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Abstract: The present study was carried out to evaluate émetge diversity in barleyHordeumvulgare L.)
using SSR markers. Thirty two simple sequence tep@&SRs) markers were used to characterize fifty f
barley genotypes. Five markers showed monomorplaied bprofiles, while 27 discriminatory markers,
generated clear patterns with high polymorphismkerarproduced a total of 203 alleles. The numbaileles
per marker ranged from 2 to 36 with a mean of al&les per locus. Eleven unique alleles were ofeskin
nine genotypes. The Polymorphic information con{€) values ranged from 0.28 to 0.96 with a mesloe
of 0.65, and the gene diversity ranged from 0.3Q.96 with a mean value of 0.70.Our results shothatithe
gene diversity values were very similar to the RElues and the number of alleles detected by SSiRema
correlated positively with the genetic diversitylua (r= 0.67**). The dendrogram discriminated dilet
genotypes and clustered them separately in two muapups according to their pedigree, and showet hi
levels of polymorphism among the genotypes includddis study.
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I ntroduction

Cultivated barley Klordeumvulgare subsp. vulgare) is one of the most important crop cereals in the
tribe Poaceae that cultivated over the temperafeng. Based on several reports it has been originated f
Fertile Crescent in Near East or from Tibetan mwhest Chind’. Many studies have demonstrated that Tibetan
wild barley populations were clearly different frothe Fertile Crescent wild barley in respect toirthe
distribution, ecology; morphology, archaeology,aggnetics and isozyme complenfénBarley is widespread
in various temperate climate regions all over tlegldv Within the cereals, barley ranks fourth imie of total
world production. It is an important crop for ditéwman consumption and for animal feed, and censdlas
a model species for genetic anal§sis

Molecular markers have been proved to be valutdaids in the characterization and evaluation of
genetic diversity within and between species amufations. Many types of molecular markers havenhesed
to characterize germplasm, with each method diféerin principle, application, type and amount of
polymorphism detected, cost and time requireme®R Barkers are tandem, 1 to 5, nucleotide repeatslfin
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eukaryotic genomes. SSRs are abundant, co domiaaditinformative and their detection can be autethat
This makes them excellent molecular marker systermfany types of genetic analyses, including lirtkag
mapping, germplasm surveys, and phylogenetic sUd&SR are widely used in cereal research and their
exploitation in breeding has increased the speedefiiciency of genotypes improvemeh8SR markers are
highly informative because their polymorphism raes high. They have the advantage of being a P&iRan

i.e. they are fast and relatively cheap to analyzaddition, SSR markers are distributed all dhergenomes

All these factors make them the marker of choicegémetic research.

Polymorphic information content (PIC) is a measafea marker's informativeness. Different PIC
values were obtained from marker studies usingeuifit genetic materials in barl€yeportedPIC values
ranging from 0.01 to 0.92’reported PIC values ranging from 0.8 to 0.88 wittam0.84reported PIC values
ranging from 0.29 to 0.89 with mean 0.84eported PIC values ranging from 0.068 to 0.78wiean 0.45.

The number of alleles per locus is a significardigator of genetic diversity®. And they have
identified a total of 55 alleles at 10 microsatellioci, and in the individual loci they have de&stfrom 3 to 9
alleles with an average of 5.5 alleles per locushiznstudy on 30 barley genotypésiecorded 67 alleles
ranging from two to six alleles per locus with aamevalue of 3.94 alleles per locus in his studyrbirty four
Turkish barley genotypes using 17 SSR prim&recorded 31 alleles ranging from 1 to 5 with aerage of
2.81 alleles per locusin their study on 12 Tunidarley genotypes.

Material and methods:

Plant material: A total of 55 barley genotypes were used for thislg 10 of which are local varieties obtained
from General Commission for Scientific AgriculturResearch (GCSAR) while the rest 45 are new lines
obtained from the international center for agrigrdt research in the dry areas (ICARDf&r this study The
accession code and pedigree data of genotypesruses study are shown in Table 1.

Table 1. Accession code and pedigree data of genotypesinigeid study.

