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Limited numbers of microsatellite markers are available for genetic characterization of Hordeum bulbosum which 
comprises the secondary genepool of cultivated barely. The objective of this study was to evaluate the transferability 
of microsatellite markers from H. vulgare to H. bulbosum and a preliminary evaluation of their polymorphism. From 
ninety-three pairs barley SSR primer tested for transferability, all of them  amplified DNA segments in H. vulgare 
(11 accessions) and 48 pairs (51.61%) were transferable to the H. bulbosum (5 accessions) with high level of 
polymorphism. Twenty-two (23.65%) SSR markers showed transferability to H. murinum used as outgroup. A total 
of 546 alleles were detected by 48 transferred primer pairs in all accessions. The number of alleles per locus ranged 
from 3 to 13 with an average of 11.375 alleles per locus. The PIC values were ranged from 0.161 to 0.621 with an 
average of 0.477. The value of PIC in H. vulgare (average PIC = 0.639) was significantly higher than H. bulbosum 
(average PIC = 0.316). In dendrogram generated based on SSR data accessions were divided into groups related to 
their taxonomic classifications, indicating the efficiency of barley SSRs for phylogenetic analyses in H genome 
containing species in the genus Hordeum. Based on the results of this study, it can be suggested that the cross 
species transferable barley SSRs are valuable molecular tools, for genetic diversity analyses in the H. bulbosum for 
which limited number of microsatellite markers are available. This study provided a set of efficient SSR markers 
from publicly available barley microsatellite markers for the genetic characterization of H. bulbosum.
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Introduction 
The genus Hordeum is classified into 32 species and 
about 51 cytotypes exist at three ploidy levels (2x, 4x 
and 6x) with a basic chromosome number of x = 7 
(Bothmer et al. 1995). Genomic differentiation 
followed by interspecific hybridizations and 
polyploidizations resulted in a range of genomes and 
genomic constitutions within this genus. Based on the 
genomic constitution, the genus is classified into five 
genomic groups, namely H, I, X, Y and XI (Taketa et 
al. 1999). In this study, genome designation follows 
that of Taketa et al. (2001), namely, H. vulgare L. and 
H. bulbosum L. both carry the H genome, H. marinum 
Huds. carries the X genome, H. murinum L. has the Y 
genome, and the 25 remaining species share variants of 
the I genome (Taketa et al. 2005). The H genome 
containing species comprise the primary and secondary 
genepool of cultivated barley; therefore, they are of 
highest value in the genus. Cultivated barley (H. 
vulgare subsp. vulgare) and its wild progenitor (H. 
vulgare subsp. spontaneum C. Koch.), that considered 
as the primary genepool of barley; belong to a single 
annual diploid species (Asfaw and Bothmer 1990). 
Other H genome containing species, H. balbosum, is a 
perennial and obligatory outbreeding with a self 
incompatibility system, di-and tetraploid species that 
comprise secondary genepool of cultivated barely 
(Bothmer et al. 1995). 

The potential value of H. bulbosum as a genetic 
resource for barley breeding was indicated in many 
reports (Pickering 1992). It has been reported that H. 
bulbosum harbors useful resistance genes such as 
resistance to powdery mildew (Kasha et al. 1996), leaf 
rust (Pickering et al. 2000) and the soilborne virus 
complex (Ruge et al. 2000), which can be incorporated 
to barley improvement.  
 Evaluation of variation within this genepool is 
fundamental for designing a strategy for its germplasm 
collection and conservation, identifying populations of 
highest conservation priority and for tracking the origin 
of domesticated barley. Morphological characters are 
not precise indicators of genetic potential of a 
germplasm, therefore, using molecular markers we may 
reveal hidden genetic diversities.  

