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　　摘　要　报道了用随机引物和混合分离分析 ( BSA )方法检测葡萄无核基因连锁的遗传

标记。DNA混合样来自 B72-216× B45-187的杂交后代。两个混合样分别由 9个表现型为无核

和有核杂种组成 ,除有核与无核性状外 ,其他性状是随机的。用 10碱基随机序列的 100个引物

筛选混合样以期获得多态型 DNA片段。结果在引物 UBC-269扩增后 , 500对碱基的 DN A多

态型片段出现在无核样 ,而有核样不出现该多态型片段。进一步用杂种、父本及其无核基因的

供给者无核白 ( Thompson Seedless)和百乐葡萄 ( Pe rlette)作模板 ,用引物 UBC-269扩增 ,一

些杂种、亲本及无核基因的供给者也拥有 500对碱基的多态型片段。据此分析 ,葡萄的无核性

是由多基因控制的 ,这些基因有主效和微效之分 ;本研究获得的分子标记 UBC-269500与葡萄

无核基因之一有连锁关系 ,而且与主效基因之一有连锁。
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Identif ication of Genetic Marker Linked to

Seedless Genes in Grapes Using RAPD
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　　Abstract　 This paper repo rts the rapid detection o f a g enetic ma rker linked to seedless

g enes in segr egant populations o f g rapes using random primers and BSA ( bulked seg r egant

analysis) . Tw o bulked DNA samples w ere genera ted from cross combina tion o f B72-216×

B45-187. One bulk contains mixed DN A samples of 9 indiv iduals that ar e identical fo r the

seedlessness tr ait in phenotype, and ano ther bulk are those of 9 individuals o f the same fami-

ly with the seeded trait, but a rbit rar y at a ll unlinked regions. The bulks w ere first sc reened

fo r po lymorphism using a set o f 100 arbitra ry 10-me rs primers. Only one po lymo rphism in

the seedless trait po ol distinguished tw o bulks by primer UBC-269. The size of this po lymo r-

phism is 500 bp. The po lymorphism w as fur ther featur ed in some hybrids and the pollen pa r-

ent B45-187 as well as initial dono rs o f seedless genes, Thompson seedless, and Per le tte,

wh en th ey w ere used as the templates fo r amplified by UBC-269. Based on the pr esence o r

absence of this polymo rphism, seg rega tion tha t can be mapped in th e popula tion occurs. Our

r esults suggested that the seedlessness of g rapes is contr olled by m ultig enes, including majo r

and mino r g enes; Th e marker, UBC-269500 obtained in the study , w as linked to one o f the

seedless g enes in g r apes. and it appear s to be r elated to a majo r seedless gene.

Key words　 BSA, gene tic marke r, g rape seedless genes, RAPD, vitis

Seedless g rapes make up the majority o f the production fo r table and raisin g rapes.

Thompson Seedless ( Sym. Sultanina ) is an old seedless cultiva r known in many coun-

tries around the w o rld. Thompson Seedless and its seedless pro geny a re now w idely

g row n throughout the wo rld. In Califo rnia alone, Thompson Seedless acreage w as esti-

ma ted at 104, 000 hm
2
in 1991

[1 ]
. At this time, Sul tanina is impor tant fo r bo th commer-

cial production and fo r i t s seedless trait which has been used fo r breeding new seedless

g rape cultiva rs.

In the past , breeders produced new seedless cultiva rs only by making seeded by

seedless cro sses w ith the aid o f conventional techniques. By using in ovulo embryo cul-

ture techniques
[ 2, 3] , it is now possible to recover plants f rom seedless by seedless cro sses

and obtain a higher propo rtion o f seedless progenies in the F1 genera tion than conven-

tional seeded by seedless crosses
[4 ] . Even wi th these advanced breeding techniques, seed-



lessness in the hybrid can only be determined af ter f rui t production. A technique capable

o f detecting seedlessness in young seedling sti ll in the vegetativ e state, would g rea tly

improve the ef ficiency of the selection process. The use of molecular markers of fers a

potentially unambiguous method for such determination.

