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STIMATING genetic diversity is crucial for managing genetic resources, protecting species in

their natural environment, and selecting suitable parental combinations, all of which impact the
genomic improvement of crop species. This study aimed to estimate the genetic diversity and
relationships among ten Egyptian barley cultivars using molecular genetic markers, inter-simple
sequence repeats (ISSRs), and start codon targeted (SCoT). The amplification results obtained by
PCR analysis for the studied cultivars, using 12 ISSR and 10 SCoT primers, identified each of the ten
cultivars. The total number of markers observed among the ten barley genotypes, based on ISSR
analysis, was 953 bands in 126 loci, of which 76 loci were polymorphic, resulting in a polymorphism
rate of 60.31%. The two primers ISSR-1 and ISSR-15 distinguished the cultivars in a unique banding
pattern for each. The total number of markers detected among the ten cultivars based on SCoT
analysis was 864 bands in 121 loci, of which 72 loci were polymorphic (59.50%). The primer SCoT-
34 distinguished the barley cultivars into unique banding patterns. The genetic similarity index and
dendrogram tree were performed using ISSR and SCoT amplified fragments for the studied cultivars.
The values of similarity exhibited considerable differences between the barley cultivars. The
similarity ranged from 72 to 94%. The results indicated that two molecular markers, ISSR and SCoT,
are efficient in analyzing the genetic diversity in barley cultivars.

Keywords: Barley, PCR analysis, Molecular genetic markers, Banding pattern, Similarity index,

Dendrogram tree.

Introduction

Assessment of genetic diversity is essential for the
management of genetic resources. Estimating the
genetic diversity of barley genotypes provides
valuable information for selecting parents to develop
improved barley germplasm for advantageous traits.
For cloning competitive allele-specific PCR markers
in barley, specific alleles/bands for gene-based
markers can be used (Ghaffari et al., 2014,
Shakhatreh et al., 2016). Molecular genetic markers
are heritable and widely distributed across the
genome; therefore, they have various applications in
genotyping and plant taxonomy (Danilevicz et al.,
2021). Molecular markers have been used in plants
to analyze genetic variation as they effectively link
genotypic and phenotypic variation (Varshney et al.,
2005; Grover and Sharma, 2016). The development
of functional markers located in or near interest
genes has become simpler due to the expansion of
genomic databases (Andersen and LuUbberstedt,
2003). Molecular genetic markers are powerful tools
for analyzing variation between plant genomes,
constructing linkage maps, and selecting parental
genotypes for breeding programs. They also have
various applications, including phylogenetics,
conservation, developmental biology, forensics,

disease testing, and paternity assessment (Appleby et
al., 2009; Kalendar et al., 2011; Edwards et al.,
2014).

The molecular markers ISSRs and SCoT have been
used to evaluate genetic diversity, identify cultivars,
protect biodiversity, identify markers associated
with specific traits, fingerprint DNA in different
species, evolution, molecular ecology,
phylogenetics, gene tagging, and genome mapping
(Iruela et al., 2002; Reddy et al., 2002; Shen et al.,
2006 and Wang et al., 2012). Due to their high
polymorphism and repeatability across the barley
genome, ISSRs have proven to be appropriate
markers for evaluating inbreeding and genetic
diversity (Adhikari et al., 2017). Tanyolac (2003)
and Rahimi et al. (2014) used ISSR markers to
determine the genetic diversity in barley collections.
Shayan et al. (2019) investigated the genetic
diversity among 28 barley genotypes using 14 ISSR
primers, of which eleven primers generated a total of
559 polymorphic bands of 80-3000 bp with
polymorphic information content between 0.116 and
0.252. Yigider et al. (2024) studied the diversity and
structure of 20 lines and four varieties of barley by
using 16 ISSR primer pairs, generating a total of 172
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alleles in 24 genotypes. The results indicated that the
average values of Nei’s genetic diversity and
polymorphism information content (PIC) were 0.34
and 0.4062, respectively. Cluster analysis grouped
barley genotypes into two groups. The expected
heterozygosity ranged from 0.2152 to 0.3867, with a
mean of 0.3057.

