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                     INTRODUCTION

    'In a pvevious se.ries of papers (Cl}romosome Arra, ngement I-'I.X,

i c)2g), it xvas reported that while in the cascs where ali the chromosomes

at'e relatlvelv sinall and tinitorin in size, there is ca certaln clear

re,semblance bet"reen tl}e arrang'e.mcmt of chromosomes and that. ot'

A•IAyi,;i<'s floatitig" magnets, in the case$ xvhere there are somo differences

  i) Chromosome Acran.crement X.
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in size ancl behaviour among chromosomes, tlie tenclency toxvavds hic ving'

a sinaller nuinbei' of inner cliromosonies in the arrangeinent than that

which w• e expect increic ses, exce})t in the ccase of, av.ariety of L.3,X•ln'um

salicue'de stucliecl by Sr{iNi<E (Chroin. Arrang. I'V"). Ifn tliis exceptional

case the nuniber xvas greater'by one instead ot' less than ex• pected.

In any attenipt to con3pare the a, rrans,'ement of chroniosomes with that

of ]XifAyER's floating magnets, it sc.ems -high!y important to investlgate

those cckses'of chroniosome sets witk elements of different sizes ancl

their behaviour in divi$ion, XVkh this object in view, .2V7arci:rsus ancl

Lflz>tm which have chromosomgs of cliflferent sizes were tal<elt as

materiftc ls.

    I.[t is my pleasant cluty here to recorcl my inclebtecliiess to Prof.

'Slr, I<uwADtx for his 1<lncl su.gge.}stions ancl criticisms.

  SHORT DESCRIPTIONS OF THE CHROMOSOMES IN
                    '                     Alarciks2ts AND Lg'li•letin

    A. U the cbserxrations xxrere macle in the heterotype clivisioR of pollen

inother c,c)11s "ritlt fiscecl niateriais.

                  .I. ?Slarciss2is l'a.g-•elttpt, I..i)

    i) .d T,a•riZtJi, ea•llfr(l ".tPrra,nklzn." rl]his varie-ty shows io .o.'emini

or chromosomes, 'in the wicle sense of the term, in the hetorotype

nietaphase. 6 ckroinosonies of the io are distinctly lar,.o. 'er t.han the.

reniaining il. (4f: Iis.. 2, N'AGAo, ig30).

    2) /lt z,(r-rikt.y belo72.sri>i,.o' Xo " a•lbac " X.i,Pe. 'J)he soniatic nuniber of

chroniosomes of this variety is :,2 (NiAGAo, ig2g). In the heterotype

meticphase there can be f,ound txvo l<iRds of pollen inother cells, one

xvith io c]ironiosomes ancl the other with ii. The latter nun3ber of

chromosomes is clerive.cl t'rom ,the former by the cross se.cr.me.ntation of

a chromosome xvhich consists oÅí two bix;aleRts and forms it tetrapartite

                                                           '
  i) .tN preliininary reporic on the aneiotic division in this plant is to be ptiblishe{l in the

Japauese jounial of Genetics vol. V, ig2g-'30. . •



          Chromosome Arrangement in A;'a7'cisst{s and Lilium i6s

coinplex. In the case where thero are io chromosomes, s of them

(including' the tetrapartite chromosome) are large ancl the other s are

sniall, while in the other, xvliere the number of chroniosomes is ii,

the large ones are tl ln Rumber and tlie small 7 (cL/: Fi...o's. i3-is,

NAGAO, 1930)•

     '
                II. Lili2t77i. .7'aPon.z'cu-m., THuixrB,

       '                                                               tt
     i2 chromosomes are cotmtecl in the heterotype metaphase of pollen
 '
mother cells as in the other species oÅí LiZi?tm studied by many earlier

investig'ators (4f: TiscHLER, ig2-?), rlrhere. are two large chromosomes

and two small ones, the remainiRg ei.crht being of intermediate sizes
of different degrees' (4f Fig. 4). Tliese dlfferences in size ar.e $light

and continuous so that it ls Åírequet'}tly inipossible to determine to which

category of size a chromosome belon..o.'s.. In io chromosomes of the
            tti2 the spinclie fiber. attachmeRt is terminal, and in the remaining two,

which inay cla$sified in either category of size, the small or the

illterllleCliate it i$ 111ecli,lll. ' - '           ,
        '

               CHROMOSOME ARRANGEMENT

                   I. ..7Nfa-rciss7ts tagetla•, I..

                     i. "2Z;rr(inkli>i " (7z=io)

    Tl]e statistical results obtainecl from 2i7 pollen niother ceils of

t]iis varietv are a` s follows :-

    Cnse 1. i chroniosoinc occtipies itn inner position, ,an(l the otlier g peripheral

(i?ig. Ict-b>."-.."...."."."".."."...".."."".."."."."."".".."."."."."."-.,H,H22 (rO,i%>

    Case .{L 2 chron)oso]nes occtzpy inner positions, ancl the ren]ainin.cr 8 peripheral

