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Introduction

The Japanese morning glory is cultivated in our country for orna-
mental purposes. Over a thousand years ago it was introduced into
Japan, and since then hundreds of varieties have been preserved and
multiplied by our cultivators. So far as our knowledge is concerned,
the Japanese morning glory is one of the richest plants with respect to
variations. ' ‘

The author making use of such variations has been conducting
breeding experiments for ten years, but he has not yet completed the
studies owing to too many new problems presenting themselves before
him. Bince 1919 the results obtained have been at times, reported in
the Botanical Magazine in Japanese.

In this paper the genetic behavior of some forms of the rolled leaves
will be presented and further discussions will be made on their linkages
1o some other characters. The rolled leaves are not uniform in appearance
or in the genetic eomposition by which the trait is represented. In some
cases they can not be distinguished phenotypically one from the other,
while experimental analysis shows that apparently uniform rolled leaves
consist of two genetic types. Curiously enough, two such rolled types
exhibit linkage phenomena, each to another definite character. In these
special states of genetic dependence we were afforded facilities for the
differentiation of two rolled leaf factors. DBesides these types, some
different rolled leaves were found which will be discussed at the close
of this paper.
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The writer wishes to take this opportunity to express his hearty
thanks to Prof. Kiichi Miyake, ynder whose direction his experiments
have been conducted, to Mr. Kisaku Hashimoto for the substantial
encouragement given to him, and to all his friends who have given much
valuable assistance during his investigation.

Punched Leaf

The rolledness of the leaves in this plant is exhibited in varying
degrees. The ,,punched‘ leaf, as it might be called, is the common form
of the rolled leaf and the
degree of rolledness is not
strong; the margin of the
lamina is weakly rolled up
and the inner surface is
uneven, giving just this
,,punched‘* appearance.
On account of the weak-
ness of this characteristic
it sometimes disappears
in the'upper leaves of the
vine. So far, tue obser-
vations on this subject
have, as a rule, been made
during the early stages
of the plant growth. With
reference to the punched-
ness itself the degree may
also be variable. Gene-
rally speaking, however,
it is as described above.

The punched charac-
ter is a simple recessive
to the normal. When the
punched leaf is crossed to

Fig. 1. Punched leaf (Leaf form, ,,Dragon-fly«). the normal even leaf, the
F| plants bear almost nor-

mal leaves. On close observation, however, we see that the dominancy
of the rolledness of the leaf condition is not perfect; the margin of
the leaves put forth in the seedling stage may assume something of
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a roll, though it soon fades away in the upper leaves. As this con-
dition, however, is not evident on casual observations made in the
field, we may practically count them together with the normals. On
self-fertilization of such F, plants we have obtained the following results:

Table 1

Cross Even Leaf Punched Leaf Total
324 x 316 56 13 69
RAx21-2 59 ‘ 20 79
Ax71-2 93 46 139
Bx 13 141 30 171
319 x 170 140 30 170
« X 65 88 20 - 108
170 x A2 229 88 317
M2 x 58 -2 96 33 129
83 x S5 46 17 63
65 % 505 293 93 386
RA x 532 ‘ 44 27 71
RA x M1 79 21 100
RA x IH 81 25 106
RAx71-2 210 79 289
SG x RA 56 19 )
AxT71—1 . 26 8 34
170 x 17 —2 49 14 63
B x A2 36 14 50
314 x A2 - 238 ] 47 285
A x 318 148 1 204
M2 x M4 . 104 38 142
M2 x Mdb 46 ‘ 26 72
Total 2358 764 3122
Expected . 23415 780,b 3122

The segregation occurred quite normally, the alternative characters
thus constituting an allelomorphic pair. The raising of the next gene-

Table 2
. 1
Cross Nunﬂ?er ot Even Leaf Punched Leaf Total
Pedigree
324 x 316 34 782 253 1035
65 x b05 28 1744 14 2258
Total 2526 767 3293
Expected 2469,75 823,25 3293

15*
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ration does not show any novel results bevond those expected. Some
of the even-leafed ¥, plants gave constant progenies, but the greater
part of them made the segregation into the normal and the punched
leaves. The summarizing data of the segregated F, families are shown
in table 2. All of the punched ¥,, however, bred true to type

Linkage of Punched Leaf and Variegation

Variegation is one of the most distinctive characters in this plant,
and it acts as a recessive allelomorph to the wholly colored condition.

Table 3
Cross Self-colored | Self-colored | Variegated | Variegated Total
and Even | and Punched| and Even |and Punched
324 % 318 %) 5 1 8 69
RAx21-2 —1 37 5 7 1 50
—2 13 7 2 7 29
RAxM1L -1 27 8 5 6 46
-2 43 2 4 5 54
RA x TH -1 25 3 1 3 32
-2 51 11 4 8 74
B x 318 -1 56 8 4 T 23 g1
~2 22 3 4 4 33
. -3 55 4 7 14 80
AxT71-2 —1 21 I 2 : 37
-2 15 4 1 b 25
—3 16 4 2 9 31
—4 21 2 3 2 28
—5 10 3 2 3 18
Ax13 —1 64 5 5 8 82
—2 38 3 3 5 49
-3 28 2 3 7 40
RA X712 —1 12 4 0 4 20
—2 12 0 3 2 17
-3 20 4 0 6 30
—4 48 10 3 15 76
—b 16 0 2 5% 3
-6 68 8 8 16 98
-7 17 2 1 5) 25
SG x RA 46 7 10 12 75
Total 836 118 87 191 1232
Expected 821,5 102,6 102,5 206,5 1232
(4,46:1) .
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When this marking, however, is segregated together with the punched
leaf, it does not segregate very freely in the hybrid progeny. Experi-
ment shows the occurrence of linkage. This special problem was dis-
cussed by Hagiwara (1919, 1921, 1922) and Imai (1919, 1921, 1924a).

