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352 Maternal Inheritance and Mendelism 

I~ 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 ~V[endel'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. GERTAIN EGG~CttARACTERISTICS OF THE SILK~WOB,~. 

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

C'olour. The ordinary eolour 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. I%w and 
again it happens that some eggs characterized by extraordinary vaz'iations 
of colour are found among normal ones, such as reddish brown (Fig. 2), 
whitish grey (Fig. ~), blue (Fig. 5), greenish slate (Figs. 6, 10, 12), 
crimson (Fig. 7), orange, greenish white and many others, l~[ost 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, g o s t  of the 
Chinese or European breeds come in a similar category. 

Shc*ps. The normal shape of the silk-worm eggs is oval, slightly 
pointed at one end, where a micropyle is situated (see Figs. 1--7). I t  
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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I I .  ORIGIN OF THE CF[&R&CTERISTICS ABOVE ENU~ER&TED. 

The egg" consists of the shell, vltelline membrane, serosa and yolk, 
and each of them is eoloured or shaded wi~h certain tints or pigments, 
except the vitelline membrane which mostly remains eolourless in nearly 
all breeds. 

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

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

The eolour of the yolk plays a certain par~ in the production of the 
egg-eolour only in the case where the formation of the dark pigments in 
~he 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 

the i r  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. 

III.  I:~ESULTS OF LINE BREEDING OF CERTAIN VARIANTS. 

SERIES 1. T]~e Reddish-Brown Eggs (Figs. 1, 2). 

In the winter of 1907, ~/h" 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 1 laid by a divoltine 
white breed called "Shinkawaehi," and said that both of them, even 
when inbred, gave the antagonistic characteristics in the offspring and 
thus ib was very difficult to establish them as constant forms. 

1 All through this pager, ~he word "batch" represents the total eggs ]aid by a moth. 
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As the eolour of the shell and yolk of both variants was the same, 
we must attribute the ehief 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 Ge~aeratgon. 1908. Sprinq. 

We reared two batches of eggs fi'om each variant. The normal 
series gave 72 rantings or batches and the brown series 87, all of which 
were divoltine white in eolour and we were unable to distinguish which 
were normal and which were brown. This characteristic, producing un- 
colom'ed egg< 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 mu]tivoltine 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 ~he shell. Sometimes it happens that certain eggs of the 
spring brood of d i -or  multivoltine breeds turn into the ordinary dark 
slate-colour, in which case most or all of them become univoltine in 
character and do not hatch until ne~t 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 antagor/istic characteristics as 
shewn below. 

I. Eggs lcdd by the Summe~, B~'oods qf the Brown Series. 

:Number :Norm~l Brown ?Sixed 
of Iv[stings Batches Batches Batches Tolaals 

No.  15. 11 0 11 7 18 

I'1o. 19. 12 I(~ 19 29 58  

To ta l s  . . ,  10 30 36 76 
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Eggs lcdd by tlte Summer B~'oods of tlte z'~ro~'~nc~g Se~'ies 
Number Normal Brown ]V/ixed 

of ~[~t, in gs Batches J3lL~ches B~tches Totals 
No. 18. 12 4: 4 4 12 

,, 14 2 5 12 19 

9 I i 2 

No. ,t. 1 3 0 0 3 

Tota ls  ... 10 10 18 38 

355 

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 
ghei'efore in 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 fhi~.d Generation of Normal Series. 

In the autumn of 1908, three normal-coloured batches derived fi'om 
summer broods of ~he normal series were reared. They gave 58 batches, 
among which there were 28 normals, 14 browns and 16 mixed hatches, 
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 thespring 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 normal 
eggs laid by the normal series in the autumn of 1908 gave divoltine 
white eggs, a few being univoltine normals and bt'owns. The same is 
the case in the fifth generation which was reared in the spring of 1910. 
In the spring of 1911, i.e. 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 generatlon of the brown series or 
summer brood of 1909 yielde d , 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. 

I~espective figures obtained by this series of experiments are given 
in Table I. 
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T A B L E  I .  

2rown-egged Series. 
Number of Univoltin e Divoltine 

batches produced batches 
:Number of ~ ~ - - - - ~  ~ Total 

Ma~ings l'~ormal Brmwn Mixture White ba~clms 

1908 (Spr ing  brood) .  F i r s t  g e n e r a t i o n .  

15"  0 0 0 26 26 

19"  0 0 0 01 81 

To ta l s  ... 0 0 0 87 87 

1908 ( S u m m e r  brood) .  Second  g e n e r a t i o n .  

19. 12 ~ 10 19 29 0 58 

1 5 . 1 1  0 11 7 0 18 

T o t a l s  ,. .  i 0  80 36 0 76 

1909 (Spr ing  brood) .  T h i r d  g e n e r a t i o n .  

19. 12. 9 0 0 0 32 32 

,, 12"  0 0 0 35 35 

,, 25 0 0 0 ~II all  
w h i t e  whi te  

T o t a l s  ... 0 0 0 67 67 

1909 ( S u m m e r  brood) .  F o u r t h  g e n e r a t i o n .  

19. 12. 12. i*  0 3 0 0 3 

,, 2 0 2 0 0 2 
3 0 18 0 0 18 

,, 4 0 8 0 0 8 

, ,  5'* 0 33 0 0 33 

T o t a l s  ... 0 64 0 0 64 

1910 (Sp r ing  brood) .  F i f t h  g e n e r a t i o n .  

19. 12. 12. 1. 2 ~ 0 0 0 26 26 

,~ 5. 8 0 0 0 18 18 

T o t a l s  .. .  0 0 0 44 44 

1910 ( S u m m e r  brood) .  S i x t h  gene ra t i on .  

19. 12. 12. 1 . 2 . 1  0 107 0 0 107 
,,  , ,  2 0 116 0 0 116 
. . . .  3 0 86 0 0 86 

,,  , ,  4 0 108 0 0 108 

. . . .  5 0 105 0 0 105 
,, ,, 6 0 50 0 0 50 

T o t a l s  .. .  0 572 0 0 572 

l'~umbcr of 
/k[a~ings 

4 '  

18" 

IVormal-egged Series. 
Number of Univol~inc :Divol~ine 

batches produced batclms 
.~ . . . . . . . . .  ~ ~ To~ul 

Normal Brown h'[ixturc Whi~c batches 

0 0 0 30 30 

0 0 0 42 42 

To~uls ... 15 10 18 0 43 

1908 ( A u t u m n  brood) .  T h i r d  g e n e r a t i o n .  

1 8 . 1 2 .  5* 0 9 4 0 13 

,,  9* 0 5 8 0 13 

,,  20* 28 0 4 0 32 

To ta l s  ,., 28 14 16 0 58 

1909 (Spr ing  brood) .  :Four th  g e n e r a t i o n .  

18. 12. 5. 17 4 0 0 18 22 

,, 9. 25 0 1 0 10 11 

,, 20. 18"  2 0 0 20 22 

To ta l s  .,. 6 1 0 48 55 

1910 (Spr ing  brood) .  F i f t h  genera t ion ' .  

18. 1 2 . 2 0 .  18. 19"  6 0 0 20 26 

1 8 . 1 2 .  2 0 . 1 8 .  26 0 0 0 13 13 

To ta l s  ... 6 0 0 33 39 

1911 (Spr ing  brood) .  S i x t h  g e n e r a t / o n .  

18. 12. 20. 18. 19 
(5 ran t ings)  25 0 0 4 29 

* E g g s  l a id  by  ~he m a t i n g  m a r k e d  w i t h  a n  a s t e r i s k  a re  used  as  the  p a r e n t s  of  Lhe nex t  g e n e r a t i o n .  

Totals ... 0 0 0 72 72 

1908 (Summer brood). Second generation. 

4. 1 3 0 0 0 3 

18. 9 1 1 2 0 4 

18. 12"  6 4 4 0 14 

18, 14 5 5 12 0 22 
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To avoid complication, we give below a graphical summary : 

B--brown egg bar, oh;  N=normal-ooloured ; W=divoRine white; M = m i x t u r e  

of brown ~nd normal-coloured eggs in a batch. 
Common paren~ ... N 

I 
.J ! ] 

I J 
Parexxt egg . . . . . .  (B + N) 

f r 
Fiis t  generation inbred W (87) W (72) 

I 1 
_ _ _ - k  . . . . . .  ,1 I 

I 
Third . . . .  W (67) B (14) + iV (28) + M(16) 

'] I 1 ] 
Fonnh . . . .  B(64) N (6)+B (i) + ~Y(~s) 

I F i 
Fifth . . . .  W (4Q N (6) + IV 03} 

/ 

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 
theft; common stock. I t  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." 

SEaIES 2. The B~te-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 divoltiue ~ormal-egged breed called "Kuni-nishiki," and 
is characterized by the special blue colour of the egg. 

[n the spring of 1910, only one batch (No. 20) was obtained, through 
the kindness of 1VIr S. Suite in Ghifu-Ken. The wm~ms, 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", 3 and ~) which were reared 
in the smmner gave ~hree kinds of eggs, some batches being blue, as in 
the parental blue, others blue shaded with a brown, which we called 
"interlnediate 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 Nmnber of blue Number of Norm',d_- 
~:[a~ings batches produced intermediate batches coloured Totals 

20. 1 ~ 21 54: 68 i~3  

20. 3 12 65 76 153 

20. ~ 1,i 46 60 120 

Tota l s  4:7 185 204 4:16 

Of 416 batches derived from three parent batches, 47 were blue, 
204 normal-coloured and the remainder intermediate, fn the blue- 
eoloured eggs, we distinguished both light and dark-shaded ones. The 
ibrmer we called "light blue" and the tatter "dark blue." 

Five blue batches (Nos. 6, 1r 2~ ~, 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 divolbine 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 Marinas Light Blue Dark Blue Normal Totals 

20. 1 ligh~ blue  14. 3 13 0 8 21 

14. 15 21 12 15 48 

14. 20 ~ 4 4 0 8 

Tofa l s  ., .  38 16 23 77 

20. I d a r k  blue 24. 4 0 0 3 3 

24. 9 1 0 0 1 
24. 14 2 0 2 ,i 

2'i.  2 5  0 1 2 3 

24. 27 0 0 3 3 

Tofa l s  . . . . . .  3 i i0 14 

Grand ~o~Is . . .  ~i 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 bagehes (ghree light and ghree dark 
blue) derived from ~he lineage which produced only blue batches were 
reared separat~ely as in ~he former generations. They gave the following 
egg-batches : 

Number  of Number of To~al 
Number  of Univol~iue Divol~iue i~[ixed number  of 

l~]~afings blue bl~ehes wlfi~e b~ches b~ehes  batches 

D~u'k b l u e  s e r i e s  

No .  20.  1. 14. 20.  2 0 63 0 63 

,, ,, 3 I 18 0 19 

. . . .  ,i* 22 6,1 1 87 

L i g h ~  b l u e  s e r i e s  

N o .  20. 1. 14. 20 .  1 ~ 5 91 0 96 

,, , ,  8 0 52 0 52 

, ,  , ,  10 0 18 0 18 

T o t a l s  . . .  28 306 1 335 

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

The summer brood derived from four batches of light blue series 
and four batches of dark blue series gave the following ba t ches : -  

Light Bhte Series. 

lgumber of Number  of 
Number  of dark  blue ligh~ blue 

paren~ bafch batches laid batches laid Normal  Totals 

No ,  20. 1. 14. 20.  4. 4 29 42  - -  71 

,, ,, 5 22 36 - -  58 

,, ,, 19 14 16 - -  30 

,, ,, 22 6 2 1 (?) 9 

T o t a l s  . . . . . .  71 96 1 (?) 168 

Dar/c Blue Series. 

