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Genetical studies on the abnormal egg
shells in Bombyx mori

Toshihiko Sado and
Haruo Chikushi

L E

I 0T H IR O REBENTIIL O | GO R ISR D 58DV L
DR OGS ST, JERTRIINNEO SR T D b O DREFEL
SRR TR E KRBT E IR TR 5.

s RO O REN L Bin D, SRS L BELMEREB LG, o
Al & LR LR R “Ihusl” & k€, Tho OB,
IR OFRBENRIELY TR D & LT, chALBET OISR ORMTT 1T,

FETESMUKEIO BB & L CEESH O Sp AHD LD Gr X 7
G OTEH D, FEDTohE Gricdpd s 2 X # W T 5 & i, Gricld L ek
OFRASTH T HAL, #HC Gr © homo » hetero OEIEIOXER, Rfh s i)
$EF L ORRRIEDNIS IR AN S50 ARSI S D RET O, IR ROZELES
e st 5L UCHF R SHIBLMAS - LR35

FECA DN LERGOBICR L TR s RN A E H o KB % &
B EFRNI BB SO0 & D UL RS AR A i B I BS L T R4
IR\ TORFEM 0 4 DAL & HE 3 NI TOR BRI RE 4 X SR R M S A 1 B
9 LR« OFMERIAE L ¥ s o BB TE T 5.

L @ % #

FUAFEEE RS o6 Bt & L CTHRE STV 2 KM 1518 S i RilBi & b
A SIS MIIRGINT, TORMASEEE, IBRALEESER CRERO RN E
HCRADDICKEGE R L, SRR 2R L, IRk L -CRMAI A G
A X ThA. ik 00 H4Rhl R b0 AFHE X Mg o CHHET
DTNBHA, RECHEEZST, REBEEEZRORRTRERES, REH (KEHiEE
) BRORNSERI GEREFERI BR85S aiiErse w0
VLI < BT IR X B i i KEaARSA R LR ABE Ch S
IR AR T & D Ch b, H- OB S BC R Mg S o Ca0g 1921 SRk

1) ARG 2ot g R oo, MO SMERN T2 O Ch 5.



500 2 ® O & el ey
e63 FBff & L C{EfrEh, B X oTRSE “RHERIR MEENTRAL DT L.
L L o fudshdidg e Lo TaAfd Hifi@pincin , shligtss B- Kéndix
WA, FRENERHEL »ORH L ORChREN TS Z LSt oKL v 2485%
L DHBNHB LN CH BN, BERENED TE S, FLLERS Brofcfonicst
ML ORERBE LTS & L ANk 207 (Toyama 1912,1913),

Heigt (1919, 1932) (o OIS BRHEREORIRICHE S & L 248HL, #H
TERIRRAE & IKEUIIRAE & ORMEF, ORIRIZSTRENY BEL, Fo CRKCIILET
O LR EIrL DL A% 311 EAEET B LR (1934), TOBRREIURET (G »
Bafr 4 80 1 3efrdReD 6.9 LY L Je s, BKEHML B- K8 & ORI oW CHa L fith
Tyioys (1943).

e (1955) o O EXBBLAI T A4 i, Kidi: B-KEIR Jeiké
FHEERLERY) L pVE s T homo ¥+ hetero Tk ZRIMMOZETI|E -, 4E>THIL
KEIPOBScIL Fe CROMLES % 3128 Litfov o L 2T B
L, oy SHEEEEIRET (Sp) X fHHe.

B (1948, 1950, 1954) LI OEH T HHE OB OB BRI/ OBE» D, K
HIPORESIFRDELHAARC LB DTS, FROBRESENsLOTHBC
IR (=T 1 Py

o E oA MLRANORELZPEL T2 5 LI HARRRR 2 U Ryl
FPRAIIIAZER L (R 1956, 1957a), T ORESRXACREFEMR T LT LIS,
b LRESS & R F T 5 e o,

F OB EEESRAERRINCISVT 5 IR T IR B O fr 2 SRS R 2
VRN & R TB L OO X A AR ORED S, ThLBEFOIERBEC O
T HEREED HEDL.

IL el R>rHFE

EBFEC H VeI T AARZEFBEESCHRF I CWHR/ETHL T, £
OEB KL Tablel OEHY ChB.

TEDOFLOMICNI TMLEER ORERA v, UKBRSEFCRE IR T 28 R0 T,
14,500 g, 40min. OMBRAECFT212.

PRERE OB IO LB R TEY, 5 Eori s ABOoMN T+ UL,
FOEETA2~0, F¥e—AEHELTAAYLTCHECKA T AF7—F2EL, £
—BoL OREERARIE SV 2 o CH UL R ERL LY

GH OBECE, (HREEOABEAENIREC LR IROBROIIENHIERL oI
WML, FERL b AT7 7y w85 @) XLk SR ONETHERVARALR
v, BEOREDIEOE D LICTA 285 L8R, TR oirENA—3

1) RIS UEEVSEREE = ORFEYEE L fod, SHUS e o C BN L RS - 5.
2) CHERRGETE O B L b b2 v bR FSHTL S0 ThHD. {HL, BRI
Batik, WRLTWBAESESFMA TR L, BEGEi T 5,
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Table 1. Characteristics of the stocks used in this study,

