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Cloning and genetic evolution analysis of whole genome of porcine parvo-
virus type 6
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Abstract: The whole genome of porcine parvovirus type6 (PPV6) Anhui ( AH)strain was cloned, and the genetic
evolution and homologies were analyzed in this study. The virus genes were divided into 10 segments for PCR amplification.
After been sequenced, the SeqMan software was used for splicing to obtain the whole genome sequence. Genetic evolution a-
nalysis of PPV6 AH strain and other strains of PPV6 in GenBank was conducted. The results showed that the total length of
the PPV6 AH genome was 6 180 bp. And the nucleotide homology was 97. 1%—99. 5% compared with other 15 domestic
and foreign PPV6 genes. The genetic tree constructed based on PPV6 gene, NSI gene and Cap gene showed that PPV6 AH
strain had common evolutionary origin with PPV6 BJ, BJ2, SC and JS strain. Mutations occurred at nucleotide sites 708,
996 and 1 932 of NSI gene. The Cap gene was mutated at
nucleoside sites 1 205, 1211, 1582 and 1 614. Amino
acids of Cap protein mutated at 402 and 404. In this stud-
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AT B T AN B S I
DNA Ji 7, HZE IR/ 4.0~ 6.3 kb, i 5" ¥
UTR AEZ5H 25 1 (NS1) (S5 8 1 (Cap ) F 3 i
UTR 4, /MR EJE R, nl AR s e 1
FHYAE 53 R B G B HESI Y I Parvovirinae SR
YA BB 19 Densovirinae WA}, Parvovirinae ¥
B 9 N RAL R, 1035 Dependoparvovirus , Copiparvo-
virus . Bocaparvovirus ., Amdoparvovirus . Aveparvovirus |
Protoparvovirus . Tetraparvovirus . Erythroparvovirus I
Marinoparvovirus[ U FEH/NETE 1 B (PPVL ) e T
Protoparvovirus J& , T 1965 4F- 1 YR M1 [ 19 41 Jitg 5
Fels gy h s a2 PPV Bl RSB
A BT A ) R 2 Y E R IR
ZERERE B A i | W TR IR SR T B iR S5 AE
N0 A e? &1 A AS N NEZ 31 11 K

TEE Z i) A 4E b TR B BAGTN & P — 2
BRL A A /N BE , 20 0l B 44 O PPV2 ~ PPVT,
PPV2 J& 2001 4F 75 4 f) (1 — U< 3 2 28 9 7 1L 37
PR RIS, PPV3 X FR PARV4 X Hokovirus,
5 NZEYH/NVREE 4 B (PARV4) Y456, T 2008
AERE R E L B, PPV4 PPVS Rl PPV6 &
UTAER KN, J& T Copiparvovirus J&"' . 5 H A%
A/ EEA EL, PPV4 A — SN ORF3, E T
2010 4 76 55 PCV2 3k 7] Jg& e i % v i e BT
2013 4FH1 2014 4 FErP E AL SE 050 K B T PPV5
FPPV6' Tt £ AL 43 BT LR, PPVA4
PPV5 Fl PPV6 % U1 A 3¢, JE Bl — A W1 2 /9 73
S, PPV J2 2016 4 SE RS G0 B
JAR T AT 7 B R AL & B — b Al /N
SR, H BT ANTE A X 2658 % LY PPV i R A 75
Sl REERA

ABIFTE N B DX R A B O 11 7 5 ik R A
i, IR e BRAT — S REAS SR B PPV6 P, A
WFFER HEAT 40 4k DX 20 v B B gt A% ot A 20 A, )
ZiIT I PPV6 ARG B2 ALl

I BPRHRD

1.1 fFERSRIE

7 O3 KA T PR GE BY FE R I T R i AR A
RAET LB T MK BEAS T & - 80 °C VKA TR AT
%JEHO

1.2 FEiH

S EE L ZH DNA/RNA $2 B 7 & 338 g
BHEE IS DNA B i 7] £ . 2% Tag PCR MasterMix
DL2000 DNA Marker #1 DH5a J&& 37 25 21 1 34 1 A
TIANGEN A&, 50XTAE 2% % F1 GoldView 1 K%
fig g 6.7 ( x10 000) M A Jb s R SR E R A R A
A, pMD™19-T Vector Solution 1 14 B 5 H &Y+
AR (AT B R E] (TaKaRa A E ) |, Bk DNA /Mg
WRF &M H AXYGEN 24,
1.3 S|¥HEIt5E R

