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In my first contribution to the study of hybridology of insects
published in 1906 (10), it was shown that certain colour-characteristics
of the egg of the Siamese silk-worm follow Mendel’s law of heredity.
Thanks to the kind suggestion of Prof. Bateson of London, we again
undertook a similar series of experiments with various breeds of the
silk-worm, Some of the results obtained during the last five years
which seem to us to be not without interest to students of heredity will
be described in the following pages.

I. CerTAIN KGG-CHARACTERISTICS OF THE SILK-WORM.

Before going further, we shall first enumerate certain egg-character-
istics which are the subject of the present paper.

Colowr. The ordinary colour of the Japanese silk-worm eggs is
a light greenish white when newly laid. With the formation of the
blastoderm, the egg gradually assumes a brownish tint which at last
turns into brownish slate shaded with some light pink or purple
(Figs. 1, 3, 11). There may be found, however, many variants, some
rather deeper, some lighter, and some with different shades. Now and
again it happens that some eggs characterized by extraordinary variations
of colour are found among normal ones, such as reddish brown (Fig. 2),
whitish grey (Fig. 4), blue (Fig. 5), greenish slate (Figs. 6, 10, 12),
crimson (Fig. 7), orange, greenish white and many others, Most of the
eggs deposited by Japanese green breeds are more or less shaded with
green. When newly laid, they are yellowish green and are much deeper
in colour than those deposited by ordinary white breeds. Most of the
Chinese or Kuropean breeds come in a similar category.

Shape. The normal shape of the silk-worm eggs is oval, slightly
pointed at one end, where a micropyle is situated (see Figs. 1—T7). It
is a little flattened and its surface is convex when newly laid but after
a few days it becomes depressed in the middle, thus producing the
characteristic form which is familiar to us. In this characteristic, as in
the case of the colour, we observed many variants, some of them being
quite extraordinary, for instance such as spindle-shaped eggs (Fig. 13)
or other irregularly shaped ones, etc. which will be discussed minutely
afterwards.
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II. OricIN or THE CHARACTERISTICS ABOVE ENUMERATED.

The egg consists of the shell, vitelline membrane, serosa and yolk,
and each of them is coloured or shaded with certain tints or pigments,
except the vitelline membrane which mostly remains colourless in nearly
all breeds.

The shell is usually translucent and is slightly tinted with certain
colours, In Japanese breeds it is usually white or slightly shaded with
brown, flesh-colour, green, or dirty-white or some other tint. That of
some Japanese green, Chinese or European breeds is coloured yellowish
green or pale green. The colour of the eggs is consequently more or
less influenced by the colour of the shell. As to the shape, it is chiefly
determined by the characteristics of the shell, which is derived from the
epithelium of the oviduet.

The cause of the egg-colour is, however, mostly due to the pigments
deposited in the serosa which are seen through the shell.

The colour of the yolk plays a certain part in the production of the
egg-colour only in the case where the formation of the dark pigments in
the serosa does not take place, i.e. in newly laid eggs or those oviposited
by the spring brood of di-, tetra-, or multivoltine breeds.

The object of the present series of experiments is to know what
influence, if any, these variants have upon the trend of heredity in
‘their offspring.  As to the origin of these variants we are quite ignorant
whether they are produced by mutation or by hybrid mutation or some
other causes which are yet unknown to us. We only know that they
are seldom found among eggs laid by the normal-egged breeds generally
reared in Japan,

ITI. REsurts oF LINE BREEDING OF CERTAIN VARIANTS.

SERIES 1. The Reddish-Brown Eggs (Figs. 1, 2).

In the winter of 1907, Mr K. Ishivata, one of the famous silk-worm
breeders in the district of Fukushima in Japan, kindly offered me some
normal (Fig. 1) and brown (Fig. 2) egg batches’ laid by a divoltine
white breed called “Shinkawachi,” and said that both of them, even
when inbred, gave the antagonistic characteristics in the offspring and
thus it was very difficult to establish them as constant forms.

!t All through this pager, the word “hateh ” represents the total eggs Iaid by a moth.
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As the colour of the shell and yolk of both variants was the sane,
we must attribute the chief cause of those characteristics to the pigment
of the serosa, a product of the combination of both parental gametes.

We started our breeding experiments in the spring of 1908,

The First Generation. 1908. Spring.

We reared two batches of eggs from each variant. The normal
series gave 72 matings or batches and the brown series 87, all of which
were divoltine white in colour and we were unable to distinguish which
were normal and which were brown. This characteristic, producing un-
coloured eggs, is one of the normal characteristics of di-, tetra- or multi-
voltine breeds in Japan. In these breeds, the egg laid by the spring
brood generally produces no dark pigments in the serosa and conse-
quently it remains whitish until the embryo is completely developed.
Tropical multivoltine breeds, such as Siamese white or yellow which
produce 8 or 9 broods in a year, never produce any dark pigment in the
serosa, the colour of the egg therefore being determined by that of
the yolk and the shell. Sometimes it happens that certain eggs of the
spring brood of di--or mulfivoltine breeds turn into the ordinary dark
slate-colour, in which case most or all of them become univoltine in
character and do not hatech until next spring comes. On the contrary,
all the eggs laid by the summer or autumn broods of divoltine or other
multivoltine breeds deposit normal dark pigments in the serosa, thus
giving various colours characteristic to the respective breeds.

The Second Generation. 1908. Summer.

Summer broods derived from the whitish eggs of the spring broods
from normal and brown series yielded the antagonistic characteristics as
shewn below.

1. Bgys laid by the Swmmer Broods of the Brown Series.

Number Normal Brown Mixed
of Matings Batches Batches Batches Totals
No. 15. 11 0 i1 7 18
No. 19. 12 10 19 29 58

Totals ... 10 30 - 36 76
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Bggs lasd by the Summer Broods of the Normal Series

Number Normal Brown Mixed
of Matings Batches Batches Batches Totals
No. 18. 12 4 4 4 i2
,, 14 2 5 12 19
' 9 1 1 2 4
No. 4. 1 3 0 0 3
Totals ... 10 10 18 38

In the former or brown series, 10 were normal, 30 brown and 7
a mixture of both normal and brown eggs in the same batch, and
therefore 1n this series the normal colour-characteristics remained as
recessive. The reverse is the case in the normal series, which produced
10 normals, 10 browns and 18 mixtures, that is to say, the brown is
recessive in this series.

The Third Generation of Normal Series.

In the autumn of 1908, three normal-coloured batches derived from
summer broods of the normal series were reared. They gave 58 batches,
among which there were 28 normals, 14 browns and 16 mixed batches,
that is to say, they again produced the antagonistic character.

The third generation-of the brown series or brown batches laid
by the summer brood in 1908 were reared in the spring of 1909. They
gave, as is usual, all divoltine whitish eggs.

The Fourth and Further Generations.

The fourth generation of the normal series derived from mnormal
eggs laid by the normal sertes in the autumn of 1908 gave divoltine
white eggs, a few being univoltine normals and browns. The same is
the case in the fifth generation which was reared in the spring of 1910.
In the spring of 1911, ie.in the sixth generation, we noticed for the
first time that this series of normal characteristic inbreeding gave all
normal batches with a few divoltine white batches, which may be
considered to be normal coloured in character, that is to say, they breed
true to parents.

On the contrary, the fourth generation of the brown series or
summer brood of 1909 yielded, without exception, brown eggs. Since
then we have reared them through two generations without producing
any antagonistic characteristic. Hence it may be said that this brown
form is established as a constant form.

Respective figures obtained by this series of experiments are given

in Table L
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TABLE 1.
Brown-egged Series. Normal-egged. Series.
Number of Univoltine  Divoltine Number of Univoltine  Divoltine
batches produced hatches batches produced batches

Number of [P O i Total Number of e et Tatal
Matings Normal Brown Mixture White hatches Matings Normal Brown Mixture White batches
1908 (Spring brood). First generation. 4+ 0 0 0 30 30
15% 0 0 0 26 26 18* 0 0 0 42 49
19* 0 0 0 61 61
e e Totals 0 0 0 72 72
Totals 0 0 0 87 87
1908 (Summer brood). Second generation.
1908 (Summer brood). Second generation. 41 3 0 0 0 3
19, 12* 10 19 29 0 58 18, 9 1 1 92 0
15, 11 0 11 7 0 18 18, 19* 6 4 4 0 14
Totals e 10 30 36 0o 76 18. 14 5 5 12 o 22
1909 (Spring brood). Third generation. Totals 15 10 18 0 43
19, 12. 9 0 0 0 32 32 R .
,, 1o 0 0 0 35 35 1908 (Autnmn brood). Third generation.
,, 25 0 0 0 all all 18. 12, &* 0 9 4 0 13
white white . g* 0 5 8 0 13
Totals 0 0 o 67 67 »o 207 28 0 4 0 82
Totals 28 14 16 0 58

1909 (Summer brood). Fourth generation.

19. 12, 12, I¥ 0 8 0 0 8 1909 (Spring brood). Fourth generation.
2 0 9 0 0 2
' 3 0 18 0 0 18 18. 12. 5. 17 4 0 0 18 22
, 4 0 8 0 0 8 ., 9.95 0 1 0 10 11
»  BY 0 33 0 0 33 L, 20, 18% 2 0 0 20 22
Totals 0 64 0 0 64 Totals 8 1 0 48 55

1910 (Spring brood).

Fifth generation.

1910 (Spring brood). Fifth generation.

19. 12. 12. 1. 2% 0 0 0 26 26
18. 12. 20. 18. 19* 0 0 20 26
’s 5.8 0 0 0 18 18 8. 12. 20 6
- 18. 12. 20. 18. 26 0 0 0 13 13
Totals 0 0 0 44 44
Totals 6 0 0 33 39
* brood). Bixt ration.
1910 (Summer brood).  Sixth generation 1911 {Spring brood). Sixth generation.
19.12.12. 1. 2.1 0 107 0 0 107 18. 19, 20. 18, 19
oo 2 0 16 00 116 5 matings) 25 0 0 4 29
W . 3 0 86 0 0 86
w4 0 . 108 0 0 108
v » B 0 105 0 0 105
” w B 0 50 0 0 50
Totals 0 572 0 0 572

* Tggs laid by the mating marked with an asterisk are used as the parents of the next generation.
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To avoid complication, we give below a graphical summary :

B=brown egg batch; N=normal-coloured; W =divoltine white; I{=mixture
of brown and normal-coloured eggs in a batch,

Common parent N
|
| | ]
Parent egg ... ... (B + N)
_ |
Tirst generation inbred U” (87) w(72)
1 |
[ |
Second generation inbred B (80) + N (10) + M (36) B(10) -+ N (15) + M (18)
i
Third  ,, Y W (67) B (14) + N (28) + M (16)
Fomth " B (64) N (6)+B (1) + W (48)

L

Fifth " W (44) 6) + W (34)

Sixth " " B (572) N (25) + W (4)

From the results above obtained, we observe that complete segrega-
tion between the two characteristics, the brown and the normal-coloured,
took place and that each may be established as a constant form from
their common stock. It is much easier, however, to establish the brown
as a constant form than the normal.

Moreover, we learn that during two or three generations both
characteristics even when inbred produce antagonistic characteristics
in their offspring, a fact which apparently seems to run counter to
Mendelian principles, but which in reality is in perfect accordance with
the principles, as will be seen in “ General considerations.”

— =

SERIES 2. The Blue-egged Variant (Fig. 5).

The phenomena of inheritance, similar to those above described,
were observed in the inbreeding of the blue variant. This form is
a sport from a divoltine normal-egged breed called “ Kuni-nishiki,” and
is characterized by the special blue colour of the egg.

In the spring of 1910, only one batch (No. 20) was obtained, through
the kindness of Mr S. Saito in Ghifu-Ken. The worms, cocoons, and
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moths derived from them were all normal in character. They, inbred,
gave 30 batches of eggs, of which, 12 batches were divoltine white, and
the remaining 18 all normal-coloured, which suggest to us that all the
batches in this generation would be all normal-coloured ones.

Three divoltine white batches (Nos. 1%, 8 and 4) which were reared
in the summer gave three kinds of eggs, some batches being blue, as in
the parental blue, others blue shaded with a brown, which we called
“intermediate colour” and the rest normal-coloured batches. There
were no batches in which both blue and normal or intermediate forms
were found mixed. Respective figures obtained are given below :

Number of Number of blue Number of Normal-
Matings batches produced intermediate batches colonred Totals
20, 1* 21 54 68 143
20. 3 12 65 76 153
20. 4 14 46 60 120
Totals 47 165 204 416

Of 416 batches derived from three pavent batches, 47 were blue,
204 normal-coloured and the remainder intermediate. In the blue-
coloured eggs, we distinguished both light and dark-shaded ones. The
former we called “light blue” and the latter “ dark blue.”

