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Abstract 

 Genetic and epigenetic changes (DNA methylation) in the mother plants of somatic hybrids (1st cycle) 
and their regenerants (30th cycles sub-cultured) were analyzed using methylation-sensitive ISSR and RAPD 
markers. ISSR and RAPD profiles and their cluster analyses based on the Jaccard’s similarity coefficient 
revealed 100% genetic similarity among the mother plant and their regenerants. While for the epigenetic 
changes in the samples, the MS-ISSR markers detected DNA methylation (2.7%) in the regenerants 
compared to the mother plant (1%), whereas MS-RAPD markers detected a little methylation patterns in the 
regeneratns (0.6%) compared to the mother plants (0.4%).  
 
Introduction  
 In potato, in vitro clonal propagation is used to produce micro- or mini-tubers for healthy seed 
stocks identical to mother plant after repeated sub-culturing. However, in vitro cultures pose a 
problem of genetic stability caused by genetic and epigenetic variations (somaclonal variations) in 
regenerants (Zilberman and Henikoff 2007). It is well known from the past that epigenetics 
controls gene expression without altering DNA sequence and leads to quite stable genetic 
modifications which are frequently transmitted to daughter cells (Smulders and de Klerk 2011). 
Until now, the best known epigenetic process is DNA methylation, partly because it has been the 
easiest to study with existing technology and plays a key role in regulating gene expression. 
Detection of DNA methylation may depends on the application of restriction enzymes such as 
isoschizomers. Isoschizomers share the same recognition sites but show differential sensitivity to 
DNA methylation. Polymorphic DNA fragments can be generated after digestion of methylated 
genomic DNA with isoschizomers (Chen 2007). These isoschizomers recognise the same 
tetranucleotide sequence (5´-3´) CCGG but have different sensitivities to the cytosines 
methylation. The enzyme HpaII will cut the external cytosines is hemi-methylated (only a single 
DNA strand is methylated), whereas MspI will cleave the internal cytosines is fully-methylated. 
On the other hand, for a given DNA sample, two major methylation sites, namely i) full 
methylation of internal cytosine and ii) hemi-methylation of external cytosine can only be 
distinguished using isochimeres HpaII and MspI. They cannot distinguish between unmethylated 
and fully methylated cytosines or hemi-methylated internal cytosines (McClelland et al. 1994).  
 Among various molecular markers, a simple detection method of methylated DNA was 
developed by an addition of methylation-sensitive restriction digestion of genomic DNA prior to 
RAPD analysis, the simplest method for detection of DNA polymorphisms (Powell et al. 1996; 
Zarghami et al. 2008; Nakamura and Hosaka 2010). In addition, ISSR markers have been proven 
to be quite efficient in detecting genetic fidelity in several crop species for example Solanum 
species  (Aversano  et  al.  2009),  Lilium orientalis (Liu  and  Yang  2012)  and  Malus domestica  
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(Pathak and Dhawan 2012). The aim of this study was to detect genetic and epigenetic variations 
in in vitro propagated somatic hybrids mother plants and their regenerants using conventional and 
methylation-sensitive ISSR and RAPD markers. 
 
Materials and Methods 
 In the present study, previously developed in vitro propagated interspecific potato somatic 
hybrids of dihaploid Solanum tuberosum ‘C-13’ (+) S. pinnatisectum (CGN No.: 17745) were 
used (Sarkar et al. 2011). Twelve ‘mother plants’ of somatic hybrids (P1, P2, P3, P4, P5, P6, P7, 
P8, P9, P10, P12 and P13) and their corresponding 12 (one each) ‘regenerants’ (P1r, P2r, P3r, P4r, 
P5r, P6r, P7r, P8r, P9r, P10r, P12r and P13r) were examined in the study. ‘Mother plants’ (1st 
cycle: original mother plant regenerated from one callus in the previous study of Sarkar et al. 
2011) and 30th cycles sub-cultured ‘regenerants’ of the respective somatic hybrids were analyzed 
for genetic and epigenetic changes. Plant DNA was isolated from 100 mg leaves collected from 
fresh in vitro plants using the GenElute Plant Genomic DNA MiniPrep Kit (Sigma-Aldrich, St. 
Louis, USA).  
 To detect genetic changes among the mother plant and the regeneratns, ISSR analysis was 
performed using genomic DNA with 16 primers described by Aversano et al. (2009) and Bidani et 
al. (2007). MS-ISSR analysis was carried out to detect epigenetic changes using restricted 
genomic DNA by the restriction enzymes HpaII and MspI (New England Biolabs, Ipswitch, USA) 
separately at 37°C for overnight as per the manufacturer’s instruction followed by PCR 
amplification and gel documentation as above in the ISSR analysis.  
 To detect genetic changes among the mother plant and the regenerants, RAPD analysis was 
performed using genomic DNA with seven primers described previously by Sarkar et al. (2011). 
MS-RAPD analysis was carried out like MS-ISSR. 
 A datum matrix was constructed on the basis of presence (1) or absence (0) of bands of the 
amplified DNA fragments. Genetic diversity analysis was performed with the program NTSYS-
PC 2.21 (Rohlf 2006). A similarity matrix was calculated by Jaccard’s coefficient and the 
dendrogram was generated using unweighted pair-group method (UPGMA) clustering method.  
 
