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Abstract

The RAPD data were used to assess genetic similarity
among 7 grape cultivars. Of the 100 random primers test-
ed on genomic DNA, 10 primers could be selected for
genetic analysis, and the selected primers generated a
total of 115 distinct amplification fragments. A similarity
matrix was constructed on the basis of the presence or
absence of bands. The 7 grape cultivars analyzed with
UPGMA were clustered into two groups of A and B. The
similarity coefficient value of cultivars was high. The
mean similarity index for all pairwise comparisons was
0.851, and ranged from 0.714 (‘Rosaki’ and ‘Black
Olympia’) to 0.988 (‘Kyoho’ and ‘Daebong’). After due
consideration of differences in cultural and morphologi-
cal characteristics of these two theoretically identical cul-
tivars, it could be deduced that ‘Daebong’ is a bud sport
of "Kyoho' cultivar.

Introduction

Traditional methods of identifying grape cultivars
have relied on morphological characters whose expression
is affected by developmental and environmental factors.
Since the first published description of randomly ampli-
fied polymorphic DNA (RAPD), this polymerase chain
reaction (PCR)-based technique has been adopted as a con-
venient and powerful means of detecting genetic differ-
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ences among closely related organisms (Welsh and
McClelland, 1990; Williams et al., 1990). The need for prac-
tical and objective means for identifying grape cultivars
has encouraged researchers to investigate DNA-based
techniques (Bott et al.,, 1995; Bourquin et al., 1993; 1995;
Striem et al., 1990, 1996, Thomas et al., 1994; Meredith et
al., 1999; Xu and Bakalinsky, 1996; Xu et al., 1995; Bowers
and Meredith, 1996; Ronning and Schnell, 1995).

‘Kyoho’, a tetraploid cultivar derived from ‘Ishihara
Wase’ (4x)X'Centennial’ (4x), is a very important grape
cultivar, occupying 14.4% of total Korean vineyard areas
(MAF, 1997). Although ‘Daebong’ was assessed slightly
lower in fruit quality and sugar content compared to its
presumed original cultivar ‘Kyoho’ (RDA, 1999a), the cul-
tivar is popular in some growing areas such as Okcheon
occupying 7% in planted area (RDA, 1999b) due to its
much improved berry set.

Under this study, a phenetic analysis of RAPD data
obtained from 7 Vitis cultivars was presented. The objec-
tive of our study was to assess genotype identification, and
the estimation of genetic relationship by RAPD assay in
‘Daebong’ cultivar along with the original ‘Kyoho’ family
cultivars.

Materials and Methods

Plant materials

Seven grapes cultivars (‘Daebong’, 'Kyoho', ‘Campbell
Early’, ‘Rosaki’, ‘Ishihara Wase’, ‘Centennial’, and ‘Black
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Olympia’) were collected from Okcheon Grape Experi-
ment Station located in Okcheon, Chungbuk province.
Genetic composition and the origin of cultivars are shown
in Table 1.

DNA extraction and RAPD conditions

One hundred mg young leaves were ground in a mor-
tar and pestle to a fine powder by using liquid nitrogen.
Genomic DNA was exiracted according to the protocol of
plant genomic DNA miniprep system (VIOGENE, CA,
USA). DNA concentrations were determined spectropho-
tometrically. In a preliminary experiment, the influence of
template DNA and primer concentration was tested with 2
primers (UBC 537 and UBC 546), 5 DNA concentrations
(10, 20, 30, 50, and 100 ng) and 5 primer concentrations (10,
20, 30, 50 and 100 pmol), respectively.

Amplification

Genomic DNA was amplified using 100 different
RAPD primers (The University of British Columbia ) and
the primers which have yielded optimal results are shown
in Table 2. The reaction included 40 mM KCl, 10 mM Tris-
HClI (pH 9.0), 0.1% (v/v) Triton X-100, 1.5 mM MgC, 250
UM each dATP, dCTP, dTTP, dGTP, 1 unit Tag DNA poly-
merase (Bioneer, Cheongweon, Korea), 20 pmol primer,
and 50 ng genomic DNA, in a final volume of 20 L.
Reactions were amplified immediately. Amplifications
were performed in a DNA thermal cycler (Model 480;

Table 1. Genetic composition and origin of seven grape cultivars
used for the RAPDs.

Cultivar Genetic composition Origin
Kyoho Vitis labrusca, V. vinifera Ishihara Wz.ase x
Centennial
Daebong V. labrusca, V. vinifera Bud sport of Kyoho x ?
Campbell Early V. labrusca, V. vinifera Moore Early x (Belvidere
X Muscat Hamburg)
Rosaki V. vinifera
Ishihara Wase V. labrusca, V. vinifera Tetraploid bud sport of
Campbell Early
Centennial V. vinifera Tetraploid buc? sport of
Rosaki
Black Olympia V. labrusca, V. vinifera Kyoho x Kyogei

Perkin Elmer, Norwalk, Conn., USA) preheated to 94C, 5
min, cycling parameters were 45 cycles of 94°C, 1 min; 36
C, 1 min; and 72°C, 2 min. After the last cycle, the samples
were kept at 72°C for 10 min and then cooled to 4°C. PCR
products were separated by electrophoresis on a 1%
agarose gel in 0.5x TAE buffer (0.045 M Tris, 0.001 M
EDTA, acetic acid), and visualized by ethidium bromide
staining.

