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Development of a new RT-PCR method for the specific detection of broad bean stain virus. Fumino Nito"?,
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Abstract: Broad bean stain virus (BBSV; Comovirus viciae) infects legumes and reduces their yield.
Because BBSV infects host plants during growth and is seed-transmitted in broad beans, peas, and lentils,
imports from countries where BBSV occurs are restricted under the Plant Protection Act. Currently, the
RT-PCR detection method developed by Pérez-Egusquiza et al. (2014) is the only BBSV-specific genetic
diagnostic technique available. However, this method produces non-specific PCR products of similar size
to BBSV amplicons in healthy broad beans. In this study, we designed a BBSV-specific primer set targeting
the polymerase region conserved between two BBSV strains reported by Nito et al. (2025) and evaluated
its detection sensitivity and specificity in healthy host plants. The new primer set did not generate non-
specific reactions in leaves or seeds of healthy hosts and did not cross-react with closely related viruses. It
successfully detected the Syrian strain, which could not be identified using the method of Pérez-Egusquiza
et al. (2014), and detected as few as 400 copies. Moreover, the primer set functioned effectively in both
conventional RT-PCR and SYBR Green-based real-time RT-PCR with equivalent sensitivity. Our newly

developed assay provides a highly sensitive and reliable method for BBSV detection.

Keywords: broad bean stain virus, RT-PCR, specific primer, detection method, legume seeds
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Broad bean stain virus (BBSV; Comovirus viciae) 13~ X iy
ZEGeT B0 A VAT, fid R OFMH L m il BBSV DAt
Z& o THERLITRZ 505, ERT 5 EBEIZEN A 7 ERE
FIEGHEI L, WEEHL SEL 2 M en T b (El-Kewey
et al., 2007; Kumari and Makkouk, 2007; Lecorre et al., 2019), ¥
7z, BBSV OB AR FIIMEE AL L, BanfiEAE T LTl
F 9 (Kumari and Makkouk, 2007), K7 f )V RAX, 7V 7., h
F, F—0 SR T 7 HIZBWTRERESDH Y . TET
37 A A ERETHEERL SN TWw5 (CABL 2021), BBSV
. TREEOE. VLAY RV F T AVEIRTY
TAYE) IZE D EHIRENTEFETIERT 5130, VTR

(Vicia faba) . = > R (Pisum sativum L.) Ut T < * (Lens
culinaris) CTIXFEFRIDOH LA 3 5 (Fiedorow and Szlachetka-
Wawrzyniak, 2002; Kumari et al., 1996; Kumari and Makkouk,
2007) . HAEMNTIIAY A VADFAEIFIHE THRESNT
VWD, BT SRLAENRAT 2B END D L I1E0,
BBSV DAY 4 =& LTHESNDT ATV FEITFV YL
> (Sitona lineatus) HEPIZEE L TWA 720 (HARILHEY
RHAEE,2006), BABZICANZ ¥ —1CX ) ERILAT AL
WS SIND. BT A NVAORBFEIZIE, B Ok,
ST DK ONRY 7 —DRiRPET 55,

BBSV D& A% B <7z, FASE T, REM B AT L
ABIZ 12 ICHE STV LAY A )V ZADFEERED & 2 ER
Wigir bV 732, Y Py RO T 2 OKE T4 i

VR 155 A g 5 922 T 7R A0 9 356

D RMOKBEAT R - TR B ER

B - L SRS S R S A R B 2 R 22 T Y
DRI B £ 7
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AT BYa. Wt EC B0 2 3085 #h s A < Mg 2 1 2 ik 12
L HMAEICL ) BBSVICRE N TV W & OFEH %Ko
Twa (FEFRE L 1950), BIfE. BBSV D4 /52112 1% ELISA
(enzyme-linked immunosorbent assay) % < TBIA (tissue blot
immunoassay) 55 O MUEFWZIENEICHVOLNRL TV S
(Lecorre et al., 2019) .BBSV ® ELISA % v Mgyt EAb: 4 —
B = HHEEEINT VB D, AFITIEFRM 223259 2. M
HRRIE 6 2> HFERE & 728 (Creative Diagnostics, 2025; Nano
Diagnostics, 2025) . Z238AYIC4E U A BEsiEiRIC T3 A2 & L
T TNHDELISA ¥ v b2 HEMi§ 5 2 LIT#EHEMES RV,
72, Web BIZHGEN—VDFAET 5 b DD, EEIZH WG D
% LG O HH IR S RGEE L ST Eibl b &
0. ZEMHRENRR TS 2 FoHEER RIS D, 20
L) BIRRTIIBWT, BETFEIEZE, —~¥ (7T
FEORBR T IA Y2 HOREHELM UL, T IHRER
179 2 EWNTEL, F/z0 —BISEETFZREEME N2
Wi & 0 DMK W20, FTISRAET AT A IV ASED
ik & L C PCRIEFOBIZTFZME LR T 57 — A3
ZTw% (Kauretal,2020), L2, T4 F TBBSV & fFit
ke 3 2 & {m T2 Wrid 13, Perez-Egusquiza ef al. (2014) @
FEORTH o7z, MEBPVHRVERKO 1oL LT, BBSV
DML FBYMERAS 1 RO T B D A L I S T
BTWIENEZOENL, TD20, BELTZHEIC L) BBSV
PRt 512X, Comovirus JBD L= )N—H )V 75 14 <v— (Ye
et al., 2015) % J{]\>C RT-PCR % 17 - 7214, # {5 T-HCY O fFHT
2179, 23 LAROERERN 7T 4~ —12 X % RT-PCR % L
MV, HIZ, ==LV T T v =% s, —H
RT-PCR %175 7z1%. BInTHRIVEN 2 FEMiT D2 & &% b7z
O, KRB REZELEITICLID S OB 2 EY 5,
NSO A 5, Perez-Egusquiza et al. (2014) ¢ BBSV $F%
1774~ —% M7z R-PCR EEDHiA L & LTSN TE
oo LALARMS, RidfEeEy I~ A (FE/HT) 2BV,
Ptk & RARE L 9 2 MR % ISR X 256050 572, 2
T, #7212 BBSV IR RHINE R IS T 272012, SNE TR
LT 72 BB T 5 BBSV 2 40 HERR O 5T D AR B
S L7 (Nito etal., 2025), ZHUZ LY, BET-HEED» S
BBSV R RIEIZFHIR 2 RE T 5 Z LWL olze £O
12T, BBSV R ORARI B\ CIRFFR UL U
Wy Ry aF VR TIVE A A RT-PCR % Hw /-5
fEFHWE T 5 2 L& BIISARIIE % £t L 72,

MHRRUHE

1. RN

RHFFETlE, RMAKEREOFT %1 CAF L7z BBSV D
FaZ VT (i SE T - RMOKEA 184 5 HRE 325
%53 BBSV-IN) R OV2 ) 7hk (FFHa4 %7 - BMHOKES TR
v 5 BERIES 326 75 BBSV-SY) Zfliil L7z 72 =¥ THRIZ,
LOEWE Plant Diagnostics (Sauerlach, K £ ) 75, BBSV J&
Gex ¥ N T AT L7z, v THRIZ, ICARDA (L

