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IncompatibiTfity may be d'e£ned as the failur% following mating or pollination~ of a male 
gamete and a female gamete to achieve fertilization, where each of ~hem is cap_able of 
uniting with other gametes of the breeding group after si/nilar mating or pollina{ion. Two 
classes of incompatibility may then be distinguished: 

(i) IIetero~wrph.ic incompatgbJity, which is associated with, and dependent on, variation 
in floral morphoiogy. In heterostyled plants, which fall into this cIass, the incompatibilRy 
reaction depends immediateIy on the relative positions of anther and stigma, and only 
ihdfceotly on ~he geneticM conititutions of ~he plants ~hemsdves. Such ineompatibiUty 
is Mso described as iIlegitimacy. 

(ii) Ho~omo~NN~ inco~npatibigty, which is not dependent for its acioaa on morpho- 
logical variaNon, here the.fncomj?atibility tea.orion depends d&'eotly on the relatiozs 

existing between the genet[cal constitution of the zygote producing the female gamete 
and., in most cases, the genetieal constitution of the rome game~;e. This may be termed 
gametic inco~t.fat.gbi~.ity in con~radi.stirmtion 1o zggot{c ig~,co~G~c~{,ibi~it F where it is the 
gen.etiea] constitlltio.u of t]}e zygote producing the male g~mete, rather than that of the 
male gamete itself, which, together with the eo:ustitution of the :female zygote, determines 
the ineompatibilRy reactiolx The fungi show a somewhat; sh:uJlgr phenomenon, which 

=may conveNently be d csj.g.aated ]~.qpbid %ncom:pat.gbigtg, as it is maxit'ested only between 
haploid indRdduMs, the diploid phase ~ever entering into the reaction. 

0nly one orga~ism, Cqp~dla, 9re.~.tdAjg.ora (Riley, 19,36), has }Jee~ shown, to display 
zygotic ineom.pa.tilility, though the sea, squirt, C,2onc~, >nay f~l] in[o this d%ss; but the 
gametic type seems to be very common (see East, 19,i0). The inheritance of gametic. 
ineomp/~tibility con:['orms very genera.1]y to the oppositio~ml factor so:hems first devised 
by .East & Nangelsdorf (1925) to explain the be].,avionr of Ni,:oti~'u~. e~o, tct, sad its de- 
firs, tires, and by Filzer (1926) for gero~,ica, syri.eca. 

In these species each plant is norma[ty completely sdf-incompatible, i~]mugh in Nico~ 
~Q~'~e ah~,tc~ seed can. he obtained fro.m selfpo]]inatio.n in the b~:td or m?de:r ot]~er excej?~i.ona] 
ch:eumstances. ]31sewt~ere, however, complications may be Jut, reduced by two agents. 
One of these is the exi.stenee of so-called fc:rl:ility allelomorphs, whidx will now be termed 
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compatibility atlelomor]?hs in accordance with the _?resen-t ~erminology. East 
Anderson & de Winton (].931) have described such a[lelomorphs from bh.e setf-compakible 
N. Lc~nysdo~i, and they have also been disdovered in other genera.. 

As their name suggests, such. eompatilpility genes are a[lelomorphic to the ineompati= 
bi[iby genes of the related seLfoincompatible spedes. A different ~ype of compatibility 
hag however, bee-a discovered "withi:a t.he normally ineompz~tible groups ~hemselves. 
W h e r e - ~ a l l y  ineomp~dble pollinations set seed~ it is :referred to as pseudo-fertility, 
or as is now more appropriate, pseudo~compatibili~y. Such a res,:dt may be d~e to end~ 
season effee.ts el: t~o a speoiat poll.hmtio~ technkine; and indeed occasional pseudo-com- 
pati])iligy may be characteristic ef any :incompatibility system; but i~ may also be bro agh~ 
about by the action of nomalle]omorphis genes which have ~he effect of weakening or 
overriding the incompatibility reacdo~.~ (East;, 1929 ; Brieger, t930). It; may be reraa.rked 
tlmt the exist~ence of strong pseudo-compatibility, or of compatibility all.elm_norphs in a 
normally incompatible group seems to be a.ssociaeed with a kybid, ori.g[n of the pla./rt)s 
il~. question or of their aneeskprs. 

I]_~eompMibility has long been knoyn in Pstu'MG ]:,nt self-compatibility has always 
beett found in sonic of 5lie ]?l:.~n~s used in e~ch of the invest.lactic]as. Cottons (1912) 
records a cross between P..nycmyi'n.iflor<~ (P. a~i~laris) and P. violacea, which gave both 
self-compatible and self-inoor~'~patJble progeny. Thougil, as we shall see la~er, s~tch a 
result can be obtained by inbercro~sing these species, it is more likely ~hat (Jorrens was 
using hortieult~lraI varlet, los derived from the origina.l species cross of 183i (see below), 
for P..v.2dacee at least seems to have been lost from cultivation in Europe during the 
latter part of the nineteenth and ~he early twentieth cent~tries. Terao (1923) iniercrossed 
self-compatible and self incompatible pianos of P. ,vidasec~ and obtained bo~h self- 
compatible and self-incompatible progeny.. Later, Terao & U (1929) distinguished several 
grades of incompatibility shelving complicated inheritance. Some e~ddence was, however,. 
obtained of the existence of a series of incompatibility allelomorphs of the N'icot{e.na 
type. 

A failer investigation of incompatibility in Pe~)~ir~ v,io~cea was carried out by Harland 
& Atteek (1933), who showed that inheritance basically followed the oppositional factor 
scheme of 5rieotic~'n~ and Fe~'onica, but ~hat. self-compatibility also occurred ~probably 
owing ~o the segregation of minor factors for self-fertility'. We may, however, doubt 
whether either Terao's pla~ts or ~hose of ttarland & _&greek were in fact pure Peha~da 
violacea, for garden strains are commonly known by this name. Indeed, i-IarIand & 
Atteck describe theb plants as having white, purple, violet and mauve flowers, whereas 
wild P. vio~asec~ is magenta in colour. Wergin (1936), whose ~ndings are .much the same 
as those of ~tarland & k~teek, except that he discovered a major incompletely don~inan~ 
selLeompadbility gone not allelomorphio with the incompatibility factors, definitely used 
horeieuf~ural hybrids. This is also true of Tseng (1938), who found ~ha~ self.us eompatibb 
plants gave progenies including self-incompatibles and intererossing self-incompatibles 
gave some self-eoml?a~ible progeny. 

An a~tempt was made by Tjebbes (1.93I, 1939) to el)rain the two species, P. a~cigk~'is 
and P. v'ioh~ceG for s~ud.ies of their relative fertilities; but inasmuch as nei~her was fomad 
to b% soil-compatible, while they ineererossed freely, it is ~o be presumed tha~ he was 
snccessfui only in obtainilig garden s0rains approaching more or less to She parental 
specific eypes. 
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Thus dtere is reason to bdieve that all these investigations, which have brought to 
light, an oppositiona] factor scheme complicated by non-al]elomorphio compatibility g~nes, 
have been made on garden strains. Olearly the cause of this complicated inheritance 
mast be sought in the behaviom' of the parental sl?edes, which also might be expected 
to throw further light on the genetical control of incompatiMlity and its evolution. 

The garden iDea~%ga originated from the hybridization of the whRe-flowered species 
P. &~e~c~"i* (often called P. ~zFcgc@n~flora),and the magentmflowered P. ~o~c~ea, (also 
called P. i~£getrij"oZi;). The former, which was discoveredby Commerson along the shores 
of the Pdver P]ate,'was introduced into cultivation in 1823. Bailey (1896) records that 
it sets seed Very. readi]y and often persists for long periods in gardens ])y self-sowing. 
P. violence flowered first in cultivation at the Glasgow Botanic Garden in 1831, from 
seed sent by John Tweedie, resident at Buenos Aires. A hybrid betwee!l the two species 
flowered .at Glasgow in 183~, and ])y 18a7 a number of 0ffnamentM strains l~ad been 
~teveloped. P .  ~ioX~ee¢ must have proved di~cul~ to keep by seed, as R was lost fr.om 
euRivation in the nineteenth century. 

In 1916, however, this species was reintroduced at Kew Gardens from material sent 
by C. 1~. 1%. B, olland, vice-consul at Montevideo. This _P."vioIacec~ has been maintained 
at Kew since that time by cuttings. I t  has never se~ a full crop of seed there, but was 
hybridized with P. cta~i~ga, ris in 1931, 

P .  a.xigc~ris was reintroduced by Prof. -~{. O. Ferguson of Wellesley College, 3{assa- 
chusetts, from seed collected by Prof. L. B. Parodi from the~iver  Plate region. Ferguson 
& Ottley (1932) give detailed descriptions of ~his 1 ). axil~ris and of P. violaeea wNch 
they obta.ined as a cutting from the t~ew stock. They record that P. azCbaris sets an 
abundance of seed after self-~pollinatiom while P. vio~acec~ sets litt].e if any. 

I am indebted to Prof. Ferguson for seed of her wild P. a.~iag~r.{a and. to the Director 
of Kew Gardens for cuttings of P. violecea. Thus my stocks are the same as those of. 
Fez'guson & Ottley, a.nd accord fully with dheir descriptions. 

I am also indebted to Mr }I. fl-. Call.an for t]ae information that both s}?eeies are di]pto:id 
('n---?), and tha.b meiotic pairing of the chromosomes in the species ].,yb:rid is Complete, 
the eh~a.sma frequene.y being, in [a.c.t. intermediate between those of the parental species. 
The bad pollen produced by tJne hybrid nmst thus be attributed to nnbala.nc;e of some of 
the. ga.metie combinations of chromosomes. 

$. THE ]hlgIIAVI0"UI{. O'F T]-IE ]?AP, EI%T~[[L S.P]{CIES 

All plants of P. ~a~{~.(~r~s set an abundance of seed[ on being self-pollinated or intererossed. 
With rare exceptions, which, may rea,sonably be a.ttributed to fau]ty management, some 
scores of pollinations have yielded a fu]] oa.psule of seeds. No l;r~e.e of in.emnpatibilJ.ty 
has ])em_v found. 

