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Fig. 1 Chromosomes of the primary spermatocyte
of a triploid male
u: univalent, b: bivalent, t: trivalent,
Bar: 10um
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Fig. 2 Sex chromosome constitution revealed by
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triploids
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dominant gene
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Table 1. The number of triploid offspring discriminated by sex chromosome constitution
Number of Number of 5th instar larvae Percentage of Percentage of
Batch name N .-
hatched larvae 777 77ZW ZTWW fertilized eggs hatched eggs
RWs3n(sp*) 6 1907 277 1224 0 96.65 94.26
RWs3n (peel**) 65 29 3 20
RWod3n (sp) 6 1691 261 1174 23 95.53 93.34
RWod3n (peel) 46 0 7 0
RWNo3n(sp) 6 2109 321 1399 29 97.60 95.46
RWNo3n(peel) 36 4 2 0
RWeq3n(sp) 6 2060 328 1363 22 97.80 95.97
RWeg3n (peel) 36 17 14 0

* . spontaneously hatched
**: hatched by peeling chorion
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Table 2. Number of triploid individuals discriminated by sex chromosome constitution

Group Number of individuals fertility survival sex ratio
(N} 777 7ZW ZWW (%) rate (%) ¥/ a
r“(’ﬁsf’n 261 1197 33 95.61 83.22 4.7

Ets3
(z)“ 83 470 10 96.98 56,47 5.78
Dts3
(Z)n 327 1565 30 96.41 83.42 4.88
ZWts3
(9)5 n 92 3602 9 90.69 93.13 39.25
Cts3n
o 13 1539 15 97.10 91.64 119.54
Zts3n
P 144 1136 2 93.52 93.44 7.90
ts3
Sytsin 157 4431 0 98.08 94 68 28.22

(14)
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Table 3. The ratio of gametes and calculated pairing ratio of sex chromosomes in tetraploid oocytes

Ratio of gametes (ZW: (ZZ+WW))

Calculated pairing type

Group Theoretical Observed (ZW+ZIW) © (ZZ+WW)
random* 2:1 2:1

rws3n 4.01:1 1:1.52

Ets3n 5.06 1 1:2.03

Dts3n 4.38:1 1:1.69

ZWts3n 35.66 .1 1:17.33

Cts3n 54.96 11 1:26.98

Zts3n 7.78 1 1:3.39

Syts3n 28.22:1 1:13.64

* The values of random pairing

WOWTHELBEELZWE Y, MFEIEVHNRAD
Sz, £/, HHORE ($/5) BEERK I A
BT 4.71~5.78 LIZIZFERETH 5 DI
LT, BBEARHK TI27.90 (Zts3n), 28.22
(Syts3n), 39.25 (ZW1ts3n) X &1z 119.54 (Cts3n)
Lo DENEHITKEL -T2 (E3),

4 B OB S FRFIZ B T 3 R afktE i
Z-ZEW-Ws L BZ-WeZ-Woilsd
bETI OO L INMETCEET S EEZ 50
3, HiZ» SR ENLEMBTRIETIW TH D,
BEIOFKRENEZNIZZ . ZW WW=1:
2:1kEZONBZ D (ZWHZIW) @ (ZZ+
WW)=1: [ZZW/(ZZZ+ZWW) ~1]/2 ® & %
BoTEREBESEDEEREH L, ZORE,
WENRD 4 BEERIZBVLTL I S ARdERThh
EEOMHE (CZWHZIW) 1 (ZZ+WW)=2:1) &
DY ZYEkEL s 5 e W REKR ORI T
WEEEDE T o Tz, & OMEMANL, BRI 4 1%
BT SIEETH > 129, BELAERTOIESD
s bLIEEIKELoT,

d. & =

AEADOFERZ LY KBAHETHREL 2 4 EH%
HEORETITE ZZ, ZW s Ve WW Th2 Z &
P h Lo TWVE, KR 3EERERICBITHK
BHFOEBEFORINT ZThr» o EREH4k
R & Z R wicd O 4 FHdk O RS
FThd, REBIZBWT 7T REOMI Twlit*
L TEs Nz 4 BHREORE L 72 WW E&TF
O AFERAZESED sz b DDFEF Vo
Tz (% 2), ZWW B IMLE AT R RS E 1
FoTHBENBEDDTHY, ZRENTILOK

CBWTH BRETMEZLIFFCE I Ep s,
WW BB FOEEMCTZBNCEETEE N L &
LDTRELSEEN, BRshic{wtEzoh
%, %72, BERETH 2 Ctsdn, ZWtsdn, Sytsdn
RTREOEENZENEFN0.84%, 2.26%7% 5 i
3.54% LIRS otz (KD, TOIXD4ERE
F3 91.10%, 93.13% 7% 5 NS 94.68% W2 &
D6, BT SRENCIET TS ERELTH RN
HREESE N T V7 AiTONTIESOHOES
(16.67%) kb BBHsIEL {Zo Tz,
INBDHEE»S, 4 EEBEOREIB BN
MR EMIET S ATHLAREENEZ o1
Tete, BEFOSEL»S, Z-W & Z—W Oxt
EERERF MMM Z—Z - W—W 2E- 50
R OEE *HH U7z, £IwWmLI & D o
BENT ARG LIEE KRR Z-W+Z—
W) & (Z=Z+W-W) OSilaoE&iz 21 &
5D, KEROTRETHHSHIZER>EE
RU7z, Thbb, ZROMEIT Z 30K, W Rk
W HRAE BRI ST 2 2 L8 s i
BTz, KRB BIT AWBASTIIY A T7 i
Bx r~n— S L s O WA S 2 B
WY 59, [RERFED 4 EFlC W TERRK L
DLZEZ, WEWORBHENEORRELS
X oTeDiE, W Ltk O KRIGERAL W F P AR O i
HarET 22012220 W RAKRLONEE
BB ZNERELRVLDL) BEL RO THS
EEZBNB,

AEENT BV THEREE OBIRESRERK T
BV Ztdn TH 6.5 5%, x5 ER9% Ctdn T
1253 fFE KX EANED &Nz 5852 femih Ol



