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ABSTRACT: Sixteen blackgram genotypes were tested for yellow mosaic disease under field conditions and identified nine
genotypes as resistant, one as moderately resistant, four as susceptible and two as highly susceptible. No genotypes were
found to be immune or highly resistant against yellow mosaic disease. Polymerase Chain reaction (PCR) of DNAs from
sixteen genotypes using Sequence Characterized Amplified Region (SCAR) markers namely, SCAR 20F/20R resulted in
specific amplification in nine genotypes indicating resistant nature of these genotypes. There was no amplification in six
genotypes while faint amplification could be observed in the genotype LBG-752 that recorded 14.47% incidence of the

disease along with moderately phenotypic reaction.
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Blackgram [Vigna mungo (L.) Hepper] is an excellent
source of easily digestible protein with low flatulence. It
supplies 26% protein, 57% carbohydrate, 1.2% fat and
is a good source of phosphoric acid, calcium, thiamine
(B1), riboflavin (B2) and niacin (B3) (Singh and Awasthi,
2004). Yellow mosaic disease is caused by Mungbean
yellow mosaic virus (MYMV), Mungbean yellow mosaic
India virus (MYMIV), Dolichos yellow mosaic virus
(DoYMV) and Horsegram yellow mosaic virus (HgYMV).
In south India the usually disease is being caused by
MYMV, a whitefly (Bemisia tabaci) transmitted
geminivirus. It is a serious constraint in blackgram
cultivation and could result up to 100% yield losses due
to yellowing of leaves (Biswas et al., 2009). As the
disease could not be managed satisfactorily by
insecticides or any chemical applications, other
alternatives of controlling the disease should be explored.

Therefore, it was considered important to screen and
identify the sources of resistance against yellow mosaic
disease in blackgram using genetically linked molecular
markers that could facilitate marker assisted selection
for rapid evaluation. The development of PCR based
Sequence characterized amplified region (SCAR)
developed from RAPD markers is a method of choice to
test MYMV resistance in blackgram because it is simple,
rapid, time saving and more authentic than field screening
results. The marker has been consistently associated with
the genotypes resistant to MYMV but susceptible
genotypes without the resistance gene lack the marker
(Prasanthi et al., 2013). In the present study phenotypic
screening was followed by molecular screening using
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SCAR 20F/20R marker designed from DNA nucleotide
sequence amplified with OPQ1 RAPD marker closely
linked to the gene of resistance against yellow mosaic
disease in resistance source PU-31 (Prasanthi et al.,
2011)

MATERIAL AND METHODS

The experiment was conducted during kharif2014-15 at
the Regional Agricultural Research Station (RARS), Lam,
Guntur using 16 genotypes of blackgram namely KPU-
1, KPU-9, KPU-6, KPU-29, KPU-21, KPU-22, KPU 12-
133, KPU 12-1731, OBG-32, LBG-752, DKU-87, DKU-
102, UG-281, PU 12-11, Co5 and LBG-623 (susceptible
check) obtained from RARS, Lam. A Randomised Block
Design with two replications in a microplot of 5 x 4 m
with spacing of 30 x 10 cm was followed and percent
disease incidence was recorded weekly using the formula

Per cent MYMV disease incidence =

Number of plants infected in a micro plot

x 100
Total number of plants in a micro plot

MYMYV disease severity was recorded weekly by using
0-9 modified scale of All India Coordinated Research
Project on MULLaRP (Alice and Nadarajan, 2007) and
per cent disease index (PDI) was computed using the
formula given by Wheeler (1969).

Sum of all the numerical ratings
PDI = x 100
Number of observations x Maximum disease
rating
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Table 1. Categorization of blackgram genotypes based on
yellow mosaic disease disease severity

PDI Rating Reaction

0.1-5 1.0t0 2.0 Resistant ( R)

5.1-15 21to4 Moderately resistant (MR)
15.1-30 41t05 Moderately susceptible (MS)
30.1-75 51to7 Susceptible (S)

75.1-100 71t09 Highly susceptible (HS)

The genotypes were assigned different disease reactions
based on the categorization given by Gantait and
Kantidas (2009) (Table 1).

