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    Over a  period of  many  years, ehromosome  research  in relation  to

sex  determination has beeh  asubject  of  intense interest in the field of

animal  eytology.  In the higher vertebrates  the sex-ehromosome  me-

chanism  has been fully established  on  a  suMeient  eyto-genetie  basis in

these years  (see Makino's list, 1951). In mammals  it is quite beyond

discussion that the male  is heterogametie. The  existence  o £ female

heterogamety  in birds has been built up  as  a  well-established  faet on

both cytologieal  and  genetic  evidence.  Thanks  to the extensive  studies

of  Oguma  (1934, 1937), it was  made  ¢lear that in reptiles,  the  hetero-

gametic  eondition  oeeurs  in the female sex  as in birds, from  the dis.

covery  of  differences of  the chromosome  constitutions  by sexes,in  both

the lizard (Lacerta vivipara)  and  the soft-shelled  turtle (A?nydat p'apao-

nica).  The results  of  Oguma's  studies  are, moreover,  of  importance

in proving  the elose  relationship  in phylogeny  between birds and  reptiles

from the eyto-genetic  stand-point.  However, less progress has so  far

been made  in'this field of study  in the  reptiles  than in the birds.

Reeentlst Nakamura  (1937, 1949) eonfirmed  female  heterogamety in the

sea  turtle, Caretta caretta  olivacea,  by finding an  unpaired  hetero-

morphie  ehromosome  in the female eell. Eneouraged by the results  of

these studies,  the present  author  and  Asana (1948) made  a  comparative

   1) Contribution No. 265 from  the Zoological Institute, Faculty  of  Science, Hokkaido

 University, Sapporo, Japan.
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study  of  the ehromosomes  in both  sexes  in the agamid  lizards, Calotes
versicolgr  and  Sitana ponticeriana, and  obtained  a  similar  result.  In
striking  contrast  to these  reported  evidenees,  Matthey  (1943) and  Margot
(1946)i one･ of his followers, reported  a surprising  faet showing  that  in
Chamaeleon  vzalgaris,  Anguis fragilis and  Lacerta vivipan'a  the ehromo-

somes  exhibit  numerieal  difference by sexes.  The  present investigation
coneerning  Chelonia o'aponicut,i) the data from  which  eonstitute  this paper,
yielded  further evidence  of  a  heterogametie eondition  in the female
sex  by the  finding of  an  unpaired  sex  chromosome.

   The  author  pincerely expresses  deep gratitude  to Emeritus  Professor  Kan  Oguma,
now  the Director of  the  National  Institute of  Geneties at  Mishima, for his valuable

criticism.

                    MATERIAL  AND  METHOD

    Chelonia o'aponica on  which  the present  study'  was  carried  out,  is
a kind of sea  turtle 

'belonging'to
 the  Chelonidae, being very  common

ip tropical waters.  These  sea  turtles are  abundantly  eaptured  in the
eoastal  waters  around  the Bonin Islands during the summer  time, when
they  gather  for spawning.  The female lays eggs,  over  one  hundred
in number,  in the sand  o£ the shore  from July to August, and  the
embryonie  development is said  to be eompleted  in 60-70 days. The
material  for the  present study  was  obtained  by the auehor  at  Chlehi-

jima, one  of  the Bonin  Islands, when  he visited  there in August  1936
for the eollection  of  some  eytologieal  material.

    The material  eonsists of  both adult  and  embryonic  gonads.  The

ehromosomes  of  the male  were  studied  in both adult  and  embryonie

testes, those of  the female in the  embryonic  material  alone.  The  em-

bryonie' gonads  were  obtained  by  disseeting the embryos  out  of  develop-

ing eggs  of  various  ages,  at  30, 40, 50 and  60 days after  spawning.

As･'.the fixative,'Hermannls mixture  with  reduced  aeetie  acid  was  ex-

elusively  employed  with  satisfaetory  results.  The mlcroscopical  obser-

vations  were  carried  out  on  the us.ual  paraMn  seetions  stained  by the

iron-haematoxylin method  aeeording  to Heidenhain.

    In histological strueture,  the embryonic  gonads  exhibit.  a  clear

differdntiation into the ovary  and  the testis. The  embryonic  oyary  is

easily  distinguishable from  the  testis by  having  a  thick  and  elongated

cortieal  layer of primordial  germ  cells  whieh  show  aetive  proliferation.
The  testis is a  little shorter  in length but mueh  thieker than  the'ovary

   1) Coneerning the  chromosomes  of  Chelonia  juponiea, there  is a  brief referenee

by Oguir}a (1942) in an  address  giyen  before.the  49th Annual  Meeting  of  the Anatomieal

Soeiety of  Japan  at  Tokyo, April 1942. ,･
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of  the same  age.  The  testis is further charaeterized  by showing  the

primordial  germ  eells  which  develop as  solid  cords  of  jrregular shatpe

towards  the medulla･ry'  region  of the gonads.  Thus the  struetural

features of  the embryohie'  gonaels are  quite identie2i to those deseribed
by  Oguma  (I937) for Amptes j'oponica. 