Hive blue batches (Nos. 6, 14%*, 24%*, 25 and 28) laid by the mating
No. 20.1 were reared in the spring of 1911. They oviposited, without
any exception, 251 batches of eggs, all of them being divoltine white.

Eight white divoltine batches were reared in the same summer.
Both the light and dark blue series yielded again the antagonistic
characteristics as shewn below :

Number of Mabings Light Blue Dark Blue  Normal Totals

20. 1 light blue 14. 3 13 0 8 21
14,15 21 12 15 48

14, 20* 4 4 0 8

Totals 38 16 23 77

20. 1 dark blue 24, 4 0 0 3 3
24, 9 1 0 0 1

24. 14 2 0 2 4

24.-25 0 1 2 3

24. 27 0 0 3 3

Totals ... 3 1 10 14
Grand totals ... 41 17 33 91

Of the eight parent batches, four gave both blue and normal-
coloured batches, two all blue batches and the rest only normal-coloured
ones, the total number of batches produced by them being 91.
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In the spring of 1912, six blue batches (three light and three dark
blue) derived from the lineage which produced only blue batches were
reared separately as in the former generations. They gave the following
egg-batches :

Number of  Number of Total
Nunber of Univoltine Divoltine Mixed number of
Matings blus batches white batches batehes hatches
Dark blue series
No. 20. 1. 14. 20. 2 0 63 0 63
- . 3 1 18 0 19
» » 4* 22 64 1 87
Light blue series
No. 20. 1. 14, 20. 1* 5 91 0 96
. 0 8 0 52 0 52
» » 10 0 18 0 18
Totals 28 306 1 335

Of 335 batches derived from the six blue parent batches, 306 were
divoltine white as is usual in the divoltine breed, and 28 were univoltine
blue coloured and only one was a mixed batch consisting of both divoltine
white and univoltine blue-coloured eggs.

The summer brood derived from four batches of light blue series
and four batches of dark blue series gave the following batches:—

Laght Dlue Series.

Number of Number of

Number of dark blue light blue
parent bateh batches laid batches laid Normal Totals
No, 20. 1. 14. 20. 4. 4 29 42 — 71
9 ’ 5 22 36 — 58
" » 19 14 16 — 30
»» » 22 6 2 1 (?) 9
Totals 71 96 1% 168

Dark Blue Sertes.

Number of Number of

Number of dark blue light blue
parent batoh batches laid batches laid Normal Totals
No. 20. 1. 14. 20. 1. 1 6 33 —— 39

» . 12 20 45 — 65
. . 15 2% 46 — 71
s ' 16 19 49 — 68
» . 25 13 31 2(?) 46
Totals 83 204 2 (") 289

Now we are able to extract the blue-egged characteristic as a constant
form. As to the light and dark forms, they seemed to be fluctuations of
the same character, blue,
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Résumé :
B=light and dark blue batches ; I=intermediate; N=normal; W=divoltine white;
M =mixed bateh consisting of divoltine white and univoliine blue-coloured eggs.

Parent eggs ... B
[
Eggs of the first generation N(20)

-
[
»  second generation  {N (204)+I (165)+ B (47)}

,,  third " W (251)
y  fourth B (9) {B (49) + N (27)} NV (8)
F“’“L”"
»  ffth . {B(28) + W 306)}
|
F—“L‘"“}
»  sixth ,»  all B(445)

Series 8. The Whitish-Grey egged Variant (Fig. 4).

This variant from the normal egged breed is characterized by the
peculiar structure of the shell. As is well known, the shell of normal
breeds is elastic and translucent, its surface being smooth. That of the
variant, on the contrary, is rather brittle and opaque, and is milky white
in colour, in consequence of which the colour of the serosa can barely
be seen through the shell and thus a peculiar whitish grey colour s
produced. The surface of the shell is not smooth as in the normal
shell, but begins to become irregularly corrugated as soon as the
ventral plate is formed. There is no depression in the middle, which is
a common characteristic of the egg laid by normal breeds.

In the spring of 1909, we obtained two batches of grey eggs, one
being derived from the univoltine white reared in the district of
Hyogtken, and the other which came from Fiikiishimanken is derived
from the normal divoltine white, “Aobiki” They were reared separately
and each of them gave both normal and grey batches, that is to say, the
former deposited one grey and one normal batch (Table III) and the
latter 15 normals and 20 greys (Table II); no mixed batches were
produced in these cases. (See Tables IT and IIL.)

In the second generation (summer brood of 1909), moths derived
from both normal and grey eggs paired inter se, yielded again, with no



K. Tovama 361

TABLE IL
Pedigree of the Whitish-Grey Variant, No. 24.

Parent egg All whitish-grey
|
|
First generation (Spring of 1909) 15 normals + 20 grey batches
Normal-eqgged Series. Grey-egged Series.
Number Number Number Number Number Mixture
Number of of normal of grey Total Numberof of normal of grey of B-grey of Gand Total
Matings hatches batches batehes Matings batches  batches  batches BGi  batches
Second generation No. 24. 3 4 & 8 24, G 1 2 1 0 — 3
(Summer of 1909) . 6 4 1 5 »w 3B 2 5 0 — 7
,, 21 2 0 2 . 4% 10 15 0 — 25
n o 22 3 1 4 ' 16 i 2 0 — 3
' 24% 7 0] 7 n 20 10 10 0 — 20
Totals .. .. 20 6 2 n  16x1 0 ! 6o - !
Totals 25 34 0 — 59
Thivd genmeration 924. N 24, 1 34 0 34 24. G 4. 1% 7 13 1 — 21
(Spring of 1910) " 9% 41 0 41 , 4 18 22 4 — 44
. 3xl 2 0 2 ., 95 15 9 0 —
. 8 21 0 91 . 26 9 5 3 — 17
I 3x1 5 0 5 ,, 28 i8 8 1 — 27
4 22 0 22
” — 133
. ix1 10 0 10 Totals 67 57 9
w B 23 0 23
Totals .. .. 158 0 158
Fourth generation 24, N 24.9. N 1* 142 0 142 24 G4. GL.G1* 0 7 36 - 43
(Summer of 1910) ” 2 2% 20 26 " 7 11 38 7 — 56
» 5 5 0 5 . 8 32 4 24 — 97
" 7 71 0 71 v i1 22 47 27 — 96
” 8 87 0 87 . 21 9 31 11 — 51
no 22 66 0 66 " 28 96 16 0 — 42
" 23 3 0 3
Totals 100 173 69 — 349
Totals 398 2 400
Fifth generation 24. N 24. 2. 24, G4.G1.G 1.
No. 1. (N 10, Py oo 18 e 1 s
14,18, 22, 25) " 7 0 19 17 0 38
Mixture of 5 38 0 38 " 18 0 - 4 9 0 138
batches )
do. No.12 47 0 47 w200 18 18 0 86
P O . 94 2 5 8 ] 91
Totals 85 0 85 Mixture of 5
xiuvo o } 2t 56 40 8 106
Totals 4 120 106 15 245

* Those matings marked with an asterisk are the parent of next generation.

 Normal eggs found in these matings are not true normal form, the shell heing
rather thin when compared with that of novmals.

{ BG =B-greys.

Journ. of Gen, 11 25
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exception, normal and grey batches, Thus five matings of the normal
series from the divoltine breed yielded 20 normals and 6 greys;
six matings of the grey series from the same breed similarly gave 25
normals and 35 greys. (See Table IL.)

The third generation of the normal series which were reared in the
spring of 1910 yielded all normal egged batches which when inbred
remained true to parents in subsequent generations: ie. they became
homozygous. This was not the case in the grey series. Five matings
of the grey series in the spring of 1910 (third geneiation) gave
67 normals and 67 greys, in addition nine batches of a new variant
which we have as yet never observed in our breeds.

This new variant is characterized by the thin translucent shell which
has fine wrinkles over it and by a shape a little longer than normal
eggs. There is no depression in the middle. We shall call this kind
of variant “B-grey,” since it more resembles the grey form than the
normal ones. In the case of moths laying B-grey eggs the actual
number of eggs laid is always much smaller than the number laid by
moths laying eggs of normal colour, even though the parents belong to
the same batch, The worms which came out from the BG are so weak
that we can hardly get any moth and consequently we are unable to
trace the order of its inheritance.

Of six grey matings of the grey series which were reared in the
summer of the same year (fourth generation), five again yielded
100 normals, 173 greys and 69 B-grey batches. One mating, on the
contrary, gave mo normal eggs except the grey and B-grey, the
respective figures obtained being 7 and 36.

The fifth generation derived from the grey mating, which in the
last generation yielded no normal batches, gave 245 batches in-which
120 were grey, 106 B-greys, 5. misture of grey and B-grey, and 4
which look like an intermediate form between normals and B-greys.

Details of figures obtained in each mating of each generation will
be seen in Tables IT and IIL

From the results above quoted, we are able to say that, as in the
case of first and second series, both normal and gi;rey characteristics
segregate from one another, and it is easier to get rid of the antagonistic
characters in the normal than in the grey. The appearance of the new
form which may probably be due to the new combination of allelomorphs
renders the phenomena of inheritance rather complicated. Hence if
we consider the G'and B@ - forms as a single form; the results come in
the same category, which was mentioned in the' former series of
experiments.
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TABLE III.

Pedigree of Whitish-grey Eygs derived from the Normal
Univoltzne White.

Parent egg hatch, No. 12 All Grey eggs (laid in the Spring of 1908)
i |
Tiyst generation (Spring of 1909) G + N
i“i*'jt
Second generation (Spring of 1910) G (2) + N (4) N (8)
. . !
Third generation N (15) + G (16)

These figures will be again summarized graphically as below :

A.
G=CGrey egg bateh, N=Normal, BG=B-Grey.
1. Parent eggs in 1908 (No. 24) G
F_"__L__jl
2. ’s 1909 (Spring) & + @)
3. » 1909 (Sunumer) N (N+@) (N+ @G
!
S
4. " 1910 (Spring) all N (N + G + BG)
i
5. » 1910 (Summer) all N (C'} + BG) (N + G + BG)
6. ) 1911 (Spring) all N (G + BG)
B.
1. Parent eggs 1908 G
2. " 1909 (Spring) (@ + N)
3. ’s 1910 (8pring) (G + N) all N
4, ’ 1911 (Spring) (G -+ N)

252
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SeErIEs 4. The Spindle-shaped Eggs (Fig. 13).

In the early spring of 1909, we obtained half a batch of the eggs
laid by a Japanese normal univoltine white. The egg is long and
spindle-shaped, and is slightly pointed at both ends. There is no
depression in the middle which is a characteristic common to normal
gilk-worm eggs.

The first generation which was reared in the spring of 1909 gave
eggs which were quite normal in shape and other characteristics. The
egg-batches obtained were only six in number.

The second generation derived from the normal eggs yielded moths
which paired snter se deposited 46 batches of eggs in which we found
both normal and spindle-shaped ones, the number found in each mating

being as follows:
Number of

Number of Number of spindle-shaped
Matings normal batches batchies Totals
1 18 5 23
8 15 8 23
Totals 33 13 46

Of 46 batches derived from two normal matings, 13 were spindle-
shaped and 33 normal-shaped batches, no mixed ones.

In the third generation which was reared in the spring of 1911,
both normal and spindle-shaped eggs gave moths which, when inbred,
laid two kinds of eggs, normal and spindle-shaped; the respective
figures obtained in each mating are shewn below:

Fggs laid
A
Normal  Spindle-shaped
Number of Matings batches batches Mixture Totals
Spindle-shaped egg, No. 1. 10
,, no 12 } 25 2 — 27
3 1 24
Normal eggs, No. 6 (8 batches) 24 3 1 28

Owing to the great havoc made by “flacherie,” the mortality of
worms was o greab that we only obtained a small number of moths,
yet we are able to prove that both characleristics even when inbred
again produce the antagonistic charvacteristic. Thus the order of
inheritance of these characteristics may be represented as below :
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S =gpindle-shaped eggs; N =normal-shaped.