The molecular markers of SCoT are developed
based on conserved short regions flanking to ATG
translation start codon in the plant genome. SCoT
markers are joined to functional genes; thus, the
amplicons can be converted to gene-targeted marker
systems (Collard and Mackill, 2009; Xiong et al.,
2011). SCoT markers can be used in gene isolation
and to evaluate genetic diversity (Gorji et al., 2011).
Hamidi et al. (2014) compared ISSR and SCoT
markers for fingerprinting 40 varieties of bread
wheat. Their results suggested that the efficiency of
ISSR and SCoT markers was relatively the same in
fingerprinting and detecting polymorphism for
genotypes, but SCoT analysis was more effective.
Drine et al. (2016) studied the genetic variability of
eight barley genotypes of various origins and
pedigrees using nine ISSR primers. They found that
ISSR markers revealed 72.2% polymorphic bands
and cluster analysis discriminated the genotypes
according to their genetic background and
geographical origin.

Habiba et al. (2021) used ten SCoT primers to assess
molecular diversity for ten barley lines. They found
that the SCoT primers generated reproducible and
reliable amplicons, which displayed polymorphism
66.67% to 100%. Gungor et al. (2022) screened 54
barley cultivars from Turkey and Bulgaria with four
SCoT markers to evaluate population structure and
genetic diversity. They found 92 polymorphic bands,
which the genetic diversity and statistics index
analysis indicated that SCoT is a powerful marker
for genetic diversity analysis. Shaban et al. (2022)
used ISSR and SCoT markers to estimate the genetic
diversity in ten wheat genotypes. Seven SCoT and
seven ISSR primers synthesized a total of 112
amplified DNA fragments, resulting in 61 and 51
bands, respectively. They reported that the
percentage of polymorphism was 93.4% and 78.4%
for SCoT and ISSR, respectively.

Abaza et al. (2022) characterized the genetic
variations between seven Egyptian barley varieties
using two distinct markers, 1ISSR and SCoT, which
detected 76% and 66% polymorphism, respectively.
Ghonaim et al. (2023) evaluated ten genotypes of
barley using SCoT and ISSR techniques. They found
that ten SCoT primers displayed a total of 94
fragments with sizes ranging from 1800 to 100 base
pairs; 65 were polymorphic (62.18%). A total of 54
amplified bands with molecular sizes ranging from
2200 to 200 bp were produced using seven ISSR
primers; 23 of them were polymorphic bands
(40.9%). Tahir et al. (2023) investigated the
diversity of 59 barley accessions using 44 ISSR and
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12 SCoT markers. The two markers produced 255
and 101 polymorphic bands, respectively. The
genetic diversity was 0.77 and 0.81, and the mean
values of polymorphism were 0.74 and 0.80 for
ISSR and SCoT markers, respectively. Ramadan et
al. (2025) used molecular markers ISSR and SCoT
to evaluate the genetic diversity in eighteen Egyptian
faba bean genotypes. They revealed 86.2% and
92.8% polymorphisms, respectively. The Cluster
analysis based on the two markers detected the
genetic variability and heterogeneity within the
studied genotypes.

The objectives of this study were to estimate the
genetic diversity and relationships among ten
Egyptian barley cultivars using molecular genetic
markers, ISSRs, and SCoT.

Materials and Methods
Plant Materials

Ten Egyptian cultivars of barley (Hordeum vulgare
L.) from different genetic origins were used in this
study, named G123, G124, G126, G129, G130,
G131, G132, G133, G134, and G2000 (Table 1).
The cultivars were supplied by the Barley
Department, Agricultural Research Center, Giza,
Egypt.

Nucleic Acid Extraction

Ten grains were germinated on wet filter papers for
two weeks from each of the ten barley cultivars.
Then, genomic DNA was extracted from 0.5 g of
fresh leaves following the Dellaporta method
(Dellaporta et al., 1983).