(]r'ig. ic-e) .".........."...."...."............,............"...."................".........."'i43 (65.9%)

    Case'IIT. 3 chroniosomes occtipy inner pQsitions, ancl tl)e reinaining 'f' peripheral '

(lr,ig.. If-lt).......".""....."."."."....".-".".".".-."."".."".."h....."."....,.,..46 (2•:.2%)

    Case IXr. The form of arrai]genient is niore o!- less irre.crtilar, ,ind falls uncler

none of the above three Cases .H.".H....................,........................,..."."...... 6 (2.8%)

    XVhen the number of fioatinp.' magnets is io, tw. o ma.crnets occupy

tlae inner positions in the stable form aRd the other 8 the peripheral,
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forming an octogon (INaiiDzuNo, igi6; CANNoN, ig-73). The statistical

data just .o'iven ab3ve shosv that in "Franklin" the mijority of the

chroniosome arrangements resemble the stable fc rm of the floatin.cr.

ina..crnets. The frequency of occurrence of the reseinbling case (Case

II) amounts to 6s.g9o',a result which is similar to those obtained in

the other plants stucliecl havin.o.' chromosomes of the siLme size and

shape. XVhen we consider the size o, f the chromosomes wl)ich occup.v

         ebP"e"i.ee"eksevAp

             abc       SeeaiSs.b.-ltUb

             det                  e nhe

            oe v oe
                   .o• ' h
 Fig. ia-lt. Heterotype nttclear plates in the yariety "Frankliil" cf ?Nrai'rissits ta:-ettrt, L.

       Explanation in the text. xi7io.

inner positions in the arran..o'einent, all the cases give.n above can be

divided into some number of different'types of chromosome combinatiori

in regard to size. Possible types that we can expect for Cases I, II

ancl III and their frequency of occurrence are as follows:-

    case i {:l;[ g: ." i :.,f,ii8,hlLO,M.g,Sg.M8 `,iil'6,l lgl 11:IIIIIIIIIIIIIII: }22 (io•r%'
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                                                   '                                             '    ,,,, ,,, Il ;,p: a,I ?:lli.ilil ;l,i, Zh:,11G'2S2L :':.gxe,1,i(},k'J"iisi:Ig'81,,, ,6,.,.,

          IType (; Both ]arge cliromosomes (Figr. Ie) ...............3J

           Type a. All 3 small chron)osomes <Iig. if)............32•

           Type b. : small and I large chtoniosonie (IFig. is"Nh..Ii
                                                   46 (2I.2 %!)    Casc ]II
           Type c. i sinall ancl 2 large chion]oson)es<1?ig. Ih,... 3

           Type ti•. All 3.lavge cht'omosomes •........................ o

    If xve assunie that there is not any other special factor.nor action

than inere chance which lnfiuence.s the conibination ot' the inner

chromosptnes in the ayran"rement, xve} naay expece the following'

t'requencies of occurr{ii/nce of tl}ese type.s of combitiation from the poiRt

of view of probabllity :-

Case

I

I'f

lI11

'rype
E

Number of
coinbinations

:
l

: 4Ci sCerr'

4Co eC}==
g

g 4C2

4Cl

4Ce

sCo== 6

eCi:=24

eCL, =` 25

        I    a l 4c: eco rv- g

    b i 4Cf eCi "-=- l2
        I•    e i 4Ci 6C :} =- 6o
        ;    tl i ,t Co 6Ca==-, 2o

                     ''-""=""""''i""""""""'""
            '
      t!lese

    observ'ations, xve can

      tenclencv toNvarcls

  ln both Case II ancl

 xvhich only sniali

  32 i'espectively, and

and i.g re.spec.tively. In

  is also the case in t'ypc

Expected frctlueucy

8.8

l3:2

is.6

62.4

6s.o

       i'{)

       5-75

      28.75

       c).6

     ; values

6nd tl}at tlie

     ' the
  Ill, the

      occupY

    IIL

Observtd freciuellcy

      COIIII)1-LrillS,'

  bxr the actual

  hax•'c a greater

' expected.

  type a, m
  are 7i ancl

  are is.6

  Nvliilc stich

::

Jg
ii

l

                           i

expectable freque:ic} with those obtainecl

                         smail chromosotncs

           OCCIIpylllg illner positiolls thEu}

         Case .observed 'frequencies of
      chromosomes the central regions,
         are greater than tiiose expectecl, which

            C-ase fur,Lermore, we see that,

           b xvhere.oBlv one of the 3 occupying
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the inner positions is the large chroinosome, in type c, where ther.e

are founcl 2 larg'e chromosomes among the 3, the observed frequency

3 is much less than the expected frequency 28.7s. In type al wliere

ali the 3 chroinosomes aye Iars}"e ones it is zero, while, on the basis

of the cassumption we niade ftcbove, we sliould exl)ect g.6 cases of this

type. It is a very interesting fact that the greater t•he number of the

small chronitosomes occupying the inner positions, the g'reater is tlLe

excess of the frequency value over that expectecl, ancl the inore such

chroinosoines are replacced by the lcarge c!)romosomes, the less it is,

and when they are all replacecl by the latter it is zero. XVhen there

is oBly one chromosome which occupies the central position (Case I)
we have no st{ch relation. In both type a where the chromosome. is

a small one ckRd type b where it is a large one, the two frequencies,

expectecl and observed, are nearly equicl.

