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Introduction.

The Japanese morning glory (Pharbitis Nil) is a favorable material
for the genetic study, for the reason that it includes many distinguishable
characters. In regard to the flower colour of this plant a number of genetic
papers have been published by some Japanese investigators. S6 (1915)
described the genetics of purple, red and white flowers, without numerical
data. TAREZAKT (1916) first detected two complemental genes for the pro-
duction of the flower colour, by crossing two whites. Mivazawa (1918,
1921), crossing his so-called dark red (dusky) with white, obtained results
showing the recessive nature of white to coloured, dark red to normal (blue)
and red to purple. Afterwards, Inrar (1919) studied the recessive nature
of dusky to normal; and in other papers (1921 a,b), he reported in more
detail on the complemental genes studied by TaxEzZAKI. MIYAKE and
Inrar (1920) described the relation between light and dark colours. The
writer (Haciwara 1923) showed  the relation of blue, purple (including
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magenta), red and dark red (dusky), giving three genes: purple, magenta
and dusky. Afterwards the writer extended the study, partly proving his
previous results, and identified the corresponding variation in the broken
(dusky) colour series (1928a). He (1928b) found another new broken
colonr (duskish), which is due to a gene, not allclomorphic to dusky men-
tioned above. Furthermore, he (1928a, 1929a,b, 1930) detected a gene,
the dominant allelomorph of which is complementary in the production of
the coloured flower with the two, previously detected genes. Recently, Taar
(1930) published a paper, in which he gave the confirmation of the facts
reported hitherto on the interrelations of the normal four colours, dusky,
duskish and whites.

In this paper, the writer will deseribe the interrelation of the wvarious
flower colours in detail.

Flower Colour Series.

The flower colour series includes blue, purple, magenta, red, slate, gray,
plum, drab, terra-cotta, vinaceous, and also light yellow and white. Depend-
ing on the fact that we find only the description of light blue in old Chinese
and Japanese books, we may regard the light blue flower as the original
form of this plant. ‘

The general flower colours exhibited by anthoeyanin pigments may be
gathered nnder the two groups, pure and broken colours, the former con-
taining blue, purple, magenta and red, and the latter including slate, gray,
plum, drab, terra-cotta and vinaceous. In the following lines, the respective
colours are indicated by the directions according to Ridgway’s colour
standards.

Group Colour Ridgway’s Colour No.
[ Blue nearly 45
Pure Cblours Purple ” p5-59
lﬂlagenta ,  61-63
Red » 65-69
Slate T VIS
Broken Colours I {Plum ’ 6177651
Terra-cotta) T » 1=
’ il
Gray » 5T
Broken Colours II{ Drab " 1
Vinaceous [r 1

ar 17
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The other group contains white and light yellow, in which no antho-
eyanin pigment is developed. Such flowers can be classified into several
forms by the colours of the flower tube, stem and seed; namcly, white
with colonred tube (Fig. 9), white with coloured stem (Fig. 11), white
with white tube (Fig. 10), white bearing white seed, and creamish (Fig.
12).  In the present paper the writer, however, will reserve the descrip-
tion of the data on this group which will be reported in the futare.

In Tokyo the seeds of this plant are generally sown in early May
and its flowers bloom from July to October. Corollas are very thin in
texture and their colour changes by sunshine. Such colours as blue and
purple are liable to change into reddish. ‘Therefore, the cbservation on
flower colours must be made very early in the morning.

Experiments.

The experiments, the results of which will be described here, concern
the twelve flower colour phenotypes of the pure colours and the broken
colours, disregarding the other points, such as the intensity, pattern etc.

I. Puore Corouns.

The genetic  interrelations among four colour groups—blue, purple,
magenta and red—were brought to light by the data involving twenty-five
crosses, the results of which are presented in the following six sections.

PurpLE vERSUS BLUBE. BSix different crosses were made between purple
aud blue flowers, giving ¥, plants which bore blue flowers. In F,, purple
flowers reappeared in one-fourth of the total, as shown in Table 1.

