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Table 1. List of black pupa strains used for the experiments*

Strain Race Voltine Remark
C 4 Chinese race Univoltine Plain (p)
BT ” Bivoltine Normal (+7%), Quail,
Chinese translucent
mpbp Japanese race Bivoltine Plain
0550 ” Univoltine Normal (+7"), Sooty
p 51 ” ” Plain, Sooty

* The experiments were mainly carried out from February to May.
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Table 2. List of normal strains used for the experiments

Strain Race Voltine Remark
K Japanese race Bivoltine Knobbed
Okusa ” 7
Mosaic ” ” Hereditary mosaic
C 106 Chinese race Bivoltine
lem oc pe ” ” Yellow skin, Chinese translucent.
E 16 European race Univoltine
Daizo Cantonese race Bivoltine
Cambodge Tropical race Polyvoltine
w1 (S) Japanese race Bivolitne White egg-1
w1 we rb ” Univoltine Red blood
wz ch Chinese race Bivoltine White egg-2
re ” ” Red egg
pere ” ” Pink-eyed white egg and red
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Table 1-1. Relation between the environmental temperature during the prepupal stage
and the manifestation of the black pupa
No. of individuals showing pupal color type*
Strain Temperature : : Total
[&{®)) I 11 111 v \Y%

15 2 75 77

20 31 49 80

BT 25 12 19 31 5 67
28 4 48 25 13 90

30 72 4 76

32 64 64

18 3 51 5 59

C 4 25 10 39 12 61
28 34 18 52

30 71 71

20 74 8 82

Okusa 25 92 12 104
28 73 3 76

30 85 85

20 76 2 78

E 16 25 62 1 63
28 81 1 82

30 72 72

20 97 4 101

Cambodge 25 88 5 93
28 86 2 88

30 104 104

20 70 7 77

w1 (S) 25 98 5 103
28 80 2 82

30 86 86

20 88 10 98

C 106 25 108 13 121
28 81 5 86

30 83 83

* As there was variation in the pigmentation of pupae, the scoring of pigmentation was made by
comparing each pupa with five standard pupae which were chosen according to the distribution and
density of black pigment as follows: I, the whole body was normally colored; II, a part of the
fore-wing and head was very weakly dark-colored and the dorsal and abdominal parts were
normally colored; III, the fore-wing and head were weakly dark-colored and the dorsal and
abdominal parts were very weakly dark-colored; IV, the fore-wing and head were dark-colored and
the dorsal and abdominal parts were weakly dark-colored; V, the whole body was dark-colored.
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Fig. 1-1. Relation between the environmental temperature during the prepupal stage and
the manifestation of the black pupa.
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F; 32°C; G, 18°C; H, 25°C; I, 28°C; J, 30°C.
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Table 2-1.  The pupal color in Fi hybrids of BT with other black pupa strains

No. of individuals showing pupal color type

Cross - - Total
I 11 111 v \%
BT X C 4 114 327 21 462
C4 X BT 85 160 77 322
BT X mpbp 147 250 3 400
mpbp X BT 93 156 6 255
osso X BT 100 23 123
P 51 X BT 69 57 126
Table 2-2. 'The pupal color in segregants from backcross of BT with K gene
Experimental K bp 4 bp
K + + + Total
series I11 v \% 111 v \%
212 174 5 7 114 80 22 402
214 192 3 5 97 47 46 390

Table 2-3. The pupal color and translucent in segregants from the cross between

BT and oc
No. of individuals showing
Cross No. of 5th No. of oc " pupal color type Total
instar larvae individuals I 11 111 v A%

lem oc pe x BT 213 213 96 93 189
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Table 2-4. The pupal color in Fz hybrids of BT strain with several normal strains

No. of individuals showing pupal color type

Cross - Total
1 11 111 v A%

C 4 X BT 35 19 9 63
mpbp X BT 70 63 15 148
Daizo X BT 143 28 5 1 177
Okusa X BT 142 40 6 188
Mosaic X BT 100 26 4 130
K x BT 50 25 17 12 4 108
wiwzrb X BT 74 51 62 11 198
re X BT 98 20 8 8 134
BT X wzch 108 24 33 9 174
pere X BT 50 67 44 20 10 191
BT X Cambodge 100 35 37 14 186

