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Abstract: [Objective] This study was designed to investigate the genetic evolution of the neuraminidase (NA) gene of
seasonal A/HINI and 2009 novel A/HINT influenza virus, and discuss the genetic variation of influenza A virus. [ Methods] The
virus strains were separately isolated from the clinical samples collected in 2006 and 2009, and then identified as seasonal A/
HINT and novel A/HIN1. The full length of the NA gene of these strains was amplified by RT-PCR. Then the genetic evolution
and mutations of important functional sites were analyzed. [Results] The homology of NA gene hetween the 2009 novel A/HINI
isolates and 2006 seasonal A/HINI isolates was low (77.9% ~ 78.8%), so was the homology of NA gene between the 2009 novel
A/HINI isolates and representative strains of different periods and 1979-2001 WHO recommended vaccine strains (78.1% ~
79.3%). But compared with the WHO recommended vaccine strains of 2009 novel A/HIN1, the homology reached more than
99%. The genetic evolution analysis revealed that NA gene of 2009 novel A/HINI had the closest genetic relationship with the
swine influenza A virus (A/swine/Belgium/1/1983) from Eurasian lineage, and some of the antigenic sites and neuraminidase

active sites of NA gene of seasonal A/HINI were mutated after 2005. [Conclusion] The NA gene of 2009 novel A/HIN1 may
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originate from Eurasian lineage of swine influenza virus. The variation of NA gene of seasonal A/HINI has occurred in a certain

degree. Hence, it is very necessary to continuously monitor the variant of influenza A virus.

Key words: influenza A/HINI virus; neuraminidase gene; genetic evolution
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Table 1 Primers used for amplification of the NA gene of 2009 novel A/HIN1 influenza virus

Forward Reverse Expected length (bp)
1 TGTAAAACGACGGCCAGTAGCAAAAGCAGGAGT CAGGAAACAGCTATGACCCTGGACCRGAAATTCC 600
2 TGTAAAACGACGGCCAGTTACACAAAAGACAAYAGC CAGGAAACAGCTATGACCGGRCCATCGGTCATTATG 422
3 TGTAAAACGACGGCCAGTGGTCAGCAAGCGCATGYCATGA ~ CAGGAAACAGCTATGACCCATATYTGTATGAAAACC 527
4 TGTAAAACGACGGCCAGTAATGGRCARGCCTCRTACAA ~ CAGGAAACAGCTATGACCGCTGCTYCCRCTAGTCCAGAT 620
5 TGTAAAACGACGGCCAGTTAGGATACATCTGCAGTGG CAGGAAACAGCTATGACCAGTAGAAACAAGGAG 511

1.3 &K NA EERI G EEMF5INE

HI PCR I HE 24 NA P, SO0 264
95 °C 3 min,95 C 305,42 C 305,72 °C 1 min 40 s,
28 MEH G ,72 C 7 min, =Y 4tk s S
pGEM-T easy Vector System | (Promega) i& $% , Ff

AL E.coli DH-5a JRAZ UM, 57 T-A sl
FH PCR & FBETI VL 0 2 PHAE s b | 5 Jm e LT
R EARAG R R TIT , F5 25 R DF 42
NA ERFR 2K, FIH DNAStar ALY
EditSeq #i5& ORF Jf-4fE 3 I @ ELBR 741, #1751 45
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Table 2 The vaccine strains and international

representative stains of HIN1 influenza virus

) Protein sequence Years of vaccine
Strain name
accession strain

A/Brevig Mission/1/1918 AAFT77036 -

A/Puerto Rico/8/1934 ABD77678 -
A/Weiss/1943 AAF77045 -
A/Fort Monmouth/1/1947 ABD77810 -
A/Denver/1/1957 ABD15262 -
A/USSR/90/1977 ABF21333 1978 N-1980 S
A/Brazil/11/1978 ABO38068 1980 N-1984 S
A/Chile/1/1983 AB038343 1984 N-1987 S
A/Singapore/6/1986 ABO38398 1987 N-1997 S
A/Bayern/7/1995 CAD57264 1997 N-1998 S
A/Beijing/262/1995 ACF41870 1998 N-2000 N

A/New Caledonia/20/1999 ABF21328 2000 S-2007 S
A/Solomon Islands/3,/2006 ABU99068 2007 N-2008 S
A/Brisbane/59/2007 ACA28847 2008 N-2010 N
A/ California/7,/2009 ACP41952 2010 S

N: Northern Hemisphere; S: Southern Hemisphere
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2009 .A/GD/05/2009 . A/GD/56/2009) 174K
NA SEDI9 38, 738 0 19 B B9 2500 195 B B A
fF(E),
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483 506 555 657 66515611684 bp

