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Abstract:

Collagen is the main component of the nematode epidermis and regulates nematode phenotype
and development. Results from previous studies showed that the collagen col-117 was
highly expressed during the parasitic stage of nematodes and the downstream gene of
molting-related nuclear receptor. The nematodes with RNAi of lipid transport protein
showed reduced lipid content in the body and epidermal formation disorder, accompanied
with 50% down-regulated expression of col-117. These indicate that COL-117 may be
responsible for the formation of the nematode epidermis and is closely related to the
lipids. However, the action and physicochemical properties of COL-117 remain unclear. To
reveal the effect of COL-117 from Nippostrongylus brasiliensis on the epidermis formation
as well as its physicochemical properties, the project intends to: 1) elucidate the role
of COL-117 in the formation of nematode epidermis by lentivirus—mediated RNAi of col-117;
2) determine the physicochemical properties of COL-117 collagen trimer using col-117 RNAi
isolate; 3) evaluate the epidermal formation and physicochemical properties of COL-117
collagen trimer of N. brasiliensis by feeding the host with corresponding lipid—addition
/ lipid-deficiency diets after differential lipid analysis using far—1 RNAi isolate
Results of the project will be helpful in understanding the epidermal formation of
zoonotic parasitic nematodes and the development of drugs against parasitic nematodes

RegiE (A-59T0) . dd; ThREs T R BRALERME; JER

Keywords (FH4r54FF) : Nematode; Functional

protein; Epidermization; Physicochemical properties; Lipid
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BN, cEXRERFETRE. Hfa, EERANERER. L4F. 75RANEER, SMELLRFAHE
FE X HARETHA,

L& (REATEHEZREB T HERASN L ANERE, FHANBEREHRTARKE, URMEFIEMAN
BRETMAEOFRA . TEANBREMRGFTATAERERMEFI X ARA, NARE R CHE LR EMNE S
EBEEFNEHRTHA. BN ATE0H T (G507 1) MELEFHARARENEREREET. TXEEASEEAL;
EHANTE0R TR &R FHREETGE R, A6 k%A &R % o RAATHART D

AT s A S M4EE, &1 2.00 Jt.

& AT 2.00 HE.

2.0 %% (RETELHLE FHANEMMR., HOMHSFREZREHRY, Sh. K0, BEEEH, £
AR T, MRS ER/ XE/EREE/ IRERES . W/ ZR/ERAERRFRA, URLMAE
R

(1 Helsk: 18.47 K

@ FrFraBE S 7ObE RSN & RNA iR (4000 Jo/1>4=1.60 Jit), EEFIRFIE (2000 Jo/4
»4=0.80 J37C)~ qPCR SYBR green ikl & (1500 JG/4~>4=0.60 J37C)« PCR ¥ #ik7& (500 Ji/4~>6=0.30 /3 7G). DNA
B ORI (900 J6/A4N>8=0.72 J378). dsSRNA & ik A& (1500 Jo/1>3=0.45 J570). BUREREGA7& (600 JT/
A>6=0.36 /i) %, &t 4.83 SiTt.

@ FHMo A EYAERR: AT REE ARG E E AR, T 07 BRI REEA VIR, DNA 8
M1 DNA 4. DNA M H Marker, B AR, FERHREUY . BUIEHE. Tris. JoK OBE. ToAbilHE4E, £ 2.00 Jiot:
WAL PO T (P 1600 Jo/mL>38=0.48 Jit)  FAHTAEER (300 Ju/iffi>8=0.09 Jiyn) « BB (T
400 JG/E>3=0.12 /i78) , &t 2.69 SiTt.

@ J B AN AR FRAR SR DMEM H5 9235 R0 RPMI 1640 15 973% (600 7o/ <10=0.60 J37C)~ LT IR 4 i

(3000 JT/)ffi>4=1.20 J37C)+ Lipofectamine 2000 %447 (1900 75/32>8=0.57 Ji7t). Mkl (190 Ju/)i>2=0.04 Ji7t)
&, Hib 241750t

@ FEAMIRA: His b2 [ 4Lk (3500 Jo/H>2=0.70 73 jt)+ i Pharmacia Biotech [ Q-Sepharose #+ (3300
JEIHE=2=0.66 Ji7t). BCA & [ & & ikl (300 76/ 1>6=0.18 Jijt), &t 1.54 Jijt.

® MEFASIA AR HA GRS . WA O. SEIEHESOLYLk FM4-64, &t 1.00 FiTt.

® SZIFERS: 0.2 mLiFE PCR M, 7 10pl/200p/1000pk Wk, [E7 15mL/10mL/1.5mL/AmL B0, —
ok PE FE, FURTE, HEH, 10mL BRE, fiatk. AFRBUKIESSE, &1t 3.00 5ot.

@ BB SRS AT IEEH SD KR WBRIRIRITR . W RE S Z Ak, R4, &1t
3.00 JiJt.

(2) PR HINT3: 9.81 i

© 514 BN DNA WP 2. % g4 TAY) TR RA = 34T 5196 SR DNA T, 51916 st %) 0.80 Jit,
DNA /7 254 1.00 Jiot, 41t 1.80 iJt.

@ ARt X BRI R R G R A B AT F s L5, 6007T/451>80411=1.80 /3 7T -

(3 Real-time PCR XA H 2.t iR K135, 60 J6/h><100h=0.60 /5 JT.
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@ ARSI S A 2 KB AR T 41, 130070/ >4451=0.52 5 7T
® AAHERE- AU 2 K du R B TR A, 6078/h>B0h=0.18 /3 TG«
© A - B IR T RS IOC A ASC A A 9 RS AR IR R 4L, 200 J6/h>60h=1.00 J3 TG
@ JRE T REAS I . AN 22 IR EE R P41, 2500 JO/AE A6 1N=1.25 JiTt.
® HBTHH P TR BT R R S B H B4k R RS, 250 J6/h>80h=0.75 JiJt.
B A B SE LG H [ 2 e iz 2 S AR AS, 350 Ji/h>B0h=1.05 J5 7t .
©@ EAEMRINEH 2 B il OO i B 45 A EEE E M, 150 J8/h>R0h=0.30 37T
L FLH AR S 21 AP G AR R S5 2 1 4544, 30 Jt/h>R0h =0.06 /3 7G.
© SRS G A B BT UK AR AR B R BT BRIV, KRR EIAFRSD KR 1407, F
B ARRARFR12R, B4, BARTIUIR, 350297570, EVE HIHZ R RAh 35 220 LSDAR, #E21, Pt
FR30K, FEALRTILIR, 3£0.217570. 1105073 7C.
(3) Ei/&WEREIESZRSR: 3.28 Ht
SN B AU B MR AR B AR S L T E B 2 A R A S B T AT R A4 N 3 R
bRty 2> 4 0, BiRSm2 N, 283 R, @R FIARHIEEL 2000 76, BTN S5 %% 1200 Jo/ N, fA1E 51
¥I4K 300 76/ N 2 A>{2000 76+1200 J5+300 JG>3 K]>4 #%=3.28 Ji Tt.
(4) HfR/SCERAE BAESEAR= I %5 5.80 it
SCERHRR B R # SCI SCE MpRIE % W Ra 9% 4%, TIHAR SCIIBC 4 5, 1.20 Jii/ks, Jt4.80 Jijt.
SCERKGZR . BORLPR: ORISR BORIWSE. BERMTENRIEEISE, &1t 1.00 JiJt.

®

W% &1t 37.36 /iTte

3.% 5% (REATEXLRIBEFXNGSETERARNAALE., BLE. WRAFZFURTEHBEANAEAR.
R ARFB T HEFA, URXH S ENBERNERERMRAE. AR, NEaZEFFHLEARZHA
BHRESFHLEE, RAATEWIEK. #ARENGERERE)

LRERTE: BETFENARTE#ITIES, U5 2R, k24 (800 Ju/k>R K) xR AR #k=0.64 Jijt.
WEFCA B G . SOAF S I B MR A B, , AR A 1 N, BEALAE 40 AN A, 1000 Jo/H, St
4.00 /igt. mitAfFAE 3 N, BATAE40 AH, 500 7o/H, 3 6.00 fFyt. &t 10.00 /3G,

%% ®E T 10.64 TiTT.

AW BE#EHRH & 50.00 Fijt.
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MEMKERECHEFE LR, TEAE. IHTEREERA.
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Establishment of a Fully Automated Chemiluminescent Enzyme Immunoassay for

Detecting Antibodies against African Swine Fever Virus p72

MA Xiaoli', LI Duan'*, ZENG Daoping’, LIU Yanling', WANG Xiaomin', PENG Guoliang” ,
SONG Changxu', WANG Lei'*", XU Zheng'"
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Abstract: Antibody detection is important for African swine fever virus (ASFV) infection
diagnosis and vaccine research. Therefore, it is of great significance to establish a fully automatic

chemiluminescent enzyme immunoassay (CLEIA) based on ASFV p72 protein antibody. For the
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detection, antibodies against p72 were captured by magnetic particles ( MPs) coupled with
purified p72 protein, then combined with alkaline phosphates (AP)-labelled p72, and ASFV p72
antibodies can be determined using a fully automated chemiluminescence analyzer. Under optimal
working conditions, the cut-off value of the established CLEIA was 9.505 U+ mL ' with a
diagnostic specificity and sensitivity of 98.33% and 100%, respectively, and no cross-reactivity
with other porcine pathogen-positive sera were found. The intra- and inter-batch coefficients of
variation were less than 5% and 10% , respectively, and all components can be stored for more
than 6 months at 4 C. The lowest detection limit for ASFV-positive standard serum was 1:
12 800. The total coincidence rate with the commercial kit was up to 95.90%, indicating a good
applicability. In conclusion, the established CLIEA has the advantages of high sensitivity and
reproducibility, combining with automated detection and simple operation steps, which can
provide an important tool for the clinical diagnosis of ASF.

Keywords: African swine fever virus; p72; chemiluminescent enzyme immunoassay; antibody detection
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I IE ( African swine fever, ASF) 42 iy 3E M
98 9% 7 (African swine fever virus, ASFV) 3| #2 [
— PR R Y Aotk T B A B AL Y
Ry B A A8 (WOAH) 81 R 2 5 55 95 9 .
1921 4, ASF 7£ 15 J& 9 0 A 78 2 A 108 $7 LA RS
R X AL HE S, 2018 4F 8 H L ASF & W 7E P [ 2
R I A 4 EURRR S AT 20 77 0 Mk 3 L E R
1 26 r 1 2K o © Bk T [ 35 0 ol 5 T B2 A A5 e
H Al R W & 22 A 200 5 TR 2 ) Ok By 4R
ASF , H BB i 55 ROKS 1 1912 B 7 2k B 9 R Ak B
RERPERE Y H. o T RIK 5 FE B R A AR LR
Rl & AN RESE 20 R R IR oK . IS, B ASF &
VUG S F88 Al 5% = 5 4 DU AL A 45 AH 4% 2 1 1 A [+
PR EERG 2 T E 00 % B ASFV T A4 A6 i & 1)
ANWIIE I N A AN W Tt e T Rl R, A B
ARG D ) 5 oK 32 T S . TR, ST — A [ B AR
L R AR HARE B ASFV B AAS I 5 35k #
W,

b % & 6 B % 4 M ( chemiluminescence
immunoassay ., CLIA) &4 1k 22 % e ol 4E 9 & 61k &
55 3% SO AR ZE A s TG DU A i e it sl e A4 1) — b
B BUBRIC S e B . AR S B, Ry A
RO (CLIA) | [ 4057 5Ot (W ARk 27 ROl A 922
g5
CLEIA) f1 H 1k % & Jt Celectrochemiluminescence
immunoassay, ECLIA)"* . CLIA €)1z i J] T4 6
BE2E i A2 K R EE W B 22 4 R 25 ) 43 A 4 4

chemiluminescence enzyme immunoassay,
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B, R R BT AL e IR BE W (corona virus disease
2019, COVID- 1D # K U5 . 4 H3IK CLIA A L
Xt COVID-19 Bt JURIHT A3 47 PR A HEAG I, DA T
7E COVID-19 1912 Wi F1 52 5 0F % b R 4% T 8 2E4R
FRST L FERERE 5 W, O F A Y B 2% 3 (oot-
and-mouth disease virus, FMDV)"™ % th 5 K5 5
(pseudorabies virus, PRV)" [ CLIA &4 W 5%,
FERI R e L CLIA WY& T 1% 48 1 Il 6 4 %
W% B 32 %6 Cenzyme linked immunosorbent assay.,
ELISA) . {H7EIR R b, X 86 CLIAs {347 B .

