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Tk IRE, F AR &4 SBMV £ At A 569 SBMV f iF Al 3 A T A 28 T 4 B SBMV ¢4 o
B I IE

KR By X 2t 9mE(SBMV); 3£ % 34k ; ACP-ELISA; dot-ELISA

Monoclonal antibody-based serological technology for
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Abstract: To establish rapid, simple and high-throughput detection techniques for southern bean mosa-
ic virus (SBMV) and to strengthen the port inspection and quarantine of this virus, three hybridoma
lines (19C3, 19H9 and 20G4) secreting monoclonal antibodies (MAbs) against SBMV were obtained.
The titers of ascitic fluids containing MAbs secreted by the three hybridomas were up to 107. All the
three MADs reacted strongly and specifically with SBMV in crude extracts from SBMV-infected soy-
bean tissues. A negative reaction was observed when crude extracts were from cowpea plant tissues in-
fected with SBMYV, or from a healthy soybean, edamame, pea, vicia faba, or kidney bean plant tissues.
Based on the prepared MAbs, two serological detection assays, ACP-ELISA and dot-ELISA were de-
veloped for detecting SBMV in plants. Of the three MAbs, 19H9 was the most sensitive for detecting
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SBMV. The detection endpoints of ACP-ELISA and dot-ELISA assays based on MAb 19H9 were up to
1:163 840 and 1:10 240 dilution for SBMV-infected leaf tissue crude extracts, respectively. Using the
developed dot-ELISA assay, SBMV infection was detected in soybean seeds intercepted at Shanghai
port. The detection result of the dot-ELISA was verified by RT-PCR. This indicated that the prepared
MADs against SBMV and the developed serological detection techniques for SBMV can be effectively

used in port inspection and quarantine of SBMV in China.
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T4 77 32 A M5 7% (southern bean mosaic virus, SB-
MV) Al {2 Gt ZFh R , & —Fi e %5 GRHEY)
Az 7 B R VR A e RE (E ARG, 2001) o
SBMV 2 J7 32 AL 22 )@ Sobemovirus H) LI
WL (BRTE 45 ,2009) , F 25540 T3k | Hb
X, Bk RE I o AP UE A7 A B B AL 1, ST i
Cerotoma trifurcata % ¥ L 4% , 18 7] il 1 A\ T ML
£ /S NI ISR VA N AN 5 A AN i IS AN
A G ORIRORBRAE 12 J® 23 At A, A IR A%
FAh G N T B A% ) 6 XS (R
WU, 1991)

SBMV i R AE I FR A — - A, JC L,
#2979 30 nm, 17 1 45K 4 100~4 500 nt ) 555 1F
SCRNA R, 202 (0 FE R 4 RNA & A 41 JF
T ) 524 (open reading frame, ORF) , H:H' ORF1 %
4 1/~21 kD B P1#E H , %8 H 9 25 4l (] 12 3
A, R 1> RNA GG 5 ; ORF2a it 1 12
REN, ATHIIECA 122 Z R E B 1R
NnZh A VP 14~ ATP EE P10 1 14~EAT RNA 2%
A TIRENY P8 25 [ ; ORF2b 4 iy 22 ) RNA R4l ;
ORF3 i T a5 L4, 4fth 19> 30 kD i 2 A1 ¢
A, S 5RENAEZE S S KR E (R IE
45 1985),

