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Genetic diversity in a set of 60 rice genotypes were analyzed using 27 random and 13 grain yield under drought 
(DTY) quantitative trait loci (QTLs)-linked simple sequence repeats (SSR) markers. The average gene diversity 
polymorphism information content were 0.53 and 0.46, respectively. The presence of DTY QTLs for grain 
yield under drought stress was predicted using peak marker in comparison to the positive checks. The DTY 
QTL qDTY12.1, amplified by the peak marker RM 28048, was found in 43.3% of genotypes, and qDTY2.2was 
detected in only 6.67 % of genotypes using peak marker RM279. Two germplasm accessions, IC389895 and 
DT 2, possessed maximum number of DTY QTLs and absent is IC525099. Phylogenetic analysis revealed four 
distinct clusters within the germplasm. Overall, the evaluated genotypes presented a rich source of diversity and 
contain valuable DTY QTLs which can be utilized in rice genetic enhancement program for drought tolerance.
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Introduction
Rice is the staple food for more than half of the global 
population. Worldwide, around 40% of rice cultivated 
area comes under rainfed environments (Singh et al., 
2017). Rainfed rice production systems can be classified 
into lowland and upland. In Asia rainfed lowland rice 
area is about 46 million hectares which is almost 30 % 
of the total world rice area (Maclean et al., 2002). Large 
rice areas in Bangladesh, Cambodia, Myanmar, Nepal, 
and Thailand, India, Indonesia, Laos, and Vietnam fall 
under rainfed ecology (CGIAR, 1998). Rice cultivation 
in rainfed areas face severe challenges of drought and 
flooding. Drought will possibly become more frequent 
due to adverse effect of climate change (World Bank, 
2009). Therefore, drought-prone rice systems in rainfed 
areas require stress tolerant rice varieties along with 
improved crop management strategies. Recent efforts 
to identify major QTLs with a large and consistent 
effect on grain yield under drought condition have 
marked a valid strategy (Bernier et al., 2007; Kumar 
et al., 2007; Venuprasad et al., 2009; Vikram et al., 
2011). Coordinated drought breeding programmes have 
exhibited a significant positive trend genetic gain for 
grain yield over the years under both drought stress as 

well as favorable irrigated control conditions (Kumar 
et al., 2021).
 The rice landraces traditionally cultivated by the 
farmers, contain high level of genetic diversity, and can 
serve as potential genetic resources for improvement 
of yield under biotic and abiotic stresses (Choudhury  
et al., 2013). As the major element of germplasm, 
genetic diversity is a natural source for rice breeding 
to encounter existing food requirements (Reig et al., 
2016). Identifying rice cultivars with drought tolerance 
and high level of genetic diversity will aid in rice 
improvement programme for rainfed drought-prone 
ecologies. The present study was conducted with a set 
of 57 rice landraces, selected earlier from a larger set of 
germplasm based on tolerance to drought, an objective 
to analyze genetic diversity and predict the presence of 
DTY QTLs using SSR markers. The knowledge thus 
generated will help in utilization of these cultivars for 
rainfed rice improvement.

Materials and Methods

Plant materials and DNA isolation 
A set of 60 rice genotypes (Table 1) that include 
57drought tolerant rice cultivars and three check varieties 
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viz. Sadabahar, Vandana and Sahbhagi Dhan were used 
in the study (Table 1). The germplasm set was selected 
based on tolerance to vegetative stage drought tolerance 
from 258 rice cultivars mostly from the eastern Indian 
region (data not shown). During genotyping drought 
tolerant checks such as N22, IR64Drt1, Vandana, Apo 
and Way Rarem were used. Total genomic DNA was 
collected from five-day old seedlings were isolated using 
a modified cetyl trimethyl ammonium bromide (CTAB) 
method (Doyle and Doyle, 1987). The concentration 
of genomic DNA was checked in Nanodrop system 
2000c (Thermo, USA), and the actual concentration 
was adjusted to 50 ng μL-1.

