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Abstract

Breeding for disease resistance in plants is an integral part of integrated disease management, which helps develop
resistance against devastating plant diseases and reduces yield losses. The present study focuses on characterizing the
Cercospora leaf spot (CLS) resistant genotypes through simple sequence repeats (SSR) markers linked to CLS resistance.
Two hundred sixty-one mung bean genotypes were screened against CLS resistance from 2018 to 2020 under field condi-
tions with a completely randomized block design. Further, six susceptible and six resistant genotypes were tested along
with a susceptible check, artificially inoculated with the pathogen to induce disease, and screened through SSR markers
to identify the CLS-resistant genotypes. Out of 10 reported CLS-linked SSR markers, seven markers i.e. CEDAAGO002,
CEDCO050, CEDGO037, CEDG084, CEDG150, VR108, and VR393, have been validated and confirmed to show polymor-
phism with different DNA banding patterns in resistant and susceptible genotypes. The extent of polymorphism analyzed,
SSR markers such as CEDGO084 (71.42%), CEDG150 (50%), VR108 (85.71%), and VR393 (50%) showed higher poly-
morphism than other markers, which may serve as promising markers for identification of CLS resistance source.
Keywords SSR markers - Polymorphism - Resistance - Cercospora canescens - Cercospora leaf spot (CLS) -
Mungbean

Introduction effects on the production of mungbean. Cercospora leaf

spot (CLS) is one of the biotic stresses in mung bean crops,

Mung bean (Vigna radiata) is a versatile, short-duration
legume crop cultivated worldwide, mainly in South East
Asian countries. Its production in India is remarkable, con-
tributing around 54% of the total mung bean production
globally (Singh and Singh 2011). It is widely cultivated
for its rich protein content and many vitamins and miner-
als. Along with the high nutritional components, the leaves
and stems are utilized as green manure and forage. Various
adverse factors like biotic and abiotic stresses have drastic
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which seriously threatens crop production and yield (Chand
et al., 2015). CLS disease needs high humidity for its inci-
dence and spread, so it occurs in the Kharif or rainy season
(Chankaew et al. 2011). The initial phase of the disease is
marked by spots on the leaves, which further increase in
number and size at the flowering and pod-filling stage. In
the presence of favorable environmental conditions like
high relative humidity of about 90%, intermittent rainfall,
and warm temperatures, the pathogen infects the plants. It
forms many spots, which further coalesce into blight-like
symptoms. In severe cases in highly susceptible mung bean
cultivars, CLS results in premature defoliation with the
smaller size of pods and seeds, thus hampering the seed
yield.

Cercospora canescens is a genetically highly diverse
fungal pathogen isolated from different locations, and culti-
vars showed significant variation in resistance to the patho-
gen (Joshi et al. 2006). The plant-pathogen interaction in
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the mung bean - CLS system is analyzed in the field by the
phenotypic screening to the disease based on the disease
reactions. The yield loss is often proportional to the disease
progress curve and higher in susceptible cultivars than the
resistant one concerning CLS (Bhat et al. 2008). Deploying
resistant varieties is the most efficient and durable strategy
for managing this disease (Pink 2002). So, screening for
CLS disease resistance is essential for identifying resistant
mung bean genotypes and using them in breeding programs.
According to Chankaew et al. (2011), although the pheno-
typic disease screening and analysis of disease progress is
vital for breeders to develop resistant cultivars, it is still
associated with many limitations. Even though the mung
bean is a short-duration crop and cultivated multiple times
a year, CLS is predominant in the kharif season. Hence, the
evaluation of the disease severity is possible in only one
season of the year. The repeatability of the screening experi-
ments makes the task a lot more time-consuming. Molecu-
lar markers are used to identify genetic differences between
individuals of different or the same species by tagging the
gene of interest (Vidak et al., 2017). Exploitation of CLS
resistance markers for the identification of promising mung
bean cultivars carrying these resistance genes can be helpful
to combat the shortcomings of seasonal disease screening
(Papan et al. 2021) and aid marker-assisted selection (MAS)
for the development of novel resistant varieties round the
year (Collard and Mackill 2008). Therefore, several CLS
resistance-linked DNA markers have been reported to iden-
tify resistant sources and develop improved resistant mung-
bean varieties in response to CLS (Chankaew et al., 2011).
Papanet al. (2021) reported a QTL associated with CLS
resistance using SSR markers system in CN72 X V4718 F2
population between VR393 and CEDG084 markers. Inter-
simple sequence repeat (ISSR) marker 116274 linked to
the CLS resistance gene was identified (Tantasawat et al.
2020). Previous reports have identified various sources of
resistance and proved that resistance to CLS in mungbean
is controlled by a single dominant gene, which can ben-
efit breeding programs for developing resistant cultivars
(Chankaew et al. 2011). The present study highlights the
efforts to screen and characterize the CLS resistance geno-
types through CLS-linked SSR markers.

