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2¢HH 25 (continued)

© Tort for nan-rpecific reactions in faur non-targed viruses (sontinued)
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@ Teut fee non-specific reactions in twa test planty

i By os
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*2E WY AR ol Esto] 27 ZRpo|of g a0) vRo|vHE Y OINE B U,
7 B2l R HUEIHE
“HEE ZA AR o 1, §
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@< i e on test of the two finally selocted primer sets

P B o

N T S Y S O
| Concentration 100 10 1 wr | 1w | 1o | 10 0

ingh

- 3o malo|H HE ZB0| TfE 2t 9o
Chilli veinal mottie virus (ChivMV)
2nd screening test

3rd screening test

[ A T

4th screening test

e T ]

1st screening test

e T T

=

0T SN ML fretat

o WA 4 g By EMAE TEY
171 B2 8
: 21 atoge s

48 Bruee]s of

S ELUCTEE-

- Chiviy T M2 0l I RELEETRE

Sl REVCELE-1:
77 BESo s du

2}) Tobacco etch virus (TEV) & ZZ2lo|He AT I Mt

St

—

- TEV &AM 2 S M A2 E 0|2

2 Z2o|HMEE d3¢e &4

ML= AS

T2 Z2lolH HE
2t 97 (no. 1,

5t 1571 =
Z2lo|HAM ET}

- TEV 25 Hlo|2{AE o|88F FE Z2l0|H AT : 45 2 Hlo|HAE 0|25H0{ 97
Z2lo|HAM EQ| H|E0|EHS MM o 25 &olst Zal 570 (no. 1, 4, 5, 6, 7) Z2I0|H Al
E Mutz|ols

- TEV ZAIHA AR E 0|28t & Z2lo|H HZE : 65 HAAHNA AlE2 0|85t 570 =2}
O|HAMEZQ| H|EO0|HIS MM o{&E &olst At 27l (no. 1, 7) Z2I0|HAMEJ} Mtz

- TEV ZEA|Z s Ab(total RNA) S=of w2 Mt Zajo|H HAS : =T Mut=l 2= Z2i0|
H ME+= 3&Htotal RNA) =< 10-1 ng O|SHOME EF BHEE &olsr = = HEo|
e ZiEE Hel
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 Valiution of candidaty primen: devged for detestion of TEV

- 10t 25 (continued)

© Validation of candidate primers designed for desection of TIV [contiued)
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| gt anemed o T
B posriva s 8 T

“TEvEE ARE oSN 157 S SRR UEE 5,
1 SHHYRT YEEINE
TUNY EEARin0 1 2 4.5 6 7. 1L 12 W

- 2tHA| A5 (continued)

@ Tent for non cpecific resctions in Taur non-tanget virotes (contimoed)
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@ Teat bor non-spedific reaction in four non-target vinuses.
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- 2tHH| A5 (continued)

5 Tust bor non-specific raaction in four non-target viruses frontinued)
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43 30 GolBA R ol o Bsis| R0 I Be|HE 44 CiLE BYR WD,
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* MW DO no. 1,4, 5 6 7

3tHH 85

@ Test for non-specific reactions in six test plants
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- 3EHY| Z S (continued)

1 Test for mon-specific reactions in six test plants {continued)
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- 4CH4 HE

plification test of the two finally sebected primer sets

-3y ZEo|H HE A0 WAE Zat 9o
Tobacco etch virus (TEV)
2nd screening test

15t screening test 3rd screening test

4th screening test

[ T T L T [ T T P B BN

RULTEL T

Eetal

RNAEEHAL DTH

o HAbau 48 o

-39 SRS HE

+ 27 H2pologe ow
+F 2Ewols L o f
- 970 SRS TF
570 M2H0jq e 47

TEV HW AR OE
- 197 BHOAE HE
87 SEoioigs Mg

0}) Potato aucuba mosaic virus (PAMV) && Zzlo|He| HS

al
=

=y

- PAMV 2N 3l SM AZE 0|88 =& Z2lo|H ZE : PAMVZY AIZE 0/8510{ 1574
S8 Z2lo|HMEEZE HASst 23 1270 (no. 1,2, 4,7,8,9,10, 11, 12, 13, 14, 15)
Z2O|HMET ME=AS

- PAMV 21&E Hio|HAE 0|85t T Z2lo|H AE : 45 29 HIO[HAE 025101 1274
Z2lo|HM Eo| H|S0|EtS MM {2 E gelst 23t 770 (no. 1, 7, 10, 11, 12, 13, 15)
Z2fO|HMET MLU=AS

- PAMV ZAIHAF A|2E 0|88 TH Z2lo|H AT @ 38 AAlda A=22 o|835t01 77
Z2lo|HMES| H|S0|Ets MM ofRE &elst 21l 37 (no. 1, 10, 13) Z2lo|HMET} M
A=

- PAMV ZtH A2 8 Atotal RNA) S0l e Meh Z2lo|H HAES @ 2|5 MukEl 3 g =g}
O|H M E&= 8 &Htotal RNA) 5= 10-3 ng O|StollA{ = EfZl BHEE =olet = U= ™
of =2 U E E¢

- [ AF HEO| 2| A Q0] E0|H Ht
T}e] H{E0|H Hi2

257 B 50| H 2 olx
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: oS HO[HA S

AN Y E
LS 52 2H HAE

atel

HIEEQ HE

- 1¢HA| 2 S (continued)

@ Valldation of candidase primers decigned for detection of FAMY jcontisued)
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 Teat for non-specific reactions in four non-target vinues

* PAMVEIR ALLE 150 1571 KM S0 g UEE Y,
127 TR EI UWE Y&
* MUH SAUODIME cno. 1, 2, 4, 7, 8 9, 10, 11, 12, 13, 14, 15
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- 20HA| # S (continued)

8 Tt Por o oo oo, . Four: roer-Amepet virwios. ineeiensedl

- 2¢H4| #S (continued)

@ Test for non-spediic resctions in four non-tanget vineses [contiswed)

AR W WOIMAE 0§00 120 SR0I0NNY RSN 94 R0 BHE DD
L ELEURTE T
* WE SRAXCME oo 1, 7,90 1, 12 18,18

- 3CHH| A S (continued)

@ Tous for mon-specific reactions In thres et plants fgontinued)
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® Test for noa- spetifis resctions in thiss teat plants

r

* 38 YN A EE C1ENN 77 SaM R R0/ NS Y 0P E RUD T,
37 Bateloiaet dwsind
* HEE E2AVISER 0o, 1, 10,13

-FE Z20|H HE HS9| HAE But 29

ot ok i e Bl - Potato aucuba mosaic virus (PAMV)
15t screening test 2nd screening test  3rd screening test 4th screening test

L e = E

B e W w L T ]

- 90" G{BE] W LR (ot
A S HEHR

- 3% T4AY N OE
TA By E BE
SEELLELER )

- A% TR E
- 1 B2 B8

[ —— 7 BEODE

- 157 Basoig e a8
1271 Bajejoiis o

H}) Rice yellow mottle virus (RYMV) &2 Z2jo|He| HZE 2 Myt

- RYMV &M & 24 A|RE 0|E¢t & Z2lo|H HE : RYMVESE AR E 0| &5t01 1271

*52 Z2lo|HMEE Ad3¢e &2, 1070 (no. 1, 2, 3,6, 7, 8,9, 10, 11, 12) Z2|0|HA|

—

EJF MLEAS

- RYMV 2¢1& HIO[B{A S 0[Z2t 32 Z2I0|H &HE : 45 2 HIO|B{AF 0[50 10
N Z2to|HAM EL| HISo0lttg MY of £E =eldt 23, 774 (no. 1, 2, 8, 7, 8, 11, 12)
Z2lO|HM ETE MEEAS

- RYMV ZAtt & A2 0|88t =2 Z2lo[H HE 1 15 HA Y Al=S 0[35t0] 77 =

o

[
2lO|HAM EQ| H|S0|gtE MM {5 &elst A1, 37 (no. 2, 7, 8) ZEIOIHAM ETF M g
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PN =]
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: T4 HEO|2 A9f0| 50| Ut 0f s 2ol
: 2UF BIO| A S| HIS 0| ¥Hg o 2ol
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Zof e &
ng O| 5t A = EFA

T = . =| =
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BEES Sole = U= &
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@ Validasion of candicletn primery. designed for detection of RYMV

- 12H4| Z 35 (continued)

£ Visidutice af candidate primers devgned for detecticn of RYMY [eeetinued)

# 13 agwa g
o 100 s
® W et sl TN
» P pursiin camtiel of KA
™ - magasen comtrol [N
= KT-PCR i

(LTS e

CRYMVER A RS olE50 12 B ShoHqRE HEE WX
1071 Eo|ojdast MUsE
CHEY EEHME 00 1, 2 8, 6. T, 8.5, 10, 11, 12

- 2¢H4| #S (continued)

@ Tust for nan-specific resctions in four non-target vinises (continued)

- 20HA S

& Teut bor nan-ipetific reactions. in Four non-target winuies

- 20HA| # S (continued)

B Tk bar e il pmastins, i Fomar - Larged virune fenmstieisedl

+ A8 2 Hofan oLETO 1071 SHUNGNI HR0EE B ANE VU ¥,
T 0o T R
NN EIME no. 1, 4T A 1002
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® Tent for non-specific resctions bn ans tet plamty

- 407 ES

test of the thres finally selected primar sets

wip it i

C 1B UMEE SEE AENS Y BEStRY v REE 41
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-FH Z2to|H HE A3 T2 2ot 8%

Rice yellow mottle virus (RYMVY)
1st screening test  2nd screening test  3rd screening test  dth screening test

— b4 84 N P B B e M P4 W e L
Cl 5 o . o . o a e e

Tee

G o
a o o o “ o o o
() ]

e
e -

“ i b i e e - 10 D1mE] B (rotal
P — - o oW e w8 1 o A RSN DO
o 8 o " e . o - &

as

= 18 Ay 4§ g
ST EEY YA W

LG e -a® EoMoI o8 AR

" o a 8 "t @ &

- 107 SA0D e 38
- RYMV 90 AR Ol R EECUTERT]
- 12N EEOIIMN UE
- 107 DRoIoj s My

4) 65 AlEHlI0|{ A PCRAAMHO &8 Jtstt ddiix=7 222 7Y 2 H3S
# Ak 204 AT oAt 65 HEo|2{ A (Alstroemeria mosaic virus, American plum line
pattern virus, Chilli veinal mottle virus, Tobacco etch virus, Potato aucuba

mosaic virus, Rice yellow mottle virus)oll tist PCR AAIHE Z2l0|H ME

# ol Tur: DNA ZA7|22 #8510 23 due 25 Zalo|y M Eof o8 758 2

= M7

7h) 63 AlZ2Hlolz{2 PCRHAMRHO| 28 Jt5et ‘SS8 UMUZZ 2E'9 44

- silel ‘228 MU SE'02 2E MuwE 177 Zalo|HA S| BRo| JHs3tE

= Mg

GAGAAGCATGACCGGGARATCCACGAACCACCCGTTE ~ACGGCCCATCCGAGCAGGCGATTCCACAAGAAT
CGTGTTGAGCGACCACTCGCAGAAAATGTACAC TCAACG TAL:RGC'I‘GCALJC ACATTCCTTAAGGAAGCACTCGTC
TCGAGCATAATGCGACTATCTGGAATTTCC AACCCTTAATAGCCTC T
AGTCTCCAMRAATTGCGTGCEGCACCTEGTCARACACGCAAT GGCCCTGACGGTTATE 'GGGATGTT TAGA
TCAGCTCACGAGAGCTTCACATTGACTCCTGAGGCAAATCARACGGGAATA GCCC

GGTAACATTGCCGAAGARITCTCCTCRCGARCCRENT CCCTTAAC BERTC I IR C RS R T NS SRR CCTAGTT
GATGCGCAGGGTACAGGTGCCAAATCGTCTGACAGTCTACACTTCCAAGE RN R CR e N GAATTG
CAGTTCCCGATTGTAGCGAAACCTTAAGATGGACCGAAGAATCTTAGTTACCATT CCTGCATT CGAAGCAAATGC
TCCTGGGACGTGCCTATTGGCTAAACTACGCGAGEATATACGCTTECGCACT CCARCTGEGACACCCAGGBAGCTCTG
AATGGATCCAATGGGACTGTTATCCGAGGACAGTGGCCAACGATGACAATCATTGCCACTGGAGGCGAATGACCA
TACTGGTCAGAAGTCCCGCAGAGCATAATGCGACTATCTGGTTTAACGCCAT ! TCGAG ACTTT
A(v ICGG%TT TGAAAGGACCACTGAACTCCTCGACGCTAATCACTATGG mcmrmmmmm

AA TTCGAACCTAGCAATACCGCATTTGGCAATCCGCT
TATACTTAARCTGGEAGTTGTEETCAGACAATGCCAGATGACAGGCATTAGCCGTTGATCATGGCCATTCAAATCT
CGGATCGTAAGCGCCTAT GGECARTTCARTGERTEECACEAA TACAT SERE RS CA R CR NSRS TAATGCCT
CGATAAATCGGATCACGTTAAAGTUNARTECTCIEETECATTER

——

Vector : pUCIDT-AMP (2752bp)
Insert length : 1169bp
Totallength : 3921bp

pUCIDT-AMP vector

EONERSE-CILIEIPS H YNUEE B2 AS

- st ‘RS 77H Zajo|H Mo BE0| TH5EHR]
off ch3h & SEHUS

- PCR #Z &z I=72M 282 + USeS =eld




APLPV ChiVMV  TEV

PAMV

RYMV

= 1.2% agarose gel

= M: 100
= [ane1:
= [ane 2 :
= [ane3:
= laned :

= lane5 :

bp marker

AIMV set #3(697bp)
AlMV set #11(T00bp)
AIMV set #12(779bp)
AlMV set #14(670bp)
AlMV set #23(583bp)

= Lane 6 : APLPV set #7(628bp)

: APLPV set #9(436bp)

: ChivMV set #1(662bp)
: ChiVMV set #5(383bp)
= Lane 10 : TEV set #1(543bp)

= Lane 11 : TEV set #7(738bp)

= lane 7
= lane 8
= [ane 9

Lane 12
Lane 13
Lane 14
Lane 15
Lane 16
Lane 17

: PAMV set #1(366bp)
: PAMV set #10(791bp)
: PAMV set #13(696bp)
: RYMV set #2(596bp)
: RYMV set #7(431bp)
: RYMV set #8(762bp)

<2XHAE AR -E>
1) PCR AAMYH 72 Qs FEZalo|He MA A HAIES =A}
# O Ak 214 oA A 5F Hio|2{A(Carnation etched ring virus, Eggplant mottled dwarf
virus, Maize chlorotic mottle virus, Lettuce big—vein associated virus, Potato
yellow dwarf virus)

Jtsst 2 & AR A9 £=ZX(NCBI GenBank)
ANEME AT ELQ0{(CLC Main Workbench)& o| &3¢t
Ztztol Hio|{A AJRA 22| alignment

- ——

H A

[LE |

in silico

- Conserved region?| 2ol 3! =H ZZlo|He| MHA
- E8 Zalo|lH AR A9 NCBI BLASTn &4

o« ZHAAM x7:

= L1

(Database) Standard databases, (Optimize for) Somewhat similar sequences

u

tofmH of &4
[HA(20214 18 7[&)E 0| Z5t0d

7}) Carnation etched ring virus (CERV) &

- SX NCBI GenBankolA &&7ts¢8t 24712 CERV
in silico 242 S¢t 2 Z2lo|HE A&

- EESH NCBI blastn24Al S Sl PCREAN =2
X

|F=Al2 7 AlAA2ke] matching 2HE N

>
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-RER

He|FE A A alignmentS S3f CHFSH HO| S x2S
=& Tgto|H A|AA H%Y(conserved region) T

242 5ot =20 M2 Bt HHO[2{A S0| = 20l

.
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b
a
5

5
3

- 22|13 AEA9 =HE ol alignment &4

- O m -
T
Carnation etched ring virus —
genus Chulimoiins et
farnily Cawlinrowiridae s —
v Avealtane eapasy e
* Genbink® SR8 CERY B2 § Q0114 THE)
sa4m
.-
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kr
IEl
i
i=]
=2
jl=]
nz
X

-5 mZato|H AJAA0| blastn 241

- 2 Z2i0]HO| 2 AH|(continued)
oc [——. S 0 @ Resusts of the NCII BLASTR searches (rimers for the disgnoatics of CIRY)
Fr—p—
- m--::merm. bomad [Ee— ] -m-u-m "z
descrption | wetjects
=0 I - | = | o0 |
2 = - 00 T 0 I |
3 | I oy I i | &3 ] L |
e ! !
uﬂgmw A ps P - | w
i 3 " L} | LA R TN ES TS - L | a " " |
o v | oseeonoros | am | s m | w
uﬂ;;: TOAGIAR GARGETAGTGIAD (=203 L] L] "o
o 1 | ATOCTAACAG ACARADGTCT G R ] " "o
v | ciscturramoswrecme | cemr " =3 = |
w | AR ik AR A AR | Ry . =3 I 3 I |
L1 | CASAA T TASCASET SCdhd [ cRRY I . | &l | | |
” | TTOAGCCTAA GTOCTTOET == 1 wa I L] | |
" | TETCATIOES PR ARIETS - ] -1 L) |
- 38 =2o|n| HE°| T8t
@ Combination: of candicdute Sagnoatic primery for the detection of CIRV infections
[
= — = |-
- MAlE =2 Z2lolHel =g (PCRAHES 37|+ 2F 300-800 bp MW7 & £+ JEE =
g = 0|8 A3BstY| fallM= dF (B oA 3 ZHE)oll st S0l HAE 2
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AALE=O st H| 50| A2 MM o7 = 2
— m2hAM, s S Hio|2HA HAIHO| HE8E #F & AASH(EA & Al2A; A=A E2
SA2 gHEE 49 240M M) AR 2E
- Ep #3F: Carnation etched ring virus
« H|lW #3F: Cauliflower mosaic virus, Banana streak OL virus, Dahlia mosaic virus
=

Al): 7H4|0|A (Dianthus caryophyllus)

L}) Eggplant mottled dwarf virus (EMDV) & £0|&el Zzlo|He| MA
— &1 Xl NCBI GenBankollA &&7ts8t 51702 EMDV Al#A(20214H 1€ 7|&)E 0| &5}0d

in silico @4 & &2t T2 Z2l0|HE MA T

~ 3, NCBI blastn24{8 SaiA PCRZAAN $2 Zajo|H AlHAJ} 201F slo2fx &
|FAE Fell AR ARFS| matching OHEAM MEE mfotsigi2

- 22|13 AEA9 =HE ol alignment &4

O & Z20|H HE2| 24 X =& Bk i it s

genus Nucleomabdovirg - - .Pq-:—f-.-----!;
oo L

- BE 22T E REGY SoldE ZE =i 24 o e S

* GenSank® SRY IMOV YN & (202114, 7I8)
1513

AT HIOIZ A0 BE HPIF HIINE 27

He|F AHA alignmentS S8 LS HO|S =TS 4 Q= S o
=& Tgto|H A|AA H%Y(conserved region) T

Blastn 242 S5 Z2j0|02| EHI HHO|H A S0|= &9l

Invitro 58 AT TE ZE0|H MIEQ| =%

T Zeo|Ho| - H Z2}0|H2| ZA|(continued)

4 Condioty paiary. cuitgrepct I consanind Fagling @ Candidaty primars designed in sonsermd regions [rentinesd)
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ZH Taloj0j2] M3 (continued)
B CamiBlute it Snilgid s consened cagloed (continusd)

- S5 mglo|Ho| A (continued)

@ Candidate primers designed in consenved regions (amtinued)

T TZato|He| 2 H (continued)

& Camdidate primars deuigred in conserved regions (continued)

-5 Zgto|H Al 29| blastn £

@ Results of the NOBI BLASTR searches (primees for the diagnostics of BMIDV)

™| ety | S .'ME:.‘:«:::T:WN =
- 2R D2h0|H HEO| =%
- MAlE =2 Z2lolHel =g (PCRAESl 37|+ 2k 300-800 bp He7F € = JULS
ZTgh) = 0|E 355t flaiM= 3 (B Hho|H A & Z9iF)of thiet So|M HAE
2 AALS=ol oish 8| S0|& &= M ofF Felo| 23
- matA, e Hio|H A HAMHO M2E 73 ¥ AASS(EA & ASH; A=A 49
SA2 2EE 42 240 M) AR 2E
- EF #3F: Eggplant mottled dwarf virus
- H|W 3 Maize mosaic nucleorhadbovirus, Lettuce big—vein associated varicosavirus,
Potato yellow dwarf nucleorhabdovirus, Sonchus yellow net virus
- EZF(AMEA): 7Kl (Solanum melongena), & (ZZ2|7} £ Capsicum annuum),

=l (Nicotiana tabaccum), 20| (Cucumis sativus), EOFE (Solanum
lycopersicum)

_39_



AA

ufol 2]

P
15

O

—_1
—

P

7

A

A

ato|H Al

I

2=

o

T

185702l MCMV Al #
AP

4
=

)

MCMV
Ihset

(

=2
S

HA PCR

o

=
=
=&

M

M
1

GenBankol|
blastn&

0
NCBI

8

X NCBI

of in silic
5

o1
CC

Maize chlorotic mottle virus
o

=

m~wm4w*mmemuu‘*.h_
ﬁmmmmmmmmwmmwmmmmmwmﬁm ww
L
i |
MW Foim} — —
o o o
2 £ £ £
] v — E=]
ol K S g g m
8 ¢ Y - =
o o H : Bl gl Mam : Sririorionii
Sr 5T T3 @b T 3T 37 1 DR
R 3 § ) = = :
AR 2 = s}
= g -
u f37: | Hl _.,u”__. E i
H __M._|T y &a M b - H_._ H_._
II—AIO ] ]
%0
Sl J
nug unﬁ nuM
2] e < M_.._
= qra
S 1 M a g 4
= = W =_nu_ﬂ b |
c KM Z L.
g ®apiiijf
S oo 2o o=
X T 2 % s 5 o
i T EF LT
< I £] £
- [=] [a] Q
il T Zom o5 o®wog S S
= -y M w E < H fou mn__m = =
> 8 22 E B a7 M_=~ L
D:= (=] T ] = Ea DE mmﬂ MWﬁ 5 mWﬂ 5
2 M EAdEAg S g i =1
=] X [ =
K- iy 52357 |7 = | P 2y
N E W o Kk Cl = ..m Hl [ w Sifiiisriiisisases =]
o womow oM oE T o & I y
o - - e e i 1ok foF




2o Mol A (continued)
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- MAE =2 =Z2to|He| =HPCRAES! 37|+ 2F 300-800 bp He7I & = JESF =
) = o|& d3sH| flaliMe o3 (B diojg{a & Zed3)ofl tish So|M HAE
AALZE SOl tigt B[ S0|H &= 4N o &elo] Eeet

— matA, e Hio|H A HAMHO M2E 73 ¥ AASS(EA & ASH; A=A 49
AR =t2EE 49 240A i) AR =HE
- ERI #F3: Maize chlorotic mottle virus
- Bl #3F: Cymbidium ringspot virus, Carnation Italian ringspot virus, Carnation mottle

virus, Cucumber necrosis virus, Grapevine Algerian latent virus, Pelargonium
flower break virus, Pelargonium necrotic spot virus, Tomato bushy stunt virus
- E=AEA): 71& (Proso millet), & (Triticum aestivum L.), 22| (Hordeum vulgare
L.), AFE=== (Saccharum officinarum), === (Sorghum bicolor), S5
(Zea mays), = (Setaria italica)

2}) Lettuce big—vein associated virus (LBVaV) & S0[|&¢l Zz2lo|He| MA
- SX NCBI GenBankdlM 2-Z7ts¢8 134712 LBVaV A& A(2021H 1€ 7|&)E 0|35t
01 in silico 2AM 5 S¢t T2 Z2lo|HE HA &
— EESH NCBI blastn2412 SallAM PCRAANE =E Z2jo|M A|AATL 291F Hlo[z{A &
7|1F=AE Fell A2 A2t matching oHEM MEE mfetsid S

- 223 A2 =R 9 alignment 24

O EH Z210|0 MES] €4 2 =& Lettuce big-vein associated virus m-—%—s
. . genus Varicasavirus ANAZ {6.1kb)
- 2E 22138 20| So|42 2& zajojnje] 27 bt o S s

* GenBank™] S8 E LBVaV A H2 & (2021128 7IE)
2 13ATHRNATL 37, RNAZ: 13170 slignmento] B77 212 15718 MR D Sy 41 W

ma

S B2 A0 = & BE|F HIIME +=

rr

225 A #HA alignmentS S8 CHYeH HO|S 2T £+ QL

@ Algrement of avalable sequences (RNAT)

= oeto|H Al A % (conserved region) A4

S5 Z210|012] £} B2 A 50| 2Ol

2t 31 m2to|of MES T8

m
o
3
5
A
il

F
3
Q

oA
3]
nE
S

2o|F AHA9| 2R 9l alignment 24 (continued)

® Mignmant of sudsble vequencer (RMAT)
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2to|Ho| HH|(continued)

i

=4 -]

2to| 2| HH|(continued)
1 Candidate primen deignes in converved regiom (RRAZ tontinued)

iz

=3 -

2o 2| A (continued)

B Candiduie primers designed in conserend regaons (RRAT comtisued)

ir

=]

43441

it

HEHHHH

2to] 2| HH|(continued)

oy

=1

e

eandidate dageontic primen for the detestion of LW infrctions

L
=
5

[p——

[r———)

2to|H A|#H 29| blastn 4
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® Reauits of the MBI BLASTR unarche (primen for the disgnoatics of LEVaY)
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BET BATTIETOTAASALC0
T
ABAASETEA TERSEE TN
CACGATG TCOAZTTECAAST

CAAAAATEE THOCA TS
AMGTOCTTCACTOGATORAD

EABETETEAT:
EALTTSALSARATIS AT
ATGOAGGATOT

AR CAGAGT AT 4SS

[T —

K

H
o

A
Eél_l_

o 300-800 bp HeI7t

—
—

(PCR&t=2| 37|

=t

Zajo|He

- MAE 58

i

A AAHO

= dtol 3

J

5t
5|
Fis

%

2k

¢ 24ofl A i

4

=l
=

Sitz

vein associated varicosavirus

Lettuce big-

=
T

A

E

Potato

, Eggplant mottled dwarf virus,

Maize mosaic nucleorhadbovirus

=
E‘T

T

H

Sonchus yellow net virus

yellow dwarf nucleorhabdovirus,

Lactuca sativa L.)

(
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o}) Potato yellow dwarf virus (PYDV) & £0|Xol Zzlo|He|l MA

— X NCBI GenBankollAl 227}t 5702 PYDV Al&EA (20214 1€ 7|&=)E 0|25}0d

in silico =M S S8t T2 Z2l0|HE MA &

— E£5H NCBI blastn24 S SalM PCRAAI T2 Z2l0|H A|RATF 26 E dHiolz{A 2
|FTAE Fell AR ARFS| matching OHEAM MEE Hfotsigie

22|F A2 =2H gl alignment &4

O 5‘2 EE"OI“‘I HEEI ‘3’. &' Eﬁ Potato yellow dwarf virus

genus Nudleorfabdovirus S - — |
BE B2TE ZEH So|d2 #E =ehojne 24 family Rhabdoviridae iy A
httpuyiiralrne expary.ceg!
- S o|2|A0] R E BT YIINE T P

22|53 A#HA alignmentS S8 T HO|E 22T £+ A=

B Tato|H Al A H%(conserved region) B4

i

. Blastn 2412 S8 Z210|0{0] E}Z H{O|2{A 50| 29l Bt
. Invitro AEE MAIZ T Z240|H YE°| T3t
- S8 Zejo|njo| 47 - S5 mZejo|Ho| 7|(continued)

@ Candidate primeri. dotigned in comerved regions {continued)

- 25 =i0|H AlE 29| blastn 24 - TH ZEo|H HEo| =&
© Resusts of the MCBI BLASTR sessches: (primars for the dlsgnostics of BYDV) & Combinstions. of candidsty dagrostic primass for the detection of FYDY infections
[ . N | e SRR BT e [ s P——— — w | w
IR LI | v | | vy | 'S | Coragars | W3 A

- MAE =2 =Z2io|He| =HPCRAES|! 27|+= 2F 300-800 bp W7t & = JUESF
2 = ol& 435V *lsiMe FF(EFL Hiola{a & ZF)ol tish Sol4 HAE
HAFEZOl h3t HIS0IN AE M of% sfelo] WL

Z(BA & A=A A=Al ZE

— a2k, s e siol A HAMHO M2E o3 2 HAl
SAE =2 E 49 240AM i) AR 2HE
- B 3 Potato yellow dwarf virus
- Hlu &3
~ a4 -

. Eggplant mottled dwarf virus, Maize mosaic nucleorhadbovirus, Sonchus



yellow net virus, Lettuce big—vein associated varicosavirus
ZFZ(AMEA): LAF (Solanum tuberosum), Bl (Nicotiana tabaccum), L& (Zinnia
elegans), &2 (Mirabilis jalapa), EVZ (S0/EEZH;

repense), EOVE (Solanum lycopersicum)

Trifolium

2) PCR HAIE £& Zajo|mel HE ¥ Mg

# CH&b 214 i3t oAt 5&F dHlo|2{A(Carnation etched ring virus, Eggplant mottled

dwarf virus, Maize chlorotic mottle virus,
Potato yellow dwarf virus)
# ot by

Lettuce big—vein associated virus,

— 4T FHE zZ2jo|H MES|l HES St Mo ZElo|HAME MdE

7h Carnation etched ring virus (CERV) & Zz2jo|He| AZS 2 Mut
- CERV 2 3 SM A|ZE 0|88 FE Z2jo|Ho| HS(1CHA)
- Agdia, DSMZ, ATCC & AHIZ|EHo22E AR &2 712 1654 23 Meket
- CERV 2¢1Z Hlo|3{A 5 o|8st T2 Z2lo|He| HS(2EHA)
- 383 2 Hio|HAE 0|&5t0] 1371 =2lo|HAM Eel H|S0|8ks MM o{fE &elst 4
2t 870 (no. 1, 2, 3, 4, 7, 9, 10, 11) Z2lo|HAM EJ} Mez[d S

- CERV ZAlAF A|RE o|28t &2 Z2lo|He| HZS(3EHA)
- 15 AAlHA A2 0|2510{ 871 ZE2I0|HAM EL| H|EO0|EMS é,"é; o{FE =elst 21

871 (no. 1, 2, 3, 4,7, 9,10, 1) Z2lO|HMET} ML= A

— CERV ZEAIZ 3l Lh(total RNA) S0l e M =Z2jlo|H el HAES(45HA)
- Agdia, DSMZ, ATCC & AI{7|#HL2REH AR &HE EJI2 4H

J|N
F

=
QIZE ZAES S3 A= mejo|n] HEo| M .

ral
=
ox
ol

: i & HiO|2{ A2te| E0|H HIS o

[\¥)
rn
.-
ox
o

: 2 UE Ho|2AE0e H{S0|H 88 of * Agdia, DSMZ, ATCC § THEI7IRS RN ZEAS Bu B78 S8 S2ojo) 1901 UF 4%

(1)
3
-l
1p]
o

- A Y E2S O] IS0\ g 0f% Stol

]

=
il
-
ox
b]

LM 55 | HAES S8 5 N Zajo|o]

HEE=9 HgE =l

-2t HT

1 Teat for non-spacific resctions in thres non-target viruses

CHH| ZE (continued)

@ ot for non-specific rescions in thres non-target viruses (contirued)




- 254 HE (continued) -3CHH HE
& Test for B Teut for man-ipecific reactions i ane feik sample

\h_-a
—_—

-J:

m = =

-_/‘

T

p —_—

—— |
-; -

®C trat pendent ification test of the eight finally selected primer otz

* 3@ 20 wolHAE ol BN 137 SR EY SRHEE WY U E BUE AN,
87 Eac et HESIRNE
CHWE SRHOME no 1 23 4T, 9,90 11

- 3¢t A5 (continued)

& Test for non-specific reactions in one test samples (continued)

“ 18 HMOE AEE ol RY a7) Zatoo{ e U Ro|YHE WY O E BN AN,
870 Z2to|HH =7 HUEIR &
fMWEH ZAOHME 1no. 1, 2,3, 4,7, 9,10, 11

* agdia, DSMZ, ATCC § THE7|Z2a%E UYAR B ¥712 &2 Z2toj0 484 YT 4y

- &5 ZE0|H HE HE9 BAE 21 89

Carnation etched ring virus (CERV)

1st screening test 2nd screening test  3rd screening test  4th screening test

r—— i W S memwm W W
- igdis, BEME, ATCC B i : ; - Ageis, GEME, ATCC B
nENEZEYY HEBEERN
B WY MAE AR TR e BT A
Sxoie) 1514 HE AW 28300 454 HR 49
-0 NOY 4 HE

L L LR LR
. a7 SEoioige gy
- vE 2HuHES HE
1371 S50i0gE U8
S ELLLELE

L) Eggplant mottled dwarf virus (EMDV) &H ZzZjo|He| HE 2 Mdt
EMDV 2M 2 SM ARE 0|88 THE =Zz2lo|lHe| & =
- EMDVZYE A|2E 0|&510] 167 =5 Z2I0|HMEE &4

4, 5,9, 11,12, 13, 14, 15) Z2l0|HA|ET} Mg

EMDV 2% Hlo|HAE o|83%F &E Zzlo|H o HS (2t

~

« 43T 2 Hio|2{AE 0|35t 117 Z2lo|HAMEL| H|S0|ES MM iR E =elst &
ot 571 (no. 4, 9, 11, 12, 13) ZE2l0|HMEJ} MRS
- EMDV ZAIHAF A2 E 0|85t FHE =Z2lo|He| HS(3EHA)
- 65 AAIA Al=2 0| 85t0] 57 ZEI0|HAMEQ| H|S0|8tE MM ofFE =telst Ao
570 (no. 4, 9, 11, 12, 13) Z2I0|HAMEI} ME=AS
- EMDV ZEA|Z s AHtotal RNA) S&of w2 Mgt Zajo|He| HS(45HA)
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O F2

. EHE dug BE Zajo|nf MEE o
o 4 e HEo 52 HrE B

Zato|o HES| ET

xT=
- SOl R ULE ASE S Y Z2H0|H Ny E9| HE
« 1CHAl 5 : O Bho|2]Aeto] S0|H vtg of 2 sl
- 2EHA 25 2US HO[H A SN2 HIS0[ X ¥hg Of &2 2ol
- 3B E5 . A Uiy 502 HS0|Z HEg 01 =l
« 4tHA A5 M 5= A HAES S9t 2T HE Zeto[n

HESe| Bizte sl

-

- i
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i -
- = =

=

[N
mjn
Jor

(o]

- 10t 25 (continued)

 Valdation of candidate primer: deskpred for detection of EMDY (mntinued)

.1{

1

= b1 e

I i

e

] [ o

- [ ]
w [ e

- 2EHY HE

@ Tust for non-specific rractions in four non-target vinues

Primes et 3

Friemer et 1
= -

- Lt
a2
L)

ol s

BEL]

NS re—rY
o | gt s )

REL ST,

DR pee——
® s 830 by martar
u P D ponitive

ey
o
g
sy

DT ——

o AR pritans

R BN G

- 12H4| 2S5 (continued)

® on of d for of EMDV (continued)

primers desig

* EMDVEE MEE 0B850 167] T Zao|0jHRE HES T 1170 B eI HEE

*UWE 0| ino. 1,2, 3,4, 5,9, 11, 12, 13, 14, 15

- 20HA| # S (continued)
8 Tant for nom-apricific ethons in four ron-terpit vinies [contined)

Frimar et |

Primses et 3
ik e

1

= I ragative castrol [0
= ATPCH prmmistern
(EL T T

- 2Tt A5 (continued)

© Taxt tee an-1pecific reaction in fousr non-target wruuee fezntinued)

[ -

-
e

oo v 7
i

v4E 29 vl SIEN 11 B0 iRSYE 4y VR BN AN,
57 x0T HWEIHE
“ YWY S2A0|HAR 0o 4, 9, 11,1213

-3t E3S

1® Tast for nos- spaific restions i ol test samplas

an .
e

==

1
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- 3¢t4| #S (continued)

5 Tewn dor non- ipecific reactions in tix tect samphes fesstinued)

= 1% spnan gl
= W 10 b s
ap

o L 1
Hr i

= L 4 : 20

e 3 BN

L 8| R

@ P i st 190
R ity

* 6E WAy 4EHE ol E60 57 SHo|0j R uRo|LHE Ay ol LHE g : :-lu % )
57 Baloioidu7 VUSRS
WY TSR :no. 4 9, 17, 1213

|;sg Y
2%

- ATHA| H3

& Concertration. dependert amplification text of the five Foully selected primer vets

vt

- 4Tt A5 (continued)

@ Concentration dependent ampbfication test of the e finally Lelected primer sets [cortinued)

-3 majo|n HE HE0| B Za} a0

Eggplant mettled dwarf virus (EMDV)

1st screening test 2nd screening test  3rd screening test

4th screening test

e R N R M P W8 e R

Pomi W e

- 0% TWAEE NE W
57 D2 U8
57 SRR oy

4% 2uvioin A 0§
17 200 28
- 47 20 E HY

< EMDY T8 40 o8
1670 BRI E 28
QEE-S0 TR

Cl) Maize chlorotic mottle virus (MCMV) && Zz2lo|Hel AHAZS 2 Myt
- MCMV &M 3 SM ARE 0|8¢ =2 Z2lolHe HS(1EHA)
- MCMVZE A|RE 0|&3510] 227 &H Z2l0|HMEE HASst Zx, 2074
22)

3,4,5,6,7,8,9,10, 12, 13, 14, 15, 16, 17, 18, 19, 21,

= AZ

- MCMV 2¢1Z Hio|2{ A& 0|82t 3 Z2to|Me| &S (2t

- 55 = HIO|HAE 0| 85104 2070 ZE2lo|HAMES| H[Soldts M4 0
ot 87 (no. 4, 8, 13, 15, 16, 17, 18, 22) Z2|l0|HM EJ} ME=A

- MCMV ZAttHat A|2E o|8et =& Z2jo|He| HS(3tHA|)

« 78 AA A AlEE 0| 8310 87 Z2lo|HMEL| H|EO0|EtE MM 0o
16, 17) Z2lo|HMET} Met=(AS

AHtotal RNA) =0 w2 Muk Zajo|He| HS(45HA)
(total RNA) 5= 10-3 ngolIME

3t 374 (no. 15,

z o I
DE =Z2lo|H AI F

=| == =] | 1
* Zc-|c> An_E'-EI [ o—hlAl_
Sk 2 ol = Lo EE

4
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- 124 45

= =
O -‘-[:—E Eal'oiu'l k“ED ?:'E' D*l' ﬂ"a’ & Vacation of cascieintn primmers devigreed far detmstion of MCMY
- S0 W UEE EGE S AN Zoo|H HEo| Y

- 1514 A3 : 04 ujo| 2| A9te] S0|H 812 0]t 20l
=

AZ HHO|2AS Tl B SOIX UHS 01% Fol

B
)
-
1p]
ol
oY

A T 2SO IS0 ™ S 0f Fol
I
[=]

 ATHH S M 5= 7Hf E

1>
|m
min
olm
ree
i
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e
ng
[H
L
p=]
=)

- 15H4| 25 (continued) - 15H4| 25 (continued)

 Valdation of candidate primer: designed for detection of MEW (contimeed)

& Walidation of candidats prirmen decigred for detection of MCMIY (rarntinued)

il ] - ]
P
g o —
S S Y o=
B ————
e —— [
A
A
P
=
TMCMVIIY LR B S ENE 22 BN BESOMRE WA 3N,
267 SE0|0ET HUE
CUNE EHNNMR e L2 LA AT R0 IL 10 W

- 204 5 - 2044 A S (continued)

1 Tast far reon-spesific reactions bn fhes nan-target viruses # Tast fer nen-tpecific reactions in five nan-target vire: frsntineed)

i - an a - an

- 25t 2 & (continued) 20HA| HE (continued)

@ Tast for non-tpadific resctions bn fivs non-target vinuses ioentinusd) 1 Toat for non-tpadiic resctione bn fhes non-target vinisss (rentinusd)

il - o - - o

Ik

1A o
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- 2¢H4| #S (continued)

8 Tast for nom-wpeciic reaction: in v non-Euget winass fosatined)

- 20HA| # S (continued)

@ Test for non-specific reactions in five non-target viruses (continued)

“SE 29 vo|2aF o1BNK 2070 SZ20IHMES | BojUhE HY KR BT WAL
&7 ZatolH et MUEIRE
* MR Z20|0ME no. 4, 8, 13, 15, 16, 17, 18, 22

-3t 435

& Tect for non-spedifie reartions in seven 1est camplia

- 3¢H4 #AS(continued)

® Test for non-specific reactions in seven test samples (continued)

*7E HAMHY YEE o830 87 Z2to|ojqEs| B Ro|¥HE HY HEE BYE 3L
37 ZapoloiqEr UUEIRE
* HEdl Z2to|oiME  no. 15, 16, 17

- 3CHH| A S (continued)

B Teit for non-specific Fesctised i taven tedl mpled (continsd)

w [ w

R B L

- 25 Z2l0|H MIE HE9 ©HAE 2t 29
Maize chioratic mattle virus (MCMV)
1st screening test 2nd screening test 3rd screening test Ath screening test

e L) —— 4 e

-1 S M e
ANAIBEAAE DEE

TH QA 48 0
CECITTTEY
1 Eas o oY

o8 e 08
- 2% BHHHEE TR
B BHOWAE HY

- MEuI R HE S8
SR EELETERC
ELEELEEER
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2}) Lettuce big-vein associated virus (LBVaV) & Zzjo|He| HES 2 Mt

- LBvav &M 2 SM ARE 0|83t T2 Z2lojHe| HS(1EH)

- LBvavZt¥ A2 E o|85t0 137 =2 Z2lo|HMES ZZ35F 2o 1170 (no. 1, 2,
3,4,5,6,9, 10, 11, 12, 13) Z2lo|HM E7} Met=ols

LBVaV 21& Hio|HAE 0|85t 2 =Z2lojHe| AS(2EH

« 4% 29 Hio[HAE 033510 1174 Z2[0|HAMEL| H|E0ldtg dAM {FE =helst 2
o, 374 (no. 5, 6, 9) ZE2IO|HMEZ} Mtz

LBVaV ZAIHA A|2 5 0|85t &2 Z2lo|He| HS(3EHA)

- 135 AN AlES 0| 3510{ 37 Z2l0|HAMEL| H|S0|8tg 4N o{FE el Aot
37} (no. 5, 6, 9) Z2lO|HMEZ} M= A S

& LH(total RNA) sZof w2 Myt Z2jo|He| AS(4THA)

~

|
-
@
<
[aY)

<
oY
1%
Rl

=
- T
- 2 ZE MutEl 2 E Zalo|H ME& S4Htotal RNA) 5E 10-2 ngoll M T ER HHEZS 3
olg 4+ 9l Mo =2 ATE 2o
1B BB

E

- SO|E ¥ UZE AF2 S NN Zajo|n| HEof v
- 157 25 : T4 BO|2{ A9t0] 501N Uhg 0f% St

- 25 25 : 2AS HOIZAETO| HSO0|X U3 011 B9l

- 35T 25 : ZA THY B2 ETC| HISOH wg ofx 2ol

< ATH| HE - S 5= FH) HAES S0t 3 F HE Zelo|of

HESe| Bizte sl

- 12H4| Z 35 (continued) - 22U HS

W Taut for non-apecific reactions in four non-target virunes

o m w0 (

g

S LBV RS 0l S50 137 BN SAMHAEE HE0 U 17 SHo04Rc HEY
*UWY DR no 1, 2 3,4, 56,9, 10,11, 1218
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- 2¢H4| #S (continued)
1 Teut Bor ron-speific reactioes in four non-target vieuses feontinued)

Primre wet 1 P et 2
L] v -t o

- 20HA| # S (continued)

B Feat for mom specific resction bn four non-tergel e cosmed]

e o |

s

T AR T WOR=E RN 17 BRSNS wR0THE By HVE BT TS,
1SS RN SWEIEE
*HEH SENHE s 5 8 0

-3t 435

B Toit for non-ipecific reactiond in ane tent wsnply

1B HAGY Y4EE OB 3N S YR 4 R|UE B4 SNE BUEE U
378 E20|o gt MUSIHE
* YUY TAVDIME : no. 5, 6, 9

- 3w majo|n HE ABO| G Zat 2o
Lettuce big-vein associated virus (LBVaV)

1st screening test 2nd screening test 3rd screening test

e T

4th screening test

D T ] e ] P B BH wH

AL LER LY
RHAEEAAE DEE

- 18 WANEY 4R HE
B S BE
Y EaonigE

- &% BT 08
BEECTLTER T

-LEvaY TE AR A - 37 S0l HY

137 BEssgm A
RRIEECLELEED

- 407 ES

& Conentration-dependest amplification test of the theee finally selected prisser sets

et

o}) Potato yellow dwarf virus (PYDV)

PYDV 24 2 4 AIRE 0|83

5, 6, 7) Z2IO|HMEI MLU=|HS
PYDV 2¥Z Hio|HAE 0| &%t

—

- 65 dAHA

=
Ir

PYDV Z&Al

S5 Zalo|He
S5 Zalo|He
- PYDVZE AlZE 0|353l0] 77| TE Z2l0|HME
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—

T8 Z2lojHe AS(2:HA)
HIO|{ A E 0| 8310 670 ZE2lo|HAM EC| H|S0|8HS
5,6, 7) Z2l0|HMEI} MeU=AS
S5 Zzlo|He| HB(3EHA)
AlE 2 0|235t01 67 =2lo|HMES| H| 50|t
(no. 3, 4, 5, 6, 7) Z2lo|HMEJ} Mutgds
2Htotal RNA) S=of w2 Mgk =2jo|H 2

L=}
o



- FE MeE 2 E Z2lo|H ME+ #iHtotal RNA) S 10-2 ngoll M= Bt HHEE &
ol 4+ s HEol 2 ATE 2o

- 197 25

= s -
- SOIE U UZE AFE S NN 0N Y5O Y o5
- 1A 2% : T4 BHo|2{ A0to| SO g 0f= Stol e — ) e
- 267 A5 : 29 Hlo|2 A 10| HIS0]H ¥ 0f % Stol i | ==
| —— =
- 3EHA 2% : ZA Y B2 E B S0/M ¢S 0% Sl —— )
- 45 75 S 55 2 HAES 53 3 HY Zeto L
J'CHE%EI 'E'_'?:,FE Q?J -:D:::::::::: e TECLTLT T T
W EHOHER 0. 20 4 56T

-

20 HE - 2514 A5 (continued)

@ Taxt for non-wpecific resctions in four non-target viruies @ Tert for non-wpecific resction in four nen-target viruies (continued)

Primar st 2 Prisses sat ¥ Primar it 2 Primar uat 3 ! Frimee wet 4
720 W 730w s T
T T T ]

= a4 | B

0| et il S

T T e———
AR B S

YT
[ e ———
T T Py

- 254 HE (continued) -3CHH HE

8 Tast for nom-wpeciic reactiont in four non-taeget vinees losntimsed)  Tast for man-spescific neackions b sha best samples.

[z pas R

Pt §

[

e

LT e

*4R 2 o Al AN o ZHUNYEN AR HE 9 ARl R T
8 DHHMET LF UWNINE
*HEE EEHME no. 2 0, 4, 5.6, 7

- 3CHH| & (continued) - ACHH| HE

i Teut for non-specific reactions in six tevt semples {oontinued) B Concentration-dependent ampification 1edt of the Fve frally islected primer ieti

et [ aa

r

* Lase 11 AEHCD
® Lase 4 HRCTY

* bee 30 SR

® Lane 82 EBbERH

# N it sl DT

# HTACR promisturs
FEETE Sy e

*6F HAHRY AEE ol ENY 67 Z2jo| v us) o] Boj¥HE By oeE BB Y,
57 SRACIHY BN HEEITE
fHUE TR ine 3 4567
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1
=
0
=
oY
ol

(continued)

@ ra—

test of the five finally sclected primer sets (contirued)

..]_IZI 1 [;r.{. ‘:. r

Potato yelfow dwarf virus (PYDV)

1st screening test 2nd screening test

3rd screening test

- R Z20|H ME B9 TAH'E Bt 89

4th screening test

P T ] P P WM 8A

R I T

T T ]

- 4% SECHE 08
- 671 BEoiciYsE HUE
&7 EHoioigs Ay

- VoW T AR 68
7 BEdoide U8
-4 BEoiogE Y

SF DU N 08
- e TaciogE Y@
- a7 Taciopge g

197 155 84 (roet
RNATRSMME TEE

3) 55 A|EHlo|HA PCRAANHO && J7Isst AN =7 2| 7Y A HS
# CH&R 214 i3t oAt 5&F dHlo|2{A(Carnation etched ring virus, Eggplant mottled
dwarf virus, Maize chlorotic mottle virus, Lettuce big—vein associated virus,

Potato yellow dwarf virus)oll CHet PCR AAMHE Z2l0|H ME

# oI T Y DNA 27|22 283104 15 Muel BE Zajo| HE SA| 0|8 756

2= A

SEGTA TAAGHCTOATTTOT
CGATTCCAGGAGTAGTOAGOTTCAGGATGCOCGE

ATACAGATOTTTOOTCC AAGTCTHGAT -

FTANGARCOGRA =520 5A A

I MALT GAGGC TIOOATGCOGAASATUTOALN TCAGTTCCTCAR
CAATOGGT! CCTTGAGGAT TOTUTGAGCAC AA TATT
—

a
[

rtrpy//dna macrogen com

-
PMG-Amp )
2710 bp)

Vector : pMG-Amp (2,710 bp)
Insert length : 1,447 bp
Totallength : 4,157 bp

- L% aguro gut

- M LD0bp marker

® Lane 11 CERV sot ol (381 )
= Lane 2 : CERV st a2 [S55 0]
® Lane 31 CERV st (524 bp)
= L 8 : CERV set 8t (528 00}
= Lane & 1 CERV st (789 0p)
= Lar & CRRV sut 45 (194 )
® Laa 71 CENV st 910 {779 05]

® Lana 81 CERV st 911 841 b
= Larve 5 : EMADV bt 84 436 b}

® Lane 101 EMOV st #9 (673 gl

= Lane 111 EMDV et #23[521 bpl
® Lune 12 EMDV et #12(611 bp]
= Lane 13: EMDV st #13{754 )
= Lane 141 MCMY sorels {411 bp)
= Lane 151 MCMY vel

® Lane 171 LEVEV st o5 427 el

® Lane 18: LEVAV st 85 (370 bl
® Lane 191 LBVaY vt #9 (532 byl
= Lane 20 PYDV it 83 (453 0p)
® Lane 211 PYOV set 82 683 up]
= Lane 11 SYDV st 95 (47T 0}
® Lane 231 PYDV et 56 550 0p]

= Lane M4 [

* Lane 16 MCMY it 817 (711 hg)
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<BRPAT AFYE>
1) PCR AAMH 7lgte 95t £EZajo[He| MA 2 HAIEZE =A}

# CHAF Abutilon mosaic virus (AbMV), Fragaria chiloensis latent virus (FCILV), Grapevine

geminivirus A (GGVA), Grapevine berry inner necrosis virus (GINV), Grapevine
fabavirus (GFabV)

of S uby

2g2tsst 2 AR A2 =Z(NCBI GenBank)

FHAEME 2ZE O (CLC Main Workbench)& 0| &St in silico &4
o FRISH 2H2to| Hiol3{ A AR AL alignment

- Conserved region?| =2l 3 =& Z2lo|He| MHA
FH =Zzlo|H A|ZAS| NCBI BLASTn &4
- M = (Database) Standard databases, (Optimize for) Somewhat similar sequences

Abutilon mosaic virus (AbMV) & S0[&¢el Z2lo|He| MHA

$A NCBI GenBankollA 2-&71s%t 22712] AbMV Al A (20224 18 7|&F)E 0|33104

in silico 2412 &8 & Z2l0|HE MA=

LESH NCBI blastn2412 SaliAM PCRAAIE = 2lo|H A|RATF 245 dio|3{A &
|FAE Feff AlZIAL2E| matching SHEAM ME

- 227 AAAL| =H ol alignment FA

O $¥ Zajo|of YES| LA X = - =

Abutilon mosaic virus -

- BE 225 E ZEYH SoldE #E =epojofe] 24 peus Segomovius S\ 7/

225 A #HA alignmentS S8 CHYeH HO|S 2T £+ QL
B Tato|H Al A H%(conserved region) B4 o
Blastn 242 S =2t0| 2] B} HHO|2{ A S0| £ =9

Invitro 58 AT TE ZE0|H MIEQ| =%

family Geminfviridae 3

(}l!cIL H§0| E‘IA_I 5'_': =] EI$ 7“\"% -)r: 1 * GenBarkol BBE ABMY M8 & & (RI21L TIB)

+ 227 (DNAA 1ITL DNACE: 971)

rr

@ Algrrerrt of svallsble soquencrs (DHACA)

22|F A A2 ZE G alignment 24 (continued) - S H mElojHe| dA|

O Candidate primers designed in comerved regions of ALMY Bolates [DNA. &)

@ Adgrenent of seslable vequences [DRA-8)

M
TR

FTRERAEEE

hE

[t
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A
T

=l
=
£old |

A E

2to|Ho| HH|(continued)

i

L=}

=3

8

—

S

©F 300-800 bp H <27}

—

—

m 5% %mﬁTrmﬁmR?whu+%Hﬂé?aMﬁi

i £ §

m 5 2|

! =1 S Hallslelalala e Lelalalelelatal o e dbetel ¢ el alalsl v !

bl ol

| :] 3L R UL AL

m =i E RIHEEEHE AR EILE AL IR AR IER B REIEA LI IE R

i Mw ﬂ_o”_.mw AELR Nt a8
_m _u_m _n_m_\ i 1] { ;
' - i 1 i 1
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(PCRAFZ 2| 37|

=t

inued)

j60
K

of ABMY inclates {DHA-B: continued)

E

tolmH 2

B2 ==

2o 2| A (continued)
2to]Ho| M A (continued)
o|

@ Candidate primers desigred in conserved regions of AbMV isolates [DHA-A; continued)

2to|t2] E7|(cont

& Candidate primars designed in conserved regons of ABMY izolstes (DA A comtimued)

2to|H Al

ir
oy
iz
ir

H
H
L}
L

=3
=
=
=3
=
=
= 3

e

- MAE %



AAE=O| s H| 50| A= MM o{F =elo] Zedt

— m2hAM, s S Hio|2HA HAIHO| HE8E #F & AASH(EA & Al2A; A=A E2
SA2 gHEE 49 240M M) AR 2E
- ERA A3 Abutilon mosaic virus (AbMV)

- HlW 73 Bean golden mosaic virus (BGMV), Squash leaf curl virus (SLCV),
Tomato yellow leaf curl Thailand virus (TYLCTHV), Tomato yellow leaf
curl virus (TYLCV), Watermelon chlorotic stunt virus (WmCSV)

- EF(AEA): Zd4ZE (Phaselous vulgaris), &5 (Vigna unguiculata,siensis), =32}

(Gossypium hirsutum), £33t & (Hibiscus spp.), O{X 7 % (Abutilon
spp.)

L}) Fragaria chiloensis latent virus (FCILV) & S0[|&¢l Zz2lo|He| MHA
- X NCBI GenBankOM st271s8t 12702] FCILV A2 A (2022 1€ 7|&)E 0| 25104
in silico 2412 &8 & Z2l0|HE HAR
- 5t NCBI blastn24 & a4l PCRAANY 2 Z2jo|H A|ZATL 2015 diolz{A &
|FAE Feff AlZIAL2E| matching SHEAN M E 2

- 223 A2 =R 9 alignment 24

O $E EE}OI“‘ HEEI gu &' EE Fragaria chiloensis latent virus o a3 nae L R
- 2E 258 TR0 Soj4e 2& Zajo|nie] 27 e Mt e

hatp/firalione sxpasy. orp
* GenBankt] BRE FOLV A8 § 202214 718}
1271 (RMAL: 670, ANAZ 478, RNAS: 271)

ma

S B2 A0 = & BE|F HIIME +=

225 A #HA alignmentS S8 CHYeH HO|S 2T £+ QL

rr

0 Aligrovent of svallably sogquences (RMAT)

=& Tgto|H A|AA H%Y(conserved region) T
£t Z2l0|0 2| EtZ BHO|2{ A 50| 5 29l

NEESE-CVLPTLE S

FANENEE
L H L

=]
o
a
=
A
i
]

F
3
2]

ol
o
ne
=

2o|F AHA9| 2R 9l alignment 24 (continued)

@ Alignment of wsilable sequences [RHAZ)
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- ZH TZaloj0j2] M3 (continued) - & meto|Ho| 2H (continued)

1 Candiaty primasrs dsigned in conzarved regions of FCILV alstes (ANAT; comtirsesd)

© Canddate primen deskgnad i coaaanmd repions of FORW lsolates (RNAL samtiausd)

S5 m2to|He| M H (continued)

-2y TatolHe| HH (continued)

& Candidate primers designed in cosdenved regions of FOILY solates (RNAL contiued) @ Candidate primens designed in comserved regions of FORY isolabes. (RMAZ)

- Sy mZajo|H AR A9 blastn £ - TH o HEO| =3

1 Cominstions of diagnastic primars for the detaction of ICLV infaction

{—

00-800 bp #HeI7t E =

of
olz{a I ZHE)ol thst So|M HAE
Iézl-

)
il
ol
HI
[H
u
o
0
|0
P
!
’_a
@)
Y
R
0
1o
o M
SN
rir
0
w
o
_|
30
H1
0 _||-[|j

- EF 3 Fragaria chiloensis latent virus (FCILV)

- HlW #FF: American plum line pattern virus (APLPV), Asparagus virus 2 (AV2),
Blueberry shock virus (BIShV), Potato yellowing virus (PYV), Prune dwarf
virus (PDV)

- EZ(MEA): ©7| (Fragaria chiloensis)
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A

C}) Grapevine geminivirus A (GGVA)

=
o

So[Xel Zzato|lHe| MA

- 3._41H NCBI GenBankOJIH 227155 477029 GGVA A& A (2022 1€ 7|&=)E 0| &75}04

— EESH NCBI blastn24 S S5lAM PCRAAIH T2 Z2io|H A|ZATF 2HE dio|g{A &
|FTAE Fell AR ARFS| matching OHEAM MEE Hfotsigie

O FH Z3j0|H NE2o| €4 A =T
£ 22T E 2o S|4 2E =ajojno| 27

g Hol2iA0] B 22IF @MY +7

E2|F A#2 alignmentE 53 Y HO|E 228 5+ Q)
S H TE0|H AHA
M2 5ot Z2to|0e] EzE HHo2| A
228 oElo|M MES T&

9 (conserved region) EHM

S0|= ol

m
o
a
=1

HIT

s
5
3
ox
ol
o
nz
=
0

rr

o5 A|EAL] = 8l

allgnment A

Grapevine geminivirus A
genmus Moo
family Gonmimiviridee

° GenBank® § 88 GOVA ABA § (202214, )
TR

B Algrmarn of avalable sauesies

$= mato|no| 47

O Candicuny primsars davigrad in conasrved reglons of GGV valates

-5 Zalo|He] d3H (continued)

-8 malo|Ho| M H|(continued)

® Candidate primars devigred in coasereed regons of GEYA isslates fontined)

-5 Zeto|He| A (continued)

B Lanclcluie primars

- 25 Zato]H2| EH|(continued)

-5 TZeto|Ho| A (continued)

& Candiclatn prisvers designed in consarved regites of GGVA isolates [Lontined)
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-1 TZglo|0 AR A9 blastn £ -5 0| MEOo] B

off GV infertions

[ — Cr -

- MAE =2 Z2lo|He| =gHPCRAES| 27|= 2F 300-800 bp HR7F & = JUEF =
8h = ols ABs| shMs FR(ERL vlolaia W 2HE)o| fE SolM HAE g
ZAESol Oj3t | S0|x A2 A off Stolo| WRE

: Grapevine geminivirus A (GGVA)
: Squash leaf curl virus (SLCV), Tomato yellow leaf curl virus (TYLCV),
Watermelon chlorotic stunt virus (WmCSV), Wheat dwarf virus (WDV)

- ZEZ(AIEA): ET (Vitis vinifera)

m
b
SUNETRN |
4 K

2}) Grapevine berry inner necrosis virus (GINV) & S0[|&¢l Zz2lo|He| MHA
- 34 NCBI GenBankollM &-&71s8F 186702 GINV A|Z A (20224 18 7|F)E 0]-&5}0
in silico 2412 &t & Z2l0|HE HAR
— EEBH NCBI blastn242 SsiA PCRAAMH =2 Z2lo|H A|AATE Z2F Hio|2A &

|FAlE Rl AR AL matching HEAM MEE njotsig=2

- 22T A2 ZHE 9 alignment B4

O FE Z3o|of jE2| €4 X =8 P ey
-RE FIATE TS So|4E RE majo|njel ¥ ey St = ,.-:ij__ =
- s uojajAe] BE R2IF WIIME 47 e ——

« 221F M#HZL alignmentS S8 CYS HO|E 22T 5 Q= .t o s oot
TH =@o|H A|A A HY(conserved region) T
. Blastn £412 S Z2}0|0{2| E}28 HIO|2|A 50| = 29l
s Invitro AEE AN $8 Zato|o) HES| T8
- 25 =glo|ie| 23 -8 mZglo|He| 23| (continued)




- 28 Za0|H2] MAH (continued)

® Cancldaty primen designed in cumsresd rogions of GINY holates {osntisusd)

- S5 mglo|Ho| A (continued)

© Candidabn primen designed

PP

-2y TatolHe| dH (continued)

1B Candidute priman desigred in sonusrved regions of GINY holstes roatinsed)

Al (continued)

lnsuten. [combiuad)

- T =ajo|Ho|

-2y ng2to|He| HH (continued)

1 Candiclate. primary devigred in cantenved regions of GINV inlstes [contimed)

-5 mZalo|i AlAA9] blastn £

& Resulis of the NCBI BLASTh searches iprimers for the diagnostics of GINV)

- 25 T20|Ho| M (continued)

8 Candidate primers deikgred in condenved regions of GINV folates fesntinued)
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- 31 Zato|l HEo| T8
af o

af GINY infections.

