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ABSTRACT: Barley (Hordeum vulgare L.) is widely used for brewing and animal feed. Recently, it has
become desirable for human consumption due to its high nutritional significance, specially hull-less or naked
barley. There are differences in nutritional and malting characteristics among barley varieties.  RAPD procedure
is able to separate barley varieties at various similarity levels. The aim of this work was the RAPD analysis
of six Brazilian hull-less varieties and seven malting varieties. PCR reactions were performed with eleven
random primers. A total of 34 RAPD fragments was obtained with five primers. A dendrogram was constructed
based on the Jaccard similarity coefficient. Barley varieties displayed an average similarity coefficient of
0.53. Intravarietal monomorphic fragments allowed differentiation among varieties. The averages of
intravarietal similarity coefficients ranged from 0.53 to 0.85. RAPD markers, detected in this work, were
suitable for differentiation among Brazilian barley varieties.
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SIMILARIDADE GENÉTICA DE VARIEDADES BRASILEIRAS DE
CEVADA NUA E CEVADA CERVEJEIRA AVALIADA POR

MARCADORES RAPD

RESUMO: A cevada (Hordeum vulgare L.) é amplamente empregada na produção de cerveja e na ração
animal. Recentemente, este cereal tornou-se desejável na alimentação humana devido ao seu alto valor
nutricional, principalmente da cevada nua ou sem casca. Existem diferenças nas características nutricionais e
para malteação entre as diversas variedades de cevada. O procedimento RAPD é capaz de separar as variedades
de cevada em vários níveis de similaridade. O objetivo desse trabalho foi analisar por RAPD seis variedades
brasileiras de cevada nua e sete variedades de cevada cervejeira. Reações de PCR foram realizadas com onze
iniciadores aleatórios. Um total de 34 fragmentos de amplificação foi obtido com cinco destes iniciadores.
Baseado no coeficiente de similaridade de Jaccard, um dendrograma foi construído. As variedades de cevada
apresentaram índice médio de similaridade de 0,53. Fragmentos monomórficos intravariedades permitiram a
diferenciação entre as variedades. Os coeficientes médios de similaridade intravariedades encontram-se entre
0,53 e 0,85. Os marcadores RAPD detectados neste trabalho foram adequados para a diferenciação entre as
variedades brasileiras de cevada.
Palavras chave: Hordeum vulgare, polimorfismo, caracterização molecular

INTRODUCTION

Barley (Hordeum vulgare L) is a potentially use-
ful grain for different purposes. It is widely used for brew-
ing and for animal feed. In Asian countries, barley has
multiple uses in the food industry (Bhatty & Rossnagel,
1998). Due to its high soluble fiber content and nutritional
significance, barley has become a desirable grain for hu-
man consumption, specially hull-less (or naked) variet-
ies with high β-glucan content (Bathy, 1999; Gill et al.,
2002). Otherwise, hull-less varieties with low β-glucan
content are foraged for their low viscosity (Yu et al.,

2003). Malting varieties are preferred by brewing indus-
tries since the hull forms a filter bed during wort filtra-
tion, although hull-less barley could be also employed in
malting (Bhatty, 1999).

There is a vast number of barley varieties with
significant differences in malting and nutritional charac-
teristics (Yu et al., 2003; Selbach & Cavalli-Molina, 2000;
Bhatty, 1999; Molina-Cano et al., 1997; Tsuchiya et al.,
1995).  Genetic analysis with RAPD markers is relatively
easy, fast and efficient, therefore it has been extensively
used to determine genetic diversity among barley variet-
ies and to identify the best quality ones for malting
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(Todorovska et al., 2003; Diaz-Perales et al., 2002;
Fernandez et al., 2002; Hang et al., 2000; Selbach &
Cavalli-Molina, 2000; Baum et al., 2000). Nevertheless,
there are few studies about genetic characterization of
hull-less barley (Yu et al., 2002).

In order to explore areas of application for Bra-
zilian hull-less varieties, which are still in developmen-
tal stages and not commercially available, RAPD analy-
sis were conducted with these varieties and also with
malting varieties for comparison purposes. In this work,
we used RAPD markers to evaluate the genetic similar-
ity among and within thirteen Brazilian barley varieties
(six hull-less and seven malting varieties) and one North
American malting variety.

