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Table 1. The varieties and mutant lines used irectiresearch

No Genotype Origin No. Genotype Origin

1 M1 Tarom- Iranian local 25 M35 Hashemi- Iranian local
2 M2 Tarom- Iranian local 26 M36 Hashemi- Iranian local
3 M3 Tarom- Iranian local 27 M37 Hashemi- Iranian local
4 M4 Tarom- Iranian local 28 M38 Hashemi- Iranian local
5 M5 Tarom- Iranian local 29 M39 Hashemi- Iranian local
6 M6 Tarom- Iranian local 30 M40 Hashemi- Iranian local
7 M7 Tarom- Iranian local 31 M41 Hashemi- Iranian local
8 M8 Tarom- Iranian local 32 M42 Hashemi- Iranian local
9 M9 Tarom- Iranian local 33 M43 Hashemi- Iranian local
10 M10 Tarom- Iranian local 34 M44 Hashemi- Iranian local
11 M1l Tarom- Iranian local 35 M45 Hashemi- Iranian local
12 M12 Tarom- Iranian local 36 M46 Hashemi- Iranian local
13 M13 Tarom- Iranian local 37 Ma7 Khazar- improved
14 M14 Fajr- improved 38 M48 Khazar- improved
15 M15 Fajr- improved 39 M49 Khazar- improved
16 M21 Hashemi- Iranian local 40 M54 Khazar- improved
17 M23 Hashemi- Iranian local 41 M56 Khazar- improved
18 M24 Hashemi- Iranian local 42 Tarom Iranian local

19 M25 Hashemi- Iranian local 43 Hashemi Iranian local

20 M26 Hashemi- Iranian local 44 Khazar IR36/TNAU4756

21 M30 Hashemi- Iranian local 45 Fajr IR62781-175-1-10
22 M32 Hashemi- Iranian local 46 FL478 IRRI

23 M33 Hashemi- Iranian local 47 Teqing IRRI

24 M34 Hashemi- Iranian local - - -

(Gregorioet al., 1997) ;| Kan 5 5:,55,5 (bg) (bl 52 658 & Joosi (61 loisiy (203lel 052 Y
Table 2. Scoring method of the genotypes for daliiwlerance based on Gregosdial. (1997) method

Score Observation Tolerance

1 Normal growth, no leaf symptoms Highly tolerant

3 Nearly normal growth, but leaf tips of few leavelsitish and rolled Tolerant

5 Growth severely retarded, most leaves rolled Moderately tolerant
7 Complete cessation of growth, most leaves dry, Solanet dying Susceptible

9 Almost all plants dead or dying Highly susceptible

Joe (6 yagiedd olSiws alwsas also plail 1o 05250
owlaS B o Kile;l )0 ELCO 5,4 sl CL361
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Table 3. Microsatellite markers linked to the ma@¥L SalTol on rice chromosome No. 1 used in this research

Marker Forward Reverse Related trait
RM8094 AAGTTTGTACACATCGTATACA  CGCGACCAGTACTACTACTA  Resistance score, homeost:
of Na/P in shoots
RM562 CACAACCCACAAACAGCAAG CTTCCCCCAAAGTTTTAGCC Na adsorption, P
concentration In stem
AP3206 GGAGGAGGAGAGGAAGAAG GCAAGAATTAATCCATGTGAAAGA  Na/P ratio in shoot
RM140 TGCCTCTTCCCTGGCTCCCCTG GGCATGCCGAATGAAATGCATG Seedligvival
RM7075 TATGGACTGGAGCAAACCTC GGCACAGCACCAATGTCTC — Seedling Ssugg'r‘éa" tolerance
RM10793 GACTTGCCAACTCCTTCAATTCG TCGTCGAGTAGCTTCCCTCTCTAC To'erancl‘;s]g?hre' seediing
RM493 TAGCTCCAACAGGATCGACC GTACGTAAACGCGGAAGGTG TO'eranceinsgferfr; Na content
RM3412 AAAGCAGGTTTTCCTCCTCC CCCATGTGCAATGTGTCTTC Na anaéhtent in shoot
RM1069 TTTCCCTGGTTTCAAGCTTACG AGTACGGTACCTTGATATGGTAG  Nand P content in shoot
RM1287 GTGAAGAAAGCATGGTAAATG TCAGCTTGCTTGTGGTTAG Nand P content in shoot
RMS5 TGCAACTTCTAGCTGCTCGA GCATCCGATCTTGATGGG Na/P rati
RM490  ATCTGCACACTGCAAACACC AGCAAGCAGTGCTTTCAGAG P aorption
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Table 4. Analysis of variance of the morphologitaits based on factorial experiment in completalydomized design