Fizbb bp BETFHELUTHEHE—TH->Th, Mo mENITROEICK > TRIFD FETURED
B2 0 ER R LTINS, BERRERIC B 2 38LMT SO e b owicid, BT HHICH
2 DIEE T 10 8RR URME LI bDIC D0 THIE LIS U S0y, UL L bp #i{ny-i34
@§M¥T%Dﬁbﬁ%%hﬁétbmiﬁb@%%ﬁﬂwmw@Tﬂﬂwﬁééﬂé®T,$m

FICBNTR—IE P i 2 38R TRALIcDITHS.
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Table 2-5. Ratios of male and female in the manifestation of the black pupa

No. of individuals showing pupal color type

Strain 1 I 11 v v Total
{ ) & S & 3 e 3 { 35
BT 2 2 18 42 21 66 151
C4 X BT F: 47 38 72 88 6 71 322
BT X mpbp F: 135 12 72 178 3 400
50
% A

o - - = .1
50
B
\ 4
50
C
0 %a : —
I I Iy v v

Fig. 2-1. Ratios of male and female in the manifestation of the black pupa.

SN 9,
A, BT; B, C4 X BT; C, BT x mpbp.
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BT il 584 TS B TRIBR L, $i8 0 (R KE D K54 HSI (1 0 76 112 NN B
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Table 3-1. The color of pupae kept at 20°C and 30°C after ligaturing of prepupae of

BT strain
Temperature No. of No. of Pupal color of the Pupal color of the
after ligatured dead anterxor part posterior part
ligature individuals individuals Black N ormal Black Normal
20°C 20 2 18 0 0 18
30°C 20 5 0 15 0 15

R 20°C 1T L 7o XTI, REERIEME & 10810 ol 12 = TIENFLALYD AR IZ w44
Q<TNT$@@&matﬁ,ﬁ¥%K%wLi%@L%@h&ﬁmﬂﬁbﬂTmmﬁuﬁ%Mb
TIT U T ER#% 4 30°C ) IR L 72X T, AR S 2078 & JLIC I i 10 % 57 L

R

7z
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Table 3 2. The color of pupae after being ligatured in the prepupal stage at different

segments
Portion of No. of No. of Pupal color of the Pupal cqlor of the
,' 1igature d dead anterior part - posterior part
ligature individuals  individuals  Black  Normal  Black  Normal
Behind the head 17 1 — _ 0 16
Behind the 1st
thoracic segment 19 1 0 18 0 18
Behind the 2nd
thoracic segment 22 2 1 19 0 20
Behind the 3rd
thoracic segment 20 1 14 5 0 19
Behind the 1st
abdominal segment 18 1 15 2 0 17
Behind the 2nd :
abdominal segment 13 0 13 0 0 13
Behind the 3rd
abdominal segment 10 0 10 0 0 10
Behind the 4th 10 1 9 0 0 0

abdominal segment

Both behind the heads v ,
and behind the 2nd 10 0 0 10 0 104
abdominal segments

(1) The pupal color of the paris antevior to the 2nd abdominal segmer.ts.
(2) 'The pupal color of the ‘parts posterior to the 3rd abdominal segments.
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Table 3-3. The color of the posterior parts of pupae after being ligatuied in different
prepupal stages of BT strain

Pupal color Stage of prepupae at the time of ligaturing expressed in hours before pupation
of the 30~
posterior part 16

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0¥ Total

Normal 4 3 2 2 2 3 2 1 49
Black 1 3 4 3 3 1 1 2 18

* Immediately after pupation.
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Table 4-1. The color of pupae from which various ganglia were removed in the
prepupal stage of BT strain

No. of No. of No. of individuals showing
Ganglion removed treated dead pupal color type
individuals  individuals I IT I1I v \Y
Brain 20 1 1 3 3 2 0
Suboesophageal ganglion 22 0 9 5 4 3 1
Prothoracic ganglion 20 1 11 5 2 1 0
Mesothoracic ganglion 20 0 10 6 3 1 0
Metathoracic ganglion 22 3 10 6 2 1 0
First abdominal ganglion 20 5 1 2 1 5 6
Second abdominal ganglion 20 4 0 1 2 5 8
Control 15 0 0 0 6 9
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Table 4-2. The color of pupae whose nervous commissures were severed in the prepupal
stage of BT strain

