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be regarded as the parental characters recapitulated in the course of onto­

genetic development. A given character is not only transmissible, but so 

precisely transmissible as to reappear in a stage or stages proper to it. 

The figures put as the suffix to each lot number indicate in the present 

paper, the year of rearing, in contrast to those in my papers published until 

1914, which refer to the year of egg-depositioN. 

The formulae ABab, AbaB, AaBb and A-B- are used in different senses; 

ABab and AbaB stand for the hybrids derived from the gametes AB x ab and 

Ab x aB respectively, while AaBb represents either sort of these hybrids. 

A-B- indicates any zygote that involves at least one dose of both A and B. 

The symbols of hereditary factors concerned in the present work are as 

follows: 

S, striped marking, 1) s, absence of S ; 

M, moricaud marking, m, absence of M; 

P, plain or nOll-marked, p, absence of P; 

'1, quail marking, 2) q, absence of Q ; 
P'1, normal marking, pq, pale-quail marking; 

Z, zebra marking, z, absence of Z; 

L, multilunar marking, 1, absence of L; 

K. knobbed skin, k, smooth; 

0, opaque skin, 0, transparent or "oily" ; 

B, melanic, b, chocolate; 

T , 3-moulting, t, 4-moulting; 

Y, yellow cocoon, y, absence of Y; 

G, green cocoon, yg, white cocoon. 

The silkworms in my experiments were reared entirely in the College 

nursery up to 1913; in the summer of 19[3 and the spring of 1914 they were 

partly reared in the Sericultural Institute of Hokkaido, while the culture in 

I) This "striped" must he distinguished from the "striped" of TOYAMA, which I prefer to 
designate as "zebra". the term first adopted by COUTAGNE and later often employed hy TOYAMA 
himself. 

2) This name is substituted for the "Kasuri" of my 1914a paper. 
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1915 was almost exclusively done in the Imperial Institute of Sericulture at 

Fukushima. 

I wish to take this opportunity to express my heartiest thanks to Prof. 

HArrA and Prof. GOTO for their kindness in looking through the manuscript, 

and giving many valuable advices. My obligations are also due to Prof. SUDA 

and Prof. TOYAMA for the wannest courtesy shown by them in the course of 

the study. 

II. THE GENETIC CONSTITUTION OF THE I..ARVAL 

PATTERNS: COMPLETE COUPLING OF Q WITH SAND M. 

VIZ. 

I) Pale-quail, Quail, Plain, Normal, Moricaud and Striped. 

The most common types of the larval pattern in the silkworm are eight, 

Striped (striped black), 

Moricaud, 

Normal, 

Quail, 

Plain, 

Pale-quail, 

Zebra, 

Multilunar. 

The characteristics of these marking types are very distinct in usual cases. 

Of the elementary spots which enter into the markings, the most striking are 

the "eye-spots" or "eyebrows" on the mesothorax (II segment), and the an­

terior semilunar spots on the V segment; these spots are invariably present 

in common in the striped, moricaud, normal and quail. Pale-quail has faint 

"semilunules" but no "eyebrows"; plain is devoid of both; multi lunar is 

provided with "eyebrows" aud "semilunules" only when it is combined with 

the quail factor, while in zebrine type, the spots under consideration are, even 

ill the absence of the quail factor, developed to a certain extent, though the 

spots are made markedly distinct by that factor. 

To the fundamental types just enumerated, a number of new larval forms 

can be added by combination of factors. For instance, striped-quail and 

moricaud-quail are extracted respectively from the offspring of the crosses 

striped x quail andmoricaud x quail; likewise zebra-quail and multilunar-quail 
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are produced. Striped-zebra, multilunar-zebra, moricaud-zebra, multi lunar-

striped, multilunar-moricaud, and any combination of zebra and multilunar 

with other types may be obtained by due crossing. The chocolate series 

differs from the ordinary or melanic series in lacking the black factor B, but 

runs, in other points, exactly parallel with the latter. When B is absent, the 

just hatched larva ("ant") is, whatever its ultimate marking may be, reddish 

brown in distinct contrast to the ordinary black. Through the whole larval 

life the chocolate character usually comes out distinctly in all marking of 

b-series with the only exception of plain which is entirely devoid of marking. 

It has been shown in my previous works (1913 a,b), that striping is epi­

static to moricaucl, and moricaud to normal, and normal to plain. Let us 

now turn to examine the behaviour of pale-quail and quail towards other 

marking types. 

As is described in future pages, there exists a great variation in regard 

the pigment intensity of normal as well as quail, ranging from the forms 

with lightest eye-spots to those with darkest. It is not a rare occurrence that 

lightest normal or quails (with faintest "eye-brows") appear in the offspring 

of crossing plain or pale-quail (the types with no "eyebrows") with one of 

the distinctly "eyebrowed" types (normal, quail, striped and moricaud). This 

phenomenon probably depends upon the existence of multiple factors concern­

ing the marking in question; the point will be dealt with later in more detail 

(Chapter VI). For the moment, there is no great inconvenience for theoretic­

al analysis, if we count the lightest normal with the plain, and the lightest 

quails with the pale-quails. Su'ch heterogeneous classes are marked with an 

asterisk *- iIi this and the following chapters. 

When pale-quail is. paired to plain, F 1 generation consists of only plain 

which split, in the next generation, into 3 plain and I pale-quail. 

A 39[/15 

Ratio 

Plain Pale-quail Total 

308 

3 

82 390 

F 1. hybriJs back-crossed to the recessives gave plain and pale-quail in about 
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Plain (Pq) x Quail (pQ) or 

Normal (PQ) x Pale-quail (pq) 
I 

Normal (PpQq) x Pale-quil (ppqq) 

I I 
I I I I I I I I 

Norm. PI. Qu. Pal. quo Norm. PI. Qu. Pal. quo 
(PQ) (Pq) (pQ) (pq) (PQ) (Pq) (pQ) (pq) 

9 3 3 I 
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This is exactly parallel to the classical case of fowl-comb inheritance 

investigated by BATESON and PUNNETT (1905). The most important point 

brought out by the above experiments is that the norl11al pattern is really not 

a simple character as formerly imagined, but a compound character depend­

ing upon two allelomorphs P and Q. ; this holds true with the normal of any 

strain or of allY colour intensity. 

N ow we are able to arrange the marking factors in the order of their 

epistasis as follows: 

8> M 
> P > P 
> Q. > q 

In one of my previous papers (1914 a), I put forth a question on the 

genetic constitution of the striped and moricaud markings, i. e. which of the 

formulae SN and MN on one hand, and 8n and Mn on the other were correct. 

Substituting N by PQ., and n by pq according to the just mentioned results, 

the question is no other than the comparison of the formulae SPQ. and Spq, 

and MPQ. and MPI. Further experiments done since in this direction solved 

the question; the formulae SPQ. and MPQ proved to. be right, in which Q. was 

completely coupled with 8 and M. 

