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ABSTRACT Karyotypic and meiotic studies were performed in 17 populations of seven Hor
deum species and subspecies showing the occurrence of 2n = 2x = 14, 2n = 4x = 28 and 2n = 6x 
= 42. Tetraploid level for H. distichon and hexaploid level for H. leporinum are new reports. 
The chromosomes were mostly metacentric and sub-metacentric. Significant differences in the 
size of chromosomes and their arm ratios indicated the occurrence of quantitative changes 
in the chromatin (DNA) material during species diversification. The species also differed in 
their karyotypic formulae possibly due to the occurrence of chromosome structural changes. 
Comparison of the total haploid chromatin length among populations of H. bulbosum and H. 
glaucum having diploid and tetraploid chromosome numbers, indicated that the occurrence of 
polyploidy is not associated with a significant increase in the amount of DNA and almost the 
same DNA content has been distributed among the chromosomes of the tetraploid population. 
The relative karyotypic data were used for multivariate analysis, which showed karyotypic varia
tions among Hordeum species and populations studied. Acta Biol Szeged 51(2):107-112 (2007)
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The genus Hordeum L. (barley) of the family Pooideae (sub
family Hordeae) is comprised of about 40 annual or peren
nial species including diploid (In = 2x = 14) and polyploid 
(In = 4x = 28, 2n = 6x = 42) species or cytotypes (Bothmer 
et al. 1995), mainly distributed in the North temperate and 
South America but also available in South-West and central 
Asia. The Hordeum are commonly adventive, mesophytic, 
or xerophytic species of open habitats; halophytic and gly- 
cophytic. They usually grow in open weedy or sandy places 
and mostly in dry soils (Bothmer et al. 1991; Shewry 1992, 
Watson and Dallwitz 1992). The genus Hordeum possesses 
some signihcant weed species like H. jubatum, H. leporinum, 
H. marinum, H. murinum (the fruiting inflorescence parts of 
this causing eye and other damage to livestock, and problems 
with wool) and some grain crop species including H. vulgare 
(Barley).

The genus originated about 12 MYA (Blattner 2004) in 
western Eurasia from where it colonizedits extant distribution 
area in Europe, central Asia, North America, South America, 
and South Africa. The monophyly of the genus is well sup
ported by morphological (Sebergand Frederiksen 2001) and 
molecular phylogenetic studies (Petersen and Seberg 1997; 
Blattner 2004), whereas the intrageneric phylogenyis still a 
matter of dispute (Sabine and Blattner 2006).

The species of Hordeum growing in Iran varies according 
to different authors, Parsa (1950), Mobayyen (1981) and Bor 
(1970) reported the occurrence of 11 Hordeum species in Iran, 
but the species they report vary from each other. Moreover,
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Termeh (1986) reported H. bogdanii from Iran which is not 
reported by the previous authors. These species grow wild 
mostly in the north, west-north and south-west of Iran and are 
considered as important forage plants of the country.

According to Flora Iranica (Bor 1970), the Hordeum spe
cies of Iran, are distributed in 4 different sections of 1- Bul- 
bohordeum, 2- Crithe, 3- Hordeastrum and 4- Stenostachys. 
The present study considers karyotypic details of 14 popula
tions of 7 Hordeum species and subspecies as well as meiotic 
analysis of 3 populations of two species for the first time.

Materials and Methods 
Plant materials
Karyotypic studies were performed on 14 populations of 6 
Hordeum species and 1 sub-species namely: 1- H. bulbo
sum L. (two populations), from the section Bulbohordeum, 
2- H. distichon L., 3- H. spontaneum C. Koch (two popula
tions) and 4- H. vulgare L. (two populations), from the sec
tion Crithe, 5- H. glaucum Steud. (five populations), 6- H. 
leporinum Link., and 7- H. marinum Huds. subsp. Marinum, 
from the section Hordeastrum, while the meiotic studies 
were performed on 3 populations of H. bulbosum and H. 
spontaneum.
Cytological studies
For karyotypic studies freshly grown root tips were collected 
from the seeds of at least 10 randomly selected plants in each 
species, pretreated with 0.002 mol 8-hydroxyquinolin (1-2 
hrs.) and fixed in ethanol: acetic acid (3:1) for 24 hrs. The
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Table 1. Karyotypic details of Hordeum species and populations studied.

