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Peanut stripe potyvirus (PStV) was identified in a groundnut plant grown from seed imported into South Africa. Host
range, serology and electron microscopy studies indicated that the infective agent was an isolate of PStV. This was
confirmed by sequencing the coat protein gene and a portion of the 3’ untranslated region of the vitus and compar-
ing it with known strains of PStV. The local strain (PStv-95/399) was related to, but distinct from, strains of PStV
reported from the USA. PStV-95/399 and the USA strains probably had a common ancestor, but the 95/399
sequence appeared to have diverged to a greater extent from this ancestral sequence. Phylogenetic analysis

indicated that 95/399 probably originated in the USA.

Key words: germplasm, groundnut, peanut, peanut stripe potyvirus, South Africa, strain.

Peanut stripe potyvirus (PStV) is a member of the
Potyvirus genus of plant viruses in the family
Potyviridae. As such, it has a single-stranded
positive-sense RNA genome of approximately
10 Kb (Demski et al. 1984). It contains a single
open reading frame encoding a polyprotein which
is post-translationally cleaved into at least 8
individual proteins required for virus replication
and movement (Dougherty & Carrington 1988).
Characterisation of viruses related to bean
common mosaic potyvirus (BCMV) using serology
and peptide profiling studies have led to PStV
being taxonomically classified as a groundnut
{Arachis hypogaea L.)-infecting strain of BCMV
{McKem et al. 1992; Vetten et al. 1992; Saiz et al.
1994). Recent sequence-comparison studies
{Berger et al. 1997; Higgins et al. 1998) have
shown that, while PStV strains can be classified as
members of the BCMV group, they are clearly
distinct from the other viruses in this group.

PStV causes severe stunting of plants and great
reductions in yield of cultivated groundnuts. Sur-
veys of groundnut-producing areas have indicated
that the virus is endemic in east and southeast
Asia (Xu 1987). Xu et al. (1983) reporied a
potyvirus from China, describing it as ‘virus pro-
ducing mild mottle’. Demski et al. (1984) identified
PStV in groundnuts in the USA and concluded that
the virus had been imported from China. Further
characterisation showed that the above two
viruses were strains of the same virus. Choopanya
(1973) reported a virus in Thailand that could have
been PStV, while a virus collected in Thailand in

1972 was positively identified as PStV
{Wongkaew & Dollet 1990). Considering that PStV
was present in Thailand as early as 1972 and the
large range of biological strains of PStV that have
been identified from there, it has been suggested
that Thailand is the centre of origin of PStV
{(Wongkaew & Dollet 1990). Phylogenetic analysis

‘of PStV suggests a common ancestor for all PStV

isolates studied thus far (Higgins et al. 1998). At
present, the virus does not occur in Australia
owing to rigorous quarantine procedures. There
have, as yet, been no reports of PStV in African
countries.

PStVv is both aphid-transmitted in a non-
persistent manner and seedborne in groundnut,
The rate of seed transmission depends on the
cultivar infected and the period of infection
{Demski & Lovell 1985). Seed-transmission rates
of up to 50 % have been observed (Xu et al. 1991),
making it difficult to control the spread of PStV.
Seed is imported and exported between various
countries, both for processing and consumption
and for incorporation of new germplasm into
breeding programmes. Strict control of groundnut
seed importation combined with sensitive diag-
nostic tests for PStV in groundnut material
{Dietzgen et al. 1994) is needed to restrict further
spread of the virus.

A diseased groundnut plant grown from seed
imported into South Africa with symptoms resem-
bling those reported for PStV was intercepted in
1995. In this paper, we report on the identification
of the infective agent as PStV (designated
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Table 1. Sequences and positions of the primers used for RT-PCR and
sequencing of peanut stripe potyvirus strain 85/399. Nucleotide numbering
follows that used by Flasinski et al. (1996).

Primer Sequence Position

PST1 5'- GCATGCCCTCGCCATTGCAA -3’ 100039984
PST2 5'- GCACACACTTCTTGGCATGG -3' 97699788
PST4 5’- TACATAGCAGAATCAGCACT -3 88108829
PST5 5'- GCCTTTCAGTATTCTCGCTG -3’ . 9740-9721
PSTe 5’- CAATGAGAGACAAGGATG -3’ 90819098

PStV-95/399), and describe its relationship with
PStV strains reported elsewhere, as well as with
the related viruses blackeye cowpea mosaic
potyvirus (BICMV), BCMV and bean common
mosaic necrosis potyvirus (BCMNV),

Materials and methods

Virus identification

The virus characterised in this investigation orig-
inated from a single cultivated groundnut plant
showing dark green blotches that was grown inan
experimental plot at the ARC-Grain Crops Institute
at Brits, North-West Province, South Africa.