When striped is crossed with quail, Fl s are alike to homozygous striped, 

except somewhat reduced development of the melanin in hybrids. F 2 families 

consisted offom forms, striped, striped-quail, normal and quail in the ratio 

9:3:3:1. 
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Striped Striped- Normal Quail Totals 
quail 

C 5-1'14 II8 32 34 12 196 

C 9-1'14 140 44 67 12 263 

C 9-2'14 141 46 63 18 268 

C9-3'14 186 41 54 15 296 

C 12-1'14 143 37 57 18 255 

C 12-2'14 II2 49 5 I 14 226 

C 14-1'14 117 52 6:::> 10 239 

C 14-2'14 10c) 51 56 20 227 

A 624'15 94 72 42 22 230 

A 625'15 131 50 52 20 253 

A 626'15 !O3 38 26 I 1 178 

A 628'15 230 67 89 25 41 I 

Totals 161 5 579 65 1 197 3042 

Expected 17 11 570 570 190 304 1 

Ratio 9 3 3 

In the striped-quail, a new marking which first appeared in my experi-

ments in 1914, the patterns characteristic to striped (8) and quail (pq) are 

apparently combined in contrast to the ordinary striped marking which is an 

apparent combination of striped and normal (PQ) (TANAKA, 1914a, p. IS). 

It is evident that the genetic constitution of the ordinary striped is SPQ, and 

that of the striped-quail is Spij,. The following data can only be explained 

by the assumption just given. 

F2 striped-quails inbred. 

Striped-quail Quail Total 

A 100' 15 228 56 284 

A 107'15 

Striped-quail $ x pale-quail 6 . 

Striped-quail 

166 

Quail 

180 

Total 

346 

F2 striped-quail 66 paired to pale-quail $$. 
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The fact that deserves notice in the above results, is the total absence of 

distinct quails which were to be expected if the Q factor is independently 

transmissible. On the other hand, the Spq form, if present, ought to be an 

apparent combination of Sand pq patterns, namely a very light form of SpQ; 

but no individuals which could be regarded as "striped-pale-quail" appeared 

at all. Hence it follows that Q is completely coupled with S in both sexes. 

:Moreover, the linkage is somewhat peculiar in that S can never exist without 

Q, while Q can be present regardless of the S factor. A similar relation is 

advocated by PU"NETT (1915) for D and E factors in the coat colour of the 

rabbit. 

The following data are explicable on the same assumption.-

Triple hybrids were produced by crossing the striped (SPQ) with the pale-

quail (spq); the hybrids were either inbred or back-crossed with the re-

ceSSlves. 

Trihcterozygous striped (SsPpQq) inbred. 

Striped Striped-quail Plain Pale-quail Totals 
(SPQ) (SpQ) (sPq) (spq) 

A 521'15 119 53 42 18 23 2 

A 524'15 122 64 46 18 25 0 

A 531'15 76 51 38 2[ 186 

A 532'15 I 13 40 41 '" 10 * 204 

A 539'15 224 85 72 * 28 * 409 

A 540'15 [20 46 4') 24 230 

Totals 774 339 279 119 15 1 I 

Expect. 850 283 283 95 151 1 

Ratio 9 3 3 

Triheterozygous striped (SsPpQq) 9- 9- x pale- quail (ssppqq) 6" 6" . 

Striped Stri ped-q uail Plain Pale-quail Totals 

A 536'15 58 74 65 95 * 292 

A 53?,I5 80 85 78 * 84 * 327 

Totals 13 8 159 143 179 61 9 
Expect. [ 54·75 154·75 154·75 154·75 61 9.00 
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so that any apparent combination such as 8Z (striped-zebra), PZ (plain-zebra), 

LZ (multi lunar-zebra), LQ. (multilunar-quail) etc. is possible. Z and L are 

inherited independently of each other, and of other markings as well. 

The pale-quail (pq) is in general a quail of very dilute tone, but is totally 

destitute of "eye-spots" which are prest'nt in the quail. The Q. factor may 

therefore be regarded as the saturator, the presence of which transforms the 

pale-quail into a fully pigmented quail pattern. When P gene is introduced 

into the pale-quail strain, the faintly marked pale-quail type is turned into an 

absolutely markingless or plain form. In case of its co-existence with P, the 

Q. factor develops the "eyebrows" and two pairs of the "similunules" in near­

ly equal (sometimes slightly reduced) intensity, as where Q. alone is present; 

but all irregular lines and spots characteristic to the quail disappear through 

the presence of P- the resulting form is namely the normal marking. III 

other words, P is partially recessive and partially dominant to Q. 

A B 

Text-fig. I. 

A, quail marking; B, normal 
marking 

Similarly 8 is in general decidedly epI­

static to M, but in certain parts of the body 

the M character comes to view in 8M zygotes 

(Text-figs. 2-4), i. e. S partially dominates 

over the M, but is partially recessive to it. 

These facts evidently show that the re­

lation of dominance and recessiveness of 

Mendelian factor;; is by no means so simple 

as is generally assumed. 

Sevt;ral subclasses which are distinguish­

ed by difference in the colour intensity of 

the quail (pQ) and normal (PQ), must be sup­

posed to bring forth their differential in-

tensity owing to the existence of different subtypes of Q gene, the other com­

ponent (P) of the normal marking serving simply as a negative or suppressing 

factor. 

P also influences the multi lunar pattern. When L is combined with no 
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other marking but P (PqL), multilunar spots become so faintly yellowish 

that one might overlook them unless special attention is given, whereas 

in multilunar-normal (PQL), multilunar-quail (pQL). and even in multilnnar­

pale-quail (pqL), the spots under consideration are much more distinct. Conse­

quentl y there are cases apparently peculiar, in which PqL animals heterozygous 

for P give more deeply pigmented multilunar offspring (pqL), when inbred or 

cross-bred with recessive. On the other hand, Z develops the characteristic 

black bands which arc neady equally intense without regard to the presence 

or absence of P or of other marking factors. 

III. MULTIPLE ALLELOMORPHISM AND COMPLETE 

REPULSION. 

The inheritance" of markings, which was looked upon by STURTEVANT 

(1915) as being due to multiple allelomorphism, has been proved in the majority 

of cases to be owing to complete coupling, as explained in the preceding 

chapter. There is, however, a single case which mllst be explained on the 

basis of complete repulsion. This is the subject of this section. 

It was mentioned in a paper of mine (I914a, p. 6) that a striped 1) (ex 

striped x moricaud) yielded, by crossing with the quail (Kasuri) , no other 

recessives but striped and moricaud. This was the only case which suggest­

ed a hereditary relation between 8 and M; but further data have since been 

obtained, so that we are justified in drawing the following conclusion. 

F1 individuals (8sMm) ex the cross striped (8m) x moricaud (sM) appear­

ed at first sight just the same as the striped parent. On careful examination 

it was found that the 8M individuals distinctly differed from the ordinary 

striped ones (Sm); the former being provided, in addition to the Spattern, 

with the characteristic spots on the head-case, on the ventral side of the 

thorax, and on the inter-segmental bands, so that we are able to distinguish 

externally the Sm individuals from the 8M, which will be designated as the 

·'striped-moricaud." 

1) In reality striped-moricaud. 
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A n c 

Text-fig. 2. Frontal view of the hea.d-case. 

A, moricaud; B, striped; C, striped-moricaud. 

A B c 

Text-fig. 3. Ventral view of II 1-VI segments of moricaud (A), 

striped (B), and striped-moricaud (C). 

A B C 

Text-fig. 4. Dorsal view of VI-VIII segments of moricaud (A), 

striped (B), and striped-moricaud (C). 
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It has been stated in my previous papers and elsewhere in the present, 

that the factors Sand M are alternative to their recessives sand m respectively. 

Now, in inbreeding SmsM individuals, four possible combinations,- SM, Sm, 

8M and 8m in the ratio 9 : 3 :.3 : I are expected, provided that Sand M be 

independently transmitted. But this was, in reality, not the case. 

