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Detection of Legume Viruses by Electron Microscopy

: Glow discharge effect and leaf-dip serology

Koichi NAKASONE, Toshihiro SENBoOKU, Makoto Kojima
and Eishiro SHIkATA

(Department of Botany, Faculty of Agriculture,
Hokkaido University)
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dip ¥ (BRANDES, 19572 . X2 E# 7 4 /L A O
iy, BERABCMEFIRBCHANT, 2ofgikA
PHIESBULBRTWS, L LA EXETV A LA
D X 51 potyvirus BECBTHIVAALADRELE T h
T35 &, HRENCELL TV b e hRENRETH 5,

leaf-dip serology (BALL and BRAKKE, 1968)V) i1
dip ¥ L HIENMARKILEE A S bR b DT, YA LA
OB &R Z OFRIZEHPIEET, potyvirus FD v A
VAR X BBRBBRIBHERTRD Y A 0 2% B
TX5, WS (19740 RRAEXHAWTEBE YA LAD
HEEBELTEY, TOoEMMEXHE L T\v%,

dip 35 5\ 2 leaf-dip serology it X h 7 A L AD
BT S B L, BB ST B ty— B b s
W, BIEBELEL, HERERISLHN LEG, &
& H — A VEREBUK D ] 7 DR B R
Bhote, ThE CEERAELOTE L LTl 7 v
73 R REEER (LEDS, 1969Y AR BAIhTER
A, BEEEHS (19729 13, glow discharge H:c X »
Th—FE VEEBEEESCBRELL, BoS#E X
RFTBERTEBZEEBREL T 5,

A4z, dip gib By leaf-dip serology w X 5

il

v AL AP RIT S glow discharge L o &%)
e o Th N, dbEB oA v e owT B FHEK
% (BH) LtBEERABRC I v A L ABNE BT
e\, HBRE LR RE 2 LdbDTHS,

EBRMH&LUHE

R E Ry — R T AL AN — R 30 f
il glow discharge LB L7-4 D& F2, glow dis-
charge BRI X FAF o r — & —%FIH LELEEDD
DEAVG, AWicBEI: JEM5Y B0kV) TH5,

dip KU leaf-dip serology FIMESEE dip &
¥ir2% s v /27 vE PTA) pHTIO R X324
i TREE T » 7, leaf-dip serology FA¥HIFTZHE
1, 0.001 MEEEE7 v = AT 1,000 5T R LI
% o%, ThiciEiEy dip L, 40°CERIEAN T30
SERES. PTA TH 457 4 7B LT,

glow discharge $IREE 552> U 30 fif glow
discharge JLH U 730455 & 4E AL BB ST R A A, dip
H X DR R PR LBEEEE L, RV 1 v 23
v VEEEYA 24 1A CS R (BYMV-CS &
Kb, 19708 B XU C v+ A=Y 74 LA (PVY) T,
ITRFERO Y ANALCE R LY T <2 (B4, Vica
Jaba L) 3 X O Nicotiana sylvestris SPEG. & COMES
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The glow discharge apparatus.

Fig. 1.
I.C. : Induction Coil
LV.: Leak Valve
PL.: Plate
R.P.: Rotary Pump
S.G.: Grids on Slide Glass
V.G.: Vacuum Gauge

