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Abstract  

A multiple shoot induction protocol was optimized for tetraploid cotton (Gossypium 
hirsutum L.). Three cultivars of cotton (Sahel, Siokra, Hybrid i.e. Sahel × Siokra ) were 
used to study the effects of Zeatin and activated charcoal on shoot regeneration from 
apical meristem excised from 10-15-day-old seedlings cultured in vitro. The best 
treatment for multiple shoot induction contained Murashig and Skoog (MS) basal 
medium supplemented with Zeatin (0.1 mgl�¹) and activated charcoal (0.5 mgl�¹). 
Cultivars differed significantly in the percentage of root development and number of 
nodes. RAPD analysis revealed significant molecular difference and somaclonal 
variation between parental genotypes and regenerated plants of different sub-cultures. 
The cultivars differed in the level of genetic diversity produced due to somaclonal 
variation which seems to be genotype dependent. 
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Introduction  

Cotton is an excellent natural source of textile fiber and is cultivated in many countries 
and considerable attention has been paid to improve its cultivars by conventional and 
modern plant breeding methods (Agrawal et al., 1997). Both diploid (Gossypium 
herbaceum) and tetraploid (G. hirsutum) cultivars are cultivated in different regions of 
Iran and are considered as important crop plants of the country. Cotton is considered 
recalcitrant to in vitro proliferation and although somatic embryogenesis in cotton has 
been reported (Davidonis and Hamilton, 1993), its success is restricted to only a few 
cultivars (Trolinder and Xhixian, 1989; Firoozabady and DeBoer, 1993). In vitro culture 



of shoot apical tips has been reported to give single or sporadically, a few shoots (Bajaj 
and Gill 1989; Gould et al., 1991) and there are many problems associated with the 
protoplast culture of cotton (Sun et al., 2005), therefore one of the objective of this 
study is to optimize the protocol for multiple shoot regeneration in cotton cultivars. Plant 
tissue culture leading to somaclonal variation has been considered as one of the 
possible sources of inducing genetic variability in crop plants to be used in breeding 
programs. Somaclonal variation is used to describe the occurrence of genetic variants 
derived from in vitro procedures (Isabel et al. 1993). This variability often arises in 
tissue culture as a manifestation of epigenetic influence or changes in the genome of 
differentiating vegetative cells induced by tissue culture and are expected to generate 
stable plants carrying interesting heritable traits (Soniya et al. 2001). Evans and Sharp 
(2000) reported four critical variables for somaclonal variation: genotype, explant origin, 
cultivation period and the cultural condition in which the culture is made. Identification of 
possible somaclonal variants at an early stage of development is considered to be very 
useful for quality control in plant tissue culture, transgenic plant production and in the 
introduction of variants. Many strategies can be used to evaluate plant genetic structure 
from in vitro derived plant clones, including cytogenetic analysis, isoenzyme markers 
and different DNA molecular markers etc., but most of them have limitations. RAPD 
(Random Amplified Polymorphic DNA) analysis using PCR in association with short 
primers of arbitrary sequence has been demonstrated to be sensitive in detecting 
variation among individuals. The advantages of this technique are: a) a large number of 
samples can be quickly and economically analyzed using only micro-quantities of 
material; b) the DNA amplicons are independent from the ontogenetic expression; and 
c) many genomic regions can be sampled with a potentially unlimited number of 
markers (4). RAPD markers have been used widely in studying the genetic diversity of 
somaclonal variations in various plant species (Rani et al. 1995; Soniya et al. 2001). 
The present study reports RAPD analysis of somaclonal variation in regenerated plants 
from apical meristems explants in three tetraploid cotton cultivars of Iran, namely Sahel, 
Siokra and their hybrid Sahel X Siokra for the first time. 

