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RNA viruses causing porcine respiratory diseases

ZHANG Xiaofeng"?, SONG Shiqi’, ZENG Ruoxue', CHEN Wujian', MO Hongfei',
WANG Zhengliang’, SHUAI Jiangbing'*"

1 Hangzhou Customs Technical Center, Hangzhou 311202, Zhejiang, China
2 Zhejiang Academy of Science & Technology for Inspection & Quarantine, Hangzhou 310016, Zhejiang, China
3 College of Life Sciences, China Jiliang University, Hangzhou 310018, Zhejiang, China

Abstract: [Objective] To establish a multi-target method based on matrix-assisted laser
desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) for the
simultaneous detection of porcine reproductive and respiratory syndrome virus (PRRSV),
classical swine fever virus (CSFV), foot-and-mouth disease virus (FMDV), and swine influenza
virus (SIV), and the detection of the general type, H1 type and H3 type of SIV. [Methods] We
designed six pairs of primers and corresponding extension probes according to the conserved
sequences of six pathogens and conducted single reaction tests. The primer concentrations and
the reaction conditions were optimized for the established method. After examination of the
specificity, repeatability, and sensitivity, the MALDI-TOF MS method was used to detect
clinical samples and pig-derived products, and the results were compared with those obtained
by fluorescence quantitative PCR. [Results] The established method only generated peaks
corresponding to the positions of the target viruses, and other common pathogens causing
swine diseases did not appear in the mass spectra, which indicated that the system had good
specificity. The in-batch positive coincidence rate of each virus at high, medium, and low
concentrations was 100%, and the inter-batch coincidence rate was >96.7%, indicating that the
system had good repeatability. The minimum limit of detection for each virus in the system
varied within 6.73-21.25 copies/uL. We then used the MALDI-TOF MS method to detect 124
tissue, feed, and pork samples. A total of 12 positive samples were detected, including nine
PRRSV positive samples and three SIV positive samples (two SIV-H1 positive samples and
one SIV-H3 positive sample). We then compared the above results with the results from
fluorescence quantitative PCR, and found that the total coincidence rate of the two methods for
detection of each pathogen was 99.2%-100%. [Conclusion] A method for the simultaneous
detection of six RNA viruses causing porcine respiratory diseases was established based on
MALDI-TOF MS. This sensitive and specific high-throughput multi-target detection method
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facilitates the surveillance and rapid identification of related diseases in the import and export

animal quarantine.

Keywords: porcine respiratory virus; matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry (MALDI-TOF MS); high-throughput detection
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1.1 &S

FMDV Ki& 11 (OHM/02 FR+AKT-111 £k)
W B2 T A AR AR R . SIV-HT K%
FET(TI o)l 8 R DORT A= Y0 ey A BR A+
SIV-HS5 . H7 KIFFEH (Re-12 Fi+Re-3 ¥R H 7
B o MEY TRARAA. CSFV. PRRSV
(HuN4 #£) . ThE K% 8 (pseudorabies virus, PRV,
Bartha ). & AT 57 5 (porcine epidemic
diarrhea virus, PEDV, CV777 &) M 5& B 6 5 2
A (porcine circovirus 2, PCV-2, JH SRJ #k) i #i 71
KB 5E 20 /)NVR B (porcine parvovirus, PPV)
H 7 VAR bR R 2 B . %% 1 R W BF (porcine
bocavirus, PBoV)# R H A 3L 86 = (- 1 . %
TaKaRa MiniBEST Viral RNA/DNA Extraction
Kit it 2 150 1 B A5 0 s ik Ao v A AR IR 4
Healifl, IF4 DNA B0 5% 55 1) cDNA Btk T
—20 °CLRAF# o
1.2 I RALER

TaKaRa  MiniBEST  Viral RNA/DNA
Extraction Kit Ver.5.0 , PrimeScript™ IV 1st strand
cDNA Synthesis Mix, Premix Ex Taq' " i A 5 H

