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                       INTRODUCTORY.

    If the;'e is a ceytain laxv governing,' the various arrangements of

cliromosomes, this lckxv xvi!i sug'gest sonie idea as to the mechariism by

which these arrang-enients are broug"ht about.

    A comparisoB of the chromosome arrangement xvith that o'f
r.yifAyER's floatinsr mcftgnets has bec';n atten3ptecl by several investigators.

I<• S. I.iLi.iE (igos) is perhaps the flrst wl}o macle experiments xvlth

the floating niag'nets with tlie v•lexv oÅí comparin.c.r them xvith the chromo-

son3es. DotNctxs'rEi< (ig2o) points out tiie fact that especi.klly xvhen

tlie chromosonies icre short and of nearly uniform size, the figures of

equatorial plates have a reniarl<ab!e resemblance to those s,iveR by physi-

cists oÅí the groupins,s of various numbers of magnets fioating in a coi3finec'i

space, anCi that this fact may 1iave sonie bearing on the theor:,es concernin:v

tlLe meclitafiisRa of nuclear division (p. 36). In view of this pheiitomenon

capable of supporting' ]'.A"iB's theory of the mechic nism oÅí mitosis, CAtsrNoN

(ig23) glves in his picper various figures of chroniosome arrangenaents

which resemble tliose of corgespondinsr num'oers of fioating mas,tiets.

XIVhile some of fis}'Lires ott the cliromosoine arrangemeiits show such a

reseniblance to ti}e grc/)vping's. oi' the fioatlns, magnets as shown in CAixTN-oitt's

Fig'. 2, x/Te often meet, on the other l}ancl, with cases xxr•here tl}e arrange-

ment oi' the chromosonies dififers very much fron] those of the correspc.)nding

numbers of floEting- magnets. This latter fact demands a cioser itivesti-
g'ation as to "rliether the i`eseniblance between the arrE n..o'enient of chromo-•

somes and that of the floating mag.nets is only an accidental phenomenon,

or wliether it has actually some bearing upcn the ineclianism of initosis

as suggested by the earlier authors. To nial<e clear this point of inquiry,

some nioclel experiments xvere atteniptecl with fioictlng" mag'nets on the

one hand, ancl statistlcetl investigatlons into the ckroinosonie arrangeinents

on tke other hand. The hctter seotion of investlgation was carrie-d out

inainly by the autlior's collaborators, '1'he results so far obtciinecl xvill

be Åíound jn subseqtient papers on the sEtme subject publisl}ed together
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    MODEL EXPERIMENTS AND THE CKROMOSOME
                      ARRANGEMENTS.

              J. A 7' ra 7i ,.crc "n2 en t o.f E.xPe 7' z'm en ls,

    For the ..o'eneral inethod of thc arran..o'ement of the ex})eriments tlie

xvriter is inclebte[l to IDr. ][<.ntiui<A, IProfessor of I['l}ysics in our Ukiversity,

to xsrhoni the xvriter wis.hes to take this opportunity of expressiti.(r his

sincere thanl<.g f,)r his l<iRcl sugpgestlons. In these exporiments we haxre,

()f course, Rot attcmptecl to repeat the phy$icists' experiments, but onl}r

intend to obtai,R from tlie 1<Rowlecltt'e acqllirecl IR our oxvR experiments

some ldea about thc origitk of the various confi.ogurations xvhic.h xve have

founcl in the case of cl}romosome arrangenient.

    As the vessei containitig water as a fiocitiRg' medium, a xxrooclen jar'

of about 2s cm in diameter for relatively small numbers of fioatintt'

magnets, ancl of about 32 cm fo.r larg'rer nuinbers, xvas .u$ecl. [llive and

sevei) turns respectively o't' a conducting xvire were made around the vesseis.

and both ends xvere conneÅëtecl-xvith terminals oÅí the iio volt direct

current circuit, ancl electric lckmps were inserted in the circuit as resistancre,

so as to have a current inteRsit'y of 3-,s amperes paf.sed. A, s floating'

magnets, mEgnetized srramephone neecile$ stuck iti stnall pieces of corl<

were usecl. They were fioated on the water surface of the v•essel, each

having the magnetic pole of the same- sign at the sic me eiicl, upper or

lower, ancl the current xvas passe.d so as to make the upper ancl lower

electroniagnetic poles be opposite in sign to the upper ancl lower poles

respectively of the floa#{ntt' ina.o'net$.

 2. Some GeMeralAsPects of Clirofn.osonie Arra'n.crement,
    esPeciall.i, i7i Ca•ses 7e,here All Xlie Clgro•mosomes i•n. a
       G7'o?tP a•re of neaptlj, llie .S'ame ,.{l'is,e a•ncl SliaPe.

    f'L T.he ari'an.cre•ment confi.cr2t7'a!ibn q/.ffoa!zrn.o' ma•.a•nets. A• ccnrd--
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ing to ])vlAyER (i87g), when the number of ffoating mag'nets is 3, the

magnets are distributed in the stable form in a triangle; when 4, a

squarei); and when 6,apentagon. XVhen the number is6 or more than

6, one or more of the magnets is distributed in a definite position or

order inside the supposed ring, on the circumference of which the rest

of the niagnets are distributea in. a polygonal shape, When the number

gF
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when gr), it is two; anc! wheR io2) ancl u, there are 3 inside. I?or cases

of greater nunibers of fioatlntt' mag'nets xve refer to IS,{AyEpN's orig'lnai

paper (iS7g) or to iN'hzuNo's book, "Theory of the Atom," I.'art I'[

(i9i6).

    In our experlmeRts, at the commencement of the experiments a

clefinite numbet` of floatinsg' magRets consistln.cr of pieees of cork each wlth

one magnetizecl needle stuck in it were arranged near the periphery of

the vessel, roughiy in the form of a rln.cr, and then the circuit was close[l.

XVhefi the current is passed, the fioatlng magnets begin te tnove tQwards

the center of tiie ring taking irregular shapes which change every second

until they come to a $table state oÅí arrangement. In this state of the

,lrrall.o'emellt the floating)" mcltt."nets tclke UP definite pcsitio13S forlpill.cr. fif.>'-

uros just the saine as tho. se giyreiTL bvv the physicists. XV• Iiten the iLumber

oÅí floating ina.crnets is relatively large, the number of tke mit gnets found

insicle the rin.cr.. may be .o'reater or le$s before the final distribution is

attainecl than the mmaber found in the final stable forin of arrangement.

XIX7hen it is greater, some of the magnets occupyin..o' inner positions are.

drixren out to tEke E positieB en the circutpference (Fig,,'. i), enKl Nvheti

iess, some of the mag'nets on the circumference are driven inside the ring

(Fig. 2). The movement of these mag'nets is very slow, and it tak-es

much more ttnie to reach the fitial stacte of dlstribution than in cases

"rllere ,x defitlite mlmber of floc t{ll.o.' ma.cr.Rets correspolldill.o.' to thc 11umbe•l'

fotmcl inside the ring' of tltc stable forna has occupied the itiner positions

already before the cthers ttrc more or less regularly distribute.d. If tlte

distributioii of' chromosomes on the eqtiatorial plate is comparable with

that of the floatlnLo.' ma,o.'ncts, there must be also $uch cases in the case.s

   i)According to CANNoi 8 floatiiig magnetg make a ring having one iniide it. In the

cases of i2 and i3 fioating magnets, there .are founcl 3 inside accorcling to CANNoN, and tl

accorcling to .INI.NyEi< and ."vflzuNo, Tn the writer's experiments, in the cases of g ancl i3

the ntnnber of fioatiR.:.r inagnets distributed in: ide the rlng was the sftme as the nmnber given

in a)L•IAyjt!i's fi.qtu'es er .7N{!zuNo's photoL.,r.ftphs and in the case of I2, it ".as the same as

that mentioned by CANNo.N.
  2)Accofdina to .7NlizuNo nncl CtxN,NoN t'liere are two inside the rinor. Accoi'dincr to IN{,sy}ut

         O h.                                                        htliis fenn is less stable.
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of the clironiosonie clistribution as xve nieet xvith in die cag.e oÅí fioating

                                                               'mclo'nets.
  b
    B. 7ilin. cli7'omoso7ne cx•i7'anL.oJEfneiils. In the cell the niovement nf

chroniosonies. niust l)e far slo"•'er than that of tlie flo. atin.(..}' inag'nets.

A'roreover, therc mus.t be in t'ht/}, cag.e of chromosomes some coml)lications

"rliiiclL arc connected xvith the orlg'lnal positio.ns. oi' the ehron3os.onies ii}

tho. nucleus, all not bein.o' kept afloat oti one plt ne as in the ease of

the floating' int}gtiets, but beln..(r distributecl i'n a spheric( 1 area ancl capable

of inoving in aK the tl}ree. cliniensions as pointecl out l.)y 'L!r.i.i]?. (igos).

']."hus the natural c.oticiusion is that in inicrotonie seetions xve h[ve ce'.ls

ir'tixell in v[,l.IEol.ls stltL.(,',)'es of clll'olllosol't'Ie lllovo.!11el'lt fl'olll tllc vel'y c(m}tB-

niencenient up to the final clistribtition. .fis.ccording' to J<Aia.iNG ({g28),

i{i the nuclear dixrision i,n the anthericlial filaments of tl}e Cl}araceae, " the

early and late telophases are the. most numerous ancl spireine stages,

resting nuclei, equatorial plate, ancl clispireme stagcs coine next in fre-

quency in tl}e orcler namecl." "I"his fact shows that the stage of the

ec{uatorial plate is of relatively long' durcation, and tltat there is nee:lecl

a consicleyable time before the final distrlbution of the Åël}romosomes is

attainecl. The faet tl}at xve find variotis ldncl of irregulckr arraL ngements

of chromosomes can, therefore, not be a proof fo.r an argument that the

chromosome at'rangements are not compcxrable "rith the reg'ular distr!bti-

tion configu.t`ations of the floating mas,nets.

    I';rom xvhat has 1)een sttkrved above, it is clear that xve hft, ve to

clloose foi` the comp.lrisc,)ll "Tith tl)e arjrtrl.l]..o'emGlt of tlle• fiotltill.,O,' Ma..O'lletS

oniy those chromosome tgroul?s in xvhicl} the chromosomes are i, rrangte:1

all on one plane. The stqtistical results we hcreve obtaine:1 in txvo c.ases

where the cliron3osomes have a!1 been distyibuted in one plE Be ancl where

some of them icre Åíotmd stM below or above the plane show that tliis

is really true, , They are sutnmarizecl in Table I[, the txxro cases beiti...o'

clesignated A and B respectivelsr.

    The details peculier to each plant namecl ln the tabie xvill be found

in the paper written by the reg, pectlve autl}or himself, but sonae remarl<s

may ?.)e inacle here. In TfiZi:r thc different types of chromosome arrange-
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                              ts

meRts it re less in mimber in case A than in I?). This !s a very interest-

ing.' cind notcxvorthy fact from $ucli i, view point as thEt .o'lven aboxre

coRcerllillg the ol'ig.'hl of tlle irl'es)"ulat' ,11`lrtlll..o.'ements. It must, hoxvevel',

be pointed out that in the niajorjty of c.ases N?Lrhere tlite cliroinÅësoi:tie

i, rrangement cloes not resemble the stab, le form of fioating mci.o.'nets, thc

authot"s chcssification into thes.e diffeirent typo.s seems lar.o'ely to. depencl

on the jkicl..o'ement of the fi..o-ures bat e[l on his subjective viexx'. The

arrtln.o"ellle:lts ill tllese figLlres tlre vel'y irre.o.-ular Et the fi1'st .cr.lallce, cllld

it s6ems to be rather rational to conelticle that thev cannot be classifiecl

into differetit types havin:.o" such re.gtdar configaratio. ns as shoxxrn by his

scheniat{c representations. 1n these. cases there is perhaps no regular

configuratien. 'I'he relrular configurations xvould be founcl only in the

arrange:nent xvhich res.embles the stable form of floating magnets or its

iess stable modifications, as is really seen from the a"thor's Table II

(l'In<AyANAc)i, " Chro.mosome Arrangeiinent," I.II).

    I.n ig27, thc xvriter of the prescntpaper hiniself observecl in icceto-

carmine preparatiens of fresh pollen mother cells in Ci'cas rez,olztla that

tt least in a lar..o'e mmiber of cases the chromosome arrangement resein-

bles the case of the floating magnets, xvhen the chromosomes are

arran.n.'ecl all oti one plane. I2igs. 3a•, b, c slioxv cainet`a clrawings anci
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 Fig. 3 a-b. 'rhree nuc!ear plate.s in heterotype division in pol]en )nother cells of qi'}cts

       revolttta from aceto-cai'mine preparationi. a and b arc camcra dtnwing.s and c is a

       micro-photogi'apli.

a micro-photograph from different pollen mother cells. Fig's. r)t7• and l)

shoxv sta.o.'es in transition to the final distributi.on.i) It mai,r be inferred

froni the ktioxvledge aquired in tlie model experiments xvitli Hoatin.o.'

magnets, that chromosomes A End B, and either C or D in Fig'. r)a•

will occupy the ir]ner p,f)sitions, the re;naining one, D or C, bcin.o' expelled

tr) help to form a rinL.o.ny Nvith the rest of the chroniosomes. In Fig)-. 3b,

chromosome C will occupy the inner position "'itli .iSL and B, both of

xvhich are f)und a!ready quite inside the chroniosome rin.a. Fig. 3c shoxvs

the fina.1 distribution figure, in whlch all the ir chromosomes itre

                                                           '                                                      '
  i) The predominant nTimber of gemini in polleu mother cells in CJI,ccts rgvohtta is' I.7.,

wl]ile in the female gametophyte (.endo;perm) the nnmber of chvomo',ome is i2, aG .expected
from IsiiiKAwA's ]'e"ilt. For clo;er de.icription, see p. 222, .and nko " Cllromosome 'Avrhfig..e-

ment"I.X. ' • .-.                                                         '
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arrangecl o.n one plane i,s is. shoxv-n to be tke cit se. by the fact that they

are all p.hotog'raphed at onc focussins,'.

    IIn n]icrotonie sections xve foiin<l later that there xvere a large' nun]ber

of cases whc.re.. t"ro chromoso. mes ara founcl inside the chromosoTne ring-

instevad of three. In C;,das 7'ez:,oliila there are marl<ecl size clifferctice

eniioii.o- chi-omosomes. IEt see.:iiecl to us tliE t ta certaiii clevi.fttion iii .xi'i'.fti3g.e-

ment mig'ht be possible owing to. th{s, ancl a s.tEtistical inves.tigation with

niic.rotome se()tions xvas vndertal<en bv• ]-NIr. NAi<AiiuRA at the xvriter's

request (`'Chromosf.)me .sNrran.,o,'enient" IX.), T. he result's obtained sho"r

tl}at cases xx'here two chromosofnes occupy the inner positions are niore

ntune;rous thaii cases xvhere the:•-e are foun(l three chroniosoine inside,

althou.o.'h the lattet' may als.o occtir quite frequently. Cl-his case of C]tcas

Nvill be cliscu.ssed in tlie nexLt chapter.

                            TABns II.
       C:tses xvhci'e :ill the cliromosomes aie og naavly the smne size an{1 shape-

{)1)servar l'Jiint
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    Z[n cases where all the chyomosomes are of nearly the same size

atKl massive- iti shape, ancl all of. tlie chromosptnes are arranLcr.ed in one

piane, the frequency curve of the various foruis is getierally leptokurtic

ln na.ture. '/Irhe same is ti.lso true in t'he case of trix;alent cl}ronaosomes.

