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Abstract
Yellowmosaic disease (YMD) caused by mungbean yellowmosaic virus (MYMV) is one of the most
destructive biotic production constraints in mungbean. Development and introduction of resistant
cultivars are considered as the most economical and eco-friendly option to manage YMD, for which
availability of stable sources of resistance is a pre-requisite. A set of 14 mungbean genotypes includ-
ing a susceptible check were evaluated for responses to YMD under natural infection across three
seasons and under challenged inoculation in glasshouse for one season. None of the genotypes
were immune to YMD and produced different degrees of response to MYMV in terms of yellow mo-
saic symptoms (YMS). Based on the delayed appearance of initial YMS, and lower estimates of per
cent disease index and area under disease progressive curve (AUDPC) in response to natural infec-
tion and challenged inoculation, five genotypes namely AVMU 1698, AVMU 1699, AVMU 16100,
AVMU 16101 and KPS 2 were identified as resistant to YMD. Failure of detection of MYMV through
polymerase chain reaction (PCR) using MYMV coat protein gene-specific primer and successful de-
tection of the same through rolling circle amplification-PCR suggested latent infection of MYMV in
resistant genotypes. The resistance response of the five genotypes could be attributed to enhanced
activities of enzymes such as peroxidase, polyphenol oxidase and phenylalanine ammonia lyase
and increased concentration of total phenols. These results are discussed in relation to strategies
to breed mungbean for resistance to YMD.
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Introduction

Mungbean is one of the important food grain legumes. It is
a diploid species with 2n = 2x = 22 chromosomes and pre-
dominately a self-pollinated crop. Being short-duration
grain legume, it is grown extensively in major tropical
and subtropical countries of the world. India is the world’s
largest mungbean producer accounting for about 65% of
the world’s acreage and 54% of its global production. In
India, the productivity of mungbean in farmer’s fields is

rather low (0.40 t ha−1) considering its potential in research
stations (1.50 t ha−1).

The low productivity of mungbean is attributed to several
diseases caused by fungus, bacteria and viruses. Among all
the diseases, the one caused by mungbean yellow mosaic
virus (MYMV) is the most destructive (Kang et al., 2005).
MYMV disease was first reported in India by Nariani
(1960). The MYMV disease is reported to occur only in
Asian countries, viz., India, Sri Lanka, Bangladesh,
Philippines, Pakistan, Myanmar, Thailand, Nepal,
Indonesia, Malaysia and Taiwan (Karthikeyan et al., 2014).
It often assumes epiphytotic proportions in Northern plains,
and central and Southern zones of India. MYMV disease is*Corresponding author. E-mail: nagaraju63kgere@yahoo.co.in
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characterized by bright yellow mosaics on the leaves of in-
fected plants. The symptoms start as small yellow specks
along the veinlets and spread over the lamina; pods become
thin and curl upwards (Karthikeyan et al., 2014).

The MYMV disease is transmitted by whitefly, Bemisia ta-
baci Genn. (Hemiptera: Aleyrodidae) (Nariani, 1960). The
whitefly transmits the virus in a persistent manner. It is a pol-
yphagous insect and has an extremely wide host range infest-
ing more than 500 species of plants belonging to 63 plant
families (Greathead, 1986). It completes its life cycle in less
than 2 weeks to more than 10 weeks depending upon tem-
perature and host plant. Among the many biotypes recog-
nized (Brown, 2007; Prasanna et al., 2015), the ‘B’ biotype
(silver leaf whitefly) is the most conspicuous due to its wide
distribution, attributed to its ability to colonize on many plant
hosts and ability to transmit a number of geminiviral diseases.

The use of resistant varieties is considered as the most
economical and eco-friendly method of reducing the pro-
duction losses caused by MYMV disease. As an effective,
safe, reliable and long lasting method of control, host
plant resistance could form an important component of in-
tegrated management of MYMV disease. Most of the com-
mercially grown cultivars are either susceptible or partially
resistant to MYMV disease (Karthikeyan et al., 2014; Sudha
et al., 2015). Even the partially resistant cultivars are likely
to become susceptible as a result of the breakdown of re-
sistance attributable to the emergence of new isolates dri-
ven by high rates of mutation, recombination and
re-assortment (Duffy and Holmes, 2008; Lima et al.,
2012). Hence, there is a need for a continuous search for
new sources of resistance. The objective of the study is to
identify stable sources of resistance to MYMV disease.

