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L& ICFAE T B carrot motley dwarf IZBH 3 % JRIR ERIBFE

Etiological studies on carrot motley dwarf in Hokkaido, Japan
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1. f&R

1.1. Carrot motley dwarf (CMD)

Carrot motley dwarf (CMD) 1%, =¥ ¥ ¥ (Daucus carota subsp. sativus) DEFEICE T 5

bEERFRED—DOTH 5. NI 2 L EICHB 2 S BRI EC THEBPI AR 72
D IBESIVCETEOE L WK TZ5 X223 (Costa ef al., 1975; Howell and Mink, 1979;
Stubbs, 1948; Watson, 1960; Watson and Serjeant, 1964) . Afp i3 1940 FFRICA -+ V) 7D
ANKENL Y THIDTHRE SN, = v v 7 2AT 77 Ly (Cavariella aegopodii, willow-
carrot aphid) IC X > TN INE T ANRIFTH D Z LG & 72572 (Stubbs, 1948) .
HTE, N (Menzel et al., 2008; Morton et al., 2003; Watson, 1960) , ALK (Howell and Mink,
1974; Krass and Schlegel, 1974; Murant, 1975; Stubbs, 1956) , FK (Costa et al., 1975) , * &7
=7 (Stubbs, 1948; Tang et al., 2009; Waterhouse, 1985) ,FET7 7 VU A (Gungoosingh-Bunwaree
etal,2009) FXUPHATHE SN THY (Ohki et al., 1979; /N - 1L, 1956) , ZHHD
FEICIR S FHANICE LS i T2 L EZ 5N T % (Koike ef al., 2002) . CMD 3= v
Dy, X%V (Petroselinum crispum) \Z 35T HHEZE XN T3 (Frowd and Tomlinson,
1972; Meunier and Verhoyen, 1987; Naseem et al., 2014) .

I DI AR 1L 1), AKAGHLIR I D “carrot motley dwarf virus” & X 217z (Stubbs, 1952) . %
DHIRIFRDOWARICBAD 2 T 237 &, 77 7 L iC X o TN I N D v 4 L 2 DAth, it
TREEFEDSH[BE R BT A W 2R DIFERHSL 22 L 72 D, £ Z 2 carrot red leaf virus (CtRLV,
=Y VvELT A M R) BXY carrot mottle virus (CMoV, = v ¥ VHET A v R) L4t
I} 537z (Watson and Serjeant, 1964) . 5% D ‘motley’ 1%, FiH OBLRUER Z /R 2 & iThl z,
BEEOREARIEE T2 b aET 22 T& %5 (Watson et al., 1964) . & D7=%, CMD
I¥ CIRLV & CMoV DEAEEIC X o TH R T I N5, EOBKUEIRS X CFEHEIER 2R

T4 E L THwSNT X /2.



RFOIEIREIE B D 2 e E 2 o T, D EYEN AT FEORREICLY,
LI DIRFERDBEE T2 EBHL 2 ERo 72 PlZIE, A=A+ 7Y Tt T,
CMoV & ARk D8 7% H 9 29D Unbravirus J& 7 4 v 2555 & #, carrot mottle
mimic virus (CMoMV, =¥ Y VB I I v 7 v 4 L R) L4 67z (Gibbs et al,
1996b) . 1998 FEICIIKEH U 7 + L= T IITH T, CMD ICBb 2 FHl 7 4 L 2k D IR IR
TR X7z, [6 RNA FEIZSEICERTE D H o 72 beet western yellows virus-associated RNA

(ST9aRNA; Chin et al., 1993; Falk and Duffus., 1984) & JE{l9" 2 Z & 2> &, carrot red leaf virus-
associated RNA (CtRLVaRNA, = v ¥ vtV 4 v 2t RNA) Lt 7z (Watson et
al., 1998). X 5 ITITETIE CMoV B L U CMoMV ICFfET 295774 F RNAD R E T
w3 (Menzel et al., 2009b) .

AIFROWNFNZ = v PV 7 RAT T L e INZ, BfEICZ, =V VYT 7Ly

(Semiaphis heraclei; Ohki et al., 1979; /N%E + II'F, 1956) CEET H7T 7 7 1> (Myzus
persicae; Naseem ef al., 2016) IZ X > THNINEZ T ANLZBIERINT L. HHEO= VY
VIRFT T ITLVBIXVOEET AT 77 LN T3 52 VDT 4 L 212D T
X, T RMENIC = v Y VHCREER L E R TH 5 L AR I N TS (Naseem et al,

2016) .

LAE, CMD i3 3o v 4 v A E 72137 4 v 2k RNA, 37b DB CRLV, CMoV 7213
CMoMV 3 X U8 CtRLVaRNA 2 MEARNCER L, EOBEUER 212 U & 3§ 2 LIk ek %
IERZFTVANVZIHTH S, CMD ILB5-3 2 7 4 L 25 XU RNA 1 CIRLV DFFE T T
DIH, T 77 LVICE o TREMICEN I NG, COBSE2 S, RAFIZZ oREEE LT

CIRLV 2 & e 5, VAN ZAB LU RNAIC X A EARYYEL THRT AL AR TX 3,



1.2. Carrot red leaf virus (CtRLYV)

1.2.1. 5358
CIRLV (&Y V&Y A VAR (Solemoviridae) DFL v v 4 VA& (Polerovirus) &3
) (Huang et al., 2005; Sémera et al,. 2021; Walker et al., 2021; Waterhouse and Murant, 1981) .
FliFREAR ICJR7E L (Murant and Roberts, 1979; Ohki et al., 1979) , & U BHE¥ic A% B
LoV VTRAT T T LT K o THREMICEA X5 (Elnagar and Murant, 1978a;
Waterhouse and Murant, 1983) . A7 ¥ (Z1E 20 A TERE 22-25 nm & %52 (Murant and
Roberts, 1979; Waterhouse and Murant, 1981) , % Ofthic b #J 27 nm (Ohki et al., 1979) °#J 30
nm (Watson et al., 1964) &9 2iC# b & 5.
AL ry V@, MESHEKICRET 2Rz D, BIEY » 74 2EET [ LR
(Potato leaf roll virus, PLRV) Z 3L T2 20 AED OLNTWE. INETATA YA
N A& (Luteovirus) B X VT FEY A VRJE (Enamovirus) & & dICVTF 7 40 2%}
(Luteoviridae) \ZH¥AE LT 7223, RNA {KFEHE RNA R Y £ 7 —+ (RNA-dependent RNA
polymerase, RARP) DHEHE N A A VICEE D K BB S N ER, v T4 v A v R g1
kv 72T A NZE (Tombusviridae) &, KL o v AL A @B X FETL LR EITY L
TV A NVAR~FfR S 7z (Scheets e al., 2020) . ZHICX D, BAEFRL BT A LR EIL, T
FEVANRE, RLETANLRIE (Polemovirus) XY XET A LV RIE (Sobemovirus)

D3@EIITHF IV LETANALZRE LTERINT NS,

1.2.2. BRI

CtRLV D & 4 7Hk UK-1 CEEHEER) 132R 5723 0 —~ARE RNA (+) 27/ 4
& L (Huang et al., 2005; GenBank accession no. AY695933) , ORFO-ORFS5 ¥ X Uf ORF3a D £
77 2® ORF %#§52 (Fig. 1) . ORFO, ORF1 3 X U ORF2 37/ I v 2 RNA #* 5, ORF3a,

3,48 X537/ I v 7 RNA2OEIERE 1%, ORF2 I3 ORFI FiticAh L 5-1 71—



L7 MITXD ORFI2 G X v e LCEIER XL 5. ORF3 & ORF4 3% DFEE D K
MABEELTCEBY, BRB3 7L L0 R VAN 7EREKINS. ORFS 12 ORF3 Df&i5= F

VOFABILICX Y ORF3 L DG & v o8 LCHIRE NS,

159 2021

Lo | © 2 | ?

29 778 1529 3295

3521 4090

5'

3a 3511 4134 5613

3370 - 3507

(5723 bp)

Figure 1 Genomic organisation of carrot red leaf virus isolate UK-
1 (GenBank accession no. AY695933). The genomic RNA has
three ORFs associated with replication (ORF1 and ORF2) and
symptomatology (ORF0O: RNA silencing suppressor). The
subgenomic RNA encodes four proteins associated with virion
assembly (e.g. ORF3), movement (e.g. ORF4), aphid transmission
(ORFS), and symptomatology (ORF5).

ORFO i394 L vy v 79 7Ly ¥ — (286 kDa) , ORF1 (682 kDa) (37077 —t%
XU VPg% a2 — F9 3. ORF2 1% ORF1 Dfle % v <7 & LCHIERE 1 (ORF1-2; 116.9 kDa)
RNA HHElicBIb 2 %2 v 7 8% a— N3 %. ORF3 340 & v 28 (CP; 23.0 kDa) ,
ORF3a (5.0 kDa) ¥ X U' ORF4 (21.3 kDa) IATICRID 2 2 v 828 (MP) Za—FL
T\»%.ORF5 (X ORF3 L DG & v o527 & LCEIIRE L (772 kDa) , 7 7' 7 L T iAo R]

FORELEDOM, 2HBITICEIS 3% (Peter et al., 2009) .



1.2.3. £ R
Ky ANAR= vy Ich &R 2 FTRERIEER T, o/l - Bl b TICEHTH 5.
CtRLV O HIERUF O 4T ~ OB IZHEI/NE wA, & D551 CMoV 236 5 C
CICk % CMD & LTHAEL, TOHE T L WEMER LA Z F 5 it - B E
L%&&n3 (Murant, 1974; Waterhouse and Murant, 1982) . CtRLV D15 F-#iH 13— D+
VEMEICIR O CTE Y, = v ¥ v, F v — YL (Unthriscus cerefolium) , 2 V) T ¥V X —
(Coriandrum sativum) 75 EWZf&Ge3 % (Stubbs, 1948; Watson ef al., 1964; Watson and Falk,
1994) . ¥ % 7 (cow parsley; Anthriscus sylvestris) ¥ X "4 A ~F 7 F (cow parsnip;
Heracleum lanatum) % C{RLV 123 L CEEZIEZ {720 2 L AR T TH Y (Watson et al,
1964) , Stubbs (1948) I “carrot motley dwarf virus”237 ¥ 2 7 v (Ajwain, Trachyspermum
ammi) , ¥ 27 = (Conium, Conium maculatum) ¥ X X Apium austral \J&Gd 2 2 & %
WL T3,
AV ANZZH IR CIRER L 2w, HERIC L VERT S (Stubbs, 1948) . T
ROFEICOVWTHERINT 225, PIIERFHLIER T T (Lee et al., 2004; Oka

et al., 2014; Watson and Serjeant, 1964; Watson et al., 1964) .

1.24. 7 4 VA RM

VYU OaEEE LS CRLV 1338 D ICIZIEG L 7223, ¥ Y ICEB W T CRLV I
BT 27 AV ZAPHER TN TS (Frowd and Tomlinson, 1972; Meunier and Verhoyen,
1987; Naseem et al., 2014) . A THE XN T 2% CRRLV b5t YV, IV (Cryptotaenia
canadensis subsp. japonica) ¥ X UtV (dpium graveolens) XI5 3G MEE o L
& (Ohki et al., 1979; BE7k ©,2010) , CIRLV IC (X ZEM O B7x 2 HBORMBEET 5 L #

AbNTNnS,



1.3. Carrot mottle virus (CMoV) / Carrot mottle mimic virus (CMoMYV)

1.3.1. 5358

CMoV 5 X U CMoMV 123tic 7 v 75 7 4 A 8 (Umbravirus) \<JB$ % (Gibbs et al.,
1996a, 1996b; Menzel et al., 2008; Watson et al., 1964) . [FlJ@ZiL4E b v 72V 4 L ZAFLD AL
N2 ANZHE (Calvusvirinae) 1CFm S A7z (Walker et al., 2020) . 7V 777 4 VR
B ANAETEHED CP 2F7- 3, HAFMFTICEwTEEILRL ey v R @E i3S
EVANABEREL, INHICKLENDZZETT 77 LIk VNSNS LS Ik

5.

1.3.2. BRI
CMoV @ % A 7Fk Weddel (FA Y ofitk) o7/ 02Kk 4,193 HH (Menzel et al.,
2008; GenBank accession no. FJ188473) , CMoMV ® % 4 7'¥ Australia (— A b 7 U 7 53
BR) 132K 4,201 3 TH 2 (Gibbs e al., 1996; GenBank accession no. U57305) . —Z§4 RNA
(+) %77 kL, wiiLd ORFI-ORF4 D&t 4 DD ORF 2 (Fig. 2) . ORFl ¥ &
"ORF2 17/ 1 v 7 RNA 25, ORF3 BX U 4 3% 75/ Iy 7 RNA XV FlERE 5.
ORF2 (¥ ORFI D Fiii& V-1 7L —LAv 7 M XY, @iz v 28 E L THRENS.
ORF3 & ORF4 |32 — FHEIRO KEAEHL TED, B2 7L —L050 X Vv XITEBEK
I35, CMoV & CMoMV ® ORF1-4 OHEET I /7 BEECHI ORI 13K <, ORF1 (% 33.7-
34.5%, ORF2 (% 68.1%—68.3%, ORF3 (% 33.5%34.6%, ORF4 (% 57.1%582%TdH % (Menzel er
al.,2008) .
CMoV % 7213 CMoMV ® ORF1 (34.2kDa; 37.0kDa) ¥ X U ORF2 (%, RNA #8LIcBEbH 2
Ry NP a—F3 5. ORF2 1ZBitE 2 F v %5723, ORF1 L Ofi& 2 v <278 L LCHl
REN 2D (959 kDa; 98.2kDa) . ORF3 (28.9kDa; 28.7kDa) IV A VAT J Lk L Hic) R

X7 LGz v EEAR (Ribonucleoprotein, RNP) # AL L, FEYIARIC 35 1) % HEE AR



AL - REEBEFS TS RNA OLEICE S5 3% (Ryabov et al., 1999; Ryabov et al., 2001b;
Taliansky ef al., 2003) . £ 72Ty 7 F s X OIMUE Y 7 F 2 F L, #/MED 7 4
7Y 7Y v eHAEERAT S (Taliansky ef al., 2003) . ORF4 iICa—F&Xhd X v N 7Hixs
7 & A NRIE (Cucumovirus) @ 3a X v 5278 LM% S, MM TICBED 2

(30.8 kDa; 28.7 kDa; Ryabov et al., 1998) .

23 994
1 i
5' 3'
uq 2 |
982 2634

2806 3603
5' 3

2828 3667

(4193 bp)

Figure 2 Genomic organisation of carrot mottle virus isolate
Weddel (GenBank accession no. FJ188473). The genomic RNA
has two ORFs associated with replication (ORF1 and ORF2). The
subgenomic RNA also encodes two proteins associated with cell-
to-cell (ORF3) and long-distance movement (ORF4) as well as
RNA stability (ORF3).

1.3.3. EVFRRE

Tl

TV 7T IUANZAEBTANVRIZEED CP 2723, BAEKRT IR L e v A v 2 g@E 72
W FEvANRIET AV RICK TALE X ENE2KET 5. CMD I W T3H CMoV X
CIRLV ¢ DIEAFTTDOALT 77 LT X Y KB T % X 517 % (Elnagar and

Murant, 1978a; Watson et al., 1964; Waterhouse and Murant, 1983) . CMoV D15 - #iP# i3 CtRLV



L1XH 72 Y | Nicotiana clevelandii 3 X U8 N. tabacum 1< CIRLV OARTE N CHIR T2 H R L,
¥ /7 7 (Chenopodium quinoa) ¥ X N4 v 77 v~ A (Phaseolus vulgaris) < ZRPHRHE % 4
U% (Murant et al., 1969) . CMoV O BLMURGLFE K E, CIRLV O IFE EREY)ICH 5 CRLV
+ CMoV DREGERARZ MR L7727 77 Lo Elofl, itkEfic k-t Bsc &
TZ 5.
TV T ITTANRET AN ADBEGE L 2RI IR OWERE R ER S hTw 5.
CMoV IZ DWW Tt N. clevelandii 1C 3> TH] 50 nm OERIRD = v R v — Tk o &Y 23
(Murant et al., 1969; 1973) , Z DD T v 77 7 AV AEY 4 LRI W T b HER#HE
Bl I N T3 (Cookbain et al., 1986; Falk et al., 1979b; Taliansly et al., 2003) . i 5 i
ORF3 IC X > T E N5 RNP & &z 5N TH Y, BHEYIARIC 51T 2 RIEEEZ{T S RNA
DEFEICE T 25:E|%HH 5 (Ryabov et al., 1998; Ryabov et al., 2001b; Taliansly et al., 2003).
723, CMoV 122\ T i, RNA 43fi#f%#% (RNase) KX § 2t % o2 & S h T

% (Murant et al., 1985) .

1.34. %774 F RNA
TYTITIANREDTANRIZIE, W O2D% T 74 b RNA MR ETnw3
(Demler and de Zoeten, 1989; Menzel et al., 2009b; Mulenga et al., 2020) . Groundnut rosette virus
(GRV, 7 v 7294 NVRIE) 237 v /1w A5 & Z 3 groundnut rosette disease IC 351> T
X, 9774 F RNADPEELRZREZHS 2RI NTED, rosette iIERDFHED A 78 67,
GRV 7 groundnut rosette assistor virus (GRAV, KL v v A L&) I X Y Kb, < 2
7 77 Iy (Aphis craccivora) WX o TN I N 72DIWCHEATH 5 T EHBIEHI LT WL
% (Murant ef al., 1988; Murant, 1990; Robinson et al., 1999) . —7/7, pea enation mosaic virus-2
(PEMV-2, 7V 77 7 ANVRIE) ICBWTIE, ¥7 74 b RNABEASERT 22 Lick Y
FERDIFGE 2 Z L A3bh o T2 (Demleretal., 1994) . =V Y VILERET 2T v 7794

NZJBICBWTS, 2R 745 B X N 748 D% 7 5 4 F RNA 285 CMoMV & s+ ) (¥



VY viE) BLXUPCMoVEBR=v Yy (FAVE) X RBEIITWEA  (Menzel ef al.,

2009b) ,CMD ICE T3 ZNHDH T T4 F RNA DEENIARHTH 3.

1.4. Carrot red leaf virus-associated RNA (CtRLVaRNA)

14.1. 2%

[EFF 7 A v 253 HF B 4310 3\ T, subviral agent @ polerovirus-associated RNAs IC 70 5H & 41
5. R7 )V —7ITIE CtRVaRNA Dfth, ST9aRNA F X UF tobacco vein distorting virus-associated
RNA (TVDVaRNA; Mo et al., 2011) 23EHk X 7T % 28, JE4E cucurbit aphid-borne yellows
virus (CABYV; Campbell ef al., 2020) < turnip yellows virus (Gaafar and Ziebell, 2019) ~®
PGSR S LT B, 215 @ RNAFEIZZ @ RARP (ORF1b) 12 b v 727 4 L 2K}

DFEBEH R H D T & 55, tombusvirus-like associated RNA (tlaRNA)2MFEFR & L TG

N THH (Campbell et al., 2020) , KfFICEWTH ZNEHEHAT 5.