                                        '
             2. /1 "darieij, belon,.o-ili.cr lo "a•lbtuY' t.v20d
                                        tt
      a•, The case "rhere the nuniber of chroinosoinal
                        elEtl?lellts is IO

    IIn this case s chroniosoines (including' the tetrap:trtite one) of the

io are larger than the remaining s. It is of interest to compare the

forins of arrangeinent o'f the ckroinosoine "rith those of the variety

" I;ranklin'' xvhere 6 chroniosoines of tl)e io arq larg'e and tl}e other

4 small. The resi.ilgs obtained Å}'roi:ti the observation ic t/. metaphase iR

386 po!len mother cells of this variety i, re as follows:-

    Case I. i cliroinosoine occupies an inuer position, ancl the remaitiing g peripheral

                                         ,......"......."."...,.....22 (5•7 %)

       'll'ype a. tX. sinall chroniosoine occupies the central position(Fig. 2ct)...... 7

       Type b. .Insteacl of the sma]l chi'omosomea large one occupies this

              position (Fig. 2b),..................................................,.....,..,..IS

    Case II.. 2 chroniosonie.s occupy inner positions and the other 8 pet'ipherttl......

  , .-".."".."."."."."222 (57•5%
       Type a, Botli smali chromosomes (I?ig. 2c> ...•••.........•.••.......••.••.•...ii5

       Type b. I large- ancl i small clnomosomel(l;ig. 2d) .................••.....lo4.

       Clrype c. Both 2large chroinosomes (1iig. 2e) ,,..........,.............••.•-••.••,••3
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 Fig. 2a-h. Heterotype
       L. with io chromosomal

    Case III. 3 chromosomes

       Type cr. All 3 small

       Type b. I large and 2

       Type c. 2 large and I

       Type d. A]13]arge
    Case IV. 3 small and I
cemaining 6 peripheral (Fig. 21t) ...

    Case V. The form of
none of the above four Cases .........

    In these results "Te see

occupy the inner positions

(s7.sO/6) in number out of

of floitting magnets in this

/i

iNarcissus

/L9

ee.e

e

iumLiland

'  e..Nee

l,

f

i6g

                     -3 ...'

                                       h
                 nuclear plates in a variety of " albae " type of Aiarcisstts lazetta,

                        elements. Explanation in the text. xi7Io.

                      occupy inner positions and the other 7 peripheral ,..

                                        •••••••-••••-........,.....104 (26.g %>

                      chromosomes (Fig. 2f) ....................................8s

                        smalt chromosoines (Fig. 2.cr) ......•.................I9

                       sinall cliron]osonie ..•..•......•••••••.•..••.....•.•`••••- O

                      Chl'OlllOSOIIIeS ,.........................•..`-......•..•..ny•..-.•- O

                       large chromosome occupy inner positions, tancl the

                        ."."."".".."."".."".ww"."".".m."..H"."."1 (o•3 %)
                     arrangement is more or less irregular, and falls under

                         ................"...."."."."...."."."............."57 (g.6 %)

                         again that the case xvhere 2 chromosomes

                          (Case ll) is most 'common, being -p.22

                        386. This indicates that there is a certain

resemblance between the chromosome arrangement and the stable form

                        case of the variety too, but we fincl here
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that Case .III forms a seconcl maxin}um, its f,requency of occurrence,

26.g O/o , standingr otit proniinently among the other cases (Cases I, IV, V)

in all of xvh.ich the Åírequency values are xinder io9i, •
    XR, the, l)resent cas.e too, xve se.e that the sinail cl}ronios()nies haxre

a grec'tter toridency toT"rards occupyinsr the inner positions t,haii vs/e

shoulcl expect. A comparison may be macle from the folloxving- tabl<,i.

Case

I

II.

HI

[L' ype

g

l/.

i'

Combinatien or
 cln'omosomes

a sina]l chron)osoine

a lttrsre chroinosoine

2 sn;all ehro]nosoines

i Iarge and i sinail

2 large chromosomes

3 siniill chroinoson}es

I ]ar.crc' ancl 2 sinall

2 large and i smalt

3 large chromoson}es

Neinber ot
conibinations

,, Cl : S

,,Cl= S

  .C.==IO  ti-
,.Cl .,C, = 2S

. :,C2= lo

  tsC:l == lO

r,Ci s(1;2=50

,C ,, ,C1=:so

  ;.C:l= Io

ExpectctI
frL?{luellcy

II

II

49•3

i23•3

49- r,

l,

1

Observ('d
fl'c<luellcy

7

IS

II5

10tl

 3

gii

o

    In type a of Case II. xiLrhere 1)oth the iBner cl}roinoson)es are. sniall

oB<).s, the observecl frequency is iis, while tl]e expected frequency is

Lrg.3. In type c wrhere both the inner sinall chroniosoines are replaced

by larg-e chromosome.s, however, tha observecl frequency i$ only 3

xxrl]ile the expe.ctec! is so hig.li as tFcj.e). In Clrasc III. tioo, the same lract

