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Abstract. The complete cDNA sequence corresponding to the genomic RNA of an isolate bamboo mosaic potexvirus
(BaMV-V) from common bamboo (Bambusa vulgaris McClure) was determined. This isolate is the first potexvirus
with which a satellite RNA has been associated. The genome organization of BaMV-V, similar to those of other
potexviruses, contained five open reading frames (ORFs 1-5) coding for polypeptides with molecular weight of 156
kDa, 28 kDa, 13 kDa, 6 kDa, and 25 kDa, respectively. Nucleotide sequence analysis showed a 10.0% difference
from the BaMV-O isolate previously described whereas the amino acid comparison showed a difference of 3.2%.
When three conservative domains of RNA dependent RNA polymerase (RdRp) were used for phylogenetic analysis,
the greatest variation between two strains of each virus was only 12.8% of that between the two closest members of
the potexvirus group. The grouping of potexviruses distinct from other groups of plant viruses was also confirmed

by a comparision of three conservative motifs of RdRp.
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Introduction

Bamboo mosaic virus (BaMV), a member of the
potexvirus group, has a flexuous rod-shaped morphology
0of 490 nm in length and contains a single-stranded posi-
tive-sense RNA genome (Lin et al., 1977; 1992; 1994).
The complete nucleotide sequence of BaMV from green
bamboo (Bambusa oldhamii Munro) (isolate BaMV-0)
has been reported (Lin et al., 1994). The RNA genome
of BaM V-0 is 6366 nucleotides long (excluding poly (A)
tail) and contains six putative open reading frames (ORFs
1-6) coding for polypeptides with molecular weights of
155 kDa, 28 kDa, 13 kDa, 6 kDa, 25 kDa, and 14 kDa,
respectively. The ORFs 1-5 are common in potexviruses
while ORF 6 is divergent.

The ORF 1 encodes RNA dependent RNA polymerase
(RdRp), which contains three conservative domains—
methyltransferase, nucleotide-binding, and polymerase—
common in positive strand RNA viruses (Koonin and
Dolja, 1993). ORFs 2—4 constitute the triple gene block
and are involved in movement of the virus (Beck et al.,
1991; Angell et al., 1996). Triple gene block occurs not
only in potexviruses but also in carlaviruses (e.g. potato
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virus M, PVM) (Zavriev et al., 1991), hordeivirus (e.g.
barley stripe mosaic virus, BSMV) (Gustafson and
Armour, 1986), furovirus (e.g. beet necrotic yellow vein
virus, BNYVV) (Bouzoubaa et al., 1986) and Nicotiana
velutina mosaic virus (NVMV) (Randles and Rohde,
1990). ORF 5 encodes the capsid protein of the virus. An
ORF 6 has been proposed within the coding region of ORF
1 in papaya mosaic virus (PMV) (Sit et al., 1989), clover
yellow mosaic virus (CYMV) (Sit et al., 1990), foxtail
mosaic virus (FMV) (Bancroft et al., 1991), potato aucuba
mosaic virus (PAMV) (Xu et al., 1994) and BaMV-O (Lin
et al., 1994) whereas in narcissus mosaic virus (NMV)
(Zuidema et al., 1989), white clover mosaic virus
(WCIMYV) (Beck et al., 1990) and strawberry mild yellow
edge-associated virus (SMYEAV) (Jelkmann et al., 1992)
an OREF 6 is proposed within or downstream of the coding
region of the capsid protein gene. However, the function
of the putative ORF 6 remains unknown.

Within the potexvirus group, the overall nucleotide se-
quence difference among strains of potato virus X (PVX)
ranges from 3.7% between X3 (Huisman et al., 1988) and
Russian (Skryabin et al., 1988a) strains to 22.6% between
Russian and Andean (Orman et al., 1990) strains. On the
other hand, the nucleotide sequences of the two strains of
WCIMYV, strain M (Forster et al., 1988) and strain O (Beck
et al., 1990), have a 12% divergency. The overall differ-
ences in their encoded proteins range from 1.8% to 11.2%
among strains of PVX and 4.4% in the two strains of
WCIMV.
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Recently a satellite RNA (satBaMV) was identified in
a BaMV isolate of common bamboo (B. vulgare McClure)
(designated BaMV-V) (Lin and Hsu, 1994). SatBaMV was
encapsidated with the BaMV-V capsid protein, which se-
rologically reacted with anti-BaMV-O capsid protein se-
rum (Lin and Hsu, 1994). Moreover, both genomic RNAs
of BaMV-0O and BaMV-V support the replication of
satBaMV (Lin and Hsu, 1994). It was also found that the
capsid protein of BaMV-V encapsidates its subgenomic
RNAs whereas the BaMV-0O isolate does not (Lin et al.,
unpubl. data). In this report, the complete nucleotide se-
quence of genomic RNA of BaMV-V was determined. The
comparison of potexvirus strains, the grouping of mem-
bers within the potexvirus group, and their phylogenetic
relationships to three conservative domains of RdRp are
also presented.