DLEEER YAV ARE Lc, T8 TE B 53 10,000 £
THREL, FEREAH N (74 v 2 EHHA) o
A NARER R T ok v A4 AT D& BT RN
FHEL 1KLL EED 52D (opening) %
CEHOROERED 5 REF 2 BIEHE & L,
leaf~dip serology (CHIFTDIMMBFDOEERELER
RE o=y, bimiFast BYMV-CS m# (7
fili 1/1024 FJgkic X %) R Uie, RAERERB
0001 MEREE 7 v =7 & %6 X (¥0.0015 M {b + Y
v AT 1,000 i F R Uichiig %, 5°C & —25°C %
FELiEboxAvi, ¥75C & —25°C kit LRIG
RN L lmiE 258 B e Uleo 7 SR B R i
0001 MEEfiE 7 v &= A1 X % 1,000 {25 R0 s %
REE LT, 2,000, 3,000, 4,000 (% H 1M 7 & v 7o,
BYMV-CS w e Ly 5= 28 v A LA E LT
leaf-dip serology #17 7o\ EBAMIZE L1z,
—REBDA T D EDIA NLRBE dhbEAH
IOV ALARREELTHBEEBbhb A vy (P/m-
seolus vulgaris 1) 49 kk % LU Rt Uiz, d
B L O leaf-dip serology (Hf BYMV-CS [E[I(*%fﬁﬁ
H) w X aitiefTicy, BEEARMR oL L, #
ey, o AS R 34 0.1 M BERRIREE pH 7.0 2 nx T

BL, WECHEWD -85 v 2 e BORERY (4
vV RFE), VI ex (BA) i EEY TR
D f:o

]

1. dip &KICHFD glow discharge $HE

Table 1, 2 7R3 X 51, SEATEEE CLIALIR I H~
T A INADBEI NI - L TN S L, BESheY
A N ABT DRSS D lehs o T2, ¥ o AR Ty
A AR RO OTEE LT BST A5 bH - TR b,
THFE B Y Y R S T, YRR B R
ROPHR DL E LT o ZHICK LT glow dis-
charge MBLFT e o LTFHE TR, BE LGS OR
17 A N ART-D R0 5 Tehs o oI e A XL,
THRIFPFOT AN AL BN b, RECLoTY
AL ADBHEEREE o E V2 b,

2. leaf~dip serology (Cd(F DIIMBDIRERRE
Table 3 WRT X 51 5°C &8 L8 —25°C C{REFE LK
Pumr, 6 7 A SR & MBS I S g 8
Nico FHRBEEE LCERE7 ve = 255\ it

FY Y AaLTREF WSS TY, RIGOHECEE TR
ZEIRDH R -7,

3. leaf-dip serology (C&IFBEMFOHRIEE
Table 4 W/RT X 5 &R B PUMITE © 2,000 fEHHE
TR RD BRI, 3,000 % 7 R TR TERE
TEIRNZ EDVED T,

4. BEEIUCEERARICKSA 7Y

PEDIAILZKRE

A vy v A9 RO 17 B 6 dip BRI X b poty-
virus B A AR E BB E S 750 nm DRk v A
A S hic (Table 5), SHi, 2o 17 e 9 #k
5 leaf-dip serology X b BYMV &l S h i
(Table 5), BERGCIA v 7 VICERGHE 2 RLY 5

ATRRY U A AR (11H) 4 vr v IO
T ALY A 7RI R RT VA A (10FR) A
SRR, ThbDYv A L ARERFRA VI VE
WA 24 A (BCMV), BYMV &8bhn Ghls,
197500, % HERBEON AN A v VBBV Y T
AR E T LD, AR CIRE IR REL
720

B LB RyEEAROKR LK T2 &,
1) dip Ik TY A A AP SR 1T HkoN, BEAR
TERATORENS 7 A A APEH S (Table 6), ¥
Fz, 2) dip BT A ARSI K hTein o 7R D 32 8k
w8 kA BRI X b v A AR E Nz, leaf-
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Table 1.

