AW 5 3 T AR A2 R GRS IR
H562%5 129 ~34 FMBHE (2026)

& #

Pepino mosaic virus R HE OB EEIC B9 5 iR 4
M OROK - SR GRD - )Y - Mg RE - Mo R

A B3 % e

Comparative Investigation of Detection Ability Among Methods for Pepino mosaic virus. Ryota Murase, Yuya
Imamura”, Fumino Nito”, Hironobu Yanagisawa and Akira Fukugasako ( Yokohama Plant Protection Station, 1-16-
10, Shin-Yamashita, Naka-ku, Yokohama, 231-0801 Japan. "Institute for Plant Protection, NARO *Ministry of
Agriculture, Forestry and Fisheries, Food Safety and Consumer Affairs Bureau, Plant Protection Division ) Res. Bull.
PI. Prot. Japan. 62 . 29-34 (2026)

Abstract: Pepino mosaic virus (PepMV; Potexvirus pepini) causes severe damage to tomato production and is one
of the most important plant pathogens in plant quarantine. Currently, five main strains (LP, EU, CH2, US1, and PES)
are known, showing high genetic diversity. In plant quarantine inspections, it is crucial to employ a detection method
that can detect all strains with high accuracy. In this study, we compared the detection performance for each strain,
the frequency of non-specific reactions, and the detection sensitivity among seven previously reported methods. As
a result, the methods of Ling et al. (2008), EPPO (2013), and ISF (2023a) accurately detected all five strains and
showed an extremely low frequency of non-specific reactions. These three methods specifically detected PepMV in a
bulk sample of 400 tomato seeds, which contained a single contaminated seed. The ISF (2023a) method detected as
few as 5.7x10* copies in 400 tomato seeds, whereas the detection limit of both the Ling et al. (2008) and EPPO (2013)
methods was 5.7x10° copies. We conclude that all three methods are effective, with the ISF (2023a) method being

the most reliable for PepMV detection in quarantine inspection.
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Pepino mosaic virus (PepMV, binomial name:Potexvirus pepini)
&, 1974 12~V —TRY — J (Solanum muricatum) 7> 5 %)
DTHEREINIZTAIVATHY (Jones et al., 1980) . BIFE T,
WML AL 7 A ) A % 02 30 2 E PLE TR ADTHR ST
WB A, HARENTIERER SN T2y (CABL 2021), EIZ
FARHEM A EFE LTI EPMENTEY (EPPO, 2021),
EIEY D 1 D5THSH M~ b (Solanum lycopersicum) |2k LT
EOEWA 7 - FERPREOEOAREFEOERE TSI L,
RENPEL D209 2 e b. MHE FEE 2RI
BT 5N Twb (EPPO, 2021; Spence et al., 2006) ,

PepMV DIEGHEY N O3 E L BARE L 2 D #5720,
TP B i A TR AN BIEE 2 O 2 128\ CTHE & 1172 E D sk
54T B AR Y N O 2 B A3 2 &, @Y 7 ik
2 & BHATALTEL 70 B A, BRI BN & i Y BN ok L C i

HATOMAL 2 ZRK L T bo 5121, EINNDORAZFFZE
WT BUEDRD LT A VAL L TRAERA M IZIEE &
. BAREHEEORHRE > TWh,

FWHE I B TiE, SREICRI L, o5 - BiEo
HEZWMHIAT) CLOTELMEE R T 5 2 LAEE
THbo TN FETIZ, RT-PCR (Hasiow et al., 2008; Ling et al.,
2008). Y 7L ¥ A A RT-PCR (EPPO, 2013; ISF, 2023a) % »
B2 7 MO AR % V72 PepMV ORI ED T ST 5,
—77 T, PepMV (355 F AW F I -2 HED VT 5 R/ife (LP,
EU, CH2, US1 X OFPES) (28 S, &ARMMIZH T 24
7 ARFIN— A DML 78 ~ 95% Th V)« BRI S hk
DK E W EDER SN TV A (Hanssen and Thomma, 2010;
Moreno-Perez et al., 2014), Z D 7=, 5 P75 PepMV
DR e BT RE . B O OB R & 72 1) 15 54l
Wz B\ TEY) 2R RS R 2 15 5 I Il 2 720 DR IE
RETWd,

