V R FN - - GL G K HT - - -- - - 
257060041 EA E D VK S W QD K L LS Q S KS I P YP V A YE T N ED L T WS I N EK G R LC V R FN - - GL G K HT - - -- - - 
1405885249 NE N E AK A W QA A L LR K T AN V P FP V A YE S N ED M T WL K N DK N R LF V R FN - - GL G K LN - - -- - - 
440680311 NE N E AK A W QA A L LR K T AN V P FP V A YE S N ED M T WL K N DK N R LF V R FN - - GL G K LT - - -- - - 
1111222001 SE T E AK S W QN N L LR K S HA V P FP V S YE T N ED M T WF K N RK G R IC V K FN - - GL S E HT - - -- - - 
1016058386 NE N E AK A W QA A L LR K P AD V P FP V A YE S N ED M T WL Q N DK G R LF V R FN - - GL G K LT - - -- - - 
1002781021 DT A Q AR S W QD K L LI Q S QS I P FP I N YE T N ED L T WH K N EK G R LC V K FN - - GI S D LS - - -- - - 
1002400088 DE N E AS A W QA K L LK K S HN I P YP V A YE T N TD L K WS K D SR G H LL V T FN - - GL V E SL K K LN L N 
1002400093 TI E E IT S L QT Q L LQ K Y SH L P FP V F YG T N TD L T WF K N PQ G R IC V K FN - - GL N Q YP - - -- - - 
1000428792 NN A E AK R W QD I L LT R S SS I P FP V V FE T N ED L V WS T N EK G R LC V H FN - - GL S D LI - - -- - - 
1004799941 SN D E AN I W QK R L LK K D IS L P FP I R FR T N ED L I WS K N EE G R IC V S FS G E GL N D HI - - -- - - 
1004798910 NE A E AK S W QD S L LK K S IT V P FP V A YE T N ED M T WF K N ER G R IC V K FS - - GL S E HT - - -- - - 
1002125473 DN A E AK R W QD I L LT R P SS L P FP L V FE T N ED M V WS K N QK G R LC V H FN - - GL S D LS - - -- - - 
1007062327 SE N E AK S W QA S L LR K S SQ I P FP V V YE T N ED I K WS I N EK G R IF V S FN - - GL G K LK - - -- - - 
1007109870 DE T E AK L W QN S L LR K F SS L P FP V A YE T N ED L V WS K N RF G R IC L T FP - - TL R E HI - - -- - - 
428305730 EV A E FR D I QA Q L LR K F FA L V YP V T FS T N TD L Q WS T N QQ G R IC V Q FY - - GM S K YT - - -- - - 
1030021203 NN E E FA E W IA S L LN K V SD L P YP I D Y- L Y SD L T WY K N EQ R K IC V Y FN - - GW A K FH - - -- - - 

17230183 NN E E FA N W IA D A SR K I SN L P YP I D Y- L Y SD L T WY K N QD G K IF V Y FN - - GW S K YH - - -- - - 
1206817639 DE N E AK S W QN Q L LK T S SS V P YS V D YE T N TD I K WV K H NN G S IF V N FN - - GL G E HQ - - -- - - 
1300380544 NE D E AK A W QA Q L LR E A SS V P FP V A YE T S ED M T WF T N EQ G R IF V Y FN - - GS A K HK - - -- - - 
220908491 TV A Q AR E W ND K I LT Q P KF M P YP I I YG S S TD V R WR K T SK S R IT V S FN - - GI D K YL K A AD P E 
1085045623 DE D E AA I W QS R L LT D A AK F P FP V A YE T N ED L K WF L N GK G R LC V S FN - - GL S E HT - - -- - - 
1085056708 DN V E AK R W QD I L LT R S SS V P FP L I FE T N ED L V WS K N EK G R LC V H FN - - GL S D LT - - -- - - 
1406824382 DN A Q AK R W QD I L LT R S SS L P FP L V FE T N ED M V WS K N QK G R LC V H FN - - GL S D LI - - -- - - 
428311644 DD E H LR Q V QA S L TR K Q SP V P FS I S YE T S TD L R WS S N EQ G R IC V S FN G K GI S K HT - - -- - - 
1085030414 DE A Q AR Q W QD V L LT K P KS L P FP L I FE T N ED L F WS K N QQ D R LC V H FP - - GL R D LA - - -- - - 
1300485477 NE E E AA G W QA R L LT K P AI L P FP V N YE T N ED L R WS L N SQ G R IC V S FN - - GL S E HF - - -- - - 
428312908 NE S Q AR S W QD R L LT K P QS V P FP V T YE S N ED L T WS K N SK G R LC V K FN - - GL S E HT - - -- - - 
1016001624 DQ T E AN T W FS I L KQ N Q SS I P YP I L YE T N ED L K WS L N EK N R LS I R FS - - GL G E HS - - -- - - 
1507700957 DE A Q AK S W QD I L LT K S KL V P YP I V YE S N ED L T WS K N ER G R LC V K FN - - GL S D HT - - -- - - 
428306136 DE P E AQ S W QD T L LT E S KL V P FP V A YE T N EN L T WS K N EK G R LC V Q IS - - GL S K HI - - -- - - 
1019531886 DV E Q SR T W QD K L LK K S QS I P FP I N YE T N ED L T WS K N EK G R FC V Q FN - - GI S D LK - - -- - - 

309 
306 
315 
315 
313 
308 
287 
318 
300 
321 
314 
318 
312 
313 
312 
312 
347 
343 
318 
312 
315 
310 
312 
312 
303 
312 
313 
310 
290 
289 
289 
287 

 

1002781834 -- - - -- - - -- - - FQ I Y CD Q R QL K W FQ R F YE D Q QI K K DG - - -- - K DH H S SA L F SLR S GR I V 
257060041 -- - - -- - - -- - - FQ I Y CD Q R QL K W FQ R F YE D Q QI K K DG - - -- - K DH H S SA L F SLR S GR I V 

1405885249 -- - - -- - - -- - - FE I Y CD K R HL H Y FQ R F LE D Q EI L R SS - - -- - K RQ H S SS L F TLR S GR I A 

352 
349 
358 
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440680311 -- - - -- - - -- - - FE I Y CD K R HL H Y FQ R F LE D Q EI L R NS - - -- - K RQ H S SS L F TL R S GR I A 
1111222001 -- - - -- - - -- - - FE I Y CD N R QL H W FK R F LS D Q QI K K NS - - -- - K NQ H S SS L F TL R S GR I S 
1016058386 -- - - -- - - -- - - FE I Y CD K R HL H Y FK R F LE D Q EL K R NS - - -- - K NQ H S SS L F TL R S GR I A 
1002781021 -- - - -- - - -- - - FE I Y CD Q R QL K W FQ R F YE D Q QA K K GS - - -- - K NQ H S SA L F TL R S GR I L 
1002400088 PE - - -- - - -- - - FE I R CD R R HL P W FQ R F CK D Q EI - K AN - - -- - N DQ H S SA L F VL R S AR L I 
1002400093 -- - - -- - - -- - - FQ I A CN K R QY P W FQ R F FT D Y QS Y K SH - - -- - K QQ V P TG L M VL R S AR L L 
1000428792 -- - - -- - - -- - - FE V Y CD S R QL Y W FK R F LE D Q QT K R KS - - -- - K NQ H S SG L F TL R N GR L A 
1004799941 -- - - -- - - -- - - FE I Y CG N R QI H W FQ R F LE D Q NI K N DN - - -- - N DQ H S SA L F TL R S AI L A 
1004798910 -- - - -- - - -- - - FQ V Y CD S R QL Q W FQ R F LE D Q QI K R NS - - -- - K NQ H S SS L F TL R S GR I A 
1002125473 -- - - -- - - -- - - FE V Y CD N R QL H W FQ R F LE D Q QT K R QS - - -- - K SQ Y S SG L F TL R N GH L V 
1007062327 -- - - -- - - -- - - FE I F CD K R HL H Y FQ R F LE D Q DI K R QG - - -- - K NQ H S SS L F TL R S GR I S 
1007109870 -- - - -- - - -- - - FQ I Y CD S R QL H W FQ R F LE D Q EI K K NS - - -- - K NQ H S SA L F TL R S GR I A 
428305730 -- - - -- - - -- - - FE I A CD R R QL N W FK R F LA D Y QL Y K QH - - -- - K TQ I P TG L M PL R C AR L V 
1030021203 -- - - -- - - -- - - FQ I C CN K R QL H F FK R F LE D Y KA L K ES E K G- - E IK L S GS L V TL R S VQ L L 