Materials and Methods

Virus Purification and RNA Extraction

BaMV-V is an isolate with satellite RNA from com-
mon bamboo (B. vulgaris) (Lin and Hsu, 1994). BaMV-L
(previously designated BaMV-V/S-) (Lin and Hsu, 1994)
is the satellite-free isolate derived from BaMV-V. The pu-
rification of BaMV and the viral RNA were as described
previously (Lin and Chen, 1991; Lin et al., 1992).

RNA Sequencing

The method used to determine RNA direct sequencing
was as described in Fichot and Girard (1990). Primer B14
(CCGTTCAAGCGTGTTTGC) complementary to BaM V-
O nucleotide 236-253 (Lin et al., 1994) was used to de-
termine the 5' terminal sequence of BaMV-L RNA.
Sequence data were then used for the synthesis of primer
B33 (see next section) for the construction of the 5' end
cDNA clone pBaL1-8.

(a)
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cDNA Synthesis, Cloning and Sequencing

Reverse-transcription polymerase chain reaction (RT-
PCR) was performed for the generation of cDNA of
BaMV-L RNA (Sambrook et al., 1989). Primer B21
(ACGGGAGCTC(T),,, with a Sacl site at the 5' end) and
B36 (GCTATGTGCTTGCCAGCGGA, nts 3113-3132
based on BaMV-0O RNA) (Lin et al., 1994) were used to
amplify the 3' half fragment; whereas primer B33
(TGCGGATCCTAATACGACTCACTATAGAAAAGCA
TTCCAAAC, 5' terminal nt 1-16 with a BamHI site at
the 5' end and a T7 promoter in italic) and B35
(TTCCAATGCGTGTCCACCCA, complementary to nts
3473-3492 based on BaMV-0O RNA) were used to am-
plify the 5' half fragment (Figure 1). The amplified frag-
ments were gel-eluted and then cloned into a TA cloning
vector (TA Cloning Kit, Invitrogen Co., San Diego, CA).
A common BstXI site in the overlapping region of these
two clones was used to cut the fragments and the subse-
quent ligation reaction for the full-length cDNA construc-
tion. The full-length cDNA was then cloned into the Sacl
site of pUC119. Sequencing of the cDNA insert was per-
formed as described by Wang et al. (1988).

Sequence Data and Phylogenetic Analysis

The nucleotide sequence of BaMV-V was aligned with
BaMV-0 manually. Gaps were introduced to optimize the
alignment. Putative ORFs were analyzed by the computer
program DNA Strider 1.2 (Marck, 1988). Three conser-
vative motifs in ORF 1, i.e. methlytransferase domain
(Rozanov et al., 1992), NTP-binding domain (Hodgman,
1988; Gorbalenya et al., 1989), and polymerase domain
(Argos, 1988; Koonin, 1991) were used for phylogenetic
analysis among strains and members of the potexvirus
group. Other plant virus groups with the triple gene block
and the closely related tymovirus group (Koonin and Dolja,
1993) were used to compare the solidity of the grouping

1 2 3 BstXI 4 5 6 kb
5° | | | 33: | | } AAA3’
-
s = (pBal23B)
— (pBall-g)
B3S
(pBal9)
(b)
ORF1 (156K) ORF3(13K) ORFS (25K)
93 4190 4944 5303 5497 6225
5°' (A)n3’

4211 4978 5297 5455

ORF2 (28K) ORF4 (6K)

Figure 1. Cloning strategy and genome organization of BaMV-V genomic RNA. (a) Synthetic primers used for the construction of
cDNA clones of the 5' end (pBaL1-8), the 3' end (pBaL23B) and the full-length fragment (pBal9) of BaMV-V genomic RNA. (b)
Genome organization and the putative five ORFs. The start and end codons for each ORF are indicated.
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of potexviruses. Alignment of amino acid residues and
phylogenetic tree calculations were done by the program
Clustal W (Thompson et al., 1994). Tree-drawings were
done by the program NJPlot (Gouy, 1995).

Results and Discussion

Direct RNA Sequencing and Full-Length cDNA
Clone

RNA direct sequencing of the 5' extreme using primer
B14 revealed the 5' terminal sequence, 5'-
GAAAAGCAUUCCAAAC-3'. This sequence was used to
synthesize the primer B33 for the construction of 5'-half
cDNA clones. Using paired primers (primers B33 and 35,
B36 and B21), the cDNA fragments corresponding to the
5" and 3' half were synthesized by RT-PCR and estimated
to be 3.4 and 3.2 kb, respectively. Recombinant clones
containing the 3.4 kb or 3.2 kb fragments were designated
as pBaL1-8 or pBalL23B, respectively (Figure 1a). Clone
pBal9 containing the full-length cDNA of BaMV-V
genomic RNA in pUC119 was generated by a combina-
tion of pBal.1-8 and pBalL23B.