The virus was isolated by two local lesion trans-
fers on Chenopodium quinoa Willd. and was main-
tained and propagated on Nicotiana benthamiana
Domin. Isolated virus, designated strain 95/399,
was also back-inoculated to two local cultivars of
A. hypogaea, Sellie and Nata! Common. A host-
range study was carried out using leguminous and
non-leguminous plants. All mechanical inocula-
tions were performed by grinding tissue in a
pre-chilied pestle and mortar with ice-cold 0.01 M
phosphate buffer, pH 7.1, containing 0.01 M
sodium sulphite and a small amount of celite. All
plants used in the study were inoculated when
young and growing vigorously, and included A.
hypogaea cvs Sellie and Natal Common, Cheno-
podium amaranticolor Coste & Reyn., C. quinoa,
Glycine max Merr. cvs B66S10 and Forrest,
Lupinus albus L., N. benthamiana, N. clevelandii
Gray, Phaseolus vulgaris L. cv. Top Crop and Vigna
unguiculata (L.)Walp. cv. Blackeye. Plants were
maintained in a greenhouse at the ARC-Plant Pro-
tection Institute in Pretoria (PPRI!) and observed
daily. Symptom development was recorded overa
three-week period. All plants were tested in a
F(ab’),-ELISA {(Barbara & Clark 1982) for the

presence of PStV three weeks after inoculation.
The antiserum used was produced at ARC-PPRI
against a PStV strain received from J. Demski
(University of Georgia, USA). Immunosorbent
electron microscopy (ISEM) studies were also
carried out using this antiserum. ISEM and anti-
body coating were performed as described by
Roberts (1986).

Immunocapture RT-PCR

The coat protein sequence of strain 95/399 was
isolated by immunocapture-reverse transcrip-
tion-polymerase chain reaction (IC-RT-PCR).
Immunocapture was done as previously described
(Cook et al. 1998). Asingle vial, two-stage protocol
was followed with RT and PCR reagents combined
in a single mix. With the captured virus as tem-
plate, the components of the reaction were as
described by Cook et al. (1998), except that the
primers were used at 0.5 yM each. The following
combinations of primers (Table 1) were included:
PST1&PST2, PST1 & PST4, PST1 & PST6, PST4
& PST5 and PST5 & PST6. Synthetic primers
were purchased from Bresatec Lid {Adelaide,
Australia), Centre for Cellular and Molecular
Biology, University of Queensland or Life Technol-
ogies (Gaithersburg, USA). All primers were
designed from PS8tV sequences that had previ-
ously been published (Cassidy et al. 1993; Guna-
singhe et al. 1994; Teycheney & Dietzgen 1994;
Flasinski et al. 1996). First strand cDNA synthesis
was at 42 °C for 45 min. The amplification condi-
tions were: 94 °C for 2 min (1 cycle) and 35 cycles
of 94 °C for 45 sec; 55 °C for 45 sec; 72 °C for
90 sec followed by one cycle of elongation at 72 °C
for 10 min.

The PCR products were electrophoresed in 1 %
agarose/TBE gels (Sambrook et al. 1989) and
purified using Geneclean (BIO 101, Vista, USA)
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according to the manufacturer's instructions. Puri-
fied fragments were cloned into the T-tailed clon-
ing vector pCR2.1 according to the instructions
from invitrogen. Ligation reactions were frans-
formed into Escherichia coli DHBw using standard
chemical transformation technigues (Sambrook
et al. 1989) and clones were identified either by
digestion with EcoRl or by PCR of bacterial colo-
nies using universal forward and reverse primers.

DNA sequence determination

Plasmid DNA was prepared and sequenced
using an Applied Biosystems model ABI 373 auto-
mated sequencer according to the recommenda-
tions of the manufacturer. Sequencing was done
by the dideoxy chain termination method of
Sanger et al. (1877) using the recommended
PRISM dye terminator premix and reaction condi-
tions. Sequence was obtained from three clones of
each PCR product in both directions to rule out
possible mis-incorporated bases during PCR.

