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

o . Fo . v Y X Vo, )
015508 LS5 (558 Lo yhaes ¢ (Shand (833 yog ¢ (S oy ok ¢ Slud s Ol

oS>

,galjjéuv_f;ujmu;ﬁ\lﬁou_.p;,:_!w)“é::j@:_;l{,',l O10)08 .5 9 (Sgd 3P (SO (8O3 D (S gk Ea v bl ( Slwd e
£1-0:(1)10 .l pl (£l2) poke dmo i 06,1 55 IS e sla Sl

03 ot wind 57 51 3 dxlllae 3390 (I 90 9 (K 5909990 L3 Dlao f oSliiel b g2 o35 VE S5 £955 Gui cpf 58
N3 (2L Dg=0 Ol y=gF oIS (559Lis” 0usTiils  JSlindoni 4oy 30 58 1WAA-AR (o153 Jlo 58 <O 3algd 90 9 (215 Ce
Olio il 519 49 755 b5 .o 5 D90 SSR FHET i Vo 31 0dliil b pB,I o (J9K909 (ShB5 EGN (wy g - 5
Olio (Gl YU Kb ) 945 oiddd Ol 45 Sbld 8929 (5110 (o DL (Dlao 4uls” L35 31 pB 5l dodd g 457 SIS OIS &7
I3 039 cddgs EWH dBlw 55 0 F Sl Dldo b (G118 (x0 § Cule (o 4315 3 hos .09 Wi giF o 30 (w2 Syg0
28 4 3g—0d (G g F Jol dilgn Hlgzr CIB 1 1) 49l piio VT Lol (Slrddlgo 4 4y 1T LD digy 5O domiy Slowi g Lild
J9109 35 P31 .0l ol 09 55 dw 49 92 PB I AT Dlho wlul p . A8505 A3 [y 57 Ol ki 31 o 58 YO/AY £g02x0
2% 4lio Gy wale b pBYI Sl (B a1 .31 598 pd g Gblio 4 L gy 10 £93 095 PBII 9 (S o 5 Gl 4 by y0
L pLE,l J9-Tg0 Egmid bl Xl SO0 3 Ay Wle 5 31 1) 5T il g pB 31 (S 09 57 (J9 hiid 5~ 51 5 o Hbs”
4 SSR 195 £1/Y puSile 9 M (6 ™ 031l Ogilds Lyl 9 Fgn T 815 ¢ ACH wir OleMo! (5l gixo S ol sl 1 oLk
Do gmiin FILET B (Sl t/e B1/A 31 MCh Nz S 5198 S1Ax Lawgio . NSgr Kb Wi 5193 TY/E Ol ¢ 31 & T Cawd
9= 31 1/2 L Bmag0013 5 35LET du Lgs o OT oy 505 9 5193 ¢/« L BmMac0040 F5ET 4 Lo JCh Nz Hlgi (g9 sl
AV b g pgF 0909 *TObu) 085 4 L2y (MA) Slg (2 5087 3 9 295 9 D9 PB4 b2y (E1A) 19 (2 il Lrwgie
1) 9= oy g0 (Ml iz Ao )8 08 LY. oxd 085 9 £aid oy yuby (G151 oud o lin (S lg5 Faammo O (Mh W o yd
D= o)l PBHI 31 i ol pBLT 5O S Eaid (ACH Wiz OleMb! Ol § a0 PT 10w (gile (o ls (wlal g . iRbld
3350 SSR (sl LI 45 awd 0 UiS Fabgn oyl AW Céilln ST 90 S 0018 b (S 5gfgd 90 (S 0310 (S 09 5
S ;L 4yl & drgi b A1 4xlllan 390 (SO 59999390 Wlho oS J 5 SO b (Siwgw § S5 b5l ool
59398390 BLaodIs L Jog0 Slaosld (s 09 5w BTN P 5318 5,3 pgif oias”™ U5 pé g5 30 Guwe SSR
S I 51590

SSR sl Silis 9 Lol (Srddlan (92 (K33 £ (F g0 PT i g0uls™ Sroj3ly

Ll gn Il ook 51 (iS4l DL 51 s Al ) WAVAN 1S pds b /BTl s 56
R a@taﬁéujéj),usﬁaﬁ il s ) Bl (g gmils -

@@lipey@ut.ac.ir : 5 2 ca) (oS 43150) Ol DL ol 5 el pske ezl e 016 oKils aks e 5 5058 s il -
;,\A;ali_:;\;@.n,bcuj@”usmm slel =¥

;,\A;ali_:;\;@.n,bcuj@”usmm skl -

Qlﬁsamb@bcm,@),ww;ﬁyﬂ—o

€1


https://dor.isc.ac/dor/20.1001.1.15625540.1392.15.1.5.3
https://agrobreedjournal.ir/article-1-71-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1392.15.1.5.3 ]

