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Abstract
Three hundred and seventeen grape accessions from the National Active Grape Germplasm

Site in India were analysed with 25 microsatellite markers. A total of 411 alleles were detected,

of which 42% were rare alleles. Unique alleles for 56 genotypes were also identified. The anal-

ysis of microsatellite data identified 63 duplicate accessions and only 254 accessions were

unique genotypes. Several cases of misnomers, synonymy and homonymy were identified.

Parental genotype for a few clonal selections was ascertained. Population structure analysis

grouped 254 unique genotypes into four major clusters. The analysis also revealed the

presence of admixtures with only 79% of pure ancestry. A core collection comprising 80 gen-

otypes was identified, which represented all the alleles and genetic diversity. A user-friendly

and interactive computer application software was developed for storage and the retrieval

of molecular data. A molecular database for the 254 genotypes was created. This analysis

will help in the rationalization and better management of germplasm. Information on genetic

diversity and population structure will form the basis for varietal improvement programmes.
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Introduction

Grapevine is a heterozygous, perennial fruit crop. The

germplasm of such plants is maintained as an ex situ

field collection. Considering the high input cost required

for the management of field germplasm, accurate

identification is essential to reduce redundancy. Ampelo-

graphy, the traditional method of cultivar identification

in grapevine, is time consuming, requires an experienced

worker and often fails to differentiate closely related

genotypes. DNA-based molecular markers circumvent

the limitations of the ampelography technique and thus

play an important role in grape germplasm management.

Among the different molecular marker systems, micro-

satellite markers have been proved to be the most

suitable for the characterization and management of

grape germplasm (Dangl et al., 2001). The use of micro-

satellite markers for the analysis of grape germplasm

has been reported by several researchers (Ibáñez et al.,

2009; Cipriani et al., 2010; Santana et al., 2010; Laucou

et al., 2011).

In India, the reference to grape cultivation is found in

ancient text. Several species of Vitis, namely V. lanata, V.

parviflora and V. palmata, are found in the Himalayan

regions of the country. Native V. vinifera varieties, such

as Rangspey, Choultu White, Choultu Black and Kannai

locally belonging to V. lanata, are still grown in Hima-

chal Pradesh. In modern history, commercial V. vinifera

is believed to be introduced by Persians in 1300 AD

and its cultivation spread and flourished during the
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Mogul empire (1526–1758 AD). Grape cultivation

declined after the fall of the Mogul empire. Systematic

research was started in the early 20th century. Presently,

grape cultivation covers 111,000 ha with a production of

1.24 million MT mainly for table purpose. Grape research

in India was scattered, and grape germplasm has been

collected from different parts of the country and world

by researchers at different institutes. After the establish-

ment of the National Research Centre for Grapes in

1997, attempts were made to consolidate grape germ-

plasm in India through its collection from different

national and international research institutes, growers’

field, wineries, private nurseries and exploration in the

Himalayan regions of the country. Passport data and

ampelography analysis has suggested the occurrence of

several synonyms, probable duplicates and misnomers

in the germplasm. However, these observations need to

be confirmed with more precise and reliable identifi-

cation provided by microsatellite markers.

Molecular analysis of a large number of genotypes

results in extensive data. Consequently, the management

of such data becomes complex. A computer-based infor-

mation system and database offers the ease of handling

of large datasets and their subsequent utilization. Several

databases have been developed for the microsatellite

data of grape germplasm in different countries (Lefort and

Roubelakis-Angelakis, 2000; Dettweiler and Eibach, 2003;

Vouillamoz et al., 2009; Veloso et al., 2010), and their prac-

tical application has been demonstrated (Nunez et al.,

2004). In this paper, we report the microsatellite analysis

of 317 grape accessions from germplasm maintained at

the National Research Centre for Grapes, for genetic

diversity and structure analysis, the rationalization of

germplasm and the creation of a molecular database.