The situation is, however, very differen~ in P. viol, o.cea. I-lore self pollination is rarely 
followed by the p:rodnet~on of seeds. A small quanbil~y of seed ]_~as been obtained in this 
way f?om a few fltwers, but these cases may be attributed to a low degree of pseudo- 
eompatfbiliby, the planes beisg, in. the broa, d sense, i..ueomps.tible..Bud pollinations did 
no} appear to lead to any greater pseudo~eom]?atfbility than the polli~:,ati.on of open 
flowers. 
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[['he originaI material of P. ,vioZace(~ 6onsisted of ~wo plants which had been derived 
ultimately as cuttings of the same inclivid~ml. Hence it 5as been impossible to deter?nine 
whether the inheritance of incompatibility depends on a series of multiple allelomorphs 
as in Nicotir~a. I t  has, however, bee?.~ possible to show %hat incompatibility in Petu,~~ia 
,violacea~ resembles that of N.icotianc~ and Ve.ro~iea in being 9f the ga.metic type. 

]~2or~y-ttu'ee )1ants were raised from seed given by pseudo-compatib].e pollinations of 
the orfgin~ plan~. All of these were sefftincompatible and twenty-five f:ailed to set seed 
freely after pollination with ~heir parent. Fifteen of the remainder set seed freely with 
parental pollen and the other: ~}.~:ee see some seed, though not in all pollinations, the 
failures, of course, being <pfite possibly dne to fauRy management. One of the fi:fgeen 
plan~s ~hich se~ regularly wRh the parent was used as a pollinator on the res% but no 
seed was obtained. Later tests wm:e made of some of these fifteen as males On to ~he 
parent bu~ no seed resulted. Furthermore, when Mlowed to in~erpollinate tYeely by 
nat~u'M means only the pla,~.~ts which were compatible wRh the parental pollen se~ seed, 
and they set an stun.dance. ,.Thus, i f the  parent is S~S~ t]ae progeny f~dl into ~wo groups, 
twengy<~ve being also S~S~, and so failing go set wii:h parental pollen, a~d fifteen being 
S~S~, which set with their parent used as male, but  .fail when used as male on their 
parent. Two of the three doubtful cases are most probably of the type S~S~. On the 
basis of observations on polle~vtubegrowth, made by 5.it A. Y. BaSeman, gl~e remaining 
plant was SzS~, bu~ no ~nal compatibility tests were possible. 

Such behavio~c is characteristic of gametic inco mpatibilRy, and in view of the existence 
of an allelomorphic series of incompatibility ge~es in the garden Peatnic~, there can be 
little doubt that  P. ~iolacea reproduces ~ke system found in N.icotic~nc~ and l/e~'onier~. 

Neglecting t~]e three doubtful cases, we have a segregation of 1.5 S£S a : 25 S ~ S ~ ,  so 

,showing a noticeable excess ~of S~S~ homozygotes and a very marked deficiency of S~S~ 
homozygotes. A similar family was observed.by Harland & Atteck, consisting of fifteen 
heterozygotes, ten homozygotes of one kind and four homozygotes of the other kind. 
In other families Harl£nd & Atteck observed a deficiency of both homozygoas types. 
This they a~tribu~-ed~o reduced viability of homozygotes, to which we may perhaps also 
ascribe the shortage of S~S a plants in the wesent  data. I t  would, however, seem likely 
that  the excess of the other type of homozygote, provided that  it is no~ ilh~sory, is due 
to S~ pollen growing more easily and achieving fertilization more open than  S~ pollen,.. 
when placed on to an S~S~. stigma. The existence of snch a. difference in ineoml~atibility 
strength between t]~.e two altelomorphs is supported by the behaviour of the first genera~ 
tion hybrids between the species, ~o which we shall now turn. 

4i. THE SPECIES I~IYBt~ID 

Crosses have been successful between the two species only whenPeht~i~  c~x£laris has 
been used as the female. Out o f  some dozens of crosses mad% the obher way, not one Y 

set a single seed. This is all the more remarkab]e.when it is remembered that P. ~:d~aris 
has a style some fern" or five times as long as tha~ of P. v[dace~. Cleady success depends 
on the physbbgical relations existing between pollen and style, rather than on the 
length of ~issue down which the pollen ~ubes mus~ grow. 

The freqnency of successful pollinations of P. c~xilZc~ris by P. v.iolacea depends on 
e~ternal conditions. In ].939 no hybrids were obtained after using pollen of tJae SaS.~ 
P..violacec~, on 101 flowers of P. axilleris ~T_~ the greenhouse; bu.t ou~ of about twenty 



similar crosses made under a m~s]in c~ge in the open three gays good ca]?svles of h y b j d  
seed~ In 19~0,.however., 5hh'fiy-five flowers of P. aziZla,ris when pollinated in fih.e gr#en- 
house by S~S~ P. v.ioktcea gave three capsules. 

The breeding behaviour of the hybrids and of theh" parents is shown in Table 1. Tw9 
classes were distingmshable by ~heh" behaviom: following seF-pollina~ion in ~he' ~L~,st 
groups of hybrids, whose male parent was S~.S~ P. viohmea., t n  the fbst of these ~wo 
o.lassss each plant se5 seed freely with its own pollen, and hence the class.,-was ~ermed 
self-compatible (s.c.), The o~her class often failed to set seed after self-pollina~ion, but 

N \ 

[s~s~] 

P. vi[2.acea: 

[S~S.] 

s.~. ISiS.I: 

3 

4 

.s.c, [S~Sd: 

1 

2 

Table 1 
P. rick(tea s.~. [S~S~] s,c. [S..Sa] 

[ s . s ~ ]  _ ISIS.,] " [ s # ~ ]  1 2. 3 ~ s 3 4~ 5 

N a n y  s M~ny f M a n y  f 2 s o s 2 s 
F e w  s F e w  s 4: s 4 s 2 s . . . .  

]~{~ny f F~wM~nYpf " M&ny f 8 f 6 f 11 pf - -  - -  - -  10 f 12 f g f 

4 f 3'Ia.ny s 5ian~y f 2 s ~ s 9 s - -  2 s 1 s ~ s 
- - ' ,  - -  117 

3 s  • l s  
7 f  3 s  ~ s  - tp  5 p  2 p  2 p  - -  2 s  2 s  2 s  2 s  

7 f  2 f  

l s  5 s  
7 f  4 s  2 s  3 p  2 p  i s  2 f  - -  2 s  4:s 2 s  2 ~  

2 f  5 f  1 p .  

5 p  2 s  - -  2~ 3 s  ° s  2 s  12f 4s 2s 2 f  2f 5£ 

. . . .  2 f  2 f  4 f  2 f  - -  - -  2 s  2 s  2 s  

2 p  2 s  - -  3 s  i s  2 s  ~ -  :2s -- '" 2 s  Bs 2 s  

l p  2 s  - -  S s  I s  f i s  - -  --~ ~,~ 2 s  2 s  2 a  
I f  

f i s  
e p  9 s  2 1 ) 4 s  d.s 4 s  l s  - -  g s  4 s  ~ s  2 s  
3 f  

4 ] 3 f  4 s  l p  2 s  ~,:~ 3 s  : ' s  - -  2 s  2 s  4 s  2 s  

5 3 s  ~ s  ~ f  2 s  "~ 2 s  2 s  ° s  ° 4 s  8 f  .. ~ s  2 s  - -  ~ ~ s  

Ma.nv ixldica,tes :more [,hun 20 i)o[]h~tions,  s iodJcat.es s~]o~essful potlina,t,ion, p ps, r$iaLly successl\d potl ina- 
t.iou al[d. f m~suecsss£ffl poEin.~.~ion as j udged  b y  se~d se< The n u m b e r  lw:eee<Ung th e  letter' shows She n u m b e r  
of flowers which  ga ve  L]je resttH). Thus  3 s, 4 I% 7 f me a n s  3 flowers successNl ly  tloLlinated, 4 flowe;s pa r t i a l l y  so, 
and 7 flowers fM]i~g ~o g ive  seed. 

sometimes set s, smM1 e,~psie and e~en occasionally a, full capsule. Though some seed 
was Lhu.s obbMned by self-poll01abiol~, this el.ass wa,s clearJy much less self:compatible 
t.ha.n the ffrsl; and no was desJgna.~ed, for eonvemenee, as seI..&ineonap~:~ib]e (S.L). On 
inflererossil~g it was found tt~.a~ p]a,nts of like stress g,~,ve resubs similar be those following 
seIf-polli.ua,t, ion, whib all plants set seed freely ~TiEh poll.en fl'om an indh, idual of tffae 
oppo,sit, e class, Two of [h.e ~hree families of hybrids were ad.equa~ely ge.st, ed mad showed 
segrega.~io~s of 5 : 9 and. 9 : 3 for s.L : s.c. respecbively, one plant in each fa~Zly bejng 
~ntbi~[tous, The third f~m:ly was less adequately tesl~ed, b r/< so far as the resul~s are 
trustworthy, cougMned ~hre.e s,L and twelve ,,s.c. pla,ngs, T:his mak'es a total of seventeen 
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s.L and twenty-four s.c,, agreeing fakly wall with a ratio of' 1 : 1. Two further families 
from a similar cross were.grown two years latec and out of seventem~ tested plaa~s/'nine 
were s.z. and eight s.c'.., again agreeing with 1 : 1. 

