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Introduction                                                         
Drought stress is one of the most important 
aggressive factors for plant production in the arid 
and semi-arid regions of the world, which affects 
morphological, physiological, biochemical and 
molecular processes in plants. (Zhao et al., 2008). 
Amongst the crops  barley (Hordeum vulgare L.) 
is the first important winter cereal crop grown 
in arid and semi-arid regions in North Africa, 
because of  its earliness, ability to escape 
terminal drought-stress, and  grown  in areas 
where irrigation is poorly available. (Ceccarelli 
et al., 1987). Barley is also considered as a good 
model species for cereals due to its commonly 
accessible genetic information (Hayes et al., 
2000). Robinson et al. (2000) reported that the 
development of abiotic stress tolerance in barley 
depends mainly on using the available genetic 
variation in both cultivated barley (H. vulgare L.) 
and wild barley (H. vulgare subsp. spontaneum). 
Molecular markers analyses are universally used 
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to study the genetic diversity and the relationships 
among genotypes and cultivars because the 
molecular marker technique is powerful tools 
and independent of environmental effects (Liu 
et al., 2006). Li and Quiros (2001) described a 
new  DNA-PCR marker system named Sequence 
Related Amplified Polymorphism (SRAP), based 
on promoter regions to amplify open reading 
frames (ORFs) so need designed specified primer 
combination, which forward primers, specially 
amplify exon regions and the reverse primers 
preferentially amplify intron regions. SRAP 
has been established to be a suitable tool for 
genetic diversity studies more than other markers 
because of its simplicity, reproducibility, discloses 
numerous, co-dominant markers and easy isolation 
of bands for sequencing (Esposito  et al., 2007). 
SRAP markers have been successfully used to 
measure the genetic diversity and relationships 
in many cereal crops such as Maize (Jiang et 
al., 2007) durum wheat (Zaefizadeh and Goleiv, 
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2009), rice (Dai et al., 2012) , barley (Yang et 
al., 2008 & 2010  and Dizkirici et al., 2010), 
and in Egyptian barley was used as first time 
by Mariey et al. (2015). Genetic variability in 
barley for drought tolerance has been previously 
studied using different DNA molecular markers 
such as SSR (Forster et al., 2004) and RAPD 
(Nazari and Pakniyat, 2008). However, there are 
not much reports on studying genetic diversity 
of barley cultivars and/or genotypes using SRAP 
markers for abiotic stress. Thus, the objective of 
the present study was to use the SRAP markers as 
a first report to investigate the genetic diversity 

of 19 Egyptian barley cultivars for water stress 
tolerance in order to classify them on the  SRAP 
molecular level and provide genetic information 
for the future breeding programs for water stress. 

Materials and Methods                                        

Barley cultivars
 Nineteen barley cultivars (Hordeum vulgare 

L.) were used in this study; their names and 
pedigree are shown in Table 1 were kindly 
provided by Sakha Barley Research Dept., Field 
Crops Research Institute, Agricultural Research 
Center, Egypt. 

TABLE 1. Name, and row type and pedigree of 19 barley cultivars used in the field experiment

No. Name Row type Pedigree
1 Giza 117 hulled Six row Baladi 16/Palestine 10
2 Giza 118 hulled Six row Beecher (Introduced from USA)
3 Giza 119 hulled Six row Baladi16/Gem(G.I. 7243)
4 Giza 121 hulled Six row Baladi16/Gem.
5 Giza  123 hulled Six row Giza 117/FAO 86
6 Giza 124 hulled Six row Giza 117/Bahteem 52// Giza 118/FAO 86
7 Giza 125 hulled Six row Giza117  / Bahteem52// Giza118 /FAO86(sister line to G.124
8 Giza 126 hulled Six row Baladi Bahteem/S D729-Por12762-BC.

9 Giza 127 hulled
Two 
row

W12291/B0gs//Hamal-02

10 Giza 128 hulled
Two 
row

W12291/4/11012-2170-22425/3/”Apam”/”B65”//”A16”

11 Giza 129 hulless Six row Deir Alla 106/Cel//As46/Aths*2’’
12 Giza 130 hulless Six row Comp.cross”229//Bco.Mr./DZ02391/3/Deir Alla 106

