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Yellow mosaic virus (YMV) disease is known to cause severe damage in green gram in terms of yield loss. As the
resistance is often governed by recessive genes, introgression of such resistance faces some difficulty. DNA molecular
markers are reported to be effective in this process. However, validation of such markers is important. Here, we have made
an attempt to validate DNA markers associated with YMV disease resistance gene from a diverse group of 26 green gram
genotypes. A total of 19 molecular markers were used to assess the susceptibility or resistance against YMV disease. Results
show that among the amplified 31 alleles, 21 were polymorphic, with a mean of 1.1.0 per locus. The polymorphism
information content (PIC) values ranged from 0.32 to 0.80. Only five markers exhibited higher PIC value (>6.0) and were
revealed to be polymorphic, suggesting its utility in marker assisted selection for breeding YMV resistant genotypes in green
gram. Dice dissimilarity coefficient among the genotypes exhibited a range of 0.07 to 1.0 which show a wide genetic
variation among the genotypes for YMV tolerance. Neighbor-joining cluster analysis has grouped 26 green gram genotypes
into 4 main clusters which revealed the existence of genetic dissimilarities among the genotypes. The genotypes AUGG 6,
VBN (Gg) 2 and CO (Gg) 8 carried the positive alleles for YMV disease resistance and the allele for susceptibility were
found in the genotypes AUGG 12, AUGG 15, AUGG 17 and AUGG 19. Single marker analysis indicated that there was
correlation between the markers and the disease reaction in the field with exceptions. The findings revealed that the SSR
markers CEDG180 and YR4 could be used to screen germplasm in order to discriminate the YMV resistant genotypes from

the susceptible genotypes in marker assisted selection.
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Pulses are one among the important crops in the world.
They are grown on 5.9 million hectares of land
globally with an annual production of 4.4 million tons.
Among the pulses, pigeon pea, black gram and green
gram makes significantly large contribution to the
pulses production in India. Green gram or mung bean
is a member of the genus Vigna and the family
Leguminaceae. It is a short duration, self-pollinated,
diploid (2n = 22) with a genome size of 0.56pg/1C
(574 Mbp)> India ranks number one in the world for
production and consumption of pulses. It is cultivated
in an area about 2.2 million hectares with a production
of 0.93 million tones®. Increased consumption and
thereby the growing global demand has encouraged
researchers to develop new varieties adapted to
different conditions, particularly water stress**.

Many factors that can lead to low productivity of
green gram ranging from plant ideotype to various biotic
and abiotic stresses. Yellow mosaic virus disease
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(YMD) is most destructive disease caused by Yellow
mosaic virus (YMV)®. YMV belongs to the genus
Begomovirus®. French bean, dolichos, horsegram,
soybean, black gram, green gram, mothbean, Lima bean,
cowpea and a few other leguminous species are also
affected by this virus®. White fly (Bemisia tabaci) is the
vector which transmits YMD to green gram'’. The
YMV disease causes loss varying from 5 to 100%*".

The YMV disease causes more severe damage in
green gram than in black gram in South Asia. In
India, there are two species of this virus viz.,
Mungbean Yellow Mosaic India Virus (MYMIV) and
Mungbean Yellow Mosaic Virus (MYMV). The first
one is prevalence in northern India and the latter is
predominant to Southern India'?*,

Hence, the nature of resistance exhibited by green
gram from southern to northern parts of India varies.
There is no uniform screening procedure and also
observed that frequently resistance is governed by
recessive genes and hence there is difficulty in
introgression of YMV resistance in green gram.
Therefore, we need to utilize modern biotechnological
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tools that can identify MYMV resistant genotypes
reliably.

DNA markers molecular markers can be effectively
used as a tool to predict the presence of a specific
gene with high accuracy and to transfer the genes into
desirable agronomic backgrounds. The use of DNA
markers can accelerate the resistance breeding cycles
associated with the phenotyping and also to overcome
the inaccuracies in the field evaluation because of
their property and environmental neutrality*. Marker
assisted selection (MAS) also offer the opportunity
for non-transgenic transfer enabling introgression of
disease resistance from wild species™. Since YMV is
a complex disease, experimental validation of
molecular markers for YMV resistance becomes very
important. It is more important in the Indian context,
since there are different species of yellow mosaic
viruses and variability in the nature of disease
resistance from southern to northern parts of India.

The currently available screening procedures lack
uniformity and many times the resistance is governed
by recessive gene which causes significant delay in
transfer of YMV resistance in superior genotypes. The
white fly wvector exhibits variable transmission
efficiency depending on the host genotypes, vector
biotypes and growth conditions available. Screening
for YMV resistance under hot spot conditions has also
not given consistent results. Hence, development of
resistant cultivars needs molecular tools that can lead to
the identification of MYMV resistant and distinguish
them from susceptible genotypes reliably. Marker
assisted selection can accelerate the breeding cycle for
disease resistance to a great extent when compared to
conventional backcross method of transfer.