Mg GenBank & 51 PPV6 HLH P4 (B 55 .
KY094494) , F| ] Primer Premier 5.0 3 {4, 29l it
L X} PPV6 %5281 H 10 XM vES 19, FH T4 34
PPV6 25 FH . 519 s A REABRAF
B(ED),
1.4 4§55 DNA 2E

BT F SR AR 1) T il 4 U0 B AR B v A ¢
T oA 1000 IU/ml B 75 8 2 F1EE % R 1Y PBS
(pH7.4) e 4y B BE 510K, RE VRl 3 WA,
10 000 r/min®.L> 10 min, X 3 WCE T-80 Cvk4H
R ARG R R 2 DNA/RNA $2 G &40
VLB U 75 5L K 41 DNA |, 2 5US 9 DNA
R T -20 C#H,
1.5 A PPV6 #EAK T

DL IR BRI DNA =9 AR, (i 4552 5 | 9
PPV6-F/PPV6-R HEAT H HL PCR, X WA £ 20 pl.
2xTag PCR Master Mix 10 wl,DNA Btz 1 ul, | T
WE51P4 1 wl,ddH,0 M2 2 20 pl, B RRT 0.
95 °C 5 min;95 °C 30 5,54 °C 30 5,72 °C 30 5,30
PEER;72 C 10 min, ¥ 1 Y2 1% SE BEHEEE I L
VKA, WSO 2l fb 35 79 B FLve b 2= pMD ™
19-T Ak, % 46 2= K AP 1A DHS« J8% 32 285 240
U T RN H R Z M LB AR, UE 37 CHy
FERERTFRILTL, UK H 07 B P v PR BTk o S
SE 1A 0 BH P 2 4 ok 2% 28 R mt R E R A PR
OSEVHEATINT PS5 SR AT BLAST HUXTIIE
1.6 BHHERSBEYEENF

DIKEIN H PPV6 PHAERE 5 AR, FH AR 52 1 5 1
PI(3R 1) 47 PCR U3, SRR 20 ul:2xTaq
PCR Master Mix 10 wl,DNA B4R 1 wl, b FiiF514
&1 wl,ddH,0 #MEZFE 20 pl, KWFRF K95 C 5
min;95 °C 30 s, B Kk (FEXF5 1904 % 7 1R KGR )
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30 5,72 °C (BEXF 519 09 B AN Ta] A X6 Nz 1) 4iE e e
[6]),35 MEH ;72 C 10 min, PCR =4 1 %%
NEWHEERS UK A TR IS , S IOk 1.5 ik
BTN

*1 PPve =ERAY 5 MFF

Table 1 Primer sequences for the whole genome amplification of

PPV6
EIL 27 JFHI(5'—3") fi¥  K/h(bp)
PPV6-F  AGCATTTTCCTGTGTTC-
CAGATCCT
PPV6-R  ATCTTCCTCTTGTTTCTCCT- 495
GTTTA
F1 GGCGCGCGGAAGTGACGTTT
R1 TAAGACACCTGCAGCCAATG 1~458 457
F2 TGACTCCTGAGCGGTATATT-
TATGC