Stock No, Egg characters ___Ijg_r_vallcl:_l_gtactex_'_s___ References & Remarks
. . . |Marking | Blood color |~
|
i Japanese race, Yamato-
p22 a » + Nishiki ; established in 1824
Chinese race, Shi. 101;
pdd + P + established in 1925
Toyama's grey egg, -in-
of Segregate B-grey, P £ troduced from Seric. Exp.
grey, and normal Station in 1918 ; low hat-
chiability
Derived from €6 stock in
€63 B-grey exg Y 1921; lowest hatchiability
mxd2 + P Y
Newly selected from ef
E63 B-grey egg P a stock in 1954

Rikte B adobedt, CoC LRYEOAMTRILCERECRV-2HLbhb. i,
Wo--BcHE b %7 7 1 v OB#EY L T AR Lz, BB mik G TEREmK
gofgoi.?

1. £ B & R

1. AMUREPORE

eb BRI IERIRS T X o TR S h w5 0¢, ETERR KaMRke B-K
HIRO SRR B S IC T B 1o, 1954 455 & 1955 4R i o6 Bt VIR 27>
fo. TRREINLERY {, BMEFALERCEY. 0 b DRIHEIMHRO 2%
BT b O CHRIAEONR L L VAR VWO, FBREOVTELITSEEIATL
LEERCio A, —ERCE S BEEREHRRIT 5, o6 B L b £ UL KEIREE
EFSR 4 & OABEC LI 5 Ak S008I E 5 - L a7 (Table 2).

B-REIRIgSBE L Bo TS, L0 LERRL RS WD 1LIRFC X 554
IR EATECH S, HFLESH BRI, B-RESE) b& Uikl £ TB-KE
BRI KEOIBL EL, EEWYEL O 1B ok,

Tahble 2, Three types of zegregation in the one batch rearing of e6 stock.

Ilatched from Types |- Biches s:_egrﬁer-gaﬂged Total Ratio
o B-grey | Grey |Normal
I 104 127 0 231 1:1:0
Grey baiches Il 215 588 278 | 1,181 1:2:1
11 0 403 347 750 0:1:1
1 0 i 23 0 23 All grey egp batches
Normal batches I 0 319 345 664 0:1:1
I 0 0 203 203 All normal egg batches

1) B EC TR RN 5 b RSO S Rt h ok,
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= DOFEHL B- [KREIR & KU L AiA —R{E-F 0 homo & hetero i X 3% TCh D L5
ZIBEITED L {EEIRAOT, OV illiD RO L T2 (Table 3).

Table 3. Segregation in the test crosses hetween B-grey stock and normal
stock ; F1, Fe and backcross generations.

Number of
Mating batches BaPShes segregated - | Total Ratio
e b tested | Begrey | Grey_|Normal ST
Normal X B-grey
(reciprocal CI'CIS'S) F] 19 Q 1,868 0 1,368 Al grey
4 F. 10 117 208 100 426 1:2:1
Normal x (Normal x -1 -
B-grey), backeross 22 0 | 1,198 | 1,265 | 2,463 0:1:1
{Normal x B-grey) X e .
B-grey, backcross 5 56 50 0 106 1:1:0

B, B- KREGIPOERERM & IERISFA L 028 Fi BERZ O W-Fhicis T H A
Tt { R Si% A, Fo CUL BN, KENRUTERSI&EE 1:2:1 CiRSEEL,
fso FEEOTL R Ghewy. Zo o Fi LERINRL ORLZHECIIAS T L REN L IE
IR R 111 WKL, B-ROSBE ORUEHC B- KOl Kk 1:1 1
R 7o,

L2 ED#sE D BIKEIE L REI L (8-~ 0 homo » hetero i X 5 FIUEE
BRCRE v o eh s, b homo o d, ok KEHCIIEER: < g8 O &
KIS THEESFLRTEY, Td oD homo OBMELEEMNEREI LT TRiD
T, TORETYEBEEYVINREET (Sp) BT LTS

Wi, Sp DA IET LD F UKD p L Y 2 HWTE a8 L 707,
Z oL Table 4 (1~2) RTINS ChD. 2D 00FRAC I8\ TH LI AN
i b OFRLRLUTUIWEDR, ThdbOfE% p~Y=256 X LLBECHETS

Table 4. Recombination values between p, 8p and Y loci by means of
three points experiments,

(1) 552 pid p#5/p#A+ 9 X(E63Xmx42) F\ p'Sp/pr- Y3

s | |#Se#| £ Y | oY | st [pSp Y | A | 2S0A| oY | Total

— SRS Ao A e M Ly e Mgt
553 M11-—M18 | number l 401 l | 2| o L | 88 | 19 [ az | 1028
ol | RV p—Sp=485, Sp—Y=1603, p—Y=2050

RYV. (Correct.) p—Sp=6.0, Sp—Y¥Y=196, p—Y=256

(2) 552 pYd pAA/pF+F X(D22XeBB)F; pr/o-/pSpYS

Number of PAF | P°SPY | A Y |28t | Y | 2Sp#|pA# | PSPY | Total
553 E11—E18 | member | 226 | 26 | o7 | 2| 1] & |38 |25 | 78
gsiléﬁ o§ 8 RV, p—Sp=841, Sp—Y=22.73, p—¥=3L14

2 &8

RV, {Correct.) p—Sp=69, Sp—Y=182 p—Y=256

* R. V. means recombination value.
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THEOMEMNIRIIE Y, FHL T 64 offriEbhs.