MATERIAL AND METHODS

Seeds from six Brazilian hull-less barley vari-
eties, seven Brazilian and one North American malting
varieties (Harrington) were used for RAPD character-
ization (Table 1). Seeds of seven to ten plants from each
variety were germinated in the greenhouse and
DNA was isolated from leaves (400 mg) of individual
20-day-old plants using the procedure of Doyle & Doyle
(1990).

The PCR reaction mixture (25 µL) contained ap-
proximately 50 ng of barley DNA, 0.5 µM of primer
(InVitroGene), 0.2 mM of each dNTP, 10 mM Tris-HCl
(pH 8.0), 50 mM KCl, 2 mM MgCl

2
 and 1U of Taq DNA

polymerase (Invitrogen). PCR reactions were performed
in thermal cycler (MiniCyclerTM MJ Research) pro-
grammed for 94°C for 2 min., 44 cycles of 94°C for 1
min., 36°C for 30 sec., 72°C for 2 min., and finally 72°C
for 7 min. Eleven primers were used to generate RAPD
fragments (A01, A02, A03, F03, F04, F05, F07, F08, F09,
F11, F15). DNA amplification fragments were separated
on 1.5% agarose gel, stained with ethidium bromide and
photographed under ultraviolet light with a digital pho-
tosystem. DNA fragments length was estimated by com-
parison with 1 kb ladder (Amershan).

DNA bands were scored as present (1) or absent
(0) to construct a binary matrix in order to determine

Jaccard similarity coefficient. Comparison among the in-
dividuals of the same variety was performed to evaluate
the intravarietal relationships using each individual as an
OTU (operational taxonomic unit). The different variet-
ies were compared by monomorphic bands displayed by
all individuals of each variety in order to evaluate the
intervarietal relationships. Data analysis was performed
with the NTSYS program version 2.02 (Rohlf, 1992).
Dendrogram using each variety as an OTU was con-
structed from the Jaccard similarity coefficient data by
the UPGMA clustering method to evaluate the
intervarietal relationships. Genetic similarity and poly-
morphic band percentage were estimated.

RESULTS AND DISCUSSION

Among the eleven primers used to amplify DNA,
five yielded scorable fragments. Further RAPD analysis
was based on reproducible fragments obtained with the
DNA amplification of 137 plants from thirteen varieties,
with a minimum of seven plants per variety. Examples
of RAPD profiles are in Figure 1. Faint bands were not
considered because of their ambiguous nature.

Five primers produced a total of 34 reproducible
bands, with DNA fragment sizes ranging from 300 to
4400 bp. All of them were polymorphic (Table 2). High
levels of polymorphic RAPD fragments were also ob-
served by other authors for Brazilian (93%; Selbach &
Cavalli-Molina, 2000) and Chinese varieties (77%; Chen
et al., 2000). The total number of reproducible bands gen-
erated per primer per individual varied from 2 to 12, with
an average of 6.8 bands per primer. Monomorphic bands
were detected within each variety, thus they were con-
sidered as marker bands that allowed differentiation be-
tween varieties. A total of 31 marker bands were identi-
fied, each primer generated on average 6.2 marker bands
per primer (Table 2).

Cluster analysis from genetic similarity values
was conducted to generate a dendrogram indicating rela-
tionship among the thirteen Brazilian varieties and one

Table 1 - Barley cultivars.

Malting Hull- less

BR-2 IAPAR 39

EMBRAPA127 IAC8501/22

EMBRAPA 128 IAC8501/31

CBB1 IAC8501/12

BRS 195 IACIBON214/82

MN 684 IAC8612/421

MN 698

HARRINGTON

Figure 1 - RAPD fragments generated by primer F09. Lane 1: DNA
1kb ladder, lanes 2-9: Eight individual plants from variety
IACIBON 214/82.
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Cultivar Range Average Cultivar Range Average

BR-2 0.65-1.00 0.83 HARRINGTON 0.10-1.00 0.54

EMBRAPA 127 0.35-1.00 0.61 IAPAR 39 0.70-1.00 0.82

EMBRAPA 128 0.55-1.00 0.80 IAC 8501/22 0.70-1.00 0.84

CBB1 0.05-1.00 0.53 IAC 8501/31 0.70-1.00 0.85

BRS 195 0.15-1.00 0.65 IAC 8501/12 0.70-1.00 0.85

MN 684 0.30-1.00 0.70 IACIBON 214/82 0.20-1.00 0.65

MN 698 0.40-1.00 0.68 IAC 86012/421 0.70-1.00 0.85

Table 3 - Intravarietal genetic similarity estimated by Jaccard similarity coefficient.