Materials and methods

Plant material and DNA extraction

A set of 317 grape accessions including rootstocks,

hybrids and commercial varieties was selected from

the National Active Germplasm Site for Grape located

at the National Research Centre for Grapes, Pune, India.

The details of these accessions are given in Table S1 (avail-

able online). DNA was extracted from fresh, young, tender

leaves using the DNeasyw Plant Kit (Qiagen, Valencia, CA,

USA). DNA was quantified spectrophotometrically by

measuring absorbance at 260 nm and quality was assessed

on 1% Tris–acetate–EDTA agarose gel electrophoresis.

Table 1. Details of genetic diversity and polymorphic information detected by the 25 microsatellite markers in the
total collection (TC) and the core collection (CC)

No. of rare alleles
(count # 5)

PIC Heterozygosity Allelic diversity

Locus No. of alleles TC CC TC CC TC CC

VMC4f8 14 3 0.790 0.793 0.672 0.692 0.808 0.807
VMC7b1 15 5 0.796 0.847 0.275 0.229 0.819 0.862
VMC7f2 8 1 0.747 0.729 0.701 0.658 0.776 0.753
VMC7g3 17 10 0.562 0.709 0.484 0.532 0.580 0.723
VMC8b5 12 5 0.788 0.815 0.781 0.781 0.813 0.835
VrZAG62 13 1 0.806 0.854 0.778 0.790 0.826 0.867
VrZAG79 24 10 0.876 0.891 0.798 0.818 0.886 0.899
VVIB01 23 15 0.753 0.796 0.702 0.785 0.778 0.815
VVIB23 23 16 0.724 0.829 0.723 0.735 0.744 0.839
VVIB63 12 7 0.597 0.653 0.540 0.532 0.636 0.681
VVII52 14 7 0.780 0.812 0.589 0.662 0.805 0.831
VVIN33 25 10 0.831 0.903 0.704 0.756 0.841 0.909
VVIP17A 21 9 0.839 0.864 0.738 0.681 0.853 0.875
VVIP22 19 8 0.841 0.874 0.671 0.551 0.855 0.884
VVIP25B 23 14 0.719 0.813 0.665 0.584 0.747 0.827
VVIP31 12 1 0.844 0.856 0.764 0.667 0.858 0.869
VVIP77 16 4 0.827 0.879 0.720 0.687 0.842 0.889
VVIS63 17 9 0.613 0.734 0.286 0.345 0.647 0.749
VVIV15B 17 5 0.767 0.839 0.806 0.800 0.783 0.852
VVIV16 7 1 0.490 0.562 0.456 0.457 0.564 0.624
VVIV33 9 4 0.577 0.750 0.110 0.163 0.638 0.780
VVIV37 14 5 0.825 0.858 0.420 0.523 0.844 0.872
VVMD7 18 3 0.847 0.870 0.785 0.740 0.861 0.881
VVMD21 19 11 0.728 0.842 0.631 0.714 0.750 0.855
VVMD27 19 10 0.820 0.881 0.792 0.821 0.839 0.890
Total/average 411 174 0.751 0.81 0.624 0.628 0.776 0.827
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Microsatellite analysis

Twenty-five microsatellite markers belonging to the

VVMD, VMC, VrZAG and VVI sets were used for the anal-

ysis. The PCR and microsatellite analysis was as described

previously in Upadhyay et al. (2010a, b). In brief, the PCR

amplification reaction mixture (10ml) contained 10 ng

DNA, 0.66mM labelled (6-Carboxy fluorescein (6-FAM),

VIC or NED) forward primer, 0.66mM reverse primer,

100mM of each dNTP, 3.0 mM MgCl2 and 1.0 U Taq

polymerase (Bangalore Genei Pvt Ltd, Bangaluru, India).

