
PRE L[ ,, Ve tnlk Cesko lovenskc Botanlcke Spolecnostl v Praze V X 193] 
,, Bulletin de la Soclete Botanlque Tchecoslovaquc a Prague 0 L. . " 

AH 'r HF R B H. 0 Z EK, PH. D H. 

Further Investigations on the Genetics of Flower 

Colours in Mimulus cardinalis, Hort. 

Tlw fir~t prC1limi1iary reports about the ge1wtics or i'lower-rolours 
i11 JlimulutS Cardinali 'Hort. were published by the writer in rnw nnd 
rn;jO ( ._ ee 1 and 2). lt was already shown in these papers that t he <liffe
rP11t <'olour:-; ol' the petaL' were d ependent on the <'apaeit>· or 11011-capa
eit>· ror dt>wlopnwnt of anthocyan in the cell sap allll ol' xanthoph)·ll 
in tlw diloropla:t::: r espPctively. lt \\as also provl\ll Ly hn'Pdi11g t<1 ~ts 
that tlw re~pective trenes of these characters were rnl•lllhers ol' 2 dit'
l'PrP11t pair~ of allelornorph. and that they undoubh-•<ll>· followed a 
:JI Pndelian ~Pgrrgation. From this point of viPw we eou ld ~uppo:::e that 
the geJH-'~ Wt'l'P C'arried by the chrOlllOSOllleS. r_rherefot'(• tJi e first part 
of our new inn.)~tigatio n s i11 192 till 1D31 was ckvot<>d to tlw stnlly 
of tlw <'hromosornal hehaYiour of this plant sppc•i ~. TJ1p ddail ed n•s ults 
will lw puhli.'hPcl, hut e l ~ewh~ re. 111 this short com11wntary we want to 
mPrPl:· .' tate that tJw diploi<l number of chrorno.-onu~s in mctaphai:;es 
of th, somatic re lL· ha~ heen found to be 16 (= 2n) and that tl1<' rhrn
mo~o111<·~ in this cardinalis specjes are rPlativelr small in 11m11lwr arnl 
]argP in thPir size, in eontradistinctio11 to the ehrorno~OllH'S ol' quin
<1u<->nil11Prus, tigri11u~ and tigrinoidl•s varidiPs, in whi<'h Wl' workPd 
p l'PYiou.'] y ( H'<' 3), wh 1 re th chro111osornc•s w<• n' l'o n nd to hP munprnus, 
about ()4 in n um her (diploid ), kid11py-s}1aped arn 1 w r:· smaH-h()(liPd. 
ThP <'liromosonws of the canlinalis srwci es an· 011 tlte otl1Pr lta11d quite 
.' irnpl<1 and hroa<l r-shaped. 'l1he.\· ('all he <.•m;il.\· 8('(' 11 in Ul(' ('P ll s or tips 
or root~, \\·hi eh W<'r<' rPgP11<.> rat ed from sh·1n-e u tt i 11gs und <.> r t 11 <' base 
of Ow lPaY<•s. Th<·n· ' is 110 dil'l'i<'ulty i11 eom1ti11g Ot<'lll aft<•r u~i11g No
u-a .·ch i11's fixativ aml sta ining th0111 with H eidenJrnin.' s iron 1ia<·111a
toxyli11. 

'flt .) r lativ<·h' .' lllal I 11umlwr of eh ro 1noso 111<•s i 11 Mi Ill U l tt s ea rd i
nal i~ i ~ irnlP<'(l ()JI~ or tlw lllO ~t irnporta111. and i11t(' f'<' ~ ti11g l'ads, IH'('tlllSP 

it is in ('0T1II 1 dio11 with thi~ that W(' IIIUY <'XfH'<'l that tlH• Ji11kngP of gPll('S 
of diff<.J'PJtt pairs of aJJ('Jo1110rphs eall lw, in g<'ll('t'H], tllon• ('ctRily ll)(•t 
with in c·anlinali s S fH'<'i< 1 ~ than in an!· 0U1<·r sp<><·i<'s with a high numhPr 
o l' d1romO .' ( m<'.' a~ , for inf-ita11<·<·, is thP ras<' with gard('tt va ri<•tiPs, mPn
t io11Pd ahov<', <·011tai11i11g approxi rnat<·ly <>+ c·hrnn1oso11t<'S. Al so Ow g<'ll<'S 
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l'or <1PvPlopment aml non-developmen t of ai1thocya11 11ia.v i11de0cl s how 
a li11kage with the genes [or development and non-deve lopnw11t of xan
t11ophyJl, or uot, aml 011 this basis may b e ineluded into the t-'a tue pair 
of chrnmosmnes or eanied by two diffe rent pairs of eh rnrnoso rues, r e
spectively. gxperirncnts, whieh will now he r eferred to, rna.v, as we 
hope, eertainly prov<-' one of both just mentioned possibilities, if they 
he but worked out 0 11 a Jarge srale. Otherwi se, as i s tl1 e ease in our ii1 -
vestigat i011 s np to the [H'(•sent, the y may at least afford some ideas 
al>ont experiments, whieh. may be fitb ~st to solv0 t l1 e above rn ention Pd 
prohhmrn and at the sam e time secure t he greatest a<·<·uracy in <li
sti 11 guishing the difft~ rent colour-types in a g iven prog<·n y . 

