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ABSTRACT

In soybeans, drought stress causes 50% yield losses.
Breeding for drought tolerance in soybeans has been
widely developed using various methods, among which
is polyethylene glycol (PEG-6000) induction to simu-
late drought in vitro. In a previous experiment, three
somaclones with different levels of tolerance were ge-
nerated. The objectives of this research were to de-
termine the RAPD patterns of those somaclones and
to investigate the correlation of the RAPD patternsto
the drought tolerance characteristics. The results
showed eleven RAPD primers capable of amplifying
the DNA genome of soybeans, among which four
primers were monomor phic and seven wer e polymor -
phic. Two of the polymorphic primers, OPK7 and
OPK12, are capable of differentiating medium tole-
rance traits from other traits. Bands that are specific
for medium tolerance against drought were 450 bp
and 650 bp in size, generated by the OPK7 primer,
and the band of 2000 bp, generated by the OPK 12
primer. However, there was no band capable of diffe-
rentiating between sensitive and tolerance varieties
lines, although some changing of the DNA sequence
was detected in this research. This indicates that
there are other factors responsible for the expression
of drought tolerance.

Keywords: RAPD; Drought Tolerance; Soybeans,
Somaclones

1. INTRODUCTION

Drought has been reported to cause some problems in
plants. In soybeans, drought stress at the generative phase
has been reported to decrease seed production up to 5%.
Some mechanisms developed by plants to overcome wa-
ter deficit problems have been reported. Morphological
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adaptations such as developing of profusely root hairs,
rolling of leaves and lengthening of roots, to physiologi-
cal dterations, such as modifications in carbon partition-
ing and isotope discrimination, osmotic adjustment, and
aterations in rate and efficiency of photosynthesis has
been addressed as plants responses toward drought stress
[2]. These modifications alter cell structure, activating
enzyme complexes that trigger molecular events in cas-
cade, leading to expression of many categories of genes
involved in the activation of defense responses[3].

Genes involved in drought tolerance [4-8], can be
classified into two groups. The first group consists of
genes that code proteins such as chaperones, late em-
bryogenesis abundant (LEA) proteins such as LEA14 [9],
osmotin, antifreeze proteins, mMRNA-binding proteins
such as glycine-rich protein [10], key enzymes for os-
molyte biosynthesis, such as galactinol synthase and delta-
1-pyrroline-5-carboxylate synthetase, involved in syn-
thesis of raffinose-family oligosaccharides [11] water
channel proteins, such as PIP1b [12], and proline trans-
porters [13,14], detoxification enzymes, and various
proteases that are suspected to function in abiotic stress
tolerance. The second group is comprised of regulatory
proteins, i.e. protein factors involved in further regu-
lation of signa transduction and stress-responsive gene
expression. These include various transcription factors,
protein kinases, protein phosphatases, enzymes involved
in phospholipid metabolism, and other signalling mole-
cules such as calmodulin-binding protein [5,8].

The expression mechanism of some genes was re-
ported to be dependent from Abscisic acid (ABA) which
plays a key role in the molecular signal that is triggered
by the onset of drought. This phytohormone apparently
works as a second messenger after stress perception, in-
ducing stomatal closure and activating several stress-
related genes [15]. On the other hand, some research has
shown that there are regulatory systems that are ABA-
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independent [16]. It was reported that. rd29a in Arabi-
dopsis thaliana, are induced through an ABA-indepen-
dent pathway. The protein DREB1 (dehydration-respon-
sive element-binding) is a transcription factor that binds
to the promoter of genes such as rd29a, thereby inducing
expression in response to drought, salinity, or low tem-
peratures.

