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                          Introduction

    I'qiyploidy is a subject of special interest in the fi. eld of s,enetico-

cytolo. fgy. XVhile many platits have been u$ed and closely studied in
tlie investigation of this probiem, the IVa•rcrlssit,s plants 1}ave attracted

tke attention of only some fexv authors[ SToA,fps (igig) was tlie first

to give soine caccoLmt of the chromosome numbers in these plants.
Tliis investis,ation was followed by t.hose of DE ]X(Ior. (ig22i, '2D-, '26,

'27L' , '287), IE[EiTz (ig26), N'AGAo (ig2g, 'c)o) and IrEi<NANDEs (ig3ia, b),

anc! kc polyploid condition was shown to exist in these plants. IBut
most of the investi,o.'ations have been made mainly with root-tip cells,

ancl have tal<en no account of the 1)ehavior of the chromosomes in the
recluction divlsion, except i!i the case oÅí some g'arclen varieties ot'
A17arcissus la:•etla and xV. Poetlc2ts (NAdAo ig2g, ig30)•

    ln the present paper the results obtained from observation of the
bel}avior of chromosomes in the reduction division iii p. ollen mother

cells in some of tkese and other species and g'ardeii varieties, as well

as in some species which are tcaxonomically regarded as hybrids are

                                                  '                                    '                                   '   I. Cited from GtslsEi" (ig26).

   2, 3. Cited froTn GAIsER (i930).
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 more Åíully .o"iven than iri the previous papers and a discussion of the

 chromosome nuniber, not only in its relation to the phylogeneticai
 relationship between these species or varieties, but also with regarcl
 to its physiological ancl genetical significance viewed from both the
 scientific ancl the applied biology standpoint, is attempted.

     It is my pleasant cluty to recorcl herea debt of g'ratitude to I'rof.
 'Eti'. I<uxv,xD.N foy his v.aluabie suggestions and criticistns throttg,hout tke

 xvorl<.

                     Material and Methed

     According' to ENGLEi< and CkLG (ig24,) the genus rvlarcr3'sits com-

 prises thirty five species. Ifn the present investig'ation, liowever, l hacl

at my disposal only a restricted tiumber of gtarden species knoxvn b}T
the naines /Vtxrcils's2ts .P.s'f"udonarcils'sits, .ZVI. z:nc'o7nPai'abi'lils', A71. .Zlonaza71a,

N. Biglbocodi:um, 7V. i>iterme-di>ts, !V. Iattglta, .ZVI. oalorits, !V. bijlo7'?ts

and A71, Ba.rri2] ancl soine oÅí their garden varieties, It was my intention

to carry out crossing experinaents, btit #his xvas unattainable owing to
the his,1'i sterility of the plants xvhiclL is founcl ex}ren in cliploid forms,

as I.coi}viRcecl myself in the attempts I have made every year for
the past few• years, aRcl also to the fact Åíhat these plants tal<e mEmy

years to reach mattTrity and fiower. No hybrid forms experlmeiitall.v
raised were, therefore, itivestig'atecl.

    The materi,'tl usecl for microscol)ical investigations xvas tal<en t'roni

plants collected from several nursery companies, aticl cultivated for
several years in the experiniental garden ot' the Botanicai Institute oÅí

I<yoto Imperial University. Observations were made with root-tip
cells for the somatic number of chromosomes and wlth pollen mother
cells for the reC{uction division. I<.oot-tips were fixedi iR FLE"f"fiNG's

strong soltition or the BoNN moclification of lt. I;or pollen mother
cells, NAxvAscHiN's fixative (i 9,b chromic acicl io parts ; g,lacial acetic

acid i pcart;4o 9!o formalin " partsi) was excltisively usecl. This fixative

proved good, genei-aily speaki,ng, but frave somewhat varyin..cr results

according to peculiarities of tlie species anci varieties, To fix tlie
inaterial, the floxver bud xvas taken out of a bulb by ct.ittitig it,' ancl

then each anther xvcrLs carefully made free froin the inain body oflthe

bud, and itnmecliately fixecl in the fixative.

    The seasoti in xvhicl} the recluction division tal<es place in polien'
motlier ceils is different in differei]t species and in different gcarclen

  I. I-"onnalin ivas acldecl iinmecliately before use.
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varieties of the same species. The best seasons, Jl found from my
obseyvations of them in our garclei? in the past feW years, are as

follows :-- ,    A7Ta7'ci3-s'us lasetl(v : froin the eRd oÅí September to early November.

    .ZVI. I).s'tiu(Xona7'ciSsits and N. i'nconiPa,ra•blli3' : froni the inlddle of

October to early .NTovember.
    "tV. foiiazti71a• and .tV. Pocli'evts : the n)iddie of N-oven]bet'.

    .2VI. i>iterriie(li'2ts: from the end of October to early December.

    A7T. Biilbocoali;ivm and N. bptlor2cs: from early December to tlie
end of December.
    Sections xvere cut is microns thick Å}'or root-tips, and io to is
microns tkick for pollen mother cells. 'I'hey were e.xcl}i$ively s.taine(l

wit'h 'il:IEiDEN[-yvN's iron alznn haematoxylin.

    Al! the fig'ures yeproclucecl ln the present paper weye draxvn by
the aicl oÅí ai} ABBE's cainera luciCla with a ZEiss achroinatic imni. i/iL'

and compensatioR oculars Ki2 and Ki8.

                         Ob                            servation
                                    '
  I. Cases where the cardinal number of chromosomes is 10

                    Narcissus taxetta I.i

                         A) Diploid
    a) ".Franl<lii3"
    Extei'nal cl]aracteristics ;-i]e'aves llat ancl obtuse, i.S cms. I]yoad, q. in nunil)er: llo"'ers

it-i5 in nuniber, 3.5 cnis. acvoss; cro"tn yeHew, seginents ct-ean) white witl} yel]ow tint;
sty[e inore or less exceedinL.r. tl]e anthers.

    The somatic numbei` of chromosomes is•2o in root-tip cells (Z;ig'.

i). Tn polien niother cells, io bivalent chronaosomes or gc);niini are

countecl at diakinesis and metapl)ase in the heterotype divisioii, and
io univalents xct inetcaphase in tl]e l}omotype division (I?i.o's. 2, r), 4, 6).

6 sreinini of tli{e io are rocl shapecl and thicl<er tha-n the remELining
4, xvl}ich are rotincl in shEpe (Figs. 3, 4). This ciifference in shape.

ancl size is so clear thcat we ccaR easily distins.uisli these two types of

chromosonies iB everj,r figure. 'IIrhe division lligures aije, pi'actically

spcsal<ing, ali regular both ln the heterotype ancl homotype clivlsions
(Fig. s). 'l'he 1.)ollen .{rrains are, inostly norrnal in appearance ancl the.

abortive one,g aniount to less than io 96 (I';i.o'. •i3).

  i. :x preliininat-y report on observations of soi-e ot' the t•uvieties of Lhis plant wiLs
publishecl in Japanese ivith an English snmmary (N'ts(;Ao ig3o).
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ITigs. i--6 .2NT. trtsett.a, "]]"ranklin" I. Somatic nncEetu' pl,ftte, sho"tin..or, 2o chromosomes.

  Å~22Io; 2-6. Meiotic phases. Fig.s. 2-S Xi7IO,Tig.6 )<22To; 2. Dialcinesis, showing
  io .cr.einini; 3. ]feterotype nietaphase, s]]ozvin.cr.6 larg.e and 4 stnitH gemini;'4. f2'he saniq

  2 sinall gemini occupy the inner position; 5. Ile'tevotype anaphase; 6. IIon)etype nieta-

  phase, showing io chroniosomes.
]:tip.s. 7 ancl 8, ?Nl tasetX.a, ",T..p,," 7• Somatic nticlear plnte, sho"ring -oo chromosomes.

  Å~22io; 8. i-I'ete}'otype mc:taphase, showing 6 larg.e ancl 4 sm:tH gemini. Xi7io.

]-'igs. g-i2. A'. tasettcr, "B2," g. Sonxttic nuclear plate, showing 2o cht'omosomes. Å~22io;

  io. J'Ietttrotype nietaphase, slioNving 5 large and 5 sma]lgeinini. XI7io; ii. I•leterotype

  annphase. Xt7IO; i2. YI'omotype met"pl}ase. Xt7Io:
]'?ig. i3. Pellen grains of Ar. ra:•etxa, " Idkranlclin " (A'Iicrorhotegr,aph).

    b) Xrariety " I.2n "i
    External chavacteristics:-!.eaves 4W' in uunibt'r: leaves and sc;ipe al>out 3ocms. Ieng:

fioxvers 7-8 in nunil)er, 3-3,s cms. across ; cro"rn, bro"rnish yelloxv, s.egnients, -pale letnon

ye]Iosv;style not exceeding the anthers. '
    The somatic number of chromosoines is 2o Es iR the forme!' variety
(Fi.o'. 7). The chromosonies founcl in the heterotype divisioii are quite

the same ln size in relation to one anotlier as well as in the numerical
ratio be.txveen the ltu'ge cancl smal! ones, t13is beinf,.)' 6 : 4 as in the variety

``  .Franklin," as sho'xxrn in 1 ig. 8.

    c) Variety " B2o ''
    F..xte!mal cl)aracteristics :-Small : leaves ancl scape about 2ecms. Iong: fio"rers 7-8 in

number ; cyoivn, soft yellow, seginents, crean) "thite ; sty]e n",ore or le.s exceeclin,cr. the anthers.

    This variety shows 2o chromosomes in the root-tip cells (Fig. g)

and io bivcr{[lents or ..o`emini in the heterotype metaphase. The size
reliction between these gremini ls recognizable as the same as ln the
case of "Iiranl<Iin," but the Runierical ratio bet"reen the large ancl
small ones is clifferent from that found in "Iranklin." In this variety
it is .s:s insteacl of 6:4 (Fi..o's. io, ii, i2). Notliing" abnormic1is found

in the chromosome behavior iR clivision. The phylog'enetic significance
of the clifference between tliese two vat'ieties in the ratio of chvomo-

somes of clifferent sizes Nvill be considerec! ;ater.

                            B) Trip!oid

    a) "Yellow l)rince" .    F.xternal charactevistics:-Sinall bqt strong: Ienves fiat and obttTse, tv:6 in inunber;

Ieaves and scape al)otit i8-zl Åëms. Iong: fioweis S--8 in number, 3.S cnis. rtcvoss ; crt)wn,

cttdmitim orang.e, se.an)ents, scft yellow; style not exceedhlg the anthers.

   i. BAKi?.R l]as c]assified tlie polyamthus narcissus into three grottps, "bicolores," "albne"
tftn(1 "lutae" according to t'lie difference in the color of the col}ora (BAII.Ey i9I7, p, 2Ii2>.
By " r..2e" it is nieant here that the pltnt is one belonging to the "ltitae" type ancl has
2o chiomosemes in its somatic cclls. In like n]anner, the Ietters "A" tuicl "B" in the
followin.cr. also inclicate tliat the plants called by these letters belong to the s.roups, the name
of Nvh{ch have those lett.ers as initials, and the numbers attached to the letters signify the
soi'natic nun)bers of the chroinosonies Nsih{ch the plant's carry.

,
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Figs. i4-ig. 7Vl. tazetta, " 'St'ellow Prince " i4. So:natic nuclear plate, sh .wii;.cr 3o chromo-

 somes. Å~221o; IS----ig. Ivleiotic ph?Lses, Xi7io; I5. Heterotype metaphase, shosv'Lng Io
 chromosomal elenients ; i6. The same, showing g tr;valent and 3 univalent chromosomes ;

 I7. The same, showing g trivalent, I bivalent and I unisralent chromos:;mes. i8.
 Heterotype anaphase. .4N triplet shown solid black split longittTdinally ig. The same. 2

 triplets shown solid black split longitmdinally. D

    This is .a triploid variety of ta:•eXla having 3o chromosoines in the

somatic cells (Fig. i4). In the heterotype division, there is a strong

tendency among the chromosomes to form trivalent complexes as in
the case of triploid Dakt.ra, ffJl,acirzXli•?ts (BELLiNG and BLAKEsLEE ig2-7,

IBELLiNcr ig2sc) and some other triploid forms (Fig. is). In a number
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oÅí cases, some of the chroinosomes fail to iinite into trivcrtlents, so

that inoro than io chroniosomal elenients, usually H, i2 or ir), are
countable in the heterotype metEphasc. In IFigs. i6•ancl i7, polar
vicws of the nietaphase are i'eproduced, where tlie chromosomal consti-

ttitiOiis gm+3i cind gm+ iii+ ii are recognizable respectively. In Table
I the frequency of occiirrence of these different, numbers oÅí chromosomal

elements found iR the l)eterotype metaphase ln ,s7 pollen mother cel]s
is .o"iven xvithotit reference to the valency of these elements.

                             'rable '[

Numl)er of chron}osomal elements

lr, requ ell 9. y

IO

32

II

24

l2

)1

l3

I

U'ot,1}

S7

    It is seen f, rom this table that the occurrence of i2 ancl ir) elements

is exceeding'ly rare, while the other cases, io Etnd ii, occur abotit
equally often. In attempting to determine mieroscopically tl}e valency
of these elements xve often encoimter almost insttrmountable difflculty,

but the deterniination is usually i,ndirectly possible in so far as it is

concerned merely with the qtTestion of how mi, ny chromoso. mal elornents
of ce.rtain valencies there are in a s,.)'iven nucle`ftr plate. For example,

if xve have a nuÅëlear plate cemposecl of ii eleinents, g of the eleyments

inust be trivalent, the reniaining txvo being bivalent and unlvalent re-

spectively, otheywise, tke number ii can not be maintainecl. The case
xvhere tliere are 8 trivalents (8m+r)tt) may be considered, iÅí the conju-•

f.)'titioii of non-iiomolo.o'ous chromosonies is assunied, but this assump-

tion is lmpossible iii the presenÅí state oi' 1<nowleclg"e and caccording'ly

the chroniosoinai constitution gm+ iii+ ir is the only reasonable consti--

tution that xve can consicler f6r the case xvhere the number oÅí elements

is ii. In Table II ali the. possible cases are given Åíor each number
oÅí elemeRts, inciuding' unreasonable constitutions, xvhich arc macrl<ed

xvith an asterisk.

                            Table II

N'uinber of chroinosonial e!enients

].'ossil)le constittitioni

IO II
d

    i
IOur l 9rrr-f•III+lr

    l 8ui -y 3ua:

    l
    l

I2
I
I I3

9IIIÅÄ3I

8m+2rr+2i
7Irr+4II-I-rl*

6m + 6n"
l

7'Hr+3rr+3i

6m+5il+ii*

SM+7II+II{
4M+9II*

  i. The ron}an ntnnerals attaclied to the f'igtn'es indicate the vn..leneies of chroniosoines,
their ntunbers being shoxvn by those figtires.
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                                                                  '
     The results given itl Table I' being inter.preted in the manner
 shown in Table II, we see that the fact that the cases of io ancl H
 elements most frequeRtly occur shoxvs t}kat there is a strong' afÅínity

 among every thre.e chromosomes causin..o' them to form a trivalent
 eleinent, ancl we come to the conclusion that this variety is an auto-
 trl•ploicl plant,i having' io ac s its bftt sis2'3 otf ckc rdinal number oÅí chromo-

 somes.
     At anaphase one or two univ,k!ent chromosomes lag behincl the
 others, tancl split lon.o.'itudinally. Their halves separate from each other

 towcrds the poles ,after the other chroinosomes Qf iiormal behavior
 have reached thepoles (Figs. i8, ig). About 4s 9of of abortive pollen

 grains is foimd. Tlie abortion seems to be due to the chromosome
 aberration in the me2otic divisions.
     b) " Chinese Sacred I.ily "
     External ch:u'acteristics :-Robust form : leastes flat, 4-6 in nuinl)er: Ieaves and scape
 Bak',O,kii .3,l2,i:S)1."',tlyOIi,'g]il,.fl,O,NVIIC,fSl,P,,rO,".iAite,',IE',g4'tShgi"l:'l;til,C:I,Ois; ci'oNvn prlmuline yellosv, segments

     Observations in root-tip cells show that tliis variety or form is
 aiso a triploid plant having 3o chromosomes in the somatic cells, a$
in the case of the variety " Ye!low Prince " (Fi.g,. 2o). The chromosome

behi,vior in the i'eductioi} division, however, is ciifferent iR certain

respects from what is fotmcl in that variety. In theheterotype meta-
phase the ntvnber of chroniosomal elements varies t'rom 7 to i4. It
is a pecti]iar fact that Åíewer than io cliroinosonicfLl elements are Åíotmd

iR such a plant cfts this variety xvhich is reg-arcled as a triploid carry-

ing 3o soinatic chromosomes. This peculiar phenomenon leacls us to
the logical conclusion that tliere must exist some number of chromo-
some complexes of a hi.o'her order than those in "Yellow Prince",
such as, for instance, soine tetra- or pentap,irtite elements, iRstead of

all being tripartite. Though the direct cletermination ' of the chromo-
somal constitution of these eieinents is very Åírequently hardly successful

in this plant too, owing' to thelr compactiriess of union, it is at least

•possible in certain cases to secure soine idea about the constitution•
The nuclear plate reprocluced in Ilig. 2i shoxvs 8 chromosomal elements,

of xvhich one is probably of the pentapartite nature. IE?ig. 2-7 shows

another nuclear plate with io chromosomal elements of xvhich oiie is
very Iargre (probably multjpartite) and soni•e are much smaller (pi`obcftbly

   i. xX. terminology proposed by l<HrAxA ancl 0No (ig26, p. 48o).
   2. A terminology introdticed by Biu}T.GF.R (ig28).

   3. FEtiNAND}r.s (ig3ia. b) l}tts repot"ted that the nun)l)er ro is the diploid nuinber of

tl'errc7s'sits tct:etta. 'rhe cardinal nv,n)ber of tliis plant "'i]l be disctzssecl in a later chapter.
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univalent). In Fi.o'. 2J' a nu'clear plate consisting of i4 chromosoinal

elements, probably of the constitutipn, .{m+6ii+3b is shown•
    'Irom these figures it is seen that there is no regularity in the
constittition of the compl'exes, that is, that the constitution of the
complexes or elenients may be different ln different elenients. I)rimarily

the consbitution inust hetve been sucli as that xve have seen in " Yelloxxr

[Pri.nce", but in the vetriety in question a seconclary union or association,

dae to certain peculiar characteristics of the chromosomes, iiiust h.ave

taken place among' the priniary coniplexes, so that chromosome com-
plexes of hiL.o'her orders than triple inust result. A siniilar plienonienon

has been reportecl by I<ii{txRtN ancl N•isHiyt".i,•N (igr)o), occasionally

o.bserved in one of the triploid species hybrids of 7buZk?im, ancl by
NismyAMtx (ig2g) in a triploid hybricl oÅ}' .A7iena•. .tNccording to these

authors, the tetrapartite coniplexes which are often obseirved in these
triploid TriZz'ci?t••in and .A7,e7{:a, hyl)rids niust kitve originategl in the

union of two lnclepenclent bivalents, and therefore, they are not tetra-

valents; a tetri,somic complex can not be expectecl to exist in a
triploid plant. 'l"he niultipartite state or mt}ltiple association of chromo-

soines has a.lso been fotincl iit clliploid and triploicl vcar"iezies oÅí 21[:.'t,r2is

(DAi<LiNG'xoiN, and llNIoFFE'r'r ig3o) and in some species of 1)omoi?leae

s"ch cfts Cr(xta•e.o'eis mo7iosrJ,na• and l).iti'?is •mi'ni'ma• (iN,IoFFE'rT ,ig3i). In

the case of 1).J,r?ts, tke association of four, five, six, seven, eigl}t aticl

aven nine chromosomes has been repot"ted. I)txRmNG"voxN' and }vfoFFF.fr'r
(D.u<LiN•c.'roN and lrNtloFFE'r'v ig3o, ]LX,IoFFE'y'r igr)i) have conclt}clecl froni

these results ot' observation that the /2yr?t•s pl.ants are, though function-

ally diploid, historically quaclruply tetrasoinic ancl trebl>r he•xasoniic.

If-Axvi<ENcF. (igr)ia, b) has also reportecl asimiicxr res"lt of observation

in Dalilitx, and expresses the view that the i'ormation of thLr' chromc-

some complexes is clue to the "secondary association" xvhich tal<es
place secondarily between primary pairs of chromosomes.
    The frequency of occurreRce of different numbers of chromosotiial
elements obtained froin observation of .6inL pollen mother cells is slioxvn

in Table ]IIL

                           'rable I1[I

Nuniber of chroniosoinal
 elenients

I"requency

  I-

7i 8
3 24

9

I2

IO

II

II

6

I2

]
4

I3

I

I4

3

'l"otal

64

    If the chromoso!nal elements are g or iess thicn g in number,
there must exist som.e multipartite chromosomes,.though such a chromo-
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I;:.gs. 2o-3o. Ar. tazetia, "Chinese Sacred Lily".

 clirom"somes. Å~22io. 2I-3o. Meiotic phases.
 chroniosomal elements, one of svhich is probably

  showing iO chromosomal elements; 23. The
 probably of 5m+6n+3I; 24. Heterotypeanaphase, showin.or is chremos mes in each pole ;
 2S-27. The same. 4, 5, 6 chromosomes shown solid black respecti"-ely split longituclinally ;

  28. Homotype anaphase; 2g and 3o. Irre.a-lar pollen tetrads.
Fig. 3i. Ar. tazetta, "Soleil d'Or". Somaticnuclear plate, shoxving 3o chromosomes. Å~22io.

I;ig. 32. The "rild growing species. Sorna.tic nuclear plate shosving 3o chromosom s. Å~22io.

Fi.a. 33. Pollen grains of iV. tasetta, " ChineseS act'ed Li]y" (lÅ}VIicrophotograph).

some ' or chromosomes may also. exist in those cases where io or more
than io elements are counted, as is shown in [Fig.22. Accorcling to
our data, the number of chromosomal elements is less than io in 3g
cases out of 64, This fact must mean that the multiple association
of chromosomes is of cominon occurrence in this variety.
    In anaphase the chromosomes may be distributed in equal numbers
to both poles, as is shown in Fig. 24. Irregularities in division are,

however, rather commoiily observed. In Figs. 2,s, 26 and 27 where
anaphase fi,.ffures in the heterotype division are reproduced it is shown

                 5)1

x""}

I iilll'IQ'IS'"'`t`e",,

         % di' figF

       i

  2o. Somatic nuclear plate, sliowing. 3o

 Xl710; 2i. Heterotype metaphttso. 8
 peutapartite, are sbown; '22. 1he sa, me,

same, shoxvin.cr i4 chromosomal elements



      Ati{mber and Behawior of Chromosomes in the Gemts .?Varcissus g3

tliat 4, 6 and 7 chromosomes respective!y lag behind the others, all
or some of tkein (as shown in the latter two figures) having split
longitudinally. ]Lagging cliromosokies are also found in the homotype
division, as is shown iR Fig-. 28. Through these and other irreguiarities

in the meiotic clivisions, besicles the normal pollen tetrads, abnormal
tetrads witl} or xvithout a dwarf-nucleus or --nuclei as xvell as diads
and triads are prociuced (.Figs, 2g, 3o). 'i'he presence of dwarf nuciei

in the abnornpal tetrads suggests that in the hoinotype division sonie
chromosomes'fail to tal<e part in the formation of the tetrad nucle.i,

Despite these irreg'ularities in the behavior o.f the chromosomes in
division, polyspory is of rare occtu'rence in this g'arden form. A siniilar
pkenomenon has been repor"ted in 1?a•Pliam"s-Brasslda, hybrids (PiEcf{

anc{ l7NIoLDF.NiiAxvEi< ig27, p. 32). About 7o 9b of tlie polien grains
are einpty in this A7rarcilssits forin (1;'ig'. .33).

    The root-tips of txvo otlier plants, "Soleii d'Or" (I/"ig. 3i) and a

wild piant 1<nown taxonomically under tlie name Arnv'ci3szts tag•etla L.

var, cli•i:ne7iszb I<oEA•f , growing on the sea-•shore in the temperate
regions of Japan (If'ig. 32) were lnvestigatecl, ancl both xvere found to

carry 3o chromosomes, This suggests tkat they are triploid, but' the
behavior ot' the cliromosotnes in meiosis was not investigated. The
wild Na•7'ciksits at iiiy disposal wcis that beionging to the bicolored

type witli double flowers. Owing to this double-fiowered conditlon

investigation of the meiosis was impossible.

    Triploicly is 1<noxvn iii garden plants in fairiy numerous cases,
but iri xvilcl plaRts it is 1<iioxvn only iiiL ti. restricted nuimber of cases.

To niention soine exaniples hitherto l<nown in xvlld 1)lants, we httve :
/.-Iemerocalli3 .,ie?xlz,a (BEL-N(} ig2s b, TtxKENAi<tx ig2g), .Z]],conlo 7'aa{i?rla•

(Nis{{;y,x"T,x ig28, INAi<{y,zzt.x !g3i), L.ycorily sq?ga,7ibl,ise'era, (TAi<EtsTAKA ig3e,

INAiuyt"iiA ig3i), ln3' .7?zPonlca (I<txzAo ig28, ig2g). IIn nature, only

in those plants in xvhich a vegetative method of propasration is habit"al

can tke condition of triploidy be maintained ; in those plants in which
amplaimixis is thL'L only method ot' propag'atioii this condition is broken

up by the process of meiosis, anci only a new chacnce of producing
cllploid g'cametes and another uexv chetnce for them to nnite wito normal
hi, pioid gametes, or a new chgence for a triple fuslon of norm.rt[! gratnetes

can bring forth the triploid condition ag'ain. The case of triploicl maize
founCl by I<ANDoLpH, for instance, belongs to this latter case ((J/. .SHAi<p

ig26, p. 3g8), and this is the rea,son xvhy we can find t!'iploid plants
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in only a relatively liinited nvttnber oÅí cases as compared xvith the
rather frequent occurrence ot' tetraploids in nEtture.

                         C> Heteroploidi

    a) Variety."IB2i"
    External characteristics :-]Leaves Ilat, i.2 cms. bvoad, 4-s in number: leitves and scupe
is cms. Iong : flowers io-i8 in ntunbev ; crosN,n, light cadmiun), segnients, creain iv]iite ; style

not exceeclin.cr the anthers.

    2i chroinosoines are countecl in root--tip cells (I'i.cg. 34). In dia-

1<inesis and metaphase in the heterotype division io biva•lent ckronio-

somes and i extra chromosome which i$ univalent are observable
(Figs. 3s, 36 ancl r)7). Thebivcklents can be clivictecl into rwo classes

accordin.cr to their $izes ; the chromosomes of the first class, which
are 6 in nvanber, are larger than the 4. chromosonies of the other, as
in `` Franl<lin" and " IL2o". In Ia"ig. 38, tlie extra cln'omosome is Åíound

oB the equatorjci[1 plate xvhile in Iifr. 3g it ]ies j.n the cachromcitic figure

outsicle' of tke piate. The behavior of the chromosomes in disjtuictiolt
is regular in general except foy this extra univalent (I?ig, 4o). In
I?is,. 4i, a division figure in E stage sli.olitly later than that reproduced

in Fig. 3g is shoxvn. I-Iere the extrc't ehromosome has already tal<en
                                                    'up its position at the pole in advance of the bivalents. I.n Ilg. 42,
caii abnormal anaphcrtsic figure ls shown in which ii chromosomes cxre
found near the upper pole and the reinaininsr g necxr the loxver, the
extra ,chromosome being foLmd in the equatorial region, I/'iEr. 43 shows
one oÅí ehe sister stroups of chroinosomes at a later.anaphase consist-

ing of n chromosomes from the blvaients and one extra chromosoine,
This excess in the cliromosome ntunTjer mttst be a result of tke non--
disjunction which l,s illustrated in Is-ig. 42. If ln the heterotype division

the bivaleRts disjoin normaliy, the number oÅí chroinosomes to be found

iR the l}omotype metaphase will be io in one of the $ister cells and
ii (= io+the extra ckroinosome) in the other. This is often 'the
case, as is shown in ]1"Aig.s. 4t; and 4s. Generaily spec'tl<ing, the meiotic
process proceeds regulacrly except for non-disjunction, thoufrh tliere

are some otlier minor irregularities.

