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BRITHEE SRS GD-A KNI BELER
S ZE 55

A % BAX, K At BB W, BER
(BRI K BEFR/RLHERRGUHEEERE, & 5 M 510642)

[ B e RA HBE O A RATYE RS B3 b KA B SRR i , 22 RT-PCR A I B P O R (3 Ao
T Vero L, LAy B AT YEIR G R 7. [ vk Ll 7E 4 b a9 S0, B R Re R e 1 5. JFi@ i RT-PCR X4
JRE IR HEA TR S B A, WL AN AL (CPE) (4 K AR AR B0 , LA B TR S 5O (TFA) G A 7 PR RS s
TEHY M SR SRR T2 B 5 4 E . [ AR NEEIE DR RETE B A% 5 AU RE LA B S R A% , £ 28 20 fRRS RETE Vero
20y b HEFEASSE . RT-PCR (CPE 5 IFA FY45RIUENT, B> & BB 854 PEDV, Jffir 444 GD-A #k.

RER HATVERE I s o088 M8 MAEH; S BRI ROt ; A
E 425 :9852.65 SCHERARERG : A X EHS:1001-411X(2015)04-0021-05

Isolation and identification of GD-A strain of porcine epidemic
diarrhea virus and phylogenetic tree analyses based on S gene

7ZHU Jun, GAO Youwen, ZHANG Jie, YE Yu, LIAO Ming, FAN Huiying
(College of Veterinary Medicine, South China Agricultural University/Key Laboratory of
Veterinary Vaccine Development, Ministry of Agriculture, Guangzhou 510642, China)

Abstract ; [ Objective ] The fecal samples were collected from a pig farm with similar clinical symptoms of
porcine epidemic diarrhea in Guangdong Province. In order to isolate a virus strain, the samples with
positive RT-PCR for porcine epidemic diarrhea virus ( PEDV ) were inoculated in Vero cell lines.
[ Method] The isolated virus strain was serially passaged until it was proliferated stably in Vero cells.
During the process, observation of the typical cytopathic effect (CPE ) at different time points, indirect
fluorescent antibody (IFA) assay detected for M protein of virus, and RT-PCR method applied for specif-
ic gene detection of PEDV were used to isolate and identify the PEDV proliferated in Vero cells. [ Result
and conclusion] The typical CPE was observed at the 5th bind passage, and the isolated virus strains pro-
liferated stably in Vero cells at the 20th passage. According to the results of RT-PCR, CPE and IFA, the

isolated virus strain is determined to be PEDV | which is named GD-A strain.

Key words : porcine epidemic diarrhea virus; isolation; identification; M protein; S gene; indirect fluo-

rescent antibody assay; cell-adapted culture
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rus, PEDV) B2 AY 2t btk B I il e , AT
WG RZFEB IR JE VS, e 2 IR ™ J B K M 6T 5
7T JI A A S e T TR Bl ) I DACIE AR, Aok et BTG
BT W, — Bt (a5 2 1E . PEDV B IR AE
BN HRIE ) (EL T 4F 75 57 Y0 FAE 28 59 747 % 32 850
S SO EZ P 2 Ty N 1| P 22| | o s R
R AN MR E S E %, T4 PEDV
FRAT , X SR A8 S P2 . 2013 4F 5 1 I &
TESE T E W R B, AR 2 )5 AL % 2 S A M
FE N4 R 5 B8 V8 BF, H RTAR JC A 200 1 i 4
Jiti. FROR SR IBUPE B B Ok 4 il e A T, (R
AREEXT ARG B AL 58 2 A PR P ROR , U5 38 12 Fh
I PE AR IR 9 AT PEDV B T
= 8 H R 2 B RS R, S5 AL Yk B
RPTTERE , A4 v R BOw M # AR 1. PEDV
HR 4K/ 28 kb, Hi 7 4~ ORFs 41 ). ORFla fiI
ORF1b [y 5 5L K 4H 2/3, 4w %95 5 RNA & il il ;
ORF3 MBI vEJE N, i — 2 25 PR 4 B M 2 115
HARFER 3 5 Gt 35 4 D251 2F 5808 (S) &
1, /NS (E) B 1 B (M) B A% (N) & .S
T ST RS2 PR/ 4k, S1 A S 88 5 1 4
JILF TR R, S2 175 S48 G2 U e ¥ ) Ttk A T 4
't A E T 1979 4 & B PEDV, — S EURIRA.
H 2012 4 10 H 52 KRB R AT B 3, Xl 2LAF 5
& T e oM Y SR FE TS R A 100% , 6 SR
A K2 FRA ™. R EEE & B 10 4E 2 )5,
Hofmann 25" 7E Vero 4 Jifg v 75 Jin e g 11 77 :0 & T
ISR AR S HA Y B d 7 ik
ATV R Y 9 B SE LU R R ), 4P Vero 4TI
PASr B aE. i RT-PCR 5 521 A B R | i 76y
3 7208 1 LS I ) G e 5 ' (TR A) 3, 365 7 T 40 5
W EEEA PEDV, IEXF S P HE 178 15 2810 43 BT
PEDV 740 b/ B2 43 85 B S LA 11 38t % 2E 4k oy
BT, M LG A% T T R S SR 3R 44 T A
1 #Rl5R=E
1.1 FERXFI SN

