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　　Abstract　　A cucumber(Cucumis sativus L.)molecular linkage map , including 79 random-ampli fied polymorphic DNAs(RAPD)

and two genes , lb for lateral branch and f f or female sex expression , is const ructed f rom a cross betw een a line , S52 , with w eak lateral

growing ability and staminate f rom Dabieshan M ountains area in China and another line , S06 , w ith st rong lateral grow ing ability and

gynoecious f rom Europe.The map con tains nine linkage groups and spans 1110.0 cM w ith an average distance of 13.7 cM betw een loci.
The lb locus is located in a longer linkage group LG-2 and f lanked by tw o markers , OP-Q5-1 and OP-M-2-2 , at 9.3 cM and 15.9 cM ,

respectively.In the meantime , the RAPD loci , OP-Q5-2 and BC151 , in a short linkage group w ere found to flank f at 13.7 cM and

13.4 cM , respectively.The const ruction of RAPD map has paved a way for fu rther study of the genes for lateral branch , female sex

expression and other agronomic trait s in cucumber.

　　Keywords:　cucumber(Cucumis sat ivus L.), lateral branch , gynoecy, RAPD , genetic mapping.

　　Cucumber (Cucumis sativus L.), with the

obvious diversities in many agronomic t rai ts , such as

sex expression and lateral branch g row ing abili ty , is
one typical species of the Cucurbitaceae family , which

includes several economically important vegetable

crops , and has been drawing much at tention f rom

breeders and genet icists
[ 1—5]

.Lateral growing ability

is an important agronomic t rait in cucumber because

strong lateral grow ing ability may affect the main

stem g row th and cause much trouble to production

management.In China , cucumber lines w ith weak

lateral branch grow ing abili ty are much preferred than

the st rong ones , whereas , in the United States and

o ther western countries , the cucumber lines with

strong lateral g row ing ability are popular due to thei r

suitability to autonomous robots harvesting
[ 6 , 7]

.Sex
expression is a unique t rait in cucumber.Farmers

prefer gynoecious cucumber w ith it s advantage of

having female flowers on every node and high output.
Therefore , mapping the genes for lateral branch and

gynoecy and developing their molecular markers are of

g reat impo rtance.

Molecular marker-assisted selection (MAS)is a

new and eff icient approach in crop breeding because it

w orks through the molecular markers linked to

targeted trait genes on the genome level and is

immune to environment impacts and disturbances of

allele' s dominance and recessiveness.In addit ion

MAS can be performed in the early time of plant

g row th to shorten breeding periods and to raise

ef ficiency in breeding[ 8] .In 1987 , Fanourakis et

al.[ 9] const ructed the first cucumber linkage g roup

based on morphological trai t markers.In 1990 ,
Pierce et al.

[ 4]
reviewed all the reported genes that

had been genetically analyzed since the 1930s and

integ rated a linkage map consisting of 43

morphological t raits acco rding to the relative genetic

data.Two years later Vakalounakis discovered a

recessive leaf shape marker and analyzed its
linkageship w ith disease resistance and some o ther

t rait genes[ 10] .In 1996 Knerrd et al.[ 11] and Meglic

et al.[ 12] const ructed cucumber linkage g roups using

isozymes alone and isozymes plus mophorlogical

t raits , respectively.Along wi th the appearance of

molecular markers such as rest riction f ragment leng th

polymorphism (RFLP ) and random amplified

polymorphism DNAs (RAPD), const ruction of

cucumber molecular genetic map became possible.
Till now , in addition to a merged map presented by

Bradeen et al.[ 5] , three molecular linkage maps in

cucumber each consisting of not less than 58 markers



loci have been repo rted , of w hich tw o maps were

const ructed by Kennard et al.[ 13 ] with RFLP ,
RAPD and isozymes fo r a narrow (58 loci)and a w ide

cross(70 loci), respectively , and the other one w as

const ructed by Serquen et al.
[ 6]

w ith 80 RAPD loci.
Although the gene fo r gynoecy w as located in the

three maps , the results yet cannot be applied to

molecular-assisted breeding in China due to the lack of

comparability of the randomly amplif ied markers

among different varieties.Serquen et al.also used the

molecular linkage map to analyze quantitat ive t raits

loci (QTL) of lateral branch.It is noted that ,
because the chromosomes of cucumber are too small

and no t easily to be view ed , by now the established

molecular linkage g roups have not been associated

w ith cucumber chromosomes.

