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Table 1. Name and origin of rice genotypes used in this study

o las P L o les e Lice

No. Genotype Origin No. Genotype Origin
1 Binam Iran (native) 17 Hasani Iran (native)
2 ChampaBoodar Iran (native) 18 DomSorkh Iran (native)
3 Hasansarae Iran (native) 19 Dorfak Iran (improved)
4 DomsSefid Iran (native) 20 Salari Iran (native)
5 Gharib Iran (native) 21 DomZard Iran (native)
6 IR36 IRRI 22 DomSiah Iran (native)
7 Kadous Iran (improved) 23 Line830 IRRI
8 Anbarboo Iran (native) 24 Bejar Iran (improved)
9 IR28 IRRI 25 Sepidrood Iran (improved)
10 Nemat Iran (improved) 26 Sadri Iran (native)
11 IR50 IRRI 27 IR60 IRRI
12 1IR30 IRRI 28 Gohar Iran (improved)
13 Khazar Iran (improved) 29 Saleh Iran (improved)
14 Neda Iran (improved) 30 Line44 (PR) Iran (improved)
15 Deilamani Iran (native) 31 Line831 Iran (improved)
16 Hashemi Iran (native) 32 Shiroudi Iran (improved)

ol 100 bp o3lail Kilis Ladder ;g aslllae 5,50 slogsp 5l oigi3 ¥V ;0 RM336 Silis (5,155 6631 =) IS
Figure 1. Banding pattern of RM336 in the 21 studied rice genotypes. Ladder is DNA size marker 100 bp.
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Table 2. Characteristics of microsatellite markers linked to QTLs controlling traits associated with
drought tolerance
Abas £9390955 0yled Sy S Joos Slio
Marker Chromosome no. Motif Drought tolerance traits
RM443 1 (GT)10 Root length
RM403 1 (GA)8 Root length
RM200 1 (GA)16 Root length
RM231 3 (CT)16 Root dry weight
RM317 4 (GOM4(GT)18 Condensation resistance to yellow leaf
RM241 4 (CT)31 Condensation resistance to yellow leaf
RM153 5 (GGO)10 Osmoregulation capacity
RM413 5 (AG)11 The amount of potassium in shoot
RM3 6 (GA)2GG(GA)25 The leaf resistance of the rolling
RM336 7 (CTT)18 Root dry weight
RM325 8 (CAT)ATAG(CAT)S The leaf resistance of the rolling
RM25 8 (GA)18 Osmoregulation capacity
RM264 8 (GA)27 The amount of potassium in shoot
RM228 10 (CA)6(GA)36 The leaf resistance of the rolling
RM12 12 (GA)21 Root to shoot ratio
adllae 5,50 @ a3eis YV 50 o)lsalenn; ;L2 N0 I Lol Sz oMbl glgime 5 il (a3l - Jouor
Table 3. Shannon index and polymorphic information content (PIC) of 15 microsatellite markers in
the 32 studied rice genotypes
S &b S slass e T slows S SS eSS opls clodlbl sty Dledbl gy
Primer Total number  Effective number Ne_:i’s gene _ Shanponfs LRV
of bands of alleles diversity information index PIC
RM443 6 2.1090 0.1956 0.1339 0.25
RM403 5 2.1799 0.2393 0.2527 0.27
RM200 7 2.1622 0.2363 0.2586 0.23
RM231 8 2.1067 0.1946 0.1940 0.22
RM317 3 24342 0.4116 0.4692 0.45
RM241 6 2.1919 0.2433 0.2544 0.23
RM153 4 2.3027 0.3109 0.3686 0.34
RM413 7 2.1694 0.2336 0.2442 0.22
RM3 8 2.1332 0.2118 0.2154 0.20
RM336 6 2.1895 0.2118 0.2781 0.23
RM325 4 2.2958 0.3207 0.3570 0.38
RM25 6 22136 0.2568 0.2734 0.25
RM264 6 2.1835 0.2540 0.2872 0.32
RM228 8 2.1488 0.2103 0.2055 0.17
RM12 7 2.1622 0.2363 0.2586 0.25
DeSles 6 2.1812 0.2537 0.2589 0.26
Average
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Figure 2. Grouping of rice genotypes using simple matching coefficient and UPGMA by microsatellite markers
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Table 4. The success percentage of grouping of the rice genotypes using discrimination function analysis

