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Evolutionary analysis of neuraminidase gene of the novel avian influenza virus A/H7N9
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[Abstract] Objective To investigate the evolutionary characteristics and important amino acid sites of the neuraminidase
(NA) gene of the novel influenza virus A/H7N9 in 2013 epidemic. Methods The NA gene sequences of influenza virus A N9
subtype of different times and areas were downloaded from the database of The National Center for Biotechnology Information
(NCBD and The Global Initiative on Sharing All Influenza Data (GISAID). MEGA 5. 05 and BioEdit softwares were used for
phylogenetic tree construction and nucleotide/protein sequence analysis. Results The NA gene sequence of the novel influenza
virus A/H7N9 in 2013 shared a 96% similarity with that of the HIIN9 avian strain found in Czech Republic in 2010. There
were 5 amino acid deletions in this novel influenza virus, and one of the new strains had a variation in potential enzymatic active
sites. Conclusion The NA gene of this 2013 novel influenza virus might originate from the avian H11N9 strains detected in
Czech Republic. The deletion of amino acid might result in human infection and high fatality rate.
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L9 T B K O YA TR s L T AL AT A R L R
T RE B A B I W E b R 20 R S il e 4 R T
1 R A R I R AR B 5T 2 X 2013
AEHT R AL H7NO W8 88 NA JE AT R )7 91 Je
NA Fe [ % 5 8 1 20 LR 5 51 1 40 L 485K T 2 1k
R Ak SR IR | i AR S, N A% YRR R 1 A Ak
(9 S BRL Shy 9 18 B 5 3R 7 SR AR 4R

1 #RIFTE

1.1 2013 $## A WA HIN A B HE NA LB
RAC N E S A R AF B b (NCBD £ 4E
JE N 4 BRI Je A DR 3 S A R (GISAID) F #84f
Eal By N9 A B F 8, A FE HING ~ H7N9
HIN9~HI13N9 Fl HI5N9, R 4 Hi X, 4 F | 4F 15
PEICAH AR RM: M 5 5 AR 74 4%, 48 9 4% 2013 4F
BRLH A H7NO 8o 3 (B2 2013 4F 4 H 23
Hy, H i 3 %4 (K(C853765. 1, KC885958. 1,
KC899671. 1) 2KV T NCBI %4 £, 6 2% (439487,
439500,439509,440684,440700,440692) KI5 T GI-
SAID,

1.2 NA XB# 54 i H Molecular Evolu-
tionary Genetics Analysis (MEGA) version 5. 05 X}
NA 3t 1 # A7 B2 77 90 iF 47t o, A g F 4k #
(neighbor-joining %, NJ ¥, bootstrap=1 000) , ¥
H7NO 5 3 #k IN244222. 1| Korea/2011 (H7N9) fE
HNBHF), IR NA & H— a5 0 & LR
J7- 51 Ay LU X A U 5 ] BE 5 2 Bk KC853765. 1| Han-
gzhou/2013(H7NDVE N 2013 438 A1 H A1 H7N9 i
B B G X g A A L R 3 A AT LT, 43 B NA
1B T M A AN R A A RO R AR 7 R AR
SIE L

2 &H B

2.1 N9 A NA ARF#FAS>H  HIE 74 5 N9 W
TR0 B B AR L 1) R AR E B i 25 1 L v [ B
PIARIN Y 9 4% 2013 4FBF L NO 7 NA R 5 51 Y
PEAEHEES R 0. 001 ~0. 007, MM AE 99% LA L, Af
INB R HTNO Fbk 2 B B W IR, Frildsmk s
2011 45 [E & 2 H7TNO Bk IN244222. 1 (WL IR
BRI, 0. 024~0. 027 MR 9496 ~95% ;5
2010 4EHE 7 LRI E HI11N9 B bk JF789604. 1 Y AH
I s, b 96% ~97%, AL BB O 0. 027 ~
0. 028 HEAL I By 3= T 43 5 52 90 W b 19 Ml 3L 43 A Ay

