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                       INTRODUCTION

    XVhile there, are $everal interpt'etations of the inechanisin of

erossins,'-ovk}r, thet-e i$ a certain xveak point hi these interpretations,

i}ainely that t"he cytological deLta einployed for the]n are inostly those
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obtained froin plants or aniinals in "";hich tlie phenonienoR of crossing-

over lias not yet beori adequately stxidiecl. To obtain a more correct
                 'idea of the meclianism, we shoulcl ratl}er seek its cytological basis in

those plants or anlnials xx•/ith res,ard to "rhich "'e have already a

suthcient l<nowledge of the phenomenon, ' •
    The sxKreet-pea is a cictssical n)atei'{aZ for the sttidy of linl<age,

ancl we have noxv the fact that there are in this plant inost probably

as inaoy linl<ic sre s,roups evs the ckroniosoine number, exhibiting cer-

t'ain clefinite per'centas,es of crossing-over between the s,roups (PuNNE'i'2',

I923)•

    rl'he prese.nt investis,ation hacl its start in the spirinsr of icy2s• It

was suggestcicl by :Pirof.. Xr. iktuw.iLDA, and was intencled to' cleal specially

with the mechanism of crossiLg-over. Meanxvhile, in i{ 26, ]iX'Iiss Jl.A"r'rEi<'s

research oii this inaterial was published, but it seenis not to be super-

Ii[uoi.is to l')i.iblish liere tl}c) ii{rN7Lr results "'e httx,'ct obttLinc)d, xvhicli diffci'

froirLt her rc'/svilts in sonie important poiiits,

            '
               L MATERIAL AND METHODS
    A'IateriEd Nvas take.n froni several garden varieties groxvn in the

research field of the Botanical Institute, DepartmeRt of Science, I<yoto

I[inper.ial U'niie'er.sity. N'o cytological cliffe,rences coiilcl be found aniong

                                                   'these varieties,

    Of the various fixative$ employed, the following,' tw6 were fouiicl

to be the best for this niicterial icfter tri"als iR vario"s xvays:-

    i. INTAxvAsci-uN's fixative (ig'6 chromic acid ioc.c., s.lacial acetic

acid i c.c,, coinnici/rciicl forirtialkit `l. c,c) N?Lras usecl iiit coniibiiriation ]Lvith

CAi<ts,oy's niixture (absolt}te alcohol 6, chleroform r), g"lacial acetic acicl

i in xrolumc}), I'reparations macle from materlal fixecl ln NTAwAscHiiN"s

fixatixre after having' been treated with C•AT<Noy's mixture for i-2

minutes xiLTere founcl to be the best for observations o'E the earlier

statt'es, For stuclies of inore advaRced s.tages a inore prolonged pre--

vio. lls treELtnle.!lt xvitll C•ARNOX''s. 111ixtul'e "'Eus 1-eclllirc}cl, for illstance, 3

ininute.s for the heterotype nietapliase, and s ininutes or inore for
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                                                 'stafres of the homotype div•ision, The material, after being fixed for

3 1iours in N•.iLwAscHiN's fixative, was transferred to 3oOf6 alcohol Ciirectly

xxritliout rinsinsr in xvater ; clehyclration and paraff}n inibedding N/ Tere. clone

in tl}e risuai inanrrier.

    2. 'lll"he Bonn niodification of I-"LEM"nixTG's solution xvas used xkrlth

tl}e prc}N,'ious treatine'nt xvith (l;ARixToy's inixt"re (tl}e saine as that nieiit-

tionecl above). Thi$ method was Å}'ow}cl to srive sroocl results too. 'A

more prolongre.cl previous treatment xvith CARNoy's inixture than the

first method was, howevcr, necessary in this seconcl method; s-io
niinutes for stag(is of heterotype clivision, aRd io-is niinutes iior

honiot>rpe dix'ision. x'-Xfter be,in..(r fixecl foii 24 1iours, the inaterial xvas

                                                         i"washed iti running Nvate-ir for 2; hour$, eLncl thep, having been clehyd-

ratc}cl tl}rougli .,(.rraded alco.hols bogini:ting xvith 2.sg5, x"Lras initbedded

ill pal'clraR illL th(/) 1.lsl.IEI.1 lllEl.1111er.

    'l[n both these inetliods flo-Nver-b"ds ii} approprlate stag'es {:)f

cl{)x'e.lopine-nt xver(}. cLit at ti}eir apices 1)y, the. t}id of a .shttrp dissection

neeclle to open out thciir calyxes ,so that tiiie. direct contact of the.

anthers xvith tl]e fixativ(ys to be appliecl inight be securecl, anc! then

the 1)ucls xv(.)-i'e pku]g'ecl into, the fixcLtix'e. xv.ithout c.yn>r dela.rsr. .it•S.n

exhaust Ii)R.iml) xvaF i.iscicl to drix'e away air 1/)ubbies atKl the stu-plus

of cliloroforin froin the niateriEtl soon afteir iit hacl 1)een transferrc,.d

froin the first fixativ•e to tlie se.cond.

    .Sections Nvere cut iti x'ar{ous thicl<nesses varying froRl 71a to isft to

                                             ttinect necessary reqkiirement$, and stained e.xÅëlusively wit}i 1-iEiDEtsTi{txrN's

iron aluin haei}iatoxylin.

      II. MORPHOLOGICAL CHARACTERISTICS OF
                 SOMATIC CHROMOSOMES

    l<oot tips raised in xvet saxv clust ancl fi.xed iR the IS()nn niodif'i-

cation of I'Ii'LEi•T"nNc;'s soltition xvere used as inaterial.

    ia. chromosomes ar(s fotmd in t'lie equatorial plate. They ar(i

i'are.1-v found situated in the equatorial pla"e thro.ug-hoiit tlieir xvho!e

len{)tl}, stretching' out straif.rlit'ly 'ft-oin one en<1 to the other, but usu-
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ally so orientecl that the only part of the chromosomes that always

lies iR this piane is tlio regjon of the spindle fil)er attachinent aRd tl)o

Åíi'ee end parts are quite out of the plane, g"enerally being" directecl

inore or less irres,ularly toxNrards the poles (Fis,. i), '1"his latter situa-

tion'  nial<es i't very cliflicult to ,gtucly thcir niorpholog,jcat cligti'act'eristic,s

exactly, but sonie closer observati,ons in inctapliase ancl anapliase. inacle

clear tho. following po.ints :-

    'I'he itl. chroniosoines can be classillicd into 7 pairs, accordins,' to

their iengths ancl to tilie nuinber ancl the position of the constrictions

they carry, or the lentgths of tlie segnients bet"reen the constrictions.

The pairecl arrangement of these morphological p:tirs oÅ}' chyomosomes

in tlie equatorical plate.coulct not be 'found in this inaterial (Figs. 2

and 3)•

    .Each chroniosoine has a constriction vei'y near the prox{nial L'nd

(the eBcl nea,rer to the point of spindio fiber attachinent) Nvhich causes

the fon"ation oÅí a x•'er\ short end seg-inent appe.arin.g- like c't spherical

bocly attachecl to this encl of the chronaosoine, This end ses.nient

vet' y often splitsi longitudinally earlie.,r thati the other pcart ot' the

chromosome and thei} becomes so iinich elong'atecl thEt it loses the

spherictal appearance (conip'. It"i.,u.'. 2 with Figs. 3 ancl tl.), '[L"wo pairs

oÅí cl}roinosoines have 2 other constrictions and consequently they

coiisist of 4 seg,nients; all the othey pairs of chromosiomes have on!y

one extra constriction, so that they consist of 3 segrments. The lens.th

of the correspondin/g" segnients cliEf.ers in diffIerent pairs, as the xxrliole

leng-th of t.he chromosomes js di'ffeye-nt iR diflFerent pairs. I'n Flg. 4

a•-c call tlie cliron3osoines are arran..{recl pair"Tlse acccrclin..c)t to t'heSr

leng-ths.

    The spindle fiber is attachecl at the 2ncl constriction iB all the

chromosomes (Fj,{.r. s), so tliat tke position of tho spindle fiber attach-

me.Rt is iii ai1 of them subiiiedian or subterminal accorcliiig to the

position o'E the coiitstrictio!ii, 'In the ai:tEtphas.ic cln'oiriitoson'ies the cot:i-

strict'ions are ]ioL' so c.lear as in those of the n)etapl)ase but the sanie

relation as in tl'ie inetaphftse in leixgtl} betxveen the txvo parts on both
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sicle.s of the poiltt of spiltc!le fiibcir attachment is recognizable. The

chr.onio.some'$ tire now })ent over at the point of spinclle fihHer attach-

nient into thc foirm of a X•r xvith iinequal arnis, the apices cf the X•'

})eing dhrected toxvarcls the pole and tlie txvo unequ.ttl arnis toxxrards

the equatorial reg'ion (Fig'. 6 a!id Fif.T• 7)•

    X]VTheR tlie i'oot tips xs'(ire treatecl bcsfore fixatiion iLvith o.7s96

solution of Åëhloralliyclrate tts directecl by S.xKtxAiuRA (ig2o) in his

paper, the constrictions in each chromosonie becEme obscure e•xcept

the first constriction, vx'hich is subterniintal in lts positioR (Fig. S).

            IIL MEIOTIC PHASES IN POLLEN
                      MOTHER CELLS

                   J) ffeZerot.i,Pe di'z,i'sibn.

    !•)f('.Åí.i,n•i:g(.rX•i'o- sXa•,grv tvid• .g/i,fuL.es!:r. Xrotin.,(,r pollen motl?er cells a?'e

rich in cytoplatm ancl oÅí the polygona! sliape. The nucle.us at an

early stage shoxxrs in it a fakitt]ly st.ained retici.iluin xvith ]iiore clc}nsely

stainecl .o'rantiles suspendecl in it (Fig'. g). IEore than one nzicleolus

inay be Åíound in a ccrtain early stag'e, but when the reticuliun 1)e-

comes more conspicuous, tliere is always one onlrr. The vacuole.s cncl

crystal--iike boclies found by ].A'rfrEp. (ig26) in this plant in the nticle-

olus in this stas,'e coulcl tiot bc observ-ed in the present inaterial. Con-

voliited leptotr.cine tl]re.Ftcls beeon"ie thGn .recos.itizable. in tliLe ni.icleus,

some p:u'ts of tho threacl being tliicker tl}an the other part (ji"ig. io).