The obvious assumption for explM:ning this segregation in the F 1 hybrids is to suppose 
tha~ the disthle, tion of* s.L : s.c. depends on whedmr Ohe hybrid has received S i or 8~ 
from P. v.iogaoec~. I t  might farther be supposed that, since S s ]pollen seems to grow 
somesehal~%et{er ~han S i pollen in incompatible'pollinations within d~e parent species, 
the s.c. hybrids would carry S~. This w;~s tested by making new hybrids using SzS ~ 
Y. vfofacea as the male parent, Three stmh hybrid families, comprising.forty-five plants, 
were grown, ant] eael.~ individuM tested by selfing two flowers and. also by crossing two 
more flowers with pollen from a known s.L plant of the previous grotq). These pollina- 
tions should fail ff the plant is s,>, bu lbs  st.moessfu[ if the plant is s.c. All four pollinations 
were successful ca ~hir~y plant< eigh~ plants gave three sets and one failure, ~hree gave 
two sets and twu fMlures and four were impecfeody tes~ed owing to the breakage of 
branches or flowers before .it was possible ~o observe ~he resrfl~s of the pollinations. 
Bearing in mind that these tests were made in the open, the only protection being afforded 
by watel'proof bags, it is clear that  alI the plants may legitimately be regarded as fMling 
into the s.c. class. Thus the s.O. plants have received S~, and %he s.z. plants S l, ft'om 
the P. ~¢,blacea parenK " 

Tests were also made of ~he h]rbrids with the parent species, both SiS z and S2S a 
P. v~oletcec~ being used (Table 1). All the hybrids tested, whether s.c. or s.I., gave seed 
when used as.males on P. ctxilZc~*,is. The reciprocal cross, however, reveals a further 
difference between the two types of hybrid; the s.I. type fails to set seed with P. axi~ka'is 
pollezl, while fern" plants of the s.c. -kind se~ a partial crop with P. c~0dZ.Za, r~s polish. One 
s.c. plant was rmique in failing to set any seed following thb~een such polEnadons. 

'All the hybrids se~ seed after every po!linat!on with the heterozygous .*P. vioZacea (S1Sz) , 
but with the exception of one small capsule, theyfai led an pollen parents in the reciprocal 
cross. The homozygou.s (S~Sz) P. viNacec~ succeeded as pollen parent on all three s.r. 
hybrids with which it was %riecl, bu~ in six pollinations on to s.c. hybrids, two on each 
of three plants, it gave tt~ee failures and three partial sets, i.e. small capsnles. In. the 
reciprocal cross, however, SsS ~ P. vio[ace~ x hybrid, both types, i.e. using s.L and s.c. 
as pollen parents, gave seed, with the exception tha~ one capsule ou~ of six was small 
when s.c. pollen was used. 

We have seen that  the s.L hybrids are of ~he constitution SiS a and the s.c. hybrids. 
S_~S~, where S~ is the allelomorph which P. aa:£~c~r~s mu's~ be iSresnmed to carry. Then. 
either S a m" non-allelomorphie genes contributed by P. az~gc~,rfs to the hybrid must 
tv-eaken the.incompatibility reaction which S 1 ~nd S z control; for SzS a sets seed freely 
on self-pollination and SzS a sets some seed. This compatibility cannot be attributed to 
the S~ pollen ])sing successful in growing down S~S a and S,S~ styles for two reasons.. 
In the £rst place both types or hybrid carry S~, yet show different behaviom:, so that  
S 1 and S:s must ta,ke some parg in the reaction. Secondly, P. e~vi[Iaris pollen, which is S a  
by definition, fails completely on SiS a styles and gives only poor seis on S~S~. The self- 
compatibilRy of the hybrids is most reasonably attributed, at least in ~he main, ~,o growth 
of~ t i e  S~ and Se pollen, the action of these genes being weakened by other gm~es 
originating from P. a~ifle'ri.s. 

The behaviour b:f the crosses s.z.x s.c. a~cl s.c. × s.L is in frill accord with ~his assump-. 
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rich. Each sets seed freely as would be expected if the beha~dom' of the hybrids is con- 
ditioned by ~he action of S I and S2, for one cross is Sx.S~ x S2S ~ and the other $2S a ~JSIS a. 
If, on the other hand, hybrid compatibiEty was due to the gi'owth of S a pollen, ~here is 
no reason why the cross s.x. × s.c. shold set more fl'eely tlfan s.I. doe,¢ after seli'-polEna- 
rich. It might of com'se, be supposed that hybrid compatibility was duc to the growth 
of S~ pollen, the difference between the s.c. and s.L Glasses being due to the diffei'ent 
action of S I and S~ in inhibiting or reducing the ~'owth of such pollen. Th&, however, 
is a oompliea¢ing assumption ibr which t~ere is no extemml evidence, and is unlikely to 
be tr~e because it pos~nlstes a sharp clifference between two M].elomorphs, which other- 
wise show quMit%tively similar behavio~r, in their re~ion to a.n allelomorph from 

different species. 
The crosses wi~h he~erozygous P. violates are interpretable on the same hypothesis. 

The S~S~ styles of this P. viok~cea sho~d reject bo~h the S~ pollen of the s.1. hybrids and 
the S z pollen of the s.c. hybrids, but the reciprocal should be compatible because S I pollen 
from P. "~idacea, will be s~{~cessfut on SzS a styles while S~ pohen will be suceessflfl on 
S1S ~ sfiyles. 

The hypothesis, as so far elaborated, implies a negative behaviour, on the part of S~ 
exc@~ for a possible weakening, effect on the action of S i %nd S~. This may, however~ 
be squally well a$~riblSed %o non-alle]omorphie genes inlroduced by P. axifla~'is into the 
hybrid. The crosses with P. a~z~r.fs accord with tie hypothesis. P. aziZ~ct~'i~ pollen is 
not successful on ei~her P. v,lolcw~a, heterozygous or homozygous, or on s.x. hybrids. It 
is only slightly successful o~.~ s.c. hybrids. @early both St  and S~, especially the former, 
inNbit the growth of S~ pollen. Eq~mlly, S~ and S~ pollen from P. violates will grow 
down the S~S~.seyle of P. axil.Ia.ri~, thoagh~ perhaps owing ~o the great length of or to 
the exis~sence of isolating genes in the latter, it is not a,lways successful. The crosses of 
]pollen from the hybrids on to P. axi~laris a.re less in.l'orn~ative, as setting could be 
aCtribuged Co the sole action of S~ pollen from the hybrids. Poll.en-grow~h observations: 
made by Nr A. J. Ba~:eman, suggest, howe~er, that,  as might be expected, S a a,~d S~ 
pollen from the hybrids is also successful. Thus S~ pollen is ]:spelled by beth S~ and S z 
in the styles, bu{ S~S~ styles do not repel either S:t or S~ pollen.. (Pol]i~a,~:ion of P. axi~b<'is 
by P. violences is not a2ways successfuI, bu~ this may be attr ibuted to isolating genes a.s 
will be shown elsewhere,) %% may note too t.]tafi S~ is of wea.her action than. S 1. Sz pollen 
grows better  down S~S~ s~yles than does S~ pollen dowl~ S~.S~ styles. This is in accordances 
with the observation made in the previous section that  S a pollen is .perhaps more sue- 
cessf'rd than S 1 ]?ellen in. pser~do-eom]?a, tible pollinatio~as within P. vi{)bcca, 

-When, however, we turn to ~he crosses between the hybrids ~t, nd the S~S~ P. ~,is- 
~acea .pls,~r% we 5nd @at ~his. simpl.e h.Vpothesis is not in itself srtffacie~t. The crosses 
SiS ~ hybrid × SzS s P. violates s,~d reciprocal are both fully compatib].e, as the hypothesis 
wonld le~d us 4:0 eN?ect. Mac the ores.3 S2S~ hybrid × S~S~ P, vidacsc~ is only weakly 
eompatilJ.e; bat S~S. P. viol, accct >: S~S~ hybrid, set seed :5:eely in :8.~:e eases out of six, 
the odd case be:ing one of pa,rtiai oompatfbiliey. We can make a gable showing the action 
of Sz b~ the hybrid and in P. viob, cca: 

• ]Pelle~ from 
h 

St~yle of ~. 'vioZacea, S2S,, s.c. ]urbrid, S..Sa 
JF ~violaccc~, S~S~ FM]s T~kes 
s.c. hybrid,  S:S~ :Fails Takes 
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I~ is thus the S, pollen from the hybrid, which is stlece.ssfal on s~y].es carrying S 2 rather 
thal:t SeS~ s{hyles which are fee8 illhibRory to S~ pollen than S~S~ styles, l,hough t]]_e,'~ is 
a Slight weakening of the action of S~ in see  ~ styles. This can be aeeoau ~ed for if" we assume 
t M t  ~,he weakened a,ction of S z in ~he hybrids is due not. to ~he. action of S,~ but  to one 
or more non-all.~lomorphio genes, from P. md~,c~.ris. S~ cannot be presen~ i n  S~ poEen 
from the s.c. hybrids, but non-a,llelomorpkie genes can. Furthermore, ~here mus~ either 
be several ~ c h  modifying genes, or, if there is on].y one, it :must be nearly recessive; for 
otherwise S....S a s~yles woul.d show as weak s,a S~ reaction s,s does S 2 pollen. If', however, 
there are several modifying genes, of whidt. S e pollen could carry various combinations, 
some having a greater effect on the aslion of S 2 thau others, or ig ilz the case of a single 
guns, it is nearly recessive, the poor comp~til~ilRy of S~ pollen from P. eio~acea on me. 
hybrid seyles can be reoo=c.iled, with the flflly eompa~ible. behaviour of S z pollen ~a'om 
~he hybrid on both S~S~ P. violacec~ and S~S a hybrid seyles. 

I t  may be observed, too, that  the unique complete fail.ra'e of P. (a.~:ilko'is pollen, on the 
style of s.c. plant g, also suggests the existence of ab least one non-alletomorphic modifier 
of the action of S, ,  in this ease one s~.r:~ngbhening .its repulsion of S a pollen. This ~tNg.ue 
case cannot be attributed to variation in the S a pollen from P. c~x.ig~c~ris used in the 
crosses, because the same two ,.~. aodlh~'.gs plants were u.sed to %st ~1i d~e s.c. hybrids. 