62 IEEEAFEERIBGEE E21E BlE

AOSEREE U 3 R OBEREADRE & 13 ZWI,
Cre# LTSy DIET® 5 L% 2 5 h 5558089,
ZWIL 2 D W Bt fk 134505 0 —ER 93 HE B BR FE i
Fo T ZHEENFCEEHEb TH I )iz
ZRBKEDT 74 =T A —bHBEEZOND,
Z DR, WEwET L EREOE S I3 Cre, ZWII
ZL TSy DIEZZo7: (£3) LHHITE 5, #E
Yt Rl Fr O SRS U T B % 858 i3 gty
& OBIRME DI S I FERW W T B R AR O
RCIRETHLEZLONDL DD, Z ik W
BEONEGCET BT 74 =T 4 —IZDWVTZH§
CEORKPEL S TR T B LERH B, 572,
EERFC B TERERTELNZ LB
BOWHERIZOWTH S SRKREBLETH D EHZ

Siiz,

C. FEnRERAVW-RENS L URRBROE
FEBEOBENR

a.F ]

KE B OEERICB L THEE TR LY 2 8EE v,
TR 12 & D B5RE U 7o bR 4 4RI (ZZWW)
OGNS, Z & Z, W & W R ORITER
B iThil, ZORREERERKICB VL TLOEHE
EThol, KERICBLTRERLL - 4 B0
BHrEZ2FETHIBELFRLRETHIHAR
DL THEOHLREENEOBREDOHELRE L
72o

b. ¥ & HE

1) ftEARE EMEMEOIE L (BEEE T
(W:i2)+2 p/p), Twl (&, 28 p/p,
w—2/w—2) x5 WAERBERRD sd (RS
i« d M, IEFE : sch od/sch od, p/p) ERVIz.

2) EEROFER | 4 BB E, Txhx1E
¥ (Homotype) % & UNiciZ it x Twl(Heter-
otype) AW TERRME 21T 57 (KE A-b), FHi
Li2BEO4IEHR R P hsdift & KDL
HHs3n % & N2 Hws3n @ 3 & %2187,

3) KA 3 EEEGE O AEEER | R Ak
EOHE XA B-b ORERMIC B TITbIT
D LR ZWW i3 EREREC LD, 481 H
HeRERE TH 2 BEHEL Do EE L ZZW,
TR ZZZBEEHE L2,

4) RO SO | ERAEOIEE S
ThHd ZWHIW) : (ZZ+WW) ¥, KZE B-c iz
REOHREERBRORZ 2BEOSHE» 5 1

(ZZW/(ZZZ+ZWW)—1]/2 £ LTEHB L7,

c. ¥ 3

SR 2EED 4 BHROZEE, BERTvY
N 5% LU ETH - 72538, EEISIE Homotype
(HHs3n) T ¥ ¥9231.4 {8 i xf L T Heterotype
(Hws3n) T34 4L RELS R/, F4h b
CREFESKEALNE LI, WTFRLODY A FITBW
THHOHEIERT VS AR Hic k> TR B
& (16.6%) & D bK<, Rz, Heterotype T3
BB WEE Ro T, F/2, ZWW MR HFD S A
7 E BT 0 2 S EEE L 2 HIRE T WW BHE T2
IRETMZ E 2 D2 WZ BB R TH o T,

Rt msoNES (ZW+ZW) @ (ZZ+WW))
& Homotype T1:2.60 £ %% D I v ¥ AL E

(2:1)DH 5 EOFEIRERR L T2, Heterotype T
11:7.82THD, Homotype DX S 3ED Z
PeffhF 172 & e W Btatkm L CoXE 250
E& TEIRWzTb N,

4. & %=

FRLE RS % FH BB U 7o iS50 A 4 RO L E
FEN Z BEEDOBE NI LD EOBIELT B
DEESPICT BT, R ZRERFEAWT
FlRREN G & M ZAFEMIC BT % 4 EHROFERE
Hadc b CABREEED NExh] RHEBH»TO
AR 3 552 B 5 2 L a3HSkET2, Homotype 12
BOTIRFLLERRPRE P - I DREEEICES

x4 HREAERCELo THRILIKEY A 71T EN
4 SR L sch 2 fERBEO TR ERR D 3 SR EHAE
#

Table 4. The number of triploid individuals from
the cross between homotype HOMARE4n
females and sch2n males discriminated by
sex chromosome constitution

No. 777 7ZIW ZWW Male (%) *SE
119 131 3 12.42

2 22 157 1 12.22

3 12 89 1 11.76
4 12 85 2 12.12

5 13 98 0 11.71

6 13 147 3 7.98
T 166 0 13.99

§ 26 166 0 13.54

9 133 1 15.19
019 130 1 12.67
1 90 2 20.69
Total 211 1392 14 13.12+0.89
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scriminated by sex chromosome constitu-
tion
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5 15 298 1 4.78
6 18 290 0 5.84
7 8 141 0 5.37
8 10 151 3 6.10
9 11 205 3 5.02
10 15 315 1 4.53
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Fig. 3 28 pachytene bivalents of an oocyte in sex-limited strain arranged in order of length
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Fig. 4 Patterns of synapsis of Z-W bivalents in control and four kinds of sex-limited strains
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Fig. 5 Pachytene chromosomes in an oocyte of Syr 4n.

Arrows in the oocyte show the asymmetric Z-W bivalents, which are number 21 and 22 in the 56
bivalents. This oocyte is ZW + ZW type. Bars: 10xm
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Fig. 6 Pachytene chromosomes in an oocyte of Sy 4n.
An arrow in the oocyte shows the unusually long W-W bivalent (number 1). Z-Z bivalent may
be one of the chromosomes ranging 21 to 23. This oocyte is ZZ +WW type. Bars: 10xm
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a: Control ZZW, b: Control ZWW, c¢: Host ZZW, d: Donor ZWW
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Table 7. Egg number in an ovary, the mean value of the area of maximum horizontal optical section of
eggs and the weight of an individual egg in the triploids

Egg number
RWs 3n - Size (mm?) =SE Weight (mg/egg)
Average Max. Min.
Control
ZZW (R*) 136.3 136.3 152 104 1.020+0.011 0.55
ZZW (L**) 124.7 1247 170 99 1.027+0.010 0.53
ZWW (R) 74.5 74.5 90 59 1.508+0.010 0.95
ZWW (L) 68 68 30 56 1.482+0.010 0.97
Transplant
Host (ZZW) 68.5 68.5 120 9 0.996+0.017 0.56
Donor (ZWW) 16.5 16.5 32 7 1.554+0.019 1.03