Results and Discussion  
 To detect genetic changes 16 ISSR primers yielded 118 scorable bands among the mother 
plants and their regenerants, of which 10 (8.4%) were polymorphic bands (Table 1). The average 
number of bands generated by each primer pair was 7.3, with an average of 0.6 polymorphic 
bands. In addition, seven RAPD primers yielded 56 scorable bands among the mother plants and 
their regenerants, of which 4 (7.1%) were polymorphic bands (Table 1). The average number of 
bands generated by each primer pair was 8.0, with an average of 0.57 polymorphic bands. In the 
study, ISSR and RAPD profiles resulted into complete genetic similarity and no variations were 
observed among the mother plants and their corresponding regenerants. Moreover, none of the 
loss of original bands of the mother plants or gain of novel bands in the regenerants were observed 
by the both analyses. In ISSR and RAPD analyses, cluster analyses based on the Jaccard’s 
similarity coefficients revealed 100% genetic similarity among the mother plants and their 
regenerants (Fig. 1). In the study, the somatic hybrid mother plant and regenerants had been 
independently sub-cultured by nodal cuttings in tissue culture for the last three years. There are a 
number of findings which report on detection of genetic fidelity using molecular markers in crops 
such as Solanum species (Aversano et al. 2009) and Lilium orientalis (Liu and Yang 2012). 
Aversano et al. (2009) demonstrated that under in vitro culture conditions Solanum genotype 
affects the integrity of the genome and absence of polymorphism at plastid level confirms the 
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greater genetic stability of cytoplasmic DNA. Kumar et al. (2011) assessed genetic fidelity with 
similarity level of 100% of micropropagated plants and mother plants of jojoba using RAPD and 
ISSR markers. Liu and Yang (2012) analysed micropropagated progenies and mother plant of lily 
could be grouped with 92% similarity level. However, Dann and Wilson (2011) detected genetic 
differences ranged from 8.75 to 15.63% by amplified fragment length polymorphism (AFLP) in 
long-term nodal tissue culture potato clones compared to our study where no genetic differences in 
the somatic hybrids mother plants and their regenerants.  
 
Table 1. Alteration in cytosine DNA methylation level in the mother plants of somatic hybrids and 

their regenerants based on 16 MS-ISSR markers. 
 

Methylated CCGG sites  
Sample 

 
Total 
bands 

Unmethylated 
CCGG sites  
(%) 

Fully methylated sites 
(internal cytosines) (%) 

Hemi-methylated sites 
(external cytosines) (%) 

Total 
methylation (%)