The cumulative progress of disease was estimated by
using PDI recorded at weekly interval in different
blackgram genotypes and Area under Disease Progress
Curve (AUDPC) values were calculated (Wilcoxson et
al., 1975).

Where,

S,= Disease incidence at i"" day or evaluation

K= Number of successive evaluation of the disease
d= Interval between i and i-1evaluation of disease

For conducting molecular characterization of genotypes,
16 blackgram genotypes were raised in pots during rabi
2014 at Genomics Laboratory, Institute of Frontier
Technologies, Regional Agricultural Research Station
(RARS), Tirupati and were used for DNA isolation five
days after sowing (DAS).

DNA isolation

DNA of blackgram samples was extracted from leaves
using the modified CTAB method (Murray and Thompson,
1980). Plant material (500 mg) was ground in a pre-
sterilized pestle and mortar with liquid nitrogen until a
fine powder was obtained and transferred to a sterile 2
ml eppendorf tube. One ml of pre-heated (65°C)
extraction buffer (100 mM Tris (pH 8.0), 1.4 M NaCl, 20
mM EDTA, 2% CTAB, 1% PVP, 0.1 % Mercaptoethanal)
was added to this and incubated for one h in water bath
at 65°C. Tubes were centrifuged (Refrigerated Eppendorf
centrifuge) at 10,000 rpm for 10 min at room temperature
and the supernatant was collected into eppendorf tubes.
The collected supernatant was mixed with equal volume
of chloroform and isoamyl alcohol (24:1). 1 pl of RNase
(100 pg/pl) was added to this mixture and incubated at
room temperature for 10-20 min. The tubes were
centrifuged at 10,000 rpm for 10 min and the supernatant
was separated. 0.1 volume of 3 M sodium acetate (pH
4.8) and 0.6 volume of ice cold isopropanol were added
to the supernatant and incubated at -20°C for overnight.
After incubation, the tubes were centrifuged at 13,000
rpm for 20 min at 4°C. The supernatant was discarded

and the pellet was washed with 70% ethyl alcohol and
again centrifuged at 13,000 rpm at 4°C for 10 min,
supernatant was discarded and pellet was air dried,
dissolved in 100 pl of sterile distilled water. The DNA
obtained was quantified using Nanodrop
spectrophotometer and the samples were stored at -20°C
for further use.

SCAR marker analysis

Plant genomic DNA was used as template for PCR
amplification as described by Williams et al. (1990).
Amplification was carried out with 20 pl reaction mixture
containing 1X assay buffer, 2 mM MgCIz, 0.2 mM dNTP,
10 p mole SCAR primer 20F/20R designed from the
sequence of cloned RAPD product for specific
amplification of the loci identified by selected RAPD
marker, OPQ1 (BG-YMV-Q1), 50-100 ng of genomic DNA
and 1 U of Taqg DNA polymerase (Prasanthi et al., 2011).
Amplification was performed in 0.2 ml thin walled tubes
using a thermocycler (Corbett, Australia) programmed
for initial denaturation at 94°C for 2 min, followed by 35
cycles of denaturation at 94°C for 1 min, annealing at
67.4°C for 1 min, primer extension at 72°C for 2 min and
a final extension at 72°C for 7 min.

Analysis of PCR products by agarose gel
electrophoresis

Amplified product was analysed by Agarose gel
electrophoresis as described by Sambrook and Russell
(2001). Agarose gel of 1% (w/v) was prepared by
dissolving 500 mg of agarose (Axygen, USA) in 50 ml of
1 X TBE buffer. At lukewarm temperature, two pl of
ethidium bromide (10 mg/ml) was added and poured into
gel casting tray of mini horizontal electrophoresis unit
(Hoefer, USA). The DNA samples were loaded after
mixing it with loading dye (Fermentas, USA) and the
electrophoresis was carried in 1 X TBE buffer at 50 V
(Labemate Power Pack 300, USA) till the dye front
reached the lower part of the agarose gel. The migration
pattern of the DNA fragments in the gel was recorded
using gel documentation system (Alpha Innotech, USA)
in an auto exposure mode.

