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ABSTRACT. We used molecular markers associated with seedlessness
in grapes, namely SCC8, SCF27 and VMC7f2, to improve the
efficiency of seedless grapevine breeding via marker assisted selection
(MAS). DNA from 372 F, hybrid progeny from the cross between
seeded “Alphonse Lavallée” and seedless “Sultani” was amplified
by PCR using three markers. After digestion of SCC8 marker
amplification products by restriction enzyme Bg/Il, 40 individuals
showed homozygous SCC8+/SCC8+ alleles at the seed development
inhibitor (SdI) locus. DNA from 80 of the progeny amplified with the
SCF27 marker produced bands; 174 individuals had 198-bp alleles of
the VMC7f2 marker associated with seedlessness. In the second year,
based on MAS, 183 F| hybrids were designated as seedless grapevine
candidates because they were positive for a minimum of one marker.
Twenty individuals were selected as genetic resources for future studies
on seedless grapevine breeding because they carried alleles for the three
markers associated with seedlessness. The VMC7f2 SSR marker was
identified as the marker most associated with seedlessness.
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INTRODUCTION

Seedless grapes, which are consumed fresh or dried, are among the most widely pro-
duced grape cultivars in the world. There are 2 types of seedlessness in grapevines, namely
parthenocarpic seedlessness, in which the ovule develops without fertilization, and stenosper-
mocarpic seedlessness, which is characterized by the abortion of the seeds soon after fertiliza-
tion. The majority of seedless grapes have the latter type of seedlessness.

The conventional breeding method used for production of new seedless grape culti-
vars is based on seeded x seedless hybridizations (Bouquet and Danglot, 1996; Lahogue et al.,
1998; This et al., 2000). However, the use of conventional hybridization methods in grape-
vines has significant disadvantages. Due to the heterozygous genetic structure of grapevine,
the F, hybrids display wide variability, leading to low proportions of the desired individuals
among the progeny. In order to eliminate this disadvantage and to increase the frequency of
seedless individuals in the progeny, seedless x seedless grape hybridization via in vitro embryo
rescue is now employed (Cain et al., 1983; Emershard and Ramming, 1984; Spiegel-Roy et
al., 1985; Tangolar et al., 1999; Mejia and Hinrichsen, 2003). Despite intensive and time-
consuming laboratory studies on in vitro embryo culture techniques, the number of F, hybrids
acquired by this method remains inadequate for breeding studies on seedlessness (This et al.,
2000). Another important disadvantage of hybridization breeding is the delay in the detection
of seedless individuals in F, hybrids until the vines are 4-5 years of age, because of the long-
lasting juvenile sterility period. Hence, the production of new cultivars in woody perennials,
such as grapevines, by conventional hybridization methods is costly, labor-intensive, as well
as time- and space-consuming.

In recent years, based on the advantages associated with molecular markers, the bio-
technological marker assisted selection (MAS) technique has been employed in conventional
breeding studies with markers linked to the seedlessness trait (Lahogue et al., 1998; Adam-
Blondon et al., 2001; Mejia and Hinrichsen, 2003; Fatahi et al., 2004; Cabezas et al., 2006).

Molecular marker techniques have also been used in genetic mapping studies con-
ducted to identify the genetic mechanism of seedlessness. In genetic mapping based on prog-
eny obtained from seedless grape parents, chromosomes and loci linked to seedlessness were
identified. Researchers have identified a major quantitative trait locus (QTL) linked to seed-
lessness on chromosome 18 (Doligez et al., 2002; Fanizza et al., 2005; Cabezas et al., 2006;
Constantini et al., 2008; Mejia et al., 2007).

In this study, DNA from F, hybrids obtained by hybridization of “Alphonse Lavallée”
with “Sultani” was amplified with primers for the molecular markers linked to seedlessness
by PCR. The purpose of the study was to achieve higher frequencies of seedless individuals as
well as early selection by MAS. For this purpose, three markers linked to seedlessness were
used to improve the efficiency of breeding practices for future studies on seedlessness.

MATERIAL AND METHODS
Plant material and DNA extraction

A total of 372 F, hybrids obtained from a cross between “Alphonse Lavallée” and
“Sultani” were used in this study. F, plants were grown in greenhouses of Department of Hor-
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ticulture, Faculty of Agriculture, Ankara University, Ankara. When the hybrids produced just
about 4-5 true leaves, young leaf samples were taken for DNA analyses and stored at -80°C
until DNA isolation.