Soon tke convolution of the leptotene threads begins to contract and

becolllc) sel).11'tltecl from tlle lluclealr lllelllbl'Ellle to fol'lll t]le syllizetlic

bal1, env'elopiR..o' the nucleolus in its ce,nter. 1-Y. Å}'te.r the synizetic con-

traction ha$ reached jts nkaxiinmn, the niicleo.ltis conies oiit of the

cotivoluted threacls. (Fig, ii). In this stag'e tlie phenonienon of

"nucleolar bucldin.c.r" i.g. observed. One or niore .gmall nucleolar bodie.g.

are soniotimes founcl on the mother nucleolus, sometimes free, fro.m it

in the nuclccar cavity (I?ig. ii). Ff'oni this tinie onxvarcl, the. nucleolus

under.o'oos chan..o'os in shape. Its' cloar .spl]e.rical shape is no. xv lost',
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btit an irre.g.rulEi,r an"ioeboicl shap('/! bec.orne-s consl>icuoi/is ; in inostj ca.ses

the nucleolus is frasb'inent'ed ;.nto inore thtLn tNvo lunips o.f irregela,r
                                                        •t•shapes, `I'hese luinps tal<e their positions ti.(gtlitly pressed a,o.'aist the

ltuclear xvall so as to assunie t'ho shap.e of a concavo-conve-x Ians or

a crescent (Fip,.'. i2 ancl Fi.g.". i3). 'L"he vcacuol,ated state, is noxxr xrery

coiispicuous in these nucleolar frag'men'ts.,

    A niaterial connection betxveen the nuc,leoltis ancl the spireine

threacl has been (lescribe(l bv sonie, authors, and also in t}}e s"xeet-pea

by LATTER (ig26). The iresult of tl}e p. resent ob. servations, however,

points to the conclusion tli,at such can nct bD. said to be of f..reneral

occurrence, thotigli an accidei}tal contact l)y c.hance inay be fout)cl.

    .LY.s thc s.tage proÅëeeds t'arther, the cresc.ont nucleokis ancl its

fraf.)'nients f)"radually cliniinish in voluine, con""act into spherlcal boclies

oticc atg'ain and beconie frce fronl tlie nuciear xvall, being' suspendecl

in the nuclear sLibstance. In inaterial fixed Nvith .XAxvfxsc}iiN's fixative

the nucleolus is stcainecl inore (lenselv tl},an in inateri'c}1 fixecl Nvitli

l]'LEnki-tiLxrG's ,solution. The. x,acuollsation in the nuc2e)oli ivas obserxjTe.{1

iti th{s ac{vancecl stage oniy in a fexv c,as.es in 1?oth these, differe.nt

'fixatioa inethods (Figs, is, i7 and 2.o.). •
• R- os!s.ivulrclik sXa,gre. I[1Sroni the stag'e of synize.tic co. ntraction on-•

xvai'cls the niicleus shoxvs a conspicuous groxvth in its v•oltinie as

xvell as in the elcnients containecl in it, as cta.n loe seei} by cbniparison

of .I;ig• i2 xvith I;ig'. i3, The tynizetic ]<not noxx' loosens l)y and by

to liaxre tlie splrenie threacl clistributecl throtigrhout the ni.ic.!ear cER.N' it)v',

and 'thus the nucieus beconics once inore. filled up xvith ca loose
convo.1lltion of pachytene threads. (.Fi.o'• i3 aRd l'is,• is).

    In tlie sNveet-pea the leptotelte s.tage is of very short clliration

and the nucleckr threads airc too thin to alloxv of a correct jHdsrem{}.nt

about its behaviour. But, as the sta..o'e proce.ecls into thct postsynizetic

stag-es the presont material appears to l)e appropriate for (letailccl

observation. In observing, care was taken to have appropriate
illuminatin.o' coRditi.ons, Chara.cteristic features obse,rx'ed in this sta..o'e

are: i) the double natiirc of tke spi3reine thi-ead, ancl 2) tke par{allel

   '       '
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cl,isposition of the thre'acls txxrtn} l/y t'xx'o xxrith ci-o$sing' p{->ints at certaiiTt

lengths.

    Zl'he postsynizetic spirorne thread consists of txvo strands twistecl

at-ouncl each other xvkich niay be irecog-nizecl as the. I< nt.ritiiclinally

split Iialv-es. [I"his double nattu'e is obserxTable even in so early a

stag'e as that xvhere the spireiiie. is just be.g'inning- to spin out of the

synizetic kiJtot, S•.)nietimes the t"'istins,,),' is x'ery loose as is seen in a,

portion oÅí the spirenie ,shoxvn in Fig'. i3b, cand sonietiines it is so

tif.)'ht that not only is tlie clouble Baku-e of the spireme completely

coRcea.ldecl but also this tig"htly.twistecl spire•me forrns a g.piral by

Å}'urther twisting, a$ is seen in the loxver part of the spireme shown in

I-M'ig. i4tr. Tlke turns of the tpiral o.fteii presemt a t` pearl necl<lace"

appearance which may 1/e misunclerstoocl as consis.ting of a row of

chromomeres (Fig-. iiva). The most prevalent appearance of the spireme

is tl}at of, a rope' or tNvo spirals txvisted carouncl each otl]er (Fi.g'. i3 and

Fips. is). N"e-ry often the loocsc portion is found between tke two

portions "There the txvistin.o.' is. ti.,c.vht, as shown in Fi.o'. i3tz. The

direction of twisting-' is often found to be opp.og.ite in the portions on

the txxTo $ides oÅí the loosely twisted portion.

    Parallel disposition of the spireme tl]reacl.s and their crossing' at

certain len.o'ths niay 1/e recog'nizecl in the later st,asre of synizesis, but

it can be clearly recogRized only c'}ftor t]]e synizetic 1<not lias become

loose and fi'lled up tke xvhole nuclea•r cavity (Fi..o'. is), In this sta.(}-c

the spireme threads are founcl associated txvo by two runnins)' parallel

to eacli other for some clistance, at the close of xxrhich tlie txvo tlir(xads

Åë.ollVer.o'e to fOl'lll Lx c.1`oss allcl 1-tlll a.gtaill Etl),xrt fl'olll eacll ntller'. S. omo

exan3pies are illustrated in Iif,.)'s. i(f) /1--l;).

    In I/"ig. i6 xl, we see at' a a crossln,rr. pnint of txvo spireme threads e.rtt:}i of Nvhlc}i

conslsts of two strands. .At tl)e polnt of crossingr, the foar arnis of the cross are found

lying on one ancl the s:nne optlcal plane, .a situation xvhich sho"rs t'hat the tsvo tln"eads arc

set ill a lllol'e illtilllrtte r(•latioll to each otller thall lllel"e collttlct ol" stlperposit{on, Ttl ]?if.r.

r6 B, a siinilar featuve of the ct'oss to that obset'vcd at rt in Irig. i6 xl {s fonnd at a. tXt

b, tlie cross fctiture {tgelf is quite t}io sainc) as at ct, but liere tlie por-tions ot" the tsvo g, pircmes

o)} bot}i sider, of the cross arÅë fotincl on clifferent optical platies ancl the crosf ing, point betweei)
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then}. Ir'i.g,uves bi, bu and b:] are drn"Tings of xvhat. is seen in tliese thvee sticcessive optical

plunes. They shoxv that this cross is not u pe.rspoctive, bttt n trt{e cvoss. In ]}'ig.. i6 C, two

crossin.cr po{R('s cai-e seen tftt a anc! l?. iN.t t tfie cross is only pevt pective; spirerne Jr merely

toaches the tippe'r side of fpirenie ff svith its lo",ev slcle. 1'n l?ig. }6 D, txvo crossiiig poliits

:tt'e seen at a, and ft'. Be{'xve-en these Ctvo polnts there iti'e tivo twist'tng.s (b and c). 'Irhey luolc

as if the t"rett)iveines were superpoL s.ed one on the other, but really tliey are so]ne cl;statice

np:trt from e.ttch othcr. '
    These observations leacl us to the conclusioii tl)ac t in these poiniJs

of crossing tlie t"ro spireine threa(ls may 1)e disposecl in a more int'i-

mate relation to each otlaer than mere superposition or contact.

    The two characterlst{c featurer, of the spireme threads describecl

above, i. e.. their clouble nat"re and tlneir cr,o.ssiR.(.)' at certain po.ints,

                                                    'beconie nio.r.e. clecar as t.he staga. proceeds Åíurther.

    5"e..o7n.ei2,Xatibii of' sPi;rc'vi(', (li?x•ki'n.e'sls a•n•(l •i'nc.Xa•Plia•.ge.. Se.o.'inenta-

tiotl of the s.pir(.llle thl"e,ads seellls to occulr step by step 1)e.O.'illlliR..O'

froni so early a stag'o. as that xvhen the spinnln.o' of the. spiren)e out

of the tynizetiÅë l<noc is not yct comp!e•te, for we can see alreitdy in

thfs stag'e soRie free ends of the. .spit"efne tlireacls lyin.o" in pairs (.Fi.g..

i6 zl, upper end), CTradual contt'action and tliickening- of the sc.o."menrecl

spirenite threads folloxxT then, ..o`iving' rise tQ tke presentatiton of. a different

i,spect of tho nucleus froni that of the iinniediately precedin' s.r st'ag-e

(coinp. I?igs, i7 and i8 wlth IFig. i,s). 'l.'hci) spire• me thr<}acl becomes

untxviste(1 by ancl by, probably as the re•sult of. the shortening' a.ncl

thic.1<eninf.r of the thre,ad itself. X•Ve., can distin.(,.rtiisliL 7 bivalents, each

consist,ing of the tNvo parallel spjreine se.oinents ivjth a cross-point or

points 1)et.xveen theni. They are of different sizes. ancl. forms which will

be clesci`ibecl iater iii det.ail, l[n this stag"e inost 1)ivaients are found

stretched across tlie nuclear cax'ity froin one side to the other, feymii)g'

a racliating figure. At both encls of tliese bivalents we can very often

observe t]iat the cbnipone.nt spirena<}."• tliireads or the univalents, are

double. a fact "rhlc}i shoxvs tlie foiir--strandecl nature of the bivalents,

                                                          'This stag'e seenis to corresponcl to the `seconcl contraction' or

`brochoneina' of LATTF.R (ig26). The nticleolus is often founcl in

tho conk'al re.gion of the nuclo,'tr cax'it>r, but no fi.o'ure su.ogo'estiR.g' tlle
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 "central niass" or "knot" af describetl 1)>r ]L.tLT'rEi< (!g26) in tihis

 niaterial coulcl be 't'ouncl. fX,s the. bivale,nts contract ancl thicl<cn to

 assunie conipac.t fornis chacracteristic. in the clial<inesis and n3e.taphase,

the, pal't[s ol' se..o'111ellts betxv-ee.la thc, Åël-ossitl.()' poillts ttLl<c up tlle fol'lll

 of rin..o's xvhich sho. xv a ten(lency to be disposed perpenclicularly to. each

 otheir succ<sssively (lli.g.'s, i8-2i. C•onip. also Figs. s2nystl)•

    In proparations froni inatei'ial fi.xed }.)y certain inet'hocls of fixation

the spiral structure ol: chroniosonies xvas obserxrecl iR the stag'es of

cliakinesis and metaphase (?yi.4LEDA, ig28). The structure js to be

co. nsiclo.red as oxving" its orig)-in t.o tl}e. coRtrac.tio. n of the chronios.onie,

or more properly speal<ins,, t.o thc c.ontractio." of its matrix acc.oni-

p,'tniecl }')y no or far slif.)'hter contraction of its. chroniatic I)art (cf•

Ix'uNvtNDtx., ig26, P• 5)•

    'i'1ie fact that tlie spire.nie threaclf xxrl]ic.h are found in the e.arl.y

postsyRiz6,tic sticge consistin.c.)' oti t"ro txvisted strancls and rtllininf.r

parallel txvc by txvo. ",ith a ce.rtain ntnn})c/ir o.f crosses betxve.e.n tho.ni

cle.velope into rhe. four-strandecl livalents l(,)ads tts to the coRclusion

that. in this plant the inocle- of s.xrndesis is. pEurasyndesis.

