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Three Viruses Isolated from Genfiana spp. in Korea
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ABSTRACT: Gentian plants (Gentiana spp.) showing yellow ringspot, mosaic, necrotic fleck and
malformation were collected from their growing areas in Taegu, Kyungpook province and Alpine
Agricultural Experiment Station, Korea. Three viruses isolated from the naturally infected gentian were
identified as broad bean wilt virus (BBWYV), cucumber mosaic virus (CMV) and clover yellow vein virus
(CIYVV) by their host range, immunosorbent electron microscopy (ISEM) and electron microscopy.
Electron microscopic examination of negatively stained preparations showed that BBWV and CMV are
spherical particles of 28 nm and 30 nm in diameter, and CIYVYV is filamentous particles of ca. 780 nm
in length. By ISEM, BBWV was detected mainly in gentian showing yellow ringspot and mottle, CIYVV
in necrotic fleck leaf of genitan and CMV in narrow and distorted mosaic leaf of gentian. BBWYV and
CMV are the most prevalent in the cultivated gentian. In ultrathin sections of BBWYV infected tissues,
large aggregates or crystalline array of virus particles and vesicular body were found in the cytoplasm
and vacuole of mesophyll cells. In case of CIYVV, pinwheel- and laminated aggregate-type inclusions as
well as filamentous virus particles were observed in the cytoplasm of mesophyll cells.

Key words : broad bean wilt virus (BBWYV), cucumber mosaic virus (CMV) and clover yellow vein virus
(CIYVY), Gentiana spp.
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9% wpolglae] JAHES A =3 A, A7 28 nm,
30 nm®| YA}, ZHo| °¢ 780 nm® AHIIA8} poty-
virusell A€ 22 dA Fojx oz A== E9lA
9] ggo] HAEF7) Wl ol E nlolelag ¥l 5
A, S| WA ol 5 ulolzjxete] HAE ZAL

shsich.



426 Al g es ] Al 144, Al 53, 1998

WE Y ahy

HIOIZAQ| AIZRI. o7 Zae] okila) A8 HLF,
THT, 2T oRibell AAEa 9l S (Gentiana
spp.), 7= A= A A EAA A=
U A, AW 2 ARG 2 g} dul g}
AollA s gl S5l HENEY 4 mxjola
(Fig. 1-A), 2% (Fig. 1-E), #| x4 (Fig. 1-B), =
Aol 2E T /1Y € 7= A (Fig. 1-0) 59 4%
veh= 22 A EAZYE e 27 28nm 2 30
nm(Fig. 2-A)¢] F334=}, 780 nm(Fig. 2-D)9] A4
RS Al vl 2~ 2 ARg-slod .

BUmE. AEAY A8 45 0 AYAEL
* AREAANA 73T S F2l $HH 27ke) up

olg| el Zdd ko] WAL 2Aksl] HeiA A=A
A Azl HdA, S 600 m o]4ke] AtellA] 7
WAL GhE ARIsto] wlele] e Fahedo] Hald A

A ARETh FAHFL AHEe 0.05M sodium
thioglycollate solution-g 0.05 M 214k&k3=l (pH 7.0)
7keted mhY, A5 vhg FHRAERS o] 47 Al
oA a5t

SFUE AME. H94d249 73 (immunosorbent
electron microscopy; ISEM)ell AR8-€l BYMV$} ClYVV
o] AL Al dEI 3 ATLGiHEEA H
ANEE e BEERT) w1=9]  ATCC(American
Type Culture Collection)® €], BBWVY] 333
A& FAH F AlEgegd A (BAR ke
BER REYEREAZE R ) 5] Zht 79lsledn) W
A W (ISEM)-> Milne &amp; Luisoni®] H1Y
(28)l whe} A A)3h5i et

HIOIA 2AXIO| MAISIOIZN et olwigde] =3
5 A (2x5 mm) &2} 50 ulel 2% osmium tetroxide
of ZA3AY ulE 2% phosphotungstic acid(PTA,
pH 7.0) £94-& o]-83 DNl sl #A&slqct. 7t

