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ABSTRACT
Background: Blackgram is one of the most important pulse crops. The post-harvest loss in blackgram is due to Callosobruchus
maculatus where, the loss can go upto 100 per cent through secondary infestation. Development of cultivar with bruchid resistance
can be cost-effective, durable and eco-friendly approach. The present study was conducted to identify markers linked to bruchid
resistance in blackgram using the mapping population (RILs) developed from the cross between VBN(Bg) 5 (bruchid susceptible)
and Vigna mungo var. silvestris 22/10 (bruchid resistant).
Methods: A total of 191 RILs were subjected to bruchid screening and the traits viz., days to first adult emergence, mean
developmental period, seed damage percent and growth index was observed. To analyse polymorphism between the parents,
343 SSR markers were screened and only 49 (14.29%) SSR markers showed polymorphism between the parents. Bulk segregant
analysis (BSA) was done using resistant bulk and susceptible bulk along with parents using polymorphic markers. A total of eight
SSR markers were identified as polymorphic in BSA. QTLs were mapped for seed damage per cent and growth index. The flanking
markers for the QTLs identified for seed damage per cent and growth index was CEDG088 and CEDG118. Seed damage percent
and growth index shared same position. The above markers were validated using four each of resistant and susceptible genotypes
of blackgram.
Result: The marker CEDG118 clearly distinguished the resistant and susceptible genotypes. The closely linked SSR marker
CEDG118 could be used to screen the germplasm and segregating materials in order to identify bruchid resistant genotypes in
blackgram.
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INTRODUCTION
Pulses are the major source of dietary protein. Blackgram,
a legume crop, has higher protein content (20.8 to 30.5%)
and total carbohydrates with a range of 56.5 to
63.7%.Moreover, it contains significant amount of calcium
and phosphoric acid. It is also often used to produce
fermented foods. Several biotic challenges in the field,
storage and abiotic stresses together limit the yields. One
of the most significant biotic limitations on the crop has
traditionally been storage pests that prey on seeds, which
results in significant economic loss during the post-harvest
storage period. Among storage pests, bruchid had a negative
impact and lessened the crop’s economic significance
(Somta et al., 2018). Although Blackgram cultivars were
shown to be susceptible to pulse bruchid in storage, they
were known for their superior performance in the field in
terms of pest tolerance. Callasobruchus species of
bruchids effectively infest blackgram seeds (Bangudu,
1970).The two most important and damaging bruchid
species for Vigna crops are the cowpea weevil (Callosobruchus
maculatus L.) and azukibean weevil (Callosobruchus
chinensis F.). Due to global seed trade, these two bruchid
species are widely dispersed throughout almost all
continents. Infestation of legume crops by bruchids begins
in the field when female bruchids lay eggs on immature
pods and larvae eat their way through the pods to the seeds,
where they mature into adults by ingesting the nutrients

from the seeds. Infestation begins in the field and persists
throughout storage. After harvest, adult bruchids break out
of the seeds and begin a fresh infestation by depositing
their eggs right there. This can cause the complete
destruction of a seed lot within 2-4 months. Most commonly,
chemical fumigation is used to manage bruchids, although
it is harmful for human health and not practicable for small-
scale farmers and traders. The most practical and sustainable
method for managing bruchid infestation is the use of
resistant cultivars (Somta et al., 2019). Few resistant
varieties with reliable resistant sources needs to be
developed and the resistant sources from the wild species
needs to be introgresed in the cultivated varieties in order
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to overcome post - harvest loss in blackgram
(Duraimurugan et al., 2014; Soumia et al., 2015; Somta et
al., 2008; Lambridges and Imrie, 2000). In recent years,
marker-assisted breeding has accelerated the breeding
programmes for crop improvement in various crops.
Several molecular markers have been used for the
molecular analysis of grain legumes. In order to develop
bruchid resistant lines, understanding the genetic
mechanism behind the resistance is essential. To detect
effective QTL for bruchid resistance, suitable mapping
population is needed. The interspecific hybridization helps
to broaden the genetic base of the crop by introgression of
genes. Recombinant inbred lines provide sufficient genetic
variation for QTL mapping since each line is nearly
homozygous (Simon et al., 2008). With this background,
the present investigation was undertaken on RIL
population to map bruchid resistant genes in blackgram
and to identify tightly linked markers for bruchid resistance.

