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Table 1. The studied rice genotypes

L] Lite 9 Lisa
Genotype Origin Genotype Origin
; -yl |
Sebs Olr! o5 IR77298-14-2-2 S
Deilamani Iranian landrace IRRI
S R Bala Kb oy
Dom Sefid Iranian landrace Indian landrace
55p3 Olr! (292 Azucena Opeled (5092
Dom Zard Iranian landrace Philippine landrace
. . |
- 9'ﬁ~' ¥ IR82310-B-B-67-2 S
Hasani Iranian landrace IRRI
| |
RESTORER-50 S IR82635-B-B-82-2 S
IRRI IRRI
| |
IR50 S KMP-41 S
IRRI IRRI
S Ol o IR3441.97 2!
Bijar Iranian landrace IRRI
(13 sl |
FI s b IRGC-15092-RT-1031-62 2
Mousa Tarom Iranian landrace IRRI
0 olr! o IR25571 !
Dasht Iranian landrace IRRI
ailais ol Sl ses el Olnl oo
Tarom Mantagheh Iranian landrace Binam Iranian landrace
° Olr! (oo NP-125 &2
Zireh Iranian landrace IRRI
Y g VY b e a) IR25571 595 5us 0098 Sy g i

shls (p,5 +/+Y L) Azucena g (pyiies sl (0,5
o3 il ol Jsb Sho L Sl sy Juke oo 5eS
L Azucena g ;pypien o glo YAV Looyp) oo
Caio gy il |y ailes Jobo o a8 e il AIVO
ol VIAY' L) Globs (oo 03, cai; 2l Jsbo
VIoZ L) eyl (owge (o3 08, 5 Olee i )l
Loeonlnbe wog asa; Jsb on S sl (eile
sloceis (Jloy ulpd 5o ool Coss & @S & 4z g
s g YL sla syl IR25571 4 Bala .« Slebs
sl s, RESTORER-50 3 Azucena )b wge
aals aallas 30 a6l sl 5l s 50wl
Lol 2o boaigh§ (eSls dglie 51 Jool> gl
Sl iy b (sl 45 ol ol (F Jpuo) (Ko
sl VY 5 108 b eSS @ ssheps 5 Bala
Wiy Oy Slp o Jlade o eS g cn e Gl
I, Jlade (9 yieS Azucena g oy yiiws <o 9 IR50

Slasglis 92y Klo S0 (uib)ly 48 b

2 o Syse Slae alS sl bioeiss G s
& obly 4 @l op bl bl gpene
Slo plis 5 5 g Jloy dulyd 51 Sy je 0 SIS
b Slio alds Jla ) aslllas 550 laguisy a5
Wdg Aoy S il maw o b cxe slacglas
Sy beaig) Sl duglie (wloass )53 aools)
aS ol las (¥ Jguz) Jloy bl s jo ady, Jhad cas
1) 5 (&aye yoshes +IAD) (n it slls Bala cussis
S (e Sades IVA) (058 shils 8)500 (op
Sgaisl @ia, (3 Cho sy o hlie )d 0g ady,
(Slebis g [R25571 NP-125 IR82310-B-B-67-2
Sl 1) Jlaie op yieS AZucena g olie (s
L IRGC-15092-IR1031-62 iy, olaxs b (gl
YIAY olass b Azucena g oy ias sl YY/YY slass

W a8l OJ9 Slas 6‘)‘.’ NURRPY) )‘A.a.o U")’““S 6‘)|¢



ARR

IYAF (Ll fpgo o5lads [ty 058 [ i

!y RESTORER-50 4 595 oS sl Azucena

sl plaisl ogs a1 polde (p yidon 0088 Can

<5 4 Azucena 4 Bala i, olaws gl oils

AR25571 63,1 aisgs olasws (3 jieS g o yiies ylo
Slp Slebs Bl (35 6l 005 9 Swhwps (Glebio
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Table 2. Studied markers and their sequences (Temnykh et al., 2000; McCouch et al., 2002; Norton et al., 2008)

