DI AGNOSTI C PRI MERS AND METHOD FOR DETECTI NG AVI AN

| NFLUENZA VI RUS SUBTYPE H5 AND H5N1 CROSS- REFERENCE TO
WREMATEB6APPLI CATI ON [ 0001] Thi s application cPE&i/f62005/000187

benefit and priority fromU. S. provisional patent

application No. 60/578,353, filed on June 10, 2004,

the contents of which are incorporated herein by

reference. FIELD OF THE | NVENTI ON [ 0002] The present

invention relates to a nucleic acid based detection
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resulted hi massive culling of mllions of poultry

whi ch had severe econom ¢ repercussions. [0007] In
whewransider he avi an i nfluenza virus infects cel PET/66G2005000187

respiratory tract as well as the intestinal tract,

l'iver, spleen, kidneys and other internal organs.

Synptons of avian flu infection include fever,

respiratory difficulties including shortness of breath
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series of priners directed to conserved regions within
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useful to screen for a wide variety of H5 and H5N1

i sol ates, and allow for deteétion nethods that are
rapid, speC|f|c and sensitive. [001 2] Thus, in one
aspect, the present invention provides a priner
conprising asequence of any one of SEQID NO 1 to SEQ
ID NO 114. In another aspect, there is provided a
primer conprising a target annealing sequence and a
non- |nfluenza A V|rus ‘sequence, mhereln t he ‘target




H5 or H5N1 in a sanple, for exanple a sanple derived

froman organi sm suspected of carrying such a virus,
wap@smenpehe used in a reverse-transcription poP@IEGCE®E000187

chain reaction in order to detect the presence of

virus in the sanple. [0014] Thus, in another aspect

the present invention provides a nethod for detecting

i nfluenza A virus subtype H5 or H5NL hi a sanple

conprising anplifying DNA reverse transcribed from RNA
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hybridizing the primer and the sanple; and detecting

bridization of the immpbilized prinmer and the
KIMM\AR YOF FHEANVENIMRN aspect, there is provided
a nmet hod of detecting influepnza A virys su
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hybri e one or nore primers and the sanpl e;
aaxci:t;d@t}éi:@ndrf@srﬁymlatgs, 3llow forf detgstionmetheds thyeee rsplrl:rﬁ@ﬁ@ﬁc
%deh I sanple. [001 9] In another aspect, there is
rovided a nucl ei ¢ acid m croarray conprising a
priner said priner conprising a sequence of any one
[H012EQ ThuD anetagpegiEthe PFsNOInVEntipn Feadesp PrepcqprisHg R
aspect, there is provided a kit conprising a priner as
defined herein and instructions for detecting
i nfluenza A virus subtype H5 or H5N1 in a sanple.
[0021 ] Other aspects and fehtures of the present
invention will beconme apparent to those of ordinary
skill in the art upon review of the foll ow ng
description of specific enbodinents of the invention
in conjunction with the acconpanying figures. BRI EF
DESCRI PTI ON OF THE DRAW NGS [0022] Figure 1 is a
schenatic diagranirepresenting the HA ‘gene, and
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with "gi sAF") and of priners known in the art
(beginning with "TW, "VM or "HK'); [0023] Figure 2
w0 2008/1p1361 ogr aph of an agarose gel displayi ng RORSG2005/000187
anplification products prepared by a gel-based PCR
approach using exenplary prinmers (sets 1 to 8) of the
invention to anplify tenplate DNA reverse transcri bed
fromRNA of an H5N1 isolate; [0024] Figure 3 is a
photograph of an agarose gel displaying the relative
SUaLHRt SF & bf SEQ aAbINDY 1 o S Td N1 8. e ainaiisdr a@emamyﬂemg
anounts 0 ate and prinmer set 3 used |ngf ggrf
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PRARNQ:dto BEQIRNO:hI4i gure 2; [0026] Figure 5 is a

phot ograph of an agarose gel displaying the relative
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uri ng th real "tine [ification reaction usi ng

theipmsencs ef arBavign ifilgpnravigs splﬂmsv]Hq orfH gV i thegsamplean
anpllflcatlon curve obtained during the real time PCR

y | §ad fn@ﬂﬂo&se&%rib@ﬁ‘ héteihR8h B isB®fo R&kt Awhk vRidybeISand
N' Figure 11 is an anplification curve obtained
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H Ny eacti on using priner sets 7

and 8 of Figure 6; [0040] Figures 19 A and B are
[0d7pgr Bpdnethef aspemthere isgpedvsded emptistdradtibtagginghefluenza A virus
detection of H5NL avian influenza A virus by one-step
RT-PCR, A anplification of serially diluted in
vzYro-transcri bed single-stranded RNA;, B: Specific
det ection of H5N1L 4



avian influenza virus fromfield sanples; [0041 ]
Figures 20 A and B are phot ographs of agarose gels of
wWE@SRspeBauct s obt ai ned using either A: a two- SPEPSG2005/000187
RT-PCR reaction; or B: a one-step RT-PCR reaction;
[0042] Figure 20C depicts the results of real time PCR
using prinmer set 6; [0043] Figures 21 A B and C are
phot ogr aphs of agarose gels denonstrating the use of
exenplary prinmers of the invention on field sanples to
ABtype H5HE NENa I 2Banipld dongnigig \Cbrithlaing fie se@pIp véth aQirimer
all'antoic fluid; B; sanples of honpgeni zed tiss
igppobdized GpA SYAPEESAKPILRET FOMPHNRSE SEBUSHPT Hepy %% Oﬁ%ﬁﬁ%n
KBNLoREQE N&Qt 4, l{n@&%hdiﬁbrgtéﬁ@meﬁfar bridizaRdhdpriediagd the

the results of real tinme PCR w th SYBR green dye using
wwiey et Jetestingraybsidizatiqn o Yhegmmabilizad prasrsad thepanlg gene
of H5N1 influenza A, Ais an anplification curve
Wﬂtl 9% neﬂl éjﬁi&héigsﬁebf? ’_chreﬁals prlok/iaed £ ﬁ:Bth_GHEf dekdcEiad inBlfenza A virus
reaction; Bare nelting curves obtained at the end of
FURE/PE MY I FESRH R & FAnRRIG CRBISIng geptesting the s B?S‘@&‘é‘ﬁ}ﬂw]&’fc agid
ﬂﬁé&%?ﬁﬁ@ﬁﬁ:l&@éeicﬂﬁqﬁ%aﬁw B RERoAMBleiphiteat é4eR of said
products; [0045] Figures 23 A é and C depict the
priners eempsisingsaequeneieol PERON AP EQYBRNGde FEQID NiQilhdy under
%ﬁmhﬁﬂ%@ﬁ ?cﬁ“ﬁ;' icfizﬁﬁé thd Ghe HhGEbBARIRE 8 Sarkf1E sl detecting
gene o Influenza A, Ais an anplification curve
Inthridizatéeh afiibd ang ot mererpsimters andsher@Rplenpl i fi cati on
reaction; B are nelting curves obtained at the end of
gd?ﬂ g]’amol | GfleP Rspk &aGEk MpraNfeda hRled RIOhRIAR cRprRing a
. 5% agar ose gel_glsplaylng t he PCR %%fllflcatlon
primelusaispringeaeprishgseqacnpe ofany e S ES He s totJFQ ID
Uhts of real time PCR with SYBR green dye using
exenpl ary priners (set 11) directed agai nst the NA
&ﬁ&e of H5N1 influenza A, A is_ an anplification curve
81 ned dup firtes aspedt.dbgre isipryiedR kit pIprsings prpger as defined
ﬁﬁéﬁﬁtdh@ﬂgstr&ﬁ%ﬁoﬁ@técﬁ inBHEME A RRE 3iutaA 18 ortiyN18Ad sathple.
the anplitication reaction and Cis a photograph of a
1. 5% agarose gel displaying the PCR anplification
M08dLict Sther erpacty ang fsqwré%ofzge pyese igpeptien aphacpme pRparent to
e sl flosdiftry 58 kn the BRufaReVibd br BYBR 08ieets@pBon §F pbcific
exenplary primers (set 12) directed agai nst the
erabrsimenti-piNae inpentige Hsenjanction; vethdhe agepmpanywgtiesisscur ve
obtained during the real tinme PCR anplification

s ol oD R BEE 2 1hE e of
o2t Bt ob iyl Bedth et st an figictins te
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obtained during the real tinme PCR anplification
[0923] i ORigule 2fs& piblofiaply ofdirage®sof displedn@aPCR hmphfichtiof

the anplification re Lon and C is a photagraph, of

oS e S G Ry ST s S PR e | o) of
B Qslieafich to hRBAS lterl@e DREA R¥erfs trihsaitdd GofeRN A of sH5N1
results of real tine PCR with SYBR green dye using
BRat%pl ary prinmers (set 14) directed against the NA

gene of H5NL influenza A, Ais an anplification curve
[0o2a] newigivé 3 RG phbLgfapbf dni dgRroRCR aRplhyihg thatdlaive amounts of
reaction; B are nelting curves obtained at the end of
the anplification reaction and Cis a photograph of a

1. 5% agar ose gel displaying *he PCR anplification
products; [0050] Figures 28 A, B and C depict the
results of real tinme PCR with SYBR greendye using
exenplary priners (set 15) directed against the NA

gene of H5NL influenza A, Ais an anplification curve
obtained during the real tinme PCR anplification
reaction; B are nelting curves obtained at the end of
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A is an anplification curve obtained during the rea
time PCR anplification reaction; B are nelting curves
wobdogitzisa7 at the end of the anplification reacPCDRGZNE000187

C is a photograph of a 1.5% agarose gel displaying the
PCR anplification products; [0052] Figures 30 A, B and
C depict the results of real tine PCR with SYBR green
dye using exenplary priners (set 17) directed agai nst
the NA gene of HS5NLl influenza A; Ais an anplification
SHpIR 208N b iR fotdhddGingharyigedmduhRR f fRGiRlaagaidiptineatdt dmsed
reaction; B are nelting curves obtained at the end of
FH%gHﬁﬁilflcatlon reaction and Cis a photograph of a
1. 5% agar ose gel displaying the PCR anplification
[oo2gyict Flgfui‘@@ﬁl%]phl;ﬂogmgl%SRf ﬁﬂagﬁno;éégBe% ﬂﬂlpl@ldgthle eélativie@mounts of
results of real ting Wi, t ree

RS AP e D N R 8 0T R et used
gﬁﬂ @b. HBNL influenza A, Ais an anplrfrcatlon curve
obtarned durrng the real time PCR anplrfrcatron

e} re nmeltin urves ob ed a e.end of
EG28L, o ienre Sisraiiotozianll pEAT i en SR Rng PograisR Haptis of
amﬁl%io@ﬁl@f Iﬁﬁﬁlcg@dtalﬂé(ﬁﬁh@waﬂgné AuRERf frpldtd AndglinRsets 8
roducts; [0054] Figures 32 A B and C depict the
uppef heads) pnd g dpweri SbéﬂQdW]flﬁurS‘%BR green dye using
exenplary primers (set 19) directed against the NA
Eﬂglﬂ] of gtgﬁw.s is@fﬂhﬁtb@ﬁt@h Af anfaghsagel aisplbjuﬁfg BaRiaamplificative
obt al ned du the re time PCR i
PRAER DAt by A ¢ BUFTE "D JTEHe D HE e BT
tifiﬁe@r(@tsl 1ftb @p&ﬂtﬁ@mr;eaﬁh bainslFg templ e BNPhet@r@pkeridéd flom
5% agar ose gel displaying the PCR anplification
BRoaefepdls Oﬁ’%ﬁ? Figures 33 A, B and C depict the
results of real tinme PCR with SYBR green dye using
£0028p| arjoupé 7 R ImbEAtatidh putle bigtaihatidaipgiivatal tire POR
gene_ of HS5NL influenza A Aﬁ-#és an anplification curve
6’5‘?%@%@?{1 RO YSipmBrUpEret | p gl}!@;& anplification

reaction; B are nelting curves obtained at the end of
{00293 ll?'ig‘uircatsi aﬁrampﬁﬁeathbﬂ) purae obtfinédsduaing ietrog tiapRaR a

1. 5% agar ose. dis he PCR anplification
W@&%ﬁ?&%‘lmf‘%‘@géj‘mﬁ e% g%“; 0 and D depict the
results of real tine PCRwith SYBR green dye using
€0030p| aF;gupe 9 ensmpl Btatidd puste pgeinetidwing ithestal tine RAR

ene |nfluenza anplification curve
g’BPrHé‘i‘“i"}E%“ GEFOR G PHE P ?t@fr%g‘ﬁi:ﬁ anpl i fication
reaction; B is an RNA standard curve; C are nelting
$003gs ﬁ‘tgnae hed anbmpliicadomlcwfe ctH’naaneaﬂrquhng theatal ome PCR

a 1.5% agar ose gel
Wgﬁcgij?%rﬁa%qwguﬁ&pn&rﬁrlsre?r cat %urn%’pr oducts; [0057]
Figures 35 A B, C and D depict the results of real
{0032] PCRignire hl iS\dERngliﬁc@tiom gevesitainededusing fharsal pme RERs

gwgﬁﬁcéﬁgnare%tﬁﬁhgg%ﬁgﬁé@g? | ca%"r‘;l‘éénggﬂsvgf olt_)lfglrlned

during the real tine PCR anplification reaction; B is
F003ANA Figwneltd i a0 amphificatiompwvaretitainedgiuging thesead HnaPERJ
eaction and Dis a
aﬁlglﬁfh(:%ngn %ac%ronhgﬁg @(@ﬂ léljgsgir éégiteﬁlg'ﬂ F 6dr spl ayi ng the PCR
anpllflcatlon products; [0058] Figures 36 A, B, C and
[(0034pi c Figunel3 ssnpmplififationealrve ohiaingdduring the rVBRe§C8en
dye using exenplary priners (set 23) directed agai nst
the HA gene of H5 influenza A (H5N1L (@S 1 to @S 5),
H5N2 (a) and H5N3 (b)); Ais an anplification curve
obt ai ned during the real tin® PCR anplification
reaction; B is an RNA standard curve; C are nelting
curves obtained at the end of the anplification
reaction and D is a photograph of a 1.5% agarose ge
di spl aying the PCR anplification products; [0059]
Figure 37 is a photograph of an agarose gel displaying
the relatrve anmount s of anplrfrcatron product obtarned

o . T NSNS s




[0060] Figure 38 is a photograph of an agarose ge

di spl aying the relative anounts of anplification
w@e@duez3edbt ai ned by a one-step RT- PCR net hod, PUEBGZ)05/000187

varyi ng amounts of tenplate and priner set 11; [0061 ]

Figure 39 is a photograph of an agarose gel displaying

the relative anounts of anplification product obtained

by a one-step RT-PCR nethod, using varying anounts of

tenpl ate and prinmer set 13;[0062] Figure 40 is a

phglifagfi@pRadion asingpanaset DefFigirsp) ayi ng the rel ative
anount s of anplification product obtained by a

met h usj var.ying .anpunt s..of
RSB o Bisife b e P Lt A Rt ARy B B Nt e pow
phplifagti@plRadion asingpamaset Yef Figirs pj ayi ng the rel ati ve
anounts of anplification product obt ai ned by a

t at lgélﬁ‘d %Rar%e ttﬁ%d p“?rﬁé 64 it &&1 ur e %ﬁn&fgg R

mhplﬁfhgnapﬂeaai‘onamngg@masetsgehddloﬁﬁigageumg the relative
anount s of anplification pr oduct obtained by a

te 0 f
B S e T L I e
amph@ambmgmmohmm@ paigerrseis 8, 4 endsS off Elgllraﬁ; ng the
relative anounts of anplification product using

ng t ' :
(198 YR B L B POL IR 56
amphﬁnaem R@tﬁ@lﬁsmgpﬂmd se{SGOt@@}S oFFigureds 44 is an
anplification curve obtained using the Tagman(tm rea

19
19038, Tt DOR B on Bl e EM ARSI
amplhﬁdatlcraltea@mncl&nyernmbtsais Aeeid §F Rigutetfe Tagman(tm) real
time PCR nethod and priner set 25, directed agai nst

; m esolf9 SR RS BN rap R ageQQ&?ghs %bdyﬁse@mfg@hé s

catlon curve obtalned usi n he Tagman(tm
detedtion |oﬁE5lewemﬁu@maﬁde byrere-sen R G’CRd Ay eleple”u:atlon of

SRR P RE0E RN PEIA Becin o

avifid nélnerga Airvs frams fieldeamdpless have hi gh nutation rates
due to the low fidelity nature of RNA replication when

W r eqidulle hEPBlaEA HoRgra Ip&soiaagﬁl%%eﬁs of PRl ﬂf@tﬂﬁé

es tend to evolve rapid Furt hernore, i'nfluenza
Abiginedissing aitipA tagwaritieRgoP gR meaml@l, erRsa et st T-BeR vastion;
vi ral stralns whi ch mechani sm has contributed to the
OP e %C tdaGictd el 1OdSts EFYeRNGndVACTS blth e/ R Ser sdbe
|nventors conpared the sequence of the henagglut|n|n

i gene frompore than 200 anuenzaﬂg
%%%t eFigures 1Ay Randzare pheopraphs i€ A0Sk eps EmpRshptinedle use

HBethiplary pritBerd Gf/tﬁ@fn%lﬁmﬁ %Hﬁ@fd%%bl@@to&@%@ﬁ'ﬂ% SfiantiRBuenza
neuran1n|dase " h gene rom approxi nmately
1

mushm BRSPAGE Ofa a%tse@pleeaﬂmmoem@qdw%%eﬁ#?e t he
r\%&zrﬁoﬂ SHAn QR hERE S5 Wrikddk ot With hHERRA prinleb'sgs, the
ntors ave di scovered short reglons of’ h|ghly
conserved sequences uni que to specific, subt

Ans Figgosih Adbind ¢ eenicl ditpsulfs 6 repldineckCR fain 5vRR gieen
BYEREGKM 1&% f(ﬁa@y BR&tddheRAnS AL gedieqs?ﬁzmmﬁmnza A;

sequences_use e conpari son were obtained from
Auib ki athplifipaten cubtecobepdned Bae%tha rral tiiee BCR gmphifieadion iastipnaB
vari ety of sequence conparison software, including the
software Clustal W [0071 ] These sequence conpari sons
al l owed the inventors to develop forward and reverse
prinmers set out in SEQID NO 1 to SEQ ID NO 114,
directed to conserved regions of the HA gene or the NA
gene of avian influenza virus subtypes H5 or H5N1, for
use in a detection assay, for exanple,
reverse-transcription followed by pol ynerase chain
reaction anplification ("RT-PCR'). The conparison of
such a | arge nunber of




viral isolates allowed for the design of priners

directed to well-conserved regions of the HA or NA
w@emws/123hus targeting regions that are | ess |iR&/gGr005/000187

be affected by mutational changes and thereby

providing prinmers that can detect a |larger pool of H5

or H5N1 variants than priners that are currently

avai |l able. [0072] The term"isolate" as used herein

refers to a particular virus or clonal population of

¥ie frﬁb&nﬁ&iﬁde@ bisigined f@Mednadf fhe @ﬂipﬁﬁ@ﬁbﬁ teattloarandiCab o ghdtédraph
source, such as a at ent whi ch has (ﬁﬁpartl cul ar

@feﬁﬂb?%(?g%ré&@hé‘éplaﬂlg ‘ihélP ERmplgraioB e 9IS vary at onl y

one or several nucleotides, and may still fall wthin
{00453 aNBiguhkésP3 & BAMAE dephot WicTradults oy pene TSR fvith SYBRMPYeen

of the subtypes. r ..subtypes cl a i e

Qe Runt pes, Of. b 8] pauDl Ypes, AL ML Az sl Shuva o
AQ9 B3I mpiiiRati V@R WbBirded ditngd thteal mn@pckamphﬁ@ﬂsefemn B
regi ons, one or nore nucleotides at a specific

P é’%@ﬂt%r?“v/ﬁ? pleiainesbat rsesid ok e ampkificatipn fe@%’élé‘nﬁi Qgﬁ  Aotoggaph

b8 54, a géro&rgempﬁa thb@en YigtaRadrodg@gh pri mer
wthin the fam| ei ng based on a conserved sequence

of the HA or the NA gene, but varyln% at one or nor

Paae] cumur«tfa?ées Bymdiy flemiqt dheapviieplieg) taediidhuen SFEB?&?CH

HWSinglRerBRSrydeRRES (s4the) d&%@ﬂh%a%ht R QWA 588 oAIBNI WBluenza A;
conpr|S|n a sequence asset out In an&Rone of SEQ ID