Number  of Humber  of 
Humber  of dark blue lighf blue 

parenf ba~oh b~ches laid batches laid lgormal Totals 

No, 20. 1. 14. 20.  1. 1 6 33 - -  39 

, ,  , ,  12 20  45  - -  65 

,, ,, 15 25 46  - -  71 

, ,  , ,  16 19 49 ~ 68 

,, , ,  25 13 31 2 (?) 46  

T o t a l s  . . . . . .  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 flue~uatlons of 
the same character, blue. 
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Rdsumd: 
B - I i g M  a n d  d a r k  blue b ~ c h e s  ; Z = i n ~ e r m e d i a ~ e ;  hr---, n o r m a l . ;  W = d i v o R i n e  w h i t e ;  

M = m i x e : l  b a t c h  cons i s t i ng  of d ivol t ine  wh i t e  a n d  un ivoRine  b l u e - e o l o u r e d  eggs .  

P a r e n t  eggs . . . . . . . . .  

E g g s  of the  first; g e n e r a t i o n  

,, second  g e n e r a t i o n  

,, t h i r d  ,, 

,, fourgh ,, 

,, f ifth ,, 

,, s ix th  ,, 

B 
I 

N(~o) 
V---] 

~) (2o~)+• (la5) +;~)/ 
w (251) 

B (9/{B (49)+iV (27)i N (6 / 
I 

'--1 

1~(2s) + w(3o~l} 
I 
.I V' 

al l  B (445) 

SERIES 3. The Whitish-Grey ecjcjed Vc~ric~nt (Fig. 40. 

This variant from the normal egged breed is characterized by ghe 
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 eoutrary, is rather brittle and opaque, and is milky white 
in eelour, in conseqttence of which the eolour of the serosa can barely 
be seen through the shell and thus a peculiar whitish grey colour is 
produced. The surface of the shell is not smooth as in the normaI 
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 distinct of 
Hy6gSken, and ~he obher which came from Ffik~ishimanken is derived 
from the normat divoltine white, "Aobiki." They were reared separately 
and each of them gave both normal and grey batches, that is to say, ~he 
former deposited one grey and one normal batch (Table II t )  and the 
latter 15 normals and 20 greys (Table II) ;  no mixed batches were 
produced in these cases. (See Tables II  and III.)  

In the second generation (summer brood of 190% moths derived 
fr6m both normal and grey' eggs paired inter se, yielded again, with no 
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TABLE IL 

Pecligree of the Whitlsh-Grey Fariaq~t, ~o. 

Parent ;  egg . . . . . . . . .  All w h i t i s h - g r e y  

I 
1 

i 
'7  
! 

F i r s t  generatio.~a (Spr ing  of  1909) 1 5 ' n o r m a l s  -F 20 g rey  batcl~es 

2-1-. 

Second  g e n e r a t i o n  

( S u m m e r  of 1909) 

Igormal-e~ged Seq'ies. 
Number Number 

Number of of norm~Ll of grey Tok~l 
:h:[al)inge b~L~ohe~ batches babhes 

No. 24. 3 4 4 8 

,, 6 4 1 5 

,, 21 2 0 2 

,, 22 3 1 ,l 

,, 24 ~ 7 0 7 

To ta l s  

T h i r d  gene ra t i on  

(Sp r ing  o~ 1910) 

20 6 26 

2-il N 24. 1 34 0 34 

,, 2 ~ 41 0 41 

,, 2 x l  2 0 2 
,, 3 21 0 21 
,, 3 x l  5 0 5 

,, 4 22 0 22 

,, 4 x i 10 0 10 

,, 5 23 9 23 

Tota l s  

F o u r t h  g e n e r a t i o n  

( S u m m e r  of 1910) 

. . . . . .  158 0 158 

24. N 2 4 . 2 .  N i* 142 0 142 

,, 2 24 2 (?) 26 
,, 5 5 0 5 

,, 7 71 0 71 

,, 8 87 0 87 
,, 22 66 0 66 
,, 23 3 0 3 

To ta l s  

F i f t h  g e n e r a t i o n  

398 2 400 

24. N 2 4 .  2. 
:No. 1. ( N 1 0 ,  
14, 18, 22, 25) 

NHxture of 5 l 
b a t ches  ~ 38 0 38 

do. No. 12 47 0 47 

T o t a l s  . . . . . .  85 0 85 

Qrey.egged Seq~ges. 

Number iN-umber Number l~ixture 
Numberof of normal of gray of B-grey of Gand Toh~l 
�9 Makings babhes batches batches BG t batches 

2 4 . 0  1 2 1 0 - -  3 

,, 3 2 5 0 - -  7 

,, ,I ~ I0  15 0 - -  25 

,, 16 i 2 0 -- 3 

,, 20 I0 I0 0 -- 20 

,, 16 • 1 0 1 0 -- 1 

T o t a l s  25 34 0 -- 59 

24. G 4. 1"  7 13 1 - -  21 

,, 4 18 22 4 - -  44 

,, 25 15 9 0 - -  24 

,,  20 9 5 3 - -  17 

,, 28 18 8 1 -- 27 

Tota l s  67 57 9 - -  133 

24. G 4 .  G 1 .  G 1  ~ 0 7 36 - -  43 

,,  7 ii 38 7 - -  56 

, ,  8 32 41 24 - -  97 

,,  11 22 47 27 - -  96 
, ,  21 9 31 11 - -  51 

,,  28 26 16 0 - -  42 

T o t a l s  I00  173 69 - -  342 

24. G 4. G 1. G 1. [ 0 18 14 1 33 
C~6 J 
, ,  7 0 19 17 0 36 

,, 16 0 4 9 0 13 

,, 22 0 18 18 0 36 
24 2J' 5 8 6 21 

15'Iixtureba~ehesOf 5 t 2% 56 40  8 106 

T o t a l s  4 120 106 15 245 

* Those  m a t i u g s  m a r k e d  wi th  a n  a s t e r i sk  a re  ~he p a r e n t  of next  g e n e r a t i o n .  

i" N o r m a l  eggs  f o u n d  in  these  m a t i n g s  are  n o t  t r ue  n o r m a l  form,  the  shel l  be ing  
rathe,"  t h i n  w h e n  c o m p a r e d  wi th  t h a t  of n o r m a l s .  

$ BG---B.greys. 

J 'ourn .  of G e m  II 25 
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exception, normal and grey batches. Thus five rantings of the normal 
series from the divoltine breed yielded 20 normals and 6 greys; 
six rantings of the grey series from the same breed similarly gave 25 
normals and 35 greys. (See Table II.) 

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 genera}ions: i.e. they became 
homozygous. This was not the case in the grey series. Five rantings 
of the grey series in the spring of 1910 (third generation) 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 shelI 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 rantings of the grey serie,s 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 no normal eggs except the grey aud 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, 51 mixture 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 ~vill 
be seen in Tables I I  and IIi. 

From the results above quoted, we are able to say that, as in the 
case Of first and second series, both normaI and grey characteristics 
segregate fi'om one another, and it is easier to get rid of the antagonistic 
characters in the normal ghan 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. I-:[ence if 
we consider the Cr and BCr 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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T A B L E  III. 

l~edigree oJ" Whitish-grey Eggs derived J~.'om the ~VormaZ 
Univoltine White. 

Paren~ egg batch, No. 12 All Grey eggs (laid in ~he Spring o f  1908) 

l v -  

FirsL generaLidn (Spring of 1909) O (11 + N (1) 

r r 
Second generaLion (Spring of 1910) G (2) + N (4) N (8) 

v~ 

Third generation . . . . . .  N (15) + G (10) 

These figures will be again summarized graphically as below : 

O=Grey  egg batch, 

1. Parent  eggs in 1908 (No. 24) 

2. ,, 1909 (Spring) 

3. ,, 1909 (Summer) 

A. 

4. ,, 1910 (Spring) al.1 

5. ,, 1910 (Summer) all 

6. ,, 1911 (Spring) all 

B. 
1. Paren[ eggs 1908 

2. ,, 1909 (Spring) 

3. ,, 1910 (Spring) 

4. ,, 19].1 (Spi'ing) 

N=Normal ,  BO=B-Grey.  

G 

F - - - ~ [  . . . .  I 

(4 + & 

I [ I t 
N (iv + ~ + Be) 

t I ( G + B G )  ( ~ V + G + B e )  

N (e + ~e) 

G 
I 

_ _ _ _ J _ _ _ _ _  

[ 1 
(G + N) 

(G + N) ~lt hr 

363  
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SERIES ~. The Spindle-shapecl Eggs (Fig. 13). 

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

The first generation which was reared in the spring of 1.909 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 inter 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 

Makings normM baLehes batches To,Ms 

1 18 5 23 

Totals 33 13 46 

Of 46 batches derived from two normal rantings, 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; ~he respective 
fgures obtained in each mating are shewn below: 

Noralal 
Number of ~Ia~ings batches 

Sp ind le - shaped  egg. No. 1. 10 

,, ,, 12 I 25 2 
. . . .  24 

N o r m a l  eggs, No. 6 (8 batches)  24 3 

Eggs laid 

Spindle-sbaped 
batches h~[ix~ure To~ls 

27 

1 28 

Owing to the great havoc made by "flacherie," the mortality of 
worms was so great that we only obtained a small number of moths, 
yet we are able to prove fihat bo~h characteristics even when inbred 
again produce the antagonistic characteristic. Thus the order of 
inheritance of ~hese characteris~ics mi~y be represented as below: 
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S =  spindle-shaped eggs ; N =  normal - shaped .  

Paren~ eggs . . . . . .  S 
l 

Eggs  of firs~ genera t ion  iV 

1 f 

f 
E g g s  of seeona  generat ion (N + V2-j 
Eggs  of ghird generat ion (N + S) 

1 

I 
s)  _2_j 

(N + s) 

Although we are nob yet able to est, ablish this variant as a constant 
form, we may infer from the above facts tha~ it comes in the same 
category as the wr iaa t s  just referred 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 
charaeterisbies different from normal-shelled eggs. 

Notwithstanding their origin being different, their order o f i nhe r i t -  
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 o / the  Third Series. 

(6  and  BG are considered to be a s ingle  cha rac te r  G.) 

P a r e n t  eggs . . . . . . . . .  G 

_ _ [ _ _  [ 
I 

Eggs  of first  genera t ion  :.. (N + 
I 
[ _ _ _  

F , I 
, ,  second . . . . .  N (N + G) 

I 
N 

1 
N 

L 
N 

,, t h i r d  ,, 

,, four th  ,, ... 

,, fifth ,, ... 

.q 

I 
G) 

V---L-- 
(N + / 

F 
J 
L_ 

f 
(G + iv/ + 

l 
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2. The 2?esults o[' the 15n~rth Series. 

P a r e n t  eggs . . . . . . . . .  

Eggs  of first genera t ion  ... 

~, 8 e e o D . d  ,~ 

,, ~hird ,, 

_ _  

(at 

I I 
(st + z) 

S 

I 
N 

J 
3 

+ J) 
2 _  I - - -  ! 

! I 
(N + z) 

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

A = G  in the third a nd  N in the four th  se r ies ;  

B = N  in the ~hird a nd  S in the four th  series. 