Pedigree Genotype Accession code
Variety Arabiabiad Arabiabiad
Variety Arabiaswad Arabiaswad
Variety Arta Arta

Variety Forap Forap
Variety Forag Forag
Variety Forat, Forat,
Variety Forag Forag
Variety Forag Forag
Variety Forat Forat
Variety Forat Forag

Harmal Harmal Harmal
CM67/3/Apro//Sv02109/Mari/ ICB99-0703-9AP-0AP Line;,
Arta/KEEL ICB00-0842-154AP-0AP Lineys
Arta/KEEL ICB00-0842-179AP-0AP Lines
Arta/KEEL ICB00-0842-196AP-0AP Liney;

Arta/KEEL ICB00-0842-212AP-0AP Linesg
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Pedigree Genotype Accession code
Arta/KEEL ICB00-0842-216AP-0AP Lineso
Arta/KEEL ICB00-0842-298AP-0AP Line,s
Arta/KEEL ICB00-0842-412AP-0AP Line,
OCZerise/Lignee1479//Mora09-75/pmB/3/Moroc9-75/Hmi-|C801_0090_3TR_0AP Lineys
Moroc9-75/Hml-02/3/ER/Apm//Akrash ICB01-0183-4AP-0AP Liney,
As46/Rhn-05/3/Arbyan-01/M6/Robur-35-6-3 ICB01-0282-R3UAP Linese
‘Ff/ri?llzlfscs/g_%QOBIDeirAIIalOG//Api/E889-8-2-15- ICB01-0399-7TR-0AP Lines
QB813-2/3/As46//Gizal21/pue ICB01-0716-1TR-0AP Liness
gg/?éétllzlggg?[:ﬁ/S/ER/Apm//Ligneel31/5/Arta/3/HmI- ICB01-0509-17AP-0AP Lines,
ICB-118540/3/Alanda//Lignee527/Arar ICB01-1000-1TR-0AP Lines
Rt071/3/Alanda//Lignee527/Arar ICB01-1001-13TR-0AP Lines,
::anda/HAM RA/5/U.Sask.1766/Api//Cel/3/Weeah/4/Ar ICBO1-1057-11TR-0AP Liness
Onslow/Arda ICB92-0926-0AP-3AP-0AP-8TR-2TR-0AP  Lines,
gg;gf;ﬁi'géi’:gfl'\é'éfg;’ﬁ or//W12269/4/Hml- ICB92-0926-0AP-3AP-0AP-8TR-2TR-0AP  Liness
ggl‘jif‘;ﬁi'%gﬁ'\ééfgsg or//W12269/4/Hml- ICB92-0926-0AP-7AP-0AP-5TR-5TR-0AP  Lines;
gg;gf;ﬁi'géi’:gfl'\é'éfg;’ﬁ or//W12269/4/Hml- ICB92-0926-0AP-7AP-0AP-16TR-1TR-0AP  Lineso
gg;ﬂf‘;ﬁiﬁsiggﬁ\éé/s:;f or//W12269/4/Hml- ICB92-0926-0AP-7AP-0AP-17TR- 9TR-0AP  Lineyo
ggl‘jif‘;ﬁi'%gﬁ'\ééfgsg or/W12269/4/Hml- ICB92-0926-0AP-9AP-0AP-7TR-5TR-0AP  Line,
gg;gf;ﬁi'géi’:gfl'\é'éfg;’ﬁ or/W12269/4/Hml- ICB92-0926-0AP-26AP-0AP-5TR-5TR-0AP  Liney,
gg,‘jif‘;ﬁ;%gﬁgéfggﬁ Or//W12269/4/Hml- ICB92-0922-0AP-38AP-0AP-16TR-1TR-0AP  Line,s
gg;gf;ﬁi'géi’:gfl'\é'éfg;’ﬁ or/W12269/4/Hml- ICB92-0922-0AP-38AP-0AP-7TTR-2TR-0AP  Liney,
Lignee527/NK1272/3/Nacha2//Lignee640/Hma-01 ICB951008P-6AP-0AP-7TR-4TR-0AP  Lineyg
Lignee527/NK1272/3/Nacha2//Lignee640/Hma-01 ICB951028P-6AP-0AP-7TR-6 TR-0AP Lines;
Lignee527/NK1272/3/Nacha2//Lignee640/Hma-01 ICB951028P-6AP-0AP-9TR-1TR-0AP Linesg
Lignee527/NK1272/Nacha2//Lignee640/Hma-01 ICB95-088P-6AP-0AP-17TR-7TR-0AP  Lines,
Rihane-03/3/As46/Aths*2//Aths/Lignee686 ICB95-0602-0ARP-0AP-9TR-3TR-0AP Lines,
Rihane-03/3/As46/Aths*2//Aths/Lignee686 ICB95-0602-0BRP-0AP-9TR-3TR-0AP  Liness
Rihane-03/3/As46/Aths*2//Aths/Lignee686 ICB95-0602-63RP-0AP-14TR-7TR-0AP Lines,
Rihane-03/3/As46/Aths*2//Aths/Lignee686 ICB95-0602-0BRP-0AP-13TR-1TR-0AP  Liness
Rihane-03/3/As46/Aths*2//Aths/Lignee686 ICB95-0602-0MPAP-0AP-5TR-1TR-0AP  Linesg
Rihane-03/3/As46/Aths*2//Aths/Lignee686 ICB95-0602-0APAP-0AP-11TR-6TR-0AP  Linesg

