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ITirmukT  Ohtdkei  Kenichi  Togashii HRLime Ohtsukii Ai Shmomiiai Masaru Matsuda2 Satoshi Hamaguehii Mitsuru Sakaizumii
iGraduate

 Schoot ofSciencc  ]nd  TeLhnoLogy Nllgdta UmvLrbiti Ikdrabhi Nllkan 950 21Sl Japan and  
?I

 abo]atortr el RLp[oduLL-e Biologv National Institute for
Bayc Binloglr Oka,aki 444 SSS5 Japan

    The  medaka  has an  XX  XY  mechtnism  of  sex  dctcrmindtion Y spc"fiL  DM  doniain genL DlfV  is the mLdakd  sLxdLtLrmining  gLnL WL  LemparLd  Llx

phenot)pic scx ef mdividuals  wulth thcir genctlc sex CD IIT  poslu}e or negaUNe}  in  wild  populauons The  phenot)pic sex ot  each  specimen  -ds  identitied  b) the external

merphologlr  and  its genetic sex  -ds  determined by detecting Dilf l usmg  PLR  Ihe phcnotypiL  scx  ]grced  s-ith  their gcntnL  sLx  m  most  mdixidudls  WL  found 24 l),tf t
positiie lemaies from 13 loLnlitieg Fouiteen hgheg troin n]ne  loca]itieg "crc  analNzLd  gLnctically md  -creJudgLd  to bc l lmked mutants  Progenv "ith  the mutmt  Y
Lhremosoine  -eie  all female ]n  nme  XY  femnles fiom sii toLnhtles "hile  fi-e fishes from three toLahties preduced both males  and  fetnates "ith  the mutant  Y
chremosomc  Wc  dLtLrminLd nuLILeLidL  sLquLnLL  c)fthL  proLun Lod]ng  region  ofDVrbv  direLt sequencmg  indl)sis  for Ul muLanLs  ind  Lhe segaenLe  "ere  cornpaied

vith  norniaIXY  males  T-elie  fishes from six  locLhtieg hctd fr vie  shJft  svut  iuen  in  3rd Fxon  Three  tTshes fi om  L loLalit} had hase bubstitutinnyn  6th Pxon  LausTng  fiie
aillmo  acid  substitutionb  OthLr XY  mdlLs  hdd ne  muLtUon  m  ORF  ol  Dlf}'
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    In thL mLdak  t Orlnas iarTpes dY  spLui-  :LnL  D  lf }' is a  pnmc  LdndidatL  tor Lhe sex  dLtcrmmmg  guiL  We  hdxe feu]d males  x"thout  DVV(XX  ma]es}  in  a  uild

popuhtion ot  Shirone  Nllgata  piefecture CJenetiL an  tlyses  of  these males  suggested  that a  ieLessii  e faLtor "as  responsible  for sex  reiei  sd1  m  XX  mch-du  ils ln  order  to

deterrnine the chromosomat  loc ition  of the fdctor vte  exdimined  genot} pes at 9a FST  (expressed bequence  tag) matkers  in h4 maleb  of  backuess progem  between thc
ongmal  Shirone XX  male  and  an  b  1 (Hd rl<  XX  femates x  the Shirone XX  mate)  female Sesentv to  eightv  one  perLent of  the backcross males  -ere  homozygous for the
ghiroiie Lllele  dt  mne  m  Lrkers  toLated on  hnkagL  group  (LG) 8 FhLgL iAtiog  -ert  significanttlr  higher Lha" LhL  expLLLLd  50V', (p <OOI)  ThLsL  iLsutlg  mdiLttL  that  a

major  factor that causes  sex  refoeisal  of  XX  mdiuduals  is located on  LCJ 8 suggesting  a  noiel  gene  miolfoed  in sex  detertnination
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    l)nf }' DM  related  gene  on  YLhromosome  is  lhe sex  deLermLmng geneofthe  med  Lka  Or]iiay lanpes O curunotuc  adesel)  relaLed  speues  orO  iatrpts ajso has

Dlf} on  the Y  dllomeseme He-cver D  lf}' hdb nuL  becll feund lli O tuzonEnTis Lhe mosL  rclaLed  spcues  of  O  cuninotuy  Although the gcllonllL rcgion  Lolltaimng

DV}'  sLcms  to  h liL  omginikd  through  duplTLdtio" of  thL rLgion  Lont  tining  DlfRTJ  en  an  iutosoniL  it ]s undLar  vvhLii  DLf}  disLigLd fi oni  DVRTJ  ln ordcr  to

mvestigate  the e-gm  ofDV}  -e  detetmined nucleoude  sequences  ot  PlfV  and  DlfRTi  m  Otviias and  constiucted  ph)logenetie  trees based on  the amme  acid

scqucnL"  ot  DMY  and  DMRTI  ThL ph)LogLnLli"rLLh du]onbtidtLd Lh tt PVV  diNLrgLd from DMRI1  of  ] wmmen  mLchtor  ofO  ctirunotus  and  O  itieonensis dftcr

separation  from O  tatopet This iesult suggests thit DV}'  origmated  m  the common  aiiLestor of  O t"rLtnotut  O  ht:onensts bi duphcation of DMRTI  and  -as
hon/ontillv trangferred frnm the Lommon  ancegtor  ot  O  iurvviotus  O  iuztJnLnsJs to an  anLegtoi  of  O  iatu)t s On  7ras  iigheg exLept  O  latu)t s ind  O cuninotu"  appear  lo
have anothei  sex  determmmg  gene different from D  lfY
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    T-o  closels  related  medaki  species  OtL  tas iatrpLs and  O  cuniotus  lnie an  XX  XY  mechimsm  of  the sex  determmat]on Both  speLies  have DV)  -hiLh  is

required  for male  dexelopmentm O  tatrp" It has heen reporLed  that all Fi XY  hlrbrids irom theuo"  bct-LLn IId rR  inbrLd  str vn  ILm dLs of  O ie:trpes md  O  cuj  votrts

mtles  clei elop  as  fem tles  ]n this "udv  we  vi  tli7ed  the phenetLpiL seK  (male oi  femile) ofthe  FL XY  hi brids bct- cun  IINI tcmalcs ot  O iattpEs and  O  LuH  tnutus  milcs

