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The nucleotide sequences of genomic RNAs and predicted amino acid sequences of two strains of potato virus X and
white clover mosaic potexvirus were compared to each other, and the proteins of different plus-RNA-containing plant
viruses. The predicted non-virion proteins of potexviruses have direct sequence homology and common structural pecu-
liarities with those of several ‘Sindbis-like’ plant viruses. The most conserved amino acid sequences were found to be loca-
ted in the polypeptide encoded by the long 5'-proximal open reading frame (ORF1). The putative polypeptide encoded
by the ORF2 starting beyond the ORF1 stop codon is clearly related to the presumptive NTP-binding domain of the
ORFl-coded polypeptide. These results suggest possible functions for all of the potexvirus proteins and also indicate
that potexviruses have a genome organization which is considerably different from that of other plant viruses.
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1. INTRODUCTION

The potexviruses are the filamentous plant
viruses consisting of multiple copies of a single
coat protein of 20-28 kDa [1] and a single-
stranded infectious RNA of 2.1-2.3 MDa [2]
which is 3’-polyadenylated [3—5], contains a
5'-terminal cap structure [6], and is expressed in its
3’-terminal part through the production of the
3’-coterminal subgenomic mRNAs [5,7-9]. The
primary structures of the genomes of white clover
mosaic virus (WCIMYV), Russian strain of potato
virus X (PVX) and PVX strain X3 have been com-
pleted recently [PVX genome length, 6435 bases;
WCIMYV, 5845 bases, excluding poly(A)] [10—12].
The nucleotide sequences of the extended
3’-terminal regions have been reported for potato
aucuba mosaic virus (PoAMV) RNA [13] and
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papaya mosaic virus (PMV) RNA [14]. Potential
cistrons capable of encoding five polypeptides are
present in the potexvirus genomes, although no
such proteins, excepting the capsid protein, have
yet been identified in vivo. The order of the
cistrons in the PVX genome has been determined
as follows: 5' — ORF1 (165 kDa protein gene) —
ORF2 (25 kDa protein gene) — ORF3 (12 kDa pro-
tein gene) — ORF4 (8 kDa protein gene) — ORFS
(coat protein gene) — 3’ [11,12].

Here, we carried out intra-group and inter-
group comparisons of the nucleotide sequences
and predicted potexvirus amino acid sequences.
These comparisons have enabled us to make sug-
gestions for the functions of RNA sequences and
some of the potexviral putative proteins.

2. EXPERIMENTAL

The amino acid sequences of the PVX and WCIMY proteins
were predicted from the nucleotide sequences of the viral RNAs
[10—12].