Rihane-03/3/As46/Aths*2//Aths/Lignee686 ICB95-0602-0APAP-0AP-15TR-1TR-0AP

Linegg
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Pedigree Genotype Accession code
Rihane-03/3/As46/Aths*2//Aths/Lignee686 ICB95-0602-0APAP-0AP-15TR-4TR-0AP  Lineg;
Rihane-03/3/As46/Aths*2//Aths/Lighee686 ICB95-0602-02BAP-0AP-15TR-9TR-0AP  Linegs
Rihane-03/3/As46/Aths*2//Aths/Lignee686 ICB95-0602-0APAP-0AP-20TR-4TR-0AP  Lineg,
Rihane-03///Lignee527/Aths ICB95-0611-0AP-2AP-0AP-43RR-0AP Linegs
Rihane-03///Lignee527/Aths ICB95-0611-0AP-2AP-0AP-4TRR-0AP Linegg

DNA extraction and PCR amplification:

Seeds were grown in a growth chamber at 27°C und@/12 h day/night photoperiod. Total DNA was
extracted from young leaves ofcollected from 101fday old seedlings using CTAB method’ofThe
extraction buffer (pH 8) was composed 0of10 mM EDTAM NaCl, 50mM Tris-HCI (pH8),3% (w/v) CTAB
,1% PVP (w/v), 1% 2-mercaptoethanol.DNA qualitgsddetermined using 1% agarose gel and then gedntif
by spectrophotometer. DNA concentration was adjuiies0 nquL™ to be used in the SSR reactions.

Genomic regions flanking SSR sequences were aeplifsing specific primers via polymerase chain
reaction (PCR). Thirty two SSR markers were setecte the basis of their chromosomal locatidfi$* The
markers names, primer sequences and chromosonaébiog are listed in Table 2.

Table 2: Marker names, primer sequences and chromosomdidosaf the thirty two SSR markers used for
genetic diversity analysis of barley genotypes.

