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Abstract

Yellow mosaic disease (YMD) is a major problem in Urd bean (Vigna mungo L.) in India, which causes huge yield losses.
Breeding for wide spectrum and durable Mungbean yellow mosaic virus (IMYMYV) resistance and cultivating resistant cul-
tivars is the most appropriate and effective approach. However, the task has become challenging with the report of at least
two species of the virus, viz., Mungbean yellow mosaic virus (MYMV) and Mungbean yellow mosaic India virus MYMIV)
and their recombinants; the existence of various isolates of these species with varied virulence and rapid mutations noted
in the virus as well as in the whitefly vector population. Thus the present study was carried out to identify and characterize
novel and diverse sources of YMYV resistance and develop linked molecular markers for breeding durable and broadspectrum
resistant urdbean cultivars against YMV. Towards this goal, we have screened 998 accessions of urdbean national collec-
tion of germplasm against YMD Hyderabad isolate both in a field under the natural level of disease incidence and through
agro inoculation in the laboratory using viruliferous clones of the same isolate. Ten highly resistant accessions identified
through repeated testing have been characterized in terms of reported linked markers. We attempted to see diversity among
the ten resistant accessions reported here using earlier reported resistance-linked SCAR marker YMV1 and SSR CEDG180
marker. SCAR marker YMV1 did not amplify with any of the 10 accessions. But with CEDG180, results suggested that 10
accessions shortlisted through field and laboratory tests do not carry PU31 allele and this shows that it may be likely to carry
novel gene(s). Further studies are needed to genetically characterize these new sources.
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Introduction

Urdbean (Vigna mungo (L) Hepper), along with mung-
bean (Vigna radiata (L.) R. Wilczek), occupies third most
important dietary legume position to provide protein require-
ment for most Indians (Gupta et al. 2021). During the year
2020-21, urdbean was grown in 4.70 million hectare area
with a total production of 2.682 million tonnes at an aver-
age productivity of 618 kg/ha in India (Singh and Srivas-
tava 2021). Relative low productivity noted above is mainly
due to prevailing biotic stresses such as weeds, pests and
diseases (NAAS 2016). Most important among these is the
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yellow mosaic disease (YMD) caused by the two types of
Yellow mosaic viruses (YMV): Mungbean yellow mosaic
virus (MYMV) and Mungbean yellow mosaic India virus
(MYMIV), transmitted by the whitefly, Bemisia tabaci
(Genn.) (Naimuddin et al. 2016). Once injected into the
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plant tissue, the virus multiplies rapidly causing yellow
patches on the young leaves. These patches coalesce to turn
the entire leaf yellow. As more and more leaves start turning
yellow, affected plant loses its photosynthetic ability result-
ing in poor growth, reduced flowering and poor pod and
seed formation (Kundu et al. 2022). Crop yield losses can
be very high based on the time of disease incidence and its
quick spread (Varma and Malathi 2003; Obaiah et al. 2013;
Gupta et al. 2015). Managing the disease through vector
control using insecticides is ineffective since even a very
small population of whiteflies can also cause severe disease
outbreak (Gilbertson et al. 2011). Cultural management
through the selection of an appropriate time and season of
sowing that would avoid disease build-up is effective but not
totally reliable. Breeding for MYMYV resistance and cultivat-
ing resistant cultivars is the most appropriate approach and
was proven very effective (Younas et al. 2021).

