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Summary

Sixty-two grapevine (Vitis spp.) accessions from Iran
and the USA were characterized at 9 highly polymorphic
microsatellite loci using fluorescent primers and a capil-
lary electrophoresis fragment sizing system. The number
of alleles observed per locus ranged from 4 to 16 and het-
erozygosity values ranged from 0.47 to 0.86. Genetic simi-
larity was estimated for each pair of accessions as the pro-
portion of shared alleles. A phenogram constructed from
genetic dissimilarity values revealed three clusters, one
each for table grapes, wine grapes and rootstocks. The
phenogram also revealed three clonal sets (Askari, Bidane
and Yaghoti) as well as some synonyms and homonyms
among Iranian table grape cultivars.

Key words: Vitis vinifera, grape, simple sequence repeat,
SSR, microsatellite.

Introduction

Grapevine (Vitis vinifera L.) is one of the oldest and
most important perennial crops in the world. ALLEWELDT et al.
(1990) estimated that there are about 14,000 cultivars, with
numerous synonyms and occasional use of the same or simi-
lar names for different cultivars. The main center of diversity
of V. vinifera is believed to stretch from Afghanistan to the
south of the Caspian Sea, through the south Caucasus to
the south coast of the Black Sea. Historical evidence shows
winemaking by Neolithic Iranians dating to around 5400 B.C.
(McGovERN et al. 1996). Important Iranian grapevine cultivars
are described by TarazzoL1 et al. (1993).

Trueness-to-type is necessary when planting vineyards,
making wine, managing germplasm collections, choosing
parents for controlled crosses, and legally protecting new
cultivars (THoMas et al. 1994). The large number of grape-
vine cultivars and clones makes correct identification and
characterization challenging. Traditional ampelography,
which uses morphological characters to identify cultivars,
is not sufficiently reliable due to environmental influences
(LamBoy et al. 1998, SEFc et al. 1998, 1999).

Molecular markers based on the polymerase chain reac-
tion (PCR) are being used by several labs for efficient grape-
vine characterization. In recent years, microsatellites, also
known as simple sequence repeats (SSRs), have been the
preferred type of marker for several reasons. Microsatellites

are tandemly arranged short motifs 1-6 base pairs in length,
and fragment length polymorphisms are revealed by locus-
specific PCR amplification. Microsatellite loci are abundant,
uniformly distributed in the genome, exhibit co-dominant
Mendelian inheritance and show high allelic diversity. Their
reproducibility allows exchange of data among labs around
the world (Bowers et al. 1996, SErc et al. 1999, ScoTT et al.
2000, DANGL et al. 2001, RosseTTo ef al. 2002). SSR markers
have been developed and used for the genotyping of grape-
vine cultivars and clones in several labs (THomAs and ScoTT
1993, BottA et al. 1995, Bowkrs et al. 1996, 1999, Serc et al.
1997,1998, 1999, 2001, GRANDO and FRISINGHELLI 1998, LaMBOY
etal. 1998, CrResPaN et al. 1999, LopEs et al. 1999, ScotT et al.
2000, REGNER et al. 2000, CRESPAN AND MILANI 2001, DANGL
et al. 2001, Lerort et al. 2001, FrRaNks et al. 2002, VIGNANI
et al.2002).

In this study, we used 9 microsatellite markers to char-
acterize grapevine germplasm in collections at the Univer-
sity of Tehran (Karaj and Varamin, Iran) and Oregon State
University (OSU, Corvallis, OR, USA). The Iranian cultivars
included the 5 most important groups of seedless grapes
(Askari, Bidane Qermez, Bidane Sefid, Keshmeshi and
Yaghoti), a few partially seeded, and a few seeded grapes.
Cultivars in the OSU collection included well-known table
and wine grape cultivars as well as a few rootstock cultivars.

Material and Methods

Plant material: Leafsamples were taken from vines
growing in the collection of the research farm of the Horti-
culture Department, University of Tehran, in Karaj and
Varamin, Iran. Leaves were collected from 38 of the most
famous seedless and seeded table grapes that had been
previously assembled from different parts of Iran. Leaves of
24 cultivars were collected from the collection at Oregon
State University in Corvallis (Tab. 1), including V. vinifera
and interspecific hybrids, and rootstocks representing
V. riparia Scheele, V. rupestris Michx., and V. champinii P1.
Muscat Hamburg and Flame Seedless were sampled from
both collections. All leaves were held at —80 °C until DNA
extraction.

