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Summary

‘Studies on Pathogenicity of Nosema bombycis Naegeli are summarized as follows:

1. The mortality of the parents, Jam 103 and Jam 104, is remarkbly higher than that of the hybrid, Jam
103 Jam 104, whereas there is no difference in the mortality between the parents.

2. In the mortality of the pathogen-concentration, it is increased in order of the following concentrations
inoculated, 108, 107, 10® and 10%/ml.

3. In the mortality of each instar, it is high in order of 5th, 4th, 3rd, and 2nd instar,

4. In the interaction between the mortalities of the varieties and the concentrations,

1) The mortality shows no differences between the parents and the hybrid in the high concentration of

105/ml.

2) The mortality of the hybrid is lower than that of the parents in the low concentration of 10%/ml,
whereas no difference is found between the parents.
3) The interaction appears at the same level in the middle concentration of 108/ml to the parents and

-of 107/ml to the hybrid.

5. It was pointed out that active immunity depends upon the volume of antigen injection, immunizing
period, and injection intervals. In this e¥periment, it is noticed that the optimum volume of injection is above
20ml and D is the best one of the four treatment (A.B.C.D.).

6. The immune sera indicate such a 12,800 high titer in the indirect method can be obtained from the D
immunizing method. Silkworm tissues and N. Bombycis spores show self-fluorescence, but it is able to
distinguish it from the F.I.T.C. by using the U.V. filter.

7. The midgut epithelium is examined to be the first site of the tisswes which are penetrated into and

multiplied by the inoculation of the pathogen per os.
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Table 1. Immunization and inoculum of antigen N. bombycis spores

Treatments g?lrgicge:ntratlon of gﬁoﬁﬁ}gﬁioﬂer 1 Times of injection tht?é einoculum of
A 108 spores/ml 2.5ml ' 4Times 10ml
B " 2.5ml 10 » 25ml
C ” 2.0ml 12 n 24ml
D ” 2.0ml 9 { 18ml

3% Antigen: Spores of N. bombycis

days
Trea 5 10 15 0
tments e B PSS YOI YO ST S S VU S R N PO 24 Lol |2sl 1 lg;sxg; Jeeeurd. 13.51 L

e : ingection -& ¢ bleeding

wolas A4 AR ALE Yo ERHUEE 2 S9N E EE S 3A966), HEEAITDS

A =59e 1AL FAEE $UH0: 6% 2cc+KOH 2% 0.08cc)e] ¥ F F&49 428 28°C,
10~30% 7 A F 44 g FolA 2vpolme] T Ak 2Rl fote] AL B

V.t B # B

1. ZXe] 37|
Table. 2. The size of N. bombycis spores
Unit : o
1 Rep—1 ! Rep—2 Rep—3 j Rep—14 1 Overall means
Range Average Range sAverage Range lAveragel Range ]Average Range JAverage
Length 2.3~4, 8w 3.852.0 7.0‘ 3.783.0~5.3 3.56’2.0~4.1 3. 15!2 0~7. 0I 3.59
Width ‘2.0~3.0‘ 2.5551.2'\'3.5‘1 2.59]2.0'\‘3.5‘ 2.61j1.2~3.3 2. 6}1 2~3. 5 2.59

22X A E (E—2)d A ehdash ol ¥ 43.59(F)~2.59() x A .

(E—3Y0) A viEFA o] EZ 7ol #W LDsp=1.8X10° 48 ol 4] LDsp=3.2x10%]=, 9% z 1031 4
= 52 o] LDsp=4.0X10" 48 o] LDso=2.5x10%, & 1040] A= 53 o] LDsp=5.1x10" 489 LDs=2.9x1082
2 Vegoh, 28FY LDst: 48 55014 A& I 1035 Z 1049 8] 289 LDsoX 7} 9dF 2t Fooh

o FAS Aolel s AA A4S A on (F—4>3 o] HEFE, HY IAANE T
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2. LDsog} Probit .
(Table-3> LDy and probxt of the varieties, the instars and the concentrrtions
Varieties

