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Table 1- Name and pedigree of barley genotypes in this study.

%MS}»} o)Lo..is oj.>=.ll.i¢l.> %};5 o)l.q...ir oj.>=~l"vl.i¢l.>
Number Genotype Name or pedigree Number Genotype Name or pedigree

1 Youssef 21 EB-86-6
2 Izeh 22 EB-86-4
3 NB 17 23 EB-86-3
4 NBS5 24 EB-85-5
5 L4 Shori 25 EB-87-20
6 Nimroz 26 EB-88-1
7 Kavir 27 EB-88-3
8 Prodogtive 28 EB-88-4
9 Bahman 29 EB-88-5
10 36 Motadel 30 EB-88-7
11 31 Motadel 31 EB-88-10
12 28 Garm 32 EB-88-14
13 24 Garm 33 EB-88-16
14 21 Garm 34 EB-88-19
15 EC-84-10 35 Bomi
16 45 Motadel 36 Rihane
17 EC-82-11 37 Arass
18 EC-81-13 38 Goharjow
19 MB-82-12 39 Karoon
20 EB-86-14 40 EB-88-2
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Table2- Primer combination used for AFLP analysis.

EcoRI (sla S5l

Msel sla S5

EcoRI Primer Msel Primer
VU DNA Ji s <=U DNA &

Name Sequencing DNA Name Sequencing DNA

E060 GACTGCGTACCAATTCAAG M150 GATGAGTCCTGAGTAAAGA
E070 GACTGCGTACCAATTCAAT M160 GATGAGTCCTGAGTAAAGT
E080 GACTGCGTACCAATTCACG

E090 GACTGCGTACCAATTCACT

E100 GACTGCGTACCAATTCAGT

E110 GACTGCGTACCAATTCATC

5 Koodd aod= O 95 5l &5 Spse (pl
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! General Linear Model.
2 Mixed Linear Model.
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Table 3: The three used statistical models for doing of association analysis of AFLP

markers and phenotypic traits.

Joe o3laiul 35 g0 0315 40 gaes
Model Used data set
1: GLM* Phenotype + AFLP
2: GLM Phenotype + AFLP + Q°
5: MLM® Phenotype + AFLP + K+ Q

(s 3os > Ju =a: GLM: General linear model

blawl cod y Jool b Comex 5L slaesls b: Q: Population structure data or Inferred ancestry of individuals

NP

bl s Juas =c: MLM: Mixed linear model

d: K: Kinship data derived from general similarity in genetic background arising from shared kinship
SRl 5 1 U S5 Ay Blod 13131 IS gl 5 ol skigliy 5 (slaesls
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Table 4- Statistical of genetic diversity for 7 primer combination in this study.

L3 . b
sl g Sl b Vsl e L
sewices S g e Lo SO wm e
Primer Jodr Total. ) . 7 e s
combination Poly. Bands d&w\«o- Effective Nei gene Shannon
Bands Poly. PIC Allel Number  diversity index
Percentag
E80-M150 28 30 93.33 0.29 1.56 0.34 0.52
E90-M150 38 40 95 0.42 1.68 0.38 0.56
E100-M150 32 35 91.42 0.31 1.56 0.33 0.50
E110-M150 27 32 84.37 0.41 158 0.33 0.53
E80-M160 29 33 87.87 0.30 1.35 0.25 0.42
E90-M160 37 38 97.36 0.40 1.74 0.40 0.59
E100-M160 36 37 97.29 0.42 1.71 0.40 0.59
Js 227 245 646.46 2.55 11.08 2.45 3.71
UKJLA 32.42 35 92.37 0.36 1.58 0.35 0.53
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N R WY

STRUCTURE 33l
4 Corer
“Camerr sl 0 v_aljé L oo slize
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O T N R R
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&b o (Dadras, 2012) 54 Lol askis
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Table 5- statistics calculated for optimum K using the software STRUCTURE.
AKY L'K)F L(K) Stdev L(K)* K

0 - - 1234 47905 1

0.02 -1.6 31542 7391 -4475.07

439 -2029 31382 46.19 -4161.24
0.06 -8.4 110.92 120.44 -4050.31
0.80 -90.75 102.52 113.28 -3947.79
0.32 28.4 11.77  87.74 -3936.01
.72 9257  40.17  53.60 -3895.84
090 -137.25 -52.4 151.51 -3948.24
0.89 417.74 -189.65 466.65 -4137.9
3.11 -228.08 228.08 73.21 -3909.81 10

|2°(&)|/Stdev g | L'(K),, = L'(K) ey ¢ L(K), — L(K) ey b K sl a5 LP(D) Sitoa

O 03O\ B~ W

AK

K g sl s gl p b 95 45 508 - S

Figure 1- Bilateral chart to determine the optimal number K.
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Fig 2: Bar plot of population structure as inferred by STRUCTURE and 227 AFLP
markers data set, partitioned into K coloured segments (K=3). The genotypes names
with their numbers exist in the table 1.