E 1 RT-PCR ¥ i4 NA EH
Fig.1 The amplification of NA gene using RT-PCR
A: 7 selected strains of 2006 seasonal influenza A/HIN1; B:1
of 5 selected strains of 2009 Novel A/HINI; The NA gene was

amplified in 5 pieces.
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HINT JiBs 5 L #, 2009 4E57 % HINT 38 5
NA % XA 3 N34 Sk il 56 5 Bk | 5 805 65 1)
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GZ/657/2006 A/GZ/665/2006) 2 [a] [&] 5 14t 4
W, (HAERI B ERAN 6 H 43 UG 43 5 Bk 22 18] 1 [+)
JEMERAR . 2000 4FHr & HINT 40 B 0k 5 2006 45
HINT 43 B kR Z (a4 R PR PEARAR, {5 2009 4545 5
RRAH B2 [R] A [T Rk 99 %l | (3 2)
2.4 ESEEHRMKRENRIEESTER

PEBUARHISE 0 B 1 A/GZ/1561/2006 . A/GZ/
555/2006 1 A/GD/56/2009 }{tF 5 1998 ~ 2010



| JemK

210 H IR (B Rl 31

*2 A/GZ/1561/2006, A/GZ/555/2006, A/GD/56/
2009 NA EE5ZER O BEHRUR & @ERE IR
Table 2 The analyses of NA nucleotide (NT) and amino
acid (AA)homology of A/GZ/1561/2006, A/GZ/555/
2006, A/GD/56/2009 and isolates from different period

GZ/1561/06  GZ/555/06  GD/56/09
NT % AA% NT % AA % NT % AA %

GZ/1561/06 100 100 984 96.8 78.1 80.6
GZ/555/06 984 9.8 100 100 779 80.8
BM/1/18 858 86.6 852 8.7 8.1 872
PR/8/34 87.0 885 86.4 874 809 835
Weiss/43 87.6 87.0 872 86.6 80.6 825
New Jersey/8/76 81.0 80.6 8.1 81.0 798 823
USSR/90/77 90.8 91.1 902 898 80.6 834
Beijing/262/95 9.1 96.8 953 957 79.1 814
NC/20/99 979 977 972 96.6 79.2 814
S1/3/06 91.7 967 97.1 956 78.0 80.7

Brishane/59/07 9.6 976 979 966 782 80.9
lowa/CEID23/05 794 80.6 794 80.6 799 81.9
SW/lowa/15/30 845 849 841 844 841 876
SW/Belgium/1/83 793 842 793 84.0 92.1 925
Thailand/271/05 784 80.8 779 80.8 904 925
California/07/09 785 80.8 784 810 99.6 99.8
GD/56/09 78.1  80.6 779 80.8 100 100

GZ: Guangzhou; GD: Guangdong; BM:. Brevig Mission; PR:
Puerto Rico; FM: Fort Monmouth; NC: New Caledonia; SI:

Solomon Islands; SW; swine; NT: Nucleotide; AA: Amino acid

A HINT I J8 592 1 K L2009 48 A HINT %%
i Bk (A/California/07,/2009) | A\ i 8O 2 10 2R bk
AR B B AR R AR A T g, S R LR 2,
25 RGHMNSH
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FI7E 5 329,332 344 AR AR, 5 329 fif,
2007 4F 2 PAE Z R EE VR 220 Lys (lysine, #1124
P2 ), MM 2007 4 T 2PAEHRIAE R LA Glu(glutamic
acid, &R I . 4 332 17,2005 4F 1 ZE bk
M Lys, 2006 4E Lys—Glu 28 SR I B4 22 (ARHF5E
I3 B 1Y) 2006 AERYEEMRYI N Glu), B 2007 4R f4F

GZ-555-06
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GZ-483-06

— GZ-506-06
— GZ-665-06

GZ-1684-06
—— GZ-1561-06
Brisbane-59-07
8I-3-06
NC-20-99
Beijing-262-95
USSR-90-77
FM-1-47
Weiss-43
— PR-8-34

BM-1-18
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GD-02-09

GD-03-09
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B2 HINLREAFE NA BERRGEHL ST
Fig.2 The phylogenetic analysis of NA gene of Influenza
A/HIN1

I . Human lineage; I : classical swine (North American)
lineage; Il ; Eurasian swine lineage

GZ: Guangzhou; GD: Guangdong; BM: Brevig Mission; PR
Puerto Rico; FM: Fort Monmouth; NC: New Caledonia; SI;:

Solomon Islands; SW: swine

ML Glu A3, 55 344 47,2005 ~ 2007 4F 24711
2 I FER AN Asp (aspartic acid, KRR ),
B UL Asn (asparagine , RAWEME ) , ] ANANE 58 4325
[ 2006 4F (1) 2= PR EOR 2E A 2 MR Asp, 935
PRI Asn, DA 2007 45 FEAEFFARAE AL Asn 3,
JIHNE R IRAE 338 (i 2 ELFE RN Val (valine,
HUATR ), TAE 2006-2007 4F ¥4 H B 24 50 1Y
Val—Met (methionine, HEZER) ZHk, B4
2008 4FJa X FAE S MREEATH K . 78 367 [ 2 #
A Leu(leucine , 52 & IR ) , {H M\ 2006 47T 4 R
Leu—Tlle (isoleucine , 45 2 R ) 28 S+ Bk , WD A 5%
TE 2006 4F 50 B EERR TP 5 B2 Leu—lle 42
Sebk, IF H 2007 45X AR SARIEE R BE £
2009 AF5FT A HINT i@ 75 5 255 PR it RO
AL, E2 IR XA EZ S 2R B
1947 AELIAT AR R, F#0J2 A/Brevig Mission/
1/1918 A3 L Z AR BB A
2] HASBEEHEMCESMEBEERELACESN
TR

JITAT 15 A @ RRMEETE AL, BR T 275

lowa-CEID23-05
New Jersey-8-76

SW-Belgium-1-83
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Table 3 The amino acid mutations in the NA antigenic sites

Site 2 3

4

5 6 7

residue 200 329
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W
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340
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(O8]
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365

W
(o))
(o))

367 396 432 434

GZ/555/06 N
GZ/1561/06 N
GD/56/09 N
BM/1/18 N
PR/8/34 N
Weiss/43 D
FM/1/47 D
Denver/57 D
USSR/90/77 D K
D
D
D
N
N
N
N
N
N

QO e " Q@

Brazil/11/78
Chile/1/83
Singapore/6/86
Bayern/7/95
Beijing/262/95
NC/20/99
S1/3/06
Brisbane /59/07
California/7/09

3
Q Q@

~
Q
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Q Z2 2 2 2 2 909 000900000z 2
n o8 288822222 ~< < ®»nn 343

~ Q@

n << < < <9 < < < < < < << < »nw;m<g <
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[ep]
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BT~ -~ - B~ R 7 BN N 7 B R 7 BN R 7 BN R O BN T PR~ R~
(R T e R I < B BN O R 7 B O R T B R B R 7 B PR e B
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z z2 2z 2 2z Z Z

3

For the high amino acid similarities of the strains isolated in 2006 and of the strains isolated in 2009, we just choose GZ /555/06 and GZ/
1561/06 to be the representatives of 2006 seasonal A/HINI, and GD/56/09 to be the representatives of 2009 Novel A/HINI.
GZ: Guangzhou; GD: Guangdong; BM: Brevig Mission; PR: Puerto Rico; FM: Fort Monmouth; NC: New Caledonia; SI: Solomon Islands

PE(NT ;N2 kg 274 ) Ab ARSI SY . Z4
PEHINT 3800 7, 275 A7 7E 2006 4F K 4R
B His—Tyr 2B 54k, WLEASRANIGE L JEE
2008 4FJ5 A Pk, 7E 2009 AFEHT Y HINT i 2%
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2005 4FLUG 22T T B B, B A7 25
FUETE 9, AL T4 44 58 .63 .70 .88 146,
235,434 11 455 i, 52 A, 1983 A LLRTIIA R
FRAT 2009 458 89 HINT 30 80 74 B A7 56 70,434
PEBEIEAAT AT, TGN T 55 68 NibEILAbf i, 7E
1918-1947 4 F4CERR A 2000 Hr U HINT i B
BTG 455 DAL A5

3 4t it

AR  HINT B3 AT A 34 2 1k 3, X
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N, 2 HIND AT sE7E A Tl B b NA [
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F 4SS, 10 5 KK 2009 5 HINT Ji B0 2 0 &
TR AR 53 3, FESEA R EARBE L Ui e
SR IEANT]

2005-2009 4 715 P HINT % 80 3 19 NA
SR Z AR S kA, b 3 bR
A7 AR S i S AR SRR TE 2007 4R R B4R LU
MATIEIRIG 2 | AR AR, X 2 AP
PSR S, N FAE W2/ B SRR T WHO
2008 —2009 4 1) Jit /2% B P 1 Bk B A/Solomon
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PE |, IEHRIR W6 25058 215 M It S8 i 2 W, R B
EIRIN L RGO,

NA & P51 b 28 S R Wl 0 PR S AR S
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