No. of No. of No. of individuals showing

Level of severing treated dead R pupal color tygc? S,

individuals  individuals I 11 II1 v A%
Behind brain 20 1 3 2 3 3
Behind suboesophageal ganglion 20 0 5 4 2 2
Behind prothoracic ganglion 18 0 3 4 3 0
Behind mesothoracic ganglion 15 0 10 4 0 1 0
Behind metathoracic ganglion 21 2 1 2 3 8 5
g:llll;rlli(:.mthe first abdominal 2 4 0 1 3 5 7
g::;%c(l) I::he second abdominal 20 2 0 0 2 6 10
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Table 4-3. Pupal color after the implantation of ganglia

No. of No. of No. of isolated abdomens showing
Implanted ganglia treated dead normal black
abdomens abdomens pupal color pupal color
Control 10 0 10
Brain 10 0 10
Complex of brain and
suboesophageal ganglion 10 0 10
Complex of brain-thoracic 15 1 4 10
ganglia
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Table 5-1. The color of pupae from which various ganglia were removed in the
mounting stage of BT strain

No. of No. of No. of individuals showing
Ganglion removed treated dead _ bup iﬂfdor tyP ¢ Total
individuals  individuals I IT I11 Iv. v

Brain 20 2 16 2 18
Suboesophageal ganglion 15 1 1 5 4 2 2 14
Prothoracic ganglion 15 2 6 4 2 1 13
Mesothoracic ganglion 15 3 6 4 1 1 12
Metathoracic ganglion 16 4 6 5 1 12
First abdominal ganglion. 15 4 1 5 5 1

Control 15 1 1 4 9 14
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Table 5-2. The color of pupae from which various ganglia were removed before or
after the end of spinning of BT strain

No. of No. of No. of individuals showing
Ganglion removed treated dead pupal color type Total
individuals  individuals I 1I 111 v \"

Brain 20 4 6 4 2 3 1 16
Suboesophageal ganglion 20 1 3 5 8 3 19
Prothoracic ganglion 18 3 2 2 3 2 15
Mesothoracic ganglion 23 3 5 1 4 1 20
Metathoracic ganglion 25 5 10 5 3 2 20
First abdominal ganglion 21 4 1 2 4 8 2 17

Control 15 0 4 11 15
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Table 5-3. The color of pupae from which various ganglia were removed before or
after the critical period of BT strain

No. of No. of No. of individuals showing
Ganglion removed treated dead L pupal»cr:oloxf tYP ¢ Total
individuals  individuals I 11 I1I v \Y%

Brain 15

1 1 4 5 3 1 14

Suboesophageal ganglion 17 2 1 4 7 3 15
Prothoracic ganglion 12 2 1 2 6 1 10
Mesothoracic ganglion 16 3 1 2 3 4 3 13
Metathoracic ganglion 17 2 4 3 3 5 15
First abdominal ganglion 17 1 1 3 10 2 16
Control 15 0 10 5 15
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Table 5-4. The color of pupae from which the brains were extirpated in the mounting
stage and then implanted

No. of No. of No. of individuals showing pupal color type
treated dead e _ Total
individuals individuals 1 II 111 v \%

15 1 12 2 14




RIT I 5 B D T BRI B WFE 21

k%m&mﬁwfa%%%bt CHUTOMERR LT OO A L LIS E 0D kR
Pwﬁﬁ@&m«®M@m@mc&01m%®%be5&mvﬁﬁ®ﬁm,ﬁi)Wwﬁm
m$W%yﬁ%®méﬁmm;5@@fmm&wzafﬁéi
SITHE S — VIT Uil RBARREND (EFRID I 4 Raii b ZERIC B 0O THsh 1 it
f»%ﬂl L, #nllkick T 25l (BS—2 88X UK S—3) TREEMKDI S SDHN DL L0 DS
B, FEUNHICE T AERORBUCHT 2 MOB & O R Z3d O TH D, MO iRkl

