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                      INTRODUC'I'ION
    Since tke eaTily worl< of Boi<N (i8S!) and "It'uNG (i88i), many

observatlons have beeR made to elucidate the questioB of sex deter-

minatioia iR amphibians. Tlie most remarl<able of these is probably

the recent worl< by NKirTscm (ig23). The results obtciined from these

stadies seeiiLi to show that in amphibiatiis se.x is not clefiRitely cleter-

minecl at the tiix{e of fertilizatioR, but chaRg)-eable during subsequent

developmeRt.

    A great cleai of xx'orl< has t"so been clo.nc on the cytoios,y oS

tl}is g.roup. IB.ut neither tlie question of sex chromosoiRes nor the

conditions tmderlying the probleni o.f sex cletennination has been

elucida,tecl by these xvorks. It is' 1)elia.vecl that sex chroinosonies are

not the sole se.x deterininers, aitl}ougrh they are important asrencies in

sex detennination. In any case, it is desirable to stiidy tl)e sex

chromosomes of amphibans crucially and see whetker or to xvhat
exte.nt the finclinsts are in hErinony wlth the expe.rinie.ntal results. In

this series of reports I intencl to clescribe the results of n3y study of

the cliroi'nosonies of ainphibians, c)speciaily thosc of anuraRs, found

in Japalt. I[ express iny he.arty th,anl<s to P. rofe.ssor TAk"u i<o"fAi to

xiL/hoin III tun ln(lebtecl for v,aluable criticisnit aiitcl t'or his great I<inclness

in looi<insr throus,h the nianti$cript. 11"o th"lr. OsAMu INrfiNoucyii II ain

t•xlso uiitder clee.p oblis,ation for his 1<kiLcl assistance. (.i.sl)(/icially on t/lie

side of techniclve. '

                MATERIAL AND METHOPS
    "I"he frosr xxrli{ich I used hiL the presc}iitt sti.id>r is JF.I'L(i,;,l(i a•rborc?x la•Po-

ni2'a• (IIiuEhTTriEi<, one of. the coini?ioRest ft'ogs iR Japan. 'J.'hc inaterlal
             }tt..
xvt}s gatherecl in Jkine cknd July ft'oiii the, fielcls in the sribi/zrl/s ot'

ltsr..yoto. They were 1<illed by stril<ing' on the hg,acl, 'I)h, e testes were

taken out froin them Ets quic.kly as possible and cut into sniall pieces,

not exceeding- three millimeters in diameter, and clroppecl in the

fixatives. I;or fixing the chromosomes, the followinf.}' 'fixettives were

use.cl. '
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                                                          '    i) I?LE"f"{iNG's stronsr solution "rjthout acetic acid.

    2) 'The stune fluid diluted to i/2 or 2/s styens.th•

    3) C}iAMpy's solution.

    0f these, (.:i{A"fpx/'s solution provecl to be the best. After 24

hour.g of 'fixatloR ifi this solution, tlie inkc f"erial xvap xx'ashecl in running

xvttter for 24 hour.s. ri'hen a se!'les of alcohol.s (7o, go ancl ioo per-

cent) xx'as usccl Åíor cleli>rdration. 'I'he absolute alcohol Nvas replaced

b)r creosote-toluol, this by toluol, this in turii by toluol-parafllin aRcl

theti the inaterlal xva$ inibeclded in paraff}n. Tlie $ections "Tere cut

into thicl<nesses of 8, io or is micra; altd after bleaching in .ZTL2Z,0•.,,

tlicy• xvere ' put into the f.ollowing niixture for 24'hours or inore.

    (ilti.cial ttc{/)tic acid........,.......,.....................,so pt}.rts.

    Sat]xirated picric ii.cicl.............,..............•.......sO 1)cirt$•

                                                   '    IE'his bzLth is a niodifie<l forni ef C•Hui<ix's bath, inorc strong:ly

concentrate.cl th:•tn .in tlie orig.inal forniula ar)d eniployed bvv 11?kNouciu

(ig2' 7) in lii,s skicly of niainnialian chroinosoine.s, 1"Iie $ection$ taken

(' )ut fr{}ni tliis 1)ath xvere thorouLg'IAy "'ashec1 ln runninsr watcr, aRcl

put in io?6 soltttio. n of iron altini for .s-24. hotir.s. x'-"Lfter xvashing iii

               'runninf.).' "rator, they xx'eri, stained in ]IEtDEN•ii.xiN's iron-haeniatoxylin
                                                           -•                    'for r)-24 hoi.irs. IL;or cliff(ir(intiati{/)n, o.sO/6-i,o9b solution of ir(r)n Ezltun

xvas used. AÅíter cl{fferc}ntiation the $oct.io-s xx'ere Nvashed in runRing

xvater for 2-i2 hour$ ancl dehyclrated "ritli alcohol, clearecl in creosote-

                                       'xvlol an(l niounted in cai:tt}.cle --bELIsani.

