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Abstract

Barley (Hordeum vulgare L.) is one of the principal cereal crops in the world, because it is used as raw
material in beer production, animal feed and human consumption. The propose of this research was to
determine the genetic diversity among barley genotypes developed in different counties using the SSR
marker. Twenty-one two row barley varieties with different origin were used as an experimental material.
Three varieties and two promising lines were Macedonian, two varieties were Serbian, two varieties had
Croatian origin and the other twelve varieties were developed in Bulgaria. Eighteen SSR markers were used
to characterize the genetic diversity among the barley varieties and two of them had high polymorphisms
(MGB402 and MGB318). The calculated polymorphism information content (PIC) values range from 0.163
to 0.574, which shows the importance of the markers for future diversity analysis of barley. Primer MGB318
showed the highest PIC and for MGB391 was obtained the lowest PIC. Using Unweight Pair Group Method,
dendrogram tree was constructed and all studied genotypes were divided in three main groups, branched into
sun-subgroup. These results can be useful for barley germplasm management and design of new crosses for
future breeding propose.
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INTRODUCTION

Barley (Hordeum vulgare L.) is one of the
most economic and important cereal crops in
the world, because it is used as raw material
in beer production, animal feed and human
consumption. By area and production, barley
is ranked as the fourth most produced variety,
followed by wheat, rice and corn (Ferreira et al.,
2016). It is considered one of the best adapted
cereals due to it is tolerance to salinity, low

temperatures, limited water and nutrients
requirements.
The primary goal in the breeding

programme is crop yield, whose significance is
valuated through the economic benefit for the
producers. In any breeding programme as a
basis requisite, it is determining the distinguish

among varieties of crop plants and establish their
purity (Matus & Hayes, 2002). Assessment of the
genetic variability within cultivated varieties has
major role in plant breeding and conservation
of genetic resources (Petersen et al., 1994). In
order for plant improvement those information’s
provides right decision regarding selection of
parental combinations in further hybridizations
(Matus & Hayes, 2002). Actually, the study of the
genetic diversity within barley germplasm has
been based on morphological and physiological
traits (Massood et al., 2003). Often morphological
characters and their variability are influenced
by environmental conditions. For several years,
seed storage protein markers and isozymes have
been used as tool to enhance barley variety
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identification capabilities (Liu et al., 2000; Yin
et al,, 2003). Molecular markers which evaluate
geneticdiversity at molecularlevel and assess the
variability are not affected by plant’s phenotype
and the environmental factors which make them
more powerful in genetic studies. Various DNA
profiling methods have been established and
currently are available. Plant breeders usually use
multi locus techniques based on PCR and DNA
molecular markers as tools for directly evaluating
the genetic variation among related varieties
without effect of environmental factors. In
addition, DNA techniques allow the assessment
of unlimited number of polymorphic marker
loci (Nguyen et al., 2004). The most informative
polymorphic available markers are microsatellite
or simple sequence repeats (SSR). The other
molecular markers used to evaluate the extent
of genetic diversity among the varieties are

Random Amplified Polymorphic DNA (Eshghi &
Akhundova, 2010), Amplified Fragment Length
Polymorphism (Assefa et al, 2007), Single
Nucleotide Polymorphism (Soleimani et al,
2007), Inter Simple Sequence Repeats (Rashal et
al., 2004) and Simple Sequence Repeats (Matus
et al., 2002; Chaabane et al., 2009; Jaiswal et al.,
2010; Sipahi, 2011). SSR markers are the choice in
many studies because of their multi allelic nature,
high levels of polymorphism, codominant
inheritance (Deric et al, 2005; Oliveira et al.,
2006), highly variable and able to distinguishes
closely related plant cultivars, easily assayed by
PCR (Ramsey et al., 2000).

The purpose of the present research was to
determine the genetic diversity among twenty-
one two row barley genotypes developed in
different countries using the SSR markers.