    The behavior oÅí tke chromosomes just described shows that this
varicty " But" is a hyper(i{iploid plant iti which tlie cardinal number
of chromosomes is io, and not a trlploicl, though the number of

  i. The tenn " heteroploid " is ttsed here in the sense of XViNi<LEk (igl6) corresponding

te the term "aneuploid" introcluced by T)(ci<rioL"r (Ig22) ancl "aploid" proposed by

JUIIGENsEN <Ig28). •
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Figs. 34-47. tV. tazetta,"B2L"• 31•

  35-47. Meiotic phases. Figs• 35-4o and
  sliosving lo bivalent and I extra (univalent)

  in polar view; 38. The same in
  found in the achromatic tigure ;

  pole and Io chromosomes at the Iower;
  in advance of the bivalents; 42.
  pole and g chremosomes near the lower, i
  43. 0ne of the sister gronp,s of chvomosotnes

  eNtra chromosomes; 44-45. Homotype
  respectively; 46-47. Pollen tetvads

chromosomes in the somatic
variety of another Narcilsszts species whose cal`dinal nuinber

somes is 7, such as N. Poetibzts,
    Sometimes there are found
in the cytoplasm in pollen
size, and are found ine only

in two or three of them in some others
and BLErER (ig26) have observed
of tetrad cells in the hybrid

are of the view that this may
and SANDo (Ig3o) approve
that what appeared to TscHERMAK
bodies in the cytoplasm of
may have been similar to the
observed by the writers in
    In., the case of the varietv
towards the poles is generally

type divisions, and, hence, it seems unreasonable
for an extruded chromosome
reach the pole in the telophase,

            e///'S:Ot.j"` /'pt,,tS/i`i'.l"'i'll'i.

            e.f:t;':y;.:•r.,•r•`s,'.ittC:"'"i''i)r`,rt

               :-'kl'e:" :ii,li;eiJ'

                 -s)

   46 47
 Somatic nuclear plate showing 2i chron}osomes, Å~22io.

      46-47 XI7IO, 4i-43'Å~22io; 3S. Diakine$is,
       chromosomes; 36-37. }Ieterotypemetaphase
side view; 3g. The same. An extra chromosome is

40. JJater anaphase, showing ii chromosomes at the upper

     '4I. The sanie. An extra chromosuine at the pole
 The same. n chromosomes are found near the upper
      extra chromosoine lying in the equatorial region ;

         at the later aouphase, showing II and 1
      metaphase, showing io and ii chromusomes
  with cleeply stained bodies.

   cells is the same as that of a triploid

                             of chromo-
      for example (cf. INTAGAO i929)•

     some small bodies, strongly stained,
 tetrad cells. They vary in number and
one of the tetrad cells in some cases arid

           (Figs. 46 and 47). TscHERMAi<
      similar small bodies in the cytoplasrn

 betsveen Ae.ai'loPs and TriXi'cum. They

   be an extruded chromosome. LoNGLEy
this view saying : " It seems quite probable

        and BLEiER as strongly stained
 the cells of the tetrads .in their hybrids

   micronuclei or extruded chromosomes
their material."

 . " B2i", the distribution of cl]romosomes

   regular in both heterotype and homo-
                    to take these bodies
  or chromosomes which have failed to
       or for micronuclei resulting from
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                                                 '
alveolization of these chromosomes. I am inciined at present to tal<e
these stainect bodles in this variety as extranuciear nucleoli, though
their origin and fate have not yet been invesÅílgated.

    'b) Vicriety "A22" (Probably "1"aper XVhite"1) .
    ]Sxternal chdracteristics:-Slender and .ffrmracefttl, e,arly blooming: leave's and scape 24-

2)" cms. Iong: }eaves q-6, most]y 4 in ntzmber: flowers small, s-g, mostly 7 in numbgr; both
secq'ments and crown snow white ; styie not exceecling the anthers.

    This variety has 22 chromosomes in the root-tip cells (Fig'. 48).

The investlgation of tke meiotic phases in this variety gives some
intet'estiug' resalts xvhich suggest the origin and process of the hyper-

dipioid chromosome number deviation in some vckrieties of A71a.rci3s?is

la:•elXa. I{"igs.s7 and s8 shoNv a nt}cleus in dial<inesis ancl ,re divislon

fis,ure in the heterotype metaphase respectively; in both of them H
gemini or bivalents are counted. I`'our bivalents amonEr them are

rod-shaped and larger thaR the remaining 7 xvhicli are rotmd in shape.
I.n many cases (3t96 cases out of 4so), however, fusion of two smaller

sremini into cre tetrapartixe coinplex of the size oÅí the larger ones takes

place, so that the total number of chrQniosomal elements is io instecad
ot' ii (Figs. s6 and ,sg), AsaconseqReRce oÅí this fasiofi oÅí chromo-

somes into a complex, the numeirical ratio between the numbers of
small and large chromosomes becomes altered, jt being now s : ,s iRstead

of 4:7'(Fifrs• ss, s6, sg and 6o). Tkis ratio is the same as that
fo Lm dL in the vari ety " B2 )". In the v• E ri ety in questi on both types of

polleit niother cells xvltlt aRd xvitl}out the fusion of chroi"iriosonaes are

found in tl}e saine locultis of the anthey. It w'ould, then, not be un-

reasonable to assume that the ntimber ii has been derivecl from io
by the cross seginentation of a chromosome of the larg'er size, because,

.ks xvill be cliscussed later, the latter nunaber is the cardinal nuniber
iR A71a.i7'ci[s'sus la.".e•lla. Tkis secondary nuinber is fixed in the soinatic

cells, bt}t is liable to reversion into the primary number in the pollen

niother cells. XVIiile the tetrapartite nature of the chroinosome is
clearly observable in a late proph-cse or dial<ines{s (I;lgs, 4g-s4), it is

g,eneral!y obscut"e in the metapliase, especially in polar view, complete

coalescence into one tal<ing place so intensely thEt no sign of the
tetrapartite nature is cliscernibie. IFig. 6i shoxvs an exceptional case

where one of the chroniosomes occtipying the centrai positioti in the
arrangement clear]y shows its tetrapeni ite nature. In I;ig. 4g a "tetra-

partlte chromosome tal<en out of a cell in a late prophase before
dial<inesis is shoxvn. Tkis chroniosome corresponds to the tetrapartite
chroniosonies in clical<inesis, reprodu.ced iii IFigs. s2 ancl .ss, in xxrhich

the fourfold character is evident. In the tetra,picrtite complex shown
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Figs. 48-66. IVI. tas•etta, `C.4N.22". 48. SoTn:itic nuclear pLate, showing 22 chromosomes.

  Å~22io. 4g-66. Meiotic phases. Å~i7io; 4g, A late prophase; In one chromosome the
  tetrapartite nature is clearly sbo"rn; So anfl Si. The same, showing a ]arge, tetrapartite

  chromosoinal element; s2. Diakinesis. The four-fold nature is seen in a chromosomal
  element drasvn solicl black; 53. The same. A cbr'omosomal e]ement drawn solid black
  is sepat'ating. into two halves; s4. The same. In a chromosomal eleixient drawn solid
  blaclc a constriction is seen; 5s. Two sets of chroniosomes tuken oat of diakinesis nuclei

  with und without cross segmentation of a chromosome, arrimged im lines according to size
  ancl Iength; S6. Dial<inesis, shosvl,ng g bivhlents, i tetrapartite ring chromosome ar]d a

  intcleolus ; 57. The same, showing n bivalent chromosomes and a nucleolus ; s8. Hetei'o-
 type metaphase in polar view, showing 4 large and 7 small chromosomes; 5g. Thes{ame,
 shoxving s large and 5 smEdl chromosonies; 6o. The same, shosvingaconstriction in one
 of the large chromosomes; 6i. Th3 same, htzving a tetrapartite rin.o complex occupying
  thc central position; 62. Heterotype anaphase, sho"rin.cr H chromosomes at each pole;
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 63. I'Ieterotype talophase. In the upper nucletis n cln-omatin bodies are seen ; 64. Early

  telophase, showin,c.r the chromosome bridge atici. a chromatin granule; 65. Heterotype

 anapliase, showin.cr, i2 chromosonies; 66. Heterotype telophase showing Ei dwarE nucleus

  besides the t"ro large ntic]ei.

in IFig s2, the component chromosoiRes are almost sepayated into two
distinct double members. In some cases, in dial<inesis as weil as
metaphftc se, a constricted, achr'omatic portion ls found in a large chromo-

some. This constriction seems to suggest that this chromosoine is of
the tetrapartlte nature. Iigs. s:t ancl 6o shoxv such chromosoipes in
diakinesis ancl metaphase. They may be coiiyiparecl xvith the large,
prophasic chromosonies with the tetrapaytite appearance xvhich are
reproduced in Figs. so and si. In the anaphac se, ses,reg'ation of mating'

chromosoines toxNrards the poles is reguiar in n3ost cases (1;ig. 62).

In Fig. 6s, in which a cell in the telopiiase is skown, i i chroinosonies

are counted in tl}e upper Bucleus. Fig. 6s probably shows a cELse of
non-clisjunction. ]ln IL'able IV the ntunbei's of ckroinosomes counted

in 64 polleR mother ceils in thc anaphase "cre giveR.

Table IV

tNntlier loctilus

a

'i'Otll]

Chroinosome ntunbev

9

o

1

I

IO

?

9

II

g?
i

52

I2

:

2

Total

?g

46

    IBesicles non-clisjunction, tl}e so-called " chromosome brids,e " and
extra small nuclei i,re sometimes foufid (1ig's. 64 and 66)l XVith the

exception of these 'abnormEdities the division p]roceeds reg'ular!y in

niany cases, fXbout 43 9i of empty pollen ' gyains is found in this
   .varlety.

    Tke most interesting feature in the chromosome behavior describec{
above in tliis variety. is the occurrence of the cross seLg'naentation of

one special chroniosome of the haploid set. S'rRAsBui<GF.i< (igos) drew
attention to the Å}'act that ln ,Funlei?x (ffosla.) a n{Tmber.of smal1 chromo-

somes is found ln tlie heterotype nLiclear plate amon.o.' others which
are nxich larger, ancl concluded that the sinalier ones must have orjg'i-

natecl in the cross seg,nientation of the larger ones. Ti]is interpretation



      IVitmber and Behavior of Chromosomes in the Genus Narcisstts iof

was followed by iiNIiyAi<E (igo.s) ancl SyKF.s (igo8), ancl .S'rpNAsBui<GER
(igio) caine to the sanie interpretation for siiniiar cases in I/ucca and
Ga•IXonih.

    In his study of chroinosonies of Ze(x 1ira:ys l<uw.ADA (igu,igis,
igig) has foui)cl io geinini in starch corn ra.ces ancl i2 in sonie sug'ar

corn races. Tke correlation between the number and size of the
chromosomer) has been clearly deinonstiratecl, as in tlie case o,f .2Vra,r-

ci:gs2ts. I:ie says' " XXfenn io (ieinini vorhaticlen .sind, so fiticiet inan

tltlten illnell ilnlllel' zwei Cil'()ssere, xve.1111 Il Gel13illi .,(,,.)'efulldcu], so 11ul"

ein Cxrb'sser und wenn i2 aiifgexviesseii, sp. 1<ein (l'i'6sserer und clie
allen ('"ieinini sincl beinft(he gleich in der G'r(>sse" (Ku"'txD.x igi,s, p.

86). Thus he has concludecl tliat the variation in the nuinber of
chromosomes iii IJ.r.a• f'lld.3,s is d.ue to the cros.$ segmentation of certain

chromosomes.
    (}oToH (ig24) has founcl txvo 1<incls of incliViduals in .S'c(rale ce7}t,alt•

xvhich showr 7 end 8• genilni in polleR niother cel!s respectively, anci
has concluded that the latter number has been clerivecl from the foymer

by the cross segmentation of a chromosome. This fact xvas confirnied
later by BF.LLtts'G (ig2,)pa) in the same. placnt anc by E""•rME (ig28) in
,S'cca!e 7nonlan.?f7n•i ancl .S'. ./-ra•.o't'lc.

    Some other examples of the cross segmeiitation of chromcsonies
havebeen g,,'iven in Oenotliera, sdi;n!.i'lla,n.c(' (IrltxNcE' igi8), C7'aPilg teclorit'7n

(NAwAsci-mN ig26), .9ci)'Ltb?ts .?Oa•liislnic (HAK,xNssoiNt ig2gb) End others.

[ti the aninial king-doni, SEii.Ei<'s investi,(.)'ation (ig2-,, ig2s) in .S'olcnol?i?x

at nd l)lira•.oiiz-(xX•obiiz into this subject are xvell l<noxxrn. IIn Bo7n.b.iev• •nzo7'i;

too, I<A"rtxGucfii (ig28) has come to the conclusion that tke 28 chromo-

somes in .this species liav•e been derive.cl through the cross $e...o'men-

tation ot' a chromosome from the set of- 27 chromosomes xvhich l)'.
ma•nda•ri>2a carries. In his studies of chromosomes in LePi'cloPXc•ra,
BEr.iAJEFF (ig3Q) hcks mentionecl the fact that in species xvith lat-.{.,'e

numbers of chromosomes, su6h as l)xkri:f •radeae (lt=2,s), for example,

the chromosome$ tire smailer in size than tliose of species •with a
smaller nmnber, such as in P. bra,ssica-c (n =i,g), xvhlie the chronio-t

somes nnay be of nearly the same'size even in diflferent species, when
the numbers are nearly equal, as is exemplifiecl by .{;'m.(?ri:n.tli7is PoPztli'

(n =2i) ancl S. ocellala (n=28). From these facts he concluclecl that

the larger mimber of cl3romosomes in ca species must have been derived
from the smaller number of ckromosomes in the ori.crinal species by

cross segmentation during its evolutional history. ' •

  i. S'roLzfil (ig2s) has reported a reverse case in this species in svhich the haploid nuniber
7 is reduced to 6 by the constant fusion of 2 chromosomes.
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    ld"rom the instances enumeratecl above it seems that the pheno-
menoll (Å}' cross .geglllentl,tion of tlle chromosomE. is not oi' il)frequellt

occurrence in both ihe aninial and plcint 1<ingdoins, and that it inay
play an important r61e ln the procliTction of a seemingr hyparploidal
chronioso. ine nnnibe.y. Its bearin..(r upon the study of phyio.o."en>r c2s

                                                              ,xvell as its significance in genetics have been disct}sse.d in cletail by
sevevral authors (1<uw.XD.N ic)tg, SEiLEi< ig2-7, BkSLXi< !g28, IDELAuNi?.y

i92-7 aiid others). '
    The correlation between the size and the riumber of chyomosomes
xvhich is recop'nizable irron'i comparison oli the -7.o. chironr!osomes iti the.

variety " A2Li " of zVa•rczlssit•s Xa•,:• (?2Xa with the euploiclal chroinosoines

in the other varieties of that specles clescribecl above, shoxvs, beyoncl
cloubt, that this variety represents a new'  case of increase of the
chromosome nuniber 1)y ct'oss seg'n3entation of a chromosome..
    c) X•'ariety " IB3E "

    External characte}istics :-1{obust forni: leiu,es ilat, 2 c}ns. bvond; 4-5 in ntunber:
leaves ati(l scape 27-32 cins. Iong;lloivers g-is in numher;croxvn paEe lenion yellow, segnients

snow white; style not excee(ling the anthers.

    In this xrariety the soniatic number of chromosomes is 3i (I?i..o'.
67). I.n the heterotype division io bivalent and ii univalent chronio,-

somes are clearly observecl (Figs, 68 and 6g), ancl only in rare cases
botli univalents ancl bivalents are io ln numbei` respectively (I;ig• 7o)-

This co-existence of bivalents ancl uni"aients inclicates that this varietv

is of a hybrid orig'in Tl}e bivalent chronaosoines or g'emini are of
clifferent sizes, and the $ize relation is just. Iil<e that found betxveen

tho$e in " .Ft'ani<lin ". '1"1ie stiperni/iine,rarit]y in the xuitivEi.lent chi'QiiiO-

somes is consiclerecl to have oxiginated in the cyoss se.o'mei)tcitioii of

a chroinosome as ln tlle variety •" A22". If this is actua3]y so, t.he case

shoxvn in 1;ig. 7o, where the number of univalents is io, can be tal<en
cis representing the st"ate in whic}2 the eross se.g.'mentation of ci chromo-

some is suspen,ded, or retmion hcas tal<en place between the segments.
Thus it would not be unre.asonable to assuine that this variety is a
hybrid producecl by the union of i, diploid gainete I]avin.o' chromosomes

of the " Franl<lin " typa and a haPloid gamete xvith chromosonies of
the ".Aee" type, Then, .reccorcling to IBi<rEGmVs termino.logy (ig28),

this variety inay be callecl a " 1iaPlo-cliploid " plant, and it is a hetero-

g"eiioiMous tribasic plant with two genomes each homologous to that
of "Ik"ran,klin" or of "]L2n" anci capable of forming bivalents betwe.en
eEch other, and another genonie, homolo.,o.'ous to that of " A. 22 " variety,

or a ge-nonie probably clerived through ciross se.gmentatio.n from that

of " B2o"•
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Figs. 67-8s. iV. ta2etta, "Bsi". 67. Somatic nucle,ftr plate, showing 3i chromosomes.
  Å~22io. 68-8s. ]NIeiotic phases; 68. Heterotype metaphase in polar view, showing io

 bivalents (drasvn solid black) and II univalents (drawn in outline only). Å~22IO; 6g,
 The same. Å~22io; 7o. The same, shosvimg io biyalents (solid b!ack) and io univalents

 (otitline). xl7Io; 7I. Heterotype metaphase in side view, showing some univalent
 cbromosomes (solid black) sc/attered it'regnlftrly in the cytoplasm. Å~22To; 72. Heterotype

 anaphasff, shoi/'ing 3 pairs of divided ]agging univalent chromosomei (soiid black) in the

 eqttatorial region. Å~22io; 7•3-78. The same. The longitudinal division is seen in 4,
 S, 6, 7, 8 and g unlvtftlent chromosomes respectively, sho"rn solid black. Å~22io; 7ga-Lb.

 The same, shoxving longitudinal division in io univalent chromosoines drawn solld bltzek.

 Å~22iQ. 3 of them are drawn, being taken out oE theit' ot"iginal positions to avoid complt-

 cation of the figure; 8oa-b. The 'same, $hoNving 3i cbron]osomal e]eTnents in all, Of
 which gcl}romosomes lie tit the upper pole, 8 at the lower, i tripartite and H univalent

 chromos)mes betsveen the poles. xi7io. s univalent chromosomes out of the u between
 the poles tnre drawn separated from the others; 8i a-b. T!ie same, showing 3i chromosomal

 elements in al], of which 8 chromosomes lie in each pole, 2 tripa!'tite and g unival'ents

 betsveen tbe poles, 5 anivalents out c•f the g being drasvn sepat-ated from the others. Å~i7iO ;

 82 and 83. Heterotype telophase, showing many dwarf nuclei. Å~i7•io; 84. Homotype
 anaphase, showing 4 lagging monad chromosomes. xi7io; 8s. The saine, shoNvTng diad
 chromosomes svhich are separating into mollads. Å~i7io.

    The univalent chromosomes are usually found outside the nuclear
plate which consists of the bivalents, but it not infrequently happens

that some of the univalents occupy a position in the nuclear plate,
and sometimes even all the univalents take part in the formation of .
the plate (Fig'. 7o).

    In the anaphase the bivalents or double chromosomes clisjoin into

sing'le chromosomes which pass to the poles with some of the un-
paired, univalent chromosomes. The reinaining univalents, 3-io in
number, lag behind on the equatorial plane, being longitudinally divided,

and each half mig'rates towards the poles after the other chromosomes
have reached there. In Fif.rs. 72-7g, division figures in this stag'e are
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reproducecl. This type of chromosome behavior belong.s to tke l'i>'o-
s(Jlltx type of I<Il-IAI<,x (Ig24, p. I33). So!lletimes some itltereStillf.)'

fi...o'ures are nict xxrith, in xvhich one or txx,o tripartite clironiosoines,

probably produced by the secondary associiction, are founcl. In I;ig's.

$o and 8i, one or txvo tripai'tite chroinosoines are shoxvn in the achro-

niatic area xvith several univcrtlents xxrhich lao' behincl tke others. Tl}is
                                      to
shows, that not only imivcrLlent chromosomes but also tripartite chromo-

somes macy la.cr behind the others in divlsion. The freqiiency of oc-
ciirrence of the various numbers of lag.g.ing' Hnivalents which split
longitudinally is re.cordecl in 'I'ablc 'V.

                           Table V'

N' :8113i)eesr of ltag.crhig} chron]o-i i l 2

                      i
Fyeqtiency : oi o

 I

3

6

4

6

s

6

6

I7

7

I3

8

I4

9

II

10

6

II

I

Total

I

5 8o

    JFr.om this table it is seeti tliat the ccases where the iiumber of
lag'pgins.y chromosoines is 6-S' are of the most frequent occurrence.
    Fyoni the it-rbgelar bekavior of the chromosomes mentionecl above,

it is to be expectecl that the nkmiber of chromosonies may be different

in the sister anaphEsic chromosome f.}'rotips. Two examples are shown
in Fi.o's, 8o and 8i. In Fig'. 8o, g chromosoines are founcl at the
upper pole ,ftnd 8 at tlie lower, an(1 i tripartite ancl•ii univalents
betxvc}an the poles lag.'ging' behind t])e others; in Fjg'. 8i, there are

S chromosomes at each pole, ancl 2 tripartite anct g tmivalents between

t'he poles. Frequently the lagtLing chromosomes have .o'reat difiiculty
in migrating" to the poles. 1'n this case, even cal1 of these icre founcl

left in the cytoplasni in the telophase, formin.o' many clxvarf Ruelei
(Figs, 82, 83). XVhen tetrad$ tire formecl, there ,ire, however, found,
contary to expectation, only a few tetrad c611s wliich are polynucleate.

This is probably duc to the po.ssibility of tl]e dwar'f nticle.i takln.o.' part

ii3 the. formation of. the nucieus proper durin.,o.' the honiotype clivision.

IFrom the behavior of the chromosomes in tke heterotype division it
is also to be e.xpectecl that a number of lag'ging chromosomes may
appear in the ho. motype clivision too, .Tn Figs. 84 and 8s'such lagging

chromosomes are shown. In the fo{'mer figure they are 4 iR number
ancl al1 are inonacls not shoxving the longltudinal split. They ai'e
regarded as havln.cr originated in the longitudinal halves of the lagging

chromosomes in the heterotype division. In the latter figure the laggin.og

cliron-iosoines ckre 2 in number, cand both have been long.itudinaliy
divided, the halves bein.cr sepainc ted fyom each other to a cons:tder,able
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extent ii3 one oÅí them. The.se cl]romosoines !n the 'latter figure are
re...o'ardeci . s havin.o' o. rig'inate. cl ln those univalents xvhich clid not under,.o'o

the lo. n.o..-itudinal cliv•isioii•in the he.terotype div-ision.

     I'fany tetrckds present the normal appearance, but in a few, each
cell is polynacleate containin.o.', besicles the nucleus proper, ci dwarf-

nucleus or -tnuclel in it. IP. olyspory is of rather rare occurrence in
this v.ariety. .tNbout 6o 96 oÅí the pollen s.raiiis are empty.

    d) " ILu Tl -c "

    ExL'ernal chavactevist{cs :-Leaver. niost'ly 6 in ntnnber: flowers s in number; crown
light yello"r, se.cr.inents snow white ; style not exceeding the anthers.

    In this variety r)2 chromosonies are countecl in the i'oot-tip cells
(Ilig'. 86). The material at my disposal for the study of the. meiotic

phase was so insufficient that it xvas 1).irdly possible tl)oroug'hly to
trace otit all the meiotic phases, but the results so far obtained xvill

bc mentionecl below. The meiotic clivision is very irre..o'ular hi this
variety, ancl it is not ecftsy to (letermine exEctly the number of g'emhii

or cl)romosoma complexes nor to analyse their chyoinosonial consti-
ttit.ion. In many c.ases the nuinber is i6 in the metaphase, but may
v•ary from i6 to 2o. This variation in number seems due to the possi-
bility of some chromosomes sometimes remaining' unpaired, and some-
times fusing into tripartite chromosomcs. I.ii Fi.cr. gi such tripartite

chromosomes are shown.
    It is very curious that in this variety no cliEl<inesis stag.'e is found.

Since, in this plant, the recluction division proceeds re..o'ularly in acropetal

succession from the 1)ollen mother cells at the bottom of the poildn
sac to tliose on upper levels, it is not very clifificuit to trace eacl} stexg)'e

in the division o. ne after anotlier, and siet no dial<inesis is found. 'fNft.er

shortenlng' ancl thickenitis,r, the stre-psitene spiremes group together in

the central region of the nucleus (Fig. 87), and xvitliotit passing through

the typical clial<inesis, they proceecl clirectiy into. the metaphase, in

xvhich the cliromosomes are very irreg'ularly cUstributecl, 'In Fitgs. 88-

go, i6, i7 ancl 2o chromosomes are coimtable respectively. Clumping-
of some chromosomes is frequently observecl a,s shoxvn in Ir'ig', g2.
It liardly ever happens that ai! ti}e chromosoinal e!ements are ret$'ularly

arran.o'ecl in the equatorial plane, ancl as shown in Fig". g."), the niig-

ration is very irregular, the chromosoines mostly failing to trcavel toxvarcls

the poles. This often results in the forination of a g'iant nticleus of

a consiclerabi,y irre.gular shape--the yestittttion nucleus, IIn. Fig. gs

a tetranucleate cell liavin.o' nuciei of different sizes is shoxvn, ic Rd in

.I.?igs. g4 ancl g6, large restitution nuclei. The giant nucleus may be
i, c.companiecl by a ntunber of clxvarf nuclel as in tl}e case shoxvn in
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FiR.s. 86-gg,. zV. ta:•etta, `rLuna". 86. Somtttic nuclear plate showing 32 chromosomes.

 X22Io. 87-gg. Å}NIeiotic phases. Å~I7Io; 87. .4L late prophase sho"ring chr ]natin elements

 grGupecT teg3thev in the nttcleus; 88. ILIeterotype metaphase showing irre.'.,ular arrangements

 of chromosomes, sc,atte:'ed about the cytoplasm. i6 chroinosomal elements can be counted ;

 8g. The same. Abo:it i7 chromoson}al elements catp be counted; go. The sameshosving
 2o chromosomal elements i gi. Tripartite chromosonies in theheterotype metaphase; g2.
 Heterotype an,aphase showing a c]utnp of chromosomes ; g3. Tlie same showing an irregular
 distribtition of chromosomes ; g4-g6. Heterotype telophase showing nuclei of various sizes

 and shapes; g7. Homotype teJophase. A dwarf nt}cleus is seen; q.8 and gg. IrregLt]ar
 pollen tetrads.

IFig. g6. Though actual observation is lacking, it is highly probable
that these restitution nuclei divide further. 1'hrough these irregularities,

various abnormal types of tetrad cells are produced, Some of them
are shown in I;ibo's. g7-99.

    It seems possible to consider that this variety is of a hybrid origin

and the irregularities in the chromosome behavior mentioned above
are principally due to this hybrid nature. FERNANDEs (ig3ia, b) re-
ports that he has found i2 chromosomes in the somatic ceils in certain
Narci3sus species (cf p. i68). If an interspecific fertilization happens
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to take place betweeri abnormally producecl dipioid gametes frotn a
cliploid form of Nl. XaseXla• and those from a species whose sornatic
number of chromosomes is i2, we may expect that the resulting hybrid
plant shouid carry 2n =32 (2o+i2) chromosomes, If, furthermore,
it is assunied that ic utosynclesis ta]<es place xvithin each pavental chroino- '

some grottp, xve shall 1]ave as many gemin{ as i6 (io+6) in the
heterotype division, End this ntimber is wlnc t xve have actualiy observed

in niany cases i,n this plant.

