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Genetic evolution of porcine circovirus 2 strains in Anhui province
during 2016—2018
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Abstract: [Background] Porcine circovirus can cause postweaning multisystemic wasting syndrome.
[Objective] To understand the epidemiology and genetic variation of porcine circovirus 2 (PCV2) in
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Anhui province. [Methods] Total 31 tissue samples of pig suspected suffering PMWS were collected. PCR
was employed to identify PCV2 and its genome. genetic evolution of the PCV2 virus strains were analyzed
by DNAStar and other bioinformatics software. [Results] Nucleotide comparability of identified 8 strains
with the strains published on GenBank was 92.8%—-99.0%. The comparability of ORF2 and its derived
amino acid sequences was 85.8%—-99.6% and 82.5%-100%, respectively. The results of genetic evolution
showed that there were one strain of PCV2a, two strains of PCV2b and five strains of PCVV2d among the
eight strains. Moreover, there were no genotypes of PCV2c, PCV2e and PCV2f. In addition, through the
analysis of amino acid sequence, unique site was found on Cap protein with each genotype. [Conclusion]
PCV2 infection in pigs was common in Anhui province. PCV2d was the dominant genotype. This study
provides a basis for PCV2 prevention and control in Anhui province.

Keywords: PCV2, Gene clone, ORF2 gene, Genetic evolution analysis
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Je FRTEE P RATIR G 3 Fh 3 sk Il iR T AR
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1.3 SNt 5EK

%% GenBank HIisEAY PCV2 DZ205 ££(NO.
FJ644559) 3L [K )7 41, F Primer Premier 5.0 {41k
P2 X519, 514 P11 P2 S PCV2 #5114, $
R BEK ) 475 bp, P3 il P4 SN PCV2 4JEA 5|
Y. 51V SRV EYRH A R A RS . PL:
5-GAATTGTACATACATGGTTA-3'; P2: 5-CAAGG
CTACCACAGTCAGAA-3'; P3: 5-GTACCTTGTTG
GAGAGCGGG-3'; P4: 5-TCACAGCAGCAGTAGA
CAGGTCA-3'.

1.4 ¥%%} DNA 2B S5

BUSREORAEMIREZ, . . IS HSUN R T
PRI, JFMA G EHER MR ZR4 1 000 1U/mL
(%) PBS (pH 7.4)5)3¢ . [ S kRl 3 ¥, 6 000 r/min &5
L5 min, BCEVER, EF-80 °C vKFERF . il
AP IORE R R DNA $RBG ) & FH LR 5 L
DNA, JFERUFHEHT) DNA MR T PCR il
PCR A% . rTag DNA Z4 7 Mix 10 uL, DNA
BiM 1 ul, P1. P2 5[45(10 pmol/L)4% 1 ul, %Ml
ddH,0 2 20 pL., PCR JZ i 4444: 95 °C 5 min; 94 °C
455, 45°C 45s, 72°C 45s, 35 MEH; 72 °C
10 min. PCR P14 1% HEE e L Uk 858 .

15 PCV2 £EFAR=E

IR A PCV2 BHPE B S L 41 DNA
kAR, HEFT PCV2 2 SER Y 3 PCR SOWAK R :
rTaq DNA R4 Mix 10 uL, DNA 47 1 uL, P3,
P4 51#1(10 umol/L)4% 1 uL, %Ml ddH,0 % 20 ulL.
PCR F2 )W &514: 95 °C 2 min; 95 °C 455, 59 °C 45 s,
73 °C 2 min, 30 M§¥; 72 °C 10 min, PCR ¥
2 1% ISR UK S, 4 B 38 B b B
DNA [N G A 36 B % PCR = 4lifb [mllic
IH5 pMD™18-T #fkikd:, AL AHATE DHSa
JEZ AN, R TR PR LB PR b (FaER
100 pL/mL), 37 °C il n, PRSI T