ASFV J& — F K B 40 B 1) DNA i 2. s T
As farviridae G, ASFV 3 4H KN N
170 % 190 kb. 4% 150~200 FE 15" . ASFV
B646 L FEH g% E R M AR E A p72 . AT
9 ASFV F k. p72 & 2R P 51 B A 1R & i [R]
Wk, p72 R ASFV R B BT R R B
30 R R E S EPURREE A Z .,
FAh . BT p72 B B B AT 5T © 4 A i
JRUEL RS p72 G AR WAL X SR 2 1 B
REAEERE L., B, ASFV p72 J& A
TE RS W AR . ARBTTEHESL T —Ff ASFV p72
HHUAR I CLEIA, A R 45 ASFE 4 1 fij i okt
FRD M 0 G i Bt R A

1 #RI5F*®
1.1 ##

L1l 3 20 A 48 AR U 5 A 7 T A
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p72 H 1 AT AR R 2 [ 58 A ol TR AR A
O 1 R A7 S KB HY R R TR 3 T RO
(525 :]-MS-S160T) Wy F Jb 50 /R 30 AR M H AR A R
N ] B PR 2 8 (alkaline phosphates, AP; 4% 5 .
APMB-RO) I H % [ Roche 24 A ;4 [ gk 2g Kok
FPE AT (BIS ; Venus 100H) Il B & KB A
PR ) 5 AF U s 2 BEL I ELISA $57 44 A6 ) € 57
B (PP FIEH N, M5 210099 W H F B H /K48
HARA R A5 4B YRR 7 ELISA T4 K I it
FI& (525 Y. MEO6C) I F 3% BH & 28 A= M) HoR A R
NI

LEA -0, 1 mol- L' HEPES % #hii (pH
9.5) s AL : 1 mol- L "BRAREA s £ 17710 % 4 il
HEHEHBSA); PR ZE M. Tris-HCl 28 ik
W (TBS,pH 7.4)%& 0.05% Tween 20; MPs £ fF
W . HEPES 2% s (pH7.4) & 1% BSA.0.05%
Tween-20., 0. 05% Proclin 300,
1.1.2 Iy FE S B B2 2 100 AR I
9o 25 P 0 10V b T 24 T T A
(evee. ivde. org. cn) #2445 5595 9% 7% (classical swine
fever virus, CSFV) \PRV 5% % 5if 15 09 W 25 & 1iE H5
#F (porcine reproductive and respiratory syndrome
virus, PRRSV) ¥ it 171 75 %6 # (porcine epidemic
diarrhea virus, PEDV) | 4 [ ¥ )5 2 2 %! (porcine
2, PCV2) M % # % Bk W
(Staphylococcus hyicus »S. hyicus) W FHPE ML , th4E
B A K7 SR 2 e / 1 58 A ol TR HOR B
FEHUDARAE . 122 3 KA I 09I R 17 2.4 58 1
B 1038 A R 26 003 BH P 1T Pl AR T ARl R 27 [
AR PRI DX S 56 2 (D 3243
1.2 p72 fBEK MPs K%l &

FHUE G ZE i e % 1 mg MPs =K, 6 7148 2=
B 3 W, A 900 pl 45 A bl E & /A
5 pg difbny p72, MAL G452 1 mL, IR
21 A 500 pL AR, #E 37 C T e AL E
18 h. 3% BV A 15 pL B HIR 7R 37 °C T 4k2LiE
EEE 6 h, AN W, YR 3 R, A MPs R 7 5 &
JE VB E = 0. 6 mgemL ', BURE % BRI B4R R A
YR A R E, A H F BB (scanning
electron microscopes, SEM) #1 3 & & # 4F
(dynamic light scattering, DLS) 73 #7, p72 8BS 1
MPs(p72-MP) FEAZ AN, T 4 °C WKFEIRAE .

circovirus  type
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1.3 AP#RiC p72 EAWHI&E

FESCHRTT N O AP FI p72 B A 00 R
0.5.1 mgemL ™" J5, %8 500 uL ® 2 mL B4,
BEBIEAIMASA 10 % /R B R 5L 22 bl
(PBS, pH 7.4), 7 37 C #XMWH 4 h, il A
100 pL 1 mol- L' (B Z BRI TR, 4R 220 2 h,
FHBE # #F g4k AP 45 id ¥ (p72-AP), ff £ &
HEPES W (pH 7. O W AR IR%E & 4 CUKA
PRI
1.4 UEEXBMNEBFEL

3 ) FH — 25 35 R A5 v B R

— DRI AR AR RS A A5 20 pl,
p72-MP TAEW A AP-p72 TAEW 4 100 pl. iR %)
6 s,4 °C WFE 15 min ; WD EBIA . A FRE R HE &
FIFRUESL 45 20 pL, A 100 pL p72-MPs TAEM
RA) 4 5.4 °C BFEF 10 min, BE% 4 WL MA 100 pL
p72-AP TAEW 185 4 s,4 °C WH 10 min, J5%E
B IR— L BRI 4 KM 200 pL k2 R OBE
YRS 4 s, W 5 min s EEEUH X G B (relative
light unit, RLU){H,

FEATR p72 HUARME SIE R RLU 2IE
AHOE L SR I 2251 ASFV BH A o6 1L 3 22 1 b v
iR, 1) s o il 2 B RT3 B8 R DU AR S rf p72 BodAk
1.5 #RA&EMBM&NEH

¥ ASFV BH AR o 005 ¥ 2 A5 86 B2 6 B L 2 3l
FHAS BIF 5% 37 09 4k 27 206 07 v IR Ak 1 ELISA
TR A A I . AR AR P 3 A DU A B L PH
I 0 P B PR TE 24 1Y 6 A0 B i 1 S AR o S
Tl Ar el 2. B E pr2 bR E Bk
UemL ', DL p72 PO EEEAE MR A 45 . RLU Xy
AR L AT DU S B LG T ik dl bR 4.
1.6 RMEEHFRL
1.6.1 B JE B IR #E GORE i T AR 57 & 1 1k i B
p72-MPs, )2 i 7 £ 43 5] i 50,100, 150, 200 plL,
[ B A 1:6 400 #i BEf) ASEV B | FH 1 b 1 if
T, BEHC RLU A, 315 P/N {H.P MRS RLU
fH.N RBAPERESY RLU f. 24 P/N fH & KB BT
i A0S R R MR 1 e T AR R
1.6.2 Bl B 2 g A 3 0 R T4 7t 9 A 1k
Wi B¢ p72-AP, | I A & 43 9 50, 100, 150,
200 pL, [RIEAGI 126 400 5 BE () ASFV B L BHM:
B vfE I3 32 B RLU 8,315 P/N {5, 4 P/N {H %
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KSR ALP pRicHi i A TR & 110 RFFRE MR

1.6.3 WA H 1L W RN — D A
AR R A 1:800,1:1 600,1:3 200, 1:6 400,
1:12 800.1:25 600 Fi B9 ASEV BH P4 i B 4 o
IR » P I 385 6 5 26 47 4 I T 52 B RLU &, 7] B
15 P/N B, P/N {8 fie K Ry e A R mi e,
16,4 JEAE 520 ) #4 4 Ak WAL Ok Y
() S5 7 s 6] 3 510 3% B o 1.3.5 A 8 min, [f] B A )
1:6 400 Fi By ASFV [HPE | BH M b o 1M 38 . 52 5L
RLU fH. 315 P/N 8.4 P/N {H & K # g 2
i P B AR B [
1.7 IERE GBS EMSERENE

FHAS 5T 357 19 CLETA J7 24600 58 53 B M 1fi
THRE AL A 26 43 BH M I BE S R R I A5 R A
MedCalc # 4, # 47 ROC R £k (receiver operating
characteristic curve) 43 #7, Ml & 12 Wr R S fl4e 7
PR F (cut-of DA,
1.8 LR XRMMHIKE

FHAS BF 98 # 57 19 CLEIA J7 ¥4 ) CSFV,
PRV.PRRSV.PEDV.PCV2 #1 S. hyicus 3 6 Fp
g L5 ) LR o AR ) DT o oA L 0 T PR e A AR
21 28 SR PE
1.9 EEHKE

FHTR — A p72-MPs Fil p72-AP, & 6 17
ML RE S AL G 2 By B, 2 4y 55 BRI, 2 1 P 25 B
PEEAFER 3 AN L8 ORI RN S
P AT HE N B EE R R X A R B AT
GeiteE o it A R R 3 A R Y
p72-MP Fl p72-AP, ¥ 6 {73 IfiL 35 #¢ i, #E47 L a)
1 A M TR S R A

A5 [ I p72-MPs. p72-AP. V% W .
BESR BRI RIS A5y, T 4 °C kA 4 B AR
FF1.2.3.6 D H o K I [R] — BHPE A & A M 5 U
R R
1.11 RBHRE

FHBFGR 8~ 4F 9 CLEIA J7 ¥, 75 B oF 95 35 #h
INFEIVAE PRI EE ASFV Bk ELISA #3857 &
I BH 8 28 A W 4 AR A BR 2 m) AR 77 1 [l 47 ASFV
Uik ELISA A I3 70 £ 00 86 BE 7 B9 ASFV K
o o I R I DA I ¥ 320 4 7RG B R o
.12 HFERRRE

JHWE9E 8 57 i CLETA J7 B MR & 4k ELISA
WA S A 122 03 I PR I 75 A 5 AR 45 80 2 b o
3 CLEIA Hl ELISA K45 B 45 &%,

b

2 # B
2.1 p72-MPs Bl & F04F1E

AR 1.5 pm BIRERCR . 2 B8 JSR iR -
TG ARORE AR I T 0 JEL 20 p72 AR P A I B R
I AR AR 1M 3 R O R R p72 Bk, R
A 0.6 mgeml ', ik SEM B % AT LW £ %
MPs fil p72-MPs K/N¥ 5], HAB BTG 3 5 #8034
Sl RKRAR RIS ., KRB MPs K1 # 6,
ok RSH 35— IR BXJS 19 MPs 85 R &9 8 5%
fHORE R SF s A 34 R (B 1A) ., B 4h 3@ i DLS 20 Br
A LLE 2 B BCHT MPs i K G R42R 1.72 pm+
0.06 pm, MHIEEJE MPs 19K SR8 K 2. 05 pm =+
0.28 pm(E 1B), DL BZ5R KW p72 EAHE LI
IhiBBE 2 fE MPs i .

A. SEM Z5 3 (L. MPs;R. p72 S EBERS 1 MPs) ;B. DLS 4528
A. Results of SEM (L. MPs; R. p72 conjugated MPs); B. Results of DLS
B 1 ®AMAEEET AR BE (SEM) Mg &8 S (DLS) S T & R

Fig. 1
conjugation
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Scanning electron microscopes (SEM) images and dynamic light scattering (DLS) measurements of MPs before and after
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2.2 pI2-MPs RERRBRENHRTE

MPs Fl AP f 5 B L ] 2 52 ma e 258 0 e 2 B
JEEFVRR SR R OGBS ALl A A 6 400 A5 R BE Y
PRERE S, L P/N (EAE P 4805 . K p72 Fl AP
PR El ik iy p72 B A b A BCA 50 & 0 5 A
ICHEEME R 0.75 mgemL ', DIAHEFIEMN

p72-MPs K WAL &, DL e 1y p72-MP e fEfif
i, Z5RNER 1 PR, & p72-MP 7l G518 K, H
i RLU {48 K, 24 p72-MPs Ay H R 100 pl B
P/N Kl 5.11) A #fi € H 4 p72-MP ()5t
TAERI & A 100 pL,

1 NEBEBREBANEEREENTHE

Table 1 Optimal dilution of p72 conjugated MP

i H p72-MP Hl & /pL p72-MP volume

Item 50 100 150 200

BHE: I3 RLU {8 (P) RLU value of positive serum (P) 167 220 238 945 225 090 240 024

B I RLU {8 (N) RLU value of negative serum (N) 45 620 46 805 57 009 63 726

P/N {H P/N value 3. 66 5.11 3.95 3.77

2.3 P2-AP RERBERNHE A, Z5RMEK 2 Pron, Y p72-AP K 100 pL B

WAL B & F AR FLRY p72-AP A,
600 P | B P i R L DLW GE B A p72-AP TAE

F2 ALPHRIEHERERBREN®HE
Table 2 Optimal dilution of labeled antigen

P/N {HE K, LT # % p72-AP i TAEFI &N
100 plL,

i H p72-AP JH /pl. p72-AP volume

Item 50 100 150 200
PP 1L RLU {H (P) RLU value of positive serum (P) 17 200 240 050 250 740 260 575
BAM: M ¥ RLU {8 (N) RLU value of negative serum (N) 41 201 42 575 55 099 59 366
P/N{H P/N value 4.18 5. 64 4.55 4. 39

2.4 FER{R & KR E MR E

b2 k6 RN AR AR IE N [, 43 SR HE S L RN
NGRS, CLEIA KGR T M6 AL, kL] #8800
Bh =R+ 38 2L E L AP-AMPPD & 45 115 5 46
TE R A5 H A F 5 1Y X AT 25 5 00 87 1 1) Fy
KEHREEDS . ARYE B I i A& 1 L Ak B A 1

®3 EBEAREERBERHSEE

Table 3 Determination of enzymatic reaction time

R S B[], i 5 5 N EF i) 1 i 4, B | B i v
Fedh RLU HIEA L F R EARE . W3R 3 FiR, Y
SNBSS [E] R 5 min B, B 5 P45 A i e B R .
FH M I3 BE & P/N fER B i k. L, ARl 98 ST
() CLEIA J7 1 B AR Bl A2 52 0y i 8] 8 2 2 5 min,

i H SO 58] / min Reaction time

Ttem 1 3 5 8
FHM: 1M RLU A (P) RLU value of positive serum (P) 120 056 175 578 273 667 269 900
B M3 RLU {8 (N) RLU value of Negative serum (N) 30 093 41173 45 552 45 892
P/N {4 P/N value 3.99 1. 26 6.01 5. 88

2.5 WNEFHNHE
Mo RS e AR 30 S — ik P A kL
o7 PR A 2 4 b 2 o7 F i) A 52 B0 7 A s X

ANT5 1 00 S AR R AT LA A T AS [R] e 2 ) o oA

i o LR T R RE  B05 5 LU AR (P/ND A Ak
i PR BE O B AR AR BEAT RV BT, AN 2
s s — 35 P/N B B S B Ui
— RN PP L B ) R — Pk E

93
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Bf B 227208 15 min, 1 P9 25 3 0% & B () 28 /0 5 2 2.7 IGREGCHREEFSERENE

20 min, — Bk HE P 28 3% Al LAY 4 BRI ], (A G
B 5 — A0 1y e E R IR T
5—.

P/N{E

P/N value

0 1 1 1 1 1

SRS SN

S S NS

RN s & &
Ne N \;.\' \p’

@Q
N
J

N

&S
v
3O

W L 55 Ao

Dilutions of positive serum

B2 ARREEXIH

Fig. 2 Analysis of different reaction modules

2.6 FRAEMERNEL

FHAT AR G 0 e i A0 306 s F0RE T A 590 o L Bk P 1l
PR it A 10 B i T A 590 £ R e B B TE] 98 0 CLETA
il ASFV BHAEAR E 13 . £+ 1:800, 1:1 600,
1:3 200,1:6 400, 1:12 800, 1:25 600 1E RFrfEN .
Z:7% Z /i ST K LT o p72 B BEK R 160,
80, 40, 20, 10, 5 UsmL ', PLE G (RLU) B
Ar R DIRSE B B (UemL ™) B AR A, L) DU 2
B WG ok g hilbrmEmg., AR y=~A—
D)/[1+ (/O] +D, inE 3 fim, i y=
(87 640.75 — 36 085.98)/[ 1+ (x/8.36) "7 ] +
36 085.97, R*=0.999 52, Ui W & GE M p72 HHH
PR A B B ARG (9 A DG .