Materials and methods

Plant materials and evaluation of disease resistance
under field conditions

Screening for CLS disease resistance was carried out using

261 mung bean genotypes under field conditions during the
Kharif crop seasons 2018-19 and 2019 -20 at the agricultural
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farm of Odisha University of Agricultural Technology, Bhu-
baneswar (20.26° N, 85.81° E) in a randomized complete
block design (Mahapatra et al. 2022). Since the incidence
of the disease is negligible in rabi season due to lack of
adequate moisture, the experiment was carried out in kharif
only. The plants were subjected to artificial inoculation
of the pathogen at 50% flowering stage and characterized
based on disease incidence (Fig. 1). The relative humid-
ity was maintained in the experimental field at 85-90% by
flooding through the channels in the area along with a regu-
lar spray of water with the atomizer in the absence of natu-
ral rainfall, and the temperature ranged from 25 to 28 °C
throughout the test period. The fertilizers were applied per
the recommended agronomic dose of 20:60:40 kg N-P-K
ha~! as basal dose during the field preparation. The obser-
vations were carried out on initiatiation of the disease and
appearance of specific symptoms to CLS. The condition
was scored on a scale of 0—-9 (Umer et al. 2009), where 9
implies the most severe infection with more than 90% leaf
area damage and 0 being the least with no visible symptoms.
The observation was made at seven days intervals after the
disease initiation.

Further, the disease severity percentage was calculated
in the Area Under Disease Progress Curve (AUDPC) using
the following formula given by Shaner and Finney (1977).
The genotypes were categorized based on the extent of the
disease reaction. The genotypes with higher AUDPC val-
ues were classified as susceptible, whereas those with lower
AUDPC values were resistant.

AUDPC = 3" "[{(Yi+ Y(i+1)) /2} x (t(i + 1) — ti)]

Where, Y, = disease level/severity at time t;.

t i+ 1) — ti= Time (days) between two disease scores.

n=number of dates at which CLS was recorded.

Out of the screened population of mungbean genotypes,
six susceptible and six resistant genotypes were selected
based on the AUDPC value for the present study.

Polyhouse experiment

Based on AUDPC value, resistant mung bean genotypes
(CPR BAM GP 316, Kamdev, CPR BAM GP 325, CPR
BAM GP 345, OBGG-102, ANGUL Mung GR) and sus-
ceptible genotypes (CPR BAM GP 267, CPR BAM GP 301,
KVK Jagatsinghpur-1, KVK Dhenkanal-1, KVK Sambal-
pur-3 and CPR BAM GP 265) were selected. These selected
genotypes were grown in the polyhouse along with a sus-
ceptible check i.e., Kopergaon (Maurya et al. 2018), and
artificially inoculated to induce disease with the pathogen
mass cultures of C. canescens isolate BBS1 (Accession no-
MZ475049) isolated from diseased plant samples collected
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Fig. 1 Based on the CLS disease reaction, the mung bean genotypes
were distributed into resistant, moderately resistant, moderately sus-
ceptible, and susceptible on the AUDPC value. AUDPC =Area under

from Bhubaneswar (20.26° N, 85.81°), Odisha. Optimum
irrigation is provided to maintain the humidity for the patho-
gen infection and disease occurrence. Observation were
recorded on the yield components and extent of infection in
the selected genotypes.

