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M 2zlol 3, HIfTKEEE, FHE 4. colour breaking ¢ FHM-S et A el HL @Y HH
Haskol A1 SIS ek U FUIM L 2l 2R wbelelA Hif-vb Shislol, ol-Fel Uy ANV, M AUR. Mt
HEEdel R R, A S bk, &BEAel lolA wiolel A K Fel wifthkilel olste] 259
upol2| 24t flE 3}glch Broad bean wilt virus (BBWV) : o] ulol| 4= H-ueizkiol 2lef 85 23 9]
Bzhigel o] stolslsich BFolTalcl el ofs) A MMASIGch HHAYES 70°C. HHRFEEES 1000
15, MENEE 680ladch ulolelA KHTY iy IR 4 28 nmel /NERJEelch (MK} ilBaal 4 A ufel
Bl £ BBWV O Huimaist $E Rl M-S e o WS GFEiMsmmigdd s kel
MIKOTT, WEle, BeMel 4]l vholel £ du Yo Mk 90 #5MAACHIGQ el 2hal slolar, Sal MBI AL vesi-
cular hody ¢ #igel stels1gicl Cncumber mosaic virus (CMV) o] ulolel= K To] HEfiv: fig &
30 nm o} /hERJEolcl A dlolel A CMV-Y 2] fiimiy=t #§5¢yel DIMUT L JEnkeicl WM &
FUIREUN I A A P HARe] AT 9 BNl A wlole] £ WFol UM T KSR
zlglcl. BBWV Sl CMV-u 71 &t el (Lilsum tigrium, L. concolor, L.auratum) o  IMIGER&E R,
BBWV 2| #ZHikkell v 7§ #it4 =%+ colour breaking & vtEbUglm, CMV @] $Zkikkel 4 & oith &
Apol s YE = NSRS vieblel

ABSTRACT

Samples showing yellow mosaic symptom of Lilium spp. with necrotic fleck, stunting, malformation, and

colour breaking were collected from lily-growing areas in the southern part of Korea. Two viruses were distingui-
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shed under a electron microscope and their host range, serological reaction, stability in sap, type of aphid tran-

smission, and relations with cells and tissues were examined. Broad bean wilt virus (BBWV) was transmitted by

sap-inoculation to 23 plant species in 8 families and by the aphid, Myzus persicae. This virus was inactivated

after 10 min at 70C, at dilution of 10'3, and after 6 days at about 20 C. Electron microscopic examination of

purified preparation showed that the virus is spherical particle of 28nm in diameter. The virus reacted positively

with BBWV-antiserum in agar gel diffusion test. In ultrathin sections of BBWV infected tissues, large aggregates

or crystalline array of virus particles and vesicular body were found in the cytoplasm, vacuole, and nucieus of

mesophyll cells, Cucumber mosaic virus (CMV) was transmitted by sap-inoculation. Electron microscopic ex-

amination of its purified preparation showed spherical particles of 30nm in diameter. The virus reacted posi-

tively with CMV-Y strain-antiserum in agar gel diffusion test. In ultrathin sections of CMV infected tissues,

crystalline array of virus particles were found in the vacuole and a large number of virus particles were found in

the cytoplasm and the plasmodesmata of mesophyli cells. When each of these viruses was reiransmitted to

Lilium tigrinum, L. concolor, and L. auratum, BBWYV induced slight symtoms and colour breaking, but CMV

induced yellowing mosaic or necrotic fleck.

Key words: Lilium spp., BBWV, CMV,
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AR dbdel A BRAR UERS) fnkiel
%7hata glewl, of 7ol ulolefsvo] gho] kA
sto] MR 2 A TSl Ae(2,3,16). 47
<8, w3k, el 4, ofelEla Fol EMAUE
Kol wpolelAwel gizo] 4Aldhm, slaf7b =h4lsle}
£ A4 AAd ez 2 bRl Ab4delet(14). o]
E RSl BREAie lele] s BHAE SFE
52 Frk7 @ ghel BRMATESICN A SHEERER
upole] 295, ERMLGTIEMOl A ul fpddishas
glout, of 222 b MEGAA fgske  ule]
2l o7 af Toll BRMVEME MIEY vloleiso]
ppiog A a)$ Fodtehe Abdlo] maEe] e}
(2,14).
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£ 5 XAzl A e et Bl AL 3o}
I, o Aol sxelan ARG vhrhulsh
BOHEAR kol A S o) 3 wlol i~ KFsh n
al=slel ol & Kb vhelMie]l WL wbeolvlin
e sle], Facsh #ol ol & ubelels fifel ot
o oS Z4H: shach

