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Abstract

Today, most scientists have accepted that cultivated barley was originated from wild-type barley, Hordeum
spontaneum. By the way, this is unclear whether domestication processes just occurred in Fertile Crescent or
simultaneously in different areas all over the world. Additionally, there are disagreements in relation to center or
main diversity centers of this plant. In the present study, in order to evaluate genetic and geographic diversity
and also determining of barley populations phylogenic relations, 266 wild-type, H. spantaneum, from areas
located in or out of Fertile Crescent and also 44 samples of cultivated barley from different world areas were
studied. Barley samples storage proteins were analyzed by SDS-PAGE method and were assessed in three
hordein groups including D, C and B. Genetic parameters, such as patterns number and genetic diversity index
showed that by getting away from Fertile Crescent, barley genetic diversity was reduced, However, North Africa
and East Asia could be considered as a secondary centers of diversity of the plant. The study of genetic distances
showed that wild barley genotypes of Iraq and Turkey could be the nearest populations to modern cultivated
barley samples. Based on these results, Fertile Crescent especially Iran, Iraq, South East of Turkey and Jordan

could be main centers of diversity of wild barley H. Spontaneum.
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Introduction

Barely (Hordeum vulgare L. subsp. Vulgare) is one of
the five important crops that commonly used as
human and animal feed and also malt production. In
year 2009, barley world production was over than 150
million tones that were harvested from 54.13 million
(FAOSTAT, although

scientists are convinced that cultivated barley evolved

hectares 2010). Today's,
from wild-type two-rowed barley, debates about
center or domestication centers of this plant still
continue. The results of archeological searches in
different parts of the Fertile Crescent (from Palestine
and Jordan to south of Turkey and Iran’s south-west
areas, Figure1) indicate that barley domestication
processing and also beginning of agriculture; around
10000 years ago; occurred with simultaneously
primary emmer and einkorn wheat in these areas
(Zohary and Hopf, 1993). In despite, there are some
evidences about domestication of this plant in east
areas of Iran, Afghanistan, Tajikistan, India and
Himalaya and also some areas of Europe (Zohary and
Hopf, 2000). In other researches, north of Africa
including Ethiopia and Morocco also were introduced
as centers of domestication (Aberg, 1938; Bekele,

1983; Molina- Cano et al., 1987).

Due to advances in genetics science, different kinds of
biochemical and molecular markers have been
developed to study of plant species phylogenetic
relations that can be used for fairly accurately
determining the origins of plants. Application of
storage proteins polymorphism in barley (Hordein) to
determine the structure of diversity, genotype
identification and phylogenetic studies have been well
documented (Aberg, 1940; Atienza et al., 2000;
Bekele.,1983; Bushuk and Zillma.,1978). Based on
electrophoretic mobility and amino acid composition
Hordeins are divided to three main groups D, C and
B. These proteins are controlled by hor3, hor: and
hor2 genes that located in chromosome 5,
respectively .(Lue et al., 2009). Hordeins has been
widely used to study genetic diversity (Leistrumaite
and Paplauskiene, 2007).Therefore, it promoted us to
utilize Hordeins aiming at the detection of genetic

diversity and marker—trait associations in barley.
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The main aim of this study was determine of
diversity and primary center or centers of barley
domestication based on studying of the storage

proteins polymorphism.

Material and methods

Plant materials

In this study, 266 barley genotypes including 22
samples from south-west of Iran, 20 samples from
south-east of Turkey, 20 samples of north of Iraq, 22
samples from Syria, 22 samples from Jordon, 19
samples from Palestine, 17 samples from Morocco, 20
samples from west of Libya, 19 samples from east of
Afghanistan, 20 samples from north of Tajikistan, 22
samples from north of Kazakhstan, 22 samples from
Himalaya and 44 cultivated barley (Hordeum vulgare
L. sub sp. Vulgare) samples with regard to
polymorphism in hordeins were assessed. These
materials were obtained from Seed and Plant

Improvement Institute, Karaj, Iran.

