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I he world’s population increases
dramatically and it’s expected to

reach nine billion people by 2050. In
Egypt, about two million people are add-
ed each year to the population (Shalaby et
al., 2011). In addition, 97% of Egyptian
land is desert and with limited water re-
sources (Abdalla et al., 2023). Hence, it’s
obligatory to face the growing population
by increasing the cultivated area with
strategic crops as wheat and barley and
also expansion in reclamation of desert
lands.

Barley is considered one of the
premier and most important cereal crops
for its earliness and tolerance of each
drought and salinity (Mariey et al., 2018;
Habiba et al., 2021land Giingdr et al.,
2022). The -cultivated area of barley
around the world is estimated with 46.9
million hectares giving about 141 million
tons annually (FAO, 2020). El-Khalifa et
al. (2022) stated that barley is indispensa-
ble crop in Egypt and occupy 76.9 % of
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newly reclaimed area. The productivity of
barley in Egypt reached 108,000 tons in
2019 and it’s expected to increase more
and more in the future (Mohamed et al.,
2021). Barley can be utilized as animal
feeding, for manufacturing of bread and
many healthy foods (El-Seidy et al., 2019;
Kumar et al., 2020; Aly et al., 2021). One
of the suggested solutions for overcoming
wheat shortage in Egypt is addition barley
to wheat flour to obtain bread (Abdalla et
al., 2023).

The plant breeding sciences de-
pend on the genetic diversity for selection
of promising lines and cultivars for doing
the crosses (Cieplak et al., 2021). DNA
markers supply plant breeders with broad
level of diversity to select desirable traits,
and therefore improvement the produc-
tivity of crops ( Randhawa et al., 2013;
Zhang et al., 2015). ISSR (Inter-simple
sequence repeats) is an smart, dominant
marker and is distinguished with high
distinction and repetition ( Zhang et al.,
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2016; Cieplak et al., 2021). Moreover, the
SCoT (Start Codon Targeted) is also dom-
inant marker and able to target preserved
sequences next to the ATG start codon
(Xiong et al., 2011; Cieplak et al., 2021).
Previous study indicated that coupling of
different molecular markers is better for
exploitation of genetic divergence in ana-
lyzed species (Cieplak et al., 2021).

SCoT and ISSR markers are em-
ployed efficiently for evaluating the ge-
netic variations within plant species (Ma
et al., 2008; Collard and Mackill, 2009;
Etminan et al., 2016; Abdel-lateif and
Hewedy, 2018; Glingor et al., 2022; Aba-
zaetal., 2022).

The barley cultivars (Giza 123,
124, 126, 132, 135 and 136) are very in-
dispensable for Egypt, distinguished with
tolerance of some stresses as drought and
salinity. The current study aimed to char-
acterize the genetic relatedness between
six significant Egyptian barley cultivars
using SCoT and ISSR markers.

MATERIALS AND METHODS

Barley cultivars

The Egyptian barley cultivars (Gi-
za 123, 124, 126, 132, 135 and 136) were
provided by Department of Crops, Faculty
of Agriculture, Menoufia University,
Egypt (Table 1).

DNA isolation

Genomic DNA was isolated from
young leaves following the instructions of

DNeasy Plant Mini Kit (QIAGEN, Ger-
many).

SCoT and ISSR Reactions

Twelve primers (six of each SCoT
and ISSR primers) were selected for PCR
reactions as shown in Table (2). The am-
plification reactions were carried out in 20
pl reaction volume containing 10 pl Mas-
ter Mix (sigma), 2 ul primer (10pcmol), 2
pl template DNA (10ng) and 6 pl dH,0,
according to Ibrahim et al. (2019).

PCR conditions

PCR amplification was carried in a
Perkin-Elmer/GeneAmp® PCR System
9700 (PE Applied Biosystems), pro-
grammed for one cycle at 94°C for 5 min
followed by amplification 40 cycles of
94°C for 45 s, 48°C for 50s and 72°C for 1
min. The reaction was finally stored at
72°C for 7 min. PCR products were sepa-
rated in a 1.5% agarose gel at 95 volts and
photographed under UV light.