                                                         '
    By (Lmploying tl]e .'tbove-mentioned metliocl, tlie metttphas{c

cl>r(.nnosotnes xxrere xvell preb'erxrecl t•tncl .s'tainecl cl{.N.arly. rl'he only cle-

ficienc.y of this inc}thod la>r in tl)e diflficulty of stakiing the chroino-

sonies in ctll sta{}-es, e.specially those, in tlio n{icle.us of the g'row•th

p(iriod. rl)he.refor(i, 'FLE"T"iiN{:Sf strong' s(')lutioR xvas •siibstituted fo]'

(lr-ii,s,r[py',s inixture. il'or the obserivration of the chroitiosonies in tl)ei•

srroxvth periocl, xvith sreocl rcsults.
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                      tt t   '
                        OBSERVA'I'IONS

          f. Ck •r om osom c's of t li e 5'P 6' 7"m ato .o'on t' zt 7ii

     Fig's. i-s are polar viexvs of the equatorlal plates of the spermato-

gonial divisions, The figures, are ic n'anged accorcling to their sizes,

Fig. i being the largest cand I-'ig'. s the smallest. As is clear froni

the fig'ures, there is no morphol.o.o.'ical clifference anions.r theip. I shall

call the largrer ones the earlier spermatogonia ancl the smaller the

later spermatog'onia, The earliest s.permatogonia (=prinncry sper-

niatogonia) are .g.olitary ancl surroundecl b]yr a fexv f.ollicle cells. "L"hey

]nultiply by div•isions of thc ordinary equational type, until a spernia-

tocyst. coRtaining a certain iitunber oÅí spe.rinatog"onial cells( --seconclat r-v

spermatogonia) is procluced, Tl}e cells become smaller xxrith the

cli.vision. Tl}us the equatorial plate of the earlier s.perma.togoRia is

invari-, bly larger than that of the later, eacl} chroniosonie oÅí the earlier

sperinatogoniftcl metaphase being longrer than the corresponding chro-

mosome of the !ater spermatog'onjal metaphase.

    Fig. i shows the carliest ( =priniary) sperinatosror3iuni, xvhich is

solitary, largrest in size•, and suu`roiLinclecl by a t'exv follicle celis, '"rhilc

Ia'jg. s shows the s)nallest one I have obse,rvecl, "rhic,h is probably the

ultil13ate spel'111t,ltog'oiliUlll.

    A's shoxvn in tliose fi.srtit'es, the e.qtit'Ltorial plates of tlie sperinato-

g-onia contain 2.; chroniosonies without exception. Aitany of tliese,

especialiy the !arg'er chroinosonies, are atelor•nitlc and V-shaped. Iii

tl}e equatorial plate the larg'er Xr--shapecl cliroinosonies are arr[u']g-ed

g"enerally at tlie periphery, at"td tlLfh others are scatterecl abo"t in the

central spacue}. SiRce the larg'er chi'oinosf)imes lie with thcir points o't

flexure toxvards the spindle axis, a rosette is formed. Soinetimes,

hoxvever, tlie angle bet"reen the tJxvo arms of the X7" b(i)coines very

large so tlntt the V is oÅíten convertecl into a !ong rocl (Fig. i).

    Of all the chroinosoines, tlie largest pair ac pparently represent the

sex chromosoi:nes. IBut it is often hard to sort out the largest .pair,

becausd they are situated frequently obliciuely to tl}e equatorial plate,
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aRd tlie degree of inclination in relation to the plate ]'s not alxvays

the same. All of the metckphase chroinosomes are well separated ancl

there ls iao clan.o+er of niiscalculating the niunber.

        2. Cli•romosomcs ofXlie .Fibist .YPe7`ma•Xocj,Xe

                        a. Cv'o7c,tli 2e7ibd

    In the restin.cr stage the nuclear substance is resolved and the

chromatin is in a cliffuse conclition. There are a few nucleoli which

are staiRed deeply by haematoxylin (I?i.o'. 6). In the next stag-e the

chromatiii cippecii's iii the foi'm of a .o'raiiular, inuc}i coiivolute.d

spireme (le•ptonenia) and the nucleoii as cleeply staining bocl{es. The

tlireEds are arrans,ecl in no clefinite way (Fi.,c.r. 7). IP)ut sooner or

later there occurs a slig'lit convergene.e of the threads towtarcls oiie

pole of tlie nucleus (Iigr. 8). rl"his is the zyg'otene stage. The nu-

cle.oli can still be disting'uishecl. As to the syiiizesis cf t'he leptoteiie

threacls, I will not touc.h upori that $tibject for the pres.ent. Next

conies a pachyte.ne stag'e xvhic.h caR be cMsting'uishecl clccrly, as this

sta..o'e is characterizecl by tlticl<er tlireads (paÅëliyneina) ancl by a sniall-

er' Runibor of the threacls as Åëoinpared witk the prececling stages.

'l"he pachytene tliroads shexx' no clear sign of cluality ancl tl}ere is B.o

niore poarizat{on (Fis.r. g). The nucleo]i are hardly visible iii this

staga in nia,terial preserx'ecl in FLF.."T"nix,tr.'s strong' solution (IFiL..T,. g),