Earlier efforts of breeding MYMV-resistant culti-
vars were based on field-identified resistance source
and through the classical pedigree method of breeding
(Gupta et al. 2021). However, the task of breeding urd-
bean varieties with wide spectrum and durable resistance
has become challenging with the report of at least two
species of the virus, viz., MYMYV and MYMIV and their
recombinants; the existence of various isolates of these
species with varied virulence and rapid mutations noted
in the virus as well as in the whitefly vector population.
On the other hand, the development of the agroinoculation
method for screening genotypes for virus resistance; the
availability of molecular tools for the characterization of
the virus and marker-assisted selection breeding has made
the task achievable. There have been many recent reports
of screening urdbean genotypes for resistance to YMV
based on field screening under natural disease incidence
levels (Igbal et al. 2011; Obaiah et al. 2013; Mohan et al.
2014; Subedi et al. 2016; Bandi et al. 2018; Pavishna et al.
2019; Tamilzharasi et al. 2020) and through agroinocu-
lation (Biswas and Varma 2012; Chaitanya et al. 2022).
Biswas and Varma (2001) reported screening of genotypes
against different variants of the virus both in field and
greenhouse conditions. Bag et al. (2014) reported screen-
ing of 344 accessions of black gram germplasm from the
National collection in three fields and one greenhouse
tests. Relatively less effort is made in the genetic charac-
terization of new sources of resistance (Sandhu et al. 1985;
Khattak et al. 2000; Ammavasai et al. 2004; Dhole and
Reddy 2012; Gupta et al. 2013). These studies suggest the
involvement of major genes either dominant or recessive
in nature. Despite these efforts, resistance genes have not
been clearly designated and their allelic relationship was
not worked out clearly (Verma and Singh 1986). Efforts
to develop molecular markers linked to resistance gene
helped in identifying closely linked markers like a SCAR
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marker YMV1 based on the ISSR811 amplified product
sequence (Souframanien and Gopalkrishna 2006); another
SCAR marker SCAR20 based on RAPD marker OPQ1
amplified product (Prasanthi et al. 2013); third SCAR
marker based on RAPD marker OPB-07 linked to a reces-
sive resistance gene in mungbean (Dhole and Reddy 2012)
and SSR marker CEDG180 on linkage group 10 linked to a
dominant resistance gene (Gupta et al. 2013; Vadivel et al.
2021; Subramaniyan et al. 2022). Recently, Satheesh et al.
(2022) reported three SSR markers: CEDG141, CEDGO0S,
CEDG?264 to be linked to the recessive resistance gene in
the genotype KKB14045. Based on these markers, at least
two distinctly different groups of resistance sources have
been recognised (Gupta et al. 2015). Mechanism of virus
resistance has been investigated in urdbean (Maheswari
et al. 2014; Ganguli et al. 2016; Jasrotia et al. 2017) and
mungbean (Dasgupta et al. 2021). Though a generalized
picture of the interaction of defense genes and their path-
ways is elucidated, the exact role of the R gene in the
induction of defense is neither understood nor cloned so
far.

It is thus imperative from the foregoing account that novel
and diverse sources of YMV resistance need to be identified
and characterized and linked molecular markers need to be
developed for breeding durable and broad-spectrum resist-
ant urdbean cultivars against YMV. Towards this goal, we
have screened 998 accessions of urdbean national collection
of germplasm against YMD Hyderabad isolate both in the
field under the natural level of disease incidence and through
agro inoculation in the laboratory using viruliferous clones
of the same isolate. Ten highly resistant accessions identified
through repeated testing have been characterized in terms of
reported linked markers.

Materials and methods
Source of germplasm

A total of 998 accessions of urdbean germplasm was chosen
from the germplasm pool available in the National Gene
Bank, Indian Council of Agriculture (ICAR), National
Bureau of Plant Genetic Resources (NBPGR), New Delhi,
India. These germplasm accessions were originally collected
from various agro-climatic zones of India where urdbean
is grown. In addition, a core collection set consisting of
202 accessions was also included for evaluation in 2022.
Two popular urdbean cultivars viz., PU31 (Resistant) and
LBG685 (highly susceptible), were included as the checks.
Besides, some of the accessions showing high levels of dam-
age during 2020 and 2021 were also included during 2022
testing as additional susceptible checks.



3 Biotech (2023) 13:194

Page3of 10 194

Field evaluation

The germplasm evaluation trials were conducted on the
experimental research farm of NBPGR, Rajendranagar,
Hyderabad, during the summer season (Feb to April) of
2020, 2021 and 2022. In the preliminary screening during
2020, 998 germplasm accessions were evaluated against the
virus following augmented block design (ABD) and those
showing nil damage were further evaluated in the field dur-
ing 2021 (n=450) and 2022 (n=294) along with suitable
Resistant (R) and Susceptible (S) checks (Tablel). Germ-
plasm test accessions and checks were sown in 3 m rows
with a 30 cm distance between rows and 15 cm between
plants within rows. The crop was raised under recommended
agronomic practices, except for insecticide application. To
guarantee a uniform distribution of viral disease pressure
across the experimental field, the infector row approach
(Nene et al. 1972) was used. Susceptible variety (LBG685)
was used as 'infector row' and the resistant variety (PU31)
was maintained among the accessions as a resistant check.
Further, the susceptible check was sown after every ten
rows of the test germplasm accessions. Susceptible checks
were also grown at the edges of full trial plots to provide
the vector with a suitable virus source. Entries were scored
for YMD incidence at weekly interval with initiation of
symptoms in the field until the crop matured completely.
The severity of disease incidence in naturally infected plants
in the field was scored on a 1-9 standard arbitrary scale
(Alice and Nadarajan 2007) and in agro inoculated plants the
severity of disease incidence was scored on a 0-9 standard
scale (Sudha et al. 2013) and also on percent plant damage
(i.e., number of infected plants over total number of plants
X 100). Highest damage score in time repeated observation
was considered. Entries recording nil damage were retested
during the subsequent test.