'I'he niaxinnmi values so far obtainecl are sLimmarized in Table II. They

are the frequeBcy xralues of the forms of chron-iosome arransreni.ent

resemblin,og the st.lble foirms of flc,atiii.c.)' ma.o'tic'ts.

    A.ccorclk}sr to iX'IAyER (i87g) besicles the sttable configurations

inentionecl above there Ere soine inoclifications "rhich are less stable than

the formei`. 'j"l:tey inay be tira,.nsfornaecl by ta. slig'ht sho(rl< fron't one fo"n

into aRother ancl niore sttible forni (Cx,xNo'r, iSgS), .11?or instance, in

the case of 6 floatingt niag'tiets the.y may be so arran.o-ed thEtt ali tal<e

the peripliLercl positions, t'he forni of arrtan.o'enienti bektsr roughly .'t ring-

having none of the mtg'nets inside it. In the case of 8 mag'nets, we

havc tNvo niodifici.tions, in bo.tl} of xvhieh two nia.o..'nets. occupy the centtal

positions instead of one, ancl in tlie case of io, t"ro insteacl of three.

I[n the e.fse of chromosome artrang'ements the floatins.>' meclium, or. the

cytoplasm,'is of c.ourse more viscous than that in the case of the floatins,'

ma.bo'nets (cÅí [E'IE!i.BRoiNT,NT, igi4), ancl hence these less stable forms

of arrang'ement must be less easily transfcrmable. .It"rom tl}is state

of aflfaire "re may expect that niore than one arrangemei)t of chronio-

soines may be obtained ex•'en in the case xvhere all the chroinosonies

are foztnd on one plane. Btit we should expec't at the same tinie also

that tke cases res.emblitig the stable forin of floating magnets must be

inore nLmierous thEn those }`esen)bling the less stable ]noclifications of

the form. Tlrtis is beautifully shoxvit by OGAwrx "x 7b2fz'lilg .L4nlli7'itsrc2is

ancl by ]IN'itNEDtx anct I<. A'xo ilt 5'IPi:n.a•ct'a ole7'ace(v actually to l)e the

case. The numericii result$ obtaiRecl by them are given in TEble III

(cf. also tlieir oxvini ptvpers, '`Chromosome f-Xri'an.,o.'etnent." Nr and
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Ob.sÅërver

 .TVrAEI)A

  and
 .K" .4 il•o

(C.A.Vil)

].'lant

S)bx)zctcia

olertxcea

Stage

I-i'etet-o.

metapb.

I-l'etei'o.

anaph.

]ilonio.
inetaph.

r].'otll}

OGAXVA
<C.A.V)

l
i ybrtz13

' An llt riJ czts

/

E
   b

.l'[etere.

metaph.

}-letero.

anaph,

]-ronlo.

inetaph.

Homo.
anaph.

Total

Cases resembl-
  itio stable
   bform of Fl. Ms,•

   107
(Cases I+I'l>

   76
<Cases I -i-ll.:i

   g8
CCaseh' I+ll)

28I

   6.i
(l{"orlll

   22
<Fol•lll

  I76
(l?orm

<Fo3.0,

.x)

tx)

A>

A)

282

Cases rcsenjbl-
ing lc'ss stable

fortp of I;'1. iNIgr.

  I9
(Case III>

  25
(Case III>

  41
CCase l}I>

58

(Foi nig 9B -i- c)

    II
(Fotms B-YC>

    I9
(Forms B+C)

     2
(Forms B+C)

7r

].V'{oi'c or Iess

kl; folm of
 arrangt•

8

I2

I7

37

2i

 7

I7
2I *

o

66

'i"otal no.

of cases
obesvvcd

I34

i;3

ls6

403

I24

 4o
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    i';: '1-hc nuniber inarl<c<l with an astevislc is t}ie number ef those cases wl]cre the eight

      chroniosoines are arrange(l in the forin of a i'incr.. ]iaving none of thc chi'omos.oine.s

      inside it (Forni D).

    In case the investlgation is carrieci out with fixed materials, it ipust

be borne iti mincl also that the fixEtive causes shrinkag)'e of the proto-

plastnlc contents, $o tliat tlie oris,'inal po$ition of each chromosoine may

be alteretd to a greater or less exteiit. It is highly probable that in

the cases denoted in Table III as "irregular" there are at least some

xvh{ch really resemble the stable or less stable form oÅí floating magnets,

but kave been rearyan.cred into irregtdar forms by the action of the fixing

ck.crelltS.

    As has beelt seen in Table 1'I, lf thc ckroniosomes are acrranged

all in one planc, ancl if thet'e is no special obstacle, the cases xvhere

tl}e cht"oniosonie arrang'enients sl}ow a marl<eci reseinblance to tke stable
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fOrlllS Of fiOatillg RIEt..O'lletS ,11'e tl}e MOSt 11Illllel'OUS, s,'ellera]IY beil]g lllOl`e

than soOfo' of all tiie cases observed. The resemblance is more inarkecl

NvheR the cl}roinosoine nuinber is reiatix•rely sniall. rl'his is very beautiful-

l}r illustratecl bJr OGtxwA in To7'2'li3 and by ]NglAEDA ancl l<A[i/'o in

,S'IPi'naci?t. Ilh 7b7'ith3h, the cases wliere t'lie chroinosome arrangenient

resen}bles neither tlie stEble forin oÅí fioatinsr inas,nets nor its niodifications

(less stable forms) are 66 in number out of 4.ig cc'tses obsenred, and in

5'IPi'naci'a they are oiily 37 out of 4or,. ].f in these cases dlsplacenGent

of cl}roinosonies di.ie to 'fixEtion is tal<ei} into consiclertxtion the ni.im})er
                                                       ,
of cases where tlie resemblti.nce to the fortns of flloating' n]asuz)'nets is not

to be seen caR be estknated to be le.ss than tlie ntunbet's g,iven abov'e,

aRcl converse'ly the nu!nber oÅí ccases resemblinsr tke forms of floating

nitts,nets inust be ..o"reatcr in. reality than the ntinibers xve obtainecl. In

                            TABLE IV.

i;rccluei]cy of t}]c funn resemblinsv tlic stablc foim of llofttingr niagncts cxprets'.scd in pcr ceiit.

S{af.re
Ybi'tZils-tlntlu'ls('tt,s

(Oc;AxvA,C.tx.x•r)

tS" t>Xna(ntxolei'(t('ea
(iN[Ai,]DAtkndJ<A't'o,C.tN.VII.>,

'.1:otalnnmberof
case:h'obsd.

tttttttttttt

1•lctcrtoypo 5i.6 I2cl•

inetapl]asc 7{).t) l3.;

anaphasc 5s.o i•i-(-)

6;.3 li3

Jlomotype
 inctapliase

 anaphase I

-rt li)')

(JO-9 i
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the case of 7bi?7i3" xve hax'e 3g cases oir irregulai' ttrrangcn]ents xxrh{ch

ina}r bc rcs,ardecl as due to fixatlon ('d'itle OG:xwA, "Cl]romosonie

A.rrang.remcnt," X•i, llral)le ,3), and thus xve may say that in this plaBt

thc fornas of, chroniosoine .arrangeinent xvhich $ho"r no reseinblance to

tlle cl'ral}g'elllellt fOl'lllS Of flOELtill.O.' lllELsg'11etS ELre Ol)IY -?8 ill 11Ulllber Ollt

of 4ig cases observecl.

    If the chirornos.oines Ei.re con]Iarable xvith the i:Ioatinfg nia.<.rnets., tl}e

arrangcnaentb' vNve nieet xvith in the Åíornier ruseiitiji)linsr those oÅí the IE}ttiar
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se,em to be kigher in frequency in the anaphase than iil tlie nucleckr

plate. But the i'esults obtalncd b)r O(}txwA and by ]XslAEDA ancl

I<IA'ro shoxv that tliis is not tlie case, altliou.,<.rh in 7b7'ilk:g A•iztli'nlrciis

sttidied by OGAxvA there may be reco.,(.rnizable c't cei'tain tendency to-

"rcards his,her freqaency in the atiapl)ag.e. ISut in this case the nun]ber

of cases observecl iti the anapiiase is too small for ttny definite copelusioR

to be clra"rn from theR? (cf. Tablc IV), This fcact shows that in'the cell

the chromosomes nitty clisjoin ()r sepetrate before they attain their niosÅí

stable positlon iti the eciu&torial plctae, their niovement beitig hitidered by

the viscou$ nature of the cytoplasin througli xvliich they inove, and tliat

tl}e rearrtms,cment does not proceecl fuither in tho anttphase.

   3. Clt•ro7n.osomc Arran.o'cm.dnls i'ip Xlie Cases Tulzdre Xlic

     Cliromoso77ics apte 'ii-ot of llie Sa•mc ,S't'a'e au(l SluiPc.

    .4. 2117otlel cA:Pen>iie'nls 7viZli .ffoali>i•.(r ma.crenels. XVe hax'e no"r

other cases wkicl} must be considerÅëcl herc. They are ctmses xvhere somc

of the cht'omosoine present a marl<ecl diffcreRce in size to the other

chroinosonies in the sEtme group. To compare with tb,ese cascs, fioat{ng"

magnets xvith diffcrent n"mbers oÅí masrnetlzed needles stucl< in corrc-

sponclitig'ly larg'e piece,s of cor]< xNrerc tal<eiiL for the orxperin3ctits. Tliis

iclea orlginatecl in the sus,srestion o{i Dr. II<m!ui<A, it"rofessor of lt'1}yslcs,

In these experiinen#s it xvas found tl}at the final clistribution of tlie float-

ing niagnets may not be of a res,ular polygonai shape, biit of an irregular

or malforinecl one, its $l}ape being cletermiRed by tlie number of the

magtiets that conslst of a diffor'ent number oÅí mi.gnetized need!es froiii

the others (cf. Fig's. g. a,, b, and c), and that the iarge floatlns.r inagi3ets

or those 1iE"'ing- niore t)eeclles shovxrecl a strons,er tendeRcy to occupy tkc

ccntv',}1 positions thE}.n the siiLiall o. nes, or thc}se hti.vinsr zt snitiller nuinber

of Reedles (cf. Fi.g;s. s a,, and l)). So,'ne of tlie latter inay occupy thc

positions insicle the rinf)' too, if they find theniselves by chai}ce lnside a

not defiRitely forinecl po.lygc>n at the beg'innin.g' of tlie e.xi)erinient. Sucli

a chance for t'he sniall fioatlnsr inas,ne`,s i.s s,reater xvhen the total ntiinber
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a
l?

'

Fig.

c

4 a-d. Stable form of arrangeunent of fivc floatin.g magnets. Tn

   sists of a small piece of cork svith onc magnetized needle ; in b

   three magnetized needles, the rest, one eacli; and in c and d

   lai'ge magnet] carrying tliree ne.edlcg.

til'

a every magnet con-
the large cork carries

there are two of these

a b

Fig. s a-b. a, A stable

   nine magnetized
   floating ma.qnets.

   each one needle.

configuratLon

needles and

 The laige

 of I2 floating magnets. The
the small one', each one needle.

magnet has nine needles and

Iarge magnet carries

  b. The same of i4
the other small ones
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of the floatin' g ma.crnets is large than when it is sinallt). WheB these

are not'fotmd inSide the ' polygron, however, the.flbating nia.criiets witi}

more rteedle's ' gen6rally' ehter in and occupy'the fiRal positlons i'Rslde the

polygon. ' In the case oÅí ci}romosonies, various fig'ures drawn by variousi

authors from plant Es xVell as 'animal cells' generally Shoxv that small

ones ' have a very Strong tendency eo occLipy tlle 'inner or central positions

iR dlre'Jt opposition to the case of the floatlng magaets, This 'contradic-

tion appears to naar at (he first glaRce the conformity oÅí'the cases of tke

fioatlng magnets and the chromosomes. Noxv can #his clisconforniity be

explainecl? If really the sinall chromosomes lncve a greater tendency,

ancl the larg-er chromosotnes a smaller, to' occiipy the central Di oswions,

the follow{ng' facts set'm to fLirni$h us with an idea of what the ex-

planatlon may be. .    a) .The viscous ilature of the cytoplasni as con]parecl with xvater

whicli is usect as the floatlng' niecllum in the case of tiie model ex-

periments with the fioat'h3g magRets. .4X. higher viscosity wiil carise a

difference in the mig'ratlon velocity of chromosomes accorcllng to their

size, if the stt'eng'th of tlrte attractinsr force is tmlEofin fior all tlrLe chronio-

somes, or if tkere is at least no marl<eci differeRce in the force exerted

on tl}em. ]L{Il'ere xve niust nattu'ally consicler cliansre lii viscbsity tetking.r

place in the clividinsr cc")11s, which has bcen observeii by C•}itx"iBERs

(Iglg),, I,IEILBRuNN (Ig21) t}11d othel-s (XIVILsoN, Ig2s, p. Ig7).

  ' b) The long cliroinosomes radiate outwards, having- the smckll rouncl
                                               'ones in the centra{ region of tlie distribiwion figure, or at least show such

a tendency, when they are strai,.rht and of .ft rod shape. WheR they Lkre

of V-shape, the apex of the V is founcl towicrds the center of the dis-

tributlon figiire, As examples, S'ri<AsBuRGER's fig'uye f.rom Ga•llonde

in the Bonn Text-•Bool< of Boeany (igii) anct XltfE'rz's fig'tires on p.

.)" gi in hls chromosonie stLiclies in tlie Diptet`a may be citecl (IX,rErrz,

p)i6). Accor(ling- to ]N,IE'rz the long, V-shapec! chromosomes aLtach

to the spinclle at the meaiaLn portion (apex of tl}e V), and rocl-like,

  i) XX I}en the total nttniber of floatlng niagnets is larg{/, the nuniber of mag,nets occupying

the central positiens becomes ]arger thtan when it is small,
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straight chromosomes attach to t'he $pitidle at oRe eBcl and are radially

cyrangrecl in tlie inetE phi, se, ]iX'IAEDA and I<.A'i"o obseirxrecl the same arrange-

ment of chromosomes iia pollen mother cells of Ufcde I7aba. [l"he details of

the observ.retioBs wiU be found in t'he acconapanying.' Di ckper w• ri{tera by

theniselves (" Chromosome Arrang'ement" VII). A.t clisjunction, compo-

nent clironiosomes o'f' tgeniifil or tlie longituclinai i}alves of chromosomes begln

to separate towards the poles first at the point of sptfidle fiber attachment

irrespective of whether it is terminal, or non-terminal.

    The facts mentioiaecl in (b) go to show that the chromosomes are

pullecl towards the center of the group at tlie point of the spindle fiber

it ttaclitment. I[f we compare tl}ese cliromoso. mes xiLrith the floatinsr magnets,

they inay be regarcle:1 as those {loatlng magrnets lti xvliich the magnetizedi

i}eeclies are stt}cl< in at the point of the spinclle fiber attachment. If we

iool< tipon tlite chromosoines in this way, tlite longer oiies inust have more

resisttknce to the viscous cytoplasni in migratlng throug'h it t'han the sniaU

rouncl ones, and hence may lagr behind the latter ancl xvlll be arranged

radially !iaving tke smali round ones at the cen#er.

