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TuE phenomenon of fasciation has been observed in various groups
of plants, and is generally of a temporary nature due to environmental
stimulation, though sometimes hereditary. Several authors have made

Journ. of Gen. XvII



276 Fasciation in the Morning Glory

experiments on this character and have obtained fairly simple results.
In the Japanese morning glory, fasciation was recognised in relatively
early days. The results obtained by me in breeding experiments with
the fasciated strain have shown that the case is somewhat complicated
by the occurrence of three or more factors affecting its manifestation.
In almost all cases fasciated stems are accompanied by pear leaves,
owing to the occurrence of linkage, which further complicates the genetics
of the pear-leafed and fasciated plants. Some pear-leafed fasciated
examples bear funnel-shaped flowers, while others bear split ones. The
experiments revealed the fact that a split corolla is the effect of the
“maple” factor. Consequently we may commence our account with an
outline of the hereditary behaviour of pear leaf.

HerepiTARY BEHAVIOUR OF PEAR LEAF.

The pear leaf (Figs. 1, 10 and 11, Pls. XVII and XVIII, figs. 1, 8
and 9) was so named because of its resemblance to a leaf of the pear, and
it is sometimes called “ Kujaku!” leaf or “Imo2” leaf by our fanciers. The
hereditary behaviour of this leaf was studied by Miyake and Imai (1920),
and Hagiwara (1925), who recognised its simple recessive nature to the
normal. Pear leaves have either double or single flowers, and the present
studies were carried on with strains of the latter.

Pear leaf versus Normal leaf.

In crosses between normal and pear leaves the F, plants bear quite
normal leaves. Although the pear leaf resembled in shape the cordate
(= heart) leaf, which produces some recessive effect upon the hybrid
leaves of cordate and normal, the F leaves of the present cross showed
no influence of their heterozygous nature. The F, generation consisted
of the alternative forms in a simple ratio as indicated in Table I.

TABLE L

The ¥y data obtained by the crossing of normal and pear leaves.

Cross Normal leaf Pear leaf Total
65 x BD-B 435 139 574
LxN1 75 26 101
Total . 510 165 675
Expected 506-25 16875 675

* *Kujaku” means peacock in Japanese. Pear leaves bear double flowers, in which
the petaloid filaments stand out above the corollas rather like the crest of a peacock. The
term was then applied to the leaves accompanying such double flowers, and eventually
to pear leaves in general with no limitation in regard to their flowers.

2 “Imo” means the J. apanese yani {Dioscorea). The pear leaf resembles the leaf of some
species of the Japanese yam in its form.
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In Table IT we have summarised the F, data, which we need not

consider further as the results came out quite normally.

TABLE II.
The ¥y data of the cross 65 x BD-B.

Pedigree =~ Normal

Character of F, number leaf Pear leaf Total
8 242 — 242
Normal loat {14 271 83 354
Pear leaf 7 — 125 125

Fig. 1. A fasciated seedling bearing variegated pear leaves (A 5).

The Relation of Pear and Cordate Leaves.

To understand the factorial relations between the two roundish
leaves, pear and cordate (Fig. 2), I made a cross between them. The F,;
plants bore normal three-lobed leaves, being entirely different from both
parents, but the leaves had roundish lobes as an effect of the recessive

19-2
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cordate-leaf factor. Three families bred from such F, hybrids gave the
results indicated in Table I1I.

TABLE III.
The ¥y data obtained by the crossing of cordate and pear leaves.
Roundish
Cross Normal leaf normal leaf Cordate leaf ~ Pear leaf Total
AlxN1 32 82 45 37 196
Expected 36-75 73-50 36-75 49-00 196

Fig. 2. Cordate leaf bearing normal, funnel-shaped flowers.

As the data obtained are closely in accordance with 3:6:3:4,
a modified ratio of dihybrid segregation, it is clear that the factors for
pear and cordate leaves belong to different series of allelomorphs. Both
leaves are somewhat similarly roundish in shape, but the pear leaf is
rather oval and has the peculiar habit of a slight broadening in form at
the connecting part of its petiole and lamina, the latter having more or
less sloping shoulders. These traits enable us easily to distinguish this
leaf from a cordate one. The present cross, therefore, concerns the two
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factors p, pear leaf, and h, cordate leaf. The normal F, leaf is the corn-
bined result of two dominant factors, as far as the present cross is con-
cerned, and the double recessive leaf retains its pear-leafed form. Under
these circumstances, the expected ratio in F, should be:

1PPHH + 2PpHH 3 normal leaves
2PPHh + 4PpHh 6 roundish normal leaves
1PPhh +2Pphh 3 cordate leaves
1ppHH + 2ppHh + 1 pphh 4 pear leaves

This ratio conforms fairly closely to the actual result as indicated
in Table II1..

The Relation of Pear and *“ Rangiku” leaves.

The “Rangiku” leaf (PL. XVII, fig. 2) is represented by i, a recessive
leaf-form factor to the normal (Imai, 1925). This factor affects the shape
of cotyledons and leaves, the type of flowering, etc., in a complex
manner. The cotyledons have shortened lobes, just like those of radishes,
and are sometimes branched. The leaves are split irregularly into sharp-
pointed lobes, and the flowers are composed of polypetalous corollas
rugose in form (Pl X VII, fig. 4). In the crosses made between “ Rangiku™
and pear leaves, I obtained normal-leafed ¥, hybrids reverting to their
prototype, and the next generation consisted of segregating families as
represented in Table IV.

TABLE 1V.
The T, data obtained by the crossing of “* Rangiku” and pear leaves.
“Rangiku” “Rangiku”-

Cross Normal leaf leaf Pear leaf pear leaf Total
M3xN1 82 12 14 1 109
M3xN2 142 34 21 5 202
Total 224 46 35 6 311
Expected 174-94 58-31 58-31 19-44 311

The deviation is conspicuous, though it seems to be caused by the
early death of the recessive segregates. The discrepancy in the segregat-
ing ratio, which is due to the meagre production of the recessive segre-
gates, is not rarely to be met with in the hybrid progeny of the Japanese
morning glory, and the present case, therefore, is not unusual. The cross
concerns the segregation of the factors, pear (p) and “ Rangiku” (i) leaves.
From the doubly heterozygous F; we should expect an F, segregation as

follows:

1IIPP + 21iPP + 211Pp + 4 5iPp 9 normal leaves
1iiPP + 2iiPp 3 “Rangiku” leaves
1Xipp + 21ipp 3 pear leaves

liipp 1 “Rangiku”-pear leaf
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Now we have a new type through the combination of two recessive
factors. The specimens had narrow pear leaves, which were split, with
shortened and broad petioles (Fig. 3), peculiar in shape, and somewhat
small flowers with creased corollas, which are the trait of “Rangiku.”
The smallness of the corolla, however, is a general characteristic of the
flowers of pear leaves.

Fig. 3. Samples of “Rangiku”-pear leaves.
On the Pear-leafed stravn with Split Corollas.

The pear-leafed strains used in the above cross had perfect funnel-
shaped corollas, while A 5, a pure pedigree strain, had five split corollas
(P1. XVII, fig. 1). The split flowers could be identified with the maple type
(P1. XVII, fig. 6) by their relatively broad petals, and breeding tests made
this clear (Imai, 1925).

The result of cross 81-1 x A 5. 81-1, one of the parents of the present
cross, had normal leaves and funnel-shaped flowers. The F, plants bore
normal leaves and flowered with perfect corollas, and gave rise to the
F, generation shown in Table V. '

TABLE V.
The ¥, data of the crossing of normal leaf and pear leaf with split corolla.

Pear leaf Pear leaf
with perfect — with split
Cross Normal leaf Maple leaf corolla corolla Total
8l-1xA5 71 21 24 6 122
Expected 68625 22-875 22-875 7-625 122

The genetic origin of the maple is attributed to A 5, which bears
maple-type flowers as stated above. Hence the present segregation
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concerns the factors, p and m, the latter being responsible for the maple.
Theoretically, the F, segregation should be:

1MMPP + 2MmPP + 2MMPp + 4 MmPp 9 normal leaves
1 mmPP + 2mmPp 3 maple leaves
1 MMpp + 2Mmpp 3 pear leaves with perfect corollas
Immpp 1 pear leaf with split corolla

The pear-leafed F, segregates will have either perfect corollas (Pl
XVIII, fig. 8) or split ones (Pl XVIII, fig. 9), according to their genetic
composition with respect to the maple factor. Consequently the pear-
leafed parent must have been a double recessive for the factors in
question.

