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DNA Array Analysis as a Diagnostic for Current and

Emerging Strains of Influenza [0001] This application
w@b@snsissthe benefit under 35 U.S.C.  119(e) of PQA/BS2007/060706

provi sional patent application serial No. 60/759, 670

filed on January 18, 2006 and U.S. provisional patent

application serial No. 60/784,751 filed on March 21,

2006, both i ncorporated herein by reference in their

entirety. ate to
conmposi ti DN net hod Aﬁgﬁ aénﬁhg gq%tion and
it oneRc A and Kiger yaing ofskpfiuenza

enbodi nment s, |anuenza types, such as A, B and C nay
be distinguished fromeach other. In certain
i nf -
ooot TSRO B FABL MRS O (AL SIS NG B provisiona e

applloefmoghrfﬁENb 60/N89, 620 ﬁled ®nIhufivary $8,X006 _Hd Weh 2roAsighdl patent
strngurshe from each ot her. BACKGROUND 0003]
apphcraiwli r:r‘éw&laioi QO/%¢ & k HisApr el 144408 bath encogposapdiherein by

ferehdPEShéy o nd C. The types are distinguished by the
fetere 60iﬁeopr%tgiﬂ% antigenicity. Types A and B are the nost

clinically significant, causing mld to severe
FIELPespiratory illness. Influenza B is a human virus and
does not appear to be present in an ani mal reservoir

[0002!)%@%131 @{:n\l/e&lrﬁsuﬁerem ﬁlaizzel ta ﬁnlglgé)%{] S, e 88%%7&9 Slmaraéus for detection and

differé@REAMONGsS oflifflhdheNZ sﬁnw@nt%deﬂ@ms GRfMcz typeS QYA &, B and
of negative sense SsSRNA pe A viruses can al so be

C maybg figaeruiice figm ¢aghmitlers i[rb@%ri@eserei?pdﬂment&a%lbsfper of ijffuenza A
[ tiei
sy B B G gl SRES RIS parETRAG . M B g of
influchtf Aulxuy pes bediésingniaheidfrdin atthothergh H15) and 9 NA
subtypes (N1 through N9) all of which can be found in
wi | d 8 Eatic birds. O the 135 possi bl e conbinations
BAC NA, only four (HLNL, HIN2, H2N2, and H3N2)
have widely circulated in the human popul ati on since
(0003} neuéhrds amhsmwéwhﬁ%ﬁr ek généras@pesﬁleBt MY OOFhe types are
conmon subtypes of influenza A curréntly crrculating
distingyishedyrtherave pupeicmtanpiacrieisy. HRNRS dnandHl pie, the most clinically

significant, causing mild to severe respiratory illness. Influenza B is a human virus and does

not appear to be present in an animal reservoir. Type A viruses exist in both human and
animal populations, with significant avian and swine reservoirs. Influenza A and B each
contain 8 segments of negative sense sSRNA. Type A viruses can also be divided into
antigenic subtypes on the basis of two viral surface glycoproteins, hemagglutinin (HA) and
neuraminidase (NA). There are currently 15 identified HA subtypes (designated H1 through
H15) and 9 NA subtypes (N1 through N9) all of which can be found in wild aquatic birds. Of
the 135 possible combinations of HA and NA, only four (HIN1, HIN2, H2N2, and H3N2)
have widely circulated in the human population since the virus was first isolated in 1933.

The two most common subtypes of influenza A currently circulating in the human population

are H3N2 and HINI1.

[0004] New type influenza A strains emerge due to genetic drift that results in slight changes

in the antigenic sites on the surface of the virus. Thus, the human population can experience
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[0004] New type influenza A strains energe due to
genetic drift that results in slight changes in the
W@nioBQRMBC sites on the surface of the virus. ACUES2001650706
human popul ati on can experi enceepi dem cs of influenza
i nf ection eve ear. Mre drastic enet| changes can
cpideiigs gf in “ﬁn%ﬁwm%fl BEWE Y& f Or(aéi“bgﬂaga%eﬂucr? e §%b nan
antigc®fc ik BNeHaREe NAhe 5@&%5 d19A laRd/Br N%Wr@éﬁﬁhﬁgﬁﬁ a%ﬁxaskﬁb%/p@fcapable
rapidly spreading ina susceptibl e popul ation.
of rapudiﬁ brreading i a/suscrptibic opuBitinas To¢ inflienzdiAlvirgs bf %blé \ambf the

T T

seroarci@o %@) Vhdt Wed béentthe dbrmRnt 19 Wl Bifus 9 the Ml DIV Glasibh. f Antigenic
nost Tikely arises fromgenetic reassortnent when two

shift rapst fikelyprisesuay gercticipweertment veepdwe dliffereBsubiypes ifachthe
same gegg ﬁi%%ct%g%erk{)ugdg g%fﬁhg Snfgﬁmaieo%ﬁg gtoireQi 18' %&% @%Pa?é gegﬁen s, gckaging

of neV{/ S'lrfo(ﬁ@ Mithat & 6gl thuois déﬁlfc&tﬁ@ﬁwdldllffe&ﬁﬁwhﬁ;eg (e.@ninaviadnype A and
pe A and a human ty can result in a virus with

a humén rtarB@tAu)r @ngesufdp @<yigup &mheaa@Wﬁ of Benes af%%@ac\huqf {RsgRarent viruses.
This ;ggﬂrésu dRb 62 H{Eerﬂecthgmgl‘?l ‘t%/;\ghl@ﬁ ﬁb@ﬁ‘ R 1l?r¥ac roteln? (and some

| ke surface ot el ns n er na
internalb ngpglp@pratiaigenge laplse)areaippelafr emsemrespmsxhlaf fmselse 1957 (H2N2) and

nsi bl e. for, the 195 and.1968 H3N2
1968 {1 SRR ndirich This ST or AT gTace dcde lea Siyaing nogsikilty as
showrQBQ ﬂief}gceﬁapaﬁiemahbé ¥f @SN3 RO Mt st hvage Nt ap pearance

HLIN2 reassortants worl dw de. [0005] Subtypes are

suffl ciently different as to nmake them
[0005h Snbtlypersae sefEicicudy mffemem @8 freekg @e@mngémsceab@mwl@ fespect to

antlge?ﬁcl beﬁlawrom@ ],Oi‘ 91{}?0\3{0%1n0 one skflggyé@ %—é ﬁa%ﬂ)ﬂfa%l } df[ﬁ rﬂo 1 %1 ity to

anoth@f(c@r BISBIRR AR tig thist Iyck dSE&Iros%fda@Mﬁty&hMbbvsSMﬁiv&]%bty@e to becorne
beconme pandem c as it spreads through an
pandeperi sRigresdiropgh &t @n@@mlpatcaléhna%p@matws dn ge case of

poputh(i)qu (1:]1@51 O0Sordtdkt ﬁsltp?esclﬂ LSCﬁngantl AK ?Hf e@&slg(fuaeﬁﬁg GfiL eﬁrance ofa

nse ue ance o
new swlntypas en/pmwshsly udzbanﬁed mecdﬂa:tmgcstﬂaﬁis icAig h&ter@mﬁcana nor’rsaoyteences for

.S ficant (g0 uences f ublic health in general
Pubh‘ali‘f‘g%é‘f gfsE apié%‘fgwrpég@r? tHaEmuEﬁ.‘f. [ 0006]
Al t hough rel atively unconmon, it is possible for

[0006] AHAIHB vt HARESmihoR! ft & PisibR fof ABSuBTanliAQMBNEN Al dtrains to

natural " reservoir to humans. In one exanple, the

transfm fpmyhdiethagiralPoersgriadrg hamaaﬁ foreegaamaleotie tbmg:bék leithpl Hong

Rumans ue. ta an yenza A
Kong aﬁla{l V\%uengah O@érege H rnanstlil| ? oca peotg 1n pe(%%l ?ga]%liy% }1 virus that

was afbpidb@tc ﬁlltliﬁi‘locaﬂpoﬁltw popsilakioh hethastinte. Ofl"his hﬁ'ug- RilRatsixestithe 18
shown to have been infected.

patients shown to have been infected.

[0007] Annual influenza A virus infections have a significant impact in terms of human lives,
between 500,000 and 1,000,000 die worldwide each year, and economic impact resulting
from direct and indirect loss of productivity during infection. Of even greater concern is the
ability of influenza A viruses to undergo natural and engineered genetic change that could

result in the appearance of a virus capable of rapid and lethal spread within the population.
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[0007] Annual influenza A virus infections have a

significant inpact in ternms of human |lives, between
wG®s08B3@and 1, 000, 000 di e worl dwi de each yearPCHIOS2007/060706

econoni c inpact resulting fromdirect and indirect

SsS prod ctivit durln i nf ection. eve reater
lﬂﬂﬂsigﬁ%@?we rgost ifzamghic) 634? RNy YA 4y, Ssea g - Spamish Flu”
pandeHrﬁQ §f g@lgnmmr ah @pqmﬁrawe&e %ét%eﬂ QG ghd %0 ﬁﬁﬁi@ﬁ%eé 8ldied from

coul result in the appear ance of a virus capa e of
influenzge Mdtheamcbstuemﬁdlons piftbad the woildl's phpulpiagyuingiciadn. Tho 008} that
drammati c events in nza,hi. st or "
cause e P ulRR iR TR sk oY Rtehs Sl AR T S8t Rthgilicy t
kill prleﬁlohﬁ? %eilh@ryoang edllis. betwean: 28 rﬁﬂ@hr%vaﬁkib%ds@ﬁbdﬁf@omb €irus near
rominfluenza, with an estimated one fift

the engliod Wienld Was LowibuB&eioshS #rmycdeaths bﬂrlﬁ\eeemlPh%altdwh%l%hl@é@d
1nﬂueb%a 1n§9; ffsﬁlgéalu c %({.[.\ﬁss%\};éghl ﬁratgsg{ tg'(f ;é%%ﬂlrﬂi ?ﬁjso%qg’ P/at@cﬁ%elnyand

becaubethk thbyenyigixgstafdu kHeSviruk o bagénetitdls, é@lﬂﬁefddtlﬂtfomo\wleorms,
devastated by the virus near the end of World War |

influegza £ reRyescats wrla\aww%fs@%coe%ﬁt%en 1918 and 1919 due
to influenza infection. Because it is a readily

[0009! CRRSA fubBE and §diOR I bndirh BOLNEe Bas9ERer AR J18GRHEENic

~the potential exists for the virus to be genetically
strain ofi gifluerzaedt dtintr pathogetic bonerspathedenicennacsrereipsesmethed éor the

rapid B AT RRARR GTRRS 0B ebred enBF hiRads boghes or

viruseR2NA @B3Cexgdts Rir imPloved b0 2o gRbsio FreR IRALN PB@ o Cofirol and
non- pat hogeni ¢ viruses requires a method for the rapid

monitgethe i nnmaet andemednt pdan psharamal eab withinthed) .St and Worldwide.
exanpl e, the type and subtypes of the viruses. A need
SU“dﬁﬁ&ﬁ&S for inproved genetic diagnosis for influenza
=——vrrus to control and nonitor the virus' inpact on
human, avian and aninmal health within the U S. and
[00010pr | dwEdebod BhividNiRYeih Go@ia] foEmﬁnblmbdeq)dsﬂeioes andappatatiefor

for t hods, osi tions. and appar at.i r detecti
detectg}go%fﬁfor&%&ﬂﬁgg ﬂ% ROFREN ST e S IR 2Rn pabbairtemedis
comp&IHRAI A8 R Sara i hRRIR: fof 8BQRIstan @RS dABAo EtddBnce of influenza

prOV|de for det ecti ng and/ or dlagn03|ng the presence

virus. ol gthdr|cadodaneanits, ths, detemtlgn h@d/oeqlnbgimsmgm}sextmdeto identifying the
det ect i and/ or na extend to identifying

type. §ipbTEyBEor S Ph TR S e Pl ensa vi r s
present in a sanple. [00011] Sanples contenplated in

[0001$pe eShegicresitsmpRyed iNGbid mBBYinfANhLy fnkhide an binEl6 trom a
suspect ed of having influenza virus, including but not
subjeqtjspspeetgd ohhaving BihNERZRndRlsy including but not limited to, nasopharangeal

washes, expectorate, respiratory tract swabs, throat swabs, tracheal aspirates, bronchoalveolar
lavage, mucus, saliva or a combination thereof. Other samples contemplated herein may
include but are not limited to, air samples, air-filter samples, surface-associated samples and a
combination thereof. Subjects contemplated herein can include, but are not limited to,

humans, birds, horses, dogs, cats, rodents and swine.

[00012] One embodiment concerns an array that includes a plurality of capture probes
bound to the surface of a solid substrate (e.g. FluChip or MChip) or suspended in a solution.
In accordance with these embodiments, the capture probes are capable of binding to

oligonucleotides comprising at least a portion of a nucleic acid sequence or complimentary
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washes, expectorate, respiratory tract swabs, throat
swabs, tracheal aspirates, broncho al veol ar | avage,
wOorwess483@l i va or a conbi nation thereof. O herPGHDF108%060706
contenplated herein may include but are not |imted
air sanp air-filter sa

nucleig gt iReRuGEE B B el &6 o4 Mebre M BisBRHRIS o PRRF BRIy
methoauml e dﬁca@ﬁﬁélﬁ&@é ﬁiu?adlti?‘ 8f @dp@ul’@ PRl 6ot tRUurREEoNPlolid
limte humans, biTds, horses, dogs, cats, rodents
substrawdarewmeded[ m@@mﬁqtlomélemth@ ghpterstprolsces eapabla of bmi}ng to
i % ncl udes. a Qiura qgﬁure.g r obes boun 1 "
° lg"“t“ﬁ OEﬁ?SfCQEE’r‘SPgé‘ G P2 %%??aa‘t‘ ey SHYER Y Cé’lmp tmentary
nucleiabidiq@incs Us P singRdargbt @ns Qbdthd®Bf ohdorAGERIIARNGEa Wrh At least
these enbodi nents, the capture probes are capabl e of
a portignaditheynucdeiongig sefluenesstorr & luds rponscsyadgegions eide siagle target
| i e . . .
zenc HAAR Hecfiis) B Erdf GoRBRYSNEBAEE piobe i aupbls ghpingine o
and 1rﬁm&b1<hIng’lNI‘éA inff1¢ g3 d ad Iniiﬂhﬁnzd Vin@Nep& % ebippaoystrmmi. hI(hda,ddition,
an array can include a plurality of capture Erob )
an arrgy efifuftger ingluds posidys 3611‘1/05 ngeAtivg °§9‘6%1§ .baw torthe e emaby solid
subsirpft, FHER B, AIRESHDS, GERR IR PhARGE: 6 & GARA0L Findhe o
partlcp]@r viron Toé amaynmey &t @ naicrodrrs g qua nuidti-ohannohmpicrowrityar y
nucl ei c acid sequence of a single target gene segnent
nor.e .i nfl uenza virus

100013}, " s PRt i e by S B B ir dtection

and/of §85IRE, Qfg Lt a§ b PGl HigMg %bpeﬁ@t%@) 0k Flﬂdlﬁ%m @pa@hgehay
genes. In certain exanples capture prope 1s cap abl'e

compig§e aommn@afgaﬁ%lﬂaﬂ@ ¢rnﬁ@t1§|a|tta<zhedgaﬂm mb@mp@ﬁe @f bladamg to
ohgoﬂu@ eng& rlrs#% ait%e%gt’ Li!'ﬁ(tny ) 19uc1 i aad Qequl or oﬁaltxp(fﬁlnentary

an array ude OSI Ive an

nucleie eeidmh@enb@ uhotcothtuld eneswrgeageleoflna psefeired emb@dlﬁehte the
These controls can be used to _confirmthe conditions
FluChap ™Appaiaf usym$¥q0 BT iPA § Sopapt ueh sequepsgsu dhe PRt urgrprabes

Y HE R PRt O W st oY oy

sequehas fromi | venoac types,lsuldepacamdkm staanad of influagaosus, (e.g
such as a "FluChip(tm" apparatus). A FluChip(tm

par at us Cc rise a ncroarra or nore . .
100013PP 5 AU EERY e B Bt s P OH b 1 e exdup Consistng
of infRABON HBINSOt{ TR BzCRAMPIN 1S laR@ adibn iFRShza2A BN ON of a

nucl ei ¢ aci d sequence or conplinentary nucleic acid

sequence of nore than one target gene. In a preferred

[00018hbodi Fere enibRdinmngampy (nekde ahpanuslqesidepiiatcesnpnglade, bgt are not
lirnite? 'EE[e%E%‘:Rﬂ%H&{? &g&?&g fgc;i US({L‘?}B&""@I é&éyﬁalﬁ?ﬁe%?agfl P@él&%%*c‘%d
sequetydfiadtaet pérkclfoue bﬁln@real@ﬂdenza B strains. In accordance with these
embodiments the influenza type, subtype or strain can be distinguished from one another. In
addition, any array contemplated herein can include capture probes selected from sequences
listed in Table 3, Table 4, Table 5 or a combination thereof. In addition, the capture and
label probes indicated herein are interchangeable, thus sequences listed as capture, label or
combination thercof can be used to create an array. In certain embodiments the array

contains 100 or less capture probes (and/or label sequences) bound to the surface of the solid

substrate.
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sequences from1 or nore types, subtypes and/or

strains of influenza virus [00014] In certain
wepeds4sent s, i nfluenza virus is sel ected fronP€TES2007/060706

group consisting of influenza A H3N2, influenza A

d avi nfluenza A HSN1. [00015] .So
(00018 odl mrge ﬁ%@odﬂlﬁl&m{ﬁd@ BIYgéh EE Ibg{ﬂdro easgoélﬁéiﬁfs(’ir&f? In
accorddeb UGG, th&d tenl%B@m'ib%s LisHhid Qe canaﬁlciu‘a@%ut & RRNIRA (9f glass,
a nucleic acid sequence or conplinentary nucleic acid

plastig @qlsrenr@eat@d sebstrategmpcrgmodecole- @ﬂ‘@d@nbmee phuticlesdreads, B

str.a cordance with .t se enbodi
micropyiElsSninist o REs Aeiai fuhittadena FoBTReuad: it comination
theredf!’ OMdRYYSr8ANANREbodiieR0EE Chiine pRoBEs Ak &/ toCOR e ¥Rbdtagdeach can
herein can include capture probes selected from

be indiwiduadbycdeut § & abgui 2\00@@@“@65 (nn dength, Thewtd 050 gpoyg 150 nt in
lengtq, g@:g]’t Q@&% gl%utt IT% fifi fn lergg@lﬁ gg%otult 200 &‘J&%t %’aﬁtt & &21? d

es i ndicat in are I nterchange
t hus sequences |isted as capture, | abel or conblnation
[00017her eofOne @mbbéinise dorcersracattod forartacyng 4 pluedity af eapture probes

nbodi nents .the arr conta ns. 100 or | ess capture
toa S‘ﬁldogb‘g%”(t%\ﬂ&faﬁ to Fprt ns?é’f:?é{ew gein tg% GRS AL fapaRlg of
bindirf totohlgoﬁfélléo%d%" ik t00Q805 01kiBn 82T RuAFRAdII B chce B

array can bound to a solid substrate. In accordance
comphmtmammwélcem@ skiquentef agarpet gahe of ohacemorerstiams|ofdd]uenza

e, SiibatsbBbin 1B blier bl S RrsBrdibd furgdiceh SO g o

portioR &RE SuiclcHcRPRGhd itk @8 corﬂbl@ﬁl@tﬁ%qﬁwle@d 254 bglienddBRAAQh6t gene
beads, paramagnetic beads and a conbi nation thereof.

selectgchfromethe aroup cansting i bamaeelutinin NHAc@m: §eemetbewaminidase (NA

gene Aeg ﬁtqg&?trﬁ é)%gte nd(%/g g'? f]’ehs% nen tsges %%?5)1%?‘[16 %'e%’e{)ﬁ ul%l len% d)artlcular

emboditheh tiadslifond&Botittes contb @PBIdY, headif Uin A0IudO aﬁl@@sﬂta pb&bndf a
in Jength or about 10 to about 75 nt in length
nucleie @9@18?3111@% obtisdH BB @@ﬁe@%@aracq%%rt%wdﬂa@maﬁlﬁ aligenygleotide

conte@gf&#e‘dﬁf%!rélﬁ X?@fnc&ﬁgta#fegst Ry %\Aﬁo% 31 Iﬁlcﬁe ol 4y §éﬁr9§ﬁéeacﬁ?he M gene.

orman array e capt rob
are capabl e of binding to ollgonucleotldes conpri si ng
[00018} | eadt addippar, timbndipients eooh evuccasi Wetbedpulendegedmg influenza in a

sarnpl%,? tﬂgl | t ar i/\% C)l, ein%ascfald = e%gc %1)157 ﬁ%&l}g %elbﬁggg?ef capture
probe§td lfl‘bﬂuce-ré"'t@stcﬁlrﬂa? ORKGLiRakd Q@tsarfh‘?%ﬁ{ﬂﬁ's@st £EhpABE BidbeGamMple
i nclude at |east a portion of nucl ei ¢ acid sequence

Compl@r( vdsmphd sretplaeqntaine ded lagoeﬂgcldotsctecRMQII@fat deaptagr pration of a

nucle 1% ssei%llet%%g (oel(r:I c?f {pnéenﬁagry%rélgfrérfe)cnafc?c{] sseI ?é%ﬂrcn %f a. tegget egetlmf ong or
more 1nﬂuenza virus; and b) contacting the test array with one or more detection probes to
produce a labeled array, wherein the labeled array comprises a target-probe complex when
the test array comprises the capture-probe complex, and wherein the presence of the target-
probe complex is indicative of the presence of influenza virus in the sample. In accordance
with these methods, the array can include a plurality of capture probes comprising at least a
portion of a nucleic acid sequence or complimentary nucleic acid sequence of a target gene of
one or more influenza virus. In certain embodiments, the presence of influenza virus in the

sample is determined by detecting a signal generated by the probe of a target-probe complex.

In other embodiments, the signal generated by the target-probe complex produces different



10

15

20

25

30

gene segnent), matrix protein (M gene segnent) and a
conbi nation thereof. In one particul ar enbodi nent, the
w®@bkiogomsad eot i des cont enpl at ed herein can i nclRdEUS1007/060706

| east a portion of a nucleic acid sequence of the HA

n anot he rticul enbodi nent ,
patterﬁ% ?f‘gaﬂé}eg eaﬁliledleﬁa%—?@émﬂ SYOLYP U SERIY p&%ﬁﬂfﬂﬁ lﬁléhwénral? In certain

cxamﬁl@@,%ﬁc RRE hiddRs ok gpdwc%i%ﬁdlﬁg kFoReAUBNE SnRfenth§pMand/or one
gene. 0018] In addition, enbodi nents herein concerns

or mormmﬂadgafﬁosuwmesu‘tstragl Imddriagneramiptesaths sagbtezene ban include, but is

i nc cont act | the .s le Wwth an .
not O hopRGetiff R oSNk e iR R S bt EEmgn). mate
proteih S gt kéymentaidel dorhtiatiddSherdsf @y conprises a capture

probe- sanpl e conpl ex when the sanple cont ai ns an
ol i gonucl eotide conprising at |east Portlon of a. .
[00018];c[ ej én g@tadn SBbREMERts opC 6%‘Fqnﬁ%1ﬁtd§ﬁ? ipfyef wflacnggjvérus in a

sampl8 SH4e H&'ﬁs gjr: Ee? s, B8196ks HEAS, %f h&ﬂ?orol%ssr&rrﬁorb ?&Méﬁﬁﬁg rin 12 hours

Vi rus; ‘contacting t test array w one
or lesgror e detection probes to produce a | abel ed array,
wherein the | abeled array conprises a target probe

10002800 S Ang e B HRE coTRraY e R e R drelytleeor ¢ he

ohgoﬂu%fegﬁﬁé)épatl%ﬁpyﬁcﬁﬁn bfa 'nﬁéibl‘é%cidvs%qﬁnc@ bea RIrES %@ﬁ@opcfnc or more
| uenza virus in the Sarrp . I n accordance w

types Dhetyenmlhﬂ@bglza t heceatnanwam@m the llabgbprabp ltsmaaable 9f biding to at
ca ure es C. s at ast ortion of
teast R4l §r DARITE afl TRl O Dl Bl & 2 Py g es.

subtySESHLRRAGE of a target gene of one or nore influenza
virus. In certain enbodi nents, the presence of
influenza virus in the sanple is determ ned by

[00024b¢ ect OH§ eae@p@we@@ﬁ@?rﬁt%@n@g‘mﬁ ﬁegm%tkﬁem@fw%a in a subject

using ta@%agﬁﬁ dfg%@%@ Ifeﬁém ! ﬁfaccbﬂiaﬁéeﬂxﬁfth 1D gﬂfgﬁ néhg% nosR&F %é&?i% of

erate e target-pro conp
1nﬂucdzef ihércaom |ﬂaﬂhb subjsctdeplen d(bmqnpllatetﬂi&ralmf Inmm:maﬂnpk&e:;l sample is

.syhtype ar. strain pre ent in the sanp n certain
Obtameﬁgwﬂf daubiedtand Y dmelog Sﬁ&efiroeaw@awe dreideh %*Ffﬁ@l gy the
prcsct%@ %r chf@ﬂ'lﬁﬂh&fzh lé@ﬂ‘g@astsé(s@@d A PRinQMHoMmEME 8t is contemplated

| uenza A subtype or strain. In certain exanpl es,

that thersefatnalfgeﬁlueglem miresen hecissadesd dndttreagnanoof thiemitbieet can be based on

tis G ERETe G, R BT BPno R AEHE LUHERR ek eap be used

for as&Q8TRE NEFkdtRA ih B8ARANTor 1&@@9&&1&10@ ift 8fdeRtdd@itRAHE BE®AbSproach in
met hods concern detection of influenza virus in a

the evenfrgiiaa quiprak efguilucnas in the popdations greh asrqupratne ouiselaiiprsof the

nfect %@@ ioQr nore particularly in 12 hours or |ess.
Hlec%%% ?K) ot her enbodi nent concerns | abel probes that

can include an
[00022] Further embodiments can include kits for practicing the embodiments

disclosed herein. One exemplary kit can include, but is not limited to: a) an array of a
plurality of capture probes bound to the surface of a solid substrate, wherein the capture
probes are capable of binding to oligonucleotides including at least a portion of a nucleic acid
sequence of a target gene of one or more influenza type or strain and (b) one or more tagged
label probes wherein the tagged label probes are capable of producing a signal and wherein
the label probes are capable of binding to the oligonucleotides comprising at least a portion of

a nucleic acid sequence or complimentary nucleic acid sequence of a target gene of one or
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ol i gonucl eotide of at |east a portion of a nucleic
acid sequence of a target gene of one or nore types or
wareaoss3of i nfluenza. In certain exanpl es, theCT/akm®b7/060706
probe i s capable of binding to at Ieast a portion of a
more PR EE98%: TS oS 5 e S Gty Bl o R e
contr@X AR Ry cdRloNOFe BEIaBlb FGRNERINRDHikHiAY BARIitREhs Iomtﬂeua@fa?ya
in a subject using apparati disclosed herein.

accordance with this nethod, diagnosis of severlty of
[000283hf | uedRe skiHed @Itttsathilhreahee télatbqlel@tlgh Heanaeslods and apparatus are

descrlggc[] Int enlasaé tetge hgrltlgtblgj anbo bdNE rngntts anlrna.tD gFCa\tlgn 0?%nﬁ@1%p%rtlcular
influe@#h ﬁﬁl@;&p@sp@b@ﬁﬁ@ bagedsthmisethdy afwalt&@f BE SEBNERerAypes of viral
[ evel of influenza can be assessed. In certain
detectigpyidiekinggosipt i s contenpl ated that the strain of
i nfl uenza virus can be assessed and treatnent of the

Bmmggéglpqm[ﬂmpaﬁeﬂ %?ﬁm §§ssessment . It is also
pparati disclosed herein
can be used for assessing infection in a small or
[0002#Er ge 5bpﬁﬂhnvmguﬁmwhumdbnnp@ﬂdédmdeammembeﬁrmappnvammhwhﬂed
e _eyvent i.nfluenza i

tbh
to furfyBe AR celin SeS g TSR ek Re bR%irnderstood by

referchédf @8 @ér mybﬂﬂlbmratvﬂgg FldonTbihtiarw eihe UeiEIB SeseAPtion of
i nclude kits for Fract|0|ng t he enbodi nents di scl osed

specififeqrebagdiments pecg Berginki t can include, but is not
limted to: a) an array of a plurality of capture
obes el I -
100028 e ERE e SURLAES sHend BE e B B desion.
includohg gte mlh.ted:tdgfbrldﬂstlcbm@sled domye pbsﬂl@aintral @oft hamahsidd) aad the dual
I ¢, aci d. sequenc of a tar e of one qQr nore
capturefly ei@ﬁ%dc F3fj9@ napcesy ﬁteatmq o AR5 e P 4¢ded
| abel probes wherein the tagged | abel probes are
100026 pPabl &0t B R N0 RcIBONAlniRR thWMRES fRobdi€ fdrak@ing
probes are capable of binding to the ollgonucleotldes
conseoverpedigismy the nfleassa varapgeroinen of a nucleic acid
sequence or conplinentary nucl ei ¢ acid sequence of a
rget e r n Y )
[OOOZZgr i CS?%% ?rtese%gsn g?vrrv"gha?t for {he rp% f %hsolg§1n% eppro%/mte capture
label pe@etd @ sﬁlgt&doabeivmgﬁmt he cont r oI s are capabl e of
i ndi cating binding conditions of the array. [00023]

The skilled artisan will realiz hat al t hqugh th
[0002 ¢ hodgleﬁdearﬁﬁegtsa% R o8 AR BlOg TG A iflaenza A NA

(N1) m % cﬁggftg TRObS ! aﬁ%‘ﬂlt ttfo@tt Qnitthi dlgﬁg}u'g:ﬂﬁentgee

enza virus t types an
togethet mathribg 1ntttvéy1umbef flcoosenfedusgions fdmndtfdnearach paeisulof subset.
viral

[00029] Fig. 5 represents a FluChip-55™ apparatus layout. Capture sequences were
spotted in triplicate next to ‘positive control’ (PC) rows. Samples were grouped by subtype

(HA and NA) or by type (A or B) based on the matrix gene (M).

