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INTRODUCTTON.

THESE experiments were begun as an attempt to clucidate by genctic
means certain peculiar distributions of flower colowr evident in the garden
dahlin.  Investigations rvelating to this particular part of the work are
sGll in progress. The following account is preliminary to the more ex-
tended series of observations it is hoped to present later.

Journ. of Gen. xx1 9
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MATHRIAL AND METHODS.

The garden dahlia can be grown from seed to maturity in one year.
Suitable treatment hrings the plants into flower in July, the flowering
period continuiug up to the time of the antwmm frosts. The “tubers,”
i hited and stored during the winter, can be grown on from year to
year indelinitely.

The Compositae prosent material which does not readily lend itself
to genctical analysis, and with D, veriebilis this only becomes practicable
to any extent by reason of the general self-sterility which prevails.

Cross-pollination was made in these experiments by gently brushing
the dise of the capitulum used as a male over the disc of the female.
Capitula selected for crossing were bagged before the dise florets opened,
and a plug of cotton wool was inserted in the month to secure better
protection from insects—especially earwigs. Seed ripens in 7-8 weeks.

All the usual precantions against contamination by foreign pollen
have been observed thronghout these experiments.

THE GENUS DAHLIA.

From inspection of the botanical deseriptions of Dallia species it is
evident that, with the exception of D. variabilis, they can be assigned
to one of two groups for flower colowr: Group I (ivory-magenta-purple);
or Group IT (yellow-orange-searlet). ‘

Grour I (ivory-magenta-purple).

D. Meichkii* D. Mazimiliona D. pubescens
D. Mawond* D. imperialis® D. platylepis
D. excelsa D. dissecia D. scapigera
D. Lelimanni

* T have grown and observed these species.

D. Merclii Lehmann. 3 ft. high. Ray florets @ and fertile, pale
violet to pwrplish violet. Dise florets purplish. First leaves simple.

D. Mawxoni is described by Popenoe (1920) as growing 15-18 ft. high,
and, in the wild form, beaving lilac-pink or white rays. Under cultiva-
tion other varieties occrr—“almost a pure pink, a deep lilac pinl and
a darker shade which could almost be called o mauve.” Fhrst loaves
ternate-pinnate.

D. ceelse Benth. is said to have pale rose-purple or purple ray florets.
Loudon’s (1843) fignre of this species scems identical with the photo-
graph of Maroni in the A, Jowrn. of Heredily. Grows 1H-30 . high.

D. Lelunannd Hieron. 12 6. high with pale lilac rays.
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D. Mazimiliona Hort. Ray flovets a delicate mauve. The plants of
Mazoni which I have grown are very near to, if not identical with
Mazzmiliana. The fonr dahlias Maxons, excelsa, Lefmannt and Maxq-
miliana may he varieties of one aud the same species. The recorded
differences between them are no greater than sinilar variations observed
within other speoies.

D. imperialis Roezl. 6-18 ft. high. Ray flovets white, very faintly
flushed lilac-piuk, with a crimson spot at base of petals.

D. dissecta S. Wats. Deep purple rays, 13-2 ft.

D. pubescens A. Brougn. es Newman Pale purple or mauve rays;
13-2 ft.

D. platylepis A. Brongn..ex Newman. Lilac rays; 152 ft.

D. scapigera Knowles and Westcott, is deseribed by Bentham and
Loudon as having pure white ray {lorets, but London’s figure of this
species shows faintly tinged violet rays; 1-2 ft.

Grour I (yellow-oraunge-scarlet).
D. coccinea* D. coronata™ D. gracilis D, tenurs
* T have grown and observed these species.

D. coccines Cav. 5-9 ft. high. Ray florets yellow, orange or scarlet-
orange. I have not observed the yellow variety, but it has heen recorded
by Loudon and others. First leaves simple. Petals stellate or imbricate.

D. coronata Hort. 4-5 ft. high, bearing scarlet-orange to scarlet rays.
Sweet scented. Petals incurved. First leaves siniple.

D. gracilis Ortgies. Ray florets scarlet-orange.

D. temws Robinson and Green. 15 in. high, ray florets yellow.

The above list of Dahlic species is by no means complete, since
others have beeu collected. Few of these latter have heen grown under
cultivation or adequately described, and apparently cousiderable con-
fusion exists as to their identity.

DANLIA VARIABILIS DS
(1) MORPHOLOGICAL OBSERVATIONS.

The position of D. wariabilis with regard to the colowr groups is
unique in that it unites both series within itself. Whites, ivories, yellows,
scarlets and purples, with many intermediate colours and intensities,
can be seen in various patterns combined with varions flower shapes.

These flower colours aud Gheir distribution in the garden dahlia are
the resnlt of the presence or absence of two scrics of soluble pigiments:
(1) flavones, (2) authocyauins.

9-2
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The flavone series is expressed in an almost continuous gradation of
colours ranging from ivory to deep yellow (Plate XTI, figs. 2-6), all -of
which give the characteristic flavoue reaction when fuined with ammionia,
1.e. the ivory flowers turu a bright lemon yellow; the yellow change to
an intense orange. Flowers intermediate between ivory and yellow
change, when fumed, to shades internediate hetween yellow and
orange.

Amnmong the flowers which, upon visual examination alone, might
easily be classed as ivories, certain kinds ave found. which give no
reaction with ammonia. In this account such forms are called “whites”
as distinet from ivories which, though visnally similar, always.give a
positive reaction for the presence of favone.

The anthocyanin colowrs may be arbitrarily classified in three groups:
(@) magenta to deep purple, (b) pale orange to deep scarlet, (¢) colours
intermediate between (@) and (b).

Given a wide enough range of present-day varieties for inspection it
quickly becomes evident that all thé colowrs of the niagenta-purple
group are invariably associated with ivory flavone grounds; aud that
all the colours of the orange-scarlet group are imvariably associated
with yellow flavone grounds. (It will be noticed that this association
correspouds with that of the two colowr groups previously referred to
in which Dahlia species may be classified.) The iuntermediate flower
colours are associated with intermediate flavone grounds.

Visual examination of the flower colours as to their kind, association
aud coustitution is much facilitated by the occurrence of (a) mosaic
flowers in which the anthocyanin is distributed in flecks and streaks,
(b) patterns where the anthocyanin covers a portion only of the petal,
and (c) relatively frequent somatic mutation of both anthocyanin and
flavone pignients. o

In mosaic flowers the distribution:of anthocyanin is sharply dis-
continuons, forming flecks and streaks—the flavone ground eolowrs
shiowing where 1o anthoeyanin occurs. Mosaic flowers in the magenta-
purple colowr group always have ivory grounds; in the orange-scarlet
group they have yellow grounds. Another type of colowr distribution
1g that in which the anthocyanin occurs as a flush across the middle of
the petals exposing the flavone ground at the tips and bases, aud again
the same association of flavone and anthocyanin colours is to be seen.
Further evidence as to this relation is afforded by somatic mutation
involving each series of pigments.
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(@) Somatic mutations of anthocyanins and flavones.

(i) Anthocyanins. Apart front mosaicisni, plants with coloured
flowers occasionally spoit sectors without. anthocyanin—usually quite
narrow, rarely so much as 3 m. wide, and ruuning the length of the petal.
Orange and scatlet flowers have yellow sectors; magenta-purple flowers,
ivory sectors (Plate XTI, figs. 10, 11). '

Not wncommonly dilution or intensification of the anthocyanin
occwus. All of the pigment may be missing from a sector, and immediately
adjacent on one side another sector, usually corresponding in size with
the uncolowred portion, will have a double dose of anthocyanin (Plate
X1I, fig. 11).

In snch a case 1t is probable that a nutosis has occurred such that
one of the daughter cells has received all of the chromosomes or factors
for colomr—the other receiving none—and that these cells have by
division given rise to the uncolowred and doubly-colowred segments
zespectively. Afttention is drawn to the similarity of this type of somatic
mutation to that observed by Eyster (1924) in variegated maize cobs.

A similar condition may occtr without the entire loss of anthocyanin,
dilute and deeper stripes being found side by side (Plate XII, fig. 12).
More rarely a single, solitary deep or dilute stripe occiwrs unaccompanied
by any other visible change.