Table 1 Summary of Field Screening of urdbean germplasm acces-
sions during 2020 through 2022

2020 2021 2022
Total entries screened 998 450 294
Entries without YMV symptoms 794 202 101
(R)
Entries with YMV symptoms (S) 200 248 192
Entries with <20% YMV symp- 168 107 36
toms
Entries with>20% YMV symp- 32 141 156
toms
Nil germination entries 4 0 1

Average plant damage (%) in S 3.0+£0.3 20.8+1.43 47.2+2.67

group in this test (mean + SE)

*Means in the row are significantly different (paired 7 test, P <0.05)

Source of virus isolate

YMD-infected leaf samples were collected from Rajen-
dranagar, Hyderabad area during 2017-2018 and used
to construct infectious full-length dimer clones for the
Hyderabad-specific YMYV isolate (Prathyusha et al. unpub-
lished). This clone was used to screen the urdbean germ-
plasm against YMV using the agro inocualtion approach
in the laboratory. During field screening, infected leaf
samples were collected periodically to validate prevailing
virus isolate with our clone-specific primers.

Agroinoculation screening in laboratory

Construction of infectious full-length dimer clones of Yel-
low mosaic virus Urdbean genomic DNA obtained from
YMV-infected samples from the Hyderabad region was
used to isolate and clone virus DNA-A and DNA-B at
the Institute of Frontier Technology, Acharya NG Ranga
Agricultural University, Tirupati, Andhra Pradesh fol-
lowing the prescribed protocols (Chaitanya et al. 2022).
Virus DNA was subjected to rolling circle amplification
(RCA). Partial restriction digestion (BamHI) products of
multimeric viral genomes synthesised by RCA with phi
29 DNA polymerase were used to construct viral dimers.
In the previous study, the infectious viral dimer clone
assembly was characterized to contain MYMIV-HYD-A
based on amplification with full-length primers specific for
MYMIV-A (Chattopadhyay et al. 2013) and for 1000 bp
fragment specific to MYMV-A (Naimuddin et al. 2016)
and MYMV-HYD-B based on primers specific to a 900 bp
fragment of MYMV-B (Naimuddin et al. 2011) and prim-
ers specific to 2.7 Kb fragment of —MYMIV- B (Prathyu-
sha et al. unpublished). After screening approximately
110 combinations of clones, a viruliferous combination
was identified. These clones were used to screen urdbean
accessions against YMYV in the laboratory.

Artificial screening through agroinoculation

Full-length dimer clones were mobilized from Escheri-
chia coli, strain DH5a to Agrobacterium tumefaciens strain
EHA105 using pCAMBIA 2301 as a helper plasmid in a
triparental mating system with antibiotic selection mark-
ers of Rifampicin (20 mg/ml) and Kanamycin (50 mg/ml).
EHAI05 cells containing either DNA-A or DNA-B con-
structs were grown on the media to an ODyg, of 0.8 to 1.0
and then combined in equal proportions. Low-speed centrif-
ugation (5000 rpm) was employed to extract bacterial cells,
which were then resuspended in a small volume of Luria
Bertani broth with 100um Acetosyringone and utilised for
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inoculation. Agroinoculation was done through the sprouted
seed method (Mandal et al. 1997).

