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Cloning and Sequence Analysis of Hemagglutinin Genes of HON2 Subtype
Avain Influenza Virus Isolated Between 2012 to 2015

YE He-jia, LIANG Zhao-ping”, PENG Te, QIU Wei-hong, XU Li-na
(Guangzhou South China Biological Medicine Co. , Lid., Zengcheng 511300, China)

Abstract: In order to study the epidemiology and genetic evolution characteristics of HIN2 sub-
type avain influenza virus (AIV) isolated from some areas of China,the hemagglutinin (HA) gene
of 17 HIN2 subtype AIVs isolated from 2012 to 2015 were amplified by RT-PCR. Sequencing and
phylogenetic analysis were performed, and the molecular characteristics of the motif of HA pro-
tein cleavage site,the receptor binding sites and potential glycosylation sites were analyzed. The
results showed that the HA gene of 17 strains shared nucleotide and deduced amino acid homolo-
gies ranging from 87% to 100% and 75% to 100% ,respectively. All strains belonged to Eurasian
lineage, Y280-like sublineage. The cleavage sites motif of 17 isolates lacked multiple basic amino
acids, which made them low pathogenic strains. There were amino acid variations at sites 149,
198,234 and 235 of the receptor binding sites,while 16 isolates had a leucine residue at site 234,
indicative of the characteristics of human influenza virus-like receptor. The analysis results of po-
tential glycosylation site indicated that a glycosylation site deletion took place at amino acid site
218 of 11 isolates and site 492 of 4 isolates, while an additional potential glycosylation site were
found at amino acid site 313 of 17 isolates. In summary,the epidemiological investigation of HIN2

subtype AIV should be enhanced and the difference between isolated virus and vaccine virus
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should be paid more attention.
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1 HON2 AIV
Table 1 H9N2 subtype AIV reference strains

No. Reference strains GenBank GenBank accession No.
1 A/ Turkey /Wisconsin/1/1966 AB295601
2 A/Chicken/ Heilongjiang/35/00 DQ064366
3 A/Chicken/ Heilongjiang/u/1998 FJ190113
4 A/Hong Kong/1074/1997 GU053179
5 A/Guinea fowl/Hong Kong/WF10/99 AY206676
6 A/Bean goose/Korea/220/2011 KJ013297
7 A/Chicken/Beijing/1/1994 AF156380
8 A/Chicken/Korea/38349-P96323/96 AF156384
9 A/Duck/Hong Kong/ Y280/97(Y280) AF156376
10 A/Quail/Hong Kong/G1/97 AF156378
11 A/Chicken/Hong Kong/G9/1997 KF188366
12 A/Duck/Hong Kong/Y439/1997 KF188265
13 A/Chicken/Guangdong/SS/94 (SS94 ) AF384557
14 A/Chicken/Guangdong/ TS/2004 (TS04) JQ639778
15 A/Chicken/Shanghai/F/98(F98) AF508574
16 A/Chicken/Shandong/6/96(696) AF508570
2.3 , 17
) 87% ~ 100% , 5% ~
2.1 HA 100%,  Y280-like A/Duck/Hong
17 1.7 kb Kong/Y280/97 87. 2% ~ 96.
, ¢ D, 2%, A/Chicken/Guangdong/TS/2004
2.2 HA 83.7%~92.7%., .2014
,17 HA TS ,
1 702 bp, 1 (ORF), 91% ,2015 TS
1 683 bp, DNAStar 17 . 84 %
HA s 2.3, o

M,DL2000 DNA Marker;1~8,

M,DL2000 DNA Marker;1-8,PCR amplification products of some strain samples

1 HA RT-PCR
Fig.1 RT-PCR amplification of HA gene
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2 17
Fig. 2 Nucleotide homology analysis between 17 isolates and vaccine strains

3 17
Fig.3 Deduced amino acid homology analysis between 17 isolates and vaccine strains

