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ABSTRACT

Potato is a major world food crop. To improve yield and quality of potato seed, presence of sufficient

genetic diversity in the germplasm is an important prerequisite.  On an average, 26.3 alleles per genotype were

amplified using RAPD primers.  Mean genetic distance estimates ranged from 17% to 55%.  Size of scorable

fragments ranged from approximately 250 to >1000 bp.  A high level of genetic dissimilarity (GD= up to 55%)

was estimated among the 6 genotypes.  Entries were grouped in clusters using cluster analysis.  On the basis

of dendrogram, most diverse genotypes were identified.

Key words: Potato, cultivar, Genetic Diversity, Randomly Amplified Polymorphic DNA, Cluster analysis,

Dendrogram.

Introduction

Potatoes are the world's most widely grown tuber crop, and the fourth largest crop in terms of fresh

produce while the produce in Pakistan, is far below then other largest  potatoes producing countries. Total area

under potato is 112 thousand hectares with a total production of 2024.9 thousand tones and an average yield

of 18.1 tones per hectare (MINFAL, 2004-2005). Like any other crop species the first step in potato

improvement is full assessment of the local materials, including collection, evaluation and molecular

characterization of germplasm lines. Often, local varieties of crops are of excellent quality and flavour, have

a good level of resistance to pests and diseases and may be superior to exotic materials (Williams et al., 1991).

Knowledge about germplasm diversity and genetic relationships among breeding materials could be an 

invaluable aid in crop improvement strategies. A number of methods are currently available for analysis of  

genetic diversity in germplasm accessions, breeding lines and segregating populations. These methods have 

relied on pedigree data, morphological data, agronomic performance data, biochemical data, and molecular  

(DNA-based) data (Mohammadi and Prasanna, 2003). Accurate assessment of the levels and patterns of genetic 

diversity can be invaluable in crop breeding for diverse applications including (i) analysis of genetic variability  

in cultivars (Smith, 1984; Cox et al., 1986), (ii) identifying diverse parental combinations to create segregating  

progenies  with  maximum  genetic  variability  for  further selection (Barrett and Kidwell, 1998), and (iii) 
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introgressing desirable genes from diverse germplasm into the available genetic base (Thompson et al., 1998).  

Significant emphasis is being paid to comprehensive analysis of genetic diversity in numerous crops, including 

major field crops such as wheat (Triticum aestivum L.), rice (Oryza sativa L.), maize (Zea mays L.), barley  

(Hordeum vulgare L.), and soybean [Glycine max (L.) Merr.].  

The use of DNA marker technology in varietal improvement has progressed rapidly during the last decade
(Hoisington et al., 1998). The discovery and use of molecular markers based on DNA differentiation offers

great opportunity to understand and identify the diverse genetic material in crop species. Molecular markers
detect variation of the DNA sequences among cultivars and therefore directly bypass problems related with

environmental effects and thus has many applications of value to crop improvement.  Several molecular marker
types are available and they each have their advantages and disadvantages. DNA-based markers have shown

promise in expediting plant-breeding procedures. It would be useful to identify the genetic diversity prevailing
in the local germplasm through the use of DNA based marker systems. The study of genetic diversity to

identify groups with similar genotypes is important for conserving, evaluating and utilizing genetic resources
for studying the diversity of pre-breeding and breeding germplasm and for determining the uniqueness and

distinctness of the phenotypic and genetic constitution of genotypes with the purpose of protecting a breeder
intellectual property rights (Franco et al. 2001). The aims of this research were to study genetic diversity in

different Pakistani potato cultivars using RAPD marker. 

Materials and methods

National Agricultural Research Council, Pakistan, kindly provided seed material used during present study.
All the plantings were done in pots in green house and recommended agricultural practices were carried out.

Six potato varieties cultivated in different regions of the Pakistan were selected for molecular genetic diversity
study.  Six  varieties included in the present study were Appalo, Claudia, Lamia, Sahel, Furika and Multa.