Tame L

F, plants from the cross of purple and blue.

Cross i Blue l Purple ; Total
41 %54 63 | 20 35
56 % 57 40 13 , 53
135118 39 11 : 50
2.3 100.2 71 27 98
431.1x419.51 49 15 64
41051% A 40 11 51
Total 302 99 401
Expected 300.75 100.25 401
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Blue behaves as a dominant character to purple, and a recessive gene
p.. (previously &) is responsible for purple.

MacExTA VERSUS BLUE. Crossing a blue flowered plant (No. 85.1),
with a magenta flowered plant (No. 70.2) F, plants bearing blue flowers
were obtained. In T, 15 blue and 4 magenta were recorded, showing that
blue is a simple dominant character to magenta, though the numbers.
observed were very few. An F, obtained by selfing blue F, plants con-
firms this point, as shown by the data in Table IT.

Tapre I1.

¥, of cross 85.1x70.2.

F, flower No. families Blue Magenta Total
| |
i 5 33 — 83
Blue !
; 9 166 63 234

Therefore, magenta differs by one gene from the normal. Tet us
designate the gene by m, (previously p.)

RED vERSUS PURPLE. Krom the experiments above shown, we learned
the fact that purple and magenta are simple recessives to blue, TIn the
present section let us describe the results in their relation to the inheritance
of red.

The F; plants obtained by the cross between red and purple flowers
bore purple corolla; and in F,, a simple segregation occurred, giving purple
and red flowers in the ratio 3:1, as shown in Table IIT.

Tasie III.

T, plants from the cross of red and purple.

Cross § Purple Red | Total
7241 52 13 65
5672 100 41 141

468.18  499.47 38 ! 9 47

AxR1 35 ; 11 46
56X V-Y 46 | 16 62

Total 271 | 90 361

Expected 270.75 | 90.25 361
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The further generation of cross 468.18 x 499.47 was observed, giving
expected results as shown in Table IV.

Tavre IV.

Fy of cross 468.18x499.47.

. flower No. families Puarple Red Total
99 — G99
Purple
369 125 494
Red — 70 70

Henee, red is a simple recessive to purple in inheritance.

Irom the

fact that the I', bore purple flowers but not reversional blue flowers, we
may conclude that the red flower cannot contain the dominant allelomorph

for purple.

RED VERSUS MAGENTA.
and magenta, and obtained purple flowers as T,

The writer made three crosses between red
In ¥,, magenta hybrids

gave magenta and red segregates in a monohybrid ratio, indicating that

red is recessive to magenta.

Tasre V.

F, plants from the cross of red and magenta.

The numerical data arc shown in Table V.

Cross Magenta Red Total
6072 27 10 37
103.3< 60 30 8 38
1293133 28 9 37
Total 85 27 112
Expected 84.0 28.0 112
Therefore, the red flower cannot include either P, nor MM, in its gene

complex.
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ReEp vERsUs BLUE. The cross between blue and red is expected to
b
give a key to understanding interrelation among four groups of the pure
flower colours. The F, plants bore blue flowers; and in F,, the sooresa-
1 P ’ 2 f=lag )
tion occurred inmto blue, purple, magenta and red, as shown by the data
> P 5 g » Y

in Table VI.
Tapre VI

F, plants from the cross of red and blue.

Cross Blue ; Purple Magenta Red Total
72283 61 23 25 13 122
85.1x 103 25 6 6 5 42
130.2:100.3 25 5 4 3 37
100.3x103.7 22 7 5 6 40
27Tx110 20 5 6 1 32
233.36 < 457.15 27 8 8 b} 43
1B39xV 49 10 13 16 82
233.36 < 428.15 33 9 10 5 57
Total 262 3 77 48 460
Expected 258.75 86.25 86.25 28.75 460

= 15.87 P—0.001

The scgregation occurred with a remarkable deviation, but it does not
deny the assortment of two genes, purple and magenta. Red is double
recessive, that is p, m,. The further generation of 53 F, plants, obtained
by the cross 233.36 x 428.15, was observed, giving the results as shown in

Table VII.
TanrLe VII.