A2 A, ST TF% No. sat Sat.ch S L T.L 2n Polidy level Locality Sp. code Species

16.49 0.26 1A 41.90 - - 13.75 20.5 34.25 14 2x Tehran H.b1 H. bulbosum
18.04a 0.32 2A 40.13 2 11,14 12.2 23.4 35.6 28 4x Arasbaran H.b2 H. bulbosum
16.75 0.29 2A 40.34 3 1, 2, 3 14.49 22.87 37.36 14 2x Dorood H.d H. distichon
16.49 0.31 2A 40.20 2 3,6 12 20.25 32.25 14 2x Sangsefid H.g1 H. glaucum
25.03 0.32 2B 39.27 1 1 8.2 18.5 27.32 14 2x Sabzevar H.g2 H. glaucum
24.49 0.28 1B 42.09 1 1 11.74 24 35.75 14 2x Ardebil H.g3 H. glaucum
19.09 0.36 2A 38.75 5 1,3,4,5,7 11.35 20.65 32 14 2x Abadan H.g4 H. glaucum
19.60 0.44 2A 35.09 - - 13 23.25 36.25 28 4X Tehran H.g5 H. glaucum
22.97 0.30 2B 40.11 3 11,13,15 11 23.25 24.25 42 6X Shazand H.l H. leporinum
20.64 0.36 2A 38.25 2 5,7 10.25 19.18 29.43 14 2x Abadan H.m H. marinum ssp. marinum
16.04 0.34 1A 39.28 3 1,6,7 12.93 20.20 32.95 14 2x Tehran H.s1 H. spontaneum
16.54 0.27 1A 41.97 2 5,7 12.49 19.33 31.82 14 2x Darake H.s2 H. spontaneum
25.96 0.36 1B 38.86 5 2,4,5,6,7 14.55 31.7 46.25 14 2x Ahvaz H.v1 H. vulgäre
10.87 0.36 1A 38.86 2 3,5 16.66 22.83 39.49 14 2x Abadan H.v2 H. vulgäre

TL = Total haploid chromatin length (pm), L = Longest chromosome (pm), S = Shortest chromosome (pm), Sat = Sat-chromosome, TF = Total form percentage, ST = 
Stebbins class, A1 &A2 = Romero-Zarco indices.

fixed tips were then washed thoroughly in distilled water and 
macerated in 60°C IN HC1 for about 30 seconds. Squash 
technique was used for cytological studies with 2% aqueous 
aceo-orcein as the stain. The somatic chromosome number 
and karyotypic details were studied in at least 5 well-prepared 
metaphase plates. The chromosomes were sketched with the 
use of a Camera Lucida and measurements were performed 
accordingly from such sketches. The chromosomes were 
identified according to Levan et al. (1964), karyotype sym
metry was determined according to Stebbins (1971) and A1 
and A2 symmetry indices of Romero-Zarco (1986), while 
other karyotypic parameters like total form percentage (TF%) 
and coefficient of variation of the chromosome size were also 
determined (Sheidai et al. 2000).

Young flower buds were collected from 10 randomly se
lected plants of each species/ population and fixed in glacial 
acetic acid: ethanol (1:3) for 24 hrs. Flower buds were washed 
and preserved in 70% ethanol at 4°C until used (Sheidai et al. 
2002, 2003). Cytological preparations used squash technique 
and 2% aceto-orcein as the stain.

Fifty to one hundred pollen mother cells (PMCs) were 
analysed for chiasma frequency and distribution at diakinesis. 
metaphase stage and 500 PMCs were analysed for chromo
some segregation during the anaphase and telophase stages.
Statistical analyses
The analysis of variance (ANOVA) and the least significant 
difference test (LSD) were performed to reveal significant 
differences in the size of chromosomes among the populations 
of each species as well as among species with similar somatic 
chromosome numbers (Sheidai et al. 2000). In order to group 
the species studied based on similarity in their karyotypic fea
tures different clustering methods of UPGMA (Unweighted

Paired Group with Arithmetic Average) and WARD (mini
mum spherical cluster method) as well as ordination based on 
principal coordinate analysis (PCO) were performed. Since 
the species studied possess different somatic chromosome 
numbers, relative karyotypic and meiotic parameters were 
used in clustering and PCO ordination (Table 1). NTSYS Ver. 
2.02 (1998) was used for clustering and PCO analyses.