Parent eggs S
|
Hggs of first generation N
A ! ]
Egps of second generafion (N + ,S”)
Bggs of thivd generation N + 8) v + 8

Although we are not yet able to establish this variant as a constant
form, we may infer from the above facts that it comes in the same
category as the variants just referved to.

Of the various egg-characteristics discussed in the series of experi-
ments above referred to, we know that those in the first ahd second
series are derived from the colour of the serosa, those in the third and
fourth series from the shell, whose special structure gave the egg some
characteristics different from normal-shelled eggs.

Notwithstanding their origin being different, their order of -inherit-
ance is nearly the same.

Let us now compare the results obtained in the third and fourth
series, which are represented as below:

1. The Results of the Third Series.

(@ and B@ are considered to be a single character @.)

Parent eggs ... (¢}

Eggs of first generation .., (N +

' second ’s

|
N
. third 5 e N (N o+ G
s fourth » N
[
N

,  ffth
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2. The Results of the Fourth Series.

Parent eggs

Eggn of firat generation

’ second (N +

1
S
]

.,  third e N+ 8 (N + &)

In this case, if we consider the parent egg, (f in the third series, as
the IV of the first generation of the fourth series, both results come in
a single form which may be represented as below :

d:=@ in the third and N in the fourth series;
B=N in the third and S in the fourfh series.

Parent eggs ... B
|
Bggs of fivst generation ... 4
L J‘__T
»  second N (B + 4)
e
»  third ’ B (4 + B) (4 + B)
{
]
,,  fourth ' B (d + B)
|
i,,._.l.__
,  fifth » B A (4 + B)
l |
»  sixth " B A

If we compare the results obtained by the first and the second
series of experiments, we can easily see that they behaved in inheritance
in a similar manner to those above described, certain inconsistent
results being due perhaps to the appearance of divoltine white eggs
which prevented the elimination of the antagonistic characteristics
during one generation.
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IV. CROSSING 0F VARIOUS BREEDS OR VARIANTS POSSESSING
DIFFERENT HGG-CHARACTERISTICS.

SERIES 1. Crosses between the wild (Theophile mandaring, M.) and
the domesticated (Bombyz mort, L.) mulberry sill-worms.

The egg of the wild mulberry silk-worm (Fig. 10, ¢, b) 1s deposited
in & small group on stems or twigs of the mulberry tree. When newly
laid, it is a straw yellow (Fig. 10, ) which with the formation of the
blagtoderm gradually assumes a brownish tint and at last turns greenish
grey (Fig. 10, a). The shape is nearly the same as those of cultivated
ones, while the size is little smaller than the latter.. The shell is straw
yellow and translucent.

The egg of the domesticated silk-worm used in this series of
experiments is light greenish white when newly oviposited. It gradually
assumes, as in the wild form, a brownish tint and turns brownish slate
with some shade of purple or pink, ie. it assumes the normal colour of
Japanese silk-worm eggs (Figs. 1, 3, 11). The shell is nearly white,
rarely faintly shaded with a greenish, brownish, or other tint.

In the spring of 1905, five wild female moths were mated with
domesticated males (tetravoltine Tobuhime). They deposited, with no
exception, eggs whose characteristics are the same as those of pure wild
ones in every respect, such as colour, shape, size and brood character
(voltinism). On comparing them with those laid by pure wild parents,
we were not able to find any difference at all.

Eleven reversed matings (uni-, di-, and tetravoltine females with
wild males) gave, on the contrary, eggs which are similar in shape,
colour and voltinism to those of pure domesficated ones (Fig. 11).
Bven the eye of experienced breeders is not able to distinguish the
cross-bred eggs from those laid by maternal pure breeds.

Other five batches derived from divoltine females in the spring
brood mated with wild males are all divoltine white in eolour, and thus
the order of inheritance is entirely maternal, no paternal influence being
observed in those reciprocal matings.

The wornas which emerged from the reciprocal F; eggs were reared
in the summer of the same year. Moths derived from the eggs laid by
the wild female matings (five matings) gave 56 batches of eggs, all
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of them being uniform in their characteristics. When oviposited, they
were light greenish yellow and much lighter in colour than the #, and
gradually assumed a brownish colour which finally turned a greenish
slabe. Although they resemble the F, eggs very much in colour, they
are darker and the colours are more decided than the latter, and have
no dirty or dull shade which is common in the eggs of Theophila. The
shell is of clear greenish yellow and deeper than that of the F or pure
wild forms, Therefore, we may easily distinguish F, eggs from F, eggs.
There ave, however, certain variations of colour in the same batch or
between different batches, but no trace of the colour-characteristics
of the domesticated parents, and consequently we may say that the
colour-characteristic derived from the wild parent dominates over that
from the domesticated parent.

In the spring of 1906, we reared worms derived from the I, eggs.
Owing to the prevalence of grasserie and diarrhoea, all of them died
without attaining their mature stage. It will be noted here that, as far
as our experiments went, the hybrid form is much more easily injured
by those diseases than the pure domesticated form, especially in the
case where the male parents were of the wild form. It is, therefore,
very difficult to rear a good supply of the hybrid form for experiments.
We were therefore compelled to continue our experiments with back-
crossed form paired with domesticated one which is healthier than the
first cross.

Back-crosses.

In the summer of 1905, cross-bred moths from the F, eggs were
mated with pure domesticated ones. Reciprocal matings gave, as in the
case of I, diametrically opposite results. Four F) females mated with
pure domesticated males gave all greenish slate eggs whose colour
is quite the same as that of the F), eggs before mentioned, while those
laid by 12 domesticated females (tetravoltine white) mated with the
cross-bred F) males produced, without exception, eggs with character-
istics quite maternal.

The worms derived from the former matings all died in consequence
of the two diseases above mentioned, while those from the latter, being
much more able to resist those diseases, gave some moths in the end of
the autumn of 1905, that is to say, the third brood of 1905. - 36 batches
of eggs resulted from the wnfer se breeding, in which we found many
different coloured batches as is shewn below:
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Mixture of
Number of Gireenish-slate  Japanese normal various
Matings batches colour-batches shaded eggs Totals

I 0 2 3 5.

Ib 1 0 0 1
ITa 9 8 5 22
IIe¢ 0 2 1 3
Ile 3 0 2 5
Totals 13 12 11 36

Of 36 batches or matings obtained, 13 were greenish slate as in
their parents, 12 Japanese normal colour, the rest being a mixture
of both kinds of eggs and some intermediate ones in various pro-
portions.

Owing to certain variations found in a batch, or between various
batches, and the scanty number of matings obtained from each parent,
we are unable to give the exact numerical proportions of these various
coloured batches, but we certainly see that the uniform coloured
F, characteristic disintegrated into various coloured forms.

In the spring of 1906, we reared worms derived from normal-
coloured eggs. Moths paired <nier se gave all divoltine white eggs.
The fourth generation from these divoltine white eggs were reared In
the summer of 1906. Three matings gave three kinds of egg batches,
as in the former generations, namely :

Number of Japanese

Matings Gireenish-slate normals Mixture Totals
Ila, 3 5 7 3 15
y 4 ¢ 10 5 19
5y B 2 4 10 16

In 1907, we made similar experiments. The worms which came out
from normal-coloured batches gave all divoltine white eggs in the
spring. The summer hroods gave 30 batches of eggs, all of them being
of the normal Japanese colour. Since then they have bred true to
parents, never giving any greenish coloured ones.

Résumé :

T:greenish-slate coloured batches like those laid by pure Theophila.

N=brownish-slate coloured egg batches, common to normal Japanese breeds,

M=mixzture of those two kinds of eggs ahove-mentioned and some intermediate

coloured eggs.
W=divoltine white.

1 @
(¢ Theophila x ¢ Bombyx) (¢ Bombyx » ¢ Theophila)
I |
Fy eggs T N
I |
Iy eggs T T
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Back-Crossing.

1 (2
(2 Iy x & Bombyx) (¢ Bombyx x ¢ Fy)
Bggs of first back-crossing T Zl\f
]
" second " (T + Ni + M)
" third ’ IIV
-
v fourth ' (I + N + Ml)
» fifth »y 71|/'
constant

We see that the phenomena of inheritance observed in F) eggs and
in back-crosses are exactly maternal, no trace of paternal influence, and
that both Theophile and Bombyz coloured characteristics segregate from
each other, and may be extracted again in their original form.

SERIES 2. Crosses between the Whatish gréy-egged and
Normal-egged forms.

In the spring of 1909, we made crosses between the whitish grey-
egged and the normal-egged breeds. The grey-egged breed used in this
series of experiments was the very same breed used in the second series
of experiments before mentioned, that is to say, Grey No. 24. ~ Normal-
egged -breeds were: (1) tetravoltine white (Onodahime), (2) divoltine
albino extracted from a cross between divoltine “Chiyodzuru” and
“Chiist” albino, (3) divoltine “Shinkawachi,” and (4) “H, albino”
extracted from a cross between Japanese tetravoltine white and the
wild mulberry silk-worm.

(@) Tetravoltine normal-egged females (Onodahime) mated with
males of Grey No. 24.

Three matings were made in the spring of 1909 which gave all
normal divoltine white #; eggs. Of the summer broods derived from
the F, eggs, those from two batches yielded both normal and grey
(34 normals and 15 greys) F, batches and the remainder only normal
batches.

Some of the I, batches hatched in August, which were the third
brood of 1909. Seven batches were reared separately and. when
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matared gave, without any exception, normal F; batches, the number
being 461. Their posterity only gave one batch of grey eggs in four
successive generations during which they produced 1042 batches. Thus
we may safely say that some of the normal-egged form which appeared
in the #, are homozygous from their first appearance.

Descendants of the F, grey batches derived from the same summer
brood, on the contrary, produced the antagonistic normal-coloured.
batches in #; (the spring of 1910). Of five matings reared, four
yielded grey, normal, and B-grey F, batches, while one gave grey and
B-grey, no normal batches. In the former, we found 20 normal,
34 grey, and 5 B-grey batches, and in the latter 6 greys and 3
B-greys.

In the summer of 1910 we again reared nine grey batches, one
of which was derived from a mating which did not produce any normal
eggs in the last generation. Bach of them yielded three kinds of
F, batches, normal, grey, and B-grey, except three matings (Nos, 2. 4. 1;
2.8.6; 2. 8. 4) which gave only grey and B-grey batches. The total
number of F, batches obtained in the former matings was 78.(26°5 /)
normals, 126 greys, and 90 B-greys, and in the latter 51 greys and
80 B-greys. Two B-grey F, hatches which were reared in the same
season gave only four F batches, one being grey and three B-greys, no
normal batches.

The autumn (1910) brood derived from the summer grey brood,
which laid only grey and B-grey batches, gave F; batches, in which we
again found normal batches, but their proportion became gradually
lessened as the figures show, namely, of five matinlgs derived from the
grey mating No. 6 which did not produce any normal batches in the
summer, two gave 28 normals, 71 greys, 39 B-greys, #, batches, the
rvemainder 68 greys and 55 B-greys. Of seven derived from No. 1
mating, which as in the former gave no normals in the summer, five
gave three kinds of F; batches (15 normals, 52 greys and 27 B-greys)
and two no normal batches (12 greys, 18 B-greys). In the former
lineage, therefore, the proportion of normal batches is 20 °/, and in the
labter 1de4°/ .

In the spring of 1911, we again reared nine grey batches derived
from the brood which produced no normal batches in the last generation.
They gave 103 F; batches of eggs of which 49 were grey, 49 B-greys
and five a mixture of both kinds of batches.

Ten batches of B-grey eggs derived from the same parents as above
matings were reared, but all of them died before attaining maturity.
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Fy eggs (Spring, 1909)

TABLE IV.

Crossing between Tetravoltine Normal-egged and Heterozygous Grey-egged Variant No. 24.