[00030] Fig. 6 represents a typical microarray results demonstrating correct typing and
subtyping of a) A/HIN1, b) A/H3N2, and c) A/H5SN1. The dark spots represent strong
fluorescence signal. The top and left edge spots are positive controls. The boxed areas

highlight hits on specific subtypes, with the designations included for ease of viewing.
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detection and/or diagnosis. BRI EF DESCRI PTI ON CF THE
DRAW NGS [ 00024] The foll ow ng drawi ngs form part of

wao bh@sps4s3ent specification and are included torPET/IUS196T/060706
denonstrate certain enbodi mrents. The enbodi nents may

etter . under t ood reference to o G re .
TYPIC?WSE&VQ Vatiegdn f 5*}? é%t‘?g%(% SRIEASAPOI Wate! c( té?lrrhe H’Ié)‘b‘t of etection on
ﬂmlngea%kgppﬁan)@gr$@@&|f|c enbodi ments presented herein.

Fig. 1 represents an exenplary schene for
|nfluenza virus assay-design, including the direct
(0003} br i diFigst 7 &r7Dusepecstairbar Beapp ouinpiavies elowsults) foy anstysisefrid
unknofwn sa)anéat ngtisgng d usasaY iR ﬁ%{ﬁ%/Al( I?rki)r%{%rts % Q’ﬁlﬂlg anétjc IOF %6@];@]161111)-
55™ fpir@ratds. MaP paeaﬁtaacalsfsh@lmlﬂaéd chlHoth the BEiginAEbIgMdat@dyl (A) and a
process for finding conserved regions of the influenza

duplicafer hprdyg&h o e Mfcorrazy|peHpgnanser which anbaen £OFPYGE FRampissing
subtyp&fanll Mok RIFRAER St Flﬁ&ﬂ%ﬁsis oG gB a'nat(?e)gcgggff)@dgagﬁgduphcate

airs froma single conserved re
studick apspesevidlg. a nei ghbor-j oi ni ng phyl ogenetic tree for
499 influenza A NA (N1) gene segnent sequences. The

acke how the. in . diivision of the .
100038] 25 £ 55 SrepreSit S Prodvoh Gaise Top 2SBRSLH) Stpving PCR
produt® %%serfaptﬂﬂt;{eﬂzersa Cge@ PRI dohfiHlcalgead RSt ed &not@t@%%]lt White the

5 represents a i p-55(tm apparatus | ayout .

ﬁﬂgm@mﬁm@ﬂengéqﬂemdésfﬁkre spotted intriplicate next to

"positive control' (PC) rows. Sanples were grouped by

[0003gﬁbt yp eFlg F%re?m%em%ﬁgtg eysEBX/ﬁ)ngGéo%eg{ té/?nﬁ ba%ﬁ gt(ljtgtg;lgln% fpatlent

trix g repr ts a

sampleidefioay inflycrizea SUHBS20am@Nnst rati ng correct typing and
subtyping of a) A/HLN1l, b) A/H3N2, and c) A/ H5NL. The

Qts_represent strong fluorescen e signa
l000395p andgsel AT dabeepissd alaﬁée%l%m AYRUE egﬁge&ﬂr@ mrﬂ?@l’ray (A) of 7

M se%ﬂ%ﬁ? L RERRS sk g BEV@ eérﬁro@ BeRPRG f(élSse%l%?hl‘}SQ% and’\éaghlre

designations~included for ease vi ew ng. Typi c
sequenesls apotteel v dinplataicdppémeitdies) i lgmat;cehm 1nta|gep$h0a&amgt3@m@t gatterns

ror (8PN Bl st Bobui v RSl B0 U B B e

sunmari es of results for analysis of 72 unknown
[0003SpNP! eFidgssi n&-ltlbere?egay af eRErhpleRZaydt BF b WEESa@EY Fok 156 gene
conjunction with F
capture sequences with positive control sequences (closed symbols) and capture sequences
spotted in triplicate (open symbols) shown in (A). Fluorescence images showing typical

patterns for viral subtypes H3N2 (B), HIN1 (C), and HSN1 (D).

[00036] Figs. 12A-12C represent an exemplary method of fluorescence images
highlighting microarray patterns for viruses that exhibit patterns other than shown in FIG 2.
(A) is a laboratory reassortant virus containing HA and NA from an H3N2 virus and the
internal genes from an HIN1 virus, (B) is a swine H3N2 virus that infected a human, and (C)

is from an avian HON?2 virus.

[00037] Figs. 13A and 13B represent an exemplary method of hierarchical clustering
analysis (see Methods for details) of 58 microarray results (1 experiment for each viral

isolate) using 15 M segment probe sequences (A). A similar clustering analysis is shown in
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55(tm apparatus. The performance is summarized for

both the original blind study (A) and a duplicate
weLwdps48B) . The microarray performance, whi ch PEBEURBETI060706

corrected for mssing subtypes and | ack of RNA

anpl Lficatian, J hown in (C d for the bljn
(B) i ot Cutkagn sl st By blesb ] ered @ be HaN2
and H1RANGRE @1 TR dh.um bromi de stained 1% agarose gel
showi ng PCR products for several influenza sanples.
The anplified gene is noted on the right while the
DESGRHEUHEHY Off Hel USTRATINE BEMBAPIMENTS[ 00033] Fig. 9
represents an i mage showi ng correct typing and
Deﬁnﬁibqltsypi ng of patient sanple derived influenza A H3N2
virus. [00034] Figs. 10A-10D represent an exenplary
| ayout of a general mcroarray (A) of 7 M segnent
[00038Fk quendesmsthatirn gopathetviiscadedined hatinsequedde acdocliasedith their
. s%gbal s? and .capture sequences spotted in triplicate
plain arg rdINe Y WEFYE- F| uor escence i mages showi ng typi cal
patterns for (B) H3N2 (26 sanples), (C HINL (18
[0003'9:prrpl e)k.usédkeréib) “dRINak 8map iRhEShe ¥ Mb%QRan 6ROAG3Mlitem.
Igs. 1IA-I ID represent an exenplary |ayout of a
m croarray for 15 M gene capture sequences wth
[0004Bbsi t | Ve sedfned Vargaguis nae sligralios B Bigkiohay segygnee, such as an
- r [ L. ik e
e B B R R Rl Bl S AR SR s of
influcpad diarsnSeduehcen drahtssudt iyiplade, Hah2re(nd) limidddNio, (Skrtioandiclctions,
HS5NL (D). .[00036] Figs, 12A-12C represent an exenplary
substittions g ptiqns 386 evglsiiis coHagBIYRPEHIS Rt i ng ni cr oarr ay
patterns for viruses that exhibit patterns other than
[0004%10WN 'A_n“c%f)t@rez’épr@&) ofl SqRenc@RA ALRLiY adi8 @@(gf%ﬁéeafﬂﬁt ¥ chphdle of
contai ning HA and NA f(rlom an H3N2 virus and the
formingné epmpliex gethedigbnaiva mesHindiudu g atdgas{ Bpotition af & nircleic 482

virus that ipfected a hunan, anﬂ &C%‘éis from.an avi ap
sequefig gl ComPHEIenlisoRuEHIc AR SCTuraas G iytaitss eFs, FRGWRE agpmplex can
includASBRHRMY t0ESihGidg af oﬁés%c?itﬁr%ivﬁiﬂ{ olidonStIBb1idE imdhadidS hiSleast a
0

~(see Methods for details) 58 microarray results ( 1
portiogop e mupleistacidotcqeensh oy cemaplimempatairleisiond scBendesd grigaget gene.

In cerga;i]ﬁ) Q)%H?pﬁ%%? %ﬁ?el&c (a@d, s{g‘ﬂl‘f’einrcn.e lc?t%r téecénurygﬁ%%%zp %Crl] Pnaollélc%liesfgir %hatmple,

own | al OoNng w resu nown pa
RNA, WAl @ombiHasien trrdolfyNste veptigd afdlabel probeorasaguddtélin certain
viruses (all influenza A).

embodiments can be interchangeable.

[00042] A “label” probe or sequence is a nucleic acid sequence that is capable of
forming a complex with oligonucleotides including at least a portion of a nucleic acid
sequence or complimentary nucleic acid sequence of a target gene. Forming a complex can
include hybridizing to, binding to or associating with oligonucleotides including at least a
portion of a nucleic acid sequence or complimentary nucleic acid sequence of a target gene.
In addition, a “label” probe is capable of producing a signal. In certain embodiments, a
“label” probe or sequence may be detectably labeled, for example by attachment of a
fluorescent, phosphorescent, enzymatic, radioactive or other tag moiety. Alternatively, a

label probe or sequence may contain one or more functional groups designed to bind to a
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DESCRI PTI ON OF | LLUSTRATI VE EMBODI MENTS Definitions
[ 00038] Terns that are not otherw se defined herein
W@r@s0sa i n accordance with their plain and ordi/ns2097/060706
meani ng. [00039] As used herein, "a" or "an" may nean
one or nore than one of an. item 00040 A sequence
dotectghlf grmoiess P@?ﬁ?/ CAPRE A e PSAUAG A E5TE BPROGR T e be
intercBMzRaS an al teration observed in a given gene
sequence between different strains, types or subtypes
of influenza virus. Sequence variants may include, but
Influenyza Diagnasties t ed to, insertions, deletions,
substitutions, mutations and single nucleotide

[00048@' V”Dt%PﬂeﬁtrﬁethLQ OR¢ %lllar&t ’E%S A 788 ?eesqr‘éﬁr%%e

el c acl seque capa

phenogypi®© (a4 exntigkhib) mEOrgranUﬁ I a@tthbugie&e laémhngBnB@: ladsisl cﬁ“qoathogemcny
portion of a pucleic PCId sequence or conplimentary

and trﬁ%léqllghtélcrpw %V&dgﬂ%é Yrythyng.dp &@tWI & SCrElogif I‘ﬁ@ct]éllty of HA and
NA. R@Rl&Ye %%ldeﬂgifﬁqahg)h%ﬂ c}%’tl{dg@ﬂlcﬁ? of HeMHNBvit Qe fesgonmble for

assoclating with oligon eoti des” I ncl udi ng at
the 1993 HdangrK @iz cuthrodd mippulini waslerpebndie torenbowpd cleevibéity of the HS
aci In certain

ucl ei c d sequence .of a.target
HA. g 2iqF Gamos Sl i ahifty 1€ St R s Risty Whesaks of
Vlruseé%lﬂl SIREISCUL R by B MR @id nBNAusEMINSK dGEIBI TaE t@Bon these
thereof. Note: capture and | abel probe or sequences in

1997 HéNtl afiuraseérmid blerio glfccarlnub@ns rsts@tléhﬁam@mboémws@g@m Pxevious

abel "
studleP ﬁ%{n?cie u el’flgr{ d.'ﬁo tﬁsgﬁ%m%g%_g%‘;d I&PI‘F%{ Have e S ive

dlffer&{tlaﬁ@ﬁw&‘dlwmlfﬁlﬁsgdnsﬁhldﬂm%t aéntHB@s to theMOLttra@t /02
nucl ei c. aci d_sequence or conplinentary nucl eic_acid

pathog@w@rﬂféh%ﬁ viusear dJévs.gbarotyiFs prfergdanetanpyidy supient information
| tO or associ ati ng W th
for gahgﬁg 41 4 g%tébé&cﬁgtg'&fﬁé{gg{ cast a portion of a

nuclelc aC|d sequence or conplinmentary nucleic acid
[0004d Equendeaditfioral tlmrmrizgémeof infiuerekdiviriue mvody e’ hetneglutinin-

. ....arobe js abI roduc i ertain

inhibi %&iphﬁm@ S, it |Vafals$ tuﬁqs @FC%%M 3%1@ %ﬁe d

chara&%ﬁbﬁbhﬁeée%gﬁioﬁghes AR 1aBXARIa8d @iﬁleaéoﬁl%h{ﬁgmln 8ddiBon, all of the
| uor escent osphorescent, enzymatic, radioactive or

currengtripad 1nfhvgnx@egs yre rAlatigely auspns;llye, r@sultmgen aplcatheome false negative
reporS €guence  may contain one or nore functional groups
PO"§esi gned to bind to adetectabl e tag noiety. Note:
capture and | abel sequences in certain enbodi nents can

Funct#énal Genomics and Microchip-Platforms

[00045] With the advent of rapid genome sequencing and large genome databases, it is
now possible to utilize genetic information in a myriad of ways. One of the most promising
technologies is oligonucleotide arrays. The general structure of an oligonucleotide array,
more commonly referred to as a DNA microarray or a DNA chip, is a well defined array of
spots on an optically flat surface, each of which contains a layer of relatively short strands of
DNA (e.g., Schena, ed., “DNA Microarrays A Practical Approach,” Oxoford University
Press; Marshall et al. (1998) Nat. Biotechnol. 16:27-31; each incorporated herein by
reference). Of the two most commonly used technologies for generating arrays, one is based
on photolithography (e.g. Affymetrix) and the other is based on robot-controlled ink jet
(spotbot) technology (e.g., Arrayit.com). Other methods for generating microarrays are
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i nt erchangeabl e. I nfluenza D agnostics [00043] Current
nmet hods for characterizing type A influenza viruses

WO 200p/09183phenot ypi ¢ (e.g., antigenic) informtPCRUS2007/060706
al t hough the actual genetic basi s of pathogenicity and

trapnsm ssjbilit have |it n hin . to do.
knowfih e Spvb eetaney by oA ghsqgefcdtde
(cap‘afr@ Elfo%e) ﬁla@e‘d' Wense g‘i\tk‘%tspéﬂﬁ tfi‘é Qpayp@fs@l@&@dﬂ ’tcPth&' aOkadt la%rotlon of

viTtuses responsi ble for the 1997 Hong Kong
a nuclcmta@tdetawonmllpmtaﬁ'y yudleis atidr gfed tﬁrgtu geneo Asndquseesdsample is placed
of, t s .al one cannot | ai n.

in congeE MR i st R eBeo PR i ekl RRR0h o FECa R then
washcdUuhBo@alS§ t@fenyd vielanWpbdlfis hidokByd spbaay/ ahidriidrito Htetihine

di d not cause human di sease. The reason these 1997
whethepaynayitiha foeast saapencaiyas cepturad Setarmynaiteveloped iy addimg, for

o83 5k B RSB PP AR ST STl

unoccupi¢e @bﬂd)nfdf\ﬂ& tdidet ssq@Bhceanihpeniaiatay isr’théto‘lreacg ‘anas; 4 Madroarray
m ght contribute to the host range_ and/o
readeﬁo%fﬂ%@ﬂ@ﬁuvam@lyowu&s 48 4Bags Qﬁ}g%grrayrr&paots félﬁtefﬁ@wfp%t@ng fluorescence
are pARRREXS HS tpl?ﬁcuﬁ’a[r%/ﬂggtesegﬁ@nfﬁé cient information for
gaugi ng the potential ogenicity of a new strain.
[ 00044] Traditional characterization of influenza
[00046] r us DNfbbkriestedimn’@gglha& fowind iwndhdsbicail ose megeot ogyressant aalysis

with viral ures, often essar r det l| ed
and 8 s R e dsiionl i S B BREEERBS b€ e T Bitei g
time-consumng. In addition, all of the current rapid
DNA iMiicksia- Rz foraiffer @itRl mk@tlbwﬂnﬂmﬁas& Sirdms resul ting
in at | east sone fal se negative reports. Functional
CGenom cs and M er ochi p- Pl at f or ns L00045] Wth the
[0004Zy ent Ipeng Gy dito u@@a%rmpﬁ@ rfénuoéﬁvg® igEgByFHon as to
Whethgla{naﬁﬁsdﬁ%dl{flhuélsis Hl?é%t%ﬁ? BlGub Quclléqa!s 11'1?@6 %@5‘5‘3&1&1? as provide both
information in a Iad of ways
type apd embtypm@alramd‘rmtmgo £he vsuol Agdmic foeohd plesace aﬁmﬂué’ﬂm using

eral structure of an o onucl eotide arra
the FIgGR h?mpa.raérl@f%ﬁest ghoyk! ]aL‘D%ﬁA %Celﬁla%ﬁea I3 4 degusing current
state cﬁhhepart bR R BRI, q‘ﬁfs ?ﬁ%aﬁl@ k&R aSRPES s&ﬂleﬁ&sQHét'aF@Jiﬂééted

| at surface, each contains a |ayer of
toward@ds@azt:lra\l/ génes Qo partieulamusbodimenaf (s The FhS‘dh@?‘(‘a@SS@wtlhzes the

arnph%ﬁa[t@grog I%Eo?;g tHaR one éenper %gmelgl%lle ﬁpgegmenp the segmgnt and the NA

segments. This application was filed January 18, 2006 entitled, “DNA Microarray Analysis
as a Diagnostic for Current and Emerging Strains of Influenza A,” and is incorporated herein

by reference in its entirety for all purposes.

[00048] Certain embodiments have several advantages over the viral assays to date
namely assays for identifying types, subtypes and strains of influenza. In one embodiment,
the chip assay disclosed herein can target many genes or a single gene target of a virus.
Multiplex PCR as used in the FluChip™ apparatus targets multiple genes. In other
embodiments, an array disclosed herein can target a single gene segment such as the
MChip™ apparatus. Arrays disclosed herein have rapid turn around times for analysis. For
example, the turnaround time for analysis for the presence or absence of a viral target in a

sample can be 11 hours or less. In a particular embodiment, analysis for the presence or
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Press; Marshall et al. (1998) Nat. Biotechnol.
16: 27-31; each incorporated herein by reference). O
w0 b@sowus3nost conmonly used technol ogi es for gRCEDSI00TIEN0706
arrays one i s based on photolithography (e.q.
metrix) and the other _iis bas robot - cantrol | ed
absen?eh(kiy 3 wal %r)ggtlg 8§51mplgcqqﬂ £4 d&gu{Sé)rgess EH PRSI Py ﬁ.}lar embodiment,
analysg Hﬁ &hé Eﬁ!‘e&%@é‘ of %se&%rb?%%a[‘&rg& &f P/ RAY SarPhEK AR 0ARLs. In
known nethod may be Used herein. Generally,
addltlalm tb¢ cfgp asioy éutdethstion apa patboganiher)noptmtieenic tvirun diclosed

. gi t h d to bind
nereirdlaf it JRBGpausRediaf 4 Ao T By erufd s 2o
seque€ds An@Eveh tefeqRtfcB®RLlesMRaR sl SQHSn &R AP deniif; tht BfeSshck Br

contact with the array under the appropriate

absengg/efrd @recheensrofadmeticulas e, qurrﬁf aingoftapams waghdgegment of
1nﬂue¥1£‘aoz&%ﬁ\|ﬂ]! )y ih gcdgg&%kfg wﬁh th&g gm%gg\ﬁ IHL éld%gtﬁﬁéa 1{89 oﬁ the presence or

species. ‘I n or

absentcadsigeparﬁ@qutpp@ suslasp@aMtMIE@if a vihg iakarsayplesmadydeyeiropsdt 100
addi ng, for exa a fluorescently | abel ed
nucleqﬂqeg 8hises @6@?@@“ Lﬁetﬁifét gHgtindicatyispg Fhlerf@ﬂtSahgmed)aatwular

embodiRRGE Yid ﬁgntﬁ‘fbra{l I‘PHf ﬁ’ife }%@ncteacfrgtggen%@SPE &ﬁculgptsrga dsél yge or

mcrdarray Is using a n1cr arra
strain®f awmes jn a/\kamqﬂle may mqtsreaboutrﬁ)gmcwbtlddtseordessafqr desqmbtbs of a target

gene %ga%}ll ethJéBé {Ilgl?stg ;F%Qgé é]g i?g F%ﬁ%ﬁ%{se SI hl()\é% nuc eotldes n

lengtH B BOLRANo0 gé@erﬁt@ ldr&ﬂlpV\fog RRBIBERIHDE tHpreRA& S 8RS 'o@ﬁ gene
anal ysi s an there are now several denpnstrations of

segmdDNAf & Wirpsing asanipée. i mmr@mc@wag tlogse cmbodipAtsik skibed argipan

under{tg%bs%%frﬁa%ly e rf éﬁ %58}%%}%85 g?lﬁ’é e(}:for éﬁteﬁtﬁnﬂgt/_\h%%%%lre P08 indicative
of theGai| Prigdikflendy e Rtil4) as to whether or not an
|nd|V|duaI is infected with a virus such as influenza

as provide both t¥ pe and subtype
[00048h 2 2 ﬁé}rlmz)afta@woawd%%ow Or y&ing Ar%wgmgrqaa@y {hanalyze flu strains

i idoERE AR B I TRABASRIR & IR BT Rehhe POFRRE I

examplsj qagh cype roé iif ezt (eA a3, ahdh €) ar thanetdnadd bp gyultiplbisebtypes. The
equi res about guences that are

appa atu se
Subtmﬁsrr%%f ts?ot ?la%t bys Pépre@@ﬂ GUC tQrdURRISFY PReyng in the HA
(hema%gtmiﬂj%ﬁa N‘X (&nﬁﬁhﬁldﬁiegan GBAR( Hkh ASEAY @&hhba % dtfe and

lification of nore t one gene, nanely t _
subtylxe(g@ A/HINhE IHaddegnethe Va'nsicetm@ iNpntsegras ramartlcﬁlar straln

catlo was filed J 2006 nt|tI "
seaniPR HEEH o T Bioreirt SCrmnd PR S S SENPR R vt types
subt Qirfig 0Bl fRichs. oAddlﬁéﬁaqugnmuénza Vaid niuBatb NGFRRI By,
erein by reference in its entirety for all purposes.
Thus, sequences placed on the microarray must preferably take into account the rapid

mutational rate of influenza.

[00050] Herein, a set of procedures was developed that permit taking a large number of
influenza sequences for an individual gene (>1000) and identify regions within each gene that
will permit identification in both the influenza type and subtype. The sequences used
consisted of both published data (ex., the Influenza Sequence Database (ISD) at the Los
Alamos National Laboratory www.flu.lanl.gov), and unpublished, proprietary sequence

databases (CDC influenza sequence database). This process involved using both preexisting
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[00048] Certain enbodi nents have several advantages
over the viral assays to date nanely assays for

WO d@so54y0 ng types, subtypes and strains of i nPCT/ERNA7/060706
In one enbodi nent, the chip assay disclosed herei n can

tar n enes, or, a Si ngl.e gene et of a
progriy 4 L5 WeRoRs deeuanshererEcHIoR thif k. ks P e brogram
‘ConHifd’ qshﬁ ALt AipleoBrRESa roblstAbsabr %@&Qb&rﬁéﬂﬁl@mceqaerﬁfffc@ﬁfon

di scl osed heréin can target a single gene segment such

Bioinfagmetve A@hncp:e(ziamsambas@ﬂ@tow r2§y%00c§|, mebpoetcdiaranty

referef vt BE UiSie Mer Ry s ravop S RG] & rpgf b gfficien

identiRERRAVFLe@onsBTIRNHANON geniéh Erak céad §€LsddfoRsiEhdyihEin@Bnza A.
be 11 hours or less. In a particular enbodi nent,

As previespsfogngd gegipneobine db freris) agnserre idgntificd fhapproyideget
o) e I
unarnb AR B SIGRE (I REERTC T or 1 he'pr esence or

absence of a viral target in a sanple can be 5 hours
[00050) | ess$n ohderabEiihEnna sinble tadgeipgas saicdtior of etverat map bofused to

. a pat hogeni c or, non- atho s discl osed herein
design, %‘ﬁa%%?’ aparaisg Ja ﬁ%‘é)s g’i‘sh J%?‘ﬁ?lﬁ%tit ¢ qugaysgpparatus can be
produ%&gwwﬁatmg@‘i@cﬂ@ @lﬁgﬂnﬁpﬂebftuﬂé ’tl%aQ arESpahIE %?bﬁﬂgltg%‘( 'f‘e'&st a pOI‘thIl

nore preferab  ess  than 15 sequences to iden
of a npeleis @nidescquenad gemluﬁemarwawgl@tc agahef tbis tagpmdnadanfmxample

st B e R S e e B AR o8

identiBMAE Bid¥BRteDf inflRALL Alif @lsh@PleOTUdcRFedRE®@p QNG En1J odRHRAGRernal
of a particular type, subtype or strain of a virus in

gene, thoddrgghe maybe egdie élsfalngwﬁh o@cantupesosubtess oF straigsoffapyirus.
For TG SRl LSBTl REEI0 AR by h e s &

may u@nsscetmeexﬁrfy alsEeRaceObr zﬂ)sélﬁfetolf@lsbaﬁﬁé S/L[l)@ypesdfblﬁé/ﬂmso One
in of avirus in a sa reqU|re about 50

exemmrm raghpdidescybed ]éf‘ésmff%‘#ndo‘@ﬁtea@t Wﬁ ipgluging M pramegbgene-derived
ohgoﬂ ?gﬂoﬁaés' &{ﬁgl%gghg?su[\f) e}gpté? (I:—Ile 'ﬁﬁr, H%?Nzggliwﬁl‘ﬁﬁl J’iﬁgﬁﬁ&ﬁ '}\ngﬁhm

out 10- nuc sin use
samplgenerate a chip for identification of the presence or
absence of a gene segnent of avirus in a sanple. In

100053 G0 S o T btimegi 1 OV SEHBTE ST o st BTSSP subtype

inforrilo8 Wyl RBming R rSlcRFkIR HSHR (%eﬁé&' tthy ﬁlaﬁ‘fx proRinvé fdraction
. dganlsmnay ave overl ap. 0049 nPortant
wit S(g.

AS @Iwmmt@msmre Msseagent qjmtlunn@fr 6&10;19%/ or othrthe Yhleand M2

ins j ent|f i ng. . what. he. Vi
protems Fe rnost Joun h ant t in Zugtheevr%r(_}%e Sm for% %he {151dei:0tL the viral

envel@eaml Rrve8 ag B btmg@baﬁveemHlAg 8nZand M2 Bd @B du@) coré M1 is involved
characterized by nultlgle subtypes The

in a number of steps in the hfe cycle of the virus, including the transport of the

ribonucleoproteins, viral assembly, and budding. M2 is a minor component of the viral

envelope that acts as a proton-selective ion channel. Inside the acidic endosome after viral

and endosomal membrane fusion, the M2 ion channel opens and facilitates the low-pH

environment needed to uncoat the ribonucleoprotein.

