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                                Summary

  Scx,  as  a factor affecting  recombination  during meiosis,  was  investigated in Cucumis meto  L, A

paiT of  backcrosses, using  an  FL male  parent (BCM) and  an  Fl female  parent (BCF) was

gencrated. The  two  populations weTe  mapped  at 34 loci. Total map  lcngths in the respective

pepulations were  nearly  indistinguishable, whereas  4 marker  inteTvals, paTts of  the  linkage gToups
in the map,  were  signifieantly  diffeTent betwcen BCM  and  BCF.
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                 Introduction

  Sexual propagation of  organisms  requires  a zygotc

derivcd from  a  fcmaic cmbryo  sac  and  a  sperm  nucleus.

Meiosis occurs  in these  gametes before they form a

zygote.  Crossing over  between  pairing chromosomes  of

cach  gamctc occurs  in the  prophase of  the  first division

in mcioscs;  thcse  cause  gene recombination.  Several
factors, such  as  temperature (Caroline et al., 1966; Jens,
1981), chemicals  (Sharma et al., 1983; Wuu  and  Grant,

1967), and  agc  (Specd, 1977) affcct  crossing  over  during
meiosis.  Sex  is an  important genetic factor that affects

crossing  over  or  recombination  frcqucncy. Scx  diffcr-

cnccs  in rccombination  frequency have been well  docu-

mented  in animals,  including human (Helen et a].,

1987), mouse  (Castle, 1925), and  horse (Leif and  Kaj,
1984). In contrast  to animals,  most  higher plants are
hermaphrodites: indiyiduals carry  both scx  organs.

Especially in bisexual flowers, these organs  are  also

derived from  the  same  meristematic  tissues. In this

sensc, the cffect of  sex  on  the recombination  in plants is
not  the same  as  in animals,

  Cucumis melo  L. is, in general, andromonoccious.  It

has both bisexual and  male  flowcrs in the same  indi-
vidual.  Male organs  of male  fiowers and  femalc organs
of bisexual flowers originate  from the same  individuals,
but from different meristcmatic  tissues. Whether  or  not

the  recombination  frcqucncy differs between female

gametes  of  bisexual flowers and  male  gametes of  male

fiowers remains  unknown.

  This study  addresses  differences of linkage map

]ength (crossing-over value)  and  recombination  fre-

quency between  male  gamete  from  a  male  flower and
femalc gamete  of  a  bisexual floweT by using  thc  rccip-

roca] backcrossed populations of  Cucumis  melo  L.
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Materials and  Methods

Plantmaterial

  Two  melon  lines were  used  to produce two  backcross

(BC) populations: the  
`Andesi

 (Sakata Seed Co., Yeko-

hama)  double haploid line (ADH), and  the  
`Quincy'

(The Yokohama  Nursery Co. Ltd., Yokohama) doublc
haploid line (QDH), Both were  produced  from a  pseudo
-fertilized

 ovule  cultuTe (Katoh et al., 1993); then  they

were  selfed  for more  than  three  generations.
  The ADH  and  QDH  lines were  fertirized on  29

Scptembcr  2000  in a  glasshouse kept at  30florC

(daylnight) to produce the F, of  QDH  ×  ADH.  Seedling
of the Fi (QDH × ADH)  generation were  crossed  recip-

Tocally to procluce the two BC  populatiens on  2 May
2001 in a glasshouse maintained  at 30flffC (dayfnight).
Recombination  frequencies of  male  gamete  and  female

gamete were  estimated  from linkage maps  of ADH  >/ F]

(BCM) and  Fi >/ ADH  (BCF) populations, respectively.

Population sizes of BCM  and  BCF  were  95 and  99
individuals, respectivcly.  Genomic DNAs  for analyses
were  isolated from  young lcavcs, by using  CTAB

rnethods  (Murray and  Thompson,  1980).

DMI  marker  analysis

  Four types  of DNA  markcrs,  bascd on  PCR  method,

were  used  for screening  polymorphic  markcrs  bctween
ADH  and  Fi (QDH): 265  RAPD  primer sets,  30 SRAP

primer sets,  9 ISSR  primer sets,  and  96  AFLP  primcr
sets. All amplifications  were  performed with  a thermal

cyc]cr  (GeneAmp PCR  System 9700; Applied

Biosystcms, USA),  Detected polymorphic markers  be-
tween  ADH  and  Fi were  used  for scgregation  analysis  of

the  two  BC  populations.

