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Genetic Diversity in Barley as Revealed by Microsatellite Markers and
Association Analysis of These I\/Ilarkers by Traits Related to Freezing
Tolerance
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Table 1. The characteristics of barley genotypes used in the experiment

G5 S

a)L&-n;l °J>.r-:;'
No. Genotype code Pedigree
1 EC79-10 Walfajre/Miraj 1
2 EC79-13 Kmk//Rbr/Wa2196-68/3/EBC(A)
3 EC79-18 Lignee 131//4341 N/Ortolan
4 EC80-7 YEA389.3/YEA475.4
5 EC80-11 Alger/(C110117/Choyo..
6 EC80-13 Ceres//WI12192/Emir/3/Karoon
7 EC81-11 Coss/OWB 71080-44-1H
8 EC81-13 Comp 89-9Cr-79-07/Atem//(Alpha/HC1905//Robur)/3/.
9 EC82-10 Arar/Productive
10 EC83-4 L.131/Gerbel//Ager-Ceres/3/(Scotia/Wa...)
11 EC83-5 Arar/L.1242
12 EC83-12 K-096M3
13 EC83-17 Makouee//Zarjow/80-5151
14 A1C84-7 Star/Dundy
15 Al1C84-9 F2//Radical/Karat/3/Radical/4/Xemus

16 Al1C84-12
17 Al1C84-14
18 Al1C84-15
19 A2C84-5

20 A2C84-8

21 A2C84-11
22 A2C84-12
23 A2C84-14
24 A2C84-18
25 A2C84-17

Kozir/330

26 Makouee Makouee

27 CB74-2 CB74-2

28 Rihaneh Rihane

29 KAVIR Kavir

30 73M4-C 73M4-30

31 Schulyer Schuyler

32 1.1242 L.1242

33 Aths Aths

34 EMB80-7 Rihane//Aths/Bc
35 EM80-9

Astrix(C)/3/Mal/OWB753328-5H//Perga/Boyer
Monolit/Plaisant

CWB117-77-9-7/Teran 78
Legia/3/Arizona5908/Aths//L.640
Roho/Mazurka//Dyton
Boyer(F356)126//Cem1413/Kt2085
Cyclone/Arar
Mal/OWB753328-5H//11840-76/3/Radical
Monolit/Plaisant

LB.Iran/Una 8271//Gloria"S"/Come"s"-11M/3/Kavir

sLa s> s, (Ebrahimi et al., 2010)
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Table 2. Allele number?, frequengy of more common allele®, amount of

heterozygosity®, mean gene diversity

, chromosome location® and polymorphic

information content’ for SSR markers in relation to barley genotypes

_ . ] Ol e ] o el Ol e
L I sl Lo Sl ~ 56 43 .
A S o T ST < 35555 PUCRE
Marker a b C d e f
Hvm7 6 0.259 0.00 0.809 7 0.782
Hvm63 6 0.345 0.00 0.773 5 0.739
Hvm64 5 0.333 0.00 0.760 5 0.721
Hvm5 11 0.200 0.00 0.877 1 0.865
Hvdhn9 9 0.258 0.03 0.827 7 0.805
Hvm2a 3 0.500 0.00 0.531 7 0.421
Hvdhn7 10 0.293 0.05 0.828 7 0.808
Hvbkasi 8 0.333 0.13 0.777 2 0.744
Hvmé 7 0.364 0.00 0.736 7 0.697
Hvcma 9 0.274 0.03 0.820 1 0.798
Hvm13 5 0.516 0.00 0.662 4 0.621
Hvm26 5 0.367 0.00 0.722 2 0.676
Hvm30 4 0.320 0.00 0.742 7 0.695
Hvm31 7 0.321 0.00 0.796 6 0.768
Hvm27 9 0.233 0.00 0.836 3 0.815
Hvm20 11 0.133 0.03 0.897 5 0.888
Hvm14 7 0.533 0.00 0.647 6 0.606
Hvm33 4 0.378 0.00 0.703 3 0.650
Hvm36 9 0.258 0.06 0.831 2 0.810
Hvm40 9 0.317 0.03 0.828 4 0.810
Hvm43 4 0.429 0.00 0.663 5 0.600
Hvm9 8 0.243 0.00 0.841 3 0.822
Hvcsg-1 6 0.345 0.00 0.751 2 0.712
Hvcsg-2 6 0.286 0.00 0.768 2 0.752
Hvm4 5 0.400 0.00 0.704 1 0.625
Hvleu 7 0.290 0.00 0.778 7 0.745
Hvm54 6 0.324 0.00 0.787 2 0.757
Hvm49 12 0.167 0.00 0.896 1 0.868
Hvm51 5 0.438 0.00 0.701 1 0.655
Hvm65 5 0.321 0.00 0.740 6 0.693
Hvme60 9 0.231 0.00 0.852 3 0.835
Hvm67 11 0.367 0.00 0.811 4 0.794
Hvm68-1 7 0.267 0.00 0.827 4 0.804
Hvme68-2 7 0.226 0.00 0.843 4 0.823
Hvm70 5 0.267 0.00 0.782 3 0.747
Hvm74 21 0.156 0.25 0.927 6 0.923
ok 7.44 0.314 0.03 0.780 0.748
S Ol il 0.53 0.015 0.016 0.014 0.016
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Table 3. Mean gene diversity (MGD) and polymorphic information content (PIC) of
microsatellite markers for 2- and 3- nucleotide sequence repeats in 35 barley
genotypes