B3 L& St AR A
Fig. 3 Standard curve for developed CLEIA

94

hT W CLEIA M Bl S, A s iy
CLEIA i 7 58 ff ASFV M4 F1 26 4 K % /Y
ASFV BHME MG RE S . ROC fiZR & 4 fros . ik
AR (AUC) AR K 0,999 (95 % B A5 X [a] : 0. 956~
1.00 Z[a], P<C0.001) . &2 Wik 57 R 98.33% .
W R S 100, 0026, BEIE, CLETA (Il A 0
9.505 U+ mL ', M H f  p72 Hi 4K W B =
9.505 UsmL "B, B 5 ASFV FUABH T ; 24 F 5
Hop72 Bk BE << 9.505 U-«mL !B, BE S R
ASFV kB,

4
Fig. 4

=EIEFER ROC #2453

ROC curve analysis of optimal cut-off value

2.8 TXRMMESH
J T IR EE S 19 CLEIA (438 X I M, Fif 2t
S CLIA i K&l T CSFV. PRRSV, PRV,
PEDV.PCV2 #l S. hyicus (30K BAYE M 3% , 7 i
WE ASFV B B 1 7% A BA P a7 X B, AR
RLU {HIF3 & #E 5 p72 BUikWe Bz, S50 Kl 5 F
AN AT ASFV R BH M 1 1 40 52 Sk BH M (B iR vk
JE>>9.505 UemL '), A9 I 9 BH M il 3 v p72
FAA M B /8 Tl B (<C9. 505 UemL ™), H5E
R B . W E ST 9 CLEIA 7 %0 ASFV $i {k
PE LI A 4 0 e
2.9 o REUENK

ST A BRI R L BF ST PR T R
FHE 7T fh b ELISA R Al &, 5 AR # i
CLEIA 7k b A7 X b, 6 IR [ 7% B 1 ASFV
BE 1 A o I 375 R IIR R 0009, 25 SR R, 24 ASFV B
PEARUE ML A B N 1:12 800 B, p72 HUIAHEE Ky
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5 B3I CLEIA iAW X R
Fig. 5 Cross-reactivity analysis of the developed CLEIA

x4 ARARMAERFESTER

Table 4 The analytical sensitivity result of different methods

10 UemL ™', KF G FAE 9. 505 UemL ™", H5E N FH
PR, MEE 0 ELISA 555 & kil BR R 1:800, B ™ ik
FIGA 136 400, A I PR I35 0 5 7 AR i 55 Y
CLEIA & Z 8, HyoR E™ SR & Gk O, £
HESL Y CLETA J7 ik B M 45 4, RO0ME & T i i
i &
2.10 X FRRE MK

XoF A T 2 A Ak ) g A L IR TR 4 4y Y AR
PERBEEMAEIRZ —, 2~8 C B ZH T4
P A A AEAE . BRI R A 1~6 A H Ll
A BT TR — B 2 SR I R AR e, 5 R
6 ST » PURHE BE A & A W 35 A8 Ak, R AR 9%

e s CLEIA B i ELISA ¥ 7& ELISA
T
Dilution ZE R ZE R 7k
Sample R " X/ % ) S/P )
ratios Result Result Result
1:400 320. 00 + 76 + 2. 80 +
1:800 160. 0 + 53 + 2. 10 +
o 1:1 600 80.0 + 27 — 1. 55 +
ASFV FH 5 o 1l 35
1:3 200 40. 0 + 10 — 1.01 +
ASFV standard serum
1:6 400 20.0 + —7 — 0.59 +
1:12 800 10. 0 + —19 — 0.33 —
1:25 600 5.0 — —21 — 0. 21 —
1:2 18. 2 + 39 — 1. 76 +
Ik R A i 1:4 11.2 + 18 — 0.58 +
Clinical sample 1:8 7.9 — 7 — 0.25 —
1:16 4. 82 — —2 — 0.19 —

R AR BRAE 6 A A RTRE, BA RIFH
SEBR B A

. 207 - (R

8 ‘
~3 404 - (IR
A =}
Rt g E — E
E &
g, ‘,i 30
2%
L5 201

5 — . 5 =

“ o0 . . , .

0 1 3 6
(S AERT ]/ Months of retention
6 IWARBEHENRLER

Fig. 6 Stability of reagents test
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2.11 #tAF#tEES &K
TPy CLETA My & Pk, BEALIEE 6 17 1
H.2 MBI, 2 A5, 2 A v S BH I A0 5
SAEE BT IR AR S R, 4R S
BRI A R E(CV YO FE 0.76 % ~4.90% 2
E] . /NF 5% £ T 6 CLEIA ikt NER
PEAF A0 3 AN (R VK SO R A ] B R,
CLE i CLETA J7 ikl 6 4 il 35 FF & . 45 3L 4o
L5 o, ;LA RE(CVID) FE 1.270% ~
9. 75 % Z Ia] s /INTF 10 %0, DA 28 B T 42 7 19y vk it
Ji) 7 A
2.12 5@FRtAFENTEERTEN

o g # AL Y CLEIA 845 A T3 3% 135 16
W, A BLEEL ASF (058 R 5 122 0y 4% 1l 7 #F
A KA S HEAT R DU . FR T R AR SR T
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i3

P
B

i 56 %

x5 #tnFHtEESHAR
Table 5 Reproducibility test of intra-batch and inter-batch

IR TR=

HE N7 7 R B Intrabatch coefficient of variation

i a] 48 5 2280 Interbatch coefficient of variation

Serum number Tt CV/% Tt CV/%
1 4.3640. 33 0.76 4.7040. 24 5. 10
2 4.66+0.10 2.15 4.5940. 16 3.49
3 11.1440. 54 4. 74 11.8940.59 9.75
4 16.57=+0. 48 2.90 16.94+£1.04 6.13
5 67.1740. 87 1. 30 64.07+1.59 2.49
6 102.02+5.0 4. 90 11.8540. 15 1. 27

CLETA S AT 350 FH R i A 50) & R e ~7 19
CLETA [R] &6 0B o JF b W0 & A 45 5,
7 6 i~ , CLETA Kl 45 3 B 18 {3 ASFV $ifk
BFPE I35 R 5 A 104 45y ASFV BuAA B 1l 375 46 4
1M Ak ELISA 350 &k i 25 5 87 17 4y FH

x6 SERUANEREELR

I35 FE A 105 4y BV I 35 BE S . it 45 R B,
PP ik BB E R 95.90%, FIHERF & % H
98.10% ., FH ¥ £F & %y 83.33%. £ B & 7 1Y
CLETA 4558 51 & A0 R & 0 25 1A A R e

Table 6 Comparison of coincidence rate with commercial ELISA kit

®i 4k ELISA Commercial ELISA

ik FHPE A i R 9 P A it R FaH/ %
Methods Positive serum Negative serum - Coincidence rate
Total
numbers numbers
FH 4 #£ 5 X Positive serum numbers 15 3 18 83.33
CLEIA B MEAE 5 8L Negative serum numbers 102 104 98.10
B Total 17 105 122 95. 90
T T G g 5 1 . i 2C R 3ABC dE 454
RIS i S 4 FEHR CLETA 7] DL o 6 L X 43 & e FMDV

ASF 45538k TE R& ik, biik
Kl ASF Biif 484 7 O R 8% . BRr. bt
PRAG I 7 3k vp 0 T e o 2 1 2 ELISA FR AR
AR AR B RS ELISA i, AR 7E — 2
& HEUNERAE A R 22 K0 I isf R 4 45 5 M R 4 R AR A%
FEAR AT ERL (R TE T R Sl A, BEE N )
BB DA K e 3 o R I oK B 2, [ Bh A R
o R AR BRI O R A B 0GR . R, E T
TR AN ASFV p72 F¢ ek A sh ki
CLEIA ZELHE,

CLETA 244 5 A7 & 2 O 09 12 & 6D & 47
A5 R S P 0 S S AR G TS R T
TR TR 7R L 4k A= ORI 25 W) S Y AR A BT
CLETA F U AR H 25 A AR T Rz 12 Wi & e
il . ZHEiEEGEH, —Fh 2 R AL CLEIA, A] LUK
M O # FMDV IR O BB . PFAG 2 R 07 2 8

96

(R4 RN EZ B 2ok 20 B 0 L A O T T R 45 A 2R k)
T RE T TG Yo S R B0 A BH R ) R, i
— B IR £ B0 T CLEIA H, LUBA SE 2 B A7
TEX% 40 /N9 7 (porcine parvovirus, PPV) J& e
NZEHE R J £ T Chuman rabies vaccine) H ¥
O R R 3 T ELISAL SR T ELISA Jf /A BE i
R R EERHAZAENTE, A
CLEIA Mk et F ELISA, ] A 16 AL 18 1 R
b B N M ECY . LR .
CLETA TESAG 12 Wr P v A 7 FPE 1 5 5 2001 VF
7 R E AR .

AW A CLETA 5 3% B AT 5008 19 5 S 1k
R BE TR IR R 1212 800 f5Hi B ASFV
BRI 3%, R R T ELISA k. S5k
ELISA i &AL, r F & 1) CLEIA Al SE8l4 A
AL A I L E— 25 4 4 T R I B ) O AR TN B
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Tl R R 9 B PH M S B M R, FLRR 8 AR 4
T v FHT 20 i M 2 IR A KO B E AR, A
f5 T =t . — R AR E N CLEIA Jf
P T BB R e o OB, BE AR N 1M, IgA N
IgG- B &Y ASEFV J5 b fE = 4 Bk, #F
FEFW], WAL J2 0 ELISA #1 ASFV Hifk B4
W AR SR R A RS A CLIEA ff
FH MPs i A RAEG ) 96 FLERCK [ & p72., HAETA
5T 96 FL AR E S7 T [l #E  CLETA £
ASFV p54 HifRDS A7 8 13 R L MPs X p30
H L8 TR CLEIA, MR A MPs 1 fi
FH A 5 B TR TR Y R AR AN SR s ke ROk
AR SE 5 R il R SE A& M 1 MPs, 78 55 By AR
HL R E MPs i G 72 T2 52 Je, el Pkl 4 2,
I 2R R 3 MPs i 1] T 20 fj o0, ol iff — 2 42 7
e A e e, = EAM R @ 1 CLEIA % T
AP Fl 1,2— 243 C et AE ¥ (AMPPD) # # fk. 2%
k6 k., CLEIA @ % ¥ AR o & 1k 9 il
(horseradish peroxidase, HRP) 1 AP 1 NibZ &
SR AT L XoF R ) & I 4 43 S0 2 oK s K HL A R
YIH AMPPD, 1ii LI AP-AMPPD % 61k & i b &
B, AMPPD J ;e BB, AR RS, R OB AR
TE 5L P[] A 25 I A Sk AR i 1 245 R 50U R Ry
M F ELSIA Jrikt

TEABF T AT AR 2 — 2 1 %, — 247l Br
ZEXT ASEV H0 IR 0 R 5 P DU B bR o L A BT
i e SR A — N AR IR p72 BUMAAR R S DL
XFHTA p72 HiksE BRI 47 A% IE L 5% COVID-
19 —FE I R G — b ™. =0 H AT A7k X
ASFV £ 2385 38 il FH 4% 2 4 B30 I i 5 2 4
AH LRI F 2 B2 BOR R A7 3 PCR ORI, Kk
P TRCRE A T AT AR A Bkt & ok
I 4 B Bl 1 4R O DR AR T AR, <R
b2 S SEAR I BT kA28 R [ v] 4T 360 iR % 480
T 3235 B 114 v 3 R L A AT DLAR Bl AR iE 0 RS
Tl ) B M i) — R A H S [ 9 A ) 5 0L o g
5y ELISA J5iE i A H A e,

4 & it

AW 5T B RCBT B e 19 CLEIA AR+
ASFV p72 F AR AI , 457 /) CLEIA J5ikig
ELISA J7i B A W4 i SOk A6 0 =2 09 | 30
b, K B8 T LA 3, HLELA SEELPT AR Y 46 ) i
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RO T S R A RS B AR DU ASFV Bk
KRG T B BOR S B R A T
JO7 FH A
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( Porcine reproductive and respiratory syndrome virus

PRRSV) Nsp9 RT-PCR PRRSV

Nsp9 pET-28a BL.21( DE3)
Nsp9 ; Nsp9
Balb/c 3 : ELISA
o ; 951 bp  Nsp9
pET-28a—Nsp9 ; Nsp9 36. 0 ku;
Nsp9 2~8 PBS
. BL21( DE3) PRRSV Nsp9
PRRSV 0
; Nsp9 ; ; ; ;
( PRRS) ( Nsp) o Nsp9
( PRRSV) ORF1b e RNA RNA
( RdRp) ’
2 o8 PRRSV Nsp
RNA 15 kb 10 Nsp9
( ORF) ORF1 Nsp9
PRRSV
:2019-06-03; :2020-02-16 °
: (2018A070701012) ; PRRSV GDgz ’
( 2018A0121) ; Nsp9 pET—
(K2019020101001) 28a—Nsp9 Nsp9
(1981— ) Balb/c
max|@ scau.edu.cn.
i : (1979—= ) PRRSV PRRSV

stonezen@ scau.edu.cn.
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PRRSV GDgz
: Marc—145 N
DH5«  BL21( DE3)
; pET-28a
Invitrogen o

1.2

SPF 6 Balb/c 10
16 g o
1.3

DNA/RNA N

( ) :
PrimeScipt One Step RT-PCR Kit.DL-2 000 Marker.