{ ¢ Normal-egged x & Grey-egged variant)

All normals (Nos. 1, 2, 8)
|

~ ™~
No. of Matings  No. of normals No. of greys Totals
Fy eggs (Summer, 1909) 1* 6 0 6
2% 16 14 30
3* 18 1 19
Totals 40 15 55
Normad-eqged Series. Grey-egged Series.
Year  Number of Matings Normal Grey B-grey Totals Number of Matings Normal Grey B-grey Mixed Totals
Fy 1909 1. 1* 71 0 0 71
(August) 1.2 61 0 0 61
2, 2% 42 0 0 42
3.1 87 0 0 87
3.2 7 0 0 7
3.8 49 0 0 49
3.6 49 0 0 49
Totals 366 0 0 366
Fy 1910 1.1, 7 39 0 0 39 Fy 2, 1*¥ 0 6 3 — 9
(Spring) ) ig (.‘:.8 0 0 38 , 4 7 10 1 - 18
2 29 0 0 27 ,, B* 11 18 0 — 24
,, 23 28 0 17y 29 g* 1 7 0 L g
bR
,y 26 50 0 0 50 , 16% 1 4 4 . 9
2.2. 2 392 0 0 32
. 4 30 0 0 30 Totals 20 34 5 — 59
,, 11 28 0 0 28
,y ¥ 39 0 0 39
,, 18 29 0 0 29
Totals .. 828 0 1 324
Fg 1910 2.2.7. 4 96 0 0 96 7y 2. 1..5 5 8 4 — 17
(Summer) » 5% 76 0 0 76 2, 4. 1% 0 27 9 — 36
. 7 24 0 0 24 2. 16, 8 16 27 13 — 56
,e 11 27 0 0 27 2. 16. 3 29 30 29 — 88
,, 12 4 0 0 4 2. 5.2 9 34 20 —_ 63
Totels .. 227 0 0 227 2. 5.6 o2 — 48
2. 8. 4 0 1 1 — 2
2. 8.3 8 7 12 — 27
2. 8. 6% 0 23 20 — 43
Totals 8 matings 0 51 30 — 81
6 » 78 126 90 — 294
No.2.1BG1 0 1 0 — 1
4.7 0 0 3 — 3

* Those marked with an asterisk are the parents of next generation.
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TABLE IV.—(continued).

Crossing between Tetravoltine Novmal-egged and Heterorygous Grey-egged Variant No. 24.

Normal-egged Series. Grey-egged Series.
Yerr  Number of Mabings Normal Grey B-grey Totals Number of Matings Normal Grey B-grey Mixed Totalg
Iy 1910 2.2.7.5. 4 22 0 0 22 Ky 2.8 6, 1 12 39 21 — 72
(Autwmn) , 18 80 0 0 80 . 4 o 2 2 — 4
. 11 39 0 0 39 " 6 16 32 18 — 66
n 17 37 0 0 37 S 5 3 0 14 18 — 32
' 20 41 0 0 41 b, 44F 0 49 35 — 77
. 77 29 0 0 29
Totals 2 matings 28 71 39 — 138
Totals ... 248 0 0 248 35, 0 58 55  — 113
2.8.6. BG 3 0 11 11 —_ 22
., BG9 0o 1 8 — 4
., BG12 o 0o 1 — 1
Totals ... 0 12 15 —_ 27
2.4, 1. 8 6 15 8 — 29
" 9 1} 8 12 — 20
1 12 11 14 7 — 32
. 17 2 13 6 — 21
., 2 8 & 3 — 12
. 2 0 4 6 — 10
. 19 8 4 3 — 10
Totals 5 matings 25 52 27 — 104
2, 0 12 18  — 30
Fy 1911 2.2.7.5.18. 38

(Spring) . 6 Fg 2.8.6.44. 3 0 5 8 — 13
w17} 243 0 0 243 ”» 6 0 4 1 _ 5
o 18 . 2 0 2 5 — 7
" 19 ’ 60 0 3 5 — 8
' 95 0 15 9 3 27
. 12 0 1 2 1 4
. 12 0 7 12 0 19
. 16 0 6 8 113
. 19 0 6 1 0 7
Totals 0 49 49 5 108

* Those marked with an asterisk are the parents of next generation,
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The respective figures obtained in each mating in every generation
are represented in Table IV which will be summarized as below :

(Normal x grey No. 24}

Iy egps N
[
II_._, —
Iy eggs N (N + &)
Faeggs 2 N (G + BG) (N + G + B@G)
' !
( 1 [ 1
| — |
Fy eggs N (N + G + B® (¢ + BG) (G + B]G) (N + G +5BG)
—
l ] lr._._l_~
Fy eggs N (G + BG) (N + @G + B& (G + BG)
!
Fg eggs N (G + BG)

The results are nearly the same as those obtained in the original
grey variant which is inbred, except the appearance of the constant
N form.in F.

(b) Exactly the same results were obtained when we crossed
a normal-egged breed extracted from a cross between divoltine
“Chiyodzuru” and the univoltine albino before referred to with the
grey-egged variant No. 24. The results of experiments are tabulated
below (Table V).

(c) In this series we made again similar matings as in the previous
two series of experiments. Three females from the divoltine normal-
egged white called “Shinkawachi” and two from the normal-egged
extracted form called Z ITIT were mated with males derived from the
very same grey variant used in the preceding experiments. They gave
as in former cases, all #, normal egg-batches, no grey ones.

Two batches from the former and one from the latter were reared in
the next season. The former gave 93 F, batches and the latter 13 F,
batches, all of them being normal batches. Five batches of the former
and one batch of the latter were again reared in the next season. The
former gave 968 F; batches of normal eggs and the latter 10 ¥, normal
batches.
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TABLE V.
(@ Normul x & Grey).
Iy eges Normal divoltine while (one bateh)

(Spring, 1909) ~

Tgg-batehes produced

Number of

I matings Nornial batches Grey batches Total
2 eggs ;
(Summer, 1909) 6" i3 1 24
A Al
Number of Number of
Parent Normal CGhrey Taotals Parent  Nommal Grey B-grey Tobals
Iy eggs 6. 3 5 0 5 6, 16% 14 28 5 47
(Spring, 1910) 6. 7% 10 12 923 6. 18% 7 11 8 26
6. 21 9 12 21 6. 19% 7 [ 6 19
Tolals 24 24 48 Totals 28 45 19 9%
|
Grey series Grey series
Fonumm A =
Nunber of Number of
Parent Normal Grey B-grey Totals Parent Normal Grey B-grey T‘otmls
. T eggs 6.7. 8% 0 8 22 55 6.16.12% 44 49 0O 93
(Summer, 1910) L, 14 18 12 0 80 , 18 6 4 0 10
» 8 8 1 0 22 (B-grey -series)
»o 91T 4L 28 86 445 g o 1 8 31
s 8 0 11 10 21
, 18 0 0 4 4
6.18. 1 Qo [4] 6 6
6.19, 1 0 2 0 2
,y 8 0 14 3 17
Grey series Grey series
A A
F5 egys Number of Number of
(Spring, 1911) Pavent  Normal Grey B-grey Total Parent Normal Grey B-grey Total
6.7.8 | 9 6. 16. 12 ) 94
(4 and 5)f < 8 6 1 (5 and 16) | 8 16 0 24

Parents of next generation.

In the mext generation paired inter se, both series again yielded
only normal-egged F, batches, the number of batches produced in the
former series being 66 and in the latter 123. Now it is-quite certain
that.in these matings there is no grey factor which has lain dormant as
in the former matings.

The facts obtained in-these thiee series of experiments and those
from the second series of the line breeding suggest to us, firsily that
among the eggs of grey-batch No. 24, there are two kinds of grey eggs,
one having the grey factor in its zygotic composition, while another has
no grey factor, in spite of its being grey in colour; that is to say, some
grey eggs are heterozygous for the normal factor, some homozygous
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normals ; secondly that the normal and the grey segregate from each
other in their succeeding generation as other Mendelian characters do;
thirdly that it is much easier to free the normal form from the
antagonistic character than the grey; and, lastly, that the normal form
does not produce any other form when it becomes free from the grey
form, while the grey form segregates into another form even after being
freed from the normal form. From this fact we may safely infer that
the grey is more complicated in 1ts constitution than the normal.

SEpiEs 8. Crosses between Yellow and White forms of Japanese
Tetravoltine Breed, “ Onodahime.” (Fig. 9, « and 0.)

Normal Japanese tetravoltine breeds are generally white cocoon-~
spinners, as far as we are aware. In the year 1905, we obtained a
mixed breed consisting of white and yellow cocoon-spinners, the latter
being a yellow-blooded form. Each form was reared separately and was
established as a constant form. In the spring of 1907 reciprocal
crossings between these forms were made.

Yellow females mated with white males gave F, eggs which are
all yellow when newly laid! (Fig. 9, b). This is the characteristic egg-
colour of the yellow form. The reversed mafing gave, on the contrary,
all pale white F, eggs (Fig. 9, o) which is also the characteristic colour
of the white form. It will be necessary to note here that the colour of
newly laid eggs is determined by that of the shell and the yolk, both of
them being maternal in their origin.

The worms which came out from the reciprocal I eggs were reared
in the late autumn of the same year. All the worms were yellow-
blooded and spun yellow cocoons without any exception. The moths
paired nter se gave all yellow F, eggs which are quite the same as
those laid by the pure yellow forms.

In the spring of 1908, the F, yellow eggs gave two kinds of worms,
the one being yellow-blooded, the other white-blooded ; the total figures
found in those matings are shown below :—

Number Number of yellow- Number of white-

of Group blooded worms blooded worms Totals
I 485 169 654
II 567 160 727
Totals 1,052 329 1,381
Mendelian expectation 1,085 345 1,380

1 In this series of experiments, we only refer to the colour of the egg when newly laid,
i.e. the colour of eggs before the formation of the blastoderm takes place.
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The moths derived from these yellow- and white-blooded worms
were paired in the following ways:

I 2 Whibe-blooded moths x g White-blooded
II ¢ White
I ¢ Yellow
v ¢ Yellow

1 ' x ¢ Yellow v
” X & Yellow "
2 i3} X & White nM-
They gave the results which are tabulated below :—

Worms Which énlerged from

Parents the ege
Number P S Colour of the N
Group  of Matings  TFemale Male eggs laid Yellow  White Totals
L I No. 9 white white pale white 0 all white all white
1 1 le i3] ” ” " ” ”
1 1 10 1 1 1 31 1 13
1 » 13 » 3] 1 ” " 3
w o 21 ” . " " ” ’
II' II No. 6 while  yellow pale white 59 51 110 .
N » » ' 17 0 17
w14 " " ' 242 0 249
o 9 28 . " " 27 19 46
III II No. 9 yellow yellow brownish yellow 0 0 0
w w8 " " " ' 109 30 139
[ "o " 1 ' 39 14 53
w o o B ™ " greenish yellow 0 0 0
[ & § . " brownish yellow 71 17 88
2] 5] 16 1 1 1K} 3 0 0 \
. . 24 " . " greenish yellow 54 13 67
Totals 273 74 347
v I No. 6 yellow  white yellow 65 55 120

As the Table shews, if yellow-blooded females (both homozygous and
heterozygous) are used, whether they are mated with their own males or
other white males, the results are always the production of brownish
or greenish yellow eggs which is a characteristic of the yellow-blooded
form. In like manner, white-blooded females mated with yellows
(homo- and heterozygous) or whites gave all whitish eggs, characteristic
of the white form. Thus we may say in this case as in the other cases
before cited, the colour characteristics of the egg are not influenced by
the zygotic composition of the egg after fertilization, but by their
maternal zygotic constitution before fertilization, and therefore there is
no sign of male characteristics to be seen in the egg, but in the larval
stage thelr relation is quite Mendelian.

Journ. of Gen. 1x 26
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Résumé :

Y=yellow eggs; W=white eggs; (y)=yellow-blooded worms and moths; (w)=white-
blooded worms and moths,

1 ()
$ (y) x ¢ (w) 2 (w) x &)
Fy eggs Y W
Worms and moths (ly) (yl)
Fy eggs i’ Yl
Worms and moths {3 l(y) : 1 %w)}
f ! , 1
{e@x=amt {2 xay)}
Fy eggn i w

l—

Y
|
i

N g—_

Worms and moths alll(y) AB(y) 1 1{w)} alli(y) AL@) i 1@)} all(y). {1 (w):1(y)} (w)

SERIES 4. Crosses between various Breeds which lay different
coloured Hggs.

This series of experiments was undertaken with the intention of
observing the influence of egg-characteristics belonging to the breed
used as male parents towards the characteristics of F) eggs.

(1) Reciprocal matings between Chinese whites from the Joken
and Kainei districts and Japanese univoltine’ breeds, “ Aojiku” and
“ Chstl.”

Hgg-colour of the Chinese breeds: dark-slate, more or less shaded
with green in various degrees, sometimes without any green shade.
We call this colour Chinese normal colour.

Egg-colour of the Japanese breeds (Figs. 1, 8, and 11): brownish
slate, more or less shaded with pink or purple. This is the ordinary
egg-colour of Japanese breeds.

