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ABSTRACT

36 bread wheat genotypes including 6 improved and introduced cultivars and 30 other genotypes that were
collected and prepared from different regions of Iran and other countries were evaluated in two irrigation
conditions (normal and limited irrigation) in two separate randomized complete block design with three
replications in both moisture conditions. Average yield for each genotype in each environment were measured and
tolerance and stress susceptibility indices were calculated and the relationship between a number of micro satellite
markers (associated with drought tolerance) and drought tolerance of genotypes were studied. The genotypes were
divided into three groups (tolerant, semi-tolerant and susceptible) by cluster analysis based on Stress Tolerance
Index (STI), Geometric Productivity Mean (GMP), Mean Performance (MP) and Yield Index (Y1) as well as grain
yield under stress conditions . Genotypes 11.113, 1553, 176, 198, 3798, 689, 894, 9016, 910, 99, Kohdasht,
Pishtaz, Zagros, Sivand and Genotypes 1637, Sardari, 2047, 2103, Azar 2, 871, 890 were identified as tolerant and
semi- olerant genotypes, respectively. Cluster analysis based on micro satellite markers also divided the genotypes
into three groups. Comparison of dendrograms revealed a significant relationship between drought tolerance and
SSR markers. As well as, regression analysis between the grain yield in both conditions, GMP, STI, MP as
dependent and marker bands as independent variables showed that WMC179 , WMC307 and WMC322 are the
most effective markers in MAS for improving yield under stressed and non-stressed conditions.
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Table 1 - Genotypes and wheat cultivars studied in the field experiment

Row Collection Collection Collection
Row Row
number number number

1 11.113 15 3798 29 9016
2 836 16 422 30 9050
3 150 17 99 31 Kohdasht
4 1553 18 48 32 Pishtaz
5 76 19 689 33 Sardari
6 1637 20 744 34 Sivand
7 168 21 910 35 Zagros
8 176 22 8031 36 Azar2
9 1800.1 23 870
10 198 24 871
11 2047 25 882
12 2095 26 890
13 2103 27 894
14 2191 28 90
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Table 2. SSR markers used in molecular evaluation

No Primer name Sequence Annealing Annealing
temperature temperature
forl0 cycle for30 cycle

1 WMC 179 F CAT GGT GGC CAT GAG TGG AGG T 7

WMC 179 R CAT GAT CTT GCG TGT GCG TAG G 67
? WMS 108 F ATT AAT ACC TGA GGG AGG TGC 66

WMS 108 R GGT CTC AGG AGC AAG AAC AC 62
3 WMS 198 F TTG AAC CGG AAG GAG TAC AG 62

WMS 198 R TCAGTT TATTTT GGG CAT GTG 58

WMC 445 F AGA ATA GGT TCT TGG GCC AGT C 68
4 WMC 445 R GAG ATG ATC TCC TCC ATC AGC A 64
5 WMS 118 F GAT GGT GCC ACT TGAGCATG 62

WMS 118 R GAT TG TCA AAT GGA ACA CCC 58
6 WMS 149 F CATTGT TTT CTG CCT CTAGCC 64

WMS 149 R CTAGCATCG AAC CTG AAC AAG 60
7 WMC 307 F GTT TGA AGA CCAAGCTCCTCCT 64

WMC 307 R ACC ATA ACC TCT CAAGAACCCA 60
8 WMC 322 F CGC CCCACTATGCTT TG 61

WMC 322 R CCC AGT CCAGCT AGCCTCC 57
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Table3. Mean yield in stressed and non-stressed conditions, tolerance and sensitivity indices and rick index.