    In such an explanatioR as that just put forsvard, we must suppose

tliat there is one ele:trically charg,ecl center in ti'}e chromosoines altd

there may be not a very mitrl<ed difllerence in the niag'nitucle of tke

ckar.o'ebetxveen chroi'nosoines of cli'ffereBt sizes. Ost"vA's fig'tires drcixvn

from pollen mother cells in .tidTo7'zts seem to sustain this view, if, as is shoxvn

in those figures, one lars.e round chromosome is alxvftcys founcl in the

peripheral ri".o' of the chromosome arrang'einent (Ost"vA, igi6).

    'l"o test the view st'atecl ttbove, the fi)11owin.o' experiments xxrere made,

Two l<incls of fioating' magnets in size a• nd xveight were prepi arecl. By

a large float'ing micgnet is meant here a relatively larsre piece oÅí corl<

with one niasrnetize:l neeclle in its center and witl} four non-•niagnetlzed

neaclles in its periphery with an approximately equal distance between

each neeclle, inic.crnetizecl or non-magnetized. Tl}e small floating mag'net

coBslsteil oÅí a smalier piece of corl< carrying only one mag'netizecl needle

stucl< ki its center. Ti}e difference iB size bet,xveeR these two k'mcls bf

corl<s was so ttrrans,ecl thitt neeclls of the two l<incls of fioatinsT magirets,
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large and small, should sink to the same depth in water, so that their

corresponding ends might be found all at the same level.

    In order to have the floating magnets arranged near the periphery

of the jar form a ring as regular as possible, so that all the floating

magnets might receive an equal chance of occupying the central positions,

the following method of arrangenient was adopted :-At first the floating

magnets were arrang`ed roughly in.the form of a ring near the periphery

of the jar and the cLirrent was passed. The floating magnets were drawn

towards the center of the water-surface area to make the final distribution

figure. Before they took up their final positions, the circuit was opened.

               a•b
Fig. 6 a-b. a. Stable configuration of six floating magnetg. The Iarge magnets con]ist of

      one magnetized needle stucl< in the center of a cork and four non-magnetized needles
      stucl< in itg periphery, the small mas}net carries only one mtgnetized needle•

      b. The same. S•even large magllets and one small one.

Fig. 7 a-b•

 two

      a
T"ro different

small. These

                             b
stable collfigarations of io floatin.tr• ma.crnets.

two kinds of mascrnets ave prepared ]ike those

Eight

in Fig.

large and
6.
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The fioating' mag'aets were driveR then back to the periphery of the jar

by their niutual repellingr force. When ti}ey "rere near the periphery,

the circuit was ag'aiR closed. These processes were repeated two or

three times, and we could have the floating magnets arranged near the

periphery of the jar nearly in the Åíorm of a regular circle or rin.rr, or

a polygon with a ma..crRet at eckch angle of it.

    Experiment i. A set of floating niagnets coiisisting of five large

czrid oRe small and ariother set of seven large and oRe small were used

for the experin3ents. In both these cases the smali floatlng magRets

alwcreys occupied the inney position, ,xll the large ones forming a ring

surrounding it (Fisrs. 6, a and b).

    Experiment 2. In this experitnent 8 iarge floatin.(.r magnets and

txvo smaU ones were taken: In thls ctkse the result was not so $imple as

'ln the former experkneBts, When the two small floatiBg magnets are

opposlte to each other at the beginning of the experlments, they both

t}lways entey inside the rlRg, wl}iÅëh is composecl merely of the 1icrge

goatlnf.r ma.,(.rnets (I?ig. 7, a). But as tiieir rela- tive position clianges froi"

this extrenae to the ether in whicli the oRe stEmds next the other, the

chance for these s:nal1 ones both to enter inside the ring becomes less

and less, aiici at tlie other extreine it is zero; but even in this relative

position on3 oÅí the tNvo niagnets that fincl tl}einselves inside the ring' is

always the s'nall on:- (I-'"ig. 7, b), NVheR the clrcuit ls closecl with the

sn]all floatimg' niagi}L'ts in this reiative position, they bcth are pulled at

first towar(ils the center ot' the water-surface arexc faster than the large

ones, but when th'e repellent action of each magnet becomes effective,

as tliey come nearer each other with the advcknce towards the center,

on"e of the two which g'oes ahead of the other is pushed forwarcls by {he

inutual repellent force so as to occupy the cet}tral posltion while the latter

is drlven bacl<"rcarcls to join the ring. "YVhile one of the small floatins.r

macgnets is beins,' pusheci back, one of the large fioating' magnets on

tl}e side opposite to it eltters the ring',

    IExperiment 3. To conrpare the distribution configuration of {he

flo. ating magnets with that. of 11Tonts chroniosomes, the followinsr ex-
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                a' l?
 Fig. 8 a-b. Stable config.uration] oE six (a) and i4 floating magtiets (b). The large one

        carries one magnetized needle and fout' non-ma.crnetized needles and the small oner,

        each one ma.crnetized tteedle only.

periments were made. Five sman fioating magnets and one large magnet

in one case and thirteen s:nall and one large in another were taken. The

results were very simple. The large magnet alxvays occupies a position

on the circumference of the ring (Fig. c9,a, and b), as in the case of

flIorzts chromosomes. '
    The results of the experiments mentioned above largely show that
the chromosome arrang"ements cah be imitated by the floating n-iattnets,

but at the same time we feel that statistical investigations into the

chromosome arrangements must be precede any attempt to imitate them.

    B. .Tlze clironeoso7ne ormn.cremients. The model experiments just

mentiotied were carried otit on the supposition that the magnitude of the

electrical charge carried by chromosomes is nearly the same even in

chromosomes of different sizes. But we not infrequently come across

figures in which a large rod-shaped chromosome is found in the center

of the chromosome group siirrounded by smaller chromosonies (AGAR,

ig2o, IFig. 4g, D and H; DoNcAsTER, ig2o, Pl. XVII, Figs. i and
2, and Pl. XVIII, [Fi.cr. h), an arrangement which leads us to the con-

clusion that the iiiagnitude of the charge carried by chromosomes may

be at least proportional to their size. This probably shows that even
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in the cases xxre have cliscussecl above the nntg'nitude of the charge is

not tke same lti chromosoines of different sizes. The larger chromosonies

inay have a larger clnc rge, thou..o"h lt mkty not be so lar.oJe as to cause

the chromosomes to be pullecl towards the center oÅí the equatorial plate

faster than tlie smaller cliromosomes. In fact xve see in the model

experiments too that"' ii} cases xvhere some of the fioating- magnets slightly

differ from the others in the number of n3agRetized needles, the ter3dency

to take up lnner positions is not so "rell marl<e{il ln tlie floating n3agnets

carrying the larger number oÅí ne3dles. The numerical results xve obtainecl

in the cas:-s xvhere the large chroniosome tool< up tl}e peripheral position

and in those where it occupiecl the lnner are summarized in Table XTa,

and those of the small chromosome in Table Vb. In these tables, besides

the observecl numbers, the numbers to be expectecl from the purely

mathematical point of viexv on the suppositioR that eacl} Chromosoine has

an equal chance of occupyin...o' the central position are glven.

           '
                            TABLE Va.

Observer

li)v'[AEI)A alul I{ A'I'o

  (C. I-I. JLrll)

     II
   SHINKE
  (C. A. IV)

I'lant

SY)inacin

Frin. 7tx

Srt.o'7X!an,?l

I'evipheral po3ition

       lObsevved         Expected
iluniber          nuniber

po

87

I49

E   8g.i7

l i22•rb

i
   Il3•4
I

Inner posttioii

Observed •
number

ll
.Expected
iiuinbet-

i7,83

24•5

42-5

TABLE Vb.

1'eriph.positionIInnerpositioni

Observey ]?lant Stage
Obs.

nuniber
Exp.

]iumber I
IIObs.

nuniber
Exp.

nun}ber

SIIINKE
(C.A.Vl)

ptXrAKA"fU!kA

(C.AIX)
l

Sa.oftta27ia

Cf,easv

}Ieterotp.
inetaph.

II

23

;6

42•S

io.63
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    l[-rrom the tables we see t'hat the tenclency of the lar.,o.'e chrf)mosome

to occupy the central position is cliÅíflerent iri clifferent ca'ses, In .S"Pi>7aciit

the chance of tite lar..cre chromosome ti) occtipy the centr.al positi{)n is

nearly eq"al to that of the sniall chromoso:nes, This jiieans thEt the

1ftLr.a.'e chromos)ine has $g large a:•i o..lectt'ical char.o'e that it is, strongr

enoug-h to nial<e the chroinoso!ne ni)x'e through the cytoplasm xvith a

'velocity about eqacal to that: of the smfll chifornosoiiaes, xvhich have a

lesser mechanical reslstance to the cytoplasm tlian the larg'e one, ancl

iience that tlie large chron]osomes carries. a larger electrical charg'e than

the smali chron3osoine. In the case of r/itz2i, this tencleRcy of the iarge

chromosome appears to be reinarl<ably great, ancl in Sa.o7Zlaria it seems

to be small. For the small chromosoines the tei}ciency is clearly sliown

in the cEse Qf .Sra.crtZla7vh; to. be very great.

                           TAr)LE 'SL;I.

         Cases wl]ere all thc chroniosotnes are not of tinlforin size ancl shape•

Observei' i/'lant Str1'.-Te
li"re(ltlellCY

expressedin%

viiluel'l"otttlnnmberofcass.er,ob.iervecl

MAEi)A and KA'ro
  (C. A. VII)

   )t

 SIIINKIr.
(C. A. IV>

NA}cA."fu!<.N
(C. A. IX)

Sl)i'nari}T

xu"11F

y?7v!tit
reb

 .g?/t

Cltras

]-I'etei'ot'p.

 metnph.

]'Ietei'otp.

 anaph.

]-IoTnotp.

 metaph.

I'Ieterotp.

 metaph.

}11ete}'otp.*

mettil)h.

   1}

l'iolllntp.

 nnaph.

]'Ieterotp.

inetaph.

9}7

376

826

oL7

I24

835

66

s23

43i

3IT.

6sI

7o2

6'

7

262

I6

o2}

'i'  Iii this cnse tl}e chromo';omes tu'e not arrang.ecl t"1 in Olle Pilllle.
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    In Table VI, frequency values of the form of chromosome ac rraiige-

nient resembling the corresoionding stable confi.eqLirations oÅí fioating

mag'nets itre shown. A.s is seen fyom the table, it is a very interesting

fact tliat while in the cic ses of SPi:nactla and X/dketz where tl}e chrome-

somes are of nek,rly the same size itncl sln.pe e.xcept the large cliromo-

some, the frequency value of the arrangement form resembling that og

tlzLe floatin,cr.• mEgnets is as high Las in the case where all the cliLromosomes

ckre of nearly the san3e size and shape, in the case of Cycas where the

ckromosome of the group make nearly a g'rEded series in regard to size,

it is markeclly low, and moreover, cloes iiot make the first maximum, but

the second (fftvlale " Chroniosonie Arran.o-ement " IX.) X?VXe haN'e atialo.,o.."ous

cases in a. pl.ant 1}ExriL}g' a tetrapartlte chromosoni,e (.LJi,Xlir2t•77z) ancl in the

homotype clivisioR of some other normE1 piants too (cf. .S"agi'lla.rzlr,, Tal)ie

VI). Tliey are summarized in Table VII.

                           TABr.E VII.

Obsevver

(){';AXVA

(c.gN.v)

SillNKE
(C.A.I x•' >,

  }s

):

   es

NTAKA-
"IulksA.

(C.A.IX)

Il)lant

  7)e?tee{Yctnet,ii?•

  .7 Ctl)oiiicn"i

  Sa.oivrctt'fa
  tl.o'?'naslti'

  f..i,tltl'-it7n,

  sctlt2'cti'ike

Case of rs b;valents'

     D6.
(Cnses where son)e of
chi'on]or,oines ]ye oat
of eqttatorial plate)

Case of I4 eiements.
(One oE the elenients
is tetrapavtit'e)

  4f,cas
  re-voluta

,Stage

'l'ioinotype.

mettiph:ise.

I-ion)otyp2
tiiitiphase

]'Ietero. &r

honio. ineta.

Do.

I-Ieterotype.
inetapht}se.

J-Ietei'otype.

nietaphase

Ist. rnnxknulll

 40.i%
(Form 5)

 S7 4%
<ll;oim 2)

 3s•.g%
<Form 5)

 28.g%
(Form 5)

 336%
CForm 4)

 tl4.2%
(Form 2)

2ndi. Il121XiMtllll

 36.o%
(1;oi'in 21

 23.0%
CI;'oriu l)

 3o.8%
(1"oriii 4)

 26.7%
(rom) 4)

 i8.8%
(Fonn S)

 32•5%
(Form 5)

Tot,al numbev
of cases"
observed

  247

   6I

I07

i3S

48

I20

" Fall-faced Forni " is the fOl'111 xvhich resen)bles the stable fovm of fiaating magnets.
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     While, in the inajority oiC the cases we have observecl, the frequency

 curve of different fornas of chroia3osome arrangement is leptol<tirtic in

nature, it has the seco:icl maximuni in those cases giv•en in Table Xl'II.

'III'his seconcl nia.ximum is gene:,'ally fotmd in tlie form, the nkimber of the

lnBer chroniosonies of xvhich is 1•es.g bv one than the number found in

the form resemblin/g the stable form of floatlng magnets. To put it in

oth=r worcls, the inaxiniuin shoxvs a tÅ}."ndency to be shiftecl towkcrds the

form having the s:,nEllerr nLunber of iimer chromosomes. As an extt'eme

case xve have .Sra.(riZlari?x. IR the ho:notype cliNrision of this plant Form 3,

whici} resembles the stabie form of floatinsg' magnets, no longer shows the

maximuin frequeBcy, l""orm 2 presenting the first maximum ancl IForin i

tiie second. It is noteworthy in this connectlon that in .Ya.cr!llari'a

there are marl<ecl clLfferences in size among the chromosomes. While it

is the genera1 rule so far as thJ- ob3rvatlons we have hitherto inade are

concerned, that in cas:' tl}e ma)<imum frequency is not founcl in the form

resenibling the stable forna oÅí fioatlng niagnets, it is found iB the forjn

having th#v' smaller riumbJr of inner chromosomes, tlte case of the i4

eldlnerits in Z.T),lliritm. 'fornis an cxceptlolt to this rule. In thls latter case,

one cf the eleinents is tetrapa:tite, aBci the socond inaxiniun3 is Åío"ncl in

the form, the i}utnber of• inner chroinosoines of Nvhiclt is the sic me as

that in the form rese]iRbling. the stable fonn ()f fioatin..o' niag'nets iii tlye

case of is elements or the case xvhere tl]e tetrapartlte elemeRt has been

disunitecl into t"r•o iBdepenclent bivalents.

    It is very interesting' that xvhen all the cliromosomes of a .o.'roup are

of nearly the sanie size i, ncl $hapf, tlxis characteristlc Åíeature is founcl

only in tlie hoinotypo division, anci xx]heii there are niarl<ed differences

in sizti Linaonf.r tlie cliromoso..mes as in .STa.crz7t(?f7`i.?z,, it is ,,o."enerally very

inanifest. In this clix'isloR xxre have another pLbculiarity in ToriZzlg A7zlltrzls'-

czts. XVhile in the l}eterotype cHvision no case belon.oging to Form D, i. e.

the form in xvhich aR the chroinosDmes are arrang.Åéci in the fonn of ic

rlng having none of them insicle it, has beeii fouticl, in tlie honiotype

division this forin has bsen observecl as ÅíreqtieBtly as in g96 of aLll the

cases obserxrecl. In .912bi'naciiz such a hollo. w ring arrang'ement of chromo-
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somes is foimcl [tlso i,n the 1Letei"otype clivi$ion, l}ut is more Åírequent in tlie

1iLomotype cliv-ision. These p.eci.iliarities in the 1}oinotype div'ision .,o,,'o to

sliLoxv tltat there is in this clivlsion a cert,rtin clisturl)ance in the clLromosome

tri.rrLan.o'emetitr. [[n tlie lietcL)r(rjtype divisioti no loiig'ituclinal d!visiotit of chromQ--

soines tal<es place, but simply disjunction of tlie t"ro inLkting" chi'oinos)nies,

xvhile in the homotype division it is tlie essentiai feature of the clivisioR.