xvith re...(rar{zl to 'kvliat l<iiids of chroniLosonites tencl to occi.il)y the inner

position in tl)e arrangenicii}t is obserx'ed• Ii'i tliis c'ase the observed

fyeqi.ic}iitcy of type.s c and tl i,s even zc}ro, iLvliilo xv{i) shoi.ilcl e•xpect g.3.3

and 8.6 respectixrely. I[n type c?f-, xvliero 3 small chromosomes oÅëcup>r '

inne.r positions, it is inarl<edly frreater thai} tl}e frequeRcy expectable,

the nunierici,1 \7alue of the observed freqtienc,y being' 8s atid tl}at of

the expected only 8.6. But in type b "rlLere onc o{i thc 3 inner

chrotnosoines is rcplacecl by a lcfLrf.re chroniosonie it decrea,ses to ig.
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     '
which is mucl} less than .the expectable frequency, 43.3. In short, in

both Case II ancl Cases III'I it is shown that the type having no large

chromosomes in the inner resrion of the arrangeinent is of the most

fre.quent occurreltce, and the s,reater the number oÅí large chromosomes

occupyinsr the inne.r positions, the lctss frequent is the occurrence of

such a type,.

    It is also a noteworthy fact that in Case I, where one chroinosome

()ccupies the 'central position, the large chroinosonie has a s,reater

tenclenc}r toNiLrarcls occtipying this position than the snr{al1 one. Ovir

i'Åësults sho"r tl}at this type of att'ansreinent (type b) is found in i,s cases,

while in the case of the type xvhere a small chromosoine talt<es the

inner position (type a•) only 7 are founcl, or about half as many as in

the case of tiie former type,

   ' The question xvhetl}eir t]ie, tetrapa;rtite chroniosonie 1ias a special

             gtenclency toxvairds occupyinsr tlie inne,r positioti or not coulcl not be

de,tern]ined, because in nietaphase lts tetrapartitt). nature "ras liardly

cllscernible IR inany cases, 'In his observation in Lyth•r2t'm, Si{iNKE has

               vVshown that there is no recos.nizable special tendency in tlie tetrapartite.

c•hromosome to occ'upy the centrtLl region. It seems to be lil<ely that

the saine is aiaso true in the c.fLse of the narcissus plant.

      b. Tlie ctLse "rliere the nuniber of clironiosoinetl

                       eleineiits is ii '
                      '                  '                                                              '    The res"lts obtainecl froni the observ.'Ltion of 6g heterotype nuclear

plEi.tie!s in pollen ni(')ther c(/-11s ar(}/ as folloxxr.s. :-

    Cttse 11 i chromosonie occupies the central or innor- position, the othcr io

fonning the p:rif)heral rinc.,. ...............................H...............,......-•••••••••--•-•t••••.-5

       Type ct. tts. small chron]osoine occttpies the central position •.•..•..••..•.•,••O

   . Type b. tX. Iavg'e chronioseine instead of the sinaH one (Jt"ig. 3a)...,.•......3

    Ctise II. 2 chroniosonies occtzpy the inner positions, the other g tlorniing the rjing ...li

       IL-ype a. Botl] snutli cht'on)osotnes <I;ig. 3b) ......................••,••+••,••••••.•6

       '].'ype b. 1 large ancl I srnall clironiosoiue (I;'tg• 3n)..••••••••••••••••••••••••••••5

       'I;vpe c. ISeth Iarge chroniosonies....................................••••••••••••••••••O

    Case Itl. 3.Åëhromosomes occupy t'he innei positlons, being stirrouncled by t'he
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othcr 8..,.-........."......................."."."...."."-.."."...".....",...".H..:.H....H.v....".

       Type a. All 3 sn]all chroinosonies (I;ig. 3`g) .................•..•}••••-•••....,•4i

       Type b. 2 small and i ]arge chromosome (l)"igr. 3e)..........................••••6

       Type c. I small atad 2 Iarge chromosomes.........................................•O

       Type d. All 3.Iarge chropiosomes .........•---..•••••••••••••••ny••••••-•,•••••••-•••O

    Case IV. 4 small chromosomes occupy the inner region 1)eing surroiinded by

the other 7 (Fig• 3f)•••••••••••••-••--••-•t•••••••••••-••• ••-••••••••••"'""'''"""''""""""''"'`"

