
JIJLY, 194[1 N~r~{~ 3 

TI-IE COMPARATIVE GENETICS OF GOSSYPIUM 

BY R. A. 8ILOW 

E~z2ire Cottm~ Growi W Corporetio~% Cotto~ B~se~rcl~ ~tetio~, 
T~'i~zidad, B. W.I. 

(Wi~h Pla~e 18) 

CONTENTS 
2AG~ 

L I ~ r o d u o t i o n  . 259 
II. Oompatb i l i ty  and fertility 262 

III .  CoroJ]a- 6olour 268 
(1) The situation h~ the cttltiv~t~d Asiatic species . 9%68 
(2) t Iybrids  and first backeross progeny 2.69 
(3) A gdrd  raa.in locus, 1% 272. 
(4) A ydlow depressor, }'gp . 277 
(5] The effect of Y J" and Ydp on pe~a] length 280 
(6) Linkage tests agMnst Yr. and YdlJ 28] 
(7) Summa.ry . 281 

IV. /~ithocya,nhl, 282 
( ] )  The sbua.tion in the cu.Itiva,tect Asia.tic species; s~n])o] iza, t ion 282 
(2) Evidence of du]p]ics.tJon :285 
(3) The E z allele in a~l.om.,g~vt 287 
(4} The oomplemmltary lls..$ure of the  d~plie.'_~,te Ja~ R:,, and its 

plebt.ropic "gold pet*d" effete 288 
(5) VariaNt[by in geM p~f, al expressiou 293 
(6) Spot size modifiers . 303 
(7) Links.go l~.ssts wit]l E a 315 
(8) Sumlnary . al0 

V. t~ollen eolour . 318 
VI, Neebs,ries 3~0 

"VII. Fuzz and lint eliaracters 3 °:t 
VIII. Lin~ co]our 326 

IX. The complemm~t;ary factor let.hal "errtmpled." 329 
X. Leaf shape 33t 

XI.  Disetls~%n 391 

(2) ~peoia,tion h~ the gen.us Oossy]~tnl  . 338 
XI I .  S: tmmary 3.55 

., 35.~ Acknow[edgeuienbs . , 
R,eferen ees 356 
ExphmafJon of .U}a.te ].S . 3ass 

~. ~NTi%OD UCTIOI~" 

gO,%~ivPI'U~'~l X~'¢OMX L,V,v] W a w r a  & Peyr. is a, d:i.stinct a,nd truly wild spedes 
with a very  wide distribntion in Africa. As :far a,s is known i t  is oonfined 
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to arid steppe co~mh'y, in two apparendy'disoontinuous areas. The ]firsb 
of l,hese .is o.tx the sot~thern bo{~ders of the Great Desert Bel% -where the 
species h~fs beeu recorded from as far west as the Hombori dUsh'ict south 
of Timbnkt~:L, frmn the Damergou region south of Air, from Kozdofan in 
the Anglo-Egyptian Sudan, to as far east as SomMiland and abyssinia, 
north to du.bJa. In parts of Lhis s,re'~ ib is said to pJ:ovide valuable f'odc}er 
ibr omne]s. The other a.rea of occurrence is t.he dry ooasLil belt in Angola 
and Sond~ West Africa, :kern Loaada, in the :~mrbh., sonthwards as farr aS 
_Da mars Land. TEns its generM distribution considerably overlaps that of 
(7. a..r{~oreum and 7aerbaeeum, the two culdvated &static cotton species, but 
locMities are nob known with atzy great exactitude. From the ma,rked 
xerop.hydc hahLt of o, no.m,.d~u~ as contrasted with.the mesophydo cha> 
aeter of the c.uttivabed cottons it appears un]ikely that they occupy the 
same ecobgical areas., bho~tgh in coun.try of the steppe type their habitats 
might ~ot necessarily be far removed from one another. 

This species has been variously described under the names (.7. <,~ic.ro- 
car]o'gm~ Welw, ~7. suture.nee Fenzl., and ~. herheceum, vat. ~gteu&~eri 
Schwei:~f., s,llcl has even been transferred be ~bhe genus Ciev:f~egosia by 
Schumann as 7)e~,tc~l)hy~l~ and by giirke as a.t~o,me[c~, on the basis of its 
sm~ll Eeear b;acteotes, welLmarked calyx teeth, and trioarpellary ovary. 
The morphological gronnds for its retention ia dossy'pi~-m have been 
adequately discussed by Chevalier (1933), who collected material near 
Damergou and sent seed to this and several other experiment stations i~ 
1932. Later, Chevalier (1935) felt justified in his conclusions on receiving 
information that the species had been crossed with both Old and New 
World cottons by a artesian worker, and that second genera~io~ hybrids 
were in existence. No further reports on the 5ehaviour of these hybrids 
have fbllowed this amaoun.eemeuL 

G. c~no~neh~m is not of direct commercial importance since the hairs 
or~ its seeds are only 8-10 ram. tong, sparse and dark brown in cotou.r, 
and non-expansive, remaining compactly adherent go the testa. Its 
particular interest lies in the fac~ that it Js the onty wild species which 

O 

has given any fertility in hybrids with die enltivated Asiatic cottons, so 
eha¢ it has been possible to analyse its generic eonstigt,tion in terms of 
~hat of bee latter. Like c*.rboreum and 7~.#rbcmez~m, ca~wmcdz~~ is also a 
dipioid species, w.bh '~a = 13 (Skovsged, 19:3't). The results of this analysis, 
together with the evolutionary implications, .form the subject of the 
present paper. They give confirmatory evidence of the general validity of 
Harland's (1938) cmaclusions on the formation of species in (/ossJ/2)h,~9~ 
by diveNenoe of alleles, duplicates, and modifier backgrounds. IIarland's 
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thesis has been established almost entirely upon crosses within, the tetra- 
ploid New World complex of species, which%tin a relatively homogeneous 
group, so nmch so that  their hybrids are fully fertile, though that  they 
a.re also good species is sho~vn by l~he breakdow,~ of viability a.nd fertility 
in F~. The two cultivated Asiatic species arboreum, and lz.erbc~ceus~, a.re 
similarly quite closely re]aged, giving a fully fertile F1 ,  and breakdown 
i n / ~ ,  but  in most characters ~hey show much less modifier segregation 
tha.n New World interspecifie hybrids. On the other ha.rid, a)zomcE~ 
.ha.s been found to he so distinct from the eHtivated Asiatics that  its 
hybrids are a.]most sterile, and ea.rly genera,tiqns from them give highly 
complex segregation which completely deles a.nalysis. By repeated back 
c r o s s i n g  into the two cultiva.ted species it has been possible to sort, out 
pa l rg i eu l a r  factors into different lines on stable ba.ekgrotmds, and tater 
by synthesis some of the complex types:of earlier generations were re~ 
established and their c6nstitutioa demonstrated. P~ela.ti.vely little hack~ 
erossi/ag to a ~ o s J ,  um was performed, not only beta.use in any ease its 
whole genotyp6 wa.s ~lnknown, but aIso bees.use of its slow growth and 
uncertain eultivartiOn under the. highly humid conditions in Trinida.d. 
l~{ol'eover, seed when. obtained was difficult to terrains.re on a.ccom~.t of 
its very ha.rd ~esta. This characteristic was unfortunately carried over to 
a coi~siderable ex~eiit into the eultiva.ted species. ~. herb~zcet.~.~? is Mac 
diil?iclUlt to deal wi:,h under local eo?]d.itJ.ons, and fez' this tea.son and a]so 
on 8,coon]it of its 10%5' content of recessive genes, the greater part of the 
ba.ek0rosshag was confined to c~..rbore,t~,'m,. 

A ]urge nnnlber of d_iffere.ub stra.il]s Of C~ )l~')~'e'~,~z' and /~,eJHl~al('.e ~ ~, were 
used in this invesbigatioiz. They arre listed[ ~elow in order n.f_. their type 
aumbei's: 

A i C.W.*; C!aw~]xu'e wjbite flo~.er, y~ Indhb 
A 7 '~g. cer~.,~,.n; '~ pale flower. Za P iBengal-AssaI~ 
A 8 _~,L-; Burm;~. la.cink~ied ~urma 
A 15 Pc.Is J]owel% ~ 2  I]ul:m& 
A 16 Ghost spot, .E, os China. 

5 E.(7., pale floeS'or, I%Q gho.~l, spol,, R ?  s Burma, 
2{ 9 AI .B. : carriEs C'p~ (crumpling) 8ud~,u 
N 14 White flower, y,,: ghost .~po'B, P,.z< '~ india 
hbT 19 W,~gMo lirx~.b'~ss. I,. Bmljzlu 
N 2~[ ]?z%~.].ody heterozygot,e, .Pd d pdff South India 
N 25 PaLe potlen, Pt, Sough [[lldJn, 
N -/4 Chinese pale,flowEr, fl'v P C}iil'l~t 
[El lO Spotless, t~,J O .~gllOlltfSgall 
II 16 Ck'eam polle~;, 19 "Falshken~, 
0 i 1027 A})] ? ,%urat, Inciia. 
U 7 Bnshveld cotton ]?orbigucse Ea, gii A.frlc-a, 
0 8 Transca.uEas[a 

* In the ease of  a. few stra,h~s re[t-.rents by these sym}mJ,~ has ~)ee31. marie b~ previous 
p[tbJ.icatioiis Zro]~3 t]_lis ~tat ion. 

17-2 
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Following th.e recent revision of the classKi.cation of d~.e Asiatic cottoks 
by Kutchinson & Ghose (193Ya), these strains belong to the taxonmmc 
groups iuciicate,I bdow. The two species were subdivided by these authors 
prinumly on the basis of the perennial or a.nmm,1 habit inf;o varieties, and. 
then by distribution late forms. Some of the more important genetic 
dif[~e.ren.ces h.owerer appear to be associated rathe," wRh geographic d,is- 
tribution (Silow, 1.9395)than with. the aoquisR[oa of the an.muM h:.d:fiL 
an[[ for this reason it will be more satisfactory when it is ueoessary to 
d isokzss in the text  tJne taxonomic ranking of p~rticular strains, to refer 
briefly l;o their formal status only: 

U. csrbore~t)~ war. /gpiottm fo rms  ao.~tda~.cn,~'fs N 9 
g. erboreu*~ w m  .neflleCtWm..forms indic~t g 24, K 25 
(7,~. {~rbof~'z~tb ~ar. acg/.ectltm. formc~ 8e~q~a.lenaix A 1. N 14 
(:< arlooreum, v-~r. ,~efiectu~~z fo rms  bv.rmrm/sa A 8, A [5, A 16, N" 5, N 19, N 44 
( l. (~rbore.ttm v~r. o~rt~.!~tt~w, f~. 7 
g. he.rbc~ce~otz va.r. tqpicu~,~ 'El t0, }1:[6 
G. Mrbeceum vt~r_ ,fi't~fesee~,s 0 1, 0 8 
g. herbace~tm va.*;, a.]'rlca~v.t..~ 0 7 

The following syntkesJ:zed mMtiple recessive types were also used for 
particular backcrosses : 

T ][ )ft t ldple recessive tint[ess selection, predomimuRly c~rborezt#*, with 
trace of Ao'lx~ceum ha ancestry 

T 3 g{ul.tiple recessive cream pollen selection, f rom iv': of I-[ 16 x T t4 
T 4 3'hd~iple recessive pale polle~z selection, f rom 2,~e of N bt: × N 25 
T 6 ){ td ip le  recessive [h?ged h,, selee~ioa, same origin as T ] 
T t4 J~hdi~iple reeessiv'a selee~ion, h'om./7' a of  A i .'< N .5 (130g} 
T 17 ~fuRiple recessive pebaledio seleegiml, .h'om Z~ of ~ 14 :< 2g 2.4 

All pollinations were performed in insect-proof greenhouses after emascu~ 
[atiom In most cases it, was re.ore coaveMent as a rontine procedure to 
use hybrid material as the seed parent, though reciprocal crosses were 
frequently performed and ~heir progeny analysed separately. 

In an investigation of this na~.ure it is not possible to plan a compre- 
hensive series of tests right D o n  the start, as it is not known beforeh.amd 
what will segregate. In the early stages especially segregatizzg families 
must be used as. th.ey appear to demonstrate the nature of ~he parental 
type. Rather than describe each of the hybrids and their progeay in imam 
it h.as therefore been considered more suitable to.discuss independ.ently 

L 
each of' the main characters stud~ed, bringiz~g together all related in- 
formation from varim~s sou.toes. The gene symbols used are based on the 
rexdsed list of Kutchinson & Silow (1939). 

If. [JOI%'IPATIBILITY AND FEI=tTILIT~7 

G. anomc~h~m has been crossed with representatives of the chief sub~ 
divisions of the genus, and it will be worth smnmarizing the available 
informadm~, on its behaviour. 
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(~) With Nez~, Wo.rgd, wilc] di~to.id species. Skovsted (1935, 1937) has 
reported tha t  anoma,[,~tm m'osses easily w~%]: o, ridz~m (Rose & Standley) 
8kovsted, dad&on.i~ Kellogg, and thurberi Ted,  bzz~ both he and Wehber 
(1939) found the{ {he hybrids were completely sterile~ and ~heir son- 
jttgalion was as low as 0.2-5-7 bivalsnts  (2~r - 26). Sbvs t ed  fonnd {hat 
wl~en anom.cdum is crossed with a,rmouHanum Iiearney or sturtii F.v.l~.I. 
boils sol, freely, bu~ eon{~in only empty seeds. Simihr beh.aviour with 
ra.i~non&ii Ulb. has been reported by I-Iu~ohinson (1939). 

(2) I.Vith 7Vev~" World non-cul, tiva*eg, tetrap]oig s?eeies. 8kovsted (1937) 
reported tha t  a.~wmaIu~n crosses re]atively easily with taitense Parl., but 
most of the seeds obt~ained were empty or contained only partially 
developed embryos. One ~nt,hriRy hybrid was grown. With d~rwi.,nig 
Wa{t  ano~ratwn crossed less easil L.givi~g only a few empty seeds. 

(3) With Ne'w l:Vorld cultivated tetray~oid s2ecie*. Skovsted (1937) 
found that  ano~naht.m, crossed with some difficulty v¢i~h, b~rbad, ense L., 
giving moslly empty seeds. Compatibility with hg,rgtrtun~ L. was not 
adequately tesbsd. Further information has ])sen collected, and this 
together with that reported by Skovsted (1937) may be summarized as 
follows: 

Flowers Oapsu]es Total Enlp~y t Iybrids  
9 ~ pollh:ated set seeds seeds ra.i,~ed 

c~nom,Mzon bc~rbaigen~e 8¢ 26 120 AE - -  

b~'*'@den~'e a,,~o'l~lrdum 313 19 49 ~kll but, 4 1 
barbade~l,~e ha,pDid ~no~e.a, luv~. 208 2 9 1 1 
le'ir,v.ugum >tixed* 284 44 ].4:~ q: J~roJi~ 5 ~: 
G 95~1:3 c~wmc,,h.n ~6 O 4.2 N o n e  30 

* A lit, He o~ra or otl_te, r ¢omp~,l,iMe p~fllen ea,r,'ying ~ marker  gene was mixed witch ~hM, 

Cross. 

When anoma,/,'~J~, wa,s used as :['emMe, all seeds obOMned were empty. \Vibh 

ba'rba, de,~.se as female rela,t.ively fewer seeds s e t  ~,]m.n iu She reeiproea,I cross, 
bv, t about 1.0% of them eontain.ed fully developed embryos: Tim bar- 
ba.d~ns¢ strain used was St ~Tinoent Superfine, V I._°,5. With hiraug.u~r~ as 
female the seed setting was proportJonal]y even lower, although a little 
com]?atib]e pollen had been mixed with that  of a,~oma~et,~t~, 1o improve 
boll settin_g, bs t  ~ll seeds whic, h were t.l~e result of' the i.ntel's]?eeifio cro.ss 
eon~Mnsd tmrma.] e.mbryos. The eross-eonlpaEbilit); of plant C4 95"ta wa,s 
of interest in th.i.s connexion, This pla~:t wds one of the soiled p}'ogeny of 
a sixth baekcross of 7,i.rsutu.qn to the same bc~rbade.nae si,:l:Ml.~ as used a, bove 
(V ].a5), aJ~d therefore 2redonflnantly o:[' the ]abter genot.yps~ yet con- 
siderably more eompatible with c#qt, oqre, cdee'gJt, than t~he tmre strain: and all 
seeds~ instead of only 10%, contained norma, l embryos. ]gvidently ia 
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suc].~ eases as these, which a,re on [he borderEne bel:weemcompa6jbi]ity 
~nd incon~]?sdbi[ity , slight di:fferenoes in eonstJtLttion n~ay oonsideral~[y 
modify o%s£n~ behaviour. All the t~.}l,o,mm.ht~>New World[ hybrids" 
raised have been complete]y sterile to dleir own, New World, cL~.o.m.cd, mr~ 
and Asiatic pollen. Skovsted &Webber  found a meal1 pairing of only 
2.6-10-i8 in these hybrids with 2..~= ,39. 

(i) W~:th .mild. Aa.ia.~io d@~oid s?ecies. Skovsted (lC~35) reported that  
Kutehinsma had raised %ur hy]x'ids of cb~zoma2.~m x s to&di  ~.I.5,:[asK, 
which died ;~f%er producing on.ly a few leaves. 

(5) 7Vi6~ eu~.iva, ted A.s'~:at,£ diplo~:d alone'lea. The ma,j ori6y of a.,~.o.m.e&~'m 
flowers crossed in. either direction with a.','bore.z~'m L. and h.er&,cez~'m, L. set 
bolls which contain ~ frl]l complement of seeds with fully viab].e embryos. 
Skovsted & \¥ebber have found that the mean pMring in these 
hybrids wii;h 2~ = 2.6 is as high as 10-12; the former aftthor found that  
approximately 25% of pollen mother cells examitted showed complete 
pairing. Webbsr f'oalad this .figure to be as high as 50~o, and a.tso stated, 
without citing any dan, a, t~lat the hybrid between er~o.mc~.~;~ and sc~.~.~- 
g~&~.e.z~m (a variety of a.rhore.z~.m.) is '~hJo fertile when selfsd or hack- 
crossed. Experience at this Station would not, however, lead[ to the 
assessmsnf of fsrtiligy ~s anything like ~s high ~s this. ActnMly it is 

not easy to stage fertility figures, in simple terms for cotton, as bolls 
containing a low proportion of pollinated[ ovules frequel~tly drop before 
maturity, quite apart from the fact that  setting is very sensitive to slight 
physiological derangemenl,s totally distinct from compatibility. ~B.oth the 
percentage of flowers which set capsules, and[ the proportion of ovules 
which set seed within these capsules shotdd be taken into consideration. 
Such data with reference to three c~'rhorea~ and fo~.~r lzerba.ce~mz hybrids 
are summarized in Table 1. The .full complement of seeds per capsule is 
about 20 in the arbo.re~n and he.rbcmez~,)~ types, except in the e~se of 
t~erbace~o~ H 10 which usually contains about 32-36 seeds, 64. a~m.~ah~)~ 
has a complement of about 10-12 seeds. Capsules on all of the hybrid 
pla,nts contained about 20 ovule& Cotton flowers .normally become 
pollinated autonomously. These hybrids must have borne at least 6000 
flowers in the greenhouse, but  not a single boil set. To a very slight 
degree this is due" to the fact that  their poor pollen does act  readily 
become transferred to their unnsu~lly long stigmas, but the selfing data 
in Table 1, referring to flowers ha which pollen was transferred by brush 
from amthers to stigma, indicates that  in any ease ftmetional gametes are 
exceedingly few. In l,he m'bore~,~ hybrids approximaeely only 10 % of 
self-pollinated flowers set bolIs, con~M~ing only 10-20}/o of their full 
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complement  of seeds. The t, erba, oez~.m hybrids appear to be of even lower 
fertility, though  this m a y  p a r t l y  be dtJe t~ the fact that/~e~'be~#ez,~,~ types  
and their  hybrids  tend to  shed very  readi]y for purely physiological 
reasmzs undm" local conditions, I n  ~he few bolls which ma tu red  ~he 
propor t ion  of ovules fertilized was much the same as in m'bo'~'ez~ hybrids.  
Gn backcrossing the hybrids as female (after emasculation) with Asiatic 

hypes ,  fertilil,y was higher. Abou t  50 °/o of the flowers pc]]in.areal set,, 
and th.ese capsules contained about  25~/o of their eompleraent. Boll 
set t ing was  again lower in/ae,~-baee.t~,,,~> than  in c~rborevm~ hybrids,  bu t  the 
proportion, of seeds set per boll much the  same. The reciprocal, pollina- 
dons,  in which the  hybrids were used as ma,le parents,  showed a similar 

Table 1. Fe~'tiZity q f  a a o m a t m n - ~ 4 s i ~ t i c  ]~.yb.rids o~z se~j~ W a.~.d 

b a & c r o s s i w  to Asia.~ic t?/l)es 

Backcross to Asiaflie fiypes 
{ 

Selfing J:Iybrid a.s 9 As~tic as 9 

a.~.omcgu.m >: a d~o~',~,~t'*~ A 8 150 7 4.1 816 64. .5"5 :~ (0) , 
~m.om~be'm >: arboee'~mt. A ] 6 4:8 8 3"0 318 ¢7 6"6 4 (25) 5.0 
a~.uma.he.m ;.: m'bot'c.~e.m. N 14 9~ 13 2-0 ] 09 68 5-1 39 69 '7.0 
~.oma.h~m. x l~e~'br~cev-.~, l'I ] 0 128 0 360 22 7.6 77 25 5-2 
a'*~.omo.h~.m. :,</~,,~/,a.ce~m. O ] 8~ O 4 {0) 2{3 8 7.5 
a'~o'~a,~v.m. × ]~.,:r&~.cev, m. O 7 .358 1 2~7 t'4 (0) 
e~ ~o~a.h~m :.: l~.~',~*c~lt.~*~ O 8 g.9 0 86 1;? 214 a8 10 7"0 

~JnrelJable percentage e.st.ima.tes b~qsed on .tow numbers are it~ brael<el:s. 

degree o:[ setting. Actual ly  it might  have ]~ee~ expected t ]mt  with the 
h e a v y  pollinations used there wordd have bema an excess o:[ funetion.al 
male ,a.metes over the number  re,_iuired to give a. full set of seeds on ¢lae 

o ' 

pure Asia.tic. seed paJ.'ents, bu t  this was not so. A :htrther complicat ion 
in the  wa y  of st, a,ting fert, i]ity o:[ th6se hyt)rids i~. siml?le terms is intro- 
duced at this stage, since m a n y  of  the  seeds obtained contained only 
impe.,'fectly developed embryos or were qttit, e empty.  Some 1500 seeds 
derived f rom the hyb:rid (e~.~mm,t&c~axc~rboret~r~a .A8)  poll inated by 
a r b o r e ~ z  N 14. or ],.e.rbctce,t~.~)z I{ 10 were carefully examined, and usually 
only 7.5-8bc~ were :fully developed, and in some batches poll inated at 
different t imes oz' f rom different s.ib plants,  this figure was as low as 50 %.  
Bearing in mind the proport ion of flowers which .set boils, the propor t ion 
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of seeds within the bolls which set, and the proportion of tl~ose seeds 
which eo~ibained good embryos, it may be estimated ths, t the fertility of 
hybrids between a'~m~naI,,m'n and arbo.re'u'm or l~,erhc~ce'um is lao greater than 
10 % on hackerossing, whilst on selfing it is as low as 1 ~/o- These figures of 
course refer to fertility in terms of potentiM seed-soOting capacity and, 
in view of the multiplicity of factors operating, are not exact estimates.'of 
tlie proportion of functional ga.metes. 

The ].~ybrids have also been baokorossed to a small extent to the 
a.no,~c&t,.~ parent. The figures are uot sut~cie.atly extensive to warrant 
oi.tation, bat, the indications are dla.t their ferf, ility with (~,~o?na[.mr~ is of 
comps.table degree with that with the oulgivated Asiatic species. 

Only a very limited nmn.her of F~ progeny of these hybrid~ h.ave 
been grown. Not only did a high proportion of the very few- seedlings 

Table :?. O,wde.fe~tiZ.itg of 5ac/:crosses to arJ~oreum and herbaceum 

Pl,~nts of  g h e i s t  backeross ~o 
Ct Ybff'f'~ !~?y5 

Plants  of the  2nd 5aekeross to 
(tY]Jo?'ezt'rzz 

Plan ts  of  ~he 3rd baekcrosg to 

Plants  of the  l e t  baekeross ~o 
herhaeettm 

Plan ts  of  ~t~e 2~ld bsckeross  to 
l~erbacm.~m 

Metal seeds per  boll* 
_ _ 2 .  g 

0 :~ 4 [3 8 10 t2 14 1[~ 18 90 22 2~ 26 28 

Several  , 1 2 7 1 . . . . . . . . .  

l 1 1 2 1 1 1 I . . . .  

. . . . . .  4 1 I . . . . .  

SeverM . . . . .  1 I . . . . . . .  

1 . . . . . . . .  I 3  1 I 

* 20 represents  a f~tli set  in erbo're~'m l?aekerosses; the  he.rb~ceu~ ~ype used for these 
b~ekereuses eontMned up to 28 or 36 seeds per boll, 

obtained die early or fail to mature, but in addition the extremely wide 
modi~er segregation precluded the possibility of any useful genetic 
analysis. Even in the first backcross, wi~h its considerably lower genetic 
variance, interpretation was in rnos~ cases impossible. 

The high fertility which was rapidly attained on recurrent back- 
crossing into the oult.iwted species is indicated in Table 2. This shows, 
in the form of ~ frequency table, the ~ertility of certain plants backcrossed 
for gemstic purposes in the first backcross and subsequent genera, lions. 
This table does liot indicate segregation for fertility in any way, but only 
indicates the 5~pproach to fertility which was attained. It  is not a random 
s~mple of the populations since conscious selection was practised in 
propagating only plants which ~vm'e setting in the field or showed 
reasonably good pollen. Only the seed content of the bolls which set is 
indicated; as fertili%y is a.ppro~ohed this affords a better impression of 
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fertility than the pore.enrage of flowers which set, as even on a f l d l y  
fertile non-hybrid plant a full set of cai~sutes is rarely attained, for 
physiological reasons as already mentioned. 

In the first backcross to c~fbore~.m, or ]~erbecez~m some plants were eom- 
pletely sterile. Dr Skovsted, formerly of this laboratory, examined so- 
m~ic  plates of one group of -~9 plants of the baekeross (e,)z. x A 8) x N 14, 
and found that  46 of these had the normal diploid number of chromo- 
comes, whilst the remaining three had 27~=27. The latter plants were 
quite s~erils; one of them was very stunted. All of the others, which 
were backcrossed, set seed to some extent. The p]ants included in ~.he 
frequency array in Table 2 were members of another series which ~:ere 
more extensively backcrossed. Up to 89 % of the flowers pollinated set 
on one of the f~st backcross plants; others set a lower proportion of 
flowers. Of the plants in the first baokeross t,o c~,.rbere~,~z which set, it 
will be seen from Table 2 that  most contained about eight seeds per 
capsule, which is nearly twice the number set on the f l ,  and represents 
about ~0 % of the seed complement..Ifi, the second hacks.ross there were 
still some sterile plants present, but on the whole the mean fertility of 
plants as shown by the seed content of their bolls was higher, and even 
in this ge.nm'ahon some contained the flfll complement of 20 seeds. The 
average fertility in the thh'd baekcross was even higher, and fewer 
sterile plants appeared. The same course of increasing fertility is evident 
from the two baekeross generations to ]te.rbc~.cett)~ which are showu. 

Foar th  ~:ud fifth, ba.ckcross progeuies have also been grow~J., and 
selfed progenies of these later baekcrosses. Since most of these n,re of 
complex constitution: having been backerossed to either of t].Je 'gulti~,ated 
species at difl:erent stages for particular genetic resins, it is not worth 
citing fertilRy figures. I t  is  important  to note thal. high :fertility can 
evsntuM]y be atts,ined s,s a result of recurrent baekerossiug, whilst 
retaining a,t the same time at least one or two genes of u,~t~omcdvml, origiu. 
Iu practically all selfed progenies from. late backerossss which have been 
grown a very slight degree of inferk,ilit~, has been observed--for instance, 
the occasions.] appearance of petalody of stan~ens. In this comTexion it 
must be stated tha t  the primary obje.c,t of this iuvestigation was genetic: 
stringent selec.tion for fertility was not practised, but the rsmflts obta, ined 
suggest that  if it had been, absolute fertility could ].~ave been attained 
along wRh the transferen.ee of pare%u.tar genes :from the wild to the 
cultivated species. 

With reference to the compatibility of other wild species with tl~e 
cultivated Asiatics, Skovsted (1935) reported only empty seeds on 
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crossing \.vi~h ct.f'J}&o%~.T'ic~.Lf,,~b aulJ t~6bl"l:~80'l#t~'~, al!-{m a ~.reat preponderance of 
empty seeds on crossing with sh,,rg,ii, though in this case e~vo sUerile 
hy))rids were also obtained. I[ubdhinson (19:39) also obtaingd only empty 
seeds on crossing with. '~ai~;&o.nd.ii. Wid~ ~r,r.id~mz., t;~r-rberi, and s/,ocl~aii, 
Shoveled (1935) and earlier workers obeained only completely sterile 
hybl:Jds. Thus no wild species other than a~.o,mcd.mt,, h~s given any ferd!i%y 
ia hybrids with the cultivated Asiatic cottons. Sin.on no other hybrids 
involving e~o.meh,,.m ~hieh have beelt produced have give~l any fertility 
either, the interest atbadhing to the e~Jm.m.ah~.m-Asiatic crosses is readily 
apparent. 

III. (Joraorma eor~oum 

(1) Th.e .~ft,c,.~.ion ,i,~ th.e rod, two.ted _dsit~t.ie spee.fes 

~utchinson (1931) has shown that the three mai~ corolla colour types 
encountered in (< arbore.~tm, fall yelIow, pale yellow, and w)ite, are 
due to a multiple Mlelomo:rph series which he desig,~ated Y-Yp-y.  I~Ie 
confirmed earlier indications of a physiological relationship bebweea 
corolla eolour and size, yellow flowers havmg long petMs and whites 
short, with pales of fntermsdiate tenggh. For the classification of segre- 
gating progenies he made use of a graded series of paintings, in which 
the deepest yellow was numbered 10, and white was 1. On tiffs scale 
hill yellow types carrying Y grade from 7 to 10, and y types are grade 1. 
Pale Yp types are very much nearer white than yellow in intensity of 
colon', usually grading at 2, very occasionally at 1.5 or 3. As far as 
teng~h is concerned the relationship is the reverse; hutchinson's petal 
length estimates within segregating progenies showed white petals about 
20 25 % shorter than fu!l yellows; bug pMss were very nearly the same 
length as f'Ql yellows, being only 1-2 % shorter, and t.he difference barely 
siglxificant. I{utchinson also showed that there are modifiers affecting 
intensity of corolla grade, and that these affect pet.at length in ~he same 
way as the main genes. Thus in (/. herbcme~m~, which almost invm'iably 
carries Y, many yellow-flowered strMns are both paler and shorter than 
those in arborezt,m.. 

k pale yellow-flowered strain of a,rbo.re,~m~ from China, grown under 
the type number N @g, has recently been studied by the writer. I t  is very 
similar to types carrying Yp, but is disti grfishable in tha~ whilst the 
greater part of the lamina of the Fetal is pals yellow of grade 2, there is 
a very slight intensi6cation of yellow towards the base of the ])etaI 
~ound the margin of tSe anthoeyanin spot, a tendency absent from the 
more common type of pa]e. The N 4~ strain is complementary with 
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common pale and white-fl.owerect stx'aJns~ giving the oK[inary full yellow. 
This demonstration of complementary fa~tors necessitates the addition 
of a subscript $o the symbols used by Hutchinson, and in order to b i n g  
the system of nomenela.ture into cmcformlty with accepted genetic con- 
vention, the pale allele shottld be indicated by a superscript. I t  is there- 
fore proposed that  the series described by Hutchinson, tha t  most 
frequently enconni, ered in c~,,rbm'e~m,, bs designated . . . .  z~ • • , - i  ~ -y~.,  and the 

l ~ . On analog), with the Y~ seies pale concerned in the Chinese. strain " z~ 
it ,~eems quite possible ~ha~ a lower allele may be .encotmtered in the 
futnrG and the suggested allocation makes allowance felt this eventuality. 
On this scheme o~iinacy yellows are regarded as t%. i%, the common 
pales and whites as t'~ P t% and ~y~ t:~ l'espectivsly, and the Chinese pate 
strain as Y~ ].r p, 

In this investigation it was not found that  distinctions between 
Hutchinson's gra¢les above 7 ootdd be ma.de with any confidence, %h.ough 
no difficulty was found in using the. lower grades. I t  was therefore 
decided to grade up to class 8 only..reserving this for the most intense 
yellows. The vast ma.jority of full yellows were graded af 7. The grades 
al'e not reproduced here, but may be seen in Hutchinson% ].93]. paper. 
~'lowel'S were collected from the field in the early tootling, and graded 
in the laborat.ory; three readings were taken from fiowers collected, on. 

• ° -  ± different da.ys. For the e.sdmadon of flower size, the .tendril of the longest. 
l),e.ta] on. three flowers was measured from the point of insertion to the 
extreme t,ip. 

(2) H y b ~ i &  ~.,~d, Ji~'~t &~..o~:o.ros 2~'oge~~y 

(£ tt..~om, o, hm~, has at. very pa].e cream, almost white corolla, with a 
rain[ tinge of pink (PI. ].S, Kg. 4). The flower is of medium size, with petals 
g0 -37 :m~.~. long. I t  gTades approximately at 2, though exae, t oCtal,arisen 
with the scale of yellows is difficult on account of the pink flings. I t  will 
be s].~.ow~ later that  d i s  pink is associated wJt]J ot)e of the :main antko- 
cyanin spot gene% but in this ,section it is proposed to deaI with the 

9 

inEeJ:itance of the yellow fta,vone only, J.g~K, ring as far a,s possible the 
coJ.,p]icadm~s in c.orol]a e, olom' introduced by the s, nt]~ocyanin. 

g .  ~,.~omc~l'~m~ w a s .  crossed with. fltI1 yellow, pals and white re]?re- 
sen~stives o.[' ~t.rbor~m~, altd l~.crb~me~m In each F~ from two to ~wen b, 
plan% were exam.i~ed, and the results of their corolla cotour g.,'adin.g 
"ere shown i :  Table .3. Each progeny was quite unffo:'n: wRhin itse]:[ but 
scoring on the indivJdtta.1 ]?lants va::'ied slightly fro.in day to day as 
shown. Grading of yellow intensity was .no~ easy on account of the 
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intensi~oation of the accompanying pink, especially in the hybrids in- 
volving full yellow .AMatie types. The interaction hetween flavoae and 
~mthocy~nin will be discussed later. At this stage it is otlly necessary to 
state that the development of petal red was latex found to Be dependent 
to some exteut, upon exposure of the bud to sunlight and it is be differ- 
ences in this exposure that  a great deal of the observed variation in pii'k, 
a~d consequently in yellow i.litensil~y, can 1)e agtribllted. @ui.te apart 
from tt~.is physiological i(rterao@on, th.e va,riation in pink llaturMly izrk,ro- 
duced ~ serious subjective error in yellow esfiimation. The same di:fti- 

Tahle 3.. "YdZow corogla g,rade i~ F~ l~..yh'r.i&. G. anomahm~=9'rade 2 
Asiat, ie pa ren t  

ff'ype no. Gene @rude Ch'ade 
A 8 .Y~ 7 ~1-5 (see P1. I8, Jigs, 1 .5)  
A 16 ,, 7-8 3M: (see P1. 18, .figs. 3, V) 
N 95 ,, 7-8 5 
K I0 ,, 7 3-5 (see Ph 18, figs. 2, 6) 

16 ,, 5 5-6 
0 1 ,, 7-8 3-5  
0 7 ,, 7 4--5 
0 8 ,, 8 4--5 

N I4  y~ 1 4~5 
T 14 ,, 1 4--5 

N 44 Y~P 2 3 -4  

oulties were encountered in grading the first backorosses, cGta for which 
are summarized in Table ¢. The mMn fi~dMgs requiring interpretation 
were as follows- 

(i) The/7~ hybrids were all of approximately the same shade of low~ 
grade yellow, no matter whether the Asiatic parent w~re full yellow, pale, 
or white (Table 3). 