]

-

»
-

- dAE =5 Z2lo|He| =H(PCRME2| 37|= 2F 300-800 bp HeZ7F & = JAEE =
B # ol8 HB| AME BF(EF HlolA 2 2EB)o it S04 HAE
HALZS0| T3t v|S0|X M2 MN of HHelo| Wed

- EFl 23 Grapevine berry inner necrosis virus (GINV)
- HlW A3 Apple chlorotic leaf spot virus (ACLSV), Apple stem grooving virus
(ASGV), Grapevine virus A (GVA), Grapevine virus B (GVB)

- EZ(AIEA): ZE (Vitis vinifera)

o}) Grapevine fabavirus (GFabV) & £0[&¢l Zzlo|He| AA
— &X NCBI GenBankollAM &&715¢8t 84712 GFabV Al A (20224 1Y 7|&F)E o| 235t
01 in silico 242 &t & Z2l0|HE HAT
— EEBH NCBI blastn242 SsiA PCRAAMH =2 Z2lo|H A|AATE Z2F Hio|2A &

7|FAE fell AR ARPS| matching OHEAM MEE mfotsigieS

- 22|F AJH2A0| 2 gl glignment 2 A

O #E -Eaiolnl HEE'I ﬂn m ‘{ﬁ Grapevine fabavirus """’;_-'_‘__:_—.
-9E PaTE EBo0 Sol4E & Zajo|njo] 47 o it o

- ST HO|2AS] BE B2IF WIINE o e e

rr

- 22|15 AH2 alignmentS S5 CHY S HO|S TR 5 @t f et e

FH noto|i Al A HY(conserved region) 44
Blastn £ 2 S¢t Z20|H2| EfZA vlo|2{ A 50| = =il

» Invitro A58 2ANE =& =2o|0 HIES| =9

HalF A2 2 9 alignment &4 (continued) -3y mglo|jHe| A

© Comdabans primass Suriagned in coniarvadd regeans of Glay halsbes (EHAT)
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- 2 Z2i0]HO| 2 AH|(continued) -8 oio|H Al# A9 blastn &4

ommmhmm«mmumw © Results of the NCBI BLASTR searches (primers for the diagnostics of GFabiv)
~ 1 i o T

. e PR o et s

ot
H

=ZEo|H M Eo| Z&

® Combinations of dagnostic primars for the datection o GsbY infestions

[ et . S

- MAE =2 =Z2to|He| =HPCRAES|! 37|+ 2F 300-800 bp W7l & = JESF =
Ol d&sH| ®lshM= a3 (B Hlo|2{A 8 2 F)ol| thek Sold HAE &
5t

3H

-|0|-

AALE=0 Tt 8| S0|& &= MH o F Felo| ZeF
- m2hM, s S Hio[2HA HAAHO| HE8E #F & AAE=S(E

SA2 =HEE 42 240M AMul) AR =E

- ERl 23 Grapevine fabavirus (GFabV)

- H|lI #3F: Broad bean wilt virus 1 (BBWV-1), Broad bean wilt virus 2 (BBWV-2)

>

o AEH; AlgHo HR

o

- ZZ2(AMEA): ZE (Vitis vinifera)

2) PCR HAMH £H Zalo|He|l ZHZT & Mg
# CHAE 22 A CHAF 55 Hio|2{ A (Abutilon mosaic virus, Fragaria chiloensis latent
virus, Grapevine geminivirus A, Grapevine berry inner necrosis virus, Grapevine
fabavirus)oll st PCR AAMH =& Z2l0o|H ME
# AP 4Ty TR Zalo|H MES| AEES S3 Axe Zalo|nME MY

-
—

7h Abutilon mosaic virus (AbMV) &5 Zzlo|He| HE % Myt
- AbMV 2 2 SM AIRE 0|8%H FH Z2lo|He| HAB(1EHA)

- Agdia, DSMZ, ATCC £ %} J7|ﬂ_2 B AR EE E7I2 1o T ekt
- AbMV Z1ZE Hlo|2{AE O|Ect FE Zzlo|He| HES(2:HA)

« 55 79 HIO|HAE 08510 227 Z2lo|H M EQ| H|E0[Etg MM & & =elst Z

b 370 (no. 18, 22, 34) TEIO|HAMEJ} Muetg|2ds
- AbMV ZAIHAH A2 5 0|28t 8 Z2lo|He| HS(3EHA)
—_ 64 —_



- 55 HAAIHA AlE2 0| 25101 370 ZZ2jo|HAMES| H|E0[|EIS MM o &
ot 274 (no. 18, 34) ZE2IO|HAMET} MLU=ERZ

- AbMV ZtE Al = sl AH(total RNA) S0l 2 Muk T2io|He| HS(45HA)

- Agdia, DSMZ, ATCC S A7| 2R AR EE E7I2 10 43 Meks

= o 1A/

mn
Jo
0

- 124 45
3 it =
O $% Z2jojn| HEo| AT U HY
_EQIE ?‘! E'_!%.IE g%% %E" }_PS]' EEI-OII]-E kl_E__\El J.\_%_! @ Validation of candidate primars designed for detection of ABMY
gl

- 157 25 : T4 HO| 2 A0k0] 501N UHg 0f%
T_—lg% HH)IE-Ii%II‘}EI HI%OIE’ Hl-% U:IEI_ 2l * Agdia, DSMZ, ATCC § MH7I M2 25 PHAS BE #7128 $2 =200 1614 HE 4%
- 35T 25 : ZA THY B2 ETC| HISOH wg ofx 2ol
I
[=]

_,_
N

rot

20 HE - 2514 A5 (continued)

@ Test far nempecific mactions n fhes ron-target vinses

@ Test for non specific seactions in five non- terget vinses [oentinved)

= 01 gt ol (B
o PR it

-y gE b e

- 204 #H5 (continued) - 20HA| # S (continued)
@ Tent foe ron upecific reactions in fve non-taget viruues joantinued)

@ Test for mon-specific reactions im Tve non-tamet viruses (ootined)

M-

I

- 25t 2 & (continued) - 2CHA| A S (continued)

1 Taxt for mon. ypeotic resctisns in fve nos.-target v feantinued)  Teut for non-specific mactions in five nan-target vinsves (sontinued)

[ it M P e 41 0

- g g

= 16 s

o a1 MO

a2 Y

= a1 TRRETRY

a1 TREY

L5 | WY

= 1 e s )
= PR ity

SLETEEN T

* 5@ 29 uolaia B 0@ N0 271 Satolojdus| o 8o/ E A9 oI RE BUE 3,
I ERAC|HYEN HUEEE
s WY SN0 : no. 18, 22, 34
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- 3EtA 45 - ATHA| H3

8 Tast o oo spcifie seactionn s fore teat samples

B Concentration-dependent amplification tect of the two finally selected primer setd

® Agdia, DSMZ, ATCC § FHEU7 | PR RRE YHAE B #7182 §5 Z20|H 404 HE 49

© 5§ WA SEE CENY 7 SROHYER RNDE 99 AR BUE B,
M SR ET MYETE
S HUE UM e 18 M

-TH =80|H HE HSO| THAIE 23t 99
Abutilon mosaic virus (AbMV)

15t screaning test 2nd screening test  3nd screening test  dth screening test

dgia, BHAE 142 - — - Ageia, BAMZ. ATEE
ELEEETL T - P « R nEnEs gy
TEUR UY BT AN r " - Ly o oEde By BNE RN

B2 1N TR 4N s . =" S SR 2N BE Y

CELLLELY L]
ELELLLTEE

oF Somoies oid
nn ESN e U8
¥ eI B

L}) Fragaria chiloensis latent virus (FCILV) =& Zzjlo|He| HZE 2 Mut
- FCILV &M 2 SM AR5 0|88t 32 =Zzlo|He| HAS(1¢HA)

- Agdia, DSMZ, ATCC & AHA7| M2 2E AR 22 2712 1CHA S defet
- FCILV 2 Z Hio|HAE 0|88t =2 Z2lo|He| HB(2tHA)

rot

2k, 970 (no. 19, 20, 26, 27, 28, 30, 31, 32, 34) Z2l0|H M EZ} Mt
—- FCILV ZAAIHA A2 E 0|88 T2 =Zzlo|He| HEB(3HA)
- 135 AAA AlE2E 0| 8510] 97 ZE2lo|HAM EQ| H|S0|Etg
2}, 570 (no. 19, 26, 28, 30, 34) Z2l0|HAMNEZ} Met=AS
- FCILV 4 AlZ s AH(total RNA) sEol w2 Muk ZzjojHe| A )
- Agdia, DSMZ, ATCC & AHA7| M2 2E AR 22 2712 1CHH S defet
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O £8 Z20|H ME2| HE % MY

=
- S0|E X UEE ZEE ST Y Z20|0 HEO| dE

- 157 25 : T4 BO|2{ A9t0] 501N Uhg 0f% St
< 251 25 : 2B HIOIZAETO| HSO0|X UHg 02 B
- 35T 25 : ZA THY B2 ETC| HISOH wg ofx 2ol
C4EP 25 S 5 T AES S8 25 Mg mejo|ni

HESe| Bizte sl

- 124 4

ol

@ Validation of candidate primers designed for detection of FOILY

* Agdia, DSMZ, ATCC § FHH7|I P ENE] YHAE BE B7IR 2 Z240|0 1814 JF AW

-2t HE

@ Toxt far man-wpecfic rmactions in fve nos-target vinney

- 2¢H4| #S (continued)

8 Taak bor o umecific reactiams in frem mon darget e joerdinued

I

- 2514 A5 (continued)

® Tast for nom-spacific reactions in five non-tanget viruwes (continued)

= L% agarcan gl

100 b sk

e
- = Lo ) B

o ey

Py ——

& RER st
PEAERA LG

- 20HA| # S (continued)

i Tast for nom-specific esctions in fve non-target viraies (continued)

Priemtr st 1 e | | Prisae ot 5 7 v |

LT pres
10 g i

= L 11 A

- L 2 47

= Lo 1 Wi

- L s

Lo 51 MY

= 11 negativ contral )
- BB prntars

A L AL S

- 2Tt A5 (continued)
@ Teut for mon- upecfic reactiont in five nos-Larget viruues (oomtinsed)

e s i b P 4 8 i e o i ok

- 2CHA| A S (continued)

® Tast for non-spacific reactions in fvs non-target viruses [continued)

o4 Pty 0 05 | | Frinas st 11 300 et bt 1T o v | [ P oot 50

sy -

[ LETpem——
= ) 150 g i

- L 1 A

= L 2 82

- L 1 W

- L 42 P

= Lo 3 POV

4 nagative costrol DM

= BTPCK ety

A L A,

" 58 W ol g o] B0 217 Z2i0|0j 20| [ RoEE Y ONE RYY AN,
o7 DE0|HAg BT} HUEIRE
* YEE SACIHAR  no. 19, 20, 26, 27, 28, 30, 31, 32, 4
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- 3EH4 45 - 40HH HE
Bc pend Efication test of the five finally selected primer sets

8 Text bor moer-specific reaciions in one besi sample

rimer oen 10 | Friemar 04 20 s

Agdia, DSMZ ATCC § ZHEZ|IZSRNE JAME By B7IR 9 Z340|0 4519 IF 29

1R ULHEY N EE ENE oM Zaeoga e RS

i 2y vl wvE &
571 EHololdE7} MREE
- HEE 22|58 :ne. 19, 26, 28, 30, M4

-2H Z0|H HE HS9 T2 Bt 29

Fragaria chiloensis latent virus (FCILV)
15t screening test 2nd screening test  3rd screening test  dth screening test
—— i % meem A
Agidla, DEMT ATCE & ] e 0 o hgdlia, DIMZ, ATEE B

nENazary . " B " HHNRZEFY
HALE wY NS Y . : a ‘. - ANME B S EY
Rasio 104 08 4% & LEL LRI B-1 R L)
L E-DH PR T
LR ELE LS
(L ELELE LR
EL 2oL LU 3
-NA BRSNS YL AR
-7 EaoiYs Hy

u]

43 U My
7—IZ( I:I_|-74|

) Grapevine geminivirus A (GGVA) —?—E Zzlo|H el
Zajo|mH 9|

C
- GGVA &M 2 SM A|RE 0|88 = S
£ Azt A3, 2274 (no. 1~6,

GGVALYE AIRE 0|35to] 227 FE Z2l0|HAME

8~23) Z2IO|HMEZ} Met=AS
- GGVA Z9Z dio|z{aE o|gst &2 ZzlojHe| HS(2EH)
- 4Z 291 Hlo|HA S 0|85t0{ 227 ZE2l0|HAMEL| H|EO|HIS MM {EE Stolst A
2}, 371 (no. 16, 17, 18) Z2I0|HAMEJ} Metz|S
- GGVA AAIHA A|2E ol 28t =2 =Z2lo|He| HAS(3EHA)
- 15 dAHA AlE2 085104 371 Z2lo|HAMES H|S0|ES MM o{FE =elst &2
o, 370 (no. 16, 17, 18) Z2lo|HMEJ} Mtz
- GGVA ZgA = iﬂ(toteu RNA) sTof w2 Mak Zajo|He| ZHS(45H)
- = E MUE 2E Z2lo|H ME= & 4Htotal RNA) & 10-3 ngdlME ERL BHEE =t
olg £ e HEo E2 ZEE 2
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- Eo|
- 157 25 : T4 BO|2{ A9t0] 501N Uhg 0f% St
- 25 25 : 2AS HOIZAETO| HSO0|X U3 011 B9l

B
)
-
1p]
ol
oY

C AT 2T M s e E

firay

A DY B2 ETO| HISO|H g of% 2ol
I
[=]

|AES 53 3|5 Mgt Zajo

- 124 45

@ Validation of candidate prisers designed for drtection of GGVA

g W

- A e w04

" - ("] i
(n*-\
-/
-)

L. oy

- 10t 25 (continued)

© Valdstion o candidate primers designed for detection of GOVA frontinued)

R

PR T —

= 8 ot ol of BV

- N g ot
[

- 2EHY HE

B Touk far mom-1ecifc resctions in feur nan-target e

- 12H4| 2S5 (continued)

© Vabclation o candidiute primars deskprad Tor detection of GGVA foantinsed)

"GEVATE AR E IENY N7 B B0
HEE YN 0N EANNMET AF HUN
* HWH S0 0K : no. 1-6, 3-23

- 20HA| # S (continued)

© Teest for mon-sgsecific reactinns im Tour non-target viruses (ootinsed)

= L% sgarne g
-
B o el ol SR

® e 1 ey
= Lame 1 TR
e
Ep—

= b g ool )
o PO it
11 A e

- 2Tt A5 (continued)

@ Taut for mon-xpecfic mactions in four non-target virmen izantinued]

- 2CHA| A S (continued)

@ Test for mon-specific reactions in four non-target vinses (ooetinued)

Frimar ot 18 Wt - 18 [ ] P w71
o = - o

P p—

= S b e

o P e ol o B0,
-

= Lame 1 Y

= Lune 11 WL

= W g ool (B

o PO it
1A 0
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- 254 25 (continued) - 2044 A S (continued)
ot o mimupocillc rimciicns T fon momiarget vinies fesslied)
O Test for non-spedific resctinns im four non-Larget viruses (Costimsed)

" 4@ 29 uel= § | B0MH 2271 SEroy/BE] I EoE WY CINE BYe AN,
3 B0 er YRERE
s YWH SHHME pa 16 17, 18

-3ty AT - 407 ES

O Tt ox v it e @ Cenceriration dependent smplification teil of the teee finally 1eiected primee 1eti

1% sgarene gl
- W= 100 b marker

- e 1 EECE

W e anetrel W)
* POR prarmixtune
RE T T

*F FACEE ARE BN 37 ERRI4Re] v BoUE B8 R E BYE w5,
37 S| Y ET HREEE
* MEE Z20|0HE : no, 18, 17, 18

-3y mao|H HE ZF0 UAE 2 2o
Grapevine geminivirus (GGVA)
1st screening test 2nd screening test  3rd screening test dth soreening test

—— M a4 3R W W 8 8 L L)

18 HiEY YE e o i W st
(LT LCEER-T B R s B
SEELTETER ]

-eiva B Al HA - 4% D Wl

an RANHAE B8 3N BAYAR HE
17 Raven oy 17 Riaois s gy

2}) Grapevine berry inner necrosis virus (GINV) &2 Z2jo|He| HZS 2 Muk

GINV &M 3 M ARE 0|38t =2 Z2lojHe AS(1HA)

- GINVZHE A|RE 0|33l 137 TE Z2|0|HMEE Z#EE 22
19, 20) ZE2lO|HMET MU=EAS

- GINV 2¢E Hio|2{AE o|Z¢st T2 Z2lo|He| AZ(2¢HA)

o

i §
—
.4z 2

—_

= HiO|2{AE 0| &35t0{ 47 Z2lo|HAMEZS| H|E0|HES MM {EE
o, 274 (no. 19, 20) Z2l0|HMET} MEUEAS
- GINV ZAIHA A|l2 5 0|88 &2 Z2lo|He| HS(3EHA)
- 15 A A A2 2 0| 85101 27 ZE2lo|HAM ELl HIS0[HtE MM o{EE

ok, 278 (no. 19, 20) Z2IO|HMETL MU= AS
- GINV ZEAIZ S th(total RNA) SZof e M Zato|me| HE(4THH)
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- FE MEE 2ZE ZE0|H ME=
g & ol MEo £ LIS 2

O & Z2jo|y N Eo| HT R HE

- SOl R ULE ASE S Y Z2H0|H Ny E9| HE

« 1CHAl 5 : O Bho|2]Aeto] S0|H vtg of 2 sl

- 2EHA 25 2US HO[H A SN2 HIS0[ X ¥hg Of &2 2ol

- 3B E5 . A Uiy 502 HS0|Z HEg 01 =l

« 4tHA A5 M 5= A HAES S9t 2T HE Zeto[n

HESe| Bizte sl

- 124 45

@ Validation of cendidate primers designed for desection of GINY

i

i =

-

= 5 e

[ ——

N gt sl
T

mjn
Jo

- 10t 25 (continued)

@ Vabdation of candsdate primers designed for detetion of GINW fcontissd]

- " -
= -
—
=
s
-

——

S GINVEE MRS O ET 137 B ERoqLE BT AN, 470 20N RN
" HUWH SHOOHE : ns. 17, 18, 19, 20

-3y HE

@ Test for non-ipecific reactions in one test sample

i

o

A

S8 Faciy S #E o8 27 Selo|njg=e uRo|tE Ay WY E BT ¥,
27 Zao| e HEE 2 E
* HEY ZHOHYE ; no, 19, 20

® 1% agarear gl
= 8160 b e
o B e ottt G
= Lae 1) RECH)
= N | pagatie ameneol W
= BEBER prossiviors

- B AR B G

-2t BS
& Tont for man-spacilic reactions: In four non-sarget vinses.

* 4@ O VoM 0800 4 B YRS ROCE YU ANE BUE TH
N BRoS e EEEE
*URE E0(0{ME ; o, 10, 20

- ATHA| H3

@ Concentration-dependent amplification test of the twa finally selected primer sats

w18
it

PR

[ hane [ 1 [ 2 | 8 | 4 | & | & [ 7 [

|wl 1 ||0'|ln’lm'|l0'|

- 3w melo| HE 2Bl B 21 9o

Grapevine berry inner necrosis virus (GINV)

1st sereening test 2nd screening test  3nd sereéening test

Ath sereening test

G B W B4 ] B B BN &

P B W B

-2 WEOSR UB
-4 BEMolE 0B s
47 BECOAR BE

- 2A SAv0 g 4%

-GNV @ Ya o
- ERNsNL B
- a7 ZHYSUE gy

RLEELPET ] - 10 O8] W fotl

RHAE YL TEE

- 71




o}) Grapevine fabavirus (GFabV) & ZzZjo|He| AZS 2 Mutb
- GFabv &M 2 SM A[ZE 0|8F T2 =Zzlo|He| HB(1EHA)
- GFabVZH AR E 0[83510f 217 =E Z2lo|HMEE ZEet 23, 770 (no. 4, 5, 6,
8, 9, 13, 22) Z2l0|HMEZ}I Me=ASF
— GFabv Z¥1Z& Hlo|AE 0|88t =& =Zzlo|He| HE(2¢HA)
- 25 29 HPO|HAE 0|85t 771 ZE2lo|HAMES H|S0|ES MM o{FE =elst &2
ot 274 (no. 5, 8) ZEIO|HAMET MLU=EAZ
- GFabV ZAAIHA AR E 0|85 =2 Z2lo|He| ZHS(3EHA)
- 15 ZAHA AIE 8 085101 27 Z2l0|HAMES| H|E0[ES MM o

ot 270 (no. 5, 8) ZEIO|HAMEIL MLU|HS

ol
]
N

- GFabV ZEAIZ sl fHtotal RNA) s=of w2 Muk =a2lolHe| AS(4EH)
- FE MEUE ZE Z2lo|H ME+& 8 &Htotal RNA) &&= 1 ngollME BRI HHEE 2ol
g2 AUs Hro =2 HEE EY
- 18 25

O $E Eal’oini HIEEI ﬁ% n*l' ﬂu" @ Vabdation of candidte primen deugned for detection of GFaV

=
- S0|E 3 UZE AFES T8 N Zejo|n| HEo| M = F

« 12HA 85 - 4 HHo[2{ A2ke| 5015 ¥Hg O£ =l

« 20HA| 25 - 29 E HO|HA S| HIS0|H U8 02 =9l =

« 3THAl 5 - ZA U S5 502 HIS0|H 813 of & ol s

4UHA A5 M 5= FH HAES 56 HE HY =oto|H -
e

HEE9 U= &9l e

L

- 12H4| Z 35 (continued) - 12H4| 2S5 (continued)

© VaBdation of candidate primers derigned for desection of GFabY (oontinued) © Valdation of candidaie primers desigred for detection of GFab¥ [continued)

* GRabVET ARE 8NN N7 ¥ ESC0MEE ET F0, T Ao AT HER
*UWY SHOOIME he 4.5, 6.8, 9. 12,22
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- 3¢HA| S

# Tast for non-specific reactions in one test sample

- AL R

" 1B WAL AEE Ol B80] 201 ZRAOIC|HR0| HIROINE B4 S E WY WA,
271 Z2oI0| =7} HNSIBE
* EE D200 no. 5, &

* 28 20 WSE S8 o BHA T BRI R iR
EE Y EE B A,

N BESIMAT HRHRE
" UEE E20CYA ;no. 5. 8

- At 25 T mao|l ME A9 e 21} 90}
o C pend i test of the two finally selected primer vets Grapevine fabavirus (GFabV)
15t screening test 2nd screening test _3:\‘! streening test 4th screening test

— % a4 4 ——— w4 AN 64 I T R T )

o

B R A ol LR LEL FT
-2A ERUHUE G RAAREHHE BN
-z EE M oY

- 78 2T AN
- TH SANNYE 28
-2 BENYME gy

OFab T ME HE
- 1M EEeicMe 38
A BESS L S

3) 535 4A|EHo[HA PCREAIHO &8 7ts8t dHU=F S22 WL & HE
# CHAE 224 AL DA 55 Hio|2{ A (Abutilon mosaic virus, Fragaria chiloensis latent
virus, Grapevine geminivirus A, Grapevine berry inner necrosis virus, Grapevine
fabavirus)oll CHeh =& MuE PCR AAIEHE Z2l0|H ME
# AT DNA 247|=s5 &850 =T ME 2 & Z2lo|H M Eo| A 0]8 7S¢t

28 A

7hH 5% AlZHlo|2{A PCRAAIHO &2 Jisst ‘S8 AUz 22’9 AA
L} | = 1474 Z2lolH MEo =

- StLtel 'F2d M ET FE'2E FE MYUE 80| 7S5t
= Mg
AAACGATGAGAAGATTC GAGTAACGH TGCCGGTTGTCAGTTCGTCCAGACCCTGTATGTTACAGT

CGTCCAARCTTGGAAGTTCATACAGAAGCAACTACGCTTCAAAGGAGTCGATCAGCAGATCAGTCAGTCGACAGCATCAA
GCTCATCCC AR T T T ATGATCEGAGTCGTACGCTCACTTGEATCTTGCCACCAGATCGCTCTCGATTCGCTAGACAGA
TACCTAGACGCTACGCTACAACATCTGATCGACAGCTGATCGATCGAACTCAGACTCGGAGCAGACATTEUACTEECART
PEATCCTACGTCTCGATARGEAT T T EACACCT IS EATACCTTGACACAGCTGACGC TAGACGCTAGTTGCATAGACAGCA
SCAGCARCTTGTGATACTCATGCGTAACGTCATGACGTTTAAGGACGTGGATCGACGTCGTAACGTAGTCGAT
AGTCCGCTAGATACTAGGCGCAATGTTGATAGGTCGEGEGTTCTTGATGARARGCARGCATCAGACTAGGTGATCTTCGATG
ATTCGTECATACAGCTAGTACAGTCGTAGCAAGTCGATACAAGGCTTTGCAGAGTGCTGATAGTAGATACAGATAATCGC
ATCATGARACAGCAGGCTCGCAACAGTGATCAGCACAGTCAGACCATTGAAGTCCAGGTGTCTCTAGACGATACTEGCAR
GECTGCAGTITGEACAGTCATAGTCATCATACCGTCCTTGAATCTCCCTCTAGTGTAGAGACATATAGATCGACGACGACT
GACAGTAGACATGCCTAGATCGACTAGACGACCATCCCAATTGTTCCGCT CTCTAGCATC
GATGCCAGCTACTCATTTTGGAGCTCTGTCCAAAA

’..-F"._-"'h
%
4 -
£ Erp Vector : pMG-Amp (2,710 bp)
@710bp) Insert Iength : 915 bp
Total length : 3,625 bp
et -m.-.u.,...g.,.”..,.__\\ ot
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FCILV GFabV

|H
n
2
2
Rl

— [— =
Eof &&o| 7}
ol
=]
GGVA GINV

= ], 2%agarose gel

= M : 100 bp marker

= Lane 1:AbMV set #18 (623 bp)
® Lane 2 : AbMV set #34 (356 bp)
= Lane 3: FCILV set #19 (564 bp)
= Lane 4:FCILV set #26 (389 bp)
= Lane 5:FCILV set #28 (590 bp)
= Lane 6: FCILV set # 30 (840 bp)
® Lane 7:FCILV set #34 (377 bp)

= Lane 8 : GFabV sat 85 (470 bp)

= Lane 9 : GFabV set #8 (395 bp)

= Lane 10: GGVAset #16 (716 bp)
= Lane 11 : GGVAset #17 (607 bp)
= Lane 12 : GGVA set #18 (465 bp)
= Lane 13 : GINV set #19 (331 bp)

= Lane 14 : GINV sat 820 {396 bp)
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o2

2-2. }1gs A+ =

1AM A7 3>

1) 7|& AAMH(Z2lo|H)of

7} vlol2{A 630 Cist 2|4l MK}
MNe

O AR AW (NCBI accession no.)

6501 CH

<)
—

| CHE
~
o

FHAL

I

[E] Hlol3{a

ENEEN

%41
APMoV C NC_038744, APMoV Huancayo MN148892, APMoV Lm MN176102, APMoV

PV-0057 KJ746645, APMoV VP22 M81775, APMoV VP42 M83536

APMoV

CSNV PD4412741 NC_027719, CSNV HiCh06A L1 AB600873, CSNV Kr LC126118,
CSNV NIB-V38 MF093685, CSNV TcCh07 KF493771

CSNV

INSV NC_003624, INSV Basil-A KX790323, INSV HDL GU112504, INSV J AB109100,
INSV Pepe LC384872, INSV Phalaenopsis GQ336989, INSV YSMi-SH FN400773,
YSMi-WX FN400772

INSV

IYSV NC_029800, IYSV KC_122192, IYSV 302-12 JX861126, IYSV 622-SRB EU750697,
IYSV AAOA-Onion MG676230, IYSV Brooks JQ973064, 1YSV Egyptian KT225547,
IYSV On-Cbt EU310291, IYSV onion FJ785835, IYSV LelM MF431885

IYSV

PMTV Sw NC_003724, PMTV CO2 KR857353, PMTV CO3 KR857356, PMTV CO5
MK539870, PMTV Maryland KY284863

KR857362, PMTV Idaho 264 MK539874, PMTV J21_P106 KU955494, PMTV Maine

Jet 2o 2t gt
2=t

PMTV

TNV-D Hungarian NC_003487, TNV-D Manitoban MF158986, TNV-D DP FJ666328
6
5t =

2fo[HS2 H7(A

TN

Vv
ol= @
A —

u]

H MIE{(National Center for Biotechnology Information, NCBI)oll &
odESof 1T

= Z2M=Y
od=Eo

= 5
2(APMoV, CSNV, INSV, IYSV, PMTV, TNV)E2| &7|M
7|& dAPHOIM Al =12

BASe HIMEE2
oI5k o &8=AS
M A
S T—o

MHe| MYMs &
LY In silico 7|8t 2MS £5F Zzjo|H MY
[E] 6Z Hlo|A S0 Chst 7|2 HAAMHOIM ARED = ZE2lo|lH FHE
AEUd ZArg(zZatoln)
Zatolyy

APMoV-C70/N40, APMoV-C30/N70
CSNV-N5/N3, CSNV-UP1/LO1, CSNV-UP2/LO2
INcpFB) 602-F/R, INS 395-F/R, INncp A 348-F/R, Inncp 341 FIR,

INSV_F6/R2, INSV_F2/R4, INSV_F1/R3, INSV_F1/R5

Zefoloj4
IYS-C60/N10, 1YS-C40/N30

dho]a] 2
2N E

APMoV

PMT-C60/N40, PMT-C50/N50

CSNV
TNV-PN1/PC2

INSV

3
8
IYSV 2
2
1

%37 (bp)
315

PMTV

TNV

732

[J APMoV Z2to|H HYd A
A71ME 6’ -->3)
GGATGATACCAAGAGTCTCAAG
CACACAACGCTTTCTTCAG

2jo|nf K&
ZtolH olF

[E] APMoV =

N40

GCAGCAATGTGGAACTACC

C70

GCTTGTGCTACTCCATTCAG

EDEES

Andean pot
virus (APMo

N70
C30

ato mottle
V)
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N40/C70 N70/C30

N4Q B 7| M T 9% N70 ¥7]1 M4 /x|

2460 umn 2480 2450 2500 2510 520 2530

1140 1750 1760 1m 1?8[] I?&ﬂ !BUI] 1810

BlE £ iﬂmﬁi*’“

tgatgaacca g ta

C70 7| ME 9% C30 97| ME 2%

|mn T T [0 33 ;e WS N N M@ W 3w
L, | | O N . ST 1 Baovhimvnn bivovnsbovnnnnn oo v bavoons oo liviensnna b

gk APMoV Z2jo|H MY FAZ1t

APMoV Hlo|2{A0f CHEH 7|& AAMAM AR = Z2l0|H HI7IMESS UIMNCE StHE £[A
APMoV isolates HFO|2{A DI |MEE2} in silico 2ME Sl Bl 2M51%ES. 11 A1 < >0iM
Al

B2o{F= AXEH 7|& AR AFEEE Z2o|H Y7 |IMES2 2|4 APMoV isolates @7 MEES
At 2 alignment EA1Z 1o} | WSIH S I APMoV isolates H7|MEE & 22 HI7|MLEE JIX]
1 A /REChE MZLE E7IME 8 71X e XA HAEASS EelslR S, w2l 7|

Z APMoV Hfo[2{2of tiet 7| & HAMHO| ALE=lE Z2l0|HE2 T Mg 227t AS.

[1CNSV Z2lo|lH HEM AH
[E#] CNSV Zz2jo|H M=

EREES zzlolm olF 7ML & —-> 3) ZZ 37 (bp)

CSNV N5 GAGCGACTGCGGAATACTCT 040

Chrysanthemum  stem | CONY N3 GACACACTTTAAATCTTTAACACACC

necrosis CSNV UP1 AGCTGGAGAAGTTGAATTTGAG 356

orthotospovirus CSNV LO1 CATTCAAGCTAAGCCCGTAAGC

(CSNV) CSNV UP2 GGCTTACGGGCTTAGCTTGA 284
CSNV LO2 GGAACAAGTTTAGATCCC

N5/N3 UP1/LO1 UP2/LO2

snvue 37|48 R CSKVUPZ 37143 97
CSHYV NS B4 E 914

e I MEl DM B8 2N MM MW
mO w0 mm BW BA @M e @ | il | |

CSNV NI 7| ME $H
||||||||||||| E I TR TR R T

L T T T T T T O T T T T T

<3B> In silico 7|8k 24& St CNSV Z2jo|H MY ZAZ1t

CNSV dio|z{Aof CHst 7|& ZHAMHAM ARREE= Z2lo|H H7IMLEES Az SEE z(4
CNSV isolates HIO|2{A HI|IMEST in silico =MS Sl H|w 2519 S. 1 AoKIOE>0A £

F= ZAMH 7|= Ao Al2E= Z2l0|H YI7IMEE & N5, LO1, UP2, LO2&2 #|4I CNSV
isolates F7|IME=S UM Z alignment =M Z 2} H| WIS M CNSV isolates G7|ME= &
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upP2, LOZE =

[JINSV Z2jo|H MHEM

HI7IME S 7|2

ol
AN

a3

[E] INSV Z2jo|H HE

xECHE M2 CHE
. M2t Z[E CNSV Hio[2{Aof thgh 7| & HARHO A== ZE2l0|HE &
CRAl MZret 2Tt AS.

=HNEE

HRI2 U=

[ M M2z
N5, LOT,

o o
a=

DOEES

Impatiens necrotic spot

orthotospovirus (INSV)

ol o|F 7L 6 —->3") $Z37] (bp)
NcpF(B)602-F AAATCAATAGTAGCATTA 602
NcpF(B)602-R CTTCCTCAAGAATAGGCA
INS 395-F TTCGGGTAAAGCAGTAGTAGA 295
INS 395-R AATTATTTGGAGGGAAGATGTC
INncp A 348-F TTCCCAAAATCAATAGTAGCAT 248
INncp A 348-R ATCCTGTGTCTTGGGTGTTCTCT
Inncp 341 F TCCTAAGAGAACACCCAAGACA 241
Inncp 341 R TTACCAACAACCGTGAAAAGAT
INSV_F6 TCCTAAGAGAACACCCAAGA 468
INSV_R2 AAGTCAGCAGATCAAGATGA
INSV_F2 GCAAACCAAGCTTAAATCTCT 704
INSV_R4 ACTTCTTTACCAACAACCGT
INSV_F1 AACACAACACAAAGCAAACC 775
INSV_R3 AGCAAAGATTACCAAGGAGA
INSV_F1 AACACAACACAAAGCAAACC 670
INSV_RS CATCTTGCCTATCCTTCCTC

NcpF(B)602-F/NcpF(B)6
02-R

INS 395-F/INS 395-R

INncp A 348-F/INncp
A 348-R

gmcp 341 F/mncp 341

epFERILE

epFIB LR 7

INSV_F6/INSV_R2

W Fa M

wEy_fe @71 0

<Z> In silico 7|8t A

INSV Bto|2{20i ChEk 7| & HAMHOIA ALS

isolates H}O|2{A

INSV isolates

mo o

ot

HISHA S,

22 grIME g 7|2

w2t 7|E

=2
=

LI\ MAZ1 in silico &
AWM 7[E AR A== Z2io|H FI7(MYESE
348-F, INncp A 348-R, Inncp 341 R, INSV_R2, INSV_F2, INSV_F1,
7ML =S tHAC ZE alignment

ol =
AN

=¢t INSV Z2jo|H MY M

== Z2fo|H HIIME

M2 Sofl vl 24sIlE. O

=PIV ER b ]
st 7|z ZARol

52 e

% NcpF(B)602-F,
INSV_R3, INSV_R5&=2
SMZADIe} 1| WEIE S 1l INSV isolates
Qx| HCH= M2 Ct2
INSV Hjo[2{ A0

fob

2 22 Fl =4 INSV
ZAIOZ>0M 2o
INS 395-R, INncp A

S

J

=R
SEE R RS
N-CESEENIERS

ol
AN

NcpF(B)602-F, INS 395-R, INncp A 348-F, INncp A 348-R, Inncp 341 R, INSV_R2, INSV_F2,
INSV_R5E2 CH| HZteh 27t US.

INSV_F1, INSV_RS,
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[ Iysv Z2jolH MY 43
[E] IYSV Z2jo|H &

Blo]H 2 ZgtolH olF H71-E (5° a3’ ) +>Z37] (bp)
. [YS-N10 TCTATCTTTCTTGGAGGGAG 249
gﬁhotosyglvl%’fs SPOt [ TYS-C60 TCAACTTACGAGCAACTCTG
aYSV) p TYS-N30 GCTCGTAAGTTGAGAATCTGC 307
[YS-C40 TGGACATTCAGGAGGTTG
1IYS-N10/1YS-C60 1YS-N30/1YS-C40
IYS-N10 H2| M 2% 1YS-N30 Y7 2%

<3J8> In silico 7|8t &M St IYSV Z2jo|H MMM FA4An

[YSV Hio|2{A0f TSt 7|& HARHOIA A2 E]
isolates HIO|BHA HI|IMEST in silico =MS Sdlf vl 2M5I¥S. 1 ZoIOE>HM 20
A

0

m
|
=
o
i=l
0
N
x
ne
(il
mjo
in]
0z
|0
fu
_l?j
HT
rn
b
>
=
(@]
<

AXME 7|& HAMHo| ALE== Z2lo|H HI7IMPEES A
alignment =M Z 1} H| W35S Mff [YSV isolates F7IMLEE & &2 G7IMES 7K1 U=
Hoks MZ CHE G7IMEE 72 A= /R0 HMEE=EASS =elskH

= =
ol 2of CHet 7|&E HAMHO A== ZE2l0|HE2 ChAl MZfe 227t A2,

[ PMTVEEOIH MEY HY
[Z] PMTV Z2fo|H HE

Hio]H 2 ZetolH o]F A71ME G -->3) SZ37] (bp)
PMT-N40 CGCAGAGGTGGACGATTTATTA 293
Potato mop-top virus | PMT-C60 GTTGCCTCATCTTTGCTACG
(PMTV) PMT-N50 TGAGTGTTGTTGGTGGGA 976
PMT-C60 CGATACAACCAGTCGTTCAG
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PMT-N40/PMT-C60 PMT-N50/PMT-C60

PMT-N50 #7| M Z /%]

PMT-N40 ¥ 7| M & 2{%|

PMT-C60 & 7| M3 2/

1=
N
i)

<a> In silico 7|2k £AI2 S8 PMTV Z2jo|H HEA &

b

=
el
0
U
Lot

PMTV dio[z{2of et 7|& HAAMHOIAM A== Z2io|H FIIMLEE PELE F A

PMTV isolates HIO|HA HI|MASZ1 in silico &M S %EH Hlw 2AM51QE. O ZaIOE>0AM &

OF= AWM 7|& AAH ALBEl= Z2o|lH 7|4 z|A PMTV isolates H7|IMYEES of

AO 2 glignment 2A{ZDIR} H|WEIF S M PMTV isolates E7IMEE & PMT-C60, PMT-N50,

PMT-C60E=2 &2 F7|IMLEE 7K1 Ue fIXECh= MZ CHE G7|MPAE 71X 12 U= fIX[0lA

MZ=| 2SS elstds. kA 7[& PMVT Hiol2{Aof CHEt 7[& HARHO| A= Z2lo|HE2
fl

PMT-N402 Ml2[stal CHA| HMZfe 227t 2.

O TNVEZOIH HEd A3
[Z] TNV Z2jo|H M

o) el g zglolH o|F G718 (5’ a3’ ) %%=37] (bp)
Tobacco necrosis virus | TNV-PN1 AAGAATCAGTTCTGTCCAGC
A Tobacco necrosis 180
virus D (TNV) TNV-PC2 CTAGGTAAATAAAGAGGGGA

TNV-PN1/TNV-PC2

TNV-PN1 Z7| MY 2|
?310 3320 3330 3340 3350
Belvoviovonndonnonnnnals ol i

TNV-PC2 87| ME 2%
3690 3700 kral] 3720 373

HUNGARIAN B
CANADA |
POTUGAL_E

<a> In siico 7|8k BA2 S8 TNV Zajoly HEA £A4HD}

I
HL
[l
ﬁ
=

TNV Blo[2{2of gt 7|& AAMHoIM AE== Z2jo|lH F7IMESS tjaez
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TNV-D isolates HIO|2{A FI|MAED} in silico 24 &6l W BASIUS. O ZokIE>0 M

Ho{F= AXMH 7|& AAHHO ARBE = Z2lo|H HI|MAS2 £4 TNV-D isolates G7|MLES

CHAFC 2 alignment A Z e} H| WIS T TNV-D isolates @7 MLE = e o

1 A YFEckE MZ2 o2 GY7IMEE 7K1 U fIRoAM MEEUSS =Helsida. w2k
= k|

AX =
Z2lo|HE2 T MAE 227t US.

71& TNV Bo|2{20i TS 7|E HAFHO A=

7IMEE 7

ch Al =Zz2jo|H X Z

In silico 718t 242 %3F01 65 HIO|HAS(APMoV, CSNV, INSV, IYSV, PMTV, TNV)of| CHet M2

2 Z2lo|H fIXE MYSH] MASIAZ.

] APMoV 21 Z2jo|H H|&

APMoV 597 F/APMoV 597 R APMoV 386 F/APMoV 386 R |

2600 1] w0 2030 240 2850 2860 ®n o
| i i pintbaninine Tt it b naning (11]

| 2140 2150 2160 a7 2180 2150 2200

| 2690 200 o e a3 i 2750 2760 amn nm k1| ﬂl] mn JEI]B kL] 322 nn 0

7 % &

[<TE> APMoV Al Z2jo|H f{x| MY

SHHE ZA APMoV isolates E7|IMESS AL Z alignment =418 Z2}, APMoV HIO[Z{AS2
MZ Cl2 7ML S 71X A Z2l0|HE MZSH| 28t 2bE5HH x| E7|MYE X7 A
x4

th2tA APMoV isolates ARO[ofl 7HE 2X|sh= EI7|IME S Eol= ¢X[E MHSH0{ Al Z2lo|H

MESIS<aE>.

U ojo

[1 CSNV Al Z2lo|H HM&H

CSNV new LO1 CSNV new UP2

2350 2360 2370 2380 2390 2400 a0

|23 2400 2
bielavans aalan

24 2350 2160 2 2380 2390

CSNV new LOZ CSNV new N5

1570 1960 1990 2000 200 2020 2030 2040 2050 2800 e 820 030 2840 2050 2860 k]

<ZE> CSNV &l Z2jo|H x| MH. slMoz LUT 7k 7|&E Z2jo|H 9|, F247k &l Z2fo|H

A

StHEl &[4l CSNV isolates 7MY SS A2 alignment =48 Z3}, 7|& M&HE Z2l0|HE
of #Ixl= MZ CIE GIIMEE 7K Ues X2 MEE UARS. w2tM 7|=0| HAt=E 22
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ol I:IolE EHAFOE /\|-H- HE"O“}I% I-”—|

oA Lx[et BIIMLEE KD A= 7
oM HOo{FX| &2 7|& CSNV Z2}0|HE=(CSNV UP1, CSNV N3)2 Tm zf =H™Hs| /sl 7|1= &
7|1 Zolo[A 1~2 merE AMEIRCH, AR I ML 2F FES TS0 MESIUS
[ INSV 2l Zz2jo|H H|&F
Ncp 553-F Ncp 553-R INS new 365-R INncp 2126 F
INncp 2414_1 R . Inncp 339 R INSV new R2 INSV new F2
'In'ncp' 2128' F. _ Innéb 2646 S S ST EEE

<TE> INSV &t Z2jo|H fIA| ME. Moz Mzl Zh 7|& Z2folH fx], F247h A Z2to|H

2| x].
J|MEES A2 Z alignment —E— Msh Zup J|=E MEE Z2lo|HEL
X2 M2 AR S. Wt 7|=of Mzt 22 22X
L= 2 '='°|01|A1 UXISH HIIME 2

oM Lxlet FI7IMLE 7KK A= F2| £
Tt Z2|0|HE MZASIRS<AE>. 07[of M 2o{FX| 2 7|E INSV Z2t0|HZ(INS 365-F, Inncp
339 F, INSV new F6)2 Tm &t ZHst| flsll 7|&E 7ML ZololM 1~2 merE AHAISH0] M 2S5t

H=2
PIS=

2t =l £l NSV isolates &

= oh2 ¥7IMES JHRID 2lE
= Ho = zpoz Al

C11YSV Al =Z2fo|H H|&

IYSV 623 R

IYSV 623 F

<JE> IYSV &l Z2jo|H x| MH.

JIMEEE tHAS 2 glignment A6 AL} 7| & HM&t=l =

st =l Z| Al YSV isolates &
2. w2t dx|et HIIMLEe THK|

— —
SAxE AZ 2 HIINES JIRIT e 2IXZ FAE0] YU
Moz M TZ2loIME MABIHS<IE>.

] PMTV &l Z2lo|H M &

PMT new C60 PMTV 1139 F PMTV 1629 R

<> PMTV At Z2fo|H f{x| MY, slMo=z Xl 7k A ZE2jo|H 2|
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SHE £ A PMTV isolates 7MY ES AL Z alignment &A18H Z3f 7[& HM2tEl Z2l0|HE
of /Ix|= MZ 2 7ML S 71X Ues X2 HE= o USRS, W2t 7|E HEE 22 &
ZXof| Lx|et HIIMLE K| U= B2l E= Cl2 UX|st HI7|ME S 7K1 = B9IE A
O At Z2l0|HE HMESINS<aE>.
O] TNV Al Z2lo|M M=
TNV new PN1
820 830 840 850 860 870 880

2651-3762_NC_003
2644-3742_MF1589
2650-3761FJ66632

Consensus |ca t tatgttgacg a a § ggatcctgggaaacaggtt aacgggotc ctgtggtgg g g

<> TNV Al ZE2jo|H fIx| MY, slMo=z Mozl Zh A Z2jo|H 2|

EtH = %A TNV-D isolates G7|MPES tHAC 2 alignment 2415 Z3} 7|& 2=l Z2l0|HE
& Stle] /IR l= MZ CI2 7ML S T U= X2 HZ= AU, mEiM LX|SF FT|A
BS 7K1 Qs FRE BACZE A Z2lo|HE MZESINS
ChH EEMAE =

63 Hio|A S0l Chst AAMHOIM ALZE EEUM AZES in silico 2MS 7|82 #[Xo| 7|
MAS 2t25l0i DNA &M = 224 1F S HAY oHYstE 252 AIE%% SIS, S 4
Z(APMoV, INSV, IYSV, TNV) HIO|HAS 2 EFUM A|ESS 2251910, CNSVRE PMTVE MI&Hsh
oA,

3000bp -

2000bp -

2h) 7|FAEE Z2jo|H M8 2 AARS MYyM HS

635 HlO|HASO0| A== 7|FA=S(L0], 38, I1F, S8EZ 2, sloRlA, =3 F)S
CHAFS Z RNeasy Plant mini kit(Qiagen)% ALE235101 total RNAE =2I8t &, hexTaerE 0|-&35}0]
cDNAE 235t PCRE F&5H
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4 - AEH 2100 mg FH|
« RNeasy Plant Mini Kit (GIAGEN)A}H&

" . RevertAid Reverse Transcriptase (Thermo Fisher) A&
« HexamerAl238l0{ ¢cDNAE g

« ExTaq (TaKaRA) A2
« H|=HE =2to|H S 2 PCR =8

<a2> 7|FAE228EH PCR = 1ty

] APMoV ZX Zz2jo|H 7|FAl2H Mg ZAn|
— APMoV 597 F/ APMoV 597 R(Ta: 58 C)

(LS

M 1 2 3 4 5 6 7 &8 9

s

<%> APMoV 597 F/ APMoV 597 R & Al&35t0{ I1F0|M PCR(Ta: 58 C) =& ZAx}. M: 1kb plus DNA
marker (Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

— APMoV 597 F/ APMoV 597 R (Ta: 60 )

(LS

B -

<38> APMoV 597 F/ APMoV 597 R & Al85t04 11F0|A PCR (Ta: 60 C) =& Z1}. M: 1kb plus
DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1
pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

APMoV 597 F/ APMoV 597 R Al Z2}0|HZE 1FE A2 H|S0[|H HE30| Hol|=X| &elsiRd
=. Ta 58 CollA H[S0[X HI50| ZEZ of /X ZXolM %= DNA HHEJH 20 Ta 60CE 2
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£E TH5I0] CHA SIUZ. O 21t Ta 60 COlM SEZ g 9| 2ol 8[S0[X HHZ0[ Al2IX
AE =elsidls. w2k APMoV 597 F/ APMoV 597 R Al Z2l0|H+= Ta 60 CE AES10{ PCR
2 Tdsfiof

- APMoV 386 F/ APMoV 386 R (Ta: 58 )

EES BEYIAR

M o1 2 3 4 5 6 7 8 9

S0
300y

s @

<22> APMoV 386 F/ APMoV 386 R & AtE35104 13:0ilAM PCR(Ta: 58 C) =& Zxt. M: 1kb plus DNA

marker(Thermo Fiswher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

- APMoV 386 F/ APMoV 386 R (Ta: 60 )

(LS

3 4 5 6 7 & 9

. <
<J8> APMoV 5386 F/ APMoV 386 R Al&35t0] 1130i|A{ PCR(Ta: 60 C) =& Z2}. M: 1kb plus DNA
marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

APMoV 386 F/ APMoV 386 R &It Z2lo|HE 1FE AR H|S0[X gkZ0| Ho|=X| &2lst
UZ. Ta 58 COlM H|E0|H HI50| ZEZ o ?IX| 2XolA SFE DNA HH=TLH 20 Ta 60CE
ZHs0] CHA| SIS, 1 21t Ta 60 COlM SEZE oF 2% 2o H|S0[|X H-Z0| A2
2l R

ISIS. w2k APMoV 597 F/ APMoV 597 R Al Z2l0|H&= Ta 60 CZ AFEst0{ PCR
St

[T INSV &3 Z2jo|H 7|FAl2E XE 2o

o

- INSV Ncp 553 F/ Ncp 553 R (Ta: 58 C)
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650bp -
S00Ep - —

—
- e D -

CHU R e

LU R

!

IR IR

(3

PEERE B0 T

<38> INSV Ncp 553 F/ Ncp 553 R2 ARESI0{ 7|FE PCR (Ta: 58 C) =& Z=t M: 1kb plus DNA
marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

— INSV Ncp 553 F/ Ncp 553 R (Ta: 60C)
L20] =%

M 1 2 3 45 6 7 8 9 M 1 2 3 45 6 7 8 9 M 1 2 3 4 5 6 7 8 9

€& - €=

<38 > INSV Ncp 553 F/ Ncp 553 R2 AREst0d 7|FE PCR(Ta: 60 C) =& Z1l. M: 1kb plus DNA
marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

50 -|
0k -

INSV Ncp 553 F/ Ncp 553 R Al Z2j0|HZ 20|, 1 F gt 7| F5S M2 H|50|H HH30|
2o[=X| &2l5tZ. Ta 57 COllAM H|S0|X BtE0| ZEE o 21X ZX{ollA S=E DNA =T
20{ Ta 60CZE 2L E TH50{ CHA| 3IUF. 1 Z2} Ta 60 CAHlM JEZ §F 2% 2Xol| H|SO0|
XM Ht20| AR HE &l5I9 S, w2 INSV Nep 553 F/ Nep 553 R Al Z2l0|H+= Ta 60 C
2 AF83SI0] PCRE 72 3

[ El

— INS 365 F/ INS new 365 R (Ta: 56 C)
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BEFAE

<a8> INSV INS 365 F/ INS new 365 R = AE35t0] 7[FH PCR(Ta: 56 C) =& Z=2}. M: 1kb plus
DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1
pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

— INS 365 F/ INS new 365 R (Ta: 58 C)

o

<8> INSV INS 365 F/ INS new 365 R = AR2s5t0 1F0|A PCR(Ta: 58 C) =& Z=t. M: 1kb plus
DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1
pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

| r

INSV INS 365 F/ INS new 365 R Z2|0|{Z 20|, 1% 3t J|FSS A2 H|E0|H HI20|
2ol=X| &lsIUS. Ta 56 COlA 20|, ZSol|lM= H|S0|H HHS0| HO|A} LAt DFofME
SEZ o x| ZXollM SZE DNA WHETL 20f Ta 58 CE REE =Hs50] ChA| 819S. 1 23t
Ta 58 CollM FEZ & /Ix| 2HMof H|S0|& g-30| AKX g =elsids. w2k INSV INS
365 F/ INS new 365 R &It Z2lo|HE= 1UF0A Ta 58 CTE AlEs5t0d PCRE & sfiof 2.

_ g7 -

J_.>'_ ok

=
=
=2
=
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— INncp 2126 F/ INncp 2414 R (Ta: 58 C)

BEPYAE

5 6 7 8 O

Ikp -
2bp -

.

<38> INncp 2126 F/ INncp 2414 R 2 Aot 7|FH PCR(Ta: 58 C) =& Z 1} M: 1kb plus DNA
marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

— INncp 2126 F/ INncp 2414 R (Ta: 60 C)

300bp -
2006p -

——
|3
et
p—
—
—
—
—
—
-
—
—
—
-

<J8> INncp 2126 F/ INncp 2414 R & AREst0] 1152} =5lof|lM PCR(Ta: 60 C) =& Zxl M: 1kb
plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA,
5.1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

INncp 2126 F/ INncp 2414 R 2Al11 Z2j0|HZ 20|, I F, Wist 7|FES AR HIS0|H HtE
O] Ho|=X| 221519 5. Ta 58 COlM 20|= H|S0|X 8S0| 20[X| Lo}, TFet EEMIHE
SEZ o x| ZXoM SZE DNABIETL 20] Ta 60C2 25 =Hs5l0] A 519S. O 23
Ta 60 ColA SEZ $t /I%| 2ol H|S0|H gt30| ARl HE 2elsiU . maiA INncp 2126
F/ INncp 2414 RAl Z2jo|HE= FLb Z3l0M Ta 60 CTE A PCR2 Fdslfof &



- Inncp 339 F/ INncp 339 R (Ta: 54 C)

BEGEANE
M1 2 3 45 67 8 9

=%}
M 1 2 3 4 5 6 7 8 9
::!— i

<38> Inncp 339 F/ INncp 339 R 2 ALE3st0] 7|FE PCR(Ta: 54 C) =& Z=2} M: 1kb plus DNA
marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

1 l| LI

- Inncp 339 F/ INncp 339 R (Ta: 56 C)

Q0] JF
M1 2 3 456 7 89

=%}

M1 2 3 4 5 6 7 8 8

M 1 2 3 4 5 6 7 8 §

ke
0k -

=

<3&> Inncp 339 F/ INncp 339 R & AR5t 20[, 1%, I35tol|A| PCR(Ta: 56 C) =8 Z1}. M: 1kb
plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA,
5.1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

Inncp 339 F/ INncp 339 R Al Z2l0|HZ 20|, 1F, =35} 7|F&2 HASZ H|50|H tlFQOI
Hol|=X| &elst¥ S, Ta 54 ColM HIS0|X HHS0| 20 Ta 56 CZ 2L & =H 510 CHA| 51U
Al —i.Fo.J%FO:'o. EEFEW
=

1 Z3} Ta 56 COlM ZHEZ & x| 2X{of H|S0|H Bt350| AR
Inncp 339 F/ INncp 339 R Al Z2l0|H= Ta 56 CTZ AF235103 PCRS

?

=2
=
+2aHo

DOI

— INSV new F6/ INSV new R2 (Ta: 54 C)
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Rl
P

M 1 2 3 4 5 & 7 8 9

BEGENE
M 1 2 3 45 6 7 & 9

s

g

<> INSV new F6/ INSV new R2 2 AlEst0 7|FH PCR(Ta: 54 C) =& Z1} M: 1kb plus DNA
marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

INSV new F6/ INSV new R24&I# Z2l0|HZE 20|, 115, st 7[FSS tjefez H|50|% BH30|
Ho|=X| &RI5IZ. Ta 54 CollM H|S0|A HH30| EO|X| &1 ZE=Z o 91X HED 2ol= A
gol5194 2. watM IINSV new F6/ INSV new R2 Al Z2lo|B{E Ta 55 CTZ AM2510{ PCR2

— INSV new F2/ INSV new R4 (Ta: 55 C)
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Q0|

M1 2 3 4 5 6 7 8 9

&50bp -
S00bg -

BEFAE

4 53 6 7 & 9

50y -
S00bp -

SO T T

<=

<> INSV new F2/ INSV new R4 = AlEst0d 7|FE PCR(Ta: 55 C) =& Z1} M: 1kb plus DNA

To =

marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

— INSV new F2/ INSV new R4 (Ta: 60 C)

(LS

M1 2 3 4 3 & 7 & 9

650k -
50k P
e @ b -

<J&> INSV new F2/ INSV new R4 & AtE35t0d 7|FE PCR(Ta: 60C) =& Zof. M: 1kb plus DNA

T o =
marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

INSV new F2/ INSV new R4 Al Z2j0|[HZ 20|, 15 tigh J|FE5S A2 Z H|50[& EHZ0|
Ho|=X| &2l5I¥S. Ta 55 "cow 1221 20| M S ESH Q%] 2X0|M H|E0|X Hr=20| 2o T

= f a
60CE 25 Z=H5I0f CIA| 3192, 1 A1 Ta 60 COlM ESEZ & 9% Z2Xol| H|E0[|A H=20|
AR ZAS 2RISIS. W2 INSV new F2/ INSV new R4 Al Z2l0|H= 1F2} =3}o]|Ad
60 CZE Al23501 PCRE $3lslof &t
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- Inncp 2128 F/ Inncp 2646 R(Ta: 58 )

Q0] al

M 1 2 3 4 5 6 7 8 9 M 1 2 3 4 5 &6 7 &8 9

50
Sa0tn 50k

SO0k

BEPYAE
M 1 2 3 4 5 6 7 8 9

650bp
S00bp

<38> Inncp 2128 F/ Inncp 2646 R 2 AlEst0d 7|FH PCR(Ta: 58°C) =& Z=}. M: 1kb plus DNA
marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

Inncp 2128 F/ Inncp 2646 R Al Z2l0|HZE 20|, 1F, 8ish 7|F
Ho|=X] olsl¥=. O &3 Ta 58 CollM H|S0|H HIZ0| EO[X| 211 =
Ol AS &Il S, U2 Inncp 2128 F/ Inncp 2646 R Al “EFOID'I
58 CE A3l PCRS F&slof 2.

C11YsV &8 Z2jo|H 7[FA2E HE 22t

- 1IYSV 623 F/ IYSV 623 R(Ta: 54 )
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ofulzal A 8]opAl 2 =}

M 1 2 3 4 5 6 7 8 9 M 1 2 3 4 5 6 7 8 § M 1 2 34 5 6 7 8 &

&Sk |

€ =

us BEPYAR

M 1 2 3 4 5 6 7 8 9 M 1 2 3 4 5 6 7 8 9§

s

<> IYSV 623 F/ IYSV 623 R & ARE2sto] 7|8 PCR(Ta: 58C) =& Z2}. M: 1kb plus DNA
marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

- 1YSV 623 F/ IYSV 623 R (Ta: 56 C)
Zu}

M1 2 3 4 5 6 7 &8 9

50y -
S00bp -

E50bp -
S00bp -

<3B> IYSV 623 F/ IYSV 623 R = ARZ2st0 Zulet £F0M PCR(Ta: 56°C) =& Z=k M: 1kb plus
DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1
pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

IYSV 623 F/ IYSV 623 R A+ Z2[0|HZ ofatElz|A, slopdlA, Zuf $$ €2 7|1FES Haez
H|S0|& HtS0| Ho|=X| &QISI¥S. Ta 54CoAM ZIfel 2FoM SEZ s 9% 22Xl HIS
Mol ZZ= DNA HHEJ} 204 Ta 56 CE 2EE = 604 CHA| PCRS SIS, O 22 53

x|l 2 101| H|S0|XQl BHS0| AlZFRl Zds &elsi, IYSV 623 F/ IYSV 623 R 4111 Z2|0o|H

zZulel Ex0|Me= Ta 58 CE AR50 PCRZ2 sdsHol &t

fr ro o

oot

(] TNV AA Z2jo|H 7|FAled Mg Hn}

— TNV new P1/ TNV new PC2 (Ta: 55 C)
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200bp -
1008 -

iy Q0]

M1 2 3 4 5 6 7 &8 9 M 1 2 3 4 5 6 7 8 9§

i BEFAE
M1 2 3 456 7 8 8 M 1 2 3 4 56 7 8 9

—]
—_—
—

200k

|
. €<

<J8> NV new P1/ TNV new PC22 Al83t0{ 7|FH PCR(Ta: 55C) =& Z3l. M: 1kb plus DNA
marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg
cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

NV new P1/ TNV new PC2 2l uEFOIIZI-IE sHl EH3 ZLE Q0| B 42 7|FES Ao
Z H|50|H k30| 2o|=X| &2lsiUS. Ta 55TCHM SHtnl SFZ0iA{= H|S0|& H30| 20|
| edtg. JELr 23S, 20|, %‘HHOHH: H|S0[& HI30| Ho|Lt ZEst ?[X[2t= CHE fIX|of
LIEHE He 2 EAE. ZddE, 20|, BHls 255 =E510{ H|50|X Ht30] EO[X| b= =712

QAHE AT E>
1) 7|1Z& ZAAHH (Z2o|H)of| Chst SMAL 7|8 MAAM HE
7h oA 6Z0f ChEh HAl MR HE stE



ENEEN

SAR B (NCBI accession no.)

Plum pox virus
(PPV)

NAT NC_001445, DIDERON GU461890, W HQ670748, WINDONA KC347608, REC
KF472134, D KU508427, VPM KU948432, OU32 LC375064, SVN1 LC375132, Y8
LC494687, M LC494717, T MF346290, MARCUS MF371004, CR MG736816, C
MH311859, D MK372985, TKMSAP1 MN603423

Blueberry red
ringspot virus

NC_003138, Darrow 5 HM159264, Coville 546 JF421559, BRRSV24 JN205460

(BRRSV)
Blueberry
. NJ-2 NC_003499, BC-1 AY941198, A-5-50 KP232980, B-10-60 KP232983, F-27-30
scorch virus KP232986, H-22-20 KP232990, RC-28 KP232997
(BIScV)

Cherry nerotic
rusty mottle
virus (CNRMV)

NC_002468, FC4 EU188438, FC5 EU188439, 04E36 (S1) KF030832, CH-YT-13
KR820549, Kisinevskaja KY178274, MB KY310583, Korea LC064751, LV27
LC522996, LVV LC522998, CBVC MK834273

Little cherry

NC_001836, ITMAR EU715989, YD KR080325, Taian KR736335, Jerte KX192366,
Ponferrada KX192367, QLD13 LC523019, TAS16 LC523020, LVV LC523024,

virus 1 Kyoto-2 MG934545, P8-42 MH300061, BJ MK775591, GBVC 101 MK895512,
(LChV-1) Apr184R MN242219, Niagara-A22 MN508820

Little cherry USA6b NC_005065, TAS16 1.C523026, LV16 1.C523027, LV27 1.C523028, LV35
virus 2 L.C523029, LVV 1.C523030, Rube 74 MF069043, TA MG881767, GBVC 100
(LChV-2) MK803502, GBVC 071 MK895513

= 63 dlol2
| Bt stE s

7
E
o| @17| M2} 8| ms}

o|= IEMEMEME (National Center for Biotechnology Information, NCBI)oll 5
A (PPV, BRRSV, BIScV, CNRMV, LChV-1, LChV-2)&2| H7|ME=S [-u-]
65 Hio|HASS| HIIMES2 7|E AARNAM ARBED A= Z2l0|HE
04 EE—|-O|D'|9-| MAHAM2 §—|°._

Too=

OII |'

= H 28=AUS.

L}) In silico 718k 248 S+ Zelo|H AHYd HE

[Z#] 65 Hio[2{A S0l CHet 7|& HAFHOIM ALSEL e Z2fojH TR

ujo] 2] A ARG AAPE(=Z2lo|H)
— | Zglojl JE xmzlolojy

PPV 2 PPV-PN1/PC2, PPV-Det-Fw2/R
BRRSV 1 BR-RT402F/RT402R
BiScv 2 BIScV_F1R4, BIScV_F2/R3
CNRMV 2 CNRMV-F6/R6, CNRMV-F4/R4
LChV-1 2 LChV1_F1/R3, LChV1_F2/R4
LChV-2 2 LChV2_F2/R3, LChV2 F3/R6

O PPV Z2jolH HEM AH
[E] PPV Z2j0|H HE

Blo] g 2 Zgoly olF  @7/IAE 6’ —->3) ZZ37] (bp)
PPV-PN1 ACCGAGACCACTACACTCCC 043
. PPV-PC2 CAGACTACAGCCTCGCCAGA
Plum pox virus (PPV) | ppy pei"pwz | CAAGTGGAGTATCCAATAAAGCCATTG 47
PPV—R CAAGGGCCTGTGTTCGACAATAA
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PN1/PC2 Det-Fw2/R

PPV-PHT RITIHB PEYV-Det-Fw2 27| ME 218

PPY.PC2 8714 % #3

<a> In siico 7|8k BAS S8t PPV Zajo|y MEA EAH}

PPV Hlo|2{Aof CHE 7[&E HAMHOIM A== Z2jo|H HI7IMEES o
isolates/strains HIO|HA HI|IMAS3} jn silico 2M S Sall Bl 251X
Ho{F= AXMH 7| & AAtRo| A== Z2lo|H SV |MES2 =8 P
== QA2 Z alignment =AZ2IRf H| WSS U PPV isolates/strians 7 |MYE & &2
2 7K1 = YRECkE M2 ChE HY7IME S T2 e /Ao ME=AS S 2elstd
b [e]]

o
[H2tA 7|& PPV Hio|2{200 Tigh 7|& HARHO AMEEl= Z2jo|HE2 T Mg It 2

[1 BRRSV Z2lo|lH HHEM AH
[E] BRRSV Zz2jo|H M

Hpo] 2 2 Zgtolm olF H7144E (5” a3’) <371 (bp)
. BR-RT402F CCTGATGAAATTGAGAATCG
Blueberry red ringspot 402
virus (BRRSV) BR-RT402R AAAGTCCTTTGTTCCGAAG

BR-RT 402F/BR-RT 402R

BR-RT402F H7| K E 2%

L L i dod AL amuuL
N L e L Hie n o na e e wm " e L] L] L] “

<3®> In silico 7|8 24& &t BRRSV Z2lo|H MHY FMAnt

1o
=
0z
|0
Hu
o
HI
rn
ﬁ
=

BRRSV Hlo|2{20f Chet 7|& AAMHOIM AtE== Z2jolH HI|IMES
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BRRSV isolates/strains HIO|B{A FI|MLET in silico 2AS Sdfl Hlw 2M351S. 1 Aok
E>0AM EoiF= AXME JIE AR AREBEHe ZElolH @7IMES2 x4l BRRSV
isolates/strains G7|ME =S HHAICZ alignment =AM Z 2} H| W51 S Ui BRRSV isolates/strains
HIIMLEE T €2 G7IMEE T2 = |IRIEChs M2 B2 G7(MLEE 71X U= /I Rol[A

—

HZ=[A S S =Helsi¥a. M2 7[& BRRSV Hio|2{A0] CHSH 7| & AAMHO| AFE == Z2l0|HE
2 CH Mz 220t U3,
[] BIScV Z2jo|H MYd AX
[E] BIScV Z2l0|H ME
Hpo] 2 2 zgtolH olF  F7IHE B’ -->3°) S%=7] (bp)
BIScV_F1 GAGAACCAGTTGGAACAGAG 466
Blueberry scorch virus BIScV_R4 ATCAAGTTCCAGACAACAGG
(BIScV) BIScV_F2 GTCTCAAGAATGTGGCTTTC 568
BIScV_R3 AGCATTGTGGGCTATACACT
F1/R4 F2/R3
BIScV-F1 E714 8 $% BIScv-F2 E7| M2 2K

BLSCV-RA H7IME 215 BIScV-R3 E7|ME 91|

aaaaa

e ™o 80 e 108 0 ansn sn e [ noan

<dZ> In silico 7|8t 2M8 £t BIScV Z2lo|H MMM 2AMZAD}

BIScV Hio|2{Aof CHSE 7|& HAAMHOIM ALEEs Z2j0|H FI7MEES tatez =EE =
BIScV isolates/strains HIO|2{A FI7|MAED} in silico 2Ms Sof Hlu FMSIUS. O 2ot <O
g>0AM  EHoiFs AXME (2 AR ARBEs= Z2olH FYIMPEE2 A BIScV
isolates/strains G7IME =SS A2 Z alignment =M Z 1} 1| W3SIR S W, BIScV isolates/strians

=2=2=
F7IMLE & &2 G7IME S 72 Qle fIAIECkE ME ot 7ML S T A= fIR[ollM
Mtz SS 2l s, et 7|E BIScV Blol2{ 20l thiet 7|& HARHO AL == Z2l0|HS

2 T Mzt 220t UAS.

[J CNRMV Z2jo|H MMM -
[E] CNRMV Z2jo|H HE

Hpo|F & ZtolH olF H7/IME G* —->3%) $Z37] (bp)
CNRMV-F6 AGTTCGCAGCYTTTGAYTTYTTTG 957

Cherry necrotic rusty CNRMV-R6 GAKTGGRWTTGCAGRGGTTTATCA

mottle virus (CNRMV) CNRMV-F4 AGCACWRTTAGGAGCTACTG 370
CNRMV-R4 TATCATTCATCACCACCAAT
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F6/R6 F4/R4

CNRMV-FE 27| M2 9% CNRMV-F4 E21M 3 21X

CNRMV-RE H7| M 2| %| CNRMV-R4 & 7| ME 2%

<3B> In silico 7|8k 24& S8 CNRMV Z2jo|H MHY FMZAnt

CNRMV dlol2{Aof CHet 7|&E HAMHOIM Alg== Z2lo|H EI7|MY
CNRMV isolates/strains HIO|2A FI|MPED} in silico 24 S3lf B
2>0M EoiFeE ZAMB TIE AR AREEHe= Z2lojH H
isolates/strains  G7IMEES CHASZ  alignment 2AMZTIe}

=
pAx=}

2 M, CNRMV
=

isolates/strians G7|ME & &2 G7IMLES 7IX| 1L = fIXZECk=E MZ Cl2 HI7|MES 71X
U= XM MZEZHSS E2l5I% S, U2t 7|& CNRMV Hio[2{ A0 st 7|Z= ZHAPHO| AL

g Z2I0|HS2 ChAl A E27t 2.

[ LChv-1 Z2jo|H MFd HF
[E] LChv-1 Z2jo|H HE

Hpoj 2 & Zoly olF | F7IME G* > 3%) 5%=7] (bp)
LchVI_F1 GAGTTGACCGATGAGTTGAC 467
Little cherry virus 1 LchV1_R3 AACGGATTGTTCATCAAAAG
(LChV-1) LchVI_F2 AAAGCTGCTTGAAGAACACT 593
LchV1_R4 GACGTGGTCCTAATACTTGC
F1/R3 F2/R4

LehV1_F1 217112 1% LehV1_F2 @17 4 @ 1]

<3J8> In silico 7|8t &4 ¢t LChv-1 Z2jo|H MM 2441t

LChv-1 Blo|2{20f CHEt 7| & HAFHOIM AlE=l= Z2l0|lH H7IMESE ez &EE
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LChV-1 isolates/strains HIO|2{A

LIIML =2} in silico M-S Sl Hlw MRS, O Aok
2>l HolF= AME J|E AARHA AREEE= Z2lolH gIIMEsS2  #4l LChv-1
isolates/strains @F7|IMUES HACZ  alignment 2A1ZDR} dH|WSIHES W, LChV-1
isolates/strians G7|MY & €2 G7IME S 7KL U= }XECk=E MZ CHE G7|ME S 7HK[ 1L
U= HX[OIM HZIZ[ASS ERISINS. U2t 7|& LChV-1 Hlo|2{A0f TSt 7| & HAKHO| Al
H= Z2l0|HE2 CA| Mzke dert /US

[] LChv-2 Z2jo|H MHM AH

[E] LChV-2 ZZ2l0|H ME

o) el g Zgtold olF | G7/IME B’ > 3%) %37 (bp)
LchV2_F2 AATGCTTTAATTTGGTCAGG 546

Little cherry virus 2 LchV2_R3 GTCCGTAACTGAACACACCT

(LChV-2) LchV2_F3 AATCAGCTTCTGGAGGTACA 593
LchV2_R6 ACGATAGGTTTTGTGCTTGT

F2/R3 F3/R6

Lehv2_F2 B7|ME 212

Lehv2_F3 H7|M Z 9{%|

b

—

M
A&

<2Z> In silico 7|

[=]
—

2 &% LChv-2 Z2lo|H HYM &4

1

P

LChv-2 Hlo[2{Aof st 7|& HAMHUM ALEEE= Z2lo|H FI7IMESS a2 EE FA
LChV-2 isolates/strains HIO|2{A BI|MEEDL in siico BME Sl v EA81¥S. 1 Aok
2>0M EoiFe= AME 7|E dAtHol A== =20l FIIMEER2  #A LChv-2
isolates/strains °:'7|A1°E%% iACZ  alignment =MZ3nfe} H|WsIFS mf, LChv-2
isolates/strians F7|ME & 22 F7 ML 2 7|12 = /IR ECk= ME Cf2 G7(ME 2 7K
U XM MZE=ASE 2lsiUS. w2t 7|& LChv-2 Hio|2{A0| CHEE 7| & HAAMHO ALS
= Z2l0|HE2 CHA| MzEH 2ot IS,
ch Al =2folH M=}

In silico 718t M5 &5t 65 Hio|2{A= (PPV, BRRSV, BIScV, CNRMV, LChV-1, LChV-2)of|
Ciet 22 Z2lo|H 2[X|E M- sto] MEtsi¥s
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[J PPV Al Z2}o|H &=}

PPV CP 598 F/PPV CP 887 R

310 L0 4338

a260 azan 2300

<38> PPV &l Z2lo|H #{x[ MY
St =l #| Al PPV isolates/strains2| 2|I| CHHZAI £2o] ATIMASS A2 Z alignment =48 Z2
I} PPV isolates/strains MZ &2 F7|IMLES 71X = F2IE MASH0] A Z2lo|HE X Ztst
Fe <aE>.

