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TH~ genetieal analysis of P,ri'mula, sinensis was begun hi 1903 by 
W. Bateson and 1%. Y. Gregory. The nmin results of their work with tile 
diploid were eommmfieated by Gregory (1911) and Gregory, de Winton 
and Bateson (1923). In this paper we shall deal only with the diploid 
and confine ourselves to a description of the individrml factors, their 
interaction and segregation. Linkage and related problems will be dealt 
with in a later paper. Tk description of the genetics of the tetraploid will 
also be given laterL The results here given include those by Bateson 
and Gregory. I t  will be necessary to recapitulate some parts of the 
former papers for the sake of completeness and also because earlier 
results have sometimes received a new interpretation. 

Genetical analysis has so far revealed 25 pairs of Mlelomorphie 
factors, and two sets of three allelomorphs. In addition three other 
factor pairs are suspected in the diploid, but analysis is not yet com- 
plete. In the tetraploid seven of the well-known Mlelomorphie pairs 
are presen% and also one pair from each of the sets of three Mlelomorphs, 
while a tenth feetor pair, not represented in the dipIoid, is suspected. 

We shM1 first deal wRh the effects of the factors one at a time. The 
results can be expressed in two ways. In the first place we may describe 
the action of each dominant factor, in terms of Bateson. and Punnett's 
presence and absence theory. This theory may requh'e modification in 
so far as a recessive factor is often an inactive rather than an absent 
gene, but it accounts for dominance, and describes the function of 
factors in physiologieM terms. Secondly, we may describe the effects, 
on )~he presumed originM type of plant, .of a change in its factorial basis 
involving one factor at a time. This is the method used by Morgan and 
his colleagues to describe the mutants in Drosophila. It is clearly 

I See a.lso 8verdrup-S6mme (1.930). 
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applicable in that  ease, and as clearly inapplicable go a domestic animM 
such as tile hen, whose " w i l d "  type is not known, as it is possibly 
derived from several species. P,ri,m't&~ si,~e,~sis occupies an intermediate 
position. The wild form is not known, but the plants brought over in 
1820-5 only varied in respect of the factors Gh, S and possibly, though 
not very probably, I. As Gregory, de Winton and Bateson point out, 
Gh causes a type of flower unknown elsewhere in the genus P~'iv~,z&t, 
and there is therefore reason to suppose that  the original plant lacked 
the factor Oh. On the other hand, like many other species of P~'i~**&~, 
it  was presumably polymorphic for S (short style). I t  probably pos- 
sessed I, but the loss of this factor produces so slight an effect tha t  this 
is not quite certain. In what follows we take a type possessing S and I, 
but  lacking Ch, as our original wild type, though realising tha t  this is 
a somewhat arbitrary procedure (P1. XIII) .  

Table I gives a brief account of the known factors. Where the Nen- 
delian behaviour has not yet  been conclusively established the factor is 
queried, but  there is every reason to think tha t  at  least C and Z will 
behave in a normal manner i. [['he factors are arranged in linka.ge groups. 
The linkage between 1R and N is still somewhat uncertain, and the order 
in the group M Y PI K quite uncertain. F, I s, f i and A', A, a are multiple 
allelomorphs. The factors Ch, D and A', which are italieised, are 
dominants over the wild type. The remaining mutan t  ~ypes are recessive, 
but  a j plants are intermediate in dome respects. The second c o h m n  of 
Table I describes the factors in Bateson and Punnet t ' s  terminology, 
~he third in Norgan's. 

All of these factors excep~ Ep segregate in the diploid, and s, 1~, g, f 
(probably ii), Ch, D, y, v, a and ep are found in the tetraploid, while 
x was formerly found in it. 

We have provisionally divided the factors into eight groups, according 
to their most conspicuous effects: 

1. Factors intensifying anthocyanin. V, a, K, E, I-i. 
2. ,, inhibiting anthocyanin. G, D, I, I5, B. 
3. ,, altering anthoeyanin, l:l. 
4. ,, inhibiting flower plastids and :flattening the edge of leaves 

and petals. F (g Mlelomorphs), A (three allelomorphs), 
p (sp). 

5. ,, affecting flower structure. S, X, lVI, Gh, ]N, (Ep). 
6. ,, ,, leaf structure. W, O, T, Mp,  G, Z. 

i Since writing the  above the  new crop has germinated,  and  cl~w (z) planl;s are coming 
ill d# a in approximately itorinM r~ ios .  
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7. F a c t o r s  a:ffecting bogh f lower a n d  leaf sgrttelmre. W ,  Iv .  

8. ,, ,, h a b i t .  Q, (U). 

Of the se  U ,  S p  a n d  E p  are  sti l l  d oabgfit l .  I n  a d d i t i o n  t;ttere is a n  ex t r a -  

n u c l e a r  " f a c t o r "  or p l a s m o n  affeeTbing t~lm ch lo rop las t s  of the  leaves .  

Linkage 
group 

i [  

I I I  

IV 

V 

VI 

T A B L E  I. 

Fact, or Ael,ion of factor Appear~mee of mutant 
[ ~  Shortens style, lengthens anthers "Pin," long style, short antlmrs 

(probably present in nature) 
:Blues anthoey~min, increases flavone I~ed tlowcrs 
0onverl,s extra pel~als into stamens, Sl;erile double fiowers 
etc. 

: Suppresses anl)hoeyanin in flower lged stigma, dark centre followers 
een~bre 

iParbly suppresses anthoeyanin in iD0.rk pm'ple stems and leaves 
stem and leaf 

P gesbriets eye, flMil~ens petals "Peculiar" largo eye, roiledpetMs 
Suppresses growth of leaf edge - -  - -  

fs - -  - -  "Sutt, on's" moderately crimped 
leaf, normM eye 

f l  - -  - -  "Lee's" inl~ensely crimped leaf, 
large eye 

Ch Increases flower growgb, shorl)ens "Sinensis," fringed petals, 10 
st~em calyx I~ee~bh 

{ :  Suppresses anthocyanht in flowers,- White f l o w e r S e s p e e i M l y  al~ edge 

Spreads anthocyanin over petals Flaked petals 
{ ~  Suppresses extra whorl of petals Fertile double flowm's 

Shortens leaves "J0~ern '' lea.f 
Makes petal eolour and size unJdorm "kIarlequin" flowers 
Oxid_ises pink anbhoeyanin to darker "Coral" stems, pale or white 
type flowers 

{l~/I J 'ohm leaflets "Oak" braised leaves 
p Lengthens hairs, alters leaf edge "~Iaple" leaf, semi-glabrous 

{~¢ Acidifies ]?etM sap Blue flowers 
Inhibits overgrowth of calyx attd Leafy bracts and large calyces 

bracts 
V h'Iakes anthoeyanin Green s~ems, whi~e--pMe pink 

flowers 
J Makes an~bhoeyanin Green stems, "Sirdar" flowers 
I Slightly dilutes anthocyanin Deeply eotoured flowers 
A '  Suppresses plastids of eye "Alexandr~" whi~e eye in flower 
-~ ]~,esgriets plaslffds of eye -- -- 

a - -  - -  Large "Primrose Queen" eye, 
very short style 

Sp? Intensifies plastids of eye "Ghost" eye 
Ep ? I~esl;riebs petal number Extra petals 
T Makes leaves rounder, and incises "Tongue" f~riangularleaves 

them 
C ? Increases vigour of plant "Cup" leaves, smM1 unheMthy 

planTbs 
Z Expauds leaf, suppresses dorsM "Claw" leaves, rolled up 

comb, etc. 
Iv Makes leaf margins erenate " Ivy"  leaf, reduced flowers 
W Increases vigour of plant "]?eeble-minded," stunted plants 
Q Causes open growth B, osett;ed habil~ 
U ? Reduces leaf number and sl~enl size Umbellaged, often faseiated habil~ 

i - 2  
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The above classification is quite provisionM. Thus tO a bee, to which 
red appears ',s black, R, which converts slaty blue into red, would appear 
~o belong go group 1. AgMn Ch and N have a decided effect on habit 
as well as on flower strttctm'e, and O, T and Mp have a certain slight 
influence on flower as well as leaf struebure, even in the absence of Ch. 

Iz~'rE~ac:rmzq el,' 'rl-n,~ ~ac¢o~s. 

With the nuclear factors and extra-nuclear factor avMlable in the 
diploid, the possible number of homozygous genotype.s is 22~ x 32, or 
301,989,888, besides a very much larger number of heterozygous 
genotypes. Not all these types would be distinguishable. For example 
the majority would have white flowers. Needless to say only a few 
bhousand have been made up, and it is possible that  hitherto quite 
unexpectec~ interactions will be revealed later on. Such interactions as 
those of A and f 1, or L and R warn us of this possibility. In what follows 
we shall deal with the colour and structure of different parts of elm plant 
separately, the following being considered: stem and leaf colour; gynae- 
cium eolour; petal sap colour; flower plastids anti leaf and petal edge; 
leaf structure, and correlaged variations of flower structure; flower 
structure; bract form. 

Stem and lec~' colou,r. 

The factors concerned are V, J, K and L, though in a few cases 
G, E and Gh appear to have a slight effect. Two types of anthoeyanin 
are found h~ the stem. Plants carrying K all appear to possess the same 
pigment, shown by ScotbMoncrieff to he a monoglucoside of petunidin. 
The quantity however varies from a large amount to a barely perceptible 
trace. The following table gives the types arising from h~teraction of 
V, L and J in presence of K. The types are nmnbered from the lightest (1) 
to the darkest (7). 

TABLE II. 
Genetype Gr~do 

V JJL 6 
VJjL 5 

V j j L  4 
V J J  Ii 7 
V a j l !  6 
v Ji n 5 
vv JJ L 2 
wJjL 1-2 
vv jj L 1 
w JJ 11 3 
VV J j ii ? 1-3 
vv jj ii 71-3 

Description 
Purple, evenly distributed 
Light~ purple, st~ems alines6 as dark as "wild," leaves and brae6s 

nearly green 
Green, but much eeleur in base of elder leaves 
])ark purple 
Light purple, calyx and bracts green, leaf backs fMrly dark 
Light purple, calyx and bracts green 
Green, sligh~ colour in young petioles and flower s~Mks 
~¢reell 
C}reoll, lie ~ l i thooyal l i l /v is ib le  
Dark green, considerable coleur in yomig petioles and flower s~alks 
Green, net  yel~ separated from other types 
Green, not yeL separated from e~her types 
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The classification of stem colour at  first caused considerable trouble. 
[['here is hardly ever any difficulty in distinguishing K tlrom kk  plants. 
This only arises when owing go the presence of recessives, e. 9. vv jj, the 
stems are green and the flowers white. If any appreciable anloullt of 
pigment is present in stems or flowers the distinction is easy. The inter- 
action of V and J was worked out by (Iregory, and our J corresponds 
to his F, our V go his Q. We do not, however, find it necessary l;o 
postulate two other factors, which he used to explain his stem.-eolour 
results. As regards ~he interaction of V and J we have a large number 
of results in which the classes were incompletely separated. The following 
families illustrate the segregation observed when four of these classes 
are scored separately. The figures given are sums of six Jr, families 
derived from selfing the Fl 's  of vv J J  x VV jj and VV J J  >,~ vv jj. As 
V and J are not linked they can legitimately be grouped. 

Grade 6 5 6 2-1 
Phenogypo JJ V J j V jj V w 
.Found 131 255 122 198 
Expec ted  132.6 26~.7 132.6 176.5 

In the vv class it was rarely possible to distinguish between grades 1 and 2 
with certainty, but  the pure greens, when tested by mating to v g  J a  
or VV jj, proved to be vv jj, those with most colour being vv J J .  

In the c~se of V and L the cross between Etn~ (VV 11) and Queen 
of the Pinks (vv LL) and similar crosses has been made several times. 
Up to 1929 the distinction between vv L and vv ll was not  clear. The 
latter has a considerable amount  of anthocyanin, and the leaves are of 
a dark green. Mr Stone finds tha t  under certain circumstances the 
chlorophyll may be dissolved out, leaving a little anthocyanin behind. 
vv 11 plants often bear nmnerous flowers, and give very good pollen, 
but  out of 80 tested, both by selfing and crossing with various types, 
none has ever produced a seed. They are h~ fact sterile on the female 
side. :Recent work by Mr Afify shows tha t  the ovules of these plants 
do not develop, though pollen tubes grow normally down to them. Their 
leaves have a characteristic shape, the sinuses being less acute than 
usual. Moreover in certain families dwarfs have appeared only among 
the vv l l  plants. 

The genetic constitution of these plants has been fully confirmed by 
crossing them with vv LL and VV 11. The numbers obtained are : 

1~o/)'o~, VV 11 × vv LL a~zd ~'eciprocal. Ncve~]'amilies. 
V L V II vv L vv II 

303 123 i i i 30 
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F,,,/'~'om VV LL × vv 11. Fo'~.~" Jh,~J~,ilies. 
V L V II vv L w II 
112 21 39 11 

F,rom v L V 1 × vv  11. 

V L V 11 v v  L vv 11 
75 61 51 70 

The first one suggests linkage between V and L, but  this. has not been 
confirmed by recent work. A further complication in these families is 
due to the influence of G. vv  L G plants are pure green, but  vv  L gg  
may have an appreciable amount  of eolour in the petioles and flower- 
stem bases. However their leaves are light green, so they  are not likely 
to be mistaken for vv  ll. 