The result of crosses 22-1 x A b and 350 x A'5. The present crosses
concern the relation of pear and dragon-fly leaves, the latter being
transmitted as a recessive to the normal. The genetic nature of the
dragon-fly leaf, however, does not seem to be simple in some cases. The
F, plants of dragon-fly x pear had normal leaves and gave rise to the
F, shown in Table VI.

TABLE VI.

The ¥, data of the crossing of dragon-fly leaf and pear leaf
with split corolla.

Pear leaf
Elongated with split
Pearleaf pearleaf  corolla

Dragon- with with (contains
Normal fly Maple perfect  perfect elongated
~ Cross leaf leaf leaf corolla  corolla one) Total =
22-1xA 5 43 4 14 12 1 2 76
350xA5 - 76 6 29 22 5 8 146
Total 119 10 43 34 6 10 222
Expected 93-66 31-22 41-63 31-22 10-41 13-88 222-02

The segregating number of dragon-fly leaves is distinctly below that
required in theory, which may perhaps point to this character being of
a more complex nature. For our present purpose however we may
regard it as simple, and consider that we are dealing with the three
factors of p, m and t, the last being responsible for the dragon-fly leaf.
Among the pear-leafed F,, we found some long-shaped ones, which are
doubtless pear leaves carrying the dragon-fly factor. The F, result of
the present cross (ttMMPP x TTmmpp), therefore, may be expected
to be as follows:



282 Fasciation in the Morning Glory

1 TTMMPP +2TtMMPP + 2TTMmPP + 2 TTMMPp + 4 TIMmPP -+ 4 TtMMPp + 4 TTMmPp
+8TiMmPp 27 normal leaves
1 ttMMPP + 2ttMmPP + 2 ttMMPp + 4 ttMmPp 9 dragon-fly leaves
1TTmmPP + 2TtmmPP + 2TTmmPp + 4TtmmPp + 1 ttmmPP + 2ttramPp 12 maple leaves
1 TTMMpp + 2TtMMpp + 2 TTMmpp + 4 TtMmpp + 1 ttMMpp + 2 ttMmpp
12 pear leaves with perfect corollas (contain long-shaped pear leaves)
1TTmmpp + 2 Ttmmpp + 1 ttmmpp .
4 pear leaves with split corollas (contain long-shaped pear leaves)

The theoretical expectation fits the observed data fairly well provided
that we do not lay stress upon the low proportion of dragon-fly leaves.

The result of crosses 320 x A5 and M3 x A5, In these two cases
a pear leaf with split corollas was crossed with a “Rangiku” leaf. Con-
sequently the segregation may be expected to be somewhat complicated.
From the normal-leafed F; we raised F,, which was composed of eight
phenotypes, as represented in Table VII.

TABLE VII. .

The ¥y data of the crossing of * Bangiku” leaf and pear leaf
with split corolla.

Pear leaf
“Rangiku” with perfect “‘Mitsuo”
Cross Normal leaf leaf Maple leaf corolla leaf
320x A5 37 6 9 4 1
M3xA5 102 31 44 - 31 9
Total 139 37 53 35 10
Expected 119-81 39-94 39-94 39-94 1331
“Rangiku”-
pear leaf Pearleaf “Rangiku”-pear
with perfect  with split leaf with split
Cross corolla corolla corolla Total
320xA5 0 0 0 57
M3xAS5 5 4 1 227
Total 5 4 1 284
Expected 13-31 13-31 444 284

It is clear from the observed data that the factors now concerned
are p, i and m, and, according to our expectation, the triple hetero-
zygous 'y, obtained by the crossing PPiiMM x ppIImm, should give
the F, members as follows:

1 [IMMPP + 2HMMPP + 2 IIMmPP + 2XIMMPp + 4 iIMmPP + 4 IMMPp + 4 IIMmPp

+8IiMmPp 27 normal leaves
1iiMMPP + 2iiMmPP + 2iiMMPp + 4iiMmPp 9 “Rangiku” leaves
1IImmPP -+ 2LmmPP + 2IImmPp + 4 [immPp 9 maple leaves
11IMMpp + 21iMMpp + 2 IIMmpp + 4 LiMmpp 9 pear leaves with perfect corollas
1iimmPP + 2iimmPp 3 “Mitsuo” leaves
1iiMMpp + 21iMmpp 3 “Rangiku”-pear leaves with perfect corollas
1 IImmpp + 2 immpp 3 pear leaves with split corollas

1limmpp 1 “Rangiku”-pear leaf with split corolla
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Expectation agrees in essential points with the actual data in
Table VII, except for the low proportion of the combined recessive
segregates. The ““Mitsuo” leaves are to be regarded as a double recessive
form of maple and “Rangiku.” They are irregularly lobed in a peculiar
way differing somewhat from “Rangiku’ leaves. The term “Mitsuo,”
meaning “three-tailed,” was derived from a variety of goldfish which has
a tail so named. The flowers of this specimen are of the split “Rangiku”
type (PL XVII, fig. 5).

An F, generation was raised from the ¥, of the cross M 3 x A 5, the
result being summarised in Table VIII. It shows that the hypothesis
put forward above covers the F, results.

The result of cross 326 x A 5. By hybridising A 5 with 326, which is
a pure pedigree strain bearing cordate “Sasa” leaves (Fig. 4) and split
flowers, we obtained normal leaves with roundish lobes in #,. Table IX
contains the F, data obtained from such hybrids.

TABLE IX.

The R, data of the crossing of cordate *“ Sasa” leaf and pear leaf
with split corolla.

Roundish Cordate
Cross Normal leaf normalleaf Cordateleaf Mapleleaf  maple leaf
326 xA 5 74 154 76 69 13
Expected 67-39 134-79 67-39 67-39 22-46
Pear leaf Pear leaf Roundish-
with perfect  with split Normal normal Cordate
Cross corolla corolla “Sasa’ leaf ““Sasa’ leaf ““Sasa” leatf
326x A5 108 28 11 33 15
Expected 89-86 29-95 22-46 44-93 22-46
Pear-“Sasa”
Cordate . Pear-“Sasa™ leaf with
Maple- maple- leaf with narrowly
Cross “Sasa” leat  “Sasa’ leaf split corolla split corolla Total
326 x A5 14 10 28 6 639
Expected 2246 7-49 29-95 9-98 638-96

The production of fourteen F; phenotypes is due to the segregation
of the sy-factor, which is responsible for the “Sasa” leaf (Imai, 1925),
hesides the factors of p, h and m, the cross producing the quadruply
heterozygous #,;. The “Sasa” leaves always accompany split corollas,
but the petals are a little narrower than those of the maple. The factor
does not markedly change the various leaf forms, but it modifies them
in a particular way into the respective “Sasa” leaves (Figs. 4, 5, 6,
7 and 8). Thus the combination of the factors for maple and ““Sasa,”
gives narrowly split corollas divided down to the bottom of the flower
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Fig. 4. A seedling of 326, bearing cordate ‘““Sasa” leaves.

Fig. 5. A seedling bearing maple-““Sasa” leaves.
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Fig. 6. A seedling bearing cordate maple-*“Sasa” leaves.

Fig. 7. A seedling bearing pear-“Sasa” leaves. Fasciated!
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tube (P1. XV, fig. 3), each factor by itself, however, resulting in split
corollas with undivided tubes (Pls. XVII and XVIII, figs. 6 and 10).

Fig. 8. A pear-“Sasa”-leafed seedling carrying maple factors. Note the slender leaves !
The specimen is fasciated and the abnormality can be seen by its flattening bud.
(Photographed from above.)

