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    A resemblance between the arrangement of floating ma.crnets in ac

magnetic fielcl and that of the chromosomes in the equatorial plate, has

been pointeil out by IR.. S. II.iLLiE (igos) ancl illustrated })y I-'I. Cx. CAtsTNoN

(ig23). But this resemblance seems to be found, as pointecl out by

.L. DoNcAsTEpN (ig2o), only xvheR ail the chromosomes are practical!y

of the same size and shape; anaf tiierefore, it is E matter oÅí interest to

make closer itkvestigations into cases, where one or niore of the chromo-

sonies are oÅí different sizes from the others.

    In the heteroÅíype niataphase in pcllen niotiier cells of SabaiXlcv7'zlv

A.oJinasliz; llAi<iNo, ancl .Ls,thr2nn. sali'carziz I.. var, z,ztl.o'a7'e, IDC., subvar.

bovn2tlna, I<. oEHNE, there is found one large chromosomal element an:ong

the others though it is not always in the latter plant. This fact led the

writer to investigations into the arr.iiigeRient of chromosoRies in tlie
                  'nuclear plate in pollen niother cells of these plants. '



284. NA"flo SmixvKE:--..
      A. OBSERVATION OF THE MEIOTIC DIVISION IN POLLEN
            MOTHER CELLS OF Sa.n'i?taritr xftgi)ias7ti; MAKlh'e'i).

    For fixing material, BouiN's soiution, the Bonn modification of

                                       'FLE"mnix,G's, ancl IFLE"niiNG's stronger sol"tions xvere eniployecl, at previous

treatnient xvitl} CARNoy's' fiuicl for a fe"r nnintkes havin.,o,' been appliecl.

O.f these fixa- tives, the last one ..o."ave the best results.

    Scctions were iiiacle g'enerally io-i.L 1i thlcl<, ancl stainecl with

I-IhlDENi{AitN"s haeniatoxvlin.

         Tlie xV2tmber anal tlie Sige of Chromosomes.

    'Ilrhe numl)er oÅí double chromosomes in the heterotype metapl}ase

of tl}is plant are eleveti, xvhile in some other specles oÅí S(x2g'zllari2x the

cliploicl chromosome number lias been reportecl by XV. Iix) . 'I]AyLoi< (ig2s)

to be about tNventy ancl by ]i. IN'AwA (ig28) just twcnty.

    In Sa.cri'lla2'i'di Agi'naskez:, some variations in the shape c>f the chro. mo-

somes, Ere recognizable already in the iate dial<inesis. XVhen they are

viewecl froni the pole iin the nie#aphase, xxre can usually clistinguish one

large ancl one smali chromosoine from the remaininsr nlne. (Fig'. i). The

fortner represents itself as 8'-, at long yocl orv.ftrious other shapes, whiie

in the side v•iexv, it oÅíten comes o.ut as a tang,'enticl ring eetracl with the

non-termintal spinclle fiber attachment as frequeiatly reportecl in insects.

(Flg'. 2). In tke Enaphase, its separic tin.cr.. halves preset}t a clouble X'-

sl}ape. (Fig. 3). XVe designate this lar.o'e al)romosome the " 2?f-chromo-

some" in the present paper. Ti}e sniall one xvhich is desi.,cr,nated here

as the "a-chromosome," presents aireacly in the nietaphase a lengitudinal

spiit t'or the homotype clivlsion which is usually somexvhat obscure in

the polar viexv. 'Irhe chromoson?e can be cliscriminatecl Åírom the other

chromosomes by its short rod-like or spherical form, thoggh sometimes

it is .hardly disting'Hishable fro.m some other small elements. The other

be g! i) veCnlOiiiei`andoe'tbk?[lll tplilltir.Of tlie ObSeM'`atiOiiS M`ide iii the meiotic divislons in this plaiit wm
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nine chromosoines usLially appear as horizontal rings or V-shapect tetrads

 as $hown in Fig. 1.

     In the early heterotype anaphase, when the tmix'alent components

of bivalents be.crin to niigrate towards tlie poles, lt is often noticeable

that iR one or two of these univaleRts, the haives due to the lon,o.'itudinal

spiit are entirely separatenJ from, but remain ' near each other, as i'eporÅíed

by NV. Il. 'IrAxrLoi< (ig24) in ( asXerziz. In Fis.. 4, this peculiar behaviour

of the jf-chromosome is shown. I-Iere the halves are so dlstinctly

separated from each other that they inay be cotmtetl as t"ro inctepcnclent

 chromosomes.
        '. I.Åí m"st be added here Åí!}at separEtion oÅí tlie univalent con}poneRts

of the bivalents towards the poles does not take place simultaneously

in all the gemini, and accor(lin.crly one or sonie remain still in the

equa.torial region, while the others have alreacly reached the poies.

 (1?igt. s). .[t is left undccide1 xx'hether or not only soine definite ..o'einini

show such a partlcuiar behaviour, bllt so far the present obsefir-atio. ns are

c.oncerne{1, it seems that any of the .o'eniini iMay behave in this inamier.

            A7'7'a•i2.o'e7nen.l ef Cli'i'o•iiioso7n.e,s i'•n• lkg

                    /'!ete•rol:y15e xl,fetaf5liase.

    In tlie polar view of the heterotype mataphi, se, the a.-chromosomos

is usualiy found. in the central p?rt of the chromosome arrEtn.creme•Rt,

while the lf•tchroinosome tal<es the peripheral position (Fig'. 1). N?(IThen

we consicler thL- relatixTe position of these txxro elements, "re cati expect

x'arious ktnds oÅí configuration, of xvhic.lt only tke folloxving six cases itre-

considerea in the present paper.

     Ca.se f. The cases xvliere both the a- ancl ]"chromosom6s ttxke

up their positic ns on the peripheral ring of the Chromosome arrangement

(Text-fig'. 1, a-d).

     Case IZ The case where the xlf-c:hromosome is founcl on the

peripheral rins., xvhile the a-chroniosonie takes "p its pos;,tion hi the

central part of the configuration (Text-fi.o.'. 1, e-z').

     dase lll. Ti}e case xvl}ere the /jf-cliromosome is piacecl inside tke
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Text-fig. I a-•7t. I'olar v{e"rs of Iieterotype metaphage of Sas'y'ltari'a ti.crlnasin; T)YIAKlhTo,

 showing varieus kinds of cl)ro;nQs,oina ai'ran.creinent, cevresponding to tlie variot:s

 cnseg giyen in Table II. xi8oo.
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peripheral ring, while the a.chromosonae is found on its circumferenee

(Text-fig. 1, 7' atid le).

    Case Zfl The case wliere both the a- ancl 11f-chromosomes tal<e

Rp positions insicle the rin.cr of the arrangenieiit (Text-fi.cr. 1, l-n).

    Case Pl The case where the a- or the A•f-chromosonaes takes up

an iRtermecliate position between the central and the peripheral.