MATERIALS AND METHODS
The experimental material consisted of 191 recombinant
inbred lines of F10 generation developed from the cross
between VBN (Bg) 5 (Bruchid susceptible) and Vigna
mungo var.silvestris 22/10 (Bruchid resistant) through single
seed descent method. The experiment was conducted in
Department of Pulses, Centre for Plant Breeding and
Genetics, Tamil Nadu Agricultural University, Coimbatore
during 2020 and 2021. The freshly harvested seeds were
collected from the field and were stored at -4C to avoid
further infestation. The seeds were used for bruchid
(Callosobruchus maculatus) screening. The experiment
was laid out in completely randomized design and is
replicated twice.

Initial stage of screening
The post-harvest damage caused by the bruchids varies
from crop to crop depending on the bruchid species and
their biotype. Callosobruchus maculatus causes up to 100
per cent yield loss in blackgram (Soundarajan et al., 2013)
through secondary infestation. The C. maculatus was
generally differs from other species through two different
characters viz., presence of less dense setae on the ventral
side of the 2,3,4 abdominal segments (stemites) and
presence of serrate type of antenna. The male and female
insects of Callosobruchus maculatus were identified by
general appearance i.e. the colouration on the plate covering
the end of the abdomen. In female, the plate is enlarged
and darkly coloured on both sides. Initially, a single pair of
an adult was cultured in a plastic petriplate containing 50
seeds of greengram and was allowed for oviposition for
five days and then adults were removed from the petri plate.
After the 20th day, the adults emerged were used in the
mass culturing and also for stock culture. Throughout the
experiment good aeration for the culturing of bruchids were
provided. The stock culture of these adults (Callasobruchus
maculatus ) was maintained on greengram seeds at

constant temperature 32C2C and relative humidity of
70 per cent. The freshly emerged adults were used for the
screening of RILs against bruchid infestation.

No choice test bioassay method
No choice assay procedure described by Dongre et al.
(1993) was followed with minor modifications for bruchid
screening. Five pairs of newly emerged adults from the
stock culture were released on 50 seeds of each line placed
in a petri plate with two replications and in each batch
susceptible variety CO 5 blackgram was used. The insects
were left to remain in petri plates for five days for oviposition.
After five days, the adults were removed from the petri plates
and periodical observation on adult emergence was done.
The damage was calculated on 45 days after inoculation
where the, susceptible genotype attained 100 per cent seed
damage. The observations viz., days taken for first bruchid
emergence, mean developmental period (days), seed
damage expressed in percentage counted on 45 th day of
inoculation and growth index was recorded as given by
Howe, (1971).

DNA extraction
DNA was extracted from seven days old seedling by CTAB
method proposed by Doyle and Doyle, (1987). The quality
of DNA was checked by using 0.8% agarose gel
electrophoresis using 1X TBE buffer and Ethidium bromide
(5 μl /100 ml of Agarose). The DNA samples (2 μl) were
mixed with loading dye (3 μl of orange dye) and loaded
further into the gel. The electrophoresis was carried out at
80 V for 30 minutes. The gel was documented in BIO-RAD
gel documentation system to ascertain the quality of DNA.
A total of 343 SSR markers specific to mungbean ((Kumar
et al.,(2002), Somta et al., (2006), Tangphatsornruang et al.,
(2009) and Seehalak et al., (2009)), Adzukibean ((Wang et al.,
(2004), Han et al., (2005), Chaitieng et al., (2006), Wang et al.,
(2009) and Isemura et al., (2012)), Commonbean ((Blair
et al., (2003) and Blair et al.,  (2010)) and cowpea ((Li et al.,
(2001)) were employed to study polymorphism between
the parents. The PCR reaction mixture composed of 11 µl
comprising master mix (7.0 µl), 5 µM primer (2.0 µl) and 50
ng DNA (2.0 µl). The PCR amplification was performed in
Bio Rad based on the protocol: initial denaturation at 94C
for 3 minutes, followed by 35 cycles consisting of
denaturation at 94C for 45 seconds, annealing at 60C for
1 minute, extension at 72C for 1 minute, final extension at
72C for 10 minutes and 4C at Hold. The 10 µl of PCR
reaction mixture was subjected to gel electrophoresis in 3
per cent agarose gel and documented using gel
documentation unit (Bio- Rad).