Sequence Data, Genome Organization of BaM V-V
and Comparisons Among Strains in Potexviruses

Sequence data from pBal9 revealed that the full-length
BaMV-V genome is 6365 nucleotides in length, exclud-
ing the poly (A) tail. Computer analysis of the putative
ORFs of BaMV-V isolate also revealed five ORFs with
calculated molecular weight of 156 kDa (ORF 1), 28 kDa
(ORF 2), 14 kDa (ORF 3), 6 kDa (ORF 4), and 25 kDa
(ORF 5) (Figure 1b). The putative 14 kDa ORF 6 in
BaMV-O was not found in BaMV-V.

The alignment of isolate BaMV-V with BaMV-0O
showed a 10% nucleotide variation with 630 base substi-
tutions (524 transitions and 106 transversions) and 5 gaps
(Figure 2). Base substitutions occur throughout the whole
genome whereas gaps occur mainly in the 5' untranslated
region. The sequence variation between BaMV-V and
BaMV-O is within the range among PV X strains, with the
two most divergent strains (Russian and Andean) differ-
ing by 22.6% and the two most similar strains (X3 and
Russian) by only 3.7% at the nucleotide level. The varia-
tion between the two WCIMYV strains (12%) is similar to
that of the two BaMV isolates.

The comparison of the ORFs 1 to 5 between BaMV-O
and BaMV-V isolates shows differences of 2.9%, 3.6%,
4.2%, 5.8%, and 4.1%, respectively. The overall amino
acid differences among strains of potexviruses are com-
parable with those of their nucleotide sequences, i.e., 3.2%
between two isolates of BaMV, 4.4% between two strains
of WCIMYV, and 1.8% (X3 and Russian) to 11.2% (X3 and
Andean) among strains of PVX.

Conserved Motifs in the Noncoding Regions

The 5' noncoding region of BaMV-O RNA contains 94
nucleotides (Lin et al., 1994), but there are only 92 nucle-
otides in the BaMV-V 5' noncoding region. The alignment
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showed four gaps in this region. The imperfect repeat of
the pentanucleotide GAAAA, which is proposed as an
encapsidation signal found in PMV (Lok and AbouHaidar,
1986), is not present in the two BaMV isolates. However,
the adenosine-adenosine dinucleotides at the third and
fourth positions of the 5' end pentanucleotide repeat, an
important feature for assembly in PMV (Sit et al., 1994),
are present. Interestingly, satBaMV, which shares 63% se-
quence homology with BaMV-O in their 5' end
untranslated regions, does retain the three consecutive
pentanucleotides with AA dinucleotides in its third and
fourth positions and was encapsidated with capsid protein
of BaMV into rod-shaped particles (Lin and Hsu, 1994).
No obvious RNA secondary structures such as those pro-
posed for WCIMYV (Forster et al., 1988) were observed in
the 5' untranslated region of the two isolates of BaMV or
satBaMV. Moreover, it was found that BaMV-V isolate
contains encapsidated subgenomic RNAs (unpubl. data),
as is also the case for NMV (Short and Davies, 1983) and
WCIMV (M strain) (Forster et al., 1987), while the O iso-
late does not (Lin et al., 1992). The difference in
subgenomic RNA encapsidation in the two isolates of
BaMV needs further investigation.

The hexanucleotide ACC/UUAA, which is conserved
in the 3' non-coding region of potexviruses and
carlaviruses (White et al., 1992), also occurs in both BaMV
isolates. When possible secondary structures for the 3' end
noncoding region were analyzed, the conserved
hexanucleotides (ACCUAA) and polyadenylation signal
(AAUAAA) all occurred in loop regions. This was also
the case for the 3' end noncoding region of satBaMV (data
not shown). However, the conserved ACUUAA was also
found in the negative strand upstream of ORF 2 and ORF
5. It occurred in a pseudoknot structure before a long stem-
loop structure (data not shown).

Conserved Motifs in the Coding Regions

All the conserved sequence motifs found in the trans-
lated regions of BaMV-O and other potexviruses are
present in the BaMV-V. In ORF 1, the methyltransferase
motif is located at amino acid residues 59 to 223, while
the nucleotide-binding and polymerase motifs span the
regions from 635 to 863 and 1139 to 1274, respectively.
The consensus amino acid sequences for the
methyltransferase motif (His residue, DXXR signature and
tyrosine residue) (Rozanov et al., 1992), the nucleotide
binding (G/AX,GXGKS/T) (Hodgman, 1988; Gorbalenya
et al., 1989) and viral polymerase motif (S/TGX,TX NS/
TX ,GDD) (Argos, 1988; Koonin, 1991) are underlined
in Figure 2. The nucleotide binding motif of ORF 2
(Bancroft et al., 1991; Skryabin et al., 1988b) is located
between amino acid residues 31 to 38. Also present is the
conserved sequence in the central region of ORF 3,
PX,GDNXHXLPXGGXYXDGXKX,YX,P, which occurs
not just in all potexviruses (including the two isolates of
BaMV) but also in carlavirus (PVM), hordeivirus (BSMV),
furovirus (BNYVV), and NVMYV (Skryabin et al., 1988b;
Randles and Rohde, 1990). Apart from the conserved
central stretch, conserved proline and glycine residues
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BaMv-V