  II. Cases where the cardinal number of chromosomes is 7

                  1. Narcissus Jonquilla L.

  s The somatic nunaber of chromosomes is i4 in this species (.Fis)'.
ioo). This nLunbev is also found in tke double floxvered• i'orins of this

species (NpxGAo ig2g), ancl the sac me number Iias been re.porte(l by
IFEi<ixrAts'DEs (ig:)r a, b) in .tV(p•rdi3'sit-s ftiiiauiZla .1.. var. 1'ouquiZlo(21t's

(XXTK). The chromosome beliavior ln the pollen tnother cells is on tke

xvhole re,gular in this species. The nuinber of chroniosoine pairs or
geniini ,ls founcl in inost cases to be 7 at cliaklnesis and nietaphase in
the heterotype as xvell as the homotype division (1?igs. ioi-ios). This
number " 7 " is also Åíounct in Al. Psezstlonarcils'sits, IV. i)7com•Pa7'abi'lt3,•

and so]ne other $pecies (cl/: later chapter), and thus xve can provisionally

say that there exist at lecrLst two cardina! mmibers in tl)e genus .2V7tv'-

ci3'sus, 7 ic ncl io, the latter of xvhich we have aiready mentioned above,L

2 geniini of the 7 are, ln N. Ion•(1ia71a, slightly smalier that) the re-

mainiiiLg s, but this difference in size is not so distinct as that founcl

betxveen the chromosonies iti" xXr. ta:flla•. In sonie cases, in i or 2
gemini the componeRt chroinosonies i,re very 1'oosely associated, ot'
even quite separated from each other, so that more thic n 7 cl}roinosomal

elementS are counted in tlie heterotype nuclear plate. IIven in this
!attet' case the separated or dlsjolneCi cliromosomes are foui]d ln the
neighbourhood o'E each other, very often occtip: lng a position in the
outer rinsr of the chromosoine avrans.renient (Fig's. io6 and !o7). This

pecuiiar behaviot' of chrornosomes iR disjunction may be competred with
that observed by IcHiJmT,x (Tgr)o) iR the 7-clironiosome species of
11i'a..o,'a•riZx, ln xvhicli, icccording to him, a palr of cl}romosomes clisjoin

and inove toxvarcls the poles in adva' nce of t'he otker chromosome

  I. I;v:RNANDii;s <ic)3I a, b> reports that he lias foun(1 another haploid ntunbey, 6, in sonie

spccies. 'i'his ntttnbez' niay be regardecl as ttnother cardinal naniber in tlie srentis iXrarci3"sits,

thotigh, so far as I ani aNvave, this is tlie only report hitl}ert'o inacle.

       e
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Figs. ioo-Io7. IV. .fonarti71a. ioo. Somatic nuclear plate sbowiiigr i4 ehromosomes. Å~22io;

 ioi. Diakinesis. Sho"ring 7 gemini and 2 nucleoli. xl7Io; Io2. Heterotypemetapbase
 in polar viessr showin.crr 7 bivalent chromosomes. XTL'i'io; Io3. Heterotype anapha$e in
 polar view showing -x cbromosoTlles at each pole. Å~i7•Io; Io4. IÅÄIetet'otype anaphase in

 side view showing 7 chromosomes in eac'n pole. Å~i7io; Ios. Homotype metaphase show-
 in.a 7 chromoson)es in each slster cell. Å~22Io; lo6. IIeterotype metaphas,e showing 6
 bivalents and 2 univalents (shown in outline). Å~i7io; io7. Thesame showing s bivatents

 and 4 univalents (shown in outline). XI7Io,

picirs. To this peculiar pair of chromosomes he has given the name
"precursory chronaosomes". In ?Vltv•rcilsszts loiz4idz'lla, such a precursory

movement has not yet been observed, but failure of co. njugation is of
quite frequent occurrence in one or txvo pairs of chromosomes in the
meiotic division of pollen mbther cells, as is alsQ the cac se in IcHiJnfA's

F7'a.aa•niz. '
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    In the second division the metaphase plates are very reg'ular (I-"lg.

ios). The two plates are disposed at right cangles or parallel to each

other. In Fig. ios, 7 chromosomes are clearly counted in both sister
celis. .e!Lbout 37 9'i of empty pollen grairis is found in this species.

                2. Nareissus Pseudonarcissus L.

                           A) Diploid

    Tl}e cliploid number of chromosomes is itL in the g`arden varieties
of this species, " Victoria," " AlbicaRs " and " Princeps INIaxim " (I;ig'.

io8). In these varleties, owing to the iack of sueecient macterial, the

belaavior of chromosomes in the meiotic division was not observed,
but it is inferred froni this diploicl nuniber that the reduced number

is 7 in these varieties as in the case of the other species investigated
such cfts 2Varcdss?Ls fonq?ti'lla• and .ZVI. inconiparabzlt3', ancl according to

DE ltN?IoL this is actually tlie recluced nuniber in this species (DE }itloL

ig28).

                           B) Triploid
    " Emperor "
    ExternaE characteristics :-Strong stotit: leaves {{at, 2-2.s cins. broacl, tt-6, mostiy 4 in

numbett: scape 3o--32 cms. Iong: flowers horizontal, golden yellow; trumpet niore or less
frlllecl.

    The somatlc number oÅí chromosomes is 2i in tl}ls variety (Ia'ig,

iog). In the metaphase in the heterotype division there are found 7
trivalent elements, each of which consists of tl}ree component chromo-
somes (I;'ig. no). These component chromosomes nxist be homolog'ous
with one other, and this variety is regarded as an ai}totriploid form.

Sometimes, however, we find among the trivalent elements one or
more single or univalent, and double or bivalent chromosomes which
fai1 to forni the trivalent coinplex witli their partners, so tliat a some-

xvhat larger number oÅí chroinosomal elements than 7, "sually 8 or g,
and sometimes still more, may be counted in the nucleEr plate (Iligs.

IIl-II3).

    The frequency oÅí occtirrence oÅí tl)ese different ntunbers oÅí chromo-

somal elements in the metaphasic plates, obtained from observations
of g4 polien mother cells, is given in Table VI xvith cill posslble sets

of chromosomal elements of different constittitions or valencies for each

observed number of the elements.
    In this table possible but improbable sets .ire marl<ed wlth an
asterisl< to distinguish them from those wliich probably occur. IÅí it
is assumed that the latter sets have an equal chance of occurying', it
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  Table VI

enus Narcissi{s il3

Ntunbet' of chroniosoinal
    eleinents

Obsepved frequency

I'essibae co'nstlttttion; of
chroinoso:nal eleinents

7

6

71rr

8

I6

6rrr+il!+il

9

I3

l

6III -F 3[

'Srr[-l-2n+2i

4ul+II!-t-4r

3III+61I*

IO

t

20

5III+III+4I

4Irl+3Ir+3I

3m+5n+2r"
2UI-+- 7rr+ II:Å}t

IIIi+9Il\

II

l3

sm+6I
4llI+ 2II+ SI

3m+4II+4I
2m+6il+3i'
irir+8u+2i*

IOu+Irt`

Numbcre ol ,S.cel igmosotnaH

l

I2

'i'

I
l3

E
E I4

'' i

Observed frequenc:v'

I'ossibEe constitutions of
chromoson]at elenients

i7

4M+ill+7-I
3[tr+3u+6i

2m+5I(+SI
rm+71I-l-"*

9I[+3I*

4

4III+9I

3m+2ri+8i

2m+4n+7I
im+6il+6i

- 8II+sl:i

4

3m-}- Irr+ IOI

2m+3il+9I
irrt+5ir+8i

7II+ 7I

I5

I

3III+ I2I

2m+2II+III
Im+4rr+IOI
61I+gl

xvill result froni

various numbers
be as sho"rn iti

tl}is table that tke t'requency of occurrence of
of tvivalent chromosome complexes in the sets

Table VII.

          '1'able VII

the
will

Ntnnber of tr'zvalent chromosonies
       in a set

iiliiii
iii

Frequency

I

6

i6+L3
   3
-i.3-+k.+Lt

 32333-+-il9..+13-+Lr +lhff.m.

32334S3-+Lr +i+k+th

33444X,+S+-L"+th'

3444skttu4-+Å}

444s"44

l'er cent.

6.38

2I.63

lg.86

26.g5

l3.03

8•43

2•39

I•33
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1--igs. Io8-•i24. Dip]oid ttnd triploid truinpet dafl'odi]s. Io8. " l'rinceps Maxini ". Soinatic

 nuc]ear plate showing I4 chromosomes. Å~22Io; log. "Empevor". The same sbowing
 2I chromosoTnes. Å~22IO.
I'-'igs. iicp-i24. "Emperor" (triploid), Meiotic pbases. Figs. uo-u8 and i2o-I24 XI7Io,
 Fig. ilg Å~22IO. iio. •Heterotype metaphase showing 7 tvivatent chromosorries; xlr.
 ':Che same in polax vicw Showing 8 chromosomal elen]ents; ll2. 'l he.same sho"'ing g
' chvoinosomal elements (6 trivalents and 3 univalents) ; ii3. The saine shQwi.n.rr I4 chromo-

 somal etements, probably consisted of i triple, 5 clouble and 8 single chromosomes ; n4
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 ancl iis. I'{eterotypc anaphase showing iong{tudinal division in the third triplet (shoivii

 solid black); !i6. The same sho"ring 2i chromosomes in all, of which 6 lie atllthe tipper

 pole' and 8 at the losver, and the remaining 7 (shown solid black) split Eongitudinatly;

 u7. The same showing 2r cht'omosomes in all, of "rhich 7 lie at each pole, the remaln-
 ing 7 (sliown solid black> being split Iongitudinally ; n8. I-Iemotype metaphase showing
 about is-i6 chromosomal e}einents ; ug. ]uloniotype metaphase in side view.1;'s lmonad

 chvomosonies (shown solid black> are found seatteved in tl}e cytoplasm; i2o. Hometype
 anaphase showing 5 monad cln'oniosomes lagging behind the others in the eqtiatoyial region ;

 x2i. Igomotype telophase showing pDlynticleate sister cells; i22. The same. A dwarf
 nucleus and a giant elongated nacieus are secn in each sister cel'l ; I23 and I24. 11"ollen

 tetrads with or withotit dsvarE nucle;'.

    Ilt is seen from the table that the case where the trivalent chromo-
somes clre g ill Rumber is 111ost llulllerous, the percelltage frequellcy

beingr 26.gs, and the cases where they are 6 and rb in number conie
Bext in the order nained, the frequeBcies being 2i.6s 96 and ig.86 96
respectively, while the case where etl the elements are'trivalent occtirs
only in 6.3S 9!o of the cages. A. case where there is a set of 6 trivalents

and 3 univalents which have failed to form a complex is sliown in
Fig. ii2, anct in ]SIg.. Hr), a case where we have ci set of i4 chromo-

somal elements, probably of the constitution im+sii+8r•

    ]'ti the heterotype anaphase, while every two of the triplets of
the trivalent complexes regularly pEtss to opposite poles, some of the
thircl lag behind, and undergo tiie longitttdiRal spiitting- w• hich is follow-

ed by the separation of the halves towards the poles that tal<es plaee

after the othey chromosomes have reachecl the poles as observed in
tlite case o'f a triploid variety of .ifVardi3'szisPoeti'd2ts (NTAGAo ig2g). The

ntnnber of lagging chromosomes ranges from [ to 7. In I"'i.g.'s. !i4
and ii.s respectiveiy, `l ancl 7 lag'giRg cliromosomes in the ttnaphase
which split longitudinally are shown. In Fig. Hs, two chromosoine .
fragments (?•) are seen at the lower pole. IR Figs. ii6 and ii7, the

numbers of the chromosomes at the,two poles are different from each
other, a fact which may be expected from the abnormal behavior of

the chromosomos jtist mentioned above.

    A similar behavior of chromosomes hcfts been observed in triploids
of Tulii6a (INTEw'roN ancl I)Ai<LiNG'roix' ig2g), Sa•li2L' (I-IAKANssoN ig2g),

Zea (])vfcCL{N'rocK ig2g) and .`c-llllztm (LEvAN ig3i), while in i:nost other

triploids where also the formation of trivalent chromosome complexes
prevails, the chromosome distribution to the two p()les is hap-hazard,
and neither la.crging nor loRgitudinal splitting of trip!ets occtu's at all (for

example, Camza, Dalzdm, iFl;,acibztlsus; IBELLiNG; !g2i, ig2s; BELLiNG

and BLAKEsLEE i922)•
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       In I?ig's. H8-i24, some kinds of abnormality in the seconcl division

 ' are illustratecl. Sometimes, the number of chromosomes comprising'
   the two slster nuclear plates is 1arger than that in the somatic ceil
   (Fi.,(.)'. ii8). 'lt'his superntimerarity seems clue to the sepa;'cition from

   eacl} other og the lo. ngituclinally split halves oÅí some chromosories in

   the heterotype division. Frequently, in the metaphafe, a nunibei" of
   monckd chromosomes '"Thich niust represent these separated halves oÅí
   the chromosomes are found in the achromatic area (I{"ig. iig), and
   in the anaphase they are found lagg'ing behincl the others (Fig'.i2o).
   It is interesting to note in connectioti'with these irregularities that in

   most cases some dwarf nuciei are founcl besides a large proper nuc!eus.
   It seems that they are formed as the result ol' failure of some chromo-

   somes to take part with the others in the formation oÅí the proper,
   norinal nucleus. It is a characteristic feature in this variety that each
• individual cell of the pollen tetracls contains one or more dwairf nuclei

   besides a large one. IR liis study of IN'ibes Gordo7zzlr-n?im, ]XtEuRMAN
   (ig28) says : " rvIy observations show that the cel.ls with siipernumerary

   nuclei are at least as common as those without." (p. 32b').
       Other irregularlties in pollen-tetrads are sliown in I;ig's. i2i-i2Ly•

   In Fi..o'. i2i, a figure of the homotype telophase where both sister
   eells are polynucleate is repToclucecl, the nuclei being oÅí differeix sizes.

   IIn Ii'jg. i22, a clwart' nucleus ancl a giant, elongated nucleus are fotmd

   iR each sister cell. The ori.o'in of the elongnyated. form is to be founcl

   in the irreg-ular distribution of chromosomes from pole to pole. Iln
   Fig. i23, all the cells of the pollen tetrEtd except the one on the upper

   left slde carry a dwarf nucleus or -miclei besicles a larg'e one, a, nd in

   Fi.g. i2iv, otie oÅí the cells is clevoid of contents exc.ept a dwarf nucie.us.

   I)olyspory is observed only in rare cases.

                             C) Tetraploid

       a) " I<ing Alfred "
       External characteristics:-Z'all and vigoreus: leaves broad and attt, 3--4 in ntimber:
   flowers ascencled, golden yellow, not fr{aled ; the expanded trumpet 4 cms. in diameter.

       1n this variety the number of chromoso, me.s iii tft,e root-tip cells,

   is 2S, a number which is twice as large as that founci in the diploid
   forms (Fi...o'. i2,')'). In the heteroÅíype division in poUen mother cLtslls,

   there are often found 7 tetravalent complexes of chromosoines in the
   metaphase (Fig. i2g), a featzire whicb ls characteristic of autotetraploid

   plants. il,Iore frequently, ho"rever, in some of the complexes, the as-

   sociation of chromosomes into the tetravalent complex is inconrrplete,
   .so that 8-is chroniosomal elci'nents aye co. unted in nucteic r plates ('Figs.
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i3o-ir)6). The coRfiguriction tacken up by the coinplexes is manifold.
The figure of eig'ht is that which is most connnonly found, but fi..o.'ures

such crLLg an open or an ovEtl rlng' are also founcl (Fi...o's. i26-i28). The

frequency oÅí occurrence of the various numbers, of chronaosomal eleinents

countecl in the metaphase in 273 pollen niother cells is given in CI'abie
'VIIr, to.o'ether with tlte chroniosome constitutions (valencies) of, the

eleinents Nvhich it is possible for each nuniber to assanie in the ineta-

phasic plate.

                          Table VIII

.X'mnl)er of chron]osoni;t}

     e]ements

1'osslble constittttions of

chromosoinal elements
(Improbable constitut
tions whiÅëh are niarked
with aii asterisk being
also given)

]t'"reqaellcy

7

7[v

)92I

32

'rl..CF<

8

61v-Y2II

6iv+ im -l' fr

5Ix'-F2m+III*

5L;

[

5Iv+4II
6Iir+IIr-l-2I

72

IO

41v+ 6)II

5rv ÅÄ .3 ff -t- 2r

6iv+4i

II

3iv -l" 8iT

4iv+5ir+2i

SIv+2II+4I

  7I
(Fig. :3o)

  2S
(]r, ig. I3I)

Ntnnbeyofchroinosomal
     eleinents

l

I2

I'ossible constittitions of
cln'onioson}al elements
<[mprobable constitu-
tions iv}ii(:ll are niatked
with an asteri.glc beiii.cr

also given)

i3

2I]tt -i- IOII

3Iv+7II+2I .

4Iv+4Il-F4I

5n'+iIl-+-6i

I

:Iv+I2JI

2Iv + C)II + 21

3[v+6Ji+4i
4Iv-F3iI-F6f

5fv+8i

l;requency

i

  17
(Fig. I32)

I4

I1'v+I2II-FII

2m+IOll+2I
3m+8II-Y3i

4m+6ii+4i
51II+4II+SI

6m+2Il+6I
7fll+ 7• I

I4II

ls E
lm-}tII1I-F3r

2I'fi+9IT+gl

         I3IH-t-71I-l-SI l

4III+S{t+6I i

5!II-V3!I+71

6Irr+III+81

I3n+2I

)43I

3

33Is.g?i!< a ig.

3

I35) CFig. .

2
,36) I

    :

273

    lrf Nve [issuine that those sets of. the elenients of different consti-

tutions given in the tabie hicve an equal chance of occurring-, xve shall

obtain from thi.s tabie the frequency of occiirrence of the various
ntunbers of tetravalent coniplexes in the nietiLphasic plates. These
frequencies i.re shox/rn in Table IX.

    Tetraploid forms., s.ince they were first found in 0(yiotliera by
DE ' S,7RiF.s, have increcrt/gin.o,.'ly been repor'tecl in vckrious plants. , such as, for

instance: .<'ola•n?i•m (XViptTi<LER igi6, J(>RGENsEN ig28, LEsLEy, ]iNI. i7)L'E.

.' tnd LEsr.Ey, J. .]X,I. ig3o, JLoNGLEy and CLAi{K igr)o, lf.iNDs'i'oRM ancl

/



Nitmber and Behavior of CkromosoTnes in the Genus Aiarcilgsits i ig

                     Table IX

Nuinbev of tetravalent cht'oniosoines
     in a metaph. plate

l:g

l;g

]1 requency

 o " fi -JJE,i+il•Si-g"t+

 r) r) tl
nt8+Lt+-3-

 345
Lt +hiX
 4 r)
-3-
 5

 s

o""J

   -O kl's4+ -t.r. + .!"tt .

   o"   "j.Tg.+HZ, Lr +='6 +-ILt +im3.

               ) [ti

I'er cent.

 ,g.42

41.64.

2' i' .05

I3.86

 S•-.o

 1.78

O.22

 I.83

I<oos igr)i), ZZrurlila•c'na. (ILoi'c;LF.y ig2"), .l])aX?!v'a (BEi.Liix'c} ancl IB, LAKir.-

sLF.E ig24), (T,-a•!eo?5si:g (iiN'f()ts'TztNc} igr)oa, b), 7.'el?twi?i. (J<os'roies ig3,ob,

I<os'xoFF ancl ]<EixrDALL ig3ib), /.'rt;m•ula (,{,S6?{1{F. igr)o, DAi<LtNGToN

igr)ia), llllZu•vz• (ILEvAN igr)i) and others. XVe ]iave, hoxvever, only

a few reports iB whic.h tlie formation of the teti'avalent complexes is
recorclecl, a.s in the case ot' f)a.f.ur(x (Bi],LLiiN'G ancl BLAKEsr.EE ig24),
/)ri)n.?i•l(z (D,u<LitNc}rroN ig3i),i anci .S"oln;iiuin (}.i?.sr.Ey, iTX,r. ]N'f. ancl Lit]sr.iÅíy,

J. .FNL ig3o, ILiNDsToie,i and I<. oos ige)i).2

    11"he chromosome, distribution to the poles is generElly quite regulai'

iR tl}is variety, but sometimes a fexv e.xceptional cases are observecl.
In tliis lattey case, generally i or 2, but ex. ceedingly rarely 3 or 4,

]a.gging chroinosonkes xvhich split long"itudinally are fouticl •in the equa-

toirial plane. In I?igs. i37-i4o some of these examples are illustrated.

Iii connection xxrith tl}e viexxr thkct the tetraploicis. may be reg'avcled as

p,lants xvhich are balancecl ancl stable. (l•[oi<G,xN ig26), it is interesting>'

to. note that h) this varie- ty, contrary to tl}e cases of triploids and hetero-

p.loicls, there ai"e founci only cs few lagging chromosomes as i or 2,
or rarely (in so loxv a frequenc.y .trLg iess than i 9b) 3 or 4 of these,

ancl that no cage where there ai'e niore tlian s of these is found at
all. I{ltig. iaj.i .shows a pair, of anaphagic chroniosome groups in polar

  l. According to S'.'}"ftsfF. (Ig3o), iii the tett'aploid Pri've2tla sinensis (2n=:48), the eleinent.s

are not all tetravalent in most of the pollen niothet' cells, but as a rtile only one oi a few,

the others beincr biva]ent.
          ts
  2, tX.ccording to Ji'}RGENsEN, 2" bivalent clv'omosomes are generally found in this p}ant.
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Fi.crs. i2S-i47. iV. Pseudonarcissus, "I<ing Alfrecl''. i25. Somatic nucleiu' plate showing
  28 chromosomes. Å~22io. i26-I47. Meiotic phases. Figs. i26-14oand i44-i47 Xi7iO;
  i26. Diakinesis. Showing some of the tetravalent chrc.mosomes; i27-z8. Heteretype
  metaph,ase in side view, shogTing types of tetravalent chrornosomes; i2g. Heterotype
 metaphase in polar viesv showing.. 7 tetravalent chromesomes; r3o. The same showinsr io
  chromosomal elements, probably 4"T+ioll.

.
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  Figs. i3I-i32. "King. Al{red''. i3i. Heterotype metaphase shosvi,n.i il chronioscmal

   elements, probably 3Iv+8il ; i32. The same showin.cr i2 chromosomal elements, probably

   2Iv+IOn.

view. In each of these .cr.roups i4 chromosomes are counted, a fact
which tells that the division is regular.

    Figs. i42-i47 show the homotype metaphase, anaphase and pollen
tetrads. In. Fig. i42, there are shown i4 chromosomes, which are
very distinct from one another in each sister cell. In Fig. i43, is
chromosomes are counted in one of the sister cells, and i3 in the other.

ILaggin.cr chromosomes are also found in the homotype division, as is
shown in Figs, i44 and i4s. In Fig. i46,apollen tetrad which must
have been produced through an irregular division is shown. A normal
pollen tetrad and healthy pollen grains are reproduced in Figs. i47
                            .and 22s. Abortive pollen grains amount to less than iogb. rlhe
seeds are set, though not in all individuals, by natural pollination in
the fielcl. This natural seed production seei:ns not to be the case with
the cliploid, triploid, and heteroploid varieties of this species.

    b) "Olympia" ' . External chartacteristics:-Like "King Alfred", but trumpet hundsome yellow and
frilled. Flowers horizontal.

    This variety is also a tetraploid having 28 chromosomes in its
somatic cells (Fig. i48). irNJo essential difference is found between this

variety and the former one in the process of meiosis. Figs. i4g-isi
show heterotype inetaphase figures with varying numbers of tetra-,
bi- and univalent chromosonies. The total number of chromosomal
elements is accordingly variable, The frequency of occurrence of these
ntimbers of chromosornal elements is given in Table X.
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FisTs. i33--i47. "King Alfred"• i33. Heterotype metaphase showing r3 chromosomal
  elements; I34. The same shosving IIv+I2rr; I35. The same showin.cr I4 chromosom2Ll
  elements ; i36. The same showing iS chromosomal elemeuts ; i37-i4o. Lagging chro:no-
  somes (shown solid black) in anaph'ase; i4r. Heterotype anaphase showing i4 chromo-

  somes in each pole. Å~22io: I42. Homotype metaphase in polar view sbowing I4
  chromosomes in each sister celrs. Å~22io: i43. The s"me showin.cr i3 chromosomes in
  the cell on thc right hand side and i5 in the other. Å~22io; i44. Hotnotype metaphase
  in side view. One monad chromosome is seen. i4s. Homotype anaphase showing 2
  lagging cbromosomes at the eqtiatorial yegion; i46. Pollen triad: i47. ?ollen tetrad.
Figs. i48---is8. A7T. "Psettcihnarci;sstss, "Olympla". i48. Somatic nucleat' plate showing 28

  chromosomes. Å~22IO. I4g-158. Meiotic phases; I4g. Heterotype metaphase in polar
  view. 7tetravalent chromosomes are seen. Å~i7io; i5o. The sameshowing ii cbromosornal

  elements. xl7Io; I5I. The same showing g chromosomal elements. xl7Io; ls2 and
  is3. Heterotype anaphase. Lagging chromosomes (shown sQlid black> divide longitudinal]y.

  xi7io; is4. The same showing 28 chromosomes in all, of which i2 Åëhromosomes are
  found at the upper pole, io at the Iower and 6 longitud{nally split between the poles,

  Å~22io; i55. Homotype metaphase showing i4 cbt'omosomes. Å~22io; i56. The same
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 showiRg i6 cliroinosomes in the cell on the rig.ht liand siclc ancl t2 ln that on the left

 Å~22io.;' is7 itnd is8. J'loniotype anaphase showing ]ttt,,,ginsr chrouiosoines betxyeen the

 poles. Å~.I710.

                           'i'able X

xN'un]ber ef chronioson)al elenients

!-"requenCY

7

I

,g

I2

9

9

IO

s

II

I

I2

I

13

2

i4

o

                            E
    Soine univalent chro]noson3es split longitudinally in the anaphase
of the heterotype division cxs in the case of the varl ety " I<ing Alfrecl ",

but the nuinber of these univalents is greater tht'tn in that case.
GeReral]y 2 or 3 of tl}eni split long'itudinaliy and lag behincl the others
in the equatorial region (1-'ig,s. is2 ancl is3), while in some cases there

niay be a.s niany as 6 (FiLg. is4), I-"ig$. i.ss anci is6 shoNv nietaph,ase

furures ln the homotype clivision. In Fig', iss, i4 chron3osomes are
counted in the cell, and in Fig'.i.s6, r2 in one of the sistey cells'tLnd

i6 in the other. '1'his inequalit;y in the nuinbe.r of chroniiosonies in

tlie txvo sister cells niust be due to the abnorinal ckroinosonie clistri-
butioiiL iLiirhicli has takeiii place in the previovi$ dis,rlsioii. ' Laggiiisr cliroitto-

.somes are also observed in this divi.sion (I;igs• i,s7 and is8)•

  ' No case is niet with in this variety wkere seecls are raised. This

l)robably depends on the irreguiar chromosome distribution in the
naeiotic clivision xvhich is largely connected xvith the intensity of tke

aflfinlty between 1iomolog'ous chromosomes.

                       D) Heteroploid
    a) " (.iranclee "

    The nuniber ot' chyoniosonies in the root-tip cells is 22 in this
variety (Ilisr. i,sg). rl"his ntunbei' is tlie•saine as tkEtt foiind iR the

variety " A,)2 " of iVa•rci•3'szts tag• ertta• crts nientionecl already. Investigation

iRto the nieiosis shoxvs, hoxyever, tl)at this siinilarity is only an apparent

ancl niunerical coincidence. XVhiie in the variety "A22", the nuclear
plat]e in tlite heterotype division coR.sists oii H bivalents, k consists iR
this variety of 7 trivalents and i ziniv•alent as -c rule (I-'ig. i6o), show-

ing the hypertrlpioid condition (r)R+i) in xvhich 7 is the bEisis, or the

cardinal number. N'ot infrequently some of single or univaleiit chromo-
somles may appear which fai1 to form trivalent complexes. Some
lagg'ing chromosomes which split longltudinally are also founcl in the
anaphase as in the case of tlie other vari,eties of this species mentioned

above. I;ig's. i6i-i63 show these lagging chromosomes, split or un-

t
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I;lgs. isg-i7o. IV. Pseutlonarct3szLs, "Grandee". Isgl SJmatic nuclear plate, showing 22

  chromosomes. Å~221o. i6o-I7o. Meiotic phases; i6o. •Heterotype metaphase showing
  7 trivalent (solid black) and I univalent chromosomes. Å~I71o; I6I. Heterotype anaphase.