Mother plants of somatic hybrids (1st cycle of original plants) 
P1 135 133 (98.5) 2 (1.4) 0  2 (1.4) 
P2 137 137 (100) 0  0 0  
P3 130 127 (97.6) 2 (1.5) 1 (0.7) 3 (2.2) 
P4 135 133 (99.2) 1 (0.7) 1 (0.7) 2 (1.4) 
P5 141 140 (99.2)  1 (0.7) 0  1 (0.7) 
P6 140 140 (100) 0  0  0  
P7 140 139 (99.2) 0  1 (0.7)  1 (0.7) 
P8 132 132 (100) 0 0  0  
P9 136 132 (97.0) 2 (1.4) 2 (1.4) 4 (2.8) 
P10 138 137 (99.2) 1 (0.7) 0  1 (0.7) 
P12 141 141 (100) 0  0  0  
P13 136 132 (97.0) 3 (2.2) 1 (0.7) 4 (2.9)  
Total 1641 1623 (99.0) 12 (0.7) 6 (0.3) 18 (1.0) 
Regenerants of somatic hybrids  (30th cycles sub-cultured plants) 
P1r 141 135 (95.7) 3 (2.1) 3 (2.1) 6 (4.2) 
P2r 140 137 (97.9) 2 (1.4) 1 (0.7) 3 (2.1) 
P3r 138 132 (95.7) 4 (2.9) 2 (1.4) 6 (4.3) 
P4r 142 136 (95.8) 4 (2.8) 2 (1.4) 6 (4.2) 
P5r 143 141 (98.6) 1 (0.7) 1 (0.7) 2 (1.4) 
P6r 143 141 (98.6) 0  2 (1.4) 2 (1.4) 
P7r 143 140 (97.9) 2 (1.4) 1 (0.7) 3 (2.1) 
P8r 139 133 (95.7) 4 (2.9) 2 (1.4) 6 (4.3) 
P9r 143 138 (96.5) 1 (0.7) 4 (2.8) 5 (3.5) 
P10r 140 139 (99.3) 1 (0.7) 0  1 (0.7) 
P12r 143 142 (99.3) 1 (0.7) 0  1 (0.7) 
P13r 143 138 (96.5) 4 (2.8) 1 (0.7) 5 (3.5) 
Total 1698 1652 (97.3) 27 (1.6) 19 (1.1) 46 (2.7) 

 
 To detect epigenetic changes in the present study, 16 MS-ISSR primers yielded in total 130 to 
141 and 138 to 143 clear and reproducible bands in the mother plants of somatic hybrids and their 
regenerants, respectively (Table 1). The numbers of total, non-methylated, hemi-methylated and 
fully-methylated CCGG sites were calculated based on the MS-ISSR profiles. In the mother 
plants, out of total 1641 bands, 1623 (99.0%) unmethylated, 12 (0.7%) fully methylated and 6 
(0.3%) hemi-methylated sites were amplified. Total methylation level in the mother plants was 
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1.0% (varied between 0.0 and 2.9%), which was comprised of methylation at the internal cytosines 
(0.0 and 1.5%) and external cytosines (0.0 and 1.4%). Whereas, in the regenerants, out of total 
1698 MS-ISSR bands, 1652 (97.3%) unmethylated, 27 (1.6%) fully methylated and 19 (1.1%) 
hemi-methylated sites were amplified. Compared to the mother plant, regenerants showed both 
kinds of detectable cytosine methylation levels, i.e., full methylation of the internal cytosines and 
hemi-methylation of the external cytosines, at the CCGG sites. Total methylation level was 2.7% 
(varied between 0.7 and 4.3%), which was comprised of both full methylation of the internal 
cytosines (1.6%) and hemi-methylation of the external cytosines (1.1%) showed higher values 
compared to the mother plants. Among the regenerants, the highest total methylation sites were 6 
(P1r, P3r, P4r and P8r) and the lowest was 1 (P10r and P12r).  
 
Table 2. Alteration in cytosine DNA methylation level in the mother plants of somatic hybrids and 

their regenerants based on seven MS-RAPD markers.  
 

Methylated CCGG sites  
Sample 

 
Total 
band 

 
Unmethylated 
CCGG sites (%) 

Fully methylated sites 
(internal cytosines) (%)

Hemi-methylated sites 
(external cytosines) (%) 

Total methyla. 
(%) 