Data analysis

The clear bands were visually
scored as either present (1) or absent (0).
Dice’s similarity matrix coefficients were
then calculated between genotypes using
UPGMA method. The phylogenetic anal-
ysis was performed according to Euclide-
an similarity index using the PAST soft-
ware Version 1.91 (Hammer et al., 2001).
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RESULTS AND DISCUSSION
SCoT analysis

The genetic divergence among six
Egyptian barley cultivars (Giza 123, 124,
126, 132, 135 and 136) was investigated
using six SCoT primers (Fig.1). A total of
56 bands were obtained, out of which 22
(39%) were polymorphic (Table 4). The
polymorphic bands ranged from 2 (SCoT-
03, SCoT- 05 and SCoT- 06) to 8 (SCoT-
04). In addition, the maximum levels of
polymorphism were recorded with pri-
mers SCoT- 04, SCoT- 01, SCoT- 05,
SCoT- 03, SCoT- 02 and SCoT- 06 with
57, 50, 50, 29, 25 and 22 %, respectively.
The similarity matrix revealed that the
highest similarity value was obtained be-
tween the cultivars Giza 123 and Giza
132 with 0.97, while the lowest similarity
value was obtained between the cultivars
Giza 132 and Giza 136 with 0.81 (Table
3). The cluster analysis classified the cul-
tivars into two main divisions, the first
division included the cultivars (Giza 123,
124, 126, 132 and 135), while the second
division contained only the cultivar Giza
136 (Fig. 2).

Previous studies employed SCoT
markers for exploring the genetic diver-
gence within barley varieties and exhibit-
ed about 66.67 to 100% polymorphism
(Habiba et al., 2021; Gungor et al., 2022;
Abaza et al., 2022). Moreover, Al-Khayri
et al. (2022) employed each RAPD, ISSR
and SCoT markers to check the genetic
divergence of five Kalanchoe genotypes,
they indicated that SCoT and RAPD

markers exhibited high polymorphism
among the tested genotypes. Similarly,
Zhang et al. (2016) tested the efficiency
of three markers (ISSR, SCoT, and EST-
SSR) for highlighting the genetic diversi-
ty among thirty-four switchgrass (Pani-
cum virgatum L.) genotypes. They report-
ed that SCoT was better than ISSR and
EST-SSR.

These results are in line with the
observations of Aboulila and Mansour
(2017) and Mohamed et al. (2017), who
studied the genetic diversity among each
barley and wheat genotypes using SCoT
marker, and they concluded that SCoT
marker is an efficient tool for obtaining
new relationships.

ISSR analysis

Six ISSR primers examined the
genetic variation among the tested Egyp-
tian barley cultivars (Fig. 3). A total of 66
bands were scored, out of which 33 (50
%) were polymorphic (Table 4). The pol-
ymorphic bands ranged from 4 (ISSR-02
and ISSR-04) to 8 (ISSR- 01). In addition,
the high percentages of polymorphism
were obtained with primers ISSR-05,
ISSR-03, ISSR-04, ISSR-01, ISSR-02 and
ISSR-06 with 78, 56, 56, 53, 33 and 33 %,
respectively. The similarity —matrix
showed that the highest similarity per-
centage was recorded between the culti-
vars Giza 123 and Giza 124 with 0.94,
while the lowest similarity percentage
was scored between the cultivars Giza
123 and Giza 135 with 0.75 (Table 5).
The phylogenetic tree divided the culti-
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vars into two main clusters, the first clus-
ter included Giza 123, 124, 126 and 132
cultivars, while the second cluster in-
volved Giza 135 and 136 cultivars (Fig.
4). ISSR markers were stated to be effi-
cient tool to explore the genetic diver-
gence within the Egyptian and the Tunisi-
an barley varieties (Guasmi et al., 2012;
Abaza et al., 2022; Shaban et al., 2022).
Moreover, EI-Sherbeny et al. (2020) cou-
pled the phenotypic criteria with ISSR for
evaluation of genetic variation between
twenty-six bread wheat genotypes. ISSR
primers exhibited 87 bands, 43 were pol-
ymorphic and the mean of polymorphism
reached 46.97%.

The incompatibility in the phylo-
genetic analysis between the two markers
is expected because each marker targets
diverse genome sequences. The same
observation is mentioned in previous
studies, and this highlight the importance
of ISSR and SCoT markers in detection of
polymorphism and obtaining new specific
cluster (Pakseresht et al., 2013; Etminan
et al., 2016). Guasmi et al. (2012) used
RAPD and ISSR to examine the genetic
divergence among 80 Tunisian barley
varieties and the cluster analysis of the
two markers was asymmetric. In general,
it can be concluded that ISSR markers can
exhibit higher polymorphism than SCoT
markers. These finding concurs with pre-
vious reports indicating that the ISSR
markers gave more recurrence, diversity
and can be used to discriminate among
genotypes (Abdel-lateif and Hewedy,

2018; El-Assal and Gaber, 2012; Abou-
Deif et al., 2013).

