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The relationship of azuki bean mosaic potyvirus (AzMV)
to members of the bean common mosaic virus (BCMV)
subgroup has been unclear. Degenerate oligonucleotide
primers and the polymerase chain reaction were used to
amplify and clone the coat protein (CP) gene and 3” un-
translated region (UTR) of AzMV. The deduced amino
acid sequence of the CP is 94% identical to that of den-
drobium mosaic virus, establishing the two as strains of
the same virus. While the CP amino acid identities be-
tween AzMYV and potyviruses of the BCMYV species are at
or below 90%, the 91 to 94% identity between their UTRs
suggests that AzMV could be considered a strain of
BCMYV. Interestingly, the grouping of potyviruses within
the greater BCMY subgroup on a coat protein amino acid
tree correlates with a grouping based on the response elic-
ited on bean containing the I gene for resistance to BCMYV,

Additional keywords: coat protein phylogeny, I gene of
Phaseolus vulgaris, phylogenetic tree, plant virus, taxonomy,
temperature-sensitive resistance.

It has been well recognized that the taxonomy of the potyvi-
ruses, the largest group of plant viruses, is in a “very unsatis-
factory state”; the size of the group and the extensive variation
therein have made it difficult to reliably identify individual
members and particularly to find characters that distinguish
distinct potyviruses from strains (Ward et al. 1992 and refer-
ences therein). While some have predicted that a “continuum”
of strains may make such a distinction impossible (Bos 1970;
Matthews 1979; Hollings and Brunt 1981; Harrison 1985),
others have presented analyses of sequence homologies that
argue for a demarcation between distinct viruses. Shukla and
Ward (1988) found that pairwise coat protein (CP) amino acid
sequence comparisons among 17 strains of eight distinct poty-
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viruses showed a bimodal distribution—sequence identities
ranged from 38 to 71% for distinct viruses (species) as op-
posed to 90 to 99% for strains of the same virus. Further work
has revealed an additional cluster in the 75 to 89% range,
which Ward and Shukla have grouped with the former
(distinct species) rather than the latter (strains of the same
species) (see Fig. 3 in Mink et al. 1994). Frenkel et al. (1989)
had earlier suggested that the 3” untranslated region (UTR)
may be useful for determining relationships among viruses
whose CP amino acid sequence homology falls midway be-
tween the original bimodal distribution. In that work they
found that nucleotide sequence homology ranged from 39 to
53% for distinct viruses, in contrast to 83 to 99% for strains.

One group of potyviruses for which sequence comparisons
could prove particularly useful includes the many biologically
distinct isolates of several potyviruses that naturally infect
legumes. While it is clear that a number of these, including
bean common mosaic virus (BCMV), blackeye cowpea mo-
saic virus (BICMYV), azuki bean mosaic virus (AzZMV), cow-
pea aphid-borne mosaic virus (CABMYV), peanut stripe virus
(PStV), and soybean mosaic virus (SMV) are closely enough
related to be included in a BCMV subgroup of potyviruses
(Dijkstra and Khan 1992), there has been disagreement about
which sets of isolates constitute distinct viruses. Recently,
BCMV serotypes A and B were formally separated into two
distinct species, BCMNV (bean common mosaic necrosis vi-
rus) and BCMV, respectively (Mink et al. 1994). Numerous
studies of the biology, serology, and CP peptides of the other
potyviruses named above have failed to find “characteristics
that can be used to distinguish unequivocally” among them
(Mink and Silbernagel 1992, and references therein), and re-
cent data have led to the proposal that AzZMV, BICMV, and
PStV be considered isolates of the newly defined BCMV spe-
cies (McKern et al. 1992; Huguenot et al. 1994; Mink et al.
1994).

Consistent with this proposal, sequence data provided the
basis for a claim to finally “settle the taxonomic position” of
certain BCMV and BICMV isolates as strains of the same vi-
rus (Khan et al. 1993) and for inclusion of a new member,
dendrobium mosaic virus (DeMV; Hu et al. 1995), in the



BCMYV subgroup. The present study was undertaken to pro-
vide similar sequence data for AzZMV, a potyvirus related in
our studies to certain BCMV serotype B isolates, CABMY,
and BICMYV in terms of the response elicited on bean con-
taining the I gene for resistance to BCMV (Fisher and Kyle
1994).

