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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
morphological character and their sex of F,
triploids
rec : sex-linked recessive gene,
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
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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
No. ZZZ ZZW ZWW  Male (%) *SE
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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

5.07+0.27

ﬁ%@mbén%%@®,¥wﬁAmuﬁmw
YL (ZZHWW)=1:2.60 &% 1, I 5Lkt

éﬁﬁbnt SOBME (2:1) WHEWEEZS
DL, Heterotype Tl 1:7.82 L K& Bk o
726

IhODERID, EEho ZRE#KE TwlO
ZEAEECE, EEho W REHKE ORI
WTEBWDHBEEEZOND, L LRMES, 2 5k
Mz ow»TIE—RAENZ S e, E&EMIN
OREIWCBWTOMEE 1 D1 ST 2L hs,
ZYWHRITRELS 22BN TH B, B
BOBEBTR—SEAND Z & W REEOTEITE
Erixlifibn, ﬂﬁ@%é%*ﬁw@?%%ﬁ@
THRIMEDSE I L 7o R, B —REANREIIC & > TH
mani4 %WM@ﬁ%é%ﬁém7/yA&ﬁk
SIRGIBYARE & 85¥ (R
D. [EHREOIIFIRRREHICEH T D IEEH g

BT OERE

a. ¢ B
HHERROROEBZZFO A LB/NS I &
&, PREEOWENREEBI RN, &5, 4
YR HFET L T 2 88 8D & Rk FlE S
BERTVRY, REOREBRHII n=28 LTEEL
TwbHDD, FROPEEHIKREETHZ I £
SEREAT PEET 2 L RS CHETH B,
KEWIIAAWIL L XEARRAERELTW
Beadk OB h O — AR U 7o BRI RS

BREEEAET 5, KAWAMURA and NINO*® X BR
iR A IO ra ke HE L L
%, 28 5D 2 {F I IEE BRI IR Sk
WIER R R R R L, BB EEOER
Bzl WHREBRBEL BolcledichE Ukt
BENTH S 2 ERBR LI,

PR R DR AR I BRI L DR a8
B rEZONTVS, RERTE, B2 RBER
oMLl 2 TE 2hE S b ERHET S &
EH IR ERAANOBE L ARZE BB WL
THA & 0272 o 7 BRI 4 S O 5t &30 &
DEMRIZ DD THEEL Iz,

b. MR EHE

1) HARE AEBOAGAEEHOM I
ZWH(REFRdmm: - BE  T(Z:W:2) +9W +7,
od/od, p/p), Cre (B —7 NV -F&E, FI:T
(W :2) p%%, p/p, refve), 1FEh (BEFE:
T(W:2)+2 p/p) B X 'Sy (B ¥ %@ :
TW:2)Y, p+7/p+") %, HEcix Twl (7,
BB p/p, w—2/w—2) BV, i, ¥
BRELUTEERKDO red (B, KU :p3/p5,
ve/ve) M Twl FEOTHEEEEH Iz,

2) SRHEREREEAERDOIER | 22 h o iEE
B OETE 2T, SET2EML L IX 96
FlciE s MAWK (#5 ./ — )V EEE=3:1 TH
E L, —200CRBRF LTz, BEMEERIT TAKAGT?Y
DHEWRE - TIER L 72,

c. & E

FERHFE L THW rwred x Twl) HEEED
DNl 28 3 & TR Th > - izt L
T, BRPEREC ISIEAIRR OB EAT A 1 DIFEEL T2
(K3, &/, 4 DORMERME IR S I 2IEEHD
Bt OB, 1, REFEORFRL v —7
iz r 5185, 2. ROEBORECN— THEE &
%Ji’ﬁ:u 3. RO HRIBTICV— TSR L %

BED 374 Fikplani: (K4),

d. & =

EERHKRED & i OIEERO R a2 4 F
HoORERHEEACcEHEZ IR (B3) 2e»s
Z ORI OB WERS S Z Jetulk, L — FHEE R
ERT2EVWEROENSWREAKTHL LEZ S
N, RERKOIME CRERERBEE TS
LT ESHEMER 5T,

AP TRGTZREREZ T b8 2 ko



64 LI EAREEEISGOE Bl % H15

—IRS W REBERABEEL WL DETCHOD
T, ZWIL D 2 2 512 Z BBk D—ERHS W 3L fd
BEAIEHBL T3, EERE Sy Z BT 2EEHRAL
&, W A ORRERS THY, Cre TIZ W Hf
EORIGERCHRESR Z - 7o, 3 5 FDOERER
2 SIRESE I > TB Y, ZWIL T3E2 & Z
ROARDZNFNORICIREL /2% 2 &P EE
FRafEc DSz s nNTwa (B4, AT
TH S 78 o 70 ZW FrEfisd O v — 7 i 31