Effect of glow discharge-treated films on detection of BYMV

Treated films

Non-treated films

Openings ‘ Number of particles in Openings Number of particles in

of grids | each exposure* of grids each exposure*
average average

a 4 9 5 3 5.8 a 10 1 0 0 04

b 4 4 5 54 b 2 2 0 0 O 0.8

c 4 6 4 11 6.6 c 0 0 0 0 O 0

d 6 9 8 13 8.6 d 1 2 0 1 0 038

e 7 3 4 2 40 e 31 1 6 6 34

average 6.1 average 11

a 3 8 7 5 10 6.6 a 2 0 0 0 1 0.6

b 4 2 5 2 6 38 b 0 0 0 0 O 0

c 4 8 6 5 0 46 c 3 2 0 3 5 2.6

d 4 3 7 6 5 5.0 d 11 0 1 O 0.6

5 7 3 6 5 52 e 30 0 1 1 1.0

average 5.0 average 1.0

a 16 11 17 10 13 134 a 2 0 2 0 O 0.8

b 8 9 8 8.0 b 1 0 0 0 O 0.2

c 7 14 10 90 c 2 0 1 0 O 0.6

d 6 11 12 11 13 106 d -3 0 -0 0 O 0.6

10 7 7 15 14 106 21 0 2 1 1.2

average 10.3 average 0.7

a 5 7 1 0 3 32 a 11 9 0 0 O 4.0

b 3 9 5 2 2 42 b 1 2 0 1 0 0.8

c 2 0 4 0 3 18 c 0 0 0 0 O 0

d 6 3 7 6 5 42 d 1 0 0 0 O 0.2

e 0 2 4 6 6 3.6 e 3 0 3 1 0 1.4

average 34 average 1.3

a 13 6 4 7 4 6.8 a 4 0 2 2 0 16

b 9 8 5 10 2 6.8 b 00 0 0 0 0

c 4 8 13 11 6 84 c 0 0 0 0 O 0

d 6 4 6 4 3 46 d 6 6 0 1 0 2.6

e 8 2 11 8 6.4 21 0 0 1 0.8

average _‘6_6_ average 1.0

* about 50X 70 mm?2, at X 10,000
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Table 2. Effect of glow discharge-treated films on detection of PVY
Treated films Non-treated films
Openings Number of particles in Openings Number of particles in
of grids each exposure* of grids , each exposure*
average average
a 8 6 5 4 58 a 1 0 0 1 0 0.4
b 6 7 3 9 5.6 b 0 1 0 0 O 0.2
c 7 3 3 9 1 46 c 1 0 0 5 0 12
d 6 5 14 6 10 8.2 d 0O 0 0 0 O 0
8 4 5 0 7 48 1 0 2 2 0 1.0
average 5.8 average 0.6
a 2 5 3 4 2 32 a 2 0 0 0 O 0.4
b 2 1 2 1 2 1.6 b 0o 0 0 0 0 0
c 2 1 3 0 1 14 c 5 1 1 1 1 18
d 3 1 4 2 1 2.2 d 2 0 1 0 O 0.6
1 1 1 2 3 1.6 e 5 1 2 1 1 20
average 2.0 average 1.0
a 2 1 3 2 0 1.6 a 1 0 0 0 o 0.2
b 2 0 4 0 1 1.4 b 0 1 1 0 o0 0.4
c 2 3 0 5 0 20 c 6 0 ¢ 0 o0 [4]
d 1 3 5 2 1 2.0 d 0o 0 0 0 0 0
3 1 0 3 0 1 1.6 e 0 5 0 0 0 1.0
average 1.7 average 0.3
a 1 1 1 0 4 14 a 7 1 0 1 0 18
b 3 5 0 1 3 2.4 b 2 1 2 0 0 1.0
c 1 2 1 3 0 1.4 c 0 1 2 0 0 0.6
d 4 2 1 6 2 3.0 d o 1 0 0 ¢ 0.2
5 3 1 1 0 2.0 e 0 0 0 o0 0 0
average 2.0 average 0.7
a 3 2 7 4 2 3.6 a 0 2 4 2 0 16
b 1 3 4 4 1 26 d o 1 0 0 0 0.2
c 2 1 3 5 2 2.6 c 5 0 2 2 2 22
d 5 1 1 90 9 2 d O 0 0 1 o 0.2
e 3 2 2 0 2 1.8 1 0 0 0 O 0.2
average 2.8 average 0.9

