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Molecular characteristics of hemagglutinin and neuraminidase genes of influenza
A/H1N1(09pdm) viruses, Jiangsu province, 2013
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[Abstract] Objective;To analyze the genetic characterization of hemagglutinin and neuraminidase genes of influenza A/HINI
(09pdm) viruses in Jiangsu province, 2013. Methods: Specimens from influenza-like cases in Sentinel hospitals from Jiangsu
province were isolated by cell cultivation and performed by subtype identification. Fourteen representative positive strains of A/H1N1
(09pdm) viruses were selected within different regions in 2013. HA and NA genes of 14 isolates were sequenced and the genetic
characterization was analyzed. Results: Compared with vaccine strain A/California/07/2009 (HIN1), the HA and NA genes of 14
isolates shared the highest nucleic acid sequence similarity (97.6% ~98.4% and 98.4% ~98.9% , respectively), and amino acid
sequence similarity (96.5%~98.0%, 97.0%~98.5%, respectively). The phylogenetic analysis showed that the HA and NA genes of all
14 strains were divided into two clusters. The amino acid substitutions of the HA proteins (D114N,K300E and E516K) and NA
proteins (N44S) of 14 isolates were observed. The evolution dynamics revealed that the genetic diversity of influenza A/HINI
(09pdm) viruses increased. The positive pressure sites were observed in HA proteins site 179, 180, 239, 301, 303, 310, 311,
312, 313(including site 310) and NA proteins 4, 23, 52, 287, 374 (including site 4) by FEL and REL model. Of 14 isolates, the
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HA protein contained 9 potential glycosylation sites (7 in HA1l and 2 in HA2), whereas NA protein contained 9 potential

glycosylation sites. Conclusion: In 2013, the influenza A/HIN1(09pdm) viruses had undergone molecular evolution to generate

genetic diversity and this emphasize the importance of reinforcing virus surveillance.
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Tablel Primer pairs used for amplification of HA and NA genes of influenza A/H1N1(09pdm ) strains

AN EIRZE20) TP JE5I(5'—3")

HA HA-S1-F 33 TGTAAAACGACGGCCAGTATGAAGGCAATACTAGTAGTTCT
HA-S1-R 976 CAGGAAACAGCTATGACCAATGGGAGGCTGGTGTTTAT
HA-S2-F 936 TGTAAAACGACGGCCAGTGCTATAAACACCAGCCTCCC
HA-S2-R 1772 CAGGAAACAGCTATGACCCTCATGCTTCTGAAATCCT

NA NA-S1-F 21 TGTAAAACGACGGCCAGTATGAATCCAACCCAAAAGA
NA-S1-R 830 CAGGAAACAGCTATGACCGACTATCTTTCCCTTTTCTAT
NA-S2-F 781 TGTAAAACGACGGCCAGTAGATCTTCAGAATAGAAAAG
NA-S2-R 1 447 CAGGAAACAGCTATGACCATTACTTGTCAATGGTAAATGGC
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monkey (http://www.datamonkey.org/dataupload.php)
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Figure 1  Distribution of influenza virus strains by the laboratory-based surveillance in Jiangsu from 2009 to 2013
(& 1), LR [A) VR 1k 2 ) M 97.6%~98.4% .96.5% ~98.0%
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HA J¥51 109 BREEVR (5 14 BRI0F #EdR ) 1) NA 7
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IMAHHEE I 234, HBL T E391K 285+, IV | V /KAl
Fe 7042, HA & FE1R 750 B T S202T K S468N
S5, VORIV 8 HA 28R 7 51 3
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H NA JER R Gt b R A (] 2B) AT LA B, NA
FEPHEARE SR ERT LSRR 5 e, o T it
f& 5 #£ A/Uganda’MUWRP-240,2011 A//Bangkok/
INS491/2010A/India/Blore/2010 A/Ardebil /56,2011
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S 4 23 .52 .287 374,
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H 7 HIN1 (09pdm) i /8% 5 HA i 566 1%
FERRFR LA N, 43 4 HA1(326aa) F1 HA2(223aa)
PR S, NA JEP ORF 2K 1 407 bp, Zwi5 469 4>
AW, UL A/California/07/2009(HINI ) VE NS %55
PR, A3 14 BROr Bk R A8 B O (R 3 .4) , HA H
A 51 AR A AR S o 14 #R5y BRI R AR 5t
B3 5 P83S S185T S203T 1321V E374K \S451N
(IR ELAFF K HA ZERRHEY , T [F]) , Hk & A4
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SERAAEYURALE | (Ca 24> Sa 34 .Sh 34,43
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A7 5, 23518 SDNQS S8NNTW 63NQTY .68NISN
88 NSSL.146 NGTI 11 235NGSC, K#4r TRkt
I 42NQS (12 #k), Ji5Ma 2 #R 3 N386K T3
386NFS WHEALAL SR, (TS S FEf 5T Th 2 R,
A b DR A BE R IR AETE 42NSQ . 5S0NQS ,386NFS |
437NGS ZFEFRA L B AE

