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H9
*
225009
H9 ALV
12 23 H9 RT -
PCR 23 HA c¢DNA
HA M. 1% ~
100% 95.4% ~ 100% 23
31 HA cDNA HK170499 2

CKGS199 CKTJ196 CKTJ296 CKSH300  CKBJ197
54  H9 AIVHA 55bp ~ 1152bp

10 23
RSSR v GLF 191
N H 141laa ~ 143aa
191aa 19laa N NVS CKBJ194
191aa H NVT
HON2
H9
S5852.65 A 0001-6209 2002 03-0288-10
Avian Influenza Al A
/ / ‘
Avian Influenza Virus AIV Orthomyxoviridae A
RNA 10 HA
P A
15 H 10 N ALV
Al AV
H5 H7 Highly Pathogenic Avian Influenza
HPAI HPAI  OIE A
1973 -
2001-08-20 2001-12-06
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H9 AIV H9 1996 ° 20 90
H9 AlV ¢ 1994
HO AIV ’ HY AIV
1999 2 H9
ALV ® H9 AIV
H9
H9 AIV
1.1
23 12 9~11 SPF
HON2 AIV 1
1
Table 1 Viruses for this study and for reference
Proteolytic
GenBank cleavage site  Receptor- o
Strains Abbreviations \ Potential glycosylation sites” *
accession  3335aa~ binding sites”™
Mlaa
A/ Chicken/ Anhui/1/98 CKAHI198 a RSSRY GIS  YWTINVLY NST NVS NRT NIT NIS NGT NGS
A/ Chicken/Gansu/1/99 CKGSI199 a RSSRY GLS  YWINALY NST NVS DRT NIT NVS NGT NGS
A/Chicken/ Guangxi/1/100 CKGX100 a RSSRy GIS  YWINVLY NST NVS NRT NIT NVS NGT NGS
A/ Chicken/ Guangxi/2/00 CKGX200 a RSSRY GIS  YWINVLY NST NVS NRT NIT NVS NGT NGS
A/ Chicken/Hebei1/00 CKHBIOO a RSSRY GIS  YWINVLY NST NVS NRT NIT NIS NGT NGS
A/ Chicken/Henan/1/9 CKHN199 a RSSRy GLF  YWINVLY NST NVS NRT NIT NVS NGT' NGS
A/Chicken/Henan/2/98 CKHN298 a RSSRy GIF  YWINVLY NST NVS NRT NIT NIS NGT NGS
A/Chicken/ Jiangsu/1/99 CKJSI99 a RSSRY GIF  YWTNVLY NST NVS NRT NIT NIS NGT NGS
A/ Chicken/ Jiangsu/2/98 CKJS2%8 a KSSRvy GLF  YWINALY NST NVS NRT NIT NVS NGT NGS
A/ Chicken/Liaoing/1/00 CKLNI100 a RSSRY GLF  YWTHVLY NST NVS NRT NIT NVS NGT NGS
A/Chicken/Liaoning/2/00 CKLN200 a RSSRY GIF  YWTINVLY NST NVS NRT NIT NVS NGT NGS
A/ Chicken/Shandong/1/98 CKSDI® a RSSRY GIF  YWINTILY  NST NVS NRT NIT NVS NGT NGS
A/ Chicken/Shandong/2/99 CKSD29 a RSSRy GLF  YWINVLY NST NVS NRT NTT NVS NGI' NGS
A/Chicken/Shanghai/1/98 CKSH198 b RSSRy GLF  YWINALY NST NVS NRT NIT NVS NGT NGS
A/ Chinken/Shanghai/2/99 CKSH299 a RSSRY GIF  YWTNVLY NST NVS NRT NIT NVS NGT NGS
A/ Chicken/Shanghai/3/00 CKSH300 a RSSRy GLF  YWTHTLY NST NVS NRT NIT NVG NGT NGS
A/ Chicken/Shanghai/4 — 1/01 CKSH401 - 1 a RSSRy GLF  YWINILY NST NVS NRT NIT NVS NGT NGS
A/Chicken/Shanghai/4 — 2/01 CKSH401 -2 a RSSRy GLF  YWINALY NST NVS NRT NIT NVS NGT NGS
A/ Chicken/Tianjiang/1/96 CKTJ1% a RSSRY GIF  YWINALY NST NVS DRT NIT NVS NGT NGS
A/ Chicken/Tianjing/2/% CKTJ29% a RSSRy GIF  YWINVLY NST NVS DRT NIT NVS NGT' NGS
A/ Chicken/ Yuanan/1/9 CKYNI99 a RSSRy GLF  YWINALY NST NVS NRT NIT NVS NGT NGS
A/Chicken/ Yuanan/2/00 CKYN200 a RSSRy GIF  YWINVLY NST NVS NRT NIT NVS NGT NGS
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Proteolytic
GenBank cleavage site ~ Receptor- )
Strains Abbreviations Potential glycosylation sites™ *
accession  3335aa~ binding sites”
3laa
A/Chicken/Beijing/1/97 CKBJ197 a RSSRvy GLF  YWINTLY NST NVS NRT NTI NVS NGT NGS
A/Chicken/Hebei/2/00 CKHB200 a RSSRy GLF  YWINVLY NST NVS NRT NIT NVS NGT NGS
A/Chicken/Beijing/1/% CKBJ1% AF156380 RSSRy GLF  YWINVLY NST NV T NRT NIT NVS
A/ Chicken/Hongkong/ G23/97 CKHKG2397 AF156374 RSSRy GLF  YWTHVLY NST NVS NRT NIT NVS
A/ Chicken/Hongkong/ G9/97 CKHKG997 AF156373 RSSRY GLF  YWINVLY NST NVS NRT NIT NVS