Nas an qrepl EaiqnsuRye obtpined dpieethy reaktingg P B@Pbﬁ@é‘%f‘%@ﬂm B

by I@euﬁlg chhegi olin%hécpn theaend B? BBhplificititn Rh&BHnSnd L8R PRHAograph
ecul e of fined sequence that can base

pﬁaIr5%@%0%1)%131@%@#PQMmﬁbﬁe%nnerqdhete, contains a
conpl ementary sequence (the target). The stability of

tdim!1 es pouk Q%W Afd dTBLRE WS HRPENAS HMRITH HEh S¥BRMreen

of the base pairing that occurs, and is affected b

B usingteRePEDITYPREE (59id 2hidiEpeied agrinst e Aoaws o FIPNY influenza A;
Qs& u@&n%fdaaldﬁrmrobeﬂedmﬁ%%e fa eﬁybeRaﬂlghmeoﬁ RAGRR; B
of stringency of the hybri ation conditions.
disgrebiingeiirviy phthidedzatthemnd of the agelhisatipe reggtion ape & 1wph0t0graph
ggﬁggﬁtg%§?8%£53@%wﬁ %82%??% ?gﬁﬁg? %@ggnlc nol ecul es,
such as formam de, and nay be determ ned u3|nghnethods

{00481 ar Bigures2e A‘ad; Ids éepgqt ihe|resylts of realdime RCR with S¥BR green
&@é’ﬂr | g gﬁﬂ ;K%,ﬂ;g (0998) kiR¥Rk Ybditht BN Lb&e3EHINT influenza A;

such as nuclelc aci d sequenci ng
As aleamplef@atu)nmmeu obfagngd idamnghe teh]etlrp@P%emahﬁca@nlarencﬁon
@g@;@%@g Bthifie Pl uRNAads 4.0 %pﬁf@hb&e@&t oRGhy E0¢ Qﬁ}:xo%graph
anal'ysi's, restriction ynDrphls
ORFL ) agmaseyssi displSong the uPﬁRta}ltphﬁghtmaipmdncts,n ort hern
hybri di zation, in situ hybridization, electrophoretic
it f

[R01 1 Kishlle 7 S Bl RS Bl b R BRfreen
ﬂ}'ﬁeasmgtexer[uﬁla?@]mnfrﬁe(settéﬁhdiremagm@t the VA geng of HoN G n&lele@'d A;

@) (0] ? P . .
A5 iRl RiS e T8l SRS o P RALED Rt B
s mwttdgcbumes dgaibédeat steread dbithe afibkficabomreagdiiaand €fiea phategraph
a V. entI ed, naturally
SfCaCﬁ aﬁ@rose ge”r@\l\q? s % g%ﬁ‘ }Q[} o%"‘lﬁlé’ I éf)otlalggg i ncl udi ng
cDNA and synthetic (e.g., chemcally syntheS|zed) DNA,
[0050hay Fizara @8\, 8 awdrGdebed thereslthgfl real simedi{ Redtith BYBR green
"reverse transcribed DNA" or "DNA reverse transcri bed
fronm' is neant conplenentary or copy DNA (cDNA)
produced froman RNA tenpl at® by the action of
RNA- dependent DNA pol ynerase (reverse transcri ptase).
[0077] Avian influenza virus is a single stranded RNA
virus and in sone enbodi nents, the priner has a DNA
sequence that corresponds to the RNA sequence of a
conserved region of the HA gene of avian influenza
V|rus subtype FE or H5N1 ( SEQ ID NO' 1 to SEQ ID h[)s

N~ 1 A A M\ - .




may be used as a forward priner when sequencing or

anplifying DNA reversetranscri bed fromthe HA gene of
waeawsgpess7 H5 or HSNL . Table 1. Forward Pri merBCT/862005@00187

HA Gene of Subtype H5 or H5N1[ 0078] In sone

enbodi nents, the priner has a DNA sequence t hat

corresponds to the RNA sequence of a conserved region

of the HA gene of avian influenza virus subtype H5 or

HSNI (SEQ ID NO 32 to SEQ ID NO 71, SEQ ID NGO 113 and

@%Qs%QeMpé&} AlimeREscS &5) diebted E‘gaﬁaﬁﬂheNA geBel NHFIN] hi¥fluanza A;
may be used as a reverse priner when_sequencin

%hquq apligigation cpive PO biaipd dineie ek R B LeHTsEetion; B
dré 2iRtinB euiils SRRdak the léﬁ@ ¥PBSE akilblifatidiOlbctiod @i € id photograph
Reverse Priners for the HA Gene of Subtype H5 or

MzN1]°0 0 Fpse gl @W%%ECR@W&ﬁcaﬁlﬁ%Prﬁfi‘r‘%r has a DNA

sequence that corresponds to the RNA sequence of a

[POBSE' VEGufd @b Q) Bond [\@pNiHEe&a1tOdf raal hﬁle POR WitteS'YBR green
virus subtype H5N1, as set out in SE 0 SEQ

NO, 72
4@%@%9@6@@% pm&lslrSéS%}Q diygetrd pgainshihe ﬁa@ﬁnﬁef féé%ijmélgergaf\

A Wb HBELR cuMB 8B Red | AGreQI iR TER AvipIRtafh Yeaction; B
reversed transcribed fromthe NA gene of subt

398 NELting lshiwessobtaieadyeh thg epd phige @npléﬁcatlwemoeé%éé% a photograph
£ YR Gkl 80AGknd e POTBBIROMLABAS  NE Pri mer
ﬁﬂplyﬁﬁ éﬁ%g %nﬁ corr sponds to t%e RNA
qlquence of a conserved regi on of the NA gene of_ avian

PLienkigutes Sl &, S fpdepias o resylis ofeeal e FLR WP Y BR green
%ﬁgu%ﬂxg teQennlERy bPmbQ (&l 17)(&1%%&’ abliRt dhe NA%&%Q OPH5NF (SuBBY A;

useéd as a'reverse primer when seq$en0|n

Anqym Fnypilifigationaurve pbiained deringriberepldee FG¢R mﬂtﬂ#&caﬂw geagtien; B

%e eHRE YRS ed Th¥ned a-{ﬁgleﬁd 61'“ thB%&ﬂﬁﬁEc%uS’r{ ﬂe%%ﬁ ahPE i§ PhotMraph
ne of Subtype H5NI| 1] Wiere a nucleotide in a

P k1% agaesego 1%91@7111%%&? P@E amiptifi¢ation prededdtiser ved regi on

of the HA or the NA gene for the viral isolates

{(ﬁgﬁ . FRurds 3MA, B'an@iC RplciBlSeWRSodEN BhRIPER WASSEBR Breen

conserved reglon of "the gene, in which one or nore

dysgisila exApnlary nrimpes (o4 AP) djreefed peainvbihe Neagane gt H5N hinfluenza A;
%g %ﬁmrﬂh?icﬁf h%ﬁfv}; ogﬁfneg ﬁ‘ﬂ%l tRe regittthd ﬁ?%pl%ﬁ&ﬁorﬁ%&tfo@ B
e suc Furt hernore, a skil
pensbimgwinives Qhﬁﬁ!@dsﬂt ﬁw@nd hﬁiiﬂe alapl@ﬁv@ty@weeq’q@n prd Gy asplmt@raph
S bases within
g R O S B b % mert ed
or del et ed, prOV|ded that the nutated priner wll

051  hignresi33 &, Biand G depiot the gesnliseigesd fime POR witls AKBR@reen
t
ﬁ 1131 %Iaﬁen?fﬁ'ﬁz 8%613}%} Pg)rdu%&’éﬂ DG he BA éeﬂ@ OPHSIQl Baluenza A;

i mer sequ i zat1 on conditi ons
Aot anquﬁpatloa coor dhiained diming thewseliinel ¢id @I@plefé@bmemjw@nB
{ %ﬁ,@‘é b? nédrhtltJ g%%}ﬁ{ri] ftgg %néé}ﬁ%c??%a%%ﬁ/g?cie g d a$hotograph
&0l ijagylgarbdyctge] cﬂs};ﬂ:a_zungihe RCR hamilifi¢atipe pmductﬂs Probes, Part
I, Chapter 2 "Overview of principles of hybridization
he

BRSat, orithi s ) Bl TEEREL B bR B P BnE PER D SYBR groon

«asreelsmg lematipdaty pomioes (seb 30 disoe! hgninst the Nangeni of HFNT indluenza A;

ggl egnl a3 11?%%'%1% ﬁflrgf% 8%’(@1%6& Flg’%@ﬁle {&gfle[&ﬁ%e}?ﬁg arﬁéhf?cag&{ te ﬁgn B
are dtertmg amdes dbadtindaaw the gndrof the phplifsatiet jesatibn end Ghit aphiotrgsaph
in a short sequence will decrease the strength of
hybridi zation of the prinmer to the conplement of the
original, unnmutated priner, and that the spacing and

| ocation of the mutations wi%hin the prinmer sequence
will also affect the strength or stringency of
hybri di zati on. Furthernore, a skilled person wl|
understand that insertion or deletion of one or nore
nucl eotides in a short sequence will also decrease the
strength of hybridization of the prinmer to the
conplenent of the orlglnal unnutated prlner and t hat

. o o, o o o




avi an influenza virus are set out in Figure 1, along

Wi th other priners previously known to be directed
wagasnstdet he HA gene of subtype 5. Prinmers TWPEFI6H05/000187

and TW H5-699r were published in Lee et al. (2001, J.

Viriol. Methods 97:13-22). Prinmers VMIH5/515, VM H5-1

VMIH5/ 1220 and VM H5-2 were publlshed in Hen et a

(2004, New Eng. J of Med. 350(12):1 179-1 188).

Primers HK_ SEQ D1 to HK SEQ D3, HK . SEQ D5 to HK_SEQ D7

dad .3 a%%?eg& digldyiag F PO dmpkfictipuhbiehed i n WO
02/ 291 085] In some enbodi ments, the primer nay

psRer 'gﬁﬂes B s vl freris b By Igheisil g aiat
drb@ d9e ufBE exchPlargidiit €set Ii)ellrbcﬁhEigath}thdaHA@ene of H5N1
fluore cent | abel, a chen1gun1n

BB By e aeato SPABEmER gu e wien iy BER aplification
ﬂeé’éﬁ%h 5B & 2R RO £ btndaftiCduthd; COiréelBing YiFess oBtapRpibi itle et ofahe

and for exanpl e bi n cert
@p@@a@%ﬁ@@twﬂ'@% arPg‘PtO&ﬁ\y egﬁi}¥°°§§afa?1e gﬁ‘?@%ﬂ%ﬂhe PCR

Qﬁﬁﬁﬁg&h_ o@eguence in addition to a sequence of any
one of SEQIDNO 1 to SEQ ID NO 114.Such an

n%Sg'zfq'e"Eéhwa%éeﬁ?ce L s

%%éim%/@ ¢Singl efdnipedy PmaRYseP?) dabci&BsQaink? thQ{A]geh@ofSEQIll D
14, with the proviso that theterm ng Pﬁi
e (@fmn

infren A; 4 nwt amn%@wétmm quyeioRtamgd dyaneAhertea H’é

%ﬁdtﬁﬁr B 5Wa Al éélﬁdar(p&ir&@ C A WYERin S 88%es dbEdin®Rat the end of the
515, pri ner qI)Erlner VM H5/ 1220, priner

arlifisation regctigmgndp 1%@@@@ of ¢ L agEopree! dispagpgihes CR
and HK_SEQ D9 to HK_SEQ D14, descri bed
5@%ve ‘8%%%& Al ternatively, the addltlonal sequence
may not be directed to the HA o ene, ] a
DK B2aras 6 e i It frtic s Wby Bire B "t ST &R

%Pé el QRAY BRem IRy ﬁfﬁ@l@'@ie@2§) diesitd AdatisQhe BAZYER® of 195 influenza
hat i s conp enenp to a 'nucleic acid sequence that

ASHONEEQS bito @§t5b (IjSNgr{a) gog A5 Ap1 A is anpgplifigation curve obtained
&E{}%t X ﬂttﬁ{eyPéIQalﬁ)lﬁfcgﬁﬁl @b @ié af ?N@Q%idlaﬁi%un/é :C are

person w erstand that there w ||

wpltingourvésabtpited ahille sedefdheamgldicatiggaesstippind D Efé‘rf&‘ﬁfﬂ%ﬁ@h of

é’gsgs P él?@é}%@ﬂg h%dﬂ‘i@lf% %&gg&t;;etgszn;sed

such addltlonal sequences. For examg a PCR p
[1958] d Kigured isp Pth@ﬁanengpﬁg%fPseﬁh enlerdng thefelettlwe amounts of
gﬁ-hod teBRT-POR HletRB S e E ts of
%ﬁﬂg@ﬁﬁ% %ﬂ?gﬁgPﬁﬁi Sfo ches thg tenperatﬁ%g%g?mnso
tehipbate dnideriget shdd;on by polynerase occurs. [0088]
Therefore in certain enbodi nents, the priner consists
Pi[%lui‘e s B%ﬁo@ﬁgﬂﬁmﬁ agéro@r@él @Yayeig tBEFIHRe Mabunts of
neani ng t grlner may i ncl ude one
mnplrfwa@maﬁdduct driainedhyct @ststand-PER megiod gisingyaryghg amounts of

SR B 1357 S0 T D™ o

addi ti onal nucl eotides shoul d not significantly. affect

[0061hy bFigure 34 is 6 phetpeepleofra qauateeblispiagngihe restive proyss of
1§ﬁ&80n§§91lkpoﬂ}ﬁléq %Aa SR -BpRICPER el st vasH mounts of

CONt AT i e conp nentary sequence. For exanple

telplagedatidtpriorer seft 13ever al nucl eoti des on either S|de of

a short prinmer sequence should not alter the

hybri di zation stringency of the short prinmer sequence

to its conpl ementary sequend® even when contai ned

within a | arger sequence, to such an extent that the

short primer sequence cannot hybridize with the sane

or simlar stringency as when the additiona

nucl eoti des are not present. That is, since the

regions in the influenza HA or NA gene surrounding the

sequences descrlbed hereln My vary anong |solates a




detect a wide range of H5 or HS5N1 isolates. In certain

ot her enbodi nents the priner consists of, or is, the
waegaanse’ of any one of SEQ ID NO 1 to SEQ | DPaIIZSG2008000187

[0089] In certain enbodi nents, the priner conprises a

"target annealing sequence"” which conprises a sequence

of any one of SEQID NO1 to SEQ ID NO 114, and a

noni nfl uenza virus A sequence. [0090] The target

anneal i ng sequence will hybridize to at |east a

[0062] OnFighredotiak Qﬁitog%&ﬂi tﬁ‘laﬁ agdrbsd gbhh@l@ﬁfgih@xelatlheamounts of

target nucleic acl n us .t enment ar
weple iR B R e et ek Mes st nglaftng dmontS of
@ﬁﬁ@&%&g%ngﬁfkygﬁ from an influenza A H5 or H5NL

viral type Thus, the t ar get anneallng sequence nay

i ncl ude flankin uences en
BOBR) cnbisies ¢t it 6 PhaiestaTitln AT G R TR g Rlaggh gmouns of
drhpHehiidh ﬂrﬁ@cﬁ&%ﬂ@ﬂl@ ad@bHisRP RIDFCR MétHRA s vEEidg ddrodds of
1 to SE NGO 114. The target annealing sequence may
tgmpks PVEF&“%&%Slst essentially of, or consist of, a
sequence of SEQID NO 1 to SEQID NO 114, [ 0091 ]

[Tioe4pongigﬁté ﬁ@?@hﬁo@thﬂﬁot&ﬁ@,@ﬂ&%&:l ﬁslﬂay:s@qheml vé labunts of
I's not derive rom.or corre r. conpl enent ar
geplificatiqniyrpdpshobiained Y%WO@?R@%?@P@&%&? SSImgY ARyl Of
@Qgﬁﬁnmhggn@pﬁﬂqpfluenza A virus sequence nay be a
sequence, for exanple that is recognised by a proteln

for e a restrictio

Qvgl' SPadriva i o phoiataEREpertons ol SBTHERE e2siative
hrfiouhBest afnlifichEib@ otiadd usﬁl@ffar?mg aibents dfftéhplats and prlmer set 23,
conpl ementary to_a Brobe at may be Iag&ékgg 30 a
ehipnet by Actpremtee ot Peh boeits v raep ghod;

nmol ecul e that may be used to capture the present

BPr . FlEhﬁesmns mxﬁpmenmn/éume obins & Gieyibe S‘aqm@nT% ecal time

gcat ed on ej t he
R Grethod e e atod ey s 3 A RE PGt he
primer or priners of the invention will depend on the
[0067] e dFigaeesas isgimptification.cufve bbiaadpiieg thad agundn™” bzl time

BB St 8 a e s e gty WS Bricor S ape

PCR primer will be based on the sequence that |s to be
[0968] f | Piduas 4684 dn aa@htﬁhmomie:srvte ®ttaimed nsmwtht: &nqreand prabtime

rlner/te
B e mtra A Eesties Rty 5ttt ooyt
pri mer nay be | onger, for exanple from about 15 bases

PEPRSEED Dt romq‘{gwal ength or longer. Thus, the

primer may be ases to about 1kil obase in

g(g’gg!) h, ﬁﬁgmuﬁg’esttﬁclﬁaﬁg the Megf’as@ Sirust feﬁmo]lﬁvé ﬁ’tgH BRktion

ases, from 15 to about 150 bases, from 15 to
e wipe t_mbe Imsfistslitymaturoeh RINA replicasion sdr cospaeas! to DB 3]
a
R R 2l MR TRLL AT B BAEREplfnc
Atvamnstartehdpd O&t@tgmramtalrc®sm’hmn ToeAivenj viyak stroins vt toriechagigm
g es Cg%‘i%]%‘étﬁg gﬁﬁ{cg eSVS oplatgnt ott] ﬁte Hl* Qndit]fﬁlg t}q%eg 'gtﬁe inventors
acthyefal ieelsequeice of:thahemhgg},unhine‘SHAérgen&mh moet thar2004nflienza

o A AR 0

Botap el thel@gudnbabf tas fevkarididhe (NABen¢ fiord approximately 70
sequence-specific manner to a tenpl ate sequence and
initiate a new strand synthesis, a skilled person wl|l
under stand t hat uses of thelériners of the invention
are not so limted. For exanple, the prinmers of the

i nvention may be used as probes, to detect a

conpl enentary sequence to which the probe hybridizes.
For such a use, the primer will typically be |abelled
for detection, for exanple, with a fluorescent |abel,
a chentluntnescent IabeI a col oured dye | abel, a

- . a o o



When used as probes, the priners may be used in
nucl ei ¢ acid hybridi zati on net hods, single stranded
w@oewkoerset i onal pol ynor phi sm (SSCP) anal ysi s, PCT/SG2005/000187

restriction fragnent pol ynorphi sm (RFLP) anal ysis,

Sout hern hybridi zation, northern hybridization, in

situ hybridi zation, electrophoretic nobility shift

assay (EMBA), nucleic acid microarrays, and other

met hods that are known to those skilled in the art.

hae95] ATHeNPkblaRE. SSubrisidpty, devpae the bighmaytativa rats edthindnfluenza
di agngse or detecéﬁaV|an |nfluenz

TiFiogh D APBOTrS QIR BB B A DS dE R
ﬁrﬁ%mt R ANFBs SHS etk REs £ swfble)d gntiff@r ¥dté the presence
96 hus, there is provided a method for detecting
@V@&ﬁﬁﬁﬁﬂﬁééﬁtﬁmgﬁ%type H5 in a sanple conprising
anplifying DNA reverse transcribed from RNA obt ai ned

f0070] t hEenSRERInCesUBEd@ R RnPhridta veerd Ebtafiaiergat pﬁmle' available
conprising any one_of the sequences of S

dRERDRID ANEVSIS COMBATEHISIRE 2 YEIPR O SFANERY CWP*H%P% sofivare tchiding

G0uht St bgis@aly. one of thesequences of SEQID NO'1 to

SEQ I D NO 18, and detecting a product of

anplification, wherein, the prodyc es. t he
n%%nc@ hese seqyengg |°%p4r¥§?‘?slfgﬁ‘2’3‘9\$? §th %% éﬁ)vteb’ﬁ’ Eorwﬁrdt 1d

1%@5?94 Simeh 6t But i SBRID WO\ SEQ 1B N® I dlréawa tdebsetvedy

avian influenza subtype H5NL in | e [

waions pitheHAmepe P NACERT Sl BNy ﬂ&?&%ﬁ@ REANL,

For Q80 ih R Qe &R a§sa93fop&aﬁmﬁ% , RNerSREShsE@Rh $6lo¥el BB Hlymerase

conprising any one of sequences of SEQ ID NO 56 t

SEQ Fotinoampliiciey (BINGR 1 Shesnrrapn @Slméa 3rg9 LUpRpr 0
Béhisv st th
058 B0y OO ot B SR R g
Ny or Nip ger@;thgp\;t’mggtmgr@gl@ns theyreee less\ikely do bq affsted by mutational
to
SR SO SSHBIERS 0 B00 S BADEBA
votpisitisnpgingrmthgnee ofrentheaveidapliences of SEQ ID NO. 72 to
SEQ I D NO 93, and detecting a product of
Ej‘ﬂ?by | Gl {oAR FisYhiRr & ﬁe& ﬁ'&elﬁ FANES 2 pRbERLREs §tfonal
resence of an avian influenza virus HSN1 subtype in
poreilasianpf wruspaviole}, iplated i PardieWabiolgeica) gource, Such as a
gﬁ?hﬂ %ﬁ:ﬁthbso:?%&?ﬁ %Iene'tlé séq{d&&:@ degkrdbht idGtddde: vary at only one
er m ni ng ence absence, or quantif
vhevanaiouwlkeotidss, aad prep dtilt fallvathisl the pagner vieahsuliype. A viral subtype
fica
re%és {o ang o% {rhg glrll{ g'i)f ﬁ? e 2%1%? gﬁl\zléﬁem%lﬁé%aézgﬁ}ﬁfng‘?d’ fhe
Eymxmaﬁjgfﬂﬁ@NQWbmumnassanple is reverse transcribed so
as to provide a single DNA strand that is
gdiﬁ'@i el AldntdS f&lﬁg AN cElnif) @&ﬁeﬁ%d fe 10551 %nﬂﬂ%n&énucleotldes
ene. The reverse transcri Ing I's ormed usi ng
nievspedfic tocativaoniigpt @sxeeeem@i,am F hlathoaeseg;%qﬁa%bfaéﬂlafofpﬂmers has

eadi n NA e [

b R0 B E 8  RRIRLE o Bsed g of
tHed L ARDIAhE Bidpdeat,dbut tyryipg htyome oi moregafiiulanbastscwittin ths conseryed
Fég@uence conplenmentary to that of the RNA tenplate.