N7 V) @ Kumari 4% 5, BBSV &4y T~ & sz 538
(Kumari and Makkouk, 1996) T4#igE% )72,

PSR IZ 13, BBSV O HAREETH LV T~ A (il @ By
¥), TRy (B A9 9 55 2AFy STy Ry RO
LI A (Bt Ly XE) BRIz, S ol T« i
L. 83 LAEIE25CICRE L RENTHRBIZL ) B
L7zo B, VI AR RET D720, %1 »
HoM, RREHT CRE L. ZORIERERRIC 25TIZa3E L
TRENTHEE L 720 atkid, 5-6 3EMIC RO IE 2 3L,
BBSV $§ %477 4 v —+ v b (BBSV-F/R; Perez-Egusquiza et
al., 2014) . A6 IZ Comovirus J& J (¥ Fabavirus J& 0 2. =N — 4
V75 4<—+> b (Comfab-F2/R2; Ye et al., 2015) 7% T
RT-PCR % 4T\, BBSV [ZJEZ L T 2w T & ZHERE L 7214,
BRRERICHE L2 VI~ ANOFBMISEIRLEE, =2 F
T ANOFREIFEE 2> S 1 B %12 Nito er al. (2024) O F7iHIC
e | "C BBSV OTlifk & (AR K DA L7z, FoHAE L7
WD) 6. F 2= THREHE L7220 FYIdEFE L2720,
FET- % 5R4E L. BBSV 230 7 4 > 7 v S ] B
FES % 720 ORI BRIV S 2 & & LTz,

2. RNA #iH

VI A, LY P K < AH 5 RNA ZHIH S 5720,
TP DIRAERCERALIZ A b, 3 TS O RNA ik 2 fliH L 72,
BBSV F 2 = U 7 ERIE S T~ N7 o SRS 21 35 . O BBSV
D) TRRIEEE Y T~ A O WA EED 5 O RNA
Spectrum Plant Total RNA Kit (Sigma-Aldrich, St. Louis, MO,
USA) &M, Fv MEBOFNEE IO TR L 72,

H3EH 5 O RNA Hili 13, RNeasy Plant Mini Kit (QIAGEN,
Hilden, Germany) % F\>, v MIEO FINEZIZHEV I L 720
HF-7 5 0 RNA Hli 12 1%, Vennapusa et al. (2020) @ SDS-
LiCl £ % Fi\:72, #F% LAB MILL OML-1 (KB I Hv. K
B. HA) THBL. 8K 3 g2k L 30 ml 0 B #5% &
& (0.1 M Tris-HCI [pH 8.0], 25mM EDTA [pH 8.0], 2.5% PVP,
2.5M NaCl, 2.5% 2-mercaptoethanol) % JJ[ 2. 72c K IZ, 2.6ml ®
25% SDS & vl - iRA L. =i (20 — 25C) T2 7 [iEE L
770 2ml F 2 — 7 IZIRAW 1.9 ml &40, 15,900 xg T4T, 5
GrRsE g EE L. L 800pl &7 L 2ml 52 — 725 L 720
[d] & (800ul) @ phenol : chloroform : isoamyl alcohol (PCI; 25 :
24:1) ZIMAZTERA L. 15900 xg T 4T, 15 4750450 8E L
720 b 600ul 23 L\ 1.5ml F 2 — 7128 L 721%. chloroform
600ul Z 3N - IRE L. 15,900 xg T4CT., 54700 BE L 72.
WAz, BB 500ul 2 Lv 1L5ml F 2 — 72HLD . 1/4 &0 10M
LiCl (125ul) & 1/10 & @ SMEEREF - 1) 7 4 (S0ul) #hnz <
BRI A L. - 20C T—WEE L7z, 20k, RAeWE
20,000 xg T 4T, 54rBmOcmaBEL. LiEEBRELE, _Ly
I % 2M LiCl 500ul THEVY, 20,000 xg T 4T, 5500 L7z,
EEEBREL, - 20CICTH L7 80% =% / —)b 500ul THEE
PEVa, 20,000 xg T4C, 55 MEOorHEL 720 RiEERBRELT
~RL vy M 3 4R EE, ST, RNase-free 7K 50ul I27Af# S 472,
i H L 72 RNA @ £ 1. NanoDrop 1000 spectrophotometer
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(Thermo Fisher Scientific Inc., Waltham, MA, USA) Cilll%E L 72,
JERE M ZE . il RNA 1% 1 RNase-free 7K % ] \» T 50ng/ul
WZEREE L7,

3. BHRNT 714 v—0D%:E

Nito et al. (2025) (X, BBSV 2 7)Bkk (F a2 =Y TR NS
VTR OBIETOERR] 2 AT L. BBSV IZHk b IO
red clover mottle virus (RCMV) D 3¥EIEFEH] % Hil 2 T K&+
TR O FEVEZ L L 724558, RNAL Lo 7 a7 7 —+ -FK1)
A —E (Pro-Pol) FEARZFFHIR RNA2 LOsM 7z AECH

(CP) -S FEAR T FEIB T TR AR 22 1%: ] OVPRAEIE A . BBSV f
BT 74~ —DOf%FHI#ET 5 & & L7z, £ 2T, GenBank/
ENA/DDBJ (http:/ddbj.nig.ac.jp) 288k ST\ % BBSV KO
LL#% D Comovirus J& 7 A )V A 3 f (broad bean true mosaic virus
(BBTMV), cowpea mosaic virus (CPMV) & OF RCMV) O ji
fZF DI — % 7> 5., Pro-Pol #{z 1 FHIF %> CP-S &z 17
B OS] 7 — % % 3 THfS L. CLUSTAL W 2.1 program
(Larkin ez al., 2007) 12 & O ZHILEIRNT 217>, BBSV F 2=
¥ 7 ¥k (Accession No. LC848445) & Pol 3 fz 7 $H 18 o 4,682-
4703 FHO®YI 26 7 %7 — K7 F4~—& L TBBSV-

BBSV-TS-F
Speacies  Isolate AccessionNo. - T G T A A G G A T A C A GTTTGGAGAG -3
BBSV Tunisia LC848445 S S e e e e
Syria 1L.C848447 . . . .o e
RCMV S X64886.1 - C C G - C G T A - - - - - G A
PV1 MG600294.1 - C - - G A C G T G
BBTMV  VRS-092 OK558628.1 S O C A G . A
DSMZ PV-0098 OP357932.1 C C A G A
EV-11 GUS810903.1 C : C A G . A
CPMV DSMZ PV-0522 OR879086.1 C A C . A
DSMZ PV-0495 MT723988.1 C A C A
CPMV-TnT OL543600.1 C A A
DSMZ PV-0477 MT815984.1 C A A
DSMZ PV-0074 MT682297.1 C A A
van Wezenbeek X00206.1 C A A
BBSV-TS-R
Speacies  Isolate AccessionNo. - T C A A T A C T G C A T T C A CA CTTATAA G -3
BBSV Tunisia LC848445 : :
Syria LC848447 G - A . .
RCMV S X64886.1 : Cc C A G A A C
PV1 MG600294.1 T c C A G A A C
BBTMV  VRS-092 OK558628.1 G T C A T G A G C A
DSMZ PV-0098 OP357932.1 G T C A T G A A C A
EV-11 GU810903.1 G T C A T G A A C A
CPMV DSMZ PV-0522 OR879086.1 T C A A T G A A C A
DSMZ PV-0495 MT723988.1 C A A T G A A C A
CPMV-TnT 0OL543600.1 . Cc A A T G A A C A
DSMZ PV-0477 MT815984.1 - T C A A T G A A C .
DSMZ PV-0074 MT682297.1 - C A A T G A A C
van Wezenbeek X00206.1 C A A T G A A C