[] BRRSV Al Zzfo|H &=t

BRRSV CP 115 F/BRRSV CP 713 R

() 1azn 1330 1340 1350

<JZ> BRRV &l Z2jo|H 2{x| MF

e = %Al BRRSV isolates/strains2| 2|x| cHHZl

s
5
213} BRRSV isolates/strains M2 Z2 H7|MLe 71X = £2 S

AEIAS <>,

[] BIScV Al Z2lo|H =k
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BIScV 8061 F/BIScV 8417 R

() 1azn 1330 1340 1350 141

<JZ> BRRV &l Z2jo|H 2{x| MF

st =l %Al BIScV isolates/strainse| M| HI|AMESS
?E MHS0] Al Z2l0|HE MESIES <O

isolates/strains MZ &2 GI7|IMES 71X = F9E AH

2>

[J LChv-1 Al Z2lo|H &=t

LChV1 11929 F/LChV1 13255 R

s E T 11880

1180

s T nEm

ez

(i [ETE SR FIE ] 1340

<JE> LChv-1 Al Z2jo|lH {x MY

St =l |4l LCh-V1 isolates/strains & G7|IMESS A2 Z alignment =46l

FI7IMLE 7HX| 2 AZ. m2EA LCh-V1 isolates/strains F7|M Y SollA 7He X
x4

510 At Z2lo|HE MASIRS <E>.

[J LChV=2 Al Zz2fo|H & =
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LChV2 5449 F/LChV2 6206 R

&390 &a00 Ea10 B4z E430 &adn Ea50 E4ED Earn (1] &40

<JE> LChV-2 Al Z2lo|lH {x| MY

i el

st E Z[A LChV-2 isolates/strains?| MH| GF7|AE=S A2 alignment =A{et Z2

LChV-2 isolates/strains A2 &2 G7|MLES 7HX|1 U= F9IE MYsH0] A+ Z2lo|HE M =t

3

F

OII

Fe <aE>.

ChH EZUMAIE 2tH
OlHASOf st AAHHOIA A2 E EFUM A|BESS in silico =M 2 7|82 Mol HT|
o

o
NP2 =25l0f DNA BHM ¥ 2249 HHS A oislE EXUM AIRSS Husi%S.

<OE> M= FFAUMAR M7|Hs Z2f bp: base pair, M: 1 kb plus DNA ladder marker
(Invitrogen, USA).
2p) 7|FAEE Z2jo|H M8 2 AARS MYM HS
65 Hio|2HASO0| HH == 7|FAESS(EFH 2, HLF, S50t X7{2], 224 )2 A=
RNeasy Plant mini kit(Qiagen)& AF23}0 total RNAS 22|38 &, hexamers 0235101 cDNAS &
5101 PCRE 5% S. 5t BRRSV A= 2ol SFH|2IolA DNeasy Plant Kit(Qiagen)E Al
Z5t0f DNAE 228t & PCRE FYsIUS. PCR=2 F&E f, IuiollM MAE Tag DNA
polymerase(BioFACT) F =2lof| Al MAtz|= Tag DNA polymerase(rTaq, Takara)E AF25H0{ H|I
AR E TSNS, IU Lt 2=t %3@ o A2 FE|=oll FoP ALgE= S8t
st Jl=s

2AE ELH*FOE CHA| <

—



« M EH 2 100 mg FH|
« RNeasy Plant Mini Kit (GIAGEN)AHS

« RevertAid Reverse Transcriptase (Thermo Fisher) A&
B HexamerAt8310] cDNAE T4

* rTaq (Takara) 2} Taq DNA polymerase (BioFACT)
« H{ZHE Z2to|{ &3t &M PCR =¥

<OE> 7|1FM=E2FH PCR = 11y,

DNA purification

AE%H 2 100 mg =H| DNeasy Plant Kit (GIAGEN)AIZ

PCR analysis

ExTaq (TaKaRA), Taq DNA

polymerase (BioFACT) Ak 1o EIOIT &I} 2T PCR +3

[0 PPV 4% Z2l0|HE AR
- PPV CP 5985 F/ PPV CP 887 R (Ta: 57 )

Takara BioFACT
3 4 5 M 1 2 3 4 5 6 7 8

O e

300bp
200bp

308Ep -

<J2> PPV CP 5985 F/ PPV CP 887 R(200 nM)2 AtZstol EFELMA|Z0|M PCR(Ta: 57 C) =& &
2} M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100
pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg
plasmid DNA, 8: 1 fg plasmid DNA.
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M=z E2HEl PPV Hio|{A Z2lo|H (PPV CP 5985 F/ PPV CP 887 R)2t &t st T FE A

=
AE510d 2|=2At (rTaq, Takara)Zt =LHAF (Tag DNA polymerase, BioFACT)2| SgtaAES that
1

Z PCR 2% £82 blI5IYS. PCR 2822 EXUMAIRS| 2240 3|43}

X buffer, 0.05

mM dNTP (0.12 mM dNTP, BioFACT) ), 200 nM downstream primer, 200 nM upstream primer,
Tag DNA polymerase (5 unit)& AF235101 PCR (Ta: 57 C)& 30 cycles =3I S. 11 21} =4

SHELECH T SEEN0M EELHAZL| 1 fg7tX| SZFE DAN fragmentsE & o MYt

=35

A

ol

—

[ PPV HH

<Szop

fo|st & oloje

T M=

Z2l0|HE ALESI J|FAME dEE

300bp
200bp

R

309Bp -

<J2> PPV CP 5985 F/ PPV CP 887 R(200 nM)&t rTaqg(Takara)& At8sto] =50t 430|AM PCR(Ta:

57 C) ¢ &
pg cDNA, 4: 1
positive clone.

2}, M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100
0 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng
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TR 'I lll””’l

— 300bp
300b| = 230 bp
20065 - o 200bp

A=

300bp

20068 300bp -

200bp -

TR

<JZ> PPV CP 5985 F/ PPV CP 887 R(200 nM)2t Tag DNA polymerase(BioFACT)S ALE35td S5

of

450 A PCR (Ta: 57 C) =8 Z2} M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng cDNA, 2: 1
ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1

fg cDNA, 9: 10 ng positive clone.

MZ Het=

2
Hl
oo
m
rir
o T

PV Hfo|2{A Z2lo|H(PPV CP 5985 F/ PPV CP 887 R)E AL835t04 PPVL| 7|FAlE

Sof 4Z0l| CjAto R HlSo|Hol BS of2E 9|2 UYL BEEASS ARSI

HIEAM S 532, 250} 422 RNeasy Plant Mini Kit(Qiagen, Germany)2 AF23510{ total RNAS
FZ&3H Z, 1000 ng total RNA2} hexamerE AlE5t0{ cDNAE A s5tY 5. &A=l cDNAE 108 o

= 5| MEH(10-fold serial dilution)2 2 3|A{510{ PCRE 3351 S. PCR &2t PCR 3 =42
|

=
EELYAEE MBS Wiet 28, O 23 5501 430M e 2F H[S0
=)
=

o Q=L LA SR RS0l HlW AoME 25 H[E0|Hel B3-S EO|X| $US.

<X|FHZ|>
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Takara BioFACT

M 1 2 3 4 5 6

300bp -
200bp -

T TR YT

<> PPV CP 5985 F/ PPV CP 887 R(200 nM)& AFE3t0] x|7{2|ollA PCR (Ta: 57 C) ==& Z=}.
M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 p
cDNA, 5. 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

g

PPV Hfo|{A Z2l0|H(PV CP 5985 F/ PPV CP 887 R)& AtE5to] PPVl 7|FAIE0
A2 E tefe 2 HIE0|Hel g o{F 5 =ikl Uit SREa LSS ARSSHo|

4 ==
o

. X|7{2|Z RNeasy Plant Mini Kit(Qiagen, Germany)S AF235H0 total RNAS F£&8 =, 1
total RNA2} hexamerE AF2510{ cDNAS g.“};op'g M=l cDNASE 108 945 5[AH(10-fold

lI

serial dilution) 22 3|445t0f PCRE =3l of S. PCR 2Z&t21} PCR & =H2 ZFAMAIZE Al
3 s et 23, 1 Zof X[HE|ME |— |20l HtSS HO|X| 2tS. ESH =4tn =

Wik SeteaS9| vlu ZoME 2% |j|—. |5l 832 HOIX| $US.

<Z2H{>

Takara BioFACT
M 1 2 3 4 5 6 M 1 2 3 4 5 6

. <& <=
200bp b

200bp

<J8> PPV CP 5985 F/ PPV CP 887 R(200 nM)& AlEst0{ EEHAIM PCR(Ta: 57 C) =& Zx M:
1kb plus DNA marker (Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg
cDNA, 5. 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

PPV Hlo|2{A Z2l0|H(PV CP 5985 F/ PPV CP 887 R)E AM&35t0{ PPVe| 7|FA S0 8t 2
EHE LR H|50[H2 HE 6{FE o7t I SEELSES ARSI HIEM S S
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<. X|7#{2|Z RNeasy Plant Mini Kit(Qiagen, Germany)S AF&35H09 total RNAS F£&8H =, 1000 ng
(

total RNA2} hexamerE ALE35104 cDNAE M oI%S. 2HAE cDNAE 108 915 3|A8(10-fold
serial dilution) 22 35|45t0] PCRE T35IS. PCR 222t PCR 8 T2 EFAMAIRE Al
S et 5. 1 21 E2HOME 2F H|S0|Hel B3-S HO[X| ks, £, 2(Fotnt =
LA StEAE0 Hlu ZIoME 25 H[S0[HQl H3E HO[X| LU=,

[1BRRSV A& Z2I0|HE ALEEr 2EAMAE A4 21t
- BRRSV CP 115 F/ BBRSV CP 713 R

Takara
200 nM, 60 °C 300 nM, 55 °C 300 nM, 53 °C 600 nM, 53 °C

M 12 3 4 5 6 7 @ M 1 3 4 85 & 7 8 M 1 2 3 4 % & 7 8

M 1 2 3 4 5 6 7 &

G50p
S006p

sty
= | G

30 -
oy -

BioFACT
200 nM, 60 °C 300 nM, 55 °C 300 nM, 53 °C 600 nM, 53 °C

M 1 2 3 4 5 6 7 8

M 1 2 3 4 5 6 7 8 M 1 2 3 4 5 6 7 8 M 1 2 3 4 5 6 7 B

Soeen ] 4= ssnte- s

<J2> BRRSV CP 115 F/ BBRSV CP 713 Re| Cist =2t Ta 2L & AR50 EEAMA|Z0AM PCR
=& A1t M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3:
100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10
fg plasmid DNA, 8: 1 fg plasmid DNA.

MZ 22tz BRRSV Hio[2{A Z2}0|H(BRRSV CP 115 F/ BBRSV CP 713 R)2t &t $F QM A|
2E AE5I0] 2/=2HiTaq, Takara)Zt =LiAHTag DNA polymerase, BioFACT)S| &ataa=S O
AMOZ PCR AY 288 H|WsIUS. PCR =2 EZAUMA|Z| ZtZte| s|AMMHTl 1 X puffer,
0.05 mM dNTP 0.12 mM dNTP, BioFACT) ), 200-600 nM downstream primer, 200600 nM
upstream primer, Tag DNA polymerase (5 unit)& AF25t0 PCR(Ta: 53-60 C)& 30 cycles T3
SIS, 11 Z3F 200 nM pimers(Ta: 60 C) oIM= 1 ng(rTag, Takara) == 100 pg(Tag DNA
polymerase, BioFACT) EZUMAIR SE7HX|2H SZ= DNA fragments7t 2HEHE[RIS. 300 nM
pimers(Ta: 55 C) M= 1 pg EELMHMAZR 7K SZEE DNA fragments7t 2HEEQS.
300 nM pimers(Ta: 53 C) oAM= 100 fg E=LMA|Z SE7HK|2H S ZE DNA fragments? b 2H&f
=[S, 600 nM pimers(Ta: 53 C) M= 1 fg EEUXMAZ ZT7HK| SEE DNA fragmentsZt
BHEtE|Ql 2. w2t AfE 22HEl BRRSV Hio|2{A Z2lo|HE PCRE2 $3gt mf, 600 nM pimers =

£} 53 T 2%(Ta)E Azt
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[1BBRSV &4 Zz2l0|HE ALESIY| 7|34 = AEAn

Takara BioFACT
4 5 6 7 8 9

M 1 2 3 4 5 6 7 8 9

650bp -

650bp -
500bp -

500bp -

LLLLRU R

<J2> BRRSV CP 115 F/ BBRSV CP 713 R(600 nM)& ALE35t0d EFH|2[0M PCR(Ta: 53 C) =3 Z
2}, M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10
pg cDNA, 5. 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

BRRSV Hto|2{A Z2l0|H(BRRSV CP 115 F/ BBRSV CP 713 R)E AF&3t0{ BRRSVY| 7|54 =0

ZotEl= SFHEE AR H|E0|XMol HtE 012 E 2= FLM SREAES ARSSI0{ H|w
=M 3 519 S. 2FH2| AlZA oA DNeasy Plant K|t(Q|agen)E APROM DNAE F&5H &, 10t)
= 3|MH(10-fold serial dilution)2Z 3|A5t0f PCRE 85I S. PCR 2&=2 PCR %ﬂ =
2 ETUMHAZE ARBES et 25, O 20 SFHElAM 25 |j|—. |Mol BtS S HO|X| 2Lt
= E5H (I UM SRtEASe| v ZIoME 25 H| 50Xl vt3E EO|X| 2LUS.

[J BIScV A Z2l0|HE ASE ZELYAIR AHY 2o
)

- BIScV 8061 F/ BIScV 8417

oy
-
L
(@)}
(@)
2

Takara

400bp -
300bp -

-—
—
—
—
-
-—
-
[
-

prs

<J2> BIScV 8061 F/ BIScV 8417 R(200 nM)E AlE35t04 EFEAAA|Z0|M PCR(Ta: 60 C) = Z 1t
M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100 pg
plasmid DNA, 4: 10 pg plasmid DNA, 5. 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg plasmid
DNA, 8: 1 fg plasmid DNA.

MZ Hel=| BIScV Hio|2{A Z2Io|H(BIScV 8061 F/ BIScV 8417 R)2} &t St EZQUMA|EE AL
5t 2|=4HrTag, Takara)t =LiAHTag DNA polymerase, BioFACT)S| EgaA~ES Cjale=z
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St

=8

PCR 44 &2 H|UW3I%U=. PCR
dNTP(0.12 mM dNTP, BioFACT) ), 20

DNA polymerase(5 unit)& AF235H0] PCR(Ta: 60 C)& 30 cycles =3

=
0

s2Ect oM BRI EESMAIRS 1 fg7hx ZEE DAN
sols 4 UUS.
1 BISoV 2 ZRI0IHE AFESI0 7|FAIZ HEAT

2 EFLMAIRS| 212te| 3|MUnt 1 X puffer, 0.05 mM

nM downstream primer, 200 nM upstream primer, Tag

1SIR=. 1 2ot Ifdh S

fragmentsE & O MYESHA|

Takara

BioFACT

4 5 4

—_— —_—
— —
— —
-— -—
— —
—e o

400bp -

400bp -
300bp -

300bp -

5 6

o

<JZ> BIScV 8061 F/ BIScV 8417 R(200 nM)2 AlE235l0y EF
1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA,
cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA,

Hi2[olAl PCR(Ta: 60 C)

=& Aup M:

3: 100 pg cDNA, 4: 10 pg
9: 10 ng positive clone.

BIScV HiO|2HA Z2}0|H BIScV 8061 F/ BIScV 8417 R)E AFE35I01 BIScve| 7|FAlS0| 2&= &=
—?tﬂlﬂlE A E H[S0|Mel S {FE =4t ZUjit SetEAES AHESI0] B EM S 5t
F=. EFHZIE RNeasy Plant Mini Kit(Qiagen, Germany)2 AF23510{ total RNAS F&8t %,
1000 ng total RNA2} hexamers AF23510]1 cDNAS EHASIGS. M=l cDNAS 108 1% 5|4 H
(10-fold serial dilution) 22 3|A{5t0] PCRE &5t &. PCR 221 PCR &8 =712 E& ¢
AZE ALSRE et 23, O 21 EFH2loM 25 8| S0|&el HE2S Ho|X| 243, E3t 2
ot UM Betease| dlw ZIME 25 d|50[XMel HS S HO|X| LUS.
[J CNRMV ZAd ZZ2|0|HE AtEet EEUMAIZ AY 21t

— CNRMV CP 50 F/ CNRMV 31
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Takara
200 nM, 60 °C 300 nM, 57 °C
3 4 5 6 7 8

M 1 2

300bp -
200bp -

€& | o
BioFACT

200 nM, 60 °C 300 nM, 57 *C
2 3 4 5 6 7 38 M1

1

2 3 4 5 6 7 8

—
| —]
—
—
—
e d
-
—
—
—
—
—
3

300bp -
200bp -

<JZ> CNRMV CP 50 F/ CNRMV 311 Re| 5£2 Ta £ & CI=2H 5t0] EEUMA|Z0A PCR 3
A1} M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100

pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg
plasmid DNA, 8: 1 fg plasmid DNA.

M=Z 22t CNRMV HEo[2A Z2[0[H(CNRMV CP 50 F/ CNRMV 311 R)2t St $F =k A|
AE3510{ 2|=2HrTaq, Takara)Zt =L{4HTaqg DNA polymerase, BioFACT)2| S&a 4SS Cf4t
PCR 4% 82 H|WSI¥S. PCR 2tE2 EEYHAIR Z42te| 5|MlTt 1 X buffer, 0.05 mM
dNTP(0.12 mM dNTP, BioFACT), 200-300 nM downstream primer, 200-600 nM upstream
primer, Tag DNA polymerase(5 unit)E AF8st0 PCR(Ta: 57-60 C)& 30 cycles T35l

Z1} 200 nM pimers(Ta: 60 C) oAM= 10 fg(rTaq, Takara) E+= 100 fg(Tag DNA polymerase

BioFACT) EZMAIR SZ7HX|2H SZ&E DNA fragments7F ZHEHE|1S. 300 nM pimers(Ta: 57
210

=
Iz
o

Hu o o

o

T) PCR =M= 2=tz LA Betaa 25 1 fg EEUMAME SZ7HK| SZ= DNA
fragmentsﬂ T.;F’SEI%% w2t A2 22kEl CNRMV Blo|2{A Z2lo|HE PCRE agf mf, 300
nM pimers SE2} 57 T 2%(Ta)s HEE

— CNRMV CP 244 F/ CNRMV 541 R
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Takara BioFACT
M 1 2 3 4 5 6 7 8 M 1 2 3 4 5 6 7 8

300bp
200bp

s

<JZ> CNRMV CP 244 F/ CNRMV 541 R(200 nM)2} & &5F2| Tag DNA polymeraseS 22+ AlE5H07
EZUMAIZOM PCR(Ta: 57 C)==& Zx}t. M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid
DNA, 2: 1 ng plasmid DNA, 3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA,
6: 100 fg plasmid DNA, 7: 10 fg plasmid DNA, 8: 1 fg plasmid DNA.

300bp -
200bp -

ZOHMA|

=5}
k

MZ 22kl CNRMV Hio|2A Z2}0|H(CNRMV CP 244 F/ CNRMV 541 R)2} &t st

£ AI83510{ 2|=4HK1Tag, Takara)2t =L &HTag DNA polymerase, BioFACT)2| Sta4sS O
SZ PCR Y &&82 H|Wsl¥S. PCR =22 EFZAMAIRS| ZtZto| s|MoHnt 1 X puffer,
0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream
primer, Tag DNA polymerase(5 unit)& AF2510 PCR(Ta: 57 C)& 30 cycles T&lsisS. 1 21}
IU A SR EAECH 2ZM ZREA0M EELXMAIRL 1 fg7lX| ZZFE DAN fragmentsE & H

MU &g = AUS.

0z

[JCNRMV &E ZZ2l0|HE AESI 7|54l 4820

<2Zo0p
~ CNRMV CP 50 F/ CNRMV 311 R
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il

300bp -
200bp -

'eRne
‘TR

300bp
200bp

=
-—
—

=
-
-
w
—
L
L
[E

rReeN

300bp
200bp %Ep B
p-B

<J8> CNRMV CP 50 F/ CNRMV 311 R(300 nM)2} rTaqg(Takara)S AFE5t0d S&0F 4850|M PCR(Ta:
57 C) =& Z1}. M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg
cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng
positive clone.
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300bp

300bp 2000p

200bp

300bp

200bp 300bp

200bp

LLLLRR | A

e

<ZJZ> CNRMV CP 50 F/ CNRMV 311 R(300 nM)2} Tag DNA polymerase(BioFACT)E At23510{ E5ot

450 A PCR(Ta: 57 C) =& Z=Z}. M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng
cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg
cDNA, 9: 10 ng positive clone.

CNRMV Bto[3{ A Z2to|H(CNRMV CP 50 F/ CNRMV 311 R)E ARE35to{ CNRMVE| 7|54l =]

i
= S50t 4350 tietez H[S0[Ael BtE ofFE 2(=iat LM SR LSS AFESH0] ljII’L

e

2ME SIS, 5501 452 RNeasy Plant Mini Kit(Qiagen, Germany)2 AF235}H0{ total RNAS F
Z3H %, 1000 ng total RNA2} hexamerE AFE35104 cDNAS &“}JOFO:'E M=l cDNAS 108l o1
5| M (10—fold serial dilution)2 2 3|4{5l04 PCRE 3519 CR =221 PCR =& =712 %
ZTUMAZE ALBRIE Mot 25, O 21 550t 430M= E—H:— H|SO0|H2l B82S HO|X| LU=
CESh o=t JUiM SREASO| Hlw ADoME 25 H[S0[XQl HZS HO[X| AU,

- CNRMV CP 244 F/ CNRMV 541 R
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AU B D

1
L ]

300bp -
200bp -

SRR R

300bp -
200bp -

Ju—
-
-
-—
—
—
-

300bp -

300bp -
200bp -

200bp -

Tl
Ly

<Z1%> CNRMV CP 244 F/ CNRMV 541 R (200 nM)2} rTaq(Takara)& Al25t0{ 250t 450M PCR(Ta:
57 C) =& Z1}. M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg

cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng
positive clone.
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30085 -

300bp
200bp

so0be - @ €

200bp -|

<Z12> CNRMV CP 244 F/ CNRMV 541 R(200 nM)2} Tag DNA polymerase(BioFACT)S AF23510{ S50}
450 A PCR(Ta: 57 C) =& Zz}. M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng
cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg
cDNA, 9: 10 ng positive clone.

CNRMV Hto|2{A Z2}0[H(CNRMV CP 244 F/ CNRMV 541 R)E ALE35101 CNRMVL| 7|34l =0f =
2= S50t 4500 tHAo 2 H|50|Hel g o fE o|=Lk I M SREASS AFESH0 |jIJT’_

M S SIS, 550t 432 RNeasy Plant Mini Kit(Qiagen, Germany)2 P 5t 01 total RNAS &

&%t =, 1000 ng total RNA2t hexamerE AE5t0]1 cDNAS %‘QoP@'E M=l cDNAS 108l oI

5| M (10-fold serial dilution)22Z 35|A4{5l0{ PCRE T35l CR =gt= PPCR Tl xS E

TUHAZE ARSI S W2t 23 O 2o 5501 4B0M= E—H:— H|SO0|H2l B82S HO|X| LU=

LESh o=t JUiM SREASO| Hlw ADoME 25 H[S0[XQl HZS HO[|X| LU,
<S>
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Takara

BioFACT

300bp -
200bp -

M

1

2

3

4 5

6 7 8

9

€

300b
200bp -

M

1

2 3 4

5 6

7 8 9

.

<J2> CNRMV CP 50 F/ CNRMV 311 R(300 nM)2t & &F<2| Tag DNA polymeraseg 22t AL&5107
HLIZoA PCR(Ta: 57 C) =8 Z2}. M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1
ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1
fg cDNA, 9: 10 ng positive clone.

CNRMV Hio|2{ A Z2}0[H(CNRMV CP 50 F/ CNRMV 311 R)E AFE35t0{ CNRMVE| 7|FAl=0f =
A

°*5|: HLIFE jate 2 H|E0|
SIS, HLF

1000 ng total RNA2} hexamerE AF23510 cDNA

(10—fold serial dilution)22 3|A5t04 PCRE 3

Xo| HiS
1= —O

HFE o=4ha} Ifd SEEAES AFSS10] B[ W EA

£ RNeasy Plant Mini Kit(Qiagen, Germany)S AF23510{ total RNAS F&3 7,

=2 SHM
= H+Ho

519 =. PCR 2¢

SIS, ®

AZE AIBRS et 25, O 23 HURoM 25 H[S0[A¢l ,
A UM BetaAse| Hlw ZIoME 25 H|[S0|XMQl HESS HO|X| 2tS.
Takara BioFACT
M 1 2 3 4 5 6 7 8 9 M 1 2 3 4 5 6 7 8 9

300bp
200bp

e

300bp
200bp

@

<JZ> CNRMV CP 244 F/ CNRMV 541 R(200 nM)2} & &F2| Tag DNA polymeraseS 22+ AlE5H07
HLEFo|M PCR (Ta: 57 C)
1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8:
1 fg cDNA, 9: 10 ng positive clone.

CNRMV Hto|2{A Z2}0[H(CNRMV CP 244 F/ CNRMV 541 R)E

2el= HULRE ALz H[ S0

=3 A1} M: 1kb plus DNA marker(Thermo Fisher), 1:

Xo| HiS
1= —O

o7
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S oSI¥S. HLFRE RNeasy Plant Mini Kit(Qiagen, Germany
1000 ng total RNA—QF hexamers AFE35H0 CDNAZ %‘QOF‘?&% 25
(10—fold serial dilution) 22 3]A{5l0f PCRE =519 CR 22

AZE AIBHE Mot 5. O Z3 "R 25 |

AT} 2UjA BEEAS] BT HIPIME D5 B|S0|H

ﬂJIO
OFO
ol
)
S
o
By
=
P
i
o
M
o
o

[JLChv-1 HE Z2l0|HE ASS ZELUAR 48 21

- LChv1 11929 F/ LChv1 13255 R

Takara
200 nM, 58 °C 300 nM, 55 °C
1 2 3 4 5 6 7 8

1500bp -
1000bp -

1500bp -
L - - [

=/
=
—_
-_—
—
—
- —
—
—
—
—
—
-

BioFACT
200 nM, 58 C 300 nM, 55 °C
1500bp -
1000bp - B=5
__;_ 1500bp -
R 1000bp -

—
—
—
-_—
-
-
-
-
-
-
-

<JE> LChV1 11929 F/ LChV1 13255 Re| &2t Ta 2L E CI=2A 35t EEUMA|Z0A PCR 3
A1} M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100

pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg
plasmid DNA, 8: 1 fg plasmid DNA.

MZ E2t= [Chv-1 Hlo[2{A Z2l0[H(11929 F/ LChV1 13255 R)2} EE S EFUAMAIR
5t 2|=4HKrTag, Takara)t =LiAHTag DNA polymerase, BioFACT)2| EgtaA~=S Cf
PCRAM 282 H|1WsIUS. PCR 222 EZUMA|Z | 2t2to| 5| M1} 1 X puffer, 0.05 mM
dNTP(0.12 mM dNTP, BioFACT), 200-300 nM downstream primer, 200-300 nM upstream
primer, Tag DNA polymerase(5 unit)& AF235+0{ PCR(Ta: 55-58 C)& 30 cycles T35

Z13} 200 nM pimers(Ta: 55 C)& AF2SH PCR ZZHOA = =4t LA S84 25 1 fg &

>

U

A

=

HU oo

mo
0>
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FAMAR SEHX| SEZE DNA fragments7t &= S, W2 M2 22b= [Chv-1 Hio|HA
Zz2lo|H= PCRE e mf, 300 nM pimers S£2 55 C 2%(Ta)s HZEEH

[JLChv-1 &HE Z2l0|HE AtSsto| J|FAlE HEZ

Takara BioFACT
M 1 2 3 4 5 6 7 8 9

M 1 2 3 45 6 7 8 9

1500bp -
1000bp -

E=m | o <4z==
1000bp

<> LChV1 11929 F/ LChV1 13255 R(300 nM)& A}E5t0 HLFFo|Al PCR(Ta: 55 C) =& Z1} M:
1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg
cDNA, 5. 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

LChV—1 H}o|2{A Z2}0[H (11929 F/ LChV1 13255 R)E AlE5t0] Lechv-12| 7|FAI 20| 285 &=
HUFE A H|S0|Hel 83 625 2o It SEAES AREsto{ d

. HLIZ-E RNeasy Plant Mini Kit(Qiagen, Germany)2 AIZ23510{ total RNAS F&8t £, 1

total RNA2} hexamers AFE35101 cDNAS &‘QOFOC‘O. MM El cDNAE 10t % 3|48 (10-fold

—
serial dilution) 22 3|445t0{ PCRE &5 R 2&t22} PCR T8 TH2 ETUMAIZE A}
23S Mt £5. 1 2o HLIRoM 25 HI: I&*.O._' IS S HO|X| AUYS. ESH ZFokn} =L
A Bt Ase HW BT 25 H|50|XQl HE S HOIX| LUS.

[JLChv-2 &#E Z2l0|HE A ZELUAR 48 21
R

- LChV2 5449 F/ LChV2 6206
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Takara
200 nM, 60 °C 200 nM, 57 °C
3 4 1 2 3 4 5 6 7 8
-
| - )
ol = - =
-
-
BioFACT
200 nM, 60 °C 200 nM, 57 °C
M 1 2 3 4 5 6 7 8
— -
== 850bp -
ggg:z- - _ 650bp —
= - -
<38 > LChV2 5449 F/ LChV2 6206 Re| Ta 2L & CI27| 5101 ZEAMAIZ0A PCR & Zz} M:

1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100 pg plasmid
DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg plasmid DNA,

8. 1 fg plasmid DNA.

23510 2|=2HiTaq, Takara)2t =L{4HTaqg DNA polymerase, BioFACT)2| SEtaAE8 tjaez
PCR A& 82 H|WSI¥S. PCR =2 EEYHAIR Z42te| 5|MlTt 1 X puffer, 0.05 mM
dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream primer, Taq
DNA polymerase (5 unit)E AF23510{ PCR(Ta: 57-60 C)& 30 cycles T&35l%S. 2 Z2} 200 nM
pimers(Ta: 60 C)E AFEEH PCR =M= /=4t Uit ZSetgd 25 10 fg EEUMAZ
SENIX|2E SZE DNA fragmentsZF 2H&HE[21S. 200 nM pimers(Ta: 67 C)& AF2SH PCR Z=Z10f|
Me eZom UM SEED B5F 1 fg EEYMAR ST7HX| 3=E DNA fragmentsZt 2HEHE]
2t A2 2=l LChv-2 Hiol2{A Z2l0|HE= PCRES &g M, 200 nM pimers ST 2F

[} K=
57 C 2%(Ta)s HEE

=K

[J LChv-2 HE Z2lo|HE ALZ35Ho 7342 HEZE
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Takara BioFACT
4 5 6 7 8 9 M 1 2 3 4 5 6

M 1 2 3 7 8 9

850bp
650bp

850bp
650bp

<J8> LChV2 5449 F/ LChV2 6206 R(200 nM)S AtE5t0] HLFFO|A PCR(Ta: 57 C) =8 Z3} M:
1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg
cDNA, 5. 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

LChV-2 Hfo|2{A Z2|0|H(LChV2 5449 F/ LChV2 6206 R)E AI=23510{ Lchv-22| 7|FAlZ0f =&

= HURE oo 2 H[S0|AMl HhE 012 E =M ZLM SREASS ALSSI0] H{nEME

5199 2. HLIZE RNeasy Plant Mini Kit(Qiagen, Germany)2 AF23510{ total RNAS F&8t %,

1000 ng total RNAR} hexamerg AFZSH0]1 cDNAE HASINS. &

(10—fold serial dilution) 22 &|4{5l0f PCRE Tdsl¥=. PCR 2=

AZE AIBHE Mot 25, O Z3 "R 25 H|S50[XQl ghg5 HOo|X| LUS. ESH 2=
N

L LA SR e S| vl 2oL 25 HIE Eave=)

°
2
o
=
0lo
o
HT
o
A

<3xAE AFHE>
1) 7|= AARH (Z2jo|H)ol| st SMA} 7|8t MMM HE
7h diolz{A 630 cist HAl REX HE EHE

ylo] A SR A g2 (NCBI accession no.)
Banana bract
m%séaéc M\(}gus NC_009745, KT456531, DQ851496, HM131454, MG758140
r

NC_003473, EF593169, JF957653, JF957654, JF957655, KM607518, JFI57656,
JF957657, JF957658, IN520595, JQ820461, JX170763, KM607446, KM607447,
KM607448, KM607450, KM607451, KM607452, KM607458, KM607459, KM607465,

Banana KM607468, KM607490, KM607491, KM607493, KM607494, KM607495, KM607497,
" KM607498, KM607499, KM607500, KM607501, KM607502, KM607503, KM607504,
bunchy top KM607505, KM607511, KM607514, KM607516, KM607519, KM607520, KM607521,

virus (BBTV) KM607522, KM607524, KM607528, KM607529, KM607530, KM607532, KM607535,

KM607537, KM607537, KM607538, KM607539, KM607540, KM607541, KM607553,

KM607554, KM607558, KM607567, KM607576, KM607581, KM607584, K759877,
KY427064, MK140619, MK140620, MK140621

Carnation
necrotic fleck NC_038419, LC480257, GU234166

virus (CNFV)
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Colombian
datura virus
(CDV)

NC_020072, JQ801448, MW075268, AJ237921, AJ237923, AJ237922

Cowpea
chlorotic
mottle virus
(CCMV)

NC_003542, M28818, HQ611268, HQ611271, AF325738, AF325741, MK046913

Tomato
chlorosis virus
(ToCV)

NC_007341, KJ200305, MT279195, KY810787, KJ200309, MF795557

ojl=3 I ME=MEME (National Center for Biotechnology Information, NCBI)ol S5=! 65 H
A (BBrMV, BBTV, CNFV, CDV, CCMV, ToCV)=2| Y7IMLE=S [Z]2} &0| =25t &=
O:

===

HIO|B{A SO HIIMES2 7|&E HAMOIM AEEL A= ZE2lo|HE2| H7|MES2t Bl WS}

2fo|Hel MYHE elsts o =32,

LY In silico 7|

=Mg set Zalo|H HYd H4

[#] 65 Hio[2{A S0l CHet 7|& HAFHOIM ALSEL e Z2fojH FHE

B o

Hho] 2 =

HAWE AAEEEeIH)

Talolw HE Ztolm g
BBrMV 2 BBrMV-F1/R6, BBrMV-F4/R4
BBTV 2 BBTV-F1/R7, BBTV-F5/R7
CNFV 2 CNF-C60/N10, CNF-C40/N10
CDhV 2 CD-F(CDVD)/R(CDV), CDV-1F/1R
CCMV 3 CCM-C60/N01, CCM-C50/N01, CCM-C5h3/N01
ToCV 1 ToCV-1F/1R
] BBrMV Z2fo|H M™M Y
[E] BBrMV Z2jo|H HE
Blo]H 2 Zgtold olF | G7/IME B’ > 3%) +>Z37] (bp)
BBrMV-F1 GAGTCAACCAATGATGATGA 629
Banana bract mosaic BBrMV-R6 AGTGTTTGACCCACGAATAG
virus (BBrMV) BBrMV-F4 | CTCGAATTAAACCGATGACT _
BBrMV-R4 ATATCTCTCCGTGACATTGC
F1/R6

BBrMV-F1 32| MY 9|

NP —

BBMV-RE B7| M E H#|

BBrMV-F4 @7 M E 2|%]|
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U

BBrMV Hio|2{Aol CHEE 7|& ZHAROIM ALEE= Z2io] 71M =4 BBrMV
isolates/strains HFO[2{A HI7|MAEZDL in silico 24 Sdfl U1 FASIUS. <AB>A EoiF=
AMH 7|& AAtEo| ARg=l= Z2lo|lH E7|MLEE2 z[4l BBMV isolates/strains E7|MEE2
CHAFS 2 glignment 241 A} H| WSS M, BBrMV isolates/strians E7|MYE & 22 H7 (ML
2 7K1 A= /AECke ME T2 GY7|IMEE 7K1 A= !RoM HME=EASE &elsiNE.
w2tA BBrMV dio|2{20f CHet 7| & ZARHO| ALE S Z2j0|HS2 CHA| Eelsto] Miate Zed

o AS.

[1BBTV Z2lo|lH AEd HH
[E] BBTV Z2jo|H ME

Hpoj 2 & Zalold olF  E/INE 6° —>3%) Z=Z 37 (bp)
BBTV-F1 CAGACAACAAATGGCTAGGT .
Banana bunchy top BBTV-R7 TGCCAAATACAAATAATCCA
virus (BBTV) BBTV-F5 CGAAGAAATCCATCAAGAAG 439
BBTV-R7 TGCCAAATACAAATAATCCA

F1/R7 F5/R7

BBTV_F1 87| ME A
_FLHANE A BBTV_F5 &7/ 4 2%

| | 1

BBTV_R7 &7 M #1%

BETV_R7 &7 M 2%

<a> In siico 7|8 BAS S8t BBTV ZajolH HEA 24 At

BBTV dio|2{Ao] CHst 7|& ZAMHOAM ALEE= Z2l0|H HIMLASE a2 =4 BBTV
isolates/strains HIO|HA FI7|MLEST in silico @M &5l Hlw EAMst¥s. <AB>HM HoiFe
AMH 7|& AAHo ALEE= Z2jo|H EY|MES2 =4 BBTV isolates/strains G7|MEES of
AO 2 glignment 241 Znte} H|WSIH S 1w, BBTV isolates/strians F7|MYE & Z2 Y7 |MLES

7K1 A /A ECkE M2 O GI7|ME 2 7KL U= XM ME=ASS 22
M BBTV Hio|2{A0f CHSH 7| & AARHO| AR = Z2l0|HE2 CHA| E2tsto] Hzket 2 oMol

o

[=]H

[1 CNFV Z2jo|H MEd 43
[E] CNFV Z2jojH H&
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glo]H 2 Zglole o]F  E7/IAE G’ —>3°) ZZ37] (bp)
CNF-C60 GGCGTAAGTGTAAATACCTTGC 988
CNF-N10 TTGCGTCAACAGGATTCC
Carnation necrotic CNF-C40 ATTGTAACCACTCAAGGTGACG 477
fleck virus (CNFV) CNF-N10 TTGCGTCAACAGGATTCC
CNF-C70 AACCCATCTCTTGAGGTCG 147
CNF-N10 TTGCGTCAACAGGATTCC

N10/C60 N10/C40 N10/C70

CNFV_N10 87148 71 CNFV_N10 @748 CNFV_N10 87148 71

oNF_CTo B71MF B

<3J8> In silico 7|8t 248 St CNFV Z2jo|H MM 24 Z1t

CNFV dfolz{Aof CHSE 7|& HAMHOAM A== Z2lo|H FY7|IMASS etz =41 CNFV
isolates/strains HIO|HA FI7|MLEST in silico M &8l Hlw EAMst¥s. <OB>HM HoiFe
AMH 7|& Aol ARBE[= N10, C40, C70 Z2jo|H FI7[MLEE2 |4 CNFV isolates/strains
FIIMLEES a2 alignment 241 22t} H| WIS W, CNFV isolates/strians &7 (ALt &
x| == fixloll MZHo| =lof ASS &l S, 2L Ce0 Z20|H FI7IMER ME e HIIMY
ES 7KL U= HxIoM ME= S, w2t CNFV Hio[2{ 20 Cist 7| & HAPHO| AlEE= =2}
O|HE & C60 ZZ2|0|HE CHA| Eetsto] Mt oMol US.

[J Cov ZzlojH HyY #HY
[¥] CDV Zz2lo|H HE

Hio]H 2 ZztolH olF | F7IAE B > 3%) 5%=7] (bp)
CD-F(CDV) | GCTGATACAGTTGATGCCG 831
Colombian datura virus | CD-R(CDV) | TAACCTCTAACCTTGACGCACAC
(CDV) CDV-1F | ATTCTCGAGCAAGCACCCTA
CDV-IR | AATGCATAGCGGCTCAGACT

803

CD-F/CD-R 1IF/1R

CO_F{Cov) B71M # #x| COV_1F 874 @ S

i wszn (5] a0 [ nsrn e a0 0 8320 L] B340 B350 BIE0 [:0] 300 5390 Ba00

hen

M

<3®> In silico 7|8 24 & St CDV Z2jo|H MYM &4 Z1t

CDV Hfo|2{2ol Chet 7|&E HAMHOIM A== Z2jo|lH FHIIMESS o=
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isolates/strains HIO|HA FI|MLEST in silico 24 &35l Hlw EAMst¥s. <AB>HAM 2o
RAME 7|& AAPHo| AFSEl= CDV-1R Z2jo|H ¥Y7|MP =2 =&l CDV isolates/strains 9:.:'7|A1°é
S8 A2 Z alignment 24 7*3—'}—% H| WSS M, CDV isolates/strians E7|ME 1}t AX| == £
x|oll ®=Zfo| =|of USS &5t 2. 1Lt CD-F, CD-R, CDV-1F Z2lo|H Y7 |MEE2 M2 c}
2 F7IMLE e 7K Ue -?IXIOHH HZt=|QlS. w2t CDV Hiol2{Aol CHH 7|& HAKHO| AL
== Z2}o|HE & CD-F, CD-R, CDV-1F Z2l0|HE ClA| Ee2ksto] Mzt 2o Mol US.

[J CCMv Z2jo|H MPd HE
[E] CCMV Z2jo|H ME

Blo] g 2 Zgloly o]F | A7IAHE B > 3%) Z=Z37] (bp)
CCM—-C60 | ACAAACGATAGCCGGAAGACTA 61
CCM-NO1 | TCCCGTGAGCAGCGTTTACATTACT
CCM—-C50 | ATCTCTGGATCTTGCTCGTCAGTC 067
CCM-NO1 | TCCCGTGAGCAGCGTTTACATTACT
Cowpea chlorotic CCM-C53 | CTTATACATAGGTGCGTACTGCT 524
. CCM-NO1 | TCCCGTGAGCAGCGTTTACATTACT
mottle virus CCM-C60 | ACAAACGATAGCCGGAAGACTA
(CCMV) CCM-NO7 | CAAGAACACTGGTAGTAGAGCT 253
CCM—C53 | CTTATACATAGGTGCGTACTGCT 435
CCM-NO7 | CAAGAACACTGGTAGTAGAGCT
CCM—C60 | ACAAACGATAGCCGGAAGACTA 205
CCM-NO5 | AAGCCGGCGCCCAGGATGATATGT

N01/C60 NO1/C53 N01/C50

<3B> In silico 7|8 24& St CNFV Z2jo|H MHEM &

1=
N
i)

CCMV Hlo[z{Aof CHEE 7|& ZAAIHOIM A== Z2lojH EI7IMEES
isolates/strains HFO[2{A HI|MAEZDL in silico M Sdfl Hlul FMSIUS. <AB>A EoiF=
MY 7|& AAHo| ALE == Z2lo|H HY7|MPE2 #4 CCMV isolates/strains B7|MEES
AO 2 alignment 24 A} H|WSIR S M, CCMV isolates/strians G7|MYE & &2 GI7IMES

71 e fIAIECk=E ME2 CE F2IME S 71X A= !X HE=ASE 2elslils. w2t
M CCMV Hlo|2{A0f st 7| & AARO| ARZE= Z2j0|[HE2 CHA| Eetsto] AMatet Ze Mol

o

= .-
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[ ToCv Z2jo|H MEH HF
[E] ToCV Z2lojH H&

Hpo] 2 2 zgtolm o|F | A7IAE B’ —>3°) % =7] (bp)
(ToCV) ToCV-1R CGATATCTGGTGGGAGGCTA !
1F/1R
ToCV_1F B2 # A
ToCV_IR @714 2l
<3J8> In silico 7|8t #M&E &6t ToCV Z2jo|H MFM &AM 21}
ToCV Hio[g{2of ciet 7|& HAAMHOAM A== Z2lo|H FIIMESS etz =&l ToCV

isolates/strains HFO|2{A

AC 2 glignment

=4 Z1tet v

7|-X|_|_ AA: |7_(|EL_—|'E A‘IE EI‘% JIS=}
M ToCV Hio|2{ A0l CHst 7|& AAMHO ALEE= Z2lo|HE2 cHA| E2tsto] Matg 2 Mol U

o

= .-

ch Al =Z2jo|H HZ

2R ZZlo|H ¢

In silico 7|8+ 242 S50 65 HIO|HA

=
A& MESH] ®ESIR S,

(1 BBrMV Al Z2lo|H H&F

A7|IMLE2} in silico &M
AME 7|& A AREE= Z2lo|H F7|IMLS

(BBrMV, BBTV, CNFV, CDV, CCMV,

Z|Al ToCV isolates/strains
W3S 1w, ToCV isolates/strians @7|MY =
7ML S 7HX| 1 = YoM ME=EASS

2 Soff Bl 2MSINE. <a->M 2oiFE
=2 HI|IMHEES o
Ze2 HrIMEe

sjolsigie. w2t

ToCV)oll cist Af

BBrMV CP 8704 UP

BBrMV CP 9273 DN

B450 66 [ B8

BeaD e ame arz

74D a7

az00 sz azz0 70 azan 3250 azen a2 a0 920

BBrMV CP 8735 UP

(7] as arm e

20 #7I0 (0] a0 aren

<3Z> BBrMV Al Z2lo|H fIx| MH
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-

StH = £|A BBrMV isolates/strains2| 2| CHER 22lof HAYVIMUSS A2 Z alignment =415
Z3} BBrMV isolates/strains M2 22 HI7|IME S 71X = F/E MHSIH Al Z2o|HES
HZESIHES <agl>,
(] BBTV Al ZZ2l0|H XM=+
BBTV S CP 365 UP BBTV S CP 727 DN

<> BBTVAI Z2lo|H fI%] M™

-

StH = |4 BBTV isolates/strains®| 2| CHHA 2olof HIIMEZS HALZ alignment =415
'l MAsto A Z2O|HES

I, BBTV isolates/strains A2 &2 G7[MLES 71X Y= £9E MY
F

HZsiE <aEs>.

[J CNFV &l Z2o|H XM=

CNFV 9527 DN

9460 9470 9480 9490 9500

9420 9430 9440 9450
soedovrvnnwne oo bowwvvr v bonvvrronnbovvrrrwnalovrvvnnvnonbovvonneran oo

CNEFV TYPE PARTIA
CFNV_DC_LC480257 §
CNFV_USA_PARRTIAL §

Consensus agtgaaactcaaagcttttaacaagcaagget

ttacccgacttaatagccagcttocgtacgttgtatcattaa

ttacactrtacgc

<JE> CNFVAITE Z2jojH x| MH
7|& AAMHO|M ARBEl CNF_N10, CNF_C70, CNF_40 Z2}o|HE2 #|4l CNFV isolates/strains2|
22|o] HI7IMEES YA E alignment 2415 Z1p HI7|IMEE0| &
x|t F2I2 MEEAS. a2t CNF_C602 MZ CHE @7|ME S 7K1 Ue 792 HM2t=of
O] Z2}0|HE thAE &= Y= CNFV 9527 DN EZZ2|0|HE HZ5IES. CNFV 9527 DN Z2jo|H=
CNFV isolates/strains MZ Z2 F7|MAS 7K1 U= FIE MYsto] MESI¥UE <TED>.

heat shock-related protein &
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(] CDV &I+ Z2lo|H M=}

CDV 8509 UP CDV 8986 DN

CDV 8770 UP CDV 8908 DN

<J8> CDV Al Z2jo|H f{x| MY

el

%Al CDV isolates/strains2| |x| CHHEZ £2{9] 9:.:'7|A1°é§% A 2 alignment 2448t A1}, 7|

AARHOIM ARBE Z2lo|HE & CDV_1R Z2lo|Het HY7|MPE0| dx|sk= FRIZ2 ME=1D
IHX| Z2lo|HE2 MZ B2 g7IME2 7K1 = %—?IE HZt=|of Al Z2lo|HES &St
AZ. Z4l CNFV isolates/strains M2 #2 F7|MEE 7K1 A= F9IE MHsH0] CDV 8509
UP, CDV 8986 DN, CDV 8770 UP, CDV 8908 DN& A|&tst¥ & <&>.

¥

r

[] CCMV Al ZZ2lo|H HM&F

CCMV RNA3 265 UP CCMV RNA3 1007 DN

CCMV RNA3 522 UP CCMV RNA3 813 DN

<3Z> CCMV Al Z2lo|H 2| MH

CHAFS 2 glignment 2415 Z 1}
IX|1 U= B2 HEt=|of Al
el Mz &2 YI7IME S X2

st Z| £ Al CCMV isolates/strains2| RNA3 £2|e @7 |MHES
7|1& HAOM ALZE ZE Z20|HE2 ME CIE @7|ME s
IHES MZH5I%S. =4 CCMV isolates/strains2| RNA3 £
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U= F2IE ME5H0{ CCMV RNA3 265 UP, CCMV RNA3 1007 DN, CCMV RNA3 322 UP, CCMV

AT T

RNA3 595 DN, CCMV RNA3 522 UP, CCMV RNA3 813 DN2 M ZSI¥ S <ag>.

[] ToCV At Z2to|H A=t
ToCV RNA2 127 UP ToCV RNA2 750 DN

<3Z> CCMV Al Z2lo|H 2| MH

FE =l %A ToCV isolates/strainse| RNA2 £2[2] @F7|MEES A2 Z alignment =A1sh ZA1},

s
71& AAOIM ALSE Z2I0|[HER2 MZE CFE GI7IME S 71X s 292 HMAteof AlF =2t
O|HES MZIES. 4l ToCV isolates/strains2| RNA2 £2[2] MZ &2 HI7|IMEE 71X U=
H2|E MASI0{ ToCV RNA2 127 UP, ToCV RNA2 750 DN M|ZSIGS <ag>.

ChH EZUMAIZE 2tH
65 Hio|2{A S0l st AAIHUAM AIZE ZZUM AMZES in silico =M 2 7|8 Z z[HMo| HT|
o

Mg 2H3510{ DNA & & 224 g MY el 2Fdd ARSS 225193,

<OE> M= ZFAUMAIR M7|PE Z1} bp: base pair, M: 1 kb plus DNA ladder marker
(Invitrogen, USA).

2f) EEAMAIZE 0|88 ZetE ZzlojH AN el

=l £ ate 2 10 1% 3|A¥(10-fold serial dilution)22 3|AMet & HZHE =
2lo|H et 2hHl PCRE sdlisto]l O Z2jo|HS9| SlIATet M E &0l5i%a. PCRE
Lo A M AE Tag DNA polymerase(BioFACT) 2F =2[of|A] MAtE|= Tag D

A (
Takara)E ALE2510] H|W A S 3519 S. ILAD =M SEEAS0 HlwAH2 R |0

Q5P AFEEE T BLE UL E MY JisdE HAY = AS.

st

HI

=
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[1BBrMV &% Z2jo|HE AlSet EELMAIR Y 21t

- BBrMV CP 8704 UP/ BBrMV CP 9273 DN (Ta: 53 C)

Takara BioFACT

w50
50
500
400
300
200

100

<J&> BBrMV CP 8704 UP/ BBrMV CP 9273 DN(200 nM)2 ARZ2st0 ZFEAMA| =0l PCR(Ta: 53 C)
==& 23} M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA,
3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7:
10 fg plasmid DNA, 8: 1 fg plasmid DNA.

MZ 2 2k=l BBrMV Hfo|2{ A Z2}o|H (BrMV CP 8704 UP/ BBrMV CP 9273 DN)2} &2 $F Z &M
A2 E ALESI0] 2= 4KTaqg, Takara)zt =LtH4HTag DNA polymerase, BioFACT)2| S&as
Ao 2 PCR AY E82 H|WolS. PCR 222 ETZYMAIRY| ZH249| 5|A M1} 1 X buffer,
0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream
primer, Taqg DNA polymerase(5 unit)& AF235H03 PCR(Ta: 53 )= 30 cycles s S. 1 21}
=i ZRtE AL TN FREA BF0M EELMA|IZO 1 fg7lX| SEE DAN fragmentsE &
o|st ol%l\%_

A
P} T AR

- BBrMV CP 8735 UP/ BBrMV CP 9362 DN (Ta: 53 C)

Takara

BioFACT

bp

850
650
500
400
300

200

628 bp 500

bp

850
650

400
300
200
100

" B22bp

100

<J&> BBrMV CP 8735 UP/ BBrMV CP 9362 DN(200 nM)2 ARZ2st0 ZFEAMA| =0l PCR(Ta: 53 C)
==& 23} M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA,
3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7:
10 fg plasmid DNA, 8: 1 fg plasmid DNA.

MZ H2etEl BBrMV Hlo2{A Z2lo|H(BrMV CP 8735 UP/ BBrMV CP 9362 DN)2t 2t 5t & 24
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A2 E ARESH0] 252K Taq, Takara)J'—'P =LHAHTag DNA polymerase, BioFACT)2| S&aA~ES
A Z PCR AN 285 H|1WolNS. PCR S22 E=UMA|RS| ZH2to| 5T} 1 X puffer,

0.05 mM dNTP(0.12 mM dNTP, B|0FACT) 200 nM downstream primer, 200 nM upstream

primer, Taq DNA polymerase(5 unit)& AF235H0] PCR(Ta: 53 C)& 30 cycles T&si¥sS. 1 21
=M FEEAT UL BetaAECH EEUMA|RL 1 fg7hK] SZE DAN fragmentsE =telgt
T AU

[J BBTV A& Z2|0|HE ALSSH ZEMAE Ad Z1)
- BBTV S CP 365 UP/ BBTV S CP 727 DN (Ta: 55 C)
Takara BioFACT

N
(-
Ny
—-—
———
—
——
[—
J—
—
—

-

[ 363bp
\

<38> BBTV S CP 365 UP/ BBTV S CP 727 DN(400 nM)2 Al335t0] ZEXMA|Z0[A PCR (Ta: 55
T) =& Z1t M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA,
3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7:
10 fg plasmid DNA, 8: 1 fg plasmid DNA.

MZ Hek=l BBTV Hio|2{A Z2}0o|H(BBTV S CP 365 UP/ BBTV S CP 727 DN)2} =t2 $F &M

AZRE ALB5H0] 2|=4HrTaq, Takara)2t =Li&HTag DNA polymerase, BioFACT)S| StE2LES

ate2 PCR AW £22 H|WSIUS. PCR 222 EEUMA|RL| Zh2te| S[MoHmt 1 X buffer,

0.05 mM dNTP(0.12 mM dNTP, BioFACT), 400 nM downstream primer, 400 nM upstream

primer, Tag DNA polymerase(5 unit), 0.004%BSAS Al&35H0 PCR(Ta: 55 C)& 30 cycles &5t

e O 23 2FZN Fetailct FUM FSEEAI EFEXHEARS] 1 fgriX| SZE DAN
UAS

fragments& Eolgr =

I

[J CNFV 48 Z2i0|HE ALSct 2ZAGAIR 48 21t
— CNF_N10 UP/ CNF_C70 DN (Ta: 55 C)
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Takara BioFACT

50
650
500

FOLREEL o

/::I
14T bp

300

200

<> CNF_N10 UP/ CNF_C70 DN(200 nM)E At8sto] EEAMA|Z0|M PCR(Ta: 53 C) & &1t
M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100 pg
plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg plasmid
DNA, 8: 1 fg plasmid DNA.

7|1& AARHOIM ALZEl CNFV HEO[2{A Z2}0|H(CNF_N10 UP/ CNF_C70 DN)2} =t& st 5ok
A2 E ALSSH0] 2|=24KrTag, Takara)zt =Li&HTag DNA polymerase, BioFACT)2e| S&&4
Ao 2 PCR AY 82 H|WolS. PCR 222 ETYMAIRY| 2k249| 5|A T} 1 X buffer,
0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream
primer, Tag DNA polymerase(5 unit)& AF23510{ PCR(Ta: 55 C)& 30 cycles T35S, 1 Z1}
oA ZtE Al ZUM FRE A BF0IM EELMAIRC 1 fg7lX| S=E DAN fragmentsE M
Yot gele = UAUS.

— CNF_N10 UP/ CNF_C40 DN (Ta: 55 )
Takara BioFACT

850
447 bp 650
500

400
300

200

100

<> CNF_N10 UP/ CNF_C40 DN(200 nM)E At8sto] EEZAMA|Z0|M PCR(Ta: 53 C) & &1t
M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100 pg
plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg plasmid
DNA, 8: 1 fg plasmid DNA.

7|E AAHHolIM ALZEl CNFV Blo|2{A Z2}0|H(CNF_N10 UP/ CNF_C40 DN)2t 2= ot &t
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o

AZE ALB5H0{ 2|=4HKrTaq, Takara)Zt =L{4HTaq
atez PCR 4d 282 H|WsI¥Z. PCR 222
0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 n ownstream primer, 200 nM upstream
primer, Tag DNA polymerase (5 unit)& AF2510 PCR(Ta: 55 €)= 30 cycles 3516 S. 1 21

2= A ZREAECH U A BSRELNM BEEAMA|ZL| 1 fg7tX| SEE DAN fragmentsE 2kl

polymerase, BioFACT)2| E&taas

AMA| ROl Zt2to| 3|A{H 1} 1 X buffer,

ol
o

— CNF_N10 UP/ CNFV 9527 DN (Ta: 55 C)

Takara BioFACT

850
650
500

300

200

aso
650
s00
400
100 325 bp
200
100

<J2> CNF_N10 UP/ CNFV 9527 DN(200 nM)& AtZ5t0d

s
= Z1}.

EZAMAIRO|M PCR(Ta: 53 C)

M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100 pg
plasmid DNA, 4: 10 pg plasmid DNA, 5. 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg plasmid
DNA, 8: 1 fg plasmid DNA.

(1 CDV

7|&E AARHOIAM ARZE CNF_N10 UP Z2l0|He} A2 HMZHE CNFV 9527 DN Z2/0|[HE AREst
S5 BEUMAZZ B 2=4HiTag, Takara)@t =LH4HTag DNA polymerase, BioFACT)<|
AENSS HA2E PCR A 282 H|WsIQS. PCR 2222 EELHAIRS| 212to| 54N
2} 1 X buffer, 0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM
upstream primer, Tag DNA polymerase (5 unit)& AFE35t0{ PCR(Ta: 55 C)& 30 cycles &5l

. 1 2o I SEaLl I SEEL BF EEQYARS 1 fg7k| SFE DAN

o
. =

o
o

fragmentsE MYsH| &olgt = UUS.

dd Z2jo|HE AlSet EEAMAIR HY 21t

- CDV 8509 UP/ CDV 8986 DN (Ta: 55 )
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Takara BioFACT

478 bp

<J2> CDV 8509 UP/ CDV 8986 DN(200 nM)E AEstod EELMA|Z0|A PCR(Ta: 55 C) 3 Z 1}
M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100 pg
plasmid DNA, 4. 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg plasmid
DNA, 8: 1 fg plasmid DNA.

MZ E2t=l CDV Hio|2{A Z2lo|H(CDV 8509 UP/ CDV 8986 DN)2t &t st EEUMAIZE ALS
5to] 2|=2HrTaq, Takara)Zt =Li4KTag DNA polymerase, BioFACT)2| S&E2AES iASRE
PCRAY 282 H|1WsIUS. PCR 222 EZUMA|Z| 2t2to| 5| M1} 1 X puffer, 0.05 mM
dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream primer, Taq
DNA polymerase(5 unit)& AF23H0{ PCR(Ta: 55 C)& 30 cycles Td3sI¥S. 1 A1} =4t ¢

o

gt quidt Setaa 2FoIM EEAMAIRL] 1 fg7tX| S=E DAN fragmentsE M| =l

A
ol

- CDV 8509 UP/ CDV 8908 DN (Ta: 55 C)
Takara BioFACT

400 bp

<J2> CDV 8509 UP/ CDV 8908 DN(200 nM)2 AtE3t0{ EEZAMA|Z0|A PCR(Ta: 55 C) =& Zxt.
M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100 pg
plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg plasmid
DNA, 8: 1 fg plasmid DNA.

M=z E2kEl CDV Hio|{A Z2}o|H(CDV 8509 UP/ CDV 8908 DN)2} 2t 5t ZEUMAZE AL
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5t 2| =4HrTag, Takara)t =LiAHTag DNA polymerase, BioFACT)S| SgaA~ES Cjalo=z
PCR A& 82 H|WSI¥S. PCR 2tE2 EEYHAIR Z42te| 5|MlTt 1 X puffer, 0.05 mM
dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream primer, Taq
DNA polymerase(5 unit)& AF25I0{ PCR(Ta: 55 C)& 30 cycles T#5IGS. 1 21} =4t &

=]
gt Uit Setaa 2FoIM EEAMAIR] 1 fg7tX| S=E DAN fragmentsE M| =l

CDV 8770 UP/ CDV 8986 DN (Ta: 55 C)
Takara BioFACT

<J2> CDV 8770 UP/ CDV 8986 DN(200 nM)E ALEs5t0d EELMA|Z0|A PCR(Ta: 55 C) 3 Z 1}
M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA, 3: 100 pg
plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7: 10 fg plasmid
DNA, 8: 1 fg plasmid DNA.

M=z H2t=l CDV Hlo|2{A Z2}o|H(CDV 8770 UP/ CDV 8986 DN)2} EH S ZZUMAIRE Al
5101 2|=4AHrTaq, Takara)t =LHAHTag DNA polymerase, BioFACT)2l
PCR M 282 H|1W3I%S. PCR EE8=2 EFUMA|R S| Z2t2to| 5|AMoiT} 1 X buffer, 0.05 mM

dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream primer, Taq

=2
2242 ILA Betaa ZFoM EFAMAIRS| 1 fg7HX| SZ= DAN fragmentsE &Holst = U

= - =
oS, T2t BN SHEAE AIE 2L E Of M 5ES IS,

(1 CCMV HE Z2jo|HE AtSe EFLMAIR HY 21t
\%

— CCMV RNA3 265 UP/ CCMV RNA3 595 DN (Ta: 55 C)
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Takara BioFACT

as0

650
500
400

[HE -

650 -
331 b 500 SIS

300

300
200

100
200

100

<38> CCMV RNA3 265 UP/ CCMV RNA3 595 DN(200 nM)2 Al83t0 ZEAMA|Z0|A PCR(Ta: 55
T) =& Z1} M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA,
3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7:
10 fg plasmid DNA, 8: 1 fg plasmid DNA.

ate2 PCR A £22 H|WSIUS. PCR 222 ETUMA|RL| Zh2ke| S[MoHmt 1 X puffer,

0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream

primer, Taqg DNA polymerase(5 unit)& AF235H0 PCR(Ta: 55 €)= 30 cycles TdsIS. 1 21}

oA ZtE Al ZUM FRE A BRI EELMAIRS 1 fg7lX| S=E DAN fragmentsE M
o

oA felet = UUS.

- CCMV RNA3 265 UP/ CCMV RNA3 813 DN (Ta: 55 )
Takara BioFACT

5

M 1 2 3 4 6 7 8

aso
650
549 bp 500
400
300
200
100

{  549bp

<38 > CCMV RNA3 265 UP/ CCMV RNA3 813 DN(200 nM)= Al8st0 &AM A|Z0|AM PCR (Ta: 55
T) =& Z2} M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA,
3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7:
10 fg plasmid DNA, 8: 1 fg plasmid DNA.

M2Z HetzEl CDV Hiol2{A Z2}0|H(CCMV RNA3 265 UP/ CCMV RNA3 813 DN)2t =t st F&2f
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HARE ALESI0d 2/=4HKTaq, Takara)J—P =L 2HTaqg DNA polymerase, BioFACT)2| SteLES
jate 2 PCR 2 £88 H|WsIYS. PCR 2822 ZEYMA|Ze| Z2te| 5|Mo41t 1 X buffer,
0.05 mM dNTP(0.12 mM dNTP, B|oFACT) 200 nM downstream primer, 200 nM upstream
primer, Tag DNA polymerase(5 unit)& AF235H0 PCR(Ta: 55 )= 30 cycles TdsIS. 1 21}
QZA =3 3/\9} IU M FRES ZFM EFELXEAIZL] 1 fg7kX] SZE DAN fragmentsE M

LotA| sfelgt = UUS.

- CCMV RNA3 265 UP/ CCMV RNA3 1007 DN (Ta: 55 C)
Takara BioFACT

as0 '

500
400
300

200

100

<3&> CCMV RNA3 265 UP/ CCMV RNA3 1007 DN(200 nM)S Al8st0d EEAMA|Z0AM PCR (Ta:

55 C) =& Z3}. M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid
DNA, 3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA,
7. 10 fg plasmid DNA, 8: 1 fg plasmid DNA.

MZ E2t=l CDV Hiol2{A Z2to|H(CCMV RNA3 265 UP/ CCMV RNA3 1007 DN)2} &t st ¥
UMARE ALE510{ 2|=4HiTag, Takara)2t =LiAHTag DNA polymerase, BioFACT)2| &&taa
2 jae2 PCR AN 2882 H|¢|_0|-9d§ PCR EstE22 EFUAMA|RL ZHZiQ| o|/\-|0Hj|_|. 1

buffer, 0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream
primer, Tag DNA polymerase(5 unit)& AF25t0 PCR(Ta: 55 C)& 30 cycles T&lsidsS. 1 21}
=it S8 RA—QF TU A SR EA ZR0M EELHAIRS] 1 fg7kX|] SFE DAN fragmentsE M

oA felet = UUS.

X M HA

— CCMV RNA3 322 UP/ CCMV RNA3 595 DN (Ta: 55 C)
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Takara BioFACT

M 1 2 3 4 5 6 7 8

850 850
650
500
400

€50
500

400
_--———@ 300
200

100

300 274 bp
00

100

<38> CCMV RNA3 322 UP/ CCMV RNA3 595 DN(200 nM)S Al83t0 ZZEAMA|Z0|A PCR(Ta: 55
T) =& Z2} M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA,
3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7:
10 fg plasmid DNA, 8: 1 fg plasmid DNA.

M=Z EetzEl CDV Hio|2{A Z2l0|H(CCMV RNA3 322 UP/ CCMV RNA3 595 DN)2t =t& st &
MARE ALE5I0] 2|74t (rTag, Takara)®t =LHAHTag DNA polymerase, BioFACT)2| E&taas
2 Hae=2 PCR 2 £82 H|WsSIUS. PCR 222 EEUYMAIT Z2to| s|A{oiaml 1 X
buffer, 0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream
primer, Tag DNA polymerase(5 unit)& AF2510{ PCR(Ta: 55 C)& 30 cycles T35S, 1 Z1}
o=t SRELL} FUM FRES RN EEAMAIZO| 1 fg7tX| SZFE DAN fragmentsE M
WA =l = AU,
- CCMV RNA3 322 UP/ CCMV RNA3 813 DN (Ta: 55 )
Takara BioFACT

<a&> CCMV RNA3 322 UP/ CCMV RNA3 813 DN (200 nM)= AlE35t0] EEAMA|Z0AM PCR(Ta: 55
T) =& Z2} M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA,
3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7:
10 fg plasmid DNA, 8: 1 fg plasmid DNA.