Validation of Polymerase Chain Reaction (PCR)
based DNA marker system linked to disease resistance
genes have been reported in earlier studies for YMV
disease tolerance in urad bean, such as Random
Amplified Polymorphic DNA (RAPD) markers'®"’,
Simple Sequence Repeat (SSR) markers™, Inter Simple
Sequence Repeat (ISSR) and Sequence Characterized
Amplified Regions (SCAR) markers'®, Resistance Gene
Analogue (RGA) markers®?. Among various DNA
marker systems, SSR markers are considered the most
ideal marker for genetic studies because of their multi-
allelic, abundant, random and wide distribution
throughout the genome, co-dominant, simple to assay,
highly reliable, reproducible and amenable for
automation”?, Hence, in the present investigation, we

have analyzed 19 molecular markers which have been
reported to be linked to YMV resistance in green gram and
black gram genotypes. Of whichl6 SSR markers, one
SCAR marker and two RGA markers were engaged to
reveal the genetic diversification among green gram
genotypes for YMV resistance.

Materials and Methods
Plant materials

Twenty six green gram genotypes were taken for
investigation of YMV resistance or tolerance. Of these,
twenty genotypes were cultures (AUGG 1, AUGG 2,
AUGG 3, AUGG 4, AUGG 5, AUGG 6, AUGG 7,
AUGG 8, AUGG 9, AUGG 10, AUGG 11, AUGG 12,
AUGG 13, AUGG 14, AUGG 15, AUGG 16, AUGG
17, AUGG 18, AUGG 19 and AUGG 20) developed in
Department of Genetics and Plant Breeding, Annamalai
University and six commercial cultivars (VBN (Gg) 3,
VBN (Gg) 4, VBN (Gg) 5, VBN (Gg) 6, CO (Gg) 7 and
CO (Gg) 8) were obtained from National
Pulses Research Centre, Vamban, Pudukkottai
district, Tamil Nadu, India (Table 1). Genetically pure
seeds of each accession were raised in experimental field
of Department of Genetics and Plant Breeding, Faculty
of Agriculture, Annamalai University, Tamil Nadu,
India.

Table 1 — List of green gram genotypes and their disease scoring
for YMV in hotspot based on percentage disease incidence

Genotypes Source PDI (%) Reaction to YMV
AUGG-1 Cross derivative 0.0 HR
AUGG-2 Cross derivative 20.0 MR
AUGG-3 Cross derivative 40.0 S
AUGG-4 Cross derivative 13.0 MR
AUGG-5 Cross derivative 80.0 HS
AUGG-6 Cross derivative 0.0 HR
AUGG-7 Cross derivative 15.0 MR
AUGG-8 Cross derivative 33.3 MS
AUGG-9 Cross derivative 16.0 MR
AUGG-10 Cross derivative 13.0 MR
AUGG-11 Cross derivative 60.0 HS
AUGG-12 Cross derivative 40.0 S
AUGG-13 Cross derivative 62.5 HS
AUGG-14 Cross derivative 20.0 MR
AUGG-15 Cross derivative 62.5 HS
AUGG-16 Cross derivative 41.6 S
AUGG-17 Cross derivative 53.3 HS
AUGG-18 Cross derivative 25.0 MS
AUGG-19 Cross derivative 62.5 HS
AUGG-20 Cross derivative 25.0 MS
VBN (Gg) -1 Vamban, Pudukkottai  40.0 S
VBN (Gg)-2 Vamban, Pudukkottai  10.0 R
VBN (Gg)-3 Vamban, Pudukkottai  60.0 HS
VBN (Gg)-4 Vamban, Pudukkottai 20 MR
CO (Gg)-7 Coimbatore 10.0 R
CO (Gg)-8 Coimbatore 10.0 R
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Field screening for YMV tolerance/phenotypic variability

Disease resistance screening for YMV disease was
done in the hotspot, Panboli village of Tirunelveli District,
Tamil Nadu during summer, 2017 using infector row
technique. Twenty six genotypes were sown in single row
with spacing of 30x10 cm in two replications. One row of
SML 1082 (infector line) was raised after every five test
genotypes. Standard agronomic practices were made as per
recommendation. We did not use insecticidal spray which
enabled the vector to spread. Disease infection was noted
at periodic intervals and the percentage disease incidence
(PDI) was calculated using the formula-Percent disease
incidence = [(Number of plants infected in a row)/(Total
number of plants in a row)] x 100. The test genotypes
were classified using 0-9 arbitary scale as Immune (HR),
Resistant (R), Moderately resistant (MR), Moderately
susceptible (MS), Susceptible (S) and highly susceptible
(HS) as suggested by Humphry et al.™* (Table 1).

DNA extraction

The genomic DNA was isolated from leaf tissue of 20
days old seedlings following the protocol of cetyl
trimethyl ammonium bromide (CTAB) with slight
modifications as described by Doyle?’ DNA
concentration was quantified on Nanodrop ND 1000
spectrophotometer (Thermo Scientific, USA). The
results were confirmed by staining DNA with ethidium
bromide (intercalating dye) after electrophoresis on
0.8% agarose gel at 100V for 45 min in TBE buffer (0.4
M Tris-boric, 0.001 M EDTA, pH 8.0) using known
DNA concentration standards (A DNA, uncut).