It has been known that the unique t rai ts o r genes of crops can be tag ged w ith genet-

ic markers, such as isozyme and RFLP ( Restiction Fragment Length Polymorphism )

since the 1980s. Genetic analysis of i so zyme polymorphism and RFLPs in Vitis have also

been reported in recent years
[5, 6 ]

. RAPD ( Random Amplification Polymo rphic DN A) can

g rea tly faci li ta te identification and efficient mapping in plant breeding
[ 7, 8] . Michelmo re et

al ( 1991) have described the method called bulked seg regant analysis ( BSA) that per-

mits an ef ficient screening fo r markers located in specific regions o f the genome
[10 ]

. The

possibles use of po lymerase chain reaction procedure to develop genetic markers w as re-

cent ly suggested by Strime et al
[ 11] .

The objectiv es of this study w as to use random primers and BSA fo r rapid identifi-

cation and efficient mapping o f RAPD marker linked to g enes condi tioning seedlessness

in g rapes.

1　Materials and Methods

1. 1　 Plant matetials

　　 The pa rents ( B72-216 and B45-187) and their 61 hybrids were obtained from the

Ho rticultural Crop Research Labo rato ry, U SDA, Fresno , Cali fo rnia. DN A was ex-

tracted f rom leaves as described below. The pedigree of these plants is show n in Fig. 1.

Similarly , DN A was also ex t racted f rom Thompson Seedless, Perlet te, and O rlando

Seedless maintained in the Center fo r Viticulture Science and Sma ll Fa rm Development ,

Flo rida A& M University, Tallahassee, Flo rida, U. S. A.

1. 2　 DNA extraction

Young leaves ( 0. 5g ) f rom each plant were g round to a fine powder wi th liquid ni-

trog en, thaw ed and resuspended in a CTAB ex tracion buf fer 〔 1. 4 mol /L NaCl ,

20 mmol /L EDTA, 100 mmol /L Tris-HCl pH 8. 0, and 0. 4% β -mercaptoethanol〕. The

homogenate w as incuba ted at 65℃ for 30 minutes. Af ter the ex t raction w as cooled to

room temperature, 50 mg of PV PP ( polyviny lpo ly-pyrrolidone) and an equal v olume of

chloroform /octano l ( 24 1) w as added, and then centrifug ed at 8000 rpm fo r 10 min-

utes. The upper ( aqueous pha se) w as t ransferred to a 15 mL centri fuge tube. DN A was

precipi tated by two vo lumes of co ld ethano l ( - 20℃ ) and resuspended in 200μL T E

buffer ( 10 mmol /L Tris, pH 8. 0, 250 mmol /L EDT A) .

1. 3　 Pool ing of two BSA samples and selection of primers

Tw o bulks were made, w ith nine hybrids in each. The two BSA samples w ere

pooled using equal v olumes of DN A. Poo l 1 contained the seedlessness t rai t and poo l 2
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the seeded trait ( Fig. 2) The tw o BSA samples were screened using 100 arbi trary

primers, UBC 201～ 300, purchased from Universi ty of Bri tish Co lumbia, Vancouver,

BC, Canada.

Fig. 1　 The pedig ree o f pa rents and their hybrids

1. 4　 PCR conditions

For PCR amplification, the reaction mix ture ( 25μL) contains 500 mmol /L KCl ,

100 mmo l /L Tris HCl ( pH 9. 0 a t 25℃ ) , 10% Tri ton X-100, 250μmol of each dN TP,

1 mmol /L magnesium, 0. 15μmol /L o f primer, 25～ 30 ng of genomic DN A, and 1 uni t

o f Taq DN A polymerase ( Promega Co. Madison, W I, U. S. A) . Af ter covering wi th 25

μL of mineral oil , DN A was ampli fied wi th an M J Research thermal cycler ( Model PTC-

100) fo r 40 cycles. Each cycle consisted o f: denaturation for 1 minute at 94℃ , anneal-

ing fo r 2 minutes a t 35℃ , and elonga tion for 2 minutes at 72℃ . The last cycle of elon-

ga tion w as ex tended to 8 minutes at 72℃ befo re the ampli fied products w ere sto red at

4℃ fo r use. The amplified DN A was then subjected to 2% agarose gel ( 1% normal
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molecular g rade agarose plus 1% NuSieve GTG agarose, FMC) elect rophoresis and vi-

sualized by ethidium bromide staining. In all cases, a 100 bp DN A ladder ( GIBCO BRL)

w as used as the size marker.

1. 5　 Identif ication of RAPDMarkers and Linkage Analysis

DNA samples iso lated f rom pa rents and hybrids were ampli fied wi th the primers se-

lected f rom the two BSA samples mentioned above. The amplification w as repeated at

least tw ice and only bands reproducible on several runs w ere considered fo r analy sis.

