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Phylogenetic analysis of hemagglutinin (HA) gene of the novel avian influenza virus A/H7N9
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[Abstract] Objective To investigate the evolution and variations in coding amino acids of hemagglutinin (HA) gene of
the novel avian influenza virus H7N9 in 2013 epidemic. Methods The HA gene sequences of influenza virus H7N9, H7N2,
H7N3 and H7N7 subtypes were downloaded from the database of The National Center for Biotechnology Information (NCBI)
and The Global Initiative on Sharing All Influenza Data (GISAID). MEGA 5. 05 software was used for sequence analysis and N-
J method was used for constructing the phylogenetic trees. The amino acid sequences at the receptor binding sites, glycosylation
sites, and cleavage sites was aligned and analyzed. Results The HA genes this novel A/H7N9 virus in 2013 shared a 95. 3%-
95. 6% similarity with JQ906573. 1| Zhejiang (H7N3 virus) isolated in 2011. The most important variation in this novel H7N9
isolates was found at the receptor binding site: Q2261.. The 5 glycosylation sites were highly conservative. One basic amino acid
(R) at the HA cleavage sites, located between aa339 and aa340, was also found in this novel isolate. Conclusion The HA gene
of this novel H7N9 isolate might originate from H7 subtypes carried by birds in China. The binding site change caused by
Q2261 variation might be responsible for human infection of this novel H7N9 isolate.

[Key words] H7N9 subtype influenza A virus; hemagglutinins; evolution; variation (genetics)

[Acad J Sec Mil Med Univ,2013,34(6) :595-601 |

20134E 3 Az 4 H L, IRE Bl LRCHNT L SREIIRERER, &4 ik, R A & R g

TS M A R H7NO RO R RO R, B
A R E N I & R TR, AT R A A P e kT
SRR A ZE A IR R R e R E

[ EE] 2013-05-09 [#EZHEH] 20130522

R H7 WA th, H7N7  H7N2 H7N3 ¥ 506 5
W e AR AR T H7NO Wi 8Os B AE & 26
PRSI R, AN R A HTNO 7R 75 8 e 3]

[E€mB] FHEWALTARES AR E KT H (126WZX0102). Supported by Key Construction Program of Shanghai Public Health

(12GWZX0102).
[fEE®N] % B, W+H4. E-mail: muyuweiwei@163. com

* 1B {F1E & (Corresponding author). Tel: 021-81871060, E-mail: gcao@smmu. edu. cn



B OFEERFYM 2013456 AL 34 B

fm[lio

R AR 7 R IR KR R AR BN AL A 8
B EE RNA, 9 2 JURL 3R 1 A7 76 P RORE 2R 1
1fil % % (hemagglutinin, HA) 1 £ & #2 i (neura-
minidase, NA), HHj T M H 7 5 8% 7 10 K SR 18
FAREFER 16 M HA 9 Fl NA L IX # Fhob &
FOUE TR 20 8 S HA B3R F 3
RNA £ 4 X B, & — P 2 0 P15 43 . bk
PRI B  TER R N B, HA &
FIRE 0% AT 5 40 3R I 2 AR S5 5 A IR Gl
AR AL EANME, W HA B A& 579 E iz
PRGSO A U)X 5 35 M 2 9 T Y 32 8 A 3] O i
TEH.

AT 5 B 5T B A HTNO WK 8 HA 3 X
P50, 43 BT BT 3 bk 1) a2E A0 AR AIE B S B R 1) A2 S A% 0
PSR R RN WL SR B R AN S AR LS B PN S
8 JEERL S S A 8B 4t i B L B R R R B AR
FEA AR A — o Y BRIR AR

1 BRI E

1.1 FAHRR

1.1.1 H7N9 mEm &£ EF2 KA L
2013 4F 4 H 22 HE A 9 Z58 AL &Y H7NO i Je%
WEE HA FERF 5 AL 46 36 [ E S A Y R (5 B
L (NCBD™ Hr g 2 2% R 42 Bk 65 I Jak 56 R 3 =2 45 4
FECGISAIDDM wr iy 7 5 Hoh 1 ifg i 3% 2 6l
(439486.439502) , ZHUEE 1 B (439507) , BT &
H 2 B (440095, KC853766. 1), #i L. B & 1 f
(KC885956) , X3 (440685) , % F (440701) , ¥ 5 h
(440693) 45 1 B, 53 W NCBI T #% 2013 4 DL 4%
Hb A% R H7NO R 3 41 23 4.

