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Table 1. List of studied barley genotypes, their respected parents and percent of beta-glucan content

Lines+/cultivars* Parents Beta-glucan content (%)

Zahak* Poa / Hjo //Qjina 10.00

Hagana* - 10.50

Izeh* - 10.25

205 Strain/D171//106 Deir Alla/3/08-Rhn/4/Gustoe//01-

Yosef* Chn/Lignee527 12.05

Reihan* - 10.75

Nimrooz* Trompillo 9.50

Sararoud* - 7.21

Bahman* Scotia // F1, 18- Ny 6005/68-21961WA 8.50

Nosrat* Karon/Kavir 9.51

Ansar* Yeasevi 93 10.05

Abidar* Yeasevi 93 11.00
Lignee131/3/4679/105//Yeal68. 4/4/GB 83-7IRDBC05-06-

E94B16+ 235-OMH-OMh-OMh-OMH-2MH 10.00
Yeal68.4/Ywa605.5 Yea206-4A-3//C-25106IRDBC05-06-

E94B14+ 218-OMH-OMh-OMh-OMH-3MH 11.00

C-25041 /Sahand IRDBC05-06-032-OMH-OMh-OMh-

E94B9+ OMH-5MH 10.01
Gara Arpa / C-25041 IRDBC05-06-210-OMH-OMh-OMh-

E94B10+ OMH-1MH 10.80
TOKAK{/3/Zarjau/80-5151//GKOmega ICB05-1057-OAP-

E94B3+ OMh-OMh-OMH-3MH 12.48

E94B20+ EFES32 8.12
Lignee131/3/4679/105//Yeal68.4/4/Denmark IRBC05-06-

E94B17+ 235-OMH-OMh-OMh-OMH-2MH 11.25
Antares/Ky36-1294//Slrlcbh-0383/3/ Sahand IRDBC05-06-

Sacty 295-OMH-OMh-OMh-OMH-4MH 10.25
Yeal68.4/Ywa605Yea206/ Dictoo IRDBC0506215-OMH -

E94B11+ OMH-5MH 8.13
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Table 2. Characteristics of studied ISSR primers

s S5kl Yoo g PSPSIRY Jlasl sles
Primers 5°—3 Sequence” Bands size (bp) Annealing temperature (°C)
IS-2 (CA)6 GG 400-2800
IS-7 (CT)8 AC 700-3000 48
IS-11 (GAG)3 GC 300-2000 56
ISSR-1 VBV-(AC)7 200-1700 59.3
ISSR-2 BDB-(CA)7 500-1700 59.3
ISSR-3 HBH-(CT)7 400-1700 54
ISSR-4 GCV-(TC)7 400-2000 57
ISSR-5 VCG--(TC)7 300-2800 58
ISSR-6 BDV-(AG)7 400-2000 55
ISSR1+IS11 _ 400-1600 57.5
ISSR1+ISSR2 _ 300-1900 59.3
1S2+1S7 _ 300-1700 50
ISSR4+ISSR5 _ 300-2000 57
ISSR4+1S11 _ 200-1500 56
ISSR3+ISSR4 _ 300-1700 55
ISSR1+ISSR3 _ 400-1700 57
ISSR1+ISSR4 _ 400-1700 59
IS7+ISSR5 _ 300-2000 56
IS2+ISSR2 _ 400-1600 50
IS7+ISSR1 400-1700 53.5
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Figure 1. Mean of beta-glucan content in barley genotypes. Mean comparison was performed based on protected

least significant differences (PLSD) at the 0.01 significance level. Same letters on each column indicate a non-
significant difference.
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Table 3. The estimated total number of amplified bands (TB), number of polymorphic bands per each primer
(PB), percentage of polymorphism (PP%), number of unique bands (UB), genetic diversity (He), Shannon Index
(1) and effective multiplex ratio (EMR) characters for 20 ISSR primers

Marker B PB PP% UB He | EMR
ISSR1 15 14 93.33 1 0.33 0.49 13.07
ISSR2 8 5 62.5 0 0.21 0.31 3.125
ISSR3 8 6 75 0 0.29 0.43 4,50
ISSR4 12 9 75 0 0.27 0.40 6.75
ISSR5 11 5 45.45 0 0.21 0.29 2.27
ISSR6 7 4 57.14 0 0.25 0.36 2.29
1S2 8 7 87.5 1 0.29 0.43 6.13
I1S7 5 2 40 0 0.16 0.23 0.80
1S11 11 9 81.82 0 0.28 0.42 7.36
ISSR1+ISSR2 14 9 64.29 0 0.24 0.36 5.79
ISSR1+ISSR3 10 9 920 0 0.29 0.44 8.10
ISSR1+ISSR4 9 8 88.89 0 0.29 0.44 7.11
ISSR1+IS7 9 7 77.78 0 0.27 0.41 5.44
ISSR1+IS11 10 7 70 1 0.22 0.33 4.90
1S2+ISSR2 9 5 55.56 0 0.26 0.36 2.78
1S2+1S7 7 5 71.43 1 0.26 0.38 3.57
ISSR3+ISSR4 10 7 70 0 0.33 0.46 4.90
ISSR4+ISSR5 11 6 54.55 0 0.15 0.24 3.27
IS7+ISSR5 10 4 40 0 0.15 0.23 1.60
ISSR4+1S11 8 6 75 0 0.28 0.42 4.50
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Figure 2. UPGMA dendrogram of the 20 barley genotypes obtained via Jaccard genetic similarity coefficient
using ISSR markers
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Table 4. Informative ISSR primers for beta-glucan content of barley grains