Mean square

Shoot  Shoot Root Shootto  Shoot to . . Sodium to
Source of Root Shoot Root dry Tolerance . root dry root  Sodium Potassium .
Biomass potassium SPAD

variation length length fre_sh d_ry frgsh weight  score weight length content content .
weight weight weight ratio ratio ratio

Salinity (S) 2 910.77 65596.34 109.03° 1.49° 10.79" 0.0I" 1455.38 1.75" 545.56° 181.63" 3283.42 117.54 80.29" 40.84"

Genotype (G) 46 88.27 1014.94 0.94" 0.0Z 0.25° 0.00I" 14.026° 0.02" 21413 35T 8.33" 0.84" 20.84" 12.95

SG 92 20.49° 194.27° 0.40° 0.01T7 0.1 0.001" 9.97 0.01" 180.84° 1.19" 7.07" 0.57" 2.67° 1255
Error 616 4.98 28.69 0.06  0.001 0.02 0.00001 0.001 0.002 76.11 0.22 0.004 0.002 0.004 8.49
CV (%) 13.41 11.06 6.63 591 9.06 4.45 0.04 3.84 5.45 6.78 6.25 8.41 1457 10.91

AR
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Table 5. Percentage reduction in mean of morphologits due to salinity stresses of 6 andi$2n®

Trait mean under

Reduction to non-stress conditions (%)

Trait Non-stress Salinity stress Salinity stress Salinity stress Salinity stress
(6 dS.mh) (12 dS.mb) (6 dS.mh) (12 dS.nt)

Shoot length (cm) 68.26 48.75 39.31 28.58 42.41
Shoot fresh weight (g) 1.47 0.96 0.94 34.69 36.05
Shoot dry weight (g) 0.21 0.14 0.09 33.33 57.14
Root length (cm) 17.41 14.75 12.80 15.28 26.48
Root fresh weight (g) 0.54 0.38 0.37 29..63 31.48
Root dry weight (g)  0.018 0.012 0.011 33.33 38.89
Shoot : e length 4 01 3.56 3.10 11.22 22.69
Shoot/ r;’a‘;itodry weight ;3 1g 12.55 10.38 478 21.24
Dry biomass (g) 0.22 0.15 0.10 31.82 54.55
SPAD 33.39 29.76 19.60 10.87 41.30
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Table 6. Mean of the each group and it's differeinom total mean in the groups from cluster analysider 12 dS.thsalinity stress