Computer analysis of DNA sequences

The sequence of 95/399 was compared at the
nucleotide and amino acid levels with the corres-
ponding sequences from PStV isolates from Thai-
land (T1 no. Y11776, T3 no. Y11771, T5 no.
Y11772, T6 no. Y11773, T7 no. Y11774, Higgins
et al. 1998), USA (USA1 no. U34972, Flasinski
et al. 1996, USA2 no. U05771, Gunasinghe et al.
1994, USA3 no. X63559, Cassidy et al. 1993) and
Indonesia {Ib no. X21700, Teycheney & Dietzgen
1894). These sequences were compared with the
W strain of BICMV (no. 866253, Khan et al. 1993),
the NL4 strain of BCMV (no. L21766, Berger et al.
1997) and the NL3 strain of BCMNV (no. U20818,
Fang et al. 1995).

Programs networked by the Australian National
Genome Information Service (ANGIS) were used
to compile and analyse the nuclectide and
predicted amino acid sequences. Sequence align-
ments were done using CLUSTALW (Thompson
et al. 1994) and phylogenies were inferred from
these alignments using version 3.5 of the Phylip
package (Felsenstein 1989).

Results

The virus characterised in this investigation
{strain 95/399) was originally noticed as producing
dark-green blotches on a groundnut plant grown
from seed imported into South Africa (Fig. 1a).
Only a single plant of unknown origin appeared to

have these symptoms.

Strain 95/399 was identified as PStV by
host-range, symptoms and serology. Mechanical
inoculation of two groundnut cultivars grown in
South Africa, Natal Common {Fig. 1b) and Sellie
(data not presented), produced systemic dark-
green stripe symptoms in both cultivars. The iso-
late also caused chlorotic lesions on Chenopo-
dium species and systemic infectionin L. albus, N.
benthamiana, and V. unguiculata (Table 2), typical
for isolates of PStV (Edwardson & Christie 1991).
The virus causing symptoms in the indicator plants
reacted specifically with the PStV antiserum, iden-
tifying it as a strain of PStV (Table 2). Furthermore,
immunosorbent electron microscopy studies
revealed the presence of long flexuous rod-
shaped potyvirus-like particles in the infected
material, which were both trapped and decorated
by the P8tV antiserum (data not presented).

Since the origin of the 85/399 strain was unclear,
and since the CP gene sequences of PStV strains
group according to their geographical origin
{Higgins etal. 1998), it was of interest to sequence
the coat protein gene of 95/399 to determine its
relationship with other PStV strains. Initial analysis
of the isolate using immunocapture RT-PCR with
primers PST1 and PST2 gave the expected 234
bp PCR product (Fig. 2). Sequencing of the PCR
product derived from amplification of the 3'-end of
the coat protein gene confirmed its identity as
PStV. However, primers PST1 and 4, which had
been used previously to efficiently amplify the fuli-
length coat protein gene from other strains
{Higgins et al. 1998}, resulted in preferential ampli-
fication of a 370 bp product {Fig. 2), with only a
very faint product of the expected size of 1194 bp.
While this smaller product has been observed for
other strains, it was not amplified preferentially.
Sequence analysis of the 370 bp product showed
that it was derived from the 5’-end of the coat
protein gene and resulted from mispriming of
PST1 at position 81619182, according to the
numbering used by Flasinski et al. (1996).

RT-PCR incorporating other primer combina-
tions that had been used previously for other
strains resulted in the expected PCR products
{Fig. 2). The combination of PST 1 and 6 gave a
product of 922 bp as well as one of about 450 bp
(Fig. 2). The smaller product produced when prim-
ers PST1 and 6 were used, was probably also de-
rived from the mispriming of one of these primers.
In this case, the mispriming is probably not
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Fig. 1. Symptoms caused by peanut stripe potyvirus strain 95/399 on groundnut; (a) symptoms on the infected
groundnut plant observed originally; (b) symptoms produced by mechanical infection of cv. Natal Common with the
local lesion passaged strain.

Table 2. Symptoms inindicator plants mechanically inoculated with peanut stripe potyvirus strain 95/399.