H 27-1'13 striped white x H 56'I3 moricaud white 

N 7'14 

A 37'15 

(SSmmyy) I (ssMmyy) 
( ) 

Striped-moricaud white Striped white 
(SmysMy) (Smysmy) 

( 
Striped-moricaud 

white 
(SMy) 

73 

1 
Striped 

white 
(Smy) 

59 

124 

I 
Moricaud 

white 
(sMy) 

Parents doubtful (perhaps SsmmYY x ssMmYY) 

( 

Striped-moricaud 
yellow (SMY) 

o I-4'14 64 
I 

r 
StL mOL yel. 

(SMY) 

A 43'15 144 

I 
I \ 

Striped Moricaud Normal 
yellow (SmY) yellow (sMY) yellow (smY) 

77 73 59 
I 
I I 

StL yel. Mor. yel. 
(SmY) (sMY) 

59 67 

F 2 forms SM, Sm and 8M came forth nearly in the ratio 2: I : I (actual 

numbers 217 : I 18 : 98), and no individual of sm constitution was produced at 

all. Such a zygotic series is possible only when a complete S-M repulsion 

occurs in one or both sexes. In order to test the male :lI1d female gametic 

series separately, the heterozygous striped-moricaud were crossed with double 

recessives reciprocally; the resulting generation involved only the two pheno­

types, striped and moricaud, but no other forms. 









YOSHIMARO TANAKA 

1) Correlation of Quail Factor and Yellow 

Cocoon Character. 

III my previous papers I regarded the "normal" pattern as a unit character 

and denoted it by the symbol N. This was, however, incorrect; the normal 

is in reality a compound character brought about by the combination of P 

(plain) and Q (quail) factors as demonstrated above. On the other hand, the 

correlation of the normal marking (PQ) and the yellow colour (Y) was, as the 

following data show, the association of Q and Y, the P factor being transmit­

ted independently (cf Chapter V). 

A. Q-Y Repulsion. 

The cross between the normal white (PPQQyy) and the plain yellow 

(PPqqYY) gives rise to normal yellow F 1. S (PQyPqY) which produced in F 2 

generation three zygotic forms,- normal yellow, normal white and plain 

yellow in the ratio 2 : [ : 1 

PQyPqY x PQ.yPqY 

a) Offspring of heterozygous normal yellows whose history 

is not exactly knowll. 

Normal yellow Normal white Plain yellow Totals 

N 41112 168 77 81 326 

N 42 '12 154 72 62 288' 

N 43 '12 136 86 68 290 

H 2'12 80 30 28 138 

H 5'12 123 88 6r 272 

Totals 66[ 353 308 13 14 
b) F:.! ex the cross normal white 9- Cf. x plain yellow 66 

Norm. yel. Norm. wh. P!. yel. Totals 

H 12-1 'I 3 178 82 87 347 
H 12-2'13 136 83 84 303 
H 12-3'13 38 16 1 [ 65 
H 12-4'[3 [59 63 64 286 

H 12-5'13 1057 539 487 2083 
(7 batches 1) in aggregate) 

J) The "batch" is a group of eggs laid by a single female. 
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So far as the above results are concerned, the present case 1S hardly 

distinguishable from the ordinary one of complete I-epulsioll occurring in both 

sexes. Crossings, howevel-, were made reciprocally between F 1 individuals 

and double recessives, which revealed an extraordinary feature. 

Crossing F 1 females with recessive males. 

(PQyPqY CfCf x PqyPqy 66) 
Normal white Plain yellow Totals 

N 12'13 242 253 495 

N 13'13 261 250 5 I I 

N 14'13 333 3 I I 644 

N 15'13 253 240 493 
N 16'13 187 198 385 
N 17'13 216 229 445 

N 18'13 15 2 121 273 

N 19'13 192 183 375 
N 20'I3 237 242 479 
N 21'13 239 244 483 
N 22'13 240 223 463 

D 9-2'14 80 7 1 15 1 

P 54-1'14 138 136 274 

P 61'14 167 19 1 358 

Grand totals of the results from the cross PQyPqY Cf x PqyPqy 6. 

Actual numbers 

Expected 

Ratio 

Normal white 

2937 

Plain yellow Total 

Only two forms, normal white and plain yellow, were produced from 

the cross PQYPqY Cf X PqyPqy 6 , so that it is evident that a complete re­

pulsion between Q and Y occurs in oogenesis. Next let us examine the 

reciprocal cross. 

Crossing F 1 males with recessive females. 

(PqYPqy Cf Cf x PQyPqy 66) 
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Norm. ye!. Norm. wh. PI. ye!. P!. who Totals 

H 43-1'13 39 117 121 40 317 

H 43-2'13 34 64 76 37 211 

N 1'13 42 130 134 44 350 

P 62'14 49 208 157 36 450 

P 67'14 46 133 1,39 38 356 

P 68'14 70 175 129 27 401 

Totals 280 827 756 222 :w8 5 

Thus a partial repulsion occurred in F 1 males instead of the complete one 

that took place in females of the same generation. As to the intensity of 

repulsion there is some fluctuation which makes it impossible at present to 

determine exactly the system of reduplication. For instance, H43-r' 13 shows 

a phenotypic ratio close to I : 3 : 3 : I, whereas H 43-2' 13 rather approaches 

to I : 2 : 2 : I. In other lots there are found similar variations in the 

zygotic ratio, that is the gametic ratio of the heterozygous parents. The 

theoretical numbers calculated on the 1 : 3 : 3 : I basis are compared with 

the actual results: 

Normal Normal Plain Plain Total 
yellow white yellow white 

Observed 280 827 756 222 208 5 
Expected 260.6 781.9 781.9 260.6 2085.0 

The present case affords a strong basis for the argument that the cross­

ing of F 1 individuals with double recessives not only facilitates the study of 

gametic distribution, but is indispensable for it, as has been repeatedly stated 

by various authors. But the results of mating various phenotypes among 

themselves also throw some light upon the subject, though the actual feature 

of gametic distribution is not fully manifested in this way alone. 

If the Q-Y relation be of the ordinary kind of complete repulsion, all F 2 

normal yellows should be heterozygous, to be split again in F 3 into three 

phenotypes, while the normal white and plain yellow offspring should neces­

sarily be homozygous and breed true-processes to be effected in subsequent 

generations. But this expectation was not realised in my experiments, as is 

obvious in the following pedigree. 









6 PQyPqY X 

I PQYPqY X 

I PQYPqY X 

I PQYPQy X 

I PQYPqY X 
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I PQYPqY 6/ ... 
6 PQyPqY 6

f 
... 13 ...... gIVll1g rise to Class III 

I PQYPqY I 

I PQYPqY I l 
I PQYPQy If'" 2 .... , .giving rise to Class IV 

We should expect to meet with the classes I, II, III, IV respectively 36, 13, 

13, and 2 times in 64 families. The actual counts are 

Cases included in Other cases Totals Expect. 
Table I 

Class I 9 5 14 14.6 

Class II 3 3 6 5·3 

Class III 2 2 4 5·3 

Class IV 2 0.8 

B) Frequency of the different families in the offspring of normal white 

in the Class I lot of any generation. 