Bulk segregant analysis
Bulk segregant analysis (BSA) was carried out according
to Michelmore et al. (1991) and to identify the marker linked
with gene of interest. Resistant bulk was formed by mixing
an equal amount of DNA from six bruchid resistant lines
(seed damage < 10 %) and susceptible bulk was formed
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by mixing an equal amount of DNA from six bruchid
susceptible lines (100 % seed damage). The markers
identified as polymorphic between the parents were used
in bulk segregant analysis to identify markers that were
polymorphic between the resistant and susceptible bulks.
The polymorphic markers from BSA were used for
genotyping of all the RILs and finally the markers were
scored for segregation pattern for 1:1 goodness of fit using
chi square analysis.

QTL analysis and validation of markers linked with
bruchid resistance
The genotypic and phenotypic data on days to first adult
emergence, mean developmental period, seed damage
per cent and growth index were utilized to identify tightly
linked markers for bruchid resistant genes using QTLIci
mapping 4.2. Inclusive composite interval mapping (ICIM-
ADD) method was used and markers were grouped based
on Logarithm of odds (LOD) score of 3.0. A permutation
test was employed to identify the threshold LOD value with
a significance level of 0.05. Significant QTL were those
with LOD values > 3.0 and permutation test P 0.05. The
SER method was used to arrange the markers, using a
widow size of 5 as rippling criteria that re-estimates the
recombination frequency without affecting the marker’s
order. The recombination frequency between the markers
was converted into centimorgan (cM) distance using
Kosambi mapping function (Kosambi, 1944). The highest
probability peak of LOD score provides the phenotypic
variation (R2) of QTL.  For validation, the flanking markers
identified in QTL analysis were screened in different
genotypes of blackgram having resistance and
susceptibility to bruchid infestation.

RESULTS AND DISCUSSION
Evaluation of RIL population for bruchid resistance
The 191 recombinant inbred lines along with susceptible
(VBN (Bg) 5) and resistant (Vigna mungo var silvestris 22/
10) parents exhibited significant difference for bruchid
resistance related parameters viz.,days to first adult
emergence, mean developmental period, seed damage
and growth index. The days to first adult emergence of
bruchid ranged from 31 to 44 days with mean of 35 days
whereas, the average values for mean developmental
period, seed damage and growth index was 41 days, 68.58
per cent and 1.68, respectively (Table 1).

Genetic linkage map
Out of 343 SSR markers used in parental polymorphism
survey 49 markers (14.29%) identified as polymorphic
between the parents. These 49 markers were used in bulk
segregant analysis wherein eight markers (16.32%)
showed polymorphism between resistant and susceptible
bulks. These eight markers were used for the profiling of
191 recombinant inbred lines. Scoring was done and these
eight SSR markers showed a goodness of fit test to 1:1

ratio in RIL population by chi square test. The genotypic
scoring data was used as input for the linkage map
construction. The linkage map covered a total length of
368.73 cM with an average inter- marker distance of 46.09
cM. The maximum interval length of 59.95 cM was observed
between markers CEDG198 and CEDG097 and the
smallest interval length of 41.08 cM was observed between
markers CEDG048 and CEDG088 (Fig 1).

QTL analysis
The genotypic and phenotypic data were utilized to identify
tightly linked markers for the bruchid resistant gene. For
growth index, one QTL was detected (Cmgi 1.1) with a LOD
score of 3.64 and was flanked by markers CEDG 088 and
CEDG 118. The position of the QTL for growth index was at
360 cM with the marker interval of 56.9 cM. The phenotypic
variation explained by the QTL was 8.99 per cent. For seed
damage one QTL Cmsd 1.1 was detected with an LOD
value of 3.78 and flanked by the markers CEDG 088 and
CEDG 118 with a position of 360 cM. This QTL explained
phenotypic variation of 9.39 percent. QTLs for seed damage
and growth index shared the same position (Table 2).