AzMV was obtained from M. J. Silbernagel (USDA WSU-
IAREC, Prosser, WA) and maintained on Phaseolus vulgaris
‘BT-2’. A crude nucleic acid extract from systemically in-
fected leaf tissue served as the starting material for a two-step
procedure (modified from Pappu et al. 1993) that included re-
verse transcription and PCR-based amplification of approxi-
mately 1,370 nucleotides of the 3” end of AzMV RNA
(containing the complete CP gene and 3 UTR). Ten microli-
ters of the Sephadex G-50 column flowthrough was mixed
with 2 ul of a 50 uM, 25-base poly-T oligonucleotide primer
(CWC-111) containing a 3" G (previously determined to prime
reverse transcription on AzMV RNA), incubated at 70°C for 5

min, cooled, and then incubated at 42°C for 50 min following
addition of the following components to a total reaction vol-
ume of 30 pl: 6 pl 5x reverse transcription buffer (Promega,
Madison, WI), 3 ul dNTPs (10 mM each), 3 pul 100 mM DTT,
3 ul 40 mM sodium pyrophosphate (prewarmed to 42°C), 30
units RNAsin (Promega), and 18 units AMV reverse tran-
scriptase (Promega).

Following reverse transcription, 3 pl of the reaction mix
was used directly in a polymerase chain reaction containing
the following additional components in a total volume of 50
ul: 10 mM Tris-HC1 (pH 8.8), 50 mM KCl, 2.0 mM MgCl,,
120 uM each dNTP, 75 pmole primer CWC-111, 75 pmole of
a degenerate oligonucleotide primer (CWC-107) for the NIb
gene (5-CAYKGNYTNGARGCNATYTGYGC-3"; Cassidy
et al. 1993), and 2.5 units of Taq polymerase (Boehringer-
Mannheim). (Degenerate positions in oligonucleotide primers
are represented by the following single letter codes: Y = C and
T, R=AandG;K=AandC;H=A,C,and T; N=A, C, G,
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Fig. 1. DNA sequence corresponding to the 3” terminus of azuki bean mosaic virus (AzZMV) RNA, beginning 42 nucleotides 5 to the assumed start of
the CP gene (codon underlined) and continuing to the 3” poly-A tail. Underlined individual nucleotides are sites where variation was observed in partial
clones (see text). The # denotes the stop codon at the end of the CP gene. The deduced CP sequence is presented; the DAG sequence is underlined.

GenBank (EMBL) Data Library accession no. U60100.

Vol. 9, No. 8, 1996 / 759



Table 1. Amino acid and nucleotide sequence identities (%) between the coat proteins and 3°-UTRs of AzMV and other selected potyviruses?

Viruses BCMV BCMV BCMV BCMV BCMNV
AzMV  DeMV US-1 PStV NL<4 BICMV NY-15 NL-1 SMV NL-3 PWVK WMV ZYMV SAPV BYMV

AzMV 93.9 90.3 89.7 894 88.7 88.0 8.9 782 772 764 742 709 68.8 599
DeMV 94.6 90.6 89.9 89.6 89.2 88.5 878 791  78.1 71.3 751 71.9 71.1 60.1
BCMV-US-1 936 92.0 91.3 91.7 94.1 96.5 9.2 785 7713 76.3 745 737 702 620
PStV 90.8 91.6 90.7 90.6 89.6 88.9 878 767 774 753 73.8 72.7 702 605
BCMV-NL-4 940  92.0 98.8 91.0 91.0 89.6 889 778 767 749 738 727 698 613
BICMV 93.3 93.0 95.5 90.4 96.7 924 913 781 778 753 73.1 73.0 702 61.0
BCMV-NY-15 934 90.7 97.9 89.3 97.5 94.5 958 714 714 75.3 742 727 69.8 620
BCMV-NL-1 923 90.8 96.9 89.8 98.0 95.1 95.9 76.7 764 75.3 728 730 68.8  60.6
SMV 59.8 58.4 61.6 58.9 60.8 60.0 60.6 60.9 789 79.6 876 754 754 636
BCMNV-NL-3 57.1 57.3 54.2 57.0 54.2 55.7 55.1 526 507 80.0 774 750 90.6 613
PWV-K 51.7 50.3 51.6 484 51.2 50.7 525 50.8 497 492 744 729 714 592
WMV 63.3 60.7 63.9 60.4 64.3 63.5 63.3 640 766 559 50.9 739 743 632
ZYMV 38.4 37.1 383 372 37.6 38.2 38.0 378 333  36.0 323 38.8 702 605
SAPV 46.5 47.1 443 46.8 43.9 45.0 449 435 403 623 390 469 35.1 61.2
BYMV 34.7 33.6 35.1 342 35.1 354 34.7 354 324 285 28.8 352 409 25.6