    Case ZLJ. T!ie case xvhere the a-chromosome cati not be clistlng"uishetl

from tlie other chtomosonGes distinctlsr.

    The nuinerical results obtained are given in Tables I and II, being

clckssified into these six clifferent cases. In Tcxble I, cases where one

or more of the chromesomes are Åíouncl below or aboxre the nuclear plate

are groupeal together, an[1 in Table E, only cases w•here ali the chromo-

sotnes are arrangecl in the nuclear plate.

                           TABLE Ii).

Case

 I
 II

 III

IV

 v
 VI

'rotal

i'erceutag. e

Forna of am'alicrenient
          ts

5-4 4 4-3 3 3 --2 2 2-I l

l IL

I

11 2 ii ii li I

'i

I 4 u 32 I2

I.3 S•3 I4•S 42.I I5•$

I5O
I9.7 O

I

3l

xsotal

 I8

 4`}

  o

  2

  6

  ()

76

roo

   i)In this and all tbe fol]oxving tables, the forins of ai'rangeinent are represented by .n

single fi.crure or two figiu'es connectecl witli a dash, "rhich corresponcl to the ntTniber of cl)romo-

soines inside the rin.cr of arran,cr,• en}ent• 'Åíhe notation 4-3, for instance, indicates a case where

the number of chromosomes occupying innpr positlons, may be counted as bein?. either 4 or 3,

accordin.cr to diffei-ent vie",r) of intet'pret{ng the .arran.=ement configtu-ation, and the lettet's iJi

braclcetf ind{cate clraxving.s niarked witli tlie cQrresponcling lettert in the Tex't-fignt'er,,

           .de
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    "I]ABLE II..

CComp. Text-fig. 1 a-n)

I;ortn of al'IRIIgelllel?t'

Case 'rotal

5-4 tl 4-3 3 3-2' 2 2-I I

I o o o i4/La) 4(l,> 6//e>•ti o i(d> "r-b

II I l6(e> i8(.1'?) iOS(.O'> T6(li>, 8//f> o o I6.l

Jl! o o i(7> 'f I 3<li> o o 6

IV• o o i<l> (1'/Lm> o il(lt) o e II

'Xr o o 7 o 9 I o o l7'

v! y. 6 7• {s 3 ) I I 39

Total 2 po-"" r)•t I41 33 o--x l 2 262

llvecenLage o`7 8.4 l2.9 s•3•(g l2.S IO.3 o•4 o.7 c)g•7

    I.n both Ttables I ancl II, xve. ,see tha•t the co"fi.o.'urac tions xvith three

chyomosomes lnsicle the perlphe.ral ring of. the a, ryangement ckre the most

nuinerous and that this tend, encv becomes more evident when the chromo-

sosnes are ail arrangecl in the nuclear plate (Text-fi{); J), the frequency

be•in..o' here more tlian sof./o of all the config'urations observecl.

    According' to )ivhzuiNo (igi6) ancl CAtuTixToiN' (ig2J"), when we haNre

elexren equally magRetised fioatit).c.r magnets, exl)ose:l in a magnetic field,

the nuniber of mic g'nets xvliich occupy the inner positions oÅí the arrange-

nient is alwa3•rs three in the stable f.orin of arran.o'ement. This ancl our

c;ytological resuits shoxxr that in Sa,.o'2Zla7vlr•, tkere is a inarked resemblance

between the arric ngement of tlie chromosome•s ic nd that of the fioat!ng

inagnets, t'hough in it we must bear iR mincl that there is a ceitain

disturbanc,e in the arrangemeRt wl}icli niay bc c{ue to. the uneqtial sizes

of the chromosomes.
    In Tables I and l[I, we fincl another peculiarity iti the at rrangement

of the chroinosomes, iiamely, tlie stril<ingly high frequency of confis.u-

ratlons groupecl in Case II, xvhere the lar.o"e /lf-chromosome takes up a

positiofi on the peripl)eral ring- and the smail a.-chroniosome inside tl?e
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ring" ot' arran.crement. Il)o learn what is meaiit by tl}is peculiarity, xve

shalll examine the yeselts obtained for the four cases I, II, III, ancl IV

ptircly from the inathetnatical point of vie"'. XVe assume, in the first

place, that any t.hree chromosornes out of elex'en have an equal cl}ance

to occupy the central positions. Then, we shall have as many different

conabinations of these chroinosome$ as iiC3:-=i6s. If both the a•- and

xl17-chromosomes alxxrays take tl}e peripheral positions (Case I), tl}e nutnber

of such combinations will be oC3= 81, ancl if e;tther oÅí the a- (Case II)

or the xlVT-chromosome (Case III) finds its positlon always in the peri-

pheral res.ion of the arrangement, it wll1 be gC,,=36, aBd thirdly if

both the a- and Af-chromdsoines occupy the central positions (Case IV),

it svili amount to vCi==g. Noxv the cases liavii}.,o.' tlie larger nianiber of

combination.s should hax'e a h{gher frecluency N'alue, and thus, on the

basis of the number of cotnbinations expecÅíeil we can calc"late frequency

values for the fotir cases respectively, xvhich amoz}nt in all to tke tetal

observed nunibcr is6. In "fable II'I, both these numbers, expected ancl

obsers'ecl, are comparecl. .
                           "I]ABLE III.

Cases

I

I'[

!{I

}v

'l'otal

Cembinations

ili

11C3=I6s

Expected numl)er

79•4

3•l.o

34•o

 8.S

I5S•9

Obsetved number

2:

I27

 I

 6

l5b

    In this table ",e $ee that in cases whcre the a-chromosome tal<es

the peripherat position (Cases 'I a"d III), xve have only 23 examples

while we can expect H3." of these cases. In tiie case where the a.-

chromosonies cnters into the ce.nk-etl regioR of the arrang'emeet (Cases

II and IV) we obtain, on the other hand, a fai' greater number (Case II)

of observe[1 cases tlian, or nearly tfts larsre Es the expecte:l nzimber

(Case IV). Th{s shoxvs thckt the a-ciiromosome has a x'ery strong
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tendency to tal<e tlte central position. In respect to the ilf-chromosome,

we see ck reverse oÅí the matter. Comparing' the observeal number foy

Case III with the corresponcting' expected number, we learn tkat tkis

lcrerge chromosoRie very rarely takes a position inside the peiEpheral i'ing

of the arrangement, andi when we compare further Case ][ w!th Casg III,

we becon3e more impresse l by the fact that there is a remarkable contrast,

in the matter betxveen the a- and A•iT-chroinosomes. A similar tendeRcy

in regard to the position oÅí the a- and zll-chromosomes is recognlzable

to a greater or less extent in those cases, too, where the fomis of arrange-

ment of Åíhe ckron2osomes clo not resemble those oÅí the floating ma.crnets.