A/ Chicken/Hongkong/SF2/97 CKHKSF297 AF18229  RSSRy GLF  YWINVLY NST NVS NRT NIT NVS
A/ duck/Hongkong/ Y280/97 CKHKY28097 AF15637%6  RSSRv GLF  YWINVLY NST NVS NRT NIT NVS
A/Chicken/ Guangxi/ KMI/99 CKGXKM199 AY036380  RSSRy GLF  YWINVLY NST NVS NRT NIT NVS NGT NGS
A/Pigeon/ Hongkong/ Y233/97 PEHKY23397 AF156375  RSSRy GLF  YWINVLY NST NVS NRT NIT NVS
A/Silkie/ Hongkong/SF43/99 SKHKSF43%9 AFIS268  RSSRy GLF  YWINVLY NST NVS NRT NIT NVS

A/ Chicken/ Guangdong/SS/94 CKGDSSH% AF34557  GSSRY GIF  YWINVLY NST NVS NRT NIT NVS NGT NGS
A/ Chicken/ Korea/2/% CKKR2% AF15638  ASYRYGIF  YWTHELY NST NVT NRT NIT NVS
A/ Chicken/Korea/3/9% CKKR3% AF15638  ASYRYGIF  YWTHELY NST NVT NRT NIT NVS
A/ Chicken/Korea/ ms96/9 CKKRms9%6 AF20308  ASYRYGIF  YWTHELY NST NVT NRT NIT NVS NGT' NGS
A/ Chicken/Pakistan/2/9 CKPK29 AJO1392 RSSRy GIF  YWTHALY NST NVT NRT NST' NIS
A/ Chicken/Hongkong/739/% CKHK739% AF15379  RSSRy GLF  YWTHALY NST NVT NRT NIT NIS
A/Duck/Hongkong/ 168/ 77 DKHK16877 AFI563%2  ASGRy GLF  YWTHELY NST NVT NRT NIT NVS
A/Duck/Hongkong/ 784/79 DKHK78479 AFI56383  ASDRv GLF  YWTHELY NST NVT NRT NIT NVS

A/Duck/Hongkong/ Y439/97 DKHKY43997 AFI56377  ASNRv GLF  YWTHELY NST NVT NRT NIT NVS
A/ Goose/ Minnesota/5733/80 GSM1573380 AF15638  VSDRY GLF  YWTHELY NST NVT NRT NIT NVS

A/Hongkong/ 1703/99 HKI70399 AMOG% ~ RSSRYGIF  YWTHELY — NST NVT NRT NST' NIS

A/Hongkong/ 1704/99 HKI70499 AMOY27  RSSRYGIF  YWTHELY — NST NVT NRT NST NIS NGT NGS
A/Parakeet/ Chiba/1/97 PRCBI97 ABOI®  RSSRYGLF  YWTHELY  NST NVT NRT NIT NVS NGT NGS
A/Parakeel/ Narita/92/98 PRNRO2B ABOMI60  RSSRYGIF  YWTHELY  NST NVT NRT NIT NVS NGT NGS