  Lpngitudinal division is seen in 3 chromosomes shown solid black. Å~22Io; I62. The
  same showing 3 lagging chromosomes, of which 2 are split longitudinaliy. Å~22io; i63.
  [I]he same showing g chromosomes at the tipper pole, 8 at the lower, 5 between the
  poles, amountkig to 22 in all. Å~22io; i64. Homotype anaphase showing random
  distribution of monad chromosomes. xi7io; i6s. Homotype metaphase showing u
  chromosomes in each sister cell. xi7io; i66. Chromosome clurbping in heterotype
  anaphnse. Xi7io; I67. Restitutioa ntTcleus. Xi7io; i68. A large blnucleate cell with

  nLiclei in prophase. XI7IO; I6g. Irregular tetracl. Xi7io; I7o, Giant monad ceU,
  including one large and two small nuclei. xl7Io.

Figs. I7I-I73. iV. P.seudenarcdsszts, "Empress". i7i-. Somatic nucleat' plate showing 22
  cbromosomes. Å~22io ; I72. Heterotype anaphase shoNving 6 la.crging chromoson]es, of which

  s are dividing longitudinally. xi7Io; I73. Homotype meta-antxphase shosvipg abottt 22

  chromosqmes in each sister cell. xi7io. •

split, in the anaphase. In Figs. i62 and i63, we find one unsplit
chromosome and two pairs (Fig. i62) or four pairs (Fig. i63) of split

or divided chromosomes. Both the split and unsplit chromosomes are



is6 S. N' AGAO :-
probably those tinivaleiit chromosomes whicl} have t'ailed to form the

trivalent cornplexes in the metaphase. It seems hlghly.probable that
the unspiit ch,roiir}osomes are destined to be divided in the homotype
divis.ion. In the celi oiiL the right hand side in [[ ig. i64, in which a

pair of sister cells in the homotype anaphase is shown, one longitudinal--

lvv split chromosome (diad) is observable besides four monad chromo-

sonies which are found in both the cel!s. The fact that the monad
chromosomes ztre found in equal numbers in the two sister celis, while
tlac} diad is foullcl only in one of tl?et'ii, points #o the conclusion that

the diad must be tkat chromosome which is unpaired and unsplit, and
undergoes a chance clistribution to one of the poles iR the heterotype

divislon, and tlie monad chromosomes must be those xvhich are longi-
tudinally divided and ntmierically equally distributecl to both poles,

In some rare cases the number of cl}romosomes in the hoinotype
nietaphcftse is equal in both sister cells (Fig. i6s), Thits' fact must

show tliat ln this case all tha chromosoiifies hEtve been f:qually digtributed

iB the heterotype divisiQi3.

    Generally speal<ing) the distribution of the chromosomes is iiiore
irreg'tdar ih this variety than ln all the cases of other varieties descrlbed

above. The•formiction of restitutlon nuclei is of frequent occuyreiice
(I igs. i66 and i67). A binucleate polle,n mother cell is also found
as another peculiarity (I;ig. i68). This occurrencc} of binucleate pollen

mother ,cells has been reported by G.yi'Es altd I<EEs (ig2i) ln Zrnctzt•ca,

by [<ANDoLpf{ ancl INfcCLiN'i'oci< (ig26),ln Z"a /1Zla.ys, by I<,xi<pi?.ciaENi<o

(ig27) ilt le(xPliaizzts-Brasslca hybricl, by IixT.xRiyAM.x (ig2g) in fri3 and

by IcmJiMtx (ig3o) iii Fra.o'a•niz. As suggested by these autl}ors, this

binucleate conclition seems to have lts origin ilt the suppression of .cell

xvall forination in the prenkeiotic phase. It,iany irregularities are fotmcl

in pollen tetracl.s also (Iiig. i6g). A case is skown in IH"ig. i7o, where

the cell clivision into the tetrad has not tal<en place and the cell con-

t-cins a g'iant nucleus of irregtilar shape aiid soine sma!ler nuclei.

Abont 63 96 out of 284 pollen grains appear to be abortive.

    b) " Empress "
    In this variety, too, 22 chromosomes are found in .the root-tip
cells as in the vicriety "Grai]dee" (Fig. i7i). The constitution or

valency of the chromosomal elements ln the heterotype metaphase hEts
not yet fully been xvorl<ed out, but, so far as my lnvestig-ation goeis,

there are, besides trivalents, some univalents x,nd bivalents,..as in the

case of "Grandee". Fig. i72 shows a figure oÅí the heterotype
anaphase with 6 lagging chromosomes, of which s liave beeR divicled
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 Figg. I74-I76. 2Vl. inconeParabi7ils'. "Nelson rvIajor" I74. Somat{c nuclear plate sliowing

   I4 clironiosomds. Å~22IO; I75 and I76. FIeterotype meta- and anaphase. Å~17io.
 Fig. I77. "Aurai?tus", showintt 2I somatic chvomosomes. Å~221o.
 Fig. T78. "Glori.'t Mtmdi", shosving 2i soinatic chromosomes. Å~22IO; I7g--I88. )ivEeioti:
  pliases ; I7g. Diakinesis showing. 7 trivalent chromosomes and I nucleoltis. Å~I7Io; iSo.

  I-Ieterotype metaphase showing 7 trivalent chromosomes. Å~I7Io; i8I ancl i82. 'l"he same

  showinf.r g and Ii chromosomal elenients respective•ly. XI7Io; i83-i86. Het(trotype
  Enaphase sl}owin.cr I, 2, 3 and S ]aggltig chromosomes lcn..oritudinally divided respectively.

   Å~2-..Io; l87. .ILIetevotype anaphase shQwing g chromoscnies at the upper pole, i2 cl)romo-

  somes at tlie lo"'er. XI7io; I88• The same showing II chromosomes .ftt theupper pol6,
  8 chromosome.s at the lowet', 2 clu'omosaines between the pales, arnaunting te 2i iR all.

   Å~I7IO.

 ancl i remains single. Xn 1;lg. i73, abotit 2.7. chromosomes are coanted

 in ea, ch sister ceil. This must be the yesult of abnormality in which
 equatioR division tal<es the plcace of the reduction division.

               3• Narcissus incomparabitis MiLL,

     The cliplQicl number of chroniosomes in thls species is i4 as in
 the case of N. Pse2i•donarci3sus. This number is foiind in both bicolorecl

 ancl single coiored yellow varieties. Figs. i74-i76 are drawings from
 the yeliow fiowerecl variety "Nelson iMajor", showing' respectively a
 somatic nuclear plate, heterotype metcaphase, ancl aincphase in poilen
 mother cells. In this variety the chromosome pairin.g is regulcftr and
,a iarge percentetge of pollen tetracls are ltonnal in appearance. The
 triploicl number of chromosomes, 2i, is found in some.yellow-flowered
 v.arieties, "Gloria IN(Iundi" and "Sir NVatkin" (Fig. i78), and "a2trafzl?is"

 (Fig. i77) iri the lat,ter of which the trumpet is orange at the top.
 .Soirrie details of the meiotic phase observecl in " (llloria ]N,funcli" only

 wM be mentlonecl below.
     " Gloria iMundi " (Triploid)
     Tlie behavior of the chromosomes in the nieiotic division is slmilar
 to that observecl in the other triploicl varieties aiready d,escribecl. Figs.

 i7g and i8o are pollen mother cells in diakinesis ancl heterotype
 metaphase respectively, showinsr 7 trivaleRt chromosome elements each.
 Failure to forin trivalent complexes is also observecl in some of the
 elemo.nts, resulting in the total number of elements being clifferent.

 In I;ig'. i8i, g chromosomal elenients are counted, and in Iig. i82,
 i i. Some ia.o'g'ing cltromosomes which have been longitudinally clivided

 ave also fotmd in the anaphEse, as is shown iR Figs. i83-i86. IR
 Iig. i87, a figure of the heterotype anaphase is reproduced in'which
 g chromosomes (clrawn solid blaclO are counted in one group and i2
 (outline only) in the other. In Fig. i88, 8 chromosomes are foimd
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at the lox/Ter pole and ii at the upper ancl 2 lag'ging' cl}romosoines
x/rhich ]iave been lon//rituclinally clivicled, on the equator.

                 4. Narcissus Buibocodium II..

    In this species the somatic nuniber of chroniosonies has been
reported to be I.t in some vc'trie.ties (NAGAO Ig2g, I;EI<NANDIIE Ig3I a,

b), and 2i and 42 in others (li]IEiTz ig26, ]NTAGAo ig2g). Tl}e resulrs

so far obtained from the plant wlth 42 chromosonaes iR the root-tip
cells. (Fig. i8g) wiil be mentioned below, although the observations

are not yet complete ow.ing' to the lack of material,
    In the dial<inesis -c nd the succeecling inetaphase in pollen inoeher

cells, the chromosomes pair, in most cases, two by two to form.2i
bivalents (Fig. ig2) instead of 7 sexivalents, in contradiction to ouy
expectation from the somatic number of the chromosomes, 42 ( -- 7 Å~ 6).

Sometimes, however, there are cases where one or more than one
niultivalent chromosomes are founcl in the dial<inesis Es well as the
nietaphase. Fig"s. igo cand igi shoxv nuclei in tlie diftckinesis stages;

2 tetravalents are founcl in the foriner figure ancl i sexivcftlent in the

latter. I?ig. ig3 shows a polar view of the heterotype metaphase
wkere i tetravalent is founcl besides the other ig bivalents. In the
acnaphase, the distribntion of chromosomes to thetwo poles is regular
in sonie cases, but irregular in others. In the latter case, xvhich occurs

not infreqtiently, some elements, commonly' b{valents, remain soine-
xvherc}. in the cytoplasni, xvl}ile the otlier eleinents are disjoining regularly,

'i'hese aberrant elements clisjoin later on, too, as -rill be seen frorii

IFig'. ig4 where three of these disjoined chrgmosomes are founci near

each group of chromosomes having' reached the pole in advance. In
Fi,o.`. ig,s are shown four of these caberrant chromosomes which arc
disjoinin.cr in the reg-ion of the eqilatorial plane. So far eLs my obser-

vations go, these lagging chroinosomes forin no clwarf nuclei at ail,
btit take part in tlte formettion of chc uighter i'iuclei with the chromosomes

of normal behavior (ci/: D.g<LrNGToN ancl }tiloFFET'r ig3o). IFurther

stages have not been observecl, but the fact tl-iat a large percentage
of pollen g-rains of good appearance are found in the anther (I;ig. 2-p6)

seems to indicate that re.o.'ularity prevails more in the honiotype divlsion

than in the heterotype clivision.
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Figs. I8g-Ig5. .2Vl. Bulbocoalium. I89. Somatic nticlear plate showing 42 chromosomes.
  Å~2ggO. igO-ig5. Meiotic phases. Xi7iO; Igo. Diakinesis. Showin.cr 2 tetravalents,
  i7 bivalents and I nucleolus; igi. The same sliowing I hexavalent chromosome; Ig2.
  Heterotype metaphase showing 2I cbromosomes; ig3. The same showihg I tetravarent and
  ig bivalent chromosomes; ig4. HeterQtype anaphase showit]g 3 chromosemes near the
  pole lagging behind the others: igS, [['he same showin.cr 4 bivalent chromosomes disjoining

  in the region of the equatorial plane.
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                 III. Cases of species hybrids

                 1. Narcissus intermedius J.ots,

    External characteristics :-Slender: leaves green•and ncarro"r, 'deep channeled, iz charac-

teristic by which tliis form may be distingttislied from IV. ra:-etta, 4 in number: Eeaves and

scape i7-2o cms. Iong. : fio'"rers 2-7, mostly 4 in number, ca. 3.S cms. aci'oss' ; segments narro"r,

brigl)t yellosv, crown dat-ker than the segments ; style more or less exceeding the' anthers.

    This horticultural species has i7 chromosomes in th'e somatic celis
(Fig. ig6). This nuinber cancl other cytological features which will be

mentionecl below, inc{icate that this plant must be a species hybrid in
its origin, probably beinsr raised by hybridization between a diploid
vciriety of !V. Ia:•"lla and son3e other Narczls-sits species wlth 7 chromo-

somes in the haploicl phase, Accorcling to BAiLEy, this species has
taxonomically been consiclerecl by soine authors to be a hybrid between
N. Xas•clta• ancl .ZV. fona2tllla- (BAaEy igi7), aview which is in accord

with the conclusion we can draw Åírom the cytological point of vlew.
    With the same fixEtion and manipulation as in the cacse oÅí the
other species ancl varietibs investigated, many pollen mother cells ir3
the first niaturation divisibn are frequently founcl shrtml< and distortecl

in this piant, This peculiarity seems largely clue to fixation. Ei<LrxNsoLN
(ig2g) 1}as note,Cl a siniilar phenomenoR in a hybrid rose, 1?osa blanda,

var. .o'lanal'itlosa, and I{'7xi<A,nyTssoN (ig2g) in a .S'alihr hybricl. Accorcling

to the latter author, the diraculty of fixing pollen mother cells in
dickl<inesis is g-reate.r -in tl}e hybrid fomn than in tlie ptu#e stocl<. The

reason x•vhy there is such a clifference between the results of fixic tion

in the pure and hybrici forms is obscure, but it seems certain, at least
in som(i} ccrLtges, that it is due to a special feature which is connected[

with kybridity. It may probably with justjce be assumed that the
reaction of the protoplasm to fixing rea.gents may not be the same
in hybrld and in pure plants, and conveysely that the cli.fference in the

results of fixation is a visible expression of this difference in the re-

action of t.he protoplasm. The question is interesting from the physio-

logical point of view, with "rhich, howevey, we need not here deal
further. In some c,rtses, the cells are fairly weil fixed, and the chromo-

sQme behavior cic n be somewhat clearly traced. In thct first maturation

division, i7 univalent chromosomes, that is, as many chroi"nosomes as
those ln the somatic cells, are ÅíoLmcl, forming" tke equatorial plaee.
Amon.cr them no trace of a tendency towards pairin.cr is observed (Fig.

ig7). This niust inean tltat there is not apair oÅí chromosomes which
are homologous with each other, This type of the heterotype clivision
is called by I)tLosENBm<G (igi7) " halbheterotypie" or " semiheterotypie",
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Fi.as. ig6-2o6. Any 7'ntermetlt?ts. igC). Somatic nuclear plate showin.cr I7 clironiosomes.

  Å~22/O. Ig7-20S. A{eiotic phases. Xf7io; ig7•. If-Ietero!;ype metapliase in polav vie"r

  shoiving i7 univalent' chromosoTnes; ig8. I-Ieterotype chromosomes showing sign of
  vacuolization; Igg-2o;. i-Ieterotype telophase sliowing severaE small nnd layg.e nuclei of

  various sizes ancl shapes; 2o3. '.L'wo ,sister cells ivhose nuclei are ofdifferentsizes; 2o4.
  1{-Iornotype telophase. In one of the sister cellg. tlle nuc}eus is very I.ftr.ew,e and dtin5'b-bell

  shapecl; 2os. I'ollen tetrad; 2o6. A mict"ophotograph showintta large amountof empty

  polten gra{ns. . '
which he 'first observed in fli'ora.ci'2t-m. Iacer2tm ancl /-Z lez,it.o"at?tm (p.

i86). To designate such a lack of afllnity between the parental
chromosomes BRiEGEi< (ig28) has proposec! the term. " asyndesis ".

    A number of instances of asynclesis have been reportecl in phcRts.
To enumerate siome of thena, we have : IZTara tfac7t•m a•lbi}?Iit.m (Ostxwtx

igis), DiSo"iZalile lulea Å~ D. f52t.rPurea (IilAAsE-BEssELL igi6), Cref52•lr

setosa Å~ C. ca,LPZIIanis (CoLLituTs and irNtl.xNN ig23), Ae.crilo!5s oz,ata• Å~

7)?IXc?tm. alibocc?i.m (PERcivAL' ig26, SAx ig28), x`{Ze..o'i'lol?Ss c.i,lilztlf'lca• Å~

TriZit?t-vi l?t,r.o7-21um (GAiNEs a,ncl A.AsE ig26), CTePils caPz'lla7'zb Å~ C. '

asLPesra• (NANvAscHJN ig2"/"), 1?a?5/it7.n2!s sa.lii.,2xs Å~ Brasszka. olertrcea• (KAp.-

pEciaEix'i<o ig24, ig27), Ae.cri7oPs c.vlln(lnica Å~ TriZlc7i.m ar7i7?tm (BLEiER

ig28), ZnZib7tm• (lzboccoi??Ies Å~ .9ecalt] monla•m?im, T z,2tl.oare Å~ S. ce7'eale

(LoNGLEy and S.NNDo ig3o), -Era.o'a.7'ilr• ("tvi>'.o?'ni'a•na Å~ .crla7tca) Å~ .E. colli)za

(IcmJiM.x ig3o), .IVibofibuia sylz,eslfils Å~ N. !e2tsb.1,i (I<osToFF ig3oa),

Trilibum (lihaccoz?les Å~ Ae.o'XloLPs oz,ata• (I<ii{ARA ancl I<ATAyA"fA ig3i)

and others.
    IR Narcilss2ts 2:nXer-mcdilets, all the chromosomes are generally
ELrranged on the cquatorial plane, and sometimes E few are scattered
in the cytopiasm. The long'ituc!inal splitting or clivision of the chromo-

soines in the anaphase is not observect. The mig'ration of the chromo-
sornes tal<es place very iryeg'ularly ; they may i'nove towarcls the polas

too slowly, ancl some begin to be vacuolized i!i tlie metaphase (Fig.
ig8) and forni clxvarf nuclei xvithout tal<ing zip tl}e polar localization.

Iig. igg shows these dwarf nuclei which have been clivided into two
.a.' roups by the formation of the cell wal1. 0ther irregularlties are shown

in If"ig's. 2oo-2o2 in xvhich a lar.cre nucleus of an irreL.rular shape which

reniinds us of Emitosis, a restitution nucleus, or a nucleus of smaller
size E cconipanieci by some supernumerary nuclei or vic cuolated chromo-

so.mes is found. N•o such a figure is observed as that in which a
chance distribution of chroinosomes at the poles into two groups is
i'eco.cynizable.

    These abnormalities iii tlie behavior of chyomosoiMes should further
i'esiilt iii iiianiy types of iiri-eg.'ular'ities .iii the secoiid divisioii, aiid coiise-
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quentiy in the procluction of abnorinal tetrads. Froin I-'ig, 2o6 it seeins

that this is probably tl}e ccase, because in this figure it is seeii that
hckrdly any kealthy-IQol<ing pollen grains can be found in the -ant]ier,

thotigh, as shoxvn in Fig. "oos, tetracls, the four cells of xvhich are of

about equal size, are rarely observecl. Figs, 2o3 and 2o4 show some
irreguiarities in the homotype division, IR I;ig'. 2or), the nuclei ki the

sister cells are unequal in size, anci in I;is.. 2o4, the nucleus in one of

the sisÅíer ce!!s is large xc nd dumb-bell shapecl, while in the other there

are found txvo spkeyical nuclei. . '
                  2. Narcissus biflorus CuRT.
                  (N• poeticus-taxetta hybrid)

    This species, .ZVI. bitX7or?t•s, is regarclecl by some authors as a hybricl

between N. Ia.:•ella ancl .M. Poeti;cus (BAiLEy igi7). Ike foscm raised
originally in ]Iolland in i88s,by crossing /V. Poe.ti'czgs var. ornaX?is xvith
!V. Xa:•ella, is calleCl the poetaz narcissus, or 2VTa•rciksus PoeXa•s•• (BA!LEy

ig24). IBoth N. b<•florus and .2Vl.Potla2• have 24 chromosomes iii the

somatic cells (Fig's. 2o7 and 2o8). In my previous paper it was re-
portecl that in the form "Elvira"?• of All.Po"ta,p, tke somatic chromo-

some number is 2s. A ge-examination has shown, however, that this
number is incorrect, aRcl tlie co;'rect number is 24 in this form too.
    'Ihe form of 2Vr. b(.flor?is, in which the meiotic processes in pollen

mother cells wet;e investigateci, has the following characteristics : leaves

3-s, 111ostly 4 ill numbel' : ieclves aRd scape 27-3s cms. Iol].o' : floxvers

i or 2 in number; crown yellow, segments N/rhito; flowerin..o' season
from April to ])vfay.
    Iri th{s form, obsei'vation is somewhat diflficuk owitig to the sc-c nti-

ness of pollen motlier cells in the polleit sacs aRd the extraordinary
in"egularity in tlie orientation of the chromosomal elements. In sonie

clear figures of clial<lnesls ancl metaphtise wkich can be picl<ecl ot"
from those not'suitable for obse.rvation, it can be determined with
certainty that t}ie chromosome set ,in the metaphase consists of 7
bivalents and io i.mivaients (Figs. 2og-2iD. This constitution of tlne

set must show tl]at this plant is a hybrid produced by the tmion oÅí
ic ganiete carrying twice as many chromosoines as the carclinal number,

7, and a g'amete carrying a 1iaploicl number of chroinosomes in which
the cardincal number is io. If this interpretation is con'ect, the cyto-

log.'ical yesults we obtaiBecl aye in harmoRy with the view that this
$pecies is a hybrid between 2Vl. Poe!ibus aRd .2Vl. Xa:•elta.
    The normal distribation fi..o"ures of chromosomes in the heterotype
aiiaphac se are not observea ; btit all the fi..crures inclicate that the division
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Figs, 2o7-22I. N. biflor2ts. 2o7. Somatic nuclea•rplate shosvin.r 24chromosomes. Å~22Io;

  2o8. "Elvira?" Showing 24 somatic chromo]omes. Å~22Io. Ig7-2oS. Meiotic phases.
 Figs. 2Io--"p2o Xi7io; 2og. Diakitaesis. Showing 7 bivalents, Io univalents and a
 nucleolus. Å~22io; 2io. Hetet'otype metaphase in polar vies•v showing 7 bivarents (drawn
 solid black) and io univalents (drawn in outline); 2II. The same in side view. Bivalent

 chromosomes are drawn in outline and univalents solid black ; 2i2. Heterotype telophase

 showing a restitution nncleas ; 2I3. The same showing five nuclei in various sizes ; 2I4.
 Hoinotype telophase showing two large elongated nuclei in the cell on the Ieft hand side,
 and a iarge and two sn,all ones ih tbat on the right; 21S-22o. Irre!.Tular. pollen " tetrads ";

  22i. A microphotograph showing a Iarge mass of pet'iplasmodium.
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IV7. 6'arrii. Showing I4 somatic chromosomes. Å~22io.

IV. odortts. Somatic naclear plate sho"'ing I4 chromosomes. Å~2-71o.
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process is generally of a very irreg.ular nature in the pollen moth(.sr
cells. In Fig. 2i2, a cell containing a giant restitution nucleus of a

very irregular shape is shown, and in Fig". 2i3, another one in which
a number of nuclei of different sizes are distributed irreg'ularly. Some-

times an enormously large rnass of periplasmodium is observed (I-'ig.
22i); this hets never been found with such prominence in the other
species or varieties of Naptci3szts, so far as iny observations are con-

cerned. In Fig. 2i4, an irregular homotype telophase is illustrated;
in the cell on the right hand side, one large and two smaller nuclei
are show• n and in that on the left, two lar..o'e, elongated nuclei. As

a consequence of these irregularities, the resulting pollen tetrads are
very abnormal (Figs. 2is-22o); some are not tetrads, but triads (Fig.
2is) or pentads (Fi.cr. 2ig), and in an extreme case they may be single
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cells (Fig. 2...o). Binucleate polietk tetrad cells are also of very Åírequent

occur7rence (IFig. 2i6). Pollen grains which are. set free Åírom their

tetrad union are gyeatiy shrivelled or are empty of their contents, and

are few in number.

           3• Narcissus Barrii (or N. Leedsii) !-Ioi<'r.

    Thls is also a '1}olrticuitural species, regarded as a hybrid between
A71arciSszts Poeti'czts and A7I. PsEzddona•rci3szis. I havcs. examined a variety

of this species ancl found that the somatic nLimber of the chromosomes
is !4 (Fig, 2-7.7.),

                    4• Narcissus odorus IL.

    tii-;RNANDF.s (igsia, b) has reported tl}at the diploicl number oÅí

chromosomes in this species is io. Aiy observcktions, however, show
that the chromosome number ln the root-tip cells is clearly i4 as shown
in I-"ig. 223. It is obscure at pi:esent to what reLrLson this ciifiference

in the chromosome nzmiber between the results of FEi<NtNNDEs and my
own ls due, and consequently we liavc no idea which number is the
correct one, but I wish to emphasize the fact thcat the result I obtainecl

is in accord with tlie view of some authorst that this horticultural
specles is a hybrid betxveen Narciksus fon-a-?tiZla and A7. .Pse2t•alo7zarczbs2ts

in both of which the cgrdinal number of chromosomes is 7.

Reiation oÅí the Chromosome Number to
           the Size of the Cell

    It has been assumed by many earlier worl<f:rs that the ntTcleo-
plasmic ratio has an essential bearing on the normal or healtl}y co--
operation of the nucleus and cytoplasm. That in this relation the
nuclear volume may be expressed in terms of the clrromosome number
has heen sftown in many cases. Beautiful examples have been given
by BovEiu (igo4) in his "Ergebnisse", and in connection with the
plant kingdom the following worl<s may be citecl : Gtw'Es (igog), GA'rEs
and GooDwiN (ig3o) ln 0etnotliera, Tisci{LER (igio) in 2Vi2sa, XViNi<LEi<

(igi6) in Solanitm, OsAxvA (ig2o) in 11i2'ior2ts, BREMER (ig23) in sugar
calle, ToKUGAwA allct KUwADA (Ig24) ill Cafl7z(t, X/VETTSTEIN (Ig24,
ig27) in the mosg. , CLAusELNT ancl GooDspEED (ig2s) in .ZVIiL'otth.72.a, KmARA

and OAro (ig26) in A'?nmex", ilX,IiiLxTTziNG (ig2-1-'28) in Ga•leoL20silg, !<AGAwtx

I. BAILEY (I9I7, P. 2III).
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(Ig28) in xd/Ze.crIZo2bs, DERMEN (lg31) in Pelunlbu, Sc{-IMiD'r (Igsl) iR

.llli:lysco7iiiln'ztm and so forth. In 0enolliera it is well 1<nown that in

association with the chromosome nuniber cloubiing poilen grains become
4-lobed (0enothef'a .criS)'as (GATEs igis) and 0e. .oziscrantea (I-I&i<tNts'ssoN

ig24)), while they are 3-lobecl in the diploid 0enotlierar, a fact which

Gtu'Es (igis) interprets as meaninsr that '` the exti'a lobe probably
represents an adjustiinent to tke increase in the size of nucletis which

coiitains i4 chi'oiiiosomes kisteacl of seveii, pet'mittiii.c.)' gi proportional

increase in the cytoplasm."
    In .2VTa•rci3szts, measurements were attempted with pollen g,rains
and eptdermis cells in the scale leaves oÅí the bulb.

