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Michiharu NAKANO** and Tadao INOUYE**: Burdock Yellows
Virus, A Closterovirus from Arctium lappa 1*.

Abstract

This paper describes the properties of burdock yellows virus, BAYV (formerly ‘Bd-F’ by
Inouye and Mitsuhata, 1971), and its serological relationship to three other closteroviruses.
BdYV induced no apparent symptoms or only faint marginal chlorosis in older leaves of

infected burdock, Arctium lappa.

BdYV was transmitted by the aphid, Dactynotus gobonis,

in a semi-persistent manner to Callistephus chinensis, Chrysanthemum carinatum and Nicotiana

clevelandii, but by sap inoculation to only N. clevelandii.
BdYV was between 45 and 50 C and longevity iz vitro was 1-2 days (20 C).

The thermal inactivation point of
Ultraviolet

absorption spectrum of purified preparations of BdYV was characteristic of nucleoprotein

spectrum with an A 260/280 ratio of 1.73.

Particles of BAYV were flexuous rods, 1700-

1750 x 12 nm, with a helical arrangement (3.6 nm pitch) of the protein subunits. In ultrathin
sections of infected N. clevelandii leaves, banded aggregates of virus particles as well as the

characteristic vesicular structures were found in phloem cells.

cells were also observed.

Necrosis of some phloem

In SDS-immunodiffusion tests with three other closteroviruses, carnation necrotic fleck
(CNFV), citrus tristeza (CTV) and wheat yellow leaf (WYLV) viruses, single precipitin lines
were formed in homologous antiserum-antigen combinations. BdYV produced clear precipitin
line in agar gel containing 0.5 % SDS, whereas the other three viruses produced in 0.1 % SDS
agar gel. In microprecipitin tests, positive serological relationship was observed between

CNFV and WYLV,

&

TRYRREETEYA L AL LT, T CRASHE
WERTHD TRy 2F 4 7 (BAMV)IO, =8 7 B
(BAMtV)?, F . v V¥4 7 (CMVO, XV
< M EREHGE (TBRV)® O£ 7 4 L ADIEHIC, 600
X 20nm DEEIRD 7 4 L AR T (BAd-R) 8 X0V =&
v ¥ FHT 7T ay (Dactynotus gobonis=Macrosi-
phum gobonis) X - CEMKEI NS 1700 X 10 nm D
Dok 4 A (BAd-F) 235510, Bd-FiZv 4 v A
DRHAMS RIS & &2, TOREERAE BT

jll]

(Received October 27, 1979)

A NALLEHRD FEFTHoTo EEDIT Bd-
FROWTELEFFMRREERE T, Zhds clo-
sterovirus Z v — FWDLDTHAH = EFHLMTT
7D T, BdF CHLIHOID TRy E (LY AL
# (burdock yellows virus, BAYV) &&®& Lo A
i BAYV OB OWCEETH L LB, Bd
YV %44 fED closterovirus O ifi iKW T
[k RIcbDTH Bo

AR DD, RRAHRBCH Lo iivy

LA s A TR S T O KRR PR 4 v

2—0DF x, FMEEYHEL TR\ TTHEY 7 «

* FAFI524E11 3 D AESBFELA R L UB4E 6 A DKET R\ THERYREL 1.

Rl N3 SN 37, X
Japan

College of Agriculture, University of Osaka Prefecture, Sakai, Osaka 591,



8 HAMYIRESAM F46% $£15 WRssE 1A

N ARG D LG E BE, A4 AF =/ Agricultural

Research Organization © M. Bar—Joseph I, 75

O EBRET, HEE D FEDEBUTH ALK

P SRR E RIS R AR O £ALCHEL B b3,
ME &L HE

TALR ERICHGEBAYV DO Y 4o ARk,
19764 6 A A CIRE L TRV ELDL IRy e s
FHT T AVE L > TEELTRATHERL, 777
A VEERIC X o CHERHER L7co MBRIGHEBC A
Fow 4 A ZERE, BAYV 0@ 2 4B E R D »
C—k—va V2 EBY 4 LA (CNFV)®, =4 ¥
T A4 A A (WYLV)?, LK EERE R 5 —
DAZORBED 7 RENSEIHI VFY MY
AFHFT A LA (CTV) Thbo