For initial homology search, dot matrix comparisons were
performed using the computer program DIAGON [15]. For
construction of the dot matrix graph between the PVX and
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GGA:RCTTACTCACACCGBABSTACSCACTTTCEGCCAACCTBACABETATETSATTCCACCACAGATCJTTCTTCCBQAAGTTEACAACTGE;ASARBE
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ATCATCTGACTTESACAAATATTCTGCTGTSBAAETGETTTQCTTASTﬁAGCTﬂTATSBABTTCETTSCCBAT?TACAAECCAECAECTSCTTCTCAGAC
ACACTTTCTEGT%SETTSCTAACAAASACCCTTSCACCGGTEAEEGCTT8EﬁTACAhEﬁGAAAAAGﬁTSCﬁACTATTTSSTLTTGAEGRCTACGEGAAET
TAGTCEAAGCABTTEATTTCCACCCRETEEATTTTTCTTTCAAEBTEBQAECTTEGSAEﬁTCiEﬁTTCEAC%CﬂiTECQAGCEYEGAQRGCCTTCEBACE
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TEAAGETEA%GCCEAATCAAATGASATGAGCSESGGEATSBGBGCR&TACECAﬁiﬁACSCCGAACTTCECASCAEALGTEETGCCAEAEGASAACTCRCA
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TBRGARRAGTTAGACABCACCCCTTATCTCAARBACTTTCCTATCAGTG6TEABAGRAAL AABCEL TCARBGAG TRCGAGCCGECAGAEECAGABLLARTTE 3100 +
EREAECCTSAB%ECCAB&CRCACATG%GTBTCBREAATEABGAG1ECGIBETAEQGSAGTACAAAAGABGGAACTC];TGGMMETTCEACAGGEAGMCCA 3200 »
?ZTCTBAF\TCCCMGGTCATTEGAAETETETCCAAACTEMGACACAACCATTCAGP;TETTTTCGEATCAACI\AGCAMABATSABI\CCCTCCTC’(EG?SCA 3300
M‘.TATABATGCBCGGCTCAAG‘:\CCRGCAATCAAGRARCMAETTCCEAEAATTCTTSAECQASMSBACATTEEBGﬁCETTCTETTTTTGAACTACCAR& 3800 *
Aﬁ%CTATEEGTTTSCCEAF&AGAGI‘.BTATTCCCTTC('J‘T?IACAAEAEBTCTBBEAAG[(::TTETECCCACGAAETACAGAGCMGTACCTCAGT@AGTCAAAGTG 3900
CﬁﬁCTTﬁATCRRTGEBACTETEAGACAGAGTLCATBAC‘;TTEMGMAACAMQTTATEGTATTCCTCAABTCB?IFIGTEGSTCACAMEETBGRAAASCTA 3600
EETCTAECCCMARTTAAECCAESTCMACC%TRGCAGCT(;TTTTMCAGCABiCTETSATGETTTTTEGMCTATEG?ZCAG:TACATSCGATGGTTC?\GRC 3700
AGECTTTCCAG?ICAMAEMETCTTCMAAACTGTSﬁGt;CTADG%CASAGSRCATBTCTECATGGGCCPTSAACMC?EGAACTTCASCAGACCTAECTT 3800
SGCTAMEACTATAC;\GCﬂTCGACCAGTCTCAGSATGGAEC!ATGCTE’(‘IAATTTS:EGTLCTCAABGCCAASCACEACTBELTACCAEAGSAAMCATC 3900 #
?IAAECMACMA%ACATTAAEACCMTGCACQCATTTTCCTRSGCACMTETCMTTATEEECCTG?\CTSETGAAEGTCCEACTTTTGATGCAAACACTS 4000
AETETAACATﬁGCET'r‘\CACCCATACAMBTTC%ACATCCCAECCGBAACT‘;CC%AABT_GTRTGCRGGAGATGACBTCASCACT&EATTSCETTEEAGAEET 400
GAAE?:MABTWCTCQCQGGCTT(‘:SAAGQCRA&TﬁETCCTTCRﬁGTEAAABCCCETAATC;ERCAACAAAAG&\M&GC&STTEGCCTEQATTTTBTBST"‘[GG 4200
ETEﬁTTRCACCRAi"«F\EGGETRRTEMAEGCCEAATTARGCTCEATBTTHECTTTAGAMTG:CCzAASCTAAGGSTGAACTCAAEAA(-\?[BTCMEGTTEET 4300
ATGAAETTGATCTGAGTThTGETTATGGCCACAAGEACTCTCTGCATEACTTGTTCSATSABFqAADAGTGTCABBCACATACAETCACTTGCGEEACACT 4400
?%{iTCARGTCAEBBRGABBCACT(ETETEACTTCCCCBCCTEAGGAAETTTCTTTRACCETTAAETTACCTTAGAEATTTBAATAREATEGATATTETCAT[‘. 4500 #*
GTTAGTTTGMAABTTTASBTTATTCTAGEACTCATAAATCT:TAEATTCABBACCTTTSST;BTAEATGC!ISTAECCBSASCCBBTMSTEEACABECC 4600
YF?AEEARGTTGﬁTCCTCABAERCCCAﬁCATTCAg'T:ETBCATACRCTL‘.BETBTCECTEACAASSTBASCATEABAACTAEASBC:TAC&\EMSECAEBACC 4700
Tﬁ?TCCTGABGECAMTTCSEAMCCTEGATGAE:ATAETTTBBACARC&CEACAAEBARCTCATACgAEBCﬁCTTTTTBCTERECCTTMDI\BBCAECT 4800
GAGTTTAGCCTAGAGCCCCACTTCTACTTEGAAACCTCATTTCGAGTTCCGAGEAARGTEECAGATTTEATAGCAGECTETEECTTCEATTTCGAGACCA 4900
FaCTCACAGEAAGr’i.ﬁEGEEACTTAEABATCACIBGCgTMTTAAAGSECCCCTACTTEGEAAEGTBATABCCATTLACBRGGAETECGASACAACACTSTIC 5000
CAAACATEETETTGAETTTL‘TTAAECCCTSCCAASTEACT%GACTTEABTTCAAAGTA‘;TCRCTETTETETETGECLCAECAATAEAEGAAATTEBCtAG 5100 #44
TC%E\CAECTTTCTACARCGCCATCRCCAEBTCAMGEGACTEACMATGTC[éECECRGEEACAT‘:\EACTCACCGCTCCBGTCAATTCTEAMMETGTRC 3200