Bnt f'ir st heforc we b egin with a d ese ription of our i1 ew expe ri-
1ne11ts, we must reC'apitulate in short our previous resulb-; and especial]~· 
those wh ieh concern the rea lization of eoloun.; in the flow<•r s of earh of 
our three cardinal races. Fin1t it it-' important to rn e nti011 that it is 
quite eaRy to show by m eans of rnino scopical exam ination that the 
first of our pure parental raees, t11 e sea r let race (CCR R), homozygous 
for d ev0lopment of anthocyan (R l{) and xa11thophyll (CC), contaim~ 
in the ee]J s of th e p etals not only a d eep coloured cell sap with a bluish 
red a ntltocyan hut a lso d ee p yellow chloroplast s, eolourecl again witl1 
xa11thoph yll. On mieroseopieal examination also the seeo 11d parental 
m e<·, the yellow 0110 (CC rr), homo!';ygo us for d evelopnw11t of xantho
ph,vll (CC) and 11011-development of anthoryan in the cell sap ( rr), 
is sePn to eo11tai11 <l ePp yellow plaRtids and colonrlrss cell sap. 111 the 
sa111e wa.v the thi r<l of our main parental rnees, the <lull map;e11ta ntc·e 
( ee RH), homoz)·gou s for 11on-dPvPlopment of xanthoph»ll (re) , hnt 
homozygou s for development of antho(·)·an (RR), has on UtP otlwr hand 
rolourless plastids and d eep coloured sap, as waR the rasp w ith the 
searlet race. 

'J~he fourth po :-:~ i hle rae<.\ wit 11 co lourless plas tids and colon rles$ 
r<~l l sap, probab ly thN0for0 »whit e«, the rae0 of ee1T genie ronstitutio n, 
was no t in our lia11<b heron· U1P )'f'al' rn28, hut it lias llOW bPell prodn
('(~(} l>y our hrPPding work arnl ]ff<'S<' l'VC'd for next investigatio11t-'. \Y r 
know alr0ady 11ow that t hi s race has not quit e white petals, hut \vhit e 
l'lnwPrs with a d(•lieatP tint of ivory a11d rouge. The light pink tint i ~ 
11t0rP strnngly <lPveloprd rnainl)· rcnrnd the ope11i11g of the corolla'. tulw 
and so metirn Ps spn·ads eo11, idc-'rably ovPr the upper Rnrface of the pe
tals. Norn et irnPs this tint is vC'ry fai11t, so tltat it :ep111 s to be most prn
bahly i1dH1 ritPd Hf-; ai1 irnlqwll(ient elinradPr aml it t-' prPscnee or ahsPll<'P . 
hroughL about mo~ t li k<'l >. ll). a 11 p~d ra pair o I' alh· lomorphs . This ei renm
s tmt<'P g ivPs to O lli' »w hite« raee a grpat r ese111hla11e<' to some light pi11k 
h. hrid s ol' <'<'l{r <'<>nstitution, so eall0<l »pi11k-l.« h)·hri<L ju our pn·vions 
i11vPst igatio11 s . ~ l <>a 11whi l P this re~emhl::rnrP is str0ngt hened b:· a dPYP
]opnH·11L ol' n clnrk brown earmin0-magPnta sp ot roun<l the openi ng of t1w 
eornlla's tulw, a so C'allNl »sta r «, a el1araeter whi<·h is ap;ain undonhk<ll:· 
inlicritPcl through t it <' ~wtio11 of H ({llik i11dPpend r11t ge1w. \Ye ma~· sup
pos <~ in this east• sueh a g·<·nl', lwC'aus0 WP know »w}1ite« plants, i11 whieh 
s u<'h a »s tar«-c· harad<·r is ahsP11t, t11is lwing prnhnhly cans d hy a 11 all(I-



lomorph produr ing a non-coloured area on the spot, wher e onlillari ly 
~u ·h a ». tar« appear . 

