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INT]~,O])  [ I C T I O N .  

'lh[Esln exper iments  were begun a,s a,n a,l,i, cmp(, ~o clucida, I~c by gcnct,ic 
mca,:ns ccrga,in pcculia,r disl,ribul,ions oI! flower colom' eviden(, in (,he ga, rdon 
da,Ni~t,. Invcsl,iga, gions rcla, l,hlg I,o I, his pa,ri,ieula, r pa,rI, oI! I,hc work ~t, re 
,%ill in progress. The following a, ccmm0 is prclimina,ry (,o (,he more cx- 
gcmlcd set:its ol!,obscrva,(,ions i(, is hoped (,o prcscn0 la, gcrl 

J o u r n .  of (~en. XXI 9 
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M:'VI]I/][I,[Ah AND Mll]T]It)DS. 

Tlto ~'a.rdo, da.htia, <m bo, gro',,vu from suod l;o m~l, tur i ty  in one yo~l,r. 
g �9 + utt:t,t>le t r~+a,l:tiu'.xtt bt'iligs Is,he pla, nts into flower in ~htly, the flowerin~ 
pOt'iOd OOll{,illlI+13~ ll l) [;I?, <3[10 titHO O[ t i l e  ~t+tltit1"~l]t frosts. The " t t t b m ' s , "  

i i! l i[t, ed a, ud  ,%ot'~+d ( [ t t t ' i l t~ {+ho witt t~; l ' ,  e~t+l! bo g r o w n  ( i l l  f r :o ln  ytm, r: t o  
year i tldckirfil;o, ly. 

The (bml:>osi#u+o pt'c~+scmt-tiut~torht.l which does not rcm, dily hind. itsell: 
to gotteliual ~+mdysis, and with D. Varriabili,+ this only becomes pt:~mtie~:+ble 
to ~+ay exl+ettl+ by reason of the gener~+l self-sterility which prov~d]s. 

Cross-pollin~tion was made ia these experiments by gently brnshing 
the disc of the e~pituhun used as a male over the disc of '+he f e m N e .  

CYapitula selected for crossing were bagged before '+he disc fl.orets opened, 
and a plug of cotton wool was inser'ced in the month to  seom'e beV+er 
protection from insects--especially ear}rigs. Seed[ ripens in 7-8 weeks. 

All the usual pree++utions against oon'+amina'don by foreign pollen 
have been observed throughout these experiments. 

T:F-IE (:~7~NrLTS D~4HLIA. 

From iuspeetion of the botauieal descriptions of Dahlia species it is 
e~+ident that, with the exception of D. variabiIis, they can be assigned 
to one of two gl'oups for flower eolo~u': Group I (ivow-magenta-pm:ple); 
or Group II  (yd]ow-or~nge-searlet). 

@~ow" I (ivory-magent.~-purple). 

D. Mere/eli* D. Ma:cimiliana D. l)ubesce~s 
D. Mazo~ff * D. i,m?e?'ialis 'r̀  D. platylel)is 
D. cxcdsa D. dissecta D. scal)igera 

�9 I have grown a.nd observed ~hese species. 

D. MercX'ii Lehmann. ,3 fie. high. P~ay fitters ? and fer'dle, pale 
~+iolet to pm'plish viole'+. Disc flore'cs purplish. Firs'+ leaves :simple. 

D. Mamog+i is described by Popenoe (1920) as growing 15-1.8 :[t+. high, 
and, in t]le wild term, bearing lil~+e-ph~k or white rays. Under cultiva- 
tion other w+rieties occur -."+almost; a pure pink, ~+ deep lil~+e pink and 
a &wker sh;sdc' which could gslmost, be <dh;d ~ numve." First le:~vos 
gm'tu~to pi u tu~I+o. 

i ) .  <+;cd~'(+ l~,ongli, is s+uid l,o lit+v(> p++lo rose,-lmrl>lo or iml 'ph ~, i'~l,y f ]orots. 
l~oYtc[oit~s (]81:3) [igui'(; of 0his Sl>e.oies soouls idont io~d w i t h  the  p i to to-  
gr:al)h ()f Ma:+'.<,P.7 i l t  l;[le Am.  ,]vT+,rvt,. of ll,Jr~Jdg, y. Lh'ows ] 5 30 f t .  high+ 

]). L+~k**~(g.?+,+2 ]:{ier<m. 712 fl,. Digit  wil>il pMo lihl,o rll,yS. 
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D. Maxim|liana Hort. I%ay florets a delicate m~u~Te. The pl.ants o:f 
Maxoni which I have grown arc very near to, i f  not identical with 
Ma, xi,miliana,. The four dahlias Maxoni, exeelsa, Lehmanni and Ma, xi- 
re|liana may be varieties of one and the same species. The recorded 
differences between them are no greater than similar variations observed 
within other species. 

D. imperialis I%oezl. 6-].8 ft. high. I%ay florcts will|c, very =faintly 
flushed lilac-pink, with a crimson spot at  base of peeals. 

D. dissecta S. \'VatJs. Dee]? purple rays, 1�89 ~.  
D. pubescens A. Brougn. ex Newman Pale purple or mauve rays; 

1�89 f~. 
D. platylepis A. Brougn..ex Newman. Lilac rays; 1~--2 :["t. 
D. scap~qe,rd Knowles and West;tort, is described by Ben |ham and 

London as h'l,ving pm'c white ray florcts, but  London's figure of this 
species shows t!ain{,ly tinged violei~ rays; t -2  ft. 

Gaoup II (yellow-orange-scarlet). 

D. coccinea* D. coronata* D. gradlis D. tennis 
* I have grown and observed ghese species. 

D. cocc~nea Car. 5-9 ft. high. Ra y  florets yellow, orrmgc or scarlet- 
orange. I have not observed the yellow variety, but  it h~.~ ])ecJ:t recorded 
by LoNdon and others. First leaves simple. Petals stellete or imbricate. 

D. coronata Hort. 4-5 ft. high, bearing" searlct-oralage to scarlet rays. 
Sweet semltcd. Petals incurred. First  leaves simple. 

D. gracilis Ortgies. Ray  florets scarlet-orange. 
D. tennis l%obinson and Green. 15 in. high, ray florets yellow. 
The above list o~ Dahlia species is by no means complete, since 

others Jo.ave been collected. Few of these latter have been grown under 
cultivation or adeqnately described, and apparently collsiderablc con- 
fusion exisI)s as to their identity. 

DAHLIA  V A R I A B I L I N  I)E,'qF. 

(1) ~J]O]MqlOLOGICAL O]3SEIr 

The position of D. variabilis with regard to the co]our groups is 
nnique in that  it nnites both series within itself. Whit, es, ivories, yellows, 
scarlets alld pm'ples, with many intermediate colom's <a~d intensities, 
can be seen i~ various p,'~l~l;erns combined wi~h various flower sha, pes. 

T]icsc flower colom's a:t:td f~heir distribut~iot:t i:t:t the garden dahlia, are 
the :t'cstt]I) of the presence of absence of two series of soluble pig:mcH{,si 
(1) tic, roues, (2) anthocy~l,:i:iins. 

9--2 
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The flavone series is expressed iu all atmostl contimlmis grad~tiim of 
colom's ranging from ivory to deep yellow (Plate XII, figs/2,6), all oi 
which give the characteristic flavoue reaction when :fumed wi~h aml~onia, 
i.e. the ivory flowers turu a bright lemon yellow; tlhe yellow change go 
an intense orallge. Flowers intermediate between ivory and yellow 
change, whell fumed, to shades i11termediate betweml yellow a~ld 
Orallge. 

Among the flowers which, upon visual exarn inatio11 alone,, might 
easily be classed as ~ivories, certaiu kinds are .f0und. which g~ive 11o 
reaction with ammmlia. In this accomlt such ~orms a~:e called "whites" 
as distinct from ivories which, though visually similar, always~ give a 
positive reactiml for the presence of flavmle. 

The anthocyanin colmlrs may be arbi~rariiy classified in tltree groups : 
(a) magenta to deep pm'ple, (b) pale orange to deep :scarlet, (c) colom's 
intermediate betweml (a) and (b). 

Given a wide enough range o{ present-day varieties for inspect!m1 it 
quickly becomes evident that all thd colmu:s of the mggenga-pnrl?le 
group are in~/griably associated with ivory flavone grmmds; aud tllat 
all the colours of" the orange-scarier group are im~ariably ~sociated 
with yellow flavone grounds. (It will be noticed that this ~ssociation 
corresponds with that of the two colour groups previously referred to 
ill which Dahlia species may be classified.) The il~termediate flower 
colom's are associated[ with intermediate flavone grounds. 

Visual examinatiml of the flower colom's as to their kind, ~ssociation 
alld cmls~itution is much facilitated by the occnrretme of (a) mosaic 
flowers in which the anthocyanin is distributed ill flecks aud streaks, 
(b) patterns where tile authocyalliU covers a portion only of t~lle pdtM, 
alld (c) relatively frequent somatic mutation of both anthocyanin and 
flavone pigments. 

I~1 mosaic flowers tt.le distribution, of anthocyanin is sharply dis- 
continuous, formitlg flecks and streaks--the flavone gro~md colours 
showing where uo anthocyanin ocmtrs. Mosaic flowers it1 the magenta- 
pl~lple colour group always have ivory grounds; iil the orange-scarlet 
group they have yellow gromlds. Auo~her type of. c0Iour distribution 
is that iu which the ang!mcyanin ocmu's as a flush across the middle of 
the petals exposing the flavone ga'ouitd ag the tips aJtd bases, aud agMn 
the same associatio~ of flavmle and anghocyani~l colours is to be seem 
F~u'ther evide~me as to this relation is afforded by somatic mutation 
involving each series of pigments. 
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(a) Soma, tic murat,it,us of a, nthocya'uins a, nd flavo'aes. 

(i) Anthocya'Mns. Apart from mosaicism, plaats wi~h colom'ed 
flowers occasionally sport sectors wii~hoat axtthocyaai~t--usually qsdte 
narrow, rarely so much as {- in. wide, and r l n m i n g  the leitgth of Cite petal. 
Orange and scarlet flowers have yellow sectors; inagenta-pm'ple flowers, 
ivory sectors (Plate XII, figs. 10, 11). 

Not tmcommonly dilution or intensification of  the a~thoeyanin 
occurs. All of the pigmeat may be missi~lg from a sector, and immedi~l~e]y 
adjacent o,t one side another sector , t~sually correspmtding in. size with 
the unColom'ed portimt, will have a double dose of attthocya~tin (Plate 
XII, fig. 11). 

In such a case it is probable that a mitosis has 0ccm'red such that 
olle of the daUghter~cells has received all Of the chromosomes or factors 
for co]om:--the other receiving none--alld that these cells have by 
division given rise to the tmcolom'ed aud doubly-colom'ed segments 
.respectively. Attmttion is drawn to the similarity of this type of somatic 
mutatimt fie that observed by Eyster (1924) in variegated tnaize cobsL 

A similar cmtdifiimt may occm' without the entire loss of anfihocyanin, 
dilute altd deeper stripes being fmmd side by side (Plate XII, fig. 12). 
iVIore rarely a single, solitary deep or dilute Stripe ocmu's unaccompanied 
by any other visible changel 

Petals have been semt where several of these mutations have been 
presmtt side by side. 

(ii) Flavoucs. Yellow dahlias have been observed to spor~ ivory and 
white sectors. Similarly, ivory flowers have sported whi~e sectors. In 
the iyory sporti~tg to white, it is much more dimctdt to recognise where 
a cha~lge'has occm'red. In all these exp6rimeats the final criterion of 
the identity of a wlfite or ivory flower has been the flm.lillg of the petal 
wi~h ammonia. With practice how6ver it is possible to ~distingnish white 
front ivory by eye-%he whi~e having a peculiar translucent appea,'ance 
.and seelN,tg to be very faintly ~in.ged pink or mauve. This is due to the 
reflection of light and is merely an optical effect. 

