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Table 1. Name and origin of the studied rice gepesyin current study

395 Lisa 95 Lisa
Genotype Origin Genotype Origin
IR55411-50 Champa IRAN
) IRRI - IRRI
IR82590-B-B90-4 IR2441
X IRRI S olx!
IR82590-B-B98-2 Salari IRAN
) IRRI vy ol
IR65261-09-1-B Line225 IRAN
) IRRI e ol
CTB516-24-3-2 Domsiah IRAN
- IRRI J IRRI
IR83754-B-B40-4 IR20
Koral Sang Tarum IRAN
- IRR Y-\"’t oY Oyl
WAB181-18 Line229 IRAN
$lol 8 ITALY > - Oyl
Gradlo Hashemi IRAN
- IRRI g_g’L’U) obew o y¢ C)‘)-.’.'
IRAT170 Gharib Siah Rihani IRAN
- IRRI J IRRI
WAB96-1-1 IR60080-4

DNA s See 1T Oliee & yidsySon )0 )55
Vool & deSee o pSgl Ve chale L S
Sz YV g e )See YV Shie Ol 5 s See
MWG S o awgs Gubos ol 5o eoliiwl 5,90 ,55LE]

PCR) (s,sbe Jolowo sl Sica & ol 25Ty o
Buffer 10X, dNTPs 2mM, MgGI50mM, Tag
ol el 8,5 51 a5 (Polymerase Syl



WWAE Lo /sl o)les [ozmty 0,99 [oMe iliims

Benbouzaet al., ) ai solarul o, @l s 5l laash
5 SxSlR e olel il )ls 551 (2006
el g as Gl al eoilasl daasl ojlul
Sledlbl glyze wile Coxex 4 bgye slo gl
) 9 Boaisl o (S ol (PIC) IShus
Power Marker ,l;sls 5 5 gladgs asios ol 59,050
@ w35 ¢lp 9 (Liu and Muse, 2006ver. 3.25
Ronhlf, ) NTSYSpc 2.02,133le 5 ;| Lol slailge

o oolazwl (2000

ol S canypd s asle T a5 Biotech
L S5kl ol cwl oo 1 ¥ Joa o 55l
9 O Ja...uy AW 4;‘)‘ SSR 6L®M )1 oolaw!
oLhes 5 &ows «(Chenet al., 1997 . SKoa
OLhen 5 555 S. 4 (Temnykh et al., 2000
Slao b Siwgs wlel » (McCouchet al., 2002
e U g )b oKiws 5l aaiges PCR oSy
WAL (IS Gugaadas a0 Ve 5558 50 55589 Sl
Ji 3l PCR 251y 5l Jol> wlabad o5l a1 (6l »
St 9 U5 e S5, (sl e oolasnl 18 Aol ;ST

GBei2d (ol j0 dxlllas 590 SSR‘_ng)i;Lu =Y Jgo
Table 2. Characteristics of the studied SSR maikettss research

AL £95923,5 e 551 S5 p Skl g sle QTL
Marker Chromosome Forward primer Reverse primer Related QTLS
RM3475 1 GTCGGTTTGCCTAGTTGAGC TTCCTCGGTGTATGGGTCTC RL, RSR (lkedat al .,