RESULTS AND DISCUSSION

Yellow mosaic disease (YMD) incidence ranged from 3.73
(DKU-87) to 96.15% (LBG-623) in the genotypes
screened at 91 DAS. Significantly low YMD incidence
was recorded in nine genotypes viz., DKU-87 (3.73%),
DKU-102 (4.19%), KPU-29 (5.57%), KPU-21 (5.79%),
KPU-6 (5.97%), PU 12-11 (6.63%), KPU 12-133 (6.78%),
KPU 12-1731 (6.97%) and UG-218 (7.01%) while
14.47% incidence was observed in LBG-752 genotype.
Significantly high YMD incidence was recorded in
genotypes Co5 (93.53%) and LBG-623 (96.15%) and in
other four genotypes viz., OBG-32, KPU-1, KPU-22 and
KPU-9 disease incidence was 67.38, 64.37, 56.68 and
49.21% respectively (Table 2). After three weeks of
sowing, yellow mosaic disease was recorded in LBG-
623 and Co5 with disease severity (PDI) of 0.56 and



Indian Phytopathology 70 (3) : 353-358 (2017) 355

Table 2. Yellow mosaic disease incidence in blackgram genotypes during kharif 2014-15

Genotypes Per cent disease incidence (%)
21 28 35 42 49 56 63 70 77 84 91
DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS

KPU-1 0.00 0.31 0.92 2.03 1150 2830  33.61 36.46 53.07 63.04  64.37
“0.00)  (3.13)  (5.49)  (7.92) (19.78) (32.10) (35.42) (37.12) (46.77) (52.56) (53.36)
KPU-6 0.00 0.00 0.23 0.97 1.45 2.16 2.87 3.61 4.81 5.03 5.97
(0.00)  (0.00) (271) (5.64) (68.91)  (8.45)  (9.74) (10.95) (12.66) (12.95) (14.11)
KPU-29 0.00 0.00 0.00 1.02 1.50 2.58 3.06 4.08 4.55 5.10 5.57
(0.00)  (0.00)  (0.00) (5.79)  (6.96)  (9.16)  (10.08) (11.64) (12.31) (13.04) (13.65)
KPU-9 0.00 0.49 1.19 2.47 5.33 7.58 10.94 2752 4256  48.18  49.21
(0.00)  (4.00)  (6.24)  (8.87) (13.20) (15.95) (19.31) (31.61) (40.69) (43.93) (44.53)
KPU-21 0.00 0.00 0.00 0.43 212 2.52 3.09 3.67 415 4.73 5.79
(0.00)  (0.00)  (0.00)  (3.74)  (8.36)  (9.09) (10.12) (10.99) (11.72) (12.53) (13.59)
KPU-22 0.00 0.67 1.00 2.00 6.65 1373 1847 2624 4494 5464  56.68
(0.00)  (4.51)  (5.74)  (7.60) (14.87) (21.70) (25.44) (30.68) (42.02) (47.66) (48.84)
KPU 12-133 0.00 0.00 0.00 0.55 1.67 2.23 3.36 3.96 5.10 6.24 6.78
(0.00)  (0.00)  (0.00) (4.23)  (7.33)  (8.33) (10.45) (11.46) (13.04) (14.45) (15.06)
KPU 12-1731 0.00 0.00 0.00 0.96 2.49 3.29 4.25 5.21 6.01 6.57 6.97
(0.00)  (0.00)  (0.00) (5.61)  (8.92) (10.44) (11.88) (13.18) (14.18) (14.85) (15.30)
OBG-32 0.00 0.88 1.76 4.76 10.64 2625 3476 3629 51.32 5932  67.38
(0.00)  (5.35)  (7.61) (12.59) (18.96) (29.90) (35.77) (37.03) (45.74) (50.36) (55.15)
LBG-752 0.00 0.96 2.77 3.62 6.27 8.08 8.93 9.80 1170 12.66  14.47
(0.00)  (5.62)  (9.39) (10.96) (14.49) (1651) (17.34) (18.32) (19.99) (20.83) (22.34)
DKU-87 0.00 0.00 0.00 0.60 1.06 1.73 2.32 2.86 3.16 3.54 3.73
(0.00)  (0.00)  (0.00)  (4.41)  (4.18)  (7.41)  (8.42) (9.66) (10.07) (10.82) (11.13)
DKU-102 0.00 0.00 0.00 0.49 1.19 2.17 3.09 3.22 3.45 3.73 419
(0.00)  (0.00)  (0.00) (2.83) (5.71)  (8.16)  (10.04) (10.32) (10.69) (11.12) (11.80)
uG-218 0.00 0.00 0.52 1.47 2.85 3.29 4.24 5.11 6.06 6.49 7.01
(0.00)  (0.00)  (4.11)  (6.80)  (9.71) (10.43) (11.87) (12.99) (14.20) (14.68) (15.32)
PU 12-11 0.00 0.00 0.74 1.40 2.80 3.23 419 4.71 5.67 6.11 6.63
(0.00)  (0.00)  (4.91)  (6.73)  (9.54)  (10.19) (11.72) (12.52) (13.76) (14.27) (14.91)
Co5 1.02 1.96 3.82 9.39 2338 5074  60.25 73.03 79.21 8845  93.53
(579)  (8.03) (11.26) (17.82) (32.15) (45.41) (51.31) (59.02) (63.22) (70.47) (76.90)
LBG-623 0.46 3.53 5.76 12.05  30.36  54.16  64.97 7749 8236 9135  96.15
(3.86) (10.82) (13.88) (20.30) (33.36) (47.37) (53.71) (61.67) (65.14) (73.00) (79.08)
SEmz 0.04 0.37 0.37 0.97 1.14 0.92 2.35 1.90 1.81 1.21 1.58
CD (P<0.05%) 0.11 1.11 1.12 2.92 3.44 2.77 7.09 5.74 5.46 3.64 4.76
CcV % 11.93 2943  16.60 2348  17.04 9.88 2302 1613 1330  8.10 10.01