    AnaPl2ctscr antl l'eloPlta•se. There is soine complication in the nibd"

of disjunction of the bivalents, ancl detaiis of the observatio. ns xvM be

d. escril)e(1 in Section Xe'L But the s,eneral scheme o.f se•paration toward$

tlie poies inay be inentione.cl here. Il'lia clisjoiRecl tuiivalants are.

ti'ansportecl to botli polar regions 7 by 7. Irhey are ptille,cl at their

point of spincile fiber attachni,ent, so that they aro bent at tl)is point

jnto the shicpe of a X•T xvith unequal arins its apex directed toxvards

tho polc, Each arm is' lon.o,.'itudin.ally split, and the chromoso!ne

assiunes the forin of txn X or clozible Xt', the spilt l}alves rcunaining

conRectecl xvith each other only at the crossin..o' point oii the. X or the

apex of the V (Fig'. 27, Fig. 28 ancl IFi.cr. 2g). 'l"hese shapets of the

,an,aphasic chromosomes are clearly observ(able. iR polcar. v-iew (IFit..}'. 3oa•)

or in a soniexvhat obliqtie view (Fig, 3ob). I.n these cases, xve, cai}
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count 4Å~7=28 round bodieL.s in an optical sectioR ('Fig. 3oa•) as cles-

cribed by NViixrGE (igig) in this inaterial.

    CIrhese chroinosonie.g xxrith 4 ,arnis, are tlaen tight!y ckiniped to-

fgether into a f.ri'oup at the pole, althousrli individual arnis are still ctearly

observEb!e (Fi.o.'. 3i). "l["he foi'mation of the nuclca-r memhrane follows

then soon ancl txxTo clau..c.}"hter nuc,lci are. orl.)-anized "Tithout ic cell plate,

being f.ormed betweeR them (l?if.,'. 32)•

    .ZInXcrlei'nesi:g. Clrhis stafgo is of very short durati()n in tliis niateriic 1.

Tlie qtiaclripartite figures of tl?e chromosomes clerixrccl from their shcape,

the :xXL or the double V, in the anaphase, is retaine.d t]irozi..o-hout this

stage, acnd Ro anastomoses air}ong the ar.ms of the l.'.s or -SLi's are

formecl. One or mo. re nucleoli are found in tke. nucleus in this. statt'e.

    tXs 't}ie nucleus incrcases in its volume, the chromosomes, xvhich
        ,have been tightiy clLm)pccl top.'ether, become loosened from one another

and are clistributecl thi'ou.cr.hoLit the nuclear cic vit}T. The 4 arms of eacli

chromosome become elongated ancl sl)ow a clear spiral structure alon.o'

their xvhole lenf)'th, fN slis.rlit chan..o'c in the rela, tive position of the 4

arnis of each chromos.ome inay occRr, btit such cliciii.o'es Ets to cciuse

eontact Qr twis, tin.og of the arms clo not tal<e place in aiiy ccase ([Fi..cr, . 33)•

    In a later sticg"e the arms of the clironiosoines beconie thinner

but shorteir, pre.sentlng tke spiral strncture very conspicuously ('Fig'. 3.i).

    A s{idden ct")ntraction in voluine of tlie nueleus folloxvs t.hen, ancl

around this contractecl nuclc>.us a c.lear zone bcconies visible.. rrhe

chroinosomes contrace a.crain ancl assuine once more c.lear X or cloul)lc

"t7 shape.s (I;i..cr. r)s Emcl Fi.o.'• 36)•

                    2) flo 7n oX.1,P e tl i'?y i's i'o n

    Soo,n after tha disappo,cxrance of the nuclear membrane, txvo

spinclles each containing 7 cl)roniosomes in the nucletkr plEte txre forni-

ecl at ri..o.'ht angles to each othe{r in almost all cases, Every chro-

inosoine is noxv caught by the spiRclle fiber ,at tlie crossin.o' point oÅí

its :g arms, which is sitwftted on the equatorial plate, each two corres-

poncling.,' arins be.in..o" so clisposed as to be synin3etrical xvith reference
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                                      'to the plane of th(i. equator (lf'isr. 37). "Vhe sister lotigituclinal halves

of the clironiosoines tlien be.,{...rin to separate frcin each other ancl are

transportecl to different poles. The.se processes proceed very r.e..o`ularly

and s.i}Rultatieo, usly in all the. chroniosonies in the txvo spiBdles ('F'if.r.

 38, Ii.g,. 3g and IFist. 4o),

    Tlie chroinosonies in the hoineotypic aRaphase ret e.tnble. in appecr.tr--

ance very .2nuc]} those in the so. in:ttic anaphase (conip. Iig. 7 xvith

IF.igs• 3g an(l 4o). No lonf.ritudinal g.plit is recogRizable. in these

chromosomes. XV'hen all tlic chromosomes have iieachecl tl]e poles,

thenuciear inembrane is fo.rined. arouncl each chromosoine-s,).'roup. In

tlie tetracl nuclei incliviclual chroniosoines are observecl .$hoxv-in.o' the

sin.c.rle. spiral structure. for a tolerably lonc.r perio. cl (Fig. 4i and I?i.(.r. 4.2),

    'l"he cytol<inesis is accoinplishecl by the fiirroxving as describecl b.x'

ILA'r'rER (ig26, p, 263)•

     IV. THE CONFIGURATION OF BIVALF.NTS IN
              THE HETEROTYPE DIVISION
    'I]ie.r() ai'e nicftiiy typ. ()s of co. iifiLguiNextioii ki. the bivcaic.iit chirc)iiio-

somes. .Exaniples are g,iv•en in Text-fig. i .f•I-(f, which xvere clraxvn

from polle.n motlier cells that were fouRd ln one and the same po.Ilen

sac and esca.ped ironi bein.(}' cut tlv'ou..(,r]iL ])y th{'L niicrotoine kii{iire.

Ainonf,.r these fi..o.'ures the /groLips .•.l, l)' ancl C are tliose taken froni

oiie. airtd tl}e. san:Le sc).Åë.tion. Ill"he (:)tJhers ar{/} tho.s{;i. froni Qther se,<itJioi:Ls.-

IIZach s.r<)up con$i.sts o{i chroinosoines Å}'ound in one cell. I i:t tl'i</} flf.ruref ,

the bivalents are arrantt(,d in the, orcler of co.inploxity of their con-

figurcatlons to niake. it easy to conipare those in the cliflferent {rroups

xvith otie another.

    (lronp .d (lrext'-iig. i .,tt). I, a qtiadruple ringS) Nvitli tennin;tl processes on one sicle

(ri/gl}t iii the i'iguj"e) ; 2, a dotible ring with a vertical XJ on one side <right> and tivo sliort

processes on tbe ot'her Oeft); 3, a dotible ring, xvltli ts"o proce$se.s on oiie side (ieft); tl, a

  i) 1),y "qu.adruple rlng" it is here ]neant that the bivalcnt asstunes the $hnpe of a cha{n
consisting. of f•our riiio.,s. 'XNre fincl in this plant siinple, cloul/)Ie, triple, ' quadrtipie ancl ot'hc•t'

n)ove eoniplica.t'cd rint.,$ in this sens. e. In t}]c co;npound rin.o.s each coinponent rin.cr. is disposecl

at rig.lit angles to the acljelning ones, . .
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      Group S' (Text-I'ig. i IS). i, a. clouble rlng with two tennina] arms oii each side (the

 ring on the right hand side in tlie figure to which the spinclie fil)er is itttached appears like

 a spher:,cal body); 2, a double ring svitl) two processes on une side(Ieft); 3 and 4, a sinip]e

 vertical rinL,T, witli t"fo short processes on one end (iu 3 on the riglit, ii} 4 iii front); S, a cross

 with an open space in tlie. niiddle, su$?gLstins,' a clouble ci'oss ; 6, a vertical rod sligl]tly bent ii'i

 thc n'iicldlc; 7, thc saine bent to a less Åëxtent in thc iniddle.

      {llroup C' (Text-tig. I C"). i, a cloublc ring with ]ateral processes on one sicle (left) ancl

 a vertical 3vr on the othet' (ri,(,Jlit) ; 2, tt horizontal siinple i'ing svith a vcrtical Xr on each sicle ;

 3, a horiz.ontal sin]ple ring Nsrith a vertical XT on one sicle (right); 4, a vertical sin]plc rint.r

 appeaving lil<e a coinpact inass, with a horizontal Xr on one side (right) ; S and 6, xt vertica]

 rod "'ith t"To short processes which are attachLyl to one si(le of the vod iri its inidclle re,(,rion;

 7, a vL'irtieal rocl showing constrictions.
       't
      CTroup ft) <llrext-{']g. i l)). i, a triple ]'ing svit'h a hovizont'.dtl Xr with very short nrins on

 oneside(left); 2 and 3,a double ring, each l)art appearinsr like a coinpaf;t niass, Nvith a vcr-

 tical Xr on one end of the chain (left> ; 4, a horizontal siniple ring with a vertica} V on each

sidct ; 5, a vertical siinple rinsg with two processes on one side (right) and a Xr on the other

 (left); 6, a vertical red, bent near both ends, ivith a'chron]atic lun)p iu the iniddle; 7, a

cross with a lon.cr vei't{cal and a very sliort horizontal arni.

      (;rrotip E <lt-ext-1}g. I 2T). i, a clouble ring xvitli a chroniatig n]ass, perlia.os a con]pact

riiig, on one slcle (rl.crht) and a sinall chroinatic luinp on the other (left); 2, a clouble r:ng,

xvitli a stnall chroniatic lunip on one side (righti) ; r), a hoi'izoRtal siinple ring xvitli a vcrtical

rod on one side <left) ancl a vert'tcal Xi on the other (riglrt'); zt, a vertical loop Nvith t"ro.

pre'cesses on oue side (lefO ancl a V on the other (ri,.rht); s, a vevtical loop "rith tsvo pro-

cesses on eacli sicle; 6, a vertical loop svith two r)rocesscrs on one sidc (vig,l]t) ancl a chroniatic

Juinp on the other (left) ; 7, a ct-oss.