Rt T2 ittt B S AR e sc 4 55 H g b
%, SBMV X & [E T RME) A 7 A6 3 18 AU o R R
Hhn, 3 ETE 1992 4R 2P A 2R et A
A (ERIREE,2001) , T 2007 4R 948 ARG P A
FAY A, TR A A RN BHE T
T, PR N7 3200 T DR VA 1) 07 2 B AR = B 1k
H R AR NG s A s 2 —. B, H
FEAGIEEXT SBMV (146 J7 12 32 B [ i 5% PCR )™
1 (reverse transcription-PCR, RT-PCR) ( ff & &5 ,
2009; #H4,2010) LI HEOGE £ PCRY 4 (quan-

titative real-time PCR, gqRT-PCR) ( [4##45,2007) FiI
I 27 A (ARSI AE , 19915 BR 75 45 ,2009) . RT-
PCR 1 qRT-PCR £ il 75 ¥ B SR 72 SURE & R 5
5k, (HIZ 7 v 2 RNA 2 B, RNA 5 5%, PCR
P48 DA K H VARSI, 5 22 A PCRER] , I3 g
AR R, 15 A I R BB, R B R A
B EOR . A FE A SBMV LG S A I 7 125
R, T BT ] AR T A S [ AR B 2R 1T SBMV
M3 2 A R R AT R AR S A A o I T 2 A
T3 AR g K AR e B A BE | R A = A S A
P i e 1 AR R A | HEA A% | R URE DL S S
PE 32 2R A T BT A e 5 BT (Liu et al.,
2016) , P L il 45 SBMV (14 e o i L A4, I 57 5
R P Y SBMV LY 7 6 36 46 22 £ K + 7338 )
R, 1991) ¢

AW 5T L 4l Ak i) SBMV KL F N 3T 5 4 7
BALB/c /) Mus musculus , F) FH 4% 38 Ji £ R 3K 15
43 SBMV HL 5 R BT AR 114 2% A2 968 240 ML A , OF DA 2%
ST AR 3 WA ) AT A AL PRER R ST A SB-
MV AT A 9% il 156 4 322 W% B 5 (antigen-coated
plate enzyme-linked immunosorbent assay , ACP-ELI-
SA ) FIEE A5, FikE K B2 92 W B 5 (dot enzyme-linked
immunosorbent assay, dot-ELISA ) 75 1 , L 1] 52 ¥
TR E PO R R ELL S R S A 2 , JF
i SBMV [ 5 G W AR AG: 56 A6 928 B2 (b 6 AR 7 b
P&
1 #R57AE
1.1 #

HEEE /N R Y : SBMV g 5 UL AR
¥ 7% (southern cowpea mosaic virus, SCPMV ) ¥Jll4) F
T8 E Y R R .0 DSMZ; BALB/c /N F
VU IR - g sh WA PR A w) (i), 25°CE T
(GERNEIEE- 9 iR SIS IS AN IS A AN
T R VLR A2 S50 M 5 F R A R B2 e
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VR G RR AL

TR AN < 18 Wi A 3 el 20 85 T -1640 5 57
B UCH NS F G % E A% 1 (hypoxanthine and thy-
midine media supplement, HT) 15 5 3& UK B IEEIS | 2
S MSE 04 R0 fife) iR 13 IE 4% FF (hypoxanthine , aminoperin
and thymidine media supplement, HAT) 552 3& 5K £
% (polyethylene glycol, PEG) $iIAZEAY I IV 2%
FE AR & B e Wk R i (alkaline phosphatas, AP) Fi
OB B IgG — 31 .DAS-ELISA i £ , 351 Sig-
ma-Aldrich 23 & 5 fil§ ik £ 4 & 5 (NC) , 3£ [E Amer-
sham Pharmacia 23 7] ; NBT/BCIP & {4 )ik 4 , 3¢ [H
Promega /3 7l s AMV K% 5k, H AR FEY 8 7l 5
PCR J b 2%t .ANTP IR 5% . Tag plus DNA R 45
fit , H X TAKARA AW . 96 FLAN RS ## #ie \ELISA
fifi bR A , 5& [E Corning 23 7 ; JEOL JEM-1200EX 375 &}
FLAE , H 7S JEOL A 7] ; IX71 438 W iwds , H 7K Olym-
pus 2y Al ; Galaxy S ALk 15 #7246 , 9 [F RS Bio-
tech 2 1] ; 680 ZYEHR{X , 55 [F Bio-Rad /3 #] ; LE-80K
A R B 0L, 26 [ Beckman /24 1] ; ND-1000 484k
S3GEETT, 3218 Namodrop A Al
1.2 FHik
1.2.1 SBMV #48 shfe s ®