* :right ovary at dorsal view
** :left ovary at dorsal view
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720

d. =
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W R EERE R I RS 2D W HE DS
TFAEL W EEH ] & 72 51029, TAZIMA®? X X ##
WS & 0 R g R O i W Rak
PUMTL, REOMHRE X W RAEORTRERC L
B3 2 MHREHEET (Fem) WXESh2Z L 2H
B LTz, DD, RE I FEHMCIE ZZW 2 6 O
WWIWW OBERERER LR -7 2 BESFEET
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=8

AKEACTHS»IZE -T2 X DI 3EERETIE, Z
FephPERAAROHRKICEL 5T, ZWW HEiE
ZZW R L D 3 BRI YA XOKREWIEBHE
L, 23 WHREKCEET 2BERFOWNY A
AREBEF (Esd) DBICE2bDTHBEHEZD
319, KERKMIVEHR L Z2WEENCBWT
Esd #&InTH, HERTLELUTRET IO E S »
ZHSMIZT 52012 ZWW JI#E 0 ZZW {HiE~
DOBEER 2 Tol, ZZWEE B s h 2
ZWW B I ARBUNATER S h, T EINERINCE
fbtslgipote 2 e, RBECBT 20914 XHRE
BONEUNCRIL T 22 BEfETORESZ
332 L, SIRRIRE D Esd GBI HERF L
LTRETB I LIk TIRESND EEZOND,

EMELRT (V) 280REVE 2 LOEKA 2 A
BRI W RBERAEESE OES NBYEEER

2EHICBID 2 LIRS 2 ) OIE. IRDFEARTRARBER & 5 FicJiE

Table 8. Egg number in an ovary, the mean value of the area of maximum horizontal optical section of
eggs and the weight of an individual egg in the diploids

RWs 3n AveragEegg nﬁggé Vi, Size(mm?) =SE Weight (mg/egg)

Control

TG(R*) 152.8 162 136 1.503+0.007 0.93

TG(L**) 172 192 130 1.488+0.006 0.93

rw(R) 280.6 296 271 1.072+0.003 0.55

rw (L) 269.4 306 253 1.064+0.003 0.55
Transplant

Host(TG) 186 254 131 1.51940.007 0.98

Donor (rw) 97.8 194 17 0.970+0.006 0.49

Host (rw) 283.3 294 277 1.114+0.004 0.49

Donor (TG) 74.3 82 65 1.44440.009 0.89

% .

: right ovary at dorsal view
** . left ovary at dorsal view
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Fig. 9 Two kinds of ovaries from an rw2n female received a TG2n ovary (a-c)
Two kinds of ovaries from a TG2n female received an rw2n ovary (d-f)
H: Host, D: Donor, Bars: lmm
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HOMEO MR EEE (ZZZW & ZZWW, 10 a)
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a. ZZIWW X ZZ7Z

2777 ZZZW  ZZWW
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7 +7+75ch Zsch 7+wW
Black Black
1 : 1

c. 7Z+7Z+WW X zschzsch

7 +7+7sch zZsch 7+w
Black Black
1 : 5 : few

B10 WL OFHROEREAER

Fig. 10 Sex chromosome constitution of parents
and offspring
The body color of the newly hatched lar-
vae and the segregation ratio are given
underneath.
a. rwdn x rwdn, b. RW4n (ZZZW) x sd, c.
RWin (ZZWW) x sd
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e LT 2EHicidrwen ZHW,
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HFEEZOREET 72,
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BT 20T NFhOVEE 008 e 253
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Table 9. The mean value of the area and the number of knobs in polygonal patterns

Area (um?) +SD Number of knobs +SD

Type 1
rw2n{ZW) 1921 342 5.47 1.75
rws3n(ZWW) ’ 2134 277 3.98 1.54

Type 2
rws3n(ZZW) 2999 458 16.52 4.46
rwidn(ZZWW) 3272 576 16.44 4.41
RW4n(ZZWW) 3468 563 14.46 4.24

Type 3
RW4n(ZZZW) 4241 890 21.35 8.17
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Fig. 11 The polygonal patterns of chorion
a:rw2n (ZW), b1 rwsdn (ZWW), c: rws3n (ZZW), d: rwdn (ZZWW),

e: RWin (ZZWW), f: RWdn (ZZZW), Bar: 30um
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Fig. 12 The regression line for the area and the
number of knobs, r=0.93
I:rw2n ZW), O: rwidn (ZZWW), +:
RWin (ZZWW), A : RWin (ZZZW)

Nniz, WEHERKE 2WTRE, 21471 LTs 4
FOTLIIE, 7473 T2 wFhsy4 71
InbkEhot, INERIZOWTE YA 71 255

2

d. %
FKEIR CRETRE B T 2 el e L
TEAREEE, TEM - WA &> i BRER I O/NE
REE i & CMATAER O B IR AEE & 500 & o ThEX
RIRMESEELT 5, Z OREEEIIINERE K
ORI BB O RATRREEC LY a ) 4 v 8
YR BOHEEER R I 0B LR &



IR ERRAE IS & D FE L L RBERROBEREN S L CEERFIERCE T 5R 77

NTW30 FTL 773k o NI Z0OF, i
B TIThh GO B w & D IMEITERE O #d 54k
BEROHERERIZ 7 VoL F, @k cRELIDE
BI/INE o 1239, £ 70, RBZEAREERZKOKINR
(Ge) R 2/NIN% (sm—2) LTEHIIZH L D
HEBE O Ic BT HEREERK CEE OB
WD H TV 53539

K T ERAHE, RBMEE L - TIHFEHEE
WRERESFRIND, IR EES ORESEE
BT BHBEIIRN - FE® Lo THID TTH
., RSB RS OMBE R 2 FHhLD b
JfERBLLEBRTEART I EEREL T
B, E T, 2B o VN 4 RO AR X &
FNThOPEOE EREEP—HLIIELOR
HIRRMOME W MO A E S ZIEU L
HENTH D EfEamLTze L LS 2o D/
R A ARSI B T 2 U L RS e s
nTwipoiz,