T
ATABTATTABETCTMCATTTTGEYTTAGTTTCAATTACC:I'TTCTGCTTTCTASAAATAGTTTACCCCﬂCgTABGTSMAAEATTCACABTTTACCACACG 5300
SABBAECTTA[‘.ASQEACSGCACEAAABERATCTTGTAC;\AtgCACCAAATCTAGBGTEACGA%TEASTCTAEIACAAC%SAAAEMCSCAECQSTTTSETEC 5400 *
CSTTTTAL‘TACTEACTTMETEATCTATBBMBEAAATACATQ?ETCAACECAATCATACTTGTBCTTGTBGYAACAATCATAGCAETCRTTABTADTTC 3900 #
ETTASTSAGBRCTEAACEETBTBTCATEAAGATTIﬁETBBAGMTEAATCQCRBTBTTBSCTTBCMATTQGATEEAEAAQCEMCQGABCCF\TTSEEGM 3600
EIEAAECCRCTETSECSTTEAACBETTMBTTTCCATTGA?ACTCBAMGATSTCASCRCCASDTAECM‘.ARCACAESCCRCJEE:T?ARCTGCCTCAACT 3700
ACCACARARAC 971%

Fig.1. Alignment of the nucleotide sequences of two PVX strains. Nucleotide sequence of PVX (Russian strain) RNA is shown in the
DNA form with nucleotide numbers on the right. Base exchanges for PVX (strain X3) are indicated below the numbered sequence.
The total number of amino acid substitutions between two PVX strains is marked by asterisks on the right of each line.
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WCIMV  high molecular mass polypeptides, all possible
21-amino-acid blocks from each sequence were compared.
Those comparisons producing a score greater than 237 were
represented by a single point on the graph. The detailed
alignments were made by visual inspection of the homologous
regions revealed using dot plots. Sequences were analysed using
a WICAT-S computer.

3. RESULTS AND DISCUSSION

3.1. Nucleotide sequences of the potexviral
genomes: intra-group, inter-strain and intra-
genomic comparisons

The complete nucleotide sequences of the
genomic RNA for PVX (Russian strain) [11] and

PVX (strain X3) [12] have recently been deter-

mined, Comparison of the RNA sequences coding

non-virion proteins in Russian strain with those
reported for strain X3 is shown in fig.1. This com-
parison permits us to establish base substitution
rate with high accuracy because in both cases the

CP PVYX (-827)
CP PoAMV (-905)
CP WCIMV (-730)

CP consensus
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nucleotide sequences were determined by use of
dideoxy sequencing. The untranslated 5'-end
leader region displays a low degree of base
substitutions (2.4%) when compared with the
ORF1 region (4.2%), triple block of ORFs 2—4
(3%) and the intercistronic region between ORF1
and ORF2 (6.7%); the average substitution rate
being 3.9%. Significant sequence conservation was
found also between the 5'-terminal leader regions
of different potexviral RNAs (PVX, WCIMV and
PMYV) [10]. This region has been previously iden-
tified as the site for assembly nucleation [4].