o i 5] S S5k b alel
Sl Forward Primer Reverse Primer Gaa QTL
Marker 5'—3' 35 Distance to
target QTL
RM288 ATGCCGCCAGTGAAAGC CTGAGAATCCAATTATCTGGGG 54
RMS553 ACAAAACCAAGGGCCTAACC CTTCGTGCGAGCCATCTC 33
RM278 GCGCTGGTGGAAAATGAG GGCATCCCTCTTTGATTCCTC 2.5
RM201 GAAACCACCACACCTCACCG CCGTAGACCTTCTTGAAGTAG 1.2
RM107 GGTGCCATTGTCGTCCTC ACGGCCCTCATCACCTTC 2.4
RM160 AGATCGAAGCATCGCGCCCGAG ACTGCGTCCTCTGGGTTCCCGG 2.4
RM328 GTTGCACTACGTATTCTGAG GATCCAGATAAATGAGGCAC 2.4
RM215 GGTCCTGGGTCAATAATTGGGTTACC TTGCTGCATGATCCTAAACCGG 33
RM245 CAGATTGGAGATGAAGTCCTCC CCAGCAAGCATGTCAATGTA 2.6
RM205 GCCGCACCCTCACTCCCTCCTC TCTTGCCGGAGCGCTTGAGGTG 34
RM24626 CTCCTCCTCGCCTTAGCTTTCC CCTGCCTGTTGATCTTGTTCTCG 2.9
RM24627 GGTCATTGTTGGTTGTTTAGCC GCAAAGTTTCGATGTGATGG 33
RM24651 GTGCGGACTCTAATATGTCG GAGTCTGCACCATCTATTTGC 3.7
RM24653 TCTGCGAAATAAGTGGAACG GATGTCGCAAAGTTGAAACC 4.4
RM24669 TGAGGCTGTCTAAGTAGGATTCG GACTTCAGAACACCACCACACC 2.6
RM24671 CAGGATTATCTTCTCCTCCATACC CTCTTCATCCGATAGTTTGCTAGG 4.7
RM24713 GAATTGGGCGTAATTCATCC CCTTGTCGTCAAGACTGTTTCC 2.9

S ol (Sas 1 lalid o 55 sleats,
OHen § S 09y didlgs 5 Jemie S 4y Connd
G iy Slas wyp b 5o (Singh et al., 2000)
Job o LS &5 il gl (K25 a5 bl
9 Ado, Job o1y (il sleady ;) slawy o Lol ay,
oS A Zad Wb 6 5YL slee plal a4 any; cos
°l-.¢f‘g515)5-’94€-’" 5 - iw*—'jg_g'—‘
s 43 ) (6l i oole o iol3dl 1, A,
30 Sl a0 5 e e plaisl slasy,
basy, Job lll aibe ey ) So5els e Ologas
Aerts and chapin, ) ssi 0 obx! 39 o=y o
sy iy ol i 4 a4z L (1999
ot Slao 251 Ll 5l as sl 5 Bala JR25571
P LAY slahy)l (Sas s 4 Jod 3 Sise
Jorss Yzl cols plais] ss5 a4 lacads) plo o
5l (Sas i 4 Sl pB)l Bl 5l gy
iyl @)ips 9 pyllb cwge Azucena o8l ( Jolas

s (S 4 el Ylein] g axzls (g ,%eS

Slao cwyp oS Wlools olis Galize slo iegys
G5 & Jood syl po ada ehug g Al Su3glsd e
Woad Glgie 4 G Cuenl pl w0 S
> Al IES T Ay, Jj.lo Egozmo Alu ) (Bos
criin @Ble 4 Aly,) Cod dly, (Sdgyue colae
olid g s S dslllas olS Jsb ggezme g adle Sui
i 4 a>gi B gle iiSTy b Fhg ol a5 wisls
S9i5 ollg a5 olml 5lansl e Sid a4 Loles
gycn! 3Ll Ll cube 4 S S o laads,
(Clark et al., 2008) us,ls
oo (Veeresh et al, 2011) oL,ee 5 55
Sy S Ay Fes Sl 4 (i, &5 W8S
O slaade LB oyl (bl ol sl g cel (S0
sl ol as LByl sezg LSS Ll 4o 88
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Table 3. Mean comparison of the studied rice genotypes under normal condition