Materials and Methods  

Tissue culture  

Seeds of two varieties of cotton cultivars namely Sahel, Siokra and their Hybrid (Sahel 
× Siokra) were delinted using sulphoric acid and sterilized by dipping in 70% ethanol for 
1-2 minutes and then in 15% commercial bleach (5% active ingredient) for 60-80 
minutes. Seeds were then cultured on MS medium (Murashig and Skoog, 1962), 
containing in 30 gl�¹ sucrose and 6 gl�¹agar in glass bottles. The medium was sterilized 
by autoclaving for 20 minutes at 121°C. Seeds were placed into clear glass bottles, 
cultured in a growth chamber maintained at 25 ± 2°C  and under a 16/8 h light 
photoperiodic. In each culture glass were placed 4-5 seeds. These seedlings were 
grown for 10 days to get meristem tips. Cotyledons were removed from 10-15-day-old 
in vitro raised seedlings with their apical meristem excised and transferred to culture 
media. Three culture medias were used: 1- MS1 containing MS+ 0.1 mgl�¹ (Zeatin) Zt., 
2- MS2 having MS+ 0.1 mgl�¹Zt. + 0.5 gl�¹activated charcoal and 3- MS3 with MS+ 0.1 
mgl�¹ Zt. + 2 gl�¹activated charcoal (Zhang et al., 2001). All media were supplemented 
with 30 gl�¹sucrose and 6 gl�¹ agar and the pH was adjusted to 5.8 before autoclaving. 
Each culture glass contained 3 explants. The cultures were incubated for 30 days 
temperature 25± 2°C under light intensity of approx imately 40 umol/m-2.s-1 by using 
cool white fluorescent lamps with 16 h photoperiod. Plant regeneration was studied in 
all medium used. Explants from apical meristems were placed in fresh media after 30 
days and processed till seventh sub-culture. Morphologic characteristics such as: 
number of leaves and nods, length of shoot, shape and color of leaves and rooting 
were evaluated in each subculture for the cultivars studied. The experiment was 
repeated for 3 times for each treatment used and morphological data were analysed by 
analysis of variance test (ANOVA) followed by Duncan's multiple range tests. 

RAPD analysis  

For RAPD analysis, fresh leaves were selected randomly from trees and DNA 
extraction was done by use of modified CTAB method (Murry and Tompson 1980). The 
PCR reaction mixture consisted of 1 ng template DNA, 1 x PCR buffer (10 mM Tris-
HCL pH 8.8, 250 mM KCL), 200 µM dNTPs, 0.80 µM 10-base random primers and 1 



unit of Taq polymerase, in a total volume of 25 µl. DNA amplification was performed on 
a palm cycler GP-001 (Corbet, Australia). Template DNA was initially denatured at 
920C for 3 min, followed by 35 cycles of PCR amplification under the following 
parameters: denaturation for 1 min at 920C, primer annealing for 1 min at 360C and 
primer extension for 2 min at 720C. A final incubation for 10 min at 720C was 
performed to ensure that the primer extension reaction proceeded to completion. The 
PCR amplified products were separated by electrophoresis on a 2% agarose gels using 
0.5 X TBE buffer (44.5 Mm Tris/Borate, 0.5 Mm EDTA, pH 8.0) or 6% polyacrylamide 
gels. The gels were stained with ethidium bromide and visualized under UV light 
(Sambrook et al., 2001). A 100 bp DNA ladder (Gene Ruler, Fermentas) was used as 
the molecular standard in order to confirm the appropriate RAPD markers. These 
markers were named by primer origin, followed with the primer number and the size of 
amplified products in base pairs. RAPD bands were treated as binary characters and 
coded accordingly (presence =1, absence = 0). Jaccard similarity as well as Nei,s 
genetic distance (Nei, 1972) were determined among the cultivars studied and used for 
grouping of the genotypes by clustering methods and ordination based on principal 
coordinate analysis (PCO) (Podani 2000, Weising et al, 2005). To describe the level 
and distribution of variation, intra-cultivar genetic diversity was determined by Nei, s 
gene diversity (I) (Nei 1978) as well as Shannon information index (H) (Shannon and 
Weaver, 1949). These indices were determined among parental genotypes and 
regenerated plants of different sub-cultures and also among different sub-cultures. 
Homeginity of the genotype for presence/ absence of RAPD alleles was determined by 
� 2 test. The fit of dendrograms obtained were checked by cophenetic correlation and 
bootstrap values. Bayesian clustering was also performed on RAPD data by using 
Markov chain Monte Carlo (MCMC) method (Hall 2001, Weising et al. 2005). NTSYS 
ver. 2.02 (1998), and PAUP ver. 410b10 (2001) was used for clustering and PCO 
analyses. Bayesian clustering was performed by MrBayes ver. 3.1 (2005). Genetic 
diversity was determined by POPGENE ver. 1.32 (1997).  