Table6- Member percentage of genotype taken based on the results of STRUCTURE
software.

Loy Loy Aoy Loy doss dos
Sy T T T e T e e
Numb Genotype Less 2e0s 30 Number Genotype Less 2 3
er Member Member Member Member Member Member
percentage percentage percentage percentage percentage of percentage of
of group 1 of group 2 of group 3 of group 1 group 2 group 3
1 Youssef 0.003 0.854 0.143 21 EB-86-6 0.367 0.632 0.001
2 Izeh 0.005 0.992 0.002 22 EB-86-4 0.494 0.478 0.029
3 NB17 0.485 0.511 0.004 23 EB-86-3 0.098 0.902 0
4 NBS5 0.78 0.007 0.213 24 EB-85-5 0.492 0.507 0.001
5 L4 Shori 0.954 0.043 0.001 25 EB-87-20 0.008 0.972 0.02
6 Nimroz 0.998 0.001 0.001 26 EB-88-1 0.003 0.996 0
7 Kavir 0.803 0.041 0.156 27 EB-88-3 0.004 0.995 0.001
3 Prodogtive 0.968 0.031 0.001 28 EB-88-4 0.179 0.821 0
9 Bahman 0.998 0.001 0.001 29 EB-88-5 0.059 0.937 0.008
10 36 Motadel 0.987 0.001 0.012 30 EB-88-7 0.04 0.942 0.018
11 31 Motadel 0.996 0 0.003 31 EB-88-10 0.01 0.968 0.022
12 28 Garm 0.997 0.001 0.001 32 EB-88-14 0.018 0.96 0.023
13 24 Garm 0.985 0.008 0.007 33 EB-88-16 0.006 0.983 0.012
14 21 Garm 0.993 0.005 0.002 34 EB-88-19 0.003 0.994 0.003
15 EC-84-10 0.981 0.018 0.001 35 Bomi 0.012 0.789 0.2
16 45 Motadel 0.847 0.152 0 36 Rihane 0.001 0.999 0.001
17 EC-82-11 0.005 0.986 0.009 37 Arass 0.001 0.171 0.827
18 EC-81-13 0.322 0.671 0.007 38 Goharjow 0.004 0 0.995
19 MB-82-12 0.164 0.832 0.004 39 Karoon 0 0.001 0.999
20 EB-86-14 0.475 0.523 0.002 40 EB-88-2 0 0.297 0.72
L STRUCTURE i3l ¢ b Comer lla o038 YYO G, &S lasdlae s
codlg SSRKLas 8 glaesls 51 sl VF 5 eslizad L (SBCC exy WO Jald)
sboss plo 5l psma b oLkl Glaes s s plal g p 5 dsb 53 SSR S

)
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Table 7- The results of association analysis between AFLP markers and different traits
in normal and flooding stress with tolerance index using three statistical models.

wjngdu»lck.ﬂ):)\:v;m&uﬁw M):@JL;:;-\CEMJ:JBJ\ML;L@QUJ
Significant markers in 1% probability level  Significant markers in 5% probability level
Cdo o Model 1\ Ju Model 2 ¥ Ju Model 3 ¥ Ju
Trait Marker Iz CJM R JlezI CJM R2 S Jlez| Cla.ﬂ R2
Prob Prob Marker Prob