BE AR H AR AL s A PR 7] 5 Equalbit® dsDNA
HS Assay Kit 14 F g st i MERELE WRH R A
FRZ\F] ; PCR Reagent Set, SAP Reagent Set ., Iplex
Pro Reagent Set Il H Agena Bioscience 23 fl; %
B DNA/RNA 2GR 6 4.0 & NP968-C 4= [ 5l
PR B B 7 74 2 K B R A PR B 5 Qubit 4
211, ProFlex PCR ¥ . QuantStudio 5 SZH}2¢
J65E i PCR {4 [ Thermo Fisher 23 ] ; DP-TOF
W iAok H Tl i S W AR AT FRA A
1.3 SI¥IFRERFTHLITE K

T %% GenBank Wk A G EE 5L 741
fili | ClustalW Fil MEGA-X #4712 B FFI% L,
AP PRRSV () ORF6 34K (CSFV [ 5-UTR
JEN . FMDV #Y 3D ZE[H] STV () M1 EE[ | STV-H1
15 STV-H3 f) HA B R ORAY DA H 4 A BL
MHEpTE B, {#F Primer 3 & MassARRAY
Assay” Design Suite (Agena)i%it T2k
IFESTE PCR 514 K AH WL Y SE AR %, IF
Primer-BLAST . MFEprimer 3.1 X} 5 i) £ &
19 SR o TR 51 R SR R
SERRVEAY o BTk EE B iR 51 i
RIFENE 1. £ PCR 5|9 JAE R4,

%=1 CSFV. SIV. PRRSV. FMDV, SIV-H3 & SIV-H1 HRERA L 3|#E8

Table 1

CSFYV, SIV, PRRSV, FMDV, SIV-H3, and SIV-H1 target genes and primer information

Species Target  Sequence of primer (5'—3")

gene

Mass probe (5'—3") Mass Extended
probe  mass probe
mass (Da) mass (Da)

CSFV

5'-UTR F: ACGTTGGATGTACTCAGGACTTAGACCACC

AGGGAGCTCGCCACT 4579.0 48502

R: ACGTTGGATGCGAACTGGGCTAGCCATGC

SIvV M1 F: ACGTTGGATGCGTCTACGCTGCAGTCCTCGC CAGTCCTCGCTCACTG 4794.1 5081.3
R: ACGTTGGATGGGCTAAAGACAAGACCAATC

PRRSV ORF6  F: ACGTTGGATGTAACCACGCATTTGTCGTCC  CCACTACGGTCAACGGCA  5454.6 5701.7
R: ACGTTGGATGCCACCCAACACGAGGCTTTT

FMDV 3D F: ACGTTGGATGCAGGAGAAGTTGATCTCCG AGTTGATCTCCGTGGCAG 5531.6 581838
R: ACGTTGGATGGATCTGTAGCTTGGAATCTC

SIV-H3 HA F: ACGTTGGATGATGGCAAAGGAAATCCATAG GGATCCAATCTTTGTATCCT 6 059.0 6346.2
R: ACGTTGGATGTGACCATGATGTATACAGAG

SIV-H1 HA F: ACGTTGGATGCATTAGAACACATCCAGAA GGATGGCCCCCAGGGAGACT 6 169.0 6440.2

R: ACGTTGGATGACCAGATTTTGGCGATCTA
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1.4 FRERRNAEN
Pl GenBank /A CSFV (NC_002657.1)

PRRSV (AF066183.4) . FMDV (AY593823.1).SIV
(U53169.1) . SIV-HI (JN809161) #I SIV-H3
(NC_007366. 1)K ¥4 it , 2 HmaE H il A
BORBCHR A B, A TAY) TR ) B A R
NFEIRSEE pUC-57 bRk, {4 Qubit 4 54
— ORI B, AR 3R (N o R e J3E )/ K
660 Da/bp)=copies/mL, H:H N,=6.02x10%, ik
— AR TR DL 6.09%10° 5 01/uL (CSFV).
1.24x10" # D1 /uL (PRRSV). 9.56x10° #% Il /uL
(FMDV) . 1.48x10"$% D1 /uL (SIV).8.29x10° % Il /uL
(SIV-H1)#1 4.12x10° #% D1 /uL (SIV-H3), $% 10 i
FhEERR AL 10°—10° #% D1 /ul 3£ 10 NEREE, $41A]
—WREEIKT-1 6 B TR E R BUR A, 15 2500
FIRAPRERRL, B T-20°CIRAF&
1.5 BRERNRAWE