Marker- BamH [  Hind M.T4
DNA ( )
 EB
; Promega ;
( Kan) .IPTG.Ni—-IDA N BCA
( )
; Sigma : DMEM.
TMB.HRP IgG. FITC
IgG Invitrogen : PRRSV N
1.4
PRRSV GDgz Primer
Premier 5. 0 1 Nsp9

Nsp9-F 5'-CGC GGATCC
AGTGAGGTTGAGCTAAAAAGAC-3"(

BamH [ ) Nsp9-R 5'-GGC AAGCTTTTA-
AACAGTTTGCCAGTTTTCTCG - 3~ (
Hind I ) 951 bp
1.5 Nsp9 PCR
DNA/RNA RNA
RNA PrimeScipt One Step
RT-PCR Kit . PCR
( 50 pL) : PrimeSecript 1 Step Enzyme Mix
2 pL 2x1 Step Buffer 25 pL 2 uL

RNA 4 nL RNase Free ddH,0 15 pL. PCR
:50 C 30 min; 94 C 5 min; 94 °C 30 s 60 C

30s 72°C30s 35 ;72 C 10 min.
5 uL PCR .
1.6
pET —28a
37 C 3 h;
T4 DNA 16 C Nsp9

A
pET-28a
DHS5« ;
LB 37 °C. 180 r/min
12 h;
pET-28a—Nsp9.
1.7 Nsp9
pET-28a—-Nsp9
BL21( DE3) 37 °C 180 r/min
; OD 4, 0.6
1 mmol/L  IPTG 37 °C <180 r/min 6 h
: 1 mL
10 000 r/min 10 min;
40 pL PBS 10 pL 1x
SDS-PAGE o
1:50 1L
LB oD 4,
0.6 1 mmol/L. IPTG 37 C.
180 r/min 6 h; 4 °C.10 000 r/min
10 min; 30 mL
;4 C.
10 000 r/min 30 min,;
Ni—-IDA
6 ; BCA
1.8
Nsp9
0.2 mg/mL
23
100 g/
6 Balb/c 5
PBS (100 pL/ ) 14 d.
|| 14 3
14
. ELISA 0
(2 pg/mlL)
PBS
37 C 30 min;
HRP IegG( 1:10 000
) 37 C 30 min; TMB
10 min( ) oD 5 o
1.9
96
1:2 1:41:81:16
1:32 1:64( 100 uL/ ) PBS ;=70 C
( 1x10° TCID, /mlL)
500 2x10°  TCID,,/mlL;
100 pL 37 C 1 h;
100 L Marc - 145 37 C.5%

" {4
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co, 48 h;  PBS 3 2.2
100 wL 4% 20 min; PBS BamH I Hind I
3 50 wL PRRSV N ( 951 bp
1:200 ) 37 C 5400 bp ( 2)
1 h; PBS 3 50 L FITC pET-28a-Nsp9.
TeG ( 1500 ) ML 1 2 M2
37 C 1 h; PBS 3
2
2.1 PCR
Nsp9 7500 bp
P 5400 bp 5000 bp
951 bp ( 1)

2,000 bp 2500 bp

1 000 bp 1 000 bp
750 bp 951 bp
500 bp
250 bp
MI1. DL-2 000 Marker; 1 2.
2000 bp M2.DL~15 000 Marker
2
1 000 bp
750 bp 2.3 Nsp9
500 bp Nsp9 SDS-PAGE
250 bp
36. 0 ku( 3A); 36. 0 ku
M. DL-2 000 Marker; 1 2. ;3 4.Nsp9 PCR ( 3B)
1 Nsp9 PCR O 473 mg/mLo
M 1 2
974ku
662Ku| . -
.
43.0 ku ok
—36.0 ku
31.0ku — ! 36.0 ku
201 ku <
14.4 ku ‘
—— ‘ N |
M. A FiMarker; LIPTGESHEAEEA: M.Z& H fiMarker;
2REIPTGHE S I W A EH. 1, 244k EHNspIE H .
A SDS-PAGEZ}#r B 4lifk
3 Nsp9
2.4
ELISA 3 0D PBS oD ,, 4
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Nsp9
‘3‘2: O] PBSX} & 3.599
m 3.0  RARBRA ) 641
2 20l
© 15t
o 0.626
'0 0.0580.058 0.06 0.06 0.06
G BERl —% % =
B
4 ELISA
2.5
PBS Nsp9
1:2 1:4
1:8
(169 5) Nsp9
PRRSV
PRRSV o
3
PRRSV
11 .
12-14 .
PRRSV o
PRRSV
Nsp o
o Nsp9
B 1T Nsp9
RdRp
( )
PRRSV GDgz
Nsp9
Nsp9
pET-28a pET-28a—Nsp9
Nsp9 Balb/c
PRRSV
PRRSV
PRRSV Nsp9 PRRS

1 HAN K SEO H W PARK C

2 Porcine reproductive and respiratory

type
( PRRSV)

et al. Vaccination of sows against
syndrome  virus

before artificial insemination protects against type 2

PRRSV challenge but does not protect against type 1 PRRSV chal-

" 106"

12

lenge in late gestation J . Vet Res 2014 45(1):1-11.
FAN B ZHANG H BAI J et al. Pathogenesis of highly pathogenic
Porcine reproductive and respiratory syndrome virus in Chinese Ti-
betan swine J . Res Vet Sci 2016 108( 10) : 33-37.
FS

Nsp9 I 2016 43
(9) : 2249-2256.
ZHAO M NING Z WANG H
gene of 25 PRRSV strains from Guangdong province
southern China J . Virus Genes 2013 46( 1) : 88-96.
ZHOU Y ZHENG H GAO F et al. Mutational analysis of the
SDD sequence motif of a PRRSV RNA-dependent RNA polymerase

J . Sci China Life Sci 2011 54(9) : 870-879.
DONG J ZHANG N GE X et al. The interaction of nonstructural

protein 9 with retinoblastoma protein benefits the replication of geno—

et al. Sequence analysis of NSP9

subtropical

type 2 Pporcine reproductive and respiratory syndrome virus in vitro
J . Virology 2014 464-465( 1) : 432-440.

ZHAO S GE X WANG X et al. The DEAD-box RNA helicase 5
positively regulates the replication of Porcine reproductive and re—
spiratory syndrome virus by interacting with viral Nsp9 in vitro J .
Virus Res 2015 195:217-224.

LIJ] GUOD HUANG L et al. The interaction between host An—
nexin A2 and viral Nsp9 is beneficial for replication of Porcine re—
productive and respiratory syndrome virus J . Virus Res 2014

189: 106—113.

GDgz J .
2017 44(4):138-145.
. PRRSV Nsp9
D . : 2012.
JIANGY F XIATQ ZHOU Y J et al. Characterization of three

Porcine reproductive and respiratory syndrome virus isolates from a

ELISA

single swine farm bearing strong homology to a vaccine strain J .
Vet Microbiol 2015 179(3/4) : 242-249.

SHI M HOLMES E C BRAR M S et al. Recombination is associ—
ated with an outbreak of novel highly pathogenic Porcine
reproductive and respiratory syndrome viruses in China J . J Virol

2013 87( 19) : 10904-10907.

XIAOY WUW GAOJ et al. Characterization of the interactome
of the

( PRRSV) NSP2 protein reveals the hyper variable region as a bind—

Porcine reproductive and respiratory syndrome virus

ing platform for association with 14—3~-3 proteins J . J Proteome
Res 2016 15(5):1388-1401.
ZHANG Q XU X YOU S
subgenotypes of Porcine reproductive and respiratory syndrome

viruses in southeast China J . Microb Pathog 2016 97:27-33.
LI'Y ZHOUL ZHANG] et al. Nsp9 and NsplO contribute to the

et al. Emerging of two new

fatal virulence of highly pathogenic Porcine reproductive and respira—
tory syndrome virus emerging in China J . PLoS Pathog 2014 10
(7) : e1004216.
ALEXEL BE IVAN D RODRIGUEZ-GOMEZ IM et al. Predic—
ted peptides from non —structural proteins of Porcine reproductive
and respiratory syndrome virus are able to induce IFN—vy and IL-10
J . Viruses 2013 5(2):663-677.
TIAN D MENG X J. Amino acid residues Ala283 and His421 in
the RNA—dependent RNA polymerase of Porcine reproductive and
respiratory syndrome virus play important roles in viral ribavirin sen—
2015 97(1):
(011)

sitivity and quasispecies diversity J . J Gen Virol

53-59.



( 92-95 169 )

C 1:SELBIA R D PBSX R 4H

5 (40 pm)

AZAV LA LAl LAl lallallallallallallallallallallallallallallallatlallallatlallallallallallallallallallalfallallallallallallallallallallalfatlaly

( 101-103 109 169-170 )

AFET g H B &iE /1% & CRiE g GREE)

.16%.



ISSN 1004-7034

‘ IH WI il
41703204 mlm

9“77100

43 65 E[1 ol



BE RS & ST
B AP xxao 8T

E‘ EQEAE:. !Ej' <

&) - Q
ANIMAL HUSBANDRY & VETERINARY MEDICINE

TEH . g AR I E & B

(44
@ i HE
HI-TECH

ISSN  0529-5130
CODEN XYSHFS

EHh:-BEBER L X E

0

A7 me

AHE TG RRA0S f& A 0510-86178891
www. jsnnghk. com i Hie 214405

\ \\ AY L\ N ﬁ F
& 5 & 0F BT I3t £
ILTrmRE ARG ERAT L. 0510-86178891  @Esae
JIANGSU NANNONG HI-TECH €O. LTD | FRS7ALE; 0510-86178901 8

ISSN 0529-5130

10> o E R ¥ 3| X X8 AR R M T 10/2019
ITTTITH ———teset
’ 109

770529'513190 £ 51% Vol51

9




.. <Y AR R W  U—..

—55&5%‘2\ 515 104

Xumu Yu Shouyi (R #) (& 411 49)
(1935 & 1 B eIF) 2019 4 10 )51 10 B i
B %

BRAEK
bz g FEEH

—— I REE L B EN R G E R EYIR e JBERT, REESR, FRKAE, UKL, ZERE (1)
BEEE
FAf F1 UK PRKAAT FEFRIXT A 0 BURIE SEHERE AR - eeeomeveeen L, WA, ki, BRMR, Bk, ME (5)
CRTC2 ELFFER [ S AR H 88 P 4 BURIA T - veeeeeee R, XUEF, REF, MFHE, XIBRD, BiEkE, M@, #EHEE (9)
ZNNAFEER | EESFAREEERN N

............................................. []Jrlj_;ﬁﬁ ;%ggi )Jjg ﬂe% ﬁﬁﬁﬁ‘ ﬂ@m’ éﬁgg’ {%%ﬁﬂﬂ, Jﬁlﬁéjﬁ,i@m (15)
WL ERN R RS G HERELELRFTT «ovveeeerenenns EXX, BB, BAL, EEE, BT, =V4E, RB%E EiREE (20)
BMEF
HAFEAALES . AR | RN S P P A K R IR LRI e WA, HEE, TKE, EEF (26)
3T 0 g ﬁ%{jﬁﬂ:fﬁﬁﬁ %I*Elkﬁgin?’?% ................................................ %@E’ ﬁgﬁ’ &%i@jﬂa’ ﬁ@j}h ﬁﬁ;ﬁ( (31)
WEDE
AR R BRI T TR & MR EBFBITIIIT oo BAY, Rk, BN, REM (38)
EEE
M| 36 A THL R R Z FE R & oooeeeeneee KRR, BSl, hes, BB, WS, FFE, SKE, THRE (4)
R FSR Nrampl B[ 1 IR ST BN ST - coooevmevmeeneennennnies Brikd, T, ML, BRA%, B8, #EF (49)
% STARD3 MISME Y AL RIS RHBUM BRI EE ---oeooreoveereenenninnens R, DFEL, BFEL, FEEM, A¥H, BiE (54)
T f s S TR N AA TG A KHERE | e LaE Kl i Hi AL T RE R 2

....................................................................................... {%mﬁgp ﬁﬁf‘: Ilkﬂ—ﬁ- X B L, %%%, X4 (57)
%ﬁ?&m@%%%ﬁ@ﬂ%q:ml{%*ﬂﬁﬂﬁ@mg .................................................................. E{,@E’ Ei?i‘, ok fL g (62)
TS E
jgﬂfﬁj\giﬁmj:l&{tgggk@l_ﬁg@{tlimgﬁ ........................................................................... jﬂj?ll'z’ %38 (66)

CSFV 5 PRRSV XUEE RT-PCR Al 77 1 i 42 57 e 17 i
- B, A, T, Bk, PER, ik, BOER, S, XEX, §E3C, m, SR, 258k, B8 (7))
K CD163 ZIRE A £ seBEbUiR il & X PRRSV SRR I BsT -« DB, &7k, I, &30, Xkie, &% (76)
RIEHRHERE P EAMIRERLM oo ZHR, S, BT, HEA, ME, it (81)
¥ IL-17A PE6EE PCR Bl 2k BT L EAE PCV2 LA I F T «-vveemmneeeeetiitii e ce e ee ettt e ee e e e et e e e e e e sae s
.......................................................................................... A, WIE, TAE, B, AR, REE (87)
F 1M 3E h OB R AR E A 3A-3B1-3B2 Hifk ELISA A J7 2= H T
....................................... VR, REEIE, M, T, #E, TEE, B8 %IE, RS, Bk, TEE (92)

110



*76 - Animal Husbandry & Veterinary Medicine 2019  Vol. 51 No. 10

ey, #Favk, Bk, A5 BRI CD163 ZAKER 1 £ SERe TRl 46 KL PRRSV BHRCh I 1] &# 5B, 2019, 51 (10): 76-80.
Ma X L, Shu H Y, Xia Z L, et al. Preparation of polyclonal antibody against CD163 and its effect on blocking PRRSV infection [J]. Animal Husbandry &
Veterinary Medicine, 2019, 51 (10): 76-80.

