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Background: Blackgram [Vigna mungo L. Hepper] is one of the most important 
grain legumes with easily digestible protein and low flatulence content. Powdery 
mildew (PM) caused by Erysiphe polygoni DC is one of the most devastating biotic 
production constraints during the late Kharif season. Development PM disease-
resistant cultivars are eco-friendly and economical means of mitigating losses due 
to PM disease. A factor, limiting breeding progress for PM resistance is confined to 
the cool-dry season. Hence identification of quantitative trait loci (QTL) followed 
by Marker-assisted selection (MAS) is useful for the genetic improvement of crops. 
With this background, a study was made for the identification of QTL for PM disease 
resistance in Blackgram. 
Methods: Phenotyping was carried out by evaluating 180 F2:3 lines for PM disease 
resistance along with parents viz., TAU-1 (PM disease susceptible) and LBG-17 (PM 
disease resistant) and checks  (K-5-572  and  MASH-114) at ‘K’ Block, Department 
of Genetics and Plant Breeding, University of Agriculture Sciences, GKVK, Bengaluru 
during Kharif 2019 under RCBD Design. Observations were recorded five times at 7 
days intervals viz., 40, 47, 54, 61, and 68 DAS using 0 (resistant) to 9 (highly susceptible) 
scale. A total of 395 SSR primers were used to test polymorphism between parents 
TAU-1 and LBG-17 and genotyping was carried out for 180 F2 individual plants of 
the cross TAU-1 x and LBG-17 with 63 polymorphic SSR markers. Linkage and QTL 
analyses were carried out using QTL IciMapping.
Result: A total of 63 polymorphic markers were assigned to eleven chromosomes 
of Blackgram with a threshold LOD of 3 covering 2726.02 cM with an average 
density of 43.27 cM. A major QTL for PM resistance was detected on LG 9 at 129.00 
cM, flanked by the markers CEDG166 and VrCSSSR3 with an interval of 6.00 cM and 
explained phenotypic variance of 13.35%. It is proposed to saturate the linkage map, 
and confirm and validate the identified QTL for use in marker-assisted Blackgram 
breeding.
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INTRODUCTION

Blackgram [Vigna mungo L. Hepper] is one of 
the most important grain legumes with easily 
digestible protein and low flatulence content. It 
is a self-pollinated diploid (2n=2x=22) crop with 
a small genome size estimated to be 0.56pg/1C 
(574Mbp) [8]. It is widely cultivated in India, Burma, 
and Thailand regions of Asia. It is an ancient and 
well-known leguminous crop due to its nutritional 
quality and suitability to the cropping system. It is 
rich in easily digestible protein (24%), contains 
vitamin B1 (0.42mg), B2 (0.37), Niacin (2.0 mg), 
iron (8.7 mg), calcium (185 mg), P (345 mg), and 
Fat (1.2%) per 100 g dry seed. Since it serves as a 

cheaper source of protein for the poor, it is rightly 
called the poor man’s meat and the plant can also 
be used as green manure. Blackgram crop is a 
mini fertilizer factory as it restores soil fertility by 
fixing atmospheric nitrogen and thus producing 
nitrogen equivalent of around 22 hectare-1 [20]. 
India is the world’s largest producer as well as 
consumer of blackgram with the production of 
24.5 lakh tonnes during 2020-21 from an area of 
4.6 million hectares with a productivity of 533kg 
per hectare (agricoop.nic.in).

Powdery mildew caused by Erysiphe polygoni DC 
is an obligate parasite infecting urdbean leaves. 
PM is characterized by its greyish, powdery, 
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superficial growth generally occurring on younger 
plant material and the upper sides of leaves [2]. It 
is especially devastating in the cool-dry growing 
season. The disease usually covers the host leaf 
surface area reducing photosynthetic activity 
and attains severe form in Kharif season which is 
also the main season for blackgram cultivation, 
particularly when the temperature is low (20-
25°C) and humidity is high (80-90 %)[18]. The 
disease can potentially reduce urdbean yield by 
40-90 per cent if there is no prevention or even 
cause death to the plants if it occurs at the seedling 
stage. Grain yield losses have been reported at 
about 21-26.21 per cent [5]. Although this disease 
can be controlled by chemical spraying, the 
farmers rarely practice such control measures 
due to the increase in production cost. Besides, 
the use of pesticides can negatively affect health 
and the environment. Therefore, using resistant 
varieties is the most desirable means of managing 
the disease [14].

