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Table 1. Characteristics of the rainfed wheat genotypes used in this study 

No. Name/Pedigree Type Origin
†
 

1 Sardari Cultivar IRAN 

2 Azar2 Cultivar IRAN 

3 Rasad Cultivar IRAN 

4 Ohadi Cultivar IRAN 

5 Saein Cultivar IRAN 

6 Azar2/87Zhong291-149 Promising line IRAN 

7 Varan Cultivar IRAN 

8 Homa Cultivar IRAN 

9 F10S-1//ATAY/GALVEZ87 Promising line IWWIP 

10 Seafalah/3/Sbn//Trm/K253 Promising line IRAN 

11 Sardari-101 Promising line IRAN 

12 Unknown11 Promising line IRAN 

13 Sabalan/4/Vrz/3/Or F1.148/Tdl//Blo Promising line IRAN 

14 F134.71/Nac//Zombor Promising line IWWIP 

15 HN7/OROFEN//BJN8/3/SERI/4/ Promising line IWWIP 

16 F130-L-1-12/LAGOS Promising line IWWIP 

17 Sara-PBWYT-85-86-22-5 Promising line IWWIP 

18 PYN/BAU//BONITO Promising line IWWIP 

19 Sabalan/84.40023//Seafallah Promising line IRAN 

20 SUBEN-7 Promising line IWWIP 

†: IWWIP, International Winter Wheat Improvement Program. 
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Table 2. Adapters and primer combinations used for AFLP analysis of wheat genotypes 
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Table 3. Descriptive statistics and broad-sense heritability of different traits of wheat genotypes in average years 

Trait
†
 Condition Mean Min Max GCV (%) PCV (%) 

2

bsH (%) 

DH Supplementary irrigation 201.15 196 207 1.01 1.06 91.44 

 Rainfed 197.13 193 202 0.61 0.75 64.71 

PH (cm) Supplementary irrigation 122.45 86.10 163.06 6.56 9.64 46.31 

 Rainfed 110.49 73.44 174.43 13.02 16.21 64.47 

SL (cm) Supplementary irrigation 10.66 8.48 12.82 8.10 9.98 65.81 

 Rainfed 9.09 6.01 11.28 6.44 10.75 35.93 

SDW (g) Supplementary irrigation 1.42 0.88 2.17 16.52 20.54 64.71 

 Rainfed 0.84 0.39 1.27 18.21 21.76 70 

NSPS Supplementary irrigation 37.10 19.31 53.70 21.93 23.22 89.21 

 Rainfed 28.67 10.7 52.9 29.31 30.81 90.55 

WSPS (g) Supplementary irrigation 0.99 0.63 1.46 17.42 20.12 75 

 Rainfed 0.5 0.21 0.72 19.88 28.12 50 

PL (cm) Supplementary irrigation 42.5 30.22 54.93 11.21 13.08 73.53 

 Rainfed 37.04 23.95 52.04 12.98 16.41 62.6 

PW (g) Supplementary irrigation 0.61 0.36 1.04 23.71 25.88 83.89 

 Rainfed 0.44 0.23 0.83 20.61 30.56 45.45 

RWC (%) Supplementary irrigation 84.03 74.53 95.26 8.63 10.13 72.53 

 Rainfed 75.11 62.90 84.39 6.44 10.75 35.93 

RWL (g/g.hr) Supplementary irrigation 0.238 0.109 0.395 7.93 10.68 66.17 

 Rainfed 0.401 0.189 0.711 6.88 9.08 52.55 

TKW (g) Supplementary irrigation 46.62 32.73 56.39 10.05 11.16 82.54 

 Rainfed 34.5 21.95 48.4 12.67 15.34 68.24 

YLD (kg/ha) Supplementary irrigation 3561.7 2557.5 4941 25.28 29.32 76.45 

 Rainfed 2399 1853.08 3332.4 10.31 24.18 37.5 

†: DH, days to heading; PH, plant height; SL, spike length; SDW, spike dry weight; NSPS, number of grain per spike; 

WSPS, grain weight per spike; PL, peduncle length; PW, peduncle weight; RWC, relative water content; RWL, relative 

water lose; TKW, 1000-kernel weight; YLD, grain yield; GCV, genotypic coefficient of variation; PCV, phenotypic 

coefficient of variation; h2
bs,

 broad sense heritability. 
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Table 4. Genetic diversity statistics for eight AFLP primer combinations used in this study 
Primer 