M=Z HetzEl CDV Hiol2{A Z2}0[H(CCMV RNA3 322 UP/ CCMV RNA3 813 DN)2t =t st F&2f
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HARE ARESI0{ 2| =4HTag, Takara)tt ZLi&HTag DNA polymerase, BioFACT)2| StEA~sS
HAC 2 PCR A4 288 H|WsIUS. PCR 2=2 EEAMAIR 212t9| 3[M A1} 1 X buffer,
0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream
primer, Tag DNA polymerase(5 unit)& AF25I0{ PCR(Ta: 55 C)& 30 cycles T35S, 1 Z1}
=M FEaAECt IUA FERIE A0 EEUMAIZL 1 fg7hX| SZE DAN fragmentsE =€l

=1 =

ot

2 olo
T AAA;I\

Djo

- CCMV RNA3 322 UP/ CCMV RNA3 1007 DN (Ta: 55 C)
Takara BioFACT

686 bp

<a&> CCMV RNA3 322 UP/ CCMV RNA3 1007 DN(200 nM)2 AlEstod EEAMA| =20l PCR(Ta: 55
T) =& Z2} M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA,
3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7:
10 fg plasmid DNA, 8: 1 fg plasmid DNA.

M=Z Hek=l CDV Hio[2{A Z2l0|H(CCMV RNA3 322 UP/ CCMV RNA3 1007 DN)2t &t& st &
UMA|ZE ALE2SH0] 2|=AFTaq, Takara)t =Li2HTag DNA polymerase, BioFACT)2| S&a4
2 Hae=2 PCR 2 282 H|WSIUS. PCR S22 EFYMAIRS| Zk2to| 3|AoHT} |

buffer, 0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream
primer, Tag DNA polymerase(5 unit)& AF2510{ PCR(Ta: 55 C)& 30 cycles =35I, 1 Z1}
oA ZtE Al TN FREA BRI EELMAIRO 1 fg7lX| ZFE DAN fragmentsE M

x N M

—

oA sfelet = UUS.

— CCMV RNA3 522 UP/ CCMV RNA3 813 DN (Ta: 55 C)
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Takara BioFACT

M 1 2 3 4 5 6 7 8

© 292bp 408

<> CCMV RNA3 522 UP/ CCMV RNA3 813 DN(200 nM)E AtE35t0{ ZEFELMAIZR0[A PCR(Ta: 55

& A3} M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA,

3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7:
10 fg plasmid DNA, 8: 1 fg plasmid DNA.

A2 PCR A% 288 H|WsIUS. PCR 2 =2 EEAMAIRS 212t9| 3[MA 1} 1 X buffer,
0.05 mM dNTP(0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream
primer, Tag DNA polymerase(5 unit)& AF2510{ PCR(Ta: 55 C)& 30 cycles =35I, 1 Z1}
o=t SRELL} I FRES RN EEAMAIZO 1 fg7tX| SFE DAN fragmentsE M
Q3P =elg = UAS.

AX AA

- CCMV RNA3 522 UP/ CCMV RNA3 1007 DN (Ta: 55 C)

Takara

BioFACT

<> CCMV RNA3 522 UP/ CCMV RNA3 1007 DN(200 nM)& ALE35H04

EEYUN

AZOM PCR (Ta:

55 C) =& Zxz}. M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid
DNA, 3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA,
7. 10 fg plasmid DNA, 8: 1 fg plasmid DNA.

M=z E2l= CDV Hlo|2{A Z2}0|H(CCMV RNA3 522 UP/ CCMV RNA3 1007 DN)2} &t &t =
UMARE AFESI0] =4 (1'Tag, Takara)@t =LH4KTag DNA polymerase, BioFACT)2| &gl
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=2 a2 PCR A4d £82 H|WsSIUS. PCR =22 EEYMA|TO| ZH2to| 5[M0HD} {1 X
buffer, 0.05 mM dNTP (0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM
upstream primer, Tag DNA polymerase(S unit)& AF25H0 PCR(Ta: 55 C)& 30 cycles T35
. O Z3 =i FeEalch IUd SEEAoAM EFEXMAIRS| 1 fgniX] SZE DAN

fragmentsES MUESHH Eolgh = QUAUS.

[ ToCV &Ad Z2jo|HE ALSSH B2UMAlZ A 23]
- ToCV RNA2 127 UP/ ToCV RNA2 750 DN (Ta: 55 )
Takara BioFACT

624 bp

<38> ToCV RNA2 127 UP/ ToCV RNA2 750 DN(200 nM)= AlE2st0d EFELMA|Z0M PCR (Ta: 55
T) =& Z1t M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng plamsid DNA, 2: 1 ng plasmid DNA,
3: 100 pg plasmid DNA, 4: 10 pg plasmid DNA, 5: 1 pg plasmid DNA, 6: 100 fg plasmid DNA, 7:
10 fg plasmid DNA, 8: 1 fg plasmid DNA.

MZ E 2tz ToCV HIO|HA Z2l0|H(ToCV RNA2 127 UP/ ToCV RNA2 750 DN)2} & st ¥
MAZE AFESH0] 2/=4H1Taq, Takara)J—P =L AHTag DNA polymerase, BioFACT)2| S&a4
o2 PCR AY 82 H|Wols. PCR 222 ETYMAIRY| ZH249| 5|A T} 1 X buffer,
0.05 mM dNTP (0.12 mM dNTP, BioFACT), 200 nM downstream primer, 200 nM upstream
primer, Tag DNA polymerase(5 unit), 0.004%BSAE A}23510{ PCR(Ta: 55 C)& 30 cycles 35}
e, O 21 A=t SHELL} FULM FtEs ZRoM EELMAIRL 1 fg7tX| SFE DAN

fragmentsE =elgt = JUAUZ.

total RNAE 22|t =, hexamerg 0|30F04 cDNAE %.“}éom# PCRE 3519 &. =5t BBTV 4H

S 25l HiLILlolA{= DNeasy Plant Kit(Qiagen)S Al&35H01 DNAS Z2|8t & PCRE 8519 =
PCRE dig f, ZFUMA|Z AN Z1tE 7|=510] MBSt Tag DNA polymeraseS MEHSH] Al
g2 TN Z
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« 484 2 100 mg =H|
+ RNeasy Plant Mini Kit (GIAGEN)A}2

|+ RevertAid Reverse Transcriptase (Thermo Fisher) A&
HexamerAl2310] cDNAE &4

« ExTaq (TaKaRA), Taq DNA polymerase (BioFACT) A&
« HZE =2to|HE D &H PCR =

<> 7|FAMSE5H total RNA 22510 PCR & 2td.

DNA purification

AE%H 2 100 mg =H| DNeasy Plant Kit (GIAGEN)AIZ

PCR analysis

ExTaq (TaKaRA), Taq DNA

polymerase (BioFACT) AHE HZHE =ato|HED} M PCR 8

<> 7|FAMSE5E DNA £2/5t01 PCR & 1Hy.

(1 BBrMV HE Z2l0|HE AtSsto] 7|34 2 HEZED

aht

mmp 5706

<> BBrMV CP 8704 UP/ BBrMV CP 9273 DN(200 nM)2} rTaqg(Takara)S AFZ35t0{ HiLLjof|A| PCR
(Ta: 57 C) =& Z1}. M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100
pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng
positive clone.

Mz E22HE BBrMV Hio|{A Z2}o|H(BBrMV CP 8704 UP/ BBrMV CP 9273 DN)E AtEstod
BBrMv2| 7|F4 =20 EZets= LIS HACE EFAMAR HY ZnE 7|X510 2= S8t
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2a=2 AIEoI0| H|S0[XQl HiEE 2AMSIS. HILILEE RNeasy Plant mini Kit(Qiagen,
Germany)2 AF23510{ total RNAZ £&5H 5, 104 1= 5|A#{(10-fold serial dilution)2 2 3]A{5}
01 PCRE 8352 5. PCR 2&=1} PCR EEUMAZE AISRS Mt £S5, O 21
HE-HLLO A H|S0[&2l BtESg HO|X| 242

bp M 1 2 3 4 5 6 7 8 9

650
500 -

<3&> BBrMV CP 8735 UP/ BBrMV CP 9362 DN(200 nM)2t rTaq (Takara)s ARE5t0] HiLfLol| Al PCR
(Ta: 57 C) =& Z1}. M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3:
100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10
ng positive clone.

MZ Het=l BBrMV Hio|2{A Z2lo|H(BBrMV CP 8735 UP/ BBrMV CP 9362 DN)E Al&35}0d
BBrMVe| 7|FAlE0f| EotE = HILIE AR EFFUYMAIR AY ZIE 7|Z5104 =4t 58
2S4S AKESH] H|S0|HMQl HEE BEAMSIES. HILILFE RNeasy Plant Mini Kit(Qiagen,
Germany)S AF2510{ total RNAS F&3H &, 1000 ng total RNA2F hexamerE AF235101 cDNAS
3“‘*& =. 2AE cDNAE 108 9% 3|M¥(10-fold serial dilution)22 3|A{5t0f PCRE F&i s}

PCR 2=1 PCR 7 =712 EZUMAIZE ARSI S et €5, O Zot vt M B[S

I:I
o
O|AMel H3E2 HO[X| U2

0|

[1BBTV &4 Z2l0|HE ALESi0] 7|FAE AWt

bp M 1 2 3 4 &5 6 7 8 9

400 -
300 -
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<J%> BBTV S CP 365 UP/ BBTV S CP 727 DN(400 nM), 0.004% BSA2} Tag DNA polymerase
(BioFACT)S Al&5l0{ HILiL|ollAM PCR (Ta: 55 C) =& A2} M: 1kb plus DNA marker (Thermo Fisher),

1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA,
7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

M2 HetE V Hlo|HA Z2o|H(BBTV S CP 365 UP/ BBTV S CP 727 DN)& AHE3St01 BBTV
o| 7|F4 =0l | o= HILILES o2 EFEAMAR 4 ZIE 7|5t Zujit S&ta

T & %
ALEs5t0f H|S0[XQl Htgs & *3F°:'°. HH«H«P— DNeasy Plant K|t(Q|agen Germany)% ALE35107

EELLARE ASIE Wet 75*%. a 7245'4 HLFLFOY A HI% |Hel gt

T ONFV 2% Z2jo|HE AL83iof 7|1FAI2 ZM2A}

Oo =

R 7ol

bp M 1 2 3 4 5 6 7 8 9

200
100
200

00, 147bp

<J2> CNF_N10 UP/ CNF_C70 DN(200 nM)2} Tag DNA polymerase (BioFACT)2 AtE5t0] Al=1} FH|
O|MollM PCR (Ta: 55 C) =& Zz}. M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng cDNA, 2: 1
ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1
fg cDNA, 9: 10 ng positive clone.

7|&E ZARHOAM ARZEl CNFV HEo[2{A Z2}0|H(CNF_N10 UP/ CNF_C70 DN)E ALE35t0{ CNFVe|
717340 EEtels M= ol e AR Exoh’H/\IE AN ZIE 7| xstof It Bets
L= MBSt H|S0|HMol Bigs EMSINS. A 7H4|0]M4 2 RNeasy Plant Mini Kit(Qiagen,
Germany)2 APREM total RNAZ = % 3|MH(10-fold serial dilution)22 3|45}
01 PCRE 83519 S. PCR 282l PCR T8 =2 BZFAMAIZE ARSI S et &5, O 23}
AM=a; 7H—1|0|A.joﬂ/\1 25 H|E0|%

0
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FhefolA

bp M

500 -
400 -

- 477 bp

bp M 1 2 3 4 5 6 7 8 9

500
400

- 447bp

<ZJ8> CNF_N10 UP/ CNF_C40 DN(200 nM)2} Tag DNA polymerase (BioFACT)= Al&5t0{ A =1} FH|
O|MollM PCR (Ta: 55 C) =& Zz}. M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng cDNA, 2: 1
ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1

fg cDNA, 9: 10 ng positive clone.

7|E dAtgolM ARZEl CNFV Blo|2{A Z2}0|H(CNF_N10 UP/ CNF_C40 DN)E AFZ35t01 CNFV2

7|FAE0| EEtEE MED oS tHACE EEUMAE AN ZIE 7| X510 ILiA BEE

A2 AFZSI0f S0l 8IS BAf5)
|.

Germany)= AFESH01 total RNAS

s x5 %
0f PCRE 4851248, PCR 28127} POR 4%

O A=

M=3p FHHo|MolM 25 BIS0[H2l HE2 HO|X| EUS.

A

=
1
bp M 1 2 3 4 5 6

400
300

—
f—
—
—_—
—_—
-_—
_—
-
—
-
-

400 -
300 -

‘ 325bp

<JZ> CNF_N10 UP/ CNFV 9527 DN(200 nM)2t Tag DNA polymerase (BioFACT)S AtEsio] M =1}
Ftdlo|Moll M PCR (Ta: 55 C) =8 Z1}. M: 1kb plus DNA marker(Thermo Fisher), 1: 10 ng cDNA, 2:
1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg cDNA, 8:

1 fg cDNA, 9: 10 ng positive clone.

MZ Hetel CNFV Blol2{A Z2[0[H(CNF_N10 UP/ CNF_C40 DN)E AE35t04 CNFVE| 7|

o= MS 7 olME tHate s BEUUAIR 4 ZLE J|X510] I SEELSE AE

AR

5tof H|S0|XMQl HIS S 2SS, M=} 714 0[44S RNeasy Plant Mini Kit(Qiagen, Germany)=

ALE3510{ total RNAS F£&6t &,

ASIXS. PCR 28t=

ouf ¢

r

= =

ME(10-fold serial dilution)2 2 35|415t0{ PCRE
[e]

1
FPCR =l T2 ZFAMAIRE ASIUS ot 5. 1 2ot =14 71|

i}
o|dof M =5 H[S0[XMel BZ2 HO[X| &

HMAIRS ABHIE met 23, 1 23

T/E



[ CDV 47X Z2jo|HE Al2s5l0] 7|FTAE AXZAD
s

bp M 1 2 3 4 5 6 7 8 9

500

500 - 400

400

gl

bp
bp

500 -
400 -

- 478 bp

500
400

EOlE
bb M 1 2 3 4 5 6 7 8 9

500
400

) 4750p

<Z1%> CDV 8509 UP/ CDV 8986 DN(200 nM)2F Tag DNA polymerase (BioFACT)S Al235t0{ ZAL 11
ZF, Ehlf, SU4E, EOLEO|M PCR (Ta: 55 C) =& ZZ}. M: 1kb plus DNA marker (Thermo Fisher), 1:
10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7:
10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

MZ E2t=l CDV Hlo|2{A Z2}o|H(CDV 8509 UP/ CDV 8986 DN)E ALE35t0{ CDVe| 7|FAl =0
Eotels AL 1IF, clf, SUE, E0IEE HACE FFAMAE AY ZIE 7|Xs50 FLiLt
SEEAES ARSI H|50[HQl S S BASIS. AAL 1, g, SZE, E0lEE RNeasy
Plant Mini Kit (Qiagen, Germany)2 AF23l0{ total RNAS &8+ &, 108 4% 3|AH (10-fold
serial dilution)2Z 35|A{5t01 PCRE T35t 5. PCR 2&t=2 PCR T8 =2 ZZUMA|ZE A}
S et 25, O Z1 LA, nF, e, SLE, E0LEA |S0lx¢l 832 Ho|X| o
US.
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400
300

bp M

- 400 bp

> 500 bp

EOte

- 400 bp

<Z1%> CDV 8509 UP/ CDV 8908 DN(200 nM)2t Tag DNA polymerase (BioFACT)S At&st0 ZHA} 11
ZF, Ehlf, SUE, EOLEO|M PCR (Ta: 55 C) =& ZZ}. M: 1kb plus DNA marker (Thermo Fisher), 1:
10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7:
10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

MZ E2t=l CDV Hlo|2{A Z2}o|H(CDV 8509 UP/ CDV 8908 DN)& ALE3t0{ CDVe| 7|FAl =0
Eotels AL IF, clf, SUE, E0IEE HACE FFAMAE AY ZIE 7|Xs50 FLiLt
SEEAES ARSI H|50[HQl S S BASIS. 4AL 1, g, SZE, E0lEE RNeasy
Plant Mini Kit (Qiagen, Germany)2 AF23l0d total RNAS &8+ &, 108 4% 3|AH (10-fold
serial dilution)2Z 35|A{5t01 PCRE T35t 5. PCR 2&t=2l PCR T8 =2 ZZUMA|ZE A}
S et 25, O Z1 LA, nF, e, SLE, E0LEA |S0lx¢l 832 Ho|X| o
US.

- 146 -



by
p_M bb M 1 2 3 4 5 6 7 8 9

300 .
200 mp 217bp | 0

200

) 217bp

bpb M 1 2 3 4

300 -
200

200

mp 2167bp | 10

EOte

bp M

200
100 -

) 2170

<ZJ%> CDV 8770 UP/ CDV 8986 DN(200 nM)2} Tag DNA polymerase (BioFACT)S AL235t0{ ZAL 11
ZF, Ehlf, =UE, EOLEO|M PCR (Ta: 55 C) =& Z=}. M: 1kb plus DNA marker (Thermo Fisher), 1:
10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7:

10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

2l0|H(CDV 8770 UP/ CDV 8986 DN)& At&sto] CDVe| 7|54 =0

_I_—|E
UE EDIES HMCZ EFUMAE AY 21 7|53P04 a8 Ry

Plant Mini Kit (Qiagen, Germany)S AFE

— -

serial dilution) 22 3|A15104 PCRE 3 <. PCR 20%3—'} —’F% THE2 EZUMAZE A}
SIS et &5, O Zut 4R 0F "l STE, E0LE| 1 |S0|&Ql Btg2 Ho|X| &
ol

P =

[] CCMV A& Z2|0|HE AR50 7|FAl2 AXNZAD}
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bp b M 1 2 3 4

—
—
—
——
—
f—
—

500 -

) so20p | 0

500
400 -

bp
bp M 1 2 3 4 5 6 7 8 9

500
100 - 492 bp

500
400

FORELIE e

bp

650
500 -

) 1926p

<ZJZ> CCMV RNA3 322 UP/ CCMV RNA3 813 DN(200 nM)2t Tag DNA polymerase (BioFACT)S Al2
st 21t ZHEE0|M PCR (Ta: 55 C) =8 Z1}. M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng
cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg
cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

MZ E22tEl CCMV Hiol2{A Z2l0[H(CCMV RNA3 322 UP/ CCMV RNA3 813 DN)E AlE5H0d
COMvel 7|34 20| E3tsl= 22 ABS(ULE, S93, U2, 253 ooz BE

= II—E_-T—l_)
o, oTo, oo, & , BT O
= H =2
= =

|
UMAR AN HIE 7| A ZSEIaAES AFESI0] H|E0|H QI
ASE(ULZE, S52, W2 2AFZ2, E5Z2)2 RNeasy Plant Mini Kit (Qiagen, Germany)
S ‘] H

04 total RNAS &8t %

S. PCR Z3127 PCR +8 X712 EXUMAIRE ASHS 19t 22, 1 23 231 H2S(YY
Z, S92, I, Y52, FFE)IM 2F v|So|Hel ¥ISe BolxX| LUS.
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) 2020p ) 202 bp

o ol
o [

bp M 1 2 3 4

) 2920p

300
200

) 2020p

bp

300
200

- 2o26p

<Z1%> CCMV RNA3 522 UP/ CCMV RNA3 813 DN(200 nM)2} Tag DNA polymerase (BioFACT)E At
5o 21t 2==0|M PCR (Ta: 55 C) =8 ZI}. M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng
cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg
cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

=
Hu
I-II
I'ﬂ
a
O
<
2
uny
Y
il
I>
|k
I
L]
el
a
@)
<
2
T
Z
>
w
(o))
I\
N
c
T
~
o
O
<
2
T
Z
>
w
x
w
,
=

O Djo
o% m

= EOIII oloto

LS AL O
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) sss0p

RLLLE B TR

[

) ss6tp

) :s6bp

<Z%> CCMV RNA3 522 UP/ CCMV RNA3 1007 DN(200 nM)2}F Tag DNA polymerase (BioFACT)S At
5o 21t 2EE0|M PCR (Ta: 55 C) =8 Zz}. M: 1kb plus DNA marker (Thermo Fisher), 1: 10 ng
cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA, 6: 100 fg cDNA, 7: 10 fg
cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

M=Z EetEl CCMV Hio[2{A Z2}o|H(CCMV RNA3 522 UP/ CCMV RNA3 1007 DN)E Al&35t0
COMVel 7|%AIZ0| Zatsls 21 A2S(UYE, S92, U2, 952, & aoz B3

AMA R HH BE 7

| =] -+
UES(LIE, SFE, UE, o453, HF3)= RNeasy Plant Mini Kit (Qlagen Germany)
0 total RNAE F&3H &, 1 b

=
=
2 EEUHARE AISE [[HQF 2. 1 7*?'—} 31t 75.%%(7F

=. PCR 2&t=1t PCR & =7 >3 o'
Z, S92, I, 952, FFR)IM 2F v|So|Hel ¥ISe Bolx| LUS.

1 ol A2 EekEl CCMV Hio|2{A Z2lo|HE & CCMV RNA3 265 UP/ CCMV RNA3 595 DN,
CCMV RNA3 265 UP/ CCMV RNA3 813 DN, CCMV RNA3 265 UP/ CCMV RNA3 1007 DN, CCMV
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RNA3 322 UP/ CCMV RNA3 595 DN, CCMV RNA3 322 UP/ CCMV RNA3 1007 DN Z=gt

AlZ2o| ZatE|l= 20} ASE(ULE, S22 OZ FZ2 AEZ)o|A ]

oo, s TS, OT1TS =0|75| Hn_l'%% I‘l'El'LH%

o

(] ToCV M Z2lo|HE AlRst0] 7|FAlE HAZD}

o=

R

=
=
6

bp M 1 2 3 4 7 8 9 bp M

650
500

- |

624 bp

EOte

bp

650
500

‘ 624 bp

<3Z> ToCV RNA2 127 UP/ ToCV RNA2 750 DN(200 nM), 0.004% BSA2t Tag DNA polymerase

(BioFACT)2 Al23t0d 1F, E0lE, SZLE0|M PCR (Ta: 55 C) =8 ZZl. M: 1kb plus DNA marker

(Thermo Fisher), 1: 10 ng cDNA, 2: 1 ng cDNA, 3: 100 pg cDNA, 4: 10 pg cDNA, 5: 1 pg cDNA,
6: 100 fg cDNA, 7: 10 fg cDNA, 8: 1 fg cDNA, 9: 10 ng positive clone.

2tEl ToCV Hio|2{A Z2l0|H(ToCV RNA2 127 UP/ ToCV RNA2 750 DN)E ARE35t04 ToCV

Aol matels 15, £0lE, SUES (HACR BEEUMAIZ ZH LTS J|E510 2
2 Arg3io] BlSo[xel ¥

[=]
|_OE —

Ne. 1F, EOlE, =ZES RNeasy Plant
Mini Kit (Qiagen, Germany)S AP33F04 total RNAE F&st &, 108 % M (10-fold serial
dilution)22 3|445}04 PCRE Tl 5 CR Z&=2} PCR 8 =2 ZZAUMAZE ALSY
g et 22, 1 21t 1F E0lE, %”E*%OHH 25 H[S0[XQl vt32 HO|X| LU

LS AL
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[£] 18 Hiolg{ass A7) fiet At Zefold &5

Species Primer name Sequences (5'-->3") Arrgl);iecon Ta (C) Hl 31
APMOV 597 F EGATTATTTTAGGCAGACAG =
Andean 597 58 (Ta 60
botsio. | APMoV 597 R %AGCTATGCAATCCTTACT o),
mottle
virus | APMoV 386 F GTAGCTTCCACAATTGTGCA o=
(APMoV) 386 58 | (Ta: 60
APMoV 386 R ggATTTAGATACTCTGTACC )
AGCTGGAGAAGTTGAATTTG
CSNV UP1 AC 260 0.8
Chrysanth | CSNV new LO1 GCATCATTCAAGCTAAGCC
emum
Som | CSNV new UP2 8TTAGCTTGAATGATGCAAA o o
Nnecrosis .
orthotospo | CSNV new LO2 gTTTAGATCCCTTTTGAACT
virus
(CSNV) | cSNV new N5 CAAAGAGCGACTGCGGAATA 042 5.7
CSNV niew N3 gégACTTTAAATCTTTAACAC
Ncp 553-F GTAGTGGTCCATTGCAGC %Zj
553 58 J;LT’
Nep 553-R ETTCCTCAAGAATAGGCAAT (T% )60
INS 365-F XTCGGGTAAAGCAGTAGTAG e N o=
(Ta: 58
INS 365-R 8TTTCAGACCGAATCTTGAA )
Inncp 2126 F TAGTGGTCCATTGCAGCA 987 58 ;L%T
a:
. INncp 2414 R TGTGTCTTGGGTGTTCTCT 60 C)
Impatiens ool
NECrolic | jnnep new 339 F | CTAAGAGAACACCCAAGAC o
spot 339 54 Y
orthotospo = 3}
virus~ | Inncp new 339 R | TTACCAACAACCGTGAAAA (Ta: 56
(INSV) )
INSV new F6 TCCTAAGAGAACACCCAAG 438 -
INSV new R2 éTTACCAAGGAGAACATAGT
INSV new F2 GTAAGCCCTTCTTTGTAGTG I,
625 55 =3} (Ta:
INSV new R4 ACTTCTTTACCAACAACCG 60 C)
Inncp 2127 F TAGTGGTCCATTGCAGCA
519 58
Inncp 2646 R EATTAAGAGTGCTGACTTCA
Iris yellow
. IYSV 623 F GAAGACTCACCAATGTCTTC
pot 5}
orthotospo 623 54 —‘?‘——6;% (’)a:
. 56 C
virus | [YSV 623 R ATTCTTAGAAACAGAGCAGG
IYsv)
CGCAGAGGTGGACGATTTAT
Potato PMT-N40 TA 582 63.2
m%)r;tgp PMT-new C60 CTGCACAACCAGTCCGAC
(PMTV) | PMTV 1139 F GTAGTTATGACGATGCGCAG 491 615
PMTV 1629 R ACAAGGATACTGAGGACCTG
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Tobacco

0 | TNV-new PN1 GGATCCTGGGAAACAGGTT
necrosis 153 55
(\%G{/S_B) TNV new PC2 ETAGGTAAATAAAGAGGGGA
Plum pox | PPV CP 598 F GCGAAACCCACTTTTAGACA 200
Virus 57
PPV | PPV CP 887 R ETAGGTAAATAAAGAGGGGA
Blugleagrry BRRSV CP 115 F éGTGATTATGATGTAAGAAT
ringspot 599 53 600 nM
virus
(RS, BBRSV CP 713 R | CAGTAGAATTCTTCGAATTC
Blueberry | giscy 8061 F AGTACACTGGTGGGCTTC
scorch 357 60
(B‘,’fg‘cl@) BISCV 8417 R CGGTATCACCTCAGTTACTC
Cherry | CNRMV CP 50 F | CTGCAAACAACAAGATCCCG 262 - 200 1M
n?ﬁg‘g;lc CNRMV CP 311 R | TTGAGGTGCTCAACCCAATC
mottle | CNRMV CP 244 F | ACAACTCTCAACATTGCATC
virus 298 57
(CNRMY) | CNRMV CP 541 R | GCCAATTAGCTGGAGGTAT
Iﬁitﬂe LchVl 11929 F ACAATTCAAAGTTTAGTAA
Sty 1,327 55 | 300 nM
Lo L Lenvi 13255 R GTCCTAATACTTGCGAAA
Little 1 -hyo 5449 F AGCAGTGTTCCTAACATT
cherry 758 57
(Chv-2) | Lchv2 6206 R ATACCAGTCGCGAGTAAG
Banana BBrMV CP 8704 UP | CAAGCACATTTGGACAAC 570 53
bract | BBrMV CP 9273 DN | TCAATCCTCTAAGTGCTC
Moseic | 'BBrMV CP 8735 UP | AGCTCCATCTTCATCAAGCA 628 3
(BBrMV) | BBrMV CP 9362 DN | CATCTGCGTGTGTGCTTC
lsanaﬁa BBTV S CP 365 UP | GATTGAGCCTACTGATA
unchy 363 55 | 400 nM
tOp VITUS | pary S CP 727 DN | GTAATTCTGTTCTGGTAG
(BBTV)
CNF_N10 UP TTGCGTCAACAGGATTCC 7 -
Carnation | CNF_C70 DN AACCCATCTCTTGAGGTCG
necrofic | CNF_N10 UP TTGCGTCAACAGGATTCC
— |'NF c40 DN ATTGTAACCACTCAAGGTGA 447 53
fleck virus - CG
(CNFV) | CNF_N10 UP TTGCGTCAACAGGATTCC 295 -
CNEV 9527 DN TGATACAACGTACGAAGCT
~ [ CDV 8509 UP CAGAGGTGATTATGATGATA 178 s
Colombian [ cpy 8986 DN ATCCATCATAGTCCAGAC
datura | CDV 8509 UP CAGAGGTGATTATGATGATA 100 s
virus | CDV 8908 DN TATCTGCATCTGTTCATC
Dy, CDV 8770 UP TATTAGTCTGGACCATCT o7 -
CDV 8986 DN ATCCATCATAGTCCAGAC
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39} A=
CCMV RNA3 265 UP | TACTGGTTCCTCCAGGAC S
331 55 | E0] 29l
CCMV RNA3 595 Mmoo u
CAATCTAATGGTGACACTC ke
DN =
39} A=
CCMV RNA3 265 UP | TACTGGTTCCTCCAGGAC WP
E o] &
CCMV RNA3 813 o9 S U
GCATGACTCATAACGACG ke
DN =
39} A2
CCMV RNA3 265 UP | TACTGGTTCCTCCAGGAC EM PN
743 55 | E0] 29l
CCMV RNA3 1007 Moo u
N GCTCGTCAGTCTTCAGTAG e
CCMV RNA3 322 UP | GTCGTTGTTACAGTCACT %’—ﬁ]r f}%}
EoA B
Cowpea 274 55 £ o] &<l
. | CCMV RNA3 59 weo n
chlorotic CAATCTAATGGTGACACTC g
mottle DN
virus
CCMV RNA3 322 UP | GTCGTTGTTACAGTCACT
(CCMV) 492 55
CCMV RNA3 813
N GCATGACTCATAACGACG
T34 ZE
CCMV RNA3 322 UP | GTCGTTGTTACAGTCACT ER Pl
686 55 | E0] 29l
CCMV RNA3 1007 Moo u
GCTCGTCAGTCTTCAGTAG heg
DN =
CCMV RNA3 522 UP | GTATACCTAGAGTGCTGGT
CCMV RNA3 813 292 &
N GCATGACTCATAACGACG
CCMV RNA3 522 UP | GTATACCTAGAGTGCTGGT
CCMV RNA3 1007 486 &
N GCTCGTCAGTCTTCAGTAG
q;lcl)matf’ ToCV RNA2 127 UP | TTCTAGTGACGCTATGTT
C 9r081s 624 55 O.l(g)gi%
(;”rgé) ToCV RNA2 750 DN | ACCAGCTTTAATACTCATA
(0]

<E1> H[aekof primer S=7F HAI=[0] AKX 228, 200 nM 7[E2 2 PCRE Al
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(¢]l

2-3. 23l o7 s oE & = W [(M)H2 E2t=0lMd7[ed T3]

. mUe| ofdiztE 9| Hio|2{A Z=AL 2 Data Base &
) =L ¢! oldd] &E dHE Z=Al

- 2ujoll Mufstn e otdrh zt2ol HES B, & 23e| x2S Mujstm Ao, =
S 2 Yu MR B, s5olaE ogn 2.

- I WD Y ot mAel P, MUBE JIEO2 B 212.7E), o}
(688.5E), Ui 5kn}(467.85), 24 11(399.38), 81H74.1E), FFolHH28.4E), 7 u|(4.8E), o}
o Z0k(1.6E), 8212(1.68), F0IZ0H0.1E)2 =22 M7} ol 20X 2AUS.

[E] IUHollM e =0 U= otECH b s
No. ol == ERED) A 5 M & (ha) S7t
1 HfLfLE 1,212.7 29.3 61
2 a}zlof 688.5 15.1 42
3 EL=n ] 467.8 36.5 156
4 =3l 399.3 62.0 159
5 23 741 6.4 25
6 T-O}H} 28.4 5.4 33
7 71T 4.8 6.8 42
8 ot 2o 1.6 0.1 1
9 22|=2 0.5 2.5 8
10 go|z=o} 0.1 - 1

BA op ME OHB20H geu :3|§.Ur

< ML

<J2l> ofdrL)

<= mMejsIte>
ey sot i E

- = Muf =D s oldo Tpo| AR, MAMZES J|F2Z 0{F(1,637.08), o2 m2lHA
(646.5E), ZE(586.8E), &AH(180.6&), SAA(132.5&), &EI(122.18), Sel(72.78),
2A2H70.38), X (8.7F), 2ACIAAIZXI(5.58), OlE|XA(2.2E), AIEHZE(1.0E)2] =
OS2 Muljr} o|FOX| US.
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[E] SHHOIAM Mefi=l0 A= otdo 2 g
No. ordd A= AHE) el & (ha) s7ta
1 Z 1,637.0 59.9 232
2 ofATR}AA 646.5 95.2 297
3 s 586.8 46.4 367
4 2ARR 180.6 15.9 71
5 i | 132.5 8.6 55
6 ol 122.1 8.8 53
7 ! 72.7 3.0 22
8 Q3 70.3 3.4 27
9 AL HE] 8.7 0.7 10
10 A AAFA] 5.5 0.4 8
11 ofE] 23 2.2 0.2 2
12 AR 1.0 - 1
L3TMAnUCUAST OEIZD o i 232 MOA WOUNBH, . awe

s

<

S akEs>

<OJE> oldry

oy 222 R YOUAFH _ opeixa yum
W

&Y

<= HejsTke>

Al S7H4 BE

<=L AHEfHE>

ZHE (A A)E I A, THef A

=,

- = XGE Ml A= AEE YUY JVIFE2=2 FH(1,595.58), ME(1,445.88), MF
(1,206.75), ME2(750.05), 22 (533.05), 2LH(346.4E) So| =02 wo| Muj7} =1
Aoui, MujHED 5I4 J|ZoRE MU HE: 102.8ha, S7H5 56657H0] 7HE
222 ¥ 4 U

[EZ] I XA Muf=D Ae otdeh &2 oy
No. WE YMEHE) A b M & (ha) =7t
! 2 1,595.5 54.0 162
2 de 1,445.8 102.8 Sos
2 ks 1,296.7 63.6 156
: ds 750.0 331 el
> g4 533.2 73.1 o8
o s 346.4 24.2 135
! = 164.5 15.6 i
8 271 157.4 516 >
o el 20.7 0.9 8
19 t 13.6 0.5 ;
“ R 12.1 s :
12 tE 5.0 0.6 ;
12 il 3.0 1.0 5
- 2= - 14.1 20
15 ETES — s L
16 S A - - -
17 ME . - -
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e

e

S EERTCS <xlofi R ol oix> <xlofs Mol 571>
<> = Muf=l0 U= ool ZEo| X[ SF
[E] = Mozl U= ofdbLl ZZo| X[HdH MFE &%
A7 |4 |55 | 32 HME | HY | E5 | dY | HF | M2 | BEM O | ™ | 2F (i | 24| NS
o | EH | 20| - [ 10180 /5.0/11.0/20 10 - - 1010 - |- |- | - |-
; E:} 04| - lo1lo5]|05/16] - (01| - | - lo1| - | -] -1 -1-1-
waE
e | 10.0 0.5 10.5(18.0{27.2] - [30| - | - [10l02| - | = | - | = | -
5715 | 5.0 | 1.0 | 2.0 |16.0/10.0/22.01 4.0 | 30| - |50 - |10]20] - | - | = | -
o E:} 07 105|34/05/08/65(13/06| - 10| - 02]03] - | - | - -
M e
&y | 18.2 | 0.5 /100.0) 1.1 2.9 36.0| - |3.2| - |3.0| - |1.0/46| - | - | - | -
5715 | 43.0 |15.0] 9.0 139.0/19.0]59.0] 8.0 [38.0] - | - |10]10] - | - | - | = | -
o E:} 8.0 31[30|429.1/166/16 141 - | - 02| - | - I
T TanE
&) | 25.6|62.1|17.6|143.1/395.01485.9| - |502.5 - | - |5.0(02| - | - | - | - | -
L | &%% | 7.0 - [3.0[10.0]13.0/ 7.0 [ 6.0 7.0 - | - [1.0[1.0| - | - | - | - | -
ol 28 14 - Jo03l25]16|04]08]1.4] - | - J03l01] - | -|-1]-1]-
(=1 (ha)
X *{g;g 48 - | 291/58.0/76|16.5 - [300 - | - |20]08| -] -1 -1-1-
=7k | 11.0 | - | 3.0 22.0/24.01280.003.04.017.0] - | - | - |30] - | = | = | -
2 881 - 1028 503.7/01/05[19 - | - | - 03 - | -] -|-
i
*g(éf 187 - |5.8(17.8/20.61477.50 - | 831|256 - | - | - |125| - | - | - | -
x| 10| - | - | - | - | - [ - - =1 -1 =T -T7T-71T-=T-7T-7-+-
AL
E:I- (ha) B B B B B B B B B B B B B B B B
= ﬂ‘E
- *{Ef 10| - | = = = -1-=-1=1-1=1=1-=1=1-1-=-=1-=1-
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[£] TAA obdith A2 Hlol2fAWS AoT|E vlolyA B|AE

Host Family Climate Host species Virus
CHELIS 3} =0f CHELE , _
ol Y (Acer palmatum) Abelia latent tymovirus

(Aceraceae)

2Mztott "E*Etl EM2HAgave) Furcraea necrotic streak dianthovirus

(Agavaceae) otk =S 3etE(Furcraea) Furcraea necrotic streak dianthovirus
Furcraea macrophylla Furcraea necrotic streak dianthovirus
Eo|otE A% Tuberose potyvirus
(Polianthes tuberosa)

H| &2} =0 SAAXE

(A h ) oo (Alternanthera Alligatorweed stunting closterovirus

maranthaceae =] philoxeroides)

SIE=mniy . o
(Amaranthaceae) Apple stem grooving capillovirus
ZMEe|o| Abelia latent tymovirus

(Amaranthus caudatus)

Alfalfa mosaic alfamovirus

Amaranthus leaf mottle potyvirus

Amaranthus mosaic potyvirus

Arracacha A nepovirus

Arracacha B nepovirus

Bean yellow mosaic potyvirus

Beet curly top hybrigeminivirus

Beet mosaic potyvirus

Cactus X potexvirus

Carnation mottle carmovirus

Carnation ringspot dianthovirus

Carnation vein mottle potyvirus

Celery latent potyvirus

Chicory yellow mottle nepovirus

Clover yellow mosaic potexvirus

Clover yellow vein potyvirus

Cucumber mosaic cucumovirus

Cymbidium ringspot tombusvirus

Dahlia mosaic caulimovirus

Elderberry carlavirus

Grapevine fanleaf nepovirus

Heracleum latent trichovirus

Humulus japonicus ilarvirus

Iris fulva mosaic potyvirus

Lamium mild mottle fabavirus

Lettuce mosaic potyvirus

Maclura mosaic macluravirus

Marigold mottle potyvirus

Peanut stunt cucumovirus

Plantain X potexvirus

Potato 14R tobamovirus

Potato Andean latent tymovirus

Potato black ringspot nepovirus

Potato leafroll luteovirus

Red clover necrotic mosaic dianthovirus

Ribgrass mosaic tobamovirus

Telfairia mosaic potyvirus

Tobacco etch potyvirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tomato black ring nepovirus

Tomato spotted wilt tospovirus

Turnip mosaic potyvirus

Ullucus mild mottle tobamovirus

Viola mottle potexvirus

Watermelon mosaic 2 potyvirus
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Zygocactus Montana X potexvirus

MEM =2}
(Amaranthus cruentus)

Amaranthus mosaic potyvirus

ofojztA zf el
(Amaranthus deflexus)

Amaranthus leaf mottle potyvirus

Amaranthus dilatum

Amaranthus mosaic potyvirus

<& ofojztA
(Amaranthus hybridus)

Amaranthus leaf mottle potyvirus

Viola mottle potexvirus

2xte| Zid
(Amaranthus
hypochondriacus)

Celery latent potyvirus

Amaranthus leucocarpus

Amaranthus mosaic potyvirus

JHH| = ) )
(Amaranthus lividus) Amaranthus mosaic potyvirus
Hu|E Alfalfa mosaic alfamovirus

(Amaranthus retroflexus)

Amaranthus leaf mottle potyvirus

Apple mosaic ilarvirus

Asparagus 3 potexvirus

Beet curly top hybrigeminivirus

Beet mosaic potyvirus

Beet western yellows luteovirus

Cactus X potexvirus

Celery latent potyvirus

Cucumber mosaic cucumovirus

Elm mottle ilarvirus

Grapevine Bulgarian latent nepovirus

Lilac chlorotic leafspot capillovirus

Nerine X potexvirus

Okra mosaic tymovirus

Ribgrass mosaic tobamovirus

Spinach latent ilarvirus

Statice Y potyvirus

Strawberry latent ringspot nepovirus

Tobacco rattle tobravirus

Tobacco streak ilarvirus

Tomato black ring nepovirus

Tomato ringspot nepovirus

Tomato spotted wilt tospovirus

Tomato top necrosis nepovirus

H| &

(Amaranthus tricolor)

Amaranthus leaf mottle potyvirus

Amaranthus mosaic potyvirus

Apple mosaic ilarvirus

~MH| 2 ) .
amla:rlanthus viridis) Amaranthus mosaic potyvirus
e E2|o| Abelia latent tymovirus

(Celosia argentea)

Alfalfa mosaic alfamovirus

Beet mosaic potyvirus

Beet western yellows luteovirus

Cactus X potexvirus

Caraway latent nepovirus

Carnation mottle carmovirus

Carnation vein mottle potyvirus

Cherry leaf roll nepovirus

Clover yellow vein potyvirus

Cucumber leaf spot carmovirus

Cymbidium ringspot tombusvirus

Dogwood mosaic nepovirus

Elderberry carlavirus

Elm mottle ilarvirus

Erysimum latent tymovirus

Garlic common latent carlavirus

Henbane mosaic potyvirus

Leek yellow stripe potyvirus
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Lilac ring mottle ilarvirus

Peanut clump furovirus

Pelargonium flower break carmovirus

Pelargonium line pattern carmovirus

Pepper veinal mottle potyvirus

Plum American line pattern ilarvirus

Plum pox potyvirus

Potato leafroll luteovirus

Red clover necrotic mosaic dianthovirus

Spinach latent ilarvirus

Strawberry latent ringspot nepovirus

Sweet potato mild mottle ipomovirus

Telfairia mosaic potyvirus

Tobacco etch potyvirus

Tobacco ringspot nepovirus

Tomato black ring nepovirus

Tomato bushy stunt tombusvirus

Turnip mosaic potyvirus

Watermelon mosaic 2 potyvirus

o =2}o| Apple stem pitting virus

(Celosia cristata) Beet mosaic potyvirus

Beet yellows closterovirus

Cherry leaf roll nepovirus

Chicory yellow mottle nepovirus

Cucumber leaf spot carmovirus

Cycas necrotic stunt nepovirus

Dogwood mosaic nepovirus

Epirus cherry ourmiavirus

Eucharis mottle nepovirus

Henbane mosaic potyvirus

Humulus japonicus ilarvirus

Maclura mosaic macluravirus

Olive latent 1 sobemovirus

Peach enation nepovirus

Pelargonium zonate spot ourmiavirus

Spinach latent ilarvirus

A== R ==t ] Heracleum latent trichovirus
(Celosia plumosa) Lilac ring mottle ilarvirus
X2l = (Gomphrena Abelia latent tymovirus
lobosa Alfalfa mosaic alfamovirus

Alstroemeria ilarvirus

Amaranthus leaf mottle potyvirus

Amaranthus mosaic potyvirus

Apple mosaic ilarvirus

Apple stem pitting virus

Arabis mosaic nepovirus

Arracacha A nepovirus

Arracacha B nepovirus

Arracacha latent carlavirus

Artichoke ltalian latent nepovirus

Artichoke latent potyvirus

Artichoke mottled crinkle tombusvirus

Artichoke vein banding nepovirus

Artichoke yellow ringspot nepovirus

Asparagus 1 potyvirus

Asparagus 2 ilarvirus

Asparagus 3 potexvirus

Bamboo mosaic potexvirus

Bean common mosaic potyvirus

Bean mild mosaic carmovirus

Bean yellow mosaic potyvirus

Beet curly top hybrigeminivirus
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Beet mild yellowing luteovirus

Beet mosaic potyvirus

Beet necrotic yellow vein furovirus

Beet western yellows luteovirus

Black raspberry necrosis virus

Blueberry leaf mottle nepovirus

Bramble yellow mosaic potyvirus

Broad bean mottle bromovirus

Broad bean wilt fabavirus

Burdock yellow mosaic potexvirus

Cacao necrosis nepovirus

Cactus X potexvirus

Caraway latent nepovirus

Carnation mottle carmovirus

Carnation ringspot dianthovirus

Carnation vein mottle potyvirus

Carnation yellow stripe necrovirus

Carrot mottle umbravirus

Cassava common mosaic potexvirus

Cassava green mottle nepovirus

Cassava lIvorian bacilliform ourmiavirus

Cassia mild mosaic carlavirus

Cassia yellow blotch bromovirus

Celery latent potyvirus

Cherry leaf roll nepovirus

Chickpea filiform potyvirus

Chicory X potexvirus

Chicory yellow blotch carlavirus

Chicory yellow mottle nepovirus

Citrus ringspot virus

Clover yellow mosaic potexvirus

Clover yellow vein potyvirus

Cole latent carlavirus

Commelina X potexvirus

Cowpea chlorotic mottle bromovirus

Cowpea green vein—banding potyvirus

Cowpea mild mottle carlavirus

Cowpea mosaic comovirus

Cowpea rugose mosaic potyvirus

Cowpea severe mosaic comovirus

Cucumber leaf spot carmovirus

Cucumber mosaic cucumovirus

Cucumber necrosis tombusvirus

Cucumber soil-borne carmovirus

Cycas necrotic stunt nepovirus

Cymbidium mosaic potexvirus

Cymbidium ringspot tombusvirus

Dandelion latent carlavirus

Dandelion yellow mosaic sequivirus

Daphne X potexvirus

Datura Colombian potyvirus

Dogwood mosaic nepovirus

Eggplant mosaic tymovirus

Eggplant mottled crinkle tombusvirus

Eggplant mottled dwarf nucleorhabdovirus

Elderberry carlavirus

Elderberry latent carmovirus

Epirus cherry ourmiavirus

Eucharis mottle nepovirus

Foxtail mosaic potexvirus

Galinsoga mosaic carmovirus

Gomphrena nucleorhabdovirus
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Grapevine Bulgarian latent nepovirus

Grapevine chrome mosaic nepovirus

Grapevine fanleaf nepovirus

Habenaria mosaic potyvirus

Helenium S carlavirus

Helenium Y potyvirus

Heracleum latent trichovirus

Hibiscus latent ringspot nepovirus

Honeysuckle latent carlavirus

Hydrangea mosaic ilarvirus

Hydrangea ringspot potexvirus

Hypochoeris mosaic furovirus

Impatiens latent potexvirus

vy vein clearing cytorhabdovirus

Lamium mild mottle fabavirus

Lato River tombusvirus

Lettuce mosaic potyvirus

Lettuce necrotic yellows cytorhabdovirus

Lilac ring mottle ilarvirus

Lily X potexvirus

Lisianthus necrosis necrovirus

Lucerne Australian latent nepovirus

Lucerne Australian symptomless nepovirus

Malva veinal necrosis potexvirus

Malvastrum mottle virus

Maracuja mosaic tobamovirus

Melandrium yellow fleck bromovirus

Melon Ourmia ourmiavirus

Melothria mottle potyvirus

Mulberry latent carlavirus

Muskmelon vein necrosis carlavirus

Nandina mosaic potexvirus

Narcissus mosaic potexvirus

Neckar River tombusvirus

Nerine latent carlavirus

Nerine X potexvirus

Nicotiana velutina mosaic furovirus

Odontoglossum ringspot tobamovirus

Okra mosaic tymovirus

Olive latent ringspot nepovirus

Olive latent 1 sobemovirus

Olive latent 2 ourmiavirus

Onion mite—borne latent potexvirus

Papaya mosaic potexvirus

Parsnip leafcurl virus

Parsnip mosaic potyvirus

Parsnip yellow fleck sequivirus

Passionfruit Sri Lankan mottle potyvirus

Passionfruit woodiness potyvirus

Patchouli mosaic potyvirus

Patchouli mottle potyvirus

Pea early browning tobravirus

Pea mosaic potyvirus

Pea seed—borne mosaic potyvirus

Pea stem necrosis virus

Pea streak carlavirus

Peach enation nepovirus

Peach rosette mosaic nepovirus

Peanut clump furovirus

Peanut mottle potyvirus

Peanut stunt cucumovirus

Pelargonium flower break carmovirus
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Pelargonium line pattern carmovirus

Pelargonium vein clearing cytorhabdovirus

Pelargonium zonate spot ourmiavirus

Pepper Moroccan tombusvirus

Pepper ringspot tobravirus

Pepper veinal mottle potyvirus

Perilla mottle potyvirus

Physalis mild chlorosis luteovirus

Pittosporum vein yellowing
nucleorhabdovirus

Plum American line pattern ilarvirus

Plum pox potyvirus

Pokeweed mosaic potyvirus

Potato 14R tobamovirus

Potato Andean latent tymovirus

Potato leafroll luteovirus

Potato M carlavirus

Potato T trichovirus

Potato U nepovirus

Potato X potexvirus

Primula mosaic potyvirus

Primula mottle potyvirus

Prunus necrotic ringspot ilarvirus

Quail pea mosaic comovirus

Radish mosaic comovirus

Red clover mottle comovirus

Red clover necrotic mosaic dianthovirus

Ribgrass mosaic tobamovirus

Rose tobamovirus

Saguaro cactus carmovirus

Sieg River potexvirus

Silene X potexvirus

Solanum nodiflorum mottle sobemovirus

Sonchus cytorhabdovirus

Sowbane mosaic sobemovirus

Soybean dwarf luteovirus

Soybean mild mosaic virus

Soybean spherical virus

Soybean Z potyvirus

Spinach latent ilarvirus

Spring beauty latent bromovirus

Statice Y potyvirus

Strawberry latent ringspot nepovirus

Strawberry mottle virus

Subterranean clover red leaf luteovirus

Sunflower ringspot ilarvirus

Sunn—hemp mosaic tobamovirus

Sweet clover necrotic mosaic dianthovirus

Sweet potato mild mottle ipomovirus

Sweet potato ringspot nepovirus

Sweet potato yellow dwarf ipomovirus

Tamus latent potexvirus

Telfairia mosaic potyvirus

Tobacco etch potyvirus

Tobacco mosaic satellivirus

Tobacco necrosis necrovirus

Tobacco necrotic dwarf luteovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tobacco stunt varicosavirus

Tomato black ring nepovirus
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Tomato bushy stunt tombusvirus

Tomato ringspot nepovirus

Tomato spotted wilt tospovirus

Tulip chlorotic blotch potyvirus

Tulip halo necrosis virus

Tulip X potexvirus

Turnip crinkle carmovirus

Turnip mosaic potyvirus

Ullucus mild mottle tobamovirus

Ullucus mosaic potyvirus

Vallota mosaic potyvirus

Viola mottle potexvirus

Watermelon mosaic 2 potyvirus

Wineberry latent virus

Wisteria vein mosaic potyvirus

Zucchini yellow mosaic potyvirus

Gomphrena globosa var.

Datura Colombian potyvirus

rubra
T 2het fﬁiﬂ o) %EFEL}%IS% Amaryllis alphacryptovirus
) | maryllis)
(Amaryllidaceae) FESTE. _ _ _
(Eﬂ_nlarr?) Crinum mosaic potyvirus
Eucharis candida Eucharis mottle nepovirus
ofof= 4l gt Amazon lily mosaic potyvirus
(Eucharis grandiflora) Hippeastrum mosaic potyvirus
Hippeastrum equestre Hippeastrum mosaic potyvirus
ofojz|A Hippeastrum mosaic potyvirus
(Hippeastrum hybridum) Nerine latent carlavirus
Tomato spotted wilt tospovirus
M3t (Narcissus) Narcissus yellow stripe potyvirus
SkA
(ST\:;rrg_?ssus jonquilla) Strawberry latent ringspot nepovirus
a\ll;lllr?ilss—/js{\jpggeticus) Narcissus tip necrosis carmovirus
LiZta st Arabis mosaic nepovirus
(Narcissus Narcissus late season yellows potyvirus
pseudonarcissus) - -
Narcissus latent macluravirus
Narcissus mosaic potexvirus
Narcissus tip necrosis carmovirus
Raspberry ringspot nepovirus
Tobacco rattle tobravirus
Tomato black ring nepovirus
M3t Narcissus degeneration potyvirus
(Narcissus tazetta) Narcissus tip necrosis carmovirus
HzlH 224 Narcissus mosaic potexvirus
(Nerine bowdenii) Nerine latent carlavirus
Nerine potyvirus
Nerine sarniensis Narcissus latent macluravirus
Nerine potyvirus
Nerine X potexvirus
Nerine Y potyvirus
Vallota speciosa Vallota mosaic potyvirus
7HYucca) Furcraea necrotic streak dianthovirus
(E\H(L%ézftalephantipes) Yucca bacilliform badnavirus
grZ=ot2 ozt ‘(’;.i-}gtl o Araujia angustifolia Araujia mosaic potyvirus
=

(Asclepiadaceae)

Araujia hortorum

Araujia mosaic potyvirus

Araujia sericofera

Araujia mosaic potyvirus

=2k=t

(Asclepias curassavica)

Asclepias rhabdovirus

Cynanchum acutum

Tomato yellow leaf curl bigeminivirus

SOf Ft2 A}
(Hoya carnosa)

Araujia mosaic potyvirus
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Matelea floridana

Araujia mosaic potyvirus

Morrenia brachystephana

Araujia mosaic potyvirus

Morrenia odorata

Araujia mosaic potyvirus

Sarcostemma clausum

Araujia mosaic potyvirus

=Py E=ani AL ofA T2 H A )
(Alxsri;a;aceae) Oi,gﬂ o (Atspftagjs) ) Aspa.ragus 3. potewi.us
ofA Il A QI|A|FE|A | Arabis mosaic nepovirus
(Asparagus officinalis) Asparagus 1 potyvirus
Asparagus 2 ilarvirus
Strawberry latent ringspot nepovirus
Tobacco streak ilarvirus
WA DAL 2} 2L =0A|
(Aspleniaceae) %‘PEE; CH (Phyllitis scolopendrium) Harts tongue fern tobravirus
& Mato; %Eﬂ Mk S 3HImpatiens) Impatiens necrotic spot tospovirus
(Balsaminaceae) QJEEHEH ofZ2|7t M3t Helenium S carlavirus
= (Impatiens  holstii) Impatiens latent potexvirus
JLofn Ar AdlZlE| 2= aLo . .
?éegcjni;cteae) oE}OEﬂ o) (EBegolnia elgtlior)l t Camnation mottle carmovirus
= A # Dot . .
(Begonia x cheimantha) Camnation mottle carmovirus
x| x| =} =204 Ol X[ %] Arabis mosaic nepovirus
(Boraginaceae) ofz (Myosotis sylvatica) Carnation ringspot dianthovirus
Cymbidium ringspot tombusvirus
Tobacco rattle tobravirus
Tobacco ringspot nepovirus
Tomato black ring nepovirus
slet= = EE _ . .
(Buxaceae) ofdry (Buxus sempervirens) Arabis mosaic nepovirus
ol %Eﬂ 5 MH =4 (Humulus) Apple mosaic ilarvirus
(Cannabidaceae) chHEH ] Prunus necrotic rl.ngspot ilarvirus
slptg = Hop latent carlavirus
(Humulus japonicus) Humulus japonicus ilarvirus
& (Humulus lupulus) Arabis mosaic nepovirus
Hop American latent carlavirus
Hop latent carlavirus
Hop mosaic carlavirus
Humulus japonicus ilarvirus
Petunia asteroid mosaic tombusvirus
Plum pox potyvirus
apatofot Ay utmtof(Carica papaya) Croton yellow vein mosaic bigeminivirus
(Caricaceae) Papaya mosaic potexvirus
Papaya ringspot potyvirus
Watermelon mosaic potyvirus
Mol 1 2L EolE .
(?)h(i:]_o;odiaceae) SJEEE: oy (f&t?iplt;x_ hastata) Zygocactus Montana X potexvirus
2 =R

(Atriplex hortensis)

Amaranthus leaf mottle potyvirus

Beet curly top hybrigeminivirus

Beet mosaic potyvirus

Beet yellows closterovirus

Carnation mottle carmovirus

Carnation vein mottle potyvirus

Carrot thin leaf potyvirus

Celery latent potyvirus

Cherry leaf roll nepovirus

Clover yellow vein potyvirus

Cucumber mosaic cucumovirus

Cymbidium ringspot tombusvirus

Elm mottle ilarvirus

Grapevine Bulgarian latent nepovirus

Heracleum latent trichovirus

Hop latent carlavirus

Maclura mosaic macluravirus
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Narcissus mosaic potexvirus

Onion mite—borne latent potexvirus

Pelargonium flower break carmovirus

Pelargonium line pattern carmovirus

Potato mop-top furovirus

Red clover necrotic mosaic dianthovirus

Sowbane mosaic sobemovirus

Strawberry latent ringspot nepovirus

Sweet potato mild mottle ipomovirus

Tobacco ringspot nepovirus

Tomato black ring nepovirus

Watermelon mosaic 2 potyvirus

Wisteria vein mosaic potyvirus

ASEO|
(Atriplex patula)

Beet leaf curl rhabdovirus

Atriplex suberecta

Sowbane mosaic sobemovirus

Beta macrocarpa

Beet curly top hybrigeminivirus

Beet leaf curl rhabdovirus

Beet mild yellowing luteovirus

Beet mosaic potyvirus

Beet necrotic yellow vein furovirus

Beet pseudo-yellows closterovirus

Beet soil-borne furovirus

Beet western yellows luteovirus

Cherry leaf roll nepovirus

Lettuce infectious yellows closterovirus

Lilac chlorotic leafspot capillovirus

Nicotiana velutina mosaic furovirus

Sowbane mosaic sobemovirus

Spinach latent ilarvirus

Tobacco streak ilarvirus

Wineberry latent virus

A 2ol (Beta maritima)

Beet mosaic potyvirus

Beta patellaris

Beet curly top hybrigeminivirus

Beet mild yellowing luteovirus

Beet mosaic potyvirus

Beet necrotic yellow vein furovirus

Beet western yellows luteovirus

Dogwood mosaic nepovirus

Helenium S carlavirus

Lychnis ringspot hordeivirus

Tobacco streak ilarvirus

H| E(Beta vulgaris)

Alfalfa mosaic alfamovirus

Arabis mosaic nepovirus

Arracacha A nepovirus

Asparagus 2 ilarvirus

Asparagus 3 potexvirus

Barley stripe mosaic hordeivirus

Beet 1 alphacryptovirus

Beet 2 alphacryptovirus

Beet 3 alphacryptovirus

Beet curly top hybrigeminivirus

Beet distortion mosaic virus

Beet leaf curl rhabdovirus

Beet mild yellowing luteovirus

Beet mosaic potyvirus

Beet necrotic yellow vein furovirus

Beet pseudo-yellows closterovirus

Beet soil-borne furovirus

Beet western yellows luteovirus

Beet yellow net luteovirus

Beet yellow stunt closterovirus

Beet yellows closterovirus
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Broad bean wilt fabavirus

Butterbur mosaic carlavirus

Cacao necrosis nepovirus

Cacao yellow mosaic tymovirus

Cactus X potexvirus

Caraway latent nepovirus

Carnation latent carlavirus

Carnation mottle carmovirus

Carnation vein mottle potyvirus

Celery latent potyvirus

Cherry leaf roll nepovirus

Chickpea chlorotic dwarf monogeminivirus

Chicory yellow blotch carlavirus

Clover yellow mosaic potexvirus

Clover yellow vein potyvirus

Cowpea chlorotic mottle bromovirus

Cowpea mild mottle carlavirus

Croton yellow vein mosaic bigeminivirus

Cucumber mosaic cucumovirus

Cucumber soil-borne carmovirus

Cycas necrotic stunt nepovirus

Cymbidium ringspot tombusvirus

Dogwood mosaic nepovirus

Elderberry carlavirus

Elderberry latent carmovirus

Elm mottle ilarvirus

Epirus cherry ourmiavirus

Foxtail mosaic potexvirus

Grapevine Bulgarian latent nepovirus

Grapevine fanleaf nepovirus

Groundnut eyespot potyvirus

Helenium S carlavirus

Heracleum latent trichovirus

Humulus japonicus ilarvirus

Impatiens latent potexvirus

Lettuce infectious yellows closterovirus

Lettuce mosaic potyvirus

Lettuce speckles mottle umbravirus

Lilac chlorotic leafspot capillovirus

Marigold mottle potyvirus

Mulberry latent carlavirus

Odontoglossum ringspot tobamovirus

Parsnip leafcurl virus

Parsnip yellow fleck sequivirus

Pea seed—borne mosaic potyvirus

Peanut clump furovirus

Peanut stunt cucumovirus

Pelargonium line pattern carmovirus

Pepper ringspot tobravirus

Physalis mild chlorosis luteovirus

Potato 14R tobamovirus

Potato black ringspot nepovirus

Potato M carlavirus

Potato mop-top furovirus

Potato T trichovirus

Potato U nepovirus

Radish mosaic comovirus

Raspberry ringspot nepovirus

Red clover necrotic mosaic dianthovirus

Ribgrass mosaic tobamovirus

Rubus Chinese seed—borne nepovirus

Sowbane mosaic sobemovirus

Soybean dwarf luteovirus
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Spinach latent ilarvirus

Strawberry latent ringspot nepovirus

Subterranean clover red leaf luteovirus

Sunn—hemp mosaic tobamovirus

Sweet potato mild mottle ipomovirus

Tobacco etch potyvirus

Tobacco mosaic tobamovirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tobacco stunt varicosavirus

Tobacco yellow dwarf monogeminivirus

Tomato black ring nepovirus

Tulip halo necrosis virus

Tulip X potexvirus

Turnip mosaic potyvirus

Viola mottle potexvirus

=H

(Beta vulgaris ssp. cicla)

Beet 3 alphacryptovirus

Beet yellow net luteovirus

Helenium S carlavirus

Tobacco ringspot nepovirus

o1}
(Chenopodiaceae)

Apple stem grooving capillovirus

Potato mop-top furovirus

ERTEES

(Chenopodium)

Cassava Colombian symptomless
potexvirus

Sweet potato yellow dwarf ipomovirus

HolF
(Chenopodium album)

=
=

Alfalfa mosaic alfamovirus

Amaranthus leaf mottle potyvirus

Arabis mosaic nepovirus

Artichoke latent potyvirus

Asparagus 1 potyvirus

Barley stripe mosaic hordeivirus

Bean yellow mosaic potyvirus

Beet curly top hybrigeminivirus

Beet leaf curl rhabdovirus

Beet mosaic potyvirus

Beet necrotic yellow vein furovirus

Beet pseudo-yellows closterovirus

Beet soil-borne furovirus

Beet yellows closterovirus

Blueberry leaf mottle nepovirus

Broad bean mottle bromovirus

Broad bean stain comovirus

Canavalia maritima mosaic potyvirus

Carnation yellow stripe necrovirus

Cassava common mosaic potexvirus

Cassia severe mosaic closterovirus

Celery latent potyvirus

Clover yellow mosaic potexvirus

Clover yellow vein potyvirus

Cowpea chlorotic mottle bromovirus

Cowpea severe mosaic comovirus

Crimson clover latent nepovirus

Cucumber mosaic cucumovirus

Daphne Y potyvirus

Eggplant mosaic tymovirus

Elm mottle ilarvirus

Foxtail mosaic potexvirus

Galinsoga mosaic carmovirus

Grapevine Bulgarian latent nepovirus

Grapevine fanleaf nepovirus

Guar symptomless potyvirus
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Helenium S carlavirus

Helenium Y potyvirus

Heracleum latent trichovirus

Hop American latent carlavirus

Hop latent carlavirus

Hop mosaic carlavirus

Humulus japonicus ilarvirus

Impatiens latent potexvirus

Kalanchoe latent carlavirus

Lamium mild mottle fabavirus

Leek yellow stripe potyvirus

Lettuce mosaic potyvirus

Lilac ring mottle ilarvirus

Lucerne Australian latent nepovirus

Lucerne transient streak sobemovirus

Lychnis ringspot hordeivirus

Maclura mosaic macluravirus

Okra mosaic tymovirus

Parietaria mottle ilarvirus

Parsnip leafcurl virus

Passiflora latent carlavirus

Passiflora ringspot potyvirus

Passionfruit Sri Lankan mottle potyvirus

Passionfruit woodiness potyvirus

Pea enation mosaic enamovirus

Pea seed—borne mosaic potyvirus

Peach enation nepovirus

Pelargonium line pattern carmovirus

Pepper ringspot tobravirus

Potato 14R tobamovirus

Potato black ringspot nepovirus

Potato M carlavirus

Potato mop-top furovirus

Potato S carlavirus

Potato T trichovirus

Potato U nepovirus

Primula mosaic potyvirus

Primula mottle potyvirus

Prunus necrotic ringspot ilarvirus

Radish mosaic comovirus

Ribgrass mosaic tobamovirus

Rubus Chinese seed—borne nepovirus

Shallot latent carlavirus

Sowbane mosaic sobemovirus

Soybean mild mosaic virus

Soybean mosaic potyvirus

Spring beauty latent bromovirus

Squash mosaic comovirus

Strawberry latent ringspot nepovirus

Swordbean distortion mosaic potyvirus

Tobacco etch potyvirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tobacco stunt varicosavirus

Tomato bushy stunt tombusvirus

Tomato ringspot nepovirus

Turnip crinkle carmovirus

Viola mottle potexvirus

Watermelon mosaic 2 potyvirus

Wineberry latent virus

Wisteria vein mosaic potyvirus
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Zygocactus Montana X potexvirus

HotFE
(Chenopodium
amaranticolor)

Abelia latent tymovirus

Ahlum waterborne carmovirus

Alfalfa mosaic alfamovirus

Alsike clover vein mosaic virus

Alstroemeria ilarvirus

Alstroemeria streak potyvirus

Amaranthus leaf mottle potyvirus

Amazon lily mosaic potyvirus

Anthoxanthum latent blanching hordeivirus

Anthriscus carlavirus

Apple chlorotic leaf spot trichovirus

Aquilegia potyvirus

Arabis mosaic nepovirus

Arracacha A nepovirus

Arracacha B nepovirus

Arracacha latent carlavirus

Arracacha Y potyvirus

Artichoke latent potyvirus

Artichoke latent S carlavirus

Artichoke mottled crinkle tombusvirus

Artichoke vein banding nepovirus

Asparagus 1 potyvirus

Asparagus 2 ilarvirus

Asparagus 3 potexvirus

Aster chlorotic stunt carlavirus

Asystasia gangetica mottle potyvirus

Bamboo mosaic potexvirus

Barley stripe mosaic hordeivirus

Bean common mosaic potyvirus

Bean rugose mosaic comovirus

Bean yellow mosaic potyvirus

Bean yellow vein banding umbravirus

Beet curly top hybrigeminivirus

Beet leaf curl rhabdovirus

Beet mosaic potyvirus

Beet necrotic yellow vein furovirus

Beet pseudo-yellows closterovirus

Beet soil-borne furovirus

Beet yellows closterovirus

Bidens mosaic potyvirus

Bidens mottle potyvirus

Black raspberry necrosis virus

Blueberry leaf mottle nepovirus

Broad bean B virus

Broad bean mottle bromovirus

Broad bean necrosis furovirus

Broad bean severe chlorosis closterovirus

Broad bean wilt fabavirus

Brome mosaic bromovirus

Burdock mottle virus

Burdock yellow mosaic potexvirus

Butterbur mosaic carlavirus

Cacao necrosis nepovirus

Cacao yellow mosaic tymovirus

Cactus X potexvirus

Canavalia maritima mosaic potyvirus

Caper latent carlavirus

Caraway latent nepovirus

Carnation latent carlavirus

Carnation mottle carmovirus

Carnation ringspot dianthovirus

Carnation vein mottle potyvirus
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Carnation yellow stripe necrovirus