Mother plants of somatic hybrids (1st cycle of original plants) 
P1 55 55 (100)  0 0 0 
P2 57 57 (100) 0 0 0 
P3 57 57 (100) 0 0 0 
P4 52 51 (98.0) 1 (2) 0 1 (2.0) 
P5 55 55 (100) 0 0 0 
P6 55 55 (100) 0 0 0 
P7 57 57 (100) 0 0 0 
P8 50 49 (98.0) 0 1 (2.0) 1 (2.0) 
P9 53 53 (100) 0 0 0 
P10 56 55 (98.2) 1 (1.8) 0 1 (1.8)  
P12 57 57 (100) 0 0 0 
P13 51 51 (100) 0 0 0 
Total 655 652 (99.6) 2 (0.3) 1 (0.1) 3 (0.4) 
Regenerants of somatic hybrids  (30th cycles sub-cultured plants)  
P1r 55 55 (100) 0  0 0  
P2r 57 57 (100) 0  0  0  
P3r 57 57 (100) 0  0  0  
P4r 53 52 (98.1) 1 (1.9) 0  1 (1.8) 
P5r 57 57 (100) 0 0  0 
P6r 57 57 (100) 0 0  0 
P7r 57 57 (100) 0  0  0  
P8r 52 50 (96.1) 1 (1.9) 1 (1.9) 2 (3.8) 
P9r 53 53 (100) 0  0  0  
P10r 57 56 (98.2) 0  1 (1.7) 1 (1.%) 
P12r 57 57 (100) 0  0  0  
P13r 51 51 (100) 0  0  0  
Total 663 659 (99.4) 2 (0.3) 2 (0.3) 4 (0.6) 

 

 Seven MS-RAPD primers yielded in total  50 - 57 and 51 - 57 clear and reproducible bands in 
the mother plants of somatic hybrids and their regenerants, respectively (Table 2). The numbers of 
total, non-methylated, hemi-methylated and fully-methylated CCGG sites were calculated based 
on the MS-RAPD profiles. In the mother plants, out of total 655 bands, 652 (99.6%) 



ASSESSMENT OF GENETIC AND EPIGENETIC VARIATIONS 49 

unmethylated, 2 (0.3%) fully methylated and 1 (0.1%) hemi-methylated sites were amplified. 
Total methylation level in the mother plants was 0.4%, which was comprised of similar 
methylation levels at the internal and external cytosines (0.0 and 2.0%). Total methylation level 
was 0.6% (varied between 0.0 and 3.8%), which was comprised of the internal and external 
cytosines (0.3% each). Among the regenerants, the highest total methylation sites observed in P4r, 
P8r and P10r.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Cluster analyses based on Jaccard similarity coefficient of ISSR and RAPD combined profiles 

showing complete genetic similarity among the mother plants (P1, P2, P3, P4, P5, P6, P7, P8, P9, P10, 
P12 and P13) of somatic hybrids and their corresponding regenerats IP1r, P2r, P3r, P4r, P5r, P6r, P7r, 
P8r, P9r, P10r, P12r and P13r) 

 

 The MS-ISSR markers revealed higher cytosines methylation in the regenerants (2.7%) 
compared to their corresponding mother plants (1.0%). Whereas, MS-RAPD markers resulted into 
a few cytosines methylation in the regenerants (0.6%) compared to their corresponding mother 
plants (0.4%). RAPD analysis is the simplest method for detection of DNA polymorphisms 
(Powell et al. 1996). The scored RAPD bands were clarified as methylation-sensitive DNA 
fragments as digested by the restriction enzymes, which could be unmethylated or hemi- or full-
methylated. Nakamura and Hosaka (2010) investigated for the status of DNA methylation by a 
simple method using genomic DNA digested by methylation-sensitive restriction enzymes prior to 
RAPD analysis. However, Dann and Wilson (2011) observed higher epigenetic (12.56 - 26.13%) 
variations among regenerants of potato derived from long-term nodal tissue culture by 
methylation-sensitive amplified polymorphism (MSAP).  
 Our study indicated long-term nodal tissue culture induced epigenetic variations in the potato 
somatic hybrids regenerants. Moreover, DNA methylation is generally recognized to suppress 
gene expression as regulatory factors, homozygosity/heterozygosity of methylated DNA may be 
involved in inbreeding depression/heterosis (Nakamura and Hosaka 2010). This study provides 
further insight into the molecular mechanisms involved epigenetic variations in the somatic 
hybrids regeneration. Further experiments are needed to elucidate the causal relationships at DNA 
sequence levels in the somatic hybrids. Extensive sequencing of the methylation-sensitive 
fragments and their gene expression analyses may be a valuable strategy to examine genomic 
regions most affected by genetic and epigenetic changes.  
 

0.72                                                       0.79                                     0.86                    0.93         1.00 
Coefficient
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