The modNed effee~ of S~ pollen from the hybrids is not shown on the style of an. 
SzS~ P. vio~ecea. Itere S= pollen fails whether R came from pm'e P. v~olacec~ or from an 
s.c. hybrid. I t  woul_d thus appear ~ha% S~ has a stron.ger action in S~S~ styles than it 
does in Sa8 ~ or S~8~ styles. S,  mnsg be supposed ~o have the property of making S~, 
inhibit S~ polish more eNciently in the shylar tissue, even though S z itseIf has no 
noticeable inhibitory effect on S~ pollen: }.t is impossible to say whether S_~ s~milarly 
sgreng~)aens the action of S, in SzS ~ styles, as no S~S~ komozygo~es have Been used in 
the experiments, and so no standard of comparison is available. 

An alternative e~lana~ion of the resttl~s would be to suppose that S~, has not the 
property of inhibRing the growhh of Sa pollen, whereas S~ has this property. The~. S~ 
pollen from an s.o. hybrid would ~ o w  down an S~S~ s~yle bug would be inhibited in an 
S i S  a style. P~easons have already been given for rejecting this hypo%hesis, wh_ibh depends 
on the unlike reaction of two otherwise similar atlelomorpks ~o a third alldomorph from 
a different species. ,4. f~rther tes~ is, however, possible, On this view, if s.c. pollen is 
placed on an S~S, P. vioI.acea style; one-half ~he pollen at most should grow, viz. the 
S~ pollem If, on the other hand, pollen is taken from an s.~. hybridal l  of R should ~ow,  
for neRher ~he S, =or the S~ pollen would be i~aibRed by .hhe,S~S~ style. Nr A. J. 
BaSeman hag examined pollen growth following pollinations of these two kinds, and[ can 
find no evidence of a clifferenee of the magnitude which would be expected on this vie~r. 
Thus we are sh]engthened in our conclusion ~hat i~ is the S~ pollen from the s.c. hybrid 
vrhich is successful on S~S z P. v{ogc~eec~ styles, and d~.af .S, has the effec~ of reinforcing 
the action of S~ when present in ~he same style. 

5. B~m~wo~m ~>r m ~ z  eE_.Xm~a.TZOXS 

The behaviour of gh.e F t species hybrids in rda.tion to one at~other and to their parents 
is gh%s explicable in tin:ms of the following four postulates : 

.!i) S, and S z :from P. ,violacea act as oppositional f~etors of the Nico~ie'~~(~ gyps. 
(ii) The aIlelomorph S~, which P. ezCb.~'i~' ~l~ust be presumed to c~rry, has tI~e negative- 



proper~ies of never growing etfmientty dow~a a style contaiafing either S a or S.~, o1' both., 
a.nc~ of never inhibiting t]~e growth of S z and S~ pollen, o 

(ifi) P. ao:iZfa~r.fs carries a gone or genes, non-allelomorphic with S, which modii)'%he 
incdm]?a,ti]0ilRy reacti.on of both S 1 and, especially, S~ in style and pc]lore 

(iv) Sa strengthens the action of S~, in S~S~ style% in inhibiting th%effective g~:owth 
of S~ pollen. 

Verification of these postulates, es]?eda]ly (ifi) and (iv), was sought fl'om the behaviour 
of F s pla.~its and of plants obtained by backcrossing wR]i ~he.parental species. Of these 

~he ~ ' s  are the most informative. 
Foua" types of Fz family can be raised, viz._from selLpollination of. s.~. hybrids, from 

,~elf-pollina.gion of s.c. hybrids, and from the reciprocal crosses between S.L and s.c. 
s.L plants have the constitution S~Sa and, by hypothesis, should give equal numbers of 
SaS ~ and S~Sx offspring after self-polHna,tion. A very small proportion of SaC ~ 9ffspring 
might perhaps occur, as, even though S~ pollen does not easily grow down S~S~ styles, 
self-pollination of s.L hybrids does not in any case lead ~o, full oompatibflRy. Ten sach 
F~ plants, five from progeny of each of s.~. plants.:] and 2, were ~ested by self-pollinating 

Table 2 
Tested vd.~h p@en fl'om 

/ a x  

Self s.z. ;.e. P. c~zillari~ .P. vfol~ce~ 
!parent and  

plan~ no. 
sx :  I selfed 

I 
2 
3 
¢ 
5 

s.i .  2 soiled 

1 
2 

5 

- -  f , f  s , s  f , f  s , ~  
f / f  p , f  s , s  f s , s  
s, s s, f s , p  f , f  s , f  
s, s f, f s , s  f ,-f  s , s  
- -  f, f s , s  f , f  s , s  

p,f p s , s  f , f  ~,s 
p:p f , f  ~,s f , f  s , s  
- -  p, p s, p £, f s, s 

f, f i ' , ff  s , ~  i f  s , s  

In Ta]£~s 9-11 each le~er represea~s one. polliuai-ed flower, s incliegtes a, suecessftd tJel l inatlon,  r a, I)a.rbially 
slleeessf~d pollh~ation, aald f a pollination, which t~]ed, to give seed. 

two flowers, crossing two flowers wit5 psi]on ih:ona s.I..F:t hybrids, two with pollen :from 
s.c. ~ t  hybrids, two witlf pollen fz'om P. a:c.ifk~4'.fs and two with polletl t5:om SaC ~ P .  ~'.io- 

~c, cee. The results are given iu Table 2. Two pollinations is a somewhat small number oJ] 
which to base a. conclusion coneermng the incompatibility nf a givelt cross, becallse fa.uRy 
management could lea,q to serious misjudgment; b u t  as will be seen later, the *,eta.1 
pollinatio~ .programme was large and i~ was though:, more desbable t~o t ry all crosses 
with s. few flowers sac[h, than a few crosses on an extensive scale. [Reliance :["or the de- 
tection of fMse results must be placed in the oomparatlve behaviour el: single plants with 
Yarious kinds of pollen and of dH~/eren~ plants w.i.t~5 the same pollen. In actual praeljee 
very 1Rile diflical b ~as exi)erienced ira picking out the t rustworthy results. 

Iu  t;he case of ~he )7~ plant,s from selLpollina~ed s.I. hybrids, P. a:r~.il.~e~'.i~ pollen com- 
pletely failed to cause seed se~ting. In otlier word% we must suppose tha~ no $,~S~ indi- 
v].duals were present, a.t least among the ten plant,s t~ested.. This is confirmed by the 
failare, comple/-~e or nee.fly complete, of s.l. pollen on all ten ]?la.~.tts. s.c. pollen, on the 
other hand. was, as might be expected, saecessfu.l in all cases, only two bests out of 
hv:enty givi.ng partial ~akes with the res[~ &flty compatible. Heterozygous P .  ,t,~oZacca. 
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pollen is also compatible as would be expected. Not all the F~ planes were tested l)y 
set:f-pollination, because ~h:ree were male sterile a;n.d, one nearly so. The remaining~six 
consisted of two which 2ailed completely with their-own pollen, one which showed very 
slight signs of self-compatibility, o.ne which was deflnitdy partially self-eompatfl~h and 
~wo :fully sel~eo.!npatibIe. IL as test crosses with P. cm:illaris .pollen and s.> pollen lead 
us to believe, no S~S a plants were present, we must have either fully self-compatible 
S~S~plants or fully self-coml>a.tfble SzS i plant.s. The former possibilRy is the more likely 
as ~he s.L Fx.'s are partially self-eompa[ible; but, in any ease, it is clear that  at least 
one nomallelomorphic tune, whose eit?ect is %0 weaken the action of S 1 on SsS.., plants, 
mus~ be postulated. I f  only one were present, it mus~ be nearly recessive, since the 
parental s.z. hybrids were less self-compatible than these F s individuals. I t  would, 
however, appear that this gene co uld nee be ehe same as the one responsible :for weakened 
acf,:,~] of S:t in. the/~'~ hybrid, as compared with the parental P. violacec~. The possibility 
of several modifying genes will be discussed later. 

P a r e n t  a n d  r 
p l a n t  no .  S e l f  

s . c .  3 an/fled: 

1 
s, s 

3 ~ 8 
4[ 
5 S, S 

S.C. 4 s~Ifed 

I 
5*. 8, 8 
3 

s .o .  5 se ] fed  

1 
s,  s 

Table 3 

T e s t e d  w R h  p o l l e n  f r o m  

s, t .  s . c [  .P. ax.illm'is I ). vfdacea 

1 o, p p, p f s, s 
$, S ,-'. p . S, p S~ S 

s p , p  p , f  s , s  
S, ~ ~, S Jp, p S, S 
g s p,p g f s,p 

s , % f  s , f ,  f f, f s , s  
$~ 8 S, f S~ 8 $j $ 
$, p s ,  s p . . p  s , s  

s , s  s , p  p , f  s , s  
s ,p  p,p p,f  s,f 

The f~  from the self-pollinated s.c, hybrids is less informative (Table 3). I t  is known 
that  S a pollen is not quite wholly inhibited in SoS a styles, so we may expect S~s~, S,,S~ 
and S~S~ plants, though the last may be rare. All ~he plants tested proved to be self- 
compatible and all but two were reasonably oompatible with s.o. pollen. 'All were, a s  
might be anticipated, compatible with s t .  and P. violates pollen. When, however, we 
turn to the tests wRh P. c~,~.i~laris pollen we see thafl ~wo plan~s were clearly compatible 
and a number of others partially so, whereas s.c. f~  hybrids were, a~ best, only slightly 
compatible with %his type of pollen. I~ migh~ be supposed ~hat the two especially eom- 
pa%ible plants were of the constitution S~Sa, but R so happens tha~ one of them was. 
descended from s.c. plant 4, which, as we saw earlier, was unique among the s.c.', hybrids 
in completely refusing S~ polle~ from P. ~x.i[Iaris. Furthermore, this same plant set only 
one capsule out of two flowers tested wRh s.c. pollen. This may be due to accidental 
mismanagement; bu% coupled with the aneestry of the plan% it strongly suggests that.  
the operation of the incompadbili~y system has ehangecL The production, of a plan~ 
wl~eh accepts P. alr,i.~l(~'ris pollen ])~li~ par~ially refuses s.c. pollen in the F ,  progeny of 
an 2~ 1 whose behaviour leads us to expee~ no S~S~ individuals is very sv.ggesgive of 
modifying genes. 
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The remMning F~'s from s.I. x s.c. and s.c. × s.n are expected to contain a ~ype absent 
fa~o~, both of the ~ ' s  considered so far, viz. S~S~. The first of these crosses, s.L × s.c., 
is S~S, × S~S~ agd, since S~ pollen has never bee.n observed to be effective in s.~. s~fies, 
should give S~S~ and S,,.S~ ]?lan~s in eq~ml nm)_abers. The former should fail to set seed 
after self-pelt.nation and also after pollination by the s.~. parent. The ],~tter type should 
set seed both after selfing and aRer crossing ~-ith the s.I. parent. Table 4 shows %hat 
five plants set with s.r. pollen and five failed or nearly failed. Where  settings:was possible, 
some plants being mate s~srile, its results agreed wRh those from {he s.I. tests. ']2his 
agreement is especially s%rf-ldng in two cases where both self-pollination and pollination 
by s.L nearly, but  no~ q~ite, ]?roved incompatible. 