The clnesgion arises as to what resN~s if fl~.e yellow and ivory flaVOneS 
.sport in the preseltce 0~. altthocyaldn" Ya,'iati0ns of tNs ld~td have 
been observed---clearly showi,lg the association of particNar flaVOneS 
with l~argicNar c61om's. 

~' 15:[iss do Winton who is worki;lg on P?'i'm,ula ,~h~e~s'ls t~t tiffs Ins~iguglon tells me she 
'has observed simita.r vnrla,tlons in flower colour, trod that  ~hcy always OOmlr in plants 
ho~erozygous for ~ho factor concerned, (See also footnote ~o p. 138 of ~his 1)~l)or.) 
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(a) I f  t]m yd low ]:]a,IVO]]C #]'ottn(I el! a m'imsol>sca]'lel, flower Sl~Ot'ts 
I,o i w)ry, f,h ml I,h e :l:lower e, o lour will be, p,n,,r~d, G no t scarle, t (Plate XH,  
5g,. ] 4). 

(b) It! dl~hm, .ydlow or i vory  Sl)orI,s Ix) whil, e, I;hen ',,o anl, hoqyanin 
d o vd  o I ~,~. 

(;onlh'nm:l,ion of (a) is i):rovhle, d hy flowm',s whie, h have )q',llow flavone 
in I;he ba,sal haK of I;hd:r petals, .~hading off almosb to iwxry al; the tips. 
I l l  fih~;sc; :[Iowors ib wouhl Ira e, X l)eebed I, ha,t anthoeyanin on the basal 
hall! wouh:l appear ~aarlet shadhlg o]/' to pro:pie at I,he hips, and m.wh is 
h~ fa.cl, I,he case (Plal, e Xl] : ,  fig. 8). Moreow;r the mosaic wl.riel;y 

J orol;n3 has a .ydlow~s]l ground wil;h cri]nso:u tlecks, whic]l :t:re- 
q uc:ntly ,~l)orts a,n i vory  ground. ()]] the iVOl:y ground the an.thocyanh~ 
appc'~rs purl:!lM] (:P]al;e XI:I:, :fig. ]3). 

Thai; i t  is th.e flavone which, changes alld not the anthocya]:fin alone 
in the cases just mentioned is made st, ill clearer by bleaching the antho- 
c,yanin in an aqueous so]ntion o:[ 80~, which does not affect the flavones. 
In every case the maycnta or purple sectors have ivory yrounds---a~ot yellow. 

Two snch plants have been lined in breeding and they have proved 
to be heterozygons for yellow, and have given magenta or pm:ple 
.seedlings in Yl. 

The position with regard to the loss of ivory flavone from a flower 
carrying yellow flavone and anthocyanin is not clear. Although it  is 
ditficnR to perceive ivory in the presence of yellow flavone, yet, as will 
be shown, presence or absence of the ivory pigment does make a pro- 
portionate difference to flavone colour. I t  is to be expected therefore 
that, should ivory be lost when yellow flavone and anthocyanin are 
present, a change will ocem' in the colmtr of the flower. 8ectoriM varia- 
tions have been observed which have every appearance of being due to 
such a change. 

In the nmtations so far described apparently oMy the colour of the 
flower changes, and not the intensity of pigmentation: Thus an orange 
flower sports pale magenta sectors; deep orange, deeper magenta; 
scarlet, pnrple--and so on. 

Intermediate Forms. The facts so far ]?resented have been from the 
two extreme groups : (!) ivory-magenta-purple, (2) yellow-orange-scarlet. 
l~{ention was made of intermediate colom, forms, which are more difficult 
to tmderstand. Oarefnl examination of many hundreds of these has led 
to ~,he estgblishm.ent of th.e following facts: 

(1) Th.e yellow and ivory flavones may be present together in varying 
amoun:bs. 
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(2) Yellow flare ne partially obsem'es ivo,% 
(3) The proporbioa of ivory to yellow gives rise to several shades of 

co]our ranging h'om ivory, through cream and primrose, to yellow. 
(4) When anthocyanin is preseat the flower colom: is determined by 

the proportioa of ivory and yellow flavoaes, e.y. on an ivory gromld it 
is purl?le; oll cream, more crimson; on pale yellow, nearer scarlet; on 

a good yellow grouad, scarlet. The precise limits of the range of the 
flower colour as determined by the association of anthocyanin and 
flavone are not clear at present, but so far as my observations have 
gone the above scheme seems to be approximately correct, though 
doubtless many moderating iafluences of a minor nature frequently 
come into play. 

(b) Distribution of anthocyanins and flavones. 

(i) Anthoeyanins. As previously stated, anthocyanin is developed 
only when flavone is present. It is obvious therefore that where antho- 
cyanin is present the flower colour is due to the combined effect of the 
anthocyanin and flavone, aad t h a t  only chemical aaalysis can finally 
establish the true colom' of the particular anthocyaain(s)involved. Any 
reference here to an anthocyanin co]oltr by name is made with this 
reservation. 

Apart from evidence to be quoted later there is some reason to 
believe that at least two distinct anthocyaains ~ccur in the garden 
dahlia, namely (1) a geranium red, (2) purple. Each is found in several 
intensities (the above names merely indicating certain degrees of pig- 
mentation), but their distribution and qualitative variation and their 
reactions with ammoaia and sulphm.ous acid differ appreciably. 

Since thegeranium red anthoeyani,1 is never present alone, but 
associated with flavone, the c01our of the flower as seea may generally 
be described as "scarlet." 

The "scarlet" is the less variable of the two anthocyanin colom's. 
The tiaged, pale orange, deep oraage, scarlet and deep scarlet colom's 
may be different concentrations of the same pigment, for it is possible 
to make an almost perfect gl"adatioa from the most faintly tinged to 
the deepest of scarlets. Especially is this true if flowers of different ages 
are used, since there is a coasiderable facEng with age of both antho: 
eyanias and flavones, distiact colour varieties overlapping each other. 
Thus the intensity of colour of a flflly expanded flower of variety " A "  
will be identical with a newly Opened flower of variety "B,"  and so ca. 

This fading of flower eolom's begins with the  unfolding of the pe~als 
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and suggests that  the production of anthocyanin is complete (o1' practi- 
cally so) at the opening of tlle capitahun, and that  increase in size of 
tee  t~eta]s brings about  a corresponding dilution of the pign~ent, the 
co]our differences between some varieties being merely quantitative. 

One exception kas been observed. A certain pale magenta flowered 
variety is not, fully colom'ed until the flower is expanded--tEe bnds 
and the ymmg tlowers being ahnost 1)ure ivory. 

The distribcttion of anthogya~zin may vary, tee concentration being 
least, at  t]_~e tip of a petal; least at, or even absent from, both tip ancl 
base; deeper on tee  backs of tee  petals or rice versa; concentrated on 
tt~e edges or in tl:e middle of tee petals, etc. 

Differentindividuals ~dtll apparently the same yellow or ivory grolmds 
may have different intensities of anthocyanin, from the faintest tingeing 
to very intense coloration--as if varying doses of the same pigment 
occurred on the same grmmd. 

The quantitat ive variations described for " scar le t "  anthocyanin 
were observed in flowers whose ydlow grolmds were apparently identical. 

In the scarlet series the presence of small amonnts of ivory flavone 
m a y  alter qual i ta t lvdy tee observed colonr of the flowers, bnt  in tee 
pm'ple series no Such inber:t:.erenee is possible. Hence any qualitative 
variation in this series in likely to be (1 ) /he  direct expression of the 
modification o:2 an{;lmeyanill el: (2) due t;o tl~l:> occtlrreilce of dlfl':ereH0 
aath oey an ins. 

V~triabiolis ~m.y be observed in tile ma.gcnta-ptt,'ple sc, l'ies (c,.) in- 
cliniilg be rose, (b)i,mlilling t>o violet, a, lld t,N(>rc ai'e case> ill which 01~%~ 
seem |~o teem' |~ogotlmr i n bh o s~] no ]:]o\v~Y. 

171:. is inberest~ing bo nol:.c l>lm.t> al~lm.l'(~Jlbl3~ a simila.r val'ia~I)iol, OOCIII'S 

}'iglnenbal~ion el! Ohc sl:,oms of t:.he (la~.ll}ia., [:.l~ough dist:.it/c,[, trom flow~>r 
eolour, in nevci'glu;less no(, c,~Oh:ely tu.lr~'Ja.i>,d. White: a, ltd i re  O' v~.l'i~>tios 
never have colom' iu l)ho el.ores oY iu Ohe sttl0-~',pid~',~'~lfiS ot! ONe> Oub~>~'ous 
I'OO[>S " yellows rarol.y ln~vo. TNo ydlows whic, h II~v~ t!a.illi.ly ~ [.iligl>(I ~[.~*llls 
arc nob al, present Uliderstood, a~ld s~zem? to 10~: {:xCe>l)tiolm.I. All oLIl{>,' 
oo]o ttl'e(] vari(.%i()s O})sei've(] h ~tvc ooh:mr~xI stems. 

There a~ro sovei'aJ wel l- lc l iowi l  va.l'il;tic,s whk',h I~vc., de>ply c, olourod 
leaves ~li(I Si,,elllS, and in such pl~l~Os l, hi~ pigl??enia.tio;i.i o~xitoncls tt.Iso to 
bl,e dis(J- [torots, braeteoles, e{:.o, a~.ll bo, i l ig c, olourocl. \:ra.i'iotts iiil)el'gl't~.dc'.s 
have boeii SOOll t)otwoon l:llo dc:c:l)esb a:ncl the i>~des{:, o[ theist clec;I)13 ~ pig- 
n lentod plants,  ])i'esenee o[ :~bmid:utt stem l) ig inel l t  COll['Ol'S {tll ~dcled 
i l]tons:[tjT ttpo:ll {;tie l:lowel' tel.out'. 
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Normally, all variations of flower colom' arc only expressed in the 
ray petals--the disc florets remaining the usual yellow colom'--i.e. 
flavones arc present and give the characteristic reaction with ammonia 
in every part of the capittflmn except the pollen. Thus the disc florcts 
of'a normal white rayed variety all carry flavoncs--the petals Mone 
having no pigment. 

There is another kind of white, however, in which pigments arc 
absent from the whole of the capitululn bracts, bracteoles, disc florets 
and rays. This white is the extreme expression of a condition which 
most frequently shows itself in colom'ed edges to otherudse white pctNs. 
The well-known variety "Union Jack"  is typical of this condition. 
I have attempted to analyse the behaviour and inheritance of this ab- 
normal pigment distribution , but it appears to be extraneous to the 
general distribution and inheritance of pigments in Dahlia. The results 
of this part of the investigation will appear in a later paper, when the 
work has been carried further. 

(ii) yFlavones. Different intensities of yellow flavone may be present 
in a petal, all the petals of a given plant showing the same distribution. 
A common distribution is one in which the basN quarter, third, half or 
two-thirds of the petal is cream, primrose or yellow, passing to ivory, 
,cream or primrose at the tip. Anthocyanin on sach a ground appears 
mostly scarlet at the base and bluish toward the tip (Plate XII,  figs. 
7 and 8). 

(c) Reactions of anthocyanins ctng flavones with ammonia and NO2. 

AS indicated on p. 128 the change of eolom' ocem'ring when white, 
ivory or yellow petals are fumed with ammonia is as follows: 

2eg~l eolour Changes ~o 
Whlte No change 
Ivory Lemon yellow 
Yellow In~ense orange 

The ammonia test is a well-known method used for detecting the 
presence of anthocyaninin plant tissues. If anthocyanin is present a 
green or bluish colom' Usually develops upon fuming, though possibly 
other substances in the cell sap may modify this green or bluish appear- 
ante. In  addition to  the many fumings made with ammonia in the 
com'se of these experiments, petals have been bleached in SQ,  and .the 
reactions of different flower c01ours with these tWO reagents noted. 