2. ARER/EARNIPOBRE

1956 #5751 W R IIL 43 2 BT p22 R4t (0 1Ah, BFRIS AEEP £ & 63
R (p, WL B-REAN) » OREYIT>, FOF #E2Mc AT L L 25 (BEE),
Mo FolfiR 11850 5 b, 1ISHL-FHE ) KAWL EAK 2, BHOIESHL
WEBRANA A . TORRRNSIFNIHL CEETE A RRURKAETLYHLE
MICEEE D B, RIS LK ESEL B-REeMOET $isgcr By nt (PL 21,
4~5). FHE AL LTRSS HRF TR 2T 0L 5 BV L OTL 508 ik
NI, S OEREMBLRERN TH > TEORRKCEOTEILL 5 — 20 Lyv-RIT iR
R4 . ShidE VEGRIAL L RT (PL 21, 6) 23, 30~40 44 Fhid
EACERNT L ESTHETAbMy (PL 2L, 7). ##4EEME (Variant egg),
$%:#%% MRILED (collapsing egg) EMELZ LT A, 4hbOBEYH Y B <{ schema
vRT L Fig.1 ofcic .

561 p22 stock 283 stock pdd stock

'+ +} (p ¥ B-grey) p++)
e Ti []

et ] ]

o"'.'.. ' :

\--..___. : :
62 K90 63 pid

—L T :

Gr. Var. .-‘. : .

o ‘ :

115 3 L ' '

.? v .

‘v‘ : [ ]

-..’ H -

o'.. : E

o} THI3 €63 4

. _

I‘ZI:I . .

5, BG. . Var, ’ H

9 13 : ]
[ ]
(1 1) . .
] : ¥
-7 » »
e H
- [ ] M

564 SI1I 264 V3IL-34 564 T633 564 Td4
_ 1 — T
. i — —I—
All . BG. ¥ BG. Var. col. P, Var p. Gr. +
13 32 62 33 21 24 25
r1 : 2 co 1) 1 ' L+ i1 H 1)

Fig. 1. Pedigree of the variant and collapsing eggs.
Remarks; BG.=B-grey egg batches; Gr.=Grey egg batches; Var.=Variant egg
batches; col.=collapsing egg batches; 4 =Normal egg batches:
—— means female parent; ---- represents male parent,
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TCHEEE DO P L RRRE E OMOITBINERTSES. b, Fig. 1 2 bRELA
Tgﬁkﬁﬂ?ﬁﬂ.ﬂmz P RESTEHLU TGS, WICERHEZSE (563T683 ik kT p*
M2 TRERIPLEATV5DTC, P ORELEL genotype %% 2T 5 L#Br bR
%) DR TIE, B-JKESH, ZBREMEURAMRIEE 1:2:1 KBESEL T3, &
T AN PP AREIIMEC DA FAE (P, BEIS) BAE L RRTE 2 BRI p RS
T 1] CHEXSMEEL Ao (564T44). = 2 G p AR AR AL 4 L D SR kR4
hetero THpOTWw 3 LEL BN LHOTE S, EMNKIA{ERCHLDL., L THE
LD P EBEROHERE, p* B p, B-KEOIERE: P U I RIUSIRE X KE S8 (Sp/A) #E
O MR fFoC Table 5 i RHai e 4.

PLEDRiSR NG, p22 e h3k3 545 I frficit homo GRWIIZ 4L D58
REMRB/ERAREL, BENCIRS { Sp RUF~*2, multiple allelic fiEjL
(Fig. 1, 564V 3i~34; Table 5~3)), Sp r HET 5HHL BRET O BI/EMC o1

Table 5. Results from the test crosses about the variant and the collapsing eggs.
(1) 564 T44 pt-sibmating

Number of batches —— P_ Total
o Normal _ Collapsing | Normal l pollap51ng
565 T441—T444 o ;
(Sum of 4 batches) 191 ! 9 96 0 386
Expected number 193 |

2:1:110 96.5 9%5 | 0 386
!

X4=0.0899 0.975 > P >=0.950
(2} 564 T44 p%, phenotypically normal egg { Xe63 p, B-grey 3

Number of batches — | Total

oo e | variant | Grey Variant | CGrey L
565 All—Ald

(Sum of 4 batches) 4 0 ] 804 598
Expected number

(1:0:0:1) 2% 0 l 598

x3=0.1672 O¥>=P>05
(3) Variant egg ¢ XSp/+3
Number of batches B-grey Variant I Grey I Normal Total
65 VII_V14 |

(Sum of 4 batches) 61 56 ] 64 l 49 280

Expected number
C(l:l:1:1) 57.5 57.5 57.5 57.5 230

X1=22472 0.7>~P>=>05

BRSpL EEL D550 ThHI LBREINA. o T o oBEY ¥R ELBRE"T
collapsing egg gene (col) X35,

i col homo OHERIBEAIZIMTIAHRNCL ¥ 500, B4 CaRRo%E
ILSEEM) M LB test cross HF75 o LiXHISEAR L. M col ik Sp k3T AR
HERIIS 15 2 LD TW50TC, pSpipSpL xpeol/pf8 ORBUC LT p
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~col D MMM LR T2 XA MsRS, 1056 455 5 EBR 0 1057 £2 488 2 IR 75D fckd
B REERLE) ik Table6 Dl Tth 5.