Materials and methods

Material

The material for the study consisted of 14 mungbean gen-
otypes, namely AVMU 1693, AVMU 1694, AVMU 1695,
AVMU 1696, AVMU 1697, AVMU 1698, AVMU 1699,
AVMU 16100, AVMU 16101, AVMU 16102, Harsha, KPS-2
and NM-94 obtained from The World Vegetable Center
(WVC), Taiwan (formerly known as Asian Vegetable
Research and Development Centre – AVRDC) and
KKM-3, a high yielding variety released by the University
of Agricultural Sciences (UAS), Bengaluru. India.

Methods

Screening under natural infection condition

The genotypes were screened for responses to MYMV dis-
ease in an experimental plot located at the main research

station, UAS, Bengaluru, India, under natural infection con-
ditions. The seeds of each genotype were sown in a single
row of 2.5 m length following randomized complete block
design with three replications during 2017 summer
(March–May), 2017 rainy (June–August) and 2018 summer
(February–April) seasons. A susceptible check (Harsha)
was sown after every four rows of test genotypes and all
around the experimental plot to provide uniform disease
inoculum to the test genotypes. Ten days after sowing,
seedlings were thinned-out to maintain a spacing of 0.1
m between plants within a row and 0.45 m between
rows. Recommended crop production practices were fol-
lowed to raise a good crop. Each genotype consisted of
20 plants per replication. The genotypes were examined
for the appearance of first symptoms typical of MYMV dis-
ease on the susceptible check. The disease severity in each
of the 14 genotypes and replication was scored at 30, 45
and 55 d after sowing (DAS) using 1–6 scale developed
by WVC and modified by Akhtar et al. (2009) (Table 1).
The disease scores averaged across three replications
were used for statistical analysis. Based on the average dis-
ease scale, the per cent disease index (PDI) was calculated
as the ratio of sum of numerical observations to the product
of maximum disease scale and number of observations and
expressed in per cent. The area under disease progressive
curve (AUDPC) for each genotype was calculated by the
trapezoidal integration of PDI estimated at 30, 45 and 55
DAS (Campbell and Madden, 1990).

AUDPC =
∑n−1

i=1

yi + yi+1

2

( )
× (ti+1 − ti),

where n = the number of assessment (at 30, 45 and 55
DAS); y = PDI and (ti+1−ti) = duration between two con-
secutive assessments (15 d).

Screening under challenged inoculation in
glasshouse

Low MYMV disease incidence and whitefly populations
coupled with non-congenial weather conditions are likely
to result in low/non-infection of MYMV, and thus, geno-
types may escape from the disease occurrence (Vidaysky
and Czosnek, 1998). To overcome such possibility, the gen-
otypes were also screened under challenging conditions in
glasshouse using artificial inoculation of MYMV (Pico et al.,
1998). The indigenous non-viruliferous whiteflies B. tabaci
Gennadius maintained on cotton were used for artificial in-
oculation of MYMV to genotypes. Whiteflies were starved
for 2 h followed by acquisition access on MYMV-infected
mungbean for 12 h. Then, viruliferous white flies were al-
lowed to feed on 10–12 d old healthy mungbean plants for
24 h. About 10–15 viruliferous whiteflies were allowed to
feed on each of the 20 plants of test genotypes for
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transmission of virus. Later, inoculated plants were sprayed
with a systemic insecticide, imidacloprid 17.8% SL @ 0.05%
to kill the whiteflies, and then the plants were kept in insect
proof cages and maintained separately till the appearance
of symptoms. The genotypes were scored for their re-
sponses to MYMV disease based on symptoms and classi-
fied them into different response groups using the scale
and the criteria described in Table 1.

Detection of MYMV using polymerase chain
reaction

The genotypes were screened for the presence/absence of
MYMV to confirm if the symptoms in resistant and suscep-
tible ones were caused due to MYMV only, using polymer-
ase chain reaction (PCR) amplification of MYMV genome
sequence complementary to MYMV coat protein (CP)
gene-specific primers. The leaf samples were collected
from all the 14 mungbean genotypes at 30 and 55 DAS
along with KKM 3 (UASB released variety) from the field.
DNA was extracted from leaf samples by modified C-TAB
method (Doyle and Doyle, 1987). The quality and quantity
of DNA was checked using nano drop. The genomic re-
gions of MYMV were amplified using MYMV CP gene-
specific primers that amplify approximately 900 bp CP
gene product. The amplified products were separated
using agarose gel electrophoresis and their size was esti-
mated by comparing with standard 1 kb ladder.

