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89 50 M EEUR e AMV 89 K A S B ATAR M, A 46 AR St 25 R — B, Ak 92%, A A S AMV
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Establishment of ELISA for alfalfa mosaic virus and its application in soybean
virus investigation and resistance identification of germplasm resources
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Abstract Alfalfa mosaic virus (AMV) is a plant virus with worldwide distribution, wide host range, and serious
harmfulness, which causes serious disease in soybean. In this study, the antiserum prepared by prokaryotic
expression of AMV CP protein was used to establish an efficient and accurate indirect ELISA method for detection
of AMV, which was applied to disease investigation and resistance identification. The results showed that the
titers of the prepared three antiserums against recombinant protein and crude extract of soybean plants infected
with AMV reached 256 000 times. Serum specificity analysis showed that the three antiserums only recognized
AMYV infected soybean leaves and did not recognize soybean mosaic virus (SMV) infected soybean leaves. A total
of 50 soybean samples suspected to be infected with AMV were simultaneously detected by the established AMV
indirect ELISA and conventional RT-PCR methods. The detection results of 46 samples were consistent, and the

coincidence rate was 92%. The established AMV ELISA method and SMV ELISA method were used to detect the
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virus in soybean samples from the main soybean producing areas in Jilin province. The results showed that the

detection rate of virus was 38.30% ., the positive rate of SMV was 30.85%, the positive rate of AMV was

17.06% , and the composite infection rate was 9. 61% . Resistance identification of 40 soybean varieties inoculated

with AMV showed that all 40 soybean varieties were infected with AMV, but the viral load was significantly

different. Some varieties showed AMV resistance, including 11 soybean resistant resources. The soybean disease

caused by AMV had become one of the main diseases of soybean in Jilin province for the first time.

Key words soybean; alfalfa mosaic virus;
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508 7] (TaKaRa) ; DAB & 83857 & . TMB
A W B I R ERA A A s EasyFu-
sion Assembly Master Mix [a] 5 5 2H 75 [R5 & 1)
B EEHE R AT B A s Ni* ™ 825 2T
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HEAT AR S 43 A R AR I A R =t i A 10 mlL
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LK — U R4S 59 AMV $1I0T » — 30 % B B
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2 pg/mL J5 100 pL/FLAHEEEAR A . 4°C i B 2t 1545
T 5 % e s 280 /4L, 37°C P 1 hs Kl Pl
FH 5 26 JBERE 05 B I I AT AR A, 100 /L, BB IR
65 r/min, 37°CHFH 1 hs BEFRHLIARF 520 B 036 e
JE IMABEFRR , 100 pL/FL . FEIK 65 r/min, 37°CIFH
1 h, DL ER—P 455 . PBST 3kik 6 UG A TMB
WA 100 pL/FL. ##6 5A 8~10 min, Pk 2 mol/L
H, SO, R ZARI 50 pl/FLEZ 1 5 8 5 BRSO
OD 50 AEWE S BEAE S ARHE 2 2 RAE i ODyso (P AED /
BIPAEXS IR ODyso (NAED = 2. 1 HE R 25 5 R B o

DL IR IR R LIRS 3 AT - A B 5 PR Rk
Yo AMV R L B (g R Gt ) 28
H(EET7K03 A%,
1.6.2  RAEZ AN

¥ AMV CP #E M 1 000 ng/mL %5 Fo i B 2
7.812 5 ng/ml, iz FHEE ARG 7 3k % H b A T A
T )4 ELISA AR 4 IF45 0 e IRl fR .
1.6.3 A 5A

X HERAR B 50 £y BERUE Y AMV (1) K G A
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AMV R G i 1:10Gn/V, g/mL) H G ABRRER
G2 (pH 9. 6) IS 5 B35 100 /L, B B
bt » iz F 8 57 9 ) B2 ELISA J5 74 #1 RT-PCR J5 7k
YT 5 UE. AMV 45 5 4 5] #: AMV CPs (5"-AT-
GAGTTCTTCACAAAAGAAAGCTGG-3") FI AMV
CPa ( 5'-ATGACGATCAAGATCGTCAGCTTC -3,
Fie 1.2 hAP BRI T PCR &34, 6 LU RD 7 125 ) A DU
SE0 B UE HAER M
1.7 EMEAKE SMV FHT AMV FHERELER
BE