PCR- ISSR and SCoT Amplifications

The genomic DNA and 12 ISSR primers were used
to produce ISSR markers by the PCR technique. The
primers were selected from the set of the
Biotechnology Laboratory, University of British
Columbia, Canada (Table 2). Ten SCoT primers
(Table 3) were selected from the previous studies by
Joshi et al. (1997) and Sawant et al. (1999) to
produce SCoT markers. PCR analysis was
performed in a reaction mixture of 25 pl, 2 pL
DNA, 1 pL primer, 0.5 uL dNTPs mix, 2 uL. MgCl,,
5 units Taq polymerase (0.5 pL), 5 uL PCR buffer,
and 14 plL H,O. Amplification was carried out at
94°C for 4 min, followed by 35 cycles of
denaturation at 94°C for 30 sec, annealing at 34-
61°C (varied for each primer) for 45 sec, and
elongation at 72°C for 2 min. The final extension
was 7 min at 72°C. The PCR-ISSR and SCoT
amplifications were detected by a 1.2% agarose gel
stained with red-safe staining, photographed under
UV light, and scanned by a Gel-Documentation
system.

Data Analysis

The data were analyzed using Bio-Rad Model 620
Software Programs, USA. Nei-Li’s similarity index
(Nei and Li, 1979) was used to evaluate genetic
similarity. Pairwise comparisons between cultivars,
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based on the proportion of shared bands produced by
the primers, were calculated using the Dice
similarity coefficients using the program Free Tree
(Pavlicek et al., 1999). A dendrogram displaying the

genetic relationships between cultivars, based on the
unweighted pair-group method with arithmetic
averages (UPGMA), was constructed using the Tree
View program (Page, 1996).

Table 1. Names and pedigrees of the ten cultivars of barley.

No. Name Pedigree

1 G123 Gizall7/FAO86

2 G124 Gizall7/Bahteem52//Gizal18/FAO86

3 G126 Baladi Bahteem/SD729-Por12762-BC

4 G129 Deir Alla106/Cel//AS46/Aths*2

5 G130 Comp.cross229//Bco Mr/ DZ02391/3/Deir Allal06

6 G131 CM67-B/CENTENO//CAM-B/3/ROW906.73/4/GLORIA-BAR/COME-

B/5/FALCON-161 LINO

7 G132 Rihane-05//As46/Aths*2Aths/Lignee686

8 G133 CarboxGusto

9 G134 Alanda-01/4/W12291/3Api/CM67//L2966-69

10 G2000 Gizall7/Bahteem52//Gizal18/FAO86/3/Baladil6/Gem

Table 2. List of 12 ISSR primers and their nucleotide sequences.

Primer Sequence (5°-3) Primer Sequence (5°-3°)
ISSR-1  ACGAACACACACACACAC ISSR-13  GAGAGAGAGAGAGAGACC
ISSR-3 GGATGGATGGATGGAT ISSR-14  AGAGAGAGAGAGAGAGT
ISSR-4  AGAGAGAGAGAGAGAGCT ISSR-15  ACACACACACACACACCC
ISSR-5  ACACACACACACACACC ISSR-23  CTCTCTCTCTCTCTCTAC
ISSR-6 GAGAGAGAGAGAGAGAAC ISSR-25  CACACACACACACACAAG
ISSR-11  ACACACACACACACACCA ISSR-28  TCTCTCTCTCTCTCTCG

Table 3. List of ten SCoT primers and their nucleotide sequences.