B AR Z H AU AGZ AR 193G 5 1 4 S A
RER, DL 1.4 A bk B Sk (10 5 DL/uL)
NN, W ddH,0 as IR, XF 6 FPEles
Gy BIHET T BB AR Y AT, 8 ) S 2 ok Ik
FRAHAEHRY 3G 519 ST AR PR 1 SO AR B
1.6 ZEBRRARNEZHRMLKL

MALDI-TOF MS 4 PCR I FH 7 1 % i ik
XIHEA DNA 8i cDNA #1728 PCR S Jif . SAP
TH AR SN L R BB S0 A 5 7, B A 7™ 4y P38 3k
B A AT RN 5 o3 A . (1) B SR ON -
2 uL M RNA 5 4 pL 5xPrimeScript IV ¢cDNA
Synthesis Mix, 2 uL Random 6 mers {45,
ddH,O %% 20 pL, Jif&)F 4 30 °C 10 min;
42 °C 15 min, (2) £ PCR [0 : ¥ 2 uL Jik:
B S A ) cDNA 4 5 1.2 uL PCR Buffer

Mix. 1 pL PCR 5B G W —IFIR G, H ddH,0
AN 5 pL, NFERF R 95 °C 2 min; 95°C 15's,
60 °C 30's, 72 °C 60 s, #1735 MEH; 72 °C
5min. (3) SAP {HALK N : K4 3G =i A 2 uL
SAP BHEAGW, KW AT R 37 °C 40 min; 85 °C
5 min, (4) SEARN: FHHAT AL pL
FEAREREHE A, 0.2 uL Inplex buffer &% 0.2 pL
Termination mix, F ddH,O %% 9 pl. S A
J£ 4 95°C305s; 95°C5s, 52°C5s, 80°C5s,
HEAT 40 MG ; 72 °C 3 min. BF SN 45 R Y
SEARF=Y), F% % 384 M, F ddH,O #MZE 25 uL,
8 000 r/min #.0> 2 min, K05 R 384 FLAR A
HALEE A A BB, 58 UREAS T B K0 G
M AT B RAT S A0 B A B S RRIR AR B
WE(400), fifbB AR R 10 L, WOBES
RO R E R 30 IR, BEEARE R
KAV E N 9 W ffiH] MassARRAY Typer
AT BT A5 A T A PR 5 HT o
FRAEAE AR E=S jmame/(Supk i tS o) , LA
E>0.8 Jbnife, [w) i 25 i 22 F AR BT ) AH X0 U
i, SRR FR v 2 E S | Y AR A T
JARE, DL 10M ¥ DL/l TRA RN, i A
RS0 0.5, 5 umol/L (15|45 1 g4t
X ZBEAR RO, DAARAR HAT T 0 A Rt
g K 7= e ) o A 5 i

1.7 "ﬁv—r |"_-'t._ﬁt3\_u
Ll PCV-2. PEDV. PBoV. PPV I PRV &

Ak B8 bR B9 W LR e B R A AR, LA %
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Ml FMDV i 6 547 JE R 2 4% R M A, DA
10° 5 U1/l A v SR IR A5 B Ry PH A 0o B

ddH,0 M FHMH:XF IR, #8147 MALDI-TOF MS £ &
o WA 2R PR S e 3 o 5 25 L E A i P TG A8
ffiy=#yié, 1 SIV. SIV-H1. SIV-H3. PRRSV,
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CSFV. FMDV KR4 Bk A Sk { = Hy g i B7E
FRENE, Hy-yieZ M JCE S, WA A &
RFE S R AT
1.8 HUMIAIE

RVEIZ R R B, R LAGS B RN
PR RZXHRE A BRI 7525 K 100, 107, 107,
50, 25. 10, 5. 2.5, 1 ¥ 01/uL AYIRGARER
BAE BN, LIRS B MALDI-TOF MS #5:ill
KRR RABSE AT 10 REL, FKERHN
BH M BsF 1A 28 J5 R A o S ) VR BE B 2
MALDI-TOF MS #5442 22 X2 s 25: (1) B A A
I BR (limit of detection, LOD).
1.9 EEMIRRE