The interaction of J and L is shown in derivatives from crosses of 
Etna  ( J J  ll) with Sirdar (jj LL) and a green-stemmed white-flowered 
plant  (jj L L  ee) obtained from the late Mr Elwes. In the derivatives of 
the latter the ee plants had slightly lighter stems than  E, moreover it 
was possible to classify ee plants into J J ,  J j and jj on the basis of 
their flower colour. Until 1929 it  was not  possible to separate all the 
six types of stem. This has been done in an ]~2 from Sirdar (jj LL) x Etna  
( J J  11) and in one from J j LL  ee x Etna.  In the lat ter  case the male 
parent  was a derivative of Elwes' white (jj LL ee) and the F 1 were of 
grades 5 (J  j L 1) and 6 ( J J  L 1). One of the former was selfed to give 
an F 2. The totals for the two F.s were: 

JJL JjL jjL JJll Jill jill 
Found 54 82 45 ] 4 30 18 
CalcuLated 45.6 91.1 45,6 15.2 30.4 15.2 

In two earlier F2's from JJ II x jj LL the pooled numbers were : 

~gteln-eolour grade 7 6 5 4 
Genotypes JJll 3 JJL+2Jjll 6JjL+Ijjll 3jjL 
Found 12 83 69 45 
Calculated 13 65 91 39 

There was an excess of grade 6 and shortage of grade 5, probably 
because the L 1 plants were sometimes scored in too high a grade. The 
notes at  6he time read "The  intermediate stem colour classes grade into 
each other, and it is quite impossible to sort them correctly." This has 
since become possible, owing to the isolation of plants from the above 
crosses. Ig was found tha t  while some of the grade 6 plants bred true, 
others when se]fed gave approximately ] grade 7 ( Jg  11):2 grade 6 
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(J j 11) : 1 grade 5 (jj 11). The actual, numbers obtained from five much 
plants were: 

xx n J j n jj 11 
Found 65 99 ,t4: 
Calcuh~gcd 52 10~t 52 

but  one such plan.t, from natural  seed, gave 

JJ 11 J j 11 jj 11 
Found ,13 64 23 
Expectation 32,5 65 32.5 

The J J  11 derivatives bred true and behaved like normal J g  li in all 
crosses, the J j ll crossed with J J  LL gave 78 grade 6 ( J J  151) and 
52 grade 5 (J  j L 1) i~ five families. The jj 1I ])red true and gave all 
grade 5 (a j L 1) when crossed with a J  LL. 

The grade 5 plants :from the F o of J J  ll × jj LL  occasionally bred 
true (jj ll) but  usually on selfing gave a variety of grades, explicable 
by the fact tha t  they were either J j LL or J j L 1. 

Finally J, V and 15 all segregated in two F 2 families from crosses of 
Snowdrift (jj vv 1515) × Etna ( J J  VV 11). These gave a range of all the 
stem-colour grades, and were classified as follows: 

Other 
green 

JJVL JJVll JjVL Jj VII jjVL jjVll JJvvL JJvvll sl;ems 
Found 18 7 31 11 13 1 7 1 12 
C~lcu- 14.2 4.7 28.4 9.5 14.2 4.7 ~I.7 1.6 18.9 

luted 

Considering the difficulty of classification the agreement is not bad. The 
classification was, of course, assisted by the fact tha t  J and V affect 
flower colour, and 15 is closely linked with G, which does so. A plant 
which on these grounds was taken to be vv jj 11 was roughly of stem- 
colour grade 4. 

k k  plants possess a dil~erent anthocyanin, which Seott-Noncrieff 
regards as a derivative of pclargonidin. I t  is a yellowish pink substance, 
and stems can easily be distinguished from K of about the same depth. 
The effects of J, V and L are much the same on k k  as on K stems, 
even the lower grades of colour have definitely perceptible pigment. 
Indeed jj k k  seems to have rather more anthocyanin in the collar than 
jj KK. I t  is quite easy to distinguish the colour grades given by J, V 
or L alone on k k  stems. We have a few cases of more complex segrega- 
tion, involving e.g. J, V and K, but  i~ was not possible to separate ~11 
the stem-colour classes. 

G, E and Ch have no visible effect on the darker stem colours, but 
may in some cases appreciably affect the lighter. Thus vv G plants have 
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very little anthocyanin, vv gg  have somewhat more .in the young petioles 
and flower stalks, but not as much as grade 3, nor are their leaves of as 
dark a green. In four. families from J j x jj and reciprocally, in which 
E and Gh were also segregating, it was observed tha t  both J j and jj 
stems were lighter on ee and chch plants than on the corresponding 
dominants. However the two recessives together (lid[ not make a j plants 
as light as jj, i.e. depress grade 5 to grade ,L These effects of G, E and Ch 
are only noticeable when the plants are grouped for these factors. The 
slightly different average colour the~l becomes apparent. But  even under 
the most favourable conditions it would not be possible to score G, E 
or Ch by their effect on stem colour. In all probability other factors, 
and environmental conditions, have slight effects on stem eolour. 

gynaeeiu,m colour. 

This is mainly controlled by G, but  It, V and K may have a slight 
effect. All G plants have green stigmas, capsules and ovules, the stigma 
turning yellowish with age. The effects of the other factors are given in 
Table III.  

TABLE III. 
Genotype St igma Capsule and ovules 
G Ch'een Green 
g g  R V Red Red  
g g  r r  V Purple i:ted 
g g  R w Yellow Very pale red 
g g  r r  w Yellow Very pale red 

Thus R probably has some effect on the 2H of the stigmas, little on 
tha t  of the capsules and ovules. The effect of gg  on vv stigmas is rather 
inconstant. In some years it has been possible to distinguish gg from G 
on vv stems with certainty. In other years this has not been possible. 
On the whole the effect of G is most marked on the ovules, kk  g3maecia 
are somewhat paler than  K. 

Petal sa 1) eolour. 

The maia factors affecting flower colour qualitatively are K, B and It. 
V, J,  D and G have a marked effect on its intensity, I and h a less 
effect. E and H affect the distribution, but  the most fully coloured 
parts of 11 and bb plants are as dark as those of E and H. We may 
divide the factors according to whether they intensify or inhibit pigmen- 
tat ion : 

Intensifiers V, J, K, :E, I-I. 
Inhibitors D, G, I, L, B. 
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R cannot be placed in either class. We can best appreciate the nature 
of the interaction by studying the hd;eraction of B, R, V a~ld K, in 
presence of all the other dominaats except D an.d G. Their effects are 
given in Table IV. ~[1~ will. be seen that  there is no doubt  about  the 
appearance of bhe four V K gen.ofiypes. But  in V k k  and vv K plants 

TABMB IV. 
Genol,ype Petal eolour 

V K B R Mageni,a 
V K B rr ]~lue 
V K b b  R l~cd 
V K bb rr Slaty 
V k k  B R Nearly white--pale coral pink 
V kk B r r  Nearly white 
V k k  :bb R Coral pink 
V k k  h b  r r  Very pale pink--pMe coral pink 
vv  K B R White--pale pink, and picotee 
vv  K B rr White 
vv K hb  R Very pale pink--pinl~ 
vv K bb r r  "White--pale pink 
vv kk WhiLe---very pale pink 

the effects of B and R are not  so certain, and there is some overlap 
between the different phenotypes. Tables V and VI give details of the 
analysis. In each case a number  of V k k  or vv  K plants appearing in 

TABLE V. 
Analysis q/V kk pla.~ts (all gg). 

Genotype found 
Flower colour of r " 

plant tested B R B r r  lab R bb  r r  
Full coral pink L 0 0 2 0 
Dark stemmed "br ick"  11 0 0 5 0 
"? Coral" and "Near coral" L 6 0 ] ? l + 2 ? 
Dark stenlmed "pale brick" 11 3 0 0 1 
"Coral white" L and 11 8 10 0 '0 

r l  - IA BLE VI. 

A.nalysis of vv K l)lcv~ts (all G). 
GenoLype found 

]flower colom' of ~ '  
plani, geseed B R B r r  lab R lab r r  

Pink 0 0 8 0 
Pale pink  3 0 2 I 
I?ieotee 13 0 l ? 0 
Opening whil, e, laLer yale pink 16 1 ? 4 0 
White 2 2 1 ? "/ 

/?'2, Fa or elsewhere were crossed to slaty, V K tab r r ,  and the progeny 
in the subsequent ),ear noted. If even a single blue or red-flowered plant 
appeared in the progeny, the tested plant was known, to e-m'y B or R 
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respectively, if a .magent~a., both. However, in the case of small families 
giving only reeassive forms, there was a doubt as to the genot~ype of the 
plumb tested. Such plants are queried in the tables. The genol~ypes of 
the 39 V kk  plants so tested are given in Table V. In addition two 
pure lines of full coral pink plan~s are known to be of composition 
VV k k  bl:, I l i l .  On. light stems we can dist~inguish three types of flower, 
full coral pink, paler pinks, and plants which arc coral pink in the bud, 
and later t;urn out white or a very pale pink. On dark stems the pigment 
is generally concentrated ilupatches, which may  be rather darker than 
the petals of L corals. Two types of coloured flowers, and more rarely 
whites, can be dis~binguished on 11 plants. 

The "cora l"  and "near  coral" plants which are qneried gave families 
of 1, 1 and 2 only. On the ocher hand the bb r r  plant gave a fan-,ily 
of 12, and examination of a number of k k  plants derived from K k bb r r  
selfed and K k bb r r  x k k  bb r r  leave no doubt tha t  k k  bb r r  plants, 
though generally paler than  k k  bb R, have a certain amount of colour. 
Indeed in some though not ~11 families pure for bb  but  segrega~bing for 
K and Il, I l  can be scored in the kk  plumbs. The range of colour shown 
by k k  B I l  plants is not due to incomplete dominance of B or Il.  I t  
is partly due to temperature, since the pale-flowered k k  plants become 
paler in heat, and probably in part to the factor I. 

The genotypes of 57 vv K plants similarly tested by crossing with 
V K bb r r  are given, ill Table VI. The three doubtful plants gave families 
con.tain.ing 1, 1 and 2 V only, and it is likely tha t  all of them were 
really B Il. A number of other plants gave confirmatory results. Thus 
Sutton's "Queen of the Pinks"  is vv bb Nil,  and it will be seen that  
plants of this composition are generally pink, and rarely, if ever, white. 
The variatiou in the colour is partly due to ~bhe factor I, and. G has also 
a slight inhibitory effect. G was present in all the plants tested in 
Table VI. vv gg  plants have somewl~at more pigment than their vv G 
sisters, and in particular generally have a flush, round the eye. I t  is 
doubtful whether a picotee flower would be possible on a gg plant, but  
we do not know the lowest degree of colour compatible with a yellow 
stigma, as no K vv B r r  gg  plants have been studied. I t  will be seen 
tha t  both among k k  g and K v.v plants bb R, corresponding to red, are 
tl~.e darkest, and B r r ,  co'rresponding to blue, white or nearly so, while 
the forms corresponding to magenta (B il) and slaty (b r) are inter- 
mediate. 

The following provisional account of the chemistry of the iugeraction 
of these factors can be given. I t  is based on. work performed by Miss 
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Seott-Moncrieff, working for one o{ us with a grant from the Department 
of Scientific and Industrial lteseareh, but must not be taken to represent 
laer opinions. She hopes shortly to publish an account of her chemical 
investigal;ions, and we must thank her :for permission to summarise 
certain o:[ them. 

The main pigment found in all types of V K flowers (magenta, red, 
blue and slaty) is prinmlin, or malvidin 3-monogl ueoside (Scote-Noncrieff, 
:1930). The yield, however, is comparatively low from blue and slaty 
flowers, and owing to slight colour ditt~ermlces in the etude extracts, 
she SUSl?eets the presence in these r r  plants of a second anthoeyanin 
along with primulin. 

kk  flowers, when they contain any pigment at all, yield an antho- 
cyanin which may be identical ~vith that in their stems and leaves, and 
certainly resembles it in being a pelargonidin derivative. The coral pig- 
meng is quite clearly distinguishable from any of the types of pink found 
in K plants. Its colour is the 6'a~',mi~, sa~zo~zd of the R@s~'toi~'e des 
trade,o's of the Socigtdf~'c~'~z~cdse des Ch~'ysa,~thd'm, istes. Thus pure lines of 
W kk  bb  ItI l  have been described commercially as "Orange King" and 
"Salmon King." Gregory's Fig. 3 is quite inadequate. V kk  flowers 
are always pink in the bud, even when they become white on @cuing. 
Thus kk  plants appear to be incapable of performing a certain oxidation, 
or less probably, of performing an abnormal reduction. Whether the 
factor K is responsible for the methylation of the malvidin is of course 
uncertain. There are no phenolic groups in positions available for 
methylation ilt pelargonidin derivatives, and we do not know whether 
kk  plants could methylate them were they available. Thus the factor k is 
analogous to the recessive factor for aleaptonuria in man (Garrod, 1923) 
or to those for white and yellow hair in the rabbit (Onslow, I915). In 
each ease the recessive form seems to be incapable of carrying out .an 
oxidation. 

Nothing is known concerning the chemical nature of the pigment in 
K vv flowers. But the pink of the deepest such flowers might be taken 
for that of G I K V flowers, and it is very possible that it is due to 
primulin. While kk V flowers are pink in the bud, K vv flowers, even 
when subsequently pink, are white in the bud. kk  vv flowers are 
generally white, but may have a faint tinge of coral pigment. 

13 has four manifest effects. It  thrns red into magenta and slaty 
into blue. It inlfibits pigmentation in vv and kk  plants. It  also has a 
more general effect, discovered by Miss Scott-l\ioncrieff. I t  produces 
flavone which, though invisible, turns a bright yellow in ammonia. The 
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effect is best seen on whites which, lack anthocyanin owing to l~he presence 
of D and gg, or on the white parts of flMced (ee) flowers. In all these 
cases flowers known to be ean'ying B turn a brighl~ yellow, t~b flowers 
a pale dun. It is thus possible to score B wi~h ecrtMnty in ~ lmmber 
of cases where this was not formerly practicable. The reaction is equally 
clear on kk plants, whose anthocyanin disappears in ammonia vapour, 
so that  B can be scored by this means. On the other hand vv plants, 
even when of composi[ion BB, never give a bright yellow, igcds and 
slaties t am blue in ammonia vapour, while magentas and blues give a 
daJ2 green, due to a mixture of blue anthoeyanin and yeltow flavone. 
Another effect of B is shown by the fact that 1~b re (slaty) flowers 
always, and bl~ tllR (red) occasionally, eontMn solid crystals of antho- 
eyanin which give them a somewhat mab~ appearance ~o the naked eye. 