Molecular analysis

The genomic DNA of the tested genotypes was isolated
using CTAB method (Murray and Thompson 1980). About
1gm of the freshly harvested leaf tissues were ground in lig-
uid nitrogen, and pre-warmed DNA extraction buffer was
added to the powdered plant material and incubated at 65 °C
for 1 h. Chloroform: isoamyl alcohol (24:1 v/v) solution of
equal volume was added to the plant mixture and centri-
fuged at 12,000 rpm for 10 min. The supernatant was col-
lected, and chilled ethanol and sodium acetate were added
for DNA precipitation. The DNA pellet was washed with
chilled 70% (v/v) ethanol and dried at room temperature.
The well-dried DNA pellet was re-suspended in Tris-EDTA
buffer and stored at -20 °C.

disease progress curve, R=Resistance, MR =Moderately resistant,
MS =Moderately susceptible, S = Susceptible

Polymerase chain reaction (PCR) analysis

Ten pairs of SSR primers reported to be linked to CLS
resistance (Chankaew et al. 2011) were selected and used
to screen the mung bean genotypes for disease resistance
(Table 1). This molecular screening used the selected resis-
tant and susceptible genotypes and susceptible CLS checks
with the ten sets of primer. The reaction volume of 12.5 pl
consisted of 1U 7ag DNA polymerase, 1x7aq buffer,2 mM
MgCl,, 0.2 mM dNTPs, 2 ng template DNA, and forward
and reverse primers (5 pmol each). The amplification was
carried out in Thermocycler (BIORAD, USA) with PCR
parameters programmed as follows: initial denaturation
at 94 °C for 3 min, primer annealing at 48—60 °C for 50 s
depending on primer, chain extension, and final extension at
72 °C for 50 s and 7 min, respectively.

Electrophoresis and detection of amplified products
by polyacrylamide gel electrophoresis (PAGE)

The PCR amplification products were checked and char-
acterized by gel electrophoresis on 10% denaturing poly-
acrylamide gel in 1 X TBE buffer at 90 V for 150 min. The
amplicons were visualized under UV with ethidium bromide
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Table 1 List of SSR primer pair Primer Sequence Tm (° C) Annealing Temp (° C)
sequences used in the study CEDAAG002 Forward GCAGCAACGCACAGTTTCATGG  59.8 58
Reverse GCAAAACTTTTCACCGGTACGACC 58.8
CEDCO050 Forward TCCCACTTCTCCATTACCTCCAC 58.2 55
Reverse GAGATTATCTTCTGGGCAGCAAGG 57.5
CEDCO031 Forward GGGAATAAATAAACCTTTCC 46.2 51
Reverse TCTCAAATCACATTGCCAC 50.6
CEDGO037 Forward GAAGAAGAACCCTACCACAG 52.4 51
Reverse CACCAAAAACGTTCCCTCAG 54.2
CEDG084 Forward ATCAACTGAGGAGCATCATCGA 55.9 53
Reverse CAACATTTCAACCTTGGGACAG 54.4
CEDG117 Forward GTACACTTCCACTAATCCAAAATT 51.3 50
Reverse TGGTACCTTCCTTATCTGAAATTA  51.3
CEDG150 Forward GAAGGGAATGAAAATGAAACCC 52.3 51
Reverse GTTCAATCCATTCAGTCTCC 50.7
CEDG305 Forward GCAGCTTCACATGCATAGTAC 53.9 55
Reverse GAACTTAACTTGGGTTGTCTGC 54.1
VR108 Forward GCTCCAACACTCACTCACAAAC 56.3 55
Reverse CAGAAATGCAGGAAAAGAGAGG  53.8
VR393 Forward TGGCACTTTCCATAACGAATAC 53.1 51.5
Reverse ATCAGCCAAAAGCTCAGAAAAC 54.0