PCR analysis

PCR amplification was carried out in a thermocycler
(Mastercycler Personal, Eppendorf, USA). A total of
16 microsatellite SSR markers, one SCAR marker and
two RGA markers (Table 2'*Y"#%) found to be

Table 2 — Details of SSR, SCAR and RGA markers linked to YMV resistance

Marker name Marker type Primer sequence Product size (bp) Annealing temperature (°C)

ceocon s CATCICCCTOMMACTICTS

ceoows  sm  LSSTATOSACCAMMCAATS

YMV1 SCAR F-GAGAGAGAGAGAGAGACAAAG 1357 58t
R-GAGAGAGAGAGAGAGACAGGA

YR4 RGA  §GACGTCCTTGTAACTTTGATOA 456 58"

CYRI RGA F-GGGTGGTTTGGGTAAGACCAC 1236 5817

R-TTCGCGGTGTGTGAAAAGTCT
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polymorphic and associated with YMV disease
resistance genes in green gram and black gram were
selected from previously published literatures'®%.
Theses microsatellite primers were procured from
Genei (Bangalore Genei Pvt. Ltd., Bangalore, India)
were used for amplification purposes. The
amplifications were performed in 25 pL reaction
volumes containing 1 pL of genomic DNA (25 ng/uL),
2.5 uL of 10X Tag polymerase buffer, 1 pL of 10 mM
dNTP mix (0.20 mM), 1.0 pL of primer (10 ng/pL), 1 U
of Tag DNA polymerase and 18.5 pL of milliQ water.
After initial denaturation at 94°C for 4 min, PCR was
run for 40 cycles consisting of a denaturation step of
1 min at 94°C, annealing for 1 min at 50-62°C
(depending on marker type) and an extension at 72°C
for 1 min. The final extension was done at 72°C for
1 min. List of genetic markers and their annealing
temperatures are given in Table 2. The amplified PCR
product (10 pL) was resolved on 1.5% (w/v) agarose
gels in 1X TBE buffer. Staining of the gels was
through with ethidium bromide and also the sizes of
the fragments were calculated by employing 100 bp
ladder (Genei, Bangalore) as a size marker. The gel
was run until the dye reached the top of the gel, then
the gel pictures were photographed with Gel
Documentation system (Vilber Lourmat, France). All
the PCR amplifications were recurrent thrice so as to
confirm dependableness of the results.

Data analysis

The amplified DNA fragments in gel images were
transformed to binary data (0, 1), where 1 and O were
scored for the presence and absence of alleles,
respectively. Percent polymorphism for the markers
was work out by the formula: (Number of
polymorphic alleles/Total number of alleles) x 100.
The polymorphic information content (PIC), a degree
of polymorphism, was estimated by the formula PIC =
1-Y (Pi)’>, where P; is the proportion of samples
carrying the i" allele of a particular locus. The
clustering was done by using the dissimilarity
coefficient matrix for the 26 genotypes by employing
the unweighted neighbour joining method bootstraped
over 5000 times. The dendogram was constructed by
using the joining pattern of the genotypes. The clads
showing more than 70% of the bootstrap value where
considered arbitrarily as a strong cluster. We used the
DARwin v. 5.0.157 software® for clustering. Single
marker analysis was conducted using ANOVA,
regression in Microsoft excel. The fact that molecular
marker genotypes were classified into groups means
that marker genotypes can be used as classifying

variables for a t-test or ANOVA, or as variables for
regression analysis

Results and Discussion

Genetic variability for important agronomic traits is
the basic requirement in the germplasm which can be
used for crop improvement. Therefore, estimation of the
genetic variation in the germplasm by conventional
and molecular markers and identification of superior
genotypes constitutes the foremost step in crop
improvement. Many types of DNA markers have been
developed and put to use in the past few decades in crop
breeding program. The YMV virus infects most of the
green gram varieties under commercial cultivation and
hence we need to identify closely associated molecular
markers that could be utilized in the transfer of the
resistant genes into commercially grown cultivars.

Molecular marker statistics

A considerable level of variability was observed
among tested green gram genotypes using SSR, SCAR
and RGA markers. In the present study, all the
19 markers generated reproducible, clear and distinct
DNA bands. Reproducibility of the PCR amplifications
was verified by replicating the PCR reactions. Of these
19 markers, 12 (63.2%) markers were polymorphic and
the remaining 7 (36.8%) produced monomorphic
amplification products (Table 3). Allele sizes ranged
from 64 bp (CEDGO067) to 1357 bp (YMV1). The
markers produced alleles in a range of 1 to 8, with a
mean value of 1.75 alleles per locus. Eight markers

Table 3 — Genetic diversity analysis of 26 green gram
genotypes using molecular markers