A/Quail/ Arkansas/29209 — /93 QAAK2200— 193 AFI5638  ASNRy GIF  YWTHELY NST NVT NRT NIT NIS
A/ Quail/Hongkong/ AF157/92 QAHKAF15792 AF156381 KSRV GIF  YWTHELY NST NVT NRT NIT NVS

A/ Quail/Hongkong/ G1/97 QAHKG197 AF156378  RSSRy GLF  YWTHELY NST NVT NRT NSI' NVS
A/Shorebird/ Delaware/9/96 SBDL% AF15638  ASNRy GLF  YWTHELY NST NVT NRT NIT NIS
A/'Turkey/ Califormia/ 189/66 TKCL18%6 AF15630  VSSRvy GLF  YWTHELY NST NVT NRT NIT NIS
A/Turkey/Minnesota/38391 — 1/95 TKMI38391 - 695 AF156387  ASNRy GLF  YWTHELY NST NVT NRT NIT NIS
Al Turkey/ Pavia/40/83 TKPA4083 AFI8226 TSGRy GLF  YWTHELY NST NVT NRT NIT NIS
A/Turkey/ Wisconson/66 TKWS66 1DO0305 VSSRvy GLF  YWTHELY NST NVT NRT NIT NIS NGT NGS

Note " Receptor-binding sites 109aa 161aa 163aa 191aa 198aa 202aa 203aa " Potential glycosylation sites 29aa ~ 31aa
14laa ~ 143aa 218aa ~ 220aa 298aa ~ 300aa 305aa ~ 307aa 492aa ~ 494aa 551aa ~ 553aa

a Viruses for this study b See reference 8 .

1.2
H9 HA $
Pl 5° — CCCAAGCTTATGGAAACATATTCACTA -3’ 27mer
P2 5 - CCTGTCGACGTAGAAACAAGGGTGTT - 3" 26mer
1.7kb
1.3 RNA
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1.4 HA RT - PCR
8 AMV
High Fidelity PCR System — Skb RT - PCR
1.5 HA cDNA
RT - PCR pGEM — T Easy Hind Il
Sal 1 Sanger
1.6 23 HA cDNA
DNA Star4.0 Jotun Hein
1.7 H9 HA cDNA
GenBank cDNA DNA
Star4 .0 Jotun Hein
1.8
DNA Star4.0 Jotun Hein HA 55~ 1152bp
HA GenBank H9 HA
H9 HA
2
2.1 HA cDNA RT - PCR
RNA RT - PCR 1.7kb
2.2 HA cDNA
23 H9 AV HA cDNA 1708bp
94.1% ~ 100% 95.4% ~
100% cDNA ORF 1683bp 560
laa~ 18aa HA1 19aa ~ 337aa  HA2 339aa ~ 560aa
338aa CKGS199 CKTJ196 CKTJ296 CKBJ197  CK-
SH300 6 7
Asn - X = Ser/Thr X Pro HA1 29aa ~
3laa 14laa ~ 143aa 218aa ~ 220aa 298aa ~ 300aa 305aa ~ 307aa 2 HA2 492aa
~494aa 551aa ~ 553aa 19 CKGS199 CKTJ196  CKTJ296
218aa ~ 220aa CKSH300  305aa ~ 307aa
CKBJ197  298aa ~ 300aa
23 CKJS298 KSSR v GLF RSSR ¥ GLF

109aa 16laa 163aa 191aa 202aa 203aa

384aa

HA
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23 HA GenBank 8 H9
AV HA 3 CKSH198 CKGDSS94 CKGXKMI99
2 PANT92A98 PACB197 1 CKKRms9% 1 CKWS66
HK70499 31 H9 AIV HA
2 31 82.3% ~ 100%

26 9. 1% ~ 100% 26 HK170499
PANT92A98 PACB197 CKKRms96 CKWS66 90.7% ~92.2%
9N4% ~92.8% 91.5% ~92.9% 84.7% ~ 85.0% 82.8% ~ 83.6% HK170499
PANT92A98 PACB197 97.6% 97.9% CKKRms96