YNI1* E80M 15022 0.0011 0.55 0.0023 0.42 E100M 15011 0.01625 0.23

E90M16037 0.0024 0.41 0.0018 0.36 E90M16037 0.00898 0.27
E100M16024 0.0084 0.27

E100M15028 0.0044 0.37 0.004 0.40 E100M 15026 0.02824 0.21

YN2 E100M15032 0.0044 0.37 0.004 0.40 E80M1501 0.04552 0.18

YN3 E80M16014 0.04977 0.11

E100M16022 0.0233 0.22

E80M1501 0.02761 0.21

E90M 16035 0.0041 0.37 0.0084 0.35 E90M16035 0.01978 0.23

E90M 16037 0.0032 0.39 0.0054 0.38 E90M16037 0.00582 0.32

YN4 E80M1501 0.018 0.24

E90M15020 0.03851 0.12

E80M1608 0.01253 0.18

E110M1501 0.04361 0.11

E80M1601 0.01622 0.17

E80M16016 0.01964 0.16

E80M16017 0.01622 0.17

E90M16023 0.002 0.42 0.0059 0.31 E90M16023 0.02285 0.22

E100M15011 0.043 0.18

E100M 15028 0.04595 0.18

YN5 E110M1505 0.0385 0.12

E110M15013 0.03942 0.12

E90M1508 0.0039 0.48 0.003 0.52 E110M15022 0.02786 0.14

E90M15015 0.009 0.42 E100M 16012 0.0268 0.26

E90M15016 0.0067 0.44 0.0091 0.45 E100M 16027 0.0126 0.32

E90M15020 0.0083 0.46 E100M16033 0.0204 0.28

YN6 E100M15010 0.007 0.34 E90M15037 0.0437 0.18

E90M16023 0.0034 0.39 E100M1609 0.04099 0.18

E80M1501 0.04245 0.18

E80M16014 0.03748 0.12

YN7 E100M1506 0.02148 0.22

E110M15013 0.02608 0.14

E90M16023 0.0052 0.36 E110M15010 0.02005 0.15

E90M16023 0.03048 0.19

E100M 15019 0.0337 0.19

YN8 E110M1509 0.03611 0.12

E110M15019 0.02875 0.13

E100M15028 0.0000 0.78 0.0000 0.78 E100M15032 0.04428 0.18

SSI E100M15032 0.0000 0.78 0.0000 0.78 E110M 15025 0.04264 0.12
E90M15013 0.0064 0.44

E100M15026 0.0032 0.41 E110M 15022 0.03727 0.12

E80M1501 0.01702 0.24

GMP E90M16013 0.03311 0.20

E90M16037 0.04414 0.18

E100M 16034 0.0346 0.20
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(continue of Table 7) V Jsia 4aldl
E100M 15026 0.0028 0.42 E100M 15026 0.03278 0.20
E90OM16013 0.02603 0.21
STI E90M16037 0.04038 0.19
E100M 16034 0.03688 0.19
E100M15028 0.0042 0.37 0.0015 0.40 E100M 15026 0.04496 0.18
TOL E100M15032 0.0042 0.37 0.0015 0.40 E100M1602 0.03751 0.198
E90OM16016 0.0076 0.33
E90M15013 0.0081 0.40

E110M15014 0.0000 0.55 0.0012 0.35 E110M15014 0.04658 0.11287
E90M1607 0.0083 0.33 E90M15027 0.03718 0.19247
E100M1605 0.0056 0.35

E100M1606 0.0000 0.49 0.0096 0.25

YI E100M1607 0.0056 0.35
E100M16015 0.001 0.46
E110M15015 0.0036 0.30
E90M16024 0.0043 0.29
E100M16036 0.0085 0.26

E100M15028 0.0000 0.78 0.0000 0.78 E100M15032 0.04428 0.18249
YSI E100M15032 0.0000 0.78 0.0000 0.78 E110M15025 0.04265 0.11812
E90M15013 0.0064 0.44 E110M15014 0.04858 0.11146

E80M15011 0.0049 0.46 0.0000 0.78 E90M 16035 0.04863 0.16503
E80M1502 0.03879 0.17855

E80M1504 0.0232 0.20996

YS1#* ESOM1505 0.04411 0.17084
E80M1506 0.03228 0.18966

EL10M15014 0.0000 0.55 0.0012 035 EIIOMI5014  0.04693 0.11247
E9OM1607 0.0084 0.33 E9OM 15027 0.03706 0.19266
E100M1605 0.0056 0.35
E100M 1606 0.0000 0.49 0.0096 0.25
E100M 1607 0.0055 0.35

YS2 E100M16015 0.001 0.46

E110M15015 0.0036 0.30

E90M16024 0.0043 0.29

E100M 16036 0.0084 0.26

E90M15036 0.0026 0.50 E110M15014 0.02064 0.15496
E110M1504 0.0034 0.39 E110M15015 0.0114 0.2477

E110M15014 0.0000 0.66 0.0000 0.46 E90M15027 0.04307 0.18215
E90M1607 0.0000 0.48 0.0067 0.28 E90M16016 0.03358 0.19803

E90M16015 0.0048 0.36
YS3 E100M 1604 0.0022 0.41

E100M1605 0.0036 0.38

E100M1606 0.0000 0.51 0.0059 0.28

E100M1607 0.01 0.31
E100M16015 0.0000 0.49 0.0057 0.28
E90M 16024 0.0048 0.29
E110M1504 0.0014 0.44 E110M1504 0.01398 0.17775
E110M15014 0.0027 0.40 0.0082 028  ESOMI16015 0.04782 0.11178
E90M 1607 0.0027 0.40 E90M 16030 0.04473 0.18108
E90M 16010 0.0025 0.41 E110M15022  0.02043 0.15667
E90M16015 0.0012 0.45 E90M16016 0.0252 0.21818
YS4 E90M16018 0.03471 0.19732
E90M16022 0.03305 0.2005
E90M 16037 0.0357 0.19551

