o H
Research Paper MRk E
WEED SR Acta Microbiologica Sinica
49 7):955-959; 4 July 2009
ISSN 0001 - 6209; CN 11 — 1995/Q

hitp: //journals . im. ac. cn/actamicrocn

it
=
>
P
X
=
Kt
Rl

R EFEEIERT HIN2 T2 & it B m
KR RFRE UL, £

(AR AO R ZZE R 22 B, 2% 271018)

FE: HYT M HON2 WA E MBI 58 ATVO{E DU I 6 AR R gL A8 5o 0739 IR A 4% 2 v (1)
LG1 ¥k HON2 WP ALV 23 B RS BEE DA IR A 4D RN S E REE UKD SPF SR 8 41D, ISk f%
o o A 41T5 50 Ky 4 DBOST AR R T AL-4, B 411590 4 2 MISTARAR RS B1-2. ERAMMEARERS, 45
XS 10520, 30,40, 50 AU EE 1) HA FERIEATH 388 e Bl e, 5 5 A w 2 P I R . B R JLGT K HON2
TEBAT PRI XS IR AR AR I R o, U Az A B i) AR e B AL AR S, HL 2 T8 URAE . AEMT IR 2 Mk
TP HIE) 10 DA FMRIOR BE, JEHIL T 290 AN AR 7, A XRAE NS5 R A NS/S A 1.42 &
THAEA LRI XS IR AR R, K2R T 24 AR 8L (17 58 . ESMF 1 4 MEARTFIT) 20 A
ANFAR KI5, FL I T 45 M7 AR, 5 XRAE NOH TR S WE NS/S H 3.46. B it WEXS AL
AR I AR T REJE BT RS AL 1) G 58 36 B He A SI2 BB S M HON2 1) HA JEDRI )8 5o [A) IS SR W, s A7 REJRBTAAR 119 39 IR

S S AT I S BE L FF R 5 U A2 S 5 W [ — P AT 2K I S AR AR
RBRIA: HON2 P& LIy 75 s HUAAL £ 5 AT HY 5 4L A8 7

HEDES: Q78 XEKFRIRAD: A
B Avian Influenza, ADJEH A 3800 5
Avian Influenza Virus, AIV), 51 1) H & FH IR &
M — RS AL G . I HS AT 1Y 2R R I
N R, 5 DR XS SESE T, 1 HON2 22 AR L
TR BEAR, LB R  AR R B s R R Y
HON2 75 [E S B v (R34 T 5k )iz B
BRIZH by 7370 B ) B B AUBE RNA, L5 8 AN EE PR, 4
b 1 M RREE B, P AR B HAD I
T E R PR o ATV A8 540 %, i 37 W A
X2 IR R T &5 R B LB HAD R 48 R il
NAO KPS PEATAD, 70 W ANFEIIE AL ) RNA
R M Z A HLE], TR T AIV 2R 241 RNA
WAL ERIAFENE . A T e 7S e B I A B
WA AR Y, A0 S5 = 3 4 A T AT 5L +

M EHS:0001-6209 2009) 07-0955-05

DB,
A SIZEG X PR HON2 V7R HA L K] 7E 0 9% 3k
PEIEAE R AR S R AT T AT
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1.1 ##

1.1.1 Jp e AR ARHT I IR A5 W 85 LG1 Ak HON2 I
GBI, ARSI = 7 B RAT . 1% BN 55
EYRAE A PR 2w AR PR K HO MY 7R gt s il L g%
B €24 0007015025208 1) Y B UG s o

1.1.2 SRR AEEFh: SPF XS R B ¥F 5 Wik
MR EARAT . AEX LG #k HON2 M7 65 it Jk
93 5 BRI PTG XS IR oK B 28 HO 7 7Y 45 3t s K 3% 2
B GBI AR A BR AR B LG BR
HON2 VY & 0803 55D G % 1 XS R SR5F R 11 357
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I EEARA TR — 5 R . RS 535 7E
6 W, 12 WAl 18 W %)% 3 ¥k {ETF/HiX) HON2 [¥)
HI $UAAR R 27,
1.1.3 514 4l NCBI C5¢ 5% 11 HON2 7 73 5 it
IR HA P 8%t 519, o Bilg s 2B A B
AKA R A A A K. R 5%5 %: FzL: 57-
AGCAAAAGCAGG3’; PCR ¥ 14 51 #): F: 5°-
AATTTCACAACCACTCAAG/AATG-3 "5 R: 5 -
AGTAGAA ACAAGGGTGTTT-3" »
1.1.4 20 A A3 : TRizol " H Invitrogen 2°
s RT-PCR Kit 71 £ T TaKaRa 2> w5 352 [
AR A 26 B OMEGA 2\ 77 il s T #2048 pMD18-T-
BRI Y DTG A5 35 0 I TaKaRa 2> ] 5 JLAd H R 7)
B3 18 7= 73 Hr 2l PCR AW B 35 [H Applied Biosystems
YNGR
1.2 REHER

