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First report of Groundnut bud necrosis virus infecting wild species of
Vigna, based on NP gene sequence characteristics
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Summary. Symptoms such as chlorotic and necrotic spots on leaves, and necrosis of the stems and petioles, were
observed in twelve accessions of wild species/sub-species of Vigna (V. umbellata, V. glabrescens, V. hainiana, V. mungo
var. mungo, V. radiata var. radiata and V. radiata var. sublobata) grown at the Indian Institute of Pulses Research,
Kanpur, India during August-November 2011. Incidence of symptomatic plants ranged between 7-40%. Based on
symptoms appearing on diagnostic host cowpea (Vigna unguiculata cv. Pusa Komal) after mechanical inoculation,
RT-PCR and nucleocapsid protein (NP) gene sequence characteristics, Groundnut bud necrosis virus (GBNV) was
identified as the causal agent. Analysis of the NP gene from intra-field (within a field) isolates of GBNV revealed
1-4% diversity in nucleotide and 0-4% in amino acids. However, diversity among intra-field isolates and isolates
from cultivated Vigna ranged from 2-7% at nucleotide level and 0-6% at amino acids level. This is the first report
of GBNV infection in these wild species/sub-species of Vigna, and analysis of intra-field diversity in the NP gene

of 12 GBNYV isolates is also outlined.
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Introduction

Cultivated legumes are known to have very nar-
row genetic bases. Many wild relatives are used in
breeding programmes to create variability in differ-
ent plant characters and to exploit them in devel-
oping new plant types for wider adaptability and
higher productivity. The importance of wild rela-
tives in crop improvement for developing new gen-
otypes has been reviewed (Singh, 1994; Hajjar and
Hodgkin, 2007). Since accessions of wild Vigna spp.
are reported to vary in their response to particular
diseases (Bisht et al., 2005), use of wild accessions of
Vigna spp. in breeding for disease resistance needs
careful assessment against the target diseases. This
is especially the case for diseases caused by viruses,
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as the symptoms caused by two distinct viruses may
often appear similar.

Tospoviruses (family: Bunyaviridae) are known
to be one of the most important genera infecting a
number of economically important crops. To date,
five tospovirus species have been identified in India,
of which Groundnut bud necrosis virus (GBNV) is the
most prevalent. This virus has a wide host range and
has emerged as an important pathogen of many crops
including groundnut, mungbean, urdbean, soybean,
cowpea, potato, tomato, and chilli (Sataynarayana et
al., 1996; Bhat et al., 2001; Varma et al., 2002; Jain et al.,
2002; Thien et al., 2003; Akram et al., 2004, Jain et al.,
2007; Saritha and Jain 2007), not only in India but also
in other Asian countries including Iran (Golnaraghi
et al., 2002), Bangladesh, Pakistan, and Srilanka (re-
viewed by Mandal et al., 2012). Recently, GBNV has
been reported on pea (Akram and Naimuddin 2010,
2012), rajmash (Akram and Naimuddin, 2012) and
jute (Sivaprasad et al., 2011). GBNV is known to cause
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an estimated annual loss of US$89 million in Asia
(Reddy et al., 1995). In India, GBNV causes 70-90%
loss of groundnut (Singh and Srivatava, 1995). Out-
breaks of disease caused by GBNV in different to-
mato growing regions in Maharashtra, Karnataka
and Andhra Pradesh in India are common with up
to 100% disease incidence (Kunkalikar el al., 2011).
GBNV has also emerged as a serious pathogen of po-
tato in which it causes stem necrosis that is often con-
fused with late blight (Pundhir et al., 2012) causing
crop losses up to 29% (Singh et al., 1997).

The nucleocapsid protein (NP) gene and its de-
duced amino acid sequence have been used to estab-
lish identity of tospoviruses and phylogenetic rela-
tionships (de Avila et al., 1993; Goldbach and Peters
1996). Genetic diversity in GBNV isolates infecting
different crops in different regions of India has been
identified based on the NP gene (Kunkalikar et al.,
2011). However, genetic diversity in the virus popu-
lation present within a field (intra-field) has not been
investigated. Symptoms typical of tospovirus infec-
tion were observed in different wild accessions of
Vigna growing in an experimental field of the Indian
Institute of Pulses Research (ITPR), Kanpur. The pre-
sent study deals with the identification of the virus
causal agent of the disease that occurred in different
wild accessions of Vigna species and sub-species in a
field, and analyzed intra-field diversity of the virus.