For better identification of the desired genotype in 
the breeding program, there is a need to identify 
DNA markers linked to a particular disease. 
DNA-based markers and linkage maps are the 
prerequisites for undertaking molecular breeding 
activities, particularly identifying and localizing 
important genes controlling both qualitatively 
and quantitatively inherited traits in a wide range 
of species [21].The progress of genome research 
in blackgram is less and the availability of specific 
markers are also very less so keeping all these 
points in view, the present study was conducted 
to identify SSR markers linked to powdery mildew 
resistance by using cross legume species/genera 
SSR markers and QTLs implicated in resistance to 
powdery mildew.

MATERIALS AND METHODS

Development of mapping population: The 
germplasm line TAU-1 is used as a female parent 
in developing the F2 mapping population which is 
high yielding, popular blackgram variety grown 
in Karnataka, but highly susceptible to powdery 
mildew disease. LBG-17 is highly resistance to 
powdery mildew disease and was used as a male 
parent and crossed with TAU 1 during Rabi 2017 to 
produce F1 seeds. The hybrid plants of cross TAU-
1 × LBG-17 were confirmed using SSR markers 
and confirmed plants were advanced to develop 
F2 mapping population during Kharif 2018. The F2 

seeds were planted during Rabi 2018 and the leaf 
samples from F2 individual plants were collected 
20 days after sowing, for DNA extraction. The 
same F2 individuals were advanced to the next 
generation and the F2:3 family progenies were 
raised during Kharif 2019 for phenotyping against 
powdery mildew disease.

Genotyping of F2 data-

DNA isolation: Total genomic DNA of parental and 
F2 plants was extracted from fresh young leaf tissue 
of 18-20 days old seedlings using the modified 
CTAB method [1]. The collected samples were 
ground in pestle and mortar with pre-warmed (65 
°C) 1 μl of CTAB buffer. Extracted samples were 
taken into eppendorf tubes and were incubated 
at 65 °C for 30 minutes with intermittent mixing 
of tubes every 15 minutes. After bringing back 
tubes to room temperature, equal volume (1ml) 
of Phenol: chloroform: isoamyl alcohol (PCIA) 
(25:24:1 v/v) was added to each tube containing 
the sample and extraction buffer and mixed by 
inverting. Tubes were then centrifuged at 12000 
rpm for 10 minutes. The upper aqueous phase 
was carefully transferred to a new sterile tube. 
Then equal volume and pre-chilled ethanol were 
added and mixed gently. Tubes were kept for 1-2 
hours at         -20 °C/overnight and centrifuged 
at 12000 rpm for 10 minutes to pellet the DNA. 
The supernatant was decanted and the pellet was 
washed with 1 ml of 70 per cent ethanol and then 
air dried completely for 2-3 hours. A quantity of 
50 μl of TE buffer was added to each sample and 
stored overnight at 4°C. RNAse (5 μl) was added 
to each sample and kept at 37 °C for one hour or 
at room temperature overnight. The DNA quality 
and quantity were checked on 0.8% agarose gel 
and DNA concentration was normalized to 10 ng/
μl.

SSRs and PCR condition: The parents of the 
F2 mapping population were genotyped using 
395 cross-legume species/genera SSR markers. 
The polymerase chain reaction (PCR) mixtures, 
containing 2 μl of 10 ng template DNA, 1.0 μl of 10 
X Taq buffer + MgCl2 (1.5 mM), 1.0 μl of dNTPs (2 
mM), 1.0 μl of forward and reverse SSR primers 
(10 pmol/ μl), 0.15 μl of taq polymerase (5 U/ μl) 
and 3.85μl of sterile double distilled water. The 
DNA was amplified in a thermocycler under the 
following conditions: 94°C for 5 min followed by 
30 cycles of 94°C for 30 s, 52°C for     45 s, 72°C for 
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60 s, with a final extension step of 72°C for 10 min. 
The PCR products were separated on 3% agarose 
gel and photographed using a gel documentation 
unit.

Phenotyping of F2-3 data: The material consisted 
of 180 F2-3 populations of the cross TAU-1 and 
LBG-17 and were evaluated for powdery mildew 
disease at ‘K’ Block, Department of Genetics 
and Plant Breeding, University of Agriculture 
Sciences, GKVK, Bengaluru during Kharif 2019. 
The experimental site is located at an altitude of 
920 m above mean sea level, 12.97 °N latitude, 
and 77.59 °E longitudes. One-eighty F2-3 progeny 

families were sown using RCBD design with 
an inter-row spacing of 30 cm and inter-plant 
spacing of 10 cm along with the parents TAU-
1 and LBG-17. Susceptible genotypes K-5-572 
and MASH-114 were sown as disease spreader 
rows after every eight rows and also around the 
plots. The observations were recorded at 7 days 
intervals viz., 40, 47, 54, 61, and 68 DAS, by using 
0-9 phenotype disease scoring scale (Table 1)  
[16].

