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RELIABILITY OF THE RAPD TECHNIQUE FOR GERMPLASM

ANALYSIS OF SESAME (Sesamum indicum L) FROM VENEZUELA

Bertha Salazar, Hernán Laurentín, Martha Dávila and Miguel A. Castillo

Introduction

Sesame is one of the most
ancient oil seed crops (Bedi-
gan and Harlan, 1986; Ashri,
1998). It is cultivated on 7
million ha world wide (FAO,
2005), mainly in developing
countries of Africa, Asia and
America (Montilla and Terán,
1996). Sesame seeds contain
50-60% oil of great stability
due to the presence of natural
antioxidants such as sesamin
and sesamol (Brar and Ahuja,
1979; Ashri, 1989). The seed
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is a source of protein and is
used for confections and for
decorating bread and cakes
(Uzun et al., 2003). In Ven-
ezuela, sesame is a rotation
crop growing after maize (Zea
mays L) during the dry season
in the western llanos, mainly
in Turén, Portuguesa State
(Laurentín et al., 2003). Har-
vested areas in the past 3
years have remained stable at
nearly 60000ha, with an aver-
age production of 30000Mg
per year (FAO, 2005), which
is mostly exported to major

customers such as USA and
England (Laurentín et al.,
2003).

Venezuelan sesame produc-
tion has been strongly sup-
ported by national breeding
programs. Germplasm charac-
terization is present throughout
all the phases in plant breed-
ing. Before a breeding pro-
gram is established, it is nec-
essary to evaluate genetic di-
versity in the species, and af-
terwards it is desirable to de-
scribe unequivocally the new
cultivars. Genetic characteriza-

tion in crop species, including
sesame, can be determined us-
ing morphological and agro-
nomic traits, isozyme, and
DNA marker analysis (Isshiki
and Umezaki, 1997; Karp et
al., 1997; Parani et al., 1997;
Díaz et al., 1999; Rao, 2004).

Within DNA markers, the
random amplified polymor-
phic DNA (RAPD) technique
is suitable when a medium
level of polymorphism is ex-
pected. Additionally, this
technique has advantages
such as low development
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SUMMARY

The random amplified polymorphic DNA (RAPD) technique
was used to evaluate two commercial cultivars (Fonucla and
UCLA-1) and 7 lines (UCLA-249; UCLA-295; UCLA-37-1;
UCLA-65; UCLA-83; UCLA-90; UCV-2) of sesame (Sesamum
indicum L) obtained by the breeding program of the
Universidad Centroccidental Lisandro Alvarado, Venezuela.
Ninety four polymorphic bands using 12 random 10-mer prim-
ers indicated a high level of variability. Three primers were
able to discriminate 8 out of the 9 materials and, in combina-
tion, they were able to resolve all of them. Probability of iden-
tical match by chance was 5.22×10-29. Polymorphic information

content (PIC), resolving power (RP) and marker index (MI) of
each primer failed to correlate significantly with number of
genotypes resolved. Unique bands were observed in 6 geno-
types with 9 primers. Jaccard’s similarity coefficients ranged
from 0.04 to 0.53. UPGMA clustering resulted in two major
groups and the genotype classification agreed closely with the
grouping observed when using principal coordinates analysis
(PCA). The results of the present study showed that RAPD-
based fingerprinting was a useful tool to identify unequivocally
the sesame genotypes and to assess the genetic variability of
the breeding stocks.

RESUMEN

La técnica de ADN polimórfico amplificado al azar (RAPD)
fue utilizada en dos cultivares comerciales (Fonucla y UCLA-1)
y 7 líneas (UCLA-249; UCLA-295; UCLA-37-1; UCLA-65;
UCLA-83; UCLA-90; UCV-2) de ajonjolí (Sesamum indicum L)
obtenidas por el programa de mejoramiento genético de la Uni-
versidad Centroccidental Lisandro Alvarado, Venezuela. Noventa
y cuatro bandas polimórficas derivadas del uso de 12 deca-ini-
ciadores indicaron un alto nivel de variabilidad. Tres de los ini-
ciadores discriminaron 8 de los 9 materiales y, en combinación,
pudieron resolverlos a todos. La probabilidad de que ocurrieran
coincidencias idénticas fue de 5,22×10-29. El contenido de infor-