#€e transcriptase enzynmes, for exanple T7 reverse
transcri ptase, are commercially available, and wll be
k00TMh t @hes, kinelagebciibe Bwentioll pwvidey @ pgmet qoapsising psdquence as
reaction is typically perfornmed in a buffer, under
reaction conditions and at a tenperature that are
designed to optim ze the reverse transcriptase
activity. Comrercially suppl@ed reverse transcriptase
enzynes may be supplied wth a suitable buffer and DNA
nucl eoti des. [0099] The priner used in the reverse
transcription reaction nay be a m xture of random
hexanmers that will bind to random sites along the RNA
tenplate. Alternatively,the reverse transcription
prlner ‘may be a speC|f|c prlner deS|gned to blnd at a

e o



as a prinmer in the reverse transcription reaction. The
sane reverse prinmer or priners of the invention may be
wa@odwantysgeously used in the anplification stepPCT/SG2005/000187
particul arly when the reverse transcription and
anplification are effected in the sane reaction. \Were
nore than one prinmer of the invention is used, each of
the primers used will have a different sequence, the
sequence of each priner conprising any one of SEQ ID
DB, 1 REG 41 NG (035 IS, and SEQ 1D
NO 114 or SEQ ID NGO 94 to SEQ ID NGO 111. [001 00]
Wiere there is a fa

of primers based.on the sa
O0TAIe vl sertiood BEA S aREon : RATEo o B SRR IRk
TRUA QR NN mBREfe Htiehifat defi@fcdMhhitan bisbgalpfd JREoFEINE nﬁRNA
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e seguence may vary from
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the
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bt d f
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daitwprgpeauiiaby SHRRgaR EVDRL pugtir g HEcPa S Ra R hripocs

SR BroRMto BRsadledampb artt hat contains the virus from
an infected individual, and includes tissue and fluid

f or I ood e | ra
ORFBL S BRI P AT BB B o
ﬁe@tﬁrhl@ odzidiol Bt mﬁ&iﬁ@cllﬁbonuﬂb(ﬁ&lps flae BNA hhy mﬂgmnded or
cerebrogp

JiTegaidste Thaem (PN TS R s LS of B Ry Gy

bdnd&d, nathR0 o&?u}m@w (ﬁnoﬁff%d ﬂ@&@hﬁ@lubreaﬂi&‘e@ rmcmidmgchNA and
reaction is co | et hﬁ ahﬁ%ie str gQA 1
OB @RISR B eﬁlwd} N P e fﬁu i Strended prpele
G ddde B “r ARRE bbb D TINAY GMIINA teéivaist @iisciitel @fostiOmaant
reaction in which a nucleic acid nolecul e tha

esenpiiespesa e ar copy R/ DNAYipeedieed from pp B%Téﬁelgplgtp%g\i;l}egﬁtmn of
WA' déﬁ&ﬁl@nt‘@lﬁﬂ%o@ﬁx@%a!@@edé@se @handdipthse)] S reproduced in

arge quantities. A suitable polynerase enzyne will be
used to synthesize a nGMIS rand t.enpl gte nuclelc
HO7d]  efviainiingpga JiruORA S8 etSFfén Spac

GRS ALRs, fﬂél phhf& Eas%‘IFNR %eqtuhQQ Indd ddrrebpéhda bthé RNSAadeqlﬂiﬁce of

step Jflege per or med he sane reaction as the

¥ ewnserved regian o€ thF P gshe peaian ipiuengsy s qekivRee or HSN (SEQ
g? £ 4o Aol 298 8E6 b if}easrs@ﬁ/&ﬁ SETblcAN Such Phitned
o not interfere wth the anp tication reaction.

by be wad pyefoyyard memprewhqnsseqlteﬁ@mg erdnpitione BNSdgvarsemay
be purified prior to being used as tenplate in the
anplification reaction. [001 05] Alternatively, a
doubl e- stranded DNA nol ecul e, for exanple a double
stranded DNA derived from alBeverse transcribed single
stranded DNA nol ecul e, may be used as a tenplate for
the anplification reaction. If a DNA clone of a
particular viral isolate has been nade, the DNA cl one
may be used as a tenplate for anplification. A skilled
person wi |l understand how to make a doubl e stranded
DNA clone fron1a V|ral |solate using st andard

o oy o o
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i ntended to include al
reverse transcri bed fromthe RNA
w@eiwsd2sent s,
anplification reaction.
may be perfornmed with a DNA pol yner ase,

Taq pol

yner ase,

Thus, t

such DNA derived fromthe DNA

[001 06] In certain

anplification is perforned by a RURSG2005/000187

he anplification step
for exanpl e,

usi ng standard net hods and t echni ques
that are known to a person skilled in the art.

DNA
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Tallelant Forwed Brimerd forahed 4 Ge i S o4
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anplification may be carried out under the sane or
simlar conditions as the first anplification

reactio

n, and the sec
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t hen be det ected using an appropriate detection nethod

as set out bel ow [001 10]

If a
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used in the anplification reaction along with a
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NO 111. [00111] The forward primers directed agai nst

conserved regions of the HA gene of avian influenza
waoresa28ebt ype HS or HS5NL are set out in Tabl epdT/S&res/000187

the forward priners directed agai nst conserved regions

of the NA gene of the H5N1 subtype are set out in

Table 3. A skilled person will understand that the

forward and reverse prinmers used in a particular

anplification reaction need to correspond with respect

to subflype and gene. [Therefore] when a reverse priner
is used that conprisegs any one|gfc SEQ ID NO 32 to SEQ

[@x

2K tgls@ﬁ%{&i}mh@ NO 134 N TAgdecA TIC OBC A¥Y Alta CAC CC

e

A IR NS L R LT g%% EPT NG GhT ARG AAG G
cob? i JessAFRSNIREaBE |SEQ BY NO Q(}C§I§C§VP SAPQOT%: TEHHAAA
SEQ IDINO 114, a formard pri meGTEdAbe used that

conprises any one of SEQ ID NO 19 to SEQ I D NG 31 and
SEQ I D NO 112, and when a reverse priner is used that

bi shxssoalnymbn@rr@nts Shpriprrijer oRNosegimnes Batgorrespends iy the
i 564h e e H5
%%évg@%gﬁ%r 6;’25‘%611 %éJgD Vi 9%1@& gis 1{?:1a§ ﬁliﬂu@fﬁ’ﬁ vﬁﬁ@su@fyp
appNeC(SEQID NAZE t@ﬁEQ IBA¥O:31, &H@HN@V&H? oPHéISEQeT@eN@éM) as
Petc IOI%& %aﬁ% z dSl!l(!ﬂ ?l-lﬁlem%;’ l;el lﬁ@& és%e@% &%&in&? Wlﬂgl? Qquencmg or
e sedhence f one

aﬁﬂuﬂnﬁg Ai@rst $itahd RIOA revieed @amsmtad iroithe Hﬁs@ﬁmbef Sub‘edeslHﬁ or
ﬁg&‘?l nation with a reverse or forward pr ner that does

‘conpri se such a sequence. However, since the
sequences of the HA and NA genes may vary considerably
ey Vi r MevérsolPrahas for tisi Hily Gand af Swhtygle 8IS or 8GN se
prinmer that does not conprise the sequence of any one
oSEQEDR D NO'1 to SEQ | BxaO {114 may affect the
SenNg:t i|vi t y painierdet e¢NueRRotidnpe of t heSegnpidef($’aathon
st ep. lOé?slArik%]HzAR Wi ih t3ve reVeGSerPr COBrAGGMI@CAT CCA GC

Qrﬁl\l

ey doUH RO oD or | HOPel B CCaR SR AT A GC

be 34sed @mfmasH%Rnabl e iZﬂl@nti f GCAtTIINCOE AG§ ASTC QAW% GC
urherof SHEEAAR MO oT N eesdn«eceAh;y@AlA% BATR®A GC

exanpl e.>one or norelof prine e_sequence

set3tout| SiTAISEE2D NO[1 tH0SEQ FOGNTBCREA G ALEATCGA GC
mgie aggmﬁsﬂ}m' ON | T &g 0N GEROETHATAXGA AGEOAT CCA GC

everse ners nay bhe chosenl from pri onpricing

SEGY D |[NOAFHIREREQ [D NO71, @ﬁé TS REC A% Al CBEGTG GC

D 4. Jgiﬂmmﬁﬁ@ [D|NO 94 to| &6Q TIX NOAAQAA@mdA@rceCAGC

O AAL Ny i m\r a2 a W]

o | S SRS TD Nl 2 i bR R SRR AGE g cea oC

NO 41112 gjmeamjm NO[72 270 SE[IGGR T 08CeM@h AGREATIGEA GC
FIETS gis? H L1760, ¢ | 606G ?’TT’CC‘”A@GPR;C CAC CCA GC
However|, ISWI resulf in A series of anplification
of @od@&%FIEﬂ‘HZ\H&r y| ng | &gt hs GO TEGECRAAA BIGA AGT CCG GC
VEL ST § T a4.RT arnd Pédﬁ”EhL SGEETGRNG G TY TEMEET GGC AT
C re

rm Lfi Lon nrndurtc ma

f r ot e cHisATIREHOR) ¢ hou®d be ﬁ@peT)Gi Rt TTQE@%AAG GGC AT
e IATHARICRENSI|TT Vodey Of GERETGE TRt TT® THe: AT GGC AT

tra_y_be—r—edkmed vi-el-di-rgtessof—a_particdtar

anph i c%iwfwgduct fr%% {jfél:r%m T?SF T[Cé%%gGC AT
i thasATYsH4R trdnscIdept i PGGASEEGIAGA TRASIGH AAreGGC AT

han—ere—pri+rer—of—the—+nventton—+sused—eachof —the

primers used will have a different sequence, the

sequence of each priner corrprl sing any one of SEQ ID

NO:'32 to SEQ ID NO 71, SEQ II® NO 113 and SEQ ID NO 1

14 or SEQID NO94 to SEQ ID NO 111 and SEQ I D NO

112 for the reverse priners and any one of SEQ ID NO 1

to SEQID NO 31 or SEQID NO72 to SEQ ID NO 93 for

the forward priners. [001 15] The forward primer is

chosen such that in conbination with the reverse

primer used a det ect abl e doubI e- stranded DNA

— g

- .




relative to the reverse priner to anplify a double
stranded DNA nol ecule that is of sufficient size such
W ba@s/19t3en produced in the anplification reactPONSG205/000187

i s capabl e of being detected by whichever detection

met hod i s chosen. The size of DNA product that can be
detected wll vary with the specific detection nethod
chosen. For exanple, if agarose gel electrophoresis is
used to detect the anplification product, the end

pr o@uct ger’ﬁaMQRto e I%Bger GOaMmGT ATSATA TGS AERGGC AT

Do e e HE S ondent P RL | oFUBR it NGAeC TEA'GAA OGC AT

cong¢entration

gel51e| ddisATPIoHER] s ¢an 366 uskPAGAT @eret TTE IGiERANS GEC AT

sTregf bg[i)s%%}iﬂm Pai TS JdeWeVEEGA FRPRTA TRYTE0 AACIGUC AT
erwvween

exanpl 50 flao base pairs, _are nore

readi | | IAREEHIR usi fig ¥6- baseEAEEBBATG THETESAAT GGC AT

SRy ef JTAaTRIMR, 107 6Pl FGGACEST ATGTAYPGEARAC GGC AT

nairs

[ 00 16]giﬂﬁ$é{%@?i fied DGR pr oaﬁé‘rtT%@Tﬁfﬁ;' zgm%ﬁ(}c__“

TSECT) eg.i@giHmmat hods Joown| GAGTET @CG.-AGGMGXEANIGCA GC

e+t ahl dot oty

s at T RSEEDr At 1 off lof AP AT L LT TCT TCATAGT

che."rsi I Ungisre NIt SbR. 1 adiﬁact i VAGS WETCMT T6& TCATAGT

el %] oy LR OG0y PR PTEC/PRLge C

pr oifuct| giAHHApis0Be corﬁza. ni NGCAATA ddtA BRI CCanEFALCTC TC

Ty g&aﬂﬁgﬂbﬁ negsRydr @C?qf[toﬁr@)&c% KT TG FAT GCA

et ecti 001 17'| | one _enbodiment

anpHA f i %S@WW&@% | Stdet epBEH BT %&%T&Q Rfreccat

erson nort i n hpo

el ega r Opgiquﬁmmwskc h wdil beGkeoreT AgAaT Bk TGEAGT GGC AT

et WY F b 5';95"3”?@%%3%@%%&@@%%5}60 AT

dy es3rar k@s‘AsFHfﬂﬂd—IMRn hriééqyh aﬁCﬁigH\GdéAT Q“Q-SIT cee G%g‘hGCT G

0 T N AN U e P

br G@hot |hesABHANIADISER dy e 160t  pT G s‘\A’JbTBT Alqﬂ CEALI TR AET TC

it g% DINA 1sm§’5 dlle@@R T qfod O | PE@MNETTPRCFPORICTT APT T

travilo ation. [001 18

The detection method -
maybhe @?WW@&% equht t pIAHEGHHGE CEGIGAIn TGT TGA AT

[eany | Onis AFHANMHAl6bR ! Y. 165he dfé@@@@manecﬁqabmmb:er(};\ AT
F eallt i o8 ci#ﬁgﬁt G MAGT QGH@%%FQ&ﬁQAAE

S 1d&t ejcdiFHEHTYR real tilte PORGCWI’G&‘KH}'@A@A@TAAC GTIT
i ghtcycling, for exanple usi pgTRache' s

i ghi Oy|clieFHsMIHTReR]| ti8m PCRCAERGQGG AGISTHE AICADETT GGT GIT
known by a skilled person and| may involve the use of

WO probes each TabelTed wth a specific fluorescent
| abel , and which bind to the anplified DNA product.
[oUT9pr Obesndfbdesicanete ptimbr HabaDNAgyudiice that @ntekpbnﬂlNA the

roduct in such a nmanner t the f uore ent | abel
fefpepee pfrafoasreedirpeion %étg alﬂf\&%mﬁ aylap Spifigpza virs oo
flsar £s6ent inl SHEID KD 126 SEeaDNN098 g&@@ Tablb8). Such primers may

anplification reaction is perforned .in_an instrunment
zaegseg 8l oAl OB HHeT RPN AR YRR A et eepaiived
\J? Hgmhg gsnfn addi tional detection segnent
i ch he instrument emts light at a wavel ength
SU|tabIe to excite the fluorescent |abel on the first
probe, which then emts light at a wavel ength suitable
to excite the fluorescent |abel on the second probe.
The light which is then em tifed by the second probe's
fluorescent |abel, and which differs in wavel ength
fromthe previous em ssions, is detected by the
instrunent.[001 19] Alternatively, a fluorescent
nol ecul e that binds to doubl e stranded DNA may be used
where a single stranded tenplate is used in the
anpllflcatlon reactlon ThIS nethod alloms for

I T - o . e



products having snaller sizes than nethods using
conventional PCR techniques. [001 20] The si nmul t aneous
wa@egbsit2izéat i on and detection may al so be perf or@EEG2005/000187
using a detection probe that is labelled at the 5 end
with a fluorophore and at the 3' end wth a quenching
nol ecul e that quenches eni ssions of the fluorophore
when in proximty to the fluorophore, as in the
Tagman(tn) nethod desi gned by ABI Systens. The
detection probe will bind to the forward or reverse
sigland of Foh@uwdpRhbkifeahd QA ¢LERE sigypeAPUl yer ase
having 5" exonucl ease activity, for exanple, Taq
POEGTBI[ase or ot hers[ (T gl £Xanpl e, synthetic version

| syeyvai|l abl 9&‘ @M ROCRGMeofid [US€d | N tguai¥e(sfth 88t i on
rEap! T O ANANTRIGF P! at §4§”a ”‘1 - 63Y TOT 618 (?@P”T@:GTCA GC
be W é'e;g(l dFI— gF 2 i L GAG TCG G dgg’f'ﬁ}d"rtéc;c

f 1 Ul opreisAFHNINIERe | pr oﬁﬂ@n t yT"E)T GGETEh @ﬁa}w ARG TCG GC

al Iln\M ngglsptreHﬂNlmapp por €519 enGIT GUTETGGITERN GOA. AGD GUT TG
o N ABEC] L bbb T (e TGG 00 GCA'ABT GCT TG
Al 1B natgisATHANINGcBet ect S#BN1| GEF GEAt EGGFAG $6A AGC GCT TG
anpjg T1\CaiARHENMRYaPe| per 698 MEIGMAI ATOA DAIATEGS CAT BAITEAAC AG

A AR T A W B RTRETRAC AG
| D 300 7|1zisATEENID4ND ' 11368hd SEOAATNGA A TAGHHAT GAT AAC AG
TOFS/!af gﬁAPTBSNBN pf WEF83430”DCC$IADSQFMTOWI€T&CC8EQGIAEAT

NO—1—tio H N 314 agg}o QTIAA‘J;TAT@AGTXT@AGGAGT

econd 11 red 1

r evdr se 33$Alﬁé’iN1M5CEr | mer 834 onpeCT A BAG CiveTAT GEOHGAS T
T84 T/opiBQSNINSGF 111 gpd TIOCORIAST ’IJAC CAC DAT[GAGEAA T

T AT Ral na Thhe | Tl A oLRT BRI TACCAG GAAT
of $45N1|, eis LN i i 834 i on@CW%EAEEﬁ%T%@AA GAAT
ST eyl T ANBOQUSISNINSRFL he sape O CAT AT BAT OARTATGAG GG\ T
 RRATETINGEF D aeT B A AT AT G
anphd f i %ﬁwl\{ﬁ\gﬁ@ r i m@ﬁ% di PEATAT 4d4i TaE AGTGRA GTT
gengy Asgﬁmr%ug@ep Is klgeyvn t@GkAer;erxmass@d AGT GGGEGTT
Uagt | ‘ﬁs"%ﬂq‘ NI P | rﬁ t;i“t;‘;q T%WAAA'TA 0GC

nsianc ow viral | na% e |l'arge nu

Of B i nfesisATFDVINIERF by t H2prleSERTTIenTgrAABd AT GGC

desyynedis AFHININGGE | T he1qeass| 66 THT DEAJIURRAAMAT GGC

—Hferent—vartants—of—subtypes H5sandH5NI;—=and—=

single sanple nmay be tested with different

conbi nations of forward and reverse priner or prinmers,

{3098@3; t & fomsrestbedintehis, the patsilias & PN sedeanee thakrgrrgrpnds to the
RRBLARRY of Pish@Plsa Lot R gl ah BBRA g subype