If the linkage takes place between the punched leaf and the varie-
gation, we should expect to obtain some coupling data in the cross of
the double dominant and the double recessive. The families represented
in the next table are those we should expect to produce the coupling
segregation. The ¥, plants exhibited double dominant characteristics,
the even and wholly colored leaves, and the F, generation composed of
the following.

By glancing at the above-cited results, we can easily see that coup-
ling segregations take place. The ratio of gametic distribution is cal-
culated to be 4,46 : 1, consequently the frequency of crossover is 18,32 %,

Direct evidence as to the unequal arrangement of the gametic
frequency may be obtained when a back-cross is made toward the
double recessive. The writer performed this sort of mating with the
F, plants derived from the coupling cross. The results obtained are
shown in table 4. The experimental data were not sufficiently numerous,
but they evidently show no uniform distribution in the gametic series.
The frequency of crossover here calculated is 16,56 %.

Table 4
Self-colored | Self-colored Va,riega;ed 7 Variegated
Back-Cross and Even |and Punched| and Even |and Punched Total
F,(RAxTH)xvg| 38 5 5 32 80
F,(8x318)x 8 26 8 6 25 65
Total 64 13 11 h7 146
Expected 60,5 12 12 60,5 146
(5,04: 1) :
22 = 0,57 P=1-+

We shall now return to a further discussion of the offspring of the
F, plants. The F, crop (Table 5) was made through the progeny of a
cross, 324 x 816. The F, families which segregated into the dihybrid
scheme made again unusual assortments. A total of 29 families with
such pedigrees were found. Out of them, twenty-six resulted just like
those of the F, generation, or in other words they segregated again in a
coupling manner. From this total number the gametic ratio is calculated
to be 6,42: 1, the crossover value being 13,489%,. The remaining three -
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Table 5. The F, Data of the Cross 324 x 316
Character Pedigree | Self-colored | Self-colored | Variegated | Variegated Total
of F, Number and Even |and Punched] and Even |and Punched
Total of
16 482 — — - 482
pedigrees
Total of
4 125 39 — — 164
pedigrees '
Expected 123 - 41 — — 164
Total of
6 145 — 48 — 198
pedigrees
Self-colored | Expected | 144,75 - 48,25 - 193
and even 3 48 3 4 11 66,
4 12 2 2 3 19
6 45 3 4 9 61
7 54 4 4 13 75
8 15 2 2 6 25
10 12 0 3 5} 20
12 8 0 0 2 10
15 11 3 1 2 17
17 9 0 0 2 11
18 10 4 1 6 21
20 6 1 3 3 13
23 2 3 3 - 8 42
25 32 3 2 7 44
26 2 0 0 3 5
27 8 0 0 1 9
30 35 b 5 15 60
31 2 2 0 2 6
39 b 0 0 1 6
41 35 3 2 10 50
42 30 1 7 7 45
53 14 1 1 2 18
59 19 0 1 6 26
63 22 2 1 2 27
64 14 0 0 4 18
67 6 1 0 2 9
69 33 3 2 Ki 45
Total 515 46 48 139 748
Expected?) 514 47 47 140 748
(6,42: 1)
B oy? =00 P=1-
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Character Pedigree | Self-colored Self-colored Variegated | Variegated Total
of T, Number and Even |andPunched| and Even |andPunched ota
Self-colored 13 18 8 9 -0 35
and even 16 19 7 3 0 29
35 21 9 10 ] 40
Total 58 24 22 4] 104
Self-colored | Total of
and Punched b — 112 — 40 152
pedigrees .
Expected - 114 — 38 152
Variegated | Total of
and even 1 — — 14 b3} 19
pedigree
Expected — — 14,25 4,75 1¢
Variegated | Total of
and Punched 8 - — — 70 10
pedigrees

pedigrees gave no analogous segregation, but turned evidently into the
repulsion scheme. Why should we obtain such repulsion families from
the original coupling cross? It is easily understood when we recognise
that the families have developed each from the I, plant which resulted
from the union of two crossover gametes. In what proportion, then,
should we expect their occurrence ? Before making further statements
on this problem let us attempt to discuss the results of the repulsion
crosses. In the subsequent table are given the data of the repulsion
segregation which we obtained from the crosses of the wholly colored
leaf with punched surface and the variegated leaf with even lamina.
The F, plants bore the even and self-colored leaves, and they gave:

The result of the calculation of the proportion of the gametic series
on the basis of the above data is 1: 2,10, that is, the frequency value
of crossover is 32,26%,. Here, however, 32 is very high, namely 15,69,
consequently the ,goodness of fit** is extremely low. If we correct the
numbers on the basis of the 3 : 1 ratio in the segregation of each character-
pair and calculate it mathematically the result will be that the value
of »2is only 0,90 and P practically 1. Form the corrected numbers we
estimate the gametic ratio as 1: 3,05, the crossover being 24,69 %. On
rearing the F, generation there reappeared, as might be expected, a
number of families making the repulsion segregation. In table 7 will
be tabulated the specimens obtained from the hybrid progeny derived
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from the cross 65 X 505. At this time the calculated gametic ratio is
1:2,82, so that the crossover value must be 26,18 %. Although the
double heterozygotic ¥, each gave an abnormal segregation in the
subsequent generation, they did not uniformly give the data for the
repulsion segregation. Actually there were found a few exceptions
which changed over to the coupling segregation. The occurrence of the
families of the contrary segregation has already been seen in the T,
data of the coupling cross. The phenomena of the coupling and rcpul-
sion are nothing but the alternative representations in the linkage
inheritance. The union of two crossover gametes having different
genetic composition should produce the double dominant, the wholly
colored leaf with even lamina. Although it can not in the grown plants

Table 6
Cross Self-colored | Self-colored | Variegated | Variegated Total
- and Even | and Punched | and Even |and Punched
319 x 170 —1 35 8 14 0 57
—2 63 21 28 1 113
o X 65 —1 27 5 17 o2 b1
—2 37 12 7 1 57
170 x A2 -1 73 36 25 2 136
-2 6H 38 34 3 140
-3 24 8 8 1 41
170 x 772 36 14 13 0 63
M2 x 53—2 -1 35 11 20 0 66
] —2 31 22 10 0 63
M2 x M4 —1 26 14 } 17 3 60
—2 41 24 16 1 82
314 x A2 -1 54 12 20 1 a7
—2 22 b 4 0 31
-3 36 16 25 0 7
—4 51 12 26 1 90
S3 % 85 33 17 13 0 63
65 x b0b —1 58 26 - 24 0 108
-2 26 14 12 1 53
-3 27 13 6 0 46
—4 51 20 21 1 3
—5 49 18 19 0 86
Total 300 366 379 18 1663
Expected 874,75 372,5 372,50 43,25 1663
(1:2,10) 77 = 15,69 P = 0,002
Corrected total | 861,58 390,385 390,385 20,65 1663
Expected 856,865 390,385 390,385 25,366 | 1663
(1:3,05) 7% =090 P=1-1F
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Table 7. The F; Data of the Cross 65X 505

Character Pedigree | Self-colored | Self-colored | Variegated | Variegated Total
of T, Number and Even jandPunched] and Even |and Punched
Total of
' 1 74 - - - 4
pedigree ‘
Total of
2 88 21 — - 109
pedigrees
Expected 81,70 21,25 — — 109
Total of
8 518 — 169 — 687
_ pedigrees
Self-coloreq | ExXpected 515,25 - 171,75 — 687
and even 1 59 22 21 3 106
6 51 18 17 0 86
7 16 10 -6 1 33 -
8 40 26 20 3 89
11 26 - 7 8 0 41
20 66 34 38 8 141
21 36 17 15 0 68
24 44 21 . 19 1 85
26 83 31 31 2 147
30 132 41 37 1 211
31 117 37 41 0 195
36 29 .10 9 1 49
39 _ 28 5 9 1 43
44 56 32 26 0 114
45 18 b 10 0 33
47 1 30 17 16 0 63
50 27 - 12 16 3 58
53 49 15 24 0 88
57 29 7 12 0 4R
Total 936 367 375 19 1697
Expected ') 901,75 371 371 53,25 1697
(1:1,82)
Correctedtotal] 882,86 395,64 395,64 22,86 1697
Expected?) 877,11 395,64 395,64 28,61 1697
(1:2,82) _
15 70 10 10 15 105
46 73 ) 5 9 92
49 53 3 7 14 77
Total 196 © 18 22 38 274
Expected?} 185,56 20 20 48,5 274
(5,31: 1) ’

) 4?=26,69 P=0- ) =119 P=072 %) 42 =321 P=036
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Character Pedigree | Self-colored | Self-colored | Variegated | Variegated

Total
of T, Number and Even jandPunched| and Even |andPunched Tota

Selt-colored | Total of :
and punched 6 - 719 - - 719
pedigrees '
Total of

5 - 1156 — 33 148
pedigrees
Expected — 111 - 37 148
Total of '

10 - - 602 — 602
Variegated | pedigrees
and even Total of

4 — — 127 51 178
pedigrees
Expected — — 133,5 44,5 178

be distinguished from that produced by the conjugation of two normal
gametes, they give rise to quite different arrangements on the frequency
of the expected four forms. Thus the change takes place as coupling —
repulsion or repulsion — coupling. The intensity of the linkage in
question is fortunately high enough to-distinguish whether the segre-
gation occurred in the coupling scheme or in the repulsion one.

To decide the average value of the linkage there are collected and
tabulated in table 8 the available data which gave the coupling segre-

Table 8
Source Self-colored | Self-colored | Variegated | Variegated Total
and Even |and Punched| and Even |and Punched '
From Table 3 836 118 87 191 1232
From Table b 515 46 48 139 748
From Table 7 196 18 22 38 274
Total 1547 182 157 368 2254 -
Expected (5,10:1) 1521 169,56 169,5 394 2254