B probably produces a bNeing "co-pigment" similar to that de- 
scribed by ~obinson and I~obinson (1981) which changes the colour of 
primulin, regardless of the pH (of. Soott-Non.cricff, 1982). This substance 
may or may not be identical with the dermic, but we regard their 
identity as probM~le. Secondly it appears that  on the,whole plants 
with B contain less anthocyanin than corresponding plants lacking it. 
This is most obvious in the vv and kk series, but dark reds also appear 
to be darker than the darkest magentas, and may contain more pigment. 
This is in harmony with the fact that solid anthocyanin is found in 
some bb, but no B plants. 

From the point of view of pure genetics, the mMn results of these 
chemical investigations are that in families which-arc all bh, kk  l)b R 
and kk l)b r r  plants can generally be distinguished with certainty. 
B man also be distinguished from bb on D gg whites, flakes and kk 
plants. On the oblier hand little help is afforded in the analysis of 
vv plants, and we cannot Mways be sure of the distinction between 
kk B R and kk B rr ,  both of which may ltave very little anthocyanin. 

The action, of 1R is not so clear. Robinson and lR, obinson (1931) have 
made the suggestion ~ha~ the difference in colom: between magenta and 
blue flowers can be accounted for by co-pigment action. The bhte flowers, 
~hcy think, contain less anthoeyanin, and hence the action, of the same 
amount of co-pigment is greater. 

This suggestion can, we ~hink, provisionally be rejected on three 
grounds. While a light, blue such as "l%eading Blue" has rather little 
anthocyanin owing to ilflflbition by G, a dark gg ii bNe appears to 
contain more anthocyanin ~han a light G I magent~t. Secondly the 
effect of tl  is quite clear on. l~la plants, which (Io not contain Che only 
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co-pigment so far known in P,rim~,&~ 8i'r~,e.~,sis. The B, obinsons' explana- 
tion wmtld thus require the presence of a secmld eoq?igm.cnt. This is 
not of course impossible, but we do not ~, care to postulate it. Finally, 
as Scott)-Moneriefl " (1932) has shown, faet~ors uttering the eolour of antho- 
cyanin do not always act by means of a co-pigm.ent, but may produce 
cha.nges in the ant~hocyanin molecule. 

Miss Scott-Moncrieff takes tb.e view that r r  plants contain appre- 
ciable quantities of a bluer anthoeyauill along with prh~ulin. In this 
case the blue P~"i,m'dcl, si~.e,~zsis would be analogous to the recessive blue 
P~'i'm,v, lc~ a, ec~,~dis. This tl~eory, however, does not) offer a very clear 
explanation of tll.e absence of pigmen~ in kk r r  plants. 

A third possibility, which we think should be kept open, is that 
1R act~s by causing an increase in the acidity of tire petal cell sap, as 
compared with rr.  Blue (V K t3 rr) flowers placed in aeegic acid vapour 
become magenta, slaty bNe (KV b5 rr) becoming red. The pale 
g kk 55 r r  flowers become coral pink in acetic acid vapour, while equally 
pale V kk B R flowers do not. Again, while red flowers turn blue in 
ammonia vapour, coral flowers lose their colour almost completely, in. 
correspon.dence with the fact ~hat V kk 5b r r  has much less colour 
than V kk 55 1A, ~hough ghe hue is similar. Blue and slaty flowers are 
purplish in the bud, becoming bitter in ghe winter, a process which could 
be compared wi~h the loss of aeidi~y by ,fruit durhag ripening. But 
during the summer they never ~ur~ ~ulty blue, remaining purple. 

The facts seem, therefore, consistent with the view that t{ ae~s by 
producing an acid in ghe petal sap. It might act by producing some 
other substance which utters ~he state of ionisation of the anthocyanin 
molecule in the same way as do hydrogen ions. Such an actim~ would 
be analogous to the well-known "protein error" and ~salt error" of 
indicators. I t  is hoped that furtl~er chemical da~a will be available in 
193~ which will make a decision as to the nature of the action of l:l 
possible. 

So far we have only described J J  plants. J j flowers are similar but 
much paler when young, jj flowers open almost white, bt~t lager develop 
the peculiar white-edged pattern known as "Sirdar," The central part 
of ~he flower is almost as deeply coloured as in J J  plants, and both 
anfhocyanin and flavone pigme~its seem to be the same. There is rarely 
any ditYtculty ia distinguishing magenta from red, or blue from slaty. 
Both J j and jj are generally distinctly paler when grown at about 
70 ° I?. th.an whei~ grown at about 50 ° I~., but this effect does ~ot always 
occur, jj kk  flowers are sometimes a pale coral pink, but all jj vv flowers 
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so far observed hays been pure white. The white fern-leaved "Snowdrif.t" 
variety with which mush work was dolts in the pas% espeeiMly by 
Gregory, was jj vv, and its anMysis proved difficult. 

D and G may be considered t~ogether. Both are inhibit~ors of an.tho- 
eyanin, bug not of flavon.e. G inhibits anthoeyanin completely in the 
stigma and tube, and makes the centre of the flower very pale. It;s 
inhibitory effect extends go tl~e periphery, which is always paler in G 
than  in gg  :flowers. I t  has much the same effects on vv, jj and kk  plants, 
but  in view of the smMl and uncertain amount  of eolour in. vv and kk,  
it, could not always be detected by examination of ~he petals only. 
D is a somewhat stronger inhibitmr than G, but its effect is greatest a t  
the periphery, and diminishes inwards, having no effect at  all on the 
stigma. Thus DD gg  plants are magenta-centred whites, and dd G 
white-centred magentas. D appears ~o exert its full effect on vv, jj 
and k k  plants. G is fully dominant in the diploid, but  D is incompletely 
so in presence of gg. D d gg  plants aye magenta with a darker centre 
and a flush of colour extending to the edge. DD gg  is known com- 
merciMly as "Duchess," and D d gg  was at  one time sold as "General 
Bullet." D and G together give a pure white, between them inhibiting 
all colour. I) appears to be completely dominant in presence of G. 
I-Iowever it1 some families D G plants may hays a very pale flush. I t  is 
not known with certMnty whether in these families DD G flowers are 
paler than D d G. 

We can give a provisional account of the biochemical action of these 
factors, as follows: 

V increases the yield of anthocyanin throughou{ the plan% and of 
flavons in the flowers. 

J has a similar action to V, but less marked in the centre of the 
flowers. 

B increases the yield of flavone an([ of a blueing substance which 
may be identical with flavone, at the expense of anthoeyanin. 

K completes the oxidation of anthoeyanin or its precursor. I t  has 
no action on flavone. 

R increases the acidity of the petal sap. 
D inhibits anthoeyanin (but not flavone) peripherMly. 
G inhibits anthoeyanin (but not flavone) centrally. 
I has been very little investigated, and it is not  even known with 

certainty that  the factor described as I is the same in. all cases. I t  has 
a moderate effect in presence of B, but much more marked on 55.  
Plants carrying it have lighter flowers titan those without% but {he deptlt 
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of colour seems to be equally affected in all i'egions. The lightening ell'eel, 
is best, seen on reds (V K bb), green-stemmed pinks (vv K bb) and corals 
(V kk  13B). All the commercial varieties of the latter two types, such 
as "Queen of the Pinks" (vv KK bb) an/[ "Coral"  (VV klr bb) prove 
to be el composition ii. If they are crossed with a pale red (VV KK bb II) 
about one-quarter of the reds appearh~g in F2 are deep red (V K bb ii) 
and three-quarters of the green-stemmed or corM-stemmed F= are pMcr 
than the corresponding grandparent, owing to the presence of I. I can 
be scored (with some difficulty) even in presence of B on normM stems, 
bug in. vv and kk  plants this is impossible. In presence of V and K it 
can be scored on r r  plants (blue and slaty). 

L has a slig]~t diluting effect on the colour of 1R flowers, though tess 
marked than that  of I, so tha t  it  would not be possible to score L by 
its effect on the intensity of flower eolour. In presence of G it also 
slightly contracts the eoloured area, so that  small white patches appear 
between the yellow eye and the peripheral are~ in which the sap is 
coloured. The effect is much more marked on r r  flowers. The pigment 
is here irregularly distributed so as ~o give a quite characteristic mottled 
effect ~. The effect on kk  bb 1R flowers is also quite characteristic. In 
presence of ll their pigmen~ is concentrated in the peripheral part of 
the petals, which are rather darker than in sister plants carrying L. 
k k  11 plan~s are definitely less healthy than iK 11 or kk  L. They germinate 
normally, and can be scored by their characteristic stem colour, but  
tend to "damp  off" during the flowering period. 

e is an unstable factor, occasionally mutating back to E. If ee plants 
are soiled, a proportion which may  reach 1 per cent. in certain families 
are fully eoloured, and of composition E e. The remainder are flaked. 
On normal stemmed plants (i.e. V a a  K) the flakes may  be magenta, 
red, blue or slaty according to the factors carried. The number and size 
of the flakes is greatly influenced by G. gg  ee plants have numerous 
fakes,  ranging from smMI areas up go whole petals, or occasionally 
whole flowers. G e e  may at  first sight be pure white, though a careful 
search over several flowers will generally reveal a few small flakes. But G 
is not the only factor determining the degree of flaking. I t  is not yet 
known, whether ,the differences between the different G e e  pianos are 
determined by modifying factors, or by the presence of several allslo- 
morl?hs of e. The flavones appear to Le normal in the white parts of 
ee flowers, the effect of B being clearly marked. 

ee plants show clear flaking in presence of kt{, and on jj gg, though 

t See Plate XI ,  gmu'n, aen. t3 ,  No. 2. 
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ee jj G is nearly white. ]~IID a strain o[ p]all.gS obl~ained from the late 
Mr Elwes of compositioJl jj gg  ee geucrally has whit~e flowers, [~hough 
when first~ obt~ained it had a fain~ colour. ~g would appear that  some 
unanalysed factor is suppressing the pigment in this case. v v e e  plants 
are generally white flowered, but  very occasionally a (take can be seen. 

E is possibly allelomorphic with D. So far all at tempts to obtain 
D d e e  plants by crossing gg  D E.  d e and ~ d e .  d e have failed. This 
may be due to very intense linkage. If it is due to allelomorphism t~he 
relation of the factors is unique. By analogy with other plants, and 
with D.rosop/zila (Demereh, 1.928) one would expect e to be altelomorphic 
with a recessive rather than a dominant white. 

hit plants 1 have the two or three outer petals much paler than the 
inner. Especially in older plants the pale petals tend to be small (see 
Gregory, de Whtton and Bateson~). 

Flower plastids a'n3 le~,]' and petal e@c. 

I t  will be seen tha t  many of the factors affecting the plastids also 
affect the edge of the petal and leaf, and cmlversely. Some of them 
have other efiects which will be considered separately. Fro'thor, some 
of the factors mainly affecting leaf shape may alter the degree of serra- 
tion of the petals. These also will be considered later. 

The four main sets of allelomorphs concerned are Ch-ch,  shlensis- 
stellata, P -p ,  normal eye-peeu]iar eye, F - f s - f  l, flat-Sutton's erimp- 
Lee's crimp, A ' -A-a ,  white eye-normal eye-large eye. [['he interactions 
of these factors, apart from A', are set out in Table VII. In additim~ 
Y has a slight effect on the eye. Ch never affects the size of the eye, 
its only effect on the leaf edge is to intensify the crimping due to i s and i 1. 
I t  has a very marked effect on the petal edge, both by itself and in 
conjunction with other factors. P on the other hand has its mahl effect 
on the eye, a slight effect on the petal edge, and none on the leaf edge. 
The F group of allelomorphs affects all three characters, btrg the effect 
of t s on the leaf and petal edge ill chch plants is very slight. A' inhibits 
the eye, but has so far had no effect on structure. The main effect of aa  
is to produce a large eye. The leaves are generally flat, but in some 
F~. families the aa  plallts have had very slightly crimped leaves. It~ is 
not known what other r a t t e r s a r e  responsible for this effect. On ~he 
other hand aa  has ~he curious efl~eet of increasing the crimping of the 
leaves and petals of Ch isi s plants to tha t  characteristic of c h i l i  1. 

A few further details are as follows. The pp :flower has a slightly 
i See Plato Xl l ,  Jou, rn.  aen .  13, No. 2. ~ I b i &  p. 229. 
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larger and greener eye ~han P. The amounts both of p]astids and antho- 
cyanin in the tube are increased. There is sometimes a small effect on 
the flower shade. The tube is re.ore constricted at the bottom, and opens 
more gently at the top. In Ch ch and chch plants the petals are rolled[ 
back (Fig. 5), but this is not so in G h g h  (Fig. 4). Occasionally a single 
petal may be quilled in P p plants. The tube and back of Cite petals 
are distinctly more hairy ilt pp. 

TABLE VII. 

Degree q f crimping 
Genogypo Eye of le~ff edge Flower edge 
Ch P F A Norm,M 1 None 0 8m'r,%ed 2 
ch P F A .[ ,, 0 Smooth 0 
Ch p F A Peculiar 3 ,, 0 Deeply serrated 3 

(Ch ch quilled) 
ch p F A ,, 3 ,, 0 Smooth (quilled) 0 
Ch P i s A Lobed 2 Slight 1 SorrM;ed 2 
oh P i s A  ,, 2 Very slight 0-1 Smooth-slight fringe 0-1 
Ch p i s A PeeulGr 3 Slighg 1 Deeply serrated 3 
c h p i S A  ? ? ? 
Ch P fl A Large ~ Very crimped 3 Very serr~t, ed 4: 
ch  P fl A 4 Crimped 2 Fringed 1-2 
Ch p i 1 A L£1"ge and green 6 Very crimped 3 Very deeply serrated 5 

(deformed) 
eh p fl A 6 Crimped 2 Fringed and quilled 1-2 
Ch  P F a l?/i'nu'ose Q u ~ n  5 £4enerally flag 0-1 ,%rraged 2 
oh P F a 5 ,, 0-] Smooth 0 
Ch p F a Primrose Queen 6 ,, 0-1 :Deeply serr~gec[ 3 

peculiar 
oh p F a ,, 6 ,, 0-1 Smooth (quilled) 0 
Ch  P i s a Primrose Queen 5 Crimped 2 Serrated 3 
c h  P i s a ? ? ? 
Ch p is a ? ? ? 
chp ira ? ? ? 
Ch P i 1 a Primrose Queen 7 Very crimped 3 Very serrated 4- 

l~rge 
ch P i I a 7 Crimped 2 Fringed 1-2 
Ch p i I a '.$ ? ? 
oh p i I a ? ? ? 

