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   Chromosome Arrangement,
 Pollen Mother Cell$ in Torilkls' /1ntlin3veis, BERNH•

     and /'cevcc(l(uiitni 7'aiir6oniL?tm, TNuNB.

     '
                    By

             KIN-YA OGAWA

    lJ•711i l)lafc ..Y.tY71.Xr an`l 6 7'zeTt-:•,rZ.crui'cs.

B.

                       (I.<cccivecl Januttry 26, ig2g)

    '[ll'he Umbeliifcrae i.s one of tl}e g're'atest familiorg in f-X.ns,iosperintte,

a!}r.1 contains inat}y uscful platits for fooci aRd nie:licinal purposes. IH'e-Nv

plttnts belonts,'ing to this fainily, nevertlieless, httve bcen cytolos,'icttlly

stticllecl, I[n igi7, "VViLNG\ statecl that "StraBs,c to say, Bo chromosomc

i}umber has up to the present been give;} witli ce.rtainty for the great

fc'Lmiiy of the Unwlellifertz7." Plants in tlitis family tl}e chromosome numbers

of which ckre given in TiscHLEi<'s "Pflanzliche ChroniosomeBzalitlen"

(ig-.7) are oniy those .ogiveti below: •
   '1•iLyrrliis odomla, n==ii, [{Z"f. ilYIAi<c}{txL, ig2o
   '  '    Anlliri3cit,s sil"dester, R:=8, H.E. I'E'rERsoN, igg; X•ViNGE, igi7
    //lnllin3czts ccrefollit•m, n=g, [F.M. INtlAi<cHAL, ig2o

    Ae.croLl5oall'ztm /)oara.o'mfliz, ll :ccl, 2o, W]NGE, Igl7

    .l)tisli7iaca sc71i'ma, n=:ca. 8, BEGi-i'rEL, ig2s

    In cEi.ri`j,ritig oi.it sojnc cytt[>logical inx'estiga#ions of sex'eral pic},t}ts

be-.loiiglng to the Uinbelliferae, I was abie to determine the chromosome
ni.mibers of these plants iti pollen niotiiter celis iLxi'ith great ticci.irac.x,r.i)

The resL}lts obtainecl are as listed in Table I.

  !)ffor tixinspt niiiterial, seven'al fixing n]ixttires were enipleyed. tts.niong thein, Bou-IN's,

.X'ANv.Asci{!N's, and I.ictt.l 'i"s inixtm'es s,ave the best results. XSLach iixative was used after the

nxttct'ial had been treatecl writl} CAi<Noy's inixtiu"e for about tNvo niintttes. 1;int;"f"fitsTG's soltition

pvcxluced cl2u'l< grttn"les in the eytoplasin ancl inade obset'vationi dltl}ctiit. Scctiotis "rere ctit
8-12tj. thiclN', and $tained "rith ]l',srl)ir.Nir.NIN's iron-altun haennatoxylin.



3io KIix--yA OGAWA :--

    'rABLE I.

I'lantnanie n-cht'oniosome llO. Cainera draxving

Torg'list{Zntltf?lscies,BI:,liNi-I. 8
'

Text-f]g, Ia

Petioselinuvisatt'wec7n,]'loii'i""f. II
I!

!b

Ciscutawirosa,L. II ICi t'

)1 -

.ZFIoeitiic2tlttmwitl.o'ai'e,GAi;.RrrN. Il
I:

Id

Lils)'usliicumacutilobum,Sm.B.etZucc. I!
:1

Ie

An.o'elicaPigbescens]Å}vl'AxlAf. 2I
er

Il

dnsrelibasj,lvestnls,L. !I
IJ

Is,'j.-2

AnsreliZ'a,sp. 33 ll
Ih

1'lielloPteruslxZtontilis,iil<..Scn}f. t]'
!f

li

l)diecetlanttii3.1'crPontcuin,TuuNL]i. ll
I !)

!)eitcetiantlnbcrecid?s'i'wuiit,I•ItslI"f. Il
t]

}k•

22astt>tacasatt'va,I..i> ll
:!

