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CHAPTER |

INTRODUCTION

Avian influenza H5I e} U Hig enic Avian Influenza (HPAI) virus.

The virus is highly contaei o5 0 icveral species of pet birds, wild

guinea fowls) ( =% § e Qrga r Animal Health or Office
International des s | iflucnza (Al) in OIE listed
diseases that areg#faraefer ' chus fast spreading and

promoting s offdwide (OIE, 2000). The

diseases in this ‘ T quired by | 0 o“"».x Lgovernment authorities.
In Thailand, outbregKs &gﬂ n i vi‘."'-,_l- caused both economical
losses and the j , .Ipro , “'s Buranathai et al., 2007;
Tiensin et al., ) 4 2 J.m' -;’ BVial i _ 235N 1 virus affected poultry

¥ . ‘lJV "
production and exporfi P ind .u'..ie »‘E’-._ eradication of poultry in the radius of
" ol

outbreaks, banning e port lion of- chicken E to Various countries and reduction

of consumption within the ﬁ.f::‘rl;, 2005). From previous reports in

Thailand, ;@ virus infec WLEJZ deaths in 2004,

infected 5 ;:E thh 3 deaths in 2006.

No human 6asj'Bre ‘ Zﬁ avian influenza H5N1
|

virus infected 28" persons with 17 deaths. During the sam Aperiod of time, the virus

infected 436 per‘ ith 262 deaths in ountmes worldwide (World Health

ﬁﬂﬁ?ﬂﬂﬂﬁﬂﬂﬂﬂﬁ

Based on nucleotide chan s in hemagglutinin gene, avian influenza H5N1

IRABINTE Rt

H5N1 viruses that spread in Hong Kong in 1997. Clade 1 comprises the viruses that

expanded in Thailand, Southern Vietnam, Malaysia and Cambodia during 2003-2006
(Boltz et al., 2006; Li et al., 2004). Clade 2 contains 5 subclades including clade 2.1



covers the viruses that caused outbreaks in Indonesia in 2003-2007; clade 2.2 are those
that spread in Europe and Africa in 2005-2007; clade 2.3 includes the viruses that
spread in southern China and neighboring countries; clade 2.4 consists of the avian

in 2002-2005 and clade 2.5 includes those
f in 2003-2004. Clades 3 to 9 are
)X ebster and Govorkova, 2006).

WS can be performed by
o

es (Blan et al., 2008; Li et al., 2004)).

influenza H5N1 viruses distributed,i

detected in China and :.'."‘. :

avian influenza H5N1 vi

—— ,,il
Classification of .ayjgme

comparing genetic rel
data of the genes are

available. Geneli ; ifsfc .,_ Influg MBI\ 1 Viglses from Thailand were

been classifie il 4V 3= 47"'_ alel: sin et al., 2006a; Li et

, 2004; Viseshalfll efffal. ‘ 0044 ieh 2006). A new genotype

(genotype V or olad 3 a& w‘(g; 'iv-. ses “A/chicken/Thailand/NP-

172/2006" was rep® te Nakh C ,"E’ ( rovm g August 2006 - February

2007(Chutinimitkul et @F., AE‘?,I."__JJ'; 'ff it from avian influenza H5N1
P S -

viruses recovered from most SUtBreaks-HA=tk Untry based on phylogenetic analysis of
PA gene (NP-172). 2esame group of avian influenza
viruses in li" castern wnina, Laos, anad nc _jlmitkul et aI., 2007;

Puthavatharne.&tls . clade 1 and 2.3.4)

=
or 2 genotypesln}. genotyp

and cause the a\?n influenza outbreaks in Tha|land (Figure1) (Chutinimitkul et al.,

”ﬂﬁﬂ'lmﬂ NINGINT

d|ssem|nated from ne|ghbor countries to Thailand (Chutinimitkul et al., 2007).

TR R TIEIY ok 1LTibat]

influenza virus surveillance and monitor for the emergence of novel viruses or genotypes

| —
enza H5N, |' iruses found to emerge

along border areas of Thailand.



In this study, we isolated, identified and genetically characterized avian influenza
H5N1 viruses from avian species around the border areas of Thailand between Thailand
and neighboring countries (Laos and Myanmar). The results obtained from this study will

provide insight information of th

rn ry history and the possible pathways of
l‘I 4 g >

transmission of the viruse ' nstrate the avian influenza H5N1
e border areas of Thailand and

have spread in Thailand.

5N1 viruses from avian

order areas between

iyanmar)

s of the avian influenza

ﬂUEl’J‘VIEWIﬁWEl']ﬂ‘i
QW?Mﬂ‘iMNW]’WI&I’mEJ



A/chicken/Ivory Coast/1787/2006
A/chicken/Nigeria/641/200
A/chicken/Thailand/Kanchanaburi/C | , ‘ | A/Cygnus olor/Czech Republlc/5170/2006
A/Thailand/NK165/2005 - 1 , ", . 1 B/Egypt/2783-NAMRU3/20
A/Chicken/Thailand/PC~- % A/m7llard/Bavar1?/l/2006 7]
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(Chutinimitkul et al.,
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Indonesia 2004
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Thailand, Laos
South Eastern
China

2005 and 2006
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2004 and 2006

other strains worldwide



CHAPTER I

REVIEW LITERATURES

A. Morphology

Influenza vir

into three types A, 5 ‘ A virus an. | umans, mammals, and avian

veloped virus that has

2 glycoproteins,, i ( Inedrem inidase (NA) protein. Virions

and NA contaj s Sl WeloheaNDe Y8ho et al., 2000)). Within

enveloped, the vifls s,' mgle 4-’%: N o Nedative polarity containing 8
o A §
ts with differept m@leculag weight R0lymerase, B tein 1 and 2
segments wi [ er 3G HEIONLE \\ r asic protein 1 an gene

(PB1 and PB2), Polf e'F se ge ¢ JPQ"I, Ao gluti i }g- e (HA), Nucleoprotein gene
.,.rV ! \

(NP), Neuraminidase |@€ne At "E’ -='“ ), and Nonstructural protein

‘t_.f’

gene (NS), respectlvely (F|gu

e

TNBIT

NA(Neurammldase)

i W@Wﬂﬂ A

T M2 (ion channal)

Figure 2. Diagram of avian influenza H5N1 virus structure.



RNA segments are contained in the viral core. Protein synthesized from 8 RNA
segments have 10 types such as PB2, PB1, PA, HA, NP, NA, M1, M2, NS1 and NS2.
Functions of these proteins are shown in Table1 (Lamb and Choppin, 1983). Influenza A

viruses are classified based on

magglutinin (HA) and neuraminidase (NA)
surface glycoproteins. At

identified (Fouchier et a

—
Table 1: RNA segments,.en I'“;‘ o theil :,. (Lamb and Choppin, 1983)
Segment Encodegs ™ ##Rol8
;

2 Y 4 J 23 . lkansrption: possibly

Function

binding: component

Gligiase

'- tivity: component of
Cri tase
3 o/ Ionga 9 OMRNA chains: component
{/ t aflscriptase

[face glycoprotein; major antigenic

RNAELegment to form

e

e
ofF RNA transcrig@fe

1,413 Surface glycoprotein: neuraminidase

ﬂUﬂ?ﬂ&lﬂﬁﬁN&l’lﬂ@

underlies lipid bilayer

RIAIN TN P bb 1 RE

NS1 890 Nonstructural protein: function unknown

ctural component

NS2 Spliced mRNA, nonstructural protein:

function unknown




B. Genotype classification for H5N1

Influenza A virus subtype H5N1 (Avian Influenza H5N1 virus) is the important

subtype that caused Al in many animal species and humans. In 2001 — 2004, avian

in 2006-2007 (Bolizeet o, " 98, MEtnal., 2004). The genotype

genes of viru vai o eon )l Ng « ess in each gene. The
genotype classifi 0f i ' ". »9 il sequence of
each avian intfluenzaf J _ & SO o sequence by using
computer progr alfalyZe " : o\ h ays in phylogenetic tree,
classification of lineage p ¢ ¥ infllenze ‘ 1 virus, arrangement of the

sequential combinatiom the ir Boene d assignment the genotype of

2

avian influenza H5N1 Wirus (@ u"f ‘etal., 200 ., 2004).

C. Clade nomengi@
avien influenza H5NA viruses he =- 60 countries and
continued ttle [ 8 rJused in publications
to explain emeir ng lin o nza A (H5N1) viruses
WHO/OIE/FAO 5N1 Evolution Working Group, 2007). This generates difficulty for
ado hevartious line e96‘ a A H5N1
ANIRONSN S
Iut|n|n protein that has not been replaced in the vanant».lsolates Evolution of
emagglutlnm protein has an initial gnstant that the strﬁ‘nay be efficiently asyed
QRSN NNIINE AR
evolutions of hemagglutinin protein; for reason unify the system so that interpretation of

sequence and surveillance data from different laboratory becomes easier, removing

stigmatizing labelling of clades by geographical reference, providing clade for easy



future expansion of the phylogenetic tree, and providing a starting point for a more

extensive system to follow antigenic variation and reassortment.

Clade descriptions (WHO/OI FAO,H5N1 Evolution Working Group, 2007)
0 = early progenitors

(mostly avian, fe W

Laos, Malaysia.(mixe

02 from Hong Kong (HK) and China

2.1 = 2003-200%M,

22 = 208 progniiofsig Qibohei: 8 Mongolia; 2005-2007
isolates fg q a er : es € \ ' N t, and Africa

(mixed aviag -

23 = 208 _20fr hi K, am, ha, L 288k and Malaysia

(mixed a'\‘/vl Thun n‘ 4.:,;,F-'
2.4 = 2002-20@6 f_ na:(pred i@l Y8nnamand Guangxi Provinces)

‘l
¥ &
(all avian) #
[ |

2.5 =2003/200¢ 20068lineage from Shantou Prov.
(all avian)
3 =2000-20Q

4 =g 1212003 lineage from (RO Guiyang Prov.

v
e |
5= 200&}}003 from

(all avian)

ﬂﬁﬂ@”ﬂ%ﬁﬂ&l%ﬂm%

ARANAIT Inen gt

|
ineage ﬁw Guangxi Province




D. Avian influenza (H5N1) outbreaks in Thailand

In Thailand, outbreaks of avian influenza H5N1 virus caused both economic

losses and public health problems. Avian influenza H5N1 virus infected 17 persons with

al., 2007; Suwannakalf WA Tiensir eshakul et al., 2004). For

example, out (Tiensin et al., 2005),

October-Decem ' 2007, January

2008 and Novembe i ﬁw; et al., 2009) respectively.

One of thgnainfeat . ' %boutbreak is the migratory

L 3
\

birds that excreted , ory birds received viruses

from their reservolrs or, fomey \ere-in the ’ atory 8y (Liu et al., 2005). Backyard
chicken and free-grazing fuicks "m 8 H5N1 hosts (Tiensin et al., 2005).
Other studies reported thataviamniuenza ilus infected other mammals such as

tigers, leopare tf 005), cat (Amonsin

et al., "*-"%m‘ﬁ—_—"—_‘ 007; Songserm et al.,

2006).

y i

F. Identification and diagnosis methods of avian influenza virus in laboratory

AUSINININGIAT-~

Was“veloped'to detect the avian mﬂuenza H5N1 virus using specmc primers. The

specificity and sensitivity of the assay was shown by tes%wnh subtypes of mﬂuua

TN IUURINE R
health has recommended, is virus isolation by embryonated egg inoculation h|gh
sensitive and standard method) (WHO, 2002). Avian influenza viruses were isolated

using specific antibody negative, embryonated chicken eggs. The supernatant fluid from



10

viral transport media (VTM) suspension was inoculated into allantoic sacs of the eggs.
Samples yielding positive hemagglutination activity (HA test) were tested for influenza

genes (WHO, 2002). Total RNA was extracted and purified from the allantoic fluid. Then,

was performed using the prigighe i ' fluenza H5N1 virus (WHO, 2002).
‘ greater than conventional PCR

according to its specificityzal ensitivity. ‘ ' s less expense equipment

1) in Thailand

irus in Thailand were

like viruses etc.

In HA - B Besic* amino acids of highly
pathogenic characjistigs. ‘:"":6‘3'. iflo acid h‘u\ ffeéled hemagglutinin molecule

that is sensitive to pro e can be found in all organs,
the H5N1 virus can sprea .._......_-.». =and causes human or animal death
(Horimoto and Kawagk etain amino acid residues at
222Q (Glutamine) and 224G (Glycine). Th gmmal and poultry in

Thailand cok

| —
indicate prefereﬁnr ial bin sialic agid a 2, 3-Gal- terminated

28. These positions

saccharide more t an sialic acid a 2, 6- Gal— termmated saccharlde (Stevens et al.,

ﬁum NUNINYINT. -

delet|on causes the adaptation of virions on cell membrane (Guan et al., 2002).

Qﬁﬁ“ﬁﬁmﬁﬁ ARAINEIRY

(Matrosovich et al., 1999). The posmon 275 of NA gene contain amino acid Y (Tyrosine),

u
S

indicating oseltamivir sensitive viruses (Gubareva et al., 2000).


http://www.answers.com/topic/glutamine
http://www.answers.com/topic/glycine

"

M2 protein at position 31 (serine; S) can appear in amantadine resistance.
Viruses have the S31N substitution (Serine; S to Asparagine; N) that might present

amantadine or rimantadine resistance (Puthavathana et al., 2005).

C-termi < _ - ; ¢ f - pad substitution from Arg-
Ser-Lys-Val (RSk SE N Jop.r alling acid deletions (position
80 to 84). These i . , ~ &N Wathogéhicity of the virus, interrupt
immunity an : Vel o ; o\ al., 2008; Lipatov et

al., 2005).

ﬂﬂﬂ?ﬂ&lﬂﬁwmﬂ‘i
RIAINTUURIINIA Y



CHAPTER IlI

MATERIALS AND METHODS

luenza A H5N1 virus from avian

ﬂhboring countries (Laos and
@rimental study included 3
A e border areas between

phase 2, isolation and

Phase 1 $8mp; colle ) ;‘l Spe ',\~ Abrovinces along the
~ J bordersiof Thail ad neighboring countries

Z’*f""::’gfiD yarigr)

L8 mont BIFYes/month= 16 times)

/place (n-1500)

|
"""""" - JJ )
3\11 viruses

gl iMation test

DNA sequencing: Whole genome sequefvethg = 8 genes

Figure 3: The conceptual framework in this study
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Phase 1: Collection of samples from avian species and visceral organs in provinces
along the borders between Thailand and neighboring countries (Laos and

Myanmar)

the borders of Thailand and

movement. The sample ecle \ Je&sand fresh markets in Chiang Rai,
Chiang Mai, : : qo & Prachuap Khiri Khan,
Ranong, Loei, : [ gk ar ! hal améelkon Ratchathani (Figure

4). Sample collectiogl wege cfirrie :’_‘ Wer Mhenths (16 times).

Two thellandg’ ond hiindreT8ane scyehtyivaisamplls, including 2,139 live
birds and 36 viscegl org , were$ ollectec Border Jkdas between Thailand, Laos
tf,-x \ B\
and Myanmar. “The r, ﬁi 3l Cofitents, tracheal exudates and
. -ﬂﬁ-, LT WS .
internal organs e.‘ a Ea, Iu ; l? ) and 'R_- Sterile cotton swabs were
used to obtain sampl from-choanal-slit,  and8loaca. Each collected sample

i aF s
P et o
i

was placed in a sterile plastic T-.._a......_{..ﬁ *m|-viral transport media (VTM) and kept
on ice. Then, the samplestvere:transice ment of Veterinary Public Health,
Faculty of \letetinary Science, Chule : Were kept at -80°C

immediatel;k

ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmnswmmmw
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THAILAND

Myanmar
(Burma)

N

Vietnam

&)
‘g a Boundary
b
e Capan
AOCo{tinh ) Captal

]

SNYAI-
ARIRINIUURIINYINY

and Myanmar in this study, including Chiang Rai, Chiang Mai, Mae Hong Son, Tak,

Kanchanaburi, Ratchaburi, Prachuap Khiri Khan, Ranong, Loei, Nong Khai, Nakhon

Phanom, Mukdahan, and Ubon Ratchathani.
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Phase 2: Isolation and identification of HPAI H5N1 virus

Virus isolation

Avian Influenza viruses gted from samples using inoculation of

the incubation p eggs showing infected

lesions or death lantoic fluid were harvested

| '—. r, F
Total RNA wefe e a"’,’f{ff’:"-'-z 1 thi Jid with positive HA test using

ey —

QIAamp Viral RNA Mini < fﬁ‘f’k‘ 'w“- aany). At the beginning, buffer AVL
containing @er 2 ifuge tube. The 140
pl portion R | od j:arrier RNA in the

mlcrocentnfugmb ( SE6e Then, the mixture was
|
l temperature (15-25°C) for 10 min. 560 plmlethanol (96-100%) was

added to the samp‘ the mixture was mix pulse vortexing for 15 sec. The tube

FUBANENINIING -

rim, and centrifuged at 8000 rpm fo‘l min. The QIAam ini column was place

ARIANI T AN NN

remainder solution. Then, the five hundred pl buffer AW1 was added and centrifuged at

incubated at r

8000 rpm for 1 min. The QlAamp Mini column was placed in a clean 2 mi coliection tube,
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and the tube containing the filtrate was discarded. Five hundred pl of Buffer AW2 was
added and the column was centrifuged at full speed (14,000 rpm) for 3 min. The
QlAamp Mini column was placed in a new 2 ml collection tube, and centrifuged at full

speed for 1 min. The QlAamp Mini

vas placed in a clean 1.5 ml microcentrifuge

tube. Sixty pl of Buffer AVE_ rature was added and incubated

at room temperature fo Ny mi }ntrifuged at 8000 rpm 1 min for

random prim - : W g ' . N ', 2004). The 4 pl RNA
was mixed withgl®l g f ” 70°C for 15 min for
combination betw , | J: Mers 1 -"-u \ " C-j-. 4l CDNA synthesis reaction
mixture com Y } ,“‘; ; ‘. a imers, 1x Improm—llTM
£, 5m 2 >Rhega’), 0.5 mM dNTPs 2.0

] (Fermentas®, e gibitor 0.3 pl (Promega®), 1U

& | \
Improm—llw| Rever re crlpta ega "\=¢ RNase-free water to a final

‘ '_ ‘-PI.J E
volume of 20 pl. The ¢ dlt clude or 54hin, 42°C for 60 min, and 70°C

for 15 min. cDNA from the v--e-—""e SCr I Teaction was collected and chilled at -

» e polymerase chain
reaction (multiﬁ
multiplex PCR a‘pﬂtion reaction mixtuu':omprised 1x Master mix 10

HEl rlg f ﬁ E:} ﬁ: w ﬁ.l !) fi i&from the
rse transcription reaction, 1.0'm gCl romega ) Nase-free

water to a final volume of 25 pl. Theﬁmphﬂcanon cycle luded an initial dena

ARIRINT: ININHIAY

72°C for 7 min (Payungporn et al., 2004).

sly-published primers

Ao
||
L
(0]

t al.,, 2004). The 25 pl

pr

specific for M and NA genes of Influenza A (Payungp

previews re
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A 5 pl volume of the PCR products was mixed with 2 ul of loading buffer (0.2%
Orange G in 50% glycerol) and loaded into 0.2% agarose gel. The mixture was exposed

to electrophoresis on a 2% agarose gel stained with ethidium bromide (0.5ug/ml). The

genome avian influ
To ide

performed using

time RT- PCR’ igpfmixdlirg’ con Raactig 3 ( nvitrogen®, USA) and

0.2 I SuperScii gipigt '  b 0'00 It IeacMBiimer in 0.25 i, 1.0 pl of

RNA sample, 0.25 , > f Ll ‘_f A ’ and RNase-free water to a

final volume of 1@#ul. T e P Il? rea : are . scription step at 50°C for
s ."