Numbey of
Matings Matings Colour of Iy eggs
2 Chinese Joken x ¢ Japanese Aojiku 10 all Chinese colour
[ ,y Kainei x & » Chasit 13 . '
¢ Japanese Aojikux ¢ Chinese Joken 10 Japanese ordinary colour
? " Chisti x & ) Kainei 15 ) ’y

(2) Reciprocal crosses between the Japanese green breed (Seihaku)
and the extracted normal-egged breed (Ivg), or the univoltine white,

“ Sekai-ichi.”
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Egg-colour of the green breed : ordinary brownish slate with various
shades of green (Fig. 6), some of them having no green shade. It
resembles in colour the Chinese colour but the shades are different,
so we are able to distinguish the Chinese colour from that of Japanese
green.

. Number of
Matings Matings Colour of 7y eggs
¢ Green x g “‘Ivg” 5 one batch normal slate, the rest a mixture
of various green shaded eggs, i.e. ordinary
eolour of green breed
2 Ivg % & green 6 Japanese normal colour
9 Sekai-iehi x & green 5 » " »s

(3) Reciprocal matings between the wild .mulberry silk-worm
(Theoplala mandarine) and Japanese normal-egged breeds (Shinya-
hime), tetravoltine “ Onodahime,” tetravoltine “7Tdbuhime,” univoltine
“ Matamukashi”).

Egg-colour of Theophila: grey, more or less shaded with green,
as has already been described.

" Number of

Matings Matings Colour of Fy eggs
¢ Bhinyabime % ¢ Theophila 8 all Japanese normal colour
2 Onodahime x g ' 2 » 2 A”
¢ Univoltine Matamukashi x ¢ Theophila 2 )y s 3
¢ Tsbuhime x g Theophila 3 » » »
¢ Theophila x ¢ Tébuhime 3 all Theophile colour
? ' g Matamukashi 2 5 3

(4) Reciprocal matings between the normak (Fig. 1) and the
reddish brown egged (Fig. 2) forms found in the divoltine breed, “Shinka-
wachi.”

Number of
Matings Ma.ting_s Colour of Fj eggs
¢ normal x ¢ reddish-brown 20 all normal colour
¢ reddish-brown x & normal 15 all reddish-brown, few being a little darker

shaded

(5) Reciprocal crossings between the European yellow, « Papillons
noirs ” and the Japanese normal-egged breed, “ Tatsatahime.”

Egg colour of “Papillons noirs”: slate grey, more or less shaded
with green as in Japanese green; sometimes without any greenish
shade; the general colouration, however, differs from that of the
Chinese, Japanese or Theophile green, each of them having its own
characteristics : egg-colour of “Tobuhime,” normal Japanese colour.

Number of

Mabings Matings Colour of Fy eggs
¢ Papillons noirs x & Tatbsutahime 2 Turopean greenish slate
¢ Tatsutahime x & Papillons noirs 2 all divoltine white

26—2
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(6) Reciprocal crosses between European breeds (Italian white and
Sina blanc) and Japanese normal-coloured breeds (divoltine Shinkawachi,
tetravoltine Tatsutahime, and divoltine Asakanishiki).

The egg-colour of these Eunropean breeds are practically the same as
that of Papillons noirs, i.e. greenish-shaded slate.

Number of

Matings Mabings Colour of Fy eggs
¢ Italian white x ¢ Shinkawachi 3 slate grey
’ v " 7 mixture of various greenishi-shaded

greys and normal slates

2 Shinkawachi x g Italian white 3 Japanese normal colour

2 Tatsutahime x ¢ Italian white 25 all divoltine white

9 Asakanishiki x ¢ Sina blanc 7 " »

¢ Italian white x ¢ Tatsutahime 4 a mixbure of varions green-shaded
greys and normal slates

¢ Sina blane x & Asakanishiki 6 the same colour as the above

(7) Reciprocal crossing between albino and colour-egged breeds.
The colour-egged breeds used in this series of experiments were:

1. Ruropean yellow, Papillons noirs,
2. Japanese white, “Sekai-ich1,” “Tako,” “ Chiisii,” and the extracted
white “Ivg,” univoltine green, “ Seihaku.”

3. Albino: univoltine Chisti albino (the colour of the egg is
a greéﬁish Wltlite, sometimes fainly shaded with orange), another is.the
Chinese orange breed, its eggs being clear orange with certain variations

In intensity:

Numper of
Matbings Matings Colour of Fy eggs
¢ Orange x g Papillons noirs 1 light pinkish brown
¢ Orange x & Sekai-ichi 5 mixture of ovange to dark-pinkish
browns
4 light pinkish brown with various dark
? Orange x g Green 5 shades
1 dark pinkish grey
2 Orange, slightly shaded with a dark
. pink
§ Orange x 4 Ivg 5 3 a mixture of orange, dark pink, and
a few normal eggs
¢ Chiist albino x ¢ Univoltine some batehes are all white, some
Chiisi white mizxed with various shaded
eggs
¢ Chiisii albino x g Chiyodzuru the same as the above
9 Papillons noivs x ¢ Orange 3 Buropean green-shaded eggs, onebeing
little lighter in colour than the
others
¢ Sekai-ichi x @ Orange 5 all normal brownish grey
2 Green x & Orange 5 various green-shaded eggs, character-
istic to the green breed
2 Ivg x & Orange 6 all normal brownish grey
? Tako x ¢ Orange 4 the same as the above
¢ Chiyodzuru x ¢ Chiist albino 4 the same as the above
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In the crossings above quoted, we compared the reciprocal ¥, eggs
with those laid by pure maternal breeds in each case, and came to the
conclusion that the colour-characteristics of the egg are governed by.
those of the female parent. As far as our experiments went, it is very
difficult to distinguish between these F) eggs and those laid by pure
maternal breeds, even to the eye of experienced breeders the line of
demarcation was indistinguishable, except in the case of albinotic
matings.

As to the albinotic matings, the case is rather different from that of
the coloured matings, since the eggs laid by albino females mated with
coloured males sometimes were more or less influenced by fthe male
characteristics and sometimes shewed no male influence. In the Chiisi
albino matings we often obtained pure white F; eggs, while in the
orange albino these maternally characterized eggs were ravely found.

Now then, we may draw the conclusion that most of the egg-colours
which are commonly met with in various breeds are maternal in
inheritance, in spite of the origin of these different colours being due
to the pigments which are deposited in the serosa. In Chinese,
Buropean and in some green breeds the green colour of the shell may
help the production of these greenish shades, but it is nob the chief
cause of the green colour.

Concerning albino breeds which gave rise to more intricate series of
results when crossed with other coloured breeds, we shall deseribe them
in the second contribution of this subject.

From the series of experiments above mentioned, we know that all
the colour-characteristics of the silk-worm egg are maternal in in-
heritance with the exception of the albino, in which the recessive
uncoloured characteristic of the female parent is sometimes more or less
influenced by the dominant coloured male. We must not forget, how-
ever, that there are breeds whose egg-characteristics behave exactly as
other normal Mendelian characteristics do. We shall now describe
a case of this kind studied by us. '

SERIES 5. Inheritance of the “ Crimson-egged” Breed.

In the spring of 1909 we obtained, through the kindness of
Mr J. Ariga of the Nagano district, two batches of eggs laid by a
divoltine breed. This breed is characterized by the special colour of the
egg which is a clear crimson-red. It is one of the most strikingly
coloured eggs we have ever had. In one batch (No:5) we found
30 normal colotired eggs and in another (No, 20) only two norrial eggs,
all the remainder were crimson-red.
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Characteristics of this Breed.

From the results given by rearing through consecutive generations,
it was ascertained that all the worms were normal patterned and there
was no considerable difference from normal breeds, except in the colour
of the head and eyes. In the fourth and fifth stages, we clearly
observed that the head of the worm wag of a light reddish brown as
contrasted with the normal brownish grey of normal-egged breeds.
The eyes, both simple and compound, were tinged with crimson. The
eggs when newly laid are white as is the case in normal breeds. With
the. formation of the blastoderm, they gradually changed into a light
orange, then into brownish orange and at last into clear crimson. They
do not remain the same in colour throughout the year; when the
development of the embryo is in its earlier stages they take on some
shade of brown which gradually merges into a clear crimson. After the
hibernation, when the development of the embryo again takes place in
spring, they assume a dark shade of crimson and the pigments are not
uniformly distributed in the serosa. The shell is white. The shape is
quite normal. The cocoons are white, and their form is cylindrical with
the constriction in the middle like that of the normal Japanese breed.
The moths are white, with faint markings as in normal light moths.
We shall call this breed the “Crimson-egged” breed.

Crossing ewpervments with Normal Breeds.

Reciprocal matings between the crimson-egged and many normal
breeds were made. Female moths derived from the spring brood of the
crimson breed were mated with males from tetravoltine white (Qno-
dahime), the extracted normal-egged breed derived from a cross between
Japanese white and the Chinese dark-wormed breed, and the divolting
white (Renzoku). These three breeds were all true in their normal
egg-colour characteristic. The results of the reciprocal matings are
shewn below :

A, Iy Eyggs.
1. (% normal breed x & crimson breed.)
Number of
TFemale parent Male parent  Mating Bggs 1aid (Iy)

Tetravoltine white (Onodahime) Crimson 6 divoltine white

b2 ” 1 3 7 n n
The extracted normal breed " 11 ” »

» " ”' . 12 normal dark colour

n l} b2 3?2 13 EAd 3)

" » b2 bR 14 » bR
Divoltine white (Renzoku) . 15 ’s ’y

16 > 3

n 1 "
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Of eight matings, five gave all normal dark eggs, while three
gave all divoltine white eggs, which is the maternal characteristic of
tetra- or divoltine females in their spring brood.

2. (9 crimson breed x 4 normal breed.)

The reversed matings gave results identical with those represented.

Number of

Female parent Male parent Matings Bggs laid (Fy)
;Crimson Tetravoltine Onodahime 4 normal davk
” i1 ” 5 ” »
2 ’s The extracted normal-egged

form from the cross be-| o 473 divoltine white
tween Bombyx mori and
Theophila mandaring

3 Chinese ** Dragon horn ”? 1 greenish slate

»

The results of the reciprocal matings shew us that in the F; eggs
normal coloured or greenish coloured characteristics dominate over the
crimson, while the voltine characteristics are, as in other egg-character-
istics before enumerated, maternal in inheritance.

B. F, Eggs.

The worms and moths derived from the reciprocal normal-coloured
F, eggs in the summer of 1910 were all dark-eyed, and the moths
paired dnter se gave the following F, eggs:

Eggs laid by each moth
Number of
Matings Matings Normal  Crimson Totals
6.1 342 136 478
6. 2 294 108 397
6.8 369 108 472
6. 9 374 103 477
¢ Tefravoltine * Onodahime” 6, 10 314 124 438
¢ Crimison 6, 11 192 77 269
6. 12 334 109 443
7.6 300 97 397
7.18 272 107 379
7x6.28 214 88 302
Totals 3001 1047 4048
¢ Extracted normal-egged breed 11,1 278 96
from the cross, Japanese 11. 2 176 68
white x Chinese black- 11. 4 319 115
wormed breed 11. 6 351 123
¢ Crimson 11. 7 330 119

Totals 1454 591
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Eggs laid by each moth

Number of e P
Matings Matings Normal  Crimson Totals
4,8 293 93
4,5 301 126
9 347 128
2 Crimson 10 359 96
¢ Tefravoltine ** Onodahime” 11 332 83
13 355 112
14 275 89
Nos. 1, 2, 4, 8, 16—18 all divoltine whites
Totals 2262 727 2989
(¢ Crimson No. 20 2,1 230 80 810
¢ B111.11, 1. 8) 3.3 89 24 106
1. 15 319 124 443
(¢ Orimson x & *Dragon-horn™) {1. 16 290 105 395
1.17 389 110 499
Totals 1,310 443 1,758
Grand totals 8,027 2,738 10,765

Txpectation

8,0733  2,691% 10,765

Every mating, except those which gave divoltine white eggs, yielded
both crimson and normal-coloured eggs in an approximate proportion of
3N : 1R respectively ; the total number of crimson and normal-coloured
eggs obtained from 17 F; dark-eyed moth matings being 5026 and 1691
respectively, that is to say, 3 normals : 1 crimson,

C. F, Hggs.

The mixed F, eggs laid by the cross, Tetravoltine normal egged
x Crimson egged breed, were reared in the spring of 1910. Both the
normal and crimson-coloured eggs found in each batch were reared
separately and gave the following worms and moths :

Kinds of worms

Number of normal hatched
Number of and crimson eggs e
parent batches in each batch = Dark-eyed  Crimson-eyed
2 Tetravoltine} No, 6. 1 %N. 342 281 (82 9/,) 0
g Crimson T R. 136 0 46(33 of,)
N. 369 301(82°
" No. 6. 8 éR 108 0 (%87%) 2&? 27 91,)
N. 374 290 (77¢° 0
» No- 6.9 }’R. 103 0 et 40 (38 9/,)
Mixed rearing of Nos. 6. 2 {N. 594 465 (78°/,) 0
and 7. 6 R. 200 0 91 (45 °/,)
Crimson eggs derived from five batehes 39

Moths
all dark-eyed
all erimson-eyed
all dark-eyed
all erimson-eyed
all dark-eyed
all crimson-eyed

all dnrk-eyed
all crimson-eyed

all erimson-eyed
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As the figures show, crimson-coloured eggs always produced crimson-
eyed worms and moths and the normal ones gave dark-eyed worms and
moths. Both the crimson and normal-eyed moths paired enter se gave
the following F; egg-batches:

(1) Crimson-eyed moths paired inter se.