DNA was isolated from young leaves by using the Wizard Genomic DNA Purification
Kit (Promega, Madison, USA) according to the protocol described by the manufacturer.

Molecular markers

Primers for markers previously identified as linked to seedlessness in grapevines,
namely, the primers for the sequence characterized amplified region (SCAR) markers SCC8
(Lahogue et al., 1998) and SCF27 (Mejia and Hinrichsen, 2003) and simple sequence repeat
(SSR) marker VMC7f2 (Cabezas et al., 2006), were selected for genotypic analyses of seed-
lessness. Genomic DNA from F, hybrids was amplified by PCR using the selected primers.

PCRs for SCAR primers were performed in a total volume of 20 uL containing 0.25
mM of each dNTP, 0.25 pM of each primer, 0.5 U Taq DNA polymerase, 1.5 mM MgCl,
and 20-40 ng template DNA. Temperature profiles were run in Biometra T-1 Thermoblock
(Biometra, Gottingen, Germany) and consisted of an initial denaturation step at 95°C for 3
min, followed by 30 cycles of denaturation at 95°C for 1 min, annealing for 1 min, a synthesis
step at 72°C for 2 min, and final extension at 72°C for 10 min. A touch-down PCR amplifica-
tion was programmed for the SCF27 primer, consisting of 30 cycles of denaturation (3 min
at 94°C), annealing (1 min), and extension (2 min, at 72°C). The annealing temperature was
55°C for the first cycle, was after which it was reduced by 1°C for the next 5 cycles and main-
tained at 51°C for the last 25 cycles. PCR amplifications were performed for the VMC7{2
SSR primers in a reaction volume of 10 pL containing 15-ng template DNA, 0.25 uM of each
primer, 0.25 mM of each dNTP, 0.5 U Taq DNA polymerase, and 1.5 mM MgCl,. Forward
primers were labeled with WellRED fluorescent dyes D2 (black), D3 (green), and D4 (blue)
(Proligo, Paris, France). The PCR conditions were as follows: an initial cycle of 3 min at 94°C,
followed by 35 cycles of 1 min at 94°C, 1 min at 51°C, 2 min at 72°C, and a final extension
at 72°C for 10 min. The PCR products were diluted with a sample-loading solution (SLS) in
certain proportions according to the fluorescent dyes used in labeling, followed by the addition
of Genomelab DNA Standard Kit-400 and electrophoresed in the CEQ 8800XL capillary DNA
analysis system (Beckman Coulter, Fullerton, CA, USA). Allele sizes were determined using
a Beckman CEQ fragment analysis software.

In each PCR run, “Sultani” was included as the reference cultivar because it provides
amplification products with all 3 markers. These analyses were repeated at least twice to en-
sure reproducibility of the results.

Amplification products obtained using SCCS8 primers were first digested with the re-
striction enzyme Bg/lIl, according to the protocol described by Lahogue et al. (1998). Diges-
tion products of SCC8, and amplification products obtained using SCF27 SCAR primers were
resolved by electrophoresis on 2% agarose gels, visualized under UV light, and documented
using a Bio Imaging System (Syngene, Cambridge, UK).

Data analysis

Markers were analyzed for all 372 F, sibling progeny from this cross. Alleles for the
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SCAR marker SCF27 were scored as dominant markers, with a designation of “1” indicating
the presence of an amplification product, and “0”, indicating the absence of an amplification
product. Alleles for the SCAR marker SCC8 were scored as SCC8+/SCC8+, SCC8+/scc§-,
or sce8-/sce8-, according to the method used by Lahogue et al. (1998). The marker VMC7{2
was scored according to the allelic distribution of 198/200, 198/206, 200/200, or 200/206 bp.
Goodness-of-fit between the observed and expected segregation ratios at the marker loci was
tested by chi-square analysis.