PR PCR %52 . X PCR &k 5 5 B () T i 2
USR5, B 58 Sy FHME W S 4] SOk 440
pMD™18-T-PCV2, % % pg mU R E MR A R A
AT o
1.6 PCV2 AT

fifi FHl DNAStar 23 EXH 6 fir /S 8 #k PCV2 &
TR EEE 81 5 = 9 4 20 Bk GenBank 2557 (1)
PCV2 S # kLT H, S AU He g, il
1T MEGA 7.0 BRI R L T, FIXT
ORF2 J (K gt ith (1) 24 LR ) 4 24 143 #T

2 ZRHaMh
2.1 PCV2 Hj PCR &5 R
PLZKikEE DNA SRR, I35 B %
B, 5149 PL A P2 (45 PCR RGN G285 SR
Won, 25 (k. A 8 MY g 2y 475 bp
KA HM R B 1), SHIHKE—5, & PCV2
PHAERE
22 PCV2 £ERFBMIERNFLER
PRI PCV2 FHIEFIRE S DNA FE R 1
M, BE XTI, 514 P3 A1 P4 Xt PCV2 i
Trasdk by 1, Piar=Pa 1% e M B ik o
Hr,7E 1 000-2 000 bp A HE F-H: 25 , K/INZA) 1.7 kb,
ST — 35 (B 2) K38 i 4 B DR v BRI 1R 25 SR
R 15311 8 ¥k PCV2 bk &L FH b, A
1#RM 1768 bp, HAx 7 #5350 1767 bp.
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1 PCV2 R PCR #il& R

Figure 1 The detection of PCV2 by PCR

TE: M: DL2000 DNA 73 Fifitbrie; 1-8: ¥ H4H H B
9: BHM:XTHE.

Note: M: DL2000 DNA marker; 1-8: PCR products of PCV2;
9: Negative control.
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bp M 1 2 3 4 5 6 7 8 9 5225 A ORF2 J2 ORF2 4 5 H 1y 4 L1k

?000 R 25505 8 Bk PCV2 ZEf2bk 2 [t ORF2
(5)38 K. ORF2 #ES M LM AHMIME S 88.9%-99.6% 1
100 86.8%-100%, 5 2% &tk ORF2 & ORF2 #f 1944

2 PCV2 £ERE Y 14
Figure 2 The amplification of the complete genome of
PCV2

: M: DL2000 DNA 7T i iAnif; 1: [HEEXTE; 2-9: PCV2
EILEYHE =),

Note: M: DL2000 DNA marker; 1: Negative control; 2-9: The
PCR products of the complete genome of PCV2.

2.3 PCV2 £EREEFFISHh
231 PCV2 &EFHELEERBAE LLES
fdi Fl DNAStar H1 1 MegAlign % 4 X 6 i
B MRS 25 5 R IR AT AR RIPE B X o A o 45 2R (B
)N, 8 BEL Bk Z A A% AT B AH L N
93.3%-99.4%, S E N4} 20 Bk H R TR
Iy 92.8%—-99.0%.,
2.32 ORF2 LIRS S EERHB LI LLEL
{3l DNAStar F1i) MegAlign 4 X6 25

FERRARRIIE A 85.8%—99.6%F1 82.5%—100%
233 BEfRHLSH
RERKBREER(E 4)RB], 8 bk PCV2 “Z#Ibk
A LAY = K432 (PCV2a, PCV2b Fil PCV2d), H:
A 5 B8 T PCV2d (2017 4F 4 Bk, 2018 4F 1 #£),
2 tkJET PCV2b (2018 4F 2 #k), 1 ¥kJ& T PCV2a
(2016 4 1 k), RA&IHAbAL,
2.3.4 ORF2 £HHmBRYREERF 55
PR AR % 8 MRLBUBR S E NS 20 fE
GenBank &k [ PCV2 2% #:kk ORF2 JE[H Zmht
PR IERR) AN To0HT, S53REn: PCV2 5L
B ORF2 LRy 41 b 0L o5 H A R
PCV2a [N ) ORF2 Z JEiR 741 e Sk 2 L i
A7 5 FEAEFTESS 80V, PCV2b JENAIH) ORF2 24
PR Y 9 H RS S SR 0 o5 TR AR AE S BOR A
210E, PCV2c FER A ORF2 44 KL% 41 b Sk
IR T FEEAEPFENS 52S, 54V, 58N, 60S,