This latter fact may have a certain bearing upon the peculia- rities of the

chromosDme arrangement in the honaotyp'.-.- division. In this connection,

statistical stuclies of chroniosome arrang"ement in so.matic cells fttre very

desirctble, These are now being' undertal<en,

    [[f the lonE,.rit"dlnal clivisi.on of clitr(:)niosoines is centrollecl by soine

electrical phen:mena, and if they have s[me eEfect on the niagnitucle of

the electa"ical char..o'e carrted by each chroinosonie, the pticulia!'ities iMay

1)e reg'ardecl as hax'in..o.' a certain common origin in both the 1ieterotype

ancl tlie homot.srpe clivision, because we hav-e in the cEtses of the heterotype

clivisioB sl}o. x/rin.e' these peculiarkies, data xvhich slioxv that the inagnitudes

of the electrical char.ere carriecl by chromosomes are not all iclil<e, but

recogniz. abiy cliflferent in cliEferent chromoso.mes. It is in fact very dlfflcu!t

throuL.o'hly to ex. plain the mechanisni by which the pecu!iarities -. re brought

about, but we shall attÅëmpt sonie imitation of theRG by "iodel experiinents

with Hotatln.o.' iiiagnets., Ii} this attempt we feel that 1<t}ow!ed.tre of tlie

morphologicai c.haracterist{cs of every cliromosotne is of pritnary im--

portance. x".ts the xvriter has been interested in the chromosomes of qi,cas

reevolit.fa for soine years and has ci certain 1<nowledg-e of their morphological

f.eatures, the case of C-i,cas ha- s been ta!<et] as a• n exic mple in the Åíollowing'

explanftt tion,

                                        tt
    a) Cytologieal datai):-In the heterotype nuclear plates of polleii

mother cells there are countable ll clouble chromosomes or g-enaini in

the majority of cases2), oÅí which two ft,re 'of about the same size anc!

shape, ancl ea• sily distitig.'uishable from the other chromosomes. Tliese

   i) Cf. camerq clrawin.t-rs repi'ocluced in "Chvomosome Arrai}.crement" I><l.

   2) I?or a ino]'e cletalled desct'iption of the cliro}nosome i]mnbev in pollei} ]notlier cells and

in t'he o{'her phases in the liÅíe eyc]e, see the same paper, " C. A." IX.
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txvo chroniosomes are desig'Ratecl here I.i a. ncl T.2 respectively. :lrhey

are both telomitic elenients roughly g.peakingJ) and coniposed of two rocl-

shaped "nlvalents in contact along thelr lon.e' axis without twlsting abo"t

each other. TheJr are very larg'e ilt size Encl lle horizontally ii} the

equatorial plate, ancl g'enerally clo. not yet present any sigti of separatlo,n

into the component univale:its, even when this is i`eco.o"nizable.iR the

other chromosomes at the proximal ends attacl}ei by the spinclle fibers.

Six of the stemaining g are also telomitlc, and the proximal ends have

generally be3n separate"J earlie:• than in the case of Ia and IL,,. The

component univalents are pear-shaped, the proximal ends being' draxvn

lnto a slender, pointecl foi'm. Some of these six'L elements cre slightl}r

smalle: in size than Li and I.2, geid tke others inuch siMaller. X] 7hile in

I.i aRd I.2 tke upper component •Linivalent .croes to the upp3r pole, ancl

th;, lower to the loxver pole without twisting, in sonie of the pear-shaped

chromosomes it h.as been sometitnes clearly observecl that the proximal

end of the upper tmivalent is clirected toxvards tiie lower pole and ti}tit

of the lower towards the upptbr pole, thtis making a twist. The i'emain-

ing tl}ree are of massive form and act ieast one oÅí them is cleaply

atelo:•nitic. "l['he:ir are siightly differe:it in size froni one anothi.".r, bt}t all

smaller than the other eight chromosomes descrlbeCl above. Generally

$peaking, there is a serial gradation in tlie size of the chromosomes, so

that it is often hardly possible to distinguisi} one chromosome from tke

others, except I.i ancl T.e, These two chromosomes have the peeuliayities

ir} behaviotir described above, a!id are generally easily distinguishable.

A stnall chromosoine is also distingvishable it} tlie mcajority of cckses, 1)ut

it has no characteristic featLire exc.ept its small size, so tkat xve can not

determine x?v7ith certalRty xviiiÅëh oÅí the $mall chroniosoines describecl ab`:)ve

it is.

    b) iTXs{oclel experiments with floatin.o.' magnets :-To lmkate the C.ti'cas

chromosonies three l<incl$ of floatlng i'i'iagnets, two lai`ge ones each with

s magnetized needles, fozir niedium-sized ones ea{)h xvith 3 niagnetizecl

   i) .g. ti'ictly speai<ing, their splnclle fiber attachinent inay be said to be ,giibtenninal.
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a b

               c 'd
 Fig. g a-d. Detailed explanation in the text• a. Three sinall magnetg. in Lhe central
       re.aion• b. One medium-sized magnet and tsvo stna]1 onei in the central region.

       c. Two rnedium sized magnets in the central region, d. One niediuih-sizedand

       one small m:gnet in the central region,

needles, and five small ones each with one magnetized ne?clle, were pre-

pared. In the practicaUy stable coitfiguration of these floatin.cr magnets

we have sometimes three ' nia.crnets in the inner region of the configuration,

and sometimes two. Rarely we have one floating ma.crnet in the central

re.crion, but in this case the whole confi.cr.uration is very irregular. If all

the inner three magnets or at least two of them are small ones, the

config iration is practically the stable one, (Fig. g, a and b) but if only
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one of thvcLm is a s:•nall magnet, the otlier two bs-iBg both large, or both

inediuni-sizecl, o!' one large and the othey inediuni, the configtiration is

unstable, atiCl atiy of the central thre2, the small, the n3ediuth'or the

large, is driven out to the circumÅíerence of the p3rlpl}eral ring of •arrange-

ment, thus transforii3ing it to a stable configuration havlng two intie'r

magRets. These itmer magRets may presefit ag the possible conibitiatibns

of tl}e different l<inds of magtiets, (II?ig. g, c EnCl al), except the combina-

tion of two large ones alone. In this latter case the configuration' is

.crenerally unstabie and one of the large ones is apt to be replaced by

a mediuna-sized or small one.i) If there is a set of ii chromosonaes, oÅí

whlch tNvo are large, five small, ancl the remaining' four of medium size,

and if all the chromosomes have an 'eqtial cliance of occupylng the central

positions in the etrrangement,2> we shal1 have the following different com-

binations of the thrce cetitral cht'omosonrcs .kiid their fi'erquencies (Table

VZ'K).

                           TABLE Xirlll.

Coii}bination'F'

 I, No sniall chroiuoion]e.

II, .,Xll small chron]o.somei.

IIi. 1['wo sinall chi'onio.'ionies, the thivcl en: large or
   n]edittni.

IV. Oii3 sm:iH chvoinosonic, the other t"'o being botl]
   medium, or one ltiige and the other meditun

I"i'e.quency

    <2 -l- •DC3 -- -"O

       sCo=r- 1o+

             70 g5
(iC2)<<•2-•DC,>==60-

(,C,)(o+oC,)=75ww..

                     'ibt'al                                                 (2+aÅÄs)C3uri6s

    * Since the lat'gc and the ineclium {loatlng in'ignct,s arc tbe satne so favas theirbehaviour

in detevmlnln.".r the numbcr of tbe inner {loatinr.r inasrnet', is concerned, tlie difl;erence in size

between the large ancl the n]edititn oi]e3 ii' disresrarcled in the tttble.

  1) T}}is is vevy intere.iting in viesv of the fact that inicroscopically no cttse has been found

where botli J.] and L2 occtipy the inner po3itions in the aH'ansreinent havin.cr two inner cln'oino-

sonles.

  2) T}iis a'ssuniption is possible, becatise in the nucleus just before the disappearance oÅí its

nienibrane tbe chroinosonies ]nny be clistribtited near the periphevy of the imcleus ivitl]otit any

vegular ovcler as ve:gavds the lx,h'ition} of paytlctilay chvomot)omes, so that ;ny chroinosoine can



226 YosHiNARi KusvADA :-Cliromoso7ne Armn,geinent I.

    From the model experiments we have seen that in the case Qf

combinations I and IV, the number of the central chromosomes is trans-

formed into tsvo in any combination of the chrornosomes, large, medium

or small, as the case may be. Thus we must expect in the final stable

arrangement two different configurations, one with two inner chromosomes,

and the other with three. The frequency values of these two configura-

tions are readily obtained by adding the frequencies g'tven in Table VllI

for combinations I and IV on one hand, and II and M on the other.

 Fig. Io a-c• "Iore or less stable configurations of six floating magnets. a. Stabie fovn].

       Every magnet carrJ'es one megnetized needle- b. A less stable form of tbe sume.

       In c, the Jarge magnet carries five needles, the other small magnets carrying only

       one needle (comp. C. A. VII, Text-fig. 6>.

They are gs and 7o respectively. The actual nunibers obtained• in Cp,cas

by INTAKAMuRA are s3 and 3g. The ratios between gs and 7o is
about i.3s7, and betrxveeii s3 and 3g it is also about i.3sg. Thus we seea

close apDlroximation betsveen tlie results obtained microscopically and

those calculated on the basis of the results of the model experiments.

    The model experiments mentioned above seem to show, therefore,

that the peculiarities ln the chromosome arrangements are largely due

to inequality in the magnitude of the electrical charge carried by the

occupy the position having its plan on the equatorial plane norar its center, or the por,ition in

which it can have more chance of occupying a central po3ition on tbe equatorial plane than the

chromosomes that have their plans on the equatorial plane near its periphery,
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chromosomes. It may be a notewortliy in tl}is connectioR that iR Si617zacziz

the empty ring arranc.')'ement oÅí chromosomes is inore frequently fotmd

in the liomotyi)e division thkLn in the heterotype division. XIVhile iR the

1}eterotype division the ratio between tlie frequency of occLu'reRce oS t'he

typical arrangement with one chromosome in the centcr and of the empty

ring arrang'ement witl})ut any of the chromosomes inside it is s.6:i, lt

is 2,tl. : i in t'he hornotype division. I-"rom the model expet`lments we

see that while the ckrran.,o.'etnent form is g"enerally typical xvhen the Buniber

of inagnetized needles is tl}e same for all six floating magnets (Fi.o,'. io,a),

if none of the mag'nets recelves a spe:ial hanciicap in occupyin.o.' cilt iimer

position, it is a holl.ow mal.forinc1 hexagon,t) when one of ehem has been

ftirnished Nvith a certaln larg'et' nuniber of ma..o'netized neeclles than tlie

other five. Iii the experiments the former xvas furnishe[1 xvith s nceclies

caRcl the laeter with one neeclle each, rl"he mag'Rets were so arrangecl

                'ln the beginning of tlie experiments as to form an eintpy iing. Then

Åíhe circuit is closed, the mag'nets come nearer one anotiier to take the

niinimum size of a circular arrangement, on xvhich rearrangenieRt begins,

caused by the tendency of ac mcig'net to enter the circle, tiie more or less

i'e..(,ralar hexagonal form 1}elng' thus pressed inwards at one e.orner, where

the inagtiet showing this tencleficy occupies its position. XVhen there is

one large magnet amontt the others, tl}is ma.criiet is the larsre one in most

cases. I.t does not for a time procee:1 further inwErds, however, but the

confi.cruratioii comes to a prcxctically s,table Åíorm-afi empty r'mg (Fig'.

io, c). "VVI}en there is oti tlie other hand Ro largJe magHet, the mas,net

shDxvlng a tenciency to enter tl}e circie generalty proceecls farther, cca}d

occup;'es t'he central position to form the typical cotrd.o."uratioR.

    In the majority oiC the cases observed the peculiarity iB the

arrangenient is a shifting o'E the frequency maxinium toxvards the form

  i) rJl"his niay not be the stiLble {;oin] in tl}e strict sen]e, but' it ls practicnlly stable at leasl

for a tillle.
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a b

              cd
 Fig. II a-tZ•. Fottrteen floating magnets. Detailed explanatlon in the, text. a. Both large

       and small in the pevipheral regiom. Four inner magnets. I}. Both la]ge and small

       in the ceutrEtl region. Four inner magnets• c. The snme. Flve inner mtLstnets,
       d. The 1.irsre in the p2ripberal and small in the central region. Five inner magnets.

of arrang'etnetit having a snialler number of central chromosomes, only

the case of LJ,thrztm saliZarziz, xvith a tetrapartite chromosome complex,

forrning an exception, as was pointed out above. The thorough

interpretation of this latter case here also difificult, .but we can imitate

this with floating mag'nets too.



Fi.cr.ii

a, b

c cil
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                                         '
    As will be seen in "Chromosome Arrangenient" IV, SmNKE'$

experiments skow that in the case of is chromosonaes, that is, tlie case

where there is no tetrapicrtite cl}romosonie, the imitation can be made

l)y assumin.cr that one of the chromDsomes carries a larger elect!rical

charge than tlie others. We assume liere that this is tlie elenaent

which forjns a tetrapartite chromosome witli any one of the others.

That the tetrapartite chronioson?e carries a large charge is inferrable

from the fact that notwithstanding its distinctly large size this chromo-

some can occupy the cenÅíral position cxt least so frequently as might

be expectecl for tl}e other small chromosomes from the viexv point of

probability.

    Noxv if xve assume that besldes this pczrticular clu'oniosoine there is

one chromosome which carries ai} electrictxl charge smaller iR magnitude

tl}an tlie ot}}er ordinary chromosomes, we ccxB iinitate to some exteiit

with fioatiBg magnets the peculiarities we have found in the cases of

both i4 ancl is chroniosomal elements in LJ,lin'eim. We shall describe

fiyst tlie experiments for the case of i4 elen3ents. One large fioicting

magnet xvith twenty mag'netizecl neeclLes, txvelve ineclium sized ones each

with five magBetized needles, and one sm.re11 magnet with oniy one needie

were prepared. Generally $peal<ing, the number of the central magnets

in the arrangenient is four, but when the smal1 one occupies tlie kiner

position aiid at the same time the large one tal<es its position on the

circumference oÅí the peripheral ring of arrang'ement, it is five (Fig, i i, al).

In all ot'her Åëases except one, where both lar.cre and small are insicle,

it is four (Fig. ii, a aiKl b). In the iatter named case the number niay

be five, thoug-h it is rather a rare occurreRce (IFig. ii, c). The expect--

able freqtiency of occurrence of different cases of arrangenient with

respect to the large and smalt ma..o'nets oH the supposition that all the

inagnets of clifferent l<incls 3i.ave aii eclual chance of occupying tlie central

position is as shown in Table IX.
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TABLE IX.

