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Abstract

Background: The main objectives of this study were to compare two in vitro selection procedures for developing
drought-tolerant cell lines from rice cultivars, regenerate plants from the selected cells, and use the random
amplified polymorphic DNA (RAPD) method for genetic characterization of somaclons. Callus was derived from
mature embryo cultures of tow Egyptian rice cultivars, Sakha 102 and Giza 178.

Results: The direct in vitro selection method indicated that the callus weight of the two cultivars was significantly
decreased in response to increasing ABA concentrations. The shoot formation revealed significant differences
among ABA concentrations and highly significant for interaction between rice cultivars and ABA concentrations.
The percentage of shoot formation either increased or decreased with increasing ABA levels in rice cultivars.
However, Giza 178 cultivar was slightly stable for shoot formation than the cultivar Sakha 102. The obtained results
for stepwise selection method indicated also that the shoot formation was obtained till 6 mg/L ABA. The results of
the RAPD analysis indicated that the rice cultivars and their somaclons were classified into tow clusters. The
polymorphic information content (PIC) per primer ranged from 0.715 to 0.906 with an average of 0.860. The results
of UPGMA clustering were consistent with those of the PCoA.

Conclusions: The percentage for Sakha 102 was 10.8, 7.7, and 2.2% on 2, 4, and 6 mg/L ABA, respectively, and was
16.4, 10.0, and 3.4% for Giza 178 cultivar, at the ABA concentrations of 2, 4, and 6 mg/L, respectively. The genetic
similarity among the fifteen genotypes ranged from 0.30 to 0.82. Rice cultivars and their somaclons were classified
into five clusters.
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Background
Rice (Oryza sativa L.) is one of the most important food
crops, providing a stable diet for most of the world’s popu-
lation. However, rice yield and quality are severely com-
promised by physiological and environmental stresses, as
well as by insects and diseases. Rice production undermi-
nimizing the irrigation requirement became an objective
in Egypt, as well as many areas worldwide, due to the in-
creasing limitation on water supply.
Abiotic stresses resulting from drought, salinity, cold,

and heat are the major environmental factors which affect

plant growth and commonly constitute serious threats to
agriculture (Lafitte et al. 2006; Verma et al. 2013; Alhas-
nawi et al. 2016; Banerjee et al. 2017; Jahan et al. 2017).
Drought is a multifaceted stress condition with respect to
timing and severity, ranging from long drought seasons
where rainfall is much lower than demand to short pe-
riods without rain where plants depend completely on
available soil water (Lafitte et al. 2006). However, water
availability in the soil varies with respect to amount and
distribution (Clark et al. 2002). Rice cultivation varies
from flooded wetland to rain-fed dry land. Drought is the
major environmental factor in rain-fed areas that occupy
about one third of the total area and reduces productivity
to 13–35% (Lafitte et al. 2006). The genotypic variation in
drought tolerance together with the genetic tools available
for rice (Matsumoto et al. 2005; Rensink and Buell 2005)
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and possibility to test their agronomic relevance (Xu et al.
2006) make rice a model system for research in drought
tolerance. Studies of rice plants in response to drought
stress and identification of drought tolerance mechanisms
towards the development of drought-adapted crops can
make more crops per drop a reality (Degenkolbe et al.
2009).
In vitro culture may be used to obtain drought-tolerant

plants, assuming that there is a correlation between cellu-
lar and in vitro plant responses (Biswas et al. 2002; Venna-
pusa et al. 2015). This method is based on the induction
of genetic variation among cells and tissues in cultured
and regenerated plants, although there are genetic, bio-
chemical, and physiological constraints in obtaining
stress-tolerant plants through in vitro culture. Nabors and
Dykes (1985) pointed out that this technique has been
successfully used to produce stress-tolerant plants from
several plant species. Recently, in vitro selection for cells,
exhibiting increased tolerance to water stress and the suc-
cessful regeneration of drought-tolerant plants, has been
achieved (Vennapusa et al. 2015; Jahan et al. 2017).
Maintaining genetic uniformity is one of the major