Detection of MYMV using rolling circle
amplification

If MYMV particles are fewer in host plants, standard PCR fail
to detect them. Hence, in the present study, rolling circle
amplification (RCA) was used to confirm the presence/
absence ofMYMV in only those genotypeswhere PCR failed
to amplify MYMV CP gene priming regions. The RCA was

carried out using bacteriophage Φ29 DNA polymerase
included in the ‘Illustra TempliPhi 100 Amplification Kit’
(GE Healthcare, Proteogen Biosciences (India) Pvt. Ltd.,
Bengaluru). The RCA is an isothermal amplification method
that produces microgram of DNA from picograms of DNA in
a few hours (Jeske et al., 2010; Richert-Pöggeler and
Minarovits, 2014; Bora et al., 2016). The DNA polymerase
replicates MYMV in large numbers to facilitate their easy
detection using standard PCR amplification of MYMV. The
product obtained by RCA was subjected to PCR in order to
detect a trace amount of MYMV in the RCA-subjected sam-
ples. MYMVCP-specific primer was used to amplify the RCA
product with the expected amplicon of 900 bp size. Each re-
action contained 12.5 µl of the master mix, 2 µl each of for-
ward and reverse primers, 2 µl of RCA product and 6.5 µl of
sterile distilled water. The MYMV viral DNAwas initially de-
natured at 94 °C for 4 min and then amplified in a thermal
cycler (BioRad) for 34 cycles. The PCR products were sepa-
rated by electrophoresis on an agarose gel (1.5%) stained
with ethidium bromide in 1X TAE buffer.

Similarity of MYMV CP gene sequence with that
of other Geminiviruses

After successful confirmation of the presence of MYMV, the
CP gene amplified from the host plants was sequenced in
both directions (forward and reverse) using CP-specific pri-
mers with automated sequencing facility at Eurofins
Genomics India Pvt. Ltd., Bengaluru. The sequences
(Acc.no. MH885653) obtained from both forward and re-
verse reactions were aligned and joined together to get a
full length sequence using ‘Basic Local Alignment Search
Tool (BLAST)’ available at the National Centre for
Biotechnology Information (NCBI) (http://www.ncbi.nlm.
nih.gov/). Sequences were comparedwith other respective
viral sequences of the NCBI database using BLAST and
multiple aligned using CLUSTALW2 multiple alignment

Table 1. Description of symptoms, disease score and PDI and criteria of classification of genotypes into different responses
groups (AVRDC Scale)

Score Symptom description
Per cent disease
index (PDI) (%) Response

1 No visible symptoms on leaves 0.01–10.00 Highly resistant (HR)
2 Small yellow specks with restricted spread covering up to 5% leaf area 10.01–25.00 Resistant (R)
3 Yellow mottling covering 5.1–15% leaf area 25.01–40.00 Moderately resistant (MR)
4 Yellow mottling and discoloration of 15.1–30% leaf area 40.01–60.00 Moderately susceptible (MS)
5 Pronounced yellow mottling and discoloration of leaves

(covering 30.1–75% of area) and pods, reduction in leaf size
and stunting of plants

60.01–80.00 Susceptible (S)

6 Severe yellow discoloration covering >75% of foliage, stunting of
plants and reduction in pod size

>80.00 Highly susceptible (HS)
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tool (http://www.ebi.ac.uk/Tools/msa/clustalw2/). The
phylogenic neighbour-joining trees analysis was con-
structed using MEGA 7.0 software package. Robustness of
trees was determined by bootstrap sampling of multiple se-
quence alignment with 1000 replications.