mación de polimorfismo (CIP), el poder de resolución (PR) y el
índice del marcador (IM) de cada iniciador no se
correlacionaron de manera significativa con el número de
genotipos resueltos. El coeficiente de similitud de Jaccard varió
de 0,04 a 0,53. El agrupamiento realizado mediante UPGMA re-
sultó en dos grupos principales relacionándose estrechamente
con los grupos observados mediante el análisis de coordenadas
principales (CP). Estos resultados demuestran que la técnica de
RAPD es una herramienta útil para la identificación inequívoca
de genotipos de ajonjolí y para evaluar la variabilidad de mate-
riales genéticos usados en programas de mejoramiento genético.
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cost, low level of training re-
quired, and low cost per as-
say (Karp et al., 1997), espe-
cially important for countries
of lesser resources. RAPD
does not require previous
knowledge of genome se-
quences because arbitrary
primers are used. RAPD
markers have been used for
diversity analysis in a vast
array of crops, including
sesame (Bhat et al., 1999;
Nanthakumar et al ., 2000;
Ercan et al., 2004) and for
the identification of cultivars
(Fernández et al . ,  2002;
Archak et al., 2003; Rajora
and Rahman, 2003). The pur-
pose of the present study was
to evaluate and compare the
informative capacity of
RAPD markers in 9 sesame
lines, and to determine the
genetic relationships among
them.

Materials and methods

Plant material

Six samples (UCLA-249,
UCLA-295, UCLA-37-1,
UCLA-65, UCLA-83 and
UCLA-90) from the sesame
breeding program at the
Universidad Centrooccidental
Lisandro Alvarado, two com-
mercial varieties known as
UCLA-1 (Montilla and Terán,
1996) and ‘Fonucla’ (Montilla
and Cedeño, 1991) and one
individual selection from the
Arawaca cultivar termed
UCV-2 (data not published),
were used for this study and
were grown in the field dur-
ing 2002. All the genotypes
are “white seeded”, except
UCV-2 which is dark seeded.

DNA isolation

Petals of flowers from sev-
eral plants were collected and
stored at -84ºC. Total genomic
DNA was extracted using the
protocol recommended by
GenomicPrep Cells and Tissue
DNA Isolation Kit® of Amer-
shan Pharmacia Biotech
(USA). The DNA concentration
was estimated with a calibra-
tion curve using DNA concen-
trations standards (λ Ladder
DNA, Operon Technologies
Inc., USA ) in 2% agarose gel
at 90V for 30min in TAE
buffer (0.04M Tris-acetate,
0.001M EDTA, pH 8.0) and
staining with ethidium bromide.

DNA amplification

Genomic DNA was ampli-
fied using the protocol Ready
to Go RAPD Analysis Beads®

from Amersham Pharmacia
Biotech (USA). Each bead con-
tained AmpliTaq® DNA poly-
merase, dNTPs (0.4mM of
each for 25µl reaction volume),
BSA (2.5µg) and PCR buffer
(3mM MgCl2, 30mM KCl and
10mM Tris, pH 8.3, in 25µl re-
action volume). PCR reaction
was carried out in a DNA
Thermal Cycler® 2400 (Perkin
Elmer, USA.). Each 25µl reac-
tion mixture contained one
bead, 5µl of template DNA, 5µl
of primer (Operon Technolo-
gies, Alameda, USA.) and 15µl
Milli-Q ultrapure water (resis-
tivity <1MΩ·cm-1). The PCR
amplification conditions were:
initial extended step of denatur-
ation at 95ºC for 1min fol-
lowed by 45 1min cycles of
denaturation at 94ºC for, primer
annealing at 36ºC for 1min and
elongation at 72ºC for 2min,
followed by an extended elon-

gation step at 72ºC for 4min.
Reaction products were mixed
with 2µl of 10X loading dye
(0.25% bromophenol blue,
0.25% xylene cyanol and 40%
sucrose, w/v) and spun briefly
in a microfuge before loading.
The amplification products and
100bp DNA ladder (Operon
Technologies Inc., USA) were
electrophoresed on 2% agarose
gel at 100V, followed by stain-
ing with ethidium bromide and
photographed on Polaroid 667
film under UV light. A nega-
tive control was utilized with
all RAPD reactions. The list of
used primers used and their se-
quences is given in Table I.