FP =464  P=020
gation. From thisgrand total number we obtain 5,10:1 ratio in the gametic
© distributions, the value being changed into 16,389, of the frequency
of crossover. Theoretically the intensity of the repulsion should be
expected to be equal to that of the coupling. Then, we must examine
to see how the expectation harmonizes with the observed data. If we
collect the total data giving the repulsion segregation the numbers are:
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Table 9
Source Self-colored | Self-colored | Variegated | Variegated Total
and Even | and Punched| and Even |and Punched
From Table b 58 24 22 0 104
From Table 6 900 366 379 18 1663
From Table 7 936 367 375 19 1697
Total 1894 757 776 37 3464
Expected (1:1,95) 1831,5 766,56 766,5 99,5 3464
7= 41,63 P=0-- »
Corrected to‘al 179751 | 811,40 811,40 43,68 3463,99
Expected (1:2,98) 1786,59 811,40 811,40 54,60 3463,99
=225 P =053

Now we have the gametic ratio of 1: 2,98, the frequency of crossover

95,139, Compar.ng this value with that obtained from the total coup-
ling data we note some discrepancy. The former value, however, may
“depend very closely upon the contents of the observed numbers, espe-
cially those of the double recessive class. For this reason we may, on
the whole, attach considerable importance to the frequency calculated
on the bas’s of the coupling data rather than that of the repulsion data.
Consequently the frequency of crossover may be considered as about
16%. This value is practically the same as that obtained in the back-
¢ross experiment.

It is natural to expect in the linkage inheritance that some distur-
bance should occur in the genotypic proportion of F,. How well the |
expectation agrees with the actual results, we may see by inspecting

table 10.
Table 10
Coupling Cross Repulsion Cross
Character of I, Genetic Composition )
2 Expected Expected
Observed (4,5:1) Observed (45:1)
Homo. 16 13,79 1 0,54
‘ Single hetero. 10 12,26 10 9,66
Double dominant Double hetero, normal 26 27,59 19 21,73‘
' ., Treversed 3 1,36 3 1,07
Total 55 55,001) 33 33,00%)
Homo. 0 0,60 16 17,31
Single dominants Hetero. 6 5,40 9 7,69
Total ] 6,00 2b 25,00
Total 31 58

1) 4 = 2,84 P =042 ) 47 =423 P=024
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The hypothesis offered here is thus verified by the trial examination

from another viewpoint.

Two Types of Punched Leaves

A cross made by 326, a pure pedigree bearing the rolled leaves,
exhibits some complications in the segregation of the punched leaves

Fig. 2. A seedling of 326, the leaves strongly
rolled up.

(Imai 1924¢). In this case
the proportion of two se-
gregating forms, the nor-
mal and the punched
leaves, quite deviated from
that of the simple scheme.
The leaves of the parental
strain, 326, are not those
of the so-called punched
state in the strict sense of
the word. The condition is
very marked, the edge
quite rolling up. The F,
plants obtained by the
cross, 826 X A5 (normal
leaf), bore the rolled leaves,
though this condition was
only about half as marked,
yet was a little stronger
than the punched condi-
tion. The variation in the
degree of rolledness is very
apparent, going from the
weak extremity of those in
the punched condition to
those as strongly rolled as
the parental type. Since
the variation was represen-
ted in an almost continuous
series, it was difficult to

classify them. Counting these rolled leaves together we obtained the
data noted in table 11. The rolled leaves were quite numerous compared
with the even ones, and the proportion of these two forms deviated far
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Table 11
Pedigree 1 Even Leat Rolled Leaf Total
Total of 8 pedigrees l 240 399 639
Tixpected on 5: 11 ratio 1 199,7 439,3 639,
D.=-+403 S.E.=-10,95

from the simple expectation. The observad number of the normal
class is proportionately 87,56 %, while that of the rolled class is 62,44 9,.
How shall we explain such an unusual result? For a while we shall
depart from the consideration of the ¥, data, and proceed to represent
the results of the next generation, to which we might look for a clue to
solve the problem. From the F, data given in Appendix we note the
following points: The normal ¥, members were partly (I) bred true
to the normal, while the remainder (II) segregated into normals and
rolleds in a simple ratio of 3:1. The rolled F, individuals, however,
partly (IT11) bred comstantly to the parental form, while the rest (IV)
gave rise to the segregating families composed of two forms in an unusual
ratio like that whieh oceurred in ¥,- The rolled leaves extracted from
the families of the second class are just like those in the punched con-
dition, and further evidence in the segregating ratio of one punched to
three normals makes us identify the occurrence of the segregation of the
punched factor. As will be discussed in the following section, some of
the punched leaves exhibit linkage phenomena to the variegation, while
the others gemerally accompany the ,,Sasa’ leaves. In these special
states of segregation two pumnched factors may be differentiated, each
behaving as a recessive to the normal. From the fact that all of the
descendants from-the hybrids of the punched strains and the 326 had
rolled leaves, we see that the latter parent also carries the punched
factor. We observed, however, in general two grades of strong and weak
conditions of rolledness in their segregating generations, and the ob-
servation roughly showed the simple recessive behavior of the latter
state, though the differentiation between them was frequently obscure.
So far we may recognize that the strong state of the rolled leaves, the
326 type, is due to the doubling of two punched factors. Now we shall
represent the factors for this character by the symbol of u'), and the
differentiation of two punched factors by «* and «°, respectively, adopt-

Y We commonly call the punched condition ,,Uchikomi®. The ,u‘ is the initial of
this Japanese word. '
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ing the initial letter of each of their linked characters. Then the genetic
composition of 326 should be «"w'+’«’, and consequently its mate is
the quadruple large, U U U°U® The ¥, plants between them should
contain properly the double heterozygotic composition. Notwithstanding
that both of the punched factors act each as a recessive to the even
condition, why did the ¥, plants bear the rolled leaves instead of the
normal ones? The conflicting fact apparent here may be solved by
the recognition of the presence of interaction which takes place between
the two punched factors. Neither factor can produce the punched leaf
in its single heterozygotic condition, but in the double heterozygote
the two factors acting together make up the rolled leaf. Tnthe U e’ U’
condition the leaves rolled up into a state abouf intermediate between
those of the « e’ w'n and the U U U*U*. Adding the properly punch-
ed state to these two, the strongly and the Intermediately rolleds,
we might have at least three grades in intensity of the rolledness of the
F, leaves. Actually these series of gradation, however, exhibited almost
continuous variation, which makes it impossible for us to work sucecess-
fully on their classification.