Pa ren t  eggs . . . . . . . . .  B 

I 
Eggs  of first genera t ion  ... A 

I - 7  

1 I 
,, second . . . . .  (B + A) 

l ]__ 
I l r - i  

,, third . . . . .  B (A + B) (X + B) 

,, four th  . . . . .  B (A + B) 

l V i ] 
,, fifth . . . . .  B A (A + B) 

I I 
,, s ixth ,, ... B A 

I f  we compare the results obtained by the first and the second 
series of experiments, we can easily see tliat 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, ~ROSSING OF VARIOUS ]~REEDS OR VARIANTS POSSESSING 

DIFFERENT E~G-OHARACTERISTICS. 

SER~S 1. Cfrosses bet'ween the ~vi~d (~2heophi~c~ ~c~dari,nc~, M.) and 
the domesticated (Bomby.~ mori, Z.) mulberry sil]c-~uorms. 

The egg O f the wild mulberry silk-worm (Fig. 10, a, b) is deposited 
in a small group on stems or twigs of the mulberry tree. When newly 
laid, it is a straw yellow (Fig. 10, b) which with the formation~of the 
blastoderm 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. I t  gradually 
assumes, as in the wild form, a brownish tint and turns brownish slate 
with some shade of purple or pink, i.e. it assumes the normal eolour of 
Japanese silk-worm eggs (Figs. !, 3, I1). The shell is nearly white, 
rarely faintly shaded with a greenish, brownish, or other ~int. 

In the spring of 1905, five wild female moths were mated with 
domesticated males (tetravoltine Tsbuhime). 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 domesticated ones (Fig. 11). 
Even the eye of experienced breeders is not able to distin~fish the 
Cross-bred eggs from those laid by maternal pure breeds. 

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

The worms which emerged from the reciprocal F~ eggs were reared 
in the Summer of the same year. Nloths derived from the eggs laid by 
the wild female rantings (five rantings) gave 56 batches of eggs, ali 
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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 F~ and 
gradually ~sumed a brownish colour which finally turned a greenish 
slate. Although they resemble the F~ eggs very much in colour, they 
are darker and the colom's are more decided than the latter, and have 
no dirgy or dull shade which is common in the eggs of Theoy)hila. The 
shell is of clear greenish yellow and deeper than that of the F~ or pure 
wild ~brms. Therefore, we may easily distinguish F1 eggs from F~ eggs. 
There are, 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 F~ 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 /~1 eggs were 
mated with pure domesticated ones. Reciprocal rantings gave, as in the 
case of FI, 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 F1 males produced, without exception, eggs with character- 
istics quite maternal. 

The worms derived from the former rantings 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 resulged from the inter se breeding, in which we found many 
different coloured batches as is shewn below: 
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l~ixgure of 
Number of Greenish-slate Japanese normal various 

Makings batches colour-batehes shaded eggs Totals 

I 0 2 3 5. 
I b  1 0 0 1 

I I a  9 8 5 22 
II  c 0 2 1 3 

I I e  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 bobh kinds of eggs and some intermediate ones in various pro- 
portions. 

Owing to certain variations found in a batch, o1' between w~rious 
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 cerbainly see that the uniform coloured 
F~ characteristic disintegrated into wh'ious coloured forms. 

In the spring of 1906, we reared worms derived from normal- 
coloured eggs. Moths paired in ter  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: 

Nmnber of Japanese 
Matings Greenish-slate normals Mixture Totals 
IIa, 3 5 7 3 15 

,, 4 4 10 5 19 
,, 5 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 broods 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 eolom'ed ones. 

Rdsumd  : 

T=greenish-s la~e coloured batches like ~hose laid by pure Theo1.~hila. 
N =  brownish-slate eoloured egg batches, common to normal  Japanese breeds. 
M = m i x t u r e  of ~hose two kinds of eggs above-mentioned and some intermediate 

coloured eggs. 
W= divoltine white. 

(~) (2) 
(?  Theophila x r Bombyx) (~ Bmnbyx x ~ Theophila} 

I I 
F1 eggs T N 

I I 
F~ eggs T T 
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2~ack-Crossing. 
(~) 

( ? F1 x ~" 13ombyx) 
J 

E g g s  of  f irst  baek~erossing I/' 

(2) 
( ?  B o m b y x  x 6" /~1) 

I 
N 

I 
J 

t 
,, s econd  ,, (T + iV + M) 

I 
,, ~hird  ,,  IV 

r 
_ _ _  [ 

,, f o u r t h  ,,  (T + N + M) 

i 
,, f i f th  , ,  IV 

I 
c o n s t a n t  

We see that the phenomena of inheritance observed in F~ eggs and 
in back-crosses are exactly maternal, no trace of paternal influence, and 
t ha) both :2Pheophilc~ and Bombyx coloured characteristics segregate from 
each other, and may be extracted agNn in their original form. 

S~IES 2. Crosses bet~veen the Whitish grey-egged and 
Normcd-egged forms. 

In th:e 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. 2~. Normal- 
egged-breeds were: (1) tetravoltine white (Onodahime), (2) divoltine 
albino extracted fi'om a cross between divoltine " @hiyodzuru" and 
"@hfis~t" albino, (3) divoltine "Shlnkawachi," and (~) "7[4 albino" 
extracted from a cross between Japanese tetravol~ine white and the 
wild mulberry silk-worm. 

(a) Tetravoltine normal-egged females (Onodahime) inated with 
males of Grey No. 2~. 

Three rantings were made in the spring of 1909 which gave all 
normal divoltlne whi~e F~ eggs. Of ~he summer broods derived from 
the F~ eggs, ~hose fi'om two batches yielded both normal and grey 
(34, normals and 15 greys) F. batches and the remainder only normal 
batches. 

Some of the F~ batches hatched in Al~gust, which were the third 
brood of 1909. Seven batches were reared separately and when 
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ma~ured gave, without any exception, normal I~,a batches, the number 
being 4,61. Their posterity only gave one batch of grey egg's it! four 
successive generations during which they produced 1062 batches. Thus 
we may safely say that some of the normal-egged form which appeared 
in the !'s are bomozygous fi'om their first appearance. 

Descendants of the Fs grey batches derived from the same summer 
brood, on the contrary, produced the antagonistic normabcoloured 
batches in F3 (~he spring of 1910). Of five rantings reared, four 
yielded grey, normal, and B-g~'ey Fa batc hes,_while one gave grey and 
B-grey, no normal batches. In the. former, we fbund 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 w ~  derived from a mating which did not produce any normal 
eggs in the last generation. Each of them yielded three kinds of 
/~,~ batches, nortoN, grey, and B-grey, except three rantings (Nos. 2. 6. 1 ; 
~2. 8. 6; 2. S. 6) which gave only grey and B-grey batches. The .total 
number of F4 batches obtained in the former rantings was 78.(~6"5 2/.~ 
normals, 126 greys, and 90 B-greys, and in the latter 51 greys and 
30 B-greys. Two B-grey F3 batches 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 0nly grey and B-grey batches, gave/ '5 batches, in which we 
agMn found normal batches, but their proportio n became gradually 
lessened as the figures show, namely, of five rantings derived fl'om the 
grey mating No. 6 which did not produce any normal batches in the 
summer, two gave 28 normals, 71 greys, 39 B-greys, F~ batches, the 
remainder 6{}. gl_'eY_S a nd 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 ghe 
latter 1~'6 ~ 

In the spring of 1911, we again reared nine grey batches derived 
from the brood which produced no normal batches in ~he last generation. 
They gave 103 F~ batches of eggs of which 69 were grey, 69 B-greys 
and five a mixture of both kinds of batches. 

Ten batches of B-grey egg's derived fi-om the same parents as above 
marinas were reared, but all of them died before attaining maturity. 
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T A B L E  I V .  

Crossing beZzveen TelravolZine IVormaLegged and Hete~'ozygous CTrey-egged Karlant No. 24-. 

Y~ai' 

1909 

(August) 

F1 eggs (Spring, 1909) 

F 2 eggs (Summer ,  1909) 

1910 

(Spring) 

( ? NormaI -egga ]  x 3" Grey-egged v~r iant )  
I 

All l lorm~Is (Nos. 1, 2, 3) 

I 
No. of Matings No. of normals No. of greys Totals 

1 ~ 6 0 6 

2* 16 14 30 

3 ~ 18 1 19 

Tota ls  

~Vormal-egged ~eries. 

Number of ~Iatings Normal Grey B-grey Totals 

/~ 1910 

(Summer )  

1. 1 ~ 71 0 0 71 

1. 2 61 0 0 61 

2. 2 * 42 0 0 ~i2 

3. I 87 0 0 87 

3 . 2  7 0 0 7 

3. 3 49 0 0 ~19 

3. 6 49 0 0 ~i9 

T o ~ I s  ... 366 0 0 366 

1 .1 .  7 39 0 0 39 

,, ]0 28 0 0 28 

,, 16 27 0 0 27 

,, 23 2s  0 1(?) 29 

,, 26 50 0 0 50 

2. 2. 2 32 0 0 32 

,, 4 30 0 0 30 

, ,  I I  28 0 0 28 

,, 7 ~ 39 0 0 39 

, ,  18 22 0 0 22 

Totals  ,.. 323 0 1 324 

2 . 2 . 7 .  4 96 0 0 96 

,, 5 ~ 76 0 0 76 

,, 7 24 0 0 24 

,, 11 27 0 0 27 

,, 12 4 0 0 4 

Tola ls  ... 227 0 0 227 

... 40 15 55 

Grey-egged Series. 
Numberer Matlngs Normal. Grey B-grey ~[ixed Totals 

2. 1 ~ 0 6 3 - -  9 

,, 4 ~" 7 I0 1 -- 18 

,, 5 ~ II 13 0 -- 24 

,, 8" 1 7 0 -- 8 

,, 16" I 4 4 - -  9 

Tota ls  ... 20 34 5 - -  59 

2. 1. 5 5 8 4 - -  17 

2. 4. 1 ~ 0 27 9 - -  36 

2. 16. 8 16 27 18 - -  56 

2. 16. 3 29 30 29 - -  88 

2. 5. 2 9 34 20 - -  63 

2. 5. 6 11 20 12 - -  43 

2. 8 . 4  0 1 1 - -  2 

2. 8. 3 8 7 12 - -  27 

2. 8. 6* 0 23 20 - -  43 

Tota ls  3 m~ t in g s  0 51 30 - -  81 

6 ,, 78 126 90 - -  294 

No. 2. 1 B G  1 0 1 0 - -  1 

4 . 7  0 0 3 - -  3 

These  m a r k e d  wifh an as te r i sk  a re  ~he pa renfs  of nex~ genera t ion .  
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T A B L E  IV . - - (con t in~ed) .  

Crossing between Tetrc~voltine NormaLegged a~td tleterozygous Grey-egged Variant iVo. 2 4 .  

Normal-ecjged Series. 

Yeer Number of M~ings  

1910 2. 2. 7. 5. '1 

( A u t u m n )  ,, 13 ~ 

,, 11 

,, 17 

,, 20 

,, 77 

Normal  Grey B-grey To~fls 

22 0 0 22 

80 0 0 80 

39 0 0 39 

37  0 0 37 

41 0 0 41 

29 0 0 29 

Totals ... 248 0 0 248 

1011 227 1  t ( S p r i n g )  36 

,, 17 

,, 18 

,, 19 

243 0 0 243 

Grey-egged Series. 