The PCR was performed either on a PTC 200 gradient

thermal cycler (MJ Research, Waltham, MA, USA) or a

GeneAmp PCR system 9700 (Applied Biosystems, Foster

City, CA, USA). The temperature profile consisted of the

following steps: 10 min at 948C followed by 35 cycles of

1 min at 948C, 1 min at 558C and 1 min at 728C. PCR

products were diluted 50 times, and 1ml (for FAM- and

VIC-labelled) or 2ml (for NED-labelled) of the diluted

mix were added to a mixture of 10ml HI-DI formamide

and 0.10ml of GeneScan 500 ROX internal size standard.

The mix was denatured at 948C for 5 min and analysed

on an ABI 3130 genetic analyser using a 36 cm capillary

filled with POP7 polymer. GeneMapper version 4.0 was

used to determine the peak size using the local Southern

method and allele call. Allele-call data were manually

checked and any misallele call was corrected. The data

were scored as allele size. Genotypes with one peak for

a given locus were recorded as homozygous.

Microsatellite data analysis

Allelic data were first analysed with software CERVUS

version 3.0 (Kalinowski et al., 2007) to identify duplicate

accessions. A mismatch at a maximum of two loci was

allowed for assigning any accession as duplicate. The

allelic data of unique genotypes were used to estimate

the allele number per locus, allelic diversity (Div ¼ 1-),

heterozygosity (Het ¼ 1-), polymorphism information

content (PIC ¼ ), overall genotype frequencies and

allele frequencies, and fitness to Hardy–Weinberg

equilibrium. The data were also subjected to principal

component analysis. This analysis was performed using

the software JMP Genomics 6.0 (SAS Institute Inc., Cary,

NC, USA, 1989–2007). Cluster analysis based on the

neighbour-joining method was carried out using the

software DARwin 4.0 (Perrier and Jacquemoud-Collet,

2006), and a tree was constructed.

The allelic data were also subjected to population

structure analysis using the software STRUCTURE

version 2.3.4 (Pritchard et al., 2000), a model-based

Bayesian clustering method. Twenty iterations were

run for K values ranging from 1 to 14 with a burn-in

length of 10,000 generations and 10,000 Markov chain

Monte Carlo replications. The analyses were run with

correlated allele frequencies (Falush et al., 2003).

Other parameters were set to their default setting. All

the accessions were considered as having an unknown

origin. To set the number of subpopulations, a graph of

K value versus Ln P(D) as well as the DK method

described by Evanno et al. (2005) were used. The

accessions with a membership probability of $80%

were considered as of pure ancestry.

Microsatellite data were also used to identify core col-

lection representing the entire genetic diversity by means

of the software PowerCore version 1.0 (www.genebank.

go.kr/eng/PowerCore/powercore.jsp), which selects the

entries of core sets by the advanced M (maximization)

strategy implemented through a modified heuristic

algorithm (Kim et al., 2007). The data of core collection

accessions were subjected to statistical analysis, as

above, to assess their level of genetic diversity and their

distribution pattern.

Development of an information system for storing
molecular data

A user-friendly information storage and retrieval system

was designed to store the microsatellite data of grape

germplasm. It uses SQL server 2008 for data storage in

the database and a platform-independent front-end

application that can be implemented on any PENTIUM

computer with Windows XP/2000/Win 7. The front-end

application was developed with the Microsoft dot net

framework using Microsoft Visual Studio 2005.

Results

Identification of duplicates and misnomers

The microsatellite data analysis of the 317 grape acces-

sions with CERVUS identified 63 accessions with an

identical allele profile and 254 accessions as unique

genotypes. The microsatellite data of the 254 unique

genotypes at 15 loci are given in Table S2 (available

online). Several accessions with an identical profile

were known synonyms and clonal selections/somatic

variants; however, the identification of several suppose-

dly different accessions as redundant was interesting.