An additional region of sequence conservation
between the potexviral genomes was found in the
area upstream from the coat protein gene
[10,13,16]. The consensus sequence revealed
(fig.2A) very likely represents a promoter for in-
itiating the synthesis of subgenomic RNAs at the
minus-strand RNA, as shown for some other plant
viral plus-RNA genomes [17]. Among the

*

ACTCTCCGTTGAAC----GGTTAAGTTT-CCATTGATACTCGAAAG. .
TCGCACCTTGGAAC--GGGGTTAAGTTT-CCATCTAAAAGTGAAAA. ..

TCAGACCCTTTAACCACGGGTTAAGTTTACCATCTAA--TTGAAAA.

-C---CC-T--AAC----GGTTAAGTTT-CCAT--A--u~- GAAAA. ..

25K PVX (-1990) ACTTTCITTAAC----CGTTAAGTTCACCTT..8nt.. GAATA..
26K WC1MV (-1888) ACATTCITG-ACTACGGGTTAAGAG-ACCTT .. cvvviennnnnnn
12K PVX (-1384) CAAAGTAGTCAC----TGTTGTGTCTGCCGC..10nt . . GAAAT.

13K WC1MV (-1285)

CP PMV (-858)

CCAGTGGCCCAC----CGTAACGTTA

CTA..15nt..GAAAT.

———A—
|
t

TGAGCTTAACACCAGGTGTTAAGAGGCCCTA. .23nt. . GAACT. ..

t

Fig.2. Comparison of the putative potexvirus subgenomic promoter sequences. (A) The sequences of the three coat protein mRNA

promoters. Asterisk indicates the initiation point of the PVX coat protein mRNA (Morozov, S.Yu., unpublished). The motifs typical

for the 5'-terminal nucleotide sequence of potexvirus genomes are underlined. Gaps (—) have been introduced for maximum

alignment. The numbering system used shows positions with respect to the 3'-terminal poly(A) sequence. (B) Sequence elements of

the five putative potexvirus promoters. The features characterizing coat protein mRNA promoter consensus are underlined. Numerals

show the numbers of nucleotides which could not be aligned. Two residues are shown under the sequences of 13 kDa WCIMYV and
CP PMV promoters for maximum alignment.
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MAEVREVYDSFTDSTTKTL IODEAYRNIRF IMEKHKLANFYAQTVEAANDLEGFGIATNF &0
AALDRT PSV AVLNE SH VLRESLTN P--D DT kY
YSIELHTHAAAKTIENKLLFVLGSILFREPVTFMFLEPRKLNYMRRNPRIKDIFHNVAIE 120
FAVKV 8 G V S T RV FN K ©C L RS R L G SN Ic
E 5]
PRDVARVPFETIIDVLTEITTDTAYIGDTLHFLDPSYIVETFQNCPVLQT[YATLVLPVF 180
L EED LVESW R RY S FTREMLADL FHN A DV
A

AAFKMESTHPNIYSLKYFGDGFQY IFEGNHGGGAYHHEF SHLOWLKVEE IKWRDPKDSFLG 240
LH HP IE DL TIN NFN S 8 KQE ~  —oeem—eemee——
HLNY TTEQVEMHTY TVOL.OESFAANHLYC IRRGDLLTPEVRTFGOPDRYVIPPERIFLPKY 200

SFE-——~——— SL F MI IG FM T IKI R -Tk. 8 LF H RN
HNCKEF ILEKTMMELFLYVRTVEVAKNCD IFAKVRAL IKSSDUDKYSAVELVYLVSYMEF 260
Lt PS FP VEA T K8 NPTER Y 1 TESD HPD I HI N FV
LADLOATTCFSDTLSGELLTKTLAPVRAWI GEKKEMALFGLEDYAKLVEAVDFHFVYDFSFE. 420
ISk DSINSY C LPIWS A L IKTE TOLWEK T ARAFVE LD LOWKTFTY LE

S T
~VETWDFRFHPLRAWEAFRFREVSDVEEMENL FSDGDLLDCF TRMPAYAVNAEEDLAAIR 479
V DFSTAPSERDCFMEDE LETDTLED VSONANNNKPTSLONIEEAVE ————————m——
v N v