 Among several molecular marker systems 
developed so far, microsatellites have become the 
marker of choice in many recent investigations due to 
their high reproducibility and polymorphism. 
Designing microsatellite markers is a critical time and 
fund consuming step and therefore the specific SSR 
markers for many of the species are not available. A 
parsimonious crosscut way is choosing microsatellites 
through testing available microsatellite markers as they 
are transferable to close congener species and have 
limited transferability to species of other genera (Ellis 
and Burke 2007).   
 The successful transferability of microsatellite 
primers from Theobroma cacao to Theobroma 
grandiflorum (Alves et al. 2006), from cultivated 
peanut (Arachis hypogaea) to the other congener 
species (Bravo et al. 2006; Gimenes et al. 2007), from 
Hordeum vulgare to H. chilense Brongn. (Castillo et al. 
2008), from Triticum astivum L. to Triticum 
dicoccoides (Koern. ex Ascherson & graebner) 
Aaronsohn (Fahima et al. 1998), from Secale cereale L. 
to S. strictum (Jenabi et al. 2011) and from Festuca 
arundinacea Scherb. to Lolium persicum Boiss. & 
Hohen. ex Boiss. (Sharifi Tehrani et al. 2008) were 
indicated with different level of polymorphism and 
phylogenetic inference.  
 The phylogenetic relationships of H. vulgare and H. 
bulbosum have not been studied in detail so far using 
SSRs. Regarding the importance of H. bulbosum as a 
gene sources and lack of available SSR markers for 
evaluating its genetic diversity, this study was aimed to 
estimate transferability and polymorphism of barley 
SSRs across H genome containing species, H. vulgare 
and H. bulbosum, and their potential use as molecular 
tools for introgression and variability analysis.  
 
Material and Methods 
A total of 17 accessions of H genome containing 
species of the genus Hordeum: 5 accessions of H. 
bulbosum (HB), 3 accessions of H. vulgare subsp.
vulgare var. distichon (l.) Alef (HD), 4 accessions of H. 
vulgare subsp. vulgare var. hexastichon (L.) Aschers. 
(HH), 4 accessions of H. vulgare subsp. spontaneum 
(HS) and one accession of H. murinum subsp. glaucum 
(Steud.) Tzvel. (HM) used as outgroup (Table 1) were  

Table 1. Taxon, ploidy level, accession codes, altitude (m) and geographic origin of accessions used in this study. 
W; west, SW; southwest, N; north, NE; northeast. HS (H. vulgare subsp. spontaneum), HD (H. vulgare subsp. 
vulgare var. distichon), HH (H. vulgare subsp. vulgare var. hexastichon), HB (H. bulbosum). 
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Taxon Ploidy 
level Accession code Region & 

Province  Locality & Altitude 

H.vulgare subsp. vulgare
var. hexastichon 

2n=2x=1
4

HHcham W: Lorestan Poledokhtar, Chamemehr, 
852 m 

HHabsh SW: Esfahan Semirom, Abshar, 2362 m 

 HHnek N: Mazanderan Sari toward Neka,5km, 43 m 

 HHbadr NE: Khorasan-e 
shomali 

Ashkhaneh toward 
Bojnoord, Badranloo, 915 m 

H.vulgare subsp. vulgare
var. distichon 

2n=2x=1
4

HDdom W: Lorestan Khoramabad toward 
Poledokhtar, Domrud,  907 
m

HDarj SW: Fars Shiaz toward kazerun, 
Dashte Arjan, 2051 m 

 HDsisb NE: Khorasan-e 
shomali 

 Bojnurd, Sisab toward 
Nodeh, 1288 m  

H.vulgare subsp. spontaneum 2n=2x=1
4

HSdar W: Ilam Darehshahr, Shahr-e bastani, 
690 m 

 HSteh N: Tehran Boomehen, 1640 m 

 HSgol NE: Golestan National Park of Golestan, 
900 m 

 HSbab SW: Kohgilooie 
va Boyerahmad 

Babameidan,the first Turn, 
1746 m 

H. bulbosum 2n=4x=2
8

HBdar W: Ilam Darehshahr, Shahr-e bastani, 
690 m 

 HBdzan SW: Fars Eghlid toward Marvdasht, 
Dorudzan, 1690 m 

 HBabali N: Tehran Abali, 2127 m 

 HBkhosh NE: Golestan Azadshahr toward shahrood, 
Khoshyeilagh, 1775 m 

 HBheir NW: Gilan Astara, Gardanei-e Heiran, 
1537 m 

H. murinum subsp. glaucum 2n=2x=1
4

HMsah W: Kermanshah Sahneh, Sarab-e Sahneh, 
1450 m 

analysed. Accessions were collected from various 
regions of Iran and these were identified 
morphologically according to Bothmer et al. (1995). 
 From each accession 15 � 20 seeds were grown in 
experimental field and DNA was isolated from fresh 
leaves according to Komatsuda et al. (1998). Ninety 
three primer pairs flanking microsatellites (�primers�) 
derived from Hordeum vulgare (Ramsay et al. 2000; 
Liu et al. 1996) were used to evaluate transferability of 
barley microsatellites across species. Marker names, 
primer sequences, chromosomal locations and other 
details regarding microsatellites are listed in Table 2.  