Table 6. Recombination value between p3-col loci calculated after
mixed rearing batches (p Sp/p Sp X pcol/p45).

No. of batches P L4 Total pteol 1(2%\;
Variant | Grey Variant | Grey
560 A01—A20 (20) 62 18 12 57 149 20.1
527 B01—B20 (20} 198 32 28 191 449 134
Total (mean) 260 50- ‘ I 248 \ se8| 151

BRROKEIC cof ¢ Sp » allelic DR %2 573, Table 6 OiEHY, EAECRLS
A5, pP~col FRICHI15 % OB DT VB L EFEL TS,

SLEDERENG Sp r ocol 2o allelism #EHRIT D LEME LU -0C, 1957 F5 2
BRI, p* 2 Y O markers % VT Sp/feol QTR L Tot. OB, 1)
b L Sp~col FciAEIUE (fEDT Sp L ool k8 allelic Cigtthid), KEIR
NIEEHLEDRAIBRECERECHD. X il) Sp~col el s hihiud
2T §p & col % allelic THiuE), B-KEsh, ZRMIPRORHIFY 1:2:1 KRR
SEETAETHS. L TEREE Table 7 T KBICERILY 1R b4
Ul 2Rt o TA < IR CORB LMWL Sp & col ki allelic
ThHEELD. '

Table 7. Reexamination of allelic relation between Sp and col genes by
means of Sp/col sib-mating (p Sp-£/p col £ @ Xp* col-L/p Sp Y&).

No. of batches Batches scgregated Total
B-grey | Variant ‘ Collapsing
572 Ad1—A410 (10) 231 463 238 932
573 Adl—A47  (T) 152 288 139 570
Total (17 batches) | 383 | 751 377 1,511
Expected number 1 377.75 \ 755 | . 871 1,511
X2=0,1012 P>09

Table 8 Determination of cel locus after three points test
P col/pSpA9 X p* col/pA-YE (Sum of 9 batches).
Sperm)|

Eagoell Dol - Peol ¥ Y I p eol + P = p Y | Total

. Variant, , Variant, ¥ | p*, Grey, Y| p. Variant, -4 p, Grey, + | p, Grey, ¥
pSpot- |V VR A P VAl 7 Grey. ¥ | p. Variant, 1, Grey 156 | 203

P collap., | p% collap., Y| p, - + | pocollap, £ o~ 4+ | B 7~ ¥
peol+ 148 47 8" | 9 35 140

387
Total 278 96 22 | 19 69 . 296 780

Recombination values: pf—col=528 (5.1)%, col—Y=2115 (20.5)*, p—¥=26.41 (25.6)*
* () represent corrected values,

Ry — NS BT, 1957 £ 4 RO 5 B p~coi~Y [HO{R#YRR D
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WTE HEERA T, #0fHE% Table 8 wid. fEERFE IR TV 3HEOHMAMR
HIKIGiE, p~Y 1F 256 L SRTWADT, = OMEYL T FOREL HELRE p~
col OFEMAHIET S L p~col=5.1 DIExE5.

3. BB ESENLNIIARSIOS R

BRiCi o, BRINIETER Mo L TSl Tl 238, FoERELLT
ETEL LR LEIINADEE TH S, RO (1955) RuiiHl (1956) 1@
IHEIC L O TCIIRAME AL, ERITA~bB{ISET 20w ERTwA. £2THL
ENIIOAREC A E BNE 5 L THE, BOIOSEERCSEE R ENAO N AET
bha.

|

J e LT

Fig. 2. Comparative examination of the separation of egg components
in normal and collapsing eggs by centrifugation (14,500 g, 40 min.).
1. Normal egg 2. Collapsing egg

BLEOR#S S, IEHIPeEIIE % 14,500 g. 40 min O FRACHELOAFEL forg FIX
Fig.2 TR3ECVTFhoBe&cd 4 M@0 bh, HoXOHIFE b AL LERFEDD
Nt 2 TERINC KT 25 Bh O KRR IIREORFCRNTLLEL D
Y b L ANBOREEEYIEC T EThHLD LEL.

4. EBARRPINBOLHEFARENBRR

CZTHEDO T HEFIHILTIRORFRECHRL S LB bh, Sp/Sp X BJK
&0, Sp/ALIKEI, Sp/col (ZZEERIY, collcol GENINEET L. I AIIEE O
FRES ORI I O>THRES NG t L b, IRalffgic X > THRGw (g
) ERBHOTEHEAMNG, Sp HiE cod OBETERSIEEETORELERY &%
DI, b BEIMRHKIC 31T 2 AL IR BEARED D FE A BIC O\ T O AR A B M 2t
LIRS DL T OMENE LA, 25O FIE OV TRIRERISE I oW
TEm D ThH BN, BT oTHick 25D, JREETGIAOBENC X o T L aii
MR O BRIEIFF W ORI A A BEHEHT 5 & L 23RS,
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A. IiEFEE OB
(1) IERIN (44 cirippEm o pattern 23K TE 2T 10 (HRA-O A E
DT —REZHE LAAOKE L oI R EES FBD S (Fig. 3, 1). KElo®

Fig. 3. Phase contrast microscopic features of
the egg shell surfaces (Dark contrast).
1. Normal egg, 2. Grey egg, 3. B-grey egg.

