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2 ) ;54X 7z Citrus Tatter Leaf Virus*®
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Narinobu INoUYE**, Takanori MAEDA** and Koji MITSUHATA**:
Citrus Tatter Leaf Virus Isolated from Lily*

Abstract

Yellowing disease of lily (Lilium longiflorum) was first found in June, 1975, in

Kisha district in Japan.

banding of pitch 3.8 nm.

The causal virus was transmitted by inoculation with sap
to 33 species in 11 plant families including lily.
by mosaic and stunt and hence is useful as an indicator host.
flexuous filamentous particles of 650 X 12 nm in phosphotungstate,

Chenopodium quinoa was characterized
The virus is very
with obvious cross-

Attempts to transmit the virus by aphid (Myzus persicae)
failed, but the virus was transmitted through seeds of lily and C. quinoa.

When the

virus was inoculated to the young seedlings of C. quinoa, the percentage of seed-borne

infection was observed up to 60.0 %.

Leaf extracts lost infectivity after 4-8 days at
22 C, 10 min at 65-70 C and after dilution of 10-4-10-5.
infected leaves of C. guinoa, the particles were observed only in phloem cells.

In thin sections of the virus-
The

virus was serologically closely related to citrus tatter leaf virus (CTLV) which was

found to infect lilies symptomlessly.
virus was identified as CTLV.
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From the results mentioned above, the causal
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o Licd 02 U (Li-23), —H DRI
BEBE (Li-62), BXUEREE Li-74, 75) T
WELLYANVREWRR Ule 7 4 v ZDRAIREIC
1z Chenopodium quinoa XU Nicotiana
glutinosa % VTRETIT -7 FERPDIcHD
PRED AT 2 ) OFEERE510 12838 O
ZREV, HEIERER 0.1M © AREEE (pHT.0)
EIMATRELBRL, #—R7 VL LEHONIEE
XD BN TIT - 7o R OHIE 3% —
30H % COFRMEIE L LU C. quinoa ~DORE UiEET
Wi, 775 AV AIEMEBRBREa<Y F
FeEBLIETEETHT 75 &y (Myzus persicae)
R,
ANZRTFIR 2% ) v a2V T RTF Y (PTA)
Ao DN BRIC & - TElkbEED, BTk (8
WHU-12) T Ui, WY OB F OB T-HHi
BHETRREYONTEZ6 BT VEALT VT N E
1% PR {bA A I T L ECREEL, T4/~ ik
%, TRVEIRICEELUTEYDICU, YRS
5= T VBB T EY L R 20T T -
7o

v AV ZDRELRE, FRBEL JCR/ERED
BRI IHTE I X - TH U Tz C.quinoa D25
YR 1058 00.1M D ABRE K (pPH7.0) Tp
WL, H—€¥TABLIDEL, 3,000rpm 1053EE L
Lz biEEE W, WwEMIcE C. quinoa % F»
7ro B LYOFERITY A VR EEE LTCHRKE LT
y R Y BXO C. quinoa DIRHEHORE LI
DOEFE BB U TiT - 1,

X B B B

BARARET v RUIUDKEH K1 v 280
AhfeT v R Y OFRISIEHRFM £ 2 1 HEib
L, BEDEFA 2 ZHLNIED 5T, BHEREOR
BRI LIECTE BT TEADH UL, 700
L, EXDMED -7 (Fig.2,4), U ZFEEDHKK
BEESEML, ESEL/NEL, EERRT, X
BEaRic N 1/2RBEDObO0E L, Tifbito0
OS5 (Fig. 3)s UL LR DA VRY
SN oRRICI: BETEMSEBEEIC X s T lily
symptomless virus EERi 7Y L TNB EBS
D 5T,

BEEE CBEN OB ARV MV ROHTH
FHORBMERIT Table 1 1R U7z S 125138

FOoo>b1) 2 9ReIcA SRS L, 565
TR Lo 7 v Ry 2 ) ICI3&EERY U
D ECARERERD LTV, ic~ A RgEyic
B, R L8 REDSI A V7 Y (1l
BRI, by 77y IR LS
TIAEFEY: U, 437 (BE=ER, £v=) Tl
FEBWARR UL, TV kY, VYIiwA, TIXF,
LAR, Va2 bIRERTNTRTECH 70 7
HEROTE VYT, FREBORF 227, F<r,
YIRDOIRF v, Fav ) RELE BB
5, MHRETH o120 TDE D ITH DN IR
R LD S ERT A NV ADEMTH - foo FRHFFIE
MTOREELITicEERd 5,

