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ABSTRACT

Pio-Ribeiro, G., Pappu, S. S, Pappu, H. R., Andrade, G. P, and Reddy, D. V. R. 2000. Occur-
rence of Cowpea aphid-borne mosaic virus in peanut in Brazil. Plant Dis. 84:760-766.

Surveys of peanut crops in northeastern Brazil since 1995 showed the occurrence of a hitherto
unreported virus disease. Characteristic leaf symptoms were ring spots and blotches. The virus
was seed transmitted in peanut (1/610) and cowpea (47/796). Local and systemic symptoms
were observed in cowpea (cv. TVu 3433) known to be susceptible to most Cowpea aphid-borne
mosaic virus (CABMYV) isolates. The virus was transmitted by aphids Toxoptera citricidus and
Aphis gossypii. Using degenerate primers, the 3' terminal region of the viral genome was cloned
and sequenced. Sequence analyses of the coat protein and the 3' untranslated region indicated
that the potyvirus was most closely related to CABMV isolates from South Africa, Zimbabwe,
and the United States. On the basis of genome analysis, the virus was identified as CABMV.
The natural occurrence of CABMV on peanut has so far not been reported. The significance of
this finding especially for germ plasm exchange is discussed.
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Peanut or groundnut (Arachis hypogaea
L.) is a legume crop grown extensively in
many tropical and subtropical areas as a
source of oil and dietary protein. In the
northeastern region of Brazil, it is grown as
a sole crop or intercropped with other
legumes.

According to Sreenivasulu et d. (22), 23
taxonomically characterized viruses be-
longing to 13 genera have been found to
infect peanut under natural conditions.
Some of them are economically important
(7). Thirty-nine other viruses of 16 genera
can be transmitted to peanut under labora-
tory conditions (22). Two naturally occur-
ring economically important potyvirusesin
peanut are Peanut mottle virus (PeMoV)
and Peanut stripe virus (PStV). They have
been reported to occur in the majority of
peanut-growing countries. Several potyvi-
ruses that are restricted in their geographic
distribution have a so been reported (5).

Systematic surveys have not been un-
dertaken in Brazil to determine the distri-
bution of various viruses occurring natu-
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raly in peanut. Brazil is one of the centers
of origin for peanut and is often explored
for the collection of various wild Arachis
species. Therefore, data on the occurrence
of various viruses and the availability of
methods for their diagnosis are crucia for
germ plasm conservation and movement.
In annual surveys from 1995 to 1998 con-
ducted in the peanut growing areas of the
northeastern region of Brazil, plants show-
ing ring spots and blotches were noticed.
Preliminary studies indicated that the
symptoms were caused by a potyvirus. The
purpose of this work was to investigate the
natural occurrence of this virusin successive
years and its characterization by biological,
serological, and molecular studies. Prelimi-
nary results have been published (16).

MATERIALSAND METHODS
Collection of material. Surveys were
undertaken during the growing season,
May to September, in the northeastern
region of Brazil. In 1995, surveys were

The majority of farmers in northeastern
Brazil intercrop peanut with cowpea
(Migna unguiculata (L.) Walp. subspun-
guiculata), bean Phaseolus vulgaris L.),
and lima beanR lunatus L.). Leaf samples
from intercropped legumes showing
symptoms were also collected.

Maintenance of virus isolates. Since
the virus consistently produced local le-
sions on Chenopodium amaranticolor
Coste & Reyn., five single-lesion isolates,
obtained after four successive single-lesion
transfers, were maintained individually in
peanut cv. BR-1 or cowpea cv. Clay. All
single-lesion isolates were stored at 4°C in
dried leaf tissue. This tissue was used at
regular intervals to maintain the virus iso-
late and to ensure that individual isolates
were not cross contaminated. Leaf samples
collected from intercropped legumes that
gave a positive reaction with PStV antise-
rum were mechanically inoculated onto
peanut cv. BR-1.