/lr7'an.creinent f.

Combination

 L
II.

III.

IV.

Both lartTe and sinall insicle
      b
Both large and small outside.

Larcrc inside ancl small otitside
  b
SmaH insicle and large otitside

IXrumber of il]tlet" lllaat]etS
      ts

4 (i'arely s)

4

4

s

'Åíotal

I;requency

     ,2c,, = 661

     i2C4==-,495t78I

(luC.t>-(12C4>:=:22o-

(13Cu)'(12C2) =.- 22o

iaC4=:lool

    From the table x?ve have the frecluency value 78i{> for the case of 4

central magnets ancl 22o for the cftcse of s. The corresponding observed

ValueS ..cr'tven by SmNKE are 33,3 cxnci i8.8 respectively, 'II]hese v.xlues

are so far in accord with the calculated values that tlie Åíorni of arracnf,e-

ment havinsr 4 iRner chromosomes occurs far naore frequently tlba.n

tl)e fo"n liaving s inner chro.mosomes. It is also interestin..cr iti this

connection that iio instance xvhere tlLe large chroirtiosoiiie is inside 1/ias

been cbserved in tlie case ol the ,s inn.er chromosonaes, but only in tlie

case o'f the 4 inner chromosoiiies, ancl also that in this latter case the

larg.'}'e chromosome occtipies tliLe centt-al l,ositioi'i nii.ich less ofteii thaiit it

tal<es up the peripheral position, as is seen also to be the case in our

calculatt:";cl results (cf. Si-iiNi<E's [liXable Vl[I.I).

    In the case of ir) fioatin.(.r niag'nets, o].ie inedium-sized niagnet was

addecl, according' tc.) our assuinl}tion inentionGcl ic bove, to the set of floatlng

mag'nets usecl in tl}e case of it;. The .creReral results icre the same as

.criven by SmNKE. NXt'hen the large flotkting magllet occupies the inner

position, ancl at tlie same time tlie small one is found in tlie circum-

ference of the peripheral ring, the ntunber of the inReg niagnetg is 4.

(Fig. i2, a), ancl when both these naagnets tal<e the inner poskiofis or

    i) It is

is ahvays 4.

between the

approxlmate

asstimed here that in combin;ttion

 In reality it may sometimes })e 5

frequency oe cascs of 4 and that

to that in the case of chrornosoine

I Ci"able IX) the number off the inner magiiets

h] this conibination, and therefore the ratio

of 5 inner magnets must become more nearlly

ar!',ll].crenlellt'.
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 Fig. i2 a-d. Fifteen fioating magnets. Detailed explanation in the text. tt. Liarge in the

        inner and small in tbe peripheral region, Four inner magnets. b. Both large and
        sniall in the inner region. Five inner magnets, c. Both Jarge and small in the
       peripheral region• Five ii)ner magnets. d. Large in the peripberal and small in

        the iimer reg{on. Five inner magnets.

when the large one is on the periphery of the arrangement configtrra-

tion, it is s (Fig. i2, b, c, d). The expectable frequencies of these

two cases are shown in Table X.
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                   TABLE I.Xl,

Combinatlott

 I. Large otitgide CSmal} in or oat)

/II. Both laige and snial! inside.

XI. Large inside and small outside

tsTumber oE inner
   magnets

i
Total

Frequei]cy

llC,i:.210,l}2282

i3C4=: 7Ig

,,C,,=3oo3

     The observed frequency valties .crivek by SemNi<E for the two cases

having s and 4 inner chromosomes are 3s.s and 3o.8 respectively. The

ratio between these values differs very much from the corresponding

ratio obtainable froin the calculatecl resuits, but it is so far in accord

wlth the latter that the cases hav!n.cr s inner chromosomes are more

nunaerous than tliose having 4 inker cl}roR3osome$. There seeins to be

some possibility of iiaving 4 central magnets in the case of combination

II iii Table X. If it is really so, the resu!ts of the moclel experiments

will become more nearly approxlniate to those obtained microscopically.

   . rhe experiments mentioned above are oÅí course only attempts at

mal<ing imitations aRcl tliLe results are oiily of an analogous nature, but

they seem to tht`ow some light on the explanation oÅí tl}e mecl}anism oÅí

c.hromosome ckrrange'ment, .
    BeÅíore cencluding tliis chapter we may inake some remarl<s on the

tetrapartite chroniosome. This chroinosome consists oÅí two ordinary

chromosomes united. rlt'heyefore the magnitude of its charge, lil<e ks

size, seems to be about twice as large as that oÅí the other cl}romosoines.

To put it itk otl)er worcls, it ls lar.crer than the other chromosomes iti

size, and at tlie same tlme is correspoiidingly lar.o'er in the n3agnitude of

the charg-e which it carries. If it is considered in this way, it seenis

to be not improbable thckt it may occupy the central position by chance,

althoug'h owing to its larger size it hacs a greattr mechanical resistance

to tlie cytoplasin through which it moves thaR the ordinary sma!ler
chroihoson?es. According to Sm"TKE's results this tetraparstte chromo-
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some is found ln the central region of the chromosoine distribution figure

iR a frequency of about i/r., Th{s fact perhaps implies that it carries at

least so a larger electrical char.cre as the sum of the charg'es carried by

two ordinary chromosomes.

     XVe icre q"ite ignorant about the inechanisni of the formation of

the tetrapartite chromosonae and of its resokit{on into the component

elements, but we may imagine that there are certain peculiarities in the

chromosonies or iR otie of those Åíorming the tetrapartite complex. The

results of SrnNKE's observations of the chromosome arraBg"emeRt in the

case oÅí the is chromosomal elements and his model experiments with

floating mag'nets iiiGitatii]s,' the ari'eni.cremeiit of tliese is chi`omosomes

seem to show that one of the is chromosonies carries a larger electrical

charge thcan the other i4 chromosomes. This means that if aR the

clironiosomes carry a charge of a certain naagnitucle the chromosome

union will not tal<e place, and perhaps sug.crests that the chromosome

fusion may be due to some other than eleetrical phenomena.

    XVe have some reason to belive that the chromosomes are of a

conipoun(l nature. The loreal<ingny-•up behaviour of somatic chromosomes

into nn.ny small mero-chr'omosomes in Ascartk n2e.craloceLz)liaf'a (Boveri,

igo4) mat y be tE l<en as an example sho"rin.cr such a naturc" of the chromo-

somes. In soine plants and animals (in Zea j4aJts by I<uwADA, igig;

in .S'ecale cenkele by Go[iro, ig24; and iti certaiR insects by SmLER,

Ig22, ig2s) the tl'allsversal segmeiltatioll of cl}romosomes illto two

mero-chromosomes 1ias been also observed. From these facts we may

re.crarc! the tetrapartite chromosomes as representlng a traiisitory stage

of some 1<incl between the simple ancl compound $tate of the chromo-

somes, ancl we expect that the behaviour of the tetrapartite chromosome

in the arrans.remeBt on the equatoria! plEte wiil be the sanie as orclinary

larger chromosomes which are of conipound structure in higher orclers

than sinaller ckroinosonies.

    Further inxTesti.o,,,'ations may furnish us with some idea of the

mechanism of the chromosome fusion, and also of the origin of the

compound nature of chromosomes, but we shall content ourselves at
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present with poiflting out the fact thEt the separated chroinosomes noxv

repel each other lil<e ordinary chromosomes, just as clo the niero-chromo-

so.mes ln somatic cells of Ascarzls 77ie.o'alocePliaf'a. In this connectio.n

investigations on the point of spinclle fiber attachnient of the holo-- and

mero--chromosomes are very desirable,

         4. Clw'omoso7ne z-17'7'a7i.o'e7nenl z'n tlie Cases

                          of Z-T],brids.

    Now we shall lool< at the cases of hybrids for a monaent. In

certain insect hybricls where there are differences betsveen the parents in

the size of their chroniosomes we fincl no regtilarity in the art'angeinemt

of chromosomes of clifferent sizes (DoNcAs'ÅíER, ig2o, l?ig. H). This

seenis to shoxv that tlaere is a certain clisturbance in the mechanism of

c.hron]osonie arran..o`enient. IR the heterotype clivision of triploicl liybrids

the disturbance is seen to exist marl<edly only in the arrang'ement of

tinivalent or tiiitpaired cliLromosonie.s. t[lrhey are coinnaonly clistJributecl

ratlier at rancloin between the poles, xvhile the blvalents or pcairecl chromo-•

somes form the equatorial plate. Some may remain in the cytoplasm

a. ncl fo"n inicronuciei, xyhi'ie the others may join, the chroniosoines orig'inat--

ing froni the 1[}ivalents to contribute to the formictioiiL o{: claughter irtkicl('ti.

This behaviour of the tmpait"ecl chromosonaes seems to sliow that theye

is a certaiii ht ck in the niag"nitude of the charEre of the chromosonaes.

    In cases xvhere the unpaireci chromosonaes are long'ituclinal!y split

and each half is clrawn to one of tlie poles, a moreregLilar clistribution

is $een. X?5LTe ni.ay take- for example 7.t?osa kybricls studiecl by TtxEci<-

i{oL"f (ig2.p.). IIe clescribes the behaviour of the unpairecl chromc-•

soines as follows:-"Dle [L?ig; 27 b-f stelleR alle die frtlhe ]N•Ietapliase

clar. In b liegen sowohl clie bivalei)ten, als auch clie univElenten Chrc,nio--

sonaen zerstreut in cler Spinclel, aber bald wanclern die G'einini nach cleip

Aquator tuicl bilclen dort eine reg'elnittssige i{?latte (c uncl b). Die A,fehr-

zathl cler Einzelchromosomen blelben aber noch ziemlicl} lang'e iR den

periphereii Teilen cler Spindelfigtir zurtlcl<......fNuch die ung'epaarten
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 Chromo$omen nithern sich nach tmd iiach dem Aquator (Fig. 27 e und

f) uncl schliessliclit siritcl $amtliche Clitromosomen Clort angesarnnaelt und

 bilden eine reg,elm}tssige Platte.,....In Fig. 22 sincl sechs andere [Piatten

pentaploider Spezies abgrebildet. Sie sincl alle von demselben eigenttlm-

lichei} L'yp. Im Zentrtim befiRden sich die 7 Gemini utid ring's um dieselbeR

heruni die ung'epaarten Chromosomen," (p. ig3-igs). As is seen from

this quotatioR, ev•en iR the relatively reg'ular case the univaient chroino-

somes remain still scattered for a tlme, while the bivalent ckre already

aLrrang'ed in the equtatorial plate. This clifiFerence in behaviour between

the univalents ancl bivalents goes to shoxv that while the niechanism of

chromosome arran.o'emeBt is Bormal for the latter, there is something

lacking in it for the fornier, The fact tlntt whil•e the bivalents are gTouped

in the central reg;.on of the distribution figure, the univaien'ts are arranged

in the acreuft surroLmding the bivalent .g'roup seems to show that this

difference is to be founcl in the difference bet"reen the charges carrieci

by the univalents and the bivalents, and tliat the univalents oRiy later

attaiti tlie normal state of the charg-e.

    It is an interesting fact that xvhile in 1/eosa, where micronuclei are

often forniecl by scatterecl univalent chromosonies, tl}e univalents are

..o' enerally Lirrting'ecl in tlie arca surrouncling the central ...e'roup of the

bivalents, in the triploicl plant of .ZVTafcrks2ts studied by NTAG,xo, where

the formation of micronuc.lei is ratliter of rare occurrence, tlie behaviour

oÅí the univaleRts in the arrcxngemetit ls not n-sarl<edLy diflFerent from that

of the bivalents or trivalents (" Chromosome Arrangement." VIII),

    I n D7'osera oboz,ala, a hybrid betsveen D. Ion..o'tfob.iz and D. rolundefoliiz,

studied by RosENBERG (igog) and in rvTiicotdena hybricl sttidied by

Bi<iEGER (ig28), it has beeii observed that the two homotype nuclear

plates are sometimes in contact or almost fused with eacli other. This

seenis to indicate tl}at owin.cr to a certaiii lacl< in the magnittide oÅí the

repelling force l<eeping the tsvo Buclear plates separated from each other,

the two plates are pressed together by a force which is slmilar to the

force that brings the nucleus int<,) the central i"egion of the cell. The

pecLiiiar behaviour of chromosonies seen iR the forrnatioR of what is
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[",lr. ]YtiNoucm, Lecturer in the

              CHROMOSOMES COMPARED TO
                    FLOATING MAGNETS.

    The comparison of the chromosome behaviour with that of the

floating magnets brings us to the view that chromosomes are comparable

to those floating magnets into which a ma.crnetized needle is stuck at a

pasition corresponding to the point of spindle fiber attachment of the

chromosomes. ]ivIAEDA and IKATo ("Chromosome Arrangenient" VII)

havebeautifully demonstrated in J7Tzbde that if only the points of spindle

fiber attachment are considered, the arrangement of the chromosomes is

very similar to that in SPinacz:i. Is there any differential organization in
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      in animal chromosomes may be tal<en

typically found at the proximal end or the

     is attached (WiLsoN, ig25, p• 9ii)•

     Zoological Institute of our University
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kindly showed to the writer one of his figtires drawn very carefLilly from

a preparcktion of the first sperniatocytes of the white rat (Fig. i3i ), in

which all the chromosomes had a deeply stainecl granule at the poitit

of the spinclle fiber attachment. IX(r. Il)NiAi<AA•fuRA of the sicme Insti'tute

has found in the $permato.crenesis oÅí a snal<e, .ZVTalri2v lzgatrz'7za, BoiE, thact

wheR the cht`oniosoines are of the V-shape, the granules are Åíound at

their apex, that is, at tlie point of the spindle fiber attachnient2). In

plants the point of spindle fiber attachment is often founcl at the con-

strictecl portion of the cliromosomes (for instance, see SAKAMuRA, igis,

                    aFig. 4, Encl NAwAscH!hT, ig27. Fig. 4), and it has been sometimes

ciearly observecl that this poiBt to which tl}e spindle fibers are attacheci

ls connected witl) a small portion whicliL is comparable in its stainin.cr.

reaction to the polar granules (cf. NTAwAscmN, ig27). In pollen mother

cells of Cj,cas e'e"uolula the ends of cliromesomes to which the spinclle

fibers are attachecl are generally cleeply stainecl with IIEiDENHAiN•'s

haematoxylin, while the remainita..o' lar.o.'er portioB of t'ne chromosome

is much bleac.hecl by aitma. IR.ecently ]N,Ir. I<ZATo in eur laboratory

has fotmd in tlie heterotype clivisioiit of pollen mother cells in 2?lioeo

dzbcolor that the cleeply stained. pointeci portion of the atelomitlc

claromosomes (inediai} attachment') attached to the spindle fiber is

connected xvith the main bocly of the ehromosomes, which is also

deeply stainecl, by an unstaine{il, hyaline appearing small pvortion which

Eppears to be conipara,ble with the constricted portion of telon3itic

chromosomes3). NVIiy does this portion of a chromosome aclsorb dyes

n3ore firmly than the other portion ?

    XVe are now dealing with the center of the electrical charge of

chromosomes. According to the electrical theory oÅí staining, a stainin.cr

test will teil us something abotit what "re are trying to learn. BLit these

  i)'[l)his figttre has been borrowea from ]JY'Ir. ]vliNouc}{i, to wliom the ;vriter wisl}es to

tal<e this opportunity of expre3sing his thanks for the kindness extencled to him.