I[f we assunie that tliere are normally several clifferent forgns of arrang'e-

mcnt in one or.cranism, eicch being inclepenclent of tl}e others, and that

each of Forms 4, 3 ancl 2 represents one of these fornis, we may divide the

nt}mber of observea cicses in lliorm 4-3 into two groups proportionally

to the ntmiber of cases in Forins 4 ancl 3, and ckcld one of the groups

to the number ..o,'iven uncler I?orni 3 anct the other group to Form ii,

regac rding' tltein as representing' Form 3 cancl 4 respectively. The number

of cases in Iibrtn 3-2 is dividecl lnto two g,roups in the $anie manner,

ancl the coryesponcling groups are gt-oupe:1 tog'ether with the nLm}bers

g'iveB under Forms 3 afid 2 respectively. In l]able IV, the Rumbers of

observecl cases are groupe1 together in this manner, ancl the resulting

numbers are given tmcler corresponding IFornis.

                           TABLE IV.

Case

I

II

III

IV

'.rotal

Fot'ni 4

Conibi-
llatiOll

6il,i,'/lll
{C

iiC,=:330

lii,:g,eg,t:ldi9kls,:',uvs':.i

      :
    l
    I
9•O I O•S
    11•
6.o l :3.i

6.o o
    i2.6 o

23.6 23.6

i.?orm 3

            EgO.igi.eqag"ime.ci

      1
gC,s="- 84I'

      l
gC2wr 3611.

      I
,C,= 36 i
gCi== 9I
    pml
11C:l=I6sl,

      j

I04•2

44.6

44.6

II.2

2o4.6

Observed
ntnnber

26.2

I67.6

 26
 8.6

2oi?.7

Fonn 2

Combi-
nation

gC2==36

{Clm 9

gClan 9

    I

nC2ww-55

Expected
mimber

2S.7

 6.4

 6.4

o.7

39.2

ebsev-
 ved
nunaber

I3.8

x7•3

3.8

4•4

39-3
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    In this table too, we can notice that in ail Forms 4, 3and 2, Case

II occtirs far more Åírequently than we expect, whlle Cases I and III

are less frequent.

    IÅí we leave out of consideration insuMc)ieRc>r in the number of cases

observec!, we may coBcltide from Tables IIIaRd ZV that the sma!i a-

chromosome is found far n3ore, ancl the large !lf-chron3osome far less

frequently in the central position of the arrangement, than we can ex.pect.

            A•r7an.aemenl of Cliirotmosomes ln tlie

                    l-Tomoeotp,Pe AnaPliase.

    In the homotype divisiok3, the chroniosomes become more elons,atea

and show a special structure (Fi.cr. 6), the report on xvhich will be made

later in another paper. XVhen they are crerrangeaf in tlie nuclear piate,

the longitudinal halves appear very clearly, usually only attache:l to each

other at one polnt. Thus precise observation of the chroinosome arrange-

ment was clifllcult. But xvhen they move towarcls the poles, the observa-

'rext-Fi.g.•

(

-k- 9X   oX(

tGt,k

b

  8VtXtilO

Å~

a

.. .vs/
  "ig)

m p c d y;g.

e

pgt8s
(il

 oml  p.af  eS?i  .ZXke iXOeSaipiia(7f7"n'b

.

I   onso'e   clrof   ml   ol   sl   mot   eynoosr"lv'ia  lfoseeifca   o-  ne  lllgtlll   .?   a?i

a//

c

shosving V,l l'i OUS lcinds



2g2' Ntx"no SmNK.E:-
tio.n becomes eas:tcr. In the polar v•iexv, tlie 21f-chromosonie cck!i be

distins,ttishe:l froni the others by its X'-sliape, llsually being' f,ouncl on the

peripheral ringt of arrangement, while the a-chromosonio, noNv bein.cr

longer ancl nipi'e slencler, is hardly distinguishable froni the other sniall

chromosomes.

    Itk the anaphase, contrary to tl}e casc oÅí tlic heterotype diiL'isioia,

xve usualy fiBcl oniy one. o.r txvo chromosomes insteatl oÅí thrce in tl}e

coritral yegion ot' .arranErement as slie"rti in Table V (Comp. Te-xt-fig..2).

                            TABLE "K,r.

                        (Coinp. '1'ext-Gg. 2 ct--c>

 Nun]ber of
observcd l';gures.

  1'et'centarre.
       b

i?Ol'lll Of arl'EVIts,(tlll ellt

ii-3 3 3-2 2 2-I I

2C(Z)

3,2

4(b)

6.S

4<ct)

6.S

3SCc)

57•3

>lt<2

2+
3

Iil(e)

22.9

Tetal

6I

9g.6

    In Tal[)le "Str, xve find only four cases xvhere three cltromosomes occupy

thc central positlons, xxr•hge there are 3s and i4 cases hckving' two or

only onc chroinoso:nc xvithin respectivelsr. Co!nparins,' these data xxritk

those of the heterotype clivision, in wl}icli we fotmd cases conÅíormable

xvitli the arrari,g'enient oÅí tlie flo. ating,' nia.crnets in so a high frequency

as s3.80/o, we may concl.tide that in a homo.eotype divisioR tl}ere is a

ce.rtain disturbtxnce the attainment of such a state of chromosome ttrratige-

inent as in ehe heterotype division. Althous,h xve clo Rot l<t}oNv whether

such is a univcrstil phenomenon or not, wc find it very distlnctly iti

.S'a.cri'lla2ti'a where tlie cl}romosonies are li)y far gtreater iii leng"th in thc

hoinotype. (livision thttR in the heterotype cl{x'ision. I[n L.3,tlw'u7n. "'here

the chromosomcs are dumb-bell shicpecl botl} iti thc hetero.type ancl in

the homotype divlsion, xxre haxre iiot founcl sucl} a cliffei`ent:e in the inode

of chyomosome arran.o.'ement between these txvo clivisions, as xvM be seen

in Table VII a.
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      B. OBSERVATION OF THE MEIOTIC DIVIS!ONS IN POLLEN
            MOTHER CELLS OF L.g,tlincnp sallcari?i, var. "uul.e'are,

                      l)C., stibvar. grenetina, I<Ui(Niii).

    In t'l}e lieterotype me,taphase of tliis plant, xve 1iaN'e t"'o sorts of'

pollen motlier cells, oBe xvitli 5fteen cliroznosomes`"") ancl the other with

otilxr t'ouirtieen clirontcpsoinal elemei/its, one of which coi}sists ot' two

bivalent chromosomes joinecl end-•to-end.

    IiXItatcrials xver'e takc)/n inaiRly froni inlcl:•lie--style:1 l,lants ancl fixecl in

various fixipsr fiuicls, of xvhich Bou}N's apcl N'AwAsci-iruv's g'ave the best

results.