Data analysis

All amplifications were re-
peated twice and only repro-
ducible bands were considered
for analysis. The amplified

RESUMO

A técnica de ADN polimórfico amplificado aleatoriamente
(RAPD) foi utilizada em dois cultivares comerciais (Fonucla e
UCLA-1) e 7 linhas (UCLA-249; UCLA-295; UCLA-37-1;
UCLA-65; UCLA-83; UCLA-90; UCV-2) de gergelim (Sesamum
indicum L) obtidas pelo programa de melhoramento genético da
Universidade Centroccidental Lisandro Alvarado, Venezuela. No-
venta e quatro faixas polimórficas derivadas do uso de 12 deca-
iniciadores indicaram um alto nível de variabilidade. Três dos
iniciadores discriminaram 8 dos 9 materiais e, em combinação,
puderam resolvê-los a todos. A probabilidade de que ocorresem
coincidencias idênticas foi de 5,22×10-29. O conteúdo de infor-

mação de polimorfismo (CIP), o poder de resolução (PR) e o ín-
dice do marcador (IM) de cada iniciador não se correlaciona-
ram de maneira significativa com o número de genotipos resolvi-
dos. O coeficiente de similitude de Jaccard variou de 0,04 a
0,53. O agrupamento realizado mediante UPGMA resultou em
dois grupos principais relacionando-se estreitamente com os
grupos observados mediante a análise de coordenadas principais
(CP). Estes resultados demonstram que a técnica de RAPD é
uma ferramenta útil para a identificação inequívoca de
genotipos de gergelim e para avaliar a variabilidade de materi-
ais genéticos usados em programas de melhoramento genético.

TABLE I
SEQUENCES, BANDS, FINGERPRINTS AND CALCULATED PARAMETERS FOR THE

TWELVE PRIMERS USED

Primer Sequence (5’- 3’) NB  PPB NUB NF NGUF PIC Rp MI Pi

OPA-01 CAGGCCCTTC 12 100 3 8 7 0.35 ±0.12 6.22 4.25 0.0005
OPA-02 TGCCGAGCTG 7 100 0 6 4 0.31 ±0.15 3.33 2.22 0.0122
OPA-19 CAAACGTCGG 6 100 2 7 6 0.35 ±0.16 3.33 2.07 0.0209
OPC-02 GTGAGGCGTC 5 100 0 6 3 0.17 ±0.07 1.33 0.84 0.0142
OPC-04 CCGCATCTAC 7 100 2 7 6 0.36 ±0.13 3.78 2.52 0.0104
OPC-07 GTCCCGACGA 13 100 6 6 5 0.29 ±0.10 4.89 3.80 0.0005
OPC-13 AAGCCTCGTC 5 100 2 3 1 0.38 ±0.16 3.11 1.88 0.0278
OPC-19 GTTGCCAGCC 6 100 0 5 3 0.45 ±0.06 4.44 2.72 0.0058
OPE-07 AGATGCAGCC 12 100 3 6 3 0.39 ±0.12 7.33 4.64 0.0002
OPE-08 TCACCACGGT 8 100 1 8 7 0.41 ±0.09 4.89 3.26 0.0026
OPM-06 CTGGGCAACT 8 100 1 8 7 0.43 ±0.10 5.56 3.46 0.0021
OPM-13 GGTGGTCAAG 5 100 2 5 3 0.37 ±0.15 2.89 1.83 0.0314
Average 7.8 100 1.83 6.16 4.58 0.37 ±0.12 4.26 2.79

NB: number of bands (NB), PPB: percentage of polymorphic bands, NUB: number of unique bands, NF:
number of different fingerprints, NGUF: number of genotypes with unique fingerprint, PIC: polymor-
phism information content, Rp: resolving power, Pi: probability of identical match by chance per each
RAPD primer.
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fragments were named by
primer and their size in base
pairs (bp). Each band or ampli-
fication product was considered
as a RAPD marker. The bands
were recorded as present (1) or
absent (0) in order to construct
a binary matrix of RAPD phe-
notypes.

