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Summary

Genetic relationships in a set of important grape geno-

types in India, comprising cultivated varieties, rootstocks

and wild species were analysed using RAPD markers. A

total of 250 bands were obtained by 19 informative primers,

most of which could clearly distinguish between the wild

and cultivated genotypes. Wild species and rootstocks

showed a maximum number of bands (205) and the highest

polymorphism (94 %), followed by cultivars belonging to

Vitis vinifera (165 bands, 90 %), while cultivars from

V. labrusca showed only 75 bands of which almost all were

monomorphic. Cluster analysis resulted in the formation

of three main clusters. Wild species and rootstocks sepa-

rated early from cultivated genotypes. Cultivated types

formed two separate clusters one consisting mainly of the

labrusca and the other of the vinifera types. In the cluster

of vinifera genotypes, seeded and seedless varieties were

further separated into different subgroups. High bootstrap

values at most of the nodes supported the stability of the

dendrogram. The grouping of most varieties agreed well

with previous reports based on morphological characters

as well as parentage, emphasizing the suitability of RAPD

analysis for such studies. The present report is the first

attempt to determine the genetic relationships in impor-

tant grape genotypes in India using molecular markers.
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Introduction

Commercial grape cultivation in India is one of the most

remunerative fruit crops, which is mainly confined to table

grapes. More than 80 % are cultivated under the tropical

conditions of the Southern peninsular region, while viticul-

ture in North India is under subtropical conditions. Due to

the diversity of climate, different cultivars are planted in

different regions (CHADHA and SHIKHAMANY 1999). Although

some wild grapes are known, most commercially cultivated

grapes were introduced; very often the interrelationships

between these genotypes are not known. Such knowledge

is important for germplasm conservation, evolutionary as-

pects as well as for breeding objectives. The present work

was therefore undertaken to assess genetic relatedness of

different genotypes of Vitis spp. mainly important in India.

Due to their potential to yield unlimited numbers of poly-

morphic markers, various DNA-based markers are increas-

ingly used in diversity analyses. However, among all these

marker types, RAPD technique requires only a minute quan-

tity of DNA, requires no prior sequence information and is

simple and capable of detecting high levels of genetic vari-

ation, therefore, it has been widely used in assessments of

genetic diversity of grape as well as other taxa. Thus, we

used RAPD markers for analyzing the relationships between

important grape genotypes. Most of the important Vitis

vinifera varieties presently under cultivation were selected

for analysis. In contrast to V. vinifera, some of the non-

vinifera sources of germplasm are resistant to insects, dis-

eases and environmental stress (REISCH and PRATT 1996).

Rootstock development is also entirely dependent on non-

vinifera germplasm; therefore, these genotypes were in-

cluded in the analysis. Some of the promising hybrids de-

veloped at our institute were also selected (PATIL et al. 1996).

The present paper describes the results of RAPD analysis

of 43 grape genotypes belonging to 9 Vitis spp. To the best

of our knowledge, this is the first report of application of

molecular markers for assessing the genetic relationships of

grape genotypes in India.

Material and Methods

G e n o t y p e s :  A total of 43 genotypes, belonging

to 9 different species of Vitis were used in the present study

(Tab. 1). These genotypes could be broadly classified into

two categories: 1: cultivated, comprising mainly genotypes

belonging to V. vinifera and V. labrusca, 2: rootstocks and

wild species. Leaf material of these genotypes was obtained

from the grape germplasm collection, maintained at the insti-

tute or from commercial farms.

D N A   e x t r a c t i o n :  DNA extraction was carried out

from young partially expanded at inserted one or two nodes

below the shoot tips, following the protocol of LODHI et al.

(1994). DNA samples were quantified by agarose gel elec-

trophoresis by comparison with standard dilutions of lambda

DNA.

P C R   a m p l i f i c a t i o n :  PCR amplification was carried

out in a Perkin Elmer DNA thermal cycler 480 following the

protocol of WILLIAMS et al. (1990). Random primers from kits

A,B,C,E,F,G,H,J,K,O,P,U,V and Y (Operon Technologies,

Alameda, USA) were used. Amplified products were sepa-

rated on either 1.5 or 2 % agarose gels and visualized by

ethidium bromide staining.