1.1.2 HfH7 TR HAZXZRH A WHERE N
NCBI T #% 2013 4E Z Fii Ao I 2 (49 H7 7 A9 (4 A 350
B HA P, EER R G R 2R e i
N3 B H7 830 120 2 . H7TN2 , H7N3  H7N7,
R 2 A1 8 B[R] R 6, A PP % 31 A5 AR 3R
11537,

1.2 #MEatis  FH Molecular Evolutionary
Genetics Analysis (MEGA) version 5. 05 {4 #E17
Ay 1R )7 51 Eb X, R FH 4B # (neighbor-joining, NJ)
2 (bootstrap=1 000) Zx ] H7N9 & i Bk % HA

SEPR AR AR . B Skt B 48 B BT AT H7NO T8
BEHEAT HEAL 73 B WLER HEAL AN i H7NO 7Y iy 3E Ak 77
I 5 SR J e 43 PR e Jo 7 LA % 5 22 i A I B B 1Y
Wi 2 H7NO AU i %o 75 L 3% W] H7N2 . H7N3 , H7N7
TBRREIL 42 J% HA LR 3 9 32F 47 2F kA% 23 A
¥ 2013 A7 R IR 2 10 AL R U

1.3 EFHA X HA AR FS . Hr
BN 5 FESLARAT SR 2, DL 2013 AFH
B H7N9 Ui /2% 7 # bk KC853766. 1 E & %
5,

K

b

2 & B

2.1 REBHFTAR HING AR E HA LR et
bt B IRt 32 & H7NO WO & HA RN ¥
B AT i) T HTNO SR IEO0 7 10 R AL B (T8
1), Mzt A nf 250 . H7N9 3 7 Jdis 7 HA 3
PR AR AR R BORT LA R R 322 2013 4R AT I 2 5
DAFESE I L IR 5 %2 1 HTNO 30 80 1 8 — K43 32
53— 3 SR ASA I I E AL SEEOR 1 HTNO /8% B
R Ff 2 Ak B 5 14 45 2R OB AL H7NO i8S # 5 2008
AESE T VRO 7 R (ABA81212. 1) HEAL I B e i, N
0.067 ~0. 074, H Yk S~ 2002 4 11 Fni ML 300 8% 25 b
(AY999981. 1), #EALIEES 4 0. 078~0. 086,

2.2 #HAFA HIN9 R mE HA AR oyt
S 42 4 H7IN2 H7N3,H7N7 ,H7N9 W %I (1 Jii
SR 7 B DR b B A5 R B R, 2011 AR WL & 2K
H7N3 HiJEm 5 /K (JQY06573. 1) 5 2013 4F H AL I
T I B B 1 HE AL BE B Bl . R A I A R A T R
BB HTNO i8S 8 HA S& P 2 (845 1R & 19 A1
L, 5 8 99% P b, 5 H7N3 W B N 7
(JQY06573. 1) 1 HA J& B AH L ¥ 4 95. 3% ~
95.6%., 5 2003 4E yT P§ HIN7 i R K %
(EU158101. 1) [E] iy AR AME ST 95% . WLIAl 2.,

2.3 HAZRGRAARFIN W EF o4 ELXT
HA & (2L ¥ 90 Xt & BT A HTNO i &
JEEERY HA ZEF AT T 2011 #7828 HINS it
TR FEAR (JQO06573. 1) #E LA 2 JE W2 v & & A A8
5 :2a128,aa181,aal83,2a188 ,aal95,aa211,2a213,
aa226, aa285, aa298, aa335, aa410, aad4l2, aadb5,
aa541, Hf aal28(K),aal81(R),aal88(V) aa2l3
(V) .aa285(K) ,aa298 (1) ,aa335 (1) ,aad12 (V) i 5%



96 WL OC B, S R A H7NO RO EE I R L K E L o BT

* 597 -

B 75 S 7R 2%k HT WA 1A AR A, B
SRS BARTE AN 1 s, B R HINO Fi Bk
TR S MR = — LMk A 1 LR

99

=
&
i

=
=
I

ERRERERSX 8 AW E

B
¥

@ KC853766.1|A/Hangzhou/1/2013(H7N9)

<> 440693|A/Environment/Shanghai/2013(H7N9)
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——— AB481212.1|A/duck/Mongolia/2008(H7N9)
AY999981.1|A/Mallard/Sweden/2002(H7N9)

HQ244407.1|A/Anas crecca/Spain/2008(H7N9)
FN386467.1|A/Anas crecca/Spain/2008(H7N9)

96 | GU060482.1]A/goose/Czech Republic/2009(H7N9)

HQ244415.1|A/goose/Czech Republic/2009(H7N9)
JN029686.1]A/wild duck/Mongolia/2008(H7N9)
JN244231|A/wild bird/Korea/2011(H7N9)
JN244236.1|A/spot-billed duck/Korea/2011(H7N9)
JN244234.1|A/vild bird/Korea/2011(H7N9)
JN244232 1IA/wild bird/Korea/2011(H7N9)

1001 CY014786.1]|A/turkey/Minnesota/1988(H7N9)
AF497551|A/turkey/Minnesota/1988(H7N9)

CY127253.1|A/ruddy turnstone/Delaware Bay/1995(H7N9)

ﬂusuzm AJA/ruddy turnstone/DE/2000(H7N9)
961 CY067678.1|A/blue-winged teal/Guatemala/2008(H7N9)
CY067670.1|A/blue-winged teal/Guatemala/2008(H7N9)