We shall now turn back to sonsider the T, data. On self-fertili-
zation of the rolled ¥, we would expect theoretically to obtain the
folowing zygotes:

QU0+ 10 w0+ 1 U 4 1w’ w) =
107020« U T - 4 U U - 1T TV et ws
+200 U w 42U w1 U U*

AT TAR UAI TS R IAS AR VAl T

5 normal leaves 11 rolled leaves

In table 11 it was attempted to show how the F, data are satisfied by
the theoretical numbers calculated on the above expectation. Unfortuna-
tely the deviation is very evident. But, as far as we can judge, some
qualification should be made with respect to the actual numbers on
account of the difficulty, which occurred sometimes in the distinction
of the punched leaves and the single heterozygotic normals. Conse-
quently ultimate judgment on this point should be reserved until the
examination of the ¥, is made. The theoretical expectation of the ¥,
generation is as follows. o

Actually the expectation coincides perfectly with the resuls. Out-
of seventeen ¥, individuals bearing the normal leaves, eight gave only
normal offspring composed of a total of 898, while the rest all segregated.
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Table 12
Character . Genetic . L
of F, Ratio Composition Ratio Expectation in F,

U»UryUs=Us 1 |} Breed true to even leaf

Even leat 5 U U Usw 2 } .
Uvwr U 2 | Segregate to three even:one rolled
Urw Usw 4 ' Segregate to eleven rolled :five even
U Uruwsuw 1
LIARTAR YA o 2

Rolled leaf 11 wiw UsU® 1 Breed true to rolled leaf
wuw Usu® 2
IDETARTALTS 1

As will be seen from the following table, the generation thus segregated
comprises two forms, the normal and rolled leaves, in the simplest pro-
portion of almost exactly 3:1. A further revision may be needed as

‘Table 13
Pedigree Number { Even Leaf Rolled Leaf Total
1 ‘ 196 63 259
2 | 63 13 76
3 | 124 c2 186
4 40 7 47
8 110 : 34 144
14 13 3 . 16
19 12 3 15
33 50 . 19 69
58 4 1 _ 5.
Total 612 205 817
Expected on 3:1 ratio 612,75 204,25 817

to the results of the rolled ¥,. The data showed thus: Out of ferty-two
rolled leaves, twenty-nine all produced the rolled leaves composed of
098, while the ¥, generation of the rest did not consist of uniform in-
dividuals. Such segregated families are tabulated in table 14. Here
we should expect the ratio of the two sorts of leaf condition to be five
normals to eleven rolled. Though the theoretical number calculated from
such a proportion shows some deviation, yet it does not exceed 1,5-times
the standard error. So far, it can be.said that the proposed expectation
practically coincides with the result, '



220 Imai

Table 14
Pedigree Number Even Leat Rolled Leaf Total
7 58 111 169
9 1 14 21
10 56 98 154
11 3 5 8
15 47 102 - 149
16 9 11 18
26 - 4 140 185
27 10 24 34
34 76 142 218
36 28 30 58
37 25 58 83
b4 32 62 94
59 5 , 6 11
Total 399 803 1202
Expected on 5:11 ratio 375,625 826,375 1202

D.=-42337 8. E.=-4+16,07

From these discussions we may conclude that two punched factors
occurred, which make up the rolled leaf in the double heterozygotic
condition, notwithstanding each acts as a recessive to the normal.
Sueh a sort of interaction of the analogous factors complicates somewhat
the result of segregation.

»

Linked Characters to punched leaves

Owing to the fact that one of the parent of the cross, 326 X A5,
assumes the common traits of the ,,Sasa*, a further segregation on this
point in the F, generation may be expected. The main features of the
~ traits are the low shoulders and the sharp-pointed lobes of the lamina,
and the split corolla. The characteristics are transmitted together as
a unit and constitute the recessive allelomorph to the normal (Imai
1924b). In the present cross the segregation of this leaf form occurred
quite according to expectation, but it showed a close linkage to the
punchedness. As was stated in the preceeding section, the variegated
leaf links to the punched leaf in its segregation. Thus the punchedness
also makes linkage with the ,,Sasa‘“. Asregards the factor of punchedness,
however, linkages to the variegation and to the ,.Sasa‘* are not the same.
As was already stated the punched leaves of this cross were produced
by either one of two factors. It is the facter " that links to the varie-
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gated leaf, and the other punched facter « to the ,,Sasa*’. By the dupli-
cation of linkage the F, generation of the cross, 326 X Ab, assumes a
complicated segregation, if we consider the assortments of four factors

at a time. The actual number found is represented as follows:
Table 15
Non-,,Sasa‘ »agat