2007)
RM8231 1 GCGTAAGATCTCCCTACCAC CAACACATGATAGCACATGG LR (Vasant, 2012)
RM3688 2 GTTGAATCAAGCTGTGCAGC AGCTAGGCAAAGCATGCATG LD (Vasant, 2012)
RM7426 2 TGACATGGATCGATCAGCTC ATAAGGGTACGGGGAACCAG LR (Vasant, 2012)
RM416 3 GGTAAATGGACAATCCTATGGC GACAAATATAAGGGCAGTGTGC RW (Quet al., 2008)
RM7000 3 CCCTTCTTTTCAACTGAATA TTGTAACAATGAACTCGTTC RSR (Vasant, 2012)
RM6589 4 AAGTTCACAACACGTCGTCG CGACGCTGTTGATCAGCC RN (Zhu and Xiong,
2013
RM119 4 CATTGGAGTGGAGGCTGG GTCAGGCTTCTGCCATTCTC RT (Périnet al., 2013)
RM480 5 GCTCAAGCATTTCTGCAGTTG GCACTTCTGCTTATTGGAAG RW, RL (Quet al.,
2008)
RM5371 6 GGCTAGCTTTAGCTGCGTTG  ACCCAGATCGAAACAACTGC RT (Vasant, 2012)
RM11 7 TCTCCTCTTCCCCGATC CTAAGCCTCGCCCGCTAT SW (Ranawake and
Nakamur, 2012)
RM134 7 ATCCTACCGCTGACCATGAG TTTGGTCTACGTGGCGTACA RL (Périnet al., 2013)
RM152 8 TACACCTCATCGATCAATCG CTTTCGAATCTGAAGATC RW (Périnet al., 2013)
RM5720 7 CCTGATAAATTGACAGTTAC GAGAGTAGGAGTTGATAACA RW, RN (Zhu and
Xiong, 2013)
RM7424 9 AGAAGCCCATCTAGCAGCAG TCAAGCTAGCCACACAGCTG RSR (Périret al.,
2013)
RM5702 9 TGGGATAAATAGAAAAGTCT ATTGGACACGTACATAATAA LR (Périnet al., 2013)
RM184 10 ATCCCATTCGCCAAAACCGGCC TGACACTTGGAGAGCGGTGTGG RSW (Ranawake and
Nakamur, 2012)
RM4455 10 CTCTCAAAGAACTAGGACTC GAGAAGGTATGATAACCAAT RL (Périnet al., 2013)
RM144 10 GTGGACTTCATTTCAACTCG GATGTATAAGATAGTCCC RN (Quet al., 2008)
RM5774 5 CTTTCATAATTCTAGCTTA CTTTCATAATTCTAGCTTA RT (Périnet al., 2013)
RM276 6 CTCAACGTTGACACCTCGTG TCCTCCATCGAGCAGTATCA RN, RT (Quet al.,
2008)
RM1337 12 GCTGAGGAGTATCCTTTCTC ACCATAGGAAGATCATCACA RL (Zhu and Xiong,

2013)

@Bl & 4ty 9 Comd RSW sl (55 SW ey, 55 RW cales o 4ty Jsb e RSRuaty; Jsb RL 531 il jle 4y sla QTL
Sy Soses LD oSy Famn LR @i ) cwls RT way, slaas RN

" The related QTLs are: RL, root length; RSR, roaghoot ratio; RW, root weight; SW, shoot weigh§WR, root
to shoot weight ratio; RN, root number; RT, Roatkhess; LR, leaf rolling; LD, leaf drying.
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Table 3. Analysis of variance of the studied traitsice genotypes under normal and drought stesditions

Mean square ol e 5:Sleo

et plie ollazyy ale S g aky, S 0 Lo Jsb ady, Jsb
Source of variation df Shoot weight Root weight Shoot length Root length
Genotype (G) 55 21 4.63x10°"  2.17x10° 29.76" 225"
Cultureconditions (C) ~ <ui5 Ll 1 4.43x10°"  3.41x10°° 27075 69.16"
GxC cuS byl dnewgy 21 6.5x10%" 4.4x10%" 0.6 0.45"
Error byl sl 88 2x10° 5x10° 0.6 0.02
CV (%) (1) &l s o - 1.179 6.449 7.77 2.68

" and : Significant at 5% and 1% probability levels, restively.
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Figure 1. PCR products of RM5774 marker on 6% acnyde gel in 22 studied rice genotypes
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Table 4. Number of alleles, allele size, PIC andeggiversity of each marker in the studied riceaygmes

Sl £93399)5 Llolas Gl ciz) bl ojlul - ISonz Sledlbl glyme (55 g9
Marker Chromosome No. of alleles  Allele size (bp) PIC Gene diversity
RM3475 1 5 110-190 0.586 0.625
RM8231 1 7 160-250 0.666 0.695
RM3688 2 5 100-150 0.745 0.781
RM7426 2 7 100-180 0.819 0.840
RM416 3 5 50-150 0.732 0.771
RM7000 3 7 100-150 0.762 0.790
RM6589 4 6 50-180 0.707 0.746
RM119 4 2 100-200 0.360 0.471
RM480 5 5 200-300 0.608 0.650
RM5371 6 5 120-180 0.749 0.784
RM11 7 5 110-200 0.701 0.740
RM134 7 5 50-150 0.724 0.761
RM152 8 3 100-230 0.559 0.635
RM5720 7 5 150-250 0.680 0.722
RM7424 9 2 50-150 0.289 0.351
RM5702 9 5 100-250 0.631 0.686
RM184 10 6 200-350 0.791 0.816
RM4455 10 3 100-200 0.535 0.611
RM144 10 4 200-350 0.505 0.556
RM5774 5 4 250-350 0.603 0.655
RM276 6 6 100-200 0.781 0.808
RM1337 12 4 200-300 0.559 0.609




