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1968-2014 £ [E A H3N2 iR Ef"E PB1 EEFH LS
B OFXE DE 4EE MR wEs RS ITRY

(1. RN TS V98 Fat 210009)
Q. TLHABR PR T8 Eat 210009)

B ZE. (B8] »HEH M HIN2 AR mE PBL AR A2 6% 70, 48+ H3N2 A mF
PBl ARy FHIEL B E, [Fik] 2T 19682014 FF EMLRX 82 #RA H3N2 FHAk.
20122014 ST 5 B4 B 49 81 A F A HIN2 AR MAE. 6 4 SIV A= 4#51& AIV H3N2 L# PBI.
PB1-F2 A H #4790 F b o, [45 %] 1968—2014 -+ [E H3N2 7R &+k PBl 4% H B fo R BR
ifw'ri/\sw: 90.91%—100%4= 96.91%—100%. % it #T, 1968—2014 3 173 #& H3IN2
TR IRFEEAREDA 4 Mo, 2002-2014 5B FMATH IV 22 B, 1968-1994 £ & &
Wﬁ%% I A= 10 % R H3N2 2R SATFH L I IV 4 & b, 5 T44ES = PBl &AL
52, 113. 179. 216. 576. 586. 619. 621. 709 /L7t 2002 “Fvi/e & A& MK E, T Rk
#RILBR; PBI-F2 A B %AAMA & KEA 52. 34, 25. 24, 1laa (#R), PBI-F2 Za &7
KA E EABINSBAHEAFIER T, [4£] A 1968 SF42 H3N2 A PB1 AR T F&RFA4 T
#47%, H PBI-F2 AR Ak ER#T A — LA IE, (2 PBl AR SR Z M4 A F
BLvA B KAk AL B0 A7 R R M 4G & 5

kHEiR: H3N2ARR, PB1 AR, PBI-F2 %@, #ALSHT

Foundation item: National Natural Science Foundation of China (No. 81273143); The 11th High-level Talents
Cultivation and Funded Project of “Six Talent Peak” in Jiangsu Province (No. 2014-WSN-40);
Natural Science Foundation of Jiangsu Province (No. BK20131450); Medical Notable Talent Fund
Project of Jiangsu (No. RC2011084)
*Corresponding author: QI Xian: Tel: 86-25-83759506; E-mail: qianxiansyc@hotmail.com
WEI Ping-Min: Tel: 86-25-83795531; E-mail: mpw1963@126.com
Received: November 04, 2015; Accepted: January 08, 2016; Published online (www.cnki.net): January 11, 2016
EEWH: HEASRPAREGIH (No. 81273143); VLA IS RAA IS 4w R A Hedh 15 97 5 B it
H(No. 2014-WSN-40); VLI AR ARG H (No. BK20131450); VL BE27 8 i AA LRI H
(No. RC2011084)
*BITIEE: f8%f: Tel: 86-25-83759506; E-mail: qixiansyc@hotmail.com
TR Tel: 86-25-83795531; E-mail: mpw1963@126.com
It BEA: 2015-11-04; 3 HE: 2016-01-08; L= AR B #(www.cnki.net): 2016-01-11



594

AEY) 4R Microbiol. China

Evolution of PB1 genes of influenza A/H3N2 viruses in China,
1968—-2014

YAN Wen-Juan! DENG Fei’? YU Hui-Yan> WANG Shen-Jiao®
TANG Fen-Yang® QI Xian®>*  WEI Ping-Min'"

(1. School of Public Health, Southeast University, Nanjing, Jiangsu 210009, China)
(2. Jiangsu Center for Disease Control and Prevention, Nanjing, Jiangsu 210009, China)

GUO Yan'

