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Abstract This paper reports the rapid detection of a genetic marker linked to seedless
genes in segregant populations of grapes using random primers and BSA ( bulked segregant
analysis). Two bulked DNA samples were generated from cross combination of B72-21&C
B45-187. One bulk contains mixed DN A samples of 9 individuals that are identical for the
seedlessness trait in phenotype, and another bulk are those of 9 individuals of the same fami—
ly with the seeded trait, but arbitrary at all unlinked regions. The bulks were first screened
for polymorphism using a set of 100 arbitrary 10-mers primers. Only one polymorphism in
the seedless trait pool distinguished two bulks by primer UBC269. The size of this polymor—
phism is 500 bp. The polymorphism was further featured in some hybrids and the pollen par—
ent B45-187 as well as initial donors of seedless genes, Thompson seedless, and Perlette,
when they were used as the templates for amplified by UBC269. Based on the presence or
absence of this polymorphism, segregation that can be mapped in the population occurs. Our
results suggested that the seedlessness of grapes is controlled by multigenes, including major
and minor genes; The marker, UBC-2695, obtained in the study, was linked to one of the
seedless genes in grapes. and it appears to be related to a major seedless gene-

Key words BSA, genetic marker, grape seedless genes, RAPD, vitis

Seedless grapes make up the majority of the production for table and raisin grapes.
Thompson Seedless (Sym. Sultanina) is an old seedless cultivar known in many coun—
tries around the world. Thompson Seedless and its seedless progeny are now widely
grown throughout the world. In California alone, Thompson Seedless acreage was esti—
mated at 104,000 hm’ in 1991"'. At this time, Sultanina is important for both commer-
cial production and forits seedless trait which has been used for breeding new seedless
grape cultivars.

In the past, breeders produced new seedless cultivars only by making seeded by
seedless crosses with the aid of conventional techniques. By using in ovulo embryo cul-
ture techniques[z’ T, itis now possible to recover plants from seedless by seedless crosses

and obtain a higher proportion of seedless progenies in the F generation than conven—

. 4 . . .
tional seeded by seedless crosses . Even with these advanced breeding techniques ., seed—
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lessness in the hybrid can only be determined after fruit production. A technique capable
of detecting seedlessness in young seedling still in the vegetative state, would greatly
improve the efficiency of the selection process. The use of molecular markers offers a
potentially unambiguous method for such determination.

It has been known that the unique traits or genes of crops can be tagged with genet—
ic markers, such as isozyme and RFLP ( Restiction Fragment Length Polymorphism)
since the 1980s. Genetic analysis of isozyme polymorphism and RFLPs in Vitis have also
been reported in recent years[s'e]. RAPD (Random Amplification Polymorphic DN A) can
greatly facilitate identification and efficient mapping in plant breedi ngI 7% Michelmore et
al (1991) have described the method called bulked segregant analysis ( BSA) that per—
mits an efficient screening for markers located in specific regions of the genome“oj. The
possibles use of polymerase chain reaction procedure to develop genetic markers was re—
cently suggested by Strime et al''.

The objectives of this study was to use random primers and BSA for rapid identifi-
cation and efficient mapping of RAPD marker linked to genes conditioning seedlessness

in grapes.
1 Materials and Methods

1. 1 Plant matetials

The parents ( B72-216 and B45-187) and their 61 hybrids were obtained from the
Horticultural Crop Research Laboratory, USDA, Fresno, California. DN A was ex-
tracted from leaves as described below. The pedigree of these plants is shown in Fig. 1.
Similarly, DN A was also extracted from Thompson Seedless, Perlette, and O rlando
Seedless maintained in the Center for Viticulture Science and Small Farm Development,
Florida A& M University, Tallahassee, Florida, U. S. A.
1.2 DNA extraction

Young leaves (0. 5¢) from each plant were ground to a fine powder with liquid ni—
trogen, thawed and resuspended in a CTAB extracion buffer (1. 4 mol/L Nadl,
20 mmol/L EDTA, 100 mmol /L. Tris—HCI pH 8. 0, and 0. 4% B—mercaptoethanol]. The
homogenate was incubated at 65C for 30 minutes. After the extraction was cooled to
room temperature, 50 mg of PV PP (polyvinylpoly—pyrrolidone) and an equal volume of
chloroform /octanol (24: 1) was added, and then centrifuged at 8000 rpm for 10 min—
utes. The upper (aqueous phase) was transferred to a 15 mL centrifuge tube. DN A was
precipitated by two volumes of cold ethanol (- 20C ) and resuspended in 200+ I TE
buffer ( 10 mmol /L. Tris, pH 8.0, 250 mmol /L. EDT A) .
1. 3 Pooling of two BSA samples and selection of primers

Two bulks were made, with nine hybrids in each. The two BSA samples were

pocled using equal volumes of DN A., Pool 1 contained, the seedlessness trait and pool 2
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the seeded trait (Fig. 2) The two BSA samples were screened using 100 arbitrary

primers, UBC 201~ 300, purchased from University of British Columbia, Vancouver,
BC, Canada.