Transmisson. To determine seed
transmission, 650 seeds from field infected
peanut plants (cv. BR-1) and 810 seeds
from field infected cowpea (cv. Sempre
Verde) were analyzed. For peanut, a
nondestructive test based on enzyme-
linked immunosorbent assay (ELISA)
described by Bharathan et al. (3) and Dem-
ski and Warwick (7) was used to test for
the presence of virus. All ELISA-tested
seed were raised under glasshouse condi-
tions, and 1-month-old seedlings were
scored by visual symptoms and by direct
antigen coated-ELISA (DAC-ELISA)
using PStV antiserum.

For aphid transmission studies, non-
viruliferous, apterous aphids Aphis
gossypii Glov. and Toxoptera citricidus
Kirk. were used. After 1 h of starving, the
insects were allowed an acquisition access
of 3 min on young, diseased peanut leaves.
Groups of 10 aphids were then transferred

restricted to Paraiba, the major peanutto individual healthy peanut plants. After 1
producing state, where 36 farmers’ fields day, the insects were killed with an insecti-
were surveyed. During 1996, 1997, and cide. Aphid transmission was tested from
1998, more than 100 peanut fields were peanut to cowpea, peanut, and soybeans
surveyed in Paraiba and in two other (Glycine max (L.) Merr.). Virus transmis-
northeastern states, Pernambuco and Bahision was tested with both aphid species
(Fig. 1). Peanut plants showing character- from peanut to peanut and from peanut to
istic ring spots and blotches were collected. cowpea and witT. citricidus from peanut
In 1996 and 1998, in February and to soybean.

March, respectively, several peanut fields

Serological tests. Leaf tissue from

in Sdo Paulo, located in southeastern Bra-plants inoculated with isolates that pro-

zil, were also surveyed (Fig. 1).

duced typical ring spots and blotches sur-
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rounded by a chlorotic halo were tested by
DAC-ELISA as described by Hobbs et al.
(9). Antisera specific for potyviruses
PeMoV and PStV (from International
Crops Research Ingtitute for Semi Arid
Tropics), Bean common mosaic virus
(BCMV), Maize dwarf mosaic virus
(MDMYV), Pea seed-borne mosaic virus
(PSbMV), Soybean mosaic virus (SbMV),
and Sugarcane mosaic virus (SCMV)
(from J. W. Demski) were used.

Virus purification. The virus purifica-
tion procedure used was similar to that
reported (6) for PStV with the following
modifications. Peanut |leaflets were ho-
mogenized (1 gm per 4 ml) with cold 0.1
M phosphate buffer, pH 8.0, containing
0.01 M sodium diethyldithiocarbamate
and 1% 2-mercaptoethanol. Precipitates
following polyethylene glycol treatment
were resuspended in 0.01 M borate-
phosphate (BP) buffer, pH 8.3, containing
0.5% Triton X-100. Virion preparations
following high-speed centrifugation were
also suspended in BP containing Triton
X-100.

Template preparation for amplifica-
tion. The template was prepared by immu-
nocapture (1C) of the virions. Thin-walled
microfuge tubes were treated for 15 min
each in 0.1 N hydrochloric acid and 4 N
sodium hydroxide and rinsed with PBST
(0.02 M phosphate, 0.15 M saline, 0.05%
Tween 20, pH 7.5). Tubes were finaly
washed with 95% ethanol for 15 min be-
fore they were air-dried at room tempera-
ture (10). Tubes were then coated with 100
pl of monoclonal antibody PTY1 (courtesy
of Ramon Jordan, USDA-ARS, Beltsville,
MD) diluted 1:200 in carbonate coating
buffer (0.05 M carbonate, pH 9.6) and
incubated overnight at 4°C. Tubes were
washed three times with sterile distilled
water and either used immediately or air-
dried and stored at 4°C until use.