                         I. Pollen grain

    The shape of tlie pollen grains in Na7'ci:vs2is is, praetically speal<-

ing, ellipsoid or ovoid, The relative length Eind wiclth were ineasured

with fresh ripe poll,en grains stai,ned with acetocarmine, by means of
an ocular inicronieter uncler a niag'nification of about ioso times., For

each variety a. nc{ specles ioo pollen grcains wejfe meic sured. The results

obtainecl are g{v'en in Tables XI-XXIII, in which the relative leng'ths

End x•vicltlis aye sliowR by the nunibers of divisioiis in the micrometer

coverit}g tke lengths ancl wicltlis of the pollen srrains, In the tables

the following abbreviations are used :-
         J- : Length of pollen grains.
        NV: XVidth of the sicme.
         T : Total nunaber of pollen grc'Lins mea$ui'ed.

        sn: Somatic numbet- of chromosomes.
    The naean length and "riclth, stanclcard cleviation, ancl coetlicient

of variability which were obtained for eetch variety ar]cl species from

the datkL given in thesc tables, ancl the volnnne of pollen grair}s
obtainecl, by the formulaei :

        Mean, ilf,,. E'"Cf ,
                     71
        standacrd devlation, a :Å},V 2'f;i/

        CoeEficient of variability, CT/= O' Å~ioo
                                      Af

        XXoluine of pollcxn gra.ins, JV-ww i ali:rr '
                                     6

   I. jOHANNSEN I926.
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where,
        C = Clas$ value
        f =: Frequency
        D == l•Iean-Cla$s value (deviation)

        n : Total number of pollen .crrains measured
        a == if"eltgth of poBen grain

        b =: XVidth 'of pollen grain,
are shown in Table .T5<XEV, where the following' abbreviations are

      MA M. : Ailean length and wiclth of polien grains respectively.
      cri, a. : StaRdard deviation of the mean length and width
                 respectively.
      CVi,CVw: Coefficient of variabiiity of the mean length and
                 wiclth respectively.

                           'rable M

       . tM.longuilla. (sn=i4; d{ploid)

XII]<Fx[!(x. i2 i3 i4 is i6 i7 i8' T
9

IO•

II

l2

I3

l4

im

ii 'i .

ii

.

 .

 -•

5

10

4

 .

li   :  .

 .

2

ii

9

.

3 4 5 I9 45 22 2

ii

i

IOO'

     Table XII
"Victoria" (st]=:I4: diploid)

I4 I5 l6 I7 I8 I9 .o.O T

il

r2

l3

... .2oo
i23

..7 ..r ...

3

'2

72

I4

IS

l6

I7

: i l 3r

3

:

I2

3

I•

 .

s
J

g g?

;
1- I 5 )c 83 23 I6 8 Ioo
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       clr

" Emperor

iNAGAb:

able XIII

" (sn=-ol: tn ploid)

-- ptkN
I5

l6

I7

I8

l9
llil

T

I6 I7 I8 lg 20 2I 22 23 94 25 26 27 28 2g 30 3i 32 33 34 3S 36

lil lilii li I

g
I

2
:i

g g
.

li

3

iii.i

il 11i iiil iii iii iiii iil iii iiili iil iiii iii

22 7 I2 Ig I6 I6 5 75 3 0 1 I I o o O O 0 3

T

•6

I3

2I
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2
ii

IOO

" Gloria'

 Table
     'IIundi"

XIV
(sn==2I: trl ploid>

T

il

l

lii

I

ii

I

lil

I

lii

s

liiiiiiiiii

5

il

3

ii

oo
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o
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I
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      Tabie XV
"Grandee" (sn==22: hyp ertriploicl)

Gemis Narcissits i,47

'Xh.lli'llii

I7 I8 I9 20 2I 2-O 23 24 25 26 27 28 2g 30 3I 3: 33 34 35 36 37 38

It---.IIII. . 2 2 3
Ii.3II.. .. I5
.""I.--"-I-----e----------"""------t-l-----------"------"-"--"--"-i-"-

p-----2..3 I .63I
4 4 3
I 4 4
.I3- 2. -

----"-------te"e------"e------

lilll/llii iili•iii' lill/lliiiillliiilliililll/11111liiiillliiiliiii

•l'  i 22382I IS I5 H 6 3 6 o o ! I I l o o o o l

T

ii,

l

IOO

      Table XVI
" I<ing Alfred " <sn=28 ; tetraploid)

20 2t 22 23 24 2526 tl]

I3 tt•

. I . . . . . I

l4 I. . . . . . . l

I5 1 I 3 I 2 . . 8
I6 I I 9 28 IO 2 . 5I
r7 . . 6 l6 7 5 . 34
I8 . . . I I I ; 4
I9 . . . . . I . l

rr 3 3 I8 46 20 q- l Ioo

      Table
rvr. Bulbocotlium <

xvll
sn--42: hexaploid)

23 2425 26 27 28 29 T

I6 l .I 2 . . . 4
'

I7 . .IO 2 I I . I4
l8 . 58 9 3 . . 2S
I9 . 28 IO Ie 3• I 34
20 . I4 s io 2 . 22
21 . "- . . l . I

T I 83I, 28 24 et l Ioo
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   'I'able XVIII

" L2c " (sn == 2o : diploid)

W
iii

i I4 I5 I6 I7 I8 I9 20 2I

l
l

il il I

;

ii  I
illi iii il il

'i-

;

1 I 22 32 63 7 o o 2

6

27

4I

22

3

 o

 l

Ioo

     Table

" B2i " <sn=:21 :

XIX
hyperdiploid)

-",<!k

IO
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l2

l3

.s

I2 I3 I4 i5 16 I7

i i  .

 2

ll

7

 l

7

2S

IO

5  l .

3
2 12 20 43 20 3

T

 I

l.i

59

29

Ioo

" A22

  Table

" (Sll==22

xx
: hyperdiploid)

T7

9

I

5

3

I

I

IT
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               Table :xKXI

    " Yellow Prince " <sn =3o : triploid)

Genits Narctgsus !49

xi}-gicx

l3
I4
IS
l6
I7
I8

gE

T

I3 I4 IS I6 I7 I8 I9 20 2I oo 23 24

ii
lli ii' ii ;

3
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o
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T
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I

Ioo
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   Table

Sacred '  Lily

         'XXII
" (sn=30 : triploid)

>ii)<kx
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T
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 Table
       ' tt
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PJants

     Table l XIV

in 7-cardinal chromosome ntimber clnss

1'lant naine

IV. .loneu7'lla

'V'ictoritl

F..mperor

CTIoria irYIimdi

Grandee

King Alfred

Ai. B•telbocodi2tm

sn

ii

)i,•Il

IS.73Å}o,o8

I7•54Å}O.09

2I.S9Å}O.24

20.52Å}O.r2

22.48Å}o.22

23.08ko.o7

25.41Å}o.o8

A•Iw

I2.I4Å}O.OS

I3.84Å}o.o8

18.77 1 O.23

l5.62Å}O.I4

I8.ggÅ}o.2!

I6.32Å}O.05

18.s7 de o'.o8

al

Å}I.2o7, deo.o6

Li.282 Lo.o6

Å}3.589 t O.I7

thI.836Å}o.og

Å}3.2i6 ko.i6

Å}I.IOIÅ}O.05

deI.2S3Å}o.o6

P]ant n,tme

N. Ionaiti71(t

xi'ictoria

Emperor
Giem'a A•Inndi

Grandee
I<ing. Alfrecl

Ar. Bttlbecodi'•u•nt•

Osy CVI CVw
Å}o•74gtho.63 I

Å}I,I72Å}O.05

th3•405Å}O.IS

Å}.p..o63Å}o.io

Å}3.I63 tO.l5

Å}o.83SÅ}o.o4

Å}l.l23Å}O.05

7•67Å}o.36 i

7•3IÅ}O•3S

I6.62Å}O.79

6.76,ho.3o

i4•3iÅ}o.68

4•77Å}O•23

4•93Å}O•24

6.I7tho.3o

8.4gtho.40

i8.r4deo.86

Io.o5Å}O.48

I6.66tho.77

5.i2 t O.24

6.osÅ}o.3o

Volume

386•3s x

SS9•93 T

I267.72 r

834•4i x

I35r.I2 sc

I024.52X
l460.3gT

Voltmie in
  rlltio

o.6g

I.

2.26

I•49

2.41

I.83

2.6I

1'lants in the lo-cardinal chi`omosome ntm)ber class

Dlaiit name

L2e

Bc•i

A22
Chinese Sacred Lily

Yellow Prince

B31

Sll

ii

M!

i6.36Å}o.o8

1,?.76fi o.o7

IS.09Å}O.09

I7.46 i,O.Il

I9.93Å}O.I2

l7.92 hO.10

)vlw

i3•94deO•07

12.I6Å}O.04

I2.2otho.o8

I3.36 fto.12

I6.I7 LO.II

I4.47 f O.IO

el

Å}I.I27Å}O.OS

deI.OS9Å}O•53

i I.314 ifo.o6

+. I.6IS de o.o7

Å}I.745Å}o,o8

Å}l.S2I th O,07

P]antname e". CVI cxrw Xrohirne Volumein
ratio

L2o Å}I.oo4Å}O.05 6.8gÅ}o.33 7.20thO•34 529•84sc L
B21 Å}o.647Å}o.3I 7•i7Å}O•34 5.32Å}o.26 363•73x o.6g

A22 thI,I22Å}O.OS 8.7IÅ}O.42 9.20Å}O•44 374•33sc O.71

Cl]ineseSacredLily Å}I.868tho.og 9•2SdeO•44 I3.g8Å}o.67 SI9•37sc o.g8

YellowPrince Å}i.63iÅ}o.8o 8.76tho.42 Io.ogtho.48 868.48rc I.64

Bai Å}I.S32Å}O.07 8.48tho.4o IO.S9Å}O.50 625•34sc I.84

are

The conclusions
a$ follows :

which may be drawn from these statistical results
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    a) Cases where the cardinal number of chromosomes is 7.
    i. The length of the pollen grains increases in correspondence
with the increase in the number of haploid chromosome sets or genomes ;

the mean length is shortest in the diploid, intermediate in the triploid,

e
di

Ie '9ptN,,

T`•

/:-pt.:,..',. ';:-: ..

. /.t7.-:lt''t 't-"'

"ie
 .-1/•

71"'Si''

i''''"         .i"'

6.i-..'

 ,eel

,P'iiiL/r'}:,11elmue

                   226
Figs. 224-226. Microphotographs of

 pollen grains in N. Pseudonar-
 ec'ssus and 2V. Bulbocodiztm in the

 samemagnification; 224. IV. Pse?t-
 dotmrcissus, " Victoria " (diploid> ;

 225. The same, "King Alfred"
 (tetraploid) ; 226. 2V. Bulbocodium
 <hexaploid),.

hypertriploid and tetraploid, being longer

in the order named, and longest in the.
hexaploid.

    2. The mean width also shqws a
similar increment corresponding to that
of the number of chrQmosome sets, except

for the cases of a triploid, "Emperor"
and a hypertriploid " Grandee ", where,

contrary to our expectation, it is broader
than that of any of the other investigated

varieties of the 7-gardinal number class,

it being i8.77 in "Emperor" and i8.gg
in " Grandee ".

    3. The cell volume of the pollen
grains in the varieties " [Emperor " and

" Grandee " is much larger than expected.

In this connection it is interesting to note

that in these varieties the chromosome
behavior in the course of meiotic divisipn

is far more irregu!ar than in the other

varieties with.which the volumes have
.been compared. In the other cases ex-
cepting these two varieties, there is a
recognizable relationship between the
vglume of pollen cells and the number
of chromosome sets (cf. Figs. 224-226).

    b) Cases where the cardinal number
of chromosomes is io.

    The conclusion just drawn in the
case of plants of the 7-cardinal number
class is applicable on the whole to this

case of plants of the io-cardinal number

class. But some remarks may be made
here. In thevarieties "Aza" and "B2i"
the mean length is shorter than that in
the .variety "T.zo" notwithstanding the
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fact tiiat the chromosome number js greater in these varjetie;s tJian
in the latter. XVith regard to the variety f`Apt. ", this may be interpreted

as due to the difference betxveen the genomes in ehese two varieties,
as sug.crested by the morpho16glcal 'characteristics of tlie chromosomes,

while, with regcird to "B2i", we fincl no other plausible etxplanation
than that k is due to inacctiracy in the method of iiieasurement, since
the morphological features of the clrromosoines suggest that the consti-

tution of the genome must be the same in the two varieties '` B2i " and
"Iac ;', exceptthat the former varlety caizies an extra chromosonie. A

similar relation is also found between E triploid variety " Yellow Prince "

and a hypertriploid form "B3i", where the n3ean length is shorter
in the latter thati in the former. It $eems, however, xvorth xvhile
pointing out here that the latter variety is heterogenomous, while the

former is autotriploid, as is seen from the chromosome bcshavior in
the heterotype division in these varietias.

        Il• Epidermis cells in the scale Ieaves of the bulb

    No selection b'eing made, parts of the epidermis were drawn care-

fully by ineans of an ABBE's camera on pciper under a mag'nificatioii
of about 3oo times. The length and width of the cells thus drawn
were measured. The results obtained are given in Tables XXV-
XXXV, and the mean lengths and mean widths•are given in Table
XXXVI. In these tables the following abbreviations are used:

        I.: Relative length.
        N?Y': Relative width.
        Mi, M. : Mean relative length and xvidth of the cell.
        Mi.w: Average of LxNV.

  Table XXV
A'. !one2ez71a (sn=:Itt}

No.

ill

g I

L

i/

xv

i'

L Å~ w

l
l

l
l

l

Average 44.0 8.5

468
3IS
S22
240
36o
I75
522
40S
S3I
252

379,O
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'I'able XX. X

`c  }l.)rineeps IN'Iaxitn " <SVI= l4)

I. 'xV LÅ~N?V'

[ 3z 9 279
: a28' IQ 28o
3 I39 () 35I
4 46 IO 46o
5 32 8 2s6
6 43 9 387
7 4o 8. 3-eo
8 33 9 297
9 3o 1'O 3oo

10 3o IO 3oo

Average 35.2 .(}.2v 323.0

Table XXVII
`C Einperor " (sn== 21)'

No.

iii

L
i

W.
!

iiiili/

i

]

   I2
   Il
   IO
    9
   IO
   IO
   II
   IO
   I2
 e I2
   l2
   I4
-12   10
   IO

LxW

l

Aveyage 49.2

I

l

II.O

636
374
S40
432
s6o
4eo
6oS
68o
6oo
48o
48o
6o2
48o
430
74o

53S•9

Table XXVIII
"Empress" (sn=22)

No.

ii.

x.

ii

'"r

I
g

'iii

I. Å~ 'SIIiT

}

l

Average S3.8

l

490
825
S90
5so
430
S8o
468
48o
627
420

be

ro.r 546.o
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  Table XXXX
" King Alfred " (sn== 28) -

X o.

iil

Average

L
 S8
8S

 7o
8o
64

 72
IOO
 7o
63

 77
7o

 73
 7o
IOI
 78
 t

75•9

W
ll

IS•7

LxW
Iro2
I615
91o

II-OO
8g6
864

I500
I050
Ioo8
I386
I26o
r6o6
 9Io
I4I4
IOI4

II77.0

   Table XXX
2VI. B2tlboeodeitnz (sn==42)

No.

io

Average

J
]

IOO
So
56
S9

 7o
62

 7!
6o
74
46

xv

l

64.,g

i'i'

I2.0

L X Xxr

l2oo
6oo

 r28
88s

 77o
8o6

 7Io
78o
8I4
46o

775•3

 'rable XXX,[
" i;'i-anlclin " (sn= :20)

  xlro.

.". .
ll

Averaee
    ."

L :
l W

'15il ii,

l

I. Å~ XXT

64.I IO•9

72o
6I6
77o

 71S
IOI2
 792
63o
6oo
5oo
6I6

6g7.i
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    Table XIXXI'i.
" Chinese Sacred Lily" (st}=30)

No.

li

L
I
I

l

89
7o
76

9I
!oo
86

So
57
82
8o

W

l

Average
-

lliIi

78.I I52

LÅ~ xv'

i33S
I050
lI40
!36s
I8oo
I376
 75o
Io26
 g84
I040

1

II86.6

'rable. XXX'Il'Il

 "Bat " (SRex3I)

No.

Average

I
}

lo8
8o

I3S
63

9o
I04
II2
I27
85

I02

Xxr

l

ioo.6

ii   l

8.8

LxW
 972
 72o
12rs
63o
c)oo

 832
S92

II43
68o
816

88o.4

  'rable XXXIV
Ar. 7'nteivnet7iits (sil =2- 4)

No. LÅ~'wr

•I 6o I6 g6o
2 6o I8 Io8o
3 6I 28 I7o8

4. 3o 3o 9oo
5 6S Itl 9IO
6 65 I6 I040
7 46 27 I702
8 S9 23 i3S7
9 46 33 ISI8

10 7S IS II2S

AvL'rage 6o.7 22.0 I230.0
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Table xXXXV
N. biflorus <sn=24)

No,

il'

g !

Averttg.e

L

ililtii

S5.2

NIXT

IAi

6.g

IJ Å~ xxr

30I

3So

336

28o

4o6

S49

266

672

26o

42o

384.o

"I)able >x<XXVI

l'lant nalne

N. ./onauilla
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 535•9

546.o I.6g

     3•64II77.0    i
77S•31 2•40

6g7.1     I,O
II86.6 I.7o

     l.2688o.4

384•O
i O•S4

I230•Ol 2•29

Retnarks on
]iNC[ixw in ratio

Princeps Maxim
ta.yetl 2{S UIIIt.

Franklin talcen
as ulllt.

See text.

    From Tcable XXXVI the following' conclusion may be Ctrawn (cf

Figs. 227d23i)• '
    a) Cases where the cardiRa! number of chromosomes is 7,
    i. In this series of plants, the correlation between the length of
the eell and the number of chromosome sets is reeog.nized, except in
the case of 2V. B?t-lbococl2b-tm (hexaploicl), in wlaich the mean relative

length of the cell lies between those of the tetraploid and triploid
varieties.

    2. The mean relative wiclth is narrowest in the diploid varieties
and broadest in the tetraplold variety, that of the hexaploid variety
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Figs. 227-23i. ?Iicrophotographs of epidermal cells of the scale leaves of bulbs in the

  same mag.nification; 227. 2V. taeetftt, "Frlinlt'lin" (diploid) ; 228. The stune, "Chinese
  Sacred Llly" <triploid); 22g. 2Vl. Pseudonarcx3sit.g t` }'rinceps lm}t•Iaxini " <clipioicl>; 23o.
  The sa!ne, " Empress " <liypertriploid) ; 23I. The saine, `' J<ing tNlfred " (tett'aploicl}.

                                       '
lying between those of the tetraploict ,ftnd triploicl as in the case of
the mean relative length.

    b) Cases where the carclinal number of cl)romosomes is io.
   .In this series too, the mean relative leng-tla of the cell increases,

as the chromosome number is greater. XVhile tlie same is true of the
•width in the cases oÅí diptoid ancl triploid, it is exceedingly narroxver

ln the hypertriploEd variety ("2n"=3i) than expected. Accordingly
the mean relative area occupiecl by the cell on })aper is larg'er in the

triplold variety than in the hypertriploid, and is smallest iR the diploid.
    c) Cases of species hybrids.
    Narci3s2ts biLXIor2ts. In this species the nucleus contains three
genomes, of which "vo consist of 7 chromosoines eac}} and the third
of io chromosomes. We have alreacly data of the size of cells in
xvhich the chromoseme ntimber is 2Å~7 and of ce]Is in which it is
2Å~io. IÅí the s-c me nucleo-plasmic ratio as in these plants holds for
the hybrid forms too, xve may obtain from these clat-, the relcative size

or area on paper of the cen in N. b<flor2t•s by calculating with the
formula i/2(2S7+Sio), xvhere sfS7 ancl Sio represent the relative areas

of diploid cells in which the haploid numbers of chromosomes-are 7
and io respectively. 'l'he relative area thus obtained by calculation
is 67i.ss, the figures 323.o found for S7 in the variety "Princeps
tTXtiaxiin", and 6g7.i found for Si" in tlie variety "Franl<lin" being
used. The actual number obtained by measuring in fVr. biflof'zts is,
however, 384. This is about enelaalf of the number 67i.sb" obtained
by culculation on the assumption that the same nucleo-placsmic ratio
crts in those plants in xvhich the cardinal numbers of chrumosomes are
7 and io respectively holds for tl}e hybrlds between these two kinds

of plants. '    iV. intarmetli:zts. The relative area of the cel! in this hybrid obtain-

ed by using the formukc i/H7 (LS7+Sio) which ls directly derived from

its genomic constitution is s38.i, the ntupber obtained by measurement
for the relative slze of the cell in /V. IonezdiZla,, a known parent, and

that obtained in the c.rtse of "Franl<lin" being usecl for S7 and Sio
respectively. This namber is less than onehalf of the number i23o.o

actually obtained by measurement. •'
    According to TiscHLER (igo8, ig2s) the deg-eneration in pollen
grains in xTfdleabiZz3 hybrid becomes apparent only after the course of -
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the reduction has norm"c ly proceeded, and he regards it as due to the
abnormal nucleo-plasmic ratio which he found in youn.cr pollen grains.
The nucleo-plasmic ratio may also be altered by extemal agencies, as
was fouBd by GooDspEED (ig2g) in the palisade cells of the leaves
of a Nibolilana variant, the alteration in this case being induced by
X-rayiBg in the seedling' sta.ffe. He says: "Cell number, form and
arrangement is the same in treated and control but increase in cell
volumes in the former (X-rayed plant$)t accounts for the abnormal

i

232

233

.

3-M ). e         lt

234i

l. [Ehe words in brackets were inserted by me.
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235

Figs. 232-236. Cei]s in petal epidermis. 232-234.
 <dip]uid); 233. "Grandee" <hypertriploid);
 236. "eVl. Ia2etta; 23s; "Franklin" <dipleid>;

leaf thickness. On the ether hand,
there xvas no dist!nction in nuclear

ratio has apparently beefi alterecle

inhibition of mitosis xvithout clecrease
protoplast." (p. 2s")•

    From thase facts it may be
nucleo-plasmic ratio may be caused
an external. rn the case of .ZV. biptor?ts

tliat the abnorma! nucleo-plasmic
factor due to hybridity. The case
ordinary catesrory in whieh the
in the case where the normal nucleo-plasmic

              236

      N. Pseudonarcissecs; 232. "Victuria"
    234. "King Alfred" <tetraploid>; 235-
     236. "Chinese Sttcred Lily" <trip]oid).

                   tt    so far as could 6e',determined,

   volume. The .liucleo-eytoplasinic
perhaps as a resttlt of.some incluced

      ln the growth capacitY of the

 $aid that tlie change ln. the normal
    by an internal factor ics well as
       and N. inlcrm.eali'?ps, it seeins

   ratios are caused by an internal
  of N. i'nXt•'rnienh'2ds belongs to the

volume oÅí cytoplasm. surpassgs. t,ha,t

             ratio is fdund, but N.
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biilorus is a case where it is. greatly reduceci below the normal volume.

It is interesting to iiote, however, that this reclucecl volunie is approxi-

mately the same as that of the cell carryin.g 2Å~7 chromosomes. If in
this hybrid a parent plant whose cardinal number of chromosomes is 7
xvas the mother plant, this fact must be very significant.
    Parts of'the petal epidermis are reproduced in liigs. 232--236

under the same magnification to give a clear impression at a glance
as to how the size oÅí the cell ancl the chromosome number are corre-
lated in Narci3szts.

                          Discussion

   I. Cardinal number of chromosomes in the genus Narcissus

    In this genus several different-numbers oÅí chromosomes which
may be regarded tis representing diploicl, triploicl, tetraploid, hexaploid

and soine heteropioid numbers have been reported by S'roMps, DE MoL
and some other authors (cf. 1)p. i67-i6g). So far as the results of my

investigation are concerned, there are two different cardinal numbers
oÅí chromosomes in this genus, namely 7and io(dLL p. iio). Species
or varieties in whicli the chroinosome number is a multiple of 7 are ;
xVardibszds Rsevd(lona•rci3s2rs, tV. i'ncoiiiparabiZi3, iV. Poelibzss, iV. Jrofz-

azdz'lla, N. Bztlbocodi?t•-m, 2V. odorzts, 2V. minor, 2V. reflex•izas and N.

BarriZ (or Lee`lsi2). In N. Pse'zndonardi3sus, .M Poeli'czt•s and 2V. in-

com.Pa•raOi'lils some varieties are diploid (2n==g) and others uiploid

(2i). The tetraploid number (28) is found in zM .Pse2talonardi3sets and
the hexaploid (42) in iV. Bedlbodoalz2Jm.

    In iV. tagelta•, on the other hand, all the chromosome numbers
hitherto found in various varieties of this species are multiples of io,

or its heteroploid numbers, the somatic numbers of chromosomes being
2o (diploid) or 3o (triploid) in the former and 2i, 22, 3i or 32 in the

latter. Observation of the meiotic division in pollen mother cells has
proved that the tiumber io is the baSis of these numbers. No chromo-

some number in which the basis is 7 has as yet been found in the
varieties belonging to !V. taeetta and none in which it is io has beeR
found with certainty in the species or varieties other than those belong-

ing to xV. Ia2ella. In the case of hyperploid plants such as the variety

" Grandee " (p. i26) in xvhich the somatic number of the chromosomes
is 22, the somatic nun3ber alone can sug.crest nothing about the cardifial

                                                        di

e
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number, btit investigation into the behavior of the chromosomes in
ineiosls can reveal what it is. In the varlety named it shows that it

is 7, and hence the plant is a hypertrjploid. It has be.en reported by
DE iTN•IoL (ig22) and INTAGAo (ig2g) that in two varieties not belonging

to =V. Iuaertkv, the somatic iiumbers of the chromosomes ai'e 2o and
3o respectively. Both these numbers are multiples of io, but it inay
he expected that they will be found to be 7-chromosomic hypotriploid
and hypertetraploid numbers respeetively, although in these varieties
the bel]avior of the chromosomes in meiosis has not vet been observed.
    I;ERNANDEs (ig3i a, b) htis reported other chromosome numbers,

whichIhave not founcl in any of the species and varieties at my
disposal. According to him, in xVarczlssus la2etXa and N. oalorus the
somatic number is !o, and in tV. 'r2ipi'cola, .ZV. scaberiplus, N. calciL'ola

and .iVl. g(xtliZanzts iÅí is i2, and in some othe!'s it is i4. 1?rom the

results of his observations he has concluded as fo]lows :
    " i. ]"es e$phces (au sens de I'.iNNS) du genre IVIa•rci3'su•s, peuvent

6tre identifi6es par le nombre et Ia forme de leurs chromosomes.
    2. I.es especes portugaises de ce genre peuvent atr.e distrib"6es
en 3 groupes, respectivement caract6ris6s par le nombre des chromo-

somes: s,6et 7. •    3. Dans le genre /VaTcdsseds, on observe fr6quemment des chromo-
somes du type Lk et lele, avec moins de fr6quence les types IZ et lle
et rarerr}ent les types.ZLL, Ll et ll•" (FERNANDEs ig3i a, p• 7)•

    "I{)hus lrEi<NANDEs adds two new cardinal numbers s and 6 to those

given above. The number s as a cardinal number may put the
Åëonclusion that the number io is the cardinaJ number in IVIarczlsszts

lazetta open to doubt. If, then, the latter conclusion is wrong and
the former number is correct, those varieties of N. IueeXla in which
the somatic number of cliromosomes is 2o must be regarded as tetra-
ploids and those in which it is 3o must be loo!<ed upon hexaploid
varieties (cf. I"'ERNANDEs ig3ib, p. 7s). But itseems that this is not

the case, because, if tlae varieties which we tal<e for diploids and
triploids are really tetraploids and hexaploids respectively, such chromo-

some behavlor as xve have described for these varieties in the fore-
.croing chapter is not to be expected. XVe have, moreover, other facts
which stzbstantlate the view that the m.imber io is at least a, even if

not the, carclina] number in N. Iagella, namely: i) while in the
varieties " Franl<lin" and "I.2o" six gemin! of the io are large, and
four smal1, in "B2`)" and "A22" five are larger and five small. If in

these cases the cardinal number is s, these sets of claromosomes must
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                                                  '                                        'consl$t of two $imilar sets each. This is assumable iti the former
case, but not in the latter. 2) In N. intqrmedi'zss, a chromosome
hybrid between 7 and io, the two groups of chromosomes are sho"rn
to represent iRdependent genomes, no aMnjty is shown between chromo-

somes of the 7 and those of the io. They are found to be all
univalent in the heterotype metaphase, and no two chromosomes are
a matlng pair. In iV. bijlorus, a PoelzL'2is-lage'tta hybric!, the io tagetta
clwomosomes alsio remain as univalents havlng no mates at all in the

heterotype division. These facts show that the io univalent chromo-
somes frona the parent laucretia have no mating chromosomes not only
in the grouP of chroirnosomes from the other parent, but also ainong

chromosomes in their own group. To put it into other words, thi$
group of io chromosomes in lcv:•eXla is a haploicl set which cornposes
a genoine. The number io mtzst, therefore, be a cardinal number of
this species.
    According to TiscH!.Ei< (ig28), }Ai<E'rzKy has observed that in
Pol),.cron-2tm. avi'c?t•la•Te the haploic{ number of chromosomes is io "in

einer selten Varietitt ", while it is 2o " in weitaus clen haufigsten Rassen "

(pp. 323-324)• It woiild not be iniprobable to crtssume, then, though

speculative, that Iini<NArTDEs mlght unconsciously have carried out his
observation with a special form (haploid in this case) just as happened

to JAi<E'rzKy in his observation of Po(J,.cromwi a"di'c2tlare. A decided

answer is, of course, to be g'iven only by a future investigation intQ
the behavior of the chromosomes in meiosis in that form, investigated
by IFEi<NANDF.s. But I wish to point out l}ere that according to the
restdt I obtained, the somatic number of chromosomes in fV. odorzis
xvhich FERNtvreDEs lnvestlgated is i4 instead of io.

