Evolution of eukaryotic single-stranded DNA viruses of the Bidnaviridae family from genes of four

other groups of widely different viruses

Mart Krupovica* and Eugene V. Koonin®

?Institut Pasteur, Unité Biologie Moléculaire du Géne chez les Extrémophiles, Department of
Microbiology, Paris 75015, France
® National Center for Biotechnology Information, National Library of Medicine, National Institutes of

Health, Bethesda, MD 20894, USA

* - corresponding author

E-mail: krupovic@pasteur.fr



478429021 |BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

478429021 |BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

478429021 |BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

478429021 |BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

478429021 |BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

478429021|BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

478429021 |BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

478429021 |BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

478429021 |BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

478429021 |BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

478429021 |BmBDV
Polinton-GlyFla
Polinton-3_NV
Polinton-1_HM
Polinton-1_CB
Polinton-1_CR

14 VKITEDTPATPGYYYSTSKD-————| EL LEKVLDN-------—— TPIGQLSVSFHVAGSFLKDDER-KITIHTTPDVENIHSDGIIPIDVQIDNFI-EDYLDPEKSSESKYS 110
18 IKWOQDIESAFEGRIKEGCVINLRHTDLKEFLNDAENLVIEKVQEAMQQOHGSLKVNTLLLARFECRKN--DAVVIETKSFQS-KSSTILASTGLHEWYQESVVNQTLRKVDELQ 127
162 FTPREQQTALKGYLKEHGIAGQRGYDPKEFIARIKPKVLELIS---ROKKPIKVKFIFTCGFIKEDPATAQIEEELGYFHTEKPEIVTESTDLSDLE-DTMTNYLLGLVEL! 270
125 IEFKLSQSSLKNVTKQFSAEGVKGYDAL; [KSAENNVIKILN---SNKGS-KIYIVLSCEMERTDLKTGETITTIASEST-KAEVVLESTDLNDFY-ERAEQKILESLSA! 231

76 SEYKEVGDVLRDTIHEGNSN LNKKESDVFKDIY----KDSSVKIYFSLSCEMKKE----GTEEARLDHLTTTSKALHKGENRK-SFY-ETVKLDLINRLQQ 173
69 TDYKEVGNTLRDTSHEGNSK LDKKETAVLNDIY-----— EDNVKLYVTLECEMLKE----ETEEMQIAHLTTENKPLYIGDDKV-EWEF-KSLKLDLINRLEHYQ 165
111 --GSGESLQVILSYWVNIVPYSPNNIAVPTSRNTQDYRDGTPAPIELNLSSS-IRRNEFIGVIAQHFTEPGYTKSGKVKSTYPLEVIEEFIKQRGFERYAELAVNVSTIPATHA 220
128 ENQSGWSLSETLNLTVNISRYTPLOVGISTFVAVPDDIRKKEGVV--NIINK-DHYCELWCVVAALY-P-VKAHRNLPSSYPYPS--SVLDHTGI----KFPIELKDIPLFEK 229
271 KQGEGWQFDQVEYFDINIDPFEPLSG--SSYIPLPPKLASKKAIT -—| [ENDHECEKWAVTSAVY -PREKDPQRFSKQMIENS--EKFDWSGI -EFPVSLKQIDKFEK 372
232 QLGSSWIFVSVKKMDINIIEYKPIKG--KSYIPLPKELAAKKAII--| [E-DNECEKWCVARFFN-PKEKNSERVDKDLKEQS--EKLNWEKT -KFPVSLQQITQFEK 332
174 GRGSGERLNRIIGLRMYQTRIRSLSG--SKYIELPDWIKNKKAVI--NIONK-DDKC CILAHLF-BPVEQNPDRV-SKYKDHV--SKVNEDGE -DFPFQVKDVDKFEK 273
166 ARGESGFRLNRMLGLRVFQTKIRPLSG--SKYMELPDWIKNKKAVI--NVONK-DNMC! CVLAHLF-PVECNAERT-SKYKEHV--NNIDFNGE----EFPFQVKNLDAFEK 265

221 ELNEFNIIIWS-—————-—-——— ITGIPIYAKILGEVDE-VP SIRAFLNE--NKTNONRVFCTLCKKFHIPNACNITGEIICID 303
230 MND-LRINVYGIEPKKNEEDPSIIVPLYLSSNLECQKDT-TH LSRLVKSSITKGKHKLFFCDRCLCHFKLEASFQRHHSDELQ 340
373 ONQ-¥TVNVFGYETK-———---— IYPLRISEK---DPDNAIN MMRLVSTQIDEFHHTRFLECRELNSFRCKQSLEKHSECEGN 460
333 NNQDISVNVEGYENS-- -VYPLRISENKN SLSRLLSSQISKNEHEMEFYCRNCLLGFCTEESLSNHKLYEDT 422
274 RNN-LAINILVHNVEDDEK - INSYKVSKKVNVDVDRVVN IDRLMNT- HNNFYSEEKYENHLSDEMN 366
266 KNN-LAINITHHELGQQK----— FQPYKVSKNTKVELNRVIN HNNFYSAEKYDKHLSDEMS 357