30 min, followed by dfitia o' atio -i'—' 08 1C 40 cycles of denaturation at

95°C for 15 sec, anea!i 0 and €

Polymerase chain rea ,---—:i- me ' immunoassays (PCR-ELISA) technique
was performed usinggthe /~publi grimers and probes for M, HA,
and NA gepes,of-influenza-A-(Ch ein-e =ELTSA contained 2 steps

including i rse transcribed into

-

e
cDNA. Mu|tip|e4kﬁ>CR was p

The 50 pl I\/Iultlplex CR reaction mixture compnsed Taqg DNA polymerase 0.5 pl, 50 pM

“Flutlﬁ?ll ININYINT

volu of 50 pl. The amplification reaction included an initial denaturation step at 95°C

R D EIRTE taiad L TQbY]

for 5 min (Chaharaein et al., 2009). And the ELISA step, the samples were submitted to

¥
primers @‘M, HA, and NA genes.

avian influenza researcher, faculty of veterinary science, Chulalongkorn University who
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developed this method.This step was preceded with PCR ELISA for DIG detection

(Roche®, Switzerland).

Phase 3: Genetic characterization of H5N1. virus and identification of virus genotypes

specific primers fo
multiplex PCR
(Eppendorf®), 0.2:

volume of 50 mplificafiof.g cleshinglud Aefuration step at 94°C for

‘JeBnannealing at 50-55°C for

— - 1 3
0 cyfflegfofifienaturatio at )4 'C)
30 sec and extensigh a P 9\9 é/ onclt | a final extension step at

72°C for 7 min

PCR prod ot .! Jinbe '- Bfbse gelelectf@phoresis. A 25 pl volume of
the PCR products wagji 7 ﬂ ;_A_A ( fiR@The products were further gel-
7 ; €l N®). The DNA fragment was excised
from the agarose gg pe. These volumes of Binding
buffer was igd ded 1 volume of gel. The m 2l jO°C for 10 min and
' dded to the sample

¥
olumn, a@oentrifuged for 1 min at

13,000 rpm. The Oi ml binding buffer was added to QIAquick column and centrifuged

ANYINYVIINBINT

the mter of the QIAquick membrane and centrlfuged the column for 1 min at 13 000

ammmmmmmw

Shatin N.T. in Hong Kong for DNA sequencing. The DNA sequence data were validated

and mixed. The‘”i uid was

by using Chromas V1.45 (Griffith University, Queensland, Australia) and aligned using



19

BioEdit program (Carlsbad, CA, USA). The phylogenetic analysis was performed by the
clustal analysis using the MEGA 3.1 program (Tempe, AZ, USA).

Identification of viral genotypes

‘71 preparation of complete nucleotide
2) comparison of nucleotide
sequences using compul o Wik "v 3. 7 Z, USA) to analyze genetic
relationship, 3) " e o0 influenza virus, 4)
arrangement of ts_;s _' " ‘ ic » -- of each gene, and 5)

et al., 2008; (Li et al.,

assignment t

2004)). Bootstrapgg s Prfre 8ol o8 W =SRepc8geh Using NJ methods with
; E" f ' -
1000 replicates peg . MECAS LRre0re Tk, ANelisTRBL phylogenetic lineage was

then identified gh N, _ J,‘wrl-- bort AN 0% of ssian posterior probability

/4 -

of 295%. A genc‘)" w 3 q Pigned :t-’;:._i

/
».rl,r z,‘.

oo f
i 'V g

e ol

B e -
P ;

ntial combinations.

ﬂUEl’J‘VIEWIﬁWEl']ﬂ‘i
QW?Mﬂ‘iMNW]’WI&I’mEJ
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Instruments and chemical substances
PCR assay
- 2,3-dideoxynucleoside triphosphate (NTPs), 5mM (Fermentas®, USA)

- Improm—llwI Reverse Tr. riptase (Promega®, Madison, WI, USA)

- Improm—llwI a®, Madison, WI, USA)
WI, USA)

40 u/ (Promega®,

- Ethidiug ,.e i a“.a.ﬁ “\'\ h e, USA)

—02% ra

: \
® G logding dye.i % glyce \| (Carlo Ebra Reagent®, USA)
- 40x Tris oric _:,7{{"7'{_- er (Bio Basic Inc®, USA)

- 2x Reaction m| Mwy‘%“' €
Vl r_.iﬁAr.v.ﬁii* \/]

W)

QIAAMG=)\ire
Q|Aqui§ys

el Extraction Kit (Qiagen , Hilden, Germanyj)
PCRtube Axygen SC|ent|f|c C

ﬂﬁﬂ’ﬂ]ﬂﬂiﬂﬂ']ﬂﬁ

I\/Ilcrop|pette tip 2, 200 and %900 il

R AVIIUUARIAINYNAY

UV transilluminator (Vilber Lourmat Lavalle Cedex, France)

Q

Centrifuge (Denville Scientific Inc”, USA)
Refrigerator -20°C and -80°C



CHAPTER IV

RESULTS

In this study, wi . / icus from avian species in border
areas between Th eigh orithLaos and Myanmar) from
September 2007 to =T\ 1 . one.hu ndreds and seventy five samples

isolation, idertfCati et \ ng embryonated egg

inoculation, he e RT-PCR, PCR-ELISA,

The 2,175 3 Y. 5 oles from: peliry and 36 samples from

visceral organs lle€ om 42 f @roviiges along the borders of
J dle < s ; b\
Thailand and neighl@®rir I 2 ‘ 238s W lihe samples were collected

from villages and fr marketS=of ‘Chiz i, ang Mai, Mae Hong Son, Tak,
(AT

Kanchanaburi, Ratchburi, ----- :_,.1... Ranong, Loei, Nong Khai, Nakhon

es (Table 2). Selection criteria of

locations f@ nple collection dey | r;ﬁl:}j of avian influenza,

Phanom, Mukdahan, and:t

ot | i ;
Table 2: List oMations, num date of sam@ collection in this

study.

‘o v/

: I I I iDate of

Prouce District No. samples total sample

Mae Sai 20
Chiang Rai 84 Sep 07
Chiang Saen 24

Phan 3
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Muang 12

Loei 69 Oct 07
Chiang Khan 57
Sangkhom vl 1
Nong Khai 57 Oct 07
Si Chiang
Mae Hong Son 165 Dec 07
Nakhon Phanom - 5 Ppén AN _ ' L 196 Dec 07
87 Dec 07
Ubon
229 Feb 08
Ratchathani
Kanchanaburi Mar 08

IR AN AN Y

4
Muang 57

Ranong 176 May 08
La Un 46
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Kra Buri 73
Mae Rim 1
Chiang Dao 45

283 June 08

Hang Donga |
Chiang Mai Sarar g\\\‘
SN

—
. all Aalfo a g ,

Total J: y

List of aibles#blieflefl fom Tifferonh 2k ah, sBesicNaipown in Table 3. Of the

2175

2,175 samples, 2, '- livgfbirds (Chicken s~ 1,907} : NSO, quail n= 31, Pigeon n=

6, Baya weavefin=: s, Re d-w stedioulioul & 3, Spotted dove n= 2, each

kind of peafowl,,r it and 36 visceral organs

b n= 10) were collected from
4 hi L
yeen ",‘ ilan@ and neighboring countries

(Chicken n= 22, Du
42 districts of 13 pivi

(Laos and Myanmar).

I’I" S ﬂ Food market
Chicken -ﬂU 1007 22

Augnendnens
IRARINTIUNRINIAY

Red-whiskered Bulbul 3 -
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Spotted Dove 2 -
other 3 R
Total 2,139 36
Other : peafowl, white-rumped sham ‘Ty/
Isolation and identificati

In this stu r’p-sm virus isolation using egg

inoculation at t ples, 68 (3.13 %) were
positive for He ' Gty Aol s i Vesar ples, 60 samples were
from chicken (88.28 ; gleswkre D %). In partition, provinces

that have most positj amples € | rch | 5.3%) and Mukdahan

Table 4: List of i 1o P88,y species and location.

(n=68)
Province Total Percentage %
Loei _, 7_ 4 5.88
Nong Khai ’) R | 2.94
Chiang Rai L 5 ‘ | _ 7.35
Nakhon Phanoﬁ] m‘l" | 2.94
Kanchanaburi = q 13.23
14.71

Wﬂ?ﬂﬂﬂﬁﬂﬂ'\ﬂ‘l‘i

Prachuap Khiri Khan ‘ 2 A 24 35.2”

The HA-positive samples were then examined by multiplex RT-PCR , realtime RT-

PCR, and PCR-ELISA for influenza A (M gene) and subtype H5N1 (H5 and N1 genes) Of
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68 HA positive samples, 15 samples were positive for M, H5, and N1 by multiplex RT-
PCR (Table 5). The samples were recovered from chicken (n=13) and duck (n=2). These
15 samples were confirmed as H5N1 viruses by realtime RT-PCR and PCR-ELISA.

Subtype identification of HPAI H

realtime RT-PCR and PCR-ELISA is now

shown in Table 6.

Province - > '. ienzal _r “aSubtype H5  Subtype N1
‘ At bete), (NA gene)
2
Loei
2
Chiang Rai 1
Prachuap Khiri [ r
Khan !
Total ~Y _ I 12*
*The samples were ed o“‘:——:_"— e cither by Realtime RT-PCR or PCR

ELISA.

Table 6: SL@

' ﬁR and PCR-ELISA
~

HA gene (H5)

ﬂumnﬂm%’wmnﬁ

212

QW’]ﬂﬂimﬂm’l’mﬂﬁﬂﬂ

13/6
15/6 H5° N1

NA gene (N1)

23/6 H5 N1
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?ﬁ o"';F'T' atigh'0f 18ysamiple %% influenza A virus. The
: \

results of subtype i idghtifi@ati (t _ a = 9*\‘" e) by RT-PCR is shown in

Figure 6. Positive He inin gehe’ samples genere(o | RE bp- PCR product. Again,

these results were, . ‘the ';f. entilication of those Influenza A

Negative control

ARIAIATUIATING T Y
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Negative control

12

3/6
15/6
23/6

1000 bp marker
205

|1

300bp—>
<—148bp

100bp —> : L
Figure 6: |dentifiCatiog#Orf | s ubtype » -“‘a‘;.Q-- inin gene positive) by

multiplex RT-PCR#

husing realtime RT-PCR
multiplex RT-PCR. The

viruses were idéntifie I?\I fy'i_lu’ 7a | | gl Usto alti e RT-PCR. Identification
‘ M = Fr L\
of M gene (Matrix 5 (Hemaggluti ene),\a Neuraminidase gene) b
gene (Matrix ,,K_g“’ \0 ( gene) by
realtime RT-PCR is sho@h inJigare - 8;an pectively.

J et

=34 v PEW ]
}J'??:i, L < )
s s

r

Positive control

Positive M gene samples

i

10 20 30 40 S0 60 70 80

AMIAININARTINYTNE
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25 — Positive control

Positive HA gene samples

_ Negative control

Figure 8: Identif€8tiongef HA' g %A, Vilis, Dy ¥88itime RT-RCR. Positive

results of PCR am i i0

———Positive control

Positive NA gene samples

b=,

4%

me RT-RCR. Positive

Negative control

'—' r
Figure 9: | fifica

e |
results of PCR Mplification were Ct value of <40 Ct.

FL tm ANBNINYINT "

Unlv 8ity. PCR-ELISA technique l‘con3|dered to be a h|gh specificity and sensitivity

ISR BIINGIRY

in Figure 10.
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HS N1 M H5 N1 M

1316 (H5N1, chicken) 100/6 (H5N1, chicken)

1

1516 (H5N1, chicken) 101/6 (H5N1, chicken)

2316 (HSN1, chicken) Y | Positive control
2716 (H5N1, chic - 101/6 (H5N1, chicken)
4516 (HSN1, chick_en) | 101/6 (H5NA, chicken)
4816 (H5N1, chickend?” Rl Tl Positive control
9716 (H5N1 Micken)’ | / » y Positive control

9816 (H5N1, chen) s/ LUl IS N & Negative control

219 (H5N1 chicken) |

.

AUt IneENeINg

Mt |

ARINTNUURTINEIS
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DNA sequencing of avian influenza H5N1 viruses

In this study, we have selected 3 avian influenza H5N1 viruses which were the

representatives from each province of Loey, Chiang Rai, and Prachuap Khiri Khan for

whole gene sequencing. We h hole genome of 3 avian influenza H5N1

viruses, CU-345 (ID- sa Ie 31) and CU-347 (ID- sample:

23/6). The descripti s characterized in this study

is shown in Table/@b-é Z gu Ele.-s ' - 2, PB1, PA, HA, NP, NA, M,

Table 7: Host, locatig i i len samples sequenced in
this study.

CU-ID

i Location year
samples i \
CU345 Alduck oer/ fléne :;‘ -gasj0r ) A8 N Ollex Loei 2550
CU346 A/c‘ en/ ndl 3 i icken Chiang Rai 2550
Ccu3s4r A/ck/Pr r:— han/ ' icken Prachuap Khiri 2551
347/08 ==z Khan

‘CU-345 (ID- sample: 219), Cl _ff{_-"; ‘?r__@,._-" 847 (ID- sample: 23/6)

Table 8: A

able-nucteotide-sequence-or- 8-genes<(PB2-PB4+=PA SA NP, NA, M, and

00l

NS) of 3 avidhn#fnfiue
e |

I
ﬁ
Nucleotide sequence (bp
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Genetic relatedness and genotype analysis of avian influenza H5N1 virus

Genetic relatedness of avian influenza H5N1 virus can be analyzed by sequence

comparison of these viruses with th iruses isolated from Thailand and foreign

countries. Results of genetic aylan,influenza H5N1 viruses are shown in

phylogenetic tree (Figur ' S . iSrY key determinant residues of 8
genes of 3 avian mﬂ% d compared with the original

avian influenza H5N1, ' ther avian influenza viruses

from in Thailand and o

Genotype analysis

of 8 genes of refbv; for ¢ ' [ t elatedness. Genotype
/ in only 1 sample (CU-

equences from each gene

347) with the seque es k h-‘v-

-m |
segment analyzed Pere g follo 5. ':', 1SR DD, F '1\

1676 bp, NP 1-1481) .f,fJJ_;,e‘.-,._ ) OY

2071 bp, PA 2151 bp, HA 1-
and NS 1-690 bp. A distinct

phylogenetic lineage was reCoomzed—ba Oh_NJ bootstrap support of =70% or

i B

assigned Wlgh==the=8-—genes—lineage—resuitea—in—=a=anigc_/ene constellation.

Bayesian pogterior @ e origin. A genotype was

Neverthelest ,’ ¢ : ,r' Bee had the same gene
e § | —

lineage but di\iﬂjged by some Key"a ant, 1or exampl%n amino-acid deletion,

€.g. genotypes Z ?d Z+ diverge only in the presence or absence of a 20-aa deletion in

INEINT...

(genotype Z and V) of avian mﬂuer‘a H5N1 viruses w ound to emerge an

RN IRIINERY

original avian influenza H5N1 virus "Goose/Guangdong/1/96" and other avian influenza

th inidase! r

qlPrewous S ud|es have shown that

viruses from other countries and are shown in Figure 11. In this study, phylogenetic
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analysis of whole genome (CU-347) showed that the viruses clustered within the lineage
of H5N1 avian isolates from Thailand-Vietnam lineage, genotype Z or clade 1. In
contrast, the viruses isolated in Indonesia and China formed a separate lineage. In

Thailand 2004-2008, genotypes

cted including genotype Z and genotype V.

