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Abstract

Background and Objectives

Determination of genetic diversity level is fundamental for identification of desirable parents to
be used in different breeding programs, and molecular markers have been succssfully taken for
the analysis of genetic diversity in various crops. The objective of this study was to inversitgate
genetic diversity among 28 genotypes of barley using root and shoot characters and 14 ISSR
primers through two separate experiments (greenhouse and molecular experiments).

Materials and Methods

The greenhouse experiment was carried out as randomized complete block design with two
replications in the research greenhouse of Faculty of Agriculture, University of Tabriz, Iran. The
traits measured in the greenhouse were root dry weight, root volume, shoot dry weight and ratio
of root to shoot dry weight. The molecular experiment was conducted to study the diversity of
barley genotypes using 14 ISSR primers. The polymorphic information content and marker index
were calculated for each ISSR primer.

Results

Analysis of variance showed significant differences among the genotypes under study for all
traits. According to the mean comparisons, genotypes 3, 5, 9 and 20 had higher mean in terms of
all characters. The cluster analysis, based on Ward's algorithm and Euclidean distance, grouped
genotypes in four clusters. Group 3 had the highest mean in terms of all of the studied characters.
Out of 14 ISSR primers used, 11 primers generated scorable and appropriate banding pattern. A
total of 559 polymorphic bands with 80-3000 bp were produced. Polymorphic information
content was estimated to be between 0.116 and 0.252 with the average of 0.187. The marker
index ranged from 3.528 to 27.972 with the mean of 9.704. Classification of the studied barley
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genotypes was conducted by molecular data using neighbor joining algorithm based on distance
coefficient of number of differences, which assigned the genotypes into four groups. There was a
concordance between the grouping of genotypes based on molecular data and the characters in
the greenhouse, but this concordance was not complete. Association analysis of ISSR markers
with measured characteristics of barley genotypes showed that ISSR; and ISSRs had significant
relationship with most of the root and shoot traits.

Discussion

High genetic diversity was observed among barley genotypes with respect to root and shoot
traits. The results showed that ISSR primers have the ability to separate barley genotypes from
each other. Also, it seems that ISSR markers under study can be used in marker assisted selection
of barley genotypes in breeding programs.

Keywords: Association analysis, Cluster analysis, ISSR primers, Molecular data, Stepwise regression
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Table 1. Specification of barley genotypes used in the experiment

Pedigree Genotype No.
Walfajre/Miraj 1 EC79-10 1
Kmk//Rbr/Wa2196-68/3/EBC(A) EC79-13 2
Lignee 131//4341 N/Ortolan EC79-18 3
YEA389.3/YEA475.4 EC80-7 4
Coss/OWB 71080-44-IH EC81-11 5
Comp 89-9Cr-79-07/Atem/ (Alpha/HC1905//Robur)/3/... EC81-13 6
Alger/(Cl10117/Choyo.. EC82-5 7

Np 106/Minn 14133-Gvaxduois//Gi10143 EC82-11 8

L. 131/Gerbel//Ager-Ceres/3/(Scotia/Wa...) EC83-4 9
Arar/L. 1242 EC83-5 10
K-096M3 EC83-12 11
MAKOUEE//ZARJOW/80-5151 EC83-17 12
Star/Dundy Al1C84-7 13
F2//Radical/Karat/3/Radical/4/Xemus Al1C84-9 14
Monolit/Plaisant Al1C84-15 15
CWB117-77-9-7/Teran 78 A2C84-5 16
CWB117-77-9-7/Teran 78 A2C84-6 17
Roho/Mazurka//Dyton A2C84-11 18
Boyer(F356)126//Cem 1413/Kt2085 A2C84-12 19
Cyclone/Arar A2C84-14 20
Mal/OWB753328-5H//11840-76/3/Radical A2C84-18 21
Makouee Makouee 22
Rihane Rihaneh 23
Kavir KAVIR 24
73M4-30 73M4-C 25
Schuyler Schulyer 26
L.1242 L.1242 27
LB. Iran/Una 8271//Gloria"S"/Come"s"-11M/3/Kavir EMB80-9 28
Tabel 2. Specification of ISSR primers under study

Sequence primer Annealing temperature ISSR primer
5-CAC ACA CAC ACA CA (AG) G-3' 52 ISSR;
5-CTC TCT CTC TCT CTC TG-3' 51.5 ISSR;
5-GAG AGA GAG AGA GAG AC-3' 51 ISSR;
5-GAG AGA GAG AGA GAG AT-3' 50 ISSR,
5-GAG AGA GAG AGA GAG A (CT) C-3' 56 ISSR;
5-GAG AGA GAG AGA GAG A (CT) G-3 54 ISSR
5-GAC AGA CAG ACA GAC A-3' 49 ISSR;
5-GAC ACG ACA CGA CAC GAC AC-3 60 ISSRg
5-(GC) T (AGCT) CTC TCT CTC TCT CTC TCC-3' 55.5 ISSRyq
5-TGT GTG TGT GTG TGT GG-3' 51 ISSRyo
5-TGG ATG GAT GGA TGG A-3' 49 ISSRy;
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Table 3. Analysis of variance of studied characters for barley genotypes