Abstract: [Objective] We analyzed the evolution and mutations of PB1 genes among seasonal H3N2
influenza viruses, to reveal the molecular characteristics and evolutionary trend of PB1 genes.
[Methods] We analyzed PB1 and PB1-F2 genes by molecular biological software with 82 A/H3N2
viruses from 1968 to 2014 in China, 81 viruses isolated from Jiangsu Province between 2012 and 2014,
6 swine influenza viruses and 4 avian influenza viruses. [Results] PB1 segments in China showed high
nucleic acid and amino acid sequence similarity (90.91% to 100%, 96.91% to 100%). The phylogenetic
tree of PB1 genes was divided into 4 clusters. Strains isolated from 2002 to 2014 located in Clade IV
and 1968 to 1994 were in Clade II and III. SIVs dispersed in Clade I, II, IV suggesting a reassortment
of PBlgenes may occurred in swine population between A/H3N2 and other subtypes. Compared to
strains isolated from 1968 to 1994, the amino acid substitution of PB1 gene (52, 113, 179, 216, 576,
586, 619, 621 and 709) was observed between 2002 and 2014 with adaptive changes. Truncated
PB1-F2 protein included 52, 34, 25, 24 and 11 aa (SIV). The mutation of the key virulence sites did not
appear among Human A/H3N2 influenza. [Conclusion] PB1 segments of A/H3N2 influenza virus
underwent stable evolution and mutation, the truncated PB1-F2 protein has become a new trend in its
evolutionary process. This finding suggests that we should pay great attention on the reassortment of
PB1 genes and its mutation on key virulence sites. This emphasizes the importance of virus
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surveillance of A/H3N?2 virus.

Keywords: H3N2 influenza virus, PB1 gene, PB1-F2 protein, Evolution analysis
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Z/0 11 MEE, PBl BB ENE S
PR (RNP) Y BB, X gt o 25 1) 5 Tl ke o AR
FHPL, gsh PB1 LGl i 75— 87-90 A~ SR
(R R 28 K PB1-F2, 5 78 37 B 75 4 1l g

UK S A —E IR, 20 R 4 K
RN ERSORATH, A 2 (1957 4 H2N2, 1968
AE H3N2)H T I8 B PB1 3R KK [ & 2K Ak
AU RCS, A0 21 20 R R A TR R,
I HINI (pdmO9)REEtL HEL T PB1 J Be itk N 8
it HATEEXT PB1 K AOFoT 35 B S0 2 8 %
FREE, W HSN1 WA, HON2 WAIZEO st A
H3N2 R RE PB1 &R 4 Wil At 28 I AR A o
FF I, AFENT 19682014 -4 1L 5] GISAID
BRI 82 #k H3N2 Widdiss PB1 LM, DIJYT
INVE 13 NHLIX S I F Y PB1 SRR Tk o
Br, S H A H3N2 Jiids & PB1 PR 7% Wil 42 fHAH
KAFR
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1.1 ERRIE
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20122014 AEJTIRE 13 AN Hi T iRy o5 1 g i ek
RS I EERE 81 (3 3k it JER IV 78 65 7 e ff A FY
A H3N2 R ARAS)#EA T 5000 . EHL GISAID
TR 1968—2014 4F N\ H3N2 /87 PB1 #%
TERTH, LIS 6 BRIGIEFN 4 BRE VR H 7 H3N2 %
BT PB1-F2 B AT RIT 54N AS4T -
1.2 A%
1.2.1 HHHER PB1 EF PCR 4 #: ff 81 #kH
A H3N2 /8 2 A AR AP MDCK 4 i itk
PR SE  BRBUG 7 RNA, FH 0 st £ (5
Invitrogen 23 B 5% 54945 RNA & ¢cDNA, |
M BTG R D T PB1 L PCR #734,
FIH ExTaq PCR i & (H 4 TaKaRa 23 w])itt
#7 PCR Y, § 141K R : 10<Buffer (7 Mg™") 5 pL.
2.5 mmol/L dNTPs mixture 8 uL. IEJZ [ 5[%)
10 pmol/L 4% 2 uL . ExTaq enzyme 0.5 pL, cDNA
1.5 uL. DEPC H,0 31 pL, SARFUN 50 uL, 4 h
FOWFER: 95 °C 10 min; 94°C 30s, 52°C 30s,
72 °C 3 min, 35 MfEFF; 72 °C 10 min; 4 °C f#£47.
PCR =¥z ik alifb s i Bl A T "l ik fT
T,
1.2.2 F%454F: FIH Conting Express Aplication
AR PS5 SR A TR S DR, 158 PB1 BT R)T
b, CAHERET L E] GISAID, [¥9)%
EP1675731-EP1675745, >k MEGA 6.0.6 #4347
WAt 2 64 e 4 (Clustal W), %F PB1 & PB1-F2 23k
FR AL s AR E AT 534 , R Fasttree 4144231 PB1
LR gt X AL AT TR T 9 LR o (AR T