  2) Verbal infonnation.

  3) Unpublished.
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  obserxTations just mentioned above have been t"acle with fixed materials,

  and hence, tkere is too much coniplication to allow of ftcny conclusion

  beitig' <lrawn from tl}e results of staiiit{npg. On the otliLeir hancl the

  l<inoplasmic dififerentiation as " spindle fibers " at or near these points

  seems to inclicatte more expressly the existence of such ic center iti

  cbroniosonies.

      !n the living state of the cell the spindle fibers are g'enerally inclis-

  tingtiishable from the rest of the l<inoplasn], but at a c.ertain concentJration

' of 1iyclro...o'en io.ns in tl/ie mediun'i iiTi xvliLiclk tl:te cell is observed, they

  rnay be clisting'uishable (XV. iH. ancl AiL Px. I.Ewis, ig24, p• 4!s). The
                                              s  pheRomenon is reversible ancl it is coinparable with that tai<ing' place in

  chroniosonies xvhich s"rell in the meditmi of a loxv hydrogen ion

  concentration and contract in its lii,o.'h concetitratiori ([Il<uwA"t{ ancl

  Stxi<AAfuRA, ig26). This fact seems to show that there is a
  diflFereRtiation in the kinoplEsin to a certa{n clegret' already in the living

  state, although it is not to so high ic cleL.o'ree that xve can obserxJ-e the

  fi1)ers clistinctly. In fixecl material.s the fibers carÅë more sharpl.y tnanifestec!

  at the point of attachnient, and become less pronouRcecl towards tlie

  poles. Thus xv-e see a certain parallelism between the morpholog'ical

  aspect of t'he spinclle fibers and of the astral yays. Accorcling to the

  micro-dissectlon study of Ci-iA"rBm<s (igi7) the rays of the centyosonie

  are more rig"id near the centrosome ancl less rigicl toxvarcls the periphery

  of the cell. In this case, there $eems to be, in their forrnation, sonae

  causal relation to the physiolog'ical phenomena connectecl with the
  centrosomes (cf. I<uxvtxD,x Encl IX{(AEDA, ig2g). [n our opinion the

  rays racliating from the blepharoplasts in C.i'cas re'doluta ancl Gi'n/?bcro

  btZol}a are a,uite differen,t. In the living state of the bocly cells of these

  platits no radicating figure ccan be observecl. It is only visible in fixecl

  material and the structure is diffeyent witk different fixatives. ']rhey are

  only comparable with IBu[ sc}iL!'s artificial radiation from an air bubble.

  "I"he format.ion of the asti'al rays seems, on the other hand, lf IBERN-

  sTEiN's theory of electrol<inesis is accepted (BEi<NsTEiN, igi2), to find

  2ts causal relatioR with ions mi,cr,,rating' from tke centrosome to the perip!aery
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of the cell, accompanying physical phenomena, such as conxrection current

aRd some otlaers co-operating. IR the case of the spindie fiber formation

certain plasma collolds may becon"ie aggregate Et the reg'ion of the g. pinclle

fiber attachment moi'e densely than t'he other part of tlie chrom6sonies,

probably ict or near the polar granules. These colloid particles naay

migrate towards the pole carrying' aia electricai char.cre of the opposite

sign. They niay have a tendency to appear as fibers on being" fixecl.

The detisity of the colloicl particles will beconie less towards the poles,

ancl thus the fibers beconie less manifest the fartlier apart they are from

the chromosomes. It is usual fo,r the fibers to be very clearly reco.o.'tiiz-

able onlvv relatixrely near the chromosonaes. B' eing explainecl ita this

way, the spindle fibers are a morphological expression of the migratlon

lines of certain colloid particles fi`oni the cl}romosomes to the poles.

The fact that iH "lag,o,'ing" chron3osomes, xvhie.h inay be reg'ardecl as

carryin.c,,),' t).iii insufficient electric.,al char.o'e, the spinclle fiber is generaliy

very inconspicuous. seems to supp.,rt this 1,riew. Z[)t.osENp,El<G (Igog)

states in h{s stucly of D7`osav'a oboz,a•la, .i species liybricl :-" IEs scheiRt,

als wenn clie .t/tYnheiCt'ung' {;ler Spin(ilelfasern in reg'elmi-issig.rer X?X7eise nur can

(leii Doppelchroniosonien stattfLtnde, xvtthrencl d{e IEinzelchroino. somen nur

zuf2tllig'erxxreise na()h cleni einen orcler anderen .I)ol transportiert xvtlrclen..."

(p. 32). In this connection it is perhaps worth nacntioning diat xvhen

the mitosis is rendere.Ei abnornaal by treatleg niaterixt 1 with cQld or narcotics

or other physiÅëal ineans sucli as X-rays or raditm] rays, one of the pectt-

liarities generally observecl is the {ailure o. f the .g.pinclle fiber formation.

    MECHANISM OF CHROMOSOME ARRANGEMENT.
    i. .ZVrorm.a.l mi'losi's. XNTe shall now proceed to the problem oÅí the

mechaRisni of chromosonae arrar}gement. CANix'oN (ig23) explains

the' mechanism by comp,iring" the chromosome arrtangements with those

of the floating n}ag.nets on the bEsis of fu.A"{B's hydroclynamic theory

of, mitosis, which rests on the werl< of BJEi<i<NEs. In this explana-

tioii lt is assumed tliat cbromosonies attract one another, but are repelled
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by the centrosomes. In trying to explain the mechckRism provisionally

by the hypotliesis concerning the r61e of electrlcal phenomena, on tke other

haiid, we seern to fificl a simpler explanation, not only for the mechck{iism

of t.he arrangement ltself, but also for various accompanying phenomena

such as for instance the behftcviour of chromosomes hcxving their point

of spinclle fiber attachment clif,ected towavcls tlie center of tlite cliLvomoson]e

g'roup iR the stage of the nucleay plate, &c,, althoug'h we must here admit,

of course, with CoixrKLiN that "mittotic pkenomena are complex aticl

they are doubtless due to several factors, ratkey than to a sing'le one."

(CoixTI<MN, I912, P• .FS20)•

     Ca.taphoresis experimetits with nuclei sl}ow that the nucletkr

substance is on the whole electro-neg-ictive to the cytoplasm (XViLsoN,

ig2)", p. i8g). Spernic:tozoa, t'he large part of which consists ef the

nucleu$, have been shown to have tl}e same siglt of charge as the nucleus.

These facts seem to shoxv that chromosomes are also eiectro-neg"atively

c.hargecl it} t'he nucleus. But what si.g,n of cliar.o.'e clo tkey carry, when

they are clirectly exposed to the cytoplasni as the result of clisappearance

oÅí t'he nuclear' ineinbrane ?

    1?.xperli'nents with chromosonies free from the Ruclear menibrane,

i. e. those in the inetE phase ancl anftc phic se, by plaeing them in the eiectrie

curreRt', xvere ti'lecl b>r some authors, s"ch as I-IA.}<Dy, ]I)EixrTi"fALi

anc! riYt'IcCLENDoN. In all these experinients, however, the yesults were

either ne.,o,'citixi'e or not convincin.o', probably clue to the increased v•iscosity

of the cytoplasm uncler the infit3ence of tlie electric ctu`rei}t (cf. BEpNstN

and XiVEBER, ig22), ancl we have Lftt present no clirect evidence as to

the sign of charge carrled by these "free" chromosome exacctly. XVe

have on tl}e other kand some rei, son to suppose t'hictfhe sig"n of charge

of chromosomes may be yeversecl when they are exposecl clirectly to tlie

cytoplasm.

    Although there is some coRt]roversy as to its existence, it is generally

accepted that the nucle"s has ic limitin.cr membrane, whatever its ori.o'in

may be, ancl therefore the physical and chen3ical conditions in the nucleus

Riay be clifferent frona those in the cytoplasm. XVhen the chromesomes
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 are exposed to different conditiolts, they inay carry a different sign of

cliarge. This has been demonstrated acttzally to occur by cataphoresis

 experiments wlth unicellular materials sttch as blood-corpuscles. BAy--

 Liss (ig2i), in explaiRing the mechanism of stali]ing' fitter paper with

congo-red, cites I)F.RRiN's work saying:-"From the worl< of IPEiu{iN

we I<Row that an ion inay be adsorbed on an oppositely charged surface

to so grexct an extent that the charge on this surface may actualty be

reversed in sign,"

    Nreutral violet extra, a dye mixture which stains, according to

KELLER(ig2o), the catiiode of a tissue blue and the anode re{l, shows

a distinct chaB.cre in react{oR accorcling to whetlier the chromosomes are

confined witli{n tlie nucleus or free ln the cytoplasm (I<]uwADA anCl

SuGiMoTo, ig28). In clial<inesis the chromosoines are stainecl blue

and in the nuclear plate they are red. This difference in reaction seenas

to $how the change in the sigti of the cliarge carried by the ckromo-

somes.
    Now we assunie provisionally thckt all chroniosomes are electt"o-

negative in the nucleus. Thus they repel each other. [['he peripherally

arranged positioti of al1 the chromosomes ii3 dial<inesis-a characteristic

feature in this stage- is easily comprel}ensL,ble by such an interpretation.

In tke tyl ical mitosis, chromosomes are generally much longer tlian IB

Åíhe heterotyoi e division, ancl the mutual repulsioR of chromosomes appekrs

less manifest tf}aR in the dial<inesis, but a similar state of the chromosoBie

arrEmgement to that in the diakinesis is also reco..crnizable. When the

nuclear men]brane dlsappears xctthe end of the prophase and the chromo-

somes are exposed clirectly to the cytoplasni, the electro-negative

chromosomes are attracted to the electro-positive equatorial region of the

cell,-so assumed liere on the basis of BERNs'yEiN's opinioi3 (igi2),-

arid at the same time they are repeiled by the poles of tke sanie si.(rn

of charge as their oxvn, - accordin,c.r to iBERNs'ÅíEiN, --- so that tiiey may

be driven tQ a teikdeRcy to form tlie nuclear plate. Throug'h the repeilent

action exerted between tl}e chromosomes and both poles of the q.pindie

the chromosome arraBg'ement wili tencl to a simple form of riiGg havin.cr
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none or a smaller number of chromosome inside the ring than that

ft)und in the final and stable form of arrangernent.

    Iitv•Ieanwhile the chromosomes may be reversed iii sign by having

b2en exposttd to the cytoplasm directly. On reversal in sign the chrom;-

somes repel one anothe.r and must gct farther apart, so that the area

occupied by Lhe chtomosomes also becomes larger. According to MiNo-

ucHi (" Chromosome Arrangement" VI), in the first spermatocyte of the

albino rat the area occupied by chromosDmes becomes smaller when the

nuclear membrane disappears. The same phenonienon has been observed

in a plant, .LJ,llirzu•n saliharid, by SHiNKE (" Chromosome Arran.crenient "

IV) in the fixed as well as tlie living' state of the cells. This contraction

(the ``tl]ird contraction ") seems probably to be dLie to loss of the tur.crid

state of the nucleus by disappearance of its membranei) and to inward

"t'lsi/i"

'f'iiva•,-••

ilpsil./'

             .ff," ckx

           .• .i/r/,-.t.;.sl.'t

.:' ., r.ts::Leif,i,.;.J'•

             abFig. I4 a-b. Chromosomes in metaphase in root-ti,ns treated with boiling water. a. 7t2iiz

          Faba. b. A garden variety of the tulip.

  i) That the nucleus is turgid in its livin.i7 b'tate is shosvti by the fact that it lo]es the

smooth spherical nature of its surface when it dies CI<vwADA. and ]vlAEDA, Ig2g)•
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 pressure of tlie cytoplasm of clenser consistency tkaR the nucleEr fluid,

 rather tl}aB due to loss of the mutual repel}ing action of the chromosomes.

 In tlie albino rat the chromosomes then tend to be arranged in two

 cliniensions to form the equatorial plate, the area occupiecl by theni be-

 coniing' larg'er again. Tl}is phenomenoi} is in accorcl -with our assuniptioii

 that the chroino.gonies are broug,ht to the equatJorial plane at ieast' in part

 by the pushlng foi'ce of tke poles. XVhen the chronaosomes form a beau'Liful

eqLiatorial plate, the clironiosome areca is ic gain sinaller, ancl this diminutioR

in area is acconipaiaiecl by the ciiange in the capacity of the chromosomes

to be stained by HEiDENi-iAiN's ha)matoxylin. 'lrhe chromosonies wh;tch

had hitherto been stainecl in tlieir peripheral pert only, become solici blacl<

iti this stage, the central portion being stained as xvell. This central

portion represents perhaps the ground substance of {he chroniosoines.

xl-LccorCllng' to NE""fEc (igio) it swel.ls ancl at last clissolves when the

cell is treated with boi!ing w.ater. In r,epeaf-ing the experimcnt xvitk root'-

tips of P"Ti'cila f"'aba and a .crarden variety of the tulip, we ob'.'aitied the

same reskdt with the exception that tl}e s,rouncl substance did not dissolve

at all.. It} its swelling, tl}e spiral chromatic part imbeddecl in it is

widtt'necl oLit iitt) a larg'e splral still niaintaiiiiLing its periphera; positioii{ in

the matrix, or may sotnetimes remain in its ori..o-lnal size occ•upying the

central or txxial po3rtioti of tlite s"Lvollen niatri.x (ll;ig. ial, a and b). rll'iLe

latter clld not sl}ow any affinity for dyes either acid;c or basic, xvhile the

spiral part xvas stainecl inteBsely xvith basic dyest). In inaterial fixed by

the usual methocls the spiral chromatic portion of chronaoscnies is found

in their peripheral region and the acl}romat.ic l)ortion or the g,roimd

sebstance in the central, thus the wrhole chromosomes app:"arin•g as a

l}o:ow cylinder ia side-viexv and a rinsr in end-viexv. The ring" appear•-

.rence of the albl,no rat' chromosonies iti tlie early equatorlal plate $tas.e is

probably clLie to the fact t'hat only the peripht'ral region of the cl}romo--

somes is here st'ained, and it would not meau that the citromosomes are

   i) The inaterial xvas fixed with BELgD,N's fixin.7 niixture. As acid dyes, congo-red, light-

green, eosin, erythroc{n, and acid fuchsin ivere used, and as baslc clyes, methylgveen, safranin,

cynnln, neutral red, ancl neutral violet ext!a were einp}oyed.
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really hollow. XVhen the stage proceeds, tlie central portioii of the

chromosomes Åíoo becomes ftirnished wiÅíh an acanity for dyes, tiius the

whole chromosome now ap-i earing to be a solid mass. Such differeRce

in stainit}g b:-tweeii the chromosomes in the eai'iy and the late eqtiatorial

plate stage is observable, according to A,hixToucm, only li} those materials

x/rhich are fixed wlth fixatives containitig' no trace of aceti,c acid. There

is muck coniplicatioia in this, and we cata hic rdly draw a conclusloR from

this fact alone, but it seeins to be a fact which ls favourable to otir

opinioia tlnct tlie electrical sign of the chromosomes becoines reversed in

the stage between the early andi t'he ickte equatorial plate. IÅí this is

true, it can be easlly understooci tlnct in the late equatorial plate stage

the ckrea occupied by the chromosomes becomes smftcUer ag-ain, because

the chromosomes are i}ow electrically charged opposite in sign to the

poles, and tliey crere attrckcted Åírom botla poles.

