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Detection of eight viruses infecting greenhouse strawberry in
Beijing by enzyme-linked immunosorbent assay
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Abstract: [Background] Viruses could be disseminated through asexual reproductive materials and
severely affect the output and quality of strawberry. The production of virus-free seedling is one of the
main methods to control strawberry viral diseases. Therefore, the efficient and sensitive detection of
viruses is important for viral disease control. [Objective] To investigate the occurrence of eight important
viruses commonly infect greenhouse strawberry in Beijing, the different strawberry plants collected from
different districts were tested by enzyme-linked immunosorbent assay (ELISA). [Methods] We established
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a double-antibody sandwich ELISA (DAS-ELISA) method to detect eight viruses. Compared with the
negative control, the positive control samples showed expected results in indirect ELISA and
double-antibody sandwich ELISA (DAS-ELISA) analyses. Combined with the symptom observation in the
field, DAS-ELISA was used to detect viruses in the greenhouse strawberry samples. Virus infected
samples were further verified by reverse transcription-polymerase chain reaction (RT-PCR) and sequence
analysis. [Results] The results showed that only strawberry mild yellow edge virus (SMYEV) was
detected in strawberry plants collected in Beijing. 8.1% of ‘Benihoppe’ and 2.7% of ‘Tianxiang’ cultivar
plants tested could detect the infection by SMYEV, whereas there were no virus detected in other varieties.
[Conclusion] This study presents important information and techniques for virus detection and strawberry

viral disease management in Beijing area.

Keywords: strawberry viruses, DAS-ELISA, RT-PCR, field symptoms, virus detection
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BRFER . GV SRR ARSI
AW TAESR, BRI AR ST VR R, 1A
o BHa . mRGs eE, B GR A R At R
b KSR FE T o RUAREAR 7 ARG ) ) 2
ot g, BAI R AE A O RMER, (HAE
KR JorE Bt frh, B2 3R B It
RNRIEIFR R, R B 5Bk . BIE | AR
BALAEEAR, R > R AR, T
I8 30%-80%, 1M H.AG B AR AN, 50 HAR
e > N

HHTC B RS Y AR BE A 20 A,
H: vp 75 2 Y 30 % 55 (Strawberry Mild  Yellow
Edge Virus, SMYEV)7E R4S #5304, Al
BRAEA T ) fE T, BRI IR 2% 'y k- IR S e it
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B I BRI E ELISA 5 IR REAE M
REGLHEA ARSI, 5 BEREI AR S 2 R ES )
Jin 10 FEAFR A vl , 4 °C. 3000 r/min E5.0»
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FEo SR DAS-ELISA HWFHEXT B AME, 5
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DAS-ELISA 475 ag 7o AE a8 Al g 1A
2.2 DAS-ELISA #4553

X} 37 MR AR Ef T DAS-ELISA K&l
Horh 4 GyRES ARSI SMYEV (36 1, HAtRE S 4G
BAGARIRML), 73 AR RET B CPAFI B LR 2L
B LA SHEVE B R A B A
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REMEE ST A, FERFRERY 8 Fips &7 oAb st i X 15 it
TR SMYEV MRS, i g FHMEAE S B 32
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EIEIN PTS E 3 Ghhd [X [N 572,
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(3 3), I Neighbor-Joining i R 50k T
HEATAMHT (8] 1), 25 SRR, PRI s
Smyev4 (GenBank %55k MT126786) 4354317471
S5 E R 2> B Y sy04 (GenBank B S5k
EU107086.1)/ 74 —E R 97.99%, HIEZILHR
B, VTR — g
24 EEfREHAIER
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% DAS-ELISA F1 RT-PCR ¥l , SMYEV {24t
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HER(F 2B) ., 222 (K] 2C . 2D)FEE Rk (/%] 2D)
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2.5 AEIHXEHEESENESR LR