ARl 4 =] Z7bz] wasl el Hel fHdshe vt

olg] £ lily sympiomless virus(1, 13D, lily vi-

e %
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ulol ] £ 5

rus X (11), citrus tatter leaf virus(10), tulip bre-
aking virus (13,21), tobacco rattle virus (5),

arabis mosaic virus (11), cucumber mosaic vi-
rus( 11, 13), tobacco ringspot virus (11), tomato

aspermy virus (11) Fo] #&slol 3lef

B# 8 A

s Aol A g, Zah (EfM g REBHA YT
o Zabef Aol 41 ERHEE =)ol e ¥ (Lilium aquratum
L. lancifolium, L. longifloram)el A Sy EEst Ao] o
820nm ¢ 650nm 2| ke, A4 2 28nm 9}
30nm e EREHFFAM ol TRl HREN
Fir {Ealshsl =k

Rt Eael 33 del 3 mEamE AT L
Aol 4 71503, 4FAE sl 2ALE T2 %
A G A gl e

Hg EFE S R 0.1 M QAREZed (pH 7.0)
& sbste] gEEE, P8t b8, carborandum & 4Ab
$ste] Wrikez FHslgdch Gl Ee 23 M#

kER-2 4+5 (broad bean)ell 4 b8 HFolE=z
vl (Myzus persicae)S b8 cl,

Broad bean wilt virus ¢ cucumber mosaic vi-
rus o) HiMah-& dLURE PPH KIBIWN BB @
ZAg] zbzr Aok uberel

ulolej 2 R 79| b FHAMERN MK
(pH 7.0) B8 & o]&3 DN method
abgl cb(6).

2% PTA
olsto] 3
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MR S B FMIRELY MR BREY
BERE 1% 0,0, ot MEsle] othanol B ¥
g %, Epon 812 Mgl embedding 8t%ich o1z
ultramicrotome 2.2 WWWF & 2+E b uranyl
acetate % lead citrate off o5 <l4ste Hitachi
H-600 € F¥igkEie s it sileh

5= F

Broad bean wilt virus (BBWYV), E&R% D vl 4
A el wbolel e Aol adelAEA, e 2
A, o FA UIER Eakel Aol A RUE A
AEy Rajola = MHAKRMY FREGEY 1L2)
ol 4 srdEsisicl BBWV & M@ 2atola MWK
o 4] lily symptomless vims (LSV) =¥ tulip
breaking virus (TBV) ¢} S0l Zealsiglin,
SEATIERE SER Bkl 4] TBV 2 cucumber  mosaie
virus(CMV) 9} it} ghalslglet(ay] 1,2).
Zef A Mg ERRel 2l BBWVe] Sligatigel
213 broad bean o] S AbRshed 24 el

ot

Fig. 1.

Symptoms (yellow mosaic) in Lilium long-

iflorum naturally infected with broad bean wilt virus

(BBWV), lily symptomless virus (LSV), and tulip brea-
king virus (TBV).
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Fig. 2. Symptoms (necrotic fleck) in L. longifiorum
naturally infected with cucumber mosaic virus (CMV)
and LSV,

A RERERY A5UE JEF A L] RAMHIRY iG]
M & MRS vhebilch MER M4 5 BB
WV e KFF fislglel
eaking = Jehiiol, BBWV o] ikl 2} %)
colour breaking #EdLe] kol A4l ¢4 (4, 9,19).

B el ol gt SR ¢ 0T Natolz JERY
viel ki ol B-Shed WETMIYel THEIERIGE REU.

Chenovodium amaranticolor, Datura

53 Ze& colour br

Ao
= 2

stramonium ,
Nicotiana glutinosa, Vicig faba Sl 4rIb&hd
vieb el o, Beta valgaris ol AYMMRES veb
o} Wighg o] 2hal¥l Vieia faba o} L% o}

shod 108t 32E0Y] MitheR MG fRE X
13 el 8K 23 Fio) Witgol wtieo] 2hel sigich

C. amaranticolor o) Al Mol (i &
e MBS YA shod G, M 1ol k&
of wxfolavh e dshd A Khist L tickshgl
of 23 FE L ALkl Effislel ihiol
B2y 3).