RESULTS AND DISCUSSION
Molecular marker analysis

Of 372 F, hybrids amplified using the SCC8 primer, 350 generated products typi-
cal of those obtained using SCAR primers. After the digestion of the amplification products
by Bglll, the allelic distribution occurred as SCC8+/SCC8+ (single band), SCC8+/scc8- (3
bands), and scc8-/scc8- (2 bands), as previously observed by Lahogue et al. (1998). The al-
lelic distribution was identified as 1:2:1, in agreement with the findings of Lahogue et al.
(1998) and was statistically non-significant, as indicated by the chi-square test (y*> = 35.39;
P <0.01; Table 1). Lahogue et al. (1998) determined the allelic distrubition of the paternal
parent (“Sultani”) as +/? and the maternal parent (“Alphonse Lavallée”) as -/- by the SCCS8
marker (Table 2). Therefore, the genotypic distribution of 1:2:1 in our progeny is thought
to be the effect of a null allele. Since F hybrids are young, phenotypic evaluation was not
possible, and therefore, the effect of the null allele could not be tested. Adam-Blodon et al.
(2001) reported that SCC8 mostly amplifies a null allele. For this reason, SCC8 was not use-
ful in all the evaluated progeny.

Table 1. Allelic frequencies of F hybrids detected by amplification with SCC8, SCF27, and VMC7f2 markers,
and results of chi-square analysis.

Marker Genotype Number of F| progeny Chi-square test of allelic frequencies
SCC8 SCC8+/SCC8+ 40 1:2:1 non-significant ()* = 35.39; P < 0.01)
SCC8+/scc8- 199
scc8-/scc8- 111
SCF27 Present (1) 80 1:3 significant (x> = 2.42; P > 0.05)
Absent (0) 292
VMCT7f2 198/200 80 1:1:1:1 non-significant (> = 11.34; P < 0.01)
198/206 94
200/200 60
200/206 100

Table 2. Genotypes of the parents and allelic distributions of the three markers in F, hybrids.

Parent SCC8 SCF27 VMCT712 (bp)

Sultani SCC8+/?° +/? 198/200

Alphonse Lavallée scc8-/scc8-* 0/0P¢ 200/206

Offspring SCC8+/SCC8+; SCC8+/scc8-; sced-/scel- +/- 198/200; 198/206; 200/200; 200/206

3SCCS8 locus obtained by Lahouge et al. (1998) or Adam Blondon et al. (2001). ®*SCF27 locus obtained by Korpas
et al. (2009). <0 represents a null allele.
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Fatahi et al. (2004) reported that the SCC8 marker showed a distribution of 1:1 in
the progenies they studied, and they proposed that this marker be tested in progenies from
different crosses. Mejia and Hinrichsen (2003) hybridized 2 seedless grape varieties (“Ruby
Seedless” x “Sultanina”); of the obtained F, hybrids, only 42% amplified a band. On the
basis of this finding, they stated that the SCC8 marker was inadequate for early selection of
seedless grapes in the lines they studied. Korpas et al. (2009) used SCC8 markers in 3 differ-
ent seedless x seedless crosses [NKL (“Neptuun” x “Kishmish luchistyi”), 31 siblings; NSD
(“Neptuun” x “Sunred seedless”™), 26 siblings; and JKL (“Jupiter” x “Kishmish luchistyi”), 12
siblings]. They found that SCCS alleles segregated 1:1:1:1 in the NKL and NSD progenies,
which was statistically non-significant. While only 28 out of 57 individuals from the NKL
and NSD progenies amplified a band, all 12 of the JKL progeny were identified as SCC8+.
A genetic mapping study by Constantini et al. (2008) revealed that SCCS alleles segregated
in a ratio of 1:1.

On the other hand, the SCC8 marker was useful for MAS in our cross between “Al-
phonse Lavallée” x “Sultani”. In our progeny, 94% of F, hybrids generated amplification
products with the SCC8 marker. Forty individuals showed an allelic distribution of SCC8+/
SCC8+, typical of SdI. These genotypes were designated as seedless cultivar candidates in the
second year of the study by early selection. Homozygous recessives, which included 111 F,
hybrids carrying the scc8-/scc§- alleles, were discarded from the study.