3R CD163 Z & A & eI H H &
% H PRRSV HE L =

LA, K7, ERR, &X', ik, #mE
(. ST TR0 5 HE L TR ARTRIT 0o SR, T M 510642
2. M SR REATIRA A L TR T 510550)

FEE: A TR CD163 Z i (M BUIE £ s ST F K 3o R AR BT )y, R A RT-PCR 73988 T4 W4 ( PAM) CD163 3Z {4
SRCR4-6 JREX IR B, 5 H e =44k pET-32a o, HAE RIBFTH P RIKEA CD163 ZREH , alifl)s AYE A& H 15 95 I sE R A 5Lk
KRBT 2 G 62 BALB/c /MR, 28 3 KGR AR 2 seBedifh, NI B2 ELISA JriAe I piiAc i, DUpag BT 48 A0 (] 4 S 7 9t % 40
TEHR WA - SR SR TAEA ELRREMIERER, M 57250 50 kDa, 49 CD163 ZEHEAZ Wik S &iKm, &
2~8AEHA RIS . LIARKHLIET PRRSV EEULAN MR BE 1B T . BFSE3RIT, 7 RIHTH 315 T PRRSV E4H CD163 SZRH#H . il % #) IR Z 7
PEHUAEAT ] 2 A BELIET PRRSV BRI - ARBESE IR AN TR AR HLHIF PRRSV 1745 S it T 100 FE Al AHT 9 S 3

KEER: CDI63 ZiREM; JERD: WREA; Zrkedirk Sigplmizo)

HESHES: S852.65 XHRFRARRD: A XEHS: 0529-5130( 2019) 10-0076-05

Preparation of polyclonal antibody against CD163 and its effect
on blocking PRRSYV infection

MA Xiaoli', SHU Huiyou®, XIA Zhaolun', YU Wenlan', LIU Yonglun', XU Zheng""
( 1. Laboratory Animal Center and National Engineering Research Center for Swine Breeding Industry/
College of Animal Science, South China Agricultural University, Guangzhou 510642, China;
2. Guangzhou Guanglilai Biotechnology Co. LiD, Guangzhou 510550, China)

Abstract: In order to obtain a polyclonal antibody against CD163 and to reveal its effect on the blocking of PRRSV infection, the SRCR4-
6 structure domain of the CD163 gene was amplified by RT-PCR, and the recombinant expression plasmid pET-32a-CD163 was constructed
using the pET-32a vector. The recombinant CD163 proteins were obtained by using the Escherichia coli expressing system. Then, the puri—
fied proteins of CD163 were emulsified with Freund’s adjuvant. After 3 times of subcutaneous injection of the protein into BALB/c mice, the
polyclonal antibody was obtained. Indirect ELISA test was used to detect the antibody level in serum. Indirect immunofluorescence assay
(IFA) was used to examine the polyclonal antibody against CD163 and its effect on blocking PRRSV infection. The results showed that the
recombinant protein mainly expressed as inclusion bodies and its relative molecular weight was about 50 kDa. The indirect ELISA test showed
that the level of polyclonal antibody was higher. The IFA result indicated that the fluorescence intensity of CD163 polyclonal antibodies gradu—
ally increased when they were diluted by 2-8 times. In conclusions, the recombinant CD163 protein was successfully expressed in Escherichia
colt, and it was effective in blocking PRRSV infection. This study provided useful data and new ideas for further research on control and pre—

vention of PRRSV infection.

Key words: CD163 protein; prokaryotic expression; Freund’s adjuvant; polyclonal antibody; PRRSV blocking efficacy
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1*

(1. / / 510642;
2. 510080)
: $852.6579.6 TA :1004-7034( 2019) 19-0078-06
: ( Porcine reproductive and respiratory syndrome virus
PRRSV) N RT-PCR PRRSV  ORF7
pET-32a BL21( DE3) N
N Balb/c 3
ELISA o
: 390 bp  ORF7 pET-
32a-N N 28.0 ku N
1:2.1:4 1:8 o
BL21( DE3) PRRSV N
N PRRSV o
; N ; ; ; ;
( Porcine reproductive and N Balb/c
respiratory syndrome PRRS)
( Porcine reproductive and respiratory syndrome PRRSV
virus PRRSV) PRRSV N
’ 1-2 . 1 ’
RNA 15 kb 10 1.1 . N
( ORF) ORF7 N PRRSV GDgz
™ PRRSV ; Marc—145 N
> . PRRSV DH5«  BL21( DE3)
N ; pET-32a
., N Invitrogen 0
PRRSV 1.2
o 6 SPF  Balb/c 10
PRRSV GDgz ! 16 g/ o
ORF7 pET-32a-N 1.3
DNA/RNA N
:2018-12-27; :2019-06-11 ( )  PrimeScipt®
: (2017YFD0502001) ; ,
(2018A070701012) One Step RT-PCR Kit. DL.-2 000 Marker.
(1981— ) Marker- BamH [ Hind IMT.T4 DNA
max]@ scau.edu.cn. ( ) , EB
* (1979— ) ;
stonezen@ scau.edu.cn. P romega ; JIPTGS
.78 o
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BCA ;4 °C <10 000 r/min
( ) ; 30 min o
Sigma ; DMEM. HRP [F{EN 8 BCA
FITC IeG Invitrogen ; R
PRRSV N 1.8
° N 0.2 mg/mL
1.4 1:1
PRRSV GDgz Primer 100 pg/
Premier 5.0 1  ORF7 6 Balb/c 5 PBS
ORF7-F 5'~AAAGGATCCATGCCAAATAA- (100 pL/ ). )
CAACGGCAAG-37( BamH [ ) 3
ORF7-R 5 -GCCAAGCTTTCATGCTGAGGGTGATG- 14 4. 1. 14
C-37( Hind I ) 7
390 bp ORF7 (372 bp) o ELISA
o 8
1.5 ORF7 PCR (2 pg/mL) 4
DNA/RNA RNA PBS 37
RNA PrimeScipt® One Step 30 min: HRP 1eG( 1:
RT-PCR Kit . PCR 10 000 ) 37 C 30 min:
( 50 wL): PrimeSecript 1 Step Enzyme Mix TMB 10 min )
2 pL 2Xx1 Step Buffer 25 pL 2 uL 0Dy
RNA 4 pL RNase Free ddH,0 15 pL. PCR 19
250 C 30 min; 94 C 5 min; 94 °C 30 s 60 C 9%
30s 72 C 30 s 35 ;72 °C 10 min,
5 uL PCR ] 1:2.1:4.1:8.1:16.1:
L6 32.1:64( 100 uL/ ) PBS ;o =70 C
DET - 324 ( 1x10° TCID,,/mL) 500
37 ¢ 3h 200 TCID, /mlL; 100 pL
T4 DNA 16°C.12 h ORF7 37 Lh
pET-32a Mark — 145 100 pL 37 C.5% CO,
DH5a Amp” 48 h; PBS 3
LB 37 °C.180 t/min 12 h 4% 100 pL 20 min;
PBS 3 50 wL PRRSV N
pET-32a-N. (- 1:200 ) 37C
17 N I h; PBS 3 S0l FITC
pET-32a-N lgG( 1:500 )
BL21( DE3) 37 °C 180 r/min 37°%C 1h; PBS 3
( Amp") o ODyy 0.6 °
I mmol/L. IPTG 37 °C 180 r/min 2
6 h . 1 mL 2.1 PCR
PBS ORF7
40 pL - 1x 10 uL SDS-PAGE 390 bp ( 1)
1:50 Amp” 2.2
LB 0Dy 0.6 BamH [  Hind I
1 mmol/L IPTG 37 C. 390 bp
180 r/min 6 h; 4 C.10 000 r/min 5 900 bp ( 2)
10 min : 30 mL pET-32a-N,
«79 .
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M.DL-2 000 Marker; 1.ORF7 PCR 2 3.
1 ORF7 PCR
2.3 N
N 12%
28. 0 ku( 3A); 28.0 ku
( 3B) .
3 N
2.4
ELISA 3 0D,
PBS 0D, ( 4)
N
N
2.5
N 1:2.1:4 1:8
PBS
(181 3) N
PRRSV
L] 80 L]
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PRRSV 0
3
PRRSV
9
2016—2017 906
PRRSV
44%
0 PRRSV
PRRSV ORF7 N
13 . N
14
15-16
PRRSV GDgz
ORF7 ORF7
pET-32a
pET-32a-N N
Balb/c
PRRSV
PRRSV N PRRS
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Preparation and neutralizing activity of N protein polyclonal antibodies of PRRSV
MA Xiaoli ' SHU Huiyou’ ZHENG Engin' XIA Zhaolun' YU Wenlan'
XIE Shumin' LIU Yonglun' XU Zheng"

( 1.National Engineering Research Center for Breeding Swine Industry and College of Animal Science and
Laboratory Animal Center; South China Agricultural University Guangzhou 510642 China;
2.Guangzhou Guanglilai Biotechnology Co. Ltd Guangzhou 510080 China)

Abstract: In order to prepare and study the neutralization activity of N protein polyclonal antibody of porcine reproductive and respiratory syn—
drome virus ( PRRSV) . The ORF7 gene of PRRSV was amplified by RT-PCR method and cloned into the pET-32a vector as recombinant ex—
pression plasmid pET-32a~N. The recombinant N protein was expressed in Escherichia coli and purified recombinant protein was made into the
Freud’s adjuvant antigen. The polyclonal antibody was obtained by injecting the Freud’s adjuvant antigen subcutaneous multi—point immune for
3 times in Balb/c mice. Serum antibody titer was detected by indirect ELISA and the neutralizing activity of polyclonal antibody was verified by
serum neutralization test and indirect immunofluorescence assay ( IFA) . The results showed that the 390 bp ORF7 gene fragment size was suc—
cessfully amplified and recombinant expression plasmid pET-32a~N was successfully constructed. The relative molecular weight of recombinant
N protein was about 28. 0 ku. The antibody titer of polyclonal antibody was good. N protein polyclonal antibody was 2—8 times diluted and the
number of fluorescence had no significant differencecompare with PBS control group. Conclusions: The PRRSV recombinant N protein was suc—
cessfully expressed in Escherichia coli and the prepared rat source polyclonal antibodies could have specific reaction with N protein while that
did not have anti—-PRRSV neutralizing activity.

Keywords: Porcine reproductive and respiratory syndrome virus; recombinant N protein; prokaryotic expression; Freund’ s adjuvant; polyclonal

antibody; neutralizing activity ( 01 1)
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2 ORF?2 Vero

1 2 3 3 3 3% 3%
(1. 510642; 2.
518045; 3. / 510642)
:$852.6579.2 CA :1004-7034(2018) 11-0012-06
2 ( Porcine circovirus type 2 PCV-2) ORF2 Vero
PCR PCV-2 ORF2 pcDNA3. 1( +)
pcDNA-ORF2 4 ORF2
pcDNA-ORF2 Vero
Vero o : PCR
4 PCV-2 ORF2 ; pcDNA -ORF2; 4
ORF2 98.6% ~99. 1% 97. 4% ~98. 7%
: Vero o pcDNA -ORF2 Vero
2 ;ORF2 : Vero ; ; ;

( Porcine circovirus PCV)

: RNA
17 nm N N o
DNA ’ 2 (PCV-2)
PCV-2 o PCV-2
. PCV-2 ORF2 Vero
1 768 bp DNA ° 2 ELISA
7 ORF2 o
812 1
ORF2 1.1
7Z5.GZ.1B.CZ 4 PCV-2
o mRNA N
12017-11-02; 12017-11-15 1.2
D 7 (2015BAD pcDNA3. 1( +) Invitrogen ; T4
12B02 - 5); DNA Promega ; Hind
(20161.M2150) ; (2015B020230004) ; I  EcoR V TaKaRa R
(2016A020212021) ; 1.3
(201 508020(01692;] ) Vero :
max|@ scau.edu.cn DHSa PEV=2
* : (1965— ) !
cxsong@ scau. edu. cn; FITC KPL °
(1979— ) 1.4
stonezen@ scau.edu.cn. ( Dmem) GIBCO ;
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2000 Invitrogen ; DNA

1.5
24 Corning ; CO,

Thermo Fisher Scientific :

o

2
2.1 ORF2 PCR
GenBank PCV-2 ORF2
1 P1 P2
P1 5° = CCAAGCTTATGACGTATCCAAGGAGGC - 37
( Hind I ) P2 5 -
CCGATATCTCAAGGGTTAAGTGGG—-3"(
EcoR V ) 718 bp
ORF2
PAGE 25 wmol /L,
75.G7.CZ 1B 4
DNA PCR (

25 wplL): 10 x PCR Buffer 2.5 uL dNTPs
(2.5 mmol) 2.0 uL P1 (25 pmol/L) 0.5 pL P2

(25 pmol/L) 0.5 uL 0.5 L TagDNA
(5 U/pl) 0.25 pl 25 L.
194 C 5 min; 94 °C 50 s 53 C
50s 72 C 1 min 30 ;72 C
5 min, o
3 uL. PCR 0.9%
DNA
2.2
2.2.1 PCR peDNA3. 1( +)
PCR Hind [l /EcoR V
. 10xBuffer 8 uL PCR 20 L Hind Il 2 pL
EcoR V 2 pL 80 Lo
4 0.5 mL Eppendorf 37 C
4 h,
pcDNA3. 1( +) Hind Il /EcoR V

: 10xBuffer 4 wL pcDNA3. 1( +)
10 pL Hind T 1 pL EcoR V 1 pL

40 ulLo 2
0.5 mL Eppendorf 37 C 4 h,
2.2.2 DNA
o PCR peD-
NA3. 1( +) 0.9%
2.2.3 ORF2 pcDNA3. 1( +)
ORF2 pcDNA3. 1

12-15 19 250

(+)

4:1,

10xBuffer 1 250 pL pcDNA3. 1( +)

2 plL ORF2
0.5 uL
16 °C
2.2.4
~70 C

30 min; 42 C
LB

4 pL T4 DNA
10 pL.

DH5«
DH5«
10 pL
90 s; 2 min; 37 °C
800 L 37 C 150 r/min

45 ~60 min; 12 000 r/min 30 s;

(20 mg/mL) 40

80 pL X - gal
pwL IPTG( 200 mg/mL) 4 pL

Amp (50 pg/mL) LB
37 C 12~16 h.