The pachytene tlireads continue to increase in thickness (Fig. io), aiicl

])rol)ably after the. diplotene stag'e. becoine the. stre.psite.he thrca(lsi etach

of which is composed of ti pair oÅí threacls spircrilly twisted about each

other (Fig. ii). In tl}e diakinesis the ring"s are clearly observecl, xvhich

coikdense gradually, the threads increasing tlieir thicl<Ress, until the

          'characteristic fe.ature of the tetra(ls becomes appvarent, Besides the

rings, there exists a Nr-sha.pecl chroiRosome, which is the largrest of

ali the'chroinosomes. Its later history shows that it is the sex chroino-

sonie witko"t doiibt, In th.e dial<inesis all the chromosomes are scattered

about in the peripheral parts of the n"clear space. I c6uld make out

/-
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neither l<ti.rxrosonic/: nor eLn}r p}iLe.nonicnot"i of he.tcirol}}'ciiLosis in tl]{i; frr(i)svtli

poriocl. 'l'he nucleoli, xvhicli appear in tbe earlier staf.re of the g'roxvth

period, clisappear gradually in the later staL.cre, and hax'e no relation

xxrith the sex chromosonies, Tlie d.etailecl observations oii synapsis ancl

totracl forniittion are left for a later stucly.

                  b. y]ft'XaPlmst' a•nal /lnaP/,'as('

    In the equatori,il pli, tes of the first divisioi.i there are alxvays r2

te['rads (Fi.,(,.)'s. i4--i6). The tetrads c,an not bo sortecl otit into c.lasse.s

ciccoi"cliii.(.)" to their sizes, 1)cc.ause tlie.re is iio sli;ii`p diff'ere.ntiation in

sizo. ,ft111ollg- thelll. Of the I2 totl`Eds ci.o'llt ol' llillci, cll'e alTall..o'ecl ill a

circle a,,rouncl a centrai space in which three or four tctrttds are present.

Cio.nerally, the la,rger tetra(ls lie at the pcriphery End the snialler ones

in the central space; octassionally, hoxvever, sonia lar.(rer tetrads are

present in the cetitral space-and some smaller ones a-t the poripher.y.

IBut the lftr.o'est X•,-s.hapecl tetrad, xvhich represents probably the sex

chroniosonie,s, reinaiRs a.lxvays at the periphery ELnd stancls vertica} to

the.. plate. [Irhis. arrangenioRt i.s, in principle., identical Nvitli tha.t of. the

sperniatog-oniai chromosoiRes, each tetrad representing a p,'tir of honio-•

                                                    'logous chronios.onies.

    In iRsects (Orthoptera, 'I'Iemiptera), annalicls. (7binoP!er/:g, xflZlolo-

l?oP/iora.) ancl in loxvet` xrertebrates (tXinpliibia), the tetrads are xreil`ical

riii.(.>'s longritudiRatly cleft in tl]e plcine of th.e riti.o.' and shoxving' cross--

stiti.ire.s at both ends. T.n the sin'ipler types of the rii}..(rs the lon.c.ritudinal

s,.plit n'tair be o. b:h'ci.ire. i'"Lccorclin.,(,,r to X?gTiLsoN (Tg2s), tke rin..(.r is

coinposecl of txvo synaptic inate.s xvidely separate.cl in the niiddle, but

united at both encls. . ' '
    I clid not observc the tetrad formatio. n carefull.x,r, ancl I. cati not sct>;"'S'

whethe,r this iRterpretatjoR applies to the present stucly. It is. x'cr}r

lik'e.ly, howexrer, that the 'tetrads iti tlais frog are proclucecl in the same

xvay, but are condeRsed to suof} aR c.xtent that tho. ring sliape is

obsci}red or totallv lost to viexv. In the side viexv the teti'ads are
                Y
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clumbbell-shaped ancl lie vertical to the equat'orial plane with tlie

spindle fibres attached to each half. The Iar.crest chromosome, how-

eyer, stands oR the plane with both arms oblique to the plane and

directed o"twards, so that it has the form of an open Nf in the side

view (Flgs. i7-i8), [Each of the arms looks apparentiy rod--.ghapedi,

but bencls a little at tlie point where the spinclle fibre atticches (Iig.

 i8), In thq polar vietv this chro. mosome appears aL s a double structure,

the arins part. Iy overlying'. each other.

    I[n the afiaphase, the tetrads.divide each into two equal halves.

The lcar.o-er tetrads a.ssume the form ef a double XT, but the precise

form of the smallcr ones c.an not be distin.cr.uished clearly. In tliis

division the lar,.o'est tetracl shows tlie characteristic behavior, namely,

it lead's thct 'svay in tlie. inarch of the chromosomes to tl)e poles. This

behavior, 1<tioxvn as " precession ", is one of the special pecHliarities of

the $ex chromosoines (IE?igs. ig-2o). [ig. 2i sliows the side view of

the two dau.o'hter cosnplexes in the anaphase of a spermatocyte, Fig. 22

a-tncl b the pelar views of the same, xvhile IIrig-. 23 is one of the. two

clau.(.).'hter co. niplexes iii the polar x•'ie"r.

     iNnaphase features of all these tetracls $hoxxr thEt thg structure is

'identical, h,i priticiple-., Kvith the ring- tetracl found in urocleles, in xvhick

the rinp.'s are cliviclecl into txvo half-rin.o's, xxrhic]i in the anaphase

 assume tlie t'orm of split X"s.

        ,?. Clz iJo m• oso 7iu's o.f t1,i e S(' (:o •n a .9P (' •r 7n. aXo d.l,X ('

     In the anaphase of the $econcl clivision, as notecl alreacl.y•, niost of

 the clatighteir chro. mosonies g.ho"T duality (Fis,s. . 2i-i3). XVith tJl}e inter--

kinesis the chromosomes underf}-o ftit"ther clianges, during which tbe

 anaphasic duality is lo, st to view (I is>'. 24). Biit th,e outline oÅí ecacl}

 clircmosonie. is obvious so that one cEn ea,sily re.co.cr.niz.e i2 chromo-

 sonles.