Primers  NO-OF - No. of poly- %Poly- b1 \alye
alleles  morphic alleles  morphism
CEDGO008 2 2 50.00 0.633
CEDG014 2 1 50.00 0.651
CEDG011 1 0 0.00 0.000
CEDGO013 2 0 0.00 0.000
CEDG022 1 1 100 0.519
CEDG020 1 0 0.00 0.000
CEDG044 2 2 100 0.320
CEDGO059 1 1 100 0.410
CEDGO056 1 0 0.00 0.000
CEDG067 2 1 50.00 0.486
CEDG133 2 0 0.00 0.000
CEDG092 2 1 50.00 0.570
CEDG139 2 2 100 0.618
CEDG198 2 2 100 0.560
CEDG180 2 2 100 0.707
CEDGO030 2 1 50.00 0.558
CYR1 1 0 0.00 0.000
YR4 1 1 100 0.809
YMV1 2 0 0.00 0.000
Total 31 21 95.0 7.195
Mean 163 110 50 0.378
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were bialleic producing two distinct alleles among the
genotypes while four markers were mono-allelic
showing a dominant allele pattern. All the markers
expect one (CEDG139) showed polymorphic allele
pattern. In CEDG139 one of the allele was
monomorphic. Further, in the present investigation, we
observed per cent polymorphism ranges from 30.8 to
55.8. Among the 12 polymorphic markers, CEDG067,
CEDG092 and CEDG198 scored 48.1% polymorphism.
Only two markers showed highest polymorphism such
as 50% (CEDGO044) and 55.8% (CEDGO059). The
marker YR4 gave the lowest polymorphism (30.8%).
The high level of polymorphism can be attributed to
the genetically diverse nature of the genotypes. It has
been well documented that individuals that are
genetically dissimilar may have either same or different
phenotype, but those individuals having similar
genotype could only have similar phenotype®.

Assessment of genetic polymorphism

PIC provides an estimate of the ability of any locus
to discriminate the genotypes by considering the
number of alleles that are present in a locus and their
relative frequencies. The PIC values ranged from
0.192 (CEDGO059) to 0.804 (YR4) with a mean of

0.464 (Table 3) which indicated that most of the
markers were useful in germplasm characterization.
However, 6 markers were more informative as they
showed PIC values above 0.5. As per the PIC values,
the most informative locus was YR4, which had the
highest PIC value.

Dice dissimilarity co-efficient

Dice dissimilarity among the 26 green gram
genotypes was found to vary from 0.07 to 1.0 with a
mean of 0.535. The genetic distance calculated using
Dice dissimilarity co-efficient showed AUGG13 and
AUGG16 had lowest dissimilarity coefficient with
AUGG12 followed by VBN (Gg) 3 with VBN (Gg) 4.
The highest dissimilarity of 1.0 was between CO (Gg)
4 and AUGG17 and between CO (Gg) 8 and
AUGG19 (Table 4).

Cluster analysis

Cluster analysis is a prominent tool which has been
used most often to identify cluster of genotypes
harboring desirable traits from the germplasm during
selection®. By forming four groups, cluster analysis
indicated divergence in 25 accessions. Clusters Il and
IV had the greatest inter-cluster distance, indicating
that hybridization between genotypes from these two

Table 4 — Dice dissimilarity index using 12 SSR markers from 26 green gram genotypes

nits

UGG1
AUGG2
AUGG3
AUGG4
AUGG5
AUGG6
AUGG7
AUGGS8
AUGG9
AUGG10
AUGG11
AUGG12

<
0.000
0.2730.000
0.3040.2000.000
0.2380.2170.0830.000
0.3330.3040.2500.2730.000
0.5650.3600.308 0.417 0.250 0.000
0.2380.2170.1670.2730.364 0.4170.000
AUGG-8 0.5000.4550.4780.4290.4290.4780.7140.000
AUGG-9 0.3640.3330.2800.3910.478 0.5200.217 0.636 0.000
AUGG-10 0.5450.2500.2000.304 0.304 0.360 0.391 0.364 0.250 0.000
AUGG-11 0.4550.3330.1200.2170.391 0.360 0.304 0.455 0.250 0.167 0.000

=)
AUGG-1
AUGG-2
AUGG-3
AUGG-4
AUGG-5
AUGG-6
AUGG-7

AUGG-12 0.4170.2310.3330.4400.280 0.3330.280 0.500 0.231 0.231 0.308 0.000

AUGG13
AUGG14
AUGG15
AUGG16
AUGG17
AUGG18
AUGG19
AUGG20
VBN (Gg) 1
VBN (Gg) 2
VBN (Gg) 3
VBN (Gg) 4
CO (Gg)-7
CO (Gg)-8

AUGG-13 0.3640.167 0.2800.391 0.304 0.3600.217 0.4550.167 0.167 0.250 0.077 0.000

AUGG-14 0.6520.4400.3850.5000.333 0.231 0.500 0.304 0.440 0.280 0.360 0.259 0.280 0.000

AUGG-15 0.6520.4400.3850.5000.3330.2310.417 0.391 0.4400.280 0.360 0.185 0.280 0.154 0.000

AUGG-16 0.4550.2500.360 0.478 0.304 0.360 0.304 0.455 0.250 0.250 0.333 0.077 0.083 0.200 0.280 0.000

AUGG-17 0.5790.429 0.4550.500 0.500 0.4550.4000.579 0.4290.4290.4290.217 0.333 0.364 0.182 0.333 0.000

AUGG-18 0.6470.6840.7000.667 0.556 0.7000.778 0.529 0.684 0.684 0.684 0.524 0.579 0.400 0.600 0.474 0.500 0.000

AUGG-19 0.6000.364 0.3910.4290.429 0.478 0.429 0.600 0.545 0.364 0.455 0.333 0.364 0.478 0.304 0.455 0.368 0.647 0.000
AUGG-20 0.6190.565 0.3330.4550.545 0.5830.5450.429 0.478 0.391 0.304 0.520 0.478 0.333 0.500 0.478 0.600 0.3330.524.0.000