*  about 50X 70 mm?, at 10,000
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Table 3. Effect of storage of the 1,000-fold diluted BYMV-antiserum
used in leaf-dip serology
Temperature 5°C —25°C
Diluted in Ammonium . Ammonium .
m acetate NaCl solution aceiate NaCl solution
3 % + + +
6 + + + +
* positive reaction.
Table 4. Dilution end-point of the BYMV-antiserum
used in leaf-dip serology
Dilution (X) 1,000 2,000 3,000 4,000
Reaction H + + —
Table 5. Results of virus detection from French bean plants
infected in the fields of Hokkaido
EM detection Sap inoculation Iden-
No. Cultivars Localities |Symptom dip-ser- |Symptom|Symptom| tifi-
dip®)| ology |on Frenchion Broad| cation
(BYMV)P)  bean bean
1 Ofuku Abuta M + - BCM — BCMV
2 Toramame Abuta M + — BCM — BCMV
(Chiiiku T 11)
3 Toramame Abuta M + - BCM — BCMV
(Chaiku T 11)
4 Shirohana-mame | Abuta M - BCM — BCMV
5 Toramame Abuta M + — BCM — BCMV
(Chiiku T 11)
6 Toramame Abuta M + — BCM — BCMV
(Chaiku T 11)
7 Oshirohana Abuta M - BCM — BCMV
8 Oshirohana Abuta M - — -
9 Wasetoramame Taéya M - — —
10 ‘Wasetoramame Téya M - — —
11 Wasetoramame Toya M - — —
12 Toramame Toya M + + BYM, N N BYMV
13 Toramame Toya M - _ —
14 Ofuku Toya M — — —
15 Shirchana-mame | Naganuma Mo — — —
16 Akahana-mame Naganuma Mo — —
17 Ofuku Naganuma VN, M + + SN N BYMV
18 Taishokintoki Takikawa D, M + + M N BYMV
19 Taishokintoki Takikawa D, M + + M N BYMV
20 Taishokintoki Takikawa BYM + + BYM M, N |BYMV
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EM detection

Sap inoculation

Malformation,

VC: Vein clearing,

Mo : Mottling,
YS: Yellow spot

N: Necrosis,

SN: Stem necrosis,

No. Cultivars Localities |{Symptom dip-ser- |Symptom|Symptom I?i%r—l-
dip2)| ology jon French|on Broad| cation
(BYMV)®)]  bean bean
21 Fukushiro Takikawa BYM —+ + BYM N BYMV
22 Ofuku Aino-nai SN + + BYM, SN N BYMV
23 Shirohana-mame | Oketo M — — —
24 Shirohana-mame | Oketo Mo - — —
25 Shirohana-mame | Oketo M — — —
26 Shirohana-mame | Oketo VN, Y — — —
27 Toramame Kunneppu M - — —_
(Chuiku T 25)
28 | Toramame Kunneppu Mal, YS| - — —
(Chaiku T 25)
29 Toramame Kunneppu SN - — —
(Chaiku T 25)
30 | Toramame Kunneppu M, YS - BCM — BCMV
(Chaiku T 25)
31 Tenashiotebd Koshimizu SN - — —
32 Ofuku Memanbetsu| SN - BYM, SN N BYMV
33 Ofuku Memanbetsu| BCM + — BCM — BCMV
34 | Ofuku Memanbetsu| BCM + — BCM — BCMV
35 Ofuku Memanbetsu | BYM - BYM, VN —
36 | Ofuku Memanbetsu| VC - BYM —
37 Waseofuku Memanbetsu | SN — — —
38 Wasedfuku Memanbetsu | BCM + - BCM — BCMV
39 Waseofuku Memanbetsu | BYM + + M, Mal —
40 Toramame Memanbetsu| YS — — —
41 Taishokintoki Memanbetsu Y - — —
42 Puebla 152 Memuro SN + + BYM, SN N BYMV
43 Fukurytchiinaga | Memuro YS - — —
44 Fukurytichtinaga | Memuro YS — M N BYMV
45 Fukurytchiinaga | Memuro YS - — M
46 Himetebo Ashoro SN — — —
47 Himetebs Ashoro SN - — —
48 Himetebo Ashoro SN - — —
49 Tenashitebo Honbetsu SN - — —
a) Detection of potyviruses by dip method
b) Detection of BYMV by leaf-dip serology
Abbreviation :
BCM: BCMV-type mosaic, BYM: BYMV-type mosaic, D: Dwarf, M: Mosaic, Mal:

VB: Vein banding,
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Table 6. Results of detection of potyviruses
from French bean plants by dip
method

Total number of plants 49

Number of plants that + —
potyviruses were detected
by dip method 17 32
BCMV
BYMV 8
Mechanical .
inoculation Uncertain 1 3
viruses
Healthy 0 24
Table 7. Results of detection of BYMV

from French bean plants by
leaf-dip serology

Number of plants that
potyviruses were detected 17
by dip method
Number of plants that + —
BYMYV was detected by
leaf-dip serology 9 8
BCMV 0
BYMV 8 0
Mechanical .
inoculation Uncertain 1 0
viruses
Healthy 0 0

dip serology ic X b BYMV 2 H i 9koA 8
Behs, R T BYMV (g Ehic (Table 7),
i leaf-dip serology T BYMV L¥MEXhichs»i8
¥eoW, BERRT BYMV RESh#RR, 2
T BCMV LFEE &z (Table 7).,

% =

1. glow discharge T8

dipric L v v A v ARZREBTEHE, VA VABE
FE Rz X 0%, »ol—otTso s, Hio
HEX  BEREICHELERY b0, TRCIREROR
ANDBREUREDH D EFNETHD, ULy -+
VR BB K O LDE LTosg Bt khbie
Ve HES (1969012 PTA R FS5 A &7 = AREMNT S
e VBEEYEDHIHEEREL WS, Ll
REFEEL 2D TERET, BACL-> TV L
AT 2T A BANE VL EITV LTV, FR N T4
U 2 ARINCRI Y A A ARDERINE D S Lok

DL H D (BKEE, 1976P), HFERROFLE T, glow
discharge #hic X b AUEE U7chRmE Y, Bk ZEDb b,
ROIRHPIEE £ e —c ki o7, ¥ 72 Table 1, 2
D L5 T4 A APFOSE S X UBRERCOWTE,
ABEARABIECEI - T, TOX3IT gow
discharge LRI, diptric L 3 v 4 A+ 2 L&
b TCHEHTH S EBPND,

2. leaf-dip serology DREEH

BALL and BRAKKE (1968)) i 10 2% Li-Hmis
FHFERF L, AR 1,000 {5 FRUCH G, L
L, LO0OEBARIMIMmiFEizd 7/ &b 6 7 HOFRER
BETH oo TS LCHRIINE L Ak
FLEFRIME MR A b hich ol Lo
T, RBHERBSHI 2 M L, RIHEREED 5 iy,
HHH L 1,000 EFREMEXER LEFTL00X
WisicBbhs,

BEEE 7 v = v A CHFER LimiE e, #kr vy
2R EBSD XD OMENMET T2 EEh2s, BE
DEz A, HERBERERCTEY X TENEL LV
LWV ATIhICE X540 ey, 0001 MEREE 7 v
=27 AT HVCREO R, P oF R 2 3,000
BETIREREFRDBRI. L, ERE OGRS O
WAED I, 2,000 EFFRIUMAE THH e/ SR &
bdHote, Fih, 1,000 LT OFRIUME BB H
BEic s L#WC 23 H T, leaf-dip serology
213 1,000 fERREUME S HU TH S LEbh b, Ln
L Of Y e A REFP i o Jiffic $BIRT5
O, leaf-dip serology it 1,000 f% Lf b D # it
2 BENEOTMERLETH B,