The genetic composition of the parents can be presumed as
SaSahhMMPP and S,S ,HHmmpp respectively. From the quadruply
heterozygous F; we may expect the following F,:

1SaSaHHMMPP + 2535 HHMMPP + 2S,SoHHMmMmPP + 2S:S.HHMMPp + 4S5, HHMmPP

+4 Sa5aHHMMPD + 4 S3SaHHMmPp + 8Sas,HHMmPp 27 normal leaves
282SaHhMMPP + 4S35,HhMMPP + 4 S,SaHhMmPP + 4S,S;HhMMPp + 8SasaHhMmPP

+ 88asaHhMMPp + 8SaSaHhMmPp + 16SasaHhMmPp 54 roundish normal leaves
18aSahhMMPP + 2S,5,hhMMPP + 2S;S,hhMmPP + 2S,S,hhMMPp + 4 Sas,hhMmPP

+ 4825ahhMMPp + 4S,SahhMmPp + 8 S3sahhMmPp 27 cordate leaves
1SaS.HHmMmMPP + 2S5, HHMmMPP + 2S;S;HhmmPP + 2S,S;HHmmPp + 4S,s,HhmmPP

+48SasaHHMmPpP + 4 S3SaHhmmPp + 8Sas;HhmmPp 27 maple leaves

1SaSahhmmPP + 2S,5,hhmmPP + 2S,SahhmmPp + 4SasahhmmPp 9 cordate maple leaves
1SaSaHHMMpp + 28,5.HHMMpp + 2S2SaHhMMpp + 2S,SaHHMmpp + 4S,s.HhMMpp
+4SasaHHMmpp + 4S,S.HhMmpp + 8 SasaHhMmpp + 1SaSahhMMpp + 2Sa5,hhMMpp

+28aSahhMmpp + 4 SasahhMmpp 36 pear leaves with perfect corollas
1SaSaHHmMmpp + 28as.HHmmpp + 2SaSaHhmmpp + 4S35.Hhmmpp + 1S,Sahhmmpp
+ 2 Sasahhmmpp 12 pear leaves with split corollas

15asaHHMMPP + 2535;HHMmPP + 2 s35;HHMMPD + 45,5, HHMmPp
9 normal “Sasa” leaves
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2525aHEMMPP + 45,5 HhMmPP + 4535, HhIMIMPp + 8525, HhMmPp
18 roundish normal “Sasa” leaves
15,5 hhMMPP + 25:5: hhMmPP + 25,5 hhMMPp 4 455, hhMmPp 9 cordate “Sasa” leaves
1sasaHHmMmPP + 25,5, HhmmPP + 2555 HHmmPp + 4 sas,HhmmPp
9 maple-“Sasa’ leaves (Fig. 5)
1855, hhmmPP + 2555 hhmmPp 3 cordate maple-“Sasa” leaves (Fig. 6)
1525 HHMMpDp + 2525, HhMMpp + 25,5, HHMmpp + 4sasoHhMmpp + 1sasahhMMpp
+ 2535, hhMmpp 12 pear-“Sasa” leaves with split corollas (Fig. 7, PL. XVIII, fig. 7)
1sasaHHmmpp + 2sasaHhmmpp + 1sasahbmmpp
4 pear-“‘Sasa” leaves with narrowly split corollas {Fig. 8)

This expectation not only covers the ¥, data fairly well, but agrees
also with the F; results which are collected and summarised in:Table X.

Bruaviour or FasciarioN IN INHERTTANCE.

An Introductory REemark.

Fasciation is a teratological character widely spread in various plant
groups (see especially Masters (1869), Penzig (1890-94), Worsdell (1915),
White (1916), Shirai (1925), ete.). Much literature has been published
on fasciation treating of its oceurrence, origin, morphology, physiology,
heredity and so on. Fasciation has been universally recognised among
herbs, shrubs and even trees, leading sometimes to the production of
giant monstrosities. It is, however, in most cases, a transient pheno-
menon, due to the stimulation of some environmental conditions or to
accidental effects. As distinet from these accidental fasciations, there are
records of plants exhibiting heritable fasciation, in each of which a
genetical basis for the imanifestation of the abnormality is involved.
Some of them breed true to the abnormality in successive generations
without exception, though there may be exhibited much variation in
the degree of the flattening of the affected part, while others throw
varying percentages of normals according to their environment or to
selection. De Vries (1903) made a series of experiments with some
fasciated plants.

We may cite below some of the papers dealing with the systematic
analysis of fasciation by experimental crossing. The classical work of
Mendel (1865) on peas includes the inheritance of fasciation or umbellatum
character. According to him and his followers, the abnormality is
transmitted as a recessive to the normal condition. East and Hayes
(1911) detected a case of the simple dominance of the fasciated ear in
Zea mays. According to the experiments made by Emerson (1912), the
fasciated ear of maize was transmitted as a recessive to the normal, quite
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292 Fasciation in the Morning Glory

TABLE X (continued).

Offspring of the pear-leafed ¥, with perfect corolla.
Pear-“Sasa”

Pear-“Sasa”  leaf with
Pear leaf Pearleaf  leaf with narrowly
Number of with perfect with split entire split Genetic
pedigree corolla corolla corolla corolla Total composition
6 85 — — — 85
Expected 85 — — _ 85 } SaSa( 7)MMpp
2 7 3 e — 10
Expected 7-5 25 — — 10 } SaSa(?)Mmpp
3 25 4 8 1 38
Expected  21-375 7125 7-125 2.375 38 } Sasa(?)Mmpp

Offspring of the pear-leafed F, with split corolla.

2 — 10 — — 10
Expected ~ — 10 — — 10 } SaSa(?)mmpp
1 — 15 — 6 21
Expected — 1575 — 5-25 21 } Sasa(?)mmpp
Offspring of the normal-“Sasa” -leafed Fy.
Pear-“Sasa”
Pear-“Sasa”  leaf with
Normal Maple- leaf with narrowly
Number of “Sasa” “Sasa” split split Genetic
pedigree leaf leaf corolla corolla Total = composition
2 10 — — — 10
Expected 10 — — — 10 } sasaHHMMPP
i 3 1 —_ . 4
Expected 3 1 — — 4 } SasaHHMmPP
Offspring of the cordate-*“Sasa” -leafed F,.
Pear-“Sasa”
Cordate Pear-“Sasa”  leaf with
Cordate maple- leaf with narrowly
Wumber of ““Sasa” “Sasa” split split Genetic
pedigree leaf leaf corolla corolla Total - composition
Ex pi ved 3 = - - 3 } SasahhMMPP ?
1 2 1 2 0 5
Expected 281 0-94 0-94 031 5 } SasahhiMmPp

N.B. Some records of the flower type of the pear-leafed segregates may beincomplete
and doubtful cases are not considered in classification.
The numeral in brackets represents the number of the plants which made somatic

variation to a non-‘“Sasa” condition.

contrary to the one observed by the former investigators. In some
strains, however, the hereditary behaviour of fasciation was not simple,
and he thought that two factors were probably involved. White (1916)
studied the inheritance of a fasciated Nicotiana by crossing it with its
normal prototype and found it to be of a simple Mendelian type, the
heterozygotes being intermediate in form. The result was not so simple,
however, when the fasciated strain was crossed with the normals of
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different varieties. According to White, such complexity is due to a
difference in the “genotypical environments.” Nagai (1926) in his
recently published data on the inheritance of soy-beans worked with
fasciation, and concluded that it was of a simple recessive nature.

In the Japanese morning glory fasciated specimens have long been
recognised. Now we find the strains either breeding true or throwing
some normals. The oldest figure of a fasciated specimen of this plant is

Fig. 9. A fasciated specimen illustrated in an old book, Asagao-Sé, 1817.

the one given in Kadan-Asagao-Tsté (1815), which was published over
one hundred and ten years ago. The attractive illustrations of this
monstrosity (Fig. 9) are found in various other old books. According
to these old authors, the heritability of fasciation was not strong in their
days, but it was sometimes considered to be a temporary expression of
the normals due to a “disease” or “supernutrition.” We may conclude,
therefore, that strains breeding true to the character are of relatively
recent origin.

Yamaguchi (1916) studied the fasciation of the Japanese morning

20-2



294 Fasciation in the Morning Glory

glory from a morphological and physiological point of view, but his
paper contains no genetic analysis. Hagiwara (1924, 1926) published
his genetic results on the fasciated morning glory and assumed two
recessive factors for an abnormal manifestation. His data, however, did
not contain sufficient individuals to solve such a complex problem.

