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SUMMARY

The pathogenicity of hexagonal and tetragonal cytoplasmic polyhedron virus to one of present leading
silkworm varieties, Jam 103xJam 104, and its parents, Jam 103 and Jam 104, was investigated. The
activation of occult virus by oral inoculation of foreign virus as well as the interference phenomena
between the activated and inoculated cytoplasmic polyhedron viruses was observed and the results obtained
are as follows.

1. The pathogenicity of cytoplasmic polyhedrosis viruses.

1) There was a high significant difference in the pathogenicity of hexagonal polyhedron virus between
the hybrid and its parents showing the lowest infection rate in the hybrid (Jam 103xJam 104), medium
infection rate in the Japanese line (Jam 103) and the highest infection rate in the Chinese line (Jam
104). In the pathogenicity of tetragonal polyhedron virus, a significant difference was observed only between
the hybrid (Jam 103xJam 104) and the Chinese line (Jam 104) by showing a higher infection rate in the
Chinese line than in the hybrid.

2) The pathogenicity of both hexagonal and tetragonal polyhedron viruses showed a high significant
differenence in different silkworm instars inoculated by showing a higher infection rate at the second instar
than at the fourth instar.

3) The pathogenicity of both hexagonal and tetragonal polyhedron viruses was increased as the concen-
tration of viruses inoculated increased.

2. The phenomena of induction and interference by oral inoculation of foreign virus.

1) The induction rate of cytoplasmic polyhedrosis virus was higher in the parents than in the hybrid.
In the parents. a higher rate in the Chinese line than in the Japanese line was observed.

2) The effect of inoculation at different instars on the induction was studied and the induction rate was
higher at the second instar inoculated than at the fourth instar inoculated.

3) The degree of activation of hexagonal polyhedron virus with inoculation of tetragonal polyhedron
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virus was very high when a lower concentration of virus was inoculated and it was very low when a
higher concentration of virus was inoculated.

4) The degree of activation of tetragonal polyhedron virus with inoculation of hexagonal polyhedron
virus was very low when a lower concentration of virus was inoculated and it was not observed when a
higher concentration of virus was inoculated.

5) The mixed infection rate with hexagonal and tetragonal polyhedron viruses was higher at the second
instar inoculated than at the fourth instar inoculated.

6) It was observed that the secondary hexagonal polyhedron virus activated interfered with the primary
tetragonal polyhedron virus inoculated when the inoculated concentration of the primary virus is low and
the -primary virus inoculated interfered with the secondary virus activated when the inoculated concentra-

tion of the primary virus is high.
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Table 1. Mortality of Cyvtoplasmic Polyhedrosis Virus (with Hexagonal Outline) in 2nd and
4th Instar Larvae of Silkworm (Parents and Their Hybrid) Infected per Os with
Mulberry Leaves Smeared with Different Concentrations of Cytoplasmic Polyhedra
Suspended in Distilled Water.

, Mortality (%)
c et | Repli- T e TS X
oncentration : cation l Jam103 Jam104 am103XJam104
» } 2nd Instar { 4th Instar | 2nd Instar | 4th Instar i 2nd Instar | 4th Instar

1 100 { 10.0 6.7 - 10,0 10.0 100
4. 2% 104/ml 2+ 167 ' 10.0 26.7  13.3 10.0 6.7
3 20.0 | 6.7 13.3  ©  26.7 923.3 10.0
Aver. 15.6 8.9 18.9 16.7 14.4 8.9
i 50.0 ; 26.7 43.3 16.7 2.7 16.7
4.2 105/ml 2 2.7 23.3 60.0 40.0 13.3 20.0
3 36.7 33.3 53.3 36.7 26.7 | 16.7
Aver.  37.8 | 27.8 52.2 a1 - 222 o178
1 ’[ 60. 0 'l 53.3 66.7 | 56.7 33.3 33.3
4.2 105/ml 2.0 600 500 80.0 .  60.0 33.3 50.0
30 633 1 433 3.3 467 3.3 30.0
Aver.| 6L1 489 , 733 | 544 13.3 37.8
1 80.0 63.3 80.0 76.7 80.0 63.3
423 107/ml 2 73.3 76.7 86.7 73.3 73.3 66.7
3 83.3 70.0 83.3 70.0 70.0 60.0
Aver 78.9 70.0 83.3 73.3 74.4 63. 3
1 100 90.0 100 93.3 100 80.0
4. 2% 10%/ml 9 93.3 96.7 96.7 100 86.7 86.7
3 90.0 90.0 100 100 80.0 93.3
Aver 944 92.2 98.9 97.8 8.9 867