Datamonkey (http:/www.datamonkey.org)*%f PB1 5Bz
PEA TR 1500 o

2 ZR545H

2.1 PBI1 iM%

20122014 B HITHA 13 DMHIXAY 81 #k
H3N2 /B9 e PB1 JEDRAZ 1178 S 2 MR AR 53
WM 97.02%-100%F1 97.43%—100%. 19682014 4F
82 ke Hh ] AU FH A8 H3N2 It E S A% 1 R AN e JL PR
AR 235 90.91%—100%F11 96.91%—100% , 1%
TR AR ] 5 o T2 AR AR R (3R 2)

2.2 PB1 EERZHN ST

L) A/Beijing/132/2010 HIN1 Ji /&5 5 PB1 )79
AR, A H3N2 WA PB1 LR RS E (A 1),
ME 1 AT RLEH, 173 Bk TAV H3N2 BSR4
4 AP S, TLIRE 81 Bk H3N2 JEaiky
PP IV 43 1, 59 E 2002-2014 AR5 BN
U8 H3N2 i RO BRIk ¢ R R, M A
A/swine/Shandong/3/2005(H3N2)WA T4 IV 4332,
WA R S LR AR RIPE L XTS5 3R 96.00%-100%
F197.43%—100%. 55 143524075 A/swine/Guangdong/
3494/2011 . A/swine/Guangxi/NS2394/2012 Fl1 #
A/Beijing/132/2010 (HIN1), &5 . LRI
K 99.17%H1 97.95%. SHML HINT WA LAS, BR
R211K, D377E. 1435V, A652V. S741F 4}, HAx
LGNSR — 3, R PR IR BN 7
PB1 R S5 AIH A HINT (09pdm)ifb &+
PET o 26 114032405 AR H3N2 Jlsi 7 3 ks

1 HE H3N2 fiR%mE PB1 £RF 54575

Table 1 Primer pairs used for amplification of PB1 gene of influenza A/H3N2 strains

Sl Sl i

Primers Primer sequence (5'—3") Size (bp)
PB1-1-Forward ATGGATGTCAATCCGACTCTACTGT 25
PB1-1-Reverse TATTGGTGCGATGCTCAGGATGT 23
PB1-2-Forward AGTGGAATGAAAATCAAAACCCT 23
PB1-2-Reverse CTGGTCCAAGGTCATTGTTTATC 23
PB1-3-Forward GCTGCCCAGTTTTGGAGTGTCTG 23
PB1-3-Reverse TCATTATTTTTGCCGTCTGAGTTC 24
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%<2 HE H3N2 7iBURS PB1 £FZERER R SRR R L

Table 2 Nucleotide and protein sequence identities of PB1 gene of influenza A/H3N2 strains

il Ay BERACE KH R BIER
Groups Year Number of strains Identities of nucleotide (%) Identities of amino acid (%)
VLINVE S B etk 2012 5 97.62-99.56 93.42-98.69
Strains of Jiangsu 2013 25 97.30-99.91 98.40-100
2014 51 97.72-100 94.17-100
Totle 81 97.02-100 97.43-100
A H3N2 i i 1968-2014 82 90.91-100 96.91-100
Human H3N2 virus of China

TR H3N2 Wildok#E, B A/HuNan/01/2014 7k, AJR
H3N2 5750 B I R X 7E 1968—1994 4E 2 [a], 46 111
G330 4 BREE H3N2 1ii/8i% 75 , A/HuNan/01/2014
5 3 BRI IR LR 7 R R T A A —B, 5 AR
H3N2 Ji B 2 A bedss, 2R 22 5 E A T4
179, 216, 486, 581, 584 {ii,
2.3 PB1 R EERRHF LS