F G SBMV K 955 I (R YR T BE 4 H b 22 2
9 A BRE R L b e 7 B0 3 R IS SRR AR AR )
(R, 25 B 545 (1994) Jr R Al 2k 1, FR
HX 100 g i, fim A 200 mL B2 2% ik , 213 2 min
Ji HAUZ e e 2b A i U, U8 250> 20 min f5 23 BRAE
YA 215k, P A5 13 W 398 1 20 7% N Triton X-
100 .PEG FINaCl, #it#£ 4 h LA _EJ5 8.0 15 min 1591
VE , UTTE 2 W R 2% MR 78 40 R VA O 500 15 min, T
B EERORE TR DIER VR B0, &
5230 E 9T B35 000 r/min B5E B0 120 min,
JIr A5 U0 V€ 28 W 1R 2% v W TF 5, 5 000 r/min 2
> 15 min, PLFEFEIE EO L, EEZ 3G A LG
W, BTN 30% BEAR A B T, 30 000 r/min
8 20> 100 min, A5 DITE LB 2% vP AT, B
T VR A B AR Al 5 o T A 2R 28 2% W IR A 11
Y5 B TR PSR T IEA
1.2.2 2 5098 2 o fe 3 St LR B &

Z IR EE 5 (2018) I A BT, LA 1.2.1 $2 1L
(1 SBMV R~ G i JE A i 7 Jl i i) BALB/c e I
INEL. 2R W et al. (2011) J7 184 & A= i 8 1Y
BALB/c /)N BRI 40 i A1 SP2/0 il 13- 6968 48 it 2 1A FR

L 7: 1RG4 PEG RS, HAT B 30k 15 5% 10 d
JE ¥ HT Ki R 3L05 5%, S8 )5 BT 25 B 96 LA bl it
ARG k5 ek . LURYE SBMV (2% Gt
J RSl B A TR, SR F N4 ELISA J5 i Al 4
IR L3S SR IS W PR (Wu et al., 2011) .
SIRGERLEE S (2018) i, 2o 3~4 KA PR A BRI
e PR R 43I T SBMV BT TR 4 22 3 T3 M
I 3 1o 843 A PE SBMV 455 S Mk FRLE 1) 2% A8 9o 400 it
Bk, Z: 1 Song et al. (2017) J5 1 il £ B 7K St , B ik
120 JE % BALB/c #EPE /N R, 18 s 1 5 0.4 mL FoAE
Bt , 7 dJE RIS 20 1034 228 T 4, 7~10 d Js 7
SR BB, R ML S R A /N EUE K . 2B Wu
et al.(2011) (Y [A] $ ELISA J5 5, P 1 pg/mL ik 55 42
SR AR A DT AL BRI 7K b e (AR R
FE A 1:312 500 2 1:40 000 000 H. 51 B J5 Al —
B, DL AP ARIC B BT B 1gG o Bl 2 B Rty
JF 2 DAS-ELISA i) G A E B I 2 1eG & &t
Y TE BB PTIAR 2R CR$45,2016) o
1.2.3  ACP-ELISA 7 %5 5 B R E Ao 47

3 77 MR B 5 ACP-ELISA T84 Fll AP
IE PR 1gG P MY il TAE R B (Liu et al.,
2014) , 7E 34 SBMV 14 K 529 I () AFF 4k v 4 Jo o
PARRRLE 1:30 fin A G285 2% vh 3 (0.05 mol/L ik i £h 2%
M, pH 9.6) JEBIFES 510, 519 5 000 g 5.0 5 min
JE B FYEWCA M R AR . SRR E
(2016) J51%, LAt 2HZUH AR WA P (100 wL/AL)
FI8% ELISA FigbRii , 245 73 I A Sl TAER EE RS
BT AP ARICAY PR 1gG — P45 F 1 h, i
JE R A5, , 257 LU SBMV A5 R AU ks A )
FEAH SBMV () ACP-ELISA 7k