F5 of cross 233.36x428.15.

No. families |

| | | |
Foy flower } ,‘ Blue l Purple ; Magenta | Red } Total
! i 1 ! !
- | ' ! I
i | ; | |
; 3 T e B 7
Blue l | ! [ %
} 10 1 L - L= 97
j ! | )
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F, flower | No. families Blue Purple Magents Red Total
10 112 35 —_ _ 147
Blue
9 82 29 29 16 156
3 — 3 — — 53
Purple
4 — 76 — 23 99
5 — — 50 — 50
Magenta
5 — — 45 i3 &8
Red 5 — _ - 112 112

The ¥, data cover the theory proposed above, namely,
recessive to blue.

red is double

MAGENTA VERSUS PURPLE. Magenta and purple being recessive to
blue, what wresult will be obtained by crossing the two recessives? The

cross gave reversional blue flowers as F; and in F,, segregation occurred

as indicated by the data in Table VIII.

Tavry VIIL

F, plants from the cross of magenta and purple.

Cross Blue Purple Magenta Red 1 Total
56 % 60 189 1 53 60 25 527
468,185 499.49 19 5 6 1 31
499,25 499.9 34 10 10 2 i 56
499.25 % 499.17 98 8 10 3 | 49
409.16 415,32 60 7 28 4 119
415434542 | 40 16 17 5 78
Total 370 L 119 181 40 660
Expected | 371.25 123.75 12375 41.25 660

1
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The segregation occurred in accordance with a dihybrid ratio. Since
the genotype of F, is P,p, M m, the I, segregation should be 9 blue, 3
purple, 3 magenta and 1 red in every 16. The I, generation of 61 I,
plants from the cross 415.43 x 454.2 was raised, and the data obtained are
shown in Table IX.

TapLe IX.

I%s of cross 415,48 454.2.

T, flower i No. families ; Blue Purple ! Magenta Red Total
4 63 — ! — — 63
8 64 — 24 — 83
Blue

10 17 o83 — — 170
17 | 289 78 s6 28 481
3 — 32 — — 52

Purple _
3 — 35 — 10 ‘ 45
6 — — 65 — 6

Magenta : ;
6 - | = 109 33 142

‘ : - S— SR

Red 4 I R - 79 79

The results perfectly cover the expectation developed on the basis of
dihiybrid.

From the experimental data shown in the foregoing pages the genotypes
of the four pure flower colours are considered as follows:

Magenta :
Red oo

2]

So far as ths writer’s experiments went, no exceptional cases beyond
the assumption were found.
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II. Broxzxy Corours.

The broken colonrs have a dull hue, contrasting to pure colours, which
have a bright hue. As mentioned before, the broken colours are classified
into two groups—broken I aud broken II. In both broken colonr series,
there occur variations corresponding to the pure colour series.

In connection with the broken colours, 39 crosses were made, the results
being deseribed in the following two parts.

Brorex corour T,

The dull colours, corresponding to magenta and red, are diffieult to
detect in some cases. Therefore, the writer gathered them into a terra-
cotta group, though they were classified into terra-cotta I and terra-cotta
II in other cases.

STATE VERSUS BLUE. Four crosses were made between slate and blue.
All I, plants bore blue flowers; and in F,, blue and slate were segregated
after a monohybrid fashion, the data obtained being shown in Table X.

Tanre X.

F. plants from the eross of slate and blue.

Cross Blue Slate Total
44 x 87.4 43 10 53
124.2x100.23 30 8 38
141x X 49 13 62
233.36 x455.22 36 18 49
Total 158 44 202
Expected 1515 50.5 202

Slate is, thercfore, a simple recessive to blue, and the character is due
to a gene dusky or d, (formerly Z'). Consequently slatc is considered to
carry a genctic complex P.ALd,.

