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Studies on the Generation-to-Generation Transmission of Cytoplasmic Polyhedrosis
Virus and the Effect of Their Activation on the Induction in the Next Generation in
the Silkworm, Bombyz mori L.

Jong Sung Lim « Keun Young Kim

Sericultural Experiment Station

SUMMARY

Many of studies on the transovarial transmission of occult virus and their activation
due to various stresses such as cold or heat treatment, chemical feeding, and nutritional
deficiency, etc., in the silkworm, Bombyx mori L. have been made, but any attempts have
been not made to control virus diseases by detection of the occult virus-carried moths in
the production of silkworm egg of hybrids, because of difficulty to detect occult virus in
any stage. ‘

Therefore, it may be worth while to disclose whether a sublethal infection of the moths
from which active virus are detectable, has the same level of induction rate as that of
occult virus activation, thus to apply its results for the reduction of the occurence of
virus diseases in silkworm rearing. For these purposes, the following experiment was
conducted as one of preliminary steps.

In this study, investigations on the generation-to-generation transmission of occult virus
and a sublethal infection, and the role of chromosomal gene of the host, Jam 103 and Jam
104 in the previous generation, and Jam 103 X Jam 103 and Jam 104 X Jam 104 in the
next generation were made for the induction of virus diseases due to the transmitted virus.

The frequency of cytoplasmic polyhedrosis due to the induction in the F; generation was
markedly higher in the cross-batches, & X ® and 4 X ® in which inoculated individuals
were used as female parents than in the cross-batches, & X @ and ¢ X ® in which virus
has been not inoculated or inoculated only to male in the previous generation. The tendency
of increasing rate was observed in any treatments; such as the inoculations of cytoplasmic
polyhedrosis virus (105, 10° 107, and 10%/ml in different concentration of inocula), cold-treat-
ment (5°C, 12hrs or 24hrs), and formalin-feeding treatment (2% or 3%).

The shape'of polyhedra (tetragonal in outline) examined in the F; larvae was identified
as that of the inoculated polyhedra with partial application of immunofluorescent techniques.

These results suggests that the cytoplasmic polyhedrosis virus in B. mori L. are transmitted
to the next generation through the egg, apparently in the occult state. And the experi-
mental results of various cross-batches revealed the egg cytoplasm plays an important part

in the transmission of the occult virus of the cytoplasmic polyhedrosis virus,
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Table I. Cross-pattern of the moths administered
per os in the previous larval stage.

Variety ‘ Cross-pattern
Jam 103

Ex2 eXxXR Sxe exX®
Jam 104

* & .2 ; Healthy male and female moth
4, ® ;male and female moth administered with
hexa-CPV in the previous generation
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22 AR} v AxAgAA Y & 243
4 T, H % T.HY Felz Jd EF7539
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Table 2. Infectivity of the CPV administered per os in the different concentration
Concent- Kinds of Induction
ration Virus & x 2 & x % s x® & x® (5 x ®)
CPV-T 11.0 (36.7%) 11.0 (36.7%)| 4.0 (13.3%)| 1.7 (5.7%) 2.0 (8.0%)
10%/ml CPV-H 0.3 1.0 0.3 (1.0) 3.7 (12.3) 4.7 (15.7) 1.0 4.0
CPV-T.H 4.7 (15.7) 1.7 &7 11.0 (36.7) 11.3 (37.7) 9.0 (36.0)
CPV-T 16.3 (54.3) 18.0 (60.0) 3.3 (11.0 1.0 (3.3 2.0 (8.0)
10%/ml CPV-H 0.3 1.0 0.3 (1.0 3.7 (12.3) 2.7 (9.0) 2.0 (8.0)
CPV-T.H 3.3 (11.0) 3.0 (10.0) 13.3 (44.3) 18.3 (61.0) 9.0 (36.0)
CPV-T 19.0 (63.3) 16.3 (54.3) 4.0 (13.3) 5.3 (17.7) 5.0 (20.0)
107/ml CPV-H 0 0.0) 0.3 1.0 1.3 (4.3) 2.0 (6.7) 3.0 (12.0
CPV-T.H 2.0 (6.7 3.3 (11.0) 20.3 (67.7) 18.3 (61.0D 17.0 (68.0)
CPV-T 19.7 (65.7) 21.7 (72.3) 1.3 4.3 2.0 (6.7) 4.0 (16.0)
108/ml CPV-H 1.0 &3 0 €0.0) 0 o 2.7 (9.0) 1.0 (4.0
CPV-T.H 2.3 (7.7 5.0 (16.7) 27.3 (91.0) 5 23.0 (76.7) 20.0 (80.0)

* 1. Variety; Jam 103

2. Number of larvae; 30 (Induction; 25)

% 23 1% o] gzFe] QoA T-CPV k5o o
& 7+ v g (infective ratio) & 2 A F%F = 105/ml, 108/

ml, 107/ml 2 10%/mle] w2bA 36.79%, 54.3%, 63.3

% 2 65.7%°18, ex2 AdAgAE 36.7%, 60.0%,
54.3% 2 72.3%°19 2oVt S x®A=E 77 13.3%,
11.0%, 13.3% 2 4.3%°lz ¢x*AYE 5.7%, 3.3
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fig 1. Interference between the hexa-CPV admistered
per os in the previous generation and the
tetra-CPV in the next generation.

