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Among the abiotic stresses, drought is a serious limit-
ing factor that reduces rice production and yield stabi-
lity in rainfed ecosystems. Conventional breeding for
drought resistance is slow in attaining progress due to
poor understanding of genetic control of drought re-
sistance. Molecular markers help in identification of
quantitative trait loci (QTLs) associated with drought
resistance traits and their indirect selection using
marker assisted selection. But QTL mapping requires
genotyping of large mapping progenies demanding
time and labour. Bulked segregant analysis (BSA)
serves as an alternative approach for rapid identifica-
tion of markers associated with drought resistance
traits. BSA was carried out to identify markers linked
to drought resistance using 23 recombinant inbred
(RID) lines of IR20/Nootripathu, two indica ecotypes
with extreme drought response. The parents were
screened for polymorphism using 1206 rice microsa-
tellite primer pairs. Out of 134 SSR polymorphic
primers between parents, three primers showed poly-
morphism between bulks. These three primers
co-segregated among the individual RI lines constituting
the respective bulks. The genomic regions flanked by
these markers have been reported to be associated with
several drought resistance component traits and will
be useful in marker assisted breeding for drought
resistance in rice.
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RICE (Oryza sativa 1..) is a dietary staple of more than
half of the world" and 65% of the Indian population. It is
grown globally on 153 million hectares (mha)® in a wide
range of ecosystems under varying temperatures, altitudes
and water regimes. About 45% of global rice area is under
rainfed ecosystems®. In India, of the 44 mha of total rice
area, 33% 1s in rainfed low lands and 15% in uplandsJ.
The major breeding objective in these ecosystems is to
improve drought resistance in rice plants but, little pro-
gress has been achieved in improving yield under stress
due to poor knowledge of the genetic control of drought
resistance. Yield improvements under drought stress can
be achieved by selecting secondary traits contributing in
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drought resistance in a breeding programme™® and this
has been demonstrated for anthesis to silking interval in
maize’, water-use efficiency in wheat® and stay green in
sorghum’. Several putative traits contributing to drought
resistance have been reported in rice'”. However, pheno-
typic selection for such traits is labour-intensive. Molecu-
lar marker technology serves as a tool for selecting such
complex traits and allows breeders to track genetic loci
controlling drought resistance traits, without having to
measure the phenotype, thus reducing the need for exten-
sive field testing over space and time'".

Identification of DNA markers linked to drought resis-
tance traits is usually carried out with a large population,
each of which has to be genotyped with several markers.
This is time and labour intensive and cost ineffective'”.
Bulked segregant analysis (BSA) is one such strategy in
which the process of genotyping aids in reducing the
sample size to two DNA samples'® by grouping plants
according to their high or low expression of a particular
trait'’. BSA measures the variation in pools of segregants
that have sorted according to phenotype and uses the cor-
relation to assign a likely map location. Markers linked to
drought resistance traits have been identified using BSA
in wheat'® and maize'®. The present study has been under-
taken to identify molecular markers linked to drought
resistance traits in rice using BSA.

The rice lines used in the study are a subset of the
recombinant inbred (RI) lines of the cross between IR20,
high-yielding drought sensitive variety with shallow root
system and Nootripathu, a land race with thicker and
deep root system adapted to drought prone rainfed eco-
systems of Tamil Nadu, India. The population, consisting
of 330 lines was previously tested for drought resistance
under rainfed conditions in Agricultural Research Station,
Paramakudi of Tamil Nadu Agricultural University' .
Based on leaf rolling and leaf drying scores under water
stress condition, 11 RI lines which performed well (low
scores) and 12 RI lines which performed very poorly
(high scores) were selected out of 330 RI lines and
grouped into drought resistant and drought susceptible
lines respectively (Table 1).

Genomic DNA was extracted from parents and the RI
lines using cetyl trimethyl ammonium bromide using leaf
tissues of 30-days-old seedlings following the protocol
described by Gawel and Jarret'® and treated with RNase
to remove RNA contamination. The quantity and quality
of DNA was determined by fluorometry and agarose gel
(0.8%) electrophoresis with 1 ul of diluted genomic DNA
samples and stained with ethidium bromide. After quanti-
fication, all the samples were diluted to 25 ng ul™' for
bulking and polymerase chain reaction (PCR).