" (Jam 103%Jam 104) Jam 103
Instars ———
: . 5 3
\Mortahty & Probit 2, 3 { 4 L 2 :
Concentrations Y &M ‘ P AM‘ } A'M) P AM ‘ P |AM ‘ P {AML P
5.8x108/mi(8.77)Log 1008.7190] * 1008. 7190 1008.7190 94.46.5803) 100]8 7190 1008.7190
’ , J LDsp=1.8%10 ) {
5.8x10"/ml(7.77) 1008 7190 100’8 7190’ 93.636.5301 37.03(4.6681 100t8 7190 100|8 .7190
5.8x10%/ml(6.77) 99. 047 3416| 94.79/6.6258 77.01/5.7388| 13.91{3.9152] 1008.7190! 96. 0716 .7624
‘ | LDsp=3.2x10° * {
5.8%10%/ml(5.77) 77. 14|5 7421| 56. 0515 1535 23.7824.2872/ 2.52{ 3.04| 88. 33|6 1901 65.65“5.4043
N\ - Varieties Jam 103 Jam 104
Instars =~ -
—_’_—_\
Mortality & Probit \ 4 5 2 3 4| 5
| ]

Concomtrations ———\AM| P |aM| P {aM| P |AM| P [AM| P |AM]
5.8%108/ml(8.77)Log 100]8.7190; 95.81/6.7279,  100{8.7190 1008.7190‘ 100{8.7190] 95.41:6.6849
5.8x10%/ml(7.77) 95.486.6954 60.82i5.2741 100i8.7190:  1008.7150| 94.54{6.5982| 53.80/5.0954

: : LDs=4.0x107 LDs=5.1x107

5.8X10%5/mi(6.77) 85.08i6.0407 29.904.4727,  100;8.7190; 95.036. 6449 79.255.8169] 23.38t4.2743
LDsa:2.5X106 LDm:2.9X106

5.8x10%/ml(5.77) 28.94:4.4437} 6.63/3.4937 86.66‘6.1123 63.12,5.3345 25.76;4.3505‘ 6.223.4618

¥ A.M=Average Mortality. P=Probit

<{Table-4> The regression line of the valieties and the instars.

o Verieties  fam 103 Jam 104 | Jam 104 | Jam 103

Y=0.9063+0.9518X | Y=2.3987+0.7801 X T Y=2.585+0.7571X
2nd instar t=2.6098% t=2.4671* t=2.4565%
ard instar Y=—1.9825+1.2782X Y=—1.5092+1.2202X Y=-1.2316+1.1882X
t=3.0047*%* t=3.0039** t=2.9989
Ath instar Y =-3.9279+1.4095X Y=-—3.7547+1.3929X Y=—2.8980+1.2910X
g t=3.0978%* t=3.0912** t=2.9616%*
5th instar Y=-3.6786+1.1338X Y=-2.8256-1.0598X Y=—2.5491+1.0395X
t=3.0413** £=3.0979%* t=3.1197**
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= AEEfEAe] AZd 429 1089/mlF 24 FS 10/mll A s zge] 2ot



probit mortality

Probit mortality

(Graph 1] Dosage-Mortality responeses in each {Graph 2] Dosage-Mortality responses in each instar
instar of Jam 103 Jam 104 following use of N. of Jam 103 following use of N. bombycis spores-
bombycis spores-suspension with mulberry leaves. suspension- with mulberry leaves.
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{Graph-3) Dosage-Mortality responses in each in {Graph-4> Dosage-Mortality responses in each instar
star of Jam 104 following use of N. bombycis of parents and hybrid following use of N. bombyczs
:spores-suspension with mulberry leaves. spores-suspension with mulberry leaves.
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{Table-3) Analysis of variance

Factor DF S.S. MS. | F | LSD |
Main: Rep 3—1=2|  0.0139 0.0069]  0.1419< | 0.848) Jam 103=Jam 104)Hybrid
Race 3—1=2 28.8472  14.4236] 206.78183%
Error 2x2=4 0.1945 0.0486
Split: Instar 4—1=3 | 2406.6667]  832.2202] 1002.91903%3%| 0.980 5th<4th(3rd(and
RI 2X3=6 15.3750 2.5625|  3.0880
Error Ix4=12 9.9583 0.8298

Split split:
Concentration 4—1=3 1764.1667 588.0555| 1998.82903%3%|  0.255 105<108<{107<108