DL, .y ARMeEE(10°, 10%, 107 $£01/uL)
HIR A BRARE SO BN , AR R R E 20 4
AP TEE, SKEPEAG MALDI-TOF MS 3%} 4
s B Aor U 45 S A HE N B A0 5 Ak, B FARTR
B RARESAE 3 AASRIHR] S50 AR
ARERE 10 MR, o5 3 {7 LI K RE
JE ORI ZE S, AP ik e Rl = 1
1.10  #EmIMN R A

34 (P UILUREA | 42 (S A TR o TR R
At R 48 A7 BT E A R il PR A S50 = IR TR A
A3 0.5 ¢ HECHTEERE N . TRDEMEE S, IR
TP 5 e TR AT 1:10 B TR AR Eh 2% il
(phosphate buffered solution, PBS)H', #kiziRk~E]
J& 10 000 r/min Z.0> 5 min, B EiH TR IR
W, FRAZTRIZIBUYL NP968-C M izt 136 B - %
FE ST T 5L RNA #2331, {# B PrimeScript™ IV 1st
strand cDNA Synthesis Mix X} FT A5 AZ B8R 317 [ s
&, 1581 cDNA FI-F MADLI-TOF MS J7
PPN E R PCR LRGN . 26 7 i PCR
)73 PRRSVEY . cSFVEN FMDV! | STviz
STV-H1 & STV-H3P*UX s i B AR bRAG I, o 2
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iy 0 825 B LB L0 R
HHO00% , A FRAE A RATEEL, FExfsh it
FEVFA

2 BER540

2.1 BERNKE

P 10* 5 D1/l & SEFR SR R ASAR, 8 B
— 5| ) B PRET SEA TR ER YR, W] 4 A E
B A $E AR LA ST R (mass) A R AR BR L (R S0
(intensity) WAL BRI IS G . WK 1 iR,
A R g i 2 X (A ZE fif 77 ) B (CSFV:

4 850.2 Da, SIV: 5 081.3 Da, PRRSV: 5 701.7 Da,
FMDV: 5 818.8 Da, SIV-H3: 6 346.2 Da, SIV-H1:

6 440.2 Da), HOGFN 4 BAM:XT BEAAT S fh R
Ui B0 (CSFV: 4 579.0 Da, SIV: 4 794.1 Da,

PRRSV: 5 454.6 Da, FMDV: 5 531.6 Da, SIV-H3:
6 059.0 Da, SIV-HI: 6 169.0 Da), %K% &

AT L JBE S A 00 5 BT A O A 1 B e e, R A4
F R EE Y1 5 | e T R A AT AT AL
JZI
22 RNEEREMEIL

e 2 foR , A F g 2 70 B R
Xof o A AR ET (UEP) AL LA L AE A 4 2 i
RLE oI 45 5 v 1 PG (e S A R Kb A7
FEVE(E, IR SERRAIN 25 S 0 T, B
REREE AR Z RN A5 7 SE A P ) Ak s B0
(SNR>6), WIR/RZHFRRTIZE R A BT A FR
HRRZH 5 | ) SRR Mk e AL ), e
FKHBZ E PCR 5141435124 0.6 pmol/L (SIV).
0.5 pmol/L (SIV-H1). 0.5 pmol/L (SIV-H3),
0.3 pmol/L (PRRSV). 0.5 pmol/L (CSFV) .
0.6 umol/L (FMDV), ZE{RERE 1 eIk 705
4 6 pmol/L (SIV). 5 pumol/L (SIV-H1). 5 pmol/L
(STV-H3) . 5 pmol/L (PRRSV) . 3.5 pmol/L
(CSFV). 5 pumol/L (FMDV),
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Figure 1 Results of the single-reaction test for six viruses. Red peak: ddH,O as template; Black peak:
10* copies/pL plasmid as template. A: CSFV. B: FMDV. C: PRRSV. D: SIV. E: SIV-HI. F: SIV-H3.
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Figure 2 Merged image of mass spectrometry results of mixed plasmids and blank controls. Red peak: ddH,O
as template; Black peak: 10 copies/uL mixed plasmids of six targets.