concerns of the tissue culture. RAPD polymorphism re-
sults from either a nucleotide base change that alters the
primer binding site or from an insertion or deletion
within the amplified region (Mahmood et al. 2010).
Among the different tools available in molecular biology,
RAPD is the simplest, cheaper, sensitive, and useful
technique for the analysis of genetic fidelity of commer-
cially micro-propagated plants (Chuang et al. 2009; Mal-
lon et al. 2010; Verma et al. 2010; Elshafei et al. 2019)
ranging from economically valuable clones (Valladares et
al. 2006) to endangered plant species (Guo et al. 2006).
Keeping the above facts in view, an attempt was made to
standardize the protocol for somatic embryogenesis from
mature embryo-derived calli of diverse rice varieties to
determine the basis for somaclonal variation and to
examine the responses of rice varieties to varying de-
grees of PEG-induced drought stress.
The objectives of this study were to (1) compare two

in vitro selection procedures for developing drought-
tolerant cell lines from rice cultivars, which had the high
frequency of shoot formation, and to regenerate plants
from the selected cells, and to (2) study the genetic dif-
ferentiation among somaclons using the RAPD molecu-
lar marker.

Methods
Plant material and culture conditions
The two Egyptian rice cultivars, Sakha 102 and Giza 178,
were used for in vitro selection methods. Both cultivars
were chosen as they had the highest capacity to regenerate
plants from mature embryo cultures. Only one medium
protocol (Murashige and Skoog (MS) supplemented 2,4-D

1.0 Kinteine 1.2 mg/L for callus induction and 2,4-D 0.5
ABA 0.1mg/L YE 1.36 g/L), which showed the highest po-
tential for shoot formation, was used (Elshafei 2002).
Mature embryo culture was performed for the induc-

tion of somatic embryos. Mature rice seeds, dehusked
manually, were washed with detergent Teepol for 2–5
min and thereafter with sterile distilled water. Seeds
were then surface sterilized for 1 min in ethanol (70%),
followed by sodium hypochlorite (1% w/v) for 15 min
and then with mercuric chloride (0.1% w/v) for 10 min,
and finally rinsed five times with sterile distilled water.
The seeds were inoculated on MS (Murashige and Skoog
1962) supplemented 2,4-D 1.0 Kinteine 1.2 mg/L and so-
lidified with 6 g L−1 agar to study the callogenic response
in seed explants of rice. The cultures were incubated at
28 ± 2 °C with 16 h light and 8 h dark with 60 μmol m−2

s−1 light intensity provided by cool white fluorescent
tubes (40W; Phillips). The relative humidity within cul-
ture room was maintained at 60%. The callus induction
frequency was measured as the percentage of seeds that
produced a callus (Lee et al. 2009).

Selection methods
Direct selection and stepwise selection
In the direct selection method, the mature embryos were
transferred to a medium containing 0, 2, 4, 6, 8, 10, and
12mg/L abscisic acid (ABA). The calli were maintained
on each respective treatment for two subcultures. The
internal time (period) for each subculture was 5 weeks.
The embryogenic calli were, then, transferred to the re-
generation medium. The in vitro traits were recorded. In
the stepwise selection method, the embryogenic calli, de-
rived from mature embryos, were transferred to a
medium containing 4mg/L ABA. They were subcultured
on a fresh medium with gradually increasing concentra-
tion of ABA by 2mg/L until it reached 12mg/L. In the
meantime, eight replicates were taken into regeneration
media of each ABA concentration. Then, the calli were
transferred to the regeneration medium (2,4-D 0.5 ABA
0.1 mg/L YE 1.36 g/L) without ABA. Regenerated shoots
were transferred to MS medium devoid of growth regu-
lators for further development.