SUMMARY

DNA molecular markers (ISSR
and SCoT) were exploited to investigate
the genetic distinction and relationships
among six cultivars of Egyptian barley
(Giza 123, 124, 126, 132, 135 and 136).
SCoT primers outputted a total of 56
bands, 22 bands were polymorphic (39%).
In addition, ISSR primers exhibited 66
bands and 33 of these bands were poly-
morphic (50%). The two markers were
proved to be efficient tools in exploiting
the genetic divergence among the tested
cultivars and establishing specific phylo-
genetic relationships. Generally, the ISSR
gave more polymorphism than SCoT and
can be used in cultivar discrimination.

REFRENCES

Abaza N., Yousief S. and Moghaieb R.,
(2022). the efficiency of SCoT,
ISSR and SRAP markers for de-
tecting genetic  polymorphism
among Egyptian barley genotypes.
Journal of Pharmaceutical Nega-
tive Results. 13 :(3)1-12. DOI:
https://doi.org/10. 47750/  pnr.
2022.13.503.282.

Abou-Deif M., Rashed M., Sallam M.,
Mostafa E. and Ramadan W.,
(2013). Characterization of twenty
wheat varieties by ISSR markers.
Middle East Journal of Scientific
Research. 15(2): 168-175.



ASSESSMENT OF GENETIC DIVERSITY AMONG SOME EGYPTIAN BARLEY 139
CULTIVARS BASED ON SCoT AND ISSR MARKERS

Aboulila A. and Mansour M., (2017).

Efficiency of Triple-SCoT Primer
in Characterization of Genetic Di-
versity and  Genotype-Specific
Markers against SSR fingerprint in
some Egyptian barley genotypes.
American Journal of Molecular
Biology, 7(3):123. DOI: 10.
4236/ajmb.2017 .73010.

Abdel-lateif K. and Hewedy O., (2018).

Genetic diversity among Egyptian
wheat cultivars using SCoT and
ISSR markers. SABRAO Journal
of Breeding and Genetics. 50 (1):
36-45.

Abdalla A., Stellmacher T. and Becker

M., (2023). Trends and prospects
of change in wheat self-sufficiency
in Egypt. Agriculture., 13(1): 7.
https://
doi.org/10.3390/agriculture130100
07.

Al-Khayri M., Mahdy B., Taha A,

Eldomiaty S., Abd-Elfattah A,
Abdel Lateif H., Rezk A., Shehata
F., Almaghasla I. and Shalaby A.
(2022). Genetic and morphological
diversity —assessment of five
kalanchoe genotypes by SCoT,
ISSR and RAPD-PCR markers.
11(13): 1722. doi: 10.3390/plants
11131722.

Aly A., El-Deeb E., Abdelazeem A.,

Hameed M., Alfi A., Alessa H. and
Alrefaei F., (2021). Addition of
whole barley flour as a partial sub-

stitute of wheat flour to enhance
the nutritional value of biscuits.
Arabian Journal of Chemistry,
14(5):103112.https://doi.org/10.
1016 /j.arabjc.2021.103112.

Cieplak M., Oko’n S. and Werwi nska K.,

(2021). Genetic similarity of Av-
ena sativa L. varieties as an exam-
ple of a narrow genetic pool of
contemporary  cereal  species.
Plants. 10(7):1424. https://doi.org/
10.3390/plants 10071424.

Collard C. and Mackill D., (2009). Start

codon targeted (SCoT) polymor-
phism: a simple, novel DNA
marker technique for generating
gene-targeted markers in plants.
Plant Molecular Biology Reporter.,
27(1): 86-93. DOI 10.1007/s
11105 -008-0060-5.

El-Assal S. and Gaber A., (2012). Dis-

crimination capacity of RAPD,
ISSR and SSR markers and of their
effectiveness in establishing genet-
ic relationship and diversity among
Egyptian and Saudi wheat culti-
vars. American Journal of Applied
Sciences, 9(5): 724.