Fig. 1. A:Symptoms of yellow mosaic and mottle in gentian naturally infected with broad bean wilt virus (BBWV), B: Symp-
toms of necrotic fleck in gentian naturally infected with clover yellow vein virus (CIYVV). C: Symptoms of yellow mosaic, nar-
row and distortion in gentian naturally infected with cucumber mosaic virus (CMV). D-G : Symptoms of test plants inoculated
with BBWV. D : Necrotic spots (arrows) on inoculated gentian leaf. E : Chlorotic ringspots on non-inoculated leaf of gentian. F:
Chlorotic ringspots on non-inoculated leaf of Plantago asiatica. G : Chlorotic spots on non-inoculated leaf of Achyranthes japonica.
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Fig. 2. A:Spherical particles of CMV (arrows) and BBWV (double arrows) in negatively stained preparations from infected gen-
tian leaves(x 68,000). B:Spherical particles (arrows) decorated with CMV antiserum and non-decorated spherical particles,
BBWYV (double arrows) in ISEM preparations from gentian leaves (X 68,000). C: The crystalline array of virus particles (arrows)
within the vacuole in a parenchyma cell of BBWV-infected gentian leaves (X 30,000). D : Filamentous particles of CIYVV in ne-
gatively stained preparations from gentian leaves (X 64,000). E : Filamentous particles decorated with CIYVV antiserum in ISEM
preparations from gentian leaves (X 64,000). F: Cytoplasmic cylindrical inclusions associated with organelle membranes (arrows)
in negatively stained preparations from gentian (X 20,000). G:The cytoplasmic cylindrical inclusions associated with organelle
membranes (arrows) in a parenchyma cell of CIYVV-infected gentian leaves (M;mitochondria, P; pinwheel).
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Broad bean wilt virus(BBWV)
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gd TTFH £9 AdH  Chenopodium
amaranticolor AJL 0] &3ste] AR Ltell FHAEI
Az}, Ao w HEH Y3} A HE FEFHE @
ellch(Fig. 1-E).

IR whEglede] Beld 4o T A4
3} C. amaranticolor 243-& o143l A4 4 H X%
Al Eol] ZAAZEZ A5} Table 1o viehd v} et
C. amaranticolor, C. quinog A+ AFU 34 ==
AR AFHE FAA T, HEF 1FAdAE A=
$ ol mxlol=rt FAE WA 57 71H S FHE

t}. B3] C. amaranticolor| A= BEAfo] = FA4e] A2
$ Je AFAEY] FAAEAde g ANk ¥

A2e QS AlsHA Y=o Aol AR o] F

A FAVE-S CMVE BBWV 2229] nlo|z] 2ol E31714
g gho 2 ¥ BBWVE ©2lated -8kt 2
(Vicia faba) VA= AZE F 447 AEdol AAde] A
2UE PAsta, 2F AANH R Z4A FT5H e

Table 1. Host range of cucumber mosaic virus (CMV), clov-
er yellow vein virus (CIYVV), broad bean wilt virus (BBWV)
in Korea”

Test plant CMV CIYvv BBWV
Gentiana scabra +/D, Na N.Sp/St C.RSp/CR.Sp
Gomphrena globosa ~ N.Sp/Mo +/- S/-
Chenopodium N.Sp/”* N.Sp/N CSp/LW*

amaranticolor
C. quinoa NSp/¥ NSpN.Sp’* NSpLW
Cucumis sativus W/Mo C.Sp/- -/~
Cucurbita pepo W/Mo* C.Sp/- -/-
C. moschata W/Mo - /-
Brassica rapa /- /- -1+
Raphanus sativus - - -1+
Phaseolus vulgaris N.Sp/- N.Sp/Ve N -
Pisum sativum - N.Sp/M,W -/-
Vicia faba N.Sp/- NSpM,W  N.Sp/W*
Vigna sesquipedalis N.Sp/-* - N.Sp/-
Datura stramonium N.Sp/- - NR/NRL
Nicotiana glutinosa ~ C.R.Sp/Mo* -/ C.R.Sp/Mo,Vc
N. tabacum CR.SpMo*  CSp/- CR/-
N. clevelandii CR.SpMo* C.Sp/Mt* /-
Petunia hybrida +/Mo -/- -M
Plantago asiatica -1+ -+ +[R. Sp
Spinacia oleracea /- C.Sp/- C.Sp/Mo*
Tetragonia expansa  C.Sp/N.Sp N.Sp/- C.Sp/-
Achyranthes - -/ +/Mo,D