     .l]V. g'oocl many equatoriai pla.tes of the saco.ncl divisioii were

 exi.minecl, xvhich all shoxved i2 chromosomes (I'i.o's, 2s-2'l'). Of these,

 eight or nine chromosomes are in most cEses arrangecl in a circ.le
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arouncl a central space in xvhich three or four chronios.oines are pre-N

sent, (lenerally the lar..o'er chroniosoines lie at the peril)hery ol' tl}e

equat:o.riai pl,ate, ft,nd the snialler ones in the central fpacc. 'Fl)is

,arr,anfrenicnt is not constant, bttt. the. Iti.rg)"cnst chroniosonie, xxrhic.h is

darixr•ecl fyoin tl)e vertical Xl of the first sperniatocyte, 1.ie.g aixvays at

the pcriphery of thc plate. II)his arrangenient is, in pirinciple, .gbnilar

to th,at in the first sperniatocyto aiicl spcrmatogoniuin.p

    .A.s noted already, the lar..o'er chroniosoincs of' the :pern]atos.roniuni

are ateloinitic ancl NT-shapecl; l)ut iti is not clear "Jhether tl].e smaller .

ones aYe telomitic or atelomitic. In the metaphtse of t'he seconcl

clivisioB the letrger chroniosonies are clouble X•,''s which are situn, ted

horizontaliy on the cquatorial plano.. It was in-ipos.sible to (lecicle

xvhether tl)e sniall.er ones ic re rocl- or X,T-s.hapecl, thou.(rh there is no

cloubt that cach consists ot' txvo superiniposecl nionacls, In every res-

pect these inetaphasic chroinosonies are of the sanie shape as the

anaphasic clironiosoines of tlie first- divisiofi, This fcact. niai<es it cer-•

tain that the anaphasic cluality of the first div•ision foircshadoxvs the

duality xvhich appeitrs in the inetap]iase chron3osonies oÅí the se.cond

cliiL'ision. ' IIR.tliLe anicphase the clyacl$ divicle each into txxr(:) niona{ls

(It'"ig'. 28). Thu$ each sperinatid contains the sE me sat of i2 iiionads,

sonie lartg'e ancl so. nie sinall ; the larg)'e{` nionacls are. V-shapecl but t'he

shappu of thc snialler ones can hardl.v be niEcle out (Figrs. 2g antlv)•

                         REMARKS
                   '
         1. Cf,, 7'O771OS0•112 t'S 0./ Xl! t' ,g'16 t' •1] 711 (1X0.0'O71 2'71 717

                                                      '     '              '
    Iii the iiietal)1itase of tlLe speirii'i,itos,'o]iiuiil there ELiie. ceirtJtiiii Ieti'sre

XX-shapecl chronioso;nes boslcles sinaller ones. 11"he nuinbeir of tlie

chroniosonio.s ilt icnurans. i,s not very la.rlre; l)ut since nnany of theni '

are lacrg-e in size a.ncl naturally tencl to ovo.rlie onc another, it is often

cliflicult to ascertic in the cl{ploid ntunbe.r xvith accuracy, e,spe.cially xvhen

the chroinosoines are not xvell preservpt.cl, This hacl lecl soine pireviou.s

authors to miscalculate the`number of the spermatogoBial chromosomes.
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 'lln the l)reseirtt n:taterial, hoxvex'u.r, the clirc)mo.somes on tlie (/'rqtiatori.'tl

 plate ave separatecl so sharpl.sr frcni oRe. anotl}er, that there- i$ no sucli

 clatigrer, taRd in all the spern']ato.o.'onial inetaphasc figures. I. coulcl co. unt

 2•" chromosomer: ciearly. There is no cloubt tlien that the funclanient,"tl

 diploicl nllnibei' of chromosomes of this frog is 24.

        2. (l"li7'o•inoso7n rts o./l/t (' 17i'•7'sX ,9P(irv2 tr•lo('.yXe

     ln the prcsent study no special attention xxras paid to the be-

havior of the. chroinosoines duringr the g-roxvth periocl, ancl the probleins

 of synapsis and tetracl forination are left for a latei" stucl>r. In the

 ecluatorial platc} of the first fperni:ttocyte therc are al'"rays i2 tetrads.

Ilrhey tare all xvell sep,ratecl aR(1 not c.oRne,cted oRc Nvith anothe•r by

a strancl--lil<e Jnategial. I.n xveil-preserN.'ecl inaterial, the. anapliasic

chroniosbines of the first clivisioii appeat- in iclentically the sanie shape

as that o'f the nietaphasic. chroniosoines of the second spcMrniatocyte.

              '
       3. C/2 'i'piiioso 17i ('s o.f 1' li (' .g' ('d'pnd ,S'P ei •r •ii7 a,Xoc.yX('

          '
    C.hromosome.. counting in the. second s.pcrniatocyte inotaphase i$

not very dif}lleult in anurans, uts the nuinber is alxxrays rather sniiall.