      Giotip fX (1"ext-llg..I .IX). I, iL septuple rins, svith a sinal] 'V on one sicle <left); -?., :t

triple rleig, ",ith [L Xi' on each side; r) and ti, a clouble rin/,.T "'ith a V on each side; s a double

rint.;, with a ve-rtical Sv' on one skle {,Ie('t)' ; 6, a liorizontal sitnple rin/.r with a vvrtical 'X7" on each

side; 7, a vertical simple rlnt.r xvith two process(,`s on each sidts.

      C•lrotip (;r ('Jl'ext-I]g. i (.;7). I, a triple rin:..r w'ith a vertical iL' on one en{I of tbc chnin

(risvht); 2, a clouble rin:sr "rith a vet'tical X,' on one side <left); r), tt vct'tical loop Nvith ,a

])orizontal X,' oii each side; 4, tt horizontal sin]ple rinL.r. svith a vei'tical rod on olle sidc (left);

s, a vertical rod writh a Iateral c;hroinatic ltunp on each slde (the rod is eonstvicte(1 in the

niidclle); 6, a vertical rocl, bent' neiu' both ellds so tks to assLinie the shape of a Z, svith a

constviction and #wo snperposed cl!romat'ic luinps in tlie ]niddle; 7, n rod bent int'o a X?

(oblique viexv).

     This rc,si.ilt of obfserN',ations shoxvs that, i'n tli(,t sxvcyit-pe.a, the

c.onfisrRratioti inay be. cliÅíElerent on difi'eront occasions even in one ancl

                                                                   '

                                         .
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the same l}ivc'tlent. Jii'L similar state of Effttiz's has been reported b)r

Tisc}iLEp. (ig2i-2.p.) jn Trac?resd(iiilt2x .lflu-mi>!.cnsi3', by N•Ew'i'oN (ig26)

in 1buliiba. (utsl-r(r•li:s' ancl by BELLiNG (ig26, ig27) i!} (L71ztular/?i ancl

fili'aci>zlli'us ori'ellla.ltls',

    To <btain some concrete 1<nowleds.c abeut thc orlgin of tlies.e

configuyaticr}i:ts earlier stages iiit the developnrtent xver<) Åí.olloxvec! bacl<.

Irhe yesults obtalnecl xvill be inentioiied beleixv beig-inninsr i'roin tlie

sil]lpl(}st CoilfiS.Ul`ELtiO13.

    i. 'I'he case xvhere the coinponent univalents oi: a geBiinus atre

attttchecl to cacli othe]' otily at one of the ends.

    In t'he early clials'iResis the• coinponent univalents "7hich sli(Jxx•r

soniethkig of ,'t zif.-}'zag.' tts.pect: iR structure are conjoinecl orid-to-e.ncl

and rtin ratlier straight (Fig'. 43 a-, b, c),.or sonietinies inore or le$s

irtre.(,)'ularly (I ig'. Litt (?:, b). '1'his relatix'e position of tl}fit coniponentJs

is derix•,c•)cl froin thc) original s.id{/)--by-sidc} arrELnfrenie}nt 'l)jFr thc},{r opening'

out. In the later clial<iiiesis ancl ]net]ti.Ji)1}ase they assi.ini{e tts t;ho rc}si.ilt

ot: coiitraction the shape of a rocl or a XJ (Iig.)'. 4c) (l, e,.f, .gr, rk, il.f), or

an tS' or a Z (Fis,,),'. 4g. c, d, (',./; ,g'), xvith or ivitl}out a constriction in

tlie micldle. XX•Jlien they are pullecl toxvards the pc)le.s the.y become

(iions,ated into such a t'orni as C or S (i;ig,• 43 k, l, iii, I;ig'. 44 //, i).

    2. '1'l)e c,[Ls'.'e xvhere tlie coniponont univalents cros$ eac.h otlier

Ett Olle POillt.

    IIIn early clial<in(}$is tlie txvo coniponent' univaleRts int(.trs(t}t:t at

various angles at soine distttnce Å}:i'oin tlie eRds (Fig. 4.s (p-d), :L"he

amns of the cross niay not ]run sti'ais,ht, but soinetinies tal<e irregnlay

c.otirses (Fis,', 4s (X, IliE.'r. 46 b>.

                '    X?scJhon thet cros'sing occ,urs at a point very nec'tr one c'/nd, the

shorter arins are often foi.incl in '{'he, inetaphttse f'i.isecl into a ltu}i{p

"ThiÅëh is situated i.ti tbe re.()'ion ot' tlie equator, and the txvo lons,er

arnis very inuch sliortenecl and thicl<ened, so that the "rhole bixralent

pr(isetrtts {i. tri])artite ExppecLranc.e ('I;lf.r. L;.,s 1i-/('), XjXThen the lon.{,)'{]r arn"ts

care pullecl toxv;.trcls the poles, a x'ertic,al rod, ")it:h t'h(ts luinp or t"To

iinfused processes of the shorter amn.g st.iperposed on or juxtaposecl to
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 each other in tlie iniddle, is procl"ced (Fig. 46 li.-/('). XX•"hen the

 crossing" occurs near tlie niidclle ot' the univalents (Fig-. 4.7 a•-d) they

 condense g,raduali)T to tal<e ki tlie inetetpliase the shapo of ,"tn X

"Thich ls vertically disposed xvith carins sit"atecl ssrinmetrically oii botii

sicles of the equatorial plane (Fig. 47 ar, c, .o', 1'). XSThen the pullin{r

 forces operate from both poles, a vertical rocl wkh a horizontal Xf or

 two fairly lonsr processes (ll?ig. Ll.7 ./; lt, t] .P, a, •r), or a vertical cross

 xvith or xvithout etn operi space in the resrion xvhere tlie cros$insr tEtl<es

 placc (Fig, 47 k-o) is producecl,

    lll'liQ disji.inctioii is attaii}ecl by the horizontal division plaRe as

 sliown in I?isrs. 47 s, s7, 64. The rcstilt of this niodc of disjiinctioR

 xvili be cliscussed later.

     r). 'l]he case Nvhere tiio coniponant univalents tu'e c'Lttachecl to

ettcl) other at thekf both ends to fot`ni et ring'. ,
    'IIn cliakii)esis, tlie univaletits fQriLL loops of varioi.is shatpes (.Fig.

 48 a•-lt). In the 'inetaphase they are coRtracted into rinsrs xvitl} or

without an appreclable clear spacÅë in the center ([Fis,. 48 i:-l'>. In

the ecftriy anaphaso, T,vhile in soi'gie cases. the ttttachinent is unclone at

oRe encl, in others it reniains as it is at botli ends for a f,airly lonsr

periocl. Irn thislcatter case the ring', beii}sr elong'atacl by beinsr puiled

towards the pol(-}s, srives an appearance of txvo V's attacl}ed to each

other at the free eRds of their arins xvhich i)resent a coil appearance

(b"ig. 48 l-o)•

    4. The case xvherc. tl}e t"ro coinpoRent iinixTEtlents are attachecl

to each other at one of tlieir encls ancl cross each othe]r at sotne
distance frotn' the other-.

    Ilt tlie early sta.o-e o2', clial<inosi.s the univaleiit$ forin a loop xvith

two free portioiiLs of xrarious lensrth$ (II-'ig. 4g a•-(l). In a later dia-

kinesis the.loop coiitracts into a riltg' and the two free portions mal<e

tt lump or two shotit processes when they are very short (Fig". 4g c,

.f; .<)', i] .1'), and xvhen coinpirativel.v lon.o', they foyin E}riiis divei'g']'nf.,'

into a Xr xvhich inay be trELnsforniecl into a rod by tke openin,c,r out

oE the ang'le of the X" (.Fig'. `;g lt, iC', !, 'ni). .
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    In tho inetapliase is produced a bivalent of thÅë shape of a vertical

ring "rith oiie or txvo proces$es (Iig. 4g n, o, .P) or a l}orizontal V on

one sida of the ring (Y'"ig. 4g a), or a horizoRtal rinsr xvith a vertical

rocl attachcxl t(]) on(i/ sicle of the ring' (L[;'is>'. 4g •i', s). NVIiether tl]e

rin{r is vertical ()i: ho/'izoittti[t is cletc}riiiitinecl by thc) pos.ition of the poiiit

of $pincUe fiber atti,chineiit, XXII}en the spindle fibor is attachecl to

t.hc potttion forining the ring, or the rinsr is xr•ertical, a f'ls,ure of' t"ro

Nl',s inversely coiijoined xvith ettcl] other at both free encl$ of tlie arnis

is pirocluced in anaphase (Ii.cr. 4.g X, ?i•)•

    s. ri"he case xvhere. the, coinponent univa.leRts cross ec't(]l} {/?they

at t"To points soine clistancc froin tl}e encls.

    1[R dial<inesis tl]e univalents i'orin a loop Nv•ith txvo f'ree aynis at

each crossing point (Ii'ig'. so a,-c), In the nietaphase, xvhen the

spiiidle fi}i)er' .is attaclied at E}. poiirtt (L)n tl:Le ring, a verticEi.1 rinsr i,xTith

t"ro l?rocesses or frec/) arms attachecl on the equatorial level to eacli

$icle of tl]e rins,' is producecl (Iiig. so ./-li), ancl wlien it is attacl}ed

to the free arnis, a liorizontal ri.ng' xx,'ith gt veirtical rocl oti{ oiie .sicle.

ancl a l]orizontal Xr oii the other re-stilts (Text-fi.c.>-. i, C -7, IS 3).

    6. rl"i}e c.rtLse. xvhere thc txv-o coniponent univalents are attat che•cl

to each other at their txvo encl.s ttRcl cross at one point bt'txveen tlie

encls,

    II.iri tlie earli</ir dial<i'nesis tlie unix!'aleiitts t'orni a 1)ivalent of the

shape oÅí txvo loops connected in the t'orm of a flg'tire 8 (Fis,. si a-

c). In a 1:•Lter cli,al<inesis tl}e loops contretct and thicl<en to coniposc

a cl}ain of t"•'o rings disposecl pei'pondictilarly to each othe'r,-the

" cloi.iblL,i ring- " (I';js,. si ./-IJ). In the iiiietapha$e, t'he fot"mitatiioiii of

thc double rintg's is coi'npletecl (l'-"ig', s[ l-o).

    7. 'i'he case xvhen tlie txvo cotnponeltt univalents arei attachecl

to e,ach otlLer at onc-; encl ancl cross each otl]Ler at "vo point,s.

    IIiiL dial<inesis the i/ini]Lralents forni eL chti.iii of txvo loops xvitl} t'Nvo'

fi'c}c-} ar!ns at' one e.nd of the chalR (Fl.,(.r, s2 a, b). II'n the !ttter diakinesis

and.nietaphase these tlire.e se.{rnie,nts co. n{iract int'o n}ore cnnipact tiorn]s,

the loops noxv being` better ctLllc.)cl rins.s. IE'aÅëh ses,inent is clisposed
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perpendicularly to the otlie•r, the segtnent to which the spindle fiber

is attached taking the vertical position (Fis>'. s2 f-n).