s Ay o Ado) (e adgyolaai a8l () Al Job ady, Jsb 0385 ot
Ge;;) voe Root diameter ~ Root Root Shoot Shoot Root Biomas"s
yp (mm?) weight (g) number weight (g) length (cm) length (cm)
IR77298-14-2-2 0.38 0.05 18.66 11.46 0.10 3.60 0.15
Bala 0.85 0.04 7.20 14.72 0.08 6.76 0.12
Azucena 0.30 0.00 2.83 8.75 0.02 4.15 0.02
IR82310-B-B-67-2 0.34 0.03 15.66 12.76 0.06 4.60 0.10
IR82635-B-B-82-2 0.29 0.06 17.66 15.58 0.08 2.73 0.14
KMP-41 0.47 0.05 16.66 10.43 0.04 6.36 0.09
IR3441-97 0.39 0.04 16.33 11.10 0.04 6.30 0.09
IRGC-15092-RT-1031-62 0.51 0.04 23.33 17.70 0.05 4.16 0.10
IR25571 0.38 0.06 21.33 13.66 0.11 5.23 0.17
ﬁLHJ 0.45 0.04 18.66 10.26 0.05 5.20 0.09
Binam
NP-125 0.49 0.06 17.33 12.46 0.06 5.96 0.13
Slebs 0.40 0.06 17.33 0.09 17.06 7.93 0.16
Deilamani
Sedepd 0.35 0.05 2233 0.10 18.00 5.23 0.16
Dom Sefid
S)5p 0.28 0.04 16.33 0.06 18.53 5.86 0.10
Dom Zard
- ) 0.30 0.03 21.00 0.08 13.50 6.06 0.12
Hasani
RESTORER-50 0.31 0.03 16.33 0.05 12.13 4.73 0.08
IR50 0.37 0.05 21.33 0.06 14.33 4.83 0.11
)l’w 0.31 0.04 15.66 0.06 17.43 5.23 0.11
Bijar
Eadts 0.38 0.02 17.00 0.05 10.50 2.56 0.07
Mousa Tarom
- 0.45 0.05 10.33 0.06 9.66 5.33 0.11
Dasht
= ool 0.44 0.03 15.00 0.05 11.66 7.73 0.08
Tarom Mantagheh
Q_ﬁ'" 0.30 0.03 17.33 0.06 18.30 5.63 0.10
Zireh
LSDso, 0.1013 0.0203 4.6111 0.0271 3.642 1.51 0.0375
5 ol oeyieS s RMI07 3 RM24671 RM24713 ST 95 om0

RM24626 RM288 RM215 RM205 sl ,Siles
Sl sgime 0 sanlie RM24653 5 RM24651
Y G Sl g /Y B /YA 51 PIC) S wi
RM201 o Sles ,o PIC Jade pyiis o9
5ol Jade opjieS s RM24671 4 RM245
5,51, RM24626 5 RM288 RM215 (gla Silis
5eSlee g IEVY B /DY o ju (55 E95 laie b
Sl,Sls s (5 g5 e (nieS om0V O

sla, Sl Bld Gl wyp 3550 Slocaishy (ow) 2
ady) Seigledre F1 Sin QTL a4 w0l
as ols oLzs «(Norton et al., 2008) A 553509, (59,
w55 4> Gl o elie T g5 lacasis ol
b Sl 51 Jol> slaosls ayjo0 fgamme jo .aiyls
S sl T olaws g IS s JTFY sg>g Sbo
ool JTYA T oSl 5 JTF B Y 5 Sl
SolSl> jo PT slaws o yiin (O Jgaz) ogr ,55LES
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350 sla,Slas o8 Lail Sl on o o oo
Ngdi oo byiye psis 5l el @y addllas (pl jo ol
4 Jood oS S HIS,5 QTL 4 awgy oS
L) Sl ol ly Wl 9000 5l wie  Sis
slocis Jug Sua e (261 sla Slas e