For example, accessions maintained as Arki, Ceffer,

E/2/7, Pierce, Goathe, Malagha and Azabella were

found to have an identical genotype at 23 loci. Other

sets of identical accessions were Chaouch, Convergent

Large Red and Alden; Buckland Sweet and Dakh, E/5/

20 and E/7/22; HY/17/54/4/17 and HY/23/14/23; PS/II/

11/4 and PS/III/11/1; Gold and Fakri; and E/12/3 and
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E/12/7. However, these results need corroboration with

detailed ampelography and molecular analysis before

terming them as duplicates in the germplasm.

We also identified several misnomers in the

germplasm. The accession maintained as Merlot was

long suspected to be a misnomer, as its ampelographic

and performance attributes did not match with the docu-

mented attributes. The allele profile of this accession did

not match with the allele profile of Merlot obtained from

ENTAV, France at 13/20 loci. Instead, this accession had

an allele profile similar to Cinsaut at 14/20 loci and

shared at least one allele at another four loci, suggesting

that this accession may be a sibling or a progeny of Cin-

saut. Similarly, another accession maintained as Zinfandel

in the germplasm was found to have an allele profile

identical to that of Syrah at all the loci, suggesting it to

be either Syrah or its clone. Bangalore Blue was

developed at the Department of Horticulture, Bangaluru,

Karnataka, and has been reported to be a selection from

Isabella. However, its allele profile did not match with

that of the accession maintained as Isabella in the

germplasm. Instead, its profile matched with other two

accessions maintained as Azabella and Pierce. Pierce is

a known synonym of Isabella Royal, a mutant of Isabella

(Vitis International Variety Catalogue), whereas the origin

of Azabella is unknown. These results suggested that

Azabella might be a misnomer for Isabella and the true

identity of the accession maintained as Isabella needs to

be established. The variety Cheema Sahebi has been

reported to be derived from Pandhari Sahebi (Patil and

Rane, 1974). However, data indicated that it is a selection

of Spin Sahebi, a partial male sterile variety, as the allele

profile of Cheema Sahebi was an exact match of Spin

Sahebi. Two cases of homonymous accessions were

detected. The accessions Gulabi1 and 2 showed a differ-

ent allelic profile at several loci. Similarly, two accessions

maintained as Cardinal differed in their allele profile.

Microsatellite marker information

The 25 microsatellite loci were consistent with good PCR

efficiency and peak structure. Thus, the selected markers

were useful for generating data for characterization and

the creation of a database. These microsatellite markers

detected 411 alleles in the 254 unique genotypes with

an average of 16.5 alleles per marker (Table 1). The

number of alleles detected for each marker varied

between 7 (VVIV16) and 25 (VVIN33). The polymorphic

information content ranged between 0.490 (VVIV16) and

0.876 (VrZAG79) with an average of 0.751. The marker

heterozygosity varied between 0.110 (VVIV33) and

0.806 (VVIV15B) with an average of 0.624. The average

allele diversity was 0.776 ranging from 0.564 (VVIV16)

to 0.886 (VrZAG79). All the loci were in Hardy–Weinberg

equilibrium, thus confirming their suitability for identity

analysis. Rare alleles (alleles with a count of #5) were

observed for all the microsatellite markers. A total of

174 rare alleles were detected, which was 42% of the

total number of alleles. The number of rare alleles

detected by each marker ranged from 1 (VrZAG62,

VVIP31 and VVIV16) to 16 (VVIB23). Unique alleles

were detected in 56 accessions.

Population structure

The STRUCTURE analysis was performed to infer

the number of gene pools in the germplasm. In the

K versus Ln P(D) graph (Fig. S1(A), available online), a

break in the slope was observed at K ¼ 4 and K ¼ 8

and a plateau was reached at K ¼ 11, giving an incon-

clusive result on the exact number of subpopulations.

However, when subjected to DK analysis, a sharp peak

was obtained at K ¼ 4 (Fig. S1(B), available online), indi-

cating four major clusters. The mean Fst value for a cluster

ranged from 0.083 (cluster 2) to 0.617 (cluster 3) with

an average of 0.262 over all the clusters (Table S3,

available online). The average intra-cluster distance

ranged between 0.428 (cluster 3) and 0.846 (cluster 2).