Rl Az pEREH Al BRRE Gl RRHOHE b
He WA, 25 oMo R MG M
3 mapela L AAdstel 244 el 25w
of Mmtael AL 8 9kl HMistaslaleb(ay 4).

2l 9 N glutinosa A Al HEFG 6 UM KR
a4 N.

4459

el chlorotic ringspot - & A akgle}

Table 1. Experimental host range of BBWV isolated from Lilium spp.

Plants infected systemically: Nicotiana glutinosa, Datura stramonium, Physalis JNloridana, Petunia hy brida,
Vieia faba, Vignia sinensis, Chenopodium amaranticolor, C. quinoa, Spinacia oleracea, Gomphrena globosa,
Amaranthus blitum, Tetragonia expansa, Papaver rhoeas.

Plants infected locally: Nicotiana tabacum (Xanthi), Pisum sativum, Phaseolus radiatys, Beta vulgaris,

Brassica rapa, B, campestris.

Plants not infected: Capsicum annum, Lycoperisicon esculentum, Phaseolus vulgaris, Amaranthus retroflexus,
Lactuca sativa, Brassica oleracea, B, pekinensis, Raphanus sativus, Cucumis sativus,
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Fig. 3. Symptoms on Chenopodium amaranticolor

induced by the lily-isolate of BBWV, Inoculated

leaves: local chlorotic spots, Noninoculated leaves:
chiorotic fleck and malformation, Shoot apex: grow

ing stop or wilt, -

gutinosa A+ 7tF bl kg 34 skalch
A F 2ol = RS iRl HAdS 2, L
< Zaolzol WfLE RIPE HHHERS e
e},
of #iULE o} o] upe B
o] BBWVSel —sslehiz 240 b & ek
Gy - 2 A7

el 4

Myzus persicae ol 2|3t

A7} M. persicae o Vicia faba - Chenopodi -
um amaranticolor 2| F{Eﬁhuu% 30 ~ 407 I
BRH AR obg, B—hki9e] (el 24417
Bkl Al el 2 K54 b 29} el o] wlole|
£z M. persiceac ol flslo] nlar4l 1Al (4L o)
13k

Table 2. Transmission of BBWV by Myzus persicae

Fig. 4, Symptoms on Vicia faba induced by the lily-
isolate of BBWV. Note wilt of shoot apex.

HH B el R B Chenopodium amaranti
color ©] N.xbola #Gitell 5{EmEel 0.1 M ol4kst
% (pH 7.0)% sl 4 psist $o Az2 AE
H#E ez sick C. amaranticolor o 1EEi%
vhebl S gl o] shed SIGiME-S kAl 1 R
+ fif#Abko]l 70°C, affE#tEe]l 1,000y, fiffFEk:
o] 69 oleich

apolif 22} #hifk S KF2) JERE : C. amaranti-
color °] HESGBUE A}2-3ked Taylor et. al( 1968 )
el BBWV el #ifkijtkol shod Morpshift 8 o} (23),
o] ?"M}ﬁlftgl AHE 2% PTA Rethsted  xi=)
Aol o g ababsbele ] BRE & 28 mmel NERJE
2| capsid HBIEE RS W E B Rwsled ok
w 7). msb o] R¥E ol &sled C. amaranticolor
ol ThHchl oboleiu] 6 9g-oll Nabo] i1 Hiliko] v}
[ ujol v} 4.2 AR Y gtel sjalv)

ml/HnIt-va : ol ﬁ}olﬁi—o’] %S:T.-'{ﬁ{??l.

OI

wholef £

Experiment Virus source Test plant No. plants infected/
No. plants used
l Vicia faba V. faba 5/6
2 Chenopodium amaranticolor C. amaranticolor 3/6
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Fig. 5. BBWV-particles in negatively stained preparations from infected L. longiflorum (X 144 000).
Fig. 6. CMV-particles in negatively stained preparations from infected L. longiflorum (x 184 .000).