My experiments on fasciation were started in 1921 and the hybrid
generations ran to ¥, in one cross, including a very extensive cultivation
of F;. My conclusion is so complex that it contains some points incom-
patible with that which was drawn by Hagiwara.

The Results of Experiments.

The fasciated pedigree strain used as one of the parents in my breeding
experiments was A b, a pear leaf with a split corolla (Fig. 1, PL. X VI, fig. 1).
The strain has bred true to the type for generations on self-fertilisation,
and the progeny always consisted of specimens having distinctly flattened
stems. By crossing this strain with normals we raised the F; plants,
which are quite normal, representing the dominancy of normality. In
the F, generation, the fasclated segregates were relatively very few as
is indicated in Table XI.

TABLE XI.
The B, data showing the segregation of fasciation and the velated character.
Fasciated
Normal stem
stem with ~ Normal with  Fasciated 9 of
non-pear stem with non-pear stem with fasciated
Class Cross leaf pear leaf leaf pear leaf Total stems
A 326 x A5 467 153 2 17 639 2-97
81-1xAS5 92 27 _ 3 122 2-46
Total 559 180 2 20 761 2-89
320x A5 53 3 — 1 57 175
B j 350 x A5 111 34 —_ 1 146 0-68
M3xA5 186 40 — 1 227 0-44
22-1x A5 61 15 — — 76 0-00
Total 411 92 — 3 506 059
Grand total 970 272 2 23 1267 197

In the grand total, the fasciated stems form only 1-97 per cent. The
proportion in which fasciated plants appear varies considerably in different
crosses, though, roughly speaking, it may be classified into two categories,
viz. a relatively high proportion (class A) and a relatively low one
(class B). In class A, two crosses, 326 x A5 and 81-1 x A5, gave
fasciated plants in the proportion of 2:97 per cent. and 2:46 per cent.
respectively, the average being 2-89 per cent. In the other crosses,
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class B, three matings, 320 x A 5,350 x A5 and M3 x A5, gave only
one fasciated individual in each F, progeny, which numbered respec-
tively 57, 146 and 227. The remaining cross 22-1 x A 5 segregated no
fasciated specimen among 76 F, offspring. The average ratio of the

fasciated stems in class B was only 0-59 per cent.
An analysis of class A. With the cross 326 x A 5 I made a genetic
analysis of fasciation on a comparatively extensive scale. The proportion

TABLE XIL

The ¥y data of the cross 326 x A B, showing the segregation of fascialion
and the related character.

Offspring of the normal stemmed and non-pear-leafed F,.

Fasciated
Normal stem
stem with Normal with  Fasciated 9, of
Pedigree non-pear  stem with non-pear stem with fasciated
number leat pear leaf leaf pear leaf Total - stems
Total of 19 :
pedigrees 1282 — — — 1282 —
Total of 8
pedigrees 324 106 — — 430 —_
43 24 — 1 ——— 25 4-00
1 205 41 — 13 259 5-02
7 128 32 — 9 169 5-33
10 115 31 — 8 154 5-19
11 7 — - 1 8 12-50
12 . 95 6 1 12 114 11-40
28 ’ 29 12 — 9 50 18-00
32 12 — — 1 13 7-69
33 51 10 — ] 69 11-59
34 167 42 — 9 218 4-13
36 40 14 — 4 58 6-90
40 128 38 1 10 177 6-21
42 41 6 — 2 49 4-08
46 74 17 1 3 95 4-21
49 43 1 — 12 56 21-43
54 63 23 — 8 94 8-51
57 3 1 — 1 5 20-00
Total 1201 174 3 110 1588 7-12
Offspring of the normal stemmed and pear-leafed #,.
Total of 5
pedigrees — 34 — — 34 —
4 — 41 — [ 47 1277
6 — 6 —_ 2 8 25-00
16 — 15 — 3 18 16-67
17 — 5 — 1 6 16-67
19 — 13 — 2 15 13-37
29 — 9 — 2 11 18-18
35 — 8 —_— 3 11 27-27
38 — 6 — 2 8 25-00
41 — 11 — 1 12 8-33
55 S 5 — 2 7 28-57
Total — 119 — 24 143 16-78
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TABLE XIII.

The other-Fy data of the cross 326 x A B, showing the segregation of fasciation
and the related character.

Offspring of the normal-stemmed and non-pear-leafed F,.

Normal Fasciated
stem with Normal stem with PFasciated 9, of
Pedigree non-pear  stem with non-pear stem with fasciated
number leaf pear leaf leaf pear leaf Total stems
Total of 30
pedigrees 2167 — — — 2167 —
Total of 17
pedigrees 791 226 — — 1017 —
90 T 29 — 1 — 30 3-33
111 2 e 1 e 3 33-33
128 244 — 1 e 245 41
Total 275 - 3 — 278 1-08
60 21 e — 5 26 19-23
63 115 24 — 1 140 0-71
68 16 2 — 1 19 526
72 115 24 - 6 145 4-14
71 47 7 1 10 65 16-92
78 40 11 - 1 52 1-92
79 78 4 — 24 106 22-64
82 56 8 _ 12 76 15-79
83 77 2 1 17 97 18-56
86 36 1 1 14 52 28-85
97 43 13 — 2 58 3-45
98 44 15 — 6 65 9-23
99 144 13 — 33 190 17-37
101 17 - - 4 21 19-05
103 65 6 1 25 97 26-80
104 5 1 1 7 14-29
105 97 22 — 5 124 . 403
106 31 8 — 4 43 9-30
112 108 28 e 7 143 4-90
113 96 28 — 11 135 8-15
116 67 17 e 4 88 4-55
117 84 20 — 4 108 3-70
118 116 15 o 19 150 12-67
120 12 2 — 1 15 6-67
121 25 5 — 3 33 9-09
122 113 28 —= 4 145 276
126 59 18 — 3 80 375
127 72 16 — 4 92 4-35
129 70 2 s 26 98 26-53
132 15 5 — 2 22 9-09
133 98 3 1 21 123 17-89
136 47 14 — 8 69 11-59
137 43 10 — 3 56 536
138 79 16 - 10 105 952
139 79 29 e 10 118 8-47
142 73 19 — 3 95 316
146 17 — 1 3 21 19-05
148 22 10 e 1 33 303
152 72 20 — 7 99 707
158 57 17 — 18 92 19-57
159 175 28 - 13 216 6-02
160 145 34 - 8 187 428
173 52 2 — 7 61 11-48
176 86 — 2 26 114 24-56
177 77 23 — 6 106 566
178 27 — — 8 35 22-86
179 59 14 — 3 76 3-95
180 119 27 — 8 154 5-19
181 31 8 — 5 44 11-36

Total 3242 619 8 427 4296 10-13
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TABLE XIII (continued).

Offspring of the normal-stemmed and pear-leafed F,.

Normal Fasciated
stem with Normal stem with Fasciated 9% of
Pedigree non-pear stem with non-pear stem with fasciated
number leaf pear leaf leaf pear leaf Total stems
Total of 7
pedigrees — 56 — s 56 —
64 — 7 — 1 8 12:50
73 - 14 - 4 18 22-22
93 . — 3 — 1 4 25-00
95 — 14 — 3 17 17-65
96 - 10 — 3 13 23-08
123 — 31 — 7 38 1842
131 — 6 — 2 8 25-00
145 — 13 — 1 14 714 -
151 — 10 — 3 13 23-08
161 — 10 — 1 i1 9-09
165 — 8 e 2 10 20-00
Total — 126 — 28 154 18-18
Offspring of the fasciated and pear-leafed F,, including false normals.
110 — — — 17 17 100-00
144 — 1 e 25 26 96-15
155 o — — 2 2 100-00
162 — 1 — 2 3 66-67
169* — 1 — 9 10 90-00
182% — — — 2 2 100-00
183 — 3 — 2 5 40-00
Total — 6 - 59 65 90-77

The asterisked pedigrees are the progenies of false normals,

of the fasciated stems in F, from this cross was 2-97 per cent., which
stands between the recessive ratios of 6-25 per cent. of a dihybrid
polymery and 1-56 per cent. of a trihybrid one. In F, the segregating
proportion varies considerably as indicated in Table XII. Table XTIT
contains the data of the other F;, the record of which was taken from
the bed when the seedlings were about one foot high. If we make a
variation table in regard to the segregating proportion of the fasciateds
in each ¥y pedigree, the result will be as represented in Table XIV, and

TABLE XIV.