R2 CGGCGCTCCGTAGTCACAT

F3 TGATAATGATGTGACTACG-
GAGCGC

R3 GCTGGGCCTTTCTCATGTAC
F4 CCATGTTCTTCCTGGCAATT
R4 GAATCTATCTACATCCTGAT-

358~985 627

959~1761 802

1652~2 484 832

AGGGT

F5 CGTCCTTCTACCTCAG-
CATCTT

RS GATTATGAAGCCAGACGAC- 2 389~3 336 947
CcC

F6 TGCGATGTCACAATCTCCAC

R6 CTCGCTGAGCATTATCCAAGT 3 013~3 700 687

F7 CTTCGTCTTGCCTTCTCAC-
CACTAC

R7 CACTAGAGACTGGATGGT-
CACTTTA

F8 CCTTGGTGCTATTATGATCT

R8 TGGCGGGTCTATCATGACCTT 4 321~4 957 636

F9 CCTTTTCGGTTCAAAGGTCAT-
GATA

R9 TTGGGTCTAGGCTTAACTTC-
CCATA

F10 CCTCCTAATGTCAGTACTTGC

R10 GTGCACAAAATAAAAGTGT-
GATGGT

3 528~4 446 918

4924~51714 790

5602~6 199 597

1.7 BEHABRIEE

FIFH DNAStar H1 [ SeqMan 31445 I 7 45 S 1E
TT9H% ., M GenBank T # T & &R 15 bRa 5
2 PPV6 % RERR (3K 2) , 1] MEGA7.0 K
Neighbor-Joing 7% Fh) st T 4 3 R A 1) 35 A% R 4k

B, M GenBank HH Rk E 2% FK) 29 #k PPV6 =
LRI A EIET NST I Cap D4 Y 18045 E
e
1.8 F3I5Hh

il jF DNAStar () MegAlign #, FH] Clustal W
B PPV6 AH tR 5 S fE kit AT 2 5L P9 #%
HRR R VR M 2> Hr. B PPV6 AH BRI NSI KX 5
Cap FEPRATIR T 5] K i 1) R IR )7 9 5 5 %
BRIEATOL AT 53 HT

&2 PPV6 SXFHKk

Table 2 Reference sequences of PPV6 strains

R TR BRkE P R
Br KY094494.1 (A e
KSU7-SD-2014 KR709268.1 EH AHER
KSU6-TA-2014 KR709267.1 K e i
KSU5-NE-2014 KR709266.1 e S HE
KSU4-NE-2014 KR709265.1 ESE HH
KSU3-KS-2014 KR709264.1 % AHER
KSU2-AZ-2014 KR709263.1 XH e i
KSU1-AZ-2014 KR709262.1 ESE| A FE
FJ2017 MG760726.1 I HH
3456/2012 MH558679.1 PYPESF A HER
TJ NC_023860.1 i LA
SC KF999684.1 i e 17|
IS KF999683.1 P A HEA
BJ2 KF999682.1 op A AL
BJ KF999681.1 i LA
K13-4 KX384819 ) NS1+Cap
K13-8 KX384813 = NS1+Cap
K17-3 KX384821 = NSI+Cap
K17-10 KX384820 P NSI+Cap
P15-1 KX384823 = NS1+Cap
U18-1 KX384822 = NSI+Cap
Ul18-4 KX384814 = NSI+Cap
U18-5 KX384818 P NSI1+Cap
U18-7 KX384815 = NS1+Cap
U18-8 KX384816 = NSI+Cap
U18-9 KX273435 = NSI+Cap
U18-9 KX384817 = NSI1+Cap
SK-CA-2018 MH820262 IEN NSI1+Cap
SMU MG345036 i NSI+Cap
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2 RS0
21 FEHEPCREEZER

DI EE DNA AR, {fi ] PPV6-F/PPV6-R 5|
VI T PCR ¥ 14, 45 5 7R AE 495 bp 47 B H BLEF
SRS, S KNG U (K1 1) . BLAST LR Xt
S NIR R FER G AN EE 6 B AR IS B
97%.

2000 bp

1000 bp
750 bp

500 bp 495 bp

250 bp

100 bp

M:DL2000 marker; 1 FH: PCR =4 ;2 . BIHENT IR
1 PPV6 PCREELR
Fig.1 PCR identification results of PPV6

22 2EERFIYEER

BRI B BH AR AR LA SR 1 F1/R1 . F2/R2
F3/R3. F4/R4  F5/R5,F6/R6 . F1/R7 ., F8/R8 F9/
R9 Fl F10/R10 R 5| ¥yt 47 4 FL H 73 Br PCR 9734,
BN IS L Uk 45 SR 7R, 7E 457 bp 627 bp 802
bp .832 bp 947 bp 687 bp 918 bp 636 bp 790 bp Fi
597 bp A & B (B 2) , 5 U 450 K/
5, PPN PHESRIG 525 1) PPV6 23R 741, 3L
2416 180 bp, Kl H (9% 7 iy 44 & PPV6 AH
o B 15 51 4% = NCBI ( GenBank BRS.
MK825573) .
2.3 BB AREELER