Primer Sequence (5'-3") Primer Sequence (5'-3")
SCoT-1 CAACAATGGCTACCACCA SCoT-22 AACCATGGCTACCACCAC
SCoT-12 ACGACATGGCGACCAACG SCoT-29 CCATGGCTACCACCGGCC
SCoT-13 ACGACATGGCGACCATCG SCoT-30 CCATGGCTACCACCGGCG
SCoT-18 ACCATGGCTACCACCGCC SCoT-31 CCATGGCTACCACCGCCT
SCoT-19 ACCATGGCTACCACCGGC SCoT-34 ACCATGGCTACCACCGCA
Results Identification of Barley cultivars by ISSR Analysis

All ISSR primers exhibited distinct band patterns
and were utilized for band scoring, following genetic
similarity and cluster analyses. The total number of
ISSR markers observed among the ten barley
cultivars using 12 primers was 953 bands (Table 4)
of 126 loci, of which 76 loci were polymorphic with
a polymorphism of 60.31% (Table 5). The number
of polymorphic bands produced per primer ranged
from two (ISSR-13) to 13 bands (ISSR-11), with
product sizes ranging from 121 bp to 1770 bp.

The cultivar G133 gave the highest number of PCR-
amplified fragments (105 fragments) by using all
primers, while cultivar G132 gave the lowest
number (81 fragments), as shown in Fig. 1 and Table
4. Different numbers of amplified fragments were
scored in the other cultivars. Primer ISSR-11

presented the highest number for all studied cultivars
(116 fragments), while primer ISSR-5 showed the
lowest number (54 fragments). An ISSR-specific
marker of MW 882 bp was detected in the
electrophoretic pattern of cultivar G131 using primer
ISSR-5. In addition, another specific ISSR marker of
1770 bp was detected in the pattern of cultivar G129
using primer ISSR-11. These two bands can be used

as molecular genetic markers to characterize and
identify the two cultivars G131 and G129.

ISSR analysis using primer ISSR-1 revealed that a
specific ISSR marker of 722 bp was only present in
the two cultivars, G132 and G133. Primer ISSR-14
displayed a fragment of 488 bp in the cultivars G129
and G130. Primer ISSR-23 showed a specific
fragment of 1299 bp in the patterns of cultivars
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G126 and G130, while it showed another band of
809 bp in these cultivars. The fragments of 1251 bp
and 1000 bp were detected only in the two cultivars
G132 and G133 by using primer ISSR-25. One
specific fragment of 1000 bp was found in the two
cultivars G131 and G132, while a fragment of 515
bp was found in the two cultivars G130 and G131 by
using primer ISSR-28.

Table 5 presents the polymorphism detected by the
12 ISSR primers used for the identification of barley
cultivars. Primer ISSR-11 gave the highest number
of polymorphic loci in all cultivars (13 fragments)
with 86.66% polymorphism, while primer ISSR-13
showed the lowest number (2 fragments) with
22.22% polymorphism. The ISSR markers of the
primer ISSR-1 characterized nine barley cultivars
into nine patterns; each cultivar appeared in a unique
pattern, except that G130 and G131 showed the
same pattern. Primer ISSR-15 distinguished the ten
cultivars into nine patterns; only cultivar G132 did
not manifest any bands by using this primer. Primer
ISSR-4 identified the ten cultivars into seven
patterns, in which the three cultivars G124, G130,
and G133 were presented in the same pattern, and
the two cultivars G123 and G132 manifested the
same pattern. Primer ISSR-11 distinguished the ten
cultivars in eight patterns, and cultivars G123 and
G126 showed the same pattern. Primer ISSR-14
identified ten cultivars in seven patterns, of which
the three cultivars G124, G132, and G134 showed
the same pattern, and the two cultivars G123 and
G133 were similar. Primer ISSR-23 identified ten
cultivars in seven patterns, and the two cultivars
G123 and G124 presented the same pattern, while
G131 and G132 displayed the same pattern. Primer
ISSR-25 identified ten cultivars in seven patterns, in
which the two cultivars G131 and G2000 had the
same pattern, while G132 and G133 showed the
same pattern. Primer ISSR-28 identified ten cultivars
in seven patterns. The three cultivars G123, G124,
and G126 shared the same pattern, while G133 and
G2000 exhibited the same pattern. Therefore, two
primers (ISSR-1 and ISSR-15) out of the twelve
used in PCR-ISSR  analysis  successfully
distinguished the ten cultivars through a unique
banding pattern for each cultivar.