Materials and methods
Disease status and mechanical inoculation

Disease incidence was recorded in 43 accessions
of the wild species and sub-species of Vigna grown
at the Main Research Farm of the IIPR during 2011.
Per cent disease incidence was determined for each
accession from total numbers of plants and infected
plants recorded for each accession (Table 2).

Symptomatic leaves (2-3) from each accession
were collected, separately macerated in chilled 0.1M
phosphate buffer containing 0.1% beta mercaptoe-
thanol. The extract was applied onto celite dusted
healthy plants of respective accessions and cowpea
(Vigna unguiculata cv. Pusa Komal) at the prima-
ry leaf stage, as described by Noordam (1973). All
plants were maintained in an insect-proof green-
house where temperature ranged 25-32°C. Infected
leaves randomly selected from three plants of each
accession were used as the source of inoculum.

GBNV infection in wild Vigna

Total RNA isolation

RNA was isolated from two field-infected leaf
samples of each accession collected randomly, and
one sample each from artificially inoculated plants of
same accessions and cowpea. RNA from correspond-
ing healthy samples was also extracted and used as
controls. Total RNA extracted from the above sam-
ples using RNAsure Plant Mini Kit (Genetix, New
Delhi, India) according to manufacturer’s instruc-
tions was used as a template in the reverse transcrip-
tion-polymerase chain reaction (RT-PCR).

RT-PCR for NP gene amplification

The primers pair HRP 26 (5 ATG TCT AAC
GT(C/T) AAG CA(A/G) CTC 3 and HRP 28 (5’ TAC
AAT TCC AGC GAA GGA CC 3’) (Jain et al., 2007)
was used for amplification of the NP gene of GBNV
using the TITANIUM One Step RT-PCR kit (Clontech
Laboratories Inc., Mountain View, CA, USA) follow-
ing manufacturer’s instructions. Amplification was
performed in an automated Thermocycler (Biometra,
Germany) programmed for one cycle of 50°C for 30
min for cONA synthesis, 5 min as initial denaturation
at 94°C and 35 cycles involving 30 s of denaturation
at 94°C, 1 min annealing at 62°C, 1 min for extension
at 68°C followed by one cycle of final extension for 10
min at 68°C. RT-PCR amplified products were sub-
jected to electrophoresis in 1% agarose gel at 60V for
1h and analyzed by staining with ethidium bromide.
The ¢cDNA fragments corresponding to the NP gene
(~800bp) were excised and purified using HiYield™
Gel/PCR DNA Mini Kit (RBC, Banqiao City, Taipei
County 220, Taiwan). One RT-PCR positive amplicon
from each accession was taken and cloned.

Cloning and sequence analysis

The purified product of the NP gene was ligated
into RBC T & A Cloning Vector (Real Biotech Cor-
poration, Bangiao City, Taipei County 220, Taiwan,)
following manufacturer’s instructions. The recombi-
nant vector was cloned in E. coli (DH5 alpha). The
positive clones were confirmed by colony-PCR. The
recombinant plasmid DNA was extracted by Gen]ET
Plasmid Miniprep Kit (Fermentas Life Sciences, New
Delhi, India) and the insert was sequenced commer-
cially by 1st BASE (Malaysia).

The nucleotides sequence of the NP gene of
GBNV isolates was extracted from the sequence data
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and the complete NP gene of each GBNV isolate was
submitted to NCBI database (Table 1). The NP gene
sequences of GBNV isolates from wild Vigna species
and sub-species were compared with NP gene se-
quences of the GBNV isolates from the Vigna species
(Table 1) available in the database. Multiple sequence
alignment was conducted by CLUSTALW (http://
www.genome.jp/tools/clustalw /) to obtain nucleo-
tide and amino acid identities. The phylogram was
constructed using Neighbor-Joining method (Saitou
and Nei, 1987) with bootstrapping (1000 replicates)
(Felsenstein, 1985). The evolutionary distances were
computed using the p-distance method (Nei and Ku-
mar, 2000). Evolutionary analyses were conducted
using MEGADJ software (Tamura et al., 2011).