    [From xvhat l)as bee-n clescribed above, xve can see tliat there is

a c{:}inmon inethocl o.f proceclure in the formatioii of the v-arious con-•

fls.urations of the bivalents, ari(1 wre are cable to inÅíer 1io"T niore

coniplicatecl cotifigurations caii arise. The metliogl of proceclure we

cem po$tulaÅíe is: i) in earlier stages the component univalents may

cross each other' at some points. NNThen tlie crossing points are rnore

than txvo, a loop or a chaii) of loops is fornied, the ends of the

univalc'nts reniaininf.r free froni each other as " arins ": 2) as the

stage proceecls, c}[•tch loop or seg-n)ent begitis to be disposed in ris.ht

ang-les to the others. successively: 3) tlie loops contract into rlngs

and the free sesnnents or the arins iRto V's: 4) in• the inetaphase a

chain of EL.s n}at)y rings Et/s the ntunber of loo}])s, xvith or xvitho!it the

arins attaclied to the en(l$ of' it is 1)ro. ducecl, ea.ch seg"nient being'

dispose•d pe:'pendicularly to the othcr. fNs the crossing niay occur at

any c.orres. poncling levo.l of the. univalents., the lens,tli oÅí the se.gnients

c.ut oHI. by thc} crossi,tigr points vE}.ries iR eiLT(.iry case. Xl lie•iit thc• eticl

Seg)'lllClllt fOrtllill..{)' tlle ELI'l}IS iS Vel'y SIIOIrt, it iS Oftell COIItl',ICted intO EL

ltunp ('1."ext--fig.r. i, 7P 6) or txvo pr6ce$ses xvhich are atttLchecl to one

side of thc'L adjoi{titig` ,se,g}'nie.nt. 'IJhese' txxro proc.esses ai'e found arrangccl

siclÅë by side, sonietinies in the saine plane as that of the next $a.ginent

('lrext-iig. i, .i/S "7., 1 7, and G- 6), an(1 sonietiines in the plane pey-

pe.nclicular to it;.

    Iin Iis}'s. s3 ancl sii inorc) coinpliccLtecl })ivalent$ ki successix,re

s.tages than those described above are shown. Siich cases Ere o. t'

rc'lat{v-c"' >r rar(i} occi.irrencci/, EuTid their con'figurations arL'L often renclerecl

iRdiscernible 1)sr the contra' ction of the seg'inents into inore oir less

compact textLues as slitown iR Fis.. ss. XVken hoxvever, the bivaleBts

1.)ec()ine looser in their texture in lcite metEphase c•tnd ineta--anaphase,

it is possible to discriniinate cietails in behavlour of their disjoininsr

coniponc}nts. Il'he, largo$t i:ti.iniber of .ses.inetiits cotintiecl in this stage

xvas eis,1it.
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V. THE CROSSING OF THE SPIREME THREADS
The foUowing dififerent types were observed in the m6de of cross-

of the spireme threads,

/k/,,.I i'  stikecik""

 ttt
.,/,...: ., , g•tt

'!•
kgR;•'S•MkNb""•;''

 '1'ext-t]g. 2. Schemas sho"ring four clifferent types in the n]ode of crossiiigf of the spireme

       threads. a, Type I; b, Type II a; c, Type II b; tl, Type III.

    Type I. The two straiided spireme threads are attached to or

fuse with each other wjth their inner strands at a point,, the outer

strands being quite free from each other (liU'ig. si a•, Text-fig. 2 a,

Text-fig. 4 a•, at). In this case the cross appearance is only apparent.

It does not represent a real cross but mcrely a "node ". XiVhen it is

due to a siniple attachment of the threads it wil1 becgme lost f:s the

threads contract into the definitive double chromosome or geminus.

    Type II. The two inner strands cross each other (a) merely

perspectively (Text-fig. 2 b, Tcxt-fi.og. s a•, a') or (b) actually forming

a fusion, the two outer strands being- disposed in the shape of an x

and not forming a cross betxveen each other (Text-fi.o.ny. 2 c, Text-fig.. •

6 ai, a!), T.vpes I a. nd II b are not distin.o.'uishable f.rom ecxch other

in the spireme stage but the results of observations of bivarents in

the metaphase or in early anaphase, which will be described later,

shoxv both to haveareal existence. -
    Type M,- Each strancl of a spireme thread c.rosses each of the
 '

otlier, one strancl of the t'cnner being inter.laced xvith that of the

Iatter sucCess.ivelv. In this. c•ase the cross. is only perspective and not

an actual cross or fusion (Fig-. 47 a,, Text-fig". 2 (?i, Text--tig. 7 a, a').
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    'll'ypes I ancl I[ arc• ivre•ay often nT!`rJt xvith, bttt type 'Iill[ is of irei'}r

rare occurrence. Type .[ corresponcls to tl}at obserx'ed by INrEwi'oN ln

7>t.li)a xvhere. "tlrte chro;naticls toLich withoitt interl.acing" (NEw[roN,

{g26• p• r)48, Iig• ;)r a)• :Fyye III corresponds to the "chiasma"

fig'}.ir(/s oÅ}'.ten foi.u)d iit tu/iin}al spornxitocyte.s. In piaRts such a cas{/}.

htts 1.xben report(icl onl.v in a fe,xv cases, for e.xtunple, by 'BELLiNG in

(.'fvtl(u'i?i• ({g2f)), /1(.Irrx('lfxlfi (ig-,7) and f"illu•7n• (ig28), by NEsv'rotN' ]'n

;1'uliiba• (ig26) ancl })y II')ABcoci< and CLtxusEr' in C>•'e'?2:y (rg2g). Thcre

are txvo opposing' opinions al/)out the o]'iLg,in of the fisruire. Gi<A-

,N-AT,X (i9!O), i.XICCLUA'G (I9T:"), I<OBERTSON (l9i9) XVENRICI{ (i9i9),

XVILsoN (XXr}Lsoix -tnd lfoi<c},xN, itg2o) anci others niaintain the view

that this " chiasnia" oxv•es .its orig'in to the ses,nieJital opening out of

the 4 chron]atids or strancls xxrliic.1i have becn tis.htly associatecl side--

by-slde into txvo ring`s disposecl perpendicularly to each c)ther, that is

to say, throug.h the recluctional plane in oRe s.eginent ancl thr()t}s,h

the. equatlon;tl plane in the next. JANssENs (igog, ig2Ll), on tlie other

hancl, explainsthe. orig'in as follo. xvs: 1'n s.oine e•arly stag"c o.{ nieiosi$,

at the point xvliere the txvo txvo-.strt.i.i"tclc',d coniponent tlireacls of bixra-

lents cro.ss eiLcli otlier, fracturc occLu's ancl then recoinbination ivhiÅëh

rcsults in. the. segn)ent'c" interchang-e or crossing'-over take$ place in

the t"'o strands xvhicl} are acttially in c.ontact. '1'hus the.y no lon.crer

form a cross, but an'e disposecl in the shape of an Jv, tXs a resulc of

torsion, xvhich sLibsequL'-ntly takes place at this point oÅí contact oi'

"`  nocle," the two ses.ments of the bivalent on both sides of the " nocle "

beconie so clisposed as to lie in clifferent planes perpendicular to c)ac.h

other, IB.v this torsion, tke txvo iiitact or non-cross-over strancls "ttre

niacle t<i) fc.}rtn c}itl}er a cross xv•]iic}i i.s nierely I)ers.pecti}L•,e or ati acti.ial

cross or fiision according to tlie diyec.tion of the. torsion, but thc.) cross-

ox'er stratids ran in aRy case alons)' both sicles of this " nocle. " "'ithout

crossing or fusinf-r wlth each othey (JANssE.xrs, igog, Sch6nia X[II-X"St'.

Se.e also '1'ext"-fis.. s a, a' ot' thi$ paper). In tlie sxveet-pea,.as iii(iii-

tl()ncd ii] Scct. Ifl, ettch cc}niponent sl)ireinc thread of the bivalent l$

conipose'Ll of txvo strands tNvisted about each other. '1'hus, the. fonner
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opinion that the "chiasma" fifrure is due to seginental opening' out

of the 4. strands through thc two different plttne,s can not be applied

    '. in the present case. The                 a•                                      ori tg'in of the 1 gure is only

                                      apprehensible }]y acceptiiisb}'

                                      JAtwrssENs' explanation that'it
                '              -              ' is due to fracture and rgcom-
                                      bination occurring between

                                      the two of the 4 strands in

                                      sonie ec-u'lier stage of iiieio--

                                      sis, and to the sul?soquent

     . .• torsion that ttJ<es place on
   tt." •' the level of the p.oint of
       lj ' C t'racturLx and recollr{biiiEiti()ii
                                      (Text-fig. 2 b, Text-fig. 3 b 'Text'-fig. 3. Schenias explainkig the process of

    iC`?8t:aE.;:,:Zi,i-eE,Oist,1::ZIIBii,ig,',[k[me,li2fti,l: ;Liid'rext-figr.sa•,(v')• rr)'pe

    recoml)ination for Type II•, c•, tlie i'efUSiOii 'illlll is only explicEa.bl{,t iLvhell

    for Type II'I.
                                     xve assunie that fracture

ancl refuslon have occ,urred in the t"ro inRer strands in some earliey

stag'e, not causing' a seginental intercl>an.o.'e, 1)ut only resnlting in

inversion of the ralatlve position of the txvo strancls, the outer strancls

being kept hi tlieir origini,1 clisposition (Text-fig. 3 t')•

     VI. THE DISJVNCTION OF THE COMPONENT
     CHROMOSOMES OF BIVALENTS AND THEIR
       LONGI'VUDINAL SPLITTING IN ANAPHASE
    NTow we are facecl by the question of how the clis.jimction oÅí tlie

coinponent univalents can be attained in such a complicatecl state of

pairin..c,r as clescribecl in Seet, V. Iii tlite folloxving paragraphs, only

those cases xvhere accurate obscirvcations xvere possible, and only those

'facts xvThich nifi.y 1Lax'e aii iniportaiitt bearing' tipon the qtiestion "7i!1 be

iiieiationecl. .
    In cases xvhere the, con3ponent univalents txre attached to each
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other only at oiie of tlieir encls the niatter of disjunction is very'

.siinple, it be.ing attainecl at tho vet"y coninienceinent cf ar}aphase b>r

the horizontel separation of the co]nponents.

    ]ln the, case ivhere the bixralents care conipo,secl by the inore com-

plicatecl niethods o'f pairing, matters are somewhat clifferent from this.