The observations may be briefy smmnarised as follows: 

SQ.  SO 2 does not affect the flavones. It  half bleaches the deeper 



134 The Genetics and Cytology of.Dc~hlia Sl)ecies 

colom'ed petals and almost eiltirely ])leaches ti:nged varieties. Penetra- 
tion is increased if ~]le petal is first fumed in ammonia and then bleached 
--eoinl?lete i'einoval of the anthoeyanin pigments resulthig, thus re: 
vealing the flavone g~:ound. 

Ammonia. (a) Magenta and pmj?le flowers give green and bhtish- 
green reactions. (b) Orange and[ scarlet give an intense reddish-brown 
coloration. (c) Intermediate forms give intermediate reactions. 

The incense reddish-brown which develops when orange or scarlet 
petals are fumed is of some intm'est, since this is not the typical reaction 
of alltlhocyal~in with ammonia i. 

All the other species I have grown conform, after their Idnd, go the 
above results. 

(2) B~EEmh<' ~SULTS. 

(c~) Flc~voncs. 

The genegieal analysis of a Composite like Dahlia, would be hardly 
possible but  for the self-ineompatibilibr which prevails. 

A ~ypieal "single flowered" variety has 8 ray petals and about 
lg0 ? disc florets which open successively fi'om the periphery of the disc 
inwards. The ray florcts of all varieties I have seen are sexually non- 
flmegional, and at the most bear only rudimentary $ sexual organs. 
Norton (1926), however, says some varieties produce seed in the ray 
flowers. 

The Namen.ts of the stamens are elastic and allow tlm anthers and 
their 5-valved membraneous covering Co be extruded above the corolla 
tube by the growth of the style ~dthin. Dehiscence is accompanied by 
the liberation of the stigmas through the summit of t he  membrane and 
~dthdrawal of the s tamens-- the  stigmas emerging covered with abmldan~ 
pollen. In fine weather the stigmas are probably receptive a few hem's 
later. 

The smallness of the floret and early dehiscence of the anthers make 
emascNation impracticable. 

Each flower head is potentially able Co set about 150 seeds, but  for 
varim~s reasons more than. 90 seeds rarely develop 1ruder natm'aI con- 
ditions. As far as possible, cross-pollinations have been made when all 
'the stigmas of the disc florets were expanded. The inclemency of the 

i Siiloe going ~o press I have ,seen the paper by Bux~on and Darbishiro "On ~tm 
Bohaviour of 'Anghooyanins' a~ varying I:[ydrogondo n Concentrations" (Journ. Ge~. xxL 
1). I~ is inbrosting ~o nob ~hL~g Hloso an~hors, in ~hoir expm'imonb on ant;hooyanhl oolours 
of v~rious ~lOWOl'8, ~ound them go fall into awe disgino~, main groups wi~h whioh Hm 
reaoHons of the two DMllia anthooyanins olosely oorresl~ond. 
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\veablH~r has o]!l~eJl l)reveui:,edl tltc ehok~(~ oi! I:bi,~ i(hml I:illle l!~I' l)<>llim~.I:,[(>u, 
hence the smalh,:r :I1uml>e]'s oi! sec'd,~ M~l.ailm(l ill (~O:I'l.aill CI'OSS(~,~. 

s :#,'n,d, c,m,~',~'-,M,c<n~ul:~d,Z&,#::#/. D(:tai](,(l l'eeoI'(Is ]l~v(: l)(~(':ll I<(:;l)i oI! 
t~he sel[-I)oll iua.l; iou ol; ,18 dlist~i~](K: val'iei:,ii;s. 217 (:apitula Ila.vl; bo(m 
sdf:.'dl- the equivaleul,  el! over 2S,O()O fhn'ets gig. hag :1~;~ s(;uds or 
0'47 per eml.t. O[ t;hese 1'32 seedn !)5 gcru iua ;.'dl. '[!he ~l.verag(; llLL[I/[)cr 01! 
8elfed seedlhtgs reaching nmistt:i:ity is (m]y 0.25 per oe]tt. (>~ l:.]te :[lowers 
pollinated. ~Nortson (]99,6) also records that  I!rom about :30 varieties sell'/;d[ 
he only obtained seed[ h'om one. 

The plants raised[ h'om sdw were usually smaller and lass vigorous 
than the average. Two which were identical in every l'espeet with theil' 
parents were undoubtedly apogamous seedli,~gs. I have not yet  s@@1l 
any two plants in the families I have l'aised which wel'e nob to be dis- 
binguished one h'Oln, the other. 

Of the plants obtained from selfing, G0 were h'om 3 individuals. 
These gave .(1) 9,0 plants h'om the sel~ng ot! mol'e than 9,7 eapitula, 
(2) 9,9 plants from 43 eapitttla and (3) 8 plaints fl:om 20 eapitula respec- 
tively.. The reason for the into:ease in sdbfel'ti]ity in these three [11stances 
is not clear, and seems to be mmsna]--most  ot! the plants tested here1' 
givillg rise to a single seed[. In addRion to the ].'eeorded sel~ings several 
other varieties have been selfed, no seed[ setting whatever. 

For all practical pnrt)oses the occasions when a p]ant's pollen will 
compete sneoessfn]]y with that  introduced in cont].'ol]ed cross-pollina- 
tion are so rare that  they may be igno~'ed. No such instance has been 
de~ected in these experiments. 

Since both pollen and ovules--m" at least a high pl'opol'tion of them 
--are fnnetiona], it is evident tha t  the faihu'e to olotain seed from self- 
pollination is due to sd~-ineompatibilRy. Cross-ineompatil0ility h'e- 
quenbly eaton's, and sometimes eo~sstitutes a 11andieap t.o close ])]'eeding. 
A u  at templ ;  was made l;o ob ta in  iH:l!o]'mation r % a r d i n g  sel:[- and al'oss- 

[)ut~ was abalidlouc, dl beca ttse oF: f he eon:zpl<,xit:,y <)t: t:,[te 
results, {;g. a~d,E;d seedtlings have', been eomlm.t:.il)]e as males <)]l t:h(;i]' 
mother  })tt~,,1.~.~: Pailedt wheu th(; redi)rocal (:ross was lua(lc. The i>coln- 
l<atitoil it> s~:~;~' ~'~f'~Oml)lctse or t) 'u ' is ial--"one' wa,y " iucol//1)r,t,il;)ilii:y ott cn 
oeeurr iug-- l~hl ,  I'ttl;er p]len(HueHon t]ou])tlc'ss due t,() p(Hyl)l() idy. 

./~l,~l,~w~,e '~:'H,/~r'~:l,~l,J~.c('. T]Io :l iar(rues Sc'C'lll(~(I {:h(', (:4/,si(t,~i, (:]/a,l"~,f:b('l',~ t,(l 
work with all>hough ~o simt)h'~ solui>ion o1! their i~h(wil.an(:~ was uzl)(,<,{.(,(I , 
si.(:e., as :1 have showa~ lat~er :iu (>his paper, (',ylol(>~u;i<'al, (!x{1,lililY/,{:,i()ll 1)Y()vc,% 
the gardle:n dl'dtlia Ix, 1oe ~.~] (mtxq)ld(I. 

The (lal;'~ tx) I)u t)r(~'sc~t(:(I wi l l  show (,h'~t; tb(: il]]]ol'iis{/,llCe ()[ ii~i,V()I]C,,~ is 
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governed  by  two indepeuden t  faetoz's ...... Y lot y d l o w  and Z for ivory  
flavone, so t,M~t YI and Yi pl 'mts ihave yd]ow,  //I ivory  and #i white 
flowc:l:s. 

]f is carried l)y ]our ]lomo]ogotts chromosomes, which, assorting at 
random dtu'ing meiosis, give te t rasomie segregation of Y. 

I is also ten ta t ive ly  assumed to be carried by  fern' chromosomes for 
reasons to be s ta ted later, ]] t i t ,  so far, disomie segregation only has 
occurred for this factor. 

Table  I shows the Fa's f rom crosses between whites, ivories and yellows. 

TABLE I. 
Expcctatiou from 
tctrasomic segre- 
gatiou of Y aud  
disomic segr%a- 

F 1 tion of f 

Faro. o ~ Seeds 4a, ted Plants Yellow Ivory Wlfite Yellow Ivory White 

9 / 2 8  3 5 / 2 6  32/26 'i~i 37  35 - -  5* 3 0  - -  - -  35 
(whRe) (whir6) 
yyyyi~ yyyyll 

i0/28 32/2(] White Star 35 31 31 -- 16 15 -- 15.5 15.5 
and (whRe) (ivory) 

12/2S ?/YYSf YYY,qZf 
40/28 35/2(~ 229/27 55 52 50 41 5 4: ~[i.6 ,I.i(3 4.1(3 

(white) (yellow) 
yyyyz'i Y YyyY; 

41/28 32/26 31~/27 5~ 38 36' I' 15 9 ii 17'5 8'75 8'75 
(white) (ydlow) 
yyyy// Yyyy/z' 

6/28 14/2(3 Ideal 52 51 512 ~19 0 0 ~9 0 0 
(yellow) (yellow) 
Y Y Yyfi YYYSI 

* See text. '~ 1 plaut tmreeorded for eolom'. :) 2 plants um'eeorded for eolom'. 

From Families 10 and 12/28 it is ob~dous that the difference between 
ivory  and white, in this instance, is the presence and absence of a single 
factor ,  I, for ivory.  

On this assumption there  should have been no ivories in :['amiIy 9/28, 
and t[he discrepancy remained unexl~lained unti l  it was discovered tha t  
the 1)a.rel]t 35/26 was ~.~ l~losaic of ivorj~ alld white, i"~ltlnerotts flowers 
of this plant  have sil/~e l]eel~ tested and the Ia.rgc, major i ty  [ound to ]~c 
white'. Occ~.siom~.IIy h~ory-ra.yed capihth, have be~',~ fott,~d--intt  when 
ivory occurs it. is usua.II.y a.s a. }~ortio~l ot a. ea.])ii,uItut~ or ])l;taI. ]]1 the 
next  el'oss il  will t~c Holioed that the cai~i[ttIm,~ oil 35/2(~ used was, 
genctica.IIy, pure while. 

In Ih.mi[y ,[0/% the; ra.tio oI! I l ydIows : 5 ivo~'ies : l: wl~itee is ~, dose 
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a pprOximatimi to the segregation expected from random assortment 
when parmlts of tire constitution ~iy:~/?/y and I~ Y Yy~/are used. An a t tempt  
was made to ' identify differences between the 41 yellows, t>lt although 
there were obviously slight differences in shade, the similarity was too 
great to allow of further classification. Of the (~ve ivories one was 
do n.btful, the reaction with ammonia being weak and patchy (]possibly 
the result of mosaieism?). 

The germination of seed in family 41/28 is poorer becallsc the "ab= 
normal whi te"  eondRion, involved in tlzis and ccrtaill other crosses (but 
not included in  tlle figm:es) is usually associated wRh lessened viability. 
Nevertheless the deviation fi'om the expected ratio is small. The yellow 
parel~t may be assigned the factorial constitution I~Yyyy. 

The next family (6/28) was a]] ye]]ou ..... but slnowed 3 distinct in- 
l;e:ns:ities with miller differences of dist:l:ibnt;io]~ and shade. The three 
grouPS co:nsi.%ed of 271 plants pra.ctically identical in colour with t hd r  
mother, 713 paler :rod 1<1 clecpcz: ( I  J tmclassiff(</). Several inst;a~ecs of 
somat ic mttl,g~l, ion wcrc notie{~d and t:cst:ed 5 pl:mt,s sllou.'ing wh i t e  ~md 
2 i vo ry  .qceto,'s. The m~lc l)ar<~t ":l:dozd " o[t(m shows Slmtll tuacolottrcd 
sceto,'s. I t  is ,,or qttitc e{~rtaill whcth<' l,hr ~u> uhitc, el' ivory (~lhh'ly 
h~rgc sector is required for a sg~iisfa.ct.ory t;os[. \vit;]l a,]??ln(:)ltitb), but  if, is 
probable t ha t  "Ideal " sports \vhit(~ >~ctors. T]l{~ 9 lugs rio, v<'  el)eL'reel. 