Table 
Tes t ed  ~d~h pol len  f l 'om 

:Parents  and ~ ~" 
plan% no.  • Self  S.L s .c .  ~. aziZtarfs I ). vfo[aeea 

s.L ,3 x s .c .  3 
I ] ? , f  p , f  f , f  f, f s , p  
2 f f , f  f , f  f , f  ~ , P  

s~ ~ 8, s ~, g f~ f 8, g 
4 p , p  p , f  f , f  f, f s, s 
5 - -  s, s B, s p ,  p s, s 

s.L l x s . c .  4 

1 :9, 17 s, s s, s s, s s, s 
~- -- S, S g, e .f, f 8, g 

- -  f , f  g f  f , f  p , f  
4 s, s s, s s, p s, [p s, s 
5 - -  f, f . f , f  f, f f ,  f 

These five plants, which fail or nearly fail, are thus SlS~ " and the other five art  S2S~. 
The latter set seed with pollen from s.n hybrids, s.c. hybrids and heterozygous P. vio~asea, 
as would be expected. Two of them failed completely wiUh pollen from P. a,~;iZga,ris and 
one set poorly; but  ~he remaining two set good capsules--behaviour which was not shown 
by the s.c. hybrids of the previous generations, though these were of the sa]:ae eonstitu r 
]ion in regard to the S gone. Evidently a recessive modifier or a. :a~unber of modifiers 
hays segregated, 

The SiS ~ plants of this ~2 show two remarkable properties. In the first :[,lace they 
refuse 1o set wit)_ pollen from the s.c. hybrids, tho~gh their S,,.S~. sisters set wRh the 
same pollen. Just  a.s was obsei:ved in t, he case of ~he cross of s.c. hybr idon  to S:tS z and 
S,,S~ P. v;oZcbcea, described in the previous section, S 1 is streugt]zeling the action o:[' the 
S, alle]onlo?:ph. Th ere°can thins be no doubt that  81 and S:, display this peculiar :,:elation, 
which shows tha~ they ran.st govern some common reaction, as well as the reactions by 
w.hic.]~ the3, differ. 

The other re~?~s.rkabls pro]lorry of the S~S~ F~ :plants is that  they set seed more o1: less 
readily after pollination with SiS 2 P. violates.. [["]_.us the S1S a sysl, e:ltJ in the 7;' 2 is internally 
e.fllc:ient, though R shows more pssudo-compatfbilit, y ~han does P. vioZa.cea., b0t it is, so 
to spas.k, out of phase wit5 Uhe S1S ~ system of 1 ). vid((cea. The same incompatibilRy 
al~e].o.morphs are at ~,ork but they opera.be in a somewhat difi'e]:ent way. We must assume 
~hat th].s is due to :modi:[),Jug genes. 

Tile recl.proca.] t,'~ f'ro~n s.c. × s.L is also expected. to contain SaS ~ plants together w:ith 
SiS ~ and perhaps also a few S~S~ and S~S~ i~.~ ~he firsi~ of the two progenies l~ested. The 
ten plants tested 5:ore /r~'s of this kind (Table 5) are less ]J.elpfal than ]]lose from the 
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reciprocal cross. Only ~wo of t h e m  fail wRh S.L pollen., one of which also near ly  fails 
with s.c. pollen and with its own pollen. This :must be a n  S1S 2 individui, and  .it ag~:ees 
witlh what  we shoul.d expec~ f rom a plant  of ~his consgi:gugion. by  refusing P.  a~J,illaris 

" pollen but  par~ially se~eing with P.  'v'id~cea pollen. The remaining planes are difficu~ to. 
clasgify as all se~ more or less well wRh all ~hs pollen tried exoetR, in some eases, with 
fihat f rom ~P. eziffaris. Only the las~ plan5 in bhe table seems exceptional  in refusing to  
se~ wRh Rs ewn pollen; bu t  an excep[ionM faiku:e always raises ~he suspicion of mis- 
managed  pollination. The second :plant w]iioh fails with S.I. pollen, was not  tes ted wRh its 
own pollen bug is compatible  wieh s.c., and so is most  likely of the  eonstRut ion S i S  ~. 

~arenb and 
p[tna~ no. Self s.x. s.c. 

s.o. 3 x s,I. 3 
l S~ S S~ S S 
9~ S~ e S~ S S~ S 

3 -- S, e S, p 
-~ s , s  g s  s , l ~  
5 s, s p, p s, s 

s.c. i xs.I. 1 
1 -- f , f  s 
2 p , f  f p , f  
3 S, S 8, ~ ~, S 

4: S, S S, p $, S 

5 f , f  %s ~,p 

Table 5 

Tested wi.~h pollen fi'om 

P. a~%llm'fs 2..v.iolacea 

p,p s,s 

1 } , f  s , s  
S, p - ~, 8 
p,p s , s  
f ; f  s , s  

f, f s , s  
f , f  s,f  
p, p s, s 
e, S 8~ g 

Parents ~nd ~ - - .  
pla~t no, Self s.r. 

P. a:cillarfs x s.I. 
1 s, $ s, p 

2 s, s p, p 
3 S, s • ~, p 
4 s , s  p , p  
5 s, s p, p 

1 S, ~ e, g 

2 s , s  p , p  
3 s, s p, p 
4 s, s P, ]9 
5 s,s p,i  ~ 

Table 6 

Tested with pollen ~om 
A 

s.c. P. a~il[c~rf~ P. violace~ 

e, e S~ 8 f 
s,p. s , s  f , f  
s , s  p , f  f , f  
s,  s s ,  s p~ f 
$, $ S, S f 

S, 8 8, e S, ~) 
p,p s, s p , f  

p s , s  i ; f  
s, s s, s f, f 
8, s s~ s p~ f 

~o certain conclusion can be ch'awn from the rest, except that they do not fully conform 

to any  simple scheme based on the interrelations of S i ,  S~ and S~. ~odiffers  are pre- 
sumably  at work. 

Progerfies were also 5ested from. the crosses P.  ~:i[lc~ri~ x s.I. and P.  t t x i ~ r i s  x s.c. 
(Tables 6, 7). These requlre little commenfi. All b u t  one plant  sefi well wi5h P.  c~,.',:.gla~fs 
pollen, and even this exeep idnM individual gave a par[ial  set. All se~ wRh their own 
pollen and gave a poor set. or no set at  all with P. vfolacet~ pollen, l~easonably good sets 
were obtained from all with S.L and s.c. pollen. I a  fact  ~hey behave very  nearly like 
P.  e;~glr~ris itself; for, it will be remembered,  though  SaS a styles permit  the  growth  of 
S~ ~nd. S ,  pollsn, crosses of  P. c~z.i~l, cl,.ri8 by P. viogacee do not  always se~ seed. The bask-  
cross 50 P .  ac, i~[c~ris weald  appear  to hays  in t roduced so m a n y  rnoclifying genes tha t  the 
ineompatibi l i [y  allelomorphs if p~:sssng have largely ceased to be operative. 
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The baekerosses with heterozygous P. violacea were all made with the parent species . 
as :~nale. The cross S~S~ (hybrid) x SIS,.,. (P. vidaeea) is expected go give SIS,, and SzS a 
pla~ts in eqaa] numbers, just as was the cross S.L x s.c. Thus the restdts of this backeross 
form a test  of the interpreta{ion of the , v  Applying the same criteria as with the F~, 
viz. the failure to se~ aRer self-pollinatio= and after pollination by s.i., -we find tha,t 
fouor plants fall in~o the category SaS z, the o~her six heing SzS~ (Ta,b]e 8). Furthermore, 
we find, exactly as before, ~ha{ the SiS ~ plants fail with pollen from s.c. hyJ)rids, though 
• the S oS~ plants set with the same pollinator. In fa.ct the only differen.ce, a very slight 
one, is tha~ none of the S~Sa's set @edy wi~h P. exi[k~ris, whereas plan% of this ,son- 

Table 7 

Tes~ed with po?de~ ii 'orn 
P a r e n t s  a, nd 
~olang no~ 8e l f  S.~. 