Male 

3 PQyPQy 

3 PQyPQy 

J PQyPqy 

I PQyPqy 

Actual results: 

x 

x 

x 

x 

Female 

3 PQyPQy 9( 
PQy Pqy 3 .,. I 5 ...... gi ving rise to Class V 

3 PQyPQy 3 

I PQyPqy ...... 1. ..... giving rise to Class VI 

Cases included in Other cases Totals Expected 

Class V 

Class VI 

Table I 

4 3 

o 

7 7·5 

0·5 

c) Frequency of the different families in the offspring of plain yellow 

in the Class I lot of any generation. 

Male Female 

3 PqYPqY x 3 PqYPqY 9) 
3 PqYPqY x 1 PqYPqy 3 f IS ...... giving rise to Class VII 

J PqYPqy x 3 PqYPqY 3 

J PqYPqy X I PqYPqp J .••••••••••• giving rise to Class VIII 
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Totals 492 

An absolute recessive female mated with a double hybrid, 

i. e. pqypqy $ x pQ.Ypqy 6. 
Quail yel. Quail who Pale-quail yel. Pale-quail who Total 

A 424/15 13 1 22 23 I 1 1 

Thus we know that Q-Y coupling always occurs in the same form in the 

hybrids PPQqYy, PpQqYy and ppQqYy. 

Summary of the data given above with respect to Q-y coupling: 

Observed 

Expected 

Ratio 

Observed 

Expected 

Ratio 

Observed 

Expected 

Ratio 

QYqy x QYqy 

QY Qy qY 

308.8 

1 1 

294 

308.8 

QYqy!f.!f. x qyqy 1) 1). 

QY Qy qY 

984 0 0 

o o 

qyqy!f.!f. x QYqy 1)1). 

QY Qy qY 

719 207 186 

647 216 216 

3 

qy Total 

910 494 1 

926.5 4941.0 

3 

qy Totai. 

940 1924 

962 1924 

qy Total 

6 14 1726 

647 1726 

3 
The result from the cross PqyPqy $ $ x PQYPqy 66 approximates the 

numbers expected on the 3 : 1 : I : 3 ba<;is, as shown below: 

Observed 

Expected 

Norm. yel. Norm. who PI. yel. 

266 85 75 

237·4 79· I 79. 1 

PI. who 

207 

237·4 

Total 

633 

633.0 

2) Correlation of Moricaud Marking and Yellow Cocoon Character. 

A. M-Y Repulsion. 

The moricaud is epistatic to all other markings but the striped, to which 
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o 2-3' 14 73 g 10 12 103 
022'q 118 13 14 34 179 

023-2'14 198 32 3[ 59 320 

o 25-2'q 61 6 3 19 89 

() 25-3'q 13 1 9 IS 42 197 

o 27-1'14 289 32 27 70 4 18 

o 27-2'14 283 30 29 83 425 

033-1'14 235 27 33 69 364 

o 33-2'q 23 1 25 20 62 338 

o 34-1'14 139 12 9 [6 176 

o 34-2'14 139 18 16 62 235 

o 55-1'q 332 22 26 87 467 

o 55-2'14 280 25 36 75 4 16 

o 55-3'14 241 2 I 22 79 363 
P 76- I'Q 226 IS 14 47 302 

p 76- 2'14 177 14 18 53 262 

P 76-4'Q 205 18 18 53 294 

l' 83'14 102 II I I 33 157 

P 84-1'14 44 8 7 8 67 

P 84-2'14 125 I I 16 45 197 

A 78'15 115 8 10 42 175 

A 79'15 159 9 9 50 227 

A 211'15 JI8 I I 13 33 175 

A 212'15 27 1 18 18 72 379 
A 214'15 157 13 18 52 24C> 

Totals 7423 774 795 2044 11036 

b) Triply heterozygous striped yellow (SPQYsPqy) mated illter se. 

Str. yeI. Str. who PI. yeI. PI. wh. Totals 
(SPQY) (SPQy) (sPqY) (sPqy) 

C II'Q 229 23 30 66 348 
o 46'Q 219 23 24 71 337 
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P 73'14 55 9 7 17 88 

P 75-1'14 139 I I 14 40 204 

P 75-2'14 95 7 10 27 139 

P 82'14 67 7 3 17 94 
A 62'15 165 9 14 52 240 

A 73'15 164 16 12 43 235 

A 74'15 307 20 30 77 434 

A 76'15 128 17 I 1 36 192 

A 216'15 122 9 7 31 r69 

A 220'15 rr8 10 5 26 159 

Totals r808 161 167 503 2639 

c) Triheterozygous striped yellow (SPQYspQy) paired inter se. 

A 63'15 A 64'[5 A 65'15 Totals 

Str. yel. SPQY 54 42 6R 164 
Str. wh. SPQy 4 7 4 IS 

Norm. yel. sPQY 8 7 5 20 

Norm. who sPQy 14 10 12 36 

Str. quo yeI. SpQY 2[ 18 49 S8 

Str. quo who SpQy 3 7 I 1 

Quail yel. spQY 4 2 3 9 

Quail who spQy 5 9 7 2[ 

Totals I I 3 96 155 364 

d) F2 ex the cross pale-quail white (spqy) x striped yellow (SPQY). 

A 531'15 A 539'15 A 540'15 Totals 

Str. yel. SPQY 71 212 1I2 395 
Str. wh. SPQy 5 12 S 25 

PI. yel. sPqY 7 7 -Y- 10 24 

PI. wh. sPqy 31 65 * 30 126 

Str. qu. yel. SpQY 51 Sl 40 r72 

Str. qu. who SpQy 0 4 6 ]0 
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P 19-2'14 144 136 280 

P 25-1'14 166 164 330 

P 25-2'14 212 216 428 

Ex 2-8'14 154 132 286 

Totals 905 893 1798 

d) Quadruply heterozygous striped yellow (SPQYspqy) Z $ x 

pale-quail white (spqyspqy) 66' 

Striped yellow SPQY 

Striped-quail yellow SpQY 

Plain white 

Pale-quail white 

Totals 

sPqy 

spqy 

A 536'15 A 537'15 

58 80 

74 

65 

95 '" 

Totals 

159 

149 

173 

e) A triheterozygous striped yellow (SPQYgspQyg) $ x plain 

green (sPqyGsPqyG) 6 . 
Striped yellow 

(Sl'QYG) 
N onnal green 

(sPQyG) 
Total 

P 14'14 161 ) 55 316 

f) Triply heterozygous striped-quail yellow (SpQYspqy) $$ x 

pale-quail white (spqyspqy) 66. 

Str. quo yel. Pale quo who Totals 
(SpQY) (spqy) 

A 515'15 209 220 ., 429 

A 516'15 225 207 " 43 2 

Totals 434 427 861 

g) Diheterozygous striped-quail yellow (SpQYspQy) $ $ x pale-

quail white (spqyspqy) 6 6. 

Str. quo yel. Quail who Totals 
(SpQY) (spQy) 

A 107'15 166 180 346 

A I 13') 5 137 109 246 

Totals 30 3 289 592 
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while EMEl{SON (191 I) made out a similar case in the colour correlation (com­

plete coupling) of the maize. On the other hand, there are some authors 

who merely assumcs the similarity of male and female gametic scries without 

actually bringing them to the test mentioned above. 

A few previous investigators maintain, howev'er, dissimilar gametic distri­

bution, in the male and female, of the factors that are not sex-limited in 

several species of plants and one of animals. 