VBN (Gg)

-1 0.5560.5000.4290.368 0.474 0.6190.579 0.444 0.500 0.400 0.400 0.455 0.400 0.429 0.524 0.400 0.529 0.333 0.333 0.368 0.000

VBN
(Gg)-2
VBN
(Gg)-3
VBN
(Gg)4

0.7000.5450.4780.4290.619 0.5650.714 0.500 0.636 0.455 0.364 0.583 0.545 0.478 0.652 0.545 0.684 0.412 0.500 0.333 0.222 0.000
0.2940.368 0.5000.444 0.4440.7000.444 0.6470.4740.5790.5790.429 0.368 0.700 0.700 0.474 0.625 0.429 0.412 0.556 0.333 0.529 0.000

0.3750.4440.5790.5290.529 0.684 0.529 0.625 0.556 0.667 0.667 0.500 0.444 0.684 0.684 0.556 0.600 0.385 0.500 0.529 0.429 0.625 0.077 0.000

CO (Gg)-7 0.5000.444 0.4740.4120.529 0.5790.529 0.625 0.556 0.556 0.556 0.500 0.444 0.579 0.579 0.556 0.467 0.385 0.375 0.529 0.286 0.500 0.231 0.167 0.000
CO (Gg)-8 0.7500.889 0.684 0.7650.765 0.684 0.765 0.875 0.556 0.778 0.667 0.800 0.778 0.684 0.895 0.778 1.000 0.692 1.000 0.529 0.857 0.625 0.846 0.833 0.833 0.000
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clusters will utilise heterosis to a higher extent. For
additional development, selection criteria based on
pod length, pods per cluster, protein content, 100 seed
weight, and seed yield per plant can be created®. The
DICE dissimilarity co-efficient was used to construct
the dendrogram and we observed four clusters based
on marker allele distribution. The first cluster
consisted of six genotypes (AUGG 2, AUGG 7,
AUGG 9, AUGG 12, AUGG 13 and AUGG 16) and
accommodated 23% of the total population based on
allelic similarity. The second cluster consisted of four
genotypes having a membership density of 15.4%. It
consisted of AUGG 3, AUGG 4, AUGG 10 and
AUGG 11.The third cluster consisted of eight
genotypes accommodating 30.8% of total genotypes.
It consisted of all VBN and CO genotypes VBN (Gg)
1, VBN (Gg) 2, VBN (Gg) 3, VBN (Gg) 4, CO (Gg)
7, and CO (Gg) 8 along with AUGG 18 and AUGG
20. The fourth cluster had remaining 27% of the
population consisting of genotypes AUGG 5, AUGG
6, AUGG 8, AUGG 9, AUGG 14, AUGG 15 and
AUGG 17. None of the groups indicated bootstrap
esteem over 70% despite the fact that the neighbor
joining methodology was bootstrapped 10000 times.
The highest bootstrap value of 69% was shown by
two genotypes VBN (Gg) 3 and VBN (Gg) 4 followed
by their grouping with CO (Gg) 7 (54%).

Genetic divergence among green gram genotypes
Mahalanobis’s D squares distances were estimated
using cluster analysis. The genetic divergence of the
test genotypes clustered them into more precise
clusters and estimated the average distance between
them. The D? value was calculated and genetic
distance/divergence was estimated for the 26
genotypes under study. The cluster analysis produced
into six clusters following Tocher’s method as
presented in Table 5. Cluster VI was the largest with
12 genotypes, AUGG 7, AUGG 8, AUGG 9, AUGG
12, AUGG 13, AUGG 14, AUGG 15, AUGG 17,
AUBG 18, VBN (Gg) 1, VBN (Gg) 3, and VBN (Gg)
18. Cluster I with 5 AUGG 1, AUGG 2, AUGG 3,
AUGG 4, AUGG 16 was the second largest cluster.
Cluster 1V was the third largest cluster with 3
genotypes, namely AUGG5, AUGG10, VBN (Gg) 2.
The remaining clusters 1I, I1Il and IV had two
genotypes each. The intra and inter cluster D? values
are presented in Table 6. Intra cluster values ranged
from 12.86 (Cluster I1) to 1188.15 (Cluster V). From
the inter cluster values of six clusters, it can be seen
that the highest divergence occurred between cluster
IV and cluster V (1591.36) followed by cluster V and

