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Abstract: The variation between wild barley lines (Hordeum murinum, Hordeum bulbosum and Hordeum vulgare spontaneum) orig-
inated from Turkey were investigated comparatively at the molecular level with the Random Amplified Polymorphic DNA (RAPD)
technique. Leaf DNAs extracted from different barley lines were amplified with randomly chosen primers in a Polymerase Chain
Reaction (PCR). Rates of polymorphisms between the 23 lines were determined in pairwise comparisons. The lowest value of poly-
morphism was determined to be 0.3% between wild barley lines numbered 50327 and 50354, and between 48101 and 50365
while the highest polymorphism value was determined to be 60% between wild barley lines numbered 40659 and 49047. The
results can be used in the selection of commercially important traits (such as resistance against disease, drought etc.) present in wild
barley lines. Thus, development of high quality barley cultivars will be possible.

Arpada Genetik Varyasyonun RAPD Analizi

Özet: Türkiye kökenli yabani arpa hatları (Hordeum murinum, Hordeum bulbosum ve Hordeum vulgare spontaneum) arasındaki
çeşitlilik moleküler düzeyde Rastgele Çoğaltılmış Polimorfik DNA (RAPD) tekniği kullanılarak karşılaştırmalı olarak araştırılmıştır.
Farklı arpa hatlarından ekstre edilen yaprak DNA’ları Polimeraz Zincir Reaksiyonu’nda (PCR) rastgele seçilmiş primerler ile çoğaltıldı.
23 hat arasındaki polimorfizm oranı çiftler halinde karşılaştırmalı olarak tayin edildi. En yüksek polimorfizm oranı %60 olarak
40659 ile 49047 nolu yabani arpa hatları arasında bulunurken en düşük polimorfizm oranı ise %0.3 olarak 50327 ile 50354, ve
48101 ile 50365 nolu yabani arpa hatları arasında bulundu. Elde edilen sonuçlar, yabani arpa hatlarında mevcut olan ekonomik
öneme sahip karakterlerin (hastalıklara, kuraklığa dirençlilik vb.) seçilmesinde kullanılabilir. Böylece yüksek kaliteli arpa kültürlerinin
geliştirilmesi mümkün olabilecektir.

Introduction

A general problem in genetic research at molecular
level is identification of specific DNA sequence differences
underlying phenotyping variations. Polymerase Chain
Reaction (PCR), developed with that aim, has an
extraordinary sensitivity. PCR, used for detection of
nucleic acids at very low levels in biological samples, is a
method detecting amplified sequences between the
annealing sites of two synthetic DNA primers (1).

Recently Williams et al. (2) developed an RAPD
method that employs only one and random primers in a
PCR to rapidly generate polymorphic markers that can be
used to create genetic linkage that are amplified from one
parent but not the other. RAPD markers generated by a
PCR can be used to differentiate between morphologically
indistinguishable strains and vraieties (3, 4). DNA
polymorphisms in the results of RAPD analyses are
independent of environmental conditions and have several
advantages (5).

Genetic improvement of any organism depends upon
the existence, nature and extent of the genetic variability
available for manipulation (6). Gene banks have an
important role in the maintenance of plant genetic
resources for breeding purposes (7). Recently developed
RAPD markers provide a rapid, inexpensive and effective
system for identification and selection of individuals and
accessions in the gene banks (2, 7). This method also
helps to establish genetic relations among the collected
samples (8).

Turkey is the most important gene pool for the wild
species, Hordeum murinum, Hordeum bulbosum and
Hordeum vulgare spontaneum. Among the species used in
this study, Hordeum murinum and Hordeum bulbosum
are naturally found in all regions of the country, but
Hordeum vulgare spontaneum is not found in Thrace or
the Central Black Sea coast (9).

We present polymorphic features of wild barley lines
from Turkey established by fingerprinting using RAPD
markers.
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Materials and Methods

Plant material

Twenty three wild barley lines (Table 1) were obtained
from the Aegean Agricultural Research Institute Gene
Bank, Menemen-İzmir, TURKEY. DNAs were isolated
from 20-day-old seedlings for each line according to the
protocol described by Walbot (10).

Table 1. 23 wild barley lines from the Aegean Agricultural Research

Institute Gene Bank, Menemen-İzmir, TURKEY.

Record No Botanical Name

TR 4968 Hordeum murinum

TR 48883 Hordeum murinum

TR 4937 Hordeum bulbosum

TR 40659 Hordeum bulbosum

TR 50327 Hordeum bulbosum

TR 50335 Hordeum bulbosum

TR 50354 Hordeum bulbosum

TR 50387 Hordeum bulbosum

TR 50401 Hordeum bulbosum

TR 31623 Hordeum vulgare spontaneum

TR 40799 Hordeum vulgare spontaneum

TR 48101 Hordeum vulgare spontaneum

TR 48125 Hordeum vulgare spontaneum

TR 48132 Hordeum vulgarespontaneum

TR 49047 Hordeum vulgare spontaneum

TR 49053 Hordeum vulgare spontaneum

TR 49059 Hordeum vulgare spontaneum

TR 49075 Hordeum vulgare spontaneum

TR 49085 Hordeum vulgare spontaneum

TR 50365 Hordeum vulgare spontaneum

TR 50379 Hordeum vulgare spontaneum

TR 50392 Hordeum vulgare spontaneum

TR 50400 Hordeum vulgare spontaneum

Primers

The three primers which formed polymorphic bands
between the 38 evaluated oligonucleotide primers were:

TUB38; 5’ GCACTGACCTCCCACATTCC 3’

(synthesised in TÜBİTAK, TURKEY)

OPA01; 5’ CAGGCCCTTC 3’ (Operon Technologies
CA/USA)

OPC20; 5’ ACTTCGCCAC 3’ (Operon Technologies
CA/USA)

Amplification conditions for RAPD

The reaction procedure was a modification of that
described by Welsh and McClelland (7). In a final reaction
volume of 25 µl, 25 ng genomic DNA, 15 ng primer, 2
mM MgCl

2
, 100 µM of each dATP, dGTP, dCTP, dTTP

(Boehringer-Mannheim) and 0.02 units of Taq DNA
polymerase (Boehringer-Mannheim) were mixed in a
buffer, 10 mM Tris-HCI, 50 mM KCI, 0.1 µg/ml gelatine,
and were overlaid with mineral oil. Two step PCR
amplification was performed: (1) Four cycles at 95˚C for
1.5 min, 34˚C for 1.5 min and 72˚C for 3 min, and (2)
forty cycles at 95˚C for 1 min, 34˚C for 1 min and 72˚C
for 2 min with a final extension step at 72˚C for 10 min.

The amplification products were analysed by
electrophoresis in 1.5% agarose gels and detected by
staining with ethidium bromide.

Calculation of polymorphism

Polymorphism was calculated according to the
method of Nei and Li (11), and the results are shown in
Table 2.

Results and Discussion

The three primers of arbitrary sequences produced 44
amplified fragments, 13 for TUB38, 11 for OPA01 and
20 for OPC20. They were taken for the analysis of
polymorphism (Fig. 1). In pairwise comparison with the
RAPD markers obtained, a polymorphism spectrum
between 0.3% and 60% was found (Table 2).

The primers were enough to reveal polymorphism
between the species and lines. Similarly, Hu and Quiros
(12) demonstrated that as few as four primers could be
enough to distinguish Brassica cultivars with RAPD
markers. In many cases, however, different primers are
necessary to obtain comparable RAPD results (8). By
prescreening 24 10-mer primers for their
informativeness Koller et al. (13) found one primer that
detects enough genetic variation among 11 apple
cultivars to allow for complete differentiation.

The highest polymorphism value (60%) was
determined between two wild barley lines numbered
40659 belonging to Hordeum bulbosum and 49047
belonging to Hordeum vulgare spontaneum. The lowest
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value of polymorphism, which was 0.3%, was
determined both between the wild barley lines numbered
50327 and 50354 of the Hordeum bulbosum, and
between the wild barley lines numbered 48101 and

50365 of the Hordeum vulgares pontaneum.
Polymorphism values between wild lines of Hordeum
vulgare which were obtained from Ankara University,
Osman Tosun Gene Bank were determined to be between
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Table 2.    Polymorphism values (%) in pairwise comparisons, among 23 wild barley lines.

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

1. 50387 -

2. 50354 12 -

3. 50335 15 4 -

4. 50327 12 0.3 4 -

5. 49085 19 16 12 16 -

6. 49047 19 39 12 39 32 -

7. 50392 1 1 1 1 21 14 -

8. 50379 19 26 12 26 25 31 0.6 -

9. 49075 15 22 7 22 22 46 6 16 -

10. 49059 17 18 15 18 35 49 6 29 19 -

11. 48883 7 23 9 23 14 25 1 35 30 25 -

12. 4968 1 17 1 17 1 21 1 27 27 26 5 -

13. 50400 17 39 10 39 35 28 14 41 46 50 25 23 -

14. 49053 1 19 1 19 1 12 1 16 16 12 9 15 5 -

15. 40659 12 11 4 11 16 60 26 55 50 46 22 15 51 9 -

16. 48125 19 37 12 37 5 19 1 10 21 35 29 21 21 16 52 -

17. 50401 12 31 23 31 26 47 1 40 37 12 34 15 38 9 20 40 -

18. 31623 1 19 1 19 1 23 1 22 22 19 17 15 15 9 9 21 9 -

19. 4937 1 14 1 14 1 32 26 36 12 7 12 17 27 4 29 34 4 12 -

20. 48132 19 34 12 34 5 39 1 15 26 30 22 15 40 0.6 47 9 34 9 4 -

21. 48101 19 28 12 28 5 20 1 7 18 31 25 16 23 12 26 7 36 17 8 11 -

22. 50365 19 28 12 28 29 27 14 20 29 42 25 16 29 12 46 7 36 17 8 37 0.3 -

23. 40799 17 26 10 26 23 35 9 17 21 34 22 16 33 12 41 9 35 17 8 14 3 9 -
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Figure 1. RAPD markers among 23 wild
barley lines revealed by the
OPC20 primer (5’ACTTCGC-
CAC3’). Amplification products
were separated by electrophore-
sis on a 1.5% agarose gel and
stained with ethidium bromide.
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3% and 15% in the study of Gürel et al. (14). These two
studies show that Turkey has a great potential to be a
gene bank for wild barley lines.

The polymorphic values of wild barley lines shown in
this study, have important implications for the
improvement of high quality barley lines. In addition,

RAPD fingerprint data could be compiled with gene bank
data, thereby selection based on genetic linkage between
DNA bands and loci of commercially important traits
could be established. This technique has many
advantages, compared with the isoenzyme systems (15)
and RFLPs (16).
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