Variation table of the frequency in the segregating proportion of fasciation.

Segregating

percentage 13 5 7 9 11 13 15 17 19 21
From Table XII — 1 6 3 2 2 3 — 3 2 1
From Table XIII 3 8 10 4 8 3 2 2 4 7 —
Total 3 9 16 710 2 7 9 1

Segregating Average
percentage 23 25 27 29 31 33 Total proportion
From Table XII - 2 1 1 — — 27 12-93 9,
From Table XTI 5 3 2 1 — 1 63 12-27 9
Total 5 5 3 2 — 1 90 12-47 9,
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TABLE XV.

The variation curves of the observed and theoretical frequency distributions
wn the proportion of the fasciated segregates in the Fy pedigrees.

a

? T T T T T T T T T T T T T T T ! T
%) 1 3 5 7 9 Hi 43 U5 17 19 21 23 25 27 29 31 33
(Expectation was made without consideration of the occurrence of the
false normals.)

Thick line......... Observed frequency Dotted line......... Theoretical frequency

the curve represented in Table XV by a thick line is drawn on the basis
of these figures. The frequency curve in the diagram agrees with no
simply segregating result, as it contains several high and low modes.
Of these, the mode d is sure to have been made up by a body of the
monohybrid segregating families, and the result must be accounted for
by presuming more than two factors constituting the non-cumulative
polymery in inheritance. An analysis of the data shows that the case
concerns three factors, and that the triple recessives are the fasciated
stems. If we represent these factors by ft, i2 and f2, the fasciated parent
of the cross is to be regarded as ff'f212f3f3 and its partner as a trebly
dominant homozygote. From the trebly heterozygous F; we should
have the following F, segregates:
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L FIFIF?FOFSR? 4 2FUIF2R2FOF? - 2 FIFIFAPRORS 4 2 PRI R0 + 4 FIPFREFoFs

+4FIPFFERS 4 4 FIFFAFOE + SFERR + 1{FAFFOF + 2L OF R
+2OPFFIRE + A RPEPFCE - L FFERF? 4 2P UIRFF + 2FF R + 4 F PR
+ IFIFIRIFIPE 4 2FIIFFRL + 2P PR + 4FFePE + 1DPPPFF + 20D PEFE
+ 1PIFRRRE + 20090 4 1 IR0 + 2 FIeepsge 63 normal stems
1 fHfLgefafege 1 fasciated stem
In such a trihybrid, the theoretical proportion of the fasciateds is
only 1-56 per cent., about half as much as that of the actual case (2:98 per
cent.!). How can this difference be accounted for? According to my
opinion, this can be explained as a result of linkage between two fascia-
tion factors. In attempting to estimate the precise behaviour of the
factorial relation, we meet with a serious difficulty in the occurrence of
false normals as fluctuations from among the fasciateds. Among the
fasciated F,, those which produced some seeds and gave an opportunity
to test their offspring are Nos. 110, 144, 155, 162 and 183, five in number.
Some of them gave only fasciated progeny, while the others threw some
normals. Hagiwara (1926) regarded such normals as mutants without
observing their offspring. In my view, however, they are to be attributed
to fluctuations in the manifestation of fasciation. If such is the case we
should have a result similar to that from the false normals which appeared
in these pedigrees. Two normals obtained in F; of Nos. 144 and 162 were
prepared for such a test. On selfing, they gave 2 normals and 10 fasciateds
in one case and in the other 3 fasciateds only in F,. This result agrees
with the data observed in the progeny of certain fasciated segregates.
No one could have told that these F, plants were the progeny of a false
F, normal without a record of the preceding generation. Nos. 169 and
182 were both F, plants having quite normal stems, but for the most
part their progeny consisted of fasciated segregates as shown in Table
XIII. The result they gave is precisely similar to that from the five
fasciated F, plants cited above. With such evidence, we can safely
conclude that the normals which appeared among the progeny of the
fasciated families were due to a false manifestation induced by fluctua-
tion, or, in other words, plants which are genotypically fasciated some-
times remain normal throughout their growth. The degree of flattening
of the stem in the parental fasciated pedigree strain, A 5, is very evident
(Fig. 1) and it always breeds true to the type, throwing no false normals.
The fasciated specimens found in F,, F; and ¥,, however, differed from
one another in their degree of flattening, varying through all gradations
(Figs.10and 11, PL. X VIII, figs.8 and 9). In the least fasciated individuals,
the flattening occurs only in a portion of the stem, most of the parts
remaining quite normal. Such plants may be recorded as normals in
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Fig. 10. A fasciated segregate bearing pear leaves. Pear leaves
sometimes are lobed nearly like roundish normal leaves.

Fig. 11. Weakly fasciated pear leaf. Note the disordered phyllotaxy !
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an early census, but they reveal themselves as fasciateds on later
- observation. Hagiwara (1926) observed a specimen, on which only a
branch was fasciated, and he regarded this as due to a bud-variation.
Plants of such a nature, however, were of not infrequent occurrence in
my experiments, and no difference between the progenies of the fasciated
and normal parts could be detected by examining their inheritance. So
it appears to be a little premature to attribute such a case to bud-
varlation.

On the evidence cited above, we must recognise the occurrence of
false normals in the hybrid progeny of the present cross. This would
affect the ratio of the fasciated segregates, and the deficit in their expected
numbers may be roughly estimated from the data recorded on the
progeny of the fasciateds and false normals. From these data we must
reckon 8 false normals to 66 fasciateds in 74 plants, a deficit among the
fasciateds of 10-81 per cent. The proportion may be calculated in another
way, t.e. from the ratic of the false normals to the fasciateds in #,. The
false normals detected in F,, however, were only 2 in number, from
which meagre figure we cannot expect to obtain a more precise value
than the former case. The deficit of 10-81 per cent., however, was cal-
culated not only on the basis of an insufficient number, but it contains
also some unfavourable points. The occurrence of false normals shows
that the environment had some effect upon the manifestation of fascia-
tion. But, as already pointed out, the parental pedigree strain, A 5,
always breeds true to its type. Hence the determination of the fasciated
character in this pedigree strain is so perfect that the environment
cannot affect its manifestation, though the fasciation may vary some-
what in degree. Why then does the manifestation fluctuate in the hybrid
progeny, and not in the parental pedigree strain? The inconstancy of
- fasciation in its inheritance was in early days a general phenomenon in
the cultivation of the Japanese morning glory. In my opinion, the differ-
ence is due to the occurrence of a modifier or modifiers, which affect
the degree and production of fasciation in its manifestation. The old
fasciation accompanied snch a factor or factors in their fluctuating
representation, while in some strains, which we now have, these factors
have slipped out. In the present cross, they came from the normal
parent, and segregation in respect of them takes place in the hybrid
progeny. It would be a troublesome business to determine the precise
behaviour of such a modifier or modifiers, and the solution of this
problem will be attempted in my future experiments. The data, on which
the value of the deficit was estimated, therefore, must contain something
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impure in them, so that its value must be regarded as representing only

an approximate figure.
If we neglect the deficit of fasciated plants the value of crossing over

between two fasciation factors may be estimated by the formula,
z? 19
162 + 32¢ + 16 639

From this formula the gametic ratio is determined to be 2-22: 1. If we
assume the fasciation factors that are linked together to be f! and f2
about 31 per cent. of crossing over takes place between them. A tenta-
tive application of the 10-81 per cent. deficit in this calculation will
change the figure of 19 fasciateds into 19 + (1009, — 10-819%;) = ca. 21
fasciateds, including the false normals. On this view, a more precise
gametic ratio is estimated to be 264 : 1 or ca. 3 : 1, or about 20-25 per
cent. of crossing over. If we calculate the F, expectation on the basis
of a 3 : 1 gametic ratio, the result is as shown in Table X VL.

.

TABLE XVI.

The theoretical Fy, in the segregation of fasciation.