combination 
TB PB PPB EA He Rp MI I PIC 

E-AGG/M-CTT 28 26 92.86 1.415 0.252 9.658 6.59 0.396 0.273 

E-AGC/M-CTT 13 11 84.62 1.365 0.227 4.162 2.48 0.365 0.266 

E-ACT/M-CTC 13 11 84.62 1.502 0.294 4.166 2.504 0.45 0.269 

E-AGG/M-CTC 6 6 100 1.605 0.342 3.334 2.083 0.508 0.347 

E-ACG/M-CTG 17 16 94.12 1.404 0.254 6.998 4.523 0.404 0.3 

E-AGG/M-CTG 20 20 100 1.352 0.229 7.5 5.542 0.372 0.277 

E-ACT/M-CTT 9 8 88.89 1.642 0.368 4.334 2.493 0.543 0.351 

E-ACG/M-CAA 21 21 100 1.451 0.268 8.666 6.306 0.416 0.3 

Total 127 119  11.736      

Mean 15.88 14.88 93.14 1.467 0.279 6.102 4.065 0.432 0.298 

TB, total bands; PB, polymorphic bands; PPB, percentage of polymorphic bands; EA, effective alleles; He, expected 

heterozygosity; Rp, resolving power; MI: marker index; I, Shannon's index; PIC: polymorphic information content. 

  



 �()�*) �� Q; Y�$
� � +2*3 �� ���AFLP                           Q�) ]C-E 
� / NF  �\=\�7U) G
��/ 
��.G ]
�UL/ Q���%: 1398  

365 

9�CD  5-  &�'�()�*)AFLP  +��	:
� �
/%  �!" �� #$�%�� +2*3 5- � +<=�2 &
�=�; #	��.  
Table 5. AFLP markers associated with evaluated traits in supplemental irrigation and drought stress conditions 