RD 2x3=6 11.5417] 1.9236)  6.5384% 0.541 GO0
D 2X3=6 789.2777|  131.5462] 447.1318%% ‘
RID 2Xx3x3=18 14.6806 0.8155]  2.7719%3% J
Error 81 23.8333 0.2942
Total 143 4106.556 |
00O HI0%=104. 10°=103. 105>103. 10"=104. 10"=103. 10°=H 10°=104. 10°>HI10®>103. 10°=104.10°
>H 10°

3. %9 ngx

{Table-6) Detection of the pathogen(N. bombycis) from the feces laid by the larvae inoculated per os at-
each instar.
Variety: Jam 103X Jam 104. Conc.: 108/ml

;?Ins':ar 3rd instar 4th instar 5th instar
Collecting hours : \ | i
after inoculation Ly 2 3 rp 2 3 1 ! 2 { 3

12hr 1 1 3 6 5 8
24 — — — — — — 8 6 20

36 - - - - - - - - —

18 -~ - = - - - — - —

60 - — — 5 10 12 - — —
72 16 12 20 — - - — _ -
84 25 30 40 6 - - — - -
9% 40 40 41 — S - - —
108 — — — ! - _ —
120 |
132 3 - =
144 30 20 | 30
156 50 70 50 4 |
168 . i
|

w
|
{

I
l
[

180 }

% The figure in the table (1) means that a spore was detected from 10 visual fields by microsecope.

A7tz AR® Fol W EFE 0.0264 ALl TL F lec KOHEAE Yol F2lt 22 ¥ 3459
.
(E-erel A vt A el 39, 434 0~12AZ ], 5l A 12~24 2 Abele] 14F e AEHY
ohob 32l A 72~064 2ol 4R ol A e 144~166/ ol 234 22 gel (13} u ehe) A 35 Aok
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{Table-7> Detection of the pathogen(N. bombycis) from the dead eggs infected by transovarial transmission..
Variety: Jam 103 XJam 104

Egggentr- Replication Average
10%/ml 31 27 24 13 28 15 18 19 29 36 23.9
108/ml 27 33 33 38 32 36 38 31 30 35 34.3
107/ml 97 48 61 69 93 48 86 47 33 29 62.1

% The figures in the table means that a spore was detected from 10 visual fields by microscope.

Aoe A F A AR AHsd Fobo 2eF 2% KOH L4 ¢ 0.1cc¥ H7h, =t F dw A3k
of AAGPod 1Aokd davte TALE £A2 TAHH <ﬁ-7>oM BEA ol @ulAstel oA
A I E A5E WAEW AP LAF7E wol ek

5. AXGE F2te| VetE 2}
ARVF yrdz 2EG Aok YAe AH A duA el 2ASAY o (E-8F A

¢Table-8) Detection of the pathogen (N. bombycis) from the chorion infected by transovarial transmission
Variety: Jam 103X Jam104

Concent-

rations Replication lAverage'
10%/ml 0 0 0 1 0 0 1 0 0 0 0.2
108/ml 0 0 0 0 1 0 0 0 0 0.2
107/ml 1 0 0 1 0 0 0 0 1 0 ¢+ 0.3

ZA & <;£ Dol A PG W oz A8 FRAL. T8N el o] LAY ZHFE FruE
Aol gv A& BT 4

6 mxmH By

ot el AAERY ATFAGL WS A Aol Yol A =2 d A AR AE AT A
s opef o} 7.

{Table-9> Mode of multiplication of the pathogens in the silkworm larvae

paye s [ masit | Thede ™ | Toncitudiaes | Fat body | Blood corpuscle
1 ( + - - - t —
: - - - -
3 ’ + - ‘ - ] - -
4 ‘ + + + i . -
5 + + ‘ +. + -
6 | + + + ' + +

+: means the multiplication of N. bombyczs
—: means the non-multiplication of N. bombycis

v @A 24 FEE 108spores/mlg A 4T F Folo HAAR Az A% 1del A FHERB) A L2A
o AARAZ 4dHE TFLE, TAEFTEIA 5484 = AWz 644 MBI ZA7 A18& &
wA # ¢ Ak

% u] P AEAE Mallory’s staine] A & yellowt} oranged o2 £% g4 =4,

7. HYHY HNY

Hojuy AB.CD. 9 wio a4 sdddyoz I A W3¢ Y& A N, bombycis®] A= 9
ggde]l B 4 Aol Fusgcl. 2l wgubyel wHetA A ¥Y e AL 2=k DFE 1:12,800 C
= 1:1,60090 FAAE 2ot B2 ATE= Z7b 1:800 9 1: 20001 gie}.