    The general conclusions which we can draw at present are, there-

fore, as follows:- ' . •    i. In the present state of knowledge we inust admit that in the
genus iVarci3s2is there i.re tliree cardinal numbers 6, 7 ancl io.

    2. It must be left for future researches to•decide whether the
number s represeiits oRe of tlie cai`dinal numbers iR iVa•-rczlss?es as' con-

sidered bv FERNANDES.
                                                       '              '    Aclvantage may be tai<en of this opportunity to g'ive here the
unpublisl]ecl results o})tained by .iNfr. .SToxvi in his observation of a white

flowered variety of Na2'ciics2ts ttzs•ella, xvhlch l}e 1<in.dly conveyed me

                  '
   i. .7Nir. S'voxv has given' nie the privilege of r}ot only ptibl}shingr the resnlt of his obser-

vation, bnt also reproducir]g his drawings in the present paper. I wish to.t"ke this opportunity

of expressing my sincere than}cs to hini for his great generosity to me.
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in a ;etter. According to hini, in this variety the somatic number of

chromosoines is 34 or 3s, the former probably being the right number.'

In diakinesis in pollen mother cells there are found both bivalents and

univalents in the cell. In the heterotype metaphase, i6•-2o of these

elements, mostly 2o, are counted. I'n the stages from anaphase to
telophase, 4-io (mostly 6) univalent elements each of which clearly

shows the longitudinal splitting, lag- behind the other chromosomes
(Figs. 238um242)•
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i. This was confinned by myself in material kindly sent to ine by Mr. STOw (Fig. 237).
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i7igs. 237-242. rvIr, S'row's clrt"vings except 237. IV. ta.nettct. 237. Somatic nuc}ear plate

  showing 34 chromosemes. 238-242. Meiotic phases ; 238. Heterotype metaphase shosvin.gr
  i7 Åëhroniosomal elements; 23g, The same shosving i8 chromosomal elements; .e.4o.
  rhe same in side view shosvin....or i4ll+6I chromosomal elements ; 24'{. Tl)e same in polar
  view showin.g. 2I chromosomal elenients; 242. I-Ieterotype anaphase showing s lagging
  chroinosoines which are spllt longituclina!ly in the equatorlal region.

    Thls informcation leads us to two clifferent views in regard to the

origin of this variety. As one of the alternatives, we may assume
that this plant is a hybricl raised by the zmion of atetrap]olcl gamete
from a plant in xvhich the cardinal number of cl'}roinosomes is 7 and
a haploid gamete frQm such a plant as that. found by .FEi<NAix'i)Es in
which the cftc rdinal numbey of chroniosomes is 6. If the plant in question

is really a l]ybrid of such an orlgiB, we shoulcl haxre in the.. heterotype

metapha$e -oo chromosomicl elements of which i4 are bixralent and 6
aye univalent. Tl}e fact that the nuinber of chromosomal elements
xvhich is inost frequently fozmd is 2o is in accorci with tliis vie"r.

    fXs alreacty mentlonecl above, however, in Afav'ci3s•?ts l'a•.cretta neither

euploid$'nor heteroploids in xvhich tke cardinal nuinber is 7 ftcre founct.

It is impossible to cfL$sume, therefore, that a variety carrying no io-
chromosome set, or no Xage'l'Xa genome cau present tage)l'ta• character•-

isti,cs, arkct we are led to the second alternative iR which we as$ume
that the variety in qL}estion is a hybricl raised by the union of two
diploid gametes, the cardinal number of chromosomes of xvhich is io
in the one and 7 in the other. If this is actually the case ancl auto-
$yndesis tal<es place in this hybrid, it may be expectecl that the numbey
oÅí chromosomal elements in the heterotype metaphcrtse wili be !7 (iou

+7iT). In Fig. 238, an actual case where i7 chromosomal elements
are counted is shown. The occurrence of inore than i7 chroinosomal
elements -rnay be interpreted by assumin.cr that an accidental failure to

pair may tal<e place between homolo.o'ous chromosotnes, as is fr,equently
found in the other forms of A71a7'czlss?is. Although in tkis interpretation,

we find no recrtsonable explanation as to thereason why in this plant'
the'number of chromosomal elements that occurs inost Åírequently is
2o, nevertheless, this lattey interpretation seems to be by far better
than the first in which it must be assumecl that ta.2etta characteristics
can come forth in the absence of the ta-xetla genome.
    The chromosoi:ne nuinbers hitheito investigatecl in the genus
Nao'czles?ts xvill be enuineratecl in the folloxvin..e- list. In this list the

numbers which are reportecl for the first time in the present paper are

marked witla an trsterlsk, and the numbers which occur wlth otlier
numbers of lesser ocÅëurrence, or those whlch are theoretically expectect
are marked wlth two asterisks.
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1. By "2n"
in the latter

instances the

is here meant the somatic number of cliromosomes, not the diploid number,

sense the notation is used without the quotation marl{s. In all the fol]ow-

two different forms are used in these different senses.
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  " Olympia "
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2Vaf'eiss2es fninor '

Narcissus i'ncomParab272's

  " Nelson Major "

  " Sir "SVatkin "

  " Gloria Mandi "
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     sl
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              II• Genomes in the genus Narcissus
    In polyploidy it is necessary to mal<e a distinctlon betweeR txkTo

cases, one where the plant is homogenomous, or cicrries liomologous
genomes and the other where it is heterogenomous, or cart'ies bastard
genomes. Kif{ARA and ONo (ig26) have proposecl the term "auto-
polyploidy" for the former case and "allopolyploidy" for tke latter.

They say: "tmter Autopolyploidie versteht maR die Verdoppelung
desselben Chromosomensatzes; unter Allopolyploldie die durch das
Zusammenl<ommen verschiedener Chromosomens2ttze auf dem XNreg,e
cler Bastai'diertmg erfolgte Chromoson?enveymehrung." (p. 48o).

    XVhether a plant in qiiestlon ls homogenonious or heterogenomous
can be determined from the karyological and genetical point of view
by the following methods :
    i. Tlae comparative moi'pliological study of indivldual chromo-
som'es. Xt is generally acceptecl that in plants within a certain restricted

circle of afllnity the number of chromosomes as well as their size and

form ccftn serve as a criterion for the cletermination of the homology

between the genomes in one plant and another. The analysis of the
phylogenetical relation between plants by this methocl of itivestigation
has been attempted by I/ilF..iLBoRN (ig2-t.) in Carex', by KAGAxvA (ig2g)

in some cereals, by GoToH and STow (ig2g-'3o) iR T7'i711um and PaTi3,

and by others in some other plants.
    2. The examination of tlie intensity of the afEinity between
chromosomes, or the behav-ior of the cliromosomes in meiosis. In
hybrlcls the following three main types of cl}romosonie behavior are
1<11oitvll :-

    a) Forn3ation of bivaleRt chromosomes by pairing taking place.
betxveen chromosomes from clifferent parents-allosyndesis. This type
is usually foimd in fertile hybrids raised betxxreen plants which haN:e
the same iatmiber of chromosomes, as, for example, in the cases of
.Era.crarde amef'zta7za• alba•Å~-tPr. ztesca v.ar. 7'osea (IcthJiMA ig3o), Secale

cerealexS. 7nonfan2t-m (LoixTGLEy and SAtsrDo ig3o) ancl other$.
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    b) Formatlon of bivalerit chromosomes by pairing tal<ing place
between chromosomes fro!n the saiine parerit-:-autosyndesis. In this
case we expect theoretically that both or one of the parents must
primarily be tetraploid at least, so tliat the reduced iiumber of, chromo-

somes in sucli a parent is diploicl, anct therefoye that the numbey of

chromosomes contributed by gan?etes ...from this parent must be an
even number. If, therefore, autosyndesis tal<es place between every
two chromosomes from each of the parents, the number 'of chromo-
sonie pairs must be one half of tlie sum of the parental chromosomes,
an example of which we find in the case of the tetraploid hybrid of
Sola•7iu77i nz3op'zt7nxS. Izt,lezd77i (J6RGENsEN ig28), for instance.

    c) Non-forniatiof of bivalent chrotnosomes, or complete lacl< of

aMnity between chromosomes-asyndesis. In this type there are as
maiiy unpaired, or univalent chromosonies as tliere are somatic chromo-

somes, or the sum of the reducecl numbers of both parent chromo•-
somes. [Examples have been listed on p. ir)8. The chron)osome be--
havior in Na7'cz3s7ts i)zte7'•pzedzhrs belongs to tlils type•

    II]hese types are also found combined with one another or with
the normal type of syndesis in some way or other. d) The forii}atlon
of polyvalent chromosomes such as is founc{ in the case of triploid
and tetraploid forins of Datu7'a., .ZV7arczbs2ts and othersi is autosyndesis

combined with the normal type of syndesis, and e) the case l<nown
as the Drose7'a scheme where both bivalents icnd univalents co-exi$t
is a conibination of allosyndesis ancl asynclesis as iii NZcolzlana hybrid

investigated by BRiEGER (ig28), or a combination of autosynciesis and

asyndesis. 'lrhe latter case is, to use RENixTER's term, "ungesattigte
Autosyndese ", which he descyibes a. s : " die qlieder des gt`osseren Satzes

gepaart, die des 1<leineren univalent" (RENixTER ig2g, p• io8). A
beautiful example for tliis case ls founct ln the hybrid betweeti C7'ePis

setosa (n =4) and C7'ePils lnZ'nn7ls (n==2o). According to CoLL!tuTs and
iTN([Aix'N (ig23) tl}is hybrid shoxvs 2xt chromosomes in the somatlc division,

and io bivalent aRd 4 univalent chromosomes in meiosis. Tliis fact
shows, as' is pointed out by the authors, that autosyndesis has tal<en
place between chromosonaes from bile7znils. DARuNGTotsT's case of a

   I. For antotripieid cases, we maymention: Canna (BELuNG Ig2I, Ig2S b>, ffj'acinthits
(BELLINcr Ig2Sc), tomato (M. M. LEsLF.y Ig26}, Oenetliera Hal<ANssoN Ig26--'27), Pruniis

(OKABE I927, DA}ILING'roN- Ig28), al?umex (ONo Ig28), Zea (RANpoLpu and IMcCI.INrocK
I926), f.-ilium ti.crrin2tm Cl"AKENAI<A and NAGA}tjxTsu Ig3o), and others, and for atitotetraploid:

Datura (BEr,nNG and BLAKF.sLEE ig2.1), tomato <LEsmy, M. I)/I. and LF.sLEy, J. M. ig30>,
and others,



      Ak'umber and Behavior of Chronzosomes in the Genus Narcissits i 7 i

cross between the liexaploid .2Pi'u7uts domcsl'i2'a• (n== 2L;) and the'
diploicl

.P. cgras4j cra• (n= 8) may be tal<en as an example of another combined

type. I-Ie has founcl i6 bivalent chromosomes ln this liybricl (DARLiNG-

ToN ig27t), and it seems hi.crhly probable that in this case both auto-

synclesis and allosyndagls must have tal<en place in combination. To
!ise RENNER's terni, this is a case oÅí "gesatti.c.rte Allo-Autosyndese",

an(il this conabined type 2s also known in Pi.cri7alig luXea Å~ D. miL'7'a7iX/ia

(ILIAAsE-l))EssF.LL ig2i), /)aPaz'ci' 'iz?uli'ca•ulc Å~ /). 7'a(lital•?tm. an(1 P. fi?t(liL

(;a,2tlcxl?. st•riirloca-rPit'ni ('LJuNGDAiiL icy2.l) anci soine others.

    The diffeyence in the bel}avior oÅí chromosomes is general]y re-
garclecl as due to the intensity of tl)e aflinity between chromosomes.
IÅ}: the intensity is normal between parc`Btal chroinosomes, theJ, xvill
behave as in ccase a, b or (l, but if it is below that, the behavior will

coininonly be sRch a$ in c. Iln tlie t'ormey the pairitig, or complex•-

forming chromosoines are liomolog'ous, altd in the latt.er no chroino--
somes are homologous with others. fn case t-', none of the uripaired,
univalent chroniosonies is homolo..o.'ous xvith any of those chromosomes
th-ct form bivalents.

    In Na,rczirsits, the ]results of my investi.crcation ere not complete

enough to enable me fully to clisct}ss this problem of the .ogenomes,
but some considerations on the problem may be enterecl into so Åíar
.us these results are concerned. As already mentioRed, xNre have in
Na.f'ci3s?is three clifferent cardinal numbers 6, 7 and io. .It is of course

a matter of difliculty to mal<e clear how these numbers arose, but it
is certaln from the results of my observatlon thict they are quite'inde-

pendent from one another, no affinlty being shown between them.
In N. z'nte7`medi>ts which is tal<en by some authors for a hybrid between
A-r. Ia2elXa. and IV. fo7z47tiZla, the pollen mother-cells show i7 imivalent

chromosomes of extrcaordinarily irregular behax,ior ln the meiosis. This

number of univalents is the same as the number oÅí chromosomes in
the somatic cells, ancl it seems not unre.rLsonable to assume that io
chromosomes of the i7 are those contributed from N. Ia:•eUa and7
those from vXL fona?t•illa. The fact that there is no pairing at all
between these two chromosome groups, io anct 7, makes it reasonable
to re.crarcl them as representing different genomes. If we call the
..cr. enome consisting oÅí tlae io chromosomes A, and tl}at of the 7 cliroino-

somes B, Ararci3'sus 7)ilermedz>is will be represented by the formula
A+B. In the same way N. bz,'fior2is, the Posti'cus-tase!la• hybrid, may

be represented by the formula A+BB, since it is beyond doubt that

  I. Cited from DARmNGToN Ig28.
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in this plant 7 bivalents and io univalents are formecl in meiosis out
of 24 chromosomes,

    In the diploid form of AT. Ia:•elXa in which the carclinal number

is io, there are two types of chromosome groups. In the one it
consists oÅí 6 large and 4 small chromosomes, and in the other, of s

large and s small. The first type of chromosome group or genome
is that which hcrts just been called A and the second type is now
called A'. In the diploid varieties " Franl<lin " an' d " Lm " the genome

'is AA and in "B,)e" it is A'At. In "Bat" the chromosome consti-
tution in the heterotype metaphasic plate is ioii+ii, ancl hence the

genome formula may be written AA+i. In the varlety "A22" the
                    sfornaula is AtAt, since the chroniosoine constitution is essentially tlie

same as that of "Bx}", though in this variet"y the total number of
chromosomes has numerically been increased by the cross segmentation
of a large chromosome to ii ln the haploid set, and consequently the
number of the large chromosoines lias been reducecl from s to 4•

    In tlie triploid varlety " Yellow I)rlnce ", the chromosome consti-
tution is of the A form, ancl this variety is an autotriplold, and there-

fore the formula will be AAA. Another triploicl form, "Chinese
Sacred I..ily", is also an autotriploid., but it has not been determined
whetl}er its chroinosome constitution belongs to A or A' (see p. 8g),

ancl consequently it is leÅít undeterirtined whether the formula is AM
or AtA'A'.

    Tlie chromosome behavior in the variety of N. ta•-".etta, "Luna",
suggests tl.iat in this variety the .crenome Åíormula. must be AA (or

AtA'?)+CC, where the hctter genome, C, represents the set of 6
chromosomes which FEi<NANDEs (ig3i a, b) has found to be one of the
cardinal numbers in .A77a•7'c2•bsus.

    Thoug'h it is as yet premature to draw a conclusion as to the
genetical relationship between the genomes A and At, the behavior
of the chroiRosomes in "B3t" seems to show that there exists only
a weal< athnity, if any, betxveen these genomes, becazise in this variety

the heterotype metaphasic plate consists of io bivalents of type A,
and ii zmivalents of type At. The genome formula will, therefore,
be A.Laj+A' in this variety.

    In the $pecies or varieties in xvhich the cardinal number of chromo-

somes is 7, the genomes marr all be called P), because all the poly-
ploid forms have so far been found to be autopolyploid. Thus the
triploid and tetraploid forms can be represented by the formulae BBB
and BBBB respectively.
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   • The genome formulae of the species and varieties .in iVarci3's2ts

which I investigated are shown in the following list :

I'lant name

Narciss"s ta:•etta

   " Franklin "
   " TJ2e "

   " Yellow 1'rince "
   " B2o i)

   " 4"Ne2 "

   it B21 "

   " Chinese Sacred Liiy "
   it Bai }t

   " Luna e'
Narciss-trs Pseu(lonarciisstas

   diploid
   triploid
   hypertriploid

   tetraploid
jVarcissits incomParabili's

   diploid
   tiiploid

Narcissus ./onauilla
IVrarciss2ts Btdbocoalitcnt

Narcdssus intermediias

Narcissus b7flonts
tVarctlssies Barj'i'z'

Narcilss2ts otlarits

Genomes

tta

AA
AAA
A'A'
A,At
xta+I
AAA (or A'A'A' ?)

AA+A'
AA <or A'A' ?)+CC

BB
BBB
BBB+I
BBBB

BB
BBB
BB
(BBBBBB ?)

A+B
A+BB
BB
BB

                   III• Origin of polyploidy
                                                      '
    The nurnber of chrorriosornes in arued species in the plant and
animal l<itagdom may be classified into two categories, polyploid and
Ron-polyploid or heteroploid.i Useful lists of chromosome numbers in
plants have been given by IsHiKAwA (igi6), TiscHLER (ig2i-'22, i927)
and GAisER (ig26, ig3o), and of those in animals by HARvEy (ig2o),
BREssLAu-HARNisH (ig27) and others. In the study of chromosome
nuinbers belonging to the first categ'ory the pioneer was TAHARA (ig2i)

who found in Ck•rysanXkenee"m plants a series of haploid numbers of
chromosomes; g, i8, 27, 36 aiad 4s, or numbers which are naultiples
of g, the cardinal number. Other beautlful examples have been found
in the genus .Z?osa where the series consists of the numbers : i4 (2n),

2i, 28, 3,s, 42 and s6 (octoploid) (TAcKHomi ig22, BLAci<Bui<N and

  I, A high degree of polyp!oidy appears t6 be more Åëommonly fotind in plants than in
animals as pointed out by GATEs (Ig24) and Niivr,LER <Ig25)•
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                           ttHARIusoN Ig24, Hul<s'r Ig2s, EIuANsoN Ig2g), and in Senectb (AFzF.Mus
ig24) where it consists ot' s, io, 2o, 2s, 3o and go. Recently KiiiAR.A

and ONo (ig26) have added another beautiful example found ih k'•iwiex,
the serics of numbers consisting of io (n), 2o, 3o, 4o, ,so, 6o and ioo.

'ln the get}us .A71arcdssets too, this polyploid relation is founcl to exist,

as already mentioned above.
    NVhile various problems in polypioidy have hitherto been cliscussed
by many authors, the fundamental one is, by what cause and through
what process it is brottght abotit. S.Ni<.x}iu]<A (ig2o) hELs pointect out

tlie 'following probable mocles by which the doubling of chroinosome
numbers may. be reaiized. To quote it in his original worcls:
    "I. Vor der Bet'ruchtzmg.
        a) l)urch clie frt'iher erwa'hiiten TeiiLmgsicbnormitatenin den

            Vrmutterzellen oder in den Gonotokonten entstehen die
            diplolden GaineteB.

        b) Durch die ungew(ilmlichen ZL}stande in der Interl<inese
            spaiten sich die Chromosomen wiederholt langsweise, und
            dies gibt so Anlass zur ]t..ntstehung von diploiden Gameten.

     II. I)lspermatlsche [BefrLtchttmg.
    III. Nacla der IBefruchtung. I)urch die frcther erwiihnten Teilungs-
abnormkaten in befruchteten IEiern ei}tstehen die tetrapioiden I)roeiifibryo-

    }t11ell.

    BiuEGEJ< (ig28) has given the processes, putting them in the folloxv-

ing wor cls :

    " I?all I. Vermehrung ,clurch ungleichinassige Verteilung cler
Chromosomen.
    Fall II. Verinehrung der Chromosomenzahl dui'ch Verschmelzung
der beiden Spindeln der zxveiten ReiÅíetgilung.

    I?all I.[I.. Verinehrtmg cier (.'hromosoinenzahl durch eine vorzeitige

zxveite.l.<eifeteilung, die eine .LY. equationsteilun{ ist.

    ISall IV. Ausbleiben cler Redizi<tion.
    IH--all XvT. Verschmelztmg zweier iiNIetaphaseti der ersten ]R.eife-

teikmg."
    IRecently D2v<m]NrG'rotvr (ig3o) has described the processes in the
folloxvin.(r ternis:

    "I. The nuliiillcatioR of the first or second clivislon.

     II. The clouble division of the chromosomes.
    I.[I. Syndiploidy or the formation of binuclear germ-mother cells.
    IIV. The complete suppression of the first clivision."

    NVhile S.xKAiiuRA considers .rtll possible cases, BRiEGF.R and
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DARLiiNG'roN deal only with those cases "before fertilization" which
have been brought to light by the recent, rapidly increasing progress
in this braneh of. cytolog-y. Since this problem is clirectly connected
wlth the interpretation of the ori.cr, in of some hybrid forms of .iVlarcilsszts

such as, for instance, N. biflor2ts, and iV. Iagelta "Luna ", the problem

will be discussed in tlie following parag'raphs in the light of the results

of recent investigations on a larger scale than it was by BRiEGER and

DARMNGTON.
    I. An essential phenomenon for.the arisal of polyploid lndividuals
is that it is precedecl by the arisal of gametes which carry a correspond-

ing number of the haploid sets of chromosomes. I,t has been shown
by many investigatDrs that in haploicls aiicl triploids as well cis in many

hybrids an irregular distribution of chromosomes commonly takes place
in tlte reduction division. This l<ind of irregularity is also of common
occurrence in Narczlesus, especialiy in it$ triplold and heteroploid

forins. This irregularity appears to give rise to the formation of gametes

which carry aberrant numbers of chroinosomes, and it 'appears that it
plays a great r61e in the arlsal of inclivi(i{uals with different numbers of

choromosomes. But we have facts thcn.t g'Q to prove that most of the
tet]racl cells procluced tlirough sttch an iri'egular meiotic process can

not function owing to lllegitimate combinations of chromosomes. In
the haploid mutant of Datetra, BELLiNG (ig26) has found that in meiosis

the clistribution of the i2 chrornosomes to the poles takes place by
chance, resulting in pairs ef chromosome groups: ii:i, io:2•..6:6,
and according to BLAKEsLEE and CARTLEDGE (!g26, ig27) 8o 0/o of the
poRen grains are empty in this haploid. In a haploid mutant of
0enothe•m frafzcz3cana DAvis and Kum<Ai<Ni (ig3o) have found that
such pollen grains amount to 6o-go 9(o, and accor(ling to GATEs and
GooDwiN (ig3o), in another 0en.oXhe•m haplold produced from 0e. r2dbnL

calyx by poliination with 0e. en'dizsi3, a large ainount of the pollen
grains are shrivelled and no attempt at germinatlon is successful with

seeds, which are sometimes produced though very few in number, by
open pollination in this hybrid. Examples are also foimd in trlploid
and heteroploid varieties of Narci3s2ts, In the$e plants, 4s-7o O/o of

the pollen grains are empty, ancl ln the extreme case w• hich ls ex-
emplified by 2V. z'nterviedi;its almost ctl1 of them are empty.

    Even in these cases, however, progeny may rarely be procluced.
In the haploid Datura, it may be obtained by self-polllnation, but it is
diploid in all cases (BELLiix?G ig26). This shows that only .aametes

which carry the complete haploid set of chromosomes are viable, while
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others are not. .[ti his study ot' ICa.Phame/.s-BrassiL'a, h: bricl, l<ARpF.ciaEN--

Ko (ig27) emphasizes the fact tliat "only the gEmetes possessing the

entire haploid sets of both parents or eveR twice their number appear
among our hybrids to be able to procluce ofifspring." (p. 3ss). He

has also mentionecl that in the progeny of the Ft of this hybrid no
hypotri- nor hypotetraploid individuals are found, xvhile individuals
which are tetraploid, hypertriploid, hypertetraploicl or hypohexaploid
are producecl. fNccording to him, the I i-pollen tetracl cells which have

fewer thaii i8 chromosomes are all non-functioning, ai]d even if some
of these cells are vital, they " are not able to compete in fertilization
with the diploicl End tetraplolcl sexual cells" (KARpirl:c{iENKo ig28, p.

i3). In triploids too, it has been slriown by ONo (ig28), III.EsLEy
(ig26) and others that .ffc'unetes with the complete set or sets of
chromosomes are producecl, although they aye ot' very rare occurrence.

These examples show that ftmctioning ganietes or those with the
complete haploid set or sets of choiiiosomes iinay be proclucecl even in

the cases xvhere ranclom assortment or unequal distribution of chromo-

some$ ls of customary occurrence, but there is only a small chance
of this.

    I'I. Retardation or suppression of the recluction cllvision may be

mentioned as a noteworthy phenomenon which is one of the causes
of the formation of diploid gametes. This phenomenon has been ob-
served in several plants and in Narci3's2ts, too. RosEtv'BEi<G (igi7, ig26-

'27) has pointed out the following two types of the peculiarlty which
he founcl in the parthenogenetic Eula'emczletiii specles.

    a. At the heterotype metaphase or anapase the process of divi-
sion does not proceed further, btit is arresteci by. the premature
homotype division, whereby the restitution nucleus-as it is called by
him-is formecl.

    b. IR the second type, the prophase nucleus in the heterotype
cllvision contracts marl<eclly together with the cYtoplasm surrounding

it, this being followecl by a stage in which the nucleus shows the
characteristic dieature in the interl<inesis that every cliromosome is split

longituclinally.

    In both types tl}e final results is the same, this being the forma--

tion of the pollen clyad. RosENBERG regards this peculiarity as an
important process in the cloubling of the chromosome number in organ-

isms. He sa,ys: "Die diploiden Pollenzellen wurden genau nach
demselben Schema wie in dem eben genannten L-li'emczbum-Beispiel
gebildet. Die gestbrte heterotypische Teilttng hat die Bildung von
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Ii estitu'tionsl<e' rnen atisgeldst. Es werden Dyadenzellen srebiiclet niit der

diploiden Chromosomenzahl. I;indet de.rselbe -S•'organg bei de.r F..mbryor

sacl<bildm]sr statt, so ist claC!urch eine befriecligende IErl<lttrunsr dÅër

Bildun.,o,,' von tetraploiden 'F2-I'fianzen geg'eben. Die Triploiclen sind

nattlrlich dtircl} 'X•,ereinis.ung von haploiden und d{p.loiclen G'anieten
eHtstanden." (I.<osENBEi{c} ig28, p. 3:)8). And he inentions the restilt
of C,xi<ANo's itiv-estigation ili ffri[s)'eron as an example for the casc of

the forn]ation of restittition nuclei in einbryosac iiaother cells, an(l tlnis

of diploid egrg' cells. .A.ccording to I<uxvtxD.x (ig28) the formation

of restitution nuclei also takes place in einbryosac inother cells in
Ba•lanol5/ioi'a- 7'ar.Poni?'a, l<no"rii as a plant of so]natic apogainy.