,I?)ut no "'orl<er has succeeclecl in obtaininf.r a beautiful inetaphase fi..(rvro

of the second sp.eirniatocyte. '1'his is ex,iclently due to. failHre in 'f'ixa-

tion, because, thou.o-h it is. not very harcl to fix the sperniato//ranial

and the first spet'nittacyte ehroniesonies, tlie c'ase. is <lifi7erent xvith the

seconcl $pc:rniatoc.yte c.lironiosonies. Isiost of thc} authors frix'e th{}

iigrures of t.he seco. ncl sperin[i.t{-)c.s.,rtc) cl}ronios(r}nies as dot-like or d"nib-

bell-sha• pecl, ancl ini, ny of the spc.rni; to.g'onial chroinosonie-s c g,' ato.loniitic

and Nr--shapecl. I.n coniparing' these chro. niosoines xv-ith those cf insects,

one i.s reEcly to be scepticai about the,validity of thc obser'x'cretions of

thoso ttuthoys, In tlie equatorial plate of. the secoRd $permatocyte of

this frog' tliero are i2 dyads, eacli composecl of t"ro monads. rl'he

larg'er dyacls cire X,,--shaped, corres.ponding' xvith tlie long Xi'-s.haped

tpermatosro.Rial chroinosomes., thou.esh the fonner look firnie.r thaii the

latter, but the. exact shape of the snialler chroniosonies could not be
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       '                              'cle.tern3inecl. Tn any case it is certailt that the divisioii pl]ases of the

fp, ermato.os.'enes.is of the. frog are iclentical, in principle, -with those in

           '.

                   4. .S' (,.ft- C11 2•o•711oso711 tis

    'IAhe central interest of the present xvoi'1< lies iR the question' ics

t'o how tl)e pheno,inenon ot' sex dotermination l<noxvR in ,amp.hibi,a.ns

can be exp. Iained froni the st'an( point of clnninosonie. tl}eory. A'kixrouc}ii

(ig21-) has nientioned, in his stucly of nianinialittn chroniosaines, tl]at,

in order to iclentify the s.e>c (Nhroinosonici, the folloxvin.c.r points niust,

be ma,cle clear: (T) the bohavior t}nd strttcture of th(i chromosomes

(lurin..o' tl)" s.)'roxvth poriod, (2) tlio transforination of the cln'oinosonies

(lurin.cr tl)o period froni tho. cliakinesi.s to the ]netaphase, (3) the struc-

ture, size ancl form ef the chroniosonies iR the inetaphase of the first

sperniatocytic division, (g) the behavior, size ancl forna of the chroino-

soines cluring interl<inesls, (s) the diploid nuinber of chroinosonies, (6)

the haploid nuni}/)er of c.hroinosonies iR x•rarioi.is staf.)'es di.irin..c.'.r n"ieiosis,

    it'AiN`rEi< (ig2i) h`as inentioned, in his sL'ucly of the chroniosoines

of sonie lizarcls, thc 'fo.11oxving' five poiltts as Recasg.ary to be da.terni{necl

for,the sex chroniosonies: (i) the nunaher of the sperniatosvonial

chroniosonies foi' the male, (2) tho nunibor of tetrads in the first

sperniatoc.yto ancl their behax'ior, (3) the nuniber of dyacls in tiie seco. ncl

spermatocyte, (Ll.) the nunaber of c.hroniosonies pas. g. infg to the sperniatid,

(s) the cliploid nuniber of chroinosoines for the feniale.

    I[n acldition t{) these fivc pointis, iY. tiLi<ta.Mui<tx (ig2<9), in his study

of the chroinosnnie.s of a snctke, ()inpl)asizcs a sixth poiRt', naniely, tli(}

behavior of the 1<aryos, oino cluring' the g'roxxTti]i period.

    ]. ?. erhaps tlie most stril<ing' of all t]ne chit racteristic be.haviors o. f the

sex chroinosonie is tliat "rhich appears in the, g)"rosvtl'i p. e.rio. cl of the

spermic tocyte. I)uring this period, the sex chromosome usually bccomes

s,'reatly conclensed ancl stainocl intensely xvith basic dyes so. as to appear

as a 1<aryosoine or cliroina. tin-nucleus, contrastitis.}- very sharply with tlie

t"hread-lil<e or difuse ancl ii.o..,'htly staining' atitosonles. This chEn.,o,,"a
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xvhich i.scv cle.sigi]ate.d `` hete.ropycRosis ", is 1<noxvn not o. nly• .ii} tlie-

above--irtientiotitecl v-ct-tc}br,i.te.s, bi.it is xvidely spreacl ii"{ the ai:Linital-

kin.gdoni. In tlie early pr.ophage of this frof.r no nucleolus "rhicli could

be icleRtifiecl as a kcaryosoine c)r chroniatin-nucleolus xvas observed

{luritigg the .gro"rth period, conseqtientiy no phe.noinenon of heterop}r-

ctiosis canxi into viexv. It is true that there ,are observable a fexxT

nucleoli. I-1'o";ever, these all clisappear in the. Iater s.ta..o'e, so that

tihey are plasinosoines without clo.uh. t.