{Table-10) Immunization and titer of N. bombycis

“Treatments Dilution of the first sera
50 100 200 400 800 1,600 3,200 6,400 12,800 25,600 5200
ALl ++ 1t + + - - . — N _
2| + + + + - - - ~ - -
5 L " + + + + ~ - - — -
2 o o+ o+ o+ xx = == -
¢! | + # + +# + + + - - -
2 k + + + + +t + + + — — -
. + 1 + 1+ + + + + + - -
2 1 1t + 3t + ++ + o+ + + -

(Positive: 444, Negative: + —)

A 44 Astel Aol AE (B-1DF o) 13 @HY HAMF(: 20004 4] A )G vl FolR 4
Ao Ao BalA 2wl N. bombycis & ZAE 1% 34 1:5, 12045 A4 o] & o HFJA4 Z
& #3go] moln 2R FeulE BHsgch zEoh 13 FHHA 1:20 ® 1: 8004 v FolHA @Al
BoA AR S gatel wAA 2R G4 o5y 2EE A webd S HAZAY B
4o 9 gy d G4 ASele Y A llFE FFE o] ol A

{Table~11) Indirect staining method for diagnosis

The dilution times of first sera
0.85%
20 80 320 1,280 5,120 20,480 81,920 NaCl
N. bombycis F fluorescence H + + + -+ + — —
Self fluorescence + + + — - — - -
Tissues of larvae Ffluorescence + =+ - - - - - -
Self-fluorescence + + + + + + + +

Titer of first sera: D treatment
Titer of second sera: 1: 100

ARz 14 43 44 1:20 R 1:80% ol ¥ FEAAE #FoA Al E 3 ol A
orgton HEBES EE Froddt FE dze AlAE vebuith 22 AREEES BV filter2 >33}
o Aoz we FITCY X3 §33 2 Awoel Zdshd UV filterz JAS WA e g e g
wal FITCS ®#3 474 Ago] 75t 2z 249 ARELe #2349 2384 ofate] ¥ A 2
A5e] glolA wolst 9y W Ee] mF Aol sEdet.

8. SA &4

1A% 422 490 Y7 FAE $5% A FLA L 50~65y, AL AL 95~100# a79 FAEE
4 e+

V.% ¥

AR AL A5 T2 Aolsk vehhA ebgred 2 olfE 2 4
gx wgAe] A Agde) Folodd o Aol Ardnh #WAMEE AdNE AW 27 AR
27 oz wylon (=4 1026) WA A AT A st 4T AE FAY M3 A s
= ot wg el W AP oz £sdY AFFel FAGRT UAH (KB 1982) 2AF2 HAY
= 955 205 2% ez et



£ FE Ateld vl gol WY 2oFEolAd Frled AL F2FEA0/ml 109/mbAE 4
10%/mlst & 107/mlo] 4 zaAge] olZgich ok P4 TAAN 9 A A FF2e] F
AL vzl 9FL 10%/ml, 2AEE 107/mle 552 A4AEE sodol 29 2A4E vlzd F 3l
Ge A g we 2= S,

=937 A4 MAE F Gy olzsE Azel AT Fol W g2A vednm 22 @
b Qlot oyl A@A s} 3Hel 4 0~124 ZhAtel, 4olA) 0~124 7, 5Hl AL 12~24A 7 Aelel 1332
2 2A7 AZEAGIL A 3ol 72~064 Aol 4qolAE 144~1564 7ol 24 H o2 AFHY oS 2
AdeE 142 23004 wol A2t 149 TASE Folrst £A4F A3 G AGHA KA A
ol Az e Holetm 47 27l wol AZAAL WAREAT B FAGA T AHA 2
AYEE $350 oz e Aoz 4Rk AL ol 23FH FAAAE HEHRRe] T
FRAAAA 2 2AEAME 22T A5 1~30 AR e Asdstd DAY A o FIH
At zAojuk At AEA LS ¢ & Aond 4YMP WAL AAY A AJAAE T
L E2HTS, FAEFTR WA gol AMBAE £ F AT 1AL AT FAE Ax Aol
uﬂ%ﬁdoﬂ 94%& BAEYs A a7 setel, 19, 39, 624 FAE Adddokt ®E st A2