    Seutions xvere cut in thic.kBesses varyinsr from 7 to i3" attd stainecl

xv' ith l'IEiDENi{AiN's haematoxylin. '

       /7ormali'ovi a'n.d Belgavi'ouf of f/ie TelrcvPaili'te

          '                          C/b romoso•711 e.

                                            '
    1')efoi"e we e.nter on our nic•].in subject, it ina}•r be necesstkrJfr to give

a brief de,scription of the formation and behax'iour of the tetrapartite

chromosome.

    The eRcl-to-encl conjoining of chromosomes in the metaphase hets

been reporte1 by x'arious authors, in x'ariou.s plants.iS) tXniong' tiiese, the

xvori<s of L. I)ien3y ({c)i2) on 1'r17iiula .ZrtZiic,eiisi3 (seediinsr f'orm) ancl

                                                         ,I'I. I<iiiAR2x (ig27) on lre?tmex ancl 0eiiol/ie?fa, may especially be mention-

or1 here. In the. prÅëscnt observations, tke tetrapartite, (or quadrivalcint)

cliromosome complex is generally recognizable alreacly in tiie late prophase,

"'hen the. ses,inc:]tation of the. spireine has coinplete.ly finishecl. (i'radiual

conclcnsation of it foll{)"Ts, theti, to forni at last a lttrge rlng, consis#ing'

of. frotir parts, altliough, it] oftJen coi:iaes out in otl:Ler slit}.pes such as shoxiL•'n

in lll;i,(.r. 7. In case there is not liound the tetrapartite cl}roniosonie, xve

  i) Siinilay to f,1,tlti'u"i saltL•arla, 1-, Lhe floNveys of this vlunt a}'e triinui'plio-lietero,sLylccl.

  L') Cr. 11'isc:iii.ie.}i (igi8) lias vepot'tcd the haploid nuinber of clironiosonies of .L. saliL'arttt,

I.. to be about 24.

  3) .I<,. ,ltllYAKE {,i{/)OS>, 1!.. ])IGBY <ItL}I2), .•X. IS. S'1'Oul' (I913>,, ]-l. I<. HrAR,,L .ftlldi 1) ON• O

{iv23>, O. Ikt.ILuei}.N <ic.o.k;), O. LS'i'ev'i' (ic)27), IL I<Hi,s.i<t-L (ic)28), ancl others.
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cotint', in tiie clial<inesis, clistinctly tifteei} J[>ixr-alent's as in I?ig. 8. 'I-hey

can be arrttngec•l.on a line according to their shapes atncl slzes to forna

a ..o.'racled series, but inay be clft,ssifiecl practically into three g'roups. Of

tl]e fifteen chronioson?es, thrce or four are of a rki..o-' shape, other four

of tt (luinb-bel! sliape, the i'e]naininL.r oiig$ l)einf.)' X•'-, U,'-, or rod-shckped,

a$ shoNvn ln IFig. S ancl "I)ext-fig". 3.

   aes esSl g $ ec pe & Q gpt ee ai$, X ; tNe N
   '   bts O afP ab % GsgS; es ec, & di e}e ts ? ee
                                                     "                                             '   ,rQ as ec ee de'e ., ? K" e, ", ca
 IIJext-li,{,;. 3a-tr• T}irÅëc .sets of cliakinetic chrombsomes t'alccn ft'om threc tliil'ercnt pulSeii

       inotlier cells, arvans.ed in a line accoyding to $ize ancl shitpe.

    a. 'XVithout thc. tetrapartite clit'oR]osonie.

    I?. 'XXiith tl}e tet'nnpai't'ite cl?}'oinon"on?e of rints shape.

    rt. 'XX•'itli the te.trapartite chveniosoine oE I.-shrtpe. Å~ i8oe

    ]In coniparinsr 'Arext-fig'. 3 a Nvith l? ancl c, each of. xvkicl! repre-

s{)nts a ,set {'>f clial<inctic cliromosonie.s ttrra"gecl in tho ivtt>r mentionetl

al/)ox'e, the xvt'it{'/r is clriv•u}n to the xri</yNv- that; sonie. txx'o of the diunb-•bell

sht}.pe'.l bivalents in II'cx{i--fis,. s a., hax'c} sonietinies a certain affinity

betwc.eft e}ach otiior t(') conl/oin cnd--to--cncl, and thvs t'orm tt ]ars,'c tetra--

1)artite elenu.Mnt'. (). .l'IEiLBoi<N (rg2Tl) 1itts also observcLl ti. ,siinilttr

tencleney of two pciculiar biN'aient chromosomes to conjoin in Carex'.

    X]Y7hen t-h(/) ni.iclear meimbranc cli.sappeEtiis, coiitrELcti{/)ii oi' Eis,gtres,atioi] ol"

ttll the chroni(:>s(])nies toxvards the Åëent.rti.l ptLyt oii' the cell g'rttcltiEi.lly iit:>llo"'s.

(l.;ig's. cl) ti(i} n), .l;igs, i'o an{l ll, wbk)li xverc clraxvn from pollen mother

cells of d]e ,saine loculus, s.ho"r thi.s 1)rocess of contt'act'ion, 1}"ist. io

vre.seRts an earlier .stage ancl .l;isv. ii a late' r. It sc'/orns to 1)e niorc./

i'easonttl)lo to ]'e.g,ard this agsrr(/)gation of {.`/hronioson)es as a consequence

oi:' cc')rtain .su(.lclen phy•sical or phy$ico-cl}en?ic.al changes in thc l)rc)topla,sni

(ltte to, or acÅëonipanying' the clis' ti.ppearancc of the nucl.ear nieinbrane,

tlian to rc"gard i.t as beinÅí,',r inerely• cause[l by inperfcct fixation. .E-N.s

cviclence supp(rtititg this N'ie'tv, it Ric,ty be. mentioned tliat the. wfritor has

(.}b. s. ()Lr]L'c}.l slniilcr fitgi.ires. also in poll.en nnotl}er cc-lls in thc liiLrinsr state in

ull.ilk'zt•i7i. Itls,rri>ut•in.. "Si'. S!ct'o'r6 ([gL,7) lias sug'sreisted thttt; the contractlo:}
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inay have a certain bearing" upofi the arrangement of the chromosomes

in the metaphase.

    The chrornosomes then gradually migrate towards the equatorial

plate of the cell to forin the nuclear plate. In Fig. i2, the tetrapartite

chromosome in tlie tripolar spindle stage is sho"'n,
                                                                 '
    t'Y typical polar. N'iexv of the nuclear platc xvith the ring-shape:.1

tetrapartite element is reproclucecl in Fig'. i3. In this stag'e, as wiil be

seen later more in cletail, if tlie cells are properly flxeLl, this quadrivalent

ele;nent seem.s g)'enerally to be foun:1 on the outer chromosonie ring of

arrangement, though soinetime,s it niay occupy a position inside the ring

too (Text-fig. g, li).