Carrot mosaic potyvirus

Carrot mottle umbravirus

Carrot thin leaf potyvirus

Cassava brown streak-associated
carlavirus

Cassava common mosaic potexvirus

Cassava green mottle nepovirus

Cassava lvorian bacilliform ourmiavirus

Cassia mild mosaic carlavirus

Cassia severe mosaic closterovirus

Cassia yellow blotch bromovirus

Cassia yellow spot potyvirus

Celery latent potyvirus

Celery mosaic potyvirus

Celery yellow mosaic potyvirus

Cherry leaf roll nepovirus

Cherry mottle leaf trichovirus

Cherry rasp leaf nepovirus

Chickpea bushy dwarf potyvirus

Chickpea filiform potyvirus

Chicory X potexvirus

Chicory yellow mottle nepovirus

Citrus ringspot virus

Clitoria mosaic potexvirus

Clover yellow mosaic potexvirus

Clover yellow vein potyvirus

Coffee ringspot nucleorhabdovirus

Cole latent carlavirus

Cowpea chlorotic mottle bromovirus

Cowpea green vein—banding potyvirus

Cowpea mild mottle carlavirus

Cowpea mosaic comovirus

Cowpea mottle carmovirus

Cowpea rugose mosaic potyvirus

Cowpea severe mosaic comovirus

Crimson clover latent nepovirus

Croton vein yellowing nucleorhabdovirus

Croton yellow vein mosaic bigeminivirus

Cucumber green mottle mosaic
tobamovirus

Cucumber leaf spot carmovirus

Cucumber mosaic cucumovirus

Cucumber necrosis tombusvirus

Cucumber soil-borne carmovirus

Cycas necrotic stunt nepovirus

Cymbidium mosaic potexvirus

Cymbidium ringspot tombusvirus

Dandelion latent carlavirus

Dandelion yellow mosaic sequivirus

Daphne Y potyvirus

Dasheen mosaic potyvirus

Dioscorea green banding mosaic potyvirus

Dogwood mosaic nepovirus

Eggplant mild mottle carlavirus

Eggplant mosaic tymovirus

Eggplant mottled crinkle tombusvirus

Eggplant mottled dwarf nucleorhabdovirus

Elderberry carlavirus

Elderberry latent carmovirus

Elm mottle ilarvirus

Epirus cherry ourmiavirus

Eucharis mottle nepovirus
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Foxtail mosaic potexvirus

Fragaria chiloensis ilarvirus

Freesia leaf necrosis varicosavirus

Galinsoga mosaic carmovirus

Garlic common latent carlavirus

Glycine mosaic comovirus

Grapevine Algerian latent tombusvirus

Grapevine Bulgarian latent nepovirus

Grapevine chrome mosaic nepovirus

Grapevine fanleaf nepovirus

Groundnut chlorotic spot potexvirus

Groundnut rosette umbravirus

Guar symptomless potyvirus

Habenaria mosaic potyvirus

Helenium S carlavirus

Helenium Y potyvirus

Henbane mosaic potyvirus

Heracleum latent trichovirus

Hibiscus latent ringspot nepovirus

Hibiscus yellow mosaic tobamovirus

Honeysuckle latent carlavirus

Hop American latent carlavirus

Hop mosaic carlavirus

Humulus japonicus ilarvirus

Hydrangea mosaic ilarvirus

Hydrangea ringspot potexvirus

Hypochoeris mosaic furovirus

Impatiens latent potexvirus

I[ris mild mosaic potyvirus

Kalanchoe isometric virus

Kalanchoe latent carlavirus

Kalanchoe mosaic potyvirus

Lamium mild mottle fabavirus

Leek yellow stripe potyvirus

Lettuce big—vein varicosavirus

Lettuce mosaic potyvirus

Lilac chlorotic leafspot capillovirus

Lilac mottle carlavirus

Lilac ring mottle ilarvirus

Lisianthus necrosis necrovirus

Lucerne Australian latent nepovirus

Lucerne Australian symptomless nepovirus

Lucerne transient streak sobemovirus

Lychnis ringspot hordeivirus

Maclura mosaic macluravirus

Malva veinal necrosis potexvirus

Malvastrum mottle virus

Maracuja mosaic tobamovirus

Marigold mottle potyvirus

Melandrium yellow fleck bromovirus

Melilotus mosaic potyvirus

Melon Ourmia ourmiavirus

Melothria mottle potyvirus

Mulberry latent carlavirus

Mung bean mottle potyvirus

Muskmelon vein necrosis carlavirus

Nandina mosaic potexvirus

Narcissus mosaic potexvirus

Narcissus tip necrosis carmovirus

Nerine latent carlavirus

Nerine potyvirus

Nerine X potexvirus

Nicotiana velutina mosaic furovirus

- 177 -




Oat golden stripe furovirus

Odontoglossum ringspot tobamovirus

Okra mosaic tymovirus

Olive latent ringspot nepovirus

Olive latent 1 sobemovirus

Onion mite—borne latent potexvirus

Opuntia Sammons' tobamovirus

Orchid fleck rhabdovirus

Papaya mosaic potexvirus

Papaya ringspot potyvirus

Parietaria mottle ilarvirus

Parsley green mottle potyvirus

Parsnip leafcurl virus

Parsnip mosaic potyvirus

Parsnip yellow fleck sequivirus

Passiflora ringspot potyvirus

Passionfruit Sri Lankan mottle potyvirus

Passionfruit woodiness potyvirus

Patchouli mosaic potyvirus

Patchouli mottle potyvirus

Pea early browning tobravirus

Pea enation mosaic enamovirus

Pea mosaic potyvirus

Pea seed—borne mosaic potyvirus

Pea stem necrosis virus

Pea streak carlavirus

Peach enation nepovirus

Peach rosette mosaic nepovirus

Peanut clump furovirus

Peanut green mosaic potyvirus

Peanut mottle potyvirus

Peanut stunt cucumovirus

Peanut top paralysis potyvirus

Peanut yellow spot tospovirus

Pelargonium flower break carmovirus

Pelargonium leaf curl tombusvirus

Pelargonium line pattern carmovirus

Pelargonium zonate spot ourmiavirus

Pepper Indian mottle potyvirus

Pepper mild mottle tobamovirus

Pepper Moroccan tombusvirus

Pepper mottle potyvirus

Pepper ringspot tobravirus

Pepper severe mosaic potyvirus

Pepper veinal mottle potyvirus

Perilla mottle potyvirus

Pittosporum vein yellowing
nucleorhabdovirus

Plantain X potexvirus

Potato 14R tobamovirus

Potato Andean latent tymovirus

Potato black ringspot nepovirus

Potato M carlavirus

Potato mop-top furovirus

Potato S carlavirus

Potato T trichovirus

Potato U nepovirus

Potato Y potyvirus

Primula mosaic potyvirus

Primula mottle potyvirus

Radish mosaic comovirus

Raspberry bushy dwarf idaeovirus

Raspberry ringspot nepovirus
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Red clover mottle comovirus

Red clover necrotic mosaic dianthovirus

Red clover vein mosaic carlavirus

Ribgrass mosaic tobamovirus

Rice stripe necrosis furovirus

Rose tobamovirus

Rubus Chinese seed—borne nepovirus

Saguaro cactus carmovirus

Shallot latent carlavirus

Sieg River potexvirus

Silene X potexvirus

Sitke waterborne tombusvirus

Sorghum chlorotic spot furovirus

Sowbane mosaic sobemovirus

Soybean mild mosaic virus

Soybean spherical virus

Soybean yellow vein virus

Spinach latent ilarvirus

Spring beauty latent bromovirus

Statice Y potyvirus

Strawberry latent ringspot nepovirus

Strawberry mottle virus

Sunflower ringspot ilarvirus

Sweet clover necrotic mosaic dianthovirus

Sweet potato feathery mottle potyvirus

Sweet potato latent potyvirus

Sweet potato ringspot nepovirus

Tamus latent potexvirus

Telfairia mosaic potyvirus

Tobacco etch potyvirus

Tobacco mild green mosaic tobamovirus

Tobacco mosaic satellivirus

Tobacco mosaic tobamovirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tobacco stunt varicosavirus

Tomato aspermy cucumovirus

Tomato black ring nepovirus

Tomato bushy stunt tombusvirus

Tomato mosaic tobamovirus

Tomato Peru potyvirus

Tomato ringspot nepovirus

Tulip chlorotic blotch potyvirus

Tulip halo necrosis virus

Tulip X potexvirus

Turnip crinkle carmovirus

Turnip mosaic potyvirus

Ullucus C comovirus

Ullucus mild mottle tobamovirus

Ullucus mosaic potyvirus

Vallota mosaic potyvirus

Vanilla necrosis potyvirus

Viola mottle potexvirus

Voandzeia necrotic mosaic tymovirus

Watercress yellow spot virus

Watermelon mosaic 1 potyvirus

Watermelon mosaic 2 potyvirus

Weddel waterborne carmovirus

Welsh onion yellow stripe potyvirus

Wheat soil-borne mosaic furovirus

Wineberry latent virus
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Wisteria vein mosaic potyvirus

Zucchini yellow mosaic potyvirus

ok otF
(Chenopodium
ambrosioides)

Artichoke latent potyvirus

Artichoke vein banding nepovirus

Beet yellows closterovirus

Carnation yellow stripe necrovirus

Carrot thin leaf potyvirus

Dasheen mosaic potyvirus

Foxtail mosaic potexvirus

Grapevine Bulgarian latent nepovirus

Grapevine fanleaf nepovirus

Maclura mosaic macluravirus

Marigold mottle potyvirus

Okra mosaic tymovirus

Parsnip mosaic potyvirus

Parsnip yellow fleck sequivirus

Plum pox potyvirus

Potato 14R tobamovirus

Potato T trichovirus

Primula mosaic potyvirus

Statice Y potyvirus

Strawberry latent ringspot nepovirus

Wineberry latent virus

Chenopodium berthaultii

Potato U nepovirus

Chenopodium botrys

Dogwood mosaic nepovirus

Al FRE7|
(Chenopodium capitatum)

Alstroemeria mosaic potyvirus

Asparagus 1 potyvirus

Beet curly top hybrigeminivirus

Beet leaf curl rhabdovirus

Beet mosaic potyvirus

Beet pseudo-yellows closterovirus

Beet soil-borne furovirus

Beet western yellows luteovirus

Beet yellows closterovirus

Blueberry leaf mottle nepovirus

Broad bean stain comovirus

Carrot mottle umbravirus

Commelina X potexvirus

Cowpea severe mosaic comovirus

Cucumber leaf spot carmovirus

Dahlia mosaic caulimovirus

Foxtail mosaic potexvirus

Grapevine Bulgarian latent nepovirus

Grapevine fanleaf nepovirus

Heracleum latent trichovirus

Kalanchoe latent carlavirus

Lettuce infectious yellows closterovirus

Lettuce mosaic potyvirus

Lettuce speckles mottle umbravirus

Lilac chlorotic leafspot capillovirus

Lily X potexvirus

Lychnis ringspot hordeivirus

Narcissus tip necrosis carmovirus

Nerine latent carlavirus

Nerine potyvirus

Nerine X potexvirus

Parsnip leafcurl virus

Parsnip mosaic potyvirus

Parsnip yellow fleck sequivirus

Pea seed—borne mosaic potyvirus

Pelargonium flower break carmovirus

Pelargonium line pattern carmovirus

Plum pox potyvirus
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Potato 14R tobamovirus

Potato black ringspot nepovirus

Potato U nepovirus

Red clover necrotic mosaic dianthovirus

Saguaro cactus carmovirus

Sieg River potexvirus

Sowbane mosaic sobemovirus

Statice Y potyvirus

Strawberry latent ringspot nepovirus

Sweet potato ringspot nepovirus

Telfairia mosaic potyvirus

Tobacco streak ilarvirus

Tomato ringspot nepovirus

Ullucus mild mottle tobamovirus

ZdolF
(Chenopodium ficifolium)

Potato U nepovirus

Chenopodium foetidum

Arabis mosaic nepovirus

Arracacha B nepovirus

Beet soil-borne furovirus

Blueberry leaf mottle nepovirus

Cactus X potexvirus

Cassia severe mosaic closterovirus

Celery latent potyvirus

Cherry leaf roll nepovirus

Cowpea mild mottle carlavirus

Cucumber mosaic cucumovirus

Dogwood mosaic nepovirus

Elm mottle ilarvirus

Foxtail mosaic potexvirus

Grapevine chrome mosaic nepovirus

Grapevine fanleaf nepovirus

Heracleum latent trichovirus

Hop American latent carlavirus

Hop mosaic carlavirus

Humulus japonicus ilarvirus

Leek yellow stripe potyvirus

Lilac ring mottle ilarvirus

Lucerne Australian latent nepovirus

Maclura mosaic macluravirus

Okra mosaic tymovirus

Parsnip leafcurl virus

Parsnip mosaic potyvirus

Passionfruit Sri Lankan mottle potyvirus

Pea seed—borne mosaic potyvirus

Peanut stunt cucumovirus

Pepper Moroccan tombusvirus

Pepper veinal mottle potyvirus

Physalis mosaic tymovirus

Plum pox potyvirus

Poplar mosaic carlavirus

Potato black ringspot nepovirus

Potato T trichovirus

Primula mosaic potyvirus

Radish mosaic comovirus

Rubus Chinese seed—borne nepovirus

Strawberry latent ringspot nepovirus

Tobacco etch potyvirus

Tobacco rattle tobravirus

Tobacco streak ilarvirus

Tomato black ring nepovirus

Tomato ringspot nepovirus

Watermelon mosaic 2 potyvirus

Wineberry latent virus
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HE=HotF
(Chenopodium foliosum)

Arracacha A nepovirus

Beet leaf curl rhabdovirus

Beet soil-borne furovirus

Beet yellows closterovirus

Carrot thin leaf potyvirus

Grapevine fanleaf nepovirus

Heracleum latent trichovirus

Humulus japonicus ilarvirus

Lamium mild mottle fabavirus

Maclura mosaic macluravirus

Parsnip leafcurl virus

Plum pox potyvirus

Potato 14R tobamovirus

Potato black ringspot nepovirus

Potato mop-top furovirus

Potato T trichovirus

Potato U nepovirus

Radish mosaic comovirus

Rubus Chinese seed—borne nepovirus

Sieg River potexvirus

Statice Y potyvirus

Strawberry latent ringspot nepovirus

Watermelon mosaic 2 potyvirus

Chenopodium giganteum

Chicory yellow blotch carlavirus

Zygocactus Montana X potexvirus

(Chenopodium glaucum)

Potato U nepovirus

Z|2loF
o

gFeiofF

(Chenopodium hybridum)

Beet yellows closterovirus

Broad bean mottle bromovirus

Broad bean wilt fabavirus

Brome mosaic bromovirus

Cowpea chlorotic mottle bromovirus

Cucumber mosaic cucumovirus

Eggplant mosaic tymovirus

Foxtail mosaic potexvirus

Grapevine Bulgarian latent nepovirus

Grapevine fanleaf nepovirus

Hop latent carlavirus

Melandrium yellow fleck bromovirus

Okra mosaic tymovirus

Ribgrass mosaic tobamovirus

Strawberry latent ringspot nepovirus

Tobacco mosaic tobamovirus

Tobacco streak ilarvirus

Tomato ringspot nepovirus

Watermelon mosaic 2 potyvirus

gi=gleolr

i o

(Chenopodium murale)

Abelia latent tymovirus

Alfalfa mosaic alfamovirus

Alstroemeria ilarvirus

Alstroemeria mosaic potyvirus

Amaranthus leaf mottle potyvirus

Apple mosaic ilarvirus

Apple stem pitting virus

Arabis mosaic nepovirus

Arracacha A nepovirus

Arracacha B nepovirus

Arracacha Y potyvirus

Artichoke latent potyvirus

Artichoke vein banding nepovirus

Asparagus 2 ilarvirus

Asparagus 3 potexvirus

Beet curly top hybrigeminivirus

Beet leaf curl rhabdovirus
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Beet mosaic potyvirus

Beet necrotic yellow vein furovirus

Beet pseudo-yellows closterovirus

Beet soil-borne furovirus

Black raspberry necrosis virus

Blueberry leaf mottle nepovirus

Bramble yellow mosaic potyvirus

Broad bean stain comovirus

Burdock mottle virus

Burdock yellow mosaic potexvirus

Cactus X potexvirus

Carnation vein mottle potyvirus

Carrot thin leaf potyvirus

Cassava common mosaic potexvirus

Cassava green mottle nepovirus

Cassava lvorian bacilliform ourmiavirus

Cassia mild mosaic carlavirus

Cassia severe mosaic closterovirus

Cherry leaf roll nepovirus

Chickpea bushy dwarf potyvirus

Commelina X potexvirus

Cowpea mild mottle carlavirus

Cowpea rugose mosaic potyvirus

Cucumber green mottle mosaic
tobamovirus

Cucumber leaf spot carmovirus

Cucumber mosaic cucumovirus

Cycas necrotic stunt nepovirus

Cymbidium ringspot tombusvirus

Dandelion yellow mosaic sequivirus

Dogwood mosaic nepovirus

Elm mottle ilarvirus

Foxtail mosaic potexvirus

Garlic common latent carlavirus

Grapevine Bulgarian latent nepovirus

Grapevine fanleaf nepovirus

Groundnut rosette umbravirus

Guar symptomless potyvirus

Heracleum latent trichovirus

Hibiscus latent ringspot nepovirus

Honeysuckle latent carlavirus

Hop American latent carlavirus

Hop latent carlavirus

Hop mosaic carlavirus

Humulus japonicus ilarvirus

Hypochoeris mosaic furovirus

Kalanchoe latent carlavirus

Leek yellow stripe potyvirus

Lettuce infectious yellows closterovirus

Lettuce mosaic potyvirus

Lettuce speckles mottle umbravirus

Lilac chlorotic leafspot capillovirus

Lily X potexvirus

Lucerne Australian symptomless nepovirus

Lychnis ringspot hordeivirus

Maclura mosaic macluravirus

Maracuja mosaic tobamovirus

Melandrium yellow fleck bromovirus

Melothria mottle potyvirus

Mulberry ringspot nepovirus

Narcissus tip necrosis carmovirus

Nerine latent carlavirus

Nerine potyvirus
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Nerine X potexvirus

Onion mite—borne latent potexvirus

Opuntia Sammons' tobamovirus

Parietaria mottle ilarvirus

Parsnip leafcurl virus

Parsnip mosaic potyvirus

Parsnip yellow fleck sequivirus

Passionfruit Sri Lankan mottle potyvirus

Patchouli mosaic potyvirus

Pea early browning tobravirus

Pea seed—borne mosaic potyvirus

Peanut stunt cucumovirus

Pelargonium flower break carmovirus

Pelargonium line pattern carmovirus

Pepper Moroccan tombusvirus

Pepper ringspot tobravirus

Plum American line pattern ilarvirus

Plum pox potyvirus

Poplar mosaic carlavirus

Potato 14R tobamovirus

Potato black ringspot nepovirus

Potato T trichovirus

Potato U nepovirus

Primula mosaic potyvirus

Radish mosaic comovirus

Raspberry bushy dwarf idaeovirus

Red clover necrotic mosaic dianthovirus

Ribgrass mosaic tobamovirus

Rose tobamovirus

Rubus Chinese seed—borne nepovirus

Sieg River potexvirus

Sowbane mosaic sobemovirus

Statice Y potyvirus

Strawberry latent ringspot nepovirus

Strawberry mild yellow edge—associated
potexvirus

Sweet potato latent potyvirus

Sweet potato mild mottle ipomovirus

Sweet potato ringspot nepovirus

Tamus latent potexvirus

Telfairia mosaic potyvirus

Tobacco streak ilarvirus

Tomato bushy stunt tombusvirus

Tomato mosaic tobamovirus

Tomato ringspot nepovirus

Tomato top necrosis nepovirus

Tomato vein clearing nucleorhabdovirus

Turnip crinkle carmovirus

Turnip mosaic potyvirus

Ullucus C comovirus

Ullucus mild mottle tobamovirus

Ullucus mosaic potyvirus

Viola mottle potexvirus

Watermelon mosaic 2 potyvirus

Wineberry latent virus

Wisteria vein mosaic potyvirus

Chenopodium
polyspermum

Zygocactus Montana X potexvirus

7 ot

(Chenopodium quinoa)

Abelia latent tymovirus

Ahlum waterborne carmovirus

Alfalfa mosaic alfamovirus

Alsike clover vein mosaic virus

Alstroemeria ilarvirus
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Alstroemeria mosaic potyvirus

Amaranthus leaf mottle potyvirus

Amazon lily mosaic potyvirus

Anthoxanthum latent blanching hordeivirus

Anthriscus carlavirus

Apple chlorotic leaf spot trichovirus

Apple mosaic ilarvirus

Apple stem grooving capillovirus

Apple stem pitting virus

Aquilegia potyvirus

Arabis mosaic nepovirus

Arracacha A nepovirus

Arracacha B nepovirus

Arracacha latent carlavirus

Arracacha Y potyvirus

Artichoke ltalian latent nepovirus

Artichoke latent potyvirus

Artichoke latent S carlavirus

Artichoke mottled crinkle tombusvirus

Artichoke vein banding nepovirus

Artichoke yellow ringspot nepovirus

Asparagus 1 potyvirus

Asparagus 2 ilarvirus

Asparagus 3 potexvirus

Aster chlorotic stunt carlavirus

Barley stripe mosaic hordeivirus

Barley yellow streak mosaic virus

Bean common mosaic potyvirus

Bean pod mottle comovirus

Bean yellow mosaic potyvirus

Bean yellow vein banding umbravirus

Beet leaf curl rhabdovirus

Beet mosaic potyvirus

Beet necrotic yellow vein furovirus

Beet soil-borne furovirus

Beet yellows closterovirus

Belladonna mottle tymovirus

Bidens mosaic potyvirus

Bidens mottle potyvirus

Black raspberry necrosis virus

Blueberry leaf mottle nepovirus

Blueberry scorch carlavirus

Bramble yellow mosaic potyvirus

Broad bean B virus

Broad bean mottle bromovirus

Broad bean necrosis furovirus

Broad bean severe chlorosis closterovirus

Broad bean stain comovirus

Broad bean wilt fabavirus

Brome mosaic bromovirus

Burdock mottle virus

Burdock yellow mosaic potexvirus

Butterbur mosaic carlavirus

Cacao necrosis nepovirus

Cacao yellow mosaic tymovirus

Cactus 2 carlavirus

Cactus X potexvirus

Canavalia maritima mosaic potyvirus

Caper latent carlavirus

Caraway latent nepovirus

Cardamine latent carlavirus

Carnation latent carlavirus

Carnation mottle carmovirus
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Carnation ringspot dianthovirus

Carnation vein mottle potyvirus

Carnation yellow stripe necrovirus

Carrot mosaic potyvirus

Carrot mottle umbravirus

Carrot thin leaf potyvirus

Cassa_va brown streak—associated
carlavirus

Cassava Caribbean mosaic potexvirus

Cassava common mosaic potexvirus

Cassava green mottle nepovirus

Cassava lvorian bacilliform ourmiavirus

Cassia mild mosaic carlavirus

Cassia severe mosaic closterovirus

Cassia yellow blotch bromovirus

Celery latent potyvirus

Celery mosaic potyvirus

Celery yellow mosaic potyvirus

Cherry leaf roll nepovirus

Cherry mottle leaf trichovirus

Cherry rasp leaf nepovirus

Chickpea bushy dwarf potyvirus

Chickpea filiform potyvirus

Chicory X potexvirus

Chicory yellow blotch carlavirus

Chicory yellow mottle nepovirus

Citrus ringspot virus

Citrus tatter leaf capillovirus

Clover yellow mosaic potexvirus

Clover yellow vein potyvirus

Coffee ringspot nucleorhabdovirus

Cole latent carlavirus

Commelina X potexvirus

Cowpea chlorotic mottle bromovirus

Cowpea green vein—banding potyvirus

Cowpea mild mottle carlavirus

Cowpea mosaic comovirus

Cowpea mottle carmovirus

Cowpea rugose mosaic potyvirus

Cowpea severe mosaic comovirus

Crimson clover latent nepovirus

Cucumber leaf spot carmovirus

Cucumber mosaic cucumovirus

Cucumber necrosis tombusvirus

Cucumber soil-borne carmovirus

Cycas necrotic stunt nepovirus

Cymbidium ringspot tombusvirus

Dandelion latent carlavirus

Dandelion yellow mosaic sequivirus

Daphne X potexvirus

Daphne Y potyvirus

Dasheen mosaic potyvirus

Dioscorea green banding mosaic potyvirus

Dogwood mosaic nepovirus

Eggplant mosaic tymovirus

Eggplant mottled crinkle tombusvirus

Eggplant mottled dwarf nucleorhabdovirus

Elderberry carlavirus

Elderberry latent carmovirus

Elm mottle ilarvirus

Endive necrotic mosaic (potyvirus

Epirus cherry ourmiavirus

Euphorbia ringspot potyvirus
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Foxtail mosaic potexvirus

Fragaria chiloensis ilarvirus

Frangipani mosaic tobamovirus

Freesia leaf necrosis varicosavirus

Galinsoga mosaic carmovirus

Garlic common latent carlavirus

Glycine mosaic comovirus

Grapevine Algerian latent tombusvirus

Grapevine Bulgarian latent nepovirus

Grapevine chrome mosaic nepovirus

Grapevine fanleaf nepovirus

Groundnut rosette umbravirus

Guar symptomless potyvirus

Habenaria mosaic potyvirus

Helenium S carlavirus

Helenium Y potyvirus

Henbane mosaic potyvirus

Heracleum latent trichovirus

Hibiscus chlorotic ringspot carmovirus

Hibiscus latent ringspot nepovirus

Hippeastrum mosaic potyvirus

Honeysuckle latent carlavirus

Hop American latent carlavirus

Hop latent carlavirus

Hop mosaic carlavirus

Humulus japonicus ilarvirus

Hydrangea mosaic ilarvirus

Hydrangea ringspot potexvirus

Hypochoeris mosaic furovirus

Impatiens latent potexvirus

Iris fulva mosaic potyvirus

I[ris mild mosaic potyvirus

Kalanchoe isometric virus

Kalanchoe latent carlavirus

Kalanchoe mosaic potyvirus

Lamium mild mottle fabavirus

Lato River tombusvirus

Leek yellow stripe potyvirus

Lettuce big—vein varicosavirus

Lettuce infectious yellows closterovirus

Lettuce mosaic potyvirus

Lettuce speckles mottle umbravirus

Lilac chlorotic leafspot capillovirus

Lilac mottle carlavirus

Lilac ring mottle ilarvirus

Lily X potexvirus

Lisianthus necrosis necrovirus

Lucerne Australian latent nepovirus

Lucerne Australian symptomless nepovirus

Lucerne transient streak sobemovirus

Maclura mosaic macluravirus

Malva veinal necrosis potexvirus

Malvastrum mottle virus

Maracuja mosaic tobamovirus

Melandrium yellow fleck bromovirus

Melon Ourmia ourmiavirus

Melothria mottle potyvirus

Mulberry latent carlavirus

Mulberry ringspot nepovirus

Mung bean mottle potyvirus

Muskmelon vein necrosis carlavirus

Myrobalan latent ringspot nepovirus

Nandina mosaic potexvirus
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Narcissus mosaic potexvirus

Narcissus tip necrosis carmovirus

Neckar River tombusvirus

Nerine latent carlavirus

Nerine potyvirus

Nerine X potexvirus

Nicotiana velutina mosaic furovirus

Odontoglossum ringspot tobamovirus

Okra mosaic tymovirus

Olive latent ringspot nepovirus

Olive latent 1 sobemovirus

Olive latent 2 ourmiavirus

Opuntia Sammons' tobamovirus

Orchid fleck rhabdovirus

Ornithogalum mosaic potyvirus

Papaya ringspot potyvirus

Parietaria mottle ilarvirus

Parsley green mottle potyvirus

Parsnip leafcurl virus

Parsnip mosaic potyvirus

Parsnip yellow fleck sequivirus

Passiflora latent carlavirus

Passionfruit Sri Lankan mottle potyvirus

Patchouli mosaic potyvirus

Patchouli mottle potyvirus

Pea early browning tobravirus

Pea enation mosaic enamovirus

Pea mosaic potyvirus

Pea seed—borne mosaic potyvirus

Pea streak carlavirus

Peach enation nepovirus

Peach rosette mosaic nepovirus

Peanut clump furovirus

Peanut green mosaic potyvirus

Peanut stunt cucumovirus

Peanut yellow spot tospovirus

Pelargonium flower break carmovirus

Pelargonium line pattern carmovirus

Pelargonium zonate spot ourmiavirus

Pepper mild mottle tobamovirus

Pepper Moroccan tombusvirus

Pepper ringspot tobravirus

Pepper severe mosaic potyvirus

Pepper veinal mottle potyvirus

Perilla mottle potyvirus

Physalis mosaic tymovirus

Pittosporum vein yellowing
nucleorhabdovirus

Plum American line pattern ilarvirus

Plum pox potyvirus

Pokeweed mosaic potyvirus

Poplar decline potyvirus

Poplar mosaic carlavirus

Potato 14R tobamovirus

Potato Andean latent tymovirus

Potato black ringspot nepovirus

Potato M carlavirus

Potato mop-top furovirus

Potato S carlavirus

Potato T trichovirus

Potato U nepovirus

Potato Y potyvirus

Primula mosaic potyvirus
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Prunus necrotic ringspot ilarvirus

Quail pea mosaic comovirus

Radish mosaic comovirus

Raspberry bushy dwarf idaeovirus

Raspberry ringspot nepovirus

Red clover mottle comovirus

Red clover necrotic mosaic dianthovirus

Red clover vein mosaic carlavirus

Ribgrass mosaic tobamovirus

Rose tobamovirus

Rubus Chinese seed—borne nepovirus

Saguaro cactus carmovirus

Satsuma dwarf nepovirus

Scrophularia mottle tymovirus

Shallot latent carlavirus

Sieg River potexvirus

Silene X potexvirus

Sitke waterborne tombusvirus

Solanum nodiflorum mottle sobemovirus

Sonchus cytorhabdovirus

Sonchus yellow net nucleorhabdovirus

Sorghum chlorotic spot furovirus

Sowbane mosaic sobemovirus

Soybean mild mosaic virus

Soybean mosaic potyvirus

Soybean spherical virus

Soybean yellow vein virus

Spinach latent ilarvirus

Spring beauty latent bromovirus

Squash mosaic comovirus

Statice Y potyvirus

Strawberry latent ringspot nepovirus

Strawberry mild yellow edge—associated
potexvirus

Strawberry mottle virus

Sunflower ringspot ilarvirus

Sweet clover necrotic mosaic dianthovirus

Sweet potato latent potyvirus

Sweet potato mild mottle ipomovirus

Sweet potato ringspot nepovirus

Tamus latent potexvirus

Telfairia mosaic potyvirus

Tobacco etch potyvirus

Tobacco mild green mosaic tobamovirus

Tobacco mosaic satellivirus

Tobacco mosaic tobamovirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tobacco stunt varicosavirus

Tomato aspermy cucumovirus

Tomato black ring nepovirus

Tomato bushy stunt tombusvirus

Tomato mosaic tobamovirus

Tomato Peru potyvirus

Tomato ringspot nepovirus

Tomato top necrosis nepovirus

Tulip chlorotic blotch potyvirus

Tulip halo necrosis virus

Tulip X potexvirus

Turnip crinkle carmovirus

Turnip mosaic potyvirus
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Ullucus C comovirus

Ullucus mild mottle tobamovirus

Ullucus mosaic potyvirus

Vallota mosaic potyvirus

Vanilla necrosis potyvirus

Viola mottle potexvirus

Watercress yellow spot virus

Watermelon mosaic 1 potyvirus

Watermelon mosaic 2 potyvirus

Weddel waterborne carmovirus

Welsh onion yellow stripe potyvirus

Wheat soil-borne mosaic furovirus

Wineberry latent virus

Wisteria vein mosaic potyvirus

Zucchini yellow mosaic potyvirus

Zygocactus Montana X potexvirus

Zygocactus potexvirus

Chenopodium
schraderianum

Sieg River potexvirus

ZoofF

(Chenopodium serotinum)

Cycas necrotic stunt nepovirus

Chenopodium urbicum

Zygocactus Montana X potexvirus

Hablitzia tamnoides

Zygocactus Montana X potexvirus

SER
(Spinacia oleracea)

Alfalfa mosaic alfamovirus

Amaranthus leaf mottle potyvirus

Arabis mosaic nepovirus

Asparagus 3 potexvirus

Barley stripe mosaic hordeivirus

Bean yellow mosaic potyvirus

Beet curly top hybrigeminivirus

Beet leaf curl rhabdovirus

Beet mild yellowing luteovirus

Beet mosaic potyvirus

Beet necrotic yellow vein furovirus

Beet pseudo-yellows closterovirus

Beet soil-borne furovirus

Beet western yellows luteovirus

Beet yellows closterovirus

Black raspberry necrosis virus

Broad bean wilt fabavirus

Canavalia maritima mosaic potyvirus

Carnation mottle carmovirus

Carnation ringspot dianthovirus

Carnation vein mottle potyvirus

Celery latent potyvirus

Cherry leaf roll nepovirus

Clover yellow mosaic potexvirus

Clover yellow vein potyvirus

Cowpea mild mottle carlavirus

Cowpea mosaic comovirus

Croton yellow vein mosaic bigeminivirus

Cucumber leaf spot carmovirus

Cucumber mosaic cucumovirus

Cycas necrotic stunt nepovirus

Cymbidium ringspot tombusvirus

Dandelion yellow mosaic sequivirus

Daphne Y potyvirus

Dogwood mosaic nepovirus

Elderberry latent carmovirus

Elm mottle ilarvirus

Epirus cherry ourmiavirus

Foxtail mosaic potexvirus

Galinsoga mosaic carmovirus
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Habenaria mosaic potyvirus

Heracleum latent trichovirus

Lettuce infectious yellows closterovirus

Lettuce mosaic potyvirus

Lettuce necrotic yellows cytorhabdovirus

Lettuce speckles mottle umbravirus

Lucerne Australian latent nepovirus

Lucerne Australian symptomless nepovirus

Lucerne transient streak sobemovirus

Lychnis ringspot hordeivirus

Melon Ourmia ourmiavirus

Melothria mottle potyvirus

Milk vetch dwarf nanavirus

Mulberry latent carlavirus

Nandina mosaic potexvirus

Nicotiana velutina mosaic furovirus

Oat blue dwarf marafivirus

Okra mosaic tymovirus

Parietaria mottle ilarvirus

Parsnip leafcurl virus

Parsnip mosaic potyvirus

Parsnip yellow fleck sequivirus

Patchouli mosaic potyvirus

Pea early browning tobravirus

Pea streak carlavirus

Peanut chlorotic streak caulimovirus

Peanut clump furovirus

Peanut mottle potyvirus

Peanut stunt cucumovirus

Pelargonium flower break carmovirus

Pelargonium line pattern carmovirus

Pepper Moroccan tombusvirus

Pepper ringspot tobravirus

Petunia asteroid mosaic tombusvirus

Physalis mild chlorosis luteovirus

Potato 14R tobamovirus

Potato T trichovirus

Potato U nepovirus

Radish mosaic comovirus

Raspberry ringspot nepovirus

Red clover necrotic mosaic dianthovirus

Ribgrass mosaic tobamovirus

Rose tobamovirus

Sowbane mosaic sobemovirus

Soybean mild mosaic virus

Spinach latent ilarvirus

Spinach temperate alphacryptovirus

Statice Y potyvirus

Strawberry latent ringspot nepovirus

Sunflower ringspot ilarvirus

Sunn—hemp mosaic tobamovirus

Sweet potato mild mottle ipomovirus

Tobacco necrosis necrovirus

Tobacco necrotic dwarf luteovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tobacco stunt varicosavirus

Tomato black ring nepovirus

Tomato bushy stunt tombusvirus

Tomato spotted wilt tospovirus

Tulip halo necrosis virus

Tulip X potexvirus
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Turnip mosaic potyvirus

Vallota mosaic potyvirus

Viola mottle potexvirus

Watermelon mosaic 2 potyvirus

Wineberry latent virus

Wisteria vein mosaic potyvirus

Spinacia tetranda Beet leaf curl rhabdovirus
E™=T s | SH=x
oL . . . )
(Cleomaceae) %IPEEH f (Cleome spinosa) Turnip yellow mosaic tymovirus
= 2tat %Eﬂ Acanthospermum Bidens mosaic potyvirus
(Compositae) &PEEHEH hispidum —— —
= S=LI=0otAy| Ageratum vyellow vein bigeminivirus
(Ageratum conyzoides) Alfalfa mosaic alfamovirus
Bidens mottle potyvirus
Croton yellow vein mosaic bigeminivirus
Dahlia mosaic caulimovirus
Pepper veinal mottle potyvirus
Tobacco leaf curl bigeminivirus
Tobacco ringspot nepovirus
ot= 2 AloHAmbrosia) Tomato pseudo curly top hybrigeminivirus
<A (Arctium lappa) Burdock mosaic virus
Burdock mottle virus
Burdock yellows closterovirus
< 2}

(Arctium minus) Burdock yellow mosaic potexvirus

Hol=Zol=z|

(Arctotheca calendula) Beet western yellows luteovirus

o|A 20tA o o] X|

(Aster amellus) Chrysanthemum B carlavirus

(jgxggr}ﬁ:vrae—angliae) Aster chlorotic stunt carlavirus
(—c';g—:j novi-belgii) Aster chlorotic stunt carlavirus
Balsamorhiza sagittata Cherry rasp leaf nepovirus
dlo|X| (Bellis perennis) Arabis mosaic nepovirus
Beet curly top hybrigeminivirus
Tobacco rattle tobravirus
Tobacco ringspot nepovirus
Tomato black ring nepovirus
SAEY|HHE Bidens mosaic potyvirus
(Bidens pilosa) Bidens mottle potyvirus
Patchouli mosaic potyvirus
Pepper ringspot tobravirus
Sonchus yellow net nucleorhabdovirus
Tomato spotted wilt tospovirus
= &5t Alfalfa mosaic alfamovirus
(Calendula officinalis) Arabis mosaic nepovirus

Beet curly top hybrigeminivirus

Bidens mottle potyvirus

Broad bean wilt fabavirus

Butterbur mosaic carlavirus

Chicory yellow mottle nepovirus

Cucumber mosaic cucumovirus

Galinsoga mosaic carmovirus

Marigold mottle potyvirus

Melandrium yellow fleck bromovirus

Melon Ourmia ourmiavirus

Pepper veinal mottle potyvirus

Strawberry latent ringspot nepovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tomato black ring nepovirus

Tomato spotted wilt tospovirus

Turnip mosaic potyvirus

- 192 -




24

(Callistephus chinensis)

Artichoke curly dwarf potexvirus

Beet pseudo-yellows closterovirus

Bidens mosaic potyvirus

Callistephus chinensis chlorosis rhabdovirus

Carnation ringspot dianthovirus

Lychnis ringspot hordeivirus

Melon Ourmia ourmiavirus

K

ol

Lettuce infectious yellows closterovirus

A
(Carthamus tinctorius) Lettuce mosaic potyvirus
8| =3} Artichoke curly dwarf potexvirus

(Centaurea cyanus)

Oat blue dwarf marafivirus

Chondrilla juncea

Chondrilla juncea stunting
nucleorhabdovirus

= sHChrysanthemum)

Chrysanthemum vein chlorosis rhabdovirus

e[ 72 HHE

(Chrysanthemum Chrysanthemum B carlavirus
carinatum)
A G
arland chrysanthemum temperate
é%?%ﬁmﬁm um alphacryptovirus
olHE| E
(Chrysanthemum Chrysanthemum spot potyvirus
frutescens)
zEtASE
(Chrysanthemum Potato yellow dwarf nucleorhabdovirus
leucanthemum)
=3} Chrysanthemum B carlavirus
Eggrrﬁfgﬁgrt;‘?mum Cucumber mosaic cucumovirus
Oat blue dwarf marafivirus
Tomato aspermy cucumovirus
S&= 3t

(Chrysanthemum segetum)

Pelargonium zonate spot ourmiavirus

oc|l=
(Cichorium endiva)

Alfalfa mosaic alfamovirus

Beet pseudo-yellows closterovirus

Bidens mottle potyvirus

Carnation ringspot dianthovirus

Carrot thin leaf potyvirus

Cassia mild mosaic carlavirus

Cucumber mosaic cucumovirus

Dandelion yellow mosaic sequivirus

Endive necrotic mosaic potyvirus

Galinsoga mosaic carmovirus

Lettuce infectious yellows closterovirus

Lettuce mosaic potyvirus

Oat blue dwarf marafivirus

Ribgrass mosaic tobamovirus

Tobacco necrosis necrovirus

Tobacco ringspot nepovirus

Tomato spotted wilt tospovirus

Turnip mosaic potyvirus

Watermelon mosaic 2 potyvirus

REE
(Cichorium intybus)

Artichoke ltalian latent nepovirus

Chicory X potexvirus

Chicory yellow blotch carlavirus

Chicory yellow mottle nepovirus

_7E_“C,HC_)I Amaranthus leaf mottle potyvirus
(Cirsium arvense) Thistle mottle caulimovirus
Z22H=

(Coreopsis lanceolata)

Bidens mosaic potyvirus

Crepis neglecta

Artichoke ltalian latent nepovirus

IIEF
(Cynara cardunculus)

Artichoke curly dwarf potexvirus

Artichoke latent potyvirus

Artichoke yellow ringspot nepovirus

OlE| =3
(Cynara scolymus)

Artichoke curly dwarf potexvirus

Artichoke ltalian latent nepovirus

Artichoke latent M carlavirus
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Artichoke latent potyvirus

Artichoke latent S carlavirus

Artichoke mottled crinkle tombusvirus

Artichoke vein banding nepovirus

Artichoke yellow ringspot nepovirus

Cynara nucleorhabdovirus

Pelargonium zonate spot ourmiavirus

Pepper ringspot tobravirus

Cynara syriaca

Cynara nucleorhabdovirus

Etz2|ok(Dahlia pinnata)

Dahlia mosaic caulimovirus

Tobacco streak ilarvirus

Tomato spotted wilt tospovirus

sted x

il 'l

(Eclipta prostrata)

Mung bean yellow mosaic bigeminivirus

Embergeria megalocarpa

Lettuce necrotic yellows cytorhabdovirus

Emilia flammea

Melandrium yellow fleck bromovirus

7tzke| ot
(Emilia sagittata)

Alfalfa mosaic alfamovirus

Arabis mosaic nepovirus

Carnation ringspot dianthovirus

Cucumber mosaic cucumovirus

Cymbidium ringspot tombusvirus

Galinsoga mosaic carmovirus

Pepper veinal mottle potyvirus

Plum pox potyvirus

Strawberry latent ringspot nepovirus

Tomato black ring nepovirus

KHaf =
(Emilia sonchifolia)

Ageratum vyellow vein bigeminivirus

Galinsoga mosaic carmovirus

ofl 2| | 2 (Erigeron)

Bidens mottle potyvirus

&= FMeol=
(Gaillardia aristata)

Oat blue dwarf marafivirus

HEZopRH| _
(Galinsoga parviflora)

Galinsoga mosaic carmovirus

Sunflower ringspot ilarvirus

ZtAtH o} 2™ A
(Gazania rigens)

Beet western yellows luteovirus

HH| 2HGerbera)

Gerbera symptomless rhabdovirus

7|%+2} of&tE[o}F}
(Gynura aurantiaca)

Carnation latent carlavirus

Chrysanthemum B carlavirus

diafL{Z ofotE
(Helenium amarum)

Helenium S carlavirus

Helenium Y potyvirus

Helenium amarum hybrids

Helenium Y potyvirus

sidi27|
(Helianthus annuus)

Alfalfa mosaic alfamovirus

Artichoke curly dwarf potexvirus

Artichoke latent potyvirus

Beet western yellows luteovirus

Bidens mosaic potyvirus

Bidens mottle potyvirus

Cassia mild mosaic carlavirus

Cherry leaf roll nepovirus

Citrus ringspot virus

Clover yellow mosaic potexvirus

Clover yellow vein potyvirus

Cucumber mosaic cucumovirus

Cymbidium ringspot tombusvirus

Elm mottle ilarvirus

Galinsoga mosaic carmovirus

Humulus japonicus ilarvirus

Lettuce infectious yellows closterovirus

Maracuja mosaic tobamovirus

Melandrium yellow fleck bromovirus

Patchouli mosaic potyvirus

Peanut stunt cucumovirus

Pepper veinal mottle potyvirus

Physalis mosaic tymovirus
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Prune dwarf ilarvirus

Prunus necrotic ringspot ilarvirus

Red clover necrotic mosaic dianthovirus

Sunflower crinkle umbravirus

Sunflower mosaic potyvirus

Sunflower ringspot ilarvirus

Sunflower yellow blotch umbravirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Tobacco streak ilarvirus

Tomato black ring nepovirus

Tomato spotted wilt tospovirus

Tropaeolum 2 potyvirus

<

ol X| 2

= IL

(Helichrysum bracteatum)

hL:

Artichoke curly dwarf potexvirus

Helminthia echioides

Artichoke ltalian latent nepovirus

Hypochoeris aetensis

Artichoke ltalian latent nepovirus

Hypochoeris radiata

Hypochoeris mosaic furovirus

At (Lactuca sativa)

Alfalfa mosaic alfamovirus

Arabis mosaic nepovirus

Beet curly top hybrigeminivirus

Beet pseudo-yellows closterovirus

Beet western yellows luteovirus

Beet yellow stunt closterovirus

Beet yellows closterovirus

Bidens mosaic potyvirus

Bidens mottle potyvirus

Broad bean wilt fabavirus

Carnation ringspot dianthovirus

Cassava green mottle nepovirus

Cassia mild mosaic carlavirus

Chicory yellow mottle nepovirus

Clover yellow mosaic potexvirus

Cymbidium ringspot tombusvirus

Dandelion yellow mosaic sequivirus

Dogwood mosaic nepovirus

Endive necrotic mosaic potyvirus

Epirus cherry ourmiavirus

Galinsoga mosaic carmovirus

Lettuce big—vein varicosavirus

Lettuce infectious yellows closterovirus

Lettuce mosaic potyvirus

Lettuce necrotic yellows cytorhabdovirus

Lettuce speckles mottle umbravirus

Narcissus mosaic potexvirus

Pepper veinal mottle potyvirus

Plum American line pattern ilarvirus

Potato black ringspot nepovirus

Prune dwarf ilarvirus

Prunus necrotic ringspot ilarvirus

Red clover necrotic mosaic dianthovirus

Ribgrass mosaic tobamovirus

Rubus Chinese seed—borne nepovirus

Sonchus cytorhabdovirus

Sonchus yellow net nucleorhabdovirus

Sowthistle yellow vein nucleorhabdovirus

Soybean dwarf luteovirus

Strawberry latent ringspot nepovirus

Subterranean clover red leaf luteovirus

Tobacco mosaic tobamovirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus
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Tobacco streak ilarvirus

Tomato black ring nepovirus

Tomato infectious chlorosis closterovirus

Tomato pseudo curly top hybrigeminivirus

Tomato spotted wilt tospovirus

Turnip crinkle carmovirus

Turnip mosaic potyvirus

Viola mottle potexvirus

THAl M F
(Lactuca serriola)

Beet western yellows |uteovirus

Dandelion yellow mosaic sequivirus

Sonchus cytorhabdovirus

OfM AbZ
(Lactuca virosa)

Artichoke ltalian latent nepovirus

Dandelion yellow mosaic sequivirus

Launaea aspleniifolia

Launaea mosaic potyvirus

Launaea naudicaulis

Launaea mosaic potyvirus

7t o
(Leontodon autumnalis)

Hypochoeris mosaic furovirus

H 2
(Petasites officinalis)

Butterbur mosaic carlavirus

Butterbur nucleorhabdovirus

27 tX| S0t |
(Reichardia tingitana)

Lettuce necrotic yellows cytorhabdovirus

Rudbeckia hirta hybridum

Bidens mottle potyvirus

MUIAl 22 (Senecio)

Bidens mottle potyvirus

Ald[2t2|of Cassava Ivorian bacilliform ourmiavirus
(Senecio cruentus) Chrysanthemum B carlavirus
A Arabis mosaic nepovirus

(Senecio vulgaris)

Beet curly top hybrigeminivirus

Beet mild yellowing luteovirus

Beet mosaic potyvirus

Beet pseudo-yellows closterovirus

Beet western yellows luteovirus

Cherry leaf roll nepovirus

Cucumber mosaic cucumovirus

Cymbidium ringspot tombusvirus

Elm mottle ilarvirus

Lettuce mosaic potyvirus

Pea seed—borne mosaic potyvirus

Plum pox potyvirus

Strawberry latent ringspot nepovirus

Subterranean clover red leaf luteovirus

Tobacco etch potyvirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tomato black ring nepovirus

Turnip mosaic potyvirus

Watermelon mosaic 2 potyvirus

Zucchini yellow mosaic potyvirus

271Xl S % (Sonchus)

Artichoke ltalian latent nepovirus

Lettuce mosaic potyvirus

o sl &o| ZIX| S
(Sonchus arvensis)

Artichoke ltalian latent nepovirus

Beet mosaic potyvirus

ZYUTIX| S
(Sonchus asper)

Beet western yellows luteovirus

Lettuce big—vein varicosavirus

Sonchus mosaic potexvirus

Sonchus hydrophilus

Lettuce necrotic yellows cytorhabdovirus

U ONE=S
(Sonchus oleraceus)

Alfalfa mosaic alfamovirus

Beet pseudo-yellows closterovirus

Beet western yellows luteovirus

Beet yellow stunt closterovirus

Cassia mild mosaic carlavirus

Cucumber mosaic cucumovirus

Galinsoga mosaic carmovirus

Lettuce big—vein varicosavirus
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Lettuce infectious yellows closterovirus

Lettuce necrotic yellows cytorhabdovirus

Physalis mosaic tymovirus

Sonchus cytorhabdovirus

Sonchus yellow net nucleorhabdovirus

Sowthistle yellow vein nucleorhabdovirus

Tobacco necrosis necrovirus

Tobacco ringspot nepovirus

Tobacco yellow dwarf monogeminivirus

Tomato black ring nepovirus

Tomato spotted wilt tospovirus

Tomato yellow leaf curl bigeminivirus

Watermelon mosaic 2 potyvirus

Synedrella nodiflora

Ageratum vyellow vein bigeminivirus

oj2| 2 =(Tagetes)

Ageratum vyellow vein bigeminivirus

XM= (Tageteserecta)

Marigold mottle potyvirus

Aol =
(Taraxacum officinale)

Arabis mosaic nepovirus

Beet pseudo-yellows closterovirus

Cherry rasp leaf nepovirus

Dandelion carlavirus

Dandelion latent carlavirus

Dandelion yellow mosaic sequivirus

Peach rosette mosaic nepovirus

Strawberry latent ringspot nepovirus

Al Z 5| HlEE|
(Tithonia speciosa)

Abelia latent tymovirus

Clover yellow mosaic potexvirus

Prune dwarf ilarvirus

Tobacco streak ilarvirus

Urospermum dalechampii

Cucumber mosaic cucumovirus

Dahlia mosaic caulimovirus

Dogwood mosaic nepovirus

Pepper veinal mottle potyvirus

Strawberry latent ringspot nepovirus

H| 2 = oH(Vernonia)

Mung bean yellow mosaic bigeminivirus

S wolg|
(Xanthium strumarium)

Mung bean yellow mosaic bigeminivirus

8 21 = (Zinnia elegans)

Alfalfa mosaic alfamovirus

Arabis mosaic nepovirus

Artichoke curly dwarf potexvirus

Artichoke latent S carlavirus

Artichoke vein banding nepovirus

Asparagus 3 potexvirus

Bean yellow mosaic potyvirus

Beet curly top hybrigeminivirus

Beet mild yellowing luteovirus

Beet mosaic potyvirus

Beet pseudo-yellows closterovirus

Beet western yellows luteovirus

Bidens mosaic potyvirus

Bidens mottle potyvirus

Butterbur mosaic carlavirus

Caraway latent nepovirus

Carnation ringspot dianthovirus

Carrot thin leaf potyvirus

Cassia mild mosaic carlavirus

Celery latent potyvirus

Cherry leaf roll nepovirus

Citrus ringspot virus

Clover yellow vein potyvirus

Cowpea mosaic comovirus

Croton yellow vein mosaic bigeminivirus

Cucumber leaf spot carmovirus

Cymbidium mosaic potexvirus

- 197 -




Cymbidium ringspot tombusvirus

Dahlia mosaic caulimovirus

Dogwood mosaic nepovirus

Elm mottle ilarvirus

Foxtail mosaic potexvirus

Galinsoga mosaic carmovirus

Humulus japonicus ilarvirus

Lettuce infectious yellows closterovirus

Lettuce mosaic potyvirus

Lisianthus necrosis necrovirus

Lucerne transient streak sobemovirus

Maracuja mosaic tobamovirus

Melon Ourmia ourmiavirus

Nasturtium mosaic potyvirus

Odontoglossum ringspot tobamovirus

Patchouli mosaic potyvirus

Pea seed—borne mosaic potyvirus

Pea streak carlavirus

Peach enation nepovirus

Peanut stunt cucumovirus

Pepper Moroccan tombusvirus

Pepper veinal mottle potyvirus

Plantain X potexvirus

Plum American line pattern ilarvirus

Plum pox potyvirus

Poplar mosaic carlavirus

Primula mosaic potyvirus

Prune dwarf ilarvirus

Prunus necrotic ringspot ilarvirus

Ribgrass mosaic tobamovirus

Sonchus yellow net nucleorhabdovirus

Soybean crinkle leaf bigeminivirus

Strawberry latent ringspot nepovirus

Subterranean clover red leaf luteovirus

Sweet potato mild mottle ipomovirus

Tobacco etch potyvirus

Tobacco leaf curl bigeminivirus

Tobacco necrosis necrovirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tomato black ring nepovirus

Tomato bushy stunt tombusvirus

Tomato infectious chlorosis closterovirus

Tomato spotted wilt tospovirus

Tropaeolum 2 potyvirus

Turnip mosaic potyvirus

Watermelon mosaic 2 potyvirus

Wisteria vein mosaic potyvirus

Zinnia mild mottle potyvirus

M| 22 2

(Convolvulaceae)

=24
oty

ALAH |:H| ey
/| =< .
(Convolvulus tricolor)

Carnation ringspot dianthovirus

Hewittia sublobata

Cassava African mosaic bigeminivirus

O Alx
(Cl>pgr¢1Hoea aquatica) Sweet potato phytoreovirus
5ot Cassava green mottle nepovirus

(Ipomoea batatas)

Sweet potato caulimovirus

Sweet potato feathery mottle potyvirus

Sweet potato G potyvirus

Sweet potato latent potyvirus

Sweet potato leaf curl badnavirus
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Sweet potato mild mottle ipomovirus

Sweet potato ringspot nepovirus

Sweet potato sunken vein closterovirus

Sweet potato vein mosaic potyvirus

Sweet potato yellow dwarf ipomovirus

I[pomoea congesta

Tomato spotted wilt tospovirus

STU0|=LER

(Ipomoea hederacea)

Sweet potato sunken vein closterovirus

I[pomoea incarnata

Sweet potato feathery mottle potyvirus

LHZ2 (Ipomoea nil)

Apple mosaic ilarvirus

Cucumber mosaic cucumovirus

Dulcamara mottle tymovirus

Prune dwarf ilarvirus

Quail pea mosaic comovirus

Sweet potato feathery mottle potyvirus

Sweet potato latent potyvirus

Sweet potato leaf curl badnavirus

Sweet potato ringspot nepovirus

Sweet potato sunken vein closterovirus

Sweet potato vein mosaic potyvirus

Watermelon mosaic 2 potyvirus

— i Swhl
SsoLEE

(Ipomoea purpurea)

Sweet potato feathery mottle potyvirus

I[pomoea setosa

Beet curly top hybrigeminivirus

Sweet potato caulimovirus

Sweet potato feathery mottle potyvirus

Sweet potato latent potyvirus

Sweet potato phytoreovirus

Sweet potato ringspot nepovirus

Sweet potato sunken vein closterovirus

Sweet potato vein mosaic potyvirus

I[pomoea trichocarpa

Sweet potato sunken vein closterovirus

lpomoea trifida

Sweet potato sunken vein closterovirus

Mupzg
(Jacquemontia tamnifolia)

Jatropha mosaic bigeminivirus

ot af

(Cucurbitaceae)

=2
oty
Aoy

=}
(Benincasa hispida)

Trichosanthes mottle potyvirus

Bryonia cretica

White bryony potyvirus

Hz|@u|o} C|20]|7}
(Bryonia dioica)

Bryonia mottle potyvirus

White bryony mosaic carlavirus

Bryonopsis laciniosa

Melothria mottle potyvirus

ZZAMA
(Citrullus colocynthis)

Watermelon chlorotic stunt bigeminivirus

A

2=2K(Citrullus lanatus)

Beet curly top hybrigeminivirus

Beet western yellows luteovirus

Cassia mild mosaic carlavirus

Cole latent carlavirus

Cucumber green mottle mosaic
tobamovirus

Cucumber mosaic cucumovirus

Cucumber vein yellowing virus

Lettuce infectious yellows closterovirus

Melon leaf curl bigeminivirus

Melon necrotic spot carmovirus

Melon rugose mosaic tymovirus

Melothria mottle potyvirus

Okra mosaic tymovirus

Peanut mottle potyvirus

Peanut stunt cucumovirus

Ribgrass mosaic tobamovirus

Squash mosaic comovirus

Strawberry latent ringspot nepovirus

Trichosanthes mottle potyvirus

Watermelon chlorotic stunt bigeminivirus
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Watermelon curly mottle bigeminivirus

Watermelon Moroccan mosaic potyvirus

Watermelon mosaic 1 potyvirus

Watermelon mosaic 2 potyvirus

Wild cucumber mosaic tymovirus

Zucchini yellow fleck potyvirus

Zucchini yellow mosaic potyvirus

2~ d}

(Citrullus vulgaris)

Cucumber green mottle mosaic
tobamovirus

Cucumber vein yellowing virus

Telfairia mosaic potyvirus

Watermelon chlorotic stunt bigeminivirus

Wild cucumber mosaic tymovirus

M= (Cucumis melo)

Abutilon mosaic bigeminivirus

Alfalfa mosaic alfamovirus

Apple mosaic ilarvirus

Arabis mosaic nepovirus

Beet pseudo-yellows closterovirus

Cacao yellow mosaic tymovirus

Cassia mild mosaic carlavirus

Cherry leaf roll nepovirus

Cucumber leaf spot carmovirus

Cucumber mosaic cucumovirus

Daphne X potexvirus

Humulus japonicus ilarvirus

Kyuri green mottle mosaic tobamovirus

Lettuce infectious yellows closterovirus

Melon leaf curl bigeminivirus

Melon necrotic spot carmovirus

Melon Ourmia ourmiavirus

Melon rugose mosaic tymovirus

Melon variegation cytorhabdovirus

Melon vein—banding mosaic potyvirus

Melothria mottle potyvirus

Muskmelon vein necrosis carlavirus

Papaya ringspot potyvirus

Pea streak carlavirus

Peanut stunt cucumovirus

Pepper Moroccan tombusvirus

Pepper veinal mottle potyvirus

Prune dwarf ilarvirus

Squash mosaic comovirus

Strawberry latent ringspot nepovirus

Telfairia mosaic potyvirus

Tobacco mosaic tobamovirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tomato black ring nepovirus

Trichosanthes mottle potyvirus

Watermelon curly mottle bigeminivirus

Watermelon Moroccan mosaic potyvirus

Watermelon mosaic 1 potyvirus

Watermelon mosaic 2 potyvirus

Wild cucumber mosaic tymovirus

Zucchini yellow fleck potyvirus

Zucchini yellow mosaic potyvirus

(Cucumis melo var.
cantalupensis)

Watermelon curly mottle bigeminivirus

7|2
(Cucumis metuliferus)

Melon Ourmia ourmiavirus

Papaya ringspot potyvirus

Squash mosaic comovirus
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Watermelon mosaic 1 potyvirus

Watermelon mosaic 2 potyvirus

Zucchini yellow mosaic potyvirus

20[|(Cucumis sativus)

Abutilon mosaic bigeminivirus

Alfalfa mosaic alfamovirus

Apple mosaic ilarvirus

Apple stem pitting virus

Arabis mosaic nepovirus

Arracacha A nepovirus

Arracacha B nepovirus

Artichoke ltalian latent nepovirus

Artichoke mottled crinkle tombusvirus

Artichoke vein banding nepovirus

Artichoke yellow ringspot nepovirus

Asparagus 2 ilarvirus

Beet curly top hybrigeminivirus

Beet mild yellowing luteovirus

Beet pseudo-yellows closterovirus

Beet western yellows luteovirus

Blueberry leaf mottle nepovirus

Broad bean wilt fabavirus

Cacao necrosis nepovirus

Caraway latent nepovirus

Carnation mottle carmovirus

Carnation ringspot dianthovirus

Cassava green mottle nepovirus

Cassia mild mosaic carlavirus

Cassia yellow blotch bromovirus

Cherry leaf roll nepovirus

Cherry rasp leaf nepovirus

Chicory yellow mottle nepovirus

Citrus ringspot virus

Clover yellow mosaic potexvirus

Clover yellow vein potyvirus

Cowpea chlorotic mottle bromovirus

Cucumber chlorotic spot closterovirus

Cucumber green mottle mosaic
tobamovirus

Cucumber leaf spot carmovirus

Cucumber mosaic cucumovirus

Cucumber necrosis tombusvirus

Cucumber soil-borne carmovirus

Cucumber toad—skin rhabdovirus

Cucumber vein yellowing virus

Cymbidium mosaic potexvirus

Cymbidium ringspot tombusvirus

Dandelion yellow mosaic sequivirus

Daphne X potexvirus

Dogwood mosaic nepovirus

Eggplant mosaic tymovirus

Eggplant mottled crinkle tombusvirus

Elderberry latent carmovirus

Elm mottle ilarvirus

Epirus cherry ourmiavirus

Erysimum latent tymovirus

Eucharis mottle nepovirus

Foxtail mosaic potexvirus

Fragaria chiloensis ilarvirus

Grapevine Bulgarian latent nepovirus

Grapevine chrome mosaic nepovirus

Grapevine fanleaf nepovirus

Grapevine line pattern ilarvirus

Heracleum latent trichovirus
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Honeysuckle latent carlavirus

Humulus japonicus ilarvirus

Hypochoeris mosaic furovirus

Kalanchoe isometric virus

Kyuri green mottle mosaic tobamovirus

Lettuce infectious yellows closterovirus

Lisianthus necrosis necrovirus

Lucerne Australian latent nepovirus

Maracuja mosaic tobamovirus

Melandrium yellow fleck bromovirus

Melon leaf curl bigeminivirus

Melon necrotic spot carmovirus

Melon Ourmia ourmiavirus

Melon rugose mosaic tymovirus

Melothria mottle potyvirus

Muskmelon vein necrosis carlavirus

Okra mosaic tymovirus

Olive latent ringspot nepovirus

Olive latent 1 sobemovirus

Papaya ringspot potyvirus

Parsnip leafcurl virus

Parsnip yellow fleck sequivirus

Passionfruit woodiness potyvirus

Pea early browning tobravirus

Pea streak carlavirus

Peanut clump furovirus

Peanut mottle potyvirus

Peanut stunt cucumovirus

Pelargonium zonate spot ourmiavirus

Pepino mosaic potexvirus

Pepper Moroccan tombusvirus

Pepper ringspot tobravirus

Pepper veinal mottle potyvirus

Plantain 8 carlavirus

Plum American line pattern ilarvirus

Poplar mosaic carlavirus

Potato 14R tobamovirus

Potato Andean latent tymovirus

Potato black ringspot nepovirus

Potato U nepovirus

Primula mosaic potyvirus

Prune dwarf ilarvirus

Prunus necrotic ringspot ilarvirus

Radish mosaic comovirus

Raspberry ringspot nepovirus

Red clover necrotic mosaic dianthovirus

Ribgrass mosaic tobamovirus

Rose tobamovirus

Rubus Chinese seed—borne nepovirus

Silene X potexvirus

Sowbane mosaic sobemovirus

Soybean mild mosaic virus

Spinach latent ilarvirus

Spring beauty latent bromovirus

Squash mosaic comovirus

Strawberry latent ringspot nepovirus

Sweet clover necrotic mosaic dianthovirus

Sweet potato ringspot nepovirus

Telfairia mosaic potyvirus

Tobacco mosaic tobamovirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus
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Tobacco streak ilarvirus

Tobacco stunt varicosavirus

Tomato aspermy cucumovirus

Tomato black ring nepovirus

Tomato bushy stunt tombusvirus

Tomato ringspot nepovirus

Tomato spotted wilt tospovirus

Trichosanthes mottle potyvirus

Tulip X potexvirus

Turnip crinkle carmovirus

Ullucus mild mottle tobamovirus

Urd bean leaf crinkle virus

Watermelon curly mottle bigeminivirus

Watermelon Moroccan mosaic potyvirus

Watermelon mosaic 1 potyvirus

Watermelon mosaic 2 potyvirus

White clover mosaic potexvirus

Wild cucumber mosaic tymovirus

Zucchini yellow fleck potyvirus

Zucchini yellow mosaic potyvirus

oF= S dt
S

A-I o -
(Cucurbita maxima)

Apple mosaic ilarvirus

Bean yellow mosaic potyvirus

Beet curly top hybrigeminivirus

Cherry leaf roll nepovirus

Clover yellow mosaic potexvirus

Cucumber leaf spot carmovirus

Cucumber mosaic cucumovirus

Daphne X potexvirus

Elm mottle ilarvirus

Eucharis mottle nepovirus

Grapevine fanleaf nepovirus

Humulus japonicus ilarvirus

Kyuri green mottle mosaic tobamovirus

Lettuce infectious yellows closterovirus

Lisianthus necrosis necrovirus

Maracuja mosaic tobamovirus

Melandrium yellow fleck bromovirus

Melon leaf curl bigeminivirus

Melothria mottle potyvirus

Papaya ringspot potyvirus

Pea seed—borne mosaic potyvirus

Peanut stunt cucumovirus

Poplar mosaic carlavirus

Prune dwarf ilarvirus

Prunus necrotic ringspot ilarvirus

Radish mosaic comovirus

Sowbane mosaic sobemovirus

Squash leaf curl bigeminivirus

Squash mosaic comovirus

Strawberry latent ringspot nepovirus

Sunflower ringspot ilarvirus

Tobacco necrosis necrovirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tomato bushy stunt tombusvirus

Watermelon curly mottle bigeminivirus

Watermelon mosaic 1 potyvirus

Watermelon mosaic 2 potyvirus

Wild cucumber mosaic tymovirus

Zucchini yellow fleck potyvirus

Zucchini yellow mosaic potyvirus

M 5t
(Cucurbita maxima x C.

