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Abstract: A total of 27 microsatellites markers , scattered all over the genom of barley, were used for
characterization,and diversity analysis in 33 barley (Hordeum vulgare L.) accessions and cultivars of
Algeria.Over the 27 genetic loci studied, 110 alleles were identified with a mean of 4.1 alleles per locus and the
average polymorphism information content (PIC) of 0.46,the marker Ebma0806 showed the greatest value of
PIC with 0.83.Genetic diversity at 27 microsatellite loci varied from 0 to 0.84 (Mean=0.50) for 33 Algerian
cultivars. The genetic distance among the cultivars ranged from 0.2 to 0.85. Cluster analysis and principal
coordinate analysis (PCoA) based on the SSR data clearly differentiate the all genotypes studied.
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1. Introduction

In genetic terms, characterization refers to the detection of variation in either DNA sequences or
specific genes. Molecular characterization also helps determine the breeding behaviour of species,
individual reproductive success and the existence of gene flow within and between populations, and
its consequences [32]. Information about the genetic make-up of accessions helps decision making for
conservation activities, which range from collecting and managing through identifying genes to
adding value to genetic resources [8].

The knowledge of the extent and pattern of diversity in the crop species is a prerequisite for any
crop improvement as it helps breeders in deciding suitable breeding strategies for their future
improvement [41]. The systematic evaluation of the molecular diversity encompassed in barley
genetic resources is a prerequisite for its efficient exploitation in breeding as well as for development
of the strategies for optimal conservation of genetic diversity [28].

Molecular genetic marker analysis has clarified the structure of genetic diversity in a broad range
of crops. Recent technological developments have made whole-genome sequence polymorphism and
gene-targeted surveys possible, casting light on population dynamics and the impact of selection
during domestication. Germplasm description has hence conferred analytical power for resolution of
the genetic basis of trait variation and adaptation in major crops such as cereals, chickpea, grapevine,
cacao, or banana [11]

Barley(HordeumVulgareL) has been the object of a very long history of mutation induction, both
by chemicals and irradiation, producing one of the best collections the barley of mutants among
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plants and creating much diversity for breeding and genetic studies. The genetic variation which
exists in barley germplasm worldwide is a consequence of many evolutionary pressures which have
modified gene pool [22]. Thus Barley has the advantage, apart from being an important agricultural
crop for food and feed, that it has also been used virtually worldwide as a model species for biological
research.

Barley has been an important model species in the fields of genetics and mutagenesis, in
particular for cereal species. This was because of its diploid self-pollinating crop species with a low
chromosome number (2n = 14) and a relatively short life cycle, which can be cultivated In a wide
range of climatic conditions and is easy to use in cross-breeding [38]

New genomics and molecular breeding technologies are allowing us to better understand and
mine genetic variation. Cumulatively, the new resources empower the current generation of barley
breeders and geneticists to continue the tradition of barley making simultaneous contributions to
agriculture and to science. The great challenges of climate change and human population growth will
require innovative, insightful, and productive germplasm enhancement and variety development
[301.

Microsatellites markers are defined as simple sequence repeats (SSRs) which are based on
unique DNA sequences that are flanking short repetitive traits of simple sequence motifs, for example
— di or tri nucleotides. They are randomly distributed within the eukaryotic genomes [42]. SSRs are
codominant, abundant, informative and their detection is very simple [27]. In many studies, SSR
markers have been used to characterize barley from different countries [21,23,26,37,49]. No studies
evaluating the molecular diversity of Algerian barley using this kind of markers have been
conducted. The objective of the study was to explore the polymorphism of microsatellite markers on
33 Barley accessions originated from Algeria and analyse their genetic diversity.