    Case V. The arrancTement of the chromosomes is irre{ralar or determination of
                  b                                          o
the number of chromoson]es in the inncr position is cliMcult ........•••••••-:-.••••••••,•-••••••

               e.egov e"6

               a b c
              ee
         ie:eeib,e

                 d
 Fig. 3a=fl. HeterotyfJe ntTclear plates in

       L, with II cbromosomal

    From the data given
chromosomes the arran..crement

closely that of the floating

cases (Case ]]I) is 47 out

frequency curve of the different

obtainable from the data is

where''the chromosomes are all

(KuwADA, Chrorn. Arrang,. I, p,

of frequency sucli as is found '

of the io chromosDmal elements

e
" albae "

  in

  that

..47

...4

".4

        ef
      a variety of type of Nctrctts'sus la2etta,
elements. Exp]anation the texL xi7Io.

  above we see in the 'case of ii
     of the cl]romosoines resernbles very

 magnets. The number of the resembling
of the 6g ponen mother cells observed, The

       forms of chromoso:ne arran.crement

  leptokurtic in'nature as in those cases

       of nearly the same size and shape

     2o8), and we find no second maximum

     in "Franklin" as xvell as in the case

      in this variety.
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                                                                '                                                      '                     tt          '
                                                           '                                                               '              ' II. I.i'k'•u7n. y'aPo•nz'cu••vi, [Ir}iuixrB. ..

                               tt ttt     Tlie size relatioRs of cl]romosomes to oiie another describegl abox'e

in this plant resenil)le those in C.atca-s 7'cf,olitta. and thus the cotnparison

of the chroniosonie carrang'einents in this plant with those of C.i,t'as

•7'ez,ol?tta observecl b.v NAKA}fuRA ((;hrom. 2"Lrran.o.'. IX) may be iRterest-

                                'inst. The res"lts of obsen'cation of tl}e heterotype nuclear plates in

 io3 pollen mother cells are as follo"r$ :- . .
               '
     Case I. ! chromosome is fotmd in the central position, the remain;.ng i.i forming.

the perlpheral ring .H........,.".m...-..."."..........-H.......-..."....-,......"....Hle (g.7%)

        Type a. .aj small chromosomeoccupies the central position (I-"'ig. 4a)......5

        Type b. A large chromosome instead of the small one (Fig. 4b)............5

     Case II. 2 'chromosomes aie founcl in the inner reglon, 1)eing surrounded by

the other Io ...,"....".....,,......",...".......".H.......".......H.............",.,,...........52 (5o.S%)

        Type a. Both small chromosomes <Fig. 4c> .................•,..............,...••2I

        Type b. x smaal chromosome and I large or intermediate (Fig. 4(l-e) .T.25

        [l'ype ,n. Both large, or botli intermecliate sized chromosoines or'

                I large and I interniediate (I;ig. 4f) ....................................6

     Case TIII 3 Chromosomes are found in the inner reg)'ion, the remaining g forn?ing

the rin.a.."........,."..........H......."......."...,......"...,..............."..........".......H21 (2o.4.0/o)

        IVype a. 2 small ehromosomes and I intermediate (F. ig. 4.cr)...............,..9

        Type b. Other comb:,natioms of clll"omosomes of various sizesi) xvh{ch

               cliffer from type cx (Fig. 4h-i).............................................i2

     Case I'S,T. 4 chroinosoines ate founcl in the inner region, the reinainin.cr 8 takin.o

the pecipheral positions (li"i.cr. 47') ............•.....•.••.••.••.•.....•......,..,....•,..............3 <2.9%)

                                    tt .     Case Xrr The at"vangement of the chromosomes is irregular or determination of

the nnn)ber of chioinoson)es in the innei' posit{on is dicacult...........,...............17 (i6.s%)

     In the case of floating' magnets, when we have i2 floatin.o' mag2iets

3 Mcl.cr11ets of the I2 occupy tlle illlle.1- positioTls ill the .arr,111gemellt.

Our cytolo.crical data sho"r,'however, tliat the case where 2 chromosomes

occupy the inner positions (C-cse II) is most common, its frequeRcy

value bein.cr so.sOf'6, ancl the arrang'ement which resembles the stable

confi.cruration of tl]e fioating' matt'nets (Case III) for.ms only a second

                                                         '                                           //.
   i) ll]he case ivhere or)c of the 3 inner chroinosoines "Tas a snial1 chroniosoine was inost

commol].
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         Chromosoine Arran.crement in Afarcissits and Liliitm i7s

n-iftxiiTiium (2o.496), rll"1iLis result is quiÅíe skJ)iilar to that obtah"ied ln

Ci,crrs •rcz,olu!a bv NAKtxMui<tx, in which the., size re.lations of' the

chromosomes to oiie another are quite similar to those of this plant.