1.4.2. BE#RRE
CtRLVaRNA D X 4 7HRTH % a25 CKREMR) 132K 2,835 TH 5. —ARERNA (+)

77 nk L, HEEEEE T (ORFla 3 X UF ORF1b) & 500 $3ELL o JEFHERAEE % Ff
2 (Fig. 3) . tlaRNA @ ORFla 3 X IF ORF1b iZ%7 / I v 7 RNA X Y BliR & %. ORF1b %
5%, ORFla DG F v DFAE T LIC X 2l 2 v X7 EBEK X 5. tlaRNA DR
BHNEY 777 v 7 RNAICEW ORF 3 5 Z & HE TN T 7223, tlaRNA [H T3k
R SN T & h b, BIFEIL ORF 2 Fi7z e WIERIERIED Y 77 7 I v 7 RNA & L T
BERET 2 & E 2 b LT\ 5 (Campbell et al., 2020) . £ 72 ORFIbIC 2 — F X415 RdARP I
WC, FYTRYAALZRIDIAS —E Y 4 AL R)E (Carmovirus *IRTEIX & 51T 3 JBICHI L
INTV3E) BFOEF—7HRIEIN T3 (Chin ef al., 1993) . CtRLVaRNA % & o

tlaRNA D7 J LT CP MP 232 — F ¥ T Wby,



5 M_ 3'

(2835 bp)

Figure 3 Genomic organisation of carrot red leaf virus-associated
RNA isolate a25 (GenBank accession no. AF020617). The
genomic RNA has two ORFs associated with replication (ORFla
and ORF1b). The subgenomic RNA does not encode any proteins.

1.4.3. £ FERRE

RN O 5B IZPIHECTH % A% (Campbell et al., 2020; Passmore et al., 1993) , Eio & &b
HEOT /7 L 3ERICES T 28T L2RE I TEL T, BARSKMET BT~
N ANZRERBRLOTANRBETANRICEDRYEPRT 75 b N 2R
5. JBRIRFIC B 1T 2 8T D\ TUE ST9aRNA (Falk and Duffus, 1984) 1T 35v> TR i< fighr
INTEHEY, HABRPERFCTIT L — FIEEZEE 7 4 L X (beet western yellows virus, BWYV) D
LA D, ZOERDEL I T2 2 b > T3 (Passmore et al., 1993; Sanger et al.,
1994) . 7z %, ST9aRNA (% CtRLV 2T 2 = v v b b E T3 (Adams er al.,

2014) .
1.5. Z DfDIRFE Y 4 v &

=PV OEDH LRI A ERITZFDOMmO YA 2t LTIR, Z7u 270 Y [ LR
® (Closteroviridae) 7 @ 27 a7 4 VA& (Closterovirus) \CJ@T 5=V VHET A L

A (carrot yellow leaf virus, CYLV) 231535, KV A LR IFHARICEWTHIO TRE XL

10



(T 5, 1976) , Z DREKMICE W THERE T T\ 25 (Adams er al., 2014; Menzel et al.,
2009a) .

WAESEENIC B3V C, NERERAER 2R T = v U viconw TR o — 7 v 2 & b 7= g
pMTh i, Bk CMD ICBHES 2 7 4 )L Z/RNA O, CYLV & X CHEOHIEY 4 L =
(carrot closterovirus-1) , + 7 ¥ 7 4 v & (Torradovirus) D #HfE 7 4 v X (carrot
torradovirus-1) , £ 27 4 7 4 V)& (Sequivirus) CJE3 % parsnip yellow fleck virus (PYFV)
BIXORGED 2FELH 721 R &L (carrot Ch virus-1 35 X O carrot Ch virus-2) , #7z1C 2

N E T A NRE (Chordovirus) 233%\F H 7= (Adams et al., 2014) .

1.6. TENE

1.61. =V Y IRETTI LY

CMD IZB53 2 7 A V2B XU taRNA IF,CRRLVIFEE N C= VYV 7 24T 77 LV IC
X o TkfEm (JERAE) &2 (Elnagar and Murant, 1978a; Waterhouse and Murant,
1983) . RO MR IAR 1.5-2.8 mm T, #ifg, it L 2 i3RERE2 RS 2. —RFEEY
FFEL “XREFEE R VFE T3 RAEFRREM A S 0, Ao SRS N E IS A
EEEDRAENS , FAERSHORENE 2% WE AR D72 < %25 (Dunn, 1965; Dunn
and Kempton, 1967) . tH5R&E O EBERISICIA K 94 L, AROMICH PYFV Z XL &3
210 Lo+ ) BHCER M2 o v A L 22N T 5. IR v (CioHuO; 43 T8 150.22)
CFHEINBEZ Lo, v VR OLAEL ZEEFRER T ZBFHL T2 2 EARBRINT NS

(Chapman et al., 1981) .

1.6.2. Z DM DENT 77 L
B CRER I N7 CRLV IF, =V YV 7R AT 75 L DA ELT vV T 75

LT X BN S TER I T WS (Ohki et al., 1979; /NE « 11T, 1956) . KEFED <& U H>

11



BoVYVTIRFTTILVEEET AT 77 LI X VNSNS CRLV & Z IiChif:
L CEYF 2 CMoV 5 X N CIRLVaRNA 28REE S T 328, wihdh = v ¥ v ilkotk e
B EAREE £ 72 131E THIPEA R RS 2 LR E N T W3 (Naseem ef al., 2016) .
Cavariella JED 5> % C. pastinacae (Watson et al., 1964) & C . theobaldi (Murant, 1974) 1%
CRLV %A 2061 & 572 72\, Z OfthIC Stubbs (1948) ZEETHT 77 Ly, Fa—
Vv 74T 77 L (Dysaphis tulipae) , Hyadaphis foeniculi 3 £ U8 Macrosiphum J& 7 7" 7 I
> (Stubbs, 1948) 7%, Costa et al. (1975) (¥~ A2 07T 77 I (Aphis fabae) , Dysaphis

aplifolia 58X PEET AT 77 LV B CRLV ZIHA LW L 2R L T 5.

1.7.=vY v

=Y VIR CEE I NI 2 VEIOEYTH L. FICEELRBHE L TH O, 4
BHOAL O THEA AR T ENTHEINS. BT veh ) v Az BEICLEDC
b REMBICEWTEELREE AR L, 1950 F2 5 1990 I 1 THF oFEs

Mt X OVEERIIAN 451 ML 72 (Rubatzky et al., 1999) .

B AT, ~EHICREIER S e C ERCHT 2T 5. = v Y v ol
TH5 /7=y (wild carrot; D. carota subsp. carota = D. carota subsp. maximus %) %,
RAE KRS, LIFLIZTEZ HIRYEICHELE 5. £ OFE= v Y Vi3 9 Mo ftufk
#Fib Qn=2x=18) ,#EET /7 L% 4 XZ 473 Mb THE B L % 32,113 DR TR0 & &
N2 (lorizzo et al., 2016) . HARSLHECEICHE I N2 REHANROHEES 7 294 X 1

372Mb TH % LT3 (Wangetal.,2018) .

= vV v OREIZEINEL (western) & B (eastern/Asiatic) 1C571F H 415 (Rubatzky

etal., 1999; B ILAKR AL, 2004) . WL HhRT T IR & 35 28, BHERIIIRED

12



ANFTARY FNFRRAEFRARZRY PNVIAZRZYBIRYARFAZ VOREAICE
WCHER L 7277, WONELZ R 7 T I A T b v afiffics TR RELEZLEZONT
w5 (Vavilov, 1992) . #IHL D JFE L IZBAME <137 <, #ETTHT 2000 2> & 3000 FEEHIC 3T
ZHFERE L TR L Tz (Andrews, 1949; Brothwell and Brothwell, 1969) . fR % A & &
LCHA LD 7Z0ik 10 HAAUBETH O RPN Z RO En kI Twn b
(Mackevic, 1932; Zagorodskikh, 1939) . BI7ED F 8 7x BFH I3 % 23 2 28, IGO0 LiF %
WpLFEMIEE L 0HOTH /2T Db > T % (Banga, 1963) . fEip=v 2 v
Xk EicwoTELT301F 17 HiE»ALTHY, /) T v P vy Yy L DERLIC
LVIRAEL7ZE#E 25N T3 (Banga, 1963; Heywood, 1983; Rubatzky er al., 1999; Small,
1978) . HAREWIC B W»TiE 17 HACEICH] D TR & 4, dipE~13 19 HRdIcBeoR X v 18
Ko i@z A X N7 ALEEE R 2, 2015; BILEA S L2, 2004) . BIFEEN
CHEWTEBINE 2L L TARORADPTRTH 2205, &MAS R ERERIPEI VS

AENTZDDEEZLNT WS,

HAREND = v vy o E8FE L LT, b, TES XOEBEEAEZ T o N 5. 4 2
FEO= vy v OENINER 585,900 t D 5 b, dLifEE L% D 3HILA R H 7% 183,200 t 23
BRI N (RMOKER, 2021) | ALBENODHI 2 FEOAFER L, A+ —Y 7 ENORE
HT (23,400 t) ¥ X CSEWRHT (21,700 ©) , THEE AN O EEHT (17,500 t) 35 X O HT

(15,000 1) , EJIENOFEE REFHT (16,100 1) , REENOERFF (10,500 1) , EEEND
LERET (240t, BEH =Y v 5,6001) LEHD HIERICH T TURITRE TS h s
RPN B ALE RBUERSTT, 2021) , 2 D% K A4 556 7 HORICHEE X, #7100 H

BEOAFHHORICINE I NS,
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1.8. CMD DF 44 RE & Hil4

1.8.1. BECHERICED 2 ER
KREWNT B =0V 72 FT 77 L3V F XY %2 —REFT L T 228, FIE 13K
JET ANZICX L CHRIZBETH D20, TNOPEENRERIEE 25 2 Lidhn, 3
BbHEAFO TERERFIL, “RETO=v IV ERR ) F=v P v abNic R Y Bol
HThbEEZDLNTS (Howell and Mink, 1977; Murant, 1975; Watson and Serjeant, 1964;
Watson and Falk, 1994) .
iR 0 BRI SR 2 TR R IC K & (B %2 % 1T (Stubbs, 1948; Watson and Serjeant,
1964) AKEZEIET (15-20°C) TRERAYRE % 28, [ilko 5 (> 24°C) icffo TRERIE 72
12iH%: 3% (Koike et al., 2002; Stubbs, 1948) . F&/E DML I A D T4 1 R & B2 BAfR
T5. EBOVIHERRSICT 77 Lo DR T 5 X 5 fERLIC BT, ARIC X 25585
X HICKE {75 (Stubbs, 1948; Watson and Serjeant, 1964) . —75, 7 7 7 L ¥ DFENR D 7x
7 2 B OEIRLIEL, ARIC X 2 ERIT L A EZ TR, 72, XY oSiLARE v E =
VIVIRFITTILYDRENRL S, BEEORENLL S BD I nbroTWw5
(Watson, 1960; Watson and Serjeant 1964) . ¥ 7= KEALPEH L ENIC B CE, A L7z = v
SV ETT T LYBERT L REESTRE T 5 (Howell and Mink, 1977; Watson

and Serjeant, 1964) .

1.8.2. INE~DE

AIRICHEIRT 5 LMELEFELIET T 5. 4=+ 7V 7 frbiuzikBacld&hil o
FIC X 0 AJR D FEADMEIR L, B ICHRINE 28 1.5 5, B NINE 2 6.6 f5E < THEML
7z (Stubbs, 1948) . HEE T X N alBRIC I\ T, EBVIHOELIC X Y IRES 04 5

ICE KT L7 (Watson, 1960; Watson and Serjeant, 1964) .
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AT ERIEMEIC S R E g 2 JAT L. S L 72 BRI R R 23 skt 9 Bha <AL,

X HICRIARDENZRDEBE L E T % (Stubbs, 1948) .

1.8.3. X

RIFORER BRI E 2 THEE LCTR, VAL ZRERRELET 77 L DEBEHKE L
TR A OH (Koike et al., 2002; Stubbs, 1948; Watson and Serjeant, 1964) , [BI35ICFAE L 7=
R DOBRZ, FIEEIS 2 D23 2 2 L R & F 53 (Costa er al., 1975; Koike,
2002) . BFFERFHZEL 2 L IC X VPO FEEZF L T L b TE 328, G~ ot
DD & HELE X L7\ (Stubbs, 1948) . W 22D = v Y v O EIINFEE*HE T2 2 &
BRINTEY, TN OHMIC X WL KT 5 Z LA TE S (Costaetal., 1979; Koike,

2002; Stubbs, 1948; Watson and Falk, 1994) .

1.9. V4 VR & 7 4 M Z/RNA Bl EER

1.9.1. RLuv Az e T v 7774 RABOMHEER

TYTITIANRBT AN, T 7T LT BN E~L =L EZRL BT [ LR
FREFTFETANRIUKET 2. BAEBRERICIT X VBIL WIERZHET 2 L & dic, ~
NRXR—=7 ANV ZADERE % ED % (Barker, 1989; Mayo et al., 2000; Ryabov et al., 2001a; Zhou et
al., 2017) . CMD IZ3B T, CIRLV 1Z CMoV & DRAELRFTIERAE b 2 &2 b,
i DOBEBRIIMHENTH 2 EE 25N T WS (Miller e al., 1997; Watson et al., 1964;
Waterhouse and Murant, 1981) . 7 ¥ 77 7 A L R 7 A NV ZITEBRIICTEE X In~ o8 —17 4
WAL DRGERZ BT 5 LBARETH 5. Hl 21X CMoV (X PLRV 7213 BWYV &
N. clevelandii 1< B W TIRABEYEL, Tho~ A X—DERZED 2 —7 T (Barker, 1989) ,
PLRV & BWYV WfDHNECHLEET AT 77 LIk o THMIND XSk D

DS I N T W3 (Barker, 1989; Waterhouse and Murant, 1983) .
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R oy AN R CRIITREEE2 T2 2R TERVE, TV 7 I v AL R0k
TCH[EE L 72 % (Barker, 1989; Falk et al., 1979a; Mayo et al., 2000; Ryabov et al., 2001a) . 7272
L, —HoHEaRicBonsd. ZOBHRITIIZT Y7774 VAD ORF4DBEEL, KLe v g
IV ADSEEPMIRE & AR O BT A MBI T2 720 TH B 2 LRI T3 (Ryabov et

al.,2001a) .

1.9.2. KL a7 f L X & tlaRNA O E/EH

tlaRNA X A CHEBAEN 2 G T 28, 777 L1 X 210 L VAN O 2 B % KL
By ANRIEY A NZIAKET 5. BAEGERFOFZET ST9aRNA 1 35\ CEEM IC T < 1
THY,BWYV & & B ICHiFMEMCBEL R Z0ERBEZ D, ERZELI 22

(Passmore et al., 1993; Sanger et al., 1994) .
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2. AWF5ED BEY

2014 4, ALHE O i L A F — Y ZIRGIREEEN O = v ¥ VBB ICE W T, FEow
fbedRfl, & & ICEMIER &R TR & e, FHER I, RN CiEZ S hTws =vy
VRN, E2ENCEERE L LTSNS CMD I L TWwiz Z & 25, RT-PCRIEIC
X BMERIT - 72fEH, CIRLV B X U CMoV 23 & vz (Bl S, 2015) . 2 b ok
12D T CRLVaRNA Ot % 5l A 7z 45 R, A & — v 7 W5 ofeflk D b O R RIE235 5
N7z, 2o s, JLiFEICB VT CRLV ORI X 32 = v ¥ v (bR, $7-%2D
BliE 7 A L 2 721% RNA L ORAEPIC L > TREZ 5 CMD BFAEL TEY, ThZho

HER) A D3 5 75 B ATREME DR S Tz,

AWFZECIE, JLHHEICE T 5 CMD BIiE Y 4 L 25 X O° RNA OHUBRI 536 % BH & 2212 3
% 728,2021 FFIC 2 CHBG O BIRLMIFEEROBEZ FEM L 7. & 51, FE S iz 3R
JifR, 7% CRLV, CMoV ¥ X IF CtRLVaRNA 12T % OB EH M X OfE T 6
BlIC DWW TR L, ENL oMk & DIl (T o 72 iR, = v P v R II Lo LT 281 Y
FHEICR LTI o 72 RB oM RIcE O %X CMD I2B1F 3 7 4 L 25 X O RNA DJFJF

FHIER 2 0o ORFEARF ORI IC O W TERL 7.

17



3.ERI1E duimEIcRET 5 CMD O fER B X ORE G O Ry 7376

3.1. 58

2014 fFICENE L 7= F5 7 O f5 58, b <3 CIRLYV OBMUERGLIC X 3 = v ¥ v #{LIA,

X 51T CtRLV 28 CMoV F 7213 CtRLVaRNA L EGERT 5 2 LI X > TIEZ 5 CMD 28%&

ELTHB T ERHL Lo (Fig. 4) . BNICET 5 2 b OFJEAEDO BRI 316 <

JEPRFDFEIRIC O WTHH S 2T 5 720, RAELREROFEZ1T- 7-.

Fig. 4 Reddening and yellowing foliage of carrots infected (a) singly with carrot red leaf virus
(CtRLV) or (b) triply with CtRLYV, carrot mottle virus (CMoV), and CtRLV-associated RNA.

32. R i

3.2.1. FATH A B X CERHEREL
2014-2021 £FIC 20 C, BN 7 RAIREFE N (228, A5, BIR, S, B, A+—v 2k
LU0 oG 37 BB L) =Y v oEE FIHERSEEZRIL . 2 =P vico

W, AR X OCEIEENOAR SHISE X VERZET2ELZERNLZ. /7= v 11
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A E & tat 147 MR 2 BRELL, Ml AR O BN U 72, FrFHT 5 X U0k BT o —f o [
Biic BT, B o B R 2 OREIRDBIEE 21T o 72.