HGRI paspbt dui ma&EQJFD N6tHad SEQ IDKVO 1 éd (SgeT@xbe)WiShth primers may

nder.st and t hat seguences of |
Hglés&dfa%a E?ggrisegp]mB?rl cp se encm&sor amﬁ @f%elﬁrwg%\{e?s]pd HB%/smj?&d
fmmhndNAtg@ndﬁtsebtypeaHSMh i nfluenza virus subtype H5 or
HoNL in a biological sanple. For exanple, the
D NO S to ID NO 114
Bef s el i ation and
detectlon by NASBA nethods as described for exanple
in Lau et al. (Biochem Blophys. Res. Comm 2003
313:336-342), and which are generally known to a
skilled person. [001 24] Brﬂgfly, in the NASBA
technique the priners are designed to bind to a
portion of the gene of interest, here HA or NA and to
i nclude a pronoter for an RNA polynerase for. exanpl e
T7 RNA pol ynerase. The viral gene is reverse
transcri bed and a second conplenentary DNA strand is
synthe3|zed to produce a double stranded DNA nDIecuIe

1. i N a o . o




portion of the gene of interest. The anplified RNAis
then bound to a detection nolecule, typically a
woewbatsenci d that is conplenentary to a portiPOT/eG2005@00187

anplified RNA and that is |abelled, for exanple, wth

a radiol abel, a chem | um nescent |abel, a fluorescent

| abel or an el ectrochem | um nescent | abel. The

anplified RNA bound to the detection nolecule is then
typlcally captured by a capture nol ecul e, for exanple

JEG FPDI T T zed nuctefc gl tfrat s conplenentary to a
poN%Lor of b ™! I TN g{g\& roduct thalmiReds’ to 3%)

o g T e T AR N R T l R%%gw AR TeRI ERT TOIT ATT TC

e R G S NN e

r el9%v antgidRHBNUNGeR bt hod6®is [0E6T@MHANERA BBC GET [T&FeATT TC

on gyne |delagisNIRcAR! pCUT gs5ANd Afre ORI OO ANT GAPTAKPTAG G

LN 2817 Thuc A ant

oot 1AL RET PBRl | o1 B2 ey b dr AR FUR AT 4G O

SE@9I D | MBAFHBNINGER use i RSNAJBACHEIGTOOAT AGTIEEEAAT BAG G

Pr €56 N9 i NFERK IN%an ruepza Vi | K9 CRUREXPAGDGAT ARNEAG G

nn1

e |G BN ket Eof or| SLRCHNh AN ERAT AT TAG G

molleZ ul @i@ﬁHSé@Mﬂth g t 85% he| ART GTINIGHArd, GAT AAT TAG G

reygy S€ ,gagmgmmgﬂ g%4 ec UA@T @@mm@wqxﬂﬁeﬂ M_G G

oaon HoNnzoa

AT ST L MR A (LT

NO10382 tgis:%EQNlBWN@ 71, S$EQ ||IFROTCGAAMAGEQO ACNGCA

L1996 OT ANFHBNANOLR SFC 11980 Pt GrRARrT R AYOTGAAA ARYCC

Ta¥a¥a 1t A Lianah o ron

Cor 2@ TAN SPAE: & ol thEu) OB EGAAdYA TE AAA CCC

poil®8 or] giFARTHATINACRI | NA @@ﬁe GEE P TVEIAAA RGROAMAIGEC

Prifer [GANFHSNIRG140Y onesqt [SERCIdedNOrGia TATREELTIGAC CAA
NO 3 1land SEQ ID NO| 112 or japyaepe of SEQ ID NO 72

10 RFQ TR AN SRANTHR PE U84 IOCT@'C‘U(?@?A"T@G@G?M@QAA TCA
reactiqn using as tepplate a n@cl ei ¢ acid nol ecul e

CORpf et ?g{i/ktéﬁﬁ{/}%hfg}hlf‘cﬁ’ T oA, of éf@d@tﬁ@’fﬁ"ﬁ@@ $:GAC CAA

r espect|i equenti ng Teact©ORg My be pertornmed

stng—standard nethotds—knowr—rntheart;—and nmay be
perfornmed using aut omated sequenci ng equi pnent. [001
eyt 08 phAUAR SN0l Sicl iRirt B EdhserB
g S e S G S B
afith¢-BADor thefN A gencdfonthe vigal isobites tiested Foffamily nqﬂpelmemsor

«?e%r ]ﬁgod’ Bf?%{o% i %}%ér%dr}g% ﬁm{f t enn%;m?a JBS l%gxgetrgsg% EQ

wiled tHedamsy bﬁtr&nenmdmd fromqirithenty wouere Fothearainplg, $EQ ID NO: 1
Wﬁ qé.l ucﬁa%ﬁl enmentary to sone or all of the

t|8 Q [Eh 28] Thus, there is presently
provi ded a nethod for detecting influenza A virus

[@052}/ pethaxennorbi&Nhlhedu persaanipl iederstapt theti sithosgthaptiiery are

R SR TR s e Rl TR ST B g Rlfesin o

dubgitstadyihserted &@tleﬂeﬁ} pravidedathatrier muated pemenwiblsiill hyledlizwith

it PooBHRS Sht R RE S G R Perihng yp original primer
ebemse.| Hyvtlddgtiopdvativionaas! benkodified mraccsap@mcé with known methods

iliz t|on via.a fun nal up ,on th
‘%‘eﬁ‘&?‘ﬁ%ﬁ he soipnc P@ﬁﬁr%@% Sina e Pty sl i
|ncorporated into the primer, for exanple biotin. [001
30] The solid support nmay be any support which may be
used in a detection assay, i8&cluding chromatography
beads, a tissue culture plate or dish, or a glass
surface such as a slide. [001 3 1] The contacting is
perfornmed under conditions that allow for
hybri di zati on between the priner and the sanple so
that any nucleic acids contained hi the sanple that
contaln a sequence conplenentary to the prlner or to a

Y a1 o o




based on the sequence of the priner or the region of
the primer that is to be hybridized with the sanpl e,
wa@r@sme13b7 be able to vary conditions so as to PODREA®E000187

or decrease the stringency of hybridization. For

exanpl e, varying of tenperature, salt or buffer
concentrations and detergent concentrations will alter
the stringency of conditions for hybridization between

a given sequence and its conplenent. [001 32] In such

quch@ﬁghly Rl mgééuztzhﬁzo%y ff%b?fdzzbh& WﬁN@z&c A6l @r&@m}"aﬁ L,

| abel such as
Glapter éé@mww abptinciplesch éﬁbrndmln@ g@eth% strafgge of n%clelc acid probe
u y R
SSPUFAI RSO Pl et L |

ﬁauwdsrem th@ipbmaémelbyg peinolor the zpagiffsrseansnceat @ ?ﬁﬂ?ﬁ ionic
% ESﬁte({JIHThe nmet hod of detection will depend on the
gt any | abel on the sanple and/or the

I mobi lized prinmer. As well, standard nethods for

[0083ct i Agkifiertiperios well iadergand et dpdngmpiiplesiastiintien nyggpions in
sed. | 0

L D A o,

®N@fqﬁieﬁt off th@mglmiminmlutammplrmx,andi thebipe esraeing ppd Oeﬁlon@ﬁthe

Ih%&‘%l(g% i tgaglr t Ll orgeg(r)sffz uteg(% \91'11' arps% ffggt tl?ersjtlgﬁégﬁ 01h§tru?ge

@}mﬂtm FuhBdrRoiesa ﬂdﬂiaad pprsom! mlbuhdarstaad Hxadmﬁrtl(dem eiclenwof

|nfluenza v t

%ﬁﬁﬁppg?ﬂﬁ Sbﬁiwg %P eﬁg FFaye%%ﬁ?ggﬁﬁn one or

mflelzmdnrmﬂﬁe [EiaEpto thé cignpeyend nEthe bnglhai wegreicesnapfand that
NOQ 114in at.|east ope spat j.n .

kgqyglgﬁzilsgftlgg? ?rdi}lwﬁpfpﬂ%orslgﬁcﬁ Flgcleoglﬁlas s {ﬂlan 38bcdtidn in a

MRsEfleAtinhHbi@ifichite #RNMbk ybrilidation i thdsmﬁmerl‘tlm theebmplement

acid n1croarray technology is known in the art,

ohibs WETHYCISAMIESt ure of a microarray and detection of

hybridi zation of a sanple with the capture nol ecul es

[WBQ e Dhe dlighRePOths vhtous peimeisaf darineytio] ©00the 36 gehkeof

used na be a.hi.olo e Susp ect ed
%aﬂla BROEH VI elféh‘?‘é %Wf?ﬂséﬁ%%‘v@bn@ 1?55’“8%6 T\Yi"“Sfé known
oMRidataedkaeChe€HA gd 6F sgBRps fitPeicheny TWNHb-155fenld TMOH 58699r

bilerg :Il’gl%éga%i ]yggrerp l (l)'lq%llgi'cf}u z%uge@p%n&ﬁ 36543,&&'11%%& W 455/ SAI 5,

QWP IHsti, §ag usd/ 2o iﬁﬂ@WM 571 whie @ablished MELA0ES]. §8004, New Eng. J

descri bed above, includin P
@fé\m SHRIDAT S 150 OhrerSROHRi e TSRS A FRIIRS o
giDﬁa?ldﬁ{K 165 {ENR] MOMRURRESpubiRdSEWD 62/2HY 8 be
lzed wth t e primer or priners incorporated

|nto the mcroarray usjn nown hybridiza

(09681 571n PrreelinbrodE Fre e s gt Tor

@ét&:lﬁ%ﬁ of A€ Fﬂl’hbﬂ@ .DNW bfddua @?r&h@&e@ opd‘)&ﬂhﬂed foém tHe@rimer. For
e is

| ed. For exanple, the sanp
peabla, e lappl mipse s pdoRESPoY lakel éﬁ*@l’mml?%en%ﬁﬁbew coltired dye
fﬂﬂ% %1 Iahﬁ)%tiv@ ga,b St £ PrdiopAGuel18RREa phdin lﬁﬁhﬂﬁhg aflehBedead béptide or
e I nc ing a radi oactive | abel
& higandifordxaepledivtinl abel or a quorescent | abel . For
exanple, as is known in the art, Cy3- or Cy5-|abelled
?&hf Ot &S BRMbBENERARdhd ﬂ)‘ruhéich@cfy&@fr@hﬁﬂhnl adlli@lo@d nucleotide

fied nucleic aci d ecul e to generate a |abell ed
mnmce in adlitiery ta hsequense HOARY ORG B TR HgNQahtq EQ I NOal Ity
detected by an increase in signal at a particular spot
in the mcroarray. [001 38] Alternatively, the
presently described priners #hich are included in the
m croarray nay be | abelled. For exanple, US 6,81 1,973
(issued to Reich), which is herein fully incorporated
by reference, describes inclusion of a fluorescent
marker into a nucleic acid probe nolecule that is used
as a capture nolecule in a mcroarray, whereby
hybrldlzatlon of t he capture nuclelc aC|d nDIecuIe



i ncorporated into the capture nol ecul e. Thus,

hybri di zation is neasured by a decrease in signal from
w@2@aneizeul ar spot in the mcroarray. [001 39]PdIeG2005/000187

present invention also contenplates m croarrays

i ncorporating one or nore priners conprising any one

of the sequences of SEQID NO 1 to SEQID NGO 114at

one or nore spots in the mcroarray. Methods for

manuf acturing m croarrays, including nucleic acid

W& SAHIHRYSal ERieHIBAM- be %ﬁéod@d(%nﬁl RmpléefitaiPid atﬂe‘%quence of the

&I{;ISLrota) and 6,511, 849 (Wang), both of whic

pyNA gensriikiag & saqnefl%er%e léwbhy 4 08¢ Pt E%E%Npoleto SEQID

RRS: mdanﬁ % éﬁﬁat%&t@ﬂn@fiﬁlﬁé{sas u;@a%efalﬁg ﬁaﬁtﬁ@%tﬁémﬂuenza A
typicall rmed on a sol port gglmml I zIn

@p@r@rauﬁmr@t primereb W_Hp- 155fgprve¢r ﬁMdH%é ropmsqsa/fMﬂﬂiS/g }ﬁe
%&QP@M 808 LQ@&W ﬁ%xmd pnhl&ev@m's %bpﬁg oP e 8NOLSH

mer-s
&lks iSHEIR3, HQtSEHDD mﬁKgSE@IDkberdéH{JS@QIEP tcaHKuﬁiiﬁ@Dléf
%Scnggdeanbt variants or isolates with a single spot in
the croarray [001 4 1] Although the nethods
descrl bed above relate to in vitro nmethods of
0eA&F¢t i Adteinafivels tecadditional sequpiceanayHBNIe dirpoled taethe HAne NA

BT RGBSt ST 30 S A Ry
frNarspibb yesericiiod enzlymemr tl@@@&bdﬁ)pleﬁdestarygp esecrleik yeid sequence
gt%ﬂ%ﬁl?% fﬁbge(%iec%on £ examp 8 HEAT %ochlex%enPaaC%Baagprgbe that may be

a prinmer as esery
ilabsHedu ot skiliedl pkon dilt wakeistagd ihaf {here vk bé\aﬁ-lﬁptmnrunh—l&h@th and

bt [ . Th t t
SN ol PR e Gy BF TSR OR 455 it o i e use.
6 heo rs@ldibly(llrﬂlethemﬁmaéremﬂ tylpb wf :hrfyCSﬁdS}pﬂTd&Ioﬁd sbytiences. For

Lt e R S e

ABsliefoitichlit R ISnFER ¥pdoHicAMAISndY tb fHenerhyblgte apsPAheN the fa:ﬁlperature at

| nventl on in accordance with the conmon gener al
né‘f’ng BY¥MENRFY 9GS n this art. Such

nDdl f| cations include the substitution of known

¢opssy al antsfokd)lin @min&amedﬁneﬁn‘s thé1primencendistossséntialdy cithe

to achi eve the t|aII t he sane
Seerehof M of SN TOND L b B NG B s rind REmer Y
Ii!tfb‘iélﬁle bﬁ@or&ﬁ’dk _fBl Fdﬁ@dﬁaﬂﬂlc&%ud‘d@l 3T Q(Bh!|3$/ toyl Bﬂﬂdrﬁlrig(lﬁi ehlsr.’eir @ide, IFhhe
ordi nary sKki n the art [ n | es
d“éPPIFF@&¥6‘%er§1P\Rf SEQ IRRHRbE %%E?@aﬁ%}ﬂ'eg éfw}t ﬁwﬂ@“ e
aﬁaéd@lfdmo&m nEMgr@ﬁdaﬁﬁty@ srekdt fhe aYBrRGAGE0REnS §eqiends! BBy one of
clinical nE i ncluding allantoic fluid, cloacal

SHR IPrI‘éQHé%S @\XBB%O lh‘ng‘lélﬁ eiragidmaleqyls copgiingdhor gans,

REANEmeRRY stfen®t 88} Skamplel M6 ad@lihn of several nucleotides on either side
nasopharyngeal aspi rates. P&OOl 46] Exanple 1. Detection

ofa stmﬁmmensqqu@wz ghoyid npd rélwdiypsmat@gusﬁ@g@éy ophe glgprt
gg%n‘ep;egﬁ%? ehlgﬁ)égﬂsz ueH&%vfe@#vh&Woﬂ&uieﬁ wWAthBENe8

ete t1on vian I ntluenza virus

smtn;qg,eto Isﬁ:h@m exEMthat[th}(Hlloﬂ 8timepssaueard sann@¥pbtidize with the same
e

%ﬁl{nﬂ ?rﬂxgeﬁc?rrya 2\?1% hg%gﬁﬁ&&ﬂ_%}cﬁle% Qé% |iq%éﬁ'rﬁ)t Eﬁft Ay f¢ §iné® the

eegmnam the mflertza HAQ)I&I@A 1gEne s[uﬁ@llnﬁgig tITehgqﬁenlcg desdribachberein may

erfo cte NA:- Usin
Pz%rly g{}lgﬁ% 1s$le tsé% A ggnbe? C?%ISEIHE esEeéma fr tﬁle_ﬁ?qg ?oaélp(/)ongoft é]ﬁ)
20 m reaction volume. A first round PCR reaction is
set up using 2.5 mM of the cDNA reaction, containing
cDNA product as tenplate w t2@ rel evant forward and
reverse priner(s) (1.25 m total volune for each of
forward and reverse) in a 25 nm reaction volune. The
PCR conditions are set up as follows: incubation at
940C for 2 mn; 35 cycles of 940C for 10 sec, 5Q0C for
30 sec, 720C for 1mn; followed by an incubation at
720C for 7 mn. A second round of PCR is



performed using the product of the first round PCR
(2.5 mM) as tenplate. Al other conditions and
w0 e@gants7 are the same as for the first round RORSGL0§000187
50] The products of the second round PCR are anal ysed
on a l.5to 2 %agarose gel by staining with ethidi um
brom de. [001 51] However, it has been established
after rounds of validation that one-round of PCR wil|
be sufficient for detection [001 52] The above RT-PCR
Hﬁ N@PRJ sE’@ﬁ) REF 112 ARAG HstiRGud3No nfh bAEs eléalfséq@eﬂoa@ﬂamqng

viral "1solate derived from Thail and (2004). The

fh@lcpmwvn@ s@ugncpsssorihed orginrse @s tpflegidbssensitivily and abilifyeo

548 S, O R e

eordigisoAREENhStRende s ary enaRISRRHRATO A ieSER JANG N 4-5bR;
(5) gi sAFH5NI H3F and gi sAFHS5N H8aR; (6) gi sAFHS5N H6bF

i's a
Ees o T TROR Pt s Bp IR RRS o0 Plbct eyl spascnee”
Thisheappisee a sfquengarehnysing e SR AR NBY t(b%EQh%l\Ebl 143aysl 2 non-
p, 456 bp, 489 bp and 163 bp,

regﬁeggﬁggﬁyé‘l{éﬁ% anplified products were run on a
1. 5% agarose gel and visualized et hi di um brom de

EIG0R, ndhe mecbmonncE B 2yb R o SFST 6 DREEE PR e
h@ﬁelé § te{ %)é @k Fe&%lét fu 596{41 bé QH&h&@g%uyﬁi E‘(Qnﬂlgnér@e{r? to,
serla FUET8Ns o aean priner. sets Fi gure
a)lnscﬁbe(d@w tRYERSe nansc@eérfmlrs of ptheywiise dsivagdiom, g rfff@?%d\ HS5 or

FLQur,

MR Rt b e PR atkel Bnding 30REnc b afigRicude fgnigne
pguedeD&cpdpd by of gorapleméntEy taythe kequenpplofithe HA or NA gene flanking
respectiv in e i11QRS
IS RN L S G P SR PRI T
hirealigyEeiicntd thyy al@riateelyl eqeistkssaptially ¢fher condisref,s smnhe of

SERTENPT Gt BB GAT Cant. amount of aipi 1 71 6d |

product, even at a tenplate concentration as low as 5
10p9(13 e e Thanen-Bfludsizgy Ar\musyequplﬁze 1s esthudBraiipl iengt:derived from or

Det ecti.on of Awian.l an

RO R o bRl oq S BT AR BB ek, 2

fd@dchmﬂl abgve; taabi-tiflearacA piersfsequenck may @ aseglvn@y tdrexqrpiy,
T g e

ebrdﬁémeﬁtﬁ'y&b ¥ dlcleieacid seg@enat that iemseelrfor ddecUl(lSl‘E fc&céy(armtladhat is

e e s e e S

ﬁ}ﬁinﬂﬁhzéd(hualeﬂcc IaBid imdlevnLeandt il ibe Dsedfto Capturé the prevddt prigher. The

me BETar AP FralFaEst M PGB (. s e e eer side,

gl?étqgngggﬁg@ﬁueneycl eoti des and enzyne. [001 57] The
reactions are transferred to glass capillary tubes

Bt e e mspaindt vl nberbhe il Foe Bl ot

lediell hie &@Pﬁlfch’cﬁdﬁg §dr exbhpleds WRclugasttban s P@Rq)rﬁm will
usi nﬂ t he programns (Tabl es 5-
4

b Gty O 15 B S oy PO (P @t I3 lea AR § BOR primer

Wi‘lll HELAYEhEBe deghBiRE Wit B tmﬁn@f@ﬂtaé weie thh@ﬂesued meltmg
Tenperature Targets Segnent Segnment Segnmen

mrg@ﬁurereﬁhgsmeer/tﬁmslste ybrich clrli%ftvr%b ﬁortapwa@%é%chl% Sguhern
13 sec TOC transition rate (C/'s) 20.0 20.0 2.0

Secondary Target TOC O 0 O
21




Step Size (0C) 0.0 0.0 0.0 Step Delay (cycles) 00O
Acqui sition Mode None Single None Table 8 : Program
wd2@s02i3ey[ 001 58] Exanple 3: Detection of Avi B€T/SG2005/000187
I nfluenza VirusH5N1 Using Real -Tine RT-PCR with
variousprinmer sets [001 59] Real tinme PCR reactions
were perfornmed using the 8 priner sets described in
Exanpl e 2 above. The reactions were perfornmed using
SYBR green fluorescent detection kit, in accordance
AR
}r%ebyglezﬁ é 9@5&%@%‘@ 1%1%3 g%&szm lg%ﬁi Abxutal\saaabeg% Soout 1
hulq:lnhsefm drangtham Ignged ddws thepren ady be ifromrﬂé haeeeéq #hontl kilobase
[

Biol Bt 1 AnGR 50 Pl B 306 MRS PSR 13 8RS0
pd3ed] fio] 15To abmmﬂm lmstshn fiwenkdi tbi50 iabgut bses.he pri ners
using the real time PCR protocol anplification curves
Qﬁ)@?; ge'f“ﬁ artn% rs Bpﬂ gﬂ‘{%ﬁt ﬁ@f%ew‘ gﬂéﬁ'ﬁhﬁ c&lfvenuonal methods

ficat e sho Figures 7
kmmarAnftlmrare abh em?npybsr stamiardsﬁtosphﬁrarmdl& chprespplehgatwremythods may

[ tin rves.of .t he I fi.e t d
e B e p i R 4 S Pl s P Bp e T R
sfecad duongdiqal rivicleaicidepnthesitl CSL&hmekHOthbbedmhwg e Skllled
nelting tenperature than non-specific products, and
PHE el ting curve profile can be used to confirmthe
specificity of the reaction. The nelting curves shown
[0094] gundthodgh thetefhd “@ingerT is dliseﬂdterahetoahscnﬁbs sinelbetranded
gl)é((ﬁ%% dtga%gp L& (é aablge(e)ag 1npar S% dlye%t CS %pCCII?IC err end {e}ngFa € Seﬁ\ience
hﬂlcg]hitiyite&emm s'tl’aﬂdasyaﬂﬂms yaelcullécil perianmnlrlﬁhﬂerstsrmll thdtases of the

e oF B e Aot St oo ate, Y nlf Bt the imveptian

bR be szl ag_b@béb@fofdéfm;ﬂﬁmehfwy et & Wikeh hs prds e d

sing priner set 6 (descriped.a
b e cter ity e ot annm) SrBHY bebarBRlaior, o
eenglabed amtotd@ndidbdt AdMaRudrpicesiIatiel) a\tblotiRd dye label, a
transcription system (Pronmega, USA). The con entrati

Erdiqgetiverlabel atpr%(tﬁg é‘}"nhblé’@ awm%?sa fiPEligpd FrsepRle fotin.