Figures in parentheses are arcsine transformed values, *Mean of two replications, DOS: 18-07-2014

1.11 in the respective genotypes. With the advancement resistant and LBG-623 as highly susceptible genotypes
of age of the crop all genotypes happen to encounter to YMD infection. Sowmini and Palaniappan (2014)
the disease and till harvest there was significant progress reported Co5 as YMD susceptible genotype. Obaiah et
in occurrence of the disease. PDI ranged from 5.00 (DKU- al. (2013) evaluated 56 blackgram genotypes for YMD
87) to 79.98 (LBG-623) (Table 3). Based on 0-9 score infection and reported 22 genotypes as resistant, 11 as
and their corresponding disease reactions, nine out of moderately resistant and the remaining 23 as susceptible.
sixteen genotypes i.e., DKU-87, KPU 12-133, DKU-102, Kumar et al. (2014) recorded genotypes of blackgram
UG-281, KPU-21, KPU-6, KPU-29, KPU 12-1731 and i.e., Azad U-2, KU 96-3, LBG-645, IPU 2-43 and NDU 5-
PU 12-11 were resistant with 0.85 to 1.50 disease scores. 7 as MYMV disease resistant. Genotype evaluation was
In LBG-752, disease score of 2.75 was recorded and documented by several workers earlier (Biswas et al.,

categorized as moderately resistant. The genotypes 2009; Bag et al., 2014; Gopi et al., 2016). Shad et al.
KPU-1, KPU-22, KPU-9 and OBG-32 were categorized (2006) and Prasanthi et al. (2013) observed that
as susceptible (5.65 to 6.65 rating) and genotypes Co5 blackgram genotypes with MYMV symptoms at early age
and LBG-623 as highly susceptible (7.60 to 7.85) (Table of the crop were found to be susceptible with high PDI
4). Yellow mosaic disease incidence in genotype Co5 than resistant genotypes and the present results are in
was reported as 68% (Khattak et al., 2004) and 100% accordance with the earlier reports.