Tlw eireurnstanrP of our pos ssing only three races, scarh_.\ t , dull
maµ;<.·11ta and ;·ellow, rend red it possibl for u s to get only 0110 double
hyhrid plant with the constitution eR. Cr. Thi s was a yellowish-pink hy
brid plant, ;·ellcnvi ._ h rnai1ily on the low r surfaee of it s p etal s, named in 
onr prt-vious papers »pink-11«. \\~ e got this hybrid by m eans of eros~i11g 
tlw llull-magPnta race ccRR with a yellow on of the CCrr cons titntioll, 
Ol' vice YPl'Sn. l :· mieroscopical examinati on we proved that this plant 
ha<l light yellow plastids and light r ed cell sap in the petals, which fact 
point~ to the JH'P ,_ ence of H -r and 1-c all lom o rphs acting togeth0r, orn·e 
in th dirertion of light yellow plastids and once in the direetio11 of li ght 
rPd eell ~ap. Through ._elf-pollination of blossoms of this hybrid we got 
.·p ypra} F\ gP1wrations in 1930 and 1931, in which we fo und not 011ly 
all expPded genotyp s and colours, as we de. criherl in our previous in
ve. tigation. (1, 2), hut also the »white« race described above. \Ve fou11d 
among F 2 plants not only both the pure parental races, dull-mage11ta 
( ccHR) and yellow ( CCrr ) , hut also a newly comhined carlet race 
( C 1HH) a11cl th »white« race ( ecrr ) just mentioned. Moreover we got 
;·pllowi~h pink Jiybrid , yellowish mainly on the lowE>r surface of tl1 Pi r 
1wtaL, the so-called »pink-I I« type of d oubl e hybrid eonstituti011 CcHr, 
then pink: of a f.;irnpl hyhrid con titution eeRr, pinki sh-whit es on th e 
lo\\·pr :urface of their petal., th so-called »pink-T« type , then pale yel
low ~imple-hyhrids with Ccrr constitution, then oranges with CC Rr 
<'omhinat iou of gene. and finally hright-rnagrntas of CeRR constituti on. 

ThP:e bright magenta hybrids as well a~ the pale yellow hybri<1 s 
( \•rr rould not he ~atisfaetorily recognized in our eultnres before the 
; ·par 1928. F'ir:t during thP period 1928- 19 1 th e ,\· eould b e found a-
111011g pla11fa of di fferPnt F\ generation~ derived h;· autogamy from 
])i11i ·- l I. hybrid:, or among plant: of generations, which were proclurt d 
hy reeiprocal croH ings of pink-II. hybrids with pure scarlPt, dull
magPnta and yPllow rar<>: rc•Hpectiwly. The bright-magenta h~:bri<l s Wl'

n • also prnduc ·<l in the ~arne period by din .. et expPtim1:1 nts, in whieh thP 
<lull-rnagentas(c RR)were reciprocally cross d with tlw pure scarlet race 
( THH. In th i.· way wp could produce at last l-1\ gen Nations, wh ieh W(1 l' P 

all composf'd uniformly of bright-magenta hybrid plants mily. A lt houg h 
th • qualitati\'P analysi: of eolour inhe ritance in Mimulu .· rarc1inali s wa~, 
h~· t h(• ahovP ex1wri rnPnts, proved sat i sfartor i ly lw l'o r e-' the yPar 1 ~)31, 
w<~ wPrP not ahl<' up to that time to trace this inh (• ritm1<•p on a qum1ti-
ativP ha:i~. But tlw expe riments in this <lir:>ction an' now und r wa~· . 

But the int('radion of gen s in colour inheritaneP in Mimulus c·ar
clinali~ was t :ted l'urther hy th three hark-crossings, in whieh thP 
pink-II. doubl hybrid plants, all of the cR. •r constituti011 , w re rp
<·iprorall;· C'ros:e<l with s •arl t ( ~ 1RR), dull-magrnta (er HR) and 
;·pJlow (CCrr) racu" respPdively, all(l in all thP.e expr rimenh; w got 
on ly type~ of plantH and colours according to our xpPctat i01rn. Thus 
in c·ro::ing~ of : <·arlc)t horn zygou. plants ( •cnJ ) with pink-IT. hy
l1rid: alld \·ic•p v<>r".' a, W(' got prog-PniPs, wh i<'h W<'l'P eorn p of-'< 1(l 0111;· 
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of S('a rl ets ( CCRR), oranges ( CCRr) bright-magentas ( CcHR) and 
pink-T L. hybrids ( CrRr). The result of this experiment agreed fully 
with expectations, as is to be seen from scheme no. 1. 
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Scheme no. 1. 