    III'I. BEi.uNG has added another type of diploid pollen fonnation
ob$ervecl in l)a.litra•, xvhich, accorcling to hini, occurs frequently in the

liaploid, " inuch niore frequently than jn the Clip!oicl or even in tl3e
triploicl." " ti'xvo g'roups of i2 unsplit chroinosonies eac]i are foi'niecl

at the aBaphase. '/['here js no furtlier division, aiid oiLly txvo pollen
.o' rains result. in non-reduc.tion in haploids (as in cliploids, triploicls,

and tetraploicls) the chroniosonies Ett the first nietapliase become
4-lobecl and shoxv the .split while stiil in the equatorial plate." The
first inat"ratioii divisien is entirely oniittecl iii this haploicl--the " non-

reduction "-and therefore, the forniation of dytLcls occurs inste.ad of

tetrads. 2'iY siinilar behavior 1ias also been observecl in !N'a26rkaiiits-

.Ei'rassiZ;(z 1iy])rid by Ii<IAi<pEcMiits'i<o (u)27, ic2S), In ti]is hybricl p]ant,

in the first division the i8 (g lt'a/51ianits+g 1)'ra•ssi'c(r) univalent
chroiitaosonies do not inox;'e to"rard.s the pole in the tisual niatiner, but:

each is diviclecl longituclinally, so that the nunib?r of clironiosoine.s

countecl at the anaphase i$ 3)6 in a]1. "1-he result is tlio forniation of

a dyad, xx;hicln develops clirectly into polleii g'rains xx•'ithout undergoinf.?'
a l"urther di]L;jsion.

    IJXi IIn hybrid plant's it is often ol)sorved that the clivislon of
i.inpti{recl, univralent cliLiroii]oson'kes, all or son"ie, is eqiiaiional in eithey

one of the txvo divisions, .heterotype or homotypo, and in the other
div;sion, i.. e. honiotype or heterotyi)e, tlie clistribtrkion is inerely rancloni.

in the .tVarct[s-szt.s', tlic eqxiational or ]ongitu<Llinal clivision tal<es plEtce in

the het'erotype clivision, ancl the randoin clistribution in tlie hoinotypo
                                   -division. X,?gvrhile these are of coiniRbn occurrence, it is kiiox•vn in sonie

fe"r cascb.s tlnat the divisloii is cqtiational it] both heterotype and honio-
trsTpe divisions (J7Ti??lcx /t,yPerdltroniati2'(x, CLAusEN i{)26-'2-i ; A'lio('o tfr[s'-

color, Stxx ig3)f), I.[')iuEcrEi< ancl DARnNG'roN reg'arcl this t>rpe of cl{vision

as one of tlie probal)le processes of polyploicl forination. '/["his type
of cltrontosoine doi.ibling' lias not acti.ially }/Jeen ob:>'ervccl iti .X7T(u'c/ls'.s'it.s'
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in any of its processes. IBut in a lieteroplold variety of IV. /)seuclona•r-

ci3's2(s, tlie " Ilmpress ", a pair of sister cells in the lioniotype nietaphcfLse

xvas observeci in each of Nvhich the ntunber of ckroinosoines xvas nea.rly•

the $anie as that of the soinatic chromosoines. Thls $eems to show
that in this case the double equational division hacl probabiy tal<eR
place as in tliose cELses xvhich I3i<!EGiÅíi< ancl D,Ni<i.iNe'roN call " [;all I"SLT "

and " ccase IIII " respectivpt.ly.

    Xr. rl"he fusion of tl]e lioinotype ,$pindles is also an iniportant

phenomenon in regard to the doubling of the chromosoine ntnnbers
in gametes. :I'his case has been observecl by several atithors in several
plants, $uch as ilLJuixTGDAHL (ig22) in l)(r•Lt6a•z,er, GooDspEED (ig23) and

iBRiEGiili< (ig28) in IVi2roti?viza, .gX.FzELius (ig2") in iS'eiic(;ib, ]IXylA'rsuD,N

(!g27) in 2C'etitn•i?x, I<ARpi?.cHEtwrKo (ig-o7) in 2irea•?61iaiius Å~ Bra,sslca,

Fui<uDA (ig27) {n, the potato, TIA.i<ANssoN (ig2ga) in .S'(xliLy, IN'IUkNr:'ziix'G

(rgr)o) in GaleoPsik. This niocle of chroinosome doubli"g is not found

in tV(v•i'cils's?ts, since in this plant tlie celi xvall forinaticn takes place

successively aft'er each clivisioR in nieiosis.

    Nlll. IIn the variety " (i•irtxndee " of xVai`t:i:s'sns /)se2ttlona•i'ci3'sns

there are .soinetitnes Å}'ouncl pollen inother cells contaiRing txvo iiuclei

instead ot' one, a fact xvhich inay be regayded ag another process o'i'

chroniosome doubling in ganietes. TIiis fact has been o])served by
GA'rEs ancl Iil.I?.Es (ig2i) in Lat;lut'a, by ]<Ai<pEcnENigo (ig27) in
lea?51infnus Å~ Bra•ssiZ'a, 1)y ItN'tvey,x"f,x (ig2g) in fri:s', by 'I.R.ANDoi.pii aHd

]NIcCLiN'rocK (ig26) in l.?.`:a and by ll'cRiJi"TA (ic)so) in .2r,>•'a•,grrwi2r. xt"Ls

p, ointecl out by ]<i-Li<pEcHENi<o (ig27), a preineiotic nuclear division niei,st

have tal<en place ivithout bel ng' accoinpai}ied by cell cl-ivision, resulting

in the forn]Ei.tio.n of })inticleatJe pollen nic)ther c.ells. If tliese iiuclcti

fusc t<:>gc}th{/}r during the process of n-ieiotic clixTision, ..o'iaiitt diploid

pollen .o'rains xvill be produced..

    "NL,"ll.Il. Sexre'ral plE}.nts arc} l<no"r-n to hav{/) ce,lls carrying the di-diploid

nuinber of chroinosoines in soniatic tissties. IEx2}nitplc)s are 'found in
.S'!Si'nacl?l, ancl C"(r•n.n(rbiis' (DE 'Ll'rAi<I)Iilieil ig23, ig2s), "d• ('(Jt'!?r• (GxiiHH'U

ic)2g), the tonittto (liX,I, ),[. 'LEsLEy ig2s, LiNDs'roi<"i and i{C. oeS igr)i),

?//i??la (C:LAusiiN i(;;3o) ancl sonie ot'hers. ]]'.xperiinent.'tlly llb'KGENsEN

(ig28), and I.iNi)s'roi"tr and 11<oos (ig3i) have obtaitiecl ciiploid anc{

tetraploicl plants Åíroni the liaploic! ancl diploid ones respectiv•ely by
the, iiiethocl (')f clecapitation of youns,- sprouts, J(:i<cnÅíNsEN sa>rs : `` th(i

lllEvjol"ity of Po]yploici folrllls, ......, ill 111y opillioll oxve their ol'is)'ill

to the dou])1{tisr process (" enclo-cluplication '') in the soniatic tisstie.

Consiclerlnsr tlie xviclespr<h/acl occzit"rence of biiitucleate cells in the soiiLta
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and the continriouis soiiiitatiic clL,Lvelol)iitient of inost plti.nts, it ls only

natural that enclo-clupllcatioti niust be aii iniportant Åíactor in the
formEeion of po]yploid plants." (p. 2oi)t. [t.iNDs'roR"r ancl I<oos hax,'e

also found naEnv binucleate cells in the callus forznecl in the de-
capitatccl haploid toinato.

    'V'III[, [Disperiny or triple fusion of the egg nucleus NNrith tw-o niale

nuclei iias been observ'ed by -NE""fEc (igi2)L' in G(v.o'ea lzttca, ttnc{ a

siniilar pl}enoineRon by 1'si-iiKAxv.x (igi8) in 0eiiolkeftv •nitl(t.izs Å~ 0c.

P-J,cnoca•rPG. It seeins not lmprobabie that there.inay be triploici in-
dividuals in .A7Ta•rci3'sus through this process of triple fusion cxs a con-

$c,quence of ab rrant behavior of the seconcl inale nucleus, "rhlcli
GuiGiN',tLi<D (igoo)3 observecl in this plant nornialiy to fuse xvitl} the

poiar nuclei, though no eviclence supporting this viexv hEts yet been
ob$er'vecl in Alarc:i[ysits.

    X]LTe nia}r, theti, suinniarizei probable and possible cttses "-rlic,•re the

abnomnalitie.s niay result in the inuitiplication of the chronio.soine
nunitber in .,(.rc;rni cells a$ folloxv.s:

    C•ELse .i'. .iX.bnorinaliticA.s in the n]eiotic division.

        (r.. Unequai distt'ibution of chroinosoines in tlie heterot>rpe
            diNTision (I.-'aragraph .i).

        I?. I;orniation of rorstit{it{oii nucleus (Paragraph i.I).

        t', [Equational division instteacl of recluction division (.I'arasrraph

            Il.I, l"sT).
        (l. 1/;usion of the txv'o honiotype spinciles in til}e seconcl div'i--

            sioii (I:'arag'raph X•").

    Case II. Ia'onnation of biniiclettte cells in the prenieiotic stetg-e

            (Paragraph NiO,
    Case, IIL FormE).t]ion of di-•cliploicl {/)r syRdiploicl nuclc)i in somatic

            cell,s (Paragraph X•'ID.

    ()Etse INL 'Disperiny o'i' triple fu.sioii of tlie etg'sr nucletis Nvith txvo

male nuclei (P[trag'raph VIII). •
    iR the case of Na•r(-tls'sus, C',Ltio i, a ancl b, and (.:a,sc El. tal<e l)lace,

CEIse 'I a ])eins)' ot' most fl'e(ltlel]t occull'ellce.

    .IB the next plcLce, "•re shall consider cxtet'Ral ancl interinLl f,'Lct('}rs

that coi.ilcl inclluce the ]tiitotic or iitieiotic irregi.ilarlticis xvliich g'ive rise

                                                          '  tttt

  T. J'}y "endo-duplication" J6E<(;itNsEN means tlie unl'on of L"•o spindles in a l)inucleate

cell into a griant g.pindle. '].the chroniosoine cloubliny. I,n the a{Jtt, l)y l'e.rtilization 1ias been

called l)y liin) " exo-duplictation '1

  2. Citecl froin IslllKAxvA I{}l8.

  3. C'tted from Sciitii<jfoFi" Ig26.
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to the multiplication of chroniosome number$ in srerm cells. I•'Iany
iinaestl}etics, unusually high or loNv teniperature, and othev` physical
as,'encies si.ich as irre}diatioiit x/ ritliL riltra-violet rc'Lys, X. -rays and raclirini,

and other stiniuli nias}r 1:)e enunieratccl ELLg external factors. .t-X. ceirtain

clefinite dose or strength of these agencies niay, if zzppliecl to pollen

inother cells, Erive ri.se to the forniation of pollen inonads, pollen dyads,

polien triads, ancl pollen tetrads of cells of uneciual size. A hi.{rh per-

centage ot' thein are usually aboytive, but soine. are viable. In the
latter, the chi'oinosoine nun]ber Jnay occasionally be sonie inultiple of

tlie })asic iitiinibfftr such as r)n t).ncl 4i:i. iiln tlLe s.oiiiiatic cells too, tl/iis

inultiplicatioii or doubling of the chi`onieson3e nuinber may take place

as in the case of pollen niother cells. To inention exaniples: NE"MEc
(igo4) 2Lnd StiLi<AMui<ti. (ig2o) produced thi$ iit root-tips of I,':,irt?z ancl

./.)i3'u.ni by chloralization; A,'[ic[-iAi),Lis (ig26, ig28) iR ISIg5i7obXuni ancl

0c710Xlle7'(r, i')ORGENSZ"Alr (l922) ill .{l'J,7'l'fl.g,'(r, SI-IMTOTOMAI (IC)27) ill

Li>'t'oj6e ancl .g'clll{x, BLEiEi< (igr)o) in .7)'iZi'du•in, by subjecting pollen

iit:iotiher cel]s to cold ; Il<osf-ivcEiow (ig2s) in Cucu•mils' and Zd(r, S.,Li<AMui<ii,

tlllcl .S'Toxv (Ig26) ilri (1.r(1•.g;)'ca•, .SToxv (Ig27•) ill the 1)otato, TAI<,i,GI (Ic,j28)

in .L.1,c12.iit:s-, I3LEii?.R (igr,o) in .Tri?.lc2un, .}:IEiLBoJ<N (igr)o) in the app]e,

by siLibjectins..,}' soinatic or pollen niothGr cells to an uiiusually liigh
toniperaturc'/ ; (.'}ooi)si'EED (ig2g) in 2Vi`cJoli?r,fitz. 1)y exposinsr the plant

to X.-rttys and z'acliluil rays ; X,X•TIiN'li:LEi< (igi(1)) and LE.S,3,LN'sOBIIii (tg3o) in

LS'ola•llltnl, UF=, 1< (Ig27, Ig2g) in Cleolll(', ls"N.os'rOFF (.Ig3o c) ln kVIL'oXl?ula.,

by s,raftiil.,(.r ; JbRGENsELN' (Ig28), ]LINDSTORM E}lld l<OOS (Ig,3 I) ill kS'oll(u!ll171

l)y d(icapitation of young sprouts ; I<os'roFF and i{CEND,xl.L (i93itt) iii

.t/V!.'coliUuit/x 1:)y pliLysical s.tiiitituli s.i.ic]'i as i:Leedl,e ptuict"re of florttl 1)tids.

    I'n the natural conclition, not only the infltience ot' t;eniperature'
((IL BI;.LLItN'c} ttllcl BLAKEsLEE lg22, ]'}I.AI<IlsLl'i.IÅí at]d CAI<TLEDGE lg2s,

S. Ax ig3i, .LEvAN ig3. i, ,HAGEi<up ig32), 1[)ut al3so Et}.n attacl< by aninial

parEisites (Jflos'roFF and ]<IEiyi).xLL ig2g) niay cause the procluction of

o{lflspring o'f abnorintel chroinosonie types. .4X.ccording to BELLiN(} ancl
l')Ltxi<E$LEE (ig22I , iii Z.)nftura• " non--recluction niay be great]y increasecl

b>r tran.si<'Lnt c-olcl ". Cl;kis concliision lias beet) slioxvn by I<os'roFi?
ancl ]<i;,NDtxLL (i(J"i})) also to liolcl fcr the c'ase of t'he tetrapl<.)ic{'/'v-

   .
    CL"hese e.xainples are all cases xvhere extertial factors l)]ay a pt"on]i-

iietit r61e, but the int'e{'na.1 factor xvkicli inay l)e itic'lticed li}y hybridiza-

tion is niore impox'tEnt in this irespect o'f chroinosonie doubling in
ilEttUl'O.

    rJl"he hyl[)ridizatic>n hypothesis, tir.st proposecl 1)y XX'iNGE (icyi7), is
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 1'eceivillg,' illcrecxsi{1..o' expelkimelltEtl vel'ificcltioll. I)1-omillellt examl)les

 have been shoxvn by Bi<E"fER (ig23) jn Ii of ..Sra.cclia.r?t7n. qfi. )bii'2a7'2tn7.

 (n :`Lo)Å~.Sl sPo7zXa7ze?t-vi (n :.s6), in xvhicl} the chroinosonie nuinber in

 somatic cells is 2Å~4o+s6 =i36, by IBLAcKBupuNr ancl HARRisoN (ig24)
 in a tetraploicl plcant (n :2[) from A'osa Pi'n-Pi>iellijolila (n=i4) Å~- IL'•

 Xomcnlosa (n=7), by CLAusF.N acncl GooDspEED (ig2b-)lnahybri(i (n==
 36) from IVikolilr.n(v .crlvllnosa (nxei2) Å~ N. Ia.ba,cum (n :2g), by Iciii-

 JilfA (ig26) in that (n :ig) from fy)• a.o'arz?x bra.cte(xta (n =7) Å~ lli7r,l

 7F7Zflleri (n=:7), by Ci.AusEixT (ig26) in T.Tlola li.3,Percli7'omalilra (n = 2Å~

 i7+i:)) obtained by crossing T71ola !.rlcolor (n==i3) with T/'". a•7'z,e72•si:g

 (11==r7), 1)y "l'fl.I{,xT<t,L ,111cl SfllMo'l"oiMAI (Ig27) ill I?1 of Clt7p,sQ{ir2f/uT77271-111•

. 'mar.g7natu'ni (n==4s) Å~ Clt. Ia•7.!andulaefoli:itni (n==g) xvliich cctrries as

 many chromosomes.as 72 (=:36+gÅ~2+gÅ~2> in ro()t-tip cells, by
 Bfv i:• GE {< (ig28) in a .tVi icokbna hybri cl (2 i) =: 24 + 24 -}- i 2) ol)tcained by

 back crossing' one of tko Fi plants of AZ. I'abac2t,•v2, Å~ AX. .le?tsb.i,i' with

 /V. Xaba.c2"m, and,by 1?i<txNDsF.N and Xl TiNc,E (ig32) ln Br(zsslca• 7?•t775o--

 ra•m-Pcstri[r (n= 2S), a species hybricl between'13rasslca •n(rPus (n =iE)
 ancl .t/3. camPesX•r!lst (n==io).

     AinpliicYploicl 1iybrids have also been obtEined by the union of
 cliploicl ganietes : thc tctrc'tplolcl xf/1(.r.o'llolri.'c:•u•m, -ras produced by "i'sciaE.i<-

 bTtxi< and ]P)LEiER <ig26) by cro$siiig Ae.g7'loPs oz,(xl.a "rith Tri7•i?ru.ni d•uru77z

 an(1 71 al-i'e.oc(roi?les; a constant teti'aploicl hybrid, /.N'aJltanob7'assi'ca, by

 l<Ai<p=,c{iEixTi<o (ig27-'28) from A'al51ia-ii7is saXiivts Å~ -Z?rass!Z:a olcrac"(r,

 and by lrEi<Ast"vA (ig32) Å}`roni the Fg hybricl of Bra,ssiL-a. t+1ll)2en.siish Å~.

 B. saXk,its. ]N'IUN'rziNc; (ig3ob) llas obtainecl a teti'aploicl plant by bacl<

 crossing a trip]oid li plant of G(7•l(io?6si:s' P?ibesccns Å~ G. sLhe(-zbsa• xvith

 (ITr. 26ubesccns. I<ipi,v<A ancl }<A'rAytxAftx have also reporteci a constant
 octoploid /1('.o?7olri2'2i•in raise.d froin the I?,. iiKlix•'iclual of 7'lri7i'("ii'7n•

 (li?'o('colrles Å~ /ltr.o'Zlohs of,a!a (I<ii-itxRtx ig3i)•

     In tlie g+enus IV(r•rc!:gsus the va,rious nuinbers of chroniosonies niust

 have been derivecl froni tlie cardinal nunibers as the result of intra- oi'

 interspecific crossing, or the result of cross seg'mentation or non-dis-

 junction of certain chroniosomes. It may be emphasized here that in
 the hybricl forms of IVarci:gs2ts, the chroniosonial constitution Å}'otincl in

 pollen niothcr cells sl}oxv t.hat they are haplo-diploid or ciiplo-cliploid

 xvith only one exccption -Aiarci3s?is lnle/?rme(liT2is-so far as rny in-
 vesti.o,.'atioiits at'e coizLcernccl, To put it in other xvords, in'tliese lity'brids

 the number or iniml)ers of tlie ckromosomes from one 'or both of the

 parental plants have been cloubled, nanie]y:
       IVI(r7'et'[gs?is fo{,f."lla " B3t ",.....,,,.,." 2n "==3i( =2Å~ io -i- ii)
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      IVarcl:gslt.s la,g• ertta " ]'.una"...........," 2n "=:32(=2Å~ Io-t-2Å~6)

      IVa,7'c13sits b4'flo7'z/s ....................."2l]" =2-',i(==2Å~ 7'l-IO)

    It is naturcxi to consicley tliat these plant's are raisecl by an inter-

specific' fertilization xvkich happens to tckke placce between ca haploid

ganiete ancl an abnormally proc!uced diploid gamete, or between such
(liploid gametes. IBut they may also be lool<ed upon as substantiatlng
NVitsr(}E's h],rpothesis of "patlitozyg'oty". .So fi,r as iiiiy owiit xvorl< is
cdncerned, experimental prooÅí of this view is lacking, but Di;. A'IoL (ig2s)

shows by his experi'meBts that it is probable. I-Ie has reportecl t}}cat
he obtEinecl a tetraploicl variety (" 2n"=28) from a cross l)etxveen
IVa7'cibs2xs Ii?scutloiia.rci:gs7is (2n=:i4) ancl !V. PoeXi?,?ts (2n =i4).

    In this latter case of chroniosonie nuinbe.r cloublin.o.' where hybridi-

zation plays a proniinent r61e, it nuist be essential that the internal

factor or c change in the protoplasinic activity iticluced by hybridiza--

tioR slioukl result in an increase of sensibllity, or a decreEtse of poxver oÅí

rcsistancc to exteri)al factoys (tl/: I<. uwfxD.N ig28, NtxGtxo ig2g). I?ure

species are those xvhich l)ave sufflcient poxver of adaptatign to natural

changes in tlie niilieu. It is, therefore, naturai to con6.lude, an(1 this

is .actvially the case, tl].at in natuire the doubling of the chroinosoine

nuinbeir niust be connectecl xvith hybridization, through xvhic]i alone ck

Ii tknt cac n be brought .to a sensibility high eno"g.'li to induce clnronio-
soine doublin.g xvithin the ' ran...o'e of the natuyal cliange in the envirbn-

niental conditions.

    Before concliiding' this chapter s.ome remit rl<s may 1)e tt'fven cbout

non-ciisjtinction, cross sett'nioi}tEi.tion and f.usion of chro. niosonies, phe-

iioinena xxrhich are intiniate!y connecteci N•xrith the hyperploicliÅë increase

ancl hypoploidic decrease of the chromosome nmnber.

    ISTon-disjunction, a terni xvhich has beconie faniiliar to us since

BivDGEs' worl< on the sex chromosomes. of DrosoPke7a, is of very
frequent occ{irrence in those fori"ns in xvhich the parental chiromosomes

forin a yin.o'' or chain inste.ad of' tl')e usual pairNvise. associatioR in the

heterotype division, &g iti 0enolrkera•. The first o}z)seirv,ation of this
phenomenon in 0t.?nol12ertx was made by (.']',x.'rF.s (igo8) in 0ezaoXlitv`a

7'ubri:ne'r"t,ilst. 'In other cases also, xvhere the usual pairwise association

is thecELge, the phei[iomenoir! is of not in{ltrequent occurrence. Ic(-iiJiMtx.
(ig3o) has reportecl that in -tnrrav.o'a.rla• tlne frequency of' occuvrence o.f

iion-clisjiinction is as high as g.2i g6 in ati individual, thc average. beintg

6.6o 9b. In P(xXur(x, the origiii of the trisoniic as xve]l as othei'

I. Cited from GA'Hts IgTS, p. i75.
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 .abnorinal typas of #he plant has been sou.o'ht in this phenomenon of
 non-clisjunction (B)Ltu<EsLEE and BELLiLNc} ig24), and BLA!<EsLEE ancl

 CAru'LEDc.E (ig27) express the opinioR that coid mic>T increase the

 frequency of occurrence of abnormal chromosome types of pltuites
 whicl} niay be lool<eci {ipon as originatiRg' in Ron-clisjunction.

    Tlie cross segmentation of a chromosome into two mero-chromo--
somes is another process by xvhich hyperploiclic increase of tho chromo-
some number may be brought about (cf. p. i87). This has been reported
in JZkf.'a jfa;ys, ..9ct;a•Zc sp. and soine otlier plants ,ftncl insects (t,1/. p.

 ioi), and it is also the casc xvith .ZVTart'ilgs2is.

    The yecluction of tl}c}/ chroniosoine R{intber clue to t]he fxision of

two or more chromosonies into one has been found in somo plants,
'In La,cX7ica the haploid number ot' chromosomes is g, ancl it has bee.n
found by GATEs .and I<EEs (ig2i) that " a striking feature of tlie hetGro-

typic inetE phase is the frequent coalescence (inore or less coniplete) of

two ov four cf thd chroniosonie bivalents, so that only eight or seven
boclies appear cR the l}eterotypic spindle." (p. 376>. vS'roLzE (ig2c')) has

founcl a s{inilay case in S'c;ca•le •inonta•nu•7n. in xvhicli tlie soniatic chironin-

soine nmnber is iLl.. AccordinL,,r, to him, in pollen niother ee.lls, only

6 chroinosoincil elen3ents are "ein"r'anclfrei" counted in both hotero--

type and homotype. inetacphase as the re.sult of fusion of two pec.uliar

chiroinosoines, xvhile in clial<lnes,is 7 .o'eniini are alxvays cottntecl as e.x-

pected. JARF..'rzKy (ig2g) has observcid in ls'n•7nex rosciis t'hat xvliilein

many cases tlie number of chromosomes in the hcterotype clivig.ion ot'

polieR niother cel]s is g, it is io iR .eight cases, where txvo chronio-
sonies out'of the io are snii, Iler. I+Ie is of the opinion that the ntunber

g must have been derived froni the io by the. fusion of tx•xro chronio-
sonies, since in a closely allied species, IK'. scru/.a•X•its, the l}aploid number

of chromcsomes is io. X/VETzEL (ig2g) gives ii for the haploid num})e.r
of vat'ious 0.2te.rc?is speeies, but JARF.'rzi<y (ig3o) believes froni the clata

1ie obtained that the haploid ntimber of chromosonies in the species
of this genus is i2, ancl tliat if. a, si'nalle.r nunibcr than i2, such as

that g'iven by XVETzEL is coRnted, it is the irG.sult of i'ecluction due to

the ftision of some cl}romosomes.'

      IV• Significance o{ the chrornosome number from the
              biological a.nd practical point of view

                 '    Tlie increft, sing' knoxvledge as to the. nature cf cln'oniosoines froin

both sides of investig'ation, 1<aryolog'ical cftncl genetical, has pointecl to

the conclusion that the chromosomes are the carriers of the hereditary
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genes, ancl this conclusion is formiBg {:he basis oÅí' the nexv mctl]od of

plant breeclin.o'. Since it niay now be- lookecl zipoii as Em established

fact that the chroniosoines ckre the bearers of the hereclitary genes, it

niay reaclily be seen that an aclclition or loss of. ceirtain chroniosDmes

in aR indiviclual xvill necessarily result in a change in quality or quantity
in the chic racters of that incliviciual. I<uxxrAD.x. (tgig) l}Ets classifiect the

possible cases of. the chl'omosome mlmber illcreasila.o' ill Ol'..O`cft11iSMS from

the physiolo.osical ancl biologica.1 point of vie"r into the following three

c,tuge.s :

              i. Q.ttalitative increase.