EAESZ AT, BLWBIAT 2. ThbHH, ZWII
FREDOHBMD S D EIEHCEEST25 473 D
GHER Lol DI L IEEHMOE NI LB L
EZ o5,

AEBESUT CORBRLY, 4 BEORER
4 EAHERC B 5 Twl B3RO Z REERCT 2
W BEmk DN EE & 12 Cre<ZWII<Sy<E D
IBTH 2, Avic 4 Sl 4 EHThHdd
5 2KD W REKIIFA—TH %, ZWI 25 < 3HE
OZWHF TR b FERBTIECLEDL ST
Cre OFEFAIEEEGEIETE I Lo 5, R

AR ORE L WHREEDT 7 4 =F 4 — L DG
FEWEEZ SRS, Lol, 52 REEOEES
QEEE T TR I oz H I 2MBEOE 2 RaufEn
WML Twa Cre® 52 & ZHREEAED2HE
OO W PRERIZEEL T\ s ZWIRH
EEWTHEEIRERE VI L id, TR ak s
DESPEENT 7 4 =5 4 —CBEER2KIZLTY
DHJREMERI L T 5,
E. [REHEERE Sy) 2AVERERSLUER

BRI OMEREEN & OB EIRET

a.fr B

RKEBLRZL PR CBWTRETFOSED S
E &Nz 4 BRI R E AT & OB e
WIS PZT A2 R ENE L TEREED T,
REDEZBWTRERKOIFEMBRAKT
IW RO BRETED BB ML kol
23, 4 fEEMEOMEREEATE ZW+ZW O ZZ+
WW BEET 5, AEBR T 4 BEOEERKO S
TZOEOEEL, FaRIERS Ll Sy RiR
PRV, EEME & - CHRL - ERSRERNEE

F3 BERECBT2ESOECA~T$F T V0 28 bt
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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Fig. 8 The eggs produced in the triploid ovaries
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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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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1 : 1
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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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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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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
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Fig. 13 The relation of the number of Z with the
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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
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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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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




86 IEERFRFNMGLE Hi1E B15
(3)
o o 100 —
%
(%) o T
o
30l O o o .
o ? 0& l K
L]
20 |~ © Fertility T o ©° 50 E
.4? O Survival rate l % l E
b=t =
- ‘ [e2]
S 10 0o®e td
0 + I l | I I
* 4
® 12 24 36 48 60 72
_10 Time after start of starvation (2)

18 #EMES T 4 FEROZEREEFEROHES

Fig. 18 Fertility and survival rate of starved tetraploid males
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B—ZBAE TR, 4S5OSR % Cre lif L O
ERXMW L > TITo7, rwin & 4 {EHEHET X
NlzrwinE L ORI Lo TR 4E&H 257

(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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V-0d V-1d V-2d V-3d V-4d V-5d V-6d spinnig
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%,
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FROTRNOIN—F L b 0%’ THoTz DI
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2, T DOERZ D Tild, FANKHAUSER and
GRIFFITHSY i L D Ra iz, G—HlaEic kv
HEAE N Tz, £ 255, KAWAMURA 1, &
TV A RO KB W BREaE oK BRFTH
LI A RPSEEE T (Bsd) WXE a8 h 2 L #HIEL
Feo Esd BETFOBEEERER T 7012, 218D 3
BRI (ZZW & ZWW) OBl 4 X% 4 Rz DWW
THELLER, wihd ZWW i3 KRBT ETL
722 ed 5 Esd DIFESRHLpE R oz, KiZ, &
DEGTFORBLWERHIC L > CHET 2700
W, 3R BWT ZWW JI#E % ZZW {#ik~ A
T BEBRETol, F2, 2R MW T Esd &E
FOLEOHEANDEERRERTH 5 Ge T
L IEF IR & OM AR 1T - /oo T ORER,
FTARCOBHEINR I, TRy A XEFLUKE S
DB E NIz Z L5 5, Esd @EF kIS
DIERRBEICEEINL I LR KEETLIEED
2, ZHREBEE L Esd BETIRBEVWTH W
RiR FICHEMT S L & ERBREI EELSR
72. 20-Hydroxyecdysone O X EHR 513, WiEFHE
BHZOIY 4 X2 REML a2 2 eIz EnT
W53 F e, Ge R 25D EIFORIR %
HobT I bd, Esd DFEBE2X 5 BRT 572
DRz I7VATuA RhrvEreBEER #n
vitro THRET 2HLERH 5, ZW sHigmE—, DB
BN E X TEL s, A7V ool
V—F =R —F -y 2R Ak &
EVE X b EdBETOr0—= v I BNERAD
BETHD,
REIRRMCELET 282 pggoH T, HIE
IZFED s 2 HBEREEED 1 DOEBERHEZHE
efafbiER 0 B2 2 E8HMc g U, EEERE
iz OFEMCED 5 ¥, ZW(2n) =ZWW (3n)
<ZZW (3n) =ZZWW (4n) <ZZZW (4n) OFEFRLBTE
ELRZ s ZEROELCHEBY A X RRES
LREBTCTOREVHS LR, JORETFE
IR E v 4 AR EHEG T (Pgd ; Polygonal pat-
tern size determining gene) L &% L7z, I DS
Fix, Esd 25| THRani 2 BHOREE
BFTHB s, KIRK (TG) LEEREK
(rw) O 4 {547 & N 2 SOOIy 1 X L EEH
BAFELHZOBFRIC OO THRE 21T o7, Y
4 OV T rw2n<rwin=TG2n<TG4n D
BOSER 5h, Esd BETO#INMZ > TRy A X