PRI L 723EIc DWW CTIIIE D I RNA filiHic v 2 20, 5% £ CT-80°CTHRE L 7=, Bl
ARERCHEH S 2 v A V2 DB, BEGHER D RO = v v T XA T T T Ly '

WX L, HEREL 72,

322. 775 LY DEREL
ESG AR ICHERINZT 7763055, v v Ecan=—%FERL Tz 3
SV VT REITTILY, FEXT AT 7 7L BIXN Y HTARCT FHT 77 LY
(Aulacorthum solani) %I L, fEer = v 2 HTHEIFRNEZHERL 2%, V4 * =
v (Foeniculum vulgare) L CHEX 7. cn b2 WHEEEA =V VICBEL CHE L 72
N2AHN v 7 (Lonicera caerulea) £ Y =V VYT 75 Ly BRI, = vy v~Biid s

LT XY a7

3.2.3. RNA H#iH
FEVIREAR 2> © D RNA flH1 1T 1%, RNAiso Plus ¥ & OF Fruit-mate™ for RNA Purification (>3
nNb 2N T4 ARASH) ZEHAL, ZoFETHL 7w b a—Vic#E Lz 4V T e
J = VU D RNA <Ly MICBHRE DR S 172854 1%, RNA Clean & Concentrator-5
(FA Y H—FH) X VKR 7z, i L 72 RNA 7A# 13 NanoDrop™ 2000¢ (#—% 7
4y vx—H ATV T 474y 2% ICXDIRES X OMEZFHI L, @ik X s

IC 50 ng/uL ICFHEE L 7=,

324988 7 4 L 2B X U RNA OBRH
7 4 )V 2D I PrimeScript™ One Step RT-PCR Kit Ver.2 (£ 71 7 34 A& 2 H

T one-step RT-PCR IC X D T o7z, LEtDfhi RNA K 2 pL Z VT 10 uL O 5% TRIG
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I JUGEMFIIU T D LB Y & L GG e LT 50°C 3000, 94°C 20Dk, 1 ¥4
7 v 94°C 301, 60°C 30 0, 72°C 30 #H D PCR % 354 1 7 v,

CRLV O HIC I, Huang eral. (2005) 23ERL L 72 ORF2 #EIH 624 bp (UK-1 % %£¥E; Huang
et al., 2005; GenBank accession no. AY695933) Z¥ilE3 2 77 4 ~—+t v b ZHEL THW
7z: CL1-mod (5'- AAGGGAGAGCCYCAYAAAC -3") /CL2-mod (5'- MASCTCGACTTTRA-
AACC-3) .

CMoV ¥ 72 1% CMoMV D#HIC I, Vercruysse ef al. (2000) 23EK L 72 ORF2 fElH 405 bp

(Weddel % J:#E; Menzel et al., 2008; GenBank accession no. FJ188473) % H§lEd 2% 77 4 ~—
v P ZQZ L T 72: Umbra-NNS-mod (5'- TGGWGTHCACAACAACTC -3") /Umbra-
IBS (5'- AAGGCTTTGTACAACATTGG -3") .

CtRLVaRNA OFEHIC X, [FIFRIC Vercruysse et al. (2000) D¥R#ICH-D &, ORF1b 2> 5 IE
FUERGEI % &1 487 bp (a25 % FLHE: Watson ef al., 1998; GenBank accession no. AF020617) %
#iE9 % 774 ~—-+ v I CRLVaRNA-1 (5'-TCTAGTTTCTCTCAAGTTCCA -3") /CRLVa-
RNA-3 (5'- CCTCACCTRCCAATTATGG -3") %M\ 7z.

2014 FFICEEEDO = vy poffiliciiiE izt 7 Py ARE Bl = v R T
F7 4 VA, carrot torradovirus 1, CaTV1) , Zu X7 v A L)@ (fl: =v o v EHEY 4L
A3 X O carrot yellow leaf virus) , 27 4 7 4 L ZJ& (fl: parsnip yellow fleck virus 3 X O°
carrot necrotic dieback virus) 3 X Nav F 7 4 L zJg (fl: carrot Ch virus 1 3 X U carrot Ch
virus 2) DFHLY A L2 DR L L7z (Adams et al,, 2014) . b7 F 74 L RET 4 v
A2 DRI IL, CaTV1 77 HiERk H6 (Adams et al., 2014) ® RNAI IZ 2 — F X415 RdRP I
371bp (GenBank accessionno. KF533719) & X IXRNA2IC 2 — F X3 3% Vp35-Vp26 FHIK 517
bp (GenBank accession no. KF533720) # i 3 2[F@OFFRME 774 ~—% WAL 7=
b D, $7bH To-1F-mod (5- GCWGAYTAYTCMTCYTTTGATGG -3°) /To-1R-mod (5'-
GGTACWGCVACHAGRTTGTCATC-3") 3 X UF To-2F-mod (5'- TGGGATGARKGTGATGT-

KCT -3") /To-2R (5'- CWCCAGTCCACCAYTTRCA -3") ZHlw/=. & 3 Eomtici, =
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VY VICRREE RO ANV ZADOBIIER Z TLIHER L AT D7 74 ~—+% v b Z2fiH
L 72: CL-7940-F (5'- CTYATGGTT-AARCGCGAYGC -3") /CL-8404-R (5'- GTTMCCKATC-
CATGTGTTYG -3") , Sequi-7765-F (5'- GACACAAGCGTGGAATCATG -3') /Sequi-8296-R
(5'- CATCTGTCATGGTCACACCA -3) , CCh-5526-F1 (5'- GAGCCTTYATAGAGGAGCT-
CC -3") /Ch-6052-R1 (5'- TTRTTMKCAGCRAAGAGAGC -3") . 215 3J@D v 4 L 2D
PRI IZ, ATHICEK L 72 RNA ZH W72, T7b b, T7 7u e — 2 —% 5 L =350
51D cDNA % % L (Integrated DNA Technologies) , CUGA® 7 in vitro Transcription Kit (Ff
RAett= v Ry —v) KX DVEE L7z RNA 22 =v Y v X it L7z RNA ICRA

Lt L 72

33. &R

3.3.1. dLiEEIC BT 5 CMD BIE Y 4 L X3 X U RNA DO HERRY AR

B L VEIRL 28I =v Y v BL0 ) 5=2vPViconT, CMD BE#EY A v 2B L0
RNA DIIE% I 27 o 72, 2014 FFICHT 7z ICHE SRl 4 Bo v 4 v 2 (Adams et al.,
2014) ITDWTIE, 2014 FITERINL 72800k b FERICBEN R & L 7-.

2 14T IR DORE DFER, 13132 T OHITIC 5\ T CRLYV O FAEDTEZR X N7z (Tablel) .
CMoV b SHuUs Ok A o X 7z s CBF, T8, IR, s X0t +—v2) |+
FEDFREHT 5 T 34 iR 1R 2 & L 2 & 4172 2> 5 72 CtRLVaRNA (3 R b I F&
AL, INFED 3 (FF—y 7, BiiBLOVER) o=v Y v I3/ 7=y v bR
HMahrz. 7 7=vyvicesF 283, Ao = vy vESGOREICED S FHEES L, —
HOMERIFE L TR 2 B bhr o7 (Fig.5) .CaTVL L, AF—Y 7 B XL OEEHT O

vV kb LI NG, 2 OMmHSEE 3K 5 72 (Table 1; Fig. 6) .
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Figure 5 Overwintered wild carrots infected with carrot red leaf
virus (CtRLV) and carrot mottle virus (CMoV). (a) Whole plants
and (b) leaves showing reddening symptoms.
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@ Carrot € Wild carrot

(O Negative

O CtRLV

, © CtRLV + CMoV

LG @ CtRLV + CMoV + CtRLVaRNA
(. & caTvi

Figure 6 A distribution map of detected viruses and RNA
associated with carrot motley dwarf (CMD) in Hokkaido. The field
surveys were conducted from 2014 to 2021. CtRLV = carrot red
leaf virus, CMoV = carrot mottle virus, CtRLVaRNA = CtRLV-
associated RNA, CaTV1 = carrot torradovirus 1.
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CMoV DR EIAR D & 1351 CRLV 25 & vz (Fig. 7) . [AIEKIC, CtRLVaRNA 131518
2 CTOfERICEH VT CRLY 5 X CMoV & IRARSL TH D, CIRLV ~DFEFEED RR &
Niz. T/, CaTVI FHFR P B HER I N2, ZDIF LA LD &b CRLY LRAK
BT ZJBRATHYANRE, 7 AVANREBLXPaLr PV AVREY 4 VR
B XN h 57 RT-PCR EEYID v — 7 v ARITIC L 0, AN T v 759 A VRS
7 A NV RITIZ CMoMV 23 & e o 7z,

RFAE CERILL 72 Bk o N, IR0 %7 2 W55 Bk SN, HK, KT2, SH & X U8 HK2

(Table 1) % LARE D ER TRV 7=,

CtRLV CtRLV CtRLV
alone + CMoV + CMoV
+ CtRLVaRNA

Figure 7 Agarose gel electrophoresis of the RT-PCR products. (a)
Carrot red leaf virus (CtRLV), (b) carrot mottle virus (CMoV), and
(c) CtRLV-associated RNA (CtRLVaRNA). PCR products from
identical samples are shown in corresponding lanes of panels a, b,
and c. H = healthy carrot, M = DNA ladder (0.1-2 kb).



3.3.2. BB ic B 3ER
AEHRIEIS I B3 T 2 BIEER CRER RICE O %, CRLY Hlic X 3 = v ¥ v #1{LIR,
¥ 72 CtRLV, CMoV B X 1F CtRLVaRNA D =H &G X 5 CMD 23849 3 [B5IC BT 2 %E

REUTICE DT,

U

il - BARG A 2 MR 1, PAIEER X O EED L £ 72 13/ MLs X UHTEE DR

fkcd -7 (Fig. 8) .

Figure 8 Upper and lower
leaves of carrot plants (a) singly
infected with carrot red leaf
virus (CtRLV), (b) triply
infected with CtRLV, carrot
mottle virus (CMoV), and
CtRLV-associated RNA (CtRL-
VaRNA), and (c) uninfected.
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R A I R - T e /& KA Y (Fig 9) , EBOWIHICERL - Bbn
HLAEMARICIEE LW EA A SN (Fig. 10) . fERIE 7 A EAED SHER S VR, 2 A

BEIC 1T X D BRI L 70 o 72 FEE © AR IC IXBE IS A B L3 C 27210 Th o 72 (Fig. 11) .

healthy  CtRLV+

Figure 9 Growth reduction of carrot plants infected with carrot red
leaf virus (CtRLV) alone.

Figure 10 A stunted plant infected with carrot red leaf virus
(CtRLV), carrot mottle virus (CMoV), and CtRLV-associated RNA
(CtRLVaRNA).
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Figure 11 Mild yellowing of foliage of carrots infected with carrot
red leaf virus (CtRLV).

= v vEUROTRR, T72bb CRLV O HSEREAR L T30 ER D o R Le
{LIER 234 U T e, ZHERGMERIC B 1 20K X DL < A IS L, SERUER AT
DO AR L FUBEIC b BRI Nz, 7, FERO MG TR EEA B2 £ 72 1IR5T L
Tz,

FSHEALCH D L, = v VEWRITRHMICL SR T 2 2 L iR, MGo A0
CHIRICHRRC RURICEE L 72, —7, ZEIRG 0 FERYIC 5\ IS 2 I B L W3
BB OND Z L% PR Z OREIRARIC L > TRE LS R o7z, 2h b Dk
LRIE3IHEOFEPRHEINE L BIEEAETH o722, Filc 2 (CRLV & CMoV %
721X CtRLVaRNA) 721 1ff (CRLV) LRI N7\ L HH o 7. CaTVI DIERGLIC
X 2R OFEIRIEAFEICE T RET 2 e R TE b o7,

ks, M EO R ELIIERERZPREOME (ERPESE) ko THEL 22,

FRHCR O JFMe B FICBE S 2 fER I3 B BRI A L 2 HmIc H > 72 (Fig. 12) .
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Figure 12 Yellowing or reddening of younger leaves of carrot
plants accompanied by disorders of root. (a) Cracking and
blanching; (b) soft rot.

333. 775 avic k 3

FZEAED= vV VEGTan - BRBEZRIN= v v 7 2T T Ly (Fig
13) , EETHT 77 L3BLEY Y HAFTLTFHT 77 LD 3fEIconT, LlES
R E T AN R E L ARBR AT o 72, Ak, WEET AR Yy 7 XV ERIL 2=
VOVUT T I AVIE Y VICEERE R RS TR L 7272 o, AR IIHEA L A o 7z

FRE3HOT 7T Ly BB 2254, v A L RJE SN (CRLV) ,HK (CtRLV +CMoV)
HXUSH (CRLV + CMoV + C{RLVaRNA) TT 7' 7 LV RIS ¢, ek =v v vicH
IR LICKVEREZT o7, ZOMR, =V YV I RAT 77 L0 ICBENTDOALT A
VA F 72 1Z RNA DN RE BHER I, VA NVAPREF LV A VA 7213 RNA SR

7o, U X 72 3 [  BERR SN, HK 35 X OF SH I35 3 B o Eefdabic v 72
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Figure 13 Cavariella aegopodii (willow-carrot aphid). (a) A late-
instar apterous female; (b) an alate on a young carrot plant.
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34. B8

RFAEOHEE, LB TIE CRLV OHMIERIC X 3 = v ¥ vEURAA S BEL T 3

iZxf L, CtRLV, CMoV ¥ X U8 CtRLVaRNA @ = HJEYL (IFFE O Mg L 2 F84 L Tnvix
VI EMHS DL IR0l = VY VEAURIZESN TERIEMICASND Z L 03% Do DI
XL, ZEEG O A IS N O AR IL, E75 X ) BRI T & 513 LIER Y
{, ZFNDEGEHICRONEZ R LIELIED 572, DT &b ZHEY T HIHEY X
D b B S 2T HRJEME DR <, CMoV 5 X U CtRLVaRNA DFfEEEATE L Tnwb eEZ L
Nniz.

CMD BHE# R T D132, CaTVl b A +F—v 7 5 X WEBHT o= vy bR h
T RKTANRG =YV T RAT T ILV EEET AT 77 L DMlifEICL VNN
F v — LB XU N. benthamiana 1~ 5 1F 5 IFFEDSHER T T2 (Rozado-Aguirre et al.,
2016) . AR AN ZIL, BN TIZT > XN (Angelica keiskei) 7> 5B T 22 (Tokuda
et al,2019) , RV ANZRD = v Y VTN 2HEES, CMD ~D 5.1 D Tld 5% aHl
ICIET SN DB DR H 5725 .

INETICCRLY DENFE L LTWL 22D T 77 LV ERHREIN TS 213, &
IMOBIR CHER I N2V AN AR VPV I RAT 77 LNz, =YY T 7T LI
L DA DER SN T2 (Ohki ef al., 1979; /NE - ILI'F, 1956) . £ 7=, KED €V 225
NHEINTETANREZ VY Y T RAT T ILVEEET AT 7LV > TN
7= (Naseem et al., 2016) . LHHETIZI =V VY T T T LI BARA v TICHET B 2 L TH
biLs s OKBL, 1988; HF1 5, 1994) | AFERICHE W TRINL 2 DiconwTIF=v ¥ vic
W 2HENEZELRERP o7 IHIC, =V VILHFER R R LZEXET AT 77 LY
LYY HARCTFAT 77 LD, BNREI BRI N o7, 2D L2 b,
LB IC BT 5 CRRLV B X 0% OREERGE Y 4 LV R £ 7213 RNA OIS ME, = vy v 7 2%

T7TILYNERE TR EEZLNS,
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AIRDOIEYIR L, A LG =y v/ 7= vy v e & (Howell and Mink, 1977;
Watson and Falk, 1994) , =Y VY 7 24T 77 Ly B=v Yy ETHBEAT 3 AREMEICO W
THRBIN TS (Howell and Mink, 1977; Watson and Serjeant, 1964) . —75, CtRLV I \»
oo WHELHEEE L, HEOHEICLS ¥y 7oA+~ F 7 Fic (Watson et al.,

1964) , & —AZ } 7V FIC T %5 Tl “carrot motley dwarf virus"23 7Y a7 v, F 7 =v

N

¥ v B X dpium austral ICEGET 5 LRI N TS (Stubbs, 1948) . 2 D78, Th
D YRR DN T H ARG & 72 5 v[HeMEH % 2 (Watson and Serjeant, 1964) . & D 5
Ly v, FANFUR, Fo=vdy, E5ict Y (water dropwort; Oenanthe javanica) 1%
bEENIC A HAET 2 VR OWETH 5. KIFFRICE T, FAEBBRLICHET 2
Y QEY) BXOAF~F T (1 EE) 20w T CRLY BXUFL R Y 4 LD
& (774 ~—=%v } PoconF2/PoconR2 % fififfl; Yoshida and Tamada, 2019) % 1T 7223, \»
TN TH o7 (F—2KER)  Fhov P voflic=v Yy 7 24T 75 L0
I Z RS2 ) B E 72 R AT C e TE Ao 2 A5, dLiEIC B W
TEERE =YL 7=V v RERERERFEE L CoEZH > T 2 AlEEME S
m, B O v 4 LV ZREHRIUC D W TE, AFOBRBICOWCHFELZED 5 - 0 EE

RIERTHEI LI LIBT3 0ERH B,
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4.5 28 CMD ICEET 3741 2B LU RNA OEBEZEREEICED 2 @

4.1. H&

JLiEE Tl CRLYV O HMUESIC X 3 = v ¥ v #{LfE &, CMoV ¥ 721 CtRLVaRNA &
RBABRICL>TRI 2 CMD 3RET 2L AHOL Lo 7 . = v Y VLIRS CMD
EARI T BEICERE S Tw 3 28, JRIREOBENFHE IC O W CoFIRIZIZE A v, K
BT, il T FE T 2 RIER OIS TR & ROE L, BN D 7 A v 2 kK & D5 TR

BRI O W IR B 1T - 7=,

4.2. Wk

42.1. VAV AT /212 RNA PR

BN TEILL 7= B350 8EE SN (CRLV, #{SHT#) , HK (CRLV + CMoV, EKEFTE) |
SH (CtRLV + CMoV + CtRLVaRNA, #HHHTEE) | KT2 (CtRLV + CMoV, dLJA BT, /7 7 =
v viisk) , HK2 (CtRLV + CMoV + CtRLVaRNA + CaTV1, BEEHE) 10T, K
ANZDT ) LY DT % 1T > 72. KS (CtRLV + CMoV + CtRLVaRNA + CaTV1, /)N 7KHT

FE) 12D\ T L CaTVI DEE TEFTIC D At L 7-.

422. =Y VR

B AN A LU RNA O EH] % Table 2 IR L7277 4 ~—%F\7- one-step RT-
PCRICX VIR, 5F 72133 KD 7 74 ~—T = — Vil % b < B O RE % 4T - 72.
RIGAAES L2 0% 135 3 % (324) LFEUL L L, EMHEEKO K X6 U iR %2
FEI L 7215 5 7z cDNA Wi H 1% NucleoSpin® Gel and PCR Clean-up (= v "7 4 « F—7

1) 1 X W FEELL, pGEM T-Easy vector (71 X 7th) WKifAT b2 crm—vibl 7.
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v —7 v AKJSIE BigDye Terminator v. 3.1 (3 —€7 4 v ¥ ¥ —H ATV T 4747
#h) % \WTIT\W, ABI 3730xI DNA analyser (7774 FANA A v 2744 ET3%/4
7a— Vil OWTENT % L. EERKIGE X OCFS 0 PE i3dbihE > 2 7 4 - 4 = v 2k

AethicRitL 7.

4.2.3. 3T RMMLEHT

35 N7 ALY X MEGA 6 (Tamura ef al., 2013) (TP 4# & #1172 CLUSTAL W 7’1
27 2 (Higgins et al., 1994) 1Z X Y fi##it % 1T > 72. GenBank [ D ZFRECHI & o HLBL I 1%
BLASTn ¥ & " BLASTp Z > 7=.