“Symptom abbreviation : C=chlorosis, D=distortion, G=green is-
land, L=Line pattern, Mo=mosaic, Mt=mottle, Na=narrowing,
N=necrosis, R=ring, S=sympotomless, Sp=spot, St=stunt, Vc=
vein clearing, W=wilt, +=uncertain, and -=no infection de-
tected based on back-inoculation. Symptoms on inoculated
leaves to the left of the slash and symptoms in systemically
infected leaves to the right of the slash.

* 1 Propagation species, # : Assay species.

wAle|ZE AAEle] 3FAE L) A £71d 2
Ao A2 gPAdslel Ak TE. Nicotiana glutinosasl)
A AE F 6dA HEY HEN F2FHE A
stoich 2% B ue} A2 e F27HE A
371 = shelct. AA o) (Plantago asiatica) e HEY
o F2 AR} AL, ARE el H54Y T
25492 Jeldek(Fig. 1-F).  AFE(Achyranthes
bidentata) N A= AEL HA] gldot, A2 o
o 2xjolzs} F3E Fuket &3S e
(Fig. 1-G). & (Gentiana spp.)°lA= AHFd ol 24¢]
FR7rde] WS FAslga(Fig. 1-D), M2E el
= 24k w=E 525HY AAdE vehidch
(Fig. 1-E). A gde] =wA WA-& 2A=7] A3kste] 7
7ol A9 FHAo R Fl=d

HIOIA UXRIC| &EH. N. glutinosa®} C. amaranti-
color?] o1& AHg-3le] DNH el &3] FAdatadn
75‘9—1 #8) A3, A7 oF 28 nme] A2 TRk A
A= F2Z 714 §iA7) %ol &= 2l ch(Fig. 2-A, B).

%”giﬂgl\lc’* o] ujolz| 29} 7]FHS, 3iAte] He)
=] Asr} BBWVS} f-AFste] BBWVS] &84S o]
g35to] ISEMell &jste] Ak frAddAE AR 2
3} getellA] Ee2lg 73 vlola]i= BBWVE 344
Eold o2 uhg3leich

212491 TEILHO| HIOI2A RIXIC| ZRHSA.
o &Jsled 7Y% C. amaranticolor, G. scabra, Tetragonia
expansa®] & ZuPdAisie] FAAAEv|AH R
fastgdch. 2R TRk izl ZAME, 4SAZ,
ExzAe FAZ 59 AzAn gz Y Akl 4
A e AARmMER EAske Aol FAHAFig. 2-
C). &3] BBWVY 74 AlxUel Bolxoz A==
kAl LxBo] molx ¥ 2 iﬂ(vesicular body)7} &
A9l m, 7HE o] 5 BlA el F-& F9]ol ulelx
gAte] Alwt e AA wjd Aol 3—4‘%15] At

Clover yellow vein virus(ClYVV)