Purified virus was resuspended in a so-
lution of 50 mM Tris HCI and 1 mM
EDTA, pH 8.0, and 100 pl was added to
the tube containing the antibody. Tubes
were incubated at room temperature (22°C)
for 2 to 3 h and washed four times with
sterile distilled water. To destabilize anti-
body-bound virus patrticles, 47 ul of sterile
distilled water was added to each tube, and
the tubes were subjected to two cycles of
freezing (-80°C for 10 min) and thawing
by heating (70°C for 5 min). Tubes were
then transferred to wet ice for reverse
transcription and polymerase chain reac-
tion (RT-PCR). Sap extracts from nonin-
fected tissues served as a control.

RT-PCR amplification. The RT-PCR
reaction was performed as a one-tube,
single-buffer procedure described previ-
ously (10) with minor modifications. A set
of degenerate primers that amplify the 3
terminal region, including a part of thith
gene, the complete coat protein (CP) gene,
and the 3untranslated region (UTR), were
described previously (13-15). The PCR

reaction (100 pl) contained 500 ng of the mide (19). DNA was visualized and photo-
upstream genome sense primef-ABG graphed using a UV transilluminator
AT(A/CIT) GA(A/G) (GIT)CN TGG GG-  (Fisher Scientific Co., Pittsburgh, PA) and
3), 300 ng of the downstream genome Gel Print 2000i gel documentation appa-
anti-sense primer (a mixture of equal ratus (BioPhotonics Corporation, Ann Ar-
amounts of the three primersy&, T,.C, bor, MI). Lambda DNA digested with
and T»G), 16 to 20 units of RNasin Hindlll was used as a size standard.
(Promega Corporation, Madison, WI), 16 = cDNA cloning and sequencing of the
units of AMV reverse transcriptase 3 terminal region. PCR-amplified DNA
(Promega), 2.5 units ofaq Polymerase was fractionated on 0.8% low melting
(Qiagen Inc., Chatsworth, CA), 1x PCR point agarose gel (Bethesda Research
buffer (Qiagen), 10 mM Dithiothreitol, 1x Laboratories, Gaithersburg, MD). The
Q solution (Qiagen), and 200 uM of each approximately 1.2-kb band was excised
of the dNTPs (Amersham Lifescience Inc., under UV light, extracted with phe-
Arlington Heights, IL). For IC-RT-PCR, nol:chloroform, and precipitated with 0.1
the PCR mix (53 pl) containing the above volume of 3 M sodium acetate, pH 5.2, and
components was added to the tube con-2 volumes of ethanol. The nucleic acid
taining the template (47 pl) that was previ- was pelleted in a refrigerated centrifuge
ously subjected to freeze-thaw cycles, re-at 11,500 xg for 15 min. The resulting
sulting in a final reaction volume of 100 pl. pellet was then washed with 70% ethanol
Amplification was performed in an auto- followed by drying in a Savant SpeedVac.
mated thermal cycler (Model GeneAmp The PCR product was ligated into
2400, Perkin-Elmer Corp., Norwalk, CT) pGEM-T vector (Promega), and com-
programmed for 1 cycle of 42°C for 45 petent Escherichia coli (strain DH%)
min for cDNA synthesis, and 40 cycles of was transformed by following standard
amplification with the following parame- molecular biology procedures (19).
ters: 1 min of denaturation at 90°C, 2 min Recombinant clones were identified by
of annealing at 42°C, and 4 min of exten- restriction endonuclease digestion, and
sion at 72°C followed by 1 cycle of final selected clones were sequenced at the
extension for 60 min at 72°C. DNA Sequencing Center, University of
Analysis of PCR products. Following Florida, Gainesville.
PCR, reaction products (10 ul) were ana- Seguence analyses. Sequence data were
lyzed by 0.8% agarose gel electrophoresisinitially compiled using Seqgaid Version 3.6
in TBE buffer containing ethidium bro- (18). Multiple alignments were done using