The discriminatory power
of RAPD markers was evalu-
ated by three parameters. The
polymorphic information con-
tent (PIC) for each RAPD
marker was calculated, as
proposed by Roldán-Ruiz et
al. (2000), as PICi = 2fi(1-fi),
where PICi is the polymor-
phic information content of
marker i, fi is the frequency
of the marker bands present,
and (1-fi) is the frequency of
absent marker bands. Domi-
nant markers as RAPD have a
maximum of 0.5 when half of
the accessions have the band
and the other half does not
have the band (De Riek et al.,
2001). PIC was averaged over
the bands for each primer.

The resolving power (Rp)
of the twelve primers was
calculated according to
Prevost and Wilkinson (1999)
as Rp = ΣIb where Ib (band
informativeness) takes the
value of 1-[2x|0.5-p|], p being
the proportion of the geno-
types containing the band.
The third parameter used was
the marker index (MI) as pro-
posed by Powell et al. (1996)
and used by Milbourne et al.
(1997). MI is the product be-
tween diversity index (equiva-
lent to PIC) and effective
multiplex ratio (EMR), where
EMR is defined as the prod-
uct of the fraction of poly-
morphic loci and the number
of polymorphic loci. This pa-
rameter was calculated for
each primer.

To study the informativeness
of RAPD in sesame, the num-
ber of different fingerprints
(NF) per primer and the num-
ber of genotypes with unique
fingerprint (NGUF) per primer
were recorded. Pearson corre-
lation was performed between
the number of different finger-
prints per primer and the three
parameters evaluated, as well
as between the number of
lines with unique fingerprint

per primer and the three pa-
rameters.

To obtain the level of con-
fidence in identifying the 9
materials, the probability of
identical match by chance
(Pi) was calculated, as pro-
posed by Wetton et al. (1987)
and Ramakrishna et al .
(1994), as Pi = Xn, where X
is a similarity index between
2 genotypes, expressing the
probability that a band
present in one of them is also
present in the other, and n is
the average number of bands
in the two genotypes being
compared. X was calculated
as the ratio 2NAB/(NA+NB),
where NAB is the number of
bands present in the geno-
types, NA total number of
bands in genotype A and NB

is the total number of bands
in genotype B. This probabil-
ity was calculated for each
primer, and also over all the
primers by multiplying the in-
dividual probabilities.

Jaccard´s similarity coeffi-
cient values for each pair-wise
comparison between genotypes
were calculated and a similar-
ity coefficient matrix was con-
structed. This matrix was sub-
jected to the unweighted pair-
group method for arithmetic
averages analysis (UPGMA) in
order to generate a dendro-
gram. Cophenetic correlation
was calculated as a measure of
the faithfulness of cluster anal-
ysis (Rohlf and Sokal, 1981).
In addition, the data was sub-
jected to principal coordinates
analysis (PCA; Sneath and
Sokal, 1973). All the numeri-
cal taxonomic analyses were
conducted using the software
NTSYS-PC, version 2.11T

(Exeter Software, New York).
The robustness of the nodes in
the dendrogram was tested by
bootstrap analysis using the
Winboot program developed
by IRRI.

Results

Table I summarizes the am-
plification products resulting
for each primer and the val-
ues of the calculated param-
eters explained in the previ-
ous section.