Validation of flanking markers
The flanking markers viz., CEDG 088 and CEDG 118
identified in QTL analysis were validated in a set of  bruchid
susceptible blackgram genotypes viz., CO 6, VBN 8, VBN
11, CO 7 and bruchid (C. maculatus) resistant genotypes
viz., TU 80, TU 68 and TU 58. In genotypes CO 6, VBN 8,
VBN 11, CO 7, TU 68 and TU 58, the marker CEDG088
produced an approximately 130 bp-sized allele and 120
bp in TU 80. The allele size of the CEDG118 marker was
around 180 bp in all susceptible genotypes and 190 bp in
all the resistant genotypes viz.,TU 80, TU 68 and TU 58
(Table 3). This marker distinguished resistant genotypes
from susceptible genotypes with a considerable specificity.
The field carry over pest, bruchid (C. maculatus) possess
major threat to the production as well as storage of
blackgram seeds. The bruchid resistance gene was
mapped in several legume species viz., mungbean (Kaga
et al., 1998; Wang et al., 2016), ricebean (Venkataramana
et al., 2016), commonbean (Blair et al., 2010) and adzuki
bean (Somta et al.,2018). The susceptibility of blackgram
seeds to C. maculatus is high when compared to C.
chinensis. The source of resistance gene for bruchid in
blackgram was found in wild proginator i.e Vigna mungovar.
Silvestris (Fujii et al., 1989; Dongre et al., 1996 and

Table 1: Mean and Range for screening parameters of  RIL
population against C.maculatus.

Traits Mean Range

Days to first adult emergence 35 31-44
Mean developmental period 41 37-44
Seed damage on 45th day  (%) 68.58 4-100
Growth index 1.68 0.03-2.64
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Kashiwaba et al., 2003). In order to identify genes
responsible for bruchid resistance, linkage map followed
by QTL study was conducted among 191 recombinant
inbred lines developed from the cross VBN (Bg) 5 and
Vigna mungo var silvestris 22/10. The observed traits for
bruchid screening expressed significant variation and such
a variation was also observed by Kpoviessi et al. (2021) in
cowpea and Subramaniyan et al. (2021) in blackgram. To
identify the QTLs controlling the seed damage and growth
index with larger phenotypic variance, QTL analysis was
carried out using a high-throughput QTL mapping technique
viz.,bulk segregant analysis which could quickly locate the
genomic regions controlling the desired trait by pooling
the segregants according to their phenotypes (Michelmore
et al., 1991). In order to identify polymorphism between the
parents, VBN (Bg) 5 and Vigna mungo var. silvestris 22/10,
343 SSR markers have been employed and observed 49
markers (14.29 %) as polymorphic and used in bulk
segregant analysis. Sarkar et al. (2011) analysed only four
markers as polymorphic among the parents from a total of
40 SSR markers employed in parental screening (B1 and
Sub2) for bruchids in blackgram. Forty nine polymorphic
SSR markers in parental polymorphism were used to
screen the resistant and susceptible bulks developed for

C. maculatus. A total of eight markers were found to be
polymorphic between extreme bulks and also among
parents. Seram et al. (2021) identified three markers as
polymorphic to respective bulks of bruchid screening from
the total of nineteen markers surveyed in BSA in
greengram. These markers observed to have segregation
ratio of 1:1 and this segregation pattern could be used to
identify the map position of the gene controlling this trait
(Isemura et al., 2010). The linkage map covered a total
length of 368.73 cM with an average interval between the
markers was 46.09 cM in which length of 783 cM with
average distance between the marker of 5.7 cM was
observed by Chaitieng et al. (2006) in blackgram. The
maximum interval of 59.95 cM was observed between
markers CEDG198 and CEDG097 and the smallest interval
of 41.08 cM was observed between markers CEDG048
and CEDG088. The QTLs Cmgi 1.1 and Cmsd 1.1 were
identified for growth index and seed damage, respectively
flanked by the markers CEDG 088 and CEDG 118. The
phenotypic variation explained by the QTLs was 8.99 % for
growth index and seed damage was 9.39 %. Phenotypic
variation explained by the QTLs was low and was reported
to be minor QTL. The low PVE observed may be due to
high intervals between the markers and less availability of

Table 2: QTLs identified for C. maculatus resistance in a RIL population.