2. Materials and Methods

2.1. Plant Materials

A total of 33 accessions were selected from diffferent regions of Algeria. Geographical details on
the germplasm characterized in this study are provided in Table 1

Table 1. Names and origin of accessions of barley studied in Algeria.
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Accessions  region locations Longitude Latitude Altitude
Saida G3 tlemcen 1°19'4.82”0 34°53'18.26”"N 745m
Saida G4 tlemcen tlemcen 1°19'4.82”0 34°53'18.26"N 745m
Saida R1 Sid abdli 1°7'58.47”0O 35°3'49.79”N 465m
Saida Sidi Sidi belabbes  0°38'17.72”0 35°12’8.01”N 478m
Saida2 belabbes  Sidi lahcene 0°43'29.18”0 35°12’6.11"N 515m
Ascad Sidi belabbes  0°38'17.72”0O 35°12'7.84”"N 478m
Rihane Sidi belabbes  0°38'17.72”0 35°12'7.84”"N 478m
Faouara Sidi Sidi belabbes  0°38'17.72”0  35°12'7.84”N 478m
Tichedrett  belabbes  Sidibelabbes  0°38'17.72”0  35°12'7.84’N  478m
0°38'17.72”
o
Faouara2 35°12'7.84” Sidibelabbes 0°38'17.72”0 35°12'7.84”"N 478m
N
Azrir oueled ali 0°5’52.95”0O  28°42'51.56”"N 251m
Safra oueled ali 0°5'52.95”0O  28°42'51.56”"N 251m
Bourabaa Adrar adrar 0°11'12.99”70  27°58'18.55”"N 257m
Salt oueled ali 0°5’52.95”0O  28°42'51.56”"N 251m
Ras el mouch oueled ali 0°5’52.95”0 28°42'51.56”"N 251m
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Chater kerzaz 1°26’19.08”0O  29°27’44.71”N 387m
Bourabaa kerzaz 1°26'19.08”0O  29°27'44.71”"N 387m
Chater 2 adrar 0°11'12.99”0O  27°58’18.55”"N 257m
Zraa beldi zaouiet konta  0°12'3.68”0 27°13’34.73”N 204m
Orge ALG ad oueled ali 0°5'52.95”0O  28°42'51.56”"N 251m
Ghir bechar 2°10'58.22”0O  31°33’28.58”"N 789m
Saida bechar 2°10'58.22”0O  31°33’28.58”N 789m
Safra3 beni abbes 2°10'1.66”0O 30°7'56.89”N 505m
Saida Bechar beni abbes 2°10'1.66”0O 30° 7'56.89”N 505m
Safra2 beni abbes 2°10'1.66”0O 30°7'56.89”N 505m
Zraa byad1l beni abbes 2°10'1.66”0O 30°7'56.89”N 505m
Zraa byad2 bechar 2°10'58.22”0O  31°33’28.58”"N 789m
Rihane Khemiss o) 4078'E  36°151270'N 281m
meliana
Saida  Aindefla  <Iemiss 2°12°49.78"E  36°15'12.70’N  281m
meliana
khemiss
Faouara . 2°12'49.78”E 36°15"12.70”"N 281m
meliana
Saida beni slimane  2°56'15.27”E 36°3'12.55”N 588m
Rihane Media beni slimane 2°56’15.27"”E 36° 3’12.55”N 588m
Tichedrett beni slimane  2°56'15.27”E 36°3'12.55”N 588m

2.2. Genomic DNA Isolation

Three seeds of each accession were sown, and the seedlings were grown in a greenhouse. Three
weeks later, Young leaves of each accession were collected, and total genomic DNA was extracted
using CTAB (cetyltrimethylammonium bromide) following the protocol described by [37] with minor
modifications [45]. DNA quality was examined using electrophoresis with 1.0 % agarose-gel
concentration (100 V during lhour).

2.3. Microsatellite Markers

In total, 27 SSR markers representing the chromosomes 1H, 2H, 3H, 4H, 5H, 6H and 7H were
selected for genotyping the 33 Algerian accessions of barley. They were HVM14, HVM22, HVM65,
Bmag0206[47],HVLEU
[4],Bmac0093,Bmac0316,Bmac067,Bmac0113,Bmac0040,Bmac0134,Bmac0096,Bmac0018,Bmac0209,B
mac0273,Bmac0032,Bmac0156,Ebmac0806,Ebmac0705,Bmag0013,Bmag0378,Bmag0009, Bmag0120,
[36] ,.Bmac0213, Bmac0181, HVM74([14].(Table 2)) .