SSR markers used
A total of 40 SSR markers, 27 random and 13 DTY 
QTL-linked were used in the study (Supplementary 
Table 1). The random markers were sampled from 
GCP panel of 50 SSRs (http://gramene.org/markers/
microsat/50_ssr.html). The primer sequences and 
annealing temperatures are available at Gramene 
Database (http:// www.gramene.org).

Polymerase chain reaction and scoring of amplicons
Polymerase chain reaction (PCR) was carried out in a 
total volume of 10 μL reaction having 50 ng of template 
DNA, 0.5 µM of each forward and reverse primers, 0.2 
mM of dNTPs, 1X PCR buffer with 20 mM MgCl2, and 

Table 1. List of rice genotypes used in the study

IC/ collector No. IC/ collector No. IC/ collector No.
1 RSR2/JLM-9 21 IC-389895 41 IC568239
2 RSR2/JLM-12 22 IC-419206 42 IC568303
3 RSR2/JLM-34 23 IC-454009 sathi 43 IC568288
4 RSR2/JLM-40 24 IC-454256 44 IC568236
5 RSR/SKY-22 25 IC-454498X BALA 45 IC568294
6 KP-2036 26 IC-454599 KRISHNA 46 IC568223
7 SKSS-05 27 IC-454372X 47 IC568237
8 SKSS-06 28 IC-454628 PTB 28 48 IC568262
9 SKSS-09 29 IC-454634 PTB 30 49 RO-46
10 SKSS-12 30 IC-459347 AC-45 50 JCR-1875
11 SKSS-15 31 IC515116 51 SKY-67
12 PTP/DC-40 32 IC515117 52 SKY-68
13 PTP/DC-43 33 IC525099 53 DT 2
14 PTP/DC-61 34 IC538351 54 DT 10
15 DPS/OPD-179 35 IC538653 55 DT 13
16 DPS/OPD-187 36 IC75844 56 DT 14
17 NR-25 JADAN 37 IC548644 57 DT 35
18 NR-26 CHHATRI DHAN 38 IC568278 58 Vandana
19 NR-31 LAL DHAN 39 IC568250 59 Sahbhagi Dhan
20 IC-264006 40 IC568228 60 Sadabahar

1 U of Taq DNA polymerase (Thermo Fisher Scientific, 
USA). PCR was done in a thermocycler (VeritiTM, 
Applied Biosystems) using following conditions: 5 min 
at 94°C; 35 cycles of 45 s at 94°C 45 s at annealing 
temperature and 45 s at 72°C; followed by 5 min at 72°C. 
PCR amplicons were visualized in 3-4% agarose gels 
stained with SYBR Safe DNA gel stains (Invitrogen) 
using a UV-transilluminator. During scoring, the band 
with the lowest molecular weight was assigned allele 
number 1 and the progressively heavier bands were 
scored incrementally. DNA molecular weight standards 
were used in agarose gels to determine amplicon sizes.

Screening of DTY QTLs
Out of 14 DTY QTLs linked SSR markers, nine peak 
markers were used to screen for the presence of drought 
tolerant yield QTLs (Supplementary Table 1). The size 
of amplified fragment of each genotype under study 
was compared with the amplicon size of the respective 
DTY QTL positive check to score for the presence of 
DTY QTLs.

SSR Data analysis 
The summary statistics of the SSR markers matrices such 
as number of alleles, major allele frequency, observed 
heterozygosity, expected heterozygosity gene diversity 
and polymorphism information content were estimated. 
The phylogenetic tree was constructed using Roger’s 
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1972 genetic distance and UPGMA method using Power 
Marker V3.25 (Liu and Muse, 2005). The phylogenetic 
tree was constructed using Tree View Software.