LT PPV6 S SLPH A1 Fg Y 3t AL HE A ) 25 51
78, PPV6 AH #k 5 SC Bk BJ2 ¥ M BJ R 2K 2% ¢
REGE, 5 S th#tE TR — 432 (K 3), & T
PPV6 NSI JEPEIHE) 1) 35t % F AR 25 5 1 7, PPV6
AH PE5 SC BJ #il BJ2 k)& TR —43 32, L& K R
BT (K 4) . 3T PPV6 Cap FERMYEE )8 AL HE1L
REE R 7R, PPV6 AH #E5 JS.BJ2.SC I BJ #k5E
GRARBI ) JR T —0 3 (K 5) , 4 RERW AT
U0 B 1) PPV6 AH k5 2 80 [ 4> B 1Y PPV6

100 9 8 7 6

5 4 3 2 1 M

2000 bp

1 000 bp
750 bp

500 bp
250 bp
100 bp

M:DL2000 marker;1:F1/R1;2:¥2/R2;3:F3/R3;4.F4/R4;5.F5/
R5;6:F6/R6;7:F7/R7;8:F8/R8;9:¥9/R9;10:F10/R10,

B2 PPV6 AH HREEK 5B PCR ¥ 15

Fig.2 PCR amplification of PPV6 AH gene segments

(SC.BJ.BJ2.JS) J& [R] — 43 3, 5 % L[] iy i fb ke
PR, 55 E 23 BS Rk (SMU L TJ  FJ2017 ) Kook [ 56
[l 43 25 Pk (KSU1-7) | I 2% 73 B bk (K13-4 K13-8,
K17-3 .K17-10 ,P15-1 U18-1 U18-4, U18-5 UI8-7,
U18-8,U18-9) %= K 73 2§ bk ( SK-CA-2018) | L 74
Sy EIPR (Br) FIPHEZF 43 Bk (3456/2012) R4 KL R
B AR BFSE R PPV6 AH kEJ& T b B AT
B,

64, KSU5-NE-2014 KR709266.1
73[1KSU4-NE-2014 KR709265.1
3456/2012 MHS558679.1
KSU7-SD-2014 KR709268.1
29LKSU1-AZ-2014 KR709262.1

51l KSU3-KS-2014 KR709264.1

Br KY094494. 1

FI2017 MG760726.1

KSU6-IA-2014 KR709267.1
KSU2-AZ-2014 KR709263.1

52 TJ NC 023860.1

JS KF999683.1

SC KF999684.1
4100@ KF999682.1
46 BJ KF999681.1
— 86 AAH MK825573

A PR

B3 PPV6 AH #5H At PPV6 KRStk E R R MG I M

Fig.3 The phylogenetic tree of full-sequenced PPV6 AH strain
and other PPV6 strains

24 FIDHER

FIF MegAlign 84 Clustal W 5304 PPV6
AH PR 527 3 bR EE D F 90 2017 78 90 L X, 435 2R i
7~, PPV6 AH #k ( MK825573 ) 5 [ 74 # # Br
(KY094494. 1) BYE R 75 Z 8] [R)EPE N 97. 7%
54 HEF 5Bk 3456/2012 ( MHS58679. 1) 14 [R] V5 1
H97.1% , 5SENZ %8k (MG760726.1 NC_0238-
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3456 MH558679
SK-CA-2018 MH820262
63| K13-8 KX384813
K17-3 KX384821

93 K 17-10K X384820
KSU7-SD-2014 KR709268
78| KSU5-NE-2014 KR709266
K 13-4 KX384819
U18-9 KX273435
KSU4-NE-2014 KR709265
P15-1 KX384823
U18-7 KX384815
U18-8 KX384816
KSU2-AZ-2014 KR709263
TJ NC023860
KSU6-1A-2014 KR709267
FJ2017 MG760726

28

U18-1 KX384822
Br KY094494
KSUI-AZ-2014 KR709262
EU}KS—ZOM KR709264
SMU MG345036
U18-5 KX384818
Ul18-4 KX384814
U18-9 KX384817