Shoot Root .
Root Shoot fresh ShO(.)t dry fresh Roo_t dry Tolerance Biomass Shoot /_root Shoot / root Sodium Potassium SOd"”."’
Group length length . weight . weight dry weight : potassium SPAD
weight weight score (9) . length ratio content content .
(cm) (cm) (9) (9) ratio ratio
(9 C0)
Group mean 38.625 0.201 0.065 15.208 0.162 0.006 2,576  12.817 0.071 23.038.000 7.703 2.129  3.679
1 Difference
fromtotal 2.891 0.068 0.015 0.733 0.037 0.002 0.035 -0.699 0.017 3.428 972  0.055 0.054 -0.074
mean
Group mean 30.043 0.080 0.033 11.533 0.065 0.002 2.709  15.588 0.035 7.490 .2867 8.433 2.143  4.034
2 Difference
from total -5.691 -0.054 -0.018 -2.942 -0.060  -0.002 0.169 2.071 -0.020 112. 1.307 0.785 0.068  0.281
mean
Group mean 36.256 0.128 0.050 14.935 0.130 0.005 2.495  13.238 0.055 21.40%.438 7.462 2.046 3.711
3 Difference
fromtotal 0.522 -0.005 0.00 0.460 0.004 0.000 -0.046  -0.278 0.000 1.794 459. -0.186 -0.029 -0.043
mean
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Table 7. Evaluation of accuracy of the clustering $tudied genotypes under 12 dSsalinity stress using
discrimination function analysis

Group number

Number/Percent 1 > 3 Grouping accuracy
8 0 0 8
Number 0 7 0 7
0 0 32 32
100 0 0 100
Percent 0 100 0 100
0 0 100 100
Total accuracy (%) 100
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Table 8. Calculated values for polymorphism infotioracontent (PIC), number of observed and effectiv
alleles and Nei's gene diversity

Marker _ Polymorphism Nun_1ber of Number of Ne_i’s gene
information content  effective allele polymorph allele diversity

RM1287 0.57 4.3 5 0.61
RM8094 0.54 2.1 3 0.62
RM3412 0.59 5.3 6 0.63
RM493 0.58 4.4 5 0.39
RM140 0.56 35 4 0.62
RM5 0.63 3.6 4 0.69
RM10793 0.24 3.2 5 0.26
AP3206 0.68 3.7 4 0.73
RM490 0.61 3.4 4 0.58
RM10694 0.56 2.1 3 0.64
RM562 0.56 3.4 4 0.47
RM7075 0.52 2.4 3 0.35
Mean 0.56 3.45 4.17 0.55
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Abstract

Salinity stress is the second major problem andtitign the rice production after drought. To
investigate the effects of salinity stress on soimgortant morphological and physiological
characteristics of rice, 41 mutant lines from réidraof gama ray to four rice varieties (two Iramlacal
varieties, Hashemi and Tarom and two improved tieaseKhazar and Fajr) along with parental vargetie
and two control lines, FL478 (tolerant to salinigf)d Teqing (sensitive to salinity) were studiedam
three salinity conditions (control, 6 and 12 d$)mThe experiment was carried out in factorial
experiment based on completely randomized desigh wix replications. The variation among
genotypes were also studied using twelve micrdgat€bSR) markers linked &l Tol, a major salinity
tolerant QTL. The results of analysis of varianivevged significant and considerable differences amon
the genotypes for all studied traits. The resultslaster analysis of morphological data groupesl th
studied genotypes into three clusters so that Mg, WV, M9, M35, M37 and M40 mutant lines together
with the salinity tolerant line FL478 grouped irdae cluster, while Hashemi and Fajr varieties and
M47, M48, M49 and M56 mutant lines along with ttadirsty sensitive line Teqging grouped into a
similar cluster. The cluster analysis of moleculata also divided the studied genotypes into tmaia
groups. Accordingly, the mutant lines M35, M37 &m0 together with the control variety FL478 were
grouped as salinity tolerant and the mutant lin@M147, M48, M49, M54 and M56 together with
the control variety Teqing as salinity sensitiveggypes. The Mantel test showed a high similarfty o
about 65% between two cluster analyses which wastathe use of tigh linked SSR markers to the
SalTal, each of them were linked to the several traiigisd in this research. As mentioned above, all
three salinity tolerant lines identified in the mollar data analysis were also identified in cluste
analysis of morphological traits and all four stirsensitive lines identified in the morphologickta
analysis were also identified in molecular datalysmis. Evaluating the microsatellite markers also
showed that the AP3206, RM5, RM3412, RM140 markeese the most suitable and informative
markers to assess the genetic variation of salioigrance in this research.
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