Identification of Barley Cultivars by SCoT Analysis

All SCoT primers exhibited distinct and reliable
band patterns (Fig. 2). The total number of markers
(amplified bands) detected among the ten barley
cultivars based on SCoT analysis using ten primers
was 864 bands (Table 6) in 121 loci, of which 72
loci were polymorphic with a polymorphism of
59.50% (Table 7). The number of polymorphic
bands produced per primer ranged from three bands
(SCoT-18) to ten bands (SCoT-34), and the size
ranged from 155 to 1766 bp. The cultivar G131
presented the highest number of PCR-amplified
fragments (91 fragments) by using all primers, while
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cultivar G126 gave the lowest number (81
fragments). Primer SCoT-13 gave the highest
number of amplified bands (110 fragments) for all
cultivars under study, while primer SCoT-12 showed
the lowest number of fragments (56 fragments). Six
specific markers with different molecular weights
were presented in six barley cultivars; SCoT-1 (802
bp), SCoT-22 (1419 bp), SCoT-29 (1100 bp), SCoT-
30 (1322 bp), SCoT-30 (708 bp) and SCoT-31 (813
bp) in the cultivars G133, G130, G126, G124, G130
and G129, respectively. These six bands can be used
as molecular genetic markers for identifying these
cultivars. SCoT analysis using primer SCoT-1
illustrated a specific marker of 955 bp in the patterns
of the two cultivars G123 and G124. The two
cultivars, G131 and G2000, showed a band of 705
bp in their patterns using SCoT-19; the primer also
produced a band of 450 bp in the patterns of the two
cultivars, G129 and G133. Two bands of 1244 bp
and 682 bp were only presented in the patterns of the
two cultivars, G130 and G134, by using SCoT-34.
The ten SCoT primers revealed polymorphism used
for the identification of barley cultivars, as shown in
Table 7. Primer SCoT-34 gave the highest number
of polymorphic loci in all cultivars (10 fragments)
with 76.92% polymorphism, while primer SCoT-18
showed the lowest number of polymorphic loci (3
fragments) with 37.50% polymorphism. Primer
SCoT-1 characterized nine barley cultivars into eight
patterns, in which each cultivar appeared in a unique
pattern, except G131 and G134 showed the same
pattern, while cultivar G126 did not manifest any
band. Primer SCoT-13 distinguished the ten
cultivars in eight patterns, and the three cultivars
G123, G124, and G126 gave the same pattern.
Primer SCoT-19 identified the ten cultivars into
eight patterns, and the two cultivars, G123 and
G126, were presented in the same pattern, while the
cultivar G130 did not give any band. Primer SCoT-
29 distinguished the ten cultivars into nine patterns,
and the two cultivars, G129 and G130, showed the
same pattern. Primer SCoT-30 identified ten
cultivars in nine patterns, and the two cultivars G123
and G126 showed the same pattern. Primer SCoT-34
identified ten cultivars in ten patterns; each cultivar
gave different pattern. Therefore, primer SCoT-34
out of ten used in PCR-SCoT analysis succeeded in
distinguishing the ten barley cultivars in a unique
banding pattern for each cultivar.

Genetic Similarity

The genetic similarity and dendrogram tree were
performed using Nei-Li's similarity index based on
ISSR and SCoT markers for the ten barley cultivars,
as shown in Table 8 and Fig. 3. The values of
similarity exhibited substantial differences, ranging
from 72 to 94%, with an average of 83%. Some
distinctive cultivars gave high values of genetic
similarity with others, for example, G123 and G124
(94%), G123 and G126 (88%), and G123 and G129
(88%). However, some cultivars showed slightly
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low genetic similarity, such as G126 and G132
(72%), G126 and G134 (76%), and G132 and G134
(76%). The dendrogram showed that the ten
cultivars could be divided into two main clusters;
one of them has only one cultivar, G132. Another
cluster was separated into two sub-clusters; the first
sub-cluster contained one cultivar, G130, while the
second contained eight other cultivars divided into
two groups. The first group included the two

cultivars G134 and G2000, with a similarity of 82%.
The second group was divided into two subgroups.
The first sub-group contained the two cultivars G131
and G133 with a similarity of 85%, while the second
sub-group included the remaining four cultivars
G123, G124, G126, and G129 with a similarity of
94% for G123 and G124, 88% for G123 and G126,
and 88% for G123 and G129.