U LB ) Bl 32 B S 5
D RARKIER L - AR e
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RHAETIE, BEROBEBOBHEZ V., b &R O R
B IEOAMIZEIRZE X, PepMV D ARHE 05 5 M
W, SRR IO TR 2 A L 72 S 612,
PR 2 BEOE L 72 BBRIC X D L PepMV AR & LT
DHEFEZFI L ol 2k IR % 3l A 7z

MHROAE

1. #HV IV ARCESIED

PepMV @ LP, EU, CH2, USI &% | Bz EHOKERED
FET CRRAMROKE AR 21 BERH S 260 5 K U8 22 ME A 937 5)
1 CHA L7z (Table 1), £/ MIZES L72 b~ L 0.1M
) v ERAR T (pH7.0) THEEFREL., TOMItEE AT v L AR
B3IV (7 W—2af)). KIR. BA) I2®AiL 2 ~3 %
WMo b~ M OEIYETE L2, BEAYIZ. BRETO
M 25 ~ 30C TR L 7-IRBNCERLL . B 1 20 A 21
AgriStrip (Bioreba, Reinach, Switzerland) % i\ &g = 2 L 720

PepMV D54l f-1d, MR 3 0 #EE L 7208 < b
B R L7 R D SERI L AT 2800 & R K T L 72 1%,
FIRCTHEIZ L7z TOHBREBRIHENT 2 E T, 4CITKEL
WHENTHRE L7,

—7Ji. PepMV @ PES ZffilZ. AFTEhhoZl nb,
Yanagisawa and Matsushita (2022) ®F:12%E - T, PES Rk D
PEAIBCH]  (Accession No. HG313806) # 412 A T4 L 72 RNA
AT LI EE LT

Table 1. Details of PepMYV isolates used in this study.

Strain name” Isolate name” Accession Number®
LP DSMZ PV-0554 ON398497.1
EU DSMZ PV-0973 0Q993363.1
CH2 DSMZ PV-0975 OR233204.1
US1 DSMZ PV-0716 OR233202.1

a; Strain name reported by Hanssen and Thomma, 2010 and Moreno-
Perez et al., 2014

b; The number that is registered from DSMZ (German Collection of
Microorganisms and Cell Cultures GmbH)

¢; The number that is provided from GenBank/EMBL/DDBJ

2. ARIER - KB

TP ROEOERIIE, Y2 A7 AY— ONMF AT A
WAL AL [, HAR) 2fH L7z, 25 oL
1. #1724 SDS i (Dellaporta er al., 1983) % —EBiLZE L 72
B S (2012) OFFZ L Y FHEL 720 S OFZEES T X,
BAIMBDZY 1 P2 Vs K—5— (EFE4mm) TY YK
&, VA 7T AY —FMCTER LR, BT (0.1
M Tris—HCI pH 8.0, 0.5 M NaCl., 1% 2-mercaptoethanol, 0.05 M
EDTA pH 8.0) %Dy ) i ZHHE 0.1g H72h) ImLiRINL 720
DO T, 55 OB & MO FNETIT - 72,

3. #HflikIC KB SRR

WS OGN EE LT, BIES (2012) o4l
FaFEfL7z, STRESTEIHOEREZ 4 ~5SEHL, Z
D&% 0.1M Tris-HCl (pH8.0) 200uL |2k - B L 72, Hi¥