 PCR amplification were carried out in 10 µL, 
containing approximately 50 ng template genomic 
DNA, 250 nM of each primer (see Table 2), 0.2 mM of 
each dNTP, 1.5 mM MgCl2, 1.2 U EX-Taq polymerase 
(Takara, Tokyo, Japan).  PCR programs were 
performed as described by Liu et al. (1996) and 
Ramsay et al. (2000) with minor modifications as 
below:  
Program 1 � After initial denaturation at 94 ºC for 5 
min, ten cycles were performed at 94 ºC for 1 min, at 
63°C for 1 min, and at 72 ºC for 1 min, followed by 30 
cycles with the lowered annealing temperature (55 °C); 
followed by a final extension step of 7 min at 72 ºC. 
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Fig. 1. Representative SSR gel images depicting the reaction products from PCR amplifications of genomic DNA 
from 17 accessions of H genome containing Hordeum species (Table 2) with SSR primers (a) EBmac0415 and (b) 
WMC1E8. The pattern of allelic diversity is clearly correlated with the recognized taxa. HS (H. vulgare subsp. 
spontaneum), HD (H. vulgare subsp. vulgare var. distichon), HH (H. vulgare subsp. vulgare var. hexastichon), HB 
(Hordeum bulbosum). 
 
Program 2 � After initial denaturation at 94 ºC for 5 
min , 30 cycles of denaturation for 30 s at 94 °C, 
annealing for 30 s at 55 °C, and extension for 30 s at 72 
°C, followed by a final extension for 7 min at 72 °C. 
Program 3 � Identical to program 1 except that 
annealing temperatures were 64 °C and 60 °C 
respectively. 
Program 4 � Identical to Program 2 except that 
annealing temperature was 58 °C. 
In cases where either no PCR product or weak banding 
was observed, PCR optimization was carried out by 
decreasing and/or increasing the annealing 
temperatures, and switching to �touchdown� PCR 
conditions. 
 Along with size marker tracks (50 bp DNA ladder, 
Promega), PCR products were mixed with loading 
buffer (2:1) and loaded on 2% agarose gel for initial 
information about produced amplicons (Table 2). 
Where the primers could amplified fragments of DNA, 
PCR products were separated on 12% non-denaturing 
polyacrylamide gels at 300 mA for 180 min in 1× TBE 
buffer, and visualized by ethidium bromide (0.5 mg/ml) 
staining and UV light (following Wang et al. 2003). 
Gels were scanned into Adobe Photoshop (Fig. 1) and 
band sizes entered into a scoring matrix.  
 A binary matrix was generated, where the presence 
or absence of each allele was coded by 1 or 0 
respectively and row data were recorded in a scoring 
matrix generated by Microsoft Excel. Microsatellite 
data were analysed using PowerMarker software ver 
3.25 (Nei and Takezaki 1983) and NTSYS-pc software 
ver. 2.1 (Rolf 2000). Polymorphism information 
content (PIC) which is a measure of allelic variability 
and evenness at a particular locus was calculated for 
each locus as described by Anderson et al. (1992) (PIC 
= 1- (Pi)2, where Pi is the proportion of samples 
carrying the ith allele of a particular locus). Allele 
number per locus was also calculated. Similarities 

among the accessions were calculated according to 
Dice coefficient (Dice 1945) using SIMQUAL module 
in NTYSYS-PC software version 2.1 (Rolf 2000) (Fig. 
2). The scores of microsatellite alleles and calculated 
genetic distances were used to generate UPGMA 
dendrogram showing relationships among taxa. Trees 
based on other similarity coefficients, bootstrap values 
and neighbor joining methods were also generated 
which showed no significant differences in topology.  
 