IR YL SBMV (1) it 41 UKL 4 e A 9k
28 PR e TR R AR L 1:20~1:655 360 5 B, 451k
53 B0 ELISA B bt , H14E 37 () ACP-ELISA J5
AT RE 34 SBMV BT REUE . DA AYSE
BB E HLE B A AR AT BTR, DAER G
SBMV (1)K A b kg BH X6 R it Bl K SR A B
P R, R A9 22 Pl e B s AR AR L 1 20 i B, I
IR F 4 UM 53 0 0 9% ELISA Bibr , F a7
[) ACP-ELISA J5 3543 515 3 1~ SBMV Ffii iy H¢
SbE, R 2K
1.2.4 dot-ELISA 75 ik 52 B 3 U Andd P57

HRAE AR PG4 (2017) J5 BRI B0 i 7 dot-ELISA
J7 1 Fh T SBMV B F AP ARic 14T fl 1gG — Pt
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(il TAEWREE , 2 IR HAF (2016) J7vA I IAR
T T AR B S A AR Y i 7oA SBMV Y dot-
ELISA 7. Bt SBMV IR G 0.01 mol/L,
pH 7.4 BEFRZZ v RIS 213K, 513 LA 5 000 g 550
5 min 152 A L35 W B R 2 SURLAR W, T IR 22
PR T R AR L 1:20~1:10 240 St 10 4863
TrHe B, B R B B 2.5 pL o5 T il PR 47 4 X i
b B 0 R T R S R L A
[ B4R B K B I A B 0 B 58 S FH 5% JE s 105
#3355 P41 20 min, {1 FH PBST 2% #P¥ JEAR 15 min, 285
FHPUAR B IS TAE W BE AT —HUE & 1.5 h, Bl
PBST & il Ve 3 YK, B UK 15 min, A ZHUEE
1.5 h 5 {d HI PBST 2% M 56 155 3 U, BFIK 15 min, Jf:
FHT A0, 7 9 dot-ELISA J7vE HEAT K , 43
Mt dot-ELISA ) R, FEE 21K,

FI Y SCPMV 1 HL E fd ARG B,
i 5 A Ay G S o A B e, DLUBRYE SBMV 1K
T o BE P X B i BRE DR A i Sy B X R B
2.5 L M F 20 SURLEE L 85 05 20l e & 4 35 s
b SR FHEEST Y dot-ELISA Jy 2= BEA 4G , 2 Fr it
AL HY dot-ELISA A S, B4 2 1R
1.2.5 fiF kv Fam b ag 5 A

1 F dot-ELISA J5 A A5 B R BUAL A BB
FRTAE | R0 PR, ARSI 5 SR O, R K T R A
PRGN Ty A P (R 25K, T LA IOZ 07 1R 254 T g
FHYEAY o R A 5% T 82 57 1Y dot-ELISA J7 ¥ X
20184F3 A Fifg O Rk O i —H R A6 . 5
BEALEORE 14 20 5K G 5 AE AR v VR U B ol
oK, R B AR FREE 1: 10 A 0.01 mol/L B iR
ZE WO, ARSI EE A3 2 min, AT LA 5 000 g B
L 5 min 75 F] Ay L35 R A A SURLER i, ik
HENT 1Y dot-ELISA Jy vE XL V4T SBMV Azl ;
FEiE— 2 EMLICRE 12 00K G AR = T kA7 &k 2 E
K, K A R IS ] dot-ELISA F- UG AT SBMV 5
W FFZ MEEF S (2010) 08 9 7B Arh A R
FE H B4 360 K 2 17 Mk A E (SN/T1611—2013)
H1 Y RT-PCR J7 ¥ #E 47 %0 i , 3% 1] Sobe RdRp-F/
Sobe RdRp-R (5-CCNTCNAARCCNGGNATGGGN-
YT-3"/5-TCRTCDCCCATDKCDATRCACCA-3") Al
SBMV-FI/SBMV-R1 (5-ACTTGTCTGAGGGCAA-
GTG-3"/GTGTCAGCCATATCATATTGG-3") 2 X 5|
Yy B K = RE K SR T RT-PCR ™3, H W
F BER /N 31 400 bp #1580 bp, F AMV S 5 i fiff
G cDNAL 596 B A FRAE DR A BR A