(ii) In backcrosses to AsiatiG fall yellow [here was ¢ very wide 
modifier segregation, and fall yellows reappeared (TaMe 4, a). The modi£e~ 
segregation was much wider than is encountered in crosses between 
a'rho~'eu.,~ and ]~erbace~m. The two most nearly comparable cases availabIe 
are I-Iutchinsou's (c~.rbo.rez~,t~ pale x Md)aeet~,m, f@l yellow) backcrossed to 
/w.r&xe,~.~n full yellow, shown in his 193I Table 1, a~ad the (a~zov~ah~.n 
pale x arbo.re~,m full. yellow A 8) b~ckcrossed to herbace~m full yellow I-I 1.0, 
showr~ ia the first lime of Table 4: 

Yel low grades  

8 ~ 7 6 5 4 3 T o t a l  
(ark pMe x herb, yelIow) :< h~'5. ye l low . 1 29 102 59 191 
(an. pale  x ~rb. yellow) x ]~erh. ye l low 71 116 I07 101 97 5"8 550 
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1'he much greater gene~ic variance in {;he (~m~t(d'~t.m, × m'bore,,t#a cross dmn 
in the ct,'~,)rez,m~ x he~'bace~,~.~ cross is clearly evident in this comparison. 
This part.leftist cross of tt.ueehinson's shows the greatest amount of 

modifier segregation ,,~hich he encou:ntered i{~ the int.er-speo~es crosses 
wRhi.ll the cultivated Asiati.cs which he stu.died. 

(iii) A.r~omc£~.tm -< full yellow bad<crosses to e~,o,~m-&~'m (T{ble 4, 5) <irL~ 
die.steal a single 1.L!aJ.t]. factor difference betwee~a the parents. 

(iv) The ti' 1 of a~m,~eh~,~ "< %tl yellow, when bad<crossed I:o e.rbore~t,~ 
white (Table -t, e), gave no progeny of appreciably lower grade of yeiloxv 
tha,n die N:,, t]iough :in the other direction full yellows were again 
recovered. ~0he absence of pate segregabe,s in these })aekcrosses indic.at.ed 
that a.';~.o,m, hm.~ pale and c~'~'5ors~.m ~rhite are not homologous. The 
evidence, goget:aer witlq gha~ in. (i) sipeve, sttgges~s that  c~,~~omcd.~,n~ and 
pale or white a,rborsv,.ms q.arry eompl~mentary factors for yellow corolla. 
The a.lppearance of full. yello~s in these backerosses and in those dis- 
cussed ii~ (ii) above, and the unifor~?] low grade of all the N a hybdds; 
suggested the presence of one or more yel].o~" depressors ia c~o,mcd'~m~. 

(v) The baokcrosses from, c~~o~~cd.a~m, "< a..rbore'~ pale or white to the 
tatter t;ypes (Table ,~, d, e) she wed a single main factor difference 5etween 
these parental types. 

The hypothesis that  c~.~o.mcd~.n~ is complementary with pale and whRe 
corolla types of a.rbore.~.m,, and that  it candes one or more yel low deJ 
pressors, received e.onlbmation from certain segregates in a series of 
backcrosses to A 8 of the hybrid e,~z. × A S full yellow. The wide segre- 
gation in the first backcross has been shown in Table ~[, c~. Very small 
second ])ackeross progenies from two first baekcross selections of grade 6 
were grown, primarily :far transference of the leaf-shape gems from the 
wild species, and in these corolla cobur was not scored. From some 
of the second, baokcross plants third backsross and so]fed progenies were 
grown, in the following season. By [hat time ~his ma~erial had been 
sttperseded for the original purpose of leaf shape transference by other 
lines and was only planted in the field at the end of the season a-fret more 
important material ~aad received at~ent, ion. On t~ag account mortali ty 
was high, and only a few plants survived. Amongst these it ~ws noticed 
that,  in addition to full yellows of grades 8-7-6, there were some very 
el6ar-e[~t segregates of grade ~l (fluctuating ~o grade 5) in one of t?ae back- 
crosses, and of grade 3 in one of the sel~ngs (Table 5). These two groups 
of lower grade segregates were aetm.ally much more distilact from each 
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other than would appear from their gradings. As a working hypothesis 
i~ was theugh5 tha t  dm grade 3 plant (no.'14,868) in ~he selfed progeny 
carried the transferred a..nomah~m, corolla colom" gene extracted as a 
homozygote, and that the grade 4 plants (nee. lg,859 and 14,862) in the 
backcross progenies migh~ be heterozygotes for gl~s same gene. Ac- 
cof~lingly l~he former plant, was selected, and both of the ]a.t~ter and ~heir 
sits and some of their half-sits. The behaviortr of selfed progemies from 
these selections (Table 5, third baekcross selhed column) effectively dis- 
posed of this hypothesis, since the grade ~ parents gave o,~ly grade 8-7 
and grade 6 progeny, wkils~ the grade 3 type appeared in the progeny of 

Table 5. Cordg~ grade seprega~ion, iPz. third ha.el:cross of (an. × A S) to _d 8 
f~dg gego% a,nd i.n 
~'elections 

se~'ed 2)regencies of seceded a~,d third be&cross 

3 r d ~ . C .  2 n d ~ . O .  se~ed 3 r d B . C .  selfed 
I ~ B . C .  2 n d B . O ,  y d l o w  g r a d e s  ye l low g rades  y d ] o w  g rades  
plant plant ,  r . . . . . . . .  , ~ ' ~ - " "  , ,- . . . . .  
lms. nee .  8 7 6 4 7 3 8 - 7  5-,k 

P t169  P 1874 1 2 1 

1876 3 

P 1170 ~ 1877 5 

P ] S S ]  3 

28 7 b 
69 21 
11 
~6 

81 d 
36 c7 
~1.]. d 
215 :]9 c 

a. This  grs.de .3 s eg rega ie  w,~s no.  16,8~38. 
b One  of  these  grab,de ~ segrega,t, es w~,s no.  9992. 
o TJ_mse g r a d e  4 segrega tes  were  nee. :i-1,850 a n d  14,$62. 
d, P a r e n t s  of l, hese progm±ies were  g r a d e  8. 
e PareHt~ o f  these  p r o g m J e s  we re  g r a d e  4: (uos. I4 ,859 a n d  14,.q62). 

some of the fu]t yellow sdeofions. Fm:thermm'e, as wiU be discussed 
later, no grade 3 seg:,:ogat, es appeared i.1~. the progeny of ].4,868 whm~ 
crossed with. ].-].-,859 and 14,863. 

The breeding behaviom? of the grade 3 type wiI1 be discussed .fir,st:. 
br,.t be:fore doing so i% is necessary %0 emphasize {;hat it ,ntt,st not be preo 
su.med bh~t it bears any genot.3qoie, relationshi]? to the grade 3 phenotype 
which appea.red ifi the :fi.rst, baekcrosses. 7~5:~'st, the modifmr welter in the 
la~er should{ preclude any such assum]?~ion, Seeon.dly, plalzts of the 
grade 3 b~pe in t,he ~rsb ]m, ckcross all showed a strong devdopmm~t, o:f 
pink, and if, will lne demonstrated later that  interae~ion.l~ehveen flavone 
amd anthocya.nin may lead to the lowerhlg of grade of yellow. Actu.ally 
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the e~rly baekcross grade 3 types correspond to the grads 4; type here 
~mder study, Dora which co:mfAisations due to anthosya,~Hn were absent. 
The extracted grade. 3 type appeared only in sol:fed progenies, an.d those 
particular lines ]_tad. relatively m:iform me&tier backgrounds. .~tho~tgh 
pink was present in some of' these lines, it was not expressed in the 
grade "-3 ssg:cegates. 

The original grade 3 segregaee, us. I4,868, whisk appeared in the 
celled second backcross fhmiiy, anfortunately died befo.~'e any soiled 
seed could be obtai-as£ Dora it, but as it gave rise to some outeross 
progeny Which will have to be discussed, it is necessary to estabiish its 
constitutiom i t  was indicated, in connexion with. Table 5, that  ]pla~ts 
of this phsnotyj/e reappeared in the foffowing season in some selfed 
pr%euies of third ba,ckcross %11 yellow se]ectio~ls. I t  wil[ be seen Dora 
Table 5 that tffese ~n.d 1:;,868 trace back to di:f~erent first backcross 
plants. That they were of the same gen.otype as ld:,868 is shown by the 
fast that  only grade 3 progeny appeared in crosses between one of ~hem 
(no. 9992), and certain double reeessives ext;racted from. at: Fs inrolving 
1¢,868 and the c~'rbore~.~, pale petal type N 5. This poitat wi].l be discussed 
in more detail below, but  is important here in indicating that both 
14,868 and 9992 may b.e considered as being of the same constitution. 

tn the two thbd  baekeross selfed families which threw grade ;3, the 
ratios 28 : 7 and 69 : 2I wore indicative of a monofactoriM 3 : ! segre- 
gatiom The grade 3 selection when selfed gays 14 progeny, all grade 3. 
Either 14,868 or 9992 was crossed with ftttl yellow, pale yellow ~ ~ 
white y~, and @hinese. pale Y~P representat!ves of erbore.~,~m AII progeny 
in each case were %11 yellow of grade 8~'7: 

No, of progeny 
Cross observed 

I4,S68 x A 8, f~dl yellow 9 
9992 >: A 16, N.lt yellow 5 
14.868 :< A 7, pals yellow }-~-P 3 
14]86S :< N 5, pale y s l b w  2-a 2 11 
9992 :< N 5, p~le yellow t"~ P S 
].-f.86S :dN 14, whiffs y~ I5 
9992 x N ,~,  Chinese l~[~.le 2"5 ~ I0 

This extracted ,grade ..3 behaved as a complementary type with the 
cr.rbo~'ez~m recessive corolla ootour types in exactly the same way as the 
original, c~'~so~eh~..m, did, except that  the latter ou~y gave low grade yellow 
hybrids o a account of the presence of a yellow depressor, as will be evident 
I~ter. 

Two plants from She cross i~,868 x N 5 were backorossed to e~wma.h~,~, 
and gave small i)rogenies containing in. all 8 plants of Iow grade yellow 
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similar to the original o,~wm.~hm>Asiatie hybrids, anti 14 plants of exactly 
the same corolla cotour as the wild species itself. This shows ~ha.t the 
extracted grade 3 type contains the main pale corolla co].our gene 
derived from c~omcdz~m. The higher grade of the transferred p~Ie is due 
to the loss of the yellow depressor. At this stage R will be a oon,venience 
fo~ cliseussion to assign the symbol Y~P $o this pa]e corolla gene. 

Five F z hybrids betweeia, pale 9992 and full ydlow A 16, when back- 
crossed to 9992, gave olea<-ent segregation into grade 7 a~d grade 3 as 

]vlant no, C4i'ade 7 £4i, ade  3 Xai:i 2 
4[098 38 16 9-0 

P 41:26 52 30 5.9 
]2 4127 ~0 32 0"9 
P 4128 G5 35 1-2 . 
P 4129  37 36 0"0 
Total 212 149 11-0 Very small 
Eieterogeneity 6-0 0.:2 

follows: 

These five families were homogeneotls amongst theinselvem, but, gave in 
all a sdgnificant deficiency of reoessives on a. ] : 1 basis. Introdt~ced genes 
were fi'equen{,ly found to be in defect in this stndy, and this problem will 
be discussed later. From all the other evidence on corolla eolour whid~ 
has been obtained it appears reasonable to interpret this ratio as a dis- 
tc:cted 1 : 1. lnd~eatina that  the ~ra, cie 3 t.ype differs froin %].t yellow in 
one gene. 

Two of the :['ull yellow jv hybrids bet.:~ sen pale 14,5f)S (Y: 1% P) and 
])ale N 5 (Y,,):' ~'~) gave a :'enmrkably cleat" eolnplen~entary factor ratio 
ou melting. Since bol:.]~. A 8, t~ which the a~wm,td,~..m pMe had been tra.ns 
ferred, and N 5 a, re J3urmese foluna 5,~l'rm.:~.rf..t'¢ct. ~'epi'esenk, atives, i:]~e absence 
of any marked modifier segregation was not surp~ishig. Four main 
classes were observed : 

(a.) Fall yellows, tangling 8-7, 
(b) Pale yellows of grade 3- 
(c) Pale yellows of gra.@ 2. 
(d) Very pale ydlows, almost white, gru.d.e 1 + .  

After becoming Gmili.ar with the type of scgregat:ion, scod.ag of il> 
dividuM ]?.lanL5 :from day to day was vm:y consistent, and a.1] pIants 
oordd be a, ssig~ed witllou[ diffleuli T to one of these fotrr da.sses, except 
a vm'y smMI proportion of t,l~e pales which were intermediaSe between 
grades 2 and[ 3. Al{,hough no f[u.'ther genotypic ~esbg~g was performed, 
except in {,he case of the class (d.), the :[our groups may be taken as 

Join.n. of C4ene~ies 4:2 18 
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corresponding to She four e, xpscted genotypes I7~ I%, I% 2%% }%P Y,,, 
Y 3  ~%P on the following gro crude: 

(1) Glass @) was perfee@y disdnct from. ~he other three pale yellow 
classes. 

(2) The ~m.o'm.~&m~, pale .is far more distinctive 1)henotypically from 
She common Asiatic pale @ion tile classification into grades 3 a n d 2  
indica%s. P~rt of this distinction is associated, with the Net  d~at the 
t% P t.~)e is considerably shorter than fall yellow or Y~P ~ypes. Petal 
Iength measua'ements were nob ~a.ke,.~ in Skis :Evlaily, but this ten.oral 
observa@on [s confirmed by measuremenfl in. the I ' ~  cross which will be 
diseassed next. 

(3) The constitution of Slm near-whRc class (?,) was conit:reed 
genebba, lly a,s showa~, below. On ~his basis the s%regadoa may be taken 
ms eonforning to a 9 : 2, " 3 ]. as follows: 

Yelbw g'L'ad¢ 

lV~mily 8--7 3 2.5 2 1 + Tok~f 
3046 55 l l  1 1.2 3 82 
30-I-7 ,15 id: 2 i0 3 74 
To~al 100 if5 3 22 6 156 
~xpec'ted 9 : 5' : 8 : 1 8~'ff6 5,9"25 29"26 9"7g 1.56 

The families are sufflciently similar to wa~trant combination, and the 
totals accord well with expectation (X~-,Ph, P=0.2) .  Two selections 
from the grade 1 + group, supposed double rseessives, were. each crossed 
with both of their parental types 9992 ancl N 5, arid mE progeny were 
pales of grade 3 9, The number of progeny examined in each cross was 
ms follows: 

x9992 x N 5  
Grade 1 + selection no, 15,723 3 6 

15,759 4: 16 

That Shsse selections were no$ complementary with either of 5heir 
parental pales confirms ~ke supposition ~hat they were double recessives. 

Since the phenomena of complementary alleles at the same loel~s and 
of complementary recessive genes in dt~plicate loci will b e  demonstrated 
in connexion with anthoeyamn inksrRancs, i~ is necessary to indicate 
tha t  the more normal interpretation of complementary factors applies 
to this case of corolla colotu'. I f  it were a case of complementary alleles 
s t  the same locus, the ~72 wottld have given an aHslic 9 : 1 : 1 ratio, which 
could easily be confused with a 9 : 3 : 3 : I if the ls,t~er term were in- 
corporated with sigher of tb.e middle terms gixdng a 9 : 3 : 4. J-Yowever, 
the ,:Iemonstradoa o+' the presence of pale segregates giving i~o comple- 
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mentary ef~'ee~ with either parental pale disposes of the possibility ~hat 
the latter might be due to oomptementar/alleles. 

.& ~hird plant from the F a be~ween 14,868 ancl N 5, when backm'ossed 
go N 5, segregated 31 full ydlows and 33 pales of the N 5 type, in eo~.- 
fortuity with expectation. 

Similar complementary factor r~tios were observed in ~wo F s families 
derived from the %11 yellow hybrids between pale 9992 (Y~ !% ~) and 
N 4~ @biases pale (2% ~ Y~.)--again forma bv, r,ma, n4ec,~. There was a satis- 
factory distinction between full yellows, the grade 3 a~l, omc~.Zum .pales 
with short pe~a.ls: tlts ::grads 2 Chinese" ~ype wl.~h the characteristic 
slight intensification of yellow jttst, aro~md the red petal spot, and with 
petals of practically the same lengtz as the full yellows, and a. fou~:th 
class with very ])ale, practically white, corolts, showing a very slight 
ineenslflcation of yellow near the spot, and with petals of intermediate 
]engt.lt--presm~aabty the doable reeessives (1% ~ 1%~). 

53ellow grades 

]Family 8-7 4, 3 ~ Oh ] + Ch To~a! 
3715 34 5 13 3 55 
3716 33 i 3 4 3 44 

To~a] 67 9 ].7 6 • 99 
EXl)ec~d 9 : 3 : 3 : 1 55"6 Z,S,C, 18"G ~'2 99-0 

kgreel-nent wi~h ex]/ec, ta@o~t was not qui:bs as good as in the previou.s 
cross eonsid.ered (X ~ = 7.5. P = 0-t-0.05), t,u~ most of the diserepa.ney wo, s 
d~~e to a, deficiency of e'~c,~eZ.',~ pale segr%at-es. Nevertheless, it is Near 
that  a,,~,o~nc,,1.u'~, pale is ].odep~nden~- of C%inese pals. as ,welt s.s oI: the 
common Asiatic pale or white locus. 

(,t) ~4 yd~o~v depres,~or, I ' @  

I t  gas a]rea,dy been me.ationed, a±. ~he begin?ing of the preeediug 
section, glaal ~, two grade 'J seg'regate~ (nos. 14,889 a.nd 16,868) were 
observed i~ the third ba.okcross of ~z.~.o.ma, h~,.m ~o f@[ yello~ A S, and t3eir 
segregdti.on on se½ng w~,s sun.l.ma.riz.~d in Table 5. Ib wa.s t.l~onght ~,t 
:first Sh.a.~, they might he 5e~,eruzygou.s for t, tie grad.e S c!.~o;J~,;d.'~o~ }?ale 
typa, l~ut quiee a@art fi'om the faeg that. hetsrozygoges for the latter were 
later :found % be f~lll yellow, 't08 progeny derived from @leir ba.cksross 
wi~])_ cc~zo~r/[,u.m itself we:ce all. ye;[lows of grade .'-t-5. l~urtherm.ore they 
th:cew ~ao~hing paler than thenlselves e)th.er o.u selfulg ot: crossing to the 
grade 3 pla.nt, no. 14,$68. I.u each ease @:toy ha.re two rea,som~bly distinct 
groups, one :[fuotu.aeir~g bat, ween 7 and 8, ~;nd the oeher from j,:l.st below 
grade g ~o ,iust abnve g~'~de 5. Within these groul)s it was ~_ot fell~ tl~a.t 

J 8 2  
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classification was reliable, but  there was no hesitation in classifying 
them [atb d~.e fr{ll yellow an~[ the "'depresse d yellow" class, as it; wa.~ 
termed in order to c[iffereetiate from trrte pales. The fa.et that none of the 
latt:er appeared indicates that  1't,859 and 1,t,862 were both of I'~ ~["~ 
constit[ction. These tw~ plazd;s were also crossed, with whRe petalled. 
N 14 (y~) and gave two shniL~r dear-cut phe~aotypes. In a,ll, the segre- 
g~.~tions f'z'om these two pla.rLts were as follows: 

[Full Depressed 
Progeuy yellow yelIow 

14,859 seltbd :~5 ~9 
H,,86 ") so, lied 6 l I  

1..t:,S,59 x 1:t,$68 12 12 
1:~,862 >: 1,t,868 12 6 
I~,$59 ".: N [¢ 95 I01 
14,$62 >: ix[ 14 109 88 

The backcross ratios were very suggestive of the p~'esence of a single 

dominant depressor, but the two selfnlgs did not conform at all well I>o 

the S depressed :1 frill yellow expected on that  basis. At[,empts to 

establish a homozygous depressor li~e have not so far met with any 
success. Four low grade yellows from 1-t-,859 sniffed were selfed; all threw- 
some full yellows, giving in all ~0 full yellows : 51 depressed; a ftu'tlaer 
six plan~s from one of these seliings were also tested, and again all gave 
some full yellows, and a ratio of 15 : 29 in total. In each ease the pro- 
portions were much tl~e same as from the original depressed yellows, 
!4,859 and 1-t,$62, w l i c h  were known to be h.eterozygotes in view of t t ieb 
bacheross origin. .&li  the above seI~ngs total  to 96 Nll yellows : 1~'10 
depressed. The deficiency of depressed segregates is eveia too great to 
explain on any hypothesis of inviabilRy of the homozygote (Xi~a=5'7). 
On a normal single gone interpy:etation the probabilRy of ha~/ng found 
at least one homozygote amongst the 10 depressed yellows tested is as 
high as 0-98. A further five plaints will be tested next  season; these have 
been examhied by Dr Y. Pisk of this Iaboratory, who has found no 
abnormality in t heb  male meiosis which might account for the gerzetic 
situation. The backcrosses, and these reported below, which also showed 
normal behaviour, were all from the heterozygote as female, so there is no 
information on the gametic ratio on the mainside.  This is under in- 
vestigation, as additional data are very desirable. There was, within 
each of the ~wo main classes, a little more variation i~ seffi~gs than there 
was in baekerosses, and possibly some of the appareut deficiency may be 
attributed ~o errors 91 scoring, but it is not believed that  this can explain 
the situation, as on the whole there was a perfectly clear distinction 
between the two groups. As this lowering of yellow intensity was f~und 
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to exert a very profound influence on the expression of anthooyanin in 
the petal, as will appear later, it is propdsed, in order to facilitate the 
discussion, to allocate die symbol l"dp to the gene responsible, though 
in view of the se½ng :results it is realized that  the situation ± ¢ y  not be 
as simple a.s the backoross data suggest. 

Two of the depressed yellow segregates from the cross 14,859 x N 14 
mentioned above were baekerossed to 1~ 1'4 w]aite, and[ gave ~hree clear 
classes in very good independent 1 : I ratios fez both y~ and ~d2J: 

1¢utI Depressed 
Family yellow yellow White Toffs.1 
3408 ~tl 36 78 155 
3409 30 47 73 i56  

Total 77 83 151 311 

Evidently J"d2~ is completely independent of the Yo, locus. I t  could 
not. of .com'se be situated at the Y~ locus in a,~o~a.h,..~m That Ydp is 
also independent of the Chinese pale locus Yo was shown hy the segre- 
ga,~ion in two families derived from depressed yellow plants from the 
cross 14,859 x N  6,1 (Y~ I'~, }'gy~ ydp  x I% P y 2  ydi o yd2)) ' These plants 
were bac.korossed to the double recessive N 4'4.; full yellows and depressed 
yellows appear&l in equal numbers, and ~he influence of the depressor 
gene could a.lso be seen within the Chinese pale segregates, approzimately 
half of which web's distinctly paler ~ha, n the others: 

~Ktdl De pressed Chiuese Depressed 
Family ydlc,w yellow pa.'b pale Tot~.l 

3708 ~[-0 ;~'± ,17 43 16-1 
3709 16 2B 1.2 14 64: 

Tot~t 56 5!] 59 57 228 
Very :few lm.c_.kcrosses to (~,.~zovwd, u..m. ].~ave beetz grewn, and as :far 3.s 

corolla co].our is concerned on.ly one ].a,rge progeny. This, the resuR o:[' 
seifi.ng .a plant fl'o~,l the second ba.ckoross of I-I 10 to c~s.m,cdi.m,., a n d  
carryil~g the ].:~ allele from the :%rmer type, segregaSed 53 pla,nts o:[ 
grades 6-5-¢ and 27 oil a~z,om, cd,,erm, grade 2. T]~e yellows went, rather 
higher thau n igh t  have been expected.on a presm~.mbly b m o z y g o i s  
yc//) baekgrou.nd, though there wa% no evidsttee that  ydl~ from II I0 
had. not also beers carried over in:go this }h?.e. ScoNng of eXarCt yellow 
grade was very difilcuR on a,coonnt of the wide range in intensity of pink 
in the petal. The poin.t of greatest interest in this progeny was d~a,t it 
sh.owed an excess of pa.les--53 :.27--whie5 though nob signfffcant sup 
tests a tendency for a foreign gone to be in defect when introduced in:t~o 
a,~ao',l~g~t.~'n? &].so. 

The depressor gene is of snfl3.eient potency to aecout, t, for practically 
ali of th.e downward extension, o:[ the great range in corolla co]om: seg:t'e- 



280 Ge.~eg.2c,s of  G o s s y p i m n  a n o m a l u m  c~nd ~t.si~tic, Co~tons 

gabion which characterizes c~o~~ghma, hybrids as against those bel)weml 
the ewe cultivated Asiatic spedss. As far as modifiers affecting bhe upper 
po~:tion, of the range it) yellow .iate~sity are concerned, a~o,mah~,m is 
prohably nqt~ very different G'om msny of the £srbace'~r~ types whbh  are 
aba lower level than (~rbo~'e.~am in. this respect. 

(5) The ~/~ct of y s c~r~d Y@ o.t~. :peted g<~.~.~.ytl~ 

In view of I;he influence of the Y~ series of allel.es on flower size, petal 
length was measured in. certain segregatiu.g.families.~ and the results are 
smnmarized i.~ Table 6. The first three is,miller all agreed ia showing tha~ 

Table 6. fhc~ @ct  qf Y,/~ c~zd Y@ o)~, 2)et~-d Ze.)~/yt~ 

Fa ta l ly  
3rd 13.0. A S selfed 

(A L6 x 999~7) x 9992 

(N ~4 "." 9992) selfed 

(N44 x I I - , S 6 9 )  "< K4-~ 

i~'llea.n 
No. pe ta l  
of lengt, h 

Corolla aolour plants  ram. s.m })~ff. t P 

Yel low 54 3S-L~ - -  ! 8..37 2.0 0.0:5 0.02 
5m)~¢~d.!~,~~. pMe 9 29.7'7 J 
Ye' ibw 206 35.59 - -  ) 5-57 16,0 Very  sm~zll 
t~zo.mch~i~ pale I43 30-02 -- J" 

9hfli yel low 63 43,55 0"591 tO-S9 8'6 Very smal l  
~z~t~mcd~;~ pMe 9 52--ii6 1"15 [ 
Chinese pale  1Y 4;~--17 0',30 - -  - -  -- 
[Doubts recessive 8 38.66 1,2S - -  - -  - -  

Ftfll ye l low 85 ~5.78 0.35~ / 0.2 
Depressed  yel low 55 ~5.05 0-3:3~ 0'73 1.~t ' -0" t  
Chinese pale $7 4:@98 0-361 2.1 
Chinese ps le  d~pressed 57 43-82 0"39~ 1"16 0-05-0 '02 

~4,859 x N 1.-I FLdl ~-ellow 58 ~LO-17 -- I 3.2 
YOepr[,ssed yellow 60 3$-70 i.{7 Sm~dl 

the c~;~o'~}wd,~ pals segregates have ]?etals fl'om 10 to 25 % shorter than 
those of thek" full yellow sits. In each case the difference was sigl~ificant, 
and its magnitude was comparable with that  which ~ttchinsot~ (1931) 
found to be associated with whRe corolla in the series wlfich he studied. 
From the thbd  a.~d fottrth f~m.ilies it wilt be seen tibet Chinese pales are 
more like the common pale which Hutchinson.studied, b_ not being very 
different in petal length from yelJows. In the d~_ird fi.~omily the 0Nnese 
pales were 0-92 ram. longer than @ yellows, bn~ the standard error of 
this difference was 0"95. In the fourth family they were 0"80 ram. 
shorter, with a standard error of 0-,'54. In each case the differences were 
nonsignificant, In the third family the double reeessivss were found to 
be intermediate in petal IengSh between e.~o~;m.hmz pale and Chinese 
pale. They were 6.00 ram. longer than the former (t = 3-5, P very small), 
and 5-81 ram. shorter than the latter (~=4"0, P very stoat]), but in view 
of their small number it is doubtful whether much significance call be 
attache([ to their measurements. 
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In the fom'th family the depressor class was shorter than its eorre- 
spondizz.g full yellow or Chinese pale cla.s:s in each ease, though only in 
the latter comparison was the difference significant. Comparison of ~he 
petal length of the depressed Chinese pales with that  of the full yellows 
showed a more marked difference, the former being 1.96 ram. shorter 
t l ~n  the latter (t = ;?.5, P very small). This can. no doubl, be attr ibu%d to 
the cumulative erie.ors of the Chinese pale and the depressor, which 
separately are small and not easily demonstrable. In the fifth family the 
depressed yel].ows again had stightty shorter petals ~han the full yellows, 
and in this case the difference was elea]fly significant. Evidently Y@ 
is simila.r in this respect to the petal coloar modifiers which Hutchinson 
sl~udied. 

(6) Lie/cage tes'ts c~ycWnst Y~ cazd Y@ 

Since naarkers for l~hese loci have no~ previously been available in 
Asiatic cottons,-correlations ~th oth~r gene segregations have been 
observed whenever possible, and are recorded, in Tables 7 and 8, tn  none 
of @e cases exa.mined wa.s there any evidence of liz~k~ge with either Y~ 

Table 7. T'mov*acto~" ~'eG~g 
Parmita.J .  

}?~otor  t % m i l y  oonsgi~rd',ion. 

L a ~ , 3 r d  .B,C, A 8 ,  S + - I  >: - - 
1:{,868 z N  5, 8 ~ x -- .I- 
9992  : . ' N  44,  S + :< -. 4 

Lc z 1 4 , S 6 S x N h : S  + -  ~: - i 
9 9 9 " l x i N 4 4 ,  S + -  :.: - + 

£,~ I4: ,808 × 2( .5, S -! ..... >: - + 
£J~, 9992  :.: 'J.' 6, S -I- - >: - + 

~eg;wat,Wns i~vdvi.ng I% 

55 !;~ t 0  :3 SO 0-1 
92. 30 ].$ 11 151 2- I  
62 21 12 3 9S 0.2 
90 19 21 -~ 134[ 0 - I  
57 15 ? 6 8.5 3 .8  
91 31 25 6 153 0.5 
4~1~ 16 1]  5 76 0.1 

Tab].e S. Two-is, el.or ba, d~cross ,segre~a,t.io.n.s i,n~ol.v.i.,t. 9 t"@ 

P m ' e n t a ]  
~Fa~cL-or F a m i l y  eonsUbu~4on Y d p X  ] dp:c ~l([p.-X Jinx T x's 

£ (14,8,.J9 x N  14) :.:iN 14 + -!- x ...... 39 43  36 41 159 0 ' l  
(14 ,859 :., N ~1) >: iN 44 + -F 5(; 56 a4  61 227 0-2! 

£ %  (14.859 >' iN :14) >:iN i 4  + + × - '~ 36 &~ -tl  3-i: 153 ] ' 1  
( I 4 , 8 5 9  × i~I 44) x iX 44 ;F q × - -- 56 5]. 55 -1-'7 209  0 '1  

~ ( i~L859 × 5 I  14) :':iN ] 4  ' ,  + ~," - - 42 41 32 45 1.60 1"3 
l'~'e 0 4 , 8 5 9  : . :N  14) x ~  14 + + >: - 45 37 31 46 159 3-,1 

(7) S~..,~,a.ry 

(i) With rest?eel; to fl.ower ooIour, g. a.'no,ma, h~...m, is comp].emenfary wibh 
arboreu'm strains carrying the common pale o~ while M].ele in the Y~ locus, 
or CLdnese pale in 1)he Y~, locus. To the gene responsih].e :[or l,he pa]s 
corolla of t~,~wm.cdum, bhe symbol ]_~r is a,ssigned. All stra[us of u,~'bore.'ta~ 
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an.d 4erbaeeu~ c:~rry Rs allele Y~. The co~.~s~it~t~ion of ~.nomcdu,n is 

(ii) ARh.ougk the Y 3  pale eo:col!a~ when hi e~rbore.am~,, is nob ve:cy 
diffe,'ent in al?pe:~ra, nee from the y , e  pale, it is re.ore like//,, white in bei~g 
associated with a c.ondderably smaller flower thars the full yellow types. 

(ii) A.I1 cmo.m.cd~em hybrids, even those involviltg fuIi yeiiot.r eul:i[- 
rated Asia@c Dwe~Rs, are alike in the low intm~sity of yellow iI~ the 
corolla. Th[s is du.e primarily to a yellosr depressor from ~.~nomcdu..~~b, to 
which the symbol t"dp is s,floc~{ed. This germ lowers the intensity of 
full yellow in er, rLmreum from grade 7-8 ~o grade 4, } ~ p~te is of g~ade 3 
in a~n a.rbo.re~mT, genotype (yc~2), bat  in ~.mm¢lum (Y£?-J) the expression of 
~his gez~,e is redeced to grade S by Lhe c~.epressor. 

(iv) The depressor, like othe.r ooro]l~ cotour m.odi:fters. cestriots petal 
leng@s to a very slight extent. 

(v) Ano.r,t, aZ~e.m hybrid progenies show a very much wider corolla 
colem" modifier segregation than clo crosses b~tweet~ th.e two eul t iwted 
Asiatic spedes. ~'[ost of the downward extension h~. range of yellow 
izltensity is due ~o the Yc,7? gone, 

(vi) The t'% locu.s is izlclependen~ of Y~, Y~, /~ ,  [I~ and the L-Lci  
linkage group. Yelp is independe=t of Y~, Y~, Yo, P~z, No, and ~he 
L-Lq grot~p. 

IV. ANTHOCYANIN 

(1) The situc~,tio~ in ~l~e cu~ivc~,tec~ Asiatic s2~ecie~ ; <p~.boZ.i~ct~.ion 

In C4. arbore.u~ and he;'haeeum a~thoc}a~in distribu{ion is controlled. 
by a ].eng~hy series of multiple ~lldomorphs. Six types were originally 
described by Hutchinson (1932b) and the genes arranged seriMiy: 

R_R~-Rc-~S_r='_rO. 