EERR  TREERIXI%FA Y a1l
EETr0.1 MY VEREER TIE U BEE A V- C
H=RT VE AL LBEETIT, 777 45V EHR
BT R e FH T 75 A BINEETHT 7
T AvERGI, BEEYOREOR BIREEEL
LA RBIERETO Y A4 A AR TN X - ThEn
DI,

MEBHE HINER T BaYV o R,
Nicotiana clevelandii % 7 4 L A% L CHREHEMC
JiEAORY o

Mk  BAYV MULMBHCRBERERE L N. de-
velandii FRYIEHR BV, i bFPRlO &k, #ito
BRALEG BRI L, MAMILFENL10~402 DTk
FEAERLC X - T it Ui,

mEFR AR #i{t BAYV ¥ (ODago=1.5, 1.15,
¥ X 0'1.45) 4 1.5ml % Freund’s complete adjuvant

& EBIERI 3 EHAES L CimERER Lo
KLz 0 BAYV FimiE0EIT, MESEIER
o WYLV HifE, {4 A7 =4 d M. Bar-Joseph K
X b £ b Ric carnation yellow fleck virus (CYFV
=CNFV) HiiE>»*1?, BIVCLBEERI DXL
7o CTV fifiiE % fvc. MERIGERIL: 277V
YEFVTAIRIONT AR Y v A (SDS)
HRGCDHATA KI5 ARTOIERY LN EILHE
X -7,

EFEMREE 74 AR PTAR L 538
WD negative stain ¥R CIER L1cEUEhiC o & B T5H
#gE (JEM 100U0) #ZEL7co = F vk L0 N. cleve-
landii FEGCERBOTIRL, Za a7 a5 e FEm
Wbt A 3 v A, =&/ —ARAIBIK, =+ Vil
BAURICHEYT A EIRIC X - TR L, By 2 =
e s = VEBRETTRA L CRERSE LI,

ERER

A LA DS

BAYV (IMICEE BAIMV & BB LT 554
MBEWERBND, EF A 7 ERE T 2 A 7 R
B 0D i IRE 2 19964 BT TR A L e 11Kk 8 BR T
B, 197721 CH - Foo —TF, 19764
KBRS X ONET CRE L= ¥4 7 5ERKSS
D BT T & ey 5o BAYV 2 &Tr =AY D
EFA RIS, TARY S F AT T T AVT,
BAYV 72217 % = A v K AHBET 2 03— B CH -
=, DT p S BAYV OB ETIT A5
iy RN el

BEHEL B

BAYV O7EEHiF A Table 1 kL7, BAYV 1k

Table 1. Host range of burdock yellows virus

Plants susceptible
Compositae

Solanaceae Nicotiana clevelandii

Arctium lappa (burdock), Callistephus chinensis (aster), Chrysanthewmum carinatum

Plants insusceptible

Calendula arvensis, Carthamus tinctorius, Centaurea cyanus, Chrysanthewmum corona-

Datura stramonium, Nicotiana glutinosa, N. rustica, N.tabacum (Samsun, Bright

Compositae

rium, Cirsium japonicum, Lactuca sativa, Zinnia elegans
Solanaceae

Yellow, Xanthi, Xanthi nc), Petunia hybrida
Leguminosae

sesquipedalis
Caryophyllaceae Dianthus barbatus

Phaseolus vulgaris, Pisum sativum, Trifolium pratense, T. vepens, Vicia faba, Vigna