25 Sy (S 4 e g Jorxia

5 o] ompie s RM24626 5 RM288 RM215
sanlie RM24671 5 RM553 RM245 la Silis
%5 &5 3 PIC i)l ge T slass (glagnSils o
Gl S Sl o lsalen, sloolSls 5 oad sanlic
5 boudsiy (S nled gly oads solaul sla Sl

wiboe anllas 9y50 p Slocs) o £95 9
Ol (S5 g9 cpl o9>5 (Roder et al., 1998)

o2l oal g pSoslal Wlao L) (g, bLSI a5
RM24671 5 RM245 (sla Silis ggame 5o 5 s

Ve SleMb! Sy ‘Jﬂ Slaws Py 509 l)b L

o5 byl o aslllas 090 @ Lo )0 Slae il dvslie -F Jou

Table 4. Mean comparison of the studied rice genotypes under drought stress condition

55 A ) ylab ado) o3y adyyolaw Al gy WBle Jsb o ady, Job odsis oS 0355 Can
Ge':n"o vpe Root diameter ~ Root Root Shoot Shoot Root  Genotypic Biomas"s
yp (mm?) weight (g) number weight (g) length (cm) length (cm)  code
IR77298-14-2-2 0.29 0.01 12.33 0.02 12.88 4.86 7.66 0.03
Bala 0.59 0.01 15.20 0.03 18.96 9.12 1.66 0.05
Azucena 0.24 0.00 4.33 0.01 9.96 7.35 8.33 0.01
IR82310-B-B-67-2 10.30 0.01 12.66 0.02 11.70 3.83 7.33 0.03
IR82635-B-B-82-2 0.23 0.01 9.33 0.05 14.40 4.50 5.33 0.06
KMP-41 0.39 0.01 8.66 0.03 11.03 4.93 6.33 0.04
IR3441-97 0.29 0.00 8.00 0.04 11.80 5.11 5.33 0.05
IRGC-15092-RT-1031-62 0.43 0.01 8.66f 0.03 11.16 3.66 5.33 0.05
IR25571 0.36 0.01 15.00 0.06 17.03 3.66 4.66 0.07
‘BLW 0.29 0.01 6.33 0.04 9.86 4.26 7.00 0.05
Binam
NP-125 0.36 0.01 14.33 0.05 11.60 5.16 7.66 0.07
%_;Lmlia ) 0.40 0.01 11.33 0.06 23.00 7.00 3.33 0.07
Deilamani
et 10.30 0.01 8.33 0.06 15.00 4.50 533 0.07
Domsefid
9)5p 0.23 0.01 13.00 0.05 12.66 4.86 5.66 0.07
Domzard
< ) 10.30 0.01 9.33 0.05 13.86 543 5.66 0.07
Hasani
RESTORER-50 0.26 0.04 8.00 0.05 11.80 2.83 7.33 0.09
IR50 0.35 0.02 8.00 0.05 13.93 4.16 5.66 0.08
(E9
o 10.33 0.01 8.00 0.05 17.36 2.66 4.66 0.06
Bijar
Pl s 0.33 0.01 11.00 0.04 11.50 2.40 6.33 0.05
Mousa Tarom
s 043 0.02 12.00 0.04b 9.40 4.16 8.00 0.07
Dasht
aglaie o,
£ 0.36 0.01 6.00 0.03 10.00 5.66 7.66 0.04
Tarom Mantagheh
o.ﬁ'j 0.25 0.01 11.66 0.06 14.56 5.00 5.66 0.07
Zireh
LSD 5% 0.0971 0.0117 2.7994 0.0233 4.2066 1.3712 1.0328 0.0299
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Table 5. Diversity parameters of the microsatellite markers in the studied rice genotypes in this research

Siles SSoais oledbl sgime Sgo Jlolans oo svalive JT slows S EFS
Marker PIC Ne Na Gene diversity
RM24653 0.372 1.98 2 0.495
RM24669 0.422 2.06 3 0.516
RM553 0.851 2.49 3 0.599
RM278 0.431 2.14 3 0.533
RM24713 0.504 2.20 4 0.545
RM24626 0.289 1.54 2 0.351
RM288 0.289 1.54 2 0.351
RM24651 0.375 2.00 2 0.500
RM215 0.289 1.54 2 0.351
RM24671 0.623 3.10 4 0.677
RM245 0.554 2.71 3 0.632
RM205 0.355 1.86 2 0.462
RM201 0.532 2.49 3 0.599
RM107 0.419 1.80 4 0.446
RM160 0.490 2.26 3 0.557
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Table 6. Coefficient of model determination and standardized regression coefficient of microsatellite markers
linked to the studied traits in rice