Lz, 72, IRHEEEEIT rw2n=TG2n<
rwin=TGin D & 3> W Z RO - HEmE &
DRI IEDLBIBEFRMRTED Sz, £z, 4 fEEH L
IfEREr OB I->TEHEoh Rk F 4E&0
ZIWW & Z7ZZW Qv 4 X L B ER O LK T
13, ZW=ZZZW<ZZWW (% A X), ZW<
ZZWW <ZZZIW (FEmR) OBIRIFED sz,
INBDT EHS, Esd & Pgd ZFhFhMcT LT
B Z EBSHE S v & e o T2, B 20-Hydroxyec-
dysone D KERS L, iV 4 X & L HEEED
WALFHEET 23, 2 >OHEBETHSHIL TH
BT 5L a2EET 5L, 20-Hydroxyecdysone 1
HERTFORREZEEL TV AEENEL >N
%,

EREOMREAEDACEH LR ICBNTT
T, 2EEORL IHEBEBETFLIRAEShIZ L
5, EVICIIREL B RNMORERTGTIEET S
ZEbFEZONDE, IN6DEEBTIRIEE LR
BEYRERED A7 6 TBIECEERECEE T3
e hg, FEE, SRORAREENRHE
RSN Tw2 L b ERESBRICERETE S
Zehs, BERTEHCEUZMETHD, B
SR ED AN =X LERHICOTFS TE 2 EFRAH
WMThrFEZLND,

KE A EBHEORANOFETH 2 NENEORBRER
BRO—if & LT, 77 76 HERE, FR—%En
B L MBI X 2RSSR,
5EEIOREL REFHIC B 5 3BEDONIE R T 7z
R, ThZhBGERMC 4 BEREOIEMES
EHTHD PSS ER 0Tz, g, Hegng
X5 8 60 B S He 3 5 30 B b L < i 51
FFERT RO TR b RN 2 EE ¥
L ENTE,

RET 2 ERHEO WSS 2 5 BlLZE R0 & FHR
BN I EBH SN TS5, quiE IR (FAE) i3,
KREOBHGHE P 7u—HA P A—F—IC L VAL
L, 2fERic BT 5 & 6 R BEZ s 2 Bl
(n) i, 4 ST 5 & 6 BEffic ik e (BEan 7,
54 IR O 5 5 60 BRI %5 - THIS TR (2n)
BTELIEERARNIELT,

FBERZBOWTRABD»S 5B NORFEDOO 121
2 HEIOYEMFHIR 4IR) BRETHY, 2 ORI
BREBCH 5, FE 4 EHRBIOSL TR b 3IEMC
MR EES Y 5 I LTS R ERIAS 5 &



94 IEERERFHMACEE #2118 B1F

60 B Ch o7z 2 L &, FEME (2n) MRS hik
D BEHAS—BT 5 2 & BIEEICERE D, F7z,
AR 2 (b & 7o ER» S 30 B & 51 B
20D —IBAD ORI LI, BRI DHEE
DEEE N B EBRSOFEERE THER B,

ANBENCIE 2 S S B 4 S & 4 5K
BREL T, F 45528, R adiilceT
b BEROEEL Y, ZZZW it ix ZZZ7 %
ZZWW M & b U T, B THRTERSE N I L4
B oo 5Tz, FEURRI, Bb, bk, LS
I UPHE & v o e ERER & TN RN RIS 0 4 FRY
TERKE OEHE BT 22 s, Mok
R E s DEICITO N 58 E TR 2B
H5HZ IS,