Some culi tiv ars mentioned above, including the tw o progenitor pa rents of the seg rega-

tion, w ere also amplified by the primer selected for analyzing the relationship betw een

the ma rker and the pedig ree o f the seg regation.

2　 Results

Tw o pools BSA samples dif fering for the seedlessness t rai t w ere ini tially used as

templates for amplification wi th each of 100 arbi t rary oligonucleotide primers. The am-

pli fica tion pat terns o f the 100 RAPD primers generated di fferent polymorphic DN A

products ( da ta no t show n ) . Although 5 primers ( UBC-234, UBC-239, UBC-266,

UBC-269, and UBC-295) generated di fferent DN A pro files, U BC-269 ( 5’ -CCA G TT

CGCC-3’ ) was the only primer that uniquely distinguished the tw o poo ls ( Fig. 2) . Poo l

1 show ed the band of 500 bp, w hereas poo l 2 did no t. Further experiments show ed that

primer UBC-269 could genera te the specific band o f 500 bp wi th fiv e individuals f rom

pool 1 ( accounted fo r 55. 6% ) , but no t at all wi th those f rom pool 2. UBC-269 also dis-

tinguishes the parents ( Fig . 3) , tha t is, po llen pa rent B45-187 and the five hybrids of

pool 1 wi th the seedlessness t rai t displayed the 500 bp fragment.

Fig. 2　 Genetic basis of bulked seg r egant analysis

Lane 1—— Marker; Lan e 2, 4, 6,… 28—— pool 2 w ith seeded t rai t; Lane 3, 5, 7,… 29—— Pool 1 wi th s eedless t rait;

Lane 24 and 25 show th e polymorphism of pool 2 and pool 1 am plifi ed by primer UBC-269, respectiv ely. Lane 25 has

specifi c band in 500 bp
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Fig . 3　 Schematic show ing the po lymo rphisms o f individuals from pool 1, poo l 2, and th eir par ents

Lane 1—— Marker; Lane 2—— B72-216; Lane 3—— B45-187; Lane 4, 5,… 12—— individuals of pool 2 ( A56-9, A56-

10, A56-11, A56-12, A56-14, A56-17, A56-37, A56-47, and A56-50) ; Lane 13, 14,… 21—— individuals of pool 1

( A56-16, A56-20, A56-25, A56-27, A56-31, A56-36, A56-38, A56-40, and A56-45)

To confi rm tha t the specific RAPD products o riginated f rom the seedlessness region

and select a molecular marker linked to this region, DN A from al l hybrids in the seg re-

gant popula tion were used as templates fo r amplification wi th primer UBC-269. The

specific band o f 500 bp w as also found in eighteen offspring ( Table 1) . Fo r the purpo se

o f analy sis, w e converted our resul ts ( Table 1) into Table 2. As shown in Table 2, in-

dividuals o f each g rade w ere dif ferent in the population, and g rade 0, 4 and 9 had mo re

individuals than other g rades. The 500 bp band w as exhibi ted most f requently fo r g rade

9. The 500 bp band w as present more g rade 4 than in g rade 0. Overall, the f requency of

the 500 bp fragment was g reater in the higher g rades. Addi tionally , w e divided the pop-

ulation into three groups acco rding to seed sof tness, g roup A ( g rade 0) wi th seeded

trait , g roup B(g rade 1～ 5) wi th medium to la rg e sof t seed, and g roup C( g rade 6～ 9)

w ith small sof t seed to only the t race o f seed ( Table 2) . The fact that the presence of

the 500 bp band in g roup C was also the highest in the popula tion, demonst rated that the

band o f 500 bp was linked to a gene or genes af fecting seedlessness in g rapes.