[00053] In one aspect, a target gene is selected and particular sequences of the target
gene are chosen for oligonucleotide generation and placement on the DNA microarray. For

example an array was designed for analysis of the M gene of influenza A. In this example, 15
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35

subtypes refer to the proteins that are expressed due
to sequences present in the HA (hemaggl utinin) and NA
W@ n@anosusBni dase) genes. Each virus is identifiBdI/Uusm0z060706
type and subtype (e.g. A/HINl). In addition, the virus
be |dent|f|ed as a artlcular strain Sequenc(§ﬁ

dlfferiﬂt STETBTE SHIICATS MEET PAYHIGRTEON S BICER SR y AR P TG BT

sequef?@ets ‘6@&%&1& Rgd 1%5{) 1) QHPe ﬁh)éﬁ’ B8sig r*fe‘dkﬂfd&ﬁ% Qhs&léBePiott (see Methods).
l'uenza. Additionally, {Bfl uenza virus mut &t es

011goeual¢oéw19$ wereadsisighgd frausquesecstrst tplyiiddithon brdad reactivity with

ot virgl i 3Ph Y PSS en B Rl Bors0sy RERERIe haS by

Anuci@ma eelerieny Was detemsihepeshmpiRatiorRaY B tevilakidpdhe nhAb&er f
unmber of 1 nfluenza sequences for an indjvidual gene

mlsmf{tshqsdmwem@om@ﬁ Prabp Seausneersang) atllrﬁeﬁ]ueéla@awmgh%éat@b?é@s used to
demgﬁth{n Rg @ hgbﬁj.lﬁgléotldéscx%&leoc{és He@%t%eélﬁg 1 %ﬁé@ﬁ’g%ﬂ&e}@aeA M

seqguences sed consi s

gene emaltdlstﬁig&dh dabtgpdset. 1nﬂlte|ﬁ2a AnAlithengachSoa sepntat [Saioabade selective
(I1SD) at the Los Al anbs National Laboratory

PresSURGVR FYade FierimgBig)systamd napems imderaerions Psfmeétﬂ%ﬁ gprface
glycofBRHRNG] tﬂé‘}gﬁ&% ARt 4 CR%1 dafchlg figa G IURRC& HALAPRESY highlights

hi's proces ved usi ng preexi st1 ngprogra
their asewadiltionas prograns devel oped specifically for this
task, nost notably the progran1 " ConFi nd" (Smagal a et

nFi nd: a,robust or. conser,ved se
00057, OB SR L DS RS RO R ety e
bmeaﬁgghm§ﬁ@gfﬁﬁﬁgﬁ@r 20, 2005, |ncorporated herei n by
reference). Using these progranms in a specific

I"k/-Un tﬁéUrzEleKNArhsf %\derswarﬁ&fl tGdeSMER

i @ﬂé %m{oq%b 'élﬁloﬁfltsto @\!‘i ﬁﬁff%\%@pi’ew@&sﬁ y

agrnen y 0 51s
‘Zgjrre |ons é@ re |dettr‘13tlré\|1§donly
opn% 1[%@911(] eqtﬁie @Hiofacﬁaﬁ% lonai %P’écrt’ Yeip dgried to
i AeNtBEti ve of a virus may be used to design an arra
appdtlageihe mﬁu@cﬁ&ﬂ@m@@dmﬂwnzhgb@%m&dlahgmhgph entarthay
appeavatras asénlloe hpbodioged thpcgener at i ng specific
ol6)gwaslcoféety adeund &INADNALapabl e of binding at | east
a(pakidigr WBinga sduedied hisacldrisggdence or conplinmentary

pucleic_ acid of this target Che exanpl e de |Ied
[00058L ¢ n The Gﬁfaﬂ?iu%rm%ffug?w? gesg@ﬁ%de et @Exm@s@ ?FéHPng - Inone
exenn;?lﬁlliyI 8 rafNso 1R &‘T(nb'v%ﬁ gul% d @@f&ttbg‘cé’d tlbl%th@ﬂ? §§a8§ed9ferem were

eniza A in a sanple. expectedly, hi gh
used toodefyv thet silbtype nbdachehée saimpleM @ehe¢xamqye$ en Watﬂs)dlsclosed

herelnvzgrcl%ﬁlléfl ¢ u]lprsébil e ty\l\f)%g gln(tl Xlﬂo%ypes olfl ﬁ/u%Ielic’a \gnrrusgg e lggs time than

— =0

current procedures (for example, see Tables 7 and 8).

[00056] In other embodiments, it is contemplated that other viruses have an internal
non-immunogenic protein similar to the M segment of influenza A that may be targeted and
capture and label sequences may be produced. From these capture and label sequences, a
microarray chip may be created for identifying types, subtypes or strains of the virus in a
sample. In accordance with these embodiments, other viruses may include negative sense,
single-strand, segmented RNA viruses. In one particular embodiment, a negative sense,

single-strand, segmented RNA virus may include viruses of the class Orthomyxovyridae.
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For exanple, a single target gene segnent such as the
M segnent gene of influenza virus A may be used to

W0 d@snsfey0 t he presence or absence of a specifiRBCHURIYDE0706
of the virus. One exenplary method described herein

found that.an array Jincluding .Msegnent .gene- i ved.
Oﬂhoa}%@mﬁés |V8weaégclb<¥esw AU teg JBHyRgeL PN, Foffpsavirus B
InflucB 2 i3 Wl aho gdtblHENAA 1&VMi§ hi n sanpl es. [00052] In one

enbodi nent, the M segnent can be used to provide

antigeni c subtype information by exam ni ng'the rol e of
[00057he maf® fnothpssarbodinent.ithe weifne Ratisrustadiserved imthe M sednenmt
ol By SR ERRRS ARG el Mo D) RSP Ml teoe

unknovasinfladiya daniu el ah acsortldhct Rethvhisi c@ibod ket 0 [¥Bo drA§ results from
inside of the viral envel ope. ML serves as a bridge

unknopgy vigsas euld Revadyrdedvezagintia t vaificrtig” sbpieconfp! $e§ using cither a
. i i ; . i ife
snnpl%/ IHl’}éng’Mﬁ?ar% gﬁg%lrlﬂg Q%?ﬁgm? ?1& %égega:dtvlaﬁ&eh?ﬁeéh&fs, sfRGS Ge@h AdiSorks
(see for dxamptd: Edmioed, &), IGene ekprassiasisambd. Yo ndugubde nfy 47MP (2604).;
a_mnor copponent of e viral. envel ope that act s a
Hanai T ofecong g@fgml&afl% of 2¢ ipfremgo h@%}%%@_tﬁo& to
biochf‘rﬂgglsl\;ééﬁﬁle@fiﬁ hidthdial ARG LRAHOSUTRY FRRIDIAD %’z‘Jc%éfnPE‘;ﬁ. Biotech.

i on channel opens and facilitates the [owp
91, 51eny (200Ahemnerpneadiditreio bumefewnce)he ri bonucl eopr ot ei n.
[ 00053] In one aspect, a target gene is selected and

. rticul.ar,_ sequences of the target gene are chosen for
Amﬁgl%i%%lﬁglcﬁ%%’toﬁﬁe generation and placenent on the DNA

m croarray. For exanple an array was designed for

[00058al ysiAs afifitibendit«d asevoek (ANN) ve Rivee dommbBnlyljis neural network
exanpl e, 15different M segnment sequences were .
(NN) fsorg ipfeaoanccserl &rOHP OF A EaY nouspRsy B isat @ mathsptical model or
: r
com e R R R e SRR PGy - B R Bl 68D
compwetien. de sioghe@ded arofNdely e ndgsive ayeah eltht ichangee itsl steadtive based on

broad reactjvit fthoall viral subtypes or highly.,.
extem@L%rcl?nfqu&a r gralz.fti;qn%a %ws&h@u\ggﬂle\}}q\gg&sﬁm%@ eg?hb%gg?nts, an
ANN 2RFB¢ &d f@l""k:le‘éﬁﬂ%ﬁ@getr AGtdnY st ucHes vhalieh MrB&%ene for generating

conmput ational ly by eval uati ng the nunber of “m snmatches

arraysybsolgsed hprsys ifbt e dpiedérbexomplenCesscad dANIN] ses dpueraede Section. In
t he .data aaes sed desi a theg) Th@ﬁe_. Fuse in th
one YR SRR b VS Bl 78 SBE Ariitsefyences of use in the

makingQFatdhipyark43f hMﬁﬂ?%ﬁMMl%é% rr@N dindjtBdri At hensd) BINN@Sn be used
) of influenza A. Although the M segnent is not under )
instead off ee ficqabipdes with using @agarchisal ¢lusiening anpbsismethod (described

preViJulggcatnidqg e ﬁﬁhﬁ)ﬁeagetc{ié?ﬁbs bet ween the surface

[00059] In some other embodiments, the apparatus used for detecting a viral-associated
sequence indicative of a certain strain, type or subtype of a virus may include but is not
limited to a microarray system, a biosensor system, a gel system, a dipping-apparatus system,
a rapid test strip system, a handheld scanner system, or a microbead-based system. In
accordance with these embodiments, capture probe and/or label probe oligonucleotides
capable of binding a portion of nucleic acid or complimentary nucleic acid sequences of a
region of a target protein (e.g multiple target gene segments, the M segment sequences

disclosed herein) may be identified and synthesized. Subsequently, these oligonucleotides can
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gl ycoproteins and the M segnent are well docunented,
and recent evidence clearly highlights their

W@ 008eddssd i on. [ 00054] In one exenpl ary net hodPCT/0i82007/060706
foll ow ng procedure was used to identify the type and

subt ype of influenza. raI RNA usi n
be usqidp B ea ey PPTaB adieRle TR Sosiins bt e tseruR ol ine ereet
sequeh@é’sgl?a @t $n coRMAcAIRitA Shebd eﬁb@dlﬁféﬁénﬁ Eiﬁ‘ﬁﬁck 63)lid surface, a
he RNA using base catal yzed hydrolysis. (4

a
gel orN@dg avstnnxtfm exapfpls phev:mg |C@ptu1@lwbbaﬂqu@mm8@@clatcdl adthttbe dipstick,

d RNA. 0 onucl e
solid gyt fiet (s PEF R Suthn e VB & SRETor el B ES Spktfic vira
proteif 864 @HEH ih KRR IR stfat), tﬁﬂe&ﬁ%ulﬁt@?e o7 X§udp&et&f virus within a
fragnmented i nfl uenza RNA and | ab oligos onto the

samplgi croarray, and all ow hybridization to occur. (6) Wash
of f any unbound RNA/DNA. (7) Analyze using a scanning

[00062 ser. gﬂe‘ Bﬁtgﬁéﬁ[e&g%p%gﬂ didd)5s<dsh %h#r 6F:nR re%SEﬂﬁ&‘le%%s {#&n can

SCri Int sectiron b
includesa@rplagbyuisd ocysolid rsatfadeswl saseadeaf IHIGDIIWDHS]BI]beﬂ/}p én ey cecarnp le,

tested. Met hods di c sed her re used to identif)
an afrmanslz?o% {ppkeddp A %ﬁéﬂ@?ﬁ?ﬁﬁ%ﬁemeﬁn% Iovayig by @t Nitbrobead

arraysa&naBP %ﬁeﬁfqﬂ% B REHLEEL PRARLRaAGFLNBDELY PO ISP heres (e.g.

ypes and subtypes of 1nfluénza viruses in nuch |ess
dlarnemrrr& uthantocthe detd epdsofetiomeslly thedneagmefibe dendlapilesecrtain

8 0005 I h di
omboigfian FPRS OF RATeSCABPS SHTERE Ha B s ftsdfar then a second
probe @%h ésrﬁﬂdﬂél%%ﬁecm@f B 8ded 6 Ubebtdindifg t e MbSegFRMUrraQf(see for
| uenza hat may be targeted and capture and [abe

exam@equoélgmﬁwomé pr odditienl a sradereervdagcceijniivanzampy be used to
gener!ltgkﬁ?ese ?ﬁ%ﬁeor}(fﬁﬁte%@ {a ALY a 1*1‘[9%} CXCX o]?r%aﬁlg@tcglg bé 101§ed to

entl es or vIirus In

targetanﬁaplplgene iarge@g:@mﬂaéiﬁ@ AddthertdResplcaiag thayeintade @bdqﬁnary bead
viruses may I ncl ude negative sense, S|ngle stran

array Kyt Ht B ARGReoR GREIC, phateet phNesleiglAGHd Se‘?ﬁ?@éFChe?rﬁoz ¥ol. 30,
No. 1@% '(\5316? zﬂgjleﬁrﬂgh@nﬁ% rn‘?c';%e %Sﬁwa%a&% Mo[eléﬁla{]ﬁé/acons

ude vViru

are d@-tahekl@dqmws afee.uSed monyxouy PCRassayisr isese éxraniplleda fluict array

are not limted |Influenzavirus ﬁflfﬁluenzaV|rua
system is contemplated using microsphere-conjugated molecular beacons and the flow
cytometer for the specific, multiplexed detection of unlabelled nucleic acids in solution. In
this exemplary system, molecular beacons can be conjugated with microspheres using a
linkage (e.g.biotin-streptavidin linkage). In certain examples, beads of different sizes and
molecular beacons in one or more fluorophore colors, synthetic control sequences can be
used to detect the presence of influenza in a sample using oligonucleotides derived from at

least a portion of a nucleic acid or complimentary nucleic acid of one or more target genes

disclosed herein (see for example: Horejsh et al, Nucleic Acids Res. 2005; 33(2): e13).
Kits

[00061] In still further embodiments, kits for the methods described above are
contemplated. In one embodiment, the kits have a point-of care application for example, the
kits may have portability for use at a site of suspected viral outbreak. In another

embodiment, a viral (such as a pathogenic or non-pathogenic virus) detection kit is
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I nfl uenzavirus C, Thogotovirus and Isavirus. [00057]
I n anot her enbodi nent, the unique patterns observed in

w0 b@shbssegment sequences on a mcroarray coul dP@BEUSRET060706
as a diagnostic test for the identification of unknown

i nfl uenza viruses. I n accordance with this ) )
contergs 1B AR CHRIGPSRS  BATGHpY oA EARARRCYR F fiect having or
suspe&UbHilRI0pYR HitaN - RIS hetionR cbhtefBlat @ "In$Ghor@ particular

control set using either a sinple hierarchica

embodimest, @rkinigr amysyseisa samphoremadwhiectiving drodspectdatt dgeeloping

. eural network see for,ex | e: FEil nor. D. e )
on inf iR Ea P RIS 5 Sl B OGR B find i ierihgagnt, the ki
may bdaReéd to abses&tHaaRsR sulbtypAPitiagAsfithdvihis. knowl edge

i nformati on processi ng nmethods to biochem ca

engi neering, bionedical and bioinformatics fields. . .
[00062Ly. Bilde hgﬁmazwgﬁlu@ 4tasEn Sygam sgqh 7532 ¢lipguryy system within a
a5 S S0, HBLSRE R bk APl
paper Bucteascodipping ytighust dipieing phpon edpubicko{riilyl ahabaing a sample for
cxamiyesEhaatea R By O Rt e ooy 26 inf the ki
may Y fIrfBic K foP L QCR 3SR RAR LR Asi §OHNERLal AU S Facility.

approach to conputation. In nbst cases an ANN i s an

adaptive systemthat changes its structure based on '
[00068kt er ndlhe gentpineemeails of afup phihe ikgm wikh gendralipwsclude aulgst one vial,

he,network. |.n cert.ain enbodi nents, an. n be
tost g P ot bR oS, e BB 650 faent. o be
preferhBlyGal/o@ Siigabiyodliq@eRar Rith AgcRAIMhay slsélingflde 98akans f@i ddmparing the
For a detail ed exanple of a use of ANN, see the

resultEstghb @ siels emitrol paraple sesletp! RESTIVE #BSAF Regwtiye sontmun: suitable
s I ' . n f - in the
rosi RS ARV SR SR SRR R ot |
ot her enbodi ments, ANN can be used instead of or
NucleinAocidbi nati on with using a hierarchical clustering
anal ysis nethod (described previously and in the

anpl e section). J00059].1n so ot.her epbodi nents, .
0006 a0 T Pl CTbgeaR: ot Rl Sy aed RSBl itysis o
detectSRA R AEGndAGH YRS, SN yis ot cC&T §taiidk SHififidhza VYREINQS subject. The
subtgpe of a'virus may include but is not limted to a

isolated ¢ peig maydreaierived Bpossnenic BYdtappmplagedntary HNeAn(CRINA).
di ppi ng- appar gt .us syste a rapid test. strip system a

tnord ARRRRABRR SRR fURL e AR RN BT

synthdsized DNA, may be of use for capture probes, primers and/or labeled detection

oligonucleotides.

[00065] A “nucleic acid” includes single-stranded and double-stranded molecules, as
well as DNA, RNA, chemically modified nucleic acids and nucleic acid analogs. It is
contemplated that a nucleic acid may be 0of 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17,
18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37, 38, 39, 40, 41, 42,
43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69, 70, 71, 72, 73, 74, 75, 76, 77, 78, 79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92,
93,94, 95, 96, 97, 98, 99, 100, about 110, about 120, about 130, about 140, about 150, about
160, about 170, about 180, about 190, about 200, about 210, about 220, about 230, about 240,
about 250, about 275, about 300, about 325, about 350, about 375, about 400, about 425,
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accordance with these enbodi nents, capture probe

and/ or | abel probe oligonucl eotides capabl e of binding
w@2@ens488m of nucleic acid or conplinmentary nuedEUS2007/060706

aci d sequences of a region of a target protein (e.g

aboutgol B 47 el N At bty S0cEPouRS SR HaO At 025

about 3903 SEHEBY 5 Yaboh MRk 9951 U6bGOIS0dRRHUE AT BLHFRAOL Sout 825,
generate an array system adaptable for assaying for

about 338, ghous®iic abaft 90%eabpatr%;?ét alyait Dehcbeuti H Saabainp0®), abeut 1100,

o SRRy VRS SIDISOTEOY G R BRI gy g

nucle@aRrddiGudRP RO HE q? eng agl Eﬁgtﬁ(ﬁr&bﬁ%n%dlﬂg bhegdiafosy bédetic
solid surface, or bead system may be used to assay

clemeppr t he presence of specific viral protein sequences
i ndicative of the strain, type or subtype of a
M thin a sanple. [00060] It is
Cons%gﬁ?@%ﬁg{léeigf ?ﬁcé(?\g arrays disclosed in any of the
enbodlnents herein can include an array bound to a
[00066D] | d $wldtatmuadeic scidpmag dd made bglany nethodBmioeliy the art, for
be a ache to a

exampg g P 40 OBy B S OO A ehaifics: o rHieiggns thercof

In sorR¢ E@Y&difRhts, the huﬁél@'ﬁf@ﬂd@ madYcRIGRA! 8fplHYed 826th&Sise constructed.
capture probe-coupl ed m cfospheres (e.g. dianmeter, 3

nm onto the distal ends of chemcally etched i nmagi ng
[00067] ber Bhnandsic apis crytcanreresilyiompiiss Scqacaeemp eddafon to a type,

subtyl% cgresljcr%isht as§él &Qc? V]?%%g e%ﬁé %o% Q’%ﬁ%lﬂ earmqu?]bélgm%% co%n;% dsmg one

secon

or mot@erdl@h@cﬂ&asb Ir@dhdﬁ@ntsﬁest Mgy f)da b&ted Optniugler efoaj/rnéy? ée aftzﬁihed to a
www. i | Ium na.conm). I n addition, a single

Vector, ari@é?r %?hflkﬁ? faietoningeh Biloie add tAddidonsl sqaaicndss seay < added to
such c‘?n&{l §ncp§e el EJ @ptﬂﬁg@thteﬁrfgﬁétﬁ)nf f&rﬁlélﬂy&hﬁcﬂl &rgd nuclelc acid,

arra can be 'used to target e gene targets
or to ia:rfprom‘ther enmwaluctAmodfhibe nectaopeid isto raaxellnﬁ;e ofredd inke vactors,

| ar ead arr knomn n the.art (see for
expr%%éjwﬂcery regrrﬁ?fé i HkeR s Pl &napn ds thegtoar ch, 2002,
Vol . 30, No. 16 e870). O her exanples include my

RecohBiabMOerBodObrCUhRFuchR %a%Blez‘ch‘(%?m ar beacons are
duaI-IabeIIed probes often used in real-tinme PCR

says. In one exanple, a fluid arraé systemis

[0006§b nt emprotedinusdtinacifh Brp &p RBtaacd dignubrat@inlolabeiether sources
using Q ﬁl?tﬂﬁ loglhf%&{at%Wd&Xélgyﬁrﬁ %E) {nlothe tauq eln%e%%lemb%glmenﬁs,

ion O ed nuclerc

ohgorﬁmleutldélprobbmwhhh Sclextenb! laybyidijes tusder stiibbet wbaditibeg eoths nucleic
.. can be canjuy ated with m craospheres using a_linkage
acids er@_uge%‘roolfietﬁlﬁg @Wérlg SOAMENCH- Meﬂlk)éﬁ Egr copgiryctipn gf pucleic acid libraries

are kn%mrgﬁheaﬁy s@ﬁﬁgl%v&fmgthg(ﬁse&%m)e ﬁée%l.e?{S@é?g.g., Current Protocols in
Molecular Biology, Ausubel, et al., Eds., Greene Publishing and Wiley-Interscience, New
York (1995); Sambrook, et al., Molecular Cloning: A Laboratory Manual, 2nd Ed., Cold
Spring Harbor Laboratory Vols. 1-3 (1989); Methods in Enzymology, Vol. 152, Guide to
Molecular Cloning Techniques, Berger and Kimmel, Eds., San Diego: Academic Press, Inc.

(1987).]
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nol ecul ar beacons in one or nore fluorophore colors,
synthetic control sequences can be used to detect the
w@e@semsao of i nfluenza in a sanpl e using PCT/US2007/060706
ol i gonucl eoti des derived fromat |east a portion of a
nucl eic acid or, c limentary nucleic acid of one or
Amcwﬁb%%§§5?ﬁgﬂg§@ﬂ§§agﬁgcIosed herein (see for exanpl e:
Horej sh et al, Nucleic Acids Res. 2005; 33(2): el3).
[00065] t S [ QGAGRNA 6r ASNAImd b ftedensdRpdhdmRihce KEhibidbMHified genetic
t he nethods described above are contenplated. In one
clemeahgiodicnshusing i erabictbssadapen anper moraoseqaerces. apgh dsctheseghisclosed
- f,0 xanpl the-ki.ts nma ve.portabi ity for .use at
in Tat)f], TERTR Gucs 08T bGP B BV B A0 B et Bled R Brcsay. s
the comtitiods foemiybridizmiondlecdm elbrastriag@al thegemist bOk greater degree of

non- pat hogeni c _virus) detection kit iscontenplated. |In
complgRsr yléf‘rg?dé%ﬂ the ffobeangthe tagget foqguplex Jorgpatign éxpgsue The degree

or s R b I USRSl SEATP M o
partiafia ttnaturirgy sodrehoglichen fornankdd. Fooexamngdt, ke sirioferry 9 pbrédization
. fram a supject having or suspected. of devel.qpi an
is conyeipR B E’ﬁ&ﬁ%‘é‘iﬂl}g EERFBH %Tgfﬁfr@?ﬂ}}dét"\é‘ i i rénie up to and
about 30%0 M HRNEGraM Jrldo fBietnRIRRA BB Mnce TdRBtIK) Ifeqtﬁﬁ%d Rf ddgedble

to assess the type, subtype or strain"of the virus.
bindifgdR0 621y alerdkig to thastringaicy o€ therhybridagtigyetdmmsandior agsh

.chip arra temw thin a suitable vessel for
mediu, BT RS R 0T R T iy SRR e about 100
percesstt bitkin @the BRBS @hlcARJscRadRE vaH& b thedhMRINRYRMA Flay Désult in
di ppi ng paper capable of rapidly anal yzing a sanple
<100% pmppdcanaptasity i Xhe eoraplaentaniy arebes aciilp egmplymentarity probes,
h he . [ - her [ the Ki.
<70% G ARAEP bR EG oy of g PRELBE LpSTRE SolRbns, el syampes.
prime@ithsy Becahpcusitedfdrivgatdudimctht stringedd YIS hybdization and/or wash
.container means of any of the kits will generally
mediynhc| yde at | east one vial, test tube, flask, bottle,
syringe or other container neans, into which the
00070FSt | NGiA0&RhecrlPXoREiMSHERAILY 280 W BFid SHtidrARE el known i
[ aFiquoté%g K]%%ﬁgeggﬁﬁ ﬁ%y a s& ?nc%ﬁdéla nmeans feornOWIlm
the arc diqyaxamplet tomdit@ss ntay cemphiscaswasals and/aidligh owperagire conditions,

sueh & by nert QoPdg nbont B R NG AR Em T abet 59 to sbour

70°C. KD@WFex¢l EORIRionS HRINR B inShé RlBwilYWea@lpfes At if Snderstood
[00064]h?ﬁk%ariogglenbodiﬁen?s, isoWétedanggFeié'agfgioo

that theggmperaiuseehd ionicatrangts o a desigdtstenzcagiiro detgimigad &1 part by the
t S ubt ypes .or . n.strains,of .influenza virus i

lengthaé/fgtg%})aerii{;amyﬁguec e1c amg(\éf the ltengtlh and nucleontl(ie ohks: It the ’?arger%

sequence(s), the charge composition of the nucleic acid(s), and by the presence or

concentration of formamide, tetramethylammonium chloride or other solvent(s) in a
hybridization mixture. Nucleic acids may be completely complementary to a target sequence

or may exhibit one or more mismatches.
Nucleic Acid Amplification

[00071] Nucleic acids of interest may also be amplified using a variety of known
amplification techniques. For instance, polymerase chain reaction (PCR) technology may be

used to amplify target sequences directly from viral RNA or cDNA. PCR and other in vitro
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i sol ated nucleic acid may be derived from genom c RNA
or conplenentary DNA (cDNA). In other enbodi nents,

WO smBas4sab nucl ei ¢ aci ds, such as chemi cal |y orPCT/US2007/060706
enzynatically synthesized DNA, may be of use for

ca ture bes a d/or | abel ed detectio
amplifFftog e rfl%ve%l&% By IoReRamelf op b e Sicreid pauences. to

make %hﬂgﬂc%cﬁi"s randed st M&Tlﬁ% £ @Qné@&@&ﬂd&g‘@ nud@sic Weldlin
DNA, RNA, chem cal |y nodi nucl ei ¢ aci ds and

sarnplmy domiusleac aqjd amlemggg, olrtfon Qgh@qmmmqrpﬁ alfednptl ¢patt tg:hnlques of use

for nu?%?cl afg? ari}thfd %10}{ P& foh}r}d 1n1%ergir Sa@BrooEiaﬂdzgusu%%l aﬁxzéll as Mullis

ct al.,@%8. P46 No24,682802 §9)87$de 3AGR Pdotodods AluidSB M%ﬁhod§ Zmd
38, 39, 40, 41, 42 43, 44, 45, 46, 47, 48,

49
Apphgapongjnmggt a54Ed55Aca§§m1c517ress5]gc §gn Dmgo @ghf (312)90}3:?CR -based

oo oo o 5 48 oG, 20

481-490(197%).1 92, 93, 94, 95, 96, 97, 98, 99, 100, about
110, about 120, about 130, about 140, about 150, about

160 u about. 1 about 190, about 200, about
Synﬂﬂ@W@%B@h’fW%@ﬂ%&&Wé?@f AgBbut 240, about 250, about
275, about 300, about 325, about 350, about 375, about

[0007§g01 abQiticA RR1AO Qs fhﬁg be pRYYEID é[ﬁilre@tb&iéhnél@ tRRAUSy
525, about 550, about 575, about about 62 about

methogs Guchadsdlie plgEBhotaibwern mathod obNewng 704., Mﬂ;tb HEnZyB0]. CRE9H99

7oL AR08 R 885 3B S84

dicthydgiuphokd@QitcaRandd A8 caleethl. IRAA, Lab @thsbél%z (mflt)tthe solid
1500, about 1750, about 2000 or greater nucleot

phasephasrgeanifiie fresig methed of Beaugqear pnd eagtherpristra; Ipf:tts 22(20) 1859-

1562 ORTEREe 30 ah OIS ARES N ARRE Y an ARG UP AL, Ml
Acidsﬁ&@e 1036 189 162 1964d); lon bywhd solit h&p}ﬁfrﬂmeﬁlod OEWGI;S‘I‘[HaE Nes I4[74§ 8,066.
n synt hetic techni

st rd, reco ant net ho ues,
Chemaca_ AT A A T A WA otidnd M igiehe
convetell fiRo ABYHIL %r&ld@@ gﬂiA B klbtfldh%jﬂon%ltlpﬁ @ ng"eﬁl%ntary sequence or by

const r uct ed. e’ nucleic acid
polyneomstemi el h )]DN:@ nvpkylnﬁeass egneniesngla siaduﬂl asi actnmphatea Whyipeghemical

t strai oci ated v S ence For
synbRnfRA S b S Rtmgtiaiees afns BTG 5 here
sequefftd Ql‘fdﬂfodeecﬁﬁeﬁné(ﬁ%t thi Giahi@h S sheferRYudBedded. A nucleic
acid may be attached to a vector, adapter, or linker