Petals have been seent where several of these mutations have been
present side by side. '

(it) Flavones. Yellow dahlias have been observed to sport ivory and
white sectors. Similarly, ivory flowers have sported white sectors. In
the ivory sporting to white, it is much more difficult to recognise where
-2 change has occurred. In all these experiments the final criterion of
the identity of a white or ivory flower has been the fuming of the petal
with ammonia. With practice however it is possible to distinguish white
fromt ivory hy eye—the white having a peculiar translucent appearance
and seerning to be very famtly tinged pink or mauve, This is due to the
reflection of light and is merely an optical effect.

The question arises as to what results if the yellow and ivory flavones
sport in the presence of anthocyanin. Variations of this kind have
been observed-—clearly .showing the association of particular flavones
with particular colovirs,

. -* Miss de Winton who is working on Primula sinensis at this Tostitution tells me she
Lag observed similar variations in flower colonr, and that they always oveur in plants
heterozygous for the factor concerned. (Sec also footnote to p. 138 of this paper.)
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() I the yellow Havone ground of a erimson-scarlet flower spovts
bo avory, then the flower colour will he pusrple, not searlet (Plate XTI,
fig. 14).

Oy 1F either yellow or avory sports to white, then no anthocyanin
develops.

Confirmation of («) is provided by flowers which have yellow flavone
in the basal hall of their petals, shading off almost to ivory af the Gips.
T these fowers it would be expeeted that authoeyanin on the basal
half would appear searlet shading off to purple at the tips, and such s
m fact the ecase (Plate XI1T, fig. 8). Morcover the mosaic variely
“Dorvothy” hag a yellowish ground wath erimson flecks, which fre-
quently sports an ivory ground. On the ivory ground the anthocyanin
appears purplish (Plate X1, fig. 13).

That it is the favone which changes and not the anthoeyanin alone
i the cases just mentioned is made still clearer by bleaching the antho-
cyanin in an aqueous solution of SO,, which does not affect the flavones.
In every case the magenta or purple sectors have twory grounds—not yellow.

Two such plants have been used in breeding and they have proved
to be heterozygous for yellow, and have given magenta or purple
seedlings in ;. '

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

In the mutations so far described apparently only the colour of the
flower changes, and not the intensity of pigmentation. Thus an orange
flower sports pale magenta sectors; deep orange, deeper magenta;
scarlet, purple—and so on.

Intermediate Forms. The facts so far presented have been from the
two extreme groups: (1) ivory-magenta-purple, (2) yellow-orange-scarlet.
Mention was made of intermediate colotw forms, which are more difficult
to understand. Careful examination of many hundreds of these has led
to the establishment of the following facts:

(1) The yellow and ivory flavones may be present together in varying
amounts.
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(2) Yellow flavone partially obscures ivory.

(3) The proportion of ivory to yellow gives rise to several shades of
colour ranging from ivory, through cream and primrose, to yellow.

(4) When anthocyanin is present the flower colowr is determined by
the proportion of ivory and yellow flavones, e.g. on an ivory ground it
is purple; on cream, more crimson; on pale yellow, nearer scarlet; on
a good yellow ground, scarlet. The precise limits of the range of the
flower colour as determined by the association of anthocyanin and
flayone are not clear at present, but so far as my observations have
gone the above scheme seems to be approximately correct, though
doubtless many moderating influences of a minor nature frequently
come into play.

(b) Distribution of anthocyanins and flavones.

(i) Anthocyanins. As previously stated anthocyanin is developed
only when flavone is present. It is obvious therefore that where antho-
cyanin is present the flower colour is due to the combined effect of the
anthocyanin and flavone, and that only chemical analysis can finally
establish the true colour of the particular anthocyanin(s) involved. Any
reference here to an anthocyanin colour by name is made with this
reservation.

Apart from evidence to be quoted later there is some reason to
believe that at least two distinet anthocyaning occur in the garden
dahlia, namely (1) a geranium red, (2) purple. Tach is found in several
intensities (the above names merely indicating certain degrees of pig-
mentation), but their distribution and qualitative variation and their
reactions with ammeonia and sulphwrons acid differ appreciably.

Since the "geranium red anthocyanin is never present alone, but
associated with flavone, the colour of the flower as seen may generally
be described as “scarlet.”

The “scarlet” is the less variable of the two anthocyanin colonrs.
The tinged, pale orange, deep orange, scarlet and deep scarlet colours
may be different concentrations of the same pigment, for it is possible
to male an almost perfect gradation from the most faintly tinged to
the deepest of scarlets. Hspecially is this true if flowers of different ages
are used, since there is a considerable fading with age of both antho-
cyaning and flavones, distinct colour varieties overlapping each other.
Thus the intensity of colowr of a fully expanded flower of variety “A”
will be identical with a newly opened flower of variety “B,” and so on.

This fading of flower colowrs begins with the unfolding of the petals
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and suggests that the production ol anthocyanin is complete (or practi-
cally so) at the opening of the capituluin, and that ncrease in size of
the petals brings aboub a correspouding dilution of the pigment, the
colowr diffevences hetween some varieties heing mervely guantitative.

One exception has been observed. A certain pale magenta flowered
variety is not fully colounrved until the flower is expanded—the buds
and the young flowers being almost pure ivory.

The digtribution of anthocyanin may vary, the concentration being
least at the tip of a petal; least ab, or even absent Irom, hoth tip and
base; deeper on the backs of the petals or vice verse; concentrated on
the edges or in the middle of the petals, ete.

Differentindividunals with apparently the same yellow or ivory grownds
may have different intensities of anthocyanin, [rom the faintest tingeing
to very intense coloration—as if varying doses of the same pigment
oceurred on the same ground.

The quantitative variations described for “scarlet” anthocyanin
were observed in flowers whose yellow grounds were apparently identical.

In the scarlet series the presence of small amounts of ivory flavone
may alter qualitatively the observed colour of the flowers, but in the
purple series no sueh interference iy possible. Hence any qualitative
variation in this serics i likely fo be (1) the direct expression of the
modification of anthocyanin or (2) due to the ocourrence of different
anthocyanins.

Variations may be observed in the magenta-purple series (@) in-
clining to rose, (0) mclining to violet, and there are cases in which they
seem to ocowr together in the same flower,

It i interesting to note that apparently a similar variation ocours
in D. Maxons,

Pigimentation of the stems of the dabbia, though distinet from flower
colowr, is nevertheless nob enbively worelated. White and ivory varieties
never have colowr 1 the stems or in the sub-epidermis of the tuberous
roots-—yellows rarely have. The yellows which have faintly tinged stems
are not ab present understood, and seem to be exceptional. Al other
colouwred varictics obscrved have coloured stems,

There are several well-known varieties wliclr have deeply coloured
leaves and stems, and in such plants this pigmentation extends also to
the dise—florets, bracteoles, ete. all being coloured. Variows intergrades
have béen seen bebween the deepest and the palest of these deeply pig-
mented plants. Presence of abundant stem pigment coufers an added
intensity upon the flower colon.
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Normally, all variations of flower colowr are only expressed in the
ray pebals—the disc florets remaining the usnal yellow colonr—i.e.
flavones are present and give the characteristic reaction with ammonia
in every part of the capitulumn except the pollen. Thus the disc flovets
of 'a normal white rayed variety all cairy flavones—the petals alone
having no pigment.

There is another kind of white, however, in which pigments are
abscut from the whole of the capituluin—bhracts, bracteoles, dise flovets
and rvays. This white is the extreme expression of a condition which
most frequently shows itself in coloured edges to otherwise white petals.
The well-known variety “Union Jack” is typical of this condition.
I have attempted to dnalyse the behaviour and inheritance of this ab-
normal pigment distribution, but it appears to be extraneons to the
general distribution and inheritance of pigments in Dahlic. The results
of this part of the investigation will appear in a later paper, when the
work hag been carried further. :

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

(¢) Reactions of anthocyanins and flavones with ammonia and SO,.

As indicated on p. 128 the change of colour ocenrring when white,
ivory or yellow petals are fumed with ammonia is as follows:

Petal colour Changes to
White No change
Ivory Lemon yellow
Yellow Intense orange

The ammonia- test is a well-known method used for detecting the
presence of anthocyanin in plant tissues. If anthocyanin is present a
green or bluish colour usnally develops upon fuming, though possibly
other substances in the cell sap may modify this green or bhush appear-
ance. In addition to the many fumings made with aminonia in the
comrse of these experiments, petals have been bleached in 8O,, and the
reactions of different flower colours with these two reagents noted.