Callus induction and morphogenetic response
After two subcultures of incubation, callus induction
and morphogenetic response were recorded and the fol-
lowing determinations were made for each petri dish:
the percentage of embryo explants, which produced
callus on the initiation medium; the fresh weight (mg) of
the initiated callus; and the percentage of embryogenic
callus, derived from the embryo explants. Regenerated
shoots were transferred to MS medium devoid of growth
regulators for further development.
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Transfer of in vitro grown plantlets to soil
In vitro raised healthy plantlets were taken out from the
culture bottles and washed gently with sterile water to
remove the adhering medium completely. Thereafter,
they were transferred to disposable thermocol glasses
containing autoclaved soil mixture and vermiculite (3:1
v/v) and irrigated with 50 ml of 0.5× MS solution. The
plantlets were covered with transparent polythene bags
to prevent desiccation and were maintained in a green-
house at a temperature of 28 ± 2 °C for 1 month. Com-
pletely developed plantlets were transferred to pots filled
with 1:1 v/v mixture of soil and organic manure and
were successfully established in field conditions.

Statistical analysis
Data were statistically analyzed as a 2-factor experiment
(cultivars and ABA concentrations) in a completely ran-
domized design (CRD) with eight replicates. All in vitro
traits data, except for the callus weight, were subjected
to arcsine transformation, before statistical analysis.
Comparisons among means were made by using the
LSD test of significance.

DNA extraction
PCR analyses were carried out by using the genomic DNA
from the rice cultivars, Sakha 102 and Giza 178, and their
somaclons lines, which were obtained by in vitro selection.
Genomic DNA extraction of end cervical samples was
performed using the Wizard Genomic DNA Purification
Kit (Promega Biotechnology Corporation, Madison, USA).
The extracted DNA samples were treated with RNase and
stored at − 20 °C until further use.

PCR amplification
Nine primers (Table 3), obtained from Pharmacia Bio-
tech (Amersham Pharmacia Biotech UK Limited, Eng-
land HP79 NA), were tested in the present study to
amplify the template DNA. Amplification reaction vol-
umes were 25 μl, each containing 1× PCR buffer with
MgCl2 (50 mM KCl, 10 mM Tris-HCl (pH = 9.0), 2 mM
MgCl2, and 1% Triton X-100); 200 μM each of dATP,
dCTP, dGTP and dTTP; 50 PM primer; 50 ng template
DNA; and 1.5 μ of tag polymerase. Reaction mixtures
were overlaid with 15 μl mineral oil and exposed to the
following conditions: 94 °C for 3 min, followed by 45 cy-
cles of 1 min at 94 °C, 1 min at 36 °C, 2 min at 72 °C, and
a final 7 min extension at 72 °C. Amplification products
were visualized with DNA marker on 1.6% agarose gel
with 1× TBE buffer and were detected by staining with
an ethidium bromide solution for 30 min. The amplified
PCR products were applied to 2 % (m/v) agarose gel,
containing 0.1 μg cm−3 ethidium bromide in TBE buf-
fer. Gels were analyzed by UVI Geltec version 12.4;
1999-2005 (USA).

Data handling and cluster analysis
RAPD data were scored for computer analysis on the
basis of the presence of the amplified products for each
primer. If a product is present in a rice tow cultivars and
their somaclons, it will be designated as “1,” if absent, it
will be designated as “0,” after excluding the unreprodu-
cible bands. Pairwise comparisons of rice tow cultivars
and their somaclons, based on the presence or absence
of unique and shared polymorphic products, were used
to determine similarity coefficients, according to Jaccard
(Jaccard 1908). The similarity coefficients was used to
construct dendograms, using the unweighted pair group
method with arithmetic averages (UPGMA), employing
the SAHN (sequential, agglomerative, hierarchical, and
nested clustering) from the NTSYS-pc (Numerical Tax-
onomy and Multivariate Analysis System), version 1.80
(Applied Biostatistics) program (Rohlf 1993). Bootstrap
analysis with PAUP version 4.0b10 software (Swofford
2003) was performed to evaluate the tree topology reli-
ability for 1000 simulations to investigate the discrimin-
atory power of each RAPD primer; the polymorphic
information content (PIC) was calculated according to
Smith et al. (2000) as follows: PIC = PIC = 1 − Σn fi2

where fi is the frequency of the ith allele in the set of 16
rice tow cultivars and their somaclons. Principal coord-
inate analysis (PCoA) from the RAPD was subsequently
made using Jaccard modules in NTSYS-pc.