BaMV-0 (oxrfl) M A L V 8 K V F D
BaMV-0 GAAAACCACTCCAMCGMACGAMAGAAMGAMAGACGAAAGAMACGMAC’R}CCM’I'ICTCCCCTACAAT GCCC'XGCGCG'IGCGGCMCM’IGGCACTCGT’I'I‘CTAMGTCTI'I‘GA
BaMV-Vv G T G -

T D P S L A Q EE A H S Q V K Q V L K AL Y R Y T A A
CAGCATCACCGACCCATCC’!'ICAGGGCNTACTCCMGAGGMGCGCAC’I‘CCCAAG’!'I’AAACAAGTGCTCAMGACACAGCGCTCTACTCCAGATACGCCCTCCTCCCCAC’K}CNCAM
A A G G G A

T L ER Y A I P HNUPTF S T KULHTH L E D LY RTASYULULPKE
CACGC'I'IGAACGGTACBCMTCCCTCATMCCCG'I'KIAGCACAMA’I'!‘ACACACACACGCAGCAGCMMGCCC'I'PGAGAA’ICACCTCTACCGGACGGCCTCATATCTCCTCCCMAAGA
c c c T

R VS FLFMZEKUPSIKMOQYT FRU RIRGDU VDTT FTINADTIUV R
mAGmAmAmMGCCATCTMGA’IGCA TTCC GA MCACC!'ICATCMTGC’ICACATCG’I'IGCTAMGACC'I'IGCCAGGTACCCTCTCGA

T I Y P R E I T T KM A F I S FQPEVLEHIFTSSPQ
GACTATCTACCCCCGCCTCCCGGAMT‘CACMCMAGA’IGGCTmAmGGGACAGCCmCATI‘AC'l‘TCCAGCCmGG’lGCmGCACA’I'.I'm)\CMGC‘I’CCCCACMCTAGAGAC
A T T

L L ATTIVLUPUPEA ATTLHR RTULIEKSTLYU®PETI]ZY Q L Y K P G G L s
CCTGCTCGCCACGATCG’I‘CC'I'!‘CCCCCCGMGCCACACTCAGGCT!’AAAAG’XCTATACCCAGMATCTACACG'I'I’GCACTACATGCCCCAAAAA’I'I'R:TCTACMACC'ICGGGGCCTATC
T A T A

G G E Y E H D Y K L T WUL K I G A S M C R V E S K A A NUHTULL
AGGCGGGGAATACGMCANA’M’ACMBGACCTMC'I'ImcNAAGA'.I'R}GGCANTCACAACTGC’I'I‘CCATGNCCTCACAGTCGACCGGG'ICGAGTCTMAGCGGCCMTCAC'I‘I‘ACT
G c

I R RGRULI KTILS T Y T P E P L VVVPKTITFTILP P K Q
ACmTACGGCGTGGMGGCTCAMCTCAGCACTI’ACAGATCTI‘ACGACACCCCTGAGCCC'I‘I'AGTCG’IGGTACCAAMATA'I'!‘CCTCCCCCCAMGTATM'ICCACAGMACCM’KTAC
A

A N S W I L K S A G E P K I R DV W AI KTULUZRUGQTTIANSEL Q E P
TMGACGAMGCMACTCG'XCGA’ITCNTACG‘!TMATCAG&. CGA. T l.AAGCTCAGGCAGACGATAGCGMCTCTGMCTCMCCAATACGAGCC
T A A A A C A A A C A T

A EL L L L TNYT FYVLGI KU LUDSTITS ST FETTULTLG L L F R P A I A
‘I’GCGGAATIGC’I‘GCTACTMCCMCTAC'I'l‘CTACGNH‘GGGCMGTIGGACNCATCACGTCC’HCGAAACN‘I'I‘CTCGGGGACAATATACNAAGCGCC‘I'I'H‘CAGACCGGCGATAGC
T T (o] A G CTG T

K I Q ELRHWV S GPTATFMMQTL A Q L VDVDFTTFETVTIEKNWE T K
AMMTCCAAGMCTCAGACAC’IGGG’KTAG’IGGCCCMCAGCC'I'I'CA’IGCMCTCTACAMGCGC'KCCML TCGTC 'TTCACTTT "ACTAAGAACTGGGAAACAAA
T c c A A G