531 R MRMENTIC 1 PhyML v. 3.0 (Guindon et al., 2010) % i U, fi#bT <8 H 3 % 43 1AL
%7 V1% jModelTest v. 2.0 (Darriba et al., 2012) 12 X V#ER L 7z, 155 072 ZHifHT FigTree

v. 1.4.0 (Rambaut, 2012) IZ X b AL 7-.

Table 2 PCR primers used for detection and sequencing of viral genomes, and determining partial mRNA sequence of actin gene of carrot

Primer Name Sequence (5°-3") Length Position Reference
carrot red leaf virus (CtRLV)
CR-5ter-F ACAAAACAAAC 11 1-11*
CR-PO-F GGAGATAATCTTGATGCTCTTG 22 16-37
CR-166-R-seq CTCGACATTGTACAATTGTAA 21 146-166
CR-777-F-seq AAGGTGATTAAGGAACAAGC 20 777-796
CR-1827-R-seq ATTCTTGCGAAGTATTCTTC 20 1808-1827
CL1-mod AAGGGAGAGCCYCAYAAAC 19 2429-2447 Huang et al., 2005
CR-P2-R CGATTTCTAACTTGTTCTGAGAC 23 2530-2552
CL2-mod MASCTCGACTTTRAAACC 18 3035-3052 Huang et al., 2005
CR-3093-R-seq CTCTCCTTAAATATGTGAGAGC 22 3072-3093
CR-3495-R-seq GTATTCGTTTACGATTGATTG 21 3475-3495
OPU-fw-mod GAGAGCAACAGGAATTAAACC 21 3534-3554 Oka et al., 2012
CtRLV-3810-F CAGCAATGGACTACTCAAGGC 21 3810-3830
OPU-rv-mod TTTGTAGATTGTGCTCGARAG 21 3943-3963 Okaetal., 2012
CR-4133-F-seq AATAGGTAGACACGGAACC 19 4133-4151
CR-4349-R-seq TCGTCCATGTCCTCATCTTG 20 4330-4349
CR-4891-R-seq ACTGGTGTCCATTCCTAGG 19 4873-4891
CR-5565-F CCTTAACCTGCATGAGAGAG 20 5565-5584
CR-5684-R GCTTCTCCAACGGAGATTC 19 5666-5684
CR-3ter-R ACACCGAAATC 11 5713-5723
carrot mottle virus (CMoV)
CM-5ter-F GAAAATCTTACTCATCTCG 19 1-19°
CM-520-F-seq CCATGCAGCAAGTAACTCTG 20 520-539
:::;ra‘NNS- TGGWGTHCACAACAACTC 18 1140-1157 Vercruysse et al., 2000
CM-1472-F CGAGAGATCCAAGGTTCAAC 20 1472-1491
CM-1477-F GATCCAAGGTTCAACATATGC 21 1477-1497
Umbra-IBS AAGGCTTTGTACAACATTGG 20 1525-1544 Vercruysse et al., 2000
CM-2485-F CAGAGTCACGACTTCAAYGAC 21 2485-2505
CM-2592-R GAACTCMACCTGYGCTGTAC 20 2573-2592
CM-3071-F GTGTTCGTYCCGCACGTGCCA 21 3071-3091
CM-3402-F CGATACAACGTCACAA 16 3402-3417
CM-3ter-R GGGCGCGCAGCCGGCTGAC 19 4175-4193
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Table 2 (continued)

Primer Name Sequence (5°-3") Length Position Reference
carrot red leaf virus-associated RNA (CtRLVaRNA)
aR-5ter-F GGGATTTAGCMKWMACTAGC 20 1-20¢
aR-557-F CATCACACAACATACGGAC 19 557-575
aR-684-R GTGAATCCGATTCACAACC 19 666-684
aR-839-F CGGTTAGTTCGGATTACGAC 20 839-858
aR-994-F GGCAATAGATGTCTAACCACC 21 994-1014
aR-1097-R GTCTTGAAGCTCTCTATCGC 20 1078-1097
aR-1556-F GCACATTCCACTACGAGAA 19 1556-1574
CRLVaRNA-1 TCTAGTTTCTCTCAAGTTCCA 21 1984-2004 Vercruysse et al., 2000
aR-2069-R TTCCACCATCTTGATTCATC 20 2050-2069
aR-2391-F GGAACATAGATCCGAACTCC 20 2391-2410
CRLVaRNA-3 CCTCACCTRCCAATTATGG 19 2452-2470 Vercruysse et al., 2000
aR-2453-R GGTAATCATTCTCGACTACGC 21 2433-2453
aR-HK-2543-R TGGTTATGCCATAGTGACAC 20 2524-2543
aR-3ter-R GGGCGGGGTTCCTGGTAA 18 2818-2835
carrot torrado virus 1 (CTaV1)
To-1F-mod GCWGAYTAYTCMTCYTTTGATGG 23 RNAL: 4321-4343¢ Verbeek e al., 2012/
To-1R-mod GGTACWGCVACHAGRTTGTCATC 23 RNAIL: 4669-4691 Verbeek et al., 2012
To-2F-mod TGGGATGARKGTGATGTKCT 20 RNA2: 2941-2960 Verbeek et al., 2012
To-2R CWCCAGTCCACCAYTTRCA 19 RNA2: 3439-3457 Verbeek et al., 2012
carrot necrotic dieback virus (CNDV) and parsnip yellow fleck virus
(PYFV)
Sequi-7765-F GACACAAGCGTGGAATCATG 20 7624-7643, 7741-7760°
Sequi-8296-R CATCTGTCATGGTCACACCA 20 8135-8154, 8252-8271
carrot yellow leaf virus (CYLV) and carrot closterovirus 1 (CtCV-1)
CL-7940-F1 CTCATGGTTAAACGCGACGC 20 7940-7959, 7904-7923"
CL-8404-R1 GTTCCCGATCCATGTGTTCG 20 8385-8404, 8349-8368
CL-8396-F2 ATCGGGAACTCCGTTGTAAC 20 8396-8415, 8360-8379
CL-8592-R2 TTCGAGCAGAAGTAGGGAAC 20 8573-8592, 8537-8556
CL-10074-F TTGGGTTAGACTTCGGTACGAC 22 10074-10095, 9609-9630
CL-10771-R ACGACCACCAAGATTCATGTC 21 1075 1'11%70[ 6’ 10286-
carrot Ch virus 1 (CtChV-1) and carrot Ch virus 2 (CtChV-2)
CCh-5526-F1 GAGCCTTYATAGAGGAGCTC 20 5526-5545, 5512-5531%
CCh-6052-R1 TTRTTMKCAGCRAAGAGAGC 20 6033-6052, 6007-6026
CCh-6165-F2 AGRCCWAACTTCGATGTGAG 20 6165-6184, 6139-6158
CCh-6860-R2 GGAGATGTWCCCAWTTCAGC 20 6841-6860, 6794-6813
CCh-6841-F3 GCTGARWTGGGWACATCTCC 20 6841-6860, 6794-6813
CCh-8130-R3 ATCAGCCACCRTTAAGTCGG 20 8111-8130, 8014-8033
actin gene of carrot
DC-ac-F ACTGGAATGGTTAAGGCTGG 20 79-98"
DC-ac-R GGACCTGATTCGTCATATTC 20 1121-1140

# The position of primers in the genome of CtRLV strain UK-1 (AY695933)

® That of CMoV isolate Weddel (FJ188473)

¢ That of CtRLVaRNA isolate a25 (AF020617)

4 That of CTaV!1 isolate H6 (RNA1: KF533719, RNA2: KF533720)

¢ That of CNDV isolate Anthriscus (EU980442) and PYFV isolate (D14066)

" That of CYLV German isolate (F1869862) and the position of primers in the partial genome of CtCV-1 isolate CUCV_S8 (KF533697)
£ That of CtChV-1 isolate CBV-1_S20 (KF533711) and CtChV-2 isolate CBV-2_S15 (KF533710)

" The position of primers in the partial sequence of actin gene of carrot (X17525)

! Oka K, Mochizuki T, Ohki ST, 2012. Detection of carrot red leaf virus-RNA in carrot seeds by multiplex RT-nested PCR. Journal of
General Plant Pathology 78, 2-7.

J Verbeek M, Tang J, Ward LI, 2012. Two generic PCR primer sets for the detection of members of the genus Torradovirus. Journal of
Virological Methods 185, 184-8.
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4.3. R

4.3.1. CtRLV DEBIE¥EHRME

JtiED = v 2 v b & 7z CRLV (SN, HK, SH ¥ X N KT2) 12T, A%
br< 7/ Llidhl % 7€ L 72 (GenBank accession nos. LC434061-LC434064) . % D3, SN,
SHE X UWKT2IZDWTIZ & A4 7% UK-1 (Fig. 1; Huang et al., 2005; GenBank accession no.
AY695933) LIRILEED 5273 bp TH 5 EHEE S 7z (Fig. 1) . HK IZD W Tl ORF5 D
5 flicy Py v BRIEREINS NS, 5276 bp TH L LHEEI N WTho v 4L
ZFkH ORFO 75 ORF5 £ TD 72D ORF #H L Tz,

#% ORF OHEE T I/ BRI EEZ M UK-1 & EHARMEZR L. $74b b, ORFO 1%
96.8%-98.0%, ORF1 i 98.1%-98.2%, ORF2 I 99.0%-99.1%, ORF3a {Z 100%, ORF3 % 99.0%—
100%, ORF4 1% 96.8%-97.9%% X UF ORFS5 (% 97.1%-98.2% (Table3) TH o7z EEITH T
MAERE XN Y A VAR (Adams et al., 2014) & b EWHHEEZ R L, JLEEFED 7 4 v
2 & OMEM: I, ORFO 1% 92.0%-93.2%, ORF1 1 95.3%-95.8%, ORF2 IZ 98.5%-99.0%, ORF3a
13 100%, ORF3 (% 94.2%-99.0%3 X (X ORF4 |3 94.3%-97.9% TH - 7=.

ZIZ, CtRLV ® ORFI1-2 I O FEEEY| 2K % T PR 217 - 72. % OFER,
HREED = v Y v b E Nz CRLV IZWIivd X4 7% UK-1 LRILZ L—FIC
JE L7 (Fig. 14) . —J, ¥V v v\ / 7=v ¥ v bl & N7z wild carrot red leaf
virus-RL1 (WCtRLV *% %Ef#; GenBank accession no. LT615231) B X U¥ 7' 7 I gk

(Torilis arvensis subsp. a rvensis) X 0 #H X 317z torilis crimson virus-RL5 (TCrV *¥ i fi#;
GenBank accession no. LT615235) 13 ZNZNHERFEICI 7L —FZ2BKL, wind 7—
FA Ty 7H 100 THEFE N T 2 (Fig 14a) . 2D T Eh b, & ) RMEVICHEST 2K
LuvAARITiE, =Y VYT 5 CRLY Ofth, O E 72 132 MBFEET 2 2 &8
REINT. Il BE= VY VICRET S CRLVIE 2 7 v =TT oh, ZhZho s

L—FiZ7— b2+ 7y 7l 69 £7213 100 THFF& /- (Fig. 14b) .
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s (210 bp; GenBank accession no.

VA b X 7z CLRLYV @ RARP

KEPED

LN554262; Naseem et al., 2016) & ORI LLEE 0 #55R, HEIEAH] X 71.9%-72.9%, #EE T 2

J BERCHC 79.7%TH 0, LB WAHFEE 2 7R L 72,
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Cultivated carrot
@® Wild carrot
@ Torilis arvensis subsp. arvensis

(a) (b)
ﬁL‘i CtRLV HK
100 ~<—— WCtRLV-RL1 (GR) @ 60
TCrV-RL5 (GR) @ SH
. CYDV-RPS-Mex1
81 CYDV-RPV-NY * KT2 | @
% i UKScYLV-FL = SN
99 CABYV-N
oo _:AABW_BJ - CtRLV UK-1
100 BWYV-USA — H8 (UK)
BMYV-2ITB 87
BChV-2a H19 (UK)
o BrYV-ABJ 100
o7 TVDV-CN H6 (UK)
CpCSV-Et-fb-am1 —
0.2 0.02

Figure 14 Phylogenetic relationships of carrot red leaf virus (CtRLV) isolates.
Bootstrap values equal to or greater than 50% are given above or below each
branch. The scale bar represents the number of substitutions per site. (a)
Maximum-likelihood tree generated from complete nucleotide sequences of
ORF1-2 of CtRLV and other polerovirus species; (b) individual CtRLV isolates
in the clade collapsed in (a). Japanese isolates are shown in boxes (for GenBank
accession no., see Table 3). Isolation sources were indicated as circles with
different colours. The following poleroviruses were used for analysis: CtRLV
(UK-1, AY695933; H19, KF533716; H6, KF533717; H8, KF533718), wild carrot
red leaf virus (WCtRLV-RL1, LT615231), torilis crimson leaf virus (TCrV-RLS,
LT615235), sugarcane yellow leaf virus (ScYLV-FL, AF157029), potato leafroll
virus (PLRV-UK, D00530), cereal yellow dwarf virus-RPS (CYDV-RPS-Mexl1,
AF235168), cereal yellow dwarf virus-RPV (CYDV-RPV-NY, L25299), beet
chlorosis virus (BChV-2a, AF352024), chickpea chlorotic stunt virus (CpCSV-
ET-fb-aml, AY956384), cucurbit aphid-borne yellows virus (CABYV-N,
X76931), melon aphid-borne yellows virus (MABYV-BJ, EU000534), beet
western yellows virus (BWYV-USA, AF473561), beet mild yellowing virus
(BMYV-2ITB, X83110), tobacco vein distorting virus (TVDV-CN, EF529624),
and brassica yellows virus (BrYV-ABJ, HQ388348). GR: Greece, UK: the
United Kingdom.
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4.3.2. CMoV DBIG¥HFFE

JtEDo = vy v b &z CMoV (HK, SH 3 X U8 KT2) &2 T, A % i <
77 LHCH & P5E L 72 (GenBank accession nos. LC434065-LC434067) . % DAEHE, Wi
DWThH X A T Weddel (Menzel et al., 2008; GenBank accession no. FJ188473) & [Liik
LCHAE 23 REBHERINT, &2R134,1930p TH 3 EHET S 72, 205 1E, Weddel &
[AERIC 4 DD ORF % L Tz (Fig.2) . % ORF OHEE T I /7 BERCHIZIA & 4 7 5l &
B WHHFEPEZ R L 72, 37 5 ORF1 (3 94.7%, ORF2 1 97.3%-98.2%, ORF3 % 92.5%-93.6%,
ORF4 (¥ 98.9%-99.3% T& - 7= (Table4) .

KT, ORF1-2 fHIR O HEFH 25K % v T CMoV D5 1R F I 72 BAfR IC o W THEE L
7o, Z OFER, JLHHED CMoV 13\ 3711 d Weddel L [RIL 7 L — FICE L 7223, HECHRE X
N7z S5 (Adams et al., 2014) & 1382 7V —F K@ 2 afetEssma s (77— b+ 2 b
7 v 7l 66; Fig. 15) . FU v icbWnT, / 7=V v bl &7z wild carrot mottle
virus-RL1-Um (¥ EHH, GenBank accession no. LT615232) I3HiR#IC L 2 7L — F &KL,
7 —bFA L7y 7fE 100 THFFE N7,

KEFED 2 Y 5 S & 7z CMoV @ RARP DER LS| (408 bp; GenBank accession no.
LN554261; Naseem et al., 2016) & OMHFEMELIDFER, HERSL 75.2%-76.1%, HEE T 2

J BRECH]1Z 79.3%80.7% T - 7.
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Cultivated carrot

@® Wild carrot

([
«|[k2] 0
s

s H8 (UK)
01 L Weddel (DE)
S5 (UK)
WCMoV-RL1-Um (GR) @

100 [ California >
_[ s

100 Australia [}
=
(8]

CMoV

100

100

L—— Bingenheim

83 - PEMV-2-WSG
100 PEMV-2-WA
L PEMV-2-ID
100 | 100 [~ TBTV-Ch
84 L tBTv-yYJi
GRV-MC1

0.2

Figure 15 Phylogenetic relationships of carrot mottle virus (CMoV). Bootstrap
values equal to or greater than 50% are given above or below each branch. The
scale bar represents the number of substitutions per site. A maximum-likelihood
tree generated from complete nucleotide sequences of ORF1-2 of CMoV; and (b)
ORF1la-1b of CtRLVaRNA. Japanese isolates are shown in boxes (for GenBank
accession no., see Table 4). Isolation sources were indicated as circles with
different colours. The following umbraviruses were used for analysis: CMoV
(Weddel, FJ188473; H8, KF533713; S5, KF533714), wild carrot mottle virus
(WCMoV-RL1-Um, LT615232), carrot mottle mimic virus (CMoMV; Australia,
US57305; California, FJ188471; Bingenheim, FJ188472), groundnut rosette virus
(GRV-MC1, Z69910), tobacco bushy top virus (TBYV; Ch, AF402620; YYIJi,
FNS597051), pea enation mosaic virus-2 (PEMV; WSG, U03563; WA, JF713435;
ID, JF713436). DE: Germany, GR: Greece, UK: the United Kingdom.
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4.3.3. CtRLVaRNA DBIGEHRE

JeiRE TR X 7172 CtRLVaRNA (SH & X OF HK2) 12T, iK% bk < 7/ L4
BRE LT, Z DFER, WwEhd 2,834 bp TH B Z L MHEE X h, KECTHE SN a8 B X
N a25 (Watson et al., 1998; GenBank accession nos. AF020616, AF020617) & [FlEEIC ORFla ¥
X" ORFIb @ 2 2® ORF %#f5 L T/ (Fig. 3; GenBank accession nos. LC434069 and
LC434070) .

SHH XU HK2 D% ORF O 7 I/ FEECHI DHEIMEIZ I L 72 & 2 A, % ORF OH#EET 2
/ BEECH X ORFla 1 90.4%, ORF1b 1% 95.5% TH o7z, SH & a8 F721F a25 DT I/ FERL
5% LI L 724553, ORFla (32 L2 98.2% % 721 91.2%, ORF1b (2241 90.4% % 72 1%
95.5%Td - 7=, [AFRIC HK2 & a8 £ 7213 a25 DK T I/ BEFCY % Lk L 72455, ORFla 13 %
NZE N 89.5%F 72 1% 95.6%, ORF1b (£ L2 1 95.1%F 721X 98.3% TH - 7=. KE T T
7z alpha, beta ¥ X U gamma @ 3 73 #fifk (GenBank accession nos. KM486095, KM486096, and
KM486092; Campbell et al., 2020) 12\ TH SH I X N HK2 & &\ HFE% 7R L, ORFla i
89.0%-97.8%, ORF1b (¥ 93.9%98.5% T -7z (Table 5) . KEED ¥t ) 5 b S 7z
Sigma (GenBank accession no. KM486093; Campbell ez al., 2020) (% SH ¥ X UF HK2 & D HIA]
A3 ORFla IZ BTl 70.9%%5 X U 71.8%, ORF1b I 2\ Tl 86.2%3% X U 86.0%TH - 7.

tlaRNA @ ORF1a-ORF1b I @ i# {5 7 AL % i W T or 7 R i 2 17 - 72 # 5,
CtRLVaRNA (% 2 DD FE AL 7V —7L, Sigma DHRZHL O D7 L —Ficahritb L
BREN (F—FRAF Ty Ffl93-100) ,SHE X UWHK2 IZZNEFNDOEE I/ AL —FITEL
7z (Fig. 16) . CIRLV ® CMoV L 1Z®27%A Y, FY v v ED /) 7=V Y VICHKT 2% RLI-a

(GenBank accession no. LT608332) I SH R U7 —7 1@l (F—F A7y 7l
93) .