Results
Direct selection for tolerance to ABA
Analysis of variance of the effects for callus induction
(%), callus weight (mg), embryogenic callus (%), shoot
formation (%), root formation (%), and their interactions,
presented in (Table 1), indicated that the percentage of
callus induction was either significantly or highly signifi-
cantly influenced by rice cultivars and ABA concentra-
tions. The interaction was not significant between
cultivars and ABA concentrations for callus induction.
The analysis of variance for the effects of cultivars and
ABA concentrations used, and their interaction, on
callus weight is presented in Table 1. Such analysis indi-
cates that the callus weight only was highly significantly
affected by ABA concentrations. However, the rice culti-
vars and the interaction between them and ABA concen-
trations did not significantly affect their callus weight.
The analysis of variance, presented in (Table 1), indi-
cated that the percentage of embryogenic callus was ei-
ther significantly or highly significantly affected by rice
cultivars, ABA levels, and their interaction. The inter-
action was highly significant between rice cultivars and
ABA concentrations (Table 1). It further reveals that
shoot formation was significantly and highly significantly
affected by ABA concentrations and their interaction
with rice cultivars, respectively. However, the effect of
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rice cultivars was insignificant Table 1. The analysis of
variance, presented in Table 1, indicated that the per-
centage of root formation was highly significantly influ-
enced only by ABA concentrations, but was not
significantly affected by either the rice cultivars or the
interaction between the two tested variables.
Means of callus induction (%), callus weight (mg),

embryogenic callus (%), shoot formation (%), and root
formation (%) as influenced by cultivar, ABA concen-
tration, and their interaction were shown in Figs. 1
and 2 from which it is clear that the percentage of
callus induction markedly decreased, in response to
increasing ABA concentration. However, the reduction

was slightly lower for the cultivar Giza 178 than for
Sakha 102. Furthermore, the effects of increasing
ABA concentrations on callus weight, for the two rice
cultivars, are shown in Figs. 1 and 2.
The callus weight markedly decreased with increasing

ABA concentration. In fact, the reduction was almost
similar for the two cultivars. The effects of increasing
ABA concentration on the percentage of embryogenic
callus, for the two rice cultivars, are shown in Figs. 1
and 2. It is obvious that the percentage of embryogenic
callus either decreased or increased with different ABA
levels in both cultivars. However, Sakha102 cultivar
showed markedly the lowest response to the percentage

Table 1 Analysis of variance of the effects for callus induction (%), callus weight (mg), embryogenic callus (%), shoot formation (%),
root formation (%), and their interactions

Source of
variance

d.f. MS

Callus induction (%)a Callus weight (mg) Embryogenic callus (%)a Shoot formation (%)a Root formation (%)a

Cultivars (A) 1 726.22* 48.50 N.S. 1830.36* 811.74 1157.19.

ABA conc. (B) 6 3708.76** 11964.38** 3375.91** 1636.57* 1159.67**

A × B 6 189.21 144.37 1332.17** 2096.14** 478.11

Error 98 118.43 153.47 379.11 567.47 349.34
aData were transformed to arcsine scale
*, **Significant at 0.05 and 0.01 probability levels, respectively

Fig. 1 Callus induction, somatic embryogenesis, and plant regeneration derived from mature embryo explants of rice. a Yellow-white callus.
b Nodular callus. c Shoot formation. d Whole plant regeneration at the flowering stage
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of embryogenic callus (49.18%) in the case of 6 mg/L
ABA level. The cultivar, Giza 178, showed the highest
percentage to the embryogenic callus (64.25%) on the
medium containing 6.0 mg/L ABA. However, no em-
bryogenic calli (0.00 mg/L) were observed on the
medium containing 12 mg/L ABA in Sakha 102 cultivar
(Figs. 1 and 2).
The effect of increasing ABA concentration on the

percentage of shoot formation, for the two cultivars, is
shown in Fig. 2. Such figure clarifies that the percentage
of shoot formation either increased or decreased with
increasing ABA levels in both cultivars. However, Giza
178 cultivar was slightly less variable for shoot formation
than Sakha 102 (Figs. 1 and 2). The root formation ef-
fects of increasing ABA concentration on such percent-
age either decreased or increased with increasing ABA
concentrations in both cultivars. However, the highest
percentage of root formation was obtained by the culti-
var, Sakha 102, on the medium containing 8 mg/L ABA
while, Giza 178 gave a high percentage of root formation
on the medium of 4 mg/L ABA (Fig. 2).