RNAn skRIns bicabd, e gﬁ‘ﬁféﬁﬁﬁ&y HeluRYd fnmREIeR acidPfdrid@RnMos sithals,
dilutions of in -transcri bed RNAwere prepared in

siogle iseanded qrmaee]al pol ORISR GRImElEEY oA g fpement

Fﬁ%kfpﬁﬁnmtpf ﬁﬁl}}éﬁ' S'lﬂt}feﬁﬁlygi&”lzﬁoﬁpmfr@éﬁrﬁﬁndlzat1on 1n situ

ranscrlptlonég) PCR sy stew1(gzﬁﬁg1 rnaqgm

bylwidimnn, slsetzq @tlﬁamoweﬁssh(fseﬁay EMA) ot CESWTHBQS and
I d by 35 cycles of:

B iyiods e 4 kb B oo RSRiled BIOHET DY B0 EYol 3% o

and Iastly followed by 720C for 7 mn. The size of

{00981 pcRhpyprimere of tha SvasiBnmey DEdsete dragaese Pedptschaviaty,

4R &ﬁ%uﬁgﬂe?}ﬁ EGR501 RAUGhSleWBf SaapRLenGIBgicslisiBeb ldtived from

confirm the Identity of the products. The sensitivity

o1 ongheista sespgctedhef chyingltbedirBe | ess than 1000 copi es and

was able to specifically detect HSNL RNA (Fi gure 19A).

[049b] 641rmdd) %ePeWQ prvRIEd B&e&ﬁ@@fd}%&t@% (aRﬁﬁ Iﬂﬁ]uel%rsﬁ@cﬂp@ H5ina

was also used as descrlbed above an ared W t the

eaveple easpprivipng PORifyineiA rR¥EEg Itliaescelh%i/@an
r}h Mﬂeép r&%?ﬁﬁ?erl%vé: s fn%rsanAnm. ¥y aﬁ} &E)of ﬁfé@eq%%es of SEQ

- 3 e prinmers were then tested using the
p @\lﬁ Bytol SEQ IReMD: 351 ameé omsyeytieaye foRyerd@rinEesraeapyijingiary one of the
conparabl e results were achi eved (Figure 200
i ndi cating equal sensitivities in terns of detection
bet ween the two assays. [00R265] For Figure 20C
anplification of RNA standards (indicated as a to e)
are shown. The x axis denotes the cycle nunber of the
guantitative PCR assay, and the>> axis




denotes fluorescence intensity (F2) over the
background | evel. The non-tenplate control (NTC) is
W@ b@dan213RNA st andards were as follows: (a) 1 xPADSG2005/000187
copi es per reaction, (b) 1 x 108 copies per reaction,
(c) 1 x 107 copies per reaction, (d) 1 x 106 copies
per reaction, and (e) 1 x 105 copies per reaction. The
i nsert graph represents the melting-curve anal ysis of
the PCR products. Signals from RNA standards (a to e),
saflemRfoft mQJIIaNe) PWHEQ)ID ROE1 85 iMtectlipea product 51 ARAFHcason,

the tepperature ? and the y axi.s_denotes _t he
Pihggdac Rt métCéwg Heypreserse of pavirdREIREhHTYs Elperbtypoinhe

%ﬁ@ oT1R%d @Rlsh %ﬂda& a%&ﬁib'dffblcd&e%tu%f avtamenmfe%ys%b{y@é H5N1ina
1 subtype detection, we then investigated th

SRR pampsising i fdneipN Ad eypsserignscaibed fipm Pe?lé«'ﬁ&ed from the
AL Bl TS B SRR L e pheicusersuc

D N%W‘N@Ep BENOoH: PR 4D Negslip eed SEQWe NQ: i anfeans ot ore

{55 RRFEH N AR LT PR PR g i

P:\1%2 (3 andrﬁEQ/]D HD IRR|or bimE ost or Qe exyers¢ pi@aenvaoyprising any one of
B GEARot TION OGS NP1 U RGPl

aasrplbmsﬁng@ay boofithe saquenaéd of SEiQ It O: 72 o SEQID-NO:ahsod déyeding

to 8 asured b .
P S AR G o profuh B SR PRk dfn avin
mﬂuemtv&ds HBleﬁitmmmmeearﬁﬁlui d of infected egg. The
non-tenpl at e control (sterile water) is indi cated as
INZ) d | i.cat Vi
&d(;&élg s ;ﬂé? te}‘rgac ?cgﬁg‘ a(nI a%nrph%%ltlo% p?odilgtds Enltje%de luc%
deentiniof the praeree 8y atkence 1@8uawifyies thp emomﬁamftal mmiuc( teqnting

Ebprdoplfef R LR R SR e, G ol abrpfe
pelamkiagenzythane 7) 1 x 104 copies per reaction, and
(I ane 8) 1 x 103 COpI es per reaction. The H5N1 RNA is

opj es
f@gg o %aglglﬁ%%]pfp ane é%\i]e(r:sié %r%ﬁg':rlge SR F(p %rowde a single
@é@eﬂtand) tha'orﬁ cbiﬁplﬂ'manltalamo thelRINAe HAZgeut o1ie thstmg NA gene. The
reference bstra n fferent IRes ayl an, ble of
feﬁfﬁsﬁgﬁfﬁn A& P 3%@68 Pafed oSt "“T%‘g( 355 §I4Y1G thajds capable o
Nading ai RBAdEmplatent sytisesizigC, complemeitaly. DNA@tridaNiom a primer

IS0 05 0 558 S B R P b

BbrhplyEérdary td@attdb iz Al tdrifiNie.| Bolert efa‘nwﬁpt@sewh@ym@eﬂ&r Byample

he Department of Veterin t hol of Tottori
A FRYERS Fri‘%fggﬁf%ﬁﬁa‘ﬁe C‘P@E‘érf’}aﬁeg‘éﬁﬂg}ﬂ‘él aggg‘y 1bhs Fommytg gskilled
p&RnAtIRS révedle i@ cARbheEAREI B t}}é‘tﬁ’d% ?érfdriﬂh@& 81 3 bulfef under
shown. [001 69] Atotal of 14 d sa
ECapHN CQPCHBOT{WH MpmBeTauEe fhas é@tdeea%eééo PP%W%WPW@W@
Qh&%ﬁ“rpt?s@ ‘Hctf{l%@‘f‘@é‘rﬁmgﬂé&hg sﬁp%ﬁécﬁﬁe@&sé‘ tEéi‘lE&thﬁé Q&'ﬁn@@&a be

Mal aysia durin 005 out break were tested
suppligdith Wa@ﬁf'hﬂf@ agy Dl\@aﬁﬁ?ﬂeégdqsanged f r om pool ed
organ tissues, allantoic fluid, cloacal and trachea
fOsabs . Th@l%&ﬁ‘& uB&QSih &ﬁewevére&fabﬁélpmd Jaaelfaﬁ ‘%{qa%é b thiVi@re of
detection for allantoic and pool ed ans Tab] e
gnderp hexagiersghat mall Bind &9 tan&krn@ Weéﬁlotlﬁf matively,
Viral culture isolation nethods were used as
confirmatory tests for all positive sanples (Table 9).
Honogeni zed ti ssues had the | owest detection rate of
40% while cloacal and tracRéal swabs detected 66. 7%
of the positive H5N1 sanples. This variation in
detection could be due to the different efficiencies
in viral RNA recovery fromthe different sanples, with
allantoic fluid fractions having the highest
efficiency for HS5NL RNA recovery and detection anong
thesanples (Table 9) Table 9 Detectlon of aV|an

o - o o "~ A — o~



results showed that the H5NL1 prinmers described here
(primer set 6) detected five out of five positive H5NL
waammshiesewhi | e the other priner set only managedI/862005/000187

detect three out of five (Figure 21C), indicating that
the HS5N1 priners described herein are nore sensitive

and coul d detect weak positive sanples with | ower

viral load. [001 71] In Figure 21, the follow ng data

is depicted. Panel A shows the detection of H5NL avi an

kHRfrbWER 2B BN prin®indly |b@ﬁts§Bcﬁic1}Jriﬁieﬂ dexigredichi@& a particular
ducks and nuscovy ducks (I anes to 11). Panel B shows

sitpavithin thett{4 gensror s iA é‘?ﬂea A herafore; 8R4 IW?T? [RYeHS¢ Bjigners
BRIRAGH £ Dnd bESHED NS SEQIH@ ¥:71 Q'E(y 113 WO): pllst rfafSEQ ID

three sanpl es were detected anes

26Ul (s SEQ IS NO:FiePEQ &P Y- 11:\1NA5 %,ekwtaei‘aléw 2 apﬁé Her\he used
055D Il hBed L (LAl RREECr gt o
Hﬁmvephmmassbe atﬁwaltagevow@uwed bpthe ampliffcatien stepe pastiewdatly when the
E'é%gg tr%’%n@ on an en §te éé&Péd‘?ﬁ thtelg%fl p:@(‘/tﬁ) b%ﬂ[& more
con ure rsolatron (lanes §3

Vifain loge pfnlaer}dﬁlﬂlib m:srelnmmls sgd, cheb efthe drimkis uﬁadwellélavqﬂ @ ferent

gsqgance t%‘% se@o%r}%e Bf ?aﬁe Prlmer co‘f-np Hﬁﬁ% an?y)z((%nreéxgﬁgllg I}@) 48R SEQID
DL 2 SEQMDANGH M, aad SER IDING) UehaeSBY M) NOsO4us iSEQ IRa¥0D:111.
Ti mePCR and One- Step RT- PCR Reactions[001 73] RT-PCR

' t
Eﬁgflglb; ﬁ n r\/zg%q% h%reD (s;_\ gpoq”tpoc 01%%%? g ?1%96 s%.gg\égnsgﬁfle&]gegmn of
thedis pep PTR. gmo butmatym@t pa¢ orTReTt Sudlsrides \mthnz tHe prlmer

SRR N Ly Gy BSOS 8 S5 B

tilom shiéh g&ﬁﬁlyolﬁayl-ﬂlﬁ Nieds lIkhiS)qliGWS {® revgiss Abrdbfibtiinal, aad therefore
AF (1 AEHSNL NI d gi SAFHS5NL. N6gR:
P RSP R VA RS SRR B (g0 oF e iina

gHresSubtyDt NEaFHaNG, gl“Srdi:FahﬂB’l‘dls hvekalRierefrl@ferQio SAFIISMb NS which

IRIMEEBR RS Py T en el e 0o AR A8 NG G type in

(hith 1 BABERNCHbAL: cﬁﬂﬁ’e A& RidNédRay (aky from that of another
gﬁsAFHSNINSgF and gi SAFH5N N7bR; (18) gi SAFHSNI N8bF

Q5N N9aR: (19) gi SAFH5NI N8bF and gi SAFHSN NI
I bR, and (20) gi sAFHS5N N1OaF and gi sAFHSNI NI | bR, The
010d] ed fTHRGERIAte RINAEST M r@/etsd Braliariptiobaredbfion A2 bdghtained

B Ppoolsg o ocppon e R . P Rl s are

RIs® Bt SrciaR Eva'ilul!ile Gbr carhple, ’”NGsy Y 16(0@BEED); S&d@@ availi®ility
vi sual i zed by eth i 'di um bronj de s ai nj ng, For al

prebiese iobish kitwil be lpgp angymdersioeg by a skilehperonn | o5 3 =
10 ng/m, @4 =1ng/m, @S5 =0.1ng/mM, QS 6 =
f00302] ng/ Mheandpbifay Be A le(bidgﬁﬂDéaﬁip&, t‘c@@kéﬁﬁﬂlﬁ: any sample collected

respecti.vel [001 75] Figures 22-33 sho th re | t
Gy B aAndiyifas sspested gl %ﬂeﬁ%%mug ‘%Fg‘z*bYlif%éP of AN “The
;?anlé ﬁlﬁﬁ 3§£ﬂy\/s€ﬂn¥le @ EorRAsth &Y ints! s 88inPeted %dlﬁaﬁe land

e anpl

shows t ication curve and RNA standard, curve

frshudgsissen pnd dyicempleatipigample. blaod, perp. Rlpsaiseativheral Hingd

E&mm&l 1%5&&@% mom&eméﬁsl SR wegusame%eel thoat
hows the agar oSe ge vi sual i zati on of

pwmmples [dgomal ?e@]onswnb ﬁamplqswrebmsneah@@%mﬁe@ndﬁemes

were performed using the follow ng priner sets

directed agai nst the HA gene of H5NLl subtype: (21)

gi SAFHSNI HOF and gi sAFHSNIH | cR; and (22)

gi SAFHSNI H13F and gi SAFH5N B#6¢cR; and the HA gene of

H5 subtype (H5N1, H5N2 and H5N3): (23) gi sAFH5H aF and

gi SAFH5SH2aR. The results obtained with sets 2 1 and 22

are shown in Figures 34 and 35, respectively, and the

results obtained with set 23 are shown in Figure 36,

where a. and b. are the results for




H5N2 and H5N3 RNA isol ates, respectively. For these
figures, Panel A shows theanplification curve for
wo ansaesetoncent rati ons of tenplate. Tenpl at e PEBEGAS000187

in vitro transcribed RNA for H5N1 and H5 subtypes and

RNA extracted fromfield sanples of H5N2 and H5NS.

Panel B shows the RNA standard curve and Panel C shows
the nelting curves and Panel D shows the agarose ge

vi sual i zati on of the PCR product. The standard curves

WRIRiIPPREAkRReWSidNEet. he Li ght Cycler software based on
sl to ESS, which are quantified anmounts of in vitro

% ri bed RNA standards. [001 77] Next, one-. or

M@- 3 ep FAcp rP@awaa%fglpmréa%l@P%S&ngift@sthﬁ@mgle-sﬁanded
A 2 mbREu1EBMNIbe e dih it RERm ek &ioh $6dcBont OThe kdrm “héhphfifhe? &r
usi ng one-step; sets 12 and 15 using twostep) (Figures
éaznnlg“l_catzqn” Fefep &1 egetion)n whigh e Aecleig Adid pteodle _é%ﬁt fefo picgetocted
L@AGH iRINS1WRE FreRBES STaNRE iRk Vil suBRy phIf SRy PRI, 8 $dpretidiced
(Figure 43 A and B, respectively), as described above.
Thleree @saitities. i putablie palymiereseienzging gyill boused fagyotesigred new

i . o e : .
Sl 3R gt Bl R R RN o P S B ki R Bt
mhliplaeppies( t m) Probe System [001 79] A master mix was
prepared in 1.5 m reaction tubes on ice by adding in
1 ow Her: -t f
I o e SR g

réverst trarisgintiop etastiorRIR vided thercondjtivnis and ragents frmp e gevershe

. m X t]. i . At
TR SR L M, BRRSLEE e e
adaredptamgreduet roaphe duaificdprionde beiegused pf tggphitedn tHeG@pkfigation
forﬁéLseconds. The capillaries were placed in the

rotor- of a Li ght Cycler(tm instrunment and cycl ed using
the prograns set out in Tables 5 to 8, with 45 cycles

@105} ogr ahitematiyeipla @obleRanded DA moRcwa Jopaample guiguble

. . __ . .
45408 DR AR Py L B By L Ty
ofedanp tanfplata for the apiplifieation weastians dfia DN2Adglongi of ARk arFviral

APy B e PNt R e @O TR Gl gion. 4

skided rdoo wiilh gndeadtand hofv tampke 4 davdbtei soandsd DA slomefrem a viral

used: (.25 i SAFEHBN  HI. and gi SAEEBNLH | &R, .. and :
SR phiatihi e o P ARG PR rEln O f et i
Traepdad {otindluderatitech DNAARHBN fH6hMBE DA rayes d\frhiisbilibdd ein the
?ﬁgpectively. The Tagman(tm probes were |abelled with

‘reporter fluorophore 6-carboxy fluorescein amdite
(6-Fam) at the 5 end and with the quencher

fea10siret hyh cedrirdanbalémdnisihiRpljfication iy perBormed tly a PCR

The ences. of .t he.Ta . robes arge sh i
FARR GG <okt APt anrRarya: PBLARY B BrBdniih § pra
polghieRsed dorfeRampts, Tag ipomeraed, udde sadlafd gethads a4 tealrdqueb that

for HGN1 priner. sets 25 6., Table 10: Taa I M.

B AR 1 DR B g feerh DYRONE RS P LR g hekhon of

BNArﬁb&mgéb_%e &Eﬂgll\ﬁaiﬁnj? Saklable. pl'lieAIm{pﬁﬁesfti_oh heactittivie périfamed

were used in a | m croarray (Attogenix, Singapor

prerleg gpnaigtiongipd Witlythe pEcesEY r%‘?&tg=i sugh %@Wﬂ@ﬁ&%@ ,%uf%gr and

Ya&va s rwatd AidePseDiint¥Ry, So as3PBftinhiz€ ik lp¥lytierization activity of the
i SAFHS5H aF and gi sAFH5H2aR), H5N1 (gi SAFHSNI H2aF and

& IPReRNZYRid NA H5N1 (gi SAFHSN N2aF and

gi SAFHSNI N3aR) were i mmmobilized on a solid surface

(GAPDH was used as a positive control for RT-PCR). The

m croarray was then probed Wdhth sanple NA or HA

transcript RNA, or both, and binding of the probe to

the prinmer in each spot in the mcroarray was detected

usi ng Sybr Green fluorescent probe to detect

doubl e-stranded nucleic acid. Results are shown in

Tabl e 11. As can been seen, the NA transcript was

detectabl e at | ower concentrations than the HA

o o - . o, " o - o




nore sensitive than the particular HA prinmers used.
Tabl e 11: Detection of NA and HA Gene Transcripts
w@200802B0A M croarrav[ 001 83] As can be under SPODSGHW5/000187

one skilled in the art, many nodifications to the

exenpl ary enbodi nents descri bed herein are possible.