Biochemical basis of MYMV disease resistance

To explore the possible biochemical basis of resistance to
MYMV disease, activities of enzymes such as peroxidase
(POX) (Hartee, 1955), polyphenol oxidase (PPO) (Mayer
et al., 1965) and phenylalanine ammonia lyase (PAL)
(Ross and Senderoff, 1992), and levels of total phenols
(Sadasivam and Manickam, 1996) were estimated in leaf
samples of ‘AVMU 16101’, the MYMV-resistant genotype,
and ‘Harsha’, the susceptible genotype.

Results

Responses of genotypes to MYMV under natural
and challenged infection

The genotypes differed for their responses to infection by
MYMV under natural infection conditions. Yellow specks,
the typical initial symptoms of MYMV disease, appeared
earlier in ‘Harsha’, the susceptible check, compared with
those in other genotypes under natural infection conditions

(Table 2). Yellow mosaic symptoms (YMS) covered 50% of
the leaf area in susceptible genotypes ‘Harsha’ within 15 d
after the appearance of initial symptoms. The appearance
of initial symptoms delayed by at least 10 d in five geno-
types namely AVMU1698, AVMU 1699, AVMU 16100,
AVMU 16101 and KPS2 compared with those in susceptible
check during all the three seasons of evaluation (Table 2).
The estimates of PDI in these five genotypes remained
lower than those in other test genotypes and were at least
lower by 38% compared with those in susceptible check
during all the three seasons of evaluation (Table 3).
Further, the estimates of AUDPC were lower in these five
genotypes compared with that in susceptible check as
well as in other test genotypes across all the three seasons
of evaluation under natural infection (Table S1). Under
challenged infection also, the estimates of PDI were
lower in these five genotypes compared with those in sus-
ceptible check and other test genotypes (Table 4). Based
on the disease scale and the criteria (Table 1), five geno-
types namely AVMU 1698, AVMU1699, AVMU16100,
AVMU16101 and KPS2 were identified as resistant to
MYMV disease. KKM 3, the variety released by UAS,
Bengaluru, showed moderate resistance responses to
MYMV disease.

Detection of MYMV in resistant genotypes
through PCR and RCA-PCR

In the fiveMYMV disease-resistant genotypes, the presence
of MYMV could not be detected through standard PCR, al-
though it could be easily detected in susceptible check and
other test genotypes (Fig. 1). However, MYMV was de-
tected in all the five MYMV-resistant genotypes through
RCA-PCR (Fig. 2). The sequence of PCR amplicon of CP
gene priming regions of the five MYMV disease-resistant
genotypes was similar to MYMV CP gene sequence Vigna
I segment A deposited in NCBI data base by 99.60% and
out-grouped with minimum similarity (40.1%) with horse-
gram yellow mosaic virus (HYMV) segment DNA B and
complete sequence of French bean yellow mosaic virus
isolates (AM932426.1) (Fig. S1).

Bio-chemical constituents in MYMV-resistant and
susceptible genotypes

Theactivities of enzymes suchasPOX(0.34ΔAbs min−1 g−1),
PPO (0.05ΔAbs min−1 g−1) and PAL (0.58 µ moles of
transcinnamic acid min−1 g−1) and levels of total phenols
(3.01 mg g−1) were significantly higher in MYMV-resistant
genotype, AVMU 16101, compared with those in suscep-
tible check, Harsha (0.096 ΔAbs min−1 g−1, 0.018ΔAbs
min−1 g−1, 0.21 µ moles of transcinnamic acid min−1 g−1,
1.97 mg g−1 and 0.41 mg g−1, respectively).

Table 2. Appearance of yellow mosaic virus disease symp-
toms in mungbean genotypes

Genotypes

2017
summer
(DAS)

2017
Rainy
season
(DAS)

2018
summer
(DAS) Mean

AVMU-1693 26 22 25 24.33
AVMU-1694 24 25 24 24.33
AVMU-1695 28 22 22 24.00
AVMU-1696 28 22 22 24.00
AVMU-1697 26 28 24 26.00
AVMU-1698 28 30 30 29.33
AVMU-1699 30 35 28 31.00
AVMU-16100 30 35 28 31.00
AVMU-16101 30 30 30 30.00
AVMU-16102 28 26 24 26.00
Harshaa 18 20 20 19.33
KPS-2 30 28 30 29.33
NM-94 24 26 22 24.00
KKM-3 28 30 26 28.00
aSusceptible check.
DAS, days after sowing.
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Discussion