Seeds from urdbean accessions along with those from
PU31 (resistant check) and LBG685 (susceptible check)
were surface sterilised and soaked in sterile water for 2-3 h
before keeping at 37 °C overnight for germination. The seed
coat of sprouted seeds was removed and pinpricked around
the hypocotyl region with a fine syringe needle, and the
seeds were immediately immersed in Agrobacterium cells
containing an equal volume of both MYMIV DNA-A and
MYMYV DNA-B and seeds were incubated in agrobacterium
culture for 2-3 h and then washed and sown in protrays with
soil. Agroinoculated plants were maintained under con-
trolled condition at 28 °C temperature and 80-90% relative
humidity in a separate chamber. Symptom expression was
monitored at regular intervals till 30 days after inoculation.
For each test accession, 20-25 seeds were used for inocula-
tion. Since some of the seeds failed to germinate further,
the number of surviving seedlings at the time of scoring
was considered as total plants tested. Only those tests with
a minimum of ten plants were considered valid. Entries,
showing nil damage or low damage (< 10%) were retested
at least three times for validation of the reaction. In addition,
entries recording nil damage in any of the three field tests
were tested in three separate replications over time. Only
those entries that recorded nil damage in three replications
and in field tests were considered as resistant to YMV. The
presence of the virus in the infected plants randomly selected
was confirmed by PCR using virus gene-specific primers as
mentioned above.

Molecular characterization of R lines

Ten accessions of urdbean germplasm that were confirmed
with YMYV resistance were tested for the presence of YMV
following agroinoculation in symptom-free plants to know
if a low titre of the virus could be detected in the plants.
These lines were also tested with earlier reported MYMV
resistance-linked markers CEDG180 (Gupta et al. 2013) and
YMV1 (Gupta et al. 2015) to know if any of the accessions
carried the reported gene/locus for resistance.

Quantification of viral load in the YMV infected
plants

To quantify the viral DNA concentration in the YMV-
infected plants, DNA was extracted from leaf samples col-
lected from ten YMV-resistant germplasm accessions from
field and agro-inoculated checks (PU31 (R) and LBG685
(S)) and a line ABFBGO3 derived from the cross LBG685
X PU31. ABFBGO3 is used as an additional check for viral
load detection through PCR. PCR conditions were optimized
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at 25, 30 and 35 cycles to check the amplification of viral
DNA using virus coat protein-specific marker.

Statistical analysis

Statistical analysis was performed with Microsoft Excel.
Each numeric data point was calculated from at least three
independent measurements and is represented as Mean + S.E

Results
Field evaluation

In all, 998 accessions of urdbean genotypes were evalu-
ated under field conditions during 2020 through mid-2022
(Table 1). These included about 998 accessions received
during 2020 and 200 accessions of the core set received in
2021 from the National Gene Bank, NBPGR, New Delhi.
During Summer 2020, the disease incidence was very low
and only 27% of the accessions showed the incidence of
yellow mosaic disease (YMD). However, during 2021 and
2022, disease incidence was 55% and 73%, respectively
(Fig. 1). The summer season 2022 has been noted to be the
most favourable for the YMD incidence in the Hyderabad
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Fig. 1 Distribution of urdbean germplasm accessions under different
levels of plant damage due to yellow mosaic disease in field screening
during 2021 (top) and 2022 (bottom) on NBPGR, Hyderabad experi-
mental farm
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region. Also, in terms of average percent plant damage due
to YMD in pre-identified S (Susceptible) group of entries
during these two years was 20.8 +1.43 and 47.2 +2.67,
respectively (Table 1). Latter was significantly higher than
the former (P < 0.05). Thus, natural level of disease inci-
dence was higher during 2022 than during 2021. Further,
disease incidence levels, though moderate, were uniform
across the experimental plots during both years (Fig. 2).
Higher levels of disease were seen along the borders of the
plot relative to the centre. In all, 26 accessions displayed nil
damage during both years of testing. Besides, seven more
accessions with nil damage during 2021 displayed less than
10% plant damage during 2022. These entries were further
tested in the laboratory under agroinoculation.

Laboratory evaluation

During the period 2020 through mid-2022, a total of 1034
lines of urdbean germplasm accessions, including retest-
ing lines, were evaluated in the laboratory through agro
inoculation of the cloned Hyderabad isolate of the MYMV
(Table 2). In preliminary tests, 813 accessions were eval-
uated along with the resistant (PU31) and susceptible
(LBG685) checks. Of these, 439 tests could be considered
valid with at least ten inoculated plants at the time of scor-
ing. About 45% of these accessions displayed nil disease
symptoms. All such accessions were retested in at least two
more tests during different months. Only 31 of the acces-
sions displayed nil plant damage in all three tests.
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Table2 Summary of lab Screening (agroinoculation) of urdbean
germplasm accessions during 2020 through mid-2022