o B A 0 ) A B s A [ — i X

AR A B BR8] A R AR IR B A7 — i QB

99 JXBIIBOB. 1|A/goose/Nebraska/2011(H7NI)
JX899804.1|Afguinea_fowl/Nebraska/2011(H7NS)
931 CY133787.1|A&Vmallard/Missouri2010(H5NS)
CY133651. 1|A/northemn_shoverl/Mississippi2011(H7NS)
CY137992.1|A/mallard/Alberta/2009(H1N3)
CY134233.1|A/mallard/California/2011(H4N)
EUS57593. 1|/A/northen _pintail/Alaska/2006(H5NG)
CY134377 1|A/mallard/California/2012(H11N3)
93 L CY117399.1|A/mallard/Albe rta/2009(H2N9)
41 — CY024820.1|A/blue-winged_teal/Ohio/2006(H7N3)
CY089517.1|A/mallard/Maryland/2007 (HSNG)
CY076842.1|A/b ufflehead/C alifornia/2006(H2NS)
CY067680. 1|A/blue-winged_teal/Guatemala/2008(H7N9)
HMOBO036.1|A/king_eider/Alaska/2008 (H10N9)
HMOB0035.1|A/glaucous_gull/Alaska/2006(H13N9)
HMOBOO39. 1|Atthick-billed_murre/Alaska/2006(H11N9)
HMOBOD41.1|Atthick-billed_murre/Alaska/2006(H1N3)
CY127255.1|A/uddy_tumstone/Delaware_Bay/1995(H7N9)
CY101226.1|A/shorebird/Delaware_Bay/1936(HINS)
g5 1 CY137460.1|Afruddy_tumnstone/Delaware_Bay/2002(H1N9)
GUO50626.1|A/ruddy_tumstone/Delaware/2002(H2N9)
CY004445.1|Afshorebird/DE/2004(H13N9)
CY127801.1|A/shorebird/Delaware_Bay/2007 (H13N9)
CY054303.1] ican_white_ /2008(H13N9)
100 [ CY093712.1|A/mallard/ California/2008(H11N9)
CY093760.1|A/northern_shove ler/California/2008(H1N9)
CY094183.1|A/mallard/California/2008(HSN9)
100 [ EU743474.1|A/mallard/MN/2000(H11N9)
EUB71870.1|A/mallard/MN/2000(H3NS)
CY042142.1|A/mallard/Minnesota/2007 (H12N9)
CY122001.1|A/mallard/Netherlands/2001(H2N9)
CY139346.1|A/American black duck/New Brunswick/2010(H4N9)
92 L CY138032.1|A/blue-winged_teal/Prince_Edward_Island/2010(H4NS)
CY014788.1|Afturk ey/Minnes ota/1988(H7 N9)
CY021663.1|A/mallard/Ohio/1990(H11N3)
CY101826.1], /5411993(H3NG)
100 [ CY021671.1|A/green-winged_teal/Ohio/1987 (H11N9)
CY017277.1|A/mallard/Ohio/1 987 (H1N9)

| CYDD4826.1|Alaughing_gull/NJ/1985(HANS)
W‘:FCYHMSM 1|Alaughing_gull/Delaware/1988(HINI)
100 LCY126290.1 |A/ruddy_tumstone/Delaware_Bay/19B8(H13NG)
AB292780.1], is/1974(H11N9)
CY029875.1|A/red-necked_: 1_Australia/1982(H12N9)
ABS69561.1|A/duck/Zambia/2009(H11N9)
100 AB289342.1|A/swan/Shim ane/2001(H3NS)
HM1447 27 1|Afwild_duck/Shantou/2001(HBN9)

% CY122254.1|A/mallard/Netherlands/1999 (H2N9)
CY117213.1|A/duck/Nanchang/2000(H2N9)
CY122222.1|A/mallard/ Sweden/2005(H2NS)