< gy oloss 09,5 2 ;3 oudsl) onog S S (e
295 Number of Accuracy of grouping of the genotypes in each group (%)
Group 1 2 3
genotypes
1 7 7
100%
2 15 1 14
6.7% 93.3%
3 10 10
100%
JS 6.\;.305; Coro
96.9%
Total accuracy
SSR. (sle Sl 5l oolawl b Lol claises 4y 45500 -0 Jga
Table 5. Principal coordinate analysis using SSR markers
oy dasule Ay ouds ag5 il )l et odds A g5 il )ly (reS g
Vector Latent root Variation percentage  Cumulative variation percentage
1 4.975 532 532
2 4.389 4.7 10.02
3 3.792 4.06 14.08
4 3.425 3.67 17.75
5 3.385 3.62 21.37
6 3.255 3.48 24.85
7 3.184 341 28.26
8 2.963 3.17 31.43
9 2.862 3.06 34.49
10 2.538 2.76 37.25
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Table 6. Analysis of variance for morphological traits studied in the laboratory
s i L 09 Sa oj9 azale Job o azady; o SaS iy e Jsb o
Ot mle 005l az o o / . ] , . :
Source of Degree of (e ) 4zl (o5 azasy, Creslee) (lestes) o o 4t o &z e,
Variation freedom Shoot dry Rgot dry Shoot length  Root length ~ Root to §h00t Root to
weight (gr)  weight (gr) (mm) (mm) dry weight shoot ratio
55 31 0.0025™ 0.0027" 0.22937 0.32927 0.14527 0.613"
Genotype (G)
i 2 0.5857" 0.529™ 62.65" 59.466™ 0.3336 26.62"
Stress (S) . . . . . .
GRS X 335 62 0.0017 0.0018 0.1875 0.247 18.299 0.375
SxG
Uil sllas 192 0.0003 0.0002 0.022 0.0171 0.2937 0.0241
Error

* and **: Significant at 5% and 1% probability levels, respectively.
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Figure 4. Grouping of 32 rice genotypes based on morphological data under non-stress condition
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Table 7. The success percentage of grouping of the rice genotypes using discrimination function

analysis under non-stress

condition

L) Sl

05,5 o ;0 baeuisd) (suieg,S Cono e

09,5 Number of Accuracy of grouping of the genotypes in each group (%)
Group

genotypes 1 2 3

1 15 15
100%
2 8 8
100%
3 9 9
100%

JS (§e0g )f Cono
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Figure 5. Grouping of the 32 rice genotypes based on morphological data under -4 bar stress
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Table 8. The success percentage of grouping of the rice genotypes using discrimination function
analysis under -4 bar stress
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Table 9. Mean of measured traits in laboratory under -4 bar stress
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Genotype R azaile azailo 4 (Grogshes) (racshee) (5 azasa,  (p)5) azadle

Root to shoot  Root to shoot  Root length  Shoot length ~ Root dry Shoot dry

length ratio dry weight (mm) (mm) weight (g)  weight (g)
Binam ol 1.115 1.031 1.108 0.993 0.166 0.161
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Hasansarae PR JORONES 1.003 0.998 5.874 5.856 0.169 0.169
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Bejar e 2.633 1.001 19.931 7.570 0.500 0.500
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Abstract

In this study, the morphologic and genetic diversity of 32 rice varieties were studied using 15
microsatellite (SSR) markers linked to QTLs controlling drought tolerance characteristics. The total
number of alleles generated by each marker ranged from 3 alleles at RM317 locus to 8 alleles at RM3,
RM228 and RM231 loci. The RM317 had the highest values for effective number of alleles, Nei’s
gene diversity, Shannon’s information index and polymorphic information content (PIC) among the all
studied markers. The studied genotypes were classified into 3 groups based on morphological
characteristics under non-stress and -4 bar stress conditions and based on molecular data. Totally,
results of current research showed that there was a suitable genetic diversity between and within the
different rice groups. Furthermore, reaction of the studied varieties to -4 bar stress indicated that the
variety Shiroudi and the Lines 44 and 831 had the highest root length as well as the highest tolerance
while the varieties Binam, Domzard and Sadri had the lowest root length and the highest sensitivity to
drought stress. Among the used markers, the RM153, RM317 and RM325 markers with the most
number of effective alleles as well as the highest diversity criteria were the best markers to separate
the rice varieties. Therefore, these SSR markers can be utilized in marker-assisted selection programs
under drought stress condition after confirmation of the obtained results in other complementary
experiments.

Keywords: Drought tolerance, Genetic diversity, Morphological characteristics, Rice, SSR markers

*Corresponding author: hsamizadeh@guilan.ac.ir