Number of nucleotide repeats
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S5 el

Genetic parameter

3 4

MGD

0.78

0.83 0.77

PIC

0.74

0.81 0.74
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Fig. 1. Grouping of barley genotypes using the Neighbor-Joining algorithm and
distance coefficient of Kimura 2-parameters
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Table 4. Name, chromosome location and regression coefficient of informative
markers for traits related to freezing tolerance in studied barley genotypes

e ot SN e S ek Ogm S5l ol 3 bl O g 85 s 5
Trait Informative Chromosome Regression Standardized regression
marker number coefficient coefficient
Hvleu (g 7 2.88+0.39 0.743
Hvm49 1 5.36 £ 0.95 0.538
LT50 Hvm74 B 6 -3.41+ 0.66 -0.478
Hvme6 ( 7 -3.46 +0.72 -0.485
Hvm13 (b) 4 -1.57£0.43 -0.353
Hvm49 1(? 1 -47.52+ 6.91 -0.523
Hvm64 5 -20.60 £2.77 -0.596
—5°C 3 Sleos Aoy Hvm64 (e 5 -12.97 +4.58 -0.239
% survival at -6°C Hvm74 (a 6 -33.89 +6.90 -0.374
Hvm13 (e 4 -24.41+£ 5.67 -0.374
Hvm40 (b 4 -11.69 +3.59 -0.267
-10°C 5 e o3 oo Hvm68 Eeg 4 -50.15 $10.34 -0.592
% survival at -10°C Hvml14 (e 6 63.00 £17.32 0.444
Hvcma (d% 1 0.038 £ 0.008 0.35
Hvm49 (b 1 0.055 + 0.008 0.51
b 50 Hvm5(g) 1 0.062 #0.01 0.41
70 Hvm64 ga 5 0.035 % 0.007 0.39
Crown fresh weight Hvm33 (a 3 0.017 + 0.004 0.27
Hvcma %g 1 -0.017+ 0.004 -0.28
Hvm27 (e 3 0.014 + 0.005 0.21
&b oSis 05 Hvmb5(c) 1 1.68 + 4.823 0.444
Crown dry weight Hvm70 (d) 3 -2.62 +0.906 -0.407
o Hvdhn9(e 7 0.020 + 0.408 0.63
woals OT Aoy HvmeO0 (a 3 -0.039 + 0.008 -0.50
Seedling moisture Hvm26 (c 2 0.012 £ 0.003 0.39
Hvcsg (e) 2 0.013 + 0.004 0.33
s T MW (3 e Hvdhn9 (e) 7 0.005 £ 0.002 0.45
Relative water loss
Hvm9 ge) -0.44 £ 0.068 0.36
Hvm5(f) 1 0.65 +0.071 -0.45
Hvcma (d) 1 0.88 + 0.097 0.42
B Hvmb5 (c 1 -0.83+£0.134 -0.28
@5 of do ) Hvm30 (a 7 -0.44 +0.068 -0.35
Crown moisture Hvm67 (a 4 -0.79 £ 0.132 -0.27
Hvm26 (d 2 -0.43£0.084 -0.24
Hvm5 (h) 1 0.43 +0.077 0.27
Hvm31 gd; 6 0.35£0.076 0.22
Hvme68 (d 4 0.26 = 0.083 0.15
Hvcma (d 1 0.29 £ 0.04 0.729
Hvma30 (a 7 -0.17 £0.02 -0.716
S Hvm64 (d 5 -0.08 £ 0.015 -0.408
S P Hvm5 (a 1 -0.14 +0.03 -0.337
Leaf fresh weight Hvm33 (c 3 -0.085 + 0.018 -0.317
Hvme5 (a 6 -0.176 + 0.05 -0.315
Hvmb (j) 1 -0.05 +0.02 -0.196
Hvm9 (e 3 -0.57 £0.091 -0.37
Hvm5 (c 1 -1.27+0.18 -0.35
Hvm5 1 0.70 £ 0.09 0.39
E T Hvcma (d 1 1.14+0.136 0.43
YO Hvm30 (a 7 -0.65 + 0.09 -0.43
Leaf moisture Hvm67 (a 4 -1.09 +0.181 -0.29
Hvm?26 (d 2 -0.58 £0.116 -0.26
Hvms5 (h) 1 0.37 +0.101 -0.19
Hvbkasi (c) 2 -0.28 £ 0.088 -0.17
_ Hvcma (d 1 0.26 £ 0.052 0.48
el 5055 Hvm30 (a 7 -0.15+£0.031 -0.46
Seedling fresh Hvme64 (d 5 -0.12 £ 0.03 -0.42
weight Hvm63 (f) 5 0.23+0.073 0.31
Hvm49 (b) 1 0.16+ 0.052 0.30
_ Hvmb (c 1 4.32+0.992 0.457
ealS oS 0 Hvm5 (g 1 5.35+1.028 0.566
Seed"ng dry Weight Hvme67 ( ) 4 3.04£0.716 0.448
Hvm4(e) 1 -1.30+ 0.408 -0.353
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