The data presented in Table 2 indicated that allele fre-

quency divergence among the clusters varied between

0.061 (clusters 1 and 4) and 0.258 (clusters 1 and 3).

The STRUCTURE analysis also revealed admixtures in

the populations (Fig. S2, available online). Only 79%

(201/254) of the accessions were of pure ancestry (mem-

bership probability $80%), whereas the remaining 53

accessions (21%) had ancestry from two or more

groups (membership probability $10% from each

group). Among the clusters, cluster 4 had a maximum

number of accessions with mixed ancestry and cluster 3

had most accessions with pure ancestry. The distribution

of the accessions among the four clusters is given in

Table S1 (available online). The accessions in each cluster

were further subjected to STRUCTURE analysis to

estimate subgroups for each cluster. The estimated

number of subgroups for clusters 1, 2, 3 and 4 was 5,

2, 1 and 4, respectively. However, the structure was

weak because the DK value was low and ranged from

3.7 to 9.0. Cluster analysis using the neighbour-joining

Table 2. Inter-cluster allelic frequency
divergence among the clusters

2 3 4

1 0.143 0.258 0.061
2 – 0.250 0.082
3 – 0.199
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method and principal coordinate analysis were also

conducted to complement these results. In the cluster

analysis using the neighbour-joining method, several

groups/subgroups were obtained, although it was

difficult to decipher the exact level of grouping (Fig. S3,

available online). In the principal component analysis,

the first three axes accounted for only 24% of the

total variation.

Identification of core collection

PowerCore version 1.0, which uses the advanced ‘M’ strat-

egy with a modified heuristic algorithm, was adopted to

analyse the microsatellite data for the identification of a

core subset in the germplasm. The analysis identified a

core subset of 80 accessions (Table S1, available online),

which constituted 31.5% of the total accession. These

core accessions included some commercially grown

varieties, rootstocks and interspecies hybrids in addition

to other genotypes. The microsatellite data of the 80 acces-

sions were reanalysed to assess the extent of genetic diver-

sity captured by the core subset. This analysis indicated that

100% genetic diversity of the 254 accessions was rep-

resented by the core subset (Table 1). Among the core

accessions, the primer heterozygosity varied between

0.159 (VVIV33) and 0.823 (VVMD27) with an average of

0.630, whereas allelic diversity was 0.827 across all loci

and varied between 0.623 (VVIV16) and 0.908 (VVIN33).

The 80 core accessions were distributed in all the groups

and subgroups of the unrooted neighbour -joining tree

(Fig. S3, available online), thus confirming the represen-

tation of the entire genetic diversity.

Information system for storing and management of
molecular data and creation of a database for
microsatellite data

The information system was developed to meet the

following requirements: (1) to store data generated

from different molecular marker techniques such as

microsatellite and amplified fragment length poly-

morphism (AFLP); (2) to allow the import of allelic

microsatellite data as well as binary data generated by

AFLP markers; (3) to maintain masters for data on var-

ieties and markers with details; (4) to support basic

functions such as data entry, editing, viewing, search

and data retrieval; (5) to generate ready-to-print reports

based on different criteria; (6) to export data from

different file formats; (6) to facilitate identification of a

variety and calculate similarity percentage with other

varieties in the database for a set of selected marker

data; (7) to build a multi-user system with security

and access control; (8) to develop front-end software

using dot net technology that runs on a Windows

platform. This software is available on request.

The database consists of different tables. The details

of genotypes including their location in the germplasm

are stored in the table ‘Variety’. The information on the

marker class and the marker name is stored in the table

‘Technique’ and ‘Primer’, respectively. The table ‘Primer’

also contains the details of the PCR and amplification

condition. The table ‘Band’ stores marker data such as

allele size, whereas the table ‘Login’ is used to store

different user IDs and allows the generation of password

for access control. The logical model of the database is

given in Fig. 1. The graphical user interface of the

application menu is given in Fig. S4 (available online).