H AR Bx. L. B, bl i
SCRNEFSEIE 7 AN X B AR, S5,
SMYEV X EF, 45 Dy IR UE A FEARAE bR 1

DAS-ELISA Kl Ay BHPERFE ST RT-PCRAGIN,  MUGE, JRTER R 2.7%, MM, %= Hi
SRR, DGR EERE S R H4RE PCR 3t 851 bp  WWERLARRERE HP ARA R (R 2),
*1 EEHSMAMHEDE DAS-ELISA #2ill ODys &
Table 1  ODgg5 value of virus infected strawberry samples by DAS-ELISA
AR S sn A ODuos {H [T B IF %o e 25 IV AR
Collecting place Cultivar ODyg5 value Negative control Positive control Blank control
B AN 0.290 0.091 1.104 0.000
Changping Benihoppe
RN AN 0.361 0.146 1.369 0.000
Pinggu Benihoppe
Bl AN 0.402 0.146 1.369 0.000
Fangshan Benihoppe
W PR 0.439 0.146 1.369 0.000
Haidian Tianxiang

s FPEUE N EEFRE 405 nm ALl ODags {9246 . BEFRX A EE A 0.000-3.500

Note: The values in the table are the average OD4os values measured at the wavelength of 405 nm of the enzyme scale. The threshold value of

the enzyme scale was 0.000—3.500
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2 ARMXIRHEES 8 fmEH) DAS-ELISA #
Table 2 Results of eight viruses detection in greenhouse strawberry plants in Beijing by DAS-ELISA

e REEHE L FERET SMYEV SLRSV ArMV  ToRSV RpRSV TBRV TNV TSV
No. Collecting place Cultivar Sample number
1 BEY LI 6 1 - - - - - - -
Changping Benihoppe
2 AR 1 - - - - - - - -
Limu
3 K 5L 1 - - - - - - - -
Tochiotome
4 et 1 - - - s e
Sweet Charlie
5 i 3 - - - - - - - -
Akihime
6 Bl AN 1 1 - - - - - _ _
Fangshan Benihoppe
7 e 1 - - - s e
Sweet Charlie
8 L 1 - - - - - - - -
Akihime
o i £I51 4 - - - - - - - -
Haidian Benihoppe
10 RE 3 1 = = - - - - -
Tianxiang
1 R 1 = = = = - = - -
Yanxiang
12 Bl 3 - - - - - - - -
Akihime
13 B 21851 1 - - - - - - - -
Huairou Benihoppe
¥ EHE an 1 - - - - - - - s
Miyun Benihoppe
15 Hiter 1 - - - - - - - -
Sweet Charlie
16 (] 1 - - - - - - - -
Akihime
7 s L1351 1 1 - - - - - - -
Pinggu Benihoppe
18 it 1 - - - - - - - -
Sweet Charlie
19 X AN} 3 - - - - - - - -
Shunyi Benihoppe
20 B2 1 - - - - - - - -
Tongzi No.1
21 EIESS 1 - - - - - - - -
Yilimeinv
Bt 37 4 0 0 0 0 0 0 0
Total

T = BRI B B
Note: —: There were no virus detected in strawberry samples
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Table 3 Gene sequence of SMYEYV isolates from different countries or areas

Fre Ir YA R GenBank KB P 25 3R
No. Name of isolate Accession number Length (bp)  Country References
1 Smyev4 MT126786 851 thE e PN
Beijing, China This study
2 Sy04 EU107086.1 878 [ v [25]
Shenyang, China
3 Sy02 EU107084.1 878 T = Pk FH [25]
Shenyang, China
4 KNS1 EU284709.1 729 | KkF
Korea Not available
5 D74 AJ577359.1 5970 it ] Kk
Germany Not available
6 9Redland AJ577345.1 878 WA FI ST Sepn s
Australia Not available
7 7CH AJ577343.1 878 220 ) KkF
Chile Not available
8 10CH AJ577346.1 878 w A ek
Chile Not available
9 MY-18 D12515.1 854 it ] KkF
Germany Not available
10 5CH AJ577341.1 878 8 ) Kk
Chile Not available
97 Smycev4 (MT[26786)
100 syU4 (EUL107086.1) |
group
KNS1 ([EU284709.1)
100) 48 D74 (A)377359.1)

9Redland (AJ577345.1)

100{” (AJ377343.1) Il group
96

10CH (A)577346.1)

MY-18 (D12515.1) } M aroup
=
IOOL SCH{AJS77341.1)

s¥y02 (EUN07084.1) IV group

0.020

1 SMYEV R EERFMX 554 cp B E LB R3I89 R G LR

Figure 1 Phylogenetic tree of SMYEV isolates from different countries or areas based on the available coat protein gene
nucleotide sequences

e FESNITS AT F 0 GenBank 5455 A 433 %R Bootstrap KiIn IR H 7% AR RN 2%17 ik
%5

Note: GenBank accession number are shown in the parentheses. Values on branches indicate percentage of support out of 1 000 bootstrap
replications. The numbers in each branch point denote the percentages supported by bootstrap. The scale bar presents 2% sequence variance
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B2 MHEESEKRBRE SMYEV BER