17230183 -- - - -- - - -- - - FQ I C CN K R QR H F FE R F LE D H KA W K ES E K G- - E VK L S GS L V TL R C VQ L L 
1206817639 -- - - -- - - -- - - FE V Y CD S R QL P Y FQ R F CE D M QI W H ND - - -- - E EK Y S SA L F ML R S AR L V 
1300380544 -- - - -- - - -- - - FQ V Y CD R R QL H W FQ R F VE D F QI K K NG D K KG S E KE Y P AG L L TL C S TR L R 
220908491 IK A W FK D H QE Y P FR L H CD E R QL P F FQ R F LE D W QF Y Q AN - - -- - K ET Y P AG L L TL S S TL L G 
1085045623 -- - - -- - - -- - - FE V Y CG Q R QL Y W FN R F LE D Q QI K K EN - - -- - Q GE R S AG L F TL R S GR L V 
1085056708 -- - - -- - - -- - - FE V Y CD R R QL H W FK R F LE D Q QT K R KS - - -- - K NQ H S SG L F TL R N GR L A 
1406824382 -- - - -- - - -- - - FE V Y CG N R QL H W FQ R F LE D Q QT K R KS - - -- - K NQ H S SG L F TL R N GH L V 
428311644 -- - - -- - - -- - - FE V F CD Q R QL H W FE R F YE D Y KI F T QN - - -- - K DQ V P AG L L TL R S AR L V 
1085030414 -- - - -- - - -- - - FQ V Y CD R R QL H W FH R F LE D Q QT K H SS - - -- - K NQ H S SS L F TL R S AY L A 
1300485477 -- - - -- - - -- - - FE V Y CD Q R DL H W FN R F LE D Q ET K K AS - - -- - K NQ H S SS L F SL R S GQ I A 
428312908 -- - - -- - - -- - - FQ I Y CD Q R QL K W FQ R F LE D Q QI K R ES - - -- - K DQ H S SS L F TL R S GQ I A 
1016001624 -- - - -- - - -- - - FQ L C CD H R QL P Y FQ R F YE D Q EL K K AS - - -- - K DQ L S SA L F TL R S AM I L 
1507700957 -- - - -- - - -- - - FQ I Y CD R R QL K I FN R F YE D Q QI K K AS - - -- - K NS H S SA L F TL R S AT I A 
428306136 -- - - -- - - -- - - FQ I Y CD Q R QL K W FQ R F YE D Q EI K K AN - - -- - K DQ Y S SG L F TL R S GR I A 
1019531886 -- - - -- - - -- - - FE I Y CD Q R QL K W IQ R F YE D Q QV K K DG - - -- - K DQ H S SG L F TL R S GR I L 

358 
356 
351 
330 
362 
343 
364 
357 
361 
355 
356 
355 
355 
393 
389 
361 
360 
370 
353 
355 
355 
346 
355 
356 
353 
333 
332 
332 
330 

 

1002781834 WQ E - -- G L G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G K- - - PW N I HR L T LH C S 
257060041 WQ E - -- G L G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G K- - - PW N I HR L T LH C S 
1405885249 WL P - -- G E E- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - HW K V NQ L N FY C S 
440680311 WL P - -- G E E- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - HW K V NQ L N FY C S 
1111222001 WQ E - -- E V G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K D R- - - PW N V NH L K LD C T 
1016058386 WS L - -- G E E- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - PW K V NK L H LY C T 
1002781021 WQ E - -- G N E- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G Q- - - PW N I HR L I LQ C T 
1002400088 WR E - -- G Q G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K E D- - - PW K I HQ L Y LQ C S 
1002400093 WQ P - -- T N G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- Q G E- - - PW N T HH L S LH C A 
1000428792 WQ Q - -- G E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - PW N I GH L A LY C C 
1004799941 WQ E - -- N K Q- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- H K EN S L PW N T RR L T LY C T 
1004798910 WQ E - -- G E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K S E- - - PW K V NR L I LY C S 
1002125473 WQ E - -- G E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K S E- - - PW N L NR L N LY C C 
1007062327 WL E - -- Q P G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G K- - - PW N I NR L L LF C S 
1007109870 WQ E - -- G E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - PW D I HH L T LY C C 
428305730 WT E - -- G Q DD F A LI V A TW L L IA V I QH K F YH I A WL L L KN H R II K S P- - - PW R V HH L H LH C I 
1030021203 WQ Q - -- G E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- A G E- - - PW K V NK L A LH C T 

17230183 WQ Q - -- G E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - PW K V NK L S LH C T 
1206817639 WL E - -- K K G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- R G K- - - PW N V NY L Y LH C S 
1300380544 WK E - -- S A E- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G D- - - PW N V HR L I LS C T 
220908491 WR E - -- G E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G D- - - PW N V NR L A LY C T 
1085045623 WK P Y SS D A S- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- R S D- - - PW M A NQ L T LQ C S 
1085056708 WQ E - -- G E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - PW Q I NR L T LY C C 
1406824382 WL E - -- G E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - PW N L HH L T LY C C 
428311644 WQ E - -- G E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- E G E- - - PW Q V HR L L LH C S 
1085030414 WQ Q - -- G K E- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - PW N T HY L I LY C C 
1300485477 WQ E - -- G K G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- D A E- - - HW V V HR L V LS C S 
428312908 WA L - -- G K G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G D- - - AW N I HH L T LY C T 
1016001624 WK E - -- D E G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - LW D R HK L Y LH C T 
1507700957 WQ E - -- G K G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - PW N V NR L I LY C T 
428306136 WQ E - -- G T D- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - PW N I HH L I LY C T 
1019531886 WQ E - -- G K G- - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - -- K G E- - - LW D I HR L T LQ C T 

373 
370 
379 
379 
377 
372 
351 
383 
364 
385 
381 
382 
376 
377 
376 
409 
414 
410 
382 
381 
391 
377 
376 
376 
367 
376 
377 
374 
354 
353 
353 
351 

 

1002781834 LD T R FW T E EG T Q QV Q Q EK S K KF Q T NR L R MK P E LT F S IF F R SQ T L ET Y L QV W L VI T A YR L Q 433 
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257060041 LD T R FW T E EG T Q QV Q Q EK S K KF Q T NR L R MK P E LT F S IF F R SQ T L ET Y L QV W L VI T A YR L Q 430 
1405885249 LD T R ML T T EG T Q QV V E EK V T AI T E IL T K TK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 409 
440680311 LD T R ML T T EG T Q QV V E EK V T AI T E IL N K TK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 409 

1111222001 VD T R LW T A EG T N QV R E EK A E EI A K TI T K SK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 407 
1016058386 LD T R MW T I EG T Q QV V S EK T T KI T E TL N Q AK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 402 
1002781021 LD T R LW T Q EG T E EV K Q EK A E EI A K VL T S MN - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 381 
1002400088 VE T Q LW T E AG T K QV Q S EK M V EF Q L NQ L R MK P E LT F P IF F R SQ S L PT Y F NL W K VI T S YR I L 443 
1002400093 ID N D LW T I SG I Q QV K Q QK I L QT E Q KI A N FH - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 394 
1000428792 VD N R LW T A EG T E QV R Q EK A E EI T K FI T K MK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 415 
1004799941 LD T R LW T T DG T E KV K Q EK V D EF T Q QL A N ME - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 411 
1004798910 VD T R LW T A EG T N LV R E EK A E EI A K AI A Q TK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 412 
1002125473 VD N R LW T A DG T E QV R Q EK A E EI S K LI T K MK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 406 
1007062327 ID T R ML T A EG T Q QV I E EK I A DT Q N KI A K AQ - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 407 
1007109870 VD T R LW T E EG T N LV K E EK A E EI A K TI T Q TK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 406 
428305730 VD H R LW T Q EG K E IV K A EK I P QT E K LI N D FQ - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 439 

1030021203 YD A R LL T A EG T E EV R Q EK T D TT Q K QV T K AE - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 444 
17230183 YD T R LW T A EG T E EA R K EK I N KI Q R QV E Q AE - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 440 

1206817639 LD T S LW T A EG T E QI R I NK I N ET D E AI A K AK T K -- - - -- - - -- - - -- - - -- - - -- - - -- - - 414 
1300380544 ID T R LW T L EG T E QV R A EK I A QV E K TI S K RE - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 411 
220908491 FD T R LM T A EG T L DV Q K EK S E KA L K NL A K AK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 421 

1085045623 VD T R LW T A EG T E QV R Q EK A T SI A K VI A G TK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 407 
1085056708 VD N R LW S A EG T E QV R Q EK E E EI T K FI T K MN - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 406 
1406824382 VD N R LW T E EG T E IV R Q EK A D EI T K FI T N MK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 406 
428311644 VE T R LW T A QG T E EV R A EK I A QT Q A AI D R QK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 397 

1085030414 VD T R LW T A EG T E LV R Q EK T A EI E K VI N R TK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 406 
1300485477 IE T D TW T Q EG T E EI R Q KK A S DC A K VI A S TK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 407 
428312908 LD T R LW T A EG T E QV R Q EK A D DI A K TL A R MK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 404 

1016001624 FE T R CL T A EG T S TI V E EK Q K EV T K II D L MK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 384 
1507700957 FD N L LL T T EG T E VV R Q EK A E AI A N TL T K IK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 383 
428306136 VD T R LW T A EG T E QV C Q EK A E DI A K TL T R MK - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 383 