S c o r i n g   a n d   d a t a   a n a l y s i s :  The bands were

scored from the photographs of gel profiles. Only bands



that were observed in three separate amplifications were

scored. For each genotype, the presence of a band (1) or its

absence (0) was entered in the RAPDISTANCE computer

program (ARMSTRONG et al. 1994). These data were used for

calculation of pairwise genetic distances using Jaccard, Dice

and simple matching coefficients. The distance matrix was

then used for cluster analysis using the unweighed pair-

group method, arithmetic average (UPGMA) algorithm. The

dendrogram was generated using NEIGHBOR and

DRAWGRAM programs in the PHYLIP version 3.2 package

(FELSENSTEIN 1993). The stability of the dendrogram was

evaluated by the bootstrap approach using Winboot pro-

gram (YAP and NELSON 1996). Based on band data, distribu-

tion of each band within the sampled genotype was calcu-

lated which was further used to calculate resolving power of

each primer (PREVOST and WILKINSON 1999).

Results

S c r e e n i n g   o f   t h e   p r i m e r s   f o r   p o l y m o r-

p h i s m :  The primers were screened initially using a sample

set of two wild species and two cultivated varieties. Out of

256 primers tested, only 57 primers could distinguish be-

tween the cultivated genotypes. Finally, 19 primers that

yielded clear and scorable patterns were selected for ampli-

fying DNAs from all genotypes.

A total of 250 bands was amplified using the selected

19 primers. The results obtained for individual primers are

listed in Tab. 2. The size of amplification products ranged

from 300 to 3000 bp. Almost all bands were polymorphic and

most of the primers could clearly distinguish between wild

and cultivated genotypes. In group-wise comparison, wild

species and rootstocks showed a maximum number of bands

(205), 94 % of which were polymorphic, followed by V. vinifera

varieties with 165 bands and more than 90 % polymorphism.

Varieties belonging to the V. labrusca group showed only

75 bands and almost all bands except OPC13
1000 

were mono-

morphic. The primers also differed in their informativeness

(Tab. 2). Five primers OPA 02, OPG 06, OPH 03, OPK 11 and

OPK 19 generated most informative band profiles and were

able to distinguish more than 30 genotypes. A strong posi-

tive correlation was obtained between the number of geno-

types identified and resolving power (r = 0.7672). However,

no primer could differentiate between all 43 genotypes.

T a b l e  1

List of genotypes analysed in the present study

Vitis spp. Vitis labrusca

Vitis berlandieri    Bangalore blue

Vitis candicans    Bangalore purple

Vitis champini    Catawba

Vitis longii    Concord

Vitis palmata    Isabella

Vitis parviflora    Khalili

   Large white

Vitis vinifera

Seeded Vitis rotundifolia

Anab-e-shahi    James

Bhokri

Cheema sahebi Vitis champinii

Gulabi    Champanel

Kali sahebi    Dogridge

Pandhri sahebi    Degrasset

Ruby red

Rootstocks

Seedless    Solonis x Othello

Anab-e-shahi    Solonis x Riparia

mutant 302    Riparia x Rupestris

Flame seedless

Kishmish beli Hybrids

Kishmish chorni    H-27 (Diamond jubilee x Rubired)

Manik chaman    H-56 (Cheema sahebi x

Perlette       Tas-a-ganesh)

Pusa seedless    H-144 (Cheema sahebi x Catawba)

Sentenal seedless    H-324 ( Gulabi x James)

Sharad seedless    H-516 (Catawba x

Sonaka       Beauty seedless)

Tas-a-ganesh

T a b l e  2

Polymorphism obtained with selected informative primers

Primer Total no.     No. of   No. of Resolving

of bands polymorphic genotypes   power

    bands identified

OPA 02 22 22 32 8.965

OPA 09 10 10 13 1.966

OPA 11 11 11 27 3.602

OPC 13 09 09 19 3.011

OPG 06 15 15 30 6.606

OPH 03 18 18 31 5.619

OPH 04 10 09 23 4.454

OPH 07 08 08 12 2.408

OPK 11 14 14 33 6.375

OPK 17 14 14 20 5.465

OPK 19 21 21 30 7.552

OPO 05 09 09 25 5.323

OPO 13 09 09 20 3.505

OPP 02 10 10 17 4.545

OPP 17 14 14 22 5.347

OPU 03 12 12 20 3.977

OPV 12 16 16 23 5.017

OPV 19 15 15 22 5.647

OPY 07 13 13 28 3.863

G e n o t y p e   a n d   g r o u p   s p e c i f i c   b a n d s :

Detailed analysis of RAPD profiles revealed a number of

genotype-specific products. A total of 45 bands were unique

and present only in one genotype. The majority of these

bands were specific to wild and rootstock species. Fifteen

products were specific to V. vinifera genotypes. The pres-
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ence of some of the group-specific products, particularly in

the V. labrusca group, was also noted.