Trait† Condition Associated marker* P value** Adjusted R2 

DH Irrigated a16, e12 4.36E-4, 0.019 0.546 

 Rainfed h21, a3, a16, f10, h5, c12, h9 
2.7E-7, 2.8E-7, 1.2E-6, 1.3E-5, 5.4E-5, 

0.002, 0.029 
0.325 

PH Irrigated 
c2, g8, a3, g9, f3, a8, d2, e6, 

c11 

4.8E-6, 1.1E-5, 1.1E-5, 2.2E-5, 5.9E-5, 

4E-4, 4.7E-4, 0.004, 0.01 
0.376 

 Rainfed g8, c2, a3, c12 1.5E-5, 5.2E-5, 3.2E-4, 0.011 0.362 

SL Irrigated 
g7, e17, a14, d4, d2, h13, h19, 

a5, h3, g9, a15 

2.6E-5, 4E-5, 1.2E-4, 1.8E-4, 2.2E-4, 

3.9E-4, 8.4E-4, 0.002, 0.005, 0.023, 

0.038 

0.339 

 Rainfed 
d3, h14, h13, d1, e9, b2, h21, 

c3 

1.4E-6, 4.8E-6, 5.6E-6, 2.4E-4, 7.7E-4, 

5.7E-4, 0.001, 0.02 
0.373 

SDW Irrigated 
c11, b7, b3, a14, h13, a5, g8, 

a26, c5, g6, a10 

9.8E-5, 1.9E-4, 2.7E-4, 3.8E-4, 2.8E-4, 

0.003, 0.002, 0.008, 0.012, 0.039, 0.046 
0.657 

 Rainfed 
a25, e2, h13, g1, h5, b7, a9, g6, 

e16, f15, a3 

1.3E-4, 1.2E-4, 1.3E-4, 5E-4, 2.6E-4, 

5.2E-4, 0.001, 0.0013, 0.01, 0.017, 

0.025 

0.41 

NSPS Irrigated 
c11, a24, f17, h3, g4, b6, c3, 

e2, d4, g8, c9 

4.3E-5, 5.8E-5, 2E-4, 1.8E-4, 2.5E-4, 

4.8E-4, 0.001, 0.0014, 0.006, 0.029, 

0.041 

0.537 

 Rainfed a24, h6, h15, d2, e1, h2, a5 
2.6E-6, 1.1E-5, 3.3E-5, 2.1E-4, 4.8E-4, 

0.001, 0.028 
0.451 

WSPS Irrigated 
c11, b7, h21, f13, h20, f8, b3, 

d2, e1 

2.3E-6, 2.7E-6, 5.9E-6, 6.3E-6, 3E-5, 

2.9E-5, 3.9E-4, 0.004, 0.025 
0.619 

 Rainfed 
a25, b7, g9, g4, c3, c2, g8, a6, 

h9, f14, c1 

8.1E-4, 4E-4, 3.5E-4, 7E-4, 8.6E-4, 

0.002, 0.003, 0.004, 0.013, 0.029, 0.045 
0.488 

PL Irrigated 
c11, a24, f8, c4, h5, h13, g8, 

f18, b9, h19, g4 

2.3E-6, 1.1E-5, 5.6E-6, 7.4E-6, 1.4E-5, 

3.1E-5, 7.2E-5, 2.2E-4, 7E-4, 0.005, 

0.014 

0.682 

 Rain-fed 
c11, a24, e14, h9, h7, e2, g9, 

h21 

1E-8, 3.5E-9, 7.6E-8, 1.8E-7, 5.6E-7, 

4.4E-6, 7.7E-5, 9.8E-4 
0.5 

PW Irrigated 
c11, h9, h5, c3, c5, e1, a16, a3, 

b2, h4, f20 

3E-6, 5.4E-6, 8.6E-6, 1.7E-5, 1.8E-5, 

1.8E-5, 3.7E-5, 7.6E-5, 3.4E-4, 9.8E-4, 

0.006 

0.777 

 Rain-fed c11 0.011 0.44 

RWC Irrigated 
g4, a24, c11, g7, f10, f1, e16, 

a15, f8 

5.5E-6, 3.8E-6, 2.6E-5, 5.2E-5, 5.5E-5, 

1.6E-4, 9.2E-4, 0.004, 0.046 
0.381 

 Rain-fed h2, g8 0.004, 0.026 0.514 

RWL Irrigated f19 0.011 0.491 

 Rain-fed 
E2, b7, g9, b2, f20, h21, f18, 

a9, a24, g8, a16 

1.3E-8, 5.3E-8, 4E-8, 5.8E-8, 6.3E-8, 

1.1E-7, 3.1E-7, 6E-7, 1.1E-6, 3.9E-6, 

9.5E-6 

0.578 

TKW Irrigated g8, h21, h20 1.6E-5, 5.4E-4, 0.004 0.623 

 Rain-fed 
g8, h20, f14, h21, f8, e4, b1, e6, 

a25, h13, a11 

2.1E-8, 5.6E-8, 3.8E-8, 5.8E-8, 1.2E-7, 

3.4E-7, 2.2E-7, 5E-7, 1.4E-6, 7.3E-6, 1E-5 
0.708 

YLD Irrigated 
c11, f17, b6, c4, f14, a2, h5, 

e17, g6, b7, h13 

5.1E-5, 6.7E-5, 6.6E-5, 1.8E-4, 1.7E-

4, 2.5E-4, 5.5E-4, 0.002, 0.006, 0.022, 

0.039 

0.323 

 Rain-fed h20, a6, f16, g7, a11, e1 
5.2E-6, 4.8E-6, 4.9E-5, 0.03, 0.002, 

0.01 
0.409 

†: DH, date to heading; PH, plant height; SL, spike length; SDW, spike dry weight; NSPS, number of grain per spike; 

WSPS, grain weight per spike; PL, peduncle length; PW, peduncle weight; RWC, relative water content; RWL, relative 
water lose; TKW, 1000-kernel weight; YLD, grain yield. 
*: The numbers represent the alleles associated with trait in each primer combination. a) E-AGG/M-CTT;  

b) E-AGC/M-CTT; c) E-ACT/M-CTC; d) E-AGG/M-CTC; e) E-ACG/M-CTG; f) E-AGG/M-CTG; g) E-ACT/M-CTT; 

h) E-ACG/M-CAA. 

 **: The significance level of β using t test. 
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Abstract 
To identify markers associated with drought tolerance related traits under two different moisture 

conditions including rainfed (drought stress) and supplementary irrigation, an experiment was 

conducted in two consecutive years (2013-2015). Among the AFLP primers used in this study, eight 

EcoRI/MseI primer combinations produced a total of 119 polymorphic bands with an average of 14.88 

bands per marker. The average polymorphic information content (PIC) for all markers was calculated 

0.298. Based on PIC, Shannon's index (I), expected heterozygosity (He) and effective allele (EA), the 

combination of E-ACT/M-CTT was identified as the best primer combination in distinguish of the 

studied genotypes. The relationship between agro-physiological traits as dependent variables and 

molecular data as independent variables was investigated using stepwise multiple regression analysis 

method and 76 and 98 markers associated with traits were identified under rainfed and supplementary 

irrigation conditions, respectively. Under supplementary irrigation conditions, the highest coefficient of 

determination (R2) was allocated for E-ACT/M-CTC-11 marker with more than 60% explanation of 

variations in peduncle weight, peduncle length, spike dry weight and grain weight per spike and  

E-ACT/M-CTT-8 with explanation of 62% variation of 1000 grain weight. Under rainfed conditions, 

the markers E-ACT/M-CTT-8 with 70%, E-ACG/M-CTG-2 with 57% and E-ACG/M-CAA-2 with 

51%, explained the highest variation of 1000 grain weight, relative water lose and relative water content, 

respectively. The markers E-ACT/M-CTC-11 and E-ACG/M-CAA-20 explained 32% and 41% of the 

grain yield variance under supplemental irrigation and rainfed conditions, respectively. In this study, the 

marker E-ACT/M-CTT-8 explained more than 60% of the variation in 1000 grain weight under both 

experimental conditions. The results of this study can be useful in providing basic information for 

indirect selection of wheat traits using associated markers under rainfed conditions.  
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