SSR Marker Primer sequence Chromo_some Refferance
L ocation
CTTTTGTTTCCGTAGCATCTA 2H
Bmag0378  \1cCAACTATAGTAGCAAAGCC (20)
CGGATTCTTGAGTAGTCTCTG 2H
BmMag0749 o ATCTGTTTTTGTAGAACATGC (20)
CTGACCCTTTGCTTAACATGC 5H-7H
GMS0001 1o AGCGTGACAAACAATAAAGG (22)
AACCCAGTAACACCGTCCTG @
HVMS4  AGTTCCCTGACCCGATGTC 2H
CAGCATATCCATCTGATCTG 5H
HVLOX CACCCTTATTTATTGCCTTAA (23)
<cooros039  TCATTGGGCTCTTCTACGG 5H (18)
GCAAACCGGACTAAGTATGC
—coo02305  TGCCTTGTTTATGTAATATCTIGTG 5H (18)
GGCGTAAATAAGAGTGTCTTCAG
—cour03007  CTCCCATCACACCATCTGTC 5H (18)
GACATGGTTCCCTTCTTCTTC
—coor0a056  CCCATGAAGCCTCTTTACG 7H (18)
GGAACGGAGGGAGTATTAAGC
~coo07759  GCAACTCCTCATCATCTCAGG 2H (18)
CAACAGCCAGAAGGTCTACG
—ceo07970  TGCATTGGGAGTGCTAGG 7H (18)
TGCAAGAAGCCAAGAATACC
—couroias  AAGCAGCAAAGCAAAGTACC 5H (18)
TCATCAGCATCTGATCATCC
<cour1580s  GCATAAACGGGTGTAAGAGC 7H (18)
CATCCAGTTCAGAGGATAGAGC
Hvxan CAGCCACCTCCATAGTACTT 2H 20
CTGCTCTAGGCTCGTGTT
GMS003 TTTCAGCATCACACGAAAGC 2H 2
TTGCATGCATGCATACCC
EBmacss4 GTCGATATAACGCACTTTCA 5H 20

ATTCCCTCTAACACACCAAC
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SSR Marker Primer sequence Chromo_some Refferance
L ocation

Bmag0125 AATTAGCGAGAACAAAATCAC 2H (20)
AGATAACGATGCACCACC

EBmatc0039 TAGTCTCTTCATTTATACCATCACC 2H (20)
CATGCTGATCCCCCTTCT

GBM1309 ATAACTCTTCGTGCCGAACC 2H (19)
ACGTAGACCTCCACCACCTG

Bmag0223 TTAGTCACCCTCAACGGT 5H (20)
CCCCTAACTGCTGTGATG

GBM1231 CTGCAGACCCTGAAATTGGT 5H (19)
GGATCCCTTTTGACGTGCTA

GBM1295 GAGCATCCCGTTTGCATAGT 5H (18)
GTTCGACGGCAGTGATGAGT

GBM5008 CAGCATCCATCAGCAATGAA 5H (18)
ATGTTTGGCTTCTTCGTCCA

GMSO061 CACCTGTTCCGTCCCGTC 5H 22)
AACCTCTTTTTTATCCCTCGC

EBmatc0003 AATTTTGCAAAGCTGGAGG 5H-7H (29)
CATTATGGTGGGGTTCATGT

GBM1463 GCTTCTGACCGAGAACGAAC 5H (29)
CATAGCCAGAGGCCATGAAT

HVCMA GCCTCGGTTTGGACATATAAAG 7H (23)
GTAAAGCAAATGTTGAGCAACG

Bmag0385 CTCCACAGAGTCAGAGTTAGA 7H (20)
CTGACATTAGCTGACTCTCTATC

Bmac0064 CTGCAGGTTTCAGGAAGG 7H (20)
AGATGCCCGCAAAGAGTT

Bmag0482b TATATGTCGGGAGAGATCAAG 7H (20)
ATAGTTTAGCCCTCCACTAGC

GBM1362 CGCCTCCCTCCTTCCTGTA 7H (18)
CCCTTGTTGTCCTCTTGCAT

HVM11b CCGGTCGGTGCAGAAGAG 7H (24)

AAATGAAAGCTAAATGGCGATAT

PCR reactions was performed in a total volumesgilZontaining 200-250 ng DNA, 12,8 of GoTaq
Green Master Mix (Promega) and 0,28 of each primer. The amplifications were carried vsing APOLLO
Thermocycler (USA). PCR amplification procedureS8R markers was performed by an initial denatumatio
step of 5 min at 94 °C followed by 30 cycles ofthsteps: denaturation for 1 min at 94°C, anne&tindg min
at 58 or 60 °C, extension for 1 min at 72 °C witfinal extension for 10 min at 72 °C. Amplified P@roducts
were separated using 8% non-denaturing polyacrdiargel electrophoresis in 1x TBE buffer (107.8 ¢s,Tr
7.44 g EDTA and 55 g boric acid in 1 liter of distil H,O) containing 31.5 g urea, p00f TEMED and 40Qul
ammonium persulfate, and then the gels were stdigegthidium bromide and visualized under UV light.
50bp and 100bp DNA Ladder was used as a moledakstandard.