304 D----IKDNEKDKGLISPISKPKIIYPNTKHCL
341 HNKVRMTLPDEKHK----ILSFRDHRYKDPVP

AIIDNN---THKPASYSLIPIIAGDPPAENFI----FTKSVLNLEDEVFN----EDGEII EMFLTDL 401
——————————— TENIQKHTPHSIAYYLHCSIDNSLSKFNLNR——————SEDCIK ELISHKV 432
461 HEAVGIEMPKIDKDGNLPHIKFKNYNRKMRVP FTENIDTCSPDESKSFTKQYQKHKPSGFCYLIKC-EFDGDISPSELVRYTAESPDEDIPQL ESDIKKI 572
423 HDSVRIELPKPNT-—-~~! MIEFKNYNKSMRVP: FIKPINTCSPNPNESYTKQYQKHTPSSFCYYIKC-EFDEKIYQSKLVTFTASNEDEDVAQ! EEDVKKI 529
367 NSPLOMIKPSKD--———- YIEFDGIQKTQKQRYVC IYKIDNVSRSPSESWNENFGKHVASAFCVVVVDSETNTIY--DMKSYI----GYDTIL LEVCEKL 467
358 NAPIQMIKPSKD-————— YTEFSGVQKTQKHRYVC]| IYKISNSTNSPNKSWSENIGKHVASAFCVVVVDSETQSIY--EMKSYV----GYDSVF’ LDVCRRL 458

402 YSITIKKFQTNDYGKEANLIDEAGERFKELAGNKNKKG----KYYYARHYGLG--IFGYYCRS| H--NNTEFIVY E'K EQLLNKDSKHNTCRGKSINKMDVI 506
433 -SGYLNNPLPLPKLIDEDQKSFNEAVNCHICNKPLNSANDKKVRDHCHF TGK--F" HNS FQQSHIIP] LS| ESVARVENGSV-—-—----— EILPIN 535
573 YDKF-RFP-KKVKMTPKDKIAYNDATH| EGELGED---KVLDHCHLTGK--Y. HN DHKIPKFFPVI LS KNLGESEGKI----—---— NCIPNN 670
530 YNDYLKFP-KKMIFTMKDKNNFDNAKICHICEKDLNED---RVRDHCHITGK--¥. HSD| QFKIPKFIPVL LS KKL-SEGGNI-------- NCIPNN 627
468 LSIADM---RMQKLTFEEVESFHSCESCPACGNKFCGD---KVRDHDHWTGL--YRGPLCN. LKRRNNFTIP LK| SDDKSSELLKERG--VEIKSISAN 570
459 LNMSDV---EMNKLTKEEWKDFNDCEFEPACGKNFDEDNGLPTKVRDEDHWT GEYRGPLCNE| LKRKNNETIP] LK NDEKSAEFLVDKG--VTIKNISAN 566

507 TH|
536 KE|
671 EE|
628 EE|
571 IE|
567 IE|

DILSD---—--—————————————— ENFLPE| SLANKLTTLKYTP-—---— DKFKEAENSGHGEF ILEEIEVPQDPADW! TNKKGTEE 594
YIEFTKTVD-----—-—---——--— FREMASSIDKLSSYLTDDDMTITRQFYSDPEQLKLVTSEGIE! LDETQLPDK-QAF DKH 634
YISFTKQIVVDSFTNK-EGNKIDVKRI FREMS DSLVGNMSRECFKNLAE-YYEGEELQLLL: VE ILDATOLPQR-EAF! DTDISEE 780
YISFSKELKVNEFMNR-EGKKVEVKLY FKEMAASLDSLTKNLSKDQCKNISR-YYSGNELNLLL SIDELNETQLPPK-ESFEY| NDEGT 737
FISFSYHFHDKD--—---—-—--— LGEMPSSLDYLSGNLEDDECIITKKYYNNEHLFHLMR il YSNTELPPI-EDFYNSHSGETT 672
FISFSYHFEGEEFSRNGK--FFTKKYE MACSLDHLSSLLKTEQCAITKQYYNNEDTFKLMK! FIBSFERYSNTELPSI-ESEYNTLTDENT 676

595 ITKKANQIWIDNNMOIFHDYVLLENEL) DTTVNEDKIBPVYEDGAP! TFIL RMYENSLDMH’
635 DYSFAQTVWNKENVOTLGE¥SDLYMLKT) IASCFKTYE [YTAP -ESAMLKHEGVQLEL,
781 DHLHARRVWEVEFGMGTM HNL¥LES DVCLKNYG| YTAP LKTHEKVRLEL YDMLLMIE! SMISNRHGEANNPY-MKEY 891