Fig. 1. Sequence comparison among BBSV and closely related comoviruses. The primer regions in the compared sequences are

indicated. Alignment analysis was performed on 13 sequences using the CLUSTAL W program, including two isolates (Tunisia
and Syria) of BBSV, red clover mottle virus (RCMYV), broad bean true mosaic virus (BBTMV), and cowpea mosaic virus (CPMV).

Table 1. List of comovirus isolate sequences used for DNA synthesis and primers designed for RT-PCR in this study.

NCBI accession Position of sequences

Target amplification Product size

Virus spesies Taxon name number used to DNA synthesis* Primer name ~ Nucleotide sequence (5'-3') (Position mumber’) (bp)
S . . CPMV-F TCAACTCAAAAATGCAAGGCGA 4,595-4,616
Cowpea mosaic virus (CPMV)  Comovirus vignae X00206.1 4,513-5,012 CPMV-R TCCAATCTGCGAAAAGGAAGT 4.961-4.981 387
. . P RCMV-F ACTTACTGATGGCTTGTTGTTCT 4,672-4,694
Red clover mottle virus (RCMV) Comovirus trifolii X64886.1 4,567-5,066 RCMV-R GGCACTTGITTIGICCTTACCA 4.991-5.012 341
BBSV-TS-F  TGTAAGGATACAGTTTGGAGAG 4,682-4,703 220
Broad bean stain virus (BBSV) € X .. LCB48445 NAC BBSV-TS-R TCAATACTGCATTCACACTTATAAG 4,877-4,901
roac bean stain virus omovirus viciae T7-BBSV-TS-F  TAATACGACTCACTATAGGGAGATGTAAGGATACAGTTTGGAGAG'  4,682-4,703 NA
LC848447 NA BBSV-SY-R  TCAGTACAGCATTCACACTTATAAG 4,888-4,912 NA

(a) Each sequence was derived from a 500-bp region of the BBSV-Tunisia (BBSV-TN) RNA1 segment (GenBank accession number LC848445,
positions 4,542-5,041), which contains the target sequence of the newly designed primer set (BBSV-TS-F/R).

(b) Each position number corresponds to the base positions in the respective GenBank accession number.

(c) Not applicable.
(d) The T7 RNA polymerase binding site is underlined.
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TS-F (5'-TGTAAGGATACAGTTTGGAGAG-3') %, 4,877-
4901 HH OEH| A5 ) )N— 2T 5 4 ~v—& L TBBSV-TS-R
(5'-TCAATACTGCATTCACACTTATAAG-3') % BBSV i1y~
54 < — (BlEH A Z:220bp) & L Ci%7F L7z (Fig. 1. Table 1),
K7 F 4 <—+=+ v b i Primer3Plus (https://www.primer3plus.
com) AL T, GCEE. 7IA~Y—HNHTRDTT I ~—
MOMMELRAEL, 794~ =AY —DFEA) X7 D
LR L7,

4. AR aFIROIT7IEA L RT-PCR ORIGEMS

KRB W TERL 2T N a VR TV A L
RT-PCRZLLT O UGB EMFICED 1T 72,

g~ 34 )V RT-PCR |2 1%, QIAGEN OneStep RT-PCR
Kit (QIAGEN) % H\:7z¢ BUSHE 20ul ORI TREO LB 5
#%2.0ul (RNA #J 100 ng) . 5%QIAGEN OneStep RT-PCR Buffer
4.0ul, dNTP Mix (#%iJ% 10mM) 0.6ul, QIAGEN OneStep RT-
PCR Enzyme Mix 0.6ul, % 75 A < — (¥ 0.6uM), RT-
PCR (&, SimpliAmp Thermal Cycler (Thermo Fisher Scientific
Inc.) FHWTEML 72,
a3 ) )V RT-PCR ORISEMFIE. 7914 ~v—t v Mg
WZUToEB,
[BBSV-TS-F/R (Af72)] 50C 30 43, 95T 15 4. (94C 30 #,
55T 30 8. 72C 30 %) =401 7 )b, 72C 5 %%
[Comfab-F2/R2 (Ye et al., 2015)] 50C 30 43, 95T 1543, (94
50 Fp, 42C 508, 2T 508 ) x5 1 7 . (94T 50 B,
50T 50 7, 72°C 50 %) x30 %1 7, 72C 10 55
[BBSV-F/R (Perez-Egusquiza et al., 2014)] 50C 30 4.95T 15 4,
(94C 30 Fb, 50C 30 #, 72°C 143) x40 ¥4 7 v, 72T 5 %5

PCR EEWIZ, 2% OT7 O — A VTERKE L, =FT
A7u~A FxRvgtath SNy FOFEL R L 72,
F70. VIR ABROMMR % & O HALIK LT BBSV-F/R % H
WTHES L7z PCR EEY) & BAUKEI§ 5 %5613, JEHFFSR A PCR
HEME OFMNEBTEZ T D720, 3% O THU—ZA7 )Vl
L7z

1) 7 )WV % 4 2 RT-PCR |2 Z, Power SYBR Green RNA-to-CT
1-Step Kit (Thermo Fisher Scientific Inc.) % Fi\ 72 BUGifE 20ul
DML TRD & B Y 5 #782.0ul (RNA # 100ng) . Power
SYBR Green RT-PCR Mix (2x) 10.0ul, RT Enzyme Mix (125x)
0.16ul, % 7 F 4 = — ({5 200nM) , 1) 7 )L ¥ 4 2 RT-PCR (%,
QuantStudio 3 (Thermo Fisher Scientific Inc.) % > C.48T 30 47,
95C 1045, (95C 15Fb, 58T 143) x40 41 7 Vo KIS 51
TIT, 2O 95T 158, 60T 145, 95C 15 B o UG 41
TR AT 24T - 720

5. HRMEHER

BT 4 ~—+t v+ (BBSV-TS-F/R) 75 BBSV & &% i
L. 2o, #ELREEMY (V< A, TV FI R TV
A) OFEROTEF IR L CIRRERIBIEZ 4 U2\ 2 & &1
M 57z, BBSV 2 4Rk, I ONC L ER oA E A 3 fE
OER O T-HEOHE RNA 288 & LT, 23Xy g+