CkwaL&&ugé?gag%uggégkggzgggc aci d. Addltlonal sequences

[00073] A variety of cross-linking agents, alkylating agents and radical generating
species may be used to bind, label, detect, and/or cleave nucleic acids. In aadition, covalent
crosslinking to a target nucleotide using an alkylating agent complementary to the single-
stranded target nucleotide sequence can be used. A photoactivated crosslinking to single-
stranded oligonucleotides mediated by psoralen can be used. Use of N4, N4-ethanocytosine
as an alkylating agent to crosslink to single-stranded oligonucleotides has also been
disclosed. Various compounds to bind, detect, label, and/or cleave nucleic acids are known in

the art.
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such cl oning and sequences to optimze their function,
to aid in isolation of the nucleic acid, or to inprove
wao bh@siosssoduct i on of the nucleic acid into a ceCT/US108E060706
of cloning vectors, expression vectors, adapters, and
s wel | known in the art. Reconbi nant
Amcw%bf g&@@deConstructlng Nucl ei ¢ Aci ds [00068] | sol at ed
nucl eic acids may be obtained frombacterial, viral or

[00079] Ner  $OUAERS cHibbMBnRRY tapUioRc &ﬁds%%nbﬁﬁbeled with one or more
net hodol ogi es known in the art. In sonme enbodi nents,

detectgble gamlﬁctp ef@ﬁlht@@ léwtﬁ@gtuvm@ %ﬂhtamt emlﬁ:lv @1:191 Sﬁgﬂmﬂpﬁb@@d to a
capture é)ro ret St 1518 glgrt?lnct]p o%%%lllc%olc 1p AL n er of%gf?eﬁg Clal?e(l:s may BL & tsed, such

Atity a viral Pséglen

as ﬂu@x@pﬁdrey ChiodibphbredualidiiSotapdsd exhz!ybfaae tRS, ﬁﬁl‘bo&ﬁBQV\ﬂ and
such known net hods may be used. éSee

chem By N ENPEBE GRIBMEG eV BRI BbelB 6610 pe okl Bb‘lhe agggwill

s 8 SRS GRS W Sy

enzynﬂltﬂcahgx;rlactlodif;/ulbfbﬂ’eualkaln%rphoﬁﬁhatas%f perBpidaseg Gddolactric indicator

substr@%? (c)erul Vo%fg\'}v%té s%‘é] %Jg%%)gq, toclvﬂbrtg}rz:]?igg I?%&E(?ﬂzéﬁg}ss bl to the
humau?@%g@lr fgagoﬂﬁbfyﬁ?étmcaﬁgs A weRnEW B 9RamAE 3EE Fh&m MRS R scent label is

Nucl ei ¢c"Acid Screening and Isol ation
ﬂwlu@ﬁ@@ﬂgpﬁvmmabnﬁmmnmn cDNA may be screened for the
presence of an identified genetic elenment of interest

T I AN Y T e

chemisirhinB@eRCHbAS FRyMplacy giaitbffedidye RBele AplyAyadicttad filden the group
assay. As the conditions for hybridization becone

consising |0|£ gdoee, 350nekeza g AME b agtiecaceingeBPBAP ¥630/650, BODIPY
650/689 BIFBNER | @bl??‘ %G”Bbﬁ?g‘ﬁ ﬁ\g %IP?STI%)? 8L b4, 5

ex fornﬁ I'on to octur egree o i ngency
dichlonm-)l JBelimethbx v flhedsdayh, Seraparxgtdiney', 7-enuchisioflaogtdein, H
e of a artlally denat uri ng sol vent

carbogyr}g{q?%gélgg E%F Sgpgﬁoq;aémn% (t‘ﬁg\)(g(yrlilqﬁiéngqq, ﬁrfégwéytegpmethyl amino,
Cascally BILLG81 €00 8 CPAXEMALH LNoMAL b DA, BAGKINBD (7-

concentration formam d e range up to and
nitrobahm 2o x50%- dl‘ﬁhtde);i €gegm @fccr é&&l@ﬁg@ﬁ Grden 00 s@rpgem Oecen 514,

pacifis i byt S e e iy o el o P Sl L eresy b

violet nﬁ‘ﬂhh’ﬁf‘ REYH Ble V}ﬁ%ﬁaﬂﬁfé'bé&fﬁmd 4tif UtRoRine iRk 1I6BAhBes, t he

degree of conplenentarlty can optlnally be about 100
azomgibines gyanipgst xgnthiped spccanhidelirprsams, rageguidmosahcayritaies, gnrpium

trlsblﬂy?ldgn%edlanq{nle ug Quzrgplﬁnl\ﬁ:ryngtyltero?’scﬂelate, diamine, dicyanins, La Jolla blue dye,

allopycocyanin, allococyanin B, phycocyanin C, phycocyanin R, thiamine,
phycoerythrocyanin, phycoerythrin R, REG, Rhodamine Green, rhodamine isothiocyanate,
Rhodamine Red, ROX, TAMRA, TET, TRIT (tetramethyl rhodamine isothiol),
Tetramethylrhodamine, and Texas Red. These and other labels are available from

commercial sources, such as Molecular Probes (Eugene, OR).
EXAMPLES

[00076] The following examples are included to illustrate various embodiments. It

should be appreciated by those of skill in the art that the techniques disclosed in the examples
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<100% conpl enentarity, <90% conplinentarity probes,

<80% conplinentarity probes, <70% conplinentarity
w@e@besiser | ower dependi ng upon the conditi onsPCT/IS2007/060706

certain exanpl es, priners may be conpensated for by

uci n the S th ridization and/ .
which SR e %{6 J‘ Sﬁpg?{e%for ﬁlﬂ@%qwdliah P PTISHES 9lghe claimed
methddy Céo%h&s@i%h@aﬂ&’&ﬂ'g‘afﬂt@sat}![&%v%f fhoNR ol sIiNGMVhel At dhBgIdat Llight of

For exanple, conditions may conprise |low salt and/o

the praseghdiseapies, appreeiatohal mimndiangasahayals padvindbel Snwlﬁabout

abou eratu es . of .aho .
embogiggsgyfic 4 ey R ampr vy TORar croie Tevl GO dguine
from 1h8 spifi€ ahdsdopWontheExampbes. 1t is understood that the

tenperature and ionic strength of a desired stringency

are determned in part by the length of the particular
MATERIALSANRAMEIEYDSt he | engt h and nucl eoti de content of

the target sequence(s), the charge conposition of the

[00072#‘CI el ¢ h{%f%}lon/@gc%e% UG RGBSR AN S Qﬁkcﬁﬁﬁaﬁﬁtsbﬁ{i‘zare

orna 1de, tetr | ammoni um chl ori de or ot her
packago [wéﬂt4( B)widsnused lmy\bxuadze sitquences] K41y rl8@99 INWhetreergossble, other

proec{ieY i 1G5 Ay BeE B TIHOIS A HRET gt o VBRI scquence
ahgnrﬁé’ﬂ? hotals ‘p@ﬁ@)ﬂn‘l’é@l 1[s ThitalNAClvel &) [Q‘Bbﬁl@scﬁf et'a[‘t @9935 IDKBDIST (v.

al so be arrp usmgavarletyo
3.5¢ ip RPIYILIP a8 46a>wats GSﬁhirtD GLeats plwdngenﬁ@ttaﬁmeTrepwey«r@Vméé v.1.6.6)

Pege [P on ERfcuR T g SR O o T PaioRt BF ot Bl TR mtiputec
phylog&@tiotdaey. Tnnditioh @ahebd &digaigi RegERE, fwﬂ&nmsof al/$on B&ipts were
useful, for exanple, to clone nucleic acid sequences

writtep gngriRplepgeicd iag Smrulzelw dde sefsvye sphogilplle uadardhe PAY General

Publid El%FIPSreed% Wrcglgraﬂo eaﬁ/gﬁémﬂH@?%ﬁP/%ﬁi\gaﬂep S aggls es, for

Exanpl es of techni ques of use for nucleic aC|d
anpl i f Flobdli oee. dabels @l@hdlodﬁ iBer.ged filSgiytogokgticainet) with a unique
Ausubel wel | as i S
A TTBGRST b BiCHifgs e Visiy at}ﬂép%n ufdiiis ok phibaeiers trees.
Met hods and Appllcatlons Innis et. al., Eds.

Acadenk gndBreedntdi- the HrihtREOIn £alndf (or WQ@ nwk) file back to a
PCR- based screeni ng net hods have been di scl osed. [ See,

e. g. FAYWAfilqgentainmggbqueBro néerritignes, 22(3): 481- 486
(1997).] Synthetic Methodsfor Constructing Nucleic

Aci ds «fa2fa. allows the contents of one FASTA file to be subtracted from another,

outputting a file containing the remaining sequences.

*ConFind. identifies conserved regions in a specified dataset [Smagala et al.,

2005]

+find_oligos. chooses all appropriate capture and label sequences by iteratively
walking along the conserved region until minimum GC content, melting temperature,

and Shannon entropy requirements are met.

*pick oligos. ranks the potential capture and label probeoutput from

‘find_oligos’ based on length, Shannon entropy, and melting temperature; chooses the
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[00072] Isolated nucleic acids nmay be prepared by

di rect chem cal synthesis by nethods such as the
w@bwspsussr i est er met hod of Narang et al ., Met hPCT/US2007/060706

Enzynol . 68: 90-99 (1979) t he phosphodi ester net hod of

J
if @?@95%%@%%%%% pER W]ﬂw?gﬁolvcéggi]@a@ﬁe@éﬁéposﬂlons of the

T%hg@s toleStilap With 8BRr dGRdc(ARBdirs. t he solid phase
phosphor an1d|te triester nmethod of Beaucage and

Caruthers, Tetra. Letts. 22(20): 1859- 1862 (1981),
[00078k; ng Q@ta@g@qgn&qq@gn@ynfoh@gm@pfor aglargqq nurnber of influenza viruses can

van
be for TR0 BT mAACRS YRSy S it ¢ RURSG F Et SEA RS Derigar o
LaborktoBes Rakw. Nolan BgABDTMrken %WQO(M] aﬁ& i RBdbRsORIE bakHeyCenters
produces a single stranded ol i gonucl eotide. This

for Diggasgohoisral @ad PrveNtRILI A la8ta, SHH c@nOrptabape Hyask tp cﬁlz%ﬁf( Gasic
Local%l% gﬂn%n%ﬁ%? 3 o%ﬂ%ﬁ{ddéﬁ‘ﬂ%& 9 Cﬁlh eflesRVas Q?éaYéHeJo %"i'ﬁlhé) fluman

rase usi ng e Si ng stran
genorheemqhatoe infdhmbtenadteamabfromytin BETi(ExotssBiN8eduenbeTigs) database

ongg for s uenc?s of . about 100 bases o lgﬁs,
and 4G gy n OB HAT S SELUBISE R B IRV Gkt fIBRosr. Example
organSARAEHISRAYRNER Himifea S 1BNLedYRE {ddC@tPinPloviE Felifovirus,

Aci ds [00073] A variety of cross-linking agents,

Respigitdey Ispdynigl eigsnBsciindantrdiis al orgenaruats, Agespacises Lagipnella spp.,

Crian it ik OB up Tt B g TR o Bty Gefom the

NCBI%R@%&Q@ dbSbdg (AP ndbikith 3. f&/ BERNEL/S ORI teFBRdndranly &f cach
t he S|n? estranded target nucl eotide sequence can be

captuggiad labal piebewaclBl dal ediagainss shis anpbagetRy defagt. ddiARhusag the top
and b%t#orﬁﬁt?%? ot ﬁl‘g %2 "éﬁgé e?t{delgs 1%¥er§’és a({ l?r%telgt%g sgagceﬁjn fo??%qugﬁge

ano osi ne as an

similagities &l the Kathbas%l m;ghﬁdﬁalrsaqué@desoizﬂthnE GJth@tld)\dﬁSthhﬁSO(mbSﬁbre
been di scl . Various conmpounds to bind, detect,

consiqeggseto, beaaﬁalﬁtofe granpble ofhinding orfeihybridize toch B InTieRzResequence.
art. Nucleic Acid Labeling [00074] In various

0 E&?g%gbﬁﬁp Lap nucl ei c acids may be | abeled with one
ne nore de égtable | abels to facilitate identification

of a target nucleic acid sequence bound to a capture
[0007B) obe ©mctchemplaryt m@@Oétomemsmpemnemalmpmlch @fr generating

di fferent |abels such as f ophor .
captugdn S irebE e S0V S mEt i ined PIgaRHRe P bricny. o
captuProthoid o bR8dbh HRbINESHRRhte afd BRI QlrbdIRNeA Glﬁﬂh% hybridization.

affinity labels, etc. One of skill in the art w
In this example, the captured target is bound to the capture probe and the target is detected
using an additional fluorophore-conjugated oligonucleotide (e.g. the label probe). After

hybridization and rigorous washing, the microarray is scanned in a laser-based (532 nm

excitation) fluorescence scanner at 5 ym resolution.

[00080] Sequence Selection and FluChip-55™ Microarray Design. Influenza specific
capture and label sequences were selected using the methodology described in Example 1. A
total of 103 capture/label pairs were selected for analysis on the FluChip™ apparatus. The
possibility of false positive signals resulting from direct hybridization of label sequences to
capture sequences was examined by incubation of labels, in the absence of any other nucleic

acids, at room temperature for 2 h in standard hybridization buffer. Capture probes found to
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recogni ze that these and other | abel noieties not
nmentioned herein can be used. Exanples of enzymatic

W a98/054880 ude ur ease, al kal i ne phosphat ase or PCT/US2007/060706
per oxi dase. Colorinetric indicator substrates can be

exhibf] R IV With i&'@@%ﬁ%ﬁ%@@%&" 815 1 15 850u? hlong with the
corres%Qﬁdi_h% QRROLBBRL bbb laYray Apiatdd: ‘Fﬁﬁ\rtﬁ‘oc%%(sa&?ﬁ’sl I%Pé’aftediuntil the

~ ChemTum nescent |abel is'the luciferin/luciferase
microgappéxhaltifedmo BOOTFS]ivasnn greefbeencedf eirbldRiNAent s, t he

| abel may be a fluorescent, phosphorescent or
em | yimnescent | abel . . | ar ot odet ect abl e.

0008 005) o 1T DSBS araB B PR LS, O CHRLREL RS eoel
probeé\(2¥% TaB20). Pkl 4&0ion AbkiAincad 70 ROPEFd/ b roBB@AE Yor influenza

630/ 650, BODI PY 650/ 665, BODI PY- FL, BODI PY- R6
H P for A/ N AChIfpyA M 2 for gfussaBMP gepe, 4 for B/NP, and 3 for

B/HAITRE L@%ﬁl;??éutﬁliéc?@w& s@ddjﬁ% R from isolate%]grovided by the

5-car tetrachl orofl uorescein,
CDC sahbex yi Figob eBashidaptube prabboxy sjuoddn triplicate. A single capture probe
with acﬁ)érg)é& oo gtgéégr&o u%@m!ag)%leéﬁﬁg_ &?e%?%f Eo ; {Q%nvg%%%@ g%nq]ggs;itii\@econtrol on
cach aﬂa?foTﬁesﬁ@Siit'Rie doRefol s@fv%@*:as aNBRc(ifidication of whether or not the
nitrobenz-2-oxa-1, 3-diazole), Oregon G een 488, O egon
hybridizamn cd0ditiony egord@aenbl ko aPacpitiat nBirlue forpdashaf viewing.
acid, terephthalic acid, isophthalic acid, cresyl fast

jolet, cresyl blue violet, brillian resyl. bl ue,
100084, S iRy T BesgPerk iR G, e i dar an of e
studic8 Z&pBRich hBR s weyad18e s dexastifiddE@sss microscope slide (Cel Accociates
su00|nﬁjfluoresce|ns, rare earth nmetal cryptates,

Inc., Regrlepst davt Addibppy dedilneclyfingp ks oligoeppielierhaidpphayebeen
reportg{i.l i GoRtE exeghn@g,] a{[ﬁ? 5 -%'nﬁ%f&@&%odi%ﬁdycga%l&l%}rg 8 n?chllé%eg ¥8p eron

opycocyani n, ococyani n

Biote iy @das almic ) HntstviicanilLn evergdppetod vytb hhiodidenanl 0 uM concentration in
hycoerythrin R REG Rhodam ne G een, rhodanine
a SPOHE)@%@M%%@&W%% 3&%@4&% §§%Ré69 mﬁ@&a&mw speim giggpte, pH 7.0),
mN1t Rat 35358 shR8&M Rl encti iGri tix, Boston, MA
B hoany no. - ag” Texas e CTRAZH (et Bovon MA)
microh@ipesttar waavsad vathl wlifl corm monarerc) H peeuck bstwesuspotas

. Mol | Pr ob . . ..EXAMPLES. [ 0QQ Th
Additpgn S et Loty Boyticel G i M i T Geotss armayer
(GenodiB l@?hﬂﬁﬁﬁ frc., | Ann2BEa, N/HE RorPRRIRGhAL B DY ARBOSBt R, slidees were

ski in the art that the techniques discloséd in th
storedenealiap | @ninéletivef foinidiny peqrnigbeand stereth i gsrateddioganveeped0° C
umﬂiﬁg quction well in the practice of the clained
P%o&g; conposi tions and apparatus. However, those of
skill in the art should, in light of
[00083] Samples. The CDC provided 72 samples for a blind study of FluChip-55

9|

microarray. The sample set was later revealed to contain three negative controls: two water
samples and one that contained bovine serum albumin. An independent negative (water) was
added to the sample set for control purposes. The provided viral isolates represented samples
from human, avian, equine, canine, and swine species. The original samples were acquired by
a range of techniques, including throat swabs, nasopharyngeal swabs, tracheal aspirates or
bronchoalveolar lavage. The viruses were propagated in either embryonated eggs or MDCK

cells.
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the present disclosure, appreciate that many changes

may be made in the specific enbodi nents which are
waele@shosed and still obtain a like or simlar PeFUE1007/060706

wi t hout departing fromthe spirit and scope of the

t MATERI ALSAND THODS [ 00077. ) )
lﬂﬂﬂsﬂﬂﬁen 03%% mega SGRORE . PB% %W&?ﬁeiﬁ%ﬁwm allanggjg fluid or
cell c@&ggiﬂenﬁl@efnft Wth@RNéQéifekl( CQllZ%&l ’@’aleﬁilav@ﬁ UBiEg ¢ IS/@% and subtype

vi sual'i ze sequences erever poss
were prckisterminsg rag Qlé@@yrsaqueasma@é é@ﬁ@ﬂ;ﬂgakupmncﬁanﬂmn@mmldase
i nterface. ence

genes%a%?r%t ?ree\%gwg%dr? ‘}-“r‘%‘awﬂ% %9%\]/%'@%)%66 S ieqlﬁntly identified by

the W&lTﬁﬁﬁlﬁéirQﬁTtlﬁltt plike (ckO9diplc ENABS Frolyrow3 AD GoluﬁerHY Th&fidst round of
3.6) was used to create phyl ogenetl Cc trees. TreeView

studieg wap,ggndu@teﬂ thing) the pager sty ofthe savEtiagwesg, ungngyn. After initial

analys[lmg lr&i.lltélt ¢ ?&Qgﬁgt%]sa% e%ey@ sdgtlogesg?%aﬂym?%%tnﬁenﬂg for

enetic trees.

evalua&)dnfdflrﬂgodlldﬂgh’@[’rs a nunber of Python scripts were
vvritten and i npl enented as shown beI ow ~The software

Ok L e SO I A o T i v
transchbﬁ@n (R”P)b?dlﬁ)v&%ﬁ% PtaE 8t Rubkeq &g rid- l)ﬁ tﬁaﬁﬁ)ﬁipﬁgﬁ 0&hg the PCR

tree) h a unique integer to facilitate
produgi @Lﬁatlempbth Revemdtreudsdpios ivenpaforpied votheSupicr Seript Hd@verse

s ey BHHAER e, ERGPATTG B ithefhen g o SARe bifverser

1nﬂuehﬂf il a9 Brevfo%glfyﬂies@iﬂe@V\PCRrIBr ﬁlﬂﬂé@dﬁtﬁ wak F&ﬁﬁn{%ﬂggﬁg an

file to be subtracted from anot her, out put a fil
optimizgf canasnivatiames previewshy figelsegunsineess to @opiFyribe MP, HA and NA

genes[(% nltale ﬁs El"ﬁe Péﬁrc\égg]gj)gg gﬁs x%rn% 1S Q&?e%é.f%e’% fg?P %‘fiﬁ,t then two

magal a ‘e cnooses a

cycle R0 foa36 seq Py iCeonRal sécahelns’extum aeh, followt®@b@aBs ¢Rdlys of 94
o o Wal Ki ng al on%1 the conserved region unti 1 nini mim GC
C forcyhsceng0 ° Orige tchprer@fr®), scamdthanufsdreremeriaysy cycle, and 72

°C for’ RPHA ?@%ﬁp@%?%tw Lﬁh&%ﬁp&lﬂ 5 ?Qsethxﬁwgroﬁa?&e P[Qﬁl@@%%%ése gel

capture a pr obeou rom
to evatuntd angﬁﬂinau&ineﬂmqﬁesethatrmpwd ankt arebtvidilge q)emmer iatanragarose gel
chooses theol F@@w@c]g SPhe | owest penalty w thout

were SHORGUFRY SRRl FHHSPEP P he

[00086] Two novel primers were used to amplify the HA gene of influenza B (Table
3). The PCR conditions used for B amplification were: 94 °C for 2 min, 30 cycles of 94 °C
for 1 min, 50 °C for 2 min, and 72 °C for 3 min and finally 72 °C for 10 min. The 5’ PCR
primer used during RT-PCR included a promoter site that allowed run-off transcription with
T7 RNA polymerase (Invitrogen Corp., Carlsbad, CA). Crude transcribed RNA was stored at
—20 °C until needed.

[00087] RNA Quantification. Solutions of RNA with known concentration were used
to determine the amount of sample loss during cleanup with the Qiagen RNeasy mini kit
(Qiagen, Valencia, CA). Transcribed viral RNA was purified using the RNeasy kit and
quantified by measurement of optical absorbance at 260 nm (A260). The concentration of
RNA in the crude transcription product was back calculated. Transcription reactions

produced an average of 300 pg/ml of RNA.
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oligos to overlap with other capture-|abel pairs.

[ 00078] Databases. Sequence information for a | arge
woenoses4sed | nfl uenza viruses can be found for BPXEDF1087/060706

fron1pub|ic|y avai | abl e dat abases at the Los Alanos

tion boratorijes flu..la cke
[00085] %_NA %@ﬁ@flﬂ%ﬁé%lﬁ%ﬁf% rg gl@#ﬁ? Gented
prior ﬂalfg»%ﬁa&ﬁu&%ﬁ 11 Im B B 1&@&@&%@&1 I(Meﬁlﬁlﬁﬁi . B, ¢ épﬁmlzatlon of

dat'abase used to BLAST (Basic Local Allgnnent Sear ch
fragmTfetion ¢dmalitiode mer mlce@ﬂ@ef@uelme of waal Ro¥ A4t Akl Baovthainn 2ORP

Dec. 13T 12 EPCEE SR Rl e a B B b entire

Bneﬂlrv Nf Q1 eedx PapnhditatRAVERIFR! (200G Biadehdd, 500 Wevd pofu‘séluﬁ%@tate
i ke ill nesses. Exanpl e organi snms i ncl ude but are not

150 mN magaesiyg acetpiel pld ¥70 apd 4 of;tram@flbwﬁ_bm weig incubated at 75 °C
for 2539 n?}{é Ea pl@?&&%ltfl&t Eé/edso\ﬁﬁgy llﬂda ﬁf Jf{ﬁ%e]il@gt?%i%#fdézatmn buffer

racis, ronavi ruses enoviruses
were &mad to Qﬁhﬂr@oﬂcm@n&mm SSPE Mm:s&ﬂmslrm nIENEEIN L @M NAH2PO4,
St rept ococcus pneunoni ae from the NCBI nonredundant

I mMElphpariE 7@t 30 W%FDrTAerﬁ&P@Wrdtm sqlitiogp07o dqiﬁélz% B)rmamlde

o 20 50O S AR OO bl Byt PRI

TechrahgidsoNboaro s€Aand, 1.e., the sequence and its reverse
conpl ement to search for sequence simlarities in the

t abase., I ndi ence i t n E va I .
100089707 56 theh R RN Spdichfa Y- T e Binn cach
of 0.105 SbBasi I3, ak 8¢, AyRLD ddnaq*mtany h AR bbmhg lvb@ﬁ!&éhnd then spun dry

sequence. One Experlnenta aﬁfproach [ 00079] One
T;

until usgelfpbradizations wee Q?Um%’eqlﬁ dorghh atgpem temperaturappitonkybrideation,
the sh%gsnv%graetv!fa%gecf fg‘o?tS QQC lq?:tg)e %@@Sx %gé @ rir;)l élsé/%%x%\é% 0.2x

a mcroarray use a capture

SSC amﬂ%bleﬂy slnsemmbildﬂzz)eﬁmmo @plﬁQ]erldg,SUbSt rate and bi nds
target RNA during hybridization. In this exanple, the
captured target b dto th t b d th
[0009{)5?9& Mzgrogértaggmléémggz%g éng&sgdﬁygm(gﬁrsgm%e% vserg Qcannedeusmg a

Bio-Rhl 4% [ &af ggr ?%&ﬁL@do'erSHébC kﬁmuue@ecm“gm 388k ?{ﬁ@étlon

pr obe) . i zat1on and rigorous washi ng,
laser pnvm‘rcaad PMIT sessivatn o€ 0% rmand 70636 redpastedly, 368& 5 mm resolution.

Irnage[e %Igtg iv!za%é)é)ﬂfg{%e ru%g]lcgg&of% E@(?obeaéan Jose, éE)SOAﬁﬁI oﬂ

quantfEAtHERIVRRT WM GTRALE BY aREBL&D L 111115]%&["? Qé@th%ﬁ%ﬂt%r bfthe images,
capture and | abel sequences were selected using

analysipwhvpofaged b s bespacnokxaoamira condipions: each of 5 vo lunteers was
provided with the microarray layout (as in Fig. 5) and asked to assign a type and subtype to

cach image. The analysis step was conducted as a blind study for both the initial round of
experiments as well as the duplicate round. As described in greater detail in the results
section, the volunteers’ results were combined to produce a statistical evaluation for the

overall assay and the FluChip™ apparatus for virus identification.

