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ABSTRACT
Drought is the major abiotic constraint leading to very high yield reduction in both rain-fed upland and
lowland areas worldwide. Reproductive stage is the most sensitive to water deficiency as compared to vegetative
stage of rice. In this present investigation, association between phenotype and genotype was carried out for the
drought mapping population of CR143-2-2/ Krishnahamsa to detect QTLs through single marker analysis
(SMA). A total of 21 polymorphic SSR markers were detected through bulked segeregant analysis approach.
QTL mapping was performed through ICIM v4.0 software. Only phenotypic trait, days to 50% flowering (DFF)
at reproductive stage stress showed association with chromosome 1 and 6. A significant higher peak was
obtained in RM3825 marker linked in chromosome 1 detected to be a novel QTL, qDFF1.1 controlling flowering
under drought stress. The other QTL on chromosome 6 is validated in this mapping population which controls
flowering under terminal drought stress.
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INTRODUCTION

A major yield loss is being incurred in rainfed rice due
to drought stress. The drought stress is responsible for
the yield reduction of 44-71% worldwide (Pandey and
Bhandari, 2009). Major effect of drought was observed
mostly over the year in rainfed upland and low-land
areas (Hijmas and Serraj, 2009). As rice is a staple
food in the world, food security and lively hood activities
were fully dependent on at least 70% of world
population. Therefore, development of drought tolerant
varieties is the most important task for the rice breeders.
In most of the growth stages, drought affects rice plant
growth and its production. Early season drought occurs
at the vegetative stage of growth and it affects plant
morphologies like leaf growth and stem elongation.
Intermittent drought occurring in between the rainfall
intervals which affects the developmental stage like
root growth and architecture. But the most effective
role plays by terminal drought which occurs at the end
of the growing period particularly during the flowering

stage, affecting grain filling, spikelet fertility and yield.
So developing drought resistant cultivars especially with
good performance under late season drought stress is
one of the major challenges in rice breeding programs.
Previous studies, a lot of experiments had been
conducted on vegetative stage drought tolerance. But,
very less information are available on reproductive stage
drought tolerance. Efforts were made to incorporate
the mechanisms like drought escape, drought avoidance
and drought tolerance for developing drought tolerant
rice varieties using both conventional and molecular
breeding approaches (Basu et al., 2016). But parameter
like drought avoidance by delaying the flowering time
does not help the crop to minimize the losses due to
water scarcity.

The analysis of association between phenotype
and genotype in a population to detect QTLs through
single marker analysis (SMA) was explained by Luo
and Kearsey (1989). The simplest method for QTL
mapping is single marker analysis, includes t-test,
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ANOVA and simple linear regression, which asses the
segregation of a phenotype with respect to a marker
genotype (Soller et al., 1976; Nienhuis et al., 1987; Wang
et al., 1994). A significant difference indicates that
marker is linked to a QTL. This approach can indicate
which markers linked to potential QTLs are significantly
associated with quantitative trait investigated.

Therefore, the present study was conducted
to screen out the interactions that perform more in
reproductive stage drought stress and to find out all the
effective morpho-physiological parameters. The results
obtained from the experiment can be directly applicable
in improving drought tolerance in rice. Correlating
genetic information with physiological and
morphological traits related to drought tolerance will
allow the development of rice varieties tolerant to
drought stress.

MATERIALS AND METHODS

Plant materials
The bi-parental mapping population of CR143-2-2/
Krishnahamsa comprising 190 recombinant inbred lines
along with the parents were taken as the experimental
material for the analysis. The experiment was
conducted in the controlled facility of rain-out shelter
of ICAR-National Rice Research Institute, Cuttack,
Odisha during kharif season, 2014. The F7-8 generation
recombinant inbred lines were subjected to phenotyping
followed by genotyping.