13 Giza 131 hulless Six row
CM67B/CENTENO//CAMB/3/ROW906.73/4/GLORIABAR/ COME-B/5/
FALCON BAR/6/LINO

14 Giza 132 hulled Six row Rihane-05//AS 46/Aths*2Athe/ Lignee 686
15 Giza 133 hulled Six row ICB91-0343-0AP-0AP-0AP-281AP-0AP
16 Giza 134 hulled Six row ICB91-0343-0AP-0AP-0AP-289AP-0AP
17 Giza  135 hulless Six row ZARZA/BERMEJO/4/DS4931//GLORIABAR/COPAL/3/SEN/5/AYAROS

18 Giza  136 hulless Six row
PLAISANT/7/CLN-B/LIGEE640/3/S.P-B//GLORIAAR/ COME B/5/
FALCONBAR/6/LINOCLN-B/A/S.P- /LIGNEE640/3/S.P-B//GLORIA-
BAR/COME B/5/FALCONBAR/6/LINO

19 Giza 2000 hulled Six row Giza117/Bahteem52// Giza118/ FAO86 / 3/Baladi16/ Gem

Field investigational design
Two separated field experiments were carried 

out at Sakha Research Farm (North of Egypt), 
during two growing seasons; 2013/2014 and 
2014/2015 under irrigated and non-irrigated water 
stress conditions using 19 cultivars planted in a 
randomized complete block design (RCBD) with 
three replicates; each plot consisted of a cultivar 
which was planted in six rows of 3.5 m, spread 
out with 20 cm among rows (plot area=4.2 m2). 
The first experiment (normal conditions) was 
irrigated twice after sowing , first  irrigation  on 
45 days at tillering stage and  the second irrigation 
on 75 days  at booting stage, while the second 
experiment (water stress conditions) was irrigated 
once just at sowing irrigation. 

Soil samples
  Soil samples were taken before land 

preparation in two depths from the soil 
surface; i.e. 0-15 cm and 15-30 cm. Chemical 
properties of soil samples from the two 
isolated field experimental site during the two 
following seasons, are presented in  Table 2. Field 
experimental samples were analyzed according 
to Piper (1950) and Black et al. (1965). Water 
application was monitored via water meter  
and some climatic characteristics  such as 
maximum and minimum temperature (C), 
relative humidity (RH) %, wind speed (WS) m/
sec, rainfall , evapotranspiration  (ETo ) during 
the two seasons at Sakha Station  as  shown in 
Table 3. 
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Studied traits 
Six growth traits for the 19 barley cultivars 

were measured in this investigation including, 
days to 50% heading, plant height (cm), No. 
grains spike-1 , No. spikes m-2 (cm), grain yield (t 
h-1) and harvest index %.

Statistical analysis
Collected data  from the two seasons were 

statistically analyzed as a randomized complete 
block design (RCBD) using analysis of variance 
(ANOVA) for each season  two location , two 
seasons , over all the two field experimental  and 
over all  the two seasons 2013/2014 and 2014/015 
as a combined analysis. All statistical analyses 
were performed using the computer software 
MSTAT-C Computer Program according to 

(Snedecor and Cochran, 1969). Stress intensity 
(SI) = 1 – (GŶs / GŶp), whereas GŶs and GŶp 
are the means of all genotypes under stress and 
normal conditions, respectively, according to 
(Munns and James, 2003). Principal component 
and cluster analysis were analyzed using a 
computer software program Minitab v.12.

DNA extraction and PCR amplification
Genomic DNA was isolated from the 19 

barley cultivars fresh leaves using CTAB method 
according to Doyle and Doyle (1990), using nine 
SRAP primer combinations; their names and 
sequences are shown in Table 4.  PCR cycling 
was carried out as the following program;  initial 
denaturation at 94° C for 4 min, followed by five 
cycles comprising  1-min denaturation at 94° C, 
1-min annealing at 35 °C, and 30 s of elongation 

TABLE 2. Chemical properties of soil samples from the Sakha field experiments during the two following seasons 

Chemical properties 2013/2014 2014-2015
pH 7.10 8.00

EC dSm-1 3.00 3.70
CaCO3 0 0

Ca++ 4.6 4.8
Mg++ 2.5 5.9
Na++ 14.8 14.9
K+ 0.2 0.5

SO4 18.2 7.1
Cl 11.2 10.3

HCO3 5.5 5.3

TABLE 3. Mean of some meteorological data for kafr El –Sheikh area during the two years 2013/2014 and 
2014/2015

 Source: Meteorological Station at Sakha Agricultural Research Station 31°-07N latitude, 30°-57E longitude with an elevation of 
about 6 meters a above mean sea level
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at 72° C. In the following 30 cycles, denaturation 
at 94° C for 1 min, annealing at 50° C for 1 min, 
and elongation at 72° C for 30 s were carried out, 
ending with an elongation step for 10 min at 72° 
C. The amplified products were stored at 4° C. The 
PCR products were separated by electrophoresis 
using 2% agarose gel in 1 x TBE buffer against 
100 bp DNA Ladder as a size marker. Bands were 
detected with ethidium bromide staining and 
visualized under UV light, then photographed on 
Gel Documentation.