    Explaining- the si.o'n of electrical cliarge cic rriecl by cliromosomes in

the later stage of equatorial plate in this way, we may briefely say that

in the metaphase the chromosomes repel one another and at the same

time ar,e attracted by both poles of the spinclle. In the case of the

fioating magnets too, each magnet repels tl}e others, aRd cret the same

time it is attyacted by bJth electro--magnetic poles• The attraction-repulslon

reiation is quite tlie sanie iR tlitese t-Nv'o cases. [Irhus tlite fiiial clistril)ution

of the chroniosomes on the equat'orial plate niust present the same figure

as those obtainecl in the case o'f the fioating magiiets, stable or iess stable.

Practically xve cati imitate the xrarious fonns of arrangement of chromo-

sonies witk floating micgnets by chan.o."in.o' the number of magnetized

needles in them so as to correspond to the size o'f the chroinosomes.

    .As a inatter of fact xve nieet, however, a relatively small number

of irresrular fi.crures of chroinosome distribution even where in the majority

of cases the fig,ure$ resemble the arrtkng"ement forips of float'ing" magnets.

These figures are to be re.,o.-'ardecl as represeRting trcknsitory sta.o.'es oR the

way to the fina! stable form of distribution or as due to the action of

fixation, as already st'tktacl in tl}e former part oÅí tliis paper. XVe have

here, however, a fact which seems to neecl a special explanation. This
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ls the arrangeinent of claromosomes lnto a simpler form of ring havlng

                                    enone or only a smaller number of chromosomes inside the ring as

coinpared with tlie stable fortn of the floating ma.crnets. 'rhese forms

of arrangemeRt of chroinosomes seem to represeRt the eariy stage of

the eqt}atorial plate. If chromosomes distribiited in a space of three

cl{nientlons are driven by tiie repellent force of the splt}dle pole to the

format{on of tl}e equatorial plate, there may be a certain tenclency for

al1 or the majority of the chromosomes to be distributecl on the equatorial

platie in the form of a circle,' Figures stich as shown in OGAwA'$

Text-fig. 3al look as if they represent tliis stage oÅí the equatorial plate.

    There may be, besides, some compliÅëations in tiie case of chromo-

sotne arrangement as compared with the arrangement of fioatlng niagnets.

These are'those which are dtie to the original })osition of the chromo-

sonfiies cli$tributecl in a space of three dimensions on theone hand, aRd

tliose due to non-synchrono!is reversion' oÅí the sisrti of cliarge of chromo-

sonies on the otlier hand, '
    In the foregoinsr interpretation of the mechanism of chromosoine

arrangeme:3t, we asstuned that the reg'lon of the centrosome is electro-

negative and the reg-ion of the equatorial plate is electro--positive. Now

xve shall proceecl for a moment to tlie microscopical basis of these

distributions of tlie electrical tension in the cell in n3itosis.

    According to I.BERNsTEiN's electroldnesis theory of mitosis, there

are in the cell in mitosis two maxima of negative electricai tension, eacli

in t!ie reg!on of the centrosome, which fall towards the equatorlal plate

and the periphery of the celi. Thus the equatorial plate receives a

miR{mtun of neg-atlve e!ectrical tension, or cx max2mtnn of positive electrical

tensloti. Is there any inicroscopical expression revealing such a distribu-

tion of electrical tension in the cell? •
    It is a well--known fact that in the typical mitosis the blepharoplasts,

chromatophores, ancl other formed struct"res which may be called

collectlvely cytosomes may reg{ilarly tal<e their position at the splndle

poles like the centrosomes. •

    In his stLidy of root-tubercles in L2tPinzts, ]NtkLoviDov (ig26) ltas
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demonStrateci tl}at bacteria Ere clistribnted without any polarized localiza-

tion in tlie celi, when tke nuc16us is in the resting stcxge, but that in the

prophase, especially in the metaphasa and anaphase they are beautifully

localizecl in both poles oÅí tlie spindle figure, and that in a later telophase

they are distributed more or less evenly iR the whole cell again.

    This behaviour of tiie cytosomes, pole-phc sni, ic ncl bacteria seems to

sugg'eist that the so-tcalled "mito.kinetic" force (ImlARToG, igos) may

be electrical in Rature. Bacteria are l<now• n to be electro-ne.o'ative in

chi,rge'in a certaita conclition (ITI6BEi<, igitl,. p. 3oo), and therefore

we inay conclude from this fact tliat both polar reg.ions are electrically

charged• centers. It seeins to be also probable from the' results o'fi SAKA-

tsiuRA's experiments, xvhere cytosomes crowcled tostether uuder the

infiuence of COL} s,as (SAkAMui<A, ig27), that the cytosomes x/ hich

may be includecl ln what is callecl coilect{vely t'he " pole-ii)lasmE ," aire

alSo elec,trically cha.rged str"ctures, and thus we may understa{id the

reaso. n wliy they are g"athered ln tke polar reg'ions. '1-here is, however,

a certain diversity 1}etween tlite behaviour of the cytosomes it) typical

ai}cl in heterotypical mitosis, According to l.Exvrrsi<y (igro, p. s4i),

whiie iii n3itosis in the somatic cells the chondriosomes seem to be

dist.'rLbutecl "ziemlich unreg'ehpi{ssig, h6chstens n?it einer 'l['enclenz, an

clen I'olen sich zu httufen," they enclose in pollen motlier cells of

AsP.77fageis oiffi'ct;nali2g "dieht niantelf6rmi,(,,r ctie Tellungsfigur fast i'ings-

herun'}; die Splndelpole ckbar bleiben hiervoBjenen frei" (p. s4i). A

slmilay beiiaviotir oE clitondriosoniies cluring' tlite meiosis is seen alse in

sp:)ye niotker cells of Eaui3elzt•iii Palitslri ]'.. studiecl by the same author

(ig2,s). In animal spermatof,.renesis, the same is also the case(WiLsoN,

ig2s, p, 3,")8). I-I(>x]Lr ccki/i Nve, then, inte:pret tliis diversity in tlte

behavlbLu- oli the cytosomes, cro'Lvding sometitnos at the poles cuid some-

tiines about the chromosome group in the equatorial plane? As seen

from SAi'<A"•iuRfx's observatioi]s ancl experiments on the agrgregation

of cytosomes in relarion tQ mitosis (ig27) which perhaps imPlies their

b-ein.o." isotlectrlc iii ll-IAi<Dy's sense, there seem to tal<e place certain

coitiplex l)1tenomena in tlie divicling' cells, .rind at preseiAt we are not in



         aatfodel .ExPerirments afid Tlieorelzbal Consibleml2bns, 247

a position to .crlve any clear int'erpretation to this di.versity betweeti the

typical and the hetet'otypl'cal nuclear divlsion, but at least we may say

that there is a certain phenomenon, probably electrical in its nature,

taking place in connection with the aggregation or non-aggregation of

the cytosonaes abo"t the splndle-poles.

    Soniewhat the same behaviour as that of chondriosonaes may be

seen in staych grains during the meiotic divlsions. Since it was observed

by Du Bois--I{l.EyMoND that starch .crrains in the ceils of a section of

living potato tuber move towarcls the anode, aRC{ a reversal of current

bring's the starch grains to the opposite walli), the behaviour of starch

strains in the nLiclear c{ivision attracts our special iRterest in conne6tion

with the qtiestion at issvLe. Some observations`"') were made with fresh

pol{ett niother cells oÅí C),cas rertiol'ttta, sta{ned with acetocaymine. 'IIrhe

behaviour of starch grains in the prophase was not observed owin.cr to

want of sttflicient material in these stages. In tlie iate proph.ase about

dlakinesis starch s,'rains are often found in txvo srroups, altho!igliL xve have

not clelermined xvhether the regions occLrpied by the groups are the cell

poles or not. In metaphase; in the niajor;ty oÅí cases the groups of

starch grain$ are found near the equatorial; plate goraerally in the form

of a maBtel as in tlie case of chondriosomes in pollen mother cells of

As"anebcrzrs qfitl7iali3 (Ij.{r. is,a, b, c, dr). Ilt the anaphase some of the

starch grains are drawn neav the chromosome groups which are niigrat-

ing towards the poles (Fis,. is, e, dL,). In the latter stages the starch

.fnrains are oÅíÅíen very re.crularly arrang'ed in rox•vs. Zn,"'the interkinesis

almost all the starch grains are pushed back to the equatorial plane

and beaiitlfully arrang'ed on that plane (Fi.o'. is,f). This latter behaviour

of the starch srrcains is very conspicuous, en3d tliere is noe a single ex-

ception at all iti this sta.o.'e. In the honiotype clivision such behaviour

of the starcli grains as observed in tlie heterotype clivision is not to ber

seen.. In the metaphase ancl a{iaphase the majorlty of the starch gTains

are stal Åíotmd regularly aryang'ed in the eqtiatorial plane of the mother

  i) Cited from IYiEIER (I92I)•

  2) Closer ebse{'vatioi}s are iefS' for further researches. '
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                             come to. lie "dicht seitlich an-aber

                Starl<el<lumpen." Thus we see here again a marl<ed

                            of the spindle poles and the .<rroups of

                      heterotype and the homotype-perhaps here

                            found by LEw• iTzKy in the case of

                      heterotypical and the typical division.

                            this behaviour of starch .qTains in the

                             zv'rgt'ni'ca siniilar behavioLrr of stareh

                             in pollen mother cellsi) and we find

   starch grains in young polle:i grains (Fi.cr. i6, a). But in the typical

                             off the ge' nerative nucleus, the starch

                            c). In the initosis taking place 'in

                             we fuid also no starch grains (Fig.

                           though we had no chance to observe

                             we could ascertain that when the

                             .crrains become less abundant (comp.

                   physiological stxidies of cell division, I/[[ABER-

                  ''

i) Kindly sug.yes. tcd by Prof. FuJii, to svhom the svriter's tbanl<s are dtie.
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LANDT (!gi3) sÅíates: " ]Es ist ja richtig, dass der 7"ellteiiung in der

Regel eine wenigstens teilweise AuH(jsun.cr der St2trl<e vorausgeht" (p.

33i).

    The di'EIIerence ln the belncviour of starch grains as well as of

chondriosomes between the typicat (ecluat{onal) and the heteretypical

mitosis seems to have an importaiit bearing upon the physiology of the

reduction divlsion, and the fact that while in the typical inltosis starch

grains in the cell dlsappear, they remalR utidissoivecl in the heterotype

divislon, is very interesting' in view of A. and I.. GTui<wiTscH's

conclusion on the typical iriucleEr dlvision, "dass der in deti Zelien sicli

anreic' kernde, dur.ch seine Anfspaltun.o' ftlr die 7..el!teilung energieliefernde

Stoff ein Kohlenhydrat ist" (ig28). Mr. SmNKE in our laboratory

has found starch graiBs ilt the heterot.vpe divisioi? of polteti mother cells

also in 0enolkera bibnm's, Aray'as ma7br, 7?hoeo aribcolor and l7Teronica

sp. and fat-lil<e drops which present fat reaction with sudan III ancl

osmkun in Lz7ibtm 77grz'nztm, L. sPeczbsztm. L, f7arusom' and L. Ionbffi7or2tm.

    Coming back to otir present problem, we are driven to the coBclusion,

from the facts mentioned above, that there is a certain characteristic of

electrical nature at each pole of the dividing' cells, akcl perhaps also in

the re.crion of the equatorial plane. A.ggregation of starch g'rains or

cytosomes may mean that they have lost their electrical charge, but

lf they aggre.crate always at a certain defiBite region, xve rnay perhaps

conclude that this region must have played a y61e in catising the

        .ag.gregatlon.

     XVe have another cytolog'ical fact which may be mentioned in this

connection. This is the so-called " tassenaent polaire " or a close crowd-

in.cr, of chroinosomes at a stage of tlae telophase. NVheR they are it3

m'etaphase and anaphase, they are I<ept ap,art from one another. Near

the pcles they dya"r nearer, but are still not in contact. At the poles,

however, they sudclenly come closely iti contact ancl after a whiie, xvhen

 a new nticlear membrane begins to be formed, they become acgain

 separate from oiie aiiother, and finally iLre distributecl at the pei'iphery

 of the dau.crhter nuelei. TlieSe phenomena seem to shoxv that the



         ]Iodel E.vPerz)n.enls afzal Tlieorel2bal Con•sidera•lzbns. 2s3

chromosonies become discharge-d at the'po!e$, so that they no longer

repel otie anotlier, }.)ut come closely in contact xvith each other. X?Vlien

the nuclear men3brane begins to be formed, the chromosomes becon-:e

cliarged ag.ain their sis.)n being reversed, and thus they repel one another

agaln, so t}iat tliey tal<e peripheral positions in the nexv clau.(rhter nuclei.

This iBterpretatioR of the phenomenon is in accord witli the stalning

reactioii. of chromosomes to neutral x'iolet bxtra (KuxvADA and SuGiAforro,

i928).

    2. Abnorllial mi7osils. Before coiicludin.og this ckapter, xxre may

consider the irreg'ular ar!`angemeBts of chromosomes in abnormal mitosis.

Accordingr to Ci{AAfBEi<s (igig) and HEiLBRuNN (ig2i) the viscosity of

the cytoplas;n increases durin.o' the niitosis. I-IEiLBRuNN (ig2o b) has

found that when the visc:osity is sueeciently decreased by antigelatinizlng

agents or by other means such ics cold, the spindle fibers are prevented

from forming. Non-forniation of the spindle-fibers incs been also reportecl

by SAKA"iui<A (ig2o) in root-tlps of VTi'cziz .Faba treated with some

anaesthetics, clilorai hyclrate ancl other clrugs. "SLVith the view of findin.,o.'

out whether this is also coimected with decrease in the viscosity of

cytoplasm, IN,Ir. I<Aro has macie some experiments at the writer's

sug'f.restloR by the centrifug'e niethocle, witli root-tips of P'ri'citz lral?a

treatecl with a o.7sO,'o solution oÅí ckloral hydrate, as directed by SAKA-

"fui<A in i}is y>aper. INt{r. I<A'i'o's results are yet insuMcient to alloxv of

any definite concltision being drawn, but one case sliows that the

vlscosity oÅí the cytoplasm is markedly decreased in the root-tips treated

with chloral hydrate, as xvill b.as seen froip the results summarizecl in

Tables XI and XII. Mr. KA'ro noticea the non--forniation of the spiltdle

fiber in material$ N'o. III and No. IV.t)

' " I'he not3-formation of the spinclle fiber is always associatecl witii

ai} abriormal chromosome clistribution. As means or ap.'ents to ii]cluce

the chang'e of xriscosity of the cytcplasm -or pretein we may mention

anaestl}etics (X?YTEBEi<, ig22; NF.uBRuNN, ig2o a), colcl (I/IEiLBRuhTN,

Lt. t

                                   tt   t) Vnpnl)lished. ' '



254 ASI7E os I-I INARI I<uxVAi5A :- Clirb772osome

        [ll"ABm XI.

Treatment of material. (Yune S,

Arrangemee)zl

Ig26)

f'

Expt.

n9'

  I.

 II.

 III.

 IV.

 v.
 VI.

VII.

 Placed in a
O•7S% cl}loral

 hydrate soln.

    :lt
<Room . temp.:)
   2IOC.

9fY"•r.-IoA."f.

"' l

t7 1}
ee )r
)} )7
tt t}•

ft tv

 XXiashed in•

  Nvater ltt
(XVnter temp.:)
   ISOC.

loA.A,I.-IIA,]•I.

)" lt
es lt
1) 11
17 }7

      lt)T

t..tww....t.t.. .t ..