MATERIAL AND METHODS

Plant material and field experiment

Twenty-one two row barley genotypes
from different origin were carried out in this
study. Three varieties and two promising lines
are Macedonian (Hit, Izvor, Egej, Line 1 and Line
2), two varieties are Croatian (Zlatko and Rex),

two varieties are Serbian (NS 525 and NS 565)
and the other twelve varieties are with Bulgarian
origin (Obzor, Rerun, Emon, Lardeya, Orfej,
Imeon, Zagorec, Asparuh, Kuber, Sayra, Deviniya
and Odisej) (Tab. 1).

Table 1. Barley varieties used in the experiment, their origin and end use.

No. Name of genotype Origin End use
1 Hit Macedonia Fodder
2 Izvor Macedonia Fodder
3 Egej Macedonia Fodder
4 Line 1 Macedonia Fodder
5 Line 2 Macedonia Fodder
6 Zlatko Croatia Fodder
7 Rex Croatia Fodder
8 NS 525 Serbia Malt
9 NS 565 Serbia Malt
10 Obzor Bulgaria Malt
11 Perun Bulgaria Malt
12 Emon Bulgaria Malt
13 Lardeya Bulgaria Malt
14 Orfej Bulgaria Malt
15 Imeon Bulgaria Malt
16 Zagorec Bulgaria Malt
17 Asapruh Bulgaria Malt
18 Kuber Bulgaria Malt
19 Sayra Bulgaria Malt
20 Deviniya Bulgaria Malt
21 Odisej Bulgaria Malt
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DNA extraction

After  germination and seedlings
emergence, fresh leaves were taken from a
single plant from each genotype in order to
extract deoxyribonucleic acid (DNA). Young
leaves of the seedlings were transferred to 2
ml Eppendorf tubes containing stainless steel
beads and immediately frozen in liquid nitrogen.
DNA was extracted by CTAB method described

Microsatellite (SSR) amplification

Eighteen microsatellite primers pairs were
selected on the basis of their chromosomal
location. Their names, nucleotide sequences
and chromosomal locations are given in Table
2. Polymerase chain reaction (PCR) reactions
were performed in 25 pl reaction mixture,
each containing a final concentration of 75
ng DNA, 2.5 pl of 1X Taq Reaction Buffer, 2 pl
of 1.5 mM MgCl,, 0.125 ul of 5 Units of Taq of
DNA Polymerase, 0.5 ul of 0.2 mM dNTPs and

Gel electrophoresis

The amplified PCR products were separated
by electrophoresis using 3% agarose gel,
1XTBA buffer, then stained with ethidium

Statistical analysis

The results of the amplification process
were collected based on the comparation of the
presence or absence of DNA bands. The cluster
analysis was done using Unweighted Pair Group
Method (UPGMA) (Tamura et al.,, 2011) and the

by (Doyle & Doyle, 1987). The extraction buffer
was composed of 20 mM EDTA (pH 8.0), 100 mM
Tris-HCL (pH 8.0), 1.4 mM NaCl, 2% CTAB, 0.5% Na
Bisulfite, 1% B mercaptoethanol. The quantitative
and qualitative assessment of the DNA was done
by spectrophotometer. Electrophoresis was
applied at the agarose gel with concentration of
0.8% to know the quality of the used DNA.

Tyl of 1TuM of each primer. The amplifications
were carried out in an Eppendorf Master cycler.
Depending of the different primer combinations
used, DNA amplifications were performed using
the following cycling parameters: one cycle of
95°C for 3 min, 35 cycles of 1 min denaturing step
at 94°C, 1 min annealing temperatures between
52 and 56°C (optimized individually for each SSR,
Tab. 2) and 2 min extension at 72°C. After the
final cycle, samples were incubated at 72°C for
10 min to ensure the complete extension.

bromide (10mg/ml) and visualized under UV
transilluminator. A DNA ladder was injected to
determine the molecular weight of the resulting
bands.

values of the polymorphism information content
(PIC) were calculated. PIC is strong coefficient
which give an estimation to discriminate a
group of genotypes studied, by taking not
only the number of alleles, but also the relative
frequencies of each allele (Smith et al., 2000).