The observations may be briefly snmmarised as follows:

50,. 80, does not affect the flavones. It half bleaches the deeper
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coloured petals and almost entirely bleaches tinged varietics. Penetra-
tion is increased if the petal is first fumed in ammonia and then bleached
—complete removal of the anthocyanin pigments resulting, thus re:
vealing the flavone ground.

Ammonia. (¢) Magenta and pwrple flowers give gréen and bluish-
green reactions. (b) Orange and scarlet give an intense reddish-brown
coloration. (c) Intermediate forms give intermediate reactions.

The intense reddish-hrown which develops when orange or scarlet
petals are fumed is of some inberest, since this is not the typical reaction
of anthocyanin with ammonia®.

All the other species I have grown conform, after their kind, to the
above results. '

(2) BREEDING RESULTS.
(@) Flavones.

The genetical analysis of a Composite like Dahlia would he hardly
possible hut for the self-incompatibility which prevails.

A typical “single flowered” variety has 8 ray petals and about
130 ¢ disc florets which open successively from the periphery of the disc
inwards. The ray florets of all varieties I have seen are sexually non-
functional, and at the most bear only rudimentary @ sexual organs.
Norton (1926), however, says some varieties produce seed in the ray
flowers.

The filaments of the sbtamens are elastic and allow the anthers and
their 5-valved membraneous covering to be extruded above the corolla
tube hy the growth of the style within. Dehiscence is accompanied by
the liberation of the stigmas through the summit of the membrane and
withdrawal of the stamens—the stigmas emerging covered with ahumdant
pollen. In fine weather the stigmas are probably receptive a few hours
later. ‘ '

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

Rach flower head is potentially able to set about 130 seeds, but for
various reasons more than 90 seeds ravely develop under natural con-
ditions. As far as possible, cross-pollinations have been made when all
‘the stigmas of the disc florets were expanced. The inclemency of the

1 Since goiug to press I have seen the paper by Buxton and Darbishire “On the
Boehaviour of ‘ Anthoeyaning’ at varying Hydrogeu-iou Concentrations” (Journ. Gen. xx1.
1). Itisinteresting to note that these authors, in their experiments ou anthocyanin colours
of various flowers, found thew to fall into two distinet, main groups with which the
reactions of the two Dallin anthocyanins closely corvespond.,
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weatlier has oftew prevented the choise of this wdeal time for pollination,
lienee the smaller wuuhers of seeds obtained 10 certain crosses.

Self- and c’rossw/n(:(nn-f/')((/z./)’z/:///7/ Detatled records have been kept of

the sell-polliuation of 48 distinet varietics, 217 capttuda have been
selfed-—the equivalent of over 28,000 ﬂm't‘ts —uiving 182 seeds or
0-47 per cent. Of these 182 seeds 95 gernmmiuated. The average nuunber of
selfed seedlings veacling maturity is only 0~ 5 per cent, of the flowers
pollinated. Norton (1926) also records that frout about 30 varieties selled
he ouly obtained seed from one.

The plants raised from selfing were usually smaller and less vigorous
than the average. Two which were identical i every respect with their
parents were undoubtedly apogamous seedlings. I have not yet seen
any two plants in the families I have raised which were not to be dis-
tinguished one from the other.

Ot the plants obtained from selfing, 60 were from 3 individuals.
These gave (1) 20 plants from the selfiug of more than 27 capitula,
(2) 29 plants from 43 capitula and (3) 8 plants from 20 capitula respec-
tively. The reason for the increase in self-fertility in these three instances
is not clear, and seems ‘o be unusual—most of the plants tested never
giving rise to a single seed. In addition to the recorded selfings several
other varieties have beeu selfed, no seed setting whatever.

For all practical prposes the occasions when a plant’s pollen will
compete successfully with that introduced in controlled cross-pollina-
tion are so rare that they may be ignored. No such instance has been
detected iu these experiments.

Since both pollen and ovules—or at least a high proportion of them
—are functional, 1t is evident that the failure to obtaln seed from self-
pollination is due to self-incompatibility. Cross-incowmpatibility [re-
quently oceurs, and sometimes constittites a handicap to close breeding.
Au attempt was made to obtain information regarding sell- and cross-
inecompatibility but was abaudoued because of the complexity of the
results, eg. seled seedlings have been compatible as ales on their
mother bud dawe failed wheua the reciprocal eross was made. The incom-
pabtibility wEgy

v g gomplete or partial-——"one way” incompatibility often
ocorrring—rthe latter phenowenon doubtless due to polyploidy.
Hlwvone dnheritance. The flavones seewned the casiest characbers 1o

worle with although no simple solution of their 111]1()1'11\&1]0(3 was expeotied,
sinee, ag I have shown later u this paper, eytological examination proves
the garden daldia to be an octoploid.

The data to be presented will show that the inheritance of favones s
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governcd: by two independent factors—1Y for yellow and [ for ivory
favone, so that Y71 and Yz plants have yellow, I Ivory and gi white
flowers.

Y is carried by four homologous chromosomes, which, assorting at
random dwring meiosis, give tetrasomic segregation of Y.

1 is also tentatively assumed to be carried by four chromosomes for
reasons to be stated later, but, so far, disomic segregation only has
oceurred for this factor.

Table I shows the F,’s from crosses between whites, ivories and yellows.

TABLE L
Expectation from
tetrasomic segre-
gation of ¥ aud
disoniic segrega-

oy tion of [
Glernti- — .
Jran. @ 3 Seeds nated Plants Yellow Ivory White Yellow Ivory Whitce
9/28  35/20 32/26 4t 37 35 — 5% 30 — — 35

(white)  (white)
yyyyi gy
10/28  32/26  White Star 35 31 31 — 16 15 — 155 155
aund  (white)  (ivory)
12728 yyyyne yyyyl
40/28  85/26 22927 55
(white) - (yellow)
yyyyii YYyyli
41/28  32/26 315/27 54 38 361 15 9 11 175 875 875
(white)  (yellow)
yyuyii - Yyyyli

50 41 5 4 416 416 416

ot
o

6/28  14/26 Ideal 52 51 51f 49 0 0 49 0 0
(yellow)  (yellow)
YY¥yli  Yyyyir
# See text. T 1 plaut unrecorded for colour. I 2 plants unrecorded for colony.

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

On this assumption there should have been no ivories in family 9/28,
and the discrepancy remained unexplained until it was discovered that
the parent 35/26 was a mosaic of ivory and white. Numnerous flowers
of this plant have since been tested and the large majority found to be
white.  Occasionally ivory-rayed capitula have been found-—but when
tvory oceurs it is usually as a portion of a capibulum or petal. In the
next cross 1t will e noticed that the ecaptbudum of 35/26 used was,
gencetically, pure white. ‘

In family 40/28 the ratio of 41 yellows 0 5 ivories : 4 whites 1s o close
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approximation to the segregation expected from random assortment
when parents of the constitution syyyy and 17 Yyy ave used. An attempt
was made to'identify differences between the 41 yellows, but although
there were obviously slight differences in shade, the similarity was too
great to allow of further classification. Of the five ivorles one was
donbtful, the reaction with amwmonia being weak and patchy (possibly
the result of mosaicism?).

The gernmination of seed in family 41/28 is poorer becansc the “ab-
normal white” condition involved in this and certain other crosses (but
not included in the fignres) is usually associated with lessened viahility.
Nevertheless the deviation from the expected ratio is small. The yellow
parent may be assigned the factorial constitution I7 Y.

The next family (6/28) was ‘L” yellow—but showed 3 distinet in-
tensities with minor differences of distribution and shade. The three
groups consigted of 21 plants practically identical in colowr with their
mother, 13 paler and 14 deeper (4 1 unelassified). Several instances of
somabic mutation were noticed and tested—b plants showing whibe and
“ldeal”
It is not quite certain whether these are white or ivory (alairly

<

2 ivory seetors. The male parent often shows small uneolowred
secbors.
Iarge sector is required for a satisfactory test with ammonia), bub ib is
probable that “Tdeal” sports whitv sectors. The @ has never sported.
As shown later (Fam. 32/27) “Ideal ™ is prohably Yyyya. Thus the
individuals 'l‘(‘,\f(‘,il,llng a white glouml \\fhun Yois absent in Fam. 6/28
can only be derived from a plant (2.e. 14/26) producing 4 gametes. 16
follows therefore that 14/26 is probably hete 10/4‘\/)4()[[& for 1.
The other
parents carried anthocyanin which is for the present ignored, the flavone

B426 and M B are all

In Table TT ave shown various crosses made with 14/26.
grotnds only being counsidered.” “ Union Jacl,”

TABLE II1.