ZARLE G4 15 (receptor-binding site, RBS) [ %4
RO . BN TE HA 1575 E 400 R A2 1Rk
B LB R B i R Y SRR EA T HA
1) 32 AR 45 5 REAE 2 DL S B i 2 BR ik g — > o
BYE R, Z ARG G 07 502 HA BT 19, Ha
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-4|:|: CY120598_A/Hamburg/INS535/2011.01

CY176602_ANVestmead/INS3_559/2011.06

K4T487_ASLIimaf0T0674913/2013.07
KF848032_A/Delaware/09/2013.08
KF559662_A/Helsinki/478/2013.02
KF847966_A/Texas/10/2013.03
Aljiangsubeitang/SWL1144/2012.03
Alfiangsugusu/SWL1824/2013.07
-Aljiangsupizhou/SWL36/2013.03
CY162420_A/Guam/3432/2013.04
£ 1100/2013 03
Aljiangsusucheng/SWL1148/2013.04
Afjiangsugacyou/SWL1199/2013.04
Aljlangsudanyang/SWIL1831/2013 10
Aljiangsugaoyou/SWL1141/2013.03
KFE§48092_A/Pennsylvania/30/2012.12
{ KF451899_A/Kenyal261/2013.02
KF451902_A/Kenya/264/2012.12
Aljiangsunanjing/51488/2013.12
Aldlangsuquanshan/SWL11849/2013.12
KF848221_A/MWisconsin/09/2013.05
KF151220_A/Sao_Paulo/29229/2013.04
KF280743_Afndia/P131845/2013.02
KJ296018_A/Quebeci3N2013.12
AjJiangsutinghu/SWL1358/2013.06
Adjlangsuhalling/SWL1382/2013.04
KJ196070_ATehran/52774/2013.07
KFE12089_AfSanta_Cruz/831/2012.03

KJ561722_A/Czech_Republici140/2012.11
KCE82288_ A/Arkansas/03/2011.04

Afjiangsuqginhuai/SWL1554/2013 01
Afjiangsutinghu/SWL1354/2013.06
CY141208_A/Koreal3192/2013.01
KF2B0727_A/IndiaVD122268/2012.03
CY176490_A/Darlinghurst/INS3_643/2011.08
CY124713_A/Singapore/KK157/2011.03

GQ402204_A/Canada-MB/RV2013/2009.05
KC780857_A/Wyoming/16/2009.11
GQ329076_ASParis/2722/2009.06

JQ365025_AfHangzhouw/B30/2011.01
KF551080_A/Ontario/026/2011.12

CY148058_A/Georgia’M5081/2012.02
—— KC AT iav101 11.10
ABT45378_ATolttor/TT254/2011.04
JME01086_ASFinlandM17/2010.12
CY160640_A/Peru/PERD45/2011.12