The phenotypic data on disease incidence was 
recorded as the percentage of plants showing 
disease symptoms and expressed as per cent 
disease index (PDI).

Linkage map and QTL analysis: Linkage analysis 
was performed using QTL Inclusive Composite 
Interval Mapping (IciMapping) software version 
4.0 [22] based on the SSR markers genotypic 
data on 180 F2’s. A minimum LOD score of 3 
was used to test the significance of inter-marker 
recombination frequencies which were converted 
into map distance using the Kosambi’s mapping 
function [15]. The QTL analysis was performed 

Table 1: Disease severity scale for scoring of Powdery mildew reaction (0-9 scale).

Scale Description Reaction

0 No symptoms on leaf Immune

1 Small scattered powdery specks covering 
1 per cent or less area Highly Resistance

3 Small scattered powdery lesions covering
 1-10 per cent of leaf area Resistance

5 Lesions enlarging with grey colored powdery mass 
covering 25 per cent of leaf area

Moderately Resis-
tance

7 Grey colored powdery growth covering 26-50 per 
cent of leaf area

Moderately Suscep-
tible

9 Grey colored patches of powdery growth covering 51 
per cent or more of leaf area on leaves Highly Susceptible

Table 2: Analysis of variance in F2:3 mapping 
population for powdery mildew incidence

Sources of vari-
ance df PDI (%)

Replication 1 1849.82
Genotypes 179 705.63**
Error 179 21.37

*Significant at P 0.05 level ** Significant at P 0.01 
level 
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Table 3: Distribution of SSR markers on the linkage map of F2 population of TAU-1 × LBG-17.

Linkage group (LG) Length (cM) No. of markers Average inter-marker distance (cM)
1 667.66 11 60.70
2 269.23 7 38.46
3 10.74 2 5.37
4 241.94 6 40.32
5 87.88 4 21.97
6 361.15 7 51.59
7 340.27 7 48.61
8 384.03 7 54.86
9 196.91 6 32.82
10 24.73 2 12.36
11 141.47 4 35.37

Total 2726.02 63 43.27

Table 4: QTLs mapping of F2:3 progeny of cross TAU-1 × LBG-17 for Powdery Mildew. 

QTL name LG
QTL posi-

tion
(cM)

LOD
Flanking markers (FM) Distance 

between 
FM (cM)

PVE 
(%)

Genetic effect
Right mark-

er Left marker Additive Dominance

qPMR-1-1 1 0 4.03 CEDG023 CEDG059 1.50 2.90 0.647 2.178
qPMR-8-1 8 0 3.98 S16 CESSRDB56 7.50 2.86 -0.810 2.218
qPMR-9-1 9 129 14.81 CEDG166 VrCSSSR3 6.00 13.35 -2.236 9.029

LG-Linkage group; LOD- logarithm of the odds ratio; PVE-Per cent of variation explained

Fig 1: Linkage map of blackgram constructed with F2:3 population of TAU-1 × LB
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using QTL IciMapping (version 4.0) [22] following 
composite interval mapping (CIM). ICIM was 
performed at every 0.1 cM with the probability 
in stepwise regression (PIN) of 0.001. A 1,000- 
permutation test at P = 0.05 was carried out to 
determine the significant LOD threshold for QTLs 
for powdery mildew disease resistance.

RESULTS AND DISCUSSION

Phenotyping of F2:3 families: In the present 
study, the observation recorded as the percentage 
of plants showing the disease symptoms 
are expressed in PDI and these values were 
transformed using arcsine transformation [7]. 
Analysis of variance was conducted on arcsine 
transformed values of the phenotypic data for 
individual seasons using INDOSTAT statistical 
software. The components of variance for the 
F2:3 were computed considering all effects in the 
statistical model as random. Calculated F values 
resulting from the analysis of variance are given in 
Table 2. The analysis of variance revealed highly 
significant differences among the progenies tested 
indicating the presence of genetic variability in 
the F2:3 progenies for powdery mildew disease.