Cermi- Yellow  Ivory

Fam. ? & Seeds  nated  Plants  ground  ground
23/27 14/20 Union Jack 146 126 126 125 1t
and (yell ow) (yellow
2427 YYYy Yyyy
38/28 Union Juck 14/26 0G4 50 49 49 0
and  (yellow ground) (yellow)
39/28 Yyyy yYry
4/28 14/26 36/26 109 81 79 78 1
-amd (yellow) {ivory ground)
5/28 YYYy yyyyll
15/26 14/26 M5 57 57 57 57 0

(yellow) (yellow ground)

Iy ! Total 309 1+ 71
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known to produce gametes recessive for Y, while 36/26 has an ivory
ground. Ilence if 14/26 produced mon-yellow gawetes, ivories or whites
should appear in F;. Out of 311 plants only 1 had an ivory ground.
Another was scored earlier in these experimentsas “ ¢ purplish-magenta,”
but almost certainly had not an ivory grouud.

These results seem to indicate that 14/26 is triplex* (YYYy) or
quadriplex (YYYY) for Y, producing nothing but yellow grounds when
crossed with other plants. In family 5/28, however, an ivory-ground
indivicual appeared in the 7y of the cross (14/26 YY Y(¥)y x 36/26 yyyy).
It we asswune 14/16 to be triplex for Y the unexpected ivory plant could
then have arvisen by (1) woun-disjunction, ultimately giving rise to a
zygote deficient in the Yy chromosome set, or (2) irregulavity of dis-
junction in the equational division, bringing abhout Y'Y and yy instead
of Yy gametes®

Unfortunately a chromosonie connt was not made of this unexpected
recessive individual, Similar exceptional recessives, however, are heing
examined.

Blalkeslee, Belling and Farmbham (1923) encountered preciscly the
same ivregularity i their work on the tetraploid Daturas. The chromo-
some nunther of two of the unexpected recessive mdividuals was normal.
The exceeptional recossives form slightly over 2 per cent. of the offspring
when the type Adda is back-crossed to aaee, but when the same triplex
variecty is crossed to Aaaa only about 1 per cent. of exceptions ave
produced-—a differenee to be expected as Aaae parents have only half
the mumber of gametes of the formula we.

Table ITL shows the results of fwrther erosses in which the parents
had ivory or yellow grounds. In families 8/28 and 11728, 16/28 and
[7/28 the fermale parent i cach case s probably homozyeous for I since
no whites appear when = White Star” (£4) 1s used as a male. M 2 (family
17/28) 18 evidently stwplex (Yyyy) for Y.

L Following Blakestee, Belling and Tarnbam (1923} the terms quadiiplex (Y YY),
triplox (173 Yy), duplex (Y Ywy), stmplex (Yyyy) and nnlliplex (yyyy) are used to denoto
the genetic constisution of plants earrying flavone and aushocyanin factors.

= With rveference to the inference that 14/26 is triplex for 17 it is prohably significant
that in family 5/28 certain plants which had pale orange flowers with yellow gronuds were
ohserved to sport magenta sectovs (Z.e. the yellow ground changed to ivory). If this
sporting he due to the loss of a ¥ factor or chromosome it wonld only bocome apparent
in individuals shmplex for ¥, and such could only have appeared in this family if 14/26
produeced Yy gametes.

Mutations shmilar to the above have heen ohserved in as many as seven different

families, but in every case they have arisen only in families which sre known to inchude
forms simplex for Y.



W. J. C. LAWRENCE 139

TABLIE 111

", tix pectation
[ e A [ 7}\"”"'”7\
Clermi- Yellow  Tvory  Yellow  Lvory
[tien. Q@ & Seeds nated Plants grounds grounds grownds grounds
§/28 36426 White Star 49 39 39 0 39 0 39
and  (ivory gronmd)  (ivory)
L8 yypyll Yyl
16/28 M8 White Star 38 33 27 [\l 27 0 27
(ivory ground)  (ivory)
gy ld yyyyle
17/28 M2 White Star 48 43 43 21 22 215 2145
(yellow ground)  (ivory)
Yyyyll yyyyli
32027 Union Jack Ldeal 11 10 b} 7 1 [§ 2
(vellow gromud) (yellow)
Yyuy Yyyyii
30727 Union Jack 32/26 11 9 7 4 3 35 35
(yetlow ground) (white)
Tyyy yyyyie

The numbers of family 32/27 in Table III, thongh small, are of some
value in that, apart from irvegularities, the occurrence of an ivory indi-
vidual in family 32/27 implies the production of non-yellow gametes by
“Ideal,” which must be duplex or simplex for ¥. This is in accordance
with expectation, for the white sectors which “Ideal” sports are proh-
ably due to the loss of a Y factor in the soma of a plant which is simplex
for Y, thereby revealing the white ground.

Before proceeding to the swrvey of other details relating to the cross-
pollination of dahlias for flavone inheritance, two Fy’s from selfing must
be mentioned.

The first of these was from a natural seedling of “Union Jack ”—27/24.
Irom the selfing of more than 27 capitula 20 plants were raised. 27/24is a
purplish variety and all of the Iy plants were magenta or purplish, 7.e.
the plant probably breeds true for ivory ground.

In the second instance from the selfing of 43 capitula of “ Union Jack
29 plants werve raised. 21 of these had yellow gronnds, the remaining
8 ivory-——approximately 3 yellows to 1 ivory. An individual of the
constitution Yyyy selfed would give this result.

Turning now to Table IV we may see how far the cross-pollinations
divectly or indirectly involving “ Union Jack’ and 27/24 agree with expec-
tation.

Seedlings 12/25 and 12/25 were from “Union Jack” sclfed. 12/25 has
an ivory gronnd and crossed with 1#/25 gave approximately 5 yellow
grounds : T ivory. This indicates that 12/25 15 duplex for ¥ and shounld

give an 11 : 1 vatio of yellow to ivory grounds when back-crossed to
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TABLE IV,
Fy Lxpoctation
s A— Al s A )
Clermi- Yellow Ivory Yellow Ivory
Fam. ? 8 Seeds nated Plants grounds grounds grounds grounds
34427, ].'“'{25 Uniou Jack 190 151 148 134 14 13567 123
35/27,  (yellow (yellow
29/27  ground) ground)
and T Yyy Yyyy
56/28
36/27 1%/25 11/25 29 21 20 16 4 16-7 3-3
(yellow (ivory
ground) ground)
Y Yyy yyyy
37127 1'“'{25 2724 80 66 52 49 3 43-33 86
(yellow (ivory
ground) ground)
YYyy yyyyll
22/27  Glenshee* Union Jack 90 78 76t 64 12 63-3¢ 126
(yellow (yellow (on a5 : 1 ratio
ground) ground) see text)
YYyy Yyyy
26/27 Union Jack 34/26 99 75 4. - 66 8 67-84 6-16
and (yellow (yellow
31/27 - ground) ground)
Yyyy Y¥yy

* (#lenshee selfed gave one pale magenta with an ivory ground.
1 2 plants destroyed.

“Union Jack.” The actual figures agree almost perfectly. In family 36/27
the expected nwuinbers are closely approached, as also in the cross “Union
Jack” x 34/26 if we assume that 34/26 is duplex for Y.

The two remaining families show mnexpected results.

The appearance of ivories in family 22/27 shows that “Glenshee”
must be duplex or simplex for Y. The F;, however, gives a perfect 5 : 1
ratio, a result which would be obtained if a plant duplex for ¥ were
crossed with the quadruple recessive yyyy.

Tast (1925) and his co-workers discovered stertlity! factors in
Nicotiane Sanderae of such a kind that a plant carrymng a factor S;
inhibited the growth of all S; pollen in its styles. Thus 1 a cross
8,8, x Sy8; only S; pollen could penectrate the stylar tissue of the.
female to unite with S; or S, ovules. In 1926 Brieger and Mangelsdorf
reported linkage between a colour factor €' and the sterility factor S,. In
certain crosses involving the linked factors only the non-coloured pollen
—apart from crossing over—was effective—e.g. the cross S;eS,¢ x Sye5,C
gave in F; 75 per cent. of whites instead of equal numbers of colowred
and whites.