Results
Disease status and symptomatology

During the season of 2011, 12 of the 43 wild ac-
cessions of Vigna growing at the IIPR, exhibited
chlorotic spots surrounded by irregular brown ne-
crotic margins on leaves, and necrosis of petioles
and stems (Figure 1, Table 2). However, necrosis
was more prominent in accessions of Vigna radiata
var. radiata and Vigna radiata var. sublobata (Figure 1).
Disease incidence recorded at 45-55 days after sow-
ing ranged between 7-40% (Table 2). The above de-
scribed symptoms were similar to those caused by
GBNVW.

Table 1. GBNV isolates of Vigna species obtained in this study, and other isolates used for comparisons.

Accession Isolate designation Host Place of origin ~ Submitted at NCBI
'TQ406578 GBNV-[Vmm1-Knp] Vigna mungo var. mungo Uttar Pradesh 2012
Q406579 GBNV-[Vmm2-Knp] Vigna mungo var. mungo Uttar Pradesh 2012
Q406580 GBNV-[Vmm3-Knp] Vigna mungo var. mungo Uttar Pradesh 2012
TQ406581 GBNV-[Vmm4-Knp] Vigna mungo var. mungo Uttar Pradesh 2012
7Q406582 GBNV-[Vum1-Knp] Vigna umbellata Uttar Pradesh 2012
'TQ406583 GBNV-[Vum2-Knp] Vigna umbellata Uttar Pradesh 2012
TQ406584 GBNV-[Vum3-Knp] Vigna umbellata Uttar Pradesh 2012
'TQ347266 GBNV-[Vrrl-Knp] Vigna radiata var. radiata Uttar Pradesh 2012
'1Q347265 GBNV-[Vrr2-Knp] Vigna radiata var. radiata Uttar Pradesh 2012
'TQ406577 GBNV-[Vha-Knp] Vigna hainiana Uttar Pradesh 2012
Q406576 GBNV-[Vgl-Knp] Vigna glabrescens Uttar Pradesh 2012
1Q347264 GBNV-[Vrs-Knp] Vigna radiata var. sublobata Uttar Pradesh 2012
JN662493 GBNV-[Mung-KNP] Vigna radiata Uttar Pradesh 2011
AY871098 GBNV-[mungbean] Vigna radiata New Delhi 2005
HQ912024 PBNV-[Mb-Nd.1] Vigna radiata var. radiata New Delhi 2010
HQ324114 PBNV-[BG] Vigna mungo Andhra Pradesh 2010
JF968415 PBNV-[Cowpea-Nellore] Vigna unguiculata Andhra Pradesh 2011
FJ749262 PBNV-[AP-gg] Vigna radiata Andhra Pradesh 2009
FJ749261 PBNV-[ AP-bg] Vigna mungo Andhra Pradesh 2009
DQO058078 PBNV-[Coimbatore] Vigna unguiculata Tamil Nadu 2005

"This study.
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Figure 1. Symptoms of GBNV on naturally infected Vigna umbellata, Vigna hainiana, Vigna glabrescens, Vigna mungo var.

mungo, Vigna radiata var. radiata and Vigna radiata var. sublobata.

Transmission of the causal virus

The virus was easily sap-transmitted from field-
infected plants to healthy plants of the same acces-
sion causing similar symptoms. Sap inoculation of
cowpea cv. Pusa Komal from field-infected leaves of
wild accessions also produced characteristic necrotic
local lesions on the inoculated primary leaves fol-
lowed by systemic infection.

RT-PCR amplification and cloning of NP genes

The RT-PCR amplicon obtained, of about 800bp,
corresponded to the NP gene of GBNV. All of the
samples collected from field-infected and sap-inoc-
ulated plants of Vigna wild accessions and cowpea
gave positive reactions in RT-PCR, confirming the
presence of GBNV. No amplification was observed
in healthy samples of respective accessions and cow-
pea. Amplicons were successfully cloned in the RBC
T&A cloning vector and sequenced. Sequences of the
NP gene of 12 isolates were submitted to the Gen-
Bank (Table 1).