KEBEAROE —SHEIHC BT 2 5% TR
BEINTWREET ) v VN6 EETIE, 418
KT 2EREREN B, Ihs i3S TERadThs
EEZHNTVWEY, BENETRSIFAETHS Fi4
EECBWT ZZZW DO A DFEEERE D, 4
ERCERESNEROET ) v ONZ TH 2B
HEHLRET 2 HDTH S, KAWAMURA® 13K
WAL & o TR L RREREE Y1 7B 0n
T3 L ORBETCIEFORERE NS
o T FREHRAEROTGE IR T b, Bl

BTV IBZTHDERET 5 L, HROEBR

ORYEIE OV ZR kOB E 2EES Y 2
ZEBRTERLO»DHNIE G,
RBWBOWTIHE, 350 U EDOBEL B RRETERM
BEET S, EEREGFOEREEPHNILZ DD
FRO1 D L TEREROFEIET oD, &
BARDTERL S 2 fEER 2 H15 72 0 D BB & U THE
WTESITH L. HI2E, 2 fERTESROI L 2L
TRFEOONTVLABEELHE BRI, 4 E5F0
AEOEREZFABTTLILT, FOF— LB HR
H—BRuli¥i, 581, hsDBHRELL
KWLTHFVINEBOTIRZEIEBTE S E
Wt ABKERBEE R D, REGREOENRT
B & iz S Il Befd 2z & Ui MBI R &
BFVIVTEHT 3 Z EBEGIRR RSN
LTHRLEERSED—DTHSEI,

i =

(BB & - CERRE L 72 4 5l (ZZWW) i
HFUELEEEF RO 4EED 2 HEMS L T

B3 B ZZ2 e & W ZZW & ZWW D
2 BEOEREHEER R > L ENTEEL 2, i
HUBE I L D HBIBEETH o7 ZWW 2 D
Tk 1 BN OEEESIER D% < 1.5%Hi#ki
EEE o7,

SEEDOMEROBFERO 3 5513 2 S55H» 5%
FZEEFE2ZIR->TWADT, 4 EEHEORE
FiX 72, ZW B LU WW 3R E M- L E LS h
%, STEEOEERMS & UM 4 EORM: R 4 5
M fEERE 2 R L CH SN, 3 EERO MY
BER OS5, 4 S0 B MR EE
OREGESEEE Lz, ZOFER, WTFhoFEE
BZEIBLIUWEWORTONEHENZ &
WHTOEE LD %L, 7 Laid&idiThbh
TWwigholz, HPREKRONEBIMEITIER R &
DYRURK B THELL, BERBADORE L
DEERISRE S Llz,

BERFED [1FEh] PRVWEZERCBWT, &
BRI & - THE S Wz 4 5 ZZWW) otk
et 5B, RSERREEEKO 4 54
(Homotype) L b b REBEMZEHNK D 4 E
(Heterotype) KB WTHEHETH o7, TOEES
MBS ANCERE Y 27 0, RUEEBRRK Sy) ©
B2 NHMET TREZS h 3 ERAaESOHE
((ZZ+WW) : ZW+ZW)) 2HRE LI L Z 3,
Homotype ©2.1:3.4TdHocDwxt L T,
Heterotype Tt 1:8 £#74.9 &% OZERMOHIN
PRED 5Nz,

RIRALENC k- TRt a 7 4 SR 2 ikl
ERHL TE SR 3 FHETHROINY 1 X %27
BHLcE I, ZZWMTRIEERIIZRBET 31E
WY A XPEETLEORNL T ZWW iETIRA
BN E iz 2 & s, W BREHE Y4 X
PHET BEEF (Esd: Egg size determining
gene) BIEET 3 Z & BHER L, Esd BETOFR
HERET 5701 ZWW IIE 2 ZZW @k ic B
S % L ERIC Bsd MR T L A—DREEFERD
EEZO5ND Ge B L EERBEICB T 2HED
N 1T > 7o Z OFEE, BHEMECIEAREE
BCY A XOIHBFRE N, Esd BEETIENEE
WHEIND L ERSERT o e ho
72o

REOIBRERICRD S 2 EEPEEED 12
DOHIEEH E L B HERERER 2 ET 2 15,



VR ERRAE I & DR L e REERAOREFENS & BRI T 5% 95

SMBEEICDOWT 2 Bk L DB RIT - 7o BRI
Bt Eb o4 ZW (2n) =ZWW (3n) <ZZW (3n)
=ZZWW (4n) <ZZZW (4n) DMETH > 1= Z L5,
ZHREE L Ed it 0 BEHOKERFOERE
ZEBL, WRHEEY 1 ARE#EF (Pod:
Polygonal pattern size determining gene) & fn&
Lize ZOBEEFE Esd L OFBRICHT 28655
HT B0 Ge FiFE (TG) L IEERHE (tw) OfF
BikEFEL, Iy X - EEmEr L - 2
%, BHIF KX rw2n<rwin=TG2n<TG4n @ B {%
0, BF I rw2n=TG2n <rwin=TG4n ORI
TELIZZ DS, Esd BinT L Ped BTt h
FRMTUTHBRL T3 I EBSHS LI R T2,
BH, CEBEOMTAERER TR D 4RI