The application main menu screen allows the user to

access/navigate among the different functionalities pro-

vided by the program grouped under four menus,

namely Data management, Operations, Reports and

Help, each with a different submenu. The submenu

‘Variety data’ allows the user to add a new variety name

and to edit or delete the variety already stored in the

database. The molecular data for a variety cannot be

added to the database if the variety name is not present

in the database. A list of varieties already present in the

database is provided on the screen and allows the selec-

tion of the variety name for modification and deletion.

The submenu ‘Primer data’ allows to add a new marker

name along with its details and to edit the information.

The molecular data for a marker can be added only if

the marker name is entered into the database. A detailed

list of the marker data already present in the database is

also provided. An important feature of the system is the

comparison of imported data with the data of reference

varieties. The standard data for the selected reference

varieties for all the markers is first entered. A few of

the reference varieties are always included in each

set analysed on the automated system to check for

run-to-run variation in allele size. Each Excel file to be

imported into the database has the data for reference var-

ieties in the first few rows. The system compares the data

for reference varieties in the Excel file with that stored in

the database. If some variation is detected, it adjusts

the allele size of other varieties before importing and

storing into the database. Under the ‘Operation’ menu,

the submenu ‘Identify variety’ allows the user to compare

the allelic data of an unknown material with the data of

other varieties in the database, which generates a list of

varieties with a matching profile. Similarly, the submenus

‘Search’ and ‘Similarity percentage’, respectively, allow

the user to search the database for different criteria

and to calculate the similarity between two genotypes.

Different submenus under the menu ‘Reports’ are used

to generate reports for variety, markers and allelic data
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using different criteria. The menu ‘Help’ describes in

detail the functioning of each user interface, thus assisting

the user in working with the program. The creation of a

new user ID and password management for a secure

access to the data is done using SQL Server Management

Studio 2008. The database is supported by SQL server

2008 and run on any PENTIUM computer with Windows

XP/2000/Win7.

Discussion

Establishing the identity of accessions in the
germplasm

As expected, several cases of misnomers, duplications

and synonymy were detected in this study. This is due

to the fact that collection comprises genotypes obtained

from multiple sources that were maintained by several

research workers. Mis-naming and mis-labelling due to

change of hand and during transport might have resulted

in some of the confusion. Local names given to the

varieties also result in redundancy. Cipriani et al.

(2010) allowed a mismatch at two loci for terming two

genotypes as synonymous. With these criteria, the occur-

rence of many synonymies was found in this study.

While some were known synonyms, several synonymies

were due to the presence of clonal selections and/or

somatic variants. Microsatellite markers often fail to dis-

tinguish somatic variants and clones and thus can be

used to confirm their genetic identity. Genetic identity

of clonal selections from Kishmish Chernyi was con-

firmed recently by Upadhyay et al. (2011). In this

study, genetic identity of Kishmish Rozavis White, a

somatic variant of Kishmish Rozavis, identified at the

National Research Centre for Grapes was confirmed.

Though clonal selections showed an identical allele pro-

file for the studied loci, they differ in bunch characters

that are commercially important for table grapes. The

clones of Kishmish Chernyi differ significantly in their

bunch characters (Upadhyay et al., 2011). The somatic

variant of Kishmish Rozavis differs in berry colour,

whereas the clones of Centennial Seedless differ in char-

acters such as self-thinned bunches, naturally bold ber-

ries and early ripeness. Transposable elements have

been found to be the major cause for such somatic poly-

morphism (Carrier et al., 2012). Several researchers have

reported the inability of microsatellite markers to differ-

entiate clones, as well as limited success of microsatellite

markers to detect variations among clones (Regner et al.,

2000; Vignani et al., 2002; Moncada et al., 2006; Moncada

and Hinrichsen, 2007; Upadhyay et al., 2010b). By and

large, the detection of clonal variation remains unpredict-

able and the development of a robust marker system for

unique identification of clones remains a challenge for

researchers.