H M A T S N
Q E N H S E P I L Q G I N Y T DAATTEAA ANUPIK Q Q
)\CAGGAGAACCACAGCGMCCCGAACTCCCMmAmCCAmACGTGCTCGNCAGTCGCTCATCGGCATCM’PI‘ACACAGACGCAGCMCTACCGAAGCCGCMACCCTMACMCA
A CAT GT A

A E s Q S D A A P P L A
E s G P K P Y TNTUL P Q Q Q c D E V S A s P E C K A A ETAQE T
}\GMAGNGACCMMCCCTACACCMCCTCCCGCAGCCCC'H‘CAGCAMCCAMTGCCCCGAGGACACGGMGNTCCGCATCACCAGAAMAMGCGGCNAAACNCGCAAGAGAC

c C AGT G CAT G TGA GCCT TC AG

L R N T
P N T Q P E D s EEREKOCPTTULRETLPWK A
CCACAMGCAGGGCCCAG'I'NAMCCCCGCNTCMCAC'R}ACCAAGAGGCAGCCCCGTCAGMCCCACAGACAGCGAGGAGCGGMGTGCCCCACAmCGmMC‘ICCCA’I’GGMGGC
A G

I E N s
WLKLLRGLGFQGDLEQLDVEGDLIYP H I R HL P V EDF S G
G’IGGCTCMACTACT!CGGGGCCTICGAWCCMGGCGACCTR}MC F’I‘(‘A’T'I'I‘ACCCM‘I'I‘AMCACATCCGGCACWACCAG’I'!GAGGAM‘CAG’ICG

CA c G G AC A TC T G ACA

P I T A TUL R K M P D A F ARDVMSNZEKTGA ATITL P
CCCGATCACAGCGACCCTGAGGAAAATGMCCGGA’!GCCA'IGCMATAC'ICCCCCGACA’I'I’GAAAGAGCAGCCGCA’I'I‘CGCGCGAGACGNATGAGCMTMMCAGGGGCCATCCTCCC
A A T

L s
K Q S HEWZ KTT R K C K L APRQTTULTISUVIUHGAGTU GSG GEKSRALOQE
CMACAA’ICCCACGAA’KSGAAGACCACACTTMMGAAMNCAMC’I’ICCCCCNGACMACTCA TATTTCC! TACATGGCGCGGGCGGC, AATCAAGAGCCCTGCAAGA
G G G T T A T A c G

Y M R NNKEDUPTIUVTTIULZPTNTETLHI R ADUWIE KA AIZKTILZPAIHTDU PUDMTFMTTFEN
ATAC, ACAACA CCCATCGTCACCATCCTTCCGACGAATGAGCTAAGGGCCGAT AAGCTAAACTGCCCGCTCATGACCCTGACATGTTCATGACATTCGAGAA
T o] A T c T C T

T

A L L I PKGNVV IMDTUDTYTTUE KTLTUPRGY A Q
CGCGCTGC‘IGATCCCMMGGCMCGTAGTCATCA‘IGGACGA'I'I‘ACACTMGCTACCACGCGGGTACATCGAGGCGTACGTGCAMAC'X‘CCCCM’I’GCTAGACCNCTCATACTCACAGG
A

DPRQSEHFESAEGNTI D P vV V F A R Y Y I N A THRN
AGACCCCAGGCMTCCGAACAC‘I'TCGMTCAGCCGAAGGGMCACGATCMCGATCTCAGCCCCTCTCCAGTCG’IC'I'I‘CAGCGCGTACGCCCGCTA’ITACATCMCGCMCTCACAGGAA
G T G TT T T C

D L AN A VY S E K Q G K T S NH I EDGRUBHTULUV P S Q I K Q
CMCCAGGACCTAGCGMCGCC‘I'KEGGGG'ITF CTC'IGAMAACAAGGGAMACGCGMTATCAGTCAGTMCCATATAGMGACGGGCGCCACACA’K'TAG’I'NCCAGCCAAATCAMCA
TG c c G T

R NY VS M GRIKTSTJVYAGT CAOQGTITAST RV Q
MGAMCTACGTCTCCATGGGCAGGAMAC'I'I‘CTACCTA‘IGCGGGC‘ICTCAAGGGATMCCGC'l'l‘CACGmACAGGTCATCAmACMCGACACTGCAMGTGC'I'CACATCAGGTCCT
c G c

Y T A I F N T M T Q F WA KV KCTU®PYULQATI
ATACACAGCT[TI'I’CCAGGGCCGCAGACGMATACAC'ITC'IGCMCACTATGACCGACGMAMCMTT’I'I’GGGCGAAAGTGAAGTGTACCCCGTAC‘I'TACMGCCANCTCMCC'I'I‘AC
TC G G

K EH S L PDUPI KZPEUPUDETPTLEU?PI KA APUVTUHTIAVENVV VZPTLUVETETITE P
AAAGGAACACTCTCTGCCTGACCCGAAGCCTGAGCC: ACCCTT CCAAAGCCCCTGTCACCCACATTGCTG AAACGTGGTACCGCTAGTGGAAGAAATCACTGAGCC
c c G A c [of c (o] G G A T T C