PCR reaction was performed in a reaction volume of 10 pL containing 5x PCR buffer, 0.2mM of
each dNTPs, 1pmol/uL of each primer, 0.025 uL of Tag DNA polymerase (Promega) and
approximately 50 ng of genomic DNA. Primer sequences for each marker are given in Table 2.The
reaction mixture was incubated in a thermal cycler at 94 °C for 5 min, followed by 30 cycles of 94 °C
for 30s, 55-58°C for 40s and 72 °C for 40s, and finally 72 °C for 5min. The PCR products were
separated on 8% polyacrylamide gels, prepared on an OWL vertical electrophoresis system using 0.5
TBE buffer,which were then subjected to silver staining after running with ethidium bromide .Gel
visualization was carried out, after 2 h (Molecular Imager® Gel Doc™ XR+ system, BIO-Rad).Size of
each band was estimated simultaneously by means of a 100-bp DNA Ladder.

Table 2. Caracteristic of the 27 SSR markers used for molecular characterization.

Chr

Name Repeat Size Primer sequense

F:AAGGGGAATCAAAATGGGAG
R: TCGAATAGGTCTCCGAAGAAA

Bmag0013  3H (CT)z 151
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F:AACGTACGAGCTCTTTTTCTA

Bmac0067  3H (ACs 7l R.ATGCCAACTGCTTGTTTAG
Bmacd0ss  2H (AOm 11 e TACTG
Bmac2ls TH (AOm 168 e AGEAGCC
Bmacdd0  6H  (ACw 26 e G
Bmactlst AH(AOm 177 e AAATAC
Bmacdlls  SH  (ATHAOm 187 o T GCACAGATAG
Bmachld M (A2 s o e
BmactiS6  SH (DA 173 e A TGATCAAAGA
Bmacd3le G (A0 13 aAGe
Bmacd0ls  6H  (AQn 18 e eTeaTOrG
Bmact209  H  (AOn W6 e AT
Bmaco3  7H  (ACHAGH 186 i TG
Bmacd0sz  1H  (AQTCA)WATH 215 poodrerttOTEIeT I
Bmactise  6H  (GAN 0162 o TAACATGG
I O 4y F:CITTTGTTTCCGTAGCATCTA

R ATCCAACTATAGTAGCAAAGCC
F:AAGTGAAGCAAGCAAACAAACA

Bmag0009  6H (AG)s 172 R ATCCTTCCATATTTTGATTAGGCA
F:ATTTCATCCCAAAGGAGAC

Bmag0120  7H (AG)s 20 R GTCACATAGACAGTTGTCTTCC
F-TTTTCCCCTATTATAGTGACG

Bmag0206  7H (GT)s(AG) 239 RTAGAACTGGGTATTTCCTTGA
F:-GTGGAAAACTGAGTGAAACT

Ebmac0705 3H (AQ)16 150 CTGG CTGAGTG CTC

R TTGAGGAGAAGTAATGACGAT
F:ACTAAGTCCTTTCACGAGGA
R :GTGTGTAGTAGGTGGGTACTTG
FTTTTGGGGGATGCCTACATA

Ebmac0806 6H (CA)«(GA)(CA)s(CA)s 168

HVM22  6H (AC)s 0167 R TTTCAAATGGTTGGATTGGA
HVMES G (@A 0m O CCCCeAAAG
HVMIE eH O oass e AACCAATA
HVMZL G @A 0  ATAACATGG
T ATTT) 0166 FTTGGAAGTGTACAGCAATGGAG

R TGAAAGGCCCCACAAGATAG

Ryd2 3H



https://doi.org/10.20944/preprints202407.0205.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2024 d0i:10.20944/preprints202407.0205.v1

2.4. Analysis of Molecular Data

Power Marker software version 3.25 [25] was used to evaluate summary statistics, such as the
number of alleles (Na), allele frequency, values of genetic diversity, Polymorphism information
content (PIC) [7] of each locus and genetic distances between each pair of cultivars were measured
by calculating the shared allele frequencies [17]. A dendrogram was constructed based on the genetic
distance by using Neighbor-joining (NJ]) method [39]. Using software GenAlEx 6 [33] an analyses of
molecular variance (AMOVA ; [10]) , Genetic structure (effective number of alleles(Ne), mean
expected heterozygosity (He), Wright's F-statistics, *Wright’s statistics according to Weir and
Cockerham1984 (Fst), number of private alleles (NPA), Hardy-Weinberg Equilibrium * P <.05, ** P <
01, ** P < .001 (HWE)and gene flow estimated(Nm) (Nm=0.25(1- FST) /FST)) and Principal
Coordinates Analysis (PCoA) were carried.