SRAP markers data analysis
The amplified bands from SRAP were 

scored as a binary data under the heading of 
total scorable fragments, which was determined 
for each cultivar. The data were used to estimate 
the genetic similarity on the basis of number of 
shared amplification products (Nei and Li, 1979). 
Polymorphism Information Content (PIC) values 
were done to distinguish between cultivars for 
each primer according to (Anderson et al., 1993). 
Cluster analysis was performed to produce a 
denderogram using unweighted pair-group method 
with arithmetical average (UPGMA) based on 
Jukes–Cantor coefficient using PAST program 
adapted by Hammer et al. (2001). 
Results and Discussion                                          

Field experimental analysis 
Field screening analysis is remaining the main 

tools to identify the response of cultivars to water 
stress conditions, in spite of its limitation of time 
required and environmental addiction. The variance 
analysis, mean performance, stress intensity, PCA 
analysis and the cluster similarity for the six studied 
traits were calculated in this study to evaluate the 19 
Egyptian barley cultivars tolerance to water stress 
under irrigated and non-irrigated condition during 
the two cropping seasons 2013/014 and 2014/015.

Days to heading (DH) 
Regarding days to heading (DH), data in Table 

5 showed high significant differences among all 
barley cultivars for DH in the two seasons, and 
significant difference interaction between the 

TABLE 4. SRAP Primers combinations name and sequences

Name Forward  primer sequences Reverse  primer sequences
me1+em1 TGAGTCCAAACCGGATA GACTGCGTACGAATTAAT
me1+em2 TGAGTCCAAACCGGATA GACTGCGTACGAATTTGC
me1+em3 TGAGTCCAAACCGGATA GACTGCGTACGAATTGAC
me2+em1 TGAGTCCAAACCGGAGC GACTGCGTACGAATTAAT
me2+em2 TGAGTCCAAACCGGAGC GACTGCGTACGAATTTGC
me2+em3 TGAGTCCAAACCGGAGC GACTGCGTACGAATTGAC
me5+em1 GAGTCCAAACCGGAAG GACTGCGTACGAATTAAT
me5+em2 GAGTCCAAACCGGAAG GACTGCGTACGAATTTGC
me5+em3 GAGTCCAAACCGGAAG GACTGCGTACGAATTGAC

two seasons (S) and the cultivars (C) were found, 
while the data clearly showed that there were no 
significant interaction between the two treatments 
(T) and cultivars (C). These results are in agreement 
with (Haddadin, 2015). Results in Table 6 showed 
the mean performance of DH for the 19 cultivars 
during the two growing seasons; in the first season, 
the results indicated that Giza 123 was the earliest 
under both irrigated, non- irrigated conditions and 
their combined with values of (89.7, 88.3 and 89.0 
days), respectively. However, Giza 129 was the latest 
barley cultivar under irrigated and non-irrigated 
conditions and their combined, which recorded 
(104.0, 97.7and100.8 days), respectively. In the 
second season, the earliest cultivar under irrigated, 
non-irrigated conditions and their combined was 
Giza 131 with values of (91.7, 90.7 and 91.2days), 
respectively. The reduction of DH in normal and 
water deficit conditions was 4% in the first season 
and 3.3% in the second season, and the stress reduced 
all cultivars for HD indicting that the earlier heading 
in barley is the better adapted to low reainfed areas, 
whereas the earliness probably is the most efficient 
drought escape mechanism. These results were 
consistent with those of El- Seidy (1997), Shakhareh 
et al. (2001), El-Madidi et al. (2005) and Abu-El-Lail 
et al. (2016). The stress intensity (SI) was equal to 
3.99% in the first season and 3.38% in the second 
season indicating that DH trait proficient a minor 
water stress in the study. For coefficient of variation, 
genotypic yields under irrigated conditions revealed 
greater variation than the non-irrigated conditions 
(CV%= 1.14 vs. 0.79%) in first season but in second 
season CV variation under normal was smaller than 
variation under the stress environment (CV%= 0.7 vs. 
1.3%). These results were in agreement with (Singh, 
2011 and Chalak et al., 2015), who reported that days 
to heading had small C.V. at which this trait is a stable. 