Primer
Primer

sequence(5'-3')

Total of
reproducible

bands

Polymorphic
bands

Intravarietal
monomorphic

bands

Fragment size
ranges (bp)

A01 CAGGCCCTTC 06 06 06 600-2300

A02 TGCCGAGCTG 07 07 04 600-4400

F03 CCTGATCACC 07 07 07 600-1400

F05 CCGAATTCCC 02 02 02 900-1400

F09 CCAAGCTTCC 12 12 12 300-2400

Total 34 34 31 300-4400

Mean/Primer  6.8  6.8  6.2 -

Table 2 - Total number of bands, polymorphic and intravarietal monomorphic bands, and size range of bands for each primer.

North American variety (Figure 2). Jaccard similarity co-
efficient was used because it does not consider absence
of bands as a similarity. Varieties BR-2, CBB1, BRS 195,
MN 684, HARRINGTON, IAC 8501-31, IACIBON 214/
82, IAC 86012/421 and EMBRAPA 127 were closely re-
lated with similarity coefficients higher than 0.75. Vari-
eties IAC 8501/12 and IAPAR 39 showed similarity co-
efficients of approximately 0.70 with the group of vari-
eties above-mentioned. Low similarity coefficients (0.40-
0.50) were observed among varieties MN 698,
EMBRAPA 128, IAC 8501/22 and the others (Figure 2).
The grouping method did not separate malting from hull-
less varieties.

The intervarietal similarities of each variety with
all others were calculated by the Jaccard similarity coef-
ficient and the mean similarity coefficient among all va-
rieties was 0.53, very close to 0.52 previously reported
by Selbach & Cavalli-Molina, (2000), who affirm that
Brazilian varieties show high degree of genetic relation-
ship. Because barley is a self-pollinating plant, its
heterozigosity level is not as high as that of cross-polli-
nating plants. Therefore, numerous varieties were col-
lected to increase the breeding background. In contrast,
most current breeding efforts in barley involve crosses
among elite lines that share common ancestors (Diaz-
Perales et al., 2002; Yu et al., 2002; Todorovska et al.,

2003). Brazilian barley varieties emerged from common
ancestors and it could explain the high degree of genetic
similarity among them.

Similarity coefficients among individuals of each
variety are shown in Table 3. The average of intravarietal
similarity ranged from 0.53 to 0.85. Again, these values
were very close to those reported by Selbach & Cavalli-
Molina (2000). Hull-less varieties presented high simi-

Figure 2 - Genetic similarity between hull-less and malting barley
varieties revealed by UPGMA cluster analysis based on
Jaccard similarity coefficient. Numbers within
parentheses indicate the number of plants per variety.
IACIBON 214/82 abbreviates as IACIB 214/82.
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larity coefficients (0.82-0.85), except IACIBON214/82
(0.65), and malting variety CBB1 presented the lowest
one (0.53). The occurrence of intravarietal variability in
Brazilian barley varieties has been already observed by
RAPD (Selbach & Cavalli-Molina, 2000) and by hordein
patterns (Echart-Almeida & Cavalli-Molina, 2000).
Selbach & Cavalli-Molina (2000) proposed that genetic
variability in the Brazilian varieties may be a consequence
of thin selection imposed by breeders. These authors have
reported a high degree of genetic relationship among dif-
ferent Brazilian malting varieties and a high degree of
variability within them. Despite this high intravarietal
variability, they demonstrated that plants of the same va-
riety fell into a unique group and only later joined those
of different varieties. We observed the same structure of
variability among and within varieties.

Chemical characterization of the same six hull-
less barley varieties used in our study was performed by
Helm & de Francisco (2004), the authors found high β-
glucan and protein content . Then, these varieties are more
appropriate for health-promoting food products than to
malting. Yu et al. (2002) proposed a specific RAPD frag-
ment that differentiates high and low β-glucan content
varieties. Further studies will be conducted to test a
RAPD marker that could be used to select high and low
β-glucan content varieties.

CONCLUSIONS

RAPD markers were suitable for detection of ge-
netic variability between Brazilian barley varieties. There-
fore, they can discriminate these varieties and can be used
to assist in their  identification.
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