    I")ut, in the nie.tapha, se ot' the first clivision, there is a tetrad xvliich

is different in structure and 1)ehavior froin the otlie.r tetra(ls in tli(i

fe:.ztures that (i) it reniains alxvays tLt the periphery of the equatarial

plate, (2) it js of the shape of -.n open 'V lying on tlie eqgat'oriftl

plate, "rith both arnis pointing' obliqueiy outw,arcls, (r)) in tlie aiaapl}ase

it leacls the. "Tay in the. niarch nf the chroniosoines to the pale (prec6-

ssion) ('Fis,s, i4-2o), and (4.) it {s t"he largest of all the. tetrads,

    )"IiRtite stHcl.v<t' tiie shape. ancl size ef this tet'racl leEve.s no do{ibt

that t.hig. hag. clcve.Ioped froin the, X•'-shEped chroinosonie in the dial<l-

nesis statg.'e. .In thc nietaphase of tl}e iirst division, eac.1i ann of d,}is

tc}triLcl iool<s `appa- raRtty rocl-shapr.cl, l.)ut beRcls a• iittle gtt the point

xvhere tke spindle fibra attaches (Fig. iS). .-X.pp:\rently the. a,rni repre-

sorits a liitlf-rin.o' of Et rin{r tetJr` (1 tinitc!cl at one end, bi.it sepayti.t:<'tcl at

the otl}er.

    .t- ll the f(iaturo.s just ine.ntioned apparently shoxv tliat tl]e to..trad

iii qu{-stioii !'el)irc)setits th(} s(i..x c.hroiiiosoiiie. of this fi'og)'. ' Clrlicre is ilo

questlon that this corresponcls xvith tl]e sex chroniosonie fotind jti the

]neSapliLttse of the. first sperniritocyte reported hy XXJ}TscHr (ig2-g) in

7?.(uia• Xcni.Por(rri2z L. I.t lacl<s', lioxvever, the inost stril<ing' characteristic

of sex c.hromosomes, naniely the heteropycnosis in the g-rowth period.

IBLit this process is l<nowti to shnxv a g'reat deal 6f variation in respect

to the periocl at xv]iich it o. ccLirs, ancl the extent to xvhicli it is carrie.d

out, and eNren a few casos are 1<noxvn xvhere it does not occtir at all,

So that the abscmce of heteropycnosis in tlxis case cloes Bot necessarily

(lisprove the fact that tliese chromosonies are sex chromosomos.
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    In the ai"ial>hase staf.re tl]e ;.Lrins of this tc}tracl sep' tu'ate alc)ng' the

plane ot' the equatoria2 plate•, ancl .o'o to the opposite poles. .IX'ieanwhile

eacli amn becoines a split V, and iR the interl<inesis it beconies diffuse

lil<e the autosoiiies ancl shoxvs no spe,cial feft, ture to distinfguish it froni

tlne autosomes, Il]n the equtfttorittl plcite of the sQconcl s15ormatocytJe the

cliromoson'ias appear as X,7"-shapocl clyads coi"isistitig' ofl t"ro cleai'ly

s"periniposecl 'inonacls lyinsr liorizontally ancl always at .the periphery

of the pla.te. IEach of the these dyacls divicles in the anaph.ase of the

secoiiicl cMvisioi:t intc two NT-shape(1 n'ionacls.

                               '    Since the g.permat'os.ronial chromosomes are ex- actly t'xvice as niany

                                         'in nuniber as t.l'ie teti'acls, each teti'ad in.ust 1)e coniposed of txxro sp(ir-•

n:tato.o.-onit•).l chron'ioscmies, IFuE`t'her, it is clear th,a.t tl)e pair ('}f tlte

lartt.'est cl}ro.niosonies c.oitr"espond xvith the lat's.rest tetrack

 '    '1"h.e facts inei"ionocl above inal<e it eviclent th{t the se.x cl]rcmin-

sonies in tho cliploic! coinli)j(.'vx are t"ro, ,ancl ,'.•tftcsr txvo niat}n'titioii

divisions, the rc.sultant four elenients arc distributed annong the sper-

niat'icls, XVhen txxro sex c.hroiiiosonie.g. exist in the diploicl coniplex,

the lrormul.a of tl)e sex c.1]romosoine must be I Y or X.X. The 5.'

chronioson'te, if presei'tt, is i.isnt).lly distin.(.ri.iislied iLvit'hout difFicultvv f'roin

IXI. by its sinaller. size, ancl ot'tan also by a difference in behavior

during' t'hct g)'r{i,xvth periocl, su('h as, thc ratc and dog.rree of ('onclon-•

.gation. CI'he txvo sex chroniosoiiie,s. of this f.ro.o', I}oNvaver, are identical

in sizo ancl •shapo, and there i,g na (lifferenca iti bfihavior b-xr xx'hich

one (/.:-eR {/listi"i(vuish one 'ft"on:t th('t other. [l)hi.is, so fti.r a's e'ti.R 1.)a
             .b
.i]uclgecl froni tho niorphojo.trical oviclence, the for:nnla of se.x cl}ro]no-

some in this Åírog is probckbly X. .X, and not IX. 1. Y. Consequently, the

chroniosome complex of this ft'og may h.e formulated .as follo.ws :-

                '
          SPCI'l)'latOg'OlltiU111 .....................,..22-ITX X :2tl.