Research on drought stress mostly concentrated on
gene expression, on the other hand study on the effect of
drought to gene mutation has not reported. Mutation
usualy was detected by breeders by observing and se-
lecting several generations for the trait of interest. De-
velopment of molecular biology methods gives more
straightforward detection methods to the locus responsi-
ble for certain traits. Currently, the molecular approaches
such as Random Amplified Polymorphic DNA (RAPD),
Restriction Fragment Length Polymorphism (RFLP),
Simple Seguence Repeat (SSR), Amplified Fragment
Length Polymorphism (AFLP), and Single Nucleotide
Polymorphism (SNP) [17] are being widely used to de-
tect DNA polymorphism. Among them, RAPD has been
proven very useful in the construction of genetic maps of
several species and in the construction of genetic mar-
kers related to a certain phenotypic trait, especialy on
using bulk segregant pools [18,19]. RAPD has been re-
ported capable of detecting the relative distance among
the member of genus Hibiscus section Furcaria [20]. The
genetic diversity of kenaf based on agronomic and RAPD
data has been detected [21]. Characterization of flax col-
lection by means of RAPD technique aso has been done
[19].

Breeding soybeans for drought tolerance is one solu-
tion offered by some researchers to counter the problem.
Many methods have been developed. In the previous ex-
periment an in-vitro mutation induction using a drought
simulation agent, polyetilene glicol (PEG-6000) has been
done. Selection of the mutants (somaclones) based on
physiological traits in the laboratory level showed that
tolerance toward drought stress is related to the increase
of proline content. Four somaclones with different levels
of tolerance were developed [22-24]. Drought simulation
using PEG-6000 to the four somaclones in the green-
house showed medium tolerance to drought. The aim of
the present work was to detect mutations on the soybean
somaclones and to detect the relative distance between
the somaclones with the initial lines and standard lines
using RAPD analysis.

2. EXPERIMENT
2.1. Plant Material and DNA | solation

Plant materials used were drought-susceptible soybean
lines, MSC8606, medium tolerance lines, MLG 2999,
and B3731, selected by Research Ingtitute for Legumes
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and Tuber Crops, Indonesia and the somaclones arising
from them, a drought-susceptible somaclone 8B6, and two
medium tolerance somaclones, 2S3 and 3SE4, respec-
tively. Those lines and somaclones were compared to the
standard variety for drought tolerance, Dieng, and drought
susceptible variety, Burangrang. The DNA genome was
isolated manually from 100 mg young soybean leaves,
followed the CTAB method [25].

2.2. RAPD Analysisand Dendogram
Construction

An RAPD-PCR reaction was performed using a reaction
mixture consisting of (25 pul ) 10x buffer Ex Taq Polyme-
rase, 2 mM MgCl,, 200 uM dNTP, 10 mM Tris-HCI (pH
8.0) 25 pmol primer, 25 pmol Ex Tag Polymerase, and
aguadest. The program was set at 95°C, 3 minutes pre-
heating, continued with 45 cycles consisting of 94°C, 1
minute denaturation, 36°C of 1 minute anneding, and
72°C for 2 minutes extension, and finally 72°C for 10
minutes for the last extension and cooling at 4°C for 5
minutes. One set of RAPD primers, OPK, from Operon
Technologies, USA that consist of 20 oligonucleotides
was used in this experiment. All the RAPD fragments
resulted from polymorphic primers were used for analy-
sis of relative distance between lines using the Clad97
program.

3. RESULT
3.1. RAPD Analysis

An RAPD anaysis of the somaclones, their initial lines
and the standard varieties using the Operon 10-mer Kit K
resulted in 11 primers, OPK-02, OPK-04, OPK-07, OPK-
08, OPK-10, OPK-12, OPK-14, OPK-16, OPK-17, OPK-
19, and OPK-20, capable of amplifying the DNA ge-
nome and producing RAPD bands. Seven of them gene-
rated polymorphic bands (Figure 1, Table 3).

Comparing the individual DNA fragments in those
lines shows that not all the primers used are capable of di-
fferentiating between different levels of tolerance against
drought stress. Only two primers, OPK-07 and OPK-12,
produced specific bands for a medium drought tolerant
line and somaclones B3731, 3SE4 and 2S3, but did not
produce such bands in susceptible lines (Figure 1). Band
650 bp and 450 bp, which were produced by OPK7, and
band 2000 bp, produced by OPK12, are capable of dis-
tinguishing tolerance to sensitive lines and somaclones.