Al o] nlolzlae AY AST, THT, AT
opibell ARASL Sl 4%, tiAIW 2 AEAH &
ool 4] 31 45t A 55 o el A 7]
W9, Az, EAuke el =AW EAFY 5
zAYslgdt}, 2 Ay, vola s Zrd SR AAlEE &
“f} 22 A EA FollA HAubd 2 —‘-”]%(Fig 1-B)%] SA
< vehlE 2 Al EA A CIYVVZE A& ek At
HAn| A3 FAHFA wEgde] % Phaseolus
vilgaris®) 5 AL AHEste] A el
AE3) A, FHow HEH d Al Ak
5 SARE ebich
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@ AR Eel FAYEI A= Table 10 vhebd
ulel e}, C. amaranticolor, C. quinoad A= HE o
of HAuLE AR}, C quinoelAe HE &
157 Ae 2L Aol AL FFH7 dehd A7
o] A=At P. vulgaris A= AE Yol 33lubAo)
FAE F, 27 Aol A2 Yol g5 S Fug =
2ol ze] AAlZde] Bel= i), o] A AL CMV,
CIYVV % BBWV 3%9] nlolgixd] &3zt gbo
23E CIYVVE a8k f-8-31¢dch

HIOIZHZ RIRIC] 8EN. P. vugaris$} C. quinoa) ©)
WS AHE-ste] DNWell o3 F3Agn| 4oz B3
& A3, oF 780 nm®] AHIIAH(Fig. 2-D)2} Al24 ¥
AL e ol HEETHFig. 2-F). Fig. 2-Fell
dolA FAAES AA wje} o] AEd Elde o
of FaEe] 9lgo] FHalwgith. ole} 2 A=
ClYVV zrdz=]e] 2ubdse] Al gl B]a7} A2
Aol A dgAd o} =t Al ol 3-2k8 AH(Fig. 2-G) 3
A A3k gt

SHEISAIE. o] nlole]29] 7]FW S, =k He)
=2 A3} ClYVVEl fAksled ClYVVE g3 o)
4-3te] ISEMH e 2J3te] HAHA fdH3AS 2A8}
Aok 2 A3 S5teA] £l 780 nme] ulolH A
ClYVVe] a3} Bolq o g ukg-slsicH(Fig. 2-E).

2 ZE|LHO| HIOIMA LRIl =LAl Fay
Foll oJsle] A= P. vudgarist C. quinoad] 18-S
ZaPdHste] FRAAR o2 @Asge. o) ok
700 nm Wele] ARSI A E, GSAE, BEZ
2] FrAE 5 AzAT} x| AbA] & wie) uig
2 EAzks 7ol #l=Ednk ClYyvve Al ze) =
oldow AA=lE AEANe BslAl(cytoplasmic
cylindrical inclusions; pinwheels, scrolls, laminated
aggregates)7} HF=A] fEAE 9w, 71 o] 5 YA W
o] -2 FHol| vz gxpe) Avt = W8 wjdAt
o] &= ck(Fig. 2-G). =3 A xA XA} 4=
ol WetAl ol atg] Abe a9l

Cucumber mosaic virus(CMV)

A, o] vlelg]ae Ui 2=, AE AT, LT,
HAT9 oRitel| AHAE T Qe 45, A 2 A
A & @A AE 4 A 85 date g v}
olgl 7|FHS, A, A 18y 2R
A 55 AT o A3, vlele & S
22 gAHE &9 22 A EA FolA 18 A EAZ HE]
CMV7t AE= 3, 2%4 828471 BBWVS &%
44 Hdok ZApela, Al ® % (Fig. 1-0)9] 342
Hetll= 45 AEA e CMVate] Bal=g]ch A
Ad e A FHHFNA dE7Ede] FAH  Cucumis
satiwus, Cucurbita pepo®] EA}o]l= AddL A3l A

A7 gl FAHTE A, Fho2 AEF AEA
=AY 2 59 F4S ey

IRl dEFe] &1 Al Ak 4o Al
A3 C. sativus®] BAP)Z AGE AREste] AA &4
2 2 FA) Fol| FYHE3 A= Table 19 vehd u}
o} 2k, C. sativus, C. pepo] AEF-S AP RES o 71
Absld 3, A2 Al Zapola A4S vehiglch
P. vulgaris, Vigna sesquipedalisd| A= JEQ | A8t
ARt YA, Nicotiana tabacumoN A& AE U 3
P, Aells A8 A Ql mxlo)m ZAMS Yellch
N. glutinosaol M= AEYL N 331 T27HE, A=
2alolzm A vl olE A EA|ES CMVe
BBWV 2%9] njolelxe] E3F4E Lo
CMVE =8l f-83ldch

HIOIZA RIXtC| &El. C. sativus, N. tabacum®) ©)
WS A8t DN el o3l F3zzxdvZ oz #3
3199 v}, oF 30 nme] hollow centerE 712 F®oF 9
27} we] AE= AH(Fig. 2-A).