genotypes  GMP  STI Sl Mpt VI Yp Ys TOL(\% wi
11113 24192 0545 116  ngagn 103 46046 12741  33335%% 83999
150 1811 0008 109 nqc 008 3204 1023 2181 165489
1553 20808 0408 L1l  ,uu e 094 37328 11599  257.20% 14338
1637 16910 0266 076  yg7owe 099 23217 12316 10901 44867
168 22479 0470 075  ,sgwe 133 30723 16447 14277 18585
176 24613 0564 086  seew 135 36117 16774 193.44%* 53.0
18001 15074 0212 122  qgpgtc 060  307.28 7395 23333 4379
198 36732 1256 066 4994 227 47910 28162  197.48%* 1956
2005 9030 0076 138  jgsx 028 23780 3420 20351% 0.03
2103 16154 0243 057  jgsgec 105 20119 12971 7147 87468
2101 19827 0366 102  ppggwe 097 32801 11984  20817% 98
3798 19129 0341 115  goge 082 35922 10187  257.35% 14374
42 15877 0235 127  gpgqae 059 34527 7301 27226% 23476
48 12617 0148 121  jggeme 050 25483 6247  192.36** 64.6
689 25024 0626 105  nqeow 123 44087 15244 28842 3586
744 19263 0345 107  ,ppqec 090 33262 11156 22106 1501
76 2065 0003 115  ,4gec 009 3870 11.02 2768 15496.9
2047 22097 0455 074 o, e 131 29989 16281  137.08 22211
8031 19730 0362 091 5 g 105 30016 12960  17047% 5532
836 19007 0336 106  ngiwe 090 32515 11111 214.04%* 53.1
azar2 27525 0705 058  sgoe 177 34435 2002 12433 31528
zagros 15072 0212 037 qep e 107 17071 13229 3942 134997
882 15384 0220 106  qo574c 072 26359 8079  17381* 44738
890 21901 0447 072  ,pggwe 131 29516 16250 13266 25261
894 32447 0980 085  gyoe 180 47271 2272 249.99%  1069.9
9 15733 0230 105  qggqee 075 26765 9248  17518% 4078
9016 22144 0457 109 s 102 38037 12504  26344%% 17822
9050 13079 0159 126  qp g 049 28121 6083 22038 1385
910 23328 0507 094  ,gggw 122 36119 15067  21051%* 23.0
99 20557 0393 126 e 078 43932 9619 34313 97154
870 19505 0354 105  j3gec 092 33195 11460  217.34% 92,6
koohdasht 24324 0551 097  egge 123 38685 15204  23391%* 4552
pishtaz ~ 279.65 0728 119 4w 115 54685 14301  40384%*  20020.4
sardari 24704 0568 114 9uqn 108 45606 13382  32225%% 70225
sivand 30076 0893 077 gy w180 42098 22315  206.82** 48
871 16414 0251 124 o w063 34354 7843  26511% 18833
LD 551 1687

W a0 SO v (05 (S ey A 6l sire Dgld (S i B> S5 s BBl glls sla Sl
Boys SO g g JSo ] mhaw jo e (g (o 5 4y e
Means with at least one common letter have no significant difference at 1% probability level, based on Tukey test.
*,**: significant at 1% and 5% probability levels, receptively.
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Table4. Correlation coefficients between susceptibility and tolerance indices and genotype yields under normal
and stressed conditions

TOL GMP STI
TOL 1
GMP 0.485™ 1
STI 0.378" 0.954™ 1
Ssl 0.564" -0.379" -0.387"
MP 0.666" 0.975™ 0.909™
YS 0.133" 0.930™ 0.924"
YP 0.855" 0.868" 0.782"
YI 0.133 0.930** 0.924**

SSI

1
0.249™
-0.669™
0.092"

-0.669**

MP YS YP YI
1
0.829" 1
0.956" 0.623" 1
0.829** 1 0.628** 1

*, **: significant at 5% and 1% probability levels, respectively.

cdo,0 S g il e jo ls e o Ay e

Table 5. Results of factor analysis based on drought tolerance and susceptibility indices

Index Factorl Factor2
STI 0.969 0.031
GMP 0.997 -0.039
Yi 0.943 0.325
MP 0.965 -0.253
TOL 0.450 -0.878
SSlI -0.411 -0.890
Variance 412 1.73
Var% 0.688 0.289
Total variance 0.977
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Figl- Groupping of 36 bread wheat genotypes based on tolerance indices and mean of grain yield in stressed
and non-stressed conditions using ward method and Euclidian distance.
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Table 6 -Average vector of clusters based on tolerance indices and grain yield