JVRT-PCR % Fifii L 720 EHIT. KT TA =ty MHEHFD
Comovirus J& ™ A )V A 3 ff (BBTMV, CPMV % ¥ RCMV) (2
FUG L7 WD 72 BBTMV 1E, DSMZ 2°5 AF- L7z A
Vv ABE (PV-0098 #k) % i3k L 720 —7J5. RCMV J ¥ CPMV
k. HARFEDPOATFREETH 2720, £ 4 )V A DR
DOIRBEFHIEIRD & 7T 4 ~ —FEFHEE A & 72 500 Hk 2
J6 3 % HEILFL S % DNA A% L 72 (Table 1), 454 )i DNA 13,
fle4r T Ny #EH ko RNA (50ng/ul) 74 45ul 1245 DNA
(100pg/ul) & SWl 2L, ZOBHED 2 %3Ny ¥ g
7 )V RT-PCR O ##l & L7z, i, BBTMV OAF1E % RS %
7-%. BBTMV-F2/R1 (Nito ez al., 2024) %\ Ca >~y 3
F )V RT-PCR % %5 L 72 RCMV J% 0¥ CPMV O#% DNA (2D
WTHRIBEDIERZTS 720, Table 1 ITRTETFTA<—+k v
I % JHv T, BBSV-TS-F/R & [7— @ 3438} O s 4 ¢ RT-
PCR % i L 72,

(1) BBSV 2 ¥ —H i

MR % 7 A WV AD 3 ¥ —FU I CTEHIIT 2 720, #r
W74 ~—+tv b (BBSV-TS-FR) #7217 Ivg A 4
RT-PCR (2 & ) ikl B &= 24T 5 720 #ikf 28 H 0 BBSV @ RNA
FHe T Y PO — VEFET 5720, B 4. 1250 # 0 BBSV-
TS-F/R & [6] U SOt 4T, T7-BBSV-TS-F (5'-TAATACGACTC
ACTATAGGGAGATGTAAGGATACAGTTTGGAGAG-3' ; BBSV-
TS-F O 5 Kz T7 7ut—% —Fyl (THE) ZM64m Ko
BBSV-TS-R % vy, BBSV F 2 = ¥ 7 ¥R 82 )5 3% i1 5 0 il
HiRNA #8520 > X ¥ 3+ )V RT-PCR % i L 72 F 72,
T7-BBSV-TS-F & BBSV-SY-R (5-TCAGTACAGCATTCACACTT
ATAAG-3'; BBSV ¥ 1) 7 #® RNA1 (Accession No. LC848447)
7 4,888-4912 % H) % H\C. BBSV ) 7 HRaRE 253 B
KO RNA #8120 N> ¥ 3 5 )L RT-PCR % 17 - 72,
oM T 70 E— 8 —RHIHAIME 724 cDNA 81 &
L C. T7 RiboMAX™ Express Large Scale RNA Production System
(Promega, Tokyo, Japan) % Fi \» C. Yanagisawa and Matsushita
(2022) D FFEFEICHE > T RNAIZHRE L 72, #55 RNA O FF
IZ Quantus Fluorometer (Promega) % UF QuantiFluor RNA System
(Promega) |2 & D ill5E L7zo WICHEEG RNA O FEE 4 T
147 b x7 (https://www.encorbio.com/protocols/Nuc-MW.
htm ; EnCor Biotechnology Inc., Gainseville, FL, USA) Tal%& L.
7RT FaEK»S BBSV X A0 a ¥ —HEEN L7 (Tsai
etal,2012), TOfH, HH sz a ¥ —5%IEIZHE RNA O
J5ii % RNase-free K TAR L. 10 FEAFHRYI (10-10° 2 ¥ —)
L% RNAR#ED > ha— )Lz FRLL 72,
(2) Mg iR

BT I 4 <=+t b (BBSV-TS-FR) 2 H\/za >R g
FNVRON) TV % A 2 RI-PCR &, AU BEHR D BBSV FFFHY
794 <—% v I (BBSV-F/R, Perez-Egusquiza et al., 2014) %
M7z >~ 99 )V RT-PCR 0 3 Ffi o5 2 ] Tt
e g L7z,

3. BBSV &GN O SAERZIREE A Sl L 72 RNA i &
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Z06.(1) TrEEL L 72 RNARE#a > v o — L& L. BiEt 4. ©
YT VE A A RT-PCRICE Y, B & E L. il RNA i
1 BBSV O I E—H& il L7ze RIS, fBEMYWOEIEL Y
TN E LG @ BBSY ORHIRA AT 2720, KT
i (Vo< A, TYRYRIL T RA) DL, LM
L 72 RNA 3 (50ng/ul) T BBSV BEGLAE ) o ok 67 150 55 ok
DOFhH RNA i (S0ng/pl) AR L. AEAHEMEC 10 R A HUR
PR L 720 SNO28ME LT, BG4 12RO S EIC &
Nar_XyyaF VRN 7V A 2 RT-PCR % i L 72,
FREC, fE B O T %23 7 & L7840 BBSV O
M RG2S 5 72012, S48 B OS2 S hlil L
72 RNA i (50 ng/pl) % W CRBEOARCRY 2 /R L 72,
CNSHEHRE LT, 2oy aF VR TIVY A A RT-
PCR % Ffti L 72,

(3) 7L 2 FET-H & O R

V5= AMET- 5 o BBIMV @ # i % #4572 Nito et
al. (2024) OFFEEICHE LT, REFZEIC LV BASS L 7-pibids 2 L
D ANTZEAEDAC XD . &0 A O/T 100 fipic & EN D
1R BBSV {HEFET 2 MH CE 2 0 HGE L 720 20720, £
BEHY (VI~< A, T RIRPE T R) O T 3
D VERE S Table 3 [ORTEEMIO I ¥ =% BBSV (F 2=
TER) ML, BIRC 2. 12FEE O T RNA Ol 21T - 720
BARIGIZIE, BIRC 2. 12REI S N B 800ul DFE - BERH O big |2
BN 2 ¥ — %D BBSV iR L. Z DO TR IXFE
DEBYFERLz. TNITL D HE SN RNA 2871 & L
T, BIEE 4. 123380 BBSV-TS-FR & fivi7za >Ry g9 )L
JeO8) 7V A A RT-PCR 12 X V) M 2 3k A7z
(4) BBSV BTG YA T-%° 5 O BBSV Hih it

BIEd IS BWT/EE L 72 BBSV &4t > Py iAo HIRTE

1,000 1,000

500

300
200

500

300
200

YAl T2 BRI L, T 1 KIS AETET 5 BBSV @ a1 ¥ — %%l
EL72e ZDH, TED L B BBSV HAEGMT O B %
T RE TR E IR L. Wit 6. (3) ORERMEERIZ BBSV %
M C & B 2HEE L 720

ELOIS, VFE=Xv gy h— (LHE. KB, HA)
% T BBSV HARTEYAET-% 2,000rpm, 2 43T 1 RL§ O Fp
L7z COMTHEREZMHL, BT 1RIHTET 2 BBSV 0 0
Y —Hoflz, RUHRE 6. (3) OB, T 100 Kk
O HRTGHAET 1 A7 % W T RE D ERE L 720

