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Figure 1. HA gene phylogenetic tree of HON2 subtype AIV strains from 1994 to 2014 in China. GenBank No. were
listed before the names of HON2. A : more than two strains; A : HON2 isolates in our lab, figure is the number of strains;

(-): the separation time of strains; 9 : vaccine strain.
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Table 1. HA gene average variation rate and evolution rate of HON2 AIV strains from 1994 to 2014 in China

Average evolution

Period Year No..of nt Length N?. (.)f Variation p Q Evolution frequency
strains variation rate/% rate/% rate (<10 3)

Unused 1994 1 1683 0 0 0 0 0 8.04
Vaceines 995 1 1683 32.0 1.90 24.0 8.0 2.18
1996 3 1683 38.0 2.26 29.7 8.3 2.56
1997 6 1683 52.0 3.09 432 8.8 3.45
1998 5 1683 59.4 3.53 474 12.0 4.02

Using 1999 6 1683 742 441 612 13.0 5.00 0.74
Vaceines 09 8 1683 68.6 4.08 56.0 12.6 4.63
2001 4 1683 69.1 441 56.8 12.3 4.64
2002 7 1683 84.3 5.01 69.4 14.9 572
2003 9 1683 79.3 471 632 16.1 5.43
2004 4 1683 55.8 3.32 46.0 9.8 3.72
2005 1683 81.4 4.84 66.9 14.5 5.52

2006 6 1683 102.3 6.08 82.8 19.5 7.07 590"
2007 10 1683 116.0 6.89 93.8 222 8.08
2008 10 1683 104.4 6.20 85.6 18.8 7.19
2009 14 1683 125.9 7.48 101.9 24.0 8.83
2010 19 1683 136.9 8.13 110.5 26.4 9.68

2011 21 1683 136.4 8.10 111.4 25.0 9.59 635"
2012 16 1683 144.2 8.57 116.8 274 10.23
2013 15 1683 149.6 8.89 120.9 28.7 10.65
2014 3 1683 166.7 9.90 130.7 36.0 12.13

P stands for transition, Q stands for transversion. * means highly significiant difference comparing HON2 isolates in 1999-2005 with

separate periods (P<0.01).

PHERIFAER R I ZE 5, 1999-20054F A 4% H B4
AL N A0.74%10 7, TiFE2006—2010F!
20112014 4~Br Be 40524 5.22x 107 F16.35% 10~
(P<0.01), 7R Hpe 8E AR 2 VG SR R ) N S AR
S IR R

2.2.2 HARERBHBRF R SERMHERME: D)
BIYAMHARL AT TRITEI NS TS, i U5
HON2URA TR S L b A, DA AT IRt fb o g Ak
br, DUERORE AL PR, WS R IE LR
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Figure 2. HA gene evolution rate of 176 HIN2 subtype AIV strains in different lineages.
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2. 199420143 E 1764kHIN2 T BIATV S HRHAR E S E B i# 1L R
Table 2. HA amino acid substitution rate of 176 HON2 AIV from 1994 to 2014 in China

Period Year No. of strains Total aa sites Subs.titution Substitution Average evolutiot{}frequency
sites rate/% rate (x107)

Unused 1994 1 560 0 0 7.64°
Vaccines 1995 1 560 140 2.50
1996 3 560 17.7 3.16
1997 6 560 18.0 3.21
1998 5 560 21.4 3.82

Using Vaccines 1999 6 560 23.5 4.20 0.50
2000 8 560 21.5 3.84
2001 4 560 223 3.98
2002 7 560 24.4 4.36
2003 9 560 26.6 4.75
2004 4 560 16.8 3.00
2005 8 560 25.5 4.55

2006 6 560 28.5 5.09 3.70"
2007 10 560 29.9 5.34
2008 10 560 27.2 4.86
2009 14 560 36.8 6.57
2010 19 560 35.1 6.27

2011 21 560 36.0 6.42 532"
2012 16 560 37.8 6.75
2013 15 560 39.5 7.05
2014 3 560 50.0 8.93

*: means highly significant difference comparing HIN2 isolates in 1999-2005 with separate periods (P<0.01).

FKE T 1994478 R4 4r B FIHIN2 WA
ALV 19984EBI94-like s i Bl 1 21 3145 Al
., ARyt T RER A H AT {2005
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BJ94#H L, 2011-20144F[AIHIN2IA TR HASE A
IR AT AR A 5.32x107°, A8 B B
P, J21999-20054E(0.50x107) 1 10.6445, X &
HIN2 JATHRHAZE R C AR5+ /K LR A TER
FERE AR S b BT PR R A, XS
XUE . SREESE A ISR A,
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Table 3. Main difference of amino acids in HA gene among HIN?2 isolates and reference strains
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*: the same amino acids of most HIN2 isolates at the same positions; —: the same amino acid.
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Genetic evolution and substitution frequency of avian influenza
virus HA gene in chicken HIN2 subtype in China in the last 20
years

Fang Meng'*, Huaiying Xu’ ", Wei Zhang’, Dihai Huang’, Zaihui Zhang’, Xia Liu’,
Weishan Chang' ', Zhuoming Qin™*"
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* Institute of Poultry Science, Shandong Academy of Agricultural Science, Jinan 250023, Shandong Province, China

Abstract: [Objective] Low pathogenic avian influenza (LPAI) HIN2 subtype virus has been prevalent in domestic poultry
in China over two decades. This study was to determine the genetic evolution trend of HON2 avian influenza virus (AIV)
under immune pressure of vaccine. [Methods] H9 HA sequences of 40 isolates from the present study and 136 pandemic
strains and 7 classical strains from China downloaded from GenBank, were genetically analyzed to determine evolution,
molecular characteristic, and mutation frequency. [Results] Phylogenetic trees analysis suggested that HON2 subtypes AIV
could be clustered into 5 distinct lineages: G1-like, BJ94-like, Y280-like, S2-like and Americans lincages. Most HON2
isolates in 20052014 belonged to S2-like sub-genotype, suggesting that this genotype was the dominate isolates in China.
Further more, comparison based on the amino acid sequence showed that different lineages have their distinct
characteristics, and significant accumulations of amino acid variation were also found. In addition, in comparison with
reference Ck/BJ/1/1994 HA gene, average annual substitution rates of HON2 pandemic strain nucleotide and amino acid
were 5.73x10° and 4.25x10” from 1994 to 2014, respectively. Substitution rate during 2011-2014 were 6.35x10"° and
5.32x10°, higher than that during the period of 2006-2010 (5.22x10" and 3.70x10") and even much higher than that during
the 1999-2005 (0.74x10 *and 0.50x10°), when the vaccines were initially applied in the field. [Conclusion] Overall, these
data indicate that the mismatch between HIN2 vaccine strains and pandemic strains drives the virus to quickly mutate.
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