Genotypes Z and V have q‘f - ' jgin from Goose/Guangdong/1/96-
lingeage (Figure 11). G B \ %mented genes from a common

source whereas thejzPAg S ve u*e ori ., 2006). Results of genetic
analysis of 3 avW- & ¢ pgenetic tree (Figure 12-
31). >

Currently, t fluenza H5N1 virus was
developed b assification system was
developed by t organizations such as
World Health Orga ization (OIE) and the Food
and Agriculture influenza H5N1 viruses
(CU-345, CU-346 considered as an important
clade and the cause’s glitbrea v ."“-. n N7a | ‘ailand and Vietnam as well as
Cambodia, Laos and ! . Nala ‘i::q.ﬁfgr ' classification can infer the evolution
of virus from the same origig .1'” rus gr V k estor).

-- border areas of

u. lade 1. The viruses

Thailand, L¥be.ane

—t

| —
belonged to th&ﬂ ommon avia uenza NT"genotype or @je that has caused the

outbreaks of awancﬂuenza in Thailand.

ﬂUEJ’JVIEWI‘i‘WMﬂ‘i
ammnmummmw
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1996 Figure 11: Genotype of avian influenza
! H5N1 viruses in Thailand, 2004-2008. The
]
i ht gene segments, represented by
]
]
v ftaly bars are, from top to bottom,
, hemagglutinin
2004 ) 99
(NP), neuraminidase
----- L~and nonstructural (NS)
fraren wcolor represents each
2005
2006

2008 =

AUBINININYINT
RANIUNAINYIAY
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Hemagglutinin gene

Avian influenza H5N1 viruses from this study (CU-345, CU-346, and CU-347) are

grouped in Clade 1 which is a group related to the avian influenza outbreaks in the last
p ptide sequences or HA cleavage site of

| RRRKK) similar to the majority of

4-5 years in Thailand (Figure 1

those viruses harbor mul

HPAI H5N1 isolates eiiibreateme-346 and ﬂs had a glutamine at position
222 and a glycinei____sjfmfﬁ 4, Whlg are + eceptor binding sites for avian

species (Matrosovich. . ‘ Hinya.e al, 2006, Webster et al., 1997). The
polymorphism el i o ' a WMlises at key determinant

residues such ' ' i SEeptorhindindwsite, @lyBosylation, and antigenic

Clade Genotype
U-3i
A/ Thailand/1%
46 A/chicken/Thailand/CU=% !
A/duck/Thailand/CU- 328/2007
A/chicken/Thailand/sT- 351/2008 (2) vV, Z
A/duck/Fujian/668/2006 (V)
A/chicken/Thailand/ 006 (V) 234
A/duck/G 150/2006 (V) .
3 olla/3 5 (2 2 |
ur y/Tu 1/20
A/Ind €/CDosg7/2W6 (2 -
—— A/Indone51a/CDC938/2006 213"
99, A/Indonesia/CDC599/2006 ( 212
1 A/Indone51a/CD /2006 (
A/chlcken/lndonesm/4/2004

Figure 12: Phylogenehc analy3|s of HA gene of H5N1 viruses isolated in this study
comparing with other H5N1 viruses isolated from Thailand and other countries. The

analysis was based on nucleotides 1-1676 of the HA gene.



Table 9: Genetic analysis of deduced amino acid of HA gene at key determinant

residues in cleavage sites and receptor binding sites.
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HA gene

Virus

Receptor binding site

175" 222° 224°
L Q
Alchicken/Thailand/CU- L
A/Thailand/16/2004 L

Alchicken/Thailand/C L
AlThailand/676/2005 L
Alchicken/Thailand/Cl L
Alchicken/Thailand/NP-172/ L
Alchicken/Thailand/PC L
Alchicken/Thailan L
A/duck/Thailand/CU-328/; L
A/duck/Thailand/KU- L
Alchicken/Thailand/ST-351/. L
Alchicken/NIAH114843/2i L
A/Viet Nam/1194/2004 L L
A/Viet Nam/1203/2004 N L L
A/duck/Vietnam/1228/2005 M M
A/duck/Vietnam/5/2007 M M

Alchicken/Indoregia/4/200

A/duck/Indonggi@ ;‘.

AIndonesia/C :

AIndonesia/CD

AIndonesia/CDC88;

Alindonesia/CDCO3B RESRRKK

Aturkey/Turkey/1/2005 ‘ GERRRKKU A

Iig f
/Gu@n i
ha|/5 5 - ERRRKK™

uangxi/150/2006 ‘ RERRRK- S L
A/duck/Fujian/668/2006

r a'|'v_

RERRRK-

respectively.

; :.; gpdee J

Aming acid A pdsitien 129 and #76 (Serifie)/MlLcUEIN8) 2

Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q

eOG)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)G)'*G)

Q

Q
are E
(Ledkirey

° Amino acid at position 222 and 224 of HA gene: Q (Glutamine), G (Glycine) respectively.

-*: N/A not available



Table 10: Genetic analysis of deduced amino acid of HA gene at key determinant

residues in glycosylation sites.

Virus

154- 165- 193- 286-

Alchicken/Thailand/CU-34 N-T N-T N-T N-S

A/duck/Thailand/CU-346i200 —— -+ N-S
A/chicken/ThaiIan N-T N-S
A/Thailand/16/2W ) NT NS
A/Chlcken/Thanafg/gJ. o N-T N-S
N-T N-S
N-T N-S
N-T N-S
N-T N-S
N-T N-S
N-T N-S
N-T N-S
N-T N-S
N-T N-S
A/Viet Nam/1194/2 N-T N-S
A/Viet Nam/1203/2004 | - N-T N-T N-S
A/duck/Vietnam/1228/200 :u_ r‘. =N 1) N-T N-T N-S
Alduck/Vietnam/5/2007 ; . - N-T N-T N-S
A/chicken/Indonesia/4/2004 ‘,:,-}1‘1:‘,’.‘4# ‘.:: . N-T N-S
A/duck/lsia/ ' . : NT NS
Aindon gl S NT NS
A/Indone‘a N-T N-S
Allndonesia/GREBST - N-T N-S
A/Indonesia/ ( 38/2006 ] N-T N-S
Alturkey/Turkey/1/2005 N-T N-S

A/whooper N-S N-T w

a on@oli 20805 | | |
oofe@lar@cotl/ /1 NE 8 i N N
ar- -

eaded N- -T N-T - N-

ose/Qinghai/5/2005 ‘

q ® Amino acid at position 154-156 (N-A) and (D-A) do not have glycosylation properties.

-*: N/A not available
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Table 11: Genetic analysis of deduced amino acid of HA gene at key determinant

residues in antigenic sites.

Antigenic sites”

Antigenic site A
138 140 141
Alchicken/Thailand/CU-34Z/200 % 5 * - Q K s

* *

*

Alchicken/Thailan HElEa4e/R00 et

AThailand/ e/mi’d

*

AViet Nam/1203/2004
A/duck/Vietnam/1228/2@05

A/duck/Vietnam/5/2007
Alchicken/Indonesia/4/2004 £ gl %
, .-"'i- '

A/duck/esia/
AlIndong8ia/Gl

A/Indonka

AlIndonesia/ 38
A/lndonesia/gi do3s/2006

>

Alturkey/Turkey/1/2005 |

A/whooper swan/‘wNZOOS u A

UHINENINYN

duck/Fujian/668/2006 : A Q T
® Ami0 acighat 138 140, 44 440" ing), \alValing H
P RTRPE T LTk
' r0|r;e ‘ -

-* N/A not available

0 T »®© o »W I X X X X X X T X 4 X X X 4 X X X X
T U »w »w »w »w UV UV O O »n »w »nu »nw »w »nu »w »w T »w O »w T O v O wnu -
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HA analysis

HA cleavage site Receptor binding site

[ Consensus LATGLRNSPS RRRKRRGLFGAIAGF IATRSKVNGOSGRMEFFWIILKEN
30 Sequences ' 20 330 3 220 230

CTI345HA ‘ ﬁ’ RERRRKKEGLFGATAGT || KR i R N KM KN KK

CU346HA " ' - “ RREKEGLFGATAGF (| IATRSKVNGQSGRMEFFWT ILKEN

CU347HL by E GHRNSP GLFGAIAGF IZTRSKVNGQSGRMEFFWI ILKEN

L/Thailand/16/2004 i |‘_1 " #1*'- HEGWFCLTAGE | IATRSKVNGQSGRMEFFWT ILKEN

- \ \ I ; ILATRSKVNGQSGRMEFFWT ILKEN

TATGLENSS TATRSKVNGQSGRMEFFWT TLKEN

(| T2TRSEVNGQSGRMEFFWT ILEEN

L/chicken/Thailand Ne THTRSKVNGQSGRMDE FWIMLEEN

———
i RTRSEVNGQSGRMEFFWI ILKEN

B/chicken/Thailam st X AGF | IATRSEKVNGQSGRMEFFWI ILKEN
RB/duck/Thai 007 . BEF TR R SEVITGLSGRMEF FWI ILEEN
B/duck/ KI-56/, ERE : ZQSGRMDFFWIMLEEN

/chicken/Thai, = i Rf ; T, IATRSKVNGQSGRMEFFWI ILKEN
i f : : RSEVNGQSGRMEFFWI ILEEN

r GQSGRMEFFWI ILKEN
IATRSEVNGQSGRMEFFWT ILKEN
J : BE || AT R SHVIE0SERMEFFWT TLKEN

B/ duck /W § LATET d y BATREE1C0SCRMEFFWT TLKEN
i cke . { I3 DIGQSGRMEFFWIILKEN
IATRSRYNGQSGRMEFFWT ILKEN

RSEVIGLSGRMEFFWI ILKEN
i GRSGRMEFFWI ILKEN
([ T2 PIGOSGRMEFEWI ILKEN
ATRSEVNGQSGRMEFFWI ILKEN

B TRSEVNGQSGRMEF FWI ILKEN
EPEVINGOSGRMEFFWI ILEEN
EEVNGQSGRMDFFWI ILKEN

Iz GQSGRMDFFWIILKEN
TATRSEVNGQSGRMEFFWI ILKEN

AA

Figure 13: Compariso ced amino otein at HA cleavage site at

position 323-329 and recep(brbinding site atposition 222-224

ammnmummma
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I-IA‘I

DRICIGYHANNSTEQVDT IMEKNVIVIHAQDILEKTHNGKLCOLDGVEFL Majority
T T T T T

10 20 30 40 S0

I L L I I
X i, CU345HA
X i, CU346HA
.................................................. CU347HA
................................ de o fpeecenea. B/Thailand/16/2004
.......................... i 2/chicken/Thailand/CU-K2/2004
.......................... g . 2/Thailand/676/2005
...................... . .o chicken/Thailand/CH-162/2005
.................... | gcken/Thailand/NP-172/2008
............ cken/Thailand/PC-168/2006

othai/NIAH114843/2008

......... . . = 94,2004
...... __ g 1 004
...... - : ietn 28/2005

X £ 46HE

............... - 47HR
........................ . . A/Thailand/16/2004
- e'chicken/Thailand/CU0-K2/2004

; ailand/676/2005
.............. ol 5 ga/Thailand/CK-162/2009

..... . mmmssmmnnmnee e - = - A/Viet Nam/120 4
¥ B/duck/Vietn /2005
veews Bfduck/Vietnam/5/2007
. SRR chicken/Indcnesia/4/2004
duckfInane31afH5f2004

i L/whooper swaannnngiafé}ZDﬁS
L/goose/Guangdong/1/1996

‘ L/duck/Fujian/668/2006 ,
......................................... Neveuwn A;duck;jlﬂswzooa
rCompari ido HA! mﬂnonl g ﬂ

antigenic sites (underlines represent glycosylation sites and triangles represent

antigenic sites).
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LEHLLSRINHFEKIQIIPKSSWSSHEASTLGVSSACFYQGKSSFFRNVVIWL Majority
T T T T T

110 120 130 140 150
| 1 I 1 1

CU345HL

CU346HL

CU347HR

A/Thailand/16/2004
2/chicken/Thailand/CU-K2/2004
R/Thailand/676/2005

. B/chicken/Thailand/CK-162/2005
2/chicken/Thailand/NP-172/2008
chicken/Thailand/FC-168/2006
chicken/Thailand/PC-170/2004

R, i ukhothai/NIAH114843/2008

............ _-ﬂlllgmum
.......... 5. ... e e AR P05 / 20014
k/Vietnam/1228/2005

.............. ... ; p i i/16/2004
.............. LS I T EY 2 / ickef¥ Thailand/CU-K2/2004
........................ T L . S Thailand/676/2005
..................... wo— - .. I/chicken/Thailand/CK-162/2005
‘ hicken/Thailand/NB-172/2006

s ken/Thailand/FC-168/2006
..... = N gbailand/BC170/2006
T /2007
U5ay 2007
............. =il R 1/2008
114843/2008

B/duck/Guangxi/150/2006
L/bar-headed gnnsefQinghaif5£2005

N MANYQ'

Figure 14 Cont ): Comparison of decuded amino acid of HA protein at glycosylation

sites and antigenic sites (underlines represent glycosylation sites and triangles

represent antigenic sites).
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EYAYKIVEKGDSTIMKSELEYGNCNTKCOTFMGATINSSMEFHNIHFLIIG Majority
T T T T T

260 270 280 230 300
! ! L | 1

CU347HL
A/Thailand/16/2004
.. B/chicken/Thailand/CU-K2/2004
. B/Thailand/676/2005
/ W chicken/Thailand/CK-162/2005
cken/Thailand/NF-172/2006
1 /Thailand/PC-168/2006

n/Thailand/PC-170/2008

-+ iland,/CU-328/2007
..ﬂmﬁﬂ{u-ﬁﬁnoo?
/THail and/ST-351/2008
othai/NIRH114843/2008

Figure 14 (Cont): A%rotein at glycosylation

sites and antigenic sitg€ (u ‘9"‘_ res sylation sites and triangles

represent antigenic sites). ﬁ,

3-1 1"

'fif

AUEINENngng
AN IUANINGA
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Neuraminidase gene

Genetic relatedness of NA gene of avian influenza H5N1 viruses was determined

(Figure 15). Avian influenza H5N1 viruses from this study (CU-345, CU 346, and CU347)
are grouped into Genotype Z. Seqlienk i ‘of those viruses revealed that all three
isolates contained a 20 armige. deleti

Genetic analysis o? A ei ( )i : ues including NA stalk region,

rstalk (position 49-68). On the other

se/Guangdong/1/96 isolate.

i Genotype
1/8 "‘. 21/ nd/NIAH114843/2008 (2)
icken/ThailandiBc-17072006 (2)
(2)
ailand/CUSMM 2007 (7)
/2005
V, Z
20-aa

A/duck/Fuj i68/200
A/chicken/Indonesia/4/2004 (Z)
A/duck/Indonesia/MS/2004 (Z)

99 -

=]

Z
v " A/ Tgdoneg] A :
A ‘ o ' TE | | Y VAN csicD
_. a” ‘ y F 1 B | ‘ , i | Mo deletion

RGN SUURYINNAY

compared to that of other H5N1 viruses from Thailand and other countries. The analysis

was based on nucleotides 1-1386 of the NA gene.
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Table 12: Genetic analysis of NA protein at key determinant residues in NA stalks region

and Oseltamivir resistance residues.

NA gene

Oseltaivir resistant residues

275° 293

Virus

d e

295

Achicken/ThailancH@l=B46/@00 Fasdt
AlThailand/1 e/m?"