Fig. 1. Outline of Brazil indicating the area surveyed (shaded) to determine the incidence of potyvi-
ruses in peanut and cowpea. Dark shading indicates occurrence of the potyvirus characterized in this
study.
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CLUSTAL W (25), and maximum likeli- RESULTS field of 1 to 2 ha. Two fields had sympto-
hood analysis was done using the PUZZLE Survey. Four of 36 farmer fields sur- matic plants by the end of the 1995 grow-
program (23) provided within the phyloge- veyed in 1995 in the states of Paraibaing season: a 2.5-ha field intercropped with
netic analysis program package PAUP (24). contained peanut plants with leaf symp- cowpea showed 20 and 60% infected pea-
Unrooted trees were constructed using toms of ring spots and blotches. In the nut and cowpea plants, respectively. In
1,000 puzzling steps and visualized using surveys conducted in 1996, 1997, and 19981997, a 1.5-ha irrigated peanut field next to
TreeView (12). Sequence anadyses and in the same area of Paraiba, 13 peanuia large cowpea field with infected plants
sequence comparisons with those available fields intercropped with cowpea and two exhibited a gradient in which 10 to 15% of
in GenBank (2) were performed using the with peanut as a sole crop had plants with peanut plants closest to the cowpea were
programs of the Genetics Computer Group these disease symptoms. Disease incidencénfected. Of all the samples collected from
(8). The BLAST program (1) was used to among fields was highly variable. In those several intercropped legumes, only cowpea
identify related sequences available from with peanut as sole crop, 15 to 20 sympto-samples reacted with PStV antiserum and
the GenBank database. matic plants were found scattered in eachinduced the typical symptoms of ring spots
and blotches when mechanically transmit-

) i ] ) o ) ) ) ted to peanut (cv. BR-1). The virus was

Tab_le 1. Reaction of _dlagnostlc species to mechanical inoculation with a peanut isolate of Cowpea presumed to be closely related to PStV
aphid-borne mosaic virus during initial serological tests, and hence
Symptoms? PStV antiserum was used to verify virus

infection during host range studies. No

Test host (family/species/cultivar) L ocal Systemic .
- symptomatic peanut plants were observed
Chenopodiacece . in surveys conducted in Pernambuco, Ba-
Chenopodium amaranticolor CL -b hia, and S&o Paulo (Fig. 1).
C%Cz:’gﬁjaieae - - Host range. A single lesion isolate was
Cucumis sativus cv. Marketer _ _ used for host range studies, and the results
Leguminoseae are presented in Table 1. Systemic infec-
Arachis hypogaea cv. BR-1 SI BI,CRS tion was observed iilicotiana benthami-
cv. Florunner Sl B1,CRS,LD,Mt ana Domin. and in some cultivars of pea-
gz :—?ef\::rfa SSII BléciR(:Sél_SD nut, cowpea, and soybean. All of the six
ov. BRS 151 L-7 3 CRS’,LD’B 1 peanut c_ultlvars showed_ _ blotches a_nd
ov. Tatu Si CRS.LD,B1 chlorotic ring spots. I_n adc_iltlon, four CL_JItl-
Arachis sp® _ _ vars exhibited leaf distortion. The cultivar
wild Arachis spd S| Mt Florunner also showed some mottling
Glycine max cv. Vale do Rio Doce Sl Mt (Table 1). The wildArachis species was
Phaseolus vulgaris cv. IPA-7419 NL - found to be systemically infected. Cowpea
Vigna unguiculata subspunguiculata cv. TVu 3433 exhibited both localized and
cv. Clay Sl Mo systemic infection, leading to plant death
cv. Carrapicho Sl Mo (Table 1).
g\\; gﬁirgt;));e verde S?I Ml\{ljo Serology a_nd transmission. _In DAC-_
cv. TVu 3433 NL,VN Mo,SN,PD ELISA, the virus reacted consistently with
Solanaceae PStV and PeMoV and weakly with BCMV
Datura metel - - and SbMV antisera, while no reaction was
Nicotiana benthamiana Sl Mo observed with MDMV, PSbMV, and
N. debneyii - - SCMV antisera. The virus was readily
N. glutinosa - - transmitted byT. citricidus andA. gossypii