N u m b e r o f  MtLtings NormM Grey B-grey hfixed Totals 

ff5 2. 8. 6. 1 12 39 21 - -  72 

, ,  4 0 2 2 - -  4 

,, 6 16 32 18 - -  66 

,, I i  0 14 18 - -  32 

,, 44 ~ 0 42 35 - -  77 

T o t a l s  2 m a t i n g s  28 71 39 . - -  138 

3 ,, 0 58 55 - -  113 

2. 8. 6. B G  3 0 11 11 - -  22 

,, BG 9 0 1 3 - -  4 
,, BG12 0 0 1 - -  1 

T o t a l s  . . . . . .  0 12 15 - -  27 

2. 4. 1. 8 6 15  8 - -  29  

,, 9 0 8 12 - -  20 

, ,  12 11 14 7 - -  32 

,, 17 2 13 6 - -  21 

, ,  20 3 6 3 - -  12 

,, 27 0 4 6 - -  10 

, ,  19 3 4 3 - -  10 

T o t a l s  5 m a t i n g s  25 52 27 - -  104 

2 ,, 0 12 18 - -  30  

F6 2 . 8 . 6 . 4 4 .  3 0 5 8 - -  13 

,, 6 0 4 1 - -  5 

, ,  21 0 2 5 - -  7 

, ,  6b 0 3 5 - -  8 

,, 9b 0 15 9 3 27 

,, 12b 0 1 2 1 4 

,, 12o 0 7 12 0 19 

, ,  16c 0 6 6 1 13 

, ,  19e 0 6 1 0 7 

T o t a l s  ... 0 ~9 49 5 103 

T h o s e  m a r k e d  w i t h  a n  a s t e r i s k  a r e  t h e  p a r e n t s  o f  n e x t  g e n e r a t i o n .  
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The respective figures obtained in each mating in every generation 
are represented in Table IV whfeh will be summarized as below : 

/~1 egga 

I 
F2. eggs N 

F~,:eggs N 
i 

/~,~ eggs N 

I 
F~ eggs N 

Fs eggs N 

(Normal x grey No. 2~i) 
N 

f 
1. 

(N + c~) 

I I r -I 
| I 

___.~L .... I L--7 

I .I r 
(N + G + Be§ (0  + BG) 

(G + ~G) 

[ - - L - -  

i 1 (a + BG) 

(zv + G + BG) 

r 3 

; t 
: '  + zG) (,v+ G +I;'G) I '  

[ . . . .  1 

] 
( N + G + B C ~ )  (c~ + ~ )  

The results are nearly the same as those obtained in ~be original 

grey variant which is inbred, except the appearance of the constant 
2r form. in #'~. 

(b) Exactly the same results were obtained when we crossed 
~t normal-egged breed extracted from a cross between divoltiue 
"Chiyodzuru"  and the univoltine albino before referred to with the 
ga, ey-eg'ged variant No. 24. The resnlts._of_ experiments a.re tabulated 
below (Table V). 

(0) In  this series we made again similar matings as in the previous 
two'series of experiments. Three females from the divoltine normal- 
egged whi~e called "8hinkawachi"  and two fi'om the normal-egged 
extracted form called E I I I  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 N2 batches and the latter 13/-/'~ 
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 
ibrmer gave 968 d/'a batches of normaI eggs and the latter 10 Na normal 
batches. 
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~ ' leggs  
(Spring, ].909) 

F a e g g s  
(Summer ,  1909) 

1~ eggs 
(Spring, .1910) 

I~ eggs 
(Summer,  1910) 

TABLE g. 

( ? ~Vormd • d ~rey). 

Normal  divolgine whi~e (one batch)  
f - - ,  

E g g - h a t e h e ~  p r o d u c e d  

Nmnbet. of 

N t l i l l | l e l -  Of f 
rantings NornlM baLehes Grey b~gches 

6 ~ 13 1!  

Number of 
Parent Normal Grey Totals Parent 

6. 3 5 0 5 6. 16 ~ 

6. 7 ~ !0 12 22 6 .18  ~ 
6 .21  9 12 21 6.19 ~ 

T0gal 

24 

Tota ls  2~t 24 48 
I 

Grey series 

N t t l l l b e r  of  
~ e n ~  Normal Grey B-grey To~als 
6. 7. 3 ~ 0 33 22 55 

,, 14 18 12 O 30 

,, 8 8 14 0 22 
,, 9 17 41 28 86 

Grey serms 
/ .& . . . .  ~, 

~5 eggs Number of 
(Spring, 1911) Paren~ Normal Crey B-grey To~al 

6 . 7 . 3  I 
(4 a~d 5)I  2 3 6 11 

Normal Grey B-grey Tohals 

I~ 28 5 47 
7 II 8 26 

7 6 6 19 

Tota ls  

f 
Number of 

Parenli 
.6. 16. 12" 44 49 0 ~3 

,, 13 6 ,1 0 10 

(B-grey  series) 
6.16.  7 0 1 30 31 

,, 8 0 11 10 21 
1.8 0 0 4 4 

6 .18 .  1 0 0 6 6 
6. 19. I 0 2 0 2 

,, 8 0 14 3 17 
I. 

Grey series 
2. "N 

Number of 
Parent Normal C4):ey B-grey Total 

6. 16. 12 / 
(5 ann 16) f 8 16 o .;,a 

28 45 19 92 
J 

Grey ser ies  
% 

NormM Grey B-grey. TotMs 

Parents of new generation. 

In the next generation paired inter se, bo~h series again yielde d 
only normaLegged F4 batches, the number of batches produce d in the 
former series being 66 and in the latter 123. Now it is-qui~e certain 
thaLin these rantings there is no grey factor which has lain do{-mgnt ~s 
in the former rantings. 

The facts obtained i n  these thi-ee series of experiments and those 
from the secend series of the line breeding suggest ~b us, firstZy that 
among the eggs of grey-batch No. 24,, there are two kinds of grey eggs, 
one having ~he grey factor in its zygo}ic composition, while another has 
no grey factor, in spite ef  its being grey in colour; that is to say, some 
grey eggs are hete~:ozygous for the normal factor, some homozygous 
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normals; secondly that ~he normal and ~he grey segregate fl'om each 
other in their succeeding generation 'as other ~/[endelian characters do; 
thirdly that it is much easier to free the normal form from the 
antagonistic character than the grey; and, lastly, tha~ the normal form 
does not produce any o~her form when it becomes free frmn 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 ga'ey is more eomplieabed in its constitution ~han the normal. 

S]~IES 3. Crosses bet,wee~ Yellow and White forms of Japanese 
Tetrc~voltine Breed, " Onodahime." (Fig. 9, c~ and b.) 

Normal Japanese tetravoitine breeds are generally white cocoon~ 
spinners, a s  far as we are aware. In the year 1905, we obtained a 
mixed breed'conslsCing 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 F1 eggs which are 
all yellow when newly laid 1 (Fig. 9, b). This is the characteristic egg- 
colour of the yellow form. The reversed mating gave, on the contrary, 
all pale white F1 eggs (Fig. 9, a) which is also the characteristic colour 
of the white form. I t  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 F~ eggs were reared 
in the late autumn of ~he same year. All the worms were yellow- 
blooded and spun yellow cocoons without any exception. The moths 
paired inter se gave all yellow F2 eggs which are quite the same as 
~hose laid by the pure yellow forms. 

In the spring of 1908, the Fs yellow egg's 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 while- 
of Group blooded worms bloode(l worms To~Me 

I ~86 169 654 
I I  667 160 727 

Totals . . . . . .  1,052 329 1,381 

~endelian expectation 1,035 3~5 1,380 

1 Ill this series of experiments, we only refer ~o ~he colour of ~he egg when newly laid, 
i.e. the colom" of eggs before the formation of the blas~oderm ~akes place. 
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The moths derived from these yellow- and white-blooded worms 
were paired in the tbllowing ways: 

Group 

I ~ W h i ~ e - b l o o d e d  m o t h s  x ~r Whi~e-bloocle([  

II ? W h i ~ e  . . . .  x d" Ye l low ,, 

I I I  ? Ye l low . . . .  x ~r Yel low ,,  

I V  , Ye l low . . . .  x 4" W h i ~ e  , , '~ '  

They gave the resul~s which are ~abulated below :-- 

Number  ~ Colour of ~he 
of N:a~ings I~emMe h'[Me eggs l~id 

: No .  '9 w h i t e  whi~e  p a l e  whi~e  

II ,, la ,, ,, ,, 

. . . .  i 0  ,, ,, ,, 

. . . .  iB  ,, ,, . 

. . . .  21 . . . . . .  

Win'ms ;,~hich dhlerged f rom 
the egg 

Yellow Wlfigo Togals 

0 a l l  wh i~e  a l l  wh i~e  

I I  No .  6 w h i g s  ye l low pu le  whi~e  59 51 110 

. . . .  13 . . . . . .  17 0 17 

,, , ,  14= ,, ,, ,, 242 0 2 ' t2 

. . . .  23 ,, ,, ,, 27 19 46 

I I 1  I I  No .  9 y e l l o w  yellow, b r o w n i s h  ye l low 

. . . .  5 . . . .  g r e e n i s h  ye l low 

. . . .  1 t  ,, ,, b r o w n i s h  ye l low 

,, ,, i 6  ,, ,, ,, . 

,, ,, 24 ,, ,, g r e e n i s h  ye l low 

0 0 0 

109 30 t39  

39 14 53 

0 0 0 

71 17 88 

0 0 0 

54  13 67 

T o t a l s  . . . . . . . . . . . . . . .  273 74 347 

I V  I N o .  6 y e l l o w  w h i b  y e l l o w  65 55 120 

As the Table shews, i f  yellow-blooded females (both homozygous and 
heterozygous) are used, whether they are mated wi~h their own tomes 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 th',~ case as in the other cases 
before cited, the eolour characteristics of the egg are not influenced by 
the zygotic composition of the egg after fereilizaeion, 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 
slags their relation is quite Mendelian. 

J o u r m  o f  G e m  I I  26 
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Re'sumd: 
Y=yellow eggs ; W=whi~e eggs ; {y)=yellow-blooded worms and moflls ; (~v)=whii~e- 

blooded worms and moths ,  

(i) (~) 
(y) x ~ (~v) ~ (w) x ~(y) 

F1 eggs . . . . . . .  y ~F 

I! (I) Worms and moths  (y) 

F2 eggs . . . . . .  Y Y 

Worms  and moths  {3!y)  L : l iw)} 

F I 

I {? (y)? ~(w)} { ~(~v) x ~ I 
F 3 eggs . . . . . .  Y Y W W 

r - '  r ..... Worms~namo~hs all (y). {a(y),,l~(~)} all (y) . {l (y) .. l~(~v) } a~(y).ll(w): } (w) 

SERIES z~. G~O88e8 bet~vee~ vca'iou~ Breeds ~vhioh lc~y different 
ooloured Eggs. 

This series of experiments was undertaken with the iu~ention of 
observing the influence of egg-characberistics belonging to the breed 
used as male parents towards the characteristics of 1/'~ eggs. 

(1) Reciprocal matings between Chinese whites from the Jokea 
and Kainei districts and Japanese univoltine' breeds, "Aojiku" and 
"Christi." 

Egg-colour of the Chinese breeds: dark-sla~e, 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, 3, and 11): brownish 
slate, more or less shaded with pink or purple. This is the ordinary 
egg-colour of Japanese breeds: 

Ntunber of 
:Ka~ings 1Katings 

Chinese Joken x ~' Japanese Aojiku 10 
,, KMnei x ~' ,, Chfis~ 13 

? Japanese Aoj ikux ~r Chinese Joken 10 
? 7, Christi x ,~ ,, KMnei 15 

Colom' of F1 eggs 

all Chinese eolour 

Japanese  ordinary eoloUr 

(2) igeciprocal 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. I t  
resembles in colour the Chinese colour but the shades are different, 
so we are able to distinguish the Chinese colou r from that of Japanese 
green. 