AViet Nam/1203/2004
A/duck/Vietnam/1228/28

A/duck/Vietnam/5/2007 :
AlGhicken/indonesia//2004 L8 gaTa?
‘chicken/Indonesia - "/“_
A/duck/Irfdggesia/l :

AIndong8ia/Gh

A/Indon&a

A/Indonesia/(i b38/2006

Alturkey/Turkey/1/2005 20 aa deletion E

A/whooper swan/‘wNZOOS 20 aa deletiolu E

H ) g/% 82 déletiol
0/200 1 20 aa deletion’

duck/Fujian/668/2006 O aa deletion

A» Fom)
irfesist

en

R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R
R

N
N
N
N
N
. o N
S _ N
2 CH N
O N
N N
\ ,
\ ’ N
\ N
N
v N
: N
N
N
' N
» ‘ N
¥ty N
¢ !
: N
N
H N
' - ) N
H AN
s H "R N
E H R N
it
ce ontaing™275Y mut

¢ Amino acid at position 293 can result in Oseltamivir resistance when contains R293K mutation

¢ Amino acid at position 295 can result in Oseltamivir resistance when contains N295S mutation
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NA stalk region

] Consensus NMISTWVSHSIHTGNQHQRED:
T
30 Sequences 30 40 50
CTI345H% NLISIWVSHSIHTGNQ,{-H@EP ———————————————————— .ISNTNE'L'IEKAVESVIG.AGNE
CU346N% NLISIWVSHSIHTGNQHEREP-———————————————— I SNTNFLIEKAVASVELAGNE

CU347HA : FOHERE -~~~ ===~~~ I SNTNFLTEKAVASVELAGHS

A/Thailand/16/2004 5 ] B T @ R P ———————————————————— !ZSNTNFL'IEH'A%SUIG..AGNE
B/chicken/Thailand/CU-K2/2004 E f ISNTNFLTEERVASVELAGNS
B/Thailand/676/2005 b ] T GG AR - ———————————————— I SNTHFLTEERVASVELAGNE

B/chicken/Thailand/CK-16 i, T D ——————————————— ;SNTNEITEHB“SMAGNE
L/chicken/Thailand/NPg 18 ) 3 ; IENTHELTENAVASVILAGHE
A/chicken/Thailand/FC-1 SIWVSHSIAGE i e iSN’TNFL'IEH'A‘\mSUIﬂ.AGNE
BA/chicken/Thailand{EColiyeilT™ ISIWVSHSIHT® = r ;SN’TNFL'IEKAVASVIG..AGNE
B/duck/Thailand/CU-375 NLIST SIHTG o R————— ISNINFLTEEKAVASLELAGNE

R/duck/Thailand /il ii— 1115 TS T )T G HRA E—

B/chicken/Thailan NLISIWZSHSIHTGE " ——
L/chicken/Sukho WLISTWWEHSTHT
L/Viet Nam/1 RIS TWWSHS TH k _____

A/Viet Nam.-"lZDSIZUdD_g - e h 1 -‘l
BA/duck/Vietnam/1223g805 4 F
B/duck/Vie " 2007 # C z > I SNTNFLTEKRVASVELAGNE
B/chicken/Indonesia/ i@ 4 I SNINPLTEKRVASVILAGNS
L/duck/Indonesia/Mainoq } 3 e I SNTNPLTEKAVASVILAGNS
A/Indonesia/ED 2008 i 15 B i - --ISNTNFLTEKRAVASVILAGNE

B/Indonesialg 95/200 L 1 B - .—iSNTNPL'IEKAVASV’ILAGNE
B/IndonesTa/CDCEE T/ 2800 ¥ i F JH R - X = ;SNTNPLTEHBVASV’ILAGNE
L/Indonesia/CDCI3 006 ¥ E [WV5! - 3 = --ISHINFLTEKRVASITLAGHE

L/turkey/Turke 005 4 i . iSNTK'E'L'IEH'A‘\mSVILAGNE
A/whooper 3wWa ongol 3 3 /28 , M " 3 _ISNTK‘E’L'IEKH&SV’ILAGNE
L/goose/Guan@fong/ 1/ 8856 ¢ I 05 =Ml f NI SHTNFLTEREVASVILAGHS

L/duck/Fuflan/665/ 206 | # i . - !IRNANEI.TENA%SV’ILAGNE
A/duck/Guangxi/1 oos g J STWvS] BN - N ;RNTNE'L'IENAWSV’ILAGNE
L/bar-headed goghe /Qinglei fF : ; :ll ISNTEFLTEKAVASVILAGNE

Note: 20 affino agitl dgletions ' NA Stalkegi \Pbsitionkat 49-68.
! 1"... F iR
Figure 16: Compa ".o‘ Oeducel 0 aCi | at NA stalk region.




Oseltamivir resistance amino acids

IGSKGUVTVIRE PFI SCSHLEC

] Consensus

LDAPNYHYEEC SCYPDAGE ITCVCRDNWHGSN.
T T - T

110 120

30 Sequences

270 280 230 301

CU345NA IGSKGUV'E’VIREPFISCSHLEC
CU346NA REFFISCSHLEC
CU347NA BFPFISCSHLEC
B/Thailand/16/2004 I
Afchickenf'ThailandfCU—KZf )4

B/Thailand/&a76/2005

Oseltamivir resista sensit'

LDAPNYHYEECSCYPDAGEITCVCRONWHGSH
LDAPNYHYEECSCYPDAGEITCVCRONWHGSH
LOAPNYHYEECSCYPDAGEITCVCRONWHGSN
LOAPNYHYEECSCYPDAGEITCVCRONWHGSN
LOAPNYHYEECSCYPDAGEITCVCRONWHGSH
LOAPNYHYEECSCYPDAGEITCVCRONWHGSH
LDAPNYHYEECSCYPDAGEITCVCRONWHGSH
LPNYHYEECSCYPDAGEI ICVCRONWHGSHN
LDLFNYHYEECSCYPDAGEITCVCRONWHGSN
I HYEECSCYPDAGE ITCVCRONWHGSH
ECSCYPDAGEITCVCRDNWHGSN
YEECSCYPDAGEIICVCRONWHGSN
HYEECSCYPDAGEITCVCRONWHGSH
ECSCYPDAGE ITCVCRONWHGSN
CYPDAGEITCVCRONWHGSN
B H YEECSCYENAGE ITCVCRONWHGSN.
BCSCYPDAGEITCVCRONWHGSH

g FDAGE ITCVCRDNWHGSN,
ECSCYPDAGEITCVCRONWHGSN
BECSCYPDAGE ITCVCRONWHGSN.
PDAGEITCVCRONWHGSH
PDAGEITCVCRONWHGSH

fi YEECSCYPDAGEITCVCROINWHGSH
CSCYPDAGEITCVCRONWHGSH
SCYPDAGE ITCVCRONWHGSN
PDAGEITCVCRONGHGSH

i HYEES PDAGEITCVCRONWHGSH
WEECSCYPDAGEITCVCROINWHGSH
CSCYPDAGEIICVCRDNWHGSH
SCYPDAGEITCVCRONWHGSN.

, 293, and 295 are related to
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Matrix gene

Genetic relatedness of Matrix gene of avian influenza H5N 1 viruses isolated was

investigated (Figure 18). Avian mfluenza H5N1 virus (CU-347) was grouped into the
group related to the outbreakgyr :
lineage. Matrix gene at “@ySdetermi

Table 13 and Figure 19. S-S f virus (CU347) was found to

separated from China and Indonesia

such as amantadine resistance

amino acids are shown in

Genotype
i i1200/ CU- 22808007
i and/CK- 6205 (7%
2004 (7S
R170/208 7)
2008 (2)
o , L/ Thailand/NIAHL14843/2008 (2)
: AR 7 2nd/2C-168/2006 (2)
S L)l v
e e P

L VA0 (o} GATARCAB M FAOT AT

8 c-.’

BTa/CDC 06 (2)
@006 () |
10 A7Indonesia/CDC599/2006 (z) § |
A/duck?Fujian/668/2006 (V) .

[ o e,

A/duck/Guangxi/150/2006 (V)
78'—'__': A/duck/Thailand/KU-56/2007 (V)
35 A/chicken/Thailand/N

47
A/whooper swan,

q Wm NIANNYINENY

based on nucleotides 1-960 of the M gene.
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Table 13: Genetic analysis of M2 protein at amantadine resistance residues and avian-

like and human-like amino acids.

M gene

Human/

avian like

16° 28 55°

E V L

Nohickenﬁ@‘, " * o

A/ThailM > E Vv L

- > . y .

. E V L

E V L

E V L

E VL

E V L

E V L

E V L

\ E V L

Alchicken/NIA 14 E \Y L

AViet Namil 94/? E vV L

A/Viet Nam/1203/2804 o E V L

AVduck/Vietnam/1228/20 Sl E Vv L

A/duck/V|etnam/5/2007 — - : E \ L

Alchicken/Indongsi / "’W E Y L

a/l C ‘ E \ L

‘ ’7-(0un--l-;‘-l';v-l-v-l__v_n_u_._n - Vv L

dones \ L
-

A/Ind a/CDC88 V L

AIndo 1a/CDC938/2006 V L

Alturkey/Turl y/1/2005 L \Y A S S V L

Alwhooper A}olla/3/2005 L V u S \ L

WEINg

w Aduck/Guangxi/150/2006 L
A/duck/Fujian/668/2006 ‘ L

q charactenshcs of avian-like amino acid at E16 and L55

“ characteristics of human-like amino acid at V28

-*: N/A not available
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M2 analysis
[] Consensus MSLLTEVETPTRNEWECRCSDSSDELVVARNI1GI AL LWILORLEFKCI YRRLKYGLERGPATAGVPESMREEYROED
28 Seguences 10 20 30 40 50 &0 70 14
CTU347M2 MSLLIEVETFTRNEWECRCSDSSDPIVVARNT IGILHLILWI LORLFFKCT YRELKYGLKRGEPATAGVPESMEEEYRQE]
L/Thailand/16/2004 MSLLTEVETETR * H" SDSSDETVVAANIIGILHLILWILORLFFKCI YRRLKYGLKRGPATAGVEPESMREEYRQED
L/chicken/Thailand/CU-K2/2004 MSLLTEVET BT OFSDPIVVLALNT IGILHLILWI LORLFFKCT YRELEY GLKRGEATAGVPESMEEE YRQE(

L/Thailand/&676/2005 LTE ‘ F T VA AN IGILHLILWILDRLFFECIYRRLEYGLERGFATAGVFESMREEYRQEQ
L/chicken/Thailand/CK-162/2005
L/chicken/Thailand/NP-172/2008
L/chicken/Thailand/PC-168/2004
L/chicken/Thailand/PC-170,/200
L/duck/Thailand/CU-328/2007

A/duck/Thailand/EU-56/2007 [MSL.CTE - ozl ‘ILWILDRLFFKCIYRRLKYGLKRGPSTEGU’PESI‘[REEY'RQEQ
L/chicken/Thailand/ST-351 /21 — | _WLDRLFMIMGU{RGPATR{N’PESMEYRQEQ
L/chicken/Sukhothal /NIAHTTS I 0 ’_ DELVVLR WILDRLFFECIYRRLEYGLERGPATAGVFESMREEYRQEQ
L/Viet Nam/1194/2004 ) £V B TRANITIGTT Gl L.ORLFFECIYRRLEKYGLERGFATAGVEESMREEYROED

L/Viet Nam/1203/2004 B ¢ o BELFFECIYRRLEKYGLERGFATAGVEESMREEYRQED
L/duck/Vietnam/1228/2005 / 3 ILWILDRLF]E'KCIYRRLKYGLKRGPATAGU’PESI{REEY'RQEQ
A/duck/Vietnam/5/2007 ’ K I LORLFFECIYRRLEKYGLERGPARAGVFESMREEYRQEQ
L/chicken/Indonesia/df a - - 2 ’ L WILDE FFECIYRRLEYDLERGESTAGVFESMEEEYRQE]D
L/duck/Indonesia/MEPP004 L ¥ E { ] LWl TP FECIYRRLEKYGLERGPSTAGVFESMREEYRQEQ
B/Indonesia/CDCS96,/2006, M5 SES: 2 3 LORLFFEFIYRRLEKYGLERGEPSTAGVFESMREEYRQEQ
L/Indonesia/CDC599/20086 4 Hp 3 AETH 1 WBRED T.FFKF I YRR LKYCLKRGPSTAGVPESMREEYRQER

L/Indonesia/CDCEET /28 ‘ K X GILALT . FEKFIYRRLEYDLERGESTAGVFESMREEYRQEQ
L/Indonesia/CDC9 06 y ] E 1 B ALE MEHIET W1 TPPRF K F 1 YRRLEY DLKRGPSTRAGVFESMREEYRQEQ
A/turkey/Turkey/1/2005 i TBTE g ST ILDRLFFECIYRRLEYGLERGESTEGVFESMREEYRQED

L/whooper swan/Mongolicg@r 2005 ] NEWEC] } LW DELFFECIYRRELEYGLERGESTEGVPESMREEYRQED
L/goose/Guangdong,/ 1/ LaEw ' AT WL DE. FFECIYRELEYGLERGPSTEGVFESMREEYRQED
L/bar-headed goose/@fgnai/giP00s, S LT 2 2 ] HL 1 I FRCIYRELKYGLERGPSTEGVPESMREEYRQED
L/duck/Fujian/ 66006 : 3 T ; ] ] L WILDED TYRRLKYGLERGPSTEGVPESMEEEYRQER

A/duck/Guangxi/150/2006 N LDRLFFKCIYRRLKYGLKRGPETEGU’PE SMEEEYRQEQ

W

A Amantadine resistant ino,
y
' Human/Avian-like ag#ho ag

Figure 19: Comparison of‘ ; 2 i : protein at position 26, 27, 30, 31,

64. and eemm e

55 represen

ndﬁh osition 16, 28, and

ARIANTUNINGN
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Polymerase gene (PB2, PB1, PA)

Figure 20, 21, and 22 show genetic relatedness of PB2, PB1, and PA gene of

avian influenza H5N1 viruses isolated in thls study and comparing to other viruses from

& and sep ,____Whma and Indonesia lineages.

25 shew ge

r@ree polymerase proteins

ess of PB2, PB1, and PA gene were

s and are clustered in the same

virulence in mammal.
%, 702 of CU-347 contains
ftively. Based on the analysis

i€presenting non-virulence

I )8 of the CU-347 isolate has

ﬂUEl’J‘VIEWIﬁWEl']ﬂ‘i
QW?Mﬂ‘iMNW]’WI&I’mEJ
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PB2 phylogenetic analysis

Genotype

A/Chicken/Thailand/NIAH114843/2008 (Z)
A/chicken/Thailand/PC-170/2006 (Z)
A/Thailand/676/2005 (2)
iland/CU-328/2007 (Z)
/CK-162/2005 (Z)

Nam/1194/2004 (2) /
“Aduck /Vietndp/1228/ 2005 - V, Z
=8 7 /duc tnam/Sm

ujlan/eamooe .

I Gs/GD

0.01

::;-

Figure 20: Phylo etl ap yss ol es isolated in this study

compared to other H tries. The analysis was

1” "".»wlfd thek, col

based on nucleoti S }é

AUEINENngng
AN IUANINGA
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PB1 phylogenetic analysis

Genotype
il 1 ana/van14843/2008 (Z)F
e 170/2006 (2)
. Thalla‘
|Iﬂ_- “3./chickesy Thailar8
apd/16/2004 (z)
/11 /2004
V, Z
Il ocscD
0.005
Figure 21: Phylogenet viruses isolated in this study
compared to other H5N1 viruses=freom: and other countries. The analysis was

ﬂUEl’J‘VIEWIﬁ‘WEI']ﬂ
ARIAN TUNRIINYIAY
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PA phylogenetic analysis

Genotype

2003 (Z)

/cull328/2007 (2)

(z)

H/Dﬂmwzooa (2)
: CU-347=pR= .
CU-SQE z

An/1194/2084 (2)

i’ 2

: I e an/120B/200¢ (7%,
_99 - j viet m/Z Ly
— 7%
AN
b“_;«ﬂ Potn b 1 % e
I-"“ - f: T;méh_ ) ,
! osfj ingdol/ 14 % D) " | Gs/GD
001 _h'fl f *'f
¥/ f 4 ,r"" f,

5 - W

Figure 22: Phylone analy. fy;‘;’, vifuses isolated in this study

compared to other HGR vifpSESA Th offer countries. The analysis was

AUEINENngng
QIR TN ING Y
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Table 14: Genetic analysis of deduced amino acid of PB2, PB1, and PA genes at key

determinant residues relating to human or avian-like and virulence characteristics.

PB1° PA’
Virus Virulence” Virulence H/A like
627 355 198 409

A/chicken/ThaiIand/CU—347] S

A/duck/Thailand/CU-345/208 — S

Alohicken/Thallanc/ G BEE— e
f ‘
AThailand/16/20 A,

Alchicken/Thailand/C
-

*

A/Thailand/67

A/Viet Nam/1194/200
A/Viet Nam/1203/2004
A/duck/Vietnam/1228/2008
A/duck/Vietnam/5/2007

R
R
R
R
R
1_1 -| L] L
A/chicken/Indonesia/4/2004 4 : e - R
A/duck/lnﬂai/ S Rt

A/Indonesi Ldau..-n-m.—g__v_.—

AlIndonesi

Ao

AlIndonesia/CD

Alturkey/Turkey/1/2005,

A
aiooper swan/Morglln)S A \NK 3

wm

k/Guang><|/1 50/2006

>
<

w »w 0 0 nu nu Z2 nu »w »nu 0 »w O O O 0 »u »w »mw O »u O O »u u w

—
mmx -

A :70 o K=

N 97? -~ X X X X X X X X X X X X X X X" X" X" X" X" X ® "% "« X

>
~

A/dUCk/FUJIaﬂ/668/2006

T8 TUARINIA Y

 Amino acid at posmon 198: K (Lysine)

¢ Amino acid at position 409: S (Serine)

-*: N/A not available
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PB2 analysis
[x] Consensus LTGNLOTLKIRVHEGYEEFTMV | LEFARAFPEQSRMQFSSLIVHVRGSGMRILVRGNS EVFNYNKATKRLTVLGKD!
; ; ; T : ; : :
28 Sequences 350 360 620 &30 640 650 &80 670
CU347ER2 LTGNLGTLKIRVHEGYEEFTMV | LEFALAPPEQSEMQFSSLIVIVRGSGMRILVEGHS EVFNYNKATKRLTVLGKD!
L/Thailand/16/2004 LTGNLGTLKIRYHEGYEEFTMY | LEFALAPPROSEMOFSSLIVIVRGSGMR I LVEGHS EVFNYNKATKRLTVLGKD!

L/chicken/Thailand/CU-K2/2004 LIGNLQTRH \‘ [ i i iy LEFARAPPEQSEMOFSSLIVNVRGSGMRILVRGH SEVFNYNERTKRLTVLGED!
L4/Thailand/&676/2005 M H 7 !l d § BFLL L P PR ONEMQF S SLTVNVRGSGMR ILVRGN SEVFNYNEATERLTVLGED!
L/chicken/Thailand/CE-162/2005 e i; LETH FARNT EEONRMOFS SLTVNVRGSGME ILVRGH S EVFNYNEATKRL.TVLGKLE
L/fchicken/Thailand/NE-172/2008& GYEL | P L EEEO SPMOFSSLTVNVRGSGMRILVRGN SEVFNYNEATKRLT ILGED!
L/chicken/Thailand/PC-168/2008 Gl -4| PF L. QSEMQFSSLTVNVRGIGMRILIRGN SEVFNYNEATKRLTVLGED!
L/chicken/Thailand/PC-170/20 068 YRR B If B FSSLTVNVRGSEMR ILVRGN SEVFITYNEATKRLTVLGKD]
Afduck/Thailand/CU-328/2007 _ H RVHEGYEEF | r F3SLTVNVRGSGMRILVRGH SEVFNYNERTKRLTVLGED!