Nucleocapsid protein gene of GBNV

The NP gene of all of the 12 GBNV isolates under
study showed 1-4% diversity at nucleotide level and
0-4% at amino acid level. Compared with other iso-
lates (from cultivated Vigna), isolates obtained here
differed 2-7% at nucleotide level and 0-6% at amino
acid level (Table 3).

At the nucleotide level, test isolates GBNV-
[Vmm1-Knp], GBNV-[Vmm?2-Knp], and GBNV-
[Vrs-Knp] had 2-4% diversity, whereas test isolates
GBNV-[Vmm3-Knp], GBNV-[Vmm4-Knp], GBNV-
[Vum3-Knp], GBNV-[Vrrl-Knp], GBNV-[Vrr2-Knp]
and GBNV-[Vha-Knp] had 1-3% diversity, and GB-
NV-[Vum1-Knp], GBNV-[Vum2-Knp] and GBNV-
[Vgl-Knp] had only 1-2% diversity with other test
isolates. Tests isolates GBNV-[Vmm?2-Knp], GBNV-
[Vmm3-Knp], GBNV-[Vrr2-Knp] and GBNV-[Vrs-
Knp] had 3-7% diversity, isolates GBNV-[Vmm1-
Knp], GBNV-[Vuml-Knp], GBNV-[Vum2-Knp],
GBNV-[Vum3-Knp], GBNV-[Vrrl-Knp] and GBNV-
[Vgl-Knp] had 2-6% diversity and isolates GBNV-
[Vmm4-Knp], GBNV-[Vum3-Knp] and GBNV-[Vha-
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Table 2. Wild Vigna accessions, disease incidence, symptoms and RT-PCR detection of GBNV.

Disease

Results of sap

Wild Vigna species/sub-species Accession No. Incidence (%)? Symptoms® inoculation RT-PCR results
Vigna umbellata 1C-251442 14 CS, NS, VN, TLm + +
Vigna umbellata 1C-251447 7 CS, NS, VN, TLm + +
Vigna umbellata RB-5-1 28 CS, NS, VN, TLm + +
Vigna hainiana IC-251376 15 CS + +
Vigna glabrescens 1C-251372 19 CS, TLm + +
Vigna mungo var. mungo 1C-251383 23 CS, NS, VN, TLm + +
Vigna mungo var. mungo IC-251385 23 CS, NS, VN, TLm + +
Vigna mungo var. mungo 1C-251387 40 CS, NS, VN, TLm + +
Vigna mungo var. mungo 1C-251390 37 CS, NS, VN, TLm + +
Vigna radiata var. radiata IC-251424 33 CS-inb + +
Vigna radiata var. radiata 1C-251431 27 CS-inb + +
Vigna radiata var. sublobata 1C-247406 24 CS-inb, LD, NP, NS + +
*Thirty one accessions # 0 - - -

average of two replications

CS = chlorotic spot, NS = necrotis spot, VN = veinal necrosis, TLm = twisting of leaf lamina, CS-inb = chlorotic spots with irregular

necrotic border, LD = leaf distortion, NP = necrosis in petiole, NS = necrosis in stem.

* [Vigna umbellata (PRR-2007-2, PRR-2008-2, 1C-251439, IC-251447), Vigna hainiana (IC-251381, 1C-331448, 1C-331450), Vigna mungo var.
mungo (IC-251386), Vigna radiata var. radiata (IC-251425, 1C-251426, 1C-251427), Vigna radiata var. sublobata (IC-251416, 1C-253920), Vi-
gna radiata (JAM/09-29), Vigna trilobata (JAP/10-5, JAP/10-9, IC-349701, IC-276983, 1C-331436, 1C-331454, IC-331456), Vigna trineria
(JAP/10-51), Vigna radiata var. setulosa (IC-251419, IC-251423), Vigna pilosa (IC-210580), Vigna dalzelliana (IC-349904, IC-331463), Vigna
vexilata (IC-277007), Vigna mungo var. silvestris (IC-277014, 1C-277021, IC-277031)].