¥H A1 [ L2 HWTLEROBMELZ TV, &2 TO%ERE
S L7 mi e SR L L7z

4. LEESR &9 HEIEDETE
HARH A ENZ BT, PepMV ORI & 72 F5EAS
&5 LWL - BEf oMt 7 e ARG & L7z (Table 2),

5.RT-PCR ORIGEHE

a3+ RT-PCR (&, OneStep RT-PCR Kit (QIAGEN,
Hilden, Germany) & fi\272,1) 7 )V ¥ 4 2 RT-PCR @ TaqMan {% (%,
TagMan RNA-to-Ct 1-Step Kit (Thermo Fisher Scientific, Waltham,
USA). SYBR Green ## 1%, Power SYBR Green RNA-to-Ct 1-Step
Kit (Thermo Fisher Scientific) %[ L7z RIS OTIIL, Z
NENORIE~Y =2 T VIt Tz. F/20 3N aF IV RT-
PCR |Z 1%, ProFlex PCR ¥ A 5 4 (Thermo Fisher Scientific) %
Fv, BUGBSMEX. 50T 30 47, 95T 15 5Dk, PCR¥Y A 7 )b
. BLMDOEMHE> TREL A0 A 7 Ve Lz VT IVY
4 2 RT-PCR |Z1Z%. QuantStudio5 (Thermo Fisher Scientific) % F\>.
FOBSEAFZ, %y OB~ =27 )WIZHE-> TiE L. PCR
FA 7L A0F A 7 Ve LTz,

6.PepMV JE—#D#E

MR E SRR I 29 TV R OTH IS T 5
ANV ATEE A== ATHET L7290, fixtEmI AT
HIEHMERNA T ¥ b — V&L 72 9. Yanagisawa and
Matsushita (2022) D TFEI2HE  BEHID PepMV fith1 (Accession
No. DQ000985) % 3:|Z#z5 RNA % {E#l | 7>, 4#EE RNA %
A FER KT 10 5T OB AR L T 10" ~ 10° OFPRH % 1F
B, HEHERNA I ¥ b — )L & L7z, K& BUAT % Hasiow et
al. (2008) OV 7V # 4 45 RT-PCR 1ML, I ¥—# & CtiED
AHBERALR % TR S AR E AR A VB L 720 ¥KIC, LP, EU, CH2, USI
ZAMNIEGL L 72 b D ED S DAL ERIZ DO W T, HiRE
WARFEIZ, PepMV OO ¥ =% ZNZIHEE L 72,

7. RAEWMREEIEOM HRE L

6. TPepMV O 2 ¥ —$x s L2 EEX H T,
Tt G OBIMEE L I E—N— AT L7z £9,
PepMV O 2 UV —$ & JfE5E L 7 fli e & f 4 b~ MET-22 5 3
WL 72#%8E (SOng/pL) 12 & 0 BEREARL. 10° ~ 10° oA RHR
G &S 720 PES RIS DWW, B S M X b Y
WEFEIR A 72 2 700, Bilh T8 I &k o BeligsE I % e
HRGRNA %L 720 ZO#RG RNA % [AFROFMI & 1 BB
AL T, 10° ~ 10° OFPRINZAER L 720 i, KM%
I L L CIATK RO A BRI L) 2 JUEMH L7z,

8. ELEMICHE T B IFBRMIRICOEE

PepMV Ofig TAEY & L THEA S 5 6 Tl 14 anfl o fit 41K
Y4 7 4 DRSS (Table 4) 230 RICTHFRRBISOSOFEA A
EERAE L2, ZO720I2, Bl tEmEE» Sl L 72k %
FALE LT, R SMkIc L) 2 e 12 [ TR L 7z,
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Table 2. Detection methods examined in this study.

No. Type of Assay Primer/probe name

Sequence(5'-3")