PB1 &K AR OG- 5 2 1R 23505 4 57
T 25-27 i F 2 2962 298 fii, Zwht 757 R KL
MUY, X E H3N2 J5EE PBI ZIERIE T4,
20022014 4EAY A THE S 1968—1994 4F HIN2 #tk
FeAs, 1€ RS2K., VII3A, MI1791, G216S. I576L .
R586K . N619D, R621Q. 1709V, Z#iIE miid bt
AR5, BT RORA M BRI (R 3). 5 2014
HEB MR A/Texas/50/2012 L, TLI548 3 B dkk
FIFRTHN LA B AL 212, 215, 479,
480, 487. 489. 491, 513, HEE 212 fi kM
1R 21 F A 2 R A8 S 3k, BB 215 AAE =R 3
IR AR, IR AR — P,
2.4 PBl SRR SIEEE DS

X E H3N2 g s PB1 A Bebf e 15 71 4
M, R SLAC. FEL. REL fEI/MFT 1968—-2014 4F
163 PRim S kk, Wik SLAC BRAES] 1 D IE )&
FIEFRCER 756 137), H. dS/AN>1 FRHiZA AR X
g [ T oM, di it IFEL Il FEL A5 175 3
2 NF 3 AN IE BB R 005 (R 4),
2.5 PBI-F2 EANA

2001 4F, Chen Z£PJFJEX A/Puerto Rico/8/34

(HIN1) PB1 JEFMAF5E LM T PB1 JEHIFHIH
119-121 fvi+1 FFRREAE, iR 87 aa 1Y
PBI1-F2 fEH . AHF5T 173 kK TAV H3N2 JitBm #E 3t
it 6 FPONFHBERY PB1-F2 21, 81 RRILIR4E M
FEEEMRT 79 BRERAD 90 aa, M4 HR)K B R
25 aa; 1968-2014 4E4x[E AV H3N2 Btk PB1-F2
SR 90, 52, 34, 24 aa; JEUR H3N2 ZihY
90. 11 aa; &R H3N2 JEHEEBRA H 30 A Y
PBI1-F2 (% 5). WWAMRIERR T AT, 1994 42 i
Iy H3N2 #5:4k PB1-F2 5 2002 4E 2 5 AU
PRAH LS AR A B4G. D6G. K20R. Q25R.
T271. S47N. F57S. P60L. L62W. G70V, H'5
B, B PB1-F2 &R AR S AHIT . 2014 4F
SYESEEAR PB1-F2 F S 8 (3l P-L oAE,
I R B A T 27 7 S F it — 95 (1] 2),
3 g

H R H3N2 SR s e AR ATk, Hst
AR S T YR A T T — LA A R i N 17 FE B
25 o G H3N2 WA PB1 2L Rk 34T 45
Mr, @E3ER 2012-2014 4RI W21 81 k
I H3N2 JREEE PB1 B R 5 & LR 15 (L 1R
255 5V b DI R (Y 18 Bk H3N2 Ji i
FEAHE I, AR 1968-2014 4F AR H3N2 T bk
LR B A B, H3N2 BN TE A 1968 58K LIk
Has LA AW B, (BRI LIS B A1 B/
FRATRIEAIE R, X 0] fe & TAERRR 51 A
hfEr At
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Figure 1 Phylogenetic tree of the PB1 gene segments of A/H3N2 virus

W g VLMV E RIS, A
bk, ARNAE 0.02 fCFREbRE EALIE 2.

IR H3N2 A

ks WM. &R H3IN2 WRITERE;

s D

R

1968—2014 41 [E A IF H3N2

Note: Green: Strains of Jiangsu; Red: Swain H3N2 viruses; Blue: Avain H3N2 viruses; Black: Human H3N2 viruses of China. Scale value
0.02 represents the level of number of difference.
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£ 3 19682014 F£HRE! H3IN2 jmEfHmE= PBl SUERET

SR

Table 3 Analysis of mutation sites in PB1 protein of IAV H3N2 in China, 1968-2014

TR B et AR 55, Mutation sites
ligolFizes ea R52K VII3A  MI79I  G216S  IS76L  RS86K  N619D  R621Q 1709V
19681994 26/27 7 2127 1527 27127 27127 27127 1721 2727
2002-2014 6/136 4136 1136 1136 1/136 4/136 2136 U136 1/136