Percent identity

1 2 |3 a4 5|6 |7 8 8 1011 12 13 14 15 |16 17 |18 | 189 |20 21 | 22 | 23 | 24 | 25 | 26 | 27 | 28

1 M 976 986 932 978 (957 [96.3 [04.4 943 |97.0 [04.1 969 982 [95.4 |955 [05.0 (052 940|050 (962 956 [97.7 |97.5 [06.0 045|946 075 (043 1 AHbZ-2017(17).5eq

2 |25 o7 977923 (948 (950 (938 934 954 935|953 068 940 940 944 946|942 |04.3 | 955|947 (983 (981|953 930 940 (981 (934 2 AHDZ-2017(21) s6q

3 |14 |21 [ 994 968 956 (953 034 933960932 (959(97.3 945045 041 94.3(930 |04.1 (952 046|967 [96.5 059 |935 936 |965 934 | 3 AHbZ-2017(41).5eq

4 18 23 06 B 067 954 951 933 930|958 (928 957 97.1 942 (943 939 941937 938 950 944 965 96.3 957 933 [934 (963 930 4 AHbZ 2017(49).58q

5 22 17 34 946953930 938 956 930 055|090 (951 (951 047 049 (947 [940 [958 050 985 983 955 943|943 |983 038| 5 AHND-2018(1) Seq

6 |44 54 46 48 55 MM 980 942 937 97.0 (935 078 940 950 050 | 047 040 |045 047 7.3 951949 047 |97.8 946 045 945|037 | 6 AHNN-2018(1).5eq

7 38 52|49 51 49 |21 [N 245 945 986 (943 985 957|956 957 954 (956 955 050 081 96.0 (956|955 [98.5 954 954 (054 [045 | 7 AHIa-2018(2) seq
8 58 6469 70 63 61|53 IEM935 951034 950 943955 055 951 954 |97.3 [07.4 054|966 946 045|050 967 967 944 036 8 AHMas-2016(2).seq

9 59 6970 74 64|66 |58 68 [ 949(98 (046 943 950 951 948 950 943043 952(938 (945|044 046 042|942 [943 090 9  EUI48505.12cseq

10 |31 47 |41 43 4521 |14 50 53 [ll947 997 (960 (950060 0956 950958 [958 986 962 961 96.0 |097 |957 [958 959|949 | 10 FJ608539.120.5eq

11 61|67 |72 76 63 68|59 60 12 55 M 945 943 047 048 045|047 (942|042 051 938 946|945 |945 930930 944 (991 11 EU148504.1 2c.58q
Q|12 3249 42 |4s 48 221552 56|03 |57 959 /959950 956 058|956 (957 985 960960 [959 905 (056956 [958 047 ] 12 FJ644032.120.5eq
£ |13 181328 30 1053|4450 59 4159 |2 [9ss5 055051 053950 051052 954 (09,0 088059 947 (047 088 [042] 13 KM272212.12d:s6q
Shf 14 (47 53|58 60 51 52 a5 |a7 52 42|55 a2 47 998 982 082957 (057 062[956 956 (955958 962963 054 040 14 KT369068.121 seq
O [15 (475357 [59[50 [62 444651 41[54 a1 4602 a3 o83056(058 063[056 057 055950963063 055 [050] 15 KT369070.1 21 seq
= |16 52 68|61 64 65 55|48 50 54 |45 |58 45 51 18 |17 901 (954 055 050054 952 [05.1 055 956 (956 950 947 16 LC004736.1 205eq
O 47 49 5659 62 53 |53 |45 |48 | 52 | 43 |55 44|49 18|17 |09 M 255|057 952 955 [955 953 053 958 950 [952 (249 | 17 LC008135.1 2f5eq
18 |53 |60 |63 |66 55|56 |46 | 27 |59 |44 |60 |45 52 |44 |44 47 | 45 [ 294 950 977|954 952|057 968 968|952 945 | 18 480723011 2a58q