Jﬁ“é{mﬁ%éﬁéb\ Bk oMb b EHEEIN S

RITLEE TR OBBBIC DV TR S, I TICEKS—], K52BLUES—3ITRLEED
RN LU AR 2R U2 B A Il om0 24 i U e AT e~ TREB O IR O FEBL NS
WIS A S e, 451 RG] Qi SRBEERWEDD 16l Lo iic s Tl T, IR & R
(AR E T IFRIBSEBL Uiz, IR D S O BB B R v £ v O M MTEd 2 o filig (i
HED B DI OZEREREICH U T3 Al P b il o e R L TH 5 C & e
ah, THRADEOMPHBEUIMOEE NS ES A& a3 N5, LA UAIIICTK T 2 1 HEEIIY)
WiRERE HAERICE O TRIMNTH % wn&§,MWWH%#W}M%%éﬁﬁéivb%ﬁc@
il UM & TIRIEFICERN RIS - TL 5, i TR O & 5 IC& DML TR )
g AMREOR N, TUTHEITICE D R& RPN & O /RSN 2 K 2 D AT <,
O AFARFEIC 2B EALE U URHEMICHR O EBMIC ST S DM 2 B T &N E A
SNE. ZDXDIIERITE N T B O AT MRk i JE Bkl T & (o st il th O RE R & At 5
RAHADTRIRODEHEIN I N ZOFEMCHOWTIIRNTH %

§6 ﬁﬂm%ﬁhﬁﬁ?é%ﬁ&%imnfzaTV9#%;Umﬁwmn£ytw%%

OB OR¥IE, RO AES - THhEZ oN—ICitrtEE L TO 258988 o FFET
400 (4RE) , S & Ko TE3M (3[AD) Sl (5iKd) DbDbHHY, it bii{am
WHTH A, - TIRMITELTFICE-TEDONLEWVWZ D, L LUBR IR E VN8
Bz 13 TH Y FURUDA™™ LD 7 7 2 (REFIMIED Sl I N 5 2D kv ¥ DR IC
Lo THERINZBDTHACENPLLICIN TS,

— T T AR E VOERIROOUNICEB O TIZROAS, T OMEM I REBICHER L2l
BICI A ETRAE ZDMERIZNRLE->TLED. THICK U & v E v OIERIZ S ORIEICE
SHBBICHRNC ENBD LN TS, S SKEROHBEMICO>VTERANE, AN T 7 2K
FevOFXEELAATAREOHYTH Y, HERIPIIBITHMER S Ve v OIEHBEAE/RT 5
BOMUTHBEEZONTVS, - TROBIOERIICENTITDON AL E V5 BIRE, il
frRove YEMOERICK - THYEINABETH L ENZ 5.

AW DNRTH 2 BEEEIZ, T TIORNIX S IC(UIBICE:- THRIAT 2 EETH O, Kt
HRBCHEE T2 R\ERERVvE VOMEABIBEE VI EEOBPRABE LTI LD THRIEEN S
bDOTHAH. - TEHMORBLARICE VT, BoT 7 2Kk nvE VOHRLVE V1L ED K
WE Y RHEENDPS 2 ORBENICHEE LTS C B RBICH 120,

AERTR BT Z#2H, 4L TOMERBMEKRICE - TR o Rk s 4 DO @EERS M
EEBICE » TH UL SIRBEOBORBUCOWNT, BEBOREFVEYET I 2 KR VEVBIT
HiIBR R v e v &E OB MM DD TIIEZIT - 7c D TED KEIC DN TIEN 5,

(1) TERMMERICK-THOIN-EREOHERE

BT 2D 4 HSWMICBOTRAEAZHAAMN T4 Dk 4SS HHE S 601/ B © $ihiefn
THMENIWBE O, TROLENBTREREB -7, W FAFERICE 2R ARORANR



22 i = bl

FURUDA ™" [T & » THRBEADEELLT 2 TR H T 2 HNTB C bhizh, 44
TORERICB N THARIOM X TORIZT N THEIE Lich, 35—80icHaRii cRERENHE
DL, 4HRICA B T &8 Rl U TN WO IFIC L - 72, 601G LIR ICHRR I N AR
OIZIRIFET 2 D ERITONTHRT 25D EMNH D, SSIRILLEAK LB T NTHRE L
MUIDW S HEEIL oo, AFRICBOLTHER 66— XU 6--2I1TRLIKHIC, Fukuba Off
- FREIC 4 D iafrRASTH U R UiSicid, AMICAZ CERLS ZDO T ERAEE LM
DS 728, 6OMFFIEEEICHER A B T 1 » IX TR DWW T3 5 ik & 5 F4 1 7=,
ARICASTICIMBEO T T TAREE N -7 BT 0 RR#GE £, 20°C & 30°C Liczh EFNff#
L TALIR % ot 2 mEE Uik,

Table 6-1. pupal color of trimolters produced by ligaturing in 45 hours after first
feeding of the fourth instar of BT strain