A morphological account of the crimped leaf, with its enormous over- 
development of hydathodes, is given by Gregory, de Winton and Bateson 
(1923, p. 223). Gh ill I and Gh ili I aa flowers are so seriously deformed 

as to cause a good deal of sterility. The calyx is much enlarged, the 
number el teeth rising to as many as a hundred; the flower is large h~. 
Ch fill, but  Gh ill 1 aa is generally small, and falls off ag an early stage. 
I t  is almost wholly covered by the eye, so tha t  the sap eolour can only 
be scored with diNculty. 

Dominance is generally complete throughout the group, with the 
exceptions noted, but F f s and F i 1 can someghnes be picked out. A' A F 
has a small "ghos t ly"  eye; A' a F, A' A flP and A' a F pp large ghostly 

Journ.  of Genetics x x v n  2 



18 if'he (:&'J~,etics of ]?r imul~ s inens is  

eyes. The few plastids remaining are arranged in lines radiating out- 
wards .from the tube over bhe area which they would cover in the 
absence of A'. 

A fourth factor affecting eye size possibly exists. In a family in 
1930 from A a selfed on.e aa planb had a "ghost"  eye, in which the 
pigment was faint over the whole large eye, instead of in. lines as in 
A '  a.  '[~]le pla] l t  brec[ tl:tte, and the condition disappeared on crossing, 
but very few came back in F~. It is being investiga~ed further. 

The effect o5 this group of factors on bracts, stigma and habit will 
be discussed later. 

Leaf st,ruct.u.re, a,~td cot.related wrriations of flower structure. 

Apart from fs and fl, leaf shq)e is affected by the five well-studied 
factors Y, O, T, Mp, Iv and qbwo which have only reeent, ly appeared, 
namely C and Z. Other factors affect it sIightly, and the above leaf- 
shape factors may affect petals, calyx, bracts and general habit. These 
five factors were presenlb in the original plants, the abnormal forms 
being recessive, iv has unfortunately been lost. The other six can form 
6¢ hon',ozygous combinations, of which only a mirLority have yet been 
made. In addition certain heterozygous types are distinguishable. 

yy (fern, Fig. 4,1-) plan~s are described by Gregory, de Winton and 
Bateson (1923). The leaf is longer than in Y, there being about eight 
lateral lobes on each side, shorter than the normal type, and the general 
~ype being pinnatifid. The general effect of Y is much the same in all 
combinations, and there has never been any doubt in scoring it. Domi- 
nance is generally complete in the diploid, but heterozygotes sometimes 
have a small extra lobe at the base of one or more leaves. The gene~ics 
of this phenomenon are under investigation, yy does not affect petal 
shape, but renders the eye slightly more an.gtflar. 

co (oak, Fig. 41), also described by Gregory, de Winton and Bateson, 
has deep sinuses. There are generally one apical and two lateral lobes, 
the posterior lobes being almost separated to form independent leaflets. 
Scoring is always easy, and dominance nearly eompleee except in the 
presence of at. However the hetsrozygotes on the whole have a rather 
deeper sinus than OO. But the difference is not suflleicnt to make 
separation of CO and O o possible, co flowers are abnormal onIy in 
presence of Ch (see p. 16) when the petals are deeply serrated, and the 
calyx enlarged. 

t~ (f, ongue, Ieig. 39) is the " ivy"  of commerce. By itself il; has less 
effect on the leaf than the other factors here considered. The leaf has 
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aa unusually broad base, and the individuM lobes are more serrated[ 
and less pointed. A small basM lobe is sometimes partly separated from 
the mMn leaf. ~Phis separation is often more marked on one side of the 
leaf tha,n the other, so tha~ the leaf ,~s a whole is asymmetricM. Scoring 
is easy and dominance very nearly complete, t t  flowers are only ab- 
normM in presence of Gh, when the pegMs are elongated and the calyx 
teeth reihleed. 

mpmlo  (maple, I~ig. 38) leaves are semi-glabrous, the sinuses between 
the lobes are generMly deeper ,~nd always less sharp, so tha t  the lobes 
stand ou~ more clearly. The cuticle appears to differ from the normM, 
and the veins are more easily visible. Possibly as a result of their lack 
of hMr, maple leaves are commonly attacked by aphids under circum.- 
stances when other varieties are free from them. Dominance is very 
ltearly complete. In presence of Gh the calyx has an a bnormM shape. 

iviv (ivy, Gregory, 1911) leaves were characterised by an absence of 
serragion, and a general leaf shape not unlike ft. The flowers were ma th  
reduced, and seed rarely set before ~he second year. Utlforganagely ig 
was lost before it  had been crossed with any leaf shape except yy  (fern). 
We do not know, therefore, whether it may not have been an extreme 
Mlelomorph of t, to mention one possibility. The originM iviv was proved 
by breeding go be chch, and in Fo ig was not possible go distinguish 
iviv Ch from iviv chch, which suggests effects on habit. 

cc (cup, Fig. 11) has only recently appeared, bug seems go be be- 
having as a recessive. The margins of the leaves are usually upturned, 
but  the shape is otherwise normM. Growth is poor, and ~he plants may 
not flower, bug when they do so the flowers, though rather small, are 
of normal shape whether Cll be present or not. 

zz (claw, Fig. 12) appeared in an F s from an X-rayed plant, and 
may be an induced mutant .  I t  appears to be a normal recessive. The 
sinuses are very deep, and the leaves are rolled up with concavity down- 
wards, giving t h e  impressiml of a hand with claws. The dorsal surface 
of the leaves may show a curious crest. Floral structure is nearly normM. 

Neither c nor z has yet  been combined with y, o, g or nap. Thirteen 
of the 16 possible combinations of y, o, t and m p  are now known, 
besides hegerozygous forms. A probable linkage between O and Mp 
has for the moment delayed progress. All the nine combinations of y, o 
and t are I~mwn. yy  co T M p  and yy  O tg _N!to are as expected. The 
leaves are long and narrow as in fern (yy O T Mp), and the mMn effect 
of co or ¢¢ is on the shape of the lobes and ~he depth of the sinuses (Figs. 
'_-1.-8 and ,1:9). Y O o t t  Mp occasionally differs markedly f r o m ¥  CO t a m p ,  

2-2 
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tile leaves being much more dissected, but  not all such heterozygous 
plants are abnormal. The reasons for this fact are under investigation. 
Y co {t Mp  has very -~bnormal leaves (Fig. 53), the leaf consisting of 
a number el irregular 11arrow lobes, and its total surface being a good 
deal reduced. On. the other hand yy  co t t  Nip (Fig. 46) has leaves of a 
much more normal appearance, the general shape being fern, and. the 
lobes being well separated (effect of oo) and pointed (effect of tt) but 
not much reduced in size. The effect, of yy  on co t t  is thus to restore a 
physiological balance. 

yy  O T m p m p  (])'ig. 51) is as expected, a semi-glabrous fern with 
well-separated lobes. Y co T m p m p  (Fig. 47) combines the oak and 
maple characters, the general shape of the leaf being oak, but  the pattern 
is somewhat simplified. Y O t t  m p m p  (Fig. 52) has semi-glabrous 
leaves with rather little serration. They tend to curve downwards, as if 
the dorsal surface grew faster than the ventral, yy  OO t t  m p m p  
(Fig. 54) has the same type of leaf, bul~ longer and[ narrower, yy  co T 
m p m p ,  Y co t t  m p m p  and yy  co t t  m p m p  have not yet been 01)- 
tained. The effect of these factors on the flower is on the whole additive. 

yy,  oo, tt, m p m p  and some of their combinations have bem~ com- 
bined with flfl (Lee's crimp) and some also with Suttol].'s crimp. ~'em 
crimp (Fig. 45) and tongue crimp call for no comment, but  co ff (Fig. 42) 
and m p m p  flfl (Fig. 50) differ from the corresponding F forms rather 
by overgrowth of the leaf than by actual crimping. The deepness or 
broadness of the sinus gives the different lobes and serrations an oppor- 
tun i ty  to overlap with relatively little folding of the leaf. 

Finally the leaves of ll  vv are slightly almormal. They are unusualIy 
small, though the petioles may be of normal length. Also the sinuses 
are somewhat nmre open than  usual. As pointed out above, such plants 
are always female-sterile, and dwarfism is not uncommon. 

tYlowcr str~tctt~re. 

The effects of the factor S and s are fully discussed by Gregory. Other 
factors affecting flower structure are Ch, i s, f i, p, m,  a, o, t, rap,  w, iv 
and n. Those of i s, f I, p, t, m p  and iv have been described. SS and S s 
plants have short styles and long stamens (thrum), while ss (pin) have 
long styles and short stamens. The relation of S and s to fertility is still 
obscure. The difference in fertility between ss × ss (or ss selfed), 
S s × ss, ss × S s, and S s >< S s (or S s selfed) is not very marked. 
Darwin found considerable digerenees in favour of the "legitimate," 
i.e. pin x thrum and thrum x pin. The fact tha t  for many years no 
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thrums have been grown by English horticulturists may have caused 
an aoeumulM, ion of modifying factors favouring the fertility of ss x ss. 
One importan~ fact however is tha~ all a~tempts to establish a pm'e Iilm 
of SS planl;s have fMted. Such plants exist and will produce offspring 
when selfed. But  lines derived from them have always developed sterility. 

x x  plants are sterile doubles, described by Gregory, de Winton and 
Batesml (1923). All the stamens are converted into petMs, and the 
gynaeehtm is generally split open. So far five viable seedlings have been 
obtained from such plants. Three of these were diploids, from a cross 
with a diploid. The character behaved as a normal recessive. In addition 
two fertile, and ttzerefore presumably ~etraptoid, seedlings were obtained 
with tetraploid po]len. One of these plan~s was thought  by  @regory, 
de Winton and Batesonto have been a dil?loid. As, however, it se~ good seed 
with tetraploids, and failed with diploids, ib was clearly a tetraploid. 

m m  plants (described by  Gregory) typically possess all extra whorl 
of ]?ebals, set in the throat  of the tube. These are reversed, i.e. the external 
side resembles the outside of the normal petals. In m m  ss plants the 
style is long, but  the anthers are at tached near the opening of the tube. 
This is a much more constant character than the extra petals. In plants 
proved to be m m  the extra petals may Mmost disappear late in the 
season, or more rarely, may  never appear except as rudiments. Such 
plants are homostyled, with tyl?ieal ss pollen. If regard is paid to the 
position of the anthers, there is never any difficulty in scoring m on 
ss plants. The effect of m m  on the positiou of the anthers in S plants 
is less marked. Dominance is rarely complete, a small extra pe[al 
occurring on one or more flowers of a heterozygote. 

Ch, besides causing fringing and enlargement of the petals, increases 
the number of caly-< teeth from five to ten or more (unless counteracted 
by t t  or m p m p )  and gives the whole plant a more compact habit, the 
hegerozygote being intermediate in this respee~ (of. Gregory). As pointed 
out, it  intensifies the effects of many other factors. 

aa  plants have a shorter style titan the corresponding AA or A a. 
In fact  the effect of A on style length is more marked than that  of S. 
Thus in a group of comparable sister plants the following lengths in 

millimetres were found: 

S A 5 - 6.5 Average 5.8 Ttmmi 
ss A i[0.5-12 ,, 1] .3 Pin 
S aa  2 - 3 ,, 2.5 Thrmn 
ss aa  3.5- 4 ,, 3.6 Homos~yte 
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In addition the sbigma and ovary in aa  plants tend go be pointed 
instead of flag-Copped (see Fig. 1), buC these characters are noC very 
oonsbant,, even among the flowers of the same planb. On the other hand 
the position of Che anthers is unaffccbed by the presence or absence of A, 
and depends enCirely on 8. Jn consequence ss aa  planbs are homosbyle, 
whilsC S aa are nob obviously different in structure from ordinary thrums, 
excepC as regards the shape of the stigma and ovary. A'  has no definite 
effect on flower sCrucfiure. 

co chch  flowers are normal save for a sligh~ bulging of bhe calyx, 
but co Ch flowers are always different from O Ch ~. The petals are 
generally much incised, and raay be split go the base. They aye generally 
smaller than normal, aaxd may resemble O chch  pebals. Their bases 
never overlap, as in O Ch. The calyx is enlarged; the number of beech 
exceeds ten. IC may bend go close tightly round the ripening capsule, 
or ib may be everted (Fig. 2). The gene~ical basis of this difference is 
under investigation. The effect of co on the petals is greatly augmented 
by pp  provided Ch is present. Bu~ co has little effect on chch  pp  
flowers. 

t t  chch  flowers are nearly normal, but  t t  Ch (Fig. 17) have typical 
elongated petals, the serration being reduced. The number of calyx 
teeth is also reduced, and in Ch ch plants may fail as low as fo,ctr ~o six, 
bug the individual LeeCh are serrated. The calyx is conical and the 
bracts simplified. On the whole the effect of t t  is a partial  nenCralisaCion 
of the effects of Ch on the flower, however the elongated petals are 
characteristic. While lap t t  chch  flowers are like those of lap T ch, the 
petals of pp  t t  Ch are abnormal (Fig. 18), being long and narrow. 

m p m p  flowers have short pedicels, bug otherwise are only abnormal 
in presence of £:h. In the m p m p  (lh plant the number  of calyx teeth 
is often less ~han ten, and the calyx has a peculiar inflated appearance, 
])eing broad aC the base, and opening with some difficulty. 