DNA extraction and purification: Large-
scale DNA extraction was performed according to VrRou Bi
et al. (1996). The resulting DNA was purified further using
the method of LABRA ef al. (2001), quantified fluorometrically,
and diluted with TE buffer to 2 ng-pl"! for PCR amplification.
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Table 1
Grapevine cultivars characterized using microsatellite markers

Name Collection ~ Use? Seeds Name Collection  Use Seeds
Askari Iran T No Keshmeshi Qermez Quchan Iran T No
Askari Kashmar Iran T No Keshmeshi Sefid Quchan Iran T No
Askari Qazvin Iran T No Keshmeshi Varamin Iran T No
Askari Sefid Iran T No Khoshnav Iran T Yes
Askari Seyah Shiraz Iran T No Merlot OSU W Yes
Askari Shiraz Iran T No Miiller Thurgau OSuU W Yes
Askari Sirk Shiraz Iran T No Muscat Hamburg Iran TW  Yes
Askari Varamin Iran T No Muscat Hamburg OSU T,W  Yes
Atabaki Iran T Yes Nebbiolo OSuU W Yes
Beauty Seedless osub T Partial Paykani Shiraz Iran T No
Bidane Khoram Iran T No Perlette Iran T No
Bidane Qermez Iran T No Pinot Noir OSU w Yes
Bidane Qermez Qazvin  Iran T No Riparia Gloire OSU R Yes
Bidane Qurvah Iran T No Rupestris St George OSU R Yes
Bidane Sefid Iran T No Salt Creek (ON0) R Yes
Bidane Sefid Qazvin Iran T No Semillon OSU w Yes
Cabernet Franc OSU \W Yes Seyave Iran T Yes
Cabernet Sauvignon OosuU w Yes Shahroudi Iran T Yes
Canadice OSuU T No Shiraz OSuU \W% Yes
Chardonnay OSU W Yes Sorkhak Nishabor Iran T No
Cv.12-1 Iran T No Tafti Sefid Iran T Yes
Dog Ridge OSuU R Yes White Riesling OSuU W No
Dolcetto OSU W Yes Yaghoti Iran T No
Fakhri Seyah Iran T Partial Yaghoti Markaz Iran T No
Flame Seedless Iran T No Yaghoti Qasr Iran T No
Flame Seedless OsuU T No Yaghoti Qazvin Iran T No
Gamay Noir OSuU W Yes Yaghoti Sefid Shiraz Iran T No
Gewlirztraminer OSuU W Yes Yaghoti Sefid Zabol Iran T No
Glenora OSU T Yes Yaghoti Seyah Shiraz Iran T No
Interlaken OosuU T No Yaghoti Shiraz Iran T No
Keshmeshi Iran T No Zinfandel OsuU W Yes

2 Table grape (T), Wine grape (W) or Rootstock (R).
® Oregon State University (USA).

Amplification and allele sizing: Ninehighly
polymorphic loci were chosen for this study. Primers labeled
with different fluorescent agents (FAM, HEX or NED)
(Qiagen-Operon, Alameda, Calif. and PE Applied Biosystems,
Foster City, Calif., USA) were used with a capillary electro-
phoresis fragment sizing system. The solution for PCR am-
plification (10 pl) contained 3 ng DNA, 0.04 U Biolase DNA
polymerase (Bioline, Randolph, Mass., USA), 1x buffer,
0.4 mM MgCl,, 250 UM of each ANTP and 6 pmol of each
primer. The PCR program was 4 min at 95 °C, followed by
35 cycles 0f 92 °C for 40 s, 55-62 °C for 40 s, and 72 °C for
40 s, followed by 30 min at 72 °C in a Perkin-Elmer model
9700 thermocycler (PE Applied Biosystems, Foster City, Calif.,
USA). One pl of PCR product was diluted in 39 pl nanopure
water as a stock and kept at -20 °C. The remainder was sepa-
rated by electrophoresis in 2 % agarose gels in 1x TBE buffer,
stained with ethidium bromide and visualized under UV-light,
and then photographed using an imaging system (UVP Gel

Documentation System, Upland, Calif., USA) to confirm am-
plification. DNA fragments were analyzed on an ABI Prism
3100 Genetic Analyzer using 3100 Data Collection (1.0.1) and
GeneScan (3.7) software, through a GA 3100 POP-4 (pre-
formulated polymer matrix). One pll of PCR sample (diluted
200-600 times) was mixed with 11 pll of deionized formamide
and 0.2 pl of red fluorescent size standard DNA (GeneScan
500 ROX), denatured for 3 min at 96 °C, and quenched in an
ice bath for 5 min before injection. The size standard for
detecting peaks was 500 bp, with a time setting of 44 min for
data collection. Fragment size was established using the
Local Southern Method.