Our results showed that Thompson Seedless, Perlet te, and Orlando Seedless also

displayed the 500 bp band ( Fig. 4) . Thompson Seedless had ano ther speci fic band of 450

bp; but of all the hybrids, only A56-13 showed the 450 bp band like its progeni to r,

Thompson Seedless ( Fig. 4) .
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Table 1　 The cosegregat ing pattern of seedlessnees and the RAPD marker

Paren ts or
h ybrids

Seedless
s tatus

UBC-269500 Hyb rids
Seedless
s tatus

UBC-269500

B72-216 4Z - A56-43 3 -

B45-187 7 + A56-44 6 -

A56-8 3 - A56-45 7 -

A56-9 0 - A56-47 0 -

A56-10 0 - A56-48 9 -

A56-11 0 - A56-49 1 -

A56-12 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 - A56-71 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 + A56-79 8 -

　　　 z Seed /aborted seed size rat ing. 0= seeded, 9= v. small like Th ompson Seed les s

Table 2　 The analysis of cosegregating between seedlessness and

the RAPD marker in the segregation

Seed Gradez 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

Accoun ted for each grade (% ) 11. 7 0 0 14. 3 36. 4 0 66. 7 0 0 54. 6

Accoun ted for population (% ) 3. 3 0 0 1. 6 6. 6 0 3. 3 0 4. 9 11. 5

Group A( grad e 0) B( grad e 1～ 5) C( g rade 6～ 9)

Frequency in each g roup(% ) 3. 3 21. 7 55

Frequency in th e population(% ) 3. 3 8. 3 18. 3

　　　 z Seed /aborted seed size rat ing. 0= seeded, 9= v. smal l like Thompson Seedless
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Fig. 4　 Schematic showing the polymo rphisms of some hybrids and pollen par ents a s w ell

a s Thompson Seedless, Perlette, Or lando Seedless, amplified with primer UBC-269

Lane 1—— Thompson Seedless; Lan e 2—— perlet te; Lane 3—— Orland o Seedless; Lane 4—— B45-187; Lane 5——

A56-48; Lane 6—— A56-21; Lane 7—— A56-29; Lane 8—— A56-29; Lane 9—— A56-62; Lan e 10—— A56-67; Lan e

11—— A56-53; Lan e 12—— A56-68; lan e 13—— A56-66; Lane 14—— A56-20; Lane 15—— A56-51; Lane 16——

A56-14; Lane 17—— A56-13; Lane 18—— A56-8; Lan e 19—— A56-23; Lane 20—— Mark er

3　 Discussion

Although ef fo rts to breed seedless g rape va rieties star ted over one hundred years

ago
[2, 3 ] , lit t le is known about i ts mode of inheri tance. Recently , Ledbet ter and Burgo s

[1 ]

advanced a hypo thesis that three dominant complementa ry genes appear to be the sim-

plest and most plausible as i t explains the 9 23 and 3 13 seedless seeded observ ed ra tios

that a re po ssible only in a three-gene model , acco rding to da ta f rom 70 years of g rape

breeding records at the Ag ricultural Research Service in Fresno, California. Loomis and

Weinberg er
[3 ]

repor ted that seedlessness appea rs to be recessiv e in na ture, though no t a

simple recessiv e, based upon the evaluation o f mo re than 10, 000 seedlings f rom di ffer-

ent cro ss combinations.

Al l the prev ious resul ts w ere obtained by pheno type rations o f seg regating in proge-

ny population. Here, w e pool tw o BSA samples based on the sof tness of seeds to form

pool 1 ( g raed 7～ 9) and poo l 2 ( g rade 0) . Generally speaking , g rades 6 o r higher w ere

considered to be used as seedless in commercial production. For example, Sultanina is

9, Perlet te is 7, Flame Seedless is 6, and B45-187 is 7.

DN A molecular markers, which a re di rect products of PCR and unaffected by envi-

ronment , may provide more objectiv e descriptors for cultiv ar identi fica tion. In this

study, presence absence of the 500 bp band in the seg regation is 18 42. Analy sis o f the

coseg regating pa t tern of the seedlessness t rai t and the RAPD marker ( UBC-269500 ) in

the popula tion( Table 2) , suggests that the ma rker was linked to one o f the genes con-
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trol ling the seedless t rai t in g rapes, and a g roup of mino r g enes also has an ef fect o f the

seedlessness t rai t. M ost hybrids containing the marker a re to some ex tent seedless indi-

cating that a gene or loci of g enes af fecting seed forma tion are colsely linked seedless

marker. The variabili ty in ex tent of seed fo rmation in plant both wi th and wi thout the

marker suggests that o ther quantitiv e g enes af fect seed development. As fo r the two hy-

brids (g rade 0) wi th the marker, al though they are linked to one of seedless g enes, the

function o f this gene could have been rest rained by contro lling seeded trai t g enes in lack-

ing a g roup of minor seedless g enes, thus showing seeded trai t in phenotype. On the

o ther hand, hybrids in g rade 9 wi th no ma rker may have various mino r g enes contribut-

ing to seedlessness in pheno type. Therefore, acco rding to the coseg regating pat tern be-

tw een the seedless t rai t and the RAPD marker in the population, w e must conclude that

the marker linked to the one of the majo r g enes controlling the seedless t rai t , a nd the

majo r seedless genes and those minor seedless g enes a re independent ly inheri ted in

g rapes. This is w hy obtaining the seedless hybrids a re di fficult during short breeding

prog ram, and li t tle is y et known about the mode of seedlessness inheri tance in grapes so

far.