Table 4. Total bands produced from each primer of ISSR for the barley cultivars and all amplified

fragments in each variety.

Varieties Primers

ISSR- ISSR- ISSR- ISSR- ISSR- ISSR- ISSR- ISSR- ISSR- ISSR- ISSR- ISSR- Total

1 3 4 5 6 11 13 14 15 23 25 28 bands

G123 10 7 10 6 7 12 8 8 11 6 9 7 101
G124 8 8 11 6 7 13 8 9 10 6 10 7 103
G126 7 8 9 6 7 12 8 9 13 6 5 7 97
G129 9 7 9 6 7 13 9 7 13 3 9 6 98
G130 9 0 11 4 6 14 7 8 11 8 8 7 93
G131 9 7 8 5 7 12 9 8 8 5 7 7 92
G132 11 6 10 5 8 4 8 9 0 5 11 4 81
G133 11 7 11 6 7 14 9 8 12 6 11 3 105
G134 8 7 9 5 1 12 7 9 7 8 7 6 86
G2000 11 8 8 5 8 10 7 10 13 7 7 3 97
Total 93 65 96 54 65 116 80 85 98 60 84 57 953
bands

Table 5. The polymorphic loci and specific band values in barley cultivars as revealed by ISSR markers.

Primer loci ;?Tg; sizes Ezlr?/drzorphic tI\)/;I(::j(’)smorphic Zil)ymorphism ;\lpoecific of ;?;aeln?:;szsin
bands
ISSR-1 12 222-1100 7 5 58.33 0 93
ISSR-3 8 267-1570 3 5 37.5 0 65
ISSR-4 11 142-911 5 6 45.45 0 96
ISSR-5 7 154-1103 3 4 42.85 1 54
ISSR-6 8 155-596 7 1 87.5 0 65
ISSR-11 15 185-1770 13 2 86.66 1 116
ISSR-13 9 150-1313 2 7 22.22 0 80
ISSR-14 11 152-928 5 6 45.45 0 85
ISSR-15 14 121-1711 9 5 64.28 0 98
ISSR-23 10  251-1452 8 2 80 0 60
ISSR-25 12 163-1599 8 4 66.66 0 84
ISSR-28 9 267-1309 6 3 66.66 0 57
Total 126 121-1770 76 50 60.31 2 953
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M 1 2 3 45 6 7 89 10 M 12 3 45 6 7 8 910 M 1 2 3 45 6 7 8 910

ISSR-1 ISSR-3 ISSR-4

M 1 2 3 4 5 6 7 8 9 10 7 8 9 10 4 5 6 7 8 9 10

ISSR-5 ISSR-6 ISSR-11
2 3 4 5 6 7 8 9 10 2 3 45 6 7 8 9 10 5 6 7 8 9 10

ISSR-13 ISSR-14 ISSR-15

-

———
-
—

ISSR-23 ISSR-25 ISSR-28

Fig. 1. Electrophoretic profiles of PCR-DNA products by using 12 ISSR primers with ten barley cultivars
1-10: G123, G124, G126, G129, G130, G131, G132, G133, G134, and G2000. M: DNA ladder

markers ranged in size from 5000 to 100 bp.
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Table 6. Total bands produced from each primer of SCoT for the barley cultivars and all amplified
fragments in each cultivar.