1 Qr, more correctly, *incompatibility” factors.
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“Glenshee” and “Union Jack” are one-way moompambles “(len-
ghee” always setting abundant seed when crossed by “Union Jack,” but
the reciprocal cross rarely producing any seed. IHence adopting Hast’s
interpretation of incompatibility these two varieties must carry a sterility
factor (S) common to both. If we assume that the factor Y is linked with
a stertlity factor S which “Glenshee” also carries, then no Y pollen can
penetrate the styles of the mother (unless crossing over oconrs in the male),
and only non-yellow gametes will effect fertilisation. Five yellows to every
ivory will thus appear in the #, where an 11 : 1 ratio was to be expected.
Apparently no cross-overs have ocemrred in family 22/27, so that the
particular factors for sterility and colonr lie close together in the chromo-
some carrying them. :

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

Family 37/27 also exhibits a marked deviation from expectation (i.e.
5} yollowq s Livory). In thisinstance the parents are not completely one-

ray ncompabibles, althongh 27/24 is distinetly less effective as a malet.

In the imstances so far presented the results seem fairly amenable to
interpretation.  One ceross remains, however, which gave colours inter-
mediate between yellow and tvory.

TABLE V.

ams. 2/28 and 3/28 (14/26 (vellow) Y Y Yyli x White Star (ivory) yyyyl7).

Colour 2/28 3/28 Total Remarks
Wihite l § I Faint streaks of ivory
Lvory 0 4 4
Cream to ivory 2 I 3
Creamn § 5 I 2/28--55 seeds, 50 germinabed, 45 plints
Pritirose to eream 3 G b4 328 —47sceds, 43 gorminabed, 39 plants
Primrose 19 I3 32
Deeper primrose 2 3 5
Yellow of @ § 5 12
Deeper yollow L I 2
Totaly 45 39 Sit

Other pollinations n which the parents 14/26 and “ White Star” were

used gave vellows, Ivories and whites, but when these two were crossed

together a large arvay of intermediate, flavone colour forms appeared.

From previons results it has been assumed that 14/26 is friplex for Y

and heterozygous for I, and that ““White Star” is nulliplex for ¥ and

heterozygouns for I. Hence no ivories or whites are to be expected in 7.
L In this counection see also Craue and Lawrenee (1929).

Journ, of Gen. xX1 10
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The individuals scored as “cream to ivory” and “primrose to cream”
are (@) cream and (b) primrose at the base of the petals diffusing to
vory and cream at the tips respectively. Distribution factors are
most probably vesponsible for these patterns. Reckoning the cream to
ivories with the creams, and the primrose to creams with the primvoses,
we have 1% white, 4 ivories, 14 creams, 51 primroses and 14 yellows.
If 14/26 is triplex for Y the four ivories (all in family 3/28) may have
arisen from irregularity of division in the egg mother cells (as described
on p. 138). The origin of the one white is problematical.

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

Family 40/28, derived from the crossing of ¥ Yyyls and yyyyes, should
congist of plants duplex and simplex for Y in the proportions 1 : 4.
Half of these plants would be recessive for I and half heterozygous. -As
related on p. 137 an attempt was made to classify the 41 yellows in Fy,
but the very slight differentiation encountered made thigz task im-
possible. Hence it follows that there is virtually no difference in flower
colowr when [ is present {(or absent) with one or two Y factors.

Family 41/28 confirms this suggestion. The 15 yellows should consist
of Y1 and Y+ plants in equal proportions. Differences were digcernible
in this family, but were too small to allow of any precise measurement.
Again, when the yellows used as parents were examined it was found
that the plants Yyyyis (Ideal), Yyyyli (315/27), Y Yyyle (22°/27) and
YYYyli (14/26) were phenotypically the same for colour.

All the yellows in families 40 and 41/28, and among the above
parents, were deeper than primrose. If, therefore, the interaction of
Y and I is responsible for the occurrence of cream and primrose, the
factorial constitution of the parents must be such that the proportion
of plants m Iy scored ag yellow should be in the minority, ¢.e. the re-
combinations Yyyyer, Yyyyle, ¥ Yyyin, Y Yyyl? must not exceed a sixth of
the whole. The constitution of “White Star ” is clearly yyyyls. Whatever
factorial constitution be assigned to 14/26, and scoring all genotypes
known to be yellow, no combination will give less than half of F; as
yellows.

Thus the interaction of Y and I is an insufficient explanation of the
origin of the cream and primroge varieties. It is possible that a distri-
bution factor, or factors, may in certain cases partially inhibit the
production of yellow flavone, and in this connection the 14 creams : 51
primroses : 14 yellows may be a 1 :4 : 1 ratio resulting from the tetra-
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somic segregation of a factor partially suppressing the formation of
yellow flavone.

The scoring of yellow, primrose and ceream is also a diffiealt opera-
tion, since many minor differences ocenr, and the line of demarcation is
sometimes rather arbitrary.

Summarising the -breeding vesults for flavones—934 plants! were
aised from:16 crosses involving the factor Y for yellow favone.
Table VI shows the agreement between observation and expectation in
the segregation of

TABLE VI

Progeny Expectation Goodness
P of fit

Parents Y y Y y P
Yyyy x yyyy 40 45 42-5 42-5 -50 to -70
Yyyy < Yyyy 28 9 207 9-2 -90 to -95
YYyy = yyyy 121 25 121-6 24-3 -90 to -95
YY¥yy x Yyyy 200 22 203-5 185 -30 to 50

YY Yy x yyyy or Yyyy 437 6(+71) 444 0 —

Six families show the inheritance of ivory flavone, and nine different
parents were involved in making these crosses. 32/26 and 35/26 are re-
cessive (12) for ivory; *“ White Star,” 22°/27 and 315/27 are heterozygous
(I7); and 36/26, M 8 and M 2 are homozygons dominants (II). Three
families were raised from crosses I7 x % and a segregation of 30 ivories : 30
whites was obtained.

In the facts presented no characteristic tetrasomic segregation of 1
has occurred, and from the above results it seems probable that the
segregation of ivory conforms strictly to expectation based on disomic
inheritance of the factor I. '

For reasons discussed later it is presumed that I is carried by four
chromosomes whose relation is such that antosyndesis of I, with 4, and
i Wwith 4, in individuals of the constitution I7iz gives typical disomic
ratios. k

Ass stated carlicr, the main objeet of these experiments was the study
ol an abnormal condition of the flower, so thal much of the data ve-
lating to {lavone inheritance has been extracted from results obtained
for another purpose. Tor this reason the number of #, and /7, families
raised has not been great, but in Table VIT the relation of several plants
is indicated in genealogical form.

It is noteworthy that the 5:1 and 11:1 ratios obtained in the
segregation of Y are mueh nearer expectation based on a tetrasomic
v Omitbing fam. 37/27.

10-2
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34/26-

Y¥yy

x Unioun Jack gave
66 Y : 8y

318/27
Yyyy
x_Yyyy gave
15Y:20y

— ——— —Union Jack

TABLE VII.

Yyyy
() Selfod gavo
21 Y : 8y
(0) x yyyy gave
4V :3y

|
1125
yyyy

12)25
Y Yyy
»x Union Jack gave
134 YV : ld y
x 1425 gave 16 ¥ : 4y

yyyy
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(ilonsheo
YYyy

x Union Jack gave

G4 : ¥V 12y

28128
yyyy

22°/27 yyyy

YTYyy
X yyyy gave
1Y 9y

inheritance of ¥ than any expectation upon disomic or octosomic in-
heritance. On p. 157 is appended for purposes of comparison a table
showing the segregation expected from randomn assortment of 8 chromo-
somes carrying the factor A, in certain back-crosses in an octoploid.

(6) Anthocyanins.

Eleven families involving inheritance of anthocyanin have been
raised, nine of which were from crossing. The parents used and the
restlts obtained are shown in Table VIII. The numbers are small, but in
certain instances seem to be significant.

Fam.