Am shown lat(;r (Faro. 32/27) "Id<~]" is i)l'O]m.])ly Y.[/:q:q.?'.?'. Thus the 
i , ,d iv idt ta ls :t'cvc,:l, l ing a whi t~ grottud w]l~m I" is a bs,,d; i,l ]7'g~m. W~,-,~ 
can on ly  l)c (h;r ivcd [l'OlYl a ])]fLill[; (,Z[.C. 14/%)})l 'O(Itt( ', i l lg ',( g~LI]I(~,[,(}S. I t  
:l!ollows thc,'cfo,'c thai, 71 d/26 is t )ro]ml) ly ] l (d,{ : rozygotts [O~' ] .  

In  Tabh; I I  arc ,qhoww var ious c, ross~:s l~la.(Ic \vit]~ :1.1/2(3. Tt~c other 
pa,'e,,ts ea,','ied a, , thoeyanin which is t!or t l >  i)r(~s(mt igl tOl 'e( i ,  th(; ~la, v(::,ll(; 
g roa. ( Is  on ly  being co~sid(~ ' ( , / I . "  [JnioH Ja(.,l<;" 31/2(3 a ,d  5i  5 a.t'c ~11 

TAI,LI~ I I .  
6hn'mi- "~%llow :l:voEv 

]i'ant. ? d ~ Seeds nai.cd :1)]~11{;,,~ grolmd ffrmmd 
23/27 14/26 Unimt Jack ] ,t:6 l 2(; 126 l ")5 l ? 
a,:nd (yellOw) (yellow ground) 

24/27 :Y :l" :Ky Y!t!l,q 
38/28 Union Jack  14:/26 61: 50 49 49 0 
al:[rl (yellow ground) (yellow) 

39/28 Yyyy I" Y Yy 
4/28 14/26 36/26 109 81 79 78 1 
�9 and (yellow) (ivory ground) 
5/28 Y Y Yl/ Y!tYY t I  

1.5/26 14:/26 M 5 57 57 57 57 0 
(yellow) (yellow ground) 

I ' Y Y y  ? Tetra] "309 1 + ? 1 
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known to p]:oduce gametes recessive for Y, while 36/26 has 8 i l  ivory 
ground. I-Icnce if ]~i/26 produced non-yellow game1,cs, ivories or  whRes 
should q?pear in Fx. Ou1, of 3]] ]?Imlts only 1 had an ivory ground. 
A]~odlcr was scored easier M these experiments as " ? pm'plislx-magen1,a," 
but almost certailfly had not a,n ivory ground. 

Tl~esc results seem to indicate thai, 1~L/26 is triplex* (YYY~/) or 
qtmdriplex (Y YI7 Y) for I% producing ]~otlfing but yellow grounds when 
crossed with other plants. In family 5/28, however, an ivory-ground 
individual appeared in the F s of the cross (14/26 Y Y g(Y)y x 36/26 yyyy). 
If we assume ]4 / ]6  1~o be triplex for Y 1,he m~expec1,ed ivory plan1, could 
then have a:iscn by (1) non-di@mction, nI1,ima1,ely giving rise 1,o a 
zygote deficient in the Y~j chromosome set, or (2) irregnlarRy of dis- 
junction in JJe eqaatioual division, bringing about Y Y and yy instead 
of :gg gametes% 

U]ffol'tu]mt.e]y a chromosome comlt was not made o:t' 1,his unexpected 
recc.~siv{: hldividurs]. Simibl.l' exceptiomsl ::'ccessives, howeve:r, are b{;ing 
{;<~/mim'A. 

l~lab>l@~, l~(illi,lg and F~L,'nlmm (]923) {mc(mnt{~]:{~{I pP{~cis{~ly tlm 
.~B]~m iri'{~gllhsl'ity i ll t]mi l' wol'], ~ on the tctraploi(t l)atl[]:as. The {3hl:oll]o- 
S(}lll{~ 1111~]113{~]' O]! {)\V(} (}t! t h e  llll(~,xp(Bctc(} l'(~c{;Bgi vc  in(livi{htals w{~s normal. 
Tim {:x(:{~ldi(}lml I'{;C(TBsixr(2B I!O1'111 slightly (}vc]' 2 per COllt. oJ[ {]h13 o:[l!Sl)ring 
wh(,,,l tlm t3;p{:/Ill/let iB bac]<-cI'o~.~{~(I 1,(} ctcr l)u1, wh{m tim sam{; triplex 
Vgt, l'i{3{;) r iS CI'(},BS{KI tO /lCt(((t o n l y  gl,1)(}111, ] I)o1' c{mt. (}IT {~K(~{~])ti(}llS al:o 

produc(:{I a {li:[?:<'{m(',{~ t(} b(', c• a.~ /la, ctct paP{mrs hav{~ only hall! 
1he mlml:}~',P (}t! ~a.m{,,{(~ ot)th(,, f(}l'mnla r~r~. 

Tal)h~ ]]]  shows d>  i'{~,sult8 ot! tTul'dmr cro.~s{~,s ill which tim par{mi;s 
<'198 ' { ha{I iv(}Ey of y{'llow gr(nl,l(Is. Ill tTa.mili{~,s {,/~ an{I 71:1/28, 1(}/28 and 

17/28 th{', l:{'mah: imp{mr in (,ach cg~sc, iB pl'obably homozygons for I Billet 
11(} \Vhi{)0S :l.])[){'.{l.l' whcll ~ Whig{: Stm'" (/'i) i8 nsc(t as a lllal{L ]M[ 2 (:t!amily 
I7/28) is cvidentl:y simpl{',.\- (:YU~/F) [el' [F. 

[i',dhm, iag 13M{{~sl{~o, : lbl l iHg m~{l l%u'tlham (1923) {;he I;m'ms {luad~:il}h;x ( Y Y I ' :g),  
h'lph~x ( Y Y];2//), (hq}lcx (YFWt),  siml}lcx (F!t!/tf) and mflI l ]} lex (!IY!I!J a,rB used I;o {lmml;e, 
ill~ gellOCi(} { OllSii[mi;ioll el 1}hulls {ml'Pyil]g Ila:voBc and aul;hocyanin [a,{d;or8. 

'-' \Viih l'efol'ellO[ ] [O She hlJ!el'ell{}O [hR[s N/2.(i is {;riplox fop Y il; is proha, bly signilloa,nt 
dmC in family 5/28 certain plants which had pMo orange ilowers with yellow grmmds were 
observed to sl?ort magent~ seeto:'s (to. d:e yellow gronnd ohanged to ivory). If this 
sport ing be due to d:o loss of a Y lacier  or ehl 'omosome it wonld only become, a,plm,ronl~ 
in indixddnals simplex for I", and such could only have appeared in this f~mily if 14/26 
produced I':q gametes.  

Mulat[ons similar ~o d~e above have been observed in as m a n y  ~s seven different 
families, bug in every ease 1hey have alison only in :r~milies whioh are known go include 
forms simplex for I2 
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i i I~S 
i ~;i:.'n 

:I2/q7 

:;oi27 

!i! <J' 
;16/2(i \,V hilse ~ IJa.r 

( i v o r y  !~r(Hli id) (i vol:,y) 
Vly!/y[ / ?lY/lyl7 

~'l: S Wlli l;o SLa, I' 
(i V til',y ,~l'(i/ l l l([) (i VIII 'y) 

/f;q/f/f [ l Y//!I!l/'i 
g[ 2 Wll;lx: ~[;il, l' 

TABI~I i ]  H I .  
p':~ l i]x liecl;a,I)ion 

( liWliii- Yu l low Ivm'y  Ye l low I v o r y  
~oo(Is II:l,{;cd l>la, ll{;,~ Q;i'mili([,<4 7;i'(lUll(I.q 1,;l'OUlid,q gi ' ( i l i l l ( Is 

d9 39 :ill I) 39 0 29 

3S 33 27 (} 27 I) 27 

,~ I , 2 1 . 5  ,tS d3 d:l 21 22 ~ 5 
(ycl[~/~ gvmmd) (ivory) 

Yy,qHl I y!ly#li 
{bdoH ,ia,ck hleaJ I I I0 8 7 I (; 2 

(ye | |ow gr lmu( l )  (yclhm,) 
:U//!/!/ Yyy! l i i  

Cfnhm Jack  :{2/26 11 !) 7 4: 3 "~,5 3.5 
(yellow ground)  (whir.e) 

Y?IY]/ yyyy~t, 

The numbers of family 32/27 ix Table III, though small, are of some 
value in that, apart from irregularities, the occurrence of an ivory indi- 
vidual in family 32/27implies the production Of non-yellow gametes by 
"tdeM," which must be duplex or simplex for Y. This is in accordance 
with expectation, for the white sectors which "Ideal"  sports are prob- 
ably due to the loss of a Y factor in the soma of a plant which is simplex 
for )7, thereby revealing ~he white ground. 

Before proceeding to the survey of other details relating to the cross- 
pollination of dahlias for flavone inherRance, two Fl's from selfing must 
be mentioned. 

The first of these was fi'om a natm'al seedling of "Union Jack "--2v/2~. 
From the selfing of more than 27 capitula 20 plants were raised. 2v/2~1 is a 
purplish variety and all of the F 1 plants were magenta or purplish, i.e. 
the plant probably breeds true for ivory grmmd. 

Ix the second instance h'om the selfing of 43 capitula of "Union Jack"  
29 plants were raised. 21 of these had yellow grounds, the remaining 
8 ivory--approximately 8 yellows to 1 ivory. An individual of the 
constitution Y'yyy selfed would give this result. 

Turning now to Table IV we may see how far the cross-pollinations 
directly or indirectly involving "Union Jack"  and 2v/2~1: agree with expec- 
ta,tion. 

Soedli.gs 1V25 and ]~/25 wcrc from '<UlfiOn Jack"' solI!ud. ]I./25 has 
an ivory ground a, nd crossed with ]"'/25 ga.ve a, IN~roxima.tcly 5 yellow 
~r~mitds : 71 i vo ry .  T l l i s  indica, tcs l, ha,t ]z/25 is dup lex  t!or ) f  a, nd shonhl  
<@ve a n  ];I : ]. ra,t io of ye l l ow  to i v o r y  gi 'o~t ; l ids  whe, n ha, ok-crossed to 
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3,t,/27, 1"/25 Union Jack 
35/27, (yellow (yellow 
29/27 ground) ground) 
an d Y Yyy Yyyy 

56/28 
36/27 1~/25 1~/25 

(yellow (ivory 
ground) ground) 

y I~yy yYyy 
37/27 1"]25 2~/24: 

(yellow (ivory 
grolmd) ground) 
YI~/y yyyylI 

22/27 Glenshee* Union Jack 
(yellow (yellow 
ground) gromld) 
y:l?/y Y,vyy 

26/27 Union Jack 3,t/26 
and (yellow (yellow 

31/27 gromld) ground) 
Yyyy :Y :l~jy 

TABLE IV. 
~a Expectation 
.A A 

Germi, Yellow Ivory ~ Yellow Ivory 
Seeds hated Pla.u~s grounds grounds gronnds gromlcls 
190 151. 148 134. 14 135 ,67  12.:~ 

29 21 20 16 4 16-7 3.3 

80 66 52 4-9 3 43.33 8-6 

90' 78 76"[" 64 12 63-34 12-6 
(on a 5 : 1 ra~io 

see ~ex~) 

99 75 7 4  66 8 67-84 6-16 

* Glenshee self6d gave one pale magellga with an ivory grmmd. 
1" 2 plangs desgroyed. 

"Union Jack." The actual figures agree almost perfectly. In family36/27 
the expected numbers are closely approached, as also in the cross "Union 
Jack"  • 34/26 if we assume that 34/26 is duplex for Y. 