Spate vERrsus PURPLE.  The F, plants obtained by two crosses between
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glate and purple bore blue flowers, differing from both parents. In F,
segregation took place dihybridly, as shown in Table XI.

TasLe XI1.

Fo plants from the cross of slate and purple.

Cross Blue FPurple Slate Plom Total
58141 53 21 11 S 38
81A 56 43 19 16 4 82
615.58x 490.26 16 9 9 1 35
Total 113 49 26 8 205
Expected 115.3 3544 38.44 12.81 205
¥ =496 P=0.18

From the double heterozygous constitution of the F, bluc flowers we
should expect 9 blue, 8 purple, 3 slate, and 1 plum in every 16 F,. The
expectations in the above table were caleulated from such a ratio; there-
fore, plum is double recessive, that is p, M d,.

Proear verses snaTie. The I, hybrids obtained by erossing plum with
slate bore slate flowers, and they segregated into slate and plum in a ratio

3: 1, as shown by the data in Table XII.

TanLe XIL

T, plants from the crom of plum and slate,

Cross ; Slate ,‘ Plum Total
|
. . | ; i
141 % 41/C.1 8 % 35 122
Tixpected 915 i 305 122

The result indicated in the table confirms the fact that the genotype
of plum is purple dusky or p M d,. The F, generation was raised, and the

avy

data are gathered in Table NIIT.
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Tapre XIIT.

I; of cross 141 41/C1.

F. flower No. families Slate Plum Total
8 97 e 97
Slate
28 208 86 384
Plum 12 — 162 162

The results confirm the simple recessive nature of plum to slate.

Proy versvs porpLE.  An F, obtained by crossing plam (No. 419.17)
with purple (No. 407.24) bore purple flowers; and in F,, 33 purple and
12 plum were segregated, giving a 3:1 ratio as expected.

Provy veprsus BLUE. Crossing blue (No. 233.36) with plum (No.
41/C.1), blue flowers were produced as F,. In F,, 11 blue, 5 purple, 3
slate and 2 plum were segregated, according to an expected dihybrid ratio.
Though the data are small, they may confirm, together with the results
given in previous szctions, the double recessive nature of plum.

SLATE VERSUS MAGENTA.
and reversional blue-flowered ¥, plants were obtained.

A cross was made between slate and magenta,
In I, segregation

occurred as shown in Table XIV.

Tasre XIV.

Fo plants from the cross of slate and magenta.

Cross Blue Magenta Slate Terra-cotta Total
37.4:70.2 27 7 9 1 44
$530.10:2 516.41 5 24 17 6 122
Total 102 31 26 7 166
Expected 93.4 S1.1 31.1 104 166

¥y =274 P=057
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The parental constitutions in this crcss are considered to be P,
for slate and .Pm,D, for magenta. Therefore, dihybrid segregation may be
expected in I, the assortment being concerned with the two genes, m, and
d,. The segregated terra-cotta flowers correspond to the double recessives.
The theory will be proved by the ¥, data, which are presented in Table
XV.

TaprLe XV.

Fy of cross 37.4:<70.2.

F. flower | No. families Blue Magenta Slate | Terra-cotta Total
: |
i t |
2 3 — — — 3
5 67 — 25 — 92
Blue
7 72 33 —_— — 105
13 141 | 38 42 15 236
;
—_— e _
3 — ! 23 — — 23
Magenin ‘
3 — i 37 — 15 52
3 - — 36 —— 3
Slate !
! 3 — i — 53 2 78
- ; — -
Terra-cotta | 1 j — ; — — 22 ; 22
: | i |

Inspecting the data shown in the above table, the double recessive
nature (Pmd,) of terra-cotta is clear.