Trichosanthes mottle potyvirus

- 203 -




moschata)

5 8t
(Cucurbita moschata)

Beet curly top hybrigeminivirus

Beet pseudo-yellows closterovirus

Beet western yellows luteovirus

Cucumber mosaic cucumovirus

Kyuri green mottle mosaic tobamovirus

Lettuce infectious yellows closterovirus

Lisianthus necrosis necrovirus

Maracuja mosaic tobamovirus

Melandrium yellow fleck bromovirus

Melon leaf curl bigeminivirus

Melon necrotic spot carmovirus

Melothria mottle potyvirus

Papaya ringspot potyvirus

Peanut stunt cucumovirus

Prune dwarf ilarvirus

Prunus necrotic ringspot ilarvirus

Rose tobamovirus

Squash leaf curl bigeminivirus

Squash mosaic comovirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Trichosanthes mottle potyvirus

Watermelon curly mottle bigeminivirus

Watermelon mosaic 1 potyvirus

Watermelon mosaic 2 potyvirus

Zucchini yellow mosaic potyvirus

Cucurbita okeechobeensis

Watermelon mosaic 2 potyvirus

Zucchini yellow mosaic potyvirus

H ZzSet
(Cucurbita pepo)

Alfalfa mosaic alfamovirus

Arabis mosaic nepovirus

Arracacha A nepovirus

Artichoke ltalian latent nepovirus

Artichoke mottled crinkle tombusvirus

Artichoke vein banding nepovirus

Beet curly top hybrigeminivirus

Beet mosaic potyvirus

Beet western yellows Iuteovirus

Cacao yellow mosaic tymovirus

Cassia mild mosaic carlavirus

Cassia yellow spot potyvirus

Cherry leaf roll nepovirus

Chicory yellow mottle nepovirus

Clover yellow vein potyvirus

Cowpea chlorotic mottle bromovirus

Cucumber leaf spot carmovirus

Cucumber mosaic cucumovirus

Eggplant mottled crinkle tombusvirus

Elm mottle ilarvirus

Grapevine chrome mosaic nepovirus

Kyuri green mottle mosaic tobamovirus

Lettuce infectious yellows closterovirus

Lisianthus necrosis necrovirus

Melon rugose mosaic tymovirus

Melothria mottle potyvirus

Okra mosaic tymovirus

Olive latent 1 sobemovirus

Papaya ringspot potyvirus

Pea streak carlavirus

Peanut clump furovirus

Peanut stunt cucumovirus

Pelargonium zonate spot ourmiavirus

Pepper Indian mottle potyvirus
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Pepper Moroccan tombusvirus

Pepper mottle potyvirus

Poplar mosaic carlavirus

Prune dwarf ilarvirus

Prunus necrotic ringspot ilarvirus

Spring beauty latent bromovirus

Squash leaf curl bigeminivirus

Squash mosaic comovirus

Strawberry latent ringspot nepovirus

Telfairia mosaic potyvirus

Tobacco mosaic satellivirus

Tobacco mosaic tobamovirus

Tobacco necrosis necrovirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tomato black ring nepovirus

Tomato bushy stunt tombusvirus

Tomato ringspot nepovirus

Trichosanthes mottle potyvirus

Turnip mosaic potyvirus

Watermelon curly mottle bigeminivirus

Watermelon Moroccan mosaic potyvirus

Watermelon mosaic 1 potyvirus

Watermelon mosaic 2 potyvirus

White clover mosaic potexvirus

Wild cucumber mosaic tymovirus

Zucchini yellow fleck potyvirus

Zucchini yellow mosaic potyvirus

gt 3H(Cucurbitaceae)

Apple stem grooving capillovirus

Beet curly top hybrigeminivirus

AR 0|
(Ecballium elaterium)

Squash mosaic comovirus

Zucchini yellow fleck potyvirus

Echinocystis

Wild cucumber mosaic tymovirus

Lagenaria cylindrica

Urd bean leaf crinkle virus

=13

(T.agenaria leucantha) Trichosanthes mottle potyvirus
F=dt Cucumber green mottle mosaic

(Lagenaria siceraria)

tobamovirus

Melon necrotic spot carmovirus

Zucchini yellow fleck potyvirus

Zt4=M| o]
(Luffa acutangula)

Cucumber leaf spot carmovirus

Epirus cherry ourmiavirus

Maracuja mosaic tobamovirus

Melon Ourmia ourmiavirus

Watermelon mosaic 1 potyvirus

Watermelon mosaic 2 potyvirus

Zucchini yellow mosaic potyvirus

Z=AM|o|
(Luffa cylindrica)

Trichosanthes mottle potyvirus

Marah macrocarpus

Wild cucumber mosaic tymovirus

Marah oreganus

Wild cucumber mosaic tymovirus

Melothria liukiuensis

Melothria mottle potyvirus

Melothria pendula

Watermelon mosaic 1 potyvirus

Zucchini yellow mosaic potyvirus

Momordica balsamina

Abelia latent tymovirus

Abutilon mosaic bigeminivirus

Apple mosaic ilarvirus

Cherry leaf roll nepovirus

Cucumber mosaic cucumovirus

Epirus cherry ourmiavirus

Okra mosaic tymovirus

Olive latent 1 sobemovirus

Prune dwarf ilarvirus

Prunus necrotic ringspot ilarvirus
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Tobacco rattle tobravirus

Tobacco streak ilarvirus

oF
(Momordica charantia)

Ribgrass mosaic tobamovirus

Trichosanthes mottle potyvirus

Watermelon mosaic 1 potyvirus

Telfairia occidentalis

Telfairia mosaic potyvirus

1ol st=Elz|
(Trichosanthes anguina)

Trichosanthes mottle potyvirus

Trichosanthes rostrata

Trichosanthes mottle potyvirus

ET TR =n]} =LH 0| = uY
ot CH (Chamaecyparis Arabis mosaic nepovirus
(Cupressaceae) oy lawsoniana)
PN =Ch 2H(Cycas revoluta) _
ot Ch Cycas necrotic stunt nepovirus
(Cycadaceae) oy
e 2cf wEbiEdE o _
o ofd ch (Cypripedium calceolus) Cypripedium calceolus potyvirus
(Cypripediaceae) o rf
OfZ2|7FX|H| & Carnation ringspot dianthovirus
- (Saintpaulia ionantha) Saintpaulia leaf necrosis rhabdovirus
Al 2| 2ozt (ID_PEH oy =S Al of _ Belladonna mottle tymovirus
(Gesneriaceae) oy (Sinningia. speciosa) Dulcamara mottle tymovirus
Tobacco necrosis necrovirus
Smithiantha Smithiantha potexvirus
B 2} (Gramineae) %Etl of| 0| & &= (Aegilops) Wheat streak mosaic rymovirus
QJEEH o Aegilops cylindrica Maize streak monogeminivirus
=

Aegilops kotschyi

Barley mild mosaic bymovirus

Aegilops searsii

Barley mild mosaic bymovirus

Aegilops speltoides

Barley mild mosaic bymovirus

Aegilops triaristata

Maize streak monogeminivirus

Aegilops triuncialis

Maize streak monogeminivirus

Aegilops umbellulata

Maize streak monogeminivirus

Agropyron

Wheat streak mosaic rymovirus

Agropyron sibiricum

Maize streak monogeminivirus

5| 7{0] A
(Agrostis alba)

Barley yellow dwarf luteovirus

HES
(Agrostis gigantea)

Maize streak monogeminivirus

Agrostis puchella

Cynosurus mottle sobemovirus

O 7|74 0|4t
(Agrostis stolonifera)

Cocksfoot mild mosaic sobemovirus

Cynosurus mottle sobemovirus

e 2lz| Ao A
(Agrostis tenuis)

Cynosurus mottle sobemovirus

SME _
(Alopecurus aequalis)

Cereal northern mosaic cytorhabdovirus

Echinochloa ragged stunt oryzavirus

Rice dwarf phytoreovirus

Alopecurus geniculatus

Cereal northern mosaic cytorhabdovirus

Alopecurus japonicus

Cereal northern mosaic cytorhabdovirus

Rice dwarf phytoreovirus

ZEME

(Alopecurus pratensis)

Cereal northern mosaic cytorhabdovirus

Maize streak monogeminivirus

Andropogon gerardi

Maize streak monogeminivirus

Anthoxanthum aristatum

Barley stripe mosaic hordeivirus

Cocksfoot streak potyvirus

S|E
(Anthoxanthum odoratum)

Anthoxanthum latent blanching hordeivirus

Anthoxanthum mosaic potyvirus

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Cereal northern mosaic cytorhabdovirus

Sugarcane mosaic potyvirus

ZH el A
(Arrhenatherum elatius)

Oat sterile dwarf fijivirus

Arundinaria amabilis

Sugarcane mosaic potyvirus

=0 (Arundo donax)

Beet western yellows luteovirus

Maize dwarf mosaic potyvirus

Sugarcane mosaic potyvirus
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2l (Avena)

Barley yellow striate mosaic
cytorhabdovirus

Brome streak mosaic rymovirus

Avena byzantina

Barley yellow dwarf luteovirus

Cereal northern mosaic cytorhabdovirus

Oat mosaic bymovirus

M # 2l (Avena fatua)

Anthoxanthum mosaic potyvirus

Cereal northern mosaic cytorhabdovirus

Cynosurus mottle sobemovirus

Guinea grass mosaic potyvirus

Maize streak monogeminivirus

Oat blue dwarf marafivirus

Oat sterile dwarf fijivirus

2l (Avena sativa)

Anthoxanthum latent blanching hordeivirus

Anthoxanthum mosaic potyvirus

Barley mosaic virus

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Barley yellow striate mosaic
cytorhabdovirus

Bermuda grass etched-line marafivirus

Cereal chlorotic mottle nucleorhabdovirus

Cereal flame chlorosis virus

Cereal northern mosaic cytorhabdovirus

Chloris striate mosaic monogeminivirus

Cocksfoot mild mosaic sobemovirus

Cocksfoot mottle sobemovirus

Cynosurus mottle sobemovirus

Digitaria streak monogeminivirus

Digitaria striate cytorhabdovirus

Digitaria striate mosaic monogeminivirus

Foxtail mosaic potexvirus

Holcus streak potyvirus

Hordeum mosaic rymovirus

Johnsongrass mosaic potyvirus

Maize eyespot virus

Maize rough dwarf fijivirus

Maize streak monogeminivirus

Oat blue dwarf marafivirus

—

Oat chlorotic stunt tombusvirus

Oat golden stripe furovirus

Oat mosaic bymovirus

Oat necrotic mottle rymovirus

Oat pseudorosette tenuivirus

—

Oat sterile dwarf fijivirus

Panicum mosaic sobemovirus

Paspalum striate mosaic monogeminivirus

Phleum green stripe tenuivirus

Poa semilatent hordeivirus

Rice black—streaked dwarf fijivirus

Rice dwarf phytoreovirus

Rice gall dwarf phytoreovirus

Rice hoja blanca tenuivirus

Rice stripe tenuivirus

Ryegrass mosaic rymovirus

Ryegrass mottle sobemovirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Wheat American striate mosaic
nucleorhabdovirus

Wheat dwarf monogeminivirus

Wheat European striate mosaic tenuivirus

Wheat streak mosaic rymovirus

Wheat yellow leaf closterovirus
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Avena strigosa

Anthoxanthum mosaic potyvirus

Barley yellow dwarf luteovirus

Cereal northern mosaic cytorhabdovirus

Cocksfoot mild mosaic sobemovirus

Cocksfoot streak potyvirus

Holcus streak potyvirus

Oat mosaic bymovirus

Wheat dwarf monogeminivirus

AXxonopus compressus

Rice tungro spherical waikavirus

Bambusa beecheyana

Bamboo mosaic potexvirus

Bambusa edulis

Bamboo mosaic potexvirus

Bambusa multiplex

Bamboo mosaic potexvirus

=5 &
(Bambusa oldhamii)

Bamboo mosaic potexvirus

HFAL 2712 A
(Bambusa vulgaris)

Bamboo mosaic potexvirus

7H =

(Beckmannia syzigachne)

Cereal northern mosaic cytorhabdovirus

Bothriochloa alta

Maize streak monogeminivirus

Brachiaria eruciformis

Maize streak monogeminivirus

Brachiaria miliiformis

Digitaria striate cytorhabdovirus

Johnsongrass mosaic potyvirus

Brachiaria mutica

Rice tungro spherical waikavirus

Brachiaria ramosa

Mung bean yellow mosaic bigeminivirus

Brachiaria reptens

Maize streak monogeminivirus

82 A £ % (Briza)

Barley yellow striate mosaic
cytorhabdovirus

A 2l&(Bromus)

Barley yellow striate mosaic
cytorhabdovirus

Brome streak mosaic rymovirus

Wheat streak mosaic rymovirus

Bromus aleutensis

Barley yellow striate mosaic
cytorhabdovirus

Bromus arvensis

Barley yellow striate mosaic
cytorhabdovirus

Bromus catharticus

Paspalum striate mosaic monogeminivirus

Bromus commutatus

Wheat soil-borne mosaic furovirus

=S _
(Bromus inermis)

Barley yellow dwarf luteovirus

Bermuda grass etched-line marafivirus

Brome mosaic bromovirus

Cocksfoot mild mosaic sobemovirus

Foxtail mosaic potexvirus

Maize chlorotic mottle machlomovirus

Wheat American striate mosaic
nucleorhabdovirus

Bromus macrostachys

Guinea grass mosaic potyvirus

Holcus streak potyvirus

SEAM2
(Bromus mollis)

Barley yellow dwarf luteovirus

Barley yellow striate mosaic
cytorhabdovirus

Brome streak mosaic rymovirus

Cocksfoot mild mosaic sobemovirus

Cocksfoot streak potyvirus

Holcus streak potyvirus

Maize chlorotic mottle machlomovirus

Maize dwarf mosaic potyvirus

Ryegrass mosaic rymovirus

Bromus racemosus

Barley yellow dwarf luteovirus

Cocksfoot mild mosaic sobemovirus

Maize chlorotic mottle machlomovirus

Bromus rigidus

Barley yellow striate mosaic
cytorhabdovirus

Bromus secalinus

Agropyron mosaic rymovirus

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus
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Cocksfoot mild mosaic sobemovirus

Cynosurus mottle sobemovirus

Maize chlorotic mottle machlomovirus

Maize dwarf mosaic potyvirus

Wheat American striate mosaic
nucleorhabdovirus

Wheat dwarf monogeminivirus

BEZHA AHEZEEA
(Bromus sterilis)

Guinea grass mosaic potyvirus

Maize eyespot virus

= EIAf# 2|Bromus
tectorum

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Cocksfoot mild mosaic sobemovirus

Maize chlorotic mottle machlomovirus

Maize dwarf mosaic potyvirus

Wheat American striate mosaic
nucleorhabdovirus

Wheat soil-borne mosaic furovirus

Bromus uniloides

Maize streak monogeminivirus

Calamagrostis canadensis

Maize streak monogeminivirus

NESS

(Calamagrostis epigejos)

Cereal northern mosaic cytorhabdovirus

Cenchrus argentina

Maize streak monogeminivirus

HEO2tA
(Cenchrus ciliaris)

Johnsongrass mosaic potyvirus

Cenchrus cucullata

Maize streak monogeminivirus

o|=Z7HAE
(Cenchrus echinatus)

Maize streak monogeminivirus

Sugarcane streak monogeminivirus

Cenchrus gayana

Maize streak monogeminivirus

Sugarcane streak monogeminivirus

Cenchrus radiata

Maize streak monogeminivirus

Cenchrus submutica

Maize streak monogeminivirus

Cenchrus virgata

Maize streak monogeminivirus

2 Z2|A JlokLt
(Chloris gayana)

Barley yellow dwarf luteovirus

Chloris striate mosaic monogeminivirus

Digitaria striate mosaic monogeminivirus

Maize dwarf mosaic potyvirus

Maize streak monogeminivirus

Paspalum striate mosaic monogeminivirus

LIZH}240|
(Chloris virgata)

Cereal northern mosaic cytorhabdovirus

od =
=

=
(Coix lacryma—jobi)

Maize streak monogeminivirus

Cymbopogon distans

Maize streak monogeminivirus

Cymbopogon . L
Sehoenanthus Maize streak monogeminivirus
AR Bermuda grass etched-line marafivirus

(Cynodon dactylon)

Cynodon chlorotic streak nucleorhabdovirus

Cynodon mosaic carlavirus

Foxtail mosaic potexvirus

Maize dwarf mosaic potyvirus

Maize rough dwarf fijivirus

Maize streak monogeminivirus

Rice grassy stunt tenuivirus

Rice stripe tenuivirus

Rice tungro spherical waikavirus

Sugarcane mosaic potyvirus

BIALRY
(Cynosurus cristatus)

Cynosurus mottle sobemovirus

Oat sterile dwarf fijivirus

Dactylis Barley yellow striate mosaic
cytorhabdovirus
E|M Barley stripe mosaic hordeivirus

(Dactylis glomerata)

Barley yellow dwarf luteovirus

Barley yellow striate mosaic
cytorhabdovirus

Chloris striate mosaic monogeminivirus
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Cocksfoot alphacryptovirus

Cocksfoot mild mosaic sobemovirus

Cocksfoot mottle sobemovirus

Cocksfoot streak potyvirus

Rice stripe tenuivirus

Ryegrass mosaic rymovirus

Ryegrass mottle sobemovirus

off B 24 0|
(Dactyloctenium
aegyptium)

Digitaria striate mosaic monogeminivirus

Paspalum striate mosaic monogeminivirus

SIECLER

(Dendrocalamus latiflorus)

Bamboo mosaic potexvirus

C| x| Etz| oH(Digitaria)

Rice hoja blanca tenuivirus

Wheat streak mosaic rymovirus

Digitaria abyssinica

Maize streak monogeminivirus

Digitaria adscendens

Rice stripe tenuivirus

H}4 Ol
(Digitaria ciliaris)

Cereal chlorotic mottle nucleorhabdovirus

Digitaria striate cytorhabdovirus

Rice tungro spherical waikavirus

C|Z7|Etz|o} o 2 A
(Digitaria decumbens)

Digitaria striate cytorhabdovirus

Pangola stunt fijivirus

Sugarcane mosaic potyvirus

Digitaria didactyla

Digitaria striate mosaic monogeminivirus

Digitaria enantha

Maize streak monogeminivirus

Digitaria horizontalis

Digitaria horizontalis

Digitaria longiflora

Maize streak monogeminivirus

Pangola stunt fijivirus

Digitaria marginata

Maize streak monogeminivirus

Digitaria milanjiana

Maize streak monogeminivirus

Digitaria pentzii

Pangola stunt fijivirus

FEHIE0| o
(Digitaria sanguinalis)

Digitaria striate cytorhabdovirus

Maize chlorotic dwarf waikavirus

Maize rough dwarf fijivirus

Maize streak monogeminivirus

Maize white line mosaic virus

Digitaria setigera

Digitaria streak monogeminivirus

Digitaria setivalvola

Pangola stunt fijivirus

Digitaria ternata

Maize streak monogeminivirus

Digitaria valida

Pangola stunt fijivirus

Digitaria velutina

Maize streak monogeminivirus

qluiof
(Digitaria violascens)

Rice stripe tenuivirus

Dinebra retroflexa

Cereal chlorotic mottle nucleorhabdovirus

Digitaria striate cytorhabdovirus

Rice yellow mottle sobemovirus

HEHAM
(Diplachne fusca)

Cereal northern mosaic cytorhabdovirus

£ 1| (Echinochloa)

Maize lranian mosaic nucleorhabdovirus

Wheat streak mosaic rymovirus

== |
(Echinochloa colona)

Cereal chlorotic mottle nucleorhabdovirus

Rice grassy stunt tenuivirus

Rice tungro spherical waikavirus

Echinochloa crus—galli

Barley stripe mosaic hordeivirus

Barley yellow streak mosaic virus

Cereal northern mosaic cytorhabdovirus

Echinochloa ragged stunt oryzavirus

Guinea grass mosaic potyvirus

Hordeum mosaic rymovirus

Johnsongrass mosaic potyvirus

Maize dwarf mosaic potyvirus

Maize rough dwarf fijivirus

Rice dwarf phytoreovirus

Sugarcane mosaic potyvirus
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Wheat American striate mosaic
nucleorhabdovirus

Echinochloa crus—galli var.

formosensis

Echinochloa ragged stunt oryzavirus

PAST
(Echinochloa crus—galli
var. oryzicola)

Echinochloa ragged stunt oryzavirus

Echinochloa polystachya

Maize streak monogeminivirus

Eleusine africana

Maize streak monogeminivirus

AFAIH Zeppet
(Eleusine coracana)

Cereal chlorotic mottle nucleorhabdovirus

Chloris striate mosaic monogeminivirus

Echinochloa ragged stunt oryzavirus

Finger millet mosaic nucleorhabdovirus

Guinea grass mosaic potyvirus

Johnsongrass mosaic potyvirus

Maize dwarf mosaic potyvirus

Maize streak monogeminivirus

Sugarcane mosaic potyvirus

gatlol
(Eleusine indica)

Digitaria striate cytorhabdovirus

Maize streak monogeminivirus

Rice tungro bacilliform badnavirus

Rice tungro spherical waikavirus

Sugarcane streak monogeminivirus

Elymus canadensis

Hordeum mosaic rymovirus

Elymus trachycaulus

Hordeum mosaic rymovirus

Poa semilatent hordeivirus

Elymus virginicus

Hordeum mosaic rymovirus

Elytrigia intermedia

Agropyron mosaic rymovirus

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

T+FEMY
(Elytrigia repens)

Agropyron mosaic rymovirus

Barley yellow striate mosaic
cytorhabdovirus

Maize streak monogeminivirus

Sugarcane mosaic potyvirus

3= (Eragrostis)

Wheat streak mosaic rymovirus

BH=
(Eragrostis abyssinica)

Maize streak monogeminivirus

Eragrostis aspera

Maize streak monogeminivirus

2O
(Eragrostis cilianensis)

Barley stripe mosaic hordeivirus

Cereal chlorotic mottle nucleorhabdovirus

Cereal northern mosaic cytorhabdovirus

Johnsongrass mosaic potyvirus

Sugarcane mosaic potyvirus

Wheat American striate mosaic
nucleorhabdovirus

Eragrostis ciliaris

Maize streak monogeminivirus

sFEEaY
(Eragrostis curvula)

Maize streak monogeminivirus

H| 2|
(Eragrostis multicaulis)

Cereal northern mosaic cytorhabdovirus

Eragrostis multiflorum

Rice stripe tenuivirus

2| =g|
(Eragrostis pilosa)

Cereal northern mosaic cytorhabdovirus

Z M 213 (Eragrostis
poaeoides)

Cereal northern mosaic cytorhabdovirus

Eragrostis tenella

Rice tungro spherical waikavirus

Eragrostis valida

Maize streak monogeminivirus

2t 2| x| 7| of A H|

(Eremochloa ophiuroides)

Panicum mosaic sobemovirus

Eremopyrum hirsutum

Barley mild mosaic bymovirus

Euchlaena mexicana

Maize streak monogeminivirus

E.?I__O_l E
[ | = .
(Festuca arundinacea)

Bermuda grass etched-line marafivirus

Maize streak monogeminivirus

Festuca elatior

Cereal northern mosaic cytorhabdovirus

Festuca gigantea

Festuca leaf streak cytorhabdovirus
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Ho 7| Ol Ed
B — T4 —I 2 .
(Festuca pratensis)

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Cocksfoot mild mosaic sobemovirus

Fescue alphacryptovirus

Festuca necrosis closterovirus

Oat sterile dwarf fijivirus

Ryegrass mosaic rymovirus

2tzlo|H
o™/ =
(Festuca rubra)

Ryegrass mottle sobemovirus

=2|M2|ot EF0|EtA
(Glyceria fluitans)

Maize streak monogeminivirus

Heteropogon contortus

Maize streak monogeminivirus

S| EHAY
(Holcus lanatus)

Cereal northern mosaic cytorhabdovirus

Cocksfoot mild mosaic sobemovirus

Holcus lanatus yellowing rhabdovirus

Holcus streak potyvirus

Maize streak monogeminivirus

Oat sterile dwarf fijivirus

Holcus mollis

Holcus streak potyvirus

H 2| (Hordeum)

Barley yellow striate mosaic
cytorhabdovirus

Brome streak mosaic rymovirus

Wheat streak mosaic rymovirus

=ds FHIE
(Hordeum jubatum)

Hordeum mosaic rymovirus

Oat blue dwarf marafivirus

HelZ
(Hordeum murinum)

Brome streak mosaic rymovirus

He|
(Hordeum sativum)

Rice dwarf phytoreovirus

oM E Hz|
(Hordeum vulgare)

Abelia latent tymovirus

Agropyron mosaic rymovirus

Anthoxanthum latent blanching hordeivirus

Anthoxanthum mosaic potyvirus

Barley dubia tenuivirus

Barley mild mosaic bymovirus

Barley mosaic virus

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Barley yellow mosaic bymovirus

Barley yellow streak mosaic virus

Barley yellow striate mosaic
cytorhabdovirus

Brome mosaic bromovirus

Brome streak mosaic rymovirus

Cereal chlorotic mottle nucleorhabdovirus

Cereal flame chlorosis virus

Cereal northern mosaic cytorhabdovirus

Chloris striate mosaic monogeminivirus

Cocksfoot mild mosaic sobemovirus

Cocksfoot mottle sobemovirus

Cynosurus mottle sobemovirus

Digitaria streak monogeminivirus

Digitaria striate cytorhabdovirus

Digitaria striate mosaic monogeminivirus

Foxtail mosaic potexvirus

Hordeum mosaic rymovirus

Maize chlorotic mottle machlomovirus

Maize eyespot virus

Maize lranian mosaic nucleorhabdovirus

Maize rough dwarf fijivirus

Maize streak monogeminivirus

Maize stripe tenuivirus

Maize yellow stripe tenuivirus

Oat blue dwarf marafivirus
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Oat sterile dwarf fijivirus

Panicum mosaic sobemovirus

Paspalum striate mosaic monogeminivirus

Phleum green stripe tenuivirus

Poa semilatent hordeivirus

Ribgrass mosaic tobamovirus

Rice black—streaked dwarf fijivirus

Rice dwarf phytoreovirus

Rice gall dwarf phytoreovirus

Rice hoja blanca tenuivirus

Rice ragged stunt oryzavirus

Rice stripe tenuivirus

Ryegrass mottle sobemovirus

Strawberry latent ringspot nepovirus

Sugarcane mosaic potyvirus

Tobacco necrosis necrovirus

Wheat American striate mosaic
nucleorhabdovirus

Wheat dwarf monogeminivirus

Wheat European striate mosaic tenuivirus

Wheat soil-borne mosaic furovirus

Wheat streak mosaic rymovirus

Wheat yellow leaf closterovirus

Hyparrhenia rufa

Maize streak monogeminivirus

Imperata arundinacea

Maize streak monogeminivirus

i
(Imperata cylindrica)

Echinochloa ragged stunt oryzavirus

Rice tungro spherical waikavirus

Sugarcane mosaic potyvirus

Imperata cylindrica var.

major

Echinochloa ragged stunt oryzavirus

7|2
(Isachne globosa)

Isachne mosaic potyvirus

Ixophorus unisetus

Chloris striate mosaic monogeminivirus

Lagurus

Barley yellow striate mosaic
cytorhabdovirus

2O A QHEEA
(Lagurus ovatus)

Anthoxanthum latent blanching hordeivirus

Anthoxanthum mosaic potyvirus

Barley mild mosaic bymovirus

Barley stripe mosaic hordeivirus

Cocksfoot streak potyvirus

Cynosurus mottle sobemovirus

Foxtail mosaic potexvirus

Maize dwarf mosaic potyvirus

Oat sterile dwarf fijivirus

Wheat dwarf monogeminivirus

Lamarckia aurea

Cocksfoot mild mosaic sobemovirus

Cocksfoot streak potyvirus

Leersia hexandra

Rice grassy stunt tenuivirus

Rice tungro bacilliform badnavirus

Rice tungro spherical waikavirus

=M Z(Leptochloa)

Rice hoja blanca tenuivirus

Leptochloa filiformis

Cereal chlorotic mottle nucleorhabdovirus

Digitaria striate mosaic monogeminivirus

Paspalum striate mosaic monogeminivirus

Leptochloa virgata

Maize streak monogeminivirus

= 22|12 (Lolium)

Barley yellow striate mosaic
cytorhabdovirus

Wheat streak mosaic rymovirus

F 2e|
(Lolium multiflorum)

Agropyron mosaic rymovirus

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Canary reed mosaic potyvirus

Cereal northern mosaic cytorhabdovirus

Cocksfoot mild mosaic sobemovirus
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Cocksfoot streak potyvirus
Digitaria striate cytorhabdovirus
Digitaria striate mosaic monogeminivirus

Echinochloa ragged stunt oryzavirus
Festuca necrosis closterovirus

Hordeum mosaic rymovirus
Maize streak monogeminivirus

Oat sterile dwarf fijivirus

Poa semilatent hordeivirus
Rice gall dwarf phytoreovirus
Ryegrass alphacryptovirus

Ryegrass mosaic rymovirus

Ryegrass mottle sobemovirus
Strawberry latent ringspot nepovirus

Wheat American striate mosaic

nucleorhabdovirus
Wheat dwarf monogeminivirus
Wheat European striate mosaic tenuivirus

Wheat yellow leaf closterovirus
Cynosurus mottle sobemovirus

Ryegrass alphacryptovirus
Ryegrass bacilliform nucleorhabdovirus

Ryegrass mosaic rymovirus
Barley stripe mosaic hordeivirus

Lolium multiflorum x L.
Barley yellow dwarf luteovirus
Cereal northern mosaic cytorhabdovirus

perenne

Cocksfoot streak potyvirus
Cynosurus mottle sobemovirus

E‘E'_%

olium perenne)
Maize rough dwarf fijivirus

Maize streak monogeminivirus

Oat sterile dwarf fijivirus

Rice stripe tenuivirus
Ryegrass alphacryptovirus
Ryegrass bacilliform nucleorhabdovirus

ol

Ryegrass mosaic rymovirus
Ryegrass mottle sobemovirus
Sugarcane mosaic potyvirus
Wheat American striate mosaic

nucleorhabdovirus
Wheat dwarf monogeminivirus
Wheat European striate mosaic tenuivirus

Wheat yellow leaf closterovirus
Barley stripe mosaic hordeivirus

Barley yellow streak mosaic virus
Cocksfoot mild mosaic sobemovirus
Wheat dwarf monogeminivirus
Maize streak monogeminivirus
Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus
Cocksfoot mild mosaic sobemovirus

Lolium persicum

Lolium remotum
Lolium subulatum

Oat sterile dwarf fijivirus
Wheat dwarf monogeminivirus

=532

(Lolium temulentum)
Digitaria striate cytorhabdovirus

Agropyron mosaic rymovirus

Barley stripe mosaic hordeivirus

Foxtail mosaic potexvirus

Miscanthus streak monogeminivirus

Lolium vulgare
Lophopyrum elongatum

Panicum mosaic sobemovirus

Sugarcane mosaic potyvirus
Rice tungro bacilliform badnavirus

Rice tungro spherical waikavirus

=AM
(Miscanthus
sacchariflorus)

Muhlenbergia schreberi

IIXIFEZ=NE
(Oplismenus compositus)

Oryza australiensis
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Oryza barthii

Rice tungro bacilliform badnavirus

Rice tungro spherical waikavirus

Rice yellow mottle sobemovirus

Oryza cubensis

Rice dwarf phytoreovirus

ot=2|7HH
(Oryza glaberrima)

Rice tungro bacilliform badnavirus

Rice tungro spherical waikavirus

Oryza latifolia

Rice ragged stunt oryzavirus

Rice tungro bacilliform badnavirus

Rice tungro spherical waikavirus

Oryza longistaminata

Rice tungro bacilliform badnavirus

Rice tungro spherical waikavirus

Rice yellow mottle sobemovirus

E|XL HHi2t
(Oryza nivara)

Rice ragged stunt oryzavirus

Rice tungro bacilliform badnavirus

Rice tungro spherical waikavirus

QE|R} Hl2u A
(Oryza perennis)

Rice tungro bacilliform badnavirus

Rice tungro spherical waikavirus

Oryza punctata

Rice grassy stunt tenuivirus

Rice yellow mottle sobemovirus

t (Oryza sativa)

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Cymbidium mosaic potexvirus

Echinochloa ragged stunt oryzavirus

Foxtail mosaic potexvirus

Maize dwarf mosaic potyvirus

Maize rough dwarf fijivirus

Rice black—streaked dwarf fijivirus

Rice bunchy stunt phytoreovirus

Rice dwarf phytoreovirus

Rice gall dwarf phytoreovirus

Rice grassy stunt tenuivirus

Rice hoja blanca tenuivirus

Rice necrosis mosaic bymovirus

Rice ragged stunt oryzavirus

Rice stripe necrosis furovirus

Rice stripe tenuivirus

Rice transitory yellowing nucleorhabdovirus

Rice tungro bacilliform badnavirus

Rice tungro spherical waikavirus

Rice yellow mottle sobemovirus

Ryegrass mosaic rymovirus

Sugarcane mosaic potyvirus

Oryza sativa var. japonica

Rice black—streaked dwarf fijivirus

Rice stripe tenuivirus

Rice transitory yellowing nucleorhabdovirus

Oryzopsis miliacea

Barley stripe mosaic hordeivirus

7| &5 (Panicum)

Barley yellow striate mosaic
cytorhabdovirus

Wheat streak mosaic rymovirus

Panicum bergii

Maize streak monogeminivirus

N7 =
(Panicum bisulcatum)

Cereal northern mosaic cytorhabdovirus

Panicum capillare

Barley stripe mosaic hordeivirus

Foxtail mosaic potexvirus

Johnsongrass mosaic potyvirus

Maize chlorotic mottle machlomovirus

Maize dwarf mosaic potyvirus

Sugarcane mosaic potyvirus

Wheat American striate mosaic
nucleorhabdovirus

Panicum coloratum

Maize streak monogeminivirus

o| =747 | &
(Panicum dichotomiflorum)

Barley yellow dwarf luteovirus

Maize chlorotic mottle machlomovirus

Maize white line mosaic virus
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Panicum mosaic sobemovirus

Panicum hallii

Maize streak monogeminivirus

Panicum maximum

Cereal northern mosaic cytorhabdovirus

Foxtail mosaic potexvirus

Guinea grass mosaic potyvirus

Maize chlorotic mottle machlomovirus

Maize dwarf mosaic potyvirus

Maize streak monogeminivirus

Panicum streak monogeminivirus

—

7|13
(Panicum miliaceum)

Barley stripe mosaic hordeivirus

Cocksfoot mild mosaic sobemovirus

Foxtail mosaic potexvirus

Johnsongrass mosaic potyvirus

Maize chlorotic dwarf waikavirus

Maize chlorotic mottle machlomovirus

Maize dwarf mosaic potyvirus

Maize streak monogeminivirus

Panicum mosaic sobemovirus

Rice dwarf phytoreovirus

Wheat American striate mosaic
nucleorhabdovirus

Panicum texanum

Maize streak monogeminivirus

x| Hol|E
(Panicum virgatum)

Maize streak monogeminivirus

Panicum mosaic satellivirus

Panicum mosaic sobemovirus

Paspalum almum

Maize streak monogeminivirus

Paspalum conjugatum

Paspalum striate mosaic monogeminivirus

mnALsE HelELE
(Paspalum dilatatum)

Barley yellow dwarf luteovirus

Maize dwarf mosaic potyvirus

Paspalum striate mosaic monogeminivirus

Sugarcane mosaic potyvirus

Paspalum membranaceum

Cocksfoot mild mosaic sobemovirus

Cocksfoot streak potyvirus

His|ofaef A
(Paspalum notatum)

Maize streak monogeminivirus

Paspalum orbiculare

Johnsongrass mosaic potyvirus

Paspalum scrobiculatum

Maize streak monogeminivirus

Paspalum striate mosaic monogeminivirus

A I
(Paspalum thumbergii)

Rice dwarf phytoreovirus

Paspalum urvillei

Maize streak monogeminivirus

=3
(Pennisetum
alopecuroides)

Cereal northern mosaic cytorhabdovirus

rFEx
(Pennisetum americanum)

Guinea grass mosaic potyvirus

HUME 220 AEs
(Pennisetum clandestinum)

Maize streak monogeminivirus

FEx
(Pennisetum glaucum)

Maize chlorotic dwarf waikavirus

Pennisetum pedicellatum

Cynodon mosaic carlavirus

HUME F2FeiS
(Pennisetum purpureum)

Maize streak monogeminivirus

Pennisetum typhoides

Johnsongrass mosaic potyvirus

ZHE % (Phalaris)

Wheat streak mosaic rymovirus

Zr=
=

=
(Phalaris arundinacea)

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Canary reed mosaic potyvirus

Cocksfoot mild mosaic sobemovirus

Foxtail mosaic potexvirus

FILtE| A ZE
(Phalaris canariensis)

Oat sterile dwarf fijivirus

HIFHE| M 2
(Phalaris paradoxa)

Barley stripe mosaic hordeivirus

Cocksfoot streak potyvirus

Holcus streak potyvirus
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Maize dwarf mosaic potyvirus

Sugarcane mosaic potyvirus

Az obAH| & (Phleum)

Phleum green stripe tenuivirus

Phleum arenarium

Barley stripe mosaic hordeivirus

Cocksfoot mild mosaic sobemovirus

Cynosurus mottle sobemovirus

Rice yellow mottle sobemovirus

Phleum paniculatum

Cereal northern mosaic cytorhabdovirus

=z oA H|
(Phleum pratense)

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Cocksfoot mild mosaic sobemovirus

Foxtail mosaic potexvirus

Phleum green stripe tenuivirus

Poa semilatent hordeivirus

Rice stripe tenuivirus

Z+ol
(Phragmites australis)

Sugarcane mosaic potyvirus

2=

(Phyllostachys nigra)

Bamboo mosaic potexvirus

Pleioblastus chino

Pleioblastus chino potyvirus

Poa

Barley yellow striate mosaic
cytorhabdovirus

Wheat streak mosaic rymovirus

M Zo}lZ(Poa annua)

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Cereal northern mosaic cytorhabdovirus

Cynosurus mottle sobemovirus

Oat sterile dwarf fijivirus

Rice dwarf phytoreovirus

Strawberry latent ringspot nepovirus

Wheat dwarf monogeminivirus

Poa canadensis

Oat necrotic mottle rymovirus

Z=F0olE
(Poa compressa)

Cocksfoot mild mosaic sobemovirus

Poa semilatent hordeivirus

Wheat streak mosaic rymovirus

Poa palustris

Hordeum mosaic rymovirus

Poa semilatent hordeivirus

2tZolE
(Poa pratensis)

Agropyron mosaic rymovirus

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Foxtail mosaic potexvirus

Oat necrotic mottle rymovirus

ZMEZolE
(Poa trivialis)

Barley yellow dwarf luteovirus

Cocksfoot mild mosaic sobemovirus

2| =l

(Polypogon fugax)

Cereal northern mosaic cytorhabdovirus

Rottboellia cochinchinensis

Rottboellia yellow mottle sobemovirus

Rottboellia exaltata

Maize dwarf mosaic potyvirus

Maize mosaic nucleorhabdovirus

Maize streak monogeminivirus

Maize stripe tenuivirus

TNAEFS 2

(Sacgh—gr—urm_s Maize streak monogeminivirus
AR Maize dwarf mosaic potyvirus

(Saccharum officinarum)

Sorghum mosaic potyvirus

Sugarcane bacilliform badnavirus

Sugarcane Fiji disease fijivirus

Sugarcane mosaic potyvirus

Sugarcane streak monogeminivirus

ZEEN

(Sacciolepis indica)

Maize dwarf mosaic potyvirus

Sugarcane mosaic potyvirus

Schedonnardus
paniculatus

Maize streak monogeminivirus

EEEIEPNEETEPN
(Schizachrium scoparium)

Maize streak monogeminivirus
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S Y% (Secale)

Barley yellow striate mosaic
cytorhabdovirus

S 2 (Secale cereale)

Agropyron mosaic rymovirus

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Barley yellow striate mosaic
cytorhabdovirus

Cereal northern mosaic cytorhabdovirus

Cocksfoot mild mosaic sobemovirus

Cynosurus mottle sobemovirus

Foxtail mosaic potexvirus

Hordeum mosaic rymovirus

Maize rough dwarf fijivirus

Maize streak monogeminivirus

Maize stripe tenuivirus

Oat blue dwarf marafivirus

Oat sterile dwarf fijivirus

Panicum mosaic sobemovirus

Poa semilatent hordeivirus

Rice dwarf phytoreovirus

Rice gall dwarf phytoreovirus

Rice hoja blanca tenuivirus

Rice stripe tenuivirus

Ryegrass mottle sobemovirus

Wheat American striate mosaic
nucleorhabdovirus

Wheat dwarf monogeminivirus

Wheat European striate mosaic tenuivirus

Wheat soil-borne mosaic furovirus

Wheat spindle streak mosaic bymovirus

Wheat streak mosaic rymovirus

Wheat yellow leaf closterovirus

Wheat yellow mosaic bymovirus

ZOHX| Z % (Set

aria)

Wheat streak mosaic rymovirus

Setaria chevali

eri

Maize streak monogeminivirus

7+2Z oK Z

(Setaria faberi)

Cereal northern mosaic cytorhabdovirus

Maize chlorotic dwarf waikavirus

Maize streak monogeminivirus

Maize white line mosaic virus

Setaria halepense

Maize chlorotic dwarf waikavirus

Setaria homon

yma

Maize streak monogeminivirus

= (Setaria italica)

Barley stripe mosaic hordeivirus

Barley yellow striate mosaic
cytorhabdovirus

Cereal northern mosaic cytorhabdovirus

Cocksfoot mild mosaic sobemovirus

Digitaria striate mosaic monogeminivirus

Echinochloa ragged stunt oryzavirus

Foxtail mosaic potexvirus

Guinea grass mosaic potyvirus

Johnsongrass mosaic potyvirus

Maize dwarf mosaic potyvirus

Maize rough dwarf fijivirus

Maize streak monogeminivirus

Millet red leaf luteovirus

Panicum mosaic sobemovirus

Peanut clump furovirus

Rice stripe tenuivirus

Ryegrass mottle sobemovirus

Sugarcane mosaic potyvirus

FEILox =

[== 1 == e

(Setaria lutesc

ens)

Maize chlorotic dwarf waikavirus

Setaria macrostachya

Barley stripe mosaic hordeivirus

Cocksfoot streak potyvirus

- 218 -




Setaria pallidifusca

Maize streak monogeminivirus

Setaria verticillata

Cereal chlorotic mottle nucleorhabdovirus

Maize rough dwarf fijivirus

Maize streak monogeminivirus

PAL NI
(Setaria viridis)

Agropyron mosaic rymovirus

Barley stripe mosaic hordeivirus

Barley yellow streak mosaic virus

Barley yellow striate mosaic
cytorhabdovirus

Cereal northern mosaic cytorhabdovirus

Cocksfoot mild mosaic sobemovirus

Cocksfoot streak potyvirus

Foxtail mosaic potexvirus

Johnsongrass mosaic potyvirus

Maize dwarf mosaic potyvirus

Maize streak monogeminivirus

Maize white line mosaic virus

Rice stripe tenuivirus

Sugarcane mosaic potyvirus

Wheat American striate mosaic
nucleorhabdovirus

Setaria vulpiseta

Maize mosaic nucleorhabdovirus

Sl Iz
SFTEE

(Sorghastrum nutans)

Maize streak monogeminivirus

Sorghum arundinaceum

Peanut clump furovirus

A A
TT

(Sorghum bicolor)

Barley stripe mosaic hordeivirus

Bermuda grass etched-line marafivirus

Cassia mild mosaic carlavirus

Cynodon mosaic carlavirus

Foxtail mosaic potexvirus

Johnsongrass mosaic potyvirus

Maize chlorotic dwarf waikavirus

Maize dwarf mosaic potyvirus

Maize mosaic nucleorhabdovirus

Maize streak monogeminivirus

Maize stripe tenuivirus

Maize yellow stripe tenuivirus

Panicum mosaic sobemovirus

Peanut clump furovirus

Sorghum chlorotic spot furovirus

Sorghum mosaic potyvirus

Sugarcane Fiji disease fijivirus

Sugarcane mosaic potyvirus

Sorghum genotypes

Sugarcane mosaic potyvirus

Alg|ot=E=A
(Sorghum halepense)

Bermuda grass etched-line marafivirus

Johnsongrass chlorotic stripe carmovirus

Johnsongrass mosaic potyvirus

Maize chlorotic dwarf waikavirus

Maize dwarf mosaic potyvirus

Sugarcane mosaic potyvirus

Sorghum laxiflorum

Johnsongrass mosaic potyvirus

Sorghum macrospermum

Johnsongrass mosaic potyvirus

Sorghum miliaceum

Johnsongrass mosaic potyvirus

Sorghum stipoideum

Johnsongrass mosaic potyvirus

Sorghum sudanense

Johnsongrass mosaic potyvirus

Maize lranian mosaic nucleorhabdovirus

Maize streak monogeminivirus

Sorghum verticilliflorum

Johnsongrass mosaic potyvirus

AN
TT

(Sorghum vulgare)

Johnsongrass mosaic potyvirus

Maize yellow stripe tenuivirus

Sorghum stunt mosaic nucleorhabdovirus

Sorghum vulgare var.
sudanense

Maize chlorotic dwarf waikavirus

Sorghum x almum

Johnsongrass mosaic potyvirus
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Spartina alternifolia

Spartina mottle rymovirus

Spartina anglica

Spartina mottle rymovirus

Spartina glabra

Spartina mottle rymovirus

A= g|L} ofg|glaf
(Spartina maritima)

Spartina mottle rymovirus

Spartina townsendii

Spartina mottle rymovirus

MOIE O{HAEIOEHA
(Stenotaphrum
secundatum)

Guinea grass mosaic potyvirus

Panicum mosaic sobemovirus

L2 A = (Stipa)

Wheat streak mosaic rymovirus

Trichachne californica

Maize streak monogeminivirus

Trichloris crinita

Maize streak monogeminivirus

Trichloris pluriflora

Maize streak monogeminivirus

ZrAE] T 2 (Trisetum)

Barley yellow striate mosaic
cytorhabdovirus

Triticum

Barley yellow striate mosaic
cytorhabdovirus

Brome streak mosaic rymovirus

2 (Triticum aestivum)

Agropyron mosaic rymovirus

Anthoxanthum mosaic potyvirus

Barley mosaic virus

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Barley yellow streak mosaic virus

Barley yellow striate mosaic
cytorhabdovirus

Brome streak mosaic rymovirus

Cereal chlorotic mottle nucleorhabdovirus

Cereal flame chlorosis virus

Cereal northern mosaic cytorhabdovirus

Chloris striate mosaic monogeminivirus

Cocksfoot mild mosaic sobemovirus

Cocksfoot mottle sobemovirus

Cynosurus mottle sobemovirus

Digitaria striate mosaic monogeminivirus

Echinochloa ragged stunt oryzavirus

Foxtail mosaic potexvirus

Hordeum mosaic rymovirus

Maize chlorotic dwarf waikavirus

Maize chlorotic mottle machlomovirus

Maize eyespot virus

Maize rough dwarf fijivirus

Maize streak monogeminivirus

Maize yellow stripe tenuivirus

Oat blue dwarf marafivirus

Oat mosaic bymovirus

Oat sterile dwarf fijivirus

Panicum mosaic sobemovirus

Paspalum striate mosaic monogeminivirus

Peanut clump furovirus

Phleum green stripe tenuivirus

Physalis mosaic tymovirus

Poa semilatent hordeivirus

Ribgrass mosaic tobamovirus

Rice black—streaked dwarf fijivirus

Rice dwarf phytoreovirus

Rice gall dwarf phytoreovirus

Rice hoja blanca tenuivirus

Rice stripe tenuivirus

Ryegrass mosaic rymovirus

Ryegrass mottle sobemovirus

Sorghum stunt mosaic nucleorhabdovirus

Tobacco necrosis necrovirus

Wheat chlorotic spot rhabdovirus
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Wheat dwarf monogeminivirus

Wheat European striate mosaic tenuivirus

Wheat Iranian stripe tenuivirus

Wheat soil-borne mosaic furovirus

Wheat spindle streak mosaic bymovirus

Wheat streak mosaic rymovirus

Wheat yellow leaf closterovirus

Wheat yellow mosaic bymovirus

Winter wheat Russian mosaic
cytorhabdovirus

Triticum compactum

Barley yellow striate mosaic
cytorhabdovirus

AL _ Wheat American striate mosaic
(Triticum dicoccum) nucleorhabdovirus
FEY Agropyron mosaic rymovirus

(Triticum durum)

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Barley yellow striate mosaic
cytorhabdovirus

Bermuda grass etched-line marafivirus

Cereal flame chlorosis virus

Foxtail mosaic potexvirus

Hordeum mosaic rymovirus

Maize eyespot virus

Oat blue dwarf marafivirus

Panicum mosaic sobemovirus

Poa semilatent hordeivirus

Wheat American striate mosaic
nucleorhabdovirus

Wheat dwarf monogeminivirus

Wheat spindle streak mosaic bymovirus

2 (Triticum sativum)

Rice black—streaked dwarf fijivirus

EZEE /7=
(Triticum vulgare)

Wheat American striate mosaic
nucleorhabdovirus

Urochloa helopus

Maize streak monogeminivirus

Urochloa panicoides

Cereal chlorotic mottle nucleorhabdovirus

Maize streak monogeminivirus

Urochloa trichopus

Maize streak monogeminivirus

Vaseyochloa multinervosa

Maize streak monogeminivirus

Vulpia

Brome streak mosaic rymovirus

S7%(Zea)

Barley yellow striate mosaic
cytorhabdovirus

Z(Zea mays)

Anthoxanthum latent blanching hordeivirus

Barley stripe mosaic hordeivirus

Barley yellow dwarf luteovirus

Barley yellow striate mosaic
cytorhabdovirus

Bermuda grass etched-line marafivirus

Brome mosaic bromovirus

Cassia mild mosaic carlavirus

Cassia yellow blotch bromovirus

Cereal chlorotic mottle nucleorhabdovirus

Cereal northern mosaic cytorhabdovirus

Chloris striate mosaic monogeminivirus

Cocksfoot mild mosaic sobemovirus

Cowpea chlorotic mottle bromovirus

Cynodon chlorotic streak nucleorhabdovirus

Cynodon mosaic carlavirus

Digitaria streak monogeminivirus

Digitaria striate mosaic monogeminivirus

Echinochloa ragged stunt oryzavirus

Foxtail mosaic potexvirus

Guinea grass mosaic potyvirus

Heracleum latent trichovirus

Johnsongrass mosaic potyvirus
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Maize chlorotic dwarf waikavirus

Maize chlorotic mottle machlomovirus

Maize dwarf mosaic potyvirus

Maize eyespot virus

Maize lranian mosaic nucleorhabdovirus

Maize line virus

Maize mosaic nucleorhabdovirus

Maize mottle/chlorotic stunt virus

Maize rayado fino marafivirus

Maize rough dwarf fijivirus

Maize streak dwarf nucleorhabdovirus

Maize streak monogeminivirus

Maize stripe tenuivirus

Maize white line mosaic satellivirus

Maize white line mosaic virus

Maize yellow stripe tenuivirus

Oat sterile dwarf fijivirus

Panicum mosaic sobemovirus

Paspalum striate mosaic monogeminivirus

Pepper veinal mottle potyvirus

Poa semilatent hordeivirus

Rice black—streaked dwarf fijivirus

Rice ragged stunt oryzavirus

Rice stripe tenuivirus

Rottboellia yellow mottle sobemovirus

Sorghum chlorotic spot furovirus

Sorghum stunt mosaic nucleorhabdovirus

Sugarcane Fiji disease fijivirus

Sugarcane mosaic potyvirus

Sugarcane streak monogeminivirus

Tobacco necrosis necrovirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Wheat American striate mosaic
nucleorhabdovirus

Wheat streak mosaic rymovirus

Zea mays ssp. mays

Maize rayado fino marafivirus

Zea mays SsSp. mexicana

Maize rayado fino marafivirus

| % (Zoysia)

Zoysia mosaic potyvirus

20| & (x Triticosecale)

Cereal chlorotic mottle nucleorhabdovirus

e3(ec Eatnl’ =1 =HG=r _
_ ot CH (Aesculus carnea) Strawberry latent ringspot nepovirus
(Hippocastanaceae) ool
SlopAl A .
(Hyacinthus) Tobacco rattle tobravirus
£ 2otz O%PEEHEH (Okligrtl%lirﬁhus orientalis) Hyacinth mosaic potyvirus
(Hyacinthaceae) o rj Lachenalia Ornithogalum mosaic potyvirus
H Seil el H Ornithogalum mosaic potyvirus
(Ornithogalum thyrsoides) [ Tylip breaking potyvirus
=1} =0y == Elm mottle ilarvirus
(Hydrangeaceae) &ﬁ o (Hydrangea macrophylla) Hydrangea latent carlavirus
= Hydrangea mosaic ilarvirus
Hydrangea ringspot potexvirus
=Z21} %Etl Phacelia campanularia _ _
(Hydrophyllaceae) %IPEEHEH Beet mosaic potyvirus
KZE3}(Iridaceae) =0f =R Iris fulva mosaic potyvirus
ot& oy (Belamcanda chinensis)

I[ris mild mosaic potyvirus

Iris severe mosaic potyvirus

Tomato spotted wilt tospovirus

A2FEA HE2ERA
(Crocus vernus)

Iris severe mosaic potyvirus

Z2|X|0{ % (Freesia)

Bean yellow mosaic potyvirus

Vallota mosaic potyvirus
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=2|x|of
(Freesia refracta)

Freesia leaf necrosis varicosavirus

Freesia mosaic potyvirus

SEIC| S8 A

Artichoke ltalian latent nepovirus

(Gladiolus) Bean yellow mosaic potyvirus
Cycas necrotic stunt nepovirus
Narcissus latent macluravirus

otolz| A(lris) Iris mild mosaic potyvirus

Iris severe mosaic potyvirus

ctZ=C|of ofolz|A
(Iris danfordiae)

I[ris mild mosaic potyvirus

Zdlololg| A
(Iris fulva)

Iris fulva mosaic potyvirus

Iris fulva x |. brevicaulis

Iris fulva mosaic potyvirus

ofo|z|A 3 =ZolE|of
(Iris germanica)

Iris germanica leaf stripe rhabdovirus

Tobacco ringspot nepovirus

B EEZ (Iris kaempferi)

Iris Japanese necrotic ring virus

HElRZ
(Iris laevigata)

Iris Japanese necrotic ring virus

2 E|22tEIRE
(Iris reticulata)

I[ris mild mosaic potyvirus

[=Rwh]

R Z(Iris sanguinea)

Iris Japanese necrotic ring virus

AlH|2|obR 2
(Iris sibirica)

Iris fulva mosaic potyvirus

Iris tingitana x |. xiphium

Iris severe mosaic potyvirus

ofo|g|A X|I|g
(Iris xiphium)

I[ris mild mosaic potyvirus

Narcissus latent macluravirus

2tE| Zz2|ololz| A
(Iris xiphoides)

I[ris mild mosaic potyvirus

et ot %Etl SELR
ofd i h leaf roll n virus
(Juglandaceae) °—=4!-I:H f (Juglans regia) Cherry leaf roll nepo
2 Z 1} (Labiatae) =0 i R N . . .
ofd ol (Ballota nigra) Lamium mild mottle fabavirus
Ay H{ 21 i
o =x=

(Glechoma hederacea)

Carnation mottle carmovirus

= Z 3} (Lamiaceae)

Apple stem grooving capillovirus

2=
(Lamium album)

Lamium mild mottle fabavirus

HifjLt= _
(Lamium amplexicaule)

Arabis mosaic nepovirus

Artichoke ltalian latent nepovirus

Beet mild yellowing luteovirus

Strawberry latent ringspot nepovirus

2lo|g ol22ts
(Lamium maculatum)

Carnation ringspot dianthovirus

A2 utE(Lamium
purpureum)

Lamium mild mottle fabavirus

Marrubium peregrinum

Lamium mild mottle fabavirus

S| gts}
(Marrubium vulgare)

Lamium mild mottle fabavirus

I EfOFRHIA| A
(Mentha arvensis)

Arabis mosaic nepovirus

HE&
(Ocimum basilicum)

Alfalfa mosaic alfamovirus

Amaranthus leaf mottle potyvirus

Arabis mosaic nepovirus

Artichoke mottled crinkle tombusvirus

Artichoke vein banding nepovirus

Asparagus 2 ilarvirus

Broad bean wilt fabavirus

Cactus X potexvirus

Cherry leaf roll nepovirus

Cucumber leaf spot carmovirus

Cymbidium ringspot tombusvirus

Elm mottle ilarvirus

Erysimum latent tymovirus

Lamium mild mottle fabavirus

Melon Ourmia ourmiavirus

Parietaria mottle ilarvirus
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Peanut stunt cucumovirus

Pelargonium flower break carmovirus

Pelargonium line pattern carmovirus

Pepper mild mottle tobamovirus

Pepper Moroccan tombusvirus

Pepper ringspot tobravirus

Pepper veinal mottle potyvirus

Poplar mosaic carlavirus

Red clover necrotic mosaic dianthovirus

Ribgrass mosaic tobamovirus

Strawberry latent ringspot nepovirus

Tobacco mild green mosaic tobamovirus

Tobacco rattle tobravirus

Tobacco streak ilarvirus

Tomato bushy stunt tombusvirus

2~ . )
(Péﬂrilla frutescens) Perilla mottle potyvirus
oEe| Patchouli mosaic potyvirus

(Pogostemon patchouli)

Patchouli mottle potyvirus

7§ Z(Salvia splendens)

Patchouli mottle rhabdovirus

Beet curly top hybrigeminivirus

Maracuja mosaic tobamovirus

Tobacco rattle tobravirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tomato black ring nepovirus

8l 2EF Th leorhabdovi
(Thymus x citriodorus) yme nucieorhabdovirus
=LHR 3t =2 eI
0 od [} . .
(Lauraceae) O_JPEEH f (Persea americana) Avocado 3 alphacryptovirus
AMAHz| LR otz ALy HE 2IJE Eg| Clitoria yellow vein tymovirus
ot CH (Bauhinia purpurea)

(Leguminosae—Caesal
pinioideae)

Turnip rosette sobemovirus

FtAlof
(Cassia bicapsularis)

Peanut mottle potyvirus

257
(Cassia coluteoides)

Cassia mild mosaic carlavirus

Cassia corymbosa

Cassia severe mosaic closterovirus

Cassia hirsuta

Cassia yellow blotch bromovirus

Cassia hoffmanseggi

Cassia yellow spot potyvirus

Cassia leptocarpa

Peanut mottle potyvirus

Cassia macranthera

Cassia mild mosaic carlavirus

= P=PN}
(Cassia obtusifolia)

Cassia mild mosaic carlavirus

Chickpea bushy dwarf potyvirus

Peanut green mosaic potyvirus

Peanut mottle potyvirus

Tobacco etch potyvirus

Mz4o04
=S . .
(Cassia occidentalis)

Apple mosaic ilarvirus

Bean pod mottle comovirus

Bidens mosaic potyvirus

Cassava common mosaic potexvirus

Cassia mild mosaic carlavirus

Cassia mosaic virus

Cassia ringspot virus

Cassia severe mosaic closterovirus

Cassia yellow blotch bromovirus

Cassia yellow spot potyvirus

Chickpea distortion mosaic potyvirus

Clitoria yellow vein tymovirus

Clover yellow vein potyvirus

Cowpea chlorotic mottle bromovirus

Cowpea severe mosaic comovirus

Cymbidium mosaic potexvirus

Glycine mottle carmovirus
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Nandina mosaic potexvirus

Negro coffee mosaic potexvirus

Odontoglossum ringspot tobamovirus

Papaya mosaic potexvirus

Passiflora ringspot potyvirus

Passionfruit Sri Lankan mottle potyvirus

Pea streak carlavirus

Peanut green mosaic potyvirus

Peanut mottle potyvirus

Peanut stunt cucumovirus

Soybean mosaic potyvirus

Soybean spherical virus

Sweet potato yellow dwarf ipomovirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Tomato spotted wilt tospovirus

Turnip mosaic potyvirus

Watermelon mosaic 2 potyvirus

Cassia pleurocarpa

Cassia yellow blotch bromovirus

Cassia sylvestris

Cassia mild mosaic carlavirus

ZHX}(Cassia tora)

Bean common mosaic potyvirus

Cassia mosaic virus

Cassia ringspot virus

Cassia severe mosaic closterovirus

Cassia yellow blotch bromovirus

Cowpea chlorotic mottle bromovirus

Cowpea mosaic comovirus

Marigold mottle potyvirus

Milk vetch dwarf nanavirus

Passionfruit Sri Lankan mottle potyvirus

Peanut mottle potyvirus

Prunus necrotic ringspot ilarvirus

Soybean crinkle leaf bigeminivirus

Sunn—hemp mosaic tobamovirus

Tobacco etch potyvirus

Tobacco streak ilarvirus

Tomato spotted wilt tospovirus

O O

ij_;al HEotn-nl2 ?ﬁeﬂ st Z(Atl__lkl)h;;—g julibrissin) Mimosa striped chlorosis badnavirus
o 2 A}

(Leguminosae-Mimos (Mimosa sensitiva) Mimosa mosaic virus

oideae)

Al (=] l-= od S =

;ﬂﬂl HHEobs=Sof OEPEEHEH (%Ag_rus precatorius) Clitoria yellow vein tymovirus
3 Abutilon mosaic bigeminivirus

(Leguminosae—Papilio
noideae)

(Arachis hypogaea)

Alfalfa mosaic alfamovirus

Bean leaf roll luteovirus

Bean yellow mosaic potyvirus

Beet western yellows luteovirus

Cassia mild mosaic carlavirus

Cassia ringspot virus

Clitoria yellow vein tymovirus

Clover yellow mosaic potexvirus

Clover yellow vein potyvirus

Cowpea mild mottle carlavirus

Cymbidium ringspot tombusvirus

Elderberry carlavirus

Groundnut chlorotic spot potexvirus

Groundnut eyespot potyvirus

Groundnut ringspot tospovirus

Groundnut rosette assistor luteovirus

Groundnut rosette umbravirus

Milk vetch dwarf nanavirus

Okra mosaic tymovirus
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Passionfruit woodiness potyvirus

Peanut chlorotic streak caulimovirus

Peanut clump furovirus

Peanut green mosaic potyvirus

Peanut mottle potyvirus

Peanut stunt cucumovirus

Peanut top paralysis potyvirus

Peanut veinal chlorosis rhabdovirus

Peanut yellow spot tospovirus

Poplar mosaic carlavirus

Red clover necrotic mosaic dianthovirus

Soybean dwarf luteovirus

Strawberry latent ringspot nepovirus

Subterranean clover stunt nanavirus

Tobacco necrosis necrovirus

Tobacco rattle tobravirus

Tobacco streak ilarvirus

Tobacco yellow vein umbravirus

Tomato spotted wilt tospovirus

iI =
HEWS

(Arachis pintoi)

Peanut mottle potyvirus

ESTES . .
(istlragalus glycyphyllos) Alfalfa mosaic alfamovirus
A2d Bean leaf roll luteovirus

(Astragalus sinicus)

Milk vetch dwarf nanavirus

Soybean dwarf luteovirus

Subterranean clover red leaf luteovirus

Subterranean clover stunt nanavirus

Watermelon mosaic 2 potyvirus

HS718
(Cajanus cajan)

Bean common mosaic potyvirus

Bean golden mosaic bigeminivirus

Bean yellow mosaic potyvirus

Clitoria yellow vein tymovirus

Cowpea chlorotic mottle bromovirus

Cowpea mild mottle carlavirus

Cowpea mosaic comovirus

Cowpea mottle carmovirus

Cowpea severe mosaic comovirus

Glycine mosaic comovirus

Horsegram yellow mosaic bigeminivirus

Kennedya yellow mosaic tymovirus

Lucerne Australian latent nepovirus

Melilotus mosaic potyvirus

Mung bean yellow mosaic bigeminivirus

Okra mosaic tymovirus

Pigeonpea proliferation rhabdovirus

Pigeonpea sterility mosaic virus

Quail pea mosaic comovirus

Rhynchosia mosaic bigeminivirus

Sunn—hemp mosaic tobamovirus

Swordbean distortion mosaic potyvirus

Urd bean leaf crinkle virus

Calopogonium

Centrosema mosaic potexvirus

mucunoides Cowpea severe mosaic comovirus
Crotalaria spectabilis yellow mosaic
potexvirus

ZEE Artichoke yellow ringspot nepovirus

(Canavalia ensiformis)

Cassia yellow spot potyvirus

Chickpea bushy dwarf potyvirus

Chickpea distortion mosaic potyvirus

Cowpea mild mottle carlavirus

Cowpea mosaic comovirus

Cowpea severe mosaic comovirus

Crotalaria spectabilis yellow mosaic
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potexvirus

Peanut chlorotic streak caulimovirus

Rhynchosia mosaic bigeminivirus

Swordbean distortion mosaic potyvirus

Tephrosia symptomless carmovirus

Canavalia ensiformis x C.

virosa

Swordbean distortion mosaic potyvirus

==
A}

T o . .
(Canavalia gladiata)

Swordbean distortion mosaic potyvirus

Tomato spotted wilt tospovirus

Canavalia maritima

Canavalia maritima mosaic potyvirus

Canavalia obtusifolia

Tomato spotted wilt tospovirus

Canavalia occidentalis

Tomato spotted wilt tospovirus

Canavalia virosa

Swordbean distortion mosaic potyvirus

FIAEI- AT E ) L
(Cr)astetli%spaerranum) Cotton leaf crumple bigeminivirus
=

(Castanospermum Cotton leaf crumple bigeminivirus
australe)

Centrosema Centrosema mosaic potexvirus

Cowpea rugose mosaic potyvirus

Centrosema pubescens

Centrosema mosaic potexvirus

Cowpea severe mosaic comovirus

Passionfruit woodiness potyvirus

Ho2|Z
(Cicer arietinum)

Alfalfa mosaic alfamovirus

Bean common mosaic potyvirus

Bean leaf roll luteovirus

Bean yellow mosaic potyvirus

Beet curly top hybrigeminivirus

Beet western yellows luteovirus

Broad bean stain comovirus

Broad bean true mosaic comovirus

Cassia yellow blotch bromovirus

Chickpea bushy dwarf potyvirus

Chickpea chlorotic dwarf monogeminivirus

Chickpea distortion mosaic potyvirus

Chickpea filiform potyvirus

Clitoria yellow vein tymovirus

Cucumber mosaic cucumovirus

Epirus cherry ourmiavirus

Faba bean necrotic yellows nanavirus

Glycine mosaic comovirus

Lettuce mosaic potyvirus

Lucerne Australian latent nepovirus

Lucerne transient streak sobemovirus

Pea enation mosaic enamovirus

Pea mild mosaic comovirus

Pea streak carlavirus

Peanut stunt cucumovirus

Swordbean distortion mosaic potyvirus

Turnip mosaic potyvirus

Wisteria vein mosaic potyvirus

Zz|£2|ot
(Clitoria ternatea)

Arracacha A nepovirus

Clitoria mosaic potexvirus

Clitoria yellow vein tymovirus

Horsegram yellow mosaic bigeminivirus

Kennedya yellow mosaic tymovirus

2baL (L=
(Coronilla varia)

Peanut stunt cucumovirus

Crotalaria anagyroides

Cassia mosaic virus

Centrosema mosaic potexvirus

Crotalaria goreensis

Centrosema mosaic potexvirus

Crotalaria intermedia

Subterranean clover stunt nanavirus

=0t
(Crotalaria juncea)

Apple mosaic ilarvirus

Cassia yellow spot potyvirus
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Centrosema mosaic potexvirus

Cowpea mosaic comovirus

Cowpea severe mosaic comovirus

Elderberry carlavirus

Okra mosaic tymovirus

Sunn—hemp mosaic tobamovirus

Tomato spotted wilt tospovirus

Crotalaria medicaginea

Melilotus mosaic potyvirus

Crotalaria mucronata

Centrosema mosaic potexvirus

Crotalaria retusa

Bean yellow mosaic potyvirus

Centrosema mosaic potexvirus

Passiflora ringspot potyvirus

Sunn—hemp mosaic tobamovirus

Crotalaria spectabilis

Alfalfa mosaic alfamovirus

Apple mosaic ilarvirus

Bean common mosaic potyvirus

Bean yellow mosaic potyvirus

Carnation ringspot dianthovirus

Cassia yellow spot potyvirus

Centrosema mosaic potexvirus

Citrus leaf rugose ilarvirus

Citrus ringspot virus

Clitoria mosaic potexvirus

Clover yellow vein potyvirus

Cowpea mosaic comovirus

Crotalaria spectabilis yellow mosaic
potexvirus

Cucumber mosaic cucumovirus

Foxtail mosaic potexvirus

Milk vetch dwarf nanavirus

Pea streak carlavirus

Peanut stunt cucumovirus

Pepper veinal mottle potyvirus

Plum American line pattern ilarvirus

Prune dwarf ilarvirus

Soybean mosaic potyvirus

Subterranean clover stunt nanavirus

Sunn—hemp mosaic tobamovirus

Tobacco ringspot nepovirus

Tobacco streak ilarvirus

Watermelon mosaic 2 potyvirus

White clover mosaic potexvirus

Wisteria vein mosaic potyvirus

Tot _
(Cyamopsis tetragonoloba)