Black Sea \/

Saiara

Flg 1. Figure 1. ‘The Fertile Crescent is a region in
Western Asia. It includes the comparatively fertile
regions ofMesopotamia and the Levant, delimited by
the dry climate of the Syrian Desert to the south and
the Anatolian highlands to the north. The region is
often considered the cradle of civilization, saw the
development of many of the earliest human
civilizations, and is the birthplace of writing and the

wheel.

Protein Extraction
Hordeins were extracted from seed as described by

Osman-Abdalla (2003). Flours (2 g) from each barley
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genotype were incubated with 6 ml 0.1M NaCl. The
soluble albumins and globulins were first removed by
centrifugation, and the insoluble hordein fraction was
extracted with 5 ml 70% hot (60 _C) ethanol
containing 0.5% DTT.

Hordein Electrophoresis

Hordein polymorphism was studied by sodium
dodecyl sulfate polyacrylamide gel electrophoresis
(SDS-PAGE) according to Lallemand and Briand
(1990). The stacking gel layers contained 4% (w/v)
w/v) N,No-
methylenebisacrylamide (BIS); the separating gels

acrylamide and 0.11%
contained 12% (w/v) acrylamide and 0.024% (w/v)
BIS.

Staining and storage of gels

Gels were stained in methanol: acetic acid: water
(25:9:65, v/v/v) containing 0.025% (w/v) Coomassie
Brilliant Blue R250 for 45 minimums at 45 _C
according to Lallemand and Briand (1990). After

staining, gels were stored in 10% acetic acid.

Data analysis

Hordein bands were coded by 1 or o for their presence
or absence in each genotype. Cluster analysis for
Hordein based on Jaccard’s coefficient, was
performed using the NTSYS-pc Version 2.1 Rohlf
(2000) software and clustered with unweighted pair
group method with arithmetic average (UPGMA).
Bands molecular weights were assessed by using
ladder marker (Molecular weight marker, SM0431)

applied from Fermentas Company.

Result and discussion

Genetic diversity and distribution of genetic
diversity

By determining the molecular weight of storage
polypeptide profiles, observed hordein bands in this
experiment were divided into three groups D, C and
B, according to Shewry et al .1980
respectively(Figure2). These bands were ranged from
34 to 119 KD. It should be noted that in any genotype
from 1 to 4 bands with a molecular weight less than

20 KD was also seen which they can be considered as

2014

part of A-hordein. This hordein without protein
structures, is not considered as component of storage
proteins by most of researchers (Salcedo et al., 1980).
Therefore, their polymorphic bands were not used in
the genetical analysis of populations .Bands were
observed in the region of D-hordein had 98 to 119 KD
molecular weight. For these proteins in any genotype
only one band and totally 12 different patterns
(Table1) were observed. Different results have been
reported for these hordeins. Although Eshghi and
Akhundova ., 2009 and Peltonen et al.,1994 reported
no polymorphism for this region bands, Leistrumaite
and Paplaskiene ., 2007 and Atanassov et al ., 2001
observed 3 and 4 different patterns for this region,
respectively. Additionally, Haj-mansoor et al., 2009
reported a profile with two bands for these proteins.
Among studied samples, D-hordein showed (Table2)
the lowest polymorphic information content (PIC) in
comparison with B and C-hordeins (0.674 versus
0.834 and 0.841 respectively). As hor3 is single copy
gene that encodes this hordein and in turn being
multiple copy for hori and hor2 genes that encode
hordeins B and C, these results seems to be logical.
Eshghi et al., 2012 observed 31 polymorphic bands in
hordein analysis. The number of bands in each
genotype ranged from 7 to19 with an average of 5.12.
In any area for D, C and B-hordeins, 5.14 and 12
bands were detected and bands ranged from 1.7 to
76.7 percent.The molecular weight of observed bands
in C-hordein was 50 and 9o KD. Totally 21 different
bands was observed for C-hordein proteins. In these
proteins band range was between 2 to 9. Additionally,
in C-hordein region 92 bands with different patterns
were observed. Haj-Mansoor et al., 2009 observed
weights from 47 toy5 KD in this region. Polypeptide
bands in genotypes ranged from 2 to 8 and 21
polymorphic bands were observed. In this study, B-
hordein molecular weights ranged between 34 to 46
KD. Totally 20 different bands were observed in this
region. We observed 4 to 10 bands for studied
samples. Totally, gidifferent patterns were observed
for these proteins (Table 1), While Haj- Mansoor et
al., 2009 observed polypeptide bands ranged from 4
to 9 and 22 polymorphic bands. Our results were