T 1 RICHEIET A BBSV O O ¥ — o llEid, Rk
0.1g 12 1 ml DERARAE 2 N2 T, DIEIXATRD 2. O I TE
WORNA ZHIH L 720 & Ol RNA 3 %2 BV CLRTRE 6. (2)
DFFEIHE LT BBSV O 2 ¥ — 5% Ml L, BT LRI E
TN 5 BBSVOY A VAREE L7,

W2, FRLo 3 ¥ —HalE L7 BRG AR T O B & 1
LT HR O T A e AE L. BRGYAE T efi T
= 1:99127% % L) EM L, BIF 2. IZFL#E O 73T RNA % i
L7z 2 RNA BB HR & LT, [ 4. IZ5C#O BBSV-
TS-FR %7232 Ry 5+ VD) 7V 4 A 4 RT-PCR 12
£ 0 BBSV Ot & A7z,

1. RS

BBSV O##H 75 4 ~—+t v b (BBSV-TS-F/R) 4N %
WRET B0, f@efETmy (Vv I~ T2 Py Rk Z
< A) OIEROFEF, BBSV 2 4k, BBTMV (PV-0098 #)
A I RCMV 2 08 CPMV O A T4 3 DNA Z i L, 2>~
>3 3 F )V RT-PCR % Ejffi L 720 ZD#E%:, BBSV 2 4l T

1,000

300
200

Fig. 2 . Detection of BBSV using RT-PCR with the newly designed primer set (BBSV-TS-F/R). (A) Nucleic acids extracted from BBSV-
Tunisia (BBSV-TN)-inoculated pea leaves, BBSV-Syria (BBSV-SY)-inoculated broad bean leaves, healthy broad bean leaves,
and healthy leaves and seeds of host plants. Lane 1: BBSV-TN-inoculated pea leaves; Lane 2: BBSV-SY—inoculated broad bean
leaves; Lane 3: healthy broad bean leaves; Lane 4: healthy pea leaves; Lane 5: healthy lentil leaves; Lane 6: healthy broad bean
seeds; Lane 7: healthy pea seeds; Lane 8: healthy lentil seeds; Lane 9: non-template control; M: 100 bp DNA ladder (Dye Plus)
(Takara Bio, Kyoto, Japan). (B) Nucleic acids extracted from BBTMV (isolate DSMZ PV-0098)—inoculated pea leaves. Lane 1:
BBSV-TN-inoculated pea leaves; Lane 2: BBTMYV isolate PV-0098—inoculated pea leaves; Lane 3: healthy pea leaves; Lane 4:
non-template control. (C) Artificially synthesized DNAs of CPMV and RCMV were used as templates for RT-PCR. As shown
in Table 1, the synthetic DNAs of each virus contained the region corresponding to the target sequence of BBSV-TS-F/R. Lane
1: BBSV-TN-inoculated pea leaves; Lane 2: synthetic DNA of CPMV; Lane 3: synthetic DNA of RCMV; Lane 4: healthy pea

leaves; Lane 5: non-template control.
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O HIEMTEMREREY) (£9 220 bp) 2SHERE S L, @41 TAEY ) OF
TR A VA TIEIERRRIEIREY 3720 5 20 o 72 (Fig. 2) o
BB, HETANVAOBBHAO 74 ~—ty bEFAWTIT N
» 33 FI)VRT-PCR % 1{7o 7L 2 A, %7 A4 )V AHED RNA
XIEDNA s sz (77— % £4##) . F72. BBSV-TS-FR

A30

25
20
5
2
515
o]
10 y =-3.5813x+39.907
R?=0.9999
5
0
3 4 5 6 7 8 9

Log transcribed RNA concentration

OISR OIRILEH) % WAT L 7oA R, 79 4 ~ — %GO
TRALCH L BBSV O &5 HERR D3R EBLH) & 100% —F L7z D
s, T A<=ty + (BBSV-TS-F/R) (& BBSV |2k}
L EMAEHT 5 2 LR SN,

B4o

35
30
25
20

Ct Values

15

y =-3.6008x + 40.096

10 R>=0.9998

1 3 5 7 9
Log transcribed RNA concentration

Fig. 3 . Standard BBSV curves plotted from cycle threshold (Ct) values obtained using a tenfold serial dilution of transcribed BBSV
RNA for in vitro real-time RT-PCR assays. (A) BBSV-TN; (B) BBSV-SY. A linear relationship between Ct values and the log of
transcribed RNA standards was shown, with regression coefficients (R”) exceeding 0.99, and the amplification efficiency (E) was

calculated as 90 % for both (A) and (B).

2. HEMEERADREMROIER

BBSV Offikf EE % 4T 72 M L 72 RNA fE# 0 b o —
NEHCTHRERZER L 72, 85 N RERO BRI,
FaZVTHBEOV ) THROVTROSE b HBEEE R >
0.99 & 7% - 7> (Fig. 3)o Z O, HlERIER (BE) IZM 45k &
L 90% THho/zZ b, L7z 2 5Bk TR REIZE
BABEO LN Lol T2, T2 =V THROMBEEE (Tm
fill) 1% 80.0-80.3C (FI15802C). ¥V 7L 77.2-77.6C (°F

3. YMNLAOE—HOES

BBSV &4 R O A BBk O RNA B ICH EN 5
BBSV @ I ¥ =z fixtEwm Lo ZOMR, & RNABERPO
BBSV DI ¥ —HIkDE B) Thol2: F =T Tk ; 17x10°
I —jul. U THR L 2.0x10° T ¥ — ful. 2 U TR 2; 4.5%10°
Y—/ul, B, YU TERIZOWTIR, Fo2= Y THRIZERY A
W AEEIME P 5722 DT ANV A EHRT 5720, 2200
RNA A2 MITE L 720 2415 0 RNA AT % v TR s e 3

B 774C) E7 ). SHERIICH 3C O L7z,

Table 2. Detection sensitivity of conventional and real-time RT-PCR.