The two remaining families show unexpected reslflts. 
The appearance of ivories in family 22/27 shows that "Glenshee" 

must be duplex or simplex for Y. The El, however, gives a perfect 5 : 1 
ratio, a result which would be obtained if a plant duplex for Y were 
crossed with the quadruple recessive yyyy. 

East (1925) and his co-workers discovered sterility 1 factors in 
N@otiana Sande~'ae of such a ldnd that a plant carrying a factor S 1 
inhibited the growth of all $i .potlen in its styles. Thus in a cross 
S~$2 x $2S 3 only $3 pollen coldd penetrate the stylar tissue of the  
female to unite with S~ or S~ ovnles, hi  1926 Brieger and lgangetsdorf 
reported linkage between a colonr factor C and the sterility factor S~. In 
certain crosses involving the linked factors only the non-colollred pollen 
- -apar t  from crossing over--was effective--e.g. ~he cross S~ cS2 c x Sa c,5'~C 
gave i n / ~  75 per cent. of whites instead of equal numbers of coloured 
and whites. 

1 Or, more eorreet~ly, "incompatibility" h~e~ors. 
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"s and "Union J a c k "  are one-way incompatibles ; '< Glen- 
shee" always setting abundant seed when crossed by <<Union Jack,"  but 
the redprocal cross rarely producing any seed. Hence adopting East 's 
interpretation of incompatibility these two varieties must carry a sterility 
factor 09) common to both. If we assume that  the factor I" is linked with 
a sterility factor ~3' which "(4-1enshee" also carries, then no Y pollen can 
penetra,te the styles of the mother (unless crossing over coon.re in. the male), 
~md only non-yellow gametes will effect fertilisation. ]rive yellows to every 
ivory will tlms appear i~ the F 1 Where an 11 : 1 ratio Was to be expected. 
Apparently no cross-overs have ocem'red in family 22/27, so tha t  the 
particLflar factors for sterility and[ colour lie close together in the chromo- 
some carrying them. 

This interpretation of the unexpected ratio in family 22/27 awaits 
proof, bill is advanced as the most plausible hypothesis in the light of 
present knowledge. 

Family 37/27 also exhibits a marked deviation from expsct:a,tion (i.e. 
,5 yellows : ] ivory). In this instance the p~re:nts are not comlfletely one- 
way ineoml)~tibles, al{;hotlgh 2v/24 is distinctly less effective as a male:L 

l i t  t h e  inst;,<mces so :J!a.r I ) r e s e n t e d  the resu l t s  seo l l l  fairly a inena ,  b le  t o  

inOorltrot4tt,  ion .  O n e  Ol+OSS renia.in,<-;, however, which ga, ve cO]OllrS i n t o r -  

l l lo( t ia{ ,e beO\veen j . ' d l o w  a.n(I i\sOl'y. 

~' ' V .  ] A 171 ,l!, 

l!%ns. 2/28 and 3/28 ([ I]2l~ (ycflh~w) } r ) , ) . / / / i  X -White Sta, r (lyre'y) ;q;q;q;q[,;). 

OoIom' 2/28 3/28 To/.a.l 

\Vhi~e [ () [ 
I ve t  5, 0 d: 4 
C.rcam 1,o ivo ry  2 [ 3 
(h'c~m 6 5 [ I 
I;h'i m rose Co cu'cam 8 6 ld 
th'i m i'o<~o [ 9 [ 3 32 
Du'cl)(,l' pH ml'oso 2 3 5 
3'%llmv of ? (i t) 12 
l)~ellor ) ollmv [ I 2. 

'l'ot~[<~ ID 39 81 

I/.oma.rks 

Ira.lug s t r eaks  oI! iw)ry  

2/28 55 seeda, 50 gm'miH,.ted. 4:5 phutl.s 
3/28 47seeds ,  4:3gormhi:~h~d, 39 phmt>s 

Other pollinations ill wlJch |,he parents ] 4/~O and <' White S tar"  were 
used ga.ve yellows, ivories and whites, but when these two were crossed. 
toter, her a la.rge an'a.y of intermediate, flavone colonr forms appeared. 
From previous results it has been. assmned that  1~/26 is triplex for Y 
and heterozygous for I, and tha t  "Whi te  Stoat" is nulliplex for :Y and 
heterozygous for I. Hence no ivories or whites are to be expected in F1.. 

1 ;[n thi.~ oonnect.lon ace also CrallO and  L a w r e n c e  (1929). 

Jou rn .  of Gen. x x I  I0 
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The individuals scored as , c r eam to ivory"  and "primrose to cream" 
are (a) cream and (b) primrose at the base of the petals di:ffu.sing to 
ivory and cream at the ~ips respectively. Distribu~ion factors are 
most probably responsible for these patterns. Reckoning ~he cream to 
ivories with. the creams, and the prilm'ose to creams with the primroses, 
we have l? white, 4- ivories, 1,t creams, 51 primroses and 14 yellows. 
If 14/26 is triplex for Y the fore' ivories (all. in family 3/28) may have 
arisen from irregNarity of division in the egg mother cells (as described 
on p. ].38). The origin of the one white is problematical. 

At first sight the presence of the cream and primrose indix~iduals 
might be assumed to be due to the interaction of Y and I. Families 
40/28 and 41/28 provide some evidence in this direction. 

Family 40/28, derived from the crossing of YYyyIi and yyyyii, should 
consist of plants duplex and simplex for Y in the proportions 1 : ~L 
ttalf  of these plants would be recessive for I and half heterozygolm. AS 
related on p. 137 an a t tempt  was made to classify the 41 yellows in F 1, 
but the very slight differentiation encountered made this task im- 
possible. }Ience it follows tha t  there is virtually no difference in flower 
cololu' when I is present (or absent) with one or two Y factors. 

Family 41/28 confirms this suggestion. The 15 yellows should consist 
of YI and Yi plants in equal proportions. Differences were discernible 
in this family, but were too small to allow of any precise measurement. 
Again, when the yellows used: as parents were examined it was folmd 
tha t  the plants gyyyii (Ideal), Yyyyli (3P/27), ggyyli (229/27) and 
YYYyIi (14/26) were phenotypically the same foi' colom'. 

All the yellows in families 40 and 41/28, and  among the above 
parents, were deeper than primrose. If, therefore, the interaction of 
Y and I is resporLsible for the occm'rence of cream and primrose, the 
factorial constitution of the parents must be such that  the proportion 
of plants in/~1 scored as yellow sholdd be in the minority, i.e. the re- 
comhinations Yyyyii, YyyyIi, YYyyii, YYyyIi must not exceed a sixth of 
the whole. The constitution of " l ~ i t e  Star"  is clearly yyyyIi. Whatever 
factorial corLstitlltion be assigned to 14/26, and scoring all genotypes 
known to be yellow, no combination will give less than half of F 1 as 
yellows. 

Thus the interaction of Y and I is an insutficient explanation of the 
origin of the cream and prinn'ose varieties. I t  is possible that  a distri- 
b11tion factor, or factors, may in certain ca,see partially inhibit the 
production of yellow flavone, and in this connection the 14 creams : 51. 
primroses : 14 yellows may be a 1 : 4 : 1 ratio resldting from the tetra- 
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somic s(;gr(;gal, ion of a facl, or ])arl,ially su])])r(;ssing l)h(; formal)ion of 
yellow flavone. 

Th(: scoring of yd!ow,  ])ri:lm'os(: and cr(:am is also a dilIic.dl~ opera-  
bion, sine(; ma, ny  minor  dii]!('x(',lm(',s occur, and l)hc, line o1' dem{wca, l)ion is 
somet imes  ra)flmr ~a'bila'ary. 

SummariZing the breeding resnl ts  for :flavol:,es-+--934 planl)s 1 were 
raised f rom :i 1.6 crosses involv ing  the  factor  g for yel low flavone. 
Table  V I  shows l)11(; ag reement  be tween observa t ion  and  expec t a t i on  in 
the segregation of 

TABLE VI. 

P r o g e n y  Expeol~abion C','oodness 
" " of fig 

r Y -, ~ Y -, ]?aren gs y y P 

Yyyy x yyyy 40 45  42"5 42"5 .50 ~o "70 
Yyyy x Yyyy 28 9 27"7 9"2 "90 t~o "95 
Y Y y y  x yyyy 121 25 121.6 24"3 "90 t;o .95 
Y Yyy x Yyyy  200 22 203"5 18"5 "30 l~o '50 
Y Y ~ q  x yyyy or Yyyy 437 6 ( +  ? 1) 444 0 - -  

Six families show the inheritance of ivory flavone, and nine different 
parents were involved in making these crosses. 32/26 and 35/26 are re- 
cessive (/i) for ivory; "White Star," 229/27 and 31"~/27 are heterozygons 
(Ii); and 36/26, M8 and M 2 are homozygous dominants (II).  Three 
families were raised from crosses I i  • i i  and a segregation of 30 ivories : 30 
whil~es was obtained. 

In the facto presented no characteristic tetrasomie segregation of I 
has oeem'red, and from the above results it seems probable that the 
segregation of ivory eonfol'ms strictly to expectation based on disomie 
inheritance of the factor I. 

For  reasons discussed la ter  i t  is p r e snmed  t h a t  I is carr ied b y  fore: 
ch romosomes  whose relation is simh t h a t  antosyndesis  of I~ wi th  q and 
'i e wil~h 'i~ in individuMs o[ the const)itntion l i i i  gives t~ypical disomic 
ral)ios. 

As staged e~rlier, l)he mMn object) oI! t,hese experiment,s w~s t)he sl, mly 
of an a, bnorma] condil)ion of l,he flower, so l~hal)much o1! the da ta  re- 
lal, ing l)o :[lavon e inh eril,~n ce h as been (;xl, racl, ed l!rom resu] l)s o b Cain ed 
for anol, her ]mrpos(;. For  I~his reason I)h(; numbe r  of /r and F a families 
raised ]m,s not)b(;(m great), but)in Table  VH I)h(; relal, ion o[ s(;vm'al plant)s 
is in dicalx;d in gc,:l~ ealogical form. 

II, is nobeworl,hy I)ha, l, l,h(; 5 : 71 and 71 il : 71 rat ios  ol)l, ained in I)he 
s(:gr(:gabion o[ g are much nearer  (:x])(:cbabio~ based on a b(:la'asomic 

1 ()mil, l;ing faro .  37/27. 

l 0 - 2  
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[ AB 1~[!, V H. 

"14/26 
)~ Yyy 

x Uniou Jack gave 
66 Y : S y 

1 
P'/25 
YYYY 

Uniou ,h,,cl( . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (]l(mslmt~ 
YYy# 

(a) Selfed gave 
21 ZI' : S y 

(b) • yyy# ga,vc 
4 Y : 3 !1 

- -  12)25 
Y Yyy 

x Union Jack g a v e  
134 l" : 14 y 

x 11/25 g a v e  16 Y : 4 y 

Y Yyy 
x Uniou ilacl~ gave 

(14 : 2Y 12 :q' 

28 28 
YYYY 

31~/27 yyyy 229/27 yyyy 
Yyyy Y Yyy 

x y y y y  g a v e  x y y y y  g a v e  
15 Y : 2 0 y  41 Y: 9 y  

inherit~ance of Y than any expectation upon disomic or octosomic in- 
heritance. On p. 157 is appended for purposes of comparison a table 
shm~dng the segregat~ion expected h'om random assortment~ of 8 chromo- 
seines carrying the factor A, in certain back-crosses in an octoploid. 

(b) Anthocyanins. 
Eleven families involving inheritance of anthocyanin have been 

raised, nine of which were from crossing. The parents used and the 
remflts obtained are shown in Table VIII. The numbers are small, but in 
certain instances seem to be significanL 

Faro, 

23/27 and 24/27} 
38/28 and 39/28~" 
26/28 and 27/28 
4 # 8  and 5/28 
lV/2s 
1,/2s 
8/28 aml 11/28 
26/27 and 31/27 
32/27 
30/27 

TABLE Vlll. 