Al S8 M. PCR RN ARFR N« I 2% th il 2.5 pL.
dNTP IR A 0.5 uL I M5 19145 1.0 pL A4 cD-
NA 0.5 uL . Tag plus DNA 4§ 0.25 uL, JIXGEIE
IKELARFR g 25 pL, PCR W AR A : 94 °C AR 1
4 min; 94°C7EE30 s, 54°CIR K 45 s, 72°CIEff 45 s,
35AMIEER ; 72°C ZEf# 10 min.,

2 BERE5HM

2.1 SBMVHERFIF

KL P E AR 4 D SBMV 2~3 & Ji 5 30y A 4
BE5 ] 1 ARG R (B 1-A) o W Rt B
FE4 SBMV KT, #2461 SBMV HI 4 Mt
THI A5 5k 6.95 mg/mL , 45 2% W R 449t Y4 5 T
BE N SR, R IPE A A B R R R R R,
WIS BERR, HERZ 828 nm ([ 1-B) , A
SBMV Hi iy ML ALK FTE A

AR o
SIS A

1 EAREEMRENER(A) RIBERE
HFHBERRE(B)
Fig. 1 Symptoms of SBMV-infected bean plants (A) and

electron micrograph of the purified SBMV particles (B)

22 ZEEHAMEHIRRE IEESEE

LUIFR 4T SBMV i T A A gL, >R H 6] % ELL-
SA 7 AN G FRANML_E 05 W B RE S PEBTOR A
ZERKI A 150 LB R AME RN . Phik 184
Rp S PR | PR S 56 ) 2% S8 90 A0 D 2R A 5 A PR A
FEVE OB, 55 A0S 3 BRBE R AL BT SBMV i 5+
MBI 2 52 968 A1 M Bk 19C3 L 19H9 F120G4, 3 B4
Mtk 2E 3 H 40 AR IR M2 R AF E IR A K
R I RERSE 73 B4
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2.3 BHEKNHEESHEEE

AT S5 2 52 908 20 i £ BALBY/ ¢ /)N BRI s R 4 3]
19C3 . 19H9 .20G4 FHIE K, Xt 3 A~y ik &
T B PR i 4 Ak JE RS I 1gG A 43 i o 111
14.3 .10.8 mg/mL , H:H1 19H9 & it e o PRI Al
KW R LRI, 3 A AP N TG, ¢
24k , A4 ELISA J7 15 A5 3 AN B 4T I /K 19 35 Hr
¥ikE 107,
2.4 ACP-ELISA & I R E R BUEFSERES T

3T iR 6 45 2 7R, 78 ACP-ELISA A& il H
19C3 . 19H9 1 20G4 HL4T K B br — B i feid TAE
W 43 24 R 126 000 F11 1: 8 000 F B v &, A1)
PR Y 5038 T 1R B 8 S K AR 9 B SBMV 1Y
ACP-ELISA 7k fpmPEgs R, 3 iy
SBMV B K 7 5 4 2L a0 B 11 A 5 1 928 I
NSRS KOG B B AR K&
&Y SCPMV (1Y U1 & Fr 2 U $2 9 & A o 9 I
N (E2-A) .