Leaf samples were used to isolate total genomic DNA following the protocol described by Weining and
Langridge (1991). To remove RNA, DNA was treated with 40 micro-grams RNAse-A at 37 C for 1 hour and0

samples were stored at 4 C. To use in Polymerase Chain Reaction (PCR) a 1:5 dilution of DNA was made0

in doubled distilled, deionized and autoclaved water. Ten Randomly Amplified Polymorphic DNA primers (GL-

A02,  -A06,  -B07,  -B02,  -C09, -C10, -D19, -D13, -E02, -F06 and –H13, purchased from GeneLink, Inc.
NY 10532, USA, Table 1) were used.  (PCR reactions were carried out in 25 ml reaction using standard

protocols  (Devos & Gale, 1992). Amplification conditions involved an initial denaturation step of 4 min at

Table 1: Name,  Sequence,  Size,  m olecular  weight  and  % GC  content  of 11 RAPD prim ers used to study genetic diversity in

potato cultivars. 

S. No. Oligo Name    Sequence Size M olecular weight %GC

1 GLA-02 TGCCGAGCTG 10 3044.01 70

2 GLA-06 GGTCCCTGAC 10 3003.99 70

3 GLB-07 GGTGACGCAG 10 3093.03 70

4 GLB-02 TGATCCCTGG 10 3019 60

5 GLC-09 CTCACCGTCC 10 2923.95 70

6 GLC-10 TGTCTGGGTG 10 3090.04 60

7 GLD-19 CTGGGGACTT 10 3059.02 60

8 GLD-13 GGGGTGACGA 10 3133.05 70

9 GLE-02 GGTGCGGGAA 10 3133.05 70

10 GLF-06 GGGAATTCGG 10 3108.04 60

11 GLH-13 GACGCCACAC 10 2981.97 70

94°C followed by 40 cycles each consisting of a denaturation step of 1 min at 94°C, followed by an annealing

step of 1 min at 34°C and an extension step of 2 min at 72°C. The last cycle was followed by 7 minutes
extension at 72°C. Depending on the primer sets used, the protocol provided by the primer set supplier was

followed. All amplification reactions were performed using the GeneAmp PCR system 2700 (Applied
Biosystem). The amplification products were electrophoresed on 2.0 % agarose/ TBE gels and visualized by

staining with ethidium bromide and viewed under UV light.  For genetic diversity analysis, every scorable band
was considered as single allele / locus and was scored as present (1) or absent (0). The bivariate 1-0 data were

used to estimate genetic distances (G.D) following “Unweighted Pair Group of Arithmetic Mean (UPGMA)”
procedures described by Nei and Li (1979) and to construct a dendrogram using computer program

“PopGene32” version 1.31 http://www.ualberta.ca./~fyeh/fyeh).

Results and discussion

An example of PCR amplification profile of six potato genotypes using RAPD primer GL-B01 is presented
in Fig. 1. Molecular sizes of amplified fragments ranged from approximately 250 - more than 1000 bp. In an
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Table 2: Average estimates of genetic distances among 6 potato varieties using 11 RAPD primers.

Appalo Claudia Lamia Sahel Eurika

Appalo

Claudia 0.50

Lamia 0.52 0.43

Sahel 0.47 0.30 0.46

Eurika 0.49 0.36 0.48 0.38

M ulta 0.44 0.30 0.55 0.17 0.37

Fig. 1: PCR amplification profile of 6 potato varieties using RAPD primer B01.

M = Molecular size marker (1 Kb ladder).  Molecular sizes (in bp) are given on right.

Fig. 2: Dendrogram constructed for 6 potato varieties using 11 RAPD primers.
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earlier report Chen et al., (2000) observed 900 -1600 bp fragment size amplified using RAPD primers in

different sub-species of different crops. During present study a total of 158 DNA fragments were amplified

in 6 potato genotypes using 11 RAPD primers, giving an average of 26.3 alleles per genotype. The results of

genetic dissimilarity analyses showed that extensive genetic diversity (average G.D. ranging from 17% - 55%)

existed in 6 genotypes used during present study (Table 2). Most of the comparisons showed moderate

estimates of genetic distance using “UPGMA” method. The detection of moderate level of genetic diversity

during present study was in agreement with the previous reports where RAPD and SSR markers detected high

level of genetic polymorphsim (Welsh & McClelland 1990; Dos Santos et al., 1994) in different crop species.