SHUISAIE. o] vlolg]xd] 71FHS, =1 =)
2 A7 CMVe} f-AFske CMVY] 338 o] 43
of ISEMel| &J3le] EAeA FAAAE ZA8I}. 2
Az gt E2]1d 30 nme] ®lelzlAE CMVY 3§
A3 Bolx o2 ukg-3lith(Fig. 2-B).

2 @

AAA o2 F(EIR) D ST(EtR) 235-(F1ER)
o] AYAbAA-2 33,000 ha oA 2 deiA glon, vd
HE=E At A AV A AY 2A1A
ol A$7E dF-Rolti(4). 2y Ashg, 3ohg B
Y T2 2 52 235 A WAL o)A ¥
LI} Ao FA-L. &7 A5, olF X359
AmdAe] 85 RE AGHoE Frlstd 949 100
haell &3t QIeh(EHAH BA). o1& thd g =3
Froll= ulolzix W o] whaje] Alsla Hs)7} v$- =}
= A AAIA e Z A oA gla, =3} o) & chd A
ZEH-0] di o] 552 ulojal el £ zFi=e] 9l
S5 =3, 4,20, 26,31,32). H7)o 1 Y &
= 2379 o]y Al Eo] ofokiA]L ulol A9 FALS
FEER 7RI ITH(20,26). )& A EA] B
H ulolg 2z Foll= o] F A Eollut B ol AR
Aot BfEe o FaHE oA WA sl ulele 2]
7] Wil o]F AlE2 FAE nlolzjAg AHPdow
- FQ3lths ARE ¥ouEe] QIuh(3, 4, 20,26, 31,
32). 28y oA o] & UdZHE-ol i) nlola]
el A= WgH(7), ololalx(8), olvidel~(18), &
2it]-&81 (21, 31, 32), tidelop(9) A xolr},

=
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F25Y, 2xjolzm, AU, Al 5o HE5A
£ B33ake vehlle £ A EA R E 22 A
28 nm, 30 nm®] 73 nlolzl29} 780 nme] AR} wle
zlae gixbe] e, 715, AR, oY 24
o] ulolalx gl EajekA] 5o A o5l 2zt
Z+ BBWV, CMV, CIYVVE FA gk}

BBWVE 71538907} Wel 147 509952] A=l 3
dglhe Aple] BaEe] QIel(7, 14,27, 29, 32, 35,37,
39). &FellAe AlFA, W, 315, AAH], HFF,
A, Felt]ge]2dlx BBWVY Adztde] sel=|sich
(6,7,9,23,32).

BBWVell thdt £33 el Aael w32 A3} A (7)el
o8 BaEgon ol AYoMe $Fo X FAE
Yehtes WAL EAH o2 ofFivt. N glutinosa®]
AEY o Jehd 33} T2 FH e Ao malela F4,
V. fava®) AEQL vehd 24 ubd sl Agel et
7] x ZA}(dark brown wilt symptom)-2 BBWVE] 7+
o] 2lgk A3 Al FA}olegky A7tEe] ko2 BBWVE
A FA B9 ukgol] 93k Axtr|Fe] H 5= ). A 3
ZFolA] & AAol9} 759 frHe] BBWVE FUF
Z3% A3}, BBWVS zpedzkedel &gt WA FAsA
Aol HEANY FTLFHYL, 4752 mApol=s) ¢
ZA4po] als gl AR FH oA ole} S FA
2 A o]} &} F-2o] 1= 9l& = BBWV7Z A=
o2 Bdsla, A o5 AEES AATeRA 24
4& & 4 slch
199413 & S(5)0] Sdeil4] BBWVE AdzrdEe A
Loz wyg olg, 19973 Kuroda $(19)°] ¢4
e fdellx] BBWVE Hwrt 9l ol &7+
5 2372 GoPHAS sla, BelA] 7R AS
717ke] Ak, b ARE At o] g AlEol| T2
g Agde] & 7ol =] Wil F¢7t B asich
A3k A (7)2] Bl ospd Ao, 4 F-&, elF 5
A= BBWVZE #tedz<d=e] slde] st o)
E AEx chddolm, ARHA] FHeA FE AAYBLAL
A7) dEol £33 PA el A= e F2t
Zo 9JolA BBWVY F83 Yoz 7B #9
s},