Position* Reference

KL05-48 forward 1 ACTCCTAGAGCTGACCTCAC
KL05-49 forward 2 ACTCCTAGAGCTGATCTTAC
I RTgPCR  KLO05-51 reverse 1 TCTCCAGCAACAGGTTGGTA 5127-5233 (TGBp2) ~ EPPO (2013)
KLO05-52 reverse 2 TCACCTGCAACTGGTTGATA
KLO05-50 probe FAM-TGTCAGCTTGCATTTACTTCCAAAA-BHQ
KLO05 48 ACTCCTAGAGCTGACCTCAC
KLO05 49 ACTCCTAGAGCTGATCTTAC
2 RT-gPCR KLO05 51 TCTCCAGCAACAGGTTGGTA 5127-5233 (TGBp2) ISF (2023a)
KLO5 52 TCACCTGCAACTGGTTGATA
NAKTO05 50 FAM-TGTCAGCTTGCATTTACTTC-BHQ
F5 GACTTCTCAAATCCTAATACAGC o
3 RT-gPCR RSR CACATCAGCATAAGCACGAGE 5709-5897 (CP) Hasiow et al. (2008)
Fs GACTTCTCAAATCCTAATACAGC
4  RT-PCR 5709-5897 (CP)  Hasiéw er al. (2008
c R5R CACATCAGCATAAGCACGAGC 7 7 (CP) asiow et al. (2008)
F5-mod GACTTCTCAAATCCTAAYACAGC Modification of
RT-qPCR - p VI
3 aPC R5R-mod CACATCAGCATAAGCACGHGC 5709-5897 (CP) hasiow et al. (2008)
Bejop133 ATCAATTGTCCTTATGCGCT
Bejop134 ATCAATTGTCCTTACGCGCT
Bejop135 ATCAATTGTCCCTATGCGCT
Bejop136 ATCAACTGTCCTTATGCGCT
6  RT-qPCR 193-278 (RdR ISF (2023
aPC Bejop139 GTTTGAATTGCATGAGGGTT 78 (RdRp) SF (20232)
Bejop140 TTGGATTGCATGGGGRTT
Bejop137 FAM-ACACCCTTGAGAATCTTGGTGTCACAAT-BHQ
Bejop138 FAM-ACACCCTTGAGAATTTAGGTGTCACAAT-BHQ
KL05-13 GTCCTCACCAATAAATTTAG 5376-5577 .
7 RTPCR KLO05-14 AGGAAAACTTAACCCGTTC (TGBp2&3) Ling et al. (2008)

TGBp : Triple Gene Block protein, CP : Coat protein, RdARp : RNA-dependent RNA polymerase

* Each position number is referred to bases in accession No. AJ606361.

9. 52 ET 1 fid/=\) D PepMV JE—HOHE

ISV T 2 T BT BB BR A O BRI AL S 2 BTG GeEt
BT 57250 355 b= MEF URIAYRA T % PepMV 21—
BAWEELZ. 1. THONLP ZOHYE b~ MiT 1 k%
TR U 55 MRS O PepMV I ¥ — % 6. O
AR & D B L72e SN HRAET 10 R0 L CTHM L 72,

10. NLI Y TIh 5D PepMV &

FEBR OB BV THEFEIZ PepMV Z I T X 2 2 MEEs 5
72O NV Tn s O T o7, F9. TS
DWW, S b~ MET 399 fii2 LP ARG b~ MET 1R
IR L 72 AR 400 KD Ny 7 FEF-3 2 TV SR & i L
72o RIZ. ZEIZOWTIE, 4L b~ M2ZE 399 AU LP Afekgs b
7 NIELBCRIRA L 72 A5 400 BNV 7 ZE4 2 7 )V &
FHIE L72o SHICHNA T, LP RFIESE b~ M3 1 HLDADH
YTV, A R P EE 9K 99 M. 199 MUIZ F N E A LP
&G b~ PIE LR A L72AE 104, 100 #2200 L od 2N ov
ZEF TSR LY A PR 72, TS 2 8T
E LT, TR 8 Ot B &A% &I S i &
W E T 72

11. )NVOREFY > TIVICE T BIRERR

FEBE O A% B L 72 400 KL 2NV 7 FEF- 2 TS BT S
MR % FAE L 720 M4 b~ b AET- 400 R oD B T~ S 12
PepMV 2 V¥ —HEEM O EE 2 A0 L SeUG el & L7z,
R ORINE L, 9. THEE L7z LP R O7HS b~ MEF 1

FIASRATS B PepMV I ¥ — B DR ARAH & FLHE 12 540 - 1 AL,
1/5 R0, 1/50 K7, 1/500 %, 1/5,000 FiAHY 5 & L7z SELH e
Bl SR EE L, 7 KO8 ORBE R S AR EHM S
7oRe A TR R AT 720