Temperature No. of No. of No. of No. of No. of individuals showing
after t'he treated matured pupated . pupal 00101. type_.__.._d.. —
mounting . . tetramolters

stage individuals trimolters  individuals 1 11 I1I Iv. Vv
20°C 30 13 9 0 9
30°C 30 17 11 0 11

Table 6-2. Pupal color of trimolters produced by ligaturing in 60 hours after first
feeding of the fourth instar of BT strain

Temperature No. of No. of No. of No. of No. of individuals showing
riféil;xttl};eg treated matured pupated pupal color type
stage individuals  trimolters  individuals tetramolters y ;p oy oy oy
20°C 30 17 13 5 13
30°C 30 20 16 8 16
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Table 6-3. Change of the number of molting by high temperature-moisture shock in
the fourth instar of BT strain

No. of No. of Per cent of No. of Per cent of No. of pupal color of

treated matured matured dead ) tetramolters 7

tetramolters tetramolters

individuals  individuals trimolters 1nd1v1duals I IT III IV V

50 28 56 4 8 18 4
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Table 6-4. pupal color of trimolters produced with high temperature-moisture shock
in the fourth instar of BT strain

Temperature after No. of No. of No. Ofuilﬁi‘égg:li Sh:Wing
) treated - pupated ~_ bupal color type g
the mounting stage individuals individuals I I I v v
20°C 14 10 9 1 10
30°C 14 7 7 7
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Table 7-1. The color of pupae which had been ligatured after the end of spinning of

C 4 strain
No. of No. of Pupal color of the Pupal color of the
ligatured dead anterior part posterior part Total

individuals individuals I 11 111 IV V I II III IV V

20 2 16 2 16 2 18
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Table 7-2. The color of pupae which had been ligatured before the end of spinning of

C 4 strain
No. of No. of Pupal color of the Pupal color of the
ligatured dead anterior part posterior part Total

individuals individuals I II III IV V I I III I1Iv V

20 1 16 3 16 3 19
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Table 7-3. The color of pupae from which various ganglia were removed before the
end of spinning of C4 strain

No. of No. of No. of individuals showing
Ganglion removed treated dead __pupal color type Total

individuals  individuals I 11 111 v \Y

Brain 15 13

2 2 9 2
Suboesophageal ganglion 15 0 1 10 4 15
Prothoracic ganglion 15 1 1 11 2 14
Mesothoracic ganglion 15 2 10 3 13
Metathoracic ganglion 15 3 1 10 1 12
First abdominal ganglion 15 2 10 3 13
Control 15 0 2 11 2 15

Table 7-4. 'The color of pupae from which various ganglia were removed after the end

of spinning of C 4 strain

No. of No. of No. of individuals showing
Ganglion removed treated dead pupal color type Total
individuals individuals I 11 II1 v \%

Brain 15 3 1 10 1 12
Suboesophageal ganglion 15 1 11 3 14
Prothoracic ganglion 15 0 1 13 1 15
Mesothoracic ganglion 15 2 11 2 13
Metathoracic ganglion 15 3 10 1 12

’ First abdominal ganglion 15 2 2 9 2 13

Control 15 0 1 11 3 15
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Table 7-5. Relation between the environmental temperature during the prepupal stage
and the manifestation of the sooty

Temperature No. of individuals showing
Strain after the end pupal color type Total
of spinning (°C) 1 11 111 AY \Y%
20 5 4 18 23 50
05S0 25 8 11 9 12 22 62
30 28 12 13 5 2 60
20 6 13 11 24 3 85
P51 25 7 11 18 22 26 84
30 22 18 7 12 10 69

(R 72X cid, S Es & ILICEd 2 gtk naiko 66.7 BRI Lich, LrLT
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Fig. 7-1. Relation between the environmental temperature during the
prepupal stage and the manifestation of the sooty.
A, osso kept at 20°C; B, osso kept at 25°C;
C, osso kept at 30°C; D, p51 kept at 20°C;
E, p 51 kept at 25°C; F, p51 kept at 30°C.
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Table 7-6. The color of pupae which had been ligatured after the end of spinning

No. of No. of Pupal fco.lor of the Pupal color of the
Strain  ligatured dead anterior part _ bostenior part Total
individuals  individuals 111 v \% 111 v \%
0sso 20 1 19 19 19