cluster VI (1578.54), cluster Il and cluster V
(1554.80), cluster 1 and cluster V (1186.67) in that
order of magnitude. The minimum inter cluster
distance was noticed between cluster 111 and cluster
IV (130.24)) followed by cluster Il and cluster IV
(104.92) and cluster Il and cluster Il (51.12). In the
present study there was a divergence in phenotypic
and molecular genotypic diversity. The phenotypic
diversity analysis produced six clusters while the
molecular diversity analysis produced three clusters.
All the VBN genotypes (developed in National Pulses
Research Centre, Vamban, Tamil Nadu) were in same
cluster (Cluster I11) by molecular diversity while they
were in three different clusters by phenotypic
diversity. Similarly the genotypes AUGG 5 and
AUGG 10, AUGG 19 and AUGG 11 which was
grouped in the same cluster by phenotypic analysis
were in different clusters by genotypic analysis. There
were instances of correlation between both analyses.
The genetic distance announced by DICE
dissimilarity co-efficient indicated the lowest value of
0.007 between AUGG 12 with AUGG 13 and AUGG
16, and VBN (Gg) 3 with VBN (Gg) 4. This was in
correlation with phenotypic diversity analysis were
AUGG 12 and AUGG 13 were grouped in the same
cluster. The highest divergence of 1.0 was between
CO (Gg) 8 and AUGG 17 and between CO (Gg)
Table 5 — Clusters and their genotype distributions
No. of

Clusters Genotypes
genotypes
| 5 AUGG-1, AUGG-2, AUGG-3, AUGG-4,
AUGG-16
1 2 VBN (Gg) 4, CO (Gg) 7
1 2 AUBG -6, AUGG-20
v 2 AUGG-11, AUGG-19
\Y 3 AUGG-5, AUGG-10, VBN (Gg)-2
AUGG-7, AUGG-8, AUGG-9, AUGG-12,
Vi 1 AUGG-13, AUGG-14, AUGG-15, AUGG-
17, AUGG-18, VBN (Gg) -1, VBN (Gg)-3,
CO (Go)-8
Table 6 — Average intra- cluster and (inter- cluster) D? values of
green gram
Clusters | 1l 11 v \Y VI

252.938 182.063 174.298 269.124 1158590 276.752
(15.165) (14.658) (13.458) (15.467) (35.391) (15.490)
12.69 132.243 106.898 1569.790 189.156

(4.489) (12.279) (12.394) (10.423) (36.362)

13503 98029 1052232 236.796

(3.724) (10.015) (32.498) (15.104)

30.297 1588.264 176.762

v (5603) (38.981) (14.695)
v 1167153 1563.487

(35.387) (41.554)
v 260,313

(16.695)
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8 and AUGG 19. In the phenotypic analysis CO (Gg)
8 and AUGG 19 were grouped in different clusters.

The results showed that the pattern of genetic
diversity in the genotypes depended on whether the
markers used were molecular or phenotypic.
Phenotypic clustering pattern obtained by screening
under hotspot condition didn’t correlate with the
clustering obtained by DNA markers specific for
YMV resistance in most of the occasions. Earlier
studies have found fewer relationships between
molecular genotypic analysis and divergence based on
morphological data'"*®%. In the present investigation,
the molecular markers produced close relationship
among the genotypic pairs than the association based
on phenotypic data. This finding suggests that the
state of genetic diversity in green gram may be better
described when large numbers of different markers
are used in a complementary manner. It also indicats
that SSR markers effectively sample the genomic
regions which may code for many simple physio-
logical functions affecting a morphological trait that
could be relevant for phenotypic classification of the
accessions.

Single marker analysis

Single marker analysis is one of several
guantitative trait locus (QTL) analysis approaches that
can reveal relationship between molecular markers
and phenotypic scores was analyzed by single marker
analysis to identify SSR markers that are association
with yellow mosaic virus disease scores in black
gram. The single-marker analysis (SMA) study
showed that SSR markers CEDG180 and YR4 were
highly associated with the phenotypic characters,
number of branches per plant, length of the pod,
number of seeds per pod and seed yield per plant.
Moreover, phenotypically these characters have more
association with each other. YMV percentage of the
disease incidence showed the target alleles R? value
CEDG180 (21.80), YR4 (22.30) and P value is
CEDG180 (0.016) and YR4 (0.0014) (Table 7). QTL
analysis, MAS and QTL cloning are the major
application for breeding program. Molecular markers
linked with QTL/major genes for traits of interest
are being routinely developed in several crops®.

Table 7 — Single Marker Analyse for PDI
Group Mean

H 2

Traits Allele R Positive Negative P-Value
YMV
percentage CEDG180 21.80 2.33 34.10 0.016
disease YR4 22.30 54.50 26.10 0.014
Incidence

Therefore, markers identified during the present study
may be useful for further marker assisted breeding
program to develop the yellow mosaic virus resistant
black gram.

To detect associations between molecular markers
and traits of interest, data analysis approaches include
single marker analysis, simple interval mapping
(SIM), multiple interval mapping (MIM), and
composite interval mapping (CIM). Although these
approaches are designated for QTL analysis, they are
also typically employed whenever a trait’s method of
genetic control is unknown. This article focuses on
single marker analysis®.

Marker trait association

Marker and phenotypic trait relationship was
assessed between all the twelve polymorphic markers
and YMV resistance. The variation between groups
defined by the allelic pattern of each of the marker
was assessed for YMV resistance as indicated by the
Percentage Disease Incidence. Two alleles, one from
marker CEDG092 showed a significant correlation
with the YMV disease resistance in which the
presence of the allele averaged an infection rate of
2.33% while the absence of the allele increased the
average infection to 34.2%. The allele defined a
proportion of variation of 21.9% towards the YMV
resistance. Genotypes AUGG6 (HR), VBN (Gg) 2,
(R) and CO (Gg) 8 (R) carried the positive alleles for
this marker among the germplasms. The three
genotypes clearly exhibited high resistance for YMV
in the field condition in the hotspot region. Similarly,
another allele from CEDGO044 also showed significant
correlation with disease incidence percentage with the
presence of marker defining an average of 54.6%
infection while absence of marker showed an average
of 26.1% infection and contributing towards 22.3% of
total variation for the percentage disease incidence.