Plant height cm (PH) 
Plant height is affected by agronomic factors 

and other treatments, based on the results from the 
variance analysis data in Table 5 that showed that 
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Number of grains per spike
Concerning number of grains spike -1, data in 

Table 7 showed high significant differences among 
all cultivars, and high significant interaction were 
found between cultivars and treatments as well 
as between cultivars and seasons. The results of 
mean performance as shown in Table 8, revealed 
that barley cultivar Giza 136 ranked first in terms 
of number of grains spike-1 under both conditions 
(irrigated and non-irrigated) and their combined 
during the two growing seasons, while, Giza 
127 (two-wowed barley) and Giza 119 (six-
wowed barley) both had the lowest number for 
grains spike-1 under irrigated and non-irrigated 
conditions and in their combined, during the two 
growing seasons. The reduction of this trait under 
normal and water stress conditions was 12% in 
the first season and 11.1% in the second season. 
In addition, the data showed reductions in this 
trait among all the cultivars under water stress 
condition expect for Giza 136 in the first season 
and Giza 135 in the second season both had no 
reduction between normal and stress conditions. 
Stress intensity (SI) was 11.89% in the first season 
and 11.04% in the second season. The results 
of the coefficient of variation showed that the 
genotypic yield under irrigated conditions was 
smaller than variation on non-irrigated conditions 
in both growing seasons. The present  results were 
in agreement with Rizza et al. (2004), Haddadin 
et al. (2013) and Haddadin (2015) who confirmed 
that the reduction in No. of grains spike-1under 
water stress treatments could be due to the 
reduction in grain yield components, whereas this 
trait was more sensitive to water stress. 

Number of spikes per square meter
Data in Table 7 showed high significant 

differences among all barley cultivars during the 
two 2012/13 and 2013/14 growing seasons and 
highly significant interaction between cultivars 
and treatments as well as between cultivars and 
seasons across their combined analysis was 
observed.  For mean performances as shown in 
Table 8, data indicated that the Giza 2000 had 
the highest number of spikes m-2 under irrigated, 
non-irrigated and their combined conditions 
during both growing seasons with reduction of 
3.2% in the first season and 2.9 % in the second 
season, while the lowest number of spike m-2 was 
showed by Giza 119 under irrigated and non-
irrigated conditions and their combined during 
two growing seasons. The average reduction 
of this trait under normal and water stress 
conditions was 31.4% in the first season and 

26.4 % in the second season. Our results are in 
a good harmony with those reported by Hamam 
and Salman (2007) and Abu-El-Lail et al. (2016) 
who reported that the water stress decreased 
all cultivars under non- irrigated conditions, 
paralleled with irrigated conditions indicating 
that this trait of number of spikes m-2 was the 
most sensitive to water stress, also Sanchez et 
al. (2002) and Samarah (2005) reported that the 
reduction in that trait  under water stress was due 
to  the increase in the number of sterile spikes 
and the decrease in the number of fertile spikes 
in barley. 

Grain yield (t h-1)
Data in Table 9 showed a high and a significant 

difference among all cultivars and between their 
interactions were found between cultivars and 
treatments as well as between cultivars and 
seasons Regarding mean performances, data 
in Table 10 showed that Giza 2000 had the 
maximum values under normal, stress and their 
combined conditions during the two growing 
seasons. On the other hand, Giza 119 had the 
minimum values under normal, stress and their 
combined conditions in both growing seasons 
with yield reduction of 29.0% in the first seasons 
and 23.8% in the second season, while the yield 
reductions among cultivars ranged from 18.5% 
for Giza 126 to 64.1% grain yield reduction for 
Giza 117 in the first season, while for the second 
season the yield reduction among cultivars ranged 
from 18.1% for Giza 126 to 61.7% for Giza 117. 
In addition, the average reduction for grain yield 
under normal and water stress conditions was 
37% in the first season with stress intensity (SI) 
of 38.64%, and in the second season the reduction 
was 41.1% with stress intensity of (SI) 42.70% 
in the second season. Samarah (2005) reported 
that the grain yield is the component of the three 
factors:  No. spikes m-2, No. grains spike-1 and 
thousand kernel weight, so many factors  such 
as moisture levels can be effective in improving 
the quality and quantity of grain. Therefore, the 
reduction in total grain yield under the water 
stress treatment could be due to the reduction 
in grain yield components. The coefficient of 
variation for this trait revealed that the genotypic 
yields under irrigated conditions were greater 
than the non-irrigated conditions in both growing 
seasons. Our results are in line with those 
reported by Samarah et al. (2009), Haddadin 
(2015), Fatemeh Sefatgol & Hamidreza Ganjali 
(2017) and Singh et al. (2017).
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Harvest index (HI)
Data in Table 9 showed significant and high 