Ill-L,

.-im.nvmmww..ww.
    Considering from the results given above, 'the number u inay be

tal<en as tke base ntunber of the Umbelliferae, as Nve have .Åíouncl this

number in ten (lifferent species exainined "rhich bc'/loBsr to ei,(,,yl}t different

ge•nera, tancl 3Å~ii:L'33 chroniosonies in a species of xt{Zn•.ovliba•. On the

other hcancl xxre have t'ouncl elg"ht chromosotnes in Tori'liS Anllirz3vzts.

X]VihrrGE has observecl the same number of chromosomes in xfllnlhrz3c2vs

siZ"uester, an alliecl g- enus to Tor7.'li3. These facts seem to sugg"est that there

aye Ett least txvo dlff.erent series of plants in the U'inbelliferae in respect

of tlie mmiber oÅí chroinosomes.

    As tl}e plants exicmine[1 pi"esent very cleEtr fig'ures of chromosomes

ttrrtmged ilt the equatorial 1:)latcs, sonie closer observ.'ttions on thc chromo•-

soine arrarig"ements were attempted especialiy in lrori,'li3L /lnlliri3'c:ets aBd

/)euce'tlafzltlll 7'aLPOIzl'Czt711.

   i) 'i'he chvoinosonie ntunbev of this species l}as been reported by FI.oyl) I.-". ])E("['ricr- (l92S)

to be aboLit e{ght iR his stucly of "the Embryegeny of Pastinaca satX"da." But I ebi'ervecl

niaiiy clear eqtzatorial p]ates with eleven chroinosoines in both heterotype and homotype spindles•
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ift.i. Camera drawings of cbroillosomcs in equatorial plate.s in meiotic divisions of

the p]ants listed in Tabre I. Å~2ioo.

a. Ton'liS Anthnlsciss, heterotype division; b. Pelroselinzsm sativzsm, homotype

division; ci.2. Cibuta "vi'rosa, ci hetcrotype division, c2 hornotype division; d.

Foenic2tligm vul.crare, heterotype division ; e. Ligies"'cuvz ac2ttiZobunt, heterotype

division ; f An.o'elica Pesbescens, heterotypc division ; .ffi-2. An.crel-ica sylz'estnls,

.oTL heterotypc division, .tr2 hoi]]otype division ; lt. Angeliica, sp., Iieterotype division ;

i: 1?lielloPte'nts liWotrilrlis, 1ieterotype division ; .11 Peucedanum.1'aPon2icism, 1ietero-

type clivision; k. Peucedanicnt d2ictdrsivuxm 1.cterotypcdivision: li-2. PastXnaca

satt'va, li hetcrotype division, l2 homotype division.

   Since inodel experiments to compare the chromosomes with ]NIAyER's

floating magnets xvere attempted first by R. S. ILiLuE (igos), they have

atJtracted the attention of some authors to this field of inquiry (DoixrcAsTER,

ig2o; CANNoN, ig23). Recently KusvADA (ig28) has comparecl the
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arrangements of chromosomes of the same size as well as of different sizes

with those of the fioatitig magnets and has explained the reasons why we

often meet arrangements which hardly show a resemblance to the stable

form of arrangement of the fioating magnets.

OBSERVATION.

                    i. Ton'lis Anllsfz'scus.

    As mentioned above, the chromosome number in the meiotic divi-

sions in pollen mother cells of tliis plant is eig'ht, and all chromosomes

are round and of nearly uniform size in polar view, DeNcAs'rER (ig2o)

has pointea out the fact that "Especially when the chromosomes are

short and of nearly uniform size, the figures of equatorial plates have

a

.Tcxt-lig. 2,t.c. Photgg.raphs of eight fioating magnets

           8a, c, b, respectively, (See foot-note

c

al`v,111rr• ed as ill

    o
on page 3I3)•

GAtsro'r's I?ig

b

. 6g7,



      Cli7'omosome ATra7i.cre7nfnt P". To2'z7ils anal 1)e2icealanzsm. 3i'3

a remarkable reseznblance to those .o'iven by physicists of the g'roupin.crs

n.f v,zriou$ mm3bers of l13clg.'ilets fioating.' kl cl co!1fitlect space,......".