El-Khalifa Zainab Sh., El-Gamal Eman

H., Zahran Hoda F., (2022). Eval-
uation of barley cultivated areas’
actual status in Egyptian newly re-
claimed lands. Asian Journal of
Agriculture and Rural Develop-
ment, 12 (3): 164-172.


https://doi.org/10.4236/ajmb.2017.73010
https://doi.org/10.4236/ajmb.2017.73010
https://doi.org/10.%201016%20/j.arabjc.2021.103112
https://doi.org/10.%201016%20/j.arabjc.2021.103112
https://doi.org/

ABD EL-GHANY AND ABDEL-LATEIF

El-Seidy H., Abd El-Razek A., Abdel-

Latief H. and EL-Shawy E.,
(2019). Evaluation of Some Barley
Varieties under the Influence of
Different Irrigation Rates. East Af-
rican Scholars J. Agri. Life Sci. 2
:(5):247-257 .

El-Sherbeny R., Omara K., Farrage A.

and Khaled A., (2020). Associa-
tions between ISSR markers and
quantitative traits in bread wheat
genotypes. Asian Journal of Re-
search in Biosciences. 2(1): 1-8.

Etminan A., Pour-Aboughadareh A., Mo-

hammadi R., Ahmadi-Rad A.,
Noori A., Mahdavian Z. and Mo-
radi Z., (2016). Applicability of
start codon targeted (SCoT) and
inter-simple  sequence  repeat
(ISSR) markers for genetic diversi-
ty analysis in durum wheat geno-
types. Biotechnology & Biotech-
nological Equipment., 30(6):1075-
1081. https  //doi:org/10.1080/
13102818.2016. 1228478.

Guasmi F., Elfalleh W., Hannachi H.,

Feres K., Touil L., Marzougui N.,
Triki T. and Ferchichi A., (2012).
The use of ISSR and RAPD mark-
ers for genetic diversity among
South Tunisian barley. Internation-
al Scholarly Research Network
ISRN  Agronomy. Article ID
952196, 10 pages. Doi
:10.5402/2012/952196.

Giingér H., ilhan E., Kasapoglu A., Filiz

E., Hossein-pour A., Valchev D.,
Valcheva D., Haliloglu K. and
Dumlupinar Z., (2022). Genetic
Diversity and Population Structure
of Barley Cultivars Released in
Turkey and Bulgaria using iPBS-
retrotransposon and SCoT markers
Journal of Agricultural Sciences
(Tarim Bilimleri Dergisi). 28 (2):
239-250.

Habiba M., Bashasha J., Haffez S. and

Abo Leilah A., (2021). Assessment
of Genetic Diversity Using SCoT
Markers and Some Morphological
Traits in Ten Lines of Barley
(Hordeum vulgare L.). Assiut J.
Agric. Sci., 52 (4): (53-65).

Hammer T., David H. and Paul R,

(2001). PAST: Palaeontological
statistics software package for ed-
ucation and data analysis. Palaeon-
tologia Electronica. 4 (1) 4: 9.

Ibrahim D., Abd El-Hakim F., Ali E. and

Abd El-Maksoud R. M., (2019).
Genetic differentiation using ISSR,
SCoT and DNA Barcoding for
Quinoa genotypes. Arab J. Bio-
tech. 22 (2): 103-118.

Kumar A., Verma S., Singh A., Sharma

K., and Devi G., (2020). Barley
landraces: Ecological heritage for
edaphic stress adaptations and sus-
tainable  production.  Environ-
mental and Sustainability Indica-
tors, 6, 100035.https:  //doi
.0rg/10.1016/j. indic .2020.100035.



ASSESSMENT OF GENETIC DIVERSITY AMONG SOME EGYPTIAN BARLEY 141
CULTIVARS BASED ON SCoT AND ISSR MARKERS

Ma X., Zhang Q., Zhou Y., Bai S. and Liu

W., (2008). Assessing genetic di-
versity of Elymus sibiricus (Po-
aceae: Triticeae) populations from
Qinghai-Tibet Plateau by ISSR
markers. Biochemical Systematics
and Ecology, 36(7):514-522. https
://doi.org/10.1016/j.bse.2008.03.00
3.

Mariey A., EI-Mansoury M. and El-Bialy

A., (2018). Genetic diversity study
of Egyptian barley cultivars using
Sequence-Related Amplified Pol-
ymorphism (SRAP) analysis for
water stress tolerance. J. Sus.
Agric.  Sci.  44(1):  21-37.
D0i:10.21608/  JSAS. 2018.
2604.1051.