Results and Discussion  

Tissue culture  

Germination frequencies obtained in cotton seeds were 90 in Sahel, 80% in Siokra and 
95% in their hybrid respectively. Among different explants tried for de novo 
regeneration, hypocotyls gave a better response. Age of seedlings from which explants 
were prepared influenced the regeneration frequency. Explants from 5 to 15-day-old 
seedlings had better morphogenic ability possibly due to apical dominance of growing 
shoots and were used for further study. When hypocotyls sections (0.5-1 cm) with 
apical bud were placed on the medium, their ends bulged while, the proximal ends 
differentiated shoot buds by the end of third week of culture. These microscopic buds 
developed into individual shoots at the proximal region whereas, a simple cell division 
and minor callus formation occurred at the distal end of the explants. Experiments with 
MS+ 0.1 mgl�¹ Zt. + activated charcoal resulted in good regeneration producing many 
responding explants with highest number of shoot primordial (5) per explant and 
highest number of shoots per explant (3). A high regeneration percentage (up to 90%) 
was also obtained on 0.1 mgl�¹ Zt. and 0.5 gl�¹ activated charcoal (Fig. 1, a & b). Zeatin 
induced formation of higher number of shoot primordial many of them converted into 
individual shoots, however higher levels of Zeatin concentrations produced several 
shoot primordial which were developed into hyperhydric shoots associated with 
fascinated water soaked callus. The shoot elongation was observed on MS2 in all three 
cotton cultivars studied and the highest value of rooting percentage (55%) was obtained 
on this medium too. Activated charcoal enhanced the recovery of shoot primordial into 
elongated shoots with good internodes length. Leaves were large in size and dark 
green in color. Activated charcoal greatly enhanced regeneration capacity and shoot 
yield with almost similar response in all three cotton cultivars. It was observed that 
inclusion of activated charcoal in the culture medium promoted root initiation and 
elongation that may be due to the immediate adsorption of phenolic compounds at the 
cut end. Complete plantlets with root system having well developed lateral roots 
survived upon transfer to pots in the greenhouse and appeared morphologically normal. 
An efficient protocol for multiple shoot regeneration in a genotype independent manner 
is a pre-requisite for genetically manipulation of crop plants (Divya et al., 2008). Though 
there is a large body of literature available on regeneration in cotton through somatic 
embryogenesis, efforts on the establishment of de novo shoot regeneration protocols in 



commercial cotton cultivars are rare. In this study the shoot tip culture procedure was 
used for induction of multiple shoots and regeneration in three genotypes of cotton 
plant which is difficult to manipulate in tissue culture (McCabe & Martinell, 1993, Saeed 
et al., 1997). Age and size of explant is a very important factor in tissue culture and 
obtaining shoot tips from less than 5-day-old seedlings is difficult due to small size and 
tenderness (Rashid et al., 2004). In the present study, explants from 10-15-day-old 
seedling showed best response for shoot and root formation on MS2 medium, due to 
thickness of shoot explants which reduced burning and death of explants. We obtained 
normal shoots and roots development and only a small fraction of meristems developed 
into abnormal shoots. Overall there was no difficulty in raising plants from the meristem 
tips of cotton in all 3 cultivars. Zeatin induced shoot primordial production in seedlings. 
Other studies indicates that Zeatin replacement by single synthetic cytokines, such as 
BAP or kinetin do not lead to good proliferation and usually cause explants 
hiperhidricity (Lashari et al., 2008). Some reports show that hormones like IAA, NAA, 
BAP, Kinetin may be more effective than Zeatin in multiple shoot formation and 
regeneration of cotton, while some others report effectiveness of Zeatin in cotton 
regeneration from callus and embryogenesis (Zhang et al., 2001; Ikram-ul-Haq 2005; 
Lashari et al., 2008). In our study combination of Zeatin and activated charcoal could 
induce multiple shoots formation. In tissue culture when explants are cut, the contents 
of the cytoplasm and vacuoles mix and exit from the explants and oxidization of 
phenolic compounds can occur by air which in turn inhibits enzyme activity and cause 
darkening of the culture medium, mortality of explants and rooting deficiencies 
(Arnaldos et al., 2001; Ozyigit et al., 2007). In the present study activated charcoal was 
used for reducing effect of phenolic compounds and growth improvement in media. The 
growth of explants was improved in MS2, MS3 compared to that of MS1 which was 
devoid of activated charcoal. Death of explants, burning, deficiencies in rooting and 
very little shoot growth occurred in MS1 medium. Moreover, explant response to 
induction of multiple shoots and good growth in MS3 was lower than MS2 which may 
be due to inhibitory effect of high concentration of activated charcoal (2 gl�¹) on Zeatin. 
The MS2 medium was suitable medium showing better shoots growth, higher 
percentage of rooting and higher number of leaves and nodes in all three cotton 
cultivars studied. Comparison of the morphological characters among Sahel cultivar 
and its tissue culture regenerated plants showed a significant increase (p<0.05) in 
length of the shoots, the number of nodes and leaves in regenerated plants of the latter 
sub-cultures compared to those of parental genotype (Fig1, a & b). The leaf color 
changed from green to bright-green in third and fourth subcultures and rooting 
percentage increased in latter sub-cultures reaching up to 45% in the last sub-culture. 
Similar study in Siokra and its tissue culture regenerated plants showed a significant 
increase (p<0.05) in the number of nodes and rooting percentage (52%, Fig. 2) in 
regenerated plants of latter sub-cultures compared to those of parental genotype. The 
highest length of shoot and number of leaves were observed in regenerated plants of 
the second and third sub-cultures respectively. The hybrid genotype Sahel X Siokra 
also showed a significant increase (p<0.05) of the number of nodes and rooting 
percentage in regenerated plants of the latter sub-cultures compared to those of 
parental genotype. The highest length of shoot was obtained in the second subculture 
while, the highest number of leaves were obtained in the third subculture. Significant 
morphological differences obtained among the regenerated plants of different sub-
cultures may be due to molecular/genetic changes occurred during tissue culture (will 
be discussed in following paragraphs). 