AREBICBOTRERLE TEMAE4E£4EK
(rwin ; ZZWW) 2558 L, ZORM 3 RO
BERERK & M RERE T I & 2 ERRIC X » TR
L7z (rwsdn; ZZW & ZWW), 7z, BRICZRHEE
TIRHE U 4 AR L 4 f5E1E: DR X B K
R4 A (RW4n) 25T, Z OMREFER (ZZ2ZW
& ZZWW) 2 FHOML EEH I X > THE
L7z (X 10), 2h s DfEHiE L 2 {54 (rw2n ; ZW)
DERT 6 EE DB & W E MR O R % 21N
B L 7 TN PRI o8 B RS SR o #8 B g -
INEREHE LI, M1l kashd LD, KNS
OEHEEOIROMBRREIL 2 B L bRET
Hotzd, 3EERO rwsdn (ZWW) OEEER T 2
ik rw2n (ZW) UL KESTHo1, 2O
HEFIEYSLTLOMEEREEATILOT
BROWIEEZEWRLTWS, FRECIZEEER
EEToIE 5, 2EEOIESHME (ZZW &
ZWW) 7 &Mz R4 B (ZZZW & ZZWW)
WWIEBRZENEDON (RI) Z s bEHRED
W X 2B O REUESEEERE OB A 25| &2
ZTHDTIE I EBBHS N5 Tz,
ZHREEBCIGCTIA 72 1I~3 298U TH
HER /MNP B L, ZhZFnns 4 7HNDF
REET-7: L IHABFREZERD oo Tz, #H
GHIE & &t R 2 EROIIO B mED Z
PAAOEE OB > TR LKL (K13) 2 Ehs,

2zZ

N
N
N

2000 : 3000 4000
X 13 Z A e ImgdEE A X (wm?) OBF
Fig. 13 The relation of the number of Z with the
size of polygonal patterns (um?)
The number of the figure gives the aver-
age number of the knobs.
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Fig. 14 Eggs laid by diploid and tetraploid females of TG and rw
a:rwin, b: rwdn, ¢: TG2n, d: TG4n, Bars: 1lmm

R0 EERHE Ge RFOIY 4 X8 L UYIBMEY 1 X

Table 10. Egg size and polygonal pattern size in normal and Ge strains

Number of Number of

Average size of

Average size of

FEsd genes Pgd genes eggs (mm?) +5D polygonal patterns(xzm?) +SD

rw2n(ZW) 1 1 1.01 0.05 326.1 87
rwin(ZZWW) 2 2 1.41 0.07 933.3 236
TG2n(ZW) 2 1 1.58 0.08 256.3 75
TGin (ZZWW) 4 2 1.75 0.09 734.1 144
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(B 16), #MBHENT2EEIN—7D—E L 96
R 7 v — 7 OKRE S OEE IR 4 2
BtR L7203, & OO EERIX Tl 48 RefE O R AR
duz FELEERERED S o T, x 2 BREIZ &
DA EUPBESNTHORZERE2 I V—XTh
70 T EBRX T LR 12 KR Lz TR
RE BT HELEICH U TRBEOR LD
5tz MBBAADNE < 2 BICHE » TEFERITm
U, 1993 EEHA T 48 BERE, BAHHR T3 72 HFRE
R 52 1994 EEMA TR SA BRI e — 2 Lo 7z
25, &5 BWEED S ORE TR ZDFENED
L7z,

d. = =

{REALERIC & - TR L 72 4 SR DI IE Y 2T
MRET B0 L CHECRBEICHENMEY, L
PLAERSEREEEET 2 EESHERT 27— X
WHD, FNSEHAOT 4 EEBEOZECE T 25
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Table 11. Fertility of induced tetraploid males applied allatectomy or temperature-moisture treatment

Hours after No. of No. of eggs Fertility B/r .

Treatment 4th ecdysis  male moths  plack red unfertilized (%) +5E ratio*** %
Control M 980 166 16777 | 6.39 131 590 3.93
oa1cArT 6h 3 79 13 1034 817  2.68  6.08  0.43
M 3o 8o 84 658 207 530  0.03
-1CA 24h 5 66 17 1630 4.85 1,99 3.8  0.87
™ [ /2 64 M 1500 447 519  0.07
1 cA 48h T2 1052 223 5221 19.63  1.38  4.72 0.62
™ 9 208 46 2163 1051 ~ 3.86  4.52  0.38
Coorca 7h 5 154 36 1594 10.65  4.54  4.28  0.72
™ S L2 D U 2L B 222 062 460  0.03
Crea 96h 10 743 147 2225 28.57  9.49  5.05 0.0l

* . excision of one corpus allatum
** . temperature-moisture treatment
*** - the ratio of black eggs to red eggs
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Fig. 16 Fertility shown by the eggs of red strain (Cre) back-crossed with diploid and tetraploid males.
a: The eggs of a Cre mother crossed with a diploid male. Fertility is 99.3% and the ratio of black
to red (b: r) is 329: 333=1: 1.01. b: The eggs of a Cre mother crossed with a tetraploid male.
White eggs are unfertilized. Fertility is 1.3% and b:r is 6: 1. ¢ and d: The eggs of Cre
females crossed with tetraploid males which received a starvation stimulus. Fertility is 49.5% and
90.9%, respectively. b: ris 292: 54=5.4: 1 for ¢, and 558: 119=4.7: 1 for d.

®12 HBNEICBT S Cre $ Xrwin & OY-H2FER L IIES L
Table 12. Average fertility and egg color segregation ratio in starve-shock experiments, Cre £ X rw4n &

Season Group* No. of males No. of eggs Fertility (94) +=SE b/r** x?
1993 Control 36 13,833 5.1941.90 5.71 1.16
Summer Oh 23 7,757 6.18+3.78 5.47 0.51
24h 18 7,317 12.85+4.42 4.91 0.04

48h 16 5,501 24.63+5.98 5.02 0.00

72h 20 8,714 18.27+3.41 4.77 0.51

1993 Control 21 10,055 1.18+0.81 4.17 0.61
Fall Oh 19 9,948 1.71+0.59 5.30 0.08
24h 10 4,320 9.33+2.92 5.72 0.92

48h 15 6,964 19.73+£6.99 4.70 0.75

72h 20 10,926 30.48£5.78 5.00 0.00

96h 18 9,324 6.63+2.33 5.37 0.42

Diploid 10 6,834 97.67+0.56 1.01 0.13

1994 Control 30 12,088 5.68+1.48 5.48 0.76
Summer Oh 16 5,320 13.91+3.16 4.78 0.21
48h 20 8,116 28.91+£4.75 4.87 0.25

54h 48 20,289 39.42%3 .41 5.08 0.26

60h 56 23,033 25.12+2.81 4.85 0.80

*: Start of starvation
** . Egg color segregation ratio of black eggs to red eggs
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Table 13. Average days from 4th molting to adult emergence