[00091] Microarray Limit of Detection (LOD). The LOD, as defined by a ratio of
fluorescence signal (minus background) to noise in the background of greater than 3, was
determined for quantitative evaluation of images after hybridization of MP RNA. Briefly,
sample D2 was amplified with MP specific primers by RT-PCR and T7-transcibed using the

conditions described above. A dilution series of the MP RNA was created, fragmented and
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total of 103 capture/label pairs were selected for
anal ysis on the FluChip(tn) apparatus. The possibility
W@RooBab4380 positive signals resulting from di r eB€T/US2007/060706
hybridization of IabeI sequences to capture sequences
an1ned ubati gn | abel s, in the absen
hybrigjg ﬁrya%fﬁwefe BN 45 R Apve BATD et A Y EpGHy Analyzer
Soﬂwlélre' BicH RNOAoEhEA! HeicRRL] @)Sl/l\hé’cflﬁ @'yberg@tﬁ’ctsugﬁvdi’ fs%hﬁg MD).
found toexhibit cross-reactivity wWth bel probes
were renoved fromthe array | ayout, along with the
Exampde Fespondi ng | abel probes, and the array reprinted.
This process was repeated until the nicroarray

> fal Cives. |
select TR i el Bl ol Delctfo P ARERGRuith b ypes.
Subtypesadmetor Sarachscor r espondi ng | abel probes (see Table 3).
The final version contained 20 capture/l abel probe
rs for influenza A/ e, for NA,. 7 for.
[00092f VP, DieGrePREnRRPed E'Aﬁgsaﬂe%ee]fawelﬂt&fwt Ao agph=ige fagee
databﬁlem ordB8o 3dn@iYy +RWRNbf U&%grvfaﬁén Ihge li’dﬂd%ﬁza%&hq %eﬁme From
viral RNA from’ sol ates provided by the CDC i s shown
these ragidais g)f c@nseﬁatmn captutr sndpplpd ecouasocs p)gpet‘té@of discriminating between
o L cate | e captur be
aiffersly i LSBT i B B S Bl SR i Eted neipia g s of
phylop&Relc a8cPfoP At rbdRtiEPBd Bk sOBCtRAUIT adthlyely Shell Refbtd ¥fcapture
control served as a direct indication of whether or
and lahelprebgs th ywmntzfabﬁomh seesHemafanducnes sirawequdeteilesdhgxperimental
ti r.for of view ng. [00082]
evaluﬁozlrocﬁﬁer%h%%% @uelgr € 1gr%a C‘lrlg)ﬁd %Iage??% s exanple, the
substrate used for aII of the studies reported herein
[00093ks anFad debyrdentndticfmebodid so tiredt esgtofeeant|dettetigroef viral RNA
Accoci ates .Inc., Pearland, TX). Addit k deﬂg%ls ..
using g AV gSRYPHIZAEHIPERSS s FbeHs %@eqtesﬁﬁ?h% 86¥ShlgpAbtaining the
hMERRAE PV HaEh FSPRIBh R aHRGs lated h I I
muc argn&%g S(g:%lenbé’ll i eda gapt g el ot uaengegon(te(%% Fltoe% erein. It is desirable
to useBlrmm@ahmrdje@)sgmfe@pturmprobeHﬂpalslv iof bmdngu)lan/ye‘nellsqggets baonging to a

.ont |1 de t mM cgncentrati on ottln
specitf PP C B i i G sk TRBEOT TS hasig R €Ehe S on
studle§ Ay HIPhGhd Epte pRited afd)deriéd FbNS %ﬁlé’ @}é&e{h@&pﬁ’@%%lﬁﬂ&own

0. 005% sarcosyl . A Genetix Omi Gid (GenetiX, Boston

smnwnmg m croarray spotter was used with solid core pins
and a 550 mm pitch between spots. Additional slides

(00094 2 pNeQ{J T bgﬂ 'v‘frﬁL %%% ﬂf&ﬁl‘éﬂf%“’ﬁ%é@% i’nd

arrayer om ¢ ut|
conseMajiof Aetepmiaed eﬁner}@uﬁﬁrudmes)vﬂlmﬁ&@rchapgﬁ dsith@yirgd indeases. The high
wer e stored undg @g@brel tive humdity vernlght and
mutatgRGRIEdoT Ha 2 S eal R Pis iAo FRAUCOBecurHRY 2 Yk Pisetaset of

intere$t®6 a set of oligonucleotides capable of binding to at least a portion of nucleic acid

sequences that include a simple, functional array.

[00095] Then, many publicly-available databases with sequence information exist. In
fact, the National Institutes of Health is currently funding the National Institute for Allergic
and Infectious Disease Influenza Genome Sequencing Project, aimed at the rapid availability
of the complete sequences of thousands of influenza viruses (see for example:

www.niaid.nih.gov/dmid/genomes/mscs/default.htm#influenza). As such databases are
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[ 00083] Sanples. The CDC provided 72 sanples for a

blind study of FluChip-55 mcroarray. The sanpl e set
woR®slatser reveal ed to contain three negative PORUSWDFE060706

two wat er sanpl es and one that contai ned bovine serum

.al bum n.. An independent negative (water.) . was.added to .
contirgyfy 8PN swpiogHe %ﬂlﬂfi&ef%&a?%l&gé@sﬂeﬁﬂ fopmatemyEem thétm i
requirkd ral isolates represented sanples from human, avian

equi ne, canine, and sw ne species. The origina
sanpl es were acquired by a range of techniques,

[00096hc| udPrpetdssigatorsilighsucleniisio phigioprigesalias brabtie subjgettrdapcent
v BRLSUE 2405, PLRDRIBLARL 8 D8P0 5 TR YBREBRASe b

devel®@Rldts dEH@O8drodrPayit6b&X Beid:@mpds Wiz WiRNAeWRSsson and Nielsen,
extracted directly fromallantoic fluid or cel

2005; Njiplsen ¢ adup @3 at aiposiam Hat srarqle B polential pepbegdyy, taking into

accou%{ffé\?é;@%fgl;err}l ggm%@tefs? g%&}('%%yg@gg%lg Séer}é]ge?%t‘g?eg ?o %iﬁoen within transcript,

compheitpagd sdlff annbalanpchbiléyir Bind wsedas@ng erehts Banth eSthegrparameters

provi ded as unk s in a 96 well plate and .
and 4 SUBSERTS NG H G ATRE By RS algpRudarer Rogting fhg best scores. In
additif&!l,eﬁl&e 6RGOhEHLEMmALVARBR thiOR ﬁ@tvgp@biﬁlgﬂiylﬂ@é‘ig&d fol Microarray

' irst round of studies was conducted blind, the type
oligo salcctiobtbyparcaked todinslzamd|opsmuer imerknospecial Af foe fargndcaleal
sis of the results, the conplete sanple set was

anal
Saﬂwﬁ?%%é@@gﬁmagain i ndependently for eval uation of
reproduci bility. [00085] RNA Anplification. Viral RNA

[0009f7] OM ed&b obotival & M cafittiyfdveidatls bdagiefi®WeleS€on tools, such as
transcription (RT), followed by PCR, and subsequent

those mgntioed abpyndtiol fhid RMErs PhgrobRvtapEsRNp A Gty 248 Within a single
organ i gén%ral F%%}i\%ﬂ%@é for 3R %%érﬂﬁén? D83 s RO SﬁFﬂleW si)@ciﬁcity for
e.g. Invitrogen

uper scri pt ever se Transcriptase (
the tafgot, Rimilatiay IrsiadidiZafipn tsidigors) inhkititySEAtowhybdBize, and ‘coverage’
"universal' jnfluenza priners as previously described.
of thegepessfrinteresy Rieths scqueReisseher f or med usi ng an opti ni zed

concentration of previously disclosed prinmers to

[00098TP! i T ¥ol RBil¥Rind KAbPRle R iIRRES (iBREs, TROEeRve isThBrd CR
conditions, in this exanple, were: 94 C for 2 mn,
demandiemsinewthe yeptars anfl lg] probes sieoldsen onbra@ef asingle gseeofa

.and 72 C. for in, followed by 35 cycles of 94 C.for
speciffinfidirsis oy Bised Bueng s O TR PGB REC 1 fiSignguch
captui@id Il4Wel SRhceRp&kqednetLfiomAthet/ @ viruk @fraihd hil 8. beR&Bnined in order

products were visualized on a 1% ethi di um brom de

to identifyirpgiansigat 4e cappdle afdargoting mubipknyruses-cat i on. Sanpl es
that showed little or no visible product in an agarose

[00099F! Using PROFILES, Rodrigues et al. (1992) calculated ‘homology profiles’ for
aligned sequences from foot-and-mouth disease viruses by creating a consensus sequence and
recording the number of sequences showing a nucleotide difference from this consensus
sequence. These profiles were used to visualize similarities or differences between sequences,

and primer pairs were then chosen manually by simply inspecting the ‘homology profiles’.

[000100] Primer Premier (PREMIER Biosoft International, Palo Alto, CA) is an
example of an existing commercial program for designing primer and microarray sequences
for a given set of sequences. A limiting requirement in its application to large databases for

highly mutable viruses such as influenza, which often contain incomplete and non-overlaping
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wer e subsequently anplified with influenza B specific
prinmers. [00086] Two novel priners were used to
w@pgBs4s3¢ he HA gene of influenza B (Tabl e 3).PrPadnesBCR60706
conditions used for B anplifi cation were: 94 C for 2
..mn, 30 cycles of 94 C for mn, 50 C for..2 mn, . and
regionppis gt gl STy Fesdh A feh g}%&ﬁ%ﬁ%fqa‘% Baigh sperific gloidtpapee. In
contra@f &Me&i@@ﬂrégéﬁtéd‘gergﬁ iPEBrd RBLUISE MoRk QHHs?eﬁxfedSrbélﬁns to be
hat al run-of f transcription wth
1dent1ﬁ@d mrvalm O(nllsnsv fraetonpenf tiBosq inchizs h@bmletm)g.lona ude
transcribed RNA was stored at -20 C until needed
o0orpRBOE7] EOARRIEE |G LA SIS WS SRt g i
regard3f toS @xgrhi@ing08s Ssetl Wi RguaiceanBgimihy) Wwite aQ agend Ri&eaﬁ)/sequences
mni_ kit (Qagen, Valencia, CA). Transcribed viral RNA
GPRIH5 figdy hpe ge§$ ﬁ?ﬁl‘?%eoﬁ'%hléﬁ%cyﬁ% lngihen dulRiset Eee BY amblgulty

6
o5 TSR A AELLFL AP RIGHR0E 3R CAREH o v

manugdhyostiatedvag chamlnigataluhddned. vamrea,nmehmgttempemelmt M&mm)s gaps, and

.produced an average of 300 nmg/m of OOO
posm‘ﬁ? SRBAATESITB Ween g%PﬁPSrSieﬂllﬂ%?ﬁ BRC C?Pﬁ’ﬁgl\e@ % hé@r flpfabasc using
a FATRQEREA & d@t%ff%le ttﬁ’elpyﬁ%"ciff&%%f e ﬁfget I@@ndﬂléér %@sror GUIAR] was a
descri bed. (Mehl mann, "Optimzation of
tool thataghremfict quemn@gtom@ rvshdrc) rPCrR orioars &guldndibtysdusshobetween two

ir R Bi och 2005 Dec. 15; 347 :
subself Gt B g B QAT oy OO S HEREH iy e two datases
The ch&deBIs8iERcésNwirk SeRet for €hdh abiBy ©ffrite Jep@tat©ORTIXCR reactions with
fragnentation buffer (200 nM Tris-acetate, 500 mM
RNA matraeted inmacaekitl elcavies oshomiiva gires i sympieret: ahlshoushy @pdipd to very
hmlteagigtr%é}er%@aq.cﬁéo Js%&]?%rﬁn%%qa agﬁﬁcra 1of15n gﬁ%og})fo%rﬁ%s é?rfgu{ﬁ% the idea

es were ace e an
of a mﬁreq%mﬁﬁitlﬂgalpbb&bh db 2B¢ is€lBct vf éieba pe@t eligdaadedtled for diagnostic
fional concentration of 4x SSPE (Ix SSPE 150 mM Nad ,
applicgtioiivi NaH PCh, 1nM EDTA, pH 7.0), 30 mM EDTA, 2.5x
Denhardt's sol uti on, 30% dei oni zed formam de, and 200
(000103 each of e ARIORLLAA 1Rrcj ﬁléfﬁe@m%eﬁﬁt&ﬁan 87 Gapture and
sequences (Biosearch Technol ogi es, Novat
label ms_beg@@@eg; a Sitiod ehgw@dqtﬁemcemﬁg comdiazatoi tbe limetcd data-sets used by

enti a hed for. m in.each of 0.1%
GPRIME G W B K i b i 4 Dok i szt ago 1000
sequeH@l ®F nfné ddﬁ@&vw&%m% % £ WM ihimH8 Rngtiybdt zeaﬁalarmawneemmpy

carried out for 2 roomtenperature. After
requirfippts dvratiound, using a ‘majority consensus.” The method described here can be

used for designing array probes as well as primers for PCR experiments.

[000103] This study developed an algorithm for mining large databases to find
potential capture and label sequences that enabled the typing and subtyping of a wide range
of different influenza viruses on a microarray. As discussed in Example 2 below, the
microarray assay consisted of immobilization of a short (~25-mer) “capture” DNA
oligonucleotide on a microarray surface, hybridization of influenza RNA to the capture
sequence, and detection by the hybridization of a fluorophore-conjugated “label” DNA
oligonucleotide (~25-mer) to a second region on the target RNA. In addition, several positive
control spots in which a capture probe annealed directly to a complementary label probe were

included in the microarray design for ease of viewing (Fig. 1).
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the slides were washed for 5 mn in each of 0.1%
SDS/ 2x SSC, 0.1% SDS/0.2x SSC, 0.2x SSC and briefly

wOo evgesssn ddH20 prior to spin-drying. [00090]PCT/US2007/060706
M croarray |Imaging and Anal ysis. Hybridized sanples

re scanneg, usi | d VersArray scanner
10001fg ¢ Pa a6 Begeaed s et ERTC Gistancg gomyha set of defined
criteridet ection, |aser power and PMI sensitivity of 60% and
700 V, respectively, and 5 nmresolution. |mage

Coﬂlier s%?t%n‘@@ifvgﬁt g@%ﬁg ‘Portﬁst'a&%t &g ev%ﬂﬂ:n{ B wePAB cross-

Jose, quanti tati ation was
reactmqr‘ivohnﬁﬁbroaptaesmmmt seqﬁencmages given the clarity of

t es, anal ysis erforned b i sual
i N %ﬁes @8%‘%8?6% eF g ¢ 1a8ge H%/’&}L'uénz\?é’l“&ﬁ‘ise‘e pgder to

allowWﬁ% t%lﬁg 0@ duMile bP&s MG PRCFARY idfR¥OMLViAAS dsrbo’s:élgle 5)
asked to assign a type and subtype to each i nage.

ThEaczlmap@am @dslaleqcb pwebs veridtretcad 6amd & St umk&ngthuidyesef bngths result

in a sl Fighilife R R g SRRy HEpbichSr dyegived by

Chand1€Sdtlal. gz(mq tHeQAptukd g dVIabdl PrERMBre ddgSodht 15 OB hBotG&TBipaRfed by
to produce a statistical evaluation for the overall

only oag sgleatids. ﬁw@nmrucﬁﬁqg(an@f ahfspstri@tnidn fepgthyallowsd for capture and
091] Mcroarray Limt of Detection
label %ﬁ%&ceg#{%ﬁ}nﬁ%e 1as defi ned by a ratl o of fluorescence
gnal (mn und n t he ro
[0001%] gr eat er 7‘%5}2?5%5%\,\% (?{”%fv ?@55’%? iﬂe flowchart

showr?‘ﬁ@'Fk%ﬁtZ @é‘sci%ed ROSraf bﬁfceﬁy@ﬂ' ﬁﬁ’(ﬂlﬁ?tdoﬁ%r@d‘ MRidRNAor a specific
Bri ef e D2 was anplifi ecific

databagei g*ém@,te@yt %Omllaﬁ‘ddﬂ'ﬁmet ﬁ%&h@m%e @ensppryifichelatabases containing
sequeﬁ%g %RI/LX (erhssp%&?%r : gg 91%@81% (g & 1111%]4]' S ?IrA oﬁlts ﬁtype) were

was “Cr eare ridize

creatededng cdaadtrddo FASIES ¢4 s@@dn@Mtganﬁﬂdp&k@gegsﬁeﬁhtwﬂghz step 1). In
VersArray Anal yzer Software (Bi oRad Laboratories,
certaipepyeyy t=_b§ ge@@vsmﬁ% @fb@ﬁrfé@a}te% wasilinyitad Ty ppaggficanpy) of a starting

I I t
year, GERERIG (6 el GEHLAN A AL iBlle bty TAL.ABNa result, frequently
sequeﬁiwkit Ppes tl&l’gﬂlempéétﬁcadﬁsba{s@wgﬂea@de aemﬁtip)lb aequelr[eft hligghment was
di scl oses, an efficjent t ho for Zin )
perforgpeglzsn e dafasetarsingCluga P drvep @ﬁﬂwgy%?n 35 o041 Aanultiple
ahgnrhéhtt\i?z?s b&?drHl%H %ln@ Rl FAen %r‘%rltl’fﬂloxmtﬁ h)%%%trﬁﬁ&'l@@@ aﬁél ktuple=4.

conservation, capture and sequences capabl
Additipingldy, |ame|t$fopng>umeg whengetictit tnicemtas vicnld. Aypas rlgntbus phylogenetlc

tree u?lﬁgt%lgugmg}um ?ﬂ(esﬁloo“c‘ito?rdpalrs'fr%grtnlfI Enee‘?ho%f is tp%?mﬁe,t oovge\!elrr] ¢ Ihe nelghbor-
joining algorithm was chosen due to the large size of the databases and the computational
time involved in applying a more rigorous method. The nodes of the phylogenetic tree were

arbitrarily numbered to assist in later dividing the tree.

[000106] The CONserved regions FINDer (called ‘ConFind’, Fig. 2 step 4) was
written in-house and modeled after the ‘Find Conserved Regions’ option in BioEdit. A full
description of this available software can be found elsewhere [Smagala et al., 2005]. The
‘Find Conserved Regions’ in BioEdit requires that all sequences contain data over a specific

nucleotide range. Briefly, ‘ConFind’ was written to allow conserved regions to be found even
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phyl ogenetic trees for data reduction and the
selection of a relatively small nunber of capture and
wo a98l5438bes to represent a broad spectrum of PCT/US2007/060706
i nfluenza viruses. A detailed experinental evaluation
of the_sel ect se nces i s described in bel ow. . .
when (qihp g3fagiog. Ofiﬁlﬁeﬁ‘%@&itsgq%%“n%‘%‘ﬁ%}a weeder dn’g“ff%%?n at certain
positiG@pPt ure and detection of viral RNA using a two-step

hybri di zati on process. In one aspect, several hurdles

exi st for obtaining the nuch needed sequence
[00010%K or mat i on Thisrpraggigrinagn ake Bied ditointesiapd, sand dvatiss eiam be sct for

e g G ol SR G e P PP RO SGprepemvons

per bhg, awsidRE iofi dtloswedt yeepticRi ® tifis Bhadhddne eefdpyskdquatienmt, and the
.. than that encountered for gene expression studies in,

miningpm dwnbse of agsaueneeh retEdattea dRasitipadin pEier fPhdhat, position to be

consiI n%f.fofric%gseg@ﬂﬁn. . kﬂdgﬂﬁmaﬁgg%fbcﬁt éﬁg%%ﬂlluﬂ\llqéﬁ th of 45 nt, 0.2

uenza 1's an virus with a mut at1 on rate.
allow&epit eSS ahneo agerpygicr bascdstithrdralivectdadxcopt@nppiand ainminimum of 10

time will. likel hange as the vir nut at es. The hi gh
soquepi ol oATPEER o %eegeqal_r?raﬁta ,<St?%5§3@ﬁ@%t%%quoto chable the
selectloRHsort BL1SUEIRAVEY r¥ ] @B EIHADASIRE paPlicul HsRLARIn. T O

a set of oligonucleotides capable of binding to at
| east a portion of nucleic acid sequences that include
[000188ksi npl e, f (penliiahiavaneprlied tb0D@oB}sPERd, datehaye using the default
. publicly-avail abl e databases w.th_seguence i,nformation
sringBES AL il REREN o bt 2% T SERER et RfE S founa
inforrﬁdﬂfoh%%dr&in@lﬂtﬁﬁ ofiginkhgeqiiai deoin &lrmb IS, i goditidnt OF tHY dddk@ived region,
and I nfectious D sease Influenza Genonme Sequencin
and pp@lﬁ?]@éts’ha&m%@ltwwﬁh\éerp VLRIt 4 4ils. amted tnyF]@f 2¢ ptep 6. If conserved

regior%gigég‘g ?éffoét?((g #g{] %fiﬁg&lfcyt\xpag lfoc‘c?sgﬁlesd, 9hd {H%fplrb‘c%ﬂéx% rgf.agaltje%? Dften, even

when Wely: ioad diringéncyoreairarknge neresppliedsthd efcactlid viriabilitpfdfuefluenza
. nhza). As such dat abases arecontinually growng, a .
viruseg PEvaRise ithe IHeRtEaton OEQQSSVE FRBISOVCR /Y FIHITE BRBASPeific database

(somek :hfégl doRBMih _l?@g“!sre X g%n?bgs gﬁ% e@&%ggn@ﬁsﬂr&n wa@'then examined and

ol 1 gonucl eotide mc en the subject of
dividadeg@mnimallew subhises, Rusis ed $teps2@0B1d Mom arkefforttoHafdadalitjonal regions

2001]. and, several software tools have been el gped .

of cofogAUg gh i EPEaF PGy 11 JBEETS R asck AHBIE: LA oy rteria could

potenlid8 REESSARhEN D Met8HSIRE sc@RAS “MNRIHeS” &t “dhilard903uch s virus
a programthat searches for potential probes by taking

age, gepgraplie tagiot, hpstwegadiisnt,¢fent paraneters: specificity,
nelting tenperature, position within transcript,

[000109] The power of this analysis lies in the fact that the process is very goal-
specific, and a different desired end goal may result in a different breakdown of the
phylogenetic tree. The subtrees (in Newick tree format containing no sequence information)
were extracted from the main tree and converted back to FASTA format (step 12) to be used
as subsequent input at step 3. The phylogenetic trees were originally broken down into as
few subsects as were necessary, as one of the goals was to capture the largest number of
“different” influenza viruses with a limited set of capture and label sequences. Once
conserved regions were found that adequately represented the sequences in the examined

gene-specific database, capture and label sequences were selected.
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conplexity and self annealing ability. The user
assigns weights to each of these paraneters and a sum

W@ e@Be54830 cal cul at ed. The program returns PCT/US2007/060706
ol i gonucl eoti des having the best scores. In addition,

ere are othe ograns avai labl e that are no
lﬂﬂﬂli{ﬁeci ficall V%@P éﬁ‘%&’%ﬂ" RIS LEE lasr%r@esn%thé%ﬁF%ncesfmm
ConsdWd REGoMS eWhi10 EdrnRehvaish QPtal REFScOWITRL § ’lar%§ RESb&! dVinfluenza
- for large scal e sequenci ng purposes. [00097] The o
virusegbj et timpertaft cntssioncsaverhother auiiik abire cseljisbad & order to optimize
sel ection tools, .such, as those nentioned above, is to
selecti b 800 o B LR RPRAGY & uRhr avgane Rt fres. G/C
conte® Shd1QbBtRr GaNMAIEM 28 RaglRALRBEI, s&]ﬁ@ﬁ&@ CRpreb&@ftin@Ninfluenza A HA
experiment are chosen based on their SEecifiC|ty for

subtypasel, Bargee, subivaey hend g ang AYHY waiczaemugHy celaefid bised on a “score”
. - hy i . . cover ade' -
s ARV kPR IS AT P PO Tgafh Al s ten
autondfayqai fogtharelestidat ol machobrdenphitiennza vi ruses, the
obj ective is nore demandi ng since the capture and

| abel probes should not only target a single ne of a
100012 i £ i ¢ viFeg wm%e%utse%%aﬁt d SF%P@% y Affoads Program
(‘findO81idol§ WARrRLUPIMPSHoW A HRSHARIRYGEh 6APH PO&IAP @aﬁtﬁ%?'abel pairs

~sequences, sequences froma set of virus strains -
withirt @ eglexansared fagior der outbingdiemthig.y3.r thgi dgarithivaalks gteratively,

.capabl e.of targeti nmul tiple viruses. 0099] Usin
sarting R Rish el e e oRsPrvBY 7% SO0 et e it PORof Hagticnees
separdé®Pby beSnudi&tida! AGdiaena eHeRERAtslakO M dn@at forBEChRYhdhce between

di sease viruses by creating a consensus sequence and

16-25r el ¢ BimigIunh enaltifeb égmpstatyisq fRentbe sanspliigny  EhentryPisptdogiplement
(rnatcg 'r'I%{) I?({reo%ﬁlelagéloa gtecgf)t%recéjeﬂﬁg&ﬁy 3t %ﬁug%&ir{l}-ﬂggrﬁ%[ring temperature of

es were u to vi'sualtze simlari

35°C dif fler eogesobilvseidndagURACAase ad idtdPmin®dr by MIGLDEZRker et al.,
hen chosen manual |y b%6§inply i nspecting
0

t t he
19991 #stb (6 ggensens fortvessn 30 B0 1espuser ofrfbe Iqmehagge o iR pik for cach
sequeﬁée?%@éetral!ﬂyi@ e Hfffé?érft lgr%tﬁ)s i@ be Blnd Ror .aegcl?@%epo%ﬁion. If
an’ exi sti'ng conmercial programftor designing priner
severd noiiryivesrodouraly tbe gaie rveids highestacopbareationet.c ofhesgguembehe lowest

maxir@g%l;ﬂ%tglié(glg?réﬁo u: srgﬁ{rc; %Itc Bajretg.s\}I?Esglgeiéélaéqiﬁ%ﬁiaggapltgrreglgbel pairs still

remaih&¥ F#EQA%BtarBbGhoP fthe bzt FeNvaNGRIR ftiS. #Ndep 2). An additional
non-overl api ngregions, is that all sequences in the

prograyetpigkigiligopnvad writian & twkrthaidspetéd pessiplctaptiri-dabel pairs (Fig. 3,

ange,. | ontrast, the nethod presented herein is
Mep3&8?%“?@%55%6%gﬂv?n%PngB conserved regions to be
identified even when only a fraction of the set

[00011R[C! udes | neqBpd etHtiireGin@MSbel pairs should be highly conserved (e.g. low
Shannon entropy) and any highly mutable positions present should be located on separate
oligos. To improve the stability of the hybridization, longer oligos with a higher melting
temperature are preferred. The ranking was performed by defining a set of penalties as
outlined in Table 1. The penalty values were chosen empirically so that the ranking results
from the ‘pick oligos’ program on a test dataset matched the results of a manual ranking
performed by a skilled researcher. The ‘pick oligo’ program chose the capture-label pair with

the lowest penalty and removed capture-label pairs that had a sequential overlap with the
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[000101] PRIME [G bbs et al, 1998] is an existing

program nost simlar in regards to exam ning a set of
waeegsemses. Begi nning with an aligned set of sSPCUESNETF)60706

GPRI ME fi nds honDIogous regi ons of a specific Iength

in a dataset "anbi gui t ons nsus.
choseg,g&r |(]g]§t ?’(ﬁﬁqﬂ%&gc)r ?Blé Ly ae %ger)é‘[e Ainit tlo_l_g@tgjltlaltcH%ture -label pairs
remaift@r0l ogous regi ons were manual |y sel ected by exam ning
redundancy val ues, nelting tenperatures (Tn), gaps,
and possi bl e secondary structure. Chosen sequences
Tatiene Gempateshoit NeuEMAL vdatabase4shRg:1a RART Aor final sequesce
sel=s@ar ch to determine their specificity for the t ar get
genones. Al SO OULL{ LAGE s a 00l _That Tdentities
OB ence regi ons WhekewPCR prfWet S R atid di stingui sh
sorst Behive e cbwensiibset sragi+eHlat a by noting differences
El “Bét ween consensus sequences f\gnkﬁnem;%@Hg@ga§§L§L&Jhe

El*@®hHosen seguences. vwereft ested hel.r..abi.li

mﬁ[&ﬁeqeeea&abe RT- PCRzreactlo g&iﬁﬁ“ﬁNﬁ“exTreﬁfed“““‘ potential

e

.....

\th@pghkedghgwwepy lim t&d datasets and not used for

Y i croarray applicatkonst t hesauprRgh At -Aldaduced the

wapideéa Of a nore sysi; GRude dhigesel ect1 on of
*E CaPRl ke 0kt gaRUCh Ak &

LGRSl CaPRlt &at | ons.
[000102] The method described herein for efficient
identification of capture and | abel pairs begins with

[000183]set of al FgnedbisiegWeRGRSferablk ©AAE @%b potentiliemishiitdheson two
dat a-sets used by GPRI ME, however, the individua

separaji SRS ey that s &ve RoteRi @@metyh%mt iR E SeyCRes-
1000 sequences or nore. Conserved regions of a m ninum

[0001'1@]“9t h neeti Mhd%ﬁ%ﬁmeébﬁwo% eStLY 8@X9f73 ureﬁfge E@qg,ences were

found usi ng maj ority consensus.
d1v1dadle1$1trr ili)cduffdnarte;maélnr bencugpecifit atatabesis gasi shgwa rn éyibbrbbepresentmg

differglff lg\élge}é o2 cgsb@g%rgg (el.;g rg[gf_(ﬁﬁ"mebi %g?nﬁte; 'QOILthOlO\?er h:ges numbers

of seBARBES ﬁﬁ')O? Qckd Eéhepaﬁiyet%ﬁlh&ki ‘tﬁ@ﬁ%’s’h@aﬁfk%ﬂl??&htwely recent viruses,
sequences that enabl éd the typing and

whichyis deasoarije cofisidiirfigethe mepii refvb ludinnary wiaturs @ i eaza ConFlnd’ was

As . di b
wed (& EEEIHEY L SN IHEEE b P TR B Frodat R igrCyere ound, he

datab&Be¥ds divid&t S ymaltkBlbiets asLiktuedddd ot citeabiatBur@Berd of conserved
m croarray surface, hybridization of influenza RNA to

regionstar easheanesnestfisctieabascire skt Table By t he
hybri di zation of a fluorophore-conjugated "Il abel™ DNA

[000115] A unique aspect of the presented method to find capture and label pairs
was the ‘breakdown’ of the original gene-specific database into several smaller subsets. This
‘breakdown’ was a very problem-specific task. Depending on the research objectives, the
breakdown can be conducted according to a large number of different criteria, such as
phylogenetic lineage, virus age, geographic region of origin, host species, or sample

pretreatment.