Mohamed H., Omar A., Attya M., Elash-

tokhy A., Zayed M., Rizk M.,
(2021). Morphological and molec-
ular characterization of some
Egyptian  Six-Rowed Barley
(Hordeum vulgare L.). Plants.
10(11):2527. https://doi
.0rg/10.3390/ plants10112527.

Mohamed A., lbrahim S., Teleb S. and

Tantawy M., (2017). SEM and
SCoT markers unveil new taxo-
nomic and genetic insights about
some Northern African (Triticum
aestivum L.) cultivars. Vegetos-An
International Journal of Plant Re-
search. 30(1):34-44. DOI: 10.5958/
2229-4473.2017. 00006.4.

Pakseresht F., Talebi R. and Karami E.,

(2013). Comparative assessment of
ISSR, DAMD and SCoT markers
for evaluation of genetic diversity
and conservation of landrace
chickpea (Cicer arietinum L.) gen-
otypes collected from North-West
of Iran. Physiol. Mol. Biol. Plants.
19(4):563-574. doi:  10.1007/s
12298-013-0181-7.

Randhawa S., Asif M., Pozniak C., Clarke

J., Graf R., Fox S., Humphreys D.,
Knox R., DePauw R. and Singh
A., (2013). Application of molecu-
lar markers to wheat breeding in
Canada. Plant Breeding. 132(5):
458-471. doi.org/ 10.1111/pbr.
12057.

Shaban S., Arab S., Basuoni M., Abozah-

ra M., Abdelkawy A. and Mo-
hamed M., (2022). SCoT, ISSR
and SDS-PAGE investigation of
genetic diversity in several Egyp-
tian wheat genotypes under normal
and drought conditions. Interna-
tional Journal of Agronomy. Arti-
cle ID 7024028, 14 pages.
https://doi.org/10.1155/2022/7024
028.

Shalaby Y., Al-Zahrani H., Baig B.,

Straquadine S. and Aldosari F.,
(2011). Threats, and challenges to
sustainable agriculture and rural
development in Egypt: Implica-
tions for agricultural extension. J.
Anim. Plant Sci. 21: 581-588.


https://doi.org/10.21608/jsas.2018.2604.1051
https://doi.org/10.21608/jsas.2018.2604.1051
http://dx.doi.org/10.5958/2229-4473.2017.00006.4
http://dx.doi.org/10.5958/2229-4473.2017.00006.4
https://doi.org/10.1111/pbr.12057
https://doi.org/10.1111/pbr.12057

142

ABD EL-GHANY AND ABDEL-LATEIF

Zhang J., Xie W., Wang Y. and Zhao X.,
(2015). Potential of start codon
targeted (SCoT) markers to esti-
mate genetic diversity and rela-
tionships among Chinese Elymus
sibiricus accessions. Molecules.
20(4):
/molecules 20045987,

5987-6001.d0i:10.3390

Zhang Y., Yan H., Jiang X., Wang X.,
Huang L., Xu B., Zhang X. and
Zhang L., (2016). Genetic varia-
tion, population structure and link-
age disequilibrium in Switchgrass

with ISSR, SCoT and EST-SSR
markers. Hereditas., 153(1): 4. doi:
10.1186/s41065-016-0007-z.

Xiong F., Zhong R., Han Z., Jiang J., He
L., Zhuang W. and Tang R,
(2011). Start codon targeted poly-
morphism for evaluation of func-
tional genetic variation and rela-
tionships in cultivated peanut
(Arachishypogaea L.) genotypes.
Mol. Biol. Rep. 38: 3487-3494.
DOI:10.1007/ s11033-010-0459-6.

Table (1): Barley cultivars, their pedigree and characteristics.

Name | origin Pedigree Characteristics
Giza Giza 117 JEAOS6 Tolerant_ to salinity and
123 fungal diseases.
Tolerance to fungal dis-
Giza 124 Giza 117/ Bahteem 52// Giza eases and high tempera-
ture
. Tolerant to
Giza 126 g?:lad' Bahteem/SD 729 Por  12769- drought and funal diseas-
> ' es
3 Tol to fungal di
Giza132| °  |Rihane-05//AsA6/Aths*2" Aths/ olerance 1o fungal dis-
m eases
«Q
5 |ZAR-
Giza 135 ™ | ZA/BERMEJO/4/DS4931//GLORIABAR/ |Naked barley with mod-
COPAL/3/SEN/5 erate production
/AYAROS.
PLAISANT/7/CLN-B/LIGEE640/3/S.P
B//GLORIAAR/COME Naked barley with mod-
Giza 136 B/5/FALCONBAR/6/LINOCLN-B/A/S.P- |erate production and tol-
/LIGNEE®640/3/S.P-B//GLORIA erant to salinity
BAR/COME B/5/FALCONBAR/6/LINO
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Table (2): List of ISSR primers (Sigma, Egypt).