RAPD analysis  

Sahel cultivar and its tissue culture regenerated p lants  

RAPD analysis among Sahel parental genotype and its tissue culture regenerated 
plants showed that all 20 primers used produced bands (Fig. 3). In total 313 bands 
were produced out of which 220 bands were monomorph, 93 bands were polymorph 
and 13 bands were specific for the genotypes studied (Fig. 4). Among the primers used, 
OPM-11 and OPM-17 produced the highest number of bands (21 & 20 bands 
respectively) while primers OPA-11 and OPI-16 produced the lowest number (6 & 7 
respectively). The highest number of polymorphic bands was observed in OPH-02 (12) 
while the lowest number of polymorphic bands occurred in primers of OPA-13 (1 band). 
In total 13 specific bands were obtained out of witch, two specific bands were produced 
by primers OPR-15 and OPI- 07 while primers OPH-02, OPH-16, OPH-19 and OPH-12 



each produced one specific bands. Sahel parental genotype had specific band in primer 
OPB-20 (600 bp), OPC-09 (850 & 2200 bp respectively) and OP07 (1150 bp). The 
regenerated plants of the second sub-culture had specific bands in OPI-05 (650 bp) 
and OPB-05 (650 bp) while, regenerated plants of the third sub-culture had specific 
bands in OPH-02 (700 & 900 bp respectively). Similarly, the regenerated plants of the 
forth sub-culture had specific bands in OPC-10 (1600 & 1700 bp respectively), while, 
regenerated plants of the fifth sub-culture had specific band in OPM-11 (170 bp). The 
plants regenerated from seventh sub-culture had specific bands also in OPM-11 (1150 
& 1400 bp respectively). Some bands occurred in all the genotypes except one, for 
example bands having 480, 2100, 2900 and 3100 bp MW in primer OPB-20 occurred in 
all regenerated plants of different sub-cultures but was absent in Sahel parental 
genotype. Band with 1700 bp MW in OPM-11 occurred in all except in regenerated 
plants of sixth sub-culture, while bands with 190, 290 and 850 bp MV in OPC-01 
occurred in all except in regenerated plants of first sub-culture. Different clustering of 
the genotypes based on RAPD data produced similar results (Fig. 5). Sahel parental 
genotype and regenerated plants of the first subculture stand far from the other 
genotypes due to their genetic difference, while other genotypes show more genetic 
similarity and form a separate cluster. In this cluster, regenerated plants of the forth, 
fifth and seventh sub-cultures show more genetic similarity and are placed close to 
each other. PCO ordination plot (Fig. 6) clearly shows genetic difference between 
parental Sahel genotype and its tissue culture regenerated plants from different sub-
cultures as these plants have been placed far from each other in separate groups.  