  In Random  Amplified Polymorphic  DNA  (RAPD)
procedure, 265 primers were  used  for PCR  under  condi-

tions similar  to those  described by Williams et  al.

(1990). Primers were  obtained  from Opcron
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Technologies Inc. (USA). The  amplified  products were
scparated  on  non-denatured  7.5% polyacrylamide gel,
stained by SYBER  Gold (Molccular Probes Inc., USA),
and  dctccted with  FAS-  M  (TOYOBO Co. Ltd., Osaka).
Sequcnce-Related Amplified Polymorphism  (SRAP)
procedure was  performed as  described by Li and  Quiros
(2001). SRAP  rnainly  targets coding  sequences  of  genes
in the genome with  fbrward and  reverse  primers, respec-

tively, and  containing  CCGG  sequencc  and  AA[['I'
sequence.  Five forward primcrs (rne 1-5)  and  six

reversc  primers (em 1-6)  were  utilized.  The  amplified

products were  separated,  $tained,  and  detected according
to RAPD  protocol, by using  the Intcr Simple Sequence
Repeat  (ISSR) procedures according  to Stcpansky et al.

(1999). Nine  primers were  used:  (TC)sC, (AG)sT,
(GGGTG):s, (AC)sG, (AC)sT, (ATG)6, (AC)sYC, (GA)s

YG,  and  (TG)sG. Separation and  detection of  amplified

products were  idcntical te those for RAPD  procedure.
Amplified Fragment Length Polymorphism  (AFLP)
procedure (Pieter et  al,, 1995) was  performed, by using

an  AFLP  analysis  system  I (Invitrogen Corp. USA),

according  to the manufacturer's  protocol, except  that the

isotope-labeling step was  skipped.  The  amplified  prod-
ucts  were  separated  on  7 M  urea-denatured  12.5%

polyacrylarnide gel. After staining  with  SYBER  Gold,
the bands were  detected with  FLA-2000  (Fuji Photo

Film Co, Ltd,, Tokyo),

Data  analysis

 Linkage analysis  was  perforrned, by using  the MAPL
computer  program  (Ukai et al., 1995), The segregation

ratio (1:1) of the genotypes at all markers  was  checked

Table  1.The  number  of  polymorphic  markers  detected between  ADH  and  Fi frorn each  type  of  markers,

Marker primer Locus LinkagegToupNumberofmarkers
 Numberofmarkers

   detected mapped

flesh colour

RAPD

SRAP
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AFLP

Total
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by using  the x  
2
 test; the map  length of each  ]inkage map

was  calculated  by using  thc Kosambi function. Each
intcryal recornbination  frequency of  adjacent  markers

was  tested with  a 2 ×  2 contingency  table by using

Fisher's exact  test to compare  the recombination  fre-

qucncies of  rnale  and  female gametes. Linkage group
lengths and  thc total map  lengths of  both populations
were  compared,  by using  Wilcoxon's signed  rank  test

and  Student's t-  test

                  Results

Soc. Hort.  Sci,) 74 (6) / 451

Screeningofpolymorphicmarkers

  The  phenotypic marker,  the  fruit flcsh color, was

distinguishable as  a  qualitatiye trait for two  parents. Thc
ADH  had green flesh, whereas  the QDH  had orangc

flesh. All  Fi (QDH × ADH)  individuals had fruit with

erange  flesh. For that rcason,  we  inferred that the QDH
trait was  dominant to ADH  trait in fruit color.  The  400

primcr scts (265 for RAPD,  96  for AFLP,  30 for SRAP,
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 Examples  of  the segrcgation  of  tvvo AFLP  markers  on

the  map.  The  DNAs  were  isolated from  BCF  population
and  amplified  by selective-prirncrs  E-ACAIM  CTG  (a)
and  E'  AAG  f M-  CAT  (b). First 4 lanes from the left arc
rnolecular  marker  (100' 2000  bp ladder markcr),  paTents
ADH,  QDH  and  Fi, respectively;  the remaining  lanes are