          ITirst spermatocyte ....,..........,.....ii+X ::=i2

          Sec.oncl spermclto. cyte .........,........II -}L X. =I2•,

          Spermaticl .....,., ........,..........,,...ii +X =-=-- i2
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         s, Sex Clt romosom c's o./ oX li 6r 7• ' .-'i •m. .lrb li i'b i'a fi s

    I<iNG (igi2) has publishecl apparently the only paper oR the

sex chroniosoines of urodeles. Sl}e observecl in thct. niale of .IVIecXu•rus

'i7iaculosus an X clironioscnie xvhich is attachecl to one of the

autosomes. She states tl}at, since this X chro.niosome pa$ses to one,

pole of the first inaturation spinclle, ancl slits iii the second inaturation

initosis, t",o cla.gses of sperniatozoa are proclucecl. In the his,'her

caniphibians, according to her, tl}e. X <)hronios6.ine has apparently

ttorinecl a pernitxnent union xvith ofte ()t' the. Iarge chroniosc)nie.s and

can not be distintg'uished frc}na the latter. I)txRMENrrER (igig), in his

,stiLicly on .Avib.ysloniaf•, also nic`rntions that tl)ere is a poss.ibilit.v that tl}ci/re.

exists a $ex chroinosoine attacliecl to a euchroniosonie.

    In the anurans it has l)een i, question Å}'or a lon..{r tiitie NvliÅëther

thei nia.le or the feinale is hetcrozygous 1'o.r the sex. elenrient. "1"h(,)

fact tha, t the frog's procluced by artificial pEuAthcnogenesis caR be of either

sex srixres support to the hypothesis that the feinale is heter'ozygous,

()n the other hancl, XVrJrscMi's results (ig23)'obtaitiecl froni his breeclins,-

cxperinieRts sufrsrest that the niale is heterozyg'ous. Besides these,

there are niany evl'deRcÅës shoxving' tliat the se.x iratio ln anuretns is

chtLn,gteable ELccorclinsr to the ititeriitd ancl e.xternal conclitions., suc,h a$

the, ag'e of the eg-s,, food, teniperatut"e, etc., xvhich all Etppecar to shoxv

that the sex is clcterininecl by an ag'e,ncy othe,r tl]an the chronio$onie•

copiplex.

    iTX'[uch "•'{L)rl<[ has bcten clone. on t;l}{.) clironitosonies o'f .'i.nurans, btit

1:eNv of the, inv•estit.rations have. any dit'e,ct bearing' on the sex chronio-

some$,
                                           '    'J'.Evst' (igi,s), in Et study oiit' /y'a,iza, ('sc"?tl6'7il(z, obserx'ecl. aii i.inpairecl

               'IK. chroinosenie xvhicl} pays+os undix•'iclecl to eitl}er pole in the first.

sperniatocyte dix•ri$ion. '1'he sperniatogonial clironao. soine-s are approxi-

niately 2s in nuinber, the chroinosoines of the, first spo.mnatocyte arcv

is ancl those of. tlie second spennatocyte are T2 or io".

    SwiN(}LF. (igi7), xvhile eng-agecl in a study on the devel6pment of
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 IN'(uia Pi)ibiis, founcl a frog' posse•ssinsr a inarke,d herinaphroditic tcn-t

 cleltcy. The tgo.nads were true testes, thous,h they containecl many

 obcytes, so that the aninial xvtas a niodifiect ma!e. Ten or txxTelve
 sp(i}n:taatogonial coi.intis gEtiLre 2s chroniosonies' i, s thci cliploid ni.unber.

 Iti the first spesinatocyt'e dix'ision there. appear i3 rinsr ancl duinbbell-

 shaped boclies of varyinsr size. In tlie. nornial cases of the fir$t
                        '
 division tlie duinbbell-•shEtped body inigrates to one oi` the other

 pole oÅ} the cell, inuch in aclvance of the other chromosoines,

 and a$ a result an unequal cliistribution of chroinatin to the secondar.v

 spe,mnatoc.vt:as occur.$, one cell receixring" i2 chroniosonies pkis. the

 dun}bbell-shapecl bocly, the otl}er cell receiving i2 chrbn3osonies oRly.

 JX.t first he believecl that this dunibbell--shaped chroinosonie is the sex

 chroino.g.onie; later he cliscard(')d thi$ opinion (ig2i), tancl niei}tionecl

 tliLat thc X of ltis (/'tarli(//:ir pti.p(/'}r had beetiL an oi`dii/iary chrontosoi"tie.

     X,X,XrrscHi (ig24) worked oti the sex chroTnosomes of /N'a•/ia• !cmPo-

 ra.r!?r•. ftyccordlng' to hin), the spertnLvto.g'o. nial chrotno.soines in this

 spccie.s are 26 in ntunber. In tl}e inetapliase of the ti'rst spe{'inatocyte

. therc) t}.re i3 tetracls, of Nxrhicl) tbei lai'g-esti one clivides }[)efore the other.$

 do. ]:, ach tetracl clivicle$ into txvo equal 1)arts and i3 chroinosoine$ sro

 to eaÅëh pole. tX.t this tinie. the lcu'frest' chroinosonie exhibits. a coni-

 p<:)tuitcl.constiti.iti{/}n b>r thc'/ presence ('}f a mEi.rl<c}cl ctr,nstriÅëtion in tlLe

 niilddlc whic.h sris,'(is th{/) chroiri:tosoiiie a bil(.)be{/1 appeartLitcc}. This

 Åëhroiitito,s</)i"i:t(/t i.s divided in the seconcl {Llivis.ion, tl)e lt-Lrs,er half g'oinsr

 to one pole ancl the, snialler to the ot]ier. X?ery ot'ten the ckroinosonie

 ,shoxv$ a distinct tcndeRcy to lag' on the spindle. XVrrsci-i! concluclecl

 th,'Lt xve hi).ve kere t}lt i.uiequal X"I.ir' pt/tir, of i,vhich t]he larstf.,.r coinpoi'tent

 i,s X ancl the, sinaller 'S'. ]ll.ecently .S'ro}u.=,i< (ic)2f.)-ig28) studiL"(.1

 tl}ree spe,cies of Bi(/o, ancl reacliecl the, conclusion that there is no

 c.ln`oinosonie that can bc desi.(rnate]d the sex chroinosoine.

