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Abstract: Drought stress is the predominant cause for rice yield reduction and production stability in rain fed and poorly
irrigated rice ecosystems. Development of cultivars with improved drought tolerance is thus an important element in
increasing productivity and alleviating poverty of communities depends on rain fed ecosystem. Identification of QTLs and
molecular markers linked to drought tolerance can substantially improve selection efficiency. 45 lines of F; population of
two indica genotypes, SWARNA and IR86931-B-6 were evaluated under Irrigated, Rainout shelter | and Rainout shelter Il
condition at Research cum Instructional Farm of College of Agriculture, IGKV, Raipur, to generate phenotypic data and
SSR and HVSSR based genotypic data of population was generated. The phenotypic and genotypic data was analyzed for
genetic evaluation of QTLs and correlation studies for yield and related traits in rice for irrigated and drought condition. The
yield under irrigated condition exhibited non significant weak correlation with grain yield under both rainout shelter I as well
as rainout shelter 11, 100 SSR and HvSSR primers were screened for detecting parental polymorphism, out of which 37
showed polymorphisms. 37 SSR and HvVSSR markers were further used for developing genotypic data. QTLs for DSI were
identified on chromosome 3 and chromosome 5 under rain out shelter 11 condition.
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INTRODUCTION

ice (Oryza sativa L.) is the world’s most

important wetland food crop. Rice is central to

the lives of billions of people around the world.
A part from food rice is intimately involved in the
culture as well as economy of many societies. Rice is
an integral part of creation myth and remains today
as leading crop and most preferred food (Huke and
Huke, 1997). Drought stress is a major constraint to
rice production and yield stability in rainfed region
(Evenson et al., 1996). The multifaceted nature and
complexity of drought and insufficient knowledge on
its interactive responses with other biotic/abiotic
stress have stalled breeding progress (O’Toole 1982).
Drought resistance appears to be the most important
single factor in increasing and stabilizing of rice
production in rainfed areas. Genetic studies show
that adaptive mechanisms to drought in rice are
heritable and are controlled by complex quantitative
characters (Chaudhary and Rao 1982). QTLs are
marvelous genetic entities demonstrating great utility
in genetic understanding of complex traits and
promise greater impact in crop improvement
endeavors they have given as a clearer view of the
genetics of agronomically important and several
other traits too. The distinction and clarity between
monogenic and polygenic traits is blurred with the
increase in power and precision of methods to detect
and map QTLs (Shashidhar, 2005). Therefore, the
present study was undertaken to correlation and
QTLS identification for drought susceptibility index
in rice under irrigated and drought condition.

MATERIAL AND METHOD

The planting materials were 45 F; progenies of a
cross between Swarna and IR86931-B-6 (derived
from Nagina22). Each F; progeny had 10 plants /
lines. The F; lines derived from a cross between
Swarna X IR86931-B-6 were evaluated in the field
during Kharif season 2012 at Research cum
Instructional Farm of College of Agriculture, IGKV,
Raipur. The field trials were conducted under
irrigated and drought conditions (rain out shelter).
The planting material was shown on raised bed
nursery and transplanted after 15 days of sowing
under puddled irrigated field condition. After 25 days
of transplanting tillers from individual plants were
separated and transplanted under rain out shelter.
Under irrigated condition normal package of
practices was followed while under rain out shelter
plants were exposed to water stress after 30 days of
transplanting. Genotypic data was generated in Plant
Molecular Biology Laboratory of Genetics and Plant
Breeding Department, College of Agriculture, Indira
Gandhi Krishi Vishwavidyalaya, Raipur (C.G.) using
rice microsatellite markers for the identification of
QTLs for Drought susceptibility index in rice under
irrigated and ROS | and ROS Il conditions. The data
was analyzed using composite interval mapping
method for identification of QTLs.

RESULT AND DISCUSSION

Correlation Studies

One of the major problems for direct selection under
drought condition is the repeatable imposition of
water stress of similar severity. Under these
conditions it is highly desirable to understand the
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association of yield under stress. The data on various
traits recorded during Kharif 2012 under irrigated,
ROS | and ROS Il condition, are presented in tablel.
Yield under rainout shelter 1l (0.531) with vyield
under rainout shelter I, DSI of ROS 1 (0.417)
exhibited positive correlation with yield under
irrigated and negative correlation (-0.658) with yield
under ROS | condition. DSI of ROS Il condition
reported negative correlation with yield (ROS 1) (-
0.579) and positive correlation with DSI ROS |
(0.682) condition.

Another significant point is that yield under irrigated
condition exhibited non significant weak correlation
with grain yield under both rainout shelter 1 as well
as rainout shelter 2. This also indicates that breeding
varieties for stress condition should screen the test
genotypes under stress as well as non stress condition
then only one can identify a genotype performing
well under all sets of condition can be identified.

The grain yield under rainout shelter exhibited
negative correlation with DSI, This is expected as
susceptible lines produced less yield. This DSI under
both the stress condition had significant positive
correlation, this indicates that imposition of stress
and other agronomic condition were almost similar.
Imposition of similar stress level is essential for
proper selection both has been observed to be
different by other worker.

QTL analysis
Extraction of genomic DNA and quantification
Total genomic DNA was extracted from 45 lines of

rice along with both the parents using miniprep
method (Doyle and Doyle, 1978). Fresh and healthy
leaves were used for extraction of DNA. The DNA
samples were then subjected to quantification on
Nanodrop Spectroscopy. The quantity of the samples
ranged from 100-700 ng / pl. DNA samples were
then diluted with sterile water such that the final
concentration of DNA becomes 40 ng / pl.