(ZZZW L ZZWW) B 2EHEOHAT BT
b, 94 i3 ZW=2ZZZW<ZZWW, #8841
R iF ZW<ZZWW<ZZZW OBESFEE L2 2
o b, WMEOHMIIHSHEE S N,

R 4 5 (ZZ22) OO ER2T/ET 2
EWT, 4 fSEHEOEMEEE ST U 7R, 58
Wuesir27 7 7R 0kE SR-SEOLES X
UHBNBERENTH S Z LRI N BT, 5 &
HOMBIENNR TH -7 2 L5, 415kE#
DOEMERCET AMRLEORHEEGERFHEL
T, 5 60 Bl o 0 30 BfiilZe & Nz 51 MR
DHEBNENELTHE I EBHE L ER 52, K
T A EREONTEIERE FORKRERICERT 2
7, AIRCBERMEOBESEEES TS 2 L
FOFERE B2 LBRTREE iz,

SBT3 7 7 R RIkRE, BiR—%BAL
HBLUHEAENEZEL T, B2 EEEER 415
Rl BRI & - TR Lz 4 S5 - O
W2d o7, F 4 BB E SN, F 4 BHEOLEER
PHROAER L CRAE LA, 7777
ZZWW M HART ZZZW HEPRE L { WX
BRUT. ZZZW JEDIET R, Wb, Hok, {bi@
BIXUPMEEHE LS LA TS5, BNER
BOZECEE T 4 BEF ORI MR aEERD
NI YA LA SHOBENSD B I L IRRE N,

i 3
AR RAT O Chi D, HiEER s CHEhE %
Bx, 5FmXOHERM%ZE-> :ItEERF R
FHIGAS T B RERE AR ER B

LU ETET,

/e, AIFREZ LD DB OVTHEE LK
"X DA R D £ Ul dtEEEAEEEEERE
RFHFEBIR A IEBE L, RS TR
= FEKRE L, RS TR SRS
AL ERH LT,

KR EZETT B2 H 2D AT b - THIE
&, HEEER L OEY S HEE RTEX £ UcduEE
K BA TR AR T AL R Fe e P S L,
FIGAS TR EFHENFRFE—EL, BEY
REAFAVEMEENINEFEL, RFECEEL
T RBERAREERFKO—HEFET 3 E LA
REZELRIHBEFETCLL DEBEL ETE
£ )

BRI BT 2 RBRET LHELO R 2E:
72, AFERERETNBEESERTREREER,
FEEEILHE{REK, FTREHMTREK, HXERE
BEEYFEL BET U IUNEE - &FkE, [
GRS FRAYEERZLEHPETE, HEERY
Bede, ZERMZ LI VELEL ETE T,

5| A X &k

1) R A REIZROMMESICOWT(I), HE
R, 26 : 335-340, 1957

2) BEANE: RRCBU3HEMEEY R T —RAE
R, 11 499-207, 1943

3) AsTAURrOV, B.L.: Experimental alternation of
the developmental cytogenetic mechanisms in
mulberry silkworm : Artificial parthenogenesis,
polyploidy, gynogenesis and androgenesis. Adv.
in Morphogenesis, 6 : 199-275, 1967

4) AsTAUROV, B.L.: Polyploidy in animals. Ann.
Rev. Genet., 3: 99-125, 1969

5) Doira, H.: Linkage maps of Bombyx mori-Sta-
tus quo in 1983. Sericologia, 23: 245-269, 1983

6) LHRE-KE BREELE: B 2/MNBHOEEZHN
Wree, HE#E, 43 369-372, 1974

7) FANKHAUSER, G.: Polyploid in salamander,

Eurycea bislineata. J. Hered., 30: 379-388, 1939

FANKHAUSER, G. and GRIFFITHS, R. B.: Induc-

tion of triploidy and haploidy in the newt,

8

=

Triturus vividescens, by cold treatment of un-
segmented eggs. Proc. Nat. Acad. Sci. U.S. A,
25 : 233-238, 1939

HwIE-m0 &5 &2-RRRA-HERS:
AAIRBYTLZEPIMOIEE, H®RH, 62: 286-

(<]
=



96

HBERE B ACE H21E F1E

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

20)

21

~

22

~

23)

24

fuws

25)

291, 1993

Fukupa, S.: The hormonal mechanism of lar-
val moulting and metamorphosis in the silk-
worm. J. Fac. Sci. Tokyo
6: 477-532, 1944
BRER: BOT 7704 NEOEGRIFZE, &
2A#R, 8: 359-381, 1933