I35 (BT 24 7)) ; DEME 40 g 1% 3% W 19 45 11 i
(GIBCO 7\ ] ) s RNA fli 48177 & . M-MLV Jz % 5%
fitf RNA #fiff (ANTP | T 244  Tag DNA 52 il Jiff | &
MR 7] & (TaKaRa 24 7] ) s PEDV M 25 [ 5 5 BT
1A ( Median Diagnostic 23 7] ) ; 2¢ {8 B 2 4% ( Leica
8] 5 Vero 4l A2 RS AL R 25 55 B2 2 B AR A7
1.2 ARRESHE

RESL R B IR I AE I B AU A T M R TS TR 1Y)
o], RAE R ZEAEAE ST - 80 CAMIRAEAR . KA
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T BTG I R R IR K IS MK 5 SR T 414
/N FE R AR, J R AL 5 IR

RARRURE L 5 TS PBS W 105 M ke, S S VR Fil 3
W, T 4 CLL5 000 r» min ™' B0 15 min, W 4E
IHW, - 80 C AR H.
1.3 RT-PCR il

Z:7% NCBI (%) CVT777 ZEH 731, i AR /4 Primer
Premier 5.0 %11 1 X[ Az PEDV AykE 2514,
a9 e 51~ . 5'-TCGCTTTCAGCATCCTTAT-3', T
WA 5 :5'-CTTGGCGACTGTGACGAAA-3" , i 41
BN FNE N AR RNA il 523050 & R0 T 52
B RNA, I/ L4 40 pL ddH,0 P, B 10 L fE A5
WRAEAT S5 5. UG SRR R 2 10wl RNA BEAR,
2 wWLBEHLT 7,70 CAEPE 10 min; B 53 A IAL pL
RNA #4570, 1 wL M-MLV Jz % 5% 0,2 pL dNTP,
4 nL 5 x Reverse Transcriptase M-MLV Buffer, Jz ¥ 5%
1.5 h;fgn 72 °C 15 min PAZKE 0. 25 pl PCR &
ZK:12.5 pL Taq DNA ZHilff#,0. 5 wL F(F)W75]
(10 pmol) ,1. 5 wL cDNA £i4z, 10 wL ddH,0; Jz i
240 95 CHIASYE S min;95 °C A8 10 5,55 CiR Kk
15 5,72 CHES 30 s(30 MEFR) ;72 °CHEAH 10 min. [T
RERERE 0,01 g + mL BANSHIEECHE 7 K. 425
HE S TR R /INARARL 25t 1, R AT DD T, i T
BT AT KB A R AL B S ook, BAsb
TR BRGR A U0 1. S A4 JBOAE H 45 PR 23 w0
1.4 ®"ENDEH