BEPFEDO = v v b & 72 CtRLVaRNA H19 @ UTR FEIOERECY] (GenBank
accession no. KF533715; Adams et al., 2014) 1% SH & 96.2%, HK2 & 96.9% & & W HFEME % 7R

L7z, 7z, sigma & FERICKEED X+ Y X Y X7z CtRLVaRNA @ RdARP #5ECA)
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(GenBank accession no. LN554263; Naseem et al., 2016) 1%, ¥EEEC5Cld SH & 74.6%, HK2

L7-.

N
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Cultivated carrot @

o Paer e
g3 [190f alpha (US) ! <
"] peta (US) %
| |_ RL1-a(GR)® E
@l (&]
190 o7 |- @25 (US) Il
0L gamma (US)
1 L sigma @
100 -/ /— TBTDaRNA
L CABYVaRNA

3.0

Figure 16 Phylogenetic relationships of carrot red leaf virus-associated RNA
(CtRLVaRNA) isolates. Bootstrap values equal to or greater than 50% are given
above or below each branch. The scale bar represents the number of substitutions
per site. (a) A maximum-likelihood tree generated from complete nucleotide
sequences of ORFla-1b of CtRLVaRNA. Japanese isolates are shown in boxes
(for GenBank accession no., see Table 5). Isolation sources were indicated as
circles with different colours. The following tombusvirus-like associated RNAs
were used for analysis: CtRLVaRNA (a8, AF020616; a25, AF020617; gamma,
KM486092; sigma, KM486093; alpha, KM486095; beta, KM486096; RL1-a,
LT608332), cucurbit aphid-borne yellows virus-associated RNA (KM486094),
and tobacco bushy top disease-associated RNA (EF529625). GR: Greece, US: the
United States.
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4.3.4. CaTV1 D53 T RAFLIEHT

=Y 7B ICEBENO= Y Y IV S CaTV]I iICDoWwT, F7 F7 4 LR
BRI 7 7 4 ~— (Verbeek et al., 2012) 12 X V55472 RNA1 (RdRP) ¥ X U RNA2

(Vp35-Vp26) DEIEIES| %, ENINCIRED B 5 7 4 M A% &0 72501 R it
fiEdT 24T - 7=

RNA1 ICBEb 2 it O R, JLHHERE D CaTV1 (X7 7 v AFED F1-2 (GenBank accession
nos. KY636379) & & bic—2D 7N —T%BR L 7. —75, J2EED H6 (Adams et al., 2014;
GenBank accession no. KF533719) , HAEMNICE T T ¥ X% (4ngelica keiskei) X 0
X7z CTV1 (Tokuda et al., 2019; GenBank accession no. LC436363) , F 4 VDt 1 U &

(GenBank accession no. MK063924) (3 Z D27 L — FiCiZ& g, BB R 058 254 &
Nz -7 (Fig. 17a) .

RNA2 O TR FHERIE RNA1 DD D L i3®E7 Y, CaTV] 2H—D 7 L — FZFK
L (Z7—= PR+ 7 v 7l93; Fig. 17b) , I LICHEED 7'V — 71T b sz, b= v
vk D 7 4 v A (GenBank accession nos. HK: LC515702 5 X T8 KS: LC515703) 1%, [H
=Y vH¥D H6 (Adams ef al., 2014; GenBank accession no. KF533720) , & HICF Y &
YEY 7Y 7 IEEYIH¥D RL5-Tor (GenBank accessionno. LT615234) & & Hic—2D ¥
TIN—=TEGHK L7z (7—=FA T v 7l 99) . FAVEDHEHENKD Muenster 17

(GenBank accession no. MN399685) ¥ X R[A/EE D+t v U %% (GenBank accession no.
MKO063924) 237N —T7 %KL (F—=F R+ 7 v 7l 99) , ENOT v 2 HEDT A
LA CTV1 (Tokuda et al., 2019; LC436364) b X LICHID 7'V — T %G 5 ATHEM: AR &

n-.
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(a) RNA1 partial (b) RNA2 Cultivated carrot
part'al @ Other apaceous plants

"

RL5 (GR) @

881 He (UK)

Muenster_17 (DE) @

celery (DE) o
CasToV-CM5460-10 CTV1 (JP) @

LNLCV-531705 70 MYMoV-ADO1
MYMoV-ADO1 92 LNLCV-531705
RCToV-HZ1 RCToV-HZ1

H6 (UK) @ -=—— CaTV1 100 ToMarV-PRI-TMarV0601
100 | ToMarV-PRI-TMarV0601 |: ToTV-PRI-0301

ToTV-PRI-0301 87 CasToV-CM5460-10

SCLSV-Su12-10 = SCLSV-Su12-10
0.03 0.03

F1-2 (FR)
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-
e

©
o

CaTVv1

91

Figure 17 Phylogenetic relationships of carrot torradovirus 1 (CaTV1) isolates.
Maximum-likelihood trees generated from partial nucleotide seugnces of (a) RdRP
(RNA1) and (b) Vp35-Vp26 (RNA2) of carrot torradovirus 1 (CaTV1) and other
torradovirus species. Bootstrap values equal to or greater than 50% are given above each
branch. The scale bar represents the number of substitutions per site. Japanese isolates
obtained in this study are shown in boxes (GenBank accession no.; HK, RNA-1:
LC515702, RNA-2: LC515704; KS, RNA-1: LC515703, RNA-2: LC515705). Isolation
sources were indicated as circles with different colours. The following torradoviruses
were used for analysis: CaTV1 (celery strain, RNA-1: MK063924, RNA-2: MK063925;
CTV1, RNA-1: LC436363, RNA-2: LC436364; F1-2, RNA-1: KY636379; H6, RNA-1:
KF533719, RNA-2: KF533720; Muenster 17, RNA-1: MN399684, RNA-2:
MN399685; RL5-Tor, RNA-2: LT615234), lettuce necrotic leaf curl virus (LNLCV-
531705, RNA-1: KC855266, RNA-2: KC855267), motherwort yellow mottle virus
(MYMoV-ADO1, RNA-1: KM229700, RNA-2: KM229701), squash chlorotic leaf spot
virus (SCLSV-SU12-10, RNA-1: KU052530, RNA-2: KU052531), tomato marchitez
virus (ToMarV-PRI-0601, RNA-1: EF681764, RNA-2: EF681765), tomato torrado virus
(ToTV-PRI-0301, RNA-1: DQ388879, RNA-2: DQ388880), red clover torradovirus 1
(RCToV-HZ1, RNA-1: KY113159, RNA-2: KY113160), and cassava torrado-like virus
(CasToV-CM5460-10, RNA-1: MF449530, RNA-2: KC505251). DE: Germany, FR:
France, GR: Greece, JP: Japan, UK: the United Kingdom.
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4.4. B8

CtRLV DEIEERVFFEICBE D 2 T DGR, ALHRERE D v 4 v 2 F B I L, SEERE
D XA THE UK-1 CEERER-N— 2 > v —d12k) & oflicmWHRES#ERE S . 21 %
AT IC BT UK-1 &k TH 2 T L AR I N7z 23, [ CEE O ICiE S % 2 —
7o EINZ3ITV AR (HI9H6 B3 X UHS) IO 7L —F%ERLE. 20 i,
=V VTGS B CRLV ICIFEE D 70— 73 FEE L, FEEN TR 2 45 ASHEFRAY Ic B
72 5 3 R R0 DI L, ALHE TIE 2 DN O —Hi 0 7' v — 7 & X0 i nsm B
FETRCEERTEEZLN JLBEED v 4 L ZDREFICE D 2 HRIZFRE I T
s, BAMCHR T 5 LIRET % &, —E D ECHUE D 5IEA T 7z ATREME A R .

CIRLV iz =Y vt ot ) BHEY 2 6 B T T 5 238, KREED <+ ) SrEirkic
DWTIE = v Y v R LBIR RO DHHIRITE DMK 73 FRFERNIC R R 5 2 L 2VRE 1
T3 (Naseem et al., 2016) . L RENOFER 2 LS, FV v rvFED /) T=v v
(WCRRLV) X OY 7Y 7 Bk o v 4 v 2 (TCrV) 28= v ¥ Y HECRLY & i3
HRETH Y, BT RREMNCHIT 2 L HLp e oz BEORL BT A L REY A
NADGEHED—DTH S %7 I 7 BEHIOHFED 90% <] (D’Arcy and Domier,
2005) ICHO LI b 24T LI L (T2 T, FES Z O I I v Tk
MNCFEAET 2T ANRTH D Z EBHL DL o 28HICIE, 51 CRLV DRFDO—DL
U CHEHE & 0 2 ATREME 23 .

AMICHEBNTH =Y v v VICEIT 2 CRRLV OFRAENHERINTHE0, 207/
LEHNIH D 22Tl v, RO = v O YA LRI NV ANRIE, = vV VYT T T LY

KXo TH NI, HECAH X P FZ VT THMEINLZT AN LIFEHPAI R
(Ohki et al., 1979) . L7z, R¥FFR D2 ) X b i &7z CGRLV IE, UK-1 &£ CPOT 2/

T DFFEITED 60%FRECTH o 7= (K S, 2010) . LEDZ &b b, CIRLV ITIZHEE DR
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75 2 I DR DRI & 72 \TLFEDFEET 5 L EZ o, HRENICE W TH 2o %

HICHEL T2 b LTINS,

CMoV IZB1F 37 7 LECHI D Hik s X U7 T R ERIENT ORGSR, JEFED 7 4 Vv R (1%
WD F A Y EX 4 7 Weddel (Menzel et al., 2008; GenBank accession no. FJ188473) ¥
X UO%E = — 7 # H8 (Adamseral.,2014) CHELMERE L, 2hb L EFH A7 L— FE2IPK
L7z, —75, AL 32— 27 ED S5 1ZEH 0L K <, Bl 7 L — F & TR T 2 AlEE
W REINT FY U XED) T2V Y VKDY A LA (WCMoV) dZ L7227 L —F
BRI L 72, 72, KEFED <& Y 53 HERR IZALIREE © CMoV & HHIRITEAMK <, Weddel & b
HIETH D EDIRENT WS (Naseem et al., 2016) . 2D Z L iF, CRLV & [AERIC, CMoV
CEBEWT D EBORF-CHBRESFET 2 & & b, dLiREcHRAET 2 7 4 L R TSk

R BIRIC X o TR I N FE G 7V —T I I s b D eE xR b,

CtRLVaRNA ICBH3 2 T O F5H, W RNAFEIZKZ K 227 v —7Icp 3 b, dLifflE <
B 07z 2 BB EiR SH 3 KO HK2 13& /v —7 I8 X 01D K2 nZhgEL 7. SH
& HK2 (3% 02 nAbifEiE o PEHL O 5l & Pabig ICfiE 3 2 A d—y 7 LERETT o=
WKHKET 2. 202 & i, dLiREIC 31T % CtRLVARNA 132 OFED A7 53, BRI R
CEWTHHIEEEZ AT 2 AMREEZ R 325, BEICOVWTHL2ICT 2 0ICiE X D% <D
CtRLVaRNA ZINE L T ZITO L ELRH 2775 5. 72, KEED & VI sigma

(Campbell et al., 2020; GenBank accession no. KM486093) (% CtRLVaRNA 252K 3 % FH 7%
7 L — F2 b L 72, Naseem et al. (2016) 23 L 72 >KEE#E ¥+ Y 2k D CtRLVaRNA
I sigma & EOESIHFEEZ R L2280 0, TUbRFAICLHEE 22 AhInd L e
I, KENC B LTI VICERYE % F5D CIRLVaRNA 28— I A L v 3 Ll S
7o LA RICE-D & CIRLV I X U CMoV & [AERIC, CtRLVaRNA IZ 35T H HEH D 57 2 1HEL

DR E 7213 % OLBIELTFET 5 LE 2 bz, ¥, sigma iZ ORFla 2> 5 ORFlb D 5
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KIGHENC 22 CTOMEEAF =7 U (cucumber, Cucumis sativus) (<3 % cucurbit aphid-
borne yellows virus-associated RNA (CABYVaRNA, GenBank accession no. KM486094) & #H{LL
3 %. Campbell et al. (2020) |ZFRRDFFHEANI 7 tlaRNA TH D &\ H Z & ITHD TV 5728,

CtRLVaRNA ¢ CABYVaRNA OMFEMB A IC IV AELCZdD DL EZOLNS.

JLIEPE D CaTV1 @ RNAL 35 X UF RNA2 O ECHIEHR % F s 72 BT D 5, RNAL &
RNA2 % bR S iz TR FBR 23 R 72 o 72, RNAL OfffTIC BTl L 72857
IS BT 2 BNOBBIEN E A o 7 & & BFERICHE R 5 2 - vRetEr & <, % < Do
PR &+ I lieh R % TCIC#T 24T 5 BB D 5725 5. — 77, RNA2 DFER 2 5 1%, CaTV1 28
2OLAED TN =TI T 6N 5 T DRI N, CaTVI ICBWTHED 7'V — T BMEE T 5

PRI NT.

AR, RECIEALIERERE D CMD ICBES 2 7V A L 2B X RNA O 7/ LEHNIC DWW T
HEHED S X 00 TR 2170, I oREE D Boko = v o v ko e
ECHLEER RO 2 L 2O I Lz, TR D ORI O 2 78 T IAME A RILIE R S h
TWLARWLA, WIEND KR & o B0, b I RE ML L 2db o Exbn 5. b
HHEIC BT WM = v & v ORFEORER NS OEL LFECBHEL Tw 5 2 & IiciiEn

T, WKFEIC 2 D2 H 3 5 Ll S 7.
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5.CMD icBi53 3 7 4 L 2B X O RNA DREM ICBED 3 i@t

JeiFEIcF AT 2 CMD BIiE Y 4 L 23 X O RNA 25, BCKER & B InrIcE T3 2 &
DL LT oTz, TNET= VY VICHET S CRLV & CMoV IC2W T, Z DfF FH#iH,
TRIFEE, MAEFR S OME AR I N T VB2, 25 ZEEM 2 RE & ff¢ CHHE S L
et AN

Z ZTARETE, LifED = v Y VICHAET B CRLY, CMoV F X UF CtRLVaRNA OfF 3
HPAZHO 2235 & &b ic, CIRLV DHEMURE (= v Y v H#{LKH) & CMD, 37%4bb
CtRLV + CMoV ® —H &Y % 72 (3 CtRLV + CMoV + CtRLVaRNA @ =H XY DT, i)

HWoBlE 26 I E (T 7.

5.2. MRt & 7T

5.2.1. 7 4 Vv AEEHE

MR & LTI, FICESSEER SN (CIRLV + CMoV) , HK (CtRLV + CMoV) F X ¥
SH (CtRLV + CMoV + CtRLVaRNA) ZfEf L 7. £72,SH2 64/ v FANT 5 Lic &
h CtRLVaRNA % Wik & & 72 “HELAE A SH™M - (CRLV + CtRLVaRNA) T SH %»
5 CMoV ¥ X U CtRLVaRNA % itk & & 72 SH® (CtRLV) 122\ T —HEkBRIc il L 7.
IS 3EGTHRICIE, RO F I VY ANRE, /v AT YA VARG 74740
AEBE LWL FY 4V REDTFTEIX RT-PCR THEGE X LT, F 72 ALY 2> & D dsRNA

SBE% T\ (Balijja et al., 2008) BXIKENC X D Z DD v 4 L 2 DOE ML TEZE L 7223,

N—=F 4 T 4 7 A NZRE (Partitiviridae) , X —F 7 4 M Z2HE} (Durnavirales) 2@ % =
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v UEIRT A v R (carrot temperate virus 1-4, CteV1-4) #FRE, Z Dftho v 4 v 2 DIFLE
DR T NIm Do 7z

BEREOBICIL, By P v ECHF L=y P v 72 AT 77 L0 BT A N AR
PRI 48 WFMHILA Bt & 2 72 6%, REAIPR 1A I L C il s S F CHERE 2 (T o 72, S
HE Gt g7zob, o~ X b Y v (B, 7 v 8 7Y b WDG; fERILERA ) %

sz ickhEBL .

5.2.2. 5 EHiHH

HEHHOTHAEICIE, v VFHCET 2 AT D 14 )8 17 oYL v =vy v, 57
¥ —t N, al) T v E— =LY (Cyclospermum leptophyllum) , 4 7 ~ ¥ (Anethum
graveolens) , 7 XV (Cuminum cyminum) , XY 3, 4 2 ) T v 3+ ) (Petroselinum crispum
var. neapolitanum) , 2% U (P. crispum ¥ X % P. crispum subsp. Tuberosum) , 7 = A

(Pimpinella anisum) , % v ¥4 (72132 — 7% w1 V; A graveolens var. secalinum) , &Y
7 v 7 (A. graveolens var. rapaceum) , V A ¥ 2 v, 7 xX— (Levisticum officinale) , »¥— A
= v 7 (Pastinaca sativa) , -t~ bV 7 (degopodium decumbens) . & ¥ + 7V v O T X
7LV RBMEREICE T, =V N8 ) O 2R IR E BT OB & Y BREL 72
FHEVOFETF1Z "= I F 274 PO ECRIFILELE K ADVREERT (73 vikda
) BLORy bx—2 (FAEa-77 7V RA&t) 2HFHCRALZDOICHIEL .
Bt I3 B HEAE 3 A0 L C 2-4 ZERNCAT WV, BB O MERE D 72 0, #5484 3 M1 LA EEAER %
Fi L 7. FER OHERE S L Y A L 2 DRHNIR RS 1, 4, 6 R ICHEM L, 6 BRI OK R
Zon L7z EiEY 13 23°C, 14 REfET H R, 17°C, 10 el 250 ofkdE L 72, BefdfE k2 5 o
7 A VAL, B 3.2.4.C/8 L 72 one-step RT-PCR i& & & 1T, thibd 77 4 ~— (Table
6;5.2.4.) % fl\v>7= One Step TB Green PrimeScript PLUS RT-PCR Kit (Perfect Real Time) (X
7 TN AR IS X 0 fTo 72 KSR 10 pL DR TITW, 774 ~— % RAIKEE 4

uM & 72 % X 9 ICFH#E L 72, One-step RT-qPCR I3 StepOnePlus Real-Time PCR System (3 —&
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TAvvry—HATVvT 47478 BT, KIBEERUTOEEY & Lz MiRE
It E LT42°C557,95°C 108, D% 1 44 74 95°C 58, 60°C 30 D PCR % 40 -4 7

L.