Start of 1993 Summer 1993 Fall 1994 Summer
starvation No. of Average No. of Average No. of Average
individuals (days) individuals (days) individuals (days)
Oh 23 19.65 19 21.00 16 18.19
24h 18 19.61 10 21.90
48h 16 19.13 15 20.93 20 16.65
54h 48 15.94
60h 56 16.25
72h 20 17.60 20 20.30
96h 18 19.56
Control 36 18.06 21 19.86 30 16.13
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Fig. 17 Average fertility plotted for the start of starvation
The fertility curve obtained in the three seasons were put together by adjusting the
length of the 5th instar to 5 days (120h), which is the normal for weather.
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Table 14. Fertility of tetraploid male silkworms subjected to various lengths of starve shock

Group* No. of males No. of eggs B/r** Fertility (%) +SE
Control 83 32,789 4.84 7.22 1.18
1h 39 20,747 4.78 4.63 1.40
3h 18 10,336 4.94 3.73 1.87
6h 37 20,297 4.50 5.34 2.52
12h 41 21,570 5.14 11.27 2.37
24h 43 22,246 4.91 14.96 2.47
30h 24 5,571 5.11 28.94 4.48
33h 10 1,457 5.20 19.56 3.92
36h 41 18,947 4.74 13.70 2.91
3% 34 12,758 4.66 13.61 2.99
42h 37 13,649 4.61 13.56 2.34
45h 16 7,775 5.07 10.15 2.92
48h 66 28,867 4.88 30.39 3.43
51h 25 8,302 4.79 36.85 5.03
54h 24 6,113 4.95 25.31 4.25
60h 10 6,142 4.94 28.23 7.31
72h 37 20,485 4.79 25.52 4.57

* . groups classified by length of starvation
** . ratio of black eggs to red eggs
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Table 15. Survival rate of starved tetraploid males

H) KBWITEL->00, AERHORS 8
FTLLFEINT, 33 REEK T 25%, 60 FREfEIAL
X T43. B8R LIEFEHEE 252 (F15). F
7o, ALEERER & 5 AR B L UL E TOHEAR & D
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Table 16. The comparison of time difference

between control and starved males in
the tetraploid males

Experimental Number of individuals Number of Survival rate Experimental 5th instar Spinning to adult  0Oh of 5th instar
groups for starvation survivor (%) group (h) (h) to adult (h)
Control 102 83 81.37 Control — — —
1h 52 39 75.00 1h 0.00 1.41 1.41
3h 20 18 90.00 3h 0.00 4.08 4.08
6h 49 37 75.51 6h 0.00 —9.25 —9.25
12h 48 37 77.08 12h 12.69 —6.21 6.48
24h 52 43 82.69 24h 14.00 —0.59 13.41
30h 33 24 72.73 30h 8.04 —0.55 7.49
33h 40 10 25.00 33h 8.04 6.52 14.56
36h 81 41 50.62 36h 1.87 3.87 5.74
39h 58 34 58.62 3%h 0.45 —7.88 —7.43
42h 55 37 67.27 42h 1.00 —19.93 —18.93
45h 17 16 94.12 45h 0.20 —19.74 —19.54
48h 108 65 60.19 48h 3.11 10.17 13.28
51h 40 25 62.50 51h 3.24 32.92 36.16
54h 40 24 60.00 54h 8.04 18.79 26.83
60h 23 10 43.48 60h 13.92 —3.44 10.48
72h 51 37 72.55 72h 14.63 —11.05 3.58
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Fig. 18 Fertility and survival rate of starved tetraploid males
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(RWi4n), %7z, MR L3 % fE U 7 resddn i [ERE
ICEBE R TESI U7, rwin ML BB L CF, 445
%87 (RWRS4n),

4) DIy A Ao HEBEBROEE 4 X
BAFEEAMEREZENVEB-b LRAKCEEET
PEMEE (HITACHI, S-2100 A) TEEWRE LI,
ATTO BT A 7 & (AE-6910 3 & U Densto-
graph) 2 iV THIE L 72, EEBEROMEY 1 X
ERREEE OULR TR S R ERES & ATTO i
BT AT AL DBIEL 720 ZNTNOERE
BREBRCEHHIL 72 1mm AR EZ R Y 5 —FEL

TEHL,
c. i& g
1) RWi4n Ok

7o s AL S T EBE—FBAEIC X 5
THEBLEE2ET 2 4EEHEEI L L
b 2 [\IE, B2 O rwdn i & ZEL 88 R 215
T, Fi 4 fEAROMRERE L 2, B 17 KR L &
51z, 8,115 OZIEIH 5 3,796 LWL L 7225,
FUERIIRA 79.1% 0 7/ 24 6% £ TOIELH
D, T 46.78% TH - 1z, 5 EEREICB T 5 MEHD
S FHE T =132 1 TH o728, PMbLE
ZEREHBEHEB L BREDWTEBEEROE
Rz EHEOEIGHE <, I B O - f=5:1)

K17 2%k, 3fEELSUKRE, 4 fSHEOR X, £FXRB X UKL
Table 17. Hatchability, survival rate and sex ratio in diploids, triploids and F, tetraploids

Group Number ~ Number of Number of ~ Average Number of larvae after 4th moulting Survival rate Sex ratio
(Hatchability)  of batch fertilized eggs hatched larvae hatchability females males till 4th moulting (£/4")
F, Tetraploid 1
(60% <) 3 303 188 62.05 98 23 64.36 4.26
F, Tetraploid 2
2 1 40.4 .
(359%-60%) 89 36 0.47 144 67 58.45 2.15
F, Tetraploid 3
3 513 133 25.93
G%>) ] e v EE
F, Tetraploid g 8,115 3,79 46.78 1,319 996 60.99  1.32
(total)
Diploid(2n x 2n) 1 335 303 90.45 133 125 85.15 1.06
Triploid(4n x 2n) 26 1214 980 80.72 791 142 95.20 5.57
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Table 18. Number of survivors in the F, tetraploid females