Chenopodiaceae Beta vulgaris var. cicla, Chenopodium murale, C. quinoa, Spinacia oleracea
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T AVERBIZLIY) SRR F S, vy
* 1 3 vV, N.clevelandii Vo4 SRR Utco HRHERE
Tl N. clevelandii 72 B B0 B hvichs, RE
T S D 158123/ DREMVIT R 2D b ITs -
Foo BIREREM B O = AT ~DOEEHRBTIIRI L
T otte ZRPFEM COWMBUIRD 3D TH b,

Ay (R N, FoE, HAR) | RYYR
WD Rz & A ETREE RS e - Tehs, Bk X
o> TR TESEZ T HT M EIEROA SRS L
DL HoTce

=V ¥y g% 3 EEE E CTECERLZ T4
U, TOREINRMIOFLHET Licobiihs 0
b ofce RAMEADFE(LOEBIIFEE T 570
(Plate 1, 1),

YN YLl EERKG 3 A CrR~TREED
TR RMTONHREL, TOBEDTEIET L TH
Nico EMENDFEOERITEE ClLich » o

N. clevelandii @ 7 7 5 & o B CREE LB,
B2 ~ 3B TIE £ SN ERE LSS bbh
TREIERL F LD, SHRERMEEE(LLCTE

Table 2. Transmission of burdock yellows
virus by Dactynotus gobonis®

Acquisition access time®

Control
10 min | 30 min 1h 4h 24h

0/4® 0/4 0/4 0/4 1/4 | 2/4

Inoculation access time®’

Control
10 min | 30 min 1h 4h 24h

0/5% 0/5 0/5 1/5 1/5 | 3/4

Daily transfer of vector aphids®

Ist 2nd 3rd 4th

2/4% 1/4 0/4 0/4

a) Five aphids per a test plant (burdock) were
used.

b) Plants infected (plants from which virus par-
ticles were detected)/ Plants inoculated.

¢) After the aquisition access time, aphids were
transferred and allowed to feed on healthy
seedlings for 1day.

d) Prior to inoculation feeding, aphids were fed
on diseased burdock plant for 3 days.

e) After feeding on diseased burdock plants for
2 days, they were daily transferred and fed on
new healthy seedlings.

M. HRER IR 2 ~ 3 B o
CBEOPNHETRER AT, 52 BREBITL
WU EEC 2 EREEY D bbb L. FREOMET
X775 AV EBOEE LD AKETHY, EIRELE
RaehbbIPTR LR LD, FBFEE/S L
WHMhBEE1%h -7 (Plate 1, 2),

i
N. clevelandii % B & U CH IR T~
BAYV OARELEEZ45~50C (1043) THDH, 20C
TORFREZT L ~2 BTH -7

775 LG

BAYV L2 Ry e ¥ #7735 A0 TEHR IS i
W, BETHT T I L TRER IR ol T4
VLR FHT ST AL BERERO RIS R,
Table 2 iR Lizo BRI 1T 4 BERIDLER
sz Ll EHRENIEERL, BT 1
B EMET L LR LTy A AL ARER LT,
Ft, YA ALARET 77 4T 2 AREERE D2 R
Hr Lo

74 L ZADHE .

T O ERb FA - B HSIE, fifbiEd
T B ER O L oL iR L, Fig. 10
FIHC & - C BAYV ZffifbT B EnTER, 77
Bk A, =F L= —F L COEE{CAET IR LR
TN AR T DOHDOBIECORTFRENEZ DR
T, AVBB IO Y ABHROERXY A A AD
ECRESTH D, 7 = VIRBER LT O B
CREYN B - Too o, EEROPHIL 6.5~8.3 DH
ALk R K# 7 <, PEGILEHO v 1 v A BRER
Z0.8M DRFEXHRMTHZ LI D, EHELTD
v AL ADBER VI TET. Bbhlfiifby 4 1
AR D UV BRI s A S B REY R L,
245% X 0° 260nm i Z U E s X ORI S B
»., Amax/min=1.20, A260/280=1.73 Th 7o
COEREERRE L LA, HHOVLIRRTFA
b bl