23127 and 24/27
38/28 and ‘3‘)/28}
26/28 and 27/28
4/28 and 5/28
17/28

16/28

8/28 and 11/28
26/27 and 31727
390927

30/27

TABLE VIII

?
27124 (purple)
Union Jack (scarlet)
Union Jack (seavlet)
14/26 (yellow)
14/26 (yellow)
M 2 (dull searlet)
M 8 (purple)
36/26 (magenta)
3426 (yellow)
Union Jack (scarlet)
Union Jacl (searlot)

é

Selfed
Selfed

14/26 (yellow)

22827 (deop orango)
3(5{2(3 (magenta)
White Star (ivory)
White Star (,, )
White Star (,, )
Union Jaek (searlot)
Tleal (yollow)

32/26 (white)

No
Auntho- antho-
cyanin  cyanin
20 0
26 3
143 32
53 11
G8 11
35 8
23 d:
33 6
60 14
6 2
7 0
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In all the crosses where an I of 20 or more plants was raised the
ratio of colonred to non-colonred plants is approximately 5 : 1.

More critical evidence will be obtained by summing the crosses in
which the same colonred parent has been used. Thus, snmmation of
the individuals in the families where “Union Jack” was the parent
gives 216 colonred to 48 non-colonred. Similarly in the families where
36/26 was nsed the total is 101 : 17. The expectations on a 5: 1 basis
are 220 : 44 and 98 : 20 respectively. It is singnlar that these resnlts
shonld agree so perfectly with the most probable expectation. Plants
of the constitution 4A4aa for anthocyanin crossed to the quadinple re-
cessive aaae wonld give a 5 : 1 ratio.

Apparently “Union Jack’ shonld be dnplex for 4, and if selfed
shonld give 35 colonred to 1 non-colonred plant. The fignres to hand,
however, are contradictory since the actnal result is 26 colonred to
3 non-colomred plants.

The evidence is thus too meagre to justify any conclusions on antho-
cyanin, and the instances are here recorded only becanse no detailed
analysis of anthocyanin inheritance is at present contemplated in this
series of experiments on Dahlia.

(3) Cyrornoay.

Ishikawa (1911) reported the chromosome numbers of D. wvariabilis
and D. coronata to be 64 and 32 respectively. Belling (1924) found
D. vmperialis to have 32 chromosomes.

I have examined the following species and append their chromosome
numbers,

D. variabalis 2n = 64 n = 32
D. Merckii 2n =36 n=18
D. Maxoni - 39

D. coccinea 2m = 32 7= 16
D. coronata 2n == 32

Bidens atrosanguinea 2n = 438 = 24
Hidalgoa Wercklen 2n = ca. 31

Mazons and emperialis do not flower nntil November-December, and it
has not been possible to get pollen mother-cell divisions of these two
speeies. The other species all flower in the summer. Good pollen mother-
cell counts of coronata have so far been nnobtainable.

The somatic counts were made from root tips. Variabilis and
coronala were fixed in Newton’s modification of Flemming. The other
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species were fixed in a solution of 60 c.c. 1 per cent. chromic acid,
20 c.c. 2 per cent. osmic acid and 25 c.c. b per cent. glacial acetic acid—
which gave better results. Various fixatives were used for the pollen
mother-cell material, the best rvesults being obtained by Kihara’s
method (Carnoy 1 minute, followed by Flemming).

Text-fig. 1. Somatic divisions of polyploid Daehlic species. (@) D. variabilis, 64 chromo-
somes, octoploid; (b) D. Merekid, 36 chromosomes, hyper-tetraploid; (¢) D. Mawond,
32 chromosomes, tebraploid; (d) D, coronata, 32 chromosoines, tetraploid; (&) D. coceine,
32 chromosomes, tetraploid.

By trimming off the outer bracts and quartering the capitulum the
flovets can be cut en bloc transversely or longitudinally. Quite good
fixations weve obtained by this method although the fixing of individual
florets gives more consistent results. Smear preparations were tried
without success.
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Embedded material of root-tips was cut at 10w, and anthers at 14 .
The sections were stained by Newton’s gentian violet method. All

v

Text-fig. 2. Multivalent associntion of chromosomes in the ocLoploxd D. variabilis {2n =64).
a-b, dmkmesxs (&, incomplete); ¢, side view metaphase I; d—g, polar views, metaphase I;
h, polar view of metaphase 11

drawings were made with the aid of an Abbé camera lucida, a Leitz
2 mm. objective (n.a. = 1-4) and a x 30 eyepiece. Magnificabion x 3700.
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Every stage from early prophase to interkinesis has been seen in the
anthers of one floret. In an individnal locnlus the oldest pollen mother
cells ‘are at the base, the stages ranging from diakinesis to metaphase
first division, metaphase to interkinesis, etc.

D. variabilis (2n = 64). Ishikawa (1911) reported variabilis to be a
tetraploid species from the ocemrrence of “secondary” association of
the chromosomes in the second divisions of the varieties examined. In
the comrse of these experiments the chromosomes of eight varictics of
the garden Dahlia have heen connted in the pollen mother cells and
formd to be regnlarly 32 pairs. Tivery variety showed marked mmltiple
association of the chromosomes ab both first and second divisions:
At metaphase the degree of this association varics from the closest
imtimacy (as between  bivalent chromosomes) to the point where
it ceases to be apparent. Quadrivalents, sexivalents, bivalents and
octavalents ocent in approxinmately this order of freqneney i the first
division, octavalents being by far the least freqment. Side views of
metaphase plates exhibit regnlarity in the line np for division. Ab
anaphase the movement of the chromosomes to the poles proceeds with
nmch wniformity; laggards have never been seen. The strong association
and large nmmmber of chromosomes make it diffienlt to determiné and
draw side views of divisions; nevertheless the nmmerons nmltivalents
almost invariably divide regnlarly. A high percentage of the pollen is
good. _

The association of chromosomes eventnally going to one pole is not
necessarily the same as that of their respective partners, a differentiation
possibly, bnt not necessarily, dne to diffierences of genctical relationship.

In the second division the chromosomes are commonly associated
in twos and threes.

It is highly probable that the so-called “secondary” association of
bivalents at metaphase results from conjngation of homologons chromo-
somes at synapsis, during which I have seen chiasmata between what
were evidently fonr chromosomes. Again, at mid to late diakinesis
chiasmata have been clearly visible between bivalents and qnadri-
valents, thongh often they cannot be seen. The smallness of the chromo-
somes, conpled with the attenmated condition of the interconnecting
strands, malke it improbable that they will commonly be discerned in
this material. In the other Dahlia species examined mmltivalents are
decidedly less obvions at diakinesis than at metaphase.

It was this apparent discontinnity of the bivalents involved in
mmnltiple assdeiation at diakinesis that led Darlington (1928) in his stndies
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Text-fig. 3. Association of chromosomes in diakinesis of the octoploid D. variabilis
2n=04, Illustrations selected from various meiotic figures. «~b, chiasmata hetween
paired chromosomes; ¢ and e, terminal chiansmate in quadrivalents; d, f~o, stages
leading to the end-to-end association of bivalents at wmetaphase. A single terminal
chiasina persisting; p, typical chromosome pairs at metaphase 1, side view; ¢—u,
quadrivalents; v, sexivalent; w, octavalent (polar view, metaphase); w, side view of
quadrivalent and hivalent at early anaphase showing sub-terminal and sub-median
chiasmata respectively. ‘
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on Prunus, to ascribe the phenomenon to a post-synaptic influence. In
more recent work on Hyacinthus and Twulipe Newton and Darlington
(1929) have shown in detail the natwre of conjugation bebween more
than two homologons chromosomes. The association, at the redunetion
divigions, of mare than two hemologous chromosomes, is also discussed
by Meurman (1929) who concludes from his study of Prunus lawrocerasus
that this paiving is the result of a real synaptic conjugation of the
chromosomes. It is probable that the tenuons natwre of the connecting
strands hetween small chromogomes prevents discerminent of the physieal
continuity existing among the imdividual components of multivalent
associations. In more suitable material this continuity can be deinon-
strated.

The chromnosomes of Daklia are too small to permit of a eitical
study of synapsis. Conjugation is evidently parasynaptic, the single
threads lying side by side in various degrees of association.

