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SUMMARY

Several studiesreveal that rice variety Nagina-22 have putative genes responsible for drought tolerance and the chromosome
regions that possess these genes have been also identified as site for drought tolerance QTLs.This knowledge was exploited
for the development of SSR markers specific for drought resistance.A total of 31 SSR primers were designed out of which 23
gave amplicons and the length of primersranged from 18-24.Source EST sequencesgave hits on chromosome 1,2,3,5,6,9 and 12.
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Ri ceisthe most important food crop of world grown
under 149mha area(FAO, 2006). Rice is mostly
grown in Asiawhere it is estimated to provide 35-60 %
calorieintake (FAO, 2006;Khush, 1997). Rice breeding
for drought have made little progressto date (Fukai and
Cooper, 1995). This is due to the fact that drought
resistance is a trait controlled by many genes having
different effects, and is dependent on types and severity
of drought. Complexity of drought involvesan interaction
between thegenesinvolvedinyield potential per se(which
are numerous) and the genes for drought resistance.
Nagina-22 a selection from landrace Rajbhog in
Nepd isawell known drought tolerant cultivar in northern
India. It has been used as a drought tolerant donor for
drought breeding since last three decades in India
Expression studies with N-22 lines reveal the fact that
there are putative genes in it which are most likely
responsiblefor drought tolerance (Gorantlaet al., 2007).
Transcriptome analysis clearly depict that regionsthat are
supposed to have those genes coincide with QTLs
identified for drought tolerance as reviewed by earlier
workers. Magjor QTLsfor drought tolerance are dispersed
throughout the genome.It woul d be worthwhile therefore
to concentrate on already established regions for
identification of candidate genesfor drought tol erance.

MATERIALS AND METHODS
SSR Primer designing:
Expressed sequenced tags of Nagina-22 have been
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downloaded (Gorantla et al., 2007).Total of 503 ESTs
were analyzed using Web Trol | softwarefor the presence
of simple sequence repeats in them. Primers flanking to
the repeats were designed using Primer plus software.
For primer designing both number and length of repeats
were considered. Only those sequences which were
sizeable in number and size of repeat were used for
designing primers. Parameters of the primers were kept
default. Total of 31 primersweredesigned. These primers
were checked for hairpin structure, dimmers etc.

DNA extraction and primer validation:

DNA of Nagina-22 was extracted using CTAB
method. PCR reaction was carried out with all 31 SSR
primersusing DNA of Nagina-22. For PCR amplification
50 pmol of each primer and 50 ng of genomic DNA were
added to 25 pl of PCR reaction mixturewith 1 x reaction
buffer (Promega), 2.5 mM MgCl, 0.2mM of eachdNTP
and 0.5 units of Tag DNA polymerase. Forty cycles of
PCR, consisting of denaturation at 94° C for 1 min,
reannealing at 60°C for 1.0 min, and extension at 72°C
for 45 seconds, were performed in aDNA thermal cycler
(PTC-200, MJ Research, USA). PCR product was run
on 1.5% agrose gel.

RESULTS AND DISCUSSION

The results obtained from the present investigation
are presented in Table 1.

Out of 31 primersdesigned 23 gave ampliconsfrom
the N22 DNA. Length of primers range from 18-24
(Tablel). Annealing temperature of most primers was 59-
60. Repeat motif were di, tri, tetra, penta and
hexamer.Product sizes of primers ranged from 112 to
370bp. Source EST sequences gave hits on chromosomes
1,2,3,5,6,9and 12.

Nagina-22 isawell known drought tolerant cultivar.
It has been used as a drought tolerant donor since last
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Table 1: Sequences and annealing temper ature of primers ‘