? 
2H24 (purple) 
U n i o n  Jack (scarlel~) 

U n i o n  Jack (scarle 0 

14:/26 (yellow) 
14/2{i (yellow) 
M 2 (dull searle0 
M 8 (purple) 
36/26 ( magen l~a) 
34,/26 (yellow) 
Uuion Jack  (scarlcI~) 
Uniou , lack (scarlet) 

No 
Anfllo- anl~ho- 

d ~ cyanin c y a n i u  

Se l fed  20 0 
Selfed 26 3 

14/26 (yellow) 143 32 

22~V27 (deep ora, uge) 53 I1 
36/2(i (magenta) 68 11 
Whil,e Sbar (ivory) 35 8 
Whil,c Siva,' ( ,, ) 23 4 
White ,SI)ar ( ,, ) 33 6 
Uniou ,lack (scarlet) 60 ld: 
Ideu,l (yellow) 6 2 
32/26 (white) 7 0 
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In all tlm crosses wlmro an F,  o1! 20 or more plants  was raised tlm 
ra[,io o1! eoloured go non-eoloured plani,s is approx imate ly  5 : 1. 

More critical evidence will l)e ol)taiued by summing the crosses in 
which the same colottred i)aren[, has been used. Thus, summal,ion of 
the individL,MS in the families where "Un ion  J a c k "  was the parenl; 
gives 216 colonred to 48 non-colom:ed. Similarly in l~he families where 
36/g6 was nsed the  total  is 101 : 17. The expectat ions on a 5 : 1 basis 
are 220 : 44 and 98 : 20 respectively.  I t  is singnlar t h a t  these resnlts 
shonld agree so perfect ly with the mos t  probable expectat ion.  Plants  
of the  eonst i tn t ion AAaa  for an thoeyan in  crossed to the qnadrnple  re- 
cessive aaaa wmfld give a 5 : 1 ratio.  

Apparen t ly  "Union Jack" shonld be dnplex for A, and if selfed 
shoMd give 35 eolonred to 1 non-eolom'ed plant.  The figm:es to hand,  
however,  are cont radic tory  since the aetnal resnlt is 26 eolonred to 
3 non-eolom'ed plants.  

The evidence is thns too meagre  to jnstify any eonelnsions on antho- 
eyanin, and the instances are here recorded only beeanse no detailed 
analysis of anthocyanin inheritance is at present  con templa ted  in this 
series of experimenfs on Dahlia. 

(3) CYTo~oaY. 

Ishikawa (1911) reported the chromosome nnmbers of D. variabilis 
and D. coronata to be 64 and 32 respectively. Belling (1924) fennel 
D. imperialis to have  32 chromosomes.  

I have  examined the following species and append their chromosome 
nmnbers .  

D. variabi~is 2n = 64 n = 32 
D. Merckii 2n = 36 n = i8  
D. Ma.~:oni 2n - 32 
D. coccinea 2n = 32 n =: 116 
D. co'ronata, 2 n -  32 
Bidens at,rosanguinea 2n 43 n ~-- 2d 
Hida, Igoa We'rct;Iei 2n -- ca. 311 

Ma/,,;oni and i'mperia, Iis do nol, {lower unl, il N o v e m b e r  December ,  and il, 
has not, bees possible l~o gel, pollen moiker-eell  (livisions of ikese l~\vo 
species. The oi,her species all ttower in [,he summer. Qood pollen mol~her- 
cell cotmi,s o1! co'ronata, have so l!ar been unol)tainat)le. 

The somat ic  corral, s were m'~cle f rom root  tips. Va,'ria, biIis and 
co'ronata wet'(; fixed in Newl, on's  mo(lifical,ion o1! Flemming.  The o[,]mr 
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species were fixed[ in a solution of 60 c.c. 1 per ceng. chromic acid, 
20 e.c. 2 per cent. osmic acid and 25 c.c. 5 per cent. glacial acegic acid-- 
which gave be bter results. Various fixatives were used for the pollen 
mo~her-cell material, ~he best results being obtained by Kihara's 
method (Carnoy 1 minute, followed by Flemming). 

Toxic-fig. l. Soma.l,h: divisions of polyploid Dahli,(, species. (a.) D. varlabili.% 6~1: chromo- 
somes, octoploid; (b) D. Mc~'c/cii, 36 chromosomes, hyper-teh't~lflold; (c) D. M~t:co~rl, 
32 chromosome.s, ~e~r~ploid; (d) D. coronala, 32 chromosoines, ~et, ra,ploid; de) D. coccinea, 
32 chromosomes, ~ebraplold. 

By trimming off the outer bracts and quartering the capi6ulum ~]le 
florets can be cu6 e~ bloc transversely or longi6udinally. Qui6e good 
fixations were obtained by this method although the fixing of individual 
florets gives more consistent results. Smear preparations were tried 
without success. 
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Embedded material Of root-tips was Cut at 10/~, and anthers at  14-/,. 
The sections were stained by Newton's gentian violet method. All 

Texl~-fig. 2. Mull~ivMent; assoeir~t~iou of chromosomes iu ~]le oeboploid D. vctriabiI,is (2n =64:). 
a-b, diMduosis (a, iucomple~e); c, side view nle~phase I;  d-g, polar views, me~q~llase I;  
h, polar view of met~pha~se II. 

drawings were m~de with the aid of an Abb6 camera htcida, a Leitz 
2 ram. objective (me. = l-i)  and a x 30 eyepiece. Magnification x 3700. 
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Every  stage from early prophase to interkinesis has been seen in the 
anthers of one floret. In an individual ]oeu]xLs the oldest ]?ellen mother 
cells are at the base, the stages ranging h'om diakinesis to metaphase 

f i rs t  division, metaphase to interkinesis, etc. 
D. va~'iabilis (2n = 64). Ishikawa (191.1) reported va~'iabilis to be a 

tetraploid species from the occurrence of " secondary"  association of 
the chromosomes in the second divisions of the va,rieties exa, mined. In 
the com:se of these experiments bhe chromosomes of eight v~rieties of 
the garden Dahlia, ]m, ve been counted in the pollen mother cells and 
:l!omtd to be rcgq~larly 32 pa, irs. Every variety showed ma, rked mn]tip]e 
association of. the chrotT~osonms t~,t)both :lit'st ~?,nd second divisions; 
A.t :lneta, l:)ha,se the degree o:1! this a,ssocia, tion va, ries :Iron1 the closest+ 
intilua, ey (a,s between biva, lent chromosomes) ix) the i)oint where 
it; eea, sos to be a,l)]m, ront, Qn:uh'iva,lents, soxiva, lents, hive, louts a, nd 
oeta, va, lents oemlr in a,])ln'OXintately this order el! frequency in the :lit'st 
division, oeta,v:~,lents being by Jar' the lea, st f.'eqnent. Side views el! 
met+H)ha,se I)la, tes exhibit reglda, t'+ty in the line np t!or division. At 
a,na, l)l:la,se t;]]e luovement el! t;]m chromosomes to the I)oles ])roeee(Is with 
mneh ll.ii!o,'mity; la,gga,,'(Is ha, re  here,' bee:n seen. T],e strong a,ssoeb, tion 
a,n(I la,,'gc mlmbc,' ()IT eh,'o.,oson,cs .,a,ke i t  (liilienlt to (Ictc,'.,inC a,n(I 
(Ira, w side views o[ (livisions; nevertheless the numerous mnltiva, lents 
a,I most inva,,'b,bly (livi(le ,'cgnb,,'ly. A. high ])e,'een rage of the pollen is 
good. 

The a,ssoeia, tii)n of eh,'o.,oson,cs evcn tnd ly  going to one ])olc is not 
n oeessa, rily tho sa, luo t~,s th a,t el! t],oi r rOSl)eetivo ])a, rt n or:s, a, (I iffet'en tie, tic n 
I)Ossibly,/mr not nocessa, rily, due to differences o[ genetiet~l rela, tionshi]). 

In. the secon.d.d.ivision the chromosomes a,t'o commonly tmssocitmted 
in. twos and threes. 

lilt is highly probable tha t  the so-called "seeonda,ry" association o:[ 
bivalents at metaphase results h'om conjugation of homolog0ns chromo- 
somos at synapsis, dm'ing which I have seen ehiasmata between what  
were evidently fmu' chromosomes. Again, at mid to late diakinesis 
ehiasmata have been clearly visible between bivalents and quadri- 
relents,  though  often, they cannot be seen. The smallness of +he chromo- 
somes, coupled, with the at tenuated condition of the interconnecting 
strands, make it improbable tha t  they will coma.only be discerned in 
this material. In the other Dahlia species examined multivalents are 
decidedly less obvious at diakinesis than at :metaphase. 

I t  was this apparent diseontinnity of the bivalents involved in 
multiple assdeiation, at diakinesis th.at led Darli~gton.(1928) in his studies 



Texl~-fig. 3. Association of chromosomes ill dialdnesis of l~he oel~oploid D. variabilis 
2n=64:.' ]]lusl;r~bions seleel~ed from v~u'ious meiotic figures, a-b, chi~smt~b,~ between 
]?~ired chromosomes; c mid e, l~ermin~l chi~sm~l~,~ in qn~drivalenl;s; d, f-o,  sl;~ges 
leadh~g 1;o l~he end-l~o-eltd assoeial~ion of biwlenl~s ~1; mel~,~plmse. A single l~ermin~l 
ehiasm~ persisl~ing; p, l~ypieal chromosome pMrs a.l~ mel~ph~se ;f, side view; q-~t, 
quadrivtden~ss; v, sexivalenl~; w, oel~aw~lenl; (polr~r view, mel~al?ha.se);.;c , side view of 
qnadrivalenl; and bivalenl; a,l; e~l'ly anal?lmse showing sub-l~ermina,1 and sub-median 
elliasm~l~a resl?eel~ively. 
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on t),rw~'tus, to ascribe the phenomenml to a ]?ost-synaptic inituence. In  
more recent work on I:[yac~nthus and T,u,l,@a Newton and Darlington 
(11929) have shown in detail thle m~tm'e o]! conjugation bel)ween more 
tlm, a two homologous chromosomes. The associa, tion, a,t, the reduction 
divisions, o:17 more tlm, n two ]:~omologous cllromoson,es, is Mso discussed 
by Meur:ln :l,:n (i1929) w h o con cludes :l!:l:om llis sl~ud y o:1! P,r,u,,n, us/,<~,'~l,,roea,ra, s',,s 
l, tm.l~ this pa,iring is the resull, o1! il, rea,1 sylll/,l)l,ic conjuga,tion o:1! /,he 
ct-.romoson~es. Ill, is proba, ble [,ha, l, [,lEe tenuous im, l,m.e o:1! the connecting 
strit,]+ds be/,ween mnit,ll chl 'oniosoli les pl'evenl,s discern]he:hi, o1! the physiclt,l 
cont , in i i i ty  ex is t ing {I, nioE]g l,ho ind iv id  Ela,] co]npoim]]l,s o:1! mult iva, ienl;  
ii,ssocia,tions. 11111 ] i ioro su i tab le ]lEii, l,orill,l th is COlEI,ilEUiI,Z ClI, IE be dollEOn- 
S0]'il,[,ed. 

The chromosomes o1! .Da, hl, Ta, a,re too small to ])ermil, o:1! a crii,ica,l 
s tudy o:1! synal)sis. Conjuga, l,ion is evidently l)il,ra, synil,l)tic , Bile single 
threads lying side by side in va,rious degrees el! a, ssocia, tion. 

The subsequent, developnieni ,  o:1! bi vll,lenl,s ll, nd muli,ivll,lenl~s is Jigured 
in Texl,-f lg. 3. AI, pli, chyl,  oiEe l,ho ])il,il'ocl O] lronlosoinos l ie side by  side, 
bEI~ {I,S l;]le ehE.onEl/,l, in  eolli,E'll, cl,s t, he chill,smal~lt {I,]'e either broken ,or 
pushed a,long the chromosomes unt, il l~e]'minILl clii~snia&l, alone reins,in. 
The paired chromosomes now begin to swing apart, at one end, a,nd 
lmally lie end go end with a single cNasma begween them. The terminal 
chiasmata are ~dsible ~g every sgage oJ~ dialdnesis, and, though lost sight 
of ug megaphase, somegimes become evideng again as ghe paired chromo- 
seines plfll aparg in early anaphase. 