Results  
AMPLIFICATION AND POLYMORPHISM 
Ninety-three barley microsatellite primer pairs were 
tested for their transferability across H. vulgare 
(different subspecies and varieties), H. bulbosum, and 
H. murinum. Forty-eight SSR primer pairs (51.61%) 
gave reproducible amplification products from all five 
accessions of H. bulbosum, and from them, 22 
(23.65%) amplified in the H. murinum genome (Tables 
1, 2 and 3; two representative SSR images are shown in 
Fig. 1). From these microsatellites, all of the 48 primers 
were polymorphic in H. vulgare while four primer pairs 
(Bmag0211, EBmac0684, Bmac0273 and EBmac0518 
loci) had not polymorphism in H. bulbosum with only 
one allele per locus (Table 3). One primer pair 
(EBmac0602) was successful in amplifying products 
from only some of the accessions of H. bulbosum used 
in this study. A total of 546 alleles were detected by 48 
primer pairs in all accessions studied. The number of 
alleles per locus ranged from three (for loci 
Bmag0508A and EBmac0518) to thirty alleles (for 
locus Bmac0032), with a mean of 11.375 alleles per 
locus. The PIC value was ranged from 0.161 for the 
HVHOTR1 locus to 0.621 for the EBmac0679 locus 
with an average of 0.477.  From the 546 alleles 
detected, 380 alleles were found exclusively within the 
HV accessions, 241 exclusively within the HB  
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accessions and 75 alleles were common in both HV and 
HB (Table 3). As shown in Table 3, our results 
indicated that the mean allele number within the 
studied taxa were in the order of  HB (4.96) > HS(4.75) 
> HD (3.80) > HH (3.6) .  
 The PIC values were different within the two 
species with a mean PIC of 0.639 for H. vulgare and 
0.316 for H. bulbosum. Two primer pairs in HB 
accessions including Bmag0211 and EBmac0518 had 
only one allele per locus (160 and 150 bp respectively) 
but they had eight alleles (from 168 to 200 bp) and 
three alleles (150 to 165 bp) respectively in HV. The 
primer EBmatc0040 had two repeated and common 
band in HV and HB accessions. Mean of allele's 
number and PIC in HV (7.92 and 0.639 respectively) 
was higher than HB (4.96and 0.316 respectively).   
 The mean genetic similarity within HB accessions 
was 0.755, within HH 0.451, HD 0.433 and HS 0.430. 
All of the 48 primer pairs tested detected interspecies 
polymorphisms. Generally, the genetic diversity within 
the species, subspecies and varieties were in the order 
HS > HD > HH > HB (Table 3). 
CLUSTER ANALYSIS  
Cluster analyses showed that the 48 transferred SSR 
markers can be suitable for the analysis of phylogenetic 
relationships among H. vulgare and H. bulbosum.
Groupings in dendrogram clearly followed the 
taxonomic classifications with high bootstrap values 
(Fig. 2). Accessions were divided into two groups, one 
including the H. vulgare, and the other including the H. 
bulbosum accessions. The H. vulgare cluster was 
subdivided into two sub clusters: one included the H. 
vulgare subsp. spontaneum accessions and the other 
one included H. vulgare subsp. vulgare with the later 
divided again into subclusters var. distichon and var.
hexastichon. The H. murinum which was included as 
outgroup in the analysis was placed well away from H 
genome containing species (Fig. 2).  
 
Discussion 
Many studies have indicated that microsatellite primers 
of a species could be used and amplified in its close 
relatives (Brown et al. 1990; Hernàndez 2002). The 
large numbers of microsatellite markers being 
developed in barley provides a valuable SSR marker 
resource (Hernandez et al. 2002) which can be exploit 
in genetic characterization of wild related species. In 
this study 51.61% of the barley microsatellite primer 
pairs reproducibly amplified products in H. bulbosum 
and can be used for genetic analysis of this valuable 
species. Transferability of barley SSRs to H. bulbosum 
in the present study is comparable to those of other 
studies in the literature. Gupta (2003) has indicated that 
about 50% SSR primers were transferable from 