2.3 HA ,17 . A/
Mega 6. 06 17 HA Duck/Hong Kong/Y280/97 Y280
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17 o 5 4 3 A
17 isolates marked with @ ;Reference strains of Eurasia lineage marked with 4p; Vaccine strains marked with A
4 HIN2 AIV  HA
Fig. 4 Phylogenetic tree of HIN2 subtype AIV based on the HA gene
2.4 HA HW008/2015 16 H9N2
DNAStar 17 AV 7~38 , CK/SD/
! N HZ03/2014, CK/HB/ZS005/2015, CK/AH/HWO008/
HA 2015, CK/ZJ/TZ081/2015, CK/GD/TS085/2015,
s .17 HI9N2 AIV HA CK/CQ/DK099/2015 11 218—220
1 683 bp s 560 s NRT NRI,
1—18 ,19—338 ; CK/AH/HWO008/2015, CK/GX/SL001/2015,
HA1 5 339 — 560 HA?2 CK/Z]/TZ081/2015 CK/GD/TS085/2015 4
0 492—494 NGT NEG,
2.5 HA 5 313—315
. CK/AH/ 1 « 2,
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Table 2 Analysis of N-glycosylation site of HIN2 subtype AIV

Potential glycosylation site

No. Strains 29—31 141—143 218—220 298—300 305—307 313—315 492—494 551—553
1 CK/NH/HY01/2012 NST NVS NRT NTT NVS NCS NGT NGS
2 CK/SD/PL01/2012 NST NVS NRT NTT NVS NCS NGT NGS
3 CK/SD/WF01/2012 NST NVS NRT NTT NVS NCS NGT NGS
4 CK/FJ/SB01/2012 NST NVS NRT NTT NVS NCS NGT NGS
5 CK/YN/XJ04/2014 NST NVS NRT NTT NVS NCS NGT NGS
6 CK/SD/HZ03/2014 NST NVS — NTT NVS NCS NGT NGS
7 CK/HB/ZS005/2015 NST NVS — NTT NVS NCS NGT NGS
8 CK/AH/HW008/2015 NST NVS NTT NVS NCS NGS
9 CK/GX/SL001/2015 NST NVS NRT NTT NVS NCS — NGS
10 CK/ZJ/TZ081/2015 NST NVS — NTT NVS NCS — NGS
11 CK/GD/TS085/2015 NST NVS — NTT NVS NCS — NGS
12 CK/CQ/DK099/2015 NST NVS — NTT NVS NCS NGT NGS
13 CK/SD/MH136/2015 NST NVS — NTT NVS NCS NGT NGS
14 CK/SD/023/2015 NST NVS — NTT NVS NCS NGT NGS
15 CK/SD/026/2015 NST NVS — NTT NVS NCS NGT NGS
16 CK/SD/029/2015 NST NVS — NTT NVS NCS NGT NGS
17 CK/GD/ZW01/2015 NST NVS — NTT NVS NCS NGT NGS
18 DK/HK/Y280/97 NST NVS NRT NTT NVS — NGT NGS
19 Qu/HK/G1/97 NST NVT NRT NST NIS — NGT NGS
20 CK/HK/G9/97 NST NVS NRT NTT NVS — NGT NGS
21 DK/HK/Y439/97 NST NVT NRT NTT NVS — NGT NGS
22 CK/GD/SS/94 NST NVS NRT NTT NVS — NGT NGS
23 CK/GD/TS/2004 NST NVS NRT NTT NVS NGT NGS
24 CK/SH/F/98 NST NVS NRT NTT NVS — NGT NGS
25 CK/SD/6/96 NST NVS — NTT NVS — NGT NGS
1-17 ; 18-25 ;7
No. 1 to 17 indicated isolated strains; No. 10-25 indicated reference strains;“—"indicated no potential glycosylation site
2.6 HA S, CK/GD/TS085/2015, CK/CQ/DK099/