aB| = blotches; CRS = chlorotic ring spots; CL = chlorotic lesions; NL = necrotic lesions; LD = ledfom peanut to peanut and to cowpea
distortion; Mo = mosaic; Mt = mottle; PD = plant died; SN = systemic necrosis; SI = symptomlegfable 2). The transmission rates to peanut
infection; VN = vein necrosis. o _ _ _ were higher than those to cowpea by both
bNo reaction and negative result in direct antigen coated—enzyme-linked immunosorbent asgay aphid species (Table 2). Growout tests
(DAC-ELISA) usingPeanut stripe virus (PStV) antiserum. The virus was presumed to be closely. Ilgowed some seedlings de.veloping symp-

related to PStV during initial serological tests, hence PStV antiserum was used to verify virus T - ! f
fection during host range studies. toms similar to those observed in the field

¢ Arachis sp. used as ornamental plant in Recife, State of Pernambuco. (Table 2). All the germinated seedlings
d Wild Arachis sp. naturally occurring in the state of Paraiba. were tested for the presence of the virus by
ELISA, and only those that showed typical
symptoms contained the virus.
Amplification and sequence analyses

Table 2. Seed and aphid transmission of a peanut isola@®wpea aphid-borne mosaic virus . A
of the CP gene. Genomic amplification

Seed Peanut 1/610 0.2 in a PCR product of approximately 1.2 kb.

Cowpea 47796 5.9 Sequence analysis confirmed that the

Aphid® - product encoded a polypeptide of 356
Aphis gossypii Eea”Ut fg/’gg zg-g amino acids and contained & TR of

o owpea ' 228 nucleotides (Fig. 2). On the basis of

Toxoptera citricidus Eeanut 15/18 83.3 sequence relationships with known potyvi-

owpea 9/22 40.9 ) . . "

Soybean 2/18 11.1 ruses, the first 80 amino acids in the

- polypeptide were presumed to represent

a Cultivars used: peanut, BR-1; cowpea, Sempre Verde; and soybean, Doko. theNIb gene product. Assuming a cleavage

b Number infected over number tested and confirmed by direct antigen coated—enzyme-linked im-
munosorbent assay (DAC-ELISA) usiRganut stripe virusy(PStV) antigerum. The virusywas pre- Site be.tween théllb and .CP between the
sumed to be closely related to PStV during initial serological tests and hence PStV antiserum glsgamine (Q80) and serine (8_81)3 the CP
used to verify virus infection during seed and aphid transmission studies. was found to be 276 amino acids in length
¢ Source was peanut (cv. BR-1) inoculated with a single lesion virus isolate. (Fig. 2). Sequence comparisons indicated a
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v v v v v v \'2
ATGATCGAGGCGTGGGGATATCCCGAACTGTTGCAAGAGATTAGAAAATTCTATCTTTGGTTATTGCAAA
M T E A W G Y P E L L Q E I R K F Y L W L L Q R

A2 v v v v v v
GGGATGAATTTAAGGAGTTGGCTAGTCTTGGGAAAGCTCCTTACATTGCAGAAACTGCTCTTAAAAAGCT

b E F XK EL A S L G K A P Y I A E T AL K K L

v v v A% v v v

CTACACTGATGAGCAGGCCTCAGAGAAAGAATTGCAGAGGTATCTTCAAGATATCCTTTCCTTTTATGAC
Yy T b E Q A S E XK EL Q R Y L QD I L S F Y D

v v v v A% v A2
GACTGCGAACTAGAAGATGTTGTGCTCCAATCTGGTGAAAGGCAAAAAGAAGAATTGGATGCAGGCAAGG
b ¢ EL E DV VL Qg S G ER Q K EE L DA G K D

v v v v v v v
ACAAAGACAAGGATAAAGGAACCAAAGAGCAGTCCACACAACAGAAGCAAGCAAGGAACAAAGGAGTCAC

K D K D K G T K E Q § T Q 9 K ¢ A R NIK G V T

A2 v A\ v v v v

GGAAACGGAGAGGGACGTTGCAAATAGCTCTTCAGGGCAATTGGTTCCACGTTTACAAAAGATCAGTAAA
E T E R D V A N S § §S G ¢ L Vv P R L Q@ K I 8 K

v v v v v v v
AAGATGAATCTCCCCGTGATTGCTGGCAGAGTTATTCTCAATTTGGACCACCTGATAGAATATAAGCCAG
K M N L PV I A GR YV I L NL D HUL I E Y K P A