Results and Discussion 

Screening for DTY QTLs
The molecular weight of each of the peak SSR markers 
associated with each DTY QTLs: qDTY1.1, qDTY1.2, 
qDTY2.2, qDTY2.3, qDTY3.1, qDTY3.2, qDTY4.1, qDTY6.1 

and qDTY12.1) was compared with the amplicon size of 
the respective DTY QTL-positive check (Supplementary 
Fig. 1). The positive checks are mentioned in Table 2. 
The genotypes under study were found to possess more 
than one DTY QTLs. Two germplasm, IC389895 and 
DT 2, possessed maximum number of DTY QTLs, 
while 11 genotypes such as Sadabahar (qDTY3.1), NR-
31LALDHAN (qDTY3.2), IC568288 (qDTY3.2), IC538653 
(qDTY3.2), DT10 (qDTY6.1), DT13 (qDTY2.3), RSR2/

Fig. 1. UPGMA clustering of 60 rice genotypes using 40 SSR markers
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Table 2. DTY QTL survey in sixty rice genotypes

DTY QTLs (peak 
marker)

Positive check Promising genotypes Number (%)

qDTY1.1
(RM431)

N22 RSR2/JLM-34, DPS/OPD-187, IC-264006, IC-454009, IC-454256, IC-
454498X BALA, IC-454599 KRISHNA, IC-454372X, IC568239, IC568303, 
IC568288, RO-46, DT 35

13
(21.67%)

qDTY1.1
(RM11943)

N22 SKSS-12, PTP/DC-43, DPS/OPD-187, NR-25 JADAN, NR-26 CHHATRI 
DHAN, IC-389895, IC-454599, IC-459347 AC-45, IC515116, IC538351, 
IC75844, IC568278, IC568236, IC568294, JCR-1875, SKY-68, DT 2

17
(28.33%)

qDTY1.2
(RM3825)

N22 SKSS-05, SKSS-06, SKSS-15, PTP/DC-43, DPS/OPD-187, IC-454256, 
IC-454498X BALA, IC-454599, IC-454628 PTB 28, IC-454634 PTB 30, IC-
459347 AC-45, RO-46, SKY-67, DT 2

14
(23.33%)

qDTY2.2
(RM279)

IR64
Drt-1

SKSS-12, SKSS-15, IC568250, DT 2 4
(6.67%)

qDTY2.3
(RM 3212)

Vandana RSR2/JLM-9, SKSS-12, PTP/DC-40, DPS/OPD-179, IC-389895, IC-419206, 
IC515117, IC568239, IC568303, IC568236, IC568294, IC568223, SKY-68, DT 
2, DT 13, DT 14, Vandana

16
(26.66%)

qDTY3.1
(RM520)

Apo KP-2036, SKSS-09, SKSS-12, PTP/DC-61, DPS/OPD-179, IC-389895, 
IC515117, IC568239, IC568294, IC568223, IC568237, DT 14, Sadabahar

13
(21.67%)

qDTY3.2
(RM22)

Vandana KP-2036, SKSS-06, SKSS-09, PTP/DC-40, PTP/DC-61, DPS/OPD-179, NR-
25 JADAN, NR-31 LAL DHAN, IC-264006, IC-389895, IC-419206, IC-459347 
AC-45, IC538351, IC538653, IC548644, IC568228, IC568239, IC568288, 
SKY-67, SKY-68, DT 2, DT 35, Vandana

23
(38.33%)

qDTY4.1
(RM518)

IR64 Drt-1 PTP/DC-61, IC-389895, IC-454256, IC-454628 PTB 28, IC568278, IC568250, 
IC568303, IC568237, SKY-67, DT 2, DT 35

11
(18.33%)

qDTY6.1
(RM589)

Vandana SKSS-05, SKSS-09, PTP/DC-40, DPS/OPD-179, DPS/OPD-187, NR-
26CHHATRI DHAN, IC-389895, IC-454498XBALA, IC-45KRISHNA, IC-
454372X, IC-454634 PTB 30, IC515116, IC515117, IC75844, IC568288, 
IC568223, IC568262, SKY-68, DT 10, DT 35, Vandana

21
(35%)

qDTY12.1 (RM28048) Way Rarem RSR2/JLM-9, RSR2/JLM-12, RSR2/JLM-34, RSR2/JLM-40, RSR/SKY-22, SKSS-
05, SKSS-09, PTP/DC-40, PTP/DC-43, PTP/DC-61, IC-389895, IC-419206, IC-
454009, IC-454498X BALA, IC568239, IC568288, IC568236, IC568294, IC568223, 
IC568237, IC568262, RO-46, JCR-1875, SKY-67, SKY-68, DT 2, Shabhagi Dhan