Though yy  and yy  co flowers are normal, the petals of yy  co Ch pp  
are divided into a series of lobes no~ unlike Chose of the ' "oak" leaf 
(Fig. 24). So far this is the only combination, in which y y  has much 
et{ecC on flower sbruc~aure. 

gt co chch  flowers are nearly normal, bug t t  co  Ch resemble Chose 
el T O chch,  bhough they are seb farther aparb, so tha t  there are large 
gaps between them. The eversion of the calyx often found in T co Ch 
is exaggerated in Chem. The presence of oo, and even O o, exaggerates 
the abnormali ty of pp  tt Ch petals, and Chose of lop t t  co Ch resemble 

1 ,See PlaCe xvI,  fig. 33, Gregory, de WhlCon and J3aCeson (1923). 
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the leaves of the oak tree in shape (Fig. 7). They are one of the most 
aberrant petal types so far obtained. 

t t  m p m p  flowers combine the effects of the two factors without any 
particular exaggeration, co m p m p  has so far only been obtained in 
combination with chch. 

zz plants, so far only obtained in combination with chch, have 
normal petals, but the calyx is abnormal, its base being more rounded 
than in any other variety of the species, and the calyx teeth everted. 

ww plants have two types of flower (Fig. 3). In the original family 
the corolla was of about half the normal radius, the calyx being normal 
in size, in spite of dwarfing of the leaf and stem. This type breeds true. 
_But when such plants are outerossed to several types of normal, a 
majority of the ww plants in F 2 have a corolla reduced to little more 
than the tube. The genetical relationship of the two types is under 
investigation. Both types are fully fertile, if allowance is made for the 
fact that a number of plants die off between flowering and setting 
seed, 

iviv plants hail very nmeh reduced flowers, and were rarely fertile in 
their first year. An account of these flowers is given by Gregory (p. 89). 

nn  plants invariably have greatly enlarged bracts and flowers. The 
flowers of N n plants are also abnormally large, and it is probably for 
this reason that commercial plants often prove to be N n. The flower 
structure of nn  chch plants is normal, but nn Ch flowers of the short- 
stemmed types have large calyces. The enlargement may be moderate, 
or may give rise to leaf-like structures. These roughly resemble the 
leaves of the same plallt, i.e. are controlled by the same factors. 

Habit. 

Apart from the semi-lethal dwarfing factors c and w, a,nd other 
hitherto unanalysed dwarfs, the main factors atlecthlg habit are Gh, 
N, Q and U. 

ChCh has a compact habit, ohch open, while Gh ch (var. l)yra'm./- 
dalis) is intermediate. 

nn  plants fall into three main types (Fig. 10), all characterised by 
very large bract~s. Type 1 is very compact with a short flower stem and 
large flowers, the first ~o open havin~ unusually large calyces. In addi- 
tion. to this normal spike, which never sends up a second tier of flowers, 
b~pe 1 has three flowers on long pedicels coming from the base of the 
plant, all with enormous leaf-like calyces. The first bracts are also very 
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large and inserted at  the base and could easily be taken for leaves. 
Type 1 eheh has not been identi fled with certainty. 

Type 2 has a stem of normal length. The flowers are large, though 
not as large as in type 1. The calyces are only leafy in presence of Gh. 
The bracts are very large, but  could hardly be taken for leaves, if only 
because ~hey are inserted well up the stem. 

Type 3 in intermediate. Some flowers are borne on. the main stem as 
in type 2. Others are borne on single stalks arising from the base. 

The genetieal relationship of these types is not  yet  quite clear. 
Type 1 breeds ~ru.e, and in an F 2 from type I and BIN moot of the n n  
plants belong to types 2 and 3. Type 1 can be recovered again in F a. 
I t  thus seems likety tha t  type 1 differs from the normal by possessing nn  
and at  least one other pair of recessive factors, which make little difference 
to N pIants, and are to be regarded as specitie modifiers of nn.  

qq  plants have a rosetted habit, with more and smaller leaves 
than  Q. The central flower spike is normal, but  there may be many 
smaller spikes clustering round. In Q plan¢s there are seldom more 
than  two or three spikes h~. flower at  a time, all being normal in height. 

Two faseiated plants first appeared in an F 2 from qtI by normal. 
They had the general character of qq plants, except tha t  the stem was 
large and flat, the flowers being more crowded together than in normal 
plants. On selfing one of these plants a wide range of variation wan 
obtained, ranging from normal, apparently Q plants, to cushions of small 
leaves which never threw up a flowering spike (Fig. 9, class 3). On 
further selfing normal plants were obtained on the one hand, also a 
moderately stable line of faseiated plants. On selfing these give a range 
from rosetted plants like ordinary ClCl to cushions which do not flower. 
However, the majority are intermediate, with numerous small leaves, 
and a stem which is generally thickened and may  show various kinds 
of fasciation, including occasional hollow stems (Fig. 8), such as are 
common in faseiated Pisu,m, Ca,m,l)anula and other plants (of. WorsdeI1, 
1929). This ring fasciation is, however, rare. 

The tip of the scape in faseiated plants almost always ends in a 
patch of rudimentary stigmata, sometimes accompanied by small leaf- 
like structures. These take the place of a second tier of flowers. 

The :factorial basis of faseiation is not yet  clear. However, on 
crossing to normal the ffl is quite normal, and in ~ about 18 per cent. 
of fasciated plants has been obtained, including extreme forms. We have 
provisionally ascribed faseiation to a single recessive :[actor n. If this 
is so it is certain that  other factors are concerned. At  present no simple 
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hypothesis will cover all l~he fact, s. I t  is hoped ~hat it may be possible 
to lind link'~ges for one or more of the factors concerned, in which case 
analysis will be easier. Meanwhile we assume a main recessive factor u, 
though the assumption is quite provisionM. 

B,ract ./b.r,m. 

The systematic study of bract l!orm was begun by Dr Edgar Anderson., 
1;o whom are are much indebted for allowing us to use his material. 
Bracts fall sh~rply into two classes, namely smMI bracts up to 0.6 era. 
in length borne on N plants, and large bracts borne by n n  plants. 

Apart from N, bract form depends on Ch, P, F, Y, O, Mla and T. 
The standard (chch) bract varies in different lines. The bracts are always 
small, and have from one to four lobes. They tend to be narrow in 
yy  plants, and to have more lobes in flfl and pp plants. But  it would 
be very diNcul~ to classify a chch  plant by :its bracts. 

On Ch plants the bracts are larger, and particularly broader, and 
have usually five to eleven lobes, p and f tend ~o make the lobes narrower 
and more pointed, y more narrow, co to reduce the number of lobes. 
The most striking effect is the great reduction of lobes due to it.  They 
may  be reduced to mere serrations. T is probably the only factor which 
can be detected with complete certainty on N Clh bracts. 

The bracts of nn  plants are large structures, often exceeding i[5 cm. 
in length in type 1, where they may take on the full function of leaves. 
Indeed it is common to find type 1 plants a year old growing vigorously 
without any leaves, and assimilating with their bracts and calyces. The 
lowest bracts are most leaf-like, and in type 2 nn  Ch ch or nn  cheh 
plants the bracts of the third tier of flowers may be quite normal. 

The leaf-like bracts never resemble leaves completely, though they 
possess normM petioles. Those associated with normM " p a l m "  leaves 
are generMly asymmetrical, with extra lobes at  the base, and rather 
more oblong than the normM leaf (:Pigs. 25 and 26). Crimp, fern, tongue, 
oak and maple leaves (Figs. 27-3~, 36) are each associated with a corre- 
sponding type of leafy bract, easily recognisable, though generally dis- 
tinguishable from the leaf. The )nos~ striking divergence is seen in the 
case of t t  0o pp (Fig. 35), whose bracts commonly consist of a single 
strap-like lobe, while leaves have at  least three lobes. 

The gradation in brac~ types is wellseen in ~ype 3 plants. In the firsf~ 
tier the bracts are leaf-like, and their form is determined by the same 
factors as tha t  of the leaves. Ch has no definite effect. In the third tier 
the bracts are only slightly larger than those of N plants, and their form 
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is dominated by Ch, but  seems also to be influenced by other factors 
in much the same way as in N plants. The bracts of the second tier are 
intermediate. We thus have the extremely interesting situation that a 
given organ is controlled by one or another set of factors according to 
its place on the p!ant. Putt ing the matter in another way, the asstun])- 
]ion by the bracts of normal form and normal relation to other factors 
is delayed for some months in nn  plants. [['his is, however, slightly 
misleading, as the bracts of the first tier on a second spike are distinctly 
more lea@ than the second and third tiers on the first stem, which 
appeared earlier. 

~5'i,,~gle Jhctor ¢'atios. 

Tables VI I I -X  show the single factor ratios so far recorded from 
].905 to ].931 inclusive. They cover the offspring o[ alt plants known 
from their parentage to be heterozygous, 4.e. derived from a cross of 
dominaut  by recessive and conversely. A large number of matings of 
heterozygotes of less well-au thenl~icated pedigree yield similar results. 

TABLE VIII. 
,%'i'~gle factor seg'regat¢o'n j:ro.m, mat,i'~lg X X X X X .  

No. of 
F a c t o r s  huni t ies  X x x x  D ~ P lo 

S - s  ]23 3459 3552 + ~0'5 4-1=8 0.27 +0 .027  
B - b  236 56]4  5¢75 - 69"5 52'7 0 '19 - 0 . 0 2 5  
G - g -  263 7281 679l  - 245 59.1 0"00003 - 0.065 
L - 1  96 3223 3093 - 65 ,1.2.5 0.13 - 0.040 
V - v  13 742 669 - 36'5 18.8 0"05 - 0 '098 
F - i  s 1 26 18 - 4 3 '32 0.23 - 0.31 
F - f  1 46 2117 1834 - 1'1-1'5 31 '4 0"000007 - 0 '134 
C h - c h  119 4962 4828 - 67 49.5 0 '18 - 0 . 0 2 7 *  
P - p  2t] 1427 1420 - 3-5 26.7 0.89 - 0 . 0 0 5 ?  
D2¢I 60 1498 1523 + 12.5 27.5 0.65 +0.017'7 
E-e ii 253 253 0 11.2 1.0 0 
Y - y  3 44 ,13 - 0.5 4.67 0.86 - 0 . 0 2 3 7  
M-m 22 492 458 - 17 15.4 0'36 -0.069 
W - w  5 40 1.4 - 13 3.67 0.0004 - 0.65 
R - r  9 315 28,1 15"5 12"2 0'20 - 0 '098 
K - k  21 389 407 + 9 ]4.1 0.12 +0 .046  
J - j  2 69 74 + 2.5 5.98 0.68 + 0 . 0 7 2 ?  
j-J i 4 5 + 0"5 1'50 0'74 +0"257 
Q - q  3 50 28 [ 1 4.42 0.013 - 0.4~I ? 
A ' - A  95 3062 3255 + 96"5 39"7 0.015 +0 .063*  
A - a  25 558 555 + 1.5 16.6 0,93 - 0 , 0 0 5 7  
O - o  0 111 112 -F 0-5 7'-t7 0-95 + 0 . 0 0 9 ?  

In these tables the fifth column gives tha divergence D from expec- 
tation. A positive sign means tha t  the number of recessives exceeded 
tha t  expected. The sixth column gives ~, the standard error of the 
expectation. In ~ population of n expected to be segregating 1:1 this 
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S - s  
B - l )  
G - g  

L - 1  
V - v  
: F - i s  
F - t l  
Ch-ch 
P-p 
D-d 
E-e 
1Vl -n l  
R - 1 -  
K - k  

ad 
j - a  
Q - q  
A ' - A  
A - a  
O - o  
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S - s  
B - l )  
X - x  
C - - g  
L q  
V - v  
F-is 
:F - f l  
is-f l  
Ch-ch 
P-I) 
D-cl 
d-I) 
E-e 
Y-y 

IVi-m 
I-I-h 
W-w 
i~-i" 
I~-k 
l'q-Ii 
J-j 
j-J 
Q - c I  
. & ' - A  
A ' - a  
./~-a 
0 - o  
T - t  
M p  - m p  
I v - i v  
l J - u  
I - i  
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T A B L E  I X .  

,Si'.gle Jhctor seg,regat.ion f l 'om 'mat,i'.g x x  x X x .  

~ o ,  of  
h u n i l i c s  X x x x  ]9 a P 1,: 

87 2898 2733 - 82'5 37"5 0 ' 0 2 8  - 0"057 
111 3295 3167 - 6:1 40'2 0"ii - 0"039 
122 4012  3767  - 122'5 ,14 ' l  0"006 - 0 '061  

61 1!)65 1952 - 6 '5  31"3 0"83 - 0 " 0 0 7 7  
5 59 46 - 6 '5  5 ' 1 3  0"20 - 0 ' 2 2 0  
1 32 47  + 7 '5  4',14 0"09 -I- 0 ' 47  

28 816 608 - 104 18.!) 4 x 10 -~  - 0 .255 
64 2577 2 2 9 0  - 143.5 344) 0 . 0 0 0 0 4  - 0 . 1 1 1 '  
26  1217 1243 + 13 24..8 0 .60  + 0 . 0 2 1  ? 
28 581. 646 + 2',1.5 17.5 0 .18 + 0 . 1 0 t *  

6 202  237 -I- 17.5 10.5 0 .10  -I-0.173 
24  264  255 - 4 ' 5  11"4 0 ' 6 9  - 0 .0347 

6 181 163 - 9 9 .28 0 ' 3 3  - 0 . 0 9 9  
22  176 151 - 12.5 9 .04  0 .17  - 0 . 1 4 2  

3 198 217 -I- 9 .5  10.2 0 .35 + 0 . 0 8 8  
30  472 521 + 24.5  15.8 0 .12  + 0 . 1 3 8  

3 20 10 - 5 2 .74  0 .07 - 0 " 5 0  
56 1 5 t 3  1457  - 28 27.3  0 ' 3 0  - 0 . 3 8 *  
d 45 4-2 - 1.5 4 .66  0 .75  - 0 ' 0 6 7 7  
7 154 145 - 4 .5  8 .65 0 .60  - 0 ' 0597  

T A B L E  X .  