Pedigree Even Rolled Even Rolled Total

Number - : - X

Self- | Vari- | Self- | Vari- | Self- | Vari- | Self- | Vari-

colored | egated | colored | egated | colored | egated | colored | egated
1 23 19 36 5 0 1 B | 2 101
2 15 11 22 3 0 0 1 2 60
3 17 14 44 5 1 2 21 5. 109
4 17 11 53 4 0 2 14 4 105
5 23 13 29 2 1 0 12 1 81
6 8 4 14 1 0 0 1 1 29
7 b 9 14 1 0 0 7 0 36
8 26 | 18 52 b 1 0 13 4 118
Total | 183 | 99 | 264 | 26 3| 5 | 90 | 639

At first sight the table seems to present a puzzle, but an analysis
of the data shows the occurrence of duplicated linkage. On a close
inspection of the above table, we see that the appearance of the variegated
leaf in the rolled class was less than our expectation, while too many
variegated leaves were obtained in the even class, so we may assume that

linkage takes place between the variegated and punched forms. The
Table 16
Pedigree Self-colored | Seli-colored | Variegated | Variegated Total
Number and Even |and Punched| and Even |and Punched
2 47 13 16 0 76
3 88 59 36 3 186
4 30 6 10 1 47
8 83 34 27 0 144
14 10 3 3 0 i6
19 7 3 5 0 15
Total 265 118 97 4 484
Expected 255,5 107,56 107, 13,56 484
(1:1,99)
xt = 9,09 P = 0,03
Induktive Abstammungs- und Vererbungslehre. XL 16
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linkage, however, was disturbed and complicated by the overlapping of
the segregation of one more punched factor which segregated quite inde-
pendently of both of these linked factors. So the positive proof might
be sought for in those Fy families making the segregation in only two
linking factors. By the Fs data we found six families which made such
a dihybrid segregation. The actual numbers of these families, with one
exception, showed repulsion data. (Table 16.)

TFrom the total number we obtain 33,449, as the frequency of the
crossover gametes. An exceptional family which gave the coupling
segregation, however, is composed of:

Table 17
Pedigree Self-colored | Self-colored Vanegated i Variegated Total
Number and Even |and Punched i and Even 1 and Punched ]
0
1 188 15 259
Expected 182,75 11,6 11 ) 53 ,25 259
(9,74:1) ’

72=2,80 P=043

Here the frequency of crossover is calculated to be 9,81%. The
discrepancy in these two values of the frequency of the repulsion data
and the coupling data is considerable, but it may be passed over on
account of small number of specimens observed. Eventually as a result
of the above data it may be accepted that the segregating factor for the
punchedness in these families is .

On the revisal of those data (see Appendix) of the F3 generation
segregated like F,, we see again unusual distributions of the rolled leaves
in the normal and the ,,Sasa‘ classes. The proportion of the rolled leaves
in the normal population is 56,90%, while in the ,,Sasa‘* class it is
estimated to be 96,91%,. If the characters in question are assorfed
independently one from the other, we should expect to have equal
distributions in such a relation. The difference may be considered as
due to the influence of the linkage, which takes place between the two
factors for the ,,Sasa’ and the punched leaf. Owing to the duplicate
_segregations of the punched factors, the linked data in the ¥; generation
were also complicated. Omne of the F; families, however, showed the
dihybrid segregation of two linking factors, where the even and rolled
leaves were produced in a simple 8:1 ratio, if we consider only the
segregation of these alternative characters. The actual segregation is:
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Table 18
Pedigree Non-,,Sasa* ,,Sasat Non-,,Sasa‘ L, Sasa’t Total
Number and Even |and Punched] and Even | and Punched
35 49 0 1 19 69
Expected 51,25 0,6 0,56 16,75 69
(57,42:1)

72=120 P=076

Though the total number may not be sufficiently numerous to be
relied upon, vet if we attempt to calculate the linkage value between the
,Sasa‘ and the punched leaf with the above data, the frequency of
crossover is 1,71%. So far, at any rate, it may be said with certainty
that a high linkage takes place between these two characters. The F,
generation thus made the coupling segregation, and further, owing to
the state of high linkage, all of the F,; families which segregated into
these characters in question gave also coupling results. Adding the
numbers of these families, with the exception of the one which was
above tabulated, to the F, result, we have the total data for such a
. segregation. The table thus obtained is:

Table 19
Pedigree Non-,,8asa’ | Non-,,Sasa‘ L, Jasat ,,Sasa’t Total
Number and Even | and Rolled | and Even and Rolled
F, (8 pedigrees) 232 290 8 109 639
7 b6 : 71 2 40 169
9 7 8 0 6 21
10 5b 54 1 44 154
11 3 ’ 1 0 4 8
15 47 71 .0 31 149
F, ;16 6 ' 8 1 3 18
26 45 90 0 50 185
34 3 103 3 39 218
36 28 20 0 10 58
37 25 37 0 21 83
54 31 41 1 21 94
59 3 ’ 3 0 3 11
Total 381 507 8 272 1168
Grand total | 613 797 6 | 881 | 1807