Rearing Season : Summer in 1975.
No. of tested Larvae : 30 Larvae per each Replication

ANOVA
Sources | DF | ss MS ! F

Total | 89 | 3918623
Replication ! 2 ’ 3.04 1.52 0.08
A (Variety) | 2 | 1883.56 941.78 49. 95%*
Error(A) 4 :; 75.42 18.86
B(Instar) 1 “ 647.27 647.27 23, (1**
AB 2 | 7.47 3.73 0.13
Error(B) 6 ! 168.79 28.13
C(Concentration) 4 34376.86 8594. 22 268. 68**
AC 8 367.47 45.93 1. 44
BC 4 43.18 10.80 0.34
ABC 8 77.81 9.73 0.30
Error(C) J 48 ; 1535. 37 31.99
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Fig. 1. Concentration-mortality response of parent,
Jam 103, to oral administration of CPV
(hexagonal outline} at 2nd and 4th instar.
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Fig.3. Concentration-mortality response of hybrid,
Jam103x Jam104, to oral administration of
CPV (hexagonal outine)at 2nd and 4th instar.
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Fig. 2. Concentration-mortality response of parent,
Jam 104, to oral administration of CPV
(hexagonal outline) at 2nd and 4th instar.
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Fig. 4. Concentration-mortality response of parents
and their hybrid (Jam 103, Jam 104 and
Jam 103xJam 104} to oral administration
of CPV (hexagonal outline) at 2nd instar.
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BfEo] 7L KiEo)lx ZEES FREMAE FF Fig. 5. Concentration-mortality response of parents
#o| AUeh. and their hybrid(Jam 103, Jam 104 and Jam

. 103 % Jam 104) to oral administration of CPV
Ao =] 710!
Rl lelde & @il GRel 2RER (hexagonal outline) at 4nd instar.

Table 2. Mortality of Cytoplasmic Polvhedrosis Virus (with Tetragonal Outline} in 2nd and
4th Instar Larvae of Silkworm (Parents and Their Hybrid) Infected per Os with
Mulberry Leaves Smeared with Different Concentrations of Cytoplasmic Polyhedra
Suspended in Distilled Water.

; Mortality (%)
Concentration 1&2&1(:;:1 Jam103 Jam104 Jam103XJam104

' ond Instar ( 4th Instar | 2nd Instar | 4th Instar 2nd Instar | 4th Instar

1| 13 | 67 40.0 20.0 100 | 133

toxi0tml 2 6.7 | 6.7 23.3 13.3 10.0 10.0

3 16.7 i 16.7 30.0 10.0 6.7 | 6.7

Aver. 156 | 10.0 31.1 14.4 8.9 | 10.0

1 30.0 16.7 40.0 43.3 | 16.7 13.3

4 2% 105/ml 2 16.7 2.7 50.0 33.3 13.3 16.7

3 40.0 23.3 40.0 26.7 33.3 20.0

Aver. 28.9 922.2 43.3 34. 4 21.1 16.7

1! 533 6.7 | 667 | 567 ' 367 | 233

4.2%10%/ml 2 . 46.7 3.3 56.7 L 433 400 . 300

31 60.0 36.7 . 60.0 | 50.0 . 30.0 | 333

Aver.;  53.3 389 . 6.1 | 5.0 | 356 289

1] 633 63.3 73.3 ] 73.3 63.3 | 46.7

4 2%10/ml 2 60.0 | 60.0 80.0 66.7 60.0 66.7

3 66.7 66.7 86.7 80.0 60.0 60. 0

Aver. 63.3 63.3 80.0 73.3 61.1 57.8

| 1| w3 ' 9.0 100 96.7 9.0 £6.7

4 2% 10%/ml 2 90. 0 90. 0 96.7 9.0 100 100

’ 3 96.7 ‘ 93.3 90.0 9.7 | 83.3 93.3

Aver.| .3 | oLl %.6 o4 | 9Ll 9.3

Rearing Season : Summer in 1975.
No. of tested Larvae : 30 Lervae per each Replication
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ANOVA