    :Irhe higher tendeBcy of the small chroniosonies tlian the large

ones t"o occupy the inncr positio.n is also seen in this plant, IR the

fo11owing table ic comparison of the observed frequencies in C.ase I

and Case II with the cQrresponcling expected frequencies obtaiRed on

the basis of the assuniption niacle above in the casa of IV(xrci:gs7is is.

shoxvn :-

Case 'I' ype
Combinationof

chromosomcs
1'tunberof

coilibiliatioils
F.xpectecl
fl'eqtlellCY

Observecl
ft-equenc}•

1{

ab, asn]allchroniosoine

alargechroniosonie

L,Cl=2

2Cl=-2

5.5 ss

2sniallchroino.son)es

isinallandiaarge
orinterinediat'e

1ioCo:r-I--

2Cl2+8Cl=-72o

o.78

is.76

2I

25

ll'

tt

Illlr.cre.'uld

Iilltet'llledi,lte

2interniecliate
cln-oniosoines

2ktr.o.echronioso]ne.",
l

2CisCi='"-I6

gCor;-28

oCvr-I-v

3S•46 ()

                                         '
    'L"he coinparlson shoxvs that the. nunioricf.tl relations betxveen the

exp:.}c.t.ed ancl ob.se.rve.cl frequetieie.s of tho. types of arrang:e'tnent in

i`espect to the. siz(} of tli() iiiiier chromoso;iies are quite the samcv iis

those ",e saxv in the case of Aia7'di:gs?!s.

          CONSIDERATION OF THE RESULTS
    It was pointecl out by iDoNcAs'rEi< (ig2o) that eg, pecially xvheB the

c.ht'oinosonie.s are short an(l of ncarly uiiifor]ii size, the arran..o'einent

of the chromosomes has a reniarl<able resemblance io that of A'rAyER's

floatnisr mcag'nets, The results of ptir previous investigations'show that

the resemblance is remarl<able not only ln those cases pointed out 'bJr
                                   'DoixTcAsTER, btit also in those cases where (me of the chromos,)mes is
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           Chromosome Arrans,ement in Narcissits and Lilium i77

 the'presene investig'ation it has further' b6en shown in A7Ia•rc;iis`sus that

 the reSesiibiance is al$o remEtrl<able even when there are so. me chromo-

 sonies of lars're sizes among others of small sizes, if tlte chromosomes

 can be divided into two distinct categories of size. 'XVhen, ho"rex,er,

 there is a coneiRuous g,radation in the size and shape of the chromo-

 soines froin the smal16st to the largest, as in C),c'a•s •i'e"dol?ita and Li.Ziz' tvn.

1lrPoniZ;zt-m, sudh a res' emblance as that seen in the case of chroinosoines

 of uniform size is reco,.crnizable only frequently enousrh to forn/i a sc.}concl

 maxinnim. In I;"ig. s, frequency polygons from plants, tl}e case where

 the nuniber of chroinosonies of the plant is ii beiBg tal<en as an
                                               ' exkcmple, arÅë given to show how tke shape of t}}e polyf.ron differs in

 clifferent combinations of chromosomes.' ' '
     In .the cases of C)a,cas and .LiZirit•ni. the first maximum of Å}'requency

 is presented by the forni of arrangement in x?Lrhich the ntmiber of jnRer

 chromosomes is less by one them that of the.form resembling thc

 stable form of fioating" inagnets, This tenclency is also recognizable

 in the other plants lnvestigated, $uch as in the honiotype division in

 li?eztceala•iz2tm. 77rf5ont?:ztni by OGAwA (Chrom, fX. rrang-. V) and Sa.o'iZla,riLv

 A-.o'lna•slii by,SiaiNKE (Chrom. Arrang'. IV), though in these cases this

 forn] can present only the Second maximum. Iti the case of the vEtrlety

 "Franklin" of the narci$sus plant, on the other hand, the tendency

 to"rards forininf)' a se.cond maxiiiiuni is found in the case where the.

 inner chroiiriosomes are more by one instead of less than that of tl}e

•stabic ,form oÅí floating nias.nets (Case III). t'X similar phenoinenon

xvas found by Si{JLxTKE in the casg of i4 chroinosoinetl elenients in tt

variety of L.i,llw'7nn sa•7'iZ-trl!?r•, and this xvas the only e.xception to the

rule which we were able to formiilate from the results we obtained

in our previous inve• stigations (tf. I<uwADA, Chrom. Arranfr. I, p, 22i).

1)s"-ow xve havein `' II}rranl<liii " another example of this type of shifting

of frequeiicy to tlie for'm iiiavii}s)' a g,rea.tei' iiumbey of iiiiic)r chromosollles

than that of the stable form of tloatinsr mas,'nets, Iln SHits,KE's N'ariety

of L.yllt7'2llii s(rli('(v'i?i• tliere is a clironiosoine "Nvitl} the tetrapcartite

con.s('itution xvhich ec"tn div•ide itsttlf iRto txvo inclependent free chronao-
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soines, and in the group of A7ra•rciss2t•s to wh, i.ch ` [-"ranklin " is classiiied

as belon,ging "re have et varlety of "albae" type, in which a
cl}ron)osome inay siinilarly divide into two ind(".peRdeikt inero-chroi.no-

somes, so that the plant may have a greater number of chromosomes

than we expect from the basal nzimber of chromosomes of the g'.roup.