1019531886 LE T R CW T H EG T E QV K Q EK A D EI A G IL T R MN - - -- - - -- - - -- - - -- - - -- - - -- - - -- - - 381 

 
1002781834 

 
SF L D K- - - -- G N VA K A HQ E F QK A I KR N E SS L Q - K I T -- S - - S Y N - R P H KT L Y QG K S HI F V 

 
482 

257060041 SF L D K- - - -- G N VA K A HQ E F QK A I KR N E SS L Q - K I T -- S - - S Y N - R P H KT L Y QG K S HI F V 479 
1405885249 -- - Q K- - - -- D D LN D K QQ A F -- - I TR Q Q ST L S - R I N -- N - - P F P - R P S KP N Y QG K S SI L I 452 
440680311 -- - Q K- - - -- D D LN D K QQ A F -- - I TR Q Q ST L A - R I N -- N - - P F P - R P S KP N Y QG K S SI L I 452 

1111222001 -- - E K- - - -- G E LN D R QL A H -- - I KR K Q ST L D - R I N -- N - - P Y P - R P N KP L Y KG L S NI L V 450 
1016058386 -- - R K- - - -- D V LN D K QQ A F -- - V TR Q Q ST L D - R I N -- N - - P F P - R P S KP N Y QG Q P SI L V 445 
1002781021 -- - E K- - - -- G D LT K N QQ A F -- - I KR K Q ST L D - K L E -- N - - P F P - R P S QP L Y RG Q S NI L V 424 
1002400088 KF L E K- - - -- G D FT K A QK N F QD A I KR T E SC L E - N L Q -- S - - S Y L - T S Q KS L Y QG N P EI I M 492 
1002400093 -- - S KA - - LE K E LT P N QQ Q R -- - L KA S Q TS L N - L L K TF D I NE F F - P S K CS L Y QG S P DI I L 444 
1000428792 -- - D K- - - -- S D LS E T QL A F -- - I KR K E ST L T - R I N -- N - - S F D - R P S KP L Y QG Q S HI L V 458 
1004799941 -- - Q K- - - -- E N LN Q N QQ N Y -- - V KR L Q ST L N - K L N -- N - - A Y P - R H N HD L Y QG K P SI L V 454 
1004798910 -- - A K- - - -- G K LN D K QQ A H -- - I KR K N SS L A - R I N -- N - - L F P - R P S KP L Y KG Q S HI L V 455 
1002125473 -- - E K- - - -- S D LK D T QK A F -- - I QR K E ST L N - R M N -- N - - S F E - R P S QP L Y QG Q S HI L V 449 
1007062327 -- - E K- - - CE G E LN P N QQ A H -- - I NR K K ST L A - R I N -- T - - P F P - R P S KP L Y QG K S HI V V 452 
1007109870 -- - A K- - - -- G D LN D K QQ A H -- - L KR K N SS L A - R I N -- N - - P F P - R P S QP L Y KG Q S HI L L 449 
428305730 -- - Q KE R I QE N G LT T G QQ Q R -- - L KA S E TS L R - L L Q -- N C DH F A - A S K RI S Y RG Q P NR I L 489 

1030021203 -- - G N- - - -- E N ID S D EQ K N -- - L NR N I SS L S - R L N -- N - - S F A - R P S KP I Y RG Q S NI I V 487 
17230183 -- - E T- - - -- E N LD E Q QQ K Q -- - L KK N K SS L S - R L N -- N - - S F N - R P I QP I Y QG L S NM I V 483 

1206817639 -- - D K- - - -- Q E LT E N QL A Y -- - L QR Q Q ST R N - K L N -- N - - S F P GR P S KP I Y KG N S HI L V 458 
1300380544 -- - Q E- - - -- V N LS K T QL E R -- - L QA K H SE R E - R L N -- N - - I F P NR P S KP S Y RG K S HI A I 455 
220908491 -- - P D- - - -- - - -- - - -- - - -- - - PR N H ST L D - R L K -- N - -- L P VR P S RT P Y QG N P EI L V 453 

1085045623 -- - A K- - - -- G N LN Q K QQ D F -- - I TK R E KT L E - L L H -- N - - P F P - R P S KP L Y QG K P SI I A 450 
1085056708 -- - E K- - - -- S D LS E T QQ A F -- - I KR K E ST L T - R I N -- N - - S F E - R P S QF L Y QG Q S HI L V 449 
1406824382 -- - K K- - - -- S D LS D T QQ A L -- - I QR K Q ST L T - R I N -- N - - S F E - R P S QP L Y QG Q S HI L V 449 
428311644 -- - A K- - - -- G T Q- - - -- - - -- - S KK L N TS L E - R L K -- T F QG F S - R P S RA S Y KG N C SI V I 435 

1085030414 -- - A K- - - -- N D LT E T QQ A F -- - I QR Q K ST L A - R I K -- G - - H F D - R P S QS I Y QG Q S HI L V 449 
1300485477 -- - A K- - - -- E N RS Q N QD A F -- - I RR R E RM L E - L L E -- N - - Q F P - R P S YP L Y QG Q P SI L A 450 
428312908 -- - E K- - - -- G D LN D K QQ A F -- - I KR K N ST L A - R L N -- N - - P F P - R P S QP L Y QG R S HI A V 447 

1016001624 -- - A K- - - -- E E LS D S QQ A F -- - I RR K N ST L A - K L N -- N - - T F P - R P S KP V Y QG K P NV H L 427 
1507700957 -- - E K- - - -- G D LN Q K QQ A F -- - I RR K E TS L S - R I N -- N - - P F P - R P S RP L Y KG K S NI L L 426 
428306136 -- - K K- - - -- G D LN D R QQ A F -- - I RR Q Q ST L A - R L N -- N - - P Y P - R P S QP L Y QG Q P HI L V 426 

1019531886 -- - E K- - - -- G D LT K N QK A F -- - V RR K Q ST L N - R L E -- K - - P F P - R P S QP L Y QG K S NI L V 424 
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1002781834 GV A M GL E K PA T V AV V D GT T G KA I A YR S L K 
257060041 GV A M GL E K PA T V AV V D GT T G KA I A YR S L K 

1405885249 GV S F GL E K PV T V AV V D VV K N QV I A YR S V K 
440680311 GV S F GL E K PV T V AV V D VV K N KV I A YR S V K 

1111222001 GV S L GL E K TA T V AI L D AS T D KV V T YR S I K 
1016058386 GV S F GL E K PV T L AV V D VI K N EV L A YR T V K 
1002781021 GV S M GV D K PA T V AV V D GI T Q KT L T IE Y I K 
1002400088 GV A M GL S Q PA T I AV V N VV T Q EV L T YR S L K 
1002400093 GV S I GL E N PA T I AI I N IS T Q EI L T YR T T K 
1000428792 GV S L GL E K PA T I AV V D AI A G KV L T YR S L R 
1004799941 GV S L GL E K PA T L AI V D SS T N IV L A YR S I K 
1004798910 GV S L GL E K PT T L AV V D GS I G KV L T YR N I K 
1002125473 GV S L GL E K PA T V AV V D AI A G KV L A YR S I R 
1007062327 GV S L GL K A TA T I AV F D AM N N QV L A YR S T K 
1007109870 GV S L GL E K PA T V AV V D GT T G KV L T YR N I K 
428305730 GV S I GL H E PV T I MI V N TT T G KT L A SR N T K 

1030021203 GV S F HP V E LA T L VV V D II T K EK I I CK T V K 

QL L GN - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GN - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GE - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GE - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GE - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GK - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GN - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GK - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L SR T R KV R N KK P N -- S N NS N Q SL S S AY K Q 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L DK K R RV R D QQ P E LP K Y EE R Q HF T N IY K E 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 

516 
513 
486 
486 
484 
479 
458 
526 
502 
492 
488 
489 
483 
486 
483 
549 
521 

17230183 GV S F HP V E LA T V AV V D TT T Q KV I A YK T I NE L L DN ----------------------------- 517 
1206817639 GV S L GL E K PV T V AA V D VV S N KV L A YR S V K 
1300380544 GV S F SL E N PA T V AV V D VA T K KV L T YR S F K 

QL L GQ - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 

492 
489 

220908491 GL R V GL T N PI T A AV V N GR T G EV L T YR T P ST L L GD ----------------------------- 487 
1085045623 AV S F GL E K PA T L AI V D IV T D KA I T YR S I R 
1085056708 GV S L GL E K PA T V AV V D AI A G KV L A YR S I K 
1406824382 GV S L GL E K PA T V AV V D AI A N KV L A YR S I K 
428311644 GV S F GR A K PA T V AV V N VE T G EV L A YR D V K 

1085030414 GV S L GL D K PA T V AV V D AI A E KV L A YR N T R 

QL L GQ - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 
QL L NK - - -- - - -- - - -- - - -- P I KE G K TK K K 
QL L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 

484 
483 
483 
479 
483 

1300485477 GV S Y GL D K PA T L AI V N IQ T G KA I T YR S I RQ I L GK - - -- - - -- - - -- - - -- - - -- - - -- - - 
428312908 GI S L GL G K PA T A AI V D GT T G EA I A YR S I RQ L L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 
1016001624 GI A M GL E Q PV T I AI V D IE T D KV I T YR N T KQ L L RE - - -- - - -- - - -- - - -- - - -- - - -- - - 
1507700957 GV A I RL D K PA T V AI V D GA T D KA I A YL S T KQ L L GK - - -- - - -- - - -- - - -- - - -- - - -- - - 
428306136 GL A F GL D K PA T A AV V D GT T G KA I T YR S L KQ L L GD - - -- - - -- - - -- - - -- - - -- - - -- - - 
1019531886 GV S M EL K K PA T I AV I D GV T R KV L T YR N I KQ L L GK - - -- - - -- - - -- - - -- - - -- - - -- - - 

