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SUMMARY

other proteinsin thisregion are equally important.

Riceisglobal staplefood crop grown mainly in Asia. Drought hampersyield of rice drastically in rainfed areas (Khush 1997).
Sequence of wholerice genomeisavailablein database and Oryza SNPs (singl e nuclectide polymorphism) are aready available
for 20 varieties (oryzasnp.org). A small region on distal arm of chromosome 1 was annotated using the SNP (single nucleotide
polymorphism) data to work out putative candidate genes. Interestingly there were some SNPs inside exons including DUF
protein, F-box protein interaction domain, kinase domain protein, TPR-like domain contaning protein, pectinacetylesterase
family protein and conserved hypothetical protein in exons. There was no strong clue from the sd1 gene revealing the fact that
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rought may simply be defined asreduction in yield

due to shortage of water (Bernier et al., 2008).
Drought in rice crop can be classified mainly on basis of
stage of crop falling under drought stress. There may be
three kinds of drought (i) vegetative stage drought, (ii)
intermittent drought and (iii) reproductive stage drought or
terminal drought. Drought at reproductive stageisthe most
devastating onein terms of reduction of yield (Kamoshita
et al., 2008). So far breeding for drought tolerance is
concerned; it has been concentrated on either drought
avoidance or resistance. Various physio-molecular
approaches have been employed for breeding of drought
toleranceinrice. Numerous QTLs have beenidentified in
ricefor drought tolerance. So far more than 15 popul ations
have been used for it (plantstress.com; Kamoshita et al.,
2008). Most of drought QTLs were found clustered on
chromosome 1, 4 8 and 9 (Kamoshitaet al ., 2008). Distal
arm of chromosome 1 has been reported by many workers
as most important locus for stress tolerance and yield
related traits. Comparative analysis of SNPsin thislocus
could be quite useful in way toidentify candidate genesfor
drought tolerance and yield aswell.

MATERIALS AND METHODS
Comparative analysis of drought tolerance, height and
yield:

Data pertaining to height, yield and drought tolerance
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related traits of released rice varieties of India was
analyzed. Morethan 500 rice varieties have been rel eased
in India. Comparative analysis of varieties of different
rice-ecosystems was done along with their respective
plant height data. Similarly plant height of drought tolerant
varieties was compared (http://dacnet.nic.in/Rice/
Rice%020Varieties%20-%2001.htm).

Single nucleotide polymorphism data analysis on
distal arm of chromosome 1 :

SNP data of N22, IR64 and Swarna were
downloaded from the oryzasnp consortium website. All
the QTLsidentified sofar on distal arm of chromosome 1
were compiled to know exactly the consensus marker
associated with yield and drought related traits. There
after sequences of rice microsatellite markers RM315
and RM431 were downloaded from Gramene database.
Forward sequences were BLAST with whole rice
genome to know the coordinates. Pseudomol ecul e build
v4 was taken as reference. To intensify our study we
annotated a small region only i.e. 39609051 bp and
40648577 bp. SNP polymorphism data of N22/ IR64/
Swarna/ Nipponbare was downloaded. Comparative
analysis of SNP polymorphism was done. SNPs within
genes were worked out.

Marker name Position (Co ordinates)
RM315 38609051 bp
RM431 40648577 bp

Comparative analysis of SNPs within the genes:
Single nucleotide polymorphism survey among the

genic-regions of N22 and other three varieties e.g.

Swarna, IR64 and Nipponbare was done. Exons as well
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‘Table 1: Annotation of SNPsamong N22, Swar na, |R64 and nipponbare
SNPID Coordinate N22 Swana |IR64  nipponbare