1% s is by far the commo~.mst allele, and ~he red spot. ab the base of the 
petal and the va iab]e  intensities of red tinge on the stem which it 
produces might be described as elq.e typical condition in cotton (P1. 18, 
f~g. 1). The r ° type is completely spo.;tless (P1. 18, fig. o); the red tinge on 
the stem of the strain in which this gone occurs is slightly paler thsn that  
on most ]~s types, bu~ this is almost certainly due to modifierg and not to 
any difference in the main gone in this respect. The ~ type, gtmst spot 
(PI. 18, fig. 3): has a clear white area at the base of the petal in the position 
which is occupied by the red spo~ in i% s types. Ghost spot types however 
not only ].aclc anthocyanin from the petal spot,~ but  from ~he entire 
vegetative part  of the p]a~.~ as well. The two alleles .~,o ~d[ :rg act as 
con~plementaries in tt~a% theb compound (PI. 18, fig. 14) has a similar 
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expression to tha t  of the next higher member, ~s.  Hutchinson described 
this compound as " spot/ghost" on acoo~zt of fl~e pale ~hitish maz'gin 
stu-ronnding tile pigmented ares, as if' the red spot were superposed on a 
slightly larger ghost. Evidence which will be presented, in this p~per 
shows that this expression i,s not an essential 6haraeteristie of %he com- 
pOUnd, which on certain genetic baokgro~nds is istensified until it is 
quite indistinguishable f~om i% s phenotypio~l]y. The higher members of 
the series, I% °, ]R ~, ~nd 1%, al'e also: like R s, eharaet-erized by a ~.ecl petal 
spo t  but in addition detem~ine progressive extension of intense antho- 
oyanin pigmentation frost to the calyx and bolls, next to the leaves as 
welt, and finally also to the petal lobe. S~bsequendy I-Iutol~inson c% 
Obese (19375) ~?eported a seventh member" of the allelie series, R o, 
similar to ~,~ vegetatively, but, like ~r% without any petal spot, and in 
this respect also 6omplementary with ~g. This: togethe~ with. infom~ation. 
obtained in tke eoe~se of this investigation wRh ~o~.ab.,~% has led to the 
realization tha t  {,he anthoeyanin alleles may be arranged i.n two serle,% 
similar in vegetative expression but respectively wRh and without red 
petal spot. On. this basis a new system of aomenolature of the genes 
has been proposed ([E[utchinson & Si].ow, 1939). Two superscripts are 
attad_~ed to the mMn ~ symbol; the first indicates distributinn of antho- 
cya:ain if present, and the second, presence or absence of spot. In the 
following list the ~:cw sym}~ols are indicated, togethm: with. the o].d ones 
in ],~'ad~ets. As l-Iariand (1925) ~as established homobgy of this series 
wRk the E° series in the tett'al)h_,id, hTew World cottons, this series is also 
givm~ the same nnme~rioat subscript. 

l~{-a.1 spotted P~ba] spotless 
]-ted flanI~ bod)- ~md pel.a.1 I~. r~:'v (}I,~ 
Y~,sd ]ea.f I,':: ~s (R ,~) 1~ ~'e (F,,= c) 
Red c~.5,x Z,=os (p~o) 
R,ed tinged stem (i.e. ha.de a,lth.ocya.nh~ peesea% ~=,ls (p~s) I{= -iO (t") 

expressim~., varfa.bl~ ].mt slight} 
Green s~em, ghost ape|> (basic -~tthocyauh~ Rz Os (re) 

a.10sep.t) 
This s~:heme of sym])o]~zat]on in.dicai,e.~ the basis o:[ the complementary 
natm:e of the ghost spot (]~.o,~) and spetJiess (R.; -~t° or p.,~o) in giving the 
red spot phenotype. In the conrse of discussion in tMs paper ]t is pro- 
posed to ref,er to the phenotype of R~ -'~s ~m :' full spot"', and to t].~e com~ 
pound between ghost R,  °'s an.([ spotless P,,e ~z° as "compound spot". The 
]a,tber term Will also be used for ,compounds between gh.ost and spotless 
when. such genes ocou~: in different loci, as wit] be d~ow]:~ to be the case in 
oa~o,mo.>~.vz. In eases where thm:e is no immecli~Lte evidence as be mhether 
e~, particular' pheno/ypic gz'ouping iq composed of full spot, el" co mpound. 
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or both, or wl~ere the distin.cdoa is immaterial to the poill~ under dis° 
sussiun, the class will be referred to as "~'ed spot,". 

From f-[ut;chinsolfs cartier work it had been thought likely that  ~[he 
compout~_d spot would usua[]y be distinct it~ expression Dora the full spot 
allele ~ o ~  in having' a dear white marginal area around the spot (see 
PI.. 18, fig. 1~[-), though he b~d reported the appearance of a single 

• intensified spot/ghost plaat which was hardly distinguishahle from a 
typical full. el?O< and suggested that .it might be possible tp develop /~ 
spotless type with a complete set of ~t, rbo.reu,m, mod.ffJ.ers which ia com- 
pound with ghost would giv~ a full spot phenotype, A large number of 
progemes wlTictt have been grown from ct.nonmh~n'~ interspeciiie hybrids 
have include//both the ghost ~,nd spodess ~Ileles, so considerable atten- 
tion was Y:'ocased on. the scoring of' the compou.ad as distinct from the 
Ntl spo~, especially in early progenies when ano'm, ahmT, wz~s thought  to 
carry a full spot duplicate. The separation was found to be exceedingly 
diN.oaR, and expected ratios were not attained. Spot/ghost types 
appeared[ e~,en in progenies where only e.i~.o~ncd,zm~ and Asiatic fl:dl spots 
had entered. These di~culties of interpret:utica were eye,busily explained 
by the demonstration that  the ct'no.~nah~.~ spot is itself due to the comple- 
mentary reaction between ghost and spotless, thoagl], these two genes are 
in different !oci, and tEat compounds can be intensified by moctifrers 
right up to the expression of full spot. In  such cased it is n o t  evident 
beat there would be no point in maintaiming the distinction between 
compound and full spot, and the data have bee_u grouped as ' :red spot" .  

I t  will be sho~vn that  eno.;J~a[,.m.~ carries a duplicate a~thocyanin locus. 
On account of sterility barriers ig has not been posNble eo hlvestigate the 
relationship of this duplicate locus ~ tb .  the I~ i series of NeT -World 
cottons. From work in progress at tlfis Station it has been established 
that  the anthocyanin locus of the wild American diploid species 6÷. 
ar,mo~ricmab~, c~rl:ch~m,, and tl~.~'be)'.i is homologous with 1:1 z of the tetra- 
Field American species, Skovs~ed (193~-) has suggested t~lat the latter 
are allopoly]?loid.s derived from an Asiatic species and an American wild 
species, or cytologically similar types• On this basis R~ would n.ot be 
expected to occur in an Asiatic genera, and it is therefore proposed. 
tenta t ivdy to symbolize the a'no~.~cdu~ anthocyanin dupEcate locus as R~. 

Since i~ has been possible ~o transfer the ~s gene from ct,,no~,c~hm~, 
to the eut tbated Asiatics, and obtain normal segregation, it is highl.y 
probable that the latter species also carry the ~,  locus. There is of 

• . • t o 

ecru'so a posmbJity bE.at the ~.~,rbore,~,r~-herbc~ee~m~ homolog,:~e of the 
a~o~aZ'~.f,'~~ R a chromosome has a deletion, at t]ais locus, but in the absence 
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of any positive evidence to this effect, it is more rational to suppose 
tha t  the locus is present. Within the cuRivated Asiatic species there is 
however no evidence of its activity. The p~os type does not carry Ba 'x°, 
nor does the Be. x°  type carry Ba °s, since, on evidence which will be 
brought forward in this paper, these combinations of genes would also 
b'~ eomptementa:'y in duplicate loci just as they are when in the same 
allelomorphb series. There is no evidence that  these spotless and ghost 
types carry the same alleles in each of t,heil: duplicate lee.i, since in the F~ 
betwee]a them they w e n d  give 1¢ spot : 1 ghost : 1 spotless, whereas they 
actually give 2" 1 • 1. The duplicate locus in carborezt~~ and /ae,;'baooe.z~vs 
must therefore carry an allele which is inactive so far as anthocyanin 
expression is eoncerned--%°°7-.a new spot].ess allele phenotypica]ly 
similar to R¢ ~° but  lacking even tl~e basal anthocyanin episolne and 
therefore not  complementary with R~_ °s. 

%Vhen it  became known that a~to~dcm~, tarries a duplicate spot 
mechanism, carei\tt watch, was kept for any evidence of dul?liea,%ion for 
anthocyanin in the cultivated Asiatic species, especially in the African 
b,pes g e,rbo.rem~ forms so.t~&~.~eus@ and ~. I~e.rbc~ce~.e,v~ vat. j:n~esce.~s and 
var. @'icctn.u~,~. None has been found. 

(2) Evide~me of &~ld,.iccd.io~. 

With reference be a, nthooyanin g. cm.omo.h~.m (P]. 1,% fig. ,'1) is pheuo- 
typically. . simila,:r to full spot Re-'ss' types in lrhe ctdtiva.l,ed Asiatic £1. ac,.ies.. 
(]71.18, fig. I), with four of which it has been crossed.--A S and N lq [rom 
o. ~ore,~..n,,, a~].d O 1 and 0 8 from herbace~eun.. The hybr :ls were b~,_ck- 
c~'o,ssed, to several ao'borew,-~ ghost types, and the pro.go@ segregated for 
petal spot a,s follows: 

C r o s s  ][[,cd s lee t  C h e s t  ToLu.J X~au ]9 
(~m. >:A 8) > :A 1G 8 1 9 - -  - -  
(a~l. >: A 8) >: 2q 14 174  28 f~o~. 1 3 ' 4  V e r y  sma,ll  
(a.~z. ×A 8) ×T 3 lo3 3.5 las 0-o o.9.~-o-no 
(c~'e~.. x k  8) >,3/1, : i  6 0 6 - -  - -  
(rl,;~. :.: ~ - 1 9 }  × T 1 37  :22 .59 4"8 0-05-0-02 ,  
(~,~,~,. x O  1} >:J_N 14- 8 3 11 - -  
(~o~. x O 8) >: 1R .5 8 1 " 9 --  --  
(c~. ,: 0 S) .< N 14 15 7 22 --- - -  

The occurrence of recessive ghosts il~ a backe.ross involving two dondna~z6 
]?henotypes e]e~r]],' indiea, ted drq?]ica~ioM T]he:,:e was considerable hetero- 
geneit, y amongst  i~he famil ies (Z z h e t e r o g m m i t y -  19-1, P= 0.01). Of the 
three l~rgez' famil ies, one w~s an excel lent ~i:(; to  t lm 3 : ]  exj.)eobador,, 
whilsb the other two gave ar very signifir.'a~rL excess and de:6oieaqy of 

ghosts respectJ.vely. I n  suoL a wide cross and w i th  so mud ]  s ter i l i ty  
this was not altogether unexpected.. The cltt]?].icate gone interpretation 
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was subst, ant.i~?,t.ed by subsequent breeding behavio m: of spo$fled selections 
fl'om, dm [,a, ekeross (cam :< A 8):l;o N l-i, whisk were again ba:kerossed to 
N 1-i ghosb: 

]Nanb R.ed spol~ Ghos~ ]],;.~ tie X~a:x X"i n 
'P 1780 285 108 2"ti4 : [ / ' 3  - -  
P 1 7 8 I  138 &5 3.21 : .I. 0.1 - -  
P ].774 6 t  58 1.05 : 1 - , -  0. I 
P t 783  94 93 1.01 : i -- 0.0  
P 1795 111 90 t . 23  : 1 ~ 2,fi 
17 1597 17 52 0"90 : 1 - -  O'a 

0no in thl'ee of these would have been expected to be dorkb].e hs%rozy- 
gores, and the o[;hez' two single heterozygotes giv[ug ]. '1.  A seventh 
plant, P 177S, was selfed ~snct gave 51 red spot : 5 ghos% [n,!{icat.ing bh~t it 
also was a double heterozygote. 

Some sale.orient from. t.hs ddrd backm'oss of (am :< A ,~) to :-L ,~ wm:e 
also of inte:'esi:, in this connexion. A 8 being homozygou.s full spot-, {hs 
baokeross progeny were all ]?henoWt?ioally spot. Two sdeobion.s when 
selfed g~v~ the following: 

Ptan~  e,o. R e d  s p o t  6[host  

J_4,S5& 54: 9 
1 4 , 8 6 i  55 3 

These h~o plants evidently were hsterozygous in both the & 8 full 
spot loous and in the duplicate lotus, giving approximations to the 1.5 : 1 
r~do. One red spotted segregale, no. 9992, from tSe fbst of these selfe& 
progenies, also turned out to be a double heterozygote like its immediate 
paten< I t  was m'ossed with A 16 ghost, and the five progeny which were 
grown were aI1 red spo%ed. On the b~tsis of duplicate faotors, one-third 
of these spotted p~ogeny shotfld have been double hste~ozygo%s, and 
two-thirds single heterozygo~es. They were crossed, as mentioned ikx 
§ I I I  in oonnexion with corolla eolour analysis, b~ek to theb 9999 parent, 
the double heterozygote, with which the double heterozygotes should 
have given a 15 : 1 ratio, and the single heterozygotss a 7 : 1. Two of the 
families appeared ~o be of abe former type, and $hree of the latter: 

Cross R e d  s p o t  G h o s t  s p o t  ~ t i o  X~s:~ X%:~ 

P 4098 x 999:2 50 ¢ 12+5 : 1 0.1 1,3 
P 4126 x 9992 78 -1 19-.5 : 1 0"3 4--~ 
P 4127  >; 9992 64: 8 S-0 : 1 2"9 0"1 
P 4128 × 9992  68 12 5"7 : 1 10"5 0 '5  
P ~ I 2 9  ~. 9992  66 7 .9.-i : I 1,4 0.6 

Plant 9992 was also crossed with N 5 ghost, and one of its spotted progeny 
gave further evidence of duplication. On ,selflng it gave ~[9 red spo%ed 
aud 5 ghost spot progeny (1,5 : l) and a baekeross to ghostgave 52 red 
spot and 12 ghost (g : 1). Abundant other evidence of duplication for 
spot will appear incidentally later in this p.apes'. 
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(3) The _R,, cdZe~e in anomalum 

When it became known that the ano~~cd, um spot is a duplicate of tha~ 
in a.rbo~'e.z~m and herbs.cede,m, it  was necessary to determine the hatters of 
~he allele which c~w~cdum carries in the ~,rbo'reum anthocyanin locus (P@. 
The fact tha t  ghost segregates appeared in the backcrosses of (a.)z. x 
Asiatic full spot) to ghost y~.,oz types indicated tha t  the R~ allele from 
anomahi~ mus~ be either ghost e r a  lower member. Accordingly four of 
the ghost segregates, nos. I ) 1791, P 1801, P 1818, and i1,319, from the 
above (c~. × A 8) x N t~ baekcross, were crossed to H 10 spotless R~ -~°. 
They gave a total of 316 plants all with the red spot phenotype char- 
aeteristie of the ghost-spotless compound, indicating tha t  ~heir ghost 
parent must  have been ]:omozygous for the ghost a]Iste. That the 
anom.cd,~ R~ contribution is a ghos~ allele was also confirmed by the 
following line of evidence. The hybrid (c~,n. × A g) was itself backerossed 
to }I 10 spotless R~ "-t°, and all 550 progeny grown were red spotted. This 
should be contrasted with the 3 red spot : 1 ghost segrega.~ion which 
oeetu'±-ed on backerossing the same hybrid to ghost types. Two plants, 
nos. 11,705 and[ 11,757, were selected from the H 10 baokoross for Nrther 
testing. On. again ba.ckcrossh~g ~hey gave 1 :1  a~d not .3:1 ratios, 
indicating tlm,i, the dup!i~ate spot fronn anomcg,~.m was no~ present in 
these cOco.trans. Attention need ther,af'ore be directed to the R~ tocus 
only, ,n.l: wh:ieh, Jn a.ddJ.tiou t.o t',he ape [,less allele derived :from }I I0, these 
selections nnight ha~e carried, full spot fr~,m A 8, in wbic]~ case a backcross 
to ghost wc,uld have give~ all spotted progeny; actua.ll), about 50 o/~ ghost. 
were obtcdne~l, so t]?e~r saeond/~ ~.rJem})cr must 5ave beqn ghost, as was 
co~zfirmed ])y baekcrossing these same two selactlcns a.gg.in to spot,~ess. 
This g~ost could only ]mve been derived 5:ore r~.nom,a,~um. The actual 
numbers obta.h~ed i~] these ba.ckerosses of 1t,7013 a.~d 11,757 (~/~o ./~ ca) 
were a,~ follows : 

Oross ~egregn,~ion ;g~'~: ~ P 
11.703 b~ckcrossed 220 ~,ompomld spot~ 1-19 ghost ;  I3,7 Ycrv ,sma,]I 

ghost (.R2 °~) (it.O,'~ 1~2.1~} (I~sO,_' ZI.O,S) " 
I1,757 dJl,go 2.'5 tilt,to 21 dJ14,o 0"3 0'7-(1"5 
11,703 5aokcross~d 52 spoLless 35 compound 3.3 0.1-0.05 

spo$]css (]L,. AO) (~,JO 2AO)  ([l~AO /~ ~l~c;) 
1.1,757 djfito ]72 dJl;to 139 cU~,~o 3"5 0'1-0;05 

(I?o&a.J .i69 ~',K :10 3@i .R,, ca 20"S Vet 5, sma,tJ 
:H,ei,m'og~ne~ey 1 "6 0"7 

In all ibm: progenies ]?hm.ts carrying the i,ltrodtteed ghos[ gone R~ '~'° of 
c~'~'wmcd~.m origin we:re fewer in l~umber tha~. expecl;ed. The families 
formed a homoge~eo~s gJ:oap, s.nd a,]t[hough in only one of them was the 
deficiency a, ctua.].ly sigm:[cant, in toLa.]. Lh.ere was a very sjg~a~fiealat 



288 Ge.,ne~'ics o f  G o s s y p i u m  ~ n o m M u m  a n d  A # i a ~ i c  Oot~o~s  

shortage of plants c.arrying l~he introdu,~'ed gen.e--~ f,:ec!~e~r~ tsndeucy 
lJO whi&. a.ttendon will be dire[.tsd ag~dn ]~tsl'. 

T .n - "~ ].~ p]a:uts ]A-,SS-'I: a, nd 1'-1-,56:]:-, to whish refereace has M, rea,dy been 
m~de in the preceding ssetiom Mso showed tIlat the ~ d[lele in ~eno.m.aff,u,1, 
is ghost,, They were ,selections fi:om a th.ird backceoss of (o,m × A 8) go k 8, 
and threw g.hosts in their setfed, progeny. Sines A 8 is homozygoits 
R.2 -'Ls', the .R,_, o's tens nl t ts t  ]l[~ve come f~:om c,m, oma.h~,< 

('4) lT~_e co'm..l)l,m~.e.~:tc<q nc~gz~re q/" the chff)lJc~a.~e i)7. R. a , and, .it.~ 1)[siot,'opio 
" joh l  p e~a] " q/'/~mt 

The knowledge thae a.mmm.h_,..~z carries ghosg i.~x the ~.~ locus raised the 
possibllity C]l.~t the duplicate might not necessarily be a. fuIi spot affel.e 
on. its own ~eeotml;, but a spodess gene giving She spot phenotype in 
assodation with g}tost. C!ridsal evidence is available from the backcross 
of the hybrid. (a,n. xt-I 10 spot less) to  H 10. If  i;he duplicate were  a 
full spot,, it should have given a~ 3-: 1 dupliea,te gene r~ti.o, zincs the 
e~wm.el.z~,~, ~,,os would al.so have acted as a spot phenotype on the H 10 
spotless background. Actttally 29 red-spobted and 28 spotless pla~,n~s were 
olJtained, clearly a 1 : 1 ratio, which can only be interpre~ecl on the basis 
that the ~.nom, cth,m~ spot is due to eompbmenbary alleles, respectively 
ghost and spotless, in d.aplie~ste loci, as follows: 
P~rsngs v,~wmahma spo~ Ba °s R,~ xO }I 10 spog!ess ~..J.O roOO 
2T~ spot R~ OS .R= AO IiaAO r aO0 
2V I g&metes ~20S ~:=~ZO ~ 08 raO0 ~aAO ~a_40 ~,,.40 ~,aO0 
~heno~ypss in B.C. to Idl 10 R.,XOra °°  Spot Spot 8pot.[e.~s Spotless 

It  was not practicable to grow a larger baokcross family, since many 
hsrbaeew,~ types, i~sluding t-t 10 which w~s the only spotless available 
at She time of ~hese experiments, are no~ well adapted to the local 
eIima~s. The difficulty of obtaining ~ good stand was increased by the 
high sterility of the hybrid. There is however fm'ther very conclusive 
evidence of tb.e spotless natm'e of the ¢~t.o,zahtm, -~,a allele, and. this wa.s 
derived from the hybrid between a.no~na,5.~.~ and the a.rbore~r,~, ghost 
type A 16. Since c,m.o.mehe,a also carries ghost in the R~ locus, this hybrid 
was homozygous for R,P n, as was confirmed by g backcross ~o P2 10 
spotless, in which all 241 progeny were spotted. On this aceounl, all 
spotted progeny m_ reeurren~ baekerosses to A 16 were of the same main 
gsnotyps for spot as th.e original (e.,,. ×A ].6) hybrid. This point is of 
considerable importance in facilitating subsequent a~talysis. 

Although c~,zog~zah,.'~n il:.sslf (PI. 18, :fig. ¢) has only~he fain.tes~ suggesbion 
o.[ pink on the petal lamina, all of its hybrids were characterized by  
distinct ~ings of pink overlying the oeherwise yellow corolla (]?1. 18, 
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~igs. 5-7), giving a gold or bronze appearance to the petal which had. 
never before been seen in Asiatic eottonm The degree of expl'ession of 
gold was very different in the several hybrids which have been grown, 
and was strongest in the k 16 cross (Ph 18, fig. 7). Practically all red- 
spotted segregates il~ each of the successive baekcrosses %0 A 16 were also 
eh~racterized by gold appearance to some extent, whereas all ghost 
segregates had a perfectly clear yellow petal as in A ].6 itself (21.18, fig..3). 
Tlus assoeiatims of spot with gold petal has been oareful!y followed 
through wherever possible. In the early days of this investigation, before 
the s~gnificance of gold petal expression was flJJy ~pprecia~ed, a f~'st 
baekcross of (c~.. x A !6) to A 16 was classified as 20 red sp0t : 30 ghost. 
All of the latter were absol-ate]y clear yetlo~% petal, and in progeny 
derived fr.om these and other ghost segregates gold petal has never 
appeared. FiReen of the red-spotted plants were ~aoted as ha~dng the gold 
expression in varying degrees from in~e~se to very faint, and only o~m 
was. scored as clear yellow petal. [For the o~her four there was no definite 
record of told, attention ha~-ing been distracted in the case of two of 
them to the expressio~ of the yellow d.ei)ressor. The remaining two had 
very small a,l~normal petals o~ which R was dlftlcNt to determine co]om" 
exactly, but  gold teem'red in ~Ze soiled progeny of one of them. Three of 
the red-spotted gold-petalled p].ants of this first backeross were again 
ba, ckcrossed to ?', !6, givilag 11 red. spot : 6 ghost. All of the latter a-ere 
yelio~: petal, whilst 8 of tl~e ~:ed spot were classified as ~old. Of t!ae 
rem~a.iazing three not recorded for gold, one had small a,bnormal pet,a].s; 
the otiler two in .,:ubseqnent progeny showed gold petal red spot, so again 
rnaxt have ])sea gold petal gent [,ypica.1].y if not phe.notypically. 

Seven of the red-spotted plants of the se~.on/l ])a.ckero,ts w]?en, back- 
crossed again to A t6 (third baekcross) gave ~1:9 red-spotted all wRiJ gold, 
and 60 ghost all dea.<yellow petal. Tl~ree red-spotted gold-t)em] plm~ts 
of the third baokcross, nee. 15,0%, ]~,095 a,ud ],5,099, were sel%d., and 
gave respeetivdy ~6 : 23, 22 : 9, and 1¢ : 8 red-spotted and ghost-spot 
segregates. All of the latter were dear yellow, and. all except one of the 

. " i ~ red-spotted plants were gold ])eta.lle<. This exception which ooe.urred in 
the progeny of plant no. 1.5,09~[ was of the same type as th.e remah)der of 
the :['anai]y, lint co~dd tzot be rechecked when its aberrant scoring wa.s 
noted. I:][owever :t5,09~; was again selfed mid ba,c]~crossed, giving in the 
respective :families 29 : d: and 20 : 28 red-spoi~l:ed and ghost-spot plants. 
All. af the spotted slasg showed gold petal. I t  is therefore very l:ike]y tlm.t 
the exception noted in ~he earlier so w.ing was incorrectly graded. The 
gold was still variable it~ i.nteatsity izJ the third and fourth baekerosses, 
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though present in some degree in every one of the spotted segregates. 
I t  may reasc,nably ]~e cmx~ktdcd theft gold petal is sonst~mtly as~ociabed 
with the ct,¢~o~l,a.hc,m red-q?ot cla,ss, and it has never been o/3se:cved in ghost 
segrega%s. 

In  this connexion the following evidence is o[ particular sigMffc.ance. 
At t]xe time when the above constatxt :tassels@ca was first snspectect, a 
red-spo$ted selection, as. 1,t,51-'t, from. the third backeross of (a,~z. x H 10) 
t o  N i'.4 was available. N 1-i has both white petal end ghost spot; 1-i,5¢4 
also had a wh-tts corolla, and its breeding behaviour had shown tha t  it  
was a]so homozygmts far ghost in the Rs locus, and heterozygous i:~ @~e 
R~ locus for the spotless a l h h  derived from avzo~s, cd.~m,, to whose irLter- 
ac@ou wil t  ghost its .red-sput phenotyps was due. Yet no gold[ w~s 
visible on the petal, as a resutt of the absence uf yellow fl_avoue, It was 
therefore of interest to deter.mille if gold were really ha,tent in this plaltt, 
so it was crossed with A 16 ghost, homozygous for yellow corolla. The 
progeny consisted, of 85 with ghost spot and a.bsolutely clear yellow 
petals, and 83 with red spot and a distinct though fMnt tinge of gold. 
The low intensity of gold was later found to be a resal~ of heterozygosity 
for  white corolla; the impoxtant point is th.at gold was present on all 
plants which showed the ~'~zo,mc(&~n spot, and in that  respect this evidence 
strongly supports the conclusions drawn from the A !6 backcross lines. 

~everting to the latter, a gold-petalled red-spotted plant w~s selected 
from the second backeross of (a~. x A 16) to A 16. This plant must have 
been homozygous for ghost, since both c¢,~ov.~a.h~~ and A 1.6 carry this 
gent in the _g 2 loons, and heterozygous for the a~zo'~na~,~,o~ R a spotless 
allele to which its red-spot phenotype was due. This was crossed with 
H l0 spotless, and a small progeny grown. As a result of the interaction 
with ghost, all progeny were spotted, and two with gold petals, P 2.381 
and. P 2386, were selected. These were backcrossed to I-t 10~ when ig was 
found that  no~ only were some of the red-spotted progeny gold-petalled, 
but  some of the spotless segregates also showed gold of v~Ting intensities. 
The scoring was as follows: 

g e d  spo~ Spotless X 2 ~.: 

Cross @old No g01d @old No ~old Spot @old 
P 238t ,". K 10 40 23 39 32 0,5 :~'3 
P 2,386 × ~ I0 1t6 1-t0 96 128 2-4 8"1 

The fanfilies were somewhat dissimilar in their segregation (X z hetero- 
geneity = l l-14, P = 0'01) ; in the first :family the spot segregation was taea,r 
the I : 1 expected (6.3 : 71), bat, in the second, family there was a fairly 
large excess of spotted plants (256 : 292). in el,~e first family th.ere was 
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a significant excess of golds (79 : 55) and in the see, one1 a significant 
deficiency (112 • 266), and to this the het~'ogenMty between the families 
was due. No explanation of tb.e aberrant, ratios can be brought forward. 
I~ can only be mentioned that other obviously monogenie segregations 
were also frequently clistorted in this hybrid ma%erial, and in no case has 
breecling behaviour been found to be eonfliotory with the genie Jut.e> 
pretation suggested. The point of importance is that both of the above 
families agreed in showing ~omplete independence of spot and gold 
(X~z fo~ total deviation 0-4, P= 0.5, for heterogeneity 0-4, P =0-5). This 
independence was in striking eontcast to the segregations previously dis- 
oussed, and nothing like the gold spotless type, which is shown in PI. 18, 
fig. 13, had ever pre%onsly been seen in the AsiaNo cottons. Th6 basal 
area of the petal, eorresponcling to the portion occupied by red spot m" 
ghost spot in other oott, ons, was olear y~tlow, >nt the remMnde~" of the 
petM lamina was of the same gold tinge as had previously been associated 
with the a~wmE~,m spotted t}qoes in the A 16 backeross lines, The oco~> 
reuse of gold spotless types, the complete independence of gold from the 
R,e spo{ segregation in this H 'i0 baokeross, anti. its absolute association 
with ~he c~nemEu~n/{a spot phenotype in the A 16 bact~eross lines, can 
only be expla.i~.ed on the l~alsis tha t  the anomEz~tn R a allele is itself spot- 
less, gives the con~plementa:t'y spot reaetiou with ghost, and is respo usible 
for the development of gnld petal. This conception is not iu a.~y way 
different f,:om that  of the various vegetative red. ef[ecLs which have lx-en 
shown to be associated wit,h both sprrt a~xd spotless n~e.mbers of {:he g= 
series in the cultivated Asiatics. The sy±nbo} ,ga c~° is proposed for t.].fis 
allele--G in the st~persoript signifying the presence of basic; az~tho%*anin 
with. gold petai as its specs M expressim~ ; and O signifying that no spot is 
present. The above segregations would therefore be interpreted as follows : 
I~a,ren b$ a~9?~r~,~lt~lt spot v~ 16 ghos~ 

j.~.O,~ ]?.aG~O R~O,? 7.aOO 
~ genot, ype Z~ 05: Z,, 05 Ra~O .ra °O 
(4~Lmotes of F; (~,a]d of spol;~ed se,- 2~J~ 0'~ l{t:/~n R,~ '~15' ra O0 
leer,ions from recur,'¢nf ~ l C l's I[O 
.~x z6) 

Phenot3Tes h~ Is[ ]]l C~ , ~o A 16, Spot, gold petal Ghost, no gold 
g.O8 %00 (a.nd it~ reet~rreut ~.O2.s 
of  sImt~,ed selections} 

Phenotype~ in progeny of zpot[~ed, Spot, gold ps~al Spot: -,lo gold 
gold petal ~elev.tions (s,~ne genoo 
type ; ~  F, )  ~rossed ,,,ith K 10, 
~ f ) l o  c 

Qs.me£es of sl)otted , gold l~e{,al /~..4o/~ago ~ A 0  r:O ~ ~¢.0S zaOO 
selections I? 2331 al~(l Y 2386, 
7~ AO .[£ 0~ R aO faO0 

Pheuotypes iu .B.O. of P 2381 and Spotless, Spotless, Spot, 
7? 2386 ~o I [  :100 .Ra AO ra O0 gold no gold gold 

Joarn. of Gene~ics 42 

.Ra 08 ,l~O0 

Spot, 
no gold 

19 
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P 2581 and P 2586 were also selfed. On the  above basis expectation 
would be: 

P,,ed sgot, R, ed spo% 61host spot, SpoLless, Spotless, 
gem pefiM no gok[ no gold gold petM no gold 

9 9 1 3 1 

Actual figures were 
kl,ed spot O~ost Spotless 

.' spot 
Gold No Gold not i'~o Gold No f~old no~ 
petal gold scored gem petal gold scored 

P 9381 selfed 71 29 (3) 3 43 I5 (;~) 
E.vpeet,-:d 95"1 21.1 10-6 32-7 10.6 
:P 2~186 seLFed 210 43 (¢) 20 ~34 22 (-~) 
Ex;pe,.e~ed 20(5,d 16.9 22.9 ~8, 9 22.9 

To~a,[ 
1[59 
169"t 
367 
866"9 

In the fi.rst family [.he i]t vras not very good. X ~ for the three main 

classas--red spot , ghost s,nd spotless, was high, ].3-8, and most of this 
was due [o a deficiency of ghost and an excess of st?otiose. WRhin the 
spotless class the ratio ,gold " no gold was fairly good., but w~t,s so.mewhat 
out within the red-spotted class. Expectation was however very closely 
realized in the second fam[].y. 

From this material .Ra o°  has been established in the homozygous 
condition in association with .P,,s a°,  giving gold spotless. TMee of the 
deepest gold ~ypes, one from P 288I. soiled, ancl two from P 2386 rolled, 
all scored as in~ense, were tested for homozygosity. Two of these selections 
when selfed gave 49 and ~3 plan% respectively, all of which were spotless, 
with medium gold to intense gold or intense pink petal. The third plant, 
no. 61gg, altllongh somewhat more intensely gold {ban its homozygons 
sib, ire'ned ou~ to be heterozygous for P~S 4°, I t  will be remembered that  
P 2381 and P 2.386 were the resuR of two backcrosses to A 16 followed by 
one backcross to H ].0. The latter: strain will he shown, later to be low in 
content of gold in.tensif~ng modifiers relative to i 16, so that wide 
segregation for the modifiers would be expected, and this wm:dd to some 
extent mask the distinction in gold intensity between Ra c~° homozygotes 
and heterozygotes. 

Ra c° has also been established,,in the h.omozygol~s phase as a gold- 
petalled red-spotted type in association with Re °s ghost, i.e. of the same 
main anth.ocyanin gone constitutions as c~.,omeaum itself, but on a yellow- 
petatled c~.rbo~'eu.;~ genotype. The same seven spotted segregates from the 
second backcross to A 16 ghost, which as reported above were selected 
for further baekorossing, were also selfed. In all they gave 37 re&spotted 
a~d 20 ghost segregates. All of the red-spotted plants had gold petal, 
rangiag'±'rom intense to very intense.. Six of the latter type were soiled. 
Fore: of them were he~erozygotes, giving in ~11 ,iS red spot, gold : 21 
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gllost spot:, no go]d. Two oh]hers were homozygol)es. One of these, ]_5,240 
(PI. 1S, fig. 9), gave a small suited progeny ~f eleven plants, aI1 red-spotted, 
intense to very intense gold petal. Its homozygosRy was furhher con- 
firmed by bac, korosses to ghost, which gave 85 progeny, all red-spotted. 
The other homozygote, 15,24~5, did not give any selfed Seed, bet  in 
cr~sses with ghost gave 145 progeny, all red spot~,ed. These red-spotted 
R~ °s  R J  ° homozygotes were more intensely gold than ~he spotless 
R~ x° Ra a° ones, since the latter carried pa, rt5 Of the Iow-grade gold gone- 
type of the H 10 strain. 

(5) g~ri~biEZy i~z golct petM e~;2~'essfoTz 
In presenting the evidence for the constitution of a%o.mafum with 

reference to corolla colour and anthocyanin eao?t particular factor has 
been discussed separately_ Whilst this greatly fadlRates azla]ysis, it does 
not give any idea of th.e extreme variaM1Ry within the early segregating 
progenies, nor of the great differences in range of variability between 
those derived from different hybrids. Not only was tl:ere the wide range 
in shade of yeltow, even in ~he absmaoe of the main gone segregation, as 
was shown in Table 4, but superposed, on this tl~ere was also a wide 
segregation for gold or pink, together with great variability in size and. 
imtensRy of the petal spot, ranging from very minute to one w~ich 
covered about l~a,]f of the petal stiff'ace, k.tl~ention will first he directed 
to the variabili~-,y in ggld expression. Its a.ssociation with the anomehf.m. 
a,nthocyanin al].ele has been i]]u~strated from ma,treria] d,".rived from t.~:e 
a.%. x k 16 hybrid, of whie]t a. small fir,st ba.ckcross was cited.. Lot.or 
a larger first backcross was grown, .and its cla, ssification f'~,r ;yellow eoreil]'a 
gra, d~ ~ and fo:r :pinl~ is s]J.own i~ Table 9. 