G e n e t i c   r e l a t i o n s h i p s :  Genetic distance

matrices generated by Jaccard, Dice and simple matching

coefficients showed a very high correlation (r >0.98). UPGMA

analysis of distance matrices resulted in overall similar

dendrograms with 3 main clusters. The dendrogram gener-

ated with Jaccard coefficient is shown in the Figure. Cluster-I

consisting of 10 genotypes, mainly wild species and root-

stocks, separates early from cultivated genotypes. Cultivated

types are further subdivided into two separate clusters con-

sisting of mainly labrusca (cluster-II) and vinifera geno-

types (cluster-III). In cluster-II out of 11 genotypes, 6 be-

long to V. labrusca. In cluster III which consists of geno-

types belonging to V. vinifera, two cultivars, Perlette and

Centennial seedless, separate out initially. At second bifur-

cation, a group of 7 genotypes separates out. Interestingly,

all varieties in this group (except Cheema sahebi) are seed-

less. The other branch further divides into different sub-

groups.

consensus tree. Some of the nodes at which high values

were observed are shown in the Figure. The confidence val-

ues were especially high for cluster-II.

Discussion

R A P D,   a   s u i t a b l e   a p p r o a c h   t o   d e t e c t

v a r i a b i l i t y   i n   t h e   I n d i a n   g r a p e   g e r m p l a s m :

We have used RAPD markers to analyse genetic diversity in

a set of 43 grape genotypes. Some serious doubts regarding

the reproducibility of the RAPD bands have been raised in

earlier reports with grape (BÜSCHER et al. 1993, XU et al.

1995). However, subsequently, it has been shown that if

proper care is taken the technique can be applied to study

genetic relationships. In a detailed study on the stability of

RAPD markers in grape, the most important factor affecting

stability was found to be the origin of Taq DNA polymerase

(THIS et al. 1997). Lower reproducibility, especially for the

larger fragments and weak bands, has also been reported

(VIDAL et al. 1999 b). It was, therefore, suggested that for

studies of genetic relationships, conclusions should be

based on large number of bands and the exclusion of large

and weak bands could give a reasonable level of reproduc-

ibility. Considering all these points, in our study, care was

taken to avoid any variation due to these factors. Only bands

that were observed in three independent amplifications were

scored and faint bands and the high molecular weight bands

>2 kb were not scored. The number of RAPD bands scored

is also important to obtain accurate estimates of genetic

relationships. In a recent report in V. vinifera, it was ob-

served that the clusterings in the dendrogram were com-

pletely rearranged if the number of scored bands was 100-150.

The estimation of genetic distances improved with the pro-

gressive increase of the number of bands (FANIZZA et al.

1999). We have scored 250 bands which are notably higher

than those suggested earlier (GUIRAO et al. 1995); this is in

accordance with recent studies with grapes (THIS et al. 1997,

VIDAL et al. 1999 a, b).

The present study revealed three main clusters in a set

of Indian grape germplasm. The value of more than 50 %

observed at most of the nodes in the bootstrap analysis

also confirmed the stability of the main groups in the

dendrogram. Thus our study reiterates the usefulness of

RAPD analyses in assessing the genetic relationships in

grape germplasm. Although there are several reports on di-

versity analysis of grapes using RAPD approach, most of

them have analysed either cultivars (JEAN-JAQUES et al. 1993,

YE et al. 1998, VIDAL et al. 1999 a, b) or rootstocks (THIS et al.

1997) separately. Up to now there is only one report (GRANDO

et.al. 1995), in which both wild and cultivated genotypes of

V. vinifera have been analysed together. Our report thus

differs from others in that we have analysed a total of 43 geno-

types belonging to nine different Vitis species at the same

time using RAPD approach.