Afduck/Thailand/KU-56/200 Ty {IEVHEGYEEFTM SLIVNVRGSGMRILVRGHSEVFNYNERATKRLT ILGEDI
A/chicken/Thailand/5T-351 L2008 KIRVH] EFTMV i' 5 ) F TVNVRGIGHMRILVRGN SEVFNYNEATKRLTVLGED!
A/chicken/Sukhothai /NIAR LETRVHEGTEEFTMV TF n oL T VHVRGSGMRILVRGH SEVFNYNERTKRLTVLGED!
L/Viet Nam/1194/2004 {IRVHE EFTMV [T LTVHNVRGSGMRILVRGH SEVFNYNERTKRLTVLGED!
L/Viet Nam/1203/2004 R L TR VHE | LBELE §SLTWIT VR CSGMRILVRGH S EVFNYNERTKRLTVLGKD]
Afduck/Vietnam/1228/2 A V] ELE() F3 VNVRGIGMRILVRGN SEVFNYNEATEKRLTVLGED!
Afduck/Vietnam/5/2007 - ' i DETMY || i LTVI'I‘«RSS GMRILVRGNSEVFNYNEATEKRLTVLGED!
L/chicken/Indonesia/4/208 . WLOPLETE E F ) r RGSGMRILVRGNSEVFNYNEATKRLTVLGED!
L/duck/Indonesia/! : 4 F EG B \ E 2L R S CME T VRGN SEVENYNEATKRLTVLGKLE

4 AR
4/Indonesia/CDC596/ 2006 i 4 2 | | 8L TVIVRGSGME ILVRGH SEVFNYNRT TERLTVLGKLE
L4/Indonesia/CDC599/2006 4 HE ¥ QVRGSGMR ILVRGN S EVFNYNRT TERLTVLGKLE
4/ Indonesia/CDCEET /200 r L 2 } ) [N -~ 5 GME T LVRGH SEVFNYNERTERLTVLGED!

L/Indonesia/CDCH38 i 3 f 2 ok ’ GMRILVRGNSEVFNYNEATKRLTVLGED!
L/turkey/Turkey/1/2005 p El GYEF \ . TVNVRGIGHMRILIRGN SEVFNYNEATKRLTVLGED!

L/whooper awan/Mongoliaf, 05 y I ' ] B JIVRGSGMEILIRGHN SEVFIYNERTERLTVLGED]
L/goose/Guangdong/1/183 R ET B SEE R GSGMRILVRGH SEVFNYNERTERLTVLGED]
L/bar-headed goose/CUlh=i/ 5/ i K ! 3 SEMRILIRGNSEVFNYNKRATERLTVLGEDI
L/duck/Guangxi/150 & FES ] 0 ! v GMEILVRGNSEVFNYNEATERLTVLGEDI
L/duck/Fujian/668/2006 1 B L TVHNVRGSGMRILVRGH SEVFNYNEKATERLTVLGED]

\

it ; onsens F L& L GHE DRRE GPALSINELSNLA
28 Sequeng : ’L\s ] 710

CU347EB. i Y 5 3 4 : JEDERYGPALSINELSNLA
A/Thail@#d,/ 16/ 4 ] / 1 { DERYGPALSINELSNLA
A/chie¥en/Thagend,/ CU- Pl { ILGREDKRYGPALSINELSNLE
B/Thailand/# 2005 B b T LGKEDEKRYGFALSINELSNLA

L/chicken/ Thai land, “"J ) ] d T LGKEDKRYGPALSINELSNLE
R/chicken/WMaila E - I I LGKELKRYGPALSINELSNLL
L/chicken/Thailand¥e |1

L/chicken/Thailand,/PC-10HE

L/duck/Thailand/ #: 3_
B/duck/ThailandZZl-56] b | FLTLGKEDKRYGPALSINELSNLA
GHEDKRYGPALSINELSNLA

ROHEYGPALSTNELSNLY

NELSNLL
TNELSNLL
LI TNELSLY
PARETNELSILL
i o R E KR SINELSNLE
;\mei &/ Tndome LGKE PLLSINELSNLE
ni jonesia/CDC536 [RPTINVLY | FLILGKEDFRYGPALSINELSNLL
AfInficnesia/CDC599/2006 KKEELQDCKIAPLMVAY || FLILGKE PALSINELSNLE
KKEELQDCKIAPLMVAY | FLILGKE D@ GPALSINELSNLA

donesia/CDCEET /2008

A/Indo ia/CDC938/2008 EKEELQDCEIAPIMVAY || FLILGKEDKRYGPALSINELSNLA
B/tur L /11,2005 MELQW«T—\Y FLILGKEDERYGPALSINELSNLA
L/whooDerl fongolia/3/2005 KEEELQL IMVARY | FLILGKEDKRYGPALSINELSNLA

L e n & WEE gy [ L BGR 5
r-Meafed 0 a '. " E . P
= | Guan: 150 HEET]) j
| | Fuji s2/@800 ‘ REEL]) LGKE ‘
‘ \unce determinantamino acid

f HumanfAvian-ike amino acid

RN (AR

which involving with virulence

o=
pr

eterminant amino acids of virus

riangles) and a
position 199, 661, 667, and 702 which represent of avian-like and human-like

characteristics (arrows).
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PB1 analysis

[] Consensus MEITTHF DNMTEEMVTQRTIG YLIRA
28 Sequences 180 190 200 210 220
CTU347EBL METTTHFQREREVEDNMTKKMVT QRT IGHEKQRLNEKSYLIRR

L/Thailand/16/2004 ITTHFQREREVEDNMTKEMVTQRT IGKKKQRLNKKSYLIRA
1/chicken/Thailand/CU-K2/ 200 HFQRKRRVRONMTKKMVT QRT IGKKKQRLNKKSYLIRA
L/Thailand/676/2005 \ ; ) RONMTKEMVTQRT I GKEKQRLNKKSYLIRE
B/chicken, Thailand/CHe e EITTH B R ONMTKEKMVT QRT IGKEKQKLNKKSYLIRA
: IMTERMVTGRT IGKEKQRLNKRSYLIRA

g QRT IGKKKQRLNKKSYLIRA
QRT IGKKEQKLNKKSYLIRA

@MU (RT IGKEKQKLNKKSYLIRA
B/ TQRT IGKKKQRLNKRSYLIRA

BT TGEEERLNEKSYLIER

HEQR HSYLIER

BECE QRTIGEEEQRLNEKSYLIER
T TQE. IGKRKQRLNIG{SYLIRA

- =t RSYLIER

R (RSYLIRA

E IGEKKQRLNI{RSYLIRA

HEQR RSYLIER

(KR RSYLIER

L[ RT TEMRRCRLIKRSYLIRA
ETIGEEEQRLNEKSYLIER

QRS CHKEQRLNKKSYLIRA
' GE-EOR RSYLIER

. FRLNEKSYLIEL
ROR T T GERRQR RSYLIER
R T T GHKKQRLNKRSYLIRA

dprotein at position 198 which
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PA analysis

[X] Consensus CEDVS DIIL.RQYDS DE PEISRSLASH‘IQS]IE FNERCELT DIS SWIELDE IG]IEI %

29 Seguences 330 400 410 420 430

CT345FR CKDVSDLRQYDSDEFESRSLASWIQSEFNKACELTDS INIELDEIGEDY
CTI347FA GHINSDLRQYDSDE PESRSLASWIQSEFNKACELTDS IWIELDE IGEDY
4/Thailand/16/2004 4}l | O B0V DSDE PESRSLASWIQSEFNKACELTDS SHIELDE GEDY

B/chicken/Thailand/CU-K2/ i DI YRE DE PESRSLASWIQSEFNKACELTDSSWIELDE IGED
B/Thailand/&76/2005 : L { ERO S DERF SFSTASWIQSEFNKACELTDSSWIELDEIGEDW
{1 K] PESES LASWIQSEFNERCELTDSSWIELDEIGED
LSSWIQSEFNKRCELTDSSWIELDEIGEDW
RS L T SEFNKACELTDSSWIELDEIGEDW
L SWIQSEFNKRCELTDSSWIELDEIGED]
= 7 ' FSEFNKRCELTDSSWIELDEIGEDY
B/duck/Thai { = SWIQSEFNKRCELTDSSWIELDEIGEDW

B/chicken. J G 3 {RCELTDSSWIELDEIGELDW
i ; JSEFNERCELTDSIWIELDEIGEDW
B/Viet N ! R Jn.CELTDSSWIELDEIGEDW

NEACELTDSIWIELDEIGEDW
FNERCELTDSSWIELDEIGEDWV

ENEE CELTDSSWIELDEIGEDW
TDSSWIELDEIGEDW
FNEACELTDSSWIELDEIGEDW

KL CELTDSSWIELDEIGEDW

W TMEEREF 1. T DS SWIELDEIGEDY
[LTD5SWIELDEIGEDW

98E FHEACELTDSSWIELDEIGEDY

R R CELTDSSWIELDEIGEDN

TQSKENME CELTDSSWIELDEIGEDW

i (/SE FiNi TDSSWIELDEIGEDW

M EFNEMSRL TDSSWIELDEIGEDY

5 RFNERCELTDSSWVELDEIGED

fO8C 1T (S EB F.CELT DS SWIELDE IGEDY

PASprotein at position 409 which

involving with characteria}i hmman-like characteristics (arrow).
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Nonstructural protein gene

Genetic relatedness of Nonstructural protein gene of avian influenza H5N1

viruses is shown in Figure 26. Avian influenza H5N1 viruses (CU-345 and CU347) are

clustered in the same grou [ I ailand lineage. Mutation analysis of
Nonstructural protein avian |ir " Ses_at virulence determinant are
demonstrated in Ta e . I Thie” vian influenza H5N1 viruses
(CU-345 and C@wf mingaoid sition 80-84 and have C-

terminal ESEV tha are j SFepo ion 92 poseses Aspartic acid

s
S

(D) which indicet®g Wenéd| 3\(Se0 BUa, 208

Genotype

goai land/NERRM 484378008 (7)
il and/pCT0R 006 (2)

005 (2)

-328/%87 (2)
/CK-162/2005 (2)

jasll 214/ PC-168/2006 (2)
804 (Z)

2008 (Z)

=]
N

- =
ot | . |
1 #2/2006 (V) |
i ; fonesia/4/2004 (z) | |

! 198 | A/duck/Indonesia/Ms/2004 (z) W)
91{100 - A/Indonesia/CDC887/2006 (Z)

I 30 A/IndoneSLa/CDC938/2006 (z)

A/Indones 6/2006 (Z)
0 A/Indone31 99/2006 (z)

‘ f&:; it gﬁz A ¢ f] )

comparmg to other H5N1 viruses from Thalland and other countries. The analyS|s was

based on nucleotides 1-690 of the NS gene.
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Table 15: Genetic analysis of deduced amino acid of NS1 gene at key determinant

residues related to virulence characteristics.

NS1 gene’

Virus Virulence determinant

92° Carboxyl-terminald

A/chicken/ThaiIand/CU—3 ; D ESEV

A/duck/Thailand/CU-34 ESEV

ESEV

) : ESEV

AThailanc/6 %05 _ 7/ W N, ESEV

Alchicken/Thailan L alefiop ', g .- ESEV

h . ESEV

ESEV

ESEV

ESEV

ESEV

ESEV

Alchicken/NIAH11 ESEV

AlViet Nam/1194/2§ ESEV

AlViet Nam/1203/2004 D ESEV

A/duck/Vietnam/1228/2605 D ESEV

A/duck/Vietnam/5/2007 D ESEV

Alchicken/Indonesia/4/2004i D ESEV

A/duck n’d;}si ! ‘ ESEI

A/Indor&e eDC596/2008 27 deletion : ESEV

Alindonagia/@ 08 i ESEV
i

ESEV

5 aa deletion

Aturkey/Turkey/1/2 5 5aa deletion
whooper swan/ 5aa deletl
U q l I ﬂ l Iﬁ I l ﬂ I

ose/angha|/5/2005

A/duck/Guangxi/150/2006 ‘ 5 aa deletion = D ESEV u

“amino acid at position 92 of NS1: D (Aspartic acid)

¢ amino acid at carboxy terminal of NS1: ESEV (Glutamic acid, Serine, Glutamic acid, and

Valine)
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NS1 analysis

%] Consensus ESDERLEN = ASRY:IL.IDHI NMTIESEVJ

29 Sequences ) | ] 220 i 230
CU345N5 ESPHRLEN-———- LSRYLTOMT | NQKREMARTIESEV .2

CU347HS - - PASRYLTONT | WQRRRMARTIESEY
2/Thailand/16/200] | " SDILY ASRYLTDMT || NQKREMARTIESEV.
A/chicken/Thai Al ES0H PRSRYLTDNT NQEREMARTIESEV.:
/Thailand AaEkadlS \ el SPIC.L YLTOMT |NQRREMARTYESEV .

L/chicken NQURHMARTIESEV
L/chick® ; MT | NQKRKMARTIESEV.S
1/chickenéEhai ; ? SRR NQRRR]‘LARTIESEV'
L/chi W : ‘ EXTY s NQHRKVARTIESEY §
1/duck/Thai 3 - NQRREMERTIESEV .
n/d ] SHE : RO FERRTVESEY

: SDEAL NQJ{RmmRTIESEv-

| ozt TIESE’V'
M HARTiESEV-
NQNRIQLARTIESEV.

X ONEED TIESEV'
It ARTIESEV.:
% TIESEI -
NQKRK}L&RTIESEV-
NQBRKHART!IESEV-
GHRH] TIESEV'

B TIESEV-

D ORRED TIESKV’-
DQBBIG‘LARTIESKV'
KQM?-YHAIG?.':’ESEV-
(QERE] TIESE\F'
LERED TIESEV-
ORLDMT (| DOKEK] 'Ij:ESKV-

Figure 27: Compar'iso" f s ~~\_' protein at position 80-84 which

involving virulence defermifi nt'2 acio (indiCated in box), 92 (triangle) and




60

Nucleoprotein gene

Genetic relatedness of Nucleoprotein gene of avian influenza H5N1 viruses is

shown in Figure 28. Avian influenza H5N1 viruses (CU-345, CU 346, and CU347) are

clustered in group related to thg' : / hailand and separated from China and
Indonesia lineages. Genetiggalialysisiof ! I gene of avian influenza viruses at

key determinant residugs:sut ’ ian-like. Jman-like characteristics is shown

in Table 16 andw 2§j ian= 1 viruses (CU-345, CU 346,

and CU347) carrie Le

Genotype

2/2004 ‘l :
L (7) V, Z

(2)
/2007 (2)
| goose/Qinghai/5/2005 (Z)
ey/1/2005 (Z)
plia/3/2005 (z)
Q07 (V)

Y.

)
-

A/goose/Guanong/l/1996 (Gs/GB | I Gs/GD

ﬂﬁ&%%ﬂﬂ@ﬁﬂ&ﬂmmw

ed to other H5N1 viruses from Thailand and other countries. The anaIyS|s was

QRIS AINg 18y
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Table 16: Genetic analysis of deduced amino acid of NP gene at key determinant

residues relating to human or avian-like and virulence characteristics.

NP gene

Human/Avian like

characteristics
B 136
L
————— L
A/chicken/TWJ ' ‘ %L

ATThailanc/16/2004cg® o /' /1§ . R ]

A/Viet Nam/1203/20@%

A/duck/Vietnam/1228/2005
A/duck/Vietnam/5/2007 £ gl %,

, .-"'i- 4
/Indg

Allndone;
AlIndone: 4 DC887/2006

AIndonesia/CDC938/2006
Alturkey/T urk‘ /a u
ha@p /! ia i . w
JHINENTNYINT
ar-nea goose/Qinghal/5/200: L
¢

| |
u A/duck/Guangxi/150/2006

L

A/duck/Fujian/668/2006
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NP analysis

GEDATAGLTHIMIWHSNLNDATYORTRALVRIGMDE
140 150 160

] Consensus EIREIWR
30 Sequences 120 130

CU345NHF EIRRIWRQANNGEDATAGLTHIMIWHSNLNDATYQRTRAT.VRIGMDE
CU346NF IRE IWRQANNGEDATAGLTHIMIWHSNLNDATYQRTRALVRIGHMDE
CU347NP i

A/Thailand/16/2004
A/chicken/Thailand/Cl
B/Thailand/676/200

WHSNLNDATYQRIRALVRIGMDE
LI DATYQRIRALVRTGMDE

WETSH LN DATYQRTRALVRTGMDE
{HSNLNDATYQRIRALVRIGMDE
SN DR T YQRTRALVRTGMDE
? LT YQRIRALVRIGMDE
L WM S L DL TYQRTRALVRTGMDE
ML TH MRS 1TDL TYQRTRALVRTGMDE
LB ATYQRTRALVRIGMDE

T YQRTRALVRTGMDE

I§H SHLNDATYQRTRALVRTGMDE

[ LNDATYQRIRALVRIGMDE

TWHSNERDAT YQRTRALVRTGMDE

( TWH SNENBE T Y QRTRALVRTGMDE

e S NBAT YORTRALVRTGMDE
MIWELSITLIDATYQRTRALVRTGMDE
DATYQRTIRALVRIGHMDE
DATYQRTRALVRTGMDE

A/Viet Nam/l2

4F .
Figure 29: Comparisonifof 'i‘"“;: NPlprotein at position 136 which
! i A = g &

represents avian-like and h ‘ ! ICS (indicated by arrows).