3. Results

3.1. Genetic Diversity

The genetic diversity of these Algerian genotypes is estimated on the basis of the number of
alleles, the frequency of the alleles and the PIC values. We detected 110 alleles in Algerian accessions.
The number of alleles per locus varied from one for markers Bmac 0032, Hvmé65 and Hvm14
(monomorphic loci) to eight for the marker Bmag0009 and Ebmac0.806 with an average of 4.1 alleles
per locus (Table 3). The effective number of alleles (Ne) ranged from 1.00 (bmac0032, hvm65 and
hvm?22) to 6.43 (ebmac0806) with an average of 2.69. Genetic diversity for 27 microsatellites loci at 33
Algerian Barley accessions varied from 0,00 (Bmac 0032, Hvm65 and Hvm14) to 0.84 (Bmag0009 and
Ebmac0.806) with an average of 0.50 (Table 3). These results reveal that the markers chosen were
sufficiently effective to detect the diversity in the Algerian accessions studied. Furthermore,
indicators of locus diversity (polymorphism information content - PIC) were calculated (Table3), the
PIC values of markers can provide an estimate of discrimination power in a set of accessions by taking
not only the number of alleles, but also the relative frequencies of each allele [43]. Large variation was
observed among the polymorphic loci ; PIC values ranged from 0.06 (Bmag0378) to 0.83(Ebma0806)
with an average of 0.46.

Concerning the observed heterozygosity parameter, all loci showed(Ho) values close to zero,
whereas the expected heterozygosity(He) ranged from 0.00 (bmac0032, hvm65 and hvm?22) to 0.84
(Ebma0806) with an average of 0.50. For the gene flow estimated (Nm) ranged from 0.00 (bmac0032,
hvm65 and hvm22) to 0.04 (bmag0009), with an average of 0.02. For Fst parameter, all loci showed
higher values with an average of 0.81. No Hardy-Weinberg Equilibrium was performed for loci
bmac0032, hvm65 and hvm?22 because there were monomorphic, whereas all other loci deviated very
significantly from HWE.

Table 3. Genetic diersity parameters of the 27 loci investigated loci in Barley accessions.

S N MA Gdi PIC Ne He Ho Fst Nm HW
s A F v E

©w o N O ™

bmac0213 3 5 048 068 064 33 07 0.0 088 0,03 ***
3 9 0 0 4

bma0181 3 3 061 055 049 22 05 00 091 002 ***
3 4 5 0 6
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bmac0040 3 3 08 028 026 1,3 02 0.0 095 001 ***
3 8 7 0 2
bmac0093 3 5 060 059 055 24 05 00 09 0,02 ***
3 3 9 0 8
bmac0018 3 6 048 064 059 28 06 00 08 003 ***
3 1 4 0 0
bmac0156 3 3 09 019 018 1,2 01 00 097 0,00 ***
3 3 9 0 8
bmac0032 3 1 100 000 000 10 00 00 100 0,00 -
3 0 0 0 0
bmac0067 3 6 03 076 073 42 07 0.0 087 003 ***
3 6 0 7
bmac0113 3 5 036 070 064 33 07 00 088 0,03 =***
3 3 0 0 3
bmac0273 3 3 09 018 017 1,2 01 00 096 0,00 ***
3 2 8 0 8
bmac0134 3 7 037 075 071 39 07 0.0 087 003 ***
3 8 5 0 6
bmac0096 3 4 063 056 052 22 05 00 09 0,02 ***
3 9 6 0 6
bmac0209 3 4 053 057 049 23 05 0.0 09 0,02 ***
3 9 7 0 7
bmac0316 3 4 047 060 052 25 06 00 089 002 ***
3 1 0 0 8
ebmac0806 3 8 021 084 08 64 08 00 08 004 ***
3 3 4 0 1
ebmac0705 3 3 050 057 048 23 05 0.0 09 0,02 ***
3 5 7 0 7
bmag0378 3 2 097 006 006 10 00 0.0 099 000 ***
3 6 6 0 3
bmag0206 3 4 048 064 057 27 06 00 08 003 ***
3 9 4 0 0
bmag0013 3 3 054 057 049 22 05 00 091 0,02 ***
3 4 5 0 6
bmag0009 3 8 024 08 08 59 08 00 086 004 ***
3 5 3 0 0
bmag0120 3 3 042 066 058 29 06 00 08 003 ***
3 0 6 0 1
hvmé65 3 1 100 000 000 10 00 0.0 1,00 0,00 -
3 0 0 0 0
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hvm22 3 1 100 000 000 10 00 0.0 100 0,00 -