MmiE RSB

FEY A A AR ES LEFREAORIM L TEDRT
gL, 727 vyE©F v F R BT N develan-

dii PSRRI E 128 f5E CRIGL, et

LIRS LIS olce UL, APUMFRIER S LN
ZIEPLEOE CIMBE AT TR U s & S RE
HE & OBITICIGD A DR A HE D H -1
BAYV % &5 4 fD closterovirus & R ZHDH
Wi {E & A\ CHER Y VR ZEBPSHER AT 5 fedic, v
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Frozen leaf tissue of infected N. clevelandii
Homogenize in 0.1 M phosphate buffer (pH 7.7)
containing 0.1 % thioglycollic acid

Extract

Add CCly, stir 5-10 min, centrifuge for 10 min
at 10,000 rpm

Aqueous phase

Add 6% PEG-6000, stir 60 min, centrifuge for
15 min at 10,000 rpm

Pellet

Suspend in 0.01 M Phosphate buffer (pH 7.6)
containing 0.8 M urea, centrifuge for 10 min
at 10,000 rpm

" Supernatant

Add 4% PFG and 4% (vol) of 20% NaCl, stir
60 min, centrifuge for 15 min at 10,000 rpm
Pellet

Suspend in 0.01 M phosphate buffer (pH7.6)
containing 0.8 M urea, centrifuge for 10 min
at 10,000 rpm

Supernatant

Centrifuge for 180 min at 19, 000 rpm on 20 %
sucrose cushion

Pellet

Suspend in 0.01 M phosphate buffer (pH 7.6)
containing 0.8 M urea, centrifuge for 10 min
at 8,000 rpm

Supernatant

10-40 9% sucrose density gradient centrifuga-
tion for 150 min at 19,000 rpm

Virus fraction
) Centrifuge for 120 min at 24,000 rpm
Pellet

Suspend in 0.01 M phosphate buffer (pH 7.6),
centrifuge for 10 min at 8,000 rpm

Purified virus

Fig. 1. Purification procedure of burdock
yellows virus

A A ARLFO BREMIEH & U CHER S X OHURERNIT
Mz % SDS DREIOXFS Lico FEKF D SDS
EEY 0, 0.2, $EU0.5% &L, HIRY A A RHR
ko SDS MEgEs 0, 0.5, 1, BXU02% :L
TIMERIEHE RN DR, BAYV EREPLMED
T SDS & MDD &thic & » T4 U b IR RITE &
KAcE T, BRGNS - & SHEED bbhicn
%, JEKrh SDS ¥EEP0.5% OHBETHY, HED
SDS MIEEEL S ¥ h BB Uik -7 (Plate 1L, 11),
Plate II, 10 &= CNFV & CYFV ¥k co KL%
RUTeS, BAYV 0B & L1k Rny, FERpP o SDS i

Table 3. Reciprocal serologicpl reactions
among 4 closteroviruses in micro-
precipitin test

Antiserum
Antigen
BdYV CTV WYLV | CYFV
BdYV 128> 0 0 0
CTV o> =>256 0 0
WYLV 0 0 256 4
CNFV 0 0 4 64

BdYV; burdock vellows virus: CTV; citrus
tristeza virus: WYLV ; wheat yellows virus:
CYFV; carnation yellow fleck virus: CNFV;
carnation necrotic fleck virus.

a) Titer of antiserum.
b) No detedtable reaction.

BE0.1% OBEED - & SRR RIGS D b,
CTV % X8 WYLV ‘T4 CNFV 084 & REOHES
Db, EHEHERED SDS Mg E OB
A isinoic, .