2 RT-PCR Kl >4 PEDV PHE:RE S, 21795 57
(5388 5 85 9%, LA 12 000 v - min™ B0 FE S 1S
min, VR LL0.22 wm 508 A8 BRI UK
i 70% ~80% 1Y Vero BA 241 (25 em® 4H H 3% 55
) AT mL B8 FVEWOREE 1.5 b BEE W
I e 2 AT el 8 x 10~ °g - mL ™" R BRI
HIFEW A 4 x10 ™ g - mL™" [ [ EEAS 5 13
MAERFI, HE T 37 °C L B ECH 5% 19 CO, 4
MUREFRAE R 57, B H WS ARG O, H A% 3 1R 24
AN B A R S I, RO 2 100 L, IFAE
7 85 %0 A A WA o 7 A L 7 . UGB A R 3 R
W R SRR 3 Yk ,4 °C 4 500 v - min ' &0 15 min
BRZANERE A, BV - 80 °C 2R IRAF A5 H.
1.5 REMNETE
1.5.1 #mjessscdpn RT-PCR #ml Kanpuls i fe
—80 CVREI3 k.4 °C 4500 r » min~"&.0> 15 min &
BRADMIRE R IR RAEAE - 80 CA&RMFTF , Bl —
#Bo3 4 RNA ##47 RT-PCR £l , Jrykn=1. 3”7,
1.5.2 e BHE N fEIILRZ ), g
TE WG T & 2 W] 0 09 40 i 42 (CPE) . 31 i W
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KR E ERATIERR VS G EE GD-A BRI B S & S JE K5 43 #r 23

BB 3 R PEDV 7E Vero 413 I (14 CPE JE
1.5.3 @i LA M ES KRN
MM HEFD 6 FLEETEHL, 24 Vero 40 Hdfiiili & 70% ~
80% It F 45 BB SR, I B W (% 8 x 10°°
g - mL ™R DMEM 553590 150k 2 K. 43 fLIE A
FEEEW 10 wL, A 990 wL W& W T 37 C KRB
R 5% CO, AR 1.5 h, & 1 fLIE AT
WEEAEIA L mL B W B SN S BRI E
W, LRI 2 mL 450 (&4 4 x 10 °g » mL™'
(g TG I () DMEM R 323 . 76 37 °C (& F 4
BN 5% CO, WsEFA TG 57 24 h, 47 [A] B2 0 0
FEEIRI KM PEDV 9 M 25 (4. 985 #E47 DAPI ¢
o, ISR AN AZ B9 A8 1k, Bk 3R PBS 3%
V3 U, LIMARFUM R 4 % (1) 22 58 F S &% R 20
min; E LS M F PT PEDV M 25 119 BRUUE S s B T
1,4 Cit7% ; PBS I VE—PU/E 1 & FPL R FITC frid
YU, EOEYEA 1 h PBS YEVE 3 WS FE AR OO
R T g, INFFA% Y%, F DAPL Y9 A/EH 5 min, PBS
Wk 3 WS FRLEE
1.6 FEERAREBRFTISH

I 15 4 3 R A 7 58 O A% 2 GenBank (4
JE 1T ) DNAStar7. 1 55 3B 3% 43 B bk i S
R ATIR P 915 [ N A% 5 25 5 kA ) X el 1
W B HEAT M LA 2347, 35 F MEGA6. 0 221 43 85
WS SHZTERN S FF P 0 R LS. LI
ZHRRITHI K B GenBank ¥ 2, 2 2% 7 1k 70 5]
S : HB-2012-1 ( JX435302 ) , BJ-2012-1 ( JX435299 ) , BJ-
2012-2(JX825706) ,SH(JQ771751) ,SD-M(JX560761) ,
JS2008 ( KC109141 ), CH/S ( JN547228 ), AJ1102
( JX188454 ), LC ( JX489155 ), VN/KCHY-3110113
(KJ960180) , VN/JFP1013-1 ( KJ960178 ) , VN/VAP113-
1 (KJ960179 ) , USA/Texas128/2014 ( KJ645697 ) , USA-
Iowal07-2013 ( KJ645696 ), USA-Minnesotal00-2013
(KJ645691 ) , USA-Colorado-2013 ( KF272920 ) , USA-
Kansas125-2014 ( KJ645701) ,YS(JQ771751) , attenua-
ted DR13 (JQ023162 ), SM98 ( GU937797 ) , virulent _
DR13(JQ023161) ,CV777(JN599150).

2 #R

2.1 ZEFEMMMEEFRYH RT-PCR &4 R

X R R AT RE S E 1T RT-PCR K, 45 5% H 3
1 %2285 bp ) DNA B, HoA/NS FUbE B BeAH AR
(B TA). [FIS K 4 M 3% 32 932647 RT-PCR K, 3™
B /MBS DNA F B (] 1B). 43508 2 gl
FE 45 7E NCBI I 3#£4T BLAST, % ¥ 5 PEDV J#%1]