26
(43.33%)

JLM-9 (qDTY12.1), RSR2/JLM-40 (qDTY12.1), RSR/
SKY-22 (qDTY12.1) and RSR2/JLM-12 (qDTY12.1) were 
found to possess only one DTY QTL (Supplementary 
Fig. 2). IC-454599 and DPS/OPD-187 showed specific 
amplicon for qDTY1.1 using both the linked markers 
RM431 and RM 11943. Only four genotypes: SKSS-
12, SKSS-15, IC568250 and DT-2 showed qDTY2.2-
specific amplicon using RM 279. Specific amplicon 
for qDTY12.1 was noted in 43.3% of the total genotypes 
using RM28048. A total of 21 genotypes were found to 
possess qDTY6.1 based on the banding pattern of linked 
marker RM589. DTY QTLs such as qDTY2.3 qDTY3.1, 
qDTY3.2 and qDTY4.1 were predicted to be present in 
26.66%, 21.67%, 28.33% and 18.33% of the total 
genotypes, respectively.

 The DTY QTLs such as qDTY2.2 and qDTY3.1 had a 
consistent effect across seasons under lowland drought 
stress conditions (Dixit et al., 2012; 2014). Under severe 
drought stress, a grain yield advantage of 0.8-1.0 t ha-1 
was reported the variety IR64 through the introgression of 
two QTLs (qDTY2.2 and qDTY4.1) (Swamy et al., 2013). 
The qDTY12.1 was also reported to show a consistent 
effect across environments for high grain yield under 
drought stress at reproductive-stage in the background 
of popular high-yielding but drought-susceptible variety 
(Mishra et al., 2013). Therefore, screening of the 
genotypes for the possible presence of DTY QTLs will 
further generate scope for validation and utilization of 
the promising rice germplasm in drought breeding.
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SSR polymorphisms
The summary statistics of the SSR markers is presented 
in Supplementary Table 2. A total of 133 alleles were 
detected in 60 rice genotypes using 40 SSR markers. 
The number of alleles per locus ranged from 2 (RM495, 
RM507, RM514, RM338, RM455, and RM44) to 5 
(RM518, RM6368, and RM118) with an average of 
3.325 alleles/locus. The average numbers of alleles 
per locus observed in this study correspond to other 
previous studies (Cho et al., 2000; Anand et al., 2012; 
Nachimuthu et al., 2015). The level of polymorphism 
among the present genotypes was assessed by calculating 
PIC values of the 40 SSR loci. The PIC value ranged 
from 0.138 (RM 161) to 0.677 (RM 16030), with an 
average 0.457. These values are also consistent with 
PIC value (0.475) obtained in Anupam et al. (2017) 
while studying genetic diversity of rice germplasm from 
the state of Tripura, India. Altogether, 17 SSR markers 
including 8 tightly linked DTY QTL markers (RM 279, 
RM 22, RM 520, RM 3212, RM 518, RM 11943, RM 
3825 and RM16030) recorded PIC values >0.50. A PIC 
value higher than 0.5 indicates higher polymorphism and 
are extremely useful in distinguishing the polymorphism 
rate of markers at specific locus (Botstein et al., 1980; 
Dewoody et al., 1995). Present study indicated that the 
DTY QTLs linked SSR markers were more informative 
than that of random SSR marker. Yadav et al. (2013) 
also indicated that average genetic diversity at genomic 
loci assessed by QTL-linked markers is more than that 
revealed by random markers and reported that study of 
diversity based on drought QTLs revealed the existence 
of greater variability at the functional regions of the 
genome. Gene diversity of expected heterozygosity value 
was highest (0.726) for DTY QTL linked SSR marker 
(RM16030) which generated the maximum 5 bands 
while, the lowest value (0.142) was noted with random 
SSR marker (RM161). The average gene diversity in 
the present germplasm was 0.525. The gene diversity 
value is a fundamental measure of genetic variation in a 
population and describes the proportion of heterozygous 
genotypes expected under Hardy-Weinberg equilibrium 
(Nei, 1973). Gene diversity obtained in the present study 
is comparable to those reported in previous studies such as 
0.52 in Nachimuthu et al. (2015) and 0.54 in Choudhary 
et al. (2013). Major allele frequency is maximum with 
marker RM161 (0.925), minimum with 0.350(RM 
16030, RM 3825). The most common allele at each 
locus ranged from 92% (RM161) to 35% (RM16030 and 