23 HEMOHh
A3 L SIV-H1 . SIV-H3 . SIV-H5/H7 .

PRRSV., CSFV., FMDV %5 kRi5 7 cDNA, LA
& PCV-2, PEDV. PBoV. PPV fil PRV &4
b WS DNA B{ cDNA MMk, %4
MALDI-TOF MS il J& (%) 52 56 25 R un ] 3 i 7 o
SRR KR Th AR BETE A A )
b 3543 ] 75 A BB (SNR>6), ARBRFREAR H A7 7E
FEARRET U, AR L™ Py Ak Y 0B (SNR<3),
L BF P o BE R B o B RS ST . e STV-HIL
SIV-H3 1EH: {3 & &z STV [ SE M= Hab 5 47 16 7=
Yy, T SIV-HS5/HT AXAE SIV i B & A=
FAME, 7E SIV-HI. SIV-H3 fii & JCr s K T4
V(K 4), SECIRTUHARST. 45 5REM, 2Ok
REAS AR R B b ss, B -5 AR e T
X, BA R ER R
2.4 BURRME S H A0 AR RAS IR

S PEA R (A R A SRR ARE DAL 5
¥y Sz UEP R EEXT 10°-10° 5 DU/pL TR A ki
HeiE4T MALDI-TOF MS 5256, AR¥E 10 IRE =
Y57 BEPE (%) Joobr R 58, T A5 1) A Ao 7 1) e IR
MR : CSFV 6.76 #5 U1 /ul, SIV 8.22 ¥l /uL .
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PRRSV 13.73 #D1/uL. FMDV 21.25 # Dl /uL .
SIV-H3 9.15 #£Dl/ul 1 SIV-H1 18.41 $501/uL
(F 5y, 1K F v 4 Fl BB bR i) A6 000 ok B 1/ T
25 PEDl/uL, Hrh CSEV. SIV A K S w] 35
AP DL, R R 0 BUSE ST

I PRRSV
B CSFV

B FMDV
B S1V-H3

B3 RNERBRREFERFREREER

Figure 3 Six-plex nucleic acid mass spectrometry
system specificity test results. X: Six redetection
system target; Y: ddH,O, each virus and six target
mixed plasmid; Z: Signal to noise ratio (SNR).
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Figure 4 Sensitivity test results of SIV-H1, SIV-H3 and SIV. A: Using SIV-HI nucleic acid as the
template, the red arrow indicates that SIV (5 081.3 Da) and SIV-H1 (6 440.2 Da) are positive. B: Using
SIV-H3 nucleic acid as template, the red arrow indicates that SIV (5 081.3 Da) and SIV-H3 (6 346.2 Da)
are positive. C: Using SIV-H5 and SIV-H7 nucleic acid as template, the red arrow is only positive for SIV
(5 081.3 Da).
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Figure 5 Six-plex nucleic acid mass spectrometry
sensitivity test results. X: Six-plex system target; Y:
Mixed plasmids of six targets with different
concentrations; Z: The number of positive results in
ten replicates.

2.5 EEMDH
S 56 UE A 28 06 A [ e B R A BORL Y A

*x2 EEMHABEER
Table 2 Results of repeatability test

PE, DL 10°0 10%, 10° $5 Dl/uL =Fpuk E M1 EE,
B R BORAE AR 25 1T 20 ZHE A I
Gb, F 3 AR B B TR, R EER
10 Ko G5 2 fon, @ AR (10°,
10*, 10* ¥ 01/uL)p SIV. SIV-H1, SIV-H3,
PRRSV. CSFV } FMDV 7 FR i 6 I 2%
ERAFATE(SNR>6), RUNZ AN ELE R
I 3 AMANFEHER LI R 45 R, STV,
SIV-H3, PRRSV. FMDV } CSFV FH%1 N
100%, SIV-H1 FHPEZER 96.7% (29/30), K%
P HA B e R A (R 2).
2.6 FEmENR A

FIF MALDI-TOF MS J5i:%F 34 {54141 o
A IMAE S 42 SR IRNE B DR i . 48 1
TGRSR TR . 25 RNk 3 R, 124 1 FE
a PR B RE SR 16 1, BN UREAKS:
o 34 rHZUFEA, PRRSV Kt 9 £y, SIV
KAk 3 4y, Hid SIV-HIL, SIV-H3 433G 2 453