In this study , by using RAPD markers , an F2

population f rom a cross between the line S52 ,
showing weak lateral g row ing ability and bearing

more male flow ers , from Dabieshan Mountains area ,
and the gynoecious line S06 , showing strong lateral

g row ing ability , f rom Europe w as used to const ruct a

molecular marker linkage map , in w hich both lateral

branch gene(lb)and gynoecious expression gene(f)
were mapped.

1　Materials and methods

1.1　Materials

Inbred-line S06 , a greenhouse type f rom Europe

w ith strong lateral growing ability and gynoecious ,
and S52 , a variety f rom Dabieshan M ountains area in

China , w ith w eak lateral grow ing ability and bearing

more male flowers , bo th were developed by

Cucumber Breeding Laboratory , Shanghai Jiao tong

University .

Taq DNA polymerase and dN TPs were bought

from Promega , Shanghai.The RAPD primers were

synthesized by Shanghai Sangon Biological

Engineering Technology & Service Co., Ltd.
acco rding to the sequences of QIAGEN Operon

RAPD 10-mer Sets and NAPS Unit standard primers

(University of British Columbia , Canada).

1.2　Methods

1.2.1　Population development　　The F1 betw een

S06×S52 w as obtained in the autumn of 2002 and

subsequent ly self-pollinated to produce F2 progeny in

the summer of 2003.

1.2.2　Field evaluation and characters examined A

total of 200 F 2 individuals , their parental plants , and
F1 hybrid progeny were planted in a g reenhouse of

Ag riculture and Biology School , Shanghai Jiaotong

Universi ty.Of the F 2 population 93 individuals w ere

selected randomly to construct the linkage map.In
order to control environmental ef fects during the

cucumber grow ing a series of standard cultivat ion

measures , such as cultivation-in-bag , drop w atering

and fertilization , were taken.

The data of lateral branch g rowing ability of

individual plants w ere collected about 30 days af ter

they were planted and at the time when the parent ,
S52 , st ill had no lateral branches while the parent ,
S06 , had branches with the mean length of 2 cm.We

took the length of 2 cm as a cri terion to judge the

lateral branch growing abili ty of the F2 individuals ,
which w ere then divided into two classes , one had the

lateral branches and the o ther had no lateral

branches.

Investigation of sex expression began from the

fi rst node and the rate of female flow ers w ithin all the

40 nodes of each individual w as reco rded.Those

w hose female flower rate between 90%—100%were

designated as gynoecious w hile those that had none

female f lowers were designated as staminate.Others

were designated as the middle phenotype.

1.2.3　Genomic DNA ex traction　　When a young

plant fully ex tended the first tw o leaves , it s

cotyledons were picked of f for DNA extraction w ith

CTAB phenol/chlorofo rm ex traction procedure[ 14] .

1.2.4 　RAPD analy sis 　　The optimized PCR

amplif ication system (20 μL in total volume)
contained 12.5 pmol of RAPD primer , 2.0 mmol/L
of M gCl2 , 2 μL of 10 × buffer , 40 ng of genomic

DNA and 0.6U of Taq DNA polymerase.PCR was

conducted with a thermocycler using the following

cycling profile:94 ℃/3 min;40 cycles of 94 ℃/30
sec , 37 ℃/30 sec;72 ℃/1.5 min ramp to 72 ℃/7
min and indefinite soak at 4 ℃.After completion of

PCR , the samples were elect rophoresed in 1.5%—2.
5% agarose gels.

1.2.5　Data collection and analysis　　Polymorphic

markers were named acco rding to thei r corresponding

primer codes.Putative multiple loci revealed by one

primer were designated by a hyphen af ter the primer

array designation(e.g .tw o loci at OP-H6-1 and OP-
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H-6-2).The geno type polymorphism of S06 w as

recorded as 1 and S52 as 2.In acco rdance , the

geno types of F2 plants w ere scored as 1 o r 2 , and 0

represents that failed to amplify.The linkage map

w as const ructed using MAPMAKER/Exp.Version

3.0 with the smallest LOD score of 4.5 and the

big gest interval of 37.2 cM.

2　Results and analysis

2.1　Screening of parental polymorphic primers

A total of 640 primers wi th GC content 60%—
70%(Opreron primers , 400;NAPS Unit primers ,
240)were screened and 120 primers(18.8%)could

produce polymorphic bands , from which 109

polymo rphic primers were applied to F2 population

due to their good repeatability and stabili ty.Totally
140 polymorphic loci w ere identified from the 109

primers(i.e.approximately 1.3 marker bands per

primer), including 15 primers each revealing two

polymo rphic loci , five primers (OP-H-6 , OP-M-6 ,
OP-D-7 , OP-T-14 and OP-S-13)each revealing three

polymo rphic loci , and one primer (OP-E-1) four

polymo rphic loci.Of the 140 polymorphic loci ,
45.2%of the bands w ere f rom S06 and 54.8% f rom

S52.