Name Forward sequence Annealing Reverse sequence Annealing
temp. temp.
N22P1 GGCGGGGCAGAGGAGGAG 67.918 CTCGGGGAACGGGAAGTTGAG 67.321
N22P2 CATCAACGAGCTACCAGTACCA 60.19 AGGAATTTTATTTAGGGGCCAG 59.724
N22P3 TTAGTTGATCTTGGAGCAGTCG 59.517 GTACGTGATGGGGAGGGAG 60.333
N22P4 TATGTGTTAAGAGCAGAGGCCA 59.904 TGATTAGCTTCATCGCCTACAA 59.875
N22P5 AAAGATGCTCCGATGTTTGTCT 60.137 TGCTGGGAATGATGTAAAACTG 59.996
N22P6 AGGCCAGAGAAGGAAGAAGAAG 60.489 TGGTACTGGTAGCTCGTTGATG 60.19
N22P7 AACAAGATCGACGTGAAGGG 60.111 GAGACACAGAACGTACACACGC 60.817
N22P8 GACCTCCTCCATCTTGCTCTC 60.351 GGAGTATGGCTGGACTGCTAAC 60.158
N22P9 AAGGGTGTGTACGCTTGTATCA 59.562 CTCAAGAACATGGCCTCCTC 59.803
N22P10 CTAGGCAAACCACACGAATACA 60.054 CATAGTTGAAGCCGAGAAGAGC 60.522
N22P11 GGGCAACTCTTCTTGTAGTGGT 59.682 GCTGCGGTAGTAGCTGTATCTG 59.227
N22P12 GAAAGCCCAAGAAATGAGCATA 60.566 ACCTAAACAGCCGTAGTCGCT 60.329
N22P13 CACGGCTGGTACTGCAACTA 59.928 TATTTTAGCATCCTCCCCTCAA 59.93
N22P14 TCACCACCGACTACATGACCTA 60.431 GACTCCACGACATACTCAGCAC 59.799
N22P15 CGACGAGCAAGTAGAGCACA 60.347 TGTTTCAAGCTATTCCAACGG 60.117
N22P16 GGGAGTACACAGGCTACAAACA 59.169 TCAGAGGAAGCCAGACATTACA 59.875
N22P17 TATGCTCCAGTGACATCTTTCG 60.27 AAGCCAGGAACACAAACTAGGA 60.165
N22P18 ATGAGGAGATGGAGCAGGAGTA 60.233 GGCCTTAATTTGCTTGCATTAG 60.114
N22P19 GACAGTAGCAGCATCCATACGA 60.300 TTAGTTAAGTCCTTCGCCCTCC 60.928
N22P20 ATCGACAGTAGCAGCATCCATA 59.758 CAATCAGCAACAACATCTATCTCC 60.028
N22P21 ACAGGACGACATGCTCTGG 59.837 TGATACGCACATAGCTCCAAAT 59.636
N22P22 GTTCCACAGGCTCGCGTA 60.991 CGTCATGTGAGTCCCCTACTTT 60.415
N22P23 TATCAACCATGCGTCTCTGTCT 59.763 TCCACACCTACTCCATCATCTG 59.989

three decades. Expression studieswith N-22 linesreveal
the fact that there are putative genes in it most likely
responsiblefor drought tolerance (Gorantlaet al., 2007).
ESTshave also been worked out for that (Gorantlaet al.,
2005). Transcriptome analysis clearly depict that regions
that are supposed to have those genes coincidewith QTLs
identified for drought tolerance as reviewed by earlier
workers(Gorantla et al., 2005). Our aim here was to use
this knowledge for the development of SSR markers
specific for drought tolerance. Complexity of drought
tolerance is awell known fact. Till date there is no any
consensus over the mechanism of drought tolerance.
Despite complexity one cannot rule out thepossibility
of insertion, deletion, duplication and other sources of
sequence variations. Single nucl eotide polymorphism study
of Nagina-22 classified it in “aus” group of cultivars.
Chances of insertion, deletion and recombination while
due course of evaluation among regions of our interest
i.e. drought tolerance could not be ruled out. Also
interaction among different genes/ loci may be aprobable
hypothesis. Putative genes in the pathway of drought
tolerance coincide with other stress related genes
supporting the view that there are interactions between
genes for stress tolerance. For mapping, fine mapping
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and candidate gene analysis one could concentrate on
these important regions only. SSRs have been the
backboneto create molecular mapsfor anumber of years
. These SSRs are useful as molecular markers because
their development is inexpensive, they represent
transcribed genes and their putative function can often
be deduced by ahomology search (Varshney et al., 2005).
SSR primers have been designed using publicly available
expressed sequence tags (ESTs) in a number of
crops(Thiel etal., 2003, Kotaet al., 2001 in barley, Xu et
al., 2004 in amond(Prunus communis Fritsch.)and peach
(P. persica (L.) Batsch.), Yu et al., 2004 in T. aestivum.
and O.sativa). This may be an alternate strategy.
Expressed Sequenced Tagsfrom Nagina-22 have already
been worked out. Simple sequence repeat polymorphism
isacost effectivetechniquewith wide applicationinrice.
Simple sequence repeats within ESTs for drought
tolerance have been worked out. Evidences of
polymorphism are morein the hyper-variable regions so
that only those SSRs were taken into account. Such SSR
regions can give strong clue about the drought tol erance
in populations with donors of ‘aus’ background like
Nagina-22. Also for diversity analysis these can be used
but with limited scope. Nagina-22 isalso known for high
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temperature tolerance. Mechanisms of drought and heat
tolerance are reported to be associated with each other

as reviewed by some workers (lan, 2002). Our SSR
primers can be used for the purpose.
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