'The
 sexes･  of  the embryes  ean

Cherefore be clearly  dis"inguished fTom  an  examination  of the histolo;

gieal charaeters
 
of

 
the

 
respeetive

 gonads.  .･ 
･
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 [[]liE CHROMOsOMEs  oF  THE  MA-  
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    The male  diploid ehromogomes  weTe  iTrvestigated in geTm  cellsi in

both adult  and  embryonie'  testes. Study' of  the spermatogonial  qivisiofi
made  it elear  that the diploid eomplement  of the male  sex  eontal"ns  5d

chromosomes  (Figs. 1-3). The  same  number.'･,of  ehrornosomes  was  ob-

gerved  as an.additional  evidepce,  to oecur･in  the dividing somati ¢ ･cells.

The  eomponen'tLs  of  the  diploid eomplement  we'r'e  founq  to fall Into tw.Q.

differen':･ groups  aeeeTding  to their size  and  shape.  .One  group  eom:

prises the ehromeffomes  assuming  a  distinct V-shape  .Qf yaryipg sizes,

being 14 in number.  They  appear  to show  submedian  spindle  fibeT
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      Figs. 1-6. Chronloson]es of  the maJe  germ  eells. 1, 2, spermat{  g.onial.meta-

   phasqs  from  embryehie  testes. 3, the same  irom  adult  testis. 56 ehtomP,  sgmes  .

   in each.  4, 5, primary spermateeyte  metaphases,  Z8 bivalents  in gpeb･ . 6,, se- 
"./,.

                                    elements.  

'
   cestdary  spermatoeyte  metaphase,  showing                                 28
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attachment,  the  lengths of  the arms  forming the  V's being di.ssimilar.
Among  them  two  pairs are  very  promillent  on  aeeount  of  thelr size,.

whieh  is markedly  larger than  the others.  The  other  group  eonsistg

of  simple  red-shaped  ehromesomes;  they  are  42 in number  and  vary  in
shape  from elongated  reds  to minute  spheroidal  bodies. Four pairsi
among  them  are  eiearly  distinguished from the others  by theiT Te-

markably  elongated  ferm, sometimes  bent or  undulated.  All the rod-

shaped  elements  taper toward  their inner ends,  except  for the longest

ones,  eaeh  of  whieh  earries  a  globular part  at  the proximal  end.  In

view  of their external  forln it appeaTs  that the point of the spindle

fiber attaehment  is probably  terminal in them.

    Morpholegieal analysis  based on  the  mating  up  cf  the supposedly

homelogous ehromosomes  by means  o £ a eomparison  ef  their shape  and

size, reveals  that the male  diploid complement  eonsist  of  28 distinct

pairs ef  
'homologous

 elements,  comprising  7 homologous  pairs of  V-shaped
ehromosomes  zand  21 homologous  pairs of  rod-shaped  ones.  There is no

element  left unpaired.  An  example  of  the alignmental  arrangement

thus prepared  is shown  in Figure 11.

    The  ehromosome  eounts  made  in the haploid condition  ineluding both
the primary  and  seeondary  spermatoeytes  consistently  gave  the  redueed

number  as  28 (Figs. 4-6). By  this observa+.ion,  the diploid number  of

56 formerly established  is finally confiymed.  The  chromosomes  of  the

primary  spermatocyte  are  all ordinary  bivalents in strueture,  and  there

is no  element  whieh  assumes  a  heteromorphie  eollfiguratioll  (Figs. 4-5).

    The  evidenee  here obtained  is thus  ,suMeient  to indieate that the

male  ls homogarnetie  as  regards  the sex  ehromosomes,  although  the

conelusive  identification ef  the sex  ehromogomes  is diMcult from a  study

of  
'the

 male  ehromosomes  alone.

    Here, some  comparison  of the ehromosornes  rnay  be perdnent  be-

tween  the present  species  and  its related  speeies,  Caretta carettct  oliva･cea.