significant differences among all barley cultivars 
for HI, also there was a high significant difference 
found for the interaction between the cultivars 
and treatments (CxT) and also between them 
and seasons (CxS). Mean values of harvest index 
shown in (Table 10) indicated that Giza 128 
had the highest (HI) in the first season (87.9%) 
and in the second season (72.9%) under normal 
condition, in addition to Giza 126 that had the 
highest (HI) in the first season under stress and 
their combined as well as Giza 2000 that had the 
highest HI in the second season under stress and 
their combined. The reduction of HI under normal 
and water stress conditions was 15.5% with 
15.54% stress intensity in the first season and in 
the second season was 17.5%   with 17.18% stress 
intensity as shown in (Table 10). The CV% of 
this trait revealed that the variation of genotypic 
yields under irrigated conditions was greater 
than the non-irrigated conditions in both growing 
seasons, whereas, Ranjbar and Cheraghi (2010) 
reported that harvest index affects the vegetative 
production and grain yield.. these results were 
in a good harmony with Samarah et al. (2009), 
Haddadin (2015), and Fatemeh Sefatgol and 
Hamidreza Ganjali (2017).

Principal component analysis (PCA) 
Principal component analysis (PCA) based 

on six agro-morphological traits were used to 
distinguish all cultivars into groups, where the 
selection of cultivars  could be based on the values 
of both first and second principal component 
analysis illustrated in (Table 11) that the first and 
second  principal components analysis (PCA1 and 
PCA2) covered about 97.1% of the total variation, 
where  the first PCA1 axis, showed  48.57% of 
the total variation influenced by plant height, no. 
spikes  m-2 and grain yield and  the second PCA2 
axis represents 26.7% of the total variability due 
to heading data, no. grains spike-1 and harvest 
index. 

Tolerant and moderately tolerant cultivars to 
water stress could be defined according to the 
values of PCA1, in which  the  cultivars  that  were 
positive  and  get  high values  of  PCA1 could be 
more tolerant and  suitable for both irrigated and 
non-irrigated conditions cultivars such as (Giza 
131,Giza 126 , and Giza 2000), therefore, we could 
name PCA1 water stress tolerance components, 
while the cultivars which was positive in PCA1 
and their values were less than one could be known 

as a moderately tolerant cultivars, therefore, the 
cultivars (Giza 121, Giza 123, Giza 125, Giza 127, 
Giza 128, Giza 130, Giza133, Giza 134  and Giza 
136) could be  used as good  moderately tolerant  
cultivars under water stress conditions. According 
to PCA2 values we could define the sensitive 
and moderately sensitive cultivars, which PCA2 
known as a stress sensitive component, therefore, 
the cultivars which were  positive in  PCA2 and  
their  values more than one could be considered 
as sensitive cultivars such as (Giza 119 and Giza 
132),  which were not suitable for both irrigated 
conditions, in addition, the cultivars which were 
positive with PCA2 and had values less than one 
could be considered  as moderately sensitive 
cultivars like (Giza 129, Giza 117, Giza 118 and 
Giza 124)  and will be  more  suitable for non-
irrigated conditions than irrigated stress. These 
results were in agreement with those reported by 
Mariey and Khder (2017).

Hierarchical cluster and bi-plot diagram analysis 
Results of cluster analysis shown in Table 12 

indicated the similarity levels among all cultivars 
according to their morphological study; the highest 
similarity level was recorded between two cultivars 
Giza 118 and Giza 132 equaled 98.16 followed by 
two cultivars Giza 130 and Giza 135 with 95.4 
and between Giza 133 and Giza 134 recorded 
95.39 similarity level, while the lowest similarity 
levels was obtained between Giza 117 and Giza 
132. It was notable that cluster analysis measured 
a valuable tool for dividing number of cultivars 
in groups including similarity and dis-similarity 
cultivars, which would help the breeder to design 
an effective breeding program. These results were 
very consistent with those reported by Subhani et 
al. (2015) and Dorostkar et al. (2016).  