Primer Name Sequence

SCoT-1 5-ACGACATGGCGACCACGC-3'
SCoT-2 5-ACCATGGCTACCACCGGC-3'
SCoT-3 5-ACGACATGGCGACCCACA-3'
SCoT-4 5-ACCATGGCTACCACCGCA-3'
SCoT-5 5'-CAATGGCTACCACTAGCG-3'
SCoT-6 5'-CAATGGCTACCACTACAG-3'
ISSR-1 5-AGAGAGAGAGAGAGAGC-3'
ISSR-2 5'-AGAGAGAGAGAGAGAGG-3'
ISSR-3 5-ACACACACACACACACT-3
ISSR- 4 5'-ACACACACACACACACG-3'
ISSR -5 5-GTGTGTGTGTGTGTGTG-3'
ISSR -6 5'-CGCGATAGATAGATAGATA-3'

Table (3): The similarity percentages based on SCoT data among six barley cultivars.

Giza123 | Giza124 | Giza126 | Giza132 | Giza135 | Giza 136
Giza
193 1.00
Giza
1o 0.95 1.00
Giza
L2 0.88 0.93 1.00
Giza 0.97 0.94 0.89 1.00
132 : : : :
Giza
T2 0.91 0.01 0.87 0.92 1.00
Ci';g‘ 0.82 0.82 0.84 0.81 0.89 1.00
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Table (4): SCOT and ISSR analyses of barley cultivars; Total Number of Bands (TB),
Monomorphic Bands (MB), Polymorphic Bands (PB), Percentage of Polymor-
phism (%P), Frequency (F) and Polymorphism Information Content (PIC).

Primer B MB PB % P F PIC Fragment size
SCoT-01 10 5 5 50 0.80 | 0.27 170-550
SCoT-02 12 9 3 25 093 | 0.12 160-2000
SCoT-03 7 5 2 29 0.79 | 0.28 300-1350
SCoT-04 14 6 8 57 0.76 | 0.30 170-1700
SCoT-05 4 2 2 50 0.67 | 0.35 170-650
SCoT-06 9 7 2 22 0.85 | 0.22 170-710

ISSR-01 15 7 8 53 0.73 | 0.31 210-1100
ISSR-02 12 8 4 33 0.89 | 0.18 220-850
ISSR-03 9 4 5 56 0.67 | 0.35 140-790
ISSR-04 9 4 5 56 0.67 | 0.35 190-770
ISSR-05 9 2 7 78 0.57 | 0.37 180-570
ISSR-06 12 8 4 33 0.78 | 0.29 200-1100
Total 122 67 55 - - - -
Average 10.2 5.6 4.6 45 0.76 | 0.28 -

Table(5): The similarity percentages based on ISSR data among six barley cultivars.

Giza 123 Giza 124 Giza 126 | Giza 132 | Giza 135 | Giza 136
Giza
123 1 1.00
Giza
124 2 0.94 1
Giza
1126 3 0.87 0.89 1
Giza
132 4 0.93 0.91 0.87
ClE g 0.75 0.80 0.77 0.77 1
135 ' ' ' '
Giza
136 6 0.76 0.76 0.77 0.78 0.92 1
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Fig. (1): SCoT banding profiles of barley cultivars: M; DNA marker, lanes 1-6; Giza 123,
Giza 124, Giza 126, Giza 132, Giza 135, and Giza 136, respectively.

Similarity

7 £ 7 g g .

160
80

Giza 136

Giza 132

Giza 123

Giza 124

Giza 135

Giza 126

Fig. (2): The cluster analysis based on SCoT data using UPGMA method among six
barley cultivars.
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Fig. (3): ISSR banding profiles of barley cultivars: M; DNA marker, lanes 1-6; Giza 123,
Giza 124, Giza 126, Giza 132, Giza 135, and Giza 136, respectively.
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Fig. (4): The cluster analysis computed from ISSR data using UPGMA method among six
barley cultivars.