The developmeng of the mttlgivaleng bodies is natttrally more variable. 
7ffrom earliest diakinesis mNtivaleng associations may be discerned. The 
pairing between the components, each go each, is variable, and probably 
results from differences of chiasma formagion and developmcng. 

Coungs made in dialdnesis reveal many less ghan 32 bodies; as few 
as 13 and 1~ have been counted. The average number w e n d  seem to 
be somewhere begween 15 and 20. These bodies differ in size, and as 
dialdnesis proceeds ~he larger are seen go be compmmd, gheir cona- 
ponengs separaging go give rise go ghe characgeristic mtflgivalent bodies 
seen at late diakinesis,, and to the bivalents assoeiaged at metaphase. 

D. Merdd7 (2n = 36) is a very distincg species and the only one I 
have seen with fertile ray floregs. 

The pollen m0ghei' cells axe nogiceably smaller than in D. va'riat)il,,~;s. 
Qaadrivalengs are seen in diakinesis, and especially ag meta,pha,sc of the 
tirsg division. Each of gbe two exgra pairs of chromosomes is homologous 
with a quadrivalent group, forming two sexivalent associations. These 
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may  be seen in most metaphase plates. It is noteworthy that the self- 
fertility of Me;'c~:i'i is not ~]?preoiably affected by the additio:n of these 
roar e]~d'omosomes. 

Text-fig. 4. D. ~Ue'rcldi. A hyper-~e~r~q)loid species (2,~..--36). a -d ,  polar  vicars of nines,- 
phase ] showing se, xivalen f,, (]ua.d riw~lenl} ~11(1 bivalcn 1) a,ssocia,[;iOl~ of I;]lo chroln()somca; 
r', i/char vlcw of h~,~e aua~l)lmsc I. 

I ) .  (',ocW,,c(~, (2n -- 32). Mull~it) le ~,ssociu, l~ion is less nol~i(x~u, b le l~hu, n 
i~ ~ny  o[ Lhe, ~f)(~cies e, xamin(~(I, but, ma, n y  qmull : ivalenl~s hav(~ b(~(m 
obs<~rv(~], rPh(~ pol len moLhet" cells a, re M)oul~ l~he sa, me size a,s I;hose o1! 
1). <]'I <'~'<~/,'./i. 

T~i~-fi~. 5. ]~h:d~,fl, a.m| quadrb.,aJenC a.ssoch~Lion o[ chr'omoaomc,.~ in Lhe LcLra.ploh] 
L). c+~cin~'u. (2~,: "12). Pola,r views of mc~qHmsc [. 

L3,idc;;.s' at,~'o,+'~+,y~;dnea, (2n :-:.: 48). This i>]-ml3 w,'~s examined bec-u:~se of 
th(~ SLLperIiCia,] re, sembl'mce it bears to ]3. Me,rd~;~i~i. A root%ip ooanl3 
gave t,he somatic number as approximate]y 48, which was ]a~er confirmed 
by a pollen mother co]] count of 24:. @onsiderab]e irregularity o:[ the 
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divisions was apparent and  midtiple association was also marked. 
I have attempted to cross Bidens at~'osangui~zea and Dahlia Me~'clcii but 
without success. The Ga~'dene~"s Ch~'on'ide (].910) records that a ]~{r 
Gumbleton, of Cork Co., raised 500 seedlings of B. at~'osanguinea, 25 of 
which were white. The others were pro'pie, rose and pink. 

Hidalgoa We~'cldii (2n = ca. 3].). This plant was examined because 
of its systematic relation to Dabble. The peculiar sexual differentiation 
of the eapitnla seemed to indicate a polyploid and hybrid constitution, 
and dm cytological evidence bears this out. 

DISCUSSION. 

The identification of characters which would definitely Separate 
D. va~'iabilis from all other Dahlia species in any systematic scheme has 
always been a difficulty. 

]:Iemsley (1879), in addition to discussing the vague characteristics 
of the garden Dahlia, gives an excellent account of the variation to be 
found in the germs, and mentions a few of the many conjectures which 
have been advanced as to the origin of D. va,~'iabilis. Undoubtedly, 
much of the early eonhmion arose from careless naming of plants by 
hortieultm'ists, since the original species introduced were perfectly dis- 
tinct. Thns, coccinea,, grown side by side with va~'iabilis, can in no wise 
be confused with it, although these two have been subjects of frequent 
contention. 

Cytological examination has made the problem of relationship and 
phylogeny easier to solve, though much more work is necessary to 
warrant any certainty of opinion. 

The oecm'rence of the two eolour series in va~'iabilis, but not in any 
other species, is especially significant it: the light of the cytological 
evidence. Morphologically these two eolour groups exhibit many char- 
acters in common, though certain features are peculiar to one group or 
the other. Thns the giant tree Dahlias are all in Group I (ivory, magenta 
or pm'ple flowers) and are late-flowering species; the variation in flower 
colour in G-roup II is :nainly, if not completely, quantitative--a variation 
of intensity, whereas, in Group I, there are two distinct anthocyanin 
colours, the first a rosy pink, tim second a violet, both occurring in 
varying intensities. 

All the species grown in the course of these experiments ~ave glaucous 
stems, are tetraploids, and are self-fertile. The self-fertility has not been 
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critically tested, but there arc indications that it may be somewhat 
variable. 

The distribution of Dahlia species is confined to the central American 
region of Colombia, Mexico and Guatemala, the m aiority of plants 
collected coming from ~r ~ence the relative proximity of related 
species would[ increase the chances of interspecific hybridisation, the 
probable result of which would be the evolution of forms showing 
considerable similarity. 

The origin of polyploid plants by hybridisation and[ under experi- 
mental condit, ions has only been recorded a few times. P~'i,m, uh~ k, ewensis, 
Newton and Pellew (1926), is known to be a sterile diploid hybrid from 
P..flo~'ibu'J~da • P. se~'ticillata, and[ it is also known that somatic doubling 
of the chromosome number restored fertility and gave rise to a fertile 
race of P. lcewensis. In Nicotiana glutinosa • N. Tabacum, Clausen and 
Goodspeed (1.925) obtained "reasonably fertile" polyploids as the result 
of doubling. Karpechenko (1927) found that though the diploidRaphanus- 
B~'assica hybrids were sterile, they gave rise to tetraploids which were 
highly fertile. Darlington (1928) has drawn attention to these and to 
other examples, and points out that there appears to be an inverse 
correlation between the sterility of a diploid and the fertility of a tetra- 
ploid to which it gives rise. 

Note recently, Buxton and[ Newton (1928), and Jorgensen (1928) 
have also published results demonstrating this inverse correlation. 

In the former case hybrids between Digitalis p~vrpu~'ea and D. 
ambigua were practically sterile, but from the selfing of /~ individuals 
fertile plants with double the number of chromosomes were obtained, 
and these were shown to have arisen from the fusion of mazeduced 
gametes. 

Jorgensen, worldng with Solanum, artificially induced the doubling 
of somatic cells of fertile diploid species. The polyploid plants subse- 
quently raised showed reduced fertility, tie also raised a sterile hybrid, 
N, nigrum • luteum, which, upon doubling of the somatic chromosome 
complement, gave fertile tetraploid shoots and offspring. 

The accumulating evidence t]ms appears to establish the validity of 
the .above generalisation. The occurrence in D. va~'iabilis of two distinct 
colour series, oNy one of which is found in any Dahlia, species with hal~ 
the chromosome number, suggests that hybridisation has taken place 
between two tetra]?].oid species~one belonging to Group I, the other 
to Group II. From Darlington's rule it may be presumed that the general 
fertility o~ D. va'riabilis indicates a relatively infertile tetraploid parent, 
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fertility being restored u]?on the occurrence of doubling of bhe hybrid 
chromosome complement. 

Thus pairs of bivalent chromosomes, which, thol@l present in one 
of bhe immediate tebraploid species, were not represented in t]ne other, 
weald, after doN~ling of the chromosome com]?lement of the sterile 
hybrid, give a tetrasomic segregation if random assortment prevailed. 
The inheritance of yellow flavone is in accordance with this scheme. 

On the same basis, disomic illheritance of ivory, if substantiated, 
kidicates that  only autosyndesis occm:s among the chromosomes eo~l- 
cerned, i.e. I~ pNrs with 7~ and ia with 7 a 

Therefore, if We tentat ively consider the sterile, tetraploid preem'sor 
of Variabs as having the chromosomes Ilia, which do not; ordinarily 

/ pai r - - then  doubling of the chromosome complement \ = muse have 
% 

been followed by (1) allosyndesis and crossing-over, or (2) loss muta- 
tion giving rise in eithel: case 1~o qia gametes. 

]~'roil:/the considerable number of quadrivaJonts seen ab metap]lase it; 
may be predicl,ed that  ot;her characl.ers wil] show a tetrasomic segregal~ioi/. 

(~) ]~,ELATION 0],' ]i'LAVONES TO ANTJ:IOCSAN[NS. 

Olislow (] 925), discus,~ilig {)lie oo]oul: series in various pin.in{S, t'ClllfLl'IcCtl 
oil I)he similai ' i l )y o:[ I)hose ot7 d,ntir,rh' in'u,m )~mj'~ts and [)f~.t#/.if~. 'v~'iab.#is. 
In  A'nlT'r'rld,l~,u,m, t,]le father )3 si:ineili)asloonsI.y l>rod trees .}'O]]OW {]~I.VOIlO in 
t,he l ips and ivory i l i t,he Imbe. I is "donlin~l, n l ; "  ('/.(J. opislat;ic) t;o i{ {t.li<] 
SetlT)lT)i'ossos I)he [orli lal)iOli O[ yel low l lavone in l)he lips i vory  t)~tlcis/~ i ls 
place. Absence o[ Y, IJiough I or a l l y  ot;her oo]ottr  Do l>l'OSOlil), giVeS 
wllil)e. Red anl)hocyailhl on yel low gives bronze; o17 i vory ,  ro~o. D[a::~Ollia 
a l i l J ]ooya l i i l l  el i  ye l low gives ori l l iSOli ;  el i  i vo r y ,  li]~Ol~lJa. T]lol'O ~t.l'O l ie 
i i l l ;erlnedial)e co]o[irs as il l l)a, ltl'i,a,, a]l)liottg]~ l)is~god vario{,io~ o(_'.o[[l'. \\70 
see bhen l~hal~ ( ] )  one fact, or colil)rols l~l/e prod uot,iou of the lwo f lavol le~; 
(2) a single ~t,i:ibhooyauhl [actor prod ttce~ p igmei i t  i l l  d ie presence el 
either flavone; (3) no anth.ooyanin is :l:.or:inelt i17 flavone is absenL Wii~h 
regard to this latter observation Onslow remarks thab "/;he develop- 
merit of  anthooyanin and flavone (in Anti.n'h'i,num) may depend on some 
common basal metabolism for prodnction of aromatic s~bstanees, 7.e. if 
flavone is not formed, neither is anthocyanin." This view is s~pported 
by the experiments on Dahlia. 

So far it is clear that  there are two independent flavone eolom's, 
absence of which gives white (no flavone). Anghocyanin is :[ormed only 
when. one (or both) of the flavones is present. 
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\u is the roh~tion ot! anthoey~mht to these :[h~vonos Either 
(1.) there is one ant,hocya.nin ffifiinent which though I:ormcd only in the 
tn.eselme ot! f}n.vones, is ot.hei'wise hldependent, and in vein him~thm with 
yel]ow :m<[ ivo:ry gives sca.rleis and t>ui:l>]e :[lowc.r c.o]om'> ,'~.~[>l~c.tivc.ly 
el: (2) a disl, inet antho%m.nh~ is [oi-nled in the presence o1: each flavon~;. 