No. of inoculated plants >0 >5 >10
at the time of scoring

Replicated tests

Total entries screened 813 657 439 199
No. with nil damage 427 310 199 31
No. with 1-10% DP 49 49 49 5
No. with 11-40% DP 198 188 123
No. with 41-60% DP 63 58 36
No. with 61-80% DP 45 37 22
No. with 81-100% DP 31 15 10

S O N

Combined evaluation

Based on both the field and laboratory tests, 15 accessions
of urdbean displayed consistent resistance reaction against
MYMYV in two field and three laboratory tests out of which
10 accessions were selected for molecular characteriza-
tion (Table 3). Further, 17 entries displayed resistance
to MYMYV in 2021 field test and three lab tests. Another
three entries had low plant damage of 10% or less. In addi-
tion, five more accessions displayed resistance in one field
(2021) and three lab tests. Another set of 10 accessions
recorded resistance against MYMYV in one field test (2022)
and one laboratory test. Performance of these entries is
being confirmed with more laboratory tests.

% Plant damage

-
(=]

Colorwindex
8

2022

Color index

Fig.2 Severity of yellow mosaic disease across experimental plot during 2021 (upper) and 2022 (lower) field screening of urdbean germplasm

accessions on NBPGR, Hyderabad experimental farm
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Table 3 List of urdbean

. . S. No. BG # (alternate id of  IC# Accession number Field reaction (DP/TP) Lab reaction
ger@plasm ac.cesswns showing the accession) DP/TP (Tests)
consistent resistance to MYMV 2021 2022
in field and lab tests

1 BG 1114 1C0472004 0/35 0/30 0/48 (3)
2 BG 1115 1C0485454 0/38 0727 0/49 (3)
3 BG 1140 1C0485525 0/42 0/24 0/50 (3)
4 BG 1173 1C0485497 0/38 0/26 0/58 (3)
5 BG 1174 1C0485498 0/45 0/28 0/45 (3)
6 BG 1175 1C0485500 0/47 0/28 0/45 (3)
7 BG 1176 1C0485501 0/42 0/26 0/46 (3)
8 BG 1192 1C0421950 0/42 0/30 0/45 (3)
9 BG1198 1C0485410 0/29 4/18 0/48 (3)
10 BG 1200 1C0485414 0/35 0/23 0/52 (3)
Checks
PU31 R Check NT 0/182 (6) 0/134(3)
1C0257489 R. Check 15/153 (6) -
1C0424616 S. Check 148/148 (6) -
LBG685 S. Check 119/141(3)
1C0335131 S. Check 52/55(3)

DP Damaged Plants, TP Total plants, NT Not tested

Molecular characterization of the prevalent virus
isolates

Infected leaf samples of urdbean genotypes collected dur-
ing 2017-18 from the experimental fields in Rajendranagar,
Hyderabad were the source for isolating, cloning and devel-
oping viruliferous agrobacterium strain. This virus isolate
along with those isolated from field-infected leaf samples
collected from the field during 2021-22 were characterized
using MYMV and MYMIVO-specific primers (Naimuddin
et al. 2016) to know the prevailing virus species in this area.
Results (Fig. 3) suggested that the virus is a recombinant

~1000bp

MYMIVDNA-E

Fig.3 Molecular Characterization of MYMYV isolate at Hyderabad
using primers specific to MYMIV DNA-A and DNA-B (A) and spe-
cific to MYMV DNA-A and DNA-B (B). Dominant markers specific
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form of both MYMIV and MYMV. The samples of the virus
from both agro inoculated infected leaf and field infect leaf
amplified MYMIV DNA-A and MYMIV DNA-B and also
MYMYV DNA-B. These samples did not amplify MYMV
DNA-A. Further, the test also confirmed that the field pre-
vailing virus isolate and the one used for agro inoculation
were the same all through the experimental duration.

Quantification of viral load using PCR

Semi-quantitative PCR assay was performed using a virus
coat protein marker to analyze in which cycle of the PCR

MYMV DNA-A

MYMVDNA-B

to MYMV DNA-A did not amplify either with plasmid DNA (lane 1)
or in agro-inoculated (lane 2) or field infected (lane 3) leaf samples;
lane 4—negative control; L—marker ladder 1 kb
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Fig.4 PCR amplification of
VCP2 in urd bean germplasm
L -1 kb ladder; Lane 1-12: 1.
PU31 AGL, 2. LBG685 AGI,

3. ABFBGO03 AGI 4. Nega-
tive control 5. IC0472004, 6.
1C0485454, 7. 1C0485525, 8.
1C0485497, 9. 1C0485498, 10.
1C0485500, 11. IC0485501, 12.
1C0421950, 13. IC0485410, 14.
1C0485414