B72-216*

Sularuna®
Unnumbered
| - .,—,r
Unnumbered "
P

Open Pollmd.d Sultanine®

i

e

Muscat o
Alexandria

Fig. 1 The pedigree of parents and their hybrids

1. 4 PCR conditions

For PCR amplification, the reaction mixture (25 L) contains 500 mmol/L KCI,
100 mmol/L Tris HCl (pH 9. 0at 25C ), 10% Triton X-100, 250# mol of each dN TP,
1 mmol/L magnesium, 0. 15# mol/L of primer, 25 30 ng of genomic DN A, and 1 unit
of Taq DN A polymerase ( Promega Co. Madison, WI, U. S A). After covering with 25
Y L of mineral oil, DN A was amplified with an M J Research thermal cycler (Model PTC-
100) for 40 cycles. Fach cycle consisted of denaturation for 1 minute at 94C | anneal-
ing for 2 minutes at 35C , and elongation for 2 minutes at 72C . The last cycle of elon—
gation was ex tended to 8 minutes at 72C before the amplified products were stored at
4C for use. ,The amplified DN A was then subjected to % agarose gel (1% normal
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molecular grade agarose plus Yo NuSieve GTG agarose, FMC) electrophoresis and vi—
sualized by ethidium bromide staining. In all cases, a 100 bp DN A ladder ( GIBCO BRL)
was used as the size marker.
L 5 Identification of RAPD Markers and Linkage Analysis

DN A samples isolated from parents and hybrids were amplified with the primers se—
lected from the two BSA samples mentioned above. The amplification was repeated at
least twice and only bands reproducible on several runs were considered for analysis.
Some culitivars mentioned above, including the two progenitor parents of the segrega—
tion, were also amplified by the primer selected for analyzing the relationship between

the marker and the pedigree of the segregation.

2 Results

Two pools BSA samples differing for the seedlessness trait were initially used as
templates for amplification with each of 100 arbitrary oligonucleotide primers. The am—
plification patterns of the 100 RAPD primers generated different polymorphic DN A
products (data not shown). Although 5 primers ( UBC234, UBC-239, UBC-266,
UBC-269, and UBC-295) generated different DN A profiles, UBC-269 (5§ -CCA GTT
CGCC-3 ) was the only primer that uniquely distinguished the two pools ( Fig- 2). Pool
1 showed the band of 500 bp, whereas pool 2 did not. Further experiments showed that
primer UBC-269 could generate the specific band of 500 bp with five individuals from
pool 1 (accounted for 55. 6% ), but not at all with those from pool 2 UBC269 also dis—
tinguishes the parents ( Fig- 3), that is, pollen parent B45-187 and the five hybrids of
pool 1 with the seedlessness trait displayed the 500 bp fragment.

Fig. 2 Genetic basis of bulked segregant analysis
Lane =— Marker; Lane 2, 4, 6,--- 28=— pool 2 with seeded trait; Lane 3, 5, 7,--- 29—— Pool 1 with seedless trait;
Lane 24 and 25 show the polymorphism of pool 2 and pool 1 amplified by primer UBC-269, respectively. Lane 25 has
specific band in 500 bp



Hg.3 Schematic showing the polymorphisms of individuals from pool 1, pool 2, and their parents
Lane — Marker; Lane 2— B72-216; Lane 3— B45-187 Lane 4, 5, 12— individuals of pool 2 ( A56-9, A56-
10, AS6-11, AS56-12, AS56-14, AS6-17, AS56-37, AS56-47, and AS56-50); Lane 13, 14, 2F—— individuals of pool 1
( A56-16, A5620, A56-25, A56-27, A56-31, A56-36, A56-38, A56-40, and AS56-45)

To confirm that the specific RAPD products originated from the seedlessness region
and select a molecular marker linked to this region, DN A from all hybrids in the segre—
gant population were used as templates for amplification with primer UBC2269. The
specific band of 500 bp was also found in eighteen offspring ( Table 1). For the purpose
of analysis, we converted our results ( Table 1) into Table 2. As shownin Table 2, in—
dividuals of each grade were different in the population, and grade 0, 4 and 9 had more
individuals than other grades. The 500 bp band was exhibited most frequently for grade
9. The 500 bp band was present more grade 4 than in grade 0. Overall, the frequency of
the 500 bp fragment was greaterin the higher grades. Additionally, we divided the pop—
ulation into three groups according to seed softness, group A( grade 0) with seeded
trait, group B(grade I~ 5) with medium to large soft seed, and group C(grade 6~ 9)
with small soft seed to only the trace of seed ( Table 2). The fact that the presence of
the 500 bp band in group C was also the highestin the population, demonstrated that the
band of 500 bp was linked to a gene or genes affecting seedlessness in grapes.