1.PepMV JE—$DitE

VESL L 72488 RNA O > b B — V@R & v, ) 7
% A4 ART-PCRIZE WS N CtIEIZHED EME 2 /ER L
7o MR OBRERE (R 13 0.997, BERD=IZ 83.2% (&
-3.802). y WA 12 43.673 TH Y, defgE (2008) 2L DR SN
MxHER 24T ) BOMERORERIEZ L, ERISHT LI L
HHERR S N7z,

RIEAZ LD PepMV D RHIZBEG L7z b~ PEERBES
N7 TH IR 12 & F L5 PepMV O 3 ¥ — 5 % #5821 L 724
BOLP Z&f 1 2.96x10" I ¥ — /uL, EU &6k 1 6.75x10° 2 ¥ —/
uL. CH2 5 1.23x10° 2 ¥ — /uL, US1 &k : 5.71x10° 2 ¥ —
/uL Td 572,

2. AEMRKLEIED PepMV ERFICH T HREATERD

Table 2 |Z/R L7z 7T HOMIE D H 5. #iilhik No3 (£ PES %
MaBHTERD o7z (Table 3)o F 7z, MM Nod 13 PES %
FIH T BB AY 10° T ¥ —/ JUS & . Ao 4 R A~
HWEKEDE L 257z 2, BHENo3 RN 4 D75 4
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Table 3. Detection sensitivity of seven methods across all PepMV strains.
Number of . Copy number of template®
detection method S0 Of 5.9%10° 5.9x10" 5.9%10° 5.9x10° 5.9x10' 5.9%10° Negative
in Table 2 P copies copies copies copies copies copies control”
No.1 20.6°/20.5 24.1/24.1 27.3/27.1 30.7/29.9 4y -/- -/-
No.2 20.5/20.4 24.0/23.9 27.4/27.1 30.9/30.6 34.2/34.1 -/- -/-
No.3 24.2/24.2 26.3/26.5 29.9/29.9 32.9/34.2 -/- -/- -/-
No.4 LP +/+ +/+ +/+ +/+ -/- -/- -/-
No.5 24.5/24.5 27.0/27.0 29.3/29.7 30.1/- -/- -/- -/-
No.6 25.3/254 28.9/28.8 32.3/31.6 35.3/34.9 -/- -/- -/-
No.7 +/+ +/+ +/+ +/- -/ - -/- -/-
1.4x10° 1.4x10* 1.4x10° 1.4x10° 1.4x10' 1.4x10° Negative
copies copies copies copies copies copies control
No.1 22.8/229 26.0/26.6 30.0/29.3 -/- -/- -/- -/-
No.2 23.7/23.7 27.2/26.8 30.2/30.0 33.6/33.0 -/- -/- -/-
No.3 24.9/253 28.8/28.4 31.4/324 34.4/34.5 -/- -/- -/-
No.4 EU +/+ +/+ +/+ +/+ -/- -/- -/-
No.5 24.7/24.7 27.5/274 30.4/30.9 30.5/31.1 -/- -/- -/-
No.6 26.8/26.8 30.8/30.3 33.8/33.3 36.6/- -/- -/- -/-
No.7 +/+ +/+ +/+ -/- -/- -/- -/-
2.5%10° 2.5x10* 2.5x10° 2.5%10° 2.5%10' 2.5%10° Negative
copies copies copies copies copies copies control
No.1 22.8/229 26.0/26.0 29.5/29.1 -/- -/- -/- -/-
No.2 23.2/23.7 26.7/27.1 30.6/30.4 33.5/34.1 37.7/36.6 -/- -/-
No.3 24.5/24.2 27.8/27.6 32.4/30.9 34.4/34.4 35.0/- -/- -/-
No.4 CH2 +/+ +/+ +/+ +/+ -/- -/- -/-
No.5 24.1/23.8 26.7/26.6 28.5/29.2 30.9/- -/- -/- -/-
No.6 27.6/27.1 30.3/30.7 33.4/33.6 37.5/37.6 37.5/- -/- -/-
No.7 +/+ +/+ +/+ +/+ -/- -/- -/-
1.1x10° 1.1x10* 1.1x10° 1.1x10° 1.1x10' 1.1x10° Negative
copies copies copies copies copies copies control
No.1 19.4/19.3 22.7/22.6 26.0/26.2 28.8/28.8 -/- -/- -/-
No.2 20.3/19.8 23.4/234 27.1/26.8 30.7/30.3 33.5/34.5 35.9/- -/-
No.3 26.7/26.3 29.2/29.0 33.4/32.1 34.8/37.3 -/- -/- -/-
No.4 Usl1 +/+ +/+ +/+ +/+ -/- -/- -/-
No.5 25.5/253 27.0/27.1 29.6/29.9 29.8/- -/- -/- -/-
No.6 21.1/21.0 24.8/24.5 28.1/28.1 31.1/31.3 34.8/35.2 38.5/39.1 -/-
No.7 +/+ +/+ +/+ +/+ -/- -/- -/-
2.7x10° 2.7x10* 2.7x10° 2.7x10° 2.7x10' 2.7x10° Negative
copies copies copies copies copies copies control
No.1 22.6/22.7 25.7/25.8 28.7/28.7 32.0/33.6 -/- -/- -/-
No.2 23.1/23.2 26.8/26.7 30.5/30.1 33.5/33.1 36.2/- -/- -/-
No.3 -/- -/- -/- -/- -/- -/- -/-
No.4 +/+ +/- -/- -/- -/- -/- -/-
No.5 27.9/27.9 29.5/28.4 31.2/289 -/- -/- -/- -/-
PES' 1.9x10° 1.9x10° 1.9x10° 1.9%10 1.9x10" 1.9x10° Negative
copies copies copies copies copies copies control
No.6 28.2/279 31.4/31.4 34.6/35.3 37.1/- -/39.9 -/- -/-
5.1x10° 5.1x10" 5.1x10° 5.1x10° 5.1x10" 5.1x10° Negative
copies copies copies copies copies copies control
No.7 +/+ +/+ +/+ -/ + -/- -/- -/-