P .  a.~lla.ds x s .c .  3 

I s, s s, ]2 
2 s , s  p , p  

4 s , s  p,p 
5 s , s  l ? ,P  

_P. a~{gc~ris × s ,o.  ¢ 

l S, 8 a~ 
9 s , s  p , p  
3 s , s  p 
4 s , s  p , p  
5 s , s  p , p  

s.c.  .P. a:dZZa.~'is P .  v idase~ 

s, s s, s f, f 
p , p  s , s  f , f  
1 ) , p  s , s  f , f  
s , s  s : s  f~ f  
S , l )  s , s  f , f  

s, s ~ 8, s f,f 
'8, s s~ 8 ~ f 
s, s s , s  f , f  
s , p  s , s  f , f  
p , p  s , s  f , f  

TMJe 8 

T e s t e d  ~d~h pol len  f r o m  
~Pal'ents a n d  r * 

.pla.nt no.  Self  s .L  s .c .  P. ax~llaris &. .vgohme~ 

sa .  3 x P .  v id~cea (S~S~) 
1 - -  f , f  f , f  f , f  i ; f  
2 p , p  s, s p , p  f, f s, s 
3 f, ~ if, f f, f f, f f, f 
z, s, s s, s s, s p , p , f  s, s 
5 ~ s , s  s ~ ; f  s , p  

sa .  1 x 2 .  v~ole*esa (S~Ss) 
1 --..." s , s  s, s f, f p , p  
2 f "  f - f  L f  f , f  p 
3 p; p 17, ]? s, p 12, f s, s 
4 s s ,  p s, s p ,  p s, s 
5 f, f t] f ,,~ f f.. f s, s , p , p  

stRution it± the 20~ did set seed[. This is quite in keeping wRh the sup]?osition, made on the 
basis of the i# z results, that  20. axgEar@ carries modifiers reducing, the efficiency of S. in 
inhibRing S~ polling; for the more genes :from P. vgolaeec~ the% an. see  ~ pIanb carries the 
less shah.on there is of 2 °. axi~ktr@ pollen being sueeessi\d, i~ its styles, We may observe 
also ~ha% as befo,e, pollen from hete.rozygous P. ,vio/,<~cea causes seed. se~ting oll the 
?:econstitu$ed S,S~ plants; but, again as would be expected ou the modifier view, these 
sets a~e less frequen~ and less eom])lel,e ~h.~n those observed wi~h the 1~2 plants. 

X backcross of s,L hybrids wibh polleu from @e homozygous (S,,S~) P. viola, see should 
give exactly the same resNts a,s ~he hackcross with pollen ik'om heterozygous J). v.iolassa. 
~Jhe :five plants tested bear out this view as far as the tests go. ONy one SxS z ]?lent 
seems to be presenb (Table 9). 
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The backcross of s.c. by he~erozygous P. violences is SzS, :< S~S~ Lind SO should give 
eciual numbers of SlS~ and S1S ~ plants. These are more diJkcul~ ~o diserhninate glean 
are SsS ~ ,~nd S~S a. The o.uly reliable best is ~hat SiS a should accept pollen, from s.c. 
hybrids which SIS,, plan{;s will, as we have seen, rejecg. One SiS ~ and nine S,S~ may 
be s'ecognized by. ~,his means (Table I0). All ten should fail with ~heh' own ~nd with 
s,I, pollen, as StS,~ plan.fie re:ieoe or nearly reject S:t pollen, unlike S.,S, which .accepts 

"Parents and  
p h m t  no. 8elf  s.t. s.c.  

s.I .  1 ;'. 2% v.iolacsE~ (S~S,J 

1 S~ S S~ S S~ S 
2 --- f , f  p 
3 -- S S, S 

"J: S~ S S, S 

5 9, p s, s s, s 

Table 9 
Tes ted  wi~h pol len  fi:m:a 

P .  a.xillaris P .  v iolates  

1 ~ 2  g S, S 

f , f  .% s 
£ f  s , s  
f , f  s , s  
t ; f  p , p  

Table 1.0 

Parmats ~nd 
plz~n~ no. ~eif  s.t. 

S.C. 3 × P .  v i t ia tes  (SlS~) 

1 f , f  f , f  
,2 f , f  i; f 
3 f,f p , f  
4 - -  f , f  
.5 p f , f  

s.c.  4 x P .  vidaesc~ (SlS~) 

I -- p, f 
2 f gf 
3 -- p , f  
4 f,f f , f  
.5 - -  f 

Tes t ed  wibh pollen t i 'om 

s.c. l >. L~.~.illaris &, uiogace¢ 

f , f  f f,f 
s , p  f,f s , s  
[ ; f  f , f  s , s  
£ f  f , f  s , s  
p,f f , f  s , s  

f, f f,f p,p 
f, f Ef p,f 
f,f f,f s,s 
f , f  f,f p , f  
f,f gf p,f 

Table II 
Tested  with pollen f rom 

P~ren~s and  ,. {" x 
70lung no. Self  s.r. s.c.  P, axilJa'r.is P .  violace~ 

s.c.  3 x P .  vMaeea (S,_S~) 

1 lie s , s  s , s  f,f s , s  
2 p , p  s , p  f , f  s , s  
,3 f , f  s, s s,  p f , f  s , s  
4 -- s , s  p , p  f , f  s , s  
5 f,f s, s s, s,p,f f s,f 
6 - -  8 ,  ~ s~ s • ,.f~ f s ,  s 

7 f , f  % t )  P , P  f , f  s , s  
8 - -  s s , s  f , f  - -  
9 ~ s, s s, f f , f  s , s  

I0 -- s, s s, p f, f s, s 

S~ polleJ~, from hybrids. This expeofation is borne ont. No pla~ts accepb P. axillari,~ 
]pollen, but the SiS z p]an~s accept pollen from heterozygous P. vioIacec~ rather bebier 
than do the SiS 2 plants in the s.I. backcross. Whether the diffe/'ence is significant is. 
difficult to say, and perhaps it should no~ be stressed. 

The backcross of s.c. by homozygous P. ~io~acea was only partially su.ecess%l,, but 
tefi plants obtained in ~his..way were tested (Table 11). The cross SzS~ x S~S, should : 
give equal numbers Of S~S~ and S~S~ plants. No SiS 2 are expected, and so no p l an t  
shoulcl Nil with s.r. pollen. None, in fact, do,,fail. The four pla~.ts ~es~ed wRh their own 
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pollen fail, bnt this may ]:ave little signiicanee as male stez'i]ity, oom]?lege and partial, 
waa~rife in this family. We may note that male sterility is more common in t]aose families 
which have more P. viob, eec~ genes. I t  is not found N the baokoross with P. as.gZer@. 
]gvidently small t~psetsof the incompatibility mechanism are apt  to lead to male sterility. 
The ten plants all fail to set seed with P. e¢Cla.ria pollen, but  all set yell  with kstero- 
zygous P. vioZcteee, apart from one odd failure. This, of course, accords ~dth .expectation. 

One of the crucial tests of the hypothesis is that, while s.z. shotfld give~, exactly the 
same classes of progeny when backcrossed by P. e.ida.eec~ pollen from both homozygous 
and heterozygons plants, this is not expected of s.c. x P. vio~cec< The results described 
abos, e show clearly that  this is th.e ease, the differences in the latter crosses being of the 
kinds expected. 

Thfis we see that  the four assumptions necessary to aodoun6 for the behaxdoar of the 
xv a plants, crossed @zter se and with th.eb parents, are regularly bqrne out by the behaviom- of 
the ]plants obtained i n / ~  and in the various backerosses. The interpretation is confirmed. 

6. THE E]TOLUTIOIx r OF THE INCOBfPATII~ILIT~ " SYSTERi 

The operation of gametic incompatibility zsqnbes the existence of a minimum of tlu'ee 
alle]om.orphs a t  the controlling S locus; for all individuals must  be heterozygous, and 
.heterozygotes of the same constitution are inter-incompatible. Once a system of at least 
three allelomorphsjs established, the number shoal&tend to grow by mutation, because 
each new al]elomorph has an advantage over the pre-existing more widespread members 

o f  the series. When~ however, there are many.allelomorphs relative to ~he popula tbn  
size, the frequencies of some of them become so ].ow flint they will be lost by r-andom 
extinction. Thus the number maintained in a population is dependent on the mutation 
rate, inohding immigration, and on the population size ~(Wright, i939). 

The critical s~age ill the development of a gametic incompatibility system is dea~ly 
the establishment of the first three S allelomorphs. East  (1929) ]has supposed that 
incompatibility alle]omorphs accumulate in a sdhcom])ati]j.e species, under cover of the 
compatibi]Ry alle]0morph, anti] a sr;Nc.ient number exist, when the incompatibility 
system is ];rought'into being, by segregation, in a fully developed state. Though this 
could happen in Nicot'ic,~m..{]a~.psdo)~/K, where pollen e.az.ryil)g t]xe eompatibilRy al]elo- 

I / morph, S~, can grow c!.own a style carrying any of t]a.e incompatibili~y alle].omorphs, it is 
clearly impossible h~ Peh~.~Ka.. S~ pollen tune,imps poorly, if at all, ou any but  S~S, styles. 
We must suppose that the hicompati.b].e species arose from a co~pat, ib]e aneesto:r,, since 
a .mutation.? to S a ~u I °. ~6obc~;a. would be eliminated immediately; but  we cannot postulate 
that  it:. arose in tlle way ~a.st ~suggest~s because a, mutation to el. or S a in a popuhd~ion 
otherwise hom.egensous for S~ would have tlke effect of malting the mutant  ihdiv]dna] 
virtmmlly female steri].e. Even in the ease of Nicd.ia.';w~., where n:~t[~gar]rt ineom]?atibility 
allelomorl)hs could persist mad.st eove:r o f  the compatibility a]]e]omor]?]a, it is dortbtfal 
whed~er they would so persist; for the pollen carrying S~, etc.., would be a.e a d i s a &  
vantage a.s compared with that carrying S~. It enid.  not fanc~io~ i.~.~ any style c,a:rxyh~g 
the same incompatibility ge~ze. This disadvantage would increase a.s the incompatibility 
altelomorph spread in. the population. 