the individuals of  BCF  population, Arrows indicated E-

ACA  ! M-  CTGI320  (a) and  E'  AAG  1 M  
-
 CAT265  (b),
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9 for ISSR), used  to detect polymorphisms betwecn
ADH  and  F], rcsulted  in mutual  polymorphic markcrs  in
53 primer sets  (data not  shown).  Among  thcm, 39 primer
sets  detected 56  polymorphic markcrs  between ADH
and  Fi; 15 markers  used  12 RAPD  primer sets, 3
markers  used  2 SRAP  primer scts,  1 marker  used  1 rSSR

primer set, and  37 markers  used  24 AFLP  primer sets,  In
all, 57 polymorphic markers  (1 phenotypic marker  and

56  DNA  rnarkers)  wcrc  used  to construct  the BCF  and

BCM  linkage maps  (Tablc 1). Examples  of  AFLP
marker  segregation  pattcrns are  shown  in Fig. 1,

imp  construction

  The  two  melon  linkage maps  for BCF  and  BCM  (Fig.
2) consists  of nine  linkage groups. From  two  BC

populations, 33 DNA  rnarkcrs  were  rnapped;  the other
23 DNA  markers  were  solitary rnarkers.  The  morpho-

logical marker  of  fiesh (Flesh) was  mapped  in linkage

group V  . These rnaps  represented  279.1 cM  for BCM
and  295.7 cM  for BCF.  Segregation distortion was

determincd based on  x2  analysis  (Fig. 2). Of the 34
markers  on  the map,  3 markers  showed  segregation

distortion of  expectcd  l:l segregation  at  Px  O.05. Those
three skewed  markcrs  were  distributed randomly

throughout linkage groups and  one  marker  was  solitary.

Comparison  oflinkage map  between BCF  and  BCM

  Comparison of  the linkage maps  constructed  in the
BCM  and  BCF  population indicatcs the recombination

frequcncies in the male  gamete, whereas  the markcr

segregations  of  BCF  rcpresent  the fcmale gamcte. Four
marker  intervals showcd  significantly  difforent re-

combination  frequencies for BCM  and  BCF  (Tab]e 2),
Recombination frequencies of  linkage groups ll and  v
of BCM  were  higher than those of  BCF,  but fewer in

groups ll and  l･M . The tendency in height of  re-

combination  frcquencies was  not biased toward  either

male  or  femalc. Furthermore, these  significan"y  diffcr-
ent  regions  bctween male  and  female gametcs were

scattered  around  the linkage map  and  not  located at  a

certaln  reglon.

  Map  length difference of each  linkagc group betwcen
that of  BCM  and  BCF  ranged  from O.3 to 24.6 cM;  their

average  was  1.8 cM  (Table 3). 
r[The

 total map  length in
BCF  (295.7 cM)  is slight]y  longer than that in BCM
(279.1 cM).  However,  the total map  length bctween twe
maps  dicl not  differ significantly.

                Discussion

Correspondence  of this map  with  other  maps  already

  pubtished

  Perin et al. (2002) cemparcd  their map  with  rnaps

produced in different Iaboratories by  using  anchor  loci
such  as RFLPISSRIphenotype loci. On  comparing  our

map  with  other  published maps,  the locus of flesh celor
(Ftesh) was  assigned  to linkage group V  (Fig. 2) and
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  Comparison of  melon  linkage maps  from  two BC  populations, Map  distances between  markers  and

respective  linkagc groups (cM; right  side  and  bottom of  the maps).  Hatehed  and  black regions  within  the

baFs, respectively,  indicate significantly  different intervals in recombination  at the P<O,05  and  P<O,Ol.

Asterisks indicate distorted markers  at  the P<e.05.

also  to linkage group m  in the map  constructed  by Perin

et al. (2002). This correspondence  assigns  our  group to

linkage group 5 by  Baudracco-Arnas  and  Pitrat (1996),
linkage group ll by Danin-Poleg  et al. (2000) and

linkage group 11 by OliveT et al. (2001). Other genes,
Fom-1  (Fusarium Tace  O and  2 resistance),  gf (green
flesh color), Prv (Papaya ringspot  yirus  resistance) and

At-4  (Abscission layer-4) are  clustered  on  this linkage

group. Therefore, this linkage group is very  important
for agronomical  trait.