CY122531.1]A/environment/Colorado/2007(H7N9)
CY024818.1|A/blue-winged teal/Ohio/2006(H7N9)
JX080746|A/emperor goose/Alaska/2006(H7N9)
CY133649.1|A/northern showerl/Mississippi/2011(H7N9)
JX899805.1|A/goose/Nebraska/2011(H7N9)

92 1JX899803.1| A/guinea fowl/Nebraska/2011(H7N9)
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Fig 1

Phylogenetic tree of hemagglutinin (HA) genes of 32 H7N9 strains of different years

@ : HA genes of novel human A/H7N9 in 2013; <: HA genes of novel avian/environmental A/H7N9 in 2013
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CY037095.2|A/chicken/New_Y ork/2005(H7N2)
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Fig 2 Phylogenetic tree of hemagglutinin (HA) gene of different H7 subtypes of influenza virus

: HA genes of novel human A/H7N9 in 2013; <. HA genes of novel avian/environmental A/H7N9 in 2013

CY138769.1|A/American_black_duck/New_Brunswick/2010(H7N7)
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Tab 1 Amino acid substitutions of HA proteins of H7 subtype avian influenza virus

Amino acid position

Influenza A virus
11 102 130 183 195 198 211 226 307 321 410 455 541

New strains (2013/H7N9)

A/human/Shanghai/1 I S A N G A A% Q D R T D A
A/human/Shanghai/2 1 S A S \% A \ L D R N D \
A/human/Anhui/1 1 S A S \% A \% L D R N D \
A/human/Hangzhou/1 1 S A S \% A \% 1 D R N D Vv
A/chicken/Shanghai 1 S A S A% A A% L D R N D A%
A/environment/Shanghai 1 S A S A% A A% L D R N D A%
A/pigeon/Shanghai 1 S A S \% A \% L D R N D A%
A/human/Hangzhou/2 1 S A S AV A AY4 1 D R N D AY4
A/human/Zhejiang 1 S A S A\ A \ L D R N D \
H7 subtypes (China)
A/duck/Guangdong/1996 (H7N3) C T S K G N 1 Q N T S N A
A/duck/Zhejiang/2011(H7N3) 1 S A D G A 1 Q D R T N A
A/duck/Jiangxi/2003(H7N7) E S T D G T 1 Q N E T N A
A/chicken/Hebei/2002(H7N2) \ N 1 D G T 1 Q N E T N A
A/duck/Hong_Kong/1978 (H7N2) A% N T D G T I Q N E T N A
A/duck/Taiwan/1993(H7N7) A% N T E G T I Q N G T N A
A/duck/Taiwan/1999(H7N7) \ S T D G T 1 Q N E T N A
H7 subtypes (other districts)
A/Netherlands/2003(H7N7) A% S T D G T 1 Q N E T N A
A/bird/Korea/A72/2010(H7N7) \% S T D G I 1 Q N E T N A
A/pintail/Korea/2009(H7N7) \% S T D G I 1 Q N E T N A
A/duck/Korea/2007 (H7N3) 1 R T D G T 1 Q N E T N A
A/duck/Korea/468/2011(H7N3) \% S T D G T 1 Q N E T N A
A/environment/Mongolia/2007 (H7N7) 1 R T D G T 1 Q N E T N A
A/duck/Mongolia/2008 (H7N9) \ S T D G T 1 Q N E T N A

I. Isoleucine; S: Serine; A: Alanine; N: Asparagine; G: Glycine; V: Valine; Q: Glutamine; L. Leucine; D: Aspartic

acid; R; Arginine; T: Threonine; C: Cysteine; K: Lysine; E: Glutamic acid

2 HMIREREFSHAZAREUUASERFINEL

Tab 2 Glycosylation site variations of HA proteins of H7 subtype avian influenza virus

Amino acid position

Influenza A virus

30 46 249 421 493
New strain 2013(H7N9) N-G-T N-A-T N-D-T N-W-T N-N-T
Avian strains 1978-2005(H7N2) N-G-T N-A-T N-D-T N-W-T N-N-T
Avian strains 1996-2011(H7N3) N-G-T N-A-T N-D-T N-W-T N-N-T
Avian strains 1993-2010(H7N7) N-G-T N-A-T N-D-T N-W-T N-N-T
Avian strains 1988-2011(H7N9) N-G-T N-A-T N-D-T N-W-T N-N-T

N: Asparagine; G: Glycine; T: Threonine; A: Alanine; D: Aspartic acid; L: Leucine

®3 HWITHAEREARE HAZBRBUAMESEER Y HBER

Tab 3 Amino acid distribution around cleavage site of HA proteins of H7 subtype avian influenza virus

Influenza A virus New strain| H7N9 AB481212. 1| H7N9 JQ906573. 1| H7N3 EU158101. 1| H7N7 AY338459. 1| H7N7

Cleavage site IPKGR y GL IPKGR y GL TPKGR §y GL IPKGR y GL IPKRRRR y GL

v : The cleavage site; 1. Isoleucine; P: Proline; K: Lysine; G: Glycine; R: Arginine; L: Leucine; T: Threonine
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