2.8z H-CPV(occult virus) FE5FLL HR2ToA4
1.0%, 1.0%, 0% 2 3.3%, & x24A 1.0%, 1.0%,
1.0% 2 0% vy Sx2dqAE 12.3%, 12.3%
4.3% R 0%, $x24A 15.7%, 9.0%, 6.7% %
0.0%2A &x2® 2 I¢x2AHqAE FEI FEF
& H-CPV R 5F 23] ¥& 3¢ e i,

agv ol 4o A Agd uE HejA A A A4
AzAGANE AEE F dRer oAl FEd 4
ol 24 AL 5o MR 359 AFSE TCPV
7} Z+7t 8.0%, 8.0%, 20.0% & 16.0%°] 3, H-CPV
E 4.0%, 8.09 12.0% 2 4.0%91 9. =% H.T-CPV
¥ 36.0%, 36.0% 68.0% 2 80.0%2 et (F2)

= HCPV+T.H-CPV %, H-CPV7 e AAE
2 A% 2T} 18.91 $x 27 19.39¢04 s S %
®7} 56.27, &% 27} 57.922.4 2T xR B
& Agoln SxFH $x®e] L AFer o F
Z2EAAE AT Fol7 Yo Frde 4 10°
/mlo} 31.19, 10%/ml ¢] 36.27 107/ml ] 37.08 € 108/
ml o] 46.9524 10°~107/mle] & A FolH = 107/ml
s 103/ml o] & A FIAt. (B 3

Table. 3. Induction due to the CPV administered per
os in the different concentration

ANOVA
S.V. df. | ss. MS. | F
Total | 47 | 22,071.20 |
Replication| 2 64.10 32.05 3.18
A 3 17,293.72 5,764.57 | 572.33%*
Error (A)| 6 60. 43 10.07
B 3 1,410.97 470.32 5. 86%*
AB 9 1,316.53 146.28 1.82
Error (B) | 24 1,925.45 80.23
CV; Main plot; 8.33%
Sub plot ; 23.50%
LSD 5% 1%
Ag-Ay = 3.17 4.80
B.-Bi = 7.55 10.23
AiB-A1By = 15.09 20.46
Main ; %X 2 ex2 Sxe ex®
18.91 19.39 56. 27 57.92
Sub ; 10°/ml  10%/ml 107/ 108/ml
32.19 136.27 37.08 46.95

3. Formalin #2412 Hudol HAAXMEE occult
virus 0] AIE 2

Aol AA&2 3y AN 2% 2L 3% formalin 9

& A4 A F1039 Yeld veEte frd 4
2z x99 5.6%, R 18.9%449 HIFA EX

PE 13.3%, 9 14.4%, S5 X E 56.7%%) 58.9%, &
X 8% 54.4%, 9 58.9%% #A7 Vet (E 4)

Table 4. Induction due to the formalin-feeding (Jam

103) ANOVA
S.V. df. | S.S. M.S. F
Total 23 6,742.70
Replication| 2 120.99 60. 49 0.60
A 3 5,273.64 1,757.88 17. 36%*
Error (A) 6 607.65 101.27
B 1 122.31 122.31 2.31
- AB 3 194.14 64.71 1.22
Error (B) 8 423.98 53.00
Cv. Main plot : 29.15%
Sub plot :21.08%
L.S.D 5% 1%
AA, = 14.22 21.54
Bz"B1 = 6.85 9.97
Ale-A1Bl = 13. 71 19.94
Main plot :
Ex2 eX2 e¢x® Exe®
18.26 21.23 49.77

48.85
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A 1049) YolAE 2% formaline]l & FAL o
Z2F7) 8.4%%4H vl3e Ex2, Exe L $gxOE
13.4%, 40.0%, 2 35.0% 24 S AFL e
At (2 5

Table 5. Induction due to the formalin feeding(Jam104)