[000116] For the influenza microarray, each gene-specific database was
subdivided according to phylogenetic information, as there is a connection between
phylogenetic information and antigenicity. As an example, the breakdown of the tree for the

N1 subtype of the NA gene of influenza A is shown in Fig. 4. In this example, using the

33



10

15

20

ol i gonucl eotide (~25-ner) to a second region on the
target RNA. In addition, several positive contro
WG p@BA54880 Whi ch a capture probe anneal ed di r ece¢HUS®OE060706

conplenentary | abel probe were included in the

nmcr arr [ for ease of view ng (Fig. :
paramf er.T 8%1 ﬁ@g@ﬁﬁlf?&r nseyed Rggions é%cﬁ]gﬂ dgscqﬁéerged regions were
found 88 1HNSFhpl e SRS 499 3@t seﬁﬁerﬁ@i | edugirihg éﬁEt'l(?h of thé %hylogenetlc tree

sequences were specific for a targeted gene segnent
suggestad aslgivetl breokdovos m’ceafcmn ynalier wibsetsotviaeh eapt amadyzeddseparately.

| bel -Th
subseh B RO R s A PR S S EO PR aPSL VG il st e
straind YiRdulgin@ndl hetbhyRifee 1960as many different influenza

viruses as possible. -Each capture and | abel probe was
between 16 and 25 nt in length (these |l engths result

TabRk 3 sulddcebentsl ddd-ghaeltd neleNPaLAlMEL 28N esuilts from appiving
d=gubld Ghent- SPEGH giﬁ@ééﬁ)@mf RorheRsSeRs: descri bed by
Chandl erc&t.al . (2003) the ca ture and Iabel probemere
adj, acent tR:QBG=anot hetsys sep ““”% R AROLE >
nuct tlde uwwwunser¢Eé$F%glonw :
|ennth alld&ﬁﬂ*ﬁhr captire.and | abel Qpnupnrpc wi-thin
theseﬁl|n1ts““*®00105TmNEthod DeVeIopnentt Fi ndi ng’,
Consefved Rebxgms Theil owchar to;shown injFig. 2
descr j bes themgyerall pr ocess ofixf i ndi ng conser ved 1}
regi ons forxagspeci ficsdat abasessf interest. From a
avallable séfuences, ge&he-specifit databages 5
contahnlng %?q\ nces oniy of a speC|f|c g%ne and ‘f
subtype (e. g lnfluenég A HA gene, H1 subtype) w@re
creatgd and epnvert ed:te- FASTA ga sequence; allgnnemt
packa§e) format (Fig. & step 1)st In cert&in cases
the gene- spe¢tfic dat abiase creayéd was |I?jted by f

fl nh"“nf N oi' al:i*‘i' TV MEVI-Y- o
t LAY

'dafabase was created, a nultiple sequence alignnent
was perforned on the dataset using Custal W(step 2)

[0001Y7]1. 4 [ Thonpsafaledf @leonseh84kgiofs Wékd FRng fal IO EEBYet. Subsct B
was performed using the FAST algorithmwth

(156 spquenscsap@ntaionh veitlt orbyufshe e el ts‘i:macqwfrora recently circulating
Vnusers’ %w%{ﬂ%%%e o ﬂﬁ @*b\f't RIBTRY btxg e&m%”%%ec%ae %s ﬁ}qr‘{R{ Subset 7
phy! ogen 3

gor ous tIC ree us

onseﬁfedﬂaglﬁhM)fe fRindoBubsst KOS ;Q’Jq&encb@vmmed ﬂﬁstly sequences from
nei ghborj gi ni_n orithmwas chosen due to the | arge
influcgza @ryses phihedd ﬁﬂé@%@u@ﬁl@g b ApitRakt fremdhe late 1970°s'to 19907s.

Subset C can be considered a transition between the animal N1 sequences from subset D and
the human N1 sequences from subset B. Due to the large genetic divergence between the
animal and human strains, no conserved regions were initially found for subset C. Subset D
contained 276 sequences from the last 8 years, which were mostly of the HSN1 subtype.
While these H5N1 strains were mostly circulating in avian species, subset D also contained
31 avian strains that had been contracted by humans. A total of 6 conserved regions were
found for subset D. As subsets B and D both contained sequence information from viruses
that recently infected humans, these subsets were further evaluated in a manner similar to that

described for the initial breakdown.
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time involved in applying a nore rigorous nmethod. The
nodes of the phylogenetic tree were arbitrarily

WO0uBes48a0 t 0 assi st in later dividing the treePCT/US2007/060706
[000106] The CONserved regions FINDer (called

" ConFi nd' step S en i n-house and .
[oool;ﬁgel ed aft §Pg%ehé3 “ﬁsnadS‘éSHYngEF fyﬁ%‘gi?’én’%@ CBB%GFYfH jGgtons were
foundEiln@ﬁﬁyt Th&dfeﬂé{mngﬁ&{: bf RfFRRNO EortsBhRd %@bhﬁ@«htﬁms Qfsfaé!@ﬁ@ dataset

can found el sewhere [ Smagal a et a

was onlg th@l ﬁ@a EPriy élab mwmweleptmoermE@HStand e@ultuém Qdma@rved fegions of

Variabiegﬁégtrﬁc(gfa‘ol%% %oa llun t ﬁﬂg’\é‘%{ﬂ% \Xﬁll(:{qagﬁg flgsléllg |r?eaéJ\}668 an immobilized
captuRQYHEBHiYEEbtide dn® ﬁ%eﬁa@atB ElubIpRErENBINNER RN o del, bG48 5 nt in
of the included guences contai n sequence information

lengthathat eyquid antsekia th@ arge{ molpeale]witthp 9npmp grmnthergfarei ghe next step

nvo lJeBeﬁ%u?g%lt tﬁ{ﬂ%r éa%ﬁﬁe a4 dlayeg 1?;1%% \%ﬁﬂlﬂbﬁ cgﬁster\ge%r m%[b% Suitable
conserved Tegion, the maximu

captur@l dndvielst] lplair§ wefe ohadherusant thogyriger ﬁrhltaﬁﬁgom wabepickfoligos’. The

. al | onwed exceptions to this Shannon entro

find_ptigen’ r IREHM VeitdUieHe Oomifir nilnetanbal thu@ea%d@& pairs within a
0Si LI n

conse egg% 1§1|C1i dng;n(l_:‘e’ath? ?fc%oﬁ%g'rsv 1?%%%{ rgnﬁédg{% Fou %’%/ ef?&s a@cordmg to

Shanneer entsgly, theeltangriternpanautee ragtihleogth44s discuBe@ abeeDV\ladaddltlon the

pick AP BFE) T P HEIOBR T QUHLIBR e (oPRED scores

stringency of these requirenments (step 3) was often
[0001¢9RNged t o enahlgot Ng BElREII Dle/Plrehids e TRE fi@8Sstep in selecting
conserved regi ons, depending on the particul ar
captuksj gngalpba weqqe@wmmgen@@mg plizonpelsotagns| dfedtargst gene for identifying
eci f n
1nﬂuerg% ﬁasrS {e% nsgﬁ{ch(fop @cgt fﬁ grolﬂsc’ 'hgl?ﬂ&l 310%? %HgtBLZAESﬁ; HEREY example, an

addltlﬁmfiﬁfa‘beﬁa Wwegheyisd Wedt &ohaitd, seQﬁEfIﬁés"T&thpbtélﬁ@aﬁlﬁibﬂf&mg species
he original sequence informatjon, positjons of th

that n&%‘ﬁsbé Py i dhoirech R b Bebridigian nsawased wiht afsp bybridize to the

identift&d &a %‘Ire HY 1601 duls?esu'm)n% 18e gﬂ()jsgtwe%lgtﬁﬁse Rire it'as 1rn§)ract1cal to
cons rve regi ons were ot he”stringency wa

BLASTbagengdll awdlabh:egqmnmedw rsmaitlepdaﬂabaie Wis emeated e nnvihéd human

| oose stringency requirenents were applj.ed, the

%@ﬁetaeeowr 9B qtﬁ?ryﬂ%f qraeml%%qn@at %%ggklegfae@éw”@a% ppwell as

genorhd&0F infiluERfal BAn@T GO RSGFYEHin BYNAS Y #1d ﬁfétlﬁ)ﬂﬁ hé’c%on) Because
genespeci fi c database (sonetines containing 10

of thestequigioe bsbridiZdimnp Mjdcoppsiteri sgtatse o wamon-taeget exmsnsd:an only be

b %P d|V|ded inta snal §L Su trees, shomntg stEps 1%th label

obseryidgo £, MUY FBF (Ol G 1R A A EN GhaPET {8 4Gy ot the labe

sequeﬁ@é@&@bﬂ@&em thd BdnSe PERCERSs, WasScaplre @mrwsefaun@ﬁ) ‘Rit” or bind at

unber of different criteria could
least a portlon of a gene within the database, a second level of comparison was conducted to

check whether a label probe also bound. If both capture and label sequences were found to hit
the same gene, the sequence was discarded as a possible source of false-positive signals on

the microarray.

[000120] From the 629 conserved regions identified from all of the accessed
influenza databases, a total number of 447 potential capture-label pairs (Table 1) were
selected after applying the ‘find oligos’ and ‘pick oligos’ programs. From these 447 capture-
label pairs, 75 pairs with the best scores that represented influenza A HA subtypes 1, 3 and 5,
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potentially be established to determ ne sequence
"difference" or "simlarity", such as virus age,

wW@emgnsysbo c regi on, host organism etc. [00010B¢T/Tkm®07/060706
power of this analysis lies in the fact that t he

rocess i ery goal specific, a dif t desired
A/NAgwgt@sarl aﬁﬁ? OB BINIBCE G Fit B Y sk R R g perimental
evaluR Il PIEARLIWitH thees nﬂhﬁalﬁu Bids8€ Seuboedabialkott lr()@ecafﬁ&@ﬁbel pairs
contai hi ng no sequence information) were extracted

was ¢xpenmch@llpagynluatet dhe scouanses adetdicl by thisSTicthad raad refined

exper Ry JRGET 15 S TaPBeg s b BRI (fumn headed

conséﬂ%@ réSoh’ g Wepeh§RttBoRStaMRt BedIREESSRI tedafor ARE iRfcctthia preferred
goa s was to capture the | argest nunber of "different
embo [fenza viruses with a limted set of capture and
| abel sequences. Once conserved regions were found
$ adequately represented the sequences in the
xam ned gene-specific database, capture and | abe
sequences were sel ected.[0001 10] Met hod Devel opnent -
Micro8ehy dnpkysis dor lQ‘agnmsriseofdnﬂuMB dlypSeipbepeastl SomnConser ved
Regi ons. Wiile 'conservation' of a sequence mrthin a
rge number influenza viguses.is.an
[0001% i terion, é@%arl 5‘1“8#%‘%6 %frlP{héﬁiltZ% i F&a‘e@‘f éIBP¥°§ ﬁ%lantr fp discase
mana@ntt@k ah® iPBpeOMAE iHFdremt |f&nre@ﬁ01ﬁ?ﬂidlfn§ba|cﬁbﬁ‘hn Riflvesiza pandemic.
I ncluding secondary structure nelting tenperatures,
Enharge¢swypidlange ramarqsmgtirrobu&t iand HicKpensp a@alﬁtlmlérqhawelps capable of
provtcﬁﬁﬁg\mesugaﬁle% ggt’ éyg% opf ﬁ#@zg Ylgu'ﬁ'ﬁsaﬁgg y(f%%?lt oh%btgicleotlde
mlcrobtﬁts}%dwﬁtrh IaghlsrCMﬁEfbleé(d@S‘Elghh&ﬁs’bﬁbtotﬂﬂu&tbzat offéﬂc hﬁﬁj’z & the desired
all of the specified criteria._ The selection routine
chara@ta%stt%eﬁoa/@wnéhf‘ealghomltafbéhtger%éte. Bilughzag Vigye Fenresegier @ design
cmnbﬁgéf set. [000111] For automated sequence sel ection,
an additional program ('find oligos') was witten that
all owed the identification of all possible
[000122ipt ur e- | abéd quai exenvilaryi methos iyt elesignserdv ebaraegiizion of an

As outlined L‘ 1 he al or|thn1mal s iterati )
influeiSy etgiivng RRCHE3 o JONER S ity PR SiD neak, difnt Fcation of
influch20A G0 N1 ‘Hﬁeﬁfaﬁdﬂ e N10irB& & YeRhibs& Hete NEaRisTRRAPRL £9mall set of

by one nucl eoti de. Additi onal requi renents are a
ohgonwlt:gtlﬂreSf vias gglehted etgu exlubit due sk eavarsg B rinfluenzai Aj andnB viruses

epatur e fQ e annea to the
currenqgf mrcg?raén rrahfs Clh mlart];) p?putla{tlé)o R ngLeas h% wa%:aélp I%ﬁ@ [ S%us that is
persis&f] Utﬁnp@rﬁtr?f in5 Geuth@adraX kiU m ngdrhp 6@ a@a@et@bwlﬁg ofxtr3dtfon and
for the nost probably secondary structure as
F"Wz@@s Heyplened

amplifjeatonqaf, ﬁl@;‘dvtw @nd fgsted.

Exam

[000123] In an exemplary blind study of 72 influenza isolates, RNA from a wide
range of influenza A and B viruses was amplified, hybridized, fluor labeled and imaged. The
entire analysis time was less than 12 hours. The combined results for two assays provided
typing and subtyping for an average of 71% of the isolates, correct type and partial subtype
information for 13%, correct type only for 10%, false negatives for 5%, and false positives
for 1%. Overall the assay provided the correct type and/or subtype information for ~95% of
the isolates. In the overwhelming majority of cases where incomplete sub-typing was
observed, the failure was due to the RNA amplification step rather than limitations in the

microarray. Optimization of primer sequences and conditions for amplification of template
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1999], and a GC content between 30-70% Because of the

| ength range of 16-25 nt for each sequence, severa
w@aismes4sd h different |engths could be found fRPCT/E82907/060706

starting position. If several pairs were found, the

pai r th hi ghest nservation, i.e. the. pair
RNA PM%IM%W LA SHATGRS BARASHYT iubing exRgs ec%goarfgr thrﬁ person of
Onhm§§mgmal potential capture-|abel pairs still remined

for this start position, the | ongest one was chosen
Fig. 3, step 2). An additional program'pick oligos
[0001 wr i t t enCugrentatdehnalegicsdor |sfra1édldp@tsfsqabp@ of mﬂuenza typically

requlr]e | %rgsr el_ﬁolat Qlﬁjw[rf)o%ﬁgﬁnm%%s&af Cg}) ac%erlzatlo ng tl"g rnethod of

ure an

1mmuﬁ@¢y’[§lo§1hauélﬁrd@%rﬁh@d'ﬂ yf colnged vads (iﬁccgmdefbw tBb a‘@ﬁl@lnstandard” for
entropy) and any highly nutabl e positions present

virus ShetReran band GeBETEWS of SEsacHIRIg| Plodtus TET] Mty echappsterization.
Unforﬁ[‘nqg:' e}Lf th¥ Pendd ?e £ hdy a s @bulthlRNGE" e131|s p?,ﬁ? tWaBiE%e%éc testing,

rretlngt eratur are preferr e ran
and om@Sa frev ﬁmptesjchybej&fstedlsngulmmemslyaf l\mdmﬂd:i pelsmamse chain reaction

outline Tabl e The. penal. ty vaI r.e. chosen
(PCRBApsaYs: c‘glinp@ 2% il é)rF'%rﬁkRaﬁr@ tpeattliy the dyeRea ‘gpRQIRe, have
1ncrea‘§éd Ql@%ens%@%f Y $BePot Fifls 19@1{‘[%%{101“@{1 %@Qp D B3RS RNA is

a manual ‘ranking perfornmed by a skil resear cher.
revers?éﬁ@nsmhekl (BI) goo cqzmplgmamathNeX (dm\lzéhptdmwsaqabmlly P@R ramplified

o it PRon AT 4 ERRNG, P SN SRR, SR Bl However

limitaB@hd i FcInudberSé€Bopiible PhinferP S FS MasultiplRk abion limit the
until no_ potential capture-|abel pairs renmalned.

numb@m@bamsl]lﬁqim geeabinl 4 sipglejassdys Meey egcapibe devloppdeinflugnza assays
remai etltﬁQII r%ﬁ[e(rin tc‘? ?@6&1&@%?%91%6 t ?a%%aro?tv?rﬁesq\lxjfﬁﬂ Crglﬁlqlaqtv%s specific

ave es on a sin

1nf0rrﬁe&ﬁ>ﬂ§@£ﬁreeh&@@13hﬂa]llei\@dﬂébdf Vifpkemrttattb @ain aﬁdtt@h@ﬂ infdfrmation.
4917 influenza sequences were divided into 15
ifferent snaller gene- sge0|f|c dat abase as hown in

[000133 ¢ 2, rept eSBRN nGhP fiplgrents spRatilg j f JoNey grigroarray
techn((ls%{% grd'\l;kde NLmd¥39 to @tp?&eﬁloﬁ%td@orf"cf‘ﬂer%ﬁﬂ' Muéléﬂ': Ofei (ji %equences

rs o sequences (>1000) were generally reduce
sirnultlam‘mstyl daDNAgmoarbyrrayelsas s&lei srfaec mmobﬂlzc;telsgomhlmﬂndassicapture

probeé)?tg b!%%%E ggn%? der %135 t sgg:ggmfg\ép flfa}lil) 1ng Eagqr%% Eﬁixgsr getection of
a rangee%cgéget&tsaup it e gg@%@@cslﬁ&& 161t ahpssocs el hARE mismatch

were tound, the dat se was divided into smaller
tolerascacbgélggmaéeqﬁdg @urezebascd e shorfiteapmrascqnendse havaleen suggested as

a mean%| 0 ac'iﬁ/es{g .glrrega?er (s)gesmftlc?try At %Ccpscgi%ﬂgatlso%%% vfzele% sgnalll aa}bgaersle 1casrequences

[000126] Using a previously developed algorithm [Mehlmann, 2005] for
sequence selection and described in Example 1, a low-density microarray was designed to use
a relatively small set of capture and label sequences (55, “FluChip-55™” apparatus) for
subtype analysis of three important influenza A viruses and some influenza B viruses. The
results from a thorough blind study of the microarray are described herein. The unique
aspects of this work include the microarray design, the use of target RNA rather than DNA,
and the broad range of viruses used to test the microarray. A blind study was conducted with
72 unknown samples provided by the CDC. The samples contained RNA from recent

influenza viruses isolated from several species, including human, avian, equine, canine, and
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[ 000115] A unique aspect of the presented nethod to
find capture and | abel pairs was the 'breakdown' of

w0 b@sos48g0 nal gene-speci fic database i nto sevePEl/US2007/060706
smal | er subsets. This 'breakdown' was a very

.__problem specific task ending on the re earc
swine @jd@&tqne CEITENS T g R diengpsitive for
1nﬂue¥19a @ud A% PEVRRI sQbtyBk i SiMonChblcQEH & orShe MiBDarray.
ph y ogenetlc I'i neage,” virus age, geographic region of
, oruP host species, or sanple pretreatment. [000116]
Blind Sg Iﬁéutﬁfluenza m croarray, each gene-specific
dat abase was subdi vi ded accordi ng to phyl ogenetic
ormati on nQ?ﬁ 0 -
[Oﬂﬂlhﬂbl ogenet i g © %)Ar?%gvt% llgglulgsngﬁ’ té\jelh:}%?]t%yﬁe%gi ghr? avian A/H5NI
subty@X aiediesn inhlélgbfi ealsto it dbr & |gevehrt91& fuad sdHnﬁ)eNlo'k aludf hpeossible
of the NA gene of Qfluenza Ais

o
sequepgs i, A wualiBravgOHihe p g éiﬂé% éigmgwﬂéﬂa.mw% fluorescence
51gnalFfOP QUQHre%gE?g rtﬂeﬁdcoﬁ% o‘ﬂasto %e@%&lﬁ@ &&u?@fbﬁ%@ﬁ’c%d B¢ gbl‘ﬁﬁélson to

wer e r the c l'ete set of sequences.
quantﬁatwesWem ofSpegtitoh srgha]t el pimkigogadeiti was deerrmquelwtt estinal-to-

a | qgi br eakdown.,into fo mal | e bset s,
back B et dRa 2 By ik iguihed e Shtik MhgSon.  The
advam"%%@é'I BNGRIal Abheclbn W SIOMWRE @aill LAIBatiNdf BIDIYIRE iBREE and casy
were strains circulating in humans before 195

conmqe@mrlllof]theﬂreqmr@d spetialgegisiy &y the degisigh arpkingeprecess fiorctlefaymination
Ofbmthls subset. Subset B (156 sequences) contained, with

8 y few exceptions, sequences fromrecently

circulating viruses (within the last 10 years) of the

[000128N1 subt ypest fraviouslf erta@ddhuseos a fmaple Hixed sihmeto-Background
. conserved regions were found. Subset C (51 sequences)
ratio fog rdeisTABRRIRD <2f] YindiBg Je it 85CR rBRt I POtuBIFRPIALY b@%sw does not
n

readith QBT M or SHANARE 1 QhAE R B ARl e LA Qo e bt (e 3

posititasan algtvemnob&thme emnst brepraseinmédr bihding @qoudrcesnttd asnndicative of the
subset Qﬂ .the human N 1 sequences fra suba et ?.

preseiSic o Virte HrgE g dEFCER SR B e ttedly HHged iomyftomated

assigritGt human strains, no conserved regions were initially
found for subset C. Subset D contained 276 sequences
fromthe |last 8 years, which were nostly of the H5N1

[000129Ibt y pe WhiFpethobeseguemrs thet W@rm@swékyeldmg“teﬂws binding, Varlatlons

i PO e R PP R S, R BB RSB oot

and laBele@! BIffedéncs HOMS pan&d of 8PpOMNB1e06H& thetbiad fcﬁfa gslu&satbtype were
D. As subsets B and D both contai ned sequence

also qbseryedakQrofampdim conpgeisans of binding on the N1 capture sequences for an

HINI virus (Fig. 6A) and an H5N1 virus (Fig. 6C) reveals variability in the pattern for a
single subtype. Within the N1 boxed areas, sequences 1, 6, and 7 binding for HIN1, while 5,
7 and 9 binding for the HSN1 virus. This was expected, as the microarray sequence selection
algorithm was designed to select capture/label probe pairs that matched a given ‘branch’ of a
phylogenetic tree. Often, the division of a phylogenetic tree for a given gene-specific subtype,
such as N1, resulted in branches specific to host species or virus subtype (e. g. N1 sequences
for avian HSN1 grouped together and occurred in a separate branch from the generally human
HINI viruses). Thus, a positive assignment required only a single hit or binding in a given

set of sequences designed for a specific gene (e.g. MP, H or N). Any misassignment (e.g., ifa
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that recently infected humans, these subsets were
further evaluated in a manner simlar to that

walemsns4sadd for the initial breakdown.[000118] BubE£1001T060706
was al so further analyzed as no conserved regions

found init.i atlon 0] suffIC|ent
hit or dynding vy apsigfed rfa W@rﬁ ﬂ aag ?{%ﬁ s | e o5 s Bl st yfigyen though
some H&gereé bf &rrcdt BRrftibh 82§ FAUERGE o%%u%tl on process and
resulted in conserved fegions of variable |ength

&Table 2, colum 5). However, the mcroarray assay
[00013@lqui red an Thﬁmmrlty.@édleéamplﬂséestﬁdl rg@diw@ﬂelmgqséhaérmo\aded clear

and unTﬁ B g&?ﬁ {nﬂﬁgrizgng]?{'e |§|u lﬁ) Htlagaﬁlég: el\?lcr(%%rfaytlmaéeést from both
round§of egidtiencnistwiera uguiefonidegaficatibheliefigh eisudl igspoeidn Bt mdividuals.
i nvol ved flndlngggll sui tabl e capture and | abel pairs
The symopary ofassimasnirdar yaslerprosspedapite indighasy 4 PEmSTY iigeyen in Fig.
[ t
7. The %glrssrewéﬁe%t tﬂé;] g{égf?)(f%ﬁé fB%‘;J Iﬁegﬁer? §% ocfpsragi 1 a8 Véan%{%zlgs 13 a given
categdr® a‘nldnme adrtomd»aﬁnztrbait ooamtamdadaaiﬁindtmheifromaﬂhesﬁ wisignnmenss. The

catee QD AHE POl Qb KB HE o A RS roRRYGR P ication were

cornpl%fbt ArARY rreBRIAL bR b GRS RHUNE ’N)a%éc?%E Qn@ﬁat@ﬂaﬁ&l"é%%% dic., Aor
above. In addition, the 'pick oligo “program al so

negativhogehet peHoagy bufendtabbéi) @aiack typk ohlyt (ia’eome@atl(/et awndd mpr N), false

) 9 al uati on of Potenti
negat TP BF FSEHCOD: oith B AT G THMSURERIh g e mperat ypote thet
the rbaigl siERAEREEsH f Ply. IEAGBRAtENE OtHe0QBMBlcROtdselSS WhicB involves
target gene for |dent|fy|n i nfluenza was to Searc

ch
amplifigatiopoinenfragimnentatipnsothihb riial XaiA dakowied hy hebridratiqng labeling and
washlhg ? tf& mllo?lrra n P%gql# ng ﬁlll ﬂﬂ}dagﬁé ; Vﬁg’l% n)?l?gl%jd %tr signal-to-
C al ne nces poten I a |r¥¥e ering speci Sg

backghbduatl \fﬁlh@btm kgeneﬁﬁl?&ﬁﬁssﬂgﬁm&ﬂﬁwhﬁé@ﬁpleﬁ%d%bﬂebtdfoz a3t4HOQ% of the
m xture and, m ght also hybridize to the jdentifie
samplé%lptc@rr@ctafryalmgaaa@ Patiglrsyb §un€0rmgﬂqrhWﬁ%lp§f@1qﬁésfpf Hé 2% of the
g b t I
sammpiS, 3P B3 & S aapitt it o @FLE Bk BRI 2, BRhingh with no
subtypmicmlfordmtlhmnﬁﬂsmﬁég&tlamja@efabﬁpesiﬁmsmzm bbserved for 5+ 1 and 2 = 1%
m cr an| S that cause influenza like illness, as
Ofthev?éllnp eésr RS for influenza B and C (as described in
the Materi aI s and Met hods section). Because of the

[00018Y- st ep hylpp} eiezdipliedte shalySer @ﬁ&htﬁlg@r %ic%gﬁllaﬂogoaﬁkglﬁ'hnd images
non-target organi snms can on Yy be observed on a

were gensralr oligingd, o ecsoits rifkece adtlglhteé d@ét‘?@@f@@@ﬁlﬁg@ﬁﬂi@ﬁmems The

asmgnvr\rﬁletnt[] an%ornple% haendI cao?rel tuffég g /e 2f hlybsfral(r)ndl eée t oorr.eﬁ Pypm&an% partial

subtylbsl ﬁﬁorﬁiatlbﬁ&&fs oﬁ)taﬂﬁﬁdt fo@Tl2Glf 2% @Eﬂh@ sinp fek.N Foh @ -davabpme,samples
a second | evel of conparison was conducted to
only correct typing information was obtained, with no subtype information. False negatives

and false positives were observed for 3 = 0% and 0.3 = 0.5% of the samples, respectively.