Lls s Silas D .. ) ‘. ; .
Sl ¢ Jg; )ly cJU\;‘ _5.)6[5 LSJ‘)Y RN ey L;)\Jf” J‘)?:”'J\ M O e P
ISSR ledib| Band Chi-square DE Asymptotic Spearman Coefficient of
Effective ISSR markers Size (bp) significance correlation determination
ISSR4 1300 6.506 2 0.036 0.578" 0.243
ISSR5 1700 7.057 2 0.029 -0.552" 0.297
ISSR5 2800 6.075 2 0.048 -0.521" 0.280
ISSR6 700 6.654 2 0.036 -0.638™ 0.424
1S2 900 6.274 2 0.043 -0.674™ 0.366
ISSR1+ISSR4 1400 7.902 2 0.019 0.622" 0.422
ISSR4+ISSR5 300 8.916 2 0.012 0.594™ 0.318
IS2+ISSR2 1300 7.069 2 0.029 -0.646™ 0.293
IS2+ISSR2 1400 7.917 2 0.015 0.597" 0.402

M)J&)@JL@J}‘CEAJ\JJ:&M%)Q:9%)*

*

Gasl s 5o iu S gl Skl gl 5 deds)l
5 2L S Obwbl Jswa gl 5 S eslital (gsl5a
L5 s slacamex 5 AL b S5ET ol bl
b LLoe sla iy 5l L SHlel 5 g nin shiss
S ST Ol (Bb Sl e L a
Jol sladls Sl e s b Jls L ki
Gy S 5 (SCAR) olantl s SHLT
b YL OIS (gl b slagsB5 i S
Sls O848k lsme L DNA s Sl bls,l s 8
Lietal, ) col edd L5, godate Olallas s 4o

2008; Islamovic et al., 2013; Shu and Ramsassen,

53 Ll edis eslizal g &ls s O IS (glgima L
Ll Sl opl a5 cl ol asein i Slalas
T Susd s Skes (SUSSsh e Dlie
Khatab and Samah, 2013; Cheghamirza et al., )
Lles 2 Lo (Khaled et al.,, 2015) 3 5 (2017
S Sogen g 3 4l OIS (gl S
2H bapsises S 55 2 QTL pkixr bausi 500y
5ol 3 sde JxS TH 5 5H 4H 3H
S ok S AR sdd jasis (Dlalas
Sl s le & Sisp (HVCSIFG) TH o355 5
Li ) ol 0350 g s OIS I8y (sl giome (5 50 i
sleew sl (et al., 2008; Mohammadi et al., 2014

and ™ Significance at the 5% and 1% probability levels, respectively

bp) ISSRE ST (oS« pl8 0 s S 4 325 bl
5 (Ye+r bp) ISSRI+ISSREA (sla S5Lel S 5 (Ve
Gl Sl i pxie (VEeo bp) IS2+ISSR2
Loys 80/ S AY/Y /8L ol C pa b 0S8k
Gl gl S5l alud o (8 Jsd) s S s |y
DL & L pleze oa Sl e 2,1 ISSR - lediL
Lld 5l Gl sy om S5 cosls sdias
ls ST ol S8 oy 5 OIS (gl s
sl S5l s (s bp) ISSR4A slalys
5 (Yerr bp) IS2+ISSR2 ((\¢++ bp) ISSR1+ISSR4
L slacs sl sl obes 55 (For bp) SSRA+ISSRS
W o8k (gl e
(F JSK2) wmils gl a0l 5 E94B14 [E94B17

EYB3 iy alexl
bp) ISSR5 «(V++ bp) ISSRE slajls aS J-)s
IS2 + 5 (4++ bp) IS2 «(YA++ bp) ISSR5 (\V++
a3yl S 85 5s (WWer bp) ISSR2
Lils 5 gy O 5IS L aS gl gimn s 5 0 E94BIL
Glyme S 5V olis LS ol SHlel (v S2)
2 SAp ssba KilS e i L 4l O SISL
wg Glp ook (SE ookl Lol gl
Jlaz=l bl 50 SLol sl Y sl
O35 Sl & a5 Ll e (S35 slmte SIS
Shasdee Hsbas Ol o tandllas 5550 Glacd 55 sl