484 
481 
461 
460 
460 
458 

 

1002781834 -- N Y HL F N RQ G K QK Q N TS H Q RH K S QK H F AD N Q FG E S QL G Q YI D C LL A K AI I S VA Q T YC A G 
257060041 -- N Y HL F N RQ G K QK Q N TS H Q RH K S QK H F AD N Q FG E S QL G Q YI D C LL A K AI I S VA Q T YC A G 

574 
571 

1405885249 -- N Y NL L N RQ R Q QQ Q R LS H E RH K A QK Q N AP N S FG E S EL G Q YV D 
440680311 -- N Y NL L N RQ R Q QQ Q R LS H E RH K A QK Q N AP N S FG E S EL G Q YV D 

1111222001 -- N Y KL L N RQ R Q QK G E LS H Q RK I A QT Q A AS N Q YG E S EL G Q YI D 
1016058386 -- N Y NL L N RQ R Q QQ Q R LS H E RH K V QK R N AP N S FG E S EL G Q YV D 
1002781021 -- N Y PL I Q RQ R Q QK Q H QS H Q RN V A QR K E AF N Q FG D S EL G E YI D 
1002400088 -- N Y NL L N RQ R Q QK Q K LS H Q RH K A QK K D AF N Q YG E S EL G Q YV D 

RLL A D AI I A IA K K YQ A G 
RLL A D AI I A IA K K YQ A G 
RLL A K EI V A IA Q K YS A G 
RLL A D AI I A IA K T YQ A G 
RLL T K AI V T LA K K YK A G 
RLI A K AI V Q VA K E YQ A D 

544 
544 
542 
537 
516 
584 

1002400093 IS N Y EL F L QY Q Q QK H H NQ H Q RH N A QI N D AN N N YG E A NL G L YL NR LL A K AI L E LA Q Q YQ V S 
1000428792 -- N Y EL L N RQ R R QQ R S LS H E RH K A QK S F SP N Q FG A S EL G Q YV DR LL A K EI V A IA Q T YK A G 
1004799941 -- N Y KL L N RQ R Q QQ Q R NS H E RH K A QK S N MP N K LS E S DL G K YI D N LL A Q AI I A LA K N YQ A G 
1004798910 -- N Y RL L N RQ R Q QK H T LS H Q RQ V A QI L A SP N Q LG E S EL G Q YV D R LL A K EI V A IT Q T YK A G 
1002125473 -- N Y EL L N RQ R R QQ R S SS H E RH K A QK S F SP N Q FG T S EL G Q YV D R LL A K EI I A IA Q T YK A G 
1007062327 -- N Y KL L N RQ Q Q QK Q R LS Q Q RH K S QK Q F AS N S FG E S EL G Q YV D R LL A K EI V A VA K N FG A G 
1007109870 -- N Y KL L N RQ R Q QK H L LS H Q RH I A QR I A AP N N FG D S EL G E YI D R LL A K EI I A IA Q T YQ A G 
428305730 IS D Y EL F L FY R Q QK Q Q HQ H Q RH K A QI K A TP D H SK E A NL G L YI N R LL A K AI I E FA Q Q HQ V S 
1030021203 -- A F SL L S RR R R QQ V H FR K E RE K A QK K D SP C N MG E S QL G E YV D K LL A K RI V E VT K E YK A S 

17230183 -- A F HL L S RM R R QQ I H FR K E RK K A QK K D SP C N LG E S KL G E YV D K LL A K RI V E VA K E YQ A I 
1206817639 -- N Y KL L N RQ R Q QQ K H LA Q K RH E S QK K Q AP N Q FG E S EL G L YV D R LL A K SI I N FA K T YQ A S 
1300380544 -- N Y NL A N RL R Q QK Q R LS H E RH K A QK Q G AP N S FG D S EL G Q YV D R LL A K SI V A IA K T YQ A S 
220908491 -- R Y DL F N RH R H QQ E Q NA L E RH K Y QK R G VT Y Q PS E S EL G K YV D R LL A K AI I E LA Q T YK A G 
1085045623 -- N Y KL F T KH R L KQ Q Q CA H Q RH Q N QV E S AE N R IS E G GL G E HL D S LI A K AI L E TA A E YG A S 
1085056708 -- N Y EL L N RQ R R QQ Q Y LS H E RH K A QK S F SP N Q FG T S EL G Q YV D R LL A K EI I A IA Q T HK A G 
1406824382 -- N Y EL L N RQ R R QQ Q Y LS H E RH K A QK N F SP N Q FG A S EL G Q HI D R LL A K AI V A LA R T YK A G 
428311644 KT Q Y EY L K RR Q E QQ R L NS H Q RH N A QK N G AP C N FG E S KQ G E YV D R LL A K AI V E VA S Q YR A S 
1085030414 -- N Y KL L N RQ R R QQ R S LS H K RH K A QK R A DT N Q FG E S EL G Q YV E R LL A K EI V A IS Q N YR A G 
1300485477 -- N Y KL L N RY R L NQ Q R NA H K RH N N QR K G GS S Q LR E S NQ G Q YL D R LI A H EI V A IA Q E YQ V S 
428312908 -- N Y KL F N RQ R Q EK Q R QS H Q RH K A QK N A TS N Q FG E S EL G E YV D R LL A K EI V T LA Q T YQ A G 
1016001624 -- D Y RL L R RR R I EK Q K LS H Q NH K A RK R F NF Q Q KG E S NL G E YL D R LI A K AI L T VA Q E YQ V S 
1507700957 -- N Y HL L N RK R Q QQ H I LS H Q RN V A QR H H AN N K FG E S EL G Q YI D R LL A K AI I Q LA K D YR V G 

562 
550 
546 
547 
541 
544 
541 
609 
579 
575 
550 
547 
545 
542 
541 
541 
539 
541 
542 
539 
519 
518 
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428306136 --N Y EL L N KQ R K RK Q Q QS H Q RH K A QS N G RS N Q FG D S DL G E YV 
1019531886 --N Y PL L N RQ Q R QK Q R QS H Q RN I A QR K E AF N Q FG D S EL G Q HI 

DR LL A K AL V T LA Q S YQ A G 518 
DR LL A K AI I S IA Q K YQ A G 516 

 

1002781834 SI V V PK L K DM R E LI Q S EI Q A KA E A KI P G YV E G QA K Y AK S Y RV Q V HQ W S HG R L ID N I TS Q A 
257060041 SI V V PK L K DM R E LI Q S EI Q A KA E A KI P G YV E G QA K Y AK S Y RV Q V HQ W S HG R L ID N I TS Q A 
1405885249 SI V L PK L R DM R E QI S S EI Q S RA E N QC P G YK E G QQ K Y AK E Y RI N V HR W S YG R L IE S I KS Q A 
440680311 SI V L PK L R DM R E QI S S EI Q S RA E N QC P G YK E G QQ K Y AK E Y RI N V HR W S YG R L IE S I KS Q A 
1111222001 SI V L PK L S DM R E QI N S EI Q A KA L E KC P D CI E A QK K Y AK Q Y RR S V NQ W S YG R L IE N I KS Q A 
1016058386 SI V I PK L R DM R E QI S S EI Q S RA E K KC P G YK E V QQ K Y AK E Y RM S V HR W  GYG R L IE S I KS Q A 
1002781021 SI V V PK L E DM R E IV Q T EI Q T KA E E RI P N CI E A QK N Y AK C Y RV Q V HQ W S YS R L ID N I EA Q A 
1002400088 SI A V PK I R QM R E II Q S EV Q A RA E R KI Q G YK E G QK K Y AQ Q Y RE N V HQ W S YG R L IE S I HQ A S 
1002400093 LI I L PS L K NK R E LI E S EI R A KA E L KY P G CK E K QD S Y AK D Y RT N V HQ W S YQ Q L IK C I ES K A 
1000428792 SI V L PK L G DI R E IV Q S EI Q A IA E A KC P S SS E I QQ K Y AK Q Y RV N V HQ W S YG R L IQ S I QS K A 
1004799941 SI V L PT M K NV R E SI Q S EI E A RA V K RC P N YK E G QQ Q Y AK Q Y RQ S I HR W S YN R L MQ F I QS Q A 
1004798910 SI V L PK L G DM R E QV Q S EI Q A KA E Q K- S D LI E V QQ K Y SK Q Y RV S V HQ W S YG R L IA S I RS S A 
1002125473 NI V L PK L G DM R E IV Q S EI Q A IA E A KC P G SV E V QQ K Y AK Q Y RV N V HK W S YG R L IQ S I QS K G 
1007062327 SI V L PK L G DM R E II Q S EV Q A KA E K KI P G FI E L QK N Y AK E Y RK S A HN W S YG R L IE N I QS Q A 
1007109870 SI V L PN L G DM R E QI Q S EI K A KA E Q K- S D LV E V QK K Y AK Q Y PN S V HQ W S YG R L IT N I QS Q S 
428305730 TI I L PD L K NK R E SI E S EA K A LA K L KI P K DK S R QQ Q Y TR N I LS E V SQ W S YK Q L SD C I IN K A 
1030021203 CI V L PR L K DT R E IR T S VI Q A KA E A KF P G DV N A QK I Y VK E Y NR Q I HN W S YG R L QE S I KS K A 