G e n e t i c   d i v e r s i t y   i n   t h e   g r a p e s   g r o w n

i n   I n d i a :  The percentage of polymorphism (99 %)

reported in the present study is much higher than values

reported earlier (VIDAL et al. 1999 a, b). This may be due to

the fact that very diverse germplasm comprising wild and
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Figure: Dendrogram showing relationships among 43 important

grape genotypes in India obtained by Jaccard coefficient and

UPGMA analysis. Three main clusters are shown as I, II and III.

Percentage values at forks indicate the number of times the group

consisting of the genotypes at the right occurred among the trees in

the bootstrap method. Some of the nodes with high values are

shown.

The stability of the dendrogram was also analysed by

the bootstrap method, which provides confidence for the

different nodes. The consensus tree showed the three main

clusters as observed earlier. High bootstrap values (more

than 50 %) were observed at about 26 out of 41 nodes in the



cultivated genotypes belonging to 9 different species was

analysed together. A higher degree of polymorphism (90 %)

was also found within V. vinifera cultivars. Most varieties

were introduced from different grape growing countries, e.g.

USA, Australia and Russia; this may have increased diver-

sity. Secondly, the preselection of primers based on their

ability to distinguish between cultivars also may have led to

reveal higher polymorphism among cultivars. In contrast,

the V. labrusca group of cultivars, introduced mainly from

USA, appeared to be a highly homogeneous group.

In our analysis several genotype-specific amplification

products were also observed. Although most of them were

present in wild species, about 15 bands were specific to

V. vinifera cultivars. These variety-specific markers will be

useful for varietal identification and there is a need to iden-

tify such markers for many more varieties. Furthermore, these

bands seem to be useful in defining the genetic relation-

ships more clearly (data not shown). This observation is in

accordance with earlier reports (BOURQIN et al. 1993; VIDAL

et al. 1999 b).

G r o u p i n g s   i n   r e l a t i o n   t o   p a r e n t a g e :  When

the groupings obtained in the study were compared with

the parentage of the cultivars, some interesting findings were

revealed. Varieties Tas-a-Ganesh, Manik chaman and Sonaka

are bud sport selections from Thompson Seedless, while

Pusa seedless is a selection from unknown germplasm hav-

ing characteristics very similar to Thompson Seedless. Clus-

tering of all these varieties in the same cluster and also in the

same subgroup suggested very close genetic homology.

Similarly, cv. Kishmish chorni and its bud sport Sharad seed-

less are also present in the same subgroup. Another inter-

esting finding was that seeded and seedless varieties formed

separate subgroups within the cluster of V. vinifera geno-

types.

Within the V. labrusca group two genotypes, Bangalore

blue and Bangalore purple, are V. vinifera x V. labrusca hy-

brids considered to be synonymous (CHADHA and RANDHAWA

1974). However, the vegetative and fruit characters of the

two varieties are quite different from each other. Our study

clearly demonstrated that both varieties are also quite dis-

tinct genetically. While Bangalore blue was grouped with

other V. labrusca cultivars the profiles obtained for Bangalore

purple were more close to V. vinifera rather than V. labrusca

types resulting in clustering of Bangalore purple with seeded

types of V. vinifera.

In the group of wild species and rootstocks, two varie-

ties of V.champinii, Dogridge and Degrasset, and its only

cultivated type Champanel, which is a cross between

V. labrusca and V. champinii, are all clustered in the same

subgroup.

Out of the 5 hybrids developed at our institute, H-27

and H-144 were grouped along with one of the parents. H-27,

which is a hybrid between Diamond jubilee and Rubired,

was present in the same subgroup with Rubired. H-144, a

hybrid between Cheema sahebi and Catawba is grouped in

the cluster of Catawba. Thus the clustering of most of the

varieties in our study agreed well with previous studies and

parentage.

R e l e v a n c e   f o r   g r a p e   b r e e d i n g :  This is a

first report on the genetic variability of grape germplasm

used in India. Based on the viticultural management, grape-

growing in India can be classified according to the climatic

regions which are distinctly different. Moreover breeding

objectives as well as the traits for which improvement is

needed differ region-wise. Therefore, the knowledge on the

genetic interrelationships among cultivated and wild geno-

types obtained by such studies will be very useful for plan-

ning future breeding programs. Keeping with the changing

trends in Indian viticulture more seedless varieties as well

as varieties for wine making need to be analysed in the fu-

ture.
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