Triticum to Hordeum. Sharifi Tehrani et al. (2008) 
reported 75% transferability of Festuca arundinacea 
derived SSRs to Lolium persicum. Our findings, thus, 
confirm that about half of barley SSRs is transferable to 
H. bulbosum. Castillo et al. (2010) reported that from 
130 barley genomic microsatellites, 71 (54.6%) SSR 
primer pairs gave a reliable amplification from H. 
chilense Roem et Schults genome, and 20 (15.4%) of 
the amplified PCR primers showed polymorphism in 
the lines used. Tang et al. (2006) showed that 86.8% of 
wheat derived SSRs produced amplicons in barley, 
77.0% in rice and 68.3% in maize. Zhang et al. (2005) 
reported the transferability of bread wheat EST-SSRs 
to closely related Triticeae species, ranging from 
76.7% for A. tauschii Cosson to 90.4% for T. durum 
Desf. Lower transferability of barley SSRs to the 
Hordeum species in this study in compare with that 
reported for bread wheat SSRs indicated that the 
speciation in the genus Hordeum is probably 
accompanied whit high genomic differentiations. 
Different level of SSR transferability in different 
studies may be influenced by the taxa included in the 
analyses or the SSR markers selected by chance could 
not reveal the exact transferability level. 
 Some of the primer pairs that successfully amplified 
DNA segments in H. vulgare failed to amplify product 
from H. bulbosum accessions in this study. This could 
be due to the divergence in the microsatellite flanking 
sequences, creating a null allele, or H genome in the H. 
bulbosum have encountered high genomic 
differentiations since its separation from other H 
genome species. The results of this study clearly 
showed that barley microsatellite markers are valuable 
and cost-effective molecular markers for studying the 
population structure of H. bulbosum. Further analysis 
of transferred SSRs to H. murinum showed very low 
level of reproducibility and polymorphism among 
different accessions of this species (data not shown) 
indicating that this SSRs are not reliable markers for H. 
murinum genetic analysis. Although the allele number 
in H. bulbosum was more than HS, Hd and HH, but the 
genetic diversity in H. vulgare subspecies and varieties 
was more than H. bulbosum (Table 3).  
 One of the aims of this study was to test efficiency 
of barley SSRs to infer phylogenetic relationships 
among the H. bulbosum, the cultivated barley and the 
wild barley. As evidenced in dendrogram (Fig. 2), the 
clusters were clearly correlated with the taxonomic 
groups. These results showed that the SSR markers are 
reliable markers to infer the phylogenetic relationships 
within the H genome containing species. The rate of 
transferability across species in this study confirm the 
general observation that the rate of SSRs transferred 
across species decay as the species are more  
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Fig. 2. A UPGMA dendrogram showing relationships between HB (Hordeum bulbosum), HS (H. vulgare subsp.
spontaneum), HD (H. vulgare subsp. vulgare var. distichon) and HH (H. vulgare subsp. vulgare var. hexastichon)
(see table 1), based on the 48 barley microsatellites (see table 3). HM (H. murinum) was treated as outgroup. The 
bootstrap values are shown on branches.   
 
phylogenetically distant, that is in agree with Varshney 
et al. (2005). The secondary gene pool, H. bulbosum, 
occupied an isolated position intermediate between the 
primary and tertiary gene pool (H. murinum), with high 
level of genetic distance, that is in agree with Terzi et 
al. 2001. Data obtained from cluster analysis were in 
complete agreement with taxonomic classifications 
proposed previously based on comparisons of 
morphological, cytological and reproductive characters 
(von Bothmer et al. 1995, Terzi et al. 2001, Komatsuda 
et al. 1999, Kakeda et al. 2009). This can be interpreted 
as reliability of barley SSRs for evaluating 
phylogenetic relationships among the studied taxa. 
 
Conclusion 
Our study showed the transferability of some barley 
SSRs from H. vulgare to H. bulbosum with high level 
of polymorphism within this species, which can be 
used for the genetic analysis of H. bulbosum. High 
polymorphism rates despite the limited number of 
genotypes tested, indicated that these SSR markers can 
be used in study of genetic diversity, gene mapping and 

marker assisted selection studies in H genome 
containing species of the genus Hordeum. The 
transferred markers have shown to be useful for 
phylogenetic studies within this group. The availability 
of additional sets of mapped SSR markers for barley 
and other Hordeum genomes will assist the 
development of molecular maps for H. bulbosum and 
its integration into the genomic network of grass 
species. 
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