Potyviridaeell 43l CIYVVS] 7|54 9= 95 295
59% ztadAde] d=iA QUch(13,36). &4 22"
ClYvvel 7|54sle] Az= Inouye 5(16), Lawson
=(21), Pratt(33)7} 2 ClYVVe A} {4181
o1}, C. amaranticolor 52| B Zoll gle1A HA | 2kt
9] zpolz} olsiel. 22 vt ISEMeolH ELISAC 23t &
AEA A el CIYVVY FEAFH= BolFor vk
3led 21}, bean yellow mosaic virus(BYMV)<] 3384
= uhg-3lA] o} CIYVVE BAskuch ClYvve] zt

EE.
174
1

N of

w, 1o fw @

i

d AFEWel BolHoz A== AEAYW EA
laminated aggregates @ W %) A (crystalline dense
bodies)?] FZ& oln] 1% CIYVVel AAE ¥3iA
o) F-zo} HFALBFATH12, 16, 24, 26, 36). A nlol]
2o Z+AE A]Eoll 9loiA] nlolE| 28] ZEo] ISEMe]
ELISA®RT}H &4 dwlsicie 4317, 26,34)7F & A ¥
A= Felgglt). I[SEM vlo]zx 3417} 38 9]
Hs-o Azpdu|g oz Ay #FFE £ gle LR
o) 27k 7} EFo} 1~10 ng virus ml™ HE oA ule]
A AEo] 7bsdla, e 9] Ao ulely
22 A ALY S, 7IF @A FAS
F-H3t FdAolztx BolHl uke-E 3t £2 ZIHE
38 4= e, 15,26,28). ©] ¥lHe] Anderson &
amp; Stanley(1)ell 2}s] A& wlolg]xe)] g ="
ol ulole A HEo| A5 o] 4H A B ol AR
o)A »Fgo] ksl A dghr] wEelch & Al
PollA = AP Bt o)) 73] 9] BBWVS CMVell =
ISEMe] wl-$- f&slcle Aot deojzict. §3] 459
FZNE 0]-43 ISEMHol &gt CMVE] ZZo] A
san @4 U =r) sk, AR T, Al L
2 1/4 A BEE) ARZTE B2 ez A
A u) A wFo] FAF| Frtste] o= A HfA o]
Lol 7Vs3bA =gk wEbA AlE nlole| e 2t
AelAl o] go] ZkHF T wle|e F3Fe] Rl ISEM
< ARz

CMVE FAZ AA Z=ellA Eu® zpedztde] 7]
F= 673 47091l 2tz gt Tl 20459
Azt el 715l CMV7E 2815 =H(6,7,9,10),
Sotollale] CMVE Fale 2 d37F X-Lolth(5).
CMVE ARES i el & 44 Ao=nz o]F vt
A AlEE FAA FollA me Alefellx] AFAYELIL
o7 W&ol e £ U2 A& CMVY F8%
Addeldr}

(3

2

o 2 AR A9y 2 @ude) dubd o g AfuiE
T e 4, Ul zER] A 2R A AT &
ol A T2FH, 2oz, HAUEH, v AS
9] 248 Vel A A ZYE 3 £/ vlelg~
7t B =gk o] nlelae Az, 1FHS,
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