     CFhus there ls niuch differenee of opinion ainon,.o' tlLe previous

 iLvork'(rr.rs as to the coRditio}is o'f the sc/tx c.hroi-iiosoiri'ies in an"il])hibians.

 2"X.nd the result on /Iyl(v describec{ abovc supports iione of the restilts

 o'f these workers,
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                                                 '                         SUMMARY
                                                  '    i. In tlie equatorial plate of the spernxatogonial dix'isi.on, therc

are always 2,4 chro]nosonies. Asiany of these, especially the larg-er

chromosoines, at'e 'ateloinitric ,ancl X•,-shapecl, xv-hile it could not be

cleterniined xvhether the rest ai'e rod- or 'SL7-$haped. .
,.,.,g',,Si-Z'ie,l.l)l.gl.i.b,:'r,,Of ,t,eirt}C'?i.,?ge2.ellt.,ltsi S e, i}igX`ex?,zzzat;'.gee1 ,s•

exte-nt that tl]e rins.-shape, "Thich is coninion in -Uroclela, is obscurecl

or lost. Ilut the largest tetrckd is X'-sliapecl ancl alxvayLg lies at tho

periphe,ry oÅí the plate.

    3. The tetrads dix'iclcli aacli itito two eqtial p:-xrts in tl}e first

division, so thEtt each of tho daughter coinplexes receives an identiceLl

set of chroinososnc}s.

    4. 'l"he nuznber of dyads in tlie nietaphase plate of the second

clivision is i2. F.ach cl.yacl conslsts of t"'o siiperiniposed nionacls. '1'lie

largrer dyacls ai'e X'-shaped, btit tl}e shape of the sin;tller oRgs coulcl

not be made out.

    s, rl'he dyacls divicle each into txvo equal inot]ads, so that eacli

sperinatid receives an iclelttical set of i2 c.hro'tnosonies,

    6. In the metaphase plate of the first clivision there, is a IEtrg-c.

'X•'--s.1]apecl tetrEtd stai}ding ve.rtical to, thc} pltete. Iti d.ivides in the first

clivision into txvo equal p,rtrts (clyacls) eac:h of xvhich divicle$ a..<.}-ain into

txvo eqi.ial parts (iii'tonc"tds) in tlie. $c,c.oncl dix'isi(>n,

    7. 'l"his pair of chroinosoines aire apparentl.v thc sex chroino--

soines, .eX.s there is no difference li)etxveetn the txvo n]einbers e•ither

in size, or in behav-ior, the $ex chronio.sonies iR the niale seein to be

of the XX-type, and the nitaie i,s lioiiiozygotis iR respuct to sex•
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                      EXPLANATION OF PLATES

                                  [Plate ! and II

      AII thÅë !;igs., ZEiss Obj. tX.po. i.5 mm.; Ol" !<. x8; Tttb. i6o mm.; fNBBE's Zeichen-

apparat:; papev .34 inni. Io"'er than the stag,e.

      Figs. I-s, l'elar viexvs of tlie inetaphkse of sperniatogoniii. 2ti chroinosoines are seen

 in each plate.

      Iig. 6. The iirst spematocyt6 nticl.eus in the .resting sta,(,{e.

      ]f'i.tr. 7. :ptie saine in the leptotene stage.

      i?ig. 8. The samelin-the zy...oote]ie stage-.

      i;is,. g. The saint.t in the pachytene stage.

      IHIg. io. :L'he•sanie in the Iater pttchytenc stuge.

      1;ig. il. The stune in the strepsitene stage.

      ifigs. I2-i3. The san)e in the clials'inesis.

      1;is,s. i3-I6. 1'olar views of t'he tirst spennatoeyl'es. ,i2 t'etrads arc seen in each phLte.

      iiitt,s. 17-2o. S{de views of the ilrst spermatocytes.

      ]Sisrs. 2i. Sidc vie"' of the llrst spennatocyte in the anapliase.

      ISig,s, 22 et and b. 1'olar views of thc dattgliteL' con)plexes oE the first sperniatucyte

 iti the anaph;'tse. ct reprcsents ]oNvet' .nncl b represetits tipper sets, in oiie section. .

      ISis,. 23. I7olnr view of ont.- of the d:Luf.T]iter co]nplexes oE the llrst sporinatocyte in the

anaphase. BctLer presevved tlian B'i/.r. 2.o.. ,
      Fig.' 24. C{'he intcti'kinesis.

      I;igs. 25-27. L'olar viesvs of the inetaf}hase plate of the scceucl sperinatocytes. i2 dYttds

are seen in each plat'e.

      I'iL.r. 28. Side view of thc seconcl sperinatocyLc in the anaphase.

      I;i.crs. 2(p (z and b. I'olar s•'iesvs of the dang,hter complexes of thc seconcl sperniatocyte

 in the anaphtise. i2 nionads are seeir. iii each t't,.rtire.
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