The percentages of polymorphic fragments versus to-
tal fragments varied from 29% (OPK-04) to 100%
(OPK-02 and OPK-12) (Table 3). The somaclone vari-
ants can be clearly distinguished based on their RAPD
banding patterns, ranging from two (OPK-19) to six
(OPK-02) (Figure 1 and Table 3). Most somaclone
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Table 1. Soybean lines, somaclones and varieties used in this
experiment.

Lines/somacl

No ones/varieties Source
1. Burangrang Drought-susceptible Variety [26].
2. Dieng Drought-tolerant Variety [26].

Medium tolerant line based on ex vitro test
s B3731 at generative phase [22].

Invitro direct selection of Somaclone using
4 3SE4 PEG-6000 from somatic embrio of line

B3731 [23]. medium tolerant based on ex
vitro test at vegetative phase [24].

Drought susceptible line based on ex vitro
test at generative phase [22].

Invitro direct selection of Somaclone using
PEG-6000 from somatic embrio of line

5. MLG2999

6. 23 MLG2999 [23].medium tolerant based on
ex vitro test at vegetative phase [24].
Drought susceptible line based on ex vitro
£ MSCB606 test at generative phase [22]
In vitro gradual selection of Somaclone
8 886 using PEG-6000 from somatic embrio of

line MSC8606 [23] medium tolerant based
on ex vitro test at vegetative phase [24].

Table 2. Sequence of RAPD primer OPK used in this experi-
ment.

Oligonuclectide

No Primer Length
sequence
1 OPK-1 CATTCGAGCC 10
2. OPK-2 GTCTCCGCAA 10
3. OPK-3 CCAGCTTAGG 10
4. OPK-4 CCGCCCAAAC 10
5. OPK-5 TCTGTCGAGG 10
6. OPK-6 CACCTTTCCC 10
7. OPK-7 AGCGAGCAAG 10
8. OPK-8 GAACACTGGG 10
9. OPK-9 CCCTACCGAC 10
10. OPK-10 GTGCAACGTG 10
11. OPK-11 AATGCCCCAG 10
12. OPK-12 TGGCCCTCAC 10
13. OPK-13 GGTTGTACCC 10
14. OPK-14 CCCGCTACAC 10
15. OPK-15 CTCCTGCCAA 10
16. OPK-16 GAGCGTCGAA 10
17. OPK-17 CCCAGCTGTG 10
18. OPK-18 CCTAGTCGAG 10
19. OPK-19 CACAGGCGGA 10
20. OPK-20 GTGTCGCGAG 10

Table 3. Number of patterns that can be distinguished within
the 8 soybean somaclones, lines, and varieties with different
RAPD primers and total number of polymorphic fragments in
the data set.

Primer P?rlggn;?éﬁgc frag’\rlr?gnq? Srat(t);ms Polymorphism (%)
OPK-2 5 6 100
OPK-4 2 4 29
OPK-10 2 3 50
OPK-7 6 5 67
OPK-12 5 5 100
OPK-16 6 6 86
OPK-19 1 2 33
Total 31 Average 66.4
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B < 2000 bp

(b)

Figure 1. RAPD banding pattern on agarose 1.5% (M: marker
1 kb, 1 = Burangrang, 2 = Dieng, 3 = B3731, 4 = 3SE4, 5 =
MLG2999, 6 = 2S3, 7 = MSC8606, 8 = 8B6) (). Band 650 bp
and 450 bp amplified by OPK7 capable of distinguishing tole-
rance to senditive lines and somaclones; (b). Band 2000 bp
amplified by OPK12 capable of distinguishing tolerance to
sengitive lines and somaclones.

variants which expressed similar levels of tolerance against
drought stress did not possess similar RAPD fragment
patterns. This means that the DNA sequences of those
variants were different, and this difference doesn’'t affect
the levels of tolerance.

3.2. The Relative Distance of the Somaclones, the
Initial Line and the Sandard Varieties

All the RAPD fragments resulted from polymorphic
primers were used for analysis of relative distance be-
tween lines using the Clad97 program. All somaclones
variants were used for the construction of a dendogram.
A total number of 31 polymorphic fragments was unam-
biguously identified and used for the computation of
relative genetic similarities. A dendogram was constru-
cted based on the RAPD fragment variations in different
somaclone variants (Figure 2).

