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Molecular genetic characteristics of surface protein genes of
globe seasonal H3N2 influenza virus in 2010—-2011

LUO Peng-Fei® CAO Shang' LIWei' LILiang? WU Bin®> QIN Yuan-Fang®
DENG Fei’ QI Xian>  WEI Ping-Min""

(1. Southeast University, Nanjing, Jiangsu 210009, China)
(2. Jiangsu Provincial CDC, Nanjing, Jiangsu 210009, China)

Abstract: [Objective] The evolutionary tendency and molecular characteristics of both HA
(Hemagglutinin) and NA (Neuraminidase) gene of seasonal H3N2 subtype influenza viruses
isolated in 2010-2011 were to be determined, and the molecular information made an impor-
tant part of control and prevention of influenza worldwide. [Methods] We collected all nu-
cleotide sequences of segment 4 and 6 that contained complete ORF (Open Reading Frames)
of HA and NA gene during Jan-2010 and Sep-2011, phylogenetic trees based on ORF se-
guences of two genes were constructed. Theoretical amino acid (aa) chains of every sequences
were deduced to find out the variation sites referring to vaccine strain, and prevalence of
changes in functional positions were analyzed. [Results] Among all 267 sequences surveyed, 3
(2 HA and 1 NA) were strains of swine origin, while others could be classified into 2 groups
by evolutionary relationships. Compared with vaccine strain, average variation sites on HA
and NA antigenic determinant were 5.33 and 2.01, respectively. Sites mutations on RBS (Re-
ceptor of Bonding Sites) and HA disulfide as well as NA drug resistant sites were found in 3
different isolates. N-glycosylation sites of HA and NA were increased in most isolates. Be-
sides, variation sites on HA antigenic determinant between isolates from Jiangsu and Guang-
dong were accounted from 7 to 13. [Conclusion] Two kinds of gene evolutionary characteris-
tic were found in recent seasonal H3N2 subtype viruses. Antigenic difference between epi-
demical strains and vaccine strain are recommended for development of new vaccines, in spite
of they were still unknown, the variations on antigenic positions and N-glycosylation sites
between each isolates and vaccine strain would probably alter antigenic characteristics of most
isolates surveyed, so further antigen detection work is required to be carried; Health adminis-
trative departments in different districts must improve the treatment followed drug resistance
situation of local epidemical strains.

Keywords: H3N2 subtype influenza virus, Surface protein gene, Evolution, Molecular characteristic

VB BE R IEAR AL, R HEOKSEE R (MEER AP SR R RE, A BIREAT 70
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Hrp A BIFERORYLN . BRI, )RR, SRR RS 25-50 7 AsETE,
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213 B1fE2WMER: BREMIHAE R
BUFHITERR, 76 HAFITNA BEALR b, B 1 A
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IR 2= S G0 BE 1 A2h 0.8%, #if 2
M 0.6%, WHREEEISH 1.7%; NA J5im, B 1 N
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 A/Denmark/21/2011 (H3N2) (JF327387.1)

A/Mexico City/WRAIR3579T/2010 (H3N2) (CY093543.1)

29| A/California/NHRC0003/2011 (H3N2) (CY092265.1)

63| A/Managua/3424.01/2010 (H3N2) (CY092313.1)

37{ A/lllinois/NHRC0002/2011 (H3N2) (CY091573.1)

A/Texas/NHRC0001/2011 (H3N2) (CY091557.1)

— A/Managua/2492.04/2010 (H3N2) (CY092305.1)
A/California/NHRC0001/2011 (H3N2) (CY091581.1)

8 A/California/NHRC0002/2011 (H3N2) (CY092281.1)

I~ A/Bogota/WRAIR3457N/2010 (H3N2) (CY093407.1)
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A/Mexico City/ WRAIR3568N/2010 (H3N2) (CY093463.1)

Ll A/Mexico City/WRAIR3570T/2010 (H3N2) (CY093495.1)
63|~ A/Mexico City/WRAIR4139N/2010 (H3N2) (CY093559.1)
I A/Alabama/AF2692/2010 (H3N2) (CY084299.1)
4 [ A/Denmark/105/2010 (H3N2) (HQ880599.1)

96]

37
4

—_—

"~ A/Moscow/WRAIR4307N/2011 (H3N2) (CY093495.1)