Varieties Primers

SCoT-1 SCoT- SCoT- SCoT- SCoT- SCoT- SCoT- SCoT- SCoT- SCoT- Total
12 13 18 19 22 29 30 31 34 bands
G123 9 6 11 7 12 10 11 9 8 7 90
G124 10 3 11 7 10 10 13 9 8 7 88
G126 0 6 11 8 12 14 9 7 6 81
G129 10 7 9 7 12 9 10 8 10 6 88
G130 9 5 12 7 0 11 10 11 9 11 85
G131 10 6 11 7 13 8 9 10 9 8 91
G132 9 7 10 7 5 11 9 9 9 9 85
G133 11 6 11 7 10 11 10 11 0 7 84
G134 10 4 13 6 11 10 10 6 9 9 88
G2000 10 6 11 5 12 11 9 8 3 9 84
Total 88 56 110 68 97 99 105 90 72 79 864
bands
Table 7. The polymorphic markers loci and specific band values in barley cultivars as revealed by SCoT
analysis.
Total
Range . . . No. of .
Primer Loci sizes  of Polymorphic  Monomorphic  Polymorphism specific bands in
; bands bands (%) all
loci bands
genotypes
SCoT-1 14 155-1422 7 7 50 1 88
SCot-12 7 217-1350 4 3 57.14 0 56
SCot-13 13 188-1350 7 6 53.84 0 110
SCoT-18 8 222-777 3 5 37.5 0 68
SCoT-19 14 159-1766 9 5 64.28 0 97
SCoT-22 14 178-1594 7 7 50 1 99
SCoT-29 14 155-1433 9 5 64.28 1 105
SCoT-30 14 251-1550 9 5 64.28 2 90
SCoT-31 10 190-1355 7 3 70 1 72
SCoT-34 13 211-1423 10 3 76.92 0 79
Total 121 155-1766 72 49 59.50 6 864
Table 8. Percentages of genetic similarity for the ten barley cultivars based on ISSR and SCoT banding
patterns.
o
™ < [{e] (2] o — N en < o
N N N N [97] ™ ™ e ™ o
— — — — — — — — — N
V) ) ) V) O] V) O] V) V) O]
G123 1
G124 0.94 1
G126 0.88 0.87 1
G129 0.88 0.87 0.83 1
G130 0.80 0.80 0.77 0.80 1
G131 0.86 085 0.82 084 08 1
G132 0.80 080 0.72 078 077 082 1
G133 0.84 085 0.80 081 080 0.85 080 1
G134 0.83 083 076 080 077 083 076 077 1
G2000 0.83 082 078 080 077 083 080 0.84 082 1
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SCo¥-1 SCoT-12

SCoT-19 SCoT-22
M 1 2 3 4 5 6 7 8 9 10

SCoT-30
M 1 2 3 4 5 6 7 8 9 10

SCoT-29
4 5

so0obp 5000 by
2000 bp!

1500 by 2009y

1500 bp)
1000 by
0O by
600 by
500 by

1000 by
ROO by
600 by
300bp 500 by

100bp

Seal=3% SCoT-34

Fig. 2. Electrophoretic profiles of PCR-DNA products by using ten primers of SCoT with barley cultivars
1-10: G123, G124, G126, G129, G130, G131, G132, G133, G134, and G2000. M: DNA ladder

markers ranged in size from 5000 to 100 bp.

Egypt. J. Agron. 47, No. 4 (2025)



GENETIC DIVERSITY ANALYSIS IN BARLEY BY ISSR AND SCOT MARKERS 1323

UPGMA

Nei & Li's Coefficient

Fig. 3. Dendrogram representing the genetic relationships among the ten barley cultivars via UPGMA

cluster analysis using ISSR and SCoT markers.