The dendogram grouped the somaclone variants into
two main clusters at a similarity coefficient of 0.67. Com-
paring the clustering pattern with the tolerance levels, it
was found that RAPDSs are not capable of differentiating
between levels of tolerance. The Dieng variety, which
has been known as a drought-tolerant variety, clustered
with MSC8606 and its somaclone 8B6, which were
physiologically drought susceptible. On the other hand,
the Burangrang variety, which is a standard variety for
drought susceptibility, was in the same cluster with
MLG2999, B3731 and 3SE4, which were medium-
tolerant variants. However, in that cluster, Burangrang
was positioned quite separately from the other three va-
riants at a similarity coefficient of 0.7. Interesting data
were shown by 2S3, which is the somaclone variant of
MLG2999. Both variants have medium tolerance against
drought. However, they were separated in two different
clusters, MLG2999 positioned in a similar cluster with
Dieng, which is a tolerant variety, and 2S3 was grouped
with B3731, 3SE4 and Burangrang, which are medium-
tolerant and susceptible varieties.

4. DISCUSSION
RAPD has been widely used asatool to detect differences
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Figure 2. A dendogram showing genetic relationships among
soybean lines constructed, based on the UPGMA cluster analy-
sis of RAPDs. Drought-susceptible variety Burangrang clus-
tered with medium-tolerant variants, MLG2999, B3731 and
3SE4. Drought-tolerant variety Dieng clustered with drought-
susceptible M SC8606 and its somaclone 8B6.

in DNA sequences of various organisms, including soy-
beans [27-30]. RAPD has also been used to detect genetic
diversity among 18 selected soybean genotypes in breed-
ing programs to increase the protein content [31].

The absence or presence of one specific gene or alele
could cause a change in the drought resistant nature. If a
sequence of a certain gene, or part of a gene, is not de-
tected by RAPD primers, this may occur because the
sequence ismissing or changed into a different sequence.
The amount of change will determine whether the change
is up to the level of genes (different genes) or only the
level of alleles (different alleles). Both these changes may
cause significant changesin expression, depending on the
role of the genes. In this experiment, differences in se-
guences were detected by the primers OPK-0, which
produced 650 bp and 450 bp bands, and OPK-12 which
produced a 2000 bp band. Those bands were not dete-
cted in sensitive lines. The bands may be associated with
the expression of drought-tolerant genes.

Copyright © 2012 SciRes.

A number of genes that regulate drought resistance
have also been reported by many researchers. Breeding to
increase resistance to stress has consistently showed that
the vigor of plantsin various environmental conditionsis
naturally regulated by multiple loci. Drought resistance is
acomplex phenomenon, involving the coordinated expre-
ssion of genes in large numbers [32]. To get drought-
resistant plants, co-expression of more than one gene is
required. For example, expression of XVVPerl, which ale-
gedly protects DNA from ROS (reactive oxygen species)
together with XVSAP1, which may prevent membrane
leakage, and XV Gols and ALDRXV4, both of which are
osmoprotectans, might result in the group of proteins that
are capable of producing drought resistance [33].