Analysis of SSR data:

Molecular weights for microsatellite products, iaske pairs, were estimated using TotalLab software
(Ultra: Lum Inc., Claremont, Calif.). The summatgtsstics including the number of alleles per lgogsnetic
diversity and polymorphism information content (PlZalues were determined usingPOWER MARKER
version 3.25 Softwar€(http://statgen.ncsu.edu/powermarker). The alleguency data was used to export the
data in binary format (allele presence = “1” ankklalabsence = “0"). The 0/1 matrix was used tewate
genetic distance using Nei coefficiéht

And the resultant dissimilarity matrix was employtdconstruct dendrogram using Unweighted Pair
Group Method of Arithmetic Means (UPGMA) as impletted in POWER MARKER with the tree viewed
using TREEVIEW Version 0.5.0 (By Roderic DM, PaBeaijld 7600).
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Table 3: SSR marker, allele number, polymorphic informatiomtent (PIC) and genetic diversity (GD) for the
thirty two SSR markers used for genetic diversitglgsis of barley genotypes.

SSR mar ker Allele number PIC GD
Bmag0378 5 0.71 0.75
Bmag0749 6 0.46 0.51
GMS0001 9 0.77 0.79

HVM54 6 0.67 0.71
scssr05939 3 0.59 0.67
scssr02306 5 0.67 0.72
scssr03907 13 0.83 0.84
scssr04056 5 0.61 0.67
scssr07759 11 0.62 0.67
scssr07970 36 0.96 0.96
scssr08447 5 0.58 0.62
scssr10148 13 0.86 0.88
scssr15864 3 0.43 0.52

GMSO003 5 0.57 0.64
EBmac854 4 0.54 0.59
Bmag0125 13 0.86 0.87
GBM1309 7 0.71 0.75
Bmag0223 8 0.60 0.65
GBM1231 4 0.64 0.70
GBM1295 8 0.74 0.78
GBM5008 6 0.73 0.76

GMS061 5 0.69 0.73

EBmatc0003 2 0.37 0.50
GBM1463 4 0.54 0.60

HVCMA 7 0.67 0.71
Bmac0064 2 0.36 0.47
GBM1362 5 0.56 0.59

HVM11b 3 0.28 0.31

Sum 7.52 0.65 0.70
Mean 203

Results and Discussion:

The results of molecular assay in studying 55 padenotypes using 32 SSR markers are to
Determining the efficiency of using markers andgkeetic relationships among the studying genotypes

All the used SSR marker produced amplification patdbut five of them showed monomorphic band
profiles (HVM54, HvXan, EBmatc0039, Bmag0385 and &®482b). while The 27 discriminatory markers,
generated clear patterns with high polymorphisntheg used to evaluate the genetic diversity ofsthdarley
genotypes. And they revealed a total of 203polymicrmlleles, The number of alleles varied from 2
(EBmatc0003, Bmac0064) to 36 (scssr07970) alletesquus with a mean of 7.52 alleles per lotRecorded
138 alleles and the number of alleles ranged fram I alleles with an average value of 8.11 al@ler locus,
in collection of 32 barley genotypes from Ifdrecorded 85 alleles. The alleles per locus rangem fL. to 5
alleles with an average of 2.4 alleles per locusaled from 40 China barley accessiéhscorded 43 alleles
and the number of alleles per primer ranged froto 2 with an average of 2.87 alleles per SSR primer
collection of 14 Tunisian barley genotypes.