Table 9- ,%grege~,t.io~, jb'r yd.[.ow core{In, 9.ra,de, a.~*4 ./br Cpo~, a, nd {,he 
c~s#ocicd, eg f/oZd or 2)i~dc ex2orcsa';ev_,, i'~, gl~e, .firs/, bo, c/ceros~ (an. x A 16) 

~0 .zl 1 6  Yel low corolla grt~de 

I~,ec] spol~ 

Ghost~ .spot 

r 

S 7 6 5 4 Zu- No t  
o definite* scored 

f iPeta.1 very  pJ.~fl< oc wi~h. 1 l 1 2 
/ deep pb~k edge 
J 3fcdlum p ink  " 2' 4 4 ] 
/ Faf l l t  p ink  ~ 5, 
J ~Te, ry  in[,. or in/ .  gold . 4 . " 12 

Medit~m gold " } 1 "~ J. . tl 
.~ ailrl~ gold 7 l . 8 

J Very  fa, inl~ gold 5 l a 3 
Go]~l no ~ recorded 4 t 
No gold  29 I3  ] " 17 
G'old no t  recorded 37 

* Yel low grade  obscured  by  gotd. or p ink,  

Cofia.i 
5 

1I 
7 

16 130 
H a  

16 
l:Z 

41 
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This table adequately demonstrates the eompie:@;y o[' segregal~ion of 
early backc:rosses. 8eo~:h~g of pink or gold on the coro]]~ w~s di.~]ieulX' 
Four ra.the-c indefinite grsdes were used--very intense to intense, medium, 
faint, and very fa-i,:t.t. Very inteo.se gold correspo,tc[s to fly. 9 in P1. ].8, 
median gold eorrespouds to fig. 10, and very faint gold l;o :fig. 11. Fig. 12 
represents the inte.t~.se pi.nk grade, the ag k ill th~.s family many of t:,£e 
pinks were less uniformIy coIoured over the petal surface, with a strongly 
marked tendeucy tO deepemng t.ow~rd.s the petal edge where the petal 
land been exposed to the sun in the bud stage. Although the scoring for 
any pSrrticul~r plaint was somew:hst variable, [t was ±'airly consistent. The 
greater part olf th.e variability within a plant appeared to be due to 
differences in exposure of the bud to the direct sn,.~.. I t  was also die, cult 
to score aeera-ate]y the wide segregation in corolla grade o~. aeeomzt of 
the variation in She overlying pink or gold~ Pink as distinct from gold 
was not mereiy tile same intensity of a.nl~hoey~ni~_ overlying a pa.ler 
grade of yellow, but there wss a real intensi£eation of aathooyanin Fig- 
ment in the pet, al lobe, as may be seel~ by co.mp~ring figs. t0 and 12 in 
P1.18 ; the planes from which these figures were painted were sibs of known 
and similar constit~ztion except for the presence i.n the pink plant d the 
Y@ gone which has been discussed in the corolla colour seceion, and 
~No~ I wilI be shown, to be responsible for the distinction between gold 
and pink. 

The fact that  in the A 16 baekcross lines there were oNy two main 
anthoeyanin genotypes segregating facilitated recogrdtion of the asso- 
ciation between gold and the spotted class, the ugh from Table 9 i.t wili 
be seen that  there ~as great variability in expression of gold withi~ this 
class. Since so many of the backcrosses involving other c~rbot'eu~n and 
herbaeeum types ckid not manifest gold petal to anything tike the s~me 
extent as did[ baokcrosses to A 16, donbts arose at one time as to whether 
gold had really come ia from anomcdum., and to make sure t]la'~t . i  16 
was not in some obscure way the source of it, A 16 itself was Grossed 
with 1~,859, a plant carrying the gone g @  which had bee~ found to 
accentuate the expression of gold to pl~k; tb.e thirteen plants derived 
from this cross ,showed no sign of pink, eonf~-ming that  ~i I6 was not the 
so~ree of gold. I t  was eventually realized that  A 16 was at a rather 
t~gher modifier level than most other types used in this study, but this 
situation in itself wss t~.ot su~eient  to explain all the observed variability 
in expression 0£ gold, and an attempt was th.erefore made to determine 
what other Nctors were invol.ved. 

The two red-spotted plants t5,240 and 15,2~5, from the second back- 
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m'oss sdfed of (an, x A 16) %0 A. 16, and wh i& had "been found to be 
homozygous for the gold spotless allele, w&'e used. They themselves were 
graded as "very  intense gold", and the set%d progeny of one of them 
graded "intense to very intense", mostly the latter. All were on a 
homozygous yellow corolla background (Y~ Y~) (P1. 18, fig. 9). Back- 
er3sses of these two plants to A 8 (81 progeny observed) gave .an estimate 
of the expression of hetezozygous gold on homozygous yd]ow corolla. 
They graded "medium to intense % mostly the former, as also do red- 
spotted segregaCes in baekm'osses of heterozygous selections in the A 16 
ba.okeross lines (PL 18, fig. 10). The indioat.ion that gold is not  oompletdy 
dominant therefore accounts ~or sense of the variability of gold in selfed 
lines carrying I~a~°.. 

The same two homozygous gold spotless plants were also crossed with 
N 5 and _N I4. N 5 is a ghost ,spot pa]e yellow corolla Y~P strain, and  
iq 14 is a ghost spot white corolla y~ type. The progeny gave an estimate 
of heterozygous gold on a heterozygous yellow corolla background. Where 
N 5 was involved. (]00 proge W observed), and corolla constitution of the 
progeny was therefore Y~ 1"~, P, goId was reduced to very faint (Yl. 18, 
fzg. 11), being hardly discernible except a.gah~.st dear  yellow petal types 
for contrast, in whi.Bh ease there was then no doubt as to its presence. 
Examination of the paintings will show however that  it; would not always 
be. easy $o see this faint expression in a family with a wide. segrega, tioa 
:for gold and yellow. In proge.l/ies invo]vi.ng iN 14 (130 pleats examined) 
go]d, thongh disce,:uible, was eY,~a fainter, The hybrids (]_5,2.4~3 × ]g t4), 
(15,ft15 >." N 14), (t5,2-:t0 x N 5) and (]5,245 x N 5) we~e exte~>ively se]fed 
:[22 connexion with I)~a li,zka.ge studies, and observa.tiolas were a.lso made 
on gold expression in these/#e progeaies. The ].,ybrids were o f  B.,. ° s  1}./;a 

Ra ° °  r:; ° °  constitution, so that  all spotted progeny were of .necessity 
eomponnds between F/;'v and R.. ~°, ])ut all-white corolla segregates 
(!A, ?/:0 which carried red spot. lacked an].' trace of gold on t]~e petal. As 
expected, the red-spotted yellow petal segregates showed a re, age from 
very intense to very faint gold, sinq~ they we]'e eJti~er homozygmls or 
hetexozygous for both To and fff.a ~n. Some Mat not all of the spotted pale 
corolla (Y~,.P I",/') segregates, when contrasted aga,i:rist ghost segregates, 
showed an extreme}y slight 5ndi.eation oil gold. The pales ranged 5~o.m 
grades 3-1½ in tlmse :families, and the:re was a %~:deney for the gold ~o 
be somewhat more de13.nite o.l.t the Mgher grade baekgromxd.s. All this 
evidence showed t;hat the expression of gold. is very depe~.tde~H; on eoro]la 
eolour constitution. 

The plants 15,24;0 and 1.5,24:5 were also.crossed with 14,859, a selection 
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from a third baekcross of (c~J~,. x A 8) to A 8, ]addng Ra °°, homozygous 
.for ]:~ k',, and heterozygou,~ :for Y@, the independent gene which. 
reduces the expression of yellow corolla from grade 7 or 8 to about  
ga'ade ~[ (see Pl. 18, fig. 8). Il~. ouecrosses tl_~is gene has beer~ shown to give 
a perfectly clear I : t segregat.iol~. The [progeny of 1"[,8.59 with 15,2¢0 and 
15,2,f5 would all be hete.rozygons ~s c'° %00 homozygous ¥,~ i'~, and; if 
I~@ ha.d not been segregati~g, sho@d all have show~ medium to internee 
gold, I-towever only 50 % of th.e progeny showed this, the re~naini.ng 
50 o/~ showing a very stri.ldng rose ])ink coloration over the entire petal., 
a :Nrther cha,racter never before seen in Asiatic cottons. This type is 
shown i.~t Pl. 18, fig. 19, and one ofit.s gold sibs in Pl. 18, f~g. 1.3. The classes 
were remarkably distinct, aM scoring gave: 

Cross Gold+ Pink 
I5,859 x ] ~5,2¢0 ~6 ,~9 
1,£859 x 1,5,:2,[,5 8.5 34 

Since 11.-'t-,859 was known to be heterozygous for Yd2) , i t  was thought 
that  this new pi~k might be the expression of gold on a depressed yellow 
corolla. To test this hypothesis, two gold and two pink selecti.ons were 
each. crossed, to A 8 (clear yellow, homozygoas), and small progenies 
grown. 

)Atlt Low-grade 
Cross Gold[ Pink yellow yellow 

i9,I76 =pink, x A 8 5 7 7 2 
19,179=ph~k, xA 8 4~ 6 7 5 
19,217=gold, x A S 10 0 11 0 
19,226--gold, x A 8 6 0 18 0 

The pink pIan%s eidenflly carried Y@, vrhilst the gold ones did l~ot, 
confirming that  i[ is the interaction between gold and Ydlp which 
accounts for the developmenfi of pink. This howeve~ only ~ppears to 
hold on a homozygous yellow corolla backgrotmd. There is evidence 
that  when yellow corolla. Y~ is he%rozygous, Mthough Yd;o is able to 
lower the expression of yellow, it does n.o~ change gold ~o pink, A 
particular example is a plan$ P 1822, a selection from ~ke second back- 
cross of (c~.~. x g 10) to N 1¢; this plant which was spotted, mttsg at least 
have been heterozygous for ~s °s because of i~s N 1¢ parentage; the full 
spo~ gene/?2 ~ts ~ot having entered this series, its spot might have bee~ 
dtle to eXher 1 ~  ° from I t  10 or to Ra a° from c~,~o,m, al~m,, or to both. 
/~eo was deinigely present, because P 1822 was very faintly gold. When 
baekerossed sgai~, to N 14 it gave 3.5 spotted : 63 ghost, definitely l o t  a 
duplicate gene .3 : I baekeross ratio, thus eliminating the possibiliSy of 
spotless genes in both loci. P I822 .m.ust therefore have been R~ °s R~ °s 
Race %0£ The grading of P 1822 at about ~-5 suggested that  ig carried 
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Yd T. There is ample evidence of this fl'om several som:ces. For instance, 
P 1822 was crossed wi~h N 44, a Otdnesc~ pale pets |  type of the con- 
sfitution Y~ Y~ Y~P Yb P, a~d. the 76 progeny were scored as follows: 

I3 plants wi~h l>ink (mecUum-int6nsa)- ¥ grades 4, 3, or x~ot visible below intense pink. 
t5 plants with gold (f;~h~--very intense); ¥ g~ades 7-3, or not visible ]Jelow intense 

gold. 
-~8 pla~¢s wlt, h no gold m" pink; Y grades 7-3. 

Amongst the 48 clear ydtow, grading was as follows: 
Y grades 

~7 6 5 '4 3' 
9 8 5 21 5 

The pink-gold segregation implied a segregation for YglJ soling on R3  ° 
in the presence of a fnll yellow corolla poten.tialRy. From other crosses 
it was ah'eadyknown, that  heterozygosity for I;~ P does not reduce gold 
expression as does heterozygoeity in the Y,, locus. The presence of Y~p 
was confirmed by the downward grading of the clear yellows as low as 
grades 4 and 3, though the expected 1 : 1 for full yellow : depressed 
yellow was somewhat obscured by the complex modHier constitution of 
P 1822, wit,]~, three species in its pedigree. The actual segregation expecf, ed 
in this progeny was: 

.~,.a G O  . r.~ O 0  

/ 

/ / / " \ , ~  / / / / \ \  / , / / \ "  \ . .  , /"" ..,, 

ph~k, Y d: gold: ¥ 7 J~.inii :l~{nt, c]en.r ~'- 4 dear Y 7 ete~r -k" 4 o]e,r~r T 7 
gr~jd~ .~7 4 gokl, Y 7 

or, in a. family of 76 pla,n[s..9-5 pi~k, 9-5 gold: 19 fa.int gold, 38 ~o gold. 
Scoring for gold. was ~.mt easy in t;hose wRh only a faint expression, 
and the deviation observed may have been due either to the scoring ale 
clear yellow of' some lJlani:s which were genotyplcatly- fai>i: gold{, or to 
de:fi.cieney of ~a a° segregabes, wb:ich was also obse.~ved in the m:oss 
P 1822 >: N.].4, l~.os race, which gav¢35 ~:ed spotted: 63 g]~ost. 

I t  is clea,r that  P 1822 carried both lea a° and I~d,)~, yet  it showed only 
faint gold{ on depressed yellow, with o:u.ly the very fa,intest, suggestion of 
pink in the gold{, and that  mostl.y in the l?etal edge. ]groin its N 14 
parentage, P [1822 was heterozygous for ?/=, and it is to this faeb that  the 
failure of Yogi) to intensify gold to pink is attributed. 

P 1822 (Re °'s Rz °'s ~ o o  %00, }~ ,%, I"@ g@) was also crossed, wR5 
15,2-i0 and 15,24:5 (Rz °'v ]~ o,s Raeo I~aC~O ?g~ y~, g~gi) ~y@). All of the 
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progeny would h~ve carried ~s a°. Half  of them. should have been het.e.ro- 
zygous for y~,, and th.ere%re l? ave shown only very faittt ,signs of gold; of 
the other half kom.ozygous %r g~,, only h.alf shorJd have carried Y@ and 
there:for> showta pink: whilst She edger half should have shown medi.um 
to very intense gold. "~kctua] scoring was ~s %flows: 

:Pil~ Gdkl Tot£[ 
a 

Very Very 
intense Intense Medium Faine fa i~  

17 3[ 9 -i 6 16 46 

Ex.pee~ed 7./-5 .H.5 23 ~6 

Expectation was reasonably well sa,tisfied. The pinks were all of more or 
less mii%rm type similfn' ~o those in 1,%859 x 15,9,10. The latter were all 
heterozygous BS m r~ °°, yet iu the family here under discussion half of 
the pinks sl~ould have bess h.omozygous R~ a° R3  °, implying tha t  the 
m~ximun~ expression of pink is obtMnab]e in the heterozygots. Selfed 
progeny from nine of the plan~s from I ) ].822 x I5,2-¢@ were of peertitular 
interest in confirming these indications. Their segregation is shown in 
Te,ble 10. 

Table 10. Ttze i.~uence of corolla eolour ge.notype o/~ gold 
eccp'ressio.~ of the p~jo allele 

]?I~m~ no. and Segregation in selfed progeny Incllcate~l parenf, M 
eharaeter~ r - ---~ genof, ype 

Pink C4o[d 

Very 
in- In- 511e- Very 

/~ ,r Y~ y~ tense tense diem FMat faint 
P29513:-4, pink 45 O 45 0 29 2 9 5 Ra ~° ~3 ~0, }~Ya, Ydpydp 
P~gsag4, p~xk 9 0 .9 0 2 2 5 . . . .  
P295S , - - , p ink  ~i 0 21 0 9 2 5 ~ 2 . . . . . .  

22955Y5, pklk 20 7 27 0 6 2 ~ 2 5 I /%~0 raOO Ya 2-a, Ydpydl) 
P 295¢, Y 6, intense 15 0 15 0 8 3 $ B3 ~0 xPaGO, Y~ 1%, ydp ydp 

.gold 

P 29,52 g 6, f~intgold 17 0 12 5 3 4 ~ 1 Race 2C;O, ]r y~, y@ ydp 
P2957Y6 ,  f~k~tgo[d g8 0 23 5 3 7 9 ,l: . . . . . .  

P 2956 YA. veryf~ing I1 1 S ~ 2 1 5 R:~ GO.r~O0~ 2"~ Ya, Ydp yd.p 
gold 

P 2 9 5 9 Y 4 ,  veryfsint  20 6 23 3 1 2 7 5 2 ,, ,, .,~ 
go½ 

P 2951, P 2953, aad P 2958 were, Srom their breeding bM~a%our, 
l£omozygous for R3 ~° and Y~, ~nd also carried Y@ ; their origin indicates 
that  they t e n d  only have been heterozygous for that  gsne, They then> 
selves were pink on a low grade yellow as expected (P 2958 was so izl- 
tensdy pink as be obscure yellow grade) an.d those of their progeny 
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which carried the depressor should also have been pink. None of these 
pinks, wttieh incidentally were not very variable, were appreciably 
deeper than those of 1t,859 x i5,250, .which were all heterozygous for 
Ydp. W-bother any l~omozygous depressors occurred in these families is 
not known; it will be noticed that  the largest of them gave 29 pink : 16 
go)d, much the same distorted 3 : 1 as was discussed earlier in connexion 
with the depressor itself. Those of their progeny lacking the depressor 
should have heel?, very h?tsnse to medium gold. Some however went 
down to faint, which is not usual on a h.omozygous Y~ Y~ background. 
This, however, may be accounted for by the prese_t~se of other modifiers 
probably from the original H 10 parent of the a?zomeg.~,~ hybrid. He'rbc~- 
e e ~ z  types are known, from }tutehinson's (1932 b) work, to lack general 
an~hooyanin intensifiers, and that  H 10 lacks gold petal intensifiers in 
particular was shown both by the fact that  the hybrid (c(~z. x I-I 10) 
(PI. 18, fig. 6) was considerably less pink than (a.q~. x A 16) (P1. 18; fig. 7), 
though, both were of comparable main gone constitntion, and also by the 
fact t ha t  61~-1, an Ra ~° ~'8 °° plant to which reference has ah'ead.y been 
made, gave nearly as fa.int gold whets crossed with H 10 1"-~ Y~ as it did 
when crossed with N I4 y~ ~/~, though with A 16 1"~ 1~-~ the gold grade 
was medium. 1~,5'.44, to which re£erenee has also been made, gays 
further evidence of this. I t  has ]~esn shown to be of/~,a °'s' Rz °'s/~Go ,race 
const.~t~ttion, and had white corolla. On crossing with A 16 (gl;ost, 
yellow Col'ella) i t  had given 83 re&.Sl?otted segregates, with gold faint on 
account of heterozygesity for &,, a,nd $5 clear yellow ghost segregates. 
But on crossbag with I-I 10 (spot, l.ess, yellow corolla) it gave 169 red-. 
spotted progeny, on none of which gold was visible, although:about/re.If 
of these re'act have been ca.rr)d.ng the R~ e° al]e!e. Evident]y modifiers 
carried by H 10 :further red[used the expression of this allele even beyond 
the very faint which weald have been expected on these 1~,. y,,. hereto- 
zygotes. Whether these gold modifiers were the same as Chose ~hieh 
brought down t]~e coroIla, gra.de in the backeross to I-I 1.0 by about 4!-d. 
grade below that  m bite iamfly ms olwng A ].6 (I{ntctunson, i9ol,  has 
shown, tha t  l~e.rboee.~.m carr.es yello~(~ .reducers), o ,' w]aet]~e.:r jt was the 
genera.1 anthoeya.nin reducers which were responsible, if~ is not possible 
to say. That  gold pets,] .is highly susceptible to intensification s, nd re- 
duction is very clear. For instance, m the homozygous j~ , /o  2~,So 
.P~a a° P,.a G° progenies whose esta.]~lishment thus already been discussed, 
and from which }'d,}2 was absent, the intense golds in several eases ranged 
over to a. de:ani.te intense pink, tho%h ~t was not quite the sa.m.e a.s in the 
re.ore m~iformly pigmented l:d, 1) type, tending to be more intense at the 
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petal edge. I~F ba,gging flowers on. a pi~lc-petalled plant, it w~us also shown 
ths, b s]Zniight iS esseatial to the :~O~ml[~ tlO~ ~ 0 f pink, SiII~IO@ ~5eSe ]) a,g'g ed  
flowers wo~o a.hnosb pl:~re yellow. 

P 2955 in •ra.)lel 10 only difl?ered fl:om the above throe plants in behag 
heterozygous ius/;ead of homozygous/'or 77S ~°, but w~s as pink as they 
were. P 2954 was, like the first three plants cousidered, homozygolls for 
]~ 'o  and Y~, but, since it lacked Y@, remained intense gold. P 29.52 
and P 2957 were homozygoas 7~a a'°, ba t  heteruzygons Y~ y(~, and. there- 
fore only faint gold. P 29'56 and. P 2959 were heterozygous l~s ~+° ~'a °° ,  
Y, y~.~. That ~hey carried Y@ was evident, in the ,:ass of P 2959 because 
one d i ts proget~y was definitely pink and in others wit~ gold the under- 
lying yellow was definitely of the low grade :1: depressor type, and. i.n the 
ease of P 2959, although in :its small progeny no pinks a,ppeared, a.gai.n 
depressor yellow could be seen underlying some of the golds. P 295G 
and P 2959 then, althougt~ they carried Yc(p, were not pink but  m~ly 
very fain:t gold, bucause they were h.oterozygous for y~,. 

}teterozygosity i.n the C!hinese pale }'b loons does not appear to affect 
gold expression, since in a, cross of 15,240 x ig 44 (onIy two p~:ogeny 
~xamined, of constitution Ra c4° %00 y~ y,~, y~ t.%P), the gold expression 
was meclimu to intense as in the case of hoterozygons /~s c;° in other 
homozygous yellow corolla families previously examined.. Heterozygosity 
in the e.~o,n~dz~,m pale I% locus does not reduce gold expression either; 
14,854 was a selee.tion from the third backcross of (c~. x x& 8) to A 8, 
which was later found by its breeding behaviour to be hoterozygous for 
both p~:~ao and YoP; it showed medlars gold on a full yellow background; 
one of its progeny derived by seeing, no. 9992, a 2% P Y~P segregate of 
grade 3 yellow, was also shown to carry Rs s°, but  was not gold in 
appoarauce. 

The factorial basis of the interaction between the main corolla eolour 
factors and the a~ze.meZ~.m R J  ° allele, as deduced f~:om these findings, is 
summarized in Table 11. In view of its oomple~ty  it is not surprising 
that  at one time prospects of analysing the wide colou~ segregation 
of early generations seemed remote, especially as the various crosses 
behaved so differen.tly. First of all it is worth IooMng back at the 
(e~. x A 16) first baekcross to A 16 in Table 9. I t  may now be seen t[[iat 
this should have segregated for corolla eoloar, in terms of the yellow 
depressor, into two equaPsized gronps, one grouped around grade 7 and 
the other around grade 4. The interspeci~c modifier segregation obscured 
this to a considerable extent. Noreover yellow grading in the red-spotted 
class was consistently higher than in the ghost class, and in the latter 
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there was far less clear distinction, into t.he two expected group,s. T].fis ~ras 
parl:ly due to the fact theft tl~e bioche:mieM interaction betweeu flavone 
and anSkocyanin a,ppears to work in ~wo directious--lhus although 
lowering of yetlow grade leads to i.ntensi~eati.on of gold to pink, the 
development of' these two ].attar colours can also lower yellow grade to 
some extent, aald the levels at which developmeat of yd[ow ::rod pi~tk'%re 
ultimately established are the resuR of the hal.dace between ti~ese two 
eendeneies, The higher gra.ding of the ghosts may also pa,rtly be due to ~, 
subjective tendency in seomlg~ yellow appearilzg })righter in the absence 
of gold or pink. Within the red-spoRed class it will be seen that  most of 
the high grade yellows were gold and the depressed yelluws pink. In a 
few of the l~igh grade yellows goId was intensified to pinI~ by modifiers 
other tha.n the yellow depressor; s~tch types were as~lally phel~.otypiealty 
different, most of the pink being coneentra~ed ~wards  the petal edge 
instead of evenly distributed over the petal a,s in the case of the depressor 
type. 

The hybrid e'~,. × A 8 (P1.18, :fig. 5) showed eo~_:siderabiy less pink than 
e)z. ×.,k 26 (PL 18, ftg. 7) being really only medium gold. Since in ton- 
stitution it was heterozygous for igae°, homozygous try, and carried Y@, 
exaetly as the A 16 hybrid, it should have been rather more pink than it 
was. This can only be at%ributed to the absence of pink intensi.ffers in 
both A 8 and cr,'~~omag.z~z, since plants of the same .mei,J~ gone constitution 
as their T~ were later synthesized, using 15,240 as the immediate source 
of the Ra o° allele, and 14,859 as the source of Y@, which gave the pinks 
which have ah:eady bema discussed (P1.18, fig: 12). I~a this series intensifiers 
derived D o n  A !6 (by way of 15,2'4-0) came into play, the presence of 
which accounted for the suRabilRy of backcrosses to A 16 for the study 
of gold. For this reason A 16 has been regarded as the " s t andard"  basis 
for discussion of gold expression. Only small baokerosses of (ct~z. × A 8) to 
A 8 were grown, and since there was no spedkc " t a g "  such as the spot 
segregation which occurred[ ila the A 16 backcrosses to assist with gold 
scoring, the latter was not ,se.eiougly dealt with in these lines. La~'ge 
baekerosses of  (c~. x A 8) to N 1~ and H 10 were grown, but  heterozy- 
gosity for g~,. in the former, and the absence of intensifmrs in the latter, 
rendered these families also nnsuRable for observation of gold. 

The hybrid e~.i~, x I-I 10 (PL t8, fig. 6), showed slightly tess gold than 
ca.~z, x A 8; this again was comparable in main gez~e eonstitutio~z with the 
hybrid a.~z, × A 16, and[ it can oMy therefore be assumed that  i-~ 10 lacks 
gold intensifiers. Other indications of this h~v-e already been discussed. 
H 10 cannot however lack intensiflers so eompletely as does ~vr~omcd.e~m 
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itself, as in a small first bad~cross to H I0 those plants which showed gold 
were of medimn g~m, de, more intense than %he P~. 

With regard to a.nov~ag~v~ itsdf~ the corolla of which is very ]?ale 
cream., almost white, there is tufty the faintest suggesfion of pink over 
the petal (P1. 18, fig. '4). This is no doubt particularly due to its tow-grade 
corolla cetera'. The appearance of gold and pink in crosses between 
ano.mctZu'm and arbo'reu,t~ or herbaceum is a most characteristic and un~ 
expected feature of these hybrids. As far as the modifier Ievd of a~mma- 
[~.m is concerned, there is not a great deal of dh'eet e~ddence available. 
The fact tha t  there is a general tendency fox gold and pink {o become 
accentuated in passing from the l~ 1 hybrid to later backcross generations 
to the cultivated species, suggests tha t  the hybrid mnst i~self have been 
brought down by the low level of a~zo~no.Zu~n. Only very few moderately 
large families of backcrosses to anom, a[u~ have been grown. In one, a 
selkng of a second backcross of I-t 10 (yellow corolla), there was a segre- 
gation 53 yellow corolla (1 ,5.-6 of depressed type) : 27 cream of ~,.)/,omahma 
type (no d o u b t - 3  : 1). Amongst the ydlows there were no real pilflcs, 
only golds ranging from intense to very fain% and some were apparently 
clear yellow, yet  all mus~ have carried Ra c~° and some at least, the de- 
pressor from a,no.m.ahm% and.all  wrmld have been homozygous Y~ Y~; 
I'~ Y~.P was set.regaling, gilt in the heterozygo us condition this locus has 
beer_t shown not ~o affect goId expression. The ilfl'erence Js therefore ths.t 
the modifier level is not ]ligh enough M a,~l, om.~dum, to result io the pro- 
d.ud;i,~n of pink where it would o{iherwise be expected, nor Iva8 the gold 
as i.~?tense on the average as it ',vcnld have been in ~ family of similar 
constitution in an ariJorezm~, genol>vpe. T]mt there was also an intro- 
duetbon of pink intensifiers normally a])sent from o,,,omcd't~,'~ ~va, s evident 
fl'om the fact tha t  some of th.e pa, l.e petal segregates showed a defiNte 
ph.Jdsh tinge, not  at ~11 intense, ]?at muck more marked than in e~o~rt.edv,.m 
itself. The evidence o:n the whole poi:a% to e'~mmah'.~n laekh~g f, he n±odHiers 
which inge~sb.fy gd[d and pink, as well. as the main gear :for flavone 
development essential to the fu].l expression of the ~;oo allele. 

(6) ~bpot ~i,~e v~odi, fier,~ 

In  New Wor]d cottons there is an exceedingly ~4de range in size of 
petal spot, from 'only a few pigmented ceils ~o a la,rge intensely pig~ 
mented area. In segregating progenies the range was such that  Harlaud 
(1929¢, P1. IX) found it necessary 9.? scoring to make use of a graduated 
scale of 2,2 classes, in which grade 1 was the smM]est with only a trace of 
plglllent, and grade 22 d~e largest. In cu.ltivat)ed Asiatic cottons, o~ the 
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o~her hand., there is much less vari~¢[:[on in size and intensity of spot 
Hnte.mnson (1.9325) in his detailed stndy of where present, so that  " '~"  

~mthocyanin formal ,~ graduated scale quite unnecessary, though i t  crosses 
between ~'r$o.re,~t~ and/~.erfcsst~,~ there w~¢s some indication ~hat in tee  
/~s~'fc~ce.t~ type at least (H 10, spotless) She spot, intensity genotype was 
at a slightly lower level than in most other strsins, and size -rod intet~sity 
of spot are to some extent eorrela[ed. Practically all a.~'bo.re~z,~ and most 
herf~ce,~-m, types have a spot of about size 17-19 on £-Lrland's scale, 
t;hough many I~erf,-~ce.[~s.~ strains, especially of varieties t:g2'2o~~ and 
,-!/~'ic~J~,, have a s£ghb!y smaller spo ~. The A 8 sh'ain nsed in this stndy 
has a ra~her larger spot, which [s qmte at  the ~op end of the ra~.ge of 
Asiatic spots, The A.16 ghost type has a ra[.h.er small ghost area, which is 
right ag l~h.e loaves end of the normal :range in Asiatic spot sizes, geeently 
Hutchh~son & @hose (i%7~) have described s~t uncom:mon small spot 
type from <~rbore.t.~,'m, about o~.~e-eight.h of the usuaI size, which they 
attribute primarily to a petal spot reducer (S.r). In the New- World 
cottons tIsrhind did not find i~ possible to identify partionlar genes 
affecting spo~ size, but different strains and species differed radically in 
their entire spot size genotype. The discovery by gutehinso~ & C4hose of 
a particular and very rare size reducer does n.o ~ affec~ the generalsituafion 
that  the spot size genotype in c~rbore'~.~z and/zsrb~ceto)~ is remarkably 
ungbrm in contrast Co the position in New World cottons. 

The spo~ of G, ar~o~e~,~'#~ is also of the normal size common in ~he 
cultivated Asiatic species, bn~ in its interspeei£e hybrids the spot is very  
markedly enlarged (Pl. 18, figs. 5-7), and usually has a very characteristic 
streaked edge, whereas in c~om.cg~..m a-~xcl the Asi~ic cot%one it, is clearly 
delimited. Ia  progenies derived from ~hese hybrids there was a very 
wide range in spot size, extending even beyond that  in /~arland's scale, 
and[ as the latter spots were of rat.her different, shape from those nnder 
examination, a new scale of grades was devised. The new series contained 
fifteen classes, of which 1 was the smallest, similar to t-Iarland's grade i., 
and 15 the l~rgest. I t  has not been thought necessary to reproduce t, his 
scale here, but in order to give some indication of the range, the size of 
some of the spots shown in P1. 18 is indicated in the legend. Usually three 
flowers were graded on each plan~, and the mea~ taken. 

Hutchinson (I932b) has shown tha~ I~ 10, the herbesm~.m spotless 
type, lacks anthocyanin intensifiers, so that  the red spo~ area in ghost- 
spotless compounds is smaller than the underlying "g h o s t "  which appears 
as a clear wJite marginal area ground the pigmented spot, which is of 
lower intensity than mostftdl spot types (P1.18, fig. I,J@ In practice i t is 
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not easy to differentiate-between spot size genes and spot intensity 
modifiers. In genera] larger spots are l o r e  deeply pigmented than 
smaller ones, and large faint spots or small deeply pigmented ones are 
not encountered, though for each size of spot there is a slight range in 
intensity. In a small F_~ between I-f10 and an erbore~v~, ghost, 14ntohinson 
found, some range in size and intensity of the spot compound. 1from his 
description it appears that  his extremes would correspond with my ~ades  
3 and. 8, a.nd this has been confirmed in a repeat Y~ of similar type. 
Omitting Hutchinson & @.hose's "small  spot, type"  it, may  be st~mmarized 
SEat Asiatic spots normally range from size 10 to 19~, very occasionally 
to 1.3; whilst in some interspecifie hybrids the spot compound may range 
down as low as 3. This latter is of course a very exceptional case amongst 
the cultivated Asiatic cottons. In the c~o.~7~cdz~z interspeeiflc hybrids 
and their progeny a very much wider segregation was encountered, right 
from complete extinction of the spot by modifiers up to size 15 al~d 
occasionally even slightly above this. Some particular examples will be 
discussed. 

G. ~o.sza,~.m spot is graded as size I2 ; AI6 is size 10 ; the hybrid has a 
considerably larger spot than either of its parem,s, of grade 13-14. In the 

• se~'e~ai,m~ 1 red spot R, °'s ~ o,~ j~ c~o ,r.,oo. 1 first oackeross to A 16, ~ ~ " g ~ e a 
ghost spot p,o,s R o,s' race r.oo, size was see)red in both else,ass, and the 
w[d~ range encountered isshown in the to]lowing frequency table : 

Spot  size 

, ,~& 
15 14 1"-~ I:~ 11 10 9 8 7 6 :3 -i 3 gra.qed Tofi~.] 3fca,~ 

N.ed spot. 10 31 20 ;31 2.0 S 8 4: .5 U Jao ]2.1)£ 
C4host $ 18 20 ~3 10 1-1 5 a 1 i b 10._5 10.91 

g - l . 1 7 ;  g.-~-47- _P r e r y  s m a l l  

This very wide range in. size segrega:tion shows that the size genotypes, 
of the two parental species must be very d.i:[lerendy constitut;ed, thong]:. 
t[heir end effects are much tI~e same. On the a.vera.ge, sp~r~, on t]~e red.- 
spatted types was a little more tha,]l one grade larger than tl~e ghost 
oxa ghost~spo%ed types, and the difference was highly significant, The 
tendency persisted into some lines ef later ba, ckorosses. In the second 
ha.choreas to A 19 oxffy sma,ll proge~.fies w'ere gr~wn, so sn~cisn~ly large 
classes to make the comparison in size worth wlhile are not available. 
.From. two of the second baekcross lines seven ]?]s,~ts were again back- 
crossed, and selfed. These progenies had very distinct size ranges, a,s is 
shown below, giving very definite evidence tffat ,size is gsnotypieally 
controlled. 
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Spot size of 1}rogeny 

5.C!. InTO~rdfl~ r ~e]J;~d {rog~ll; 
m. 

i~[ 13 12 11 10 9 8 7 6 ii[ 13 12 11 10 9 8 7 0 5 '4 
Size9 -[~edsl~o~ - • . 1 6 2 . :2 4 4 1 ] i 

S i z e 9  :~ec[spol} - . . '  . , 1 1 . . . . . .  1 1. 
t]hosl~ . , [ . I . . . .  1 . . . . . .  

Size I0  R e d  spo t  [ " ;3 1 { a [ . . . .  1 1 ]. 
C&es~ -J: i 2 4 i I i 

Ohos~ '~ ; S 1 i :  S 1 ik 1 • 2 . . . .  
S~e lS ~ec[spot i 3 s 1 . . . .  t . . . . . . . . .  

(4host, 2 l 1 . . . . . . . . . . . . . . .  
Size lfi 1-~ed spo~ 3 1. 

S i z e I 1  .Poedspog "3 2 1 . . . . .  2 t 4- 3 1 
<4host 1 3 1 I 1 i . . . .  

The ~,endea~y for red-spoeted types to grade larger tha~ ghosts is brought  
ou~ :more clearly ~vken dlese seven third baokoross progenies ~re con- 

" 1  5 smered in total:  

S p o t  size 

'14: 13 12 1I 10 9 8 7 6 T o t a l  M e a n  
R e d  spol; 2 10 5 11 9 6 2 1 46 10-97 
Ghos~ 4 7 9 12 10 13 4 1 60 9-71 

d=I-26; ~=3-66 ;  P v e r y  small .  

Three selections Dora ~hese third backerosses which were selfed, are also 
interesting in showing the very clis~inot size genotypes which can be 
es~abEshect : 

Pla.n~ no.  St)oh size o f  p r o g e n y  
end spo~ size r " 

1~4 13 12 11 10 9 8 7 6 5 4 3 :~ TobaI 
15,094 Size 14 3 13 14: 8 8 7 9 3 t . 68  
~,og,hsizes . . . . .  7 zo 9 . J. ~ i 3o 
t 5 , 099  Size 8 4 ,5 3 3 3 1 2 21 

The fia'st of these families ranges eonsiderabIy higher than an Asiatic 
family norm.ally does, while ])otl~ of the other two famRies oo~.tain spo~ 
reducers. The latter families are ~oo small be make ~he size distinctio~ 
between spot and ghost wor[h wtaile._., b~ in. the large family the mean size 
for red-spot planes w&s 11.06, ~;nd ~ha~ for theses 1.0.09, again a signifi- 
cant difference (0-9'7, t=  2,14, P=0-05-0.02).  The data strongly suggest 
eha~ Ra ~° is associated witk ~ slightly larger size effect. 