v v v v v v v
CGCAAATTGACCTGTACAACACCAGGGCATCAAAGACACAGCTCAGTAAATGGTTTGAGGCCATTARAGA

Q I D L Y N TR A S K T Q L 8 K W F E A I K E

v v v v v v v

GGAGTACGAGCTGGATGATGACAAGATGGGTGTTATAATGAATGGTTTCATGGTTTGGTGCATCGAGAAT
E Y B L D D DKXKMGVYV I MNGU FMUV W C I E N

v v v v v v v
GGAACTTCACCTGACATAAATGGAGTGTGGACCATGATGGATGGAGATGAGCAAGTGGAATTTCCGCTCA
G T s p DI NGV W TMMD G D E Q V E F P L K

v v v v v v v
AACCCATTGTAGAAAATGCAAAACCCACACTTAGACAAATTATGCACCACTTCTCAGACGCAGCTGAAGC

P I v EN A K P TL R QI MHHEU/F S D AU AZE A

v v v v v v A\

GTACATTGAGATGAGAAATTCTGAAGGGTTCTACATGCCCAGGTATGGACTACTGAGGAATTTAAGAGAT
Yy I E M R N S E G F Y M PR Y G L L R N L R D

v v v v v v v
AAGAGCTTGGCAAGGTATGCTTTCGATTTCTATGAAGTCACATCTAAGACTTCCGAAAGAGCAAGGGAAG
XK s L. AR Y A F DF Y EV TS KT S E R A R E A

A\ v v v v v v
CAATAGCGCAAATGAAGGCTGCAGCTCTCGCCAACGTTAACACCAGGATGTTTGGCCTGGATGGGAACGT

I A o M K A A AL A NV NTI RMU FGULDGN V

v v v v v v v

GGCAACAACTAGTGAGAACACTGAGAGGCACACTGCCGCTGATGTGAATCAGAACATGCACTCCCTCTTG
A T T S E N T E R HTAAD VN Q NMUH S L L

v v v v v v v
GGAATGACGCATGGGCAGTAAAGGCTTGGGTTCTGCCCTCGCCACAGTTATCGTCTCATGACCCTAGCTA
G M T H G Q < 356

v v v v v v v
ATGGTTGGTTTTAGTAAATAGTACGCATATATCCAGTCGAACTATATATGTTAGTGTGGTCTTCCACCAG

v v v v v v v
TATGTTATGTTACTTTAATTGAACTTAGCGGAGAGGCCATACCCCGGTTGGAGTGCTCAGAGTGACTGETG

v A% v
TCACGTGTAGTAACCGAGATTTGTGTATGAAAACTCTCC 1299

Fig. 2. Nucleotide and deduced amino acid sequence of the 3' terminal region (excluding the poly A tail) of the potyvirus from Brazil. Amino acid se-
guences conserved in most potyviruses are underlined. The putative proteolytic cleavage site between NIb and coat protein (Q/S) and the DAG motif po-
tentially associated with the aphid transmission are double underlined.

Plant Disease / July 2000 763



(a)

BZ9 SGERQKEELDAGKDKDKDKGTKEQSTQQKQARNKGVTETERDVANSSSGQLVPRLQKISK
SAPV SGRKQEE-LDAGKDKEKTKEGEEQSTQQKQTKDKGTKETERDVATSSSGQLVPRLQKIGK
CABMV-Z SDERQKE ~ LDAGKDKDKAKEAREQSTQQKQAKNKGAKETERDVAASSSGQLVPRLQKISK
CABMV-GA SDERQKE -~ LDAGKEKDKAKEAKEQSTQQKQAKNKGAKETERDVAASSSGQLVPRLOKISK