Analysis

Each individual was amplified at least twice; repro-
ducible, polymorphic bands were scored as 1 (band pre-
sent) or 0 (band absent). Percent band sharing between
pairs of cultivars was calculated as the number of shared
bands divided by the total number of bands. A similarity
matrix was constructed with the Dice similarity coefficient
(Dice, 1945), which represents the proportion of shared
bands and is identical to the similarity coefficient of Nei
and Li (1979). Cluster analysis was performed with
Molecular Analyst Fingerprinting program (ver 1.1).

Results and Discussion

While 100 UBC primers were used initially, 10 primers
gave optimal amplified DNA, generating a total of 115
bands in ‘Kyoho’, ‘Daebong’, ‘Campbell Early’, ‘Rosaki’,
‘Ishihara Wase’, ‘Centennial’, and ‘Black Olympia’”.
Polymorphisms shown among grape cultivars were 89
bands (77.4%). All 10 primers produced at least one vari-

Table 2. RAPD primers used to analyze genetic variation among
‘Kyoho', ‘Daebong’, ‘Campbell Early’, ‘Rosaki’, ‘Ishihara
Wase’, ‘Centennial’, and ‘Black Olympia’. Percent polymor-
phism reflects the number of total bands from each primer
that distinguishes at least one cultivar.

Primer No. of bands No. (?f Percent.
polymorphic bands  polymorphism
526 10 9 90.0
537 15 14 93.3
540 18 13 72.2
546 12 8 66.7
560 7 77.8
584 9 6 66.7
588 6 85.7
594 7 100.0
599 15 10 66.7
600 13 9 69.2
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able locus in all cultivars (Table 2). Optimal template DNA
concentration and primer concentration settled was 50 ng
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Figure 1. Electrophoretic separation of RAPD amplification
products from ‘Kyoho' . A: template DNA concentration (10,
20, 30, 50, 100 ng), B: primer concentration (10, 20, 30, 50, 100
pmole), M: 1kb DNA ladder.
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Figure 2. Electrophoretic separation of RAPD amplification
products, using primer 537, 540 and 546. Lanes 1: Kyoho, 2:
Daebong, 3: Campbell Early, 4: Rosaki, 5: Ishihara Wase, 6:
Centennial, 7: Black Olympia, M: 1Kb DNA ladder.a

and 20 pmole, respectively. However, DNA concentration
was not affected in these results (Figure 1 and Figure 2).
The RAPD reaction is competitive because of the low
annealing temperature and short primer and template
(Heun and Helentjaris, 1993). The competitive aspect of
RAPD analysis may explain in part why minor changes in
almost any aspect of the amplification reaction have been
reported to affect the outcome: DNA quality and quantity
(Williams et al, 1993), choice of DNA polymerase
(Schierwater and Ender, 1993), Mg concentration (Park
and Kohel, 1994; Williams et al., 1993), choice of thermal
cycler (Penner et al., 1993), primer concentration (Williams
et al., 1993), use of ethidium bromide vs. silver for detec-
tion of products (Caetano-Anolles et al., 1992), and pres-
ence of RNA (Yoon and Glawe, 1993). Primers were evalu-
ated for their ability to identify any one cultivar as illus-
trated by the example of primers 537, 540 and 546 shown
in Figure 3. Both ‘Kyoho' (Lane 1) and ‘Daebong’ (Lane 2)
were distinguishable by amplification fragments of primer
537. The 7 cultivars were identified by means of the six
primers that were selected for their ability to generate
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Figure 3. Dendrogram illustrating UPGMA cluster analysis of 7
grape cultivars.

Table 3. Percent bands shared between pairwise combinations of ‘Kyoho’, ‘Daebong’, ‘Campbell Early’, ‘Rosaki’, ‘Ishihara Wase’,

‘Centennial’, and ‘Black Olympia’.

Cultivar Kyoho Daebong Caér; fll;ell Rosaki Is\l;l;:;a Centennial O?ylf:;ia
Kyoho 100.0
Daebong, 98.8 100.0
Cambell Early 85.3 86.7 100.0
Rosaki 80.6 79.2 74.2 100.0
Ishihara Wase 84.0 85.3 91.3 77.3 100.0
Centennial 74.8 74.8 75.6 76.0 74.0 100.0
Black Olympia 73.6 73.6 80.3 71.4 77.3 82.6 100.0
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unique polymorphic amplification fragments. The base
sequences of these primers are listed in Table 2. The mean
similarity index for all pairwise comparisons was 0.851
and ranged from 0.714 (‘Rosaki’ and ‘Black Olympia’) to
0.988 (‘Kyoho’ and ‘Daebong’) (Table 3).