* CP amino acid sequence alignments were constructed in the GCG program PILEUP (Devereux et al. 1984) with a gap weight of 3 and a gap length
weight of 0.1. Nucleotide sequence alignments of the 3° UTR were constructed initially in PILEUP with a gap weight of 4 and a gap length weight of
0.1 and then were edited manually for better alignment. Pairwise identity between each of the viruses was determined using the GCG DISTANCES
program with the average sequence length as the denominator. CP amino acid comparisons are above the diagonal; 3"-UTR nucleotide comparisons are
below the diagonal. The fourteen potyviral coat protein and 3'-UTR sequences are from the following GenBank accession numbers or publications:
dendrobium mosaic virus (DeMV; U23564); bean common mosaic virus (BCMV) strain US-1 (L12740); BCMV-NL-4 (L21766); BCMV-NY-15

(866252); BCMV-NL-1 (S66251); bean common mosaic necrosis virus (BCMNV) strain NL-3, formerly designated BCMV NL-3 (U19287); peanut
stripe virus blotch isolate (PStV; U05771); blackeye cowpea mosaic virus (BICMV; $66253); soybean mosaic virus strain G2 (SMV; S42280); passion-
fruit woodiness virus strain K (PWV-K; Gough and Shukla, 1992); watermelon mosaic virus (WMYV; D00592); zucchini yellow mosaic virus (ZYMV;
L29569); South African passiflora virus (SAPV; D10053); bean yellow mosaic virus (BYMV: X63358).

and T.) The reaction was overlaid with mineral oil and cycled
30 times (2 min 94°C, 2 min 42°C, 2 min 72°C) followed by
elongation at 72°C for 10 min. Alternatively, partial, overlap-
ping clones containing 5” nucleotides 1-764 or 3” nucleotides
445-1153 (numbering as in Fig. 1) were made using degener-
ate oligonucleotide primers CWC-107 (5”; above) and CWC-
106 (3; GCNGCNGYYTTCATYTG); or CWC-104 (5
TGGTGYATHGANAAYGG) and the poly-T primer (3"
above), respectively. Primers CWC-104 and CWC-106 were
modified slightly from Langeveldt et al. (1991) and Pappu et
al. (1993). For the 5 partial clone, the annealing temperature
in the PCR reaction was changed from 42°C to 46°C.

Each reaction product was purified using GenecleanII (BIO
101 Inc., Vista, CA), ligated into a pCR II vector and trans-
formed into competent E. coli using a TA Cloning Kit
(Invitrogen, San Diego, CA). Clones were screened for inserts
of the correct size on agarose gels following EcoRI digestion
of plasmid DNA purified by an alkaline lysis procedure. The
cloned AzZMV cDNA was sequenced using a Sequenase 2.0
DNA Sequencing Kit (U.S. Biochemical, Cleveland, OH) and
5% Long Ranger sequencing gels (AT Biochem) according to
the manufacturer’s directions.