Stepwise selection for tolerance to ABA
In the method of increasing ABA concentration, step-
wise selection, on calli growth of rice cultivars, was
examined. The calli showed a healthy and less vari-
able growth till the medium contained 12 mg/L ABA.
These calli did not exhibit any browning. Shoot for-
mation was obtained till the medium contained 6 mg/
L ABA. The percentages of shoot formation, derived
from selected calli, were 10.8, 7.7, and 2.2% for Sakha
102 cultivar and were 16.4, 10.0, and 3.4% for Giza
178 cultivar at the ABA concentrations of 2, 4, and 6
mg/L, respectively (Table 2).

Plant regeneration from selected calli
The numbers of regenerated plants obtained from direct
selection were 118 and 105 for the cultivars, Sakha 102
and Giza 178, respectively. The regenerated plants, de-
rived from the selected cells, were grown to maturity and
the seeds were obtained. The number of plants that gave
seeds was 11 and 42 for Sakha 102 and Giza 178 cultivars,
respectively, while the number of plants obtained from

Fig. 2 Callus induction, callus weight, embryogenic callus, shoot formation, and root formation of rice cultivars transferred to MS after tow
subcultures treatment with various A concentration. Bars with different lower case letters indicate a significant difference by LSD test (p < 0.05)
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stepwise selection was 44 and 48 for Sakha 102 and Giza
178 cultivars, respectively.

RAPD analysis
Nine primers were used to amplify the genome of the two
rice cultivars, Giza 178 and Sakha 102, and their somaclons.
The nine primers studied amplified a total of 77 DNA frag-
ments. Out of these 77 amplified fragments, 11.7% were
not polymorphic, whereas, the remaining bands (88.3%)
were polymorphic in one or other of the sixteen rice (two
cultivars and their somaclons). The number of bands, amp-
lified per primer, ranged from four (primer 5) to twelve
(primer 8) with a mean value of 8.6 bands per primer
(Table 3). All of the ten scorable bands were polymorphic
across the rice genotypes by primer 9 (Fig. 3).
The polymorphic information content (PIC) per pri-

mer ranged from 0.715 to 0.906 with an average of 0.860
(Table 3). The lowest value was recorded for RAPD5 pri-
mer. The highest value was recorded for RAPD8 (0.906).
PIC values were positively correlated (r = 0.91) with a
number of amplified alleles per primer.

Cluster analysis
One of the goals of the present study was to investigate
the efficiency of RAPD markers in determining, accur-
ately, the genetic relationship between somaclons and
their parents. The RAPD markers, produced by nine
primers, were used to construct a similarity matrix. Simple
matching coefficient, ranging from 0.26 to 0.82, suggested
a broad genetic base for rice genotypes. The results indi-
cate the genetic similarity among the rice cultivars and
their somaclons, based on the 68 polymorphic bands
(Table 3) represents the clustering of rice cultivars gener-
ated by UPGMA analysis of the parents, namely Sakha
102, Giza 178, and their somaclons. Tow clusters could be
observed. The first cluster comprised the parent, Giza
178, and its somaclons, while the second included the par-
ent, Sakha102, and its somaclons (Fig. 4).
The dendrogram was confirmed by PCoA analysis

(Fig. 5). The first five principal coordinates accounted
for 87.6% of the total variation. Accessions in PCoA
scatter plot (indicated by ellipses numbered with A, B,
and C) seemed to form a very close grouping in the den-
drogram (Fig. 5). Accessions clustered in ellipses A, B,
and C were basically from group I and II of the dendro-
gram correspondingly.