2021 4F 8 J AEH A 2 0T LT A
T BT RN T IR X 5 A~ M X 5 7% 7 b e 1 FEUAE
1 hm® DL b A 2R 7 B AR L SR T BRURE 5 Bl AL
KRG B ARG E T —80°CrkFi R 17
FIFEESL ) AMV [a]4#2 ELISA #6007 g Fl L 5 % 2
HENZ SMV [a] 42 ELISA Ky 20 % K A i itk
ATHREI o A3 AN [ b DX K AR PR 2 S 1R OO0
1.8 FREAXEMMHE AMV HTHEEN

BURGe AMV B K= B A PBS(pH 7. O it
ATHFEE, 12 000 r/min &.0> 3 min, B EIEWR . 7ERD
FEAY 40 AR G A A9 R &2 7 B 500 H 4 W
0 W 100 p L 95 75 R TR 7E M5 104 46 W 20 B i 7 b
FHFARRRERIRIR 3~5 W BRI 3 min 5 T K
WA, PR T — IR AU AR . W H R
WE oL R 21 d JE , BORTAE it 64T ] 4 ELISA
HSEI 5 53 B AN ) b o R P B A 10

DL RIS LB 3 A FAT [R5 5 BH 7k (g
P AMV R =0 ) LB M Cflt B 1% © R 1 357 10
SORED EHEBE KO3 X,

2 ER5SH

2.1 AMVCPEEHMRIESERE

PCR 7= 1. 5 %% By I W 6 e v kRS U » 22 B0
1E 694 bp ZEdi A — R HESRIEARAT . 5 AMV CP 2%
K/ MEFF G S0 5 82y AMV CP 31/, CP
FEEFI AR R (B D ORE T KRG AMV
ERIE T ETER AMV CP JF 5 [RIEE R 96 %0 4 4
LRI HEA ] o

B BT Hy i 1) pET-28a-AMV §8 A 3% ik
Rossetta 1, " KB3R5 4 IPTG 555, /0 H UGS
SRR KL 2life 5 i AMV CP & [ ## 17 SDS-

AMV-CP Soybean
AMV-CP Alfalfa

MSSSQKKAGGKAGKPTKRSQNYAALRKAQLPKPPALKV 38
MSSSQKKAGGKAGKPTKRSQNYAALRKAQLPKPPALKV 38

PV!KPTNT ILPQTGCVWQSLGTPLSLSSFNGLGVRFLY 76
PVAKPTNTILPQTGCVWQSLGTPLSLSSFNGLGVRFLY 76

AMV-CP Soybean
AMV-CP Alfalfa

SFLKDFAGPR ILEEDL I YRMVFSITPSHAGTFCLTDDV 114
SFLKDFAGPRILEEDLIYRMVFSVTPSHAGTFCLTDDV 114

AMV-CP Soybean
AMV-CP Alfalfa

TTEDGRAVAHGNPMQEFPMGAF HANEKFGFELVFTAPT 152
TTEDGRAVAHGNPMQEFPHGAFHANEKFGFELVFTAPT 152

AMV-CP Soybean
AMV-CP Alfalfa

AMV-CP Soybean HAGMQNQNFKHSYAVALCLDFDAQPEGSKNPSYRFNEV 190

AMV-CP Alfalfa HAGMQNQNFKHSYAVALCLDFDAQPEGSKNPSYRFNEV 190
AMV-CP Soybean ‘WVERKAFPRAGPLRSL I TVGLLDEADDLD@-I 221
AMV-CP Alfalfa WVERKAFPRAGPLRSLI TVGLLDEADDLDRH 221

AMV-CP Soybean: KX FJ{AMV CP% H & ILAERF5; AMV-CP Alfalfa: 1
TEIRAMYV CPE A &R T 51

AMV-CP Soybean: AMV CP amio acid sequence of soybean; AMV-CP
Alfalfa: AMV CP amino acid sequence of alfalfa

B 1 AMV CP ZEASERFIILEITER
Fig. 1 Amino acid sequence alignment of AMV CP protein

PAGE HLJK %, W&l 2a i, 7€ 25 kD 24 A —
FFEFIER AT 5 IR/, LRI 5%
ke NI FOEMZNTAEX B W E A 4tk s 1T
SDS-PAGE Hiyk %5 . 7E 25 kD 7547 WL 5 o — 11y
HEy & AE E SR maiEm HE N, ditk)s
8 1 34T Western blot 3858, 7F 25 kD A4 A —
SRR T O S 45 (& 2b) L iF A 44k 5 1 3 4 A
1k AMV CP & .