Data analysis: Heterozygosity, allele number and
frequency, and taxon-specific allele numbers were estimated
for each microsatellite marker locus using the web-based
MicroSat program of MincH (1997) (http://lotka.stanford.edu/
microsat.html). Pairwise genetic similarities were estimated
using the ,,proportion of shared alleles” estimator (Ps) of
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Bowcock et al. (1994), and genetic distance (D) between
pairs of accessions was calculated as (1-Ps). UPGMA clus-
ter analysis was used to construct and draw a tree from the
Dps matrix using MEGA2 (Kumar et al. 2001) software
(http:/www.megasoftware.net/).

Results and Discussion

DNA of all cultivars, clones and rootstocks was suc-
cessfully amplified at all 9 loci, and fragment lengths were
determined (Tab. 2). Twenty-six taxon-specific alleles were
found. The number of alleles detected ranged from 4 (for
locus scul4vv) to 16 (for locus VVS2) with an average of
11.4 (Tab. 3 and Fig. 1). The heterozygosity values ranged
from 0.47 (for scul4vv) to 0.86 (for VVS2) with an average of
0.76 for the 9 loci (Tab. 3). Since the cultivars used in this
study are not a natural population, nor are they derived from
one, pairwise genetic distances were estimated based on
the “proportion of shared alleles”, a measure that is suited
to use with highly variable loci and unnatural populations
(DaNGL et al. 2001). Among the studied cultivars, dissimilar-
ity based on proportion of shared alleles ranged from zero to
one.

As expected, the Muscat Hamburg collected in Tehran
and OSU showed identical profiles, as did Flame Seedless in
the two collections. Khoshnav and Seyave, which are im-
portant for non-irrigated plantings in western Iran, also
showed identical profiles. Atabaki, which appears as a
unique cultivar in the phenogram, is partially seeded and
has large round berries but shows a high frequency of shot
berries when pollination conditions are not suitable. The
partially seeded Fakhri Seyah and large-berried, seeded Tafti
Sefid also appear as unique cultivars in the phenogram. The
other cultivars appear as groups of identical individuals and
closely related cultivars in the dendrogram (Fig. 2) and are
discussed below.

Bidane Sefid and Bidane Qermez group:
This group includes 7 accessions that are morphologically
indistinguishable except for berry color. The berries of Bidane
Sefid, Bidane Khoram, Bidane Qurvah, Bidane Sefid Qazvin

and Keshmeshi Sefid Quchan are white, while those of
Bidane Qermez and Bidane Qermez Qazvin are red. The 5
white-fruited cultivars seem to be synonyms, as do the two
red-fruited cultivars. A somatic mutation appears to be re-
sponsible for the difference in berry color. Difference in berry
color is a commonly observed type of somatic mutation
(MuLLER-STOLL 1950, BREIDER 1953). Several other research-
ers have been unable to distinguish among berry color mu-
tants using microsatellite markers. Bowers et al. (1996) could
not distinguish among Pinot noir, Pinot gris and Pinot blanc.
CrespaN and MiLani (2001) identified several Muscat acces-
sions that exhibited variation in berry color but could not be
distinguished using microsatellite markers. In a study of
Portuguese wine grape cultivars, Lopes et al. (1999) were
unable to distinguish the white-berried Verdelho dos Acores
and Verdelho da Madeira from the red-berried Verdelho roxo.
SEFcC et al. (1998) reported 4 additional cultivar pairs that
could not be distinguished using microsatellite markers:
Silvaner rot and Silvaner griin, Portugieser blau and
Portugieser griin, Gutedel rot and Gutedel weiss, and
Rheinriesling and Riesling rot.

Yaghoti group: Yaghotiis very early ripening,
coming to market about one month earlier than other Iranian
cultivars. In this group, Yaghoti Markaz (red berry), Yaghoti
Seyah Shiraz (dark-red berry), Yaghoti Sefid Zabol (white
berry), Yaghoti (red berry), and Yaghoti Qazvin (red berry)
showed identical profiles. Two other cultivars showed simi-
lar profiles but each differed from the 5 listed above at one
locus: Sorkhak Nishabor at sstVIZAG21 and Yaghoti Qasr at
VVS2. Thus these two cultivars are different from Yaghoti
and from each other. However, Yaghoti Shiraz and Yaghoti
Sefid Shiraz, that were thought to be members of the same
group, showed different SSR profiles and were placed far
from the members of this group in the dendrogram.