Our results showed that Thompson Seedless, Perlette, and Orlando Seedless also
displayed the 500 bp band ( Fig. 4). Thompson Seedless had another specific band of 450
bp; but of all the hybrids, only A56-13 showed the 450 bp band like its progenitor,
Thompson Seedless ( Fig. 4).



Table 1 The cosegregating pattern of seedlessnees and the RAPD marker

Parents or Seedless Seedless

hybrids status UBC-26%a Hybrids status UBC-269%a
B72-216 47 - A56-43 3 -
B45-187 7 + A56-44 6 -
A56-8 3 - A56-45 7 -
AS56-9 0 - AS56-47 0 -
A56-10 0 - A56-48 9 -
AS6-11 0 - A56-49 1 -
AS6-12 0 - A56-50 0 -
A56-14 0 - A56-51 0 -
A56-15 8 A56-52 4 +
A56-16 9 A56-53 4 -
A56-17 0 - A56-54 0 -
A56-18 4 - A56-55 2 -
A56-19 6 + A56-57 9 +
A56-20 8 - A56-58 0 -
A56-21 4 + A56-60 0 +
A56-22 4 - A56-61 0 -
A56-23 3 - A56-62 7 -
A56-24 6 + A56-63 3 -
A56-25 9 + A56-64 5 -
A56-26 4 - A56-65 4 -
A56-27 9 - A56-66 9
A56-30 3 + A56-67 9
A56-31 9 - A56-69 3 -
A56-32 4 - A56-70 0 +
A56-33 5 - AS56-71 0 -
A56-34 3 - A56-72 9 -
A56-35 5 - A56-74 8 -
A56-36 9 + A56-75 0 -
A56-37 0 - A56-77 4
A56-38 9 A56-78 3
A56-40 8 AS56-79 8 -
z Seed/aborted seed size rating. 0= seeded, 9= v. small like Thompson Seedless
Table 2 The analysis of cosegregating between seedlessness and
the RAPD marker in the segregation
Seed Grade? 0 1 2 3 4 5 6 7 8 9
No. of grade 17 1 1 8 9 3 3 2 5 11
Presence of 500 bp 2 0 0 2 3 0 2 0 3 6
Absence of 500 bp 15 1 1 6 6 3 1 2 2 5
Accounted for each grade (% ) 11.7 0 0 14.3 364 0 66.7 0 0 54. 6
Accounted for population(% ) 3.3 0 0 1.6 6.6 0 33 0 4.9 11.5
Group A(grade 0) B(grade I~ 5) C(grade 6= 9)
Frequency in each group(% ) 3.3 21.7 55
Frequency in the population(% ) 3.3 83 18.3

z Seed/aborted seed size rating.. O= seeded, 9= v.small like Thompson Seedless
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Fg. 4 Schematic showing the polymorphisms of some hybrids and pollen parents as well
as Thompson Seedless, Perlette, Orlando Seedless, amplified with primer UBC-269
Lane I=— Thompson Seedless; Lane 2= perlette; Lane 3—=— Odando Seedless; Lane 4—— B45-187, Lane 5——
AS56-48 Lane 6—— AS56-2L Lane 7—— A56-29; Lane 8— A56-29 Lane 9—— AS56-62 Lane 16— A56-67, Lane
I— A5%-53; Lane 12=— A56-68 lane 13—— A56-66, Lane 14— A5620; Lane 15— A5651; Lane 16——
A56-14 Lane 17—— A56-13; Lane 18—— A56-8 Lane 19~— A56-23 Lane 26— Marker

3 Discussion

Although efforts to breed seedless grape varieties started over one hundred years
ago[z’” , little is known about its mode of inheritance. Recently, Ledbetter and Burgosm
advanced a hypothesis that three dominant complementary genes appear to be the sim—
plest and most plausible asit explains the @ 23 and 3 13 seedless: seeded observed ratios
that are possible only in a threegene model, according to data from 70 years of grape
breeding records at the Agricultural Research Service in Fresno, California. Loomis and
\Weinbergerl3J reported that seedlessness appears to be recessive in nature, though not a
simple recessive, based upon the evaluation of more than 10, 000 seedlings from differ—
ent cross combinations.

All the previous results were obtained by phenotype rations of segregating in proge—
ny population. Here, we pool two BSA samples based on the softness of seeds to form
pool 1 (graed 7~ 9) and pool 2 (grade 0). Generally speaking, grades 6 or higher were
considered to be used as seedless in commercial production. For example, Sultanina is
9, Perlette is 7, Flame Seedless is 6, and B45-187 is 7.