    Tlie grade of union of the tsvo bivaler]ts ot' xvhich the tetrapartite

c()mplex con.sists, is diff'erent 'in cliffe.rent ctells in a certain measure,

S.)nietimes, tlie coalesceiice into one occurs so intensalv that the two

bivalents lock appa- rently as if tlie}r xvere only one lcarg'e chromosome,

-Nvhile, in other cases fifteen elements can be c.learly countecl without

difficulty ('I]cxt-fig, 6). Bosides these two cases, we often observe

such a figure as Fig. i.l, Nvhicli cELn be re,L.rtLrcle.'.1 as belonging" neither

to the fornier ccase nor tc.) the latter. 'l'1iese figurcis are derioted as

ititerineiliate tigurcs in tlie. present pape;-.

    In tlie .sicle iL'lexv, the inetaphasic tetr,'tptLrtite coniplory presents the

apperarance of a rinfr, the cons.tituent clements c.onjoining' to one other at

their en:ls, xvhile son]etime,s, it takes 'ivJ-, C- or N'arious other shapes

            tttt,,/• ;[,,, et•s.t,icpt, ,g/T-/1/slo g81i,li;

              a b c tl                 '
                                                ,           "(L',/,il?,tL)igi9• :st/1.bE/, '•',sg'bi}•[s';' <sX•bi,,E{g'•.•

                                            '
            t• f .cr ll
  1'ext-1;ig. :; a-lt. I.ateral vic"'s of thc tetrapattite cl]ro]no]orne in JaLe inetapli,ise in

        f..),tlirum. xl8oo.
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as shown in Text-fig. 4, the end-to-end union being broken at a joint,

UsuaUy the complex is attached by the spindle fiber at one point

in each side of the complex, upper or lower, as is usually the case with

the ordinary bivalent chromosomes or gemini (Fig. is), but in one case

,it was observed, as rnight have been expected, that the coniplex was

attached by the spindle fiber at two points (Text-fig. 4, li). This niode

of spindle fiber attachment was especially clea,rly obserx'ed in the upper

side of the complex in the figure.

    In the anaphase, the tetrapartite element divides into two component

complexes, each of which consists of t"To univalents. The two univa-

lents are then found usually separated froin ea.ch other (Fig. i6), but

sometimes. they remain still unitec], so that we fincl one large element

in one of the chromosonie groups of the anaphase, while, in the other,

the homolog"ous elements are cornpletely separatecl into txvo iiidependent

chromosomes. To put it in other words, we can fin[l, in this case,

fifteen chromosomes in one of the anaphasic chromosome g`roups, and
                                             .
foLirteen in the other (comp. Text-fig. s with Fig. i6.). UnfortLmately,

                     dd                     94go.tO"'O.O.0 ,..r.Oo,o

                                       DooOeD

                                              /s

 Tcxt-B'ig. s, T"to aunphasic chroinosonie groups in het'erotype division in L.1,lltrzsllt, c]rasvn

        from one and the same pollen mother cell. Å~i8oo.

the writer was not able to determine whether this non-separat-

ing element may be founrLl also in the honiotype metaphase or not, but

so far as the present observations are concerneil, both sister homotypic

nuclear plates xvere ahvays founcl consisting of fifteeii aiistinctly indix'i-

dualised chromosomes (Fig. i7)•

     Although it has not been adequately investigated as yct, we have

some facts which suggest further recluction in the number of chromosomes
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in the 1ieterotype metaphEse by Åëonjoininfg of o.ther chro.mosomes. (cf.

DIGBY, I9I2)• •
    It mav be adcle:1 here also that the results of the present observa-

tions have sh{ xvn that generEl'ly the polle.n naother cells, pollen ..o'rains

an[l tlieir nuclei, are larE)'er in the long stanien than in thc $hort staincn

of the same flovNver, aiicl tha•t those. of tlie lonsr stuvle:l pla,nt a•:'e, sinallor

than those of the niicld'le an:l sliort st.ylerl llants., ancl also tha,t iio data

xvere obtainecl in the prosent investigation, positively support'ins)' N. ]t".

S'yi?.vi;.Ns' (igi2) statenient as to the clefinite correlation betxveen tlie .g.iz(i

of chromosomes and the heterostylism in 1;la,,.o'oLirtl.i,r7t7ii.

            A'r7'a•n,.o'emenl p.f C'lv'omoso7ncs i'-n !lie

                    A,fela- and AnaPliasc.
                                          ,
    x"Ls alrea{ly mentione:l above, in this plant, there are txvo I<incls of

psllen mot'her cells, namcily, the. one xxrith fit'tccn chr,omosonial elenients

in thc heterotype niotaphase, an(l the otlier "rith only fourteen of these,

txvo of t'he fifteon toniporariiy conjoifiinsr into one. Nattirally, thore are

many intermecliate llorms which belong ncither. to the formcr -k'incl nor

to the latter. Tablc VI shoxvs tlie frequency of oc.currence of these

threo classes o'E pollen mother Åëells, observecl in tl}e heterotype metaphxc se.

                           TABLE VI

agats

E
'.N'tnnber of chroinosomal elenients.

Style

      [l        Ear]y lA•Iiddle        Lx[etaph. I
      i'
Middle l )TSIetaph.
/f.on/.T l i?v[etmph+ l

      ll

     I5
(No tetrapartlte
  eiell'te.llt.)

l intenncdiate
i <The tetrapartite
  elenient is not
i of the typical shape)

1•ii

I
 l

    I4
<One elemeiit

''tls tetl'aplu'tltci)

I

'rotal 86
l

22

.:k2+]l::1:I2

:It s .f. ,ti,i:3o

   :l-:,i! l O

:l`Io+:S:'}:52

'irotal

3g

I02

3g

I70

::: Numbet' of pollen mother cells

  ]'illSr ef 1}l'1':ltlgel]lellt.

  ']."he same with the tctrapartite

 with the

chromosonie

tetrapartite chroniosoine

 on the {rlrctnnference of

lnsicle the

the rinfr.
     ."

chromosc;me
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    '!?roni llral/)le `KLrl, xve see tilLat of all the l,ollen niothey cells ob-

serve[l, di.fference in stat.,,'e at xvliich the ob.gervations xvere niade beinf.r

ne.o'lecteti, about one lialf are tliose "rith fiftecn elenie.nts. ancl theot'her

half xvith fourteen. II'he <'hroniosonies are arr&n/g-e[1 genel'al.ly in the

irorni nf ,a rctg)vlar {>r iri`e.(.)'u],ar rin.,c.)' h.ftxrin.gr s(')ni•ct ntinil')er o'}] el?rt }n:('}s(i}nies

inskle it.