Variable Clusterl Cluster2 Cluster3

Yi 0.55 -0.79 0.64
TOL 0.79 --0.18 -1.11
GMP 0.78 -0.76 0.15
STI 0.81 -0.73 0.03
SSI 0.09 0.61 -1.47
MP 0.87 -0.71 -0.11
YP 0.92 -0.57 -0.52
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Table7- Memberships of groups derived from cluster analysis with the average and deviation of the total

average for tolerance indicess

Index Yl STI MP GMP Genotypes Group
Group average 1.28 0.639 289.38 253.38 198 176, 1553, ,11.113
910, ,9016-894 689, 3798, Tolerant
Deviation From Total 0.28 0.217 74.65 57.62 Kohdasht, pishtaz, 99,
mean Zagros, Sivand
Group average 0.639 0.223 170.05 139.47 150, 1800.1,
2095,2191,422, 48,76,744, Sensitive
Deviation From Total -0.361 -0.199 -53.68 -56.29 8031,836, 822, 90,
mean 9050,870, 168
Group average 1.308 0.421 214.73 207.73 1637, 2047, 871,890,2103
_ Sardari, Azar2 , Semi-
Deviation From Total 0.308 0.01 -9 11.968
Tolerance
mean
Total average 1.00 0.411 223.73 195.762
[ sardan
[ _—
L ™

291

%030

=

150

5 | ¢

168

ol alis o0 sUPGMA i) & i sladss ayjod o579 ,000 =Y IS0
fig 2- Denderogram of clustering of 36 genotypes by UPGMA method and Dice coefficient
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Table 7- y *Analysis for relationship between two grouping criterions ( tolerance indices and SSR markers)

based on indices

Semi-tolerant+Tolerant Susceptible Total
Group A 21 4 25
(14.58)* (10.42)
Group B+C 0 11 11
based on SSR (6.42) (4.58)
Total 21 15 36
¥ =22.176 DF=1 P =0.00

W3 oo i 1y 09,5 ja o jUail o g0 olows il Sl slael*

*Numbers in parentheses are the expected value in each group.
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Table 8- Informative bands that correlated with drought indices and grain yield at stressed and non-stress
conditions
Dependent variable Marker-allele Regression coefficient R?

(Independent variable)

Grain yield /m? WMC-307-2 1177 30.2

in non stress condition -

WMC-307-3 79 14

WMS-198-3 102™ 22.6

WMC-322-1 98.6" 16.5

WMC-322-3 104™ 23.4

WMC-322-4 106™ 25

WMS-118-1 96" 14.4

WMS-118-3 112" 26

WMC-179-1 116™ 30.6

WMC-179-2 104™ 24

WMC-179-3 90.4" 17.6
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Continue of Table 8 )

WMS-108-4 776 12.1

Grain yield /m? WMC-307-2 7357 40
in stress condition WMC-307-3 46™ 16
WMS-198-3 42" 12.8

WMC-322-3 58.1" 24.5

WMC-322-4 46.2" 16.1

WMC-179-1 49.1" 18.3

WMC-179-2 50.8™ 19.6

WMC-179-3 59.5™ 25.7

WMC-179-5 -45.6™ 15.1

WMS-149-1 41 12.5

Do )0 G g do o iy e jo (65l Se odims lid s 5 A
*, **: significant at 5% and 1% probability levels, respectively

A Jgoaz dalol
Continue of Table 8
Dependent varible Marker-allele Regression coefficient R?
(Independent variable)

WMC-307-2 83.17 32
WMC-307-3 56.2" 152
WMS-198-3 66.8" 206
WMC-322-3 70.7" 231
GMP WMC-322-4 61.6™ 182
WMC-179-1 76.2" 281
WMC-179-2 74.4" 269
WMC-179-3 715" 236
WMC-179-5 -67.2" 209
WMC-307-2 0.284" 281
WMC-307-3 0.210™ 154
WMS-198-3 0.256™ 225
WMC-322-3 0.252™ 214
WMC-322-4 0.229™ 183
STI WMC-179-1 0.285" 286
WMC-179-2 0.279™ 273
WMC-179-3 0.253™ 212
WMC-179-5 -0.250™ 215
WMS-118-3 0.222" 176
WMC-307-2 8457 306
WMC-307-3 58.3" 148
WMS-198-3 66.3" 184
WMC-322-3 707" 209
MP WMC-322-4 65.2" 185
WMC-179-1 78" 267

WMC-179-2 724" 23
WMC-179-3 71" 211
WMC-179-5 -608" 181

Aoy S5 g ho 0 gy g j0 (60 giae onued L ol 4y gk
*, **: significant at 5% and 1% probability levels, respectively.
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