Figure 2 Symptoms of SMYEYV infected strawberry plants in the field

W A: R B: BRIt i fl; C. MEE RE MR D B APUM G Bk
Note: A: Healthy leaves; B: Leaf yellowing on Benihoppe in Fangshan; C: Yellowing of leaf margin on Tianxiang in Haidian; D: Yellowing

of leaf margin and vein banding on Benihoppe in Changping

2.6 ARERIMMEFSENER LR

AT LLET R A S
Bt PRI FAE BRI R AT 3 9 AN
REanFl, G5REOR, RRIFAEG R R R AR B
WAFTEZE S, “LLBU MR RER 0 8.1%, K&
(R R Ry 2.7%, ‘B HR <85 SHEE R
Tt FEE BURFN R B A AR A e B
(G 2).
3 WikE4

ELISA JEAE Y s e vh f5e s FHIN ik 2 —,
VT V5 2 DA AL 1) 268, S 10 R 48 7R Al W v 25 P
PUSPUARSE AT, R AT SR | W
fApfE . EOW A RS0, 2T HRai
SEABPIG R 14 & 1 R HAE P o A 01928

% T SMYEV. ArMV. RpRSV. ToRSV,
SLRSV. TBRV. TNV #il TSV I 8 Fufig a1 [a]#
ELISA #il DAS-ELISA il /7% . >RHEl4% ELISA
Ry, PR . BRAEAL BRI, (ARG
% . QOB RO 2 oS PHPEXTRE . ST R
FZS POV BRI A AN RN RR B ) S €, SE A R IR v A
iff 7 RIS 25 2R ¥ ME R 14  DAS-ELISA Hr i) FH: X
FRS M i 22 5 B3, T T EAE K.
DAS-ELISA HATR BB JE . Al EE&E . iR
BRCRE AR R S5 0 A, 38 TR AS B v ) g
W

b 7 ANKESE 9 AN R AERE Ik T
DAS-ELISA K, Ff XF BH M #F & i — 2 g 17
RT-PCR %52, Z53EM, XFFASCRM 8 Fip

B, dCatHL X R AE EAURNE] SMYEV, T
il 7 A EE R RAG . HEEGE SMYEV (1Y AEAE
MRFBLH T Rl . MG s RIS 2 Rk
AT e AR A A EE S SMYEV B &R YT
B, WA KIE . 259 . MULMER SRR s
FfaFER, SMYEV 5l M E AR R IALERAT
T — s,

KHEY A GRS A A AR
TR, (B IR AR AR R A . 7
N[ B S R A SR H T PR B R R
XA RS LT MR AR R K AT P, wAT e TR
[Fi 3t DX R S RGN (A P 2 AN AN TR 38, A
O3 TR S RS R, I — A5 BT AN [
XA [ R s A AR R E G B ) & A M AR I

FIF ELISA DA 52 I B H IR BE 1 i
0 BCRARME A I AR B i i B, Ik ELISA
R 45 R SRR HEA TR 2D (I, A T S g L U
BL . Ay E A S R A T A I 4 SR i — 20
IERS2SU Al ELISA fE7E—E RIRME, %=
AR RER AR AN RE R P A, TR AR
Hh B R e R S I PLINTS , 4n SCV MZ 5T
GEBTIA H BEARG I B #R I (Physalis pubescens)H (1)
i, ANBEFI A #4599 SCVIM*A, H i, RT-PCR
FEoFAEY T BT AT RA W NN, 5
ELISA HH L REASIN BE 2 A BE RIS, A5 At B
InvEsf . ATEE, (TR EARAIR A A RS AR
SEI A I AR MR , ARMEAE S AR
Pl R TS B, ELISA TS TR
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P BE A0 A5G I A FH TRI RGN , P45 45 70 T A o
R 7 e 0y FLAS RAEAT IR, RESHR i A AR
DA A I 245 SR g VR Af P R RT SE P, A AR B
(B f S (LR AN, O S B R R B 4 e 7
DE7 B HeAl, g AU mt i X B R 7l B9 T R R
JELRZ I
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