3. BRICXKIVAMILRKRE

T8y 7 A L AOBERTE 5 5BE, RHEIC X a8
2o &, HEVRETHDZ & CHOTEELL
DSEDTHB, L LRSEEL T Lzt oo
EThH, BEK I8 OBED MEFRECEE
RRCE 0B ETH D,

dtBED A v ¥ DAL ADPY potyvirus FHT
B35 BCMV, BYMV #x¢% & LT, diphk X
leaf-dip serology Bic X % v A4 L A BHIEE L EER
B X ARHEER &I L, ERERe R T X oK,
dip ¥k X O* leaf-dip serology & X Ak HifEH 1M
RBOHER L IBEAE—RK LT, #ic leaf-dip sero-
logy 13 dip G A L AR TRHEAE B T A VAL
DOWTIL, BRI OES v A A AREETHD EBb
ha, L LRI TE 282Dy A ADHME > ERL
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1. dip e BT 32D glow discharge #hF %
FANT, FoER, glow discharge LB L b v 4L
ARTF O EARIF & 78 VBHRPEE 57

2. leaf-dip serology @ ¥\~ T, 1,000 5% Rt
BYMV-CS i (Jiffi 1/1024) D{REFFRE126 ¥ ALLE,
FIRIBEEIL 2,000~3,000 f5Th o Fce FEREECE 0.001 M
EeRg 7 v£ = v A X b 1,000 52 R Lchiln i 2 8
Vv, 3045RIEHE (40°C) #, BEHKRTLONIVLD
wBbhhi,

3. JEEEAHES VAN AKGEBbh AL vV
(49 8%) 284 L, dip 58 XU leaf-dip serology, ¥
AR X b v A L ABREH T, HERE Ui,

4. dip ¥ T 49 Bk 17 Bkh 5 potyvirus X Bl
hAaRRT7ANAPBH IR, £DN IERLS leaf-
dip serology & X b BYMV 2 S hte, HAERR
1% BCMV 23118, BYMV 2 10k h Fhifil s
hiz, DEoEREHETAE, dipEicXI DY A LR
DB SN TR TERERBR LRI, ¥
dip TR I Nmh - e 32 HOR, EEARTY A 4
ADPBEH TR0 IR TH -7z, leaf-dip serology
w15 BYMV ik s TR e —5 Ll

51 B X &
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serology for electron microscopic identifica-
tion of plant viruses, Virology, 36: 152-155.
1968 ’

2. BRANDES, J.: Eine elektronenmikroskopische
Schnellmethode zum Nachweis faden- und
stibchenférmiger Viren, insbesondere in Kar-
toffeldunkelkeimen, Nachrbl. deut. Pflanzens-
chutzdienst (Braunschweig), 9: 151-152. 1957

3. AEE_-BUEX-5R H-BAUFE: £Tv
AN T4 TREOCLOBREHEDHBELLO Y
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4 FHEZ BB - T Glow discharge
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6. AREH-HIHAZ-HIUKE: 7r7a0—-"~n
oML Ay VEREYF A2 v 10 A (Bean
yellow mosaic virus) o — R #Hic2>\T, JFRE
R, T: 435-449. 1970

7. FIUAR WA EMGAE N 3R UAbpRes - R 35
FH—: dh@BECRT B AEY AL AFRTHE
THHE FLIHK AV IvgEIhicy 4
AL DT, JEREIBICAE, 9: 155-159. 1975

8. WHEMAE- LE—M-E R: HEWY A1rRAD
T F ks X 5T leaf dip serology, BIER
#, 40: 118. 1974

Summary

Effect of glow discharge treatment in advance
to dip preparation was remarkable. The carbon
coated formvar films hydrophilized by glow dis-
charge just before use, dispersed the virus par-
ticles more evenly in dip preparations of bean
vellow mosaic virus (BYMYV) and potato virus Y.
In addition, average numbers of those particles
detected on any openings of each grid examined
increased.

The BYMV-antiserum (titre: 1/1024 in ring inter-
face precipitin test) diluted 1/1,000 with 0.001 M
ammonium acetate was stored for more than 6
months at 5°C and —25°C without any detectable
decrease of titre. Dilution end point in leaf-dip
serology detected by an electron microscope was
between 1/2,000 and 1/3,000. No difference was
observed in antigen-antibody reaction of leaf-dip
serology when the antiserum was diluted with
0.001 M ammonium acetate or diluted with 0.0015
M NaCl solution.