CKWS66 85.6% 83.0% PANT92A98 PACB97
99.2% CKKRms9%6  CKWS66 85.5% 83.3% CK-
KRms96  CKWS66 82.5%
HA cDNA 31 3
CKWS66 CKKRms96 26 1
HK170499 2 PANT92A98 PACB197 2 1 26
1 HK170499 2 PANT92A98

PACB197
2 31 H9 AIVs HA cDNA
Table 2 Comparison of nucleotide homology of HA genes ¢cDNA of 31 H9 subtype AIVs

26MCVs™ HK170499 PANT92A98 PAB197 CKKRms96 CKWS66

26MCVs ™ 94.1% ~100% 90.7% ~92.2% 91.4% ~92.8% 91.5% ~92.9% 84.7% ~85.0% 82.3% ~83.6%

HK170499 100% 97.6% 97.9% 85.6% 83.0%
PANT92A98 100% 99.2% 85.5% 83.1%
PACB197 100% 85.5% 83.3%
CKKRms96 100% 82.5%
CKWS66 100%

Note 26 stains of mainland China

54 1 55bp ~ 1152bp 19aa ~ 384aa
335aa ~ 341aa 10 HPAIV
7 198aa 109aa Y
16laa W 163aa T 202aa L. 203aa Y 54
191aa 2 N H 6 N
H 19aa ~ 384aa 5 CKGS199 CKTJ196 CKTJ296 CK-
BJ197  CKSH300 5 49 6
29aa ~ 3laa 82aa ~ 84aa 14laa ~ 143aa 218aa ~ 220aa 298aa ~ 300aa 305aa
~307aa 492aa ~ 494aa 551aa ~ 553aa CKGS199 CKT196 CKTJ296 218aa ~ 220aa
CKSH300  298aa ~ 300aa CKBJ197
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CKHN199
CKSD299
CKHB299
CKSD198
CKBJ197
GKGX100
GKGX200
CKLN200
CKLN100
SKHKSF4399
DKHKY28097
CKYN199
CKYN200
CKGXKMI99
CKSH401-1
CKSH401-2
CKSH300
CKHKSF297
CKJS298
CKHKG2397
PEHK Y23397
CKHKG997
CKGDSS94
CKTJ296
CKTI196
CKHBI100
CKHN298
CKAH198
CKJS199
CKGS199
CKSH198
GKSH299
CKBJ194
CKHK73994
HK 170399
HK 170499
QAHKG197
PRNR9298
PRCB197
CKPK299
QAHKAF15792
CKKR396
CKKRms9696
CKKR296
DKHKY43997
GSMI573380
DKHK 16877
TKPA4083
DKHK78479
_ - QAAK29209-193
TKMI38391-695

L sBDLS966
— TKCL18966
L Tkwsés

ﬂ_lﬁ%ﬁ:ﬁ

o [T

L

24.1

T T T T

20 15 10 5

o

1 H9 A

Fig.1 Phylogenetic relationship among influenza A virus isolates of H9 subtype
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191aa 191aa N 141aa ~ 143aa NVS CKBJ194
191aa H 141aa ~ 143aa NVT
2.3
GenBank 3 H9 AIV HA c¢DNA  55bp ~ 1152bp
DNA Stard.0 Jotun Hein
31 HA 23 HA
H9 HA 1 54 2
lineage sublineage A
B A
B GSMI573380
2 1 2 1 3 90 TKMI38391 - 695
QAAK29209 - 193 SBDL996 2 2 60 TKWS66 TKCL8966
3
3.1 HA cDNA
23 H9 AV HA cDNA §
HA ALV
HA
10 HA
Vey " R/K-X -
K/R-R 23 335aa ~ 341laa
RSSR v GLF  KSSR v GLF
54 42 337aa  Ser AGT
AGC AGA HPAIV
R/IK-X-K/R-R
AIV HA HA1 HA
" H9 AlV 109aa 16laa 163aa 191aa 198aa 202aa 203aa
146aa ~ 150aa 232aa ~ 237aa 54
109aa 16laa 163aa 202aa 203aa 146aa ~ 150aa 232aa ~ 237aa
13 ALV —191aa
B N H 6
N H 1
13
H9 ALV ALV 141aa ~ 143aa
191aa 191aa N 141aa ~ 143aa
NVS CKBJ194 191aa 141aa ~ 143aa NVT
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HA AIV
ATV b
HA
31 HA 54 55bp ~ 1152bp