3 0 0 0 0

hvm74 3 4 058 058 052 23 05 00 09 0,02 ***
3 7 8 0 7

hvm14 3 6 031 078 075 45 07 0.0 087 003 ***
3 9 0 7

hvleu 3 6 033 078 074 44 07 0.0 087 0,03 ***
3 5 8 0 7

ryd2 3 2 0% 017 016 1,2 01 0.0 097 000 ***
3 1 7 0 8
Mean 42 059 050 046 26 05 092 0,02
9 0 4
SE 038 02 00 0,00 0,00
1 8 5 9 3

Ss : sample size,Na: number of alleles, MAF : Major.Allele.Frquency ,G.div : Gene diversity ,Ne: effective number
of alleles, PIC: polymorphic information content, FST: Wright's F-statistics, “Wright’s statistics according to Weir
and Cockerham.1984, He: expected heterozygosity, HWE: Hardy-Weinberg Equilibrium * P < .05, ** P <.01, ***
P <.001 and Nm: gene flow estimated (Nm=0.25(1- FST)/FST.

3.2. Accessions Genetic Structure

By structure analysis on the whole dataset of 33 accessions, and using all of the27 SSR loci, We
performed the number of alleles (Na), effective number of alleles(Ne), mean expected heterozygosity
(He) and number of private alleles(NPA) (Table 4).

The higher number of alleles per locus (Na=7) was observed for four accessions (chater ad, Saida
SL, bourabaa AD, Saida Adf) whereas the effective number of alleles (Ne) ranged from 2.51 (Saida
SL) to 4.51 (Chir B) with an average of 3.69 .The mean expected heterozygosity (He) was 0.72 and
which ranged from 0.60 for Saida SL to 0.78 for O.byad BA2.

Although a total of 693 private alleles have been identified in 33 accessions studied, 401of them
have a frequency greater than 5%. The highest number of private alleles having a frequency greater
than 5%, was observed in SaidaR1land Faouar SBA1 accessions.

Table 4. Genetic diversity parameters acording to studied Barley accessions across 27 loci.

Accessions Ne He Fst NPA
Na Freq.<5 Freq.25 Total

saltad 6 3,09 0,68 0,83 4 17 21
Raselmochloa 5 3,74 0,73 0,81 5 12 17
azrirad 6 3,74 0,73 0,81 10 11 21
safraBA 5 3,25 0,69 0,82 12 6 18
Chir B 6 4,51 0,78 0,80 8 15 23
safra AD 5 3,25 0,69 0,82 6 11 17
obyad bal 6 2,75 0,64 0,84 0 17 17
bourabaa Ba 6 3,79 0,74 0,81 14 8 22
chater ad 7 4,09 0,76 0,81 10 8 18
chaterker 6 3,70 0,73 0,81 17 11 28

d0i:10.20944/preprints202407.0205.v1
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saida SBA 4 3,20 0,69 0,83 7 15 22
faouara SBA 6 3,31 0,70 0,82 0 10 10
saidaG3 6 3,70 0,73 0,81 19 6 25
SaidaSL 7 2,51 0,60 0,85 12 10 22
rihane SBA 6 3,89 0,74 0,81 22 6 28
saida G4 6 3,27 0,69 0,82 12 10 22
rihane Md. 6 4,43 0,77 0,80 17 6 23
saida r1 7 3,84 0,74 0,81 0 21 21
FaouaraSBA 5 3,57 0,72 0,82 12 16 28
Saida BA 6 4,30 0,77 0,81 6 10 16
AscadSBA 5 3,63 0,73 0,82 12 10 22
bourabaaAD. 7 4,30 0,77 0,81 4 15 19
Faouara SBA1 6 4,30 0,77 0,81 8 21 29
RaselmouchAD 6 4,04 0,75 0,81 5 19 24
obyadBA2 6 4,45 0,78 0,80 5 17 22
RihaneAdf 7 4,12 0,76 0,81 5 16 21
SafraAd. 5 3,76 0,73 0,81 14 15 29
SaidaMd 6 4,30 0,77 0,81 6 11 17
SaidaAdf 7 3,21 0,69 0,83 5 16 21
TichedrettMd 4 3,79 0,74 0,81 19 9 28
oBeldiAd 5 3,41 0,71 0,82 0 10 10
TichedrettSBA 5 3,89 0,74 0,81 11 6 17
SaidaB 5 2,77 0,64 0,84 5 10 15
Mean 3.69 0.72 0.82