Symptoms

Species Local Systemic
Arachis hypogaea cv. Natal Common  No symptom Dark green striping (+)*

cv. Sellie No symptom Dark green striping (+)
Chenopodium amaranticolor Chlorotic local lesions(+) No systemic infection (-)
C. quinoa Chlorotic local lesions (+) No systemic infection ()
Glycine max cv. B66S10 No infection (-)

cv Forrest No infection (=)
Lupinis albus No symptom Mottle and leaf curl (+)
Nicotiana benthamiana No symptom Mild mottle (+)
N. clevelandii No infection (-)
Phaseolus vulgaris cv. Top Crop No infection (-)
Vigna unguiculata cv. Blackeye No symptom Slight stunting (+)

2ELISA results using anti-PStV antiserum are given in brackets.
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Fig. 2. Agarose gel of the RT-PCR products generated from peanut stripe potyvirus strain 95/399 using PStV primers.
Primer combinations are shown at the top of the gel and the sizes of the molecular weight markers are on the right. The
product corresponding to the full-length coat protein is indicated with an arrow.

efficient since most of the product produced is of
the expected size. The primer combinations of
PST4/PST5 and PST5/6 amplified the expected
products of 930 bp and 659 bp, respectively (Fig. 2).

The 1194 bp full-length PCR fragment from
PStV-95/399 obtained with primer pair PST1
and 4, contained a single open reading frame,
which terminated in a UAG stop codon at nucleo-
tide 991. For the other PStV strains, a second
in-frame stop codon was located 45 nucleotides
further downstream and there were two putative
QV/S polyprotein cleavage sites. It is believed that
the upstream site is the one most likely to be used
in vivo since cleavage at this site would result in a
coat protein of the expected size of about 32.5 kDa
(Shukla et al. 1994). PStV-95/399 had the DAG
motif required for aphid transmission (Atreya et al.
1991) at amino acid position 10—12 (data not pre-
sented). This nucleotide sequence has been de-
posited in the EMBL nucleic acid database under
accession number Y11775.

Sequence comparisons and phylogenetic analy-
sis confirmed that 95/399 should be classified as a
strain of PStV (Fig. 3). The neighbour-joining tree
in Fig. 3a shows that all the PStV strains, including
95/399, formed a distinct monophyletic group from
the other viruses in this study. This grouping is
significant with a bootstrap value of 100. Strain
95/399 showed only 87.8 % and 88.7 % nucleotide
sequence identity with BICMV and BCMN-NL4, re-
spectively, and 76.5 % identity with BCMNV-NL3.

Since PStV-95/399 is not identical to any other
PStV CP-sequence at the nucleotide or amino

acid level, it is a distinct strain of PStV. The level of
sequence identity observed between 95/399 and
the other PStV strains ranged from 94.3 % (T6) to
98.8 % (USA1) for the nucleotide sequences and
95.5 % (T1) t0 99.0 % (USA1 and 3) for the amino
sequences. The latter comparison corresponded
to 3—13 amino acid changes over the length of the
coat protein. Strain 95/399 is, therefore, most
closely related to the USA strains, particularly
USAA1. This was confirmed by phylogenetic analy-
sis (Fig. 3b), which indicated that these strains
formed a separate clade from the other strains of
PStV. This grouping was significant with a boot-
strap value of 98.

The 95/399 strain of PStV was closer to PStV-Ib
than to the Thai strains. PStV-ib showed 96.6 %
nucleotide sequence identity with 95/399 com-
pared to 94.3-94.8 % for the Thai strains. Amino
acid sequence comparisons revealed that 95/399
had seven changes from the PStV-Ib sequence or
97.6 % identity while the Thai strains had 10-13
amino acid changes or 95.5-96.5 % sequence
identity. The most distantly related strain to 95/399
was T6 at the nucleotide level and T1 at the amino
acid level.

A study by Revers et al. (1996) suggested that
the Indonesian blotch isolate PStV-lb may be a
recombinant between PStV and BICMV and that
this recombination occurred in the 3’-end of the
coat protein coding sequence. Comparison of the
final 38 bp of the coat protein coding sequence and
234 bp of the 3’ untranslated sequence showed
that the 95/399 sequence remained in the same
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A BCMNV-NL3

Thailand

B BCMV / BICMV / BCMNV

Indonesia

Fig. 3. A: neighbour joining tree showing the phylogenetic relationship of peanut stripe potyvirus strain 95/399 coat
protein nucleotide sequence to that of other PStV strains and the related viruses, BICMV, BCMV-NL4 and
BCMNV-NL3; B: enlargement of the PStV portion of the tree shown in (A}, illustrating more clearly the relationship of
95/399 with other PStV strains. The relevant bootstrap values are indicated at the nodes.

position on the phylogenetic tree, irrespective of
the region of coat protein and 3'UT region com-
pared (data not presented). This suggesis that the
95/399 strain of PStV is not a recombinant
between PStV and BICMV in this region of the ge-
nome, nor a recombinant of different PStV strains.