Evidence ~s to the 10eha.viour and inhei:itancc el a.ut, ho%,~udit in 
1)~,s is sti]] [ra,mcnta.ry but t.he,'o a.,'~; indiua.tions {;hat it is tctra.~omic 
and tim.t:, possibly, the [actor el)era.tee in the p,'<;sem.e o1: <,ithor flavone 
a.s in A'n,t';'r~'h,f',r'u~:z. 1t! this is the case the quality elf the: flower colour 
will be dopomlent npon the fla, vom,, c, olouri,>/, and will o~xhibit a, va,,'ia,- 
{,ion par:d]el wit], t.h~st o1! the fia.von~;, whatever ma.y 10<' the, ,'elation oi; 
~ml,]io%,-anin to tla.vone. 

\'\;i]]sl,~titer (t915), cited 1oy Onslow, has Ibum[ bha.t ue,'ta.h~ deep 
1orown-v'ed varictio~ o1! 1)eUge;~, [7ornl c.yanin, 10ut. f~ela.rgonin is i:orin~d in 
b]m so.el'let-rod variot, ios. F, oth l~igmoni:s wore [ottnd in a. de.rio vi~h::t 
variety. As nta.i.od earlier hs this fro.per the r ' l)[s in those 
ox[)oi'lnionl,s a,] wa,<y,s { i res a, I)ro\vn-i'cd i'oa.otiOll with a.ininonia, the ptu'p]o 
pigment alone giving the oharaotel'istio bhto-greel~ roac.t}oil. The evidence. 
l;hel!e[oi!e points to l,he presence o[ more than one anthocya.nin p}gmont 
in  I ) .  v~,~'gef.//17,% and shou]d there i)6 :lToKnd O;ll]y one [actor i o r  anbho- 
eyanin production t, hen it becomes highly probable that a definite re]a,- 
tion e~sts between the produotion el: fla, vones and anthooyanins. 

I'gheldale (1913) has reported the yellow flavone, in A'~.tT'r.rhT.~.v..~7, to 
be luteolin and the ivory to be apigenin, while Sohmid and lVasohkau 
(1928) isolated and analysed the yellow pigment of Dc~,l~Tc~, in quantity 
and stated it to be identical with apigenin. Certain yellow Dahlias, how- 
ever, have been shown to oarry ivory whioh is obsoured by yellow (at 
least, in some instanoes), and the question therefore arises as to whioh 
of the two pigments was iso]ated and identified, especially as apigenin 
is said to be the ivory pigment in A'~.tTrg']s 

I t  may be era'raised that  in DcUgXc~. the two flavones are luteolin and 
apigenin a.nd that, the two anthoeyanins are pelargonin and eyanin, but 
]?ending further investigation the identity of these pigments remains 
uncertain. 

(3) HISTORICAL ACr 

I t  iS noteworthy that records of the early varieties obtained by plant 
breeders when DcU~7o. was fi~'st introduced into Europe substantiate the 
oolom' scheme outlined in this paper. The earliest figures of D. vc~..rTc~.~7~Ts 
were published by Ifranoisco Hernandez in 1615 an[[ 16r The~'e seems 
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l i t t le  doubt  t ha t  long before its in t roduc t ion  into Europe  i t  had  beret 
o~tltivated in Mexico, where i t  was a well-established species showing 
considerable variation. "Tubers" of two varieties of D. va,riabilis--a 
purple, pinnata, and a crimson, 'rosea, were first sent from Mexico to 
Madrid in ]789. 

The purple  flowered in October  1789, the  cr imson a year  or two later.  
Cava,nilles figured and  described them in 1791 and 1.794 respectively.  
In  1.802 7~lants of each were t, ransferred f rom ~{adr:id to the Jardin  des 
Plant~es a~ P~ris. In 1804 seeClS fl:oln l~he l~]H'ee origi~al plants  were sent  
{;o La(ly Holland,  who flowel:ed thenl l~he t!ol]owh~g ye~r. In 1803 Mr 
Wooil:t!o,'d also ttowo~:ed a plant of Oaw~,.illes' 'roser obtahmd :l!rom Pads .  
Johnson and TH,'Im,' (]847) s:~.y l~h:~.t; l,he pl:tnts at  Ma,(h'id we,'c in l~hc 
]~,oya, l (~l'dc,1 fol: :L l o . g  l~imc v.,it, hoNl~ a . y  in(lical~io,1 of cha.g(~, a . d  
t,h~t :ffl;tr t~llcy wcrc spread t, hroNgh ENropc sonic years  clasped before 
:tny c:.:(~(_~nsivc increase el! v~.rial~ion t, oo/c place. AI~ Holland HoNsc see(Is 
\ve~'e saved :~.n([ sow.  IT,'om l~hc pla.t,s ,'ccciv('.d in ii 804 a . d  all of l~hcm 
g~,v(; i'is(; t~o :l)l:~.t~tu o:l! sonm sha(lc of pNt:plc or: c,'imson. ClotH;rolled cross- 
ix)lli.:~l;io, was appa,'c.l~ly .()l~ p,'act, iscd N.l~il a:t!l~c,' ]805 (i. 

i[. ] 8] 8 S:~.bi.c ,'c,na,'k(x[ l~hat, he had .cv(~,' see .  a pN,'c sca,'lcl~ a . d  
l~ha, t~ all colo~:trcd v:~.,'icl~ics scc,~md l~o have  a l~ingc o:t! p~:trplc. ]in ]82(i 
Sn~it:h, ret!er,']ng l~o Sabinc's  obsc,'va.l~ion, says: "l~hc new sca,'lcl~s arc 
howcver  per:[ccl~ly pure ."  

ThNs q~:~il~c a. nHmbcr o:t! years passed bel!orc pNrc scarlcl~s wcrc ob- 
t~:~htcd by  ~clcct~io,~ of ~cc(lli,,g~ from t~hc o,'iginal ~t~oc/r C~ava~illcs' 
pHrple :~..d crimson probably lind ivory and cream groNu([s respectively. 
ti:l! ~hc l.,{~{~e,' ~c~e, i~'iplex ,:)r ,:.t~:tadriple:.: :tlo,' :~, t)a,.t, ial i .hibit ,  or of Y, it; 
wo~:d([, h~ view o'; ~-r~ small number  o:1! ]:)h~,nts a,v~:~.ilable for crossing in 
the early year~)~='.:~:~,~r a considerable [~ime to p:rocm'e a variety with 
a ptu'e yellow ground such as [~hc ptu'e scarlel~s have.  Moreover there  
would have been a tendency to increased delay owing to the  self-sterili ty 
of D. va~'iabilis--a characteristic favom'ing heterozygosity. 

SUIVINAI~Y. 

(1) Flower colour in Dahlia is the expression of two series of soluble 
pigments: (a) flavones, (b) anthocyanins. 

(2) With the exception of D. va~'iabilis, Dahlia species may be 
arranged in two flower colour groups: (a) ivory, magenta o1' purple; 
(b) yellow, orange or scarlet. D. va~'iabilis unites both series within itself. 

(3) In D. va~'iabilis ivory and yellow are flavone colours governed 
by the independently inherited factors I and Y. The inheritance of Y 
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is tetrasomic, arising from random assortment of fore' homologot~s 
chromosomes. The inheritance Of I, so far, has been disomic only. 
Autosyndesis of four cl~'omosomes, 11 udth i 1 and i~ with i~, wonld give 
this result, but fm'ther work is necessary to establish this assumption. 

(4) Orange and scarlet flowers have yellow fla;vone grounds; magenta 
and purple have ivory grmmds;  crimson. :flowers have intermedia,te 
colom'ed flavone grmmds. Anthocyanin is formed only in the presence 
of flavones. 

(5) Somatic mutations involxdng the loss of flavone in the presence 
of anthocyanin are shown to bring about corresponding changes in 
flower colour. The relation of flavones and anthocyanin s is disctussed. 

(6) D. coccinea, D. coronata, D. i'rnf)e'rialis and D. Maxoni are tetra- 
ploids with 32 chromosomes; a fifth, D. Me~'ckii, has 36, and each of 
the two extra pairs is homologous ~dth a quadrivalent group, forming 
two sexivalents at metaphase of the fit'st division. D. variabilis is an 
octoploid species with 64: chromosomes. Mnltiple association of the 
chromosomes at meiosis is seen in these species, and is very pronounced 
in variabilis. 

(7). Bivalents, q uadrivalents, sexivalents and octavalents are to be 
seen at metaphase of the fit'st division in D. variabilis. These mnltivalent 
associations seem to result from the conjugation of homologous Chromo- 
somes at synapsis, and evidence is advanced in support of this view. 

(8) From the morphological, genetical and cytological observations 
it is suggested that the octoploid D. variabilis is the derivative by 
doubling of the chromosome complement of a relatively infertile hybrid 
of two tetraploid species, one belonging to the ivory-magenta-purple 
and the other fo the yellow-orange-scarlet colol~ groups. 

TABLE IX. 

Octosom, ic seg~'egatio~ of a factor A and recombinations in bacl~:-cross to a s. 

1%undom a s s o r g m e n f  of  c h r o m o s o m e s .  

f 

Paren/~  A 4 

A 8 co 
A~a 35 
A6a 2 15 
Asa.~ 5 
A,l a, t 1 
A ~  a 5 - -  

Aa~ 

a 8 

J o u r n .  o f  G e m  x x I  

G ~ m e ~ e s  Z y g o t e s  
a r / '  ~ ~ ,~ t io  of 

A3a Afa~ Aa~ a~ A4a ~ .A,~a~ A,~aG Aa 7 a~ A f,o a 
. . . .  c O  . . . . . .  

35 -- -- -- I I . . . .  

,t.0 15 - -  - -  3 8 3 - -  - -  - -  
30  30  5 - -  I 6 6 I -- -- 

16 36  16 1 1 16 36 16 1 69 : 1 
5 30 30 5 - -  1 6 6 1 ].3 : 1 

- -  15 40  15 - -  - -  3 8 3 II : 3 

- -  - -  3 5  3 5  - -  - -  - -  1 1 1 : 1 

- -  - -  - -  c o  . . . .  c o  - -  

11 
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E X P L A N A T I O N  OF P L A T E  X l I .  

Flower colom' mM som,~ie v,~ri,~iou of s,~me ill Daldia va'r,iabilis. 

Fig. 1. Whi~e (uo flavoue). 
Figs. 2-6. The fl~vone ground colom's, viz. ivory, ere,~m, primrose, yellow and deep yellow 

resl)ee~ively. (Figs. 2 aud 3 somewll~ accentuate ~he difference between ~hese ~wo 
eolour ~ypes.) 

Fig. 7. Yellow shading ~o cream. 
Fig. 8. An~hoeyauiu on ground as in Fig. 7. 
Fig. 9. Loss of yellow fl,~vone from see~or of buff pei~a.1, giving m~gen~,~ s~ripe. 
Fig. 10. Loss of ,~u~hoey~uiu from see~or of ])m'plish pe~M, reveMiug ivory ground. 
Fig. 11. Loss of [LllfSlloey~llill fl'Olll see[5Ol' Of Ol'gllge l~eL,%l, revea.liug yellow gromld. The 

~djv~Oell~ seo~of is donbly ooloul'ed. 
Fig. 12. ~Sec~ot's showing dilution ~md in~ensifieaLiou o~ ~u~hoey~uiu. 
Fig. 13. MosMe disLribuLiou of ~n~hoey~uiu on yellow (uo]'mM) and ivory (loss of yellow) 

grounds. The ml~hoey~niu ~pl)o~rs crimson on yellow and ]?urplish on ivory. From 
Lhe v~:. "Dot'oLhy." 

]~g. l~l:. Loss of yellow l]~VOlle fl'Olll see~of Of el'hllSOll-Se~%rle[; pe~M, glaring 1)Ul'l)le Si;l'il)e. 
Fl'Olll ~lte vat'. " U n i o n  ,fILek." 