[000132] Analysis of Incomplete Assignments. By combining the results from
the blind study and duplicate study, an average of 71% of the samples resulted in correct and
complete identification. However, the remaining 29% of the samples were either
incompletely assigned or, more rarcly, misassigned. Following both studies, a careful
analysis of failures provided insight into the performance of the microarray. Of the 72

unknown samples, several contained RNA from viruses not covered by FluChip-55™
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check whether a | abel probe also bound. If both

capture and | abel sequences were found to hit the sane
w@ens/0548Be sequence was di scarded as a possi bl BCHUS200B060706

of fal se-positive signals on the mcroarray. [000120]

Fromthe 629 c rved regi ons. i ied from al
microgitay. a%%é’é‘%@ﬁle 04 PLbE sampicy a%fgglélsg ﬁﬁf% Eﬂ‘élile %fii]ﬁﬁﬁi‘“%? mfluenza A
subtyfd HR AT ento aki3 Cﬁptaﬁﬂ &, @Qﬁ&h QCiqoﬁﬁteﬂ-E&bﬁﬁ)réﬁlm\éféi}e one third of the
sel ected after’ applying t find 0s'

mlsseélldégmﬁcatmmg rRutere voroems hfé‘éle Elu@hlp%tapp@hfabevﬂlpaclnée additional
e best scores that represented

Sumy?ﬁ#?ﬁ@ﬂ?&@ﬁmﬁﬁ?§ﬁﬁ??§es 1, 3 and 5, A/ NA subtypes 1 and
2, AVWP, B/MP, B/NP and B/ HA were chosen for initia

[00018Xper i ment alln MRk t@tidifate Togeipligicatidt ficp, e PERNBiIdaLtk Yor cach
chosen sequences a total of 103 capture/label airs
samplgEcre B aly e AR 40| %ga@vambt e reprerenislyu srrerlcifenuftilang gel is
Y tRLS sMethnd m e [ tall¥e a
showrp n Tﬁgl 8. ﬂ%h v&cf}ee éhﬁgga e%hegéqﬁ ggé ?’2% %{%tbel gﬁ%ﬁge controls
demo(lsn(ahtlg’rﬂud@eﬁﬁﬂlir ai'mpirf&elrMBdNAe@lddmA prodiptsesaith shbmq&ently allowed

complefR0GrHERILT BR3¢ TP odiF dgmARIG ST POl 2 o T, Sxhibicd
appargﬂtgrgfﬂ%%hé &‘P(gdulcfbf 1}0%‘ B8R 8r &Féegengk‘bitylﬁ’ EmAGEhnPtd AbtR that “missing” in

obal surveillance of influenza is critica
this casorlmpthrp$ o\RéiTe ptcsiupmcancg@aamnrmm éreelmitanfdiciestion for the gel (~ 2

%) SAPPGen2at BuBAC © ERnaHIBa-S iy vt Ranth Fiiicr 88 HA subiype

deterrhidRii¢h coQRUSE ABG. 1 NAXPIORS| ¥ Pamalyddued! frd B COUMPIIER2 indicated
capabl e of providing a detailed strain analysis of

amplifiegtionexi iz MiPrand %A gersrbaens pbsgraiblaparnldiceden eethe HA gene.
m croarrays, wth highly nmultiplexed "signatures" for

[Oﬂﬂlmuenzat he n& ﬁ@ﬂ%{%]%flft F@pgeﬁ r@ﬁerg AL AEdE 'idei{lhgaﬁlon of the

ver, ’he 1 nfl uenza
HA subfypesedt made dmsltgm eAadubepgewad OORISL] [Mhe oMeP gene was highly
esi gn and char terlzat on of

npl ar t hod, the
amplifieL (4 o i LR E9TBePPRgDE e CReS- 15 5 sty - DUl g fispegble product
was olfz'%'il\‘l\ié'd%?NAV RORE meklﬁoﬂ Bapkihg atl L Qfinflk donbh UPAZRE Airus in which

viruses Is described here. In
a HAtpmchlcemsmideqat@i butald Hswbtypt iddnitifjoationl wat ndds fmasanaly51s of the

mico§h¢ S50’ QPP 2. 0 SNCHAE fs RUASER s
hybridi&RHoaht aficdgriE! Posdbid REsAY ifehy M idoilior kdikge hldatiscuSsed below.
The microarray performance, independent of the amplification step was evaluated by
accounting for both missing capture/label probes (as detailed above) and missing RNA. A
summary of the corrected microarray results is given in Fig. 7C and 7D. In this case, it is
clear that the microarray itself provided complete and accurate information for up to 98% of

the samples.

[000135] Analysis of False Positives. As represented in Fig. 7, based on both the
blind study and duplicate study, an average of ~1% of the samples yielded a false positive
assignment. In absolute terms, only eight responses were assigned as a false positive. This is
only a fraction of the more than 720 (72 samples*5 volunteers*2 studies) influenza A primer
amplified sample images viewed. Specifically, in the blind study sample E8 was assigned as

“A/H1” by 4 of the 5 volunteers although it was a negative control. However, in the
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persistent in poultry in Southeast Asia. A conplete
assay, involving extraction and anplification of the

wo e0alsBBA was devel oped and tested. [000123] PEI/ES2007/060706
exenpl ary blind study of 72 influenza isolates, RNA

.froma wi de range of influenz and Vi uses was.
duphc&f?p?‘i“ﬁ}”eﬁﬁ %yaﬂlﬂtﬁe&seaowﬂudﬂe@ g & ﬁoé%’ Aagedcsetiyg Carcful
evalufilthl b€ @BalYSes aﬁsbgﬁte‘ﬁa%vﬂhesﬂ% tdhal 2EQOUNS1c TiBicated potential

conbined results for two assays provided typing and
mterf@@ﬂmey@ﬁ micrb gy ayanrtifacty bge, omall kol ofonoteali ol atoeghology in the HI

rec type a art.j.al p ormation for
regiorf i el B neEl 1y B! St biaEe o Reritl Fupesg” g similor
fashioh@bap 10 TSI Wasvidsntifivd ak%H l%ﬁa‘lA/HﬂhfbyQﬁlﬁ A lURkERYd ﬂletﬁe bhigd study

correct t¥pe and/ or subtype information for -95% o0

but carreetly ddsntitiedsas 3 Acgatiee by éHvinedlwiteys iathe rctupbcaéfr steas eéddltlonally,
whey typd er.\
samplWaS \g nlt%gggél@t Eﬁ%ﬂﬁd %é A)ﬁé’}‘\’?tgcne e&% s %2 et ﬁg%ﬂ{ﬂoﬂgﬁa’ G9 is an
A/H7NB Wirfuat IAbASTohd) spJSternmphb gy ray spdtiat nﬁmﬁ@bf positde EonitideEpots may
sequences .and conditions for anplification of
amoaf%%ﬁ?%?@ﬁmA)éhﬁwﬁﬂP?P%ﬁﬁﬁﬁﬁ| n the art and are a natter
of routine experinmentation for the person of ordinary
[000135]' I'1. [ 000824 }aCy Hl?e"ﬁosﬁ%qgt@ oI €Sis tOMpShbRIOR lower than the
I dentification of influenza typically require virus
perforirmb@of oany cthét dingnoandinfhmomdass hlyow,lhartac aer Qf ericom. 1 1n

., I mmuno o.lLo haracteri.zati o
designlit i, PREPTOF e0tids SR DI SR S o BN SV R AR yftcificity
due tonlcfckb%séiierhﬁﬁ{a'tdhr’co@Mlc&&ﬁ@{aﬁ%@@ih@ dfapRridy QRﬁllatrbll?(ﬁnucleotldes in
virus for further characterization. Unfortunately,
solutigihinsrageqsh dtp wevgiuian eddigorral deygbot sslastivituisezatiigd thiopgls
hybrl(g e{t% es:f glgﬁu%glzag ACtottﬁec' %urpa%m? (fai} e gfobg\ﬁlné %r%l S3lufi8llabel.

Siul't aneous merase Ghaln
Thus, teagsciodd +iBGR)p lﬁybﬁaﬁsmom&uherhe malyl Haz€ aiaiadi i RUecipg th¥atumber of
pairs to anplify the influenza _genone, have increased
false pasiivediiisiin pompayisgh avﬂélwé@aowaﬂfSlwla&&hgoaeﬂ@@tfde@a&%n In
this approach, influenza RNA is reverse-transcribed
1871) into conp 2]l t f
o001 11, SOOI INA SN R RSO an s
false Igngatim:mgmltolﬁ 4i0% Ifwenkethspelxsfaf¢hp?2 neltrwwﬂ-mml@r False negatives
n the nunber of co tible rlner use
can a1f1§ﬁ, dlée f_ﬂfﬁeﬁlp&(er SEICPES, ﬁorinp]ﬁﬂen‘rtgﬁgr h %IE tlbef cap ure and, or, label
probe@“‘mﬂi fHeatbrlg%t BNV Drifdnad Sl TN & é%\‘é&@i)blhtzar@w%ﬁ Qﬁé“hi@hly structured
devel oped 1 nfl uenza assays remain either limted
naturq @érstrigle |sﬁgnd@dnBNéstpqoadg@rldfzaw1r s dhe \nint:marmmqaature and label

Vi rus peC| C tl on I SCree er
seque%céeﬁ Spu df ar\llsler%osnels {a 88068%181 1géor g &chetag a ion. It has been

docurhdi & Bt i KNA secondary structure can lead to uneven cleavage when utilizing
chemical fragmentation reagents It is possible that the employed method of base catalyzed
RNA fragmentation preferentially cleaves the viral RNA at positions that would prevent
interaction with both the capture and label probes in certain regions of the genome, thus
preventing capture and, or, detection on the microarray. Although fragmentation was
conducted in order to reduce structural features in the RNA [Small et al., 2001], RNA’s with

lengths of 38-150 nt may still have significant structure [Mchlmann et al., 2005].

[000138] To assess this possibility, in one exemplary a method was used to

computationally predict a probable structure of the fragmented RNA (data not shown,MFold
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[000125] In certain nmethods, multiplex is capable of
DNA m croarray technol ogy provides a neans to screen

wo ooosphsasands of different nucleic acid sequePCEES2007/060706
si mul taneousl y. A DNA mcr oarray uses solid surface

sce NPt Shotet 1L oqtigh 200 YER BRA RGBR curpioopadie to the

captuﬂ%yl%é@% BlidieRnd@bg Ghiion a@efra@ TRASER Bhg g\@&%te‘xﬁ‘e‘ﬁhed/ sequentlally in
di ver sé sequences since |ong sequences have a hi gher

10 nugiegtide drterero¢rds,amicle S © adysduol eaol icdd, ap rtayesmbsised dength of 100
elof 85 The TAPHAE S EINERERA BRI RO, 198E &A% nogatives on

the mitkSfayMiNahd atichrtdian s%lf%io@[at@ﬁﬁ@éﬂ1&1t§ﬂi@ﬂl@d&ﬂﬁ§h intramolecular
[ 000126] Using afpr evi ously devel oped al gorithm

Tm’s,[wasrd hairss azae Bl foohybsidiatne é/ltélélae@fq/ bhelariebe@ad mioyidtherefore
pro duc@ elé%g qglreék‘get g{f\t/sé ?Wlln?ewfrgglﬂgﬁt% i ﬂ] gd{;lvs) tq%t?%}{% g\%ﬁ?rdﬁﬁll@ Q/%ql(f Be more

avallasmme helesdigdon anEHW@i‘ldi prédfuce eﬁrongep pas.aHasevérpho ﬁub«ttquerelatlon
analysis of three inportant .influenza A viruses an
was Qhsgiveilnprgpspng mhat sqauense midnately upids npt JHa @%@s&ugw is the
Pt Bto? i BYscQeeh SORIth@Yehh LD SR RER:; 1
domi he gﬁﬂque %%6 égglg?ﬁthgs a%$k gﬂgﬁéﬁe ?Eea#?g% a??%&““ o
(~ 4%e snproyembigs us sc@fentarsgettio’RNAdr avvergetshanldDivstheraachantxe correct
. broad range of viruses used to test the mcroarray. A
assIgPqNhg st udy was conducted with 72 unknown sanpl es
provided by the CDC. The sanples contained RNA from
[00018gcent infl pemzazyi BUSARalysiQ! atedpfliiima¢Vvebdlics, during RNA
speci es, including human, "avi an, equi ne, cani ne, '
amplifigrdioni ifiso prRelyrt wesneibible, ingingigeioss gelsuhan using thatinfingaza A specific
primel Y TR BN U5 RS WG, D 460 B 10
blind 0d¥,86%1:-GroOaf thaynfludhzB sﬁhpkéy wiesetrtestl] @Q0mdd K cither influenza B
Representative results for A/HIN1, A/ H3N2 and the
or a nggAtHR), Aﬂ%sﬂﬁ S Wey%éseéwéat@re&ewdi 1 falsg pogitivRppare asgigned. In the
t J: %
A A P B RISt KRR ot £ % Wi RORSLBIvE, and 1%
+3% dx&f‘e fadsd msmaespd)]s albsoﬂzuie fdrone ersidenrtai"e:asOlgsnw the drv@ﬂuiteers were false

negatltézg.{qﬁe oetssy'lt hat g?s%é]g%gf g)% h%map(f &?qc l/afézlcchlg}% &grr ftell of the false

negatﬂv@§ eghaper Rb@nakoraieh Qﬁfﬂé% Qfes Whs VRS 1ARh&T FhiR€fand viewed
at signal-tobackground ratios greater than 2 were

on anelggnolsg/ goli Jt g thestfert lippotticsiaed thahgsec virewes cliteined mutations that
ion.are twofo

.. t aQ |
timited AT EORER 16 be EBE, o RO 5P AT R 20k iMoo cepture
probe@for&ﬁ@m‘ﬂ@@ﬂrﬂa@ i AS Raei sBbu 16 @U Sty thidproBRnd 601§ 08 assignment (out

of 75) was falgse pgsoltci\?esforfn?ﬂruegze; gr m nation

[000140] Analyisis of Patient Samples. For further evaluation of FluChip-55™
microarray, patient samples were acquired. In this study, the RNA from 9 samples that had
previously tested positive for influenza A and 3 unknown samples was amplified using the
influenza A primers and hybridized to the array. An example image is shown in Fig. 9. The
resulting microarray images were comparable in quality to those obtained from the isolate
samples. Of the 12 samples, 4 were correctly and completely typed and subtyped (A/H3N2),
1 sample was correctly typed (A) and partially subtyped (N2), 4 were correctly typed (A) but
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of binding. [000128] As previously detailed, use of a
sinple, fixed signal-to-background ratio for
wa@ledoenosdspat i on of binding to a given spot is nPET/US2007/060706
appropriate because it does not readily account for
variations in back hybri di zati on _efficienc
with o, gibhye iGTMEEoY, an%etgﬁgsmlﬁwgs VTS R HBR e geneeative for
influciMSt TR REQHS Rerd BbtalicBdlingn taosntge bgy %fhlattﬁain 8% typical 5-10 day
i ndi cative of the presence of a virus. Utimately,
time spaltt ern recognition software will be utilized for
aut omat ed assi gnnent. [000129] For those sequences
t were vi | I dntlfl Sbl d|n ari a -
00015 1'%t ve P Blsrtl EURRUad o B P Rgo SRR . he
FluCHISOT efpatQuiMmaghby ick gdndRNAo V&@S’GIC aﬂﬁﬂgéﬁ@uﬁibér bﬁb@b&tﬂant influenza

Differences in the Efttern of ol igonucl eoti des that
straingj sygh £ ,theaa\gm, SNy, 7Wea1weHgNg} soW SBPGIEsdto-gpefics transmissible

Vlmse§§WéS%he %?@E@ginfﬁl% ?ﬁl\ﬁ%' d&%%gg{h@lgﬁa n%ﬂﬁl@s will also be

sequences 1 virus
addressied UsSpeéiifigallyo Chher exeal rsia i abithe t luChif™Me appdrb@s nwildr include

captuGURL NGRS TS T4 1 ke Tt o Mo kAR SN gnd Mg gdditon
to brga&k NP GarfdO hofeRBalP NP,V bEHSage T heMBiarRX BR&IR D sinflification or

he microarray sequence selection al dorithm was
ehmutdtegn gﬁéﬁ RMAQaip@ﬁtatmmtm ehpaived h]darub@tpa ikirtichand development

of pat Etosyfla® i e B AR it BBLERE Tt be for a gi ven

gene-specific subtype, such as N1, resulted in

[0001b2]an ches speBidgl MuCkiphEzsH nsipRaies, iftonjufidtRnStilt ¥ pell{etablished
N 1 sequences for avian H5N1 grouped tqgether and

RNA @@mhﬁcéfépn moshagle FHNAt By Hiesss quolmer%é indndipglipfluenzagty HINI,
AJHsﬁ'% Nhd /YRGS i ﬁﬁ’e%za % @g@h@w Sn@ﬁ?dtg%%ﬂt { 1e$6ﬂr§.eﬂ1 this study,

onl'y a single hi In a given set o
72 sasgbpyancedingddsilgoedf fcﬁﬂ’reta 18ﬂ&@12ﬁ|x@rug&ﬂﬁ'o(nea QumbEt; oHsIEUcies were

N). Any S nme ghit or binding wa
fully Q& shagidlly f“%%““%@g hWN? 1grsﬁar rtbf)n v%éé’ |lacetrayy 28 avqf%gese Successful

1dent1§9a?{o'h' of@ WiuE Pa E%’f'gﬁu Q'R?I“[I‘ije? %ﬁ@at%fthf ﬁ{e'ﬂﬁ)(&tf r rmcroarray sequence
I nformation have een obt al ne 000130

selectpaj apii els‘ytbbsfhes hiee s@abiligsof lestduhsity Giducded- QOISﬁgmsrdahays to provide
rovi ded cl ear.and unanbi guous i nfl uenza type and
acm“%ﬁﬁ#@ﬁgcﬁﬁﬂﬁgVFP%§t|on M croarray images from both
rounds of experinents were used for identification

[000145y ough Vi suadholifIEBRGatterh iRYwHich i cdpRivaldtuendds were spotted was
summary of assignnents for sanples processed with

designogftp pdlawvacaay pianiriieatiqnsofginflagnzarsupiyges, the skiledyaitisan is aware that
h f.or e Rear

any p!étgeglﬁ %E%'Eé“lt%l};e rro]gg O|t€ 122% Hﬁy i usteg. 1015 b%%lhg%? ta&&et s%ayén%es to the

capture and label probes may be read manually or determined by software. Analysis of target

binding patterns to identify influenza type, subtype or strain may similarly be performed

manually or automatically by software.
Single Target Gene Strategies
Methods

[000144] Sequence Selection. Capture and label probe selection is adapted
from the method of Mechlmann et al (Mehlmann, M. et al. FluChip(TM): robust sequence
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category and the errors bars are one standard

deviation fromthe 5 assignnents. The categories for
waz@sgmsent using only influenza A primers forPEMBES2007/060706

anplificati on were: conplete and correct (A or

U SR N R T R E——
1ncorﬂ2)95t9a hefe b¢ %fe&‘)ﬁ@@ PRk ¥enbiRALAr 110 @lﬁ@teké/rﬁ 1eN®1 BeRObeqd¥ences for a

| se negative (no information), and se positive
Varlety arfy sufitgres sofgmfienya A twdre domyalet! aursung @hmqw lighhatvatlbde online

A 7B. ref |
soquel @S i LT WGy Bt dehiond PP ST iy SukiwERe Fs atabascs
were @ffeaﬁehﬁfoﬁ/ a1, RYAL efInavatsNoy, HNos, i 6hd 289D NThdsa@ REbdaftbases were

and washi ngﬁon the mcr oarray For the ori gi nal blind
furthestwgdedm stegpicisist afl 1Teied for ueabarveshdexgrounig the ConFind
u r o1
olgorifi T8 P BRRY Bipn RepeL SRR Y3R GURLEHEpRRfs joapture
and “lpBeglt B@iueﬁctbk{tat)i@e)f Ib!fvﬁeﬁ&ﬁlbmt\wsh phbtagthedpprok. A7posdiicddequence
the sanples. For 12 2% of the sanples only correct

pairs ges Adentifiedr frhe insmbaa ofomismatdes Beveenndesignsdyssquences and the
| I
seque%(gé; g{l\% b?gmaf:aéé&asﬁsgggg d\%%frg ?’héelﬁls%ﬁp?%k WY& Shy®Rh §hat were
anticipatepedic reddty rda000181th aFanfliuchea sibpyrics at eitbtvirdyes dfa specific host
whi ch. hi gher sjgnal -t.o-backgr i.mages. were.
specieSanaIPY (6t ol AEHN YHEcs Q5 FaNPer ot B RiGHih 18 capture and
label ﬁeﬁﬂ;r&i%sé?lf fof BRRARE %X?@tﬁh&ﬁmﬁesalso-rﬁl@luﬁ&i; hﬂﬁiﬂ?a'l‘ KtudRS to determine
conplete and correct for 78 4% of the sanples.
their sggabibityt for ygo ergthamuiciparrey.al  subt ype i nf or mati on was
obtained for 12 2%of the sanples. For 6 2%of the
S rect typing informati on was obtai ned,
Crossvﬂg{%\]ﬁgeg@ebt{n%ggl nformation. Fal se negatives and fal se
positives were observed for 3 0%and 0.3 0.5%of the
[0001351]an es, r es\meehlbtuﬁl vind [0 18fs Arad yheckedf forncrosgptcattevity by
gnrren nbi ni ng t he resultsfromtﬂge bl i nd
Condug§1%91><awa gl VEra igationg @ onky, flyQeaphgie-omivgds Jpbgl igquences (in
the a‘ﬁ%ﬁw 6F thge ﬂfﬁlgnia'? EQ é’rﬁ’ﬁi nt@ReErE QIRLERE&! under otherwise identical
entification. Howeve e remai ning 29% of the
condlsmml\’%hermnglam ¢ihehe maomhwbectm@s@gabab dcﬁnedoh@e as a mean

sN-4 R it OF Byt sieor HsioRes Sriberfl SorrpBording hdbe probe

were F@ﬁcfv%ﬂ%ﬁ%t Qfsed If'tﬁtﬁé‘rﬁ'fﬁh@rsé%\é nc&kelbORn’Probdds HOWNked in 15 useful
sanpl es, several contained RNA from viruses not

Captu@(ﬁnéﬂmlb@lrﬂ:l uChi p-55(tm ni croarray. For exanple, 12

of the sanples contained RNA for the gene specific

@]fl uenza ASﬁfﬂg X pe]?xtﬁ% edI_WRNK|9 rﬁ'ﬁ%nms Aw'ylrgp isolates
accounted f ppr oXi na ely one |rd

representing human, avian, equine, canine, and swine hosts were provided. Additionally, 9

[00014

blind patient samples positive for influenza A (throat swabs and nasopharyngeal swabs) were

provided. Virus was extracted from patient samples as previously described.

[000147] RNA Amplification: see above.
[000148] Microarray slide preparation: see above.
[000149] RNA Fragmentation and Hybridization. Transcribed RNA was

fragmented prior to hybridization on the microarray as described (Mehlmann et al.
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m ssed identifications. Future versions of the
Fl uChi p(tm) apparatus will include additional subtypes
w0 20084084880 conpl et e coverage. [000133] | n orderP@€DUS2007/060706
eval uate an anplification step, the PCR products for
. each saml e mere anal yzed an a ar ose
Optinjigatioas My a@?{%\rﬁ?Pé 1tigps 4o gn’hﬂi‘PlP’iOl HA% 48 Sis ‘?P{H\?xh RN Anal.
Biochbi- 38, 3h&3ba T siookyoiRaRtAsd SRQVA. 158 rafRebnts. 1ﬂNelEse entirety).
positive control's denpnstrating successfully anplified
Hybrif2atioos vaerd cepiodradfor 8 h sthicom tsmipsratiwe as Idyseaible@\ﬁié@lwnsend et al.
0 |y correct identification of the virus. The
Sumnﬁ%ﬂg#ﬁ%ﬁb sanples, A2 to H3, exhibited apparently
m ssing products for one or nore genes. It is
[000150fpOr t ant  t ofibagray Nataging s& A@alysR. Hibsidtes %lﬂdﬁp IWe@S scanned
a PCR product concentration belowthe |limt

using geY @A ek PR R gannq(Bp-Ryag Labariiories Aaer\ﬁza@s ds8) Yidp32 nm
detect‘éﬁf lPa%er I?‘lat értbef‘r(%%, '?’M s&ﬂlt I&n §l’\bta¥18% p@%ﬁéﬁp}}tgﬁgg%ﬁe?escence

eterm 1 on coul al ysi's of
imageﬁr ovors aapllyred?2 usmgl d&trsammm\nélymt isoftwaxe, t xasiMP dr5d (Bio-Rad

s but ervabl e a lifjcation of t
Labor@‘@ﬁ]g n[F @lf@ Z@X%Z\&?@rra&(% y Ivgiug%lﬁ\@r% c@pula%ﬁegp\ cach capture
probeﬁloa[ 51&%@ g@tthé 'hfgé%étq{?teﬁilgﬁ é’a%tLﬁ@‘p%&t\VﬁethW§om&e@% 100, and

ype was 'm sse MP gene was hi ghl
this wassn:flpleatcé dqr caphl macrb airat infpegn dcmurade%@n@mm@zccbmmsxy}e deta for cach

imasc G g3 e ko B e RSP A M & g raciical

Systerﬁ/s F%r@ )i DOGY, | Rayiilrh @tah}AuﬁﬁlngCEudﬂﬁéaﬂ Rigkt GiRE eﬁim@tlﬂn and the
subt ype identification was nade from anal ysi s of

unwelgh@dmﬁ@rgﬁ@mnwragmhod In this case, the HA was
apparently anpllfled but not successfully hybridi zed

[0001$ p the mcrg thegasagtéﬁ' ifl Wi bl %Bﬁc‘%k R Ydtted was

ailure are sse
desigrpdrtb ailloanesy mienﬂlﬁpanmemﬁ infifieiZaesubtypts, fthe: slitilleh asis@p isvdgare that

eval uat ed by gcountlng for both sslng C?pture/labe
any pPResh Ce%rgredléfp ? PRRITIBH 517%) eatig dri taRER! AP CS to the

captulgtfémg Eegoeg%rolbi@%ﬁltgﬁ bg‘r&d'ac%ﬁ'é}{uab{y Bﬁé&kﬂiﬁné@lﬁgbo\*ﬁﬂ%é.nAEhlgsm of target

) I's case, it Is clear t
binding patteamsy gy idens®l nflociaai gpd abiyplcedresteand nzeycsimalady be performed
tiaon &%Lg to 98% of the sanples. [000135]

Hwnuﬁﬁh@y%vgmﬁﬁa BY&Ftives. As represented in Fig. 7,
based on both the blind study and duplicate study, an

Singl @Y&ha0GeRfStraldbi@f the sanples yielded a fal se positive
Example 3

[000152] Selection of Influenza Virus Target Sequences of the M segment for
Detection and Identification of Types, Subtypes and/or Strains

[000153] In one exemplary experiment, a distinct pattern of signals from the
capture sequences designed to target the M segment was observed for different influenza
viral subtypes. Fig. 10 represents these patterns in the M gene sequences for H3N2 (A),
HINI (B), and H5N1 (C) influenza A subtypes. Of the 58 samples that tested positive for
influenza A (all from 2003 forward), 18 viruses were of the HIN1 subtype, 26 were of the
H3N2 subtype, and 8 were H5NI1 viruses. All viruses of the same subtype (with few
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assignnment. In absolute terns, only eight responses
were assigned as a false positive. This is only a
wo e 54380 of the nore than 720 (72 sanpl es*5 PCT/US2007/060706

vol unteers* 2 studies) influenza A priner anplified

sanmpl e i mages vi ewed. . S eC|f|c 1y, in the bI| H) y
excepHony) | Tevaa saglglvdﬂlgap ltern Ap these WV% %efqu?lﬁzgs can ¢ seen that
sequeﬂ&lsqrﬂnﬁelfﬁro@hé dgﬁ'ﬂs d)fth@@?elzﬁl%%ﬁhilﬁ&efog Qﬂtﬂ'h@é subtypes. Sequences

However, 1n theduplicate study, all "5 volunteers

3 andch raisec&hloyv b@@fhtrﬁéqtledy,sbufp‘#véh BEsuchslowen e@amvevmtensmeefﬁlso noted,

evaluatio associ ted W th,the .original
sequey™t i) Sy SOk TP LATRA® (ot &y Bty sTORLs. data not
showl ﬁlro@ﬁélﬁglﬁo 8ighAlffBEhS hufhal Hlemidl H3wl vakeer mal  spot
nor phology in the H1 region and spatial mxing of the
g ositive control in the MP region of se uences) In a
[000134yi | ar f asht SROtheaRMPIEGIMBI Visksh(RsPreipraaf thejimagpyduring 2
vl rSai y
blind (M ronBcl Pt R, 11, SF e el 2o lleh fo Sty Rement microarray
signaturest thet demhﬂedashgnﬁtamﬂy fremhdthtel typ&lal pattamrrsh@wﬁaanv\ﬁg.lo. It was
i ncorrectl Jied as "A/NL" ce and.as H1"
revealgd tBatapic,g &r? @4 SSIgHAPLPREI o, EOmap i HfaH3NPoYirus that had
infect8Ph RMALLIKnSE: SPFEARgHatutt Was B8bsdPRS bt X@ab@%tﬁl%assortant virus.
spots may al so account™ for each of these false
The npo@mray egnatpﬁommaﬂ Wvegaicht scufeies endpogid an/HlNét\emsfwhlle the

o S SRS T T RS AR S onain 14

and N&( gene@ﬁoﬁp@p{gm Vifls 488 HEThiRenaR Bels IfERN UeP RSl Idi@o/@f 193% (HIN1).
is that while shorter oligos provide increased

In thespewvafipdist publiypingowae einedsetedii prdereted: biieg anbe seYerme sequences
demgtpedlqg ?e{%%%tlaltlﬁ%@f gé%%wé | Qge § en"f‘r T@é&l Isgllt]fg *J%%é)tg(f 2 mfore thorough

examiBeli®r bif thé WM @gﬁﬁhﬂ&&nﬁﬁéﬂmhaﬂw bibtdpiagatd fomflaénza. A number of
i nfluenza RNA to the surface bound capture probe and
additipgplt Mesegaent inspbq srenceyhtiere yelrstadsto sxpandt ihe-Rattepn recognition

powelhx%er fr t;\g%t 3t rﬁﬁ@hlm J&BM& 1%?196 kéleétﬁ)ql{ﬁétﬁg%tﬁq a diagnostic

| se posit hits 1 arison wt
mlcropmeyulbu€lzsi Mitiabiodl (Wmahmpmrdedaby ayleren®00 1i8/ entirety for all
SIS of Fal s t|ve The conpl ete assa :
Purpo;??sgl AHFT £FER éf‘g ATqUIRCCs? n&’fletEQ‘}é%?dr Ay unique

becaulOtih 1ci%thﬁése§eg?(§nst be czgse%'\;b!ﬁ@ﬁv‘ﬁhlm@&faﬂﬁﬁie%eof similar influenza
negatives can arise due to either pooOr sequence

viruses o iypipeapeatcapiabg fpgtiovses (tdngurcaptdutabebndereothen| ddsegned from the

bes. wi t NA or non-i de
conseRed OEZiofh | Cr, MR brobe el e SE R 1o gy wield sither broad
reacti®ity@Ht8 aﬁtvﬁlansiﬁfdyﬂ%bl/c\r hggagr speyiici dhcgaitl @ 4 @iveMiral subtype or host
mcroarray capture and | abel sequences could arise

specigsy Hiiigipaty Rea@fm@c vies detgimingg cgmpht@ﬁomadléf dly evaluating the number of
mlsmcfttc%r@é%gén 1%‘551b p!"b%% s%&&erhces and all sequences in the databases used to

design them.