DE VRIES (191 1,1913) discovered Oellotitera hybrids which were pro­

duced by reciprocal crossings and markedly different from each other, being 

apparently patroclinous or matroclinous; he says: 

"Hier werden von den sichtbaren Eigenschaften einige nur mittels des 

Pollens und nicht durch die Eizellen auf die Kinder vererbt. Dcmgegen­

tiber gibt es andere lVIerkmale welche nur in den Eizellen, und nicht im 

Pollen ilbertragen werden. Oder allgemein: 1m Pollen und in den 

Eizellcn werden verschiedenc erbliche Eigenschaften auf die Nach­

kommen tibermittelt." 

"Heterogamy" as this phenomenon is called by DE VRIES, or "allogamy" 

by SWIXGLE (19 I I), was most striking, among various cases, in the crossing 

between O. bielllzis and O. lIluricata. 

Allogamy in Oellotlzera is regarded by GOLDSCIDIIDT (19 I 3a) from the 

cytological point of view as due to merogony, but REXNER (I91 3) rejects 

this view. 

Gl{EGORY (191 [a) obtained the ratio 41 r (magenta, green stigma) : 98 

(magenta, red stigma) : 97 (red, green stigma) : 78 (red. red stigma) in Prilllula, 

and remarks as follows: 

"For the time being it may be pointed out that a very close approxi­

mation to the observed numbers is given by the assumption that a 

coupling of the form 7: I: 1:7 is present in gametes of one sex only, gametes 

of the opposite sex being produced in equal numbers of all four kinds." 

GREGORY'S view is criticized by TROW (19/2), who maintains that the 

ratio obtained may be expected on the basis of 2 : I : I : 2 coupling 





YOSHIMARO TANAKA 

inheritance (STURTEVANT, 1915 b). Sex-limited inheritance is explicable on 

the assumption that the female sex is the bearer of the linked character in 

some cases, and the male in others. Such a parallelism between sex-linked 

inheritance and linkage of non-sex-Iinked characters appears much interesting 

as well as suggestive. 

V. NON-CORRELATED CHARACTERS. 

The Mendelian factors concerned in the present experiments are eleven in 

all, i. e. S, M, P, Q, Z, L, X, 0, B, T and Y. 1) Of these I I factors the follolV­

ing55 combinations are possible: 

p 

L 
Text-fig. 5. 

Of the combinations 

shown in the left, those con­

nected by dotted lines have 

not been tested yet, while 

those factors connected by 

thick lines are correlated 

either positively or nega­

tively in inheritance, and 

were described in the preced­

ing pages. All other combi­

nations show those which 

are transmitted independent­

ly of each other. 

It may be interesting that· there are so many independent characters III 

the silkworm which has chromosomes as numerous as 28 in haploid (Y ATSU, 

1913), while in DrDsopltila, ill which only 4 chromosomes are present in 

haploid condition (STEVENS, 1908), all the tested characters fall into 4 groups 

of linkage. 

I) Besides these, multiple factors are assumed for the normal and quail patterns, moulting character, 
etc. (See Chapter VI.) 
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b) T and S. 

Heterozygous 3-moulting striped white (SsPpQqTtyy) mated illter se. 

A 524'15 3-m. 4-m. Totals 

Striped SPQy 9 1 3 1 122 

Stri ped-q uail SpQy 52 12 64 

Plain sPqy 35 1 r 46 

Pale-quail spqy 14 4 18 

Totals 192 58 250 

Of which ST 143 St 43 sT 49 st 15 

Exp. ratio 9 3 3 

A 4-moulting pale-quail white (ssppqqttyy) $ x a heterozygous 

3-moulting striped white (SsPpQqTtyy) 6. 

A 523'15 

Striped SPQy 

Striped-quail SpQy 

Plain 

Pale-quail 

Totals 

Of which 

Exp. ratio 

c) T and M. 

sPqy 

spqy 

ST 56 

T 

27 

29 

27 

37 

120 

St 62 

t 

25 

37 

34 

r 19 

Totals 

52 

66 

50 

7 1 

239 

st 57 

A heterozygous 3-moulting plain white (lllmTtyy) $ x a hetero­

zygous 3-moulting moricaud yellow (MmTtYy) 6. 
A 491' 1ST t Totals 

Mor. yel. MY 22 7 29 

Mor. who My 109 34 143 

PI. yei. mY 12 3 3 1 154 

PI. who my 28 6 34 

Totals 282 78 36:) 

Of \Vhich M'r 13 1 :nIt 41 mT 151 mt 37 
Exp. ratio 3 3 

189 
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Multi!. who Ly 95 3 1 126 

Norm. yel. IY 24 10 34 

Norm. who ly 28 12 40 

Totals 235 9 2 327 

Of which LT 183 Lt 70 IT 52 It 22 

Exp. ratio 9 3 3 

g) T and K. 

Heterozygous 3-moulting knobbed zebra whites (ZzKkyyTt) mated 

inter se. 

A 763'15 3-m. (T) 4-m. (t) Totals 

Knobbed zebr<: ZKy 135 5 ! 186 

Smooth zebra Zky 56 17 73 

Knobbed normal zKy 45 17 62 

Smooth normal zky IS 6 21 

Totals 25 1 9 1 342 

Of which KT 180 Kt 68 kT 7 1 kt 23 

Exp. ratio 9 3 3 

h) T and O. 

Heterozygous 3-moulting opaque normal (PPQqOoTt) paired iuter st. 

A 67'[ 5 3-m. (T) 4-111. (t) Totals 

Normal opaque PQO 162 49 2[1 

Normal oily PQo 46 2! 67 

Plain opaque PqO 44 13 57 

Plain oily Pqo II 7 18 

Totals 263 90 353 

Of which OT 206 Ot 62 oT 57 ot 28 

Exp. ratio 9 2 " .) 

i) T and B. 

Not yet fully elucidated. 
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Str. yel. SPQIY 4 2 6 

Str. who SPQly 2 0 2 

PI. yel. sPqlY 2 0 2 

PI. who sPqly 2 0 2 

Totals 39 IS 54 
Of which LB 29 Lb 13 IB 10 Ib 2 

Exp. ratio 9 3 3 
d) Band Z. 

Heterozygous melanic normal zebras (PPQQZzBbyy) mated illter se. 

A 736'15 Exp. ratio 

Mel. norm. zebr. PQZB 43 9 
Choc. norm. zebr. PQZb 8 3 
Mel. norm. PQzB 16 3 

Choc. norm. PQzb 3 

Total 70 

e) B and S. 

Heterozygous melanic striped yellows (SsPPQQBbYy) mated inter se. 

023-1'14 035-1'14 P 29'14 Totals 

Mel. str. yel. SPQBY 116 96 164 376 

Mel. str. who SPQBy 14 22 10 46 

Mel. norm. yel. sPQBY 8 IS 9 32 

Mel. norm. who sPQBy 34 22 74 130 

Choc. str. yei. SPQbY 37 36 39 II2 

Choc. str. who SPQby 2 2 5 9 
Choc. norm. yei. sPQbY 5 4. 5 14 

Choc. norm. who sPQby 9 10 14 33 

Totals 225 207 320 75 2 

Of which SB 422 Sb 121 sB 162 sb 47 
Exp. ratio 9 3 3 

f) Band M. 
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Knobbedness. (Knobbed, K, v. smooth, k.) 