The allele for susceptibility was present in AUGG
12(S), AUGG 15(HS), AUGG 17 (HS), and AUGG
19 (HS) which showed high susceptibility reaction.
There was a clear association between the marker
and the disease reaction in the field. However,
absence of the marker did not show a clear-cut
resistant reaction in the remaining genotypes. These
exceptions and disparity in the expression of
disease resistance by the genotypes could be reasoned
to the partial linkage with the YMV resistance gene.
These findings are in accordance with the reports of
Gupta et al”®. The study discovered that the SSR
markers CEDGO044 and CEDGO092 (Fig. 1) can be
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Fig. 1 — Microsatellite profiles of green gram genotypes differing
with respect to YMV tolerance. Amplifications performed
with the primer set, CEDG044 (a) and CEDGO092 (b) along with a
50 bp ladder (M). The numbers in the gel corresponds to the
genotypes number in Table 1.

utilized to screen large germplasm in order to
discriminate the resistant and susceptible genotypes
for YMV disease of green gram.

Conclusion

The present study revealed that the two SSR
markers CEDG180 and YR4 were found to
discriminate the YMV resistant genotypes from the
susceptible genotypes and could be used to screen
germplasm in MAS. These two markers might have
been linked to two different resistance genes. Further
validation studies are required to explore the tightly
linked marker to gene conferring resistance to YMV.

Conflict of interest
The authors declare no competing interests.

References

1 FAOSTAT, Disponivel em: http://www. fao. org/faostat/en/#
home. Acesso em. (2020) 30.

2  Gupta SK & Gopalakrishna T, Molecular markers and their
application in grain legumes breeding. J Food Legum, 21
(2008) 1.

3 Anonymous E-book of Agricultural Statistics at a glance
2020, Directorate of Economics and Statistics, Department,
Agriculture, Cooperation & Famers Welfare, Ministry of
Agriculture & Farmers Welfare, Government of India.
(2018-2019).

10

11

12

13

14

15

16

INDIAN J EXP BIOL, JULY 2022

Ageev A, Lee CR, Ting CT, Schafleitner R, Wettberg EBV,
Nuzhdin SV, Samsonova M & Kozlov K, Modeling of
Flowering Time in Vigna radiata with Approximate Bayesian
Computation. Agronomy, 11 (2021) 2317. https://doi.org/
10.3390/agronomy11112317.

Islam MR, Sarker BC, Alam MA, Javed T, Alam MJ, Zaman
MSU, Azam MG, Shabbir R, Raza A, Habib-ur-Rahman M,
Dessoky ES & Islam MS, Yield Stability and Genotype
Environment Interaction of Water Deficit Stress Tolerant
Mung Bean (Vigna radiata L. Wilczak) Genotypes of
Bangladesh. Agronomy, 11 (2021) 2136. https://doi.org/10.3390/
agronomy11112136.

Rathi YPS, Epidemiology, yield losses and management of
major diseases of Kharif pulses in India. In: Plant Pathology
and Asian Congress of Mycology and Plant Pathology.
(University of Mysore Mysore, India), 2002, 1.

Karthikeyan A, Shobhana VG, Sudha M, Raveendran M,
Senthil N & Pandiyan M, Mungbean yellow mosaic virus
(MYMV): a threat to green gram (Vigna radiata) production
in Asia. Int J Pest Manag, 60 (2014) 314.

Kothandaraman SV, Devadason A & Ganesan MV, Seed-
borne nature of a begomovirus, Mung bean yellow mosaic
virus in black gram. Appl Microbiol Biotechnol, 100 (2016)
1925.

Mariyammal |, Seram D, Samyuktha SM, Karthikeyan A,
Dhasarathan M & Murukarthick J, QTL mapping in Vigna
radiata x Vigna umbellata population uncovers major
genomic regions associated with bruchid resistance. Mol
Breed, 39 (2019) 1.

Lambrides CJ, Diatloff C, Liu J & Imrie BC, Molecular
marker studies in mungbean Vigna radiata. In: Proceeding of
11" Australasian Plant Breeding Conference. (Eds.
Langridge P, Barr A, Auricht G, Collins G, Granger A,
Handford D & Paull J; Cooperative Research Centre for
Molecular Plant Breeding, Australia) 1999, 19.

Humphry M, Konduri V, Lambrides C, Magner T,
Mcintyre C & Aitken E, Development of a mungbean
(Vigna radiata) RFLP linkage map and its comparison
with lablab (Lablab purpureus) reveals a high level of
colinearity between the two genomes. Theor Appl Genet,
105 (2002) 160.

Prasanthi L, Reddy BVB, Geetha B & Jyothi R, Molecular
marker for screening yellow mosaic disease resistance in
blackgram [Vigna mungo (L.) Hepper]. Electron J Plant
Breed, 4 (2013) 1137.