o)lgales; slo SoLas sl osliinl b @ slocaios) (St €95 (o) 10hSen 5 9kl A

w8 wdy b Wlgee Wi e
515 555 nally 31 (6 3Vl (i Jmiliy Yoo

ey 4 s slaosls il (slades 45
Jsdle s 5l esliiul b 8,5l alis ey ,e s UPGMA
Saa L el Fg,00 oy b el Power Marker
Ot el sl 8590 SlacaSsly ones S
5 Sleogas 4 axg by lacuie) pleol Joe alold
Szl bl ol n ol ol LT pae sla S5
Slocaies W8S 18 0g)S 93 0 adlae 59
IR82590-B-B90-4WAB96-1-1 WAB181-18
s Gradlo JIR55411-50 (R83754-B-B-40-4
IR82590-B-B98-2 slacisis 5 05,5 S ,o Koral
CTB516-24-3-2IR60080-42./R65261-09-1B
Line229 Line225 IR20 JIR2441 IRAT170
caf g el S (Ve (oedle don woliwps

8,518 pgs 09,8 50 (Sl jolew

alols « JsSlse slasls a5 5l Jol> i ile 5o

VY esgaze )3 adlllas 8550 o) e (SeB)
E55 oxmd olii aS (B Jgaz) og e +/A94 L
O 0 o leaiss ol gy e )0 Sezge VL
Sacessl) o adlold (n teS walllas 890 slacsss
slewsy ow aol e ¢ IR20 4 IR2441
IR82590-B-B98-2.1R82590-B-B98-2 5 olowps
5 LS i sanlin Koral 4 Line229, Line229,
alols oy i s (Kibria et al., 2009 Koo
2055 adlae sy5e Slacaies G 0 1) S S
ol s N¥eF e SSR e Silis el
Los 05,5 U35 +IVAY laie RAPD (oba Silss
055 30 a4 |, bcwiyy UPGMA g, 5l solaxul
lp S5y abold 5 g95 5l Jolo bt (00,5 ponnds
lacis) (el (85,1 dgme sohate 4 nally Sl
SIS placis) m B &S ek 4 el ade

o D50 SLGss Gm (& Sty Aol -0 Jou
Table 5. Nei's genetic distance among the studiedtypes