Terra-corra I veErsus BLUE. The F, hybrids obtained by crossing
terra-cotta with blue bore blue flowers, and they segregated into four forms
in F, as shown by the data in Table XVIL.

Tasre XVI.

Fy plants from the cross of terra-cotta I and blue.
S - o e [ -
Cross | Blue i Magenta 1 Slate | Terra-cotta T ] Total
_— . ! N S |
23313 416.3 | 50 | e | oo [ 6 J 86
Expected | 484 | 161 f 61| 54 | s6
; : ] i

=433 P=0.23
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The result is practically the same with that shown in Table XIV.

Terra-corra IT vERsUs prust.  Two crosses were made between plum
and terra-cotta II. The I, plants thus obtained bore plum flowers. In
F,, segregation occurred into the two parental forms, the data being pre-

sented in Table XVII.

Tarre XVII

F, plants from the cross of terra-cotta IX and plum.

Cross Plum Terra-cotta 11 Total
419.243x419.12 20 3 28
424.9 < 41/C1 41 i1 52
Total 61 19 80
Expected 60.0 20.0 30

In these crosses, the difference between plum and terra-cotta lies in
one gene, therefore a monohybrid segregation is expected.

TerrA-corra IT VERSUS RED.  From the experimental data above
shown, the genotype of terra-cotta I is regarded as Pm,,. In addition
to this, another terra-cotta form occurs as a triple recessive, that is pmd,.
The evidence supporting this fact will be found in tlis and the following
sections. Crossing red with terra-cotta TI, F| bearing red flowers were
obtained; and in F,, simple segregation took place, as shown in Table XVIIL.

Tapre XVIIL

Vs plants from the cross of terra~cotta II and red.

Cross Red Terra-cotta 11 Total
421.17 < 423.9 35 9 44
457124239 72 26 98
468.2 ¢ 603.11 20 7 27

Total 127 42 169

Expected 126.75 42.25 169
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In these crosses, the terra-cotta parent must be a triple recessive.

TerrA-cOoTTA IT vERsUs stATE.  All I, plants from two crosses between
terra-cotta II and slate bore slate flowers, and they segregated into two
parental forms and plum flowers. The numerical data of these three forms in
segregation are shown in Table NIX.

Tapre NIX.

F, plants from the cross of terra-cotta II and slate.

Cross Slate Plum Terra-cotta , Total
423.1x455.4 50 11 19 30
141x423.9 30 7 19 56
Total S0 18 B | 136
Expected 76.5 25.5 4.0 136
2’9:2.83 P:OQS

The slate, plum and terra-cotta segregates occurred in practical accordance
with a ratio of 9:3:4. TTherefore, terra-cotta flowers thus produced contain
both Pmd,- and pnd, -carrying forms. The I, from cross 423.1 x455.4
was examined, giving the results shown in Table XX,

TapLe XX.

F. of cross 423.1x455.4.

i 1]
P, flower No. Families Slate Plum Terra-cotta Total
i
5 65 e — 53
6 76 29 e 105
Shate
5 54 — 17 71
19 247 36 108 441
2 — 12 — 13
Plum
4 — 29 9 338
Terra-cotta 16 — — 368 363
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By raising ¥, plants, the writer called attention to the fact that there
is some difference in hue between terra-cotta segregated from plum and that
segregated from slate, as shown in Plate XVI. So that, terra-cotta may
be classified, possibly, into terra-cotta I bearing the gene-complex P d,,
and terra-cotto IT bearing the gene-complex pmd,.

Proy versus Rep. A red-flowered strain (No. 457.12) was crossed
with a plum-flowered strain (241.35), and purple F, plants were obtained,
the character of the hybrids being different from both parents. In T, only
21 plants were raised. The segregation, however, occurred in approximate
accordance with the ratio 9:3:3:1 of dihybrid, which involves m, and d,.
Actually F, consisted of 13 purple, 4 red, 3 plum and 1 terra-cotta II.

