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Abstract 

Micropropagation is a promising technique for development of pathogen and virus free microtubers 

which can be used as better “potato seed” than those produced conventionally. Genetic stability and 

biosafety of such seeds is matter of concern before its consumption. Genetic fidelity of micropropagated 

microtubers of potato (Solanum tuberosum), developed as in vitro cultured pathogen free “potato seeds”, 

was evaluated using Random amplified polymorphic DNA (RAPD) markers. Nine arbitrary decamers 

were used to amplify DNA from in vivo control tuber and in vitro micropropagated microtubers to assess 

the genetic fidelity. RAPD profiles from all the micropropagated microtubers were monomorphic and 

similar to those of field grown control tubers. There was no detectable variation within the 

micropropagated microtubers which suggests its genetic stability. 
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Introduction 

Micropropagation is a known technique for the production of pathogen free plants 

(Loebenstein et al. 2001; Faccioli and Zoffoli, 1998) [20, 8] from small healthy explants using 

tissue culture. It is very useful for agriculture based economy. Though the micropropagated 

plants are theoretically identical to parent plant but, there is a possibility of genetic and/or 

epigenetic modifications leading to genetic variation, widely known as somaclonal variation 

(Larkin and Scowcroft, 1981) [16]. Activation of transposable elements (McClintock, 1984; 

Hirochika et al. 1996) [22, 13], DNA hypomethylation (Jaligot et al. 2000) [14], genome 

adaptation to different regulatory microenvironments (Bogani et al. 1996) [4], and the presence 

of DNA instability hot spots (Linacero et al. 2000) [18] are some of the causes of somaclonal 

variation. Genetic alterations assosciated with phenotypic alterations were reported in 

micropropagated plants of several species from Pelargonium, Ananas, Phalaenopsis, Arachis, 

Musa, and Saintpau- lia genera (Cassels et al. 1997; Das and Bhowmik, 1997; Chen et al. 

1998; Eapen et al. 1998; Grajal-Martfn et al. 1998; Paek and Hahn, 1999) [5, 7, 6, 31, 12, 25]. Early 

stage identification of variants is essential to avoid propagation of mutant plants (Rival et al. 

1998; Jaligot et al. 2000) [29, 14]. Use of random amplified polymorphic DNA (RAPD) marker 

is a pertinent approach in this regard. 

Potato (Solanum tuberosum L.) is the fourth largest crop in world with 381.68 million tonnes 

annual production (FAO, 2014). It produces the largest quantity of carbohydrates per day per 

unit area among the food crops (Zaag and Horton, 1983) [38] and is marked as a chief energy 

food crop. India is the second largest producer of potato after China. Conventional “in fields” 

production of potato seed tubers is costly. The produce is lower in quality and often infected 

with various bacterial, fungal and viral pathogens (Priou and Mahjoub, 1999; Khan, 1981) [28]. 

These diseases and their chemical remedies are hazardous to economy and environment 

respectively.  

Micropropagation produces virus free potato seed tubers (Naik and Karihaloo, 2007) [23]. 

Further, thermotherapy and chemotherapy techniques used during micropropagation can 

eliminate bacterial and fungal pathogens (Faccioli and Zoffoli, 1998) [8]. This technique has 

helped to increase the world potato yield (Naik and Karihalorolo, 2007) [23] from 17.4 

tonnes/ha in 2004 to 19.98 tonnes/ha in 2014 (FAO, 2014). But, such tubers should pass the 

strict tests for genetic stability and biosafety before their consumption. 

Randomly amplified polymorphic DNA (RAPD) is a simple and effective assay technique for 

screening of genomic alterations among tissue culture derived plants (Gallego et al. 1997; 

Shoyama et al. 1997) [9, 33]. It is proven to be quite efficient in evaluating natural genetic 

diversity in several plant species and is used extensively (Martin et al. 2004; Aversano et al. 

2009; Bhattacharya et al. 2010; Liu et al. 2011; Pathak and Dhawan, 2012) [21, 2, 3, 19, 26]. 
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Present study aims to determine the genetic stability of 

micropropagated potato seed microtubers developed in 

northern India. This study will help in the validation of 

efficiency and safety of micropropagation technique for use in 

present cultivar and will be an iron gate for the commercial 

utilization of produced microtubers.  

 

Methods and Materials 

Plant material: Micropropagated seed tubers for potato cv. 

chipsona were developed and tested as a primary source for 

commercial production. Procedure was standardized for the 

cultivar following series of subcultures from healthy tuber 

derived explant. One genotype of cv. chipsona was selected as 

mother explant and obtained from the farm yard, Department 

of Horticulture, Allahabad School of Agriculture, Sam 

Higginbottom University of Agriculture, Technology and 

Sciences (SHUATS), Allahabad, India. Ten micropropagated 

seed tubers were randomly selected for genetic stability test as 

described in culture conditions. 