Table 2. Barley SSR primers, their sequence, the annealing temperature used in the PCR reaction
and the chromosomal location (Von Korff et al., 2004).

Primer Sequence Annealing Chromosome

temperature (°C) location
s |Ee s ASCTOTITOCTOOCTIOOS s | zem
R[S SCACTIGCOMICNTRACSSS | 55| s
BT | R 5 TCGAATACGTCTOCGAGAAT 54 3 3K
HVIGEIl |  AGGACCGAGAGTEBTEGT663 5 3 H)
HVBZ3D e ACTCTOACACGCACGAACAC-S 54 44
NGB0 | CGCATOBCATCARCTACAG.S : 44H
o, IS CRSCHSMCTISIAAS | 5 | sam




Natalija Markova Ruzdik, Ljupco Mihajlov, Verica llieva, Sasa Mitrev, Emilija Arsov,

Biljana Kovacevik, Mite llievski, Daniela Todevska

Bmag 149 For 5’y—CAAGCCAACAGGGTAGTC-3' ’ i 5 (1H)
Rev 5- ATTCGGTTTCTAGAGGAAGAA-3
HVGLUEND e 6 GOAGAACOAMGCGACATGC.S : 5 (1
MGES71 |y 5. TTATTGAGBCAGCACCATT S 5 6 61
MGB 3% |62, 5 AAGCOACATTGAAGGAGOAG.S - 6 o1
EBMICE2 |y 5 GAAGGOCATCACGTANTA® “ 6 6H)
Bmag 210 For 5"—ACCTACAGTTCAATAGCTAGTA(,)C-3’ i 6 (6H)
Rev 5’- GCACAAAACGATTACATCATA-3
MGB 34 |G, 5 ACTOGGGGTCCTTOAGTATS S - 7 6H)
MS02 |y 5 TGGTAGTGAGATGAGGTGAC-S - 7 6H)
MGE31® | g, 5 TATGTCAGATOCECETTTON & 5 7 6H)
MGE3S | ey 5 AGCTGTCTOTGOACGTOOTTS 52 7 6H)
OMS! | ey 5 TCAGGOACAMAGRATAMGO 3 5 7

RESULTS AND DISCUSSION

An assessment of genetic diversity among
varieties with SSR markers in different crop,
including barley is a subject of work in a lot of
researches. SSR markers are used to determinate
the degree of genetic variability between and
within barley populations, primary due to
the high annealing temperatures during PCR
amplification (Jaiswal et al., 2010). By applying
SSRmarkersintheresearches of Baeketal. (2003),
Koebner et al. (2003) and Malysheva-Otto et al.
(2006) were determinate a significant difference
between the studied barley genotypes. Greater
allelic diversity has been detected in wild
compared in cultivated barley (Ledovskoy et al.,
2010; Nandha & Singh, 2014).

In this study, for molecular characterization,
eighteen pair of simple sequence repeats (SSR)
technique were applied, and the number of total
andpolymorphicallelesaregiveninTable 3.Based

on the obtained results from the SSR markers,
the genetic divergence and closeness among all
genotypes, was calculated. The largest number
of polymorphic alleles was obtained from primer
combinations MGB402 and MGB318 (Tab. 3). The
primer combination MGB402 in Chaabane at al.
(2009) research also proved to be suitable for
obtaining the largest number of polymorphic
alleles. The degree of polymorphism is expressed
through  PIC  (Polymorphism  Information
Content). In Table 3 are given the PIC values for
each SSR marker. The highest PIC was obtained
for primer combination MGB318 (0,574) and the
lowest for primer combination MGB391 (0,163).

Figures 1, 2 and 3 showed the polymorphic
alleles using primers MGB318, MGB391 and
MGB402.
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Table 3. Used primers, total and polymorphic amplified fragments for primer pairs and

polymorphism information content (PIC) values.