oy



(\vay QL'L..AU Y ooyled A 5)‘93) ‘_;,'”L.':S ‘53}‘}&'}‘9 d:u

(continue of Table 7) V Jsa 4aldl
E110M15014 0.0024 0.41 E90OM15027 0.02699 0.21461
YS5 E100M 1606 0.0079 0.33 E110M15022 0.04087 0.12033
ESOM15011 0.0057 0.42
E90M15029 0.0036 0.48 E90M 15029 0.04066 0.18825
E90M15032 0.0036 0.48 E110M15014 0.03443 0.12945
E90M15035 0.006 0.45 E110M15022 0.02868 0.13914
E90M15036 0.0012 0.54 E100M 16034 0.03717 0.19403
E100M1506 0.0068 0.34 E9OM15015 0.04643 0.17975
E110M1506 0.0059 0.35 E90M16016 0.04124 0.18735
E110M15014 0.0000 0.64 1.93E-04 0.45 E100M16016 0.02929 0.20954
E110M15021 0.0052 0.36
E110M15022 0.0035 0.39
E90M1604 0.0082 0.33
vS6 E90OM1607 0.0019 0.42 0.0043 0.31
E90M16024 0.0045 0.37 0.0011 0.38
E100M 1604 0.0000 0.52 0.0058 0.29
E100M 1605 0.0000 0.50 0.0094 0.27
E100M 1606 0.0000 0.60 0.0011 0.37
E100M 1607 0.0015 0.44 0.0076 0.28
E100M 16015 0.0000 0.61 0.0000 0.38
E110M15015 0.0024 0.34
E90M16020 0.0043 0.31
E100M 16034 0.0039 0.31
E110M1504 0.0048 0.36
E110M15014 0.0000 0.50 0.002 0.38
E9OM1607 0.0069 0.34
E100M 1606 0.0061 0.35
E8OM15011 0.0053 0.42
E110M15022 0.02518 0.14579
YS7 E90M1509 0.03894 0.19055
ES8OM16020 0.0045 0.40 E80M16020 0.04679 0.11098
YS8 E100M15019 0.04137 0.18291
E100M 15022 0.01773 0.23745

YNS i, S 055 :YN4 iy, 5 055 :'YN3 cads = YN2 cais; Job :YNL JUo 5 daul,d s s 5,8 o300 Solaw

ui'..:.':' .h.ﬂfi .h.w_,.’ue PR E 6,_5/ ej‘.\.ﬂ Olap ki d.‘}“ ruﬂ SKis E3Y) :'YNS cAnia J\g.‘:- :'YN7 i J.ks :'YN6 s ch—n
J\g{ YS7 gAn:iJ J.ks YS6 cﬂ\-:-_i.) ch—d YSS g4n:ij K 0); YS4 g4—:i_._; JS Q_)} YS3 M-:eh) r-"r-"- YSZ M-:e*_) J}b YSI

weight.

*: Evaluated traits in normal condition. YN1: Root length, YN2: Root volume, YN3: Root fresh weight,
YN4: Root dry weight, YN5: Root surface, YN6: Root diameter, YN7: Root density, YN8: Shoot dry

*%; Evaluated traits in stress condition. YS1: Root length, YS2: Root volume, YS3: Root fresh weight,
YS4: Root dry weight, YS5: Root surface, YS6: Root diameter, YS7: Root density, YS8: Shoot dry weight.
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Abstract

According to the importance of studies of abiotic stress, present study was done in order to
identify of molecular markers with significant association to flooding stress tolerance in
barley. This study carried out using of AFLP markers and 40 barley genotypes. Generally 22
variables in both normal and flooded, eight characters including shoot dry weight, length,
volume, wet weight, dry weight, leaf area, root diameter and density tolerance was assessed
with six indicators (SSI, STI, GMP, TOL, YI and YSI). Seven primer combinations of EcoRI
and Msel a total of 245 bands were produced, of which, 227 bands were polymorphic and had
an average of 92.37 percent polymorphism. Three combinations E90-M160, E100-M160 and
E90-M150 had higher values of genetic variation compared to other combinations and were
more effective in distinguish of genotypes. Association analysis was performed using
structure matrix and statistical models of GLM and MLM by using of TASSEL software for
22 variables. The MLM model in 5 percent probability level identified 87 markers related to
evaluated traits. According to the results of association analysis in normal condition the
highest of coefficient of determination was for EI00M 16027 with explanation of 32 percent
of root diameter variation and for tolerance indices and stress condition the highest coefficient
of determination were for EOM1501 and E100M15022 with 24 percent explanation of
variation of GMP index and shoot dry weight respectively.
Keywords: Assosiation analysis, Population structure, Flooding stress, AFLP Markers.
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