CHAPTER V

DISCUSSION

In Thailand, avian i / I lew emerging virus, which was first
reported at the begin /)&an influenza virus has spread

periodically with at.@of AI‘thre the country. The outbreaks
of avian influenz ) za H5N1 virus classified
as Genotype Z. et al., 2004). Genetic
anc mwere found to be similar to
those in Vie - the g ving es have '-.V as Thailand-Vietnam
lineage or geno » ‘ swViseshakul et al., 2004;
Webster and Govor 08) have summarized avian

influenza H5N1 3 s in Ay d6ta ries loUnd thBorld. They reported that

avian influenza H5N@F viry§ c&n'Cesdt oF ’ Sevel | @@Lps or clades by using the

comparison of genetic § Pque ,-.;;-.' A or examiple, avian influenza H5N1 virus
| ) i N e The

from Thailand can be"classifled=iato=in is the virus spreading in Thailand,

Vietnam, and I\/Ialaysia oltz e , 2004). The outbreaks of avian

influenza }—@i e pre 1 ttﬁes. Currently, there
A ———— =
are at IeastE / 9enotype Z and V) of

avian influehzajEfN ) th&jﬁtbreaks in the country.
|
Chutinimitkul =and team (2007) found that avian GAfluenza H5N1  virus

A/ch|cken/Tha|Iar‘WZ/ZOOG’ that is a |solated from chickens at Nakhon
‘ fere aos]All aks Ir iha.ar; It is noted

that the genotype V virus has PA @e that exhibited I ucleotide similarity f

q w'rmnm URIANIAY

the border of Thailand, Myanmar and Laos. These locations were selected based on the

criteria as follows: 1) an area that has a joint border of Thailand with Myanmar and Laos
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2) an area that has an international crossing point, a temporary border crossing, a
temporarily permitted between Thailand and neighboring countries, which are essential

for disease surveillance and poultry movement) and 3) an area with the outbreaks of

(Amonsin et al.,
collected from 13 provinces between

September 2007 /ow(68 / 2,175)) were tested

,; PORB=scd 2 y o identify influenza A H5N1

virus. The samples th yie a:ﬁn tive resu ' ltiplex RT-PCR samples were
further confirmed by realtim RT-PCR us V..HA, and NA gene specific primers
(Payungporp et aI., 006; Payungporn et & pakarn et al., 2008) and PCR-

ELISA usings plex RT-PCR can be

identified 15%dmp 2 ’; so further identify 15
e § | —

influenza A intcf_H 5 (7 sample d-N s pIeS).When.ﬂF realtime RT-PCR and

PCR-ELISA were l?d to all isolates were confl ed as influenza A subtype H5N1. Test

Al mmmmm T::j;yzz

|den ng as H5N1.

ARIINT 0 HRINHIAY

were selected for whole gene sequencing. The genetic information from whole genome
sequences were used for phylogenetic analysis and genotype analysis of the viruses.

We were able to elucidate whole genome sequences (8 genes) of only one virus (CU-
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347). Due to the limitation of RNA quality, only 4 genes of the other two viruses (CU-345
and CU-346) were sequenced. Reasons for the unsuccessful whole gene sequencing

may be spend many times to handle or using RNA in any PCR method that RNA could

be degrade or the low virus titers t the amount of extracted RNA which was

not good enough for whol Om ‘ //)virusee.

Genetic relatee \ [ wirliSes isolated in this study was

evaluated by phyl ' ysis. £ stssigicated, that avian influenza H5N1

the genetic relate ‘ i in-eac ally consistent. The result

gdiland derived from the
\

ancestor "Goose/@langfo ‘ " ) . sl hen € . t . In clade classification
system, the CU-345 U"—I ‘~."" s \JE : H5N1 viruses belonged to
clade 1, which was eq!' ered -,-.;‘,. ",.' affh,cladle "! Caused the outbreaks of avian
influenza in Thailand agié :J'?E‘E"‘: v'-Jr-_ i, nos and Malaysia.

We determined

viruses an<t o 1! S | @ng in Thailand and

other Countte l1323—329 in HA gene

inant residues of 8 genes of the

-
-

showed the ch T cter| S inﬂon. This characteristic
L]
designated the irus as highly pathogenic avian influenza ( Claas et al., 1998).

influepz ' th E araot ristics of HA cleavage
ﬁue R ‘ ofhe vﬂnﬂ hza H5N1

wruﬂ in Thailand that have muIt|p|e insertion of basic amino acids at different types

Such as "RERKRKK", "REKRRKK" aﬁ "RERRRKK" Amﬁl et al., 2006 In thlsudy,

posmon =224 ( and e presence of Q222 anc 4 Can affect

ability of the virus to bind the host receptor (Q-2,3 linkage), typical for avian but not the

human virus (Connor et al., 1994). The mutation of amino acids at these positions may
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affect the virulence of infection particularly in mammals (Matrosovich et al., 1999; Shinya
et al., 2006; Webster et al., 1997). Amino acids related to the receptor binding pockets
were also analyzed. These amino acids had highly positive selection pressure (Smith et

al., 2006). We found no mutation iho jacids at position 129 and 175 (L129 and

L175), that was related t

analysis of glycosylatio v, b yshowed that the viruses contain
all 7 glycosylation_zsi s @an influenza H5N1 virus
AT o ‘

influenza H5N1 virus infection. The

(Matrosovich et he comparative analysis

of amino acids of e Atigenic site A-E at amino

selection pre o of, P006) 7 ThofenelYsiShsholed TNk avian influenza H5N1
virus had amino Ae41. These mutations was
previously shown tgFres@it i antige o which reflect the

adaptation of the#irus L ost immuni | " d*lien, 2006).

The previo‘ ‘slt! Y , atec e prese e ol 20 amino acid deletion at
NA stalk region of NAPGe ‘?fmfl%e influ 1™Mlruses from Thailand, Vietnam,

Indonesia and many countr| pe during the year 2003-2007 (Amonsin

—-*‘1- ?W 007; Viseshakul et al

et al., 200(@1% € et al., 2007; Vi .
2004). This mine on is missing a*=b virus isolated from

goose “GodtelEUa
=

the result of thd|

Sfdssat*NA stalk region was
_ o
aptation or evolttioR*eecuring rom the infeﬂpn in wild aquatic birds

to domestic poultr* (Matrosovich et al., 1999). In this study, 3 viruses have 20 amino

Bl ﬂﬂ?ﬂﬂﬁiﬂﬂ“’lﬂﬁﬁi?

reS|s ce were previously |dent|f|ed t positions 119 (E to V), 293 (R to K), and 295

RTEN sain ANy A

The particular amino acid positions or concensus in M gene were found to be

specific to avian virus (avian-like amino acids) or mammal virus (human-like amino
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acids) (Matrosovich et al., 1999), for example, amino acids in M2 protein at position 16
(E /G) (avian/human-like), position 28 (I/V) and position 55 (L/F). The results of this study

found that amino acids at position 16 and 55 were E and L which were avian-like amino

amantadine reS|stance
30, 31, 64, 66 of
structure of pro

Pinto et al., 1992)

Amino_ ‘ : “ ghe 'F_“’ \ !

Alanine (A), i e (Kre »0‘-\.\‘ Al

. . i 3 ) | i = — A nll". ’-, . .
characteristic \ /ian «4.'5‘ e & e the characteristics of
virus in mamm e 4.@‘;’-’ 8 the amipo acid as Serine (S),

| ‘". = A A"
Threonine,(T) Glutamif &g & s and “Ar peBRINYPURe athana et al., 2005). The

polymgrase. gen canipdiCate virulence characteristics

analysis of amino PRI

of viruses in mammalsgBhi j;.f;{uﬁo 04) in tNE4PB2 gene at positions 627 and

355. However, in this study n- optained E627 and R355 which were the

i C —» ;
_,,/ 329
characterli@of Q cin . .acid of
position 198, wa:
amino acid ‘& ,. eh {s%ke characteristic of the

e § | —

the PB1 protein at

prstics. Moreover, the

avian-like aminH;] acids. Therefore, g anatysis of the p erase genes of avian

influenza H5N1 V|r?es isolated in this study indjce ed the characteristics of viruses both

reﬁﬂﬂ'l%ﬂfl“mﬂﬁﬂ I

Prewous study revealed thagome amino acid dﬁ)n in NS gene may ste

1 virus had ammo acid deletions a p03|||ons 0-84.

revealed tha awan mﬂuenza
This characteristic was previously found in avian influenza H5N1 viruses in Thailand,

Vietnam, Indonesia, China, Europe and Africa. However, no deletion was found in avian


http://www.answers.com/topic/threonine
http://www.answers.com/topic/serine
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influenza H5N1 virus from China "Goose/Guangdong/1/96" (Duan et al., 2008). The
mutation of amino acids at position 92 from aspartic acid (D) to glutamic acid (E) may
affect the virulence of the virus, especially in mammal strains (Seo et al., 2004). Avian
influenza H5N1 virus in this study o«

mammal. This amino acid_ofgi \ ?
virulence of virus. AnOtk » v ='_~ o ‘ e NS1 protein was carboxyl-

D92 indicating non-virulent characteristics in

f several markers that reflect the

terminal. This virul Seier re of host proteins in PDZ

domain (Obenaw ian ihfluenzasoN ™ ostly contained c-terminal

motif ESEV, wher il an "]‘a Bs.may has c-terminal motif as

Genotype v ;!',F'F 15N 1 \”\’ s M this study was done in a
H5N1 virus (CU-347) i et he 1‘, .r' ! ce} It can be concluded that avian
influenza H5N1 virus |solate 7 ;ﬂ.;_;..;.......; icated at joint border of Myanmar, Laos,
Thailand was aviannfi H5N1T virus Semz. Currently, the classification
system namg c'. clade™ of avian influenz: gs=is=deveiopad..Clade nomenclature
system is bds 'o -’ alysis of HA gene of
three H5N1 virtusﬁ s (CU-345, CU=s46"ana"C0=327 indicated: f t the viruses belonged

to clade 1 respor?ble for the outbreaks of |a influenza in Thailand and Vietnam

ﬁﬂﬂ’i“ﬂ”ﬂﬂi‘ﬂﬂ’m‘i
ammnmummmw


http://www.answers.com/topic/methionine
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Conclusion and suggestion

The present study collected 2,715 samples from the several poultry species in

42 districts of 13 provinces that joint border of Thailand, Myanmar and Laos between

Genetic s ‘Qfs avi@ankinfluenza H5N1 viruses
revealed that avian jiffflui ) N Viruses | &d fre"Oerder of Thailand, Laos and
Myanmar were eSc Villses were closely related

and arranged in theliSanm ' ith-the witdses ?-\ aWian and human in Vietnam-

3
Thailand lineage, ‘whicllifis respoRsiBleN st AlfGlitbreaks in Thailand, Vietnam,

ettt o
Cambodia, and Malaysia. L-vf;:':.-_';; VSIS viruses demonstrated no mutations
t key det inant idues such - a HA ‘ ite, tor bindi ite in HA
at key determinant resid g’!‘:w site, receptor binding site in
N@otein, antiviral drug
=]
3 JPBZ, PB1, and NS
ik

protein, N@Ik iral dr
LA ikﬁ'nd Human-like viruses.
|
|l

resistant regiGe
According& the results of present study, monitoring of influenza A H5N1 virus

7 I
protein. The H58K virt

iy
fro iam spegies) i r e t ‘ i0QPerit oumigies should
be utﬂnti udly. mc a aflong of hnus‘ examine

ol
mutmns or genetic changes of avian influenza H5N1 virus in Thailand are required.

ARIANIAUNRNINGIAE
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Data obtained could be beneficially used as follows:

1. To know evidence of avian influenza H5N1 viruses in the border areas

between Thailand and neighboring countries (Laos and Myanmar).

From the res# t, > 3 6 SStion.f i c ., be as follows:

1. Informatigh off thi§ | eak Bs80k togalan control and prevention

l‘l y v, 5N
strategi€s ofgfl. T rédinter IVEhs Ui || Mges are recommended.

2. Genetic " ein tenza-H5NT v cBu/@ e mutating easily, genetic
r Vo e . "
characteriza theViFus to'e pe arefr@guired.
3. Avian influénza 45_;;.;.;.-.-.3 Shc re cooperation from various parties
and have adequate” i‘-"',w pment. e, coordination with local agencies
BTN ’

\0)

| Ja they will collect the

samﬁ véﬁuipment such as mask,
e | 111
glov‘I ‘ nd Tyvec suite etc. ; I

ﬂUEJ’JVIEWI‘iWEJ'm‘i
qmmnswmmmw
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APPENDIX A

EA

Phe, F

ﬂuﬂqﬁﬁﬂﬁﬁbwni

AN TRUNIINGAE

Valine Val, V


http://www.answers.com/topic/alanine
http://www.answers.com/topic/arginine
http://www.answers.com/topic/asparagine
http://www.answers.com/topic/aspartic-acid
http://www.answers.com/topic/cysteine
http://www.answers.com/topic/glutamic-acid
http://www.answers.com/topic/glutamine
http://www.answers.com/topic/glycine
http://www.answers.com/topic/histidine
http://www.answers.com/topic/isoleucine
http://www.answers.com/topic/leucine
http://www.answers.com/topic/lysine
http://www.answers.com/topic/methionine
http://www.answers.com/topic/phenylalanine
http://www.answers.com/topic/proline
http://www.answers.com/topic/serine
http://www.answers.com/topic/threonine
http://www.answers.com/topic/tryptophan
http://www.answers.com/topic/tyrosine
http://www.answers.com/topic/valine
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APPENDIX B

Reagents and preparations

0.2
0.2
1.15

Q @ «a «@

2and sterilize immediately by

autoclave
R ts f #osc g el cirop i
eagents for a e ro H(f
1. 10 mg/

Ethidiumiioro ::::r—i-ﬂ-l- \ ’ .
Distilled watefe '*—--F

Stir few hours for dy -"":r SH -j,- 7

ﬂi [
ﬂuﬂﬁ% TNYINI
QIR TN ING Y

1,000 ml

qiner in aluminum foil and transfer
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APPENDIX C

LOCUS L je
DEFINITION , o ! A/dmand/cu 345/07 (H5N1)
ACCESSION — : r
VERSION I
KEYWORDS
SOURCE
ORGANISM
REFERENCE
AUTHORS y
TITLE species in border
JOURNAL
REFERENCE
AUTHORS
TITLE
JOURNAL diversity, Department of
Veterinary Publi ok 10330, Thailand
FEATURES
source 1..
r ,
/strain= "A/d:‘ 345/07 (H5N1) "
/serotype="H3NI
/segment="2P P
courn
BASE COUN j
ORIGIN qL
1 5 ttttgctgat
61 € taccactata
121 . tcgtgaaacc
181 tggcagaact
241 1 agaaaatccc aaaaacaaag ! aaacaagcca
301 gttgaagtgg acactcggtg agaacatggc accagagaaa gtagactttg aggactgcaa
361 agatgtt ctaagac agtatgacag gaacca gagtctagat cactagcaag

1 ctggatt aattca acaaggcatg gattcgattt ggattgaact

ﬂﬂ VISWT'?WEI'I
QW’]&“? AR Inenae
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CU-345-HA: Hemagglutinin gene (HA)

LOCUS CU-345-HA 455 bp DNA linear 23-DEC-2008
DEFINITION Influenza A virus strain
A/duck/Loei/Thailand/CU345/07 (H5N1)

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS rtcharoen,R.,

TITLE avian species in
JOURNAL
REFERENCE . _ - e
AUTHORS 1 A : R lanit i [Sgtéharoen, R.,

TITLE . .
JOURNAL ¢ L University,
i s T .

FEATURES
Source

CU&349487 (HS5N1) "

BASE COUNT 4

ORIGIN
1 tggaaatttc atgcs ﬁg:_~__-—_- R aagaaagggg actcaacaat 61

tatgaaaagt gaattggddtaals aag Tgtcaaactc caatgggggc

121 gataaactct agtatgce=s : accctctc accatcgggg aatgccccaa

181 atatgtgaaa tcaaa gggctc agaaatagcc ctcaaagaga

241 gagaagaaga aa Boca ggttttatag agggaggatg

t -
301 gcagggaa aatyg g9 ggagtgggta
361 céza aﬁjta aggtcaactc

421 g attGac adaaatgaaca ctcagtttaa ggcca/’ ~

LS
2N {

ﬂUEJ’JVIEWIﬁWEﬂ
RN AR Inenae
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CU-345-NP: Nucleoprotein gene (NP)

LOCUS
DEFINITION

CU-345-NP 554 bp DNA linear 23-DEC-2008
Influenza A virus strain
A/duck/Loei/Thailand/CU345/07 (H5N1)
ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

Poovorawan, Y
TITLE

JOURNAL
REFERENCE
AUTHORS

TITLE
JOURNAL

FEATURES
source

'A/du "*.J

QDR 34"
"H5N1 %

BASE COUNT 4

ORIGIN
1 atggcgtctc aa@fcaa f??_r— aaactggtgg
61 aatgctactg aGatcal S C=aLCt tetgttyg ' gtggcattgg
121 atacagatgt gcacagaaet=emaactcac ggaggctgat
181 ataacaatag ii?iﬁf‘ gaaggaacag
241 gaacacccca !;'f gtccaattta

301
361
421
481
541

gac

aaa §Ja g g
2X; >y

tc etaa atgatgccac atatcagada acgagagctc tCcal
ccaaggat
gcadedgt.