BRI B RMTCRY I Z L

BRI OB Z A L 72,

Strain of BBSV BBSV-TN BBSV-SY
Copy number of template’ 3.5%10° 3.5%10° 3.5%10° 3.5%10' 35410° 35410 Control® 4.0%10° 4.0x10° 4.0x10 4.0%10' 4.0x10" 4.0x10" Control
g}’f‘;i‘;{“"““' BBSV-F/R 22 22 20 02 02 02 02 NT' NT NT NT NT NT NT
leaves g.‘;?;’:,"‘z""“a' BBSV-TS-F/R 20 2 20 20 21 02 02 20 2 20 20 20 02 02
Real-time 33 33 33 33 13 03 03 33 33 33 33 13 03 03
Broad bean RT-PCR 250%,250,25.1 283,285,286 321,322,324 343,346,356 369.ND'ND ND,ND,ND  ND,ND,ND 250,251,251 285285286 320,324,325 350,358,368 37IND,ND ND,ND,ND  ND,ND,ND
Conventional . . - - ) ; - ) :
REpoR  BBSV-FR 22 20 20 12 02 02 02 NT NT NT NT NT NT NT
seeds g.‘;?;’;,"‘z""“a' BBSV-TS-F/R 20 21 20 20 20 02 02 20 20 20 112 02 02 02
Real-time 33 33 3 33 03 03 03 33 33 33 33 13 03 03
RT-PCR 27.1%27.1.272 300,303,303 327.33.0.33.0 363,37..380 ND.ND.ND _ND.ND.ND _ ND.ND.ND __ 252.252,252 283.283.284 320,321.322 347,353,378 378 ND.ND _ND.ND.ND _ ND,ND.ND
Copy number of template 3.5%10° 3.5%10° 3,510 3.5%10' 3.5%10° 3.5%10" Control 9.1x10" 9.1x10° 9.1x10° 9.1x10' 9.1x10" 9.1x10" Control
Conventional P .
REpoR T BBSV-FR 2102 202 20 02 02 02 02 NT NT NT NT NT NT NT
Conventional
‘ /TS 2 2 23 2 > 2 2 2 y
leaves prip Rt BBSV-TS-FR 202 202 20 202 12 02 02 20 2 20 20 12 02 02
Real-time 33 33 33 33 13 03 03 33 33 33 33 03 03 03
pea RT-PCR 250,250,250 285,285,287 320,324,324 348348354 369,ND,ND ND,ND.ND  ND,ND,ND 246,246,246 283,283,283 315315321 354,357,362 ND.ND,ND  ND,ND,ND  ND,ND,ND
C_‘;?‘; ;',;‘“’““' BBSV-F/R 22 22 20 12 02 02 02 NT NT NT NT NT NT NT
Conventional
s /-TS-F/ 2 2 2 2 2 2 2
sceds pon R BBSV-TS-F/R 212 202 20 22 12 02 0 22 2 12 22 I 02 02
Real-time 33 33 33 33 23 03 03 33 33 33 33 03 03
RT-PCR 23.0.23.1,232 264,265,267 29.8,30.0.30.5 324,339,342 350.355ND__ ND.ND.ND _ ND,ND,ND 227,228,228 262.263,264 294,294,299 348,353,360 355,357,361 ND,ND.ND _ ND,ND,ND
Conventional ) ; :
REpCR T BBSV-FR 20 20 20 12 02 02 02 NT NT NT NT NT NT NT
Conventional
ves V-TS-F/ 2 2 2 2 2 2
leaves pon AR BBSV-TS-F/R 22 2 2 22 1 02 02 202 2 72 202 o 02 02
Real-time 33 33 33 33 13 03 03 33 33 33 13 03 03
Lentil RT-PCR 233,234,235 266,269,269 30.,304,30.6 335,339,348 344 ND,ND  ND,ND.ND  ND,ND,ND 231,231,232 267,267,267 302,30.5,30.7 336,342,349 370,ND,ND  ND,ND,ND  ND,ND,ND
Conventional , ’ .
REpCR T BBSV-FR 20 20 12 02 02 02 02 NT NT NT NT NT NT NT
seeds Icgf‘;é‘r‘{‘m““' BBSV-TS-F/R 22 202 20 22 12 02 02 2 20 20 22 12 02 02
Real-time 3/3 3/3 3/3 3/3 1/3 0/3 0/3 3/3 3/3 3/3 3/3 1/3 0/3 0/3
RT-PCR 25.4,25.4,25.5 288, 288, 28.8 32.3,32.3,32.6 34.7, 35.5, 38.1 _37.4, ND.ND ND, ND, ND ND, ND, ND 23.7,23.7,23.8 274, 27.4, 27.5 30.5, 30.9, 31.9 32.8, 34.9, 36.2_34.9, ND, ND ND, ND, ND ND. ND, ND

(a) Estimated copy number of BBSV used as template.
(b) Healthy leaves or seeds.
(c) Number of positive samples per number tested. Conventional RT-PCR was performed in duplicate, and real-time RT-PCR in triplicate.
(d) Ct values obtained from SYBR Green real-time RT-PCR using the newly designed primer set (BBSV-TS-F/R).

(e) Not detected.
(f) Not tested.
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4. WRHRRERER

BBSV-F/R (Perez-Egusquiza et al., 2014) % JAW/za2 > X 3
F )V RT-PCR ##, BBSV-TS-FR % JW/za2 > ~Nr v a F kot
7 IV% 4 A RT-PCRED 3 OB EIZOVWT, VI A,
I Ry RO T3 XDEZER U2 B1T % BBSV ORI
R L 720 7272 LUBBSV-F/R IZ T ) PRRICKIG L2728
BBSV-FR Ol F 2 = 7RO AR THEE L 72,

HEFZ BT DMK, AR R TR LS X o TR
%75 \L 7 Ao 7z (Table 2), 45 EAHYY 3 FHH & & . BBSV-TS-F/
REZAVT Xy aF VRO TIVY A A RT-PCR i
BBSV-FR % fiv:723 >N 3 34 )V RT-PCR 3 X ) 10-100 £
REEDS o 720 72, AEERRINC & B KB ITRRO ST,
F 2 =T THRIZBIT S BBSV-TS-FR 11 3.5 2 ¥ —/ UG £ TH
HTE, 35 a— /b FCRETHOE TR S, U7
HTir4a—/LGETHRIETE, 91 a¥—F TETORE
THiH S 47z (Table2),

FETIZ BT B EE (. 15 Al 3 fE4H & & . BBSV-TS-F/
R (2vX_rvaFiv) OFHBBSV-FR LU 3 10~100 5%
JEASE Ao 72 (Table 2), v T~ AFET 2BV "C, BBSV-TS-F/
REHWAEI Ry aF VK 7V E A 5 RI-PCR [T
WL AE, F2a= Y 7HRClEda Ry ¥ a4 )L RT-PCR #
DFFH. VU TEETIZY TIVF A L RT-PCREDTTHS, 10 f5
EEDTE WA E 2 ) | RO E WIS X A B L 7 EmIEEE
NG5z —H. TV YR IV AT TIE, 2~
Ny aFIV R T IVE A L RT-PCR FE O & & R REE
THY), T2V THRIZBITAHRMRAL 3.5 ¥ —/ G T,
3538 /G ETIEETORETHRH SN, /20 27T
BRIZBIT BRI 4 2 ¥ — /UG T, 400 2 ¥ —/ s &
TIIETORETHIE SN, 7272, 2> ~Xr ¥ a3+ )L RT-
PCREZAVTY I~ AT 25 2 T Z M % lBRIX
PALTIE, 91 a¥—F TETORETHRB SR, EEICBT
B MR & FIFREEIZ 2 o 72 (Table 2),

Table 3. Detection sensitivity of conventional and real-time RT-PCR from broad bean, pea, and lentil seed samples.