These txvo Åíacts lead us to the conclusion that the occurrence of tlie

Lj,t/i7'it•7n. type of shifting of Å}'requency in `' FraTil<lin" inay shoxv the

pot.entiality of cross-sefrmentation ii} a " Franl<lin " chromosome into

two inero-chroinosoines. I.n the variety of ` albae " type, in fact, when

the tQtrapartite chroinosome rcmains unclividecl, the frequency curve of

ch.romosonic' arran..o'emeiits is quite similar to that obtainable from

.SHiNi<E's results jn the case of L.i,2hru••ni., although, x/ hile in .LJti•li.7'•u•in,

when the tetrapartite chromosome separates into ewo independent

chron3osoines, the arrangeine.nt still shoxvs a hi.(rh tendency to haxre

the same nuinber of inner chromosomes as that fouiid in tlte case

Nvliere no such sep. aration tal<es place, iii thc v,'}riety of " albae " type

stteh a :endency is no long'er naarked, tlie frequency curve being-

leptol<urtic (Case II). IBut the curve i$ so far in accorcl with that ot'

L),tli•rit•m. thcnt CaseII stands next Case III in freqL}ency.

    I ttrther investi.(.ration nGcay ieac! us to the cenclusion that the stucly

of chromosome arrcftngement can disclose the potentiality of cross

seg-)'iiientation of a chroniosoine in a plat}t, but xve xxrish at present to

expla-kit the preseiit case l:)}}r simply comparing it with tlac. behavio. ur

of floatinsr niasrnets in the niatter of arrang'ornent, because in the

pt'esent case the second inaxiinu'in is x'ery loxv as coinpared xvkh that

founcl in tke case of LJ,llir2dm.

    According' to ilivIiDzuNo (igi6) ancl CANNoN (ig23), in ehe stable
'foriii of fioating inag.nets two of the io tfttl<e the inner positions in the

rlng', the remaining 8 forminsr an octogon. .-cX,.ccording to iTNflAyEi<,

liowever, tl}is form is less stable, an{i! the stable forin is that where

3 of the io occupy the {nney positioiks (cf. I<uwADA, Chrom. Ari"aii.o'.

I, p• 2o3). IR iny own e.yperiinents xvitli floating' inagtnets the stable

foi'in x"Lras the sanie as tl}at gix/ien by ]N,IiDzuix,o ancl CANNoN. I[?roni
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these facts' it may be considered that if the arr'angeinent of chromosomes

is comparable with that of the floating mag"nets, the form with 3 inner

chromosomes may also occur besides the form with 2 of these, because

in the case of the chromosome arrang-ement, it is obvious that the

meditim in which tlie chroinosomes inove is inore viscozis than the

medium in which the mas.nets fio:it, so that uBstcable forms of arrange-

ment may be less easily transforinable (KvwADA, C13rom. Arrans,. I,

p. 2o8). 'rhe high frequeRcy of occurrence of Case III in the varieties

of the narcissus plant may thtis be simply explained, and the case of

" Franl<iin " seems to be coniparable with the case of Tofi'lis /lnfli•riicczis

stu{ilied by OGt"vA (Chrom. Arrang. V) rather than with the case of

L),tlw'?g-in..

    IIIrinally xve wish to consider- the strecftter tenclency of the sinall

chroiT}osoniLes to occupy the inner position tlaan that oÅí the large

chroinosomes. Accorcllnsr to the restilts of our previous investigations,

the freque.ncy with "rliicli cz larsre chromosome occuples the central

posltion of arrangement is cMÅíferent in different cases. In SPInadZa

(-?NaAEDA and KA'ra) it is nearly equal to the frequency to be expected

from the point of view of chance. In Sa.ozZlarile (SmNi<E) ancl C.vc'txs

(NAKAMui<A) it is less, anct in rt'irbiti (i"•'rAEDA and 1<A'r6) it is greater

than t}ie frequency expectable. Small chro;mosomes show, oik tl}e other

hancl, a s,t-eater tendency to tal<e tl}e inBer positions (Scv.,criZfaniz and

(•"v},ca•s). This g,reater teRclency of the sinail chromosoines is seen also

in ?VTarci3sits and Z).lli'um. In the lar.o'e chromosome$ it is very loNv

in both !V(vxcilssit.g ancl Li'llti•n7, and it was found in the narclssus piants

thett the greater the number of smal1 chroniosomes occupylng the inner

positions, tlie greater is the excess of the frequency of that t}rpe of

arraRgement over tlie expectecl frequency, and the inore such sniall

chromosomes are. replaced by the large oRes, tlie less the frequency

becoines.

    1n both " X;ranl<lin " aRcl Livati•in.7'cJLPoni'ct't-ni, in C'.tse I xMhere oialy

one chromosome occLipies the inner positioR, tl}e frequency of occun`ence

of botli the small ancl tke large chroinosome ln the central position
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is neaerly equal to that expectal)le from the point of view 'of chaBce.