17 , 2015, CK/SD/MH136/2015, CK/SD/029/2015
RSSR y GLF, CK/GD/ZW01/2015 5 149 K
, T, 149 K;
. 7 (109aa, (232—237aa) ,
16laa.163aa,191aa. 198aa, 202aa, 203aa) 198 CK/FJ/SBo1/2012 234
, V.T.K 3 ; Q 1,235 Q M,
(146 —150aa) , 16 HA
CK/AH/HWO008/2015 149 K (Leu™") , C 3.
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Table 3 Analysis of cleavage site and receptor-binding site of HIN2 subtype AIV
Right-edge Receptor-bingding site Left-edge
No. Strains Cleavage site
146—150 YWTNAM/TOL Y 232—237
1 CK/NH/HY01/2012 RSSR ¥y GLF GTSKA YWTNTL Y NG LMGR
2 CK/SD/PL01/2012 RSSR ¥y GLF GTSKA YWTNTL Y NG LMGR
3 CK/SD/WF01/2012 RSSR y GLF GTSKA YWTNTL Y NG LMGR
4 CK/FJ/SB01/2012 RSSR ¥y GLF GTSKA YWTN VL Y NGFQGR
5 CK/YN/X]J04/2014 RSSR y GLF GTSKA YWTN VL' Y NG LMGR
6 CK/SD/HZ03/2014 RSSR ¥y GLF GTSKA YWTN VLY NG LMGR
7 CK/HB/ZS005/2015 RSSR ¥y GLF GTSKA YWTNTL Y NG LMGR
8 CK/AH/HWO008/2015 RSSR ¥y GLF GTS SA YWTNTL Y NG LMGR
9 CK/GX/SL001/2015 RSSR ¥y GLF GTSKA YWTN VL Y NG LMGR
10 CK/ZJ/TZ081/2015 RSSR ¥y GLF STSKA YWTN VL Y NG LMGR
11 CK/GD/TS085/2015 RSSR ¥y GLF GTSTA YWTNTL Y NG LMGR
12 CK/CQ/DK099/2015 RSSR ¥y GLF GTSTA YWTNTL Y NG LMGR
13 CK/SD/MH136/2015 RSSR ¥y GLF GTSTA YWTNKL Y NG LMGR
14 CK/SD/023/2015 RSSR ¥y GLF GTSKA YWTN VL Y NG LMGI
15 CK/SD/026/2015 RSSR y GLF GTSKA YWTN VL Y NG LMGR
16 CK/SD/029/2015 RSSR ¥y GLF GTSTA YWTN VLY NG LMGR
17 CK/GD/ZW01/2015 RSSR ¥y GLF GTSTA YWTNTL Y NG LMGI
18 DK/HK/Y280/97 RSSR ¥ GLF GTSKA YWTNTL Y NG LQGR
19 Qu/HK/G1/97 RSSR ¥y GLF GTSRA YWT HEL Y N DLQGR
20 CK/HK/G9/97 RSSR ¥y GLF STSKA YWTN ALY NG LQGR
21 DK/HK/Y439/97 ASNR y GLF GTSRA YWT HEL Y NDQQGR
22 CK/GD/SS/94 RSSR ¥y GLF GTSKA YWTN ALY NGQQGR
23 CK/GD/TS/2004 RSSR y GLF GTSKA YWTN VLY NGQQGR
24 CK/SH/F/98 RSSR ¥y GLF GTSKA YWTN AL Y NGQQGR
25 CK/SD/6/96 RSSR y GLF GTSKA YWTN AL Y NGQQGR
Amino acids with underline means different sites
ATV s
3 CK/GD/SS/94, CK/SH/F/98, CK/SD/
HA . 6/9 ,
HION?2 ATV 8% ~10.4%, 7 2013~2014
s Y280-like
.Gl-like Y439/Korean-like o , CK/GD/SS/94
17 HIN2 AIV 9. 3%~10.9%.
,17 Y280-like . HA
CK/GD/SS/94, CK/GD/TS/2004, CK/SH/ s 17
F/98 .CK/SD/6/96 s
,2015 CK/GD/TS/ 198 s V.T.K 3
2004 9.3%~16.3%, ; (146 —150aa)
s (232—237aa)
o Shen ™ 2012~2013 HI9NZ2 y CK/FJ/SBo1/2012
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