Pl

LEPEKILFFE SQCANRYAKANNRYMGEDF 746

T|
738 DYLHAQNVWKEFNCETE HNLYNES DXCXNNYX| [YTAP LKIMEVKLELLSBYDMILMIKE: ISMVPNRLGTANNKY-MENY 848

K|

K|

KNVYLDVSI TOVVTRYAN--—-—-———- 697

[C= ==

673 SYEYAQOVIWKDMSCQTLEDYTRTEMMIN| INVSLKEYK YTIP LYKEGVKLOT VEMYNLIEI CNAMLRYSKANNKY-MPNY 783
677 SFEYAQKVWKETNCETLKDMTE IN| KVSLEKYH| [YTSP LLKEDVKLOT [VEMYNFTE, CNAMLRHSKANNKY-MPDY 787
698 ~IEDVDET TM¥SYCMKQKLANKYLGTLDALPD NYDSDDNFCYF ES| LSMPLMPHQY------ CTTELDEKDML SIVFKYYL 798
747 NPEEDESY. G SMPLPQGSFEWEEITVE-NISSIFNSDESTGY LE QVMPLCPEHFTPPGSKTCHRLATTLHPEMN YENLEQCL 856
892 DPNLPTKY GWAMSNPLPTHGEFRWMGDQELS-—-—---— GWRDRPCI LE INDYPLAPESIGLG--NVDELVPNLNDETK HETLRLYV 993
849 DESKESTY GWAMSKPLPTHGFEWMNEEELK------— NWKSTSCI LE INDYPLAPERLKID--KVERLVINLNH]| YENLKLYE 950
784 NPEEESKY GWAMSOKLPYDEFEFINAADFSMEMIENLNSQGKGCT LD INDLPFCSENKRVG--TTNELINDESP| YIDI\/TJLLQAI 892
788 NLEEESKY. GWAMSQKLPYDEFEFVENFEL--EMIDDLTANGKGCT LD INDLPFCPENKRVG--TSNELISDESP| YKMLOOVL 894

799 SKGLVCD YVYK EYIIK IOK] NSITDPGT KNNAL FKY—KIFSV.N———VNSGDRENKCMSKAKSH TLGNCILYEECVTRYLL 907
857 QLGMKL RVL SPWLKS| TECRKN [A] RKHKDIKLVNKWLGRYGAKSLISKSNFNSFMIFGENLVIVELNKLNVYF] 969
994 SFGLKVT| RGVTEEESAWLE P} TDLRAKAT, IRNRVDIRLVED---EKQAKKLISKP LAATHMKKTKLIFEN]| 1103
951 RLEGIKLT] IRGIKEEESAWLS TDLRTKAT, IENRVDVRLVSK---REEAIKLASKP LIATHMKRTKLVY] 1060
893 QOGLVL RVVT SN S TNLRKKA! RHRVDVK D---MDKVMKLAGSN; LILVEMTQKSIKL 1002
895 DHGLMLK| RVVT SNWLS S TKLRTTAE) RSRVDVKVLSD---MDKVMKLAGSN] ILVEMTQKSIKL 1004
908 IGFT LMI ELFDVIP--EGSTATML IFK*FNGVHPYKYLL—TTSL KLDI---PINKDGSFGSATRTPGLWS| TKYITI FIGL 1014
970 FS TiE INYVK--RNENSDTSKLL| LINMH PDVFQIIKRDI-HKFDTSDFPI----NNDYGMPQKNI NNGK I FIGL) 1075
1104 LGMS T Ll INFVK---PKYGEDAKLL: LMYETETKDFYEDISGDVRSMFDTENFPK---GHPSGIEVGVN! GGQOT L 1210
1061 LEMC T L DYIK---NKYGDKAKLL LIYEIKTKDFYADIANDIESKFDTSEFNKDHPAVONGFKVGVNI SAGKQITEFIGLRS 1170
1003 S YL DVML---PKYSSNLRLCY0Q| YIYEIKT YEDMQSMK-EHFDFSDYP----— TDNKLYSIENI LNGKI IVAFRP 1106
1005 S YL DVML---PKYGNNLKLCYOQ| FIYEIKT YEDINSMN-EYFDLSDEP--—--— KDHKLHDVTN! LNGKI MVAFRP| 1108
1015 SIANDR-DILKHEGI PKNALKDDNNPMNVNBE! FEMKDLTVNIAQIRATKNVLTSTVSKHL. TKD- ITYT) KGELYSNYMDDVVIE------— 1115
1076 KLHEKDEVK KGST----LRKITFDBEFENCLLDHVNISKEQFL EKHQVKT IKONKL. WDD- OLL KKVDMTPPAKKRKM-—-—-——--— 1172
1211 KMDEGK-EEKKC| KRAV---VKKSIGEF' DCLFGKKPQMRLMN' HKHDVYTETVN| HED- pe FAH

1171 KIDEE--DKKRC KRNV---VKNYITHE DCLMNKKDQMRKMN' HCHDVYTEE INKI AED- I0E LAY

1107 KIDDGS-EQKKNRGIKKSV---VKKEMTFN| CLENRTIERKQQTLISSSKHEISSVRON] NNIIGKDKETSRYFVDNI-NSLA

1109 KIQODGL-ETKEN] KKNV---VKKEMTF] CLFKRTLERRQQALINSKKHDIHSVKQS] NNEFVGVDKE [YTVDNI-ERLA YKIAK--

Figure S1. Multiple sequence alignment of the type B DNA polymerases from BmBDV and selected polintoviruses.
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