27 

S,iq~gle factor segregation, f l 'o,~ X x seIfed or ,mat~Vig X x x X x .  
No. o1 
f~milies XX + X x xx J )  a jo /,: - 

83 5096 1879 + 135 .25  36 .2  0 .0002  + 0 ,162  
] 14 9072  3082  + 43 .5  49 .7  0 .38  - t-0 '019 

4 170 72 + 10.5 6 .74  0 .12  + 0 . 2 4 7  
180 14386 4 5 8 4  - 158 59 .6  0.01 - 0 .044  
134: 10188 3341 - 41 .25  50 .4  0 .41 - 0 .016  

78 4548 1481 - 26 .25  33.6  0 .43 - 0 . 0 2 3  
9 839 201 - 59 14.0  0 .00003  - 0 .281 

75 5184  1609 - 89 .25  35.8  0 .013  - 0 . 0 6 7  
5 536 200  + .  16 11.7 0 .17 + 0 . 1 1 9  

]87 14861 4962 + 6"25 35.2 0'86 -I-0"002'7 
22 2115 748 + 32.25 23'2 0.161 +0'061 
93 6177 2010 - 49 39"2 0.21 - 0.024 
9 374 139 + 10"75 9.81 0"27 +0.I15 

31 2444 782 - 24.5 24.6 0.32 - 0"040 
58 3786 1184 - 58'5 30.5 0.05 -0.062 
86 5700 1699 - 150.75 37'2 0.00005 - 0'106 
23 1573 418 - 79 .75  19.3 0 .00004  - 0 .203 

8 601 62 - 103.75 11.2 2 x 10 - e "  - 0 .69  
33 2242  666 - 61 23 .4  0 .009  - 0 . 1 0 9  
43 2 1 6 4  683 - 28 .75  23.1  0 .21 - 0 . 0 5 3  
20  1740 562  - 13.5 20 .8  0.51 - 0 . 0 3 1 7  
32 2129 676 - 25 .25  22 .9  0 .30  - 0 . 0 4 7  
32 2019 786 + 59 .75  22.9  0 ,009  + 0 . 1 1 8  
14 1242 333 - 60.75 17,2  0 . 0 0 0 4  - 0 . 1 9 6 7  
36 2611 864  - 4 .75  25 .5  0 .85  - 0 . 0 0 7 ' 7  

9 1668 560  + 3 20 .4  0 .88  + 0 . ( ) 0 7 ?  
69 4069  1327 - 22 31 .8  0 .49  - 0 .022  
37 2 7 2 4  938 + 22.5  26 .2  0 ,39  + 0 . 0 3 3  
12 1095 378  + 9 .75 16.6 0 .56  + 0 . 0 3 6 7  

6 72,1 202  - 2 9 ' 5  13.2 0 ' 0 2 6  - 0 ' 1 6 3  
].7 1496 482  - 12"5 19 '3  0 ' 6 5  - 0 ' 0 3 3 ?  

2 221 39 - 26 6"98 0 ' 0 0 0 2  - 0 ' 4 7 7  
2 240 61 - 1,1'25 7 .51 0 ' 0 6  - 0 ' 2 5 8  
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is ½-.\/n, in a population expected to be segregating 3:1 it  is }~/3~. 
From the value o~ D + ~ we calculate from a table of the probability 
integral the chance ~P tha t  so considerable a deviation could be due to 
sampling. In Tables V H I - X  there are 75 ratios, so tha t  we should 
expect, even if no causes were disturbing the Mendelian expectation, 
to find at  least one value of P of 0.013, aud three or %ur values where 
D exceeded 2~, a criterion of signit~canec commonly employed. On the 
other hand there is no serious doubt  that  divergences having a proba- 
bility of 0.001 or less are not  due to sampling errors. 

But  it  does not l!ollow tha t  such divergences are due to the action 
of the factors segregating. A factor may give an abnormal ratio for 
three reasons. I t  may affect the viability of gametes or zygotes carrying 
it. The genotype may be variable iu its expression, e. 9. some genetically 
recessive plants may not  show the character concerned. Or there may  
be linkage with other genes or chromosomal abnormalities which upset 
the ratios. Many examples of all three types of divergence are known 
in Drosophila. In most eases we can rule out the second possibility, at  
least as regards recent work. Thus m m  plants do not  always show a 
complete whorl of extra petaIs, but  always have the anthers set high 
u p i n  the tube of ss flowers. I t  is, however, possible tha t  the low ratios 
%m~d for c I may at least in par t  be due to this cause. The other two 
both operate in the material presented. 

The last column of Tables V I I I - X  gives an expression of the rela- 
tive viability of the recessives. For  each n reeessives expected on the 
hypothesis that  Mendel's laws are exactly followed n (1 × 1~) appear. The 
values of ]c are generally negative. An asterisk is used to denote the 
fact tha t  the recessive factor is one present in the original type, and not  
a new mutant .  In families where D and J are not  fully dominant, DD 
and ffJ can be scored as if they were reeessives. Values of }c which are 
doubtful because P is large, or scoring uncert~ain, are queried. 

The factors giving grossly abnormal figures (P < 0.01) are s, g, i s, ! I, 
Ch, m ,  1% w, r ,  c I and u. In the case of s and oh there was an excess of 
recessives, otherwise an excess of dominants, i.e. a greater viability of 
the normal type. These various cases must be examined individually. 

In the case of S there is an insignificant excess of recessives from 
the mating S s × ss, a possibly signiRcant defect from ss × S s, altd 
a large and clearly significant excess from S s x S s. The obvious ex- 
planation, is tha t  S and s gametes and S s and ss zygotes have about  
equal viability, but  fl~at~ SS  zygotes are at  a disadvantage. I t  is certainly 
our experience tha t  they  are sterile. A line pure for S has never been 
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kept  in existence for many years oll end. But  if they were handicapped 
fi:om the start  we should expect to find evidence of it in the following 
case. S and B are linked, and from S b .s B selfed 81"4 per cent. of the 
S bb  plants should be SS. To account for the shortage of SS -t- S s 
plants from S s soiled we should have to postulate that  S S  plants had 
only 71-2 per cent. of the viability o:[ S s and ss, ~he lat ter  being taken 
as equally viable. This would reduce the proportion of l~b to 0.766 of 
the expectation. Actually the figures are 70 S I3, 31 S b, 28 s B, 3 s b. 
We should thus expect 28 x 0"766 or 21"4 S b. There is no indication 
of a semi-lethal effect of SS.  We propose to investigate the matter  
further. 

gg  zygotes are in serious defect in all three matings, and it seems 
probable tha t  they are actually handicapped to the extent  of about 
4-6 per cent. There is no suggestion that  g gametes of either gender are 
particularly handicapped. 

The shortage of isf s front Y fs selfsd is probably an indication of low 
viability? 0rimps are short in seven of the nine families, and the two 
exceptions are small families of 47 and 88 plants respectively. As, 
however, all the factors in the second chromosome give abnormal rates 
from time to time this may conceivably aecmtnt for the phenomenon. 
There can be no reasonable doubt  tha t  Lee's crimp (flf 1) is relatively 
inviable. The crimped plants in mixed families are slow growhlg and 
often look unheMthy. On the other hand the pure lines eontainh~g flf 1 
are quite vigorous and fertile when single (MM). I t  seems likely that  
they contain other factors which produce a satisfactory physiological 
balance. On out-crossing these factors are largely lost by segregation. 
Similar phenon{ena are common in D,rosol)hilc~. Sutton's  crimp does not 
appear unhealthy, but  may well be so, though probably less than its 

more extreme allelomorph. 
The figures for Gh are not, we think, significant of any difference of 

viability. Let  us consider the cross choh  x Gh oh which gave the most 
aberrant  figures. From 1905 to 1.920 this cross gave 1147 Gh, 1248 oh; 
from 1921 to 1.931 it has given 14-80 Gh, 1042 oh. An a t tempt  was made, 
without much success, to analyse the cause of these fluctuations (see 
p. 33). The deficiency of m m  is not clearly significant. The ratios 
fluctuate wildly. Among the families from M m selfsd are one of 97 M, 
11 m ;  another  of 156 M, 87 m .  I t  appears ~o be a mat ter  of chance 
tha t  on the whole the reeessives are more often in defect. This is borne 
out by  the fact tha t  the figures from back-crosses are quite normal. 

t t  is linked with M, and this may  account for some of the shortage 
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of hh.  Ba t  it is more likely that  the variegation of the cotyledons found 
in some hh  plants causes infantile mortal i ty among them. h h  plants are 
always late in flowering. 

w w  plants are clearly abnormal, and there is nothing surprising in 
the fact tha t  their viability is only about 30 per cent. of tha t  of their 
normal sisters. Preliminary observations suggest tha t  cc plants will be 
almost as weak. r r  plants are also probably somewhat weak. The ratios 
are fairly consist,ent. The fact that  r r  plants are rather  late in flowering 
may also have a certain influence here, but  will certainly not aecom~t 
for the whole of the deficiency, as few plants die during the flowering 
period. 

The deficiency of Clq plants may be due to errors in scoring. In 
certain families the scoring was donbtfHl. These have been omitted. But  
qq  may well be weaker than Q. The figures for U are only based on 
two families, and it is not unlikely that  a factor causing so serious a 
distm'bance of growth is semi-lethal. 

A thorough statistical analysis of the data on which Tables V I I I - X  
are based would include a test, in the case of each set of families grouped 
together,  for homogeneity. That  is to say it would be desirable to deter- 
mine whether, for example, the 123 families derived from the mating 
S s × ss differed among themselves more than could be accounted for 
on the basis of random sampling. I t  is at once obvious tha t  such families 
am those involving Ch do differ among themselves to a far greater extent  
than can be explained by  the chances of sampling. 

We therefore contented ourselves by applying the X 2 test to two 
groups of families, both of which were fairly homogeneous. For the 
35 families from mating O o selfed we took the expected vNues of re- 
cessives as in each case one-quarter of the total. Thus the value of X ~ 
gives not merely a test of homogeneity, but  a test  of the possibility 
tha t  the families had been derived by sampling from a strictly Nendelian 
population. X~= 39'97, n = ,35, .'. P = 0.53, i.e. there is an ahnost 
even chance of obtahfing as good a fit by  random samplhtg. The agree- 
ment  is therefore quite satisfactory. 

In the case of the families derived from R r selfed we rejected eight 
small families totalling 1.97 plants, in which the flower eolour hn,d not 
been scored in all the members; since other factors such as V, not be- 
lieved to be linked with !~, were segregating. This left 25 families con- 
raining 2080 tl, 631 r r .  These gave a divergence of ~t6.75 from expectation, 
the standard error being 22-5, i.e. the odds were over 25 to 1 against 
the divergence from Mendelian expectation being due to chance. The 
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proportion of recessives is 0.2328. The question now is as follows. Can 
these 25 families be regarded as random samples from a population of 
which 23.28 per cent. consists of recessives, or must we suppose that  
in different families the recessives were eliminated to a signifi.cantly 
different~ exterior? ]<[ere X ~ = 20.36, ~, = 24, .'. P = 0.72, i.e. the odds 
are over 2 to 1 against obtaining as good a fit by random sampling. 
Whabever may have been the agency that  was working to reduce the 
number of reeessives, it was working in an extremely uniform manner. 
Iudeed had[ it not  been for one family of 75 t t a u d  37 r r  the fit would 
have been. suspiciously good. We are therefore justified[ in. concluding 
tha t  a considerable proportion of our groups of families ~s homogeneous 
material which may legitimately be grouped. In the 60 families just 
considered there were probably no lethal factors segregating in the 
chromosomes carrying O and t t  respectively. This is quite probable in 
view of the highly inbred nature of the pure lines which have formed 
the start;ing-pohlt for most of this work. 

When, however, we consider even a group of families which appa- 
rent ly agrees fairly well with lViendelian expectation, such as those from 
Ch ch  x chch,  we find a very different; state of affairs. Taki:ng three of 
the most aberrant  of the 119 families we find Ch and chch  in the 
numbers 56 : 22, 185 : 135 and 21 : 48. The divergences from expectation, 
divided by the standard[ errors, are 3"85, 2"69 and 3.23. Thus it would 
be reasonable to expect three families as aberrant as this owing to 
sampling errors in a group of a hun.tired million. The chances are about 
a milliou to one against finding them in a group of 119. As there are 
other families about equally aberrant ,  the probability tha t  the irregu- 
lari ty of the whole series is due to chance is vastly less. Nevertheless 
the major i ty  of the families show no sign of disturbing factors, and we 
can only say that  the causes of deviation from Mendelian expectation 
are abottt ~s likely to work in favour  of Ch as oh, and[ tha t  there is no 
evidence "bha~ either of 5hose factors, in itself, is favourable t;o survival. 

The values of 1; are of some hlterest from the point of view of natural 
selection. Let  us first consider the mutan t  types which do not give gross 
deviations from N2ende]ian expectation. These are due Co the factors 
b, x, l, v, p, D, e, y, k, n, j, A', a, o, t, nap, iv and i. We reverse the 
wdues of Z; for D and A', so that  a negative value of k always means a 
favourhlg of the norm.a] type. There sre ld- positive and 26 negative 
values of /c. The odds are 17 to ] tha t  this is not due to c]]ance. The 
median value of g: is - 0 . 0 2 2 ,  i.e. on the whole these a]most neu~bral 
mutants  have a disadvantage of about  2 per cent. in tim period of the 
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life cycle covered by our work. This would be quite su[licient to make 
6hem into rarities in a few centuries if na6urM selec6ion were allowed 
6o act. No factor appears as advantageous in all 6hree 6ables, bu6 
p, j, o and A' appear as advan6ageous in two ou.6 of 6hree, while e is 
once advantageous, once neutral and once disadvan6ageous. The figures 
for p are ccrtMnly irregular, as arc those for Gh, wi6h which i6 is linked. 
Of the o6hers, j and o can be scored in the seedling s6age, and it would 
be possible to obtMn very  large numbers 6o t, est the ratios which they 
give. A6 presen6 we can only say 6ha6 they mus6 be very nearly withou6 
effect on the ratios. 

Of the other mutant  types we may say 6hat, roughly speaking, the 
proportion of gg  falls 5 per ten6. below the expected values, those of 
Ill 1, m m  and r r  10 per cent. below, those of h h  about  20 per cent. below 
and those of w w  67 per ten6. below. The figures for 6he remMnder do 
not yield a clear result. To sum up, of 24 mutant  types 19 are neugrM 
or slightly disadvantageous, four definitely disadvantageous, and one 
semi-lethal. 