Start User login
Application main
screen with menu

Data management
submenu items

Operations
submenu items

Reports
submenu items

Help Exit

Submenu item Submenu
item

Submenu
item

Functionality Functionality
Variety data

Marker class
data

Primer data

Import
reference
variety data

Register
reference
variety

Import allele
data

Edit allele data

Functionality

Add/edit variety data

Add/edit primer data

Importing of
standardized allele
data for reference 
variety from Excel file
in the selected format

Add/edit marker
class data

Allows a variety to be
set as reference/
nonreference variety
in the database

Importing of data from
Excel file

Modification of band
data

Identify
variety

Variety list
Gives a list of variety
name data

Gives a list of primer
name data

Generates a report on
PCR conditions for a
primer

Generates report on
allele data either variety-
wise or primer-wise

Generates report on
varieties having identical
allele data for selected
set of primers

Search/
parentage
analysis

Identification of
unknown/ duplicate
accessions

Searching of the
database for desired
information and also
allows parentage
analysis

Calculates per cent
similarity of a selected
variety with other
varieties in the
database

Similarity
parentage

Primer list

PCR
conditions

Allele data

Varieties
having
identical
allele data

Fig. 1. Logical model of the database.
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Detection of rare and unique alleles

A large number of rare alleles accounting for 42% of the

total alleles were detected, several of them being unique

for a genotype. A closer look at the data indicated that

the majority of unique alleles were detected in rootstocks

and genotypes belonging to different species, although

some unique alleles for wine and table varieties were

also detected. Previous studies have also reported the

presence of distinct alleles in rootstocks (Sefc et al.,

1998; Crespan et al., 2009). Sefc et al. (1998) reported

that one-third of the alleles detected by ten loci occurred

only in rootstock species, one-third in V. vinifera and

only one-third were shared by two groups. Due to

their interspecific nature, rootstocks have higher allelic

diversity, which could also be one of the reasons for the

detection of a relatively high number of alleles (16.4

alleles/primer). A high number of alleles (26 alleles/

primer) have also been reported by Laucou et al. (2011)

when analysing 4370 accessions including rootstocks and

interspecies hybrids. In contrast, Cipriani et al. (2010)

detected 274 alleles from 34 primers (eight alleles/

primer) in 1004 accessions belonging to only V. vinifera.

Lin and Walker (1998) reported the detection of 17.6

alleles/primer while analysing only 56 rootstocks with

six primers. Another reason for higher polymorphism

detected could be the fact that these primers were selected

based on earlier reports on their high polymorphic nature.

Population structure analysis

The results from three different analyses to decipher

the genetic relationship among the accessions indicate het-

erogeneity in the collection. The Bayesian method of anal-

ysis, which is found to be the most informative and useful

method for inferring structure in the population, identified

four clusters. Cluster 1 contained hybrids, their parents and

accessions belonging to V. vinifera. All the rootstocks and

interspecies hybrids grouped together in cluster 2. Within

cluster 2, two subgroups were identified: one containing

all the rootstocks and the other containing interspecies

hybrids. Cluster 3 had a majority of the accessions belong-

ing to V. labrusca species. Cluster 4 had the maximum

number of accessions (108) belonging to V. vinifera,

both wine and table type. Among the V. vinifera geno-

types, the majority of the table and wine varieties formed

a separate subcluster within clusters 2 and 4. Chenin

Blanc and Sauvignon Blanc, identified as a sibling in a

recent study (Myles et al., 2011), were in the same cluster.