XA BEE ORISR B A 4, @S DY phT
FEARAR I AL, A2, A3 Al A4 TCRFEPUA SPF XS
&Ky B 4L, @SL AL LR R B B A B2. BT
A A A B HMAEARRIIE— TR I, B4 fi ) —
HEHI 24 1) LG1 Bk HON2 WP AL ATV JRFEH . 10 HEEXS
R PRZEREH R 0.2 ml 1:1000 F B PREEH . 37°C
WA WA 24 h JE AU T XS R R B W i B A
W R AR AE . A R BRAE, MHAT AR AR, FIR
PREEW - TOCIRAEEH -
1.3 HA EFERY BN F
1.3.1 RNA F$2H: #% TRizol IXH] (nvitrogen 2 F],
Cat no. 15596-026) 15t W] 5 # A S PR B3 o s 75 4
[RIZH RNA.
1.3.2  HA JERIMH 3G &AMEAUT 515 5 BUE 104
20304050 fCI/RFEM I RNA 5 #E4T HA P (1)
i, WU HA FE R 1700 bpe HA &K
RT- PCR #"14: 2l TaKaRa RNA PCR Kit AMV) Ver.
3.0 GAEY L KEA R 2 A, TaKaRa Code:
DRRO19A) 5 e sf il A G it B 5, FHAE S ik 5 | it AT
S A PCR. PCR IR N 45412 : 94°C A2 1% 6 min,
95°C 1 min+50°C 40 s+72°C 2 min, FLHEAT 32 AN
R, 72°CHEH 10 mins 4°C Z1E RNV
1.3.3 HA ERF G %w 505 RN 1%
TR B B FRL UK 4 T RT-PCR 7= 4 I ), 4 8
pMD18-T Vecter GAH) TR Ki&EFTBR A+, TaKaRa
Code: D101A ) 1% £ 1257 55 U6 B 45 2k 47 3 422 9F ve %,
2 EcoR T A1 Sal T WD) %E 52 5 e B FH P ve [ 26 1

W NG AR TR o w HEAT R E R 7 41 R 5

1.4 HA EEZHBRF5IR NS/S LLER L 51
5B DNA Star BAFBEAT 0 AT LB RIS, #2 2

KA T LA AR AR SURZ AT IR AL 7 1O AT U

A% Nonsynonymous, B[} 38 il 2 J& 198 742 AX, (1) Bk 1k 58 A%,

NSFITE X 5EAE Synonymous, BRI AN K& AF 22k 12 A% 4k

(R BRAE SR, S LLA, BY NS/S fH &

2 #R

2.1 AEEKE HA ERZEERFSIRREME

W85 LW, i A LA GRS
FHIN B BEYI R 1728 bp, B35 T — /> 58 B 11 1) 52 A
B8, R 1X 1683 bp 2%, Higifidh 560 MM AR, 5
CRERFIFATT . £ 50 )5, ARER RS
ANTRIFE B (978 S, AE T A AR AR T 45 1 P 41 45 SR 5 i
AR R PE RS AR FEE 999% LA L
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A 98 A YOS K ERAE . o 76 AN
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AT 13 ML b G4 R 2R, LGl BREA T
P HRIXE AL AR T T R AE RAZ AT 1L NS/S A 45713
=3.46. F it IR - BR A AE 20-40 AL IR], 7
40 RIGEEARTEE Pk A7 12 DMIARBEIEAL 2T %
SEM AL EAS oA, HE NS/S LUfE ok 9/3 =3.00, &
BORPURI) S i B AE o RARES A8 e A6 U
% 1.
2.3 TEXLHUIKHT SPF BREERMT R