a: AMV CP# H %Kik HSDS-PAGE43#T; b: AMV CPZ& H iy Western blot
SMHT. M: EEAMES ThE 1 SR 20 BRI, 3: bR &
H; 4: 4ifbJ5 AMV CPEH; 5: 5 SR K

a: SDS-PAGE analysis of AMV CP protein induced expression; b:
Western-blot analysis of AMV CP protein; M: Protein standard molecular
weight; 1: Pre-induction thalli; 2: Induced thalli; 3: Purified protein; 4:
Purified recombinant AMV CP; 5: Pre-induction thalli

E2 AMV CP EHRIESHT
Fig. 2 Analysis of AMV CP protein expression

2.2 mMBHNRERESHT

L AMV CP 8 20 2 R AMV (1K
T AR A A e AR AR o e 4 IR E AR
AR B IR 6 B2 R R R FH B 422 ELTSA K50 7 32 %)
PUILIE WA FEA TR , &5 5 A&l 3 i . il 45 1) 3
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iy AMV LI K2 AMV CP 2 [ F1 AMV &g

RN 2R PR L AL R IA 3 256 000 £,
it Western blot Flx il £ 1) AMV it 1L i

PEATRESE 0T, I 4 BIR S il 45 0 AMV i3

25 -
—@— [fiy1 Serum 1
20 L —— [fi{E2 Serum 2
—&— [fi#3 Serum 3
5L —— P/N=2.1
Z
S~
o
10 -
5L
0 1 ! L ! ! ! ! J

Q Q N O O \ O N
" N b\QQ K \ ‘QQQ '\,QQ b‘QQ QOQQ bQQ
v S O S .
PURRRREASEL/ 15

Dilution multiple of antibody
a: HUF IR R HLEED: b: HUEN EALAMY CPEH

AE A8 4 S P TR R e AMV 1 AN [] 5 i i) R 2
Fr s ANTHRBNEYL ) S4B % B soybean mosaic virus
(SMV) IR S B, Ul B 45 19 AMV 47 1007 45 55
PERYF.

251 —@— [yl Serum 1
—— [fi{E2 Serum 2
20 —&— [fil{3 Serum 3
P/N=2.1
15
Z
S~
[
10
5l
0 ! ! ! ! ! ! ! |
\} \] \] Q Q \} \] \]
QQ D‘QQ K \) bQQ QQ D‘QQ %QQ (QQQ
v N A GG ‘7

BUATRREAE B/ 1

Dilution multiple of antibody

a: Antigen is crude extract of AMV; b: Antigen is recombinant AMV CP protein

3 MRMFRMIE

Fig. 3

1 2

—

3 4 5 6 7 8
-— @ e -

Test results of mouse serum titer

9 10
25 kD

23 kD

1: AMVERGLR R SRR 2: 25 FOW IR 30 JESMVE R B s 4~11 RPAMVI R E it
1: Crude extract of soybean plant infected with AMV; 2: Negative control (water); 3: SMV-infected soybean leaves; 4-11: AMV-infected soybean leaves

4  AMV #1545 R4 Western blot 434
Fig.4 AMYV antibody specific Western blot analysis

2.3 [B# ELISA #&il A& REE

1 AMV CP 8 11 55 LLFf B, iz B 2 S 1 ] 42
ELISA il 77 gk A7 R0l an &l 5 fros s Bh AMV
CP R BE M it A b s P/N R A A A A 48 57 A 7
M2 B2 FE vy=0.022 22+0.964 5,R* =

0.998 5,4 P/N=2.1 i}, AMV CP & 9 i) f K46
25¢

0 200 400 600 800 1000

AMYV CPZE ¥k g /ng - mL"
AMYV CP protein concentration

B 5 a4 ELISA REE %
Fig. 5 Sensitivity curve of indirect ELISA

DB Ay 46. 7 ng/mlL,
2.4 WA EEHEST

FIFHADI I E T B9 AMV [a]4% ELISA #: J5
2RI RT-PCR J35%F 50 40 K GAE S gEA TR I, o
T R 45 535 0 R R FE S ECH 30 43, ¥ R B
[IRESL 16 4y, ELISA il 25 5k B4 RT-PCR
W25 SR R BRPE B RE 5 4 4y, AT A . — B0 = (BL ]
BH 285 S 1 %5+ S [R] BH P 45 28 00 B0 /FF 5 B8
B 92%,