Based on the pedig ree of hybrids and thei r parents, the genes controlling seedless-

ness o r the seedless trait in B45-187 and its of fspring are deriv ed from the ini tial dono r

progenitor, Sultanina and Perlet te. We have identi fied the RAPDs of Thompson Seed-

less and Perlet te using primer UBC-269. The RAPD identi fica tion show ed tha t they

bo th had the same specific band of 500 bp ( Fig. 4) . In fact , Perlette is deriv ed f rom

Queen of the vineyard X Thompson Seedless ( Sul tanina ) , so Perlet te also g ot seedless

g ene from Thompson Seedless. On the other hand, Thompson Seedless had ano ther

specific band of 450 bp ( Fig. 4) . In contrast to the two bands of Thompson Seedless,

eighteen hybrids of th e seg regant popula tion had the band o f 500 bp ( Table 1) , and one

hybrid, A56-13( g radeg 9) , had the band o f 450 bp ( Fig. 4) . Thus, w e concluded that

ex cept for A56-13, the genes controlling seedlessness of the other hybrids and thei r

pollen parent , B45-187, o riginated from Thompson Seedless and Perlet te, and seedless

g enes in A56-13 w ere mainly deriv ed f rom Thompson Seedless. As fo r the 450 bp band,

because i t was only displayed by one hybrid, A56-13, future w o rk needs to be done in

o ther seg rega ting population related to Thompson Seedless to confi rm its association

w ith seedlessness.

In addition, w hen the seedless g rape cultiv ar O rlando Seedless w as used as a tem-

plate for amplification by U BC-269, the same band of 500 bp w as obtained ( Fig. 4) .

How ever , further w orks need to be done among o ther seedless g rape cultiv ars for g ener-

alizing the applica tion o f this ma rker fo r seedlessness in g rapes.

Giovannoni et al
[ 9]

repro ted seven to four teen individual plants w ere used to g ener-

ate each pool. Poo ling larger numbers of individuals increases the probabili ty tha t the
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tw o pools will no t di ffer fo r alleles other than those wi thin and adjacent to the targ et in-

terv al. How ever, as the pool size increases, so does the probabi li ty tha t indiv iduals wil l

occur in the pool wi th a double crossover. Since the V .v ini fera genome has a relativ ely

high lev el of hetero zyosi ty
[6 ]
, and a seg regating F1 popula tion is used fo r the linkage

analysis, a relativ ely larg e number o f individuals in each poo l may be necessary. We

used nine individual plants in each pool f rom the seg regating F1 population, and found

that 4 out o f 5 polymo rphism w ere false linkage markers ( Fig. 3) . In contrast to the

presence of the ma rker ( U BC-269500 ) betw een pool 1 and g rade 6～ 9, the f requency ac-

counted for 55. 6% ( Fig. 3) and 55% ( Table 2) , respectiv ely. That is, the result ob-

tained from the BSA sample ( pool 1) is clea rly related to tha t f rom a number of seedless

hybrids in the seg regant population. W e therefo re suggest that 9～ 15 individuals are an

appropriar te number fo r making a pool of hetero zygous g rapes w hich seg rega te in the F1

generation.

Our resul ts suggested that the ma rkert UBC-269500 , linked to seedless g enes, is re-

lated to the one o f major efficient g enes of cont ro lling seedless t rai t. This ma rker can be

uti li zed as one anchor for mapping seedless genes in g rapes fo r further research. Because

the seedless t rait of g rapes is cont rolled by mul tiple g enes, mo re markers linked to o ther

seedless genes need to be detected in future. The results of this study show that RAPDs

and BSA can be used a s a rapid method of identi fica tion for progeny f rom seg regant pop-

ulations of seeded by seedless g rape hybrids.
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