2.2　Genetic analy sis of lateral branch and gynoecy

Survey of lateral branch w as conducted about 30

days af ter planting w hen the parent S52 still had no

lateral branch and the parent S06 and F 1 had branches

w ith the mean leng th of 2 cm of the first branches.
With the mean length of 2 cm of the lateral branches

as the criterion the F 2 population w ere investigated

and g rouped into tw o classes , one w as considered

having lateral branch and the other having no lateral

branch.The data show ed that , in the F2 population ,
87 individuals belonged to the type of having branch

and 26 ones belonged to the type of having no

branch.A chi-square test indicated that the observed

segregation w as not signif icantly dif ferent f rom the

expected ratio of 3∶1 , so the trait of lateral branch in

cucumber could be analy zed as a qualitative t rait.

As to the seg regation of gynoecious character in

the F2 population , 28 individuals presented

gynoecious , 20 presented staminate and 47 presented

middle phenotype.A chi-square test for f it of 1∶2∶1
(sing le codominant gene ) indicated that the

seg regation w as not significant ly different from the

expectation.

2.3　Const ruction of the linkage map

Of the 140 polymorphic markers ranging f rom

100 bp to 3000 bp there were 132 markers fi tting for

3∶1 separation ratio af ter a chi-square test for fi t.As

a result 132 RAPD markers plus tw o morphic

markers (lateral branch and gynoecy)were used to

construct a linkage map.

A molecular linkage map of 79 RAPD markers

and tw o genes (f for gynoecy and lb for lateral

branch), distributed in nine linkage g roups

(designated LG1 to LG9)spanning 1100.0 cM w ith

average distance betw een loci of 13.7 cM , was

constructed (Fig .1 , Table 1).Among the nine

linkage groups four were longer ones and five w ere

sho rter.The longest linkage g roup (LG-1)spanned

293.6 cM consisting of 17 loci w ith the average

distance between loci of 17.3 cM .The linkage g roup

w ith the most markers contained 18 markers spanning

229.9 cM with the average distance between loci of

12.8 cM (LG-2).The linkage g roup with the

sho rtest average distance betw een loci of 9.6 cM had

16 markers spanning 153.1 cM.The four shorter

linkage g roups(LG-5 , 6 , 7 , 8 and 9)all contained 4

markers spanning 43.6 cM to 68.4 cM with the

average distance betw een loci of 11.1 cM to 17.1 cM.
2.4　Genetic mapping of the genes for lateral branch

and gynoecy

The gene lb for lateral branch trait w as mapped

to a region flanked by RAPD marker OP-Q5-1 at

9.3 cM and OP-M2-2 at 15.9 cM in a longer linkage

g roup(Fig.1 , LG-2).The gene f for gynoecy was

mapped to a shorter linkage group and f lanked by OP-
Q5-2 and BC151 at 13.8 cM and 13.6 cM ,
respect ively (Fig.1 , LG-8).

3　Discussion

3.1　RAPD polymo rphism

RAPD markers are relat ively simple , inexpensive
and amenable to the high throughput analysis and

have been successful in genetic mapping of many

crops.The polymorphisms revealed by RAPD mainly

depend on the genetic relationship of experimental

materials.
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Fig.1.　Genetic linkage map of cucumber (Cucum is sat ivus L.)based on RAPD.The symbols on the right are RAPD markers and

genes , the numbers on the lef t are the intervals between flanking markers.

Table 1.　Basic parameters of the cucumber RAPD linkage g roups

Linkage

group

Number

of

markers

Length

of LG

(cM)

Max

interval

(cM)

Min

in terval

(cM)

Mean

interval

(cM)

LG-1 17 293.6 23.7 4.7 17.3

LG-2 18 229.9 22.2 0.0 12.8

LG-3 8 175.2 30.4 21.0 21.9

LG-4 16 153.1 18.5 3.3 9.6

LG-5 4 68.4 27.7 15.3 17.1

LG-6 4 54.4 21.0 16.6 13.6

LG-7 4 47.3 24.7 9.3 11.8

LG-8 4 44.4 17.4 13.4 11.1

LG-9 4 43.6 24.8 4.6 14.5

Total 81 1110.0 — 　　— 13.7

　　Additionally , optimizing PCR reaction condition

and agarose concentration fo r elect rophoresis can also

improve the polymorphism-revealing ability of RAPD

analy sis.Screening of parental stocks with 640

RAPD primers resulted in detection of 120(18.8%)
polymo rphic primers , furthermo re linkage analyses

resulted in 70 primers f inally applied to the map with

a rate of 10.9%, which w as much higher than 5.5%
in a narrow cross(GY-14×PI432860)by Kennard et

al.[ 13] and 4.8% in a narrow cross (GY-14 ×
PI432860)by Serquen et al.