Tts ratio Its ratio
ey r -
Value Value
Genotype Formula (x=3) Phenotype Formula (x=3)
FIFIF2F2F3F3 x? 9 3
FIRIF2F2F3fs 222 18
FIFIF?FOF? % 8
FIF2F2R3FS 2z 6
FIFFR3p a? 9
FIFIPE2FOR? 1 1
THLF?F2FSR? 1 1
FIFIFE2RSE . 4 12
FHIF2FRR3E 4x 12
FHIF[2FoFS 20 12 20
FLIF2{2F33 4a%+4 40
FIFIF 2431 2 6
1P F2R2f33 9
Eéﬁzﬁéaﬁa ix g \ Normal 1522+ 322+ 16 247
F22F3Fe 2w 6
8 00 I O G 2 2
88 X5 ¢ 3 o 2z 6
FifiFef2fegs 222 +2 20
FIfif2£2pees 4z 12
8 T & X 4z 12
FiFif2i2ges 1 1
Fifife2fegs Zx 6
IR 1 1
PR 2z 6
o6 @ ¢ 3 0 2 9
FIfIfREaEe 222 18
fLfre2f2esfs e 9 Fasciated z? 9

Total 1622+ 322+ 16 256 1622+ 322416 256
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As discussed above, the F, data may be fairly accounted for by the
hypothesis suggested by me, though its confirmation must depend upon
the data of succeeding generations. We may now test it with the Fj
results.

Part of the F; plants were sown in the beginning of May and the
seedlings were later transplanted into a field where the plants were
allowed full growth. The data from these plants are collected in Table XII.
But as my means were limited I was unable to raise a sufficient number
of plants in this way. For further data I made seed-bed observations
on the remaining F; seeds sown in early June. Fortunately the weather
was reasonably fair, and relatively few seedlings were damaged in the
crowded culture. A record of them was taken when they were about
one foot in height, as summarised in Table XIII. Owing to doubts
whether cases of weak fasciation would be evident in early development,
I feared that some fasciated specimens might have been missed in this
record, because the census was taken before the attainment of full
growth. However, this fear proved to be almost groundless, at least in
the present case, for the average segregating proportion of the fasciateds
was 12-93 per cent. in the normally full-grown culture and 12-27 per cent.
in the mass culture, representing practically the same result. This fact
may admit of a discussion of both sets of data together. The variation
curve of the segregating frequency of such combined Fy pedigrees is
polymodal, as indicated by a thick line in Table XV, in which we may
point out roughly four definite modes, a, b, ¢ and d. The expected
segregating types of the F, pedigrees are calculated in Table XVII, on
the basis of 3 : 1 gametic ratio in the linkage between F* and F=2

TABLE XVII
T'he theoretical segregating types of ¥y in the segregation of fasciation.
Normal
Genetic versus 9, of  Segregating
composition  Linkage Ratio fasciation Formula fasciation  type
PR R {Couplir_lg 36 247:9  152°+32r+16:2° 3-52 II1
Repulsion 4 255 :1 1622 +322x+15: 1 0-39 I
FiEepegaes {Coupling 18 55:9 32 +8x+4: 2 14-06 v
| Repulsion 2 63:1 4?+8x+3: 1 1-56 11
FH2EFs 12 =
Higiperspogs 12} 15:1 15:1 625 v
Fifif2e2ess 6
RS 6} 3:1 3:1 25-00 VI
TR 18

Thus we expect six segregating types. The theoretical number and
its average value of each segregating type applied to the total observed
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are tepresented at the bottom lines of Table XVIII. In an attempt to
make a curve analysis on the basis of these figures, we obtained a varia-
tion distribution of the segregating types as indicated in the body of the
table.
TABLE XVIIL
Variation table of the frequency disiribution in the segregating types
of fasciation in Fy.

Segregating type

- - Total Ob-
% I II 11 Iv v Vi (theoretical) served
1 2-105 0-539 2-856 0-027 — — 5-518 3
3 0742 0-523 6-677 0-286 — -— 8:228 9
5 0-265 0-371 9-414 1-590 — — 11-640 16
7 0-048 0-133 6-677 4-451 0-001 —_ 11-310 7
9 0-004 0-024 2-386 6-276 0-018 — 8-708 10
11 — 0-002 0-429 4-451 0-215 — 5-097 5
13 — — 0-039 1-:590 1-193 0-001 2-823 5
15 — — 0-002 0-286 3-338 0-032 3-658 2
17 — - — 0-026 4707 0-358 5-091 7
19 — —_ — 0-001 3-338 1-988 5-327 9
21 — e — — 1-193 5-564 6-757 1
23 e —_— — — 0-215 7-845 8-060 5
25 — — —_ —_— 0-018 5-564 5-582 5
27 — — —_— e 0-001 1-988 1-989 3
29 —_— — - — — 0-358 0-358 2
31 — — — — — 0-032 0-032 —
33 — — — — — 0-001 0-001 1*

©w
<

Total 3-158 1-579 28421 18947 14-211  23-684 90-000
{theoretical)
Average 0-526 2-210 4-868 9-526  16-632  23-264 12-466 12-466

¢ =4-079, in the total variation.
¢=1-207, in the variation for each segregating type.
x?=24-575. P=0-078.
* This wasneglected in the calculation of x?, because its progeny consisted of only three
individuals.

The sum of these six variation numbers, as given under the column
of “Total,” is not very different from that of the number observed as
represented in the next column, the value of P being 0-078. The figures
thus theoretically estimated were drawn in a curve with a dotted line
in Table XV, in which a comparison is made with the observed frequency.
Neither of two curves entirely overlaps the other, but we can see a rough
resemblance between them. On comparing the two curves, the mode ¢
of the thick line stands out beyond the dotted line. The larger part of
this peak may be expected to be composed of the families of segregating
type V, and suggests a somewhat more intense linkage between f' and 2.
The hypothesis offered above seems to be verified by the F, results,
though the calculation here attempted was made in ignorance of the
occasional failure of fasciated plants to manifest their fasciation, which
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may frequently occur in the hybrid progeny. The deficit in fasciateds
should vary with the segregation of the modifiers if more than two of
them entered into this cross. Under this circumstance, the prediction
of the exact number expected is a difficult matter.

On my view the expected ratio of homogenous and segregating
families is 114 to 133, and we shall see how this expectation is realised
in the observed data. Of 183 non-fasciated F, families, 120 contained
over twenty individuals each. The composition of these families is
indicated in Table XIX, those containing but few progeny being omitted.

TABLE XIX.
A genotypic comparison of F, for the segregation of fasciation.

True-

breeding  Segregating Total
Observed 56 64 120
Expected 5538 64-62 120

The number theoretically calculated on the basis of 114 :133 thus
accords fairly well with the actual data. .

The genetic behaviour of fasciation reveals the complexity of the
problem even more when the study is extended to other crosses, and
I have found a more complicated case in another cross, the data of which
are represented in the next section.

An analysis of class B. The results given in Table XI indicate
roughly two types of segregation, viz. a relatively higher and a relatively
lower proportion in the production of the fasciated segregates, the
average proportion in the latter class, B, being only 0-59 per cent., or
only about one-fifth of that of the former class, 4. This lower proportion
is not a matter of accidental occurrence, but depends upon a genetic
difference. That this is not a speculative suggestion is evident from an
inspection of the data collected in Table XX containing the F, results
of the cross M 3 x A5, a cross of class B. The data, however, do not
contain enough individuals for attempting a curve analysis. In the
calculation of fasciation in the total normal Fy progenies, 5-75 per cent.
is the result of the cross 326 x A b, while that of cross M 3 x A 5is only
3-54 per cent. We raised the offspring of two F, fasciateds, of which one
(No. 23) produced three specimens with flattened stems, while the other
(No. 34) gave sixteen offspring of which seven were false normals. From
such evidence, the difference may be regarded genetically either as due
to the occurrence of an additional fasciation factor, or of a modifier or
modifiers. Hence segregation in the hybrid progeny of the present cross
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TABLE XX.

The ¥, daia of the cross M 3 x A B, showing the segreqation
of fasciation and the related character.

Offspring of the normal-stemmed and non-pear-leafed 7,.