Nucleic acids as template were extracted from each dilution, and then RT-PCR or RT-qPCR was carried out for each template with duplicate.

a; Estimated copy number of PepMV added as template
b; Healthy tomato seeds

c; Ct values obtained by RT-qPCR

d; No detected

e; Detected by RT-PCR

f; Template of PES strain was used artificial transcripted RNA based on an isolate of PepMV PES strain (Accession No. HG313806). Therefore, different
RNA dilution sets were used respectively, because amplificated sites of each detection method were different on PepMV genome.

~—0 3 KLy & PES AFOBIZFEANOMIZ I A~ v FH
TFAET 5 2 DN EHEE SN Tze o S oML, &T
DA L7225, FOHTH No2 Oz, LP, CH2,
USL Z#Exh L 10" 2 ¥ — / JG % T.EU.PES AL 10° 2 ¥ —
OB ECTRMH L2 &0, BOBHIEED TR Sz,

3. BLEMICH T EIBFENIRICDEE

i Nol OV 7 1d, & CORERIXIZ B\ CTIRFFR MBS
WHERR S N7 2o 72 (Table 4)o MM No2 1X. fit L 7-4li#y
DHH FY FPHOAICEWT, 12 JKAEF 1 S TIREF R
IEATERD S, JEIRERA RS O A E 046% Th > 720 —

FC M3, 5 U6 IFBHORMBRKIZ B\ TIERRE K
IBAYE U\ AWk O IR ROG O FEESEIE X, No.3:2.8%.
No.5 @ 5.1%. Nob : 14.8% TH - 7z

EPPO (2022) (Z45#% & 414 Tomato brown rugose fruit virus @
Rt 3 B EERDS 2 ~ 14% TH - 72 L i E T 4 (Luigi
etal,2022), AFAEIZBNTE, L ORELVEEZ#REL, I
PR UG D FEA LD 1% i 2 AL D) sAADFEHEL LTz,