4FED closterovirus [ Ifil FEAE % FHX 5 fodIT
Toleirza7LyEsF vy A+ ORERY Table3 i
FLHTURLI, BEDY 4 v A—FEDOHEED
H TMBRIGHRD D Z N TE e oTeh, WY
LV & CNFV (CYFV) & oMcitiiERIEH RS 5
n, YA AXMEFCERO D D 2 LATELD
bivice

74 N RRF

BAYV KRB D B0 bR TH D (Plate],
4), negative stain ERHCOFRFRAXE L L T
% 1700~1750nm D & DD - Too FFDIEITRI12
nm, HEAKEEDOLY » FIIH 3.6nm TH - 7o

BAEYOBETR &

BAYV B4y N. clevelandii 3R/ T 4 L AR FI%
MR REL TRESh, REPERMRC
IR bhie ot BRHHIRNTY 4 v AR L
ELIERERERE LTEEL, OB Hikdh
REFIPHEEINZEHELH -7 (Plate I, 3 5L
Plate II, 7~9), %7z, flld 4% { @ closterovirus T
b X< A BT 2 BRI BRI &4/ iaks
Fd LI LiEgEI ki (Plate I, 5). S HiT, Hifl
MR 2 T X LB bhie (Plate I, 6), BAYV 3
o= By ECLIHEMIER R FER L RDd A, D
faRE S AT ARER O CIIELD bt - 7,
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BAYV (XA OERIEE, Tib (OB
HLRVWOLRTHD, BELRAOHRBIRELY
vy FOHI3.6nmTH B &, (2)7 75 & K FEW
HThbHT &, CVREREHEYORBITIE I~ THEH
ThHZ &, WETREETHD, EHIRENCRT
DIHRKES, RO NUESEFEVRDLNL Z &
7o &b, closterovirus 7 v — W RFFB TS & 0
LRDAHZ LINTE D, —HRIT closterovirus @ UV
WAL A2 b AT 4 NV ARFDERD Bk 4 &
(6~6% £Z2 b T5) PHEEShH LD H A
260/280 DELEHEDE T EBHBR TV B,
AR TELRBAYV © A260/280 131.73TH 5715,
Z DOfEIL beet yeilows virus? TH#E S hicl. 7288
LILTH Y, Amax/minDE S 1ZIEFR—ETH - oo

Closterovirus 7 /L — 7D % 4 A AT R 7 FHl
W FETH LD E LTIX beet yellow stunt virus

(BYSV)Y2H 5, BYSV, BAYV 1% & $1 N. cleve-
landii TRGMER 3005, BYSVRI Y — b, L& A,
by 7 =Y VIR R b o0 LT, BAYV ik
b OB YT, BYSV oSl chsb =
TAT 75 vk BAYV #ERH LW EDEND
WHEIIEDO S D EE L bhlco

Closterovirus O Ifi{EKGEER% FERK ¥ VA 8K
BRI 5 7, SDS %kt FEREERIC T )
L LT, it Gonsalves 59 23 CTV @2\ TfT-
TGRS Do A TIE BAYV oiEssic CTV, CN
FV (CYFV), WYLV ©Xov 4 1A ARDWTEH S
DS X AR TAELIEY MBRIEARCERTH 5
CEHRPALM LI I BEBRERITIL BT Ied - 1
B, VA NAFESREO T RV F I AR 4
B HBREOREIRD biic, Gonsalves Hik CTV
D MERIGIE AR D BAYV CIHER OB H1720.5
% SDS #EXERWTW5H2, CTV o TOAH
DOEETIE, XD SDSEE. 1% TRIGHS - &
LUE Lo T B TR BOMERIE, [ U clostero-
virus A — 7 D7 AV ATh FE SDS M A
DT LS—E TRV EXRETEEDEELZ OIS