There is fnrbher evidence on this point from the ~irs~ backeross of the 
sa,me hybrid (am -</L 16) be ~ I0. All progeny were red-spotted, but some 
hadgoIdpetal  and etherswere clear yellow. The expected segregation was 
1 : 1 for ~h.e ~wo geno~ypes R~ °s Re R,, r:~°° s, nd Rz °'v R, x°_ '~'a °°  ra °° ,  
gee former goid a, nd ~ke latter clear yellow. Cold pe~al was not easy %0 
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score, as a large number were very faint gold on account of the influence 
of I{ 10; amongst the plants adequately scbred there was a deficiency of 
gold segregates, a~d in the absence of any definite evidence as to the 
cause, t t ~  most plausible explanation is that  some genotyp~e golds were 
scored as clear yellow. Notwit]lstanding this there was still a significant 
di~erence in spot size betwee!i the two classes: 

,Spot size 
a 

15 i~ 13 12 11 I0 9 8 7. To[al ~iean 

Gold 11 13 I,i 5 3 3 2 . 1 52 13.01 
No gold 6 27 17 9 I0 7 8 7 5 96 11-87 

~=l'li: i,=3.O!; P very small. 

I~ this 1]aokoross an at tempt ~-as made to differentiate ful l  spot from 
spot compounds, as it  was still thought  that  the a.~7,o~n~m~ duplicate was 
a full spot. About 50% of the plants up to grade 11, and only ].4% of 
those al~ove~ were scored a.s spot/ghost, tile others a.s f~dt spot. I t  ls 
now ]~nown tha t  this was of no signi:Keanoe to the main gone segregation, 
and was only an expression of the tendency for large spot to be more 
diffuse at theb edges, thtls obscuring any w!Jte ms,];gin which is mo~e 
easily seen beneath a smaller fainter pigmentation area.. A similar ease 
occurred in the fanJi]y ].~,5~4 (~z °'s' ~s °'s'/E~ ~° ~s °°) × H 10 (~_~o %oo), in 
~.vhioh it ~vs, s not possihle to see guld at all, as all plants were hetm:ozygous 

. . "  ]¢~ for y~,. as well as earzj J .e tile I-I 10 anthocyanin red <l, oJng genotyp< 85 of 
the plants wp.re scom!.d as ftt].l spot 1)h~llotyt>ica]])  r, and $4 as iudefi.nite 
s]?ot/ghos% tkough t]~ez'e ~alS ve~'), little size segregation i.n t,].te ramie] ~. 
The similarity to the la.st, case suggests that  the fu.t], spot iohenntypes 
proba.bly carried ~s g°, and that  the slightly less intense spot types were 
the result oi" the P,,s °s" t£~ ~° compound. 

1 ~ 2381. and P 2586, two pla~ts deiived by the interorossing of a red 
spot selection f~'om the second baekeross to A 16~ with H 1Q have already 
bee.L] discussed. I t  has been sho~vl], tha t  their eonsdtution must have 
])earl  r> O,~ "D ~O D GO .. CO an(]. t h a 6  o n  bae] .~eross ing to  I][ 1O j~,.-Jo r a c e  

:[bur gcnotypes were ob{,a]ned, in a,pproximu, t d y  eqn¢,.l numb~rs a.s 
ex]~eeted.--red[ spot, gold; red spot, no gold; spot,Jess, gold; spotless, no 
gold, There was however a.n amazing difference in the spot-size ra, nge in 
d~.e progenies fron~ these lswo plants; those dezived @am [P 238t. rauged 
r[g%t up to grade 15~ ~m~,ny being of the ~ype with streaked[ diffuse edges. 
Derivatives of ]? 2386 [had ordgm,ry Asiatic spot size ~.~ot above 12 13, 
with edges ih.irly clearly defined al~d not st]:ea].ced. U}_r[ortanately on 
acoou]J,t Of the le,~s spectsou[ai '  r a l ] . g e  :in the latter family spot. size WaiS ]lOt 

J'o~rn. of £~emebies 42 ZO 
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graded there, b u t ~:his was carried o I:t~ in f;he former family, again eleaely 
showing the assoe.iation of lalger size with Re°°: 

Spot size 

5 14 t3 12 1~[ Total 3lean 
(:kdd 7 29 3 1 40 i-I.02 
iNo gold l 8 12 :i 1 23 13.aO 

d=0"TS; ~=3"69; P v e l  Tsma.ll .  

There is no :positive evidence thai: it is .possfIole to separate this par tieula:,- 
size e ~ e t  from t-he gone Ra °°, and there:fore no justi~iost.ion for postu- 
lating that, it is due to the actioz~, of aa indepencie.at size modifier on the 
s a m e  c h r o n ! o s o m e .  

Other materiM gave evidence of the assocJatlon of a size effeeg wRh 
tlle /~,~ loc[ts [n cg..itomah~,.m, also. This effect was somewhat gre&ter than 
that assoeiafied wJ:~h ~a, and it was possible in certain lines {,o separate {t 
from the ~}~o~.c~f.um., ghost, indicating that  i l, was due to a distinct geae. 
The .£1 of c~.no.~ne~[~,~}~ (spot size 1.2) x A 8 (spot size 13) showed fike usua,1 
large ,spot, characteristic of these hybri.ds, of size 1.3-15 (P1. 18, fig. 5). 
Backcrosses to the g]lost types N 16 and T :3, segzegatlng 3 red spot : 1 
ghost, showed again She very wide range from. rather Ia~'ger than 15 
down 6o 4. Althou.gh the difference in size between the ~'ed-spobt.ed types 
(which included both f~tll spot ~s ~-s and ~he compound I~z °s Ra °°  types) 
and {he ghost types was not sig~fifican.t, it is of some impoxtanbe {o the 
argument to indicate that in both families the ghost spots ~ended to 
grade a little larger than the red-spotted class. 

S]po!. size 
~Not 

Cross '15 14 lg 12 I1 10 9 8 7 6 5 4 gradedTo~al  i%'~ean 
( ~ . x A 8 )  xlN-14 i~,,,edslsot 8 17 2-t 1:3 28 16 1I 7 8 1 1 45 174 11.48 

Qhost 1 5 S 3 4 1 1 1 i 3 28 11.96 

~/=048;  t=0 .99 ;  P ~ 0 . 3 .  

(an.x.&8) xT3  Redspofi  6 16 25 I1 12 10 12 5 1 2 3 103 I1-50 
(~host, Ii 14 2 3 4 1 35 12.25 

g~-075;  t=1-62;  P=OI. 

Th~ hybrid (~.n. x A 8) was also ~ baekcrossed with I-I 10, agsin givin.g 
a very wide size segregation. 

Spo~ size 

15 14 13 12 11 t0 9 8 7 6 5 Tots]  
6~ H7 is,~ 7s .5a 51 ~2 lo s I 5:30 

It has n~[ready been demonstrated that two selections from this back- 
cross, nos. II,703 and 11.,757, of size 15 and t3 respectively, n~.tlst have 
been of constRution ~oo,~ (from. a.~o,m.cg~.~,,t~.~) R ~to (from I-t 10) ~.oo race 
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These plan~s when ero,%ed with ghost types (R~ °s)  gave 1 : 1 segregal~io~s 
for l~he compound spot R,S ° R~ ° s  and gl~ost ~ o s  Roe,  and the ghosts 
were found to grade consistently ]sigher than the compounds: 

Spot  size 

15 14~ 13 12 11 I0 9 8 
1 1 11 9 7 8 2 1 1 1 . . . . .  
~! -~ 6 2 . . . . . . .  2 

~s s~ ~.~ .~ ~ ~ ~ . . . . .  

13 39 ~:8 21 Ii l 5 3 1 . . . . .  2 

d - 2 - 8 6 ;  ~,-13-84[; P ve.ry sm~tL 

1 3 9 3 5 2" 1 . . . . . . .  1 
4 13 3 1 . . . . . . . .  

d = l . 6 5 ;  ~=-t,4-¢-; P v e r y  small .  

/ 

Oross 16 
I i ,  703 × N  14; P~ed s~e t  

Ghost- 2 
11,703 x T  3 P.ed spot , 

Ghost  3 
11~703 x T 3 N, ed spo~ . 
(2rid sowing) Ghos~ 

11,703 T e r m  R.edspog . 
Ghost  5 

i1,767 x.'-N 1~ R e d s p o t  . 
Qhos~ 

lgo~ 
7 6 5 4 3 B g r a d e d T o t ~ l ~ { e a n  

~2 
20 
93 
62 
85 
67 

220 .10-09 
149 12-9.5 

25 12,25 
21 13'90 

This is obviously not the result of a subjective l~sndency in scoring, as 
was at one time th.ought might be the ea.se, since in ~hs series previously 
considered ghosts were feu:ud to be smaller than red spots. I t  will of 
course be realized that  although the ]?henotypes being contrasted are the 
same in both series, the genotypes are not. The essel?tJal point of siffnifi- 
ca.nee is gha.t i~z this series the ~ o s  a,l]ele mzder eonsidera$ien is of 
c~.'~omc&~..~r origin, and this ~ppears to be associated wit.h large size. ,0:[ 
eou.~.'se in the f~rst two families considered J~l this series, (a,]~. x A S) baok- 
crossed to N ].-~ a, nd to T .3, the a..a.o~t.ohl.~l. R.s°s a.]Je]e was present in egl 
the ghost segrega,ges, and in so m, e of the red spot-ted gro{q?. The expected 
size segrega.tion would l~.a,ve been I l~rge co:mposFd spot+'2 ordiua.ry~ 
iized, full.spot; {these two genobypes not separable phenotypieally) against 
1 large ghost. The size cListin.etion tendency was present, but nat, urMly 
the occurrence of the large-sized class in. ca,oh of~,l~e two main phenotypes 
gen.ded to obscure the eontr~st. In the derivatives of 11,703 and ].1.,757 
the two classes comps,red were ghost conta.ining R~ °s, both from u,~om.c~.- 

h~.m. and from the baehoross parent, s,nd compound spot in which ghost 
came from the latter only, so that  the size distinct.ion associated with the 
iagrodueed ge.~)e was quite olea.r. 

These same two p]mats hays been crossed wig}~ H 10, segregating 
1 conapouud spot : :[ spotless. The former graded.as follows: 

Spot  size 

Cross ' lS  I-t I3 )_2~ 11 1 0 '  Team Nea.n 
11.703 ;.: II I0 ,5 12 I~ 2 2 35 13-I6 
111757 :< IdZ 10 G 50 60 S O 3 189 13.24 

2,0--2 
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I t  will be ,seen that  these spot compounds, wll[ch (',a,'ried R~ °'s' of a.).~o.n~fl,~m 
odgi.r~, grad'ed larger" than t]io;~e lti the J~ :[~ ~itd T 3 baekcrosses, which 
cont,ained /? ca froin the latter types. Ig was also recorded during scoring 
ha.at they were ooes.[derabiy more inkense than those .in the latter back= 
cz'osse,~. I~i size they cori'espoiided wit,h the yacht segregates in the N 1-t- 
and[ T 3 backorosses, ~s would be expected ff h~rge size is associated, w'ith 
the ¢~wmal.z~.,.~. allele, t t  is ~o~ a question of the difference in size of the 
spot eompotmds in bhe two backcrosses being due t.o the genobype 
eo.utributed by the cn'bo~'e'~m, and 7~erb,.~,ce.~m, baokcross parents re- 
speGivel.y.. I f  that had been the explanation, the oompomM would 
]~ave been smaller in {;he t[  10 series, whereas the l'everse was the 
case. This size effeot is obviously of co~zside.t:able tuagnih.a, de. The striking 
differences in spo~ size ioetween sib-pl'ogenies which have akeacly been 
demonstrated in other crosses (e.g. i5,09& progeny ve,rst~s those from: 
t5,0q5 and 15,099; P 23S1 vers~a P 2386) strongly suggested the 
existence of a single gone of some considerable eftcot. It is also signih> 
cant that selections which were known to carry R., °s from c~.~ao,mcd4~?~-- 
P I791, P 180t, P 1.818, 11,.319, ll,70Z and 11.,757--all also showed the 
size effect. 

]~r~ p~l'~ieular lines however this effec~ has become d.issoc.iated from 
the c~o.mc&~n.~, allele. ~ome selections £rom the third ba.ckoross of 
(c~z.. x A. 8) to A 8 were selfed. The progemes showed different size ranges, 
and two which re.tried R~ °s' (1..'5:1 s~gregation), which must have 
originated from a,~zo.m.a~u.~n because _& 8, the only other type in their 
progeny, is homozygous Re -as, were segregating up to size 1.5. Some of the 
g5osts in ~hese families however were as tow as 7. i red-spot selection, 
no. 9992, from one of the segregating soiled p~:ogenies, of size 1.3, at the 
top of the Asiatic range but not beyond, was found to carry Re °'s. It was 
crossed with the c~rbore~m ghost type A 16, and backorossed $o 9992, and 
all five of the families grown, as previously described, segregated red 
spot : gh.osts in ? : 1 or 15 : t r~ios. These ghost segregates mast  hare  
contained ~b Ieasg one R.,fl s c[erivTed from 9992 and therefore from 
c~w.m.cdz~m, yet on all of th.em as weI1 as on the red spotted Vpes the spot 
was of perfectly normal 2siatio size. It cana~ot be allowed Shag the ghosts 
were small on sceomit of their mocEfier background, }~eeause this was 
predominantly c~rborez~z. Evidence wil, L be p~esented later go show tha t  
dominance is in the direction of large size, so tha t  the c~)~omc~h~ spot 
must have become dissociated in this line from its earlier size effect, 
which implies that, in this case the effect mus~ be dee ~o a fairly otosely 
Hnked but no~ inseparable gone. 
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The /~a c~,z. x t t  10 spodes,~ also showed a large s]pog of size 1 ~ - ] . 5 ,  

and the lrs$ baekeross to H 10 gave the trsual wide range: 

Spot size 

14 I3 12 11 . . ,  4 Not  grad.e~l red s17ot 
8 7 10 2 1 1 29 

Spotless 
2 8  

Only small second and thbd baekcrosses were grown, and it is not worth 
discussing the results in d.etM1. The range was similar to that'  in ~he fro'st 
backeross. One of the second baekcross pianos, P 1898, with red.-sl0ot 
size 1~-1.5, wax selfed. ]Prom its origin and phenotype it must have 
carried R~ x°  from H 10, and R~ °s  from ~mmaZzmz.. I~s behavlour showed 
tha t  i t  did not e~rry/{s de. This Iotas may therefore be ignored. A b~ek- 
cross to A 16 ghost gave: 

,Spot size 
J 

A_ldlon.oJx the ]?:l:ogenies we:re, small, t]m ].~.r~er size a,.ud greater intensity 
o:[' fihe ~:ed-spot compotm ds il), the H 10 bac.kcross was Jn strJ.]dng contrast 
t,o SEe usual sih~at.ion where compara])]e e.om]?onnds in t he  ]~.erSt~cc.l~'m 
genotype rl.sus,[]y wade lower fill an Jn :-t.~ (~..rbm'e~m~ gea,,type. %heir o~.Jy 
distin~:tion wa.s that wherea.s the compound in the; AI0 bac'.lsoross oar.tied 
gh.ost from A 16, ±,hat in t]]e H 10 ].]o('.]{cross derived its ghost from 
c,,~~oma, b'm. The same tenden¢.y for ghost spots from c~zo.m,~d.~.m to ra,nge 
I.dgher was o,]so observable iz~ a ]:,~,c]<cross of tl~e same plant .17 I898 
to 14,350, a ghost genotype which carried minus modifiers so that  it 
apl?ea, red spotless, and whose origb9 aud i}e]:mviour will t>e discussed 
laser, 

Spo~ size 

'[[ ,'_; 1{ 1,3 12 11 JO 9 8 
20.,,ed spot  . .t 3 '3 l 
Ghost ~ 7 i~ 

The fac.t that. Qte ghost in Q:,J.s series still re.tahmd Jts large size h]t.o the 
t];i~d backcrosses into AsJttie. types sug,~eM.s t[hat the accom]?~ayhlg size 
gene must  be fairly olosely linked wRh the P~,2 locus. 

1'5 14 1;3 ]2 11 I0 9 
R, sd st)or _ . 1 2 1 
@host ] 3 t 

On backerossing to }I 10 it tb 'ew:  

]>e J spot ,  size 
,- ' ~ Spo¢less 
15 14 13 
l l 2 4 
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t%o0o, of size 1¢, selected, frorn a setfed A lm:ge ghost segregate, ~" " ~  
p~>geny of P 1898. was crossed with the following main spot types: 

A S--red fulI spoe,/f~as---Rself la.rge in the -&siafio r~'mge, size t:l (P1. 18, /~g. i), 
A t~]--ghest, 2~°S-~tow in 'the -\siade rouge, size I0 (PI. 18, fig, :~}. 
1://0--spotless, /?,20 A 16 :<H 10 gives a small red-spot compound, a b o ~  size 7 

(P1. tS, fig. 14}. 
15,:?40--red,spo/ted compound, Re Os Re Os .Ra c'O/,°ar4°--~ke synthesized a'~eo.m~g,v.~ 

compeaud on .A 16 background, size li~ (PL i8, fig. 9). 

The way in which 15,:~05 m~ised all th.ese spot types is shown. 
belovr: 

Spot size 

Cross Progeay ~15 14 13½ it>] 1) 
15,305 ,,A 8 Red ~pets 2:1 I7 . (Pl, 18, fig, IG) 
I&.~0S x A 16 Ghosts 6 6 g i (PI. i8, fig. 17) 
15,305 >: t[  l0 Red-spo't compounds . 7 4 ] 1 (P1.18, fig. lS is of'this type) 
1.5,305 :-: 15,240 ]R,ed-apog compounds g 25 8 1 (Pl. 18, fig. 7 is of simii~r 

gel~o~Gype and phenetype) 

I5,30.5, which is homozygous for the ghost allele Rz °s Acre .rL~t.omedl~m, 
is a]so apparently homozygo~.s fro" the assodated large spot gene, and 
dominance is obviously strongly in the direction of large size. All these 
h~rge spot types also had gee diffuse edges which are such a dzaracteristic 
feature of the large spots of the t~.tomc&~.m, x Asiatic f 1 hybrids. I$ is 
evidently to this particular spo5 size modi13m, associated wRk R~ that {his 
effect is due. The size modifier J.s obviously not specific to any particular 
allele, but a.ffee%s ghost. N l l  spot, and red-spot compounds, bo%h those 
due to complementary alleles at the same locus, and %hose clue to com- 
pbmentary genes, in duplicate loci. 

The tin. x H 10 hybrid was also backcrossed repeatedly to N 14 (ghost 
spo$, whRe corolla), and a very interesting situation arose ).n this material, 
in which it was possible to select in the reverse direction for small-size 
modifiers. I~ the first backoross, segregating 3 spot : 1 ghos% size ranged 
from 15 to .5. One of the ghost segregates was agaia backcrossed, giving 
3 yellow corolla ghosts and 9 whRe corolla segregates, which presumably 
also carried ghosL These plants were se]fed, but since gh.os~ can only be 
seen on yellow corolla a-d not on a white background, attention will be 
confined to the yei!owTetalled progeny of the three yellov~-petalled 
second backeross plants, P I850, P 1852, and P 185.3. Since these plants 
xwere ghost spo% they could not have %ee~ carrying the spotless e, lle].e 
~ o  e.~., they would have shown the red spo~-eompom~d, but  nevertheless 
some completely spotless types appeared auaongst ~heir yetlo~wpetslled 
progeny. As this restJ% wife so unexpected tits three parent ghosts were 
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again setfed the following season, with the same resnlt. Tlie total scoring 
is summarized below: 

Yellow corolla. White coroll~ 
l 

Ghost definite, @hosg definir, e, @host Definite 
large small iudisth~et spotless 

P~ 1850 selfed 80 8 2 5 16 
P 1852 seKed 4 1 8 3 

Yellow eorotla. Whi te  
Size of ghost, corolla 

r13 12 11 10 9 8 7 6 5 ~[ 3 9 1 0 
P 1853 selfed ~i 14: 9. 9 l0 8 5 2 I 6 4[0 

In sa.eh of these f~milies ghost spot size 1"anged righ~ down to the point 
of extinction without any rea,], break in the distribution. In the progeny 
of P 1850 two plants were graded as indistinct ghost, and also one in the 
progeny of P 1852, and two (sizes 8 and 7 respectively) in the progeny of 
P 1853. These. indistinct; types need special description. In the true 
spotless type I~ -n° (tI 10) there is a tendency for the yellow pigment of 
the corolla to be slightly more intellse right rewards the base of the petal, 
in. the area usuMty ocenpied by the spot when present. In ghost and[ red- 
spot types this basal intensification does not oc0ur. The spotless types in, 
these progenies were simils,r to She usuM type, with yellow slightly 
inflsnsified ~t. t]3e ha.se of the pet.M. In the distin~.t ~h.ost segregates the 
ghost a.rea was perfectly white, and th.e upper yellow port,iolt of the 
corolla. u.lfiforml.y pig~nsEted. The intermediate types scored as "in- 
distlne~ ghost" had the yellow ]?lament deep~qring towa.rds the base o:f 
the ]?e%.], and ~ entail area. right at the bs.se of slig]rtly pa]er yellow, giving 
the a@pearan.oe of a, pa.te yellow sm~J.l ghos% :in.stead of the usuMly clear 
white oue. 

One o:[ the spotless plants from the progeny of P 1859, no. 14,350, 
was further in:vestigatod.. To oonfirm t]_mt it was not a. new type of 
spotless recessive to ghost hi l t  not co m].}]emen[,ary with. it,, it ~va,s orossed 
with H 10 spotless. All the progeny were red spotted, sSowing tha,t 
genobypiea,lly ] <;350 wa,s al~ extinguished ghost. In a.ddit,ion 14,,350 was 
crossed with A 16 (~host size ] 0), ghdng ghosts only, and w[d~ A 8 (%11 
spot, size 15), a, nd was a]so selfed. Spot sizes in t]~ese four progen.ies 
were as follows: 

.~e]lo w corona, %rhite 
Spot size corolla 

:l?}ienoi,yI)e r - -  > 
Cross o f  progeny 1,% ]2  11 lO 9 g 7 6 ~ .t 3 g 1 U 

]~,350 x ] : [  ]0  R.edsl)ot  g ]3  1F, 8 9 7 2 2 2 . . . . .  
1.:L.350 :,: A 16 Ghos$ 7 8 5 ,5 3 '3 3 . 1 I ] 1 . . 
14:~50 :<A 8 l~.cd spo~ 14 4 '~ 
14,350 seli%d 6}5.os[ . . . . .  l i I 7 3 2 I 3 ?, 28 25 
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The se]fed ]?rogeny threw only a few small ghosts, all of which we:re of. 
the i.k;distinct type, and the >_mjo:rity of the ydlow-petalled segregates 
were comptetd.y spotless. A constan~ extinguished ghos~ line has z~ot 
beetl  established, -bu~ no dou]og .}~ eouk[ be .[?om thi~ material, t.u the 
N.tNly Lb,350 × A 16, i,:a which the n.ormat size complement was brought 
it). })y ~]]_e l~_]A~.ter parezlt, the general size level was of course raised, k i i  
the larger ghosts ware perfectly clear, but all. below size 8 were of the 
indis~i~ct type. In. ].4-,350 ;< H 10 there was the usual correlation bekween 
size and intensity o:f red pi.gment, t inny  of the progeny, both large a.nd 
small-spotted types, had no sigil of any white surround. Some of the 
fainter ones wRhont white Llargin ~rere very flecked and indefiuite (P1.1,~, 
fig, 15), and h~ghly suggestive of many New World spot types, which are 
in general very distinct fl, om the i~tense well-deAled spot characteristic 
of Asiatic cottons. These fa.milies again give evidence on the direction of 
dominance of ]arge spot modifiers, the majorRy of spo~s in the outcross 
progeny of I1:,350 eomiug welt within, the Asiat.ic range. They afford a~ 
interesting c.om]?arison with the similar outcrosses invoivhlg 15,305, the 
large ghost, which have been disc~msed above. It seems likely ~hat several 
modifiers are concerned in 14,350. They apparently do :not include the 
spot size reducer S~' of Hutchinson & Ghose (1937b) since the latter ~v°as 
dominant in _~ crosses with normalosized. Asiatic spots z. 

In addition to studying the association of spot size with the main 
an thocyanin loci, ttzat wish th% genes L ~, p~,., and rye i tem a.~zo,mcdum has 
also heen observed in some families. The data were not v-cry extensive, 
and no definite conclusions could be drawn, other than that  there were 
no striking effects associated wRh these genes. In one series of back- 
crosses derived from (a-n. ×X 8) there was some suggestion of a small 
difference in spot size associated with the L chromosome: 

sp, ot 
Cross Class n raze d g P 

(~n. ×A 8] ×~t 10 L L 281 ]~'36 } 
5 a 268 12.79 j- +0-43 2.75 Very small 

(~n. × A S) x N i~ if;r. '77 r1"62 / 
0,22 O-6 I 0..5 L ~ 77 11-40 

(a~. × A s) × T 3 L ~ ~9 1 ±.73 ! 
L A 60 11-66 ~" -0.07 0-17 0,9 

The results were, however: not consistent, though this m a y  be due to a 
difference in this respect between the ¢,,rbor~u-~ and herbc~eeu.~~ baekcross 

* That &' is uot one of the sm:~ti size genes concerned in 1[.,3!30 has been confirmed 
since this manuscrlp~ was sent to press. Amongs~ a, torsi  of 70 P.z progeny derhred from 
the cross (reduced spoL x I4,350), nhm ptants had petal spot of t:tC], normal s~e. 
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parents. Indication of a similar difference between ~he ~wo cultivated 
species was also found in lint length geno~ype (see § XI). 

L 

L8 i 

(7) .Li~gcc~�e tests .with Ba 

The discovery of the gold spotless allele provides a new locus for 
linkage investigation in the cultivated Asiatic species. Information has 
been collected in the course of the backcrossing reported in thJ_,s paper, 
and after Ba G° had been established in the ethos'sum gsnotype a n.umber 
of crosses were designed speei,~ca.Ily for ]in]cage testing. T]?e available 
data have been summarized in Table 12. All crosses were of the ~a X-<a x 

Table 1% Two-]'~ctor se, gregetions i,~vob.b W ~ 
~'a, m i l y  Tyl_~e 22 a X ~a  z ~5 X ~h rc T X~z 

(~*. x N 14) x N 1'4. B.C., 2~'1 o 39 45 30 39 153 0"t3 
(sol  x N 14) x N 5 ]~.C-, F 1 ~' 22 40 10 29 101 i '07  
(15,099 x P 2774) x T 17 B.C., Px ~ 45 4,6 45 43 179 0-05 
15,240 >: _N 5 or N 14 F~ ~97 117 84: 27 525 0.68 
(P 2406 x T 1) x 2K l-J: B,C., 2~ i o 3d 22 24 42. 192 7-20 

/3.0., ) r  ~ 1.64 1S8 I90 169 717 3-62 
B,O,, .P a f2 4:2 4.6 38 38 159 0-0fi 
B.C., F~ d 40 22 22 18 102 0.92 
J?z 357 98 I 0 I  33 580 0-57 
:B.C., ~x '-~ ~0 17 2.4 2! 82 0-00t. 
J3.C., .F~ ~2 51. 71 50 61 233 0.25 
]3 .0 ,  i~ ~ .5] 4 I  43 4§ ]8]. 0.92 
3.C[., .>T~ 9 40 .~28 37 35 t6u  @:56 
g.O., .F s .¢. 30 30 20 10 !~9 O.~d 
B,O,,  lP t 5"_ 1 6 4  ?,5-!: 158 162 638 ft.31 
B.C.: JT,~ ? 1.~ 20 26 t9  82 1-14 
13.0.. I'\ 'T 51 41 38 51 ,181 2-94 
l<, 318 105 10~ 30 5 5 7  0.33 
111~,,::, ] '~:. 8,3 45 7 2! 136 1-73 
ff'<r:'t- I-~:~ 109 89 13 ]4 225 0"46 

type except in the case of the L q  test. These figures slow that  ~a is 
ind.ependent of t.he three linkage groups--lea.f shape-lint, coiom', L-Lc~ 
(L-K group of I-tutchinson, 1984); ]intless lint colour, H~,.-Le~ (Silow, 
unpublished); and sectaries :pa.le p�llen, Ne-Pb (Silow, unpublished). 
Z q  and ~a gave a. co.usldera.ble deviation, but tim assoc, ia:don was the 
reverse of tha,t in. the parents. T].~e {ami]y was ~a.ir]y small, and no 
significance can be atl;acA.ed t'o t~hJ.s observstJon. ,ye n for the R u Ii,, 
segregatJo~ was only ins1; below the eo3:~ve:o~ion81 linfit of sigNficsa~oe, 
bnt  again the suggesl;ed, association was the reverse of that  in the 
parents. There was not any evidence o:f association of Ra with tke ether 
po~lsl] celesta' locus O]:@ar]]l P~, Or "wit]a petalody Pdy, or wJ.t]z the corolla 
eolour factor Y,,.. R a has not been adecluately tested against the c~,noma- 

t i .  (P 1388  x -129) × T ] 

zYe (c¢.~z. × N 1,J:) :-: N i 4  
(c¢,v. x N 14:) x N 5 
15,240 >:E 14 or  N 5  

P~ (15;099 x T 4} >: T i 
.,P,, (Y 1327 z Y  2375) × T  3 
Pd// (15,099 × P 2774) :.: T 17 
}'a (a?l. >: N I4:) :< • 14 

(a.tL :-: 2g 14) x N O 
(:17 1"3;38 x 429) ;: 2: i 
(1.5,099 >: T 4-) :.: T 4 
(15,U99 :< P 272J)  :-" T 17 
15,2"1:0 :<N 14 o P N 5  

J-~ (9.q92 :: A 16) ".: 9U{~2 
(9992 x A  16) :.: 9992 

P 
0.7 
0.3 
0.$ 
0-5 
Very 
sm~l l  

O-0g 

0-9 
0-7 
0-5 
0-95 
0.7 
0.3 
0.5 
0.9 
0,5 
0-3 
0.1 
0.5 

0.2 
0.6 
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h~.m corolla colour factor t%, since the latter has not yet been established 
in (~.rbo';'e.~mz in conjunction with either of the recessive authocya.nin 
types, ghost or spotless, Some litN.e i.tK'ormatlon ca i:he ]pint has been 
suinmadzed i.ta the table, derived from two small families segregating 
i5 : ]., and. three small families seg,:egadng 7 : 1 :[or 7~ at~d R:~, all segre- 
g'a.tiug 1 " 1 for Y~. A.lthongh the evidence of complete indepe~ic.ndg .is 
~,_ot concIusive, it is obvioas that I% is act closely associated with eRher 
of the at~thocyanin duplicates. The segregation: of ~a in conjunction with 
yellow corolla g,.'~;dss l~as been s]~.owtt in Table 9 earlier. Nest of the range 
in yellow in this cross was associated with the segregation of I~@, and[ 
from the table [t might appe~'r that Ra an.d I'd.'p are Linked, since in the 
ghost class yellow grad.it~g was consistently higher than in the spot class, 
and there was far less clear d].sgim',tion into the two expected yellow 
classes. This has s t eady  been discussed. ]~urtherl?]ore, delimitation of 
the depressor genotypes in such a family by simple inspection, wa.s 
hupossible, on. account of the interspecific modi/~er segregation which 
was also present. ~rom exanfination of similar data from other families 
it has been concluded that, when due allowance is made for the inter~ 
action between gold expressio~ ~ad corolla grade, there is no evidence of 
linka.g'e between Ra and Y@, and it has been fonnct easy to separate them 
into different backeross lines. 

(8) S~m~m~'y 

(i) Red petal spot in c,~m~~4d~ is not due to a single ~llele as in the 
cultivated Asiatic species, but is N~e result of the complementary inter~ 
action between a ghost allele in the Asiatic ~ toctm, and a spotless allele 
in a duplicate anthocyanin locus. This spotless gene is characterized by a 
pleiotropic gold-petal expression. The symbol/{no is allocated to it. 

(ii) G. arb&'e~n, al~d G. herbc~ee~.m carry in the ctnpHcate locus a basal 
recessive allele, lacking bo~h basic anthocyania expression an.d the spot 
characteristic. It  [s symbolized as %00. 

(iii) The v,~o~~,cd.7,,~ dap l ica te /~o  was established in the homozygotls 
eonditi.on in the cultivated Asiatic genotype, both a s a  spotless type 
in conjunction with p~l.o and. as a red-spotted type similar to ~w.mcd,.u.~ 
in conjunction with R~ °s. The sold appearance of the petals of these 
types is something quite llew in Asiatic Cottons. 

(iv) The gotd-petal expression of l~ac,~O is very variable, being especially 
dependent upon yellow corolla constitution. Only when on a homozygous 
yellow background is gold developed to an appreciable extent. I~ ~0 is 
not completely dominant, since gold is %tensilied in the homozygote. 
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In conjunction with Y@ on a homozygous yellow background, gold is 
intensified to pink. Iiomozygod.ty for Ra ,:~'° does n.ot lead to any appre- 
ciable intensification in pink beyond She expression of the heterozygote. 
}Ieterozygosity in the I;a locus for eithem y=e or ~Ja is a very potent factor 
in limRing the expression to a very faint tinge of gold, even when ~a ~° 
is ~luple:, and not even Ydp is able to intensi£y it. Heterozygosity in the 
Yb and Y~ loci does not reduce gold expression. On the recessive pale 
petal relents and on white, gold is not expressed, except occasionally as 
a faint pink edge to the petal. In addition other fa.ctors such as exposure 
to sunlight, .and other modi£ers less easily ana.lysable than tTfie main 
corolla co]our factors, also produce profound effects on gold aaad. pink 
expression. Strains of the cultivated species, in which the gold-producing 
allsle does not occur, differ considerably in their content of th.ese modifiers. 
tn  eno~ala~,.~, itself, which is very pale cream, almost white, there is only 
a, faint suggestion of pink on the petal. This is a resNt of the absence of 
t i e  main gens for yelIow fl.a.vone development essential to the full 
expression, of the gold spotless allele, and to :.he fact that  this species 
also la.eks anodifiers which intensify gel d and pink. 

(v) Par t  of the size of the ano.m.ah~t, spot is a subsidiary effect of 
Ra ~°. The more imports.at component of its size constitution is a modifier 
of consideraMe ms.gnitnde fairIy closely linked to the ghost gone. There 
was no era:elusive evidence of the Illsha.go of spot size modifiers with the 
L, _P ~., or 2¢e ].eel.. 

(vi) As a recur  of (he low levd ot' the ao~o~.o.i'am spo~. size genotype, 
apart from these large-size colnponerll:S, i'{" was possil:.]e to develop, :i:ix,n.~ 
1.:}brid progeny, lines sn low in theh' content of size ]nodifiers that  the 
expression of the main q?c)t .ache w~~.s _reduced to ?~t,:net.]o.?, 

(vii) Dominance of spot, :nodiffers is :n the direction of.Iarge:r size. 
(viii) Using the large spot modifier associated with ~z °s, it was shown 

that  spot size modifiers are not specific t.o any pa.rticnlar a..I]ele, but  ~ffeet 
all types of spot--ghost, full red[ spot, ..and red-spot compounds, both 
those due t;o co]::]~].enneJrl:ary alleles %t the same locus a,nd those due to the 
eon:plen:en~aries in: duplicate loci. 