 ?laced i'n

  saw•clust

   at
(Temp.: i80C)

iiA.INf.-noon

 . -I.P."•f.

 ,, -2 P.M.

 ,, -3 I).tvf.

 . --4 1): •L

Celltl'ifll"ed
   llt '

ieA.l•f.

II tX."i.

 tlOOII

I.P.M.

2 1).IYI.

3 I) ] •I.

4 P.M.

Fixed

 ilt

 Immediately
after centrifaoctd
        b
     e}  tt

     Il

     ll

     lf

 . TABLE

lftesults of the

XII.

exPel'lmellts.

Expt.
 ]10.

l

l N'o. of

  per
revolution]

nlit)ute
"rime fel' Celltl'iflTgitlg

lll lnllUlteS

Dis]oeatlon of
  nuclei

                           l         i .•l         //         l1    I. .. i• 2• ooo .I 3 .+
         lI    IL i ". I "                                                    -F ++
                           '         t l''         //   III.,i. . i• .                                                    +         //   ,v. I.'. V. - +    ..l .I. +         i• I   XTI.i " i " +         i l' '   vll. ,l. +     . . . nv .rmL •. . . . ' .-.nv.nv......-....
                    '
ig2o a, "VVEBm< and I-IoiiEtsTEGGER, ig23), electricity (BERstx ancl i"VF.BEi<,

ig22), X-rays (CoLwELL and ?,.uss, ig24, p. io6, p:otein')), radium

    l) XVEuEii has reportecl, on the other hantl, as the result ef his experiinents on plant

eeils, "dass in lel)endien pflanziichen Zytoplasnia als priinlire l'N.i5Rtgensvh'kuRg• lceineVislcor,itllts-

:'indernng atiftritt". CCked from E. BiuEc.Jil}{'s review in Bot. CeRtralbl. N. l?. Bd. 3, ig2tl).
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rckys (XVILLIAMs, 'lg2s; CoLwELL and Russ, Ig24, P, gg, pretein) and

i}1tra-violet rays (ELLis xc nd XVEi.i.s, ig2s, p. 273, proteiti). Cells tire-c tecl

with any of these ineans show in aimost all cases abnormai mitosis, in

which suppression of the spinclle-fiber formatlon or irregular distributlon

Qf chroniosomes is characeeristic, as sl}owR by NiMEc (igo4) ancl

SAKAMuRA (ig2o) in the case of chloralization, by NEiLBRuNN (ig2o b),

l-Nikc{iAELis (ig2,s>, S}{iMoToMAi (ig27) and otl}ers iri the case of cold,

by S'AKAMuRA and ",:)u'row (ig26) iti the case of a higher ten3perature

than that to which the plant in question is normally subjected, by

KoMu]{o .(ig24) and ]I'EKAi{EK (ig27) witii X--rays, by GAGm< (igo8)

xvith rad{Lmi ra.ys, and 'I'AKAMmE (ig23) with ultra violet raysi),

• It} sLich a viexxT of Åíhe tiature of the spindle fiber as cliscussed in

the foriner chapter, this phenomenon of non-formation of the spkadle
fiber seems to be due to a certain lacl< i' n the system of electrical

phenomena rather tlian iL decreased viscosity of the cytoplasni. To put

it in ot,her worcls, tho.ugh the decrease in viscosity.is incidental to tliLe

affect'ion by svhich the formic tioti of spindle is preventecl, it ni"st have

Ilttle to do witliL the abaor!nal chromosome behaviour, e>.gcept the passive

movement of chromosomes due to convection current in the {rell. On the

other hancl, if the viscosity of the cytoplasm is increased by some external

agencies or conditions to such an e.xtent that it is still reversible, it will

play an iml?:)rtant r61e iit inducing abnorinal beliaviour of cltromoscmes

makin.o.' it clifficult for them to mi,grate. '
    Inabllity of the chromosomes to migrate towarcls the poles is often

founcl in pollen niother cells of certaiiiL hybricls, wlitile in the somat{e

cells oÅí the sanie plants the normal mi.g ation tal<es place (for insttince,

ln the case of pollen sterility). S,xKAMm<A (ig2o) has found that in

I/zbi?x Faba meiotlc mitosis is much more sensitive to external agencies

than somatlc mitosis. Hybricls consist of two difilerent g'enotypes, and

                         '' i) XVe have no lronvincin.cr results of abnonnal distribtition oÅí chroinosomes induced by

                                    #elecirical treatnients of a t;ssue or cells. CoNKuN (ig.i2> has observed in eggs of CrePitlula

ll}at thc. chroinosoines disappeared froin the anipl};'aster as an eff;ect of electrical curreiit.
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thus tlite nornncl phys{ological eciuilibrium may be distRrbecl, so that the

plants are easily affectecl, especially ir} the sporo.o.'enesis, by externai

ag?'encles or .k slig'ht change in tkeir environmental conclitiolts, perhEps

resulting' in ai:i instiflEcietacy liri tihe e2ectrlcal systeni.

    In LAMB's theory, to explain the migrettion of chromosomes tewards

the p)1Åës ln .anic phase, it niust be assumed that the clensity of the chromc--

somes is chan.,o,,'ed in this sta.cre of divisioR. CAaxTNoN explains this

(•hange in chroinosome clensity by its relative chan.,o.'e due to the chan.,cr.e

in clensity oÅí the continuous inecliuni in which the chromcson-tes are

suspended, This exp!anict{on seems, hoNvever, to meet with a diff}cuity

oi} its being' appl{ecl to the cases of hybricls xvhere some of the cliromo-

some.s lafg behind tke others in division.

    Tl}e:e shoulcl be .c.rraclation in seBs{tiveness to exteriial conditibns

                        'accordlng to remoteness in blood-rehctio.nship beween the parents. And

accorclin.e.'iy there should be clifferent types in the abRormal mitosis.

There are l<noNv•n .several main types, but aclequate explanations of the

mechanism of thes.e clifferent types are left for further researches.

                           SUMMARY.
                                        '                                    '
  • i) [ll"he chroniosoine arrangenients are comparecl wlth the resuits

of experimeiits made with floatir}g matgnets ic ncl cliscussed in respect to

the followlng' four cases ;- '
    a.. Cases wher.e all the chromosomes of one g'roup a• re nearly of

        the same siz-" and shape.
                                              '    b. Ca.ges where some of the chromosomes are clifferent iR size

        and sha.pe from tlite otkey clzLromosonies it} the satt'ie group, and

        also wkere one of tke ch{'oinosomes is tetrapartite.

                                                '    c. C,ases of hybricls.

    The fitial dise'lbut{oR figures seein to be det'ermined mainly by the

niagtiitude of the electrical chErg'e "rhick the cl}ron3osomes carry.

    2) ftts the causes of the irreg'u!ar clironiosome arrang'e!nents which
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xye ii3eet xvith ii} fresh as xvell Ets in fixed

factors are pointed out:-

a.

.

b

c.

'

(il

e

)3

t'heir n]oveinent

}necha:tisin

    The ]Ric,rosc•opical

be found

each xvritten

    I)

al'L'tl!lg'elllent

i)u'niber o

somes of

case xvhere

    2)

                                   Consitrcralib7is. 2s7

                                   RiateyialS, the folloxvinsr

The origlnal orientation of the chromosomes distributeci iii a

space oÅí tlire2 din]entions. Tl}is state ot' oriet3tation presents

a lnarl<ecl coi}trast to the ca$e of floatinf.r inEl.s.),'tlets set EtfiocEt

                     'Oll .k "itttel' SUI'fELCe. • '
Viscous nature of tl}e cytoplasni ]ivliich inal<es tltL" nioveinent oÅí

the chroinosc>nies niuch •harcler thaii the inovement of the fioat-

ing lnagnets iR xvcater. . .
                                      'l'x'.elettively long' cluratioR of time tal<en l'ronl the nioment of

disappearttnce of the nkiulear inenibrane u)i to the coinpletion

of the nuclear p!crete formation. 'Ill'his state of t-tff1airs gives iis

EL 911allCe Of llleCtillf.}' Witll eVerY tFallSitOry St.IS,C Of ckrrall.cr.ell]etlt

up to the final distributlon. The regular distribiition figures

are, tl)erefore, theoretically only to be sought in the stckge

Nvhere all the chromosomes are arrangeci on oBe p!cine.

The fact that even in the case of fioating magnets more than

oiie arrangement not cqually stable ]nay be prod"ced. This

fact explains certain variations founcl in tiie case wherci al1 tlie

chromosomes are clistributed strictlvv on one plane.

IEfllect oÅí fixatives and other artlflciai causes.

ieL cllfferential orf.)'a.nization of 'chyomosomes iR cont)ection with

       is suggested and an attempt ls made to explain the

  of the chroniosonie arrantgenient.

             reslilts so far obtained, the cletalls of xx'l}ich xvi,1

 in the folloxving papers, " Cl}romosomc .tXrrans,eincnt " II-IX,

    by the observer himself, are sumniarized as foUows :-

The frequency of occurreRce of the form of chromosoinc"

    wl}ich resembies tlie stable form of the correspoRding

f fioatinfg magnets is hi.o'her in the case where all the chromo--

 the group are distributed in the equatoriai plate than iR the

   some of thein lie out" of the plate, below or above.

There seems to be no marl<ecl difflerence betweeR metaphase



2s8 Yosi-iiNARi KuwADA :-Cliro7izosoll?e /lrran.crement I.

(equatorial plate) and anaphase in the frequency of occurrence of the

arraiigement forni resembling the stable form of floating mag'taets.

    3) The resemblat3ce of the chromosome arrangement to the stable

form of fioating magtiets is marl<ed when the number of chromosomes

is relatively smalt and when t'he chroinosomes present no marked size

difference between one another. Not only the arrangement form resem-

bling the stable form of float{ng nncgnets, but also {hose resembling the

less stable fornis given by the physicists are fotmd. This has been

beatitifully illustrated in Torikele A7zlliptz3cers ancl SPInacziz tile7'acea.

    4) The fyequency with whicli the larg`e chromosome occupies the

central position of the arrangenaent is different in different cases ; it may

be nearly equal to rSPinacla, Cycas?, of grenter rUibziz7 or less (Sa.ffzZlarla,

some of S-chromosomes iri Cycas) thcxn tl}e freqLiency expectabie from the

view point of probabllity. The small cht`omosomes show on the ot'her

hand a hisrh tetadency to tal<e the central position so' far as the present

results of our observations are cotacerned.

    .s) The fact that if only the points of spindle fiber attachtnent

are considered, the arrangement form becomes equal to thczt of massive,

rotmd chromosomes, even when the chromosomes are of rod (rr V shape

has been fotmd in P7ztid Faba, .
    6) In tl}e heterotype clivi$ion;- '
    a, When the chromosomes are all oi' neetrly the sanie size
and shape, t'he freqtiency curve of the differeflt fonns oS chromosonie

arran.cr.ement is leptol<urt{c i.n nature, the mEximum being presented by

the form resenibling the stable form of the corresp)ncl{ng number of

floating nlafrnets.

    b. When there are slze clifferences in the chfoino$omes, i)

t'he maximum frequency value teracls to becoine low, and iD {n an

extreme case we have found that this valtie is $hit'ted to that ferm of

arrangement the number of central chromosomes of which is leiss by

ene than in the form resembling the stable form of fioating ma.(rnets,

1iil:alixOi \Ulln.the latter fOriii Maintains still a hi.eh valtie, making a seconcl
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    7) Xn the homotype division:-

    a, Even ln the case wl}ere the chromoSon3es appear all to'
be of the same size and shape in the heterotype division, the maximtim

frequency value may be markediy low i" the homotype division, a

second maximum beit]g founcl in the forin in which the number of

central chromosoines is less by one than in the forin presenting the

first max{mum or tlie form which resembles the stable fenn of fioating

111aglletS.

    b. When t'here are size differences amoiig the chromosomes

and the ipaximum frequency vakie is marl<edly low in the heterotype

clivision, shifting of the maximum towards the forms having a smaller

ntmiber oE central cliromosomes than the form resembling the stcxble

form of floatlng niagnets becomes marked.

    8) In only one case the shifting of the nuinber of frequencies towards

tl}e form having a lcirger number of ceratral chromosomes, or a number

whlch is equal to th.xt of the form showlng the max{mttm in the case

ofa chromosome number more by one than in this case, was found in

the case of the i4 chromosotnal elements oÅí Lyllwztm salibaniz. In

thls case one of t'he i`I elements is a tetrapartite chromosome which

may be broken into two ord{nary bivalent chromosomes, thus making'

the t'otal nmnber of chromosomes is.

    g) Xn a triploid plant (Narcilsszts? the arrangeuient of trivatent

chromosomes has been found to be the same as in the cases of
                                                         'bivalents. '
    The prcsent paper is an iiitrocluction with worl<ing hypotheses to

our further investigations into the cliromosotne arrangetnenÅí and its

mechanisni. The results of the microscopicai observations g-o to show

that the comparison of the chromosome arrangements with those oE

tl]e floatin.cr inagriets is worth proceeding with in as inany diflerent

cases as possible. They call our attention especially to those cases

where there are marked size dlfferences among- the chromosomes in

one g'roup, and where there are some naultipartite chromosoines. Com--
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parisoR of t'he cases of liomotype division having the separatingr wall

between two sister spitid!es 'wlth those havin.rr no wall seenis to be very

desirable. A.s to the mechaRism of the arrangement we feel keenly

froin the view of the worl<ing" hypotheses presented above thict inicro-•

scopical data which form the basis of cliscusslon of the problem are yetr

lacl<ing in a large nieasuye.

                         PeSTSCRIPT.

    Tke writer wishes to express his sincerest thanks to III)rof. FuJH

for his l<lnclness iti showing hini the nianuscripts, as yet unpublished,

of the results of investigations carried out by A'Ir. XVADA (ig24ny'2s,

ig26-'27), ]ls,fr. TAKA"nNE (ig26), and A,ir. ]sN,Io}uNAG.x (icj26--'27) on

the same subject as the present paper. The writer feels very sorry

that he cotild not refer to tlie results oÅí these investls,ations, which are

very i!}stractlve to lls, in appropriate plaÅëes ii3 the present paper oxvii3.g

to the fact that the paper xvas in tl}e pres.s when he was l<indly given

the opportunity of reading' those manuseripts.

    One more remarl< may be adcled here• AÅíter tl}is mtknuscrlpt had

beeii sent to the press, tl}e December Rtmaber (ig28) of the Botanical

Cxazette, .contairiing ZmKLE's paper,' "Nucleolus in Root Tip A,Iitdsis in

Zea A•1op,s", came to hand. In this paper, ZmKLE states: "The poles

of tlie splndie Åíorm and the electro-negative spireme retsreats to the

equatorial plane, the max{mum d{stance from the two poles. There

lt is pertneatecl by the electro-positive nucleolar inaterial until it is

inostly electro--positive ; wlLereupoii it fra..o'ments into c.hromosonies which

spl{t. The chronia' tin, now bearlng a clifferent charge, reverses its previous

motion ac nd migrates to the two poies ". This interpretatioia of the forn3a-

tion of tlte equatorial plate and the separation of the longituclinal halves

of chromosomes towards the poles colRcides largely with the vlew

we have presented above, except tliat ZmKLE regards tl}e rexrersal of

the si.crn of tlie electrica! charg'e cErried by the chromosomes as due to

the pertneation of tlie chromosomes by the electro-positive nucleolar

material,
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