1) TERETh RFC L 2T %o pattern (s <2nDIH R A - L ITBICH < pBEIBER TS
(/ML 1932 ; {27 = K2if 1934 ; SRH - FH 1943).
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RAAHRITAAHT, chizl HOAPBROMHNEDEEEIRTWELDLHEL
bhb. ATH (1940) @ X AuSIsn e o —#a 4 < & A iknys— BARFE A
HOTHRA 7 Ly, FRAPHIFROREICH b BICHHEL THESL L DTh B, HOTE
CAMNREFR LD O, SELZ OB OREIHIHEATRTLOLELbID

(2) keI (Sp/+) TRAECHEROM» EENTED BN, O RCEEIFTH
LRI LR R E CRBIAED B DAL, MULTERINCHESTHEL TRE L £k
kAN, RERIOMEEED BRE TS, A& L ofiEy (Fig. 8, 2).

(3) B-JKtadp (Sp/Sp) T, %@ pattern (ZAEFRICTED LA LA, MWEBENRD
oz &L TIREROHECE T3 (Fig. 3,38).

(4) ZHEMIY (Sp/col) TILPBOESIFRPETEHH, o> TEOTIERTHAIT
A, BECHERTLLY, TORXNUARRCERT AR CASE JLEEHEL RER W
(Fig. 4,1).

Fig. 4. Phase contrast microscopic features of
the egg shell surfaces (Dark contrast).
1. Variant egg, 2 Collapsing egg.

(5) J|NIB (col/col) T4/ NADBFUIED TRMBB CHRANHANC 2 oTw 5. X#]
OFAIFRMUATE T, ERENOHEL D ESNE . BEEIIFTH 528 D THRE



FEB « 0N EEC R 3 REMBOBESIHE 509

FEL, LIELIEBIENEAERYEL Tk, IFREBORERRABOHSTED
L\ (Fig. 4,2).

B. SR DR

BRI 5P R OB 2V UIBRCEE (1954) AREL T84, =T
RERAGECENNY I T, B-JKESS, REBRUEEIOESROEERL .

(1) EEIBCIMEBC/R, DB, ABCESSh, RoMhALIRIIN G, HE
b ORfEEREAS G AR OTRL, 20N EIFELTWS. EIER
CB—ChH 0T AKROE S OHPESTLEE S HTWE,. HBITARE L’ Ufonoidiv-4r
T B (Pl 22.1),

(2) REBOE L RBERMEIIAEAEN ot BB oTWB D 2T, AE,
g, AREEECRSIRSY, FBOPIhALARE L THFENITHLS. TRIMECE
L 2&F0 3450 2L kD, £ o Ao FER oL oS Ao 5 (P22 2).

(3) BREB TR 4ABORSEBOFEOBCHE T 2 EOUhARIE
BMAICEXLH. [ S B 5 L E LEHORKENND LT LER oS
REMICHHL TV 55, KREFEEL <2/ev. MROFSIIERHL » 2L RVEE
G4 5 (PL 22, 3).

4) EEBINIAEGCEVTURENE B-REIH: OB ERES 295, B3k B-KX
A eH BOWhAS LAREAICH Y, AR E TR L OERD D KR ANORBRD L
NDMNBHONLEENEDL. chBROLBAAHLERELSLOLELLND
(PL 22.4).

(5) FhORKIERC, WROEIR—ELT, FBRORSIBLEDLHY,
BO-IAZ OFSANE LR O BREIOSBS L v b HEL v, IRoRRECEL T
Wi b OBOXNEHILEAED LGNS, £ LTI OBLHBOMLETHERA G, FilE
BT IO TED, BRAEMABROBESECH S - X35k (PL 22. 5).

v, = %®

FEIMCOVGTE, HEEOREN Gr O, KGN Grk (3 1937,1943), ER
B0 Se (k: 1934,1937,1943), 3 HifkY8 we (it 1934,1937), WK-16IK&NB Gr-16 BovH
REE Grl (ks 1M7) 813 Gr-1,Gr-2, Gr-6 (&ifrfs 1955) &8s h, chbofl
TRETORE T CCELTU CER L =588 (1948, 1960) QREHBEMALRKEI, B
e aA (1953) AITERL - 6r ORBRAZR2ERL Y, XBR (194) RO EFH
(1957b) OFTBWL T HEXBKEN2E@RES. hbD 5 Gr, Grk, Gr-i6 0§
NABIBEERD 5 ~ 7 BEBECEM L, Gr, Gr-1, Gr-2, Gr-6 &4, & 1 JuEEdac G4y
THLHELONHOLFL, Se il XV EGKC EMT5c rp@mbh T, wed
XV gl 88 VI etafkic S0+ 28¢5 500N Cie v (B 1937, Eidh 1941).