consistent with the findings of Haj-Mansoor et al.,
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2009 and Shewry and Miflin ., 1982. Based on the
number of individual counted protein bands, it was
found that the most prevalent was B-Hordein. B-
Hordein also had the highest polymorphism among
other hordeins and C and D- hordeins allocated to the
next level, respectively. The results of this study

2014

showed a high polymorphism among all studied
samples (Table2). Analysis of seed varieties showed
different patterns of bands in hordein electrophoresis
and was Similar to the results obtained by Haj-

Mansoor et al., 2009 and Heisel et al.,1986.

Table 1. D,C and B-Hordein patterns observed in wild and cultivated barley populations.

Pattern Hordein Region Wild barley in Fertile Crescent
1,3,4,5,7,8,9,10,11 D-Hordein
11,15,30,34,35,45,61,67,72,79,90,92 C-Hordein Iran
1,21,36,38,39,44,45,49,56,64,65,72 B-Hordein

1,2,3,4,5,6,7,8,9,10,11,12 D-Hordein
16,17,19,22,29,38,40,43,52,66,69 C-Hordein Turkey
4,9,10,16,19,26,31,37,40,41,47,69 B-Hordein

1,2,3,4,5,6,7,8,9,10,11,12 D-Hordein
4,6,11,14,19,49,63,68,70,73,78,80 C-Hordein Iraq
2,3,11,12,14,17,19,35,56,58,64,68,70 B-Hordein

1,3,4,5,6,7,8,9,11 D-Hordein
5,8,9,12,26,41,46,50,55,65,76,91 C-Hordein Syria
10,14,20,27,28,30,41,57,70,74,75,76,77,78,79,80 B-Hordein

1,2,3,4,5,7,8,9,10,11 D-Hordein
1,17,18,26,44,53,56,59,74,81 C-Hordein Jordan
6,18,27,29,48,52,55,57,63,74,75,76 B-Hordein

1,2,3,4,5,7,9,10 D-Hordein
2,9,18,25,27,28,54,74,75,77 C-Hordein Lebanon
6,8,15,27,46,48,51,52,63,73 B-Hordein

1,2,3,4,5,6,7 D-Hordein
20,21,39,42,51,57,60,62,71,84,88 C-Hordein Palestine
23,25,32,33,42,53,54,59,60,66,67 B-Hordein

Pattern Hordein Region North of Africa
3,5 D-Hordein

10,13,42,60,83,85,89 C-Hordein Morocco
22,24,32,34,43,50,60 B-Hordein

7,11 D-Hordein
10,13,20,51,57,81,83,85,87,89,91 C-Hordein Lybia
7,22,23,43,53,61,66 B-Hordein

Pattern Hordein Region Central Asia
2,11 D-Hordein

3,24,32,48,51,64 C-Hordein Afghanistan
5,9,13,14,38,49,81,84,85,86,91 B-Hordein

1¢3¢9 D-Hordein

6,23,37,58,60,82,86,87 C-Hordein Tajikistan
5,9,38,54,82,87,88,89,91 B-Hordein

143 ¢4 ¢7 8¢9 <11 D-Hordein

6 <23 <31 ¢47 <51 <55 <82 <86 C-Hordein Kazakhstan
6 ¢36 <41 <54 «75 <81 <82 <83 <87 <90 B-Hordein