Sources DF SS MS F
’i“ otal 89 26963. 89
Replication 2 9.71 4.86 0.05
A(Variety) 2 1513.91 756. 96 7.63%
Error(A) 4 396. 97 99.24
B(Instar) 1 391.25 391.25 22. 66™*
AB 2 107. 14 53. 57 3.10
E:ror(B) 6 103. 61 17.27
C {Concentration) 4 32837.22 8209. 31 344, 10%%
AC 8 331.47 41.43 1.74
B 4 62. 37 15.59 ; 0.65
ABC 8 65. 10 8. 14 f 0.34
Error(C) 48 1145.15 23.86 |
Factor(A) Factor(B) Factor {C)

CV(%) 21.89790 9.13429 10. 73637

L S D 5% 1%

AZ2 - Al 7.14 11. 84

BZ - Bl 2.14 3.25

cz - C1 3.27 4.37

A1B2-A1B1 3.71 2.62

A1C2-A1C1 5.67 7.56

B1C2-B1C1 4.63 6.18

A1B1C2-A1IB1C! 8.02 10.70

701
> $2nd
= 6.0 7 “4th
2 390/l (L)~ = €

IV P
N Z % 770007m] (L)
2
& 4o

30

4.6 5.6 6.6 7.6 8.6
Log Concentration
‘ig. 6. Concentration-mortality response of parent,

Jam103, to oral administration of CPV
(tetragonal outline) at 2nd and 4th instar.

S ol F Aol = B #HEM:e] AL
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7.0
>
E 6.01
©
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RYY gy
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kot 7
S 407
S
N
30 —

4.6 56 66 e 86
Log Goncentration

Fig. 7. Concentration-mortality response of parent,
Jam 104, to oral administration of CPV
(tetragonal outline) at 2nd and 4th instar,
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Fig. 8. Concentration-mortality response of hybrid, (& Y=l d(E 9,1028).
Jam 103X Jam104, to oral administration of
CPV (tetragonal outline) at 2nd and 4th
instar.
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9. Concention-mortality response of parents and Fig. 10. Concentration-mortality response of par-

Fig.
their hybrid (Jam 103, Jem 104 and Jam ents and their hybrid {Jam 103, Jam 104
103 %< Jam104) to oral administration of CPV and Jam 103% Jam 104 to oral administ-
(tetragonal outline, at 2th instar. ration of CPV (tetragoral outline) at 4th
instar.
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Table 3. Results of Inoculation to 2nd Instar Silkworm (Parents and Their Hybrid) with Tetr

agonal Cytoplasmic Polyhedron Viruses.

Mortality (%)

1i- )

Concentration 5:&';‘1 Jam103 5 Jam104 Jam103 x Jam104

T TH| H [ T |TH | ® , T |TH H
B 1o.ol 53 100 267 133 133 33 67 100
texioym 2 | 100 67 100 167 67 167 67 33 133
b3 } 16.7} 0 ) 13.3  16.7] 13.3 10.0 6.7 0 6.7
Aver.| 122 33 1Ll 200 1.1 133 56 33 10.0
L 23.3 7233 300 10000 200 133 33 167
4.2 105/ml 2 ., 123 33 200 2.7 233 2.0 100 33 67
3. 300 100 133 267 133 267 283 100 167
Aver. 222 6% 189 2.8 156 222 156 5.6  13.3
1 0.0 133 6.7 43 3: 23.3 0 26.7  10.0 6.7
4 2% 105/ml 2 0 et w3 00 167 10 0 3.0 100 133
3 6.7 13.3 6.7, 46.7.  13.3 13.3  23.3 6.7 3.3
Aver. 389 144 89 433 1.8 7.8 267 89 7.8
o1 67 67 ol es7 67 0o 6T 6T 0
4.92x107/ml 2 | 967 3.5 0 ! 80.0 0 0 60.C 0 0
3| 667 0 33 87 0 0 532 67 6.7
Aver.| 60.0 33 L1 7.8 22 0 56.7 44 2.2
1 { 933 0 0 | 100 0 0| 9.0 0 0
4 2%10%/ml 2 | 900 0 0 9.7 0 0 i 100 0 0
3 1 96.7 0 0 90.0 0 0 : 8.3 0 0
Aver.{ 933 0 0 t 95.6, 0 0! 9Ll 0 0

T : Tetragonal Cytoplasmic Polyhedron Virus

H : Hexagonal Cytoplasmic Polyhedron Virus

TH : Mixed Infection with T & H

Rearing Season : Summer in 1975..