Abutilon mosaic bigeminivirus

Alfalfa mosaic alfamovirus

Apple mosaic ilarvirus

Arabis mosaic nepovirus

Arracacha A nepovirus

Arracacha B nepovirus

Bean common mosaic potyvirus

Bean mild mosaic carmovirus

Bean southern mosaic sobemovirus

Bean yellow mosaic potyvirus

Bidens mottle potyvirus

Blackgram mottle carmovirus

Blueberry leaf mottle nepovirus

Broad bean mottle bromovirus

Broad bean wilt fabavirus

Caraway latent nepovirus

Cherry rasp leaf nepovirus

Chickpea bushy dwarf potyvirus

Chickpea distortion mosaic potyvirus

Cowpea chlorotic mottle bromovirus
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Cowpea mosaic comovirus
Desmodium mosaic potyvirus
Elderberry carlavirus

Foxtail mosaic potexvirus

Glycine mottle carmovirus

Guar symptomless potyvirus

Guar top necrosis virus

Hibiscus chlorotic ringspot carmovirus
Muskmelon vein necrosis carlavirus
Pea streak carlavirus

Peanut chlorotic streak caulimovirus
Peanut green mosaic potyvirus
Peanut mottle potyvirus

Peanut stunt cucumovirus

Plum pox potyvirus

Potato 14R tobamovirus

Potato black ringspot nepovirus
Potato M carlavirus

Potato S carlavirus

Potato T trichovirus

Prune dwarf ilarvirus

Prunus necrotic ringspot ilarvirus
Soybean mild mosaic virus
Soybean mosaic potyvirus
Soybean spherical virus

Strawberry mottle virus
Sunn—hemp mosaic tobamovirus
Swordbean distortion mosaic potyvirus
Tobacco necrosis necrovirus
Tobacco ringspot nepovirus
Tobacco streak ilarvirus

Tobacco stunt varicosavirus
Watermelon mosaic 2 potyvirus
White clover mosaic potexvirus

Desmodium canescens Cowpea severe mosaic comovirus
Desmodium canum Desmodium mosaic potyvirus
Desmodium distortum Centrosema mosaic potexvirus
Desmodium intortum Subterranean clover stunt nanavirus
Desmodium laevigatum Desmodium yellow mottle tymovirus
EEEe due| & Bean pod mottle comovirus
(Desmodium paniculatum) ["Desmodium yellow mottle tymovirus
Desmodium scorpiurus Kennedya yellow mosaic tymovirus

- = ofFiZtE Ml $1E dataS ELCHE 5104, & 107H2] 228 MYsIR2H, 2t ZH=0l| st Blo|

d i
BAMES UoTd|= Ul FL Hio[HA ZAEE F=T

rar

(%] S2Holdn] ni=p)ofl chgt Blo|HAME do7|= =Uel F2 HIo[HA 2[AE

No. Virus S X s 2 Ref.
Taiwan, lIsreal,
USA, Korea(2010) - Mao et al. 2018
1 Cactus virus X(CVX) China .
Florida (2017-2018) - Gazis et al. 2018
. . . Taiwan
2 Pitaya virus X(PiVX) (2008, 2010) - Mao et al. 2015
Schlumbergera virus X | Brazil(2008), _
3 | {schvx) China(2017) Mao et al. 2015
. Taiwan(2008),
4 (ZZ>/Q\</D><<:)aCtus virus X Brazil(2008) ~ Mao of al. 2015
Y China(2017)
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(] ututok(obPoi zb)oll theh Hlo|2{AH S do7|= ULl F2 Hlo[2{A 2[AE

2|1F Virus S X s 2 Ref.
. MexicoollAl 1975 85% Noa—Carrazana et
MeXlCO(1997_2000) 5'\_5__!_%‘: Z'l_\_/él al 2006
Hawaii(1945),
Australia(1991),
Spain(1994),
Northern Mariana
Islands(1994), - Davis et al. 2005
Guam(1994),
French,
Polinesia(2005),
Cook Islands(2005)
70-100% ZH™ &4 2rA
; i JamaicaOll M= 40% A Ak2f
1| SRy MIngsPOt VIS | g6 America, 2t (1994-1998) o7t
Africa, India, $11million &A1,
Mexico, Australia, Venezuela(1993) He| 2 E
Thailand, Taiwan, utmbol nf=2d H A,
China, Hawaii(1950s)dl M= PRSV Tennant et al.
The Pilippines, mj 2ol mfumjof M Aol ZEHE. | 2007
Japan, Iran, = MAMX[2l Oahuislandoil A
Bangladesh, Puna District2 A &HX|
French Polynesia, olsaeL}t OXuME
Cook Isplands PRSVIH &,
Taiwan(1988) PRSVIHA A
YEI} EELE £ & &
Jamaica(1999), B .
Venezuela(1993) Chin et al. 2007
Mexico(1997-2000), _ Noa—Carrazana et
Sri Lanka(1952) al. 2006
5 Papaya mosaic virus \F/fﬂrgjziglgfsos)’
(PapMV) SriLank, India, - 1gonant et al.
Peru, Bolivia,
Mexico
Venezuela(1981) _ Noa—-Carrazana et
al. 2006
3 Papaya apical Venezuela(1981), PANV LM E2 SFX|Qk
necrosis virus (PANV) | Cuba, Mexico, 1970 & PANV goz Tennant et al.
Brazil,some parts of | Venezuela2l Zulia X[ 2007
Africa utmbol A0 A SHE .
. Australia
Tobacco ringspot o Tennant et al.
4 ) The United States, -
virus (TRSV) Nigeria 2007
Papaya leaf distortion _ Tennant et al.
5 | mosaic virus (PLDMYy) | Japan(1954) 2007
Papaya droopy ’ _ Tennant et al.
6 | necrosis virus (PDNy)* | Florida(1981) 2007
7 Eﬁ?rga\l/irlﬁsf curl China ;7\|§| ot MAF 32l H2l | Tennant et al.
(PaL.CuCNV) 18 2007
Papaya leaf curl 5 Tlol AHAF Tlael @S
8 Guangdong virus China iI;’. o ok ot e ggggant et al.
(PaLCuGDV) =
9 Papaya leaf curl virus | India, Taiwan, _ ggggant et al.
(PaLCuV)* Korea(2014) Byun et al 2016
Papaya golden ; _ Tennant et al.
10 mosaic virus Mexico 2007
Lindernia anagallis A _ Tennant et al.
11 yellow vein virus China 2007
Melon chlorotic leaf A _ Tennant et al.
12 curl virus Costa Rica 2007
13 Tomato spotted wilt Hawaii(1980s), _ Tennant et al.
virus (TSWV) Brazil, Austrailia 2007
Tobacco streak virus ; _ Tennant, PF et al.
14 (TSV)* Australia 2007
15 Papaya meleira virus Brazil(1980s), _ Tapia—Tussell et al.
(PMeV) Mexico(2009) 2015
Lettuce chlorosis
virustPapaya ringspot _ _ i
16 viris+Tomato yellow Texas(2014-2015) Alabi et al. 2017
leaf curl virus—IL

*

D Aotk violB{ A
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(3] dppHotdDH Tf==)ofl Cist HIO|Z A S 2doF|= U2 F2 Hio|HA Z|AE
72|1F Virus S X a2 Ref.
Ethiopia(2019) - Kebede et al. 2020
y Cucumber mosaic lran(2004-2005) - ggg;b' and Banaej.
virus (CMV) Mog Ca
. B ederos et al.
Argentina(2017) 5018
Dominican _ Martinez et al.
Republic(2020) 2020
43707F H=
> (Bana)na streak virus ZTlof| A hAY
BSV (Africa, Asia, 71 Bo| HMIUS. . -
Australia, Europe, 100% S22k &4 2y Tripathi et al. 2016
Oceania, and
tropical America)
Asl2E 2FA |~
Java(2017-2018) ;?g% THY A2 AE 5 Lestaryi et al. 2020
192040 Australian HF-HL}
AI_|.O-| '="I|A|9I - 90— 95%7|~A
India(1980)—Keralaoll A2t
A7t Rs.4r&i||li_<|3n —’.Eu’é'i
TamilNaduol| A= &
Banana bunchy top 4
3 | virus (BBTV)* - anl 18,00001 41 2000naZ | 0 0thi et al. 2016
(2007 2010)US$50m|II|on——|
AAI E
Paklstan(1 990s)—A £AHX[ 40|
60,000haollAl 26,000haz
PAEN
South Africa(2015) Jooste et al. 2016
[e]
Fﬂ!ippisne“g?g)’ Phcl)lipplrﬁ(;t9%2%ljl\/|/|[1danao
ndia, Samoa, ol X . . 501
4 Banana bract mosaic | SriLanka, Thailand, ng%tgngllgplggaﬁglﬂ Tripathi- et al. 2016
virus (BBrMV) = Vietnam (1990s) 70% 2k
_ Quito—Avila et al.
Ecuador 5013
X N - ] _ % _/EAI I:IEI-)éI;I . .
5 ,(A\Ak\)g;:’\e;llvr)nosalc virus Philippines(1925) J2L|5E|5|J—2|g“ﬁ o Al Tripathi et al. 2016
Australia, Africa, | =aziol 5o ]
Banana mild mosaic Asia, CMvel satdd =AS E< : :
6 virus (BanMMV) Central and south Q AL BAO| LIEH Tripathi et al. 2016
America, Caribbean
* 1 AT A Hio|2{A
[3] eHskofotdrl Tf=)ofl Cist HIO|ZAME 2doF|= U2 =2 Hio|HA Z|AE
No. Virus = PN s 2 Ref.
Korea Chang 1992
1 Cucumber mosaic virus (CMV) | Taiwan(1980) - Yeturu et al. 2017
Ecuador(2015) Joa et al. 2018
East Asian Passiflora virus Korea lwai et al. 2006
2 Japan - LiXue et al. 2018
(EAPV) China Kim et al. 2018
3 Euphorbia leaf curl virus Korea B Cheng et al. 2014
(EULCV) Taiwan(2011) Kil et al. 2016
4 Papaya leaf curl Guangdong | Korea ~ Cheng et al. 2014
virus (PaLCuGDV) Taiwan(2011) Joa et al. 2018
Tomato yellow leaf curl virus
5 Korea - Joa et al. 2018
(TYLCV)
o oA AF
) ) t al. (2020)e| E119f N
5 Cowpea aphid-borne mosaic | Brazil ( | %IPOEr:%teCFBM(VE %JH 86‘%9|—| glgcs)glmento et al.
virus (CABMV) Kenya(2014 T g Mungut et al. 2019
(12kg/planta2_4kg/plant) Ngeranwa. 2012
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Cucurbit aphid-borne yellow , , ,
7 i China(2019) 19" novel potyvirus Zhang et al 2019
virus (CABYV)
East Asian Passiflora distortion ,
8 i Japan - Riska et al. 2020
virus (EAPDV)
Melochia yellow mosaic virus ) .
9 (MelYMV) Brazil(2016) - Spadotti et al. 2019
10 | Passiflora ringspot virus (PRV) | the Ivory Coast - De Wijs. 1974
11 Passion fruit chlorotic mottle Brazil(2013-20 ~ Fontenele et al.
virus (PCMoV) 15) 2018
Passion fruit yellow mosaic ) )
12 , (EYMV) Brazil(1980s) - Crestani et al. 1986
virus
Passionfruit mottle virus Taiwan(1980)
13 (PaMV) Sri-Lanka - Chang. 1992
Azt5k mXo] 3 (mosaic),
=3 (rugosity), 22| SEf
passionfruit woodiness virus H._j%ﬁ(dwg)m ?)% 1%'}274 ooy Ak
) Ao & =ZE 5 sHAHL o CH Al
4 pwy) Tawan(1980) | J1si&of o} waystof Marzs | Chang. 1992
Uganda 4 5ka} A4 Abx|
32%0|M HE LiEFE
15 | Ramie mosaic virus (RamMV) | China(2019) - chen et al. 2020
Sida mottle alagoas virus ) o
16 (SIMAV) Brazil(2017) - Mituti et al. 2018
17 | Soybean mosaic virus (SMV) Colombia - Mesa et al. 2018
Telosma mosaic virus _ .
18 (TeMV) China - LiXue et al. 2017
e
Watermelon mosaic virus
19 Hawalii _ Watanabe et al.
(WMV) 2016
F] L(ofd Ti=E)ofl st HiO[HAME AoT[= IRl FR Hio|2A E[AE
No. Virus = PN s 2 Ref.
Mangifera indica latent virus
1 (MILY) Israel - Sela et al. 2016
] FofHK(otdCH =)ol Cheh HIO[H AR S YoF|= I FL HIO|HA EAE
No. Virus SN 5l 2 Ref.
1 Guava mosaic virus Malaysia - Sidek et al. 1990
F] o{F (ot AH)ofl Cist HIO[HAME AoT[= IRl FR Hlo|2HA E[AE
No. Virus SN 5l 2 Ref.
] Bitter gourd yellow mosaic India B Rajinimala et al.
virus (BGYMV) 2009
Chayote yellow mosaic virus Togo(2014)
2 (ChaYMV) Nigeria(2014) - Leke et al. 2016
3 | Cucumber mosaic virus (CMV) | Japan - Takami et al. 2006
India(2016 ith [
4 Cucurbit aphid-borne yellows Snr(ijla( ) ~ §8¥§dlt aeta
i anka - eykoon et al.
virus (CABYV) I)_ ka(2016-17 Abeyk t al
2018
5 Indian cassava mosaic virus India B Rajinimala et al.
(ICMV) 2007
Melon yellow spot virus Takeuchi et al
6 Japan - :
2009

(MYSV)
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- . China(2014) _ Zhu et al. 2016
’ Papaya ringspot virus (PRSV) Cuba(2010) Mederos et al. 2015
Peanut bud necrosis virus _ Nagendran et al
8 India(2016) - 9 :
(PBNV) 2018
Pepper leaf curl Bangladesh ) )
9 ) India(2008) - Raj et al. 2010
virus (PepLCBV)
. . . Puerto
Squash vein yellowing virus Rico(2011) ~ Acevedo et al.
191 (sqvvw) U-?-A(2OO5’2O Adkins et al. 2008
07 :
Tomato leaf curl New Delhi . olE EO0lE SEbo|A LHHSEt0] | ZodChAH
" Virus (ToLoNDVY) Pakistan(2007) | 275518 & Ali et al. 2010
1o | Tomato leaf curl Palampur India(2007) Pakistanol Al 60-70% virus | Tiwari et al. 2010
virus (ToLCPaV) Pakistan o Tahir et al. 2005
(2] 232HotdrH &2)oll Cist HIO|ZHAMES doF|= U2 F2 Hlo|HA Z|AE
No. Virus S X 5l 2 Ref.
Ef =2 Kanchanakl)giriﬂlP
Bhendi yellow vein mosaic i _ | Nakhon PathomX| 2
1" Y Ig?"a”d@ow 50-100% Tsai et al. 2013
virus (BYVMV) 232} AlE0A Hfo|EHA
I:I A
Chickpea chlorotic dwarf virus 7| AERe| 270 EAlS|l 232t |
2 P Pakistan(2012) | =22l 15%0i4 mtoleix @y | 42 g7ienman et
(CpCDV) Siaie] al. 2017
United
o State(2018)
4 | Cotton leaf curl Gezira virus | Niger(2007) Texas 4 ha 232 SFoM | Vilegas et al. 2019
(CLCUGV) Egypt 2 100% T &4 Shih et al. 2009
Mali
Sudan
Groundnut bud necrosis virus )
4 India(2011) - Suresh et al. 2012
(GBNV)
Mesta yellow mosaic virus .
5 India - Das et al. 2020
(MeYVMD)
Okra enation leaf curl virus )
6 India - Kumar et al. 2019
(OELCuV)
. Saudi Arabia ABlEE AAl Ghanem. 2003
7 | Okra leaf curl virus (OLCV) Nigeria(2010) | 80%T=E &= Askira. 2012
. . . . % A;_!-Et _/EAl " - -
8 | Okra mosaic virus (OkMV) Nigeria 28%57%;(' —E\_Zoﬂ%_e’ Egjr:gmét e;l-al1 9%0610
. . O
Okra yellow mosaic Mexico United ﬂiﬁ 0.2k T+ EEFH 1= | Hernandez-Zepeda
9 ) S 9| 75%0{| M Hfo|2{A B
virus (OYMMV) tate(2009) S5= et al. 2010
Okra yellow vein mosaic virus | Sfi A2[2T 37 EA0 A
10 Lanka(2015) 55-70% 232} "fo|z{A Tharmila et al. 2017
(OYVMV) India(2011) e
o= BiharollAM 20094 i 30%,
11 | Radish leaf curl virus (RaLCV) | India 2010-11d 35%29] _'_§__||-E’_t Jumar et al. 2011
/\AI
(3] (ot )0l CHsH Hio|ZHAR S doF|= U] T2 Hio|HA 2|AE
No. Virus SR X s 2 Ref.
Bean common mosaic virus i
1 Indonesia - gggréayantl et al.
(BCMV)
5 Yam bean mosaic virus Peru ~ e L 2012
(YBMY) Indonesia uentes et al.

« AR Cfsl vloje{adg dod|=

L2l Hio[HA= E0El HE §13.
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[Z] 105 oty =29 M &
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<23> mpopot (12419, 1457 1708EF)
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<Od8> NGS=412 ?gt 1t

MEo|M F&EH total RNA (#1 ZoE MF #2 SHSE HF,
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Invitrogen Corp.)

(

=5 AF20i|A 5minZt incubation

@ Centrifuge 13,000g/5min 4C

9

Hl — TRIzol

il
® 527t 2=20lM incubation 31 F, Centrifuge 12,000g/15min 4C

® MZ2 1.5ml tubeoll A= 1} Chloroform 200ule €< ¥ vortexing
@ MZ2 1,5ml tubedl| A5H 1} isopropanol 500ulE

@ 2ml tubeoll &7 =11, TRIzol 1mI€ E+C} (in Fume Hood)

® Vortexing

=2
S

[



-20°COllAM 2A|Z+E Ot incubation s &=CF

@ Centrifuge 12,000g/10min 4°C

75% ethanol 1mIZ wash =Lt Centrifuge 7,500g/5min 4C

@ U2 H2|D(pelleto] HEOIX|AH| =AHA) AH20IA tubeES T ECH
@ DEPC-DW 30uldl| pellete =0{=Cl.

MI7|dE2 Sl RNASE =kelsich

[TZjzlof, HiLp}, Fopd}, @t whsknt ofF 232}, AR, 2] - Plant RNA Extraction Kit
(iNtRONbio or QIAGEN)

@ URtAIO| A|RE ED HHELAE FO{F0{ ZH ZotECh

@ AZEE 1.5ml tubedll 74 ©12, Buffer RLE 450ul2} B—mercaptoethanol 4.5ul€ €2 = vortexing
si=ct. (in Fume Hood)

® Sieve Spin Columndl| &7 E11, Centrifuge 13,000rpm/2min

@ Ze{™ L2 9= gDNA Remover Spin Columnoll €1, Centrifuge 13,000/2min 4°C

G He{X L2 %0 Buffer RBE 300ul €11, pipetting oH—.-_—EF

® binding Columnoll &7 &1, Centrifuge 13,000/2min 4C

@ Zd{Hd L2 292 8{2|22 Columnoll Buffer RW1S 600ul €2 &, Centrifuge 13,000rpm/1min
4°C

e L2 292 82|22 Columnoll Buffer RW2E 800ul €2 &, Centrifuge 13,000rpm/1min
4°C

@ Zeiq L2 298 82|12, Centrifuge 13,000rpm/2min 4°C

@ MZ2 1.5ml tubedl Columns €1, 30ul Buffer REE membraned| &8 Ho{FcCh

@ A20A 2minZt incubationAl7{=C}

@ Centrifuge 13,000rpm/2min 4°C 3101 RNAS F&sich.

® M7|H52 Sl RNAS =Relsict

- NGS library MZztS ?lsi ME0|M FZE8F total RNAS| QC Zzt= Cchs3t 235
FUT & [FU] - (FU)
[ 50 | 212 it Of HfLLt
- 1 . 500+ 1
60
500
404 - =
! | - | -
v\l |
0 — = M o0+ — i 0 ¥ -
7 0
| 1 I I | o I | I | LI I II I 1
25 500 2000 4000 [nt] 35 200 1000 4000 [nt] 500 1000 4000 | |
L | T
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Okuna Samchae Yangbin

<Z> Total RNA QC 24 Z1}

[E] Total RNA QC &AM Z1} (EAMZH]: BioAnalyzer 2100 2! 6000 pico chip, Agilent fit)

No. Sample Conc. (ng/ul) Total Amount (ug) RIN
1 1} 186 8820 2.6
2 ujmlof 313 21910 6
3 HipLt 149 16390 7.6
4 TofH}t 104 2823 8.7
5 ot 124 4478 8.2
6 &H Skt 420 19779 7.3
7 o{F 818 35214 7.2
8 23z} 393 28331 8.2
9 AXH 646 498 5.6
10 il 462 37433 5.9

(2) 105 olF %= A= Hlo[2{A SHEY

[RNA library H|Zt]

- llluminaAl2| Ribo—zero rRNA (plantZ) remove kitS AF23510] rRNAE A A
2 ™o Z cDNA librarys HZt

rok

= ot &

® =2/t total RNAZFE ribo zero removal solution=S 0| &35t01 rRNAE M7HEH & RNA
Clean XP & Al&3l0d RNA% g 2 35

@ RNAE fragmentation 8t & random primerE AI235t0{ cDNAE &AM St & A-tailing mix
£ AIE25101 3' 2ctol| adenylZ| & 201 & &, RNA adapterE ligationstl AMPure XP
beadsE AbE3StH0] washing &

T R T T

<J=> RNARZHH library A& 2]

® RNA adapterZ ligation 8 & PCR primer cocktailZt PCR master mix& E 11 2fo|=22{2]
£ enrich Al&.

@ PCRO| ZLtM AMPure XP beadZ washing 3t11, Agilent D5000 ScreenTape system2}
LightCycle qPCRS AFZ35t0] library2| size2t s =tQl
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[Library clustering]

@ gPCR Hd g &l MEst s =2 3|45t libraryS denaturation ZFEE A oligonucleotides?t
Zed Q= flow cell2 &4,

@ Denaturation= DNA fragments: oligonucleotides 2F Z&5t0{ 3° 22 extension =0 double
strandE AMSHA =11, & Lok Al primer2t hybridize =0 U-shaped bridge templateS

&4 A 5H
® DNA bridge= primer2%E copy =0 double strand DNA bridgeE #AMsiL EMI
denaturation S HH=ESIHA A2 bridge templateS &AMst=d o] ZId g 358 HH=35}

01 2,000 molecules O|&e| clusterg 2.

@ Reverse strand specific primerE cleavageA|74 forward strand@t &H $§ % sequencing
primerE hybridizationgt.

® Clonal cluster7t &M & flow cell2 illumina sequencing &H|Z &7X sequencingsS &I &

21> Clustering 114
[NGS data A4AH

@™ ClusterZF &A=l flow cell2 lllumina Hiseq 40000 ZH&HE|0 sequencing O O|F0{X| 12
automated analysis pipelineS S35l image analysis to locate clusters, base calling,
demultiplexing of lanes, alignment of sequences to a reference genome, Quality
control, delivery of the data to a user accessible folder ZIH & HESZM HIIMLE S

k=)
p Extend first base,
read, and deblock
- g— —y l
- @ ¥ Repeat step above

to extend strand

!

L? Generate base calls

VoW

3> Sequencing using Hiseq 4000 system
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- 105 oldt AZolM Holel AlBtjolp{x 222

— =a=

1= = -

ofzhot &=

[Z] 105 ofdri 22 NGS 242 St AlE oA 55
== Virus name # contigs # reads Accession Identity
Cactus mild mottle virus (CMMoV) 45 856397 NCO011803 84.8
Cactus virus X (CVX) 1434 12691686  NC002815 100
3} Pitaya virus X (PiVX) 497 4059155 NC024458 100
Watermelon mosaic virus (WMV) 13 330 NCO006262 85.6
Zygocactus virus X (ZyVX) 416 4506156 NC006059 94.6
Cactus virus X (CVX) 17 570 NC002815 96.64
Zygocactus virus X (ZyVX) 5 60 NC006059 97.14
mlolok  Pitaya virus X (PiVX) 7 54 NC024458 98.83
Milk vetch dwarf virus (R) (MVDV) 2 468 NC003648 90.32
Faba bean yellow leaf virus (S) (FBYLV) 2 493 NC038910 83.76
Cactus virus X (CVX) 10 2,162 NC002815 97
HPLIL} Cucumber mosaic virus (RNA1) (CMV) 9 33,104 NC002034 91
Schlumbergera virus X (SchVX) 1 1,942 NCO011659 91
Zygocactus virus X (ZyVX) 2 87 NC006059 79
Citrus tristeza virus (CTV) 31 2,023  NC001661 94.2
Cactus virus X (CVX) 2 9 NC002815 97.7
Told}  Citrus leaf blotch virus (CLV) 6 514  NC003877 98.3
Humulus japonicus latent virus (HJLV) 2 18 NC006066 97
Citrus dwarfing viroid (CDVd) 1 26 NC003264 97.2
Passiflora latent virus (PLV) 1 6  NC008292 93.2
NC002034 97.9
DI—_T]_
< Cucumber mosaic virus (CMV) 11 203  NC002035 95.9
NC001440 95.4
NC002034 98.7
Cucumber mosaic virus (CMV) 19 2,244 289  NC002035 98.6
NC001440 98.1
uystpp  Cucurbit aphid-bome yellows virus (CABYV) 4 49  NC003688 95.8
Euphorbia leaf curl virus (EuLCV) 3 550 NCO005319 95.6
Papaya leaf curl Guandong virus (PaLCuGdV) 4 464  NCO005844 96.2
East Asian Passiflora virus (EAPV) 4 147,954 NC007728 98.7
Passiflora latent virus (PLV) 6 4,644,351 NC008292 98.5
Beet westemn yellows virus (BWYV) 8 457  NCO004756 96.9
NC002034 95.9
Cucumber mosaic virus (CMV) 18 463,946  NC002035 98.1
NC001440 95.4
1% Cucurbit aphid—borne yellows virus (CABYV) 5 54,732  NC003688 96.1
Melon aphid—bormne yellows virus (MABYV) 1 12 NC010809 97.2
Turnip yellows virus (TuYV) 1 247  NCO003743 97.4
Watermelon mosaic virus (WMV) 20 1,830 NC006262 92.2
Zucchini yellow mosaic virus (ZYMV) 15 75,455 NC003224 94.4
232} Watermelon mosaic virus (WMV) 9 48,070  NCO006262 99.1
221 Watermelon mosaic virus (WMV) 13 7,584  NC006262 96.7
oru;  Watermelon mosaic virus (WMV) 8 5,294  NC006262 99.3
=~  Bean common mosaic virus (BCMV) 13 2,232,716  NC003397 98

105 oM at=2| Al HO[ZHA2| contig mapping 22t
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Cactus mild mottle virus (NC011803)

. Replicase MP  cp —

______________________________________________

__....mlllm‘__

<JZ> 23} Cactus mild mottle viruse| H& A1}

I sk

5& 09| AlE dHlo|2{A Q| reference XA O readE WHEE

for

ol fel
tof

n

=]

Z=| Cactus mild mottle virus (CMMoV)= genome mappingS Saff 181t Z

A 996,271702| read?t 82.7% =2 YWHE AT 98.7%2| pair-wise IdentityS

oY
M rin

A
A
1=

N

|
HL 110 ok oo
o]
ne

ne

Cactus virus X (NC002815)
25
RNA-dependent RNA polymerase kDa - CP -

P | T —— T e ||| 11T TTTTTTTT LT TS | Y

<JE> 83} Cactus virus Xo| ¥ A1}
- 210l AZEE Cactus virus X (CVX)= genome mappings S5l Izt 22 ZoE Ay,

11,190,673712| read7t 100% 2 WEEAL 91.6%2| pair-wise IdentityS =l

Pitaya virus X (NC024458)

<1E> 21} Pitaya virus X2| H&E Zz1}

id]
ro
[N
id]
ufn
ne
3Q
kl

- 1ol HZE= Pitaya virus X (PIVX)= genome mappingS S5 J2nf Z

5,839,986712| read?l 100%=2 ME=[RAL 89.8%2| pair-wise IdentityS =

ne

Watermelon mosaic virus (NC006262)

- Polyprotein

b

v
0
=]
=
=
@
3
@
[©)
35
3
O
(2]
D
(@)
<.
c
w
1o
=
0H
M)
=]
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- 1ol A A== Watermelon mosaic virus (WMV)= genome mappingsS &3l 12
A1, 3,974702 read7t 86.2%=2 WHE UL 83.8%2| pair-wise IdentityE £

&2 235
Q.
Zygocactus virus X (NC006059)
- Replication-associated protein MP - CP -
.‘lli"‘ ______ affinneaElnn. I ——— “IIIII.‘II...I'llll.“illll'll.-li ______________ -'l'll.
<JE> 83} Zygocactus virus Xo| W& ZHu}
- 2300|M HEE Zygocactus virus X (ZyVX)= genome mappingS S5 I8t 242 ZoE U
8,165,806702| read7t 100% = HE=ZAT 72.5%2| pair-wise IdentityS 2.
- 2|Z5MoZ 23 A|RoAM NGS 2Ms 3

gt 23}, 5&(Cactus mild mottle virus, Cactus virus X,
Pitaya virus X, Watermelon mosaic virus, Zygocactus virus X)2| A& Hlo|2{AT} EkolE .

Cactus virus X (NC002815)

25
RNA-dependent RNA polymerase kDa

P[] | .

D
SRRy N _.-llnnl-hllllhil"“hI“‘"lhui"lnn.nln ..... prose | (%
=R = =
<& > Htmlol Cactus virus Xo| & ZH1}
- mjujolof| M ERol=l 559 AlE Hlo|2{A9| reference REIX|O| readS B E et
— mlfofo| M ZHZE =l Cactus virus X (CVX)= genome mappings S5l 182 22 Zoe ¥y, 552
702 read7} 83.8% = WEZ 96.3%2| pair-wise IdentityS E &
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Zygocactus virus X (NC006059)

Replication-associated protein MP CP

n
]
v

SRR | 1" 11|

<J&> milok Zygocactus virus X2 & A

- ntmjopofM AEE Zygocactus virus X (ZyVX)= genome mappingS S5l 18 1f 22 Z1E A
11, 250702 read7t 37.6% 2 WE=EAL 90.3%2| pair-wise IdentityS =l

Pitaya virus X (NC024458)

RNA-dependent RNA polymerase OREZ|a

3% CP -
= e ammans Alwe oo . .

<J&l> Htitof Pitaya virus Xo & A

4 21

- mjfotoll M AE=l Pitaya virus X (PiVX)= genome mappingsS S35l 1
702| read7} 69.9% 2 MHEH=A 1T 97.9%2| pair-wise IdentityS Hl.

o
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Milk vetch dwarf virus

DNA-R DNA-S DNA-M DNA-N
(NC003648) (NC003646) (NC003645) (NC003643)
—Rep— — CP — — MP — —N—

R —p——

l F“‘] RS

DNA-C DNA-U1 DNA-U2 DNA-U4
(NC003641) (NC003642) (NC003644) (NC023626)

- - - -

i@.ﬁfﬁ o 1 L‘ 3

=

< 2l> mtatof Milk vetch dwarf viruse| B ZH o}

U

atujopof M HEEl Milk vetch dwarf virus (MVDV)= genome mappingS Salf 18zt 22 21}
A3, 8702 genomedl DNA-R2 271712 read7t 97.4%2| pair-wise Identity2 100% BHEH= A1,
DNA-S= 3707H2| readZ} 97%2| pair-wise Identity2 96.1% HE =AU, DNA-M2 63702 read”t
86.4%2| pair-wise Identity2 54.5% HHZ[AL, DNA-NE 46712| read?| 97%2| pair-wise Identity
2 79.7% M= DNA-C= 46702| read”?} 98.8%2| pair-wise Identity2 88.8% BHE =11,
DNA-U12 15702| read7} 99%2| pair-wise Identity2 50.3% H&H =AU 1T, DNA-U2= 19702| read?}
97.1%2| pair-wise IdenitiyZ2 42% WHE[ 1, DNA-U4= 2712 read7} 86.3%2| pari—wise Identity
2 17.6% HIE.

(eZ]
[

Faba bean yellow leaf virus

DNA-R DNA-S DNA-M DNA-N
(NC038909) (NC038910) (NC038904) (NC038911)
—Rep— — CP — —MP — — N

DNA-C DNA-U1 DNA-U2 DNA-U4
(NC038907) (NC038905) (NC038908) (NC038906)

- - —-vw- -

T B

<&> Faba bean yellow leaf viruse| & Z 1}

el b

atujopolM ZHZEE Faba bean yellow leaf virus (FBYLV)E= genome mappingS S5l I8 22 &4
E AT 8702 genomedl] DNA-RE2 271702 read7} 97.2%2| pair-wise Identity2 100% 24H |
10 DNA-S= 362702 readZt 99.2%2| pair-wise Identity2 69.5% ME =11, DNA-M2 63742

read”} 93.8%2| pair-wise Identity2 54.3% WEE AL, DNA-N2 42712| read7} 97%2]| pair-wise
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Identity2 51.4% WEHZAT, DNA-C= 157H2] read?} 96.6% pair-wise Identity2 38.9% THE = A
11, DNA-U12 387H2| read?t 96.4%2| pair-wise Identity2 71.5% YE=A1D, DNA-U2= 37H2|
read7t 89.1%2| pair-wise Identity2 13.2% YE=ULD, DNA-Ud= 14702| read?} 87.5%2]
pair-wise Identity2 23.7% =l

- z|BXCo=Z niulof A|RAM NGS A2 8t 23l 5F (Cactus virus X, Zygocactus virus X,
Pitaya virus X, Milk vetch dwarf virus, Faba bean vyellow leaf virus)2| 4l& Hlo|2{AT} &tol=!

Cactus virus X (AF308158)
25
RNA-dependent RNA polymerase kDa - CP -

gunnmvreresenn e FEEERERERE AN DN A R e e RN IT T D nEy smnmmmn et e RN NN e pO R AR YR RN R NRRRR N IRT R RRE T

<E> HLlL} Cactus virus Xo| ¥ Z 1}

- HLILIO|M EFol=El 5F 9| AlE HIO|2{A reference A0 contigE Y& et
— HiLILol M AZE=l Cactus virus X= contig mappings S8 I8 22 ZoE i, 18749

Cucumber mosaic virus
RNA 1 (LCO66405)

- 1la protein —

AR 10 R 1. L R R O R M i i

RNA 2 (LCO66406)

- 2a protein 2b__

sunvimeentnnnr ey 8RR TVRREED R RRER TN EREFT TR RR EA TR RN RN AT IAAAR G T RE

RNA 3 (LCO66407)
- MP — CP —

L —

<J&> HiLlLl Cucumber mosaic viruse| W& Z 1}

— HlL{LPol| M &=l Cucumber mosaic virus (CMV)E= contig mappingS S5l 2182 22 Z1E 9
1, RAN1oll= 27, RNA20l= 670, RNA3ol= 197H2| contigZ7t 25 100%=2 BHEHE.

=
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Schlumbergera virus X (KP090203)

Replication-associated protein OREZ 3 H cp

'IIIIlll‘lIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIiI[ll[IlIIiIIIIilI!IIIIIIIIIIIIIIIIIIIIIIIIIIII

[
- —
- —

<J#> HiLiLl Schlumbergera virus X2 @& &

— HiLtLLoll Al &=l Schlumbergera virus X (SchVX)= contig mappingS Sal 1

2o 2 ZuE
3, 1070e] contig7t 100%2 W=

Zygocactus virus X (NC006059)

Replication-associated protein OREZ 3 e
T e e T T L e T T

<O8> HiLlLl Zygocactus virus X2 9&E ZHm}
— HiLtLLol| Al HE =l Zygocactus virus X (ZyVX)= contig mappingS S5l I8 1 242 ZolE 90
17702| contigZ7t 100% =2 EE.

- Ho[HA SH 2AM0jA =elE diol2A 2| HILILIEE ZEA|F|= 3F(Banana bunchy top virus,

Banana streak virus, Banana bract mosaic virus)2| A= Hio|2{2 0 WEES 3+ 21}, 2F YK

ololS

LS AA DO -

- z[ZHOZ dHiLIL} A|Z0|A NGSEA S Falst A1t 4F(Cactus virus X, Cucumber mosaic virus,
Schlumbergera virus X, Zygocactus virus X)2| Al

AlEHO|2H AT 2ol E.
Guava assembled to Citrus tristezavirus

Pairwise Identity: 94.2%
(NC_001661.1) 19,296 bp Ref-Seq: 80.8%

TH
ynngpg Iy i
T L

l'llll].'lll‘l.lll'lllllll
T lllllu'lIllI
1}

<J&l> Fold} Citrus tristeza viruse| Y& ZHz}

=
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- Tollol|A &el=l Citrus tristeza virusoll CHEF read mappingS e st A2t 94.2%2| identity, 80.8%
9| coverageﬂ SHol=| it

Guava assembled to Cactus virus X

Pairwise Identity: 97.7%
(NC_002815.2) 6,614 bp Ref-Seq: 43.1%
- : b s e ol — e

IIIIII

|||||III'”: L

%> Fold} Cactus virus X2 Y& Z 1}

- FoHoM ZFRIEl Cactus virus Xoil CHst read mappings
coverage’ ERI=[RUC

Z=aliSH 21} 97.7%2| identity, 43.1%2]
I %2 coverageZ2 % AS0| Hesich

Guava assembled to Citrus leaf blotch virus Pairwise Identity: 98.3%
(NC_003877.1) 8,747 bp

Ref-Seq: 98.9%

2,859,763 reads
<8> Ftold} Citrus leaf blotch viruse| B& ZAx}

- ToHol|M &FRI= Citrus leaf blotch virus= read mappingS
98.9%2| coverageZ} El=QiCt

Lozt 2

St 1} 98.3%2| identity,

Guava assembled to

Pairwise Identity: 97%
Humulus japonicus latent virus Ref-Seq: 64.3%
(NC_006066.1) 1,938 bp

e .. .-*— r =

<J8> FolH} Humulus japonicus latent viruse|l & Z 1}

- TolH}ol[A] 2kRIEl Humulus japonicus

latent virus= read mapping% s An}
64.3%2| coverageZ} =RI=UCt 2

97%2| identity,
2 coverage2 &% 4Zo| =

st
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Guava assembled to Citrus dwarfing viroid Pairwise Identity: 97.2%
(NC_003264.1) 292 bp Ref-Seq: 100%

B e S e

<JZ> Fold} Citrus dwarfing viroidel ¥ & Z 1}

- Tol}ol|A &kel=l Citrus dwarfing viroid= read mappingS et A2t 97.2%2| identity, 100%2]
coverage? | ERI=QiCt

Mango assembled to Pairwise Identity: 93.2%

Passiflora latent carlavirus Ref-Seq: 28.1%
(NC_008292.1) 3,050 bp

e el o e

il

<JE> &1 Passiflora latent carlavirusel & Z 1}

— Atof|A =el=l Passiflora latent carlavirus= read mappingsS &gt 21} 93.2%2| identity,

lO

—

28.1%2| coveragy?| ERI=|Ct 2 coverageZ FF ZHE0| st

Mango assembled to
Cucumber mosaicvirus RNA 1
(NC_002034.1) 3,357 bp

Pairwise lIdentity: 97.9%
Ref-Seq: 95.7%

e e _mille. —  —— e, S n.
—————— e - —— e e e e e e e ———— —_——— _='=
S 1 E—— _ _— 7 e
1 = — —
——

Mango assembled to

Cucumber mosaic virus RNA 2
(NC_002035.1) 3,050 bp

Pairwise Identity: 95.9%
Ref-Seq: 83.1%

i

Mango assembled to

Cucumber mosaic virus RNA 3
(NC_001440.1) 2,216 bp

Pairwise Identity: 95.4%
Ref-Seq: 93.1%

|

B e e N o s IO i S

<J8> 210 Cucumber mosaic vuruse| W& Zxn

o =

/=

— Atof|A =Rl=l Cucumber mosaic viruse= read mappingS &gt Z1t RNA12| A< 97.9%2]
identity, 95.7%2| coverageE =tRI5I 11, RNA22| A 95.9%2| identity, 83.1%2| coverages
EROI5199 0, RNA3LS| ZF 95.4%2| identity, 93.1%2| coverageS &RISILCH

= —
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Pairwise Identity: 98.7%

Passionfruit assembled to
Ref-Seq: 100%

Cucumber mosaicvirus RNA 1
(NC_002034.1) 3,357 bp

1,421,490reads
Pairwise Identity: 98.6%

Passionfruit assembled to
Ref-Seq: 100%

Cucumber mosaic virus RNA 2
(NC_002035.1) 3,050 bp

2,564,733 reads
Pairwise Identity: 98.1%

Passionfruit assembled to
Ref-Seq: 100%

Cucumber mosaic virus RNA 3
(NC_001440.1) 2,216 bp

[ .

2,663,914 reads

<8> e8sknl Cucumber mosaic vuruse| Y& Zxn}

— BiSkno| A 2kRlEl Cucumber mosaic virus= read mappingS $aist Z1} RAN1S| A< 98.7%2|
identity, 100%2| coverageS &I 11 RNA22| A< 98.6%2| identity, 100%2| coverageS
golgi 1 RNA32| Z< 98.1%2| identity, 100%2| coverageZt &Hl=|AC}

Passionfruitassembled to Pairwise Identity: 95.8%
Cucurbit aphid-borne yellows virus Ref-Seq: 73.2%
(NC_003688.1) 5,669 bp

— iSEnlo| A &2kRlEl Cucurbit aphid-borne yellow virus= read mappings &t 21} 95.8%2]

identity, 73.2%2| coverage?} &ol=|RiCt

- 289 -



Passionfruitassembled to

Pairwise Identity: 95.6%
Euphorbia leaf curl virus Ref-Seq: 100%
(NC_005319.1) 2,746 bp

|

T

<g> edsknl Eyphorbia leaf curl virusel W& Z 1}
— uhEkmol| A =tQlE Euphorbia leaf curl virus= read mappings st &
100%2| coverage?t &t2l=|Art.

St 21} 95.6%2| identity,

Passionfruitassembled to

Pairwise Identity: 96.2%
Papaya leaf curl Guandong virus Ref-Seq: 92.9%
(NC_005844.1) 2,742 bp

— BiSknlo|A] 2kRlEl Papaya leaf curl Guandong virus= read mappingS S8t &
identity, 92.9%2| coverage?} &tl=|RiCt

b A1} 96.2%2]
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Passionfruitassembled to Pairwise Identity: 98.7%
East Asian Passifloravirus Ref-Seq: 80.6%
(NC_007728.1) 10,046 bp

883,998 reads

< 2> diskn} East Asian Passiflora virusel 8% Z 1}

— iSkIlOl| A &2kolEl East Asian Passiflora viruse read mappingS e A2t 98.7%2| identity,
80.6%2| coverageZ} =Rl=(ACt,

Passionfruitassembled to Pairwise Identity: 98.5%
Passiflora latent carlavirus Ref-Seq: 100%
(NC_008292.1) 8,386 bp

Polme e N e o e N S s i O S I e

4,786,934 reads

< 2> disknl Pgssiflora latent carlavirusel W& Z 1}

— BHSENOl|A] 2kRlEl Passiflora latent carlavirus= read mappings &8st Z1} 98.5%2] identity,
100%2| coverage?| l=|RUCT.

Beet western yellows virus Pairwise Identity: 96.9%
(NC_004756.1) 5,666 bp Ref-Seq: 98.2%

0o

Beet western yellows viruse| & Z 1}

FZ3} 96.9%2| identity,

-
oo
ro

— 0{0f|A] =lRl=l Beet western yellos virus= read mapping=
98.2%2| coverageZt =Rl=|ACt
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Cucumber mosaicvirus RNA 1 Pairwise Identity: 95.9%
(NC_002034.1) 3,357 bp Ref-Seq: 100%

558,697 reads

Cucumber mosaic virus RNA 2 Pairwise Identity: 98.1%
(NC_002035.1) 3,050 bp Ref-Seq: 100%
- —-...__

256,695 reads

Cucumber mosaicvirus RNA 3 Pairwise Identity: 95.4%
(NC_001440.1) 2,216 bp Ref-Seq: 100%

474,001 reads

<Jd8> 043 Cucumber mosaic viruse| ¥ Z1}

— 0{0f|A] =Rl=l Cucumber mosaic virus= read mappingS &gt Z1} RNA12| Z 95.9%2|
identity, 100%2| coverageS &I 11 RNA22| A< 98.1%2| identity, 100%2| coverageS
golgi i RNA32| Z<S 95.4%2| identity, 100%2| coverageZt &rl=|ACt

Cucurbit aphid-borne yellows virus Pairwise Identity: 96.1%
(NC_003688.1) 5,669 bp Ref-Seq: 100%

— 0{0i|A{ =lRl=l Cucurbit aphid—-borne yellows virusoll TSt read mappings T3 & 21} 96.9%2
identity, 98.2%2| coverage?} &tol=|RiCt
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Melon aphid-borne yellows virus pairwise Identity: 97.2%

(NC_010809.1) 5,674 bp Ref-Seq: 90%

bl L reestseRe e e iR ey s TSRS, y -

— 0{0f|Af =Rl=l Melon aphid-bome yellows virusoll TSt read mappingS

Z=slist 21} 97.2%2
identity, 90%2| coverage?} &l=|2ACt.

Turnip yellows virus

Pairwise ldentity: 97.4%
(NC_003743.1) 5,641 bp

Ref-Seq: 56.3%

ol

IIIIIIII|I|||II|IIIII

TR

A

<OE> 043 Turnip yellows virus2| &

I=
ol

N
o

— 0{0f|Af =l=l Turnip yellows virusoll et read mappingS 1

56.3%2| coverageZ} =Rl=|ACt,

5
oSt
_<3|_
|'|_|\.I
o]

-

} 97.4%2] identity,
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Watermelon mosaicvirus

Pairwise Identity: 92.2%
(NC_006262.1) 10,035 bp

Ref-Seq: 99.2%

= 5T 58 ¥ i T B =
<JE> 04F Watermelon mosaic viruse| & Z 1}

- {0 M =el=l Watermelon mosaic virusoll CHEH read mappings $3sH 22} 97.4%2| identity,
56.3%2| coverageZt =Rl=|ACt

Zucchini yellow mosaic virus
(NC_003224.1) 9,591 bp

e ——

Pairwise Identity: 94.4%
Ref-Seq: 100%

84,284 reads

<Od8> 0{F Zucchini yellow mosaic viruse| T Z 1}

— 0{0f|A] =lRl=l Zucchini yellow mosaic virusoll CHEF read mappingS 3

St Z1} 94.4%2| identity,
100%2]| coverage?} &tRl=[RiCt.
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Watermelon mosaic virus_NC006262 (10,035 bp)

I

protein ‘ HC-Pro ‘ P3 protein ‘ | Cl; helicase ‘ | VPg | Protease

RdRp; Nib ‘ cP ‘

PIPO

AN I amm

T
T

i

i

E==S
S22

———
E=
==
==§
==

<JE> 232} Watermelon mosaic viruse Mo Z 1}

- 232}l 2lEl Watermelon mosaic virusoll CHEF read mappings $385H Z2F 99.1%2| identity,
98.1%2| coverageZt =Rl=|3ACt

=T

Watermelon mosaic virus_NC006262 (10,035 bp)

P1 protein ‘ HC-Pro \Paprotem | ‘ Cl; helicase ‘ ‘ VPE

Protease ‘ RdRp; Nib | CcP ‘

PIPO

amlllmlullillailulimulllllln :u‘il'i...m.-l_lu.u_lluullmlh . all_llll'nllwl_lmml.

— kR0l A
84.9%2]

r
i
||||Illl'ﬂ:'
:
i
:
5
]

i

<TOE> AR Watermelon mosaic viruse| & Z 1}

&hol =l Watermelon mosaic virusoll CHEF read mappingS $=ast 21} 96.7%2| identity,
coverage? | &olz|RiCt
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Watermelon mosaic virus__

[ Pl proiein \ HC-Pro

NC006262 (10,035 bp)

I P3 protein

I CI; helicase I | VPg [ Proteass

RdRp; Nib \ cP |
PIPD

dnimnmmmnn N A

Mo Ao
— HI0|M =tel=l Watermelon mosaic virusoll CHEH read mappings $8sH Z2F 99.3%2| identity,
98.4%2| coverageZt =Rl=|ACt

Bean common mosaic virus_NC003397 (9,992 bp)

P1 protein | HC-Pro

I P3 protein | ‘ Ciprotein I | m}ag' ‘

Nib | CcP |
PIPO

AN AT T A0 T AR AT DR DT RD RN CRRR TR

2,232,716 reads

<JE> 2l Bean common mosaic virusel T

g Z3f
- oM =elEl Bean common mosaic virusoll CH st read mappings =&t 22} 98.0%2| identity,
93.0%2| coverageZ} EHI=SACt.

(3) AMZ! MZo| 2 Hlo|2{A PCR AXE

a o

[H

2tolH M= 2 HEH 75

[Z] NGS =4 Z2} 105 ot &= AT HSolM el vlolg{s 2|AE

i

Genus Genome Virus Host Accession No.
Apscaviroid (-)ssRNA Citrus dwarfing viroid TLold} NC003264
of
Carlavirus (+)ssRNA Passiflora latent virus :_ NC008292
aH Sk}
Citrivirus (+)ssRNA Citrus leaf blotch virus o} NC003877
Closterovirus | (+)ssRNA Citrus tristeza virus Trold} NC001661
HELfL}
NC_002034
o
Cucumovirus | (+)ssRNA Cucumber mosaic virus ul st NC_002035
8 5k
144
NES NC_00 0
llarvirus (+)ssRNA Humulus japonicus latent virus Tofd} NC006066
(+)ssRNA Beet western yellows virus o NC004756
- aH Sk}
Polerovirus (+)ssRNA | Cucurbit aphid—borne yellows virus e NC003688
T
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(+)ssRNA | Melon aphid—borne yellows virus o NC010809

(+)ssRNA Turnip yellows virus o NC003743

21}

, ufalok
(+)ssRNA Cactus virus X NC002815

HELfL}

ot

. 21}
Potexvirus (+)ssRNA Pitaya virus X o NC024458

ufalok
(+)ssRNA Schlumbergera virus X B NC011659

21}
(+)ssRNA Zygocactus virus X ulufbof NC006059

HELfL}
(+)ssRNA Bean common mosaic virus Qkd| NC003397
(+)ssRNA East Asian Passiflora virus aH Sk} NC007728

21}

. o
Potyvirus (+)ssRNA Watermelon mosaic virux 23z} NC006262

S

k|
(+)ssRNA Zucchini yellow mosaic virus o NC003224
Tobamovirus | (+)ssRNA Cactus mild mottle virus 21 NC006059
BeqomovirLs (+)ssDNA Euphorbia leaf curl virus aH Sk} NC005319
d (+)ssDNA | Papaya leaf curl Guandong virus | tH&kn} NC005844
Nanovirs (+)ssDNA Faba bean yelllow leaf virus ulufof NC038910
(+)ssDNA Milk vetch dwarf virus ulu}of NC003648

- 10Z oldcf == NGS 24 A1 & 1ZE9| HI0|20|=(Citrus dwarfing viroid)2F 1852 RNA H}
o|2{A(Bean common mosaic virus, Beet western yellows virus, Cactus mild mottle
virus, Cactus virus X, Citrus leaf blotch virus, Cucumber mosaic virus, Cucurbit
aphid—-borne yellows virus, East asian passiflora virus, Humulus japonicus latent virus,
Melon aphid-borne yellows virus, Passiflora latent virus, Pitaya virus X, Schlumbergera
virus X, Turnip yellows virus, Watermelon mosaic virus, Zucchini yellows mosaic virus,
Zygocactus virus X) 12|11 4F2| DNA H}O|2{ A(Euphorbia leaf curl virus, Faba bean
yellow leaf virus, Milk vetch dwarf virus, Papaya leaf curl Guandong virus)7} &l=!.

- 117H2| genus(Begomovirus, Carlavirus, Citrivirus, Closterovirus, Cucumovirus, llarvirus, Nanovirus,
Polerovirus, Potexvirus, Potyvirus, Tobamovirus)dll =sk= 2252 Hlo|2{A & Polerovirus,
Potexvirus, Potyvirus genusOll &6h= HIO|HAT| 242 4502 T BE.

- Watermelon mosaic virus2| 4% 535 Z=2(3n, 04F, 232}, A, LHNAAM =el=d
Cucumber mosaic viruse| &% 4% &= (Hi-pf, Y31, wigknt 0{3F)2F Cuctus virus X2 HF 43
Z+=2(82f, mulof, HiLLf FFo}) o= JHE Bo| ZHEE.

- NGS &4 Z3} =olE 132 Hlo|Z0|E2f 22F 2| HIO|HMAE HASZ M 2= 2 Hiol2A
PCR ZAdE =Zz2lo|HE M| =Hgt

[Z] 105 ot that 2= &Y Hiol2{A Z2jo|H HE

Pr s (5'>3) Size | Annealing bl

rimer name equence (5'— : |
(bp) | Temp. (C)

BWYV CP full F ATGAATACGGTCGTGGGTAG 609 58
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BWYV CP ful R | CTATTTCGGGTTGTGGAACTGG
CABYV F2 ACACGAGTTGCAAGCATTGGAAGT
CABYV R2 AGTATTCCAGAGCTGAATGCTGGG | 766 62 Kwalk et al. 2018
c—-CDVvd GTCGACGACGACAGGTAAGTTCCC 594 64 Tangkanchanapa
h—CDVd GAAGGCAGCTAAGTTGGTGACGCC s et al. 2018
CLBV CP 7024F | ACTGCCAGTGACACTGGGA
CLBV CP 8251R | GTGTAAAGTCCTGGCCCAC 1228 58 Park et al. 2019
CMMoV—CP19F | AACGTGAAGCCGAACACATT 434 .
CMMoV—CP452R | GTCGCGTCCTCGAAAGTAGT
CMV Fry—F ATGGACAAATCTGAATCAAC - )
CMV Fry-R AGACTGGGAGCACTCCAG
CTV CP 16155F | ATGGACGACGAAACAAAGAA 57 o Huang of 4.
CTV CP 16826R | TCAACGTGTGTTGAATTTCC 2004
CVX 678 UP ATGTCTACTACTGGAGTCCA
CVX 678 DN CTACTCAGGGCCTGGGAGAA 678 58 Park et al. 2018
EAPV CP 1F GGGCAACCAAGTCACAATTT 184 s
EAPV CP 1R TCTCGCTGTTTGTTGAAACG
EULCV 381F CAGGATCGAGCCGTGCTTAT .
EULCV 605R GCCCAATACCACGGGTAACA 225 59 Kil et al. 2016
FBYLV-CP7F AGCAATTGGAATTGGTCTGG 208 -
FBYLV-CP304R | ACGCAGGAGAGGTAAAAGCA
HILV CP 19F GCTTCCTGTGGTCTCAGGTC cad .
HILV CP 562R | AAAAAGGGCTCTCCTTCTCG
MABYV CP 120F | AAGACGACGACGACGAAATC 29 .
MABYV CP 348R | AGAGGCCTCGGAGATGAACT
MVDV R—245F | ACGCAGGAGAGGTAAAAGCA 436 .
MVDV R—680R | CGAGGAAAGTCGAAAAGCAC
OSY WMV CP 605 F | GTCCCACGACTICAAAAGAT cos y CEETRPNET
OSY WMV CP 605 R | TTTTCGGAATTGGTCGAGAT ol
PaLCuGdV—F CGTTTGGTACTCCCCAAGA |
Pal CuGdV-R CAACAGCAAAGCATTCTCAGT 254 56 Kim et al. 2018
PIVX CP 110-F | CCGTTACCAGCTCTCTCCTG 105 o
PIVX CP 604-R | TGGTTAATGCCCGACTCTTC
PLV-F ACACAAAACTGCGTGTTGGA
PLV-R CAAGACCCACCTACCTCAGTGTG | 2/ 59 Cho et al. 2020
SChVX 678 UP | ATGTCGACCACTCCATCTTC
SchvX 678 DN TTATTCAGGGGATGGTAGTA 678 54 Park et al. 2018
TUYV CP 111F | AACACAACGCCGACCTAGAC 200 .
TUYV CP 310R | CATGGTAGGCCTTGAGCATT
WMV—CP—F GTGGATCGTTTAAAACAGGAATG | o .
WMV—CP-R GTGACTGAGCATTCATAAAGCAC
WMV CP full F | TCAGGAAAAGAAARAGARACAGTG | o, o . oy
WMV CP full R | CTGCGGTGGACCCATACCCAA
Yam BCMV CP 687 F | TGGTTCCAAAGGAAAGGTTG . .
Yam BCMV CP 687 R| GAACCCATGCCAAGAAGTGT
ZYMV CP F CTTTGAACAAGGAGACACTG o "
ZYMV CP R GCGGTAAATATTAGAATTAC
ZyVX 681 UP ATGTCTAACACTGCAGGAGT
ZyVX 681 DN TCATTCGGGACCCGGTAGGA 681 58 Park et al. 2018

- 1% H}O|Z20|=2} 22F2| Hio|2{AL| Z2l0o|H= NGS =4 Z1} =kol=l Hio|2{A Genbank M &2t
NGS EAZIIZ P2 dHio|2{A A|RAE 23510 Z2l0|HE HZsi¥n, AT Hio|2{A(CABYVY,
CDvd, CLBV, CVX, EuLCV, PaLCuGdV, PLV, SchVX, ZyVvX)e|l d<% 7|0 £E1= Z2j0|HE MEE
0| 83104 coat protein(CP) E¥ & SFsto] A&
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3
PivX CP

CMMoV CP CVX 678

<JE> 21} X|E 1T ME NGS 2MZT Zol=l djol2{A PCR AN 2z}
[(5): DW, (1): ZE AEA|L (2): BHEE FFA, (3): M2ldE 72T, (4): AT D87,
(5): MZFEZ ®MFAl (6): MFEZ MAZAL (7): HFZ M ZA|]

- 23} X8 el 7IoM ZHESH ME2| NGS 42z} &ol=l 55 Hio|2{A (CMMoV, CVX, PiVX,
WMV, ZyWX)E CHACZ PCR AAS st L, I Z1 CVX, PiVX, ZyVX primerg 0|&¢t PCR &
C W

ol M= Hio[H AT} Eolz[foLt Ao M Blo[2H AT} Sfol=X] b=

R
- CVXo| 2% SESL HFA|, Mgz 7o, Z4EE 247, HFE MFA|L HFE MAEA 5

7tel ME MEolM dlolzArt AEE.

- PivXel 2 ZetdE T2 7t EMUES Melet ZE s7tel A Y30l Blo[3{ATt A&

0

|
= -
- ZyVXe| 2% FHSE FFAILL dUHE JMTe MEYSAM slo|2{ATF HEEHUS.

564 bp
-1234567 809101121314

-1 23 456738 9%1W011121314 -1 23 4567 8 21011121314
ZyVX681

[(-): DW, (1): ZRE &HHA (2): 3EEXT EFAl, (3): 3F eS|
) MElFE AAAL (6): MeldE Fel2, (7): M2lid: &3,
SMEE EFA, (10): BASE otSA|, (1) AEE TFA|, (1
HFE MAZA, (14): MFE M ]

Il
>
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H AE A 2y A4
(1) 23 AHAL (2 BHSET HFAL (3): 3= §¥A|, (4): BHYE EfetE,
) MElEE AAAlL (6): MeElHE T2, (7): Meld: 253, (8): MEld: Fekt, (9):
SR 4T (10): ZASE oHZA|, (1) GaEE TFA, (12) ZAHE 28T, (13):
HEZ MFZAL, (14): MFT M EA[]
St MEZ2| NGS 2MZn} &ol=l 55 Hio|A (CVX, PiVX, ZyVX,
Me i, O Z1F MVDV primerE 0|8 PCR Z1fo M=
PCR Zjof A= Hio|H AT} EQI=X] 243,
M dio|2{ATF AEERUL, BHE

AH =

— mjujof X[ Zui S7tollA xHE
MVDV, FBYLV)E CHACZ PCR AH
F CVX, PiVX, ZyVX, FBYLVS| P
T otSAl ST ME ME
Hio|2{ AT} AEEX| 23,
1X|3F sequencing 24 Z 1} Carica
& Al

HEO[B{ AT} &Hol=[R
- MVDVe| 22 AL

oL
A2} A

= Z3F
7t Eolstl 2ol ZASE 2T M HEdMe

ST ATl HE MBolM #ET} ol
papaya motochondrion genome (GenBank Accession No. EU431224)2 % &

m

— CVXQ @S HAE

4 3% 6 7 9 1011

4 5 67 8 9 1011 :
CMV Eny

)

1 2 3
CVX 678

2 4 53 67 8 910
SchVX 678
<> HiLfh X A ME NGS 24121 =elF diol3{A PCR 28 Z1t
[(-): DW, (1): SEET HFA, (2): SYYET EfetE, (3): MElEE e, (4): M2lET e,
(5): MEtET s, (6): QAT ARHAL (7): BAET MET, (8): o &, (9
ML MZFEAL (10): MFZ MAZEAL (11): A M ZA[]
— HiLfL} X3 Tef S7ollA AHEISH MES| NGS 24121 2llEl 4F dio|2{A (CVX, CMV, SchvX,
AHEE oI, O Z3F CVX, CMV, SchvX primerE 0|23t PCR Z zjof|
= 2o M= diol2{ AT} Eol=X] 25
oA dio|24AT} AEE

ZYWX)E a2 2 PCR
M Bio[ AT} gol=z|A oLt ZyVX2 PCR
— CvXet Schvxel 42 T MFAl S7te] ;A M=
- CMVe| 22 MFZ MAZAl 3712 ME HMEolM slol2{ATt HEE.

- 300 -



<> Foit X

(=): DW]

~ Tojat x| Rl 7jolAf A

H}O|2{ A2} HO

—
—

(CLBV, CTV, CVX, HILV)E tia=2 2 PCR

A

£

U

3 -
:

| Hjo|2{A PCR AX™ A}
Al (4): M2=E ZHA], (5): MElEE

Fo| &
— —

iofl”

FE, (11) MFE MAZEAl (-): DW]

sto
[ ==y -

Al, (10) deEE

Eof
S o

(CMV, PLV)E tatle =z

A

HfO |2

XA e st A A

i

— o
o

sola{ A7} BE ol

—
—

11, PCR Z 1ol A
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56 7 & 9 10 11 12 13 14 15 16 17 18 -

8 9 10 11 12 13 14 15 16 17 18 -

7

6

2 3 4 5

M

bl

|
|
|
|
|

PaLCuGdV

16 17 18

9 10 11 12 13 14 15

+

17 18 -

7 8 910 11 12 13 1415 16

5 6

4

M1 2 3

-]
=
=
=
-]
-
wn
-

3 9 10 11 12 13

6 7 & 9 1011 12 13 14 15 16 17 18 -

Al (7): TR AFMA, (8): M2tsE A2, (9): M= X

?:Wl/\lS, (1 O) X,_'lEl-'El"_',:_ _Tl_fél-—l’-, (11) 7(|_-|E|_LEI|._|I:_ >

Al2, (13) MElgE

4

Pty
—

 —
4

b

L
=

A1, (12) M2}

d

x

, (18) MFEXZ HMFA|, (-): DW]

H
LHo

St

A (EuLQV,

DNA Hto|2{

=
[=)

(CABYV, CMV, EAPV, PLV)E tH&22 PCR

A

PaLCuGdV)2t 45 RNAH}0|Z

Hfo|2{A Zajo|HZ PCR
— DNA Bto[2{2el EuLCVet PalLCuGdvel

ojn
53

Kl

Al

<H

|22, PLVe| 22 HMEts X

oM HE5

0=
S

AT 5

-

X
(a3

oln
o<
ﬂ
Kl

-

= M2}

- CABYV
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- 0 X9 o STtollM HETH MES| NGS BAM A1} 2kolE 785 RNAHO[Z{A(BWYV, CABYV,
CMV, MABYV, TuYV, WMV, ZYMV)E Tj&SZ PCR AMS $ds51%¥ 11, 75 Hlo|HA Z2l0|HZ
PCRS &gt Z1} 55 HI0[2{A(BWYV, CABYV, CMV, WMV, ZYMV)7} ERI=|AS.

- TuMVe| A% PCRZ AZEEX| &y, MABYVE| A< PCR productE sequencing +=415+01 NCBIoi| M
Blastet Z2} CABYVQ! ZHo=Z g5 Al

- BWYVE| A< PCR productE sequencing &=415101 NCBIOA] Blastst 21} Mg22| METF BWYVE!
HoZ H{Ron] LIHX| ME2| A2 CABYVSl A2 =olE,

- CABYVS| 4% 47| &5, 47| ofF, Zek 88, 38H:
of MEo|M HE= A2, CMVe| B HMetd: ZZlel MEo

- WMve| 4 47| 32| WEOME HEESU

T ZTle| Y30 HEEUS.