The subsequent development of bivalents and multivalents is figured
in Text-fig. 3. At pachytene the paired chromosomes lie side by side,
but as the chromatin contracts the chinsmata are cither hroken .or
pushed along the chromosomes until terminal chiasmata alone remain.
The paired chromosomes now begin to swing apart at one end, and
finally lie end to end with a single chiasma between them. The terminal
chiasmata ave visible at every stage of diakinesis, and, though lost sight
of at metaphase, sometimmes become evident again ag the paired chromo-
somes pull apart in early anaphase.

The developinent of the multivalent bodies is naturally move variable.
From earliest diakinesis multivalent associations may be discerned. The
pairing between the components, each to each, is variable, and probably
results from differences of chiasma formation and development.

Counts made in diakinesis reveal many less than 32 bodies; as few
as 13 and 14 have been counted. The average number would seemn to
be somewhere between 15 and 20. These bodies differ in size, and as
diakinesis proceeds the larger are seen to be compound, their com-
ponents separvating to give rise to the characteristic multivalent bodies
seen at late diakinesis, and to the hivalents associated at metaphase.

D. Merclin (2n = 36) is a very distinet species and the only one I
have seen with fertile ray florets.

The pollen mother cells are noticeably smaller than in D. variabilis.
Quadrivalents are seen in diakinesis, and especially at metaphase of the
first division. Bach of the two extra pairs of chromosomes is homologous
with a quadrivalent group, forming two sexivalent associations. These
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may be seen in most metaphase plates. [t is noteworthy that the self-
fertility of Merchkiz is not appreciably affected by the addition of these

fomr chromosomes,

Cos® © 9“ ®
L Y
d ‘8)hﬂ e :))..Q

Text-fig, 4. D, Merclii. A hyper-tetraploid species (2n:=306). «-d, polar views of meta-
phase I showing sexivalent, quadrivalent and bivalent agsociation of the chromosomes;

e, polay view of late anaphase I.

D. cocernen (2n = 32). Multiple association is less noticeable than
moany of the specics examined, but many quadrivalents have been
observed. The polten mother cells are about the same size as those of
1. Merelia.

Toxt-fig. 5. Bivalonb and quadrivalont association of chromosomes in the tetraploid
’ D coccinen (Zn==32). Polar views of metaphasge T.

Bidens alrosanguinea (2n = 48). This plant was examined hecause of
the superficial resemblance it bears to D. Merckii. A root-tip count
gave the somatic number as approximately 48, which was later confirmed
by a pollen mother cell count of 24. Considerable irregularity of the
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divisions was apparent and multiple association was also marked.
Thave attempted to cross Bidens atrosanguines and Dalilia Merckii but
without success. The Gardener’s Clrowicle (1910) records that a Mr
Gumnbleton, of Cork Co., raised 500 seedlings of B. atrosanguines, 25 of
which were white. The others were purple, rose and pink.

Hidalgoa Wercklii (2n = ca. 31). This plant was examined becanse
of its systematic relation to Dallic. The peculiar sexunal difieventiation
of the capitula seemed to indicate a polyploid and hybiid constitution,
and the cytological evidence bears this ont.

DISCUSSION.
(1) GENERAL OBSERVATIONS.

The identification of characters which would definitely Sepal‘ate
D. variabilis from all other Dahlia species in any systematic scheme has
always heen a difficulty. ’ ‘

Hemsley (1879), in addition to discussing the vague characteristics
of the garden Dablia, gives an excellent account of the variation to be
found in the genus, and mentions a few of the many conjectures which
have been advanced as to the origin of D. wariabilis. Undoubtedly,
much of the early confusion arose from careless naming of plants by
horticulturists, since the original species introduced were perfectly dis-
tinet. Thus, coccines, grown side by side with veriabilis, can in no wise
be confused with it, although these two have heen subjects-of frequent
contention.

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

The occurrence of the two colowr series in variabilis, but not in any
other species, is especially significant in the light of the cytological
evidence. Morphologically these two colour groups exhibit many char-
acters in common, though certain features are peculiar to one group or
the other. Thus the giant tree Dahlias are all in Group I (ivory, magenta
or purple flowers) and are late-flowering species; the variation in flower
colour in Group IT is mmainly, if not completely, quantitative-—a variation
of intensity, whereas, in Group I, there are two distinet anthocyanin
colours, the first a rosy pink, the second a violet, both occmuing in
varying intensities.

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

The distribution of Dahlie species is confined to the central American
region of Colombia, Mexico and Cuatemala, the majority of plants
collected coming from Mexico. Hence the relative proximity of related
species would increase the chances of interspecific hybridisation, the
probable result of which would be the evolution of forms showing
considerable similarity. .

The origin of polyploid plants by hybridisation and under experi-
mental conditions has only been recorded a few times. Primula kewensts,
Newton and Pellew (1926), is known to be a sterile diploid hybrid from
P. floribunda x P.verticillata, and it is also known that somatic doubling
of the chromosome number restored fertility and gave 1ise to a fertile
race of P. kewensis. In Nicottana glutinosa x N. Tabacum, Clausen and
Goodspeed (1925) obtained “reasonably fertile” polyploids as the result
of doubling. Karpechenko (1927) found that though the diploid Rephanus-
Brasstea hybrids were sterile, they gave rise to tetraploids which were
highly fertile. Darlington (1928) has drawn attention to these and to
other examples, and points out that there appears to be an inverse
correlation between the sterility of a diploid and the fertility of a tetra-
ploid to which it gives rise.

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

In the former case hybrids between Digitales purpurea and D.
ambigua were practically sterile, but from the selfing of Fy individuals
fertile plants with double the number of chromosomes were obtained,
and these were shown to have arisen from the fusion of unreduced
gametes.

Jorgensen, working with Solanwm, artificially induced the doubling
of somatic cells of fertile diploid species. The polyploid plants subse-
quently raised showed reduced fertility. He also raised a sterile hybrid,
8. nigrum x lutewm, which, upon doubling of the somatic chromosome
complement, gave fertile tetraploid shoots and offspring.

The accumulating evidence thus appears to establish the validity of
the above generalisation. The occurrence in D. variabilis of two distinet
colour series, only one of which is found in any Dahlia species with half
the chromosome number, suggests that hybridisation has taken place
between two tetraploid species—one belonging to Group I, the other
to Group IT. From Darlington’s rule it may be presumed that the general
fertility of D. variabilis indicates a relatively infertile tetraploid parent,
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fertility being restored upon the occurrence of doubling of the hybrid
chromosome complement.

Thus pairs of hivalent chromosomes, which, though plesent in one
of the immediate tebraploid species, were not represented in the other,
wotlld, after doubling of the chromosome complement of the sterile
hybrid, give a tetrasomic segregation if random assortment prevailed.
The inheritance of yellow flavone is in accordance with this scheme,

On the same basis, disomic inheritance of ivory, il substantiated,
indicates that only autosyndesis ocours among the chromosomes con-
cerned, i.e. I, pairs with ¢; and 4, with 4,

Thevefore, if we tentatively consider the sterile, tetraploid precursor
of variabilis as having the chromosomes Iy7,, which do not ordinavily
7 7) must have
been followed by (1) allosyndesis and crossing-over, ov (2) loss muta-
tlon giving rise in either case to 44, gametes.

From the considerable number of quadrivalents seen at metaphase it
may be predicted that other characters will show a fetrasomic segregation.

pair—then doubling of the chromosome complement (

(2) RELATION OF FPLAVONES TO ANTHOCYANINS,

Onslow (1925), discussing the colour series in varions plants, remarked
on the similarity of those of Anbirrlanum majus and Dallia variabilis.
In Antarrhanum the factor Y simultancously produces yellow flavone in
the lips and ivory in the tube. [ is “dominant” {i.e. epistatic) to it anil
suppresses the formation of yellow flavone in the lips —avory taking its
place. Absence of Y, though 7 or any other colour be present, gives
white. Red anthocyanin on yellow gives bronze; on ivorv rose. Magenta
anthocyanin on yellow gives crimson; on ivory, magenta. There are no
intermediate colours as in Dallie, although tinged \’{LIIL(rIUH oceur, We
see then that (1) one factor controls the production of the two flavones;
(2) a single anthoeyamn factor produces pigment in the presence of
either flavone; (3) no anthocyanin is formed if flavone is absent. With
regard to this latter observation Ounslow remarks that “the develop-
ment of anthocyanin and flavone (in dntirrhinum) may depend on some
common basal metabolism for production of aromatic substances, ¢.c. if
flavone is not formed, neither is anthocyanin.” This view is supported
by the experiments on Dahlia.