5.2.3. BIGHER

=V VELR E 7212 CMD ORERIC X 3 ERETEE A~ OB R AL »Ic T 5 720, BN
TENENHIGAR 2T o7z I hoiiEd [miE 5] (XFAEEKkXatt) 2w
TiT - 72

EWNEERIE 2016 k27 L Y RIBIIEESG O ALARE LW TEML 2. M= L X
OCRy b -2 FLTRALZDDZ I5Scm OFEROKRY Ky MIcKEL, BFE 1Ky
FBH7z Y 3RARREL 7. 5] & L7tk “IEMICESRE 21T o 7. $REE 100 H %, MEMX S X
O 3 EEEIX D 4% 10 A1 D¢, iR, IR, RE S X OFEHUC O W TR L 7-.

EAVRER 1L 2019 4F, k7 L v RIBITEES O (2.0 mx8.0 m, kIltE+) THEEL
7.6 H 11T HICHRRE L, HIXICOWT 6 &, 2N ENOXITEHICERIE L 7. WAlF I 30
em , PREIE 12 em & L7z, “8EME %22 THSHIC, VA NVREERFEI LT 77 Ly
10 SEDSHAE L 2RI L, 2 TORBRE v v 2y MK ) PBRINICIER S ¢ 72
th, F= v U VR LICEET 2 2 L X 0 BER AT o 72, 3 IR, WIS T 7T Lo 8
BAEL 722 & 2R L -, BRF 2B L7, Lk, LAMB ZIc <2 b ) v B XU
vor bt I=t (B, EXv 70770, N4 h 2ay 794 v 2kAett) &
i L7z, = v ¥ V3R 90 HiE D 9 H 19 Hic @tk zdd v B, iR, iR, $EHEs X 0%
BAGHAL 7. MG s XL CHFARPA F V) AVHIC K 2 8FICL Y 10 % T
o] o 7z i % FHEN R 2> S BRI L, A& I SR X D 5 AD sk % i < 9 10 K % Sl
R LT o p, B OIEEGE, E72RFLOLOERICGER T 2 & A5 2 EF AR

(MRDRER L 72 55) (23T 2> © BRAE U 72 WY 13 & R R I X 0 JLBR L 7= %, [RIR

FURGNOHEILA I T2 2 i X Wy L 7=
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52.4. ) TV Z A4 L PCRIC X ZREGHEDHE

B« R R O IR AR D RNA B IS % 729, 3fH0 v 4 L 2 (SN, HK,
SH) #=vvv (AB5) 12 @R L CEfE L 72 B3R & ¢ 2 80H 5 JHic X
VAT o 7. BEMERAME H 225 14 Hie B X UV 28 HiRIC, RAZEE 2 85 LM 3 822 8L, 2
baEAa L CEEABRICHEL 72, BURHIMIAZEFE 1T X Y FER: L, Fruit-mate RNA purication
¥ L U RNAiso Plus IZ & » RNA % i #, RNA clean & concentrator (Zymo Research) @ 7
7 L [C Dnase | Z LB - fE8LL 72 15 5 N7 F58 RNA O W, 1ug % PrimeScript 11 first strand
cDNA Synthesis kit (X 71 734 AR L4 10 X 23853 L 72 RNA 10 ng IS4 3
% cDNA % PowerUp SYBR Green Master Mix (=7 4 v v =¥ ATV T4 74 V7
#t) % L, StepOnePlus Real-Time PCR System (4 —€7 4 v ¥ ¥ —H A TV T4 7 4 v
7)) BTN L7z, )SIZ 10 lL DR TITW, & 7 7 4 = — Z RARE 300n0M & 725 X 9
ICHHEE L 72, qPCR DGR T D L B30 & L7z 95°C 20Dk, 1 94 7 v 95°C 3/,
60°C 30 7D PCR % 40 ¥ 4 27 V. JiR)EfEE DT IC V72 7 4 = — 1 #Hld Table 6 IZ7C L
7o RIEARIIMEREIC X VR L, 14 HRoflx S UMl CPgfE + R
) L LTIRLT-.

CtRLVaRNA (C X 3 CtRLV F7z1Z CMoV ~DE XL ICT 5720, = v VITRL
T SH F 7213 SHM %, I Nkt L C HK F & OF SH % [AIERICHEME L, 648 28 HARICHEIR

DI E T, VAL 2L RNABDEEZITo 72,

Table 6 Primer used for quantitative real-time PCR

Target

- - Primer name Sequence (5' - 3") Length  Productsize (bp) E (%)
virus/RNA region
CtRLV-RT-F CCACATATGGACTCACCAAG 20
CtRLV ORF3 177 101.8
CtRLV-RT-R TTGTTCGTGGGTTACCAGAG 20
CMoV-RT-F2 GGCAATTCCATGACATTCAG 20
CMoV UTR-ORF3/ORF4 167 99.7
CMoV-RT-R2 TGTGGGTAAGCGTATTGGTG 20
CtaRNA-RT-F AGGCGATAGAGAGCTTCAAG 20
CtRLVaRNA ORF1b 146 101.3
CtaRNA-RT-R CGTTACGAATCTTGGAGTCC 20
The mean reaction efﬁcienc%srlates (E) of each primer set were determined using eight-point serial dilutions of cDNA, and calculated by the
following equation: E = 10¢718p 1, which were expressed as percentages.
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5.2.5. S atfEdT

#eatadr Y 7 F°R (http://www.r-project.org/) C X U f#T %17 - 7-.

]

YT K B ARE, RR, IR, EHEE L OER~oFE O TEFa—F— - L —v—
BOEAR B L, SHEDOEEIE L 72

ERF AR OEBBE OGN 2 1L, o 2R (B 14 HigBs L 28 HiR) o
fEiCx LTIt o ® % ¢ #E, R OB 021 oW Tld, CRLV IF 2 —F — -
7L —<—BE%R, Z Do 2 FERE DA D I DWW TIIE D 7\ t BUE I X Y BUE 21T
272, WIENDOREILE T HHEREKIEEZ p< .05 & Lz EERICOVWTIE, /v 8T X b
Vo 7 FE Thhbbyarary vy ofFSEMEE GHEOH % t BEICKHIT) , 74 v
a7y v ONENHIE GHED 7%\ t BUEICKIE) 3 X O Steel-Dwass #7E (52— F — -
7L —=—MEICKHIE) T X BT 1T - 7228, FERORER L o 727280, AFETIR YT A

MU 7 FRICK BT R DO B IR L T2
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5.3. &R

5.3.1. 5 L&A

R ) BHEYIC L, B Y 4 v 2 72 13 RNA O 575 3 3 B35 #Ek (SN, HK 5 L O
SH) %Ml L, FRIFHICTEIRDBIZ L 7 4 L 2 DM % 1T - 7. B ic B 1 AR Ic BT
i, IEROEIICE D S FIRIT R COMEMP S T A VAR I N L b, HfE 6
PR OFEIR DG &, §T72 104 U 72 EATEEDBUE DFGR % Table 7 1278 L 72

THEDORER, vy v, Fry—Er, al) T v Ex— 73y YLV EBIUOL ) v Pk
VTR EEIR DS HERE X L7z, iR & 23 R D & 13 CRLV AR & 7z 23, W h o)
HICEBWTHBEGBERIC X o THEU 2IERPB R o 72 FFIC SH 2 L 2=V "€ Y
BLXUA 7 v FIFER 3D TS T, 200 Ofiiks b I3fED CRLV L&k
otz £, HK T SHABERE L 724 /7 v F 2513 CMoV i e e, JEfFETh

TEDBHHG N E o7 (Table7) .

1

Y oICBEWTIE CRLV O 2B BEY-CER IIER S e d o 7228, #8608 6 BR% o 17
X D, CMoV ¥ 7213 CtRLVaRNA 2 & iz, 4 2 ) 7 v 32 ) 5 X U7 = R (F, CMoV
I D RIEREIR TG L 72,

PIEX Y, dbmED = v v AT 2 CMD Bl# Y 4 L 25 X O° RNA 13+ Y BH#EY ©
HTHRONAIC L 2RYR S, 51T CRLY, CMoV F X U8 CtRLVaRNA O 15 F 4 1%

—HL AW B » LR o7,
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5.3.2. Bih - BRI ORER D HER
CtRLV & CMoV & @ “HEREIFIC X VBMWIERZ AL 2 2 L AME I N T 2D
(Watson et al., 1964; Waterhouse and Murant, 1981) , CtRLVaRNA & ® = HEYt % & @ T L
INTHNE 7 ARBFFEIC BT, CRLY D HMUE S, CMoV £ 7213 CtRLVaRNA & @ “H ¥
FREEBEBEONZZE2, INbE VY Y, Fy— N, a VTV E— 73V, =
YANEYBEXOA /v FICERL, Z 0k % g L 7. RERZAER % Table 8 35 X U Fig.
18 2 & Fig. 22 IC/R L 7=,

SN (CtRLV) %M L 72 &Z MM, wind TEOENRM O E&l £ 72 3R/ E M
EEEREZ AL, = vy vt T, A—fEodhcd #H L 2R X ks e &
Nz BEZERYIDO 5B, a ) 7T v £ =B X7 IV I3EZW & A S L < EH
L,2 7 HUWICHHZE L 7-.

HK (CtRLV + CMoV) % #HE L 7zfii413 SN & [FlEkIC, TIEDIENRMB 0¥ % 72 137/ %
B2 2P vBIR=Y A AENICEWTIE SN L TREBOEEREE 2 L &g,
LD DT IR E Y, B ABABUEIRZHE S 2 e d3db ol Fr— sl ay
T VR =B W CITENR OMEIC LT UITEIEA A b, ERIERAE THE 72, F%
— BT B W TR 2 EEIR ICEIR IS - 2 AL A b N, TDHERIZ= v P v Ic b I
H bz,

SH (CtRLV + CMoV + CtRLVaRNA) 235| % 2 Z $iEfk i3, MfE Rk ok &  Hx
272, Z VY VICEWTIEI SNB XU HK B X 0 QL 2 ICAEB A AR & 72, Bl 28
FILAPIC B ZEICBERL (green mottling) 2345 U, Z ok icEL-CRL BBICHER L 2T
fZE R AEB AHET IO N TIERAESE L 72, & 7213, BEBAEIR b HEBeiyim <, Wlsddko & 5 0 32
Wil S FRUCHEHI L 72 (Stubbs, 1948) .

Fr—tArBlUal) T v EX—iCBWTd SH HEERICBEEUER % F 5 ZEDRERE L
T8, ZEta DREFE AR IC X o THRZ o 7. FHARE BB AL, T EE IRy RML 2 S

TEEIERBAONTWThH, FIEICE W TEESERIEET 2B o7k. 2D X
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5 iR D EAIEED B 1F, LI L IE CRLV 23 E 7 7o 7o — 77, IR RARHIZE L,
HERIER D B IS b N B kD 7D & 13 CRRLV 2B & hurz.

~ YN Y ICHE W TIE SN B X O HK % BRIV RIL - 3E8EIR B X OFEfn A 51
7273, SH BERERFIC 134610 T W ELOBERGER L 22 U7 o 72 ABWIH S Rond, k
f%EH 51X CMoV 3 X U8 CIRLVaRNA 23 & 417223, CIRRLV 13 fME L i S e o
7.

A7 v FHEERIC, SN 35 X O HK BRI IC R EEBTER 034 U, CRLV D A28 & 7z,
—77, SH BERERE I I3 AER L 2380 b < 2 Y, 2D X 5 % fil{f2 & 1% CIRLVaRNA
LIED CRLV B S . 4 7 Y FiZ CMoV DIFEFETH B Z L BHL 2L o7 C
b, SHAREEML 724/ Y F2b T 75 Lv % HvT CRLV + CtRLVaRNA THEK X 1
29 A NAPFREULL (SHM) | BEERFORR 2 B L7z, = v ¥ v ~ OB DR, $5&
DAL EACDTREEAH & 2> 1K - 7228, BEBUEIR 3R T e { o 7= (Fig. 22) . F
v —EAMC BT BRERDFETH 57228, XY RRaEL (Fig 23) , FRo ZEHEk

ERFHTHEE - 7.
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Figure 18 Symptoms in carrot leaves induced by three virus-RNA
combinations: (a) SN, carrot red leaf virus (CtRLV) alone; (b) HK,
CtRLV + carrot mottle virus (CMoV); (¢) SH, CRLV + CMoV +
CtRLV-associated RNA; (d) healthy.
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Figure 19 Symptoms in chervil leaves induced by three virus-RNA
combinations: (a) SN, carrot red leaf virus (CtRLV) alone; (b) HK,
CtRLV + carrot mottle virus (CMoV); (c) SH, CRLV + CMoV +
CtRLV-associated RNA; (d) healthy.
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Figure 20 Symptoms in coriander leaves induced by three virus-RNA
combinations: (a) SN, carrot red leaf virus (CtRLV) alone; (b) HK,
CtRLV + carrot mottle virus (CMoV); (¢) SH, CRLV + CMoV +
CtRLV-associated RNA; (d) healthy.
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Figure 21 Symptoms in slender celery leaves induced by three virus-
RNA combinations: (a) SN, carrot red leaf virus (CtRLV) alone; (b) HK,
CtRLV + carrot mottle virus (CMoV); (c) SH, CRLV + CMoV +
CtRLV-associated RNA; (d) healthy.
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Figure 22 Symptoms on carrot leaflets induced by (a) single infection with carrot red
leaf virus alone (CtRLV; SHER); (b) double infection with CtRLV and CtRLV-associated
RNA (CtRLVaRNA; SHM"); (c) a healthy leaflet.
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Figure 23 Vivid reddening in chervil leaves
induced by virus-RNA combination SHM- (carrot
red leaf virus + CtRLV-associated RNA).
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533. =V VDEE~DHE

PFAERBR O R, Fric= v Y Vit CRLV & Z OB#E Y { L A RNA DRAEGIC LY,
ABICKX OV RERBELRZIZZERHL LR o, R, EBRICKZ =Y Vv DER~
DO VT XY FEll AR % 1T 5 720, ALSARE & WREEES; 1< B OREF B & i
L7.

ANLRAREIC BT 5 B0 E, —RESWEAEX ¢ 1534 ¢, SNEHEX (CRLV) 28
165.9 g, HK ##E[X (CtRLV + CMoV) 2% 150.7 g TH > 7zDICK L, SH #EHEX (CIRLV +
CMoV + CtRLVaRNA) Tid 100.8 g &7 D, SH & Z LM D RICHEEHAN R E MR S
72 (wInd p<.01)  MREICEOTHFECMERAZA O, BEAEXIE 16.3 cm, SN 1T 15.5
cm, HK (3 153 cm TH o 7= DIt L, SHEMEX Tl 123cm & 72 Y, SH & Z LA DI #RE
P R EDS R S iz (0T hd p<.01) | ARENIZEEREFEX C 16.3 cm, SN T 17.3 cm, HK
T 159 cm H X SH #MXT 149cm &7V, SN & SH offlicomrzErsmti s nz (p
<.01) . —77, BERULEGIC X D BN L, JEEEAEIX T 10.6 X TH o 72 DITHf L, SN T 12.1 14,
HK C 12.7 (5 X O SH # X © 12.6 & 72 ), MEEAEX & HK £ 7213 SH OICEDH 5

TeHbhol (WIFhd p<.05; MEFEX & SNEMEXEIZ p=.16) .

ANTERENO =Y VIR ECTEBRRIFTH Y, FicEMUER o Tchotzz v
ABICHE AT TH o722 LI XY BRIC X BRI LI WERIETH o 72 L HfE
HE Nl 2 2 TRIC, &7 L v RIBITEERS O RS 1 5w TR TR 217 5 7.

RO A % I 2 720, B 18 HRRIGEB CRFAE 217 - 24 H, 1212 T o
fERIC 5\ CTEDFRUIER A TR & 7z, MR X IC TN H £ CIERASTHER T 9, Beid
KD a v 2 Itx—vavidhdror & WLz & 90 Hitic 2fk24E v B, 35 hr:
BRI O &5 60 {4, SN BEREX 53 {4, HK BEREIX 52 flE{k, SHEREX 59 k10T,

RE, IBE, ERF L OERICO W THIERL 7.
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RE 2TV 175g TH o 72 DITR L, SN EFIX 1T 138 g (fli42tt —21%) HK X
13126 g (—28%) , ¥ 7= SHIEMEX (X 73 g (-58%) TH -7 (Fig. 24) . SNHHEX & HK #
HXOMZRE (p=.62) 2 COFEMXBTEXRHERI N L5 (p<.00001) , Hph -
BERBEDO T NI K > THOMREDED L, FRIC ZHIRRERHICE L (T2 2 L3S 2
Lot

R IRE & [FARROM 2R L, f@#42 T 162 cm TH - 72D Ixf L, SN EEREX T 145
em (@4t —11%) HK BEREXIT 148em (—9%) , ¥ 7= SHEEXIE 120em (—26%) TH -

7= (Fig. 25) . SN#ff[X & HK X Ol ZfRrE (p=.54) , 2 COEEXME CTEIED b

Il

nizz b (p<.0001) , REFEEICH  BEEEOCTRIC L > TOREFEL,
W E ZERPRFICTEE ICE LD C EHL L R0 T,
EEIIEE TS g TH o720 L, SNEMIXT42g (—19%) , HK HEEX T 33 g
(-35%) , $7- SHEEMEXIZ 28 g (—46%) TH Y (Fig. 26) , TN OEEREXIC 35\ T HEL
HX L oEBIMREEI N (p<.01) . £7-, SN & HK[# (p=.16) , HK & SHHIicH W TIZ
ERED LN o72H (p=.51) ,SN & SHEICIZZEIMHRINZ (p<01) . 2D
2 & T o0 BTG B & FRE I, Hh B ic o T b RS X o THE R ZF, Fric = S
RHCIZE LKAERENEDY T 5 2 LRI T,
ERICOWTRENABRICE TR, ElabNhd o7 (p>.10) .
Z O ZHR, SR, T 7 & 0 B b iR X e Y, IR & G o 2K B W TR

JEcER I e,
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Figure 24 Effect of infection by carrot red leaf virus and its associated virus/RNA on
carrot root weight. The means (* SE) were calculated from more than 50 plants at 90

days after sowing. Lowercase letters above the bars indicate significant differences
between the means (p <.0001; Tukey HSD).
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Figure 25 Effect of infection by carrot red leaf virus and its associated virus/RNA on
carrot root length. The means (£ SE) were calculated from more than 50 plants at 90

days after sowing. Lowercase letters above the bars indicate significant differences
between the means (p <.0001; Tukey HSD).
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Figure 26 Effect of infection by carrot red leaf virus and its associated virus/RNA on

carrot top weight. Lowercase letters above the bars indicate significant differences
between the means (p <.0001; Tukey HSD).
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5.4.4. Bl - BERER OWRIFAR O HER

CtRLV, CMoV ¥ X UF CtRLVaRNA OHAANFRIC DWW CHIR 215 % 7=, 3 [H 557 BiEdk % 2
FL7z=v Y vEERD CRLV, CMoV F X IF CtRLVaRNA © RNA &% 5f# 14 Hk s X 08
T 28 HERICER - L 72,

CtRLV D E R DOFER, #:fH 14 H% 1T\ Tid SN, HK 35 X O SH O T2 3R & iz
o725 (WFRD p>.10) |, 6 28 HERIC HK D 7 4 L 2 B FI(EA SN (p=.02) ¥
721X SH (p=.009) &L CEil o7z, ZEEEHNOBRE 14 Higd X U028 HiZD 2 [
HOTREZLE L2 2 A, SN TIERELSRdo72—77 (p>.10) ,HK T 5.7 fFic8hnL

(p=.03) ,SHICHEWTIZ0.615 (p=.03) @A L7 (Fig.27) .