L 1S KF999683
SC KF999684
5% BJ2 KF999682
% BJ KF999681
— 97 A AH MK825573
0.002
Ay PR

B4 ET NSIEELFH PPV6 AH #k55 £ H kit LRt
Fig.4 The phylogenetic tree of the PPV6 AH strain and the

reference strains based on the NSI genes

86, KSU4-NE-2014 KR709265
74[TKSU5-NE-2014 KR709266
KSU7-SD-2014 KR709268
3456 MH558679

SK-CA-2018 MH820262
K13-8 KX384813
K17-3 KX384821
758 K17-10KX384820
K 13-4 KX384819

96

U18-1 KX384822
100, U18-4 KX384814
U18-5 KX384818

U18-7 KX384815
g7 U18-8 KX384816
67-U18-9 KX384817

87 KSU1-AZ-2014 KR709262

KSU3-KS-2014 KR709264

SMU MG345036

Br KY094494

FJ2017 MG760726

KSU6-IA-2014 KR709267

KSU2-AZ-2014 KR709263

P15-1 KX384823

TJ NC023860

U18-9 KX273435

JS KF999683
- ooﬁ BJ2 KF999682
SC KF999684
\—%8%1 KF999681
0.005 68— AH MK825573

AN FPRERE,
BE5 ETF Cap EELHEK PPV6 AH th 552 HHRut L
Fig.5 The phylogenetic tree of the PPV6 AH strain and the

reference strains based on the Cap genes

60.1 . KF999684.1 [ KF999683.1 , KF999682.1 , KF999-
681.1) B & 1 R J¥ %1 Z [4] [7] U5 % N 97. 6% ~
99. 5% , 53 FE F ik (KR709268.1 . KR709267.1 . KR-
709266.1 , KR709265. 1, KR709264. 1, KR709263. 1 ,
KR709262.1) [F]J5ME K 97. 2% ~97. 7% , 45 5% K
PPV6 AH ¥k (MK825573) 5 BJ ¥k ( KF999681. 1) #%
FERR A PR M A 5, 15 21 99. 5%, K+ PPV6 AH FR Y
NSI 35 Cap BRI IRIT IS5 2% it T
LoXT, 85 5 & 30 NST LR 5 708,996 1 93243 s5 A%
TR & A BT AN 2R AR L 28 708 37 45 G—A 5 56 996 il
B T—Cy 51 93200 8 G—A (B 6), Cap FEHS
1 205 12111 5821 61413 s A% 11 R A A= T 1) 1 5
B51 20507 55 T—C; 551 21147 5 C—T; 451 582
ﬂﬁCAT 1 614005 T—>C(E 7). ¥ PPV6 AH
PRI NS1 1 Cap 2 H & B 7 9 52 % Btk it AT
Xt 4 %ﬁﬂcwEET 402 F1 404 2 IR N7
JEME AT TR AR L5 402 3 ST T 55 404 37 5
SaM@8%N$§%Mﬁﬂﬁkiﬁ%%&

AT G CTG ACAGTA TYIGGC ACGAGH Majority

710 990 100C 193d

2014, KR709262
<o oo b KSU2-AZ2014; KR709263
--------- 1o oo} {KSU3-KS-2014, KR709264
R 20%4 KR709265

......... R e I f34KX384819

B [ R O 13 8, KX384813
17- 3 KX384821
7 10, KX384820
NS1,MK825573

>7<WW

B 6 HM/IFEE 6B NSI EEKFFIEREES T
Fig.6 Sequence homology analysis of NSI gene of porcine par-

vovirus type 6

3 9 e

i o> T W B R, 2 0 40N 58T 1)
F PR Y i 22 9% & B, 00 5 B9 PPV, PPV2, PPV3,
PPV4 PPV5 PPV6 Hil PPV7!33>12  Hoh PPV J&k
Yerg EE IR e K TR IR LA AN ZE S I
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GAATGAAATCAGGA TTCECAACA GAAAFT(CA Majority