54 5

3.2 HA c¢DNA
31  H9 AIV HA cDNA
100% A HA 80%
68.5% 1 23 H9
CKWS66 H9 HK170499
HK70499 CKKRms96 CKWS66
80%
HA / NA
HA
cDNA 5 1996  ~2001
94.1% ~ 100% 95.1% ~ 100%
H9 ATV
H9 ATV
23

CKSH300 CKSH401 - 1 CKSH401 -2 1998 1999 2000 2001 2001

HA CKSH198  CKSH299
SH300 CKSH401 — 1 CKSH401 -2 98.5% 98.2

94% 1999 ~ 2000
1998 1
2001
AIV
3.3 H9 HA
H9 HA 1 54

lineage

82.3% ~

ALV

29

23 HA

CKSH198 CKSH299

99.9%
99.7%

CK-

2000

2

18
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2 1 2 1 90

TKMI38391 — 695 QAAK29209 — 193 SBDL996 2 2 60 TKWS66

TKCL8966 81.2% ~82.9% 20.1% ~22.5%
30 sublineage
A B A
2
B

GSMI573380
GSMI1573380
85%

1 2000 7 11 ~13.
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Comparison of Sequences of the Hemagglutinin Gene and
Phylogenetical Analysis of H9 Subtype Avian Influenza
Viruses Isolated From Some Regions in China

Liu Hongqi  Cheng Jian Peng Daxin Jia Lijun Zhang Rukuan Liu Xiufan"
Key Labortatory of Animal Infectious Diseases of Ministry of Agriculture ~ Yangzhou University ~ Yangzhou 225009 China

Abstract In order to explore the genetic mutaions of the hemagglutinin HA  gene and the law of
molecular epidemiology of H9 subtype avian influenza viruses in China 23 H9 subtype avian influ-
enza viruses AlIVs were isolated from 12 provinces of China in recent years. Their nucleotide se-
quences of cDNA of HA gene were determined by RT — PCR and sequencing. Their nucleotide and
putaive amino acid sequences homology was compared. The results showed that their nucleotide se-
quence homology was from 94.1 % to 100 % and that amino acid sequence homology was 95.4 %
to 100 % . The sequences of the HA gene of these isolates were analyzed and compared with that of
another 8 isolates from reference. The similedty indicated that HKI70499 isolated from Hong Kong
was close to the 2 isolates of Japan. And of the 31 isolates with complete HA gene sequences there
were 5 isolates HA gene of which were loss of one potelltial glycosylation site which were
CKGSI99 CKTJI96 CKT296 CKSH300 and CKBJI97. Then 1098 nucleotide regions bases 55 to
1 152 of HA gene of 23 isolates in this study were analyzed phylogenetically and compared with se-
quences from 31 H9 subtype viruses available in the GenBank database. Although considerable vari-
ation at the cleavage sites of the different viruses was observed giving 10 different amino acid mo-
tis  none had multiple basic amino acids that correlate with highly pathogenic avian influenza

HPAI isolates. Examination of amino acid sequences involved in repeptor binding site RBS  re-
vealed that the amino acid residue at position 191 characteristically distributed in the 54 isolates
that is  this amino acid residue of the isolates of mainland China and several Hong Kong strains was
Asn N and that of the others was His H . And the 141 143 amino acid residues involved in form-
ing the potential glycosylation sites had the similary characteristic distribution with the 191aa posi-
tion. The isolates with Asn — 191. excluding CKBJ197 had NVS in the position 14laal43aa mean-
while those with His — 191 had NVT. Twenty — six mainland China isolates was genetically in Eur-
asian lineage but did not show distinctly geographical and temporal relationship. It is concluded that
in recent years HON2 subtype AIV circulating in chicken flocks of mainland China may have a
common origini. These findings provides importan basis for establishment of scientifically preventive
measurements to control H9 subtype avian influenza.

Key words H9 subtype avian influenza Homology Sequence analysis Phylogenetic relationship
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