* Lk Kk kkkkk ok Kk K kkkkkhhk | kk  kkkkkkk khkkkkrrkkkkkk *
BZ9 KMNLPVIAGRVILNLDHLIEYKPAQIDLYNTRASKTQLSKWFEAIKEEYELDDDKMGVIM
SAPV KMNLPMVAGKVILDLTHLIEYKPAQIDLYNTRASKTQFNKWFEAIKEEYELDDDKMGVIM
CABMV-Z KMNLPMVAGRLILNIDHLIEYKPKQIDLYNTRASKAQFNTWFEAVKEEYELDDDKMSVIM
CABMV-GA KMNLPMVAGRLILNIDHLIEYKPKQIDLYNTRASKAQFNTWFEAVKEEYELDDDKMSVIM

khkkkk | kk | kk | kkkkkkk kkkkkEEREAK  * kkkk hkkkkhkhkkkk kEkk
BZ9S NGFMVWCIENGTSPDINGVWTMMDGDEQVEFPLKPIVENAKPTLRQIMHHFSDAAEAYIE
SAPV NGFMVWCIENGTSPDVNGVWTMMDGDEQVEFPLKPIVENAKPTLRQIMHHFSDAAEAYIE
CABMV~-Z NGFMVWCIENGTSPDVNGVWTMMDGDEQVEFPLKPIVENAKPTLRQVMHHFSDAAEAYIE
CABMV-GA NGFMVWCIENGTSPDVNGVWTMMDGDEQVEFPLKPIVENAKPTLRQVMHHFSDAAEAYIE

hhkkhkkkhkhkdhhhhkk *hkkhkdhkhkkhhhhkhhhdhkhkhkhhkhkkhhhkhx dkkhkkkkkdhhkki®k

BZ9 MRNSEGFYMPRYGLLRNLRDKSLARYAFDFYEVTSKTSERAREATAQMKAAATANVNTRM
SAPV MRNSEGFYMPRYGLLRNLRDKSLARYAFDFYEVTSKTPDRAREAIAQMKAARLANVNTRM
CABMV-2Z MRNSEGFYMPRYGPLRNLRDKSLARYAFDFYEVTSKTSDRAREATAQMKAAALANVNTRM
CABMV-GA MRNSEGFYMPRYGLLRNLRDKSLARYAFDFYEVTSKTSDRAREATAQMKAAALANVNTRM

khhkkkkkkkkhdhhk kkhkkhhkkhhkkhkdhhhkkkkkkkkxk  kkhhkkkkkkkkhkr *kkdkkk*x

BZ9 FGLDGNVATTSENTERHTAADVNQNMHSLLGMTHGQ
SAPV FGLDGNVATTSENTERHTATDVNQNMHSLLGMTHGQ
CABMV-Z FGLDGNVATVSENTERHTAADVNONMHSLLGMTHGQ
CABMV-GA FGLDGNVATISENTERHTAADVNQONMHSLLGMTHGQ

dkkkkkkkhk hhhkdhhkkkdh hhkkkkkkkhkhkkkhkik

(B)
BZ9 AGGCTTGGGTTCTGCCCTCGCCACAGTTATCGTCTCATGACCCTAGCTAATGGTTG
SAPV AGGTTTGGETTCCGCCCTCACCACAGTTATCGTCTCACGAACTTAGCTAATGGTTE
CABMV-2% AGGCTTEGGTTCCGCCCTCECCACAGTTATCGTCTCATGACCTTAGCTAATGETTG
CABMV-GA AGGCTTGEGTTCCGCCCTCGCCACAGTTATCGTCTCATGACCTTAGCTAATGGTTG
kkk hhkkkhkkkkk khkkkhkhkk dkkhkhkhkkhkhkhkhkdkhkhkhkdk khk k& khkkhkkkhkkkkhkkhkkhkk