Graphical dendrogram resulted from both 
bi-plot analysis, based on the six studied 
morphological traits; the values of PCA1 and 
PCA2 were demonstrated in Fig. 1 A  and cluster 
analysis  which based on  similarity levels of 
traits is showed in Fig. 1 A , where both  analyses 
had divided all cultivars into four groups named 
A, B, C and D, at which each group included 
closely related cultivar to other cultivar. A 
group included the tolerant cultivars which had 
best morphological performance for all studied 
traits and had high yield under normal irrigation 
and water stress conditions, and  the similarity 
levels  among them was more than 90.0 such as 
(Giza 126, Giza 2000 and Giza 131). On the 
other hand, the cultivars which were placed 
on D region had the lowest yield in both 
conditions and also the highest similarity 
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level was recorded between two cultivars Giza 
118 and Giza 132 equaled 98.16  considered  
as  sensitive cultivars such as (Giza 118 and 
Giza 132), whereas the B region included the 
moderately tolerant cultivars which had the best 
grain yield under irrigation conditions such as 
(Giza 127,Giza128, Giza 133, Giza 121,Giza 
134, Giza 135,  Giza 125), while C group 
composed of cultivars which had  poor grain 
yield and lower mean performance and could 
be considered as moderately sensitive such as 
(Giza 129, Giza 117, Giza 119 and Giza 124) 
Consequently, these results were in agreement 
with similar trends in multivariate analysis of 
drought tolerance in many crops such as maize 
(Farshadfar & Sutka, 2003; durum wheat, 
Golabadi et al., 2012; and in barley Sharafi et 
al., 2014 and Mariey & Khder, 2017 ). 

From the abovementioned results, it could 
be concluded that cluster analysis and bi-plot 
analysis are considered as a valuable tool based 
on similarity levels of the agro-morphological 
traits to  subdivide the cultivars into groups 
including similarity and dissimilarity cultivars, 
which would help the breeder to plan an 
effective breeding program, through  producing 
good results if they are crossed with them.

Molecular marker analysis                                      
Sequence related amplified polymorphism 

(SRAP) analysis
Molecular markers have been revealed to be 

a very powerful tool for genotype description 
and estimation of genetic diversity. SRAP 
marker is becoming the marker of choice for 
classification and genetic diversity studies in 
a wide range of plants, therefore this is the 
first application of SRAP markers as a tool for 
estimating the level of genetic diversity and 
classification of 19 Egyptian barley cultivars 
for water stress tolerance, where a total of 71 
fragments were amplified with nine selected 
primer combinations. The number of bands 
amplified by each pair of primers ranged from 
6 to 10, with the molecular size between 100 
to 1.300 bp.  Results in Table 13 showed the 
average percentage of polymorphic loci for 
all primer combinations was 70.93 % and the 
average band number amplified from each 
pair of primers was 7.88% bands, of which 
included 5.77% polymorphic bands, at which 
the maximum band number among the nine 
primers combinations was ten obtained by the 
two primer combination me5+em1, which gave 

the highest polymorphism (100 %) (Fig. 2 A), 
and primer me5+em2 gave (90%) (Fig. 2 B). 
However, primer me1+em3 had the minimum 
bands was six with (66.67%) polymorphism 
(Fig. 2 D).  The amplified fragments ranged 
from 70bp to 1300 bp as shown in Fig. 3 (A, 
B, C&D), the primer me5+em2 had specific 
bands found in tolerant cultivars with size 950 
bp (Fig. 2 A).  Polymorphic information content 
(PIC) values, which were used to measure the 
genetic diversity varied from 0.50 to 0.97, the 
highest (PIC), related to primer combination 
me5+em1 was (0.97) indicating that this 
primer combination is highly informative and  
might be a useful tool to determine the genetic 
differences among barley cultivars.

Genetic diversity analysis
Cluster analysis shaped a  dendrogram  

among the 19 Egyptian barley cultivars based 
on nine SRAP fragments  using  Jaccard’s 
genetic similarity  coefficient, which was  
outlined by the Unweighted Pair-Group Method 
(UPGMA),  the dendrogram showed that the 
19 cultivars  were classified into four major 
clusters, first (T) group included six tolerant 
cultivars, (i.e. Giza123, Giza125, Giza126, 
Giza130 , Giza131and Giza2000), (MT) group 
included moderately tolerant cultivars, (MS) 
group included moderately sensitive  cultivars 
and (S) sensitive cultivars group as shown in 
Fig. 3A. The PCA based on SRAP fragments  
also had divided the 19 Egyptian  barley 
cultivars  using  the percentages of variance 
of PCA1 (43.9%) and PCA2 (13.9%) into four  
separate groups, namely group A comprised the 
T cultivars, group B consisted of MT cultivars 
, Group C included MS cultivars and group D  
included S cultivars  (Fig. 3 B). The results of 
PCA were consistent with those obtained by the 
UPGMA cluster analysis. The genetic similarity 
coefficient (GSC) ranged from low similarity 
(0.57) between Giza133 and Giza121, which 
proposes that these were the least-related 
cultivars to highest similarity (0.93) between 
Giza 2000 and both of Giza 126, Giza 131and 
Giza 123 indicating that it was a very close 
relationship among these cultivars as shown in 
Table 14, where these cultivars were tolerant to 
water stress according to our pervious results.