Table 2 Analysis of yield parameters of 6 resistant (R) and 6 susceptible (S) genotypes and one check mungbean genotype after artificial inocula-

tion with Cercospora canescens under polyhouse condition

Name of the selected mungbean genotypes AUDPC  Av. no.pods Av.no. of 100-seed  Seed yield/ No. of No. of

/ plant Seeds/ pod  weight (g) plant (g) lesions sporulat-

ing lesions

(Mean+ SE) *
CPR BAM GP 316 (R1) 155.56 27.00+14 10.50+0.5 4.75+0.6 13.47x1.2 1.67+£0.3  0.67+0.07
Kamdev (R2) 194.44 29.00+1.2 10.68+0.9 3.87+0.7 11.99+1.2 2.33+0.6 1.00+0.06
CPR BAM GP 325 (R3) 155.56 28.00+0.9 11.30+0.7 422+06 13.35+1.1 1.67+0.2  0.67+0.03
CPR BAM GP 345 (R4) 194.44 27.00+1.3 10.30+0.6 4.12+05 11.46+1.3 2.67+0.3 1.00+0.05
OBGG-102 (R5) 155.56 32.00+1.1 10.20+0.6 4.26+0.3 13.90+0.9 1.34+04 0.67+0.04
ANGUL Mung GR (R6) 155.56 28.00+0.9 10.40+0.8 4.68+0.3 13.63+1.0 2.12+0.5 1.01+0.03
CPR BAM GP 267 (S1) 1205.56  16.00+1.3 8.75+0.7 2.84+04 3.98+0.2 24.67x0.7 8.98+0.1
CPR BAM GP 301 (S2) 1361.11  18.00+1.2 9.12+09 3.21+0.6 527+04 19.33+0.8 9.67+0.09
KVK Jagatsinghpur-1 (S3) 1322.22  15.00+1.1 890+0.9 3.11+0.5 415+0.2 21.82+1.4 9.48+0.12
KVK Dhenkanal-1 (S4) 1361.11  17.00+1.0 920+1.0 292+0.5 457+03 2333+1.7 10.21+0.1
KVK Smbalpur-3 (S5) 1050.00  17.00+1.3 9.11+09 2.80+03 434+£0.5 13.00+£0.8 7.67+0.09
CPR BAM GP 265 (S6) 1050.00  16.00+0.8 8.80+0.8 2.54+04 3.58+04 15.67+0.6 8.33+0.1
Kopergaon (check) 1152.33 16.4+0.5 89+0.5 243+0.2 3.46+04 21.67+1.1 9.21+0.1

*Treatment with C.canescens isolate in three replications
SE =Standard error

as the staining agent. A low molecular weight (50 bp) ladder
was used as a reference standard marker.

Results

The mungbean genotypes were categorised into four groups
i.e. resistant, moderately resistant, moderately susceptible
and susceptible to CLS based on the AUDPC value. Out
of 261 genotypes, 89 genotypes were moderately resis-
tant to CLS and the AUDPC value varied from 251 to 500

@ Springer

(Fig. 1). Genotypes exhibited very narrow range of varia-
tion between moderately susceptible to susceptible screened
under natural conditions. Both selected resistant and sus-
ceptible genotypes along with check variety subjected to
artificial inoculation of the CLS at 50% flowering period
and were characterised on the basis of disease incidence
(Fig. 1). Both disease severity and yield characteristics of
the infected mungbean plants grown in the polyhouse con-
dition were recorded (Table 2). The number of sporulating
lesions varied from 0.67 to 10.21 in resistant and susceptible
genotypes. Average number of pods per plant and number of
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seeds per plant ranged from 15.00 to 27.00 and 8.75 to 10.68
in both resistant and susceptible genotypes, respectively.
The highest (32.00) number of pods/plant was observed in
genotype OBGG-102, which was resistant to CLS and low-
est (15.00) in the genotype KVK Jagasinghpur-1.