Vishalakshi B, Umakanth B, Shanbhag AP, Ghatak A,
Sathyanarayanan N, Madhav MS, Krishna, Gopala G &
Hari Y, RAPD assisted selection of black gram (Vigna
mungo L. Hepper) towards the development of multiple
disease resistant germplasm. 3 Biotech, 7 (2017) 1.
https://doi.org/10.1007/s13205-016-0582-8.

Souframanien J & Gopalakrishna T, ISSR and SCAR
markers linked to the mungbean yellow mosaic virus
(MYMV) resistance gene in green gram [Vigna mungo (L.)
Hepper]. Plant Breed, 125 (2006) 619.

Gupta SK, Souframanien J & Reddy KS, Validation of
molecular markers linked with yellow mosaic virus disease
resistance in diverse genetic background of black gram
(Vigna mungo). Electron J Plant Breed, 6 (2015) 755.
Basak J, Kundagrami S, Ghose TK & Pal A, Development of
Yellow Mosaic Virus (YMV) resistance linked DNA marker



17

18

19

20

21

22

23

24

JEEVITHA et al.: GENETIC DIVERSITY AND MARKER TRAIT ASSOCIATION FOR YMV DISEASE IN GREEN GRAM 489

in Vigna mungo from populations segregating for YMV-
reaction. Mol Breed, 14 (2005) 375.

Maiti S, Basak J, Kundagrami S, Kundu A & Pal A,
Molecular marker-assisted genotyping of mungbean yellow
mosaic India virus resistant germplasms of mungbean and
urdbean. Mol Biotechnol, 47 (2011) 95.

Panigrahi KK, Das TR, Baisakh B, Mohanty A & Pradhan J,
Validation of CYR-1 marker linked with yellow mosaic virus
resistance in black gram (Vigna mungo L. Hepper). Indian
J Genet Plant Breed, 76 (2016) 104.

Kalia RK, Rai MK, Kalia S, Singh R & Dhawan AK,
Microsatellite markers: an overview of the recent progress in
plants. Euphytica, 177 (2011) 309.

Tyagi P, Gore MA, Bowman DT, Campbell BT, Udall JA &
Kuraparthy V, Genetic diversity and population structure
inthe US Upland cotton (Gossypium hirsutum L.). Theor
Appl Genet, 127 (2014) 283.

Sumathi M & Yasodha R, Microsatellite resources of
Eucalyptus: current status and future perspectives. Bot Stud,
55 (2014) 1.

Muthusamy V, Hossain F, Thirunavukkarasu N, Pandey N,
Vishwakarma AK, Saha S & Gupta HS, Molecular
characterization of exotic and indigenous maize inbreds for
biofortification with kernel carotenoids. Food Biotechnol, 29
(2015) 276.

Perrier X & Collet J, DARwin software. http:// darwin.cirad.fr/
Darwin (2006).

Gunjaca J, Buhinicek I, Jukic M, Sarcevic H, Vragolovic A,
Kozic Z, Jambrovic A & Pejic I, Discriminating maize
inbred lines using molecular and DUS data. Euphytica, 161
(2008) 165.

25

26

27

28

29

30

31

32

Sood S, Khulbe RK, Kumar A, Agrawal PK & Upadhyaya HD,
Barnyard millet global core collection evaluation in the
submontane Himalayan region of India using multivariate
analysis. Crop J, 3 (2015) 517.

Lewontin RC, Detecting population differences in
quantitative characters as opposed to gene frequencies. Am
Nat, 123 (1984) 115.

Doyle JJ, Isolation of plant DNA from fresh tissue. Focus
(Madison), 12 (1990) 13.

Han O, Kaga A, Isemura T, Wang X, Tomooka N & Vaughan DA,
A genetic linkage map for azuki bean [Vigna angularis (Willd.)
Ohwi & Ohashi]. Theor Appl Genet, 111, (2005) 1278
Chaitieng B, Kaga A, Tomooka N, Isemura T, Kuroda Y &
Vaughan DA, Development of a black gram [Vigna mungo
(L.) Hepper] linkage map and its comparison with an azuki
bean [Vigna angularis (Willd.) Ohwi and Ohashi] linkage
map. Theor Appl Genet , 113, (2006)1261

Karthikeyan A, Sudha M, Senthil N, Pandiyan M,
Raveendran M & Nagarajan P, Screening and identification
of RAPD markers linked to MYMV resistance in mungbean
(Vigna radiata (L) Wilczek). Arch Phytopathol Plant Prot,
45 (2012) 712.

Scott MF, Ladejobi O, Amer S, Bentley AR, Biernaskie J,
Boden SA, Clark M, Dell’ Acqua M, Dixon LE, Filippi CV &
Fradgley N, Multi-parent populations in crops: a toolbox
integrating genomics and genetic mapping with breeding.
Heredity, 125 (6) (2020) 396.

Francis DM, Merk HL & Namuth-Covert D, Introduction to
single marker analysis. Plant Breeding and Genomics. (2019).
https://plant-breeding-genomics.extension.org/ introduction-
to-single-marker-analysis-sma/.