No. of tested Larvae : 30 Larvae per each Replication

Table 4. Results of Inoculation to 4th Instar Silkworm (Parents and Their Hybrid, with Tetragonal
Cytoplasmic Polyhedron Viruses.

L RITEIR. R e o S A MR M AR

13

‘ Mortality (%)
Concentration Repli-

. cation | Jam103 f Jam104 | Jam103xJam104
i r |te H T |THE| H | T TH H
1 67 o] 67 20 o0 6.7 133 0| 67
1.2 10/ml 2 67 0| 33 133 o | 100 100 o 33
| 3 167 0 \ 3.3 10.0 0 10.0 6.7 0 i 0
| Aver. - 10.00 0 ) 4.4 144 0 89 100 0| 33
1 6.7 0 3.3; 3.3 0 0 133 0 - 0
4.2%105/ml 2 26.7‘ 0 3.3 333 0 0 6.7 0 3.3
3 233 0 0 2.7 0 0 6.7 3.3 0
Aver 22 21 0 22 344 0 0 15.6 S U
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Mortality

1 6.7 0 0 5.3 3.3 o 2.0 3.3 3.3
425 108/ml 2 433 0 0. 433 0 0 00 0 0
3 33.3 3.3 3.3 46.7 3.3 0 33.3 0 0
Aver. 3.8 L1 L1 478 22 0 28 LI L1
1 633 0 o | 733 o 0 467 0 0
4. 2% 107/m] 2 60.0 0 0 } 66.7 0 0 ! 6.7 0 0
3 6.7 0 0| 8.0 0 0. 6.0 0 0
Aver.  63.3 0 0| 733 0 0 57.8 0 0
1 %00 0 0! 9.7 o0 0 87 0 0,
4.2 %10%/ml 2 00 0, 0 90 0 0 100 0 0
3 w3 0., 0 6.7 0 0 0 0
D Aver.. 9Ll 0 | 0 | 944 0 0 9 0 0

T : Tetragonal Cytoplasmic Polyhedron Virus

H : Hexagonal Cytoplasmic Polyhedron Virus

TH : Mixed Infection with T & H

Rearing Season : Summer in 1975.

No. of tested Larvae : 30 Laevae per each Replication

=g AR HAESAE oA BoEEoR A3 Bk RAR MIRELESE voli 29 EHit
BECSAT BR 2 XAES D BARPE 24 MfEd oA FEEL E10dd4 A 24z &
MAEQ FI103x EE10400 A 7F% wotes HAMEY 103 oM RS Fige 3ot HEREY 9o
A i BES RER EErg Y59 2 Bl 2EE vEllg EEESTHAE 4.2Xx10%/ml
ol gte] {REEAA ¥L EH BEE valled, 53 4.2x10°%/ml BEAA 17 =2 Gl BES Y
Bz 4.2x10"/mlel 49 FEEIAE A AV A F\Ehor H3A4 (B 1128). <EH HRE
% g violel 2ute] FEMLeT BE: A9 FHRS 2L AFoIAG(E 122R). <A OARS Ml
HEMAE vlole 27 BARYES 4% 2hREE #80] R #rd Y58 =iz EEER Eil
BEE 4.2X10%/mle] @EAA 3 & ol st 4.2x10/mlol A FA38 wolzlos §.24108/ml e A
3 vevA g (E 1328

%
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Fig. 11. Incidence of hexagonal cytoplasmic polyhedron Fig. 12. Incidence of hexagonal cytoplasmic

virus and the mixed infection of hexagonal and polyhedron virus by oral inoculation of
tetragonal polyhedron virus by oral inoculation tetragonal polyhedron virus to 2nd and
of tetragonal polvhedron virus to 2nd and 4th 4th instar silkworm.