KTPEMDAGREVHEPAGDRNOYSNPAE TFLSKELHRKHSREVEHBAAKKAKRLAEIRESMRA  S39

F T G D E
EGEAESNEMSGGMGA IPSNAELFSTSGARPELTLPTTKPVFARWEDASF TDSSVEEERVE. 599

L E K @
LPGFEAVETATQQVIEGLPNFHNIPOLNAVBFKALEIQRDRSGTHIHPITEMVSGLEKED 659
NNP AP LLI @ HNADCTOK Y PENNL L @ INTLF- HQ

v T
FPEGTPKELARELLAMNRSFAT IPLDLLLRARDYGSDVENKRIGAI TKTOARASWGBEYL TG 718
H D-I TD LTL TELH E T V NH A L LL # SKED LASFAL

T L.
KIESL. TERKVAACVIHGAGGSGKSHAIOKALREIGKGS-DITVVLFTNEL RLDWSKEVPN 778
T NI- @ LMS TWM SLNRRDRHV 11 ™D N TT
v I
TEPYMFETYEKALIGGTGSIVIFDDYSKLPPGYIEAL ICFYSKIKLVIL TGDSRASVYHE 838
L. QAN F CQPC K IV Q FLAINENVI A K FH
TAEDAS IRHL GPFATEYFSKYCRYYLNATHRNKKDLANMLGVYSERTGVTEISMSAEFLEG 898
SN YTAT E SINTYQPF I P K CSS T SFT SQA K
t
IFTLVPSDEKRRLYMGTGRNDTFTYAGCRGL TEPEVEIVLDHNTOVCSANVMYTALSRAT 958
MIS IMEKTALGEM QK-SM TEA L T FPL 8§ I v
R =]
DRIHFVNTSANSSAFWEKLDSTPYLKTFLSVVRERALKEYEFAEAEP IREFEFRTHMCVE 1018
H I GP TD DC ERMN IVAV EP AFV A T FPEV
NEESVLEEYKEELLEKFDRE IHSESHGHSNCVATEDTTIQLFSHORAKDETLLWATIDAR 1078
PTT S VHD P HG F T Al DNPVV FN Y E
A
LETSNRETNFREFL SKKDIGDVLFLNYQKAMGLPHKERIFPFSREVWEACAHEVESKYLSKS 11738
GCTSS E LK KL H I @ N QDP NPDL TL K@ IENT K
RD
ECNL INGTVRESPDFDENK IMVFLESQWVTEVEKLGLFKIKPGRTIAAFYRATVMLFGTM 1198
AAA V AAT SHA AL KT I CL A ™ IY
TV
ARYMRWFREAF QPKEVF INCETTPEDMSAWALNNWNFSRPSLANDY TAFDRSEDGAMLAOF 1258
K. NQYC RKI V A FNSFI DE N TCFS F SI

]
EVLEAKHHCIPEETI IQAYIDIKTNAHIFLGTLSIMRLTGEGPTFDANTECNIAYTHTEFD 1318

I IN D EG @ H K s A N
IFAGTAGVYAGDDSALDCVFEVEHSFHRLEDKL LLESKPVITROKKGSWFEFCGWLITPE. 1378
CDA MSI Y AS P NMI HLMK G FNT TR DFA TS

GVMEDP IKLHVSLKLAEAKGEL KK CODSYE IDLSYAYDHEDSLHDLFDEK@COAHTLTCR 1478

11 K E MNM IE GKNINKFHEVER AL HAF 0OLG E E YN SEAEH O AT
TLIKSGRGTVSLFPRLRNFL 1456
S LA QA ALDILDYGLRDLE

Fig.3. Alignment of the ORF1-coded proteins of the potexviruses. Amino acid sequence of the PVX (Russian strain) 165 kDa protein
is numbered on the right. Amino acid exchanges for WCIMV and PVX (strain X3) are indicated below and above the numbered
sequence, respectively. Gaps (—) are introduced in the sequences for maximum alignment.
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predicted promoter elements of potexviruses we
also map the minor subgenomic RNA promoters
upstream of the ORF2 and ORF3 of PVX and
WCIMYV (fig.2B). It is significant that the expected
size of the RNAs transcribed using the latter
putative promoters agrees well with the length of
the 2.1 kb and 1.4 kb subgenomic RNAs detected
in the potexvirus-infected plants [5,9].
3.2. The 165 kDa protein: inter-strain, intra-
group and inter-group comparisons