FoRY Y PRI ANRZHEEEICE > TT v
By 2 VRSB Licds, WIFhOMRBR®ES
bhEMEhote UL C. quinoa ~DRE UIEREIC X
STHEPELTOE T EDEPD LN, & DFEKEER
FLUBEMAN G 12E b, RERMBAOETROD
L, MENSEERER Uk, Z0OREBBEDICHE
S THEFFOEENL - 7208, ZOMERBRICH~DL
Bh 7o

C. quinoa : ETEIEICIERE 4 ~ 5 Bk, BOKESE
EL, ZDRMEDOFRMNURAEBO L EHAETNKL
7o (Fig. 5), TFHOMWEETIELT S LHRHA
DD ICRFEERIREENL 720 £F MW EETIT
5 ~ 8 HB S LoFEIcRBBMSEEL, O
LIRGEHASEIROFHICIEAERE L, €94 7E78-
Too FEEWREMUTEI L, B -7, FBEMEL
otz bicHbhicHiERE U ERE L (Fig.
6)o 10~15cm K DU ICHAE L 7ok T I T Off s
% U< ﬁﬁf)’ 720

Table 1. Host ranges and symptoms of lily-isolate

of citrus tatter leaf virus

Symptoms*
Family and species Inoculated |Uninoculated
leaves tip leaves

Aizoaceae

Tetragonia expansa CS —
Amaranthaceae

Celosia cristata NS +

Gomphrena globosa +(NS) +
Caryophyllaceae

Dianthus superbus + +
Chgnopodiageae

henopOdlZZaranticolor NS CS, M, Stu
C. quinoa CS CS, M, Stu
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Beta vulgaris var. cicla
Spinacia oleracea
Cruciferae
Brassica rapa
B. rapa var. komatsuna
Raphanus sativus
Compositae
Zinnia elegans
Cucurbitaceae
Citrullus vulgaris
Cucumis sativus
C. melo var. conomon
Cucurbita moschata
C. maxima
C. pepo
Gramineae
Zea mays
Leguminosae
“Glycine max
Phaseolus vulgaris
cv. Kurosando
cv. Top Crop
Pisum sativum
Vicia faba
Vigna angularis
V. radiata
V.catjang cv. Daruma
V. sesquipedalis
cv. Kurodane-Sanjaku
Liliaceae
Lilium longiflorum
Pedaliaceae
Sesamum indicum
Solanaceae

Datura stramonium

Lycopersicon
esculentum

Nicotiana clevelandii

N. glutinosa
N. rustica
. N. tabacum

cv. Samsun

cv. White Burley
Petunia hybrida
Solanum melongena
S. tuberosum

+ o+ o+t o+

NS
NS

(NS)

NS

NS

+,(VN)

+ o+

+
+

+

+

+ + o+

+,(VN)

+, (cs)
+,CS
+

+
+

* Symbols used for symptoms: CS, chlorotic spots;
cs, faint chlorotic spots; M, mosaic; NS, necrotic
spots; Stu, stunt; VN, vein necrosis; ( ), sometimes
development; -+, infected symptomlessly; —, not

infected.

N. glutinosa : H:f& 7~10 Bk, ¥HEFEED -
3, 4 ZFHOERICVNRBMEEA T, DBFEICIEE
HECRBEMA A U THOEYF AL 2R ETS - o (Fig.
8) HEEEALNEDoToo £N5 DKW EDH
FEORIE & BICHIEIIE I 5T,

FHs (BN  EEECZEHMAZEEL, 0B
R FERERICHE L (Fig. 9). 8B4,
kB LOER ECRERDOZ AT Uz i
HEENEL, PULER LKL (Fig. 10),

775 AL VICKBIEHE EET AT 77 LV%
1R & € /o OB, C.quinoa OFE LT, #
D, 1053, 1E5E, 4 K, 24RRIESERT S+,
WE O C. quinoa T 1 ASE100EH U, 24F5{D
EREW -t Uteo C. quinoa 13432044858 L7z
DI RTRIR LIS 5 7o