LG1 ¥k HON2 7 SPF & AL AR, 245 20 A~ YO
BRHETEAR , 73 A AE 29 A TEARNE 1L, For 17 AN SEAL b
FENA LTEAE, 12 AN RARGREE by o LA, NS/S T
A 17712 = 1.42. N REAK 55 X 05 56 # d B =
AR, WA LA LA AR IR FS 2 AR AR
2.4 KR H9-ATV 54X 3 12 B g H 5 T Y NS/S
FREEEA

PUAXS HO-ATV LA 2 HR i L 5 AR 1) NS/S L
R H AR L2 20 K 2 WL, 23 B
TP IR AL B R A1, AU XA NS)
A1 HAT XA 55 0 USAR IR LU A NS/S A%,
A 1.42. AR, fEA BHEPUA S IR AL AR B &R
F, AU XRAE NS Z, 1 HA LA T L5
BRI HAE NS/S LB S5 2 . 3.45 [ NS/S HUAH 2 3%
e 5 G BEIE SR T B R A1
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Table 1  Stable site mutations in the HA gene ORF during continued passages in embryos with or without moternal antibodies

The base site number with stable base mutations @mino acid)

17" 24 313" 477" 496" 592" 593" 672" 796" 806" 828 1068

Original strain T T A N G WD AN G & C N G WD c C s C C
A1-10 — — — — — — — — — — — —
A1:20 — — — — — — — — L —
A1-30 c P C — AD — — — AD — T & — —
A1-40 cP C — AD — — T ¥ AD — T& — —
AI-50 CP C —  AD = —  T®  AD = T& = —
A2-10 — - — — — — — — — — — —
A220 — — — — — e — — — —
A2-30 — — G O — — — T ¥ — — — — —
A240 — - o — — - tv - — — — —
A2-50 — - ¢ — — - Tty = — — — —
A3-10 — — — — — — - e S — —
A3-10 — — — — — AV = - Tv = — T
A3:20 — — — — —  aAv = L — T
A3-30 — — — — G O AW — — T — — T
A3-40 — — — — G O AW — — T — — T
A3-50 — — — — D AV — i S — T
A4-10 — - — — — — - i S — —
A420 — — — — — — — L T
A4-30 — — — — - - — L T
A4-40 — — — — — — — L T —
A4-50 — — — — — — — e T
BI-10 — — — — — — — — — — — —

passage serials

B1-20 — — — — — — — — — — — —
B1-30 — — — — — — — — — — — —
B1-40 — — — — — — — — — — — —
B1-50 — — — — — — — — — — — —
B2-10 — — — — — — — — — — — —
B2-20 — — — — — — — — - — — —
B2-30 — — — — — — — — — — — —
B2-40 — — — — — — — — — — — —
B2-50 — — — — — — — — — — — —

" black figures are nonsynonymous mutation sites, the left mutated sites are synonymous; “—” indicate that the base as the original strains; Serials Al-A4 were
passeges In embryos with maternal antibody; Bland B2 were passages in embryos without maternal antibody.

®2 ERMEBRMEGHERIES HA ZERER NS/S AL
Table 2 Relationship between the ratio of NS/S in HA gene mutation and antibody in the process of HON2 ATV

In eggs with maternal antibody In eggs Without maternal antibody
Passage serials
Al A2 A3 A4 total B1 B2 total
NS sites 18 19 22 17 76 11 6 17
S sites 6 2 5 9 22 10 2 12
NS/S 3.00 9.50 4.40 1.89 3.45 1.10 3.00 1.42

NS: Nonsynonymous; S: Synonymous. The numbers in the table indicates mutation sites detected during the whole passages no mater stable or instable mutations.

i A BEAE R BN BRI I S 2 — LUk, #5081
3 A CLP 2 B HON2 WP ATV FO SR, — e
H M 20 40 90 FEACHIIN AR HON2 WA ATV 3k COF4RVE = 3 HON2 W2 ATV JAT 83 bR 1 % 1 15
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TEXT N B AN ) (0 A /) 9 B 14 43 - AT 0 2% o A
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PEPUAT ALV-J 1) S0 58 3 35 F A H Y70 ACHE 5
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HON2-ATV 75X IR AL AT B v HA JE DR AR S 1) %
EPEAEH o 7R3N 50 ARIAEARH, AT TE A RER
PO BRI 4 JT AR AR R 1 (19 35 1 HA
R AR R AR, H 2 A LA, NS/S HK T
3.0, o tHRF R EPUA IR B AR R o 10 7 TG BEUR
PO AR RS 8 41, WA K AEF
%ﬂﬁ%Jﬁﬁ%ﬁ%m&ﬁ&@ﬁmN?z%