BAER : FEOT b7 7oA FEOBEGEE, 10,
FrI T4 FHECRY 2 ZREEROTE, R
¥, 8: 515-523, 1934

BAER: BOT 7704 R8T s 4ak
Oy, TEREY, 3: 1121-1127, 1935
EAERE: mOWUEHEOEEHTTR, V. NEHE
M e —fEMHEE O F, O FEGEN I, AR
10: 365-371, 1941

BAEH: ETEBDO A 2O RN - M,
TARPISE, 20: 11-13, 1957

JREREE : BIND 2V E F IR S R D
H, B, 15: 69-74, 1939

BENEE : R& 3 FEEoEsE, BILELPH, 17:
6, 1992

BNEE: KRB B3 MHOHECE T 255, 8
EZARER, 28: 1-104. 1995

HULTEN, M. and PEARSON, P.L.: Fluorescent
evidence for spermatocytes with two Y chromo-

Imp. Univ. Sec. V.,

somes in an XYY male. Ann. Hum. Genet., 34 :
273-277, 1971

ITo, S.: Cytogenetical studies on the chromo-
somes of silkgland cells of the silkworm with
special reference to the structure and behavior
of the sex chromosomes. Jpn. J. Genet. 52:
327-340, 1977

THERE AMNEIRER - AR A - REOIIROKE
g, I. SISO MHIES, H&=E, 43 379-383,
1974

KaTsuNo, S. and Tamazawa, S.: Studies
on apylene and eupylene spermatozoa in
the the
tetraploid male of the silkworm, Bombyx

male reproductive organ of
mori L. (Lepdoptera: Bombycidae). Appl.
Ent. Zool., 14 : 438-444, 1979

KaTsuNo, S.: Size of polygonal

of the egg-shell

patterns
and facets of the com-
pound eye in the tetraploid silkworm,
Bowmbyx mori. J. Seric. Sci. Jpn., 53: 1-6, 1984
KATSUNO, S.: Surface structure of the egg-
shell in polyploid silkworm, Bombyx mori. J.
Seric. Sci. Jpn., 53: 97-107, 1984

NAKE: BT b7 7a4 PR 2 Juiik

27)

28)

29)

30)

3D

32)

33)

34)

35

Dbl

36)

37

~

38)

OITE), H&EHE, 5: 73-79, 1934

KawacgucHI, E.: Der EinfluB der Einerbehand-
lung mit Zentrifugierung auf die Vererbung bei
dem Seidenspinner. I. Uber experimentelle Aus-
l6sung der polyploiden Mutation. J. Facul. Ho-
kkaido Imp. Univ. Sapporo, 38: 111-133, 1936
NMOsfe: 7 v 7ua4 F&EF, L 2O0WmEL (F
), BEHE, T 93-94, 1936

JNORE: ~F9 7oA FOF (FH) , D&M, 7:
95, 1936

JNEISRAE : BRI O BRFHRE, &M 8: 121-
126, 1937

KawacucHl, E.: Der EinfluB der Einerbehand-
lung mit Zentrifugierung auf die Vererbung bei
dem Seidenspinner. Ill. Beweise fiir die Bezie-
hung der Geschlechts- chromosomen zu den Nu-
kleolen. Cytologia, 9: 88-96, 1938

MNERE: 7 F 2 7o 4 FRERERT 2 REEOS
pPRARN S SR e MREREEHE AEHE 9:
197-200, 1938

wO & &8 IHRREH % v 20
KRR EBBETIC L 2 ERE 2.20- 1 F 2
FYXTSAY VORBREI X BZREINO N AZE
&, IGEIR, 33: 63-68, 1989

KawacucHi, Y., BaANNO, Y., Koga, K., DOIRrRA,
H. and Fujn, H.: Polygonal
shell of giant egg mutant and large eggs in-

patterns on egg-

duced by 20-hydroxyecdysone in Bombyx wmov:.
J. Insect Physiol., 39: 437-443, 1993
KawacucHl, Y., Banno, Y., Koca, K., DoIra,
H. and Fuji, H.: Induction of larger egg by
20-hydroxyecdysone in giant egg mutant
phenotype in the silkworm, Bombyx wmori. J.
Seric. Sci. Jpn., 63: 443-448, 1994

o sy 2-FRnc-EAF m v a00
RINEAEFBEEE T 2ERER 4. KMo
WRRERE, WWEIE, 37: 91-95, 1993
KawacGucHI, Y., BANNO, Y., Koca, K.,
KAwARABATA, T. and Doira, H.: Comparison
of chorion structure of eggs from Bombyx movi,
Bombyx mandarina (Lepidoptera: Bombycidae)
and their first filial generation. Appl. Entomol.
Zool., 31: 407-415, 1996