The invention, rather, is intended to enconpass al

such nodification within its scope, as defined by the
claims. WHAT IS CLAIMED IS: 1. A primer conprising a

gﬁﬂlllﬂf ce OfhePR RfifiedtionEtdctibh Neblvds d @nSitibdseddent]thdvhich
The prinmer of claiml wherein the priner ConSISk@ﬁTﬁ

élsesreaﬁlplamhyat%ﬁ to g {gruRsEEIIg Sukfigientia &a@ﬁ% the ransgpiped PN

s SEQULRNA iffhoscht, a0 R cincale R rm@.atﬁér@m
he priner Is ana one of the seguences (0] |D NG 1

the éE@tuIr@ON@grrm is fojlowgd gy wretne il ahtcarﬂgeer?actwn
@éﬂg&%ﬁlﬁh@%r %tﬁ ng)eﬁ‘ﬂﬂe htrl{rlhéiftﬂéﬁrnﬁbr\! e&H8ind to the DNA

ence rein t rget annea sequence
sloamdr iThe Snal segmepnbis oo cxFnsamsegment.oh ‘fheDGN@OH is hegte&RQ

{téﬁi turg' ilh%t is %Ptu;m ?ox%&{eﬁg[m 81t th& *)1%%15? b&s he D | Il}&lﬁ@z%se These

annealtng sequence cons
dn@ s@’gmt:ﬂteare eyieibesglomulBpR tinks Mlpwibg fa t@ﬁ@d@lmf the

com%lelinentz-lrrlgl %trﬁld of DN {hagpa%rs w1tﬁ thefrgﬁ%ser{ra‘ﬁ&%b&?bﬁ e?md §E6

ann sequence’Is sequences
k@efd@traﬂscﬂlﬁdeE@dl 1@ ebd@nsﬂﬂ. ﬂrom'ﬁ'he fohvear¢d amd’mversﬁprmmy ooprémers
of clainms 1 to urther.c

i Si .a |l . 8. ITIh
BispriFedy et seberettre e, SRE b PPy, bt b DA
lsﬁiiiﬁl is pradiehé mHichitharRaayet ush@@bmplatecfﬂd the e c;d:}és rdsﬂﬁﬁg in

bRt B R et AJSheBENR ity e
Hﬁirbp’iﬁitef t@ihp&@ﬁl@cﬂ)ﬂ fﬁl@h bapfetieuTaiRe aﬁﬁh}ﬁb?ﬁm&%ﬁ&ﬂf@s glfsggﬂ
%@EEF%%%% éﬁ£§%bfergedapfon1?hegsanple usi ng
one or nmore primers each conprising a sequence of any

(oee1 081 SE(D; bhk MOdilmém, tighp lifician rddbdion eanthedaited vith g “Bot
wherein the resence

proguct am ti
Byt & Bl R e et BehPReRpraaRtattpe Bjvar
%d @ﬁﬁgéﬁﬁmﬁmﬁa ng)tddltaad selbbypembbratite &ﬂﬁlwdehmﬂaoﬁs aepfoea

e net hod of cl al n eac p | mer consi st
B A tla}e|t9reé$lceaw-sa?féfm %?M%fe Eﬁ‘elewa?{&@st %feveeﬁr%n@ffi?eﬁ
DNLOsiRER OR: Naipohdift neckdsary£the kdadBdn, &r eﬁahﬂpléfth% Dmaer ein
each prinmer _is ané one_of the sequences of

Dol bREIEY FOmIbe rerion B B Sy m ABngded 1o the

cdagiidBjust plir td the MARYAL Bf BB hlpRATALibE MhaABnCONDr i Ses
using a priner set, the prinmer set conprising (a) one

re reyerse priners each conprising . a se ue
Z(anhe oftf %@ q. e P@E%"WS’E@%@%@?@% e o
mﬁ-prlaa’uct ﬁd'wteﬁlﬂﬁteqf)r AIdRitfoRAI e o hinpRficati@eG les. The template
S|n% a sequence of any one of SEQID NO1 to S

yrificddfont iy regpfongRixigs, and etrsprretipREIY be st Hp with €
%?ﬁédslbﬁg ?ﬁ)dgﬁ%@ oﬁfat'\e@ﬁfné?ﬁ ONK pottthdl, N Binfi O

and one of nore

fi@frmm?éleogﬁﬁpsﬁéme seea@dwroemﬁrairrmhﬁgét@n@w be aeeiedput ander Gpesame
CIOPdIJ[\QS ag’ aletfﬁ’st glhatlméctgon% t%Ech&B _hﬁ&]:a"t%n

one or nore reverse primers each conprising a
swqu@ weethat bedejectsd @sing aSHEQrérDiaNCeBdtianon@Eg dsBet@t belawt.
and one or nore forward priners each conprising a
sequence of any one of SEQ ID NO 72 to SEQ I D NO 93;
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wherein the presence of the product of anplification

i ndi cates the presence of an avian influenza virus
waeamsgpseHS i n the sanpl e when said priner setPCT/SG2005/000187

conprises (a), and wherein the presence of the product

of anplification indicates the presence of an avian

i nfl uenza virus subtype H5NL in the sanple when said

prinmer set conprises (b) or (c). 13. The nmethod of any

one of clainms 9 to 12 further conprising the step of

[appe { nARSELbR BN BRI beeRdde iRkalRg! cal

using one of nore reverse priners each
trmpmptmnngacaors Ime teverse priperydr pERErs|ImmyNe usel iptheSEQ | D

b e P 40y RS Bl eer PR il

dﬂfecbnampémé ymmcg oapdmera Dﬂthﬁ ennentscm maydressed ipithegpmplification

areperfo n a.sin
RafRLah P! SnrSpl Bte ket s Pl iHsfun Roabifo a2 o
SEQMDINO 17 &)\SHG D NO: ItBnsd SBQADMNG: 1 # sreXREHT NOH: to SEQIDD
Ng_ééto SEQ ID NO 55 and SEQ ID NO 113; SEQ I D NO 56

"SEQ ID NO71 and SEQID NO1 14; or SEQID NGO 94 to
SEQ I D NO 111. 16. The nethod of any one of clains 12
{Qﬂ 11 5] wherEieorsatdiprommes directrd gaifish covgesteoregions of thaldA gene of

B TR O BN Dl PR, P P

NGt algmnﬁEleleEe&\ﬁgﬁiﬁs ofltfe NBheznaef the HI5Nl setnypeaineseobut in

Tt acs B prr TG Bt PrrfaRsditedringpused ina

aﬁhhﬂﬂ a@fphﬁl:aaﬂoméquMhﬁe@tortotrb@oﬁd @fth edspeatrpl subtypaeghd gene.

F des a hot start he met hod of cuggggﬁ; 8(

dhetpiore BhGhRTeEsRe EIHEerdse‘Eséﬁf ALePIINISE 306 APT 9 NO:32 to

SEQQDI'N(‘) g5 bivd SEQ &Yy Nmﬁl@: Qforﬁﬁlﬁ)ﬂrlﬁfél“ fey Behsed 2t cobiiises any
any one of ims. 9 to 13, 15 and 16 wherein

P%Feofc?&%@ NRY e SER 19&}%9 rlﬁs Similggly ewhen e RysemEimer isiuged that
Eéehprisés dny ohB 8f SIS NORi6 ol WYMZROWM &he SBQIBIND: 114 a forward

detecting by real time PCR conprises detectin

BTN PKOHE EVTIFG T8 PIAR FBRHGNNOMS 't REOED Nl i
QEQQE'N‘@ l [}ﬂ aHZPlVﬁ&HJ. Rvéle friter & usBhat (%%pﬂ@es@ﬁ%lbﬁ@of@fEQ ID

detectin | uenza A virus subtype H5 or H5N1 in a
Bleh te N@u 1A 42 ferrrrdpiimergnaytie usethibrteomPrises anperierid SEQ
yRRPYd 4 ZS%@N@ ggupport, said prinmer conprising a
sequencg of " any one of SEQID NO 1 to SEQID NO 114,
under conditions suitable for hybr|d|2|n$ the priner

I 12he sdhpillbe aaprgciated Biat uhyonsyes thedopard ererssemianers used
5 dn%{phﬁ@gloh he B REE cordiise HReqRhAAS 2R ofd i SBE D NO:1 to

wherern primer consists essentlall of any one of

SE@&B&%& bfb@n@ﬂlatsacy 1 D may hegisSHQ cpmbRaion i a pyerse or

Epp a0 Bl AR, Bof s PR Ry s o
s HANanvE A gelnes fmagt efalef@pnsn@rahlbf mzsarablswlamu ysiggibfoypardids
RipdE Lok SR SRR LRI ASELTD J9TR) 1
1 NOoHFmaay affooshé snngwtyrwd dpteq:tmmear;gemfrﬁne smpbBahionstep.
sald prlners conpr|5|ng a sequence of any one of SEQ
L
&am&ﬂhr@; to ara@rﬂaltemtentmgl byeharingtire aff Sucimprxhers ey berasediso aptoe
primers and the sanple. 26. The nethod of claim?25
wherei n each of said one or nore primers consists
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essentially of any one of the sequences of SEQ ID NO 1

to SEQ ID NGO 114. 27. The nmethod of claim25 wherein
weawk/1ef36sai d one or nore primers i s any one oPCT/R€2005/000187

sequences of SEQID NO 1 to SEQID NO 114. 28. A

nucleic acid mcroarray conprising a priner, said

primer conprising a sequence of any one of SEQ ID NO 1

to SEQ ID NGO 114. 29. The nucleic acid microarray of

clai m 28 wherein the primer consists essentially of

é}ﬁ}ﬂe Q&%tlﬁéatﬁ)ﬂ ef ﬁ@%@ REESRberbiQubhdND br HON BERlatePoMNGriants.

he nucleic acid mcroarfay of claim 28

w@x@nﬂeme opmpTee PHEeERpvipg Bie Gequenis Seiediit Bt IIHNOSHQ
é]gb NNb:b ﬁmfgguée@ iNOside1d 4m éﬂtfatlé[l Khtiignonprising a

prirmer according to any oné alns 1 to 8 and
i nstructions for detecting influenza A virus subtype
991341 HsNOne BT moE R PHRHENOEDS gharnkgm REeRIErguprIsing

%}F?ﬁb o). ﬁt%osi%diﬂ §B6epheh:114 SR sﬁa‘@ RO 190k §EC(%JIBY

<120> DI A TI C’ PRI'VERS AND ME
Nt %No SRRUDENAL VapUsnesuBToyefor v d ANMe SRy b@pggssn from

iR P ROLPE R 10233t NOONZITH D
BRA2<2 SBQ IBNOPB evenl whep2ibe pri@ @13 do apt fall within afpinie pf prlmers
056 pRLL 05043, B A0S B5000 23 R0y i i
mnltm&rrav’aﬂ@@hd/ﬁr fatwdrd peitnbry agt dasdfidbt @oseaaanrﬂfﬁcstﬁ)h(lmoc@cts may
be r]égfd>1ly2d3 stéé&is ?b%nf eza]ég ot it t ghloﬁld Pe no ec?f %at in this embodiment,
the sensitivity of the detection method may be reduced, yielding less of a particular
amplification product from a given amount of template. As in the reverse transcription
reaction, where more than one primer of the invention is used each of the primers used
will have a different sequence, the sequence of each primer comprising any one of SEQ
ID NO:32 to SEQ ID NO:71, SEQ ID NO:113 and SEQ ID NO:114 or SEQ ID NO:94 to
SEQ ID NO:111 and SEQ ID NO:112 for the reverse primers and any one of SEQ ID

NO:1 to SEQ ID NO:31 or SEQ ID NO:72 to SEQ ID NO:93 for the forward primers.

[00115] The forward primer is chosen such that in combination with the reverse
primer used, a detectable double-stranded DNA amplification product is produced. That
is, the forward primer should be located sufficiently upstream in the HA or NA gene
relative to the reverse primer to amplify a double stranded DNA molecule that is of
sufficient size such that when produced in the amplification reaction, it is capable of
being detected by whichever detection method is chosen. The size of DNA product that
can be detected will vary with the specific detection method chosen. For example, if
agarose gel electrophoresis is used to detect the amplification product, the end product
may have to be larger than if real time PCR using lightcycling is used as the detection
method. Depending on the concentration of gel used, agarose gel electrophoresis can be
used to detect fragments as small as 25 base pairs. However, larger fragments, for

example between 150 to 500 base pairs, are more readily detected using gel-based
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<223> artifical prinmer <400> 3 atctgcattg gttatcatgc

aaa 23 <210> 4 <211> 23 <212> DNA <213> artifici al
wea2@8428823> artifical prinmer SEQUENCE LI STI NG PEBSG2008/000187

atctgcatcg gttatcatgc aaa 23 <210> 5 <211> 23 <212>

DNA <213> artifi cial <220> <223> artifical prinmer

<400> 5 atttgcatcg gttaccatgc aaa 23 <210> 6 <211> 23

<212> DNA <213> artificial <220> <223> artifica

primer <400> 6 atttgcattg gtcatcatgc aaa 23 <210> 7

riildd3, V%ﬁ’eré% %&ﬁl@%ﬁlﬁ&*ﬁ Yordtkhhple Qb than 280 bass pdidare easily

artifical priner 00> 7 gctggatggc tcctcggaaa ccc 23
&m@@ﬂusngzmlumggckyrﬂw PNA <213> artificial <220>
<223> artifical prinmer <400> 8 gctggatggc tccttggaaa

[00416]3  The amplified DNA product may be detected using detection methods
known in the art. For example, suitable detection methods include, without limitation,
incorporation of a fluorescent, chemiluminescent or radioactive signal into the amplified
DNA product, or by polyacrylamide or agarose gel electrophoresis, or by hybridizing the
amplified product with a probe containing an electron transfer moiety and detecting the

hybridization by electronic detection methods.

[00117] In one embodiment, the amplified DNA product is detected by agarose gel
electrophoresis, which will be known to a skilled person. A portion of the amplification
product is mixed with appropriate gel loading buffer, including dye markers, and run
through an agarose gel through the application of an electrical gradient to the gel. The
agarose gel may be stained with ethidium bromide or another suitable dye that binds to or

intercalates with DNA, and is detected for example, by exposing to ultraviolet radiation.

[00118] The detection method may be performed subsequent to the amplification
reaction. Alternatively, the detection method may be performed simultaneously with the
amplification reaction. In one embodiment, the amplified DNA product is detected using
real time PCR, for example by lightcycling, for example using Roche’s LightCyclerTM
Real time PCR techniques will be known by a skilled person and may involve the use of
two probes each labelled with a specific fluorescent label, and which bind to the
amplified DNA product. The probes are designed such that they bind to the DNA
product in such a manner that the fluorescent label of the first probe is in close proximity
to the fluorescent label of the second probe. The amplification reaction is performed in
an instrument designed to emit and detect the relevant fluorescent signals, and includes
an additional detection segment in which the instrument emits light at a wavelength
suitable to excite the fluorescent label on the first probe, which then emits light at a
wavelength suitable to excite the fluorescent label on the second probe. The light which
is then emitted by the second probe’s fluorescent label, and which differs in wavelength

from the previous emissions, is detected by the instrument.
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<210> 9 <211> 23 <212> DNA <213> artificial <220>
<223> artifical prinmer <400> 9 gctggatggc tcctcggaaa
WO e@3A3SEQUENCE LI STI NG <210> 10 <211> 23 <21PCT/BBIN05/000187
<213> artificial <220> <223> artifical prinmer <400> 10
gctggatgge ttcttgggaa ccc 23 <210> 11 <211> 23 <212>
DNA <213> artificial <220> <223> artifical priner
<400> 11 gctggatggc tcctgggaaa ccc 23 <210> 12 <211>
23 <212> DNA <213> artificial <220> <223> artifica

(004 18 <4Q@c€m&t¥vegﬁ 1 998886t hbcslaEABRAE - dotBlesBAlted DA
<211> 23 <212> DNA <213> artificial <220> <223>

mayt befusedivhese p miagle sugmisd templaieig geaddp theepplifentign seaptinn. Shis
mgtill(@c? altbs ?gr]d%%cg&l and %ﬁﬁy %se relative quantification, when compared

with a known standard template, of the amplified DNA product throughout the
amplification reaction. The quantification of amplified product may enable the
determination of viral load in the original biological sample. As well, this method allows
for the detection of smaller amounts of amplification products, and amplification

products having smaller sizes than methods using conventional PCR techniques.

[00120] The simultaneous amplification and detection may also be performed
using a detection probe that is labelled at the 5’end with a fluorophore and at the 3° end
with a quenching molecule that quenches emissions of the fluorophore when in proximity
to the fluorophore, as in the Tagqman™ method designed by ABI Systems. The detection
probe will bind to the forward or reverse strand of the amplification template. A
polymerase having 5> exonuclease activity, for example, Taq polymerase or others (for
example, synthetic version is available from Roche), is used in the amplification reaction.
As the template strand having the bound detection probe is amplified, the detection probe
will be digested by the 5’ exonuclease, removing the fluorophore from the proximity of
the quencher and allowing the fluorophore to emit. The emissions can be quantified in

standard equipment, for example, the LightCycler™ described above.

[00121] Alternatively, to detect H5N1 variants, a first amplification may be
performed using primers directed against the HA gene, for example, using reverse primer
or primers comprising any one of SEQ ID NO:32 to SEQ ID NO:71, SEQ ID NO:113
and SEQ ID NO:114 and forward primer or primers comprising any one of SEQ ID NO:1
to SEQ ID NO:31 and SEQ ID NO:112, and a second amplification step may be
performed using reverse primer or primers comprising any one of SEQ ID NO:94 to SEQ
ID NO:111 and forwards primer or primers comprising any one of SEQ ID NO:72 to
SEQ ID NO:93 directed against the NA gene. To detect the presence of H5N1, the two
amplifications may be performed simultaneously, in the same or different reaction, the
first amplification using primers directed against the H5 or H5N1 subtype of the HA

gene, and the second amplification using primers directed against the NA gene. As the
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<213> artificial <220> <223> artifical prinmer <400> 14
gctgggtgge ttcttggaaa ccc 23SEQUENCE LI STING <210 15
W 2Wi42887 <212> DNA <213> artificial <220 <22BCT/SG2005/000187

artifical primer <400> 15 gctgggtggc ttcttggaaa tec 23
<210> 16 <211> 23 <212> DNA <213> artificial <220>

<223> artifical prinmer <400> 16 gctggatggc ttctcggaaa

tec 23 <210> 17 <211> 23 <212> DNA <213> artifici al

<220> <223> artifical prinmer <400> 17 gctgggtggc

C < <21.1> < > <
NARhE IR 635 srteed Blabit abdies IoniHe By gingdrd deeo
ingotggesati gy virdliggggaa tec 23 <210> 19 <211> 23 <212>
DNA <213> artificial <220> <223> artifical prinmer

[00122] The large number of primers provided by the present invention are

designed to increase the possibility of detecting different variants of subtypes HS and
H5N1, and a single sample may be tested with different combinations of forward and
reverse primer or primers, so as to increase the probability of detecting any particular

variant,

[00123] Although the above embodiments have been described in the context of a
PCR amplification method, a skilled person will understand that the sequences of the
invention may be used to design primers for use in other amplification methods to detect
avian influenza virus subtype H5 or H5N1 in a biological sample. For example, the
sequences disclosed in SEQ ID NO:1 to SEQ ID NO:114 may be used to design primers
for amplification and detection by NASBA methods, as described for example in Lau et
al. (Biochem. Biophys. Res. Comm. 2003 313:336-342), and which are generally known

to a skilled person.