CMoV DEREDFER, WITFNOWFN T HK 5 XU SH DV 4 L AR EHEDMIC T 1T
oz (FNd p>.10) |, BEREREN TR 14 Hi%205 28 HERICH 1) T RNA B8
#EmMmL 72 (wFhd p<.01;Fig. 28) .

CtRLVaRNA OEERICO W T, SHEMHEE -0 ( o8 4 HHB3 X U028 HHD
ERE% IR L 7228, 22 138 & e - 7= (Fig. 29) .

SHZEEMLZA /7 v FX AL 72z SHM- & SHRIC DO W T, [FIRRICEERE % 1T\, 367 28
Hi%® CRLV &% iR L 724558, SHM X 0 EREE 1347 10 5% 225 7= (p = .004; Fig.
30) .

CtRLVaRNA IZ X % CMoV ~DZEZIHL 2 IcT 5720, IV NI LTHK £72 SH %
B L THE 5N 7 CMoV HiJlils X U CMoV + CtRLVaRNA @ &R A 12 5T, CMoV
BOWKEIT 5 72, 28 HIRICHUE 217 o 7255, “HEGHUEAIC 51 2 FHE R & 2 K
YAEALLT 1/4 & 7x o 7228, WEERERE & b IR ZR K E L, ZZHBECE Rro7 (p

=.39) .
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Figure 27 Relative fold changes of carrot red leaf virus (CtRLV) in systemically infected
leaves of Daucus carota inoculated with three virus-RNA combinations (SN: CtRLV
alone, HK: CtRLV + CMoV, SH: CtRLV + CMoV + CtRLVaRNA), which was
examined by quantitative real-time reverse transcription PCR. The means (* SE) were
calculated from the RNA levels of 12 individual plants at 14 and 28 days post-
inoculation (dpi). Asterisks indicate a significant difference between two values of each
time point (level of significance: *p < .05, n.s. not significant; paired t test). Letters
above the bars indicate significant differences between means (p < .05; Tukey HSD).
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Figure 28 Relative fold changes of carrot mottle virus (CMoV) in systemically infected
leaves of Daucus carota inoculated with three virus-RNA combinations (SN: CtRLV
alone, HK: CtRLV + CMoV, SH: CtRLV + CMoV + CtRLVaRNA), which was
examined by quantitative real-time reverse transcription PCR. The means (* SE) were
calculated from the RNA levels of 12 individual plants at 14 and 28 days post-
inoculation (dpi). Asterisks indicate a significant difference between two values of the
same inoculation groups from each time point (paired t test) or between two values of
each group at the same time point (unpaired t test). Level of significance: ** p < .01, n.s.
not significant.
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Figure 29 Relative fold changes of carrot red leaf virus-associated RNA (CtRLVaRNA)
in systemically infected leaves of Daucus carota inoculated with three virus-RNA
combinations (SN: CtRLV alone, HK: CtRLV + CMoV, SH: CtRLV + CMoV +

CtRLVaRNA), which was examined by quantitative real-time reverse transcription PCR.
The means (* SE) were calculated from the RNA levels of 12 individual plants at 14

and 28 days post-inoculation (dpi). No significant difference was observed between two
values of each time point (n.s. not significant; paired t test).
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Figure 30 Relative fold changes of carrot red leaf virus (CtRLV) in
systemically infected leaves of Daucus carota inoculated with SHCR
(CtRLV alone) or SH™- (CtRLV + CtRLVaRNA), which was
examined by quantitative real-time reverse transcription PCR. The
means (* SE) were calculated from the RNA levels of 5 individual
plants at 28 days post-inoculation (dpi). Asterisks indicate a
significant difference between two values (** p <.01; unpaired t test).
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54. B8

5.4.1. 15 F i

MY % F > 7= B BR O A5 R, ALIREE D CRLV, CMoV # X T8 CtRLVaRNA DfF
HiFHIL, 2 )V BOFFEDRICRO NS Z & 2SR I 7z, FFIC CRLV OfF E#FHIZ A — 2 + 7
V7, wEBs X OKETHRE SN DD EITIT L 7228, KMNED CRLV & 135k Y, &
oY) (KETEF v FAZ2MH) BLOI Y AS~DERPED S TR 72 (Ohki ef al.,
1979) . 2 D72, JLHHEICEWTHAEL TW5D CRLV &, RMED b 0 & I1375 FHiPH % 1%
ULt 23 MERRA S L EZbN £72, CRLY T 2 B2 3 cEa by, =
VT v x—=227 IvD X ICIGHIEL, ZE L THISLIC R 2 MO FERH S 2 & 75 5
To. ZNOHEYDIEH R L v v 4 v R @It 3 5 —Mki 7 OG22, X 512 iE CIRLV D A (T
W32 RIEEDHE, KL a v 4 v RBICH T 216 FI0E 2 BfFET 5 L CERERMFITTR &
Vg LEZOLND.

AZY)T vt ), TZAEB LRIV NIT CRLV OIEFEEMYITH 2 —J7, FEAEIRIC
CMoV 23R HEGL L 7=, 2D 5 H IV VT CLRLVARNA OFFETH H Y, IV N ICHBW T
CtRLVaRNA 725 CMoV & & b ICRHEYLT 2 2 L3 Do 72. CMoV I X U CtRLVaRNA @
THEEDERRICHER I N2 D135 IO CTOFITH 5. CtRLVaRNA [T HAIEAN T D
HEUIFTRECH 2 23, RPHEMAN O 25T 55 2 L1dTE 7%\> (Passmore et al., 1993;
Falk et al., 1999; Campbell et al., 2020) . —J7, TV 77 7 A VAJ@EY 4 VA5 ORF3 B L O
ORF4 ICa—F$ 23XV 7HX, WAL A RNA OL2H B X OB OBIT 23 2 &
EHIC, RNA DREMICHHFE T2 A5 T2 (Ryabov et al., 1998; 2001b) . & D
e, IV ATHER S Lz ZEESE, CLRLV OAYE T T CMoV 28 CtRLVaRNA D4 &
EREAHB L -2 X2 bDEZLNE. $7-, 2 OBELTIL, CIRLVaRNA O 4 B kg

IZ1%, CIRLV E 721X CMoV D W EN2BFEET TR W & 2R
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CMoV D Hiflt ¥ 72 CtRLVaRNA & O “HEKPIT 77 LV IENRER F72 3, BASKMHT T
L RE & &b I T 2 el S . Lo L, AEY A v 23, HlofEETchh
TR A R L a7 4 VR EIRERG % KL X & 5 (Barker, 1989; Mayo et al., 2000; Zhou et al.,
2017) . TNLDRABEYEIET 77 L X B - NI R X SICRB T ERD

(Waterhouse and Murant, 1983) , RS T ICE W CHEFAEETH 2 LIS NG, C
DL, TYTIIANRET A NZADOBEMELF 72 1 tlaRNA & OIRARGAEAK Lic,
BAMEETE2RL B YA NRIE T A N ZDIRGE L 7288, Hi 72 il R A b & O A KYYEDS

HEUCBAREMEDH 2725 5.

5.4.2. CMD 2 B95-3 2 JRIR E 7 o BifR

550 BERR SN (CtRLV) %7213 HK (CtRLV + CMoV) ZfL 72=v Y v IicEH ) B
W, TR OERELA LT 2 & R IZ HK 57258 <, CIRLV OEE b E® b5 &
EVIREINT. TV T T IANRBIANADERICL 2R LB T A NVREY A VA~DFE
e LT, iEkoEit (Mayo et al., 2000; Ryabov et al., 2001a; Zhou et al., 2017) , L& &
DIENN (Barker, 1989; Zhou et al., 2017) Fli##HAR A & ZERMIT~ D BT DIGED ]G T h T
w3 (Ryabov et al., 2001a; Zhou et al., 2017) . 2D Z & 75, CtRLV & CMoV D iR ARG
WKEBWTH, FAEOIHRIBPEL T bDEEZOLN. L L, HK Z R L 72 12 ik &
JFonzflc oEREL A% &, 2 {AFICE VT, CMoV DX AFICHENN L 72—77 T CRLV 2
Z Oftt oK L IR L €T V10 RIS E TR L T 3 2 e BRI iz (57— 2 KigH) .
INHDT EH b, CRLV & D CMoV DRI L CTHAINTH 2 ExbNE, Thbd
DSIEGHEDMR P CHREPIRIC S L& 5 AlREME I > Wi, BB Cl3 e BRI ET 3 2 & A8
T & 7z, Barker (1989) 1%, PLRV (¥ CMoV & DRARGIFIC Z 0EMAE T - 7223, Kl
DRFEEL EHICHMMEFL_NVICETET LA EZBRLT0E. 2D, CMoV 23
BERT LIk 2R E, HEPZOEFTRAT -V, THICIEYEIC L > THEDY

2 nRElED 5.
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TN E TICHE S 172 tlaRNA O 5 5, ST9aRNA 23 % OJFJEIEIC 2 W TN EMT & T

V2% . ST9aRNA 1, 7 X F (Capsella bursa-pastoris) 1ZE\»T BWYV IC X 2R Z 80D, %
DERBICONT D E® 5 —J7 (Passmore ef al., 1993; Sanger ef al., 1994) |, ~ A X—TH %
BWYVD CPMPZFIHT 2 Z ik ), HEZHFrT 22 L 2 2L Do T 5,
INHLDI LML, STOaRNA & BWYV & oBREIMAAMTHI I EEZLNT VD
(Passmore et al. 1993) . CtRLVaRNA ( HASM FIc 50 THIZIEHIC CIRLV & CMoV &
HEFELTHY, TNIHBEOKREICE T ZBEME L —8F 5 (Watson et al,, 1998) . 75
DB, CIRLVaRNA 1T A T IC B W THAFET 2 7 A VA/RNATOHR O RT, TV 7 7
TANRIET AN A EMHD R ST9aRNA & 5i7r 5T 5. 2 OFFEA 5, CIRLV & CMoV
DBIRICHN A, CIRLV & CtRLVaRNA, CMoV & CtRLVaRNA [, & & ic 2 b =FE o BAf%

PiconwTENZT NN T 208 W3 H 5 LE 2 7.

CtRLV & CtRLVaRNA DBEfR % HH & 22123 5 72 9, = HIRYLHE SH 2* & CRLV O B YL
B (SH™®?) ¥ X O° CtRLV-CtRLVaRNA @ “HEYRE (SHM-) Z{EHL, = v ¥ vickEE
L7z& A, ZHBRPERFIC X D 5RWIEIR 23 4E U, CIRLV OE D mE 2 2 L 3bh o 7. JTD
3550 BEbk SH & 13 B 72 0 BERUEIR b > 5722 &, %72 Sangeretal. (1994) 1 X 2%
REERICH S L, EROBAL D JFIAIZ CIRLVaRNA DR A KR X 0 HEE RN 0
CIRLV2MEML7Z2Z &Itk 2dbDeEX LN ZD®, CIRLV & CtRLVaRNA DOBfZRIC
DWW ThH, BWYV & ST9aRNA & [FIERICHAIITH 5 alRetEss s, HK £ 7213 SH Z B L
T=vyvicEllb CMoV D REIRFEIFETH o728 & DI, TV N EH W T CtRLVaRNA I X
% CMoV ~DREIC D\ TN % 5l A 72 28, TEIRPEMRIC B O TR R Z(LIE A 6 i p
> 7. RIFFEDFER A 6 1, CMoV 25 CtRLVaRNA 123} L VIR N OREATREN % 15 L Tw»

52l LRSI cES, mMFIIRMIAREGRTH S LIS,
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CMoV ¥ 721 CtRLVaRNA 28F52 CtRLV & O BRI, ZHERPRFIC K E &L 2.

ZUE, =V A€V icE W TE SN % HK B IC 135250, ML, TEEIERDE U 72 —77,
SH H#IRF IC I AEB MR L ZD b 7 {72 ), BT3B M B - JERUEIR L A L, &
LICZ THHiE CMoV & CIRLVaRNA L2 I e e o7z, FROBRF v — v,
¥l vV vIEBWTHMICHERR I N, F7EEICE T CRLV 23 & 1137, CtRLVaRNA
BLVCMoV DADBRHEENE Z BB o7z, TN DBEEMERIZ CIRLY & CMoV % 721
CtRLVaRNA & O % O MHF] 1) 72 BIfR 23, ZHEPESEM T Ic B W» Tl CtRLVaRNA &
CMoV ¢ DREIICAE L 2HAMERHICL > TEBTHIIMAT L2 2R, Fy—EL, o)
TV X=XV N Y ICHERR S L7 S HREINIC BT B FMER ORI, CMoV &
CtRLVaRNA & OIOMAIERIC X 2 CRRLV KT 2 EVUEHICE 2 b0 Th b L EZD
hWre, ZOFHOREIZHEYEIC X o TRE SRR Y, FFiTw Y A NE Y ICB W THEEFICHM
20 LHEHE Nz, b, 4 7 v FIZOWTd SH RN RIC IZBMAER L 2 & bk
{ T o 7228, ANEYIFEIX CMoV DIEEETH 2 2 L 6, ZDJRFICO W TIIARFIE DR R

DIFIAL TR, S ORI L BIRPLETH B,

=YY VITE VT, SH EMIIRF IC iR b TR WEIR 2342 U 7228, E B BR DGR 2> & 2 DSEIR
DOHEALIZ CIRLV OEINCHER T 2 d D TIiI R\ I &R S 7z, CIRLV O ERE DN
FEIR DAL IZ CMoV £ 7213 CtRLVaRNA D W F i & o “HEKYLR IC b iR X ., B ic
CtRLV + CtRLVaRNA & @ “HEPHRFCIHE TH o7, TN HD T & A5, CtRLVaRNA [ =
HIKGQLRFIC CRLV DHEERMMIC B 2 EF 2 2L 3 &, [HEEMICER OBLIcBE 53 5
LEZ DN —T7, ZHEIEGRRICIE CMoV DHfiBIc & Y CtRLVaRNA 2% CtRLV & [AIERICEE
AR A~EITL, 2D Z i X h CIRLVaRNA 2SEIRICH U CHEBEMICHEEEZ T T L 5|
5L DLHEM X Nz = v Y vICE T S CIRLVaRNA OJFJFPEICD T X 0 G5l 3
% 7-®1Ci%, CMoV HMUE St 3 X U8 CMoV + CtRLVaRNA & “HEGEAZEH L, 21 b

D EAT I BEBH 5725 9.
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PLEX Y, CMD icB5-§ 2R O Btk 13— BIE YLy & B & L L, 2 5l

EEMYRIC O E LR T EL LN,

543. =V VDEBE~DEE

AIRDFEAEINTITFERBIZED B 2 23, FHCEBYVIINICHE T 2 B L Do 72 FEIZE L WAEF
R Z % (Stubbs, 1948; Watson, 1960; Watson and Serjeant, 1964) . AGER I 351> T, #%
1 HBorss X2 28I AT 72720, BYIC X 2 ENEE CHN L& TH
27 eFEZHLND.

BN FERE L 72 il aERIC 35\ C, SH SRR (413 SN F 72 13 HK Bffl i & b~ T & 5>
G X 250 AR C, IRE, RERB I VEHDE L WP BRI N, 2D Lhb,
CtRLV + CMoV + CtRLVaRNA @ = &Y% (T, CIRLV Hfli D A 7% & 3 CtRLV + CMoV @ 8
B XD b KX RRANEIAEELEL L Bbr o BRICERESCA -2+ 71 7 TH
5 X 7= “carrot motley dwarf virus” (% CtRLV & CMoV @ “HEIC X Wi I h b L E 2 D
NTHY,CRLV MR IR E EEL MT T R InTnz, L L, Ko R
O BHESIC X o THIINT 2 2 &, F 72, “EREN O T MR O b 0 Lok E
(ED BT, ZHBERRIGEREDRSE LU T 2RAEEZERHENEL L RSN,
DT L b, CMD DR LHNCHER X 2RI ek 13, FIc=FREPc X o TEL T

Wb D EHERINS.
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6. WAEZER

= vV v OENRME - BT ZHRE, BLcdbiBEEIc B UACEMEI N Tz, Lo L,
ARG A EIR 25 5 L 2 DIF SR AME T Lo 2 M (8 H) U TH 2 2 b, —FD
ABRRERICL 2D DL ARINTEL JUBFED =V Y VICHET 27 4 L AJFICTON
TRHINTTHAEPRINAZ DR, 20D ARFPEL RBIINTCELRRTH
29, KABROFER, 210 ORERA CRRLV ORI L > TlRZ 52 = v Y v {LR, $72%
DEFHEY 4 VA F 7213 RNA PHRAEYT 2 2 LI X 2EAEYYE CMD TH % Z L b2
2. T 7 7LV oTHAINEFL e Y ANVRE (F72E3VT AT AV RE) 130
BRERICBTZBEEEECEOT LELIEIREREER S 2 2. ARBROMER2» o, KE v
ANRICXBIHRER = vV VICE L THILBEIC B WA RAEL T Y, IBENICEE

FAT Lk T & 7 2 EBEM T oz,

6.1. IRWEHDOHEKICOWT

ED =V P VICRET R LB AN L ZDOREY 4 L 2 F LU RNA DEIRZER
R R R 1 B B BT % AT o 7oA 2R, ALIREE DR R I HAEN X Y b T L 5
ko b o L FPIL, BOMEEZFFD Z L 2RE N7z, RMITE W TIE, CMoV Dfthic b
CMoMV 23%4$ 2 Z &b o T b 28 (KD, 2010; (LIIK S, 2015) , ARHFZEICEH VT
I CMoMV MR X 72 D> o 72. CMoMV I, A ClE I NECTICA—R 7V T, =a—¥
— 7V P, RKEBLP NS Y CHERIN TS0, BEICE T 2 REOREII V. b D
o b, EE L AN TIEY ANV ZDOERPFIARI R Y, JLHEE O R 13 5

(SR B 2 F 0 & HEI X 0 7 JRHEE T B CICK IS 2R IR R S R A Bl &

LCUL BAROBE Z XL & T 2 EAMRDFFBIAR, I HERAEZ b 5. KT
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FERE DIE RN S FHT-EFEF O REAR DB B X AR F TV TICBNTRBRCKE &
WEZ D75 L7z (Stubbs, 1948) .