W) a)l..ul...w\ u}..w)f) w)ao

e Ak Standardized regression i oo e
. 2
Trait Marker allele coefficient (Beta) Model R
RM245-B -0.380°
iy Swlid RM530-A 0.431°
Root thickness .
RM24671-C 0.330 0.589
i) 03 RM24627-A 0.573
Root weight RM160-C 0.390" 0.442
RM245-C 0.578"
Root number RM24669-C 0.620%
RM24627-C -0.405% 0.726
o 0 RM6535-C -0.503* 0.253
Shoot weight
RM684-A 0.832"
Sle Jsb RM24671-D -0.366™
Shoot length o
RM107-A 0.295 0.777
aia, Jsb RM160- A 0.373"
Root length RM245- A 0.366" 0.289
RM684-A -0.8117
RM24671-D 0.496"
o095 5 RM160-C -0.302"
Genotypic code -
RM24671-A 0.288
RM24626-A -0.227" 0.874
RM24627-A 1.0737
0355 T RM278-B 0.426
Biomass RM24671-D -0.747"
RM201-B 0.340" 0.632
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Table 7. Sixteen rice haplotypes identified by the studied SSR markers compared with Bala

bkl
Haplotype

Marker

RM24651
RM215
RM24671
RM205

RM245

RM24653

RM24669

RMS553
RM278
RM24713
RM328
RM24627
RM24626

RM288
RM201
RM107
RM160

IR3441-97 -5 IR82310-B-B-67-2 -¥ IR77298-14-2-2 ¥ IR50 5 lons (e Y ol ) 55 wlos e oobishls
KMP-41 -y JRGC-15092-RT-1031-62 -1 IR25571 5 lebis -A w,;00 -¥ RESTORER-50 4 IR82635-B-B-82-2 -#
s =\F 9 o)i}—\é dalaie fa)Ua -\¥f «‘n)Ua b ol -\Y «NP-IZS -\Y ‘J.,?.AL.)‘BO -1

" The haplotypes are including: 1. Binam, 2. Hasani, Bijar and IR50, 3. IR77298-14-2-2, 4. IR82310-B-B-67-2,
5. IR3441-97, 6. IR82635-B-B-82-2, 7. Domzard, 8. Deilamani and IR25571, 9. IRGC-15092-RT-1031-62,
10. KMP-41, 11. Domsefid, 12. NP-125, 13. Mousa Tarom, 14. Tarom Mantagheh, 15. Zireh and 16. Dasht.
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Figurel- Clustering of the studied genotypes using microsatellite markers linked to the QTL controlling drought
tolerance on chromosome 9 based on Jaccard’s coefficient and UPGMA method

References

Aerts, R. and Chapin, F. S. 1999. The mineral nutrition of wild plants revisited: A re-evaluation of
processes and patterns. Advances in Ecological Research 62: 26-34.

Babu, R. Ch. 2010. Breeding for throught resistance in rice: An integrated view from physiology to
genomics. Electronic Journal of Plant Breeding 1 (4): 1133-1141.

Bai, G., Peiguo, G. and Kaolb, F. L. 2003. Genetic relationships among head blight-resistant cultivars
of wheat assessed on the basis of molecular markers. Crop Science 43:498-507.

Blum, A. 1996. Crop responses to drought and the interpretation of adaptation. Plant Growth
Regulation 20: 135-148.

Blum, A. 2011. Drought tolerance- Is it really a complex trait? Functional Plant Biology 38 (10):
753-757.

Clark, L. J., Price, A. H., Steele, K. A. and Whalley, W. R. 2008. Evidence from near-isogenic lines
that root penetration increases whit root diameter and bending stiffness in rice. Plant Biology 35:
1163-1171.

Creste, S., Tulmann Neto, A. and Figueria, A. 2001. Detection of single sequence repeat
polymorphism in denaturaing polyacrylamide sequencing gels by silver staining. Plant Molecular
Biology Reporter 19: 2999-3006.