Comparison ofrecombination frequenqy in mate  and

  fomale gametes

  We  generated each  pair of  BCM  and  BCF  populations
using  F] (ADH ×  QDH)  as male  or female parents.

Therefore, the recombination  detected in these backcross

populations reflects  the crossing  Qver  that occurred  in

rnale  or female gametes duTing meiosis.  Several facters,

including temperatuTe,  age,  and  genotype, are known to

influence recombination  frequency that this report  was

designed to eliminate.  Fi and  recurrent  parents were
seeded  on  the same  day, grown  in identical conditions

and  backcrossed on  only  one  day. FuTtheTmore, pure
lines were  used  as  parents; a  single  Fi plant was  used  as

the male  and  the female in backcrossing. Therefore, the

main  cause  of  difference in male  and  female maps  is
considered  to be sex.

  The  differences in recombination  frequencies at whole
-genorne

 level between  the male  and  female gametes
have been  repQrted  for some  plant species.  Re-
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Table2.The  significant  difference of  recombination  frequency between  BCM  and  BCF,

Linkage

 greuP

I.ocusi BCM  populution BCFpepulation

Interval
LRNurnberof

individualsRecombination

 Nurnberof  Recombination  LevelY

 frequcncy individuals frequency

llACCICAG412-ACTfCTC4S9+

+

+

+

433775

O.130

40493

 1

e.U43 i

x[

vr

ACA/CTG1320  
-
 AAGICAT265

AGGtCTG334-L20b

+

+

+

+

+

++

+

444533

3

ntroduce  genes for desirable traits from
one  variety  or  species  to another.  One  drawback of  this

technique  is 
"linkagc

 drag", which  is the simultaneeus
introgression ef undesirable  genes that are  linkcd to the

genes being introduced (Zcven et al., 1983). For exam-

ple, recombination  frequencics are higher in females;
conscquently,  exercising  back cross  brceding by  using

the recurrent  parent as malc  should  minimize  linkagc
dTag. From our  research  on  the melon,  the equivalent

recombination  frequencies between  male  and  female

gametes at the whole-genome  levcl suggest  that a



Japanese Society for Horticultural Science (JSHS)

NII-Electronic Library Service

JapaneseSocietyfor  Horticultural  Science  {JSHS)

456 H. Kariya, T. Mutsumoto,  T. Etoh  andS.  Iwai

ary  manner,  rather  than by using  Fi as  femalc, as  would

be suggested  frorn tomato  (de Vicente and  Tanksley,
1991). However,  some  intervals showed  different re-

combination  frequencies for each  of  the two  gametes.
The  melon  breeder should  use  recurrent  parents with  a

less Tecombinant  gamete  to minimize  linkage drag, if
desirable traits to be introduced by  backcrossing are

closcly  linked to these  markers.  Unfortunately, we  have

not  determined the desirable traits to which  these

markers  are closely  linked, Further research  on  higher-
resolution  genetic mapping  and  sex  difference in the

recombination  process, by utilizing a  morc  elegant

backcrossing program, seems  necessary.
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メ ロ ン の 雄性および雌性配偶子 に お け る組換え 頻度 に つ い て

仮屋溥敬 ・睦本知美・衛藤威臣 ・岩井純夫

鹿 児島大 学農 学部　890 −0065 鹿児島市郡元

摘

　植 物 の 性が減数 分 裂時 の 組換え に 与え る
．
影響に つ い て，メ

ロ ン を供試 して 調査 した，F1を花粉親 お よ び 種子親 に 用 い

る こ と で，雄性 配 偶 子 お よび 雌 性配 偶 子 の 組換 え を 検 出す る

2組の 戻 し交配集団を育成 し，34 の DNA マ
ーカーか ら成る

要

連鎖地図を そ れ ぞ れ作成 した ，両地 図 の 全体 の 地 図距離 に有

意な差 は認 め られ なか っ た ．4 つ の マ
ー

カ
ー

区間 に つ い て は

地 図距離．に 有 意 な 差 が 認め られ，雄 性配 偶子 と雌 性配 偶 子 の

間に お ける組換え頻度に差が あ る こ と が示 され た．
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