(Sahoo and Sahu, 1991). Obaiah et al. (2013) and

Prasanthi et al. (2013) reported LBG-752 as moderately The highest Area under Disease Progress Curve

(AUDPC) value (2130.64) was recorded in the genotype
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Table 3. Yellow mosaic disease severity (PDI) in blackgram genotypes during kharif 2014-15

Genotypes Per cent Disease Index (PDI)
21 28 35 42 49 56 63 70 77 84 91
DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS DAS
KPU-1 0.00 0.56 2.78 6.11 14.44 20.55 27.22 36.66 48.33 53.89 60.33
*(0.00) (4.27) (9.57) (14.17)  (22.19) (26.90) (31.41) (37.25) (44.02) (47.21) (50.94)
KPU-6 0.00 0.00 0.00 0.56 1.11 2.22 3.33 5.00 7.22 8.33 9.44
(0.00) (0.00) (0.00) (3.02) (6.04) (8.28) (10.36) (12.89) (15.48) (16.75) (17.88)
KPU-29 0.00 0.00 0.00 0.57 1.11 2.78 3.89 5.00 7.78 8.33 10.00
(0.00) (0.00) (0.00) (4.30) (6.04) (9.54) (11.33) (12.89) (16.02) (16.54) (18.32)
KPU-9 0.00 1.11 3.89 6.11 10.55 16.66 23.89 37.22 49.44 52.78 62.94
(0.00) (6.05) (11.33) (14.17) (18.89) (24.07) (29.23) (37.57) (44.66) (46.57) (52.49)
KPU-21 0.00 0.00 0.00 0.56 1.67 2.22 2.78 4.44 6.11 7.22 7.78
(0.00) (0.00) (0.00) (3.02) (5.26) (6.08) (6.81) (11.11)  (13.50) (14.99) (15.81)
KPU-22 0.00 0.56 1.67 5.00 6.66 15.00 22.78 32.78 44 .44 51.67 62.15
(0.00) (4.27) (7.31) (12.89) (14.90) (22.74) (28.49) (34.89) (41.79) (45.94) (52.08)
KPU 12-133 0.00 0.00 0.00 0.56 1.11 1.67 3.33 5.55 7.78 10.00 11.10
(0.00) (0.00) (0.00) (3.02) (4.28) (5.26) (9.83) (13.34) (16.02) (18.32) (19.43)
KPU 12-1731 0.00 0.00 0.00 0.00 0.56 2.78 4.44 5.00 7.22 8.89 10.00
(0.00) (0.00) (0.00) (0.00) (3.02) (9.54) (12.07) (12.89) (15.56) (17.30) (18.40)
OBG-32 0.00 1.11 3.89 7.77 12.24 21.11 32.78 38.89 50.55 58.89 58.48
(0.00) (6.05) (11.33) (16.14) (20.14) (27.33) (34.89) (38.55) (45.30) (50.11) (49.87)
LBG-752 0.00 0.00 0.56 2.22 5.00 7.22 10.00 12.78 15.00 17.78 21.11
(0.00) (0.00) (4.27) (8.28) (12.37) (15.29) (18.32) (20.82) (22.69) (24.88) (27.22)
DKU-87 0.00 0.00 0.00 0.00 0.31 1.11 1.67 2.22 2.78 4.44 5.00
(0.00) (0.00) (0.00) (0.00) (2.24) (4.28) (5.26) (8.28) (9.54) (12.07) (12.89)
DKU-102 0.00 0.00 0.00 0.00 0.56 1.67 2.78 3.89 5.00 5.55 6.66
(0.00) (0.00) (0.00) (0.00) (3.02) (7.31) (9.54) (11.33) (12.89) (13.55) (14.90)
uUG-218 0.00 0.00 0.00 0.56 1.67 2.78 4.44 7.22 8.89 10.56 8.89
(0.00) (0.00) (0.00) (4.27) (7.31) (9.54) (12.07) (15.48) (17.30) (18.94) (17.04)
PU 12-11 0.00 0.00 0.00 0.56 1.11 2.78 5.55 7.22 8.89 10.55 11.67
(0.00) (0.00) (0.00) (4.27) (4.28) (9.10) (13.34) (15.48) (17.21) (18.89) (19.92)
Co5 0.56 2.22 5.00 8.88 13.33 19.44 32.22 40.55 54.44 62.78 75.55
(4.27) (8.56) (12.89) (17.33) (21.34) (26.10) (34.54) (39.53) (47.58) (52.39) (60.55)
LBG-623 1.11 3.89 6.11 9.44 17.22 22.77 33.88 46.11 58.89 65.55 79.98
(6.05) (11.32) (14.17) (17.70) (24.48) (28.41) (35.53) (42.75) (50.10) (54.06) (63.53)
SEm + 0.04 0.18 0.49 0.99 1.39 1.80 1.92 1.27 1.27 1.14 1.78
CD (P £0.05%) 0.11 0.53 1.48 2.97 419 5.43 5.79 3.84 3.84 3.45 5.38
CV % 11.65 13.99 22.22 25.73 25.31 24.05 20.30 11.15 9.48 7.82 11.16