KawacucHl, Y., Doira, H., BANNO, Y. and
Fujn, H.: Ovary-dependent genetic determina-
tion of the egg shape and the york protein in
the small-egg 2 mutant of Bombyx mori. Ser-
icologia, 30: 489-498, 1990

WO Bk BeEEH E-ROXE: Bl



PR RIRALEI & U B L - RREREOEREN S L CREEERCE T 2R 97

39)

40)

41

~

42)

43)

44)

45)

46)

47)

48

=

49)

50)

51

~

52)

53)

DIEHGETR 2 B 1) B IR O R E L, H
wHE, 54 122-127, 1985

WO & ERF-ERAEEN Bt E: 213k
B BHE2NEHDORH, BEM 57 157-167,
1988

WO BeEpREE - &edERO A HRE
BH W 1 oBINEETORERE, IBE
DFFH, HEHE, 62: 485-488, 1993

KAWAMURA, N.: The early embryonic mitosis
in normal and cooled eggs of the silkworm,
Bombyx mori. J. Morph., 158: 57-72, 1978
Kawamura, N.: Cytological studies on the
mosaic silkworms induced by low temperature
treatment. Chromosoma, 74 : 179-188, 1979
KawaMURra, N.: Polyploidy and size of serosa

nuclei and cells in eggs of the silkworm, Bom-

byx mori. ]J. Seric. Sci. Jpn., 48: 77-85, 1979
KAWAMURA, N.: Induction of hexaploid and
octaploid specimens in the silkworm (Bombyx
mori) by exposing to law temperature. Proc.
Jpn. Acad,, 57: 77-82, 1981

KAwAMURA, N.: Cytological studies on mixo-
ploidy and embryonic development in mosaic
silkworms induced by low temperature treat-
ment. Genetica, 60: 181-190, 1983

KawaMura, N.: The egg size determining
gene, FEsd, is a unique morphological marker
on the W chromosome of Bombyx wmori.
Genetica, 76: 195-201, 1988

KAwWAMURA, N.: Is the egg size determining
gene, Esd, on the W chromosome identical with
the sex-linked giant gene, Ge, in the silkworm ?
Genetica, 81: 205-210, 1990
KAawaAMURA, N.: Male meiosis in polyploid
silkworm, Bombyx mori. L. (Lepidoptera :
Bombycidae). Int. J. Insect Morphol. & Em-
bryol., 23: 311-317, 1994

KAawaMURA, N. and NiiNo, T.: Identification
of the Z-W bivalent in the silkworm, Bombyx
movri. Genetica, 83: 121-123, 1991

KawaMuRa, N., SAHARA, K. and Iizuxa, T.:
Preferential pairing of the sex chromosomes in
the tetraploid silkworms (Bombyx wmori). Her-
editas, 121: 73-78, 1994

KawaMURA, T.: The occurrence of triploid in
the frog. Zool. Mag., 51: 629-632, 1939
AR REER - TAF L REOFRIMELRTO
W g B A5, 21: FIEAE, 199-203, 1971
KinG, R.C. and AkKaIL, H.: Spermatogenesis in

54)

55)

56)

57)

58)

59)

60)

61)

62)

63)

64

=

65)

66

=

67)

Bombyx mori L.1. The canal system joining sis-
ter spermatocytes. J. Morph., 134: 47-56, 1971
MakiNo, S. and OjmMa, Y.: Formation of the
diploid egg nucleus due to suppression of the
second maturation division, induced by refriger-
ation of fertilized eggs of the carp, Cyvprinus
carpio. Cytologia, 13: 55-60, 1943

MULLER, H.J.: Why polyploidy is rarer in ani-
mals than in plants? Am. Nat., 59: 346-353.
1925

MULLER, U.: The human Y
Molecular Genetics of Sex Determination (ed.
S. S. Wachtel), Academic Press, New York,
p206- 224, 1994

EEEAHE: ETERORNOERE M L0 &
T AREBROPI. 1R AR BRI &
BEEERBER - QMR HEH, 16: 20-25, 1947
FrEFEE - HESH MO RFG- BIG 8- 3J1HARR
RMEEEIC S T 2 REEE L RafoRE S, HE
B, 56 240-246, 1987

AFEZE-FHE ¥ RBELHFROIOE-K&
ERUVZDORE, HEH, 18: 263-275, 1943
KEES - HEBE . 71 2 OBENIIRE IR D
FeRAUREE, H%EME, 47 215-220, 1978

KR R - TR R 55 - FARTRIRER : REB OISO RE
S, 1. SROEBAL & 2R R, HEM, 46: 45-
50, 1977

KRR JLREE - RS NS E LA 2
DOIVE W B 2 INRTEER, BhiE, 86 : 168-237, 1977
EHEOB—: 1207 7V EREHGBECB T 2RO
MRS WD WT. BEHE, 45 415-420, 1976
OsHIKI, S. and MOROHOSHI, S.: The control of
growth and development in Bombyx mori. X X.

chromosome.