SE KB IHERRE I D0 T, C. quinoa DIFIE
T 24 Uo7 75 & v &A1 C. quinoa iC
10PE5E% U, 24fE43cE L C. quinoa 1T Ll
Z 108 MR U T~/ ds, FRIEAESNEh -7,

VI LOWBRBIAIANRBEET AT 77 LVICER
> TEMEINEVC EER U,

ErEEAR

FoRY Y L4~ TEPOEAIICY 4 )V REHE
L, BUSEICK > TR L2 2R U7
ICHEE Ut BT 8 IR Ulco RHFHETNT
IR D SN - 72 DT, TE0.1M D ABEE
Wi CEER: UicHigx C. quinoa IR LG DA
AN B S K > THEFELREHEP DIz € D
Bk Table 21CR Lice AV A NVRIET v RY YT
BRI BOTEFRG T 5 EMBRD ST,

C. quinoa : C. quinoa {TAKY 4 W AEIEREL, 3
U E LT 2 L e Licob, #bk
IR, BT3RO C. quinoa iK% 4, 5
BIU 7THEEE OMPICK S UTIRE Ui SICHERE
% 4 BEEOFVE (T 15em PIT) KT 2
EREFEME LD, 0~ 3 HOFETLIrES KL
-T2,

HFERELEcEEL, £F LreElomiic
& o THEFEGEHE L, & I ZD—HiZ C. quinoa
BXU N.glutinosa \[HRE LU ORBEMEH~, MT
IEE DB BZETER L

% DFEF T Table 2 1R Lz, Li-23 Sk A 1B TE
4, 53BMKO C. quinoa OWICERE LIoERI S
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DOEFTI360.0L48.9% ODFE TN RD S Nz, K
758D C. quinoa DTICHE LIED» S D
BEFTlE, 74 VIROMRIC X > TEDD - 7225,

34.2, 8.6, 2.5% DH TSROSO NI, Lichi-

T C. quinoe TIIBGEIIC K » TRHRTFIRERICE
BHY, HEOMICERT 213 EMFIEROEERICE
BT ENBDONI, Mg Lie C. quinoa OFF
M Fig. 7 IR L7,

Table 2. Transmission of lily-isolate of citrus tatter
leaf virus through seed

Species No. parent No. seefilings No. .seedlings .seed-b'orne
plants examined diseased infection %
Lilium longiflorum D4 282 5 1.8
Chenopodium quinoa H4 238 0 0
virus  inoculated
isolate stage
4 wk-old seedlings D3 10 6 60.0
Li-23 ( 5 wk-old seedlings D2 47 23 48.9
7 wk-old seedlings D2 152 52 34.2
Li-74 7 wk-old seedlings D4 209 18 8.6
Li-75 7 wk-old seedlings D1 81 2 2.5
Healthy H5 310 0 0

D, parent plants

infected by inoculation; H, healthy parent

plants.

Li—62

0.

=1 .L.Hr‘\.nl—

wEE  KvArzo L3
e C. quinoa i 501
ki 2YPIEERAB L7 ;f i
L5, TWHEZes~70C B
10570, WEREE0~ 2 %0
10 EHEFER4~8H gl
T o7 g
o 4 W RET T 2 r
Y DIFEERE KO . ‘4(')0' . ';'0'0"‘

ek TS LT o R
vy, C.quinoa %Dl
DIEFEYZED DN FEiT X
> TERR L 7ciRhic 2t
BTFHMBEREET el e h, VThOED»S b
BT OR &4 650nm, Ff912nm QR L0 KK
FogEasnic Fig. 14), KTFid PTA Jefaic k3
BT RMSEE CHRESTED N, TOOEAMRBIR
#93.8nm T - 7z (Fig. 14, 15),

RIEBERE Ky A v iYL C. quinoa
EOBHY BTN Uico € ORSRER I
FARICO SIRBLT- ORRTES 5 VIZESR LTV 2555
woniz (Figs.11~13), U LERMRICIEY 1 v
ARFREZEINT, FLHAK LGB D ShEh-
7o

600 700 800 1,000< 400 500 600 700 800 1,000<

Particle length (nm)

Fig 1 Particle length distribution of lily-isolate of CTLV in crude
sap of Chenopodium quinoa.