Substantial differences in responses of genotypes to MYMV
disease suggested successful infection of MYMV under
both natural and challenged inoculation. Delayed appear-
ance of initial symptoms, and lower estimates of PDI and
AUDPC under natural infection and lower PDI under chal-
lenged infection indicated and confirmed resistance re-
sponses of AVMU-1698, AVMU-1699, AVMU-16100,
AVMU-16101 and KPS-2 to MYMV disease. Several re-
searchers have identified either moderately resistant or re-
sistant mungbean genotypes to MYMV disease under

natural and/or both natural and challenged inoculation in
glasshouse conditions. To quote a few, Akhtar et al.
(2011) could identify 35 mungbean genotypes (from
among 162 genotypes sampled from eight different geo-
graphic regions) moderately resistant to Mungbean
Yellow Mosaic India Virus (MYMIV) disease under natural
infection in field condition and challenged inoculation in
glasshouse conditions. Gupta and Mishra (2014) reported
resistance response of 54 mungbean genotypes to MYMV
disease under natural infection. In a recent study, Farooq
et al. (2018) identified seven (among 100) mungbean culti-
vars moderately resistant to MYMV disease.

Most often, mungbean is infected by begomoviruses
causing yellow mosaic disease (YMD) in soybean, horse-
gram, mungbean and French bean. YMS are produced on
the leaves of these pulses due to infection by any one or
combination of these viruses. Similarly, the whitefly vector,
B. tabaci, can acquire more than one virus under field con-
dition and transmit to the healthy plants which could in-
duce YMS. Bemisia tabaci cryptic species Asia II 1 was
found dominant in Northern India, whereas Asia II 8 was
found predominant in Southern India (Nair et al., 2017).
We used indigenous B. tabaci for transmission of MYMV.

In the present study, to confirm that YMS are produced in
both susceptible and resistant genotypes due to infection
by MYMV only, the MYMV CP gene-specific primers
were used to amplify CP gene priming regions of MYMV.
Successful amplification of MYMV CP gene priming regions
using PCR in susceptible, resistant and other genotypes

Table 3. Estimates of per cent disease index across three seasons

Genotypes 2017 summer 2017 Rainy season 2018 summer Mean Response categorya

AVMU-1693 33.61 48.13 34.29 38.67 MR
AVMU-1694 41.71 45.18 45.80 44.23 MS
AVMU-1695 32.86 53.32 42.02 42.73 MR
AVMU-1696 30.80 50.53 41.20 40.84 MR
AVMU-1697 34.24 33.60 34.40 34.08 MR
AVMU-1698 18.70 20.51 19.83 19.68 R
AVMU-1699 19.41 19.50 18.90 19.27 R
AVMU-16100 20.25 18.84 19.80 19.63 R
AVMU-16101 19.10 20.23 19.75 19.69 R
AVMU-16102 33.96 32.44 40.27 35.56 MR
Harshab 57.89 60.67 58.87 59.14 S
KPS-2 19.47 20.33 20.09 19.96 R
NM-94 39.91 46.21 45.57 43.89 MS
KKM-3 33.90 30.97 34.45 33.10 MR
aBased on PDI values at 55 DAS.
bSusceptible check.
MYMV, mungbean yellow mosaic virus; DAS, days after sowing; R, resistant; MR, moderately resistant; MS, moderately suscep-
tible; S, susceptible.

Table 4. Disease severity of mungbean genotypes under
glasshouse condition though whitefly (Bemisia tabaci)

Genotypes PDI (%) Reaction

AVMU-1698 16.66 R
AVMU-1699 16.66 R
AVMU-16100 16.66 R
AVMU-16101 16.66 R
KPS-2 16.66 R
Harsha 66.66 S

MYB, mungbean yellow mosaic Bengaluru; R, resistant; S,
susceptible; Acquisition Access Period (AAP) = 12 h;
Inoculation Access Period (IAP) = 24 h; number of whiteflies
per plant = 15–20.
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provided evidence for the appearance of YMS attributable
to infection by MYMV only. Several researchers such as
Brown (2007), Ashwathnarayana et al. (2005), Obaiah
et al. (2014) and Deepa et al. (2017) have used primers de-
signed to amplify the conserved region of begomo viruses’
CP gene to confirm that MYMV disease is caused by bego-
moviruses in a wide range of crop plants.