Number Of 
l~a~ings ~fa~ings 

Green x ~ " I v g "  5 

? Ivg • ~ green 6 
? Sekai - icki  x a' green 5 

(3) t~eciprocal rantings 

Colour of/~1 eggs 

one bat~eh n o r m a l  slate,  the rest~ a m i x t u r e  
of va r ious  green shaded  eggs, i.e. o rd ina ry  
oolour of g reen  breed 

Japanese  n o r m a l  colour 

between the wild .mnll)erry silk-worm 
(2Fheol)hila 'mcLndarinc~) and Japanese normal-egged breeds (Shfnya- 
hime), tetravoltine " Onodahime," tetravoltine "T0buhime," univoltine 
"1Katam ukashi "). 

Egg-eolour of 2Yheophila: grey, more or less shaded with green, 
as has already been described. 

Number of 
Mabings ~at ings 

Bh inyah ime  x r Theophila 8 
? Onodah ime  x a' 2 

? Univol~ine 3ga~amukashi  x a" Theophila 2 
TSbuhime  x g Theoph(la 3 
Theophila x ~r TSbuhime 3 

,, ~r Ma~amukash l  2 

(~) t~eciprocal rantings between the norton} (Fig. 

Colour of 2' 1 eggs 

a l l  J apanese  norma.1 colour 

a l l  Theol)Mla eolour 

1) and the 
reddish brown egged (Fig, 2) forms found in the divoltine breed, "Shinka- 
wachi." 

Number of 
1Katings ~ i n g s  Colour of F~ eggs 

no rma l  x ~ reddish-brown 20 a l l  n o r m a l  eolour 
? reddish-brown x ~" normal  15 a l t r edd i sh -b rown ,  few be ing  a l i ~ l e  da rke r  

shaded  

(5) l~eciprocal crossings between the Em'opean yellow, "Papillons 
noirs" and the Japanese normal-egged breed, "Tats~i~ahime." 

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

Number of 
/Ka~ings ~[a~ings Colour of .F 1 eggs 

Pap i l lons  noi rs  x ~ Ta~su~ahime 2 E u r o p e a n  g reen i sh  slake 
? T a t s u f a h i m e  x ~r P~pi l lons no i r s  2 a l l  divol~ine whi~e 

26 - -2  
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(6) Reciprocal crosses between European breeds (Italian white and 
Sins blanc) and Japanese normal-coloured breeds (divoltine Shinkawachi, 
tetravoltine Tatsutahime, and divoltine A~akanishiki). 

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

Number of 
~[agings hl~th]gs 

Italian white x ~ Shinkawachi 3 
, ,  ~, ~) 7 

? Shinkawachi x d Italian white 3 
? Ta~su~ahime x cr Italian white 25 
? Asakanishiki • o ~ Sins blanc 7 

Italian white • o" Tatsutahime 4 

? Sins blanc x # hsakanishiki 6 

Colour of F1 eggs 
sla~e grey 
mixture of various greenlsh-shaded 

greys and normal slates 
Japanese normal colonr 
all divoltine white 

a mixture of various green-shaded 
greys and normal slates 

the same eolour as the above 

(7) Reciprocal crossing between albino and c01our-egged breeds. 
The colour-egged breeds used in ~his series of experiments were: 
1. European yellow, Papillons noirs. 

2. Japanese whi~e, "Sekai-ichi," "Tako," "Chfisfl," and the extracted 
white "Ivg," univoltine green, "Seihaku." 

3. Albino: univoltine Chfisgl albino (the cotour of the egg is 
a gree:nish Wl~ite, sometimes faintly shaded with orange), another is.the 
Chinese orange breed, its eggs being clear orange with certain variations 
in intensity, 

Number of 
hIatings ~'[~tings 

Orange x ~ l~ nolrs 1 

? Orange x o" Bekai-ichi 5 

Orange x d' Green 5 

? Orange x ~ Ivg 5 

Christi albino x r Univoltine 
Chris~ 

Christi albino x ~r Ghiyodznru 
? Papillons noirs x # Orange 

SekM-iehi • ~ Orange 5 
? Green x a Orange 5 

Ivg x ~ Orange 6 
? Tako x d' Orange 4 

Chiyodzuru x d" Chris~ albino 4 

Colour of .F1 eggs 
light pinkish brown 
mixture of orange to dark-plnklsh 

browns 
4. light pinkish brown with various dark 

shades 
1 dark pinkish grey 
2 Orange, slightly shaded wi~h a dark 

pink 
a mixtm, e of orange, dark pink, and 
a few normal eggs 

some batches are all white, some 
white mixed with various shaded 
eggs 

the same as the above 
European green-shaded eggs, onebelng 

little lighter in eolom" than the 
others 

all normal brownish grey 
various green-shaded eggs, character- 

istio ~o the green breed 
nil normal brownish grey 
the same as the above 
t~he same as the above 
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In the crossings above quoted, we compared the reciprocal F~ 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 
~hose Of the female parent. As far as our experiments went, it is very 
difficult to distinguish between these I~ 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 
mating's. 

As ~o the albinotic rantings, the ease is rather different from that of 
the coloured rantings , since the eggs laid by albino females mated with 
coloured males sometimes were more or less influenced by the male 
characteristics and sometimes shewed no male influence. In the Chfmtl 
albino matings we Often obtained pure white F~ eggs, while in the 
orange albino these maternally characterized eggs were rarely 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 ia the serosa. In Chinese, 
European and in some green breeds the green colour of the shell may 
help the production of these greenish shades, but it is not the chief 
cause of the green colour. 

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

From the series of experiments above mentioned, we know that alt 
the colour-characteristics of the silk-worm egg are maternal in in2 
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 foNet , how- 
ever, that there are breeds whose egg-characteristics behave exactly as 
other normal Mendelian characteristics do. We shall now describe 
a ease of this kind studied by us. 

S~r{IEs 5. [qzheritc~nce of the "Cri~zsoq~-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 
divo]tine breed' ~ This breed is characterized by the speclal colo(~r of the 
egg which is a clear crimson-red. I t  is one of the most strikingly 
coloured eggs we have ever had. In one batch (No.: 5) we found 
30 normal colottred egg's and in another (No. 20) only tWO norri~al eggs, 
ajl 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 h'om normal breeds, except in the colour 
of the head and eyes. In the fourth and fifth stages7 we clearly 
observed that the head of the worm was of a lio.ht reddish brown as 
contrasted with the normal brownish grey of normal-egged breeds. 
The eyes, both simple and compound7 were tinged with crimson. The 
%'gs 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 cle~" 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 g~'adually merges into a clear crimson. After the 
hibernation, when the development of the embFyo 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 whi~e, with faint markings as in normal light moths. 
We shall call this breed the "Crimson-egged" breed. 

Crossing experiments with ~Vormal Breeds. 
Reciprocal rantings 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 (Ono: 
dahime); the extracted normal-egged breed derived from a cross between 
Japanese white and the Chinese dark-wormed breed, and the divoltin~ 
White (1Zenzoku). These three breeds were all true in their normal 
egg-colour characteristic. The results of the reciprocal rantings: are 
shewn below : 

A. P~ Eggs, 
1. ($ normal breed • F crimson breed.) 

I'Tumber of 
Female p~renfl l~lale parent l~afiing Eggs la ld (F]) 

Te~ravo l~ ine  w h i l e  ( O n o d a h i m e )  C r i m s o n  6 d i v o l ~ i n e  whi~e 

)) 7) )) )) )t )) )) 

T h e  ex~ractecl norms,1 b reed  ,, II )) )) 

I 12 n o r m a l  d a r k  c o l o u r  )) ~) )) )) 

,, ,~ ,, ,, 13 ,, ~, 

Divol~fl le  w h i t e  ( R e n z o k u )  ,, 15 . . . .  

,, ,7 ,, 16 ,~ ,, 
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Of eight mai)ings, five gave all normal dark eggs, while three 
gave all divoltine white eggs, which is ~he maternal characteristic of 
tetra- or divol~ine tbmales in their spring brood. 

2. (~ crimson breed x d ~ normal breed.) 

The reversed rantings gave results identical with ~hose represented. 

Number of 
I0cmale parent Male parent tVfa~ings Eggs laid (FI) 

1 {Crimson Tetravol~ine Onodahime ~ normal  dark 

}9 ~J 99 ~ 

2 ,, The extracted normaI-egged) 
form from ~he cross be-L 
tween Bombyx mori a n d [  2 and 3 divoltine white 
Theophila mandar~za ) 

3 ,, Chinese " D r a g o n  h o r n "  1 greenish slate 

The results of the reciprocal makings show us ~hat in ~he 2'~ eggs 
normal coloured or greenish coloured characteristics dominaee over the 
crimson, while ~he vol~ine characteristics are, as in o~her egg-character- 
istics before enumerated, maternal in inheritance. 

The worms and moths derived from-the reciprocal normal-coloured 
~ eggs in flhe summer of 1910 were all dark~eyed, and fihe mofihs 
paired in~er se gave the following ~2 eggs: 

i~ ings  

Teh'avol~ine " Onodahime"  
d" Crimson 

Eggs laid by each moth 
Number of ~ .... 

~Iat~gs Normal O~mson Totals 

6. 1 342 136 4 7 8  
6. 2 294 103 397 
6 . 8  369 103 ~72 
6. 9 374 103 477 
6. 10 314 124 438 

<~ 6. 11 192 77 269 
[ 

[ 6. 12 334 109 ~43 
/ 

7. 6 300 97 397 
7. 13 272 107 379 
7 •  214 88 302 

Totals 3001 1047 

? Extracted normal-egged breed ( 11. 1 278 96 

from fhe cross, Japanese I 11 .2  176 68 
white • Chinese black- 11 .4  319 115 
wormed breed 11. 6 351 123 

Crimson 11. 7 330 119 

Totals  1~5.t- 521 
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M~tings 

? Crimson 
Teh'avol~ine "Onodahime"  

:Eggs laid by each moth 
Number of ~ -  ---'---.-~-..--~ 

h{atings Norm~ Crimson Tot~s 

4. g 293 93 
4. 5 301 126 
9 347 128 

I0 359 96 
11 332 83 
13 355 112 
14 275 89 
Nos. 1, 2, 4, 8, 15--18 aH divol~ine whites 

Totals 2269. 727 2989 

( ~ Orimson No. 20 2. 1 230 80 310 
g I I I .  I i .  I. 3) 3. 3 82 24 106 

1. 15 319 124 443 F 
(? Crimson x d' "Dragon-horn ' )  ~1"~1:16 290 105 39g 

17 389 I10 499 

Totals 1,310 443 1,753 

Grand totals 8,027 2,738 10,765 

Expectation 8,073~ 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 : 1B respectively ; the tota[ number of crimson and normaLcoloured 
eggs obtained from 17 E~ dark-eyed moth matings being 5026 and 1691 
respectively, that is to say, 3 normals : 1 c{imson. 

