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Evaluation of genetic diversity of barley (Hordeum vulgare L.) cultivars and
relationship among traits using agronomic characteristics and molecular markers
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Table 1. Description of 24 barley cultivars

osled el S5 adkaie
No.  Cultivar Adaptation area Growth type %, 2le

1 Kavir (WM) 5 Jutina Facultative ol
2 Eram (WM) 5 Jazns Spring ol
3 Karoon (WH) osb e e Facultative ol
4 Nimrooz (WM) 5 Jutina Facultative ol
5 Nosrat (WM) PCRTY Facultative ol
6 Torkman (WH) osb e e Spring ole
7 Reyhan 03 (WM) 5 Jotzms Spring ol
8 Jonoob (WH) osb e spS Facultative ol
9  Dasht (WM) PRt Facultative ol
10 Valfajr (CM) 5 o Jkine Facultative ol
11 Sahand (MC) sy 5 Slin S Facultative ol
12 Sahra (WM) 5 tina Facultative ol
13 Zarjo (CM) 3 o Jdine Facultative ol
14 Fajr30 (WM) 5 o Jkine Facultative ol
15  Mahalimoghan  (WH) b espS Spring ole
16 ~ Makoei (MC) oy 5 Slin S Facultative ol
17 Aras (CM) 3 o Jdine Facultative ol
18  Bahman (MC) oy 5 Slin S Facultative ol
19  Sina (WM) 5 Jotzms Spring ol
20  Goharjo (WM) 5 Jotzms Spring ol
21  Reyhani (WM) 5 Jetina Facultative ol
22 Nomar (CM) 3 o Jdine Spring ole
23 Gorgan 4 (WH)  obesef Spring ole
24 Productive (CM) 3w Jdine Spring ole

WM: Warm Mediterranean, WH: Warm & Humid, CM: Cold Mediterranean, MC: Mountain Cold
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Table 2. SSR primers specification

ESRT 355035 =8 s iE Mg o5l S e
SSR Primer Chromosome Forward Reverse Size Motif
HvHVAI 1H CATGGGAGGGGACAACAC CGACCAAACACGACTAAAGGA 136bp (ACC)5
EBmac0415 2H GAAACCCATCATAGCAGC AAACAGCAGCAAGAGGAG 247bp (AO)17
Bmag0603 3H ATACCATGATACATCACATCG  GGGGGTATGTACGACTAACTA 120bp (AG)24
Bmag0013 3H AAGGGGAATCAAAATGGGAG TCGAATAGGTCTCCGAAGAAA 155bp (CT)21
HVM70 3H CCGCCGATGACCTTCTC ACCCACGACCTATGGCAC 154bp (CA)8
HVM40 4H CGATTCCCCTTTTCCCAC ATTCTCCGCCGTCCACTC 160bp GA)7
GMSO001 SH CTGACCCTTTGCTTAACATGC TCAGCGTGACAAACAATAAAGG 134bp (CT)7,TTT(CT)2
Bmac0316 6H ATGGTAGAGGTCCCAACTG ATCACTGCTGTGCCTAGC 135bp (AC)19
Bmac0040 6H AGCCCGATCAGATTTACG TTCTCCCTTTGGTCCTTG 236bp  (AC)20
HvWaxy4a 7H AGTATCGCAGACGCTCAC GTTATGTACTCGCTCGCTC 169bp (GCAT)4
. =
L S SAMSE 38500 5 (F5 Slio (Soacer ol b Y Js
Table 3. Correlation coefficient between agronomic and morphological characteristics in 24 barley cultivars
Xl XZ X3 X4 XS X() X7 XS X9 XIO Xll XIZ X13
X > a6 5, 1
X5 S,y b5, 0.38** 1
X; 0k 0.03 0.08 1
X, Siyddb 0.05 0.22*  -045** 1
Xs @l 530 8 slaw 0.17 0.16 -0.03 -0.10 1
Xe G555 sl 0.15 0.13 0.12 0.01 0.01 1
X5 Ao Jgb 0.20* 0.24* -0.05 -0.01 -0.05 0.22* 1
Xs sy, -0.36%F -0.44** -0.04 -0.08 0.51** 0.12 -0.10 1
Xy aliw 53 4l sl 031** 0.30%* -0.08 0.01 -0.10 0.18 0.36**  -0.16 1
Xio ds im0y -037%F  -037**  -0.01 0.06 034**  -0.08 0.19 0.42**  -0.18 1
X1 & g 5 doey Sl 0.40** 0.36%* 0.10 0.19 0.10 -0.21* -0.19 0.41** -0.26** 0.42%* 1
X2 @l Odd 5 0593 0.52** 0.48%* 0.03 0.15 0.22% -0.17 -0.27** 0.48** -0.37** 0.58%* 0.45%* 1
X3 4l 3 Slae 0.14 0.13 0.17 0.17 0.26* -0.14 -0.19 0.21* 0.36%* 0.42%* 0.59%* 0.31** 1

[ DOR: 20.1001.1.15625540.1392.15.1.5.3 ]

X;s: Node.plant™
Xi3: Grain yield

X,: Days to heading X,: Days to maturity X3: Flag leaf length Xg: Leaf.plant™

X;: Tiller.plant™
* and ** Significant at 5 % and 1 % probability levels, respectively

X4 Awn length
Xj,: Seed filing period

X7: Spike length Xs: Plant height

Xo: Grain.spike™ X1o: 1000 grain weight

* %
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Table 4. Principal component analysis for 13 plant characteristics in 24 barley cultivars