There was a significant yield variation between suscepti-
ble and resistant genotypes. Molecular analysis of both gen-
otypes using 10 SSR primers linkage with CLS resistance
showed polymorphism with known CLS reactions. Of the 10
SSR markers, CEDC031, CEDG117, and CEDG305 did not
show consistent results among the genotypes. CEDAAG002,
CEDCO050, CEDG037, CEDG084, CEDG150, VR108, and
VR393 showed polymorphism among the susceptible and
resistant genotypes (Fig. 2a, 2b, 2c¢, 2d, 2e, 2f and 2g). The
targeted fragment range of these seven amplifiable markers
was between 100 and 300 bp. CEDAAGO002 primer pro-
duced multiple amplified bands between 100 and 400 bp. In
contrast, the six susceptible genotypes along with the sus-
ceptible check showed bands of 140 bp, which was not pres-
ent in any of the resistant genotypes (Fig. 2a). Amplicons at
192 bp and 80 bp found to be linked to CLS resistance were
amplified by CEDC050 marker in the resistant genotypes

500bp

200bp

150bp

100bp

and absent in the susceptible genotypes (Fig. 2b; Table 3).
CEDGO037 amplified a 142 bp amplicon that linked to CLS
resistance in the six resistant genotypes (Fig. 2¢). CEDG084
primer showed polymorphism in the selected resistant and
susceptible genotypes with the differential banding pattern
for both the groups (Fig. 2d). CEDG150 amplified a 190 bp
amplicon in the resistant genotypes and not found in the sus-
ceptible genotypes which implied to link with disease resis-
tance (Fig. 2e). The VR108 marker showed polymorphism
for multiple bands in resistant genotypes (Fig. 2f). The
amplicons at 200 bp, 240 bp, 270 bp, 400 and 500 bp were
absent in the susceptible genotypes along with the suscep-
tible check. A 150 bp amplicon amplified by VR393 marker
in all the six resistant genotypes. In contrast, it was located
at 160 bp in six susceptible genotypes (Fig. 2g). Based on
the distinct arrangement of DNA banding pattern and poly-
morphism percent, CEDG150, CEDG084, VR108, and
VR393 exhibited 50%, 71.42%, 85.71%, and 50% polymor-
phism, respectively can be considered as promising markers
for identification of CLS resistance source (Table 3).

@)

(b)

Fig.2 a & b DNA banding patterns were generated by the markers CEDAAGO002 (a), and CEDCO050 (b). R1, R2, R3, R4, R5, R6 - resistant geno-
types, S1, S2, S3,54, S5, S6 - susceptible genotypes C - susceptible check. M =50 bp DNA ladder
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Fig.2 ¢ & d DNA banding patterns were generated by the markers CEDGO037 (¢) and CEDGO084 (d). R1, R2, R3, R4, RS, R6 - resistant genotypes,
S1, S2, S3,S4, S5, S6 - susceptible genotypes C - susceptible check. M =50 bp DNA ladder