s RIPESBMVAE SBMVinfected bean
m {@RESE Y Healthy kidney bean
B fgREk§ Healthy soybean
o {g#fEE T Healthy edamame
o @IS Healthy pea
A o f@fEZ& G Healthy vicia faba
s o BYSCPMVELE. SCPMV infected cowpea

]
=
o
19C3 19H9 20G4
BB Monoclonal antibody
B
201 ~-19HY
i -+-19C3
. L4} -=-20G4
2 1.2} »*CK-
o 1.0
S o8t
0.6
0.4
0.2
SESITIITSIIISIEZEIL
S S L NN = A TF X O N~
_eE_, NN O OO =M O
—_—e— e ™ N < 0 O O WV —
S o Z T oem

FEBEIRIEZ Dilution concentration
El2 ACP-ELISA 7S T BH4 R (A FRBE(B)
Fig. 2 Specificity (A) and sensitivity (B) analyses of the anti-
SBMV MAbs by ACP-ELISA

R 4y M 4 I, 19C3 BB Fl 19H9 #A
P Y R Fcls, XY SBMV i il R A 2
I8 1:163 840 Fi B v JiE |, 17 20G4 HL 4T 1) R 4 BE mis
I ABA IR R 1: 81920 vk B (K1 2-B) o U HAASHIF
FEIT i 28 14 SBMV =~ BT L K H#ES7 [1Y) ACP-ELI-
SA J7 %7 SBMV E AT 4 it A6 i R R AR
S
2.5 SBMV R dot-ELISA 77k HI& 31

37 B e 5 SR 2R B, dot-ELISA £l v 5.
PL 19C3 . 19H9 1 20G4 11 $5z3d T AR B 3 51 by 1
5000.1:5 000 £ 1:4 000 F Bk B, 1] AP A3 AY
EH R IgG I LL 1:8 000 Fi Bk J b il TAE
WP o R ) Bl T AE W BE dE S A SBMV
1) dot-ELISA J57% . REUE AR, LLERAT 19H9
A% 0 ST Y dot-ELISA J7 3% i R AU fe iy, B AG:
I - 0 S8 ABORE WIS 12 10 240 B B B (18] 3-A) 5
PLBAHT 19C3 B 85T 20G4 #3714 dot-ELISA J5 k6
T 1 R AR AR, (H SR SRl 313K 1:2 560
1:1 280 W Bk i (&1 3-A) 5

FESPE TR, DL 3 AN PR e B P TIA ON 0
3711 dot-ELISA J7 ¥ A5 I JE 4 SBMV A 4 21 41 12
R S BH P S T A I () g 7 JE% s SCPMV | K
SAMERNRE BE BE RO A G YA
ZUE IOV (E13-B) .
2.6 SBMYV HJdot-ELISA 77 3% BN

FHASIR 56 2 37 1Y dot-ELISA J7 BT g 1 i ik
1A 20 00K AR S R T SBMV K IO AG 2 , 45 5 7
2R G E SBMV BHM: (K 4-A) . KEHEFE
win 1 dot-ELISA J7 i BRIk 4T SBMV kil , &2 BILAS:
ME 12 K2 A 1 RIERY SBMV (K4-B)., If
HiE 3 RT-PCR B UE , BRI I I A5 I A BHAE ) 1 #k
KEFES R, 23518 54 5] 400 bp 1580 bp Y4 1
=) (K 4-C) i T dot-ELISA Jy i A 4
(AT S
3 it

TR E AR S | PG A LR 2
i, SBMV 1E R — P e B iE e R A AR, A
1R RS 5 o 1T HL 120 B P B FP 145 B 1 I i
BERE GG RN 1%~5% , 51 G FE R E =, N
5%~40% , PR I FEAS 3 K73 1 e K k4G I - RELIBr SB-
MV 1 AL 1T 38 4 SBMV 7 [ P (194438 Fl G 3 (UL
HEEE,2016)
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RYLSBMV AKE?2 SBMV-infected soybean 2
{8 ¥ K5 Healthy soybean
8 ¥ K& Healthy soybean
BYLSBMVKE 1 SBMV-infected soybean 1