Phenotyping for various morpho-physiological
traits
Phenotyping for reproductive stage drought tolerance
was conducted under control facility of rain-out shelter
at ICAR-National Rice Research Institute, Cuttack
during kharif, season 2014. The experiment was
conducted by taking two parents CR143-2-2 and
Krishnahamsa along with 190 RIL populations for
twenty-two morpho-physiological traits viz., days to
50% flowering, plant height, panicle length, canopy
temperature, panicle emergence, relative chlorophyll
content, leaf length, leaf width, leaf rolling, leaf drying,
percentage of spikelet fertility, grain yield, biomass,
harvest index, thousand seed weight, chlorophyll a,
chlorophyll b, chlorophyll a+b, chlorophyll a/b, cell
membrane stability, relative water content and proline

content. All the pre-harvested data were collected
during growth stage 6-9 (SES, 2014). Data for
morphological trait like, leaf drying, leaf rolling and
panicle emergence were recorded by standard
evaluation system of rice (SES) scoring method
developed by IRRI. Relative chlorophyll content was
recorded by the instrument SPAD-502 plus chlorophyll
meter from the widest part of the leaf in optimum day
condition. Whereas canopy temperature was measured
by the instrument VarioCAM, Infrared-Thermal Imager
from portion of the plant exposed above the ground
level and expose to sunlight. While post-harvested data
were collected after growth stage 9. After maturation,
10 hill samples per each RIL lines were collected for
post harvested traits like grain yield, biomass, harvest
index and spikelet fertility. Separate samples were
collected for physiological traits viz., chlorophyll a,
chlorophyll b, chlorophyll a+b, chlorophyll a/b, cell
membrane stability, relative water content and proline
content for wet lab experiment during mid-day situation
within the growth stage 7-8 (SES, 2014).

Bulk segregant analysis using SSR primers
Bulked segregant analysis (BSA) was used to detect
the major QTLs (Zhang et al., 2009). As per the
protocol, two extreme gene pools of recombinant inbred
line population with each bulk having 10 lines of DNA
were selected. These selected lines were then bulked
to detect the molecular polymorphism using SSR
markers. The genomic DNA of the bulk genotypes
were isolated by the following protocol described by
Murray and Thomson (1980).  The concentration of
DNA was estimated by UV spectrophotometer.
Quantification of DNA was accomplished by using UV-
VIS spectrophotometer (UV-1201Schimazu  Corp;
Japan)  and  by analyzing the  purified  DNA  on  0.8%
agarose  gels  and  using  a  double digest EcoRI, HindIII
double digested of  l DNA as molecular weight marker.
Approximate concentration of DNA 100ng/µl was used
for PCR analysis. 201 linked SSR markers selected
from different sources were collected (Table 1) and
subjected to polymorphic analysis. The PCR reaction
mixture contained 50ng template DNA, 5picoM of each
of forward and reverse  primers, 200µM dNTPs, 10X
PCR buffer (10mM Tris-HCl, pH8.3, 2mM of MgCl2
and 1U  Taq (Thermus aquaticus) DNA Polymerase
(Genaid). Amplification cycling was performed in a 96
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place programmable Thermal cycler (Applied
Biosystems, California, United States) under following
conditions. For PCR amplification, the reaction mixture
was initially denatured for 4 min at  94ºC, then subjected
to 35 cycles of 30 seconds denaturation at 94ºC , 1min
annealing at 550C (Table 1 ) and 1.30 min extension at
720C; and a final extension for 10 min at 720C and hold
at 40C. After the completion of the PCR, the products
were stored at -20°C until the gel electrophoresis is
done.

Statistical analysis
From the phenotypic value of kharif, 2014 generation,
190 recombinant lines and their parents were used for
the analysis of variance, standard deviation, standard
error of mean, skewness and kurtosis to determine the
main effect of RILs with the relative traits by using
software SPSS (Version 20.0, Chicago, USA). Normal
distributions of all phenotypic traits were analysed and
represented using the software SPSS v20.0. The effect
of QTLs and their relation with phenotypic and
molecular proportion was analysed using single marker
analysis method using software ICIM v4.0 (Wang et
al., 2014)