20, AhELo GridfiorcURERVIETLOLBLOND S, ) B (1943)
i Gr OEGLOTTEIT 0T, FORGHEECIIMLERLTWEWL, i) £l D
LARY (1934) VoK ABEFAE L TERINRE L O3 Fi R A TRENYES, Fo TIRKEIS
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PEMBRE A 3:1 IBRAEETS L RST B SMURENO BETESENC Z O]
CHES OISO TE S, i) HERERE (1951) Tk Gril Gr-l6 X 3tic ety
ST 58, SMURENOHEP S RAPC OV TERLT L L@ L T Lk
VEBA RS, T ohhLAREE IR b DL LT BEEENE (63 By b0,
OFFIFAREF OB (1951) X Bl p RARETEEX ExbhTvb (AR
152 H). 4— v) BERTOLEHLEL S BEIC homo lethal DBFELITE LTARE
FHRES D home BOBHIC L 5 OpVEETHBDK, T OHE homo B2 Ex B\ IK
EH L VA RER B THEL TV, BLEORE A, AN IIRGIRL LD Gr 2y
bha b, chEToRBRLAEKOEL SO CERSUIMKOBINO B
G ENRISE R T Sp L T HC LB LD TR S,

s, M4 Hegoicd Gr & Sp & oBRIT OV TSI L Ra T o SR, E
HED Sp PRIV LD Gr L—D LD THL L, ACFMIKEIBZKT S
e & Mg L OREFHIBIES E LRSS Tl L 8E 0. FHRED
RHREBOHERTIVE ) B—BEFC X 3 LEL8E, hetero CHRbLNEIEE
(K&afE) 2% homo Tik{fEbicyv, i) NG LWL RO A7 =T~
THWECHS. O oOBECHL T4 LXK, fEoT  MomRE
TEELZONRERETES. i) HMEE R OF—Finl bk, B-KEIEEE -
ERIREE O B W\ CERIY SEL 22810 B-KEN 2 S8R 1-fihi g S
NTWB, COHSUIBEEFIC X DRI HE LY, Lyvookgih LR K
i b A (B0 TE—BEF® homo & hetero OFTIFNER) ICO>WTHEET
BorFErTROALLDLES.

EFFIBEAL G T EN O ES L o THT» LIREICE B —H42 okt
(i) KRSiciiefin—od Rbhitv o LR L 7o, 2o L EH4 B-REdsn
L IEEIR b ORI KA & EEIR L OR LRSS LI LIEFioCw a8, iR
LB R T-HOAIR & FIE 3 S8 fhi—od e, fEoCH ML DB, 1o
F iz RSWETNE Gl IO iR B L OBEAL 2, TO miss-crossing XD
LB XA WM. 5T Grit homo CEKGIPL febinvic b LT, BRHodi<
P LKENOREFRE L LTH bR T D, HEOKENE a0 RAR TR
ELip T A OT, BHEWMIREINCOWTE LI Sp i 5 REFTE - ORERE
IRL, BfEd CoHE (P 1955, 1956, 1957a, 1957b) D GHW TR Sp ik Gr 2 ik
WHELEERTII TR, EiEhBE Sp & allelic ©h% S LAEEB IR T
546, TORETIEEEY GrY Lk, DUVohCfES c ric+5%.

L AT, MhKeMickTS homo & helero OERFFHRIIE ORI LTCEL S
Dy, FIREH: & REERAE & DRI L I 2w o0 BELAHEIAEREIL WS,

RBaoind, JEREEHERo QIR Lo UBRSW R B 0T, NHOREILK R
PR ORI PR BICERT 5. —F, ¢ oRGEIIEROS AT
54T IIMORER S I LD ChHSL - P EITIAS (1948,1950, 1954) Aufsdd
LTwd., oo 2t BREE, KA wovCi@#Echsn, BECHLLAELE

1) g3k (1954) QRS IEREHEEIN, Y v KEREUIH LR
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ZRLIFCIIIPARITCE AL AERSBRO S5, HATRS L HL2CAK
WoME rEbLRL, o TRESE OFROLERL) RIBRTEFET 2 MO
BT I oA A OSB3 OTHED T L3y, CTORCR T S
Gr ® homo & hetero Ik 5 KaO#EL, 20 ipk T SIMENIC I3 2 ShEd
BOREICETSD homo & hetero @ genic action OFER L I 2 2ilind. TOK
ZEAL Tid BpRESi L RGP L T 5 IFRER O M0t RE O pattern (XKEIH
CRGTHE RO G EENLLRS - L BRFEAETVE, GRCOWTRD L,
B-JRIBCiIsy, 1, N, SHORMIREIFOBCIICR <, &fr L TRESRKE
SRR L TH e oT D B I EMNELD. HbIREF DRER B-K&EIp
ERLTIRREMC KL TE LV 2 bbb, chboZ xid, Gr/Gr & Gr|4#LTg
SRR OB AN R RS Vs, SRl D EFBES ISR L TiL Gr/Gr i Gr/4 )
bdEh, FEoTENLAFWL 2 IO M Is\Th hetero %7 homo D40
Eh—MEBCGEC L ERTHAOLEL L. —F, Gr/f KEWTEEERLD D
B e T B oM, oL g Bk a0k, ILBERMEELY SO
BT~ EChb rE: 5. DLEETAR, KERIEEEVRHESECE TR
HHEFRChH-C, Gr OBEEN genic action TiXig\,

YRICHHEERS & OBMEE 2L, FERMUK AR B KEME L st L 25 D B
LTELLRCWIEECE D, Ro o) #i@E MBS L BRENSLTH
Dfsz ki, ‘BRERBFOBE CIARED e6 Bt GMUKEI) ik Gr, 63 Rl
(B-JRE M) ik sp RABRETIEERELONTVE 2B 38LRD.Y kil
R EIBOBREHRRANTSE L1 IR o e & URREWCER T30 8
bha.