TrERRA-COTTA II VERSUS PURPLE. I'rom two crosses between terra-
cotta II and purple, the writer got I', bearing purple flowers. In T,
purple, red, plam and terra-cotta IT were scgregated as shown in Table X XT.

Tapre XXIT.

Fy plants from the cross of terra-cotta IT and purple.

Cross E Purple ’ Red i Plum l Terra-cotta IT } Total

; ; .
499.25>bpr | 98 l 34 |3 8 170
23.9:499.25 | 22 | 5 ; 2 3 33

! | i
Total E 120 39 ‘ 39 | 11 { 202
Expected | 1136 39 e | 126 | 200

F=151 P=0.68

The results are according to our expectation.

TERRA-cOTTA IT VERSUS MAGENTA. As terra-cotta IT carried pmd,,
the It, hybrids obtained by crcssing it with magenta bore magenta flowers.
In the subsequent generation, segregation took place as to the three phenotypes,
magenta, red and terra-cotta, the data of which are given in Table NXXII.

Tapre XXII

Fo plants from the cross of terra-cotta and magenta.

Cross Magenta | Red ; Terra-cotta ; Total
437 2 407.36 21 ‘ 8 | 18 I 47
499.26< D.R5 30 ‘ 10 | 20 | 60
Total 51 | 18 | 38 { 107
§ 107

Expected 60.2 j 20.0 5 26.8
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The ¥, plants being Pp,Mm,D,d, we may expect an F, segregating
magenta, red and terra-cotta in the ratio 9:3:4. This expectation is
approximately satisfied by the F, data.

Brorrex corour II.

Broken colour II, including gray, drab, vinaceous I and vinaceous 17,
18 due to another broken colour gene, duskish. Sometimes, difficulty in
the distinction between vinaceous I and vinaceous I occurs in this group,
as observed in the corresponding case of broken colour I. In such a case,
vinaceous I and vinaceous IT are gathered under a vinaceous group.

GrAY VERSUS BLUE. Two erosses between a gray strain bearing yellow
leaf and a blue strain bearing green leaf, gave hybrids with green leaves
and blue flowers. These hybrids resulted in normal dihybrid segregation
as regards the above characters. The numcrical data are shown in Table

XXIIL

Tapry XXIII.

F; plants from the cross of gray flower with yellow leaf and blue
flower with green leaf.

Green leaf Yellow leaf
Cross Total
Blue Gray Blue Gray
- ; !
123x 118 24 3 8 3 43
489.10 x 437,18 30 3 10 4 52
|
Total 54 16 18 7 95
Expected 53.44 17.81 17.81 594 35

The segregating number in regard to the flower colour is 72 blue and
23 gray, corresponding to the ratio 3:1. Tt is sure that the dull colour
is not due to a gene d, which is linked closely with yellow leaf gene, but
is due to another one d, (previously %%). Hence, gray refers to the gene-
complex P M d,.

Vinacegous IT versus PURPLE. Hybrids bearing purple flowers were
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given as F, by crossing vinaceous II with purple in both reciprocal ways.
The F, segregation from these hybrids is shown in Table XXIV.

Tarrg XXIV.

Fy plants from the cross of vinaceous II and purple.

Cross Purple Red Drab Vinaceous I Total
667.7x 499.25 108 34 31 13 186
499,25 x 611.11 47 18 20 1t 96
Total 155 52 51 24 282
Expected 158.6 52.9 52.9 17.6 282
¥=2.50 P=0.48

These figures show the segregation of a dihybrid ratio. Vinaceous II
is a duskish flower carrying two recessive genes, m, and d,. Drab is another
duskish ¥, class, which corresponds to purple duskish or p, A d,.

Vivaceous I1 vErsUs MAGENTA. Crossing a vinaceous strain (No.
681.15) with a magenta strain (No. 499.26), the writer got F, bearing
magenta flowers; and in F,, magenta, red and vinaceous were segregated
in a ratio 9:3:4, as shown in Table XXV, with the numerical data of
14 F, families segregated in the same manner.