Group Number of Number of Number of Number of  Number of
(Hatchability) batch 5th instar females spinning larvae pupae adults
F, Tetraploid 1

78 52 19
(609% <) 3 %8
F, Tetraploid 2
69 1
(359-609) 7 144 58 8
F, Tetraploid 3
29 15

(35%>) 3 oo ® b T
Fy Tetraploid 88 1,213 892 429 160

(total)

R19 F, 4 540 & red i & ORM 3 HEOMLL

Table 19. Sex ratio of triploid progeny from the cross between F, tetraploid females and diploid re9 males

Number of individuals Theoretical

Number of individuals Theoretical

2 2

Batch No. Females  Males ¥ sexraio X Batch No. Females ~ Males He sexrato ¥
1 93 98  0.95 171 0.131 22 198 30 6.60 5:1 2.021
2 161 153 1.05 131 0.204 23 172 185 0.93 1:1 0.473
3 238 60  3.97 511 2.580 24 252 38 6.63 5:1 2.651
4 237 40  5.93 5:1  0.988 25 172 23 7.48 5:1 3.332
5 176 196 0.90 1:1 1.075 26 162 163 0.99 1:1 0.003
6 219 29 7.5 511  4.416 27 257 41 6.27 5:1 1.815
7 243 43 5.65 511 0.548 28 224 46 4.87 501 0.027
8 192 24 8.00 5:1  4.800 29 197 46 4.28 51 0.896
9 172 38 4.53 5:1  0.309 30 164 37 4.43 5:1 0.439
10 159 19 8.37 5:1 4.602 31 143 44 3.25 5:1 6.341
11 22 4 5.50 511 0.031 32 127 14 9.07 511 4.609
12 256 47 5.45 5:1  0.291 33 168 38 4.42 511 0.470
13 154 161 0.96 1:1  0.156 34 150 30 5.00 511 0.000
14 202 28 7.2 5:1  3.343 35 146 31 4.71 5:1  0.092
15 77 27 2.8 5:1  6.469 36 37 5 7.40 511 0.686
16 4 6 0.67 1:1 0.400 37 81 15 5.40 51 0.075
17 238 56  4.25 5:1 1.200 38 120 19 6.32 5:1  0.899
18 248 43 5.77 511 0.748 39 264 41 6.44 5:1 2.283
19 220 57  3.86 501 3.051 40 79 71 1.11 1:1 0.427
20 146 152 0.96 1:1 0.121 41 19 3 6.33 501 0.145
21 101 7% 1.3 1:1 3.841

R D v, g7, BEEEO 5 BELEZR IR
1B < FHME (60.99%) WML Twiz, 58
WOHEE L 721,213 O M 0 e Sk HA B2 A AE
892 (73.54%), 1LuHEMA L 429 (35.37%) & o M
PUEMEE L 160 (13.19%) THo7: (£ 18),
BRALE L > THEE S N 4 (SN (ZZWW)

LI (ZZ22) OFE 5/ 5 iz T4 EBHEO SR
BRI ZZZW b L IR ZZWW TH 2, 4 5%
fif 2 fEAIEE R L THE 515 XA 3 SO MEE
DM =515 ZZWW TH D, 111 %8
ZZZW B A SO MR ERER LI HETE 3
DT, IUL L7z F, 4 fEEMHEERC red HEZREL T

Bonle kM3 BEOMULEHREL 72, 160 EHED
RO S BIEE BEINRT>7: O 41 BT
£, BY OMEERZIAE mved, b UL R
INUPEER Lk odz, BEE 511 &1 1 IasE
LT REBIZ & DR U ERIZ, ZZZW @k
10 23t L ZZWW (@58 31 Th otz (F 19,

2) RWRS4n OFER

RWin Ti3 3,796 O A2 B DD, F 4
A FET 5 2 EEO R AR OF BT
A1{EICIR 5772, fMEREE (sch) B4 4 51F

(rssddn) %FH/EL L, ERLBECHME»ERS S
7zo rwin MV rssddn R ZRLL TE SN/ F 4 (&
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ZYZFWW X zsch zsch zsch zsch
(rwén) (rssd4n)
zsch zsch 7+7+ 7zsch zsch 7+wW 7sch 7sch Ww
Black Black chocolate
(male) (female) (female)

19 F, 4 FRotpad s s o RikE
Fig. 19 Sex chromosome constitution and color of
newly hatched larvae of F, tetraploid

& (RWRS4n) 2\ CTEMEREEER IS ZZWW i,
B EARMEE ZZZW 7 & IS HE 2227 & A
i (®19, ’
RWRS4n O(L3%E1Z 92.69% & & <, BLEED
5 BeEEH T 88.55%, HREERDEIE T 33.59%,
TLEEZRI 15.27% %6 £ URUERIZ 12.72% TH > 1=
(32 20),5 WEED S RBIZ Wz 2 F TOEER Y
HREEREER S L CHEELE IS, R ETO
5HpHAR T 4 o i {LIRE AT ICSETE U s ZZZW I
OEEDRFEE CE LTz, ERRTEITED SNz 5

E» oMk ETRNT HEEZE T 5720, COR

HTORTENSGOr2FMCHE L 2 2,
ZZZW HEDFET I HSRFTH 2 S R H 2 ) TR
BTEL >Twi (®20), ZZZ7 HEOPHER I
45.21% TRICSETEDE WEF IR v o 7248, (LI
EHNZIET T 3SR EIL - 72 (£ 20), ZZWW i3
5 AL SIA E TR LEEIE 2 <, I
RIZ57T. 4% TH o7z (3R 20),
FAEhcELE T 22880 i (ZZIW &
ZZWW) B X UNERX & LT 2 {%4F (rwrs2n: ZW)
[HEHSEEA L 21 & DR RmE O B RS (1 21)
WDoWT, #NFROINY A X - HEEBEZEH L

220 RWRS4n O F, 4 fEE#KIC 81 2 £77F
Table 20. Survival rate in F;, tetraploids of

RWRS4n

Black Chocolate Dead Survival rate(%)

Hatched 384 9 31 92.69
77727 ZIIW  ZIWW

5th-Oday 73 268 7 82.08
(100%)  (100%)  (100%)

Spinning 62 63 7 37.93
(84.93%) (23.51%) (100%)