The presence of knobs is a striking characteristic of the Chinese race 

LUllg-cltiao tsall, which means "Dragon-horned silkworm". No prominent 

peculiarity is seen in the larvae until they have passed through the third 

moult, when the knobs come forth for the first time, and their full develop-

ment is attained only in the last stage of larval life. The knobs are large, 

paired evaginations of the skin formed on the subdorsal lines of at least four 

segments, II, III, V, VIII; sometimes they are present in all the segments 

from II to XI. The remnants of certai Il knobs are still visible in the pupal 

and imaginal stages. 

a) K and Z. 

Heterozygous knobbed normal-zebras (PPQQZzKkyy) mated illtn se. 

A 763' [ 5 Exp. ratio 

Knob. norm. zebr. PQZK [86 9 

Smooth norm. zebr. PQZk 73 3 

Knob. norm. PQzK 62 3 

Smooth norm. PQzk 21 

Total 342 

b) K and S. 

Heterozygous striped knobbed (SsPPQQKk) mated inter se. 

A 762' 15 Exp. ratio 

Str. knob. SPQK 106 9 

Str. smooth SPQk: 44 3 

Norm. knob. sPQK 39 3 

Norm. smooth sPQk 5 

Total 194 

c) K and P, K and Q. 

Heterozygous normal I·mobbed whites (PpQ1Kkyy) mated inter Sl!. 

A 76:::>' I 5 Knobbed (K) Smooth (k: ) Totals 

Normal PQ 74 93 
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Plain Pq 35 6 4[ 

Quail pQ 18 5 23 

Pale-quail PC! 14 4 18 

Totals 141 34 [75 

Of which PK 109 Pk 25 pK 32 pk 9 

QK 92 Qk 24 qK 49 qk 
Exp. ratio 9 3 3 

d) K and M, K and L, K and Y. 

Heterozygous multilunar-moricaud knobbed yellows 

(MmPpQQLlKkYy) mated inter St. 

A 761'15 Yellow (Y) 'White (y) 

Knob. multi!. mor. lVIPQLK 56 13 

Multi!. mor. lVIPQLk 37 7 
Knob. mor. lVIPQIK 23 

Mor. lVIPQlk 10 0 

Knob. multi!. mor. quo lVIpQLK 22 0 

lVIulti!. mor. quo lVIpQLk 10 0 

Knob. mor. quo lVIpQIK [ I 

Mor. quo lVIpQlk 5 
Knob. multi!. norm. mPQLK 4 [l 

Multi I norm. mPQLk 3 21 

Knob. norm. lllPQIK 2 6 

Norm. mPQlk 0 

Knob. multi!. quo IllpQLK 8 

Multi!. quo mpQLk 3 4 
Knob. quo mpQIK 0 0 

Qu. mpQlk 0 0 

Totals 187 74 
Of which LK I 15 Lk 85 IK 44 Ik 17 

XY 119 KY40 kY 68 ky 34 

MK 127 Mk7° mK3 2 mk3 2 

10 

Totals 

69 

44 

24 

10 

22 

10 

12 

6 

IS 

24 

8 

9 

7 
0 

0 

261 
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ZL 36r 

9 

Zl r22 

3 

201 

zL 107 

3 

A heterozygous multilunar-zebra yellow (PPQqZzLlYy) Q x a quail T 

yellow (ppQ.qzzllYy) 6 . 

A 750'15 Mult. (L) Non-multi!. (1) Totals 

b) 

c) 

Norm. zebr. yeI. PQZY 50 43 

Norm. zebr. who PQZy 15 14 

Norm. yeI. PQzY 68 56 

Norm. who PQzy 1" .) 16 

PI. zebL yel. PqZY 30 27 

PI. zebr. who PqZy 12 10 

PI. yel. PqzY 40 10 

PI. wb. Pqzy 5 14 

Totals 233 190 

Of which ZL 117 Zl 116 zL 94 zl 96 

Exp. ratio 

Land Q.. 

Q,L Q,1 qL ql 

A 747'15 (p. 199) 15 2 49 261) 3 J I) 

A 748'15 (p.200) 96 37 69 19 

Totals 248 86 95 50 

Expected ratio 9 3 3 

Land P. 

Heterozygous multil unar-plains (PpqqLlyy) mated illtcr sc. 
I 

Multil. pI. 

Plain 

PqL 

Pql 

lVI ultil. pal. quo pq L 

A 74I'IS Exp.ratio 

125 9 

44 3 

32 3 

93 

29 

124 

29 

67 

22 

40 

19 

423 

Totals 

2S8 

221 

479 

I) In PqL form the L pattern is so light in tone that it is likely to ue mistaken for Pql uy 

careless eyes (t/. p. 145). The deficit of qL and the excess of q 1 class are very probably clue to this 

error. 
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Quail zebr. who pQZy 14 J7 4 35 

Norm. who PQzy 6 2[ 16 43 

Quail ye!. pQzY 9 I [ 15 35 
Quail who pQzy 9 8 4 21 

Totals 3[7 372 293 982 

Heterozygous normal-zebra whites (PpQQZzyy) inbred. 

Norm. zebr. Nonnal Quail zebr. Quail 
(PQZ) (PQz) (pQZ) (pQz) 

A 591'15 201 89 So 25 

A 592 'r 5 169 79 66 14 

Totals 370 168 146 39 
Exp. ratio 9 3 3 

b) Z anel Q. 

Heterozygous normal-zebra whites (PpQqZzyy) inbred. 

A 581'15 Exp. ratio 

Norm. zebr. PQZ 198 27 

PI. zebr. PqZ 74 9 

Qu. zebr. pQZ 75 9 

Normal PQz 73 9 

Pal. quo zebr. pqZ 29 3 
Plain Pqz 16 3 
Quail pQz 20 3 
Pal. quo pqz 9 

Total 494 

c) Z and M. 

3 

3 

3 

Totals 

395 

7",.., <) 

Heterozygous moricauel-zebra yellows (MmppQQZzYy) inbred. 

A 611'15 A 612'[ 5 A613'I5 Totals 

':V10r. zebr. ye!. MPQZY 121 127 141 389 
Mor. zebr. who MPQZy 17 9 7 33 
Norm. zebr. yel. mPQZY 4 13 18 35 
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VI. MULTIPLE FACTORS 1
); COMPOUND NATURE 

OF UNIT CHARACTERS. 

1) Multiple Factors Concerning the Normal, Quail and 

Other Markings. 

211 

There is a great variability of pigment intensity in the normal, quail, 

striped and moricaud patterns, and the most abundant data on this point have 

been obtained from the normal type. In this we find almost every gradation 

from the lightest to the darkest, apparently presenting a continuous variation. 

From breeding experiments it has been learned that the characteristics of 

certain subtypes are transmitted to the offspring, while those of others are 

not reproduced in the progeny i. e. they are merely due to fluctuation. It is, 

however, by no means easy sharply to distinguish the subtypes of two cate­

gones. Provisionally I have divided the normal, according to the heritable 

characteristics, into four subtypes: namely normal I, 2, 3 and 4. 

Normal 1. This subtype represents the lightest normal, and the range 

of fluctuation is wide; the lightest are almost totally destitute of the "eye­

spots" and "semilunules" and hardly distinguishable from the pure plain, 

while the darkest are provided with easily perceivable "eye-spots" and "semi-

I un ules". Between these two extremities every grade of marking intensity 

is exhibited (Figs. 44, 49). 

Normal 2. With distinct "eye-spots", whose outlines are however more 

or less indefinite; anterior "semilunules" always present, posterior ones often 

absent. There is also a certain fluctuation (Figs. 43, 48). 