RM 3825). The average major allele frequency in the 
present study was higher as compared to the previous 
studies on Indian rice varieties (Upadhyay et al., 2012) 
and Korean landraces (Li et al., 2014).

Genetic Structure Analysis 
The assessment of genetic diversity of germplasms is one 
of the potential approaches which lead to identification of 
diverse parents for designing effective breeding strategy 
for hybridization (Sajib et al., 2012; Nachimuthu et 
al., 2015). SSR markers have remarkable potential to 
discriminate between rice genotypes compared to other 
molecular markers (Xiao et al., 1996). The genetic 
distance based UPGMA clustering divided the genotypes 
into four major clusters (Fig. 1). The Cluster I consisted 
of five genotypes with all the nine DTY QTLs except 
qDTY3.1. Eight genotypes including 3 check varieties were 
grouped in Cluster II. The Cluster III was comprised of 
24 genotypes. In this cluster, RSR/SKY-22 and RSR2/
JLM-40 had the lowest genetic distance of 0.05 followed 
by RSR2/JLM12 - RSR2/JLM40 (0.09). All the nine 
DTY QTLs were detected within the members of Cluster 
III. Altogether 23 genotypes grouped in Cluster IV, and 
eight DTY QTLs, excluding qDTY2.2, were found within 
this cluster. In Cluster IV, the highest genetic distance 
was recorded between PTP/DC-61 and Vandana (0.80) 
followed by PTP/DC 40 and DT 2 (0.71). Importance 
of clustering of these genotypes using both DTY QTL 
linked markers and random SSR markers can be easily 
visualized as the released varieties could be improved 
for drought tolerance using distantly related germplasm 
without narrowing the genetic base, for instance, rice 
variety Sadabhar was found to distantly related to 
IC568250 (genetic distance = 0.65). IC568250 was found 
to have specific banding for multiple QTLs (qDTY2.2 
and qDTY4.1) and thus can be crossed with Sadabahar 
to generate superior drought tolerant progenies without 
narrowing the genetic base. 

Conclusion
In the present study, screening of sixty drought tolerant 
rice genotypes for the possible presence of drought QTLs 
and the level of genetic diversity provided the scope of 
utilizing of these genotypes in rice varietal improvement 
programme for drought stress. The study of genetic 
diversity among the genotypes enhanced the possibility of 
using a more diverse donor for drought stress, minimizing 
the effect of genetic erosion through widening of genetic 
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base. Use of DTY QTL-linked markers in both screening 
of the genotypes as well as studying of genetic diversity 
among these genotypes gave valuable information about 
the amplification profile of these markers that can be 
useful for monitoring introgression of DTY QTLs in 
drought susceptible varieties.
*Supplementary Table or Figure mentioned in the article 
are available in the online version.
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SupplementaryTable 1. SSR markers used in the study

Marker Chromosome Random/ DTY QTL-linked Reference/Source
RM 237 1 Random See http://gramene.org/markers/microsat/50_ssr.html