Pupae 39 15 6 17.24
(53.42%) (5.60%) (85.71%)

Adults 33 13 4 14.37

(45.21%) (4.85%) (57.14%)

Percentage in parentheses indicates survival rate.

fz (32 21), YA KiZ ZW=ZZZW <ZZWW ODJE
LD W REEOE L VIE LI 4 XAREL
L. WETHERIX ZW<ZZWW<ZZZIW TH Y Z
PeEROBUIZE U THEOEMBTED & hiz,

d. # =3

KA 4 S ARSI DR By, 20
Jod, 4fEEHEE 4 BAREORIIC L 5 F, 4 50
TEHIZIER N TH D, BERPBFRRE £
TRBoniEHTOERAES TbI T AT
Ehinofz4, REBCB LTI, K A THEIL
727 7 R, BRI E L R
L OB LR E T 5 A B 4 (BREEE
FLL T F, 4 56 215T, MLE, £5F, PRy
S U 2EEOMER AR ORL Sl (ZZZW &
ZZWW) DBELELLIHOBE I DWW THEST-
720

RW4n ORMEZFRITFIRK D 2 4K (2n x 2n) 3
& (4n M x 2n f#E) & HER U CIREICE L, 5
B LMMOLLDEEE (M #=5:1 X

#21 RWRS4n & rwrs2n 2B 20049 1 X L IREEHEE 1 X
Table 21. Size of eggs and polygonal patterns in RWRS4n and rwrs2n

Moth No. Number of Number of Egg size Polygonal pattern size
h + +

(Tetraploids) Sex chromosome Esd genes Pgd genes (mm?) *SE (pm?) =SE
1 ZIWW 2 1.53 0.036 1728.68 22.739

2 1.43 0.017 1651.97 22.636

3 1.36 0.072 1822.63 26.383

4 1.55 0.027 1828.40 28.260

5 YAHAYS 1 0.99 0.019 2969.45 103.114

6 1.08 0.015 2834.61 88.866

7 1.18 0.014 2803.91 88.049

8 1.03 0.017 2313.03 27.345
Diploid W 1 1.04 0.011 1049.20 9.692
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Stage of Sth instar larvae

20 F.4 5K 81T 5 5 EEIR T 0 A 1EEEE
Fig. 20 Survivors of F, tetraploids during the 5th instar

21 rwrs?2n (a & b), RWRS4n (ZZZW) (c & d) BL U RWRS4n (ZZWW) (e & ) OIF L IROHIEERNL
Fig. 21 Eggs and polygonal patterns of rwrs2n (a and b), RWRS4n (ZZZW) (¢ and d) and RWRS4n
(ZZWW) (e and f)
Bars of a, ¢ and e are Imm, b, d and f are 50xm
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ECHLBME (1.32:1) Thote (F£17), PMER
RIELT 32070 —7(1; 60%LE, 2 ; 35-60%,
35 35% AN WRALTHEE L 25, 5mEhE
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%m$®ﬁTm%®ﬁ%m¢k£E?é;t@%6
PERSTZ ET, SEMBEOMOEERFHFHEL 2
RS, PMERIL 13.19%, ER R EM 21T > 72 D1k 41
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TELUTHINIEHE T2 L BPEPD ORI £ 72,
ZZZW DM E B E IV —7HTEEIC/NE
DR R ERDEE LT e 5 (R 24), ZHE
BEO—FEREDRREESENE L 6N D, ZHIEIRE4
BEORAET ) v VB ZREETH Y, BIEE
D Z Btk —iRkbh i mREENELZ 5N 3,



92 IEERPREAAGLE 2 s H1s

B 51 2 SO S OBERIEEE 1w Sb
L7 egetaikie 5 5 & MULLER™ 138 L Twv 3,
FE A EREEMOBEEELORI s WER %
B2V E L TRETHLZDOARK LY, MHidk
DIRED ZYfk & W REBEROBKCEHZE D/ T
VAR EVERTZONE S pOWNELEDT, E
HRFE LB EORERFEORE 2RI T 2
JeBDEFNELTOREZIES L HARETH S
EEZ N3,

VIL 8 & # £

IRIBALEIC & > T S N RE 4 B8, fbo
BEsE L ERk, YHEZ CRBRE b IA RN
R &3 2 fER EXBIT 2 2 L BRHBETH %,
AEBRCB VT, 4 EERORETH 5 HEOTHEME
SRR R BT O E T A4 X O RH
LD, 72 & CIRHETFAOHLEEKDSTEE &
VENETND 6 ET 5 EHROEBE I DV TR
THIELEREMEL,

R 4 EBME (ZZWW) OFEFERIC, 9%
BAESIThNT ZZ, ZW 8 L U WW EHETF T
a5 & LD R — 2Bl ofR Z, ZW
75 U“b_z ZWW BEBFBERENED L) 2D
DHMBB o1z, BT BHT, ERAEIZ LT
PR L 4 BRI A BEOFESERET (os,
schy, e, od) BENFNFE->T 2 B E=TEL T
Bohnl 3EE (RR3HH) i, EEREO
OISR E 2 OMEN Z K DBEET 3
ZEe, ZZWW Mr 513 ZZ, ZW B L U WW I
BFNERENSE S OO WW BEHETF IRz
BB ZERHASICE 5T, ¥51T, ZDER
RHRAET B0, IR 3 AE L RERH 4 5
MO TRED 4 BRELHLL ¢, BRILL
BEBTEERHELL L 25, WHORME itk
REFRGICBVT, ZEE, WHIZTOREMNZ
EWTHET S LD LFRNEZL WS FRER
Bohil, ZOERMIBEERMCRIZELL, &
BELEEOR S IKET 2 2 e osfEllan, K&
MW BT 2BESEE, ¥4 T7 e o
T — W ATE Lo R ko Mg ssat & 2 Bt 26
ZEEFERT DL, NEOBIRE R REAKMEERRD
TT742T 4 —WHKETZHHREMENEZ NS,