L KJ942508_A/Santiago/p20d5/2011.08
JQ914823_AMaracay/IVEQDD20/2011.01
GU369665_AfAnkaral21/2009.10
CYOT1762_A/Mexico_CityWR1708T/2009.10
CYDE6831_AMadrid/INS222/2008.11
CY080589_A/Tunisla/197/2011.01
KC780262_A/Floridai21/2009.10
KFB49773_A/Thailand/SirirajlCRC_SEA-DD2(34)/2010.02
KC781192_AfAlabama/06/2010.07
CYOT0648_A/England/35060207/2009.12
CYO7S098_A/Chile/32/2009.05
CY0T2454_AlAthens/INS340/2009.12
CYD55932_AiAustraliald1/2009.09
CY0E5142_A/Scotland/@1800797/2009.04
CYD4TTTI_AfArgentinalT649/2009.06
CY053752_A/Russial200/2009.11
7_A/Bi 11
©Y093133_A/Sydney/DD3-11/2010.07
CY043342_A/Denmark/524/2009.06
CY0B6823_AfAntwerpfINS221/2009.10
CY065792_A/MNatherlands/1030/2009.08
CY044196_ASTaiwan/TO0724/2009.05
GY119378_A/Malaysial2076039/2009.08
JXB25236_A/Paraguay/141HCI2009.08
HMOOG715_A/Xian/002/2009.09
JF928754_A/Guangdong/3T8/2010.03
ABST2352_A/Zambia/CZC1/2009.07
CYOT1950_A/Egypt/NO0145/2010.01
CY063011_ATallinn/INS183/2010.04
CY073198_A/Belgrade/WRAIR236ET/2009.11
CY0B2407_AtAfghanistan/N112198/2009.10
KG781238_A/Hawaii/01/2010.01
—— CY0B3080_A/Bogota\WRAIRG440TI2009.10
HM204566_A/Delhi/NIV57/2009.06
CY062357_A/Egypt/N10286/2009.10
JN588785_AICambodialT282/2009.07
GQ258462_ AjSouth Australia/Z001/2009.05
CY044096_A/New_York/3895/2009.06
CY054506_A/Mepal/NPOIA-294/2009.07
C©¥128171_AMViet_Nam/13032015/2009.08
C¥123450_A/SIngapere/ON129/2009.05
HO418011_A/Shiraz/3/2010.02
GQ232064 AlNew_York/18/2009.04
€Y062373_A/KuwalttNDS050/2009.05
GQ166223.A/Sichuan/1/2009.05
GQ1B3617_A/Beijing/01/2009.05
CY039527_A/Natherlandsi602/2009.04
ABS5681223_A/Kobe/S015/2009.05
GQ365444. AlOsaka/180/2009.04
CYD51984_A/Nerway/1350/2009.05 1
G@131023_A/Korea/01/2008.05
KC781785.A/Califarnia/07/2009.04
GQ168606_A/Hong_Kong/01/2009.04

CYD50265_A/Qingdac/320/2009.07

0.6

CY176738_A/Limal/INS3I_680/2012.07 lV
JOT14072_A/Mexico_City/INEROS58/2012 11

- 1 CYDa7208_A/Moscow/WRAIR1933P/2011.01

KAy BERR R LA AE 220 R4 1 MRAY B bk Kk A=
T D222N A8 2 BRAESR &R T D222G AR R TE
ZEAR AR M) 190 BE 1 MR A4 T L1911 A8 5
HA I H HAL 5 HA2 BE A 4 %, SR 4 1R
1AM ER R, HA 85 240 S 5L 7 5

Clade7
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KF451907_A/Kenya/261/2013.02
KF560072_A/Helsinki/809/2013.02
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Figure 2 Phylogenetic tree of the HA(A) and NA(B) gene segments of A/HIN1(pdm09) between 2009 and 2013
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Figure 3  Evolutionary dynamics of the HA(A)and NA(B) genes
of A/HIN1(09pdm) influenza virus strains
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Table 2 The distribution of positively selected sites among A/H1N1(09pdm) viruses in jiangsu, 2013
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Table 3 Amino acids mutation in the HA1 and HA2 of the Jiangsu A/HIN1(09pdm) virus in 2013
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Table 4 Amino acids mutation in the NA of the Jiangsu A/HIN1(09pdm) virus in 2013
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