The occurrence of mutations between two PVX
strains is not randomly distributed along the RNA
sequence (fig.1). In the sequence of the 165 kDa
protein the number of amino acid changes is 2.2%
(fig.3). The changes observed in the 165 kDa pro-
tein sequence derived from Russian strain and
from strain X3 indicate one domain especially
susceptible to substitutions: the region 470—615
contains 8.3% of amino acid substitutions (figs
1,3). It is very interesting that this region is deleted
from the WCIMYV 147 kDa protein (fig.3). It can
be speculated that this region is not the functional-
ly essential part of the PVX 165 kDa protein in
contrast to regions 1-230 and 617—-1450 which
could be aligned with the WCIMV 147 kDa protein
as 52—53% of compared amino acids are identical

(fig.3).
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There are good reasons to suggest that the region
617—1450 of the PVX 165 kDa protein is involved
in the replication of viral RNA. This region was
shown to contain two domains of homology with
two RNA-replicating proteins of brome mosaic
virus and other Sindbis-like viruses [10,11,18,19].
The first domain was homologous to the
hypothetical NTP-binding domain [20] (fig.4). The
conserved domain including invariant residues
DXXXXD, T/SXXXTXXNT/S (where X may be
any amino acid), and the GDD sequence flanked as
a rule by uncharged residues found in all RNA-
dependent RNA polymerases of positive-strand
RNA viruses [10,11,21] is also present in the

165 kDa PVX protein (fig.5). This second domain

was also significantly homologous to the
analogous protein sequences of Sindbis-like
viruses. The most considerable homology was
found unexpectedly between the filamentous
potexviruses and spherical tymoviruses (fig.5).

3.3. The 25 kDa protein: intra-viral and inter-
group comparisons

The 25 kDa protein of PVX and the 26 kDa pro-

tein of WCIMV display a significant relation with

the conserved NTP-binding domains of the pro-

teins of Sindbis-like viruses [20] (fig.4). A quite

unexpected feature of the potexviral genomes is

1.PVX 25K 25_VVHAVAGAGKSTALRKLI_34_FAILDEYTLDN_ 6_GAIFADPYGAPE _
2.WCIMV 26K 24_VWHAIAGSGKSTVIRKIL_34_LDILDEYGRLP_ 8_EFIFTDPYGAPT _
3.BSMV S8K 26646_IISGVPGSGKSTIVRTLL_38_LLIIDEYTLAE_11_VLLVGDVAGGKA_
4.BNYVV 43K 120 _IVLGAPGVGKSTSIKNLL _46_TMLVDEVTRVH_11_VICFGDPAGGLN _
5.PVX 165K 731 _VIHGAGGSGKSHAIQKAL _47_ IVIFDDYSKLP_16_VILTGDSRASVY_
6.WCIMV 147K 566_VIHGAGGSGKSHAIGTWM_48_IIVFDDYSKLP_16_AILTGDSKASFH_
7.BNYVV 237K 892_YVKGGPGTGKSFLIRSLA_4S5_IIFVDEFTAID_11_IYLVGDEQQTGI _
"NTPase-helicase" V G AG GKS VDE GD Q
consensus I AP T I S
Y F

1. _10_TSFRVPRKV_47_FVKPCAVTGLEFKVVTVWVS_10_AFYNAITRS

2. _11 _TTYRFGPNT_47_FFKVSDVIGYGWPTVTLYL_13_LLFIGLTRH

3. _18_TTYRLGOET_62_CALAIDVAGKEFDSVTLFL _12_LRLVALSRH

4, _18_ASRRFGKAT_&67_SILYSDAHGATYDVWTIIL_13_VRAVLLTRA

S. _28_ATHRNKKDL_40_TFTYAGCOGLTKPKVAIVL _10_VMYTALSRA

&. _28_ITHRNKPDL_40_SMTYAGCAQGLTTKAVQILL _10_VIYTALSRA

7. _25_MNFRNPVHD_72_KTTVYRANQGSTYDNVVLPV_12 LNLVALSRH
"NTPase-helicase" R T S66 E v VALSR
consensus L AK S A TLVT
VH T GM
NA R =31