Nakamura  (1949) in the male  eell  of  Ca･rettu reported  58 ehromosomes

which･eonsist  of  ZO V-shaped elements  and  48 rod-shaped  ones.  Caretta
caretta  olivacea  bqars a eonsiderable  resemblance  to Chelonia japonica
in its' chromosomes,  but the numerieal  and  morphologieal  differenees of

the ehromogome  complements  here  involved are  sueh.  that they  ealt  not

be aeeounted  for on  the basis of  the formation  of  multiple  ehromosomes

by fusion of  rod-elements,  two-by-two, into V-shaped  ones.

                 [I]HE CHROMOSOMES  OF  THE  FEMALE

    The observations  on  the female ehromosemes  were  made  exelusively

in the ovaries  from embryonie  speeimens.  The  oogonial･metaphases

a
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studied  in many  dividing eells  censistently  showed  the diploid. number

as  55 in the female eell, as  seen  in Fig'ures 7-9. The  same  number

of  ehromosomes  was  eonfirmed  again  in some  somatie  cells  (Fig. Ie).
The  female cells thus eontain  one  ehromosome  less in total number  than

do 'the male  eellk' in whieh  56 ehromosomes  were  found. The  odd

number  of  chromosomes  in the female eell  naturally  suggests'the  ex-

istenee of  an  unpaired  element.  To identify the  unpaired  ehromosome,

a  morpholOgieal  analysis  of  the ehromosomes  wag  made  by comparing

their shape  and  size.  The  feniale diploid' eomplement  is here.also

grotiped  into two  sorts,  of  V-shaped  and  rod-shaped  ehrornosomes,  as

was  

'the
 ease  in the male  eell. The  V-shaped  chromosomes  are  again

14 in number,  and  are  quite identieal in form  with  the eorresponding

ones  of  the rnale  eell.  There  are  here again  7 homologous  pairs of  sub-

median  ehromosomes,  two  of  whieh  are  very  outstanding  for their large
size.  Evidently, there a.re neither  an  unpaired  element  nor  a hetero-

.
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   Figs. 7-10. Chromosomes  of  the female eells. 7-9, oegenia:  metaphases

from  embryoni6ovaries.  55 ehromosomesineaeh.  10, somatiemetaphasefrQm

the epithelial  eell'of  the'nephrie  tubule  of  the embrye,  showing  55 elements.  
''
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 morphie  Pair in the group  eonsigting  of  the V-shaped  chromosomeS.

 Thus  the'V-shaped  ehromosomes  exhibit  no  differenee in the two  sexes.

     In contrast  with  the V-shaped, the number  of  rod-shaped  chromo-

 somes  is odd,  being 41. This odd  number  obviously  indieates the pre-

 senee  among  them  of  an  unPaired  element  whieh  remains  without  a

 homologous mate.  The  paired alignment  of  ehromosomes,  arranged

 aecording  td their size  and  shape,  made  it elear  that the chromosome

 marked  with  x  is destitute of  itg appropriate  partner  (Fig. 12). It is

 therefore  this ehromosome  whieh  is responsible  for the  numerical  dif-

 ferenee between the ehromosome  numbers  of  the two  sexes.  Thus the

 sexual  differenee of  chromosomes  is attributable  to the faet that the

 chromosome  marked  with  x  is unpaired  in the female, whereas  it is

 in a  paired  state  in the male.  The chromosome  x. is nothing  other

 than  the  sex  ehromosome  of this speeies.

     The sex  chromosome  thus determined  is represented  by one  of  the

 shorter  rod-shaped  ehromosomes  in order  of  size,  as  reeognized  in a

 sevial  arrangement  of ehromosomes  (Figs. 11, 12). Corroborative evidence
 has previously  been  furnished in the eases  of  other  turtles such  as

 A7nyda  o'aponica (Oguma 1937) and  Cewetta caretta  olivacea  (Nakamura
 1949).

            . [VHE SEX CHROMOSOME
                       '

    From'the foregoing aeeount  of  the ehromosomes  of  Chelonia o'opo-
 nica  in both seXes,  it is apparent  that, the  ehromosomes  of  the female

 are' 55 in nuMber  and  those  of  the male  56. The  numerieal  differenee
 in two sexes  is attributable  to the eondition  of  the sex  .dhromosome;

 in'the male  it is present as a  homologous  pair,.while in the female .it
･stands.

 solitarily,  having no  tnate. It is this partieular  chrdmosotne

 which  eauses'.the  sexual  differenee between the ehromosomes  of  the

 present species,  and  there £ ore  this fact is well  understood,if,the  parti-
'.eular'

 element  be take'n as  the sex  ehromosome.'  . ･

    The'sex  chromosome'here  identified,was found  to be one  ef  the
short  rod-shaped  chromosomes,  as  detected in the alignmental  arrange-
'inent'

 of  supposed  homologouS pairs, (see x  in Figs. 11,12). It is thus
clear  that the' female  is heterogametic as  regards  the  unpaired'se/x
'ehromosome.