The total number of bands
obtained was 94, being all of
them polymorphic. The num-
ber of bands per genotype
ranged between 12 for
UCLA37-1 and 53 for
UCLA-249, with an average
of 36 bands per genotype.
The number of amplification
products per primer ranged
from 5 (OPC-02, OPC-13,
OPM-13) to 13 (OPC-07).
Twenty-two unique bands
were obtained in 6 genotypes
with 9 primers, where the
materials UCLA-65 and
UCLA-295 presented the
highest number of unique
bands with 6 and 8, respec-
tively. The primers OPA-01,
OPE-08 and OPM-06 identi-
fied both the highest number
of fingerprints (8) and the
highest number of genotypes
with unique fingerprint (7),
but they could not distinguish
all the 9 lines. For instance,
primer OPA-01 did not re-
solve UCLA-65 and Fonucla,
OPE-08 did not resolve
UCLA-83 and UCLA-37-1,
and primer OPM-06 did not
resolve UCLA-90 and UCV-2.
The PIC, with average of
0.37, ranged from 0.17 (pri-

mer OPC-02) to 0.45 (primer
OPC-19), having primers
OPC-19, OPM-06, and OPE-
08 the highest PIC values.
The highest Rp values were
obtained with the primers
OPE-07, OPA-01 and OPM-
06, and highest MI values
with the primers OPE-07,
OPA-01, and OPC-07. No
significant correlation was
found neither between number
of fingerprints nor lines with
exclusive fingerprints, with
PIC, Rp or MI.

The probability of identical
match by chance (Pi) ranged
between 0.0002 (OPE-07) and
0.0314 (OPM-13), and the to-
tal probability obtained by
multiplying all the probabili-
ties was 5.22×10-29.

Jaccard’s similarity coeffi-
cients ranged from 0.036 to
0.53, with an average of
0.2835 (Table II). The
UPGMA-based phenogram
consisted of two clusters; the
first one grouped UCLA-37-1
and UCLA-83, and the sec-
ond one included the rest
(Figure 1). The cophenetic
correlation coefficient was
0.86. Bootstrapping analysis
resulted in at least 89% of
confidence limits for the two
major clusters. The PCA
showed that the first three co-
ordinate axes accounted for
40.88% of the total variation
(Figure 2). The pattern agreed
closely with the grouping ob-
served in the UPGMA-based
phenogram.

Discussion

Accurate identification of
germplasm carried out by
means of DNA fingerprints is

TABLE II
JACCARD'S SIMILARITY COEFFICIENTS AMONG 9 SESAME MATERIALS

FROM VENEZUELA

Genotypes UCLA-37-1 UCLA-1 UCLA-65 Fonucla UCLA-90 UCLA-249 UCLA-83 UCLA-295 UCV-2

UCLA-37-1 1.0000
UCLA-1 0.1739 1.0000
UCLA-65 0.1273 0.3731 1.0000
Fonucla 0.1765 0.3433 0.5313 1.0000
UCLA-90 0.0750 0.4038 0.3966 0.2951 1.0000
UCLA-249 0.1818 0.4394 0.4306 0.4429 0.5273 1.0000
UCLA-83 0.4167 0.1852 0.2632 0.2963 0.1042 0.3158 1.0000
UCLA-295 0.1667 0.2917 0.4225 0.4143 0.2813 0.4857 0.3519 1.0000
UCV-2 0.0357 0.2553 0.1964 0.2037 0.2632 0.2281 0.0000 0.1148 1.0000
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a useful tool for checking the
identity and purity of a vari-
ety. In the present study,
sesame lines could be identi-
fied based on RAPD finger-
prints using twelve 10-mer
primers, with an extremely
low probability of getting an
identical match by chance.
Primers OPA-01, OPE-08 and
OPM-06 are considered of
high value for fingerprint in
sesame because each one was
able to resolve 8 of the 9 ma-
terials studied. These three
primers should be useful for
fingerprinting, because when
combined they are able to re-
solve all the 9 lines. Pi for
only these three primers was
2.73×10-9, which is a very
low probability of identical
match by chance.

RAPD fingerprint showed a
total of 22 unique bands,
which have a high potential
value since they can be con-
verted into STS (sequence
tagged site) markers. This is
useful for detecting mixes be-
tween cultivars (Fernández et
al., 2002). Similarly, Bhat et
al. (1999) suggested that, in
sesame, the primer OPM-06
could be useful for obtaining
cultivar/genotype specific pro-
files. Therefore, exclusive
bands could be converted to
sequence-characterized ampli-
fied regions (SCARs). The
same suggestion could be ap-

plied for the nine primers in
the present study that resulted
in unique bands.