- 100 L GUD52870.1|A/mallard/Sweden/2002(HSN9)
HM179249.1|A/mallard/Switzerland/2007 (H11N9)
FEEUDEDABM |A/goose/Czech_Republic/2009(H7N9)

KC599330.1|A/mallard/Czech_Republic/2010(HENI)

JXE79164.1|AMild_duck/Korea/2008(H7NG)
_”ii;ABED7771.1|A/duckN|e|namf2El12(H11 N9)
AB593473.1|A/duck/Vietnam/2008(H1 1NS)

ABA81213.1|A/duck/Mongolia/2008(H7NG)
€Y109684.1|AVduck/Hunan/2007 (HENS)
JF789604.1|A/mallard/Czech_Republic/2010(H11N9)
100 [~ IN244222.1 | Adwild_birdKorea/2011(H7 NG)
IN244224.1 A/spot-biled_

@ 439487|A/Shanghaif1/2013(H7N9)

201(H7NG)

® 439500A/Shanghaif2/2013(H7NG)
@ KCB53765.1|AHang zhow2013(H7NS)
 KCB85958.1|A/Zhejiang/2013(H7NG)
74L& KC899E71.1|A/chicken/Zhejiang/2013(H7NG)

100 —AB292786.1|A/duck/Hong Kong/1978(H2NG)
[: AB292782.1|A/duck/Hong_Kong/1979(H10N9)
100 CY130104.1|A/shearwater/Australia/1979(H15N9)
— \—i
0.02 100 |CY005726.1|Afwedge-tailed_shearwater/
Western_Australia/1983(H15N9)

B 1 FEREFS N TR NA E R
Fig 1  Phylogenetic tree of the NA genes

of influenza A virus (N9) strains
@ . NA genes of novel human A/H7N9 in 2013; <. NA
genes of novel avian/environment A/H7N9 in 2013. NA.

Neuraminidase
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2.2 NAXRpAEGRLRFI 54 TEX 74
SRNTE R R F A0 By L X R B, NA R A KR
1 A1 IR, I 471 MR FERR L M 2013 4E &
PLEY 9 BT HTNO W 8 NA FER &4 15 4
KA m m) & 2, e 69 ~73 iy 5 & R
(QISNT)#4k ,

221 NAEARPTEHEUECEAXERF I o
M RRAEAR & SCHER S 4R N9 B NA R Y S
PEAL ST REFE 119(R) L 120(E),152(D) . 153(R)

*x1
Tab 1

200(N), 226 (R), 229 (E), 245 (D), 276 (H), 278
(E).279(E).294(R).332(D).351(K) .427(E) , i}
I P 67 A5 PR AH OC 3 2 A AT BB AE 122 (Y) L 135
(L) 180(W), Xt i H7NO FF %1 FAH AL B %5 w5
(>95%) 1) HxN9 P41 S BRE5 sk 1 s, Bk
KA LHA HTNO W8 5 DA H7NO 3 F1 H11N9
STV 7695 B A 6 T 7 4 TE IR X L AN R T RR R
JEUR T (439487 | Shanghai/2013) 164 294 fif 5 HAlh
JEEANA

NAEABENMNARAEEENREERSH

Catalytic residues and important amino acid residues of the neuraminidase

Amino acid position

Influenza A virus

119 120 122 135 152 153 180 200 226 229 245 276 278 279 294 332 351 427
K(C853765. 1] Hangzhou/2013(H7N9) R E Y L D R A N R E D H E E R D K E
IN244222. 1| Korea/2011(H7N9) R E Y L D R A N R E D H E E R D K E
439487| Shanghai/2013(H7N9)* R E Y I D R w N R E D H E E K D K E
Avian strains 2013(H7N9) R E Y 1 D R w N R E D H E E R D K E
Avian strains 1996-2010(H11N9) R E Y L D R W N R E D H E E R D K E

*: A special strain of H7N9 human strains. R: Arginine; E: Glutamic acid;D: Aspartic acid; N: Asparagine; H: Histidine; K.