Normal 3. The most common subtype; the "eye-spots" distinct and 

conspicuous, the "semilunules" well defined; the body surface looks, as a 

rule, clean owing to dots being scanty (Figs. 4 2 , 47). 

I) It may not Le proper, in the strict sense of the term, to regard the cases descriLed in the 

present chapter as regards patterns and cocoon colours as examples of multiple factors or plural factors 
(Sm;LL, 1914), because I assume in these cases neither the so-called "gleichsinnige Faktoren" nor the 

factors which co-operate in furthering the development of a certain character, Lut I assume the ex­
istence of different /fenes respectively for the different subtypes of the markir.g and colour. Notwith­

standing. I Lelieve it is convenient to take the term ill a Lroader sense and as including snch cases 
as are described in the present paper. 
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Coupling: 

H 44-1'13 Striped white x X 2-4'13 Normal yellow 
I 

I 
N6'14 

( 

Striped yellow Distinct normal yellow+light normal yel. 

182 
( 

189 
J 

( I I ) 

Light normal Light normal Plain Plain 
yellow(PQlY) white (PQly) yellow (PqY) white (Pqy) 

N 15-1'14 32 

N 15-3'14 130 
I 

A 94'15 
( 

113 

2 

I [ 

I 

'3 
F 5'14 Normal (PQ2) 

438 
I 

3 18 

6 24 

I 1 
6 39 

( I I I 
Norm. yeI. (PQl-2) Norm. wh. (PQl-2) PI. yeI. (Pg) PI. who (Pg) 

C 27-1'14 138 19 1 I 
I 

I I 
C 42-1'14 43 2 I 

C 42-2'14 103 6 12 

C 42-3'14 29 2 '> 
.) 

F 4'13 Normal (PQ2) 

C 26-2'14 

C 41-1'14 

Repulsion: 

I 

J I 
Norm_ yeI. 1) Nonn. wh. 

r 

113 
I 

Norm. yel. 
(PQ2Y) 

68 

9 

I 
Norm. who 
(PQ2 y ) 

7 

I 

I I 
PI. yel. PI. wh. 

8 31 

I \ 
PI. yel. PI. who 
(PgY) (Pqy) 

6 

I 
Light norm. yd. Light norm. wh. PI. yeI. 

(PQl Y) (PQly) (PqY) 

54 24 18 
I 

J) :Marking intensity of these normal was not recorded. 

44 

\ 
13 

19 

4 
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family had the extra "semilunules" Ii, but the plain larvae possessed C) shaped 

traces of the spots on segment IX, as well as on V and VIII 2) 

(Text-fig. 6). A plain male from this family was crossed with 
C J 

LJ 0 

Text-Fig. 6. 

a quail female from A59'r5 3) (exC29-r,2,3.4'14, i. e. with a 

common ancestor with her mate), the resulting- family, A353'r 5, 

consisted of ro6 normal with tne third "semilunules" and 29 

normal without the spots in question (ratio about 3 : I) From 

these facts it is evident that (1) the third "semilunules" are 

heritable and (2) the type with this mark is a simple domi­

nant over the oridinary type. It is an interesting fact that 

the extra "semilunules" are often found in wild silkworms, 

B011lbyx mort val'. lllal2darilla, the assumed ancestor of the 

domestic forms, though the wild type is moricaud in marking- (Fig. 61).4) 

Normal of the Bagdad and some other European races are peculiar 11l 

having "semilunules" of a "blurred" appearance (Text-fig. 7, A), in contrast 

to their sharp outlines in Japanese 

normal (B), 

The distribution of the dorsal 

dots vary considerably in different 

strains, even among those in which 

the "eye-spots" or "semilunules" 

are of about the same intensity. 

In the normal of some strains 

(A 283'15, A 314'15) the subdorsal 

dots were unusually distinct. In 

some of the normal larvae from the 

families A 155'15 and A 318'IS, the 

A 
Text-fig. 7. 

B 

A n 
A, ordinary type; D. modified type. 

Text-fig. 8. 

I) In a few individnals the spot was present on one side only. Similar asymmetry frequently 
occurs in the multilunar pattern. 

2) The presence of simibr traces on segments V and VIII only is by no means rare in ordinary 
plain strains. 

3) The extra "semilunules" were not taken note of in this family. but it is possible that the 
animal mated possessed the spots in question. and was heterozygous in this eharacter. 

4) In l)ly experiments some domestic moricaud larvae were also found provided with exlra 
semilunubr spots. 
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P 65'14 9 2 213 2·3 

P 67'14 31 325 10·5 

P 68'14 44 357 8.1 

4-moulters x 4-moulters. 

A 114'15 212 230 I.I 

A 128'15 13 1 107 1.2 

A 129'IS 93 93 

A211'IS 83 9 2 I.I 

A 212' IS 20S 174 1.2 

A 24S'IS 234 187 1.3 

A 246'IS 21 7 241 I.I 

A 279'IS 152 ISO 

To what extent the above cases owe their abnormal phenotypic ratios to 

intransmissible fluctuation, and to what extent owe to the genetic cause, is a 

difficult question to solve. The multiple factor theory is applicable to the 

question only when some of these cases, at least, have been proved to be 

neither due to fluctuation, nor accidental, but due to genetic recombination. 

Many of these abnormal cases, if not alI, can be interpreted, for instance, on 

the assumption that either 3- or 4-moulting arises according as two con­

ditional factors, Ta and Tb , are present simultaneously or not. Some such 

hypothesis assuming the presence of more than one allelomorphs in the inherit­

ance of moulting character appears to me at present to be the most plausible. 

4) Multiple Factors Concerning Colour and Other Cocoon 

Characters. 

The silkworm cocoons may be divided into two distinct groups, coloured 

and colourless. The colourless or white cocoons are further subdivided into 

dominant and recessive whites (TOYAMA 1912 a, TANAKA 1913 a). Two subdi­

visions are recognized also in the coloured cocoons, namely the yellow and 

green. The "green" colour of the cocoon might rather be classed in the yellow 

series according to the general nomenclature of colours, yet the yellow-cocoon 
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spinner is yellow-blooded and hence yellow-legged, in contrast to the green­

cocoon spinner in which the haemolymph and the abdominal legs are never 

yellow. Consequently these two strains are readily distinguishable, already 

in the larval stage, whereas it is by no means easy to distinguish the green 

and white before spinning. 

The yellow character is dominant over the green, but the dominance is 

not complete, the cocoons of YG individuals being intermediate of those of 

YY and GG parents in colour, on account of the simultaneous development of 

the two colours. 

Not only in my previous papers, but also in the preceding pages of the 

present communication, I have, for the sake of simplici,ty, dealt with the 

yellow as a simple character. Various sorts of colour subtypes can, however, 

be recognized in the yellow as well as in the green series: to speak more 

fully, orange 1\ cadmium yellow, chrome yellow, salmon, salmon-buff, cream 

and many intermediate colour subtypes are involved in the' yellow type; 

while citron yellow, sulphur yellow, primrose yellow, greenish white, and . 
many intergrades belong to the green series. The majority of these colour 

1-aces transmit their characteristics, as is learned by my unpublished experi­

ments; they are therefore undoubtedly dependent upon respectively different 

factors. 

The inter-crossing of different subtypes often gi ves monohybrid F:.: ratio, 

whereas in some other cases, it gives rise to a widely ranging variability in 

the cocoon colour, a "breaking up" being brought about. This is a fact 

which speak for the existence of several allelomorphs for the yellow and green 

colours. More detailed account on the inheritance of yellow and green 

characters will appear on a future occasion. 