Knp] had 3-6% diversity from the other GBNV iso-
lates at nucleotide level.

At the amino acid level, test isolates GBNV-
[Vmm3-Knp] and GBNV-[Vum2-Knp] differed least
(0-2%) from other test isolates, whereas test isolates
GBNV-[Vrr1-Knp] and GBNV-[Vha-Knp] had maxi-
mum diversity (2-4%) from other test isolates. Test
isolates GBNV-[Vrrl-Knp] and GBNV-[Vha-Knp]
differed most (2-6%) and GBNV-[Vmm3-Knp] and
GBNV-[Vum2-Knp] differed least (0-4%) from other
GBNV isolates from cultivated Vigna (Table 3).

Comparison of amino acid sequences of the NP
gene of test isolates revealed variation at 22 posi-
tions. Most striking variation was observed in GB-
NV-[Vmm1-Knp] which differed from all isolates in
having arginine instead of lysine at position number
196 (Figure 2). Similarly, at position number 183 this
isolate had valine instead of leucine or serine in the
other isolates. Position number 214 was occupied by
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glutamate in all the isolates except GBNV-[Vmm]1-
Knp] and GBNV-[Vum3-Knp], in which this position
was held by valine. Another difference in amino ac-
ids was seen in isolate GBNV-[Vha-Knp] which had
lysine, serine, serine and lysine in positions 3, 4, 5
and 6, respectively, instead of asparagines, valine, ly-
sine and glutamine in other isolates. In phylogenetic
analysis involving 20 isolates of GBNV including 12
isolates from the present study, two clear clusters
formed. Isolate PNBV-[Coimbatore] formed a sepa-
rate cluster, whereas all the other isolates grouped
into one cluster (Figure 3).

Discussion

Field symptoms on wild species /sub-species of Vi-
gna resembled those associated with GBNV infection
in cultivated Vigna species (Bhat et al., 2001), and RT-
PCR with primers specific to the NP gene of GBNV



GBNV infection in wild Vigna

Table 3. Similarity of the NP gene sequences of GBNV isolates (above diagonal, nucleotide similarity; below diagonal,

amino acid similarity).

GBNV 1 2 3 4 5 6 7 8 9
isolates *

10 11 12 13 14 15 16 17 18 19 20

1 - 9% 97 97 98 98 97 98 97
2 98 - 97 98 98 98 97 98 97
3 98 98 - 98 98 98 99 98 99
4 98 98 99 - 99 99 98 98 98
5 98 100 98 98 - 99 98 98 98
6 98 98 100 99 98 - 99 99 98
7 98 98 99 98 98 99 - 98 99
8 97 97 98 97 97 98 97 - 98
9 98 98 99 98 98 99 98 97 -

10 97 97 98 97 97 98 97 9 97
11 98 98 99 98 98 99 98 97 98
12 98 98 99 98 98 99 98 97 98
13 98 98 100 99 98 100 99 98 99
14 99 98 99 98 98 99 99 97 98
15 98 98 99 98 98 99 98 97 98
16 98 98 99 98 98 99 98 97 98
17 98 98 99 98 98 99 98 97 98
18 98 98 99 98 98 99 98 97 98
19 98 98 100 99 98 100 99 98 99
20 9% 9 9% 95 95 96 95 94 95

97 98 9 97 98 97 97 98 97 97 94
97 98 97 9% 97 97 9% 9 97 97 93
9 98 97 9% 96 97 96 96 97 97 93
98 99 98 97 97 97 97 97 97 97 94
98 99 98 97 97 97 97 97 98 98 94
98 99 98 97 97 98 97 98 98 98 94
9 98 97 9 9% 97 96 97 97 97 94
97 98 97 97 98 97 97 97 97 97 94
99 98 97 9% 96 97 96 96 97 97 93
- 98 97 9% 9% 97 9% 96 97 97 94