    To analize a phenomenon, xve shotild begin first with a simpler case,

and froin this point of vlew this plant inay be ticken as a s,oocl material

wh{ch acnswers o'ar purpose. In this plant, Åíhe chromosome arrang"ements

ln the equatorial plate ai'e mostly re..crular in both heterotype and honio-

type clivisions, and ca!i be classifiecl very clearly, as shown in Table II, into

four classes, Fonns A (Text-fig',3ai-i and Y-ig,iai-g, ]Pl. XXIX), B

(Text-fi.cr.3bz-3 an'.1 ll]ig.rbi-th IPi, XXIX), and C (Text--fig.3ci-4 and Fig•

icirm`, [Pl. XXIX), which coirresponcl respectively to GAtsToT's Fig.6g7, 8a,

c and b') (cp. Text-fi.o.`.2), aRd [Form I) (Text-fig. 3d aRcl Fig, it?Ii-2, Pl.

XXIX) in which the chvomosomes cre arrang.ecl in a ring' having" none

of 9.hem insicle it. Irregular ar.rc ngeinents which do not fall into any of

these classes were rEtlier loxxr in freqtieRcy o. Åí' occurreRce-, there bein..o.'

only 4s cases out of 4ig cases obscrvecl,

                            TABLE II.

          )'titnber of cases of different foi'ms of chromosome anangemei]ts.

Fonn l

     i Foi•m D 1

  Xi [
Recrular arrancreineiit
  ts         Lb

Stage It'orm fN

Heterotp
d'tvlsion

Homotp
division

'{IZilliapphl]•I

c'::ilev

'lbtal

2i(9.0%)

2i<S.O%)

64Csi.6%)

22<55.0%)

i76(75•5%)

2e<90.9%)

28-o(67.3%)

Foi'in B

16(I2.9.".Vo)

6(is.o%)

8< 3•4%)

3o< 7.2%)

I;Ol'M -C
       l
23(;8•5.0/e)l

 5(i2.5%)

ii( 4•7%)

2( 9.i%>

 Il't'cl.p.ulat'

.al'i'allgelllellt

4i< 9.8%)

2i(rC).9%)

 7<i7•5 S6)

i7( 7-3%)

t;SCiO.7%)

[;'etal

I24

t;o

233

22

4i9(roo%)

  i)In GAt o'i"s Fig. 6g7, 8cr, eight fiofttin?. magtiets are arrang- ed in the ferm of a heptagon

having one iR its centre; in b, in tlie fonn oÅí a hexagon havin.rr, t"ro in the central re.=ion Nvhicli

lie on a line connectint.; two oppoiite .ftn.vles' of the he: agon, or tloatin.c,r m,rignets lyiiig at thesc

angleg, at abotit eqaal cli.stances froin onc another;itt c tliege tsvo central fioating niagnets. Ile

on a line con!iectinll/ t'he n]lddle points of oppn;ite siclci of the he: agon, Conip,are onr 're/ t-

fig,2a, c, anclbt'espective!y. '
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Text-fig. 3,`-a. 7briltls

     chromos'ome airancrement criven

ai-4. Chromosomes
     a2. tsvo slster

      slster group3
bi-,3. Cbromosomes anancred as

     anaphase,
ei-.t. Chromosomcs ari'angecl as

     groups in hete:-otype anaphase,

     homotype anaphase.
d. Cl]romosomes

eee:e: ::',,' leKgs

  b,t bLl b3
             ee            eeeSe e:qS)
                         ee  ee                C2 ce  eeeb  ee eo     t eete c3    Cl            "

   Anthrtlsezts. Camera drawiacrs
                     b          ' in Table ll. Å~2Ioo.     eb arr,ftnged as in Fonn A in the table: ai, a
   groups in heterotype anaphase, a3.

  in homotype anaphase.

         in Fonn B :    o b,i. homotype metaphase.

         in Form C: ci, cti.
              r3. homotype mataphnse,

arvangacl as in Foi'ni D, l]oniotype nietapha/e.

  .0f.