17230183 CI V L PK L K DM K E IR T S VI Q A KA E T KF P G NV N A QK L Y VK E Y NR Q V HN W S YN R L QE S I KS K A 
1206817639 SI A L PK L R DM R E II Q S EI Q A KA E S KI P G YK E G QE K Y AK E Y RM S V HR W S YG R L IG N I QA Q A 
1300380544 SI V L PK L R YM R E II H N EV Q A KA E K KI P G YK E G QK Q Y AK Q Y RI S V HQ W S YN R L SQ I L ES Q A 
220908491 SI V I PC L T HL R E IL A S EI A A RA E E KC P G SV E A QD N Y AK E Y RR K I HN W S YN R L IS A I CS K A 
1085045623 SI V L PE L G NI R E II H A EI Q A KA E R KI P G LK E K QD E Y AA K F RA S V HR W S YG R L AQ K V TT K A 
1085056708 SI V L PK L G DM R E IV Q S EI Q A IA E E KF P G YV E G QQ K Y AK Q Y RV N V HG W S HS R L IQ S I QS K A 
1406824382 SI V L PK L G DM R E VV Q S EI Q A IA E Q KF P G YI E G QQ K Y AK Q Y RV N V HR W S YG R L IQ S I QS K A 
428311644 SI V L PD L R NI E E AA E S EV R A RA E Q KF P G NQ K L QD S Y AK D Y RA S I HC W S YS R L AQ C I EL K A 
1085030414 SI V L PK L G DM Q E IL T S EI Q A RA E A KC P N YV E G QQ K Y AK Q Y RI S I HK W S YG R L MQ N I QS Q A 
1300485477 SL A L PD L G DI R E IV Q S EV Q A RA E Q KI L G SI E Q QR K Y AR Q Y RA S V HR W R YA Q L TQ F I QS Q A 
428312908 S IV L PK L G DM R E LV H S EI Q T RA E Q KI P S YV E G QQ K Y AK Q Y RV N V HQ W S YG R L IE N I QV Q A 
1016001624 TI L I PR L R DM R S IT E A EI Q L RA E K KI P E YK E G QK K Y AQ D Y RV Q V HQ W S YG R L IE N V KL I C 
1507700957 SI V V PY M E DT R E II Q A EV Q A RA E A KI P G CI E K QK E Y AK K Y RT N I HK W S YG R L ID L I KA Q A 
428306136 SI V L PK L G DI R E LI Q S EI Q A KA E Q KI P G YI A G QE K Y AK Q Y KI S V HQ W S YG R L ID N I KA Q A 
1019531886 SI V V PK L E DI R E AT Q S EI Q A KA E A KI P N CI E A QA E Y AK K Y RM Q V HE W S YG R L ID N I QA Q A 

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 

 

1002781834 SK F N IT V E EG E Q PH Q G NP Q D KA K L LA I A AY H S RL C A -- - - -- - 
257060041 SK F N IT V E EG E Q PH Q G NP Q D KA K L LA I A AY H S RL C A -- - - -- - 
1405885249 AQ A G IA I E TG T Q PI R A SP Q E KA R D LA L F AY Q E RQ A A LI - - -- - 
440680311 AQ A G IA I E TG K Q SI R G SP Q E KA R D LA V F TY Q E RQ A A LI - - -- - 
1111222001 IK T G IV I E ES K Q PI R G SS Q D KA K E LA T T AY K S RK K S -- - - -- - 
1016058386 AK A G IF T E IG T Q PI R G SP Q E KA R D LA V F AY Q E RQ A A LI - - -- - 
1002781021 SK L G IV L E IS Q Q PY K G TP H D KA I A LA L N AY Q S RL S A -- - - -- - 
1002400088 AK F G IR V E IA S Q SY Q G SF Q E QA Q N LA I A AY T N RL E A VG - - -- - 
1002400093 AQ I G ID T A TG K Q MN L E TS Q D QA R N LV L N FC Q K FS P T QV - - -- - 
1000428792 AQ I G IV I E EG K Q PI R G SP Q D KA K E LA L Y AY S L RL A R RS - - -- - 
1004799941 VK A N IS I E QG P Q PI R G SS Q E KA R D LA I A AY Y L RQ N K S- - - -- - 
1004798910 AK V G IV I E ES K Q PI R G SP Q E KA R E LA I A AY N S RR R T -- - - -- - 
1002125473 SQ A G IV I E EG K Q PV R G SP H E QA K E LA L S AY H D RL A R RS - - -- - 
1007062327 TK E G IE I E TG K Q PT R G IP Q E QA R D LA L F AY Q C RI A - -- - - -- - 
1007109870 KK A G IV I E EG K Q QI R A SP L E KA K E LA I N AY Q S RK A - -- - - -- - 
428305730 SQ S G IA I E II Q Q IS Q G NP Y Q KA R N L- I T TF T K NS G N KC S A KI E 
1030021203 AE F K IS I E FG M Q PS Y D NL Q E QA I N LA L S AY Q C RI N T IG R - -- - 

17230183 AE L K IS I E FG I Q LS Y D TL Q A QA R D LA L S AY Q C RI H T ID R - -- - 
1206817639 AQ A G IL I E TS S G QI R G SP Q E QA K H LA I S AY I E RQ T I LN K - -- - 
1300380544 TK A G IS I E RG S Q VI Q G SS Q E QA R D LA L F AY N E RQ L S LG - - -- - 
220908491 EQ L G II V E SG F Q PY E G DS Y Q QA K D LA I A VY H S RQ L A LK - - -- - 
1085045623 SL H G LE T E ST R Q SL Q G TP Q E KA R N LA I S AY E S RK V A QR A - -- - 
1085056708 AQ I G IV I E EG K Q PI R G SP Q D KA K E LA L S AY N L RL A R RS - - -- - 
1406824382 AQ T G IV I E EG K Q PI R G SP H D KA K E LA L S AY N L RL T R RS - - -- - 
428311644 GK A G IA T E KV H Q PH G D TP Q E KA R D LV L A AY A N RK V S VS - - -- - 
1085030414 AQ A E IV V E EG K Q LI R G SP Q E MA K E LA I A AY Q S RQ P Q -- - - -- - 
1300485477 AQ V G IS I E IT K Q PL S G TP Q E KA R N LA I A AY Q S RK - - -- - - -- - 
428312908 AK I G IS I E QG Q Q PV R G SP Q E KA K E MA I A AY H S RL N P -- - - -- - 

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

 
 
 
 

HHpred output for sequence 1002781834 
 

>COG0675 InsQ Transposase [Mobilome: prophages, transposons]. 
 

Probab=98.99  E-value=3.4e-09  Score=106.41  Aligned_cols=142  Identities=20%  Similarity=0.212 Sum_probs=0.0 
 

RuvC-I 

 
Q ss_pred 
Q Tue_Jul_12_23: 

CCCCCCCCccCCCCceEEEEEcCCCCceEEEEEeCccceEEEeccHHHHhhccHHHHHHHHHHHHHHHHHhHHHHhcccc 
465 SYNRPHKTLYQGKSHIFVGVAMGLEKPATVAVVDGTTGKAIAYRSLKQLLGNNYHLFNRQGKQKQNTSHQRHKSQKHFAD 

 
544 (670) 

Q Consensus 465 ~f~RPskp~YqG~p~iivGVdlGL~~PATvAVvD~~t~Kvl~yrs~kQLLg~ny~Ll~R~R~qqq~lsh~Rhk~qk~~~~ 544 (670) 

 ++..|..+. .-.+..+||||+|+...||++ .+........-........-..+.....+..++.+.++..+...  
T Consensus 162 ~~~~~~~~~-~~~~~~~~giDlg~~~~~~~~-----~~~~~~~~~~~~~~~~~~~~~~k~ls~~~~~~~~~~~~~~~~~~ 235 (364) 
T COG0675 162 LVEVEEEEP-VPKPGKVVGIDLGLKNLATVS-----DNGTVPIPRDGRKLLKRLKKAQKRLSRKKSRSKRRKKAKLKLAR 235 (364) 
T ss_pred EEEeccccc-cCCCCCeEEEecCCceEEEEe-----CCccccCchhHHHHHHHHHHHHHHHHHHhhhhhhhhhHHHHHHH   

RuvC-II 

 
Q ss_pred 
Q Tue_Jul_12_23: 

cchhHHHHhhhHHHHHHHHHHHHHHHcCCCEEEecccccHHHHHHHHHHHHHhhcCCCchHHHHHHHHHHHhHhcCCCHH 
545 NQFGESQLGQYIDCLLAKAIISVAQTYCAGSIVVPKLKDMRELIQSEIQAKAEAKIPGYVEGQAKYAKSYRVQVHQWSHG 

 
624 (670) 

Q Consensus 545 ~q~~Es~LG~yvdrllAk~IV~lAq~yqAgsIVLpkL~diRe~i~SeiqArAe~K~pg~ke~QkkYaK~yR~~vH~WSYg 624 (670) 