K
N
_<
=
<
10
o
-0
o
N
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2> 232} X9 HE HE NGS =42Zn =elE dlojz|A PCR 4% 22t
[(1): SHEZ ST, (2): SHEEZ oltkz, (3): Metd

T Sked, (4): MatgE sig2, (-): DWI]
- 232} X9 xuf s7ollA ZHZ

ot ME2| NGS A2 1t =olE 13 RNAEIO[Z{ ALl WMVE CHAS
2 PCR Ad S ™35I, WMV 50| Z2jo|HZ PCRE &35 Z1

loll A= Bio|H AT} &hol=| X §f

<j_EI> AL;(H 7(|O:H:|=I XH

(1) 271z HEA

S |2{~ PCR &% Z1}
, (2 SE=E

, (4): MelsE Al (5):
- &2l X[AE ey Z RNAHO[HAQI WMVE Tiate =
PCR AT E =¥ ol M= Blol2H A7t ERl=X] S

§
=l
HU
Y]
O
By
rulo

|:|.| FOE PCR HY 2 _/,\_%43}9&\_7;_

221 BCMVet WMVE
Ao Aol M= Bio[B{A

2l 92 Hio|2{A HEH 75

Zhll Hio[2 A 9f sff 2 Zhd Hiol2 A

of HIO|ZHAE ZAtst
304 -



o

W 5ho{ cHAl

SN

ol

T HolHA 2

AEE otzfet gol M

X st
S B -

] mfubol(otdcH Tpz=)ofl CHer HiO|H AR S o= RIS HIO[BA E[AE
T
No. Virus SR X| s 2 Ref.
Mexico
(1997-2000)
Sri Lanka SHEZIEA| Qo ZXto|3
Papaya mosaic virus l(:1|95'§)(1960 ) St gjzudol dofita, Nloag&)%rrazaﬂa o
1 V:r::az%ela ® Papaya ringspot virus2t %énnant et al.
(PapMV) SriLank =RAAA DAL Yol 7™, | 5007
India e S Alst WAl LIEH
Peru
Bolivia
Qo ZXio|3 ZMS
olozy|j mAl
5 Papaya leaf distortion %apaﬂ(1954) =210 ItPEt |-0-|| ringspot ESBQa”t et al
o aipan 2012-20154 Z=e| mbufof | Bau et al 2008
maosalC virus (PLDMV) Taiwan (1993) ionljél-gi! é!j—!'on_l' %’x‘“&‘l t%% Mo et al 2020
ol o7l
Papaya golden mosaic
3 ) Mexico Ttmjotof| 2 st= ggggant et al.
virus (EaGMV) . begomovirus 2
4 Lindernia anagallis yellow chi MCLCuve| d= H=olx Tennant et al
vein virus (LaYVV) e gaotol elof &=t gmy ) 2007
Melon chlorotic leaf curl %S.)‘l gd8 2275
5 ( | Costa Rica £5t2f2 ZEAA|Z ggggant et al
virus (MCLCuV
. . Lk =] £l (=]
5 Lettuce chlorosis virus Texas ﬂio{ﬁ\ff—cj\(/l&gljﬁéa Alabi et al. 2017
(LCV) (2014-2015) _f?:_fﬂol = == Zhang et al. 2017
E] HifLHobE D) Zh)ol ThEt Hlol2{AHS YAoTlE FYe Hio|2A 2IAE
T
No. Virus SR X| s 2 Ref.
Australia
Banana mild mosaic virus ﬁmca CMVe} 23812+ gl9ls A<
" Banvwy) Conral and | 9 1A B30l Ligjer o || Tathi ot al. 2016
south America
Caribbean
[#] ofF(otdCH A)ol CHEt HiO[B{AM S o= FFE Ho|[HA 2AE
No. Virus 2HA X st e Ref.
Bi I . Rajinimala et al.
1 itter gourd yellow mosaic India if_A;| |7;4|o1§)\u¥1915 THE 2009
virus (BGYMV) AlSH HEO|2 Mohanan et al.
2020
Chayote yellow mosaic yellow mosaic 40|
p | VnAVOle Y Togo(2014) | 50 509, Ajol=a|5} 37 = Leke et al. 2016
virus (ChaYMV) Nigeria(2014) | ofz Al =o|A| m=ts
Indian cassava mosaic ) Cassava mosaic virus(CMD) Rajinimala et al.
3 _ India 20-95% #=&2f Al o/ ol 2007
virus (ICMV) ° = ==5- | Adjata et al 2008
S’_Ol?ﬂ/\j Pﬂ(X1HFK4(nefrotic
spot), &zHyellowing T )
. =Ale akeuchi et al.
, | Melon yellow spot virus Japan 3@*01%(@%3'8;(')2%?01253'1 2009
(MYSV) —’if—ﬁ. r2f .Zi/\l?:.'e. Et_,hf_} P Adachi-Fukunaga
salol 2} HEol T Ax=of | ©f al 2020
S PG RS
= 20| AlZsHH| A= AL
9t0ﬂ+ %Qi i, =5 Sof
AA, EOlE, i, =% &
Peanut bud necrosis virus _ @9, Nagendran et al.
5 India(2016) International Crops Research | 2018
(PBNV) Center for Semi—Arid Jasani et al. 2015
Tropic(ICRISAT)oll M 947
89“”':'"':"31 AAI I:II-AH o|.|_
ASERE WS
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. | Puerto sutol olxjzel Z7|5 poeyedo et al.
5 Squash vein yellowing virus | Rico(2011) DAPAI 7 e8E Ssief 2 dkins of al. 2008
(SqVYV) U.S.A(2005,2 | Floridadl Al 200464 6~7#at | j Qs & 2 5573
007) Bl &4 wd Kousik et al. 2009
- | Tomato leaf curl Palampur | ndia(2007) Pakistanoll Al 60-70% virus | Tiwari et al. 2010
Virus (ToLCPaV) Pakistan l:ll':l Tahir et al. 2005
(%] 232HotE] Aol CHet Hio|HAM S o= RS HIO[BA 2[AE
No. Virus 2hA X 5|2 Ref.
Ef=2| Kanchanaburi2}
Bhendi yellow vein mosaic | Thailand(200 | Nakhon PathomX|&2)
1 ) 9-10) 50-100% Tsai et al. 2013
virus (BYVMV) ﬁ%ar Al 2ol M Hio|2{A
=]
Chickpea chlorotic dwarf Pakistan(201 ﬁilkﬁla:gljoytl\ ':HlkclrlE iﬂEP Zia-Ur-Rehman et
2 2ol 15%0f|A{ Hfo|2{A
virus (CpCDV) 2) S ma al. 2017
United
o State(2018)
g | Cotlon leaf curl Gezira virus | Niger(2007) | Texas 4.9ha @32} &ZollAl | Vilegas et al. 2019
(CLCuGV) E/I%‘pt 24 100% Fate &4 Shih et al. 2009
ali
Sudan

; Saudi Arabia o) AEbEE AA Ghanem. 2003
4 | Okra leaf curl virus (OLCV) Nigeria(2010) 80% T &4 Askira, 5012
. . . . Lo} ASEE A Al i H
5 | Okra mosaic virus (OkMV) | Nigeria 38%579@ —iéoﬂ%_e’ Egjrggmét eatll-al1.927%10
i i ; ojl=2| 0.2k 2 23=
6 ria yellow mosaic Mexico | United %lzgi 7_5%"5“1_7; HFOIE1ﬁ+ Hemandez-Zepeda
virus (OYMMV) State(2009) A A et al. 2010
Okra yellow vein mosaic Sri A2 27} 370 EA|o A .
7 | ey Lanka(2015) | 55-70% 232} Hio|2{~ Tharmila et al.
virus (OYVMV) India(2011) B arAY 2017
Radish leaf curl virus _ ol BiharolAf 2009t 30%
8 (RaLCV) India aollo 114 35%9| == Jumar et al. 2011
— Genbankoll S5=0{U= HI0|2{A sequencel| Coat protein(CP) RMAF £20F $HM 5101 FI8] Hf
OlA 222 Mzl L, el Hlo|HA Z2l0|HE MZfstn HEHS ?%ﬂ%liﬂ 1=y

o
A , T H
- 834, Tolu}, Y1, ek, o

o
ulof 7t MZISHA| got 7Rl 8=}

HATD .

HEO[ 2 A

[E] mmtof, vl ofF, 232} Ry Hiol3a 28 HE

el 42 ol Llutol2{AT} ofof =Liof

Host Genus genome Virus accession No. insert site insert size Vector
Begomovirus DNA LaYWV NC_009550 coat protein 774 bp pUC57
Begomovirus DNA MCLCuV NC_003865 coat protein 756 bp pUC57

ahtor Begomovirus DNA PaGMV DQ318928 coat protein 756 bp pUC57

Crinivirus RNA LCV NC_012910 coat protein 753 bp pUC57
Potexvirus RNA PapMV MN203142 coat protein 648 bp pUC57
Potyvirus RNA PLDMV JX974555 coat protein 879 bp pUC57

"Lt Robigovirus RNA BanMMV EF143976 coat protein 717 bp pUC57
Begomovirus DNA BGYMV MH481856 coat protein 771 bp pUC57
Begomovirus DNA ChaYMV NC004618 coat protein 777 bp pUC57
Begomovirus DNA ICMV NC001932 coat protein 771 bp pUC57

(CES Begomovirus DNA ToLCPaV NCO010840 coat protein 771 bp pUC57
Tospovirus RNA MYSV NC008300 coat protein 840 bp pUC57
Tospovirus RNA PBNV MG913145 coat protein 831 bp pUC57

[pomovirus RNA SagvyVv NCO010521 coat protein 1074 bp pUC57
Begomovirus DNA BYVMV NC003418 coat protein 771 bp pUC57
Begomovirus DNA CLCuGV NC038444 coat protein 777 bp pUC57

232t | Begomovirus DNA oLcV NC013017 coat protein 276 bp pUC57
Begomoviruis DNA OkMV NC009532 coat protein 567 bp pUC57
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Begomovirus DNA OYMMV NC014066 coat protein 756 bp pUC57
Begomovirus DNA OYVMV NC004673 coat protein 771 bp pUC57
Begomovirus DNA RaLCV NC010238 coat protein 771 bp pUC57
Mastrevirus DNA CpCDV NC011058 coat protein 737 bp pUC57
[£] Do, BRLILY, ofF, @32} gel2d ulojzia =ajoj HE
i ) . : Annealing
Host Virus Primer name Sequence (5’—3’) Size (bp)
Temp. (C)
PapMV CP 44F TTGTChGTyCkbAkrTTCCA 319 50
PapMV PapMV CP 362R CmATCACChmbGAACArATG
P PapMV CP 4F TCwWAAGTCArGYATGTCbwC 401 50
PapMV CP 404R ACACTrGCwGCYyGGrACyTT
PaGMV CP 87F TGGCCCAAGAGTTAACAAGG
PaGMV 5 GMV CP 704R ACGGGATTAGAGGCATGTGT 618 60
MCLCuV CP 93F TAAATTCAATAAGGCCGCTGC
MCLCW —cLcuv cp 588R GCGCCGGACCAGGGCTT 496 60
i LaYVV CP 49F GTACGCCGTCGTCTGAATTT
THEOE | LaYW vy Cp 449R GGAGTAGTGACGGGCCTTCT 401 60
PLDMV CP 12F TGCTGGCAAATYyyACAGTAG 649 57
PLDMV PLDMV CP 660R ACTCATGTCGGTGAGGTTCC
PLDMV CP 185F TTGGATCAAGCGGATCwWKTC 616 57
PLDMV CP 800R TTTCCGACTTTTCCATCCAG
LCV CP 269F TCAAGAAGGTTGAYGGTGAAC 491 57
LCV LCV CP 689R CCTTTCAAAGCCTGGCACTT
LCV CP 264F CGTATTCAAGAAGGTTGACGGT 476 57
LCV CP 739R CyCCTGGTGCTAGTTGAGAY
BanMMVCP119F ChACWhTdGArCrrATGGC
HH-RLE T BanMMY g IMVCRTOTR AGrCTCATrAyyTCyGG 583 55
BGYMV Begomo CP 104F TTGTCCAAGGCACAAACAAA 406 57
ChaYMV Begomo CP 509R ACCGTTGCAGTACTGGGTTC
ICMV Begomo CP 104F2 CTGTCCGCGTCACAAAAAGA 419 57
ToLCPaV Begomo CP 521R TCACGATGCATGTTCTTCAC
MYSV CP 51F AGCTCTCACCCATTCCATCA 413 57
MYSV CP 463R GCAGCTTCCATTGGTTGCT
MYSV MYSV CP 227F CTAGCAGACATAACICGAGC 566 57
A= MYSV CP 793R TAGTGGTGGGAAGTCGGAAG
T MYSV CP 224F TTGCTAGCAGACATAACICG 616 57
MYSV CP 839R TGTCTACCGTTGCTAAGCTGA
SgVYV CP 629F AGAGAAAGTCCGAGTCCACG 381 57
SaVYV CP 1009R TGTTTACGCGTCCTTCCTCT
SaVYV CP 55F GATGCCAACAAACCGTCTGT
SAVYWV' S qvvv CP 648R CGTGGACTCGGACTTTCTCT 594 57
SaVYV CP 55F GATGCCAACAAACCGTCTGT 780 57
SqVYV CP 834R CCTTGCTGCCTTGACATTGA
OMV OkMV CP 36F GCTCAACACCAAGTCCTCCA 511 56
OkMV CP 546R GGGAGAGTGGAGAGTCACGA
OLCV CP 38F TGCATGGGTTTCGTTGTATG
oLev OLCV CP 264R CAGTGCTGGGCTCATTATCA 227 56
OYMMV CP 36F GGGAACCTCAAAGGTGAGC
o33} OYMMV OYMMV CP 726R CCGAATCTTAAGCGTTGCAT 691 56
- OYVMV OYVMV CP 295F GTCGGTTTGACCCATCGTA 81 56
OYVMV CP 575R GCATATTGTCCACCAGTAACG
CLCuGV CP 266F TKGTYYGHTGTGTKTCBGA
CLCuGV CLCuGV CP 538R CTGRWAAYGATCWCGVWRRTCR 2rs 52
Ral.CV RalLCV CP 262F AAAGTYATGTGTRTYAGTGATG 268 50

RaLCV CP 529R

ATACCTATCACGATGAACA
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PapMV CP 44F-362R PapMV CP 4F-404R
1 2 3 - + 1 2 3 - +

<> mlojof I 72| Hiol3{A PapMV PCR AX Zx}
[(1): CVX, (2): PiVX, (3): ZyVX, (-): DW, (+): PapMV]

- mlulo} = Fel2 Hio|H Al PapMV Z2I0|HE 0| 235}01, PapMV% xZelslo] &2 Potexvirus

genusoll &3H= CVX, PiVX, ZyVXE tHAle 2 PCRES 3 st Zot Rt Hlo|z{ALl HIE0|X HiE

20| PapMV7t AEE|HS.

1+2 1+3 2+3 1+2+3

— — —
et ——

<J%> mufol = R Hio|2{A PaGMV, MCLCuV, LaYW multiplex PCR A& Zz}
[(1): PaGMV, (2): MCLCuG, (3): LaYWV]

et

— njujof = 72| DNA Hto[2{AQl PaGMV, MCLCuV, LaYW Z2lo|HE 0]835t01, PCRS
21t Zt vio|2{ ALt H|S0[H HE 810 35 HIO|Z{AE SAloll HESIGS.

1+3 1+4 2+3 2+4

<Jg> umlujol =L 7S Hio|2{A PLDMV, LCV multiplex PCR && Zxf
[(1): PLDMV CP 12F-660R, (2): PLDMV CP 185F-800R, (3): LCV CP 269F-689R, (4): LCV CP
264F-739R]

— ntmol =1 7?21 RNA Blo[3{ A2l PLDMV, LCV Z2l0|HE 0|&36t04, PCRE st &
ol ALt H|E0[X Ht3 glo] 2F HIO|HAE SAloll HESINUZ.

- O HA
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<> "L g4 <2 Hlol2{A BanMMV PCR A& Zx1}
[(1): XA "R cDNA, (2): CMV, (3): DW, (4): BanMMV]

- it =L 79 Hlol2{ 22l BanMMV Z2l0|HE 0| &5t0], 7[FA{Z el ittt RTAIR 7|F7
AEA BlOl2{A CMVE A2 Z PCRE wdigh 21t RA2tA Hlo|2{Aet H|50|H HtE 810]

BanMMVZ} AEEAHS.

: BGYMV

D ICMV

: ToLCPaV

: MYSV

: PBNV

- SqVyv

- (-) DW

2 (+) ChaYMV
: 013= gDNA

Begomo CP 104F-509R
1 2 3 4 5 6 7 8 9

Voo~ E WMN =

: BGYMV

: ChaYMV

: ToLCPaV

: MYSV

: PBNV

1 SqVvyVv

: (-) DW

D (+) ICMV

. O] gDNA

<OED> oF 2 R Hlo|3{A 4Z Begomovirus PCR A& Z1}

Begomo 104F2-521R
2o 4 B E T

OO~ uUEWwNn=

- 0§F I 7224 DNA Hfo|2{A2l BGYMV, ChaYMV, ICMV, ToLCPaV Z2}0|HE 0| 23510, 7|F
AFEZEA HEO[2A MYSV, PBNVE E3H6101 PCRS 8list Z3} 7|F FAILA dHio|2{ AL H|S0|A gt
2 910] 4& BegomovirusZt SAlof| HEZUS.

: PBNV

: SgqVvyv

: BGYMV

: ChaYMV

: ICMV

: ToLCPaV

: (-) DW

1 (+) MYSV

: 0{F cDNA

MYSV CP 51F-463R MYSV CP 227F-793R MYSV CP 224F-839R
12300 567 89 123 4 56 7" 123 4656789

WO~k wmn-=

: MYSW

: PEMV

: BGYMVY

: Cha¥YMV

s 1MV

: ToLCPaV
c(-) DW

D {+) SgqVYV
: == cDMNA

P

SqVYV CP 629F-1009R SqUYV CP 55F-648R SqVYV CP 55F-834R
12 3 4esne 88 123 45 6 T 83 17N AR BN TR Y A

WO o=ldu & whfl =

Y
E

<J8> i3 =4 7 Hio[HA MYSV, SaVYV PCR &#H
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- 01F I 7L RNA Hio[2HAQl MYSV, SqVYV Z2lo|HE 0|&3lod, 7|+

BGYMV, ChaYMV, ICMV, ToLCPaV, PBNVE Egsl0f PCRE

2~5H
O

stZAn 7|1F

—

H|S0[|& k2 ¢10] 2& RNA Ho[2{A MYSV, SqVYV7t 22t HAE=AS.

FARA Hio|2A
FARRA Hlo|B{ AL}

<J8> 232} I <2 slol3A OYMMV, OkMV, OYVMV, OLCV PCR &#4d &1t
- 232} =4 7?2 DNA Hlo[2{A2l OYMMV, OkMV, OYVMV, OLCV Z2l0|HE 0|&835l01, PCRS
sallot Ao} 2z} vlo|2{A9f HIE0|H HHE §l0] 45 HIO|HAE SAl0l HESIGIZ.

CLCuGV CP 266F-538R

S e R (G

RalLCV CP 282F-529R

2 3 4 5 6 7

@+

+

LeNOOnhAWN=

LeNOUhAWN=

: OkMV

: OLCV

: OYMMV
- OYVMV
: CpCDV
- BYVMV
: RaLCvVv

: CLCuGvV

DWW

- OkMV

: OLCvV

: OYMMV
- OYVMV
: CpCDhV
- BYVMV
: CLCuGvV
: RaLCV

<JE> 232} IY 792 glol2{A CLCuGY, RaLCV PCR &% Z1t

- 232} =4 Re<?24 RNA Ho|{ A2l CLCuGY, RalLCV EEF0||3"|%

2 Hlo[{ A OkMV, OLCV, OYMMV, OYVMV, CpCDV, BYWMVE =

O|& S 8l0] 2& RNA H{o|2A CLCuGY, RaLCV7t 2+t AZE=2l
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0

2-4. M3gs A7 ¥ Y & 8 HE [(F)LAMlo[=Z]
b AIHE TR

1) A=EE] premix =&st 2 i

(71 YA premixe| H=

(1) 2I& A=7|7| ALE

24y FDTE-4508

Sdd= 2~3A|ZH

ok

ZA|ZFE =HSHX| 2Bt

[

(2) d&&n

Lane 1 10°Copy Lane 10 10°Copy

Lane 2 10*Copy Lane 11 10*Copy

Lane 3 10°Copy Lane 12 10°Copy

Lane 4 10°Copy Lane 13 10°Copy

Lane 5 10Copy Lane 14 10Copy

Lane 6 1Copy Lane 15 1Copy

Lane 7 ChiVMV positive control Lane 16 PAMV positive control
Lane 8 Negative control Lane 17 Negative control
Lane 9 Marker
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- o e e e o s = A A

Lane 1 10°Copy Lane 10 10°Copy

Lane 2 10*Copy Lane 11 10*Copy

Lane 3 10°Copy Lane 12 10°Copy

Lane 4 10°Copy Lane 13 10°Copy

Lane 5 10Copy Lane 14 10Copy

Lane 6 1Copy Lane 15 1Copy

Lane 7 RYMV positive control Lane 16 TEV positive control
Lane 8 Negative control Lane 17 Negative control
Lane 9 Marker

Ha
oe

FDT-8632

ofn
Y| e
Y
7!

24~26A| 7t
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(4) d&&n

Lane 1 10°Copy Lane 10 10°Copy

Lane 2 10*Copy Lane 11 10*Copy

Lane 3 10°Copy Lane 12 10°Copy

Lane 4 10°Copy Lane 13 10°Copy

Lane 5 10Copy Lane 14 10Copy

Lane 6 1Copy Lane 15 1Copy

Lane 7 ChiVMV positive control Lane 16 PAMV positive control
Lane 8 Negative control Lane 17 Negative control
Lane 9 Marker

Lane 1 10°Copy Lane 10 10°Copy

Lane 2 10*Copy Lane 11 10*Copy

Lane 3 10°Copy Lane 12 10°Copy

Lane 4 10°Copy Lane 13 10°Copy

Lane 5 10Copy Lane 14 10Copy

Lane 6 1Copy Lane 15 1Copy

Lane 7 RYMV positive control Lane 16 TEV positive control
Lane 8 Negative control Lane 17 Negative control
Lane 9 Marker
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A=7| WH F premixe| R0 M= Ms

— EZ-CleanCutTM Sspl (enzynomics)
— Nspl (NEB : New England BiolLabs)

— LaboPassTM PCR Purification Kit (Cosmo genetech)

5 N2

4

=0| Z£of%!.

AoHtol{A 1150 ek DNA &

— T7 RiboMAXTM Express Large Scale RNA Production System (Promega)

(L) SEEMHARRlA XFE Al2dbtolza 115

< 2020HE =7|HtH 62 AMI=ZEE >
Alstroemeria mosaic virus(AIMV)

American plum line pattern virus (APLPV)
Chilli veinal mottle virus (ChiVMV)
Potato aucuba mosaic virus (PAMV)

Rice yellow mottle virus (RYMV)

- Tobacco etch virus (TEV)

< 2021HE S7|HItN 58 YFAHUHE=TZEE >
Carnation etched ring virus (CERV)

Eggplant mottled dwarf virus (EMDV)
Maize chlorotic mottle virus (MCDV)

Lettuce big—vein associated virus (LBVaV)

Potato yellow dwarf virus (PYDV)

(7h SESANAAERN KHe A BHAu0AA 115

(1) DNA template =H|

Carnation etched ring virus (CERV)E sZEMAG=2E

o] DNA & RNA &H|,

FollM ClAtelst 2021 S7[HtA 5

= AUMIf=ZEZE HMZ'E 7|Ht2 2 & Plasmid DNAS A5 C.
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Vertor information (Bioneer)

Vector information

Cloning site
&

PBIC-A vector spec pEIC-A
* SPSIEFGIGEREN : 12bp ~ 29bp (2055bp)
* Xhol: 30bp ~ 35bp

*pUC origin : 167bp ~ 834bp
*Ampicillin : 985bp ~ 1839bp

* BamHI: 1975bp ~ 1980bp

* f# promoter : 1981bp ~ 2000
* Seq. primer :

PBIC_F : 5 -CTCATGAGCGGATACATATTTG-3
PBIC_R : 5-GCCGCAGCCGAACGACCGAG-3"

*Cloning & In vitro transcription region
GeATCC RN AR TN TN TAEEE - AT TCANT T CGL A ARG CENTIATC A C C TG T ARG TCGGACGR
ATTEAGCTTGAGTAT T N~ 51.C

*Restriction enzyme that cut the pBEHA vector between 0 and 3 times

# of
| sites ) Enzyme ) ~
Aarl, Aatll, Absl, Accl, AfILL, Agel, Ajul, AN], Alol, Apal, Arsl, Ascl, Asull, Avrll, Bael, Ball, Barl, BbwCl, Bell,
Balll, Bpll, BpulOl, BsaBl, Bsakl, BsePl, BseRl, BseYl, Bsgl, Bsmil, BspldD7I, BspMI, BStEIl, Bstxl, BtaZl,
0 Birl, Clal, CspCl, Dvall, Dralll, Ecad71II, EcolI, Esp3l, Fall, Faul, Fsel, FspAl, Hindll, HindIIl, Hpal, Kpnl,
MauBl, Mfel, Miul, Nael, Narl, Nool, Ndel, Mhel, Notl, Nrul, Ql, Pacl, Pas], PAMI, Pfol, Pmel, FpuMIl, Pshal,
Psil, PI-Pspl, PspXI, Psrl, Pstl, Pvull, Rsrll, Sacl, Sacll, Sall, SanD1, PI-Scel, SexAl, Sfil, Sgfl, Sgral, Sgrii,
Smal, SnaBl, Spel 1, Sril, SseB3B71, Stul, Styl, Swal, Tstl, Tthil1ll, Xbal, Xcml, Xmal
acwl, ARIIL, AlwNI, Aval, BamHI, BRI, Bgll, Bcadl, Cfr10l, Cfrl, Drdl, Eaml 1051, Eco31l, EcoRV, Giul, HaelV,

NmeAlll, Napl, PmaCl, Pvul, Sapl, Scal, Sapl, Tatl, Thl, Tsol, Vapl, Mhal, Xl

AclT, Apall, Apol, Avall, Begl, BoVl, Bdal, BseSl, BamAl, BspHI, BsrBI, BsrDl, Btsl, Ecos7l, Ecorl, Hoell,
TapGWI
3 | Becl, Ecil, Eco57MI, EcoPi5], EcoRl, Fokl, Hgal, Hpyaal, Msil, Sdul, Tsp451

20209 = S7|HtH 65 LMHU=TEE FUIML

Sequence
gagaagcatgaccgggaaatccacgaaccaccegtigatatcacggoccatocgagcaggegattccacaagaatcgtgttgagrgaccactcgragaaa
atgtacactcaacgtagagctgcagcacaticcttaaggaagcactcgtctcgageataatgcgactatctggaatttcocttggagctgagaccagatg
gaacccttaatagectcgoctatgaagtctccaaaattgegtgcgeacctgtcaaacacgcaatggocctgacggttatgtcggatggoatgtiggtaga
tcagctcacgagagcttcacattgactoctgaggraaatcaaacgggaataagcaaggacaaacaggtagegeocggtaacattgecgaagattictect
cacgaaccagatcccttaacggatgtigacaggatttgcaagacctagtigatgegeagggtacaggtgccaaatcgtcigacagtctacacticcaage
aatcttacagtgggatcgrgaatigcagticccgatigtagcgaaaccitaagatggaccgaagaatcttagttaccattcctgeatticgaagraaatge
tcctgggacgtgoctatiggctaaactacgcgaggatatagettggeactccaactggacacccagggagetgtgaatggatccaatgggactgtiatec
gaggacagiggccaacgatgacaatcatigcactggaggrgaatgaccatactggtcagaagtcocgragagrataatgegactatctggtitaacgee
atgatctcgaggaggraagcactttagtcggatttgaaaggaccactgaactcctcgacgctaatcactatggtactcgtcatctactgactictcagtc
aactgatttccagacgctaaggicacatctcgtactccgaticgaacciagraataccgcatttggeaatcegettatacttaactgggagtigtggtca
gacaatgccagatgacaggcattagecgttgatcatggocaticaaatctcggatcgtaagegoctatgggcaaticaatgratggcacgaatacatgea
tcaaagccatcacaggataatgoctcgataaatcggatcacgtiaaagictaatggtgtggtgeatcga
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20219 S7|dtM| 585 YM=TFEE 7MY

Sequence
AAATETTCACCGTCTACCCTAAGCCGATTCGAGGACCAGTCATACAAAGCTGGACT TGAACTCTAGCGTTCATCCATCACGGTAGTCATTCAAGAAGGAG
CCCAGTGTCACGAGAGACGTTTCTCACGGCCCATCCGAGCAGGTGGLCCTGACGGTTAATTGACTCCTGAGGCAAATCAAACGGGAATAATTGCAGTTCC
COATTGTAGCGAAACCTTAAGATCCATGAGGAAGAAGCTAGTGCAGGUGGACCGAAGAATCTTAGT TACCATTGGTCTACAAAAGCTTGTGCTCAGGTCA
GGTCATCGCGTCAGAAATCGAGGGGACGTGLCTCCGGAATGCACCTACTGGGAATTGGCTAAACGACAAGTCCATCTTCGTCTCGAATCTACGAATGGAT
CCAATGGGACTGTTATCCTCATTGCCACTGGAGGCGAATGACCATACTGGTCAGAAGTCCCGACTCCTCGACGCTAATCACTAATTTGGCAATCCTGAGT
GTTGAAGCTCTACGCTATTGGTCGAACCTAGCAATACCGCCCOATTGCTATCCAGAGCTTCTCACATTCCTGGCATAATAAGCCACTGCCGAGCTTATAC
TTAGTCCTAACAGACAAACGTCTGLCAAATGTACGCTCAGAAGAACGATTAGGTGCCAGATGACAGGCATTAGCCGTTGATCAGGGTCCACATGGCATCT
GTGATTGCGCT TACAAAGAGACCCACTCTGCCCAGATTCAGGGCAACCGAGATGOGUCTATGGAAGGLAGGTCAGGAAACTACATTCAAATCTTAACAGA
GTCAGACAGGAACTGTCCTGGCCCGGATCGTAACGAGGATACATACTGTGGCACTTTGLCTCGATAAATCGGATCACGTTAAAGCAATCTCGAGGCAAGT
CCTTCACTGGATGGACTTAGGCTCGGACCATGGTTGCCTGTTCACGGTATAAGGCTGATTTCTGTAAGACCGAGGGCGAGATTTCCGCAAGTCCGATGCA
CCOCATTAAGCGGAGTTTACGGATCCATAAAGCTATTAGCCGATTCCAGGAGTAGTGAGGTTCAGGATGCCGTCAGAGAAGACATAGGTGACTCTAGCTA
TAGAATCGATATGTGCAACATCAGCAGAATAACGGCAGAGGTGGATACAGATGTTTGGTCCAAGTCTGGATGGCTCCAGTTCATGATTGATAGCTCCTGC
GAACGACGAGCTGGATAGTAATGCGAACTGTCGAATTACTTCGGGCACGATGTCGACTTCCAAGTGAGGCTTGGATGCGGAAGATGTGAGGTCAGTTCCT
CAGCAACAGAGCTACCTGGAGATCCGACTCGUTTAGATACATGGGAACACCTGCAATCGGTCAGCCATTGAAGAAATGCTAGCCCTTGAGGATTGTGTGA
GCACAATATTGCCGATAGGTATAAAGCAATGGATGACAGCAACCAAA

(2) RNA template &=H]|
Alstroemeria mosaic virus(AIMV)2] 1052 SE FAHAAEFM ClAelst 2020 =7|H 1}
15

M 683 dMHUE=ZEE M2, 20214 s7|"9ax 583 AdMHMU=ZE HMzPsS 7|z st
Plasmid DNAZ Invitro—transcriptionsto{ AF231CF.

(7H Linearizing DNA Template
(D 2+ Restriction Endonucleased Z 38t ComponentE& Z=H|$HC}.
EZ-CleanCutTM Sspl (enzynomics) : AIMV, APLPV, ChiVMV, PAMV, RYMV, TEV

A Component A Final Conc. A Volume
B Substrate DNA B 1ug B Xul
C 10X FastCut Buffer C 1X C 5ul
D EZ-CleanCut™ Sspl D 20unit D 1ul
E Sterile water E - E Up to 50ul
F Total Reaction Volume F A 50 ul
Nspl (NEB) : LBVaV, MCMV, EMDV, PYDV
A Component A Volume
B Restriction Enzyme (Nspl) B 10 units is sufficient, generally 1ul is
used
C_ DNA C 1ug
D 10X NEBuffer D 5 ul (1X)
E Sterile water E Up to 50ul
F Total Reaction Volume 50ul
@ ZF ComponentE =gtoto] =710l SHA BFSA[ZICE
A Restriction Endonuclease A Temperature A Time
B EZ-CleanCut™ Sspl B 37C B 15min
C Nspl C 37C C 1hour

® Clean up (PCR purification)

®-1. Linearizing=! DNA TemplateE 50ul &=H|stCt.

®—-2. DNA Templateo| 58ivolume2tE PB buffer& & 7}5t0 MixtureE THECE

®-3. MixtureZ spin column2 2 &7|11, 13,000rpmoll 1227 A E22|stC)

®-4. Collection tubeE H|F1, NW buffer 750ulE columno 20{ ctA| 13,000rpmoll 122+
A2 a|siC},

®-5. Columng MZ2 1.5ml tubeoll FZIC}.

®-6. Columnol EB buffer HE&= distilled water 50ulE 20| 127 A20AM HijAds =,
13,000rpmoll 122+ |Al22|5101 elutionShCt.
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Transcription (Promega : T7 RiboMAXTM Express Large Scale RNA Production System)
Synthesizing Large Quantities of RNA

In—vitro Transcriptiondll & 23t ComponentE &H|EtC}.

A T7 Reaction Components A Sample Reaction
B RiboMAX™ Express T7 2X Buffer B 25ul
C Linear DNA template (1 ug total) C 20ul
D Nuclease-Free Water D Oul
E Enzyme Mix, T7 Express E 5ul
F Final volume F 50ul

ComponentE =Zgtsto] =710f SHA EFSA|ZICE

A Temperature B Time
C 37C D 30min

(Removing DNA Template and Unincorporated rNTPs Following Transcription)

Template DNA 1ug® 1unite] s=7} 5/=2 RQ1 RNase—-Free DNaseES A 7}gtCt.
37 COllA 1527F dlf Fotct,
1 volume2| phenol (pH 4-5): chloroform: isoamyl alcohol (125:24:1)2 Y0 1&72} Vortexing
=, 15,000RPMOi|A{ 222+ 2l A Z2|stct.

2AB3HS Mtubeol &7

r

AHS OH |22 1 volume®l phenol (pH 4-5): chloroform: isoamyl alcohol
(125:24:1)2 2o{=ct. 127t Vortexing ¥, 15,000RPMOi[A 227+ 2 Al22|stct.

2ASHE Mtubed| FZICt =2 chloroform2 00|32 AAZ27|0A =12 HE2 10224 &
22|50 Dlo|AR HE o= HIY M2 MAYEN HMAHYE = UL

3M Sodium Acetate (pH 5.2) 0.1 volumeZX} 95 % O|EFZ 2.5 volumeS A 7}5t01 4410 2-52

ot A5 ol =ct. olol2 =2 AMEZ|Z|AM =D L2 1027 A E2|Shc.

MSHZ MHSID 70% EFE 1mIZ MA F 70% Ol EFS M ASHCH Tubell FAS €0 &
70% O|EF2 Z4Z=A|7| 11 RNA ME2 TE H{IH == DNase free WaterS HA} 2HE 1 S5t
o2 ciA| FR]AIZICH

—-70Coll A Eatstct,

L} Al2Zoddtol2{A 1120l T3 DNA 2 RNA M,

(1) dex=
— Qubit 1x dsDNA Hs assay kit (Invitrogen:Thermo Fisher Scientific Inc.)
— Qubit RNA Hs assay kit (Invitrogen:Thermo Fisher Scientific Inc.)

AlgAdoddtolz{A DNA 2 RNA M3 2 5H

NA A2k 2 =X (Qubit 1x dsDNA Hs assay kit) — CERV

QubitTM standard1,2& 22t JEo| 10ul4 E3Fstct.

=X 35l X} 3= DNA sample2 1-20ul £F st}

QubitTM 1X dsDNA working solutiong 2t §E2| VolumeO| 200ul0| ==& =F et
3~5Z &9 Vortexingstod 2t Samples2 11

Al20A 2232t Incubation AlZI =, DNA

o



~
(=]

_|I>|'
r°l-

F DNAS T2 Copies/ulE AHl{Hshoq,

105copies/ul 2| DNAE

oh=C).

RNA H2& 2 =7 (Qubit RNA Hs assay kit) = AIMV, APLPV, ChiVMV, PAMV, RYMV, TEV,
LBVaV, MCMV, EMDV, PYDV

QubitTM RNA HS reagent :
Zd| st

QubitTM working solution=

RNA HS bufferE 1:199 H[EZ

Sol|l &30

A0 QubitTM working solutionS

A

B Standard assay tubes

C User sample assay
tubes

A Volume of working
solution

A 190l

D 180~199ul

B Volume of standard

B 10ul

E -

C Volume of user
sample

Cc -

F 1~20pl

D Total Volume in
each assay tube

D 200l

G 200l

QubitTM standard1,2E& ZtZF S0 10pl¥ st

=X 35t X} 3= RNA sampl
3~5Z&=°t Vortexingsto] 2t
A2oM 23S0

=535t RNAS

dogutolzf A 11

_L

AEl =

(7h)

Deh|E 25

American plum line

Tobacco etch virus

@@@Q@@@@@@@

B
Z
..|_
II
.,_
E
.|.

Incubation AlZI =, RNA &
T2 Copies/ulE AHAtstoq,

Zof cHet Tzt

=
(7} RT-PCR/PCR ZAAtH HE 3! Bhg
2)

2Hg Ol H17

eS 1-20ul 2F st
Al A0

l,"'.

FSE
n.

Samplee2 1

H Iru
oﬁHx

=
=

_|I>|'

105copies/ul &£

E(Sensitivity) &

Alstroemeria mosaic virus(AIMV)

pattern virus (APLPV)

Chilli veinal mottle virus (ChiVMV)
Potato aucuba mosaic virus (PAMV)
Rice yellow mottle virus (RYMV)

(TEV)

Carnation etched ring virus (CERV)
Eggplant mottled awarf virus (EMDV)
Maize chlorotic mottle virus (MCDV)
Lettuce big—vein associated virus (LBVaV)
Potato yellow dwarf virus (PYDV)

=74

5o r=

z2 7

Reaction
Components

Sample Reaction PC

(Positive Control)

NTC
(No Template
Control)

(RT-)PCR premix
Plant Virus DNA,

1 ul -
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Co&g?)g[riw%r:wts Sample Reaction (Positiv:CControl) (No %%gftt&)
RNA
Positive Control - 1 ul )
Nuclease Free Water Up to 20 ul
Final Volume 20 ul 20 ul 1 ul

® Plant Virus DNA, RNA : Il. Al=4d98to[2{A 11350 el DNA X RNA F & of

NE=E
115 Al2ZHoddlolz{A DNA 2
Plant Virus DNA or RNA

RNAZS 10°copies/ulfE{ 10°copies/ulZtX| Serial Dilutionet

(2) etg =#
A. AIMV, APLPV, PAMV, RYMV, TEV
Steps & Cycle 25 (7) A2t
Reverse Transcription 42 60 min
Pre-Heat 94 15 min
Denature 94 45 sec
PCR 35 Cycles | Anneal 55 1 min
Extend* 72 1 min
B. ChiVMV
Steps & Cycle 25(C) AlZt
Reverse Transcription 42 60 min
Pre-Heat 94 10 min
Denature 94 45 sec
PCR 35 Cycles | Anneal 55 1 min
Extend* 72 1 min
C. CERV
Steps & Cycle 25 (7) A2t
Pre-Heat 95 15 min
Denature 94 30 sec
PCR 32 Cycles | Anneal 60 30 sec
Extend* 72 1 min
D. EMDV, MCMV, LBVvaV, PYDV
Steps & Cycle 25(C) AlZt
Reverse Transcription 42 60 min
Pre-Heat 95 15 min
Denature 94 30 sec
PCR 32 Cycles
Anneal 60 30 sec
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Extend* 72 1T min

- M2Zodutolga 11350l thEH 50| =(Specificity) &3

> 0
ol
=
HU

Alstroemeria mosaic virus (AIMV)
American plum line pattern virus (APLPV)
Chilli veinal mottle virus (ChiVMV)

Potato aucuba mosaic virus (PAMV)
Rice yellow mottle virus (RYMV)

Tobacco etch virus (TEV)

Carnation etched ring virus (CERV)
Eggplant mottled adwarf virus (EMDV)
Maize chlorotic mottle virus (MCDV)
Lettuce big—vein associated virus (LBVaV)
Potato yellow dwarf virus (PYDV)

SISIOIOISIOICIOIOIOIS)

(Lh RNA =&
Plant RNA mini Kit Ver.2 — Onsol
Z = (Vitis vinifera L.)

[l
na
0%
It

~

RNA £Z (Plant RNA mini Kit Ver.2 — Onsol)
£ Centrifugation step=2 14,000rpme = AlGH,
1.5ml tube ol 30~50mg 2| ground tissue & 2 =cC}.
Buffer RPL2 400ul 21 Vortexing 5t04 A& st 2d g A =c}.
Al2o = 3 2S¢t Wx|sict.
B E Lysate & DroX column ol 7|12, 1 2ZF &4l
EAMAEA MESH 300u E M 1.5ml tube 2 FZICH
70% ethanol 300ul & Tube ol @11 pipetting OILt inverting 3H04 &35 40 =C}.
BE mixture & Spin column 2 K7|11 30 ==t |AAE2|stCE Collecting tube &
H| 11 spin column & CHA| tube off 7|-2C}.
Buffer RW1 500ul € spin columnol &1 30 =74
H| 11 spin column & CHA| tube off 7| &C}.
70uL 2| DNase | reaction mixture & spin column 2| 0| 23Tt F, A=20]A
10 &7} Incubation AlZICF.

Ct.

o

2|

i

o

Al22|8tCl. Collecting tube &

Buffer RW1 500ul £ spin columnol €1 2 259t =c}.
30 =&t |AEE| =, Collecting tube € H|[1 spin column & CHAl tube ol 7|2

Ct.

Buffer RW2 750ul & spin columnoll €11 30 £t |/AMEE| =, Collecting tube
£ H|$1 spin column S CHA| tube ol 7|-2cC}.

12 step & sHH O dHHESHC}

12 Sot fAME2|5t09 FHod Wash buffer & HMAHSH =, spin columnS M 1.5ml
tube off R ZICt.

50ul | Nuclease Free Water & spin column membrane & 0| @10 1 &27¢
=, 1 22 A Z2|5H04 RNA £ Elution St

® @ ® 06 © @ @@@@@@@I_”D:\._\B

_—

2 x|

(LhH RNA & 2 =7 (Qubit RNA Hs assay Kkit)

@®  Qubit™ RNA HS reagent : RNA HS buffer& 1:199 H|&Z 410 Qubit™ working
solutiong Z=H|gtCt.

@ Qubit™ working solution2 &0 Stx0{ Ho{=c}.

Standard assay tubes User sample assay tubes
Volume of working solution 190yl 180~199ul
Volume of standard 10yl -
Volume of user sample - 1~20pl
Total Volume in each assay 200yl 200yl
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|
Qubit™ standard1,2& ZtZF FE20 10p¥ 235t

| tube
®
@ Z=XStXAF 5= RNA sampleg 1-20ul 238
®
®

Ct.

3~5Z &2t Vortexingstod 2t Sample=s 12/ A0o{=ct.
Al20[Al 2232t Incubation AlZI =, RNA =& SZHsoich
(Ch)  RT-PCR/PCR ZAtH HE 2 8 =7
- ABANUZY 2YeH(OlT M1783)9 TR ZAIHAL WAME
2 M
= J =)
(1) wezy
Reaction Components Sample Reaction
(RT-) PCR premix 0 ue
ZEQ FF RNA 5 ul
Nuclease Free Water Up to 20 ul
Final Volume 20 ul
(2) wre=dA
A. AIMV, APLPV, PAMV, RYMV, TEV
Steps & Cycle 25 (7) A2t
Reverse Transcription 42 60 min
Pre-Heat 94 15 min
Denature 94 45 sec
PCR 35 Cycles | Anneal 55 1 min
Extend* 72 1 min
B. ChivMV
Steps & Cycle 25 (7) A2t
Reverse Transcription 42 60 min
Pre-Heat 94 10 min
Denature 94 45 sec
PCR 35 Cycles | Anneal 55 1 min
Extend* 72 1 min
C. CERV
Steps & Cycle 25 (7) A2t
Pre-Heat 95 15 min
Denature 94 30 sec
PCR 32 Cycles | Anneal 60 30 sec
Extend* 72 1 min

- 322 -




EMDV, MCMV, LBVaV, PYDV

Steps & Cycle 25(0) A2t
Reverse Transcription 42 60 min
Pre-Heat 95 15 min
Denature 94 30 sec
PCR 32 Cycles | Anneal 60 30 sec
Extend* 72 1 min
OF AlZ2ZHYHoIZA 1130 CHEE 2 -d(robustness) 5 : MgChas =g 2t
1. Hel=
1) HE|E 22
(D Alstroemeria mosaic virus (AIMV)
2. HEdE
1) RT-PCR/PCR ALY EHE 3 g8 =A
- AHMEUAY 2ROl M178D)2 R ALY HANY BEAAY 25, X8
(1 B8 =4
NTC
Vial No. Reaction Components RSamthe (No Template P
zeeden P (Positive Control)
Control)
1 (RT-) PCR premix - i i
2 Plant Virus RNA 1 ul i i
3 Positive Control - - 1 ul
4 Nuclease Free Water Up to 20 ul
Final Volume 20ul 20 ul 20 ul

® Plant Virus DNA, RNA : ‘Il

MEA B0l 1150 CHS DNA 3! RNA ZEF0lA g&ot

115 A2 HYH0|2{A DNA % RNAE 10°copies/ulsEf 10°%opies/ulZtX| Serial Dilution®t Plant Virus

RNA
drg X7
AIMV
Steps & Cycle 25(0) A2t
Reverse Transcription 42 60 min
Pre-Heat 94 15 min
Denature 94 45 sec
PCR 35 Cycles Anneal 55 1 min
Extend* 72 1T min
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1)

o]

=“:||'O|E‘Iﬁ 112650'” EH5|- 6:]1}X—|%AH% Alg_|

- o 1

Mo
N
]

>
oot
=

=
Ir

AL

F|E 22 (SafeDry™ Plant Virus Detection Kit)
Alstroemeria mosaic virus(AIMV)
American plum line pattern virus (APLPV)
Chilli veinal mottle virus (ChiVMV)

Potato aucuba mosaic virus (PAMV)

Rice yellow mottle virus (RYMV)

Tobacco etch virus (TEV)

Carnation etched ring virus (CERV)
Eggplant mottled dwarf virus (EMDV)
Maize chlorotic mottle virus (MCDV)
Lettuce big-vein associated virus (LBVaV)
Potato yellow dwarf virus (PYDV)

SIEISICISICIOISIOIOIS =

JZSNES
- ELISA positive control (Agdia) : AIMV, APLPV, PAMV, TEV, MCMV

- ELISA positive control (DSMZ) : ChiVMV, RYMV, LBVaV, EMDV, PYDV
RNA ==&

- Plant RNA mini Kit Ver.2 (Onsol)

gy

RNA FZ (Plant RNA mini Kit Ver.2 — Onsol)

*52 & Centrifugation step=2 14,000rpom2 =2 A&,

@ QPO®OO

@ ® @0 ©

®

n

1.5ml tube 0ol 30~50mg 2| ground tissue & 2 =cC}.

Buffer RPL2 400ul 21 Vortexing 5t04 A& st 2Hg A =c}.

Al2o = 3 2S¢t Wx|sict.

B E Lysate & DroX column ol §7|12, 1 27t |AE2|stc.

EAMAEA MW 300u E M 1.5ml tube 2 FZICH

70% ethanol 300ul & Tube ol @11 pipetting OILt inverting 3H04 &35 40 =C}.
BE mixture & Spin column 2 K7|1 30 ==t |AAE2|stCE Collecting tube &
H| 11 spin column & CHA| tube off 7| 2C}F.

Buffer RW1 500ul € spin columnol &1 30 =74
H| 11 spin column & CHA| tube off 7| &C}.
70uL 2| DNase | reaction mixture & spin column &l Y0 23Tt F, A=20{A
10 &7} Incubation Al ZICE.

Buffer RW1 500ul & spin columnoll €1 2 25 k.

30 ==t |IAMFEE| &, Collecting tube & H|SX spin column S CHA| tube off 7|
Ct.

Buffer RW2 750ul & spin columnol @11 30 =t AAEE| £, Collecting tube
£ H|S1 spin column & CHA| tube ol 7| 2C}.

12 step & SHH O gHESHC}

12 Sot |AE2|5t09 FHod Wash buffer & HMAHSH =, spin columnS M 1.5ml
tube off R ZICt.

50ul | Nuclease Free Water & spin column membrane 2| &Sof @10 1 27+ ghX|
=, 1 22+ Al 225109 RNA & Elution gt

_—

M E2E[5tct Collecting tube &

o

—

n

—
—

-

—

=
[ = i
Ay IOl M1785)e 'F2 AAHA HANE FFH AN
J
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PC

NTC

Reeiciion Sample Reaction N Tl
EELER S (Positive Control) N Trermg e
Control)
(RT-)PCR premix - i i
Sample 3-5 ul - )
Positive Control - 1yl )
Nuclease Free Water Up to 20 ul
Final volume 20 ul 20 ul 20 ul
A. AIMV, APLPV, PAMV, RYMV, TEV
Steps & Cycle 25(C) AlZt
Reverse Transcription 42 60 min
Pre-Heat 94 15 min
Denature 94 45 sec
PCR 35 Cycles | Anneal 55 1 min
Extend* 72 1 min
B. ChiVMV
Steps & Cycle 25 (7) A2t
Reverse Transcription 42 60 min
Pre-Heat 94 10 min
Denature 94 45 sec
PCR 35 Cycles | Anneal 55 1 min
Extend* 72 1 min
C. CERV
Steps & Cycle 25(C) AlZt
Pre-Heat 95 15 min
Denature 94 30 sec
PCR 32 Cycles | Anneal 60 30 sec
Extend* 72 1 min
D. EMDV, MCMV, LBVaV, PYDV
Steps & Cycle 25(C) AlZt
Reverse Transcription 42 60 min
Pre-Heat 95 15 min
Denature 94 30 sec
PCR 32 Cycles | Anneal 60 30 sec
Extend* 72 1 min
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(APLPV, CERVE=

>
oot
=
il

h Ae|E ==

— 17

SISICICISIOICICIOICIONN

(LhedAl =

2HEMAA=2RY AHE AlE

(SafeDry™ Plant Virus Detection Kit)
Alstroemeria mosaic virus(AIMV)
American plum line pattern virus (APLPV)
Chilli veinal mottle virus (ChiVMV)
Potato aucuba mosaic virus (PAMV)
Rice yellow mottle virus (RYMV)
Tobacco etch virus (TEV)
Carnation etched ring virus (CERV)
Eggplant mottled awarf virus (EMDV)
Maize chlorotic mottle virus (MCDV)
Lettuce big—vein associated virus (LBVaV)
Potato yellow dwarf virus (PYDV)

- ELISA positive control (Agdia, Elkhart, USA)

7H RNA ==

=T 2 E ALS)

- RNeasy plant mini kit (QlAgen, Hilden, Germany)

L}) T-PCR ZAMH HE 3 uhgx7
- AgAmude e (ol M1
2= M=
= 1 J =)

' - NTC
REEICon Sample Reaction s s
Components (Positive Control) (No Template
Control)
(RT-)PCR premix - i i
Sample 3-5 ul - )
Positive Control - 1 ul )
Nuclease Free Water Up to 20 ul
Final volume 20 ul 20 ul 1T ul
(2) €8 =4
A. AIMV, APLPV, PAMV, RYMV, TEV
Steps & Cycle 25 (7) A2t
Reverse Transcription 42 60 min
Pre-Heat 94 15 min
Denature 94 45 sec
PCR 35 Cycles | Anneal 55 1 min
Extend* 72 1 min
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B. ChivMV

Steps & Cycle 25 (7) A2t
Reverse Transcription 42 60 min
Pre-Heat 94 10 min
Denature 94 45 sec
PCR 35 Cycles | Anneal 55 1 min
Extend* 72 1 min
C. CERV
Steps & Cycle 25 (7) A2t
Pre-Heat 95 15 min
Denature 94 30 sec
PCR 35 Cycles | Anneal 60 30 sec
Extend* 72 1 min
D. EMDV, MCMV, LBvaV, PYDV
Steps & Cycle 25 (7) A2t
Reverse Transcription 42 60 min
Pre-Heat 95 15 min
Denature 94 30 sec
PCR 35 Cycles | Anneal 60 30 sec
Extend* 72 1 min

(Zh Al2AHYdlo|HA 1150 cfs 2= (Sensitivity) EM

- AMSAHAdlo|EA 1150f st 2IZ = (Sensitivity) Z 2}

01 Z+ = (Sensitivity) 22t

N

10° 10° 10 10° NTC

[@
—_

Copies/ul 1

AlMV

+

+
1
1
1
1
1
1
1
1

APLPV

ChivMV

PAMV

RYMV

TEV

CERV

LBVaV

MCMV

EMDV

o N o S o o S R T A
|+ [+|+ |+ |+]|+|+]|+]|+]|D

o R o S S o A R T S
o o o S S o S R T S
o R o S S o A R T S
o R o S S o A R T S
o R o S S o A R T S
o R o S S o A R T S
o R o S S o A R T S
o N o o o o S R
o R o S S o A R T S

1

1

1

1

1

1

1

1

1

PYDV
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(7})  AIMV(670bp), APLPV(436bp)
Lane 1 10°Copy Lane 10 10°Copy
Lane 2 10*Copy Lane 11 10*Copy
Lane 3 10°Copy Lane 12 10°Copy
Lane 4 10°Copy Lane 13 10°Copy
Lane 5 10Copy Lane 14 10Copy
Lane 6 1Copy Lane 15 1Copy
Lane 7 AIMV positive control Lane 16 APLPV positive control
Lane 8 Negative control Lane 17 Negative control
Lane 9 Marker

(1})  ChiVMV(662bp), PAMV(696bp)

Lane 1 10°Copy Lane 10 10°Copy

Lane 2 10*Copy Lane 11 10*Copy

Lane 3 10°*Copy Lane 12 10°Copy

Lane 4 10°Copy Lane 13 10°Copy

Lane 5 10Copy Lane 14 10Copy

Lane 6 1Copy Lane 15 1Copy

Lane 7 ChiVMV positive control Lane 16 PAMV positive control
Lane 8 Negative control Lane 17 Negative control
Lane 9 Marker
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(t}h) RYMV(431bp), TEV(738bp)

Lane 1 10°Copy Lane 10 10°Copy

Lane 2 10*Copy Lane 11 10*Copy

Lane 3 10°Copy Lane 12 10°Copy

Lane 4 10°Copy Lane 13 10°Copy

Lane 5 10Copy Lane 14 10Copy

Lane 6 1Copy Lane 15 1Copy

Lane 7 RYMV positive control Lane 16 TEV positive control
Lane 8 Negative control Lane 17 Negative control
Lane 9 Marker

(2} CERV(789bp)

Lane 1 10°Copy Lane 10 10°Copy

Lane 2 10*Copy Lane 11 10*Copy

Lane 3 10°*Copy Lane 12 10°Copy

Lane 4 10°Copy Lane 13 10°Copy

Lane 5 10Copy Lane 14 10Copy

Lane 6 1Copy Lane 15 1Copy

Lane 7 CERV positive control Lane 16 CERV positive control
Lane 8 Negative control Lane 17 Negative control
Lane 9 Marker
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(v}) LBVaV(427bp), MCMV(411bp)
Lane 1 10°Copy Lane 10 10°Copy
Lane 2 10*Copy Lane 11 10*Copy
Lane 3 10°Copy Lane 12 10°Copy
Lane 4 10°Copy Lane 13 10°Copy
Lane 5 10Copy Lane 14 10Copy
Lane 6 1Copy Lane 15 1Copy
Lane 7 LBVaV positive control Lane 16 MCMV positive control
Lane 8 Negative control Lane 17 Negative control
Lane 9 Marker

(uh)  EMDV(521bp), PYDV(669bp)

Lane 1 10°Copy Lane 10 10°Copy

Lane 2 10*Copy Lane 11 10*Copy

Lane 3 10°*Copy Lane 12 10°Copy

Lane 4 10°Copy Lane 13 10°Copy

Lane 5 10Copy Lane 14 10Copy

Lane 6 1Copy Lane 15 1Copy

Lane 7 EMDV positive control Lane 16 PYDV positive control
Lane 8 Negative control Lane 17 Negative control
Lane 9 Marker
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(Lh

AlEAHHHIO|B A 11Z50f gt 0| T (Specificity) X

- Al2AAulole{A 1150l st E0|=(Specificity) Z 2
£ O| = (Specificity) Z1}
Z=Q FE RNA 9 FE RNA
AIMV - - CERV - - -
APLPV - - - LBVaV - - -
ChivMV - - - MCMV - -
PAMV - - - EMDV - - -
RYMV - - - PYDV - - -
TEV - - -
1) AIMV(670bp), APLPV(436bp), ChiVMV(662bp)
Lane 1 EEQ == RNA / AIMV Lane 7 EEQ == RNA / APLPV
Lane 2 ZEEQ == RNA / AIMV Lane 8 Marker
Lane 3 EEQ == RNA / AIMV Lane 9 EEQ == RNA / ChivMV
Lane 4 Marker Lane 10 ZEQ == RNA / ChivMV
Lane 5 EE=Q == RNA / APLPV Lane 11 EEQ == RNA / ChivMV
Lane 6 ZT Q9 =% RNA / APLPV
2) PAMV(696bp), RYMV(431bp), TEV(738bp)
Lane 1 ZTQ FZ RNA / PAMV Lane 7 ZTQ FZ RNA / RYMV
Lane 2 ZEQ == RNA / PAMV Lane 8 Marker
Lane 3 ZTQ FZ RNA / PAMV Lane 9 Z=Q F= RNA / TEV
Lane 4 Marker Lane 10 EEQ FE= RNA / TEV
Lane 5 ZTQ FZE RNA / RYMV Lane 11 ZEQ F= RNA / TEV
Lane 6 ZTQ FZ= RNA / RYMV
3) CERV(789bp), LBVaV(427bp), MCMV(411bp)
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Lane 1 22 3= RNA / CERV Lane 7 Z=Q F= RNA / LBVaV
Lane 2 ZTEQ == RNA / CERV Lane 8 Marker

Lane 3 LT Q@ =& RNA / CERV Lane 9 EZEQ F= RNA / MCMV
Lane 4 Marker Lane 10 ZIEQ FE= RNA / MCMV
Lane 5 L@ = RNA / LBVaV Lane 11 ETQ == RNA / MCMV
Lane 6 Z=Q F= RNA / LBVaV

4) EMDV(521bp), PYDV(669bp)
Lane 1 ZEQ =% RNA / EMDV Lane 5 EEQ =% RNA / PYDV
Lane 2 ZEQ =% RNA / EMDV Lane 6 ELQ =% RNA / PYDV
Lane 3 ZEQ =% RNA / EMDV Lane 7 ELQ =% RNA / PYDV
Lane 4 Marker
(ch Al24dddlo[B{A 1150 chdF 2k M (robustness)
1) AMEZAGHO|2A 11350 st 24 M(robustness) 24}
01 Z+ = (Sensitivity) Z 1t
Copies/ul 10° 10 10° 10° 10 10° NTC
AIMV  (MgCl,
2mM) S S S R O R N I I o B R o o B o R I e e e
AIMV
(Mg Clal 4| | 4| 4| +| + +| +| +| +| +| «| - -| - - - - -| -
2.5mM)
AIMV  (MgCl,
3mM) S S R R N I I o I B e R o I R I e R R
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2)

3) AIMV (MgCl; 2mM), AIMV (MgCl, 3mM)

(2h

AlZZHYHO[H A 1150f CfEH

AIMV (MgCl, 2mM), AIMV (MgCl, 2.5mM)

1) AlEdodiolfA 1150l it MM EME AlgZ D}
HENBNE AHZEL
IZHEME SNESNE

AlMV + + + CERV - _ _
APLPV - - T 1BVaV - . .
ChivMV " " + TMCMV T . :
PAMV + + + EMDV + N "
RYMV + + + | PYDV T " "
TEV ; ; "

2) AIMV(670bp), APLPV(436bp)
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Lane 1 Elisa PC / AIMV Lane 8 Elisa PC / APLPV
Lane 2 Elisa PC / AIMV Lane 9 Elisa PC / APLPV
Lane 3 Elisa PC / AIMV Lane 10 Elisa PC / APLPV
Lane 4 Negative control Lane 11 Negative control
Lane 5 Negative control Lane 12 Negative control
Lane 6 Negative control Lane 13 Negative control
Lane 7 Marker

3) ChiVMV(662bp), PAMV(696bp)
Lane 1 Elisa PC / ChiVMV Lane 8 Elisa PC / PAMV
Lane 2 Elisa PC / ChiVMV Lane 9 Elisa PC / PAMV
Lane 3 Elisa PC / ChiVMV Lane 10 Elisa PC / PAMV
Lane 4 Negative control Lane 11 Negative control
Lane 5 Negative control Lane 12 Negative control
Lane 6 Negative control Lane 13 Negative control
Lane 7 Marker

4) RYMV(431bp), TEV(738bp)

Lane 1 Elisa PC / RYMV Lane 8 Elisa PC / TEV
Lane 2 Elisa PC / RYMV Lane 9 Elisa PC / TEV
Lane 3 Elisa PC / RYMV Lane 10 Elisa PC / TEV
Lane 4 Negative control Lane 11 Negative control
Lane 5 Negative control Lane 12 Negative control
Lane 6 Negative control Lane 13 Negative control
Lane 7 Marker
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5)

CERV(789bp)

Lane 1 Elisa PC / CERV
Lane 2 Elisa PC / CERV
Lane 3 Elisa PC / CERV
Lane 4 Negative control
Lane 5 Negative control
Lane 6 Negative control
Lane 7 Marker

6)

LBVaV(427bp), MCMV(411bp)

Lane 1 Elisa PC / LBVaV Lane 8 Elisa PC / MCMV
Lane 2 Elisa PC / LBVaV Lane 9 Elisa PC / MCMV
Lane 3 Elisa PC / LBVaV Lane 10 Elisa PC / MCMV
Lane 4 Negative control Lane 11 Negative control
Lane 5 Negative control Lane 12 Negative control
Lane 6 Negative control Lane 13 Negative control
Lane 7 Marker
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7)

EMDV(521bp), PYDV(669bp)

Lane 1 Elisa PC / EMDV Lane 8 Elisa PC / PYDV
Lane 2 Elisa PC / EMDV Lane 9 Elisa PC / PYDV
Lane 3 Elisa PC / EMDV Lane 10 Elisa PC / PYDV
Lane 4 Negative control Lane 11 Negative control
Lane 5 Negative control Lane 12 Negative control
Lane 6 Negative control Lane 13 Negative control
Lane 7 Marker
(O SESMNHAREY AIME AlY
=) =

(1)

AIMV(670bp)

= A2

M Marker

Lane 1 10ng

Lane 2 1ng

Lane 3 0.1ng

Lane 4 0.01ng

Lane 5 0.001ng

Lane 6 0.0001ng
P AIMV positive control
N Negative (D.W.)
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(2) APLPV(436bp)

M Marker

Lane 1 1ng

Lane 2 0.1ng

Lane 3 0.01ng

Lane 4 0.001ng

Lane 5 0.0001ng

Lane 6 0.00001ng
P APLPV positive control
N

Negative (D.W.)

(3) ChivMV(662bp)

M Marker

Lane 1 100ng

Lane 2 10ng

Lane 3 1ng

Lane 4 0.1ng

Lane 5 0.01ng

Lane 6 0.001ng
P ChiVMV positive control
N

Negative (D.W.)
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(4) PAMV(696bp)

M Marker

Lane 1 100ng

Lane 2 10ng

Lane 3 1ng

Lane 4 0.1ng

Lane 5 0.01ng

Lane 6 0.001ng
P PAMV positive control
N

Negative (D.W.)

(5) RYMV(431bp)

M Marker

Lane 1 100ng

Lane 2 10ng

Lane 3 1ng

Lane 4 0.1ng

Lane 5 0.01ng

Lane 6 0.001ng
P RYMV positive control
N

Negative (D.W.)
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(6)

TEV(738bp)

M Marker

Lane 1 100ng

Lane 2 10ng

Lane 3 1ng

Lane 4 0.1ng

Lane 5 0.01ng

Lane 6 0.001ng
P TEV positive control
N Negative (D.W.)

(7) CERV(789bp)

M Marker

Lane 1 1ng

Lane 2 0.1ng

Lane 3 0.01ng

Lane 4 0.001ng

Lane 5 0.0001ng

Lane 6 0.00001ng
P CERV positive control
N

Negative (D.W.)
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(8) LBVaV(427bp)

M Marker

Lane 1 10ng

Lane 2 1ng

Lane 3 0.1ng

Lane 4 0.01ng

Lane 5 0.001ng

Lane 6 0.0001ng
P LBVaV positive control
N

Negative (D.W.)

(9) MCMC(411bp)

M Marker

Lane 1 10ng

Lane 2 1ng

Lane 3 0.1ng

Lane 4 0.01ng

Lane 5 0.001ng

Lane 6 0.0001ng
P MCMV positive control
N

Negative (D.W.)
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(10) EMDV(521bp)

M Marker

Lane 1 100ng

Lane 2 10ng

Lane 3 1ng

Lane 4 0.1ng

Lane 5 0.01ng

Lane 6 0.001ng
P EMDV positive control
N

Negative (D.W.)

(11) PYDV(669bp)

M Marker

Lane 1 10ng

Lane 2 1ng

Lane 3 0.1ng

Lane 4 0.01ng

Lane 5 0.001ng

Lane 6 0.0001ng
P PYDV positive control
N

Negative (D.W.)

341 -




HE, AlHE M Z(SAAA Al &tz 64 & T 4H)

@c;us:afe
L
AIMV-48 APLPV-48

ChiVMV-48 PAMV-48

=== e s

Celibare

H-«W e,
St o, \,‘::.‘:"!:Mne- G

e e

RYMV-48 TEV-48

- 342 -



egar‘-""‘f'

&3 Celisafe

PYDV-48 LBVavV-48

MCMV-48 EMDV-48
[&F AlHst A&, ojgdY
@ aest zHH

« 49 HZNE A& H0lYA NEE AT
SS9 AN 7=

0Iﬂ

—— . Ao WO HE| Y AR S L
i AA8S AT =10 =
a4 A0l B =a

n2 32 de 5
- EEBIE AR MY SIHE SN oYY 2y
- AYABHE [S|=0| WANE B2 2

+ AIBO Higt: JIFHg SOF 2ot AE (IS HIOIZA 2
E= OV AYAWY HOIYAEY 9 9 yuud

s 33

+ Target Customer : SEEARIYER
+ ERJISEEE): 3) H2 MY HOolZA 29 =8 #Y IS 83

- 343 -



3. AUl 3 Z3 ¥ =F 2N M
1) 7ty 2t
(1) HAMA A7t
O FHAFT|ZHSESMHEAZR)
1. A4 diolz{A 1630 st PCR &AM 7Hgr 2=
2 g ufole|2 Hag iy e | ulx
1 Alstroemeria mosaic virus (AIMV) 574
2 American plum line pattern virus (APLPV) 271
3 Chilli veinal mottle virus (ChiVMV) 270
4 Tobacco etch virus (TEV) 270
5 Potato aucuba mosaic virus (PAMV) 378
6 Rice yellow mottle virus (RYMV) 378
7 Carnation etched ring virus (CERV) 871
8 Eggplant mottled dwarf virus (EMDV) 574
9 Potato yellow dwarf virus (PYDV) 378
10 Lettuce big-vein associated varicosavirus (LBVaV) 378
11 Maize chlorotic mottle virus (MCMV) 574
12 Abutilon mosaic virus (AbMV) 378
13 Fragaria chiloensis latent virus (FCILV) 571
14 | Grapevine geminivirus (GGVA) 374
15 Grapevine berry inner necrosis virus (GINV) 270
16 Grapevine fabavirus (GFabV) 270
2. sl 165 PCR AAlHo &&7tsst dd ‘FS3d MU =EF 22 e 2=

O 18 Sel 77| (M0t A2 ch

~ 183 HoiTH4) Hlol2f A0 CHEH HUHANOl ALRE & U BeE Tajo|n T 2HE ——> 18
T, 46ME et 2t7

- 18% AT Hol2{ A0l CfEt EEUYMAIR X 2B

- J|ZAl2Y Zalol M8 PCR ZARH JHY ——> AHe| Ta 25 o Zajo|y ST

- PCR ZAMHO| F2 A8EE Z8ELES AR I AN B84 HDEY 2R

O HMogsd77|H(HEAESt=oR g7 =1 74)
1. & A otk == : 10T (S}, mtufof, vpfLf, 2 sHskDL Jroldl 04 232} AkRf, )
2. 2EdH AZE Ho[HA
HS ol == HE dio|z{A H| D
Cuctus virus X -
1 21} Pitaya virus X 2| MED
Zygocactus virus X 2| MED
2 ulubof Milk vetch dwarf virus -
Cucumber mosaic virus = HED
3 S Cuctus virus X 2| MED
Schlumbergera virus X -
4 Lo} 8= -
5 EII-_T]_ (Hbi% —
Cucumber mosaic virus -
Cucurbit aphid-borne yellows virus -
6 i 55T} East Asign Passiflora yirus -
Euphorbia leaf curl virus -
Papaya leaf curl Guandong virus -
Passiflora latent virus -
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Beet western yellows vrus -
Cucumber mosaic virus -

7 o Cucurbit aphid-borne yellows virus = M2
Watermelon mosaic virus -

Zucchini yellow mosaic virus -

8 232} e _
9 L e -
10 2Ftl = -
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