Discussion

A single groundnut plant showing symptoms
indicative of PStV infection was intercepted in
South Africa among plants grown from imported
seed. Host-range analysis, serological studies
and electron microscopy indicated that the infec-
tive agent was PStV. Cloning and sequencing of
the coat protein region confirmed that this plant
was indeed infected with PStV.,

RT-PCR amplification of the full-length CP frag-

ment (1194bp) of PStV-95/399 with the primers
PST1 and PST4 was not efficient, even though the
expected product of the diagnostic primers for
PStV, PST1 and PST2 amplified very well. it is
likely that the inefficient annealing of P8T1 to its
predicted binding site would not become apparent
until attempts are made to amplify a larger product
such as the full-length CP sequence. PST1 is
currently used in combination with PST2 as primer
in a diagnostic test for PStV infection in groundnut
leaves (RGD, unpubl). Since the PST1/PST2
primer combination did not result in erroneous
PCR products with the 95/399 template through
the mispriming of PST1, this primer can still be
used with confidence in the diagnostic RT-PCR
test for PStV.

Sequence comparisons with other PStV isolates
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showed that PStV-95/399, while being a strain of
this virus, was distinct from all other PStV
sequences characterised so far. It was most
closely related to isolates from the USA indicating
that it probably originated in that country. if viral
evolution is heading towards increased sequence
diversity, it is possible that PStV-95/399 and PStV
strains in the USA may have had a common
ancestor. If so, PStV-95/399 seems to have
diverged from this original sequence to a greater
extent than the USA sequences. PStV entered
the USA through infected groundnut germplasm
from China (Demski et al. 1984). It is unknown
whether PStV-95/399 evolved from this original
virus population since its introduction into the
USA, or emanated from a subsequent introduction
or, indeed, originated from China and transported
to the USA. More sequences of PStV from both of
these countries need to be studied to determine
the evolutionary relationship between strains.

References

Atreya C D, Raccah B & Pirona TR 1991. Apointmuta-
tion in the coat protein abolishes aphid trans-
missibility of a potyvitus, Virology 178: 161165,

Barbara D J & Clark M F 1982. A simple indirect ELISA
using F(ab’}2 fragments of immunoglobulins. Journal
of General Virology 58: 315-322.

Berger P H, Wyatt 8 D, Shiel P J, Silbernagel M J,
Druffel 1 C & Mink G | 1997. Phylogenetic analysis of
the Potyviridae with emphasis on legume-infecting
potyviruses. Archives of Virology 142: 1979-1989.

Cassidy B, Sherwood JL & Nefson R S 1993. Cloning
of the capsid protein gene from a blotch isolate of
peanut stripe virus. Archives of Virology 128:
287-297.

Choopanya D 1973. Study on peanut mottle disease.
Ministry of Agriculture and Cooperatives, Depart-
ment of Agriculture Annual Report, Bangkok,
Thailand.

Cook G, Rybicki E P & Pietersen G 1998. Character-
ization of a new potyvirus isclated from peanut
(Arachis hypogaea). Plant Pathology 47: 348-354.

Demski J W & Lovell G R 1985. Peanut stripe virus and
the distribution of peanut seed. Plant Disease 69:
734-738.

Demski J W, Reddy D V R, Sowell G & Bays D 1984,
Peanut stripe virus — a new seed-borne potyvirus
from China infecting groundnut (Arachis hypogaea).
Annals of Applied Biology 105: 495-501.

Dietzgen R G, Xu Z & Teycheney P-Y 1994. Digoxi-
genin-labeled cRNA probes for the detection of two
potyviruses infecting peanut (Arachis hypogaea).
Plant Dissase 78: 708-711.

Dougherty W G & Carrington J C 1988. Expression
and function of potyviral gene products. Annual
Review of Phytopathology 26: 124-143.

Edwardson J R & Christie R G 1991. A monograph on

The interception of PStV in South Africa shows
that this seedborne virus can emerge in groundnut
planting and breeding stock through importation of
infected germplasm. The African continent must
still be considered free from this virus and
vigilance exercised to prevent its introduction.
However, the possibility that groundnut-infecting
strains of BCMV may evolve in situ from a progeni-
tor virus cannot be eliminated. As demonstrated
here, reliable and sensitive diagnostic assays,
international collaboration and stringent quaran-
tine procedures are essential to prevent the intro-
duction of exotic diseases and their spread in
planting stock.