Jsl add 5o p3> ol pe po ol se poler a5
Component | Component2  Component3  Component 4
Eigen vector osolsp 4.45 2.68 1.55 1.16
Variance bls 20.63 11.94 8.92
Accumulated variance ) 34.44 55.06 67.00 75.92
Days to heading 23 alis b s, 0.61 0.13 -0.06 -0.05
Days to maturity Sy b 5, 0.87 0.18 -0.11 -0.06
Flag leaf length PPSIC S -0.06 0.15 -0.06 0.87
Awn length Sy Jsb -0.43 0.27 -0.15 0.63
Node.plant” Bl 5365 sl 0.80 -0.28 0.30 -0.26
Leaf.plant” W T NN, 0.72 -0.01 0.11 -0.19
Spike length Al Jsb 0.11 0.09 0.96 -0.06
Plant height G g o5l 0.55 0.06 0.28 -0.46
Grain.spike™ aliw 5 4l sldw 0.14 0.93 0.10 -0.13
1000 grain weight Gl 058 055 0.18 0.91 -0.03 -0.06
Tiller.plant” G g 43 doy Sl -0.36 0.80 0.01 0.31
Seed filling period 4> O 0y93 0.22 0.62 -0.02 -0.46
Grain yield 4l 5 Shee -0.15 0.87 0.37 0.16
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Fig. 1. Cluster analysis dendrogram of 24 barley cultivars based on PCA data
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Fig. 2. Cluster analysis dendrogram of 24 barley cultivars based on agronomic and morphological
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Table 5. Primer bands and polymorphism information content for 24 barley cultivars
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HvWaxy4a 4.29 2.96 68.99 0.49 0.52
HvHVAIl 4.46 3.21 71.97 0.66 0.50
Bmag0603 4.58 3.42 74.67 0.52 0.67
Bmag0013 3.50 1.96 56.00 0.47 0.50
GMSO001 4.08 3.04 74.51 0.57 0.53
Bmac0316 4.96 3.71 74.79 0.64 0.64
HVM70 3.79 2.71 71.50 0.45 0.57
HVM40 4.33 2.83 65.36 0.53 0.56
Bmac0040 4.67 4.00 85.65 0.60 0.64
EBmac0415 4.62 3.58 77.48 0.67 0.63
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Table 6. Mean of observed and effective alleles and Shannon index in 24 barley cultivars

PR ol pB
S Spring Facultative

Total cultivars cultivars cultivars
Na 3.10+0.57 2.70+0.48 2.90+0.57
Ne 2.45+0.36 2.34+0.44 2.41+0.37
H 0.94+0.13 0.88+0.12 0.92+0.15

S5+ JT sl NE: Number of Effective Alleles, sis saslin J7 slaxs Na: Number of observed Alleles,

05l esLs H': Shannon Index
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Fig. 4. Cluster analysis dendogram of 24 barley cultivars based on molecular data
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Evaluationof genetic diversity of barley (Hordeum vulgare L.) cultivars and
relationship among traits using agronomic characteristics and molecular markers

Mojirsheibani, E.!, S. A. Peyghambari’, B. Yazdisamadi’, M. R. Naghavi* and
K. Ghadrdan®

ABSTRACT
MojirSheibani, E., S. A. Peyghambari, B. Yazdisamadi, M. R. Naghavi and K. Ghadrdan. 2013. Evaluation of genetic

diversity of barley (Hordeum vulgare L.) cultivars and relationship among traits using agronomic characteristic and

molecular markers. Iranian Journal of Crop Sciences. 15(1): 46-59. (In Persian).

Twenty four barley varieties were evaluated for their genetic diversity using thirteen agronomic and
morphological traits as well as ten SSR primers. Analysis of variance showed significant differences among
cultivars for all traits, indicating a high genetic diversity. Grain yield had a positive and significant correlation
with number of nodes per plant, plant height, 1000 grain weight, grainfilling durationand tiller number per plant.
Principal component analysis categorized 13 primarily variables into 4 new variables (four principal
components) representing 75.92% of total variations. All varieties were divided into three clusters based on their
quantitative traits. In group 1, most varieties were from warm regions however, many varieties in group 2 had
come from cold areas. Although some varieties with similar growth habitswere categorized in one cluster, they
were not separated based on their growth habitby clustering. Molecular genetic diversity was performed using
PIC (Polymorphic Index Content), number of effective alleles and Shannon Index. Totally 43.28 average bands
were scored of which 31.42 bands were polymorphic. Average number of polymorphic bands varied from 1.96
to 4.00 per primer. The highest polymorphic bands were related to Bmac0040 primer with an average of 4.00
bands and the lowest in Bmag0013 primer with 1.96 bands. The highest bands were observed for Jonoob and
Goharjo varieties with 4.8 and the lowest one for Reyhan 03 cultivar with 3.8 bands. The highest and the lowest
polymorphic varieties were Goharjo with 81% and Fajr 30 with 54% bands, respectively. Based on Shannon
Index, PIC and effective allele number, there was more genetic diversity among facultative varieties over spring
varieties. There was no relationship between morphological and molecular clustering which impliesthat there is
no linkage between used SSRs and studiedmorphological loci. Since SSRs are located in non-coding regions,

lack of relationship between morphological and molecular clustering is not unexpected.

Keywords: Barley, Effective allele, Genetic diversity, Principal component analysis and SSR markers.
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