ANOVA
sv. |af| ss M.S. F
Total 11 1,420.25
Replication| 2 14.22 7.11 0.15
Treatment| 3 1,113.36 871.12 7.61*
Error 6 292. 67 48.78
CV = 24.83%
LSD (56%)=13.95
Ex2 xR éx® {Oxe
16.60 20476 35.94 39.21

4. HT Al R0 FBRIPE occult virus 0
oz EE

Aol A%F 48770 JAAHGC, 1247 2
24A A A 21039 el A=TA XA
HFE 1247 € 2447 34A 2 17.8%, 2 17.8
%9 2L gl vedd Wdd $xRE 6.7%
9 6.7%, Sx®E 51.1%, 67.8%, &x & 47.8%
4 61.1%% 77 verygeh (R 6)

Table 6. Induction due to the cold-treatment (Jam
103) ANOVA
sV |df | ss MS. | F
Total 23 7,087.21
Replication] 2 122. 42 61.21 0.57
A 3 5,855.19 1,951.73 18. 29%*
Error (A) 6 640. 42 106.74
B 1 88.39 88.55 3.27
AB 3 | 164.20 54.73 2.02
Eror )] 8 | 21043 27.05
CV = Main plot = 30.25%
Sub plot = 15.23%
L.S.D 5% 1%
A-Ay = 14.60 22.1
B-B: = 4.90 7.12
Ale—A1B1 = 9.79 14.25
Main plot.
ex2 &x8 $x® Oxe
13.57 24.59 47.59 50.89

ol e Aol A m Add HFtd AR L=
a 47AsE HCPV o) e e Sx®, 8 $x

27 2T L IR vide] FAH o4& ek
Wsich 1049 ReAXNE 12473 YAAd A7
Ful &L 2T 1.7% A6 HEtd 423 15.0%,
65.0%, % 51.7%% YER. (R 7) 74 = 2103
9 A$AY Ado HEH occult virus 8] ZA3H A
GEEEEBIS)] RA(R)ZEE AdddE AL 4F
sz gl

Table 7. Induction due to the cold-treatment(Jam 104)

ANOVA
SV. |df | ss M.S. F
Total 11 5, 360.35
Replication] 2 210.27 ° 105.13 1.21
Treatment| 3 | 4,626.86 | 1,542.29 | 17.69%*
Error 6 523.22 87.20
CV = 29.40%
L.S.D 5% 1%
18.66 98.26
oxe ex2 axe® oxe
4.31 22.60 45.90  54.22
V.o &

% SlelA
geny 9 w] 3] A

occult virus & bacteriophage 9] lyso-
AEg & o 2 ge 59
HEAEL TEAALY Y40EED HedsElzzy
doJ It Fgolgtz Pzstod occult virus & &
3-89 o} (Yamafuji & Cho, 1947 ; Acqua, 1930 :

Ishimori & Osawa, 1952 : Yamafuji, 1958) A7§ ¥
oA %3 DNA S o & AAG Foo FAG &
4 virus §o] gl e Bx(Yamafuji, et al; 1955)
£ olst 22 e RRATZ vy AgrA oA
2 virus 7} DNase & RAdl 3t 44 A AGRERET )
A AF=EE Ae degde g, F Az
DNA 7} mzd] S84 £457 A& protease d
a4 gy de] AAFHeoF stk ek, way &
Wy Aol gt =AW protease 9 activity & 2=
7 o) 2} 3+ v (Yamafuii: 1958). =2&d 24 9} virus
Y Ao A= protease 9 deoxyribonuclease 7} &4 s}
(Yamafuji; 1956, 1957) °] § 7] &3] DNase &
A% FF2ANY 278 F 1247 Bed pro-
tease 9 activity & Feldtz 2x® wl g, =g
virus ¢ Ao cbA 9 [ m e o) 2] H4Y  activity
T AAZ 2-59 Ak, o] FAY x4t 2 HH=
BotAd fFzAd A& Aol oh2AA L virus of
A& Aot FAst ol E activity 7 WA 4H A
214 49 alikali ¥k-3-e| 4 2 actvity 7} 7]-75} 2 As