The complication of the above data is due to the triple segregations
of the factors for the ,,Sasa‘ and the two punched leaves. To estimate -
16*
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the linkage value from these numbers we need some qualification upon

which to base our calculation. On account of high linkage, it may be

advisable to estimate the value from the segregating numbers in the

,Sasa‘ column. Speaking of the contents of the even and rolled leaves
we would except theoretically the following: In the F; plants carrying
the triple heterozygotic compositions, S,s, U w” Uw®, there should be
a production of eight sorts of different gametes. Out of them, four
gametes, s, U U*, s,U"w, s,”U* and s,u”w*, contribute to the develop-
ment of the ,,Sasa’ specimens. The ratio of these four sorts of germ-
cells, then, may be designated as 1s, U U*:ns, U w’: Ls,e” Ui ns, v,
when the linkage consideration is denoted by the application of n. The
random combinations of these gametes will give:

15,8, 000U

208,85, U'UU*w } 2n-+3 Even leaves

25,8, U U U® |
dns,s, U w Utu’
n?s, s, U U v’
2n2s,s, U w e’

I1s,s, 0 U U®
2ns, 5,1 uw U’
nis, s, u wutu®

4n?2-}+6n-t+1 Rolled leaves

Then the ratio of two phenotypes, the even and rolled leaves, is
2n-+38:4n%4-6n+41. If we calculate the value of n from this ratio in
application of the observed numbers, the result is 11,89. Consequently
the frequency of crossover is calculated as 7,769%,. This value differs
considerably from 1,5%, which is calculated by the observed number
of family 33. As we have no further data on which to decide the delicate
point of value, we must be contented with understanding only that a
certain low percentage of crossover in the segregation of the ,,Sasa“
and the punchedness takes place. Probably it may not be far from 5 %,.

Thus the analysis shows the duplicate occurrences of two linkages,
the one takes place between v and ', the other between s, and . In
¥, we should, then, expect theoretically the following gametic series:

n VS8, U'U+1VS8, U w+mV8,w U +mVS,wuw+1Vs, U U*
+oVs, U'w++mVs, o U+ mn Vs, w'e +mne S, U*
+me S, U +nvS, 0 U+ 1o S, w v’ +mes, U U*

+mnes, U« + lvs, 0w’ U+ nvs,u’u’
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In the above formula m was applied to the linkage consideration
between v and «’, and n to that of s, and «*. On the combination of
these gametes we should expect to obtain an ¥, population as will be
seen in Table 20.

Other rolled Ieaves

Besides these two punched leaves other forms of the rolled leaves
are found. As already stated elsewhere (IMAT 1924a), the ,,Shishi¢
flower always accompanies so-
mething of the rolled leaf. The
,,Shishi* flower is one of the
representations of doubling, the
corolla being feathered and split
sometimes into even several
deformed pieces. The sexual
organs, however, both stamens
and pistil remain apparently
unchanged, although they are
functionless in most cases. On
account of the monstrous form
of the flower the ,,Shishi‘ race
is regarded as one of the most
valuable variations for the or-
namental purpose. The Japa-
nese pick up and transplant the
,,Shishi*“ seedlings by noting its
accompanying rolled leaves?).
Because of the fact that the
,,Shishi‘ flower usually produces
no seeds, it is a common proce-
dure to seek for this race among
the progeny of the heterozygotic
normals. In such a proceeding »
the multiple representations of Fig.3. ,,Dragon‘-leafed stem with cup flowers.
the ,,Shishi‘* factor save much
labor in practice. In' inheritance, the ,,Shishi* flower behaves as a
recessive to the single. When the punched factor is contained in the
,,Shishi* race, it produces what might be called a ,,grasped* leaf

1y The rolling feature is present even in the cotyledonous leaves.
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(Miyake and Tmai 1921). So. the grasped leaf is the combined result of
two factors.

There is another different form of the strongly rolled leaf, just
like that of the grasped leaf. On account of its monstrous feature the
form is called by the name of ,,Dragon’. The , Dragon® leaf always
accompanies the ,.cup® flower. In the F, generation of the hybrids
obtained by the cross of the punched and the ,,crapy“?) (Imai 1920)
leaves we obtained some ,,Dragon‘ leaves. The actual numbers ob-
tained are: -

Table 21
Cross Normal Crapy Punched »Dragon‘ Total
M2 x M4 82 22 27 oo 14z
M2x M4B 35 11 21 b 72
B x318 112 36 42 14 204
Total 229 69 90 30 418
Expected 235,125 78,375 . 78,31 26,125 - 418

x*=358 P=0,33

The result shows the segregation of two factors, the one being for
the punched leaf and the other for the crapyness. The ,,Dragon‘’ leaf,
then, is considered to be a double recessive. The -,,crapy’ leaf is in-
variably accompanied by the ,,cup* flower, so the ,Dragon‘ leaf has
the cupped flower also.

Summary

1. The punched condition of the leaf surface acts as a simple recessive
to the normal. ' ‘

2. About 16 % of linkage takes place between the punched leaf and the
variegation.

3. The experiments on this problem were made both with respect to

" coupling and repulsion.

4. In a cross, two kinds of the punched leaves, each carrying an entirely
different factor, were detected.

5. BEach of these factors behaves as a recessive allelomorph to the normal.
These factors, however, interacting on each other produce the rolled
leaf in the double heterozygotic plants. Such hybrids give offspring
composed of 11 rolled and 5 normals in every 16 individuals.

1) The crapyness behaves as a recessive to the normal,
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6. Duplication of two punched factors in the homozygous condition
results in a strongly rolled leaf. :

7. One of the punched factors, denoted by =*, links to the variegated
(v), and another, named as «°, makes linkage with the ,,8asa‘ type (s,).