(ix) There wn.s no Evidence of tmkage of R a wit]: any one of the ehree 
linkage groups Ji-Lq,  I-I,,.-Le~, a,nd No-Pc,, or with t[he indep'endent genes 
P~, Y~ and Yd.p. ]*;videnee of con:plete independence from I: 0 was not 
coneIasiv% but the genes are certainly not c]ose]y associated. 
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V. 2 o m ~  c,oLouz~ 

In the cultivated Asiatic species potlea is ahnost invari~bly deep 
yellow in. coloux and there i.s remal'k2bly little variabili.ty in shade. Only 
two exeeptior~s have |~een observed. [Ramanathan & Ealasubramanyaa 
(1933b) repor~ed, a single occur:fence of "cream pollen" ia a stl:ain of g. 
oba~s.ifol.hr,~t, l%oxb..-G, c~','boreu.m vat. '~.eryleea~,m forms .indies, Iffutclthkso a 
& Ghost. They found d~_at it differed from full yellow ht a single recessive 
gene~ and [,here was no evidence of modifier s%regadon even in an 
igterspeeific cross involwing U-, l~srbaceu.m. Through the courtesy of iX'it 
V. Ramanai, han. seed of-btl.e "cream pollen" strain was sent to rids 
Station in I934. The wri.ter has grow~.~ ig under the type numl~er N 25, 
and has confirmed ~.he abov-e findings. tza no cross studied was there s.ny 
difllcldty iu classifyhag s%regatJng progenies. Wh[ist on a visit to the 
U.S.S.B. ia t933 Dr S. O. ~ar land collected seed fJ:om a plan~ of g. 
hsrh~ee~.m with cream pollen in Uzbekistan, district Tashkent. On his 
return he handed thi~ mate iM over to the writer for study. The strain, 
grown under the lzumber H 16, has bred true to a pollen colons grade 
similar to ~hat which characterizes the cream pollen Uplands and those 
wild species of gossyjo.im)~ which have cream pollen. This grade is very 
much whiter than that  of Ramanathan's  arbo,'ez~.r,~ "cream" N 25, al.td it  
is proposed to refel" to the latter as 2xds ye~gou,, whilst the ]zer3cme~m g 16 
type will be called c rsc~m, i n  appearance the comnaon full yellow, pale 
yellow, and cream pollens correspond very closely to the phenotypes of 
full yellow, pale and white corolla in the Y~ series--i.e, at grades 8, 3-2 
and 1 respectively on Xutchinson's (1931) corolla colour plate. The genes 
responsible for the recessive cream and pale pollen coleman are ~ot 
however alletomorphic like the Y~ series of corolla eolom's with which 
they have been compared phenotypiealIy. The F~ between N 25 and I{ 10 
has full yellow pollen, and the /~a gave the dihybrid 9 : 3 : ~1 ratio, in 
which all three terms, representi:ng fall yellow, pale and. cream could be 
satisfactorily delimited. Data will ~e published shortly. The symbol 2~ 
is proposed, for the cream pollen gent, and 2~ for pale pollen. On this 
basis the i t  16 cream type is regarded as 2~ P~, and the N 95 pale as 
P~ 2b- 

Although a series of polle~ colon' grades was not found ~ecessary in 
stndyi~ag crosses within the cultivated Asiatic cottons, they were used to 
some extent in studying the enomcd, m.~ hybrids. In s~ch cases flowers 
were collected in the field, in the early morni?~.g and graded at about 
t0 a,m. in the laboratory, a necessary precaution on account of deepening 
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of the colour of the pollen during the day. The same scale as Harland 
(19995) had used in his pollen colon' stnc~y in New World cottons was 
em.p]oyed. The coloured plate in his 192.9 paper is no% a. good rq~ro~ 
duction of his grades, but  fortunately his standard, strains were available. 
@rude 0 is white, grade i pale yellow, and grade 4 the deepest yellow. 
l ~ o t i c a l l y  all the yellow pollen Asiatics grade between 2 and 3, N 25 
pale at 1.9~ and H 16 cream at 0-3. 

G. ano~naht~~, has cream pollen, grading a~ 0.1, definitely whiter than 
{,hat of H 16- An /v 1 between them, of eleven plants, also had cream 
pollen, of an intet'mediate shade grading ai, 0.2. When ano~a]u~n was 
cr6ssed with fall yellow pollen types from a, rborewrf~ or herba.ee'a.m., the 2~ 
was brot~ght down in grade to an intermediate shade of yellow. This was 
in strong cent.rust to crosses between I£ 16 cream and c~rbore~;~ full 
yellows, which were all as intellse yellow as ~he donfinant parent. Some 
l'epresenta%ive examples were as follows: 

Pollen colon: grads of hyb~'id with 
< 

£ -, 

6), c~e'~n~thc~n g. 7~crbace, wm ~ 16 
Type no. 3fellow gra.cIe (cream) (cream) 

A S 2"g-g'5 1"8-2"0 2'0-3"0 
A 16 B.i-2,-6 1-9-2-5 - -  
II 10 2-5 i'0 --- 
0 i 2-5 I.].-I-6 -- 

0 S 3'0 1-3 -- 

T h e r e  was e.onsidera[te breakdown h.,. domimu~ce in the ccno~l~cd, v,v,, 

hybrids~ and this was mare ma.rked-in crosses invoi-,dng the h,:wbc,,~e.~.~,m. 

types I{ 10, 0I, 08, than in those into which the o<bor,~v.m, types A S arm]. 
A 16 entered. A baok,.:.ross of .era. >." A S to T S (a synthesiz:ed, multiple 
recessive cream pollen segregate, selected from an .Fe of d.';"bV£ed.'Dt., ye]low 
pollen ,< ~.erb#oe.~r.v~ I-I I6) gave yellows ra.nging from about grade 3 down 
to intermedja.te yellow of about glade ]: and a more uniform group of 
o r e s , m s  ranging slightly round 0"3. -Unfo:ctunately there was no opporo 
tunity at the time to grade each plant individually, but, in spRe nf t,[he 
variation within each group it can be ~aid that  the two main classes were 
quite distJaet f.com, one a, llot]~e:r. When oouh'asted agains[ the creams 
even the low grade yelbws were dis inct .  This bsckeross gave 68 yellows 
and 70 creams, indicating thai: the a ~ , o ~ m h ~ ,  cream ]?ellen gene is 
a.llelomorphic a~.d proba,l)]y identical with that  in I:[ 16, p ,.. 

The pa,]e pollen type 1\ v 25 was also crossed wJt]~ a,.rl.o.o~a,[.lt.m, and w i t h  
blue l?~ o:[ (~,. x H 16 re'earn). The first proge:tD~ consisted of l ]  plants all 
].ow grade yellow~ abonl~ ] .5 2~ definitely yellow when contrasted against 
N 25 pale i~self. The second progeny of 19 plants ranged from definite full 
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yellow down to :igtLt yel].o~v, bu~ the lightest was somewha~ deeper ~ha:: 
pale ~tself. This compleme~zb~.~ry reaction shows tha,t a'~zo~;aehtm, carries 
the normal al]elomorph of pale. 

VI. NEc'm~m ~.s 

Extra-ilora] nectaries are common ~n cotton, but t].~.ere is very little 
published hd'orm~ation on their .inheritance, la.rgely because of the 
extremely tedious uu.tui:e of the. observations and the great varJ.ahility 
in e_x:pression of the character. They occur on gl.~.e rmders/d.es of the leaves, 
nn one or more of die main vcii~s, and at the base uf the bracts. If  inside 
the bra.c~s they occur just between them: ab the cater base uf the calyx 
tube. i f  oat.side eh.e br~.u:es, they occur opposite a~d i_mmedia~ely below 
them. 0n some types neck.aries are completely absent from both_ leaves 
and bracts. All types of (_-7. c(,rbc, re.~.m, which have leaf neotaries h~ve 
interuai bract neat.aries also; those types vrithont leaf nectaries have a t  
bract aectaries e ther .  All {~,ypes of 6/. /~e)'%cl.ce'~m~, which have been 
observed at  this Station have nectaries ca  the leaves, a, ud .most ha, re  
internal br~o~ neci.aries as u~e].I. A fe~v strains of var./}"z~esce.~zs lack bract  
nectaries, even though they h~ve leaf nectaries. External  bract nectar[e< 
ald~ough common in New World cottons, a.re extremely rare in the 
ouItivated Asiatics, havJn.g only been described freln a single type of 
l~'~cc~.m, from ~{a]ta (Watt, 1996). 

Leaks (1911) st~rdied, the inheritance- of leaf neotaries in a cross 
between two c,~.~'bo~e~~, types, and demonstrated that presen.0e and absence 
was controlled by ~; single pair of allelomorphs. Subsequent work at this 
Station, ~vlaich. will shortly be published, has con/breed that within 
c~;'borezrm.~ presence of ieaf nectaries (Ne) is almost dominant over their 
~bsence (~~,e), but  it has been .found that  in. interspedfic crosses i~volving 
~.erbecmm~ this dominance may- break down completely. The same main 
gene controls b a r  nectaries in Both these species, and is also responsible 
for the formation of internal bract nectaries in a~'bo'~'m~m Since it has 
been found that in interspecific cresses the expression, of the main gene 
may be limited by modifier ~otion to the ].eaves only, it is highly probable 
that  those occasional types of/~e~bece~,.m which have leaf neetaries but no 
bract  neotaries also carry the common main neotary tens, together with 
a particular genotypic complex which does not perm.it its full expression. 

~. c~'4o.~.<&ms is characterized by Lhe preses.ce of leaf nectaries. In  
hybrids illvols~in.g the c~ ) b o f e I~ ~ ]~1? ~ no~nectary types N 5, iN 1~1, and N 25, 
lea.f laectaries were as distinct as in the wild species. In a backeross of 
(e.m × N 1~:~) to N 1~ leaf nectaries were somev<hag in.distinct ca  some 
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plants, but  with o~'eful observation it was possible to classify wRh con.- 
:gdence.. and a dear  single-factor segreg,ation of 81 plants with leaf 
neetaries, and 86 wit, hen% was obtained. Evidently the niinol- gene 
eonstitntion of e~os~c£um., so far as leaf nectaries a~*e concerned, is very 
similar to tha t  of ar~orc~,,~, and not at alI like that  of k.ertc~cevm% which 
leads to dominance breakdown in m?osses with c#rbor~0,m.. That  the same 
main loons is concerned as in these species was sh.own by the baokcross of 
(c*~a. × ~ ' } .  A 8 iVs) to the ~s types N 14 and T 3, which gave a total of 
301 plants all with leaf nectaries. 

The situation with. rega~:d to hraot nectaries is much more disfiinc~ive. 
There ard no internal bract nectaries in ~. c#~o~,c~h~#z., as is usnal in z, ypes 
with leaf neetaries in the cultivated Asiatics, but  external bract nectaries, 
which are extremely ~are in the laRer; are Fi'esent In hybrids with the 
o.rbore~s~ no-nectary types N 5, h r 14; and N ~.5, no external bract 
nectaries were present except on occasional flowers, on which they wexe 
indistinct. Apart from the difference in position, this situa,tion is more 
like tha t  in c~,rt. .~.e x Ae,r5. _We than in c~rb. ~ x c~rb. Are hyb~:ids. This 
indicates that  the mi>~o~ ~ bract n.ectary genotype of ~,~';m~,~,,al,".,~* is nearer to 
tha t  of/~srb¢ceu~~, than o, rto.re~.~s~,, though of course it is quite disth~,etive 
in tha t  o,~o~,~..a.~,~,~,'m, only shows extem~a]s and not internals. On analogy 
with fike situetion in the cultivated Asiatics, it seems likely th.~t, these 
exi.~.rnal 5reid. nectaries are due t.o the same Are.. allele as eOlltI'ols the 
p~'e'sence of 1,sc(./" ne.ctaries, tog~;ther with a, particular specific ge.noty]pe. 
0 o. the other ha,nd, iu the abse>cs of furth e.r data, it  cg,,~not definitely lee 
eonolu.de.d that  t]ae identical allele ~s concerned. 

VII. F<~zz ..,u~> LINT ¢i{i_,}~ItAOTE~t@ 

In cubivated Asmtie eottons the hairs ou the seed. are di:ffc'.rentiated 
into two distinct coats, one consisting of long fairly easily detached lint 
hairs~ and the other of short s[,rong]y a.dherent fuzz hairs. In a few so- 
called. ' " tuf ted"  types t]~e latter coat is represented only ])y ~ few hairs 
at  the cha.la, sal end of the. seed. tiuto!}inso.t~. (] 935) 'onnd turted to be due 
to a pal:t.ially dominant geu.e T, whose ex]?ression was considerably 
influenced by  modifm:rs, t ie  made use of a, series of grades for classifies 
~ion of segrega,ting progeny, in which are.de ] was the n e s t  highly tufted. 
type (naked) and grade ~ almost fu].ly covered except, for small naked 
~u'ea,s. Fully covered seg~:egates we:re c]assifmd as " fuzzy" .  ]:iomozygons 
tu:f%ed types grade ]--4, and ]~eterozygot:es nsna]]y 3 6. The symbol )?z 
has been assigned to this gene in J.-in.tchinson & Si]ow's @939) ~'evised 
list of gene sy.t.ubo]s. 
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In U. a.~omcdit~ bhe hairs on th.e seed ire not aepgr~tted into two 
distinct I~yers, bus ~ll a.ppe~r, [:o form ~, single co~t of short hs.[:~:s up f;o 
10 ram. in length. These ~re very fh'mly adherelrt to the test~, so t.ha~ 
wl~en ])u]led off' m~uy bl'e~k along the length of the h~i~s [n.stes,d. of gt ox 
very netu" to th.e poi.nt of attachment to the t.est~, a,s in commercigl 
cc tto~s.~ .Neverbhe].ess a.~o,#~,ah~.,m, carries the ~genetic basis for fuzz, since 
fut]y fuzzy se,gt'egat.e.s have appeared hi progeny derived :from c~m.. x tufted 
hyb.rids. !~ the F1 betweelt c~.m).mcd,~.m ~i~d a.rbo'~'eum. A 16 t,tgted. (grs,de 
2-¢) the h.Mrs were also very ~dherent, so that  when ptdled they broke 
a[ou~ the.it ledgttl. I t  was t, herefore not possible to obtMn a.ny estim~te 
of th.e domhtaac.e of ffz in this hybrid, t n  the fi.z'st ba.clcct'oss to A 16 
approxhnately 60 °/~ of pla.ni:.s set seed~ ~¢nd on them nol'ma! ginning w~s 
possible. The following segreg~tion wa.s observed: 

Tu~'Wd gm~dss iTuzzy 

2 3 4~ 5 6 
1 i 5 29 ~4- 

A compeershie (~.,,rboreum :fuzzy 2 1.5 x A 1.6) first, backc.~'os,~ to "-k 16, gave: 
Tufted ~rades Fozzy 

~2 3 -I- 5 [i 

9 16 8 

In this intra-a,~'bo.rew~t cross, dominance of _~z was ~hnost eompl.e~.e, ~nd 
the entire segregation was ~¢t ~ very dii~ereat level front thgt in the later- 
specific cross. No dh'ect comparison with the level in he.rbacsz~m is ava, il- 
able, but information on the point may be g~thered Dora ~]ie following 
F~ progenies, one of the sa.me intra~c~rtore~.m as cited above, a~J_d the 
o~her of ~t..rbore~ A i6 x/~s.:'baee,u~ ~ lO fuzzy: 

~F~, Dercen~ge clgss freq.uencies 

Trifled Tufted grades Fuzzy no. of 
g r a d e  ~ ~ . . . .  ~ ~ ph~uts 

Cross 'o 3 4: 5 6 6 + To~M [cored  
"-k I5 ~'-k 16 3 1.7 34 i 4  14, 2 i  100 29 
I - I 1 0 x i 1 6  6 +  7 iS  13 16 6 46 100 162 

- L  

In the intra-arbore~ P~ t,he expected 25 % of recessive fuzzy seg~:egates 
was recovered, but in the arborswt~-he.rtc~ee,t.~~ cross $6 5/o of the segre- 
gates were graded as frizzy. Yrom the high grading of the F~ plant, the 
excess of fuzzy segregates m-gy be attribttted to the j.nctuslon of ~ namber 
of hete~ozygot.es in. this class. The general displacement of the segregation 
was in the same direction ~vs i~ the gno~wd, w~*~ hybrid progeny, buff to a 
Iess extreme degree than in the lagter, where even the homozygous tufted 
ol~J, ss ~ss fa.irly extensively covered. A selfed progeny derived i:rom an T~ 
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(P ~86) between ]~I 10 and a selection fi'om the second backoross of 

(an. x A 16) to A 16 gave the following: 

F., percenta,ge class frequencies 
Actual r 

Tufted grades Fuzzy no. of 

/ ?2 3 4 5 (~ Tot~] F~scoredPlants 

s 9 2] 6s loo 135 

By a second, backeross it  would be expected tha t  a certain proportion of 
the ~zom.al,~m. genotype might  be los% yet the displacement was still 
more extreme than in the H 10 x A 16 Fs- That  we are justified in eon- 
-sidering this a modifier displacement and no~ the result of the introduction 
of a fuzzy allele dominan~ over tufted ~'~ is shown ])jr the fact  that  a 
particular (an. × A 16) tkird backeross t.o A 16 selection (15,09~[) when 
selfed, gave : 

Tufted grades Fuzzy 
r 
2 3 4 5 

19 27 $ 7 

In  this progeny the fuzzy segregates were dearly recessive. Tha t  a.n allele 
in_ the Fz locus is concerned is confirmed ])y the following evidence. A 

selection from the second baekcross of (ore × A 16) to .'k 16 was seged, 
gl.vmg : 

T ~Jted grades fuzzy  
¢ 

5 is in~ermediat,~ 
2 3 ] 6 

The plsm~ classified as ':jnt, er.media~e" f ~  °/5~ _ v . . . . . . .  ~ ha.d seeds uniformly 
covered with an extl 'emely tlfin fuzz Iaye.:r. I t s  %ff]fsc, qt[tellt ])ehaviour 
showed th.a,t, it was a. heterozygote;  hsteroz.vgogss within arbore~.¢'o~ are. 
usually pa.kchy, with comp[ekely naked areas of variable size. Hetero- 
sygotes of this uniformly t,l:d~Jy eoversd type have been observed in 
a,.rho're'~m~ x h.erba, cev,'m, crosses. The plant  1.5,245 was crossed with N 5  
an.d N ]~1 r. two a/r~,ore.~/.~, f11Z.Zy t,)r]_les; and k, wf~ plants :h'o.m ea, ch. F3. were 
selfed. Two fa.milies segregated for Fz,,whilst two o~hers w~re homozygons 
:fuzz),. One of' the :fuzz?, s i ts  of ],5,245 was a,lso crossed with N .5 and 
N 14, and four/T'~ plan.t.s self'ed g~we over 300 progeny all of which were 
fuzzy. In  these non-segrega.th~g families Fz from A 16 was c leaJy  absent, 
at?.d its ph, ce must h.a.ve been i,M~en by its allele.[z from cm, o.m.ahm~.. The 
results cited previously show tha t  this is not~ by any means the only fuzz 
t ens  of inaportanee in this species, g. ~m.o~rJ, u,m, has an int, ensely iktzzy 
genogy]?% and whether it carries the genedc basis for lint at  all merits 
ftu'g] ter discussion. 

Jom'n. of Geuefiics 4:2 2L 
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The most signillcaa~ evide~ee bearing on t]us point is thaL in crosses 
i.avolvillg J.~orma] :i.",:dty linte,i strains of cultivated cottons, segregatioll 
of lint characters is not discontinuous but appears to be simi.lar t.o that 
which occurs within the cultivated species, where differences h..~ve been 
found to be due to ~ypical qual~titative genes of reladvely small in- 
cli.vidual effect. The m.ost sa,tisf'a.etory me:ans of identifying such genes is 
eo trace their a.ssociatiolt with train genes affeetlng more easily observable 
ehara,eters. This type of analysis is necessarily restricted to early general- 
dons, since in lager generations it is impossible ee be sure that  crossing~ 
over has ~.oI) occurred. Unfortunately in early generations of this hybrid 
nmberial only s, few fami.li,as gave a separ~¢tion ,Jf main geue classes 
sulllciently distinct to be of use in this connexion, and hi. addition d~.elr 
aerierat low fertility m~de observation of seed characters partica/arly 
d.iNeu}< There is therefore practically no information,, available on in- 
heritance of ginning percentage: since for reliable estiraates of this 
0haracter about t00 seeds are required from each plant. All that  ca;n be 
said is that the am.oant of ha.its om the seeds of/d~ hybrids was inter- 
mediate between that  on a~omalum, and on the cubivated parents. The 
quantity is expressed as the pe_rcen~age weight: of hairs on the tota¢[ 
weight, of seed+hairs .  The klrm adherence of the hairs made nornial 
ginning impossible, so the hairs were cat off close to t.he base with scissors. 
Typical ~" ginniug percentage:' results ;vere as follows: 

% ig = 4 = 1 %  (o~.  :.: A [16 = 2 S %  
10 = : 2 6 %  ,x~,. :<1~ 1 0 = 1 8 %  

Rather more satisfactory information is available on the inheritance of 
hair bngl:h, since for the deeermina~ion of this character only five seeds 
from each plant are required. On the F l hybrids hair length (mean 
maximum halo length) was intermediate but rather nearer theft of the 
cultivated parent, e.g. 

A I 6  = 2 5 - $ 6  a m .  ~'~7. x A  16 = 2 0  a m .  
I 0  = 2,7-39 a m .  a n. :< J i  10 = 23 a m .  

Even in the £rst baekcross the mean hair Ie~.gth very closely approached 
that  of the cultivated parent. Data are sum.nmrized, as mean :'].int" 
length for contrasting pNrs of mai~. ge~e classes, in Table 13. I2  each 
case the main gene derived from e)mm.agu.~ is listed after that  from the 
cultivated species. 

The fh.st three families, all f~st backcrosses teem ehe same B"~ ~'no~na- 

Zu~, x c~,rbo're~,~n hybrJ.d, show- the asaocb, tion. of ].int ].ength with leaf 
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shape segregation. In the first family, a baekcross to he'rbrme~;z t{  10, the 
ano.mah~m leaf shape class had lint signifieant~ly shorter, by about -} ram., 
than ghe laeimated class. There was no sigifican.t difference in lint 
length between the leaf shape classes in the other two families, which 
were respectively backerosses of the same iv: to arbo~'e~ N 1-'1., a~d to 
T b, a multiple recessive selection derived from an arbore~?~ x/~eTbo~csu?n 
F~, but predominantly of a~'bo~'e~z genotype. The second group of three 
families shows the association with R~. These families are de.rived from 
two sib-plants from the ~'st  bacl:oross of (c~n. x A 8) to }{ 10. In each of 
the progenies derived by backerossing a.gain to ~I 10, Ol:e class carrying 

Table 13. Lint bngth ass'ociat{o?~ with ma, ig~ 9e~e segrega.~io~: 

lh~t, 
lengt, h 

~ a m i t y  Class ~ ram. 

z/: 167 27,10 
(c~z.. x A  8} x N :[4 L L 6] 23"27 

L ~ 37 23-39 

(an. x A S) x T S L L 36 23.60 
L i 27 2.3.77 

I1,757 >: i-1 I~) I~ A° 70 27-37 
Zd; °'s 61 25.f~6 

11,703 :.: I{ 10 2? AO ~'~ 28'68 
u,S' 12 26-92 

II,~03 :,.T 3 p~oz£? 79 2.S-13 
B~ o's 41 2,8.39 

(cm.. :< A :6) >. A 16 r~ O'? ~ 25"23 
R:~ ( '° 64 2 0 2 l  

(a~t,- >: N I~D x ~ ]- I  r~ °O 18 24.22 
B y  'u 18 23-3S 

(r~.n. :-:1i" ].-1} >:i~" 6 r., O0 ]6 25.12 
~;s g°  23 iLi.48 

d t P 

-0".~9 2,16 0 .05-0-02  

+0.05  0"10 0.9 

+0.11 0.16 0"9 

- Very  small  1.41 4.32 

} - 2dl 0.05-0.02 1.76 

- '0.26 0.52. 0-6 

- 1,02 3-11 II-05-0.02 

- 0'84 0-77 0-5 

- { 1 -69  0 ,S :  0.4 

Roe' :from cm.o)~l,a~nm;, had lint about 1°} ran:. shorter th.a~ that  of the 
spotd.ess class, and this diffe:'e~.:ce was £gni£cant. 111 the thbd family, a 

bac]:cross of one of the sits to T .3, fhere was no ,sig:xifica.nt differ'cute in 
lint lengtli between the two genotypes. There is tl::Js evidence of lint 
tengt) gmies oh. both the lh a::.d L chromosomes, a::d an indicakion, 
from the differences in the ba.ckcrosses to erborewm, and 1,.rber.~;~n., tlm.t 
the lint length a,1]eles carried by these two spedes o1~ these chromosomes 
~re not the an,me. A similar difference between t,hese two species in spot 
size ge:aes on tlie L chromoson:e has already bee~ mentioned. The third 
group of families, showing association o:[ lira. l.e:?.gth with R~, were all 
baekcrosses of (e~zom.elu'Jn x eT~orsu~@ t,o crrbo~'~.t~n. ]:n tlie ~rst of these 
the class ca.trying ~he enomehm~, gold. allele ha.({ ling aboat  1 ram. sl~o~'ber 

2] -2  
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than the ~.tomgold class. Th.is difference was significant, i[n. the otlter 
~wo families the lint length, d.ifferen.ces were of much d~e same magnitude, 
bttt in the small numbers a, vailable did not reach the level of sigl~ifica,nce. 
Line length gene.~ are evidendy located on the R~ d~romosome also. 
Otlter small Nmilies, not indicated in the table, gave no evidence of 
assodation of lint length with pollen coiour and leaf nect.ary segregatidns, 
but.could not be considered conclusive in this respeel). The lint length 
effects associated with ~he L, 7i,, and R.~ genes from ~mo~~zehm~ were of 
just the same degree of magnitude as i-tutchinsoa (1932b, 1934) found 
to be associated with the first two of these loci within tihe cultivated 
species. Exact ly  the s~.ne type of gent appears to be responsible :for the 
difference between a'~7,o)neh~m_, and the er~idvated cottons as is responsible 
for d.{.fferenees withill the mxltivated spedes themselves. T],eb lint was 
not acquired ~g a single step, but was probably bullS, up gradually, either 
by the develupment of a morphologically new structm'e, or by a process of 
differentiation in a single coat of ha,be sack as occurs on the seed of 
¢.,~o.mah~'m... In that  ease svrch types as e,?o,m,a.h~.'~n are not lilce, ly to be of 
any value as a source of line length or ginning out-turn genes. In ~dew 
of the strength and fineness of its seed hairs, however, it might well be 
worth paying attention to this species as a source of lint fineness. 

VIII.  LINe c o l e u s  

Very little information on the inheritance of lint. colon" in Asiatic 
cottons has been published. In view of the fa.ct the, t most of the few 
studies which, have been reported were interspedfic (Kottur, 1923; 
gamanathan. & Balasubramanyan, 1933 e), it is not sm'prising that  they 
have yielded no clear conception of the situation. Experience at this 
S~a~ien has indieatedthat  some of the main lint colour genes are extremely 
susceptible to modifier action, and that. there are great differences between 
strains in their modifier content. There are two classes of main. genes. 
In one class are those whose expression is a dark brown or khaM, and 
whose potency is of such magti~ncle tha t  the)- are a.Imost fully dominant 
even in interspecific crosses. In the other class are the light brown genes 
whose expression is very depth.dent upo~ tl~.e minor genotype; their 
presence in certain very near-white cottons would not be suspected, and 
it has only been possible to con~zm it, by the intensification which oeottrs 
in certain crosses ~s a result of the in~rod.uction of modifiers, a±ld with the 
help of a close lin)age with the Iintless h~ gone which facilitates analysis 
enormously. Without  ~his assistance Jt would not have been possible 
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to arrive at any definite conclusions with reference to gene homologies 
within the light brown class. 

Within arboreum two independent khakis are known. One of these 
Hutchinson (193@ has located on the leaf shape chromosome, at a 
distance of 30 units from the latter aerie. [For this khaki gene, which 
Hu:~chinson termed I{, the symbol Lo~ m is proposed. The other khaki 
has been found to be closely linked with h~, and will be termed LeeS. 
Two light, brown lint genes are known; one of them, whiel? is allelo- 
morp~ic with the second khaki gene, is widespread, in he.rbaeeu.l~s and is 
occasionally enconntered in arboretum. This will be symbolized as Lc2 :e. The 
other tight brown, ge~e, Lea ~, is independent of the former two lin~ colour 
loci, and lags been identified only very rarely and in association with 
Lc~ s in herbc~eum, when the homozygous combination is somewhat 
darker in expression than the khaki gelres. I t  should be mentioned that  
on certain relatively stable modifier baekgroands, when dealing with the 
two light browns, an approximation to the expected daplioate gene 
segregation is sometimes e~countered. This is especially so with.ha 
~rbors,@~u [[-Iutehinson (1935) h~s reported such a case. In  general 
herbc~cev,~n, is at a much lower lint colonr modi:~er ]eve] than a,rborewn. 
For the alassHicsbion of segregating progeny a series of lint colour grades 
has been established grade ~l: is the darkest brown; the khakis grade at ~' 
whilst 0 is white. In modifier studies it  has been necessary to interpolate 
observations in between t]~e ]?rimary colo<u ~ standards numbered 0, ], 2, 
,3 and ¢. 

(-f The lint o:f : .  a'no~,~u~z is a, medium brown o:r grade 3. The list of/F~. 
]:@)rids involving whRe lJnted a.rbo.;*e~.,m..s grades at  about 1:,6. Tb.e most 
useful informs, tion is derived from backc.rosses to :r~bc,~'¢'ut~. white (N I,i) 
of the hybrid a,n. x A 8, which is a. dark brown Lcl z~ stra, in. Data are also 
available from a ])ad~cross to T 3, a synthesized multip]e recessive from 
an a..rboreat, m × iwrbeceum, cross, with white tint. The. re.suRs show |~h.at it  
has a. predominantly ~t.rbore.~m iint-aolour genotype, so t]~ey will be 
considered along with those from the ba,ckcross go N 1:[-. A wide range in 
lint colour segregation occurred intergrading from dark brown to light 
brown, togethcJ: wRh some whites which :formed a distino~ class. The 
families were scored a,s follows" 

Lint oolom' grades Torsi 

Oross ~4 3 2.6 2 1.6 l 0.5 0 ]~rown ~'V.Ilite ]ga.tio 
(an.  >: A 8} :.: N 14 13 25 15 18 14 15 1 16  101 16 5.3 : l 
(ate. :< A. 8).x T 3 d:l~' 7 10 8 57 8 7"1 ; 1 

The presence of whites indicates bbat a~l.o,m.~d,'t.~'m, cannot carry .Lcl~;, which 
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is known to be Mmost fully donJnant.  The 7 : 1 backcross ra6ios are 
S[l~estive of a %.hree T[:aotor ge~regati.o]].. ~he,~e iS fR£ther evi<]el]oe that ill 
addition to t.lle dark brown geae introduced I)y A 8, two other ]~gh.t 
brows genes were present. -.in atteinpt w~Ls m~,,de to deternline i:[' L% l~, 
the light brown [inked with lint]ess, were presen% by crossing Lt.~zo.m,.d~m~ 
with the lintless strain N 1.9 and ]~ackcrossing to lintless, brt6 nolxe of])].te 
progeny grown set seed. A light 5rown of gra.de 1 was therefore selected 
from the baclccross of (c~.~. x xk 8) to N 14: and crossed, with N 19 li.ntless, 
and a brown-ltnted segregate again b~.~chcrossed, to a lintless shMn. 
O.~.'dinarily linl;less segregates caunot be scored for lint COIoE[.I:; d~ls is a 
serious diss,dvant,'~ge from the st.atl:]poitit O±' t i a h g e  observatbn,  but  a 
strain cari:yhig 7~.:~ was avMlable, which, by .tea.son of its .niodLfier content, 
had some lint o~] its seed. This serain, T 6, has been described elsewhere 
under die nmnber P -?.4].7 (Silow, "~ I . . . . . .  19o9 ~). h.{, se.~re~ates in baclccrosses to 

,, } ' ~_,f their stems, pleio- this strain Ban be recognized by the ola )rousness a 
tropic expression of the maii~ gene not atTected by the me :].i.[~.ers which 
induce sparse lint on. the otherwise ]hRless seed. The following se.gre- 
gallon in this backcross was observed: 

Lint eotom' grades 
t 

l - -  { 

1.8-1-5 1 0 
H~ 9 7 

Lcl z from A 8 had clearly been lost from this material, in view of' the 
absence of segregates of grade 2. The absence of whites amongst the fully 
linted IQ segregates indicated the presence of the linked 5% ~', -which 
must have been derived from a~zomc~h~m. On the other hand if only this 
tens  had been present, there ahoald have been no browns in die h.~ class, 
in %ew of the closeness of the linkage concerned. That  approximately 
50 ~/o of the 7~ segregates were brown indicates the presence of a second 
brown ling gene independent of h~. This mast  also have come from 
c,/~omehm< By way of contrast, a sib selection from the baekcross to 
N 14, similarly treated, gave: 

LLufl colour grades 
f - - - - -  

2 0 
fI~ 17 28 
]~ 15 ~8 

In  this line the Lc~ ~ gene from A 8 only was 12resent, giving a very 
different segregation from ~he previous family i~. which the two light 
bi'own genes from c~,'~w~,cd,~m were present .  The evidence indicates tha t  
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no more than these two main genes are responsible for the lint eolonr 
of a~o~nah~.~m %~qlether the second of tl]em is 5omologons with Lca ~ 
is not known. The reasonably clear demarcation between browns and 
whites in the baokoross of the c~,no,m.ahtm x (~rboremr~ A S hybrid suggests 
tha t  the minor genotype of these two species is very similar. From 
exiherienee with herbaeeuv~ x ~zrboreu~ hybrids, it can be stated that  there 
woald have been far more intergracling between browns and whites if £he 
modifier complex of anomahm~, had been at all like that  of he~'bace~,~l~. 

I~, TKE CO~IPLEMENTAR.Y 9"ACTOB LETI-IAL "CBUIRIPLED ' ~  

In certain interstrain crosses Hutchinson (I 932 a) reported the appear- 
anoe of a peculiar semi-lethal or even lethal type of abnorl]~.a]jty which he 
des6ribe.d as "crumpled ". He showed that  this was due to the interaction 
of two complementary factors which h.e named. A and B, and which have 
since been assigned the symbols Cp~ and O1% (Hutchinson & Sibw, 1939). 
6.~1% was found in on].y one strain of a.rbore¢~,~n tar.  ~o~c~ct~e,~sis, gro~n 
under the type number N 9, but  6~1% was present in appro~mate ly  half 
of the 29 strains of the several veaieties and forms of ~rbors~,~, and 
her&~ceu,m, which he tested. T:here were absotutMy no p}.~enotypic in- 
dications of the presence of C!~J~ or Cpi,, bnt  w]~en strains carrying these 
genes were crossed the resultant progeny exhibited the crumpled ohair- 
a,ote:dstie, its expression being depe,tdent upoa t].~e modifier background. 
In  the least extreme case, involving s, strain ofa, rhor~'.'(tm forms be-ngahm, sis, 
the plants were stunted in gm.,~ tL% with shortened internodcs, abnorma] 
development of veaeta.tive~_ bud s e..~,mo~~ -" ~" a. wJ.te]~d)room appearance,, and 
im'egular c..rumpled ]~l'ittle lee, yes, and they se.t o i y  a. ve.ry fpw sma,l] 
b~lls, In the majority n:f crosses involving other (~r6o;v'l~,';~~ types t:he 
seedlings were much ].note. abnormal s,nd completely sterile, developing 
]itt]e .if at, all beyond the cotyledon stage, and t]~e cotyledons themselves 
tin most ca,see were very thi<dvened and crumpled. This may  be regarded 
as the typical expression, of crumpled within the a, rbo;e ,~  complex, but  
an even more extren?e expressiol.~, occurred in crosses involvin~ five of the 
six ]~erbeee~m~, strains which carried @~ ; in crosses between thuse sad the 
@,.~ strain only empty seeds resulted, Such extreme behaviour only 
oec'urred ia the ease of one Chinese strah~ amongst dze eleven e.rboreum 
types found to carry C7.%, a~.~d the formation af empty ,seeds is to be 
regarded as a typical expression of th~s complementary lethal in crosses 
involving he.rba, c:cv, m,. 