Figures in parentheses are arcsine transformed values, *Mean of two

LBG-623 corresponding to its highly susceptible nature
to YMD infection and the lowest AUDPC value (105.09)
was observed in DKU-87 (Table 4). Lowest value
indicated small amount of cumulative disease progress
that resulted in delay in the onset and severity of symptom
development (Raju and Anilkumar, 1990). The highest
AUDPC value (2402.7) was reported in blackgram
susceptible check Barabanki Local (Bag et al., 2014)
which corroborate with the present results. In mungbean
the highest AUDPC value was reported in susceptible
genotype, HUM-12 compared to resistant genotypes
(Biswas et al., 2009).

Validated SCAR marker BG-YMV-Q1 (OPQ1) linked
to yellow mosaic disease resistance showed variability
among the 16 genotypes screened for the desired
amplicon of 532 bp. The genotypes KPU-21, PU 12-11,
KPU-29, KPU 12-133, KPU-6, KPU 12-1731, DKU-102,

replications, DOS: 18-07-2014

UG-218 and DKU-87 exhibited strong amplification while
the genotype LBG-752 showed faint amplification. The
amplicons obtained with the said SCAR marker were
compared with PU-31 that was validated earlier as a YMD
resistant parent using the same SCAR marker (Prasanthi
etal., 2013). As the marker is linked with YMD resistance
genes, a clear indication of variability among the tested
genotypes was observed and the genotypes that
responded positively to the marker were in confirmation
with the results of phenotypic observation and thus these
genotypes can be treated as resistant ones. Genotype
LBG-752 that recorded 14.47% YMD incidence with
moderately resistant phenotypic reaction was found
positive to the SCAR marker with a faint amplicon of the
desired size. Phenotypically categorized YMD susceptible
genotypes KPU-1, KPU-9, KPU-22, OBG-32, Co5 and
LBG-623 with high percent disease incidence (49.21-
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Table 4. Reaction of blackgram genotypes to MYMV using SCAR marker

Genotypes SCAR Marker Score Disease incidence AUDPC Disease reaction
Status

KPU-1 A 5.65 64.37 1684.80 S
KPU-6 P 1.13 5.97 227.29 R
KPU-29 P 1.30 5.57 241.03 R
KPU-9 A 5.90 49.21 1631.70 S
KPU-21 P 1.05 5.79 202.11 R
KPU-22 A 5.70 56.68 1481.20 S
KPU 12-133 P 0.90 6.78 248.71 R
KPU 12-1731 P 1.30 6.97 237.04 R
OBG-32 A 6.65 67.38 1795.12 S
LBG-752 P 2.75 14.47 567.58 MR
DKU-87 P 0.85 3.73 105.09 R
DKU-102 P 0.95 4.19 159.15 R
UG-218 P 1.00 7.01 283.73 R
PU12-11 P 1.50 6.63 297.31 R
Co5 A 7.60 93.53 1938.28 HS
LBG-623 A 7.85 96.15 2130.64 HS

A: Absent; P: Present; R: Resistant; MR: Moderate resistant S: Susceptible; HS: Highly susceptible