WAl o) ojlad oo bl MOl (21 p ke dlona”

Slaasl 5 Lacomas L sl 58l s 55 (S5
5 le sl as0lelw oLl ( ol
35l o @l 1 Lo 55 51 f e (6 8 40 g
DNA ls KLz 3 2.8 (Abdmishani ef al., 1998)
Ak Gl et Gl gy 0T 5 s 4 sl
sl 0l Dol g g0 S5 5 Do) SN e
Lolyy oy g e DLl 55 SSR LS
Odd wlal b Codo 4 b g o Soladllas 5 (oligliy o5
{(Turnpenny et al., 2005) L $& 0 o3lisl a0}

(Varshneyet al., 2009) ol,LSan 5 ol
oslaie a0 1 ICARDA 5o ol 0,5 51 g 5SS
2l als ) B eslil 35 ((SES § 55 (o) 2
(Hordeum vulgare) -<,; f'-;) AD Jels O SIS
Slestazul bos o (H. spontaneum) i3 5 65N 4
s glalis JITVRY e )3 SNPSSL2 9A
YUY oo 5ol 2 53 SSR gla T slaw
T Can s VA KL 6l 0T Lo i 5 55 ke
5SSR (sla Lt (sl o (S8 i SleDbl (g gie
5 S el Cws /YA 5 /PY 5 4 SNP
B ey shie 4 (Karim et al., 2010) o1 )Ses
3 Lolealy s o3 8 VY (sl 5 il
sl Sl jl eslizul L Martin s Manel <1, 5 o3,
sk Ol e A5l )18 5L 550 5,5 40 SSR 9 RAPD
5T oy Sl g5 53 8 (sl (@YU s 0
sl Sl ¢l JSKo dir SleMbl (gl s o 520
AT s /OYY 5 /FVV 5 5 4 SSR 3 RAPD
JSCs i (+/VF) L 4 (LAY SIRAPD Silis s
f Wjoaﬁx;uf;ﬂﬁdiﬁuﬁ:i.w..u;ﬁ
A3 8 ol G1Y B Kl L)V b

(Peyghambari et al., 2005) O1)Ler 5 (5 o
53, Shae Slio gl o 1) o Caelae o p Y VY
Lo Sles (Soan 38 o5l (S 4 Sl
03 dy sl i )3 @il sldal (& g CL&S)‘ Slee

4—}.;’5.’. 6\.’1.: .Jﬁ)‘éﬁ}%d‘b}‘}ﬁ Qj}}djﬁ

£V

4ol

3 o il 5 SO AL oS gl
PSP sl 58 oo o gumn 5528 8 a
Lot o il 4 plaes 5 kte 4 Vs Shes b
IR Gl Ol il e i o 4 (g s
S el Lis (25 0SS5 mbie o 5 2
3 odd 35T 48 Arer st 0yl A e S
A 215 0L 55 5 ey ol ST 51 S
cdi_Sjlfcu.uL:« 355 la gl (Y 4 (g cc.,\.f
5 b gle OLALS o pn DL 3 51 (Sokms 5 4 g
3350 Sl o (25013 5 55 VLS 5 Sl
bl g, )T@q- .(Ghahreman and Attar, 1999)
& S5 g5 oml Soa eslinul 5 plalis
ALE G555 L s o153 ls by 3 oslinad
Ll (58 2

23 ot e nsler i 5 D)3 eSSl dm
St (o) S pdsame Vs 5 Sl s
10+ 1 i &Y L s (Akarer al., 2004) 4T
T oo oy HLSa 05ke 07 51 s 5 O koo
e o (Il 55 o (S YVEFEVYY W5 L Ol
(USDA, el Olgar j3 s 0l iS U]y 5408
e s SO Sl (S is 4 Lo 4 g ol8720110)
by (e o 5 s o3lial SLLB (LS
3 63l Sl s 5 eslinal Sl pls 5 0Ll
(Hayes, 1992) Gl d 55 35 90 (S poades

Ol a0 OL5515 4 0T 5 Jlo 2l S o
sl 5 5 ooly5 OLalS 53 5 sn (S5 645
OLalS s Ky o155 oyl (Ko T i
L g oo L5 SLE Yl 1 e slasl 2l
Sl poize 5 L—a ol

ol Y
Csb p i il 5 Ay e (s
i s Ol gLy g LB s 48 e 5, S 2alS
S e Ao 55 mlie slls 48 2l olals
adols Sl ¢3! S (Sharma,1996) Ly, so Cows


https://dor.isc.ac/dor/20.1001.1.15625540.1392.15.1.5.3
https://agrobreedjournal.ir/article-1-71-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1392.15.1.5.3 ]