A/District of Columbia/WRAIR1753P/2010 (H3N2) (CY093383.1)
A/Guangdong/322/2010 (H3N2) (CY091837.1)
A/Guangdong/460/2010 (H3N2) (CY091845.1)

65
74

Ao

\O

0

A/Guangdong/429/2010 (H3N2) (CY091841.1)
A/Guangdong/441/2010 (H3N2) (CY091843.1)

— A/New York/20342/2010 (H3N2) (CY070967.1)

[ A/District of Columbia/ WRAIR0300/2010 (H3N2) (CY093224.1)
A/Santo Domingo/WRAIR3516T/2010 (H3N2) (CY093439.1)

- A/Sydney/DD2-02/2010 (H3N2) (CY090877.1)

A/South Carolina/NHRC0001/2011 (H3N2) (CY091565.1)

36 BT A/New York/20343/2010 (H3N2) (CY072214.1)

A

A/Sydney/DD2-01/2010 (H3N2) (CY090869.1)
A/Denmark/22/2011 (H3N2) (JF327386.1)
‘{A/Managua/3433.02/2010 (H3N2) (CY074827.1)

/Managua/3039.01/2010 (H3N2) (CY088907.1)

Group 2

0.001

A/San Salvador/WRAIR3537T/2010 (H3N2) (CY093447.1)
A/Mexico City/WRAIR1752T/2010 (H3N2) (CY093375.1)1
A/District of Columbia/WRAIR0301/2010 (CY093232.1)

Or A/Acre/15093/2010 (H3N2) (HM628693.1)
A/Acre/26954/2010 (H3N2) (HM628694.1)

A/Sao Paulo/16363/2010 (H3N2) (HM628692.1)
A/Thailand/CU-H1817/2010 (H3N2) (CY074966.1)
A/Nanjing/1654/2010 (H3N2) (HQ664924.1)
A/Belgrade/WRAIR2379N/2010 (H3N2) (CY093391.1)

A/Nanjing/1655/2010 (H3N2) (HQ664914.1)
99~ A/Nanjing/1663/2010 (H3N2) (HQ664931.1)
[A/Indiana/08/2011 (H3N2) (JN638733.1)

100" A/Pennsylvania/09/2011 (H3N2) (JN655537.1)

Group 1

]Swine origin strain

B 1 2010-2011 & iEZTr1t HIN2 RS EE S BEIKET HA ZEH LR
Fig. 1 Phylogenetic tree based on HA gene of main seasonal H3N2 influenza isolates in 2010-2011
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A/Guangdong/429/2010 (H3N2) (CY091842.1)
%% |~ A/Guangdong/441/2010 (H3N2) (CY091844.1) Group 2
A/Denmark/105/2010 (H3N2) (HQ880601.1)
" A/California/NHRC0001/2011 (H3N2) (CY091583.1)
33{— A/Mexico City/ WRAIR3569N/2010 (H3N2) (CY093473.1)
46l A/Mexico City/WRAIR3579N/2010 (H3N2) (CY093537.1)
1[' A/Mexico City/WRAIR3579T/2010 (H3N2) (CY093545.1)
— A/Bogota/ WRAIR3457N/2010 (H3N2) (CY093409.1)
" A/California/NHRC0002/2011 (H3N2) (CY092283.1)
82) A/Santo Domingo/WRAIR3514T/2010 (H3N2) (CY093425.1)
spL—A/District of Columbia/WRAIR0300/2010 (H3N2) (CY093226.1)
79 A/Sydney/DD2-02/2010 (H3N2) (CY090879.1)
A/South Carolina/NHRC0001/2011 (H3N2) (CY091567.1)
A/Sydney/DD2-01/2010 (H3N2) (CY090871.1)
631 94|~ A/Denmark/22/2011 (H3N2) (JF327388.1)
g0 | A/Managua/5543.01/2010 (H3N2) (CY074853.1)
A/Managua/38.01/2010 (H3N2) (CY088941.1)

A/San Salvador/WRAIR3537T/2010 (H3N2) (CY093449.1)
™ A/Mexico City/WRAIR1752T/2010 (H3N2) (CY093377.1) -
A/Nanjing/1663/2010 (H3N2) (HQ664933.2)
99| [ A/Nanjing/1654/2010 (H3N2) (HQ664926.1)