JBRYSBMV K E2 SBMV-infected soybean 2
& fE K& Healthy soybean

& B K& Healthy soybean

B&YLSBMV K .1 SBMV-infected soybean 1
BRYeSBMVKE2 SBMV-infected soybean 2

& fE K& Healthy soybean
& B K & Healthy soybean

Bl AT 1~10 4351482 1:20, 1:40, 1:80, 1:160. 1:320, 1:640, 1:1280, 1:2560, 1:5 120, 1:10 240 (WHiREHe & . &I B
FH LR 2 351k B SBMV R LRI R K2 ity i 2 SV 5 32 JE% e SCPMV BLEL Y I J ZHSUHLER I 5 4~7 73301 Ak P
B B AR S R ORI [N 2 R A AR Y EE & . 1-10 in figure A represent the dilution concentra-
tions of 1:20, 1:40, 1:80, 1:160, 1:320, 1:640, 1:1280, 1:2 560, 1:5120, 1:10240. 1 and 2 in figure B are crude ex-
tracts from the SBMV-infected and healthy soybean plants respectively; 3 is SCPMV-infected cowpea plant crude extract; 4-7

are healthy kidney bean, edamame, pea and vicia faba plant crude extracts, respectively; up and down dots of the same mem-

brane indicate repeats of the same sample.

B3 #iIf) dot-ELISA 7 iAH RBIE (A) A4 7 (B) 5347
Fig. 3 Sensitivity (A) and specificity (B) analyses of the developed dot-ELISA

A 1 2 3 4

6 7 8 9 10 11

12 13 14 15

300 bp

M al bl al bl a2 b2 a3 b3 a4 b4 a5 b5 a6 b6 a7 b7

16 17 18 19 20 CK'CK"

ARl 1~20 28 [ FSE 20 R GRS RIS SR CKOHI CK 43 512 8% SBMV R G ATE FE K 57, Ay BE AN B M o) FR
B~C [&]: al~a7 F1b3~b7 4352 18 11/ 12 UG A R &, b1 AT b2 Y SBMV BB FIMEERE 1, Oy B AR 43 B
M: Marker, LB A APPSR, OSBRI AL R . A 1-20 are the detection results of 20 soybean samples
from Shanghai port. CK" and CK" are positive (SBMV-infected soybean) and a negative (healthy soybean) controls. B and C:

al-a7 and b3-b7 are the detection results of 12 soybean seedling samples from Shanghai port. bl and b2 are positive (SBMV-

infected soybean seedling) and negative (healthy soybean seedling) controls. M: Marker. Purple color dots are positive sam-

ples; colorless or green color dots are negative samples.

4 Dot-ELISA(A.B)# RT-PCR(C) F7iE 3T i#t O K E I L5 R
Fig. 4 Detection results of imported soybeans by the dot-ELISA (A,B) and RT-PCR (C)

H HT £ XT SBMV A9 15 K I — i >R FH 1L 3 2%
CRMUELSE, 1991 ; BRTE %, 2009; Ali, 2017) fl LT
PCR (1) RT-PCR (B 45 , 2009 ; # 7% 55, 2010) \RT-
LAMP (35578745 ,2014) Fll QRT-PCR ( (154 ,2007)
TR . RT-PCR A SBMV B H AT R 4