Plant response to drought stress can be grouped into
three stages [34]. When drought stress is not too strong,
the plant will try to avoid experiencing water shortages.
Plants will use a little water in balance with the water
escaping, such as by closing the stomata. When stress
increases, the plant will try as much as possible to increase
the amount of water in the cdlls, for example, by increas-
ing the number of roots and reducing shoot growth. If the
plant experiences prolonged drought stress which is
caused by the availability of water being realy low, the
plant will show several responses. These include accumu-
lation of dissolved materials or production materials or
proteins, changes in metabolism, detoxification of free
oxides (reactive oxygen species, ROS) to avoid cell da
mage due to water loss. These responses are associated
with the regulation of many active genes which produces
a variety of osmoprotectan compounds. One mechanism
of plant tolerance to drought stress is the ability of plant
cellsto adjust osmotic potential by accumulating solutes,
such asproline, and sugarsin the cell. Proline playsarole
in the adjustment of osmotic function in maintaining
turgor and root growth in drought conditions, while the
sugar serves to maintain the stability of cell membranes,
protect proteins, and lower leaf osmotic potential so plants
keep their turgidities when experiencing drought stress.
Drought stress causes an increase in the proline content in
al soybeans that are tolerant and drought sensitive [35].
An accumulation of proline serves as asource of cytoplas-
mic osmoticum, cytoplasmic enzyme protectors, and pro-
tective cellular structures. Correlation between proline
accumulation and the level of plant tolerance to drought
stress has been reported based on the analysis of trans-
genic plants. Transforming gene P5CS (delta 1-pyrroline-
5-carboxylate synthetase), which plays a role in proline
accumulation in soybeans, is capable of producing plants
which are more tolerant to drought [36].

The presence or absence of RAPD bands may be asso-
ciated with regulatory or structural genes corresponding
to drought stress. Drought stress acts as a signal which
will be received by receptors (ion channel, histidine
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kinase, GPCR, RLK), which then activate the Ca2 ions
and molecules such asinositol secondary identifiers, ROS,
and ABA, to activate the transcription factor. Transcri-
ption factors (DREB, bzipped, EREB/AP2, MYC, MYB)
induce genes, in response to drought stress (LEA-like,
P5CS, HVA, AtABA, rd21, TPSP etc.), to produce osmo-
protectan compounds to maintain cell osmotic pressure,
keeping cell turgor, etc. [37].

The ability of the RAPD technique to distinguish be-
tween tolerant or sensitive varieties of the strains and
somaclonesin this experiment shows that thistechniqueis
capable of detecting the presence of somaclonal variations.
Somaclonal diversity isderived from the genetic diversity
of explant sources and mutations that occur during a tis-
sue-culture process. The diversity of the explants was due
to mutations as well as the presence of polysoms in a
particular tissue. Genetic diversity in tissue cultures,
among others, is caused by doubling the number of chro-
mosomes, chromosomal structural changes, changes in
genes and changes in genetic material in the cytoplasm
[38].

A variation of banding patterns between the original
lines and their somaclones shows that, indeed, there is a
change of sequence on somaclones as a result of the
simulation of drought stress with PEG-6000. However,
the banding pattern that is summarized in the dendogram
cannot be associated with tolerant or sensitive natures.
There are several possibilities that cause this to happen.
The first is a change in the DNA sequence that is not
expressed into the physiological level. The second possi-
bility is that changes in the DNA sequence occur in the
genes that are not vital, so they do not alter the gene ex-
pression. The third possibility is changes in the DNA
sequence which occur only in one particular gene, while
producing resistance to drought takes several genes that
cooperate with each other. This phenomenon seems to be
the result of differentiadl mutations on different loci
which convert the level of tolerance against drought,
which is possible because there is a family of genes that
control drought tolerance. This finding is in accordance
to previous research [39] which stated that tolerance of
drought is a complex phenomenon. The tolerance changes
according to drought intensity and duration, and the
plant’s devel opmental stage during which drought occurs.
It was aso reported that one stress may affect the plant
which lead to the activation of many genes as a response
to the stress. So, plant adaptation to drought induces, more
or less, some reactions, such as signaling pathways, tar-
get-gene expression, and biochemical/metabolic changes.
As a result, differences in water-stress tolerance among
cultivars, or within a cultivar at various developmental
stages, may result from differences in the expression of
genes in signal-perception and transduction mechanisms.

Copyright © 2012 SciRes.

5. CONCLUSION

RAPD variations were detected among lines and soma-
clones, suggesting that drought stress simulation using
PEG-6000 is capable of atering DNA sequence. However,
this alteration can not be associated with drought-tolerant
or sensitive natures, suggesting that the changing of DNA
sequences detected in this research was not the only
component to convert drought tolerance. It may occur only
in one particular gene, while producing resistance to
drought takes several genes that cooperate with each other.
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