Discussions
Direct and stepwise selection for tolerance to ABA
Our results in this study were for the percentage of
shoot formation either increased or decreased with in-
creasing ABA levels in both cultivars. However, Giza 178
cultivar was slightly less variable for shoot formation
than cultivar “Sakha 102” (Figs. 1 and 2). The stepwise
method was more effective for shoot formation than the
direct selection. This might be explained by the gradual
adaptation of the tissue to the step by step increase of

Table 2 Means of shoot formation (%) as influenced by
genotype and ABA concentration for stepwise selection

ABA
concentration

Genotype

Sakha 102 Giza 178

2 10.8 16.4

4 7.70 10.0

6 2.20 3.40

8 00.0 00.0

10 00.0 00.0

12 00.0 00.0

Table 3 Number of amplification and polymorphic products using nine primers in rice cultivars and their somaclons

Primer number Nucleotide sequence(5′–3′) No. of amplification (A) No. of polymorphic (B) Polymorphism
b/a (%)

PIC

1 GAAACGGGTG 7 7 100 0.851

2 GGGTAACGCC 8 8 100 0.872

3 CAATCGCCGT 9 6 66.7 0.878

4 TCGGCGATAG 10 7 70 0.889

5 TTCCGAACCC 4 3 75 0.715

6 AGCCAGCGAA 8 7 87.5 0.862

7 GACCGCTTGT 9 9 100 0.882

8 AGGTGACCGT 12 11 91.7 0.906

9 CAAACGTCGG 10 10 100 0.886

Total 77 68 – –

Mean 8.5 7.5 87.88 8.6

Maximal 12 11 100 0.906

Minimal 4 3 70 0.715
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ABA concentration. Similar results have been obtained
by Barakat and Abdel-Latif (1996), using three in vitro
selection methods for NaCl tolerance in wheat callus.
They reported that the stepwise method of increasing
NaCl in the medium was more effective for plant regen-
eration than other methods. Previously, studies on in
vitro selection for salt tolerance in rice were initiated by
Yano and Ogawa (1982). They cultured immature em-
bryos of IR36 cultivar on LS medium, supplemented with
17.5 to 67.5% seawater, and obtained callus showing vari-
ous degrees of tolerance. After four subcultures (4
months), they obtained tolerant plants from 17.5–37.5%
seawater medium. Likewise et al. (1983) observed that

four subcultures, in media with different concentrations of
seawater, were more than enough to produce salt-tolerant
cells. The salt-tolerant progenies were evaluated (Wong et
al. 1986).
In vitro screening of rice genotypes for drought toler-

ance using polyethylene glycol (Joshi et al. 2011) reported
that mature embryos of three aromatic genotypes (Pusa
Basmati 1, Pant Sugandh Dhan 17, Taraori Basmati) and
one non-aromatic genotype (Narendra 359) indica rice
(Oryza sativa L.) varieties were used for developing callus
on Murashige and Skoog medium supplemented with 2,4-
dichlorophenoxy acetic acid (2,4-D) (2.0mg L−1 for Nar-
endra 359 and 2.5mg L for Pusa Basmati 1, Taraori

Fig. 3 RAPD polymorphism in rice cultivars, Giza178 and Sakha102, and their somaclons using primer 9

Fig. 4 Dendrogram of rice cultivars and somaclons based on genetic distance obtained from RAPD markers using the UPGMA method. Numbers
on branches correspond to bootstrap values % (1000 replications)
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Basmati, and Pant Sugandh Dhan 17). Screening of calli
was done by subculturing calli for 15 days on Murashige
and Skoog (MS) basal medium supplemented with differ-
ent concentrations of polyethylene glycol (PEG)-6000 as
chemical drought inducer. Callus volume decreased, and
total proline content was found to be increased signifi-
cantly with an increase in PEG concentration. Narendra
359 showed the best response in terms of callus growth at
70 g l−1 of PEG. The highest percentage somatic embryo-
genesis among selected calli was observed in Pusa Basmati
1 and the lowest in Pant Sugandh Dhan 17. Excellent
shooting and rooting (94%) was observed in MS + 0.1mg
L−1 naphthalene acetic acid (NAA) and MS + 2.0mg L−1 2,
4-D (Joshi et al. 2011). Kacem et al. (2017) found that the
data of three durum wheat indicated that embryogenic
calli regenerated at a high frequency on the control
medium, particularly Djenah Khetifa (60.7%)and Waha
(58.1%). Oued Zenati recorded a mean of 49.2%. These re-
sults demonstrated the efficiency of the regene ratio poly-
ethyleneglycol (PEG) on different concentrations of PEG
(0%, 10%, and 20%). Masoabi et al. (2018) they reported
that sugarcane callus from the NCo310 cultivar was sub-
sequently mutagenized with 16mM EMS and in vitro se-
lected on 20% (w/v) PEG6000, which resulted in the
survival of 18 plantlets. These in vitro selected lines were
subjected to preliminary greenhouse pot trials to confirm
drought tolerance. Pot trials identified seven lines that
outlived NCo310 control plants. In addition, when re-
watered after the drought stress period, plants from one
mutant line recovered and were able to form new shoots.
Results in this study demonstrated that plant regener-