Similar results were obtained with unweighted pair
group method with arithmetic mean (UPGMA). When 7
Vitis hybrids were analyzed with UPGMA (Molecular
Analyst Fingerprinting program (ver. 1.1) Bio-Rad), they
were clustered into two groups of A and B. The clusters
produced by UPGMA are illustrated as a dendrogram in
Figure 1. The branch point at which any two cultivars
diverge indicates their degree of similarity.

It must be emphasized that the dendrogram illustrates
the relative similarity within and between clusters of culti-
vars, but does not imply an evolutionary path by which
the cultivars might have originated.

Very close relationship between ‘Kyoho' and
‘Daebong’ is evident in Figure 1. All were consistently
revealed by all the clustering methods used. Some of these
relationships confirm previously known or suspected
genealogy, though others were not anticipated. The simi-
larity coefficient value of Vitis was shown high (0.714
~0.988). According to the results, it could be deduced that
‘Daebong’ is a bud sport of ‘Kyoho' cultivar.

Acknowledgment

This work was supported by the Korea Science and
Engineering Foundation (KOSEF) through the Research
Center for the Development of Advanced Horticultural
Technology (HortTech) at Chungbuk National University.

References

Bowers JE, Meredith CP (1996) Genetic similarities among
wine grape cultivars revealed by restriction fragment-
length polymorphism (RFLP) analysis. ] Amer Soc Hort
Sci 121: 620-624.

Caetano-Anolles G, Bassam BJ, Gresshoff PM (1992) DNA
amplification fingerprinting with very short primers.
1992. Proc. Symp. Appl. RAPD Tech. Plant Breeding.
Joint Plant Breeding Symp. Ser., 1 Nov. 1992. Minnea-
polis. pp 18-25.

Heun M, Helentjaris T (1993) Inheritance of RAPDs in F,
hybrids of corn. Theor Apl Genet 85: 961-968.

MAF (1997) Fruit tree census. MAF.

Meredith CP, Bowers JE, Riaz S, Handley V, Bandman EB,
Dangl GS (1999) The identity and parentage of the
variety known in California as Petite Sirah. Am ] Enol
Vitic 50: 236-242.

Park Y-H, Kohel RJ (1994) Effect of concentration of MgCr on
random-amplified DNA polymorphism. BioTechniques
16: 652-656.

Penner GA, Bush A, Wise R, Kim W, Domier L, Kasha K,
Laroche A, Stoles G, Molnar SJ, Fedak G (1993) Repro-
ducibility of random amplified polymorphic DNA
(RAPD) analysis among laboratories. RCR Meth Appl 2:
341-345.

RDA (1999a) Handbook of rural extension (Horticulture).
RDA. p 139.

RDA (1999b) Planted area of grapevine by cultivar. Electronic
statistics data. Internet file. RDA.

Ronning CM, Schnell RJ (1995) Using randomly amplified
polymorphic DNA (RAPD) markers to identify Annona
cultivars. J] Amer Soc Hort Sci 120: 726-729.

Rohlf FJ (1993) Numerical taxonomy and multivariate
analysis system (NTSYS-pc. version 1.70). Exeter soft-
ware, Setauket, New York.

Schierwater B, Ender A (1993) Different thermostable DNA
polymerases may amplify different RAPD products.
Nucleic Acid Res 21: 4647-4648.

Striem MJ, Ben-Hayyim G, Spiegel-Roy P (1996) Identifying
molecular genetic markers associated with seedlessness
in grape. ] Amer Soc Hort Sci 121: 758-763.

Welsh ], McClelland M (1990) Fingerprinting genomes using
RCR with arbitrary primers. Nucleic Acid Res 189: 7213-
7218.

Williams JGK, Kubelik ARK, Livak JL, Rafalski JA, Tingey
SV (1990) DNA polymorphisms amplified by random
amplified polymorphic DNA markers, pp 704-740. In: Wu
R (ed.). Methods in enzymology. Vol. 218. Academic
Press, New York. )

Xu H, Bakalinsky AT (1996) 1dentification of grape (Vitis)
rootstocks using sequence characterized amplified region
DNA markers. HortScience 31: 267-268.

Xu H, Wilson DJ (1995) Sequence-specific polymerase chain-
reaction markers derived from randomly amplified
polymorphic DNA markers for fingerprinting grape
(Vitis) rootstocks. ] Amer Soc Hort Sci 120: 714-720.

Yoon C-S, Glawe DA (1993) Pretreatment with RNase to
improve PCR amplification of DNA using 10-mer
primers. BioTechniques 14: 908-910.