Acknowledgements

We thank P. Schenk for his assistance with
cloning and preliminary sequencing. This work
was funded under project PN9439 of the Austra-
lian Centre for International Agricultural Research.

the potyvirus group. Agronomy Department, Univer-
sity of Florida, Florida.

Fang G W, Allison R F, Zambolim E M, Maxwell D P &
Gilbertson R L 1995. The complete nucleotide
sequence and genome organisation of bean
common mosaic virus (NL3 strain). Virus Research
39: 13-23,

Felsenstein J 1989. PHYLIP — phylogeny inference
package (version 3.2). Cladistics 5: 164-166.

Flasinski S, Gunasinghe U B, Gonzales R A &
Cassidy B G 1986. The cDNA sequence and infec-
tious transcripts of peanut stripe virus. Gene 171:
299-300.

Gunasinghe U B, Flasinski S, Nelson R S & Cassidy
B G 1994. Nucleotide sequence and genome organi-
sation of peanut stripe potyvirus. Journal of General
Virology 75: 2519-2525.

Higgins C M, Cassidy B G, Teycheney P Y, Wongkaew
S & Dietzgen R G 1998. Sequences of the coat
protein gene of five peanut stripe virus (PStV) strains
from Thailand and their evolutionary relationship
with other bean common mosaic virus sequences.
Archives of Virology 143: 1655-1667.

Khan J A, Lohuis D, Goldbach R & Dijkstra J 1993,
Sequence data to settle the taxonomic position of
bean common mosaic virus and blackeye cowpea
mosaic virus isolates. Journal of General Virology 74.
2243-2249,

McKern N M, Shukia D D, Barnett O W, Vetten H J,
Dijkstra J, Whittaker L A & Ward C W 1992. Coat
protein properties suggest that azuki bean mosaic
virus, blackeye cowpea mosaic virus, peanut stripe
virus and three isolates from soybean are all strains
of the same potyvirus. Intervirology 33: 121-134.

Revers F, Le Gall O, Candresse T, Le Romancer M &
Dunez J 1996. Frequent occurrence of recombinant



12

potyvirus isolates. Journal of General Virology 77:
1953-1965.

Roberts | M 1986. Immunoelectron microscopy of
extracts of virus-infected plants. In: Electron micros-
copy of proteins: viral structure, vol. 5, 293-357 (Eds
J R Harris and J W Homne). Academic Press, London.

Saiz M, Dopazo J, Castro S & Romero J 1994, Evolu-
tionary relationships among bean common mosaic
virus strains and closely related potyviruses. Virus
Research 31: 3848.

Sambrook J, Fritsch E F & Maniatis T 1989. Molecular
cloning: a laboratory manual, 2nd edition. Cold
Spring Harbour Laboratory Press, New York.

Sanger F, Nicklen $ & Coulson A R 1977. DNA se-
quencing with chain terminator inhibitors. Proceed-
ings of the National Academy of Sciences, USA 74:
5463-5467.

Shukla D D, Ward C W & Brunt A A 1994, The
Potyviridae. University Press, Cambridge.

Teycheney P-Y & Dietzgen R G 1994. Cloning and
sequence analysis of the coat protein gene of an
Australian strain of peanut mottle and an Indonesian
‘blotch’ strain of peanut stripe potyviruses. Virus

* African Plant Protection vol. 5, no. 1, February 1999

Research 31: 235-244.

Thompson J D, Higgins D G & Gibson T J 1994,
ClustalW: improving the sensitivity of progressive
multiple sequence alignment through sequence
weighting, position-specific gap penalties and weight
matrix choice. Nucleic Acids Research 22: 4673
4680,

Vetten H J, Lesemann D E & Maiss E 1992. Serotype A
and B trains of bean common mosaic virus are two
distinct potyviruses. In: Pofyvirus taxonomy (Ed. OW
Barneft), 415-431. Archives of Virology {Suppl. 5).

Wongkaew S & Dollet M 1990. Comparison of peanut
stripe virus isolates using symptomatology on partic-
ular hosts and serology. Oleagineux 45: 267-278.

Xu Z 1987. A review of studies of peanut virus diseases
in China. Oil Crops of China 3: 73-79.

XuZ,YuZ, LuiJ & Barnett O W 1983. A virus causing
peanut mild mottle in Hubei Province, China. Plant
Disease 67: 1029-1032.

Xu Z, Chen K, Zhang Z & Chen J 1991. Seed transmis-
sion of peanut stripe virus in peanut. Plant Disease
75:723-7286.

Accepted 15 June 1999
Associate Editor was N W McLaren