ation was not possible after four subcultures or from
long-term cultured calli. Barakat and Cocking (1989) re-
ported that cultured cells lost their capacity for plant re-
generation after several subcultures. Cultured cells
frequently contained nuclei, showing various degrees of

polyploidy, aneuploidy, and chromosome abnormalities.
This chromosomal variation often leads to loss of mor-
phogenetic capacity.

Molecular markers analysis
The PCR technique proved to be a powerful tool for the
identification of polymorphism in cereals. Using wheat,
barley, rye, wheat-barley, and rice addition lines, Wein-
ing and Langridge (1991) detected polymorphism, using
conserved, semi-random and random primers. With dif-
ferent combinations of primers, they were able to detect
both inter- and intraspecific diversities. Ten primers
were used in the genetic analysis of three aromatics
(Pusa Basmati 1, Pant Sugandh Dhan 17, Taraori Bas-
mati) and one non-aromatic (Narendra 359) indica rice
(Oryza sativa L.) (Joshi et al. 2011). They reported that
all primers showed a high level of polymorphism with all
the somaclons. The results indicated that the somaclons
of different varieties showed genetic similarity ranging
from 0.46 to 0.76 (Joshi et al. 2011).
These results indicated that the RAPD technique could

be successfully applied to crop species with very large ge-
nomes, like rice, to obtain a proper characterization of
genetic relationship. Nagaoka and Ogihara (1997) stated
that RAPD markers were more easily handled and, thus,
became more desirable to estimate the genetic relation-
ship among rice genotypes. Hu and Quiros (1991) ana-
lyzed the potential of using RAPD markers for cultivar
identification in Brassica crops. They found that as few as
four primers could be distinguished among fourteen broc-
coli and twelve cauliflower cultivars. Our results in this
study were for the PCoA; the first five principal coordinate
accounted for 87.6% of the total variation. The principal
component analysis (PCoA) showed that 95.56% of the
total variation was explained by the first two principal
components Kacem et al. 2017.

Fig. 5 The scatter plot of principal coordinate analysis (PCoA) based on the RAPD data. The accessions in ellipses A, B, C are from groups I and II
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In the PCoA results by Hassanein and Al-Soqeer (2018),
genotypes were divided into two main clusters presenting
Mo genotypes and Mp genotypes. The (PCoA) plot for the
first two coordinates explains 51.68% of variance among ge-
notypes. Elshafei et al. (2019) found that genotypes were di-
vided into two main clusters presenting salt-tolerant
genotypes and salt-sensitive bred wheat genotypes.

Conclusion
In the selection for tolerance to ABA, the calli showed a
healthy and stable growth till the medium contained 12
mg/L ABA. The shoot formation was obtained till 6 mg/L
ABA. The percentage of shoot formation, derived from se-
lected calli, was 10.8, 7.7, and 2.2% for Sakha 102 cultivar
and was 16.4, 10.0, and 3.4% for Giza 178 cultivar, at the
ABA concentrations of 2, 4, and 6mg/L, respectively. The
RAPD markers produced by nine primers were used to
construct a similarity matrix. The genetic similarity among
the fifteen genotypes ranged from 0.30 to 0.82. Rice culti-
vars and their somaclons were classified into five clusters.
The present study indicated that the use of RAPD tech-
nique was sensitive and powerful to detect genetic vari-
ation at the level of DNA among rice cultivars and their
somaclons. This might be of particular importance in the
future, dealing with in vitro selection to stress conditions.
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