FER 2. RT3, XD PepMV 450 & ZE I T &, 3k
FREI UG D FEHEME DY 1% Kl TdH - 72HiE No.1, 2 KU
THABHEE LTEWRIESRO SN2 b, Thb3
ALY A LUREORER % FE i L 72,
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Table 4. Results of non-specific reaction tests for seven detection methods using healthy seed and seedling samples.
Species of plant Cultivar Sample type Number of detection method in Table 2
No.l No.2 No.3 No.4 No.5 No.6 No.7
Large type 0/12° 0/12 0/12 0/12 0/12 3/12 0/12
Tomato Medium type Seed 0/12 0/12 0/12 0/12 0/12 5/12 0/12
Small type 0/12 0/12 0/12 0/12 0/12 3/12 0/12
Chili pepper 0/12 0/12 0/12 nt® 3/12 0/12 0/12
Pepper Green bell pepper Seed 0/12 0/12 0/12 nt 0/12 0/12 0/12
Red bell pepper 0/12 0/12 0/12 nt 1/12 0/12 0/12
Shishito 0/12 0/12 0/12 nt 0/12 0/12 0/12
Long type 0/12 0/12 1/12 nt 2/12 0/12 0/12
Eooplant White type Seed 0/12 0/12 4/12 nt 0/12 0/12 0/12
eep Round type 0/12 0/12 112 nt 212 0/12 0/12
Mizunasu 0/12 0/12 0/12 nt 1/12 3/12 0/12
Basil - 0/12 0/12 0/12 nt 0/12 1/12 0/12
Amaranthus - Seed 0/12 0/12 0/12 nt 0/12 2/12 0/12
Kochia - 0/12 0/12 0/12 nt 0/12 1/12 0/12
Tomato - 0/12 1/12 0/12 0/12 0/12 5/12 0/12
Chili pepper - Seedlin 0/12 0/12 0/12 nt 1/12 3/12 0/12
Eggplant - & 0/12 0/12 0/12 nt 1/12 0/12 0/12
Potato - 0/12 0/12 0/12 nt 0/12 6/12 0/12
RT-PCR or RT-qPCR was performed in 12 times for each template.
a; Number of non-specific reactions / number of total tested samples
b; Not tested
Table 5. Results of detection tests using three selected methods for bulk samples of tomato seeds and seedlings.

Sample type Seed Seed Seedling Seedling Seedling Seedling Seedling Seedling Seedling
Contaminationrate  1/400°  NeEalve 1y, 499 Negative 1/1 1/10 1/100 1/200  Negative
Prepzrfatté;)rll‘lpﬁfethod K-SDS’ K-SDS K-SDS K-SDS insect pin® insect pin insect pin insect pin insect pin

No.1¢ 26.5°/26.4 - 18.3/18.3 -/- 27.1/272 26.8/26.8 263/263 24.4/245 -/-
27.4/27.5 -/- 17.3/17.4 -/- 29.3/294 289/28.8 257/257 22.6/228 -/-

No.2 26.5/26.4 -/ - 20.1/20.2 -/- 28.6/28.7 283/283 27.7/279 259/257 -/ -
’ 28.2/28.1 -/- 19.0/19.0 -/ - 31.3/31.1 30.7/30.7 27.0/27.5 24.1/243 -/-
No.7 +/+ -/- +/+ -/- +/+ +/+ +/+ +/+ -/-
: +/+ -/- +/+ -/- +/+ +/+ +/+ +/+ -/-

Nucleic acids as template were extracted from each dilution with duplicate, and then RT-PCR or RT-qPCR was carried out for each template with

duplicate.

a; Number of contaminated seeds or seedlings / number of total seeds or seedlings
b; Nucleic acids as template were extracted according to Yanagisawa et al., 2012

c: Templates were prepared according to Yanagisawa et al., 2012
d; Number of detection method that is shown in Table 2

e; Ct values obtained by RT-qPCR

f; No detected

g; Detected by RT-PCR

4. BEFET 1 fud/cV) O PepMV JE—8DHTE

B L 72 10 oY+~ MET2TH 5 PepMV A9 &
N HYAE T LRI A $ 5 PepMV I ¥ —HUd il 1.25%10°
IV — /i, Al 2.83x107 I ¥ — /O, SEIME 3.59x10° O ¥ —
IR & HEE STz,