Development of linkage map: A total of 395 
cross-legume species/genera SSR markers 
includes 65 from Soyabean [19], 12 from 
Medicago trunculata [9], 9 from Chickpea [6], 105 
from Adzuki bean [23], 134 from Mungbean [10], 
and 70 from cowpea (http://cowpeagenomics.
med.virginia.edu/CGKB/) to test polymorphism 
between parents TAU-1 and LBG-17. Among these 
395 SSR markers, 315 SSR markers (79.50%) 
were amplified and only 63 of them (20%) were 
polymorphic between the parents. Genotyping 
was carried out for 180 F2’s with 63 polymorphic 
SSR and linkage analysis was performed using 
QTL IciMapping version 4.0 [22]. Genotyping 
data obtained for all 63 loci were checked for 
segregation ratio using chi-square (χ2) test and 
all the 63 markers showed the expected 3:1 
segregation ratio (P <0.05) and were used to 
establish linkage groups (LGs). Using a minimum 
LOD score of 3.0 and a maximum recombination 
frequency of 0.30. Eleven linkage groups were 
established with 63 SSR markers (Fig. 1). The total 
length of the map spanned was 2726.02 cM with 
an average marker density of 43.27 cM (Table 3). 
The high number of markers (11) was mapped 
onto LG 1 and the least number of markers (2) 

was mapped on to LG 3 and LG 10. The averages 
inter marker distance ranged from 5.37 to 60.70 
cM (Table 3).

QTLs for powdery mildew disease resistance: 
Composite Interval Mapping (CIM) was employed 
to locate QTL for Powdery Mildew disease 
resistance on the linkage map. Three QTLs, for 
powdery mildew, were identified with phenotypic 
variance explained (PVE) 2.86 per cent (CEDG023-
CEDG059) to 13.35 per cent (CEDG166-VrCSSSR3). 
Among these one major-QTL (M-QTL) detected on 
LG9 flanked by markers CEDG166 and VrCSSSR3 
explained greater phenotypic variance of 13.35 
per cent with negative additive effects (-2.236) 
and the dominant effect of 9.029 at LOD score of 
14.81 (Fig. 1 and Table. 4). The negative additive 
effect of -2.236, indicating favourable alleles 
coming from the resistant parent (LBG-17) and it 
is showing over dominant gene effect indicating 
performance of F2 were better than both the 
parents for powdery mildew trait. Two minor 
QTLs were detected on LG1 (one-QTL), and LG8 
(one-QTL) with PVE ranging from 2.90 to 2.86 
per cent, respectively. These QTLs explain lower 
to moderate phenotypic variance. Hence, minor 
QTLs need to be validated across different genetic 
backgrounds and locations.

The advanced breeding line of mungbean 
VC3890A used as the resistance source to locate 
RFLP markers associated with the resistance 
conditioned by three QTLs each on different 
linkage groups. These QTLs explained between 
17.4 to 28.4% of the disease variation and 
together accounted for a maximum of 58% of the 
variation [24]. By using the ATF2:3 640 as the 
resistant source, a single major QTL controlling 
the resistance was identified [13]. This locus 
explained as high as 86% of the variation in 
disease reaction. A major QTL, qPMR-2, associated 
with the resistance was identified and  this LG 
accounting for 64.9% of the trait variation [3]. In 
our study, the QTL mapping using SSR markers 
revealed one major and two minor loci associated 
with resistance to powdery mildew disease. All 
the previous gene mapping studies for resistance 
to this disease and other traits in mungbean have 
been carried out using RFLP and SSR markers, 
while ours is the first study of gene mapping 
using SSR markers in blackgram for powdery 
mildew disease resistance.  Although due to a 
lack of common markers available, it is difficult 
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to compare QTL location found in this study with 
the previously identified QTLs, the major QTL 
qPMR-3 for disease resistance on LG 9 is possibly 
the same major locus as  reported [13]. The major 
QTL reported by them was located on LG K, which 
is equivalent to LG 9 of mungbean linkage map 
[17]. One RFLP marker, mgM339, was mapped 
onto LG K [12]. In the genetic linkage maps of 
adzuki bean [11] and blackgram (Vigna mungo 
(L.) Hepper) [4], the marker mgM339 was linked 
to SSR marker CEDG024, CEDG166, and CEDG304 
on LG 9. These SSR markers were mapped onto 
LG9 in our study in which the major QTL qPMR-3 
is located. These suggested that QTL qPMR-3 and 
the major QTL  may be the same or at least they 
are linked [13].
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