8. The linkage value of the faetors, «° and s,, is about 59, or nearly so.

9. Besides these punched leaves ¢ther forms of the rolled leaves were
found. The ,,Shishi* flower is always accompanied by something of
the rolled leaf. When the ,,Shishi‘* factor is combined with the punched
one a ,grasped leaf is produced. Amnother highly rolled leaf called
by the name of ,,Dragon’‘ is the combined representation of the two
factors for punchedness and crapyness. :
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Appendix
The ¥, Data of the Cross 326 > A5,
Non-#Sasa’ ‘Sasa’’
Character [[Pedigree| Even Rolled Even Rolled Total Genetic Composition
of F, Number -
Self- | Vari- | Self~- | Vari- || Self- | Vari- | Self- | Vari-
colored| egated |colored| egated lcolored| egated |colored| egated | |
b5 T - | - — —_ -] - — 7 2
58 | 4 — | 1| = | =|-]=1=1]5 ’
Non- 2 47 16 13 0 — — - - 76
“Sasa’”, 3 88 36 59 3 - - — — 1865
even and| 4 30| 10 6 R T e 47
VoS, S Uve UsU®
selt- 8 | 88 27| 84| 0f — | — | = | — R L
colored " 14 10 3: 3 0 — — — -— 16
19 7 5 3 0l — — - — 15
Total | 265 97 | 118 4 — — — — 484
1 (188] 8| 15| 48| — | — | — | = | 259 } Conlinn)
12 ) — 1] — | = - =1 =] —-1114 ]
28 | - 50| — | = —| =1 =1 -1 50
SR I B I it Bl I Bl Al el Bl | RPN N o
“Sasa”| 49 | — | 86| — | — || — | — | = | — | 56
evenand | Total | — 283 | — | — | — | — | — | — |"233
variegated
6 — Bl — | — | — 3 -] - 81 vv S,s, U*UYUSUS
38 1 — 49 - 0 — | 1| =] 19| 69 0vSs UUUus
27 2 8 23 1 — — — — 34| Veold.8, Uvw Usus
7 | 28| 28| 64| 70 0 | 2 | 20| 11 169
9 6 1 6 2 0 0 4 2 21
10 30 25 51 3 0 1 36 8 | 154
N 11 3 0 1 0 0 0 2 2 8
Ons Ll 15 27 20| 647 7] 0 | 0| 23] 8149
gl 1) 6] of 7y 1f 10| 2] 1) 18 e s
ol | 26 | 1] 818 6 0 | 0| 89| 118 Vo Sa Sy Urur Utu
an . Sed' 34 | 42| 81, 94| 9| 0 | 3 | 29| 10 218
colore 36 1B 15119 1) 010 51 5| 58
h4 17 14 33 8 0 1 17 4 94
59 1] 4| 8] ofj o] o0 3] of 1
Total || 187 | 169 | 426 44 1 7 189 62 11085
37 25 | — 37 — 0 — 21 — 83 | VVS,s, U v Us s
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The F, Data of the Cross 326> A5.

Non~*Sasa™’ ‘Basa’’
Character |[Pedigrec| Even Rolled Even Rolled Total Genstic Composition
of Fy Number = ! , : .
Self- | Vari-j Self- | Vari- || Self- | Vari-; Belf- | Vari-
colored | egated |colored| egated |jcolored| egated |colored| egated
17 | - | - 6, — | — | — 1 =] — 6
18 0 =1 -8 | —-1=1~=1=1 30
21 | — | — 4 - = -1 == 4
o4 | — | — 1 — | -] =1 =1= 1
25 | — | — | 4] — | - =1 =11 4
30 | — | —| 3{ )~ ~—| =)~ 3
CT e e S N s Tt Dl ARl Il B D 7 7 A AN
38 | — | -~ |8 = -1 —=|-1=1] 8
2 | - -] -1 -1 -1-=1=1 4
41 = 2| = — | == =] 2
L || — | — | 12| = = | = = | -] 12
56 | — | — | 8| = - | = | = | = | s
Total| — [ — |20 — | — | — | — | — || 270
Non- -
«Qasa”. | 20 — — 38 | — — — 11 - 49
rolled I 82 — — 9 - - — 4.1 — 13
and self- 39 —_ — 122 — —_— — 30 — 152
colored 44 —_ — 35 — - — 10 - 45 vV Sa 82 — 2 —
52 || — | — {180 — | — | — | 86| — | 166
53 —_ — 8| - — — 9 — 22
‘Total | — — 1347 | — - — | 100 | — | -447
48 - — 24 12 — J— j— - 36 V’” Ss. Sa - 2 ha
22 — — 82 26 | — — 12 5| 125
40 — — 99 41 — - 29 8 { 177
41 — - 8 21 — — 1 1 12
43 — — 15 3 — — 6 1 25 Vo Sy s —2—
45 - — 16 40 — — 1 0 21 ’
46 - — B3 | 20 || — - 17 h 95
Total || — — | 218 96| — — 66 | 20 | 455
23 — - — — — 2 — _ 9 VY Sy Sy — & —
13 — — -— - — — 4 — 4
. s 50 — — — - — — 4 — 4 Ve s,s8, —&—
Sasa Total | — — — - — — 8 — 8
57 — - — — — — 3 2 5 Vo 83 85 — 25
5 — - — — - - — 8 6 PO 84 Sy — F—