As  d rtsult  23  o bi XY  hNb-ds d-elopLd as  mdlLs  ind  Lhe TeinaindLr  aLLtlepLd i"LmalLs  ThLn  "L  produLed CJ. prog"ivlreTn theuoss  bet-eenGi (Hd tRx  HNT)
tem i]es ind  O cur"not"s  mdles  The 2e". GF  XY  hibuds  deve]oped is  miles  These iesults  suggest  that a  fTctor except  DVYconnols  XY  sex  reversal  in  mteibpecifiL

h} bnds bet-een O  tatipes temales and  O  LurLtnvttts  males  In thL hnkagc dnil)sis  usmg  11 G2 XY  miTtb  thL hLLor -as  rnappLd  on  LCJ 17 ofi LhL niLd  ik  t 1-o  meddka

ESI  markerb  "erc  dLtcLtcd ilankmE the taLtor ]t 3 2 LM  cdLh
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    Altheugh On:ias lutonensis is  one  ot  the most  closel)  rehted  species  te the medakd  O  laiipes the medika  gex  dctermimng genL D  VY  hig not  been identified  in  O
iuzonensis gcx icicrHed  temalc produLed il] temale progcov buggesttng  that O iuionensis has an  XX  XY  sex determmmg  s)stem  We  hearched  for sex hnked DNA
polvmoiphisms  m  O  iu.enensis ugmg  medaka  expressed  sequenLe  tag (EST) markers  to illaslrate  Lhe sex  chremosomes  and  to appredLh  thL sLK  dLt"mmTng  gcnc "c
]denL]fiLd  fivLY hnkLd rnarktis  ind  Lenfirmed  male  hLtLrogamLLv rhL hnkage map  demonstrLted that the sex  diroTno-ome ofO  tu]ontnsts is not  homologous to that

of  O  iattpcv but to an  iutosome  (Lmkage group 12) lt can  be expeLted  that O l"zonEnvs has a sex deteimiinins gene di1ieren"rem DM}'
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    The seNetith largest chromosome  of  the frog Rana  rugosa  m  Jtpan is morphologicatl)  evoli ed  as a  sex  chroniosomL  1L iv dn  XX  XY  t) pe  Tn one  geographic  torm
and  aZZ  ZW  t)pe m  anolher  In conLrasL  Lhe 7Lh Lhrumobomeb  are  slill homc]morphiL bLLvv"n thL sLkLs  in thc ethci  t-o  gcogi  iphie  forms the) are  more  subtelocentnL

in  Lhe K  lnLo  form and  subLeloLenLnL  in  Lhe West J Lpan  form In Lhis sLudv  te identifV  i protntype ofthe  sex  chremosomes  -e  extended  our  miLstlgltlon  to thc KurL  tn

form thit is supposed  to be close to ongin  in the ph}logeny The karlrotvpe a sex 1inked gene seguente  and  inLLhanbms  ul sLx  dLtu nimdtien  dlld  gon  id U difierentiatson
-erc  all exammed  Ako  ph)logenehL indl}scs  -we  performed basLd oii thLmiLoLhendn]  gcnc scqucnLe  ]nd  using  cross  expemments  bet-een theKorean  and  Japanese
ferms As  d  result  the more  subteloLentllL  7th chromosome  shaied  bv thc Korcan  and  JipanLse  Kanto  tormg  -ig  LonclLded  Lo  be tlte proLeLNpe  of  the sex

Lhromos{]mcs  gtdr"ng dt  thc protot}pc  a  wholc  proLcbs  nf  morphologiLal  bex  chremosome  ei olution  "is  recenstruLted
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    Xm-  is a  fimils ofmimiLurL  miLrLLd  rLpLdL  Lr tnsposablL  tlLnnuits  (MITE9 Lxtcns-eh  ampJitJed  and  tiansposed  m  the genonres of  XLnfveus speues  fn addiLion

the same  tiansposon  svstem  -luch  Lontributed  tD the unpltfiLauon  and  transpositioti ofXrnix  also  seLmed  to Lontribute  to lhL amphfiLLLion  Lnd  LransposTtion oftandem

trrais  ot Xbtil -hiLh  "  onL  of  LhL meHl  den]inlnL tdi]dtm  rLpL  iL bLquLnLL  iound m  thc Acnopus genoines  In ordei  to identify  trinsposases  "hiLh  LonLnbutL  te t]]L
transposmon  ofXmix  famdi OR)s  of  c  mdidate  genes -ere  isohted  and  andl)zed  using  database analyseg  and  P{ R
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    g}n]ptotagrmn is  expressed  ]bund  ]nlt}  in  ciil  t}pes ot  neurens  In the present studi  iegulation  ufs)L  gene is Lemp  trdbNUy  mdlv7Ld  bet"een t-o  distalliv retated
speues  oE  iscidnns  HaloLinthia  roretzi  (HD and  Ciona  iiitestnHhs  (Ci) HT  syl  gene  is  expressed  in  all  tNpe- of  neurons  A  ) fragment ot  Hr  s}  t promoLLr minniLs
expression  pattein of  endogenous  s}t gene  Deletion experiments  haie sho-n  that multiple  regions  of  Hr  "t  promotLr rLgul  itL ncuronat  gene expiession  The  Hr  sNt
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