2.2.5

37

DNA SDS
DNA. Amp LB
3mL Amp LB
C+150 r/min :

10 min; 6 000 r/min 5 min,
Solution T 100 uL. Solution II 200 wL

150 pL
10 min;

Tris — Cl

5 min; Solution Il
5 min; 12 000 r/min
Eppendorf

- -

25:24:1) 12 000 r/min 5 min;

5 min,;

-20 C

(20 wg/mlL)
DNA.
2.2.6

2.2.7
EcoR V

( 24:1) 12 000 r/min
2
30 min; 12 000 r/min 10 min;
70% 2 RNA
TE ( pH 8.0)

PCR
PCR
3 uL PCR 0.9%

Hind I

o

10 X Buffer 2 pL 3 wL Hind II
0.5 pL EcoR V 0.5 pL 20 pL.

5l 0.9%
2.3 ORF2
PCR

37 C 4 h

o

( pcDNA -ORF?2)

13 -
129
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4 ORF2



2018( 11) : 12-15 19 250

DNAStar
2.4 Vero
2.4.1 Vero 1
Vero -EDTA
DMEM 2x10°  /ml; M.DL-2 000 Marker; 1.ZS ~ ORF2 ~ PCR
Vero 24 2.GZ ORF2 PCR ;3.LB ORF2 PCR
37 C.5% CO, o :4.CZ  ORF2 PCR ;5.
2.4.2 pcDNA-ORF2 1 ORF2 PCR
pcDNA3. 1( +) o
0.9% 718 bp
DMEM Vero 3 pcDNA —ORF2 5.
DNA 0. IXTE( pH 8.0) 40 wg/mL
HBS 85 pL ; CaCl, (2 mol/L)
12 pL 20~30 min;
Vero 37 °C.5%CO,
4~5 h; 10%
37 C.5%CO, ;. Vero
2%
48 h . M.DL-2 000 Marker; 1.ZS PCR
2.4.3 pcDNA-ORF2 2.6z PCR—i3.1B PCR
1 4.CZ PCR ;5.
pcDNA3. 1(+) ° 2 pcDNA-ORF2  PCR
DMEM , 1.5 mL
- : 3.2.2 PCR
DMEM 0.8 pg pcDNA-ORF2 DNA 50 uL; Hind M  EcoR V
2.0 pL 2000 50 pL 718 bp
DMEM 5 min ( ORF2 ) 5 400 bp
15~20 min. - 50 uL pcDNA3. 1( +)
DMEM 3. ORF2
37 € 5%CO, 4~ peDNA3. 1(4)
6 h; - 10%
37 °C.5%CO,
; 2%
48 h o
2.4.4
PCV-2 (1:50  1:100) 37°C 90 min:
PBST 5 5 min; 1:100
FITC 37 C 90 min,;
PBST 5 5 min,; PBST
_ ( 9:1) ) M.DL~5 000 Marker; 1.ZS
2.62 :3.LB
1 4.CZ
0.9% 718 bp
3.3 ORF2
L. 4 ORF2 702 bp
3.2 o DNAStar 4
391 PCR ORF2 98. 6% ~99. 1%
ORF2 PCR Z3 3 ORF2
e 14 -
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- DNA -
DNA N -DNA
HEPES pH
ORF2
2 ~ 3 N
ORF2 Vero
pcDNA-ORF2
ORF2
ELISA
DNA
1 . M .2 1997.
2 TISCHER I GELDERBLOM H VETTERMANN W et al. A very

99. 0% GZ-0RF2 LB-
ORF2 98.6%. 4
ORF2 <1.4%
4, 97.4% ~
98. 7% <2.6% 5.
4 ORF2
5 ORF2
3.4
3.4.1
4
7S Vero
Vero
Vero
pcDNA-ORF2  ORF2 Vero
250 6.
3.4.2
4
7S Vero
Vero
Vero
pcDNA-ORF2  ORF2 Vero
250 7.
4
ORF2
4 PCV-2 ORF2
98.6% ~99. 1%
<1.4%

97.4% ~98. 7%

. 15 .
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2023—2024 4 B [¥] Vil 50 M X5 30l 17 P JBE 3
W o5 T 1T 9 7 U A

Xk, AR, EOR' R OHET,RAE', A m°,
BREF, RR%E, B 4, LA
(1. FER Rl KB R S by 5 A 5 Rl TR ARBFSE P R A EE S0, & 7N 510642 ;
2. BRIR TR A S R A BN T, 28 =M 236000 ;5 3. TR ZRFP AT FRANE) , 174 W 517400 ;
4. SRR IEFSER S TR )TN 510642)

>

FEE : AR ST 2023—2024 AFEF [E FB 43 XA TPENE IS B 35 (PEDV ) (38 %28 S 1 100 , AT R F S5 I 2 1 2 e 23R
A BEEE RV (qPCR) KN T 948 42 Z2 45 1111 806 13 B UL PEDV BHA:EE &, XiF FHAEFE 5 A PEDV il 28 8 71 1(S1) AR 71 (M) Al
4B AR 1 (ORF3) 3k (XA 7l e i 3 A it ) % (RT-PCR) 9 B 00 77, 45 B AR R BER T 51 5 225 B AR IEA T LU T, 449 735t
AR, 53T A2 1 R 7 91 A (DU N 0 1R 7 81 98 A8 v 1 25 SR SRR , 806 4 i v R BRI s 473 47, A BRI 5
58.68% . 7% tH 10 4% PEDV AR R, H ST IR H R 7 51 AU TF 97. 4% ~ 99. 7%, ))& F G2-2 W7 ; M K¢
HAZ TR e 9 AR LA T 96. 0% ~ 100% , Hirh 8 ¥R J& T G2-2 B, 2 ¥k J& T G2-1 F L ; ORF3 JE AR 5 51 A A AR/
F95. 6% ~ 100% , Hrh kB T G1-2 WA, 1 BRJE T G1-1 W1, 1 BRJE T G2-1 0/ . 544 WA S % kA L , 10 BRI R bk
) ST .M 1 ORF3 B[R B AEAE 2GR sl R A8 o 25 R RN, 2023—2024 453K [FH48 45 i XS F i PEDV /B8 1% 100 55k ™
H, BT G2 A EAR

KA AT VS R (PEDV) ;5 LA 5 Ltk

P B 45 :S858. 28 LA EA A LF %5 :0529-6005(2025)09-0087-11

Epidemiological Survey of Porcine Epidemic Diarrhea Virus in Selected
Regions of China from 2023 to 2024

LIU Yilong' , XIONG Moukang' , WANG Qi' , SHANG Qi* , ZHANG Leyi' , ZHONG Fan’ ,
MIAO Junhao® , SONG Changxu' , XU Zheng' , MA Xiaoli*

(1. National Key Laboratory of Swine and Poultry Breeding, National Pig Breeding Engineering and Technology Research
Center, College of Animal Science , South China Agricultural University, Guangzhou 510642, China ; 2. Anhui Dongfang
Dewei Biological Products Co., Ltd., Bozhou 236000 , China ; 3. Heyuan Shengtai breeding Co., Ltd., Heyuan 517400 ,

China ; 4. Laboratory Animal Center , South China Agricultural University , Guangzhou 510642 , China)

Abstract: To investigate and analyze the genetic variation of porcine epidemic diarrhea virus (PEDV) in some regions of China
from 2023 to 2024, a total of 806 suspected PEDV-positive samples were collected from 42 pig farms across 9 provinces and tested
by real-time fluorescence quantitative polymerase chain reaction (qPCR). The spike protein 1 (S1), membrane protein (M) , and
auxiliary protein (ORF3) genes of the positive samples were amplified by reverse transcription polymerase chain reaction (RT-PCR)
and sequenced. Representative strain sequences obtained were compared with reference strains to construct phylogenetic trees,
analyze nucleotide sequence similarity, and identify amino acid mutation sites. The results showed that 473 out of 806 samples
tested positive, with a positivity rate of 58. 68%. Ten representative PEDV strains were sequenced and identified. The nucleotide
sequence similarity of the S1 gene ranged from 97. 4% to 99. 7%, and all belonged to the G2-2 subtype. The M gene similarity
ranged from 96. 0% to 100%, with eight strains classified as G2-2 subtype and two as G2-1 subtype. The ORF3 gene similarity

Wk H 3 :2025-04-19
BT H T RA B BRI H (KTP20240477 ) 5 HE B 4 Mb K 2A AR BHE 3515 H (BQWZX2024-01-01)
YEE B/ - x5 Je (2000-) , 55 A5+ A: B985 0] Ry 3l W) S i 5742 42 7 , E-mail : 1254715937@qq. com

WAEVERE A5, E-mail : stonezen@scau. edu. cn; BHEE] , E-mail : max]@scau. edu. cn
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ranged from 95. 6% to 100%, with eight strains classified as G1-2 subtype, one as G1-1 subtype, and one as G2-1 subtype.

Compared with reference strains of each subtype, multiple amino acid mutations were found in the S1, M, and ORF3 genes of the

ten representative strains. These results indicate that PEDV infection was relatively severe in pig populations in some regions of

China during 2023—2024, with G2-type strains being predominant.

Key words: porcine epidemic diarrhea virus (PEDV) ; genetic variation ; genetic evolutionary analysis

Corresponding authors: XU Zheng , E-mail : stonezen@scau. edu. cn ; MA Xiaoli , E-mail: maxl@scau. edu. cn

¥ AT M R 15 9 5 (Porcine epidemic diarrhea
virus, PEDV) J& F el R #E Bl L o RN B2 & , REWS
YL AR B SE , 5) R AS [RVRR BE I R IR
Horp A8 fe ok e RS SR AR TR AT 3K 100%
PEDV 2L SE /A 9 E T R A, 51 e H7 AE AT
H L0 B M i S | I PR 2 3 Ry X | S R
IKEEREIR [ IR LASE , PEDV 76 F P A1 56 I 6934
Z R EF e EE . 2 KO )R R AL
PEDV . 28 9 Ak S50 14 B 5 A% Y ik o g 1) 58 A8
BEMR, A4 BRI B K2 T R

HR 5 27 bk B A IS E] , PEDV ] 43 o 28 i35 bk
AR, 2 LRERR A 20 TH28 70 4R A Lok H B
FIFERR , T 2825 B MR 1 2010 4F LUK AE 2 BR VS
AT BT BB . BE T | 28 2 11 (Spike protein,
S) B H N S 25 728 S5 14 ST X I 2] £18 [] S 0
PEDV Al HE—ER1173 0 G1 I G2 BRI 2 AN JL R AL, Horp
G1 Iy R G1-1 M G1-2 W, G2 1 LAy h G2-1,
G2-2FN G2-3 WA A [] 5k PR Y B R A 25 ) Ao A%
ARy AR i 2 5, o G2 BRI = T
Gl BIEEtk, HH AL BERAES . #2010 4F LA,
PEDV X 38 [ S48 Ml iy 52 e A7 B HL AT Xl .
F 20104F 10 H A m 1 X i vk 3L T L 2EIETSE
I 44 B 25 BOR I PEDV S48 I, 98 7 1 78 4>
] 3 Rl N A 17, &k, PEDV 76 3% [T 4R KR
BERAT

PEDV J&1E X HugE RNA AL 7 , LR 4l ek
2174 28 kb, £ 45 57 wiiE (5 Cap) 5" I A g 5 [X.
(5’ Untranslated region, 5’ UTR) .7 4> jift %) 152 HE
(Open reading frame, ORF) | 3’ % 4F 4% A% X (3’
UTR) 1 3" i 2 B MR AT R AL B 6 (37 -poly A tail)'**',
LT CHiHY S . E M N,ORF3 3% 51~ ORF I /3 51| 4 iy
4 PS5 R EE R L AR B 3 1, XS TERR R
il A S | TR R 0k A T 0t O R g I N R & R
KHRAEHS

SEAEERWEFE T R KNS EAD LT T
RE A5 Bk b AL AR TR0 1 2 057 L B B 2F A 40 Jf e
S 2R A 5 . PEDV S 2 1 B2 2L R
JFF AR ST 5 A e R e T AE 7 3 25 5% S R

https://www.cnki.net
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Ay STAIS2 3 1, Herp 45 A% S1 4R H Y LN B &
AR HA AR B3 A% 2 R, DR A D a0 A
9 B 10t 1L AR S L A . JEE 4R (1 (Membrane pro-
tein, M)J& PEDV J&4e Sl fI 41 8 s A n] /b
MISEFEE o M D AR TR B 2 1] 22 5 10 2
HFEAI] PEDV ZE R A X GAF 0 PR, M E A
2 T T K 0 05 W B IR BS (Enzyme-linked immuno-
sorbent assay, ELISA) fll )X ¥% 5% R & W 55 & i
(Reverse transcription polymerase chain reaction, RT-
PCR)SFAGIN 7 vk A G HE . i 5 1 ORF3
S e DR T Y AP 2 1T, X 2 1 A o R 0 1 R
AR . ORF3 2 IAE A R IX AT Y PEDV
BERR R 5 A5 2 R DI T B A B I
PR EACRE T, A BT AR R A T 2 AR O
SEA AP . R, A B #F PEDV ST,
M1 ORF3JE AT AT 7 IR A, B e 4zt T Ak
[l 073 Hu DX PEDV Sk Ao it 4 22 R A E ALRFAE .
AT TR 9 1545 17 1) 42 Z88 LA 806 177
Fatr, JEAT PEDV TR I, X8 BH A ot 2R 4000
IrHT, IR EE R T 91 5 PEDV 25 2R AT 1L
Xt , # 2 EETF PEDV S1 .M 1 ORF3 3t R 1) 3k A 3k Ak
W, I HOREAZ 1 R Fr 91 A ARL P A28 S R T 471 5 A2 7
M BAE N YR PEDV AT A G5 A% 8 S AL Al
TEA B A S B e S R

¥ ETTE

1.1 FESCREMAIE TR E TR g IR
= P R BRIV CHOR A 3 9 AN 1y
(1) 42 5 G R 4R 806 103 I8 15 56 1) i 18 2 20 20 Al
AT FHE S . MBS S, A2 VK b B R 22 v
PN (Phosphate buffered saline, PBS) fiff B& i &)
W FAE AT TRE S PBS PR BRI &) oAb FH S AR
i E T -20 CARGIRT, &R

1.2 FERK5H 55 E DNA/RNA $2 BUAH &,
A7 M LAY B A BR A 7] 3 SYBR Green Pro
Taq HS WU qPCR U7 & , W [ 91 jg SR G 2B )
T A4 FRZN ] ; One Step RT-PCR Kit, I [ 7 52 14 ME
Be A MR By A B2 F] s DL2 000 DNA Marker £l