70| A/Belgrade/WRAIR2379N/2010 (H3N2) (CY093393.1)
A/Nanjing/1655/2010 (H3N2) (HQ664916.1)
A/Niigata/1143/2010 (H3N2) (HQ703361.1)
78" A/Stockholm/4/2010 (H3N2) (HQ315824.1)
A/District of Columbia/WRAIR0301/2010 (H3N2) (CY093234.1)
86E A/Perth/16/2009 (H3N2) (GQ293082.1)
51 A/Thailand/CU-H1817/2010 (H3N2) (CY074968.1) _
A/Indiana/08/2011 (H3N2) (JN638732.1) ] Swine origin strain

—

—_
0
[o)Y

Groupl

0.000 5

B2 2010-2011 fF[EZETM HIN2 TR HEE S BIRA NA EEFH LR
Fig. 2 Phylogenetic tree based on NA gene of main seasonal H3N2 influenza isolates in 2010-2011
TE: 0[] — 3 X P B 0 8 09 TR DR B i ) P 3, s R R — R P S AR IR AT o — S B bR, LSBT 44 A
GenBank J¥41%5, 43 AL %L /2 Bootstrap K0y Al B2, &1 1 A& 2 5 )UE 0.001 F1 0.000 5 43l F AL BE UL IR
2RI
Note: We selected only one from similar isolates that were from the same place as representative for the construction of phylogenetic

trees. Each line is one isolate including its Latin Name and GenBank accession number, the numbers in each branch are the credibil-
ity of Bootstrap test, ruler values (0.001 and 0.000 5) represent the level of number of difference.
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FHURIOE i F (R 1); G aAEERIPTIRA S
FRMZESHH, k¥ AlThailand/CU-H1285/2010
M A/Thailand/CU-H1817/2010 (1 1) & />,
A/Guangdong/441/2010 (9 M %2; 131 MEEREHY
R 2R HON 5.33 4, BE 1 B 3 A4S, iR
2 FERR T4 (5.63 /1) /2 T I LT A8 4 4~ LA
R EIERAE SR

B SIS 6 Mk EL(98Y L 153W ., 190E. 194 L.
183 H #1 155T)ZH it AR 1R 1HI, 134-138 kI
Tl 224228 %34 I B 11 42 10 47 BE Rl 72 B ),
A/Santo Domingo/WRAIR3516T/2010 % 4= A138S
(AR5, P REIE MU BE TG 45500 1Y 2 [H] 257
KA,

224 HA EHITHE: HAL X2 14 Ml HA2
X2 137 fiAEIDE R (C) R M) —mitd, K
HAL F1 HA2 A3, LIK HAL 1% 52 5 277, 64
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TE R — w5 A/Nanjing/1655/2010 (H3N2)f
C305R 755, flif5 H —Fisd% 0 i b—xt

http://journals.im.ac.cn/wswxtbcn

A5 PR3 TN B8/ Yo S B B S e At A=
Y2 fe o — . Btk AlPerth/
16/2009 1 HA 5 A& 10 MEIERRALALE, 4
WA T4 8. 22, 38, 63, 122, 126, 133, 165,
246 1 285 [ 23R, 3= 2 Won, 115 MR EEsgm
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AN IR R S0 F T 53T o

A 7 AYURREREIL 34 NESERNEE, B
HIBRERIY NA JPF1, 127 A EERAE NA L IFAAER
PR 2 S 5 BT 344, Hidb 6 AN T
POERE b o 78 127 Dtk sAL s 22 5 40E
A/Mexico City/WRAIR3579N/20 . A/Mexico
City/WRAIR3579T/2010 . A/South Carolina/
NHRC0001/2011 (3 4%, A/District of Colum-
bia/WWRAIR0301/2010 A1 A/Mexico  City/
WRAIR1752T/2010 oK WAV 5525 5, 127 #bkT-1
2.01 4>,

232 NA EEWESREIEEMEMS: O
ALE A BNz 58: 118R (151D, 152R \224R , 276E .
292R. 371R. 406Y . 119E. 156R. 178W. 179S.
198D/N ., 2221, 227E. 274H. 277E . 294N 425E,
P25 2 R T 5 0 ) TS 245 67 55 (N) A8 S 46 292
(R—K). 119 (E—>G/AIDIV). 294 (N—-S). 151
(D—E). 276 (E—D)x/ A e X il 28 2 TR 1Y
Mif 2519, A/Mexico City/WRAIR3579N/2010 &
A= D15IN 9485, AT RE™ A= it 241k .