    One of the Åëonspicuous t:eatures in the.se. cases xx,ith Kvhich "te

often meet is a clear space xvhicli appears in the centei- of the cross-
            '
ing point of the compoitetit univalents. This is son3etinies clearly

s.hown even by t,he l)ivalents in an earlier stage (Fig. 47 o). The

end-parts of the univalents which are free froin the spindle fiber, spllt

long'itudinally. ecrlier than the. other parts when they are very sho.rt,

ancl present an appearcrnce oÅí g?'lobules surroundin.og this cle-ar space

(Fis,. 46 l-o). XVhen thesc} en(l-part$ are comparativelyr lon.,c.r they

are disposecl horizontally aRcl when the chromosomes are pullecl towards

the poles, be.come wldeRecl out so as to tal<e a rhomblc shape as shown

in Fis)'s. 47 s, s8 ancl 6g. Very soon the longitudinal splittin..o,' becoines

thoroug'hly conipleted, and such fi..o'ures as those shown in Fig. 27

(the cliromos,onie in the iniddle) and Illig+s. sg-63 are produce(l. In

these figures the parallel clis.posit/ion of the txvo hoinolog.)'o. us horizontd"l

parts is cle.:-Lrly seen. Thcre ls no doubt tliat figkires such as tho$e

represented in Fig-s. sg, 6i-6s are deyivecl fr.om those of a clouble :aXl

or a vertical ring or a rocl each -'ith a horizoiital Xr on one side (Fig.

il7 26, a and s, IFi.,o,,.'• tl.g a andIi;g-• s7), and figures .guch as those re-

presentecl in Ilig. 6o are derivecl from those o'f a vertical riTig with a

horizonta,1 X' on each side (Fig. so li). The latter is tl]e case that

has been emphasizecl by JANssEsN <igog, ig2`;) ancl by C•HoDAT (ig2s)

to ba one xvhere the bix,ale.nt is dix•'idocl reductioiially in its vertic.al

parts ancl equationally iR its horlzontal parts. It is cleEtr that in the

present material theso 'fig'ures c,an only arise from tlie relative position

of the 4. chromaticl strahds shoxvn as Type IIa in Sect. Nr.

    i'Nncther conspicuous feature often founcl in the. process of clisjunc-

tion of bivalents is sho"'n in IFig. 2',-i (the chronaosome on the left),

IF. ig. 28 (the chromosome on tlie right) and Fi..o's. 74-Ei. IIn all thesc
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fif.?`ure$, xvhile three arnis of t'he Åíotu' of eacli dis.ie. ininlr clouble 'Xr-shttped

univalent haxre ,already clee.tr!.y sepai'ated frorn t'hc correspondin..cr arn)s.

of the other, the t'onrth txvi"irts of both tinlvalents stiH reni:-Liirt txttache(1

t'o eac.h othey at a point at sonie (listtknce fi'oin their free (inds, oir

tlin.:sr are connect'ecl ,at this pointJ of cach by a short filani"t)t 'tiL']]ich

is pulled olit x'ery lonEr toxv,'u'(ls both ])olcs.g across t})tc equatori.'tl reg'ion.

CI'his fig'i.tre nia.yr be inEi.intahrte{il for so long.r a l/eriod thi,t it c(-uni li)e

rog)'ardecl cs aflfo. rding eviclence. of t'he. fac-t that in the p. roplia.ge. the

txvo arins or strands can be actuftc 11y fused xv{tli eac.h ot}}or at the point

of cressinsr .anc! hciiice, it leads i.is to. the conclusion tha.t this rela.tion

1)otwcen the t}vo str,ands in t/he earliei' stafros is maintainecl throuE'}'houtT

the s.ucceedin.,c.,;r st.ag.'e.s .ius.t be,f(:}re tlie. coinplc,tioR oÅí thtrt pr(:)ceg, s ot'

dlsjunction. .'Xs pointed out by J,•NNssENs. in igog (p• r)ge)), s.uÅëh

'figrures as thosc. just inciRtionecl ,'tre of frequent occurrence in the

a• nlnial .s'iperinato. cyte cliv-isio. n. In the plant 1<in.o'doni "?f.t fiticl a fine

e. an3ple in T/t2ri}r, ./?7•bn: stuclie.d by S,NK.•",•iuRA (ig2o, p. S). I'le s;tates :

``  In clor A'Ieta•ldnese cler hetroty•pischen l<ernteilung- x'erhalten sich

e.inig'e s,eNv6hnliche C•hiromos.ome.n $o, xxrin" es in clen IYi.c.r. i7-2J' clar--

..{restellt ist. 'U'nterxveg-s h6rt clas fX. useinande.rzie-hen cler honio]o..o'en

Clironiosonien plbt'zlich auf, indein sie noch niit .ie- einc-.n .o-eiv'i.$sen 'I'eil

aneltiancler hafte.n, ......... ."'ieistens aber trenncn sich c!ie beiclen

,S,)cheRl<el eines 'X'-f(irinis,'et} Chromosoms nicht zll s,leic.ker Zcit von

(lonen des honiolo..o'{}n .Schxv(ist'erclu'oniosonis, da ein .Soh(inl<el s, iÅëh

fr"her ci.bl(ist al.ss clcir.r a.ncl(?Lrer' ai.is diese,m (ii'runde zi(il}t sich de}r eine.
                          ,
soc,..rleich zusainn"ien, xiL,i•threncl </le]' andere aufFExllend xvL',itei' in die 'I'.itng.re.

srezos,-en xxTird. ])ie. A'I-'rocl)terchroniosoinen x'crhalt'en sich in der

A"Ietal<iRese iihnlich xvie ol)en erxviihnt'.. ......... "

    XNThen the. Iatter fe.ature is the Åëase, xve have tsvo cliflfere-Rt Åëases.

'1'he first case is shoxvn in F'ig's. 66 and 6. 7. IJrl)e longjtudinal hali'os

of ecft.ch coniponent univalent of a bivalent are attached to each other

at the free ends of t.heir lon.o'er arn3s to forni a loop. IFhe loop of

each iinivalent Ls atta-ched to tliat of the other at a point on tbe

equator. Figs. 68 and 6g s,liow cfL slitt'htly aclvancecl stag'e xvhere the
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loo. p of the loxver Hnivale•nt is cle,arly openecl out b.v the. clisattachnicnt

of the eRds, ancl that of tlie. upper is just beg'inning. I;icgs. 7•4-76

$hoxv these in st.ill fHrtlier {advance.cl stages. Iff -Nve consicler' these

figures tog`ether xvith tha.t. reproclucecl in ,I i.{)t. ,si a• and tiie. schenaa

1"ext-fig. 2 a. xve can perciex'e thitt all tiie.se. fisH}-ures reprcseRt successix'e

stages in the process of (1{tsjunct{on of tlu} bivalents of the sanGe origrin

in their c.onfigtiration (cf. 'Fext-fig', 4). 'Fbe orig'in of stich fifrures has

be.en interpre.tecl by .},xNSSENS ill anOtilel- v"a>.' (.}ANSE}ENS, l924, p. 2'1"s,

Scli6ma XX:.XL. V),

    In the second c,ftge c}ne oÅí tho lon,gitudinal. hft, lves of a comiponent

univalent oi a tgeniitius. ct-osses and ftiscis xvith that of the otliei' at a

point at soine clistanc,e, froni tl]e end, xvhile tlie other half o'f the

univalent is attached to that of the other simply at thc encl (Fig's,

7o-73)• 'Fig's" 77in7g shoNv tL slightly later stage. r.t "rill be clear

fro, in the exainination of Text--fig'. 6 that such fig-ures. are derived fi'oin

those earlier fifrures v,rhich belong" to the t)rpe clescribed a$ Type III b

in Sc,ct. 'X'. Tt xvas inentioned in the Åíores,'oinLg' that the orl.(.rin of tl}(>,

fi..o'uve of Type I'I b is oniy explicable by tl)e acs.sumption that in a

certaill stLl..o'e of PrOPIIaso thE se.(Tllle.11t,ft1 illtercllange 111ust ll.lve occurrecl

bet"reen .two of the foui; cl]r(.>inaticl strancls, xxrhile tl']e other tw•o ire-

main lusecl witli each other on this level of crossin.o.' or interchan.c.?'e

(cf. "Fext-fif.r. 2 c:, Text-fig. 6). Type I ancl 'r}rpe 1.I b are quite siniilar

in appearance in tlie prophase, i)ut their real existence can be provecl

by comparring th{ se fisrures. in the st,agre of clisjt'mction $hown ln IFig's.

66--Cg with those in I?igs. 7o-7,3, or Text-fig', 4 b, (:, b', c;' with

                                                 'CFext-fi.o.'.6a2, l?, a.' b'. -
    Iinally there. is a cas.e stich as that sho"7n in I?i.o.'s. S4.-87. In

these fi,.cr. ures the 4 chromaticls arc interlacecl so as to have each

chromacticl on one side of tbe. Ionger arnis of the two sis.ter chromaticls

ti.crhtly att-achecl to each other, ancl remain in this state up to a liater

statte, givin..o.' an appea-rrknce. Iike a chain of chroniaticl loops•as is

seen in Fi.o,.'s. 8g-S6. Tn Fig-, 87 a slig'htly later .sta,,c,re is representecl.

Coinparing these figrures witli those sliown in Fi.cr. 47 a (cf. Text-fi.a.



ii2 CIrAi<F..S[iic}]:, il'fA/.D. tx :--
                                               '

2' (l), xve are ie.cl to the coiiclusion that thit. disposition of chroinatidt

inust have been clerived fro.in that sl]oxxrn in IAfi/..r. 47 (r,, or conve.rsely

it niay bc t,al<e•n as prox'in.g the. actual existence of su<'•h a disposition

ot' the 4 chroinatids in the propl)ase., i, e. the case shoxvii a$ 11'stpe T'fl

in Sect. NT. (cf. Text-fig. 7). "I)he or{..o'in of thcse fi.o.'ures has been

interpretecl b.y JANssF..Ns in another xx'ay (JANs.sEtNs, ig24, p. 276,

Schc's.]na XXX.X,7'f).

     VII. CYTOLOGICAL BASIS OF CROSSING-OVER
    As mentioned ab.f>v(i, the twisted stata of the twe component

clou})le strands of spi.reine thrcads xv.hich is o. bsGrvecl in a relative!.v

eirly prophase beconies lost .o'radually as tha conglensatioii of the

strancls proceeds further, and thus the strancls m,ay become free. from

each other. XXThile the txvisted strands are beiR.,(.)' nntxxristed by their

continual condens.ation, they theinseives a•re compelle(1 at the samo

tinie t{) tic l<e the• spiral aspect by tlie condensation. I'f the spiral

begins to bo-. forrnecl during' the state xvhen the untxvi$tecl stratxls ar(L

stiill tig'htJly ass.ociatecl side-by-sicle, one clouble. spiral "rill be fcrmed,

and xvhere the.y haxre be.e.n cle.arly se.par'a.t'ecl from each otl)er, txvo

free. sing"le spirals x'vill bc 1)roduced. In t]>e fivst case, xvl)ich is oÅí.