L P K HDRE I Y s S N C I Q T ENETF I Q A Q Q Q
TCTTCCAGAGAAGCATGACC! J.ACTCAGMAGCACCGGACACTCCMC’ICCATCCMACCGAMACGAG‘!'I‘CA’I"!‘CAGGCmCCAACACCMCAGGCMAGGA‘I\SMACTCT
c c Cc G A T G T C A

K
F WA TTIEI KR RTIUVTS TP E S \U E T P L W Y A M C
C'l'l‘C'lCGGCCACCA’I'XGAGAMCGCATAGTCACCTCAACCCC'IGMTCMACTGGAC’K;AA’I'I‘CAAGACMAGAGGCCCCTAGGTGACATCTIGTGGC'X\SGCCTACMGGAGGCTATGTG
A T T A G AA T

L PAEPIXKVFDUPIDTULWWIE KT CADTETVOQNIZ KT YTULOQUKUZPTLUHMMTIZK G Q
CTTGCCAGCGGAGCCCATCAAATTCGACCCAGACCTT AATGTGCCGATGAGGT AMATMATACCTACMMACCCCTPCACANATCAAAAACGGAATACTCAGACMAG
c A G T T A G T
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BAMV-V
BaMVv-0O P D F G E R H I AL F Q K K K VNVEKAGQ QTTIA AR ATFY
BaMV-0 CCCAGAC’I'I'IQGGGAGCG’!\:ACATCGCGCTATI'I‘CTAAAGTCGCAGTCGGTAMGAAAAACGAMMA’!TGGGACAGTCMCG'I'I'Muu. TGGTCAAAC TATCSCOBCRTTS mccmm 3360
BaMV-V TG T C c T A
I FGTMARYMRRUYVRETKTFCP K N C E Q A S K WV D
ncmTcnmmcmGGCAccAmccccccmmm AGAGAAAAATTCTGCCC. "‘GAACATACTAAT!‘AAC'K}CGMA’PI‘GACCAGCCCACAGC'I'l'CAMA‘lCGG’IGGA 3480
c T T T T A cC cc G c T G A
T WKFDRLAYTNDFEAYDQSQDGAHLQFEVHKARHHDLPA
CACGCATIGGAM’!'I‘CGAL ATACACAAACGACTT ‘ATGACCAGTCTCAAGA' CATGTTGCA AAGCAAGGCACCATGATCTGCCTGC 3600
T G A A G G G c A C A
I E S Y K N K I FLGTULGTIM®RTLTGETGTPTF N T ECN I
mmmccm’rcc'mﬂmcucwmccmmccccm’mmcTAchaccc'ncccva TCA C nnrrmsamccmrmmmcncu 3720
A A G A TATC
A Y T HARTF H Q G D D NCEPEERESFKPLAAQ
cccc’mmcccpm;cc CG}\’I‘TCCACATACCCAGAGGCACTGCACAACTGTACGC'IGGAGACGA‘]'I’GCGCCCNMCTGCGMCC‘K;AAGAGAGAGMTCATITAAACCMAGCTGCGCA 3840
G T
T L KSKPVTTIROQGE KT GSTWFPEF N P YGYLKTHPRTEKTWAR
G‘I'KY:ACCCTCAMTCMAGCCGGTGACCATAAGACAAGGMMGGC’!CCTGGCCCGAGHC‘MTGGCMTATCATCACCCCHACGGCTACCTCMACATCCTCGGAMACA’IGGGCNC 3960
T T
LHKAKLQGKDELKKTA A YALDVILPTJYETLGTDATIHDTITFTDN
Acmcacaaccccmcmummmmummcceccmccccmmccc’rrmrmmnrrurr‘mN‘ur GCAATACAC CGACAA 4080
A c crTorT
T
T L H EAH'TRVFANHDATITFGETEGHL
CGAGC'IGACA'H'CCACTACCMACMTCAGAACCCTACACACAGMGCCCACACTCGAG’I‘CTI‘CGCCMCCACGAMCMWGMGMGGTHAT!‘CTCTAGWCTA 4200
A
T
(orf2) M D N R I TDJLULTRSGYULRTSETPRGA AGT QO QLVVHAVAG
TTAGTTTAACAACTAACCATGGATAACCGGATAACTGACCTACTCACAAGATCTGGCTACTTAAGAACATCAGAACCAAGAGGCGCCGGGCAGCAACTGGTCGTGCACGCGGTGGCTGGE 4320
T A TAC c G T T A T
A G XK TTLTLRETITLINTTIPGUVTTITHT G TPDPPNTLTL Y Q P
GCTGGCAAGACAACGCTACTCCGCGAGATACTAAATA lr‘:‘n’rM‘A{‘Ar"R;CAGGCACCCCCGACCCACCMACCTCACACTCMCTACATCMAGGCCAAGAGCCC 4440
T G G A
s
PE P KKYTILDESY®PARAKMWEPETEAGMWDMLTIADHN Q T P
ccTTGCCC CCAGCT < .WcAm'mwm:cmcmcc’rccmcncmmcccccmucccccccc 4560
TA c
A N v
I KHTTYRLGPOQTVEKTTLG QS L Q Q H D Q QD QGF S F
CACTATATAMACACACCACCTACmcmG‘l’CCCCAMCAG‘ICAMACG’I'IGCAMGCCmTACCMCmmCMCATCGGGCAGACCAGCMGACCABGGC'I'ICTCA’PI’C 4680
G A
T GLFDGTPTIYGOQTPTIT A Q Q TR G L E
ACCGGM.‘(‘A’M‘CGACGGCCCM'I'I'I‘ACGGACMCCGA’!CACACTCGACACAGCAGCCCACMCC’IGGCACTAGCTCACGGACTACCAGCTCTACMGCMCTCMACGAGAGGGCTAGAA 4800
cT G
vV D
Y DT TT P K I AFTRHREKACHTIRAPGTIN
TACGACACCACTACCA’K:ATCTCTAGCACTCCNTGCCMCAG'H‘MGGACAAGG‘TMGCCTATACA'H‘GC'K'ITCACCAGGCACCGAMAGCCTGCCATA'K'ICGABCACCNGGANMC 4920
GTG T