Equal amount and the same concentration (25 ng) of
DNA of the 11 drought tolerant and 12 drought susceptible
RI lines were pooled into two separate bulks — drought
resistant bulk (DRB) and drought susceptible bulk (DSB)
respectively. These bulked DNA samples were used to
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Table 1. Recombinant inbred lines of IR20 x Nootripathu selected for BSA and their drought scores
under rainfed condition in a field experiment
Drought tolerant Drought susceptible
S1 No. RIL # Leaf drying Leaf rolling RIL # Leaf drying Leaf rolling
1 6 3.0 3.0 97 7.0 7.0
2 14 3.0 2.3 312 7.0 7.0
3 347 2.3 3.0 372 7.0 7.0
4 80 2.3 3.67 371 7.0 7.0
5 266 3.0 3.67 361 7.0 7.0
6 308 3.0 3.67 74 7.0 7.0
7 42 2.3 3.67 38 7.0 7.0
8 37 2.3 2.33 362 7.0 7.0
9 238 3.0 3.0 345 7.0 7.0
10 204 3.0 3.67 334 7.0 7.0
11 295 3.0 3.67 49 7.0 7.0
12 - - - 89 7.0 7.0
13 Nootripathu 3.0 3.0 IR20 7.0 7.0

Leaf rolling: 1-7 scale: 1, No rolling; 7, Fully rolled. Leaf drying: 1-7 scale: 1, Full green; 7, Completely

dried.
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Figure 1. Alleles showing co-segregation of the SSR primers RM212,
RM302 and RM3825 among individual rice lines and the bulks.

amplify the simple sequence repeats (SSR) region which
showed polymorphism between parents. A total of 1206
rice microsatellite (RM) primers representing different
chromosomes were selected randomly and used to
amplify the SSR regions among the parents. The PCR
products were resolved in vertical mini-gel electrophore-
sis with 12% polyacrylamide gel with ethidium bromide
staining. Primers which showed polymorphism between
the parents were tested for polymorphism among bulks.
Primers, which showed polymorphism between drought
tolerant and susceptible bulks, were checked for their
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co-segregation in the individual RI lines constituting the
bulks.

PCR was performed in a total volume of 15 ul contain-
ing 10 x PCR buffer (1 x contains 10 mM Tris CI, pH 8.8
at 25°C, 50 mM KCI, 1.5 mM MgCl,), 15 pmol of each
primer (Sigma Aldrich, USA), 25ng of rice genomic
DNA, 100 uM of each of the four dNTPs and 1 unit of
Tag polymerase (Bangalore Genei, India) with sterile
water. Thermal conditions such as initial denaturation at
94°C for 5 min, followed by 35 cycles at 94°C for | min,
72°C for 1 min and a final extension of 72°C for 5 min
were common to all. Variations were observed only for
the annealing temperature. Amplified products were
resolved on 3% agarose gels'® with ethidium bromide
staining.

Out of 1206 SSR pairs used, 134 pairs showed poly-
morphism between the parents. Out of 134, three primers
alone showed polymorphism between the bulks. These
three primers, viz. RM212, RM302 and RM3825 showed
complete co-segregation among individual RI lines con-
stituting the bulks (Figure 1). These three primers were
located on chromosome 1 of rice between 135.8 and
143.7 ¢cM*. The markers which co-segregated and linked
to drought resistance were compared with the previously
mapped quantitative trait loci (QTLs) for drought resis-
tance traits in rice. This region has been found to be
linked with several drought resistance traits such as plant
height, biomass, deep root mass, leaf drying, relative wa-
ter content, osmotic adjustment, basal root thickness,
tiller number and deep root to shoot ratio®, grain yield
and panicle length, canopy temperature in these
IR20/Nootripathu RI lines under drought stress in this
laboratory®' ™ (Figure 2). This region was associated
with relative water content (RWC) under stress in
CT9993/IR62266 doubled haploid (DH) lines® and root
length, root thickness and root weight in Bala/Azucena RI
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Figure 2. SSR primers linked to drought resistance traits identified using bulked segregant analysis in the
present study and co-location of drought resistance QTLs in various rice lines.