]:ather less frequent occurt'ence than the secoRcl case, tl)ere niay be

a certain difliculty in the separtrtt{on oÅí the coiled strands (cf. I<.uxvADtx,

ig26, ig27. Am],xANi)i-".R and BRiDGir.s ig28), but tl]is has nothinf.r to

clo "rith the disjunction in the bivalent itselL or th(e }')henonienon of

    .crossln..o'-over.

    II'.)c,sicles the. tixxristjii'tfg inontioiited a})oxrc, thei'e, is found another

coinple..xity betxxrecn t.he txxro. eoniponent doublo. strancls. IIJhis. is the

occtirrence oÅí the " nodes " or the crosses. of the compoi}ent tmivalents,

the details of which were described in Sect. XT. The rings formed

xvith seg'ments of the clouble stt'ancls between the nodes oi' cro$sing

points l,)ecome less o])scure in the late inetaphase, ancl the bival,ent

sometimes appears like a rod cks shown jn Fig. ssfa,ncl .o'. This

Qbscurity may involve in it the disa, ppearance of the "nocles" (Type
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I in Sect. V) whicli is due to contraction of the strancls in lens,th.

If all the nodes of a bivalent are constrnctecl by mere attachment of

four strancls (Type I in Sect. V), the strands may now separate from

one another witho. ut inuch diMculty. If, on the other hand, so. me of

the nodes are so constructecl as shown in Sect. V as Type I (in the

case of true fusion) and Types II a, b, the segmental interchang'e

between the strancls will result. The possibilities of crossing-over

xvhich we can infer from the results of our observation are as follows :

  't- t"
!•-T ,

"

       a• b c
                    -Xxx XY s.p•
                                d xs

                   y

      at bt c;t
 Text-fig'. 4. INrodels and schemas to show the disjunction .

       cro.ssing point belonging to Type I jn Sect. V.

       scparate in ct-a as is mentioned in c' sve shall

       mental interchancre betsveen tsvo strands is
                   "       b-b, we sh,all haye d2 and di2' in which

    i) Tl]e case when the clisposition of

crossing point is of Type I. In this case the

mental interchEnge is to be founcl only xvhen

with each other actually fuse at the point of

,,ii d,

x

         d! t/C•
      Drocess of a bivalent haviitg a
      iLX'hen the attached two strands

    have dt anct di' in which a se.cr-

  expected: when it is separatecl as in

nQ se.umental interchan.ae is expected.

       the four strands at the

        possibitity of the seg-

        the strands in contact

        contact. XVhen these
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strancls disjoin throug"h the plane a-•a. the interchange xvi11 occur, but

when they disjoin through the plane b-b, no such interchicnge will

result (Text-fiL.r. 4. cf, Figs. 8o-8.3). In this caiethe interchan.t.re may

be expected to take place between only a. pair of the strancls.

                                                        '                                                    '
                                                '                                              '
                                                '                                 t tt                                                   '                                                '      ."'l""i'7e''ee.',.,,.,.,}g.t...g,i,,.,'ti ' '," •g,. .'ti-. 'l'

     J ''• 't"lj.".' "' '•'' . 'I,
                             .tt t           tttt t                   tt                                tt                   '               '- -k,              . .--                                                   '               . .I• •'                 '          l. ,':" .'"''.' Fl' '' ,. ss 'fi ,i
                           ptsi,,..b•: ,. •, .l ':, 1/,, ,.
                                               / tt.d                           .,tl).sN 'i' 'i•''• //;:.•

                                             N. .. ••. .                             ttt t tt

            a b r

XN
s

k1

           a•t bt t't
 Te: t-fit.'. 5. The same for a biva]ent havin..d' a crossing. point belongin.cr, to Type ITa in

       Seet. V. Segmenta] interchange is expected to occtu" as mentionc.cl in b, l,', e

       nnd e'.

    2) Thc case wh("n the clisposition of the four strands is of "l-ype

II a. In this case tliere will take place no interchange on disjoining',

because there are no strands which fuse with each other. But the

disposition of this t.vpe is comprehensible, as discussed above, only b.v•

assuming).' that a segmental interchan.o'e has occurrecl betxv• een two

strands in some early stage of prophase. Thus we should expect as

the final result an interchange between tsxTo of the strancls, ic nd not

between the other two (Text--fig. s). This type is the one with which

xy,e meet most frequently in the anaphase,
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          a' b' cl r• l,
 Te] t-ti.g.. 6. The san)e for a bivalent havin.cr. a cr{ ssing' point belonscring to Type Il b in

        Sect. V. XVhen tbe attacl!ed tsvo strands separate in a-a we shall have rt, ri'

        in svhich seqmet}tal interchansae bctween 4 strands is expected: when it is sepa-

        rated in b-b we shall have e2 and cs' in which s%crrnental interchange between two

        $trands is expectecl.

     r)) Tlie case x/ hen the disposition is of Type. II b. In this case

tooi as in Case 2) (Type I[ a), it is necess: r.v to assume that an

into.rchangnye in the. early prophase has taken place betsvee!i two strancls,

so that we must expec.t an interchange bet'Nveen these t"To strands.

In this type, inoreo• ve-r, the other two strands actually• fuse with each

otlier, ancl therefore there is a 1)ossibility of interchange between these

txvo strancls, too, at the time gf disjunction (Text-fig. 6 cf. IFig's. 8o-

83). This case is in its result acombination of Cases i) and 2). All

the f< ur strands may have been interchangecl-the four strand cross-
.

Ing-over.

    In the case when the disposition of the four strand.s is of Type

II[, no interchan.cre can be expected to take place in the prophase as
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fusion between the strancls,

expected at all •(Text•-fig. 7).

       .. -..,,;,--t{ ,4 -

'

'

a ]c

ba

           a! bt ct
 Text-fig. 7. The same for a bivalent havinsT a crossing point belon.cr.in...a to Type III in

       Sect. V. In this uase no segmental interchange is expeete(1 as the final result.

    On this cytolegical basis, we mi.y conclude that in the sweet-pea

the crossing-over mEy occur in ttn early stage of prophase a,sconsider-

ed by XViLsoN, ]N,IoRGAN, JANssEtsTs and others, as well as at the time

of diq-junction, as was concluded to be the ca,ge by CHoDA'r (ig2oe)

from his cytological studies of Alzait•m-.

    In the present invostigation no sta. ge was found which corresponcls

to the "brochonema" of T.ATTER (Tg26), a stap.'e xvhich she has found

in this plant and assuJnes to form the cytological basis of crossingr-over.

                       VIII. SUMMARY

    In the sonn,tic mitosis in root tips of the sweet-pea, there are 7•

pairs of chromosomes of different Iengths. Txvo pairs are the chro-

rnosornes with three constrictions, and the others are those xvith two
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coRstrictions. rll]e spinclle fibc,r is attached at the second constriction

in [dl the c.hroinosoine.s•

    In the nucleus of the young pollen inother cell a fa,intly staii}ed

i'eticuluin is Åíound with densel}r stained gra- nu!es iinbecldecl in it. I"ep•-

totene threads become then recognizable.

    The synizetic contraction takes place, 2N nucleolus is foLmcl lappecl

by the coiwolution of the threac!s. It $ends out buddlng-s in this stage,

NVhen the synizetic knot begins to be spun out, tlie nucleolus .,(.roes to

niore than txvo l)ieces which are founcl pressed again$t the nuclear

wall .into crescent forms.

    `4X. niaterial connection be.tween the nucleolus ancl tlie $pirenie

thrcads is not found to be of geReral occurrence.

    Tiie syndesis tal<es place after the mode of parasytidesis.

    '1'he doublex nature of the .$pireine threads aRcl the crossinsr be-

t"reen txvo of these tlireads xvhich run approxiinatL,Nly payallel are found

froin tl}e later syiiizetic stage up to siiortly l)efore tl}e naetapiias.e.

    'ItShe spirenie thre.ttd.s tinderf..}-o torsion, ancl accordinsr to the clegree

of it the different portions of thein pre$ent different appearances.

    There ate cMff.e.re.nt types in the niocle of crossing betxveon the,

.spireme threads or the c()mponent univalents of geinini. In these.

1110CleS Of CroSSillf)' tXVO i'eatUl'().S fLl'(l iTll{)Ot-tEL}lt fl"Olll the 1)Oillt Of VieKV

of the bearinsr upoii tlie. cytolos,ical basis o'f crossing--over. 1[n the

olle, al} assull)pt'ioll is llc}ce$s[try to explaill its. ol`iLg'ill, tllat El scif.)'T}lelltal

interchang'e n3ust IiiLve occurrcicl in a.n early propkase, and tl)e other

iticlicates t.hat tlie interchansre is to be expectecl to takÅë placc on di,s--

.iunctioti. Thls iatter expectatlon is supportecl by the observation oÅí

the chronitosoiitie belLaviour on clisji/inction.

    In the later ana, pl}ase the univalent chroinos()ines ELg.suine the sliape

cither of double V's ()r X's.

    1[n the intorl<inesis no anastoinoses are foi`niecl betxveen the chro-

inosoni(ts, 1)ut {iacli chronios.ofiie is c.learly clis.t'ing'uisha• ble froni the

otliers throuL/g'hotit; tl}is.' stag'e. rl"he nHclei.is cont/.JLins E}. Ri.icleolus or

nticleoli in it.
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    'Jl'ke hoineQtypic clivisiolt is carriecl oR .in the' reg'ular nianner.

    In tlie t<,itracl formation the cytol<it}esis is accoinpli$hed by

furrowing. '
                                                         '
    In conclusioti the autlior xvishes to e.xpress his c.orclial thanks to

]1)rof. 'ltl'. I<vxvtxDA for his s.uiclaticc and encourasrenient throus.1iout

tlie course of this inve$tigation.
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ilxative in conibinatien svith previous trea"nent wit'1i CA]"Noy's niixt'itre for T minutc; l;igs.

25, 26, 28, 29, r7-42, l'.-xXVAs(:i-uN. 's {ixntive witl't the prcvious treatincnt "Til:h CAI"Noy's inixture
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tre.atinent for $everal clifl'crent numl)er$ of mit]utes ; i;igs. s6-c.}o, tl]c- 1 onn moclillcation of

];T.EIfM{Ttsic;'s so]ation svitli the piievkxts treEttment for IO or z5 mimitcs. '

                                     I'Iatc Xi

                                l"roni Åëells in i-oot tips

      Fif..r. i. .Side view of metaphase.

      I"igs. 2 :Ltxd r). Tlxe s:ulle in pola{' vlew.

     i;if..r. .1. i4 nietapliasic coinpanion chroti)oso]ncts aruuit,,ed in t'he order ot' tlieir lens,th;

(t, ft[)in an u;a'ly, b ;Liicl t', froni a later stafg{/t. '

                                          tt
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     Fig. S. Individual chroinosoines in tlieir process of scparation, each showing the point'

of spitidle ilber attachnient at the 2ncl constriction.

     i?ig. 6. Side view of anaphase.

     I-"igz 7. i4 pairs of anapliasic chroinosoincs individ"ally drt"vn froni the saine group

as that reprodttced in Iti".. 6. :Irhey .ire at'ran.cged in the order of their length.