6e)e
eeeV

   d

tt,ctk.e'

       C4
    ee:.e

     "b

      corresponcling to various forms of

            'i. heterotype metaphase,
        homotype metaphase, a4. two

bi, b'i. heterotypemetaphase, b2. heterotype

     1ieterotype nietaphag. e, e2. two sister

            c4. two slstel' gl'oupri lll

,     From Table II, we see that Form A is the most numerous, being

more thi,n 67g6 of all the cases observe:1 including- cases of irre.crular

arrat ngements, ancl that putting the irregLdcar cases aside for a moment,

Forms C, B, ancl D come next in frequency of occurrence in the order

named. Form A is the form which is taken by floating ma.o'nets in

their stable state of distribution, i` nd forms B an[1 C are forms which



       Cli7'omoso•me Arzan.gemenl J/". Tori'lilo a7id f'e?tceda7ium, 3is

xve often naeet also in tlie casc of mode.1 experiments xvith fioatin.o."

nia..o"nets, The lcitter two are imstable fo.rins xvhicli pas.s into the stEble

Forni A. Form D was founf-l only in the honiotype metaphase ancl it

nee"as perhaps a speeial explanatloiu, but we .shall not go far into spec-

ulation on this point at present.

    Though tke irreg'uiar ccrL$es cEtnnot be classified into tliesc (lifferent

types oÅí form, the majot`ity of tliem can be .ogrouped lnto types if o.nly

the number of ci}romosomes occupying' iiiner positions is re.,o.'arded. Text-

fig'•4ai-3 an[l IFig•2at-L,, P.1. XXIX, represent some of. these types in

diflfereRt phases wliere only one cl}romosome occupies the inner position,

ancl Text-fig.4bi-,,, tl}e second type xvhere there are foimd two of these

chromosomes, ancl Text-fig.4ci.ff:}, ancl Fig.2b, I 1. XXIX.1, other extremelsr

irregular cases xxrliere a clear classificatioii js harclly possible, In [I'al)le

I'('T, the freqiiency of, occurrerice of these three t>rpes is .o'ixrcn.

                           TABI.E III.

  ]'uinbet of cases. of diffei'ent types of iri'e,cr.ular art'angements, ivith regard to the nnnil)et'

                of chromosomes occtipyin.cr the imier posit{ons.

         l?o i'm

Stacre
  ts                I

"' 't'''ttt't'''t"'t'L'ttt''tt"t'tt'"tt't''t't'tt't""t''rtt"''''"''" i
ues,g,:'::p•(X"Vl,e,t,ark#liei

.lil•3,}},o.t,Åí)•(i,le,lli,llllllle i.

     'rotal

NNumber of chromosomes
inside the chremesome ring

    I2
;'i s

H-

3

8

 Extremely
 irrecrtilar
   b.lt'1'allg.el)lellt

Tota}

1i'

6

;r

4S

    In t'his table xx'e see asgain tl}at the cases xvhei'e the number of

chromo.somes fotmd inside the arrangen]ent rin.q.' is oRe are the mo.gt

numc;rous, ancl thk,t tlie cases xvhere lt is two come next in fre.quency,

,anci e.xtre,,mely lrregula.r c,ases i,Nriiich "re ccaR not f.rroup to.,o,,.'etliLer with

any of these "vo types of arrang'einent occur mcst selclom. If xve classify
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:2ei
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at a2 a3

  gle,

t
b

            i'i' .."..". `e,'."e ':.:

               b2 cl c2 . c3
 Text-fig. 4a.c. Tori7is Ai'zthrisctss. Camet'a drasvings corresponding to Table III.

 ai-r. A case where one chromoserne niay be re.qarded as occapying the central pe3ition : ai. '

       heterotype metaphase, a2. heterotype anaphase, au. homotype metaphase.

 bi-2. A case where two chromoson]es may be req.arded as occupying the central positions

       bi. heterotype metaphtase, b2. homotype metaphase,
 crL3. Examples of tlie "Extremelyirregular arrangement" given in the tuble: ei. heterotype

       metaphase, c2. heterotype anaphase, c3. homotype metaphase.

all the cases observed only with regard to the number of the chromosomes

distributed inside the arran.crement ring xve obtain the result shown in

Table IV.

                   TABLE IV.

Number of cases of different types classified with req.ard to the r.umber

          of chromosomes oecupyillg inner positioni.

NTo. of inside
cliromosomes

No. of cases

o I 2

2I 3I3 79

Extrein.
!rl: al'1'.