Trait QTL name Position (cM) Flanking markers LOD PVE (%)

Seed damage Cmsd 1.1 295 CEDG088-CEDG118 3.78 9.39
Growth index Cmgi 1.1 295 CEDG088-CEDG118 3.64 8.99

 
QTL for Seed  damage                                               QTL for growth index 

Fig 1: Identification of QTL for bruchid in RIL population of blackgram for seed damage and growth index.
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polymorphic markers. The population size, number of
markers and marker interval play an important role in
determining the QTLs, LOD and PVE values. Utz et al.
(2000) reported low PVE and reported that environmental
and genotypic sampling were responsible for low PVE. Li
et al. (2010) observed that for small population size (~200),
the probability of detecting QTL with high PVE is low, no
matter how many markers are screened. The flanking
markers of the QTL CEDG088 and CEDG118 were validated
in each four bruchid susceptible and four resistant (C.
maculatus) genotypes of blackgram. The marker CEDG
118 produced an approximate allele of 180 bp in all
susceptible genotypes viz., CO 6, VBN 8, VBN 11 and CO 7
and 190 bp in all the four resistant genotypes viz., TU 103,
TU 80, TU 68 and TU 58 (Fig 2). It clearly differentiated
resistant and susceptible genotypes. This reveals the
antibiosis resistance mechanism that prevented the insects
from feeding the seeds (Misal ,2005 in greengram and
blackgram; Lazar et al., 2014, Yao et al., 2015 in greengram;
Ahmed et al., 2019, Swamy et al., 2020, Pradhan et al., 2020

in chickpea). Hence, marker CEDG118 was reported be
linked to bruchid resistant gene. Souframanien et al. (2010)
identified CEDG086 and CEDG154 as flanking markers
for C. maculatus adult emergence and CEDG133 and
CEDG 149 as flanking markers for C. maculatus
developmental period in blackgram.

CONCLUSION
Based on the QTL study and validation, this marker (CEDG
118) could be used in breeding program to identify bruchid
resistant lines and to develop bruchid resistant varieties in
blackgram. As the marker interval for the identified QTL is
high this could be further utilized in the breeding
programme after enriching the markers in the identified
region of the QTL.
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Table 3: Validation of SSR markers linked with bruchid resistance.
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response                      (approximate)
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Fig 2: Identification of QTL for bruchid in RIL population of Blackgram for seed damage and growth index.



                                                                           AGRICULTURAL SCIENCE DIGEST - A Research Journal of Agriculture, Animal and Veterinary Sciences6

Blair, M.W., Munoz, C., Buendia, H.F., Flower, J., Bueno, J.M. and
Cardona, C. (2010). Genetic mapping of microsatellite
markers around the arcelin bruchid resistance locus in
common bean. Theoretical and Applied Genetics. 121:
393-402.

Blair, M.W., Pedraza, F., Buendia, H.F., Gaitan-Solis, E., Beebe,
S.E., Gepts, P. and Tohme, J. (2003). Development of a
genome-wide anchored microsatellite map for common
bean (Phaseolus vulgaris L.). Theoretical and Applied
Genetics. 107: 1362-74.

Bungudu, L.M. (1970). The storage of farm products by farmers in
my village. Samaru Agric. Newsletter. 12(1): 2-9.

Chaitieng, B., Kaga, A., Tomooka, N., Isemura, T., Kuroda, Y. and
Vaughan, D.A. (2006). 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. Theoretical and Applied Genetics.
113: 1261-1269.