Y AT, PRI ASBE OISR 33T A < OO RS - O SIOL
X oTHsE XD, Gr REETIX T O EIFRIEAS Gr IR - O IEH TR RO RS2 R
ol ai, Fhic X oCHsErd a2 L nh s, LA, Thbhofaios
LM AR 240 rELHRA, LT homo & hetero iw-2\T K5 & 49651
FOBENLMT 20T IR L B IERL v, RSt RisaRmnT sl
G HRENOMEREY RO L E{bsDH. b, B KAaINL0~20% 4, KEIML
50 & fr® ¢ homo D4 Dt hetero® L0 L b H2oT B, = OWERHINREL DB i
FEERIC BT D128 (WTH 1940) H5%2 T, WIFHE O genotype L I ORE
KHEASLLDOLBELND, O LIRIBROEES homo i\ T hetero £ h }
ZL v LOBHE LD, M Gr DR ATEAENN TR S,

VISR INC 20 T EE F X TH IS TEY RO 5 ol s KRB IRO R8T
AL 24O THD 2 ERPFECRAEBE Y TH S, L U FEBROBRRI L £18RIEC
L THRREEC:, ERORBECHRETHL08LY, HORFHRIGHCEL
Twa., ZOBRBERWCLARERKZ»AETI LML { wACENRS. 2%

1) 2% b o IERARET & BRI SRR hTvichit th 5.

2) zhbolfit, WEOSETHE LISBETHLM TOBMENTRIESG cRETS 2,

WHEAEE B-JKEBHC 4050 95, BREIIC 6080 95 T 3 G < T B T kdtbinotk,
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Gr® @ genic action ¥ Gr DEThEZELTESTCEL VRO THEDZ LHLMD, R
IO ETERITHE G L RL TH Y, IFROBRBELL{KBETHIZ LI
LIMLREIBORE L DS THBE M- b ODOBTE 54, o7 dominance X8 L C5:
AEMTH L KSR THE

LLkiz & 2T, SMUREASBEOIRNIFOR T & = 5O S0 0 IS 1 ORI
hi, TRIFhE—EETFOERCESL A0 TR LRBEYERLVEZATCED.
ChETCERIRTCSREELRTHHR CHIREKRCRT 5L O 2TERATY
L dominant ¢ 20, EhIl Grt 23 Gr & allelic Tk b A LIEHREFL
recessive Ch % I LMD TEL VEHT, hb—#DKOIBRIET 4 & teR{ET B
OFMEESEL S h S LT, RETLRELOORNYOEILLBERLS L0 ED
ha.
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RUNIEEE S TS, ETESE AR LTSN TL ¥ 5. Fh 2 KRS
TR OB L R G T, BROREREZIDLOTRL S,

D Gr/Gr THRET O interaction KXo TERMIINR A9 5. FEHKICIL B-IK
I L KEHIE O TE B4, BRI AEOWEE B0 L REDE{ T 50 %
EFbBw.
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Résumé

In this paper, the authors described the hereditary behaviors of the
Toyama's grey egg (Toyama, 1912, 1913) and the collapsing egg (Sado, 1957},
phase-contrast microscopic observations of the surfaces and cross-sections of
these abnormal egg shells, and the comparative examination of the separation
of the components both of the collapsing and the normal eggs by centrifuga-
tion. Then some problems were discussed about the genic actions of these
two and other grey egg gencs and the complex nature of the Gr multiple al-
lelic locus.

1. Toyama’s grey egg in the silkworm, eb stock in our laboratory, mani-
fests phenotypically following characteristics; the shell of which is opaque
and milky white in color, the egg locking grey due to optical combination
with the dark serosa pigments, the surface of the shell is not smeoth but be-
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come irregularly corrugated when the ventral plate is formed, there is no de-
pression in the egg surface and further, as to the shape, it shows slightly spindle
form (Plate 21-1), [Genetically, however, these characters are controlled by a
single dominant gene, Gr (Tanaka, 1943). Gr heterozygous female moth deposits
grey eggs, while Gr homozygous one B-grey eggs which are phenotypically
significantly different from the grey egps, and the shells of which are thin
and translucent, manifesting normal dark egg colors, but as to the shape,they
resemble to those of grey egg (Plate 21.3). Accordingly, in order to obtain
moths depositting grey eggs we have only to cross normal egged breed with
B-grey one,

Recombination values between p, Gr and Y genes calculated after three
points experiments were p-Gr=6.5, Or-¥=189 and p-¥=25.4, which coincide
with those of Tanaka (1943).