Normal Fasciated
stem with Normal stem with Fasciated % of
Pedigree non-pear stem with non-pear stem with fasciated
number leaf pear leaf leaf pear leaf Total stems
Total of 13 '
pedigrees 218 — — - 218 —
Total of 29 )
pedigrees 643 169 — — 812 —
15 15 5 — 2 22 9-09
16 17 4 — 3 24 12-50
27 19 11 — 1 31 3-23
45 . 15 2 — 3 20 15-00
46 32 8 —_ 1 41 2-44
58 10 5 — 1 16 6-25
62 12 7 — 2 21 9-52
Total 120 42 — 13 175 7-43
Offspring of the normal-stemmed and pear-leafed F,.
Total of 3
pedigrees — 26 — — 26 —
8 — 41 s 9 50 18-00
12 — 7 — 1 8 12:50
18 — 26 — 4 30 13-33
31 — 41 — 8 49 16-33
37 — 32 — 5 37 1351
44 — 26 e 6 32 1875
48 — 43 — 1 44 2-27
53 — 44 e 3 47 6-38
63 — 21 — 5 26 19-23
Total —_ 281 — 42 323 13-00
Offspring of the fasciated and pear-leafed #,.
23 — — — 3 3 100-00
34 — 7 e 9 16 56-25
Total — 7 — 12 19 63-16

should be more complicated than that of the cross 326 x A 5. The
proportions of non-fasciated families which breed true to normal, and
those which segregate fasciateds, should be somewhat different from the
proportions observed in the previous cross; for some increase may be
expected in the proportion of the former sort of families. Actually we
have 26 families of the former and 14 of the latter, omitting those con-
taining less than twenty individuals. The proportion of segregating
families in the total is 35 per cent., and 53-33 per cent. in the previous
cross, representing a somewhat conspicuous difference as was expected.
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On the Two-factor Hypothesis.

Hagiwara (1924, 1926) interpreted fasciation in terms of fwo factors,
one of which was that for pear leaf. In my view, however, his data were
not sufficient for establishing his hypothesis. The fact that his fasciated
plants invariably bore pear leaves led him to conclude incorrectly that
pear leaf was a manifestation of one of the fasciated factors, but this
was owing to the fact that his data were not numerous enough to allow
for breakage of the linkage. He postulated an ever-sporting nature of
the factors concerned with the production of fasciation, but his conclu-
sion, as far as I can judge, was surely taken from confused data.

The Lack of Physiological Fasciation.

The occurrence of non-heritable fasciation is a widespread phenome-
non in various plant groups. In the Japanese morning glory, however,
all fasciation would appear to have a factorial basis, and I have observed
no single fasciated individual, which might have been physiologically
produced during my thirteen years’ culture of this plant. I have ob-
served over three hundred thousand full-grown individuals, but I found
no such fasciated plant! Hence we may conclude that the Japanese
morning glory is a species in which physiological fasciation hardly, if ever,
oceurs.

Tur BREAKAGE OF ACCOMPANIMENT OF FASCIATION AND PEAR LuAF.

Tasciation is almost always accompanied by pear leaf and this was
also the case in old times. Fasciation seems to have made its appear-
ance in pear leaves because specimens illustrated in the early literature
invariably bore pear leaves (Fig. 9). Hagiwara (1924, 1926) regarded
this accompaniment as a manifold effect of the pear leaf factor, which,
combined with another factor, produces a fasciated stem. In my experi-
ments, however, I obtained a few non-pear-leafed fasciateds in the
hybrid progeny, so that we cannot retain this hypothesis any longer.

As was experimentally proved, my original fasciated pedigree strain,
A B, was pear leaf carrying the maple factor (Fig. 1, PL. XVIL fig.1). On
crossing this strain with normals we produced some fasciateds in F,, as
indicated in Table XI; most of them bore pear leaves, but there were
a few exceptions which bore non-pear leaves!. Such specimens were
repeatedly observed in Fj from the same cross (see Tables XII and XI1I).

1 They produced no seeds.
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How can we account for these exceptional individuals? We may,
probably rightly, attribute them to the existence of crossing over
between the factors for pear leaf and fasciation, in which case the next
problem is to determine the fasciation factor in question and the linkage
value.

Leaving the F, data for the moment, we may review the F; results
of the cross 326 x A 5. Among the F; pedigrees we can recognise cases
in which segregation on a dihybrid scheme occurred for pear leaf and its
linked fasciation factor (the latter being one of the three fasciation
factors). The families collected in Table XXI are regarded as reces-
sively homozygous for the other fasciation factors, and so the appear-
ance of fasciation is attributable to the segregation of one factor only.

TABLE XXI.

The F, data showing the dikybrid segregation of fasciation and pear leaf.
(From Tables XIT and XIII1.)

Normal Fasciated
stem with Normal stem with  Fasciated
Pedigree non-pear stem with  non-pear stem with
number leaf pear leaf leaf pear leaf Total
49 43 1 — 12 56
60 21 e — 5 26
79 78 4 e 24 106
83 77 2 1 17 97 |
86 36 1 1 14 52
101 17 — o 4 21
129 70 2 — 26 98
133 98 3 i 21 ‘ 123
146 17 — 1 3 : 21
176 86 — 2 26 114
178 27 — — 8 35
Total 570 13 6 160 749
Expected 552-25 9-50 9-50 17775 749

x?=4-927. P=0-179.

In the total number, 749, I counted 166 fasciated specimens, or 22-16
per cent.; which figure, as was stated above, must be somewhat aug-
mented by taking into account the false normals. The deficit among the
fasciateds on this account is, as pointed out earlier, about 11 per cent.
If this value is taken in the present case, the 166 segregated fasciateds
must be increased to ca. 184, i.e. 24-57 per cent. of the total, a simple
recessive ratio. The occurrence of false normals may be justly expected
in the present case, and the segregating number corrected accordingly.
But the application does not seem to be so simple when we consider that
the deficit may vary in different families according to the segregation



Yosarraga Imar : 309

of modifiers. The fasciateds with non-pear leaves were not generally so
evident in the flattening of their stems as those with pear leaves. One
may therefore expect among them a somewhat higher deficit than among
the pear-leafed fasciateds. The segregating numbers, if necessary, must
be corrected under these conditions. So we have no alternative but to
calculate the linkage value with the original data as they stand. From
the total number in Table XXI, the gametic ratio is about 40:1,
or 244 per cent:. of crossing over. This strong linkage will lead to
fasciated specimens being almost always accompanied by pear leavesin an
experiment carried on a small scale. As indicated in the former section,
we assumed three factors, £2, £2 and 8, for fasciation, of which ' and {2
are linked together with a medium frequency of crossing over. Now that
we have discussed the occurrence of a close linkage between the two
factors for pear leaf and for fasciation, a question arises as to which one
of the three fasciation factors is linked with p. If either f! or 2 is linked
with p, these three factors must form a linkage group, while if £ is the
one that is linked, then £ and p should segregate independently of i and
2. From an inspection of the F, data (see Tables XII and XIII) I have
picked out families showing similar segregation and collected them in
Table XX1I.

The type of segregation is unusual in that the average frequency of
the fasciated segregates is 13-91 per cent., and it can be identified with

TABLE XXIL

The ¥, data showing linkage in a complicated segregating type.
(From Tables XII and XIII.)

Normal Fasciated

stem with Normal stem with Fasciated

Pedigree non-pear stem with  non-pear stem with
number leaf pear leaf leaf pear leaf Total
12 95 6 1 12 114
28 29 12 —_ 9 50
33 51 10 — 8 69
77 47 7 1 10 65
82 56 . 8 — 12 76
99 144 13 - 33 190
106 31 8 — 4 43
118 116 15 — 19 150
121 25 5 — 3 33
136 47 14 — 8 69
138 79 16 — 10 105
158 57 17 — 18 92
181 31 8 — 5 44
Total 808 139 2 151 1100

Expected 817-58 12777 7-45 148-69 1101-49

x?=5121. P=0-165.
21-2
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type Vin Table XVIL In this type, the ratio of the normal and fasciated
is b5 : b, i.e. the proportion of the latter is about 14 per cent. The ab-
normal percentage of the fasciated is due to coupling between ' and 2.
If p segregated independently of these factors, it could not give such
an unfamiliar ratio in these pedigrees. Comsequently, we must con-
clude that £ (or £2) is closely linked with p. Between £ and * there is
about 20-25 per cent. of crossing over, and, at the same time, between p
and £ about 25 per cent. So these three factors may be considered to
occupy loci on the same chromosome in a definite arrangement.