P K
(DrfJPHDQPLHLARZLDNTRAYLVLAIQVASALFLYT

S P A S S S G Q T T *
CCCACATGTGACGTGGCCTCCTCTCATGGACCAGCCTCTICATCTGGCCAGACCACTNACMCACGAGAGCT!‘ACAAAGTAA GAGTGCATTGTTCCTCTATAC 5040
CA A c
B G D N H H L_P G G X D_gG K X 2
ACTMCCCGTAATACCCTI‘CCACACACCGGCG)\CMCATCCACCA'ITI‘)\CCGCACGGGGGTAGGTACGTGGACGGCACCAAAGGAA’I'I‘CTCTACMCAGCCCCACC'ICCTCATACCCATC 5160
c Cc T C
l( T v
M V I A I L NPAPTTUPQRTIYA APTLTCTLUHC
CTCATCTCTCCCAm'lYJCA’IGG'l'I‘ATCGCACTAGCCACMCCCTI'XTCCTCATCACCAGAMCA‘ITCTCMCCCAGCCCCCACCACACCTAGMTCTA'IGCGCCCCI‘CmCmCAm 5280
A T

v R Q
(orf4) M L N T D T L ¢ I I L F I L I L G I L ¥ NI L Q Q HL PP P CE I I

H R NH P P C *

TCACCGGAATCACCCACCATGCTAAACACTGACACACTATGCATCATTCTGTTCATACTAATATTAGGCATCCTATATAATATACTTCAACAGCATCTGCCCCCACCATGTGAAATAATA 5400
C G . G C c T A C G c G A
I NG HTI I S IR C Y HTT S s * (oxfS5) M S G T G T
ATAAACGGGCACACTATATCCATTAGGGGCAACTGCTACCACACC, TCCAGC' TGITAAGTTTCCCTT- ‘I'I'RSTMA’ITAMCACTAMGA'K}TCTGGMCTGGMCGGGMC 5520
A C A T
A D A
GRGTGTGVGGTGGTGGTGGGGTGRGQQAAPQP ETKFTKD
TGGGC! 'CGGGAC. AC ACH ACAGGCGGC Anr-nm:r'mrnrrrrnrx-rrmmcmsm;\cruggg 5640
T A T TCG c G A G G T GG
N T
D L AATIEUPIEKUZPASA ANUVZPN K Q Q A G L I K A N F M K V
CGACC! AwLLukAATCGAGCCMMLL TGCT x\.MAM’XG’ITCCAMCACTAAGCAG’I’GGATCAGCAT‘TCAAGCTGGACTCATCMGGC’N;GAGCCACGGACGCAAACTTCA’K}AMGT 5760
T T cC A C G