19 |52 |59 |62 |65 53|55 |42 27 |69 43 |61 |44 50|44 |aa |47 |45 o6 [l 9651 978 (955 053|058 066 060053 045 19 AF027217.12a3eq

20 40 | 47 |50 52 44 |28 |20 | 48 49 14 |51 |15 40 39 |38 |42 40 | 41 | 40 | 951 (952 061 985 959 (960 (960 952 20 AF055394.1 20.5eQ
2145|5556 58 52 50 |41 |35 64|40 |64 |41 |47 46 a5 a7 46|24 |22 |40 955 (053 061 969 (960 053 [0a2] 21 AF201308.1 23 seq

22 |24 |17 |34 |36 | 15 |53 |45 |56 | 57 |40 |55 | 41|10 | 45 |44 |40 47 |47 |45 |39 | 45 [ 295 950 951 (951 998 [0a5] 22 AY291317.1 20 seq

23 25|20 (36 38|17 55|46 58 58|41 |57 |43 |13 47 |46 51 49|50 48|40 |49 |02 [loso 949950 095 saa] 23 AY682994 1 2d seq
24 32 |49 |42 44 46 22 |15 52 | 55 |03 |57 | 05|42 | 43 |43 |46 44 |44 |43 | 15|40 | 41 |43 [ 55 [955 058 [047 | 24 DQ180393.1 20.56q

25 57|63 |67 70 59 65|48 34 61|44 64|46 |55 39|38 45 43 (3333|4232 51|53 45 090 049041 25 EF524532.1 2e.56q

26 55 63|67 |69 59 |56 |47 34 60 |44 |63 |45 | 55|38 38 |45 43|32 |32 |41 3150 52 45 o1 o490 041 2 EF524537.12e seq

27 |25 |19 |36 |38 | 17 |56 |47 |58 |59 |43 |58 |44 |13 47 |47 52 49 |50 |48 |41 |49 02 |05 44 53|53 [lce3] 27 EFs24539.12d5eq

28 59 69 |69 73 64 |66 |57 67 10|53 |09 55 60 |53 |52 |55 53|56 |57 |49 6157 |58 55 6261 50 [ 28 EU148503.12c.56q

12 3 4 5|6 |7 8 9 10 |1 12 13 14 15 16 17 18 |19 20 | 21 |22 | 23 | 24 25 | 26 | 27 | 28

B3 =EEBZEBRBIIE LR

Figure 3 Nucleotide similarity for complete genomic sequences
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AHbz-17-2017 (MK426833)
AHbz-41-2017 (MK426835)
AHbz-49-2017 (MK426836)
Paoreine circovirus 2 Sch201402 (KM272212.1)
Allbz-21-2017 (MK426834) PCV2d
AHhb-1-2018 (MK426837)
Porcine circovirus 2 GZ (AY682994.1)
4] Porcine circovirus 2 HB {(AY291317.1)
Porcine circovirus 2 TI06 (ETF524539.1)

g AHhn-1-2018 (MK426838)
r'jA Hla-2-2018 (MK4206839)

Porcine circovirus 2 France (AF055394.1) -
10 51— Porcine circovirus 2 ST08 (F1644932.1) PCV2h
A 7 n Porcine circovirus 2 putian0401 (DQ180393.1)

) Porcine circovirys 2 HBO701 (I1608539.1)
10 — Porcine circovirus 2 MZ-9 (LCO08135.1)
} PCV2t