Primer Sequence Amplified fragments PIC
Total Polymorphic
alleles alleles
MGB391 For 5 ~AGCTCCTTTCCTCCCTTCC-3 1 1
Rev 5- CCAACATCTCCTCCTCCTGA-3’ 0,163
For 5 -CCACTTGCCAAACACTAGACCC-3
HVITRT Rev 5’- TTCATGCAGATCGGGCCAC-3’ 1 1 0,172
Bmaai3 For 5-AAGGGGAATCAAAATGGGaG-3’ 1 1 0.170
9 Rev 5’- TCGAATAGGTCTCCGAAGAAA-3’ ’
For 5 ~AGGAACCCTACGCCTTACGAG-3
HVI3GEII Rev 5- AGGACCGAGAGTGGTGGTGG-3 ! ! 0,183
For 5 -GGTAGCAGACCGATGGATGT-3
HVB23D Rev 5- ACTCTGACACGCACGAACAC-3 ! ! 0,174
For 5 —CGCTAGCTTGTTTCTCGTTTG-3’
MGB396 Rev 5- TCGCATGGCATCAACTACAG-3’ ! ! 0,175
For 5 —CAAGCAAGCAAGCAGAGAGA-3’
MGB402 Rev 5- AACTTGTGGCTCTGCGACTC-3’ 3 3 0,402
For 5 —-CAAGCCAACAGGGTAGTC-3’
Bmag 149 eV 5~ ATTCGGTTTCTAGAGGAAGAA-3 2 ! 0,192
For 5 -TTCGCCTCCATCCCACAAAG-3
HVGLUEND Rev 5- GCAGAACGAAAGCGACATGC-3 ! ! 0,189
For 5 —CACCAAGTTCACCTCGTCCT-3’
MGB371 Rev 5- TTATTCAGGCAGCACCATTG-3 ! ! 0,182
For 5 -TGGTCTGGAGCTCTCAACAG-3’
MGB 356 Rev 5- AAGCCACATTGAAGGAGCAC-3’ 1 ! 0,171
For 5 —~AAAAGCATTCAACTTCATAAGA-3’

EBMact24 I oy 5~ CAACGCCATCACGTAATA-3 2 ! 0,195
Brmaa 210 For 5 ~ACCTACAGTTCAATAGCTAGTACC-3’ 1 1 0.188
9 Rev 5’- GCACAAAACGATTACATCATA-3’ ’

For 5 —-CTGCTGTTGCTGTTGTCGTT-3
MGB 384 Rev 5- ACTCGGGGTCCTTGAGTATG-3’ ! ! 0,179
For 5 ~AGAGTAGTGGAAAGAAAGTT-3
BMS02 Rev 5°- TGGTAGTGAGATGAGGTGAC-3’ ! ! 0,184
For 5 -CGGCTCAAGGTCTCTTCTTC-3
MGB318 Rev 5°- TATCTCAGATGCCCCTTTCC-3 4 3 0,574
For 5 —GCTCCAGGGCTCCTCTTC-3’
MGB357 Rev 5- AGCTCTCTCTGCACGTCCTT-3’ 2 ! 0,269
For 5 —-CTGACCCTTTGCTTAACATGC-3’
GMST Rev 5- TCAGCGACAAACAATAAAGG-3’ ! ! 0,189
Average

----------------------------------------------- 27

9 10

1 12

13 14 15

in all studied barley genotypes.

16 17 18

19 20 21

Figure 1. Agarose gel observe the polymorphism resulting from using MGB318 marker
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Figure 2. Agarose gel observe the polymorphism resulting from using MGB391 marker
in all studied barley genotypes.