RERRTORMB TR, & TR S h 2564k
THED, BREOBNIC X > TEARHLODEIK

DB, BUEERED NIxn] 2RV CRLE
PRk D 4 EEE (Homotype) & & & 41 ] i
& Twl it & o R FEMZE RO 4 F4H (Hetero-
type) OEMBEBTOEREAELFELIHER, L6
DA 7 b EREATEDOEREITED s b
DD, Heterotype ICBWITEEETH -7z, 2 f5FED
PELLE T, M =111 THBZ ehaliFEN]
PRI NTWEEIRZ & W ORI THE T
bhitwaeEzohbd, TheDlers, ZE
W getafht & OFE I Bb 2 AL ORI, $E
PThhd I &I & » THIML TIT < ATEEM L% 2
5z,

4 OB TR L & FH S Lo i@t
EORNE 2 FEIT 27200, BRI 4 &
WTHRAERORIER RS L 25, WTFhOIE
MofE ks b 1 HOFHER L REESEHE S L
Too TD3 b, BEFATBHEA THB DS FHERR L3
BB ZW R TH 5 LI N TWw 54 R
W% (Sy) ZH\wT, Homotype & Heterotype
4 RO MR AENT & 2 BHE Lz, Homotype iZ
B U@k S CW+ZW) @ ZZ+HWW) =
2.1:3.4TH-o', —H, Heterotype TiZ1:87T
HY, [FEn)EAVLEEETHEREE» > BHE
NIEER Y EETH D, Heterotype TH:REHANE
OFERMERMABE 2 5 & & BMIEZERIC b THSh
720

WEITH and TRAUT®® |& W HetafKinpE 24t 0
Ephestia kuehniella (A 2 F <5 T A4 H) & H»
THROEOREEREEL, W RaERLToNE
PRDSNE oI s, ZOEOERGk
HEBWTE,Z & WOMICHEIRT 74 =27 4—
BEET S EFH L, Zhiex LT, HULTEN
and PEARSON' 12t » @ XYY BEFH S B
TAREEYY DAERS 1, X ik 1 Mgk
ELTHEET B I E2HPIC L, TEOHES
1, ATEO W REESBEREETH L5 Ot
LT, B Y Hefafficid SRY BEFH8EA L T
29 2 rTHB, FEWRAMEIHHERERET
(Fem) £J0Y 4 RPEBET (Esd) BMFEET 5
EREZ DL, HREE LT 7T 4 ThBETS
FET L b EREETECB T 37 742
T4 =R ORREH L I ENRBIND,

REABEPREMEETT 2 2 @i o R
{ESNTBY, EEEOFINcHFIAIATET



(IR L ARIRALEE I & D RS L e REBEEOREGFHB £ OEFNER BT 2558 93

2, T DOERZ D Tild, FANKHAUSER and
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Summary

In the silkworm, the triploid progeny from cros-
ses of tetraploid females induced by low-tempera-
ture treatment and diploid males carrying the sex-
linked recessive genes consisted of 3 types, ZZZ,
ZZW and ZWW. The percentage of the ZWW
females discriminated by sex-linked recessive
phenotypes was only 1.5 in a batch. Three kinds of
gametes, ZZ, ZW and WW, were considered to be
produced in tetraploid females as a Z gamete was
always transmitted from diploid males. The ratio of
3 types of triploids revealed that the sex chromo-
some pairing of Z with Z and W with W (ZZ+
WW) was more preferential than that of Z with W
(ZW+ZW). The pairing preference that occurred in
the tetraploids from 4 strains harboring sex-limited
marker genes was much higher than that in the
tetraploids from 3 normal strains. Furthermore,
within the tetraploids from sex-limited strains, the
length of the translocated autosomes appeared to be
factors causing the pairing preference.

By using the sex-limited “ Homare ” strain, the
ratio of paring patterns ZZ+WW or ZW+ZW, was
calculated both in Homotype (intra-strain mating)
and Heterotype (inter-strain mating). In the tetra-
ploid oocytes of sex-limited yellow cocoon strain
(Sy), the pairing patterns were cytologically obser-
ved in Sy4n (Homotype) and Syrdn (Heterotype)
and the ratios of 2 pairing patterns were calculated.
These 2 experiments revealed that the sex chromo-
somes in Heterotype tetraploids paired in preference

between the same kinds at 5 times those in
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Homotypes.

Deposition of large eggs by ZWW triploid
females was confirmed in 4 strains. The results
showed the presence of a quantitative gene (Egg
size determining gene; Esd) on the W chromosome.
Ovary transplantation between ZWW3n and ZZW3n
females, as well as between diploids with or with-
out a giant egg gene (Ge), which is identical with
the Esd gene, was carried out in order to analyze
the effects of environmental factors on egg produc-
tion. Both donor and host ovaries produced eggs of
original size. This indicated that environmental fac-
tors had no effect on gene expression.

The order in size of polygonal patterns was as
follows, ZW (2n) =ZWW (3n) <ZZW (3n) =ZZWW
(4n) <ZZZW (4n). Size increase did not depend on
ploidy but on the number of Z chromosomes. This
fact lead to the conclusion that the polygonal pat-
tern size determining gene (Pgd) was present on
the Z chromosome. The Pgd gene on the Z was the
second quantitative gene discovered in the silk-
worm. The measurement of egg size and polygonal
pattern size in Ge strain (TG) and normal strain
(rw) were summarized as follows: rw2n<rw4n=
TG2n<TG4n for egg size and rw2n=TG2n<rwdn=

TG4n for polygonal pattern size. The expression of
the Esd and that of the Pgd appeared to be in-
dependent of each other. This was confirmed in 2
kinds of F, tetraploid females (ZZZW and ZZWW).

In the silkworm, tetraploid males are by nature
sterile. Experiments such as excision of a corpus
allatum, high temperature-moisture treatment and
starvation were conducted in tetraploid males dur-
ing the b5th larval instar. These stimuli were
effective in producing fertile tetraploid males. Star-
vation for 30 or 51 h of tetraploid males at 60 h of
the 5th larval instar was found to be most effective.
Start of meiosis in the 5th instar larvae was
delayed 60 h in tetraploid males. It is noteworthy
that onset time of meiosis coincided with the most
effective stage to induce fertile tetraploid males.

The F, tetraploids were produced by crossing
tetraploid females and artificially induced fertile
tetraploid males. As to sex chromosome constitu-
tion in the F, tetraploids, ZZZZ males and 2 types
of females, ZZZW and ZZWW, were expected. The
ZZZW females showed quite high mortality at hat-
ching, spinning, pupation and adult emergence. An
even sex chromosome balance may be necessary for
successful morphogenesis.