ﬂUU?ﬂﬂﬂﬁWﬂﬁ

7 (HS5N1) "

ggaacgccag
gaggttctac
ccagaacagc
atacctggaa
tcggaggaga
gaggatttgg
gatatggcat
tggaatggac
agctgccggt

AR Inenae



CU-345-NA: Neuraminidase gene (NA)

LOCUS
DEFINITION

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

TITLE

JOURNAL
REFERENCE
AUTHORS
TITLE
JOURNAL

FEATURES
source 4

BASE COUNT
ORIGIN

1 atgaatccaa &
61 agcttaatgt
gggaatcaac
gcttcagtaa
agtaaggaca

121
181
241
301
361
421
481
541
601
661
721
781
841

th

aataae
gtaat %

ggga
tgttatc ct

cggccat

1 gttitogg

ik t a

1 t tlic
081 F0CEt

9

1261

ctcg
t e¥gtgo otoaogct e cteccratat—aacteaagat—ttaue
gcAagya
99 TeeLy T
ac re
tg acggaccddg
gg ttaaatcagt

CU-345-NA

1352 bp DNA linear 23-DEC-2008

Influenza A virus strain A/duck/Loei/Thailand/CU-

345/07 (H5N1)

Cacaaats

atgccggcga
ctttcaa

ggatatagcg ggagttttgt
tgtttctggg ttgagttgat c
agcagcatat ctttttgtgg t

RIANNIUA

e
.h—_v_ gaact

rtcharoen, R.

avian species in

gtatggtaac
tcagtcattc
ttcttactga
ttaatggatg
tgtttgttat

tggaatggct
aattcacaca
gaaagctgtg
ggctgtatac
aagagagcca

agccttgctg

attaatgagt

tgcttggtca

o cccagacagt

gagttggagg

g I ttgctttact

aa gag=gcacLcacata a iEEttcaa aatggaaaaa

cgaattggat gctcctaatt at@e€tatga ggaatgctcc

aatcacatgt gtgtgcaggg ataattggca tggctcaaat

tcaaaatttg atcaaa taggatatat atgcagtgga

& g ctct

: ktcggg

g tg g9 aa gtgg

agiflg agditafice cadtadc Ega gtca

ccagcatcca gaactgacag gactagattg cataagacct

agggcgg cccaaagaga gcacaatttg gactagtggg
aaatagt gacactg ttggtcttg gccagac

1INYIA
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CU-345-NS: Nonstructural gene (NS)

LOCUS CU-345-NS 824 bp DNA linear 23-DEC-2008
DEFINITION Influenza A virus strain A/duck/Loei/Thailand/CU-
345/07 (H5N1)

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE

AUTHORS rtcharoen, R.

TITLE avian species in
JOURNAL
REFERENCE = ity
AUTHORS C ara : lant i [S|Eéharoen,R.,

TITLE ’ 1 \ .
JOURNAL Sub ‘ 34 'O O Ly University,
TS P O f Rama 4 Rd
FEATURES
source 4
7 (H5N1)

BASE COUNT
ORIGIN

1 atggattcca g .ct~-‘_z;,‘ ttctttggca tgtccgcaaa
61 cgatttgcag faccadg *a",_. JaE Cg accggcttcg ccgagatcag

121 aagtccctaa gaggaagereger= tcgaaacagc tactcgcgca

181 ggaaagcaga tagtg} ataaggcact taaaatgccg
241 gcttcacgct acgie K _ caagggactg gttcatgctc
at gc age Bggacgaggc aataatggat

301

361 >3 ggit aaccctaata
421 ctBeS¥agag CrrTCatat—=¢ = attaccttct
481 cggaggactt
541 ‘ ttggagaagc
601 : ga aal aaaat ggcgagaaca
661 " daggeg™octgattgaa gaiEEaagac atagattgaa
721 aatt y0aa aacagcttcg aacagataac gtttatgcaa gc acaac tactgcttga

781 agtggagc gagataagag ccttctegtt tcagcttatt taat//

S ANLNIN
URIAINYIA’

AR1A9NT
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Nucleotide sequences of A/chicken/Chiang Rai/Thailand/CU-346/07

CU-346-HA: Hemagglutinin gene (HA)

LOCUS CU-346-HA 754 bp DNA linear 23-DEC-2008
DEFINITION Influenza A virGs | ain A/chicken/Chiang
Rai/Thail ! 4 o HGN) .

ACCESSION ‘ ‘
VERSION :
KEYWORDS B /
SOURCE - : —__-i—a'

ORGANTISM e ——

REFERENC
AUTHORS

REFERENCE
AUTHORS

University,
Rama 4 Rd.

FEATURES
source

1/Thailand/CU-346/07 (H5N1)"
/serotype=

A -

/Segmf';:<g,u‘
BASE

@
ORIG P——————

1 a

gaggagctac

61 tatcc taatgatgcg
121 t g gttgg gacatcaaca
181 gattggtacc aagaatagct actagatcca a " aacgg gcaaagtgga

241 tcttttggac aattttaaaa ccgaatgatg caatcaactt tgagagtaat

301 ggaaattt‘g ctccaga atatgcatac jttgtca agaaagggga ctcaacaatt

1 atgaaaagkg a it ¢} ct aa ggcg

1 agagtc u it o Teggaga Bt'o®eccaaa

1 : t@gaadt c LdFa@t Bag8cc g tg ‘ q ata@c@c @ca agag

! g a addagdgagg® at®tgga tatagla tttatafda Yggdfgatgg
&

cagggaatgg tagatggttg gtatgggtac caccatagca atgagcaggg gagtgggtac
661 gctgcagaca aagaatccac t@eaaaggca atagatggﬁtcaccaataa gtcaact”

RIANTUURINEIA




84

CU-346-NP: Nucleoprotein gene (NP)

LOCUS CU-346-NP 554 bp DNA linear 23-DEC-2008
DEFINITION Influenza A virus strain A/chicken/Chiang
Rai/Thailand/CU-346/07 (H5N1) .

ACCESSION
VERSION . i. ‘
KEYWORDS ," /
SOURCE Influ

ORGANISM Inf .

Unc

REFERENCE T o 55 ____—3'

AUTHORS ~iapluntod 9+, Ch‘iakulmcharoen R.
Poovorawan,

TITLE avian species in

JOURNAL
REFERENCE

ﬂ‘th, Rama 4 Rd.

FEATURES |
source

ma& ype= |
iland/CU-346/07 (HSN1)"

BASE COUNT 35t AN 108 t

ORIG D '
1 atd ‘ @g ggaacgccag

61 aatgolaeckogmwagaEcacgee Ftog gaggttctac

121 ccagaacagc
181 49 @ Jgacag atacctggaa
241 gaacac1 a gtgcgggae Jgag gtcgaattta tcggaggaga

301 gacggg ‘t gggtgagaga actaattctg tacgacaaag agg' cag gaggatttgg
361 cgtcaagcga acaatggaga ggacgcaact gctggtctta cccacctgat gatatggcat
421 tccaatcta gccac atatcagaga a agctc tcgtgcgtac tggaatggac

ﬂ%ﬂ@ﬂﬁﬂﬁwm
RN
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CU-346-NA: Neuraminidase gene (NA)

LOCUS CU-346-NA 1380 bp DNA linear 23-DEC-2008
DEFINITION Influenza A virus strain A/chicken/Chiang
Rai/Thailand/CU-346/07 (H5N1) .

ACCESSIONVERSION
&rtcharoen R.

KEYWORDS
Ongfﬂqﬁ====;='h

SOURCE Influenza
ORGANISM )

REFERENCE
AUTHORS

TITLE avian species in

JOURNAL _.
charoen,R.,

i .,!;" L% %, "
JOURNAL ; DEC-2608 1Tenokekn University,
' of VeterBmary\RubLiGMEcalehy, Rama 4 Rd.

FEATURES
source

\

’nuvﬂﬁr g 'an\ &8nd/CU-346/07 (H5N1) "

’
y f '

L

BASE COUNT 378 t
ORIGIN

1 atgaatccaa

61 age atg

121 g Q : gaaagctgtg

WLCt gtatggtaac tggaatggtt
1 c aattcacaca

181 gc ggctgtatac
241 ag aagagagcca
301 ttcatghdat = agccttgctg
361 aatga4 gc aagcc attaatgagt
421 tgtcc gg gtgaggctcc ctccccatat aactcaaggt tgcttggtca

481 gcaagtgct gccatgatgg caccagttgg ttgacaattg gaatttctgg cccagacagt
541 ggggctgt attgaa atacaatggc taacag acactatcaa gagttggagg

! t, tact
g@ic g@iat b tggeaaaa
t@®Og t 1 a ctcc

31 tgttatcctg atgccggcga aatcacatgt gtgtgcaggg ataattgééa tggctcaaat
cggccatggg tatctttcaa tjiaaatttg gagtatcaaa taggatatat atgcagtgga
gttttcggag acaatccacg c@®€caatgat ggaacaggﬂttgtggtcc ggtgtcct

! g a g '3 =Xe (ofef o 1 ‘ t
10 ‘ adl g@actdetifc gagc gaa tga = € aat@g
10 iGaadBgg agag @ a gatdtc agga gat@lg

1141 ggatatagcg ggagtﬁtt@i ccagcatcca gaactgacag gactagattg cataagacct
1201 tgtttctggg ttgagttgat cagagggcgg cccaaagaga gcacaatttg gactagtggg
1261 agcagcatat ctttttgtgg tgtaaatagt gacactgtgg gttggtcttg gccagacggt
1321 gctgagttgc cattcaccat tgacaagtag tttgttcaaa aaactccttt gtttctacta
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Nucleotide sequences of A/chicken/Prachuap Khiri Khan/Thailand/CU-347/08

CU-347-PB2: Polymerase basic 2 gene (PB2)

DNA linear 17-DEC-2008

'yk/chlcken/Prachuap Khiri

LOCUS CU-347-PB2

DEFINITION

2281 bp

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

Uncla551!1e_d. .
REFERENCE 1 1 L& 3 )

AUTHORS Lapkul?_‘t;o P ? g
Poovoam@Wwan, @ awd /A
TITLE BT1toxrid Fo #/ip ’ ecies in border
area Tk 1ahdg
JOURNAL  Ungl®lishd
REFERENCE (bagf's
AUTHORS  Lap odgdf . JC g o % BN Sk o h el .,
Pogi#forawgh , Y& a
TITLE Plrect gfubmll ssilof 1
JOURNAL Submi ed_" 1'7] DEE-20 2l ond c.i'.‘ Mersity, Bangkok,
1Deghfrtmalfit #F Vetamih bl i ohe N, a 4 Rd.
Pafhumwall, B g. (i:"t:g i A\
FEATURES i Lo@a tel"On @«d_»'y
source 1..22 Y i 'y i
Jorganismi® Inflysnies A
/mol ty "gene
/strgin 'A/ “g’:’,.f".f
/serotype="HSN4
/ segmepiz=tt ‘{'/"
CDS
BASE COUNT
ORIGIN
1 atggagagad  taaaagaatt acgagatcta atgtcacagt cccgcactcg cgagatacta
61 acaaaaacca cft acca tatggccata acacatcagg aagacaagag
aacectae el a aaatgga atatccaat cacagcggac
g a gdgalg C a g
aa t 992 8ol cloglt ga tBogl g3
yga g gcga€aa@ t@c cal ' aBackttdeg
gttgaaa ggttaaaaca tggaaccttc ggtcccgttc atttccgaaa ccaagttaaa
421 atacgccgcc gagttgatat aaatc‘ggc catgcagatc t tgctaa agaagcacaa
1 gatgtcatca_tg gtcgt tttcccaaat ga g ata catcagag
t@g re i a ! c g S e
1 tfla teEafacktyg gae. Etaytdcgcdl aaadcagdt cg ’
1 g@a ‘aa’ag gt‘_ tatgcatt tg cadag tgctigg ™
721 gaacagatgt acactccagg cggagaagtg agaaatgacg atgttgacca gagtttgatc
781 atcgctgcca gaaacattgt taggagagca acggtatcag cggatccact ggcatcactg
841 ctggagatgt gtcacagcac acaaattggt gggataagga tggtggacat ccttaggcaa
901 aatccaactg aggaacaagc tgtggatata tgcaaagcag caatgggtct gaggatcagt
961 tcttccttta gctttggagg cttcactttc aaaagaacaa gtggatcatc cgtcaagaag



1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281

gaagaggaag
gaggaattca
ctgattcagt
gcaatggtgt
gtaaacagag
gatgcaaaag
atcggaatat
agtaaaatgg
ttcttaaggg
acccagggaa
ggtcctgagt
aagattcaat
caatccttgg
caacaaatgc
tttgcagca

agaggctcag
e

gcaaccaaa

tgcttacagg
caatggttgg
tgatagtaag
tctcacagga
caaaccaaag
tgctatttca
tacctgacat

caacctccaa
gcggagggca
tggaagagac
ggattgcatg
attaaacccc

gaattgggga

gagtggatga @

acattgaaaa
acagctatcc
gaacaatcaa
ataaaggcag
atgcatcaac
attgaaccca
agagagatgt

taagagtaca
tgaggaaagc
tcgctgaggce
tccgaggcga
tcctgagaca
ttgataatgt
cactgagagg
tagttgtaag
ctcccgaaga
caatgatgtg

tgagggatat
aactagaagg
aatcattgta
tctgaatttc
ttttcaaaag
catggggatg
agtaagagtt
tattgaccgt
ggtcagcgaa
ggaaatcaac
ggagactgtg
tgaaccgttc
aacattattc
gctgctacca
tgtgaatgtg
ctataataag
ggatccagat
aggcaaggag
gaagggggag
aaaacgggac
catcaattag

ﬂﬂﬂ’)ﬂ&l“ﬂiwmﬂ‘i

AN IUANINGA
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CU-347-PBl: Polymerase basic 1 gene (PBl)
LOCUS CU-347-PB1 2293 bp DNA linear 17-DEC-2008
DEFINITION Influenza A virus strain A/chicken/Prachuap Khiri
Khan/Thailand/CU-347/08 (H5N1) .
ACCESSION
VERSION b
KEYWORDS " " /
SOURCE f
ORGANISM ‘
REFERENCE 93)
AUTHORS  LapkupEodsdemesChiue tak
TITLE
JOURNAL
REFERENCE
AUTHORS
TITLE
JOURNAL sity, Bangkok,
4 Rd.
FEATURES
source
Khan/Thaj and/C B
/serotype="H -*'K@_
/segment="PB‘:L:;; — -
/country="Thall grriie——
CDS 1..2293 4
= COAQH
BASE COUNTLL- QUFSNY A S PSS’ 557 6 N HENNN— 1778 e SN W O
ORIGIN N
1 atggatg Eg a tataagtacc
61 acattccc atactggae g a atacaccatg
121 gacacagt ‘acagaacaca ccaatattca gaaaagggga | aaacacagag
181 actggagcac cccaactcaa cccgattgat ggaccactgc ctgaggataa tgagcccagt
241 gggtatgcac ‘wttg tgtattggaa gca ctt tccttgaaga atcccaccca
3 gg@C CE T a C C a t t g t
3 a c adgt@gct a il g a o 3cce gct@ca
4 ct t ica ct gdaa@c g aa g ﬁ ca aatgagiticg
4 acggct agatttcCt Caaggatgtg atgdaatCaa t aagga agaaatggag
54maacaacac atttccagag aaagagaagg gtgagggaca acatgaccaa aaaaatggtc
601 acacaaagaa caatagggaa gaaa‘Eacaa aggctgaaca gagcta cctgataaga
6, c acams t a a t ag a el
8 G a a Ic tEgBotagi "ttt c gcdeg
81 dg gUgl agad@ct c gt g gaet adgaadggc
41 aaafttggcaa acgtcgtgag Jaagatgatg actaactcac aagatactga actctccttt
901 acaattactg gagacaatac caaatggaat gagaatcaga atcctaggat gtttctggca
961 atgataacgt acatcacaag gaaccagcca gaatggtttc ggaatgtctt aagcattgct
1021 cctataatgt tctcaaacaa gatggcgaga ctaggaaaag gatacatgtt cgaaagtaag
1081 agcatgaagt tacgaacaca aataccagca gaaatgcttg caaacattga tcttaaatac
1141 ttcaatgaat taacgaaaaa gaaaattgag aaaataaggc ctctattaat agatggtaca




1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281

gcctcattga
gtttcaatcc
ctccaatgct
gcaggagtgg
aagtcttaca
tttgtagcca
gccgacatga
ccagcaacag
tgccacagag
gagcaaaccc
atccgaaatc
cagggcagac

aacaatgctg Mtca

gcaactacac
ggaattctt
cccagcagtt
agggcccga

gctgagatca

tagcttgtce,

r-"’c'at

gccctggaat
tgaatcttgg
ctgatgattt
ataggtttta
taaatcggac
atttcagtat
gcattggtgt

gatgatgggc
acagaaaagg
cgctctcatc
taggacttgt
agggacattt

ggagctgccc

ctcagatggc e

a

tgag

gaatcca

taaa.ug

atgttcaaca
tacaccaaaa
gtaaatgcac
aaactagttg
gaattcacga
agttttggag
agaaacaata

tgctgagtac
ccacatattg
cgaatcatga
gaatcaatat
gctttttcta
tgtctggaat
tgataaacaa
actacagata
tcgagctgaa
aggaccaaa

agtcctagga
gtgggacgga
gggaatacaa
gagcaagaag
ccgctatgga
taatgaatcg
cgaccttggg
cacataccga
gaagctgtgg
tctatacaat
tgaagattac
tgaatctgtc
tgatgccgtt
gagtcaaagg
gaaattcttc
catggtgtct
agaagagttt
atagtgaatt

ﬂﬂﬂ’)ﬂ&l“ﬂiwmﬂ‘i
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CU-347-PA: Polymerase acidic gene (PA)

LOCUS CU-347-PA 2220 bp DNA linear 17-DEC-2008
DEFINITION Influenza A virus strain A/chicken/Prachuap Khiri
Khan/Thailand/CU-347/08 (H5N1) .