The sequence of the coding region of the CP (855 nucleo-
tides) and the 3° UTR (256 nucleotides excluding the poly-A
tail), as determined from a full-length clone of the region, is
presented in Figure 1, along with the deduced 285 amino acids
of the AzZMV CP. Two noteworthy features of the N-terminal
region of the CP are the presence of the DAG sequence asso-
ciated with aphid transmissibility and the fact that the AzZMV
CP is two amino acids shorter than BCMV CPs (e.g., BCMV-
NY-15) in this region. Partial clones made a year earlier of the
57 or 3 region of AzZMV as described above contained the
following nucleotide substitutions, respectively: C to T at po-
sition #675; A to G at #575, C to T at #675, G to A at #708, C
to T at #731, C to T at #1030.
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The AzMV CP sequence and the 3° UTR nucleotide se-
quence were compared with sequences of 14 other potyvi-
ruses, selected from available databases as representative of
either closely related potyviruses, legume-infecting potyvi-
ruses, or other potyviruses that had been tested for the re-
sponse(s) elicited on bean cultivars possessing the I gene for
resistance to BCMV (Fisher and Kyle 1994). In an attempt to
apply Shukla and Ward’s (1988) criteria for distinguishing
strains of the same virus from distinct viruses, the pairwise
percent identity of CP amino acids and of the 3” UTR nucleo-
tides between each of the viruses was determined (Table 1)
using the GCG Distances program from the University of
Wisconsin Genetics Computer Group (Devereux et al. 1984).
Phylogenetic (evolutionary) relationships among the 15 poty-
viruses were examined by parsimony analysis of aligned CP
amino acid sequences using the Phylogenetic Analysis Using
Parsimony (PAUP) software package (Swofford 1991; see
Fig. 2).

The pairwise comparisons of the CP sequence data of the
related potyviruses (Table 1) show that AzZMV is most closely
related to DeMV, with 94% coat protein identity consistent
with the view that these isolates are strains of the same virus.
Further, the phylogenetic tree generated from the CP amino
acid sequence data (Fig. 2) clearly shows a close relationship
between AzMV and DeMV and their more distant relationship
to the other members of the newly defined BCMV species
(including BCMV NY-15, BCMV NL-1, BCMV US-1,
BICMV, BCMV NL-4, and PStV). When the first four of
these latter isolates are considered in pairwise comparisons of
sequence identity, the values are greater than 90%. When
BCMYV NL-4 and PStV are added to the group, values drop to
89% or 88%, respectively. When AzMYV is included, percent
identities range from as low as 87% (with BCMV NL-1) to
90% (with BCMV US-1), somewhat below Ward and
Shukla’s cutoff point for strains of the same virus (Fig. 3 of
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Fig. 2. Single most parsimonious tree of selected (see Table 1) potyviral
coat protein amino acid sequences constructed using the PAUP software
package version 3.0r (497 steps, CI = 0.829, HI = 0.171). One hundred
replications of the heuristic search procedure were performed with ran-
dom stepwise addition. The tree was rooted with BYMV. Numbers
above the nodes represent results of 100 bootstrap replications; branches
without numbers were inconsistent with the bootstrap majority rule tree.
Branch lengths are proportional to the number of substitutions that occur
along the branches.

Mink et al. 1994). When only the amino acids of the variable
N-terminus of the CPs are compared (e.g., the first 50 amino
acids of AzMV CP), the percent identity drops substantially
(e.g., 65% identity for AzMV and BCMV US-1; data not
shown). The 91 to 94% identities between the 3° UTRs of
these seven isolates (Table 1), however, support the idea that
they all could be considered strains of BCMV.

We have noted previously a correlation between relation-
ships among legume potyviruses based on CP sequence and
similarity of host responses on various genotypes of P. vul-
garis (Fisher and Kyle 1994, 1996). All viruses that group by
CP sequence with the newly defined BCMV species
(including AzMV) and that have been tested carefully on bean
cultivars with and without the I gene (e.g., ‘BT-1’ and ‘BT-2’)
show a temperature-sensitive resistance/systemic necrosis re-
sponse (i.e., AzMV, BICMYV, and BCMV strains NY-15, NL-
1, US-1, NL-4). In contrast, potyviruses that group with the
newly defined BCMNV species (e.g., BCMNV NL-3, for-
merly designated BCMV NL-3) cause temperature-insensitive
necrosis on BT-1 bean. Even when only the variable N-
terminus of the CP of the nine BCMV subgroup viruses in-
cluded on Figure 2 is used, the resulting tree is almost identi-
cal (data not shown). The availability of appropriate infectious
clones will allow a direct examination of the basis for this cor-
relation between CP sequence and host response.
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