Other wine varieties that share Traminer as the parent were

in the same cluster. However genotypes collected from

different regions and having different uses were distributed

in different clusters. Cipriani et al. (2010) could not divide

745 grape cultivars into subpopulations when K values

1–10 were used. We could divide 254 unique genotypes

into clusters using the ad hoc procedure of K value esti-

mation developed by Evanno et al. (2005). This method

was successfully used for estimating population structure

in several heterogeneous and perennial plant species

(Raina et al., 2012; Du et al., 2012). The Bayesian method

of grouping also allowed the detection of admixtures and

genotypes with pure ancestry. Since grouping is based on

log-likelihood probabilities, this method is considered

unbiased as against distance-based clustering (Lopez-

Gartner et al., 2009; Raina et al., 2012). Data on allele

frequency divergence will help in deciding parents for

breeding, whereas information on population structure

will be useful for selecting genotypes for association

mapping studies.

Core collection

Core collection is a representative sample of the whole

collection with minimum repetitiveness of genetic diver-

sity of a crop and its relatives (Frankel, 1984; Frankel

and Brown, 1984). Identification of a core collection is

recommended for better management and easier access

to the germplasm and its effective utilization. Core size

should be at least 10% of the whole collection (Brown,

1989). Analysis of the microsatellite data of 254 unique

genotypes identified 80 genotypes as core collection,

which constituted 31% of the total genotypes. Several

strategies have been used to identify core collections in

the germplasm of different crop plants using molecular

markers. While the H strategy proposed by Schoen and

Brown (1993) samples accessions from groups based

on their within-group genetic diversity to maximize the

alleles in core collection, the M (maximization) strategy

examines all the possible core collections and selects

those that maximize the number of observed alleles at

the marker loci (Schoen and Brown, 1993). The software

PowerCore uses the modified M strategy to choose a

core collection, and has been efficiently used in the

identification of core collection in tea (Raina et al.,

2012), soybean (Cho et al., 2008) and mungbean (Moe

et al., 2012). For grape, Le Cunff et al. (2008) and Cipriani

et al. (2010) reported a representation of about 240

alleles in 48 and 30 genotypes, respectively. These two

studies have analysed genotypes belonging to V. vinifera

only. In our analysis, core germplasm collection consti-

tuted 31% of the total genotypes and captured all the

alleles generated by 25 loci including rare alleles and

unique alleles detected in rootstocks and other species

of Vitis. Thus, the entire genetic diversity of the germ-

plasm was represented by the core collection. Genetic

diversity data of different markers for the core collection
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and the total collection were comparable. Since these

80 genotypes provide a preliminary estimate of diversity

in the germplasm, they can be used for assessing the

polymorphism of new markers.

Molecular database for grape germplasm in India

Enormous data generated by molecular marker analysis

require considerable efforts for proper data handling.

An effective data storage and management system

ensures minimum handling errors, avoids duplication of

data and allows optimum utilization for varied purposes.

The database structure is designed to accept data from

different types of marker systems. Presently, the database

contains microsatellite data of 254 unique genotypes. The

stored information can be accessed easily and updated by

importing the data from the Excel format. The data can

be retrieved in different formats for specific requirements.

Thus, the database will assist in ascertaining the true-

to-typeness of planting material, avoid duplicates in the

collection and enhance the utility of the data by better

data storage, management and information retrieval.

Germplasm characterization is important for its conser-

vation and efficient utilization. Assessment of genetic

diversity is required for the selection of suitable parents

for breeding programmes. Germplasm for a vegetatively

propagated perennial crop such as grape is maintained

as an active field collection, which requires immense

labour, space and cost. Thus, it is prudent to minimize

redundancy in collection by accurate characterization

and identification of all the accessions. In this study, we

could analyse the majority of grape germplasm main-

tained at the National Research Centre for Grapes in

India. Several cases of misnomers, duplicates, synonymy

and homonymy were detected. The analysis of popu-

lation structure and the identification of core collection

will be useful for devising breeding strategies. A molecu-

lar database will be useful not only for efficient storage

and retrieval of data, but also for varietal identification

and further germplasm enhancement and management.

Supplementary material

To view supplementary material for this article, please

visit http://dx.doi.org/10.1017/S1479262113000117
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