Eighty of the F, hybrids amplified with the SCF27 marker produced bands consistent
with the 2.0-kb size of the marker. Of all of the plants analyzed, 292 (79%) did not show
amplification (Table 1). The distribution of genotypic frequencies for this marker in seeded x
seedless crosses was consistent with the expected ratio of 1:3 (seedless/seeded), which was
statistically significant (x> = 2.42; P> 0.05; Table 1). Mejia and Hinrichsen (2003), who devel-
oped the marker, reported a 3:1 ratio of seedless/seeded in the progeny. They found a correla-
tion of 81% between the seedlessness trait and amplification of a band in hybrid progeny from
the seedless x seedless cross. They suggested that if F| hybrids heterozygous for the marker
could be identified at the in vitro stage, breeding costs could be reduced by 25%, whereby the
marker for MAS is rendered very cost-effective. Nevertheless, the authors added that the use
of the marker for MAS needs to be tested with higher numbers of F, progeny and with other
crosses between seeded x seedless lines. Korpas et al. (2009) have also analyzed the SCF27
marker in 3 different seedless x seedless hybridizations. Most of the individuals in the NKL
(31 siblings) and NSD (26 siblings) progenies afforded PCR products on amplification (47 of
the 57 individuals), and genotypic frequencies fit an expected ratio of 3:1. All 12 of the JKL
progeny afforded the expected PCR product on amplification. The findings of Korpas et al.
(2009) conflict with those of our study. This may be attributable to the use of the progenies
of seedless x seedless crosses in their study. No previous studies have been conducted on the
use of this marker in seeded x seedless crosses. In our progeny derived from a seeded x seed-
less cross, the SCF27 marker was not chosen for MAS because only 21% of a total of 371 F,
hybrids tested yielded the expected PCR product on amplification.

The genotypes and allelic distributions observed in F  hybrids amplified with the
VMC712 marker are presented in Table 1. The male and female parents of the “Alphonse
Lavallée” x “Sultani” cross had genotypes of 200/206 and 198/200 bp, respectively, and the
F, hybrids displayed the genotypes of 198/200, 198/206, 200/200, and 200/206 bp (Table
2). Chi-square tests indicated a Mendelian distribution of 1:1:1:1, which is statistically non-
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significant ()* = 11.34; P < 0.01) (Table 1). Cabezas et al. (2006) identified a strong correla-
tion between the individuals carrying the 198-bp allele and seedlessness and found that this
marker can be effectively used for MAS. Among the progeny investigated in this study, 174
(48%) F | individuals carried the 198-bp allele. These individuals were designated as seedless
candidates, assuming that they will be either seedless or have variable seedlessness. The 160
(52%) individuals that do not carry the 198-bp allele will be discarded from future breeding
studies. Considering these results, VMC7f2 was found to be an appropriate marker for MAS
of seedlessness in this cross.

In earlier genetic mapping studies on seedlessness and berry weight of grapevines,
the VMC7f2 marker was found to be closely linked to the seedlessness-associated major QTL
identified on grape chromosome 18 (Cabezas et al., 2006; Costantini et al., 2008; Mejia et al.,
2007, 2011). For this reason, the VMC7{2 SSR marker was recommended for early screening
of F, hybrids via MAS. Mejia et al. (2011) suggested that this marker and p3 VVAGL11 were
the most useful markers for MAS. They stated that these markers need to be tested for their
robustness in larger genetic backgrounds segregating for seedlessness.

The VMC7f2 marker has shown similar genotypic results in the preliminary results
obtained in another study on seedlessness, which was conducted in progeny from a different
cross grown at the Department of Horticulture, Faculty of Agriculture, Ankara University
(data not shown).

From the PCR analyses, a total of 183 out of 372 offspring generated amplification
products with at least 1 of the 3 markers linked to seedlessness used here. After early MAS,
183 of 372 individuals were designated as seedless cultivar candidates to carry forward for the
second stage of breeding studies. Seventy-one individuals tested positive for at least 2 markers;
these individuals were expected to have a high possibility of seedlessness. Twenty of the 71 indi-
viduals were selected as progenitors to be used in seedless grapevine breeding studies because
they were found to be positive for all markers linked to seedlessness (SCC8+/SCC8+; “1” or
“present” for SCF27, and the 198-bp allele VMC7F2) after MAS (Figure 1).

The ramber of individuals positive for all three
matkers selected as progenitors by LAS

The munber of individuals positive for a mindmam
71 of two matkers

The nomber of individuals positive for a minimam
153 of one matker selected for seedlessness

Mumber of offeprin,
372 B

Figure 1. Pyramid based on marker assisted selection (MAS) of markers linked to Sd/ in F| progeny.
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