instar silkworm.
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s—=8 Jamlo3xJamid 2) AT WIRELSAR vhold A B

% 2nd o—-—o Jam|t3 B} X ‘,
Instar {, & Jamrios o g PR MIRESAE veld 29 EHk 2 2
2 W (70 JamloyxTonio 5 7o) FWBEL.
3 ?mﬁ""“’ Jamivd PREEA AR WRESES old AT o
3 ara Jamio BEE AE E5AA% 2ol 4.2x10%/mlel 3

o EBEAAE NAH HERELAR voldad
EHEALSE o ¢ @Al vl Yo 42X 107/mlo]
Ao HEEAIAE A et g
dpEEA RAR ARELAS vl AE: B
BEY ASe E 64 Fol EHI03e ™ 4.2
105/mliBES BES 4 1EEAA4 EAT @E
B4 AR vtol gl 29 FERs vt dols 43

1 10 10 00 e} A ehoke
Concentration(f.2X10%/ml)

Fig. 13. Incidence of the mixed infection of hexagonal
and tetragonal polyhedron virus by oral inocula-
tion of tetragonal polyhedron virus to 2nd and
4th instar silkworm.

Table 5. Results of Inoculation to 2nd Instar Silkworm (Parents and Their Hybrid) with
Hexagonal Cytoplasmic Polyhedron Viruses.

I Mortality (%)
Concentrati i-
oncentration | Repli Jam103 | Jam104 Jam103 % Jam104
B HT | T | B | HT | T m |HT | T
1 6.7 3.3 0 16.7 0 6.7 67 33 0
4.2%104/ml 2 6.7 0 0 23.3 33 0, 67 33 0
3 167 33 0 6.7 6.7 . 200 33 33
|
Aver. | 13.3 22 0 156 33 22 1.1 33 11
1| 500 0 3.9 433 0 o | 233 33 o
4.2x10%/ml 2 6.7 0 3.3  60.00 0 0! 133 0 0
3 36.7 0 0 53.3 0 01 2.7 0 0
Aver.| 378 0 2.2 522 0 ol 21 11 o0
1 60.0 0 ! 3.3 667 0] o0 333 0 0
423 105/m] 2| %7 33 0| 80 0| 0: 33 0 0
3 633 0 | 0 72000 33 0. 433 0, 33
| Aver.|  60.0 Ly L1 722 L1 0 833 0. 11
1 8.0 0 0 80.00 0 0 8.0 0 0
4.2%10Ymt 2 33 0 0 8.7 0 0 . 73 0 0
‘ 3 83.3 0 0 83.3 0 0 70.0 0 0
Aver. 78.9 0 0 83.3 0 0 - 744 0 0
‘ 1 100 0] 0| 100 0! o] 100 0 0
4.2x108/ml | 2 93.3 0 0 96.7 0 0 86. 7 0 . 0
| 3 90. 0 0 0 100 0 ! 0 80.0 0 0
| Aver.| 9.4 0 0 9.9 0 0 ] 8.9 01 0

H : Hexagonal Cytoplasmic Polyhedron Virus
T : Tetragonal Cytoplasmic Polyhedron Virus
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HT : Mixed Infection with H&T
Rearing Season : Summer in 1975.
No. of tested Larvae : 30 Larvae per each Replication

Table 6. Resulis of Inoculation to 4th Instar Silkworm (Parents and Their Hybrid) with

Hexagonal Cytoplasmic Polyhedron Viruses.

Mortality (%)

Concentration 5:5;3;;1 Jam103 Jam104 [ Jam103 x Jam104
| m fET | 1t | w JuT | T | B "HT| T
1| w0 o o] 100 o0 o] 1.0 o0 0
4.2 104/ml R O 0| 133 0 0 67 0 0
3 6.7 0 0| 267 0 0| 1.0 0 0
Aver. 89 0 0| 167 0 0 g9 0 0
1| 267 0 3.3 467 0 o] 17 0 0
£ 2% 105/m] 2 | 233 0 0 | 4000 0 0| 200 0 0
3] 333 0 0| 367 0 0| 167 0 0
Aver.| 218 0 L1 411 o0 0| 1m8 0 0
1 5 5.3 0 o | s 0 o] 333 01 0
4.2 10%/ml 2 5.0, 0 0 60.0, 0 0 500 0 0
o3| 433 0 0| 467 o0 o 300 0 0
Aver.| 48.9 0 0| 544 0 o] 38 0! o
1] 63 0 o] w7 o0 o' 63 o' o
42 10"/m] 2| 7 0 0| W30 0 867 0 0
3| 700 0 0 700 0 o' 6.0 0 0
Aver. 70.0 U 0 73.3 0 0 63.3 0 0
1 90.01 ol o ‘ 93.3 0 0 ' 8.0 o0 0
4 2%10%/ml 2 96.7‘ o' 0] 100 0 0 . 8.7 0 0
. 3] .0 0o 0| 100 0 0| 93 0 0
| Aver.| 922 0 0| 9.8 o0 0! 87 0 0