lines of rice* (Figure 2). Kanbar er al.”® reported this

region to be linked to panicle length in CT9993/IR62266
DH lines and days to 50% flowering in Vandana/Way
rarem RI lines® under stress. RM212 was linked to root
depth, penetrated root thickness, deep root to shoot ratio,
deep root dry weight, deep root per tiller and deep root
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mass to be associated with RM212 in CT9993/IR62266
DH lines'” and a QTL for osmotic adjustment was
reported to be close to this region in IR62266/IR60080
backcross progenies®’. This region was found to be asso-
ciated with root volume™ and basal root thickness in
IRAT109/Yuefi RI lines® and leaf drying in Zhenshen/
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IRAT109 RI lines in rice’”. Hittalmani ez al.”' reported
that a genomic region of 7.9 ¢cM (from 135.8 to 143.7 ¢cM)
on chromosome | was associated with drought resistance
traits such as leaf rolling, number of spikelets, heading
date and harvest index in IR64/Azucena rice DH lines.
RM212 was linked to biomass and root dry weight in
Zh97/Ming63 RI lines®®. It is suggested that use of phe-
notype-based DNA pools might be successful in tagging
QTLs of very large effect, but is unlikely to permit com-
prehensive identification of the majority of QTLs affect-
ing a complex trait. DNA pools constructed from prior
information should, however, be useful in identifying
new DNA markers for regions of the genome known to
contain QTLs of interest®. It is evident from our results
that the genomic region RM212-RM302-RM3825 on
chromosome 1 is linked to drought resistance traits and
may be useful in marker assisted breeding for drought
resistance in rice.

1. Liu, G., Bernhardt, L., Jia, H., Wamishe, A. and Jia, Y., Molecular
characterization of the recombinant inbred line population derived
from a japonica—indica rice cross. Euphytica, 2008, 159, 73-82.

2. Food and Agricultural Organization (FAQO), 2006; http//
www.fao.org
3. International Rice Research Institute (IRRI), 2004; http//

WWW.irri.org

4. Economic survey, 2007; http://indiabudget.nic.in

5. Babu, R. C. et al., Genetic analysis of drought resistance in rice by
molecular markers: association between secondary traits and field
performance. Crop Sci., 2003, 43, 1457-1469.

6. Lafitte, R., Blum, A. and Atlin, G., Using secondary traits to help
identify drought-tolerant genotypes. In Breeding Rice for
Drought-Prone Environments (eds Fischer, K. S. et al.), 2003, pp.
37-48.

7. Monneveux, P., Sanchez, C. and Tiessen, A., Future progress in
drought tolerance in maize needs new secondary traits and cross
combinations. J. Agric. Sci., 2008, 146, 287-300.

8. Sanguineti, M. C., Li, 8., Maccaferri, M., Corneti, S., Rotondo, F.,
Chiari, T. and Tuberosa, R., Genetic dissection of seminal root
architecture in elite durum wheat germplasm. Ann. Appl. Biol.,
2007, 151, 291-305.

9. Harris, K. et al., Sorghum stay-green QTL individually reduce
post-flowering drought-induced leaf senescence. J. Exp. Bot.,
2006, 14, 1-12.

10. Kamoshita, A., Zhang, J., Siopongco, J., Sarkarang, S., Nguyen,
H. T. and Wade, L. J., Effects of phenotyping environment on
identification of quantitative trait loci for rice root morphology
under anaerobic conditions. Crop Sei., 2002, 42, 255-265.

11. Nguyen, H. T., Babu, R. C. and Blum, A., Breeding for drought
resistance in rice: physiology and molecular genetics considera-
tions. Crop Sci., 1997, 37, 1426-1434.

12. Price, A. H., Steele, K. A., Moore, B. J., Barraclough, P. B. and
Clark, L. J., A combined RFLP and AFLP map of upland rice
(Oryza sativa) used to identify QTL for root-penetration ability.
Theor. Appl. Genet., 2000, 100, 49-56.

13. Quarrie, S. A., Lazic-Jancic, V., Kovacevic, D., Steed, A. and
Pekic, S., Bulked segregant analysis with molecular markers and
its use for improving drought resistance in maize. J. Exp. Bot.,
1999, 50, 1299-1306.

14. Michelmore, R. W., Paranand, I. and Kessele, R. V., Identification
of markers linked to disease resistance genes by bulk segregant
analysis: a rapid method to detect markers in specific genome

CURRENT SCIENCE, VOL. 98, NO. 6, 25 MARCH 2010

using segregant population. Proc. Natl. Acad. Sci. USA, 1991, 88,
9828-9832.