Plasmid concentration (copies/pL) Species Intra-assay of variation (%) Inter-assay of variation (%)
10 SIvV 100.0 (20/20) 100.0 (30/30)
SIV-H1 100.0 (20/20) 100.0 (30/30)
SIV-H3 100.0 (20/20) 100.0 (30/30)
PRRSV 100.0 (20/20) 100.0 (30/30)
CSFV 100.0 (20/20) 100.0 (30/30)
FMDV 100.0 (20/20) 100.0 (30/30)
10* SIvV 100.0 (20/20) 100.0 (30/30)
SIV-H1 100.0 (20/20) 100.0 (30/30)
SIV-H3 100.0 (20/20) 100.0 (30/30)
PRRSV 100.0 (20/20) 100.0 (30/30)
CSFV 100.0 (20/20) 100.0 (30/30)
FMDV 100.0 (20/20) 100.0 (30/30)
10? SIvV 100.0 (20/20) 100.0 (30/30)
SIV-H1 100.0 (20/20) 96.7 (29/30)
SIV-H3 100.0 (20/20) 100.0 (30/30)
PRRSV 100.0 (20/20) 100.0 (30/30)
CSFV 100.0 (20/20) 100.0 (30/30)
FMDV 100.0 (20/20) 100.0 (30/30)
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#*3 MALDI-TOF MS ZERMIARSHRL PCR EVERRDFER
Table 3 Results and coincidence rate of detection by MALDI-TOF MS compared with qPCR

Target Positive number’ Total coincidence rate (%)
MALDI-TOF MS qPCR

PRRSV 9/0/0 9/0/0 100.0 (124/124)

FMDV 0/0/0 0/0/0 100.0 (124/124)

CSFV 0/0/0 0/0/0 100.0 (124/124)

SIV-H1 2/0/0 1/0/0 99.2 (123/124)

SIV-H3 1/0/0 1/0/0 100.0 (124/124)

SIvV 3/0/0 3/0/0 100.0 (124/124)

T: Tissue, pork and feed samples tested by two methods.

AL o 42 D FRDBHEE & I 48 OB 5% AR i
6 PR EE YR A . ffiH] MALDI-TOF MS
J#:5 PRRSV., CSFV, FMDV, SIV, SIV-HI
SIV-H3 #¢tsE it PCR 5 e B AG I 25 SR k4 7 %ot
oo 55BN, 2 ik i PR H 25 SR AR —
., B SIV-HI FFE %N 99.2%4h, Hi4r 5 fhil
WAFE 2R 100%.

3 WwhEE®

Hh L R RO A ™ ST 2R, 2022 4
A R AR o o B RS R 44.5%, T
HRAE 2022 4F [ N N2 e ah i et R, AT
BB RENER 77.7%, EAER, HEL
FEFR TR AN K e, R R 1 i 3 o il ]
o FEVFIS BRHLEAAE | G SR IE AN [RE
AR I SOV B FR T T %58 S o TR 28
Oy i it — 0 ke | Horh— 2\ 75 St i it 14
I X2 AR f R 1 A o AN e 2, R
H Al STV 7] 44 B8 1M1 % & (hemagglutinin, HA) & ##
2t 94, 'R W (neuraminidase, NA)43 & HI1-HI18 .
NI-N11 SR, S SR EH G 7 2 M i
LY, TR A N [R] B A7 AR MRV R -2,3 -2 FLBE H 5
MRV R -2,6- - LAY 2 i B B 10 e Pk 2
A, AN TR Y A 7 B B AE AR AR NPT B2
N, B R A L & i (STV-HS . HT il
HO) & N (SIV-H1 . H2 I H3)A KU, it