ACCESSION
VERSION F
KEYWORDS . j
SOURCE Influenza A '
ORGANISM Influenz
Unclassi '
REFERENCE
AUTHORS
TITLE in / ‘;- g Virds T Species in border
JOURNAL
REFERENCE
AUTHORS ’
TITLE a7
JOURNAL (1J-DEC-2008) K N ity, Bangkok,
of grer Lha : Haa 16, 4 Rd.
Pathuv an, Benglkokfd 03
FEATURES Locaif on/@uallfifiers
source 1.#220 ) '
/organ Jfn—"4 ;
/mol;-vogé fenomic 2

/str&@in="
Khan/Tha
/serotype="
/segment="PA
/country—"Th.

CDS 1..2220
BASE COUNT
ORIGIN I
1 atggaagaci ggaaaaggca
6l atgaaagaﬁ latggggaa gc aatatgcaca
121 cacttgg tctgtttcat gtattcggat tttcatttta ttgat gagtgaatca

181 ataattgtag tctggaga tccgaatgca ttattaaaac accgatttga aataattgaa
241 ggaagagacc lﬂ:ggc ctggactgtg gt a tctgcaacac cacaggagtt

Ec 5a e agdadc. ‘ t
(o gagg@aa atc gg a ac atigaaaficc
C ‘tatigglacs a ccag €aag@gc (o}

48 f'tacccttg atgaagagag cagggcaaga attaaaacca ggctgttcac cataaggcag
541 aatggcca gtaggggtct atgggattcc tttcgtcaat ccgagagagg cgaagagaca
601 attgaagaaa aatttgaaat cact@gaacc atgcgcagac agacca aagcctccca.‘l"

C tt i g
21 #g ‘ affadlcttlc ffcda a a ccaf t i
81 @t caell cgcdecaggdc g gg CHc CggEC

841 aagtttttgc tgatggat@c ccttaaatta agcatcgaag acccgagtca tgagggggag
901 gggataccac tatacgatgc aatcaaatgc atgaagacat ttttcggatg gaaagagccc
961 aacatcgtga aaccacatga aaagggtgtt aactccaatt acctcctggc ttggaagcag
1021 gtgctggcag aactccaaga tattgaaaat gaggagaaaa tcccaaaaac aaagaacatg
1081 aaaaaaacaa gccagttgaa gtggacactc ggtgagaaca tggcaccaga gaaagtagac
1141 tttgaggact gcaaagatgt tagcgaccta agacagtatg acagtgatga accagagtct




1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161

agatcactag
atttggattg
atgagaagga
aagggagtgt
caactaattc
tatggattca
gtgagtatgg
tgtgtccteg
atgttcctgt
atgaggcgat
tctgtcaaag
attggagagt
ctggcgaagt
gaatcaagaa
ttcgatctt

ttgcttaatg c
g @LFSE

tgctactat

caagctggat
aacttgatga
attattttac
acataaacac
caatgataag
ttataaaagg
aattctctct
agataggaga

Ccta

tcagagtgaa
aataggagaa
ggcggaagta
agccctgttg
caaatgcaga
gagatcccac

ttcaacaagg
gacgtagctc
tcccattgca
aatgcatcct
accaaagaag
ttgagaaatg

i aggctggagc

catgtgaatt
caattgagca
gggccactga
gtgcagccat
gaagacggaa
ataccgatgt
cacacaagtg
taggccaagt
aaatgaaatg
catgattga

gacagattcg
cattgcaagt
atacataatg
ggatgacttt
aactaatctg
ggtgaatttt
ggaaaagtac
ttcaaggccc
gggcatggaa
agccgagtct
aacatggccg
cagaaccttg
gttttcagcect
acctgggacc
tccctgggtt
gttgtggcaa

atacgagacg//

JANUNTNYINS

RIANIUNNINGA!
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CU-347-HA: Hemagglutinin gene (HA)

LOCUS CU-347-HA 1716 bp DNA linear 17-DEC-2008
DEFINITION Influenza A virus strain A/chicken/Prachuap Khiri
Khan/Thailand/CU-347/08 (H5N1) .

ACCESSION
VERSION
KEYWORDS
SOURCE
ORGANISM

REFERENCE
AUTHORS

TITLE

JOURNAL
REFERENCE
AUTHORS

TITLE
JOURNAL sity, Bangkok,

4 Rd.

FEATURES
source

Khan/Thailland/g -
/segment=""HAWa————r -

/country="Thail g
CDS 1..1716 i

= COAQH

BASE COUNTLL- QSN 5S N OIS S 0 S BE——C . b Ao S -
ORIGIN

1 tcagatttgc

6l ' atgcadae gaca a aaagaacgtt

121 > atgcccaaga catactggaa aagacacaca : ctgcgatcta

181 gatggagtga agcctctaat tttgagagat tgtagtgtag ctggatggct cctcggaaac

241 ccaatgtgtg‘ﬂttcat caatgtgccg vtctt acatagtgga gaaggccaat

ga
c tgaaioma C, £, & a ta
t a tdaa@c™ = a cagat ) Agttc ot o8agt
1fica g@ct Bcati@E@ogd® tlodoCcE@C t ca g aadgiclictEct@¥ttc
glgaaatyg tatggctfat caaaaagaac agtacatac Caataaa gaggagctac

54 ataatacca accaagaaga tcttttggta ctgtggggga ttcaccatcc taatgatgcg
601 gcagagcaga caaagctcta tca ccgttgg gacatcaacalf

6, c cce o lo %.E.EI g g
1ffa ‘ c a a : gt g cdlat gadit a a8
781 Mg t to@Etc ¢ tgtgga adgqg clicaadga
a Tt []

841 "atgaaaagtg aattggaata tggtaactgC aacaccaag aaactcc aatgggggcg
901 ataaactcta gtatgccatt ccacaatata caccctctca ccatcgggga atgccccaaa
961 tatgtgaaat caaacagatt agtccttgcg actgggctca gaaatagccc tcaaagagag
1021 agaagaagaa aaaagagagg attatttgga gctatagcag gttttataga gggaggatgg
1081 cagggaatgg tagatggttg gtatgggtac caccatagca atgagcaggg gagtgggtac
1141 gctgcagaca aagaatccac tcaaaaggca atagatggag tcaccaataa ggtcaactcg

accca accacctat




1201
1261
1321
1381
1441
1501
1561
1621
1681

atcattgaca
aggagaatag
aatgctgaac
gtcaagaacc
aacggttgtt
ggaacgtatg
ggagtaaaat
agttccctag
tctttacaat

aaatgaacac
agaatttaaa
ttctggttct
tttacgacaa
tcgagttcta
actacccgca
tggaatcaat
cactggcaat
gcagaat

tcagtttgag
caagaagatg
catggaaaat
ggtccgacta
tcataaatgt
gtattcagaa

= .|l"| 1'!

fi‘{:..fﬁ,

gccgttggaa
gaagacgggt
gagagaactc
cagcttaggg
gataatgaat
gaagcaagac

aaatactgt

gggaatttaa
tcctagatgt
tagactttca
ataatgcaaa
gtatggaaag
taaaaagaga
caatttattc
tatggatgtg

caacttagaa
ctggacttat
tgactcaaat
ggagctgggt
tgtaagaaac
ggaaataagt
tacagtggcg
ctccaatggg

AU INENINGIns

AN TUAMINYAE
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CU-347-NP: Nucleoprotein gene (NP)

347-NP

1522 bp
Influenza A virus strain A/chicken/Prachuap Khiri

DNA

linear

Khan/Thailand/CU-347/08 (H5N1) .

LOCUS CU-
DEFINITION
ACCESSION
VERSION
KEYWORDS
SOURCE Inf
ORGANISM Inf
Unc

REFERENCE 1

luenza A
luenza

(ba

AUTHORS Lapk@takwc
and
Am:
TITLE
JOURNAL
REFERENCE
AUTHORS
TITLE
JOURNAL
FEATURES
source =%
genomi
/strain=" /chi
Khan/Thal#l ande
/serotype="H5N
/segment="NP" _—
/country—"'-;;ﬁaji
CDS 1 e

BASE

481
541
0

21
81
841
901
961
1021
1081

@

COUNT‘

atacagatgt
ataacaatag

‘agatcagggc
gcacagaact
tggt

atctgttgga
caaactcagt
actctctgca

agaatggtta
gactatgaag
ttt

tg g
g Jg@ga
caa atga ccac agaga acgagagctc

aaggatgt
gcagcagtaa
t gag
g

= g9
cggtctgcac
tacggacttg
atagatcctt
aatccagcac
cttagagtct
agaggggttc

gctctctgat
agggggtagg

tcatcctgag
cagtggccag
tccgectgcet
ataagagtca
caagtttcat
aaattgcttc

gcaa gtca
gaca ggtg
a a
galaa 'tk c

ggatcagtg
tggatatgac
tcaaaacagc
attagtgtgg
cagagggaca
aaatgagaac

actctcccga
atggagctga

c gc
g at

gcccataag
tttgagagag
caggtcttta
atggcatgcc
agagtggtcc
atggaggcaa

17

Lantddeikfehaoen, R., Poovorawan,Y.

gtggcs
ggaggctgat
gaaggaacag

g tc
ag@ctg
i gcgta
ggagatctgg
gatgat
e t

|

“cadaaagngc

a t@Ec

cctgcttgcce
aagggtactc
gtctcattag
actctgcagce
caagaggaca
tggactccaa

-DEC-2008

Bangkok,

ggaacgccag
gaggttctac

ccagaacagc
atacctggaa

‘ [ g
at]
ggc at

agctgccggt
aaaacgaggg

ey

gcttgtgtg
tctggttgga
accaaatgag
atttgaggac
gctatccacc
cactcttgaa




1141
1201
1261
1321
1381
1441
1501

ctgagaagca
gcatctgcag
gaaagagcga
aggactgaaa
cggggagtct
atgaataatg
aaaataccct

gatattgggc
gacagatcag
ccattatggc
tcataagaat
tcgagctcte
aaggatctta
tgtttctact

tataagaacc
cgttcagccc
agcatttaca
gatggaaagt
ggacgaaaag
tttcttcgga
at

= .|l"| 1'!

flyiy.fjx,

agaagcggag
actttctcgg
ggaaatactg
gccagaccag
gcaacgaacc
gacaatgcag

gaaacaccaa
tacagagaaa
agggcagaac
aagatgtgtc
cgatcgtgcc
aggagtatga

ccagcagagg
ccttcectte
gtctgacatg
attccagggg
ttcctttgac
caattaaaga

AU INENINGIns

AN TUAMINYAE
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CU-347-NA: Neuraminidase gene (NA)

LOCUS CU-347-NA 1381 bp DNA linear 17-DEC-
2008
DEFINITION Influenza A virus strain A/chicken/Prachuap Khiri
Khan/Thailand/CU- 347/08(H5N1)
ACCESSION ’
VERSION . |
KEYWORDS . N '
SOURCE Influenzawa
ORGANISM Influenza

REFERENCE 1
AUTHORS

TITLE
JOURNAL
REFERENCE 2
AUTHORS
TITLE

JOURNAL

FEATURES
source 1.0

CDS

ORIGIN

/strains=
Khan/Thg
/serotype="H5N]
/segment="NA"g
/country=43 »
-1

atgaatccﬁ
agcttaat
gggaatcaac
gcttcagtaa

Q
QO

tc (o

42 f'tcctgtgg
481 aagtgctt

541

1

781
841
901
961
1021
1081

ggggctgtgg

aN

tgttatcctg
cggccatggg
gttttcggag
aacggggcat
agaacaaaaa
actgaaacgg

lataagaag

ype

tacaaattgg

zaaagctga
. EE

1
ctcc@ac
atd
gtgaggctéc
gccatgatgg
ctgtattgaa

ictc

aggdecca
tad@tc

atgccggc@a
tatctttcaa
acaatccacg
atggggtaaa
gcactaattc
acagtagctt

ju &
-

gaacttgatc tcaatatggg
accaatcagc aatactaatt
caattcatct ctt

HYIN

ctccccatat aactcaaggt
caccagttgg ttgacaattg
atacaatggc ataataacag

aatcacatgt gtgtgcaggg
tcaaaatttg gagtatcaaa
ccccaatgat ggaacaggta
agggttttca tttaaatacg
caggagcggc tttgaaatga
ttcagtgaaa caagatatcg

W ive

| —
gtatg.ﬁac
tcagtBe®tc

» BRama 4

ttcttactga

a ttaatggatg

t L

t ag

c gade

ttgagtctgt

gaatttctgg
tatcaa

WU

ataattggca
taggatatat
gttgtggtcc
gcaatggtgt
tttgggatcc
tagcaataac

ity,

Bangkok,
Rd.

tggaatggct
aattcacaca
gaaagctgtg
ggctgtatac

a
gCcEttg@tg
ttRat i
tgcttggtca
cccagacagt

gagttggagg u

4B EY

tggctcaaat
atgcagtgga
ggtgtcctct
ctggatcggg

aaatgggtgg
tgattggtca
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1141 ggatatagcg ggagttttgt ccagcatcca gaactgacag gactagattg cataagacct
1201 tgtttctggg ttgagttgat cagagggcgg cccaaagaga gcacaatttg gactagtggg
1261 agcagcatat ctttttgtgg tgtaaatagt gacactgtgg gttggtcttg gccagacggt
1321 gctgagttgc cattcaccat tgacaagtag tttgttcaaa aaaactcctt gtttctacta
1381 g //

3% 3 1-!

ﬂ;i-

AuEInEningng
RIAINTUUMINGINY
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CU-347-M: Matrix gene (MA)

LOCUS CU-347-M 984 bp DNA linear 17-DEC-2008

DEFINITION Influenza A virus strain A/chicken/Prachuap Khiri
Khan/Thailand/CU-347/08 (H5N1) .

KEYWORDS

SOURCE Influenza A virus . B
ORGANISM Influenza A vinds b ’
Unclassified kN
REFERENCE 1 "

AUTHORS 1,C% }:haroen,R.,
Amonsin, A. ;
TITLE Z’A Vi BliSefbOllmavaen species in border
JOURNAL
REFERENCE 2
AUTHORS R.,
TITLE
JOURNAL ity, Bangkok,
ama 4 Rd
FEATURES
source T..984
/org@lisms
/mal _ty e
/strai .V
Khan /T 11]‘. nd
/serg yoeaH5N1"
/seqmenr M
/count ryF" Thaffda
cDs 1..984 “—s
/codon_ start—
BASE COUNT

ORIGIN

skl

1 aggcccccte
6l cgatctcgag
121 it e agggattttg
181 c g0aC tgca acgctttgtc
241 cagaatg : taaatggaaa tggagatcca aataatatgg atagj taagctatat

301 aagaagctga aaagagaaat aacattccat ggggctaagg aggtcgcact cagctactca
361 accggtgca agttg catgggtctc a aaca ggatgggaac ggtgactacg

g tgogtt : 99

't a adatdgg aa tg

1lict agcaflc q %ggtﬂ gﬂ g% gcRgog8ocy

O&a 1gcca ctaa tagg cagatgdtg caat ~gacaattggg
66

ctcatccta actctagtgce tgg tgaga gataatcttc ttgaaaattt gcaggcctac
721 cagaaacgaa tgggagtgca gat agcga ttcaagtgat&attgttg ttgccgcaa

961 tgtcaacata gaa tggagt aaaa// "




CU-347-NS: Nonstructural gene (NS)

LOCUS CU-347-NS 853 bp DNA linear 17-DEC-2008
DEFINITION Influenza A virus strain A/chicken/Prachuap Khiri
Khan/Thailand/CU-347/08 (H5N1) .
ACCESSION
VERSION
KEYWORDS .
SOURCE Influenza A
ORGANISM Influenza
REFERENCE
AUTHORS
TITLE
JOURNAL
REFERENCE
AUTHORS ’
TITLE
JOURNAL y-sity, Bangkok,
4 Rd.
FEATURES
source
Khan/Th-
/serotype="H51
/segment—"NS
/country—"Th -----
CDS 1..853
de [
BASE coumk_
ORIGIN t

1
61

atggat cga a

ca tgtccgcaaa
cg ccgagatcag

121 caacactctt ggtctggaca gc tactcgcgca
181 ggaaagcaga tagtggagcg gattctggag gaggagtctg ataaggcact taaaatgccg
241 gcttcacgct ctga catgactctc gaa; tgt caagggactg gttcatgctc
3 i t a t
3 a tg a2 £ t a g ‘ a
4 [ttt @8ica g gga t gg adat@tca ccifict
4 tccagg atactggtda caaa aatdcaattg g cctca ggaggactt
541 atggaatg ataacacagt tcga cact gaaactatac agagattcgc ttggagaagc
601 agtgatgagg atgggagact tcca Lccct ccaaatcaga gaaaat ggcgagaaca
6 tce }t
f tgc
81 g galtaa ta
41 ggt tctacc taa//
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