3¢7¢8 D-Hordein

17 ¢33 ¢36 ¢51 <60 C-Hordein Himalaya
13 ¢14 ¢30 <71 B-Hordein

Pattern Hordein Region Cultivated barley
2 ¢3 <5 ¢7 ¢8 ¢g ¢12 D-Hordein

4 ¢6 €9 ¢11 ¢14 <16 €17 ¢19 ¢22 <25 ¢29 ¢30 ¢31 <32 ¢34 «37 « C-Hordein Cultivated barley
38 <40 41 <44 <47 <48 <54 <58 <63 <67 69 <70 ¢73 <80

4 47 €9 €10 €11 €12 €14 17 419 <21 ¢35 37 47 ‘48 56 «58 «  B-Hordein

59 ¢62 <68 <69 ¢70 «81 «82 <83

D-Hordein:98-119k.Da, C-Hordein:50-79k.Da, B-Hordein:34-46KD.
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Table 2. Genetic diversity index values and the number of pattern( in wild and cultivated barley populations).

Wild populations in Fertile Crescent or neighboring areas

Mean B-Hordein C-Hordein D-Hordein
0.897 (11) 0.909 (12) 0.905 (12) 0.876 (9) Iran
0.893 (11.67) 0.9 (12) 0.88 (11) 0.9 (12) Turkey
0.9 (12.33) 0.91 (13) 0.88 (12) 0.91 (12) Iraq
0.883 (12.33)  0.926 (16) 0.897 (12) 0.826 (9) Syria
0.894 (10.67) 0.909 (12) 0.888 (10) 0.884 (10) Jordan
0.867 (9.33) 0.889 (10) 0.875 (10) 0.839 ® Lebanon
0.866 (9.67) 0.892 (11) 0.887 (11) 0.82 ) Palestine
0.886 (11) 0.905 (12.28) 0.887 (11.14) 0.865 (9.57) Mean

Wild populations in north of Africa
Mean B-Hordein C-Hordein D-Hordein
0.611 (5-33) 0.671 ) 0.747 ) 0.415 (2) Morocco
0.596 (6.67) 0.755 ()] 0.855 (11) 0.18 (2) Libya
0.603  (6) 0.713 ) 0.801 9 0.297 (2) Mean

Wild populations in central Asia
Mean B-Hordein C-Hordein D-Hordein
0.72 (6.33) 0.847 (11) 0.814 (6) 0.499 (2) Afghanistan
0.693 (6.67) 0.79 (9) 0.785 (8) 0.505 (3) Tajikistan
0.648 (8.33) 0.715 (10) 0.665 (8) 0.566 ) Kazakhstan
0.608 4) 0.739 4) 0.655 (5) 0.421 (3) Himalaya
0.646 (6.22) 0.753 (8) 0.755 (7.5) 0.431 (3.16) Mean

Cultivated barley's Population
Mean B-Hordein C-Hordein D-Hordein
0.886 (20.33) 0.924 (24) 0.938 (30) 0.798 ) Cultivated barley
0.783 (9.61) 0.841 (11.29) 0.834 (10.92) 0.674 (6.64) Total Mean

High Polymorphisms in the barley hordein
polypeptides were first reported in 1977 (Shewry et
al., 1978b; Marchylo and Laberge, 1987; McCausland
and Wrigley, 1977). Haj- Mansoor et al., 2009
observed high polymorphism in the storage proteins
in comparison with the quantitative traits. Eshghi et
al ., 2012 by studying genetic parameters such as
number of patterns and levels of genetic diversity
index in the studied populations showed the
maximum assessed parameters for samples of central
Syria, west Iran and South West Turkey (which are
located in the Fertile Crescent) and reducing in the
studied parameters by getting far away from the
fertile Crescent (the Kazakhstan samples that had the
farthest location to the fertile Crescent showed the
lowest number of patterns and diversity index in this
study). So it can be concluded that fertile Crescent is
the most likely location domestication region of

barley plants. There was similar results reported by

Badr et al.,2000; Blattner et al., 2001 and Morrell
and Clegg , 2007; that have been studied barley
populations from different parts of the world through