T : Tetragonal Cytoplasmic Polyhedron Virus
H : Hexagonal Cytoplasmic Polvhedron Virus
HT : Mixed Infection with H&T

Rearing Season : Summer in 1973.

No. of tested Larvae : 30 Larvae per each Replication

4. HEEN BE
%2 paraffindl #EEE & F BEiste Y& w50 Mallory’s aniline blue2 #£2 s #H#&Y .
REaF st PUMAE EIRES A vtold Ak ool dipel [MEMIY MINE SolA EEOSz 9ol o ([
14, 158R) %% FRATol virogenic stromas} FRE Ao, S Mite] a7 56 % KEHEC v 22
s} wrowl (@R YA T ER ok Z, REd el A4S SMEs 2 Aoz vy,
BAERYES do7e A% Fip EREMEREY MEEMAA 2 = § fifd s @71 HEe SHisatol
HFEYL(E 1628R).
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Fig. 14. Cross section through midgut cells showing Fig. 15. Cross section through midgut cells sho-
hexagonal-shaped polyhedra in the cytoplasm wing tetragonal-shaped polyhedra in the
(x1,500) cytoplasm (% 1,500}

Fig. 16. Cross Section through midgut cells showing hexagonal and
tetragonel-shaped polyhedra in the cytoplasm
H : hexagonal polybedra
T : tetragonal polybedra (x1,500)

V. £ =

FE o3 MRS MY velsiad FEES RNAR MEESAE vtoldad 3+ g W FEe
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MRS (1967) 60, FE (1971)® 7t B ES A vlold 2o AT IEHEE Folo HFl ETH u}a}
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BEE BEad AR 9 OAE @EESAE vholdad QoA Gl fiEFe] =4t

FEEY B A MEESSE vo] g 29 BEV Fold TS BEMEC @43 22 A% el
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el LA e 2 A LCsxol 41 HEvd I &, AT o= & YA MlELA
vlo] 8 2 9] {RIRYe] loj A FEWM) T EHilke] FHote] HEM & BHike] Bede e ¢+ A

Table 7. LCsy (95% Confidence Limit) of Hexagonal and Tetragonal Cytoplasmic Polyhedron
Virus in 2nd and 4th Instar Silkworm.

i Types of LCs (95% Confidence Limit)
Varieties | ———
l Polyhedra | 2nd Instar ' 4th Instar
! | Hexagonal | 1.57x 10, ml (9.48X10°~2.06x 10%/ml) | 4.40x108/ml (2. 73X 10°~7.08 X 10%/ml)
am 103 '
Tetragonal | 3.91x10%/ml (2. 61X 10°~6. 19X 10/ml) | 7.70x 108/ml (4. 64X 10°~1. 28X 107/ml)
Hexagonal - 5.72x10%/ml {3.36x10%~9.75x10%/ml) ! 1.70x10%/ml (1.03%108~2.83x108/ml)
Jam 104 e
Tetragonal | 6.89x10%/mil (3.55%x10%~1.34x10%/ml) [ 2.60x10%/ml (1.55%10%~4.37%x10%/ml)

Jam 103 | Hexagonal | 4.90x108/ml (2.92x 106~8. 08X 10%/ml) j 1.04x107/ml (6.32x10%~1.70% 107/ml)
X

Jam 104 | Tetragonal i 9.29x10%/ml (5.67x10%~1.52%10"/ml) f 1.28x107/ml (7.37x108~1.91x10"/ml)
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