MERIGHE A4 vzicst 3 24MmEi
C. quinoa DOIFEEIC0.1MV ARIEGHK (pH7.0) %
IMATEBRLI 0B, MEEE, ~Y bF1 b,
PEG, Triton X-100DMLEE, AEEL, L & B
ARBELEIC ZD T 4 V2L, ERICEH LT
Bohi®, Z DA tube test TIVETH - 77,
Z DFMUC OOV TIAIRICEER T 20 FLMEUGRER
RERT VNI ES L CREBREIC L DT - 20

APUMIF ZARY 4 Vv 2B LOCTLV (B v+ U hd
DR & XU L, BRI VAILRETIEAL
7e Y A v 2 DS SEAICW A L, spur E4ED
Ripotc, FHEEBIETIE Figs.16, 1Tica o0
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3L, HENBUASN CTLV KFORmICAES
BOBED SN Lid LAY 4 v X3 apple chlo-
rotic leaf spot virus (ACLSV) O & i35
Lidn-72e

z z

2 55 A NI AR A v R H I s
BEICEETZH, BHkiidh, PTA LMEick
DB D & FARENS LN 5 5 X H9650nm D i #l 3
BOSRKTFTH 50 AT 4 NVRIITF 2 Riic 4
Wi, C. amaranticolor % C. quinoa \THEH D
HBEYA 7 EEFERELEL, BEO~ AREHZ
O CRRHEIER T 2 HEBHD, FhT 77 LV
faTH Y, 2 C quinoa THTRYT %o
OB v A AR POt En 20 b
PRI F@ tulip breaking virus®182 % lily symp-
tomless virus (LSV)%23.18) LA cRITZ, K
WOU ANV 2ELY) OFMOTLBICRELTAB L,
lily rosette virus (LRV)3414.19.29,28 %5 yellow flat
WOIERICN L BARTV S, L LsT L —HT
B2HDTRIETV, Fi, LRV yellow flat {3 (v
AQRTBEEINTE ST, FEHZ QMM
HWRELINDT, KVANVAEHBRLTHT I &
REHTH 205 FIERT 77 o viikETdb, K
DANREBEDSDEEZ B0 TNBARY 4V A
) CTREEHEDODDEEZ SN

M T OIEREDTE AN EMARY 4 v ATEUT 2 D
D& LTIiT apple chlorotic leaf spot virus (AC
LSV)1.12,3D apple stem grooving virus (ASGV)
13,25), citrus tatter leaf virus (CTLV)6.17%.29) 45
Upotato virus T (PVT)2 b oN 5, b D
v A2 TNYE C. amaranticolor % C. quinoa
WESFA 7 EERERELTET BUsALH 8T
11,12,13,22,23,25,26)’ i f‘:% iﬁpﬂ 0_‘)’1‘\((\\7 /f /L’X—G%
Bo FEMICDVTHRLTAHBE, KV A vRE
ACLSVL3D  ASGV3D PVT &N OHh DT

- ORUSICHEDSH S, CTLV®ERT AR, + 2
B = AR L OHEBICB O TEAMPHEEASTEIL
TWb, e vFUhoiidhi CTLV Bk
BRICE > TARY A VR ERBET » RY 2 IR
e Lo MFOBBEICDWTABE, ACLSV Bk
U' ASGV %3 600—700nm™12,13,25,3)  PYT 7 640nm
2, CTLVS 650nm®» &3tk &, CTLVOR FIEA
TANAERUTH - Too MEBHENNTIEARY 4 VR
CTLV EZECBRICS - 7243, ACLSV & i3BEMS

Mot FhARIANRIT2YD C. quinoa THET
Z L, Udd C. quinoa TRELMICE -THh
RO ERICFE TS Lo ACLSV (2 raspberry T
R Lizhs, C. quinoa % C. amaranticolor
TRTAERDIIE I, Ko 4 v R & QRICHE DA
53, PVT i Datura stramonium %> Solanum
demissum 173 ¥ O CHETE4e 3 52213, C. quinoa
DOWTEHFANSGNTHOE, ROANVZADA VEY
T BIREEICOWTOERIZE ST B8 L