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 erimson-eoloured eggs found in each batch were reared 
separately and gave the following wonus and moths: 

Kinds of worms 
Number of normal hatched 
~nd eri~lson eggs ~ 

in each batch . Da~-eycd Crimson-eyed 
Number of 

lparcat batches ~oths 

$ Crimson | No. 6. I 136 0 46 (33 %) all crlmson-eyed 

INI 369 301 (82 %) 0 all d~rk-eyed 
,, No. 6. 8 103 0 28 (27 ~ ) all crimson-eyed 

IN. 374 290 (77 ~ ) 0 a l l  dark-eyed 
,, No. 6.9 ]~-. 103 0 40 (38 ?/o) all crimson-eyed 

Mixed rearing of Nos. 6. 2 iN. 594 465 (78 ~ ) 0 MI dark-eyed 
and 7 .6  }R. 200 0 91 (45 ~ ) all crimson-eyed 

Crimson eggs derived h'om five batches 89 all crimson-eyed 
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As the figures show, crimson-coloured eggs always ioroduced crimson- 
eyed worms and moths and the normal ones g~ve dark-eyed worms and 
moths. Both ~he crimson and normal-eyed moths paired inter se gave 
~he following F3 eg'g-ba~ches : 

(I) Crimson-eyed metZ, s paired inter se. 

Number of ~[a~ings Oolour of ~he eggs 1Md 

No.  6. 8. 15 al l  e r i m s o n - e o l o u r e d  eggs  
No.  6. 9. 14 . . . .  ,, 

No.  6. 8. ( x lmre  c r imson)  16 . . . . . .  
No.  6. 1. ( x  pu re  c r imson)  27 . . . . . .  

No.  6 . 8 .  ( x No.  6 . 1 )  11 divol~ine whi~e 

No. 6. 2. ( •  No.  7 . 6 )  13 ,, , ,  

No .  6. 9. 15 ,,  , ,  

Of seven crimson-eyed makings, four gave all crimson-coloured 
eggs, while the remainder gave all divoltine white eggs which i n  the 
ne~t generation gave rise to crimson-eyed worms ~nd moths and laid 
~ll crimson-coloured eggs. We may say, therefore, that the criinson- 
coloured churac~eristic is segregated fl'om the normal-coloured ones. 
The lineage of this series gave ~ll crimson-coloured eggs in the succeeding 
generations. 

(2) IVormal-eyed moths inbred. 
Eggs l~id 

s er Of ---'~----~ -~'--- 
P~ren~s ~f~ings l#ormal Crimson TeMls 

No.  6. 1 11 236 79 315 

,, 12 all normals aH normals 

13 ,, 

No.  6. 8 15 ~11 divel~ine 'whi~e b a t c h e s  

No.  6. 9 4 all  n o r m ~ l s  s l l  n o r m s l s  

,, 7 3 : 1 
8 all normals ~ll Eorm~Is 

9 ~, 

No.  6 . 2  x. No.  7. 6 .  6 3 : { 
, ,  ,, 8 268 81 B 4 4  

,, . 12 248 83 331 

,, ,, 8. 312 117 429 

,,  ,, 15 3 : 1 

Bc~d~-crossi~g of F~ Dark-eyed Moths with e~tracteg 
Orimso~-eyed Moths. 

F1 dark-eyed moths derived from the mating, $ crimson x o z tetra. 
voltine white, were m~ed with crimson-eyed malesderived fl'om the F~ 
~eggs of the m~ting, $ tetravoltine x o' crimson. Each m~ing, as the 
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theory demands, gave both normal and crimson-colom'ed eggs in an 
approximate proportion of 1 : 1, as the figures quoted below shew: 

:Eggs laid 

Number of ~ - 
iVlJatings NormMs Crimsons 'fos 

8 ali d ivol t ine  whi te  

9 183 202 385 
ii 187 188 375 

12 211 207 418 
13 236 220 456 

19 198 187 385 

TotMs 1015 1004 2019 

]iixp~c~a~ion 1009�89 1009�89 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 Ghifl~ken which 
sometimes gave mixed batches consisting of normal and crimson eggs. 
The number of normal and crimson eggs respectively fbund in the 
batches given by him to us are enumerated below: 

Number of normslaud 
crirdson eggs found in 

each batch laid by a paren~ 
Number r - --"---- .- . 

Names of breeds of Batches Normals Crimson Totals 

Univo l t lne  " G h i n p a k u "  1 248 84 332 

, ,  ,, 7 413 120  533 

,, ,, 8 247 89 336 

,, ,, 13 167 73 240 

Tota l s  1075 360 1441 

Divol t ine  " T a m ~ n a s h i "  1 404 112 ,516 

,, ,, 3 306 141 .447 

, ,  , ,  14 367 104 471 

Totals 1077 357 1434 

Grand totals 2152 723 2875 

Expectation 2156�88 718~ 2875 

These figures suggest to us at once that the crimson-colom'ed 
charac~erisbib is a Mendelian one, recessive to the rmrmal-coloured as is 
the former crimsoll 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 normat-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-- -he rn i a l - eyed  ; 1~ = c r i m s o n . e y e d  m o t h s .  

Pr~ren~ Moths :Eggs IMd 

~TOI'II]~lS OrinISOllS Names of breeds ? o ~ 

Un ivo l t i ne  " G h i n p a k u "  

:No. 8 . 8  ,N" x N 114 45 

No.  8 . 9  N x N 334 92 

No. 13. 8 N x N 459 105 

No. 13. 9 N x iV 338 106 

No. 13. 10 N x N al l  n o r m ~ l s  

Divo l l ine  "T~manr 
:No. I _R x /2 a l l  dlvol~ine whi~e eggs 

No. 3 /2 x .g ,, ,, ,, 

:No. 14, :Nos. 8--14 /~ x /~ ,, ,, ,, 

Totals 

159 

426 

564 

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

The lineage of the crimson-eyed rantings which yielded all divoltine 
white eggs remained true to parents in their successive ieneratlons, 
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 2a of a monohybrid cross, and the parental mixed eggs 
given by Mr Suite were' undoubtedly F2 eggs between the crimson and 
n~176176 forms. Now we may clearly see that those crimson- 
coloured characteristics found in the three different brd~ds are in the 
same nature and ~endel ize in the normal order, the crimson being 
hypostatic to the normal-coloured one. 

/ ~ = e r l m s o n  ; N = n o r m a l .  

(N x R) (reciprocal) 

/~1 eggs N 

~.. ,, (3~v : 1~) 
I 

F - - 1  I 
F3 ,, N (317 : 1_,2) _,2 

(;% • ~) 
:~ ,, (1N : l n )  
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Greater Death-rate of the Crimson-cdoured Ecjg. 

During our experiments wRh the crimson breeds, either with the 
original divoltine 'or other extracted forms fi'om cross-bred or mixed 
breeds, it has struck us that the number of worms which came out in 
spring from these eggs was vm'y small, sometimes over 90 ~ were found 
to be dead; even in the case where the crimson eggs were found mixed 
with normal ones in ~he 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-eoloured eggs laid by stone breeds. 

Fifteen batches selected at rat~dom froln 84 crimson-coloured batches 
laid by the smnmer brood of the extracted crimson form, fl'om the cross 
between the divolt[ne crimson and tetravoltine normal-coloured " Ono- 
dahime," gave the following figures : 

TABLE VI. 

Number of Total number Number of 
batches of eggs laid dead eggs Death-rate 

I 377 341 90"4 ~ 
2 368 269 73 ~ 
3 348 342 98"2 0/o 
4 439 389 88"6 ~ 
5 413 405 97"1 ~ 
6 283 321 88"1 O/o 
7 379 364 96 O/o 
8 277 243 87"7 ~ 
9 438 318 72"6 o/o 

10 365 149 40"8 ~ 
II 254 136 53"5 ~ 
12 304 244 80.2 O/o 
13 319 284 89 ~ 
14 424 403 95"2 O/o 
15 446 360 80"7 O/o 

To~Is 5434 4568 84 ~ 

The average death-rate was 84 ~ ranging fi'om 40"8 O/o 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; i.e. 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 
Chiyodzuru," and the crimson derived from ~h e divoltine "Tamanashi ") 
a considerably smaller percentage of dead eggs was noted than in the 
cross between divolt[ne crimson and tetravoltine white. 



K. ToY~{A 389 

TABLE VII. 

Number of To~al uumber Number of 
batches of eggs laid dead eggs Death-rate 

1 481 52 10"8 ~ 
2 487 45 9'2 ~ 
3 481 52 10'8 ~ 
4 ,166 3 0"6 ~ 
5 471 260 55"2 ~ 
6 476 241 50'6 ~ 
7 514 90 17"6 ~ 
8 543 169 31"1 ~ 
9 515 342 66'9 O[o 

10 490 16 3"2 ~ 
11 529 377 71"2 ~ 
12 471 45 9"5 ~ 
13 459 223 ,18"5 ~ 
14 554 3 0'5 ~ 
15 ,1.77 224 47'5 o[o 

T o~ l s  7414 2142 28"8 o/o 

In this crimson form the average death-rate is only 28'8 ~ ; in 
certain m~tings nearly all the eggs were hatched, while in some others 
the death-rate modnted as high as 71'2 ~ 

In other crimson batches laid by an extracted crimson form derived 
from a cross between the divoltine crimson and " E I I I "  breed (a,~ 
extracted breed from a cross between the wild mulberry silk-worm ~nd 
tetravoltine "Toblihime "), the figures quoted below were given : 

T~BLE VIII. 

Totals 5065 3686 72 % 

iNumber of Total number l'{umber of 
batches of eggs laid dead eggs Death-rate 

i 234 181 77"3 ~ 
2 383 348 90'8 O/o 
3 335 102 30'4 O[o 
4 467 329 70'4 O/o 
5 360 66 18"3 ~ 
6 248 192 79"0 ~ 
7 326 303 92"9 O/o 
8 261 233 89'2 ~ 
9 362 199 54"9 ~ 

i0 277 153 55"2 ~ 
i i  394 283 7t '8  ~ 
12 313 279 89"1 ~ 
13 340 322 94"7 ~ 
14 391 341 87"2 ~ 
15 374 355 94"9 ~ 
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In this form the death-rate is 72 ~ varying, in individual cases, 
fl'om 18"3 O/o to 9~'9 ~ 

We have observed moreover that the d~ath 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" (Fig. 8) which gradually became enlarged in size and at last 
the clear crimson colour became paler, while others were found dead 
after the embry o had completely developed. The majority of the 
deaths seem to occur, however, in the earlier developmental stage of 
the embryo. 

Even in die 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 d{voltine white egg-batches gave the following figures : 

TABLE IX. 
Number of To~a[ number Number of 
batches of eggs laid dead eggs Death-rate 

7 191 60 31"4 ~ 
8 361 18 4"9 ~ 
9 111 51 4~5"9 ~ 
I0 329 168 51 ~ 
I I  272 196 72 ~ 
12 309 12 3"8 ~ 
13 186 18 9"6 % 
13a 272 16d~ 61"4 ~ 
14 413 64~ 15"5 ~ 
15 381 78 20"8 ~ 

Totals 2825 829 29"3 ~ 

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 
fifty 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-eoloured 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. 



K.  TOVAMA ~9 

Normal eggs 
TABLE X. 

Number Total Crimson eggs Albino eggs 
of number Dead ..... 

batches of eggs eggs  Death-rate Total ' Dead Dea~h-r,~te To~al Dead Death-r~tB 

1 194 33 .17 ~ 95 77 81 Olo 91 12 13'1 O/o 
2 209 64 30"5 ~ 66 49 74"2 % 86 7 8'1 ~ 
3 195 23 13"8 ~ 99 76 76"7 O[o 88 30 34 ~ 
4 213 23 10"7 ~ 75 61 81'3 ~ 99 22 22"2 ~ 
5 213 79 37 O/o 94 62 6,1'8 % 87 5 5"7 ~ 

Tofals 1024 222 21.6 ~ 429 325 75"7 % ,1-51 76 16"8 ~ 

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 uormal and white-coloured eggs, the percentage of' deaths was 
only 21"6 o/~ and 16"8~ respectively, that of the Cl'inlson eggs was 
75"7 ~ Other ten similar batches gave the following figures: 

Normai eggs Crimson eggs  Albino eggs 
To~al number  2315 956 1076 
Number  of dead eggs 406 650 288 
De~h-ra~e 17"5 O[o 67'9 ~ 26"7 ~ 

The facts above enumerated taught us that in every case in every 
breed which we have Studied, those eggs colom'ed crimson have a greater 
death-rate than normal-coloured eggs, while divoltine eggs which a r e  
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-llved as that in the~ 
coloured eggs. 