Lysine; Y: Tyrosine;L: Leucine; W: Tryptophan

2.2.2 NAEBEBREMRAER T 24 NAZK
1B R A2 7 5 8 76 6 s A 2 B DG B L A 1) A
JRICHR A NA AT Ge YL R A7 s 64T T A B R T
F 5B TR RE 2 BORT A HTNO 5 81 1 AH B 42 v

(>95%) By HxNO F 41, 48 A B¢ 19 22 35k B8 17 5
$5.222.331.368.369.370.371.373.400.,434, 5 M
I3 B TE BTN T SR AV S R R A e AR (3R 2)

R2 NAERBENESERFINEL

Tab 2 Amino acid variations at potential antigenic sites of the neuraminidase

Amino acid position

Influenza A virus

222 331 368 369 370 371 373 400 434
K(C853765. 1| Hangzhou/2013(H7N9) R N S T A S S N K
Avian strains 2008-2011(H7N9) R N S/N T A S S N K
Avian strains 2013(H7N9) R N S T A S S N K
Avian strains 1996-2010(H11N9) R N S T A S S N K

R: Arginine; N: Asparagine; S: Serine; T:

223 NAEZEBEBANMLANALR T 2
M NOWAEIAY NA & 1 L.l e fEAE 7 DAL
Mo S, gk 3 BRI A JF AN 87 i NLT, 5
147 £ NGT, 26 202 i NAS f) & IR 77 51 35— 50, K
DRI R e, 55 42.52.63.,66 Nr B BE HE AL AL 25

FHERR PP A 7E NO A 24 85, e R 2 AL
304 i

UL T 1Y A R S O R A AT A A

s

Threonine; A: Alanine; K: Lysine

| 3 — 3 Ak Ao B AL AL A6 SR (BT RS )
FEHEHE PR A /INB IR AT CAn B AT TR
1K) A8 UL BRI B 2 T B R I AR Y 45 SR L R Bt R
Rl i A B R AL & A HE BRI e, A A
SRR AT, A0 1918 4E P E R OR AT
1957 4F W L &K AT A 1968 4F 7 #s i IR K A7
SEUE L ORBR G HEAR A BT S B R BT HTNO i J
JREES 2010 AEFE s LRI E B AR JF789604. 1 (1 AH I
PEf i, — MBA A AE AU A e 4 7 [ U Y T R R
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KL ATLL 2013 4B B H7NO FEbknY NA BEA 1 fig
M 2010 4FHE 78 3L M E 7 B 7 JF789604. 1 #Efkmi
K. R WA 2011 4R E H7N9 6 35 b