[00124] Briefly, in the NASBA technique the primers are designed to bind to a
portion of the gene of interest, here HA or NA, and to include a promoter for an RNA
polymerase, for example T7 RNA polymerase. The viral gene is reverse transcribed and
a second complementary DNA strand is synthesized to produce a double stranded DNA
molecule that includes an intact RNA polymerase promoter. The relevant RNA
polymerase is used to generate copies of an RNA molecule corresponding to an amplified
portion of the gene of interest. The amplified RNA is then bound to a detection
molecule, typically a nucleic acid that is complementary to a portion of the amplified
RNA and that is labelled, for example, with a radiolabel, a chemiluminescent label, a
fluorescent label or an electrochemiluminescent label. The amplified RNA bound to the
detection molecule is then typically captured by a capture molecule, for example an
immobilized nucleic acid that is complementary to a portion of the amplified RNA
product that is a different portion than that to which the detection molecule binds. The
captured RNA amplification product with bound detection molecule is then detected by
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<400> 19 cagatttgca ttggttacca tgc 23 <210> 20 <211>

23SEQUENCE LI STING <212> DNA <213> artifi cial <220
we2@3216ti fical priner <400> 20 gttgacacaa taPCT§GZAN000187

gaa 23 <210> 21 <211> 23 <212> DNA <213> artificial

<220> <223> artifical prinmer <400> 21 gttgatacaa

t aat ggaaaa gaa 23 <210> 22 <211> 23 <212> DNA <213>

artificial <220> <223> artifical prinmer <400> 22

gtt gacacaa taatggagaa gaa 23 <210> 23 <211> 23 <212>

< > 223> i i [
RS Roh P B (AT T 1o B e Dty Al and
tiR2AnstRAPof chiMire<213> artificial <220> <223> artifica
primer <400> 24 actat gaaga actgaaacac ct 22 <210> 25

[00125] Thus, the present invention contemplates the use of a primer comprising
any one of SEQ ID NO:1 to SEQ ID NO:114 for use in NASBA methods to detect the

presence of avian influenza virus subtype H5 or H5N1 in a biological sample.

[00126] The primers of the invention are also useful for sequencing a DNA
molecule corresponding to the HA or NA gene, or a reverse transcribed DNA molecule
complementary to the HA or NA gene of the avian influenza virus subtype H5 or HSNI.
A reverse primer comprising any one of SEQ ID NO: 32 to SEQ ID NO:71, SEQ ID
NO:113 and SEQ ID NO:114, or any one of SEQ ID NO:94 to SEQ ID NO:111 may be
used to initiate a sequencing reaction using as template nucleic acid molecule
corresponding to a portion of the HA or NA gene, respectively. A forward primer
comprising any one of SEQ ID NO:1 to SEQ ID NO:31 and SEQ ID NO:112 or any one
of SEQ ID NO:72 to SEQ ID NO:93 may be used to initiate a sequencing reaction using
as template a nucleic acid molecule complementary to a portion of the HA or NA gene,
respectively. Sequencing reactions may be performed using standard methods known in

the art, and may be performed using automated sequencing equipment.

[00127] The primers of the invention are also useful as probes or capture
molecules to detect RNA from an H5 or H5SN1 influenza virus isolate. For example, one
or more primers comprising any one of SEQ ID NO:1 to SEQ ID NO:114 may be
immobilized on a solid support and used to isolate nucleic acid molecules having a

sequence that is complementary to some or all of the primer sequence.

[00128] Thus, there is presently provided a method for detecting influenza A virus
subtype HS or H5N1 in a sample comprising contacting one or more immobilized
primers comprising any one of the sequences of SEQ ID NO:1 to SEQ ID NO:114 with

the sample.

[00129] The primer may be immobilized on a solid support using standard

methods for immobilizing nucleic acids, including chemical cross-linking, photocross-
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<211> 22 <212> DNA <213> artificial SEQUENCE LI STI NG
<220> <223> artifical prinmer <400> 25 act at gaaga
wartgaagseac ct 22 <210> 26 <211> 23 <212> DNA RZWI/SG2005/000187

artificial <220> <223> artifical prinmer <400> 26
gagagtaatg gaaatttcat tgc 23 <210> 27 <211> 23 <212>

DNA <213> artificial <220> <223> artifical priner

<400> 27 gagagtaatg gaaattttat tgc 23 <210> 28 <211>

24 <212> DNA <213> artificial <220> <223> artifica

1 Bér § gélc@@(?mﬁﬁotﬁl%ﬁ&rﬁﬁﬂaﬁl@hérﬁﬂ gidagan ﬂl&@gmaﬂméﬂﬂiﬁg a29
<21T> 23 <212> DNA <213> artificial <220> <223

fpqtionalsgupgihat iggadd @@%W@Pﬁ%&éél&g)tﬂtecpﬂélt?&afg}fa?%@aleé’toélnz3
<210> 30 <211> 23 <212> DNA <213> artifici al
[00130] The solid support may be any support which may be used in a detection

assay, including chromatography beads, a tissue culture plate or dish, or a glass surface

such as a slide.

[00131] The contacting is performed under conditions that allow for hybridization
between the primer and the sample so that any nucleic acids contained in the sample that
contain a sequence complementary to the primer or to a portion of the primer can
hybridize. A skilled person will be able to determine suitable hybridization conditions
based on the sequence of the primer or the region of the primer that is to be hybridized
with the sample, and will be able to vary conditions so as to increase or decrease the
stringency of hybridization. For example, varying of temperature, salt or buffer
concentrations and detergent concentrations will alter the stringency of conditions for

hybridization between a given sequence and its complement.

[00132] In such an application, the primer or the nucleic acid sample, or both, may
be modified with a label such as a fluorescent label, a chemiluminescent label, a coloured

dye label, a protein, peptide or ligand.

[00133] Any hybridized nucleic acids from the sample that have been captured by

immobilized primer are then detected. The method of detection will depend on the nature
of any label on the sample and/or the immobilized primer. As well, standard methods for
detecting and visualizing nucleic acid molecules may be used, including chromatography

methods, and gel electrophoresis and staining methods.

[00134] One example of an immobilization and capture application is
incorporation of the primer or primers in a DNA or nucleotide microarray, as is known in

the art.

[00135] Thus, there is also provided a method of detecting influenza A virus
subtype H5 or HSN1 in a sample comprising contacting a microarray containing one or

more primers comprising any one of the sequences of SEQ ID NO:1 to SEQ ID NO:114
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<220>SEQUENCE LI STING <223> artifi cal prinmer <400>

30 atgccattcc acaatataca ccc 23 <210> 31 <211> 22
w2032 DA <213> artificial <220> <223> arti f i Pel/SG2005/000187

primer <400> 31 cagcttaggg ataatgcaaa gg 22 <210> 32

<211> 23 <212> DNA <213> artificial <220> <223>

artifical prinmer <400> 32 gggtttccga ggagccatcc age 23

<210> 33 <211> 23 <212> DNA <213> artificial <220>

<223> artifical prinmer <400> 33 ggatttccaa ggagccatcc

398 163t sl 30t i the TRdrbarad3vithlhe s: aﬁd’zé&&hﬁ% hy¥ridtafdn of the
<220> <223> artifi cal primer < 00> 34 ggafttccga

§efaRje tthe primgre Nugleloargbmgmargy tpshupipey jsiownpthe r gscluding
Eﬁ?a%{%ifalf\tge%g gglgéggréeﬁza%a Ret@ltloh ok ﬁ%ridﬂaﬁé@&f@%%%h the capture

molecules in one or more spots in the microarray.

[00136] The sample used may be a biological sample suspected of containing
influenza A virus subtype H5 or H5N1, or containing nucleic acid generated or amplified
from a biological sample suspected of containing influenza A virus subtype H5 or H5N1.
Nucleic acid may be amplified using known amplification methods as described above,
including RT-PCR amplification as described herein, the NASBA method described
herein, as well as primer extension methods. The sample may be hybridized with the

primer or primers incorporated into the microarray using known hybridization methods.

[00137] In order to detect hybridization, typically either the primer, which acts as a
probe, or the sample is labelled. For example, the sample may be labelled by
incorporating a label during an amplification step. The label may be any detectable label,
including a radioactive label, a chemiluminescent label or a fluorescent label. For
example, as is known in the art, Cy3- or Cy5-labelled nucleotides can be readily
incorporated into an amplified nucleic acid molecule to generate a labelled sample.

Using this method, hybridization is typically detected by an increase in signal at a

particular spot in the microarray.

[00138] Alternatively, the presently described primers which are included in the
microarray may be labelled. For example, US 6,811,973 (issued to Reich), which is
herein fully incorporated by reference, describes inclusion of a fluorescent marker into a
nucleic acid probe molecule that is used as a capture molecule in a microarray, whereby
hybridization of the capture nucleic acid molecule with its target nucleic acid molecule
results in quenching of the fluorescent signal emitted by the fluorescent label
incorporated into the capture molecule. Thus, hybridization is measured by a decrease in

signal from a particular spot in the microarray.

[00139] The present invention also contemplates microarrays incorporating one or

more primers comprising any one of the sequences of SEQ ID NO:1 to SEQ ID NO:114
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gggttcccaa gaagccatcc age 23 <210> 36 <211> 23 <212>

DNA <213> artifi cial <220> <223> artifical priner
W&2@8421367 gggt tt ccca gaagccatcc age 23 <210> 3FCHRA1085/000187

23 <212> DNA <213> artificial <220> <223> artifica

primer <400> 37 gggtttccaa gaagccatcc age 23 <210> 38

<211> 23 <212> DNA <213> artificial <220> <223>

artifical primer <400> 38 ggattcccca aaagccatcc ggc 23

<210> 39 <211> 23 <212> DNA <213> artificial <220>

5203 0r Alotd shbis & the klidrBarray4 Othod? fd dghlifetaag @mﬁaw; cc
age 23 <210> 40 <211> 23 <212> DNA <213> artif

e epolgis agidmpOREYS prei swepn<Eorpsampleddio1/o b Cfirota) and
YRASIA A9 FWaRS, Borob M ENCE. RIS ThAN orstddi reftiente Ackein ZRscribe

methods for making microarrays. The microarray is typically formed on a solid support

by immobilizing one or more primers at a given address or spot in the microarray.

[00140] As with the amplification, one or more members of a family of primers
may be included in a single spot, allowing for detection of a number of different variants

or isolates with a single spot in the microarray.

[00141] Although the methods described above relate to in vitro methods of
detecting influenza A virus HS or H5N1 isolates, the primers described herein may also
be used in vivo methods to detect or image an influenza A virus HS or H5N1 subtype

infection.

[00142] Also presently contemplated are kits or commercial packages comprising
a primer as described above and instructions for detecting influenza A H5 or H5SN1

subtype in a sample. The detecting may be by any of the methods described herein.
[00143] All documents referred to herein are fully incorporated by reference.

[00144] Although various embodiments of the invention are disclosed herein,
many adaptations and modifications may be made within the scope of the invention in
accordance with the common general knowledge of those skilled in this art. Such
modifications include the substitution of known equivalents for any aspect of the
invention in order to achieve the same result in substantially the same way. All technical
and scientific terms used herein have the same meaning as commonly understood by one

of ordinary skill in the art of this invention, unless defined otherwise.
EXAMPLES

[00145] Experiments were performed on RNA extracted from eggs and from
human clinical samples including allantoic fluid, cloacal and trachael swabs,

homogenized tissue, pooled organs, blood, sputum, stools, urine and nasopharyngeal
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<212> DNA <213> artificial <220> <223> artifica
pri mer <400> 41 ggatttccga gaagccatcc age 23 <210> 42

W 2Wi42387 <212> DNA <213> artificial <220> <22BCT/SG2005/000187
artifical primer <400> 42 gggtttccga ggagccaccc age 23
<210> 43 <211> 23 <212> DNA <213> artificial <220
<223> artifical prinmer <400> 43 ggattcccca aaacaagtcc
ggc 23 <210> 44 <211> 23 <212> DNA <213> artifici al
<220> <223> artifical prinmer <400> 44 gggtgtat gt
ighggaat gg cat 23 <210> 45 <211> 23 <212> DNA <213>
artificial <220> <223> artifical prinmer <400> 45

t gt atat_tgtggaaggg.cat 23SEQUENCE LIS <53p>,46
&’%% 18] 23 @I%B%%Nﬁ%ﬂwfﬁwﬂrdlgwgp Virggy; and H5NT Using
Gel-Based Detection Platform

[00147] The following is a general protocol for detection of avian influenza virus

subtype H5 or H5N1.

[00148] Generally, RNA is extracted from samples according to the

manufacturer’s instructions, using either TRIzol™ or RNA extraction kits (Qiagen).

[00149] The first-strand cDNA synthesis is performed on extracted RNA using the
relevant reverse primer(s) (2 pl of 10 uM stock) in a 20 pl reaction volume. A first round
PCR reaction is set up using 2.5 pl of the cDNA reaction, containing cDNA product as
template with relevant forward and reverse primer(s) (1.25 pl total volume for each of
forward and reverse) in a 25 pl reaction volume. The PCR conditions are set up as
follows: incubation at 94°C for 2 min; 35 cycles of 94°C for 10 sec, 50°C for 30 sec, 72°C
for 1 min; followed by an incubation at 72°C for 7 min. A second round of PCR is
performed using the product of the first round PCR (2.5 pl) as template. All other

conditions and reagents are the same as for the first round PCR.

[00150] The products of the second round PCR are analysedona 1.5t0 2 %

agarose gel by staining with ethidium bromide.

[00151] However, it has been established after rounds of validation that one-round

of PCR will be sufficient for detection

[00152] The above RT-PCR protocol was performed using RNA extracted from an
HS5N1 viral isolate derived from Thailand (2004). The following 8 primer sets directed
against the HA gene were used: (1) gisAFHSN1HIF and gisAFHSN1H4R; (2)
gisAFHSN1H2aF and gisAFHSN1H4R; (3) gisAFH5SN1HIF and gisAFHSN1HS5bR; (4)
gisAFH5N1H2aF and gisAFHSN1H5bR; (5) gisAFHSN1H3F and gisAFH5SN1HSaR; (6)
gisAFHSN1H6bF and gisAFH5N1H8aR; (7) gisAFHSN1H6bF and gisAFHSN1HI10R;
(8) gisAFH5N1H7aF and gisAFH5N1H11cR. The expected fragment sizes were 189 bp,
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[00153] To determine the sensitivity of this assay, reactions using 10 fold serial
dilutions of template and primer sets 3 (Figure 3), 5 (Figure 4), 6 and 8 (Figure 5) were
performed. The results (Figures 3 to 5; lanes 1 to 7 are reactions performed using 50 ng,
0.5 ng, 50 pg, 0.5 pg, 0.05 pg, 5 fg and 0.5 fg of template, respectively) indicate that the
PCR reactions using the primers of the invention are sensitive, although the sensitivity
varies depending on the primers used. Primer sets 3 and 6 were more sensitive, and
primer set 6 yielded a significant amount of amplified product, even at a template

concentration as low as 5 fg (see lane 6, Figure 5).

[00154] Example 2: Detection of Avian Influenza Virus H5 and H5N1 Using
Real-Time RT-PCR Detection Platform

[00155] The following reactions are performed in a LightCycler™ instrument.

[00156] The reaction master mixture is prepared on ice by mixing the following
reagents in order, to a volume of 20 pl: water (volume adjusted as necessary), 50 mM
manganese acetate (1.3 pl), ProbeNPrimer mix containing forward primer and reverse
primer to a final cqncentration of 0.2 to 1 uM and fluorescently labelled probes (2.6 ul),
LightCycler RNA Master Hybridization Probes (7.5 pl), which contains buffer,

nucleotides and enzyme.

[00157] The reactions are transferred to glass capillary tubes suitable for use in the
LightCycler™. 5 ul of extracted RNA template is added to each reaction and briefly
centrifuged. The RT-PCR reactions are run using the following programs (Tables 5-8):

Table 5: Program 1-Reverse Transcription

Cycle Program Data Value
Cycles 1

Analysis Mode None
Temperature Targets Segment 1
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IWonddy TakerTe! <4pL> 22 <Z1IP> DNA

Step Size (°C) 0.0

Step Delay (cycles) 0

Acquisition Mode None

Table 6: Program 2-Denaturation

Cyecle Program Data Value

Cycles 1

Analysis Mode None

Temperature Targets Segment 1

Target T°C 95

Incubation time 30 sec

T°C transition rate (°C/s) | 20.0

Secondary Target T°C 0

Step Size (°C) 0.0

Step Delay (cycles) 0

Acquisition Mode None

Table 7: Program 3-Amplification

Cycle Program Data Value

Cycles 1

Analysis Mode Quantification

Temperature Targets Segment1 Segment2  Segment 3
Target T°C 95 50 to55 72
Incubation time 5 sec 15 sec 13 sec
T°C transition rate (°C/s) | 20.0 20.0 2.0
Secondary Target T°C 0 0 0
Step Size (°C) 0.0 0.0 0.0
Step Delay (cycles) 0 0 0
Acquisition Mode None Single None

Table 8: Program 4-Cooling

Cycle Program Data Value
Cycles 1

Analysis Mode None
Temperature Targets Segment 1
Target T°C 40
Incubation time 30 sec
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[00158] Example 3: Detection of Avian Influenza Virus HSN1 Using Real-Time

RT-PCR with various primer sets

[00159] Real time PCR reactions were performed using the 8 primer sets described
in Example 2 above. The reactions were performed using SYBR green fluorescent
detection kit, in accordance with standard protocols and commercially available reagent
kits (Roche). Figure 6 displays the amplification products obtained for the reactions
performed with each of the 8 primer sets as visualized on a 1.5% agarose gel stained with

ethidium bromide.

[00160] To confirm the sensitivity of the primers using the real time PCR protocol,
amplification curves were generated to monitor the production of amplification product.
Results are shown in Figures 7 to 14 for each of primer sets 1 to §, respectively. Melting
curves of the amplified product were performed at the end of the amplification reaction.
Generally, specific amplification products will have a higher melting temperature than
non-specific products, and the melting curve profile can be used to confirm the specificity
of the reaction. The melting curves shown in Figures 15 to 18 are indicative of discrete
expected amplification products. Thus, the primers of sets 1 to 8, when used in real time

PCR reactions are highly sensitive and specific for H5N1 isolates.

[00161] Example 4: Detection of H5N1 Influenza Virus from Field Samples
using One-Step RT-PCR Reaction

[00162] The performance of the prirnefs was assessed using primer set 6
(described above in Example 1) in gel-based assays using in vitro-transcribed RNA
generated by the T7 RiboMax Express in vitro transcription system (Promega, USA).
The concentration of purified transcribed RNA was measured by RiboGreen RNA
quantitation reagent (Invitrogen, USA) and serial dilutions of in vitro-transcribed RNA
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reverse transcription (RT)-PCR system (Qiagen, Germany) with the HSN1 specific
primers (set 6) using the following PCR cycle: 94°C for 10 sec; followed by 35 cycles of:
94°C for 10 sec, 50°C for 30 sec, and 72°C for 1 min; and lastly followed by 72°C for 7
min. The size of this PCR product was 456 bp and was resolved in 1 % agarose gels.
PCR products were sequenced directly to confirm the identity of the products. The
sensitivity of the assay was found to be less than 1000 copies and was able to specifically

detect HSN1 RNA (Figure 19A).

[00164] The two-step RT-PCR method (Roche, Germany) was also used as
described above and compared with the one-step RT-PCR method. Results showed both
systems work well (compare Figure 20A (two-step) and 20B (one-step)). The primers
were then tested using the LightCycler Real-time system (Roche, Germany) and
comparable results were achieved (Figure 20C) indicating equal sensitivities in terms of

detection between the two assays.

[00165] For Figure 20C, amplification of RNA standards (indicated as a to €) are
shown. The x axis denotes the cycle number of the quantitative PCR assay, and the y axis
denotes fluorescence intensity (F2) over the background level. The non-template control
(NTC) is shown. RNA standards were as follows: (a) 1 x 10° copies per reaction, (b) 1 x
10® copies per reaction, (c) 1 x 107 copies per reaction, (d) 1 x 10° copies per reaction,
and (e) 1 x 10° copies per reaction. The insert graph represents the melting-curve
analysis of the PCR products. Signals from RNA standards (a to ), and non-template
control are shown. The x axis denotes the temperature (°C), and the y axis denotes the

fluorescence intensity over the background level.

[00166] To establish the specificity of the assays for HSN1 subtype detection, we
then investigated the primers on field samples using several reference strains of different
subtypes of influenza A viruses (H3N8, H5N3, H7N3 and HINZ2) and Newcastle disease
virus (NDV) as controls. Results showed that detection was specific to HSN1 only
(Figure 19B). Samples were extracted using TRIzol reagent (Invitrogen, USA) and
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[00167] For Figure 19, Panel A depicts the results of amplification of serially
diluted in vitro-transcribed single-stranded RNA (lanes 2 to 8) measured by RiboGreen
RNA quantitation reagent and H5N1 RNA extracted from allantoic fluid of infected egg.
The non-template control (sterile water) is indicated as “NTC”. The viral load is
indicated by the number of copies per reaction: (lane 2) 1 x 10° copies per reaction, (lane
3) 1 x 10® copies per reaction, (lane 4) 1 x 107 copies per reaction, (lane 5) 1 x 10 copies
per reaction, (lane 6) 1 x 10° copies per reaction, (lane 7) 1 x 10* copies per reaction, and
(lane 8) 1 x 10° copies per reaction. The HSN1 RNA is estimated to be approximately 1

x 10° copies per reaction.