RESULTS AND DISCUSSION

Phenotypic variation of morpho-physiological
traits
Availability of adequate genetic variations in a breeding
population leads to effective selection and development
of desired product. A mapping population with high
genetic variation for traits within the population will give
accurate mapping results. The analysis of the mean
values of the traits obtained from RILs and parents
showed significant differences among the traits under
drought stress condition (Table 2). Morph-physiological
traits like biomass (0.756), grain yield (0.746), leaf drying
(2.758), leaf rolling (4.392), panicle length (1.93), relative
water content (252.6), cell membrane stability (308.6)
and proline content (3066.99) showed high phenotypic
variance value (Table 2). A high range and high
phenotypic coefficient and genotypic coefficient of
variation were estimated for these traits under
reproductive stage drought stress (Table 2). A wide
variation for these traits was also reported earlier. A
trend of low estimate values for these traits were
obtained from the susceptible lines while a higher values
were observed from tolerant lines. Therefore, the traits
like biomass, grain yield, leaf drying, leaf rolling, panicle
length, relative water content, cell membrane stability
and proline content may be taken care during selection
of drought tolerant lines.

Table 1. List of polymorphic SSR primers identified from BSA.
Primers Name Chrom# Position Heterozygote % of heterozygosis % of segregation

Tolerant Susceptible
RM495 1 2.8 3 0.01563 52.60 48.96
RM6703 1 139.1 4 0.02083 35.42 66.67
RM3825 1 143.7 0 0 29.69 70.31
RM327 2 (qDTY2.1) 72.6 1 0.00521 45.31 55.21
RM341 2 (qDTY2.1) 94.4 4 0.02083 24.48 77.60
RM263 2 (qDTHI2.3) 127.5 8 0.04167 59.90 44.27
RM22 3 (qDTY3.2) 7.2 14 0.07292 44.27 63.02
RM517 3 (qDTY3.2) 30.3 9 0.04688 28.65 76.04
RM527 6 (qDTY6.2) 61.2 2 0.01042 56.77 44.27
RM3 6 (qDTY6.2) 92.4 0 0 52.60 47.40
RM337 8 (MQTL8.1) 0.1 4 0.02083 42.71 59.38
RM72 8 (qDTF8.1) 60.9 0 0 68.75 31.25
RM316 9 1.8 1 0.00521 7.29 93.23
RM257 9 79.7 0 0 52.08 47.92
RM271 10 (qDTF10.1) 59.4 2 0.01042 29.17 71.88
RM171 10 (qDTY10.1) 92.8 11 0.05729 79.17 26.56
RM484 10 102.9 3 0.01563 55.21 46.35
RM20A 12 0 0 0 50.52 49.48
RM511 12 (qDTY12.1A) 59.8 1 0.00521 87.50 13.02
RM309 12 (qDTY12.1) 74.5 5 0.02604 51.56 51.04
RM519 12 (qDTY12.1) 94.8 2 0.01042 58.33 42.71

Barik et al.QTL mapping for drought tolerence in rice
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Results of Yue et al. (2006) emphasized the
reduction in biomass under drought stress and played a
key role in yield reduction. Balan et al. (2000) explains
about the genetic variability and correlation for leaf
drying and leaf rolling traits in upland drought stress.
Variability and their association with drought stress of
the traits like relative water content, leaf rolling, and
leaf drying were reported by Babu et al. (2003). Cell
membranes are one of the first targets and it is generally
accepted that the maintenance of their integrity and
stability under water stress conditions is a major
component of drought tolerance in rice (Bajji et al.,
2001). In drought stress condition, particularly at
reproductive stage, proline content is greatly influence
the performance under drought (Kumar et al., 2014).

Transgressive segregation was observed for
the studied traits. A negatively skewed leptokurtic
distribution of RILs was observed for harvest index,
thousand grain weight, percentage of spikelet fertility,
panicle emergence and cell membrane stability under
drought stress condition whereas Chlorophyll a is the
only trait which showed platykurtic distribution. Similarly
positively skewed platykurtic distribution of RILs seen
in days to 50% flowering, leaf length, leaf width and
total chlorophyll content whereas positively skewed
leptokurtic distribution observed in biomass, leaf rolling,
leaf drying, plant height, grain yield, canopy temperature,
relative chlorophyll content, panicle length, chlorophyll
a, chlorophyll a/b, relative water content and proline
content traits.

QTL analysis
In the present study, 201 rice microsatellite markers
were used to study the parental polymorphism between
two distinctly different rice varieties (CR143-2-2 and
Krishnahamsa). Amongst these primers, 77 were
polymorphic obtained from the survey of parental
polymorphism were further subjected to bulked
segregant analysis survey. Screening of the bulks with
these 77 polymorphic markers resulted 21 SSR markers
(Table 1), which were used in the single marker analysis
study.