1
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X3 T 25 : 2023—2024 45 K [5] 573 1 DA A T RS 9 283 i A 3 2 0 A

89

10XDNA Loading Buffer, ¥4 F | M 4 8 A= ¥y Bl £
A BRA ] AR, W B A T A TR (i) Iy
AR
1.3 FE{ULR %%ﬁ@%ﬁﬁﬁ@(PolymeraSG chain
reaction, PCR) #& 1§ #F {¥ (C1000 Touch Thermal
Cycler) FIZKF-HLyK R 45 (PowerPac Basic) , ¥4Il H 32
[€ BIO-RAD 2wl 5 #E i 1 1% 73 #r & 48 (Tanon-
=1
Table 1

1600) , 14 [ 1363 KA RHE A BR A 7 5 5 5l 8 VR 250
PL(Centrifuge 5418) , 4 |1 7 [ Eppendorf /3 7 ; it i
TRAI (Vortex-2) , 14 A P B S0l A BR A
1.4 5Pt MG RIS GenBank b 241 Y
PEDV S1. M Fl ORF3 % K ¥ 5] ( % % 5 .
MG983755. 1) R ~F X B it 5149 (£ 1), HAET
A TR ) B A B2 WA

5IMER

Primer information

ElR7E R

Primer name

BIFH(5'—3")

Primer sequence

B KR EE(CC)

Annealing temperature

P BE (bp)
Product length

F:GATACTTTGGCCTCTTGTGT

PEDV-qPCR R:CACAACCGAATGCTATTGACG 60.0 16
F:TAGTGATGTTGTGTTAGGCTTGTTG
PEDV 51 R:AGGATCTGAGGAATTACTGCAAAC 4.3 1170
F:GTCTTACATGCGAATTGACC
PEDV M R:GGCATAGAGAGATAATGGCA 4.5 788
PEDY ORF3 F:CGGTGCTTGTTTTTCAGGTTG s o14

R:CAATTGGACGAAGGTAATGCT

1.5 PEDVHUJEAG 42 B B15 A 5 0 9% 25 4%
PR - = 5% 5%, AR 4 SYBR Green Pro Taq HS i iR 7!
qPCR 27 & 156 W] 43 C ) B g A 38 0 1A 7 5 s 5l
FE 1 B A S IV (Real -time fluorescent quantitative
polymerase chain reaction, qPCR) ¥ 3% . 5| ¥ K
PEDV-qPCR(ZR 1), ¥ Hi1A R (20 pL) : b FilE5 149
(¥ 24 10 pmol/wL) 4% 0. 4 wL, ROX 4¢84 0. 2 wL,
2 X SYBR Green Pro Tag HS Premix 10 pnL, RNase-
free ddH,0 7 pL, BEHz (cDNA)2 pl. 7 BT . 1
A5 PE 95 °C 2 min; 28 95 °C 2 min, i K/AE{H 60 °C
45 s, A0 MEFR . TR KCFNIE AR BT BER DN, Bt
THBAPERE S PEDV BHPEAE & i 0 2 A o - CLf <
38 (L LAY ) B 5 C{E A T 38 ~ 40( £ 7Y )
R JEHRIA s CofE = 40 S BRI 1o 26 BRI H 1Y
PEDV 5& B (CHE < 25) FE 51T RT-PCR Y34 .

1.6 PEDV SI.M Fl ORF3 3 [X ) RT-PCR #" 34 F1I
Wy A 34514 (3R 1) 374 PEDV S1.M
FIORF3FEIA . M & One Step RT-PCR Kit i3 ] 5 fic
HIBAR R FH VAT RT-PCRY . 1A ZR (25 plL)
R UEG I G BE A 10 pmol/pL) 45 1 L, 2 X One
Step Mix 12.5 pL, One Step Enzyme Mix 1 pL, i B
%R 2 wL, RNase-free ddH,0 7.5 wL. ¥ T 2
55350 °C 30min; AR 95 °C 4 min; 25795 °C 45 s,
R KRB 54.5 °C 45 s, JEAH1 72 °C 1 min 30 s, 2
35NMIERS  ZEAH 72 °C 7 mino BHMEXT BB Ky ol A% R
K, B X BB A AR 52 46 2 43 5 48 58 1) PEDV CV777
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BEME . RNV HFH8 pL 4 3 =W 1. 0% B g b
e B VKRG, 57 356 PEDV S1.M F ORF3 3L H 1y
S WL IR Y S ik 2 AR TAY TR (L
T8 ) e A BRI

L7 YRR A Y 3K SeqMan X
L. 6 il P 45 SRR AT DR, T4 NCBIL_E 317 Blast 73
Mro f#i H Mega 11 8K L) L 26 % (Neighor-joining )
FIEE PEDV S1.M F1 ORF3 3L R AL AL b, % & A
JEAH A 1000, FJH MegAlign X 1 PEDV S1.M
I ORF3 KK FF 51 5 GenBank H1 % B iR 20 1
FE AR 43 85 1) PEDV AT 2R 0 225 )7 9 EA T LE
XF, 43 B A% 1 TR F 51 A AP R = R O 4 98 AR
7 1o

2 #R

2.1 FESBHMERSIT  qPCRAGIZE H BoR K
FH A 473 03, FF & B 325 58. 68% ;SR 4R (1)
2 FZNEG A 37 SR H PEDV FHYERE &, 5
GitAYEAHy 88.10% . Hib, 7R (U1 .=/ VE R
FN R S48 IO RE S PR I R (3R 2) .

2.2 PEDV S1.M F1 ORF3 3£ [H Y RT-PCR 4" 34 Fll
ME %FBHPERE 53647 PEDV S1.M F1ORF3 5L 1
RT-PCR §" 3 , 43 51l 3k £ K /N5 1 170 bp (PEDV
S1).788 bp(PEDV M) #1814 bp(PEDV ORF3) ) H
45T (1) o 7 %528 119 10 Bk PEDV AR R BE bR
HEWE3,
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Fz2 2023—2024 £HE B H XL PEDV HMPATEER ST

Table 2 Statistics on the positive rate of suspected PEDV samples collected from selected areas of China(2023—2024)

TR Rt S (5) PR A2 () MR (%)
Collection site Total number of samples Number of positive samples Positivity rate
. ﬁﬁﬁé 147 57 38.78
Gansu Province
. IR . 195 173 88.72
Guangdong Province
T
59 35 59.32
Henan Province
E il A A
' ‘.“ijé . 34 16 19. 05
Heilongjiang Province
N N
i . 40 10 25.00
Hunan Province
ITTEES)
Shanxi Province 34 17 3148
pUPIES)
98 75 76.53
Sichuan Province
A 89 65 73.03
Yunnan Province
EU(TE . 40 25 62.50
Chongqing Municipality
It 806 473 58. 68

Total

E1 PEDV S1(A).M(B)#1 ORF3(C)ERE K RT-PCR ¥ 14
Fig. 1 RT-PCR amplification of PEDV S1(A),M(B) and ORF3(C) genes
M:DL2 000 DNA AIX /3T Bt ARifi s 1 ~ 3. PEDV BHPEAE S 5 42 BHPEXHIR 5 5. B IR
M:DL2 000 DNA Marker; 1-3:PEDV positive samples; 4: Positive control; 5: Negative control

2.3 PEDV S1 R B EHARGHE  PEDV S1 %
WAL PS5 R R 10 R R R 23 T LU
FEPE GD-A-S ML G2-2 WA (] 2)

2.4 PEDV SIS AT By S AL AT A
PE 45 5 755, 10 Bk PEDV AU R 25 bk S1 5L A%
15 2 51 B AR PE A T 97. 4% ~ 99. 7% 5 G1-1 4
%% R CVTTT MU A T 87.9% ~ 88. 4%, 5
G1-2 W %I 2 2% 35 #% FR-001-2014 19 AH &L H: A T
86.9% ~ 87.6%, 5 G2-1 W & % # #k VN-

JFP1013-1-2013-Vinh An-Vietnam A4 #H {1 ¥ v F
96. 6% ~ 98. 2%, 5 G2-2 W. % %% B #k GD-A-S 1)
FIPEAN T 97. 3% ~ 100% (1K 3) .,

2.5 PEDV S1EHZEERITH 50 LLG1-1E78
SRR CVTTT NS5 3T SR AL RIT 57
B G510 4, 1O BRICERFEIRTESS 28(S—A) (90(G—
W) 113(H—Y) . 137(Y—H) .179(C—F) .201(S—Q) .,
252(Y—H) 281 (LD s 3¥ K A 5878 5 LA 75
83(Q)FL s, 10 R AR BEMR I I A LR B2k . 5

e 10 15

https://www.cnki.net
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&3 10#kPEDVREHFHaBZMER
Table 3 Names and information of 10 representative PEDV strains
i TS TR RN Bt R I
Number Representative strain name Sample type Sample source
JE R NEERS)
1 HN . . .
Intestinal tissue Henan Province
) o Bt B
: Intestinal tissue Shaanxi Province
5 Sw J iR | ell==
- Intestinal tissue Shanwei City, Guangdong Province
) - Witiis P B
’ Intestinal tissue Bazhong City, Sichuan Province
T i
5 HNHK Anal swab Haikou City, Hainan Province
, 4 s
6 se Faeces Sichuan Province
; 20 FEfE AR R
Faeces Zhaoqing City, Guangdong Province
el SRR
8 SWLE Faeces Lufeng City, Guangdong Province
ey W b
? HNSMX Faeces Sanmenxia City, Henan Province
‘ 34 NS
10 SXTY Faeces Taiyuan City, Shanxi Province
{ ® SC.seq
99 ® SCBZ.seq
61 ® SX.seq
62 ® HNSMX.seq
98 l: ® SW.seq
90 ® SWLF.seq
® 7Q.seq LG22
87 ® SXTY.seq
® HN.seq
82 { ® HNHK seq
96 GD-A-S(JX112709).seq
98 CH-YNKM-8-2013-S(KF761675).seq
87 { BJ-2011-1 -S(JN8257 1 2).seq
72 CH-ZMDZY-11-S(KC196276).seq B
VN-JFP1013 1-2013-Vinh An-Vietnam ]
100 { VN-VAP1113 1-2013_Vung Tua-Vietnam ~G2-1
78 CBR2-S(KR610994).seq J
_: LZC-S(EF185992).seq 7
97 CV777(AF353511).seq =Gl-1
100 DR13-S(DQ862099).5eq ]
100 JS2008-S(KC109141).seq
_|: FR-001-2014(KR011756).seq
51 9
L00721-GER-2014-S(LM645057).seq ~Gl1-2
0.01 100 { KNU-1406-1-S(KM403155).seq
70 OH851-S(KJ399978).seq i
E2 ETFPEDV S1EREMEEEHMLR
Fig.2 Phylogenetic tree constructed based on the PEDV S1 gene
© A P 42 19 PEDV AR HE R T 1]
@ :The PEDV representative strain identified by sequencing in this study. The same below
: 146
REHR https://www.cnki.net
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E 3 PEDV S1EREZEERF FIEUES

Fig. 3 Nucleotide sequence similarity analysis of PEDV S1 gene

%®4 PEDVS1ZEHSEBRREMANN(SESHK .G1-1 TR FH/RCVTTT)
Table 4 Analysis of PEDV S1 protein amino acid mutation sites (reference strain:G1-1 subtype strain CV777)

o R L
(e S273 Amino acid mutation sites
Representative
strain 28 52 83 90 113 137 179 201 252 281 330
(S) (Y) Q) (G) (H) (Y) (C) (S) (Y) (L) (R)
HN A F - W Y H F Q H 1 C
SC A Y - \% Y H F Q H I C
SX A Y - W Y H F Q H I C
SWLF A Y = W Y H F Q H 1 C
HNHK A Y - \% Y H F Q H I C
SCBZ A Y - W Y H F Q H 1 -
7Q A Y - \% Y H F Q H I -
SW A Y - W Y H F Q H 1 -
HNSMX A Y = \% Y H F Q H 1 C
SXTY A Y - w Y H F Q H I -

V- AR T
Note: —: Amino acid deletion. The same below

G1-2 W I B %5k FR-001-2014 # [t , 10 4L £ T
FRIESS 30(1—-T) . 100(V—F) . 165(R—C) .240(R—C)
B kKRR, 5 G2-1 WA & % 8k VN-
JFP1013-1-2013-Vinh An-Vietnam #H [t , 10 # 1t 3%
BEVRIIFESS 213 (R AR (Y-H) . 5 G221
RIS R GD-A-SHH L, 7658 115 (RO, AR
FFR HNHK £ & A 28748 AR R &%
AF(R—W) .

2.6 PEDV MELHB LM FE  PEDV M BEA
WAL IEAC 25 R R, BR AR K v HN \HNHK JE T
PIFERR GD-A MR G2-1 W A4, HA AR £k
)& T UAFERR FR-001-2014 {051 G2-2 1Y, R
Rl G1 AL RERR (& 4)

2.7 PEDV M FEERAZ L7 SV AHRLM: b A A
PE X 25 5L @R, 10 Bk PEDV AR % B bk M BL A% 4T
1% 15 51 B9 AR AL PE A T 96. 0% ~ 100%; 5 G1-1 3 %Y
S TR CVTTT HIPEAN F 97. 1% ~ 98.3%, 5
G1-2 W1 2 2 350k 192008 A AL A T 96. 8% ~
98. 4%, 5 G2-1 WA S % B bk GD-A WA RIMEA T
97.7% ~ 99.7%, 5 G2-2 W. %! & % % ¥k FR-001-
2014 HIFRRIPES T 98. 4% ~ 99. 7% (K1 5) .