Neurosecretion of the brain-corpora allata sys-
tem in the trimolters derived from tetramolting
silkworms by temperature and moisture shocks.
Proc. Jpn. Acad., 49: 353-357, 1973
RAsMUSSEN, S. W.: The meiotic prophase in
Bombyx mori females analyzed by three-dimen-
sional reconstructions of synaptonemal com-
plexes. Chromosoma, 54 : 245-293, 1976
Rasmussen, S. W.: Chromosome pairing in
autotetraploid Bombyx males.-Inhibition of
multivalent correction by crossing over- Carls-
berg Res. Commun., 52: 211-242, 1987
RasMUssEN, S. W. and HoLwm, P. B.: Chromo-
some pairing in autotetraploid Bombyx
females.- Mechanism for exclusive bivalent for-
mation. Carlsberg Res. Commun., 44: 101-125,



98

IBERFBEFEHEOORE B0E Ele

68)

69)

70)

71)

72)

73)

74)

75)

76)

77

78)

79

80)

81)

82)

83)

84)

1979

B INET-ROREE . ASHRET 2T
U7z 4 {5 IERR I 8 1 5 ik & o, 2
HE, 59 196-201, 1990

EBEXRR: 7 5 704 FEROEREHEOITE
R 2 BAR VN O KO AETERERCR T O%
=, HEH, 8: 186-193, 1937

HETLE - SHBRE: BIVROMBLIE N T,
HZ&HE, 5. 288-231, 1934

Suzukl, Y. and BrowN, D.D.: Isolation and
identification of the messenger RNA for silk
fibroin from Bombyx wmori. J. Mol. Biol, 63:
409-429, 1972

Takacl, N.: A simple technique to demon-
strate the centromeric ’heterochromatin’ in the
mouse and other animals. Jpn. J. Genet., 46:
361-363, 1971

BIREAR-ER ZE: K)o 4 F L serosa MfED
K& 3 OBAR, BEM, 37: 248, 1968

FR E: BIICB L IZTRGHOKE, [HERL
# (2.5°C~—15°C) I & % androgenesis 8 & U4
4 7 DEFEFE, LRSI, 20 145-152, 1977
RiR E - EIRER . BINO@ESHAEIC & B HK
RO, S BIRT O KBIE & R L oBfR
22w T—IbRBEEIRICE, 10: 272-283, 1977
TANAKA, Y.: Genetic study on the silkworm. J.
Coll. Agric. Tohoku. Imp. Univ., 7: 129-255,
1916

HhRE: ®OEREERTEE B, 15: 359-
361, 1939

AR « JIISRE . ABRIZE: % triploid D&,
JEHE, 7. 186-187, 1932

HETRAER . EOBRFIFC & 285 7% 2 HEHEE
Ak, EEEHE, 12 184-188, 1941

HEHRKS: BOLAKERERCHET 2H3E
1. W §etafd 2 & iR BT 2 758, |k, 12:
109-181, 1944

HEFAKES : X i X 3 BORAEE OIS, &=
R, 2: 26-29, 1948

TaziMa, Y.: Mechanisms of the sex determina-
tion in the silkworm, Bombyx mori. Proc. 9th
Internat. Cong. Genet. Caryogia 6 Suppl., 958-
960, 1954

TaziMa, Y.: “ The Genetics of the silkworm.”
Logos press, London, 1964

TaziMa, Y. and Onuma, A.: Experimental
induction of androgenesis, gynogenesis and
polyploidy in Bombyx mori by treatment of CO,
gas. J. Seric. Sci. Jpn., 36: 286-292, 1967

85) Tovama, K.: Studies on the hybridorogy of
insects. I. On some silkworm crosses with spe-
cial reference to Mendel’s law of heredity. Bull.
Coll. Agri. Tokyo Univ., 7: 259-393, 1906

86) #LUBKE: HEEONRR, BEHFK 158: 4-8,
1906

87) WEITH, A. and TRrRaAUT, W.: Synaptonemal
complexes with associated chromatin in a moth,
Ephestia  kuehniella Z. Chromosoma, 78 : 275-
291, 1980

88) WEITH, A. and TRrRAUT, W.: Synaptonemal
adjustment, non-homologous pairing and non-
pairing of homologous segment in sex chromo-
some mutation of Ephestia kuehniella (Insecta,
Lepidoptera). Chromosoma, 94: 125-131, 1986

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.