P 51 20 2 6 12 6 12 18
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Table 7-7. The color of pupae from which various ganglia were removed before the

mounting stage of 0SS0 strain

No. of No. of No. of individuals showing
Ganglion removed treated dead pupal color type Total
individuals  individuals 1 11 III v \%

Brain 20 4 1 3 3 9 16
Prothoracic ganglion 20 1 1 1 17 19
Metathoracic ganglion 20 3 1 1 1 2 12 17
First abdominal ganglion 20 3 1 2 4 10 17 -

Table 7-8. The color of pupae from which various ganglia were removed after the
mouniing stage of 0sso strain

No. of No. of No. of individuals showing
Ganglion removed treated dead pupal color type Total
individuals individuals I 11 I11 jAY \Y%

7 10 18

Brain 20 2 1
Prothoracic ganglion 20 0 1 1 3 11 20
Metathoracic ganglion 20 1 4 5 10 19
First abdominal ganglion 20 2 1 1 6 10 18
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Table 7 9. The color of pupae from which various ganglia were removed before the
end of spinning of 0550 strain

No. of No. of No. of individuals showing
Ganglion removed treated dead pupal color type Total
individuals  individuals I 11 II1 v \%

Brain 20 2 4 4 10 18
Prothoracic ganglion 20 0 2 1 17 20
Metathoracic ganglion 20 1 2 3 14 19
First abdominal ganglion 20 1 1 1 2 1 14 19

Table 7-10. The color of pupae from which various ganglia were temoved immediately
after the end of spinning of 0sso strain

No. of No. of No. of individuals showing
Ganglion removed treated dead pupal color type Total
individuals  individuals 1 I1 111 v A%

Brain 20 1 1 3 5 10 19
Prothoracic ganglion 20 1 3 3 13 19
Metathoracic ganglion 20 2 2 16 18
First abdominal ganglion 20 4 1 1

14 16
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Table 8-1. The pupal color of recipients which were implanted with integument of

normal strain

Age of Age of No. of No. of No. of individuals showing
recipients at  donors at implanted dead P L}P,al 90!or typf Total
implantation implantation individuals individuals 1 Il 111 v \Y%
4th instar of 4th instar of 12 6 4 2 6
BT K
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Table 9-1. Relation between the manifestation of pupal color and parabiosis

Members of couple No. of No. of Pupal color of the Pupal color of the
(Anterior part-posterior treated dead intfmr part § posterloigzif _____ Total
part) individuals individuals I II III IV V I IT III IV V
BT - BT*! 15 1 10 4 4 7 3 14
BT - BT*? 15 2 8 5 2 8 3 13
BT 30°C - BT 20°C 15 4 3 8 11 11
C 4~ C 4% 15 2 1 2 5 6 2 13
C4-C4* 15 3 1 1 4 7 1 12
Okusa — Okusa*® 15 1 4 10 10 14
BT - C 4 15 3 8 3 5 4 12
BT - Okusa 15 2 1 7 5 100 2 1 13
C4- BT 15 3 11 1 12 12
Okusa - BT 15 1 8 6 14 14

The two partners were brought into communication with each other by a connecting capillary

tube.

*1)3)

: Parabiosises were performed between anterior and posterior parts of same individuals.
*2)0%) : Parabiosises were performed between anterior and posterior parts of different individuals.
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Table 10-1. Relation between incubated temperature and the manifestation of BT strain

. No. of individuals showing Voltinism
Incubating o I?upal color type Per cont of Per cent of Total
temperature(°C) ;  y1 I IV V  diapause moths nNOTdiapause
15 35 31 100 66
18 1 38 100 79
25 2 30 35 100 67
28 58 42 100 100
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Table 10-2. Relation between rearing temperature during larval stage and manifestation

of BT strain
Experimental Temperature No. of individuals showing
) (1st~3rd instars)—(4th~5th instars) pupal cplor type ~...  Total
series —(after the mounting stage) I II 111 v \Y%
H 5-1 28°C-28°C-28°C 16 6 1 23
HS52 28 - 28 - 20 6 4 4 9 1 24
H53 28 - 20 -- 28 3 5 5 10 2 25
H 54 28 - 20 - 20 9 23 32
H 5-5 20 ~ 28 - 28 18 19 5 4 46
H 5-6 20 - 28 - 20 4 4 5 23 5 41
H 5-7 20 - 20 - 28 10 7 3 4 24
H 5-8 20 - 20 - 20 2 22 24
80
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Fig. 10-1. Relation between rearing temperature during larval stage and manifestation
of BT strain.