2.8 PEDV MAEFZAERITHHT LLGL-1 RS
HERCVTTT NS5 T MR V2SR T 50 HT
G5 LR 5, 10 BRACREEMRIITESS 137(L-> Q) sk
A A HE A 81 (W), BRAR B HN JHNHK &
RS HAMRERRGEWRY kA d R . 5

r [ %71 Y
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—

FR-001-2014(KR011756)-M.seq
KNU-1406-1(KM403155)-M.seq
L00721-GER-2014(LM645057)-M.seq
OH851(KJ399978)-M.seq

— @ SW.seq

64

50 L—— BJ-2011-1(JN825712)-M.seq

—
il

—— @ SX.seq

L o SXTY.seq

CH-ZMDZY-11(KC196276)-M.seq

® HNSMX.seq —G2-2
® SWLF.seq
® SCBZ.seq

® SC.seq

76

® 7Q.seq
CH-YNKM-8-2013(KF761675)-M.seq

® HN.seq
VN-JFP1013 1-2013-Vinh An-Vietnam

92

74

71

84

94
0.01

il
o
gy il

VN-VAPI1113 1-2013-Vung Tua-Vietnam
CBR2(KR610994)-M.seq

® HNHK.seq

GD-A(JX112709)-M.seq
DR13(JQ023162)-M.seq
JS2008(KC109141)-M.seq
CV777(AF353511)-M.seq
LZC(EF185992)-M.seq

—G2-1

}
}

G1-2

Gl-1

4 EHTFPEDV MERMEZEE ALK
Fig.4 Phylogenetic tree constructed based on the PEDV M gene

5 PEDV MEREZHF R S LIS
Fig.5 Nucleotide sequence similarity analysis of PEDV M gene

G1-2 W 2% 34k JS2008 #H L , BT A7 AR R B bR AR 26
99(S—L) . 116(I—T) 186(C— YN S kAR A . 5
G2-1 WAIBHFER GD-A M EL , 10 BRAR R AR 7E 5
SOW—C) i i R AERA, 5 G2-2 A% bk
FR-001-2014 0L, 7657 95 (DA a5 BRrACEREEKR HNHK
FTHN & AEZAE (1-T) A0, KRR IER .

https://www.cnki.net
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2.9 PEDV ORF3 5 N it L gtk WA PEDV
ORF3 JEH AL AL 45 5 o BR AR R B R HN &
TFLUSHE B CVTT7 HARED G1-1 A HNHK &
T LA 2% 8tk GD-A MR G2-1 WA S), HiA
SRR IR AT E T LA S % 8k FR-001-2014
fREFEH G1-2 AL, R i G2-2 WAL kk (] 6) .
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%®5 PEDVMEASEBRTMASW(SEHK:G1-1 R F/KCVTT7)
Table 5 Analysis of PEDV M protein amino acid mutation sites (reference strain: G1-1 subtype strain CV777)

LML G 7B 1
ek Amino acid mutation sites

Representative strain 58 81 95 116 137 150 162 201 222 242
(D (W) (T) (M (L) (s) (R) (T) (Q) (K)

HN I W T T Q F R M Q K

s I - I T 0 S R T p K

SX T - I T Q S R M P K

SWLF I - I T Q S R T p K

HNHK I w T T Q S R M Q K

SCBZ I - I T Q S R T p K

70 I - I I 0 S H T L -

SW I - I T Q S R T p K

HNSMX I - I T Q S R T p K

SXTY T - I T Q S R T P K

_|: L00721-GER-2014(LM645057)-ORF3.seq)
62 FR-001-2014(KR011756)-ORF3.seq

OHB851(KJ399978)-ORF3.seg

® SXTY.seq
CH-ZMDZY-11(KC196276)-ORF3.seq

® 7Q.seq
® SX.seq —G1-2

® SC.seq
63 WE ® SCBZ.seq

o BJ-2011-1(JN825712)-ORF3.seq
® SW.seq
100_|: [ SWLF.seq
100 ® HNSMX.seq _
® HN.seq
Gl-1
100 L—— CV777(AF353511)-ORF3.5eq
CH-YNKM-8-2013(KF761675)-ORF3.seq
® HNHK.seq G2-1
99 87 |:GD-A(JX112709)-ORF3.seq
99 ——————VN-JFP1013 1-2013-Vinh An-Vietnam
oo o1 _|:VN-VAP1113 1-2013-Vung Tua-Vietnam —G2-2
94 CBR2(KR610994)-ORF3.seq

E 6 ETFPEDV ORF3EREMEZLi{Li
Fig.6 Phylogenetic tree constructed based on the PEDV ORF3 gene

2.10 PEDV ORF3ZEFEATRRFFIFMMESH M ARFRIEN T 95.3% ~ 99. 7%, 5 G2-2 WIS %
UFE Xt 25 B %, 10 KR PEDV AR 8k ORF3 3 #4%k VN-JFP1013-1-2013-Vinh An-Vietnam [ #H {21
R % B2 90 89 A BLPE A T 95.6% ~ 100%; 5 PEAT95. 4% ~ 99.3% (K 7).

G1-1 WA B2 #kk CVTTT I LEE A T 96. 1% ~  2.11 PEDV ORF3 & H &M FH 0 LLGl-1
100%, 5 G1-2 3. 7 2 2% 3 #k FR-001-2014 {14 41 121 WA Z % R0k CVT77 h S 2%, 4T ORF3 A& %
PEATF96. 0% ~ 99. 6%, 5 G2-1 WIS Z &R GD-  BRFHI 00T, 5 R I 6, 7625 21 (V) (54 (V)i i,

149
REHR https://www.cnki.net
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7 PEDV ORF3 & RE#Z%E B 58N 4 17
Fig. 7 Nucleotide sequence similarity analysis of PEDV ORF3 gene

%6 PEDVORF3ZEHSEMREMANIT(SEHK:G1-1 LB FHKCV7T7)
Table 6 Analysis of PEDV ORF3 protein amino acid mutation sites(reference strain: G1-1 subtype strain CV777)

o EIEMG B
AR Amino acid mutation sites
Representative
sirain 21 25 43 54 70 80 92 107 160 202
(V) (L) (N) (V) (1) (F) (L) (C) (F) (Q)
HN A% L N A% 1 F L C F Q
SC A L N I AY F C L Q
SX A L N I 1 AY F C F Q
SWLF A S N I F A% F C L Q
HNHK A S N I v F F F F H
SCBZ A L N I 1 AY F C F Q
ZQ A L Q I 1 A% F C F Q
SW A S N I F AY F C L Q
HNSMX A S N I F AY F C F Q
SXTY A L N I 1 A% F C F Q

BRACREEVE HN R R A2 5 A8 b R R BRI &
HEZRAE 21 (V—A) \54(V—1) s 7E5 107(C—F) 1202
(Q—H) 7 5, A F TR HNHK A7 AE R AR A0, Hidy
REGHI AL ALRTH . 5C12WHS%
K FR-001-2014 FH LE , 25 92 (L) o7 45, BRACER HE bR
HN AN, AR EBHER I FAAERL (L-F) . 5 G2-1
WIS % # bk GD-A ML, 10 BRAR R TEARI7E 5 124
(LoF) ik AERAE . 5 G622 WAIZS % #fk VN-
JFP1013-1-2013-Vinh An-Vietnam #H [t , & ¢ 3% 5
Pk HN F HNHK 7556 80(F) 37 5 Jo 5 4, HiAp b3k
BEMRIIIAAE S AE (F— V),

3 it

H 20 20 70 4F A I R B VISR , PEDV £ 4 Bk
LA M X FFSEAT , 4 0l 2 78 MM R I B A 7 A

https://www.cnki.net

FEE L ZREBERPEN . IR E, R AT
LA ZLHUS; PEDV 28 MLgg bk, {H [ 2010 4F 12 H LA
K, LA EE X KRR TS S I R RFAE Y PEDV
SRARFERR B, 3 BOR A AT S R R R AR R T
AR E PR RN BT, 3R E AT
PEDV ik 3220 G2 BUEE#E , Horb G2-1 WA EE AR 11
WATIZAE T, G2-2 F1 G2-3 37 R 75 bk M) 5252 4F |
TH#a%, H G2-3 WA FEMEANURAT) 12 , I HZ W
BOR RS EERR . A AE 2023—2024 4F R
], G2-3 WP Y BE ik 1) A Y LA T A5 3, ok itk Ak
AR LGN o BRI, I S 5 iR 75 s Xt G2-3
R EE AR 0 W RN RS IR S s R L LA
B b S ST PEDV A R34, Lh3 PEDV 42
SREAR (G2 A M Mg bk (G1 8 K 22 = &
B AR SRR SEE R A A S e B 3, D HAE ST IX
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96

61 &

B2 Xt S 13 R IR Y FL X R B, AR SR AR TR
3N K IR R0 (248 ~ 280aa 442 ~ 499aa Fl 697 ~
T42aa) FEPE SRR X 1] B2 5 35048 S B R HE ) 1 0
MIA W R ROR TR EZFHE . hF
PEDV 78 M fb o 72 Hh &) 1 9878 | A% B0 9 T e L) 42
HEAT B A8 AR AR TR, 5 Bk T g% O
W, DB T S AR TR T | R R TR

AR I P A T 2023—2024 4F TR [E HB 4 H X
PEDV JiAT1H O , 45 3 B, BE i B Ry 58. 68%
(473/806) , J  FHPE 2 w53k 88. 10%(37/42) . X5
Zhang %524 T8 1 3T 4F R 38 R 4 3 X PEDV PHAE:
R L 40% M S5 RIEAR B, T R,
2R AN R 2 3R B PEDV A& 4% A9 22 X, 5 AT
WFFE 45 A2 . PEDV 76 Wit i3 & B iz 15 4%,
Al ARSE H TARE A 2 MR s R AR VR, DA
STIMEWIIEZ 3 e o [ M/ I N W i 3 e T 3
i DR 320 T R AR i (2 A BH A4/ 41 19
P XG53 W) 3 A KB %) 3t 30 A A B o R R BF
FEN AL IR BE T, B P X SRR S B0 7 R A T
Goit 2. A 45 BN, 3. E 4 X
PEDV &GI8 5K IR ™02, LA )12 1 H 3l o0 A
i, PR R i By 4 T A% o

A I 3 %58 1) 10 8% PEDV AR FERE Y S1,
M 1 ORF3 BRI AT IR T SIARRIYE 53 34 T 97. 4% ~
99. 7% .96. 0% ~ 100% #195. 6% ~ 100% , 3¢ B ixX £&
TR 2 1] 5L AT A i (R AR AL |, 385 E B Al
BEAR, 10 BRI R B IR 5 45 W AL S 25 B MR AH R
b, U RER S S H R EL LR EY],
B ARAR SRR AN, 2 B IR 43 L X 1] RE v R
WU RIS bk . AL AL 25 SR R A< e D
JP R R ER AR BRI B T G2 BRI bk, IR AT &8 47
Gl BIBEMRAAAE , X — 25 SR — 2D IE 5L T 4AE R R
WATH PEDV B R ZH0URE T G2 BId ™', G2 Al
BRI EE I AHER T G1 AU B AR B 5, FLAE AL ad i
ATy 1 IR WA T B 8 v e AR AL o8 4= A £
PUER . R, RN REEEInsE X PEDV 5 R AR 5 8
WD, I 0 PR X B BB, AKX PEDV i
T EERR IR T A BB 45

PEDV [ S £ 11 759 B A 2 41 A 2 i v ki S gt
TER, R ALk n 280 hR, Hart &% e
6 A~ v F1 2 7 2 S1°(19 ~ 220aa)™" | S1* (435 ~
485aa)"" \COE (499 ~ 638aa)'’ $S2(748 ~ 755aa) .
SS6 (764 ~ 771aa) ™ 1 2C10(1 368 ~ 1 374aa)"" .
RHER T AR Sl A e B BUR M L S ma AL TR AT AR
PR TR B AL SRR R BUB B BERR . A

https://www.cnki.net
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I LR P 9 70 W, 10 BRARR B bR 19 S1.M
I ORF3 FENTEZ AL AF R R R Y 48 . e
DA MR R A O S TR, $2 78 PEDV B R AR AL
AR ME AT, ] RERZ I S BEDT R R AL AR B A

PUAOK -, S EEERR PR T & A2 L . A P
S1 R ZFFR AL A He M A1 ORF3 R [K o &g 2%,

KW STRENHMATRE E 5 578 , M ORF3 A

WA ERSF AR SRR . WF R ST AfFES
Ff A (IR R e B4, 1] R 2 AR G2 R EE AR 1Y
PR, T8GRI BERRE B O I A S5O0 X 3R [ A T
(AR SERERE . MR (& 5 S LI ™ A S s
() H R AR 12—, IR T8 & B ORATE  A
R M 7 ) AT R 1 SR AR 1 7 A FURE I, B2 e
s 7 A FUE AR R R REAE T A i &=
i, ORF3 & (1A B Tl B Yy fig , H e IX %
A5 0] P %5 R B T 3 T TG P B OB A TR
i, DTS2 Wi 2 (1) SRR YL AU RE 11, A LR )7
G AT gl AR | 5 227 %R E PEDV A9 A TR 2%
5 B0 JR TR A A R A, DB 2 R R A TR
PG AR .

Zi LTIk, PEDV 76 3% [ 5 4 #b X )12 AT,
2023—2024 4EFR [E FR 43 11 X PEDV A b B 2 ik 5
58. 68% , AT R K G2, I 5 S #ikE GD-
A-SFIFR-001-2014 A BRI RE KR . Al
ARG 7 T IS H X PEDV (34745 fF At 14
HACILAE  H8 7R T Y BT T B AR 0 AT Z RPN G
SRS 45, K BB PEDV (41X 358 1 4% 5 0 42 1
FEAGUET 18 R AR T Bb AR

B Tk
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Investigation and Analysis on Popular Science Demand and Cognition of Animal Somatic Cell Cloning and Transgenic
Technology
ZHUANG Zhan-wei *>? XU Zheng '** WU Xiao > MA Xiao-li 1>*"
("National Engineering and Technology Research Center for Pig Breeding Industry, South China Agricultural University , Guangzhou Guangdong

510642 ; * College of Animal Science, South China Agricultural University;  Laboratory Animal Center, South China Agricultural University )

Abstract At present, there are misunderstanding over the "cloning

transgenic technology".In order to make people has a scientific cognition to

the cloning and transgenic technology, this study adopt the method of questionnaire survey and obtained the data of the public’s perception of the

somatic cell cloning and transgenic technology, so as to provide reference for related science popularization activity.

Key words somatic cloning;transgenic technology ; questionnaire survey ; popular science propaganda
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