A
LLGLSLEATFDURGSSEATTWUDGTITETG GV VEHUHT RA AAANIABATITZKTEA ANTC

ACTGCTCGGCCTCAGTCTCGAAGCTTTCGACAGGGGCTCGTCGGAGGCCACCACT TTAC" M,m,mcccrccascmccmccccmcuccmcccucrc 5880
T T T C c T A A c S T
Y
K P TFATIRG QST KINTLTP®PANTFAZKTEKINTYVPSOQYKTWC A
CCCMTACACAAGGTCACCTACTACCTAGCCMACCGACG‘I'I‘CGCCATI‘AGACMTCGMAAA uu.‘.\.u.ﬂcccAAuu.m AGAAGAA' CATCACAATATAAA 6000
T A T AT A c
Y T
F DAFDGTL Y D s P Y AP S E I DRMAS A Q I K I
G'I'I‘CGATGC'I'H'IGATGGCCNTACGATCCCACC‘TGCC'I'K'GCCTCAGAACTACCCTACGACGCCcCCTCAGAMTAGACCGAA'ICGCGTCCGCTACC’I’I‘CAAAACTATACAGATCMGAT 6120
G
A NDOQEKGTPFNTLNZYNEPNVTQ A 13 E P
CGCTAATGACCAGAAAGGGT‘I‘CAACCTCAACTACAACCCTAACGTCACCCAGGCTCGACTCCCCAACGCGCCCCTACCAGCTCTKCCGMCCMCATCAGACTMACG’['IGCA’R:ATCG 6240
TAAAACATGCCCGGCTTACCGTGAGCCGCCTTTGAAAGAA TTACACGGACTCTGTTGCGTTACGCACGTACCTAACCCGTGCCAGCAGAATAAAGACCTTTTGGTTTCTACAGTTT 6360
T G
TTTCCA(A)p

Figure 2. The complete nucleotide sequence of BaMV-V genomic RNA expressed as cDNA sequence with the translated amino acid
sequences of ORFs 1-5. Nucleotide and amino acid residues different from those of the previously reported isolate (BaMV-O) are
indicated in lower and upper lines, respectively. Gaps are introduced to optimize the alignment. Start codons of each ORF are
indicated in parenthesis and stop codons are marked by asterisks. Conserved amino acid residue(s) with other potexviruses in differ-
ent ORFs are underlined (see text). Conserved hexanucleotides (ACC/TTAA) on both strands and polyadenylation signal are also
underlined.
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(PX,,,,G) were also found in the N-terminal region of
OREF 3 (Figure 2). In ORF 4 of BaMV the conserved motif
CX IXGXS/T (Neo et al., 1992) was identified following
a highly hydrophobic stretch. The functional importance
for the conservation of these amino acid residues in ORF
3 and ORF 4 is not yet clear.

Secondary structure predictions based on Chou and
Fasman (1978) and ROG (Garnier et al., 1978) methods
revealed a -sheet for the highly hydrophobic region at
the N- and C-terminal regions of ORF 3 protein (data not
shown). Although the highly hydrophobic regions are a
possible transmembrane domain (Claros and von Heijne,
1994), their predicted secondary structure folding does not
follow the d-helix or B-sheet transmembrane structures in
membrane proteins (Jdhnig, 1990). The underlying mecha-
nism for the possible involvement of these structural do-
mains remains to be determined.

Phylogenetic Analysis

The three conservative domains of RdRp common in
positive strand RNA viruses were used to infer the phylo-
genetic relationship among potexviruses. The result
showed that, not only are the two isolates of BaMV
grouped together, different strains of PVX and WCIMV
are grouped together as well (Figure 3). Although two
strains of PVX (X3 and Andean strains) differ in their
overall amino acids by up to 11.2%, they differ in only 24
amino acid residues in the above three conserved regions
(533 amino acid residues). On the other hand, the two most
closely related potexviruses (BaMV-0 and FMV) differ
in 188 amino acid residues in these domains. Therefore
there is only 12.8% as much variation in strains of
potexvirus as in members of the potexvirus group. The
results also indicated that members of the potexvirus group
have three main lineages; i.e., the BAMV-FMYV lineage,
the PVX-WCIMV lineage, and the CYMV-PMYV lineage.

When the amino acid residues from the same domains
of RdRp from a carlavirus (PVM) (Zavriev et al., 1991),
a furovirus (BNYVV) (Bouzoubea et al., 1987), a
hordeivirus (BSMV) (Gustafson et al., 1987; 1989), and
a turnip yellow mosaic virus (TYMV) (Morch et al., 1988)
were compared with potexviruses, including BaMV-V,
their phylogenetic relationships were summarized as
shown in Figure 4. The results indicated that all the
potexviruses group together when members of other plant
virus groups are used in comparison. The difference of the
two most divergent potexviruses (BaMV and NMYV, 284
amino acid differences) is 67.6% of that between PVX
(X3) (the potexvirus member closest to the other virus
groups used in comparison) and TYMV (the virus in other
groups closest to potexvirus, 420 amino acid differences).
Therefore, this comparison supports the notion that
potexviruses are most appropriately grouped based on the
three conserved domains of RdRp.
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Figure 3. Phylogenetic relationships of strains and members
from the potexvirus group. Amino acid residues of three con-
servative domains (methyltransferase, nucleotide-binding, and
polymerase domains) of RdRp (Koonin et al., 1993) are used to
infer their phylogenetic relationship.
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Figure 4. Phylogenetic relationship of members of potexvirus,
carlavirus, hordeivirus, furovirus, and tymovirus groups using
amino acid residues of three conservative domains of RdRp.
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