I t  might be supj?osed that S s, say, wos.ld sometimes persist and even sg]:ead in .sueh 
a populatio:n, by virt~le of the fact th.at~ plants carrying S 1 would be somewhat more 
crossbred than those of t]~e eonstitut]on SiS i, m'ossbred plants ]Jeiug supposed to ]~.a.ve 
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on the average a litter genotype thail inbreds. Since, however, i~ cannot be supposed 
~hafl ~h.e advantage of o utbreeding arises suddenly, ~t [he same time as the S i mata~ion 
occurs, Ohis view demands theft [he self-compatible species has persisted for some time 
While waiting, so fie spe~k, fo~ mneations sui~ahle for converting i~ into the fitter in- 
compat~ble type. This seems to be highly improbable, as, indeed, is ~he sudden rise of 
a marked advantage i~¢ outbreeding. It certainly mus~ be presumed that ou~erossing is 
advant~geot~s in incompatible species, for otherwise any suitM~le mutant compatibility 
ge.~_e would soon oust i[s incompatibility alldomorph% but it is .mu~h more reasonable 
~o suppose that t}le change in external co~idition% acting directly or t[n'oUgh change in 
population size, to which the increased ~qlwntage of oubbreeding is attributable, arose 
gradually. 

I-ience a:~ incompatibility system cann.o~ be supposed to come into being, by segreg~- 
tion ox by any o~he~ means, ill pro'feet form. It  must develop sIowty, e~ch Mldomorph 
gra lual!y showing a stronger incomp~tib.[lity reaction a,s the changing conditions gradually 
favoured Jnt'rea,sed outbreeding. The system of breeding is an ad~Lptive eh~ra, cter end 
must be ~p.)?posed to show the same.kinds of selective change as any other ~daptive 
eha.racter (i~.fabher & de Win~on, 19-'1.1; },'father, 1943). 

Such a~ gradual transition from self-compatibility to self-incompafiibility could be 
brought about in two ways. Zirst, i~ may be achieved by ~he replacement of the con> 
pagi]~ility gone by weak incompatibility allelomorphs, which in theii" turn give way to 
somewha~ s~ronger incompatibility atlelomorphs, ;.rod ao..0n, The eMstenoe of incompati- 
bility Mlelomorphs having different strengths is wen known. For example, Si~ in N.ieotie.ne 
is so weak that a homozygous plant will set seed quite readily with its own pollen, while 
other allelomorphs in the same species seldom, if ever, permit pseudo-pompatibility. In 
Pennia S 1 and S~ differ in thi~ vm:y ~ay, too. There is no evidence that devdopmen~ 
by replacemen6 of ehis kind has occurred, but it is dearly a possibili~y, even though, 
perhaps in some ways, not a highly likely one. Allelomorphio replacement cannot in any 
case be regarded as proceeding to 5he extreme, for otherwise S~a would have long ago 
disappeared from Nicotff~a. 

The second way in which an incompatibility system might develop" is by the selection 
of non-allelomorphic genes which modify the strength of the reaction controlIed by the 
S Mldomorphs. The evidence for ~he existence of such re.edifiers is extensive. In crosses 
between the cultivated A.nt.irrh.i~t~.m ~aj'us and related wild species Tseng (1938) found 
a non-allelomorphie gone for self-compatibility. Brieger (1930) has described such genes 
in N.icoti~na Se~zderae, which is a garden form of hybrid origin. ,~e  was able fie isolate 
one major modifier and was of ~he opiMon ~kat a nnmber of minor modifiers also existed. 
Wergin (1936) and t-Iarland & A%eek (1933) found evidence of such moditieation in 
Pea~'rda as we have already sees. 

The present results allow as to go somewhat further in the analysis of the incom- 
patibility system.. Three a.ltelomorphs< S1, S~.ar~d S,, were segregating in the material; 
and their general properties were established. But it was necessary to postulate non ~ 
alldomorphic genes affecting the following reactions at Ion.st: 

(t) The growth of S~ pollen, from s.c. hybrids, in S.,S, and S.fia styles. 
(2)~ The growth of S~ pollen in SeS ~ styles. 
(3) The growth of S i pollen on F~ pla.nts in their own styles, probably of the consti- 

tution SiS a . 
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(¢) The growth of S~ pollen in i~ 2 styles of constitution S,~S~ and S~S 2. 
(5~ The growth of S~ pollen in S~S~ ~plants from the cross s.I. x P: violaesa. 
(6) The gro~4h of S~ and S e pollen in the styles of SiS ~ havh~g various origins.~ 
Some of ~hese various results could perhaps be ascribed to the action of a single guns, 

but the complexity and number of the various modifications strongly indXeates a number 
of such non-allelomorphie modifiers. To take two specific examples, S z pollen h'om 
s.I. hybrids grows better in S~S, styles than does S I pollen down %he SIS,) styles of 
P.  vidacea, while S 1 pollen from -F 2 plants can grow be~er still; and S 1 and/or S 2 pollen 
~rom P. ~ioI~eea grows poorly in S~So styles within P. sio~acea, but grows better in SiS ~ 
styles 'of plants fl"om She backcross s.L x P. vidasea and best of all in SaS 2 styles 
of some xP~ plants. Such results could be expla.ined in terms of single modifying genes, 
but such genes must. have very specialproperties. They are, ho~vever, just the type of 
result ~o be expected:if, a number of genes, each having a small effect, were at work. 
In other words, the evidence ,;trongly suggests that the self-compatible P. exillaris carries 
a number ef modifying genes which individually and collectively weaken the action of 
the incompatibility system of P. violates to various degrees. 

When S 1 and S~ are transferred to P. (~zC~aris, by appropriate crosses, it would appear 
likely Chat ~hey cease %o -centre), any incompatibility resection at all. The modifiers ,of 
the self-compatible §peeler have removed the reaction which the S allelomorphs control. 
The existence of an inpompa~ibility reaction is thu~' polygenica[ly determined, and its 
s{rength is ~nde~ polygenic control. The S aIldomorphs only control the direct wortdng 
of the reactiqn ones it is est, ablished/They £re merely switch allelomorphs. Thus ~he rise 
of onl~breecUJag, depending on the opera,ion of incompatibility al]elomorphs, wo~ald be 
due to selection Of the polygenio combinations controlling the stren~h of the reaction. 
There fright also, of course, be some selecton of allelomorphs at ~he S locus according 
to %heir efficiency of action with the existing polygenic baekgro~md. 

Though it is perhaps too much to say that, the Psau~de~ crosses have pro\,ed that the 
strength of ~he incompatibility reaction is under polygenic control, i~ is clear that they 
are well in keeping, and, indeed, strongly snags:st such an interpretation. And this view 
enables us to see exactly how incompatibility s.gstems develop. In so far as the rigour 
of the iacompatibility reaction is polygenicaliy e.ontrolled, it may show a,ny strength 
between complete eom).~[tibflity a,nd complete incompatibility. The system can show a 
gradually increasing eNciency as external conditions gradually :N,vom" :more rigorons 
outbreeding. The change from compatibility to i~lcompatibility wiU be sl~ootll and will 
occur whe~ eh:cumsts.:a'ces f~vour such a change, and to the extent that circumstances 
favour it. The simms S d]elomorphs can operate the meeha~'tsm a,g every stage, but ~he 
inco~pa,~ibility that they. control will change smoothly in the way that only such 
characters as are under polygenic control can change. Furthermore, as soon as conditions 
favour the rise of an iucompat.ibility system, it can begin to develop, for one of the ~Aost 
striking properties of polygeuie variability is that it can exisl~ a~s pote~tiat variability in the 
genotype, having bat lig~le phen.otypical effect. Thus sel.f-compa~ib.~e species can oan:y 
all the polygenes necessary for the development of an incompatibiliCy .sysl~em, if condi~ 
tions should f~voru' o~_~e (see Nather, t.9@:1, 19:13). Such a development would be slow, as 
the release of polygeni6 va,rigbility from the potential to the free sta,te is slow, though, ig 
wou.ld presumably be speeded up by ~he development of incompati/bility (Mather, 194:3) ; 
but then exl;ernal conditions would be changing only slowly, and polygen:ic clhauge, 
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though slow, can proceed be great lengths, because large amoun[;s of wu:k~bilJty can exist 
in the poten.biat sl;ate. 

On this pelFgenie view we nrctsb anticipate that rel.a~ed species w-ill f'requently have 
well~d.evelopcd incompatibility systems depending on bhe same S a].lelomo~:phs, but 
&[fl'ering in bhe polygenie eombinatiohs on which $he ef~cicnb s,cbion of the switch allelo- 
nitorphs depend.s; for selection be maink~in polygem.cbal~nc, e will proceed indepez~.dently 
in bite species, and these will in conseq~enee digress in their polygenic combinatim~s 
(Nather, 1943). Ou in.bercrossil~g two such relat:ed species we should expeeb that re- 
combination bcgween the highly selected polygenic combinations, now broughb bogether 
for t,hc ~krsb time, would, desbroy their balance and lead to a more or less complete break- 
down in bhe effidency of the ineompatibiliby mechanism (hfsth.er, 19~:1). Pseudo-com~ 
patibility would occur i.a the F,,. and later generations. This is exactly wha~ appea,rs to 
happen in Nicot~a)za £'~.~ds.ra.e. The incompatible species N. a.~ate and N. ~'orgs~ia'J~.(~ 
rarely show psezldo-eoml?abibili~y and then only un.der special.circumstances; hut 
N, Sa,l~de~'c*,e, which is a hortienIttu'a,I 'species' derived by hybridization of N. a.Iatc~ and 
N. Forgetica'~,c~, frequently shows pronoun.need, pseudo-eompatibili~y (Bringer, 1930). 