2.5 HEHMRAKE SMV fFHMN AMYV fFHRBEFER
A&

YRR 1 342 iy K A L iE A7 ]9 ELISA
R, 55 75K H %k 38, 30% , SMIV (1) BH M 46 1 2%
ik 30. 850, AMV [ FEHEAG HE 63K 17. 06 6 , AU 5
SR YL BHPE RS H 2R 3k 9. 6196 . 2 I 3 19 ol g 74
FE AR KOG DX 3l A7 7E
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R NEIPNCE L (ES R SN L Ec e S
BICER 1) 2% A7 XK SR il 9 R e 38 3% 5 i 1«
L A DX B PR A, HY A i 35 42. 7004, 24 %
i&[ﬁﬁ‘ﬁﬁtﬂ$*ﬁxﬂﬁcﬁdﬂ 35. 7500, kA E

EI"J 5K, A AL IR X AR T SR

AITE L Foft 4 A7 AR U 15 2 G R i 16
B BHPE A 20 R 3.62%0,9.11%,12.00%,
17.88% ., Ho B b X & AR U h i .

F1 EMREREEFFZAEHRBBEIRNER
Table 1 Detection results of viruses occured on soybean samples from main soybean producing areas in Jilin province

TR 24 B A 8/ £ CRH RS %/ 26D

) = J 2% /0
SRAE i fi B WIPERRA S B ﬁﬁ&z/ﬁ Number of positive infections(positive detection rate)
. . Number of Number of Positive . .
Collection site . K of different virus
samples positive samples  detection rate
SMV AMV SMV+AMV
AFI8 Gongzhuling 221 79 35.75 60(27.15) 11(4.98) 8(3.62)
iLJf Liaoyuan 120 48 40. 00 40(33.33) 8(6.67) 0C0)
Ve Ziyuanpu 527 186 35. 29 118(22. 39) 20(3. 80) 48(9. 11)
¥ Fusong 200 84 42.00 32(16.00) 28(14.00) 24(12.00)
#4k  Dunhua 274 117 42.70 35(12.77) 33(12.44) 49(17. 88)
B Total 1342 514 38. 30 285(21. 24) 100(7. 45) 129(9.61)

2.6 KEMMHE AMV HTEFEH

AMV 570 40 ARG E R, 3580 21 d J5, KB
‘R 22748 29 ARG AR B B AMV Y
RN NITIE YR N Uk SR E o E ]
PRAER 2 30 ™ H 5 e (] 6a) o 4N 28 A ] X

BB 5 B I 0B W BB, Ok A M AR F
AMV YL ) FRAE (& 6b) , 156 B 3 28 5 il AT G XF
AMV Y B Btk st fis vk . iz i) AMV
)42 ELISA I J7 % kA g wgAer i o 25 51 4 5]

77N - 40 AR ERE A ARG AMV i3, ok

AMV B UM < RA 23748 11 AMIEECR BLab A Y
Ay v R B A AR . B RSB M A A

‘R 2271 ODyo H iR
FE PR R B+ 32 i ol

e I HL e T B B 25
R AMYV R B 237

a: FAPAMV JEJRE I 2 K EL4H br SRR AMYV JEhE A W1 S i K B 40

a: Soybean seedlings with obvious symptoms after inoculation with AMV; b: Soybean seedlings without obvious symptoms after inoculation with AMV

6 #EFh AMV X E 4 EER
Fig. 6 Symptoms of soybean seedlings inoculated with AMV
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PR
Soybean variety
B7 AREXEMMEM AMV B ELISA R
Fig. 7 ELISA results of different soybean varieties inoculated with AMV

RA 247 TR 307 FRAR 347 IR 447 AR 717 rp
Je 6067 A 557 C B A= 177 < JRIT 3 457 (4R 537
ODyso [HAE 0. 2 #] 0. 25 Z 1] Sl 58w 3k 45 4 H )
FERIEA X 11 AN A BAT AMV 3 s Har 28 Aih
it ODyso 72 0. 25 2| 0. 4 Z[A] SRR R m . RIUIA
[ AR AMV $ita Ui 25 5 .

3 &SIt

KGIRREFPII L ASERTIME LA X 43, 30 R
FARZ RN L 2 R AR A TE 3 Iy 25 A
NS o N Ay (N =Y NS TN AP - 9 =D NI
FHET L (HJE AMV ) I35 27 K I 552 AR BF 9% 10 4%
A IR R R T AMV ST B A7 H A .
ABIFGE NZRBLAE A 5 RAEE IR 9 K AR bR AR
BT AMV 3By, IF B T KRG AMV 3B Y1H)
CP 3L AFPRIR CR G ATE 15 1 AMV CP 2
A AANARERIEIEAR . H L, L AMV KE 559
CP A& PR KGR AMV 5 H ARSI
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