Sl S Ol geas ens lols Lad e sl SLis ol


http://dx.doi.org/10.29252/pgr.6.2.97
https://dorl.net/dor/20.1001.1.23831367.1398.6.2.11.3
https://pgr.lu.ac.ir/article-1-157-en.html

[ Downloaded from pgr.lu.ac.ir on 2024-04-28 |

[ DOR: 20.1001.1.23831367.1398.6.2.11.3 ]

[ DOI: 10.29252/pgr.6.2.97 |

WHer 5 Ly se

w2l 1 i O 8 (sl e b slacs 53 i S
2 SV OISl Gl (il lags 5 2ssl
L b Al e E94BLT 5 E94B3 hmyy alax
AL W0 LG Loy solpa glaasl 5o 55
Gl bl ghls ST oliw andlas ool s
el Sl glabs mus lld 080 (gl g
Sl il WS Cliw sl Dbl glyls S g0
5 ool it s S Slp el Il OIS
a5 Ol opl by 5 035 LS slacs s LS
Slre 5 AS Shopart il b gl 85 S
Sl el (gl OIS (lge (O pen ol

3 sloml Ol

12 3 918 6 8 11 13 5

L 2183 6 1112 9 19 51016

700 “'.."!-“': - .'..

L 5 O L (gl sme ol 2 Sl 55 £ (23]

5 (CSL) Sliems s aslie 35 slaesl il ol (CESA)
w5 (GSL) 5l 8 wlie S5 slaesl sl
Sk osles 53 by (S b slan Sl b iy
O g5 (Shu and Ramsassen, 2014) £,ls A&
L 5 CSLH 5 CSLF 3 slaeslsils (sol il (slias
5 e sl oS ens a0l e e slaos
Houston et al., ) i «ls 53 0S8k lsla

(2014

o 2 L @V S5 g dSSR IS S
Solsime §55 b 55 a8 ST e slas 55
s s SBGS S5 om 03 O SL (gl s Bl
oSl om0 BB S5 g nlale el
Ol a8 3405 345 Sl O WS (gl groms Ll 51 g

19 4 14 17 10 16 15 20 7 L

IS2+ISSR2

4157 20 1 1713 814 L

-

Y eSa ) glacd 85 Jold o S sz o3, Y0 55 IS2+ISSR2 S 5 5 ISSR6 S S5l gl o S-T IS
AY ¢l )Y E94B20 1)+ E94B3 4 E94BIL0 A E94BI v E9ABL4 1\ EIABIE :0 t iw s b o) T LB
b 2o i Y e N gl YA G el WY cOlw , NV E94BLL Vo E94B6 N ¢ Gl Y E94B17

LS‘):"‘ (2 j\‘“" bp) Qﬁli.f.’.)u‘}(\f'.' bp)‘%ﬁ;kiﬁb.la.sfl.: el 6‘)‘.: LSL“)‘)" e.l;;subui.a
Aaa 4l O S

Figure 3. Banding pattern of ISSR6 and 1S2+ISSR2 primers in 20 barley genotypes. 1: Zahak; 2: Hagana; 3:

Izeh; 4: Yosef; 5: E94B16; 6: E94B14; 7: E94B9; 8: E94B10; 9: E94B3; 10: E94B20; 11: Ansar; 12: E94B17,;
13: Abidar; 14: E94B6; 15: E94B11; 16: Reyhan; 17: Nimrooz; 18: Sararood; 19: Bahman; 20: Nosrat. The
arrows show informative bands related to high (1400bp) and low (1300 and 700 bp) contents of seed’s beta-

glucan, respectively.
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Abstract

In this study, variation of beta-glucan content was assessed in 20 barley line and cultivars based on
complete block design with three replications. Genetic diversity of these genotypes was also evaluated
using ISSR markers. Beta-glucan extracted by an enzymatic method. Significant differences were
found at the level of 1% among barley genotypes for beta-glucan content. The beta glucan content was
variable from 7.21 to 12.48 and, the Yosef, E94B3 and E94B17 genotypes hold the highest content of
the beta-glucan. ISSR primers with average polymorphism of 66.79%, genetic diversity of 0.25 and
Shannon index of 0.37 were determined as efficient markers for studying genetic diversity. The barley
lines and cultivars were assigned in two distinct groups according to their genetic pedigree. On the
basis of non-parametric Kruskal-Wallis, Spearman correlation, and stepwise regression analysis, nine
informative primers were detected explaining highest seed’s beta-glucan content variations ranging
from 24.3 to 42.4 percent. The ISSR6 (700), the combination of ISSR1+ISSR4 (1400) and 1S2+
ISSR2 (1400) primers were the most informative primers for the beta-glucan content. The informative
markers provide possible functional and efficient marker based selection method and, screening the
barley germplasms for the highest beta-glucan content.
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