Fortynine diseased French bean collected in the
fields were examined by dip and leaf-dip serology
to detect BYMV and bean common mosaic virus.
The results fairly corelated to the results obtained
by mechanical inoculation tests. The reliability
of the electron microscopic detection and identi-
fication of some of the viruses are now improved
when glow discharge method and leaf-dip serology
employed.
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Explanation of plates

An electron micrograph of PVY in dip preparation from Nicotiana sylvestris. X 120,000
An electron micrograph of PVY in leaf-dip serology with homologous antiserum. X 120,000
An electron micrograph of BYMV in dip preparation from Broad bean. X120,000

An electron micrograph of BYMV in leaf-dip serology with homologous antiserum. X 120,000

An electron micrograph of dip preparation of BYMYV, dispersing seperately on a glow
discharge-treated carbon coated formvar film. X 40,000
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76 TR & b EERRRERR S, AEAXIE L, HTR
BN TREOLE, TRHRECIELDOLHSIELERD
ErbiiEL, MECF -2 tBLATTRAEYR
oo HETIE, BEAD OFE, HHORERE MHEROH
I (RTAEERS) 282 LUK L.

- 7

B HHER LY 4EIIWOTHEHD =V 7 HRX R %
FIE L, TBAEAERTIR T8 K O Flo 7 — &, JNEK
Tig 203 fRE 293 Fod 7 — & %15 1= (Table 1),

Table 1. Monthly change of the number of mice captured
Location Sex/Month Apr. May Jun. Jul. Aug. Sep. Oct. Nov.
9 Adult 3 2 4 15 8 2 1
Young 0 4 0 8 1 0
Sapporo 5 Adult 6 1 3 11 2 2
(1974) Young 0 0 3 3 4 1 6 0
Total 12 9 10 10 38 14 11 3
9 Adult 1 1 3 3 — 13 5 —
’ Young 0 0 4 0 — 0 2 —
Sapporo 5 Adult 4 2 2 2 — 28 5 —
(1976) Young 1 0 5 1 — 4 4 —
Total 6 3 14 6 — 45 45 —
9 Adult 11 11 8 4 19 27 13 —
o Young 0 0 7 7 3 7 4 —
Koshimizu 5 Aq.1 9 7 7 9 23 44 19 —
(1976) Young 1 0o 12 7 14 10 10 @ —
Total 21 18 34 27 59 88 46 —
HED MR & SRR =
TASE AL TR 3 X OVRIT AR C 18 1ok 54 3 =® 3
O TR A e SRS OBkod, WYie 2 o
BT, 6~8 A OIIRICENA 10 mm LBk Lic - T.
faehnt 15 gk b 1ot %O CHFREED 10 mm ) £ " o
LFEE LTV LORBDT 3 EEOLT, B Lk 3 0 .
ER~BFAHBE LT b0 2@ 4 TH - o (Fig. g R %i
~ 5 F s
Do =/ 73X IBCTEREHEIER LI L AT, 4. 7y
PR CHRENTSEL, K\ ORE LR AT o
b;l—lujﬁATZ) &%}%.Z)o Z\X N ;’Eﬁ@ﬁfbiﬁ%_t'ﬁk%gﬂ'\ Length of testis (ram)
DT OB, AR TRECRERRTL0 L Fig. 1. Relationship between the length of

ERT5B0, Dz Ekh, hbof&ifz i@
PR BREATRE Ta Bk & Bie UC, B SRR 58 L e,
=7 HxRI0HHE, Fig. 1l IVBEERENBIE
1Bmm ki &, BERER~ETO BB AR
bhaz &ps, ch EoEEYRBERE 2 L,
& 7B o AR EE 18 mm LAY ERNE 15mm L -
CHYETHIEXY, BED Y —F v 7 ETIIIRHE
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testis and the length of seminal
vesicle at Sapporo in 1974.
® Overwintered males with active cauda
epididymis.
O Overwintered males with inactive cauda
epididymis and atrophied testis.
A Current year’s males with active cauda
epididymis.
& Current year’s males with inactive cauda
epididymis and atrohpied testis.