Number of Matings Colour of the eggs laid
No. 6. 8. 15 all erimson-coloured eggs
No. 6. 9. 14 ” ” ”
No. 6. 8. (x pure crimson) 16 . ' ,,
No. 6. 1. (x pure crimson) 27 s - s
No. 6. 8. (x No. 6. 1) 11 divoltine white
No. 6. 2. (x No. 7. 6) 13 » '
No. 6. 9. 15 ’s ’

Of seven crimson-eyed matings, four gave all crimson-coloured
eggs, while the remainder gave all divoltine white eggs which in the
next generation gave rise to crimnson-eyed worms and moths and laid
all crimson-coloured eggs. We may say, therefore, that the crimnson-
coloured: characteristic is segregated from the normal-coloured ones.
The lineage of this series gave all crimson-coloured eggs in the succeeding
generations.

(2) Normal-eyed moths inbred.

Eges laid
Number of [ N
Parents Matings Normal Crimson Totals
No. 6. 1 11 286 79 315
' 12 all normals all normals
IR} 13 2 Xl
No. 6. 8 15 all divoltine white batches
No. 6. 9 4 all normals all normals
3 5 3 M
,, 7 3 : 1
’ 8 all normals all normals
1; 9 33 2
No. 6.2 x No..7.6- 6 3 : 1
. " 8 263 81 344
» ” 12 248 88 331
ye ” 8. 312 117 429
15 8 : 1

Back-crossing of Fy Dark-eyed Moths with extracted
Crimson-eyed Moths.

I, dark-eyed moths derived from the mating, 9 crimson x ' tebra-
voltine white, were mated with crimson-eyed males-derived from the F,
eggs of the mating, § tetravoltine x 4 crimson.  Kach mating, as the
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theory demands, gave both normal and erimson-coloured eggs in an
approximate proportion of 1:1, as the figures quoted below shew:

Tges laid
Number of e A )
Matings Normals Crimsons Totals
8 all divoltine white
9 183 202 385
11 187 188 375
12 211 207 418
13 236 220 456
19 198 187 385
Totals 1015 1004 2019
Bxpectation 1009% 1009% 2019%

There are certain normal breeds in vogue which often throw off
such crimson-coloured eggs. By the kind help of Mr K. Saito in
Ghifu, we obtained two breeds reared in the district of Ghifuken which
somebimes gave mixed batches consisbing of normal and crimson eggs.
The number of normal and crimson eggs respectively found in the
batches given by him to us are enumerated below :

Number of normal and
crindson eggs fonnd in
each batch laid by a parent

Number e e
Names of breeds of Batches  Normals Crimson Totals
Univoltine “ Ghinpaku 1 248 84 332
23 » 7 413 120 533
Iy I 8 247 89 336
1 1 13 167 73 240
Totals 1075 366 1441
Divoltine ¢ Tamanashi 1 404 112 516
) ’ 3 306 141 447
’ . 14 367 104 471
Totals 1077 357 1434
Grand totals 2152 723 2875
Bxpectation 2156% 718% 2875.

These figures suggest o us at once that the crimson-coloured
characteristic is 2 Mendelian one, recessive to the normal-coloured as is
the former crimson breed. We reared these eggs separately in the
spring of 1910. Crimson-coloured eggs from two batches of the second
breed gave, without any exception, crimson-eyed worms and moths,
while normal-coloured gave all normal-eyed worms and moths. Both
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crimson and normal-eyed moths derived from the mixed batches of the
above breeds when paired inter se oviposited the following batches:

N=normal-eyed ; R=-crimson-eyed moths,

Parent Moths Tggs laid
b e
Names of breeds 2 d Normalg Crimaons Totals
Univolbine *¢ Gthinpakn
No. 8. 8 Nx N 114 45 159
No.8. 9 N x N 334 92 426
No. 13. 8 Nx N 459 105 564
No. 13. 9 N x N 338 106 444
No. 13. 10 N x N all normalg
Divoltine “ Tamanaghi”
No. 1 Rx R all divoltine white eggs
No. 8 R x R . ” .

No. 14, Nos, 8—14 R x R I ” 2

As the figures shew, certain normal-eyed matings gave all normal dark-
coloured eggs while others gave mixed batches (3 normals : 1 crimson).

The lineage of the crimson-eyed matings which yielded all divoltine
white eggs remained true to parvents in their successive generations,
and gave crimson-coloured eggs without exception in the summer
brood. '

The order.of inheritance of these characteristics is in exact accord-
ance with the Fj of a monohybrid cross, and the parental mixed eggs
given by Mr Saito were undoubtedly F, eggs between the crimson and
normal-coloured forms. Now we may clearly see that those crimson-
coloured characteristics found in the three different breeds are in the
same nature and -Mendelize in the normal order, the crimson being
hypostatic to- the normal-coloured one.

Résumé :

R=crimson ; N=normal,
(N x R) (reciprocal)
F; eggs N

Fy o, BN : 1R)

Fy ,, N (BN : 1) R

(Fl X .R)
F (IN : 1R)
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Greater Death-rate of the Crimson-colowred Egg.

During our experiments with the crimson breeds, either with the
original divoltine or other extracted forms from cross-bred or mixed
breeds, it has struck us thabt the number of worms which came out in
spring from these eggs was very small, sometimes over 90 °/; were found
to be dead ; even in the case where the crimson eggs were found mixed
with normal ones in the same batch, the mortality is much greater than
that of the normal-coloured eggs. We give here certain figures of the
death-rate observed in the crimson-coloured eggs laid by some breeds.

Tifteen batches selected at random from 84 crimson-coloured batches
laid by the summer brood of the extracted crimson form, from the cross
between the divoltine crimson and tetravoltine normal-coloured “ Ono-
dahime,” gave the following figures : A

TABLE VI
Number of Total number Number of
batches of eggs laid dead eggs Death-rate
1 377 341 904 9f,
2 368 269 73 °/,
3 348 342 98-29/,
4 439 389 886 °/o
5 413 405 97:1°/,
6 283 391 881 ¢f,
7 379 364 96 °/,
8 277 243 87-7 %/,
9 438 318 72:6°/,
10 365 149 40-8 °/,
11 254 136 535 °/,
12 304 244 80-2 °/,
13 319 284 89 °f,
14 424 403 952 9f,
15 446 360 807 °, .
Totals 5434 4568 84 9/,

The average death-rate was 84 °/,, ranging from 40-8°/, to 98°/, in
each batch. In 42 batches of eggs derived from the same breed, we
have counted 15,194 eggs, of which 12,796 eggs were found dead in the
spring ; Le. a death-rate of 84°/,.

In the eggs laid by a cross-bred crimson form (a cross between
an extracted crimson from the cross, “Divoltine crimson x Divoltine
Chiyodzurw,” and the crimson deyived from the divoltine “ Tamanashi )
a considerably smaller percentage of dead eggs was noted than in the
cross between divoltine crimson and tetravoltine white.
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TABLE VII.
Nunber of Total unmber Number of

batches of eggs laid dead eggs Death-rate
1 481 52 10-8 °f,

P) 487 45 9:99/,

3 481 52 108 °/,

4 466 3 0-6-°/,

5 471 260 552 9/,

6 476 241 506 9/,

7 514 90 1746 9/,

8 543 169 311 °/,

9 515 342 66+9 °/,
10 490 16 3-2 9,
11 529 377 71-2 °f,
12 471 45 95 %o
13 459 223 485 °/f,
14 554 3 05 °/,
15 477 224 47°5 °[,
Totals 7414 2142 28'8 9/,

In this crimson form the average death-rate is only 28'8°/ ; in
certain matings nearly all the eggs were hatched, while in-some others
the death-rate mounted as high as 71-2°/,.

In other crimson batches laid by an extracted crimson form derived
from a cross between the divoltine crimson and “ZIII” breed (an
extracted breed from a cross between the wild mulberry silk-worm and
tetravoltine “Tobuhime *), the figures quoted below were given :

TABLE VIII.
Number of Total number Number of

batches of eggs laid dead eggs Death-rate
1 234 181 77-3 °/,

2 383 348 90-8 °/,

3 335 102 304 °/,

4 467 329 704 °/,

5 360 66 18-3 o/,

6 248 192 790 °/,

7 326 303 92+9 °/,

8 261 233 89-2 9/,

9 362 199 549 °f,
10 277 153 552 9/,
11 394 283 718 °/,
12 313 279 89-1°/,
13 340 322 947 9/,
14 391 341 87-2 /,
15 374 355 94-9 °/,

Totals 5065 3686 72 °/,
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In this form the death-rate is 72°/,, varying, in individual cases,
from 183°/, to 949°/,.

We have observed moreover that the death of the embryo inside
the egg took place in its earlier stage. So we often found some dead
eggs in August or September when a white patch appeared in one side
of the egg (Iig. 8) which gradually became enlarged in size and at last
the clear crimson colour became paler, while others were found dead
after the embryo had completely developed. The majority of the
deaths seem to occur, however, in the earlier developmental stage of
the embryo.

Even in the same breed, the death-rate differed greatly according to
the colour of the egg, and the voltine characters. Hence the divoltine
white eggs laid by the very same breed which laid the eggs recorded in
Table VI yielded a much smaller number of dead eggs than in the
univoltine coloured eggs. Ten batches of eggs selected at random from
fifty divoltine white egg-batches gave the following figures :

TABLE IX.
Number of Total number Number of .
batches of eggs laid dead eggs Death-rate
7 191 60 314 °f,
8 361 18 49 °/,
9 111 51 459 °/,
10 329 168 519/,
11 272 196 72 %/,
12 309 12 389/,
13 186 18 96 9/,
13a 272 164 61-4 9/,
14 418 64 155 °/,
15 381 78 20-8 °/,
Totals 2825 829 29-3 9/,

that is to say, the average death-rate is 29-3°/,, which varies from
3'8°/, to 72°/, in individual batches. The average death-rate found in
fitty batches of eggs laid by the same breed is 19 °/,, while in the case
of univoltine eggs it is 84°/,, as already recorded in Table VI. In
certain cases it occurred that some crimson-coloured eggs hatched in
the summer. The death-rate of such divoltine crimson-coloured eggs
was nearly the same as that of the white divoltine eggs.

Even more striking facts were observed when we examined the
number of dead eggs found in the batches in which three different
coloured eggs, normal, crimson, and albino, were found. These are the
F, eggs laid by the cross, “ H,” albino and the divoltine crimson breed.
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TABLE X.
Normal eggs
e e et
Nunmber Total Crimson eggy Albino eggs
£ number Dead = A

& "
batches  of eggs eggs Death-rate Total Dead Death-rate Total Dead Death-rate

1 194 38 179, 95 77 819, 91 12 181°),
9 209 64 805°, 66 49 742°, 86 7  8L°,
3 195 928 188°, 99 76  767°, 88 30 349

4 913 23  107°/, 75 61 8189, 99 92 2229
5 213 79 879, 94 62 6489, 8T 5 57°),

Totals 1024 222  21-6°, 429 325 7579, 451 76  16:89),

In spite of their being laid by the same parents, the mortality in
those eggs Whose colour was crimson was much greater than the others.
While in normal and white-coloured eggs, the percentage of deaths was
only 21-6°/  and 16:8°/, respectively, that of the crimson eggs was
757°/,. Other ten similar batches gave the following figures:

Normal eggs Crimson eggs Albino eggs
Total number 2315 956 1076
Number of dead eggs 406 650 288
Death-rate 175 9, 879 9/, 967/,

The facts above enumerated taught us that in every case in every
breed which we have studied, those eggs coloured crimson have a greater
death-rate than normal-coloured eggs, while divoltine eggs which are:
crimson in colour did not shew so high a death-rate as univoltine
crimson-coloured eggs. These facts led us to conclude that the embryo
of crimson-coloured eggs is not so long-hived as that in the-normal-
coloured eggs.