Siokra cultivar and its tissue culture regenerated plants  

RAPD analysis among Siokra parental genotype and its tissue culture regenerated 
plants showed that all 20 primers used produced bands (Fig. 7). In total 310 bands 
were produced out of which 217 bands were monomorph, 93 bands were polymorph 
and 9 bands were specific for the genotypes studied. Among the primers used, OPM-
11, OPM-17 and OPB-05 produced the highest number of bands (21, 20 & 19 bands 
respectively) while primers OPA-11 produced the lowest number (4). The highest 
number of polymorphic bands was observed in OPC-06 and OPH-16 (9 bands) while 
the lowest number of polymorphic bands occurred in primers of OPB-07 and OPI-16 (1 
& 2 bands respectively). In total 9 specific bands were obtained out of witch, two 
specific bands were produced by primers OPB-20 while primers OPC- 06, OPH-02, 
OPH-16, OPH-19, OPI-05, OPI-16 and OPM-17 each produced one specific bands. 
Siokra parental genotype had specific bands in primer OPB-20 (600 & 3200 bp), OPH-
19 (1300 bp) OPM-17 (1400 bp) and OPI-05 (750 bp). The regenerated plants of the 
sixth sub-culture had one specific bands in OPI-16 (2700 bp), one specific band in 
OPC-06 (400 bp) and one in OPH-16 (650 bp) while, regenerated plants of the third 
sub-culture had specific bands in OPH-02 (550 bp). Some bands occurred in all the 
genotypes except one, for example band with 750 bp MW in primer OPB-20 occurred in 
all regenerated plants except in regenerated plants of sixth sub-culture, bands with 500, 
600, 720, 850 and 900 bp MW occurred in all the genotypes but were absent in 
regenerated plants of second sub-culture, similarly bands with 250 and 2900 bp MW in 
primer OPM-11 occurred in all regenerated plants except in plants of seventh sub-
culture. Different clustering of the genotypes based on RAPD data produced similar 
results (Fig. 8). Siokra parental genotype followed by regenerated plants of the sixth 
and seventh sub-cultures stand far from the other genotypes due to genetic differences 
while other genotypes form a separate cluster. Regenerated plants of the second and 
third sub-culture show genetic similarity and are placed close to each other. PCO 
ordination plot (Fig. 9). clearly shows genetic difference between parental Siokra 
genotype and its tissue culture regenerated plants from different sub-cultures as these 
plants have been placed far from each other in separate groups. 

Hybrid cultivar and its tissue culture regenerated plants  

RAPD analysis of Siokra parental genotype and its tissue culture regenerated plants 
showed that all 20 primers used produced bands (Fig. 10). In total 307 bands were 
produced out of which 222 bands were monomorph, 85 bands were polymorph and 4 
bands were specific for the genotypes studied. Among the primers used, OPM-11, 
OPM-17 and OPB-05 produced the highest number of bands (21, 19 & 19 bands 
respectively) while primers OPA-11 produced the lowest number (4). The highest 
number of polymorphic bands was observed in OPB-05 and OPC-06 (13 & 10 bands 



respectively) while the lowest number of polymorphic bands occurred in primers of 
OPB-07 and OPC-09 (1 band). In total 4 specific bands were obtained out of witch, 
three specific bands were produced by primers OPB-20 and one band produced by 
primers OPH-16. Hybrid parental genotype had specific bands in primer OPB-20 (600 & 
1450 bp) and OPI-05 (700, 1200 & 1500 bp respectively). The regenerated plants of the 
third sub-culture had one specific bands in OPB-20 (1000 bp) while, regenerated plants 
of the sixth sub-culture had specific bands in OPH-16 (650 bp). Some bands occurred 
in all the genotypes except one, for example band with 480 bp MW in primer OPB-20 
occurred in all regenerated plants except in the hybrid parental plants, the same is true 
for band with 880 bp MW in OPM-11, bands with 170, 270, 450, 500, 550, 650 and 900 
bp in OPH-14. Different clustering of the genotypes based on RAPD data produced 
similar results (Fig. 11). Parental hybrid genotype and regenerated plants of the 
seventh sub-culture show genetic difference from the other genotypes and are placed 
far from the others, while regenerated plants of the first and sixth sub-cultures show 
more genetic similarity and are placed close to each other in one cluster. The 
regenerated plants of the forth and fifth cluster also show genetic similarity and form a 
single cluster. PCO ordination plot (Fig. 12) shows genetic difference between parental 
hybrid genotype and its tissue culture regenerated plants from different sub-cultures as 
these plants have been placed far from each other in separate groups. 