6

Total

4I9

    This table shows that in this plant the chromosonie arrangemetits

present a, remarkable resemblance to the arrangement of ]YIAyER's floating

rnagnets. In Table II we see that the cases resemblin.cr the stable form

of arran.crement of fiociting magnets are higher in frequency of occurrence

in anaphase than in metaphase in both heterotype and homotype divi-

sions, This fact is very interestin,o.' and suggestive from the point of



      Cliromosome xclrran.o'emenl T?r. 7rorz'li3antl.l2e?fceda727tm, 3i7

v•iew of comparit}g. tiie chromosome arrang'ement with tha• t of flo, ating'

mag'ncts, but the number of cases ebserve[1 in tho anaphase is too small

for any clefinite conckisioii to be ck`awn fironi it.

                 2, Pe7fcedanum 7'aPonlc2xm.

    The haploid chromosomc niinftber of this plant is eieven anci the

chromosomes are all of nearly tmifor:n shape and size as iR ToriZib

A•nllv'ilrcz•ts. T. he chromosome arrangenaetk was observe[1 in tlae hetero-

type antl homotype clivisions of pollen mother cells, The results. obeainecl

are as s.ix'en in Tables XJ' ancl VI.

                            TAp,LF. Xf.

 N'•uniber of cases of different fomns. of chrortriosonie arran.r/ en]ents in the lieterotype division.

      Con-espondin.v fignres are given in 'i'e,: t-fig. Sa-.t and !-Aig. 3ft-.c, I?l. IsE<IXIX.

No. nf chromosoines
 inside tha chvome-

   SOIIIe l'111T         o
No. of cascs

[ I-2 2 26 3 3-4 4 tl-S

:I I7 Irs I3 4 I

% i-i
l2.3 9•9 67•3 7.6 2.3 o.6

rretal

I71

IOO

    From this table, it is obvious that in tlie heterotype metaphase,

thc c[ses where three chromosomes are founra iRsicle the chifomosome

rlng,,' (Text-fig,,'.sc -L ncl Fig.3b, I)1. X• XIIx;<L), thckt is, the cases xvklch resemb{e

the sta'ble form of arrang. 'einent of eleven fioa, t{ng magnetst) are the most

numerous an:l tliose "rhere there are tNvo insi•cle or central chromosomcs

('r,ext-fig'.sa anci IFig.3a, Pl, XX.TX), ancl cases intermecliate betxveeti 2-3

(Text-fi.o.'.sb), ancl those betxveen 3-.l (Text-fig.sd), come next in frequency

of occurrence in the orcler named, other fornis of arrangement being of

relatlvely rare. occurrence, The freqtiency oÅí the first case is 67.39b of

all the cases obserNrel. IE">.cpericnce acquired fro.ni mo[lel expe.rinie.nts

   i)See ).,kztJNo <igl6) atid alAe C"sNNeyi <I923>.
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        /,ev'it)e'ei .e..'.:e.e, gi:',

        eli'e tte:".5 :e:e.ei

                  d 6 f
 Text-fig. S`e-f. Petpcedant{ftb 7'aLPon2cttm, Camera drawings of chromo:,'omes in hetei'otype

    equatovial plates correspondin.cr to Table X'. Å~2ioo.

    a. .IX. case wheve two chiomosomes are found in tlie centre.
    b. An intermediate case between a and c, or so to speak', 1)etween 2-3 in the centre.

    r. A case where three cht'omosomes are ill the centre.

    d. AJi intermediate case between 3-4 in the centre.

    e. A case where four chromosomes are in tlie centre.
    f An intermediate case between 4-s in the centre.

with floating magnetsi) brin..cr us to the idea, that cases intermediate

between 2-3, ancl between 3-4 may represent stages just before the

chromosomes attain their final stable positions in the arrangement havit].cr

three inside the rin.cr, If, for this reason, we sum up the numbers for

these three cases, we shal1 see that the resemblance to the arrang'ement

of floating magnets becomes more remarl<able. If we a.o'ain take into

consideration the fact that in the case of eleven fioatitig' niagnets we

have, not infrequently, a temporarily stable form in xvhich two are iiiside

the ring, we learn that tlie resemblance in arrangement bet"reen chromo-

some.s and floatin.o.' magtiets exsists in almcst all the cases observed.