     Fios, 8. tX cel} froin a chloi-alii'ecl root tip witli I4 con('racted chronioson]e$; in eacli

of thein only one of the constrictions is clearly niaiiifestecl.

                                ']Li'la,tes XTII X'IIII

                              l;roni pollen n)other cel]s

                                    I'late NX[ -

     I"ig.. g. '1'Nvo yoting. pellen ]notlier cells, one ivith thvee nucleoli and tlie otlier "ritli

one nucleoltis.
                                                  '
     1?ic.g. Io. ]1.ept'otene stage.

     ]d"{g. ii. Synizesis in its lieig.rht of contraction ; nucleolus has a nucleolar l)uclding oti it'.

     Ii.L,. /2. ]LaL'er synizesis. .Double nati.ire 'o'f spit'eme threiids and tlieir ct'ossing. ai'e i'e-

cogni'table; nucleolus is lugge(i. into two cresceiit-sliaped pieces whic.h are presscd a{)ninst thc

nucleav ]neinl)rane.

     ]Sig. I3. I.ate synizesis. Double riattu'e oC' spireine threads is very conspictious. =t and

f,' are portions of the threacls dt-awn witli r.gmm.xl<, i8.

     I?if.T. I4. ]'oi'tions of tlie dottble spiren]e threacls in the late synizesis shosviiis, so]ne

dill'creRe "spects ef doubleness. Dctailed explanation in tlie text, INktgni(ictLtiort: i•5 nml•

Å~I<•{8.

     I;ig.. iS. '!'l'c)lto;v st)ireme s{'age. Tlie doub]e nature of the spireme thi'eads (tnd theii

parttliel disposit'ion an(l crossinfg at cet-ta"i t)oints are conspictious throuk)hout the Nv,l)ole len,c..,rth

of the tlu'ends.

     Y"ig. i6. j.'oitions of the spit'en}e thve,ads in the hollosv spiretiie stage ]nore hig]ily

inngnilled {i.S nnn.xZ<i8) ; detai]ecl explanation in the tcxt.

     I;ig. I;7. .tX. Iater stiige; 7 bivalent chttoniosonies c;tn be clist{ngnished fron} one another.

     I;ig. i8. Still Iater stage.

     'lfaisT. rg and 2o. tNn orirly diakiRcsis. Some difTet'ent contl{.,,tivnti{)ns of tlic bii'alent

cl}t'oniosonies arc seeti.

                                    ]1'late Vill

     J.;ig.Js. 2i and 22. 1 iukiuesis. In 'Fig. 22 the niultipolav spimdle is vis{ble outside thc

nuclear nielnl)tlltle.

     1;ig..T. 23. Early inet'aphase xvith niult'ipolat' spin(lle.

     I;ig. .o.tt. DÅ},'.{etctphase witl) bipolnr spindle.

     'i-"igs. 2s ancl 26. L"arly anaphase just at the coinn)encement of disjanction.

                            '
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     Fig. 27. I.ater anaphase; sepafration of the longitudina} halves is clear in each disjoining

chromosome. Some bivalents delay iti disjoinin.cr, the corresponding arms of disjoining homo-

lo.aoLts univalents still remaining in some xvay or other attached to each other in the eqtiatorial

reglon.

     Fig. 28. Aslightlylater sta.cre than that reproduced in IF'ig. 27. All bivalent chromo-

somes excef,t oiie have clisjoined and the disjoined univalent chromoso]nes with thek' separated

longitudinal halves have reachecl their respective pole, each assuming the slmpe of a cloubie

V or all X.

                                 Plate "SFTIII

     Fig. 2g. Late anaphase. Each four arms of disjoined tmivalent chromosomes have

further contracted.

     Fi.cr... 3o a and b. Chromosome groups in the polav re.crion in the same sta.cre as that

reproduced in Fi.cr. 2g ; a, polar viexv, b, the same view somewhat oblique.

     Fig. 3i. Later staga Though the 7 univalent chromosomes are tightly clumped together

with each other in the polar region, eacli individual chromosoine can be clearly recognized.

     Fig. 32. Early interl<inesis nuclei with clearly separated 7 chromosomes of the shape

of X or doul)le V. ATucleoli are founcl in each nucleus.

     Fig. 33. Advanced stage of interkinesis nticlei. The chromosomes are in the most

elongated state.

     Fig. 34. A still further advanced interkinesis; only one of the nuclei in polar viesv is

shown. The4 arms of each chromosome have become slendev and some show a clear spiral

structttre.

     Fig. 3s. Latestage of intettkinesis,just before the dissoiutien of the nucleat membrane.

Each nLtcleus is diminishcxl conspicuously in its volume, and pressed into the shape of an

ellipsoid, the longituclinal axis of w])ich is at rigl}t angles to the axis of the celi from pole

to po]e; a clear zone is visible surrounding eacli nucteus.

     I]ig. 36. [lrhe same in polar viesv.

     Fig. 37. I-Iomotype metaphase; the tsvo spindles are itt right angles to each other,

each with 7 c]n"omosomes of the shape of a double'V or an X.

                                  Plate IX

     Fig. 38. Early homotype anaphase; all cliromosomes are separated from their sister

halves ancl asstnne the sl]ape of a single V.

     Figs. 3g aacl 4o. Later homotype anaphase.

     Fig. 4i. Last stage of homotype :tnaphase.

     ii'ig. 42. [['etrad: each micleus witl] 7 chromosoines of a clear spiral structure.

     Fig. 43. Bivalent chromosomes in successive stages of development into the shape of

a rod or V at lieterotype metaphase and those in early anaphase; a-ci. early diakinesis, d, e,
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Iate diakinesis, f-7; metapliase and le-m, early anaphase.

      Fig. 44. [l]he same developed iiito the shape of S oy Z;a, b, very early diakinesis,

c-e,  late  drakinesis,  f,  bcr,  metaphaSe and ili{att'eearlxt aii`aPIiaSe .

     Fig. 4s. Bivalent chromosomes in successive stages of development which assume a

tripartite ttppearance at heterotype rnetaphase; a-al, early diakinesis, e-.cr, late diakinesis

and lt-k, metaphase.

.,,, ,!.gg',ec1, ,i,P,f,,z",;'geL,P.zt.).;:f.,[i!g,,Ri2al it:.:,;stk"i•,mat,g',l?t`'Lpf.I'ls:.[h,e,i.li,a:.:,,g.g,",Eod,,

metaphase and l-o, early anapliase.

     Fig. 47. The same for those bivalents xvhich assume the shape of a cross or X at

heterotype metaphase; a-c, early diakinesis, tl-7; late diakinesis, .ILg, metaphase and r, s,

early canaphase. '
     Fig. 48. Tl)e same for those bivalents which assume the shape of a ring; a, b, early

diakinesis, c-f, midd]e diakinesis, .cr, la, late diakinesis, i--l', metaphase ,and l-v, early

anaphase.

     Fig. 4g.. Tlie same for those bivalents which assume the shape of a ring with a V or

a vertiÅëai t-od at heterotype metaphase; a-ti, early e-m, Iate diakinesis, n-s, metaphase

and t, is, early anaphase.

            '                                  Plate XI

   '  '
     17ig. so. Bivalent chromosomes in diakiriesis and metaphase of tlie shape of a ring

with twe V's or processes on both sides of th' e ring; a, b, early diakinesis, c-e, Iate dial<i-

nesis and f-h, metaphase.

     Fig. si. The same of the shape of a chain of two rings: a-e, early diakinesis, f-k,

late diakinesis, and l-o, metaphase.

     Fig. 52. The sarne of the shape oE tlie dottbie ring chain with a V on one side;

a-e, eariy diakinesis, f-7; iate diakinesis and k-n, metaphase.

     Ei.cr. 53. The saine of the shape of a triple ring chain; a-d, ear]y clial<inesis, e, f,

late cUakinesis and .cr--7; metaphase.

     Fig. 54 A. Bivalent ehromosomes in c-.arly diakinesis which assume in heterotype

metaphase more complicated config.urations thaa those reprodttÅëed in Figs• 43-53.

     Fig. 54 B. The same in late diakinesis.

                                  Plate XII

     ]lig. s4 C. Bivalent chromosomes at 1ieterotype mteaphase of more complictited con-

tlgurations than the triple ring chain.
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     -Fig. 5S. The sarae; the details in the confi.crurations are obscure on account of contrac-

tion of chromosomes.
                   tt
     Figs. 56 and s7. Bivalent chromosomes of the shape of a rod with two processes in

the middle, just at beginning of the disjunction (only their eqtzatorial parts are drawn) ; the

clear space seen in the center of tlie figures is very conspicuoLis.

     Fig. 58. A bivalent cliromosome in the same stage of the shape of a vertical ring with

two processes on one side, On this side the ring shows the same appearance as those shown

in IFi.as. S6 and 57, while on tl)e opposite sicle it is opened out, the disjunctioll having taken

place earlier than on the other side..

     Fig. sg. A similar chromosome to that reproduced in Yig. s8 in aslightlylaterstage.

axTote the parallel disposition of the equatorial parts of the chromatid strafids.

     ]iig. 6o. A figtire in the saine stage of a bivalent chromosome wliich is in metaphase

of the shape of a ring with tsvo arms on each side.

     Figs. 6i--63. The bivalent chromosomes reproduced in Figs. sg, 6o in a still further

advaneecl stage; in these fignres one or two arms of the disjoinning V's still remain undis-

joined from the corresponding arms of the other.

     Fig. 64. A. bivalent cl]romosome just at the commencement of separation of the longi-

tudinal halves (i.s mm.XKi8).

     Fig. 6S. The same in an advanced stage -of separation of the longitudinal halves

(i.S mm.XI< i8).

     ]ligs. 66-6g. Figures wliich are to bejudged as having been derived from those bivalent

chromosomes in which the mode of crossing between the components belongs to Type I

mentioned in the text. Compare these figures with Tex' t-fig. 4 b, c, b', ct.

     Figs. 7o-73. The same in wliich the bivalent chromosomes are regarded as having

been derived from those whose mode of crossing belongs to Type II b in the text. Compare

these figures with Text-fig. 6 a2, b, b'.

     Figs. 74-7g. Figures in Iater stage of the bivalent chromosomes reproduced in Figs.

66-73• ' '     [Figs. 8o--83. IFigures ii! later stage than Fi,a,s. 74-7g, in which the disjunction is

complete or is almost so. Compare tliese figures with Text-fig. 4, ali, di2, dit, d2t and Text-

fig. 6 ci, c2, cit, c2t.

     Figs. 84-87. Figares which aL'e to bejudg,ed as having been derived from those bivalent

chromosomes in which the mode of crossing is of Type IIZ mentioned in the text.

     Figs. 88-go. Figures in Iater stage of those reproduced in Figs. 84-87. Compare these

figures with Text-fig. 7 c, c'.
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