Dongre, T.K., Pawar, S.E., Harwalkar, M.R. (1993).  Resistance to
Callosobruchus maculatus (F) (Coleoptera: Bruchidae)
in pigeonpea [Cajanus cajan (L.) Millsp] and other
Cajanus species. Journal of Stored Products Research.
29(4): 319-322.

Dongre, T.K., Pawar, S.E., Thakare, R.G. and Harwalkar, M.R.
(1996). Identif ication of resistant sources to cowpea
weevil Callosobruchus maculatus  (F) in Vigna sp
and inheritance of their resistance in black gram (Vigna
mungo var mungo). Journal of Stored Products Research.
32(3): 201-204.

Doyle, J.J., Doyle, J.L. (1987). A rapid DNA isolation procedure for
small quantities of fresh leaf tissue. Phytochemical
bulletin.

Duraimurugan, P., Pratap, A., Singh, S.K. and Gupta, S. (2014).
Evaluation of screening methods for bruchid beetle
(Callosobruchus chinensis) resistance in greengram
(Vigna radiata) and blackgram (Vigna mungo) genotypes
and influence of seed physical characteristics on its
infestation. International Journal of Plant Research.
27(1): 60

Fujii, K., Ishimoto, M. and Kitamura, K. (1989). Patterns of resistance
to bean weevils (Bruchidae) in Vigna radiata-mungo-
sublobata complex inform the breeding of new resistant
varieties. Applied Entomology and Zoology. 24(1): 126-
132.

Han, O.K., Kaga, A., Isemura, T., Wang, X.W., Tomooka, N. and
Vaughan, D.A. (2005). A genetic linkage map for azuki
bean [Vigna angularis (Willd) Ohwi  Ohashi]. Theoretical
and Applied Genetics. 111: 1278-1287

Howe, R.W. (1971). A parameter for experssing the suitability of
an environment for insect development. Journal of Stored
Products Research. 7(1): 63-65

Isemura, T., Kaga, A., Tabata, S., Somta, P., Srinives, P., Shimizu,
T., Jo, U., Vaughan, D.A. and Tomooka, N. (2012).
Construction of a genetic linkage map and genetic
analysis of domestication related traits in mungbean
(Vigna radiata). PLos ONE. 7(8): e41304.

Isemura, T., Kaga, A., Tomooka, N., Shimizu, T. and Vaughan, D.A.
(2010). The genetics of domestication of rice bean, Vigna
umbellata. Annals of botany. 106(6): 927-944.

Kaga, A. and Ishimoto, M. (1998). Genetic localization of a bruchid
resistance gene and its relationship to insecticidal
cyclopeptide alkaloids, the Vignatic acids, in mungbean
(Vigna radiata L W ilczek). Molecular and General
Genetics MGG. 258: 378-384.

Kashiwaba, K., Tomooka, N., Kaga, A., Han, O.K. and Vaughan,
D.A. (2003). Characterization of resistance to three
bruchid species (Callosobruchus spp, Coleoptera,
Bruchidae) in cultivated rice bean (Vigna umbellata)
Journal of economic entomology. 96(1): 207-213.

Kosambi, D.D. (1944). Caste and class in India Science Society.
243-249

Kpoviessi, A.D., Adoukonou-Sagbadja, H., Agbahoungba, S., Agoyi,
E.E., Assogbadjo, A.E. and Chougourou, D.C. (2021).
Inheritance and combining ability estimates for cowpea
resistance to bruchid (Callosobruchus maculatus Fab)
in Benin cowpea. Ecological Genetics and Genomics.
18: 100-082.

Kumar,  S.V., Tan, S.G., Quah, S.C. and Yusoff, K. (2002). Isolation
and characterization of seven tetranucleotide microsatellite
loci in mungbean, Vigna radiate. Molecular Ecology Notes.
2(3): 293-295.

Lambrides, C.J. and Imrie, B.C. (2000). Susceptibility of mungbean
varieties  to the bruchid species Callosobruchus
maculatus (F), C phaseoli (Gyll), C chinensis (L) and
Acanthoscelides obtectus (Say) (Coleoptera: Chrysom
elid ae). Australian Journal of Agricultural Research. 51(1):
85-90.