Discussion

In the present study, phenotyping for CLS resistance in both
field and polyhouse conditions to categorized the mungbean
genotypes based on disease reaction with respect to CLS
and identified the resistant genotypes. The yield potential
of resistant and susceptible genotypes under field condi-
tions was used as selection criteria for the breeding pro-
gram (Kumar and Reena, 2007). But, molecular analysis
provides further new insights into identifying genotypes
for breeding. Very limited research on molecular identifica-
tion is available in selected mungbean genotypes linked to
CLS disease. The results revealed that the distinct banding
pattern of the PCR amplicons of the selected resistant and
susceptible genotypes helped to confirm the morphological
data, which paves the way to choose promising genotypes
for further use in breeding programs. The CEDAAGO002,
CEDCO050, CEDGO037, CEDGO084, CEDG150, VR108,
and VR393 primers have shown differentiation in banding
pattern among the genotypes and compared to the disease
reaction. Chankaew et al. (2011) reported similar results
by using the CLS-linked SSR markers in KPS1 x V4718
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cross. But they also found distinct polymorphism among
the F2 and BC1F1 mungbean population using CEDCO031,
CEDG117, and CEDG305 primers, which was not similar
to our result as these primers did not show polymorphism
and consistency among all the genotypes under consider-
ation. This observation is attributed to the fact that these
three primers linked to CLS resistance were specific to
the population generated from KPS1 X V4718 cross. But,
the other seven selected primers have successfully shown
polymorphism and helped to distinguish the resistant and
susceptible genotypes in the population considered in the
previous studies and the diverse genotypes used in this study.
These markers can establish the mapping of CLS resistance
in various mungbean genotypes and the genetic distances.
Tantasawat et al. (2010) have estimated the genetic distance
between VR393 and one ISSR marker 116274 and used it
for CLS resistance mapping using 143 recombinant inbred
lines (RIL) from CN72 x V4718 cross and have located a
major QTL gCLSC72V18-1 between both the markers. The
level of polymorphism exhibited by the seven SSR markers
was compared based on band differentiation to understand
the markers’ credibility in identifying the resistance sources.
These markers showing polymorphism in case of resistance
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Fig.2 e & f DNA banding patterns were generated by the markers CEDG150 (e) and VR108 (f). R1, R2, R3, R4, RS, R6 - resistant genotypes, S1,
S2, S3,S4, S5, S6 - susceptible genotypes C - susceptible check. M =50 bp DNA ladder
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Fig. 2 g DNA banding patterns were generated by the marker VR393 (g). R1, R2, R3, R4, RS, R6 - resistant genotypes, S1, S2, S3,54, S5, S6 -

susceptible genotypes C - susceptible check. M =50 bp DNA ladder

and susceptible genotypes used in the present study are vali-
dated to identify the relevant QTL for the selected mung-
bean genotypes. Inheritance of CLS resistance is identified
as qualitative and governed by a single dominant gene; the
resistance gene can be transferred into susceptible cultivars
to develop resistant varieties (Tantasawat et al. 2020). The

susceptible genotypes lacking the resistance amplicons can
be identified, and thereby, it can transfer the CLS resistance
genes from the resistant lines into them. Identifying prom-
ising CLS resistance-linked molecular markers shall help
us to select the genotypes with genes of interest for future
breeding programs and deploy varieties with sustained
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Table 3 Number of amplified bands, monomorphic bands, polymorphic bands, percentage polymorphism among resistant and susceptible geno-

types, band range and target fragment generated by different SSR markers

Name of the Primer Total no. of frag-  No. of monomor- No. of polymor-  Percentage poly- Band Range Target
ment generated phic band(s) phic band(s) morphism (%) (bp) frag-
ment
(bp)
CEDAAGO002 08 05 03 37.50 140-400 140
CEDC050 03 02 01 33.33 100220 192
CEDGO037 05 03 02 40.00 140-250 142
CEDG084 07 02 05 71.42 160-400 168
CEDG150 02 01 01 50.00 160-200 190
VR108 07 01 06 85.71 120-550 200
VR393 02 01 01 50.00 150-350 152
References

resistance against the disease. Since Cercospora canescens
is a slow-growing fungus in artificial medium, its incidence
in natural conditions occurs in the presence of favourable
environmental factors, which hinders timely screening for
disease resistance.

Conclusion

The present study concluded that the 261 mung bean gen-
otypes screened against CLS were categorized into four
groups i.e. resistant, moderately resistant, moderately sus-
ceptible, and susceptible. There was significant yield varia-
tion between susceptible and resistant genotypes. Molecular
analysis indicated that the 192 bp and 80 bp amplicons
were linked to CLS resistance using CEDC050 marker. The
VR108 marker showed polymorphism for multiple bands
in resistant genotypes. The amplicons at 200 bp, 240 bp,
270 bp, 400 bp, and 500 bp were absent in the susceptible
genotypes along with the susceptible check. Based on the
distinct arrangement of DNA banding pattern and polymor-
phism percent, CEDG150, CEDG084, VR108, and VR393
with 50%, 71.42%, 85.71%, and 50% polymorphism,
respectively, can be considered as promising markers for the
identification of CLS resistant genotypes in a population.
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