De Datta, S. K., Malabuyoc, J. A. and Aragon, E. L. 1988. A field screening technique for
evaluating rice germplasm for drought tolerance during vegetative stage. Field Crops Research
19: 123-124.

FAO. 2012. Projection of rice production, consumption and trade to the year. http://www.fao.org.

Gebhardt, C., Ballvora, A., Walkemeier, B., Oberhagemann, P. and Schuler, K. 2004. Assessing
genetic potential in germplasm collections of crop plants by marker-trait association: A case study
for potatoes with quantitative variation of resistance to late blight and maturity type. Molecular
Breeding 13: 93-102.

Lin, M. H., Lin, C. W., Chen, J. C., Lin, Y. C,, Cheng, S. Y., Liu, T. H., Jan, F. J., Wu, S. T,

Thseng, F. S. and Ku, H. M. 2007. Tagging rice drought-related QTL with SSR DNA Markers.
Crop, Environment and Bioinformatics 4: 65-76.



Tr o St 4 Joow 51 S5 QTL @ aingy sla Slis nbishle 5 U1 £95 (oo 10 Ken 5 Jo VA

Liu, K. and Museg, S. V. 2005. Power marker. An integrated analysis environment for genetic marker
analysis. Bioinformatics 21: 2128-2129.

Liu, G., Mei, H., Liu, H., Yu, X,, Zou, G. and Luo, L. 2010. Sensitivities of rice grain yield and
other panicle characters to late-stage drought stress revealed by phenotypic correlation and QTL
analysis. Molecular Breeding 25: 603-613.

Loresto, G. C. and Chang, T. T. 1981. Decimal scoring system for drought reactions and recovery
ability in rice screening nurseries. International Rice Research Notes 6 (2): 9-10.

McCartney, C. A., Sommers, D. J., Fedak, G. and Cao, W. 2004. Haplotype diversity at Fusarium

head blight resistance QTLs in wheat. Theoretical and Applied Genetics 109: 261-271.

McCouch, S. R., Teytelman, L., Xu, Y. B., Lobos, K. B., Clare, K., Walton, M., Fu, B,

Maghirang, R., Li, Z. K., Xing, Y. Z., Zhang, Q. F., Kono, I., Yano, M., Fjellstrom, R., DeClerck,

G., Schneider, D., Cartinhour, S., Ware, D. and Stein, L. 2002. Development and mapping of 2240

new SSR markers for rice (Oryza sativa L.). DNA Research 9: 199-207.

McMillan, K., Emrich, K., Piepho, H., Mullins, C. E. and Price, A. H. 2006. Assessing the
importance of genotypexenvironment interaction for root traits in rice using a mapping population.
I1. Conventional QTL analysis. Theoretical and Applied Genetics 113: 953-964.

Naghavi, M. R., Mardi, M., Ramshini, H. A. and Fazelinasab, B. 2004. Comparative analyses of
the genetic diversity among bread wheat genotypes based on RAPD and SSR markers. Iranian
Journal of Biotechnology 2: 195-202. (In Persian).

Norton, G. J., Aitkenhead, M. J., Khowaja, F. S., Whalley, W. R. and Price, A. H. 2008. A
bioinformatic and transcriptomic approach to identifying positional candidate genes without fine
mapping: An example using rice root-growth QTLs. Genomics 92: 344-352.

Ojaghi, J. and Akhundova, E. 2010. Genetic diversity in doubled haploid wheat according to the
acid-PAGE method, morphological traits and baking quality. Turkish Journal of Biology 34:
343-353.

Prabakaran, A., Paramasivam, K., Rajesh, T. and Rajarajan, D. 2010. Molecular characterization
of rice land races using SSR marker. Electronic Journal of Plant Breeding 1 (4): 512-516.

Price, A. H., Steele, K. A., Moore, B. J., Barraclough, P. B. and Clark, L. J. 2000. A combined
RFLP and AFLP linkage map of upland rice (Oryza sativa L.) used to identify QTLs for root
penetration ability. Theoretical and Applied Genetics 100: 49-56.

Roder, M. S., Korzun, V., Wendehake, K., Plaschke, J., Tixier, M. H., Leroy, P. and Ganal, M.
W. 1998. A microsatellite map of wheat. Genetics 149: 2007-2023.