                            '

                 z') A7'i'an.cr. e•mf7il qf i,f .ZCIemEnls.

    rJrhe results obtainect "re:'e exaniinecl, bein.o' distinf.)'uishecl int'o txvo

c`ti.ses aecorcliirtg' to whether the chrst)m{')sf'>mes ti.r(ts arrctns)'eil. t}11 in th(i

c'cli.itata,rial 1)1[tt{', reg-lti.rl.v ,or nt')t. 'l'hey ar" summttrise(1 in llltablc} VIII'
,

dx :i.nd b, in whi{xh thct fifrur(is shb"' the numl)er of p('}llen motlicir eells

observe(l. '                                                      tt
    Il roin these. t:xvo tablcs, xve {].an see that tliere is iH bot'h cases a

stron.o.' tenclenc>.r f'or five or 1 oiu- chromc,s.omes to b. e insirle. the chromosome

rinf.'r ofl tLrranf.renient, .ancl t'h{ftt t'IAs t]eiicl("ney 1)e{"niiies naore l/ ronc}unce(1

                          tl-ABm?. X'IT, Ot,

      Cascs where. the, is eiemcnt$ tu'e all arran.Iecl stt'ict]y in tha cfftiaterlttl p]ate.

' (Comp..llrext-fig.6a-lt)

Stylc

:.NTiddle

.M.idclle

]Loncr
  t"

 5Ult.rcl

1l'etet'otp.

LXIetaph.

}-Ioinotp.
] I/etaph.

]'•l'etevotp.

.TNIIetapli.

'.Åí-otal

I'el'centa..cr.e

l;ornl of an'aii`renK:nt'
          "

..9....8ww-.I'.'"..1... //.J.Sl. 6.. ..9Ii ....5.... ,/1th... il. ....ii-.i...... i.

         ttttttt

l' 7/2tf,) 8(e) i•; 7(,<r) 2

gs' ,l. Ii f 2

6 3 ,gcf) [ o

E

i

o t) 2{la> O I<b) o

OOO OO 2(c)
O C} C) O2 I

O 0 2 o3 3 83 l5 33 9 4

o O I.9 o 2.,g 2.8 3r,.5 I4.o 3o.S S.4- 3+7

'.l'ol:d

 5t

 3S

 2•l

]o7

99•9
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                          TABLE X

Casei where sonie of the is clements ate founcl

                      .

  •S'a,.cri'Xla7'iix an(l f.j'Xlir?n7i

,r .[I, b.

soinexvhat abosre or belo"r the eqtiatorial

299

plata.

Style

IX[idd]e

Micldlc

IXIidclle

 I.eng.

Stasre

l

Is 8-7

l?oni of IU'llallOelllellt
   .h

7 7• -6 6 6-5 s '-5 r 33-4

1}rotal

Heterotp.
Ea rly

Metaph.

]'Iomotp.
I:ayly
Metal)h.

.l Icterotp.

jNnnpli.

I{etei'otp.

j' ILiiaph.

lrotal

I

o

o

o

1}`

o

o

o

2

o

I ' 4

O.I

o l5

o]1

IJ
o?
y 2-X

otl

t

o

5

2

I

1
t2

2

x

-)(

o-

o

iii

t o 2 I 2]1

                I
                i     l'c:rcentage l o.7 o i.5 o•7 iS•6 7•4

"Thcn all the (throtnosonies are arrangecl. strictlxr

is re-adily scen by coniparin.c)' [l'able N'II, a

    iSXccor(linLg' t'o C,xNNoN ancl IN(liizuNo, xvhen

nitN..crnets, exl)oseil in a naafg'netic field, the

o('cupy the inner p')sitinn {s fix'e in t'he stable forni

'Il)ext-fig. 7.). Tlius xve mci.),' say that the

is at least so l'cLi' comp(xrable, NvitJh th{'t tLrranf/)'enient

t'hat cases xvhoro it i'eseniblos t'1ie lat'ter (I';oi'in

iti fr<'queRcy of occurrence. IBut iR this case,

frequency in IForni il whieh cloes not rescmblc tlie. stal)le Åíorin

ment of I.s fioatinp.' naag'nets, but resen3blcs.

presents a markel contrast to the results obtakie:1

tlie frequene.y ot' oeÅëlirrence of the cl),roniosomo

tlle Stable fOl"lll of fiO,ltial.c)' 111a.(.TllC-t al'1-allLg'enaent

tliat of the otliei' fornis "'lii('li clo not resenible.

                      Ilo 3g z8 36 3 41i J3S
                      l
    28•g T3•3 26.? 2.2 3.ol• ioo

                      l

    . in tliLe nuclettr plate, as

  ancl b.

     xve have fifteen iloatin..e-

   l}ufla}.1)er of naa.o.'mets xvhi(ih

       (')f al-l-(1.11;')'CXM(il]t ({hOlllP.

    ('lll-o;11osom{i (tl'rttlls'}'(-lll"llt

          Of fi()CLtil)f)' ll'lttS.}'tletlS,

     s) al'e tllcl 1]lost lltllllol'ous

   xve httve ,rtnotheir nia:xiniiHii

            , OÅí ,ll`r.111.(..)'e-

   tliat of i4 iii,i.o"nets. Ilrhis

        hi iS'a.eri'llari?i in "Thic,h

      al-lrEtllgeilleslt l"ese.lllblklp.-

      is distinctl.v hi..o'her than

      it'
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       gcg/o.o,..!go% ki/agCtJ>tL'goo;/)

           •2 .
       o.Oo.OtO..OoOD 'o..tC.b.o..o.. 8ott30"//O

        (l (• /                                               v
                                             '

             kD"g/(/Stoc.Å~?

                                 s.-....... /                                    Es- .r'

                  ,e' 7!
 Text-Fi,cr. 6 rtrli. I'o]ar vie"r.s of heterotype and hon}.otype niet'apl}tase in Z.;?tltntin• with fifteen
      Åëhvomor,onies' xvliicli ftre an'an,v.ecl stvict]y• in the nucleat' plate. (ionip. Il'al)le XrlI', a.

 ' xi8oo
   XXTe havo, then, a question xxrhy in Z.1.J,flii'2t7n lr,orni Ll, or t'lie forni

havill..o' foul' cht'oillosollles illside tlle 1'ill.o.', occurs ill so hi.o.'11 tl freclLleElcy

as statea above, xvhile other Åíorins which, lil<e the forni in qiiestion do

not resenable the stable arrangenieBt of the fioating magnets, tkt'e of fLar
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less frequent occurrence. This question is uRexplainable at present, but

as wM be seen latex (cotnp. Table'VIII), we have a xrery lnteresting'

and suggestive fact in the case of the i4 c.ltromosomal elements, of

xvhlch one is tetrapartlte. I[n tliis case we have founcl agailt a large

nkiml')er of crases in a forni xvh;.ch does not corre.spoficl to the stal)Ie,

tllTcknp.'orllellt of tlle fioatillLg' magtlets. I.11 the case of Is chl'omosollles

such a forni was a forRi "Jliere the number of ('hronio.soii3es occupyititg'

the lnner position xvas less by one than tl}e number xx7e fiRd in the stftc ble

arrangetnent of tke floating inagtnets, that is, the number ",hlch corres-

poncl$ to that xvhich xve 1},ave in the stable forni of art`angement o.f iLl.