[00168] Panel B depicts the specific detection of H5N1 avian influenza virus using
reference strains of different subtypes avian influenza A viruses (lanes 12 to 15), as well
as Newecastle disease virus (NDV, lane 16). The H5N1, H3N8, HIN2 and NDV isolates
were isolated from field samples by the Veterinary Research Institute, Malaysia, the
H5N3 and H7NS isolates were provided by the Department of Veterinary Pathology of
Tottori University, Japan. Negative signals from non-H5N1 isolates and the non-

template control (water) are shown.

[00169] A total of 145 field samples comprising of known and suspect cases from
chickens, ducks and muscovy ducks isolated from Vietnam and Malaysia during the 2004
to 2005 outbreak were tested for HSN1 RNA (Table 9). Samples ranged from pooled
organ tissues, allantoic fluid, cloacal and tracheal swabs, yielded positive results with
100% positive detection for allantoic fluid and pooled organs (Table 9) verifying the
sensitivity of this RT-PCR assay. Viral culture isolation methods were used as
confirmatory tests for all positive samples (Table 9). Homogenized tissues had the
lowest detection rate of 40%, while cloacal and tracheal swabs detected 66.7% of the
positive H5N1 samples. This variation in detection could be due to the different
efficiencies in viral RNA recovery from the different samples, with allantoic fluid

fractions having the highest efficiency for HSN1 RNA recovery and detection among the
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<220> <223> artifical prinmer <400> 73 tttgagtcgg
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Sample Type H5N1 viral Virus H5N1 RT-
Source Number culture isolate PCR

Allantoic Vietnam 58 50/58 H5N1 50/58

Fluid

Cloacal and | Vietnam 43 15/43 H5N1 10/43

Trachael

Swab

Homogenized | Vietnam 12 10/12 H5N1 4/12

Tissue

Pooled Malaysia 32 32/32 H5N1 32/32

Organs

[00170] In an effort to validate the primers further, five positive samples from the

Vietnam set were then tested in parallel with an existing in-house HS primer set and
results showed that the H5N1 primers described here (primer set 6) detected five out of
five positive H5N1 samples while the other primer set only managed to detect three out
of five (Figure 21C), indicating that the H5N1 primers described herein are more

sensitive and could detect weak positive samples with lower viral load.

[00171] In Figure 21, the following data is depicted. Panel A shows the detection
of H5N1 avian influenza virus from allantoic fluid of chickens, ducks and muscovy ducks
(lanes 1 to 11). Panel B shows the detection of HSN1 avian influenza virus from
homogenized tissues (lanes 1 to 4). Only two out of three samples were detected (lanes 3
and 4), which could be due to inefficient RNA extraction. The H5N1 positive control is
indicated (lane 5). Panel C shows a comparison of an in-house H5 primer set with new
HS5NI1 primers. The in-house H5 primer set detected three out of five positive samples
that have been confirmed by viral culture isolation (lanes 1 to 5), while the HSN1 primer
set detected all five samples (lanes to 11). The same batch of extracted RNA was used

with both primer sets.

[00172] Example 5: Detection of H5N1 and H5 Influenza A Virus using Real
Time PCR and One-Step RT-PCR Reactions

42



gaaat acaat ggcataataa cag 23 <210> 79 <211> 23 <212>

DNA <213> artificial <220> <223> artifical priner
WX2@8/121387 gaaat acaac ggcat aataa cag 23 <210> 8PCHA1085/000187

23 <212> DNA <213> artificial <220> <223> artifica

primer <400> 80 gaaat acaat ggcatgataa cag 23 <210> 81

<211> 22 <212> DNA <213> artificial <220> <223>

artifical primer <400> 81 cctaattatc attacgagga at 22

<210> 82 <211> 22SEQUENCE LI STI NG <212> DNA <213>

§00173] ci al REP2Rexpetdrontsandre hér€odinedid d¥BdribsdBdve 8ging both the
R e T T R
sAROTandGibeg RA@L.t acc act at gagga gt 22 <210> 84 <211> 22
[00174] Experiments detecting HSN1 used the following primer sets directed
against the NA gene of H5N1 subtype: (9) gisAFH5N1N1aF and gisAFHSN1N3aR; (10)
gisAFH5NIN1aF and gisAFHSNING6gR; (11) gisAFH5N1N1aF and gisAFH5SNIN7bR;
(12) gisAFHSNIN2aF and gisAFHSNIN3aR; (13) gisAFHSN1N2aF and
gisAFH5NING6gR; (14) gisAFHSN1N2aF and gisAFHSNIN7bR; (15) gisAFH5SN1N4aF
and gisAFH5NING6gR; (16) gisAFHSN1N4aF and gisAFH5N1IN7bR; (17)
gisAFHS5NIN5gF and gisAFHSNIN7bR; (18) gisAFH5NIN8bF and gisAFHSNINOaR;
(19) gisAFHSNINSDF and gisAFH5SN1N11bR; and (20) gisAFH5N1N10aF and
giSAFH5NIN11bR. The expected fragment sizes were 120 bp, 315 bp, 452 bp, 111 bp,
306 bp, 443 bp, 217 bp, 354 bp, 158 bp, 119 bp, 271 bp and 172 bp, respectively. The
amplified products were run on a 1.0 % or 1.5% agarose gel and visualized by ethidium
bromide staining. For all reactions, QS 1 = 1000 ng/ul, QS 2 =100 ng/ul, QS 3=10
ng/ul, QS 4 =1 ng/pl, QS 5= 0.1 ng/pl, QS 6 = 0.001 ng/pl and NTC = non-template

control, respectively.

[00175] Figures 22-33 shows the results of real-time PCR experiments using
primer sets 9 to 20, respectively. For each of Figures 22-33, Panel A shows the
amplification curve and RNA standard curve for various concentrations of in vitro
transcribed RNA template, Panel B shows the melting curves and Panel C shows the

agarose gel visualization of the PCR product.

[00176] Similar real time PCR experiments were performed using the following
primer sets directed against the HA gene of HSN1 subtype: (21) gisAFH5N1H9F and
gisAFH5N1H11cR; and (22) gisAFHSN1H13F and gisAFH5N1H16cR; and the HA gene
of HS subtype (H5N1, HSN2 and HS5N3): (23) gisAFHS5H1aF and gisAFH5H2aR. The
results obtained with sets 21 and 22 are shown in Figures 34 and 35, respectively, and the
results obtained with set 23 are shown in Figure 36, where a. and b. are the results for
H5N2 and H5N3 RNA isolates, respectively. For these figures, Panel A shows the
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melting curves and Panel D shows the agarose gel visualization of the PCR product. The
standard curves were generated using the LightCycler software based on QS1 to QS5,

which are quantified amounts of in vitro transcribed RNA standards.

[00177] Next, one- or two-step RT-PCR reactions were performed using selected
H5N1 NA primer sets (sets 10, 11, 13 and 16 using one-step; sets 12 and 15 using two-
step) (Figures 37 to 42, respectively) and one- and two-step RT-PCR reactions were
performed using the HS HA primer set 23 (Figure 43 A and B, respectively), as described
above. The results were visualized using 1.5% agarose gel stained with ethidium

bromide, as shown in Figures 37 to 43.
[00178] Example 6: Real Time PCR Method using the Tagman™ Probe System

[00179] A master mix was prepared in 1.5 ml reaction tubes on ice by adding in
the following order: 1.3 pl of 50 mM Mn(OAc),, 8 ul of 1 pl probe, 1 pl of F Primer, 1
ul of R Primer and 7.5 pl of LightCycler RNA Master Hybridization Probes. The master
mix was gently mixed and 18 pl transferred to precooled glass capillaries. 2 pl of RNA
template was added and the capillaries were centrifuged at 700 x g for 5 seconds. The
capillaries were placed in the rotor of a LightCycler™ instrument and cycled using the

programs set out in Tables 5 to 8, with 45 cycles for Program 7.

[00180] Real time PCR was performed using the Tagman™ (Roche) system of
detection. To detect the HA gene of subtype HS5, the following pair of amplification
primers was used: (24) gisAFH5H1aF and gisAFHSHTQR, along with the TaqmanTM
probe gisAFHSHTMP. To detect the HA gene of subtype H5N1, the following pairs of
amplification primers were used: (25) gisAFH5N1HTqF1 and gisAFHSN1H11cR; and
(26) gisAFHSN1HOF and gisAFH5N1HTqR1, along with Tagman™ probes
gisAFHSN1HTMP2 and gisAFH5SN1HTMP1, respectively. The Taqman™ probes were
labelled with the reporter fluorophore 6-carboxy fluorescein amidite (6-Fam) at the 5°
end and with the quencher tetramethyl thodamine (TAMRA) at the 3’ end. The
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Table 10: Tagman™ Primers

SEQID Start
NO: Primer Nucleotide Sequence (5’ to 3%)
115 gisAFHSHTMP 79 6Fam- AAC TCG ACA GAG CAG GTT

GAC ACA ATA A -TAMRA

116 gisAFH5SN1HTMP1 840 6Fam- TAT GAA AAG TGA ATT GGA
ATA TGG TAA CTG -TAMRA

117 gisAFHSN1HTMP2 854 6Fam- TGG AAT ATG GTA ACT GCA
ACA CCA AGT GTC A -TAMRA

[00181] Example 7: DNA Microarray Using Primers

[00182] Particular primers of the invention were used in a DNA microarray
(Attogenix, Singapore) to detect RNA from H5 and H5N1 isolates. Briefly, various HA
and NA primers, specifically H5 (gisAFH5H1aF and gisAFH5H2aR), H5N1
(gisAFH5N1H2aF and gisAFH5N1H4R), and NA H5N1 (gisAFHSN1N2aF and
gisAFH5N1N3aR) were immobilized on a solid surface (GAPDH was used as a positive
control for RT-PCR). The microarray was then probed with sample NA or HA transcript
RNA, or both, and binding of the probe to the primer in each spot in the microarray was
detected using Sybr Green fluorescent probe to detect double-stranded nucleic acid.
Results are shown in Table 11. As can been seen, the NA transcript was detectable at
lower concentrations than the HA transcript, indicating that the NA primers used are

more sensitive than the particular HA primers used.

Table 11: Detection of NA and HA Gene Transcripts using DNA Microarray

Ct Value
Sample Primer HA H5 | Primer HA H5N1 | Primer NA H5N1 GAPDH
negative nil nil nil 36.15
NA RNA nil nil 20.35 34.36
(20 ng)
HA RNA nil nil nil 35.71
(20 ng)
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LI STING <400> 97 attcctcgta atgataatta gg 22 <210> 98
<211> 22 <212> DNA <213> artifi cial <220> <223>

aQRiff&kal pringgr <400> 98 g&gccicala gl ggiaatita §g 2280
<m 1§9|<211> 22 <2[12> DNA <213> prtificial <220>
<%§§€ch?” i fical prl ner <ﬂ9?n99,\?.9t cctcata gtggtaatta
AZFO>IqQg=2 12278 %3> DA nil 34.80

(200ng)

HA RNA 38.95 20.97 19.74 33.14
(100 ng)
+ NA RNA

(10 ng)
[00183] As can be understood by one skilled in the art, many modifications to the

exemplary embodiments described herein are possible. The invention, rather, is intended

to encompass all such modification within its scope, as defined by the claims.
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<213> artificial <220> <223> artifical primer <400>
100 attcctcata gtggtaatta gg 22 <210> 101 <211> 22
w2032 DA <213> artificial <220> <223> arti f i Pel/SG2005/000187
primer <400> 101 attcctggta atgataatta gg 22 <210> 102
<211> 22 <212> DNA <213> artificial <220> <223>
artifical primer <400> 102 attcttcgta atgataatta gg
22SEQUENCE LI STING <210> 103 <211> 22 <212> DNA <213>
artificial <220> <223> artifical prinmer <400> 103
attcctcata gtgataatta gg 22 <210> 104 <211> 21 <212>
DA RBIGEABMEDfISci al <220> , <223> artifical priner
<400> 104 gtctccgaaa accccactgc a 21 <210> 105 <211>

érli :rgl% %1'>imer com?:)%%l%g a z3<£qtu|e1];cle B grlly éx%% §Eé%6%\?0 3 S]fib %8 INO: 114.
2. The primer of claim 1 wherein the primer consists essentially of any one of the

sequences of SEQ ID NO:1 to SEQ ID NO:114.

3. The primer of claim 1 wherein the primer is any one of the sequences of SEQ ID

NO:1 to SEQ ID NO:114.

4. A primer comprising a target annealing sequence and a non-influenza A virus
sequence, wherein the target annealing sequence comprises a sequence of any one of

SEQ ID NO:1 to SEQ ID NO:114.

5. The primer of claim 4 wherein the target annealing sequence consists essentially

of any one of the sequences of SEQ ID NO:1 to SEQ ID NO:114.

6. The primer of claim 4 wherein the target annealing sequence is any one of the

sequences of SEQ ID NO:1 to SEQ ID NO:114.
7. The primer of any one of claims 1 to 6 further comprising a label.

8. The primer of claim 7 wherein the label is a fluorescent label, a chemiluminescent
label, a coloured dye label, a radioactive label, a radiopaque label, a protein including an

enzyme, a peptide or a ligand.

9. A method for detecting influenza A virus subtype HS or H5N1 in a sample

comprising:

amplifying DNA reverse transcribed from RNA obtained from the sample using one or
more primers each comprising a sequence of any one of SEQ ID NO:1 to SEQ ID
NO:114;

and detecting a product of amplification, wherein the presence of the product of

amplification indicates the presence of an avian influenza virus subtype H5 or H5N1 in
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<400> 105 gtctccgaaa actccactgc a 21 <210> 106 <211>

21 <212> DNA <213> artificial <220> <223> artifica
w@eingae136400> 106 gccgtattta aat gaaaacc ¢ 21 <PADSGA0F 000187

<211> 21 <212> DNA <213> artificial <220> <223>

artifical primer <400> 107 gccatactta aat gaaaacc c

21SEQUENCE LI STING <210> 108 <211> 21 <212> DNA <213>

artificial <220> <223> artifical prinmer <400> 108

gccatattta aatgaaaacc c¢ 21 <210> 109 <211> 25 <212>

PAamgd3> artificial <220> <223> artifical primer

<400> 109 ctcccgetrt akcctgacca atcag 25 <210> 110

1 1> 25 13 f
61T TriEamefad dhePin g0 ein ek protiyRpse ARauphaata gpege
geaus et SELLID NO:1 to SEQ ID NO:114.

11.  The primer of claim 9 wherein each primer is any one of the sequences of SEQ ID

NO:1 to SEQ ID NO:114.

12.  The method of any one of claims 9 to 11, wherein said amplifying comprises

using a primer set, the primer set comprising

(a) one or more reverse primers each comprising a sequence of any one of SEQ ID
NO:32 to SEQ ID NO:55 and SEQ ID NO:113, and one or more forward primers
each comprising a sequence of any one of SEQ ID NO:1 to SEQ ID NO:18, or

(b) one or more reverse primers each comprising a sequence of any one of SEQ ID
NO:56 to SEQ ID NO:71 and SEQ ID NO:114, and one or more forward primers
each comprising a sequence of any one of SEQ ID NO:19 to SEQ ID NO:31 and
SEQ ID NO:112, or

(c) one or more reverse primers each comprising a sequence of any one of SEQ ID
NO:94 to SEQ ID NO:111 and one or more forward primers each comprising a
sequence of any one of SEQ ID NO:72 to SEQ ID NO:93;

wherein the presence of the product of amplification indicates the presence of an avian
influenza virus subtype H5 in the sample when said primer set comprises (a), and
wherein the presence of the product of amplification indicates the presence of an avian

influenza virus subtype H5NT1 in the sample when said primer set comprises (b) or (c).

13.  The method of any one of claims 9 to 12 further comprising the step of reverse
transcribing RNA obtained from the biological sample using one or more reverse primers
each comprising a sequence of any of SEQ ID NO:32 to SEQ ID NO:71, SEQ ID NO:94
to SEQ ID NO:111, SEQ ID NO:113 and SEQ ID NO:114.

14.  The method of claim 13 wherein said amplifying and said reverse transcribing are
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<211> 25 <212> DNA <213> artificial <220> <223>

artifical primer <400> 111 ctcccgctat agcctgacca atcag
WQ@200821057 112 <211> 26 <212> DNA <213> arti fi cPal/S&2R8D00187

<223> artifical prinmer <400> 112 gggactcaac aattat gaaa

agtgaa 26 <210> 113 <211> 25SEQUENCE LI STING <212>

DNA <213> artifi cial <220> <223> artifical priner

<400> 113 ggcatgtgta acagtaacgt tcttt 25 <210> 114

<211> 24 <212> DNA <213> artificial <220> <223>

peffdriea &l a priglemactiohQfixtulel 4 cattggagtt tgacacttgg tgtt
24 <210> 115 <211> 28 <212> DNA <213> artificial <220>

23> rt| r <22 feature <223>
T35t R ebod §anf ob B ERENZ o Resth i SRS G
blimenraaéicliea aghuageagHEBEQMD N@Cﬂﬁb SEQZB) NQF6 andl.SEQ ID NO:113;
SEQ ID NO:56 to SEQ ID NO:71 and SEQ ID NO:114; or SEQ ID NO:94 to SEQ ID

NO:111.

16.  The method of any one of claims 12 to 15 wherein said one or more forward
primers each has the sequence of: SEQ ID NO:1 to SEQ ID NO:18; SEQ ID NO:19 to
SEQ ID NO:31 and SEQ ID NO:112; or SEQ ID NO:72 to SEQ ID NO:93.

17.  The method of any one of claims 9 to 16 wherein the step of amplifying
comprises amplifying by PCR amplification.

18.  The method of claim 17 wherein the step of amplifying includes a hot start.

19.  The method of claim 17 or claim 16 wherein the detecting step comprises

detecting by an agarose or acrylamide gel.

20.  The method of any one of claims 9 to 13, 15 and 16 wherein the detecting step

comprises detecting by real time PCR.

21.  The method of claim 20 wherein said detecting by real time PCR comprises
detecting with a detection probe having a fluorophore at the 5’ end and a quenching

molecule at the 3’ end.

22. A method of detecting influenza A virus subtype H5 or H5N1 in a sample

comprising:

contacting the sample with a primer immobilized on a support, said primer comprising a
sequence of any one of SEQ ID NO:1 to SEQ ID NO:114, under conditions suitable for
hybridizing the primer and the sample; and

detecting hybridization of the primer and the sample.

23.  The method of claim 22 wherein the primer consists essentially of any one of the
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<211> 30 <212> DNA <213> artificial <220> <223>

artifical primer <220> <221> m sc_feature <223>
wo@sfizsd7 at 5° with 6-FAM and at 3' with TAVRRCHEGD®S5/000187

116 tatgaaaagt gaattggaat atggtaactg 30 <210> 117

<211> 31 <212> DNA <213> artificial <220>SEQUENCE

LI STING <223> artifi cal prinmer <220> <221>

msc_feature <223> nodified at 51 with 6-FAM and at 3'

with TAMRA <400> 117 tggaatatgg taactgcaac accaagtgtc

Rquidhces of SEQ ID NO:1 to SEQ ID NO:114.

24.  The method of claim 22 wherein the primer is any one of the sequences of SEQ

ID NO:1 to SEQ ID NO:114.

25. A method of detecting influenza A virus subtype H5 or H5N1 in a sample

comprising:

contacting the sample with a nucleic acid microarray, the nucleic acid microarray
comprising one or more primers, each of said primers comprising a sequence of any one
of SEQ ID NO:1 to SEQ ID NO:114, under conditions suitable for hybridizing the one or

more primers and the sample; and
detecting hybridization of the one or more primers and the sample.

26.  The method of claim 25 wherein each of said one or more primers consists

essentially of any one of the sequences of SEQ ID NO:1to SEQ ID NO:114.

27.  The method of claim 25 wherein each of said one or more primers is any one of

the sequences of SEQ ID NO:1 to SEQ ID NO:114.

28. A nucleic acid microarray comprising a primer, said primer comprising a

sequence of any one of SEQ ID NO:1 to SEQ ID NO:114.

29.  The nucleic acid microarray of claim 28 wherein the primer consists essentially of

any one of the sequences of SEQ ID NO:1 to SEQ ID NO:114.

30.  The nucleic acid microarray of claim 28 wherein the primer is any one of the

sequences of SEQ ID NO:1 to SEQ ID NO:114.

31.  Akit comprising a primer according to any one of claims 1 to 8 and instructions

for detecting influenza A virus subtype H5 or H5N1 in a sample.
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