o —FRORUL, 2 NS/S LK T 2.5 B, A b O A7
T%ﬁ PE PR R 35 B R AR R s i &0 Ak, 42
A RHEDUR IR IR P ) 4 ABACR B 55 1K) HA S
B, A 12 ANMREELT S 7R 10-40 AR A (1) 5848 I U
FesE ROk, i HIE A 9 ML AR 2 A7 LR @&
Do ARTEICREE PRI AN BT 16 R 7], IX 2
PRI RAETAL . TR 3 T I ) R AR
SHRMAAAEFE DI G, XM T, A R Bk
(R0 JYR AR R DU I N I 37 0 4K 16 40 B 55 77— #F,
VERFFFCHTAAR I G 5 3 B s A FH 00 ) — RS 2

11T RNA R4 Bk = £ 1E Dhig, 75 52 I 25 5
HHIR 224, 22 B PR 1) A AR B8 3 — o 1 B Bl e AR
GAHEIR IF Al B i e 7 5 A, D)5 | 470 D e 11 X
Ao HEATE, BEAS SR R HA R R AN A T R
IZRAZ JLR A 2 x 107, A Ui 25 4 52 61— 1K,
HA £ B RAG — Mt kB2 7 U Kk, 7E40
M35 ERRRAE R — A Sk N, ARk A —
Flops BE AR S B R ARSI AL b & AT 22 S i A
Quasispecies ) IRIFFE A4 . W1 AL, 3X — SEAZ A X T Js 4h
Jd B3 E SRR v A B A, B4 e AR AR
{147 L AT 35 2 B R B, A5 T L B 4 R A AR A 1) LA
FL 2 1A AR B R 0 SRR T . 2 HON2-ATV
TEE I B 54 3 30 HA PR A7 122 57 e P URF
SPGB0 75 ORI VE T, B5UA IR 90 25 8 A4

(VAT AE A5 0 S Ik PO AR AT — 8 KT ) I HE R T
2T AL ARIG B, /> B 003 15 R A 0] e A A A
o TEARBEFA, BT A VU B4 I o il A48 &R
H1), KAAE 20 ~ 30 AR AR 555 K, 7 40 AR FE A
R B2k, IR AL 3 B X U A g 1 o A4t O A
(993 25 AN AT B b () TR R H

TEBATRS ALV-J B 50 A I, P 1k 48 6 A
MR B 1) AR A B TP A% B gp85 1
AR LA () 2-3 AN R AT (A B AR AR
KRAZ o AHAEAMI T, P L 5 HAE H T 1) 2 Bk
PR IR AR AL HE BE AL 70 A0 7E HA AN [ X3, ix 2 5
76 HO 1) HA FIEBA RIAH NI = 7 XA 2K
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Mutations of the hemagglutinin gene of HON2 subtype avian influenza viruses under
selective pressure of antibody

Benhong Lou, Xiutong Zhu, Beibei Sun, Zhizhong Cui”
College of Animal Science and Technology, Shandong Agricultural University, Tai’an 271018, China)

Abstract: [Objective ]| To understand mutations of avian influenza virus AIV) under the antibody selective pressures.

Methods ] We continuously passed an HON2-AIV strain LG1 in embryos with or without maternal antibody to LG1 in 6 separate
serials. At the 10th, 20th, 30th, 40th and 50th passages in each serial, HO hemagglutinatin gene #HA) sequences were
determined and compared to the original LG1 strain. [Results] Only unstable random mutations happened in 29 sites with
nonsynonymous vs synonymous N/S) mutation ratio of 1.42 during 50 passages in 2 serials without maternal antibodies.
Howevers multiple stable nonsynonymous mutations were detected gradually during 50 passages of 4 serials in embryos with
maternal antibody to LG1 strain, and the NS/S ratio was as high as 3.46 among 45 mutated sites. [Conclusion] The results
suggested that the antibody selective pressure influenced mutations of HON2 AIV HA gene during the passages in embryos with
maternal antibody. Embryos with maternal antibody to certain viruses could be used as experimental models to study the immune
selective pressures on viral mutations.

Keywords: HON2 avian influenza virus; antibody selective pressure; genetic mutations
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