Ab, [ AME TR HOR 7 i -t T e A i
Pk, 20182019 4[] £ A F A Y 4% 5 06 25
(African swine fever virus, ASFV), 1F h—Fh st
A= FUEAE Y, ASFV H il oL i
FRT i AT, R S A AT A BT 1%
T AE PN EE P, R, B E A
o Vi ST R 5 35 22 TR ISR U A 3 a2
H 1T 2l Wy 92 55 9 S e 0 5 vk 2 S AL AR BT
I3 2% 1 Tl I S0 BE W2 B 3L (enzyme  linked
immunosorbent assay, ELISA). g% f 1% 2
o, MIMBERE LG T, HT oY E
Wy PCR, %) i PCR. 5 PCR, /Uil
J¥, LSRR R IR USSR . LG iiiE
SO EROR R R (B T 25 R A PR A]
REAFTE UL, ELBOME TR 3] Jo 1sf [1] P 22 i Jist A
R ISR A 225K . L PCR AR 3 4 R 2 ot 4G
HoR, REUE R BEAER S s JUHEST PCR
R E AR, BEIS AR AT b X A A B i Hh il i
FEARHEA RGN, R A I 5, ZE S PR IR ]
REAAAE Rl I R EE bR b | 5O R R . — AR
Il ¥ (next-generation sequencing, NGS)$Z A 1] Xif
A B AR VR I AR AS A T e A A I, (E R
SRR, VGRS R SR EL EAE; =R
¥ (third generation sequencing, TGS)H AR H £
WP REA G, HARRRS NGS M s, K
DU AT s TR LA 3, LA T3 o B 4%
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KEEAR 50 1LAE, F T 20 S At il
M2 PCREA AR T LA PCR B AR RABE S
WAL L, (BN R A2 R TR R p £
B PpE A ZRAR . R I AR R XN,
S YR AR D i A B ] 8 LT
4 PP R VLA BRI T R AI . fif MALDI-TOF
MS 5Z3# PCR BKHHARTEBHZ By [,
% F 6] J8 i B2 (homo-tag assisted non-dimer,
HAND)P5m% , $54:2% PCR 5¥RY 5'5m A
] ) o AR 25 (5'-ACGTTGGATG-3"), BESS A 4L
W05 1) Z RAK BT AR, [R] B ik O — R AR
RSN 5 | 06 3 e v Jo e PR A 0 R A W A6
BT, DA TR Z2 v D A s 004 ) s A
MALDI-TOF MS 5£ 8 PCR B+ Af# g
F-BE, a[RIBF YT 6 000 Da fifi 3 Fl %R H Bt
PEATRTIN , A TR0 Z2 AR A Hh v 3 R S
B BRI A S, 18 T m R S 1 E
45 AN [ G Sl e i B S IR ()
W B IE, 1% RNA Jg s A6 7 92 B
BB R E M SR, IR R R bR A
MFRI A6 10" # 01 /ul K, S KPEOE
PCR #HY, @i XL e MAEA | AR
Ko R PORE A HE AT R, 45 R R
MALDI-TOF MS J7 % 52¢ % & PCR 7 kXA
A 45 2R AT B AR (99.2%-100%) , X5
T A A DR 0 4 A 57 9 4% PF I GE DNA i 5
MALDI-TOF MS #7775 qPCR J7 7k # Lt
ZER—F, AR, 2 MOrRITERE S R
Kt T 9 7y PRRSV FHEEAEA . 3 40y STV FHAAE
A (GuFE SIV-H3 FHYEREA 1 43), T CSFV . FMDV
BRI, 2 Fhor ik 2 5 2RI ZEXT 4T
Arp SIV-HL B9k gs R . 1 (i 8UEA %
MALDI-TOF MS J5 it /- H SIV ., SIV-H1
PR B 286 PCR L4553 R iZ ke A
SIV-H1 JBAE(Ct {5>38), i SIV A FHME, $#28
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ZFEAS SIV-HI 855 MR BATE o J5 W20 P 6
AR SIV-H1 FHYEREAS s, 2 Fhorik
TE 42 U3 FaDRE BB R PR S v S8R A H BHAE
AT BE A HY TR R R R AR RN T N I 2
DR AL R HH X5 B S5 A R R A h o, (AR
o EE RNA R By & B f(<25 # 01/uL); 5
LR T A D8 B A TT BE AR A2 B LR 55 0 75
Hu, R 48 03 A AL i A AR MR 45 2R
SRR R

ARG E ST T 5T MALDI-TOF MS £
AR BFEFIE RNA SEEE 2 skl ik, H
PIFGEM SIV, SIV-HI, SIV-H3, PRRSV, CSFV
S FMDV Ji s, #F—B5838 1 FIGE GE e
PR A INAA 3R, AP P PRS2 T A DG S AR
Ay v v e A I S i AR T s
98 Ko RH S s W S50 St o A, ASAG I vk
XA Uit S B A T FH A A H L H3 B ) 43 B
W, AT SIV BTRKER, ZETRREHE i
SR AR AT B HAA — 2 R A BN
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