So far it 1s clear that there are two independent flavone colowrs,
absence of which gives white (no flavone). Anthocyanin is formed only
when one (or both) of the flavones is present.
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What is the relation of anthocyanin to these flavones? Iither
(1) there is one anthocyanin pigment which, though formed only in the
presence of flavones, is otherwise independent, and m combination with
yellow and ivory gives searlet and purple flower colours respectively;
or (2) a distinet anthoeyanin is formed in the presence of cach flavone.

Fvidence as to the behaviowr and inherrtance of anthoeyanin in
Dahlia is st fragmentary, but there are indications that 1t 15 tetrasomic

and that, possibly, the factor operates m the presence of either flavone
as in Ayerrhonann. If this is the case the gquality of the flower colour
will be dependent npon the Havone colouring, and will exhibit a varia-
tion parallel with that of the flavone, whatever may be the relation of
anthocyaniu to flavone.

Willstittter (1915), cited by Ouslow, has found that certain deep
brown-red varicties ol Dablie forny eyanin, but pelargonm is formed in
the searlet-red varieties. Both prgments were found m o darle violet
varicty. As stated carlier in this paper the “scarlet” pigment in these
experiments always gives a brown-red reaction with ammonia, the purple
pigment alone giving the characteristic blue-green reaction. The evidence
therefore points to the presence of more than one anthoeyanin pigiment
m D. variabilis, and should there be found only one factor for antho-
eyanin produetion then it becomes highly probable that o definite rela-
tion exists between the production of flavones and anthoeyanins,

Wheldale (1913) has rveported the yellow flavone, in Anizrrhenwm, to
be luteolin and the ivory to be apigenin, while Schmid and Waschlan
(1928) isolated and analysed the yellow pigment of Daklic in quantity
and stated it to be identical with apigenin. Certain yellow Dahlias, how-
ever, have heen shown to carry ivory which is obscured by yellow (at
least in some instances), and the question thercfore arises as to which
of the two pigments was isolated and identified, especially as apigenin

is sa1d to be the ivory pigment in Antvrrhinum.

It may be swrmised that in Dallic the two flavones are Iuteolin and
apigenin and that the two anthocyanins are pelargonin and eyanin, hut
pending further investigation the identity of these pigments remains
mneerbain,

(3) TTISTORICAL AGREEMENT.

1t is noteworthy that records of the early varieties obtained by plant
hreeders when Dallic was first ntroduced into Turope substantiate the
colour scheme outlined in this paper. The carliest figures of D, variabilis
were published by Francisco Hernandez in 1615 and 1649. There seems
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little doubt that long before its introduction into Burope it had been
cultivated in Mexico, where it was a well-established species showing
considerable variation. “Tubers” of two varieties of D. variabilis—a
purple, pinnate, and a crimson, roseq, were first sent from Mexico to
Madrid in 1789.

The purple flowered in October 1789, the crimson a year or two later.
Cavanilles figured and described them in 1791 and 1794 respectively.
In 1802 plants of each were transferved from Madrid to the Jardin des
Plantes at Paris. In 1804 seeds from the three original plants were sent
to Lady Holland, who flowered them the following year. In 1803 Mr
Woodford also flowered a plant of Cavanilles’ rosea obtained from Paris.
Johnson and Turner (1847) say that the plants at Madrid were in the
Royal Garden for a long time without any indication of change, and
that after they were spread through Burope some years elasped before
any extensive inerease of variation took place. At Holland TFlouse sceds
were saved and sown from the plants reecived 1 1804 and all of them
gave rise bo plants of some shade of purple or erimson. Controlled cross-
pollination was apparently not practised until after 1805-6.

fn 1818 Sabine remarked that he had never seen a pure scarlet and
that all coloured varictics scemed to have a tinge of purple. In 1826
Snuith, referring to Sabine’s observation, says: “the new scarlets arc
however perfectly pure.”

Thus quite a number of years passed before pure scarlets were ob-
tained by seleetion of scedlings from the original stock. Cavanilles’
purple and crimson probably had ivory and ercam grounds respectively.
I the latter were meiplex or gquadriplex for a partial inhibitor of ¥, it
would, in view Of e small number of plants available for crossing in
the early yearsscmseesindcen a considerable time to procure a variety with
a pure yellow ground such as the pure scarlets have. Moreover there
would have been a tendency to increased delay owing to the self-sterility
of D. variabilis—a characteristic favouring heterozygosity.

SUMMARY.

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

(2) With the exception of D. wariabilis, Dahlia species may be
arranged in two flower colour groups: (@) ivory, magenta or purple;
(b) yellow, orange or scarlet. D. variabeles inites both series within itself.

(3) In D. variabilis ivory and yellow are flavone colours governed
by the independently inherited factors I and Y. The inheritance of ¥
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ig tetrasomic, arising from randomn assortment of four homologous
chromosomes. The inheritance of I, so far, has been disomic only.
Autosyndesis of four chromosomes, I, with 4 and ¢, with 4,, would give
this result, but further work is necessary to establish this assumption.

(4) Orange and scarlet flowers have yellow flavone grounds; magenta
and purple have ivory grounds; crimson flowers have intermediate
coloured flavone grounds. Anthocyanin is formed only in the presence
of flavones.

(5) Sowmatic mutations involving the loss of flavone in the presence
of anthocyanin are shown to bring about corresponding changes in
flower colour. The relation of flavones and anthocyanius is discussed.

(6) D. coccinea, D. coronale, D. wmperialis and D. Maxont ave tetra-
ploids with 32 chromosomes; a fifth, D. Merckis, hag 36, and each of
the two extra pairs is homologous with a guadrivalent group, forming
two sexivalents at metaphase of the first division. D. wariabilis is an
octoploid species with 64 chromosomes. Multiple association of the
chromosoines ab meiosis is seen in these species, and is very pronounced
in variabilis.

(7). Bivalents, quadrivalents, sexivalents and octavalents are to be
seen at metaphase of the first division in D. variabilis. These multivalent
associations seem to result from the conjugation of homologéus chromo-
somes at synapsis, and evidence is advanced in support of this view.

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

TABLE IX.
Octosomic segregation of a faclor A and recombinations tn back-cross to ag.

Random assortment of chromosomes.

Gametes Zygotes
p A -~ , A ~  Ratio of
Parent 4, djo dyu, Aoy, a Ay Agag Adyag Ao, ay Adtoc
Ag @ _ —_ —— _ L2 —— _ _ — —
dra 35 35 — - — 1 1 — — e
Aga, 15 40 15 — — 3 8 3 — — —
Agay 5 8 30 5 — 1 6 6 | E— —
A,a, 1 16 36 16 1 1 16 36 16 1 69:1
A0t — 5 30 30 5 — 1 6 6 1 13:1
Ay —_— 15 40 15 —— 3 8 3 11:3
Aa, —_ - - 35 35 —_— e — 1 1 1:1
Ay —_— b —_— b [o] - e — — [a] _—
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EXPLANATION OF PLATE XII.

Flower colour and somatic variation of same iu Dahlia variabilis.

L. White (no flavone).

Tigs. 2-6. The flavone ground colours, viz. ivory, cream, primrose, yellow and deep yellow

Tig.
Tig.
Tig.
Fig.
Tig.

Pig.
Fig.

vespeetively. (Tigs. 2 and 3 somewhat acceutnate the difference between these two
colour types.)

7. Yellow shading to cream.

8. Anthoeyanin on ground as in Fig. 7,

9. Loss of yellow flavone from sector of buft petal, giving magenta stripe.

10. Loss of anthoeyanin from sector of purplish petal, revealing ivory grouud.

11, Loss of anthocyanin from sector of orange petal, revealing yellow grouud. The
adjaceut sector is doubly coloured.

12. Sectors showing dilution and intensification of anthoeyauiun.

13. Mosaie distribution of anthoeyauin on yellow (normal) and ivory (loss of yellow)
gronuds. The anthoeyanin appears erimson ou yellow aud purplish ou ivory, From
the var. ¢“Dorvotly.”

. 14, Toss of yellow flavoue from sector of crimson-searlet petal, giving purple stripe.

From the var. “Uuion Jack.”