In the variety of "albae" type it is much greatei' in the lar{re
                                  ,chromosome ancl less in the small chromosome tlaan we sl'iould expect.

They may appear to form exceptional cases, but we can not draw any

clefinite conclusion froniL these data, because of the fact that the cEse

in question represents only a transitional stag'e ancl also that tho

observed clata of frequei}cy of occurrence are too naeag,er. .
    As one of the chief causes oÅí the .o•'reater tendency of small
chro' niosonies to occtipy the innetr positions tltan the larger chronio-

soines, the viscous nature oÅí cytoplasni as coinptLrecl with xvetter, whicli

is used as the fioating inedium in the case oÅ}' ex• perii'ne•nts with the

fioating ma.o.'nets, may be mentioned, as emplnc sized by I<uwADA (i92• g).

Small chromosoines have a lesser mechanical resistance to the cytoplasin

than large onczas, ancl thus the small chromosomes inay mig'rate tlirous,h

the cytoplasin faster tliLaiL the larsre oiites it' th.ey carry a sufl.icient

electrical charge, and xvill have a s,reater chance of. occupying the

illller positlolls.

                         SUMMARY

    The results of observation incxcle in the heterotype.division o'f pollen

inother cells in hvo g,arcleia varieties of AltxrcJi3s?is l'a,:t'lla, ]'., ancl Lg'li'iuiz.

JitiPoiizZ'u7fz, Ti-iuNB. niay be sunMnarize.d as folloNv$.-

  i. Txvo g.arden varieties of Ara,rciks7ts la:•'elt(r•, IL,

    a. "1'he forni of chroniosonie arransreniei',t Nvith txvo inner chroiiio-

somes or the forni xvhich resenibles the stable lrorin of floatintg inagnets

occurs most frequent2y in both var,letie.s.

    b. '1"1ie forin of arrangenaent "rith 3 inner clironiosonaes stands

iiext in frequency niakin..o' a seconcl inaxiniv:in botli in " Franl<lin. "

ancl in the vcreriety of `` albae" type xvith io chroinosonie eleinents.

    c. Tke small chronaosomes have a greater tendency to enter

inslde the chromosome ring of arrangement tlian we should expect as

a n3ere mat#er of chance and the greater the "mnber of the sniall

clu-omosomes Qccupyinsr the inner positions is, the greater is the excess
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 of tl}is frequency value over that expected, and tlie more such

chroniosomes are replacecl by tl]e lars,e chromosomes, the less js the

frequency of occurt`ence of suc.hatype. •
     tl. In the c,ase of a variety of " albae " type xvith i i cl]roniosoinal

eleinents, the t'reqRency curve of tl}e x'arious forins of chroinosoine

arrang"enient is leptokurtic in nattire as in the case xvhere all the

chroniosomes are of noarly uniform size ancl shape. '
   2. LrZ.i'zt•7/i /7iPoii!Z;uin, Ti-iuNB.

    a•. '1'here are i2 g'einini or cliroinosoines in the 1}e.terotype division

of polleR inother cells as in all the other species oÅ}' LiZi?tni hitherto

investig,ated.

    b. In this plant, tlic inaxiinmn i're.qae.ncy value is found in the

case xvhere 2 ot' tl}e i2 clLroiiLiosoines occi.ipy the initer posltioii!s itisteacl

of 3 which is the nvunber of such chronaosomes in the, form resembling'

the stetble forin of tl'}e floatinsr inag'nets, tl)ougii tho latter Åíorin $till

lllttilltaills EL 1)i{)'}1 V:•Llue of fl'equellcy, fol`111illg' EL secollcl ll3EzXilllUlll.

Thls is ttnalog'ous to tlie case. of C.yc(rs 7'ez,oluXa inv•e.stigatecl by

NAKA}iui<A ancl is resrarclecl as clue to the niarl<ecl differ.ence in the size

of the chroinosoines in a s,roup as iii q;,c'a.s.

    c. A grreater tendency of the sinall c.hroinosoines ancl a loxver

t:et}cleticy ()f the lars,e chroinosomes to occtipy the inncr positiolts in

the a:,range,inent are found also in this plant as in the case o4: zVarcilssus.

  r). Both in iV(v'cils's2is ancl LtZi'uii(, xxrhcli)n only i chroinosoinc tal<es

the central position, thu observod frc)/quÅëncy of occurrence of the larsre•

c.hroinosoine in the central position is ne.arl.v equal to tlie expectcd

frequenÅëy (Lyii;ufii, `` l[?ratil<lin ") or even s,rea,ter tiitan it (" albae " type

of the Barcissi.is xrariety), thougli xv(') cai't not drai,v cat}y conclusion i'rona

these facts ttlone, because, in aclciition to the fact tliat the observecl

data of frequency of, occurrence are too nieager, the case in ques#ion

inust be res,ardecl as representing only a transitional stasre.

                                     Botnnieal Institute,

                                        Depai-tinent ef Sci.tti]c(;,

                                           l{'Lyoto ln)perlul Vnivcrsity.
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