9

10 11 12

13 14 15 16 17 18 19 20 21

Figure 3. Agarose gel observe the polymorphism resulting from using MGB402 marker
in all studied barley genotypes.
Legend: M. Marker; 1. Hit; 2. Izvor; 3. Egej; 4. Line 1; 5. Line 2; 6. Zlatko; 7. Rex; 8. NS 525; 9. NS 565; 10. Obzor;
11. Perun; 12. Emon; 13. Lardeya; 14. Orfej; 15. Imeon; 16. Zagorec; 17. Asparuh; 18. Kuber; 19. Sajra; 20. Devinija;

21. Odisej

Cluster analysis of the studied barley
genotypes resulting from the use of SSR
technology allows to divide the examinated
varieties into groups reflecting the degree of
genetic kinship between them and genotypes
may be grouped into one group based on
their original habitat, trait and origin. A cluster
analysis of the obtained results was conducted
with the aim of creating a genetic kinship tree to
determinate the degree of genetic kinship and
drawing a dendrogram between the studied
genotypes.

The studied genotypes were divided into
three main clusters and within each of them
there were smaller divisions of the genotypes
into smaller groups (Fig. 4.). The first cluster
includes eight genotypes (Izvor, NS 565, Obzor,
Zlatko, Egej, Rex, NS 525 and Perun), the second
was composed by two genotypes (Orfej and
Zagorec) and the third cluster was made up from
the eleven genotypes (Odisej, Emon, Imeon,
Kuber, Line 2, Asparuh, Sajra, Devinija, Lardeya,
Line 1 and Hit).

According to Al-Khalaf et al. (2020), the

examinated barley varieties were divided in two
main clusters, branched into sub-clusters.

The genotypes from the first cluster have
different origin. Within this cluster, two smaller
groups were separated, one between NS 565 and
Zlatko, while the second group was consisted of
Rex and Perun.The genotypes NS 565 and Zlatko
were related and belong to the same cluster also
in cluster from Principal Component Analysis
(PCA), based on yield components and grain
yield (Markova Ruzdik et al.,, 2015). Genetically
the most distant from the first cluster were Izvor
and Perun.

The second cluster was consisted of two
genotypes (Orfej and Zagorec) which have
Bulgarian origin and showed similar values for
PCA (Markova Ruzdik et al., 2015).

The genotypes from the third cluster were
domestic and introduced from Bulgaria. Whitin
this cluster, the Bulgarian varieties Devinija and
Imeon were separated like sub-cluster (group).
The other genotypes from this cluster showed
greater genetic distance and the most distant
were Hit and Odisej (Fig. 4).
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Figure 4. Cluster analysis of studied barley genotypes using SSR technique.

Legend: 1. Hit; 2. Izvor; 3. Egej; 4. Line 1; 5. Line 2; 6. Zlatko; 7. Rex; 8. NS 525; 9. NS 565; 10. Obzor; 11. Perun; 12.
Emon; 13. Lardeya; 14. Orfej; 15. Imeon; 16. Zagorec; 17. Asparuh; 18. Kuber; 19. Sajra; 20. Devinija; 21. Odisej

CONCLUDING REMARKS

The used SSR technique showed to be
effective in distinguishing among twenty-one
studied barley genotypes. Eighteen SSR primers
were applied had have different polymorphism.
The highest value for polymorphism information
content was obtained for primer MGB318, which
had the largest number of polymorphic alleles,
followed by primer combination MGB402. The

constructed dendrogram tree divided barley
genotypes according the degree of genetic
kinship into three main clusters, branched into
sub-cluster. The presence of a genetic diversity
between the genotypes used in this study makes
them more suitable for breeding and genetic
improvement programmes.
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NMPOLIEHA HA TEHETCKATA PASHOBUAHOCT MOMEIY COPTU Of} JAYMMEH
KOU UMAAT PA3JINYHO NMOTEKJ10 CO KOPUCTEHE HA EAHOCTABHU
MNOBTOPYBAYKU CEKBEHLIU (SSR MAPKEPW)