Lazar, L., Panickar, B. and Patel, P.S. (2014). Impact of biochemicals
on the developmental stages of pulse beetle, Callosobruchus
maculatus  infesting green gram. Journal of Food
Legumes. 27(2): 121-125.

Li, C.D., Fatokun, C. A., Ubi, B., Singh, B.B. and Scoles, G.J. (2001).
Determining genetic similarities and relationships among
cowpea breeding lines and cultivars by microsatellite
markers. Crop Science. 41(1): 189-197.

Li, H., Hearne, S., Banziger, M., Li, Z. and Wang, J. (2010). Statistical
properties of QTL linkage mapping in biparental genetic
populations. Heredity. 105(3): 257-267.

Michelmore, R.W., Paran, I. and Kesseli, R. (1991). Identification of
markers linked to disease-resistance genes by bulked
segregant analysis: A rapid method to detect markers in
specific genomic regions by using segregating populations.
Proceedings of the National Academy of Sciences.
88(21): 9828-32.

Misal, A.M. (2005). Biochemical basis of resistance to stored grain
pest (Callosobruchus chinensis) of dif ferent vigna
species. PhD thesis Mahatma Phule Krishi Vidyapeeth,
Ahmednagar, Maharashtra.

Pradhan, L., Singh, P.S., Singh, S.K. and Saxena, R.P.N. (2020).
Biochemical factors associated with resistance against
pulse beetle, Callosobruchus chinensis (L) in stored
chickpea genotypes. Journal of Experimental Zoology.
23(2): 1937-1942.

Sarkar, S., Ghosh, S., Chatterjee, M., Das, P., Lahari, T., Maji, A.,
Mondal, N., Pradhan, K.K. and Bhattacharyya, S. (2011).
Molecular markers linked with bruchid resistance in Vigna
radiata var Sublobata and their validation. Journal of
plant biochemistry and biotechnology. 20:155-60.

Mapping of Quantitative Trait Loci for Bruchid Resistance in Blackgram [Vigna mungo (L.) Hepper]



 Volume  Issue 7

Seehalak, W., Somta, P., Sommanas, W. and Srinives, P. (2009).
Microsatellite markers for mungbean developed from
sequence database. Molecular Ecology Resources. 9(3):
862-864.

Seram, D., Natesan, S., Muthaiyan, P. and Kennedy, J.S. (2021).
Bruchid resistance study through bulked segregant
analysis: Used as a preliminary step for next-generation
sequencing. Trends in Sciences. 19(9): 3975-3975.

Simon, M., Loudet, O., Durand, S., Berard, A., Brunel, D., Sennesal,
F.X., Durand-Tardif, M., Pelletier, G. and Camilleri, C.
(2008). Quantitative trait loci mapping in five new large
recombinant inbred line populations of Arabidopsis
thaliana genotyped with consensus single-nucleotide
polymorphism markers. Genetics. 178(4): 2253-64.

Somta, C., Somta, P., Tomooka, N., Ooi, P.C., Vaughan, D.A. and
Srinives, P. (2008). Characterization of new sources of
mungbean [Vigna radiata (L) W ilczek] resistance to
bruchids, Callosobruchus spp (Coleoptera: Bruchidae).
Journal of Stored Products Research. 44(4): 316-321.

Somta, P., Jomsangawong, A., Yundaeng, C., Yuan, X., Chen, J.,
Tomooka, N. and Chen, X. (2018). Genetic dissection of
Azuki bean weevil (Callosobruchus chinensis  L)
resis tance in moth bean (Vigna aconitifolia [Jaqc]
Marechal). Genes. 9(11): 555.

Somta, P., Kaga, A., Tomooka, N., Kashiwaba, K., Isemura, T.,
Chaitieng, B., Srinives, P. and Vaughan, D.A. (2006).
Development of an interspecif ic Vigna linkage map
between Vigna umbellata (Thunb) Ohwi  Ohashi and V
nakashimae (Ohwi) Ohwi  Ohashi and its use in analysis
of bruchid resistance and comparative genomics. Plant
Breeding. 125(1): 77-84.