fioating' n3agnets. IR the case of i4 chromosbines xvlierrc one chromosoma

is tetrapartite xvhlle the others are bivale.nts the niattet` Eppears to be

quite the reverse. I[n this ccase the number of the itiside clironiosoiiies

in the form whicl} does not corresponcl to the stable. form of arrangement

of floatln.cr magnets, but is 'of x;cry frequent occurrence., is not less thEn

tl}e number founcl in the s#ablc forn? of the floatiRg' nia.o.'nets,i) b'ut more

                                                             'than it b}r one, t}iat ls, the number "'hich we find in the stable fortn

of arran.o'enient (kC is fioating ma..crnets, or the numl)er whkrh we hav•c

founcl mo.st freqtieiitl>r in tlie case of clironiosonies where the. tetrapart:ite

chromosome complex has separated into txvo indepenclent <'lu'oniosomes,

tkus making the totat ntunber of cliromosomes is•

    To imitat te lii'orni 4 xxrith flfteeii floatin.cr' magi'iets, the followin.,o.'

experiment was ttndertaken at the su.crgestion of Prof. I<uxvADtx• is

floLiting nia.crnets were preparec!, of xv,hich one consistecl of a lac rg"e corl<

float xvith several niagnetisecl g-ramophone t]eeclles stticl< iB it, ancl the otlier

i4. of only one tna.crnetisedi ileedle. They are placecl afloi,ton the xvater

betxveen the electroinagnetic poles. In case thc larsre one of:.cupie.s a

peripherai position in the ayrang.ement, fix'e, or not iRfrequet}tly six, small

inag'nets enter the perlpheral ring of arrangementi as is showti in Text-fitt'.

8, a and 8, b, but if the large one happeiis to enter the peripheral

ring the at'rarig•enient becomes as shown ilt Fi..cr. 8, c, three small aLnd

    1) In the case of l4 fioatin.cr inagnets, t}ie ntinil)ei' oÅí floatinf.i inagnets fennd inside tlie

riits. of the stab}e fortn is4<comp. MIzvNo lgl6)}. '
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7 8 a'

8b 8c

t

Text-Fig.

Text-Fig•

 7. Photograph of the stable form of arran3ement of Is floatin.t magnets exposed

between the electroma.qnetic poles. Each floating magnet consists of a piece of cork

wlth an equaily magnetised graniophone needle stuck in it.

 8a-c. Photo.7raphs oE practically stable form] of arrangement of Is floatin.g magnets,

one of which bnsists of a laige cork float with more mag.netised neodIes in it than

in the small ones. a. NVith six srn:tll floating magnets lnside the peripheral ring.

of the arrangement. b. XVith five small onei. c. XXrith one latge'ttnd three sma]1

ones.

one lar.cre oecupying the central region of the practically stable form of
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tiie arr,ftng'ena{iiiit ("/ll"e.xt-fif.r. ,S-;. dr). 'l'his l)cihax'iour of the floEi.tingr niEt.{,,}'netrs

iiia.v ..o'ive soRie i(lea al)otit the ori..e'in of the cleviatien in the chroinosoin(za

ELI'l`,all.('}'e:lletlt.

               i7) /h7'an.cren7r•nl af f4-7s 7.Z7efnenls,
      '                   '
    f')x.s the "'rite" xvas not able tt') cliscriinina, te xvliethe: these, fifgtires

[Ll"e tllosci 1-()pl'esc){ltlllg' tllc} tlattll`EtZ stElt(i of (/`Ilrollloso]lle ai:i`EIIIg.'C:lletltS OI'

tho. sc pro[1'ucecl by inci)niplete fixation, the:se into.r{ne[liate (Nases liax'e not

l)ee" consiclerez'1 l)ere.

                'il?') .•'Irra.!i.e'cfn('"l ef J4 /L"l(v/ie7ils.

    I'ii tl}is cas(i, one elem(}nt' is th(i tetrapart'ite complex.:. The numl)ers

of ('ascLs of diflf.er(int f{'>i'Ris ot' chroniosoine ar,raii.o..'eiiie.Rt obseirvccl are•

.(riven iEi CE-able 'X,i.I.'II. In Case x'X. of the table, those cft. ses "'here. at.ll

the ci}roniosonies are arran.o'e:I st,rictly iR the oqiiatorial plate are .<,rrotipe('1

tog'ether, an{1 in C)ase l''}, tliose xvhe:"e sonie c;kvoni"sonies are fnuncl

                           TAp,LI]• Xr•II.I.

                          { Con)p. 11 ext- fi g. c))

C;is:ct Style         Staf.ve

        l   ,l   'I '        I   .Vlddle'iilelerutp.
   ] IM{•taph.
   il   I.onr illc:Ler{}tp.

      o .NIetaph.
 .Y

       Total

     X'es'cent;icrci
          o

   'i '' B .xriddielliilx3/1/'?t'l':ii'iii

   l .l .. .. ....t.....t ..-....

  ::t Jr,igures wlth tm
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'.l'ext-I?ig. g a-K,. il)olar vie"rs of hetei'otype inetaphase iti lt3,itlti'2iin xvith fotu'tecni clii'onio-

  semal elcments", ono of "'hk;h is the t"tntp:wtit'e cliio;n()seiue (scjHd hlac](),b Cump. Il'ab]e

  'vr.lr. xlsoo



      Cltnoy7iosollic .t17'rausr6viienl /tl SasriZlaniz antl L.i'llirzeiii• 3o,s

slightly abo've or below the equatorial plate (conip, Text-fis,. g.) In

Case A, xve see tliat cases xvhich belong to Iform 4 are thc most

nunierous. ZL"his forin has an arrangei•nent that resenibies the stablc

al'l-,111s,'emellt form of floatillg' lllasg'llets.

    iBesicles I orin 4, I"oi-ni s has a relatix'ely high i'requency of occur-

rencc as coinpt•wc:1 "'itl} other foi'iiis xvhich lil<exxrise clo Rot resenible the

steLble fol'tll of tLrl`tlllg'c)lllel)t of fioELtillg' ll]Els,'llc)ts, tLEId tlle fl'ecluellcy cul've

obtainable fy6in these results is nearl>r the ,sanie as that froin the cic$e

oÅí i.s chroniosomes, althous,h the nuinber of cases exainiRecl is here far

sinaller than in the lat#er case,

    No'w xxre $hali consider tlie behaviour of the tetrapicrtite complex

it) the arrangeine,nt. 'IIt generally o. cÅëupic'/s t}. I)osition oR the circtunference

of tlie chroinosome rinsr of arransrcinent, but is soine.times found ins:,de

the ring iii a freqiLiency such it s i.s sl}oNvn in 'l'ali>lc} VI[Illl.. ..sis.ltlLoi.is,h tlie

latter case niay be. partl>r dtie to the action of the fixing- Huids, xve

•becoine furnishe"l xvith a nio, rc accuratc l<ncxvle,dge about the ori.crin of

these fig-ure.s, when we consider them from thc niatheinatical point ot- x'iexv.