 for details of random SSR markers
RM 283 1 Random
RM 495 1 Random
RM 154 2 Random
RM 408 2 Random
RM 452 2 Random
OSR 13 3 Random
RM 514 3 Random
RM 338 3 Random
RM124 4 Random
RM 161 5 Random
RM 507 5 Random
RM413 5 Random
RM 162 6 Random
RM133 6 Random
RM118 7 Random
RM125 7 Random
RM 455 7 Random
RM 152 8 Random
RM 447 8 Random
RM284 8 Random
RM 433 8 Random
RM 44 8 Random
RM 316 9 Random
RM215 9 Random
RM 484 10 Random
RM 536 11 Random
RM431 1 qDTY1.1 Vikram et al., 2011
RM 11943 1 qDTY1.1 Vikram et al., 2011
RM 3825 1 qDTY1.2 Sandhu et al., 2014
RM 279 2 qDTY2.2 Swamy et al., 2013, Palanog et al., 2014
RM1367 2 qDTY2.3 Palanog et al., 2014, Sandhu et al., 2014
RM 3212 3 qDTY2.3 Palanog et al., 2014, Sandhu et al., 2014
RM 520 3 qDTY3.1 Dixit et al., 2014
RM16030 3 qDTY3.1 Dixit et al., 2014
RM 22 3 qDTY3.2 Vikram et al., 2011
RM 518 4 qDTY4.1 Swamy et al., 2013
RM16368 4 qDTY4.1 Swamy et al., 2013
RM 589 6 qDTY6.1 Venuprasad et al., 2012
RM28048 12 qDTY12.1 Bernier et al., 2007
RM28130 12 qDTY12.1 Bernier et al., 2007
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Supplementary Table 2. Genetic diversity information of 40 SSR loci in 60 rice genotypes

Marker Major allele 
frequency

Allele No Gene Diversity Observed heterozygosity Polymorphism 
information content

RM 152 0.74 3.00 0.41 0.30 0.37
RM 154 0.53 3.00 0.61 0.02 0.54
RM 162 0.63 3.00 0.50 0.02 0.42
OSR13 0.54 4.00 0.55 0.12 0.45
RM 161 0.93 4.00 0.14 0.02 0.14
RM 237 0.81 3.00 0.33 0.03 0.30
RM 283 0.48 3.00 0.61 0.00 0.53
RM 316 0.48 3.00 0.59 0.03 0.51
RM 408 0.72 3.00 0.42 0.00 0.34
RM 447 0.38 4.00 0.66 0.10 0.59
RM 452 0.52 3.00 0.52 0.03 0.40
RM 495 0.58 2.00 0.49 0.00 0.37
RM 507 0.92 2.00 0.15 0.00 0.14
RM 514 0.85 2.00 0.26 0.00 0.22
RM 536 0.53 4.00 0.62 0.08 0.55
RM 3825 0.35 4.00 0.71 0.00 0.65
RM 11943 0.41 4.00 0.69 0.02 0.64
RM 279 0.57 4.00 0.61 0.00 0.56
RM 520 0.46 4.00 0.65 0.08 0.58
RM 518 0.47 5.00 0.67 0.03 0.62
RM 22 0.45 3.00 0.64 0.00 0.57
RM28130 0.73 3.00 0.42 0.00 0.37
RM28048 0.68 4.00 0.49 0.17 0.44
RM 3212 0.44 4.00 0.67 0.05 0.61
RM1367 0.50 4.00 0.55 0.00 0.44
RM16368 0.50 3.00 0.57 0.00 0.48
RM16030 0.35 5.00 0.73 0.05 0.68
RM431 0.65 3.00 0.51 0.00 0.44
RM118 0.48 5.00 0.68 0.00 0.63
RM124 0.72 4.00 0.45 0.00 0.41
RM125 0.63 3.00 0.50 0.00 0.41
RM133 0.58 3.00 0.56 0.00 0.49
RM284 0.52 3.00 0.59 0.00 0.50
RM 338 0.75 2.00 0.38 0.00 0.31
RM 433 0.45 3.00 0.64 0.00 0.57
RM 484 0.50 3.00 0.53 0.00 0.42
RM215 0.57 3.00 0.52 0.00 0.41
RM413 0.57 4.00 0.59 0.00 0.52
RM 455 0.75 2.00 0.38 0.00 0.31
RM 44 0.57 2.00 0.49 0.00 0.37
Mean 0.58 3.33 0.53 0.03 0.46
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Supplementary Fig. 1. Representative agarose gel photographs using SSR markers linked to different DTY QTLs
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Supplementary Fig. 2. DTY QTL survey in 60 rice genotypes