R4 20122014 T ERE HIN2 S ESHIKIER
prigE IR Kii]

Table 4 The distribution of positively selected sites
among A/H3N2 viruses in Jiangsu, 2012-2014

Model Codon dS/dN  Standard [dN—dS] P-value
SLAC 756 5.38 12.56 0.028
IFEL 57 - 5.98 0.090
586 - 5.13 0.647
FEL 6 - 3.78 0.077
745 - 3.42 0.100
756 - 14.44 0.006

ARG LT R, 2012-2014 4EVT 54 5
BIEEMR PB1 0 T [6] — 4k 3 IV |, KRS
2002 4ELLJE 9 AR H3N2 W R PB1 Ak 56
REEAH, &5 —H¥E HIN2 i XK
(A/swine/Shandong/3/2005)f) PB1 [FlIEMEEGT . H
FHE e D SR 7 U 7R R R DR R g A DL e 5T
SRR TR A RO S, (R T AN R i
PR L PR, X AR U AN BTN R . 8
RTEIR R R CTR G4, TE 2009 4R &l A

11, HEMREAE A iR s n i e e 3, AR v efs
AW T R A BT ERC, B T RERC AR
5| A A T B R & B T AE B,

TR TE M B 77 B RNA 555, 11T RNA &
HEFH R IEINRE, HILE R Had R 5 kR
A%, PB1 SR SRR SRR 4B A B, 2000 4L
Ja BRI VII3A, G216S. I576L. R586K %5
ZAME IS, Hoh s 113 VAR R S PB2 G
i/ E M TIRE XA C, A 5 & AR AR ST RE & e
TR E IR S . LIS A AR W] HE SR
TR B B e BB M . 1998 4EAT 2002
AEFR [ & AR AL B H3N2 WAL AR AT, M
—EFREE RN T YRR PBL A B R AR S
AREYE, R TR DL SRR T

PBI1-F2 H &M iitid s PB1 FBe+1 JFJ e
BEHEGRAD I Z K, 2 Y AR 37 s s SO 1 1) S 2R
HZ—. KREMZESHEREEREZ —, W
M AR E R . PBL-F2 JERA 40 42
A S RBAE R AR I AR T i A S T, G

HIN1(09pdm) %/ F KSR, Fhid it fbka ko FOARRICEE C siising PB1-F2 ", PB1-F2

%5 PBI-F2 EEBRBEAMKESRIT

Table 5 The induced length of PB1-F2 of influenza A viruses

P ¥kt PBI-F2 K E U AIE R HE
= Length of PB1-F2 (aa) Proportion of truncated
Group Number PB1-F2
90 52 34 25 24 11 -
VT ==
ILABI R 31 77 4 4/81
Strains of Jiangsu
N =4
TREARHN2 AR 82 60 1 9 10 2 22/82
Human H3N2 viruses of China
3 == =4

318 HIN2 f 6 4 2 26
Swine H3N2 viruses
ﬁﬂﬁ H3N2 Jﬁﬁ 4 4 0/4
Avian H3N2 virus
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A/Jiangsuqingpw/152/2014
A/Jiangsuxishan/33/2013
A/Jiangsuxiaguan/1739/2012
A/Jiangsuhailing/11414/2014
A/Jiangsuxinpuw/1364/2012
A/Jiangsuxinpuw/1417/2012
A/Jiangsutinghu/1268/2013
A/Jiangsuchongchuan/11057/2014
A/Guangdong/09/2005
A/Nanjing/01/2010
A/Beijing-Xicheng/12423/2012
A/Suzhow/1275/2013
A/Guangdong/ST 798/2008
A/Beijing-Xicheng/13100/2014
A/XinjiangT ianshan/11190/2014
A/Chongging-Wanzhou/182/2011
A/Beijing-Xicheng/1293/2011
A/Shanghai-Luwan/1400/2010
A/Shanghai-Luwan/1568/2010
A/Hubei-Wuchang/1271/2010
A/Beijing-Xicheng/1409/2011