Five unique alleles were observed, The marker GBMpBovides a unique marker for the variety
ArabiAbiad (142bp). The marker GMS0001provides aque marker for the Ling(115 bp). The marker
scssr03907 provides a unique marker for the %i(f10 bp). The marker scssr04056 provides a umagarier
for the Ling, (111 bp). the marker scssr04056 provides a unmaeker for the Ling (104 bp).The unique
alleles are important because they may be diagnobth particular inbred line or for regions of thenome
specific to a particular type of genotyPleMoreover, the occurrence of the unique allelanisndication of the
diversity present in a germplasm and its poteasizh reservoir of novel alleles for crop improveti&n
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The polymorphism information content (PIC) is a mea of allelic variability and evenness at a
particular locus. In this study the PIC values sthdrom 0.28 (HVM11b) to 0.96 (scssr07970) with eam
value of 0.65 (Table 3). In previous studies, défe PIC values were obtained using different gemaaterials
in barley'* reported PIC values ranging from 0.8 to 0.88 waitean 0.84%eported PIC values ranging from
0.29 to 0.89 with mean 0.84reported that PIC values ranged from 0.28 to Q60 an average value of 0.50.
13 reported PIC values ranging from 0.068 to 0.7&wiean 0.45.

The gene diversity (GD) ranged from 0.31 (HVM11b)0t96 (scssr07970) with an average value of
0.70 (Table 3). Our results showed that the gemtersity values were very similar to the PIC \edpand that
agree with the results Bf and®*who reported that PIC is synonymous with the tegerie diversity”.

The number of alleles detected by SSR marker @ia@lpositively with the gene diversity value (r=
0.67**), Similar results confirming the positive rcelation between the number of alleles detected58fR
marker and the genetic diversity value were alsonded by many researches such,an their study of 30
genotypes of Iranian barley. &Adn their study of 163 genotypes of barley.

The genetic dissimilarity matrix was established Kgi coefficient® and it show the genetic
dissimilarity between the studying genotypes, tbsult showed the highest genetic similarity wasvben
linegs and lingy (0.09), followed between liggand ling, (0.12), and the lowest genetic similarity was
between ling,and ling; (0.79).

A dendrogram showing the genetic relationships betwgenotypes was constructed by the UPGMA
method to express the results of cluster analyss®db on data obtained by SSR amplification prodddis
dendrogram discriminated all the genotypes anderied them separately in two major groups (FiglrHe.first
group clustered into two subgroups, the first sabgs contains (ling, liness, linegs, lineg,, linggs, liney,, liney,,
and lingg), The second subgroups containes all the variahes(lingg, liney,, lineys, lineyy, line,, lines, liney,,
|ine]_7, Iine]_g, Iine]_g,)

The second group clustered into two subgroupsfitstesubgroups contains (lipg liney, lines,, lines;,
lines,, and lingg), The second subgroups containes the remainieg (iRig. 1).

Our results showed that the studied barley genstyyere clustered according to their pedigree, while
*reported in their study that barley genotypes ehest according to their their geographical locaticthe
Kingdom of Saudi Arabia. but the Tunisian barlepaggpes clustered according to their spike typend the
barley genotypes clustered according to salt tobra>,

It was reported that SSRs are highly variable dratefore able to distinguish closely genetically
related plant genotypéd Based on these results, high level of genetierdity was observed in studied barley
genotypes. The smallest genetic distance was dxbdyetween ling and ling, (0.09), that indicate their
genetical kinship. However, the biggest genetitadise was observed betweendyend ling; (0.79) indicates
their genetical differences that might be due taation and/or selectidh

In general, the results showed high levels of polgphism among the genotypes included in this study.
Which refers to the high ability of SSR markergdgeal most of the information in a single locusl @an be
used for genetic analysis at molecular level detsation of genetic similarity and clustering barleitivars.
However, the relationship observed using molecutarkers may provide information on the history and
biology of genotypes, but it does not necessaefject what may be observed with respect to agramom
traits®. Further morphological and physiological investigas as well as genetic approaches will help rid fi
the exact nature of these genetic variations.
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Figure 1. The Nei's genetic distance (Nei 1973) based demamogenerated using SSR data and UPGMA
clustering method, showing relationships amongaitely genotypes.
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