As to the cause of the early death of the embryo of the crimson- 
coloured eggs, we are quite 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. GENERAL CONSIDERATIONS. 

From the results of these series of experiments in both line and 
cross breedings above quoted, it now becomes clear that (i) those egg- 
characteristics above enumerated, except in the crimson breed, are 
determined by ghe 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 go 
say, phenomena of inheritance are matel'ual; (2) gametle segrega- 
tion of parental ohar~cteris~ics takes place as in normal Mendelian 
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alletomorphism ; and (3) 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 fl'om the normal rules. 

Suppose, now, ~here are certain Mendelian characteristics which 
behave as maternal in inheritance. ~f they were reciprocally mated, 
what would be the result as regards their offspring ? Let  D represent 
a dominant and ag a recessive factor, the results of their reciprocal 
real;lugs would be diametrically opposite. In the case of a D female 
mated with an 1~ male, the resulting F~ eggs wouht be all D, while an 
/~ female mated with a D male would give all _g F~ eggs, in spite of 
tlieir zygotic constitutions being the same in both matings, namely, Dag. 
And therefore, all the worms and moths derived fi'om the Y~ D or R eggs 
will have the constitution Dag, in which the D behaves as an active 
factor in determining their characteristics. In the same way the egg- 
cell which has the composition of Dag during its development in the 
parent body is influenced by the D factor only, and consequently 
after segregation, when ig lost the antagonistic factor and became pure 
D or at, it retains the D characteristic before acquired. Thus the results 
of fertilization will be the production of all normal-coloured F2 batches. 

Zygotic, ally considered, however, the F2 D eggs are not the same in 
their constitution. As the result of the fertilization; some of. them will 
be DD, some D_s and the rest Rag. Consequently, the constitution of 
the F~ moths derived from the F~ D. eggs will be a mixture of DD, DR 
and agag, Thus all the F~ eggs, whether fertilized with D or ag sperma- 
tozoon, will be all D characterized. 

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

Colour of the Zygotic coml)osition 
27 a eggs laid of the egg" 

l ! i  ? DD x & DD = D ])D 
i.  ? DD • & DR = D ( D D + D ~ )  

DD • ~ R R  = D D R  

, a .  ? DI~ x ~ DD = D ( D D + D R )  

2. ibe: ~ DR x ~ D R  = D (DD+DI~+R-~)  
DR x # RIS = D ( D R + 2 ~ R )  

3. l~:  ? ~Ir x d" DR  = R ( D R + R R )  

In some cases female DD moths will mate with DD, Dag or agag 
males (series 1), in some others Dag females will mate with the same 
three kinds of males (series 2). The same holds good in the case of ]~ag 
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females (series 3). The F~ eggs laid by the firse and ~he second series 
of rantings will be all D batches, since all females are D92 or DD. For 
the same reason, the~hird  series of rantings will give all .R batches. 
The F~ ecjgs derived fi, om the F~ moths paired in;er se will be, Bherefore, 
a ~id~'~ure o l d  c~nd R batches in celCain proportions. I f  we assume 
that the number of males and females found in each batch is nearly the 
same, the proportion of D and 92 batches laid by inter se moifl~s derived 
from an F~ D batch would be 6D : 892 or 2D : 192. 

_A_s in ~he case of the //'~, ~he zygotic constitution of F~ D and 92 
batches is not simple D or 92. As the formulae quoted just  above shew, 
I;he constitution of certain//!~ D batches is DD (series 1 a), some batches 
DR (series 1 c), some a mixeure of DD and DR (series 1 b and series 2 c~), 
or DN and I~92 (series 2 q), and the rest DD, D92 and /292 (series 2 b). 
We ge~ similar results in the case of ;he F.~ 92 eggs, some batches being 
D/~ (series 3 @, some (series 3 c) I~92, and the resb (series 3 b) a mixture 
of D92 and 9292. 

If  moths derived from F,~ D or 92 batches were inbred, what will be 
the result in ~he dominant series ? 

In F~ D batches, as we have already observed, there are five differen[ 
kinds of batches whose zygotic compositions are respectively : (1) DD, 
(2) (D92 + DD), (3) D92, (4) (DD + D92 + 9292), (5) (DR + 9292). The 
moths derived from each kind paired i~ter se will produce the following 
F~ batches : 

Outw~rd~ppe~r- 
h{ating Zygotic composition ance of F~ eggs 

"1. D D  inter  s e = D D  x D D =  D D  D 

2. ( D I ~ + D D )  i ~ e r  s e =  ? D R  x ~ D D = ( D D + D 2 q ;  D 
D D  x ~ D D = D D  D 

�9 ? D D  x ~ D I ~ = ( D D + . D l q )  D 

B, DIQ in ter  s e =  ? DI~ x d" D~=(DD+DIQ- t -2~Iq)  D 

i 
1. ? D D  x ~ D D = D D  D 

2. ? D D  x ~ D I ~ = ( D D + D I ~ )  D 

. ? D D  x r ~ I ~ = . D R  D 

�9 ~ D R  x d" D D = ( D D + D 2 2 )  D 

( D D + D R + J 2 B )  in ter  s e=  6. ? D ~  x ~ D R = ( D D + D Y ~ - I - ~ )  D 

? 1~I~ x ~ D D = D . R  R 

? t~ l~  x g D R = ( D R + J ~ t ~ )  

5, (D:R+ RI~) inter  ~e= 12 ~ D2~ x o ~ ~ / ~ = ( D / ~ + / ~ )  D 
7 I~22 x ff DI~ = (1~1~ + DI~) R 

Journ .  of Gem I i  27 
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Thus the //'~ eggs laid by the moths of the dominant series will be 
all D in certain lineages while in others they will be a mixture of both 
D and/~ batches in different proportions. 

In like manner, F.a moths derived from the F3 2~ batches which 
consist of (1) D~, (2) (D/~ + aQ/~), and (3) ~/~ batches, when inbred 
will produce the following F.~ eggs: 

Ma~,ing 

1. DI~ i,nter se 

Zygotic composition Outward appearance 
of egg-batches of egg-b~ch 

? DI~ x ~ DI2=(DD+2Dl~+1212)  D 

D/2 x # D / ~ = ( D D - t - D R + R / 2 )  Jr) 

? Da~ x o" R / ~ = ( D R + R R )  D 

? I~R x /~ I~R=I~R 2q 

3. 1~I~ inter se 7 1~ x ~ 1~ ~ =1~1~ 1~ 

The ~4 eggs laid by the moths derived from //'3 /~ eggs will be all 
D batches in certain lineages, while there will be a mixture of D and 
/~ batches in some other lineages, and all/~ 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 F6, those from No. 2 will disintegrate into their 
components, D and R, and those which produced all $'~ 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 F4, the /~ form is easily established as 
a constant form, since the zygotic composition of this series is /~_~. 

This is what we might expect to find aceordi~ag 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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GrapMc~d r&'umd of the phenomena of inheritance c~bove described. 

(1) (2) 
Parents  ,,. (?  D x ~" I~) (?  I~ x ~r D) 

I I 
F 1 eggs ... D R 

I I 
.F,, eggs .,, D D 

l J 
F 
1 [ - - - - j  

I I 
2v 3 eggs (D -I- R) 

_ _  I _ _ _ J  
[ 7 [ F+ I 

F,t eggs D (D -~ 1~) D {D 2~) 2~ 

[ _ L  . . . .  1 [ 
2" 6 eggs D (D + / 0  R 

F - - I - - ~  I I I 
F 6 eggs D (D + _R) R 

I I 
F7 eggs D /~ 

take place even after it is freed fi'om the antagonistic recessive fact, or. 
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 

~1 eggs 

P~ eggs 

F 
F a eggs (A 

. . . .  I - _ _ -  
F 
I 

t7 4 eggs (A + B) 

A 
I 
.B 
I .I - - - - - ]  

L_ V- 1 I 

i (i + B) 

] I L 
A B 

I I 
A B 

I 
Cons~an~ 

scheme : 

F6 eggs 

F6 eggs 

F7 eggs 

I 
(A + •) 

27- -2  
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In this scheme, if' we replace A by R and B by .D we shall see that 
the results actually obtai3~ed and those calculated come in the same 
category, ~he whRish grey being dominan~ 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 latter. 

Crosses between Bombyx mori, L. and ffheopMla ma,ndarina, IV[., 
which gave the result mentioned below: 

(1) (2) 

(ThBophila x :Bombyx) (Bombyx x Theophila) 

/~1 eggs ... a l l  Theophila colour  a l l  Bombyx eolour 
]P2 eggs ... Theo~hih~ ~ype Theophila ~ype 

may come in the same category, the Theolshila colour being dominant 
towards that of the Bombyx. 

BacGcrossing. 

If females derived from the F1 D eggs were mated with the parental 
recessive form, we should expect to have the combination ~ DR x o ~ RR, 
which gives all D eggs, while in the reversed mating we should:expect 
all R eggs, in spite of the zygotic composition being a mixture of DR 
and d~R in an equal proportion in both cases, since the  l~aternal 
characteristic predetermines the egg-character. Of moths derived from 
the D eggs, some will be, therefore, DR in their eonstRution and the 
others R]~. As we have however no means of distinguishing DR males 
or females fl'om RR males or females, we must expee~ to have ,'andom 
matings between these two forms which will result in the following 
combination : 

Outward appearance 
Zygotic composition of ~gg-b~tchcs of egg-b~tchcs 

{a. ~DR x e DR=(DD-FDR+RR) D 
1. b. ~. D~ x ~ RI~=(DJR+ I~R) D 

a. ~.R~ x d D / / = ( D / / + / / ~ )  
2, b, .o~/~ x cr -RR= i2R  /~ 

Hence in this generation, certain matings will give alJ D batches, 
others will give all /2 batches. 

As the ~brmulae above mentioned shew, the D and R eggs are 
heterozygous except No. 2 b which is homozygous, and therefore the 
moths which came out fl'om ~hem even when paired inter se among 
those from the same batch would produce antagonistic eggs again. 
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The fnrther posterity of the lineages above mentioned will follow 
exac~!y ~he same course metltioned in the case of rantings Nos. 4., and 5 
(see page 393). 

Thus the result oF back-crossing may be summarized in the following 
scheme : 

2"1 eggs  

2"o e~s 

I 
r 1 

Fs  eggs ... (D + 

t 

[ 1 
1~ eggs 1) (D + s  

l 
D 

[ 
1, 
I 

+ I~) 

1 [ I 
I I I 

I 
C o n s t a n t  

(.? I~R x r 2"t D) 
I 

2~ 
I ] f 7 

I I 
(~ + I0 

This expectation was realized by the results of back-crosses between 
the Theophila-Bombyx/'1 moths and pure Bo~)zbyw ones which are quoted 
below : 

T = g r e e n - s h a d e d  eggs l ike ~hose l a id  by Theophila-Bombyx F I m o t h s .  