A, 1st~3rd instars 28°C—4th~5th instars 28°C—after the mounting stage 28°C;

B, 28°C—28°C—20°C; C, 28°C—20°C—28°C; D, 28°C—20°C—20°C;

E, 20°C—28°C—28°C; F, 20°C—28°C—20°C; G, 20°C—20°C—20°C.
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Table 10-3. The effect of rearing temperature during the fourth and fifth instars on
the manifestation of BT strain

Experimental Temperature No. of irlldivliduatls showing
) (4th instar) - (5th instar)- . bupalcoortype Total
series (after the mounting stage) I 11 111 v \Y%

H 101 28°C-28°C-28°C 30 75 2 107
H 10-2 28 —~ 28 - 20 14 22 32 44 5 117
H 10-3 28 ~ 20 - 28 7 64 55 10 136
H 10-4 28 - 20 - 20 4 60 87 151
H 10-5 20 - 28 - 28 22 35 12 2 71
H 10-6 20 - 28 - 20 5 8 16 23 18 70
H 10-7 20 - 20 - 28 6 19 30 26 12 93
H 10-8 20 - 20 - 20 12 104 116
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Fig. 10-2. The effect of rearing temperaure during the fourth and fifth instars on the
manifestation of BT strain.
A, 4th instar 28°C—5th instar 28°C—after the mounting stage 28°C;
B, 28°C—28°C—20°C; C, 28°C—20°C—28°C; D, 28°C—20°C—20°C;
E, 20°C—28°C—28°C; F, 20°C—28°C—20°C; G, 20°C—20°C—28°C;
H, 20°C—20°C—20°C.
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Table 11-1. Mechanism of the manifestation of the black pupa

Endocrine activity  Susceptibility of Ability to form

Pupal color Strain of black pupa tissue to black the black-pupal

hormone pupa hormone pigment

Black pupa(bp) BT - H- ¥

” C 4 — -4 4 *#2)

” Theophila mandarina Moore -~ -+ +%2)

Sooty (s0) 0550 - 4 (2) *2)

” P 51 — 4 (?) - ¥2)
Normal (-+) Okusa — 4 () —

*1) ¢ Pigment formation in black pupa is controlled by a hormonal mechanism.

*2) : Pigment formation in the black pupa is not due to the hormonal mechanism. The
effect of temperature upon the manifestation of the black pupa is directed to the
integument.
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Résume

The effect of temperature, genetic constitution and hormone on the manifestation of the
black pupa in the silkworm has been investigated.  'The silkworm strains used in this
investigation are BT, C 4 and so. The results can be summarized as below.

1. In the BT strain (bivoltine) the color of pupa becomes black without exceptions if the
prepupa is kept at 15-20°C and always remains normal at 30-32°C. but varies with the
individual from normal to black at 25°C. Thus the manifestation of the black pupa is affected
by the environmental temperature during the period from the end of spinning to pupation.
The above-mentioned fact is quite true of C 4. but between C 4 and BT the susceptibility to
the temperature is different and there is a great difference in the density of pupal color under
the same temperature.

2. Tt has been proved by gene analysis that the manifestation of the black pupa is not
due to so gene but to bp gene in BT as well as in C 4. But between BT and C 4, both of
which have one and the same bp gene. the condition in the manifestation of the black
pupa is different as mentioned above, so some other genetical factor besides the bp gene seem
to be present, and in this respect it has been clarified by hybrization-test that the factor in
question is of a genetical background.

3. By ligature in BT it has been determined that the endocrine organs, which gain control
of the manifestation of the black pupa. are present in the head and thorax, and it has been
suggested that the organ in the head plays an important role in the manifestation of the black
pupa, but its action is not direct but exerts through the organ in thorax. The critical period
in the secretion of hormone in question is at 7-10 hours before pupation.

4. Tt has been determined in BT by means of severing of nervous commissures as well
as extirpation and implantation of ganglia that the manifestation of the black pupa is governed
by the hormone secreted from the brain and thoracic-ganglion complex, whose secretion is
controlled by the temperature during the prepupal period.