 ......+.-... |.+|+.||+.|..++++.|++.++.+ ++.+|.|+|+  T Consensus 236 ~~~~~~~~r~~~-~k~~~~~v~~~~~~~~~~~~~~~~~~-------------------------------~~~i~~~~~~ 283 (364) 
T COG0675 236 LRERIRNRRKDF-HKLAKKLVELADLVGVETLVVEDLVK-------------------------------RRSISDWAFG 283 (364) 
T ss_pred HHHHHHHHHHHH-HHHHHHHHHHhhheeeeeeeeccccc-------------------------------ccchhhhhHH   

Q ss_pred HHHHHHHHHHHHcCceEEEe 
Q Tue_Jul_12_23:  625 RLIDNITSQASKFNITVEEG  644 (670) 
Q Consensus 625 RL~q~I~~KA~k~GI~Ve~~  644 (670) 

+|++.|+|||+.-||.|++. 
T Consensus 284 ~~~~~l~yka~~~~~~v~~~  303 (364) 
T COG0675 284 ELRRQLEYKAEWGGIVVKVV  303 (364) 
T ss_pred HHHHHHHHHHHhCCeeEEEc 

1016001624  E K V G I V V V E A K Q P K Q G T L T E K A L Q L V L S A T E K N L K K K - - - - - - 616 
1507700957  A K A G I V I E E S K Q S I R G D P K K Q A K E I A V C A Y R D R I V P F - - - - - - 615 
428306136  A K I S I V I E E G Q Q P I R G S P Q E K A K E M A I S A Y D D R T K S - - - - - - - 614 

1019531886  S K L G I F I E E S Q Q P L Q G T P L Q K A A E L A F K A Y R S R L S A - - - - - - - 612 
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In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

 
 

system 

 
 

gene 

no. of 
sequence 

pairs 

dN/dS 
 
1st quartile 

 
median 

 
3rd quartile 

II-A cas9 2239 0.12 0.19 0.25 
II-B cas9 67 0.21 0.32 0.64 
II-C cas9 2756 0.08 0.12 0.19 
V-A cas12a 48 0.04 0.13 0.21 
V-B cas12b 4 0.11 0.17 0.25 
V-U1 c2c4 4 0.14 0.22 0.44 
V-U2 c2c8 3 0.08 0.25 0.30 
V-U3 c2c10 14 0.03 0.04 0.12 
V-U4 c2c9 11 0.07 0.15 0.36 
V-U5 c2c5 16 0.15 0.16 0.19 
VI-A cas13a1 8 0.27 0.39 

0.39 
0.41 

VI-B cas13b 515 0.34 0.46 
VI-C cas13a2 3 0.28 0.28 0.31 

 

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

No confidence in identification 
of sequence relationships 

 

Regular TnpB representatives 
PK_14_7 
PK_22_5 
PK_6_29 
PK_17_6 
PK_13_7 
Type V-U3 (C2c10) 
PK_26_4 
PK_5_30 
PK_16_6 
PK_31_3 
PK_9_19 

X Type V-B (Cas12b/C2c1) 
X Type V-B (Cas12c/C2c3) 
X  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) 

1 X - not included in the TnpB FastTree tree because of low sequence similarity 

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

# WEBSEQUENCE Total b o : 

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) 
# WEBSEQUENCE Exp number of AAs in TMHs: 21.52507 

# WEBSEQUENCE Exp number, first 60 AAs: 21.51976 
# WEBSEQUENCE POSSIBLpEroN-tefrmN-isnignal seque0n.c6e5484 
WEBSEQUENCE TMHMM2.0 inside 1 6 
WEBSEQUENCE TMHMM2.0 TMhelix 7 29 
WEBSEQUENCE TMHMM2.0 outside 30 181 

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

α1 
739007499|Bacte|Prevotella_aurantiaca MDCTLISKEVATALLSTISSFIPIVIAAYLTYRYAIKKLHKESIENIERAKYEAILKAHQSIYKLLRFTT 
339613715|Bacte|Prevotella_pallens_ATCC_700821 MDCTSILQDMIIALITSLFSSATIIFAGYRTYRNAIKKLREESIENIKRAHYEAILKAHQSIYKLLRFTT 
496453857|Bacte|Prevotella_saccharolytica -----MECNDCSQLITTLVSLLTAALSGFLSYYFAVRKYRKESQENVERWKYEAIWHAHQSFYKLLRFMT 
916920636|Bacte|Prevotella_falsenii ---------MIIALIPALINSAAIIVVVYLTYFYAVKKLREESFENIERAKYEAILKAHQSVYKLLRFIT 
490473138|Bacte|Prevotella_buccae --------MDYMELAKEAFSIICTFIAAYVAYYYAIKQLHQKSVENIEYAKYQAVLQAHKSLYRLLRFTT 
771514465|Bacte|Prevotella_intermedia MDCTLISKEVATAMFSTISSLIPIVIAAYLTYRYAIKKLRKESFENIERAKYEAVLKAHQSIYKLLRFIT 
640560407|Bacte|Prevotella_pleuritidis MDCTLISKEVATALFSTLSSLVPIVIAAYLTYRYAIKKLHKESFESIECAKYEAILKAHQSIYKLLRFIT 
696216473|Bacte|Porphyromonas_sp_COT-052_OH4946 ---MMTMTICWTPICVQLIELSGIFIAAYLAYRYAVRKLSKESIENIERCKYQAVLEAHRSFYKLLRFTT 
333804400|Bacte|Porphyromonas_gingivalis_TDC60 ---MMTMTICWTPICVQLIKLSGIFIAAYLAYRYAVRKLSLESIENIERCKYQAVLEAHRSFYKLLRFTT 
700239026|Bacte|Porphyromonas_gulae ---MMTMTICWTPICVQLIELSGIFIAAYLAYRYAVRKLSKESIENIERCKYQAVLEAHRSFYKLLRFTT 
491058122|Bacte|Riemerella_anatipestifer -------MYWILEVLKIVTPTIAVIVSAIVSTIVLSRKIRQELKGNIERQKYEDILHAHKQMYRLLAYMT 
CONSENSUS -------------------------I-----Y--A--K---E---NIE--KYE-IL-AH-S-YKLLRF-T 
Jnet 491058122 :-------HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH-HHHHHHHHHHHHHHHHHHHHHHH- 

 
α2 α2.1 

739007499|Bacte|Prevotella_aurantiaca DTENDDCILLWEQSKGSK-EKVYYFRQANIRKFIKELTEEIYNKGNGIYLSKEVILLVFKYRTLVHKLLL 
339613715|Bacte|Prevotella_pallens_ATCC_700821 DTENDDCILVWEQPKDGG-EKTYYFRQANIRQFFKELTEEVYNKGNGIYLSKEVMSLIFKYRTLVHKLLL 
496453857|Bacte|Prevotella_saccharolytica DNENADSILVFRKQEGSK-QPQPIFRKDKAREFLAELTDEFYKKGNGLFLSKEVADSLFKYRHIVFGLLQ 
916920636|Bacte|Prevotella_falsenii DTENDDCILVWEEPKGGG-EKAYYFRQANIRKFIRELTEEIYNKGNGIFLSKKTMSLIFEYRTLVYGLLL 
490473138|Bacte|Prevotella_buccae DTENEDSILIWERPKDGGLEATYYFRKGNIRKFIKELSKEIYNEGCGIFMSKEALSLISEYRNIVYGFML 
771514465|Bacte|Prevotella_intermedia DTENDDCIMVWEQPKGGG-EKVYYFRQANIRKFIKELTEEIYNKGNGIFLSKKVMPLIFEYRSLVYGLLL 
640560407|Bacte|Prevotella_pleuritidis DTENDDCILVWEQPKGGG-EKTYYFRQANIRKFIKELTEEIYNKGNGIYLSKEVMSLIFKYRTLVHKLLL 
696216473|Bacte|Porphyromonas_sp_COT-052_OH4946 DTENADSILVWQKAKGSG-AKTYYFRPACIRGFLSELTDEFYKNGNGVFLSKEIISRIFEYRSIVYGLLL 
333804400|Bacte|Porphyromonas_gingivalis_TDC60 DTENADSILVWQKAKGGG-AKTYYFRPACIRGFLSELTDEFYKNGNGIFLSKEIISRIFEYRSIVYGLLL 
700239026|Bacte|Porphyromonas_gulae DTENADSILVWQKAKGGG-AKTYYFRPACIRGFLSELTDEFYKNGNGVFLSKEIISRIFEYRSIVYGLLL 
491058122|Bacte|Riemerella_anatipestifer DQDNPKNLLKWEVPKGQK-DKIHYINRANAQAFLRELPELFYGEGCGLFLSEEVTKKFFEYRSIVHKLLL 
CONSENSUS D-EN-D-IL-W---KG-------YFR----R-F--EL----Y--G-GIFLSKEV----F-YR-IV--LLL 
Jnet 491058122 -------EEEEEE--------------HHHHHHHHHHHHHHHH----HHHHHHHHHHHHHHHHHHHHHHH 