I[f xve etssume that anv three, four, or fixre elenients of a total of four-

teen can Lg'o insicle the riiigr ot' arrangeinent quite at rancloin, xve sliall

hai'e as int-u:ty clifferetit config'tirations as "C:;=36:;, itC4=iooi or ii(1;.r,--

2oo-, respectively. .[n tl}use tliree cases, tlie numbers ot' ct}ses xvhure tt

clefinite elaine:it can occupy the inner position' atÅé i3CL) = 7S, i.}C3 =286,

ancl i3C.s =:7 is respectivctly. '1'herefore this definite eleinent has as inan.x"

cl}t}.nces to oecupy the inner position tLs 7'tS/36g(2i9•o'), 286/iooi(2g9b)

or 7i,s/2oo2(369b) rc}spect;ively. IM}e results gix•'en in "Lll'able V[[Hl ttre

t`)o nieas,re to c()inpz•ti"e xvith tht)se. c,ttlÅëulate.'1 results, but on the srround

of the latte'r results thcvy seein t(.) ttlloxx' us to infer that the tetrapartite

eleincnt tttl<es the central position nierely by chancc just as niig'ht bc

e.xpecte:l fo'r the othe.r thirteen small ale.ine-nts,



3o6 N•A.MIo SlmNKE:-
                 CONCLUSION AND SUMMARY.

     1ft'oin the clat.x presentecl above xve learn tlie foHoxving' :-

     i) Iiii the heterot'ype nietaplias.e ef •S"a'.)?iZ.ari?x, iii ,gpite of t]ie

x-ttriou.s size-.s aiicl shttpci/s c.)f the chroinosoi}']<,)s, the. c.ases xx'h(/},rc tlia

Åë1}ronioson]e. c-Lrran.,c.renio.nt res.enal)les tl}o stablc}.s i"orni of 2trrangc;•ne.nt of

Boatin.(,,r niaig'nets aro the nic.)s.t iiunieirous, 1)einsr ,s3.g f.lt5 in tlrequenc'.y c)tr

occtirrence. CII'hc) sniall a.-cliLrona()son]e. takes the centrti.1 p,ositi.on in(r,re

frecluentl.y anf.l tihe lars,c A:ILchroines.onae less fyeq"e.ntl"x.•r than "'e niitg'ht

expect from the N'icxxr• point ot'. probability. Il'le.txve,en the he..terotype

iii(L't]itphta.se E].i"icl thc) honaotype, .anaphase, the're is a cc'irtain {.lifferenee in

tllc, t'ol`m of tlle ELrrELIIs.?'e•lll()llt. '

     2) In L.i'llv'2tm, in both cases xxrliere th<i nun3ber o'f ("irc)most)mal

elenients is is c'tn[l. i4, the il.()rni oÅí chroino.soni<.} arrans,.)'{.inx}nt rc)seniblintg.'

th<) alTtl.lls)'eilltcllt o{i the f{otl.tillf,.)' illELE,,s'il{ttJs occwtls lllost il'rc(lluelltly, bllt:

theiÅé is, contrary to the case nf iS?x.o7Zkxntv, amon;r th(i otlier fornis of

ayransyeinent iLvliicl} clo noti resenil }lci that of tlie, i'loat:in[g' inas,nets, ti.nother

maxin:ii.un iii frec!uc}ncy iLvhich marl<$ itsel{i clistinctly frc')m the. Irrcquen<'ies

{.)1'- the oth('/,r 'f.'orms of ,'xrrttng'etnent'. "Il'his sec(/>ncl maxima.ini is 'f.c)uncl ii't

                                                                      t.tke cas(/'i oir i,s elemc'/nts in t'hEi.t] arr,'vns.}'ernent xvl]ich affords. t'h(/}- lirs.ti

mtt)simi.mit in the. c:ttsc ()f' iHl. elenac)nts, ancl iirt tke. Iatt'e.r ciase it ls iioimc.l

in the arrt).nsrement tl}ti.t f,,),'ix'cis. the l{lrst maxinitinrL in th<.) c;a,se of is

elenients.

     XXr•hen tihcre exisiis Et tet]ral)ti.rt]ite chroinosoinc .'unong thc others,

xx'c find usually th.is ltu`fre. elc,mc/}nt in Et peyiphertLl positien, and tl}eirc

s.ccnits t() ]/)e no speciei.1 t]encleiicy f.or the c'luaclrixr'etlent ele.nient to occupvxr

th(:) centt`al pos{tion, ELt l.etL$t so i'tur ,'Ls tl]e p2'ctsent observ.ati<)n.s are con--

cernetl.

     In conclusion, t'he xvriter xvishes t'o express his cordial thanl<s to

1"r(i)f.. liSl . Il<.".uxxriu)fN iinder xvhos.e direÅëtions tlic,/ pres.ont kitx'estiJg'at'ions. xve.re

carriecl out. '
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spiral structn}'e.
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      ]."igf. tS. '1'he s:une wilh t}ftc{in c]avoniosomes.



e)o8 NxxMio SmNi<E:-C/iromosoiiie x/irran.crfmenl' P'/Z

      ]Sig. g. S}ightly ]ttter stage than !ilgs. 8. I;"otu'teen chronaosomal elqments with the tetra-

p:u'tit(} clu'onio]oinc.

      ]Si,s'. io. Distkppeavanca of the nuclear inenbranc. Cht'oinoson}es a!'c clistributcd rathei'

loosely.

      Fis;. i[. I.ater stat.r,a than I;ig. io. Chvoniosoine distribution area f.s contracted,

      l;ig. I2. Trlpolar stage xvltl) tlie teti'ap:u'tite coinp}ex,

      1;ig. ]3. I'Ieterotype nietapliase in po}ar vlesv "rith fouvteL'n chvoinoseniai e}ennents. Tlic

tctrapartite comple,y pvesenl's it's typica'l shape of rin/.,r,.

 ' 1;ig. itt. 'irlie sanie sta.cre ivith tlie tetrapartlte chroinosonie of intei'niediate fonn.

      ]r'ig. is. I'Ieterotype inetaphase in side viesv.

      1"i,,r,. I6. 11''Ieterotype anapliase in polar vie"r. a. and b pi'esent the slster chvon)osonie gt'eups

both with ftfteen cht'onioso}nes, 'i"he }oii.vitridiiial spHt' is visib?e in ttM the chi'oinosonies,

      ]Yisr. i7•. IIoinotype inetaphase iti poltir view.' I?ifteen clironio,soines in both grotips.
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