Haranuja MapkoBa Pyxauk", Jbynuo Muxajnos’, Bepuua Unuesa', Cawia Mutpes?,
Emununja Apcos?, bunjaHa KoBaueBuk?, Mute Unnesckun', lannena TogeBcka'

'Kamedpa 3a pacmumesniHo npou38o0cmao, 3emjodesicku hakynmem,
YHusep3umem ,loye [Jenyes’; ,Kpcme Mucupkos” 66, 2000 LLImun, Peny6nuka CesepHa MakedoHuja
2Kameopa 3a 3awumuma Ha pacmeHujama u xugeomHama cpeouHd, 3emjo0esicku hakysimem,
YHusep3umem ,loye [lenyes’; ,Kpcme Mucupkog” 66, 2000 LLImun, Peny6nuka CesepHa MakedoHuja

*KoHmakm asemop: natalija.markova@ugd.edu.mk

Pesnme

JaumeHoTt (Hordeum vulgare L.) npetctaByBa efiHa off IMaBHUTE KUTHU KyNTypu BO CBETOT buiejku ce
KOPWCTN KaKo CYpOBUHa BO MPOM3BOACTBOTO Ha NUBO, KaKo XpaHa 3a »UBOTHUTE 1 BO MCXPaHaTa Ha nyreTo.
Llenta Ha oBa ucTpaxyBarbe Oelle fia ce yTBPAM reHeTcKaTa Pa3HOBMAHOCT NMOMery COpPTUTE Of jauMeH Kou
MMaaT PasnIMYHO NOTEKNO CO KOpUCTeHE Ha MosieKynapHu Mapkepu (SSR). Kako ekcneprmeHTaneH matepujan
6ea KOpUCTeHW BKYMHO ABaeceT M eflHa copTa Of ABOPEfEH jauMeH, off KOU TPy COPTU W [Be NINHWK ce
MaKe[JOHCKW, [Be COPTY Ce XPBaTCKW, [Be COPTU Ce CPMCKY, a ABaHaeceT COPTU MMaaT Oyrapcko moTekso.
OcymHaeceT SSR mapkepu 6ea ynotpebeHu 3a NpoLieHa Ha reHeTcKaTa Pa3HOBUAHOCT NMOMery UCNUTYBaHWTe
reHOTMMNOBW, a iBa Of HMB MOKa)kaa BMCOK cTeneH Ha nonumopdHoct (MGB402 n MGB318). MNpecmeTaHunTe
BpefHOCTM 3a nonumopdHaTta reHetcka cogpxumHa (PIC) ce aBumxea op 0,163 go 0,574 wTOo NOKaxyBa Ha
Ba)KHOCTa Ha KOPUCTEHETO Ha MapKepuTe 3a MAHa aHanM3a BO reHeTCKaTa Pa3sHOBUAHOCT Kaj jauMeHOoT.
Mpajmepotr MGB318 nokaa HajBMCOKa BpPefHOCT 3a NnonnmopdHaTa reHeTcka Cofp»uHa, AofeKka Hajmana
6elue nobreHa 3a npajmepHaTa kKombrHaumja MGB391. KopurcTejkm ro meTofoT Ha napoBu Gelle KOHCTpyupaH
LEHAPOrpam, Co Koj CUTe UCMUTYBaHW reHOTUMNOBY Gea NoAeneHn BO TpU raBHM KnacTepu (rpynu) 1 nogrpynu
BO paMKuTe Ha ceKoj knacTtep. OBue pe3yntaTv MOXaT Aa buaTt KOpUCHY 3a OfpXKyBatbe Ha repmMniasmata Ha
jaumMeHoT, HO 1 3a co3aaBatbe HOBY KPCTOCKM BO NAHMUTE CeNeKUMCKIN NPOrpamu.

KnyuHn 360poBu: jaumeH, eOHOCMABHA NOBMOPYBAYKA CeKUeHUd, 2eHemcKd pasHO8UOHOCM,
NOIUMOPHA 2eHeMCKA COOPXKUHA, copmul.