Fig.4. Alignment of amino acid sequences of the 25 kDa protein of PVX, 26 kDa protein of WCIMYV, 165 kDa protein of PVX and
147 kDa protein of WCIMV with NTP-motif containing proteins of barley stripe mosaic virus (BSMV) and beet necrotic yellow vein
virus (BNYVYV). Helicase consensus according to [24] is shown. Viral protein sequences are from sources cited in [24].
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1.PVX 165k 1238_SLANDYTAFDQSADGAMLOFEVL _23_IFLGTLSIMRLTGEGPTFDANTECNIAYTHTKF _
2.WC1IMV 147K 1073_CFSNDFTAFDGSGDGSILAFEVI_23_IFLGTLSIMRLSGEGPTFDANTEANIAYTHTKF _
3I.TYMV 206K 1574_KIANDYTAFDASAHGESVVLEAL _23_TOFGPLTCMRLTGEPGTYDDNTDYNLAVIYSQY _
4.BNYVV 237K 1837 _NGVIDAAACDSGAGVFTALIERH_27_YVRAHMSYVUKTSGDVTTFIGNTVIIAACLASML _
5.TMV 183K 1382 _VLELDISKYDKSGNEFHCAVEYE_29_GIKTCIWYGRKSGDVTTFIGNTVIIAACLASML _
6.TRYV 194K 1451 _FVEIDMSKFDKSANRFHLOLGLE_29_ GMMAHIWYGQKSGDADTYNANSDRTLCALLSEL _
7 .BSMV 74K 404_ALEIDFSKFDKSKTGLHIKAVIG_29_GLEAYLLYQQAKSGNCDTYGSNTWSAALALLDCL _
B8.CMV 94K 514_CLEIDLSKFDKSQGEFHLMIGEH_29_GVGMPISFGRRTGDAFTYFGNTIVTMAEFAWCY _
?.BMV 4K  465_FLEADLSKFDKSQGELHLEFGRE _29_KVGMSYSFGRRTGDAF TYFGNTLYVTMAMIAYAS _
10.A1MV 90K S530_FKEIDFSKFDKSANELHHLIGER_29_GVFFNVDFGRRTGDALTYLGNTIVTLACLCHVY _
11.SNBV nsP4 489 _VLETDIASFDKSGDDAMALTGLM_29_ _GTRFKFGAMMKSGMFLTLFVNTVLNVVIASRVL

12.YFV nsS
13.1BV F2

532_FYADDTAGWDTRITEADLDDEQE _38_MDV ISRRDGRGSGAVVTYALNTITNLKVALIRM_
573 _LMGWDYPKCDRAMPNLLRIAASL _33_GGIYVKPGGTSSGDATTAYANSVFNIIQATSAN _

14.BBY 102K 584 _VIETDFSNLDGRVSSWMAGRNIAQ_3I2 GFRIEPGVGVKSGSSTTTPHNTQYNGCVEFTAL _
15.CarMvV 86K 470_AIGFDMSRFDGHVSVAALEFEHS_31_MLRYTKEGCRMSGDMNTALGNCLLACL ITKHLM_
16.SBMV 103K 696_AAEADISGFDWSVADWELWADVE _3I3_LLAGGQELPGIMKSGSYCTSSTNSRIRCLMAEL IG _
17.1BDV F0K  411_WYSIDLEKGEANCTRGHMAAAMY _38_MNLGIKSYGAGSGNAATF INNHLLSTLVLDGWN _

18.M82  pol

“polymerase” D D
consensus

254 _LATIDLSSASDSISDRLVWSMLP_18_GETIRWELFSTMGNGF TFELESMIFWAIVKATG _

T S

_ 7_GVYAGDDSALDC_31_PEFCGWLITPK_ 2_MKDPIKLHVSLKLAEA _
_ 7_GVYAGDDMSIDY_31_AEFCGWTISPK_ 2_IKKPEKMNMSIELGKN_
_ &_IMVYSGDDSLIDH_26_PLFCGYYVGPA_ 2_IRNPLALFCKLMIAVD