 
α3 α4 

739007499|Bacte|Prevotella_aurantiaca AEKNNPDEKIMISKQEIAKSMIEIHQSLSIQIRNDINLKKRDLCLNSENT------------ 
339613715|Bacte|Prevotella_pallens_ATCC_700821 AEKNNPDEKIMIHNREVVKEMIEINQSLSIQIRKDIDLQQRNLYNHNKKGKKYWWKRKKQNI 
496453857|Bacte|Prevotella_saccharolytica VFSNYDENEVQLKNTQAVENMKKNFQQLSPEIRKSLHLHRRDLLFS---------------- 
916920636|Bacte|Prevotella_falsenii TAKDNPAEAIEITNKKLAKRMIEIHQSLSIQIRKDRNLQQ---------------------- 
490473138|Bacte|Prevotella_buccae SAQNNPQETIRITNRESVERIKKIHQNLSIEIRQAINLKKRDLRF----------------- 
771514465|Bacte|Prevotella_intermedia TAKDKPDETIEIKNEKLAKRMIEIHQSLSIQIRKDINLKQRDLQFDS--------------- 
640560407|Bacte|Prevotella_pleuritidis AKKNNPDEKIMIDKRELAKRMIEIHQNLSIKIREAINLQQRDLHFK---------------- 
696216473|Bacte|Porphyromonas_sp_COT-052_OH4946 SERDSSDERIVMNKPETAERMIRIHQELTQTVREAIALKGRTLNF----------------- 
333804400|Bacte|Porphyromonas_gingivalis_TDC60 SERQNSDERIVMNKPETAERMISIHQELTQTVREAIALKKRTLNF----------------- 
700239026|Bacte|Porphyromonas_gulae SERDSSDERIVMNKPETAERMIRIHQELTQTVREAIALKGRTLNF----------------- 
491058122|Bacte|Riemerella_anatipestifer AEQNSTEAEFRLKNEEAATRMKVLHHKLSQSIRQCLKIEQRDLKAL---------------- 
CONSENSUS ---------I-----E----M----Q-LS--IR----L--R-L------------------- 
Jnet 491058122 H-------EEEE--HHHHHHHHHHHHH--HHHHHHHHHHHHH-------------------- 

# WEBSEQUENCE Total b o : 

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) 
# WEBSEQUENCE Exp number of AAs in TMHs: 21.52507 

# WEBSEQUENCE Exp number, first 60 AAs: 21.51976 
# WEBSEQUENCE POSSIBLpEroN-tefrmN-isnignal seque0n.c6e5484 
WEBSEQUENCE TMHMM2.0 inside 1 6 
WEBSEQUENCE TMHMM2.0 TMhelix 7 29 
WEBSEQUENCE TMHMM2.0 outside 30 181 

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

α1 
739007499|Bacte|Prevotella_aurantiaca MDCTLISKEVATALLSTISSFIPIVIAAYLTYRYAIKKLHKESIENIERAKYEAILKAHQSIYKLLRFTT 
339613715|Bacte|Prevotella_pallens_ATCC_700821 MDCTSILQDMIIALITSLFSSATIIFAGYRTYRNAIKKLREESIENIKRAHYEAILKAHQSIYKLLRFTT 
496453857|Bacte|Prevotella_saccharolytica -----MECNDCSQLITTLVSLLTAALSGFLSYYFAVRKYRKESQENVERWKYEAIWHAHQSFYKLLRFMT 
916920636|Bacte|Prevotella_falsenii ---------MIIALIPALINSAAIIVVVYLTYFYAVKKLREESFENIERAKYEAILKAHQSVYKLLRFIT 
490473138|Bacte|Prevotella_buccae --------MDYMELAKEAFSIICTFIAAYVAYYYAIKQLHQKSVENIEYAKYQAVLQAHKSLYRLLRFTT 
771514465|Bacte|Prevotella_intermedia MDCTLISKEVATAMFSTISSLIPIVIAAYLTYRYAIKKLRKESFENIERAKYEAVLKAHQSIYKLLRFIT 
640560407|Bacte|Prevotella_pleuritidis MDCTLISKEVATALFSTLSSLVPIVIAAYLTYRYAIKKLHKESFESIECAKYEAILKAHQSIYKLLRFIT 
696216473|Bacte|Porphyromonas_sp_COT-052_OH4946 ---MMTMTICWTPICVQLIELSGIFIAAYLAYRYAVRKLSKESIENIERCKYQAVLEAHRSFYKLLRFTT 
333804400|Bacte|Porphyromonas_gingivalis_TDC60 ---MMTMTICWTPICVQLIKLSGIFIAAYLAYRYAVRKLSLESIENIERCKYQAVLEAHRSFYKLLRFTT 
700239026|Bacte|Porphyromonas_gulae ---MMTMTICWTPICVQLIELSGIFIAAYLAYRYAVRKLSKESIENIERCKYQAVLEAHRSFYKLLRFTT 
491058122|Bacte|Riemerella_anatipestifer -------MYWILEVLKIVTPTIAVIVSAIVSTIVLSRKIRQELKGNIERQKYEDILHAHKQMYRLLAYMT 
CONSENSUS -------------------------I-----Y--A--K---E---NIE--KYE-IL-AH-S-YKLLRF-T 
Jnet 491058122 :-------HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHH-HHHHHHHHHHHHHHHHHHHHHHH- 

 
α2 α2.1 

739007499|Bacte|Prevotella_aurantiaca DTENDDCILLWEQSKGSK-EKVYYFRQANIRKFIKELTEEIYNKGNGIYLSKEVILLVFKYRTLVHKLLL 
339613715|Bacte|Prevotella_pallens_ATCC_700821 DTENDDCILVWEQPKDGG-EKTYYFRQANIRQFFKELTEEVYNKGNGIYLSKEVMSLIFKYRTLVHKLLL 
496453857|Bacte|Prevotella_saccharolytica DNENADSILVFRKQEGSK-QPQPIFRKDKAREFLAELTDEFYKKGNGLFLSKEVADSLFKYRHIVFGLLQ 
916920636|Bacte|Prevotella_falsenii DTENDDCILVWEEPKGGG-EKAYYFRQANIRKFIRELTEEIYNKGNGIFLSKKTMSLIFEYRTLVYGLLL 
490473138|Bacte|Prevotella_buccae DTENEDSILIWERPKDGGLEATYYFRKGNIRKFIKELSKEIYNEGCGIFMSKEALSLISEYRNIVYGFML 
771514465|Bacte|Prevotella_intermedia DTENDDCIMVWEQPKGGG-EKVYYFRQANIRKFIKELTEEIYNKGNGIFLSKKVMPLIFEYRSLVYGLLL 
640560407|Bacte|Prevotella_pleuritidis DTENDDCILVWEQPKGGG-EKTYYFRQANIRKFIKELTEEIYNKGNGIYLSKEVMSLIFKYRTLVHKLLL 
696216473|Bacte|Porphyromonas_sp_COT-052_OH4946 DTENADSILVWQKAKGSG-AKTYYFRPACIRGFLSELTDEFYKNGNGVFLSKEIISRIFEYRSIVYGLLL 
333804400|Bacte|Porphyromonas_gingivalis_TDC60 DTENADSILVWQKAKGGG-AKTYYFRPACIRGFLSELTDEFYKNGNGIFLSKEIISRIFEYRSIVYGLLL 
700239026|Bacte|Porphyromonas_gulae DTENADSILVWQKAKGGG-AKTYYFRPACIRGFLSELTDEFYKNGNGVFLSKEIISRIFEYRSIVYGLLL 
491058122|Bacte|Riemerella_anatipestifer DQDNPKNLLKWEVPKGQK-DKIHYINRANAQAFLRELPELFYGEGCGLFLSEEVTKKFFEYRSIVHKLLL 
CONSENSUS D-EN-D-IL-W---KG-------YFR----R-F--EL----Y--G-GIFLSKEV----F-YR-IV--LLL 
Jnet 491058122 -------EEEEEE--------------HHHHHHHHHHHHHHHH----HHHHHHHHHHHHHHHHHHHHHHH 

 
α3 α4 

739007499|Bacte|Prevotella_aurantiaca AEKNNPDEKIMISKQEIAKSMIEIHQSLSIQIRNDINLKKRDLCLNSENT------------ 
339613715|Bacte|Prevotella_pallens_ATCC_700821 AEKNNPDEKIMIHNREVVKEMIEINQSLSIQIRKDIDLQQRNLYNHNKKGKKYWWKRKKQNI 
496453857|Bacte|Prevotella_saccharolytica VFSNYDENEVQLKNTQAVENMKKNFQQLSPEIRKSLHLHRRDLLFS---------------- 
916920636|Bacte|Prevotella_falsenii TAKDNPAEAIEITNKKLAKRMIEIHQSLSIQIRKDRNLQQ---------------------- 
490473138|Bacte|Prevotella_buccae SAQNNPQETIRITNRESVERIKKIHQNLSIEIRQAINLKKRDLRF----------------- 
771514465|Bacte|Prevotella_intermedia TAKDKPDETIEIKNEKLAKRMIEIHQSLSIQIRKDINLKQRDLQFDS--------------- 
640560407|Bacte|Prevotella_pleuritidis AKKNNPDEKIMIDKRELAKRMIEIHQNLSIKIREAINLQQRDLHFK---------------- 
696216473|Bacte|Porphyromonas_sp_COT-052_OH4946 SERDSSDERIVMNKPETAERMIRIHQELTQTVREAIALKGRTLNF----------------- 
333804400|Bacte|Porphyromonas_gingivalis_TDC60 SERQNSDERIVMNKPETAERMISIHQELTQTVREAIALKKRTLNF----------------- 
700239026|Bacte|Porphyromonas_gulae SERDSSDERIVMNKPETAERMIRIHQELTQTVREAIALKGRTLNF----------------- 
491058122|Bacte|Riemerella_anatipestifer AEQNSTEAEFRLKNEEAATRMKVLHHKLSQSIRQCLKIEQRDLKAL---------------- 
CONSENSUS ---------I-----E----M----Q-LS--IR----L--R-L------------------- 
Jnet 491058122 H-------EEEE--HHHHHHHHHHHHH--HHHHHHHHHHHHH-------------------- 
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In format provided by Koonin et al. (doi:10.1038/nrmicro.2016.184)

Variant 2. 
 