I,V= divo l t ine  w h i t e  eggs ; iV= n o r m a l  Bombyx eggs.  

I = i n t e r m e d i a t e  f o r m s  be tween Theophilc~ a n d  Bombyx o r  m i x t u r e .  

( ~ F I x ~r Bombyx) ( ,  Bombyx x e, 2"0 
I I 

2'1 eggs ... T N 

[ 
2"se~s (T + N + I) 

I 
F s eggs ... }K 

_ _ t  [ 1 
I I 

2"4 eggs ... (T + N + I)  
I 

2"5 eggs ...  W 
I 

FG eggs ,.. 2I 

I 
2"7 eggs  ... N 

I 
C o n s t a n t  

As the figures shew ~he result actually obtained by e~:periments 
is in perFec} accordance wRh ~ha~ demanded b y t h e  theory except for 
the appearance of the antagonistic characteristics in ~he ~ of Bo~zby z 
typed or recessive series. This is due, ';[ think, to ~he presence of 
divoltine whRe character which prevengs ghe elimination of the an- 
gagonisgic character in F~ eggs. 
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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=norm~l-egged batch;  G=grey-egged batch ; BG=B-grey. 

(i; 
( ~ N x  ~ o )  

J 
/"1 eggs N 

1 
J I 

/i~, eggs N (N + G) 
I ' [ 

, 1 
/i' 3 eggs N N (G + BG) 

I F---- L 
F,~ eggs N (N I+ G + BG) 

/~  eggs N (J + BG i 
[__~ 

[---  I 
/~ eggs N ((~ + BG) 

(Z,T + G + ~G) 
I 
k 

2 r (o + ) (G + BG) 

2-1 [----j 
(iv + e + ~c~) (e + vG) 

(iv + o + BG) 

(2) 
( , N x  a"o) 

L 
N 

I 
iV 

1 
N I 
r 
N 

Before attempting to explain this result it will be necessmy to note 
here that the grey variant No. 24 was picked out from certain normal- 
caged 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  us suppose that the grey No. 24 batch is derived from such matings 
as (~ Dl:t x o~RR), which give all D eggs. In this case the constitution 
of the egg batch D will be (DR +/~/2). I f  normal-egged females 
which are recessive to the grey were mated with males derived from 
this D batch, the following gametic combinations will be expected : - -  

1. f~ /~ / / x  o ~ D/2 =/71/~ eggs = ( D / / + / ~ / / ) .  

2. $ R/~ x o ~ 1212 = F1/~ eggs = (R/2). 

F~ eggs laid by those matings are sit/~, but their zygotic constitutions 
are different from each other, as we easily see from the fbrthulae above 
shewn. The resulting F~ eggs will, ~herefore, be in some matings (No. 1) 
a mixture of D and R batches and in others (No. 2) all 12. The lineage 
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which gave all F~/~ batches will remain true to parents in the succeeding 
generations, while another lineage which gave D and 12 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 r g r e y  v a r i a n ~  No.  2,i.) 

2P 1 e g g s  . . .  

P2  e g g s  ,., 

P s  e g g s  .,, 

F4 e g g s  .., 

(~) (1) 
Zygotic composition Zygotic composition 

, I 
I J - -  I 

;~ (D + ~) 
I L__, 

r Y -  s 
(D + ~) (D + ~) 

I ? F - -  

I ][• - 7] 
e (D + :R) (Z~ + ~) (e + 1~) :~ 

FIere 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, etc. For instance, certain 
indented peas reciprocally crossed with the round gave the following 
results : 

( ~ Indent x cr Round) (~ Round • ~ Indent) 

/71 s e e d s  ... I n d e n ~  l ~ o n n d  

F2 seeds ... Inden~ Indent 

F3 seeds .., (Indent + l%0und ) (Indent + l~ound) 

In  certain eases, however, strict segregation took place o," an inter- 
mediate form was produced in F~. Itowas, moreover, mentioned that  in 
certain varieties those characteristics behaved quite normally in in- 
heritance, namely, F1 seeds are all indents which in F2 segregate into 
three indents to one round. 

Hence we are led to say tMt  certain characteristics of the eggs of 
animals and of the seeds of plants behave in inheritance in a similar 
w a y ,  

We shall discuss in our next paper the appearance of intermediate 
or mixed hatches in certain line- or cross-breedings, a fact which seems 
to be inconsistent with maternal inheritance, w e  are at present 
collating the facts gathered from certain experiments which we have 
jus~ 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, aL present, say that this appearance is not 
really contradict,~ry to the maternal inheritance. 

Oa~se,~ of Mc~ter,nal Inheritance. 

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

Concerning the colour'of 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 fi'om the conjugation of paternal and 
maternal nuclei, the egg-colour ought to be influenced by the paternal 
characteristics if they are dominant, but, as we see, it is entirely maternal 
in certain colours, such as the reddish brown, blue, normal colour, etc. 

Nothing is as yet lmown 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 aa-e other characteristics of the silk-worm which behave 
maternally in inheritance. They are the brood characters such as uni-, 
di-, or multivol~ine, or "vol~inism" of the silk-worm. The fact of 
maternal inheritance of these characteristics was first observed by me 
(1906) and was proved by NcCracken (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 Nendelian dominant to divoltinism. 

Voltinism. 

~{cCracken'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 parentat 
characteristics which are entirely neglected by her, it is rather premature 
to consider the phenomena of inheritance displayed by the character 
"voltinism" 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 
tissue. I f  we expose eggs at this stage to a temperature of about 
60--68 ~ or lower until hatching, all the moths derived fi'om them 
will lay divoltine whitish eggs; on tlie contrary, if we subject 8hem to 
a temperature of 80 ~ F. or more, all the eggs will become univolt[ne 
coloured ones. This is a well-known fact among Japanese breeders and 
has been made use of tbr industrial purposes for the las~ twenty years. 
(2) The eggs laid by the second brood of 8he divoltine breed are identical 
in appearance with the univoltine eggs and hibernate without hatching. 
In the case of crossing, we are, therefore, unable to eliminate divoltine 
characterized eggs from the univoltine in every alternate generation. 
(8) The maternal inheritance referred to ahoye, which also prevents the 
proper elimination of antagonistic characters. 

These are the causes why. I think, the character "voltinism " behaved 
so irregularly that 3IcCracken considered it to be non-~Iendelian. 
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 Nr S. Hashimoto, 
assistant in our laboratory, who has helped me in rearing the worms 
used in our experiments since 1906. 

VI. SU~AgY. 

1. In the egg of the silk-worm there are certain special character- 
istics of shape, eolour, etc. which differ in different breeds or even ia 
the same breed. Japanese green breeds generally lay green-shaded eggs 
varying in depth of colour, often mixed with normal coloured ones. 
IXost 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. Eggs 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 variants in shape and colonr, a smaller number of the variant 
being sometimes found in a batch, fl'equently 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. Breeding experiments were made on the followit~g so'g-character- 
istics : 

1. Greenish-shaded 2'heophilc~ colour (Fig. 10). 

2. Various green colours of Japanese green and some Chitlsss or 
European breeds (Fig. 8). 

:3. The reddish brown variant derived fi'om the normal-sated 
breed (Fig. 2). 

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

5. The whitish grey variant from the normal breed (Fig. 4). 

6. The spindle-shaped variant from the normal breed (Fig. 13). 

7. The crimson variant from the normal breed (Figs. 7 and 3). 

8. Yellow, brownish-shaded yellow and whigs 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-slags, 
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 go 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 i smore or less influenced by the 
colour of the shell which is slightly tinged with green, or some other 
colours. 

4. Those characteristics, in spits of the fact that  their origin is 
different, behave in the same way as regards inheritance, except the 
crimson-coloured variant, which Nendelizs in the normal order. The 
order of inherRance is represented in the following schemes (page 403). 

The order of inheritance represented by the first scheme seems 
to be non-Mendelian, but  really it is N~sndelian, ~he cause of the dis- 
tt.lrbance of the proper order being due to the fact of maternal inherit- 
ance, in which paternal characteristics remain dormant, even dominant 
ones, in ~he egg stage. 
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(1) 
The ease where eharaeteristics betrayed materually in inheritance, such as normal, 

reddish brown, grey, etc. 

F1 eggs 

F 2 eggs 

. ~  

. . ~  

D =  dominant ; /~= recessive characteristics. 

Y 3 eggs 

F4 eggs D 

! 

(1) (~) 

I I 
/) 

D D 

r L_ 
(b + !) 
I _? [ ~ _ _  

(D + :~) I) (I) + R) 

i 1 
F,~ eggs .,. (D + /~) D 

I 
1 

/~G eggs ... ( ~ )  D 

F~ eggs ,.. D 
I 

Constant 

l 

r 
I 

J 
I 

Constant 

(2) 
The case where characteristics behaved in normal ~l[endcliau order, such as the crimson 

2'1 eggs 

F2 eggs 

F3 eggs 

colour. 
(i) (e) 

?D x dR ? ~  x dD 

I 
D 

I 
I 

(aD : 1~) 

I [ ' i 

In the former scheme, theD represents dominant coloured batches, the ~ recessive and 
(~D+~) a mixture of both D and/~ batches, while in the latter the D and /~ represent a 
single batch of D and /~ eggs ~md the (3D : ]=R) a mixed batch consisting of D and  
in t;he proportion of 3 : 1. 
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5. Theheredigaryrela, tionsofthosecharaeecristiesabove enumerated : 
as to the shape, the whitish grey is dominant toward.~ the Japanese 
normal which is in turn dominant to the spindle-shaped characteristic. 
As regards the eolour, the greenish slate stands first in dominancy, next 
comes the Japanese normal brownish slate; hypos~atic to it comes 
perhaps the blue and then reddish brown and lastly the crimson. In 
bhe eolom's of newly laid eggs, the white is hypostatic to yellow or 
brownish yellow. The relation between the nm'mal and the m'imson is 
the ordinary 1Vlendelian one, the former being epistatic to the lat~er. 

6. In the erimson-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. Even when those three kinds of 
eggs are laid by the same parent, the same is the ease. In divoltine 
crimson breeds, the divol~ine white eggs laid by the spring or firs~ brood 
are much healthier than those crimson-coloured eggs laid by the summer 
or second brood. 

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

E X P L A N A T I O N  OF PLATE X X .  

Fig. 1. 
Fig. 2. 
Fig. 3. 
Fig. 4. 
Fig. 5, 
Fig. 6. 
Fig. 7. 
Fig. 8. 
Fig. 9a. 
Fig. 9b. 
Fig, i0. 
Fig. 10a. 
Fig. 10b. 

Normal-eoloured egg of divoltine " Shinkawachi." 
Reddish-brown variant from divoltine "Shlnkawaehi." 
Normal-eoloured egg of the originM breed of ~he whi~ish-gi'ey wriant. 
Whitish-grey variant. 
Blue varian~ derived from divoltine "Kuni-nishiki." 
Green-shaded egg h'mn the Japanese green breed. 
Crimson-eoloured variant. 
Dead egg of ~he crimson variant. 
Newly laid egg of tetravol~ine white. 
Newly laid egg of ~e~ravol~ine yellow. 
Egg of Theophila mandari,na. 
~g~ured egg. 
Newly laid egg. 

Fig. 11. El eggs between female divoltine "ShinkawaeM" and male Theol;hila 

mandarins. 
Fig. 12. /i s eggs of ~he above ma~ing. 
Fig. 13. Batch of spindle.shaped eggs laid by a moth. 

Every figure except No. 18 is very much magnified, actual size being about 1"18 mm. 
in length and 0"95 ram. in breadth. 
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