Since 1932 a large namber of other crosses has been performed a,t this 
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,_tatlon, giving fm.'d~er evidence ca the d:;stribI.Lt.ion of these genes. 
C]?~ has been found agMn in,a seco~l.d accession of ma,l;erid similar to 
N 9 from the same get,era1 locality in flue Anglo-Egyp)ian Sudan, in. the 
Bl.ue Nile c[istrict bordering on Abyssinit~, ])~t has not been encountered 
elsewhere. Altogether 128 different sh'ains representing all the geographic 
subdivisions of bo l i  e~%o.;'e,u.~ and herbacea~.m have been crossed ~i th 
types known to carry the C2~ g,s~te, and all have given normal progeny. 
(Jp~ h.a,s been fom~d i~ 25 of 41 representative sgraius tested; betS. phases 
,Jr this gear have been found in M.1 the geographic groups which have 
been invea$igated, except the Indo-At'rican he.rbcme,uv~ variedesfrutesee.ms 
and @'iecm~.7.~9,~, all five tested s~rains of which have been found to carry 
Ups. Only the ¢rbo.re~m~ i.~d.iec~ an.d so'udc~.t,e.~..~ix groups have not yet 
been ad.equa~ely exs, mined. 

G. a~o~;zaZ~,~~ h~s been crossed with several strai~s carrying @o, such 
as k 8, N t9, and 01, and with all of these has given aorma,] progeny. The 
wild species evidently does not carry @~. The Cp,,. strai~ N 9 was 
crossed wkh a~.o,mubu~,~, and all -'1..'3 seedlings which were obtained had 
cram.pled cotyledons a,nd died before the exsertion of au.y pIumnlar 
[eaves. In a;ppearance these crqmp]ed seedlings were similar %o those 
which are characteristic of crosses wi~hi~ arbore~)m The ffa (e.m x A 8) 
was crossed with ig 9; 7¢ seeds were obtMned o~t the/#~ as female: and 
4=6 on N 9  as female; t9°/) of the former and 37°/o of the latSer were 
empty or contained imperfectly developed embryos, ranging from very 
minute a,bout o.ne-twe~tietb normal size to nearly full size. Examination 
of some I500 seeds derived by b~ckerossing the same hybrid to ten other 
c~'rbore~.~,m and l~.e)'bc~cez~'~ ~ypes which did not carry @~ also showed from 
15 to 50°/; of empty or imperfectly developed seeds. Thus although 
3~utchinson showed that  in crosses involving he.rbace,u~t the devetopme.nt 
of empty seeds was due to the complementary le{hM meeha±sm, their 
occurrence in 1he cross of ((~*~. x A 8) to N 9 can only be considered an 
expression of generM hybrid incompa~ibi.lJty, l~'rom the %lly developed 
seeds 4=6 seedlings were established, and sit were crumpled, almost exactly 
as in the dh'ect cross of a,~mmah~m to N 9, except that three of them 
exserted from 1 to 5 minute rudimentary leaves before dying. That  no 
normal seedlings appeared indicates that  the crumpling factor carried by 
a~zo~zah~.~n is at  the same locus as i~ a.rbo~'e~m% and i~ is evident tha t  these 
two species are very similar in their minor crumpling genotype. 
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~. LEAF SHAPE 

It. has already been shown (Si]ow, 1939@ that  the leaf shape of 
~.o-mcdu)~ is coatrolted by a member of the a,.rboreus~-hsrbc~ee~,m, leaf shape 
multiple allelomorph series. This gone, j_a, which has not been recorded 
h'o;~ the cultivated Asiatic species, is accompanied in a.~mmah~m by a 
lobe-broadening genotype similar to that which distinguishes ]~erbecsu~ 
from arboreu~m 

XI. Disc~sslos 

(l) Ger~e~',~ as,pvct~ ;,fioms~ • 22:gs~enta~io~ intsr~,ctioi~s 

The genetic information and the observational records of interaction 
now available suggest that  the genus Gossyy)i.~i,m. would form very suitable 
material for a biochemical study of the developmental relationships 
between anthoxanthins and anthocyanins, which would be the more 
interesting in that some of these pigments show very strildng specific 
distributions. Within a~'bore~m, all three dominants I:~, ];b, and ]~, are 
required for the production of full yellow corolla. !~rom such flowers 
Per ~ldn (1916) was able to isolate the glucosides gossypRrin and isoquer- 
citrin.. In the same sl~ecies yo leads to the development of white :¢lowers 
with l~eta,ls ,some :25 % shorter t]3a.n, yellows, l~rom these Perkin isolated 
only- a small quantity of a, substance resem]Jing apigenin in Rs general 
properties, a flavone known to occtu in. several other ivory-white 
ftowe~:edpla.nts. Lille these, the wld[-e flower of~c,.rbo~'suv~ gives the ty]?ical 
flavone rea, cdon on :['uming with aJ ~.unonia. The h~termediate pals yellow 
]:"~P s.t fihe same locus is urn.eli nea.rer white than %11 yellow in its low 

intensity of colour, ba t  nmeh nearer yellow thm.J white in its ~ery slight 
reduotive effect on lm~gth. A~ each of the ot;].~.er two loci only one re- 
cessive allele is known, and both are phenotypically pales. They can be 
distinguished from one another with reasonable em~hJence whell on a 
commol~, stable background. In view of the possibility that  lower alleles 
at these loci. may eventu~lly be found, like white a,t die t-,,. locus, these 
pa,les have also been designated as ~'P. The Chinese pale Y~P is mu.o}J 
Iike the Burmese pale }~P, being vm'y slightly paler in shade thaa~ the 
la.ttex, and only very slightly shorter than full yellow. ]~l~ which Js 
confined t;o and eharaet,erisgie of anomeh~,m, is definitely slightly yellower 
than the other two pales, yet  shows milch the same degree of shortening 
of the petal gs does white. Corolla size appears to be physiologically 
associated with the :main colour classes, since no recombinations which 
could, be a,tt]:ibuted to erossi.ng-over beeween linked geues 5ave ever been 
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observed. The indication, from the small nmnber" of observations avail- 
able, that the dottble recessive Y~P ~:'~> is intermediat.e ia petal length 
z'ather t, han as short as "Yo p, if sc~bst, antia%ed, ~rotfld imply that  the 
mechanism by which shmr[:eaing of the pefl~d is cOl'coted is not the same 
in alI cases. It  seems very likely that the three pale corolla types differ 
chemically, and full yellow afld whi.~e certainly do, so that aa :investiga tiun 
of these substances might throw into.resting light on the relation of certain 
orga,nie radicals to growth processes. 

Various strains alzd species of cotton, are oharacterizecl by a red 
co,:olla. As judged 5y ditferences in their appearance aad in their 
reactim> with the t a r t a r s ,  a,t least two d.ifferent types of a~ltl, ocyanins 
~:e concerned. --Is s,~l example of one d these types, the a.~zo.-ma.h~,.~ Ra 
gol&pet.al allele may be taken. It  has been sln>xm (Table 11) tha~ i[.s 
expression is very dependent upon yellow corolla constitution, changes 
in gellotype at the }',0 and t:%~ 1) Ioci especially being associated with 
variations ia intensity of an thocya in  on the petal lobe. In~ the abse~ace 
of the gold allele Y~ is almost though not fully dominan.t as far as yellow 
intensity Js concerned, bnt heterozygosi.ty for pale or white at this locus 
lowers the expression of ~a e° ,~ery considerably. This is interpreted as 
indicating a correlation between production of anthoeyanin and yellow 
flavone, such as La~rrenee & Soott-?Ioncrieff (193.5) demonstrated in 
Dc&[ic~. Thus although Y~ appears to be of high phet~otypie dominance, 
it is actually of low dominance as far as quantitative production of pig- 
ment is concerned. Hutchinson (19:31) has shown that~ tMs gone is not 
fully dominant in the petal length effect either. Heterozygosity for pale 
in flue Y~ or 2-o loci w~s not found to affect gokt expression, suggesting 
either that the physiological dominance relationships at these loci is 
different from that. at the Y~ locus, or that  these loci cont~:ol the develop- 
merit of different types of yellow or pale flavone. In the presence of 
duple:,- reeessives at any one of the three Y loci gold hardly attains 
expression at a,lh Interaction wRh ~he yellow depressor, Yd 2, which is 
restricted to e.]~ol~}[e~z~~]~ in its natural distribution, is particularly in- 
structive. Since this gene diminishes the intensity of pales as well as of 
full yellow, it seems likely that  it restricts the quantity rather than that  
ig affects the type of flavone, i.e. it acts as a general and not a specific 
anthoxanghin suppressor. When on a homozygous yellow background the 
yellow depressor in{~ensifies the expression of Ra g° from gold to pink. That 
this is a real and not an apparent intensification due to the loz, ering of 
i n t e n @  of the yellow- background is suppo.,:t;ed by  the fact. that  Y@ 
does not intensify gold on heterozygous yetlow to the slightest extent, 
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though the yellow background is depressed. This incidents,fly affords 
further evidence of the physiologica~y ou, mulative effect of I'~ dosage. 
The antagoistic interaction between ant)aocys, lin and fla-vone which is 
indicated by the concurrent suppression of yellow and intensiieation of 
gold to pink~ gives strong support to the theory of Lawrence & Scott- 
~'Ionerieff (193b) of a limited pigment so~rce common in part to both 
anthoxa.nthins and anthoeysnins. That t]is is mot the -whole of the story, 
however, is e~ddent from the fact that, in the absence of the depressor, 
cyanic intensity is positively associated with ]'~ dosage. Lawrence & 
Soottd]{oncrieff described a yellow inhibitor in Dcd~,gfa which appears to 
be similar to Yd, p, and which also increases cyanic intensity. In view of 
their opinion that the production of specific pigments is simultaneous 
rathex' than successive, they suggested that the yellow inhibitor reduced 
the productive and competitive power o{ the yellow flavone gone at the 
source. They found t e s t  the cyanic intensification was due to a reduction 
in the proportion of pelargonin to cy~nin. Whether the intensification in 
the ease of R~, g° is likewise qualitat, ive, or whether it is quantk.ative i~ 
na&l.re is ~.ot known, and in view of the somplication.s which ~]~ey 
observed it would be futile at this stage to attempt an interpretation of 
the mode of action of the severed genes concerned in Coss~l~i~m.. I t  does 
however seem c~lea.r that  ]"tip must set after the inception of the pigment 
s¢~uree. The :[c~,,?t that  the depressor i]ahibits yellow :Sa.vone production i~a 
bol:.h simplex and duplex Y,,, but  that  this results ih cyanic intsnsHiea.tion 
in the latter geuo%,pe only suggests that, a. th:reshold levt~J is involved and 
tha, t at  least some pigmeut production re~e/,ions of t;his type are not 
necess;~ri]y simrdfianeous b~! ~, may be seq.uentia]. Con±'u~at, ory support o[' 
t,his hypothesis is available from a totally diff'eren~ source. The typiea.[ 
cultivated Asiatic cotbon flawer has ~ yellow eorol.la, and a red. spat, due 
to the gone R.,ff 'v. In the fresh flower anthocyanin is restricted to the red 
spot at the base of the petal, the petal lobe being totally devoid of any 
red pigment. As tl~e flower wilts towards the end of the fast  day of 
anChesis the petal lobe s.eci::Jres a fai;~t cyanic tinge, and by the foil.owing 
morL~J.ng the s, ntb,~eFa.nJn inteusity is very much as in the a~zom.aZum, type 
of' "medimn to inte]~se" gold (P]. 1.8, figs. 9, 10). The pets.] ]obe of Chinese 
ps.le-ye/low corolla pla,nts cam'sing bhs spot allele is also devoid d 
authoeya.:ain when fresh, but a,s the flowers age th.ey acquire a nmch more 
iutense eolora.tion than do :[.'ull-yellow spotted phnts,  going even. beyond 
tLe int;ensity of the "p ink"  shown in P1.18, :fig, 12. l-Iere also then there 
are indie.a.tiol~s of a,:l~tagonistie interaction between) liavone and antho- 
cyanin production, a.nd in this case ~tl.ere can be no doubt tha.t tl~e pro- 
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ductless of ~mthocyaain is subsequent to that  of flavone. The situation 
suggests bh~t, as far as their ~ontrol of anth.ocyaain production i~x Lhe 
petal lobe is concer~.ed, t he  disgil~etibn between'the gold petal guns, 
which initiat.es anbhoeyanin productiou, early i.n the life of the :flower, al~d 
the ordinary spot gene, which fad.aces anthocya~lin t'or~la~ion in the 
petal lobe only as eke flower tildes, ties entirely in their reaction rateS; 

As an example of the second of k,he ant, hocyaniI~ types in gossy.7>~:'um 
tSe so-called " " ~ " s~ra.~.'~~,e.~'m type, which occurs in e.rboreum, may be 
taken. Thi.s has an intense wine-red pek,:~,l lobe, very different :['rom 
gold both in appes.ra~lce and in its iateractions, which have been described 
by t{utclainson (i932b). Perhaps the most striking difference, is bh~t 
varia.bility in its expression is almost entirely ill terms of dish'ibugion on 
tl.~e petal, aud to a math  lesser extent in inte~sity, as may be seen from 
Hnt.chinson (1932.b, Pt. XXVI). His grades 1-11 r ep j : e sea t  increasing 
degrees of extension of redfrom the margin to cover the entire surface of 
the petal. Nest Y,~ Y~ types with red grade at 11, Y~J~ t~  2 types at  2-% 
and y~ y:, types at 1-2. Heterozygosityof yetlowfor pale or wb.ite i.n the Y,~ 
locus has only a slight effect i~ restricting expression of red to grade i0, 
whereas gold under the same conditions is red,.lced from intense-medium 
to faint or very faint. There is not a great deal of information on the effect 
of heterozygosity in the }fb or Y~ loci, bat  in some families heeerozygous 
both for y~ and Yb P or t'~ e there was no degradation below that  involved 
i~. the ease of Y~ y~ alone. I~ a family heterozygous for Y~ y~. and for 
the depressor however reds ranged only from 7 to 9, i.e. expression of red 
was red~{eed in the same general direction as when yellow grade is 
lowered by main gene constitution. Unfortunately no dat~ are available 
for this red on duplex 5:'~ with t~d2. Taking into account the evidence 
available on interaction with flavone genotype, and the very different 
eolottr of the sc~,r~.quineum R,, ~s red as opposed to the Ra ~° gold, it appears 
very likely that  these two anthocyanin types differ qualitatively. From 
phenotypio appearance it is probable that the New World tetraploid 
]~i.rsut.u,m. t t  1 red pets! is similar in n~tare to the c~,.rbo~'et~m Ro~ ~. When this 
varies in expression it also does so chiefly in distribution.. However in its 
most extreme variants it has never been observed tO cover anything like 
so great a proportion of the pepsi as does.the R~ red either in a~'bo'~'e~.m or 
when transferred to h.b'sutu~ (Itarland, 19,35). In this case then, with 
respect to their ;petal red. effects as distract from their spot effects ~., it 
appears plausible that  ~he hi'rs'~tum and ~r~.ng~ine'~v reds represent 
on ly  quant i tat ive  v a r i a n t s  of the  s a m e  ha,sic t y p e .  

The a'rbo.reu,~ red is spotf, ed, whiNt, the t~i.rs~lu,m red is spotless. 
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The diploid American a~idu~'~ has a pink petal, and from work in. 
progress it has been established that. the allele responsible is homologous 
with R z of the tetraploid species. I t  has been observed that  the peSa] 
co[our of many of the segregants derived from backcrosses of c~'id~z to 
the tetraploid species is very suggestive of a.~onzah~, gold, and as in the 
Iat~er, variation is prinaarily in intensity rather than in distribution on 
the petal. It must be remembered that there is no genetic evidence that 
R i and ~s are not homologous, and that  the latter symbol subscript was 
adopted because it is unlikely that  they are of " recent"  homology in 
view of Skovsted's theory that  the New World tetrap]oids are atlopoly- 
ploids derived from an Asiatic and an American diploid species or 
cytologic.ally similar types. Quite apart  from this. if the assumption is 
correct that  the ]zi.rsz~.~z and : 'gold" reds differ qualitatively, the 
demonstration that  a~'id~)~ red, similar to gold, is located a.t the/~i,rs~Z~m 
tl  1 locus implies that  qualitative variants may occur at a single anthb- 
eyanin locus. This is quite.plausible in view of the fact that  alleles which 
control the production of full yellow and pale yellow ttavone, which are 
aln±ost eertainJy di:fferent, are known to occur at the sah~e locus along 
with one which determines ivory flavone. Such a qualitative anthooya~in 
series has been described in Ccd~is~es'~.,me by Wit, (1937), who attributed 
the formation of pelargonidfiJ, cyanidin ~.md delphinidiu derivat:ives ~o 
different naemhers of a tripl.,', a]]elom0rph series. On the other hand 
Lawrence & Scot-t-N.oncrieff' atrl,:rihut, ed tile formation of specific antho- 
cya, rdns, n.ot to flldi~ddtfl ge~e~_~, })uS to a ~:e.aera.1 ba,l:?,nce between a]t 
anthooya.nin and anthoxan[d~i~ factorial contributions. I t  is interesting 
to note tha t  they cow, sider LhJs to be an uncommon situatioia resulting 
from the competit,ion of hos.uologous factors ia an a, llo-oe6oploid. I t  is 
highly ])retable tlz~t, such a derivative complication may occur in 6/os'sy- 
~)~;'~.~, also, superposed upon the posihi l i ty  of specific fa.ctoria] control. 
Skovseed (1933) considers that  i~ this genus even i:l,.e so-called diploid 
species with ~.= ].3 are secondary polyploids. He based this opinion un 
the occurrence of secondary pah:ing,o)which by itself is not, ~aecessarily a 
w~l.id indicgtion of homology (Heilbonx: 1.936). Su.pporl~ is however given 
to his int, erpreta.tiosa by the occurrence in the diploid, species of genetic 
replication, some typgs of which of late years have come to be regarded. 
a.s evjd.ence of e?~tologiea,1 replication also. Thus in arborev.~-Ac.rbct.ce~.~v~ 
there is tri.p]ica,$ion of lin.t colour loci (this paper, § VIII):  

i ,c? f LcJ  f (I~b,~ki) 
Lc~ '/~ Z%/~ (L~ghg bro~rn) 

lc~ lc~ /c a (WNte) 
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(lonetic dul)lieatio~, for a~.thocyaain has also been demoustrated i~l 
a¢~.o~ltta.~'~.cn~,, r_ehis [s .an. unlksu~l type and its intexpretatiou a,s such will 
be ftu:ther subst~ntiated below, t t  is probe/bin that  in eottml em:tMn 
eomplementaries also may be regarded as replicated loci. Though argu- 
ment on tltese I.ines could ve~'y easily be carried too far, it is to sonic 
extent justified in Ooss!/p;~e~ by the parMlelism in mtttant steps wN.eu is 
exhibited i~l some of these loci, such as those ~,ffectfl~g corolla eolour and 
pollen colour : 

Corolt,~ colour Y~ 1"~ I%, (Yellot~Q 

~ (White) 
Pollen colo~u" P~ P~ (YelIow) 

p~, (Pale) 
p~ (C!re~m) 

If  these cases of complements.ties be regarded ~s replication, then there 
are t~vo cases of %riplicat[on. Skovsged (1937) ha.s suggested tlm,t t[:e basic 
1.3 in this genus fopresents five chromosomes duplicated and only one 
triplicated, so that at ~rst sight i.t appears t.ha~ there are too many cases 
of genetic replie.ation to f t  in with the suggestion that  they indicate 
cytological replication, ~here being lie e~ddeace of linkage between any 
of the lint colou.r and core[Is colour loci. Yet the suggestion cannot 
be turned down o~a these grounds alone at this stage of our knowledge. 
In other genera various cytological mechanisms have been i~votved in 
speeiation, and some of tl~.ese, such as ~eplieati.on of parts of chromosomes, 
may also have played their part i~ evolution within Gos6~yj)iu..'m. Winge 
(19.38) has extended the underlyizlg ides, to its logical conclusion in his 
hypothesis of the taxonomic importance of polymery, pointing out the 
s~abilizing influence, in units of higher taxonomic rank, of the frequent 
replication of particular factors throughol~t the genera as a result of 
polyploidy, duplication and translocation. 

Tl~e interpretation of tlie c~o.mc~a~,n~ anghocyanin locus as a duplicate 
of that in ~n'borez~-~ and h, erbc~ce~, j:equires special explanation. The most 
common a~lthocya±n expressio~ in ~he latter, re&tinged stem and red- 
petal spot, is due ~o a single allele in the R~ series. Two lower members of 
this Mlelomorphie series are known, though they are relatively uncommon. 
They are respectively ghost spot, wh{ch lacks the capacity to produce 
red colouring matter, and. spotless, which is similar to red petal spot in 
vegetative expression. In compound these two lower alleles resemble the 
common red petal spot phenotype. Of course this compound type never 
breeds true. G. ~.~o.~~za~.m~z also has a slightly red tinged stem and red 
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petal spot= similar in size and appearance to t}~at typicM of most of the 
cultivated Asiatic cottons, bu~ gsneticalIy' it is eonstrneted i= a totally 
different way. I t  is not, as in. the lat~er~ clue to a single allele, but  is the 
resuR of the complementary interaction between a gtmst tens in the 
Asiatic ~ locus, and a spotless tens in. another locus, Re. This type of 
compound.spot is naturally trne Breeding. ARl~ongh these partic~dar ~ 
and R a genes act as complementaries, the loci are ~egarclecl as duplicates 
for two reasons: 

(i) The Ba allele is comparable in type and behaviour with known 
members of the ~z series in arbore~n-l~erSe~ceu~. 

(ii) I f  spotless were not k~own in the latter series, it wo=ld not, have 
been possible to identify the presence of a spotless gene in the ~e, locus~ 
and the c~.9~,o~cgurn, spo¢ would have bs!~.aved as if it were due to an 
identical duplicate of the Asiatic fui1 spot allele. 

Just as in the c**ItS.vated species otAer members of the R2 series are 
known which have intense recl pigmenta%ion of either ]?eSal ]obe, plant 
body, lea.ves~ o1' oMyx, as p].eiotropic effects of the main anthocya,nh~ 
spotted o1" spotless allele, so %he a,noma~.wm R a spotless gens is char- 
aetsrized by a. gold-petal lobs. Here again, as in the leaf shape series of 
allelomorphs whie, h have recently been discussed ($ilow, 1939 o.) it. looks 
a.s if t~mre are a.~:. lea.at. l~wo i>iepe~v].ently variable systems svit].tJn t.hs 
ant.hoeyanin series, one iuvolving presence a,nd absentee of spot, [.he oil  eJ: 
presence a.~.~,:], distrito~ztion of ant.hocyazun. Thus in rr.rboreer.m, re,l-leaf 
types and red-tinged, stem types, bo~h with and wit.]~out spo~, are known. 
tff~tchinsc,n (t9:34) in dis.~:ussing the organization of ti~e gone, e.nvisaged 
{he anthoeys.~5~ locus as c.m]~odying a protosome with two gene oentres 
o~ which a series of spisomes ~re attar, hod, witlh one centre controlling 
presence or al0sm~ee of basM antLoeyanin~ and the second centre deter- 
mining dlish'i butic, n of' anthooyanb: in the plant. If t]~is be,sic concept be 
extended to h~etude t].~e f~nCher info~jna,tio~ on anthocyauln inheritance 
in cot.~,ml now avaiJ.abte, the two geue cenbres may ]_,e ].)et.{,er e.m~ceived 
a.,s controlling respectively pres,;nee and distrJbu/ion of ~nthoeya.r.dl~, and 
presence and absence of petal spot. Tl~e arrange'menfi of th.e tg z series of 
al].eles in. ~/,rborez~n, as listed at  the h%inning of.} IV of this pa]2er , con-, 
forms to {,his scheme. I t  seems highly probable tha t  spotless eqnivalents 
of ~he ot]~er spotted alleles Rs le's, R,S t's and ~ o s  may be rennet in the 
future. I t  is likely that the spo~tess equivalent of the latter, r °°, exists 
in the Re, loetts i.n rl, rbo.rsum (see § IV (2)). 2)his scheme takes into account 
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the complementary nature of ghost and spodess types in giving the spot 
2henotype, e.g. 

R~r8 f-- ..... 2 - 7 - - - - - 1  Ful] ~pot 

Rz A'O V~ ...... ~ - Spol.less 

R~ OS ~ Ghr}st 

"R2AO -R.~ OS Compotmd spoL 
- - - ~ * ~ . - - ~ S -  . . . . .  ; _ _  

This conception may also be extended to the Ra locus. It is very likely 
that, with the discovery of farther allelomorphs in the fut~.~re, it may be 
found that tlae anthoeyanin possibilities i~ the petal lobe form a third 
system varying independently of vegetative anthocyanin and petal spot. 

It is tempting to speculate on the possibility that New World spots 
are not in fact true full spots in the Asiatic sense, but perhaps ghosts 
segregating on a uniformly spotless background. All New World types 
~vlthout red spot are spotless. The ghost phenotype is not known. It  is 
of interest in this oolmexion that the progeny of Upland spotless 
(hir~utum) x tetraploid N 14. ghost a (a, rbo.re,~i,.,j show red spot. At preseilt 
there is no indication as to the function of red petal spot in the economy 
of the plant, thot~gh that it may be of some significance is suggested both 
by its very f~:equent presence not only in @4oxsyTi~,n but in several related 
genera as well, and by the complicated and unusual genetic mechanism 
by which it is attained in a~,,omahm~,. Yet fzom some of ~Vright's (1931) 
mathematical treatments of the problems involved in variability and 
differentiation in natural poptdations it is clear that many specific dis- 
ti~aetions may be withou~ any adaptive value whatsoever. 

(2) Speoiatio% i,;~, the 9e.~a~s Gossypium 

This study of inheritance in interspecifie crosses has clearly demon- 
sgrated the genetic processes involved when the plant breeder makes 
wide crosses in order ~o "break the type", completely new characters 
being built up by the combination of genes which do not normally occur 
together in nature. Similar studies in several other plants s;ad animals 

1 Doub led  by cdeh icbm treat, tgen~ b y  ~h" S. O. Sbephens of t, his S ta t ion .  
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have led to certain deductions as to the m, edhanisms by which species 
become differentiated. These have recent~]y been reviewed by Hartand 
(1936), who pointed out that  in all eases the process of gone substitugio?a 
was involved, and he illustrated this from the results of his own experi- 
ments in New World cottons. The genus goss~yl)A.~r~ is particularly 
N*ourable material for this type of investigation in tha t  it incorporates 
a number of well-defined species, several of which ~el.d highly f'ertile 
hybrids. Indeed t'his situation in early days led to considerable difllculty 
in i~aterpreta.tion of genetic results in this genus, since contrasting pairs 
of characters wet e frequendy o~Jy available in different species. Itarland's 
realization tha t  this involved segregation, in many minor genes or modifi.ers 
as well as i~a the main ones under study quickt 7 cleared up the situation, 
al~.d he has had considerable success in. interpreting results ibll.owing 
':transference" to a umform background stabilized by recto'rent ba.c]~ 
crossing. The application of this method has made ~oossible the gei~et.ie 
ann@sis of ninny characters in cotton, and on the basis of the extensive 
type collection available at, this Station it has been possible to formulate 
a reasonably eomprehe~ash, e picture Of the makeqlp of severa.] species. 
IIowever, in this genus: as in others, genetic comparisons )_ave so fa,r 
been limited to a restricted portion of the ~4de range of specific differ- 
entiatiox.~ exhibited. Thus HarLn.nd's information oll differe~Jces amon.gst 
the Ne ~: World species, al~d that. of f-Iu.tchinson in the Old lVor/d cottons, 
has ~efl~'rred ~o groups of sl?ec~es ,so closely rela.ted amongst themselves 
that  their hy]~ri.ds are fully fertile in t]Je first, geueratiol~, and oa±ly show 
some degree of hreal;:doam ila t,)c second and subsequent gelxarations-- 
obviotm]y t]he mhaimal degree of distinction which can be rega.rded as of 
specilic status. The. first generad,m hybrids of c~~.m,~.~d.u~,?, a~.~.d the ca2t,i- 
xmted Asia.tic cotto~as are only ]. % fertile on selfin~, a,nd ].0 ~ ferdle on 
backcrossing, so that  the examinat,iol~ ma, y now be extel~ded to cover a 
mud~ wider range of speeiilc divergence--the widest~ in fact which can be 
suk@eted to analysis before complete sterility imposes an i~sumnounta])le 
obsta.cle to Kenetie study. Admittedly, differences in fertility by them- 
selves must be a.eeepted with cat~t.ior~ ~.s :i ndb~,{~ions of rd;~,tive magnii,ude 
of specific differentif,,tion, bat  in this case, tha t  the distinction involved 
l:,etweeJ) a.~,omabmt artd the twu c~Jtiva,ted Asiatic spedes is much grea, l~er 
than dta t  between the latter themselves is s~lpported by morphologio~d 
di:ffere~zces w]aich hc~,e led some ts,xonomists to consider the wild African 
species as eve~ gener].eally disC,incr. 

Severs.1 evoh~t,ionary processes have ])sen at work iza Uos.7/)Dmm,. 
Sl~ovsted (1934) ll_~s shown t.hat the diploid species nm,y ])~ separated 

Join:n, of (4enemies :19 22 
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broadly into an Isiatio and an American complex, between which there is 
cytologically practically no hamology. The American tetraploids appear 
to be allopolyploids containing both the Asiatic and American diploid 
complements. Iaterspecifie hybridization followed by amphidiploidy has 
therefore played an important part in the evokttio~.?.ary history of 
Uross:q.i)7'~..~t but this Lotsyan type of evolution has undoubtediy been 
both preceded ~nd followed by glue :more gradual evotu.tiol.~ary process of 
gone substitlrtion. The most significan~ informabon bearing on this 
process is likely to be derived from a study of the situation wRhiu any 
one of the basic grou.ps of species, tb.oagh in view of Skovsted's (1937) 
hypothesis that  even the diploids are secondary polyploids, it will be 
impossihle to be sure which of the differences found are the resul.t of gone 
substitt~.tion and which the resuR of polyphylesi.s. 

The lowest grade of speciatioa which it is possible to recognize as 
such, that in which the :first appearance of sterilRy and breakdown in 
viability is delayed to the second hybrid generation, is well exemplified 
by the two cNtivated Asiatic diploid species, G. c~,~'Dore't~.m and t~.a'bc~ee~m. 
The:h' differences in genetic structure with reference to the main aud 
minor gone constitution of eight different charactershave been assembled 
i~1 Tab j r  14 from I-i\ttchinson's publications and subsequent work by the 
author, some of which is in comrse of publication. Side by side with 
this information that  from c~,~o.m~d~ is also tabNated for comparison 
It  is important to point out that in the c~o,mcgzLm, crosses every character 
was investigated which was at all amenable % analysis, particularly with 
reference to the genes so far known in the cuttiv:ated cottons, so tha t  
the results presented in Table 1~ are as complete as is reasonably possible. 
The only characters o~ ~vkich adequate observations were not made were 
on such quantitative variations as in intensity of hairiness, and breadth 
and iaeiniation of bracts, in which it was felt that the only outcome of 
laborious observations was likely to be an addition to the already lengthy 
series of vague statements that  "th~ character was controlled by multiple 
factors"." In Table I¢ the symbol + indicates the genotype of the one 
and only accession of a~zom.e;~ which has been available for st~Ldy. 
Herbarium collections do n.ot indicate any great variability within this 
species. In the two cultivated species, of which a type collection of some 
:200 lines is available, ~ogether with much herbarium and published 
information, there is considerable variability. In these the relative 
frequency of occurrence of differen~ alleles is indicated, In estimati~xg the 
modi:~er status of a species the terms high and low have been used i~ a 
strictly conventi.onal sense, being termed "h igh"  if the modi~.ers are 



such as to enhance the expression of the character in the same direction 

a.s the dominance of the main gene. Thn§ in the cage of the leaf' shape 
series where dominance is in the direction of narro~ver lobed phenotypes, 
the modifier backgronnd of arbo.reum, is such tha t  the expression of a 
particular main gene is narrower than  in 7~erb~ceztm, and so is considered 

rel'~tively '-~ high".  
From Table 1¢ it  will be seen tha.t a~'bo~'e.~tn~ and herb~ce.~ are 

characterized b y  the same mMn gene in thirteen of the fifteen loci 
tabnlated.  The only tendency to divergence in these loci lies in the 
strikingly different frequencies with which certain of the iess common 
alleles occur in the two specials, as in the Y~, 2%, R~, P , ,  Pv, Lc~ and Lc 3 
series. Some of the rarer of these alleles have been recorded in only one or 
other of the two species. In  the L series herbaoeum is characterized by 
an allele which is also very common in r~'bore~e.m. In  the latter species 
other alleles, one of which is equally common, occur in addition; these 
have n.ot been recorded at all in he~'bcrce,u..m. In  Lea, the remaining one of 
the fifteen loci, is the only case where there does appear Co be a fairly 
consts.nt difference between, these two species, though even here the 
distinction is by  no means absolute. L c ~  is the most frequent allele at 
this locus in hcrbace,wm, but  ~c2 is sometimes present; and although the 
latter is characteristic of c~rbo're~.t.'m, the higher member  does oeca.siona~ly 
scent. Thus we ma,y summarize thct  there is .n.o~ any striking difference 
hetween the two culti~at, ed Asiatic species a.s far as their main gene 
con.stitution is concerned. Practically all of k.he difference lies in t;h~:. 
modifiar systems, which' are q~.dte distinctive t, houg~ usually nothing like 
so di/:l%rent as in the c,qse of a.~,J.m.<d,~l.m.. Nevert.,l~eless in at least seven of 
~he eight characters studied there is ~vi,:t.er modifier segregabi(m in inter- 
specific than  in most  interstrain crosses, or the species may  even l)e 
characterized by, an obvio~s displacement in expressi.ol~ of the main 
alle].e, as in the case of leaf shape al?d lin:t cole, m:. 