Successful detection of MYMV through RCA-PCR sug-
gested latent infection of MYMV in resistant genotypes
and it is likely that the resistant genes present in these gen-
otypes would have restricted the multiplication of MYMV
resulting in the non-appearance of YMS. The restricted
multiplication of MYMV in these five genotypes, and
hence their resistance response could be attributed to

increased activity of POX, PPO and PAL, and enhanced le-
vels of total phenols. Several studies have indicated in-
creased activities of PAL and PPO when plants are
challenged with pathogens (Zeier et al., 2004; Niranjanraj
et al., 2006). Enhanced activity of PAL leads to alternate
processes such as significant lignifications and production
of phenolic compounds which in turn offer defence against
diseases (Zeier et al., 2004; Umesha, 2006). POX is also
known to play a significant role in lignification and suber-
ification of plant cell walls which restrict the movement of
viruses from cell to cell and thus preventing the spread of
the disease (Bowles, 1990). Literature is abundant and
shows that increased activities of POX, PPO and PAL and
enhanced levels of total phenols impart resistance to viral

Fig. 1. CP gene analysis of MYMV in mungbean genotypes by PCR in different seasons. L: Ladder (1kb), (1) AVMU-1693, (2)
AVMU-1694, (3) AVMU-1695, (4) AVMU-1696, (5) AVMU-1697, (6) AVMU-1698, (7) AVMU-1699, (8) AVMU-16100, (9)
AVMU-16101, (10) AVMU-16102, (11) Harsha, (12) KPS-2, (13) NM-94, (14) KKM-3
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diseases in several crops. To mention a few, Kumar et al.
(2017) reported a significant role of POX, total phenol, fla-
vanoids and tannins in conferring resistance to apical leaf
curl virus disease in potato. The level of phenolic com-
pounds, total soluble proteins and malondialdehyde and
the activities of PAL, POX, catalase, proteases, superoxide
dismutase and PPO were significantly higher in cotton leaf
curl burewala virus resistant genotypes compared with
those in susceptible genotypes (Zeeshan et al., 2014). In
yardlong bean, Lovely et al. (2017) reported the role of
PAL activity in imparting resistance to black eye cowpea
mosaic virus disease.

A very high degree of similarity of MYMV CP gene-
specific primer-binding sequence amplified through
RCA-PCR with Vigna segment A MYMV CP gene sequence
deposited in NCBI database provided a further line of evi-
dence for resistance responses of AVMU 1698, AVMU 1699,
AVMU 16100, AVMU 16101 and KPS 2 to YMD. In an at-
tempt to study the similarity of the sequence of CP genes
of begomoviruses infecting different pulses, Maheshwari
et al. (2014) reported that CP gene sequences of viruses
causing YMD in blackgram, cowpea and green gram
were similar to those of MYMV-Tamil Nadu isolates. In a
similar study, Manjunatha et al., (2015) reported that CP

Fig. 2. RCA-PCR analysis of MYMV in mungbean genotypes in different seasons. L: Ladder (1kb), (1) AVMU-1698, (2)
AVMU-1699, (3) AVMU-16100, (4) AVMU-16101, (5) KPS-2.
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gene sequence of virus infecting pigeonpea was similar to
HYMV by 98% and to MYMV by 87%. Geographical con-
finement of species of the yellow mosaic virus is validated
as MYMIV strain is more prevalent in northern, central and
eastern regions of India, whereas, MYMV is predominant in
the southern regions (Shahakar et al., 2018).

The five MYMV disease-resistant genotypes identified in
the present study could be used as potential donors to de-
velop MYMV disease-resistant cultivars. Considering that
resistance to MYMV disease is controlled by a single dom-
inant gene (Sandhu et al., 1985) or a single recessive gene
(Reddy and Singh, 1995; Saleem et al., 1998), or two inde-
pendent recessive genes (Verma and Singh, 1988;
Ammavasai et al., 2004) or two complementary recessive
genes (Shukla and Pandya, 1985), DNA marker-assisted
introgression of resistant genes from donors to elite agro-
nomic background is likely to be more effective to develop
MYMV disease-resistant mungbean cultivars.

Supplementary material

The supplementary material for this article can be found at
https://doi.org/10.1017/S1479262119000121
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