Fo) jefe, MHBPE AFH BR 59 23z 2
oI BBWV Z «tgsle] BBWV fiisael KRES
RRAMMES ol &t 2Alslglch 2 ®BE 2
gl 83 o] MYk, HEet BBWV LMol
Atolell = Al g ghEe) REME Jebllo, HH
B KIst BBWV HMifg o] Atolele FAHE T
o) FHEM AL Jebyubel

B aneke) G FHIMEEY B Qe B R

zo] A fEAK £k, H#iERE o8] ksl C. amaran-

ticolor o HEFS 5% MFGIHste] AAamlAo 2 I
sl oL REAE o] Hlolzgls HFE %

RAR, SEAABRR, WIS MR 5 MRE,

R, BRG] HIE 22 fRRNEd  BFEsls
o] shelsialel (28 9,10, 11,12 13, 14) . Mfim
TNl 14 o 2 4 vedicular body (FUR M i#e] 3.
A5l MAR)ZE ek gabslgla, alaf & o]
vesicular body Woll 4 £ ulelel A 7o  HKMo]
shelslgleb (2@ 11,14). of Bo] i&peiifeke] %
Aol 4 £ dfolel 2 W ¥e %KME, =& oz 8}
oA ¥ T-7b Wi/Ee] 4wl YR8l A HIS
sbabslod eh(gl 12, 13). @ATHIKeel B M Al K ol
A= BUE T &5 8k (plasmodesmata) o] 82l w}o]

2l HF7h alsie] Mdl4 MR wolz~ K
T BHol Rl (2d 9.10).

Wik BRe BBWV S B EMERe] MRk
By BMEARY 84 (4, 12,19 )9 2 —Hghcel

Cucumber mosaic virus (CMV), CMV 7} 438 sl |
e Btk B4 T SHS Rk Mo 2a
ola8 MAEMo] BaArh(aY 2). o] RmHL
WHe] REMP) MHBERY &5, BBWY =&
lily symptomless virus, tulip breaking virus 3 H
o] upol2l£ ol EHIERSlAl 31-&o] Ealsiglcl CM
Ve HEEYe) el Nicotiana glutinoss LS
olg5ted 2% helol MHEHEHAAc U L) 2}
Wi M Ealela =& MAMBE EKE Je)
ek,

Wikl of &b FERGAUSR @ 2b M SERDO) o) 8 RYY
sl N. glutinosa & RApol 2 L% o] 83t MH
o fyiizkiel thEER slddu % 33} e g
YT Atk ol & REML MR E wol al
i) BBWV9liz cld CMVE & &s|slch 534
Vignia sinensis ] FERR ol Al o {880 vhebu)of
(2% 15), BBWV 8 1A i@ + dsich
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Fig. 7. BBWV-particles in partially purified preparation (x 128,000).
Fig. 8. Serological reaction in Ouchterlony agar-gel diffusion test. The central well contains BBWV antiserum

and the peripheral wells contain the following antigens: 1, 3, 5; partially purified BBWV, 2; crude sap
frcm infected L. longiflorum, 4; crude sap from infected Achyranthes japonica, 6; crude sap from

infected Plantago major.

Fig. 15. Local lesions induced by CMV in Vignia sinensis.
Fig. 17. Serological reaction in agar gel diffusion test. The central well contains CMV antiserum and the peri-

pheral wells contain the purified CMV (2, 4, 6) and crude sap from infected tobacco (1, 3, 5).
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* Key for Abbreviations: ¢, cytoplasm; ch, chloroplast; cw, cell wall; er, endoplasmic reticulum; m, mitochon-

drion; n, nucleus; ne, nuclear envelope; nu, nucleolus; t, tonoplast; v, virus particle; vac, vacuole.

Fig. 9. A large number of virus particles within plasmodesmatal lumen arrows of BBW V-infected L. longi-

florum leaf parenchyma cell (x 51,000).

Fig. 10. A large number of Virus particles within plasmodesmatal lumen and tubule in the cytoplasm (arrows)
of BBWV-infected Chenopodium amaranticolor leaf parenchyma cells (x 34,000).

Fig. 11, Cytoplasmic membranous inclusion-vesicular body(vb) apparently made up of whorled tubules in
BBWV-infected C. armaranticolor leaf parenchyma cells. Note the crystalline array of virus particles
in the vacuole (arrows) (x 13,000). Inset shows a high magnification of the crystalline array of virus
particles (x 54,000).