    The restilts obtainecl in the homotype metaphase are, howexrer,

somewhat different from those founcl iti the heterotype metaphase as

sho"Tn iri Table VI.

  i) Tn inodel experin]orits "'e have, nnt infrecluently, a tran;itoiy forln in wl)ich two or four

are inside the rino.
            b



     ClzTomosome Arptange772ent V. Torz7i's aiid .Z?e2tcedan2tm. 3ig

                        TABLE VI.
Number of cases of different foin]r} of chromosome airangements in the homotype division.
     Corresponding fi.qtire3 are given in Text-fig. 6(t-f and Fig. 4,,-,b Pl. XXIX.

No. of chromosomes
inside the chromo-

   some rlnso

No. of case,s

%

I I-2 2 2-3 3 3-4 4 4-S

2 89 4o 99 IO 7

o.8 - 36.o I6.I 40.I 4.o 2.8 -

Total

247

I.oo

f  
!1,c

&tl]S

a

'e.e';'O
b

e ,e.lei C?
c

                         -                        x      A`LCt>i: S%*XSOso:e".ee•.'

               de
 Text-fig. 6tt.f. Reucetl•anum 7'apon2'ctim. Camera drawings of

    equatorial plates covrespondin6tr to Table V'L Å~2ioo.

    ct. A case where one chroniosome is fonnd in the centt'e.

    b. A case where two chromoso]nes are in Lhe centre.
    c. 2'Nn ititei'mediate case between 2-3 in the centre.

    ti. iN case "'here thi'ee chroinosoines are in the centre.

    e. An intermecliate case betsveen 3-tF in the centre.

   7: JN case where four chronionioine.s are in the centi'e.

    In this table, r
insicle the arran.o-ement ring

most nutnerous in the case of homotype division

of frequency is here rather loxv (4o.i9o') as

in the case of the heterotype division, and, on

frequency of the cases

(Text-fig.61) and Fi.cr.4b, Pl. XXIX) rises to 3696

   .--'XXN.-
          x.e.,S..e'C`.> ?
           f
chrornosomes in homotype

we see that the cases whe e three chromosomes are founcl

         (Text-fi,.o'.6dand Fig.4c, Pl. Xll/>llX) a,re the

                          too, but the percentage

                      compare:1 with that. obtained

                         the other hand, that the

     where two chromosomes take the central pc sitions

                         of all the cases observcd.
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 XVe are qtiite ignorant at present of the reason why there is suclih a clifference

 bet"rec.i the cases of heterotype ancl' homotype divisions. IB)ut we have

 two poiRts whicli niust be emphasizecl in this conne.ction :--i) 'rhe forRiation

 of two spinclles in a iiiother cell xvithout i, ny partitioRs betweeti them.

 The two nuclear plates are here oftefi Åíouncl not in tl}e rouncl shape as

 in the cases of heterotype division. .If this is not an artifact, tltere mftcy

 be a certaln causal relation between a certain stress exerteil upon the

 two nuclear plates anfl the diffictilty of simultaneous occupation of the

coiitral positi)ns by three chromoson?es. 2) Iti the homotype metaphase,

the chromesonies ckre not all rouncl ift shKpe as in the l}eterotype meta-

phase, but here they are of dumb-belt-•, sftort rocl-, v--l or oti}er irreguiar

shapes, the !on..o'itudinal split belng clearly reco..o-nizable in them. Though

we a. re not in a pos{ticn at present to .o'ive an 1, dequate explaBatiot: of

the question at• issue, it see•ms to be rather proper to re.,(,rai'cl the chromo-

sonie arrangement in the hon3otype clivision at leicst in this plftcnt as a

speciai case. In 7"onZi's Anllirzlsciis there is i}o sucl} clifferetice in the

frequency cRrve of varlous chronwsonie arran..o'emeRts betNxTeen the hetero-

type division ancl the homotype division, this probably being due to its

low number of chromosomes, but lt may be pointea out here that in the

hoi-notype c{{vision, a forni oÅí arrangenient in xx•Tk{ch the nui3iber of

chromos.omes occupying the c,entral positlons is less b}r one, as. in f)eetce-•

ara7z2t•77i 7lri2t5o7nbillu,, tliaii l:hat of the form o.f the li{f.)'hest frequeiicy, (in

Tori'lik A•nllbr23c?ts it is zero, because the Rumber iR the latter here is

cne) was observe:1 in gg'o' of the c.ases, while in the heterotype clivision

no such forni "ras observe:l oither in the metap!]ase or in t'he anaphase.