L 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
Genotype

1. IR55411-50 0

2. IRAT170 0.72 0

3. WAB96-1-1 0.580.81 0

4. Champa 0.660.640.87 0O

5. IR2441 0.750.610.780.57 0

6. Salari 0.9 0.580.760.66 0.5 0

7. Line225 0.7 0.690.930.570.420.63 0

8. Domsiah 0.750.730.860.710.710.570.57 0

9. IR20 0.810.610.860.570.230.630.610.69 0

10. Sangtaroum 0.63 0.8 0.91 0.5 0.660.75 0.7 0.690.63 0

11. Line229 0.6 0.720.760.38 0.6 0.720.630.610.69 0.5 0

12. IR82590-B-B90-4 0.660.710.660.530.660.54 0.5 0.610.720.770.66 0

13. Hashemi 0.720.750.710.860.780.530.840.570.660.760.750.63 0

14. Gharibsiahryhani 0.9 0.750.690.750.810.660.720.690.540.72 0.7 0.660.27 0

15. IR60080-42 0.540.620.730.750.75 0.9 0.720.690.540.63 0.7 0.760.45 0.5 0

16. IR82590-B-898-2 0.5 0.830.69 091 0.81 0.8 0.9 0.99 0.9 0.750.990.64 0.8 0.8 0.99 0

17. IR65261-09-1-8  0.840.540.830.660.66 0.4 0.7 0.720.54 0.5 0.660.830.630.54 0.9 0.7 0

18.CT6516-24-3-2  0.780.460.750.530.640.690.710.730.530.720.540.810.860.710.610.920.57 0

19. IR83754-B-B-40-4 0.610.760.730.690.780.640.69 0.8 0.830.840.810.690.690.830.920.630.580.73 0

20. Koral 0.580.730.680.920.710.750.850.860.930.910.990.710.760.930.93 0.5 0.75 0.8 0.57 0

21. WAB181-18 0.930.620.680.870.730.710.760.920.780.920.930.76 0.8 0.830.850.830.76 0.8 0.860.64 0
22. Graldo 0.720.690.750.780.570.630.690.710.750.81 0.8 0.690.860.830.830.720.720.640.690.640.57 0
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Table 6. Eigen value, variance percentage

and atimelvariance for ten principal components

shol adlse oy slake obly 2o ye oS ills oy
Principal component Eigen value Variance percentage Cumulative variance
1 75.28 68.44 68.44
2 5.09 4.63 73.7
3 4.66 4.24 77.31
4 4.15 3.77 81.09
5 3.98 3.63 84.17
6 3.76 3.43 88.14
7 3.23 2.94 91.08
8 2.86 2.60 93.69
9 2.73 2.45 96.17
10 2.57 2.34 98.51
T
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Figure 3. Bi-plot diagram of the studied rice gemets based on first and second principal components
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Table 7. Multiple regression analysis among morpgichl traits (dependent variable) and microsaeelli
markers (independent variable)

09 )S y o
Regression coefficient (slope)
Ble (59 ey O)s asle Job ady, Jsb
Shoot weight Root weight Shoot length Root length
SO S0 O Jbos oS Jbs oS Jbs oS Jlos
Significant markers  guess  Normal Stress  Normal Stress Normal Stress Normal

e 2 0013 0014 0003  0.004 13568 4521  6.041

Intercept

RM8231-A 0.005 0.007

RM8231-C -0.006 0.002 0.003

RM8231-E -0.003 -0.003

RM8231-G -0.005

RM7426-G 0.001

RM119-A -0.001 -0.001

RM119-B 0.001 0.001

RM11-B -0.339  -0.453
RM184-C -0.143  -0.191
RM4455-C -0.212

RM5774-B -0.425

RM276-A 0.241 0.321
RM276-B -3.194

RM276-C 2.991

. D2
°M,C" R 0.571 0.607 0.721 0.719 0.624 0.610 0.611
Adjusted B
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Abstract

Marker assisted selection is one of the importamlieations molecular markers especially in
creation of tolerant genotypes to environmentadsstes in crop plants. In this research, seedlifigs o
twenty two rice genotypes were investigated under ¢ulture conditions (normal and drought stress
via Manitol) on the basis of completely randomiZedtorial experiment with three replications at
growth chamber of Faculty of Agriculture and NatlRasources, Gonbad Kavous University, Iran, in
2012, and root and shoot length and dry weight weeasured. Analysis of variance showed that
genotypexculture condition interactions were sigaift for all measured traits. This result revealed
different reaction of the studied genotypes under ¢ulture conditions and genetic diversity among
the genotypes in seedling stage. To investigateniblecular diversity among the genotypes, genomic
DNA was extracted amplified using 22 microsateltitarkers linked to drought tolerance. In total, 106
alleles were detected with the number of 2-7 adlelad the average of 4.28 alleles per locus. The
polymorphic information content (PIC) varied fron29 to 0.82 with the average of 0.64 and the gene
diversity ranged from 0.351 to 0.840 with the ageraf 0.686. Genetic distance among the studied
genotypes was also calculated in the range of @ZB99. Cluster analysis using microsatellite data
grouped the genotypes in two clusters. Resultiotjgal component analysis showed that the first 10
principal components explained 98.51% of the te#alation. Grouping of the genotypes according to
first and second principal components assignedsthdied genotypes into four groups. Results of
these grouping methods demonstrate the suitabilithe microsatellite markers to assess the genetic
diversity among the rice genotypes. To identify théormative (positive) markers affecting the
morphological characteristics, regression analysis performed. A total of 16 informative markers
were detected under both culture conditions whih recommended for drought tolerance in the
breeding programs.
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