Four quite c1il'ferent types of colours were secured agai11 in cases where 
homozygou~ yellow race's CCrr were crossed reciprocally with pink-11. 
douhl0 hyhric1 plants. We got out of these crossings plants with orange 
(CCRr), yPllow (CCrr), pink-II. (CcRr) and pale yell ow (Ccrr) hlos
so ms. Ahw this result was found to be in accordance wjth our expecta
ti011s, as is to bE.' seen from scheme no. 2. 
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Scheme no. 2. 
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ThP third rpciproeal cross of dull magenta race ccRR with pink-If 
Ji)·hri fl:-; produePl1 again four different types of colours. In this expe
ri nw11t thrre W('J'(' produced bright-magenta hybrids ( CcRR)' pink-I r 
double hybrid plants ( CcRr), dull-magenta pure race ( ecRR) and pink-I 
simple hyhri<h; (ecRr), so that the result of this experiment agreed 
again f'ully with our expectations, as is seen from scheme no 3. 
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.\ltli ougl1 tl1P fonr pxpedP<l r lass0s of eolonrs <lo nppPal' i11 all thr~e 
t h rrP P. · J.wrin1011t~ with on t <lon ht, ~r et we mus t point out that in the etuw 
of <'~qwrirn('nL 2 and 3 it was not so easy to grt such a precjRe rli
~ti11rtio11 in <'olonr t~·1w~ as in experiment 1, in whieh the searlet raePs 
WPl'<' erossP<l with pi11k-TT 11yhrirls reciprnrally. Tn experiment 1. we 
<·onhl , afr]y srparate the hright-magenta types directly fliom scarlets or 
pink-TI t~· Jwl", wherPa~ WP were not ahle to (lo so i11 tlH' othrr two l'X

pPrinw11t~. i11 whirh yellow races with pinks-Tf (see the 2 n<l experi
nwn t) '";erP rPeiproca lly crossed an<l <lu11-rnagenta racPs with pi 1ilrn-Tr 
( sre tlw 3rd rxperinwnt). an<l in which it was not possihlr to draw 
a line lH:> twepn pale ~-ellow·, yellow an<l orange typrs on tht> 01w hRnd 
arnl hrtwPe11 bright-magentas, <inll-rnagentas an<l pi11h-Tr on the oth0r 
hand. But if \YP haYr not t h 0 possibility of separating tl1e s ingl e types 
of plant~ :wc rmli11g to thrir single progenies, cnltivatecl out of thrm 
h~~ autogarn~· . w e have in progrnies, which are results of hack-crof:s ings 
of, carlrts with pinkf:-lT arnl YiCE' Yersa, thP Rirnpl est and fittrst m< ... tlw<l 
for . tating wlwthPr the four types of plant s are h e r e r r prpsenh-'d with 
<liffrrrnt frpqnrnciPR or not . and in rmrnection with thi s , whethrr w e 
han hPJ'(' li11kagr nf r -r and R-r pairs of allrlomorphR or not! Of 
courf.:P in ea:(' of 1inkagr wr nrnRt then in this exp e rin H'nt Ruppmw tliat 
amonf..- tlw :-:<'arlrt. orang<\ hrigl1t-magP11ta and pink-i-1 platR th e ~ea rh-'t 
(CR.CH) a11<l pink-IT 11lant~ (er.CR) a r e r.rosR-ov er s, i11 whieh r0c·om
hination ol' el 1 ro1110:-:om<'f-: of thP Rame pair t ook plaer hy m ean s of croR
~ing-o ~E' r pro<·r:-::-:. F'.:vi<1Pnt1>" wr shall finaJl,\· lw able, Oll],\· rrom thP 
1.r:-:t Px1wri11w11t, to rf:timate, without traring s ing lc-1 prog0nir :-: of Paeh 
~inglr plant. tlw linkage· d<•gree of hoth rrspPdiYP pai r R of gP nes. But 
thi:;; nrn~t lw rr:-:erYP(l for furthPr inYeRtigatim1s. 
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