2 oAL o 249 xL£E AWsE AR G

o Aol F4g . 2 olgze 74
3t AR EL A virus ¢ Aol A DNase &
AW 4 glglen] (Faulbner & Bergold, 1957) %&
59 shgoEe AR FEHIA4L LA
gkkz Badt vl ¢l vh. (Steinhaus, 1960, Krieg; 1955,
Bird 1955) =8 ZFo 114 L3 4ol % bacterio-
phage | lysogenic virus ¢+ 22 occult virus 9 Z7
£ 238%E Aok, wtok occult virus 7F EAHFR ¢
E QAT grldA AZE FAE & F A o
WE fRedddE FRd4e 29T den
(Krieg, 1958), Yamafuji 9] “Artificial virus formation
thesis”& 332 F f& Al kA £ virus
We $3d AL occult virus 7F FAFHE A
Azg F2 oj50 AFA2Y A% A% AL <
FE2 AEFH Aol
H-CPVQA0/mDE 537 do AFAZse] dophde
AP EHRIO 9AE Rl A BE occult virus ¥ A
Y3 9+ AR o= sublethal infection Aefe]
£ A Gl AL o7 ¢ dolvt v delA
AAGA ZA 7 FAHA g2 AL AAR LA
2 249 AL A A4t FEGddG. gl 4
H§ ugl 2 " milzFA9 FR(RE) 5ol
occult virus & AL Fo¥ FHadel 29
X 3 % (Shoichi Yokokama, 1960, 1963) & 2z ¥ o
olEd #ATFIL i HAA 7+ 8 Al
‘occult virus §} ¥4 virus &9 #AAE <47l 3o
24 virus 24 T-CPV & 10°/ml, 108/ml, 107/ml 2
108/ml 8] =224 474 B3F45F% A4 HCPV LT
H-CPV o] #4u 2L dzTd SxLd viztd Ex2
9 X7 B AL 94 FHs 4F Aoz 4
2 8o, occult viruss) A% SX L, ¢xX R, Ex2F
Sx A A (ERE, £47 3 ERERIL
)9 23 ¢ (RHEHER) G ol & AT 5 gdd A
£ gceult viras7h o A9 g3t Ao] A e A 3leR G
EdE AL A Rog A4Ad. 28y Fa
2 AFREY ASdd 449 FE, 949 €5, IA
AZe A2k A4 AF9 AF, HIZA 224 2
4 YdFnge A ge] LEM(LERE 554
ojAe] A AxAdY 45 FAYA A FA5
=] A 2 z7 (cytoplasmic condition)o] &t} o &&
weche B 3 (Hisao Aruga & Eiichi Nagashima; 1962)
£ g dz Y. =% occult virus & FEGE T4
virus 8 #@AlG JAAE FEFE}F FEFF occult
virus 9 434 Jol Az = AL Felde 4
el =

&
RS

82 of wiE T

z Az 84 virusd T-CPVE 107/mlol A< 73
eug 2 EEt 2o ASd $Hee ol & A
och. Wt BBG AL, AFAFY AzAGAA
occult virus o 43 & A4 grdd & o2& ¥
a4 2 Aot A4 7Y Fol A5E T HAAE 1
A7d 2 2479 L A3 £ 9E Aol

formalin ¥ 4o & $2 4L ¢7 A% 2% ¢

. 3% formalin-g 3 %7 de] FolF3d AT A5

279 Sx Qo v Sx® W X2 EXQ B
dr e $ddae dehd AL olgze FEd%
o] catalase activity (oxime metabolism o] ZAH )
9% Aol Yamafuji 9 7Hdo) A ¥ gdes A
£ utEse 938 occult virus & ARATL £33
B} Aot WAA J% A= formalin
A9 AL e AL YEidch £ AYAA F
A% o] B2 31035 210479 occult virus B4 Shu]

o Wt wlaldE 2 APTFEIF o] old o

2 $4e BAsdgen 254 oo A% 45T A
993 g

V.8 =

1. 84 virus T-CPV o} o918 $234& 2103 &
2104 o= Aol Sx® 2 dx AL} EheH,
AZFE QA Sx2 2 $x2eA=g HCPV RS
$3E 4 10Y/ml oA F& AT e

2. Formalin A4¢] 9& 342 #2103 2 3104
o Aol Sx® W x5 EL Ao glrh

3. 3394 9% 28 FAA% formalin 4
A4 2e Aol gt EE, FAH o F
FRAgAAge]l FodHE AL Add FFL occult
virus 7} E43@GE Aold 4A4E & Jovt 2
wel Ak g4 occult virus & FAHE F34,4
g4 g #3744 447 295¢ A4E ¢ 9+

webd AAAY AL IF FEAAgA AFRA
¢ AuaE A 5=, AdAede e 4
A5¢ g oF & Aol

2 AZAFN A 2ed occult virus 7k oo} F A
gso] AA%FE Ftacled #ekd #FASEE AL &
wattt. =l AEAA occult virus & Fobd £ ¢
e AA4EEE 2 AgAd g &A=
25, webd AE2 AstE gAeA oeccult
virus 9] G5 B 4 9 WP active virus 7}
AzHEe Iy (ARIE Aoz e F¢2 A3
ARE deok & Aok A7A =d gk e A
& occult virus 3 A 23 sublethal infection o] 4%
AdAgs Heolga Aol

—90 =
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