SAS. 2002. The SAS system for windows. Release 9.0. SAS Institute. Cary, NC, USA.

Singh, R. K., Singh, C. V., Sinha, P. K., Singh, V. P., Maiti, D. and Prasad, K. 2000. Effect of soil
texture, moisture regimes and cultivars on root and shoot development in upland rice (Oryza sativa
L). Agriculture Science 70: 730-735.

SPSS. 2007. The SPSS system for windows. Release 16.0.SPSS Inc., IBM Company Headquarters,
USA.

Temnykh, S., Park, D. W., Ayres, N., Cartinhour, S., Hauck, N., Liporich, L., Cho, Y. G., Ishii,
T. and McCouch, S. R. 2000. Mapping and genome organization of microsatellite sequences in
rice (Oryza sativa L.). Theoretical and Applied Genetics 100: 697-712.

Veeresh, R. P. G., Henry, A., Yamauchi, A., Shashidhar, H. E. and Serraj, R. 2011. Root biology
and genetic improvement for drought avoidance in rice. Field Crops Research 122 (1): 1-13.

Wang, H., Inukai, Y. and Yamauchi, A. 2006. Root development and nutrient uptake. Plant Science
25:279-301.

Yoshida, S., Forno, D. A., Cock, J. H. and Gomez, K. A. 1976. Laboratory Manual for
Physiological Studies of Rice. IRRI, Losbanos, Philippines.

Yu, J. B. and Ban, T. 2006. Marker-assisted characterization of Asian wheat lines for resistance to
fusarium head blight. Theoretical and Applied Genetics 113: 308-320.

Yue, B., Xue, W., Xing, Y., Jin, D., Xiong, L. and Zhang, Q. 2004. QTL mapping of drought
resistance at late growing stage in rice. Resilient Crops for Water Limited Environments.
Proceeding of a Workshop. May 24-28, Cuernavaca, Mexico. pp: 254-256.



119 Cereal Research, Vol. 5, No. 2, Summer 2015 (107-119)

Evaluation of haplotype and allelic diversity of SSR markers linked to
major effect QTL on chromosome 9 controlling drought tolerance in rice

Roghaye Tavala®, Ali Aalami?, Hossein Sabouri®” and Atefeh Sabouri?
1 and 2. M. Sc. Student and Assist. Prof., respectively, Dept. of Agronomy and Plant Breeding,

Faculty of Agricultural Sciences, University of Guilan, Iran, 3. Assoc. Prof., Dept. of Plant
Production, College of Agriculture and Natural Resources, Gonbad Kavous University, [ran

(Received: January 18, 2014- Accepted: October 27, 2014)

Abstract

To study the haplotype and allelic diversity and to identify the informative markers of root
characteristics of some rice genotypes under drought stress, 17 microsatellite markers linked to the
major QTL located on the rice chromosome 9 controlling root morphologic characteristics under
drought stress were used. Based on the genetic data, the studied rice genotypes were assigned into two
groups. The genotypes of first group including Bala were more tolerant and the genotypes of other
group had lower root characteristics and were more drought sensitive. Results of the molecular
analysis showed that RM215 and RM24671 markers at this chromosomal region had the most allelic
variation. The association analysis between markers and traits under stress condition were revealed
that the SSR markers RM530-A with root thickness (B=0.431), RM24627-A with root weight
(B=0.573), RM24669-C with root number (B=0.620), RM6535-C with stem weight (B=-0.503),
RM684-A with stem length (B=0.832), RM160-A with root length (B=0.373), RM684-A with genetic
code (B=-0.811) and RM24627-A with biomass (B=1.073) had the highest standardized regression
coefficient and can be used in the breeding programs as informative markers, if the results are
confirmed by further experiments. Results of the haplotype analysis divided twenty two genotypes into
16 different haplotypes and the haplotype 8 consisting of Deilamani and IR25571 had the maximum
similarity to Bala. It seems that this similar genotypes to Bala be included the QTLs controlling
drought tolerance at this genome region. These genotypes can be used for drought tolerance breeding
programs after validation of the results in subsequent experiments.
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