TFEVEAL B S R B0 TE AR IR B BT, T fE Sk B Y
H7NO f 37 4k ok 355

R3 NMEAHEANSSERFINEL

Tab 3 Glycosylation site variations of the neuraminidase

Amino acid position

Influenza A virus

42 52 63 66 87 147 202
KC853765. 1| Hangzhou/2013(H7N9) N-C-S N-T-S N-E-T N-I-T N-L-T N-G-T N-A-S
Avian strains 1988-2012(H7N9) N-C-S N-A/T/V-S N-E-T N-I-T* N-L-T N-G-T N-A-S
Avian strains 1987-2009(HI1N9) N-C-S N-A-S N-E-T N-I-T N-L-T N-G-T N-A-S
Avian strains 1978-2007(H2N9) N-C-S N-A/T/V-S N-E-T N-L/I-T N-L-T N-G-T N-A-S
Avian strains 1993-2001(H3N9) N-C-S N-A-S N-E-T N-I-T N-L-T N-G-T N-A-S
Avian strains 1985-2011(H4N9) N-C-S/T N-A-S N-E/K-T N-I-T N-L-T N-G-T N-A-S
Avian strains 2002-2010(H5N9) N-C-S N-A-S N-E-T N-I-T N-L-T N-G-T N-A-S
Avian strains 2001-2010(H6N9) N-C-S N-A/T-S N-E-T N-I-T N-L-T N-G-T N-A-S
Avian strains 1996/1998(HIN9) Deletion/N-C-S  N-A-S N-E-T N-I-T N-L-T N-G-T N-A-S
Avian strains 1979/2008 (H10N9) N-C-S N-V/A-S N-E-T N-L/I-T N-L-T N-G-T N-A-S
Avian strains 1974-2012(H11N9) N-C-S N-A/T-S N-E/K-T N-I-T N-L-T N-G-T N-A-S
Avian strains 1982/2007(H12N9) N-C-S N-A-S N-E-T N-I-T N-L-T N-G-T N-A-S
Avian strains 1988-2008 (H13N9) N-C-S N-A/T-S N-E-T N-I-T N-L-T N-G-T N-A-S
Avian strains 1979/1983(H15N9)? N-C-S N-V-S N-E-T N-I-T N-L-T N-G-T N-A-S

“; The strain 2008(CY067680. 1) has a deletion; " The strains 1979/1983 have a glycosylation site at amino acid 45(N-P-T).

N: Asparagine; S: Serine; A: Alanine; T: Threonine; L: Leucine; V. Valine; I: Isoleucine; C; Cysteine; G: Glycine

A HTNO i8R B8 & A B e 4 v 350
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BB B H7NO i 88k
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T O 0 S

R b 2 B P 5 08 i 1 R X, RS R T 2R
IR TIRE . HENT MLk A7 5 B 2 v 5 80 8 1%
Pk i AR BN B i BRI R, B A
H7N9 i 8 15 75 Ak 22 8] 58 36 1k 7 05 58 4 — 3
H 5P N9 I AUAR Fb (B H15N9) L8 34k A7 55 T
B 4 A ] 5 A2 S TR HxNO S B o, 77 78 Al
2013 4B A HTNO It 80 5 Bl 2 A 7 4 58 2 — B
(OE Y L R S A VA s 1K (SR o e
B HIIN9 MIBFse 4 5 — 28, X ULBH 2013 458
TR 3 R B 2R 0 2 R T A AR S W A A A TG

FiFA 2013 4538 A1 H7NO i 8O 2 77 76 55 69 ~
73 PR IEFR A B (QISNT) , X — X 388 T NA &
P AR, 12 DX Sk 2 35 1% 7 9] A S ) IF A6 i) 25 5
R K EAREN S8 NA B H k57 80% & £
T P4 B8 AN T 0 i 5 o) ) 2 P TS PR L RN R A
B (NA B A Al K AR M) SA FR 3L 46 A &
HA™), 2013 A LLRTI N9 M 7Y J6 “ AR5 2 L 1R ik
RIG AR o NGO, 1997 E /s K AW
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H5N1 & i85 5 76 “WA 38 74 19 S SE MR 1 Bk
R A AT LU O H B A m EoR T, Bk
TEHE$2 75 87 ) H7NO 5 B 1% Y 55 AE A5 05 135 119 28 1k
A T R R T R R 1Y Bk i B,

g5 BTk, 2013 47 A B A HTNO i J8Om 8
NA F Y 2 A ok U5 7T R 2 5 e 2R H11N9 2
Bk JF789604. 1, 3F- 78 BL LRl b % A2 T & LR v A5
SER B AR, R B BT E AR F 5 AN A A
T NA B I A8 58 4 it B 85 28 9 2 e M 19 ik
AR, ARWEEE R B AR LR UK T RS HA E
B L AL 7 5 DR R B B, R SRR ST AT R RO
B AR AL I B I R AR A BT L a2E — 25 T fif R T
H7NO Jp5 8 . % FU 37 B0 i SR i A T R 3 8 A (E .

4 FEEAHR
JIT A AR P AR SO 8 RAE AR R 25 0 58
[Z % X #k]
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