A/HeilongjiangXiangyang/1125/2011

A/Tianjin-Hedong/195/2011
A/Hunan-Beihuw/1143/2011
A/Jiangxi-Donghu/1682/2010
A/Anhui-Baohe/1456/2010
A/Nanjing/1655/2010
A/Hunan-Wuling/1304/2011
A/Nanjing/1663/2010
A/Jilin-Chuanying/1156/2011
A/HeilongjiangNangang/124/2011
A/Liaoning-Haizhow/1118/2011
A/Hunan-Yanfeng/165/2011
A/Shanghai/24/1990
A/Fujian/411/2002
A/HuNan/01/2014
A/Beijing/39/75
A/Nanjing/13/1980
A/Nanchang/A2/1994
A/Nanjing/49/1977
A/Guandong/243/1972
A/Beijing/1/68
A/Beijing/353/89
A/Sichuan/2/1987
A/Beijing/32/1992
A/Guangdong/25/1993
A/swine/Shandong/3/2005
A/mallard/Jiangxi/1-19/2010
A/duck/Jiangsu/26/2004
A/duck/Shanghai/C84/2009
A/duck/Shanghai/SH3/2013
A/swine/Fujian/F2/2007
A/swine/Guangdong/01/1998
A/swine/Guangdong/111/2002
A/swine/Guangdong/3494/2011
A/swine/Guangxi/NS2394/2012

4 16 |8 12/16/20/21 22/25/26/27/29/31/35/37/47 57/58/59/60/62/66/70/73/75/79/82/89
EGLSTRGGRQI KGSQNSWRLPNVRHQPT
@ .
© o
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D P KK. Q. T LRS . K. L. G. R. S.
DP. . KR . . . T SF. .PL.G. . . LTI
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DP. I KK. Q. T. EL. S. KQL. GKRRL
DP. 1 KR . Q. T. RS F PL. G. S
DP. 1 KR. Q. T. RS F PL. G. S
DP. I K. . Q. T. RS F PL. G. S
D P K R . T . R S F PL. G. L

B2 HE HIN2 RYES PBI-F2 EASERNATRIER
Figure 2 Amino acid mutations in PB1-F2 of influenza A/H3N2 virus
T PR R CRYER RERR A T SRR S 00T s %2 2 7 (M) PB1-F2 BTEERAL).

Note: We selected the representative viruses to show the mutations of amino acid; *: The termination codons (the tuncated sites of PB1-F2).
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FI%5 46-75 aa JEHE N T2 YL A M LRtk 11
FEX B, ARBESE T HIN2 R R R
PB1-F2 K 52, 34, 25, 24, 11aa(SIV), 1
BB SB I E A DRE AT BESUE H AR
RS TR ZhRE . AF9T R, PB1-F2
C 355 L62. R75. R79. L82 LA K S66 fii T &E
X3, SRS R I (oGO Y TR 4y
B A/duck/Jiangsu/26/2004 HHHIFLT N66S fi7AE
S, FRT M AAE AR H3N2 P00 25 Hh i 21 2
IR FRZE . 455 RN TE PB1 AR E Y
R i LA PB1-F2 B JU4RME, TRV R RERY Wl o,
Xf PB1 PR EACTT 301 PB1-F2 4 HEUR Mk E
M TR BN, AP, Coleman %ISR /R
1996 4ELIRTZETPE H3IN2 9 2 1 4 it 5 1% K
PBI-F2, MMiA#5EH A/Shanghai/24/1990 & ¥i
PBI-F2 WiZdtk, Al I_IW PBI-F2 KA1
BRI EI AT RE LT A1, HE i R (A — 2D R
AT
2002-2014 4F 1) H3N2 i@ 85 PB1 h Bis 5+
WK T 1968—1994 4R [H] 73 B AU RERR, AR S5
BUREE o AR b A AR L PR EC A R RE AT
NEZBM, AT RERI I TR & i T aE-5 HoAl
Py B 7 A A B I OB I e B bk, S
PRI RS VI FMERG . HAMNUEYRRE PB1-F2
P 78 L 2 i H3N2 3B 2 i Ak
], ol R S atA T o 8 ST R AT R
AT
% 3 @k
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