All genotypes grouping  

Grouping of all genotypes showed genetic distinctness of each cultivar and its 
regenerated plants as they formed separate clusters (Fig. 13). Sahel cultivar and its 
tissue culture regenerated plants of different sub-cultures form the first major cluster. 
Siokra cultivar and its tissue culture regenerated plants comprise the second major 
cluster while hybrid cultivar and its tissue culture regenerated plants comprise the third 
major cluster. Members of the latter two clusters are placed close to each other. 

Genetic diversity  

Nei, s genetic diversity (H) and Shanon index (I) determined for each cultivar and its 
tissue culture regenerated plants showed H=0.198 and I = 0.296 for Sahel, H=0.219 
and I=0.321 for Siokra and H=0.188 and I=0.285 for hybrid cultivar. � 2 test showed 
significant difference for about 50% of RAPD loci among the cultivars. 
Genetic diversity compared between parental genotypes (Sahel, Siokra and hybrid 
cultivar) and their tissue culture regenerated plants showed H=0.223 and I = 0.320 for 
parental genotypes and H=0.262 and I=0.408 for tissue culture regenerated plants. � 2 
test showed significant difference for about 40% of RAPD loci between parental 
genotypes and tissue culture regenerated plants. 
Genetic diversity compared among parental genotypes (Sahel, Siokra and hybrid 
cultivar) and tissue culture regenerated plants of different sub-cultures (sub-cultures 
first, third, fifth and seventh) showed H=0.223 and I = 0.320 for parental genotypes, H= 
0.253 and I=0.362 for first sub-culture, H=0.142 and I=0.204 for plants of the third sub-
culture, H=0.133 and I=0.190 for plants of the fifth sub-culture and H=0.210 and 
I=0.302 for plants of the seventh sub-culture. 
The presence of specific bands in some of the genotypes indicates the presence of 
specific loci in them, whiles their absence in the following sub-cultures, indicates the 
occurrence of genetic changes during sub-culturing as a result of somaclonal variation. 
Since, even single base change at the primer annealing site is manifested as 
appearance or disappearance of RAPD bands, it could be suggested that tissue culture 
conditions have induced varied amount of genetic changes in different regenerated 
plants. Some of these changes appeared identical in different plants as represented by 
appearance of non-parental bands. The reason for such commonness of genetic 
variation in these plants could be because they were all derived from the same callus 
(Soniya et al. 2001). The variations observed in the RAPD pattern may be due to 
different causes including loss/ gain of a primer annealing, due to point mutations or by 
the insertion or deletion of sequence or transposable elements (Peschke et al. 1991). 
In general it seems that tissue culture increase the amount of genetic diversity as a 
higher values of Nei,s genetic diversity (H) and Shanon index (I) are obtained for tissue 
culture regenerated plants (H=0.262 & I=0.408 respectively) compared to those of 
parental genotypes (H=0.223 & I = 0.320 respectively). The result of homogeneity test 
between these two groups showed changes in about 40% of RAPD loci between 
parental genotypes and tissue culture regenerated plants during tissue culture, which 