TMHMM output 
# WEBSEQUENCE Length: 219 
# WEBSEQUENCE Number of predicted TMHs:  4 (shown in cyan) 
# 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 8 
WEBSEQUENCE TMHMM2.0 TMhelix 9 31 
WEBSEQUENCE TMHMM2.0 outside 32 45 
WEBSEQUENCE TMHMM2.0 TMhelix 46 68 
WEBSEQUENCE TMHMM2.0 inside 69 140 
WEBSEQUENCE TMHMM2.0 TMhelix 141 163 
WEBSEQUENCE TMHMM2.0 outside 164 177 
WEBSEQUENCE TMHMM2.0 TMhelix 178 200 
WEBSEQUENCE TMHMM2.0 inside 201 219 

 

501433496|Bacte|Porphyromonas gingivalis -----MEKFSLYDFLAIILPGIAFIVVFRIIFSSLHLSLPVDIPLGLESTIVYALI-CGA 
545407573|Bacte|Bacteroides pyogenes -----MNKFSFYDFLSILLPGVIFLVAIRVAQLFWRFNTGLYFPQGWEFSLVYSLVIGAS 
818455803|Bacte|Wolfebacteria bacterium GW2011 MDTKTFPKTSLFDQISFLMVGAIATIVIVFNMVYF-FTMPIPT-----VDLGSALVWLVI 
754594446|Bacte|Capnocytophaga canimorsus -----MDRLSIYELLSFVVPGVIMIELINFSAEYV-FGKDRLI---TAGNLSDGLLFFAI 
405580122|Bacte|Bergeyella zoohelcum ATCC 43767 -----MDRLSIYELLSFVVPGVIMIELINFSAEYV-FGKAPLI---TAGNLSDGLLFFAI 
754599666|Bacte|Capnocytophaga cynodegmi -----MERLSIYELLSFVVLGVIMIELMNFSAEYV-FGKAPLI---TAGNLSDSLLFFAI 
493307991|Bacte|Myroides odoratimimus -----MDKLSLYELFSFVIPGGIALHLLNWCSVNV-LSTGTLF---NLSDLSNSLIALVF 
503850671|Bacte|Flavobacterium branchiophilum -----MEKLSLYEILSFVVPGYVLLELSKWFGSFF-I--DANF--NLDESLSNSLLQFII 
CONSENSUS 0.8 -----------YE--S---PG---------------------------------L----- 

 
501433496|Bacte|Porphyromonas gingivalis VLYVLSFSL----VKLFPRL---FGL-YRHVADLYQKMK-ALHPIMND-TLNRQAEQWGL 
545407573|Bacte|Bacteroides pyogenes L-YVLGFSVKKNYSGFFRC----LGL-YEHVTILYYRFE-TLHPFMNG-ALNKYAEEWNG 
818455803|Bacte|Wolfebacteria bacterium GW2011 S-YFLGHVIHGISNAIRDIPIIPLLD-WESKLAYLPHEALLLKE-----AEAYFEQPYQE 
754594446|Bacte|Capnocytophaga canimorsus A-LFIGCLIHIITFRLIKRK---WYKKLAYKPINEIENNAYIKQ-----IFTTLKEEYSK 
405580122|Bacte|Bergeyella zoohelcum ATCC 43767 A-LFIGCLIHIITFWLIKRK---WYKKLACTPMDKMKNDEYITE-----ILPDLKEIYRT 
754599666|Bacte|Capnocytophaga cynodegmi A-LFIGCLIHIITFRLIKRK---WYQKLACTPMDKMKNDEYITE-----ILPHLKEIYRA 
493307991|Bacte|Myroides odoratimimus A-LLIGVTLHIITFNILLK----CGS--YRQIIYKSVQEIKLDDYIQQ-VIPFLNQEYFH 
503850671|Bacte|Flavobacterium branchiophilum A-LFLGIIIHVLTFKIFMK----IKW--YKDLIYKSVQKISVENDFIQKAIPFLNEHYIA 
CONSENSUS 0.8 -----G------------------------------------------------------ 

 
501433496|Bacte|Porphyromonas gingivalis GKIYLSEEEF--CQSEEKEKIRMLQSDFYDRMWYRLDFRGKLGNAKSFQCYYFFFRHSF- 
545407573|Bacte|Bacteroides pyogenes TKPYCTVEQYDAMDASAQKEIEDAQDIFYDHMYYRLDCKGKLEGAKAFQSYYLCFLHSFL 
818455803|Bacte|Wolfebacteria bacterium GW2011 KKP----------------------DHLWSLCYIFATAKDTTSQVETFSAYYNLYRG--- 
754594446|Bacte|Capnocytophaga canimorsus IHN-------------INSIDEISKLNIFESGYYYLEAQGKISQAKNFQSIYFLFRNIVT 
405580122|Bacte|Bergeyella zoohelcum ATCC 43767 NKG-------------ISVTENISNGSVFDTAYYYLEAQGKISQAKNFQSIYFLFRNIVT 
754599666|Bacte|Capnocytophaga cynodegmi NKG-------------ISATENISNGSVFDTAYYYLEAQGKISQAKNFQSIYFLFRNIVT 
493307991|Bacte|Myroides odoratimimus NKK---------HEVAANTNNAVPAENLFDYAYYYLEVNGKNAQAKNFQSLYFFFRNMFT 
503850671|Bacte|Flavobacterium branchiophilum HR----------KHTEKPVNENEAENNLFDYAYYYLEINDKIAAAKSFQSLYFLFRNFFT 
CONSENSUS 0.8 --------------------------------Y--L----K----------Y-------- 

 
501433496|Bacte|Porphyromonas gingivalis        ---WGLVLISLILLSYKLLAY--IPACDMEDIGWREYSDIAVPIMILSALFVFL--AQWF 
545407573|Bacte|Bacteroides pyogenes GLLIFGVYLLICILLSYFMDV--LLADT--------WQVAFLFLMNLCVMYLFMRLARWF 
818455803|Bacte|Wolfebacteria bacterium GW2011  ---WFTTLLIETLFLSYFLVF--SYTHA--------MLAVWILSI-AIAVLMYR-RAKRF 
754594446|Bacte|Capnocytophaga canimorsus       LSLFVLPVSVIFLLISFFMKD-CTLSGK--------IITIIIGTL-VIGGLSSV-IAQWF 
405580122|Bacte|Bergeyella zoohelcum ATCC 43767 LSLFVLPVSVIFLLASFFMND-CSLSEK--------IITIIIGTF-VLGGLSSV-IAQWF 
754599666|Bacte|Capnocytophaga cynodegmi        LSLFVLPVSVIFLLASFFMND-CKLSGK--------IITIVIGTL-VIGGISSV-IAQWF 
493307991|Bacte|Myroides odoratimimus LGIVSIVILIIALVYSTITSV-GKDVLS--------EIVLKIAFFAVIIGIAVP-VANWL 
503850671|Bacte|Flavobacterium branchiophilum ITLFFLPISVITILILYTQNYCCCLQRT--------ALTAFILLI-IIAFILVY-IGRWL 
CONSENSUS 0.8 ------------------------------------------------------------ 

 

501433496|Bacte|Porphyromonas gingivalis RIKMVEKMYWTFYISLIEQENSNL-- 
545407573|Bacte|Bacteroides pyogenes RQRMVLKMYWAFYESLIE-------- 
818455803|Bacte|Wolfebacteria bacterium GW2011 WQYLHDKVFGIFLITLKFPKKETV-- 
754594446|Bacte|Capnocytophaga canimorsus RVKMTDRIFGLYYAELTHNKK----- 
405580122|Bacte|Bergeyella zoohelcum ATCC 43767 RVKMTDRIFGLYYAELTHNKK----- 
754599666|Bacte|Capnocytophaga cynodegmi RVKMTDRIFGLYYAELTHHKK----- 
493307991|Bacte|Myroides odoratimimus RKKMIITVFGCYYADRVHQTNK---- 
503850671|Bacte|Flavobacterium branchiophilum REKTVEKVIWSYYVAITHEENNNKTK 
CONSENSUS 0.8 -----------YY------------- 
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