[ 6]
.The difference may

be att ributed to the dif ference in plant materials used

in the experiments.One parental material in this

study was a variety from China Dabieshan Mountains

area and the o ther belonged to Europe greenhouse

type , so they w ere distant in genetic relationship.In
this study , by optimization of the PCR react ion

condition , most of PCR products appeared clear bands

ranging f rom 100 bp to 3000 bp in elect rophoresis

w hen the agarose concentrat ion(1.5%—2.5%)was

appropriately regulated acco rding to the banding

array.These measures w ere sure to benefit the

polymorphism-revealing ability of RAPD.

3.2　RAPD molecular map

The constructed map consisted of nine linkage

g roups dist ributed by 79 RAPD markers and two gene
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loci(lb and f), spanning 1110.0 cM.The resulting

total genetic distance w as longer than those of

Kennard et al.
[ 13]

and Sequen et al.
[ 6]
(480 cM , 766

cM and 599.6 cM respectively) and similar to the

leng th 800—1000 cM estimated by Beckman and

Soller[ 15] .Although the mean interval distance of 13.
7cM in the map w as longer than that of Serquen et

al.[ 6] , even dist ribution of all the markers in our map

w as one remarkable advantage of the map by Serquen

et al.
[ 6]
.

Cucumber should have seven linkage groups

corresponding to its seven pairs of chromosomes , but
our const ructed map still contained nine linkage

g roups similar to that of Serquen et al.This result

suggested a low saturation of the existing maps.With

the addi tion of new markers and the enlargement of

mapping population , the mergence of linkages w ill

happen and as a result the number of linkage groups

w ill be equal to the number of the chromosomes.This
can be deduced from our data processing course.Fo r
example , when we perfo rmed linkage analy sis , two
linkage g roups LG-1 and lg-4 would be merged into a

longer g roup if the score of LOD was set at a low er

v alue.

3.3　Genetic mapping of lateral branch and gynoecy

Both lateral grow ing ability and sex expression

are impo rtant agronomic t raits of cucumber and have

been at tached much importance by cucumber

geneticists and breeders.Previously , there were

several studies on f gene and some researchers had

roughly mapped the genes related to female expression

by means of t raditional genetics
[ 16 ,4]

.In the present

study we used molecular markers to tag these two

genes.The gene f for gynoecy w as mapped to a

shorter linkage group and f lanked by OP-Q5-2 and

BC151 at 13.8 cM and 13.6 cM , respectively.
Serquen et al.mapped this gene in the same way , but
the tw o flanking markers were 31.2 cM and 43.9 cM
aw ay from the gene f locus[ 6] .The results suggest

that our experimental materials are more suitable to

the study on the gene f.It should be noted that , in
our field test , due to the impact of high temperature

in the cucumber g row ing period , the parent S52

plants and part of F 2 individuals did no t bear female

flow ers , which might result in some seg regat ion data

different from those generated in normal weather.
The gene lb fo r lateral branch trai t w as mapped in

linkage group LG-2 and flanked by RAPD marker

OP-Q5-1 at 9.3 cM and OP-M2-2 at 15.9 cM .

As w e know , lateral branch has never been

studied as a qualitative trait previously .Indeed , most

of ag ronomic t raits in cucumber as well as other crops

present quantitative t raits , but under certain

conditions some quanti tative trait s can also be studied

as qualitative ones depending on certain criteria taken

to sco re the related trait s by researchers[ 17] .Take

lateral branch for example , in the early grow th period

of cucumber , acco rding to our criteria , it could be

regarded as a qualitat ive trait for genetic analysis and

gene mapping , but af ter this period the previously

examined branches ex tended and then presented as a

quant itative t rait.The similar si tuations have been

suggested in mapping genes for other quantitative

t raits in other plants.

MAS might improve breeding ef ficiency and has

been studied relat ively deeply in tomato and o ther

vegetable crops.Fazio et al.tried MAS and proved

its feasibility in cucumber breeding[ 18] .Due to the

larger distance of lb and f to thei r respect ive flanking

markers developed in this study , selection of lb and f

genes w ith the linked single markers is still less

ef ficient.However , if fo r each of the two genes it s

two flanking markers are selected in combination , the
right rates of selecting lateral branch and gynoecy are

98.5% and 97.4%, respectively .Therefore , the

linked markers identified in this study can be applied

to cucumber breeding practice.