 
'
 ,                                                     '                                                           '

    With referenee  to the literature 
'there

 are  six  speeies  of,reptiles

including the 
'specieS

 of  this study,  in whieh  the sex  e'hromosome  has
been diseovered (see Makino's list, 1951); they are  Lacerta vivipara

 (Laeertidae,; Oguma  1934), Calotes versicolQr'(Agamidae;  Makino and

Asana･1948),.,Sitana.ponticeTina (the same,  as  above),  AmUaa  iapOnica
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(Trionyenidae ; 0guma  1937), Caretta earetta olivacea  (Chelo.nidae ; 'Naka-

mura  1949), and  Chegonia o'aponica (Chelonidae; this paper).  It has
been demonstrated that in every  of  

'them
 the sex  ehromosome  is uni-

formly  reprGsented  by one  of  i]he sbort  vod-s'haped  ehromosomes.  This
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     Figs. 11. 12. 
'Alignmental

 arrangements  6f paired  ehromosomes.  11, from

  a  spermatogonial  eell.  12, froman  oogoiiial  cell.  x  denotes the sex  ehvomosome.

uniformity  of  the sex  ehromosome  is very  remarkable  in its nature

and  remairis  unaltered  althou.a..h  the karyotypes  of  the  studied'.  speeies

vary  eonsiderably.  This  finding seems  suraciently  to indieate that the

sex  chromosome  of  reptiles  is generally  not  of  a large size  but rather

minute,  being represented  by one  of  the short  rod-shaped  chromosomes.

This feature is also  regarded  as  one  of  the  distinguishing cytological

eharaeteristies  of  the  reptiles,  standing  in･eontrast to.the birds, a re-

lated grroup of  animals,  in whieh  the sex  ehremosome  is generally  of
'medium

 size. Also, the evidence  appears  to indieate that the sex

chromosome  of  the reptiles  has developed through  its own  partieular

evolUtional  cours'e  which  is independent from that of the autosomal

group.

    In view  of  the abbve  findings here  eited,  it is very  surprising  to

find the  papers  of  Matthey (1943) and  Margot  (1946) informing  that

they failed to find a numerieal  differenee of  ehromosomes  in the two

sexes  of  Chamaegeon vulgaris,  Anguis fragilis and  Lacerta vivipara.

Matthey (1943) found  24 chromosomes  in both male  and  female eells  of

Chamaeleon.  Margot (1946) reported  44 and  36 ehromosomes  in Anguis

 and  LaceTta, respectively,  Whieh  show  no  visible  dlfferenee by sexes.

It is nois clear  why  these authors  eeuld  not,find  the unpaired  chromo-
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some  in the'f'emale eell. If it be permissible to makd  

'some
 eritieism

of  their studies,  one  thing  whieh  is most  probable  is that thei: results

involve something  questionable in the research  of  the micro-chromosomes

in which  the sex  ehromosome  is ineluded. The  author  would  like to
mention  here the results  of a reinvestigation  on  Lacerta vivipuara  whieh

beeame possible through  the eoUrtesy  of  Dr. 0guma;  it resulted  in
finding agaip  an  unpaired  sex  ehromesome  in the female  cell, in eom-

Plete
 9,F.rgg.m, 

ent
 
with

 
the

 
results

 
formerly

 
obtained

 
by
 
Dr.

 
ogurpa

 
(lg34).

                            SUMMARY

    The ehromosomes  of  the sea  turtle, Chelonia e'aponica, were  in-
vestigated  in the two  sexes  with  speelal  refeTence  to the  sexual  differ-
ence  of  the chromosomes.  The  diploid number  of the male  is 56 and

that of the female is 55. 
'The

 eause  of  the.numerical  difference lies
in the fact that one  partieular  ehrom6some  is always  unpaired,  having
no  mate,  in the female  eell, whereas  it is in a paired  condition  with  a

homologous partner  in the male.  It is this partieular  ehromosome  which

is,'respo#sible £or  the sexual  dlfferenee of  chromosomes  between the
two  sexes,  and/therefore  is regarded  as  ,the sex  chromosome  of  this
speci-es. Based  on  the  alignmental  arrangernent  of  the homologous
ehxQMosomes  by .means  of  the  eomparison  Qf their shape.  and,size,  the
sex  chromosome  was  identified as  one  of  the short  rod-shaped'chromor

somes.  It.was established  therefore that .the female  is heterogametic
as  regards  the  sex  chromosome.
s
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