() R R AR S, {H RT-PCR #5248l | 2% i 2%
T3 ASE A KHERE S BRI . SR8 A5 (2014) 48
P SBMV A6 2 4 JE K 741 1A B RT-LAMP 5|
Yy, @57 T SBMV 1Y RT-LAMP #7546 , 1% 05 6 [t
3 RT-PCR 5 2 SR8 /=7 , Rniill Bof () 48 e, {E HC ARG 3
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Jf FH AR SR AT A AR B 118 Bt o, T EL A g AN A 4
Mg . FERSE (2007) 857 T Al SBMV
1Y QRT-PCR J5i% , 1% %2 H AT I SBMV e R
()7 %, AR LR 22 B8 5% 1) SER 298 5 PCRAY, 45/ 4%
ARAFER & AGE A TR %/ MEA R, A
AIF5 T A 37 B4 37 2 i RV R 5 R B T R
ARSI S5 000 A5, 7090 3 A0 1 e ARG 66 92 0 L R 4G
DG 1 B il R N 32 o AR 24 7 IR AR AR A
FE BV AN (1% 28 80 R o A 2 35 R 1) 43 —F ARG
FERKE B 1 SBMV Hit ik T IG5
T R RN R

20 42 90 4EA ], FRIE B Hil 25 th 79t SBMV
() BTN 2 e BRI (TRIFR 200 ) , 4% 9 2 Fn
Y42 A 1 DAS-ELISA J5 15 % 442 20 955 25 1) 46
RAEE e, A3 78 ng/mL, {H H A & 89 e 25 A
A AR TR R A BEAR A Bl S, LRSI
£ ML 5 W] JE SCPMV 19 28 SUM: | Bhe 4G I - 119
TR TG 45 5 0 ME I RIS, 1991) 0 BR
T 5 (2009) F| F 3L F Z 9011 DAS-ELISA i 7] £ Al
RT-PCR J5 1 X6 55 51 G 7 & 28 (1R 4l i 2647 SB-
MV RGN 5 5 52 , B DA 2] SBMV , (HZ 1ML i
SRR £ 2405 SCPMV A 28 SRR, PR T
Xof ARG I 235 R T A T e A HI T . AL (2017) A
BT Z 401 dot-ELISA J5 i X 3¢ K v Fir iy =5 (1)
FH 0] K AR R S E AT T SBMV R, H 247 HoAA
HRAEIZ LI J7 v 1 RAGUE 5 Sk SO . ASF
M A4 SBMV ki TR R e i, Z 4l al &
ik | S RE AN K 4, He3RkA5 T 3 MU SBMV [ i
HEAHT 19C3 . 19H9 F120G4, i 45 14 3 4> B 5
SBMV K& M A s Z A R S o SO, 34 B 4L
X I Yt SBMV K 5 | 41 UM 4R ) R B Yy
K F) 1:81 Q20 R E L. I, H A5 EYL SCPMV
RIELE R KRS B BiE A SRS G Fd
UM AR % A e SR, I IX 3 /1l 4% 9 SBMV
FAHTEA AR O 0 R R A, S ST SBMV
LT S 7 AR B T SCHE Y SR T b4

Ll £ BT A 20 ST K SBMV ) ACP-
ELISA F1 dot-ELISA P Fh il i 274 J5 i , 3X 2 Fh 731y
AEAF SEAERLIN SBMV, i I{g R ()22 2 K a &
5B A AR S R IR R N . e, LU 19H9
P77 i) ACP-ELISA il dot-ELISA J7 ki K &
i ZH U AR 1Y R B 53033 1:163 840 Fl 1+
10 240 i BEHe B o d B 3 S7. 19 2 I 775 27 vk Xt
SBMV HARAF AR R S R U, DR RS

FE i 1Y dot-ELISA 46l 2% 5 55 RT-PCR Al 4% 5 ¢
430, VR ST 1Y dot-ELISA J7 v ] LA fff b
FREGHT 1 SBMV (1) R R IR0 . $i8 B4 SC
kAR B R X [ AR IR 5E T dot-ELISA I i
27N T K SR SBMV R (19 HiziE o P
I, AT ST il 25 1) SBMV 5 Ji 2t BT B 8 N7 1) I ¥l
07 VR IR O R RS 564G HE 7 SBMV 1Y
KSR i S H ARG U2 W SBMV (R G (i Ve oA
i SARELiIN =
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