Tapre XXV.

Segregating data for p, and dz .

i
Source Magenta Red Vinaceous Total
499.26 ¢ 681.15 45 16 23 84
Tts 14 F; families 333 90 130 553
Total 378 106 153 637
Expected 358.51 119.44 159.25 637

F=2.84 P=0.25



258 TOKIO HAGIWARA

In ¥, raising, vinaceous was segregated in one-fourth of the total from
magenta and red F,, respectively., Vinaceous flowers from both magenta
and red F, so closely resemble each other that we cannot distinguish them
in this cross. Vinaceous IT has a gene-complex pmg,, corresponding to
red duskish, while vinaceous I has a gene-complex Pomd,, corresponding
to magenta duskish.

Vizaceovs IT versus BLuge. The T, plants obtained by crossing a
vinaceous I strain (No. 666.7) with a blue strain (No. 667.6) bore blue
flowers, and they gave rise to an F, consisting of 27 blue, 9 purple, 8
magents, 2 red, 7 gray, 3 drab and 3 vinaceous. These data are in approxi-
mate accordance with the expectation from the ratic 27:9:9:3:9:3:4,
in which the three genes, p, m, and d,, are working. Though the data are
small in number, it is eclear that there occur four kinds of dull colours,
corresponding to four pure colours, and that vinaceous I is a triple recessive
as to the genes, pmd,.

BROKEN coLour I VERsSUS BROKEN COLOUR II. As described before,
dusky (d,) and duskish (d;) are not allelomorphic. Therefore, hybrids from
the crossing between both broken colours should bear normally coloured
flowers. These facts were reported by the writer (1928b) and Iaraz (1930).
Experimental data confirming these points are collected in Table XXVT.

Tapre XXVIL

F, plants from the cross of broken colour I and II.

Cross Pure colour Broken colour Total
424 % 241.91 37 18 55
455.21 x419.5 19 13 32
N. kxK. 13 37 24 61
666.9 x k. 12 110 92 202
Total 203 147 350
Expected 196.9 153.1 350

A cross made between a purple strain (No. 455.2) and a drab strain
(No. 419.189) gave purple flowered hybrids. In F,, 49 purple, 14 plum
and 18 drab were recorded, showing the segregation of pure and broken
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colours in a ratio 9:7. These ¥, data, together with the ¥, confirm the
genotype of the drab strain to be p, 8l dd,. The F, data are summarized

in Table XXVIL

TaprLe XXVIL

F; of eross 455.2x419.189.

¥, flower No. families Purple Plum Drab Total
6 362 — e 362
5 200 61 — 261

Purple
5 228 — 107 335
11 208 67 97 372
5 — 182 — 182

Plum
5 — 196 63 259
Drab 7 - — 446 446

The data shown above may support a supposition that the genotypes,
PMAd, Pmndd, and pmdd, may result in gray, vinaceous I, vinaceous
II, respectively ; though experimental vesults confirming them are not yet
obtained.

Genes for Flower Colours.

Summing up the experimental results above mentioned, four genes are
responsible for the production of the flower colour variations, namely :
d, (formerly E',dy")...concerns the production of dull colour; namely,

dusky.
d. B dy?)...concerns the production of another dull colour;
namely, duskish,
7 G b )...results in purple, modifying the normal blue.
m, (5, p )...modifies blue into magents.