&

9 L— Porcine circovirus 2 ML-1 ([.C004736.1)
Porcine circovirus 2 Papuan 17.1 %K'l'369070.1%
—|()| Porcine circovirus 2 Papuan 03.1 (KT1369068.1
IPorCinc circovirus 2 GX0601 (FF324532.1 )} PCV?2
10 'Porcine ecircovirus 2 HBO602 (EF524537.1) &

(AF201308.1)

10 Porcine circovirus 2 SPAI
6 - AHmas-2-2016 (M K426840£ POV
3 Porcine circovirus 2 No.33 (AB072301.1)
9 Porcine circovirus 2 PCY (AF027217.1)
Porcine circovirus 2 DK 1990PM W Sfree (ELI148505.1)

} PCV2¢

10 —— Porcine circovirus 2 DK1987PMW Sfree (EL148504.1)
0.01 86— Porcine circovirus 2 DK 1980PMWS [ree (EU148503.1)

4 FTF ORF2 A R i ki

Figure 4 Phylogenetic tree based on ORF2 sequence

VE: ARRBTREIIE SIS H5 S INIIELT  GenBank FEAIE; 15 b4 Bootstrap {15 #5514 GenBank KU PE(
B

Note: Bar: Nucleotide divergence; Numbers in parenthesis represented GenBank accession number; Numbers at the branch points indicated
the Bootstrap values; Those in parentheses are GenBank accession number.

61Q. 64P, 78Q. 106F, 107A. 108R. 200H, 203Q.  #f 47S, 1871, 191K, PCV2f Z[HAIf) ORF2 %3
206T 207N, 208A F1 210A, PCV2d JLH AL ORF2 [T 4 Hp e Sk Mo i B eSS 233T AR
AERIT I R et A R AL FEEPTES i PCV2 S5 ORF2 2 5L 791 5 St
531, 68N, 134N, 169R #1215, PCV2e JENHIR)  fAUAIE, AILESF/KF EIXr PCV2 LR

ORF2 AAEMITH| PR @A RO S FEAEPTE  WIE 5 AL, AERI> ORF2 FF Rt B AL st

OqVKEATTVRTPS WAVDMMRF NI NDFLPPGGGs NPI| {52 VIKATALT/f Wi RLQTTGM: vypopvy~i rvpler ne ney
& 70 80 13 194 0
- ) ~ T. K1 FP S . S Allx
D ] T K1 SR
s 1o v S | E M VP Q M s 2l
T o |lu T KI o b |

s
K
K

ERCECRCRCRT |
»

L0
f
"
2

oo
4

4

EECE T

]

5 PCV2ORF2 EEfESHRAEEFT| S
Figure 5 The analysis of amino acid derived from ORF2 genes of PCV2

H: HEN RSN S A PURRALX.
Note: Antigentic epitope region of 5 reference in box.
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UFPETE 5 MHURFRAIIX N, XATRES I PCV2 443
PRI 70 & B0 4 AN [) ) e i e R s

# PCV2a,PCV2b .PCV2d = F % [K 5 ORF2
AR 5 MURERAMX A (57-91). B
(121-137),C (183-191) . D (206-215) . E (230-233)
4390 55 P AN AR R A I R EA T B (K B). A B
A Ey PCV2d JER A ORF2 24 B R J¥ 41 7
95 59 A G — 1A S, HA SR AL DCOR R B —
#; PCV2a. PCV2b FE[H 7 ORF2 Z EE R )T 41
(1) 5 PR RAL X P AETEER 43748 5 (R 1) ix 4k
7 S5 XoF T B BT 4 5 ) i T S — 2 Y
3 WikE4w

H 1991 & Bl PCV2 LIk, PCV2 B &M N
FORATHIERREZ —, A FNERXS PCV2 AY¥ i Bk
BE& R Y. EE LR, PCV2 Bk
I JE— PN 4 i Y 58 Ko Js Ak, BLBEE A
Wit PCV2 £ e M i i th B, A&
INBLEIRT PCV2 [ B3 I AN BT iRt T
PCV2a B, 75| AW, C 4k 2] —Fpe ik
3 5 AK 7 R T J28 126 93 1 R S MR B B R R Y
R, AIRERR, SRS PURERAL,
HAS SHCT fEkie™, BT PCV2 1% 1
U WAS S ftE AL, s o - R R A T 9 2
JE—IORE ME 5%