Copy number spiked sample”

Plant Detection method

1.7x10° 1.7x10° 1.7x10" 1.7x10° 1.7x10° Control-1" Control-2°
Conventional d
RT-PCR 4/4 4/4 1/4 0/4 0/4 0/4
Broadbsan . . 6/6 6/6 2/6 0/6 0/6 0/6
RTPCR 26.8°,27.1,27.2, 29.9,30.2,31.3, 32.1,33.9,34.0, 352,37.6,ND’,  ND,ND,ND, ND, ND, ND, ND, ND, ND,
) 29.0,29.1,29.1  32.3,32.8,329  35.0,35.1,37.2  ND,ND, ND ND, ND, ND ND, ND, ND ND, ND, ND
Conventional
RT-PCR 4/4 4/4 1/4 0/4 0/4 0/2
Pea . 6/6 6/6 2/6 0/6 0/6
Real-time 0/3
RTPCR 288,289,289, 31.7,31.8,32.1, 35.1,35.5,36.1, 37.0,38.7,ND,  ND,ND,ND, ND, ND, ND, ND. ND. ND
29.0,29.0,29.1  32.4,32.4,329 36.7,36.8,38.7  ND,ND, ND ND, ND, ND ND, ND, ND e
Conventional
RT-PCR 4/4 4/4 0/4 0/4 0/4 0/4
Lentil . 6/6 6/6 1/6 0/6 0/6
Real-time 0/3
RTPCR 28.5,28.5,28.5, 31.6,31.6,32.0, 34.6,35.0,36.1, 36.9,ND,ND,  ND,ND,ND, ND, ND, ND, ND. ND. ND
28.6,28.6,28.7  32.0,32.1,323  36.3,36.7,37.1  ND,ND, ND ND, ND, ND ND, ND, ND S

(a) An estimated copy number of BBSV was added to 800 pl of supernatant from ground seed solutions. A dilution series prepared from nucleic acids
containing a known number of BBSV copies (see 3. Copy number of extracts from BBSV-infected plants in the Results section) was added to the seed

samples.

(b) RNase-free water was added to 800 pl of supernatant from ground seed solutions.

(c) Non-template control (RNase-free water).

(d) Number of positive samples per number tested. Seed nucleic acids were extracted twice using the same dilution series. Conventional RT-PCR was
performed in duplicate, and real-time RT-PCR in triplicate for each extracted nucleic acid.

(e) Ct values obtained from SYBR Green real-time RT-PCR using the newly designed primer set (BBSV-TS-F/R).

(f) Not detected.

5. NVIBETH S OIERIGHER

A8 EAEY) OFET 100 R 2 & F b 1RO BBSV {5446 T
EMIBCELPRAE L 720 ZOREE, XU aF VKN
TV 4 L RT-PCR 1%, Wi b FT R o L5 800ul
12 L7x10° 2 ¥ =T USRI T &, 1L7x10" 2 ¥ —FfFET
EETORAETHRINIIEETH 572 (Table 3),

% 72 RNA O AR DT 100% TH 5 EARE L 72%a, M+
WA PICEINLBBSVO A —HEEE LA,

T8y 3g H112 BBSV 8 6.9x10° 2 ¥ — (=1.7x10* 2 ¥ — x (f&
FH5 K 3g B BER AR 32.6ml/ T EWH O 115 1 800ul))
FAETIUE, RFEIZX ) BBSV % B I TR BE & HEE
Endze T2, BB L e s Ny T OERZE
L7k Zh, FEE 029 K THo/zZ &b, Ty Fofl
F-100 k7 (29g) TiE. 6.7x10° 2 ¥ — D BBSV 2SfEET 1L
INTTRE & A S e,
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Table 4. Amount of BBSV in seeds collected from BBSV-TN—infected peas and results of conventional and real-time RT-PCR tests.

Sample No. 1 2 3 4 5 Control"

BBSV copy number in a seed 2.0x10° 1.1x10° 2.4x10° 4.5x10 8.1x10’ 0
Conventional RT-PCR 22 202 22 20 20 02

Ist® ‘ 33 33 3/3 33 33 0/3
Real-time RT-PCR 31.6%31,6,31.8  32.6,32.9,33.3 32.1,32.4,32.7 31.6,31.7,31.9 33.4,343,34.8 ND®, ND, ND
Conventional RT-PCR 202 22 202 202 20 02

2nd , 3/3 3/3 3/3 33 33 0/3
Real-time RF-PCR 31.6,31.7,31.8 32.8,33.5,33.9 32.3,323,32.6 31.5,31.7,31.9 34.7,35.1,36.3 ND, ND, ND

(a) Healthy pea seed.

(b) For each infected seed, two mixtures were prepared with a healthy seed ground solution, using the same infected seed ground solution.
(c) Number of positive samples per number tested. Conventional RT-PCR was performed in duplicate, and real-time RT-PCR in triplicate for each

extracted nucleic acid.

(d) Ct values obtained from SYBR Green real-time RT-PCR using the newly designed primer set (BBSV-TS-F/R).

(e) Not detected.

6. BBSV BRBLEFH SN BBSV &

BBSV F 2 = U 7RG v K2 B 155172 5 ko HERTG
Yexr v FofTICAEAET 5 BBSV 0 O ¥ — & M T8 12 E
L7zo ZOEHE, 1RO T IS 5 BBSY OF a ¥ —%#
. 13 x 10° a¥— /f (k24 x 10° 27— /KL (No3).
/N 45 x 100 2 ¥ — /4 (Nod)) Tdh -7z (Table 4),

PEDfER» S, BIFL S 2BV T, T2 Ky 100 kLA
12 6.7x10° 1 ¥ — ) BBSV 2SfFfE T SR s b L5 s
JoZ &M, BBSVHRT Y Ky IZBI Ai/ha ¥ —#
(45x10" a2 ¥ — /%) 12, STOMHEEH TR ER->TEY,
2 TVHIZ T RCC S IE YR F AR S AUE, BBSV & Mt hE
LR BRERTH -7,

Fe\ T, EBHIC BBSY HRGRL Y YT AR L. BHA
BTy PO fT  @effit =199 L %5 LS5 ICREAe LY
TN SROE R RA TR, ETORBRKIZBEWT, 3 X
Y aF VRO TVE A L RT-PCR FEO BT otk
WA D BBSV AR L THIT A Z LA CT& 72 (Table4),

B

P RFT L2 BBSVE R 7S 4 <~ —+ > b (BBSV-TS-F/
R) OBHFFREICOWTHA L 2%, BBSV O A0 S
. L 22y A OV A R OGRSk 0 > TV IZid K
6L 7Zd o7 (Fig.2)o Fig.l IZ7R$ & 912 BBSV ¥ 1) 7HkiIZ
B%VNR@EX%M#%B*E&U&*E@m%L$~
oo, TIAY Y EREN—HTHT 2 =TT
RIS D IKEEDTFR SO 57z (Table 3, 4), 3' Kifiar ) OAR—FK
i, 5 KA ) OR—E LY b HIEEA~NOEEEIRE N L
PHEINTBY (Yeeral,2012), HH 751 ~— L AEAE
RFEO I A~y T3, FAEMICHEEICST 2 B8V nwe
Z 2 5Nbo Nitoetal. (2025) 1&, Fa=VT7HRE V) THRD
2 G EERRINIC B W TR E Rl R ILESRO LNz 2 L b,
BBSV (B E A H T 20 feEdH 5 2 L 2 L Tw
%o F 7z, BBSVIZIE, f EHEW IR MR O 5 7% 2 /A3
HETHZEPHSNTWAS (Musil and Gallo, 1993), Z#LH D
N, S, TSR HZEREPER SINS Z
EWEZOND, RWIFRTHE LT I4~—1y M, #Hi7:

R EMRIZH RIS TE 2 L9 Nito er al. (2025) 12 & 1) #EIZHY

RO B Ll SR ) A T — VBRI RIS 3G
SN TV 5%, BBSYV OFBIARMROEHE 2DV THERT 54

End b

QYN aFVREORY) TV A L RE-PCRIEIZEBIT A
BBSV-TS-F/R O HJ#& % 13, BBSV-F/R (Perez-Egusquiza et al.,
2014) &, FFREEE S 100 fmv 2 & SR Hu7: (Table
2)o ZOMEAIE. WTNOMBEEIII BN THFEETH o 72,
—J5. BBSV F 2 = U 7 RRE ST > B H ko il RNA VAT
% RNase-free 7K TAVR L 72 25 & /232 > N> ¥ 3+ )L RT-
PCR T, 2T I 4 ~v—+t v MIFEREOMRHIKE - 72
(F=F KB . ZDZ LMD, #ERD 4 O BBSV-FR O
& AU 2 AR O RNA T o FEH 3k o BH 2 B
R L TV AR E 2 5N b,

— %Iz, )T NVE AL LART-PCREFEDH BTy g
JVRI-PCRE L ) MK ENENL TV E L ENTWED
(Rizzo et al., 2021; Yanagisawa and Matsushita, 2017), L 7 L
A%, BBSV-TS-FR X, 2Ry aF VR 7 vEy
4 LA RT-PCROVTNIZBW T IZIZFAEOKRPEE =R
L 7> (Table 2-4), % . SYBR Green % fi\2721) 7 )V ¥ A
2\ RT-PCR @ fiz # 3 g 4 K1k, 100-150 bp & ST 5 7z
®. BBSV-TS-F/R (220 bp) 13 R WlRY 4 AN K& W &
NH. IS 2 LM OMIPKEIZFIEE L R o2 EHEET S
(https://www.thermofisher.com/blog/learning-at-the-bench/primer_
qper_gsd_ts_1/; https://catalog.takara-bio.co.jp/product/basic_info.
php7unitid:U100004242)o LLahs, wihoFiEz [
WA T 100 K IS E E B ISR 1R A& AT
T& Z>+ \Mﬁﬁﬂiﬁ;%ﬁ LT/ (Table 3,4), D728
BBSV-TS-FR Z#JH\W\ 722>~y ¥ aF VKR 7V A 4 RT-
PCREDWTNOMILLE S FEREHER %o

VT IE A LPCREDA ¥ & —H L— & —FE TR
MICE DB SND Tm EIE, B E O 21T ) BICHER %
HIW R TdH B, BBSV F 2 = 7D Tm B3 715 80.3T .
D) THRIEFH 773C L R IREESRO bz, b

SrBERRRTICIE, BBSV-TS-F/R O HHEH A X 220 bp H11Z 39 Hi
HEOREAHDH Y ZOHERY OMED, Tm fEDFK 3T D%
HELCSELFEREHENSINDL, ERorBh, BBSV Id#EE
MEHMEDREWEEZ ONL72D, SEAELNZ TmfEE 1D
OFHEA L L D55, #7774V AROBH BB - 72512
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13 BBSV {13k D Tm EOIEHZ BHr - FREL T T EDTEE
Thbo

F7/20 UTNVY A LA PCRIFITELRKEOVLEMEIEL, o
VX33 9L PCR 2 4 I R O R R & 15 © L
PCR EW %) LEF MW/ 202y ¥ I 4 —2a AT %
B TED L VITELH L, TDD, T4 NVAEEHRE
FTHMFHAEE LT, VTV Y A APCRENEIINS Z &
%\ (Kaur et al., 2020), L7 L. ERHAEFEMEIZ X - TlE,
UT7NVEALPCREEBEZTAL TRV ELEZONLT
W, AN aFIVPCRIFICHMNIGTEL L H)EEL 75
A ~—%#&E Lo BEOREGROKERN S, VTNV A A
RT-PCR {7513 T% { 2N 34 )V RI-PCR #: T {450
MBEE A5 2 EHHER S N7z (Table 2-4), DB S, i
M INRIR W IC B W TR REE £ 2 5,

RWFZE TS 2 & OB MR L FHIT 5 720, &fa £ o
HYHET O A ATAER, =0 Ry 0o HREEF 2155 2
LT E 72, Table 4 |27R$ T2 K7 @ No.d OVHJAET-13 4.5%10
I ¥ — /%0 BBSV 235 FE L T 7z, —5, Table3 IZ/R$
F T 12805 % BBSV OMITIRIZ 17210 2 ¥ —TH > 720
DM S, 100 FrH 2 BBSV #%6.7x10° 2 ¥ —fF7E L TWwiud
BBSV ZMiHCT& % L SNz DibED S BIERFEL D b,
T~ 100 it |2 BBSV HARTGRMEF 1R L D HEBAEN D Y
AWADLNTZOBTTRETH 5 LR T %,

BBSV 1. R EECHEI S NS RREo A v AD
1HETH %o BIMOBRINEIHFLET 2 b 00, EREFUISH
HE LI CEBEPOBIRE 2T, SnETEDr o7,
AR TR, BEROBIME L ) SINRRICEN, #RAEOR
27 RT-PCR 12 X 2 BB OSSR L. F720 Rk
BBSV & [i] U < i Bh i o #ie 5T, Ao 08 T b
4% BBTMV Ok (Nito et al., 2024) & [f]— @ US4tk T
MITRECH L Z L h, BT LCINS 2D 7 1 )V A
PWETHIEBAREE R D720, MEMEORHEA D BfF X
N5,

m =

Broad bean stain virus (BBSV, Comovirus viciae) 1%, < A FHil
MBS L, mx il sdsd, vIivA, TV I RTe T
T ATIHETERET 22 L0 6. M EEmETHIO B2 1
D2 DR E LT, L ENREE RS L KD, BN~
BAB L% 5 Tvb, BEH O RT-PCR 12 & A #HE: (Perez-
Egusquiza et al., 2014) TlL, 4y I~ *x (FE/fT) I2BwW
ThtE & T % A XOFERERIIIEAE U 72720, BBSV
Wxk LRk & AR DL LR R RS . SO RHENIE S
. BT IA v~y bEHCRBEORE T R AT,

I BBSV SRR 75 4 ~ — 1%, Nito et al. (2025) 12X D
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O THATETH 1) TERORBIEEZEIZITIER Do 72,
F 7o, AR TIBR I BBSV AL RNA A % 7 L
721 . BBSV ORI IR L 100 472472 1) 6.7x10° 2 ¥ —Td - 72
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