              2. 0112ultitative illcrcllse.
                  tv
              3, NTumerical increase,
    In the fii`st categoyy he has discusseci the cE,tfse of hybriclity. NVe

may expect in hybrid plants it new combination of the genes cacrried
by the parent plants. Thc. chracteristics oÅí the liybricls ni-cy be inter-•

meciiate })etxxreen those of the patrents, or one-sicled under the complete

eontrol of the lawT of doniinancy, or niay soirnetiines be nexv ones broug)'ht

aboRt throu.o.'l} tlio 'coniplementary effect of the two parent genes.
J' Nmong' the phyf iological chantt"es inarsr also be mentioned liere sterility,
heterosis, and so on, wkicli are especially often found in crosseth s be-
t"reen plants stangl.ing in a relatively reinote relationship, such as intra-

oir inte.r.o.'eneric crosses. Ilrlite l<aryolott.nyical data aloiiic care of cozirse iiiot

eoinplcte enough t.o explain these pheRoniena, but they provide a
funclainental 1)asis' t'or the stLicly of tlie probleni. I<li-itu<,x (ig24.) has
                                          .founcl that in the prog'eny of a penta,.ploid hybricl of 2i'iZiL"u•in, tl}e

clegree {.T)f sterility depencls upoiit t}}e l<iiiicls of tlne coinl[)kriatioiris of the

chromosomes. In the constant racldish-cabba..o.'e hybric{, lt'aPlianobrassiL'a,

]<AI<p]".cillsNI<O ancl SI-lcf-TAvlNS{<AIA (Ig2g) haVe founcl a sexual illcoln-

patibility xiLrith tl}e{r pE,i.rent plants. '1'hls " is evicltently iiit coi'ti'!ect;ion

Nvith tl}eii' double(l chronriosonie coinplLfix, as t]he diploid ]I;i hybricls of IN'a-

jPltan.?is Å~ 1)'rass!?'a. are readily crossecl, at least, xvith one of the parents

   1?a)t5f!a•nits." tX.ccorclinL.o,' to IXToi-ity<A, in the. Ir7i hybricl between

e?t(rniocl!7. P('nn.a!a• (z,2/l..o'a,ri:g) ancl 0.. crocci:/2.ea, no seeds a,re set (Ii<ENo

ig27, p. ioo, 2ii.r), and caccording' to I<itGt"v,N cnd )s4TAi<AJi,M.x (ig,")o),

Ellld to N'AI<AJIM,x (Ig3{) tlle solllcktic llulla])el` of clll-OlllOsolllC)s is 3o ill

the foriney sp('cies ancl 28 iR the ]attcr. IFhis lcatter fact s'eenis to

scrve as t]]e 1)asis ilor the interpretatioi} of the foir'n'ier p!-ienoni)enon.

The phcnomeiion of sterility is of .o'eneral occun'ence in the crosses
between reniotely rel-ctecl pl,ants and inay be regi, rclecl as cltie to thes

unbalanÅëecl ancl unstable state of-the hybrid, conciitionecl by the unio.n
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                                          'of le$s harmoiiious parental genomes. f"•Lccorcliiisr to INIoi<c}txN (ig26),

"balanced" nief.tns that "the nunierical relcition of the g"enes is the

sanie as that 2n the diploid or nornial type ", ancl "stable ", tliat
" the niechanisni of inattn'ation is stich tl}at the type, once establishecl,

perpetuates itself." (p. i24).

    Crossing experiments shoxv-. that the stesrility or inferiott fertility of
a hybrid is. zzot nece.ssai:ily accon'tpariiecl by veLo,.-etft, tiv'e ififeriorky to the

normal type, 1)ut may ev-en be accompaniecl by a superior vig'orousnesE .

This phenoinenon, lieterosis or hybrid vi.gor, is knoxv•n r.'uthcr xvidely

to occur in those crosses "rhicli are inade betxveen plants "Titli c,hroino-

soines equal to or different froin each otlier in ntmiber, ,as has been
founcl in tlie cases of t'l}e rye-"'lieat 1iybrid ('Arfioi")so,NT ig26), the radish-p

ca?)ba..o'e hybi'i(l ((}i<Av.i,'r'r igitv, J<AJ<pi],cf-i=,tN'i<o ig2tl.), the cotton l}yl)rid

(NTAKtxL'obii ig3T) ancl ]nany others. This phenomenon 1iEus been in--

terprcthecl by JoiNF..s by the linl<ecl doininant t'actor l)ypothes.is.

    Xl hile s.terility is a negatlve phenomeno, n, so to : peal<, hyl)rld vlgor

is .'t positiv-e phenon)c,non, an(1 inay hav'e an iinpoitant bcarii)..(.)' ul)Oii

bree(lin.o', })ut tl}e forination of constant fertile hybi'ids carryin.og all tlne

Pan-ellt,11 CIR'OlllOSOIIIe.S 111aY })C eVell lllO. lre. illlPOIrttlllt .111{1 il)tC.rCStill9.' ill

b: th the scientific and the practical sense thaii hy].)rid vip.'or. 'lrhis hacl

been merely an knattlnary conception xvithout a cytolo.o"ical basi,s, before,

so fcar as I ani aware, I?EDEi<LEy's paper on some .t?rli,sra•ey•'a• hybri(ls
appe,arecl (<;IT. JoHANixrsEN ig26, pp. sgc)-sg8). XVe i}ave now, lnowC•Ver',

somc of these plants realizecl, anione.' "rhich are those nientioned above,
i. e. .Zlc..o7.ZoffiZ-u7n, lx'aPlia•nobrassiZ'(x, and a .iKrra.o'a-ri?x. hybi'id obtaine(l

b-y I'cmJmfti (c/. p. i8i). Besicles the$e, the consta- nt interinediate hyl)rid

ef rye-xvhe,at h,as beon obtainecl by 'LEvi'rzi<y and BENE'rzKtxiA (ig-'g),

,and C•r(rlP!ls' arl.(JiSl('ilrxltls', another con$tant fortile lzt]s.rl)ri{i carryiii/,..>' io pfi.it's

ol' chroniosonies froin one of the parents, C. bi'eniu:g, and 2 pairs of

those from the other parent, C. scrlosa, has been found by C.oLi.itN's,
I'loi.nNc}si-iEtxD ancl .tX' vEf<\• (ig2g) Emiong I?4 plants of the cros.s. I<e-

cently I<os'roFF (ig3i) has also succeedecl in producing a fertile triple
hybritl, i7Vlikof.ilr,i2a• ga•bac•it•iii x (..,V. s.},lztes!-rtly x iV. 1.e?tsbJ}rl). -T!iis is the

flrs't instance of a fertile tiiple hybrid composed of complete chromo-
soine contributions froni the three different species. These instances
seeni to prove the possibility tl!at this mcttliLocl of proclucing ne."r
individuals xvhich breecl true inay be applied to the art of plant3]re.ecl-
illg'.

    Tliere is a pheiiomenon xx'hich niay appear in sonie ca.ses to be
analo..o-Qus to the hybricl vig'or, btit is quite clifferent in its nature frpin

hyb'rid vig'or. [l.'hi.s is the case of quantitativ-e inc.re( se, xvhic.h is (liie
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to the cumulative effect and is of frequent occurrence in autopolyploid
PIEUItS.

    It is we].1 1<nown that in triploids and tetraploids, the cell$ and
nuclei a, re lar.o.'er th.n those of diploid fonns, generally giving rise to

ve.o.'etative vigLorousness of the plaRts. This relatiok betweeiL the
clwomosome numbor anci the size of the cells holcts to some extent
f'or the casc of A•ra.i'(;i:ysus too. .t'X.lthoiigh in this .o'enoine multiplication

no inarl<ed qualitative cl]an.o'e is to be foun(1 as a rule, but only a
(liiantita{ive chan.o..,'e "rhicl} ig clue to tlie cuniulative effect of genes

already prese.nt', nevertheless it inust have an iniportant sigiiificance iii

plant J)reeding if the genes in question are concernec! in tl}e develop-

ment of economically valuable characters such as increased longevity,
..o' i'eater liardiness, better viability, rcsistance to disease i, nd insect injuyy

ancl so on, especially in case the veg+etative metl}ocl of propftc g-ation is
availa}[)le ((if. Di?. ]Ni[oL ig32). In cultivated econoniic plants, triploid

i'orins have been reporteci by Ost"vtx (ig2o) in 212rorits, by NiF-B=•L (ig2g),

('IR,xNi;. and 'Lt"vi<i:•NcE (ig3o) in ttpples. ILoN(}LEy and Ci.A]u< (igr)o)

h,'tve reported tliat except for only three yeiloxv-fleshed, diploid forin
of the.. potato froni South x'lmerica (n:=-Ti2), in all the others out of

fo. rty cultivated varieties investigatie-d the game.tic chromoso. me numbey

is 24, a number x•vhich shoxvs the tetraploid condition of the pl,ants. It

seenis to be. a noteworthy fact that plants under cultivation frequently

sho"' -, l,krg'e nunibcr o. f. c.hroniosonies as coinpare(I "rith that o'f the

xvild ty'pe, as is fotmcl i.n .7.>?Z!t'uni, //l(f/,('ii(z, ff>'ti:,l?'e?{ri?i ttncl the potcito.

'In vie"r of this fact tli,at inany cultivated fo'rms of plants tuie charac-
             ,terized by the largeness ot' the chronnosome number, ,an attempt at
breecling aiming at mtdtiplication of the g"e- nome is a niattey not only

of inere scientific interest but also of practical iinportance. It has been

reporte(l that hi Java the su.o.'ar ii3dustry has been .o're.atly iniprovecl

})y the successÅíul byeecling' of. better foi'ms of su...crar cane by this

method of breeding. (c/. rm<Ao ig.')i)•

    'IL"he hyperploiclic increa$e is another importic nt cic se ot: the Quanti-

tative incyease. The hypoploidic decrease of the chroniosome nuniber
is, on the othe.t` hancl, a dase of loss, a pkenoinenon cliag'oncally opposite

to tlie fornieir, but we find it convenient to cliscuss these two phenomena
to..O.'etl}er, .iN'foRGtxN• (ig26, p. 3oi) states: "the acldition of a single

chroni'osome or of two members of the same pair, or of txvo oir more
members of dlfferent pairs to the group, or the loss oÅí. a whole cl}romo-

some from the s.)'roup, niay be expected to p' roduce more evident effects

on tho incYvidual," Illustrtktions for this viexv niay be found in Datktra•
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in which BLAi<EsLEF. and BELmNG (ig24) have fotmd i2 clistinct trisomic

types. Siace there are just i2 pairs of chroinosoines izi tke normal
type of ehis plant, i2 different simple trisoniic types may be expected,

and these hax•'c actually baeft founcl. Sknilar trisoniic types 1iave also
beeii founcl in 0(.tnol/icra (DE X•'i<iEs and BoEDyixT ig23). Iti tliese in-

stance.s the physiological equllibriuni is kept tinclistuirl)ed, so tl}at tlie

plant c,rtn live. The case of the triplo-[N"$ niutant of Drospf5fti7a is

aRother instance of this 1)alancecl type of chrotnosoine. niultiplication,

and the case of tlie haplo-IV's niiitant of l)7'oso2t5/ii7tp is ati instance

of tlie balancecl t}rpe of chromosome subtraction. XN•rhile tliese groxv

Rp, xve have t"tnother type of inutants xv]iic.h can not livc. 'I"lie tetra-
IX,7's and nullo-fS,r type o.f the ' Hy are o{i this type,, an(1 it i$ seen
froni tkis ftLct tliat tlne. coniplcte al)se.nce of the 'IIV-chiroinosoi}ie oi' its

four-folcl presence upsets tlne physiolo.gical balatice to such an extent
that thesL'N inclivicluals can no lon..o,'er liire, 1"he fiies xvl}ich are triple

xvitli re.o'ar(1 to the X-chroinosoine or chroinosoii'{(i)s 'II o'r IIf can not

]ive eithcr (irX'iORcrAN ig26, Pp• i7`l--i7•7)• ••

    It has also becn shoxvn in 1.)a•g2n'a tliat types Nvith e.xtra-chronio-
soines arc}• of loxv fertility (Il')LAi<bsLi-:E aRcl (),xi<'riLi-h.Dc;E ig26). I?roin

the1iigh parcenta.oge (.6r>g6) oÅí' enipty polleii grains found iti the varleties,

"Empress " ,"tnd " CAitmdee, ", in 2Varc'i[ys?is it is also. seen tliat ille..c,.;i-

timate so.ts of chyomosomes .g'ive rise to pollen sterility.

    'IJhe phe,nomena of cross seg'mentation and fuslon of chromosoiiies
tare cases of nuinerical increase ancl decr(iLasci/, ancl he.ncei the 1}cre,clitary.

units may thereby reniaiti unchanged not only in nuniber but also in
other respects, birt these phenoniena are of a sPecial lnterest iti con-

nection x•vith the genetical phenoinena of the lnversion and trc'tns-
location of genes., Nvhich 1iave receRtly been clisc.overed ancl fully in-
vesti.o.'ated in 1)rosojbbuZ(x. (iiN]Ioi<c}AN, Bi<ii).GF.s and S'ruri<'rEvAN'v ig2,s,

iFNfuLi.Ei< ig28, II)op,ztiAit'$i<y igr>o, Ri-ioADF.s ig3o, .and othems). It has

been sho"'n by parcft11el investig'ations perforniecl cytologically aLnd

geReticaHy.that these ..o.-enetical phenoinena are the necessary conse-
qiience of die cytoiogical phenomena of cross se..o'mentation EiKl
refusion (I?AiNTEi< ancl 1,'IuLLET< ig2g). Il)he ]atter phenoinena attract

o.ur attention to "seg'inental interclian.crfi.e", a hypothesis l.)ut forxvair(1

by BF.LLiNc. ancl BLAKEsi.i),E (BELmNG and .BLAi<EsLEE ig26, BELL!NC}
ig27) aiicl supported by many advocates such as DAi<Lihrc}"roN (ig2g),

C.LF.LAND and ' BLAI<ESI.}IE (Igso, lg3I), BI.AKESLEE and CLELtxNI) (Ig30),

J7)L{F.uRiiAN (ig2g) and others. ])txi<utNTcyrotwr has fotinci in the ineiosis

in several species in .Zradcscar2Xilre several types of chromosoine,
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Eissocication (tf. 'il)ty<LINGrTOtN ig2g, p. 27i) xvliich are ,accorcling' to

him not intelligible clirectly in tJerms of diploid or po}yli>loicl pairing

of honiologous xvhole clMromosonaes, but intelliglble if it is assumed
that there occur transloccation of segments fi'om one chromosome to
another, segmental interchange betxveen noii-homolo.o.`ous chro.mosomes,
1 nver$ion of se.,cr.. n'ients and a process ot' i ermliializ. atioiJi of chiasma t-c king•

place betKveen diplotene and clial<inesis. H'e is of the opinion that the

occtnrence of these various abiiormal types of chromos,ome tissociation

is connecte.d xvith the condition foLinci 'iR stractural hybridity. IBy

struct"ral hy})rid he n3eans "a zygote deirivecl froin tl.}e uniolt oÅí

..o' ainotes dis$imilar iii respect of the styucttire of the,i'r chiron3osoines

6. e. in respect of arrangement rather than o'f qiiality or qtiantity).

XVIietlier this concliticii arises as a regult of strtictural change in its
illllllediate pE l'el)ts olr iB its lielllote clnceste]rs (i. e. xvhetllel' by internal

or external hydridization in [Lo'xsy's sense) cloes not concern us at
present." (Du<LiNG'roN ig3ib, p. 2-•;o).

    'lro put shortly xvhat x/re lifve discussed above, both modes of
chroinosonie nuinbe.r lncrease, qualitative ancl quantitativc, brinpg about

.g'ellotypical chckll.o.'es ill ol'..o'Emisms, alKi mcky, tllelretrolie, c,llise pheno-

typical chan..o.'es as. 'xve]l, x•vhile the ]node of ntunericai increasehas no

clirect 1]earing upon these chan..o'es. The principle knplieci in the qiiali-

tative iilcrease of the chroniosonie iiunibcr is. virtually a nexv t;onil?iL
•71aX.lb72. of chronlosonles, olr ill tc.1;111S of, g'elletiCs, of lle•lreditELI-y L.o+e,nes.

This princlple l}as been a})pliecl to the inethod of plant breeding since

the rediscovery of tl]e ].Y,fEatTDELian laNvs of hereclity. This •is the hybridi-

zatioR inethocl, and in this niethocl it is funclainentftcl that xve have

to select out species or races in xvhich tl)e chtu`acters jn question are

of bettei' qiittlity froni the breecling point ot' viexv. Tlie inethod,

thcreSore, consists of selection and combination, ancl this in no sense
iniplies the icl.ea of .Prod2i•ci)!..o' or zlzaruci/i.o' nexv cliaracters a,rtifici'al]y.

Tlic recent pirog'ress in cytology, especially in the field of experimental
illv( stig'.retioll is, hoxvevel`, opellil]L.o' ul) to us. ELIIotlley ]lletllod of bl"eeclitl..o',

thoti.o'h its. estcablishinent lnto a form c,apable of practical use seems
at present to b6 })eyond reacli. This is the niethod by "rhich xve can

artificially indRce characters', .iiexv or better, at least in tlte qi/iantltativre

se.nse, than •thosfe carriccl by the species or races we have in nature.

The cytolo.crical data xvhich offer the basis oii this method are. chieHy

polyploidal or hype.rploidal niultiplication of chroniosonies --- tlie quanti-

tative increase-xvhich can be induced by artific.ial nieans, stich as

col(1 or uni}sual tein})erareye, inany anaesthetics, X-rays ancl i'acHtnn,
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 s,'raf.tills,' all(1 $o oll (e. s,. GOODSI)EED Ig2g, SAI)thIIIN Ig30, KOSTOFF Ig3o

 c, ancl others). rL"he niutcretion thus induced ls tlie so-called " chroino-

soiiie inutation ", and gene inutation, x•viaich xve do not intend to deal
 uncler this heading, ma,y also be induÅëed by tlnese artificial nieans (ty`'.

BucHi{oLz ancl BLAI<EsLEE igso, I<OSTOFF igr)oc).
    Althoegh tlie artificially inducecl nititants or x•'Eriants hitherto ob-

tained are niostly tl}ose xvhicli carry cliaracters of no practicai or
economic significEmce, such as dwarfishness, c.hlorophyll deformation,
or other dcfects (<"'looD.spEED, STADLEi<), ancl although platnts carryinLo.'

characters of econo.mic value are, criks pointecl out by LS'rADr.Ei< (ig3o),

inore lil<ely to be found out aniong plants culti,vateci zuicler controlin

the usual inanner than ainot)g the progeny of experiinentally or artifi-
cially treatecl plants, it seenis, neverthe].ess, iinportant froni the viexv

})oint, not only of scientific interest, bLit also of practical necessity in

breedins,, t() carry out Åíu]rther .studies of this artificial induceinent.

S'rADLEi< $tate.s: " rl-here are, hoxN'ev'er, certain special cases in xvhich
incuc6d nautation, even in the present state. of knoxvleclge, offer.s a fttir

possibility of .successftil application. These are in sreneral cases in
xvhich hybridization is not fe.eLsible or in "•'hich a character dependent
oii a sin.(..rle g'ene-cliLange is particularly iniport'ant." (S'rADLyR icg3o, p.

i8).

                           Summary

     i. Ill'he plants xvliich xve.re u.sed ELs niaterial in thc pr</isent investi-

g"2Ltion are those 1<noxvn as, or g-arden varieties c ncl fornis belonging' to :

Ar. /'.s'c'it(lona,rciis'sits, AL z'nconiPara,bx'li3", Ar../o7!.auiZl(r, 2V. 6'!tlbo('ocli>tfn,

xM o(lorits, iV' , X(xx('lfrt, ..Nr. !Iite7'ine'dlts, N. b<•'flor2ts and .'Nr. b'arri?1

     2, "1'hey can be classifiecl into t"'o groups ivith regarcl to the
cardinal nuniber of chroinosoines "rhich tliey carry, naineiy, tlie 7-n
chroinos()iitiLic ancl io-clitroniosoniic. srroups..

     c). So far as niy investigation ls concerned all the garden varieties

of xV. Ia-.'.uel!a belong to the io-chromosomic gro"p, the chromo,some
ntnnbers shoxvn by these varieties in tlie somatic cells be.inf}' 2• o (d{ploid),

3o (triploid), 2i, 2"o., 3[ ancl r>2 (hetei'oploids).

     ". In polle.n ino#her cells in the cliploid varieties of IV. Zas('ll(r,

there are foun{l io l)iN,'Eient cl}roniosonie.s in the. het'erotyl)cs. nietapha$c}.

In the v•arieties ".[?ranklin" and "IL2o", 6 geniini ture lars,'e and 4
sizLiall, and iiiL the v.ariety "I2`.,,", s are larsre and s sniall.
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     s. In the triploid vcariety "Yellow 1'rince", lt'ivalent chromo-
soines are Åíound (autotriploid). The nuinber of the trivalents is io, or
less tha. n io. '  In tl)e latter case the corrseponding number of bivalents

and univalents are founcl with the trivalents.
     6. ]'n another triplojd variety, " Chinese Sacred I.ily ", a secondary

ttssociatlon oÅí chroinosomes frequently tal<es place, so that complexes

of 'a higker orcler' than tr;ple are formecl, the number of chromosomal
elemeiats being correspondingly reduced.

     7. I[n the veriety Nvith 2i chroinoson)es, io bivalents ancl i
univalent are ÅíoRnc{ in the heterotype nietaphase. This variety is,
theretbre, a hypercliploicl.

     ,F:l. IIn the ]Lt.ariety xvith 22 clironiosoines, i( gemlni are foiind in

tl}e heterotype division. Of thein 4 are large, and 7 are sinall. .Froni
tlL{iv. result obtainecl in " 'I'II2" " it is concludecl that txvo of the snitall ones

must have beeii clerived from one of the ].arge ones by cross segmen-
tation. 'I"hi.is tliLe. v'ariety iii qi/iestion is ess(,}ntially diploicl, tl}ough it

is nuinerica,ily a hyperdiploid.

     g. 'In the variety xvith .3[ chroniosonaes, the number ot' chronio-

sonial eleRients in the 1}eterotype division i.s 2i, of 'which !o are bivale.nt

and ii univalent. This fact sl}oxvs that this veriety is a liete.rogenoinous

tribasic plant, consi,sting of txvo genonies homologous to those o' f

" Ift'anl<lin" as is inclicttted by the c.orresponcling ratio bet"reen tl}e

nun'ibers of iarg'e ti.iricl sinall geniini, Etncl a genoiiiie honao]ogous to that

of the 2-7-chromo.somLza v'ariety.

    io. In the variety "I.una" with 32 cl}roinosonies tihe behavlor of
tk(/) chroniosoines in nrieiosis shoxvs that this variety nxist] have 1)ee.R

iraisecl b}r the i.inion of a ctiploid gttinete abnonnEi.lly proclticecl in a'cert2}.in

cllploid forin of .trNX. Xar•('l!(v and one produced in sticl} a speeie,s as that

investigatec{ 1)y I;iti<NANi)Es in Nvhlch the haplc)icl inunl)er of clH'oino-

somes•is 6.

    iT. IIrhe xvilcl groxving forin <)f. the narcissu.s plant, l<noxvii
taxonoinict-Llly as krV: /.a•gcXla• v.'ur. cli,ine'n.si3', i.s a tri])loid htLving 3o

chrc)inosonies in the sonaatic cells.
    i2. /Nl. Zls'erittlonai'('/Is'sit.s', A71. i>i('oni.Ttv'abi'lgly, d'Xt'. .foiit/utZ!(r, iV.

2t5ot'tiZ'?t.s ancl -Al .Z/ilulboco(l.1:tiiz belong to t'he 7-chroinosoniic .g'roup.

    ]3. In sonie varieties of x7X7'. !).s'eu(?(ona.i'('i3'sits, Al i'ncomi6(w`ab/Zi:s'

ancl Ai. Poel/}'us tlie nuniber of c}}roniosoines in the soinatic celis is 2i.

In the heterotype nietaphetse, 7 trivalent chroniosoino coinl)Iexes are
founcl, [•i. feiatture xvhicli is characte- i:i.gtic of atitotriploid pl,ants. I;reqi.ic)iitt-

ly, hoxvever, in sonie of thc coinplexc.s, the association iiito tlie trivalent
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 complex is incomplete, so that as many chroniosomal elements as, 8, g,

 io, etc. niay be counted.
     i4. 'In the varieties of iV. ,l)savttlofiarci:gsiis, " 'I<insr fNlfred i' atid

 "Olympia", xvith 28 chronios.oines. each, the chroniosonies forin 7
 tetravalenat coniplexes in the heterotype nietapha$e. Ilin sonie cascis
 some of the chromosonies fai1 to coi]jugate with their homolo,grues, so

 that more than 7 chromosonial elements may be countecl.
     i.s. I'n two v•arieties of t?V. I)se?i(lonarciis'sits with 22 chromosomes

 each, the behavior of the chroinosoines in nieiosis .slioxv-s thett they are
 1iypertriploicl plEi•iltS (7iii+ ii)•

     i6. The hexaploicl nuniber tl.2 is founc{ in a Å}'orm of iV. Bztlbo--

 co(li>t7iz. Iln dic'Ll<inesis ancl nietaphase in the heterotype clivision, the

'cl]roinosonae•s pair tsvo by txvo restilting in 2i bivaleiits in niost cases,

but in some cases one or more than one inultivaient (tetra-t or sexivalent)

 chroniosoine is also found xxrirh the corre.sponcling- reduction of the

nuinber of chr{)niosQnial elements.
     i7•. Such kiresrtilarities in the nieiotic division ELs tl]e longltuclinttl

splil.tinig' of soiiie univalent chronio.soines in the heterotype division,

lagg'ing of son]e unsplit univalent$ behind the other$ in the anaphase,
tl}e Å}'onnation of griant restitution nuclei or d"rai{ ]nero-nuclei, etc. are

                 'lfound to a greate.r or less extent in the tri- ancl tek'aploid as xvell as

lieteroploid varieties.

     iS. iXC i'nXer7n.c'(lirus, tlie .g.pecies 1}ybrid l)etxv•ee.n ..•Xl'. Iacella. ancl z7V'.

.fon.t7?tiZla, slioxvs i7 chroniosoinors iii the somatic niitosis. In the hetorro-

type division these chroniosoines shoxv no tendency at all to pairing
bet",een any txvo ot' thein.

     ig. .tl i b<'florus, thc species l}ybrid betxveen 2Vl la:• c!l(v and .V.

PocliL'its, shoxvs 2L; chroiiLiosonite$ in the soinei.tic niLito.$is, and 7 biv•ttlent

and io univale.nt c}.iLroiriitoso]ne.s in the heterotypL. diiLrision.

    2o. IIn these species hybri{its, the process of nieiosis is extraordi-

narily irregrular, and all the polleii s.rains appetir abortive.

    2i. ig chroniosoines are found in tl}e soniatic ce].ls in IV. 6'(u'riZ

ancl iX7. o(lorit.s- "Thich are reg'ardecl by soinc authors as tl}e species
hybrids'betNveen .Nl. 2t5oeliL'its ancl . /'. -l)s('zui{•oita•rcils'sus, and 1)etxveei) x'7N":

./71ona?ti.Z.Za, and i'i'X'"'. /`'.s'e'2i(l•on(w'cils'.s'?ts respectively.

    22. So farr as niy inv•esti.o'ation is'concernecl, tlic}re: is no e.vidence

to shoxv- th,at tl}ere is the cardinE1 nuinber s iH the genus fXiv'('i3'.s"?is as

l)elieved by 'FiÅíi<N•ANDEg. . IiN'fy conclusion is that tliere arci/ thyee ca.rclinal

nuinbers 1<noxvn xvith cei'tainty at present in this g'enus, nainely 6, 7,

and io.
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                                         '    23. IX'Ieasurenients xxrere .atteinl)ted Nvitli pollen grains and epi-

dermis cells in thou. scttle leaves of the bulb to see whether tkere is a

cQrrelation'betwcen tlae c"nronaosome numbey tancl tlie cell size.

    a) 1'n pollen g'rains; rlae lengt'h increases in coi'respondence with

the. incirease in th(-.i •i'i"niber ot' hic ploid chroinosoine sets or genoines.

The xviclth increEtses sinailavly except in tlie casesi oi: a triploici ckncl a

hyperti'iploid iR both ot' Nvlnich it is broacley tl}aR iii tetraploicl vcarieties.

Iftom these results it is seen that except for the cEmses of tliese triploicl

ancl hypertriploid plant-s there is a certaiR correlation bet"reen t]'ie $izc'

of pollen cells and the number of chromosonie sets.

    b) In epiderinis cells, the sanie correlation be"'veen the cellsize

and the Buinber of chroinosoine sets is also recognizable, a't least to
soine e.xtent, in the case of the plants cEtrrying' as niany chronioson]es

as niultiples of 7 tms xvell as those "rhere tlie cardina] nuinber is io, .

xvhile this reiation does not hold for the cases of species kybricls be-
txveeiit these txvo cardinitl irii.inibers, .'NX. i>ilervie'tli'?ts ancl zrNL bi.}iorit.s".
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