FEMULPEf s o b T 0 W 20 B A s bk PEDV.
A DQO@®OO®O® B ODOOO

A CRAESEEREN B IS IR D ~ @ FRAZEREMY 8 ARER, BR
G @RI A BT , AR FATE; © ~ @235 & 4 57 2.14.10,.20 R

1 SRARZEMERE I MANNEE SR RT-PCR K 4554
Fig. 1 Identification results of RT-PCR of fecal samples and cell

culture supernatant

2.2 PEDV 7t Vero 4B _F I8 ER

JREEAL 25 5 URT B LS B B R AR | 15 2 5
20X I REFE Vero - 3 7 £ e . Bl 5 A% AR AR TR Ay 4
Jn, 3 CPE AR a8 k. A2 3978 )5 , 4 M7 18 h
FUEEE S W] 1 A9 2,24 h i A2 5T 50% ,36 h I 4
LT 56 29 28, I B A i v (161 2) . 5 NI
T H I 28 AR Yk PEDV AH L, 5 4295 748 i) 7] 4
JIE 2. FFAR AR LA 40 5o AN, 5
P %) 1E 5 A MO A5 25 5 IH (. (161 2B) 5 B[] 48 2
AOEMRIEA SR, KEd i asdim s (& 2C),
LN BT (B 2D) . DAPT QL8 25 5 R | S g
BRI Vero il M A A7 4% R4 (18 3B) , i xof HE 4 (&
3D) WA, AR — 434, 45 Hofmann 25 A 1
WAESE R — B AT — 2D W 0 B AR
PEDV.

A S IEH AT RZE ;B C.D 43 2 e RE IS 18,24 .36 h i 20 Ml 4 A=
FAE YT
K2 JRGYRE Vero A AN [N ) A4 40 L 22 (400 x )
Fig.2  Cytopathic effect in infected-Vero cells at different time
point (400 x )

B # R Rtk PEDV M EH
i 1T PEDV M & 11 ) 50 s BE TR X A% 12 48
() PEDV 4t i 5 57 5 P47 18] 45 5 9O S8 e, 45 b
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JTEE 24 h T U, 45 R LY Vero 21 i
AR BT T, A IR A3 7O B (18] 3
4). ERR YT ES (I RERRHIE PEDV.

C A
A B S35 B R ALY TFA Kz DAPT Q2508 €D 4351l 3 iR
HANMIRY TFA K DAPT Z @458 bR R .50 wm.
K3 RSSOt (IFA) K2 M A 5 DAPT A Je45 2R
Fig.3 The results of detecting M protein by indirect fluorescent
antibody (IFA) assay and nuclear staining by DAPI

* & 1 B
A g AN B RS BUEAT P EAE 5 5 B A M A, ] s ) 3] B
BRSRETOLES I B RS AAM S ; $5L:50 pm.
K4 [HEREEZOCRI PEDV M & H 45
Fig.4 The results of detecting M protein of PEDV by indirect

fluorescence antibody assay

2.4 HBEHRRESZERF ISR

51 B R GD-A 5K [F] PEDV B #k (] S 5 K AH A
P A (E 5) , 588k LC 1 AJ1102 A5 UM i
1, #14 99. 2% 5 S5 Ekk SMO8 FI CH/S AHLIPE F AR,
A5R 92.5% 5 93.2% . 5Bk CVI77 AR It
BOAA RGO 93.3%. 5 MR 43 B bR VN-
KCHY-310113 1 VN-JFP1013_1 AE{BIPh%s =, o3 3k
98. 7% F198. 5% ; 5 3 [E 4 B MRAHPE B ALK, an
53 Mk USA-Towal07-2013 A1 USA-Minnesotal00-2013
HIARRIME 23 530k 94. 7% F11 98. 0% . %5 % FE Rk S
LR RS BoR, GD-A 5 2 ANENAE R LC,
AJ1102 13 ASBEES 43 B bR A T [ — Atk o 52 1
553 A PR 3 B R SR o 26 [ o B AR A T R —
AR5 3 b5 0 55 [k SM9S8 | virulent_DR13,
NFLHA B bk CH/SJS2008 , 2 L35 bk CVT777 254
TARB 5332 b WZ I HT 4 Rk F , o 85 1 Btk
S5 RRUD attenuated_DR13 A1 CV777 ZEAR[E 03,
PEIRIZ ST BEARAS R PEH R,
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VN-JFP1013_1
VN-VAPI113 1
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GD-A
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BJ-2011-2
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USA-Minnesotal 00-2013
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USA-Kansas125-2014
USA-Colorado-2013