Results and discussion
The somatic chromosome number and karyotypic details of 
the Hordeum species and populations studied are presented 
in Table 1 and Figs. 1 & 2. Tehran population of H. bulbo- 
sum possessed 2n = 2x = 14 while, Arasbaran population 
possessed 2n = 4x = 28 chromosome number supporting 
the earlier reports (Strid andFranzen 1981; Semenov 1986). 
Dorood population of H. distichon possessed 2n = 2x = 14 
chromosome number, supporting the earlier report (Zhang et 
al. 1990). Among 5 populations of H. glaucum studied, Teh
ran population possessed 2n = 4x = 28 chromosome number 
while, the other populations were diploid. The earlier studies 
reported only diploid chromosome number for this species 
(Farugi 1985, Avagian et al. 1989) therefore tetraploid level 
is new for H. distichon.

Shazand population of the species H. leporinum, pos
sessed 2n = 6x = 42 chromosome number. The earlier studies 
reported only diploid and tetraploid chromosome numbers 
for this species (Hatch 1980; Valdés et al. 1999) therefore 
hexaploid level is new for H. leporinum.

Populations of H. marinum subsp. marinum, H. sponta- 
neum and H. vulgare possessed 2n = 2x = 14 supporting the 
earlier reports (Nicoloff et al. 1977; Chen and Wang 1988; 
Spies et al. 1999). Tetraploid level has been reported for H. 
marinum subsp. Marinum by Avagian et al. (1989). Both
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Figure 1. Representative somatic and meiotic cells in Hordeum species 
studied. A-D= Metaphase cells in Arasbaran population of H. bulbosum 
(2n = 28), Tehran population of H. glaucum (2n = 28), Shazand popula
tion of H. leporinum (2n = 42) and Tehran population of H. spontaneum 
(2n = 14). E & F = Meiotic cells in Tehran population of H .bulbosum 
showing quadrivalents (arrow). Scale bar = 10 pm.

tetraploid and hexaploid level have also been reported for H. 
vulgare (Koba 1993; Chen and Wang 1998).

Polyploidy and inter-specibc hybridization is considered 
to be of high importance in the evolution of Gramineae (Steb- 
bins 1982,1986), the occurrence of different polyploidy levels 
in different Hordeum species and also among populations of a 
single species, indicates the role of polyploidy in the evolution 
and adaptation of these species.

The Hordeum species and populations studied mainly 
possessed metacentric (m) and sub-metacentric (sm) chromo
somes, however, sub-telocentric chromosomes (st) occurred 
in Tehran population of H. glaucumand Shazand population 
of H. leporinum (Table 1). Variations observed in the karyo
typic formulae, the number of SAT-chromosomes and the 
chromosomes carrying secondary constriction in different 
populations of each species and also among different species 
studied, indicate the occurrence of chromosomes structural 
changes.

The highest value of haploid total chromatin length (46.25 
pm) occurred in Ahvaz population of H. vulgare which is dip
loid, while the lowest value of the same (24.25 pm) occurred

in hexaploid H. leporinum, indicating that the increase in the 
chromosome number is associated with some degree of DNA 
loss possibly in the repetitive parts of the genome. Similarly 
the highest value of the size of longest chromosome (31.70 
pm) occurred in Ahvaz population of H. vulgare, while the 
lowest value of the same (18.50 pm) occurred in Sabzevar 
population of H. glaucum.

Comparison of the total haploid chromatin length among 
two populations of H. bulbosum having diploid (34.25 pm) 
and tetraploid chromosome number (35.60 pm, Table 1), 
indicates that the occurrence of polyploidy is not associated 
with a signihcant increase in the amount of DNA and almost 
the same DNA content has been distributed among the chro
mosomes of the tetraploid population. A similar situation 
exists in diploid and tetraploid populations of H. glaucum 
(except for Sabzevar population, Table 1). The ANOVA and 
LSD tests performed for the size of chromosomes among 
Hordeum species and populations studied, showed a signih
cant difference (p <0.05) in the size of chromosomes among 
different Hordeum species but not among populations of a 
single species. Therefore a signihcant change in DNA content 
has possibly been associated with the species diversihcation 
in the genus Hordeum.