b, WFONERE, AN B X U MEFENREAL S

5, AU A R(T citrus tatter leaf virus L [EFE
Ihice

ASGYV (% closterovirus F£(D possible member
ELUTHEEIN/®Y, KO CTLV ZERED type
member, beet yellows virus (BYV)2D 2 ¥{{IM:A3
HF DI, closterovirus e 4 s 29.10,20,20 45
FREL (1,250~2,000nm), 775 A VERMETH
D, FTEH LISV, CTLV, ACLSV, ASGV B4
UPVTRK FOE (R&#650nm fik), A,
b 7‘5 A V{iﬁ%ﬁ/i/k_tll,l&13,22,30), @%’.{i%;f&&llﬁ@f;
EMEPLTEBY closterovirus FE & (3R L
T LT V=T ERETNESDEEZ B,

A CTLV @Y 53k I BA19754E48 BRI TR
FRM OBMEITDF » Ry 1) hOoMH N icds,
ZO®ROWAET, @, E£E, BERE, ®mEksIUm
ILORBERICHE T 2T 2B LUBHREDF v Ry
2 CEREERER LIOREE» S i sh, £
DR DRI D S #E & OBESFED SNk, FeR
TANVRIBBRTED M, BFLERT S, oD
o) ORI LEECHETH 20T, SSICH
FaED, RECHREEATEILT 2 0BRSS EEZ
%o

] =

19754F. 6 I BIAECRGERR QAT CHRE L (Bl
B) 7oRya) OEESERML, LB OBOEE
Mo U AN RESEE L THEERER~NI LA, 2
TlIRECHF D citrus tatter leaf virus EFEE SN0

1. RYAVRBHRIEEICED 1278 38 FICHEE
L, 1IB33RICREG L7zas, C. quinoa T3 LI0E
fitL =Y A 7 ORBB BIERZELL, FoRv2 )P
D%  OREYICHIRBURG: Ui,

2. BRYANRBEETHT 77 5VICK - TIER
ENBInr-72ds, Ty Ry C. quinoa TIIFE
Fleg Ui
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3. BREPHHEDTOY 4 v ZORERA

i :65~70C, THARMUL04~1075 TH{RFH 4~
8H (20C) Th -7
4. TANZKTREZILHI650nm, (B3 12nm

DORMOD 20 HIKRTH - 720 FFIE PTA Gefiic X
RO EABEDRED O, T0LEAMRIIN
3.8nmTCH - 7o,

5. ARy A rRicxtd 2HuMiEIZ CTLV &KX

GU, KoAvzEHvFY LOHMENICTLVE
R MEFICR—TH - 2o

6. TR C. quinoa TEDBHEY) I3 FRBHIE
PRI ™ A v AR T D BAEF T2 IZERDERD S e,
eDIEPHIRICTIZERD S NP - 7o

7. CTLVRAVF VDU AR ELTHONTH
B, B CRADTER SN2 D B ARE H B
TH 5o
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Explanation of Plates

Figs. 2-4 Symptoms in lily plants naturally infected with CTLV, grown in field (Figs. 2,4) and
in plastic film greenhouse (Fig. 3).
Fig.5 Local lesions induced by CTLV in Chenopodium quinoa.
Fig.6 C. quinoa systemically infected with CTLV, showing mosaic and stunt.
Fig.7 Symptoms of seed-borne infection of CTLV in C. quinoa seedling.
Fig.8 Nicotiana glutinosa systemically infected with CTLV, showing mild mosaic.
Fig.9 Necrotic local lesions induced by CTLV in Vigna sesquipedalis (cv. Kurodane-Sanjaku).
Fig.10 V. sesquipedalis (cv. Kurodane-Sanjaku) systemically infected with CTLV, showing
necrotic spots along veins.
Figs. 11-13 Electron micrographs of phloem cells of CTLV-infected C. quinoa. Bar represents
500nm.
11,12: Banded aggregates of CTLV particles in the cytoplasm.
13: CTLYV particles dispersed in the cytoplasm.
Fig.14 CTLYV particles in partially purified preparation.
Bar. represents 100nm.
Fig.15 CTLYV particles in dip-preparation. Bar represents 50nm.
Figs.16,17 Electron micrographs of partially purified preparations mixed with antiserum against
lily isolate of CTLV. CTLV particle from lily (Fig. 16) and CTLV particles from
orange (Fig. 17) are covered with antibodies. Bar represents 100nm.
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