Culture conditions: Plantlets were multiplied using leafy 

nodes of the tubers in the propagation medium (MS medium 

+ 30 gl−1 sucrose + 7 gl-1 agar) at 20 °C in an environment 

controlled chamber. Twenty-days old “in vitro” plants were 

induced for microtuber production on the tuber inducing 

medium (MS medium + 80 gm/1 sucrose + 10 ml/l BAP) 

without agar. Out of these developed microtubers, ten were 

randomly selected and named T1, T2, T3, T4, T5, T6, T7, T8, 

T9 and T10. The leave of plantlets regenerated from these 

tubers was used for genetic stability analysis. Tissue culture 

experiments were done at Plant Tissue Culture Laboratory, 

Department of Molecular and Cellular Engineering, 

SHUATS, Allahabad. 

DNA extraction: Total genomic DNA was extracted from 

young, unexpanded leaves using a cetyltrimethylammonium 

bromide (CTAB) procedure (Bousquet et al. 1990). Approx. 

200 mg of fresh leaves was ground to powder in liquid 

nitrogen using a mortar and pestle. The ground powder was 

transferred to a 50 mL falcon tube with 10 mL of CTAB 

buffer. The extraction buffer consisted of 2% (w/v) CTAB 

(cetyltrimethyl amonium bromide, Sigma), 1.4 M NaCl, 20 

mM EDTA, 100 mM Tris-HCl pH 9.5, and 0.2% (v/v) β-

mercaptoethanol. Incubation of the obtained homogenate at 

60 oC for 2 h was followed by extraction using equal volume 

of chloroform/isoamyl alcohol (24:1 v/v) and centrifugation at 

10,000 x g for 20 min. Equal volume of isopropanol was 

added for DNA precipitation. Precipitate was centrifuged at 

10,000 x g for 10 min and the DNA pellet obtained was 

washed with 70% (v/v) ethanol, air-dried and resuspended in 

TE (10 mM Tris-HCl, pH 8.0, and 0.1 mM EDTA) buffer. 

After gel electrophoretic analysis on 1% agarose gel and 

spectrophotometric quanification for purity and integrity, the 

isolated DNA samples were finally diluted with sterile TE 

buffer to get the final concentration of 25 ng μl-1. The diluted 

DNA was subsequently used for polymerase chain reaction 

(PCR) amplification. 

PCR amplification: Nine random decamer RAPD primers 

(Sigma-Aldrich Chemicals, St. Louis, USA) were used for 

polymerase chain reaction (PCR), following the protocol of 

Williams et al. (1990), with minor modifications. Each PCR 

reactions mixture (25 µl) contained 2.5 µl of 10× PCR buffer 

(Thermo Fisher, USA), 2.0 µl of 1.25 mM dNTPs each 

(Thermo Fisher, USA), 0.5µM of primer, 0.5 units of Taq 

DNA polymerase (Thermo Fisher, USA), 2.5 mM MgCl2, and 

25ng (1 µl) of genomic DNA. PCR amplification was 

performed in MJ Mini PCR cycler (BIO-RAD, USA) 

programmed for initial denaturation at 95 °C for 5 minutes 

followed by 35 cycles of 1 min denaturation at 95 ºC, 1 min 

annealing at 37 ºC and 2 min of extension at 72 ºC. Cycles 

were followed by a final extension at 72 ºC for 10 min. The 

amplified products were subjected to gel electrophoresis using 

gel prepared with 1.2% (w/v) agarose (Sigma, USA) in 0.5X 

TBE buffer and stained with ethidium bromide. DNA ladder 

plus 100bp “GeneRuler” (Fermentas life science, Germany) 

was used as molecular size marker. Amplified products run on 

gel were observed in Alphaimager Gel Documentation 

System (Alpha Innotech Corporation, USA). All the reactions 

were repeated twice for confirmation. 

Scoring and Data Analysis: Amplified markers were scored 

on the basis of presence (1) or absence (0) of bands. Bands of 

low visual intensity, unable to distinguish were not scored. 

Similarity matrix, using all scorable bands, was calculated by 

Jaccard’s coefficient and the dendrogram was generated using 

unweighted pair-group (UPGMA) clustering method (Sneath 

and Sokal, 1973). Genetic diversity analysis was performed 

with the program NTSYS-PC 2.02i (Numerical Taxonomy 

System for Personal Computers, version 2.02i) (Rohlf, 1993) 
[30]. The polymorphism information content (PIC) was 

calculated as: 
 

PICi = 1- n∑ j=1
 P2

ij 
 

Pij is the frequency of jth allele for marker i and the 

summation extends over n alleles. The calculation was based 

on the number of bands in RAPD. 