Unfortunately this s6udy only extends 6o a par6 of the life cycle. 
I t  takes no account of fertility, and this differs considerably in different 
races. Thus to take two examples, doubles of the x x  type are almost 
completely sterile; doubles of 6he m m  type, although fertile enough if 
fertilised by hand, do not  readily set naturM seed. t'VIoreover, some of 
the types which give approximately normal ratios under careful con, 
ditions of culture, would not  do so in a rather less favourable environ- 
ment.  Thus kk  plants are particularly sensitive to cold. 

I t  is of some interest to sum the various figures of Tables VI I I -X .  
Omitting the figures for W, Q and U we have: 

X x × x x  35,647 X x 3~,64-8 x x  
x x  × X x 20,706 X x 19,638 x x  
X x x X x 109,577 X 35,651 x x  

There is no serious evidence that  any of the factors considered affect 
the viability of pollen more 6hen of ovules. While 6he above figures 
sugges6 it, it may be noted tha t  only seven of the eleven deviations for 
the n early neutral factors in back-crosses with heterozygons pollen parent  
are against the mutan t  type, while eight are against ig when the seed 
parent  is heterozygous. 

The fact of linkage greatly complicates the discussion of single factor 
ra6ios. Thus B is linked with S and G bo6h of which give abnormal ratios. 
And a large proportion of the data concerning it are taken, from linkage 
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experiments in which S, G or both were also segregating, l ~ would seem 
~]tat the various inflnen.ees ac~sing on the ratio mus~ about  neu~ralise 
one another.  Hewer ; r ,  it is probable that  the ratios in di~erent families 
where B is segregating show an abuormally large dispersiou, as in. some 
cases S and G would be so linked as go favour 13, in others b. For this 
reason no very great significance can be a,ttaehed to the ratios actually 
found in these eases. On the other hand the factors D, ~3, iYf, Y, I-I, K, 
O and M p  have only rarely been used in linkage experiments giving 
positive results, and hence the ratios given by them are little distorted 
in this way. 

ABNOI{MAL I~,ATIOS IN THE SECON]) L1NKAGIg GI{OUP. 

As pointed out by Gregory, de Winton and B'~teson, the factors of 
the second linkage gl'on]? are particularly prone to segregation in ab- 
normal ratios. An a t tempt  was made to elucidate the reason for this, 
but  although several thousands of plants were bred, the a t t empt  failed, 
though some information was gained. 

In 1926 a Ch P /oh  p plant was selfed, giving quite a good ratio for 
both factor pairs. I t  is generally possible to pick ont plants heterozygous 
for Ch or P, and this was done. In 1927 five pairs of doubly heterozygons 
plants were crossed reciprocally to ehch  pp, so that their aberrations 
from normal ratios both as males and females could be tested. In 1928 
eight Ch oh pp  plants from their progenies were crossed reciprocally 
with c h e h  P p  plants taken from the same group. In 1929, seven such 
pairs of reciprocal crosses were made. Thus five plants were tested as 
males and females as regards segregation of Gh and P, and 15 each as 
regards Gh alone and P alone. Only four crosses gave families of less 
than 50. 

It was at once clear that Ch gave more aberrant ratios than P. The 

cross-over value of these two factors is 30-7 per cent. Oll the female side, 
39 per cent. on the male side. Hence it would seem that  the cause of 
disturbance is located in the chromosome nearer to the locus of Ch 
than to tha t  of P. In the 1927 crosses all five plants gave aberrant  
ratios for Gh on the male side, the ratios for P being in all cases less 
aberrant .  The results are summarised in Table XI.  

I t  will be seen that  in every case ¢lh'gametes were produced in excess. 
The deviations in eohmm 7 and the standard errors refer to ~he Ch 
figures. In four eases the deviation exceeds ghree times the standard 
error, in the fifth it is two to four times the standard error. The devia- 
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tions are therefore clearly significant. In one family only is there a 
significant deviation on the female sidle, in the opposite direction. 

Of the plants tested in 1928, five of the eight Ch ch  plants gave a 
significant deviation (over twice the standard error), in all cases on the 
male side, four giving excess of Ch gametes, one an excess of ch. Two 
of the P p plants deviated significantly, giving an excess of p gametes 
on the male side. Of the plants tested in 1929 two of the Ch ch  plants 
deviated significantly as females, while one P p plant  deviated sigldfi- 
cantly as a male. We thus have in all thirteen eases of deviation on the 
male side, and three on the female. However, in addition a number of 
other females deviated by  more than their s tandard error, and some of 
these deviations are doubtless significant. 

TABLE XI. 
C h P / c h p  

]>a,renl: Ch  ch P p ]9 
631 ~ 21 49 43 27 14 4'2 

d' 38 7 14 31 15.5 3.~1: 
63 ~ ? 68 7i  70 69 ] .5 5.9 

77 26 65 38 2-t.5 5.0 
63 a ~ 41 49 46 4,1 4 4.7 

d' 46 18 31 33 14 4.0 
d37 9 6 7 9 4 0.5 1.8 

c~ 110 77 106 81 16'5 6"8 
631° _~ 28 26 29 25 1 3"7 

d' 65 19 3~ 50 23 4.6 

The most hopeful explanation of these results is on the hypothesis 
tha t  certain plants are heterozyg0us for a factor which handicaps pollen 
tubes containing it. Such plants will probably hand on this factor in 
half their ovules. I-Ience we should expect tha t  where a plant gives an 
aberrant  ratio as a male, its mother, when used as a. male, would behave 
in the same way. In the three cases where this hypothesis can be tested, 
it is correct. However, two plants which deviated as females only had 
fathers which deviated significantly as males only, though one deviated 
by 1'~ times the standard, error as a female. But  ~he other gave very 
good equality, 28 P ,  29 p. I-Ience the lethal factor hypothesis, though 
not disproved, does not rest on a very solid foundation. Another possible 
]D~pothesis is that  we are dealing with something like self-sterility factors. 
In this ease a given heterozygote should give significantly different ratios 
when tested as a male on different females. This experiment has not 
been tried. Moreover, it would not explain the abnormal behaviour of 
certain beterozygous females. The main exl~eriment was broken off be- 
cause it became clear tha t  by  the third year the causes of abnormal 
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ratios had become largely eliminated. The plant 631/27 is of interest 
owing to its almost Oe~o~/ze'ra-like behaviour, the ovules mainly carrying 
ch, the pollen Ch. I t  is possible that  the selfed progeny of such a plant 
might pass into a condition of forced he~erozygosis, and t]ms render 
6he establishment of a genetically pure line impossible. 

~[UTATION. 

The following fa, ctors have appeared during the course of the ex- 
periments : 

h, p,  w ,  u,  rap ,  c, sp ,  z .  

No other certain examples of mu.tation have occurred. Occasional ap- 
pearances of other factors in families where they were not expected can 
all be explained as errors, though some may have been due to mutation. 

h ~ may or may not have originated by mutation at Merton. I t  
appeared in one of the two F~'s raised from the cross of sterile double 
with diploid single. This family contained H 69:12. 

Two interpretations are possible. Mutation may have occurred at 
Merton or the sterile double nlay have been t I  h. If so the mutation 
of H to h probably occurred at  some time durfllg the vegetative propa- 
gation of the double, since harlequins had not been described previously. 

p (Figs. 4 and 5) appeared in nine out of 28 plants in a family 186/22 
froln a selfed plant. Since neither of the parents of this plant was derived 
from self-fertilisation the mutation had probably occurred in an earlier 
generation. In 1907 Mr Leonard Sutton sent Mr Bateson a sport which, 
to .iudge from a drawing, may have been pp.  I t  was not) used as a parent. 

w (Fig. 3) occmTed in a family 9]./25 derived from the self-fertilisa- 
tion of a plant both of whose parents were members of families derived 
from self-fertilisation. The mutat ion may thus have occurred in one of 
these parents. 91/25 consisted Of 78 plants of which ~en were ':Feeble- 
minded." A sister plant of the parent gave ~19 normal plants when selfed. 

u (Figs. 8 and 9) appeared in 59/28, an F 2 from two pure lines, Elwes' 
white, and "Queen of the Pfllks." 59/28 contaflled two fasciated plants 
out of 83. Further  comment is defen'ed until the relationship between 
U and Q is determined. 

m p  (Figs. 21, 22, 36, 38) appeared in 70 out of 314 plants of 400/29, 
an f 2 from a pure line (Czar) and a plant of complicated ancestry. The 
mutation may  hays occurred at  any time during three generations. 

c (Fig. 11) and sp both appeared in the same family, 173/30, an 1¢' 2 

1 See Plate XII, figs. 16 and 15, Gregory, de Wingon ~md ]3ageson (1923)o 
3-2 
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f rom two approximately pure lines, "Prhm'ose Queen"  stellata, and 
"Feeble-minded."  O[ 64 plants, four were cc, and did not flower. Of 
the remMning 60, eight were "Feeble-minded."  Of the other 52, ,t-2 
were A, and ten aa, of which one was aa sp sp. I t  is not yet  known 
whether sp can be seen except on aa  plants. If so the shortage of spsp  
is remarkM~le. 

Ten plants of this family other than ee were ~ested by se]Lfertilisa- 
tion or crossing i~l, er se. Five, including the spsp ,  proved to be C c, 
bu t  none gave spsp.  The occurrence of two mutations in a family is 
remarkable. 

zz (Fig. 12) occurred in the progeny of an X-rayed plant. Comment 
is deferred, as the effects of X-rays are under investigation. 

In addition dwarf and deformed plants have occurred. These are 
generMly sterile, and are not  necessarily due to mutat ion.  One dwarf 
type appears to be due to two recessive factors, and is still under 
investigatidh. 

I~{ULTIMUTATION OF TI{E IPAOTOI~ e. 

Like many other flaked forms, ee does not breed quite true. Alto- 
gether ee selfed and crossed i~ter se have given 3225 flaked and 25 whole 
coloured, or 0-77 per cent. of back mutations. Itowever,  these figures 
require further anMysis. The mMu experiment took place with a strain 
of flaked plants obtained from Messrs Sutton. They were gg, and hence 
t, he flakes were clearly marked. From 192,1 to 1930 they were self- 
fertilised, and after 1925 selected for large number and size of flakes. 
The original plant was giving a mixture of plants with large and smM1 
pigmented areas, but  after the first year a plant with large areas bred 
true, while a sister with small areas segregated. I t  is not  yet certMn 
whether this was due to modifying factors or to several e allelomorphs. 
Selection had no obvious result after the first ?Tear. On selfing a fully 
coloured flower on a flaked plant, only flaked offspring were obtained. 
F rom 192:[ to 1931 we obtMued four whole coloured and 355 flaked. The 
whole-coloured plants were self-fertilised. Three behaved as normM Ee,  
giving whole coloured to flaked in ~he ratios 31:8, 22:5 and 1,1-:5. On 
selfing two of the whole-coloured plants in these three families, families 
of 8 1~: 2 ee and 16 E:{t: ee were obtained. But  two. out of mix whole- 
coloured plants back-crossed to ee gave 9 red:0 :flake, and 11 red:0 flal~e. 
The other four proved to be Ee  and gave 1,f whole coloured and 30 flaked 
in all. In 1929 two plants of this line were X-rayed while flowerhlg, and 
seed taken from the flowers wMch were believed [o be undergoing meiosis 
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at the time of X-rayiug. In 1930 they gave familics of 35 and ].7, all 
flaked. On selfing tlle 35 we obtained 32 :families, of which 2~1: contained 
419 flaked and no red. The remaining eight fantllies contained flaked 
and red in the nmnbers 11:1, 17:1, 2~1:2, 19:3, 17:1, 24::1., 26:3, 1~1-:2. 
The other 17 plants gave 16 :families contaillillg 321 flaked and no red, 
and one containillg 2] flaked and two red. 

Other lines of flaked plants were derived from whites. Their self- 
fertilised offspring consisted of 1363 flaked, and no reds. A cross be- 
tweeu two of these lines, however, gave one whole-coloured plant and 
21 flaked. This whole-coloured plant behaved as Ee. Selfed it gave 
52 E :22  ee, and crossed, with a flake as male 2~t E, 35 ee, the reciprocal 
cross giving 15 E :16  ee. Of the. 52 whole-coloured derivatives from 
selfing, five were crossed with flaked, and all :five behaved as Ee,  giving 
99 whole eoloured and 103 flaked in all. 

The whole question is still under investigation, but  the following 
provisional conclusions may be drawn. X-raying |lad no significant 
effect. The proportion of whole-coloured pbtnts was raised from four 
coloured among 355 flaked, or 1.1 per cent., to 16 coloured among 1095 
flaked, or 1.~1 per cent. Treating these figures as a fourfold table we ['and 
X ~ 0.4:4:. As X has a normal distribution with unit s tandard deviation, 
this is not  significant. Bu t  comparing Button's flaked line which gave 
355 flaked and four whole coloured, with the other lines which gave 
1383 flaked and one coloured, we find X = 3"37. The method is not  very 
exact with such small figures, but  the difference is probably sigllificant, 
i.e, different flaked lines differ in their capacity for producing whole- 
coloured plants. The investigations of Demere5 (1928, 1929) show that  
such differences may be due either to allelomorphs of different stability, 
or to other factors. We hope to be able to decide which of these causes is 
operating in our case. 

I t  is also clear tha t  two different types of whole-coloured plalltS are 
produced by flaked. The first type,  of which we found four examples, 
behaves as E e, the second, of which we found only one, behaves as ee, 
but  lugs an unusual tendency to produce whole-coloured plants. Such 
a plant may  perhaps be regarded as a chimaera in which the somatic 
tissue is mainly E e, the gametic, however, being e. 

Suc~'e~s'r~D H o~,~oLoc,'n,:s. 

The genetics of co]our in the Vernales group of Prim,ul~ has been 
investigated by Chittenden (1.928) and Buxton (19g2), Chittenden. con- 
coming himself with species crosses, Bnxton with the varieties of 
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P. ctcc~dis. Chittenden fom~d a factor: R for anthocyanil~ production, 
and more doubtfully an intensifier D o~ anthoeyanin in P. J~diae, while 
P. ctec~dis and P. election' carried a ~actor Y ~or yellow flavone, and 
P. ela.tio~' carried a factor I inhibiting anthocyanin production, some 
plants being hetcrozygous for it. 