SM98

erirulentiDlea
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CH/S

1 152008
attenuated_DR13
Cv777
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| |

0.2
K5 GD-A 5ARFEERATIER TS T2 5 bkia] S BN 15
AR
Fig.5 Phylogenetic tree based on S gene for GD-A and other
reference strains of porcine epidemic diarrhea virus from

GenBank database
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3.1 i PEDV HRfTHERE S ERTZ RS

PEDV 7ERKI & U & B, 7=k 5 A% e vk B
SARRLAIG PRAEAR . e 7R BRI AT A , X5 A1
FEREEO JIARL, (AR IE TR R IAA . 5 ARAE
ME A SE YN A Dl A R KRG 22 5. DA TR 9 A1 4
1 PEDV Y45 R AT, Jk e B 2 B i R RE IR
BT B R F AR, S 2K 525 I R e A4 B3R
PRI 1 B, i 3 ) 2 B R A B, A R TE AR Y
FLEE Y, 5 2™ LK M K, B8 T R ] ik
100% 550 WAk | I 78 5 3 IS AT , 15406 o
P T IZE HE AL ) 22 Rk T AR D, X6 T ey i
B FRAR 2N 1 B AT L AT — MR R B PR AR

S HEH i i £F 58 8 AU TR R R T 1Y 3R 1A, fig
WS iE B A e v B, 5 & i pk CVTT7
FHEL, 53 B0k GD-A (1) S LN 487 ~ 492 fif 15 6
BB 7 167 (LA 1 ARG A 7 428 ~
430 3 AT 3 A SR AL FE 175 ~ 185 v A5 224
AL ANBEEE, 55 A0 oAl 7 5 7 A 224 a5 e A
GD-A 5HAWSZ A L, 5 3 MEm ik ik
A N B AR SRR 33 [ 3 15 ek B A A [) 1 i
B Al S RASE L, A Aot A s T4
KO3, ¥ X 2295 58 Al fig A LR g4 % T 5
CV777 3[R 25 Ak #H D) 0% 5 [E] 8% £k attenuated-DR13 |
SM98 , 2 [E 43 B #k USA-Towal07-2013 Kz [ Py 1757 25
Pk JS2008 \CH/S TEistH LA 43 BT &8 T 05— 73 3, ixX
IRITAR A IRAT R SREETRR (CVTTT) X RBGL. [FET,
O3 SR [ B R A 5 2% R 55 47 AN B
HYLE D)2 RS I A it — 2P AR
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R, 55 AT TS RE CD-A BRI 7325 % 5E S S FED 341 3 25

MHT AT VAR PEDV (850 T 34705 4 0F 58 45 1
KB, W45 E PEDV J 47 74K 5 W S5 v #k 2
Ji) 56 ZR AT, T X 48 [ 5 2 1) 43 B fA AT FE AR OG &R
7RO 58 R i 8 i U3 - O 7 S D IR Y 14
B2 SRR X U] PEDV K R 41 76 3R
BEEN T — HATA S HFRES. X ] e S 80T A
PEDV [ K HIARRER &2, T AN 8 LA JE v 422 ol 25 4 it 4
WA T A EEL R R B R, XF e A A RUIR YT
T, T Ak P T A TN B R A R PR A AT A
PR3, BT A AE e A 995 1 5 S v B 2 B e L R B
et Wy At 2 B R dr i
3.2 PEDV E4HR 5T

PEDV HA 76K A0 ME L) 3% 55 5 vk, 2 H AN
1k, Vero 4Hfifg 241 PEDV e fUR M 40 & |, i 224k
UG REFE L AN 2R bR A K S48, (EAE RS 37
I 5 S W b R A R AR R
FH 8 x 1076g « mL™! & WA 4 x 107°g « mL™! i)
HEFFWAE Vero A0AEH 70 B06 B , 76 ATAR R IF A WL
AR, A5 5 UG 7= A SR B 4 L AR | JE SR AE AR
2 20 U5, 7 1T AE 40 b RS e B . %R 4 R
55 H A N ORI FE S S AR 8 AT T8 FRAE R
P 0 B P AT 7 A R A s R G
o A8 B s ] 26 S AR K, 1158 B 3 ik 1] AR 9 - e P 1Y)
Z= 5 HAE Vero 40 3 58 (138 Ry o 2. AR 5653
% PEDV Ji 8 (1) B I , A i B2 100 2 2 W2 e bk 9
B ORI AL T i 5 B .
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