                          SUMMARY.

     i) Both 8 and ii micy be rc.,c.rardecl as the b.asic chroniosome

Rumbers in the Umbelliferae.

    2) 'In melotic clivisloiis of TorzZt's /lnl/irzlgcus andt -Pe7tcedan7tm•

7ZtPonz'c2tin•, the ft, rranv.o'o:nent of the ('hroino.somes i'csembies that of

]XLL"L'Ei<'s fin,atln,c.y ma.o'nets in a 1,ftr.ge. mectg.uro., exce.pt the e.ftsc's of the
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hoinotype dlvisio:i of the ].tLtter plant, "shcre tlie reseniblai'iee is iess

remarl<able.

     I[n conclusioB, I xvish to express in),r cordial thEu}l<s to I'rof. X7'.

I<uwtxDA, for his l<itid clircction throtis,hotit the investiE,.ration,
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                EXPLANATION OF PLATE XXIX.
     tlLll t"tguve.s are ni{ct-ophotographs taken with Zbiiss' apochroni. iinni. 2inin. and con'ip, oc. i8.

1"'ig. I{t-tt. Zbrilis .'!nlleri3'ciss. Chroinots'on'ic ;trrangeincnts corre.sponcling•T to Tablc II.

ai--4. 2;igttves correspondin.7,• to ii'onn tf5. in the table: a,. Iieterotype n)ctapht}se frona the san]e

     equatorial plate as that repi'o[lucted in Text-tisr. 3. a.'t; a2. heterot'ype anaphase; a:i. hoino-

     type ]netaphase; a,. hoinotype anaphasc.

bi-L,. 1-'ig,{ires correspondinsr to Form B: bi. heterotypL, metaphaie fvom the .same e.]ttateritti

     plate as in I'ext-fi.o. 3. b'i ; btt. Iieterotype annplicase.

cJ mm.t. ' Figurcs coi'responding to ]f'onn C: ci. hetcrotype inetapli.xse fioin the saine ecitiatoilal

     plate as ii] rl-ext-iig. 3. c'i ; c2. heten'otjk'pt, anaphase; cB. honiotype n]etaphase; c4, hoino•

     type anaphase. '
cli-pt l?igtu'ei coi-responcllntsv to IJ'onn J/): (4. hoinotype ]net'apinase; {IL,. t'1 case in the sanie

     pl]ase. as in tii, bttt liere t}ie chi'onio$oines are avrmigcd in t"ro roxv.s, an ai'rangeincnt ivl]ich

     niay be resrardecl as having been derived froni such aii arransreinent as s'rio"rn in tii.
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I"i,.r. 2a.b. 7brtZis `a/iehrt5'ctes. CIiromosome at'rangenients cou'esponding to Table III.

aiva2. A case whet'e one chromosoine naay be regarded as occtipying tlic central p{)sitfon : at.

     heterQtype metaphase; ae. homotype metaphase.

b. fN figure belong•ing to the "Extt'emely irregular avi'angement" of Table ll,T, taken fi'on] tlie

     sanie equatorial pla`L'e as the dt'awing iti Text-fig. 4. ca.

I"ig. 3tt-c. 2?eucetiaitttiia 7'aPonzicuin. i;igm'es of chi'oniosoine avvaiigenients in hetevotypc nieta-

     pliase copresponding to Table V.

a. iX. case wheve two chroinosoines ave in the centre.

b. Cases where three aye in the centye.

c, .eX. ca$e xvhere fotir are in the centre.

Iiig. 4a.-tt. Ie?tcedtin2sn" 7'aPoniicuni. I igiu'c$ og chi'on}eson)e tirt'ansreinents in hon]etype n}eta-

     phase cerrespon<ling to Tablc VI.

a. xX. case wliere one clu'oniosoine is in the centve.

b. A ciise "Titli t"ro chroinosou)eis ii] thc ccntrc.

c. tN casc ";'ith threc in the centrc.

d. tX. e,ase ivith fourin tlic centrc.
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