DN A molecular markers, which are direct products of PCR and unaffected by envi-
ronment, may provide more objective descriptors for cultivar identification. In this
study, presence: absence of the 500 bp band in the segregationis 18: 42. Analysis of the
cosegregating pattern of the seedlessness trait and the RAPD marker ( UBC—26%w) in

the population( Table, 2) ,, suggests that the marker was linked to one of the genes con—
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trolling the seedless trait in grapes, and a group of minor genes also has an effect of the
seedlessness trait- Most hybrids containing the marker are to some extent seedless indi—
cating that a gene or loci of genes affecting seed formation are colsely linked seedless
marker. The variability in extent of seed formation in plant both with and without the
marker suggests that other quantitive genes affect seed development. As for the two hy—
brids (grade 0) with the marker, although they are linked to one of seedless genes, the
function of this gene could have been restrained by controlling seeded trait genes in lack—
ing a group of minor seedless genes, thus showing seeded trait in phenotype. On the
other hand, hybrids in grade 9 with no marker may have various minor genes contribut—
ing to seedlessness in phenotype. Therefore, according to the cosegregating pattern be—
tween the seedless trait and the RAPD marker in the population, we must conclude that
the marker linked to the one of the major genes controlling the seedless trait, and the
major seedless genes and those minor seedless genes are independently inherited in
grapes. This is why obtaining the seedless hybrids are difficult during short breeding
program, and littleis yet known about the mode of seedlessness inheritance in grapes so
far.

Based on the pedigree of hybrids and their parents, the genes controlling seedless—
ness or the seedless trait in B45-187 and its offspring are derived from the initial donor
progenitor, Sultanina and Perlette. We have identified the RAPDs of Thompson Seed-
less and Perlette using primer UBC-269. The RAPD identification showed that they
both had the same specific band of 500 bp (Fig. 4). In fact, Perlette is derived from
Queen of the vineyard X Thompson Seedless ( Sultanina), so Perlette also got seedless
gene from Thompson Seedless. On the other hand, Thompson Seedless had another
specific band of 450 bp ( Fig. 4). In contrast to the two bands of Thompson Seedless.,
eighteen hybrids of the segregant population had the band of 500 bp ( Table 1), and one
hybrid, A56-13(gradeg 9), had the band of 450 bp (Fig. 4). Thus, we concluded that
except for A56-13, the genes controlling seedlessness of the other hybrids and their
pollen parent, B45-187, originated from Thompson Seedless and Perlette, and seedless
genes in A56-13 were mainly derived from Thompson Seedless. As for the 450 bp band,
because it was only displayed by one hybrid, A56-13, future work needs to be done in
other segregating population related to Thompson Seedless to confirm its association
with seedlessness.

In addition, when the seedless grape cultivar O rlando Seedless was used as a tem—
plate for amplification by UBC-269, the same band of 500 bp was obtained ( Fig. 4).
However, further works need to be done among other seedless grape cultivars for gener—
alizing the application of this marker for seedlessness in grapes.

Giovannoni et al'”’ reproted seven to fourteen individual plants were used to gener—

ate, each pool, Pooling larger numbers of individuals increases _the probability that the



5 : RAPD 9

two pools will not differ for alleles other than those within and adjacent to the target in—
terval. However, as the pool size increases, so does the probability that individuals will
occurin the pool with a double crossover. Since the V.vinifera genome has a relatively
high level of heterozyositym, and a segregating K population is used for the linkage
analysis, a relatively large number of individuals in each pool may be necessary. We
used nine individual plants in each pool from the segregating F population, and found
that 4 out of 5 polymorphism were false linkage markers ( Fig. 3). In contrast to the
presence of the marker (U BC-26%w) between pool 1 and grade 6= 9, the frequency ac-
counted for 55. % ( Fig. 3) and 53 ( Table 2), respectively. That is, the result ob—
tained from the BSA sample (pool 1) is clearly related to that from a number of seedless
hybrids in the segregant population. We therefore suggest that 9~ 15 individuals are an
appropriarte number for making a pool of heterozygous grapes which segregate in the F
generation.

Our results suggested that the markert UBC26%w, linked to seedless genes, is re—
lated to the one of major efficient genes of controlling seedless trait- This marker can be
utilized as one anchor for mapping seedless genes in grapes for further research. Because
the seedless trait of grapes is controlled by multiple genes, more markers linked to other
seedless genes need to be detected in future. The results of this study show that RAPDs
and BSA can be used as a rapid method of identification for progeny from segregant pop—
ulations of seeded by seedless grape hybrids.
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