B NA ZEH FAEAE 7 b A5 26 61, 70,
86. 146. 200. 234 f1329 fii, £ 2 7R, 113 ¥
SREEIEAN T 1-2 4 NA BB b7
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24 HAFANA EET RSB EMS

FLLOA 5 2 5 (R AAAE TR [T HB X 1 432 2
PR, R A2 S e R 518 E0/E R
I —E MR E N, A RAETEDURALS, PR
BCAPUR AL U bR A A KA TR HABAL A, dRE
VR I BERT AR R )

241 IBEMLE: HA HEAH, #F 1 SR
50, 124, 214, 260 F1 262 i 5#F 2 FERAYHS 44,
48, 53, 62, 92, 94, 144 212, 213, 214, 230,
280 I 312 i, WIHERHEANTE 214 {7 1% 25 5 AH W]
NA FEFJ7T, #f 1 ) 342 F1 402 LKA 2
) 367 F1 369 i, A ULPHRFEAH A AL

Fx1 ZLEPEHRAE HA F1 NA ERESEBRL S EFRALEFSNEL

Table 1 Positions and frequency of amino acid difference on HA and NA protein

P PE R 22 5L AL B (B ER)
Antigenic determinants Positions of difference (frequency)
HA-A S124N V130A T131A N133D A137S A138S R142G K144N
4) ) 2 1) 1) 1 (€ (116)
N157K K188N
HAB M M)
HA-C S45N T48A E50K D53N N278K C305R N312S
4) @) 9) (34) @ @ (74)
HA-D T212A V213A S2141 1230V
(113) ) (133) (32)
HA-E Q57H K62E N81D L86P S91R K92R Y94H 1260M S262R/N
1) (114) (2 1) 1) ©)) (33) (11) ©))
Antigenic positions of N342D H347N S367N K369T R400K G401S N402D T434N
NA (12) (1) (113) (113) (1) (1) (13) 3)

T2 EHREHAFNAERERELABEEMNSHBETL

Table 2 Changes of N-glycosylation sites of HA and NA

HH I B RERR ZE LR WEEAL AL H
Protein Isolates Positions of difference Numbers of N-glycosylation sites

HA A/District of Columbia/WRAIR0300/2010 T10A, S45N, K144N 12
A/Acre/15093/2010 N38Y 10
A/Guangdong/441/2010 S124N, K144N 11
A/Nanjing1655/2010 S124N 10
A/Nanjing1663/2010 S124N 10
A/District of Columbia/WRAIR0301/2010 N133D 10
A/Denmark/105/2010 E280T, K144N 13
A/Denmark/22/2011 S45N, K144N 13
Other 112 isolates K144N 12

NA AJSanto Domingo/WRAIR3514T/2010 T148I, S367N, K369T 7
A/Mexico City/WRAIR3579N/2010 D151N, S367N, K369T 9
A/District of Columbia/WRAIR0301/2010  S245N 8
Other 111 isolates S367N, K369T 8
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PIRHE 2 Wiy S199A Fhien . HA ARSI (7
225 EEA Groupl HiY D127N. 1307M,
L338F/S Fll E381G/K LIKHE 2 Hi E41K FI
R430S,

25 HEKXMtEX2BHRONMELSRES

TLAR@)F AR ()BT B T PR, % 3
BN, TTARFNLIN LT 53 B BERRTE HAL IX BT
MEZEREBEANT 7-13 A, MW T EHEHRAHR
P2s R E S

#3 HEBRX 7 MFRERECSHESRH

Table 3 Number of antigenic position differences between 7 Chinese isolates

%FI SrEEAR Gd/429 Gd/441 Gd/460 Nj/1654 Nj/1655 Nj/1663
Protein Isolates
HA Guangdong/322 1 7 12 11
Guangdong/429 8 13 12
Guangdong/441 8 11 12
Guangdong/460 7 12 11
Nanjing/1654 4 4
Nanjing/1655 2
NA Guangdong/322 0 4 4 3
Guangdong/429 4 4 3
Guangdong/441 4 4 3
Guangdong/460 4 4 3
Nanjing/1654 1 2
Nanjing/1655 1
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