Askari group: Six cultivars [Askari (oval berry with
sharp tip), Askari Varamin (oval berry), Askari Sefid (round
berry), Askari Qazvin (round berry), Askari Kashmar (oval
berry), and Paykani Shiraz (finger-shaped berries) have iden-
tical DNA profiles. Several of the cultivars from Shiraz, one
of the most important areas for grapevine plantings in Iran,
show unique genotypes. Askari Sirk Shiraz with round ber-

Table 2

SSR loci used for grapevine identification

Locus Label Size No. of Hetero- Annealing Reference

(bp) alleles Zygosity Temp. (°C)
VVS2 NED (yellow) 120-157 16 0.86 55 Tromas and Scott 1993
VVMD5 HEX (green) 221264 13 0.82 56 Bowers et al. 1996
VVMD32 FAM (blue) 233-270 11 0.74 60 Bowers et al. 1999
VVMD36 HEX (green) 236472 15 0.85 62 Bowers et al. 1999
sstVIZAG21  NED (yellow) 189214 11 0.78 60 SEerc et al. 1999
sstVIZAG47  FAM (blue) 151-189 14 0.83 62 Serc et al. 1999
sstVIZAG79  NED (yellow) 235264 13 0.82 58 Serc et al. 1999
sculOvv FAM (blue) 196-213 6 0.675 58 Scort et al. 2000
sculdvv HEX (green) 165-183 4 047 56 Scortt et al. 2000
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Fig. 1: Allele sizes (in base pairs) at nine microsatellite loci in 62 grapevine accessions.

ries is similar to the 6 other cultivars in the Askari group.
However, Askari Shiraz and Askari Seyah Shiraz were not
placed in the Askari group. The profile of unknown cultivar
12-1 was identical to that of Askari Seyah Shiraz. Both have
round, red berries and their different leaf shape distinguishes
them from other members of the Askari group (0.39 dissimi-
larity).

Keshmeshi group: The nature of the 4 Keshmeshi
cultivars, all used for raisins, is very unclear. All were ex-

pected to group closely to the Bidane group, but only
Keshmeshi Sefid Quchan showed an identical profile with
the 6 cultivars in the Bidane group. The other three showed
an average dissimilarity of 0.41, and appeared in different
branches of the tree (Fig. 2). Thus, the Keshmeshi cultivars
appear to be homonyms; names with the same or similar
sound were given to different genotypes. Shahroudi, a very
late-ripening and extremely seeded cultivar with big pinkish
berries, shares one allele at each locus with Keshmeshi (seed-
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Fig. 2. Dendrogram of 62 grapevine accessions. Genetic dissimilarity was calculated as (1- the proportion of shared alleles).

less, mid-season ripening with small white berries). It ap-
pears that these two cultivars have one parent in common or
have a parent-offspring relationship.

Wine grape group: All wine grapes were grouped
loosely in a single sub-cluster except Dolcetto, which was
on the border between the table and wine grapes, and
Zinfandel, which was placed between the wine grapes and
rootstocks. Canadice was an exception in that this hybrid
slip-skin seedless table grape grouped with the wine grapes.

North American seedless table grapes:
Glenora (Ontario Russian Seedless) and Beauty Seedless
(Scolokertek Kiralynoje Black Kishmish) with only 0.44
dissimilarity grouped together. According to DANGL et al.
(2001), Russian Seedless and Black Kishmish are synonyms,

and thus Glenora and Beauty Seedless have one parent in
common. Another hybrid group was Perlette, Interlaken, and
Flame Seedless, which share one allele at each locus. The
first two are seedlings of Sultanina, while Sultanina appears
twice in the pedigree of Flame Seedless. Comparison of al-
lele sizes with those reported for Sultanina at 7 loci indicates
that the shared alleles are derived from Sultanina (SErc et al.
1998, CrEspPaN et al. 2001). No information has been pub-
lished for Sultanina alleles at the sculOvv and scul4vv loci.

Rootstock group: The4 rootstocks Rupestris St.
George, Riparia Gloire, V. champinii Salt Creek and
V. champinii Dog Ridge formed an independent cluster. This
was surprising because these rootstock selections repre-
sent three different North American species.
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Conclusions

SSR marker data with genetic distances calculated from
the proportion of shared alleles and UPGMA clustering
seems to be a very efficient method for characterization of
cultivars of grapevine and other clonally propagated crops.
The 62 accessions used in this study included table grapes,
wine grapes, and rootstocks. As expected, the duplicate ac-
cessions of Muscat Hamburg and Flame Seedless showed
identical profiles. Among the Iranian table grape cultivars,
6 additional groups with identical profiles were seen. The
three largest sets of Iranian cultivars were Askari, Bidane
and Yaghoti. The SSR markers in this study could not differ-
entiate among clones of a cultivar, including variations in
berry color or shape that are likely the result of somatic
mutation (FRANKS et al. 2001). Additional molecular markers
may be able to distinguish among these clones and sports,
as reported by REGNER et al. (2000) for White Riesling clones.
Keshmesh, a name that means raisin, is a very common name
of the grapes used for making raisins in Iran. In this case,
similar names imply identical use but do not necessarily in-
dicate genetic similarity of cultivars. The Keshmeshi grapes
in this study show dissimilarities ranging from 0.39 to 0.50
and are thus homonyms.
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