Na: number of alleles, Ne: effective number of alleles, He: mean expected heterozygosity, Fst : Wright's F-
statistics, *Wright’s statistics according to Weir and Cockerham.1984, NPA: number of private alleles.

The Dendrogram constructed (Figurel) classified the evaluated accessions into three major
groups (Group-1, Group -2 and Group-3). In each group, the southern and northern accessions were
mainly separated into five minor groups ;the first group consists of Safra BA, O.beldi Ad ,Bourabaa
Ad,Safra Ad ,Bourabaa Ker ,Safra BA,O,Byad BA2 and Obyad BA, the second group consists of
Chater Ad ,Chater Ker Salt Ad Tichderett M d and Tichederett SBA and the third group consists of
Ras elmouchloa,Raselmouch Ad, A zrir Ad and Ghir B. The fourth group is formed by the accessions
Saida sl ,Saida Md ,Saida Ad ,Saida G3 and Saida G4.The fiftieth group consists of Rihane Adf,
RihaneMd , Rihane SBA , Saida R1, Saida BA ,Siada B, ,Faouara SBA2, Faouara SBA1 ,Siada
SBA,Faouara SBA and Askad SAB.

The lowest genetic distance (0.2) was observed between accession saidaG4 (Tlemcen) and
Saida(Bechar) and the highest genetic distance of 0.85 is recorded between population Ras elmouch

(Oueld ali) and SaidaG3(Tlemcen) (Appendix A). These populations are the most genetically
distant. Genetic relationships among barley varieties revealed by genetic similarity at SSR levels were
in agreement with their roles in agricultural production and breeding [35].
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Figure 1. Dendrogram showing relationships among the 33 Algerian accessions of barley as revealed
by Neighbour-joining method based on shared allele genetic distance. All the accessions were
clustered into three major groups (Group-1, Group-2 and Group-3).

3.3. Genetic Relationships and PCoA Analysis

The genetic structure was established by performing a principal coordinate analysis (PCoA)

d0i:10.20944/preprints202407.0205.v1

using SSR data. The PCoA of genetic distance between genotypes, based on gene frequencies revealed

differentiation between accessions. The three axes explained 15, 8.48 and 7.29 % of the total variance,

and separated the accessions into two clusters, northern accessions in one cluster and southren in

another cluster (Figure2). PCoA also confirmed the results obtained from Nei’'s GD estimates

Principal Coordinates (PCoA)
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Figure 2. Principal coordinate analysis (PCoA) plot generated from genetic distance calculations using
the GENALEX package.


https://doi.org/10.20944/preprints202407.0205.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 2 July 2024 d0i:10.20944/preprints202407.0205.v1

10

3.4. Analysis of Molecular Variance (AMOVA)

The AMOVA analysis (Table 6) revealded that the proportion of variance between accessions in
the regions was very high, accounting for 97% of the total variation while the differnce between
regions recorded only 3%. These results suggest that the genetic flow between region it’s very low.

Table 6. Results of the Analysis of Molecular Variance (AMOVA).

degrees of Sum of Means of Est St val pro
Source freedom(Df) squares (§S) squares (MS) C % P
Var. at ue b
Among populations
5 87,737 17,547 0,206 3%
Among individuals within 97 0,020,1
populations 27 415,657 15,395 7,697 y 6 38
o
1
Total 65 503,394 7,903 O(/)O
(]

4. Discussion

This study is the first report on genetic characterization of barley accessions of Algeria. All of
the accessions were genotyped using 27 SSR markers assigned to seven chromosomes in barley.
[34] reported that the information of polymorphism would be sufficient if more than 70 alleles were
detected. [40] suggested that more than two SSRs from each of seven linkage groups should be
selected to ensure the efficiency and representation of the genetic information among accessions.