5.9 7IHh 50 PepMV 1

LR LP Rl g b~ MET % & 400 fr /3L 7~ b
FEFH > T b, Nod, 2, 7T OEBIEIZ L D) PepMV O
A Sl L 7oA, 3 ke IS &7z (Table 5),

F72. 1Mo LP RAiEg b~ MEEE & 400 LNV 7 b
< PEES TV OWTH  FRRIC 3k L& bR bz,
S5, R AW AEICBYTH, & CoRBRKIZBY
T PepMV % L7z,

6. NILIBFY U TICEH T DRERR

ik No.l VT @73 v 7 FlF-4 > 7B 2 it il
FL, 5.65<10° A ¥ — /4 v T (FHYHET 1/5 KA ) . B
HiE No.2 o BRFLZ. 5.65x10° 2 € — /% > L (5 efl

F1/500 JiAH2Y) T 7> (Table 6)o M No.2 (X, #ii:
No.l JU87 £ 0 100 5B IZEIL TV,

2 =

RAEFER LD, M Nod, 2 RN 713, PepMV 4 Ak
AT E L IR SISO A IO TR, b o
FET- R OFEDINIV 72 T 5 b PepMV % HEFEICHH T &
LI ENML LR o —F T Bl No6 1, BEICH
REICARD N 7= 3 UASgEf &, FRRERIY USRS
otz b A I N T WA (ISF, 2023b) . AFRA CTlaIRF £
WY BOG S IEEIERR S 7zo AR BT 2 IR PULATFED
LNZBERE, VR =@ DNy 7 7T Y FHREWT &
PEBRL TV EEZ LN, HLY 7 F VDD T D ZLH
B0 Thup RSN, 72, ISF (2023a) X, &
AL NT AR L) 7V E A 4 RT-PCR iS22 L TWw5 2
&M, ISF (2023a) 12fE- TR % F2fE 4 1uiE, FRREEA
IBIEEAE L RWwEEZ SN, UL Z En b, RFED P
Tid, MmlENol, 2 K UY7 25 PepMV Ok & LT\ iR

7
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Table 6. Detection limits of three selected methods for bulk samples consisting of 400 tomato seeds.

Copy number spiked sample®

Number of detection

method in Table 2 2.8x10’ 5.7x10° 5.7x10° 5.7x10" 5.7x10° Negative
copies copies copies copies copies control
No.1 26.4°/26.4 287/28.3 /- -/- -/- -/-
' 26.4/26.4 28.6/28.6 -/- -/- -/-
No.2 283/27.9 30.3/30.3 34.0/33.6 383/36.1 -1375 -/~
‘ 27.6/27.6 29.9/30.0 33.5/335 37.5/38.0 -/- -/-
No.7 +/+ +/+ -/- -/- -/-
- +/+ +/+ -/- -/- -/-

Nucleic acids as template were extracted from each dilution with duplicate, and then RT-PCR or RT-qPCR was carried out for each template with

duplicate.

a; Estimated copy number of PepMV added in 35mL solutions of homogenized 400 tomato seeds

b; Healthy 400 tomato seeds

¢; Ct values obtained by RT-qPCR
d; No detected

e; Detected by RT-PCR

WEeE B9 5 L HMTL 72,

REPIRE IS B TUEL WIS T & 5 2 L3k & %
YA ETERLRERTH S, 2, BEHERGILESN LM
TRIZBWT, SEERHEEZ EOHkc 2RI N D 2 L
5. HFICHFET B2 74 VARIIRE CEFT L2 EDES
Nb, 2O, FHIEHRETHMEIIBWTIL, WKL
MINTED ZEDPFITROOEND /20, BREEZEZOND 3k
DTS I b BMIEEE DTS A o 7Bt No.2 23 & LT
RETH D EHEFE I NIz,
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