There are some reasons to believe that the multiple factor hypothesis 

fits in best for the inheritance of shape and size of cocoons, thickness and 

length of cocoon-fibres ("baves") and other quantitative characters in the silk­

worm. My experiments in this direction is now in progress. 

I) According to the nomenclature of colours by Ridgway (1886), 
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being darker. The unilateral development of the pattern was very evident, 

and there was no intermingling of the characteristics of the two sides. 

Mosaic 5 (Fig. 72). In the summer culture of the same year, one more 

mosaic monster was obtained. On the left side of this individual the pattern 

was striped-black in segments II, III, IV, V, X and XI; in the rest, the black 

was, roughly speaking, equal tot he normal in area. On the right side of the 

body, in segments III, VII and VIII black areas were likewise equal to the 

white (normal). In the other segments of the same side, the white area 

evidently predominated over the black. 

Of these five mosaic silkworms all but the third one died of disease, and 

their sex could not be ascertained. 

In 1915, several more specimens were obtained; they are described 

below. 

Mosaic 6. This example is interesting on account of its being a mosaic 

of size as well as of colour. On the dorsum, the left half of the head and 

body anterior to segment VIII differs markedly from the right in being dwarf­

ed, the "eye-spots" and anterior "semilullules" of the respective sides were 

naturally proportionate to that size difference. The .five hinder segments ap­

peared to be normal and bilaterally symmetrical. On the ventral side, the 

mosaic character extended further backwards; the left half of all the segments 

including the thoracic as well as abdominal legs (the so-called anal leg 

included) were much smaller as compared with their counterparts of the 

opposite side. All the head appendages exhibited a similar asymmetry. The 

five antel-ior stigmata of the right side were remarkably bigger than the corre­

sponding ones of the opposite side, which were equal in diameter to the 

remaining ones of the right. 

The coloration also partook of the asymmetry. On the dorsal side, the 

section anterior to segment VIII was opaque white on the right side, while on 

the left and the rest of the right side the body was oily. On the ventral 

side, the opaque right half, and the transparent left were sharply marked off 

from each otber by the ventral median line throughout the entire length of 
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assume that the antagonistic characters are the more irregularly intermingled 

the later the mutations occur in blastomeres. From this point of view, the 

"right-left mosaic" should be produced by a single early or major mutation, 

while other mosaics should be produced by a major and some later or minor 

mutations ("mutation epidemic" !). The specimens given in Figs. 74, 75 and 

76 may be regarded as have resulted from some minor mutations preceded 

by 110 major one. 

The mosaic 6 interests us, because it assists to a fuller understanding of 

the size inheritance in the silkworm. Under ordinary circumstances, the 

proving of this inheritance meets with insurmountable difficulty, because it is 

practically impossible to place the individuals under exactly the same con­

dition. The present case is, of course, quite free from this objection, and 

yet one side is markedly smaller than the other. 

VIII. SUMMARY. 

The more important results of this paper may be summed up as follows. 

I) The genetic factors for larval markings in the silkworm are six: 

S ............ striping factor, P ............ plain factor, 

M ............ moricaud factor, Z ............ zebra factor, 

Q ............ quail factor, L ............ multilunar factor. 

2) The zygotic constitutions of the more common markings are as follows: 

Striped SmPQzl Normal-zebra smPQ"ll 

Mol'icaud sMPQzl Multilunar-plain smPqzL 

Nonnal smPQzl Multilunar-normal smPQzL 

Quail smpQzl Multilunar-normal-zebra smPQZL 

Plain smPqzl Striped-quail SmpQzl • 
Pale-quail smpqzl Moricaud-quail sMpQzl 

Plain-zebra smPqZl Striped-quail-zebra SmpQ'll 

Striped-zebra SmPQ'll Multilunar-quail-moricaud sMpQzL 

etc. etc. 

3) Q factor is completely coupled with S and M in both sexes. 
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4) The presence of Q factor favours pigment formation in the epidermis, 

whereas the presence of P has opposite effect and lead to partial suppression 

of pigment development. So that pC! animal is more intensely pigmented than 

PQ, and PC! than pq, and pq than Pq; L pattern is likewise more fully develop­

ed in pQ,L and PQ,L than in pqL, and pqL than in PqL. The development of 

Z pattern is, on the contrary, scarcely affected by the presence of P or Q. 

5) The striped character is dominant to the moricaud, but in certain 

parts of the body, the moricaud or recessive pattern is apparently developed 

in the striped hybrid. Similarly the quail factor is partially dominant and 

partially recessive to the plain. These facts show that the relation of 

dominance and recessiveness is more complex than is generally supposed. 

6) Bringing forth individuals homozygous for the presence of both S 

and M is impossible in consequence of complete repulsion occulTing between 

them. This case might be taken as an example of multiple allelomorphism. 

7) Coupling and repulsion take place between the yellow (cocoon or 

haemolymph colour) and either one of the following markings: 

1) Quail, 

2) Normal, 

3) Striped, 

4) Striped-quail, 

5) Moricaud, 

6) Moricaud-quail. 

It is not impossible to imagine that all these cases of coupling and 

repulsion are nothing other than the correlation of Q and Y, because the Q 

factor is common to all of these markings. 

8) Coupling and repulsion in the silkworm are peculiar in being com­

plete in the female, but partial in the male: this phenomenon may be called 

"dimorphism of gametic series." In connection with this subject, more 

than 101,000 larvae have been raised in the last four years. 

9) Partial coupling and repulsion in the male are comparatively low in 

intensity; the ratios are usually approximate respectively to 3 : I : I : 3 and 
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I : 3 : 3 : I, though the ratios fluctuate to a certain extent. 

10) Similar dimorphism of gametic series was observed by T. H. 

MORGAN and his collaborators in the fruit-fly; but in this insect, coupling 

and repulsion were complete in the male, and partial in the female, in contrast 

to what has been observed in the silkworm. 

II) Independent inheritance has been proved between the following 

factors: 

T (3-mou!ting) and 0 (opaque skin) T and K (knobbed) 

T and L T and Z 

T and Q T and P 

T and M T and S 

T and Y B (malanic) and L 

B and Z B and P 

B and S B and M 

0 and K B and Y 

0 and L 0 and Z 

0 and Q 0 and P 

0 and M 0 and S 

0 and Y K and L 

K and Z K and Q 

K and P K and M 

K and S K and Y 

L and Z Land Q 

L and P L and M 

L and S L and Y 

Z and Q Z and P 

Z and M Z and S 

Z and Y Q and P 

p and M p and S 

P and Y 

12) A wide range of variation is found in the pigment intensity of the 

normal and quail types. Certain variations transmit their .characteristics to 

the offspring: such heritable variations are probably due to the existence of 
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22) I believe mosaics are produced by mutations, either major or minor, 

occurring in the segmenting cells in different stages of embryonal develop-

ment. By "mutation" I mean assumed sudden check of physiological 

functions of a gene or genes, or a sudden revival of them in the egg-cells. 

23) Mosaic abnormality in the silkworm are not only known with regard 

to various larval patterns (striped, 1110ricaud, normal, plain, quail, zebra, 

multilunar), body colour (opaque and oily) and sex, but even size mosaic has 

been observed, though only once. 

24) Mosaics appeared in hybrids as well as 111 pure breeds, but they 

are more frequent in the former. 
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