In general, average number of alleles detected in this study in Algerian barley accessions (4.2)
was higher than Tunisian Barley accessions reported by [12] (3.6), Indian varieties reported by [16]
for Eritrean barley accessions (7.6). Molecular diversity in barley accessions from various geographic
regions worldwide differs with respect to allelic richness, frequency of unique alleles, and extent of
heterogeneity [28].For the effective number of alleles, we found an average (Ne=2.69) .This value was
close to that reported by [5lfor Italian barley landrace populations with an average value
(Ne=2.75).The difference between average number of observed alleles and effective number of alleles
was due to the uneven frequency of each allele [24].

Concerning the mean PIC value we found (0.46) which was close to that reported by several
workers for SSR markers ([27,37,44]).For exemple, [27]reported a mean PIC value of 0.45 in a set of
96 elite breeding lines of barley from a single barley breeding program. . This value was lower than
those reported by [18] for Tunisian barley where mean PIC value was 0.53.and [47].

On barley lines from six different countries using a set of 28 SSRs where mean PIC value was
0.58. The highest PIC value (0.83) was displayed by SSR marker (Ebma0806) having highest number
of alleles. Thus, six of the loci were moderately polymorphic (0.25<PIC< 0.5) and fifteen loci were
highly polymorphic (0.5>PIC), while six of the loci showed low polymorphism (0.25<PIC). PIC
provides an estimate of discriminatory power of a marker to differentiate genotypes based on both
the number of alleles expressed and their relative frequencies [31] . The observed heterozygote
(Ho=0.00) was lower than the exeted heterozygosity (He=0.5) same result was reported by [5] with
(Ho=0.01) and (He=0.51).

The results indicated that all loci deviated very significantly from HWE except for three loci
(bmac0032, hvm65 and hvm22) No Hardy-Weinberg Equilibrium was performed. Possible
explanations for deviations of loci from HWE are heterozygote deficiency in loci, population size and
the reproduction mode [24].

By genetic structure of 33 accessions Algerian, we identified that the accessions (chater ad,
SaidaSL, bourabaaAD, SaidaAdf) contained the higher number of alleles per locus. The effective
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number of alleles and the expected heterozygosity are (Ne=3.69) and (He=0.72) respectively, these
values were higher than reported by [5] with (Ne=2.09) and (He=0.42) respectively.

The cluster analysis for 27 SSR markers used in the study showed a high level of diversity among
all the barley accessions. All accessions represented mainly three major groups. In each group, the
southern and northern accessions were mainly separated into minor groups. This indicated that
accessions collected from one location was almost similar than accessions taken from different states
[2]. However, northern accessions Tichedret SBA and Tichedrett Media were grouped with sourthern
accessions. The variety Tichedrett, has a behavior of resistance to water deficit, as well as an efficient
root development [20].

The PCoA showed that 33 accessions were well scattered. Data analysis, i.e., NJ dendrogram and
principal coordinate analysis, also revealed differentiation between accessions in general.

The AMOVA analysis showed that the proportion of variance between accessions in the regions
was very high (97%) while the difference between regions recorded only 3%. Similar results were
recorded for barley in Eritria, [3] analyzed 39 SSR in 24 fields of barley and observed a highest
proportion of variance within the landraces (97.5%). [1] also analyzed six agronomic traits in 18 barley
landraces from Ethiopia and found a large degree of variation within the landraces (97.3%). Aside
from barley, a similar genetic structure was obtained for wheat, studying 39 moroccan varietes with
14 SSR markers, [15] found 96 % of the genetic variation within the landraces.

5. Conclusion

This study is the first report on the genetic characterization of barley accessions in Algeria. In
addition, the results of DNA profiles obtained was conducted to determine the levels of genetic
variation in algerian barley materials and can still be used for the reliable identification of barley
germplasm. This study give us a real genetic potentiel about barley in Algeria, this result can be very
helpful in management of biodiversity and genetic improvement.
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