HARICE T2 = vy vEEOELE% X0 DI5 % &, 400 FH{IZ ERTICITHED HEA I T,
GREROORFERO = v O v R I N T e an s GRILEA SRS, 2004) .
BMo=vyyoREEE 1800 FM X VIRE v, HEOWCK D WENEA T, HEREMEC HAR
SMERIEDIRL, A% o T 1B L7z (IR U S, 2004; JefmeEErse i sg
Wge4s, 2015) .

ACHRE I 35T 23855 D FESE XA & 2> Tld 20 23, TP RIS I BEIC 7 4 X R DS5ET -
FIL T8t 08k E LT 5. BB O FINIC X WK @ SE 2SR B 3A F 40, B8 B 5l
LNTEY, ZDB%RAREKRD O KIERMUIC 2 T COREEES 2 ICIE R L 72, Z T
FEOMEREIC, BOKA S = v ¥ Y ORRDEBIAT N, IS 2% V7250 & L Cflif &
N7z THNIE, ZNDFRIR & 7 7= ATEEME DS & <, WCekPR & o @ HEBUE I o v CEE 28

W OIFIRIKRD i % A 2 &, FEAREEMIRO—2TH 2 HHTIE, 12IT2 T OHIRK
T CRLV OHMIERCH Y, ZFEERP = v O v o FIEERKICED S 3 bR Ic R oh
72. T D X 5T, JRIFE RO IR A5 13, ARLIRED = v ¥ v B R IE O ETR & b BRI
B3 2 LEX 2. LHEEDO YV 4 V25 LU RNA DL MG TRWZ & 2263, 2h
O ITHIE OIS 2 S EB ORI CEBAIN, B v v ERIT ) T2 v VITEEB LK

LIREICE DD LHREING. Ink, BWKFEABRYIERTIC X 0 &6 X 1 2 i ANEY)

i

MR - FRAERLROFEICEVTD, 7 I VY RAE= VY VT Cavariella |&T 7 7 Ly
TENER I N TS Z Lh b (RMOKEEREYINIEZRT, 2016) |, i AR IC/EYRIC ST E

L, BN bIAE N A[REED RIET 5 2 L ITTE L,
RO, RL o YA AN ZRBY AN ZRDEHERSINE CIERI LT WA
WZ IR D &, ATREME IR X 5 TH B (Costa et al., 1975; Howell and Mink, 1979; Krass

and Schlegel 1974; Stubbs, 1948) . —77, Watson et al. (1964) (¥ CtRLV DFET-{m4d AJRENE

IZOWTIHRRTED, Lee et al. (2004) I X U Oka et al. (2014) (3 HilfET-2>5 CtRLV %
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BHLTw3. 22 ehb, M REDOHREMEICOWTH SRIEEICHRN 3 5 4E1H

57259.

6.2. = v VEIRE CMD

HARENTHW O S “= v VLR E 2 EEEYYE CMD D14 % Z DJFJFEICD W T
b, oM ORMEH 5. EELIZIRE I, ALRED T v A e E{UERE S 2R S
AL B YAV TRIBRDIENT 21T\, fERRIE & & 2 5T & 72 BWYV 23a F#ipH
PEEENEEOR L S 2 OB YA LR, T bbb — FEEY 4 LR (beet leaf
yellowing virus, BLYV) & 7 77 F%# v 4 LA (brassica yellows virus, BrYV, 2 &%) 234
HLTWwW3ZEZWPLPIC L. 722D L ICHo% JRLE T VA EEER 25
Hi7zic BLYV ICX 2T v ¥ A #fli” L AT 5 2 L 2% L7 (5H 5, 2017; Yoshida
and Tamada, 2019) . AL LT BWYV 2RV O T & 2 E/IZ, BWYV (318 i
D)5 23 B 150 L _E ok ic &Y 3% (Duffus, 1973, 1977; Brunt et al., 1996; D’Arcy and
Domier, 2005) &9 Xk EDERBE L O CE A i (FH - EM,2019) K5
ROFFEIC O WTH N AT BRI N T I b o2 b itk b e E2 b3 dtipEicE
72 BWYV L RIERIC, CIRLV Z OBL#E Y A L 2 F 7213 RNA DWW TH WEHDORE 28
BARDIFIEIRINTEZDICH D LT, 2h o OBIEEIFIES X CEYENEE I

DT I NE THE TR 2MTO N T Z ad o 7z,

HAEMNTHW SN TWS CRLV Ik 3=V Y YEALKIR, 777 LI X > Tk
WA E NG Z &, F 72 % DAEIR A3 “carrot motley dwarf virus” & F{L 32 C L icHEO Efrd &
iz UNE - I, 1956) . Z Ok, iR &R A O W CETBEMENIC X 285N R 3 h,
HRIEOR T2 ET LT AVALRE AL e YA LVRE) VA LVADBEE R RE T

(Ohki et al., 1979) . ZDFR, TV 777 ANRE Y AN ADEEPHER I NPT &
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2> B “CtRLV OB = = v & V(LR L BBl X LT 5. BENIC B W TR LA O 23
& AR BITE, AV A TFERIC X 2RIEEORIER AL < B L, — iR
TEZX9ICholz. SBRAINTRETEZ VA NRICONT, 207 /7 LK E EHPH 7
EDFARHEIC D W TR 2378 3 41, ANEE & ALiEERE D CIRLV OEE 2 R 75 2 L3S
L INTHE, SN EXT 272004 EFZICHET 2 0ERH L7259,

CtRLV O BMURYIEIMC B VT ORI N TV 22, Z O BRIRENTH I LS h
TH Y, FRCHBAERZ 7R3 CMD (3 7bH CRLV & CMoV ¥ 7213 CtRLVaRNA & D
HREY) CoAREHRPYBTONT WS, —J7, CMD DEEEERIC O W CIHERERS R I
TW2EIRTIEAR L, CMoV & O “HIKY % 7213 CtRLVaRNA & O ZHEHEY % 5 2 D513
i3 7w, AR O BB O RS R, “H F 72 13 S EIRYTIE, Z ORFEES I B %
T EDIRENTz. CIRLV 2 CMoV % 7213 CtRLVaRNA & “HJERG L 2 KHCAE U 2RI D
LA CRLV 1T & 2 HRG LHELIT 228, 2 bR =G L 2BIC 13 U ® T “carrot
motley dwarf virus”IC X 2 AERA BN S 2 & AR &Nz T7hbH CMD IR TSN B

[BEAL - ZSAMEAEIR | 13 SHIRPEREICA U 5. ZHEYIC X > TA U 2ER IS < b B
ICHMUE R & KR35 2 L3 TE 52—, CRLV & CMoV % 7z1% CtRLVaRNA & @ —Hij&
RFFDFERIT CIRLV O BMERF D b D L FLS 2 -0 KNI AE S TldZmw, YU kicko
&, HAREMNICEH T % CRLV, CMoV ¥ X U8 CtRLVaRNA ® = HIRYL% /R 34 % HT 72 1%
F =Y vBRERR] &35 2 bR RE L. THEERRE = v Y VELRE KT 5

REAROHGE L LCHBET 2008 Y Thi LEZIIEL TS,

6.3. LB IT BT B AFEIZDOWT

BED = v v EEIC BT 3 = v v LR B L 0= v Y v BEETRIC L 2 BT,
MO TREWZ LRI N, HETREML LT, = v VERER AR —&F o #ils

DHTH B0, RFTHNCHAEL TW B 2 L3 b 5. o ©, BRAREER (Bl
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I$,HK ¥ 721% SH) % CtRLV O HMUEG R ICH L Ciffixr 32 &, 2 offitk 3w S IiRE
EPDIRFEL 703 (F— 2 KBE) . 2o L id, BIEREOHIBIC L AL STz
ZHRYED, RERIICRBEINICIE R 7035 5 2 L kBT 5. dLiEIC B 1T 2 KO
AR & LTS, MEDFEL O N TR v &A%\, HEHERYF 72 13 ZBEEYHE
NIZEWTIERT 2 Z &2 RRICHC L &b, RAERIBICE T 2WEL RS E 27201
b, R RrIEEND.

AIFOXTH & L CRAMRROIRE, FAEMG 0 > O VBRI REHEE, A HH O RS 278 & h
Tw2 (Koike et al., 2002) . Z O, FBEAOH M FEEIC BN THS A SFEIFEINTE
D, REEAZED LN T O AR E X 512D 2 %7213 3 BB AN O B 2348 DK
KRN TH 5 LR ENTW2% (Dunn and Kempton, 1967; Watson and Serjeant, 1963)
Fi I % Z R L C b R & F o 7o SR R U 29 < R AR I B v T BB H
E (X2 b v A, Mamestra brassicae) DFilR%EHNR 2 X 5 RIEFRHBZIFANL NG
V. E 7z, TR OE DRI N TE D, FICF A A b ¥ L ORI, IR
LIRS EORRDBIRE N T2 2 &2 5 (Jukes et al., 2016; O’ Driscoll et al., 2019) , 5%
MEtEIN 2 REMWIGETHL LEZOLND.

bkt By, BAFIOEAIZT 77 L2 ORKRIICESHTITI 2L T, kW KER
MREFE T E3TE S BHDIHHFENFEINICE VT 2015 4£22 5 2016 AT - 72 [H
AT, EL-CHRMUAER O R AEORE I FEH SR IZEWML A2 L AL T2
Thbb, 4 AT S 5 AT E CICiBiEz L7z 4 B3 R80E A BE5MNICHER £ 72 20 i
ffEsE & iz —77,6 AR AR ICIBIE & U 72 S 185 (3 A B CHORBIIC & & 1 % 20, BT
Thote. T, T7 L v RIBWEEZICE VT 2017 45 2019 FICEMBL 72T 77 L v
DICKIFIHICBA D 2 EDHER, WITNDOED SHTH2L 6 H EAICIEZ=Y Y VEE~D
kAR X, 7 AUARRIZ T 777 Lo ORI L 7. 3EETIE, 2 A2 5 oERIRIC
DET 77 Ly ORCKEHH O T M2, RRMEER OGN TbTE Y, BIRZE N Z LIS

T MR L 7= LEC 0 ALiEE 0 FEARIL & BN ® b 7z (Syngenta, 2021) . 2D Z &
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2> 5, FECTHEM X N B 5 15F o M7 BEFANC X 2 PikRTTEe 2 ORI BE b 2 A I
DV, BB THBEA LGV EZONS. —TJ], Ak —Y 7EHNICE T, T
T CRBITIC B T 2 BISRER L 1ZRA Y, 7T HTHIEBW T = vV v it Homd
MRAERAHERI N2 20 (WTFRHRER)  WBEICENTR=v Y vy 724775
Ly DFEAERHAD —8E T ld 7 W ATREME DS . ALTRE IS 35 W TRIFICN 37 2 W7 iEC 2 O
REHHIC DV T3 2 B8 13, BHUBIC B 2 7 77 Lo DR AR % 1048 U, s #A7 <ol

RN K EE R DVEDRDH L7255 .

DAk, AR ZE i dbiBE ic 643 2 = v ¥ v #AR L CMD ICBI G- 2 R JE R IC D W T
BRI, WA 2 E B X OYRIEARRI O BAERIC O W CEHIEi L 72. 28 E Tic CRRLV
F 7213 CMoV D §iflER: CRLV & 721X CMoV ORGP O WT, Z DT 7 7 L ik

(Elnagar and Murant, 1978a; 1978b) 7 4 /L A£HFHE (Murant et al., 1985) 1D\ C gt
AN TE 2, CRLV D HAl, CMoV & D ~HEH:, CtRLVaRNA & O = F &SI B9 2 g
[T % 4T > 72 D RAMED O COFITH S, TN b ZHFHFE L AL L bFRCHL, B
B (EEPRR) WCHEISL %200 Z OBIRIER AL S € 5 2 LAUR I N B4, =
YV VT, CaTVI Z1Z U & LTERAZ e 7 A LV 2% tlaRNA 23R4T 5 2 LB 2 & 7x
27z (Adams et al., 2014) . 245 DIFIFEIEPLTEEARE, X 51 CMD IC BT 2 &K ElicoWT
b, omBEt e N ETH B,

SV UBIRERRICE T B I NS DY [ L A7 4 L Z/RNA 8], 7 4 v Z/RNA-TE F[H],
ILWHENETHDET 77 Ly gD MAENH, 3750 biRE-EE-EAFR OBIfRIco
WTIERFFER R & L CHIBRZE . 514, B4 72 T 4 L 20 RNA RSB 70 & DN 1 £ %

W BT X 0 M AEYYE CMD ~DO B A L WV ED B LN TE B EEZ B,
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W=

) dbiEEIc BT, CRLV OB X 2 = v 2 v LK, £ 7213 CRLV +
CMoV/CtRLVaRNA @ “HE&J: F- 13 N0 =FHE Y +72bb CMD BAREL Tnw3B 2
EDVHL DL Tr o e, ZHEERPT I OHIBICRATRNICEE L TE D, LIELIE CaTVI 28R

HIEGL L T\ 7z,

2) ZHERGLSE A [ AR IR (3 B R D FE A MY & RS 5 L O 2 B Y FlAiHNIC

L WIEIR DR SN D T L B34 h o 7z,

) AbiEEICHKAET D CRLV 3=V P Vv 7 X2 4T 77 L2 VNS, CMoV %
CtRLVaRNA |3 CIRLV OfFETE F CO AFRFICHN SN, TET AT 77 L0 BL UV >

HAFCTFHT 77 LT3N I NG T

4) JbiEEICH AT 5 CMD BEE Y 4 v 2 7213 RNA (%, % OEIRZER T 3 X OfE EHipH
DENTIRE S NZHRI VT L ARESLKECHRAET 200 LHELIL, B oMk @K

FreFiotEz b,

5) CMD Bi# 7 £ )V R F 7213 RNA OfF EHIPFH PRI Z I S 2013 5 729, 3 o M55
¥k SN (CtRLV) , HK (CtRLV + CMoV) ¥ XU SH (CtRLV + CMoV + CtRLVaRNA) # il
WCHEERE 2T 28R, b idvnIhnd vV EHEY O b TH RSN -FEIC Lk L

BB ERHL P LR
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6) RS2 VEREY) DAEIK X, CIRLV @ BUUEYLERE, CIRLV + CMoV O —E R G (ZFALL L 72 23,
CMD IR VT B 1 2 BE 0 BERUE IR 28k D ZHMEREIR 13 CtRLV + CMoV + CtRLVaRNA O =

HRYRFIC D RE U Tz,

7)CMoV ¥ 7z 1% CtRLVaRNA (%, Z DN PCREEZKGET 2~V o= A VA TH % CIRLV

O HEBERHICER 2R, FOERBEED I L0, 2L 2T FNF N CRLY &

AR 2BAfRICH 5 L EZ LT

8) ZHRJRYLIFIC IX CMoV & CtRLVaRNA & ORIC4: U 2 M AMEHIC X b CRLV DK )1

fldnsg Z EBHLL o7,
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Summary

Etiological studies on carrot motley dwarf in Hokkaido, Japan

Naoto Yoshida

Carrot motley dwarf (CMD) is caused by mixed infection of carrot red leaf virus (CtRLV) with either
carrot mottle virus (CMoV) or carrot mottle mimic virus, and additional infection with CtRLV-
associated RNA (CtRLVaRNA). In this study, the author investigated the viruses or virus-like RNA

isolated from carrots focusing on the symptoms in Hokkaido, the northern island of Japan.

I. Carrot motley dwarf in Hokkaido: symptoms and distribution

The field surveys conducted from 2014 to 2021 revealed that three types of infections mainly occurred
in Hokkaido: single infection with CtRLV, which was most prevalent; double infection with CtRLV
and CMoV; and triple infection with CtRLV, CMoV, and CtRLVaRNA. The fields with the three
agents were severely affected, with diseased plants showing mottling. The triple infection was found
only in the coastal areas. On the other hand, in the fields where disease incidence was low and sporadic,
CtRLV was often found alone in plants with mild symptoms.

The virus/RNA-associated with CMD in Hokkaido was transmitted only by willow-carrot aphid
(Cavariella aegopodii) only in the presence of CtRLV, but not with green peach aphid (Myzus

persicae), fox-grove aphid (Aulacorthum solani).
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II. Genetic characterisation of virus/RNA-associated with CMD

The nearly complete genomic sequences of CtRLV, CMoV, and CtRLVaRNA in Hokkaido were
determined from the cloned RT-PCR products, except for the short regions of the 5’ and 3’ termini
where the primers annealed. The nucleotide sequences of CtRLV were 5,723 nt in length for samples
SN, SH, and KT2 and 5,726 nt for HK (GenBank accession nos. LC434061-L.C434064), and all seven
ORFs of the four isolates showed high identity to the type strain UK-1 in the deduced amino acid
sequence (> 96.8% for each ORF). The nucleotide sequences of the three Japanese isolates of CMoV
(HK, SH, and KT2; GenBank accession nos. LC434065-LC434067) were 4,193 nt in length, and their
genomic organisation consisting of four ORFs was identical to that of non-Japanese isolates. The
deduced amino acid sequences of individual ORFs of the Japanese isolates resembled those of the
German isolate Weddel (> 92.5% for each ORF). Both Japanese isolates of CtRLVaRNA (SH and
HK2; GenBank accession nos. LC434069 and LC434070, respectively) were 2,834 nt in length, and
the genomic organization containing the two ORFs was identical to that of American isolates a8 and
a25, and also showed high amino acid identity to them (> 91.2% for both ORFs). The results indicated

that CMD-associated virus/RNA occurring in Hokkaido shared common origins with foreigners.

I11. Host range and pathogenicity of CMD-associated virus/RNA

Aphid inoculation of plants of 17 species from 14 genera was conducted using three virus-RNA
combinations (SN: CtRLV alone, HK: CtRLV + CMoV, SH: CtRLV + CMoV + CtRLVaRNA) to
determine whether mixed infection by CMoV and CtRLVaRNA can affect the disease symptoms and
the host range of CtRLV. Systemic infections of CtRLV and its associated virus and/or RNA were
observed in plants of the following six species: carrot (Daucus carota subsp. sativus), chervil

(Anthriscus cerefolium), coriander (Coriandrum sativum), dill (Anethum graveolens), cumin
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(Cuminum cyminum), and slender celery (Cyclospermum leptophyllum), in which symptoms varied
greatly according to plant species. Double infection with CMoV and CtRVLaRNA was observed in
Japanese parsley (Cryptotaenia canadensis subsp. Japonica) without any symptoms. This indicated
that host range of virus and RNA isolated in Hokkaido were also similar to those of western countries.

Inoculation tests using carrot plants demonstrated that CMoV or CtRLVaRNA enhanced both
disease severity and RNA accumulation of the helper CtRLV, indicating that in general the
relationships between CtRLV and CMoV or CtRLVaRNA were synergistic. However, in the presence
of both CMoV and CtRLVaRNA, distinct symptoms such as systemic mottling and stunting developed,
while the enhancement of CtRLV accumulation was abolished. These results imply that CMoV and
CtRLVaRNA antagonises CtRLV cooperatively despite their dependence on CtRLV for aphid
transmission. The triple infection, but not the double infections, is involved in the development of the
conspicuous mottling typical for CMD, which reduced root weight by more than 50% compared to

those of healthy ones.
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