 

Results 

Micropropagated microtubers developed from potato 

(Solanum tuberosum L.) cv. Chipsona was analysed for 

genetic stability compared to mother plant, using RAPD 

assay. Nine primers were randomly selected (OPA 02-05 and 

OPB 05-10) for the assay. All of these primers generated 3 to 

8 bands per primer. A total of 55 amplicons were generated 

per sample ranging from 200bp to 2800bp in size. The 

number of bands in different selected primers varied from 5 

(OPA-04 and OPB-10) to 8 (OPB-08) with an average of 6.1 

bands per primer (Table 1). Genetic stability determined on 

the basis of band presence and absence revealed genetic 

identity of the micropropagated microtubers to the mother 

plant. Band patterns obtained by RAPD assay by primer 

OPA-03 and OPB-08 on agarose gel (Fig 1) were identical in 

the control (mother explants “C”) and sample tubers (T1-

T10). Calculation of the Jaccard’s similarity coefficient 

revealed 100% genetic similarity among the mother plants 

and derived micotubers of chipsona cultivar and thus 

dendrogam couldn’t be generated.  
 

Table 1: RAPD amlicon profiles of “in vitro” micropropagated microtubers of potatao 
 

S. No. Primers 5’-3’ Sequence Band size range Total No. of Bands Size of each band 

1 OPA-02 TGCCGAGCTG 400-2000 6 400, 700, 900, 1200, 1500, 2000 

2 OPA-03 AGTCAGCCAC 450-1800 6 450, 700, 850, 1000, 1500,1800 

3 OPA-04 AATCGGGCTG 500-1900 5 500, 700, 850, 1000, 1900 

4 OPA-05 AGGGGTCTTG 400-2000 6 400, 700, 900, 1200, 1500, 2000 

5 OPB-06 TGCTCTGCCC 200-700 6 300, 400, 450, 500, 660 
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6 OPB-07 GGTGACGCAG 150-1000 7 220, 430, 520, 610, 725, 900, 1000 

7 OPB-08 GTCCACACGG 350-1600 8 350, 550, 625, 675, 900, 1000, 1600 

8 OPB-09 TGGGGGACTC 380-3000 6 380, 620, 960, 1480, 2000, 2800 

9 OPB-10 CTGCTGGGAC 325-700 5 300, 350, 500, 550, 680 

 

 
 

Fig 1: RAPD profiles of micropropagated microtubers of potato 

using (A) Primer OPA-03 (B) OPB-08. “C” represents mother plant 

whereas T1-10 represents ten samples of micropropagated tubers. 

Lane “M” represents ladder Gene Ruler 100bp plus (Fermentas life 

science, Germany) 

 

Discussion 

Micropropagation has been proved to be an efficient 

technique for the development of pathogen free plants which 

are identical to the parent plant. This technique is widely 

utilized in many plant species and thus has helped fight many 

plant diseases. It has been proved a boon for the growing 

economies like India by helping the micropropagation of 

potato seed tubers. But, there are chances of genetic alteration 

due to some genetic and epigenetic effects, action of 

transposons, chemical or environment induced mutations, 

DNA hypomethylation (McClintock, 1984; Hirochika et al. 

1996, Jaligot et al. 2000, Bogani et al. 1996) [22, 13, 14, 4]. 

Genetic variation was observed in many plant species 

(Cassells et al. 1997; Das and Bhowmik, 1997; Chen et al. 

1998; Eapen et al. 1998; Grajal-Martfn et al. 1998; Paek and 

Hahn, 1999) [5, 7, 6, 31, 12, 25]. Thus, genetic stability analysis of 

micropropagated plants is an essential step before approval of 

consumption. Moreover, detection and analysis of genetic 

variation can help in understanding the molecular basis of 

various biological phenomenon in plants. Variations induced 

in tissue cultured plants are most likely to be reflected in the 

banding profiles developed by different marker systems 

(Phillips et al. 1994) [27]. 

RAPD analysis was used in the present study to detect the 

genetic changes between mother plant and microtubers of 

potato developed by micropropagation. The analysis found 

100% genetic similarity between the tested plants. The 

present findings are in concordance with other reports in 

various plant species. Similarity in genetic fidelity was 

observed in various cultivars of Indian potato (Solanum 

tuberosum) (Tiwari et al. 2013) [36] Solanum species 

(Aversano et al. 2009) [2], Solanum aculeatissimum (Ghimire 

et al. 2012) [10], Olea europaea (Leva and Petruccelli, 2012) 
[17], Saccharum officinarum (Tawar et al. 2008) [35], 

Dendrocalamus hamiltonii (Agnihotri et al. 2009) [1], 

Capparis deciduas (Tyagi et al. 2010) [37], Vanilla species 

(Sreedhar et al. 2007) [37], Dioscorea bulbifera (Narula et al. 

2007) [24] and Musa species (Lakshmanan et al. 2007) [15]. 97-

100% genetic similarity to mother plant was observed in “in 

vitro” developed potatoes by (Zarghami et al. 2008) [39]. 

Selection of leafy buds, controlled media and “in vitro” 

conservation can be the reason for genetic similarity of 

obtained microtubers in present study. However, tests using 

other robust markers like ISSR, AFLP can be done for 

confirmation. 
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