Fig. 12. Aggregates of electrondense of virus-like particles within a nucleus (arrows) of BBWV-infected C.
amaranticolor leaf mesophyll cell (x 20,400).

Fig. 13. A high magnification of the Fig. 12. Aggregates of virus-like particles (v) within a nucleus and around
rucleolus (arrows) (x 25,500). :

Fig. 14. Palisade parenchyma cell of L. longiflorum infected with BBWV and TBV. Note the cytoplasmic
cylindrical inclusions (b-bundle, pw-pinwheel) and the aggregate of virus particles (v) of TBV, the
cytoplasmic membranous inclusion-vesicular body(vb) and virus particles (arrows) of BBWV(x 34,000).
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Fig. 16. Virus particles in purified preparation of CMV (x 60,000).

Fig. 18. Palisade parenchyma cell of L. Longiflorum infected with CMV. Note the crystalline array of virus
particles in the cytoplasm (arrows) {x 34,000).

Fig. 19. Palisade parenchyma cell of L. longiflorum infected with CMV and LSV. Note side-by-side arrange-
ments of the virus particles and the virus particles scattered in the cytoplasm (arrows: CMV, double

arrows: LSV) (x 34,000).
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Fig. 20. Palisade parenchyma cell of L. longiflorum infected with CMV and TBV, Note the aggregate of CMV
particles (v), the cytoplasmic cylindrical inclusion (b-bundle) and virus particles (arrows) of TBV in
the cytoplasm (x 34,000).

Fig. 21. Aggregate of virus particles in the vacuole of CMV-infected Nicotiana glutinosa leaf cell. Note the
arrangement of virus particles forming single or double rows (arrows) (x 34,000).

Fig. 22. Palisade parenchyma cell of L. longiflorum infected with CMV, TBV, and BBWV. Note the cytopla-
smic cylindrical inclusions (p-pinwheel) of TBV, the cytoplasmic membranous inclusion-vesicular body
(vb) of BBWV, virus-like particles (arrows) of CMV, and abnormal chloroplast and mitochondria in
the cytoplasm (x 20,000).
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Table 3. Smyptoms produced by CMV in plants infected by inoculation of sap

Plant species

Symptoms in inoculated leaves

Non-inoculated leaves

Datura stramonium
Nicotiana glutinosa

N, tabacum (Xanthi)

Vignia sinensis

Vicia faba

Chenopodium amaranticolor
C. quinoa

Gomphrena globosa
Cucumis sativus

M
a
L M
M
L
L
L
L
L M
L M

21: local lesion M: mosaic

upolel <2 fifkel ki J-°) JERE : ¢h (Xanthi) 2]
WK S o] 88l Takanami & Tomaru Jifkell 4
sho] #{bE 2H(22). o) #hifkik¥iel ohef 4 wlold
£ KFo] EmEel MK E x4bsts] slsld 2% PTA
of Fy@sto] I THIkETo 2 Ag R, TR W
30nme| ERIEH Friol ghalsiolel (¥ 16).0]9
e # F= DN el 2j 8t wpolels K Fop H—3}
g eh(2g 6).

iy ol ¢ L g wpepzre] itz wpelul A= CM
Va g&slgiod, o]z oS =lstsl  glske
CMV=-Y Hfeel fiima -2 ol Bl < KR NIRIKE
ol o] &b [y -2 i o gy i
upolef ~ o] WM shule] alel 0.1M QL ALSEFH
(pH 7.0 )% slste] [EGEE o} A~2 AL HEK
b #idl wpelel ~ kLY olg-siglel ol4r 4belel
HolA ol MEEMATZE SLgl 17 3t o] Emksglch

W e MRk ] sl SUIR ML s gkel  rli
R g 08 Jizbolzr SEMKEkel M fERi] o)&l 1k
Husl N. glutinosa ] WIS WY ko] HFM
fhgno 2 atarsholcel wlolej s Kifx (R HR]
BEARS) ATl e &2 st dn (2¥
18,19, 20), B4 ki-Fe] A& KY{Ro=2
AAsigiel(irel 21), s e = kiR
I, grana © WOV (CTY 22), HEES] it AB
FaTrel HESE ool fhelsioleb(2dl 18,19, 22). ol
Abel RN Ul CMV eino) s rHIEERS)  BIEKAS
ol Aol —Fstalch(4,8 18).