1 TBGI063973 39609051
1 TBGI063975 39609338
1 TBGI063981 39651776 IR64
1 TBGI063994 39655040
1 TBGI063996 39655377
1 TBGI063998 39665818 IR64
1 TBGI064030 39687532
1 TBGI064031 39687634
1 TBGI064038 39689544 IR64
1 TBGI064064 39703746
1 TBGI064080 39708455 IR64
1 TBGI064089 39709453
1 TBGI064131 39722417
1 TBGI064150 39726528
1 TBGI064151 39726579 IR64
1 TBGI064158 39727590 IR64
1 TBGI064160 39728883
1 TBGI064162 39729068
1 TBGI064168 39746661
1 TBGI064173 39747743
1 TBGI064182 39747992 IR64
1 TBGI064183 39748023
1 TBGI064184 39748048
1 TBGI064190 39748824 IR64
1 TBGI0s4192 39749075 NNCHER
1 TBGI064196 39749583 IR64
1 TBGI064204 39751831 Exon
1 TBGI064206 39752362 Exon
1 TBGI064207 39752832 Exon
39768242 ? This SNP was between an hsp
1 TBGI064217 and DUF266 protein
1 TBGI064223 39769044 Exon DUF266
1 TBGI064226 ~ 39769954 Exon DUF266
1 TBGI064227 39770012 Exon DUF266
1 TBGI064228 39771126 ?
1 TBGI064239 39775856 Intron hypothetica protein
1 TBGI064245 39778087 ?
1 TBGI064248 39778462 ?
39779831 Exon F-box protein interaction
1 TBGI064255 domain
39780658 ? F-box protein interaction
1 TBGI064260 domain
1 TBGIOB4262 39782652 l-ll__l Swarna
1 TBGI064263 39782726 SNarna
1 TBGI064274 39786070 Swarna
1 TBGI064280 39786892 Swarna
1 TBGI064282 39787091 Swarna
1 TBGI064285 39787547 3Narna
1 TBGI064287 39787932 SNarna
Table 1 contd......
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Table 1 contd.....

1 TBGlos4a2ss 39788045 DCEIIDRIERIET o

1 TBGI0G4299 39800284 l-ll-ll-l_ IR64

1 TBGIOB4304 39800960 -Il I l_ IR64

1 TBGIOB433L 39820809 IR64

1 TBGI0G4346 39824532 l_ IR64

1 TBGIOB4366 39865939 ]

1 TBGIOB4373 39868178 I Intron

1 TBGIOB4374 39868396 Exon 0s01g0878300

39868429 A IR64 Intron Kinase domain containing

TBGI064375 protein
TBGI064376 39868358 l-l A A l_ Intron Start
TBGI064377 39868898 l-l A Intron End

TBGIG4378 39868966 Intron
TBGI064383 39869998 Exon
TBGI064384 39870004 I-l l_ Exon

TBGI064388 39870190 IR64 Exon

TBGI064410 39895659 I.II.I A I- IR64
TBGIOG4412 39895880 1
TBGI64413 39895069 NG SRR RRREERN N

TBGI064418 39897184

e . A A
TBGIO64436 39900550 WRGHLD ] I
TBGI064439 39901026 I IR64
TBGI0B4450 39902683 IR64
TBGI064465 39904215 A IR64

TBGIoe4468 39004631 RGN ~ 1D E N Res

TBGI064470 39004850 HNCHIIEE IR R4
TBGIO64492 39007861 NTRIIEENCRIRET Res
TBGI0sa740 40011443 [IENRRRCHN NG NN

TBGIo64750 40012681 MNCHIEE ~ e Res
TBGIOG4754 40012936 I-ll I ~ I e Res

TBGI064761 40013630 Swarna

A
TBGI064769 40014662 IR64
TBGI064780 40017104 IRG4

TBGI064881 40170267

TBGI064891 40172959 -Il-ll-l IR64

TBGI064931 40197105

TBGI064994 40230879 IRG4
TBGI064996 40230914

TBGI065012 40233287 I IR64
TBGI065031 40238716 IR64

TBGI065033 40239238
TBGI065035 40239306

TBGIOG5048 40268502 I-II-II-I_

TBGI065049 40268852 A

TBGIOB5053 40269838 ] A l IR64
TBGIOGS068 40273101 II. IR64
TBGIO65089 40296661 IR64
TBGIOG5099 40297592 I-l IR64

TBGI065107 40298480
TBGI065108 40298598

PR R RPRRPRRPRPRPRPRREPRREPRPRRPRREPRREPRRERPRPRRERRERREPRPRREPRREPRERERLERELRLER

Contd.... Table 1
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Table 1 contd....