means a high degree of genetic/molecular change which may be used in breeding of 
cotton.  
As stated before, in three cultivars studied, clustering results differed in grouping of the 
regenerated plants of different sub-cultures, for example in Sahel cultivar, regenerated 
plants of the first sub-culture stands far from the others while in Siokra regenerated 
plants of the sixth and seventh sub-cultures stands far from the others. This is also 
manifested in differences obtained for the values of Nei, s genetic diversity (H) and 
Shanon index (I) in the cultivars and their tissue culture regenerated plants. This may 
indicate that each cultivar response differently to tissue culture procedure and it is a 
genotype dependent phenomenon. � 2 test also showed significant difference (p<0.05) 
for about 50% of RAPD loci among the cultivars supporting the earlier suggestion. 
Genetic distinctness of the cultivars is further evidenced by grouping of each cultivar 
and its regenerated plants in a separated cluster (Fig. 13). 
It seems that the genetic variations induced in the regenerated plants in Sahel cultivar 
increase with the time-period of the sub-culture, as regenerated plants of latter sub-
cultures stand far from the parental genotype and plants of the earlier sub-cultures. 
However this is not exactly true for the other two cultivars. This is further supported 
when we compare the values of H and I in parental genotypes and regenerated plants 
of different sub-cultures. Although an increase in these values occur from parental 
genotypes toward the first sub-cultures, it is not so in the other sub-cultures. Pearson 
coefficient of correlation determined between H and I value and sub-cultures used also 
did not show a significant correlation between these parameters (r = 0.47, p>0.1). 
The grouping obtained for all the genotypes show more genetic affinity between hybrid 
cultivar and Siokra which may indicates that Siokra genotype has more effective role in 
forming this hybrid compared to Sahel parental genotype. 
The findings here are in line with the earlier reports on application of RAPD in 
describing genetic polymorphisms among regenerated plants in several other plants, 
viz. Apium species, and Prunus species (Soniya et al. 2001). The present study also 
shows that different cotton genotypes differ in the level of somaclonal variation and in 
each genotype a specific subculture may bring about the highest genetic variation. 
Explant source is also considered as one of the critical variable for somaclonal 
variation. Since explants may present dissimilar regeneration rates, selection 
procedures can differ among different explants types. For example, plants regenerated 
from chrysanthemum petal epidermis-induced calli showed greater somaclonal 
variation than those from apex-induced calli (De Jong and Custers 1986). Therefore it 
may be suggested that different sources of explants may be tried in cotton and 
compare the level of genetic variation obtained. Significant morphological differences 
obtained among the regenerated plants of different sub-cultures and also within each 
sub-culture may indicate that the molecular/ genetic variation obtained is partly 
responsible for morphological variations, and also show the possible use of tissue 
culture in inducing new morphological (possibly new agronomic) characters in the 
cotton which may be used for breeding purposes. 
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Fig 1. Representative graphs showing morphological difference among regenerated 
plants of cotton cultivars. A = Mean shoot length and b = Mean rooting percentage. 

 

Fig. 2. Root regeneration in Siokra.  



 

Fig. 3. RAPD profile of primer OPI-05 in Sahel cultivar and its tissue culture 
regenerated plants. Abbreviations: S=Parental genotype, S1-S7= regenerated plants of 
first to seventh sub-cultures respectively, ND= No DNA, l = Molecular ladder.  

  

 

Fig. 4. RAPD bands obtained in Sahel cultivar and its tissue culture regenerated plants.  



 

  

Fig. 5. NJ dendrogram of Sahel cultivar and its tissue culture regenerated plants based 
on RAPD data. Values at the base of clusters are bootstrap values.  

 

Fig. 6. PCO ordination plot of Sahel cultivar and its tissue culture regenerated plants 
based on RAPD data.  



 

Fig. 7. RAPD profile of primer OPI-05 in Siokra cultivar and its tissue culture 
regenerated plants. Abbreviations: sk=Parental genotype, sk1-sk7= regenerated plants 
of first to seventh sub-cultures respectively, ND= No DNA, l = Molecular ladder. 

  

 

  

Fig. 8. NJ dendrogram of Siokra cultivar and its tissue culture regenerated plants based 
on RAPD data. Values at the base of clusters are bootstrap values. 



 

Fig. 9. PCO ordination plot of Siokra cultivar and its tissue culture regenerated plants 
based on RAPD data.  

 



  

Fig. 10. RAPD profile of primer OPI-05 in hybrid cultivar and its tissue culture 
regenerated plants. Abbreviations: H= Parental genotype, H1-H7= regenerated plants 
of first to seventh sub-cultures respectively, ND= No DNA, l = Molecular ladder. 

  

 

Fig. 11. NJ dendrogram of hybrid cultivar and its tissue culture regenerated plants 
based on RAPD data. Values at the base of clusters are bootstrap values. 
Abbreviations: H= Parental genotype, H1-H7= regenerated plants of first to seventh 
sub-cultures respectively. 

 

Fig. 12. PCO ordination plot of hybrid cultivar and its tissue culture regenerated plants 
based on RAPD data.  



     

 Fig. 13. NJ dendrogram of all genotypes based on RAPD data.  

  

    