VCP2 35 Cycles

Table 4 Screening of core set

. Category Field (Sum-  Laboratory
of urdbean ggrmplasm against mer 2022)
Yellow mosaic virus under
natural field and laboratory Total number of accessions screened 202 192
conditions during 2022 Number of accessions without YMV symptoms (R) 52 44
Number of accessions with YMV symptoms (S) 149 148
Nil germination entries 1 0
Number of accessions without YMV symptoms in both field and laboratory 22 22
Number of accessions with YMV symptoms in both field and laboratory 121 121
Number of accessions without YMV symptoms in field and plants with>20% 19 19
YMV symptoms in laboratory
Number of accessions without YMV symptoms in laboratory and plants 12 12

with>50% YMV symptoms in field

R Resistant, S Susceptible

viral load can be detected by optimising PCR at 25, 30 and
35 cycles. In this test along with ten YMV-resistant geno-
types from the field and agro inoculated checks (PU31 (R)
and LBG685 (S)) and a line ABFBGO3 derived from the
cross LBG685XPU31were used. Experiment was designed
by keeping the DNA concentration constant, and only the
PCR cycles were varied. Agroinoculated samples PU31,
LBG685 and ABFBGO3 showed amplification even at 25
cycles and but the intensity of the band was very high at 35
cycles. Whereas the ten YM V-resistant genotypes collected
from the field did not show any amplification even at 35
cycles of PCR. This shows that these ten YMV-resistant
genotypes do not allow the multiplication of virus in them
(Fig. 4).

Evaluation of core set of urdbean germplasm

A core set of urdbean germplasm has been constituted with
218 entries by NBPGR, New Delhi in consultation with the
experts that represents diversity in the main collection. Of
these 202 entries were evaluated in the field during the sum-
mer of 2022, and 52 entries recorded nil damage (Table 4).
This core set is also being screened in the laboratory. Of 86
entries tested, 43 entries showed nil damage in the first round
of testing. Based on these two tests, 21 entries could be
picked up as promising in both field and lab tests (Table 5).

Table 5 Accessions of Core Set of urdbean germplasm recording nil
damage against YMV in both field and laboratory tests during 2022

Core set # IC# Core set # IC#

CS7 1C0519915 CS130 1C0530501
CS24 1C0140814 CS131 1C0530492
CS27 1C0557432 CS132 1C0530478
CS30 1C0279521 CS134 1C0530615
CS42 1C0250224 CS138 1C0250225
CS99 1C0330859 CS140 1C0485430
CS100 1C0001572 CS142 1C0427983
CS110 1C0326077 CS143 1C0472004
CS113 1C0616492 CS146 1C0485522
CS118 1C0530459 CS172 1C0519933
CS125 1C0485645 CS197 1C0472029

Molecular characterization of selected resistant
genotypes

Using the reported SSR marker CEDG180 linked with YMV
resistance, ten resistant accessions were genotyped to note
the presence of resistance-specific allele in these. Results
(Fig. 5) suggested the presence of three alleles. None of
the accessions is carrying PU31 resistance-specific allele,
this shows that they may be carrying the novel gene(s).
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Fig.5 PCR amplification of
SSR marker CEDG180 in ten
YMV resistant urdbean germ-
plasm. L -100 bp ladder; Lane
1-12: 1. PU31, 2. LBG685 3.
1C0472004, 4. 1C0485454, 5.
1C0485525, 6. 1C0485497, 7.
1C0485498, 8. 1C0485500, 9.
1C0485501, 10. 1C0421950, 11.
1C0485410, 12. 1C0485414

Whereas the other marker YMV1 reported to be linked to
YMV resistance, which was developed from SSR8111357
failed to amplify the 1357 bp marker fragment in all the urd
bean genotypes used in this study.

Discussion

Yellow mosaic disease (YMD) of urdbean caused by MYMV
or MYMIV and transmitted by the whitefly is the main pro-
duction constraint in India and other urdbean-producing
Asian countries. Development and cultivation of MYMV-
resistant cultivars is a better choice than chemical control of
the vector for the management of the disease and alleviating
the yield losses due to it. Though significant achievement
has been reported in breeding MYMV-resistant cultivars
with the commercial release of more than 45 (Project Coor-
dinator’s Report, AICRP on MULLaRP, ICAR, ITIPR, Kan-
pur. 2017-18 & 2020.) varieties over the past three decades,
respite from the disease is short-lived. This is mainly due to,
among other causes, the prevalence of at least two species of
the virus, and possible recombinants of the two, and rapid
mutations in both virus and vector populations. To address
these issues, we need to identify genetically characterized
new and diverse sources of resistance and molecular markers
linked to such genes for possible pyramiding of the genes
to develop durable and broad-spectrum resistance against
YMV.