The const ruction of the cucumber molecular

linkage map has paved the w ay for the further study

on genetic bases of lateral branch and gynoecy .In
order to precisely locate the genes(including QT L)
relative to lateral branch and gynoecy , the next step

is to establish an F3 family , to introduce new types of

molecular markers and to improve map saturation.
Moreover , because RAPD markers are a kind of

random marker , it is necessary to t ransfo rm the

target-linked RAPD markers into the sequence

characterized amplified region (SCAR)markers for

application of MAS to cucumber breeding.

References

1 Peterson C.E.and Andher L.D.Induction of staminate flowers

on gynoecious cucumbers w ith gibberellin A3.S cience , 1960 , 131:

1673—1674.
2 Atsmon D.and Tabbak C.Comaprative effect s of gibberellin ,

si lver nit rate and aminoethoxyvinyl-glycine on sexual tendency and

ethylene evolution in the cucumber plant (Cucumis sat ivus L.).

Plant &Cell Physiol., 1979 , 20:1547—1555.

147Prog ress in Natural Science　Vol.15 No.2　2005　w ww.tandf.co.uk/ journals



3 Malepszy S.and Nermirowicz-Szczytt K.Sex determination in

cucumber(Cucum is sat ivus L.)as a model system for molecular

biology.Plant S ci., 1991 , 80:39—47.

4 Pierce L.K.and Wehner T.C.Review of genes and linkage

groups in cucumber.HortScience , 1990 , 25(6):605—615.
5 Bradeen J.M., Staub J.E., Wye C.et al.Tow ards an expanded

and integrated linkage map of cucumber (Cucumis sat ivus L.).
Genome , 2001 , 44:111—119.

6 Serquen F.C., Bacher J.and S taub J.E.M apping and QTL

analysis of horticult rual t rait s in narrow cross in cucumber

(Cucumis sat iv us L.)using random-amplif ied polymorphic DNA

markers.Molecular Breeding , 1997 , 3:257—268.
7 van Hen ten E.J., Hemming J., van Tuijl B.A.J.et al.An

autonomous robot for harvest ing cucumbers in greenhouses.
Autonomous Robots , 2002 , 13(3):241—258.

8 Li M .F.and Zhou D.K.Biotechnology for Rice Breeding.
Beijing:China Agricultural S cience Press , 2001.

9 Fanourakis N.E.and Simon P.W.Analysis of genetics linkage in

cucumber.J.Hered., 1987, 78:238—242.
10 Vakalounakis D.J.Heart leaf:a recessive leaf shape marker in

cucumber:linkage w ith disease resistance and other t raits.J.
Hered, 1992 , 83:217—221.

11 Knerr L.D.and Staub J.E.Inheri tance and linkage relat ionships

of isozyme loci in cucumber (Cucumis sat ivus L.).T heor.Appl.
Genet , 1992 , 84:217—224.

12 Meglic V.and Staub J.E.Inheritance and linkage relat ionships of

allozyme and morphological loci in cucumber(Cucum is sat ivus L).
Theor.Appl.Genet , 1996 , 92:865—872.

13 Kennard W.C., Poetter K., Dijkhuizen A.et al.Linkages

among RFLP , RAPD , isozyme , disease , resistance , and

morphological markers in narrow and w ide crosses of cucumber.

Theor.Appl.Genet , 1994 , 89:42—48.
14 Clark M. S.Plant Molecular Biology-A Laboratory Manul.

Heidelberg:Springer-Verlag , 1998.
15 Beckman J. S. and Soller M. Rest riction f ragment length

polymorphism in genetic improvement:methodologies , mapping

and cost s.Theor.Appl.Genet., 1983 , 67:35—43.
16 Galun E.Study of the inheritance of sex expression in the

cucumber:the interaction of major genes w ith modifying genetic

and nongenetic factors.Genetica , 1961 , 32:134—163.

17 GAI J.Y., ZHANG Y.M.and WANG J.K.Genetic System of

Quantitat ive Traits in Plan t(in C hinese).Beijing:Science Press ,

2003.

18 Fazio G., Chung S.M.and S taub J.E.Comparative analysi s of

response to phenotypic and marker-assisted select ion for multiple

ateral b ranching in cucumber (Cucumis sat ivus L.).Theor.
Appl.Genet , 2003 , 107(5):875—883.

148 w ww.tandf.co.uk/ journals　Prog ress in Natural Science　Vol.15 No.2　2005