96.15%) responded negatively to SCAR marker The presence of SCAR marker was reported to be

amplification thus confirming the results of Prasanthi et consistently associated with all genotypes resistant to
al. (2013) (Table 4, Fig 1a,b). MYMV while susceptible genotypes without resistance
) . ) gene lacked the marker (Souframanien and

High level of selection accuracy for resistance has Gopalakrishna, 2006). MYMVR-583 SCAR marker was

been reported with DNA markers (Hittalmani et al., 1995). reported to produce amplification in twelve blackgram

M | 3 4 5 6 7 8 9 10

1000 bp
750 bp
500 bp

250 bp

532 bp

Fig. 1a. Amplification profile of the SCAR marker BG-YMV-Q1, used to screen YMD resistance and susceptible genotypes of blackgram.
Lane M: 1 KB Ladder, Lane 1: LBG-623 (Susceptible check), Lane 2: KPU-1, Lane 3: KPU-21, Lane 4: 12-11, Lane 5: Co5,
Lane, 6: KPU-9, Lane 7: KPU-22, Lane 8: KPU-29, Lane 9: KPU 12-133, Lane 10: KPU-6

M 11 12 13 14 15 16 17

1000 bp
750 bp
500 bp 532bp

250 bp

Fig. 1b. Amplification profile of the SCAR marker BG-YMV-Q1, used to screen YMD resistance and susceptible genotypes of blackgram.
Lane M: 1 KB Ladder, Lane 11: PU-31 (Resistant check), Lane 12: KPU-12-1731, Lane 13: DKU-102, Lane 14: UG-218, Lane
15: LBG-752, Lane, 16: DKU-87, Lane 17: OBG-32
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genotypes that were phenotypically reported as resistant
and moderately resistant under field conditions while
absence of the desired fragment was reported in highly
susceptible genotypes (Dhole and Reddy, 2013).
Molecular markers based studies facilitate plant breeders
to carry out repeated genotyping throughout the growing
season in the absence of any disease incidence. This
method of genotyping would save time and labour during
the introgression of YMD resistance through molecular
breeding. A resistance gene that can be transferred to
cultivars with excellent yield potential by using the
marker-assisted breeding would be beneficial. The
present investigation paves the way to the plant breeders
for developing YMD resistant varieties of blackgram.

ACKNOWLEDGEMENTS

We are thankful to Dr. J. Krishna Prasadji, Professor and
Head, Department of Plant Pathology, Agricultural
College, Bapatla, Andhra Pradesh, India, for kind
cooperation, whole hearted help and valuable
suggestions during our research work. We are also
thankful to Dr. M. Adinarayana Principal Scientist (Plant
Pathology) at RARS, Lam Farm, Guntur, for his guidance,
encouragement, kind cooperation in smooth conduct of
field experiments at RARS, Lam and for his valuable
suggestions, during our research work.

REFERENCES

Alice D and Nadarajan N (2007). Pulses: Screening techniques
and assessment for disease resistance. All India
Coordinated Research Project on MULLaRP- Tamil Nadu
Agricultural University. Kasturi Graphics and Printers,
Coimbatore 24.

Bag MK, Gautam NK, Prasad TV, Pandey S, Dutta M and Roy
A (2014). Evaluation of an Indian collection of blackgram
germplasm and identification of resistance sources to
Mungbean Yellow Mosaic Virus. Crop Protec. 61: 92-101.

Biswas KK, Tarafdar A, Kumar HKA, Dikshit and Malathi VG
(2009). Multiple infection in urdbean (Vigna mungo) in
natural condition by begomovirus, tospovirus and urdbean
leaf crinkle virus complex. Indian Phytopath. 62: 75-82.

Biswas NK, Laha SK and Ghosh D (2009). Evaluation of
mungbean genotypes against Mungbean Yellow Mosaic
Virus (MYMV) in pre and post kharif seasons under Terai
Agro-ecological Zones of West Bengal. Int. J. Plant Prot.
2:82-84.