7_GAFCGDDSLLYF_28_GYFCGRYVIHH_ 8_YYDPLKL ISKLBAKHI

_ 7_VTYGGDDSLIAF_28_PMFCGKFLLKT_ &_VPDPVKVLTKLGKKSI -
_ 7_CVFGGDDSLILF_28_PAFCGKFLLCI_ &_VPDAAKFITKLGRTDY_
8._ 7_LLFSGDDSLAFS_26_PYICSKFYSLM_ 6_QSPTIREIQRLGTKKI _
9._ 7_AIFSGDDSLIIS_24_PYVCSKFLVET_ 7_VPDPLREIQRLAKRKI _
10._ 9_VVASGDDSLIGT_27_PFICSKFLITM_11_IPNPLKLL IRLGSKKY
11._ 9_AAFIGDDNIIHG_30_PYFCGGFILAD_ 8_VADPLKRLFKLGKPLP_

1.
2.
3.
4._ 7_MAMKGDDGFKRG_29_ITFCGYALSNG_ O_HLFPSY-SRKLTKIAA
5.
6.
7.

12._37_MAVSEDDCYVRP_36_VPFCSHHFHEL _ 7_1VVPCREQDEL IGRGR_
13._51_LMILSDDBVVCY_41_HEFCSGHTMLY_10_YPDPSRILGACVFVDD _
14._16_BPKCGDDGLSRA_25_IBLCFLSRVFYV_ 8_IAGDPLRTLRKLHLTTR_
15._ S_LINNGDDCVLIC_34_IRFCOMAPVFD_ & VRDPLVSMSKDSHSLY _
16._ 3_CIAMBDDSVEGF_31_VEFCSHVIKKR_ 4_| TSWPKTLYRFLSTPR_
17._24_1ERSIDDIRGKL_S0_RLFCSAAYPKG_10_BIEQAYKVVRYEALRL _
18._ 8_IBGIYGDDIICPS_28_RESCGAHFYRG_ 3_KPFYIKKPVDNLFALM_

“polymerase” GDD
consensus

P

Fig.5. Comparison of the conserved regions of the putative RNA-dependent RNA polymerases. Viral protein sequences are from
sources cited in [21]. Turnip yellow mosaic virus (TYMYV) sequence has been published in [22]. The sequence of the protein of
birnavirus (infectious bursal disease virus, IBDV) has been published in [23].

that two different proteins (25 and 165 kDa in
PVX, 26 and 147 kDa in WCIMYV) contain distant-
ly homologous domains related to bacterial DNA
helicases [24] (fig.4). Gorbalenya et al. [20] have
pointed to the duplicate NTP-binding domains in
the multipartite genomes of furoviruses and
hordeiviruses.

3.4. The 12 and 8 kDa proteins: intra-group and
inter-group comparisons

The potexvirus 12 and 8 kDa proteins encoded

in overlapping ORFs 3 and 4 contain blocks of un-

charged amino acids which resemble the essential

features of the membrane-spanning segments
[10,16]. Morozov et al. [16] have revealed the prin-
cipal similarity in the organization of these ORFs
between potexviruses, hordeiviruses and furo-
viruses. The resemblance between the genomes of
the latter viruses is more prominent, since blocks
of similar overlapping ORFs also include the NTP-
binding protein cistron [10,12,25].

It was demonstrated [26] that the cell-to-cell
movement of TMV mutant, Lsl (s mutant in
transport function), can be complemented by PVX
in plants with mixed infections. Consequently, the
PVX genome is capable of coding for a protein(s)
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which is a functional analog of the TMV 30 kDa
transport protein. However, the proteins struc-
turally homologous to the TMV 30 kDa protein do
not seem to be encoded by the genomes of all
viruses which are known to contain the triple block
of the overlapping ORFs coding for the NTP-
binding protein and two membrane-bound pro-
teins. On the other hand, the genomes of viruses
coding for the structural homologs of the TMV
30 kDa protein do not contain this triple block of
genes. One can speculate that one or both of the
potential membrane-bound proteins coded by
potexviruses, hordeiviruses and furoviruses are in-
volved in transport function.
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