TBGI065127 40329203

A Ile e 6 |
TBGIOes120 40320310 [HNCHN NN NI
A

TBGIOB5130 40329422
TBGI065133 40330056

TBGI065137 40332056 IR64
TBGI0B5139 40332364
TBGIO65142 40332797
TBGI065146 40333650
TBGI065154 40334497
TBGI065155 40334597
TBGI065156 40334719
TBGI065158 40334855
TBGIO65161 40335346
TBGI065169 40373741
TBGIO65172 40374193 IR64
TBGI065174 40374780 IR64

TBGIO65176 40375346
TBGIO65177 40376164
TBGIOB5179 40377592
TBGI065183 40379257
TBGI065185 40379963
TBGI065187 40380603
TBGI065191 40381647
TBGI065198 40382042
TBGI065204 40384069

FGAM Synthase

- 0s01g0888500

P P RPRRPRPRRPRPRRPRPRRPRPRRPRPRPRRPRPRRPRPRRPRPRRPRRPRPRRPRPRRPRREPRPRRRERRRERERSR

TBGI065208 40386622 0s01g0888600
TBGI065210 40387714 IR64
TBGI065212 40388043
TBGI065229 40406555
TBGI065235 40408117
TBGI065286 40418907
TBGIOB5305 40441405
TBGIOB5309 40443938 IR64
TBGI065315 40446308
TBGI065329 40460862
TBGI065331 40460948 IR64
TBGI065334 40461294
TBGI0B5335 40461875
TBGI065339 40464601 IR64
TBGI065340 40464824
TBGI065349 40466523
TBGI065352 40467715
TBGI065354 40489428 Exon Kinase domain containing
protein
1 TBGI065358 40490272 Exon 0s01g0890600
1 TBGI065360 40491100 Just at
the tail
1 TBGI065376 40493275 A A Exon TPR-like domain contaning
- protein
1 TBGISS377 40403500 TREECEEEE el Intron
Contd.... Table1
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Contd.... Table 1

1 TBGI065380 40494077
1 TBGI065462 40510794
1 TBGI065471 40513602
1 TBGI065472 40513655
1 TBGI065525 40570536
1 TBGI065528 40571006
1 TBGI065595 40640532
1 TBGI065599 40641693
1 TBGI065600 40641856
1 TBGI065602 40642142
1 TBGI065628 40648577

IR64
IR64
Exon Pectinacetyl esterase family
protein
Exon 0s01g0892600
?
Intron Fructokinase
Exon 0s01g0894300
Intron
Exon Conserved Hypothetical protein

as introns were studied for the exact location of SNPs.

RESULTS AND DISCUSSION

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

Drought, height and yield:

After comparing the dwarf, semi-dwarf and tall
varieties we can come to conclusion that all the rainfed
ecosystems have tall, dwarf and semi-dwarf cultivars
suitablefor their respective ecosystems. Also the drought
tolerant cultivarsin all ecosystems were either dwarf or
tall or semi-dwarf aswell.

Annotation at sd1 (semi-dwarf 1 gene) locus on
chromosome 1:

It has been reported that on the distal end of
chromosome 1 most of genesfor yield attributesand grain
characteristics have been mapped. Quantitativetrait |oci
for different drought tolerance traits have been mapped
inthisregion. MarkersRM 212, RM 315 and RM431 were
found correlated with drought tolerancetraitsin different
popul ations. Some workers suspect it may be due to sd1
gene (Laffite et al., 2002). Sequences of sd1 gene were
downloaded from Gramene database. Nucleotide
sequences of sd1 as well as related sequences were
subjected to BLAST with whole rice genome to locate
itsposition. Position of sd1 genewasfound around 1 Mb

apart from RM315 and RM43L. It resides between them.
Tovalidatethe effect of sd1 aswell as other genes SNPs
werecritically analyzed inthisregion.

Single nucleotide polymorphism was worked out
among N22 (the drought tolerant variety) Swarna and
IR64 (susceptible varieties) between coordinates (RM 315
and RM431). Total of 153 SNPs between N22/IR64/
Swarna were identified between two coordinates.
Nipponbare was also taken in to account and found that
there was a 90 Kb region between (40298480 bp to
40387714 bp) uniqueto N22 only. SNPswere identified
within exons of DUF protein, F-box protein interaction
domain, kinase domain protein, TPR-likedomain contaning
protein, pectinacetylesterasefamily protein and conserved
hypothetical proteinin exons. Role of protein kinasesin
abiotic stressesiswell known particularly in cold, drought
and salinity stress (Saijo et al., 2000).These genes could
be equally important as sd1 geneif analyzed.

Future prospects:

The annotated proteins aswell as the 90 Kb region
uniqueto N22 could bean important cluefor further study
in way to identify stress tolerance genes from “Aus”
cultivars like N22, Dular, Vandana (aus x indica) etc.
These genes particularly protein kinases could be
confirmed by the RT-PCR ( reverse transcriptase-
polymerase chain reaction) analysis. Transgenics
approaches are a so advicable.
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