Dhole VJ and Reddy KS (2013). Development of a SCAR marker
linked with to MYMV resistance gene in mungbean (Vigna
radiata). Plant Breed. 132: 127-132.

Gantait S and Kantidas P (2009). Genetic divergence,
Adaptability and Genotypic response to YMVin blackgram.
Legume Res. 32: 79-85.

Gopi P, Satyanarayana A, Krishna AR and Rao KRSS (2016).
Evaluation of Blackgram Germplasm for Resistance
against YMV. J. Plant Pathol. Microbiol. 7: 368.

Hittalmani S, Mew T, Fooland MR and Huang N (1995).
Identification of blast resistance gene Pi-2 (t) in a
segregating population of rice. Theor. Appl. Genet. 91: 9-
14.

Khattak MK, Ali S and Chishti JI (2004). Varietal resistance of
mungbean (Vigna radiata L.) against whitefly (Bemisia
tabaci Genn.), jassid (Amrasca devastans Dist.), and thrips
(thrips tabaci Lind.). Pak. Entomol. 26: 9-12.

Kumar A, Parihar AK, Dixit GP and Gupta S (2014). Resistance
potential of newly released urdbean genotypes against
Mungbean yellow mosaic India virus. Indian Phytopath.
67:314-315.

Murray MG and Thompson WF (1980). Rapid isolation of high
molecular weight plant DNA. Nucleic Acids Res. 8: 4321-
4326.

Obaiah S, Reddy BVB, Reddy NPE and Prasad SY (2013).
Screening of some blackgram (Vigna mungo (L.) Hepper)
genotypes for resistance to Yellow Mosaic Virus. Current
Biotica. 7: 96-100.

Prasanthi L, Reddy BVB, Geetha B, Jyothi R and Abhishek
(2013). Molecular marker for screening yellow mosaic
disease resistance in blackgram [Vigna mungo (L.)
Hepper]. Electronic J. Plant Breed. 4: 1137-1141.

Prasanthi L, Reddy BVB, Rani KR, Devi RM, Geetha B, Prasad
SY and Reddy KR (2011). Development of RAPD/SCAR
marker for yellow mosaic disease resistance in blackgram.
Legume Res. 34: 129-133.

Raju SG and Anilkumar TB (1990). Evaluation of cowpea
genotypes for partial resistance to powdery mildew.
Euphytica. 50: 191-195.

Sahoo BK and Sahu PN (1991). Evaluation of promising
blackgram varieties against whitefly (Bemisia tabaci Gnn.)
and yellow mosaic. Madras Agri. J. 78: 93-94.

Sambrook J and Russell DW (2001). Molecular cloning: A
Laboratory Manual vol 2 CSHL Press.

Shad N, Mughal SM, Farooq K and Bashir M (2006). Evaluation
of mungbean germplasm for resistance against mungbean
yellow mosaic begomovirus. Pak. J. Bot. 38: 449-457.

Singh S and Awasthi LP (2004). Varietal screening of urdbean
against Mungbean Yellow Mosaic Virus under field
conditions. Ann. Plant Protect. Sci. 12: 225-226.

Souframanien J and Gopalakrishna T (2006). ISSR and SCAR
markers linked to the Mungbean Yellow Mosaic Virus
(MYMV) resistance gene in blackgram [Vigna mungo (L.)
Hepper]. Plant Breed. 125: 619-622.

Sowmini K and Palaniappan J (2014). Validation of molecular
markers linked with yellow mosaic disease resistance in
blackgram (Vigna mungo (L.) Hepper). Legume Genomics
Genet. 5: 25-30.

Wheeler BEJ (1969). An Introduction to Plant Diseases. John
Wiley, London, 301 pp.

Wilcoxson RD, Skovmand B and Atif AH (1975). Evaluation of
wheat cultivars for their ability to retard development of
stem rust. Ann. Appl. Biol. 80: 275-281.

Williams JGK, Kubelik AR, Livak KJ, Rafalski JA and Tingey
SV (1990). DNA polymorphisms amplified by arbitrary
primers are useful as genetic markers. Nucleic Acids Res.
18: 6531-6535.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