Buxton reports a :factor Y for yellow flavone, B for anthocyanin, and 
a factor S which changes blue anthocyanin to red. A factor W suppresses 
the wllite flavone, so that the flowers do not turn yellow in ammonia, 
and converts carmine flowers into magenta. 

Of these factors Chittendelfs R may be identical or allelomorphie 
with Buxton's B. Otherwise the blue primrose and P. $~d, iae should 
give 1/16 yellows and whites in/#2. They may be provisionally homolo- 
gised with ore: V. Y is probably absent in P.  si,~e,as~;s as it is in P. duga, e. 
Ohittende~fs I may be homologm~s with our D. Bnxton's W appears 
to be homologous with ore: B. His S, according to ficot~-Moncrieff 
(1932), leads to the ]?roduction of prh~mlin in place of a diglucosidM 
anthoeyanin present in. the blue (ss) primrose. If R carries out a trans- 
formation of this kind in P. si'ne'ns'is' it is certainly less thoroughgoing 
than that carried out by S in P. aect~t[,i8. The homology is thus not very 
clear, though possible, so that we can make the very tentative homologies, 
suggested in. Table XH. The factor S for heterostylism is presumably 

TABLE XII. 
C}fit tendeu t l  Y - -  I - -  
B u x t o n  B Y W -- S 

de W h R o n  a n d  } I a ldane  V A b s e n t  B D ? R  

the same throughout the genus P,;'i,m.~dc~. None of the other structm'al 
factors can. be homologised. 

V and 8 perhaps correspond to the general factors for anthocyanin 
production found elsewhere, e.g. C in Pis~'m., C and t l  in Lc~t/~:~/rus and 
Mcttthiolc~,. K finds a parallel in the oxidising factor which converts 
petargonin into cyanin in Pclc~,rgo~viu,m. (Seott-Moncrie~', 1931). Multi- 
mutating recessives resembling E are found in A'r~.t'i,r,rh, i,~t,m. (Baur, ] 926), 
Debph, i,~,i~tm (Demeter, 193].) and elsewhere. The sterile doubles (xx) re- 
semble doubles found in other plants much more tbah do the fertile 
(ram) doubles. X may be tentatively tmmologised with S of Ma, tth~;oZc~ 
(]?hilp and Huskins, 193].) etc; No other factors seem to have obvious 
h omol og~tes. 
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FACTORIAL OOS'II'OSITIONS OF SOS'[E COMMEItCIAL STgA[NS. 

All Bri t ish comumrcial  p lants  are ss.  Continental  seed is often mixed, 
eontaill ing some S plants.  The following are the factorial  composit ions 
of some well-known strains, referred to dihtte magen ta  green-st:igma 
sgellata as standard. 

D@loids. 

Snt tou ' s  Coral Pink k k  g g  b b  ii C h C h  
,, Crimson King  KK g g  b b  ii C h C h  
,, l~oyal Whi te  DD C h G h  
,, E tna  bb  gg" 11 ii G h G h  
,, ]~.ea.ding Blue r r  ii C h C h  
,, Duchess b b  g g  DD C h C h  
,, Queen of the Pinks  b b  vv  ii t u n a  C h C h  
,, Double Whi te  P u r i t y  B B  v v  ii m m  C h C h  
,, Coral P ink  Star  k k  gg" b b  ii 
,, Vesuvius Star  bb  g g  ii Ch  c h  
,, Czar g g  r r  ii C h C h  
,, White  Star  DD A ' A '  11 

yy ,  fsfs and other  recessive plants  occur in mixed strains. 

T et~'alfloids. 

S u ~ o n ' s  C4ian~ Roya l  Whi te  D,~ Ch,~ 
. . . .  White D,~ v,~ Ch, l 
,, ,, P ink  b,~ Ch~ 
. . . .  Crimson b a g,~ Gh,~ 
,, S y m m e t r y  S ta r  b,~ 
,, Giant Whi te  Star  D,~ 

The above represent  our analyses,  bu t  are subject  to uncert,~inty 
for several reasons. Thus ill a white DD G G  any  recessive other  than g 
m a y  occur wi thou t  altering the :[lower eolour. And te t raploid strains may  
breed true, or very  nearly so, for a long time, and ye~ contain a few 
triplex (e. 9. D D D  d) plants. 

Small  amoun t s  of seed car ry ing  other factors m a y  be obtained f rom 
tile J o h n  Innes  Hor t icul tura l  Ins t i tu t ion  on al?plieation. 

SUMMAI~Y. 

1. This paper  describes the act ion and interact ion of 25 pairs of 
allelomorl)llie factors, two sets of three multiple al lelomorphic factors, 
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and three dottb tful ])airs o [ allelomorphic factors in the diploid P'~'iv~a&~, 
si~e~s'is. Of these factors two or three are dominant to ~he original 
type, one was probably a cause of ]?olymorphism in it, the remainder 
are recessive. Twelve of ~he factors affect anthoeya,nin, f.onr aiIeet the 
pla.stids of the flower, dn:ee of them also having strnctural et-tects. The 
remainder have purely structural effects, four acting mainly on flower 
structure, six mainly on leaf structure, and one mainly on bract structure. 
In addition one extra-nuclear factor governs the eolour of leaf ehloro- 
])lasts. 

2. The stem and leaf anthocyanin depends mainly on four factor 
pairs. If all four are segregating, apparently almost continuous varia- 
tion is obtained, but analysis is possible when only one or two segregate 
at a time. One particular genotype recessive for two of these :factors is 
female sterile. 

3. Petal eolonr depends mai~aly on 11 factor pairs. An attempt is 
made to explain their interaction on biochemical lines. Whites may be 
due to the joint action of two dominalzt inhibitors D and G, or to various 
combinations of four recessives. 

g. I-lleterostylism is controlled by three factor pairs. One affects 
style length and anther insertion, and pollen grain size, the second 
anther insertion and doubleness, the third style length and flower 
plastids. 

5. The flower plastids are controlled by two factor pairs and two 
sets of three allelomorphs. These generally also affect the flower or leaf, 
at least in suitable combinations. Large eye size tends to be associated 
with crimping of the leaves and serration of the petal margin. 

6. The other four factors governing leaf slmpe which have so 2ar 
been studied interact much as might be expected, except) that the most 
abnormal type is a donble recessive, and the loss of a third factor gives 
a much more normal triple recessive. 

7. The flower structure in chch plants (probably the original type) 
is not much affected by the factors governing leaf shape. But the 
dominant factor Ch not only alters the flower structure, but renders it 
sensitive to the action of factors which otherwise affect the leaves only. 

8. The recessive factor n converts the bracts into leaf-like organs, 
and they then become sensitive to the factors governing leaf-structure. 
The calyx is similarly, but less, affected. 

9. Data are given for single factor ratios. Eighteen factors are nearly 
neutral in their effect, the numbers of the mutant types not deviating 
signific'mtly from Nendelian expectation. Six factors appear to have 
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def in i t e ly  harmf i f l  effects, the  n u m b e r s  of the  m u t a n t  t y p e s  found  rang ing  
f rom 95 to 33 per  cent.  of t he  e x p e c t e d  valnes .  

10. Six to  e igh t  new fac tors  have  a p p e a r e d  dnr ing  these  exper i -  
ments .  I n  four  cases the  ev idence  for mn~at ion  is clear.  

t t .  The  fac to r  e for f laking n m t a t e s  back  to  n o r m a l  a b o u t  once in 

600 life cycles.  

I n  conclus ion we m n s t  ~hank the  D e p a r t m e n t  of Scient if ic  and In-  
d n s t r i a l  Resea rch  for a g r a n t  m a d e  to one of ns enab l ing  h im to ob t a in  
t h e  a s s i s t ance  of Miss Scot t -Moncr ief f .  
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E X P L A N A T I O N  OF P L A T E S  I - - X I I I .  

The 1)hotogl'al)hs were all |~akon by Mr H. C, Os~ersl;ock, who also copied the 
coloured pla~e from the original. 

T?LA'rE I. 

"Fig. 1. SIwles of (a.) llornlal pill (S A), (b) nornlal th rnm (S A), (c) large eye pin (homo- 
styled, s a), (d) hu'ge eye ghruln (S a), enlarged. 

Fig. 2. (ct) Nol'mal calyx round ripening capsule of an oak-leaved plan% (b) everted calyx. 
:Fig. 3. (a) Normal " feeble"  p lant  with petals somewha~ redneed, (b) ":Feel)lesC' p lant  

with corolla reduced to a tube.  

PLatTE II. 

Fig. 4. Sinensis peculiar eye (Ch p).  
:Fig. 5. Stellata peculiar eye (oh p).  
:Fig. 6. SinellSiS tongue peculiar eye (Ch t p).  
:Fig. 7. Silica]sis l;Ollgtle oak peculiar eye ( C h t  o p) .  
:Fig. 8. Faseiated plan~ with hollow stem. 

PLATE ] IL  

Fig. 9. Tllree faseiated plants from same family, all the same age. 
Class I. Near norlnal, flowers nearly over. Note rtldinml]tary st igmata and small 

leaf near Lip of scape. 
Class II. Several flower spikes of same age. More leaves and much later flowering 

than  Class ]. At  least  one s tem faseiated. 
Class I l I .  Cusllio, of small leaves ~dth llO sign of a flower spike. These plants may 

flower when over a ye~r old bu~ are a.pt to damp off heforehand. 
Fig. 10. Three planl~s of leafy bract  (nn).  Class i, Class II ,  Class [IJ. 

"PLATE IV. 
Fig. 11. "Cl ip"  plant  (ca), 
:Fig. 12. "Claw"  plant  (zz). 

Pr~t'rEs V, VI ~t~D VII.  

:Front and back view of a petal, corolla hlbe, calyx and hi'act elllarged. 
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]?LATE V, 

Fig. t3. Sincnsis'l~ype (Ch). 
Fig. 14. SLella~a ~ype (ch). 
Fig. 15. Sinensis peculiar eye (Ch p).  
[[Pig. 16. Sl, ellal,a peculiar eye (eh p).  

]>l~,cr E V.I. 
]Pig. 17. Tongue sinensis (t Ch),  
Fig, t8. Tongue sincnsis peculiar eye (t Ch p). 
Fig. t9. Tongue oal~ sinensis (t o Ch).  
Fig. 20. Tongue oak sinensis t)eculi'u ' eye (t o Ch  p).  

PL~VrE VII. 
Fig. 21. Maple silmnsis peculiar eye ( rap  Ch  1o). 
Fig. 22. Maple crimp si,ellata ( rap  f oh). 
Fig. 23. Oak sinensis (o Ch).  
Fig. 24. Oak fern siucnsis peculiar eye (o y Ch p) .  

])LATES g f i f ,  I X  AND X. 

'ronL and back view of a petal, corolla tube, ealyx and bract.. 

PJ,A'r~ V[[I.  
Fig. 25. Sinensis leafy bract  ((]11 n).  
Fig. 26. Stellata leafy bract  (eh n).  
Fig. 27. Crimp sinensis leafy bract  (ft Ch  n) .  
Fig. 28. Crinq) s[ellaga leafy brae[, (ft oh 13.), 

PL,VrE IX.  
Fig. 29. Fern slnensis leMy braeb (y Ch n) .  
Fig. 30, Fern stellM~a leMy brael~ (y ch  n) .  
Fig. 31, Oak sinensis leafy brael~ (o Ch  n). 
Fig, 32. Oak stellaLa leafy bract  (o ch  n). 

PLA'.rF~ X .  

Fig. 99. Tongue sinensis leafy brae~ (t Ch  n).  
Fig. 3'1-, Tongue s tel la ta  leafy bract  (~ ch  n) .  
Fig. 35. Tongue oa, k sinensis peculiar eye leafy brae5 (t o Ch  p n) .  
Fig. 36. Maple sinensis leafy bracb 0 ~ p  C h  n).  

]%vr~s  XI  A~D XII .  

From photographs of le0;ves. 

lh,a'r~ X L  

]Fig, 37, Type, ;F O Y T 1Vlp. 
Fig. 38. Maple, F O Y T rap ,  
Fig. '{9, Tongue, F O Y t Mp,  
Fig. 40. Crimp (Lee's) sinensis, f I O Y T M p  Ch. 
Fig. dl. Oak, F o Y T M p .  
Fig. 42. Crilnp oak, ~ o ¥ T Mp.  
Fig. ,13, Criillp (SIIG6OlI'S), fS 0 Y T M p  Ch. 
]Pig, 4'1. Fern, ;F 0 y T 1Vlp. 
Fig, 45. Crilnp (Lee's) fern sinensis, fi O y T 1VLp (]h.  
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Prim~lla sb~,e~sis (s[ell~[~), " w i l d "  ~ype. 
Vol. II, Ph /05.  

T/~e ge~7,e/,fc,s of Primul~ sine:nsis 

]?Laq'~ XII .  
]?ig. 46. O~k fern t, ongue, ~F o y g M p .  
Ieig. 47. Ot~k m~ple, F o Y T lxxp. 
lPig. 48. Oak fern, F o y T M p .  
l~'ig. 49. iFern ~mNue, F O y t M p .  
Fig. 50. Crimp mt~ple, f O Y T r ap .  
Fig. 51. 2Fern m~ple, ~F O y T rap .  
]i'ig. 52. q?ongue maple, F 0 ¥ t 1rip. 
lJ~ig. 53. O~1~ ~ongue, ~' o Y t 1rip. 
Fig. 54. Fern  gongue maple, F O y t m p .  

PL,t'r i,: X H I .  

Copied from ~¥. J .  Hooker 's  E~vollc Flora, 
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Fi,,' 4. 

]~'ig. 5. 

l?'ig. 6. ]?ig. 7. 
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JNg. 9. 

F~g. 10. 
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Fig. 38. 

Fig.~l. 

Fig. 37. 

v g , ~  

Fig. ~0. 

Fig. 4,4,, Fig. 4,3. 

Fig. ~9. 

Fig. 4,~2. 

Fig. 4,5. 
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Fig. 4?7. Fig. 4,8. 

Fig. 4 ,9 . / /  

Fig. 52. Fig. 5~1,. 
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