Somta, P., Chen, J., Yundaeng, C., Yuan, X., Yimram, T., Tomooka,
N. and Chen, X. (2019). Development of an SNP-based
high-density linkage map and QTL analysis for bruchid
(Callosobruchus maculatus F) resistance in black gram
(Vigna mungo (L) Hepper). Scientific reports. 9(1): 3930.

Souframanien, J., Gupta, S.K. and Gopalakrishna, T. (2010).
Identification of quantitative trait loci for bruchid (Callosobruchus
maculatus) resistance in black gram [Vigna mungo (L.)
Hepper]. Euphytica. 176: 349-356.

Soumia, P.S., Srivastava, C., Dikshit, H.K. and Guru, G. (2015).
Screening for resistance against pulse beetle, Callosobruchus
analis (F) in greengram [Vigna radiata (L) W ilczek]
accessions. Proceedings of the National Academy of
Sciences, India Section B: Biological Sciences. 87: 551-
558.

Soundararajan, R.P., Chitra, N. and  Geetha, S. (2013). Host plant
resistance to insect pests of grain legumes-A review.
Agricultural Reviews. 34(3): 176-187. doi: 10.5958/
j.0976-0741.34.3.002.

Subramaniyan, R., Narayana, M., Krishnamoorthy, I.,  Natarajan,
G. and Gandhi, K. (2021). Mapping and mining of major
genomic regions conferring resistance to Bruchine
(Callosobruchus maculatus )  in blackgram (Vigna
mungo). Plant Breeding. 140(5): 896-906.

Swamy, S.G., Raja, D.S. and Wesley, B.J. (2020). Susceptibility of
stored chickpeas to bruchid infestation as influenced
by physico-chemical traits of the grains. Journal of
Stored Products Research. 87: 101-583.

Tangphatsornruang, S., Somta, P., Uthaipaisanwong, P., Chanprasert,
J., Sangsrakru, D., Seehalak, W. and Srinives, P. (2009).
Characterization of microsatellites and gene contents
from genome shotgun sequences of mungbean (Vigna
radiata (L) Wilczek). BMC Plant Biology. 9(1): 1-12.

Utz, H.F., Melchinger, A.E. and Schon, C.C. (2000). Bias and
sampling error of the estimated proportion of genotypic
variance explained by quantitative trait loci determined
from experimental data in maize using cross validation
and validation with independent samples. Genetics.
154(4): 1839-1849.

Venkataramana, P.B., Gowda, R., Somta, P., Ramesh, S., Mohan
Rao, A., Bhanuprakash, K., Srinives, P., Gireesh, C. and
Pramila, C.K. (2016). Mapping QTL for bruchid resistance
in rice bean (Vigna umbellata). Euphytica. 207:135-47.

Wang, L.X., Elbaidouri, M., Abernathy, B., Chen, H.L., Wang, S.H.,
Lee, S.H., Jackson, S.A. and Cheng, X.Z. (2015).
Distribution and analysis of SSR in mung bean (Vigna
radiata L) genome based on an SSR-enriched library.
Molecular breeding. 35.

W ang, L., W u, C., Zhong, M., Zhao, D., Mei, L., Chen, H. and
Cheng, X. (2016). Construction of an integrated map
and location of a bruchid resistance gene in mung bean.
The Crop Journal. 4(5): 360-366.

Wang,  X. W., Kaga,  A., Tomooka,  N. and Vaughan, D.A. (2004).
The development of SSR markers by a new method in
plants and their application to gene flow studies in azuki
bean [Vigna angularis (Wild) Ohwi  Ohashi]. Theoretical
and Applied Genetics. 109: 352-360.

Yao, Y., Cheng, X. and Ren, G. (2015). A 90-day study of three
bruchid-resistant mung bean cultivars in Sprague-Dawley
rats. Food and Chemical Toxicology. 76: 80-85.

Mapping of Quantitative Trait Loci for Bruchid Resistance in Blackgram [Vigna mungo (L.) Hepper]