97 - 98 97 97 98 97 97 98 98 94
97 98 - 9% 9% 96 9% 96 97 97 93
98 99 99 - 97 97 96 96 96 96 93
98 98 98 99 - 97 97 97 97 97 94
98 98 98 99 99 - 97 97 97 97 94
98 98 99 99 99 99 - 98 97 97 94

98 98 98 99 99 100 9 - 97 97 94
97 100 98 99 98 98 98 98 - 99 94
98 99 99 100 99 99 99 9 99 - 94
94 95 95 9% 9% 9% 96 96 95 96 -

* 1, GBNV-[Vmm1-Knp]; 2, GBNV-[Vmm2-Knp]; 3, GBNV-[Vmm3-Knp]; 4, GBNV-[Vmm4-Knp]; 5, GBNV-[Vum1-Knp]; 6, GBNV-
[Vum2-Knp]; 7, GBNV-[Vum3-Knp]; 8, GBNV-[Vrrl-Knp]; 9, GBNV-[Vrr2-Knp]; 10, GBNV-[Vha-Knp]; 11, GBNV-[Vgl-Knp]; 12, GBNV-
[Vrs-Knp]; 13, GBNV-[Mung-KNP]; 14, GBNV-[mungbean]; 15, PBNV-[Mb-Nd.1]; 16, PBNV-[BG]; 17, PBNV-[Cowpea-Nellore]; 18,

PBNV-[AP-gg]; 19, PBNV-[ AP-bg]; 20, PBNV-[Coimbatore].

identified GBNV as the causal virus agent. Diagnosis
was further strengthened by inoculating cowpea (Vi-
gna unguiculata cv. Pusa Komal), a diagnostic host of
GBNYV, which reacted with typical symptoms of GBNV
infection including necrotic local lesions followed by
systemic infection. In one of our studies, five species
of thrips viz., Caliothrips indicus, Megalurothrips usitatus,
Scirtothrips dorsalis, Thrips palmi and Plicothrips apicalis,
were identified associated with GBNV infected plants
of Vigna spp. Among them, T. palmi and S. dorsalis were
found to transmit GBNV (unpublished).

All the twelve GBNV isolates examined in this
study had among them only 0-4% diversity at ami-

no acid and 1-4% variation at the nucleotide level.
At the amino acid level, 0-6% diversity has been
reported in an earlier study involving 26 isolates
of GBNV from fabaceous hosts from different geo-
graphical locations of India (Akram and Naimuddin
2012). Comparison of amino acid sequences of 76
GBNV isolates infecting vegetable crops in different
parts of India showed 0-9% diversity among them
(Kunkalikar et al. 2011). In a more recent review by
Mandal et al. (2012), comparison of amino acid se-
quences of more than 100 GBNV isolates originating
from different hosts and locations in India revealed
diversity of up to 8%. All these values of divergence
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Figure 2. Phylogeny was inferred using Neighbor-Joining method of the GBNV isolates obtained in this study from wild
Vigna species and sub-species and the GBNV isolates from Vigna species already available. The optimal tree with the sum
of branch length = 0.12182971 is shown. The evolutionary distances were computed using the p-distance method and are
in the units of the number of amino acid differences per site. The analysis involved 20 nucleotide sequences. Evolutionary
analyses were conducted in MEGADB. Details of the isolates are given in Table 1.

in amino acid sequences do not extend beyond the
species demarcation criterion for members of To-
spovirus (Nichol ef al., 2005). It isconcluded, there-
fore, that the diversity in amino acid sequence of the
NP gene of the test isolates collected from one field
(intra-field) is very low (0-4%), but a similar low
level of diversity is also found between inter-field
isolates (Kunkalikar et al., 2011).

The importance of wild relatives of Vigna in im-
proving cultivated varieties of V. radiata and V. mun-
go has been elaborated by Kumar et al. (2011). Their
susceptibility to GBNV needs to be taken into con-
sideration before using wild Vigna spp. in breeding
programmes. The present study is the first demon-
stration of GBNV infection in the twelve accessions
of wild Vigna species and sub-species (V. umbellata, V.
glabrescens, V. hainiana, V. mungo var. mungo, V. radiata
var. radiata and V. radiata var. sublobata).
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