Discussion

In this study, two different molecular markers, ISSR
and SCoT, were used in genetic diversity analyses of
ten Egyptian barley cultivars. The results indicated
that the two molecular markers revealed high
polymorphism and were efficient in analyzing the
genetic  diversity in barley cultivars, which
distinguished and identified each of them in a unique
banding pattern. The two primers (ISSR-1 and
ISSR-15) out of the twelve used in PCR analysis
successfully distinguished the ten cultivars through a
distinctive banding pattern. Additionally, primer
SCoT-34 identified the ten barley cultivars through a
unique banding pattern for each cultivar. On the
other hand, some cultivars of barley revealed
similarity in banding patterns and also showed
similarities in their pedigrees. The percentages of
genetic similarity showed that the two cultivars,
G123 and G124, displayed a high value of genetic
similarity (94%), and the dendrogram presents them
in a single sub-group. In addition, the two cultivars,
G124 and G126, showed a high value of genetic
similarity (87%) and were grouped in a sub-group of
the dendrogram. The Study of genetic diversity and
relationships between cultivars enables the selection
of the best parents for the development of improved
barley germplasm for advantageous traits. The
specific bands of ISSR and SCoT produced from
PCR analysis in this study can be used as molecular
genetic markers for identifying cultivars of good
performance. Molecular genetic markers are
heritable and widely distributed across the genome;
therefore, they have many applications in
genotyping and plant taxonomy.

The results in the study coincided with those
reported by several investigators who used
molecular markers in their studies for genetic
analyses. Adhikari et al. (2017) indicated that ISSR
markers have proven suitable markers for inbreeding

and genetic diversity studies in barley, compared to
other types of molecular markers, due to their high
polymorphism and repeatability across the genome.
Tanyolac (2003) and Rahimi et al. (2014) reported
that ISSRs as genetic markers measured genetic
diversity in various barley varieties. Shayan et al.
(2019) investigated the genetic diversity among 28
barley genotypes using 14 ISSR primers. A total of
559 polymorphic bands with 80-3000 bp were
generated by 11 primers, with which polymorphic
information was between 0.116 and 0.252. Yigider
et al. (2024) studied the diversity and structure of 20
lines and four varieties by using 16 ISSR primer
pairs; their results indicated that the average values
of Nei’s genetic diversity and polymorphism
information content (PIC) were 0.34 and 0.4062,
respectively. Cluster analysis using ISSR markers
grouped barley genotypes into two groups, and the
expected heterozygosity ranged from 0.2152 to
0.3867, with a mean of 0.3057.

SCoT marker is useful because it is derived from the
region of the genome associated with functional
genes (Seyedimoradi et al., 2016; Tomar and Malik,
2016; Nadeem et al., 2017; Shekhawat et al., 2018).
Nadeem et al. (2017) reported that, in the analysis of
plant genomes, the SCoT marker is useful due to its
direct link with the target locus, which prevents loss
of information in a marker-assisted selection
program. Habiba et al. (2021) used ten SCoT
primers to assess molecular diversity for ten barley
lines. They found that the SCoT primers generated
reproducible and reliable amplicons, revealing
66.67% to 100% polymorphism. Gungér et al.
(2022) screened 54 barley cultivars from Turkey and
Bulgaria with four SCoT markers to evaluate
population structure and genetic diversity. They
found 92 polymorphic bands for the SCoT marker,
which the genetic diversity and statistics index
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analyses indicated that SCoT is a powerful marker in
genetic diversity analysis. Tahir et al. (2023)
investigated the diversity of 59 barley accessions
using ISSR and SCoT markers. They found a total
of 391 amplified polymorphic bands were generated
using 44 ISSR and 12 SCoT primers revealed
average values of gene diversity 0.77 and 0.81,
respectively.

Conclusion

The genetic variation and relationship information
between plant resources significantly affect crop
improvement. In the studied barley cultivars, ISSR
and SCoT markers were efficient in estimating
genetic  variation, polymorphic ~ fragments
percentage, and specific bands. The percentages of
genetic similarity and the dendrogram analyses
indicated that some cultivars, such as G132 and
G130, have low similarity with the cultivars G123
and G124, which can be used in a hybridization
program. This indicates the power of these markers
in fingerprinting and characterization of each barley
cultivar in a unique pattern that can be used in barley
breeding  programs.  Therefore, to  obtain
improvement and development of new cultivars with
high yield performance and resistance to abiotic
stresses, we should focus on finding more genetic
information.
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