Genome size variation in plants is thought to be correlated 
with cytological, physiological, or ecological characters. 
However, conclusions drawn in several studies are often con
tradictory (Kalendar et al. 2000). To analyze nuclear genome 
size evolution in a phylogenetic framework, Blattner (2004), 
studied DNA contents of 134 accessions, representing all 
but one species of the genus Hordeum by how cytometry. 
The 2C DNA contents obtained were in a range from 6.85 
to 10.67 pg in diploids (2n = 14) and reached up to 29.85 pg 
in hexaploid species (2n = 42). The smallest genomes were 
found in taxa from the New World, which became secondarily 
annual, whereas the largest diploid genomes occur in Eurasian 
annuals. Genome sizes of polyploid taxa equaled mostly the 
added sizes of their proposed progenitors or were slightly 
(1% to 5%) smaller. The analysis of ancestral genome sizes 
on the base of the phylogeny of the genus revealed lineages 
with decreasing and with increasing genome sizes. Correla
tions of intraspecihc genome size variation with the length 
of vegetation period were found in H. marinum populations 
from Western Europe but were not signihcant within two 
species from South America. On a higher taxonomical level 
(i.e., for species groups or the entire genus), environmental 
correlations were absent. This could mostly be attributed to 
the superimposition of life-form changes and phylogenetic 
constraints, which conceal ecogeographical correlations.

The highest value of coefficient of variation (CV) for the 
size of chromosomes occurred in Ahvaz population of H. 
vulgare (25.96) indicating the highest amount variation in 
the size of its chromosomes. The lowest value of CV (10.87) 
occurred in Abadan population of H. vulgare.
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Figure 2. Representative ideograms of Hordeum species studied.
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The highest value of total form percentage (TF %) oc
curred in the Ardebil population of H. glaucum (42.09) in
dicating the presence of a symmetrical karyotype, while the 
lowest value occurred in Tehran population of H. glaucum 
(35.09) having a more asymmetrical karyotype compared to 
Ardebil population. In terms of the Stebbins two system of

karyotype symmetry, the Hordeum species studied mostly 
occupy 1A, IB and 2B classes, which are considered rather 
primitive classes in this system.

Different populations of the Hordeum species studied 
occupy different classes of karyotype symmetry due to the 
occurrence of structural changes in their chromosomes (Table
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Figure 3. UPGMA clustering of Hordeum species studied. (Species code as in Table 1.).

Figure 4. PCO ordination of Hordeum species studied. (Species code as in Table 1.).

1). By using the Romero-Zarco symmetry indices of A1 and 
A2 we can determine the more asymmetric karyotype among 
the species having similar Stebbins classes of symmetry. 
For example among the species with the 1A class, Abadan 
population of H. vulgare possesses the highest A1 value

(0.36) and a more asymmetric karyotype. Similarly, among 
the species with the 2A symmetry class, Tehran population 
of H. glaucum possessed the highest value for A1 (0.44) and 
the highest asymmetric karyotype and among the species 
with 2B symmetry class, Sabzevar population of H. glaucum
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possesses the most asymmetric karyotype.
The grouping of the Hordeum species and populations 

based on relative karyotypic data is presented in Figs. 3 & 
4. Both UPGMA clustering and PCO ordination produced 
similar results revealing karyotypic variation among popula
tions of each species, as these populations have been placed 
in different clusters or groups. For example, Tehran popula
tion of H. bulbosum is placed in the hrst major cluster while, 
Arasbaran population of this species has been placed in the 
second major cluster with some distance from the hrst cluster. 
The same holds true for different populations of H. glaucum, 
H. vulgare and H. spontaneum, revealing the role of chromo
somal changes along with polyploidy in the evolution of the 
Hordeum species.
Meiotic analysis
Meiotic studies of 3 populations of H. bulbosum and H. 
spontaneum, showed that Tehran and Darake populations of 
H. bulbosum possess 2n = 4x = 28 and H. spontaneum pos
sesses 2n = 2x = 14, supporting our karyotypic results. In all 
populations the chromosomes mainly formed bivalents and in 
Tehran population of H. bulbosum 1-2 ring or chain quadriva- 
lents were formed (Fig. 1). Chromosomes segregation during 
anaphase was normal in most of the anaphase and telophase 
cells in all 3 populations, except few cases of laggard chro
mosomes formation and chromosome stickiness.
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