BZ9 GTTTTAGTAAATAGTACGCATATATCCAGTCGAACTATATATGTTAGTGTGG- TCTTCCA
SAPV GTTTTAGTAGATAGTACGCATATATCCAGTTAAACTATATATGTTAGTGTGGGTCACCCA
CABMV-Z GTTTTAGTAAATAGTACGCATATATCCAGTCGAACTATATATGTTAGTGTGG - TTTTCCA
CABMV-GA GTTTTAGTARATAGTACGCATATATCCAGTCGAACTATATATGTTAGCGTGG-TCTTCCA

*hkkkkhkkdk dhhkdhkdhkhhkkdhkrhhkhdkhhk *hkkhkhkkhkdkhkkkhkkkd *hkk * * % %
BZ9 CCAGT-ATGTTATGTTACTTTAATTGAACTTAGCGGAGAGGCCATACCCCGGTTGGAGTG
SAPV CCGGTTGCGTTATGTTACTTTAATTGAACTTAGCGGAGAGGCCATACCCCGATCGGAGTG
CABMV- % CCAGT-ATGTTATGTTACTTTAATTGAACTTAGCGGAGAGGCCATACCCCGGTTGGAGTE
CABMV-GA CCAGT-ATGTTATGTTACTTTAATTGAACTTAGCGGAGAGGCCATACCCCGGTTCGAGTG

* %k k% khkkhhkkhkhhrhkdhhhhhdhkhkdrohkdhkhdhdbdhdhdhdhdhdhbdddddtd % *hdxkid*x
BZ9 CTCAGAGTGACTGTGTCACGTGTAGTAACCGAGATTTGTGTATGAAAACTCTCC
SAPV CTCAGAGTGGTTTTACCATG - GTAGTCATCGAGATTEG - - TATGARAACTCTCT
CABMV-Z CTCAGGGTGACCGTETCACGCGTAGCTACCCAGATTTGTGTATGARARAACTCTCT
CABMV-GA CTCAGGGTCGACTGTGTCACGCGTAGCTACCGAGATTTGTGTATGAARACTCTCT

kkkkk *khkk * ** Kk kkk*k * kkkkhkkk * kkkkhkhhkhkhkhxkx

Fig. 3. Multiple alignment of (A) coat protein (CP) sequences and (B) 3' untranslated regions (UTR) of the potyvirus from Brazil with available Cowpea
aphid-borne mosaic virus (CABMV) sequences. CABMV-GA, from Georgia, USA (13,21); CABMV-Z, from Zimbabwe (20); SAPV/CABMV-SA, South
African passiflora potyvirus, now classified as a South African strain of CABMV (4,11). Asterisk indicates identical amino acidat a given position, and a
period indicates chemically similar amino acid residue in (A). Asterisk indicates identical nucleotide at a given position in (B). A dash indicates a gap.
Alignments were generated using CLUSTALW (25).
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high degree of homology between this
virus and the other viruses of the passion-
fruit woodiness virus group. In particular,
this virus was found to be most closely
related to CABMV and itsisolates reported
from Zimbabwe (CABMV-Z) and Georgia
(CABMV-GA) and South African passi-
flora virus (SAPV) (Fig. 3A and B). Phy-
logenetic analysis based on CP sequence
grouped this virus with the CABMV iso-
lates and confirmed the relationship with
CABMV (Fig. 4). Similar phylogenetic
relationships were seen when the 3'-UTRs
were compared (not shown).

DISCUSSION

The serological, biological, and mo-
lecular properties of a peanut-infecting
isolate of CABMV from Brazil are pre-
sented in this paper. ELISAs using antisera
specific to selected peanut-infecting vi-
ruses indicated that it was a potyvirus. The
susceptibility of cowpea cv. Tvu 3433 sug-
gested that the virus could be CABMV.
The molecular data on the sequence of the

CP gene and 3'-UTR provided unequivocal
evidence that the virus was a strain of
CABMV. Basad on this finding, current
surveys for peanut viruses in the region
include a panel of CABMV-specific mono-
clonal and polyclonal antibodies. The pea-
nut isolate of CABMV has been found
annualy in peanut fields in both
monocropping and intercropping with

cowpea systems, and it was not found in viruses.
other peanut-producing areas of Brazil.
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