2. Collapsing egg was for the first time found by the senior author (1957)
as a spontaneous mutation in the p22 stock (Normal egged breed; Japanese
race, Yamato-Nishiki). It shows evidently spindle shape immediately after
deposition, but in about half an hour after oviposition it becomes completely
depressed to the bottom (Plate 21. 6-7). This character is completely recessive
to the normal egg, and is controlled by a single recessive collapsing egg gene,
symbolized as Gre*.

Recombination values between p-Gr-Y loci after three points tests are
pGri=53, Gro-Y=215 and p-¥=26.4, respectively. As in the chromosome
map of the silkworm so far established map distance beltween p and ¥ loci is
25,6 units, we must correct the values described above, and get p-Gr'=5.1.
This coincides with the Gr-I6 locus determined by Takasaki (1947).

3. Gr/Grt female moth produces new type variant eggs, owing to the in-
teraction between Gr and Gr*® genes. This variant egg shows phenotypically
intermediate between Gr/Gr and Gr/-f-, that is, the shell of which is partially
translucent and the surrounding part of it shows milky white color, and the
shape of which resembles to those of B-grey or grey eggs.

4. In order to test the pseudoallelic relation between Gr and Gr'e genes,
the authors tested the Gr/Gr™® sib-mating with p%- and Y-markers on the second
chromosome: the result shows that recombination does not occur. because
moths depositting B-grey, variant and collapsing eggs segregated with 1:2:1
ratio (see Table 7).

6. Separation of the components of the collapsing and the normal eggs
by centrifugation (14,500 g, 40 min.) shows no significant difference. The rea-
son for collapsing is, therefore, attributed not to the lack or reduction of any
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components in the egg, but to the structural abnormality of the egg shell.

6. Phase-contrast microscopic observations of surfaces and cross-sections
of the egg shells are carried out on various genic combinations (Gr/Gr, Gr{+,
Gr/Grt, Gret[Gret and 4~/-£). The surfaces of abnormal eggs are common in
the irregularities of the patterns which were copied when the exochorion had
been secreted and further, in the cross-sections significant differences in the
thickness of the shells and irregularities of the outer- and mid-layer structure
are seen (Plate 22. 1-5).

From these investigations as well as informations about grey eggs up to
present, it is postulated as follows:

1. The egg shape is determined by the pattern of the form and arrange-
ment of follicle cells at the ovarian differentiation and the chorion substance
is secreted by them. Then, it is expected that the shape of the egg as well
as the physiological function of the follicle cells become abnormal as describ-
ed above, if the Gr or Gr* genes begin o act at relatively early stages of
ovarian development, before the determination of the patterm of follicle cells.
On the contrary, in other grey eggs with no abnormalities in shapes, the genes
causing these characters are possibly not at work until the pattern of follicle
cells is determined. Such a relationship between the time of genic action and
the resulting characreristics is very interesting from the developmental point
of view.

II. In the case of Toyama's grey egg., phenotypic dillerence between the
eggs laid by Gr homozygous and heterozygous female is explained as an ex-
ample of socalled incomplete dominance of genic action for chorion formation.
And this is also the cases of Kei's grey epg, Grk (Kei, 1937, 1943), and White
side egg, Se (Kei, 1933, 1937, 1943),

III. Although the authors could not find out the pseudoallelic relation be-
tween Gr and Gr** genes, there remains a possibility that Gr multiple allelic
series including Gr, Grk, Gr-16 and Gr* (and possibly Grl, Gr-1, Gr-2, Gr-6)
genes may constitute a complex nature of the locus. Because, it seems, from
the developmental point of view of the genic action of these multiple allelic
genes, that there are at least two groups : one is characterized by the abnor-
malities of the egg shape as well as chorion formation, and the other only
by the chorion formation.

Laboratory of Sericology, Faculty of Agriculture,
Kyushu University
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Explanation of Plates.

Plate 21. Phenotypes of the eggs studied here.

1. Normal eggs (p22 stock): Egg shell is translucent, serosal dark color is seen.

2. Grey eges {p22xe63 stocks); Egg is rather spindle in shape and the shell reveals
opaque, milky white color.

3. B-grev eggs (e63 stock): Ege shape resembles to that of grey egg, but the shell of
which is translucent, being seen the serosal dark color.

4~%, Variant eggs: Intermediate between grey and B-grey eggs.

6. Collapsing egg (immediately after deposition): Showing spindle form.

7. Collapsing eggs (half an hour after oviposition): Completely depressed to the bottom.

Plate 22, Phase contrast microscopic features of egg shell cross-sections
(Bright contrast).

1. Normal egg shell: Three layers are clearly seen, outer layer is regularly formed and
mid-layer shows very homogenecous features, }

2, Grey egg shell; Three layers are evidently seen, outer layer is irregular and mid-
layer shows irregular chinky features, which disturb the oplical condition, making
opaqueness of the shell Thickness of the shell (especially mid-layer) is much larger
than that of normal egg.

3. B-grey egg shell; Three layers are not so clear in contrast with grey egg's case,
outer layer is irregular and the shell is rather thinner than grey or normal egg's.

4. Variant egg shell: Features of this type egg shell is almost intermediate between
B-grey egg and grey egg.

5. Collapsing egg shell; Three layers can not be distinguished at all, manifesting rather
homogeneous structure, but rather large holes {or apertures) are seen in the inner
part. Irregularity of the outermost surface is more significant than those of B-grey or
grey cgEs.
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