Tur MoDE OF SEGREGATION OF MAPLE AND VARIEGATION IN
CROSSES INVOLVING FASCIATION.

Hagiwara (1924) recognized two characters, maple and variegation, as
linked with fasciation. The F, data, on which his consideration was based,
did not seem to be enough to draw a conclusion, making it necessary to
confirm his result with more data.

On the Maple Factor.

In Table XXIII, T have collected my data showing the segregation
of maple and fasciation in fasciation crosses.

TABLE XXIIL

The T, data showing the segregation of fasciation and maple corolla.

Normal Normal Fasciated Fasclated
stem stem stem stem
with perfect with split  with perfect with split
Cross corolla corolla corolia corolla Total

326 xA 5 - 485 135 14 5 639
81-1xAb 91 28 2 1 122
320xA 5 46 10 1 0 57
350xA5 108 37 1 0 146
M3xAS5 168 58 1 [ 227

The result seems not to point to any special relation between the
charactersin question. Hagiwara’s F, data, however, showed a relatively
high coupling. The flowers of pear leaves are sometimes irregularly
deformed and broken, especially in the fasciateds (P1. X'VIII, fig. 8).

On the Variegation Factor.

The data showing segregation in variegation and fasciation are
collected in Table XXIV from my fasciation crossings.
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TABLE XXIV.

The ¥, data showing the segregation of fasciation and variegation.

Normal Fasciated Fasciated

Normal stem  stem with  stem with  stem with

with self- varjegated self-coloured variegated

Cross coloured leaf leaf leaf leaf Total

326 xA 5 481 139 8 11 639
320xA 5 47 9 — 1 57
350 x A5 -113 32 —_ 1 146
M3xAS5 174 52 e 1 227

These crosses were made with a fasciated strain bearing variegated
leaves as one of the parents, and therefore, a relatively high production
of the parental type, if any linkage occurs, was expected. Actually a
majority of the fasciated segregates bore variegated leaves, which in-
dicated the occurrence of a special segregation. As formerly stated,
fasciation was induced by the meeting of three recessive factors, !, i2
and 3, and it must be decided which of these three showed linkage, if
any, with the variegation factor. If either f! or 2 is linked with v, the
variegation factor, this last factor should show linkage with p, the pear
leaf factor, since ', 2 and p are linked together. To determine this it

TABLE XXV.

The ¥, data showing the segregation of pear leaf and variegation
in the crossing of PV x pv.

Self-coloured Variegated

non-pear non-pear Self-coloured Variegated
Cross leaf leaf pear leaf pear leaf Total
M3xAs 143 43 31 10 227
22-1xA5 44 17 12 3 76
350 xA 5 87 24 26 9 146
320xA 5 44 9 3 1 57
326 xA5 366 103 123 47 639
Total 684 196 195 70 1145
Expected 644-06 214-69 214-69 71-56 1145

x2=5943. P=0-115.

would be best to test a dihybrid segregation with pear and variegated
leaves. The data obtained by PV x pv are collected in Table XXV, while
Table XX VI gives the result of the cross Pv x pV. If linkage took place
between the factors in question, we should expect coupling in the former
table and repulsion in the latter, whereas independent segregation is
actually the case in both tables. This test suggests that the fasciation
factor which is linked with v is neither ! nor % but possibly . To
verify this and the linkage value, I carefully inspected the F; data, but
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TABLE XXVI.
The ¥, data showing the segregation of pear leaf and variegation
wn the crossing of Pv X pV,
Self-coloured Variegated

non-pear non-pear Self-coloured Variegated
Cross leaf leaf pear leaf pear leaf Total
65 x BD-B 327 108 113 26 574
26-2 x BD-B 256 78 42 7 383
Total 583 186 155 33 957
Expected 538-31 179-44 179-44 59-81 957

x:=19-333. P=0-0002*

* This value is very low, mainly due to the excess and meagre productions in double
dominant and double recessive classes.
I failed to secure any decided clue owing to the complicated segregation
of the characters. Be that as it may, the ¥, data seem to show a linkage
of the same order as the F, data, i.e. of about 20-25 per cent. of crossing
over between 2 and v. Hagiwara supposes the occurrence of a very high
linkage (70 : 1 gametic ratio).

This investigation was carried on under the direction of Prof. K.
Miyake, to whom I wish to express my hearty thanks, as well as to Mr K.
Hashimoto, who gave me great encouragement to complete this study.
T also thank Messrs B. Kanna and K. Tabuchi for their friendly help in
my experiments. Thanks are also due to Mr 8. Takahashi, who kindly
lent me his old books on the Japanese morning glory.

SUMMARY.

1. Pear leaf behaves as a simple recessive to the normal.

9. Pear leaf resembles cordate leaf in shape, but the genetic factors
upon which these characters depend are entirely different.

3. The pear leaf factor combined with the “Rangiku” factor re-
presents a particular leaf with a contracted and broadened petiole.

4. Pear leaf carrying the maple factor can be hardly distinguished
from a normal pear leaf in appearance. The flower of the former, however,
is split into lobes, while that of the latter is perfect, though sometimes

“it is deformed and slightly divided.

5. When homozygous for the “Rangiku” factor, the maple assumes
the so-called ““Mitsuo” leaf, the flower of which blooms in a splib
“Rangika” way.

6. The pear leaf combined with the “Sasa” factor gives a slender,
narrow leaf of the pear type, and a split corolla.
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7. Though the original fasciated strain bred true to this abnormality,
the fasciated specimens obtained in the hybrid progeny frequently give
some normals.

8. A continuous variation in the degree of fasciation is exhibited
among the segregates. In the most weakly fasciated specimens only
a portion of the stem is flattened, and some genotypically fasciated plants,
which remain normal throughout their growth, betray their nature by
giving abundant fasciateds in their offspring.

9. Tasciation, which is a recessive character, occurs on a few in-
dividuals in F, from crosses with normals, the ratio of the fasciateds
being only about 2 per cent. on an average.

10. In an examination of the experimental data we can detect two
forms of segregating ratios with relatively higher and lower proportions
of fasciated plants. '

11. In the former case, the factors concerned with the production
of fasciation are considered to be three, viz. !, £2 and 3,

12. The factors f! and f2 show linkage with about 20-25 per cent. of
crossing over.

13. A marked variation in the degree of fasciation and in the appear-
ance of false normals may be accounted for by the occurrence and segre-
gation of a modifier or modifiers, which qualify the manifestation of the
trait.

14. The lower proportion of fasciated plants in certain crosses is
considered to be due to the occurrence of an additional fasciation factor,
or of a modifier or modifiers.

15. The marked accompaniment of fasciated stem with pear leaf
is due to linkage, with about 2-5 per cent. crossing over, between p (pear
leaf factor) and 1. The three factors, p, f! and 2, therefore, may be con-
sidered to be located on the same chromosome in a definite arrangement.

16. The fasciation factor 2 is linked with v, a variegation factor,
with about 20-25 per cent. of crossing over, thus constituting another
linkage group.
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EXPLANATION OF PLATES XVI—XVIilL

Fig. 1. A variegated, pear-leafed specimen (A 5) bearing split flowers. Note therelatively
broad split petals!

Fig. 2. A “Rangiku”-leafed specimen. Note the irregularly lobed leaves and disordered
flower-buds !

Tig. 3. Variegated maple-“Sasa” leaf bearing a narrowly split flower divided down to

’ the bottom of flower tube.

Fig. 4. “Rangiku” leaf bearing a creased flower. The gamopetalous corolla is unusually
composed of numerous petals.

Fig. 5. “Mitsuo” leaf bearing a split flower, which, on account of the polypetalous con-
stitution, is much divided.

Fig. 6. Maple leaf bearing split corollas. This type of flower is the same as that of Fig. 1.

Fig. 7. Pear-“Sasa” leaf with split flowers. Note the more or less closed funnel-shaped
type of flower, and compare it with that of Fig. 9 on this plate. The somewhat closed
corolla or “gentian” flower is an effect of the pear leaf factor.

Fig. 8. A pear-leafed specimen with a broadly fasciated stem. Note the disordered corollas!

Fig. 9. A pear-leafed and fasciated specimen carrying maple factors. Note the irregular
and split corollas!

Fig. 10, Normal “Sasa” leaf bearing split flowers.
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