Ao Wz zabel el ZEI Rsbste b dAE HrlAAA A F

1 2} w}oﬂ vlshed A Ed =g ix}w} YA Eoket. oA $FEE 44T 4T FHEEF
b l gote] dlotelal: WERES FAol A HFsd A= Folh d4E AASE AR &
A stel zAMSHE Zlol B AFdHe R *Mﬂv}

B Zobrh ¥ 04% £3 Aagrt Welglod, 44, Ak 2 BRI ‘z%-?_
A qAgol4 A FAbg wAlelA By Dd"%xﬂol Ae 2z FAFAFe] T AT
Y 392 1omb)e} C-<<ﬂd°3171 7319, ¥9% 24mhE FUFAF) B CFh 2 6&14]7}7}
Bo} Fapeko]l A sto] PR L FFo] 2 AL ¢ F A% 2 BFE AR HA R
1o 3R FAgd s Tskxm FasE C 2 DFrch B2 1:8000%%. oldAe Ay ¥
goiA FY FAEe FoF gqlel olel FAste] WA ¥z WdS A 4 FARAE Fa
sl Aoz AR ode) AsE Fgord HAol UM N. bombyeis T4 e
FAzkAe] Fosts 59 9 FAEES 20ml(10° spores/ml) o] 4ol dag o
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4] o] 4} 75%1‘(1967)% ez pHb TAF 220 QoiAd 2 FE¥= v 44 T4
Bt 5w 2l E 9eF 27°~28°C, pH 10.7~10.8014 A Y go] F2dE AL niw 25t
pH7: oz nct ¥AY && vﬁ—t— 2% vEAY AY vEyA ke HEdE 2.

VI. # =

slad i) HgAde g AFed z AA4E adksid de 2
1. %9 29 go glold 452 ﬁ%}?&i‘:} A whot £ %—7&°ﬂt el b el et
2. A4 %554, 105/ml<10%/ml<107/ml<{108/ml & o 2 zbabu| &o} woet.
3. d¥=t 584y <33 <2y coE R o] ¥
4, FEH ET Aol8 T Lol A m3 G ReoIA
1) TEEUAE/mDAAE 425 m%}%—ﬂoﬂh Aol 7t gl.os
2) AFEZAF/mDoANE 23AF L AFct oyt AF 0ol Zo)sl glaleh
3) 7% =(107/ml, 105/mbD e} A = F—E’—H—‘—ﬂ A7y AF loﬁ/mlJJr 2FF9 107/mlell A &3 7§ 0]
ﬂekq
. W) glejA] N, bombycis £xbe] =HgubH e FA FAE, d9rizt § FARA Fade 53 F
! ﬁ‘—*}“%-&— 20mlI(108 spores/ml)el 4ol B o s Aoz A7Axn 442 T(AB.CD)FAA DF7F AL Foke.
6. N. bombycis &} JTEAE HYdo g A Ero 947y A d4] 4 FASANA 1: 12,
8009 A7t N. bombycis R4 H8A & e, #A2d L N. bombycise] LA A7 §3¢ & 5 A4
o} UV filter2 &34 = FITCY ¥34& =133 448 4 Aok
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Explantion of Figures:

(Fig-1> Spores of Nosema bombycis Naegeli

(Fig-2> Midgut epithelium is attacked by N. bombycis
Naegeli

¢Fig-3> Muscle is attacked by N. bombycis Naegeli.

(Fig-4)> Midgut Muscle is at attacked by N. bombycis
Naegeli

(Fig-5) N. bombycis spores are to be extruded from
organs

(Fig-6> N. bombycis spores stained with Immuno fluor-
escence dye(FITC)

{Fig-7) The polar filaments of spores
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