-+ Br 44
- FJ2017, MG760726
-+ IS KF999683
- - KI3-4,KX384819
- - Ki3-8, KX384813
- AH, Cap,MK825573

B 7 M /INES 6 B Cap EEMFSIRIEES
Fig.7 Sequence homology analysis of Cap gene of porcine par-

vovirus type 6

RIRISGEGEGERGGLVLPSHHAYTGPRNPVPAGKPADPVDE S Majority
110 20 130 40
ELTINN [P 1 [ A Wit s suBs 5 MRS & {17-10,KX38482
el N B e - KSUL-AZ-2014, I?R709262
s - KSU2-AZ-2014; KR709263
1101 - KSU3-KS-2014, KR709264
120 - KSU4-NE-2014; KR709265
e - KSUS-NE-2014; KR709266
o + KSU6-1A-2014."KR 709267
i BT e
5-
oy * SC, KF999684
1201 © SK-CA-2018, MH820262
un © SMU, MG345036
1200 - TJ, NC02386
1201 L UTS-1, KX384822
1201 - U18-4; KX384814
1201 - UI8-5) KX384818
1201 . UI8-7, KX384815
1201 - UI8-8, KX384816
1201 . U18-9, KX273435
1200 . U18-9. KX384817
1200 . 3456, MH558679
1201 . BJ, KF999681
1201 ;
BI2, KF999682
1201 . Br, KY094494
1200 - F12017. MG760726
1200 - JSTKF99968
o oo KT13-4,KX384819
1201 olslilsfee 5 s smus s @omn s smms s omes v KI3-8 KX384813
aoL frfe) Lo Bioie « simtn = wimiore o namisie @ dorieis o @i AH, Cap,MK825573

B8 Cap EHPEESEBMAAST

Fig.8 Analysis of major amino acid sites in the Cap protein

PRAEMR 1l PPV2 ~ PPVT YL I 5 2 45 SO A
SRMANTERE . HAET,PPV6 72 E L K4 12 Z ],
IR JAL 27 e B B0 L 38 A IR A 1 WF
5%, PPV6 FENH KZ6 100 bp, £55 2 ASTF il ) 32
HE(ORFs) 5'F1 3" AEGAS X, ORF1 Zaht (1) AF 25 #4)
H NS AL 662 M2 HER, ORF2 Zfih 41 189
MNEIERRIARSEE 1 VP1TY L PPV6 540/ M TR
37 R 5 HAT20.5% ~42. 6% 51 [ A, A BF
AR LN PPV6 55 PPV4 KRR %], 5 HABIE
RUMHHE AR IE

ARG LA PRSI Y PPV6 BH A A 5 Ak
Wit PCR $AR AT PPV6 4 5L K 4H 4 Br ™ 184, o)y

A% 146180 bp W R H R FH), 1T
BIAST B3IE )5 , UFSE N PPV6, ¥ E N 4N PPV6 it
LT 5 5 2 A7 4% e b s, 45 5 & B, PPV6
AH BE5 A 19 PPV6 JEbk I IR H &, vl WL H Hi
PPV6 Btk R LA BN B AR 5 AL E A
5 R, PPV6 AH tk 5 v B 43 B 19 PPV6 BJ,
BJ2 SC Hl JS BRE 4 OC & ik, A S [m] iy 2k Ak U5
NSI F1 Cap B HBRIFHN 1 Hr 8 R ke 9, NST e 5
708,996 .1 932 i ;S A% AT W & A2 B 1Y i 5848 | Cap FE
RIEE 1205 .1 2111 582 .1 614 {37 SR & AR5
MR BRI HT A R IR, Cap HE S 402
1 404 37 15 2 FE PR e A2 8 1Y A5 878 5 402 7 55 1—
T; 45 404 {37 s S—L, 5HA PPV6 Cap 55 7
FEZE 51 XA SR AR AR 25 XF Cap 2B H I HE LA K
S EE I A ) 2 R I T A AT B i — AP AR
1M NS1 2 2 3R 4 B A & B0 BT 1) 28 742, 4
NS1 8 e AL AL B TP BN IRSF

ARWFFE T RARIE PPV6 8 % 3 X 5 B v (77
e A A EE T PPV6 MHATIRE5UE ,
Ja SR W B B K A | TR Bt o 1 — 25 B9
PPV6 HYECRHLIEE I B I AH T SR LA

S 3k
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