There have been several recent reports of field evaluation
of urdbean genotypes for YMV resistance (Igbal et al. 2011;
Obaiah et al. 2013; Mohan et al. 2014; Subedi et al. 2016;
Bandi et al. 2018; Pavishna et al. 2019; Tamilzharasi et al.
2020). In most of these studies, however, details of prevail-
ing virus species or isolate were not precisely ascertained. It
is generalized that MYMIV is prevalent in the northern, cen-
tral and eastern regions of India, while MYMYV is ubiquitous
in the southern and western part of the country (Karthikeyan
et al. 2014; Mishra et al. 2020; Gupta et al. 2021). How-
ever, a recent study based on whole genome sequence
analysis (Chowdary et al. 2022) reported the occurrence of
MYMIV with recombinant DNA-B component in southern
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peninsular India. Our results of molecular characterization
using species-specific markers for both DNA-A and DNA-B
also indicated virus isolate at Hyderabad to be a recombi-
nant of MYMIV DNA-A and components of DNA-B of
both MYMIV and MYMV. Exceptional study by Biswas
and Verma (2001) has screened blackgram germplasm in
both field and greenhouse through vector-mediated infec-
tion against several natural variants of MYMYV. Bag et al.
(2014) reported screening of 344 accessions of black gram
germplasm from the National collection in three field tests
and eight of the promising entries were also tested in one
greenhouse tests followed by agroinoculation test. Four of
the accessions reported promising in this work were not part
of the present set. Recent report of Chaitanya et al. (2022)
provides details of cloning the virus and screening of urd-
bean genotypes against different combinations of cloned
DNA-A and DNA-B components through agroinoculation
and in field. Our study is also based on both field and labora-
tory screening through agroinoculation with a characterized
isolate of the virus. This is also a high-volume screening
study covering more than half of the entire National Germ-
plasm collection maintained at NBPGR, New Delhi.

The virus isolate used in the present study, though char-
acterized by only one set of species-specific dominant mark-
ers, remained unchanged throughout the period of screen-
ing both in the field and laboratory tests. Hence, a good
level of consistency between these two sets of screening is
expected. Field screening is always best with non-uniform
disease pressure and inadvertent seed mixture which may
result in a large proportion of false positives. This limita-
tion was overcome in this study by repeating the test at least
for two consecutive years. Laboratory tests may also throw
false positives due to improper practice of protocols or an
unsuitable environment for disease development. This was
minimised in our testing by conducting at least three tests
during different months, each test with five replications hav-
ing five plants in each. Further, a test was considered valid
if at least ten plants survived at the time of disease scoring.
Hence, out of 10 test entries that recorded nil plant damage
in two field tests, all ten entries scored nil plant damage in all
three laboratory tests. Reciprocally, of the ten entries scoring
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nil plant damage in three laboratory tests only one accession
(I1C0485410) recorded 22% plant damage in field test during
2022. Such differences were also noted in the previous stud-
ies (Biswas and Verma 2001; Chaitanya et al. 2022).

A large number of YMV resistant genotypes has been
reported in the above-listed field and laboratory screening
studies. However, limited attempts have been made to note
the inheritance of resistance and characterize resistance
genes and note their allelic relationship with each other
(Verma and Singh 1986). Recently, based on linked molecu-
lar markers, at least two distinctly different groups of resist-
ance sources have been recognised by Gupta et al. (2015).
Among several reported linked markers tested by them, two
markers ISSR811 (and associated SCAR marker YMV1)
and SSR marker CEDG180 were found distinguishing the
resistance sources. We attempted to see diversity among the
ten resistant accessions reported here using SCAR marker
YMV1 and CEDG180 marker. SCAR marker YMV1 did not
amplify with any of the 10 accessions. But with CEDG180,
Results suggested that 10 accessions shortlisted through field
and laboratory tests do not carry PU31 allele and this shows
that may be likely to carry novel gene(s). Further studies are
needed to genetically characterize these new sources.
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