DNA markers.
119KD |
D-Hordein
98KD
79KD. |
C-Hordein
50KD |
46KD |
B-Hordein
34KD ‘

Fig. 2. Polypeptides-pattern Iraq's samples by SDS-

PAGE and the name of some patterns and bands.
This research results showed existence of specific

patterns in all analyzed populations that just were
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observed in the particular area and not repeated in
the other area genotypes (Table 1). For example in the
all samples of Turkey’s east genotypes, all 12 D-
Hordein patterns were observed pattern No.12 just
was observed in cultivated and wild-type samples of
Iraqg’s north and Turkey’s south-east samples (Table1)
can be substantial for understanding of barley
domestication. This result is similar the same study

results reported by Atanassov et al., 2001 on 35

2014

ICARDA

(International Center for Agricultural Research in

samples of Dbarley applied from
Dry), 9 samples from GIS (Genetic Institute of Sofia)
and 5 samples applied from TAAM (Timiriazev
Agricultural Academy of Moscow). In this research
hordein polypeptide frequency was studied and found
that the frequency of some polypeptides specific for a
specific region and separated based on it (Atanassov

etal.,2001).
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Fig. 3. Dendrogram showing the genetic distance among studied barley populations based on hordein

polymorphism.

As shown in the Figure (3) displaying genetic
distances in the analyzed cultivated and wild-type
samples, a lot of each area samples located near each
other in the same group. Also there were patterns that
particularly existed in the geographically neighbor
areas. Based on these results it may be concluded that
storage proteins polymorphism depends on
geographical diversity. This dependency may be due
to a kind of compatibility between special
geographical areas and hordeins encoding genes or

may be due to the other genes linked with.

Based on storage proteins polymorphism, average of

genetic diversity index for Fertile Crescent

populations was equal H= 0.886 and average for
populations located out of Fertile Crescent was equal
H= 0.646(Table2). These substantial differences are

clear especially in the D-hordein indices. Additionally,
the average of pattern frequency for population
located in Fertile Crescent was 11 and for other
populations was 6.22(Table2). The minimum pattern
frequency and also the average of diversity index
belonged to samples from west of Libya, Himalaya
and south of Morocco. In the other word, by faring
from Fertile Crescent, genetic diversity reduces. Also
in Fertile Crescent, Iran south-west, Iraq north,
Turkey’s south-east and Jordan’s populations had
higher diversity in comparison with Palestine and
Lebanon populations. It may be conclude that based
on hordein polymorphism analysis, Fertile Crescent
area specially Iran south- west, north of Iraq, Turkey's
south- east and Jordan areas can be considered as
main diversity centers of H. spantaneum wild-type

barley. As mentioned above for horz and hor2 genes,
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some of distinct patterns were observed in the

samples from out of Fertile Crescent.

Conclusion

As mentioned there were 12 different patterns for D-
Hordein that especially were observed in Iraq’s north
and Turkey’s south-east populations. Also pattern
number 12 for D-hordein with 27% frequency for
cultivated samples just was observed in Iraq and
Turkey samples. These results also indicate genetic
enrichment of these populations and also can propose
that two populations set genes geographically close to
each other and may have the maximum role in
domestication of cultivated barley samples. Figure (3)
indicate also a maximum similarity between
cultivated samples and wild-type samples from Iraq
and Turkey for genetic distance based on hordein
polymorphism. Finally, based on our result it can
concluded that the most possible domestication
center for barley plant could be Iraq's north and

Turkey’s south- east areas.
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