Molecular and morphological analysis 
The Cluster analysis among the 19 Egyptian 

barley cultivars based on genetic distance 
and agro-morphological parameters using 
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TABLE 11. Principal component analysis for agro- morphological traits of 19 barley cultivars during two seasons 

 Traits Axis 1 Axis 2 Axis 3 Axis 4 Axis 5
Heading data (day) HD 0.42 0.25 0.23 0.82 0.20
Plant height (cm) PH -0.45 0.06 -0.74 0.36 0.17
 No grains spike -1 (g)  K/SP -0.22 -0.65 0.22 0.37 -0.55
No spikes m-2  SP/M -0.48 -0.1 0.53 -0.04 0.62
Grain yield( th-1 ) GR -0.53 0.21 0.13 0.26 -0.11
 Harvest index ( %) HI -0.23 0.67 0.23 -0.07 -0.49
Genotypes
Giza117 -1.49 0.58 -0.30 -0.27 -0.63

Giza118 -2.05 0.14 -0.33 -0.81 0.08
Giza 119 -1.45 1.68 -1.16 -0.05 0.85
Giza 121 0.54 -0.26 0.82 0.20 0.16
Giza 123 0.57 -1.16 -0.73 0.66 -0.39
Giza 124 -2.11 1.65 0.04 -0.34 -0.69
Giza 125 0.27 -0.37 0.58 0.08 0.33
Giza 126 1.88 -0.40 0.38 -0.29 -0.63
Giza 127 0.12 -0.99 0.01 1.78 -0.33
Giza 128 0.97 -0.97 -1.65 -0.49 -0.08
Giza 129 -2.23 0.98 0.50 1.05 0.43
Giza 130 0.76 -0.36 -1.12 0.17 0.35
Giza 131 2.45 -0.67 -0.21 -0.95 -0.54
Giza 132 -2.29 0.89 0.64 -0.37 0.05
Giza 133 0.36 -0.52 1.28 -0.87 -0.24
Giza 134 0.59 -0.32 0.73 -0.21 0.52
Giza 135 0.11 -0.02 0.06 -0.73 0.79
Giza 136 0.29 -1.88 -0.07 1.00 -0.46
Giza 2000 4.08 -0.85 0.54 0.45 0.44
Eigenvalue 2.91 1.60 0.58 0.53 0.24
Variance% 48.57 26.68 9.62 8.82 4.04
Cumulative variance (%) 48.6 75.2 84.8 93.7 97.7

TABLE 12. Cluster analysis to classify 19 barley cultivars based on agro–morphological traits

No. of clusters Similarity level Clusters jointed New cluster No. of entries in
new cluster

18 98.16 G118 G132 2 2
17 95.4 G130 G135 12 2
16 95.39 G133 G134 15 2
15 94.94 G119 G129 3 2
14 93.84 G125 G133 7 3
13 93.67 G123 G126 5 2
12 93.51 G131 G2000 13 2
11 93.21 G117 G118 1 3
10 91.80 G121 G125 4 4
9 91.74 G126 G131 8 3
8 90.72 G125 G130 5 4
7 88.32 G127 G128 9 2
6 86.76 G119 G124 3 3
5 86.60 G121 G123 4 8
4 76.45 G121 G127 4 10
3 76.40 G121 G119 1 6
2 64.67 G121 G126 4 13
1 45.40 G117 G121 1 19
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Jacquard’s genetic similarity coefficient was 
outlined by the UPGMA cluster analysis, 
the diagram divided the 19 cultivars into two 
main groups; each group is divided into two 
sub-groups as shown in Fig 4. The first main 
cluster included two sub-cluster one include 
the T cultivars and the other included the 
MT cultivars, while the second main cluster 
for  sub-group included sensitive cultivars 
and  other one had the MS cultivars together. 
Genetic diversity analysis is necessary in plant 
breeding; SRAP is a suitable molecular marker 
system for genetic diversity analysis in plants. 
Since SRAP has many features such as ease, 
dependability, flexibility, detection of multiple 
loci and cost-effectiveness, which allows 
beginners and experienced people to achieve 
SRAP routinely with incomplete facilities or 
in well-established genomics labs. As genome 
sequence information is not necessary for 
SRAP detection, SRAP can be used to perform 
genetic diversity analysis in a wide range 
of living organisms. (Li et al., 2013). In this 
study, seventy one alleles were amplified by 
nine primer combinations for water stress were 
higher in fragment number than that given in 
the genetic diversity on the barley using other 
DNA markers such as SSR markers (Forster et 
al. 2004), RAPD (Nazari and Pakniyat, 2008). 
The results of the present study showed that 
there were high genetic differences among 
Egyptian barley cultivars for water stress 
condition based on the agr-morphological traits 
which confirmed by SRAP markers. Thus, these 
genetic differences among Egyptian  barley 
cultivars using SRAP marker could be more 
efficiently to assess genetic variation among 
them and their ability for tolerance for water 
stress breeding programs to product suitable 
cultivars at normal and water stress conditions. 
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Fig. 2. Amplification results of the primers combination (A) me5+em1, (B) me 5+ em2 ,(C) me2+em3 and (D) 
me1+em3  in 19 Egyptian barley cultivars