The bivariate (1-0) data and dissimilarity coefficient matrices of six potato varieties based on the data of

11 RAPD primers (using UPGMA method (Nei and Lie, 1979) were used to construct dendrogram using

computer program “popgene32” (Fig. 2). For the dendrogram constructed from data using RAPDs, the

genotypes were grouped in  three main groups (A, B, and C) (Fig. 2). Groups A was smallest comprised of

1 genotype only. Group B was the largest consisted of 3 genotypes and group C comprised of 2 genotypes.

Based on the dendrogram analyses, variety Appalo and Furika was most distantly related from one another.

In genetic diversity analyses the comparisons among the 2 genotypes (Appalo and Furika) showed high

estimate of genetic distance (GD = 49 %). This finding was further strengthened by average genetic diversity

analyses (Table 2) where the two genotypes showed higher levels of genetic dissimilarity with rest of the

genotypes used during present studies. Present findings further strengthened previous reports (Hallden et al.,

1994; Chen et al., 2000) that the RAPD and SSR markers can be used effectively to estimate genetic distances

among genotypes/lines/cross combinations. However, it is suggested that more molecular data is required to

have better understanding of the presence of genetic variability in potato germplasm and consequently more

efficient utilization of exiting variability for improvement of potato crop in Pakistan.

References

Barrett, B.A. and K.K. Kidwell, 1998. AFLP-based genetic diversity assessment among wheat cultivars from

the Pacific Northwest. Crop Sci., 38: 1261-1271.

Chen, Y.P., J.S. Cao, Y. Miao and Y.W. Zhi, 2000. Analysis of genetics polymorphisms in vegetables crops

of Brassica campestris by RAPD markers. J. Zhejiang Univ. Agric. Life Sci., 26: 131-136.

Cox, T.S., J.P. Murphy and D.M. Rodgers, 1986. Changes in genetic diversity in the red winter wheat regions

of the United States. Proc. Natl. Acad. Sci. (USA), 83: 5583-5586. 

Devos, K.M., and M.D. Gale, 1992. The use of random amplified polymorphic DNA markers in wheat. Theor.

Appl. Genet., 84: 567-572. 

Dos Santos, J.B., J. Nienhuis, P. Skroch, J. Tivang and M.K. Slocum, 1994. Comparison of RAPD and RFLP

genetic markers in determining genetic similarity among Brassica oleracea L. genotypes. Theor. Appl.

Genet., 87: 909-915.

Franco, J., J. Crossa, J.M. Ribaut, J. Betran, M.L. Warburton and M. Khairallah, 2001. A method for

combining molecular markers and phenotypic attributes for classifying plant genotypes. Theor. Appl.

Genet., 103: 944-952.

Hoisington, D., G.M. Listman and M.L. Morris, 1998. Varietal development: applied biotechnology. In M. L.

Morris (ed).  Maize seed industries in developing countries.  Boulder, CO, USA, Lynne Rienner Publishers,

CIMMYT., pp: 77-102. 

MINFAL, 2004-2005. Agricultural Statistics of Pakistan. Ministry of Food, Agriculture and Livestock,

Islamabad, Pakistan, pp: 59-60.

Mohammadi, S.A. and B.M. Prasanna, 2003. Analysis of genetic diversity in crop plants salient statistical tools

and considerations. Review & interpretation. Crop Sci., 43: 1235-1248.

Nei, N. and W. Li, 1979. Mathematical model for studying genetic variation in terms of restriction

endonucleases. Proc. Natl. Acad. Sci., 76: 5269-5273.

Smith, J.S.C., 1984. Genetic variability within U.S. hybrid maize: Multivariate analysis of isozyme data. Crop

Sci., 24: 1041-1046.

Thompson, J.A., R.L. Nelson and L.O. Vodkin, 1998. Identification of diverse soybean germplasm using RAPD

markers. Crop Sci., 38: 1348-1355. 

Weining, S. and P. Langridge, 1991. Identification and mapping of polymorphism in cereals based on

polymerase chain reaction. Theor. Appl. Genet., 82: 209-216.

Welsh, J. and M. McClelland, 1990. Fingerprinting genomes using PCR with arbitrary primers. Nucleic Acids

Res., 18: 7213-7218.

Williams, C.N., J.O. Uzo and W.T.H. Peregrine, 1991. Vegetable production in the tropics. In: Intermediate

Tropical Agriculture Series, Longman Scientific and Technical, Essex.