Je 5 (ol laad so) st Sla e sl 4 2
Laliol sy 05,875 5 sl sl e 51 SLS 5 L
Sy b a gy lah s 4 S eslizal
P N Ve J U PR RS g
Sleslial b alis L 5le ( J S50 slaesls ulul
p—b_u—ﬁ‘ L (‘;))4—33 o 9= =l )
Sl w93 .-u“.sjf =7 Neighbor joining
3335 oy b SSRSSL Sl eslil J4SU s
gl Al (61 s plonil (REderer al., 1998) Ol )5
g rnn Wi oy 3l kS Ol S, 5IDNA
osle_wl (Saghai Maroof er al,1984) Ol,LSKan 5
03wl SSR EHLET i Vo I Godios ol 5k
VU Ls ol gy sb s ST ol (Y Jsda)s
Sl A 18 id gy S ) s pS s S
o) Kl amys 90 500 Jlasl slos L La ST
s g m_b; Touch Down & g—as PCR 4l
S adi el K, ! »» (Hecker and Roux, 1996)
A el wle g Ol L;)—;-«Tdi—bu;))
L SLleMb| (gl 42e (Shevehenko et al., 1996)
Al dnles Vbl Sl eslinal LSS

PIC=1- )" pi® o)

L JIT JS" sl n 5 ol JIT G153 py abasly o )
.(Anderson et al., 1993) Ll o SSLis a (sl

daloen 15 sladaly Sl eslizal L 05l sl
(Zar, 1999) A%

H' =y, pilnpi (Y)
Pi=" ()

Jur - - ‘-“J—‘Tw el i adaly ol s
seli Comez 3 ol salie sla T slusin;cComax
Ojme Kok g0 PT sl tizees b JT IS sl N
Laamesr dmglio 5l 5 Conl Comasr )3 (SC5 £ 55
o3l U Jge T sluws i, o 15 ealinal 550
(Nei, 1973) A awnloms 5 alasl, |

Ne = yiei(3iti p"2) (F)

EA

¢%>\ML~}3W;\A_{:|>QL¢JC~§;
bwge i jaadls slaas 5 adils e O
Qijl_iij;.:)_le_fjc_;.«gu\::)_glw
s Cmat| i ) s bte 4 (Karami ez al., 2005)
LT s b 5 s U Oln o 2155 Do
Y8 Olio ol o (Sis 1 bl s als s Shes
2050 b g s Ll b Cou ) e Gl S
l_guﬁ&,suwj_(ww..um,!g
Laamlin |5 slas ¢ SOl I b bl pLis |
Al 05 wSKast 03le 128 3lua 5,5 (slaahin
el 53 ls 3l 5l sl |7 055 ¢ o
Coils p astle 5 iS5 elS s Shes cails i 0
Dyl g 5 ke

5 SSES 55 o G pl Sl 3 o
Sl jlesliwl by s (ely) o)) gy 05,5
el on gy S ge 5 S5 050 2105

95 9 g

aeyze 3 WM AL ely5 dle s Sl ol

2 oI5 0l g o ils (g5 55LeS 0 aSils Slasios
oS ol = b I s 2lesT s eloil 2 87
&uﬂ»l,,@.uc\ea,‘ﬁwpgaw&s
o%,tu,\@u\.aﬁéﬂyb};&u
Olis ol ol Sl &S5 Jgdr 53 T ases
W g Dske oks (6,8 o511 S5 )00 5 2105
E 1 Jsb ( Sy U 55 e s dinw U 55505l
& sl (Bl 53 08 sl (s b o 4
calinw 53 als sl cad g g1 el Jgb i g 5o
5 Al OdE 5 oys5 gy oy Sl ails 18 O
Ay a s Sliw 6,8 o3Il gl ails 5 Shes
ol s & Ol ol gl g Ve ilesT
eslial b (S5 58)550 5 55 Slho o (S
ol slaad o 5 s 8 alons O g s

ol 3l oda L el Waesls o 5 4 o (6l


https://dor.isc.ac/dor/20.1001.1.15625540.1392.15.1.5.3
https://agrobreedjournal.ir/article-1-71-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1392.15.1.5.3 ]

ATl o) ojlet coas bl 01l (o1 p ke dlons”

5u)1)§‘¢J_§le5)LaTJ_:1>J)HkJ Sl s
s o3I NTSYS s MSTATC. SPSS 16

—5 el OL S sl w5 Loalaly ol o
o TS 55 Loa T sl my o(la SSL23)

r‘lLs_Qle_gs)s(a\aJ_iT@_mSu_ﬂ)lJép)

*glijj‘bjﬁﬁp-;)"‘c@w‘\ J)J@-

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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