15. Altinkut, A. and Gozukirmizi, N., Search for microsatellites asso-
ciated with water stress tolerance in wheat through bulked segre-
gant analysis. Mol. Biotechnol., 2003, 23, 97-106.

16. Xu, Y. and Crouch, J. H., Marker-assisted selection in plant breed-
ing: from publications to practice. Crop Sci., 2008, 48, 391-407.

17. Kumar, B., Studies on identification of microsatellite markers
associated with drought tolerance in rice (Oryza sativa 1L.) using
bulked line analysis. M Sc thesis, Tamil Nadu Agricultural Uni-
versity, Coimbatore, India, 2004.

18. Gawel, N. J. and Jarret, R. L., A modified CTAB DNA extraction
procedure for musa and ipomoea plant. Mol. Biol. Rep., 1991, 9,
262-266.

19. Sambrook, J., Frotsch, E. F. and Maniatis, T., Molecular Cloning.
A Laboratory Manual, Cold Spring Harbor, NY, USA, 1989, 2nd
edn.

20. McCouch, S. R. et al., Development and mapping of 2240 new
SSR markers for rice (Oryza sativa L.). DNA Res., 2002, 9, 199-
207.

21. Boopathi, N. M., Quantitative trait loci mapping of drought resis-
tance traits in rice (Oryza sativa 1.) line adapted to target popula-
tion of environment. PhD (Biotechnology) thesis, Tamil Nadu
Agricultural University, Coimbatore, India, 2004.

22. Beena, R., Studies on physio-morphological traits and genetic
markers associated with drought response in rice (Oryza sativa
L.). Ph D (Crop physiology) thesis, Tamil Nadu Agricultural Uni-
versity, Coimbatore, India, 2005.

23. Gomez, S. M., Quantitative trait loci mapping and marker assisted
breeding for drought resistance in rice (Oryza sativa L.). PhD
(Biotechnology) thesis, Tamil Nadu Agricultural University,
Coimbatore, India, 2005.

24, Price, A. H., Steele, K. A., Moore, B. J., Barraclough, P. B. and
Clark, L. J., A combined RFLP and AFLP map of upland rice
(Oryza sativa) used to identify QTL for root-penetration ability.
Theor. Appl. Genet., 2000, 100, 49-56.

25. Kanbar, A., Shashidhar, H. E. and Hittalmani, S., Mapping of
QTL associated with root and related traits in DH population of
rice (Oryza sativa). Indian J. Genet., 2002, 62, 287-290.

26. Bernier, J., Kumar, A., Ramaiah, V., Spaner, D. and Atlin, G., A
large-effect QTL for grain yield under reproductive-stage drought
stress in upland rice. Crop Sci., 2007, 47, 505-516.

27. Robin, S. et al., Mapping osmotic adjustment in an advanced
backcross inbred population of rice. Theor. Appl. Genet., 2003,
107, 1288-1296.

28. Qu, Y. et al., Mapping QTLs of root morphological traits at dif-
ferent growth stages in rice. Genetica, 2007, 133, 187-200.

29. Li, Z., Mu, P, Li, C., Zhang, H., Li, Z., Gao, Y. and Wang, X.,
QTL mapping of root traits in a doubled haploid population from a
cross between upland and lowland japonica rice in three environ-
ments. Theor. Appl. Genet., 2005, 110, 1244-1252.

30. Yue, B. et al., Genetic basis of drought resistance at reproductive
stage in rice: separation of drought tolerance from drought avoid-
ance. Genetics, 2006, 172, 1213-1228.

31. Hittalmani, S. ef al., Identification of QTL for growth- and grain
yield-related traits in rice across nine locations of Asia. Theor.
Appl. Genet., 2003, 107, 679-690.

32. Xing, Z., Tan, F., Hua, P., Sun, L., Xu, G. and Zhang, Q., Charac-
terization of the main effects, epistatic effects and their environ-
mental interactions of QTLs on the genetic basis of yield traits in
rice. Theor. Appl. Genet., 2002, 105, 248-257.

. Wang, G. L. and Paterson, A. H., Assessment of DNA pooling
strategies for mapping of QTLs. Theor. Appl. Genet., 1994, 88,
355-361.

w
w

Received 11 May 2009; accepted 15 February 2010

839