Mean squares

SOV. df Root to shoot dry
Root dry weight Root volume Shoot dry weight weight ratio
Replication 1 0.022 1.418"™ 0.018"™ 0.025"
Genotype 27 0.089" 8.091” 0.816** 0.009™
Error 27 0.004 1.612 0.026 0.002

ns, * and ** non-significant and significant at 5% and 1% probability levels, respectively.
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Table 4. Means of studied characters of barley genotypes

i

No. Genotype Root dry weight  Root volume  Shoot dry weight Root to shoot dry weight ratio
1 EC79-10 0.121 1.097 1.152 0.105
2 EC79-13 0.069 1.941 1.141 0.060
3 EC79-18 0.167 3.851 1.436 0.116
4 EC80-7 0.102 2.325 1.012 0.101
5 EC81-11 0.176 3.151 1.462 0.120
6 EC81-13 0.093 2.012 0.853 0.109
7 EC82-5 0.106 2.231 0.932 0.114
8 EC82-11 0.099 1.775 0.869 0.114
9 EC83-4 0.195 3.867 1.492 0.131
10 EC83-5 0.062 0.851 0.876 0.071
11 EC83-12 0.117 1.832 1.161 0.101
12 EC83-17 0.102 2.301 0.885 0.115
13 A1C84-7 0.123 2.525 1.134 0.108
14 A1C84-9 0.071 1.895 1.062 0.067
15 A1C84-15 0.116 1.662 1111 0.104
16 A2C84-5 0.075 1.231 0.821 0.091
17 A2C84-6 0.118 2.717 1.238 0.095
18 A2C84-11 0.068 0.817 0.843 0.081
19 A2C84-12 0.105 2.212 1.115 0.094
20 A2C84-14 0.201 3.251 1531 0.131
21 A2C84-18 0.089 1.251 1171 0.076
22 Makouee 0.133 1.801 1.202 0.111
23 Rihaneh 0.041 0.557 0.771 0.053
24 KAVIR 0.033 0.451 0.879 0.038
25 73M4-C 0.045 0.851 0.879 0.051
26 Schulyer 0.111 1.825 0.989 0.112
27 L.1242 0.115 2.362 1.097 0.105
28 EM80-9 0.099 1.751 0.971 0.102

LSD (5%) 0.129 2.605 0.331 0.092
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Figure 1. Grouping of the barley genotypes based on studied traits using Ward’s method
Table 5. Discriminant function analysis for groups produced from cluster analysis of barley genotypes
Number of groups Probability Wilk’ Lambda Eigenvalues
2 0.001 0.437 1.286
3 0.00001 0.114 5.854
4 0.000001 0.063 9.393
Table 6. Mean of the traits in groups produced from cluster analysis of barley genotypes
Root dry weight Root volume Shoot dry welght Root to shoot dry
(g plant™) (mL plant™) (g plant™ weight ratio
(Group 1) 0.126 2.638 0.894 0.140
(Group 2) 0.169 3.033 1.233 0.135
(Group 3) 0.235 4.475 1.342 0.179
(Group 4) 0.071 1.300 0.811 0.076
LSD (5%)* 0.112 2.362 0.457 0.021
Total mean 0.135 2.535 1.061 0.121

The error term in LSD was obtained by the weighted average of variances within four groups.

Table 7. Information related to ISSR primers in the studied barley genotypes

Primer No. of markers PIC Marker index
ISSR; 133 0.155 20.615
ISSR, 26 0.215 5.590
ISSR; 48 0.154 7.392
ISSR, 40 0.116 4.640
ISSRg 32 0.231 7.392
ISSRg 111 0.252 27.972
ISSR; 24 0.147 3.528
ISSRg 28 0.178 4,984
ISSRy 22 0.163 3.586
ISSR1o 53 0.226 11.978
ISSRy; 42 0.216 9.072
Mean 50.818 0.187 9.704

Sum 559 -
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Figure 2. The banding pattern of ISSR; primer in the studied barley genotypes
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Figure 3. Grouping of the barley genotypes using neighbor joining algorithm and number of
difference distance

Table 8. Results of association analysis between ISSR markers and root traits of barley genotypes

using stepwise regression analysis

Trait Marker

Band size range Standardized regression Adjusted coefficient of

(bp) coefficient determination

. ISSRs,"  2000-3000 0.1317

Root dry weight ISSRe1;  2000-3000 0.115™ 36.9
ISSR,3;  1000-1200 -2.279"

Root volume ISSRe3;  700-800 -1.805™ 39.5
ISSRi.10  1200-1500 1.881"
ISSR,g  700-800 0.318"

Shoot dry weight ISSRs.9 2000-3000 0.349 43.7
ISSRe.g 2000-3000 02117
. . ISSR;3  1200-1500 -0.058™

Root to shoot dry weight ratio ISSRe.4 2000-3000 0.055™ 30.2

+: Marker number generated by each primer.
**: Significant at 1% probability level.
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