~'I.uch greater divergence in genetic constitution is apl?aretzt in 
a.,~.o,m,J,z~. In  this species, in only nine c_,:[ the ~:[teen loci examined ~re 
the same genes p:,:esen.t a.s are common J.n or typical of the cultivated 
species. There is no point in tryi.ng to make out of this a proportionate 
est imate of similarity. The number  of genes in which a,~o.~t, ah~.m., is similar 
go the other two species must, be very high, since this fignre must  include 
all t]~ose genes ~-hic].~ might be.described as familial or generic, as opposed 
to specific. There ca,z~ be no doubt  gha.g much the ca,me normal Mleles or 
o~.es so similar as to be almost i.adistinguishal)le must  occur in a~,..oma~,wm., 
as ba arborc~m, and he,rbc~.ce,~.m, at the loci which oceaslonMly carry the 
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rare and[ iYequent]y delete~:ions recessive mutants such as the We types 
of li~ldess, chlo~'ophyll defieidncy, petMody, curly leaf, etc. I t  is the 
relatively :few main loci, six in number, in which these species differ, 
which are of signKicance. 6[. e~w~,eh~.m is characterized by an allele 
ae 2~ which is un.conamo~ in ~r~ore~.~~ a~d unknown in/~erb~ce~~, by a 
brown lint gent which is uncommon in herbc~ce.~.~r and unknown in 
cs~bo'J'e~m, .by a cream pollen gent at P,~ which in spite of much search 
for this type of gent has only once been encountered in he,rbc~,ce~m~, and 
llot at all in c~rbo;'ea~.m, and by a,l[eIes wl~ictn are quiet unknown outside 
this species at the Y~, R~, and L loci. in modifier constitution e~omeI~m 
is also strikingly disti.t~ct from the ~wo c~ildva.Ced species, th.e hybrid 
progenies showing very much wider segregation than do crosses between 
the ia~ter species. In modi£ers of corolla color,r, anthocyanin inte~si~y, 
spot size, pollen eolonr: ]?ract neat,a.ries, and seed[ %zziness the wild 
species is vei'y distinct from both of the eNtivated ones; in leaf sharps 
modifiers it is much nearer herbaos~,t~ than e'rbore.~,~m, a.t~d in leaf nectaries, 
ling colour, and crumpled there was no evidence ~hat it c[iffered appre- 
ciably from ~rbo~'e.~t~% though in modifiers of all four latter characters 
the two erdtivated species are markedly distinct from one another. In 
Table 15 an a t tempt  has been made to give a diagrammatic represen~a~ 
lion of the extent to which ~azom~h~.~,s is considered to differ in modifier 
constitution from the other two species, by the horizontal, displacement 
of the symbol x from She two do,ted lines which are intended to give a 
conventionalized picSure of the reIative modi£er level in the exdtivated 
species. 

tn  this table ~he modifier constitution is depicted, in relation to 
each of the characters stndied, and not in relation, to each of the in~ 
dependent genes controlling a particular charaoher. This is jus~-~fied by 
the fact tha t  the interaction between genes is not direct but  by way of 
their somatic manifestations (Silow, 1939 c~) so that  in general i~is unlikely 
that  a set of modifiers will be restricted in their action to particular genes. 
The demonstration (§ IV (6) of thi,~ paper) that the spot size modifiers 
extracted h:om cm.omah~ affect alI types of spot, including ghost, fall 
red spot, and those due to complementary M]eles either at ~he same or at 
duplicate loci, sf~fords an excellent example of the general non-specificity 
of modifiers as :far as the Mleles and loci affecting any particalar character 
are concerned. 

The final stage in differentiation is sees ia those species which are so 
distinct that  their hybrids, if obtMnable at all, are completely sterile. 
In  6'-os~yi)i~,m. such sterility is not confined to Grosses between species 



R. A. SILow 345 

with different chromosome complements, but  may also occur between 
species within any one cytological grouping. ARhoug)a the geneticist 
cannot do a great deal with such material, the differences are in many 
eases so ddstuict that  there can be no doubt ~hat many of the m'aui genes 
as well as their modifiers are dissimilar. 

We thus arrive at the generalization that  the more widely species 
within this genus are separated., as estimated by the level of fertility of 
their hybrids and by the number of morphological characters by which 
they are distinguished, tlie greater the mag~Rnde and the number of the 

Table 15. l'he modifier situation--a di~zgra~z~atic ~*e?resentation of the 
e~:tent to which snomalum (indic.areal by x ) diffe'rs f ro~  arboretum and 
herbaceum i,n ~nodifier eo~stitution 

C h a r a c t e r  

C G r o l l a  e o l o u r  

A ' o t h o c y a n i r ~  

P o l l e n  c o h m r  

L e a f  n e e L a r i e s  

B r a c t  n e c t a r l e s  

S e e d  f u z z  

L i n t  c a l o u r  
I 
I 
I 

C r u m p l e d  4 

I I 
L e a f  s h a p e  I 

genes in which they differ. 

[ 

1 
I 
I 
i 

g 
ff 

/ z  

I 
× ,, 

t 

] 
1 
1 
] 

[ 
I 
f 

I 
I 
I 
I 

I 

)< 

× 

N 

I t  is ql:aJte impossible, e,o ,~cdv°- any absolute 
estimate of the magnitude of specific di:fferences in terms of genes, but  
on the assumption gha.t there is only one modifier a.ffecting praetica,]ly 
every main gene, R may be hazarded that  the mi l imum degree o:f 
speoiation recognizable as srtch is associated wit]? a dJ:ffere~ee in at leasJ) 
50 ~/o of the loci involved--bearing in mind J.~a this eemaexion {,La,lo there 
is also a necessarily nnknown prgportion of the genogype which ~n s t  be 
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common to all species ia the genus. Actually die number of minor gone 
di:ff%rences is probably somewhat greater eha.n this rather conservative 
estimaee, l hougk~ .... perhat')s no~ :much grea.ter. There is a general impression 
tha~ moNfi.ers arc vm:y numerous and of almost infinitesimally small 
effec< but it does not seem that the situation is necessarily quite so 
extreme as dtis. I t  has been striking that in favom'~Jte materia~ in 
which it has been possible to identify individual modifiers, four a.t le~st 
have quite considerable potency, s,Jt]lough of course nu~ corn.pc, table 
with that of the m~in gone. I t  may weft be asked wh.etln.er those particular 
m.odiiers h~we only been identified on account of tlle magtaitt~.de of their 
effect, but dais is de£nitely nov the ease, since three of tI.~e four were 
identified almost entirely on accomre of particalarly favourable genetic 
circmustances. Thus {)he spot size modi:&er carried by c~zomcd,~.~.m, was 
identified on account of its linkage xvieh the ghost allete, and by if, self is 
su~cient to account fur all of the upward extension in range in spot size 
in the hybrid p~:ogenies. The two Iintless modifiers (Silow, 1939b) were 
identiied becaase they affected only one of the two pteiotropic effects of 
the main lintless gone, so tl~.a~ it has been possible, in a wide segregation, 
accurately go delimit the main gone phases, a very necessary proviso in 
the an0,tysis of any interaction syseem. These two genes were of sm'- 
prisingly high potency, and in recent work it has been possible to follow 
them through with considerable confidence. They alone are sufficient ~o 
account for practicaIly all of the ovextap between two main ciasses which 
in narrow crosses are absolutely distinct from. e~ctl ocher. The fourth 
large modifier, yellow depressor Y@, was the only one id.entified solely 
on account of gee magnitude of its effect~ after separation from other 
interfering factors by backcrossing. This gsns was suNdent  by itself to 
aceoun~ for prattle, ally aE the downward extension of corolla colour in the 
intersFeciilc crosses. AIthongk two of these four mod~.ers were isolated 
fl'om ~ d e  GrOSSeS between species which, as has. s t e a d y  been shown, 
tend to differ in genes of rehtiveIy large effect, two of them, the ]]ntless 
modifiers, were found in different varieties of one species. It is evident 
that  a very limited number of such modifiers, ~ith slight variability in 
expression, would simulate a VEicM :: multipIe factor" segregation, and[ 
be sufficient to give the apparendy comptete contimffty which char- 
ac~erizes interspeciic segregations. 

The gemo situation in the two cultivated New Worm allotetraploid 
species Mrsv..tz~,m and bc~rbcde~se is somewhat intermediate between ths,t 
in the cultivated Asiatics on. the one hand and in s.~zo~cd.~,m,, on. the other, 
although on the basis of morphological criteria of taxonomic importance 
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and the high fertility of their kybrids they would appear" to be hardly 
more distinct than the two mdtivaCed Asiatics, Harlan.d (1936): in a 
review of his work in the New World cottons, has tabulated the main 
gone constitution of ba.rbc~rTe~zse and l ~ r s u t ~ ,  and this may be smn- 
marized on the following lines. The genes eontrolIing fuzz characters will 
be i'gnored, as their relationships in the two species are not fully under- 
stood. The S series and the P ~  series should not be cited separately, as 
they have Been found to be allelomorphic (Ha.rland; 1932). Contorts has 
since been fotmd to be allelomorphic with erinlded (Hutchinson, un- 
published data). This leaves some 13 main loci; in the revised terminology 
of Hutchinson & Silow (1939) 1 they are R1, R~: Y1, Ys, P, Eel, Lc2, 
Lg, Cr, L, V, Chll ,  and Chl~. At seven of these loci the two species are 
characterized by the same main allele ; in most of these the less common 
alleles are quite rare and have usually been recorded in only one or other 
of the species. In four other loci (Y1, P,  Chll, (lhl~) the two species are 
characterized by di ferent  alleles, but  these are not confined en~ire]y to 
the species in which they .are most common. i n  the remaining two loci 
(7~ 2 az~d L), both of which contain, muttiple series, each of the two species 
is characterized by alleles which are either absent from or extremely rare 
in the other species. Tl?as in their main loci these two species show ,a 
slightly greater degree of differentiation than the ttvo eultJvated Asia,tic 
cottons. Of collrse their amphidip]oid nature itself gives greater scope 
for divergence, there be% g 1~o proof tha t  they are n~onop].~yletic J.xl origin. 
l~iodifier segirega.tion also appears to be sontew]lat wider in crosses 
between ]l.fr~v.t'~'l~, and br.l..rbed~zse tl]an in those between erb@'cl~(~ and 
71c.rbc~ce~z., i;] tha t  it is usRa,]ly more allif]cult to se.parate the m~ita ge;]e 
phases; in some eases, as in tha t  of certain members of the spot series, 
th.is may be due to the lesser distinction between the alleles themselves, 
bat  it is improbable tha t  this is the gelieral situation. O~.;. the other 
hand, it must be remembered that  t]]e New ~'Vor]d cultivated cote@as, 
being tetraploids, have a greater potentiality for varia])ility than the 
dipIoids, and in ±,he absence of s, col]?,mon basis of comparison it cannot. 
be said tha t  the apparently greater modifier segregation :[tecessarily 
indicates a wider differentiatio~z. 

I t  must not be presumed tl]at each of the species of Goss,g'l~2em. is. 
characterized by a mifomn modifier constitution. Within eacd~, of th,' 
four widelydistr ibuted cultivated species there is very considerable 

a In ttUs scheme genes iu ~l~e Asia,tic eult,ivs,t:cd species are indicated by symbols i~ 
italics; those in ifeB~ World cultivated c~t~ous by symbols in bold-fa.eed typ% or in italics 
if proven homologous with loci in the Asiatic species. 
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diversification in both main and minor genes, so that  the geographic 
forms and many local strains ~m,ve come t;o be characterized bymarkedly  
distinct complexes with regard go particular characters. @onsiderable 
information on this phase of subspeeifi.c d..[vergenoe is awitable from the 
two euldvated Asiatic species. Hutchinson & @hose (1937 a,) have recently 
revised the taxonomy of these species, and the trends within them may 
best be discussed on the basis of their classification. Within erbo're'a,m 
they established three varieties, two of which were based on th.e dis- 
t.[nction between the annual and perennial habit. Each of these two 
varieties, tile perennial @/~,~e,~ ms and the a tonal  .J~eg~eih~ms, were sepa~'ated 
iato the same four geographic forms. Actually from a purely genetic 
viewpoint it would have been preferable to give the 'more fuudaraenta[ 
geographic trends the higher varietal status; the acquisition of the annual 
habit As a recent tendency superposed upon these, occurring independen%l.y 
in. most parts of the distribution el:ca of the species, As, however, the 
geographic trends are not associated with any distinctive tags of value 
to the morphologist, Hutchinson & C-hose did not feel justified in giving 
them varietal status and relegated them to the subordinate po,~ftion. Of 
t4e four geographic forms, probably the southern Indian .~dicc~ includes 
the largest proportion of primitive types.--Practically all members of t his 
group have broad leaves (Z) and yellow flowers (Y~). They have medium 
long and moderately fine lint, but are low ginners (Hntoliinson & 
Govande, 19.38). This group is characterized by the presence of modifiers 
of lintlessness, which are members of the genotype~ controlling the 
density of lint hairs on the seed; elsewhere in arbo'rez~n these particular 
genes only ocmzr in @hina (Si]ow, I939 b). The _African ~oz~&~.~ze~zsis group 
is very similar but slightly more variable in simple morphological 
characters like leaf st~ape and anthocyanin, narrow leaf (L) and the rare 
full red (R~ s) occurring occasionally. The central, northern and eastern 
Indian be~gcde~.~is types tend to be more hairy than other a~'6ore~.ms; 
narrow leaf is more common here than elsewhere, almost completely 
supplanting broad in some areas; in some localities full red is fairly 
common, and both pale ( y a h  and white (~y~) flowers as well as the more 
common yellow occur. Lint tends to be shorter in this group than in any 
other, and as a result of its coarseness these types are heavy ginners. 
Linttess modifiers have not been found amongst them. The fourth 
geographic section in the classiflcatioa of }Iutohinson & Ghose, ba~',m.cm, iec~, 
is not by any means a homogeneous natttral grouping in that  l~he 
Burmese cottons appear to be quite disduct from those in @hina. The 
[Burmese types are a variable lot. Pale and white flowers~ and .ghost spot 
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occur. Narrow leas rare in China, is common in some parts; and Brown 
lint is far more frequent than in Ohina. Some of the Burmese cottons 
are fairly long and reasonably ~ne, in contradistinction to the bengcden.G8 
types. As in the latter group, however, the lintless modifiers are absent. 
Further, there is a well-marked %endency for the Burmese group to 
develop rather large Bracts. Burma and Manipur are parts of or a direot 
extension of the na.tural area of distribution of arbore~¢~, hut cottons are 
not endemic in China, having been introduced from wrious distinct 
sources and, in keeping with this fact, they are a somewhat heterogeneous 
assemblage. ;From historical records it appears that  the two primary 
routes of importation were overland from Bengal-Assam to the Yellow 
river basin (presumably tetras, lens.@ types) and by sea from Indo-China 
to the Yangtse valley (presumahly &~'~nc~vic~ types; I-Iutehinson, 1938). 
The maj ority of present-day be~gtde~s.fs and Burmese &~rnzc~.?;ca strains 
appear to lack the li~?tless epistatics, yet %ypes carrying them are 
common in both the Yellow river and Yangtse ba,sins. This may indicate 
that  some of the @hinese cottons have originated fl'om sources other than 
those ,so fa.r suggested., such as the souther.u Ind.iau. {9~dica., or the present 
distribution of epist.aties may be the result of local selection trends from 
tl~e m:igina.1 prototype. Red loaf (P~2 Ls, R2 L°) and spotless (/~¢0) Wpes ' 
not recorded elsewhere in c~rbore'~,~t occur in China, ~nd gliost spot'(Re °s) 
is ac t  rmeommo:n. Though white flower occurs, the common pa,l.e does not 
appea.r to do so, but s.n.other pa.Ie b.'j?e, carrying 1%, .P, is fairly common in 
eerta.in localities. Tufted seeded types (Fz) are also fairly frequ.ent in 
China, but  have not been recorded elsewhere except rarely Jn ind@a. 
Chinese cottons are c]mracterist%ally broad-leaved, and[ narrow, though 
it occurs, is quite rare. In addit!on, a, number of unnsual :[f,rms such 
a,s curly lea,L virescent bud[, yellow seedling, red margin petal, and 
"l:inged" ghost, spot., not recorded elsewhere in the Asiatic cotto~as, bare 
rec,ently been reported by Yu (1940~/, b, a,nd persoz]a] communications). 
Cliina, now appears to be an important secondary centre of varia, bi]i~y 
]n this species. 

The third of the varieties of a'rborel.l,.m is a group of cottons confined to 
a limited tract  of hill comrtry in Assam and Bellga,l., characterized by high 
t'reg.ttencies o:[' the otherwise uneommnn ~ille]es Yo.~" and L ~v, and by aa~ 
unusual elongation of pa,rts of foliar origin such as leaves, bracts, . petals 
and bolls. This group ws.s su:Neiently distinctive in morp].~ologieM 
characters to be given varietal status, but it appears to be oNy a speei- 
ali.zed offshoot either from or closely rela,ted to forms be~gege~s.is , and like 
th.e latter group has short coarse lint and a high ginning capacity. I t  



wi]~ be seell that genetic~dly the three varieties of c~.rbore.~'r~ are nob by 
any means eqtm] in rank~ng,°the forms of tlm first two varieties being 
equivalent to the third variety in status. They gre also of ml.to]J the same 
st, stilts 4s tl~.e three varieties in /~e'i'~cet~t~, b~:tt in this species geographic 
separation is associated with morphological distinetio m Thus the sou:d~ern 
African @'.fc~m,~m~ cottons are sh:on.g]y monopodi-~l, with small thin 
leaves and short coarse lint. The Ai'-cical~ anct western ][ndi~n.fr.~tesce.~~,s 
types have larger more rugose lea~,es, a~ld are intensely hairy. Amongs~ 
them occur some of the longest and iinest of the Asiatic cottons. The 
Le~,ant<ik~rkestan ~/Fi~,~m~. group is composed of very early sym.podial 
cotton% mat~y of which are low in their content of ydlow corolla an.d 
spot size modii%ers, and they are very variable in simple morphological 
dmracters--for example, the rare alleles R~ o's, R ~  s and R~ ~° occur here. 
Eastwards wRhin this area, there appears to be a strong tendency to 
develop a further distinctive group, with bolls which hardly open whoa 
ripe (@hernyakovskaya, 1930; Burdakov & ivanova, 1935): In this species 
the three main geographic subdivisions, which }tutchinson and C+hose 
regarded as varieties, appear genedeally to be more or less intermediate in 
status between the varietal and formal groups in c~'~o.re~m. The situation 
within the two cultivated Asiatic species admirably illustrates the diffi- 
caries underlying efforts to harmonize morphological and biolo~cal 
etassifbagions. 

These examples of genetic divergence show that  the differences which 
disthaguish geographic groups within a species are of ex~i.ctly the same 
kind as those which separate related species within a genus, though they  
do not attain ~he level at which even delayed fertiii V breakdown occurs. 
I t  is therefore reasonable eo believe that, in some eases at least, the species 
themselves mus~ have developed by an accumulation of jus~ such small 
changes in emphasis in particular directions, and in.. geographic forms we 
evidently see the beginnings of the dynamic ~endency which culminates 
in the totally different genetic structure of some 5.omologo~;s characters 
in related species. I f  species h.ave,,.developed by stzch an accumulation 
of certain tendencies, it-would ~og be surprising to find ~hat in some 
respects they had not diverged at all. In this conneMon it is signi~ea~at 
dmt whilst ¢.~zo,~zah~z was found to be very distinct i~ genotype from 
both c~rbo'~'e~-m and ]zerbace,~m in many respects, in. some characters it was 
more like one of them, whilst in others Jt was nearer the second species. 
Whether the changes i.n gone content are always adaptive is! ~he Dm:~win.i.~m 
sense, as-Harland (1956) implied, or whether some of them are merely 
fortuitous, as Wright's calculations show is possible, it. is diffie~dt to 
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decide.. Har land  has pointed out that, in 5arSad, m~s~ the presence of 
dominant main genes is frequently associated with the presence of plus 
modifiers, whilst in ]~i~'sutum the presence of the recessive allele is ease- 
da ted  with a low modifier level. The same situation also exists to a 
limited extent  in the Asiatic species, hu t  is not so well marked as there 
is ¢,less clear-out allocation of a series of dominants fie one species and 
of a series of reoessives fie another. One such instance is afforded by leaf 
shape, to which attention has been directed elsewhere (Silow, t939a). 
In  a~'boreu~~, in which nam'ow alleles ooctm', their expression Js accentuated 
by narrowing modifiers, whilst in. he~'ba.ceq.m~ and a~w~ahm~, in which 
only broad alleles occur, the modifier complex enhances the expression 
of the mMn gene in the direction of greater broadness. Such eases suggest 
tha t  with respect to these characters a definite seleetion pressure has 
been in opera¢ion, to which the genotype as a whole, both main and 
minor genes, has responded. In  the ease of lint colour however the 
situation is the reverse of this. In  a,~bore~t~t light brown lint genes are 
rare, but  this species is at a high modifier level, whilst ]z.erb~ceum, which 
is eharae.terJzed by main. brown lint ~enes. has on the whole a back(,round 
which minimizes their expression. A'~?.o~na, b .~  is characterized by brown 
lint genes and high modifier level. Such a situation suggests tha t  here 
the fixa.don of the genotype may have been purely fortuitous. There 
are also instances, as in the e£se of nectaries and fuzz, where therd are 
considerable differences in minor genotype amongst  the tb:t'ee isiatJ.e 
spedes, in the absence of any main gene dJ.sljne.t.ion. I t  is possible ths.t 

,£1 the fuzz situation is to some e.x%nI~ a reJ.~exton of the action otr" a.r~,v~c.m]~"a • 
selection under cultiva.tJon. -~ - - x. . - _ ~N either/eat nor. bract  J.?eo;a.r.tes howes, er have 
any o bvio r~s signJfica]:~.ca in the economy o f t )  e pta53t, no2 does the !ocabJoL 
of the lat ter  either J:~.~side or onraid e the bracts appear to be of consequence,. 
so that, the variations in the genotype affecl.,ing these e].mraeters appear 
to be, following Wrig]~t's terminology, "accidents of sampling",  just a.s in 
lira; co]our. Y e t  caution, in applying such aJa mterprel,ation :is necessary. 
3'lany of tl~e less common alleles are very l.ocalized in their occurrence in 
erho.re,~m~, and herhece~.~.~~. (Table 1,10.~IAs in the case of neetaries, they do 
not appear  to have any direct: ada]?tlve value, ba t  the possibility tha t  
they ha,ve, been selected on account of certain less obvious pleiotro]?ic 
effects ca:nnot be ignored, and the danger i.n assuming tha t  such characters 
are nerltral from the viewpoint of selective value m W. be Jllastrated 
front tiwtchi:nson's (1936) sm:vey of crop populations. In  eer[,ain coJ.:o 
tiguous areas in central India  ].~e %and striking differences in the 
:h'equencies of particular leaf-shape and flower-co)lout alleles, a~d these 
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ch.arao!;ers, wh:i.ch, are known to be independent in their inheritance, 
showed an unexpected and s)ro,:~g association. The implication is tha~ 
certain combinaf:iol.ls of genes under p~rticular dreumseances have a 
selective advantage over other combinedons, though :for what  reasons is 
hog dear. 

Some reference to the isolation, m_eeha.uisl.ns :for the mai~ltenanc~ of 
species distiacdons in. Gossyl)~2~.;;~ is necessary, tIere as elsewhere the-re 
cannot be much doubt that  2]D, sJ.ologieal and geographic barriers are of 
pare.motoR hnporfar~ee, but  there are also other mechanisms i.nvolved. 
At first sight the most importa~zt of these might appear to be the comple- 
mentary lethal (crumpled) system. _.'% similar system, has been. described 
in 6'r,:p~b by Kolliugshead (1930). Some hut  not all strains of 6'. tecto;"~'m 
were found to carry a gone which acted as a lethal in hybrids with certain 
,)thor species. Whether it w~s t!~e whole gezl,)gype of' gke latLe.r, or only a 
single gone as in cotton: which re~cted with the. tector.~~ gone, it was not 
possible to demonstrate. Ho]lingshead concluded that  since the lethal 
was effective oldy in interspecifiC crosses, and[ these were almost sterile 
anyway, it was unlikely that  ~he gone h.ad played any part in the late 
evolutionary histot T of these species, though it may have been of. some 
impel'tahoe in the earl), stages of c~ifferentiation: In Gossyp.i,~.~,m. the 
system is effective even within a single species. One of the two genes 
eoncerned is widespread though not universal in both arboretum and 
/wrbctee~; it. was also found in the strain of a.~.mvzaht~.~ tested, but  
whether it is 'prevalent  in that  species is not known. The other gene 
has however only been found in one locality in cbrbo.~.e.z~.,~ and ~ot at all in 
/~erbace,~.,rm I t  is true that  that  one locality is within the general dis- 
tribution area of a~m.mcd.z~m, but it is very improbable tha t  the 3we species 
concerned occur in the same ecological area (see introduction). The 
system may have been of importance as an isolatio~ barrier at some 
.past time, and might easily become so again under particular local con~ 
ditions, b at, as in Crepfs , it, does not appear to have any great signi~ca~ce 
ab the present time. The whole situatio~ in Gossyp.b.cm points to lack of 
harmony as the %ndamentaI cause %f interspeciSe incompatibilRy in this 
genus as R e~sts  now, and, as has been shown, geographic separation 
appears to be a potent influence in the accumulation of many small 
differences into a clear distinction. The figures cited in § I I  show how 
even a slight cha~age in genetic constitution can be responsible for the 
difference between success and complete failure in. species hybridizatioa. 
Further evidence on these lines is available. In discussing the clifficuRy in 
hybridizing 6/. dev'ic~so'~..~:.i wRh other members of the American diploid 
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section, Skovstsd (1937) suggested tl~a,t the complementary lethal 
mechanism might be involved, and point@ out that  the fertile progeny 
of hybrids between Asiatic cottons and anomab.m would ha satisfactory 
material for testing the hypothesis. He had already (1935) reported a 
strikihg diffsrenee in the relative success of d~vfgsosi{ pollinations on 
an~nah~.,~n and the cultivated Asiatic species. On anomcdu}n he obtained 
a full set of perfectly good viable seeds; on arboreu,~ and herhacsu.m he 
also obtained a fult set, bnt of some 1200 seeds all were completely 
empty. The ~ri tsr  h~s pollinated davidsonii on. the various derivatives of 
anoma~,un~ hybrids with a.rbore~m and t~erba.eeum, and. the results are shown 

Table 16. The restdt of davidsonii poZKnr~tio,ns on der.i~atia~es of 
anomalum hybrids with. arboreum or h.e}baceum 

Percentage 
f 

Total  I m p e r  
Plea t  no. of feetly 

no. Description seeds E m p t y  developed Qood* 
P 237 ~t  (art, ×arb.  A 8) 266 42 52 6 

14,859 (an. >:A 8) 3rd ]3,0, to arb. A 8; only 209 64 36 0 
obvious c~'n. g e n e -  J.'dll 

1A.350 (a'~. x H 10) 2rid B.C. to ar t .  N 1 4  684 38 62, O 
celled; on]y ol]xdous a.~. genes spot size 
mocLlfiers 

14,280 (o.n. :<K lo)  2nd ]3.C, ~o art, N 1~, 589 37 53 I0 
se]%d : only  obvious a,~,, gene - L  A 

1.> 1260 (o..,.. >:i-[70) 2nd ]3.(!. to an. ,  only .52 0 4S 52 
ob~doc~s herb. ge.ne = i/-~ 

14,875 {a'n. x A 8) 3rd ]3.C, go :m..; oMy obvious 123 2.3 ~lO 3t 
arb. genes =L L and 1:'~ 

* These s~e,-ls germina.tsd a~.ld gave rise t:o vigorous hybrid~ which flowm'cd fl'ee]y. 
rPhu,~ by using c~.~t.t~.~wm. ~s a b'r]<lging species it, h~.s b~en ])cecil)Is l,o seetu'e uombina%kms 
between &,.vld,~'e~{i a, nd the ~.nlt,J.va.ted Asb t , b  c~_~ons whicl~ c.~m~oL be bb~a.in{:.d directly. 
Untbrtuna.tely all phones were uump[et.e]v st, er~.k'. 

in Table 16. These fignrss, though difficult of int.erpreta.tion, do not lend 
a.ny support~ to the hypothesis tl:,.a[ the difference between cm,om, o, hr,m and 
the cultivate4 Asiai:..k: cottons in their compatibility wife dc~v.iff.so.nii is 
dependent on a.uy simple gene mec]mnism such as is concerned in the 
complementary leghs.], system, but 61: the co:~trary points ra.~Eer to die 
importance of general genotypic balance influencing ability to hybridize. 

£4en.otypic disharmony :mast also constitu.te an important barrim: 
hehveen species even after successful ]oq)ridiz£tiom Qtdte apart from 
~hose disharmonies so exLrsme as to lead to abortion of the developing 
embryo in. the ca:fly stages, obviously nnsu.cccssfu.l genie combinations 
were frequent in_ a~mma/.~.~m.-Asiatic hybrid, progeny. I{ar].and has also 
reported them within d)e New Wor]d section of the gee:ms, tu ]x~rts of 
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india mixed crops o:f ~rbo.re,tt.m and ho'bace,~tm are grown, and although 
these ,species intercross freely .a,u.d their first generation hybrid is vigoro us 
and productive, X,ttchinson (1938) has stated that  within crop po]?n~ 
ladons "hybrids.of  ]a~.er generations are rare, gl).d the integrRy of the 
two species is .maintai.aed unimpaired". In the course of this rel?ort 
a;tte,ldon has frequently been directed to d~e d.eflciency of genes i~bro- 
dnced from a,.no.**-m.k~,'~~~ into the cult.ivated Asiatic species. Deildencies 
were not observed with aJl genes, ~or ahw~ys with the tame gear. Very 
few ~rs~ backcrosses grown which gave clear monogenic segregatiot~ were 
sulIiciendy barge to be of significance, tout those which were gate on the 
whole fairly good segregation--e,g..leaf shape, corolla eolom:, pollen 
colom:, leaf neeta£es. Some of bhe most strildn.g aberrations were in later 
generafons, and amongst t he res  deficiency of ~he iutroduced gear was 
far more common than a,n excess. --i.s part] ruler examples of the deficiency 
of the a'ne.;nahvm geI~e ~he following may be cited: 

(a) The fi.ve rib backerosses f r o m  (9992 x A 16) (§ I I I  (3)). 9992 was 
a celled derivative of a third backcross of ~momeh~#~ to c~'r~oret~-m The 
~ive backcrosses from (9992 x A 16) to A 16, using the hybrid dexiva.~ives 
as seed parent, were homogeneous amongst themselves, and gave 
212 Y~ : 149 I'~ P (from e.no,~ncdutr O. 

(b) Two selections from a first baekeross to t.ke cuR]rated species, 
11,703 and i1,757, wizen again backorossed (§ IV (3))~ gave four" homo- 
geneous progenies with 469 R~4°:3@~ R~ °s (from a.no.mc&m~), t-Iere 
again the hyb£d  derivatives were used as seed parent. 

(c) P 1822, a selection fro:m a second baokcross to c~rboreu~n, gave 
even more striking deviations. ~q~en backcrossed as seed parent it  gave 
25 Ra <;° (from ano,m, aZ.mn) : ~3 %00, and as pollen parent, 10 " 20. Whe~ 
sel%d it gage only 12, : 93 where a 3 : 1 ratio had been expected. I f  the 
deficiency is due to any disturbance in gametogenesis it is ~ot confined 
to the male or female side alone. Even more str i~ng deficiencies 
of the same type have been found by l{iorth (1.933) in backcrosses of 
interspecific hybrids in C.'og,.in,sie, and Skovsted (unpublished data) has 
also observed a de~eiency of a~a gnthocyanin allele in backerosses of 
g. c~,ri&m.~ to New World cultivated cottons. Clearly there can be under 
certain circumstances a severe selective elimination of foreign ge~es, 
which occurs either in. gametogenesis, or, kx view of the frequent poorly 
developed seeds foxmd in ceno,~nrd.v,'~ derivatJ.ves, in the early zygotic 
stages. Apparently the disadvantage is associated with dross genoms 
whick con.rain ~he greater proportion of foreign material: again poktdng 
to the irnporta~ace of a harmonic balance wi~hi.n bhe geno~ype. Whatever 
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the mechanism involved, it must act as a potent stabilizing influence 
against conga,ruination between related species. 

Vm T cfifferent degrees of specific divergence are represen%ed within 
the Asiatic diploid section of the genius Gossypiu~t. I-lybrids between the 
cultivated species arbore~r~ and[ he~rbaceum are fully fertile in the first 
generation, and only show breakdown in viability and fertility in the 
ascend, but hybrids between those species and the wild African G. 
a~zo~!,cdu~, are Mmost stmile, though fortunately not completely so. This 
paper deals with the inheritance in the latter hybrids of eight the,ratters. 
The genetic structure of the three species is compared in terms of the 
fifteen ,main loci involved, and their associated minor genes. The same 
main loci are represented in all three species, but di~erent alietes may 
enter into ~he construction of homologous chara.oters. A pa.rtioular and 
unusual instance is afforded by the anthocyanin petM spot common in this 
genus. In the eulti.vated Asiatic cottons its eharacteisties are deter- 
mined by a single allele; in a n o ~ e ~ m  th.ey are the result, of genes, situated 
in duplieate loci, which act as complementgries--a conception not to be 
court, seal with. tha.t involved in the more usuM interpreta.tion of eom- 
ple.mentary factors. Genetic support is given to the contention, hitherto 
based oJi eyto].ogieal grounds, that the diploid species ,are K~emseJes 
derived polyp~oids. The eIosety related species u, fDoreu~n, and herbaes.um 
differ ha,rdly at all in their main loci, but their modifier systems are quite 
dis@uct. .;l~z,o~.~a~~,.,TJ~., whic}i is taxonomies.Jty considm'a.bt.y :further re- 
moved fron~ these two species tb.an they a,re from one a,J:Loth.er, shows a 
much wider divergmaee in ms,in loci, and whilst in some characters the 
minor genoi.ype is Rear @rot of either one or other of the eNt).i rated species, 
in others it is very distinct fl'onl bo$ll. The genetic situa,tiozJ :in ~he three 
species seems go be a further developmen~ of the type of "incipient 
speeia$ion" which is seen in the geogral?hie differen@.ation o(~c.urrJ.ng 
within the specJ_es. Some of the dig:%renees between species, where both 
main and minor genes are working in the same d.irectkuL appear to be' 
adaptive. Othe:~:s give no positive indication of being any@in.g other 
than purely :fortuitous. 
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E X P L A N # . T I O N  OF P L A T E  I8  

An~hoey~n~n a.nd corolla colom ~ h~ deriv~tives of aaov~al~, hybrids. 

Fig, i .  (-[+ m'bora~m Ly.pe A 8. Full petal spo~ (22, AS ra00). 
]rig. 2. G. he'rbacew~ type 3r 10. Spotle.~s (B,/t° ra°°). 
Fig. :L 6E a.rb~reum. ~aype A 16. Ghost (.~a c)s raO0). 
Fig. 4. G, ~,~;slnah~m, 
Fig. 5. U. c~71.o~ta[.l~,.m :.: A a, 

Fig. 7. G. ~*no'md'~m. :.:A t8. 
Fig. 8. C¢)rdla colour: honmzygous yellow ~Ls in fig. 1, 5eterezygots 5?r yellow de,presser 

Y@ (14,869). 
~?ig. 9. The petal eolour ul~i?~.g of l?~ac40; very incense gokl (R, oS Ra as 7)~, ~0 k~aC"O, homo- 

zygous 1"~,) (15,24:U). 
:.Fig. 10. The pe~al colmtr effect (.,f/?~ oo; me&into geM (5.etcrozygous g:; (4°, h,~mozygous 1"~) 

(15,2-t0 :-: i&859). 
Fig. ]L The petal colour effect of/{au'O; very thi.u~ gem (heterozygous 2~aaO, hetei'ozygous 

i:. 2} (15,240 ,: N 5 YAP). 
Fig. 12. The petal co].our effect of /?a(+°; vink (he~erozygous l~a a°, homezygous Y~, 

+ I"@) (15,240 >: 14,859). 
Fig. 13. The .petgl co[our effecb of P.,aCl°; goldapugless (_(~ AO/1_10 &SO.ra00, homozygous Y~) 

(6144). 
".gig. 14. Com:pormd spot, Z~. of A. I6 × :K ]0 (:8o.~ R.~O %00 %00). 
Fig. 15, Low grade compound spo~, s~me cons~itu~.ion as fig." 14, from 14,350 x ~I I0 

(5].~3). 
Fig. 15. Large spot, from 15,305 :< A 8 (19,018). 
Fig. 17. Large ghost, from 15,305 x A 16 (18,947). 
Fig. 18. Large compound spot, same constitution as figs. 14 and 15, from ((~*. x A_ 8) x I~[ 10 

(11,757). 

Pe~al cdour grade~: -4 8, t?I I0 and A 16 are full yellow, grade 7. Fig. 8, I~glo, is grade 4. 

Spot size gra&s: To obviate the necessity for printing a separate plate show{ng spot 
size gr~zdes, the  range may" he indicated as follows: 

Spot size Figure 
15+ 16 
15 5 
14 7 
13 1 
12 ~, 9 
l0 3 
6-7 14 
4 I5 
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