5. It has been supposed by the removal of each ganglion from brain to the first
abdominal ganglion that, through the oesophageal connectives and nervous commissures, the
brain facilitates the secretion of hormone from the metathoracic ganglion, which determines
the manifestation of the black pupa. As to the action of brain upon the manifestation of the
black pupa there can be two possibilities, i.e., (1) mechanical stimulus through the nerves and
(2) chemical stimulus such as the substance from the neurosecretory cell. Judging from the
results of the experiments in which the extirpation and implantation of brain were made the
former hypothesis seems more probable.

6. In the pupae of BT strain, whose molting character is artificially changed from the
tetramolting to trimolting one either by ligaturing the fourth-instar larvae behind the head or
by exposing fourth-instar larvae to high temperature and high humidity, the pupal color
remains normal, even though the prepupa is kept at the low temperature. It may been
presumed that the manifestation of the black pupa is influenced by the change of endocrine
mechanism controlling the molting character, that is to say, it is deeply connected with the
action of corpus allatum hormone and prothoracic gland hormone, especially that of the
former, whose depression causes the color of the pupa to be normal.

7. Tt has been shown in bp strains other than BT and in so strains that the
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manifestation of the black pupa is not due to the hormonal mechanism, and it has been
presumed in C 4 that the effect of temperature on the manifestation of the black pupa is
directed to the integument. It has been found in so strains that the manifestation of the
black pupa is controlled by the environmental temperature during the prepupal period as in
BT strain, although the susceptibility to the temperature appears to be weaker than in BT
strain, the effect of temperature seems to be directed to the integument as in C 4.

8. It has been ascertained by the implantation of integument and the parabiosis among
the various strains that the integument implanted becomes concolorous with the host and
the hormone in BT has an effect upon the manifestation of the black pupa of C 4 and other
strains with bp gene but without the hormonal mechanism.

9. It has becomec clear by the rearing of various immature stages under the various
temperature that in BT the low temperature (20°C), which fosters the manifestation of
the black pupa, has no effect on the egg and is heightened gradually in effect on the
prepupa > the fourth-and fifth-instar larva)> the first- to third-instar larva, and the high
temperature (28°C), which fosters the manifestation of normal color pupa, has no or almost
no effect respectively on the egg and the first- to third-instar larva and is heightened gradually
in effect on prepupa) the fifth-instar larva) the fourth-instar larva, while in C 4 which has
the same bp gene, the manifestation of the black pupa is not affected at all by the temperature
throughout the larval period.

10. In conclusion, the two conditions, i.¢., the presence of bp or so gene and the low
temoerature during the prepupal period are necessary for the manifestation of the black pupa.
It seems that in BT one of the bp strains, the temperature during the larval and prepupal
period gains control of the manifestation of the black pupa through the hormonal mechanism,
but in the other black pupa strains, which lack such hormonal mechanism, the integument is
directly influenced by the environmental temperature.
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Explanation of Plate

Fig. A. Five standard pupal color types which were chosen according to the distribution and density
of the black-pupal pigment (dorsal and ventral views). a, pupal color type I, b, type II; ¢,
type I1I; d, type IV; e, type V.

Fig. B. The color of pupae which were ligatured in the prepupal stage. Ligatures were performed
behind the second abdominal segment after the end of spinning. Ligatured individuals were
kept either at 20°C or 30°C. a, non-ligatured pupa kept at 20°C; b, ligatured pupa kept at
20°C; c, ligatured pupa kept at 30°C; d, non-ligatured pupa kept at 30°C.

Fig. C. The color of pupae which were ligatured in the prepupal stage. Ligatured individuals were
kept at 20°C. a, pupa ligatured behind the head; b, pupa ligatured behind the second thoracic
segment; c, pupa ligatured after the critical period behind the second abdominal segment; d,

pupa ligatured both behind the head and behind the second abdominal segment.

Fig. D. The color of pupae from which various ganglia were removed in the prepupal stage. The
treated individuals were kept at 20°C. a, pupa from which the brain was removed before the
critical period of the manifestation of the black pupa; b, pupa from which the prothoracic
ganglion was removed before the critical period; c¢, pupa from which the metathoracic ganglion
was removed before the critical period; d, pupa from which the first abdominal ganglion was

removed before the critical period.

Fig. E. 'The color of isolated abdomens which were implanted with ganglia. a, b and ¢, isolated
abdomens implanted with the complex of brain-thoracic ganglia; d, abdomen implanted with
the brain; e, abdomen implanted with the complex of brain and suboesophageal ganglion; f,

abdomen which was only wounded and kept as a control.