Fig.1. Cluster analysis and biplot analysis based on agro– morphological traits for 19 Egyptian barley cultivars

Fig. 3. Dendrogam and the principal component analysis among 19 Egyptian barley cultivars from cluster analysis 
(UPGMA) based on genetic similarity estimates from the SRAP marker analysis
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 دراسة التنوع الوراثي للأصناف الشعير المصري باستخدام تحليل تعدد
 لتحمل الإجهاد المائي(SRAP)الأشكال المتسلسلة 

سماح عبدلله مرعى1 , منى عبد الحليم المنصورى2 و مها  عبدلله البيلى3
  1-قسم بحوث الشعير –معهد المحاصيل الحقلية- مركز البحوث الزراعية – مصر

2-معهد بحوث الأراضى والمياه والبيئة – مركز البحوث الزراعية – الجيزة – مصر
 3- معهد بحوث ادراة المياه – المركز القومى لبحوث المياه – مصر

 (PCA) الرئيسية  المكونات  تحليل  الأداء،  متوسط  التباين،  تحليل  لدراسة  تجربتين حقليتين  تقييم  تم          
ومستويات التشابه بين 91 صنف من الشعير المصري لست صفات خلال موسمين متتاليبنو2014 -2013 ) 
2015-2014   لتحديد مدى استجابتهم لظروف الإجهاد المائي.  أوضحت النتائج وجود إختلافات معنوية بين 
جميع الأصناف بالنسبة لجميع الصفات المدروسة، كما أعطى كل من صنف جيزة 621 وجيزة 131 و جيزة 
0002 أعلى متوسطات لكل الصفات المدروسة والتي كانت لها قيم إيجابية عالية مع تحليل المكونات الأساسية 
الأولPCA1   كما لوحظت أعلى مستويات التشابه بين تلك  الأصناف حيث كانت أكثر من 09%، لذلك يمكن أن 
نعتبر تلك  الأصناف متحملة للإجهاد المائي. وقد تم استخدام تحليل الأدلة الجزيئية من خلال استخدام دليل جزيئى 
الوراثي ومعرفة  التنوع  لتحديد   ، المتسلسلة  الأشكال  تعدد   (SRAP) يسمى  في مصر  يستخدم لأول مرة  جديد 
القرابة الوراثية بين ال 91 صنف من الشعير المصري لتحمل الإجهاد المائي، حيث تم استخدام عدد تسعة تركيبات 
 me5+em1 مختارة من البوادىء  والتى أعطت 66  شظية كاملة  وكان أفضل تركيب من البوداىء هو البادىء
الموافقة  الأشكال  متعددة  المعلومات  أعلى محتوى من   وأيضا  الأشكال (%001)  تعدد  نسبة  أعلى  أعطى  الذي 
المسبقة  CIP (79.0). أما شجرة النسب الوراثية المعتمدة على الدليل الجزيئي SRAP   قسمت 91 صنف إلى 
أربعة مجاميع أساسية كل مجموعة تحتوي على الأصناف الأقرب  لبعضها على أساس درجة تحملها للإجهاد 
المائي، حيث أوضحت النتائج أن الدليل الجزيئي SRAP  يمكن استخدامه بكفاءة لتقييم التباين الوراثي بين الشعير 

المصري وقدرته على تحمل  الإجهاد المائي.