D5ff'ereat poIygenic combina~io~s wit]. thus be capable of giving a variety of"incm~.- 
patibiliby systems with the same S allclom.orphs. We l>~ve seen ho~r, in Pebz~ie~, two or 
more incompatibility systems of differe~a~ strengths caa be built up all having S, and S~ 
from P. violences, Bug with different mixtures of polygenes from ~he two parents. It  is 
then found that Sz and S z operate lest efficiently bo_l;wcen systems than ~hey do within 
systems. The polygenes are determining the system, the S alIe].omorph.s merel.y control 
i~s direct working, Thus within a system Sa and Sa can share some property not shared 
by either allelomorph when it is operating with a different system of polygenes. The be- 
J~aviot~r of S~, as compared with S~, in sfireng%hening ~he action of S~ in. Pe~t~ica is further 
evidenice of {his phenomenon. So we can see that altelomorphs having little if any effeic~ 
on the breeding system in a compatible species can be bttilt up into an efficien~ incom- 
patibility system by selection of polygenes which affec~ all the S allelomorphs alike. I{ 
is not necessary to suppose that each atlelomorph has its own spec½c polygenic modifiers. 

On this view, i~ is clear that any new allelomorphs ab bhe S loicus, arising by mutation 
from pre-existing allelomorphs, would immediately be effective in operating ghe ineom- 
pa~ibiliby system. There would be no necessity for selection of modifers 6o enable them 
to work efficiently, for this selection would already }lave taken place in the developmenb: 
of the system depending on ~he original allSlomorphs. I f  one adopted some alternatiye 
interpretalon of the development of an inoompalbility system, s'ach as the allelomorphio 
repl.accmen~ view, or the view that each allelomorph had its own specific modifiers, this 
conclusion would not follow. We should then expect that a~ least some mutanb alteld- 
morphs would no~ operate eNcien~ly until suigicien~ bime had elapsed for them 6o be 
rendered e:ffJ.oient. Or, on the replacemen~ view, they migh~ never: be elkicienb. Ine/~[icient 
allelomorphs, whether bhey were inefficient bees,use of bheir own nabure, or because of' 
their failure to work effid.en~ly i~ the existing polygenio background, woutd doub{less 
uitima~ely be eliminated by seleebion, only the e~cient ones remaining, and then it 
would be diNculb bo clJsbinguish such a system :f~:om tha~ in which all new allelomorphs 
were immediately efficient. But clearly ~he tab~er would be ~he more advantageous as i~ 
would Jure{re ].ess ~oss of" etficisncy imn:ediately after mutation ab the S locus. 

I~ is n.og ~o be supposed tha~, once an incompatibility system has developed, the species 
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will always find it ~dvan~agebns ~o maintain such a mechanism indefi.nite-ly. Indeed, it 
h~s:,been shown (glat~er, 19~3) that  inbreeding and in]~reeding mechanisms not infre~ 
quen~ly supervene in on%breeding species. I~ is likely tha¢ ~his has happened in some c~ses 
of out, breeding by gametic incompatibility,--4~-t"irr/l'i'nu~n~c~jusisse}f-compatible, b u t m o s t  
i f  no~ all of its wild mela~ivss are insompai.ible, t t  is then not withon~.#ignifioance bhat 
selfeompatibi lRy in zl~tir~'hi,m~z ~aju~ is dependent on a single non-allelomorphie maj or 
modifier, which suppresses the action of the S ~lletomorphs. Although .the rise of the 
outbreeding system depends on  polygenic modification, ones es~aLlished Rs action may 
be vitiated by  ,a much simpler geneticat change. This also has been the ease in eke 
heteromorphie incompalibility system of Pr~u. fa  (Nather & de Winton, 194A), where, 
once the heterostylic mechamsm has been buiR up, a homostylic inbreeding medmnism 
can supervene by  a change in the swReh gone. I t  is the mechanism, not the direction, 
of matin.g control which must arise by gradual polygenic selection. Ones such control is 
-established by.polygenie change, it can be put to various uses by relatively simple ad- 
jus~nhent of eRher switch gone or some major non-aLlelom, orphic modifier, to give out- 
breeding or inbreeding or a mixture of the two. 

~. ~UNMARY 

Incompatibility is classified adcording ~o whether i~' depends direet, ly for Rs action on 
morphological Variation (het~.ro,morTh{o i~zoomp<~t~:bi~itp) or not (/:o~no'morSzJc i~eo~W~c~ti- 
b'I)~ity). The fat%or type is &~aill divisible into 9a~netie and z~jgotic according ~o whether it 
is ~he genotype of.the male gamete, or that  of the zygote producing the male gamete, 
whose ±'elation to the eonstibution of the zygote producing the female gamete de~ernfines 
[he reaction, 

Self-con~patibility in an oth.erwise gametiea]iy ineompa$ibl¢ species may depend on 
compatibili ty allelomorphs of the incompatibility genes, or on non~allelomorphic moctifi 
~ation, The latter ]rind, leading to pseudo-oompatfbilRy, is a.ssooiated with a hybrid 
,origin of ~he individuals behaving in this way or of their ancestors. 

Incompa,t,ibility in garden I~etunia.s depends on a series of S d.lelomorphs of the kind 
described in Nicotia.J~ia: .a.~?d Forenicer., ])at is oil,on comp]iea, l~ed by non~al]_elomo~,:phic 
mod.i~dng genes. The cause of ~b.is complicated inheritance is t~ be sollg]~_g ilz the origin 
.of the hortienltuxal st~ains from hybrhds between the self-con~patible 2et.~:~z..ic~ e~i~Z~rf~ 
• ~nd the self-incompatib].e P. ~,id, eeee. 

P. (~a:.i/,~(~,r'/s was crossed with a single plant of P. v.fdacea, which was shown ¢o carry 
.e, wo B a,llelomorphs, S 1 and S~, controlling ~ c~tuu'a,eterisl:ic ~nd m~complicated gan\qtie 
incompatibili~y reaction. The specie,~ Gross only sr~.eceeds with P. a;r./;Z,:~'i~ as female. I t  
gives 5we types of offspring in equal _numbers, one freely self-compat;ibte (s.c.) and ~he other 
nearly self-incompat, ible (s.L). These classes are respectively SzS~, and. S~S~, where S~ is the 
allelomorph of S:~. and. S~, ~hat 79. a, xil[,c~r.is m.ttst be presumed go carry. A. homozygous, 
.S~S~ pPan.I; of P. vfd, c~.cee, when crossed on to P. azil, Zeris gave on].y s.¢. progeny. 

Crosses between ,s.c. and. s.~. are compatible both wa,ys. Bob!h types set seed wRh 
pollen from S:~S z P. vid/,ece~, but give no seed in. the reciprocal cross. Be th are oomp~Jible 
a,s pollen pa,ren~s on [;o ]f. a,a;igga.'ris, but no seed is set on s..u pla,:uts, andonly  very little 
ou s.c. plants, w;hen they are po].Iifiated 1) 3, f~. a.xggIa~is. ]?ellen :fi:otn S,S~ P...viogecea. 
.g:ives a :full set on s.n }?lants, bu~ near].y fails nu s.c. plants, l)olten from both ~yl?es of 
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hybrid gives seed when used in the reciprocal cross, ehoagh s.c. pollen is stigh$1y less 
compatible that sx. pollen. 

The resT~l~s are explicable in germs of ~he fbm" assumptions : 
(1) S~ and S~ ae% as oppoiional  factors of ~he Nicotir~na bype. 
(2) 'S~ never gives efficient pollen g)ow~h in any s~yle containing 'S~ or S~, bu~ never 

inhibit  ~he growhh of Sz or S, pollen. 
(3) Pet~mia azillaris contains ~ gene or genes, non-ailelomorphie wi~h S, which weakert 

the inco mpaNhitiby re~mNon of S z and, especially, S~. 
(4-) When presen~ in bhe same sVyle, S~ strengthens the ac~io~ of S~ in inhibiting 

t;he growth of S, pollen :~k'om s.c. hybrids. 
The behavimu" of plants in the wrious Irlnds of f~ and in. backcrosses wi~h bo~h 

.parental species verities ~hese postula~es an(~ also sliows 5hat S1S~ individuals of different 
origin may be markedly self-incompaNble at~d yet sdt seed :Nirly fl:eely when in~erorossed. 

• \ 

Incompatibility systems canno~ come into being, either by segregation or az~y o~her 
means, in perfecb form. They, must arise gradually, a,s cha~ging external circumstances 
farmer increased, ou~breeding. This gradu.a] change is bronghg aboa~ by the select, ion of 
potygenes con~rolling the s~reng~h of ~he reaction, so t~hag ~he .move is from full self- 
compatibility ~hrough ~he various degrees of partial igcompagibili~y 50 fall incompati- 
bility. 

P .  c~i~a,ris, and P..vio~ace~ dlff~r in the polygenes which ~b_ey carry, those of ~t~e 
former species changing and weakening %he action of the S allelomorphs on which the 
opera~ion of incompatibility in ~he latter species depends. The S atletomorphs ae~ only 
as the switch on which the immediate workdng of the system, depends. The efficiency of 
~he incompatibility system of congroIled on,breeding depends on the polygenes which, 
determine the behaviour of all 5he S atlelomorphs. The occurrence of more pseudo~ 
compatibility in ~he hybrid z¥icotianc~ Sa'nderae than is found in either of its paren~ 
species is predictable from this polygenie view. 

Sel£eompaible protospecies may be supposed to contain all the polygenic variabiliiy 
necessary for the developmen~ of an incompatibility system a~ such ~ime as external 
circumstances favour such a development. Once a controlled ou~breeding system, de- 
pending on ga.metie incompatibility or some other means, has b.een developed by poly- 
genie selection, ig may be changed ~o give controlled inbreeding by simple genetical 
adjusgmemt of the switch gene or of a major non-allelomorphic moclifier. This appears g~ 
have happened in A.ntirrh.b~v,m ,mc@~s, ~hieh is a se~-oompaSible species in a group. 
o~herwise self-incompatible. 

I am indebted to ~iss P. ~'[. J. Edwardes for making many of the tes~ pollina~ionis, 
and go Miss N. Edgar for l~esting ~he progeny of Petunia axillaris x S~S~ P.  violecea. 
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