By analyzing the markers and phenotypic traits
individually through Ici-Mapping, only phenotypic trait,
days to 50% flowering (DFF) at reproductive stage
stress showed association with chromosome 1 and 6.
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In chromosome 1, the DFF was linked at 143.7cM
position with primer RM3825 whereas in chromosome
6 the linkage was at 61.2cM position with primer
RM527. The LOD value and PVE (%) were 3.84 and
8.80, respectively for marker detected in chromosome
1 with low additive effect of -1.97 (Figure 2). Similarly
in chromosome 6 the peak detected with LOD value
and PVE (%) of 2.04 and 4.77, respectively. Also, an
additive effect of -1.33 was found for DFF trait linked
in chromosome 6 (Table 3). A significant and higher
peak is found in case of RM3825 marker linked with
DFF trait in chromosome 1 (Fig. 1).

Previous publications on markers tightly linked
to genes were found by using BSA (Xu et al., 1995;
Mackay and Caligari, 2000; Zheng et al., 2002; Altinkue
et al., 2003; Podlich et al., 2004; Govindaraj et al., 2005).
BSA was firstly reported by Paran et al. (1991) to
identify RAPD markers tightly linked to genes for
resistance to lettuce downy mildew. Steele et al. (2006)
conducted a marker-assisted back-crossing (MABC)
breeding programme and found chromosome 7
responsible for delayed flowering. Kamoshita et al.
(2008) identified four key genomic regions on
chromosomes 1, 4, 8, and 9 which were co-located a
number of QTLs including days to 50% flowering

considered to be directly or indirectly responsible for
grain yield under stress. However, our mapping results
for DFF under reproductive stage drought stress
showed the location of the QTL at 143.7cM which is
quite away in the chromosome1, reported by Kamoshita
et al. (2008). The identified QTL is designated as
qDFF1.1. Lang and Buu (2010) used SSR marker
combined with selective genotyping to map quantitative
trait loci (QTLs) associated with drought tolerance in
rice by considering the traits like drought at flowering
(DRF), root dry weigh (RDW), and root length (RL)
for the chromosomes 2, 3, 4, 8, 9, 10 and 12. MQTLs
3.1 identified for phenotypic trait days to flowering
identified by Sellamuthu (2011) for drought stress and
non-stress conditions. Suji et al. (2011) detected QTL
region, RM204-RM197-RM217 on chromosome 6
linked to days to 50% flowering and grain yield per
plant under both rain-fed and irrigated conditions. Our
detected QTL on chromosome 6 for DFF under stress
is located almost at equal distance as reported by Suji
et al. (2011). Hence, the QTL reported earlier is
validated in this mapping population which may be
reliably useful in drought breeding program. Yadaw et
al. (2013) also identified a large effect QTL, qDTY3.2,
in co-localizing with the HD9 locus related to flowering
time.

Table 3. Significant markers associated with traits in single marker analysis.
Trait ID Trait Name Chromosome Position Marker Name LOD PVE (%) Add
9 DFF 1 143.7 RM3825 3.839 8.7969 -1.97
9 DFF 6 61.2 RM527 2.0366 4.7676 -1.334

Fig. 1. Single marker analysis indicating the peak value of linked marker using kharif, 2014 phenotypic data.

Barik et al.QTL mapping for drought tolerence in rice
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CONCLUSION

The phenotypic variation observed for various traits at
reproductive stage drought stress was considerably
adequate to study the QTL analysis for various morpho-
physiological traits.  Very high phenotypic, genotypic
variance and heritability estimates were detected under
drought stress for the traits like biomass, grain yield,
leaf drying, leaf rolling, panicle length, relative water
content, cell membrane stability and proline content
which might be useful for selecting drought tolerant
lines at reproductive stage. The phenotypic trait, days
to 50% flowering was detected to be associated with
reproductive stage drought tolerance in chromosome 1
and 6 using single marker analysis. The QTL located
on chromosome1 at 143.7cM is detected to be a novel
QTL controlling days to 50% flowering under
reproductive stage drought tolerance.
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