These four genes are active when the other three genes, C, (formerly
C"), Cand R, which are complementary for the development of the flower
colour, are also present. The genetic construction of the flower colours are
shown below,
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Group Hue Genetic construction
{ Blue cooeviiiiiiiiinniinnnnn. PAD,D,
Pure colours Purple covniiiiininnnn, »AM,D, D,
l Magenta ...ccevevenennens P, D D,
Red oovvvieeiiiiinnnnnnnns pan, D, Dy
Slate.covviviiriiirieninnenn, P.MAD,
Broken colonrs I {Plum ..................... pAMAd,D,
[ RO Pmd D,
Terra-cotta [§ 5 ST pd, D,
Gray...covverrimvenninecnnes PADd, P,
Broken colours II{Drab...c.ooviviinnii., p LD dy, p M A,

I P, Dd, Pwmdd,
IIo..ee.. pan D dy, pomd,d,

Looking over the colour series, we see that purple, magenta and slate
are simple recessive to blue; red and plum are double recessive to the same;
gray is either simple or double recessive; terra-cotta and drab are either
double or triple recessive; and vinaceous is either double or triple or quad-
ruple recessive, according to its genotype.

The cost of carrying out this study was defrayed by grants from Mr.
TeErvcord Hara, Mr. Hixorcar Morovaua and the Imperial Academy.
The writer wishes to express his hearty thanks for the help thus given,
and also the same acknowledgment to Marquis Sa166 who allowed him to
use an experimental farm. Furthermore, the writer takes this opportunity
of thanking Dr. K. M1ivage and Dr. Y. Infar for their kind advices on
many matters at the publication of this paper.

Summary.

1) So far studied, the flower colour series in Japanese morning glory
(Pharbitis Nil) include blue, purple, magenta, red, slate, gray, plum, drab,
terra-cotta I, terra-cotta I, vinaceous I, vinaceous II, white and yellow;
and they may be classified under the three groups, pure colour, broken
colour and white.

2) The pure colour, which is bright in hue, eontains blue, purple,
magenta and red. The broken colour, which is dull in hue, contains eighs
colours under two classes, each of which includes four dull hues, corresponding
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to four normal pure colours. That is, the one, broken colour I (dusky)
contains slate, plum, terra-cotta I and terra-cotta II, and the other, broken
colour IT (duskish) contains gray, drab, vinaceous I and vinaceous II. In
both broken colour groups, however, two dull hues which correspond to
magenta and red, are so slightly different that their classification is difficult
in some cases, especially in the broken colour II.

3) These flower colours are due to anthocyanin pigments in the cells
of the corollas, while the white group has no anthocyanin pigments in the
corollas except flower tubes, in which sometimes a full amount of antho-
cyanin pigments occurs,

4) The results from 64 crossing experiments determined the four
genes—purple (p,) (formerly b), magenta (m,) (formerly p), dusky (d,)
(formerly &', d,') and duskish (d;) (formerly %°; d,?) which are active only
with the co-existence of the other three complementary genes, C, (formerly
C%), C and R, for the development of the flower colour.

5) The genctic construction for twelve colours is shown as follows:
In pure colour group, blue (P,A,D,D,) purple (pJD,D,), magenta
(Pm,D,D;) and red (pm,D,D,); in broken colour I, slate (P d,D),),
plum (p, M d,D;) terra-cotta I (Pum,d,D,) and terra-cotta II (pmd,D,);
and in broken colour II, gray (PJ2[D,d, PMdd,), drab (p M D,d,
pAMAd), vinaceous I (Pmdd;,, Pam,Dd,) and vinaceous II (p,m,D,d,
pmd,d).
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EXPLANATION OF PLATE XVI

All the figures are drawn in shout % natural size.

Fig. 1. Blue flower.

¥ig, 2. Purple flower.

Fig. 3. Magenta flower.

Fig. 4. Red flower.

Fig. 5. Slate flower.

Fig. 6. Plum flower.

Fig. 7. Terra-cotta I flower.

Fig. 8 Terra-cotta I flower.

Fig. 9. White flower with coloured tube and green stem.

Fig. 10. 'White flower with white tube and green stem.
Fig. 11. White flower with white tube and coloured stem.
Fig. 12, Creamish flower with white tube and green stem.




Jour. Coll. Agric. Vol. Xl.




 Plate XVI.

¢
L
¢

/