As to the cause of the early death of the embryo of the crimson-
coloured eggs, we are quitie ignorant at present, but we are inclined to
believe that it may be due to the lack of certain pigments in the
serosa which in some way help the respiration of the embryo during its
development.

V. GrneraL CONSIDERATIONS.

From the results of these series of experiments in both line and
cross breedings above quoted, it now becomes clear that (1) those egg-
characteristics above enumerated, except in the crimson breed, are
determined by ‘the characteristics of the female parent, on account
of which the paternal characteristics even when dominant are almost
negligible in their influence upon the character of the egg, that is to
say, phenomena of inheritance are maternal ; (2) gametic segrega-
tion of parental characteristics takes place as in normal Mendelian
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allelomorphism ; and (8) in certain generations, both parental character-
istics even when inbred give rise to the antagonistic characteristics
which at first suggests that there is a departure from the normal rules.

Suppose, now, there are certain Mendelian characteristics which
behave as maternal in inberitance. If they were reciprocally mated,
what would be the result as vegards their offspring ? Let D represent
a dominant and R a recessive factor, the results of their reciprocal
matings would be diametrically opposite. In the case of a D female
mated with an R male, the resulting F, eggs would be all D, while an
R female mated with a D male would give all R F, eggs, in spite of
their zygotic constitutions being the same in both matings, namely, DER.
And therefore, all the worms and moths derived from the F, D or E eggs
will have the constitution DR, in which the D hehaves as an active
factor in determining their characteristics. In the same way the egg-
cell which has the composition of DR during its development in the
parent body is influenced by the D factor only, and consequently
after segregation, when it lost the antagonistic factor and became pure
D or R, it retains the D characteristic before acquired. Thus the results
of fertilization will be the production of all normal-coloured #, batehes.

Zygotically considered, however, the F, D eggs are not the same in
their constitution. As the result of the fertilization; some of them will
be DD, some DR and the rest RR. Consequently, the constitution of
the F, moths derived from the F, D eggs will be a mixture of DD, DR
and RE. Thus all the F, eggs, whether fertilized with D or R sperma-
tozoon, will be all D characterized.

As there is no means in this case of distinguishing a DD worm or
moth from a DR or an RR, random matings between them are expected
to occur. The result will be as below:

Colour of the Zygotic composition
o

Ty eggs laid he egg
a. ¢ DD x & DD = D DD
L {b. ? DD X § DR = D (DD +DR)
¢c. §DDx ¢ RR = D DR
a. ¢ DR x ¢ DD = D (DD +DR)
2 {b_ ¢ DR x ¢ DR = D (DD +DR+RR)
¢. DR x g RR = D (DR + RR)
a. ¢ RRx ¢ DD = R DR
3. {b. ¢ RR x ¢ DR = R (DR +RR)
¢c. $RR x g RR = R RE

In some cases female DD moths will mate with DD, DR or RR
males (series 1), in some others DR females will mate with the same
three kinds of males (series 2). The same holds good in the case of RR



K. TovamA 395

females (series 3). The Fy egys laid by the first and the second series
of matings will be all D batches, since all females are DR or DD. TFor
the same veason, the third series of matings will give all B batches.
The I eggs derived from the #, moths paired inter se will be, therefore,
a magture of D and R batches in certain proportions. If we assume
that the number of males and females found in each batch is nearly the
same, the proportion of D and R batches laid by inter se moths derived
from an #, D batch would be 6D : 3R or 2D : 1R.

As in the case of the F,, the zygotic constitution of Fy D and R
batches is not simple D or B.  As the formulae gnoted just above shew,
the constitution of certain F D batches is DD (series 1 @), some batches
DR (series 1 ¢), some a mixture of DD and DR (series 1) and series 2 @),
or DR and RE (series 2¢), and the rest DD, DR and RR (series 2b).
We get similar results in the case of the Fy R eggs, some batches being
DR (series 3 ), some (series 3¢) RR, and the rest (series 3 b) a mixture
of DR and RR.

If moths derived from Fy, D or B batches were inbred, what will be
the result in the dominant series ?

In £, D batches, as we have already observed, there are five different
kinds of batches whose zygotic compositions are respectively : (1) DD,
(2) DR+ DD), (3) DR, (4) (DD + DR+ RR), (5) (DR + RR). The
moths derived from each kind paired inter se will produce the following
F, batches:

Mating Zygotic composition g.gg‘(;’agfdlg? é);;sr ’
1. DD inter se=DD x DD= DD D

2 DR x ¢ DR=(DD+DR+RRE)
2 DR x ¢ DD=(DD+DR)

2 DD x ¢ DD=DD

2DD x ¢ DR=(DD+DR)

3. DR inter se= ¢ DR x ¢ DR=(DD+DR+RR)

$DD x § DD=DD
¢DD x ¢ DR={(DD +DR)

2 DD x ¢ RR=DR

2 DR x ¢ DD=(DD+DR)

9 DR x & DR=(DD+DR+RR)
¢ DR x ¢ BR=(DR+ RR)

2 RR x ¢ DD=DR

¢ RR x & DR=(DR+RR)

2 RR x ¢ RR=RR

9 DR x & DR=(DD+DR+RR)
? DR x ¢ RR=(DR+ RR)

9 RR x ¢ DR=(RR+DR)
2RR x § RR=RR

o

(DR + DD) inter se=

oo o

4. (DD+ DR+ RR) inter se=

e R e

5. (DR+ RR) inter se=

®
MU RO OO

i,"b.
o
3

Journ, of Gen. 11
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Thus the #, eggs laid by the moths of the dominant series will be
all D in cerbain lineages while in others they will be a mixture of both
D and R batches in different proportions.

In like manner, #, moths derived from the #, B batches which
consist of (1) DR, (2) (DR + RR), and (3) RR batches, when inbred
will produce the following F, eggs:

Zygotic composition Outward appearance
Mating of egg-hatches of egg-batch
1. DR inter se ¢ DR x ¢ DR=(DD+2DR+ RR) D

9 DR x ¢ DR=(DD+DR-+RR)
2 DR % ¢ RR=(DE+RR)

2 BR x ¢ DR=(DR+RR)

4. 9RR x ¢ RR=RR

2. (DE+RR) inter se

w o

N BE9G

8. RR inter se R x ¢ R¥ =RR

The F, eggs laid by the moths derived from Fy R eggs will be all
D batches in certain lineages, while there will be a mixture of D and
R batches in some other lineages, and all R batches in the remainder.

If we continually eliminate the lineage which produced the an-
tagonistic characterized batches in this way in both series, each of them
may be established as a constant or homozygous form. In the dominant
series, the lineages which give all F, D batches are three, namely :
No. 1 or DD series, No. 2 or (DD + DR) and No. 3 or DR. If they are
inbred, Series No. 3 would give mixed F, batches which are to be
discarded from the dominant series, while the other two would give all
F, D batches. In F;, those from No. 2 will disintegrate into their
components, D and R, and those which produced all F; D batches will
be the descendants of Series No. 1, or a lineage DD, which is a homo-
zygous dominant from their first appearance.

To extract a homozygous dominant form from these series of crosses
the elimination of six consecutive generations will be required, except
when we luckily happen to pick out the lineage of DD series, in which
case we are able to get it in a constant form in a much less number of
generations.

In the recessive series, however, if we select the lineage which
produced all R batches in F,, the R form is easily established as
a constant form, since the zygotic composition of this series is RR.

This is what we might expect to find according to Mendelian
principles if the characteristic behaved as maternal in inheritance. If
the .D form consists of two or more factors, disintegration of factors will
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Graphical résumé of the phenomena of inheritance above described.

1) (2)
Parents (¢D x g R) (¢ R x g D)
l !
Iy eggs D R
| l
Fy eggs D D

Fy eggs - (D +

l
Fy egos D (D + R) D (D

-
|
b

Fy eggs D (D + R)
]
Fg eggs D (D + R) R
| |
Fy eggs D R

take place even after it is freed from the antagonistic recessive factor.
We shall now try to compare the results obtained by us with -those
demanded by the theory.

First we shall quote here the results of inbreedings mentioned in
the first part of this paper which are represented in the following
scheme:

Fy eggs 4
I
Iy eggs B
|
i ]
Iy eggs (4 + B)
[ e |
Fy eggs 4 + B 4 (4 + B)
Fy eges A (4 + B)
F“J“"
Fg eggs 4 B {4 + B)
I I
Fy cggs A B
|
Constant

27—2
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In this scheme, if we replace 4 by R and B by D we shall see that
the resulis actually obtained and those calculated come in the same
category, the whitish grey being dominant to the normal, and the
brown and the spindle-shaped characteristics being recessive to normals.
As to the yellow and white colours of newly laid eggs, the former is
dominant to the latber.

Crosses between Bombya mors, L. and Theophila mandarina, M.,
which gave the result mentioned below :

1) (2
{Theophila X Bombyx) (Bombyx % Theophila)
Fy eggs all Theophila colour all Bombyz colour
I’y eggs Theophila type Theophila type

may come In the same category, the Z%eophila colour being dominant
towards that of the Bombya.

Back-crossing.

If females derived from the F, D eggs were mated with the parental
recessive form, we should expect to have the combination § DR x &' RR,
which gives all D eggs, while in the reversed mating we should- expect
all B eggs, in spite of the zygotic composition being a mixture of DR
and RE in an equal proportion in both cases, since the maternal
characteristic predetermines the egg-character. Of moths derived from
the D eggs, some will be, therefore, DR in their constitution and the
obhers RE. As we have however no means of distinguishing DR males
or females from RR males or females, we must expect to have random
matings between these two forms which will result in the following

combination :

Outward appearance
Zygotic composition of sgg-hatches of egg-batches

L {a. ¢DR x ¢ DR=(DD+DR+RR)
" 6. DR x 3 RR=(DR+RR)

9 Ja- 2RRx 3 DR=(DR+RR)
‘ b, 9¢RRx ¢ RR=RR

=vil=- B SN

Hence in this generation, certain matings will give all D batches,
others will give all R batches.

As the formulae above mentioned shew, the D and R eggs are
heterozygous except No. 2 b which is homozygous, and therefore the
moths which came out from them even when paired inter se among
those from the same batch would produce antagonistic eggs again.
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The further posterity of the lineages above mentioned will follow
exactly the same course mentioned in the case of matings Nos. 4 and 5
(see page 393).

Thus the result of back-crossing may be summarized in the following

scheme:
(¢ Fy D x g BR) (¢ RR x ¢ Fy D)
| |
Iy eggs D R
|
R A
Iy eggs (D + R) (b + R
[
A |—i_"|
Fy eggs (II) + L) I (D + R)
]
i_ A
Fy egus yi (D + R) Constant

This expectation was realized by the results of back-crosses hetweéen

the Theophila- Bombywx Fy moths and pure Bombyw ones which are quoted
below :
T'=green-shaded eggs like those laid by Theophila-Bombyx Fi moths.
W =divoltine white eggs ; N=normal Bombyx eggs.

I=intermediate forms between T'heophila and Bombyx or mixture.

(2 F) x & Bombyw) (¢ Bombyx x & If)
By egas %‘ I\IT
1
Fy eggs (|T + N 4+ I)
Fy eggs W
—
Iy eggs (lI' 4+ N + Il)
Iy eggs T’Ilf
Fy eggs z\!r
F; eggs I\I/
Constant

As the figures shew the result actually obtained by experiments
is in perfect accordance with that demanded by the theory except for
the appearance of the antagonistic characteristics in the Fy of Bombys
typed or recessive series. This is due, I think, to the presence of
divoltine white character which prevents the elimination of fhe an-

tagonistic character in F; cggs.
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By similar reasoning, we can explain the results obtained by
crosses between males of the grey variant No. 24 and females of the
normal-egged breed.