The high level of polymor-
phism reported in this study
is comparable to 87% of
polymorphism reported by
Bhat et al. (1999). They also
reported 100% of polymor-
phism for primers OPA-02,
OPA-19 and OPM-06. Ercan
et al. (2004) reported a high
level of polymorphism (78%)
studying Turkish sesame ac-
cessions.

Studies about the discrimi-
natory power of RAPD prim-
ers have not been carried out
in sesame, but similar studies
have been done in other self
pollinated crops such as bar-
ley. Russell et al. (1997) ob-
tained a PIC of 0.52, higher
than the 0.37 value reported
in this study and Fernández et
al . (2002) reported an Rp
value of 3.85, similar to 4.26
in this study. However, the
values by themselves do not
have a clear meaning. More
studies have been carried out
with cross pollinated crops,
but few of them compare pa-
rameters such as PIC, Rp, and
MI with number of finger-
prints or number of resolved
genotypes. When the identifi-
cation of cultivars is the pur-
pose of the fingerprints, the
most important function of a
primer is to discriminate as

many cultivars as possible,
this aspect being the most im-
portant to consider. Prevost
and Wilkinson (1999) and
Fernández et al. (2002) found
a strong and linear relation-
ship between the ability of a
primer to distinguish geno-
types and Rp, but not with
MI. The data from Rajora and
Rahman (2003) indicated sig-
nificant correlation (P<0.05)
between PIC and number of
genotypes observed, but not
with number of cultivars with
unique genotype. The lack of
correlation observed in this
study and the lack of consis-
tency in other studies suggest
that it would be better to con-
sider how many genotypes are
discriminated by a primer, in-
stead of calculating param-
eters such as PIC, Rp and
MI.

The range of Jaccard´s
similarity coefficients among
lines was rather ample, with
the maximum value (0.53)
very low when compared with
the results obtained by Bhat
et al. (1999).

The UPGMA-based pheno-
gram and PCA showed a
similar pattern, in spite of
the low percentage of varia-
tion accounted by the first
three axes of PCA. Similar
relationships between both
analyses have been reported
by Ercan et al. (2004). In this
study, both analysis displayed
lines UCLA-37-1 and UCLA-
83 as the most divergent. This

finding does not agree with
the study by Laurentín et al.
(2004), where yield compo-
nents were analyzed on the
same lines used in the present
study (except UCV-2) by
means of PCA. The only
common feature in both
graphics was the grouping of
UCLA-90, UCLA-249 and
UCLA-1. The discrepancy can
be explained by the differ-
ences in the methodology ap-
plied, since molecular charac-
terization covers only the ge-
nome variability (Ovesná et
al., 2002) excluding the envi-
ronmental influence (Rao,
2004), while morphological
characterization, mainly of
quantitative traits as studied
by Laurentín et al. (2004),
were subjected to strong envi-
ronmental influence (Karp et
al., 1997; Rao, 2004). How-
ever, it is interesting to note
that 33% of the line were
also grouped together in both
studies. Therefore, they
should not be the most suit-
able genotypes to obtain di-
versity when recombined.
UCLA-37-1 or UCLA-83 ap-
peared as the most suitable
and possible parents for an
eventual new “white seed”
population, if crossed with
some of the other materials
studied. The information ob-
tained from both of the above
analyses could not be corre-
lated with the origin of these
genotypes, since this is un-
known.

Figure 1. Phenogram produced by cluster analysis (UPGMA) based in
Jaccard´s coefficient using 94 RAPD markers and 9 sesame materials from
Venezuela. Bootstrapping values after 1000 permutations are indicated for
each node.

Figure 2. 3D plot from principal coordinates analysis on 9 sesame materials
from Venezuela.
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The results of the present
study demonstrate that RAPD-
based fingerprints is a useful
tool to identify unequivocally
sesame genotypes. This infor-
mation can be used success-
fully for cultivar identifica-
tion and for assessing the ge-
netic variability of breeding
stocks.
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