Parental polymorphism analysis using SSR and
HvVSSR primers

After standardization of the PCR protocol for SSR
assay, it was used for all subsequent studies. The
DNA of selected lines along with the parents was
subjected to PCR based simple sequence repeat
(SSR) technique to generate genotypic data using
rice SSR and HvVSSR primers.

A set of 100 microsattelite markers were used in this
study for amplification of genomic DNA of mapping
population through PCR. The PCR products were
loaded on PAGE gel electrophoresis was done at 180
volts for 1 hour. The DNA was stained with ethidium
bromide (10 mg / ul). Gels were visualized and
photographed by using Gel Doc Unit. Out of 100
SSR and HvVSSR primers, 37 primers showed
parental polymorphism and were then subjected to
generate genotypic data. The relatively low recovery
of parental polymorphism under this study was
attributable to the narrow genetic variation between
the parents as both of these were indica type and
adopted to grow in the same rice ecosystem.

Days to flowering, Difference of flowering between
irrigated and rain out shelter, plant height, panicle
length, grain yield, drought susceptibility index were
used for QTLs analysis through composite interval
mapping method. QTL analysis was employed by
use of QTL Cartographer, version 2.5. The threshold
LOD of 3.0 was used. However, only those QTL
with LOD above 3.0 were treated as significant.
Overall on 12 chromosomes, only 3, 4, 5, 6 and 9 had
QTLs for various traits under study. However among
these five chromosomes, chromosome 3 showed
maximum no. of QTLs (15) followed by
chromosome 5 showing (6) QTLs, chromosome 9
had 3 QTLs and chromosome 4 and chromosome 6
showed only 2 QTLs. Under irrigated condition,
chromosome 3, 5, and 9 reported 2 QTLs each. The
markers which exhibited significant association were
presented in Figure 1. Molecular linkage map with
position of QTLs for all traits presented in Figure 2
and Molecular linkage map with position of QTLs
for some traits under irrigated and rain out shelter
condition were presented in Figure 3.
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Fig. 1. Baning pattern of SSR rimer RM 153 and RM 1 in parents & F3 segregating progeny

Fig. 2. Molecular linkage map with position of QTLs for all traits under all sets of conditions
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Fig. 3. Molecular linkage map with position of QTLs for some traits under irrigated and rain out shelter
condition.
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Characters Irrigated ROS I ROS II
Dsl l
Grain yield
Difference of Irri - ROS 11 Irri - ROS 11 ROS|-ROS Il
flowering I

For drought susceptibility index (DSI) trait, QTL was
identified on chromosome 3 with the LOD of 3.2
under rain out I condition, similarly, on chromosome
5 also are QTL was identified with the LOD value of
4.7 under rain out shelter I.

QTLs for difference of flowering identified on
chromosome 9 with the LOD value of 3.2,
chromosome 6 with the LOD value of 3.6,
chromosome 5 with the LOD value of 4.9,
chromosome 4 with the LOD value of 6.8, and
chromosome 3 with the LOD value of 6 under ROS |
- ROS Il condition.

QTLs for panicle length was found on chromosome 5
with LOD value of 3.2 and 9 with LOD value of 3
under irrigated condition QTLs for plant height was
found on chromosome 3 with LOD value of 6 under
irrigated condition.

QTLs for grain yield was found on chromosome 3
with LOD value of 3.2 under irrigated condition.
Similarly on chromosome 3 also are QTL was
identified with the LOD value of 4.5 under ROS I.
Within 45 line number 29, 4, and 10 gave highest
grain yield under irrigated, ROS 1 and ROS Il
condition respectively. So these can be used for
further breeding programme. Within 45 line number
4, 5,7, 23, 26, and 39 showed negative DSI under
ROS | and line number 1, 39 shows negative DSI
under ROS Il condition. Present results suggested the
possibilities of use of these markers for subsequent
marker assisted selection and the selected genotypes
should extensively be tested under multi-location
trials So, these genotypes can be used as donors in
hybridization programme for improving the drought
tolerance of existing rice cultivars.

Table 1. Association among six characters of 45 lines of Swarna x IR 86931 - B-6 F3 generation under all sets

of condition
DTF Difference in ROS | PL Y (9) Y (9) Y (9) DSl DSI
flowering -ROS (cm) m (ROS (ROS ROS 1 ROS
- - 1 ) ) "
ROS1 | ROS I
DTF 1.000
ROS | 0.193 1.000
ROS 11 -0.114 0.238 1.000
ROS | -ROS -0.066 | -0.176 | 0.429* 1.000
11 *
PH -0.205 0.276 0.328* | -0.047 1.000
PL -0.024 | 0.398* | -0.045 | -0.319* | 0.496* | 1.000
Y1) -0.195 0.002 0.225 0.342* | -0.068 - 1.000
0.339
*
Y(ROS I) 0.213 0.043 -0.027 0.078 -0.049 | -0.142 | 0.229 1.000
Y(ROS II) 0.075 0.276 0.235 0.201 0.107 0.073 0.274 0.531* 1.000
DSIROS | -0.360* 0.080 0.226 0.221 0.112 -0.041 | 0.417* - -0.272 1.000
* 0.658*
*
DSI ROS I -0.286 | -0.055 0.082 0.152 -0.028 | -0.179 | 0.488* | -0.285 - 0.682* 1.000
* 0.579** *

DTF = Days to flowering; PH = Plant height (cm); PL = Panicle length (cm); GY = Grain yield (g); ROS I =
Rain out shelter I; ROS II = Rain out shelter II;

I = Irrigated and DSI = Drought susceptibility index

* and ** significant at 0.05 and 0.01 probability level
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