AW T B S R 2 Hb DX 3 K 9 Rk E AT A
M, PCV2 WYL N 25.8%, Tl PCV2 CL7E%
WO rh B A7 AE . AR R PCV2 BRI AAE Al
DNA 72 5E R sa e o0 b, SR Eos: 3R15

) 8 Pk PCV2 #ibkZ (M #% 1112 . ORF2 J ORF2 #fk
2 IR W AR L P 3 il O 93.3%-99.4%
88.9%-99.6% . 86.8%—100%. 5[ NIPSF#EERk
AR . ORF2 J ORF2 #fE 52 BLMR 1AM
92.8%-99.0% . 85.8%-99.6% . 82.5%-100%, ¥
T RS, BWLEMIX PCV2 #fkE E NIk
SR Z AR A i AR AU o PR il i A% 2Rk
BELEXT, RIS R) 8 ¥k PCV2 LR 1 bk
PCV2a (2016 4F 1 £%), 5%k PCV2d (2017 4F 4 %,
2018 4F 1 ¥k), 2 ¥k PCV2b (2018 4E 2 #k)., & Ja Xt
ORF2 &[R4t (1 2 JE R )7 5 WEA T 0 A, R R4 JE
KIAE Cap & (237 51 1 HAT R s 507
S [R)EE DR TR A R S G SR v b LA A R A 2
FEMRERIL , AFHD 5 L Ath I R Y A AH R4 8 ) 22 0k
FRARIEATE], XXFR]4r PCV2 JEH AR 5] —E
FEF58 55 L, PCV2 Hf ORF2 3 [K 32 % 471 5% 4 5
PCV2 ] Cap &, E M S EELHEN, G
FBHLA T A A ik, Cap A HA 5 HFEE
PR RAL, QR AR R — S R RS
Al RES i PCV2 RAULAEME, FHBUN Y
s O AWFFYiE X L PCV2a, PCV2b, PCV2c,
PCV2d. PCV2e. PCV2f ix 6 FhJLA % Cap &
()5 MUEFAL, KRB 6 il K R Y 48 B R 8 S
KRN VR S 2 SRR e 5 LR R A
X AR o A, 3 S R Y AR SR A A K
PCV2a. PCV2b, PCV2c, PCV2d. PCV2e. PCV2f
X6 i R R EE AR BT R A A Ak RO g A3
R, T AT

F 1 PCV2 Z#tk ORF2 EBELF5IH 5 MRRMAMTRER
Table 1 Variation of 5 epitopes of ORF2 amino acid sequence of PCV2 Anhui strain

Epitopes PCV2a PCV2b PCV2d
A Epitope region (57-91) R¥®8% A®_,8% M2 L7 L™ R¥—K® K®-R® A¥K>®
B Epitope region (121-137) TR, G2 128, 128 I8, (13t AL\ /138 | 196, 51%6 N/A N/A
C Epitope region (183-191) L' Mm™ N/A N/A
D Epitope region (206-215) N/A N/A N/A
E Epitope region (230-233) N/A N/A N/A
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Al A E S8 PCV2 bR A ek
AR, EARXT PCV2 Jiid T2 E A TRt i AR A5
HOCHE, 5B AT AN E & HL X X PCV2 Z R
DRI FELAA TR A A O AT LU B, PCV2d LD 7
ELZHBUY PCV2b FE R TR 3 A THY
PCV2 fLsidithk, XX a]RE H B AYE B ke 58 A (4
P R A AR L, X PCV2 £ 5L A
ORF2 ity JEMR 434, W LHHIX. PCV2 BB
R I R IR T REdE . 1oh, AT it
AT AL MM B L T 37 & B POV 2f SR 700
Sy W IR ¥ € (O 1Y d AT
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