A wget

5 ®

vhel o] oi{h wosbel il g MIAERRERON A Yt
o & 28nm2l 30 nm 2] EKIE nlolelA s

Kool BN, SRR, Asiiel drmik, mat i,
AR ol Qlo] 4] wlole A Wi-Fol HIEMK &
o] #5M2 Mol BBWV % CMV9 1 ffed
&gtk

BBWVE HERE7F dol 148 50 Fie] il
W cle Abdo] Hidksle] 2Aeb(7,12,21). @
A4 Al FA (17)e4 BBWV 2 (18R] He
ol & ®oleh ety A Fatel 2 sl (n]
3 , oAy, AAol, «4-%. FAlel4 BBWV
Akt stalsiglel K3l ol ifiayilERe
A 80l viepyt upel ztel A Aol9l 44
Gol A srEist BBWVSE el Hiel 4 4r#ist BBWV

e REEWE Bukstslcl wield ol BBWV
- 7L serotype a1 Zo® A} islch

BBWV S| 1&4uftel gl A wiolul £ %i¥-ol i
Bl AL o ARl BEHAT o4,

Wl
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7,12,19), A7l Al Nl FWeE  uteleja
WF7E (fdESe APF BEs s 12, 13).

BBWVel cHal 4l olet 7+2 iRl 2|37t @ik
slel ol =l ek ze) o} el Al wpolel A HF7}
B flzA4E /BRI RNA ulelz{ 2ol 4 south-
ern bean mosaic virus, pea enation mosaic virus
Fol aleh A HFIRel A wiolela KNF7F A
hR s, S AET A Aksl Aol HlE
BiAsl A-lA o sl by d g dskeh 2
ool el ub gho] wo]el £ sk Mol glelAl KM
|E ke f1(2d 12, 13) v, e B
Hohizlol v dlojla HFROY 13)& HAb
Rz el wbelela Wof7h pitislele Ao Regsl
ol 8} #F2 £l BBWV 2l Rahel Mk
s]e Fol o dridel Wtak ohvlel, Hitel wiel

Ao Ratel o] - gl Lo i 4baaicl na

a gl
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sturtium 3} petunia & ringspot ol 4 5l BB
WV @il glolA BER wholeis KT tu-
bular array (19), parsley ol 4 4}&t=l BBWV 9|
BgezEel il A scrolls v} simple tubes(7) &2
B & HARAAE BRsA ofock olg F2
o2 mo} o]5° BBWVE A 7S BBWV 8t
e B Aew A4S

BBWV 7t velfdl A BRgEe] gds 2 X
HgEst et 4l

7
r
~

Jelfie HRMEEAE HEEMS sta, el
Aerta] g Rel Aek weld AHE el

o %} fhfEtgel A EER HHRafe]l o FIfEHEe] A7)
o Fof] EHE7F Lasthn A4zsich

w=E mayAEaol A sls wlel ol A AHo|eh

B EZ 45 BBWV 7F BREGsle] glaol 24l
sjolel ol % KBS BMol i, BHEM [F ol A
F2 g4gstn 7] o Fol ﬂ;‘;f’t%el BBWV 9
e ggpiosd A fFEsicla A}

BBWV S il ola fimtael ke o %
Bslel, 53] sbeE ER = MERS WPl
Prrefg = el [kshe #EA Sl 2
sjel 9lch &Fel A S BBWVE [1&R#4 HF9
ZA 7 AGY Aoy abislel wWgtel 4l RBWY
o} TBVS HmHmMGe]l Hzalslol (2% 14), 4
gol TBVS EEE MRdior Az sch

CMVE A2 A 2Tl nagl AREER
HFE 67TH 470 fiol sl ek #ik@elA & 20
o o] FRER HEeld CMV 7L Sitslg
o (16), JelfidlAde] CMVe Ske X HR
HALolcl, JRlMt HE4 HBAEHE  AEEM
< s, BHEd BB = Ll B4z
A7 o B0l BEMS TE 2 fime CMVel T
a8 Mggios FHsirir 4 Atsich
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