DT, EBEVANVAZT LHBETINERD DG

LR\,
Closterovirus 7 /v — 7 @ 7 4 Vv AE O 5%

COWTIERD F D AL TUR TP, T h
1 BYV & CYFV & oo mEEmEGE Mo T
WEBRTTHAR, KD i 7Ly EsdF /T AL
DFEEIZ X b CNFV (CYFV) & WYLV toficd
MELAFERDO 55 = &P LTI »7add, oy
A v AMEMTO EEEROF BT OV T, X
LI EREO PR & & I mEx Fv 57 & LT
FTELERES D,

i =

Kk 2 AV EH I B 1D closterovirus,
=R YLy 4 A+ A (burdock yellows virus, BAYV,
PAT ‘Bd-F EEHL b 0) ool #is
O BAYV % 4ic4fD closterovirus O [iEKI&
BB O\ TER RS D TH o
CBAYV IR TR Y TR & A E BB, TEOMERDL
PN EUREEY B Db TR, =V F s, v
v 1Y LR L Nicotiana clevelandsi V4 By ey
Lo BAYV X8 e ¥ 47 75 n > (Dactyno-
tus gobonis) TLKENITAEME I, N. clevelandii 12
FeEER T T o LT E T, D TOREE
LR 45~50C (104)), fRAEFREX1~2H (20
C) Th o720 N. clevelandii FREED HET- BAYV #f
{BAE S0 UV R 3 245nmic J3 /)y, 260nmic ik
ERHD, A260/280=1.73 CTh -tco v AL AKF
IR L B0 b R C 1700~1750 X 12nm, f&255
BADYE » FIIH3.6nmTH oo WUEWHEAET
TY A A ARTIRHRMRCEEL TABh, LIEL
WWHRROKRE MBITHRE LTRD bR, ¥, &
O MNP MR S S R B, B
il 2 S D B hizo

BAYV, 7 —%&—va vz X (CNFV), »vFv
FY AT (CTV) B = & FEHE (WYLV) D4
& closterovirus 122> % SDS—IERKFILFEw 1T
Stk h, FRENFBED Y A v A—HMmEOHA
BCMBRIGHH Db, FEXFO SDS BEX
BAYV ©0.5%, fho 3D Y 4 L AT 0.1 %0D%
B 5 EBPETH T (70T LVYEF VT A
MZ X b 458 closterovirus O MiEHEHRE A~
Lo A, CNFV & WLYV » o E#iEgo b
BT ENEDID b,
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Explanation of Plates
Plate 1
1. Callistephus chinensis (aster) infected with burdock yellows virus (BAYV) by aphid inocula-
tion, showing pronounced chlorosis of the lower leaves.
2. Nicotiana clevelandii systemically infected with BdYV by inoculation of sap, showing leaf
yellowing and necrosis.
4. Partially purified particles of BAYV. Bar represents 500 nm.
3, 5. Ultrastructure of BAYV infected phloem cells of N. clevelandii. Bar represents 500 nm.
3. Virus particles (V) in the cytoplasm of a phloem cell.
5. Characteristic vesicular structures in the cytoplasm.
Plate I1

6-9. Ultrastructure of BAYV infected phloem cells of N. clevelandii. Bar represents 500 nm.

6.
7.
8.
9.
10.

11.

Virus particles (V) in a necrotic cell.

Banded aggregate of virus particles (V) in a phloem tube.

Masses of banded aggregate of virus particles (V) in the cytoplasm.

Enlargement of (8), showing cross section of banded virus particles.

SDS-immunodiffusion test of carnation necrotic fleck virus (CNFV). The central well con-
tains antiserum to carnation yellow fleck virus. Peripheral wells contain CNFV (1 and 5),
CNFV treated with 1% SDS (2) and 2 % SDS (4), healthy plant sap (6), and healthy plant
sap treated with 2 % SDS (3). Agar contains 0.1 % SDS.

SDS-immunodiffusion test of burdock yellows virus (BdYV). The central well contains
antiserum to BAYV. Peripheral wells contain BAYV (6), BAYV treated with 0.5% SDS (1),
1% SDS (2), and 2 % SDS (3), healthy plant sap (5), and healthy plant sap treated with
2% SDS (4). Agar contains 0.5 % SDS.
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Plate 1




Plate 11
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