In these crosses, as we have already seen, certain matings gave no
grey eggs, while some gave both normal and grey batches in the order
mentioned below :

N =normai-egged batch; G =grey-egged batch; BG=DB-grey.

(1) {2)
(2Nx 3@ ($Nx ¢ @)
| |
Iy eggs N N
F'“—i ]
B, eggs N N + & N
i
e
Fy eggs N Ny (G + B®) (N + G + BG) N
t |
N 1o ]
Fy egas N (N+ G+ BG) (G +BG) (G + BG) (N+ G+ BG) N
: !
Ty egas N (G + BG&) (N + G + BG) (¢ + BG
"
|

I
Fy egus N (¢ + BG)

Before attempting to explain this result it will be necessary to note
here that the grey variant No. 24 was picked out from cerfain normal-
egged breeds in which a few batches of this variant sometimes appear,
and consequently it is proper to consider it to be a heterozygous form.
Let ns suppose that the grey No. 24 batch is derived from such matings
as (§ DR x J RE), which give all D eggs. In this case the constitution
of the egg batch D will be (DR + RR). If normal-egged females
which are recessive to the grey were mated with males derived from
this D bateh, the following gametic combinations will be expected :—

1. § BERx4 DR=1F, R eggs=(DR+ RR).

2. Q RExd RR=F, R eggs=(RR).
I, eggs laid by those matings are all B, but their zygotic constitutions
are different from each other, as we easily see from the formulae above

shewn. The resulting F, eggs will, therefore, be in some matings (No. 1)
a mixture of D and R batches and in others (No. 2) all R. The lineage
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which gave all F, R batches will remain true to parents in the succeeding
generations, while another lineage which gave [} and I batches in F,
will again disintegrate into its components in the same way as we have
already described in previous pages. The order of their inheritance

will be as follows:
(¢ N x ¢ grey variant No. 24.)

(2) (1)
Zygotic composition Zygotic composition
Iy eggs I (RR) R (DR+RR)
T
| 1
Fy eges R (D + R)
|
| ] ]
Py eggs R D + B (D + R)
| f s
A
I 7
1 ] 1|
Fy eggs R (D + R) (D + R) (O + B) R

Here both actual and theoretical results, as in the former cases, agree
perfectly in every respect.

Similar phenomena of maternal inheritance had already been
observed in certain seed-characteristics of wheat by Biffen, of peas and
maize by Bateson, Correns, Lock, Tschermak, ete. For instance, certain
indented peas reciprocally crossed with the round gave the following
results :

(2Indent X & Round) (2 Round X & indent)
Fy seeds Indent Round
Fy seeds Indent Indent
Fg seeds ... (Indent + Round) (Indent + Round)

In certain cases, however, strict segregation took place or an inter-
mediate form was produced in F,. It was, moreover, mentioned that in
certain varieties those characteristics behaved quite normally in in-
heritance, namely, F; seeds are all indents which in F, segregate into
three indents to one round.

Hence we are led to say that certain characteristics of the eggs of
animals and of the seeds of plants behave in inheritance in a similar
way.

We shall discuss in our next paper the appearance of intermediate
or mixed batches in certain line- or cross-breedings, a fact which seems
to be inconsistent with maternal inheritance. We are at present
collating the facts gathered from certain experiments which we have
just concluded, and from the trend of our results up to the present, we
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will, we think, be able to put forward a satisfactory explanation of this
phenomenon. We merely, at present, say that this appearance is not
really contradictory to the maternal inheritance.

Causes of Maternal Inheritance.

Concerning certain characteristics such as the whitish grey, spindle-
shaped, or yellow and white colour of newly laid eggs whose origin is
due to the shell or yolk which are entirely derived from the maternal
body, the maternal inheritance is the natural consequence, and may be
compared with the inheritance of certain charvacteristics of the seed-coaf
of plants which are of purely maternal origin.

Concerning the colourof the egg, whose origin is due to the special
pigments deposited in the serosa, the case is quite different. As the
serosa is formed of cells derived from the conjugation of paternal and
mabernal nuclei, the egg-colour ought to be influenced by the paternal
characteristics if they are dominant, but, as we see, 1t is entirely maternal
in certain colours, such as the reddish brown, blue, normal colour, etec.

Nothing is as yet known as to why these serosa characteristics
behaved as maternal in inheritance. We are now waiting the results of
the further series of experiments which we have been engaged upon
concerning this question.

There are other characteristics of the silk-worm which behave
maternally in inheritance. They are the brood charagters such as uni-,
di-, or multivoltine, or “voltinism” of the silk-worm. The fact of
maternal inheritance of these characteristics was first observed by me
(1906) and was proved by McCracken (1909), who was led to the
conclusion that the order of inheritance was non-Mendelian, while Castle
(1910), upholding the fact that they are maternal in inheritance, says
that univoltinism is a Mendelian dominant o divoltinism.

Voltinism.

McCracken’s results may be compared with those obtained by us in
the series of experiments above referred to, but in the case of voltinism,
as there are many causes disturbing the proper elimination of parental
characteristics which are entirely neglected by her, it is rather premature
to consider the phenomena of inheritance displayed by the character
“vyoltinism ” as non-Mendelian. We enumerate here those disturbing
causes: (1) divoltine character may easily be changed by the influence
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of temperature during the incubation of the egg, more strictly, during
the embryonal stage after sexual cells are liberated from the mesodermal
tissne. If we expose eggs ab this stage to a temperature of aboub
60—65° I or lower until hatching, all the moths derived from them
will lay divoltine whitish eggs; on the contrary, if we subject them to
o temperature of 80° K. or more, all the eggs will become univoltine
coloured ones. This is a well-known fact among Japanese breeders and
has been made use of for industrial purposes for the last twenty years.
(2) The eggs laid by the second brood of the divoltine breed are identical
in appearance with the univoltine eggs and hibernate without hatching.
In the case of crossing, we are, thercfore, unable to eliminate divoltine
characterized eggs from the univoltine in every alternate generation.
(3) The maternal inheritance referred to above, which also prevents the
proper elimination of antagonistic characters.

These are the causes why. I think, the character « voltinism ” behaved
so irregularly that McCracken considered it to be non-Mendelian.
Generally speaking, I believe, the order of inheritance of the  voltinism
of the silk-worm will follow the course before mentioned in our scheme,

In a later paper I propose to give a fuller account of the phenomena
connected with voltinism.

Before concluding this paper, I wish to express my sincere thanks
to Prof. W. Bateson who has kindly assisted me in many ways when pre-
paring this paper for press. Thanks are also due to Mr S. Hashimoto,
assistant in our laboratory, who has helped me in rearing the worms
used in our experiments since 1906,

VI. SUMMARY.

1. In the egg of the silk-worm there are certain special character-
istics of shape, colour, etc. which differ in different breeds or even in
the same breed. Japanese green breeds generally lay green-shaded eggs
varying in depth of colour, often mixed with normal coloured ones.
Most of the Chinese and European breeds lay similar green-shaded eggs,
both of them, however, being distinguishable from each other by special
lustres and shades. Kggs of the Japanese normal breeds are, however,
brownish slate shaded with some light pink or purple.

Among the eggs laid by Japanese normal-egged breeds we often find
many vaviants in shape and colour, a smaller number of the variant
being sometimes found in a batch, frequently in Mendelian proportions,
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while in other cases the whole of a batch will be found to consist of
a variant.

2. DBreeding experiments were made on the following egg-character-
istics:
1. Greenish-shaded Theophila colour (Fig. 10).
2. Various green colours of Japanese green and some Chinese or
KRuropean breeds (Fig. 6).
3. The reddish brown variant derived from the normal-egged
breed (Fig. 2).

The blue variant from the normal breed (Fig. 5).

=

The whitish grey variant from the normal breed (Fig. 4).
The spindle-shaped variant from the normal breed (Fig. 13).

The crimson variant from the normal breed (Figs. 7 and 8).

S

Yellow, brownish-shaded yellow and white colours of newly
laid eggs of the yellow and white cocoon breeds (Fig. 9).

9. The brownish slate colour of Japanese normal breeds (Figs.
1, 3, and 11).

3. Some of these characteristics such as the normal brownish-slate,
reddish brown, blue, crimson, etc., arose from the special pigments
deposited in the serosa, which is produced by the conjugation of parental
nuclei, while others, such as whitish grey, spindle-shaped or the colour
of newly laid eggs are due to the shell or yolk which are of purely
maternal origin. The colour of greenish-shaded eggs, such as are found
in Japanese green breeds, and some Chinese or European breeds, is
mostly derived from the serosa, but it is-more or less influenced by.the
colour of the shell which is slightly tinted with green, or some other
colours. ‘

4. Those characteristics, in spite of the fact that their origin is
different, behave in the same way as regards inheritance, except the
crimson-coloured variant, which Mendelize in the normal order. The
order of inheritance is represented in the following schemes (page 4083).

The order of mheribance represented by the first scheme seems
to be non-Mendelian, but really it is Mendelian, the cause of the dis-
turbance of the proper order being due to the fact of maternal inherit-
ance, in which paternal characteristics remain dormant, even dominant
ones, in the egg stage.
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1)

The case where characteristics behaved maternally in inheritance, such as normal,
reddish’ brown, grey, ete.

D=dominant; R=recessive characteristics.

1) 2)
{¢ Dxg R) (?R!x..}D)
, |
£y oeggs ... D B
| |
Py oeggs .. D D
} | | !
Fy eggs (D + R|)
—— e — i
| | l
Fy eggs D (D + R) D (D + R) R
S S—
| |
Fy; eggs (D + Ej D b
| I
— }
I
Fy eges (D + B) D R
y oggs b b
|
Constant Counstant

@

The case where characteristics behaved in normal Mendelian order, such as the erimson

colour.
1 @
D xgR ¢R x 3D

|
£ eggs D

F—L_j!

Fy eggs (8D : 1R)

_ﬁi__j,

Ty eggs D (83D :1R) R

In the former scheme, the D represents dominant coloured batches, the R recessive and
(D + R) a mixture of both D and R batches, while in the latter the D and R represent g
single batch of D and R eggs and the (3D : 1K) a mixed batch consisting of D and R

in the proportion of 8 : L.
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5. Thehereditaryrelationsof thosecharacteristics above enumerated :
as to the shape, the whitish grey is dominant towards the Japanese
normal which is in turn dominant to the spindle-shaped characteristic.
As regards the colour, the greenish slate stands first in dominancy, next
comes the Japanese normal brownish slate; lhypostatic to it comes
perhaps the blue and then reddish brown and lastly the crimson. In
the colours of newly laid eggs, the white is hypostatic to yellow or
brownish yellow. The relation between the normal and the crimson is
the ordinary Mendelian one, the former being epistatic to the latter.

6. In the crimson-coloured eggs extracted from various breeds
or crosses, the death-rate is always much greater than that of eggs
from the normal, or albino breeds. Kven when those three kinds of
eggs are laid by the same parent, the same is the case. In divoltine
crimson breeds, the divoltine white eggs laid by the spring or first brood
are much healthier than those crimson-coloured eggs laid by the summer
or second brood.

7. The phenomena of inheritance observed in the eggs of the silk-
worm may be well compared with those observed in certain seed-
characteristics of plauts, such as maize, peas, wheat, etc.

EXPLANATION OF PLATE XX.

Dead egg of the crimson variant.

Newly laid egg of tetravoltine white.

Newly laid egg of tetravoltine yellow.

Fig, 10. Egg of Theopkile mandarina.

Fig, 10a. Matured egg.

Fig. 100, Newly laid egg.

Pig. 11. Py eggs between female divoliine ¢ Shinkawachi” and male Zheophile
mandaring.

Fig. 12. I’y egys of the above mating.

Fig. 13, Batch of spindle-shaped eggs laid by a moth.

Fig. 1. Normal-coloured egg of divoltine * Shinkawachi.”
Fig. 2. Reddish-brown variant from divoltine ‘¢ Shinkawachi.”
Pig. 3. Normal-coloured egg of the original breed of the whitish-grey variant,
Pig. 4. Whitish-grey variant.
Pig. 5. Blue variant derived from divoltine *‘ Kuni-nishilki.”
Fig. 6. Green-shaded egg from the Japanese green breed.
Fig. 7. Crimson-coloured variant.
8.
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o
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Tvery figure except No. 13 is very much magnified, actual size being about 1-15 mm.
in length and 0°95 mm. in breadth.
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