[000155] In one example, 15 oligonucleotide probe sequences were selected
from the M segment of influenza A and were used as the basis of the MChip™ (see Table 4
for a list of sequences). The 58 influenza A viral isolates obtained from the CDC were used to
test microarray performance since the isolates represented a wide variety of subtypes

including: HIN1 (18), H3N2 (26), and H5N1 (8) where the number in parentheses is the
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docunment ed that RNA secondary structure can lead to
uneven cl eavage when utilizing chem cal fragnentation
WO e@gems3o It is possible that the enpl oyed netpPodusfo07/060706

base catal yzed RNA fragnentation preferentially

cl eav the viral RNA at 03|t| hat woul d revent
numb, BE iS4t Aesifet PPt HY e st bt ul B Mckons pRemgpbia@s ucessfully
arnphﬁ@d ¥ 4N 5L UrANSs Rbtel NAAIANSMBresd gh‘tﬁ%pl@sr &Mﬁfgd' 1ﬁ§bo§§i|% YluBrescent

and, or, detection on the m croarray. Although
signalp paglnfemtcmar@w (waagces ghvdndit Etg ﬂ@s rolatiee intensitedeloes tabulated in Table

structural featur

6). PraXYS SifEh o R gEHED i e Shoh iyl gy SR b one or more

genesPr@dlickd 6 Flbe Hdaticé Uh ehd AYRfY rEmRBtift a @dllu,re 89@15]amp11ﬁcat10n process
000138] To assess this sslblllt%y i n one exe

and ngt wfetﬁlh@@lcwagaw@rcﬁown% zenédl By chilefl lkﬁhlre(T% experlmental

evalquL %bgp g? ?;1 ll\J/gﬂ %%a 21?10 aqaﬁgqe gtgec‘% 5{}‘2}&9@% A th?)&mtted (2006)

1ncor1Mirz[t6dl hBA bggtRngice on g spoirdy for bl pul@seIthersé ladfhebingle gene
ybridi zation sites, which average.37-50 nt |ong, were
amph@%@ﬁdi@ﬁ@%tﬂﬁmm%tp o) of Hl%f%i?d}e%tweorésq tScrenent s,
with 5 nt added to each end, up to a nHX|nun1Iength of
ExaH%@p4nucleotides. The Tm of the sel f-associ at ed
ragnents was conpared to hits and negatives on the
mcroarray. It was anticipated that self-associated
[000156]agmsnt s t hatonhagkahinih Micreamdl esldras Ware examiwsd| érbeommon

vai | abl e %ﬁ gbrld%zatlog. fh ca tuge/labe
seauep el iy NpE T iond &f sPeSBhoanid 1oeGPRRHRE LY anicroaray
patterﬂbbﬂ)sfér\feﬂ&BﬂHWNS ABND, h@WHE N afiiedse thl haditidiTFis. \M)ullegrel@&lts probe

nore avail abl e for hybrldlzatlon and woul d produce

sequengesdryed, Aid & thapwpraar to ke beadbcicagtbicrfer all ithyae walgypes, although
they el %ﬁlfferg %Hsr& rre{iﬂ(fe gﬁ%ﬁﬁcg ? ({Hg(:%@gtrg:%ﬁhd ?aﬁvsegé)gpeciﬁc for

acceSS| |ty, I'Ss
H5NIndgats see Fas Llll Cs,. anAl ﬂolﬁé?rlﬂ@hlvb Her HVNI ahl H3N2evidisc§ i xgerimentally
| ow (~ 40 rovenents.in sequence

neg atives S
Obser%f‘éi TGtV o g?fef R;rabf‘eg%@éa rf@m tqd v it aredictiies tsc(éffer“éaale 5). The
relatn%%ﬁﬂeﬁﬁﬂ@snﬁl thd ?Q%;wg%krel 1d %ﬂ %rd%@@le%f %ht?un & eral subt

prelimnary s duri anpll i cation
product was visible in an agarose gel when u3|ng the
[000157ﬁ]f | uenza Al penghdricxapplepEies 1anlistosenprandes ofddecgoent patterns

for ERS st ftal Gl 35, Faads oot e MIASS SRR Ele 1. st

comp ¥R eethe Pah&l6 ik FidsSi gnaf te@ebheat N fil pieRaR He Aiffdent. In addition,
negative), 14% 3% were fal se negatives, and no false

compgsgng Figyd2 taethe nagsing rieckig] hl tithestrgips | theyape distiery, fr@Bode typical
HlNlB(i{T W Gnd ?fSﬁ\?l dlgelfe)%‘rﬁs %igg rﬁg’ sh%&x%theo %8&%% ?orftﬁg Efa%oratory reassortant

rves,
virus dlscussed prev1ously that contains HA and NA genes from an H3N2 virus, but the

internal genes from an HINI virus. Previous studies using fewer sequences yielded an M
pattern indicative of an HIN1 virus. Interestingly, with a larger number of probe sequences
the pattern is unique and not a definite match for either H3N2 virus Fig. 11B or an HIN1
virus (Fig. 11C). Likewise, the pattern for the swine H3N2 virus that infected a human,
shown in Fig. 12B, does not match the human H3N2 pattern in Fig. 11. A final example is
seen in the pattern observed for an avian HON2 virus, shown in Fig. 12C. Although it is an

avian virus like the HSN1 example shown in Fig. 11D, it does not exhibit the same pattern. In
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3% were fal se positives. In absolute ternms, 2 1

identifications by the 5 volunteers were fal se
woe@anssses. OF these 21, three sanples, D5, E9r@ntis1867/060706

accounted for all of the fal se negatives The PCR

rodyct for each of these sanp VISI bl e when
most E%%? Hafﬁer%mas W BHED GHSG 05@%&%@@ SF?CWSPTFFF@F%PS signal for

certaif] gﬂ%b &%t Z88ofiiato RS §1ffékén'é§se§1 rsﬁm@m%gm@ybﬁﬁlb @fg%als
limted their ability to be captured or | abeled

W|th| n our assay. The expansion of capture probes for
[000168le i nfl uenimamthix eg@melasylmmdea smmgh@ratrmlgalmttstﬂr@manalyms

was em&l%ﬁe ngaﬁlgﬁh%gﬁ 1?%12% ya,lnéi%lff%r]@ncﬁg ee\ﬁf:é)nSa rjc[plinlclroarlray signal
patterfrQrHicturéHied @vadrigt [SOWKQ?ﬂy hk¢tCHiddthe SArtalsisTb £ Eody é@fessmn data
patient sanples were acquired. In this study, the

(BlanCkoﬁq M. Sahpiters At Beginnes s %6\/40d\4§1r90’1r@§t(8903g)d§‘?qu‘?ﬁét@ﬁd}efem by
referehﬁ% ZQdéldaﬁgal% 1ﬂﬂ§ﬁ?é@’fhec‘@t%%?% of WEEt aﬂ&ls"’ E r%%ef'loc’f 1ﬂgependent

Iuenz primers and r|d|ze tothe arra
measMnemanﬁh@anchnglec]usteﬂh@vhasImcdﬁltlg b&n Uded 1bes‘kalhtatmg)atterns on a

m croarray i es, wer.e conpar ual i to. those
diagneiie DREITRY SV ERG! 105 Flgffgr@%ﬁ@ bl ?I@Q‘r‘?ppegt al. Rapid
bactet/lialv"eﬁcfénﬁﬁ&[t%t | Xlsﬁi%d ORI &L I\%VE%iH@éj agy O%HQEME&d microarray

N2) sanpl e was correctly typ

clasmﬁ(aattonay Iliglzcgoﬁmé/ p}é@‘h((dﬂzl)l Prdssv\@pge@t@d ﬂ’e(mﬂ glvaulybled)n@mg 10 October

but wi t | on
2005 b Ros ] B i PV BEr PO a8 Tt SRyl Pt igdniah P et EDanecting two
nodes i@ Sed B Wek e WELRNiQRE R WaEh Wdhtabdd idmStGBadiRYyill daleh shorter
than the typical 5-10 day tine scale. [000141]

horizongidilerigthbgtwEerbibg inaees connegsingdharhe et hods di scl osed
herein, the FluChip(tm apparatus may be expanded to

[000158]C ﬁ r a: lt ﬁ(re %g(/ IHQ%%&EEW @g ry %ﬂ}_behgésg%o ne Efne%urcﬂfcgls clustering

analysipef bes nli@ospacegeritncantomcasi bf ﬁle\BSrmﬁ&&leu@ Ipatdent tisedates tested
equi ne i nfluenza, H3N3, which was recent|ly found in

(see T@Q 'angg r@ﬂﬁtme injcaytigienssd it guserng apbesisi 5@ Plysteflﬁ% depdgggram in

Fig. 44Eh3118n eﬁthw@tﬂ% gclﬁ(tﬁmlfﬁ%%ﬁgl% '_gp'eé Shwn%i Rark grey lines.

capture/l abel seque
the HBIN] WiisesNaf aMosmecamdesbﬁi balorgrlth theosmnteoclbxtctadféle cm?;r 4 avian

an enti a cover age. her pl. n
subtyS iRt £55 et g Rty TReArE cherdly e nHdA g e i BN and
H3N25¢qﬁ&es | RaEQYEeh Rybribdi t%@ta'vﬁhﬂ KON LGS (biaad 1114@5\) liPRAta visual
attern recognition software for rapid inmage
pattemmér %

pitetam ithay of fleondaPHSNG ivigsest dittisi cbstg@‘(wmyvas confirmed by the
clusteﬁlng rarqaﬂglsrig)fﬁ Fﬁg. l%%njlrlﬁggetstln? ,V¥lht q{g’NéNe 111'1'15_ a(lepsptegrkglllnsahceluster solely of

other avian viruses, and this cluster is distinct from that containing the 8 HSN1 viruses tested.

[000160] In one example, Fig. 13 illustrates that all but one of the human HINI
viruses (light grey) occur in the same cluster, these are also similar to the HIN1 vaccine
strain. In addition, the human H3N2 (light grey lines) viruses appear closely related in the
dendrogram. The two equine H3N8 (black line) viruses tested appear among the human
H3N2 viruses as a pair. Their similarity to the H3N2 viruses may represent a similar viral
origin, but it is difficult to fully assess this with the limited number of H3NS§ viruses tested.
The H3N2/HINI laboratory reassortant and swine H3N2 viruses discussed in Figs.12A and

12B also cluster loosely with the other H3N2 viruses, but appear out-grouped as a pair and
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RNA anplification nmethod, RNA fromviruses of interest
i ncludi ng influenza A/ HIN1, A/ H3N2 and A/ H5N1 and

WO pdoBoRe83a B was typed and subtyped in ~ 11 hoRe®US1007/060706
this study, 72 sanples including isolates of current

i pfluenza yiruses fro nber of specie e full .
rathergfispit {108) {5 TRB AN &S N PHIOGE-ckt BPIRREAT 9595 &t dar 4ie,priginal
anly 0 NEEAYE prSHCRRRSIUL AL Ad GBI H1Gh oR ) SRBAIE s fall

T
' vitusés further validates the ne for mcroarray
into the qulesterecarddiniogi ANAndrusss. abkies Hbs ustefcaddaivinal tpyolsf sequences

.| ow densi i.e.,. |LoOwco i croarrays.to provide
providgAP TRt FistingtRE SEPIs o SRS SR 1Nt M
segmdf €roRPd 1 BIAWiti3 Wﬁ@isﬂéﬁiﬂidﬁﬁtlf apt-gogp&kquences were

spotted was designed to allow easy identification of

i nfl uenza subtypes, the skilled artisan is aware that
Ak“”%ﬁ@”ﬁﬁﬁtern of capture probe spotting may be used. The
bi ndi ng of target sequences to the capture and | abe

[000 1%]]0 bes MY RE hBBGinfERRY R Ai D MeHGE ﬁétWoﬂ%d(gﬁfli\I ? yefé"@sreﬁ ‘in order

al ysis of target binding patterns to Iden
to seleatfthrgenganctsggaesnceubf ypeincarrays cantempiagedshereina AINNbeare a common
erforned nual |y .or .autonatically by software. .
patterBiirnention GBI au ISmiRagrL g ernbas 1Sk Aech used previously
to diaSRSHdQRE ?re%‘fdt RahdeP BypcEARtIHe %x@fﬂﬁ}gkﬁaeihoa,r APRICER) ANN Qs trained
I's adapted fromthe nethod of Rl mann et a
to rec()gyg'm mnnpatpﬂmseqssmiated:mj‘@ﬁaph mtypq pyng influenza A virus samples of

| [ s f . di ' ] .
kaow ST T TS CRRAR bE B AT Ry e BRI Yor a s of

knowh 84r@p s bylldded efr8Rm@ def. BySpronididgethy )knotvil dulhi8s @faPkRining sct
M gene sequences for a variety of subtypes of )
(c.g. ViRl gelyeesh WOYe sofwsre depriesd fg aspeeidabi @ryy apadicrmif erclative

' as fron £ _
on AL ST SO Ll 01 g o
trainigy e tveste feotabiihdd,, dtd Mg uhidiNgn ddoddles WiadNSuppdind abiifit. The ANN

These, subdat abases re further divided by host
then pé‘a@a%%n AN EDACAEOFD C@%ﬁ@%&) %tﬁ% ugigioRy fafwle belonged to

awh(ﬁQH§$ﬁﬁmﬂ%ﬂ%6ﬁéﬁn‘ The conserved regions identified
were then uSed to design appropriate "capture" and

"I abel " sequence pairs of between 16-25 nt each in
[0001p2hgt hIn Agprrdance6@ithodssi bramnpdeqibenddMNaititigedrdpeinputs, 4 outputs

N T SRS W .
propa@pnd@t@bal MR meltd 86 URNCRSIdWRH QistiROREVE-bMRsutWaH&-validation.
Microarray results from 58 wviral isolates (all H3N2, HIN1, and H5N1 samples) and 10
samples known to be negative for influenza A were selected as the “training set.” The trained
neural network was used to determine the subtypes for 53 unknown samples in a blind study.
All of the H3N2 and HIN1 unknowns were patient samples acquired by either nasal swabs or
washes. Table 7 shows the ANN output assignments for the 53 unknown samples, with
assignment scores greater than 0.75 highlighted. After the ANN analysis was completed the
samples were unblinded. Using an assignment score of >0.75 as the minimum for correct
identification, 50 of 53 samples were correctly identified and subtyped (for influenza A).
There was a single false positive result and two false negative results. The resulting

sensitivity was 95% and specificity 92%.
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anticipated to be broadly reactive wth all influenza
subtypes or with viruses of a specific host species or

weosyps3(e. g. all avian viruses, only H3N2 viPCEESIN7/060706
I'n addition, 18 capture and | abel pairs chosen for

evi oys ex nts re also incl dininitial
l00015§1ud| e $'50Ps %& iﬁﬁrm mﬁéisrg%r& BIVP | r qogeryion, thgyucleotide

level, R %Mtﬁ)ﬁarycfﬁ% rosact 1oF hyd @)gg(g{ lﬁmﬂﬁée&tfaggﬁﬂs@tutﬂns per year
capture and "l abel palrs wer e checked for

for Mdr ask M2 acspevtn‘tq]ry b@rt tenamooi ar,r:gd déwel, eriI hasagxdaibited relatlvely little

oo P 82°D3FS Rl SoL BB SIS SPH 08 ao

cruciaE¥P@poERNL S ALY Sspeod ¥ BicedridnHe tyé,Nelswos Surpesing | |tl€ar'ti |thls protein
conditions. Were signals on the mcroarray occurr

has a highdlegreejof cgasor yrdignhlar @ncaspect ReHie HIdG-3 Wb ePspifd rhaw of the 5
plrobe%f &%@55’ ggﬁg go ﬁ 'bF’q%ﬁ re%p[%lecfgp LN GraPLS kt!;g) Q(gest d on the microarray
Cot ng not used

respon wer e reane
wme§aﬂwmwrunghhgpsﬁmmeafabsehﬁhﬁmhehpr@ﬂﬁ@§mgeeuIted in
15 useful capture and | abel pairs. [000146] Sanples.
tracted RNA from 58 ipfluenza iral
1000164k esent i n lﬁﬁﬁawmpiwg gre f}rﬁr@e %%leﬁe?t@ﬁ}ﬁs%nﬁénthe viral

envelcq%sltaﬂ)h‘é@ kgt B vdrgledwithd Bﬂf%f‘ g rﬁlyenvgloBE 'tpP(‘;{efB@(Hgn NA, and M2),

sanpl'es positive for influenza A (throat swabs and
and tmag@pi’@r%/k@/eﬁdctoswdbg)sekmtmg PEOV ﬂ)edaubtypmggl vias such as influenza.

Recerﬁg)il&@(é%lgegicfa{ng %ﬂ?yﬂi%l 1§t|u§g§{s£8§ lg%sb%ﬂ%lpgrtant differences

betweb® 8448 heMefde0. B ﬁﬁénﬁ RERPAHiAb 201 siERAIr&PON N a single clade,
00149]CghA Fraf ntafﬁ%% gnd Hybri d |£§?lon &

speciiy mptgaeds 19d damRMa fpadhreencepiopetypes werchipbnd. dibistdselh suggests

that agl%h%%(%i ﬁ §Iré$ ?%{19 Y% F(?l? rege%ge:%: Bﬁl Ofﬁ] %EI%{;}%&%%OQ? § %tatlons in the other.

ProtedtySd Q&si dnayend ﬁjrys:‘elvéraD@eNdsrtaht BNAys Adoalr. toBetaeh ewpged4flinctionally
316-323 (2005) incorporated herein b reference inits
imporgnt .qOeﬁegI)egatwb AN &t reapsoripent Bapddiden. grfher gfudiss haye “hoted a

correlﬁt% %{utgg@? ?%&%ﬁ)ﬁﬁ[%gg@gd?e%rﬁﬁ S r%%}gls@ ucqllcmg ef(fyrt of human

inﬂueAZEaI Ties sviddyba ifoil ze-dvsluticde ofwWHAe asd aheéd gtmlen&gpgalent is a likely
Ver s Reader. scanner (Bio-Rad L boratorres
expla%we%é?{e g@e -{RCibis DI E deligs pbseived &y thysadyof Thus, other

genes@gat@ cd-Mbefigtifal Yo A 8hd 790 nVy AQF LS PSR T hdaking subtype-

Fl uorescence
specific microarray patterns in a virus.

[000165] MChip Validation with A/H5N1 Viruses. In order to further explore
the potential of the MChip to correctly identify a rapidly emerging subtype, additional studies
were conducted with RNA extracted from a wide range of A/H5N1 viruses. Thirty-four
different A/H5N1 samples representing human, feline, and a variety of avian infections
spanning 2003-2006 and diverse geographic locations including Vietnam, Indonesia, Nigeria,
and Kazakhstan were examined. The results from 87 independent microarray tests
representing influenza, 4 influenza-like illnesses (ILI’s), and several negative controls are
summarized in Table 8. The microarray and assay yielded a sensitivity of 95% and a

specificity of 100%.
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I mges were anal yzed using VersArray Anal yzer
software, version 4.5 (Bio-Rad Laboratories, Hercules,
W@2008/08483n raw i ntensity val ues were cal cul at eRICT/082007/060706
each capture probein a single inmage, the highest
intensity capture probe was then normalized to 100,
Table 3 feppfusg. dabglpad fasges sepusgess dir indlyenya Miresideafificafion npge
name  ACOE r&l. cle nor mal ized i nt ensi t§ Baka"f @reachai mage
. was t hen subpeetreniat octacchicetcaeictti cal cl ustering
¢ anal ysi s (FEHOE o uACHE? Statistical Systems (NCSS)
2004, Kay'I'SG¥1i' IAI eAGTAL(J:tTTa QRAGU§(LTng3A(§TGAE ucl i dean A%iTGS%G%QA%% TACTTGAGAAGA
atiosf UBCE i BN @Nd THE Unwel Ght €d" PAI T -ggr OUPs AVATE RO GITREARD eTaromm
aniasd 000151] Actchgaihcthecrperct@esmM™a whi ch t HECkagTBAgaeacTCTGTCAAYCT

131 1 167 AGGACAGTCACAATGG

sequences;gr&capeid E&T%C(g\%%ﬂn%d to al ﬁg&&'(ﬁ%yATAGCAGAAGATTC

AH1-658 deshit 1 809 cati on of i nfl uenza subt yspres, 70t heACSGAEAAGTARCMAAAAG
artisan i SCARMYE PRataiY PErTEF n of capt IR et IRE oo oreas
rHro2gpettisrg may be used. The bindi ngzof ¢7ar gett sequences
Lo the caffPUYECRHE| AUBIMBRIBELCy be r esu RS
aH1-960r 9sglet e m ned by software. Anal yskes oforit sscgetaciprasdicng
patterns to identify influenza type, subtype or strain
may, si m | detyarpecqset MaprredAsrarrgal |y or ammg@gqc AAATGACA

A-H3-6 . . A CGCIGTGCCTGG
*by”sot T wargoorSirRal® TaREEInGERe St T at E0i 65 saNBhS ormTorcc
A_Hs_m[ 000152] Sel ection of Influenza Vir us19;rar nG/T\@Agy{g@ﬁ@@ycmAe

of "t he” SRR ALLF A(%'IA@'IQ\&/—{TQ&C@HEP I dent i Tl(:;c(,;qT rd2RcRhRactecacac
A-H3-238T yf&es,ﬂwa%kl es and/or Strains [ 0153} | MATBEATGCTCTATTGGGAGACCC

exenpl ar yo @XPEFTESt P A AT SETHEY pat t er n QRISIEDAESscacerrrror
A-H3-30f 1 M tdae cagt ure sequences desi greed t 87t AICGEECASHAAPICTACAG

segnent WHSCOBERTIEY NN SHTIFEISNt i nf | ue;rgfgggzm ATGTGCCCGATTA
AH3sssUBt ypes. Fig. 10 represents these patz er MECAGGPACHIESGMETTTAACA

gene seqUEAMENCEBICASIPMEISMHEINL (B), and EBIGICTIAAGAGCCA
AH3e81 nfsh uemza A subtypes. O the 58 senpl Bs titatcadceosEe@AGGGAT

positive PEATTATPUEhZECIRTETATTFr om 2003 f Gl At e cnone
AHs7savi rseisego wer e of the HIN1 subtype,7326 wer eetodr t he H3N2

subt ype, @nic@ e FBIECHAMOSES. Al vir e T AL
rtsssame sabtype (wth fewexceptions)ss eveal edidcirersane

vi sual paErFTIEhESE ST Sequences. LR Reoeomt.

seen that sequences 1 and 4 produce si gnadrscrOETCEAGHATATGTTGAGGA
A1 elgt i V8 intensity for all three '$fibt V%?es?“”éé‘lﬁ[ﬁences 3

and 7 al so SThOV\{ATerOTagC reacti vi t§, but w tGQchTQTJCET\Q/gJTTATCATGC

rel ative [ &IFSITT8s o A6 8 "HE ,  SequeNnCRAASAAEAACAAAACAAGTTGAC

sel ective for the HSN1 viruses (as wel | aSAM3ENe VAR HITICACOGT

CACACATG ACTAGAAA
AHss52SUBLt ypes, data not 49 165  AAGAACACAATGGA
CAGGTTGACACAATAA GAAAAGAACGTTACTGT ACAGAGCAGGTTGACACAATAATGG
T AAAAGAACGTTACTGTTACACATGCC
AH591 91 125 85 138 CAA
AGAGATTGTAGTGTAG GATGGCTCCTCGGAAAC AGAGATTGTAGTGTAGCTGGATGGC
cT c TCCTCGGRAACCCAATGTGTGACGA
AH5205 205 241 205 278  ATTCATCAATGTRCCGGAATGGTC
GAAAATTCAGATCATC CAAAAGTTCTTGGTCC TGAAACACCTATTGAGCAGAATAAAC
c CATTTTGAGAAAATTCAGATCATCCC
A-H5-384 384 417 350 417  CAAAARTTCTTGGTCC
CTACAATAATACCAAC AGAAGATCTTTTGGTA AGCTACAATAATACCAACCAAGAAG
c ATCTTTTGGTAMTGTGGGGGATTCAY
AH5-540 540 573 53 593  CATCC
AGTGAATTGGAATATG AACTGCAACACCAAGT CAATTATGAAAAGTGAATTGGAATAT
G GGTAACTGCAACACCAAGTGTCAAA
CTCCAATGGGGGCGATAAACT CTAGT
A-H5-850 850 883 839 929  ATGCCATTCCACAA
GCAATTCATCTCTTTG TCAGTGGATGGGCTATA GTGACATTGGCCGGCAATTCATCTCT
TTCT TA TTGTTCTATCAGTGGATGGGCTATAT
AN1-281 281 320 268 320 A
TTTTGTCATAAGAGAA TCATATCATGTTCTCACT TCCAAAGGAGATGTTTTTGTCATAAG
cct TG AGARCCTTTCATATCATGTTCTCACT
AN1-363a 363 402 349 419  TGGAATGCAGAACCTTTTT
TTTTGTCATAAGAGAG CTTTTATTTCATGTTCTCA GTTTTTGTCATAAGAGARCCYTTTAT
AN1-363b 363 404 CTTG 361 409  TTCATGTTCTCACTTGGAATGCA
CATTCTAATGGGACCG GGAGCCCCTATAGAACT
AN1-451 451 499 446 499  ACAAGCATTCTAATGGGACCGTCAA
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shown), producing no signal for the human HLN1 and
H3N2 viruses. [000154] In another exanple, sinple
wo e@eak4ssnspecti on of the inmages during a bli nECEUSZIY7/060706
reveal ed that a few of the viral isolates produced
M segnment mcroarray signatures that deviated
Table %‘I%‘W e dabghang targebpanenees fof fnflugnza yisysidanflicatispown i n Fi g.

name  10aedl tendtaGheveal ed that one of t3E"" BEd" c.slgnalHr es
ori gi nat edrmfaeem a swmeckH3N2 vi rus that hedcAcpiceedcerdAGRACTTTA

hurran M%R@XAT@M@} Q&kAé'}GgﬂééTHX € was ObS§A1VA€;g\T'ICQXGGarTGAGTCDGT
ANt-52d alpor aory reassortant virus. Thezm cwoarmavegp@n@@mcem

of the 7 M.segppRb.sequences indicated angiNISYFIgseecorer
ant-seenhbob e dhec HA and NA sequerrcestémndecat ed anwaHBN2 virus.,

antaed TR Syed CYSBIEANAL LS YIFHR cont ai ped LR RIRA CCroaTace
genes from a H3N2 virus and the internal gesesrircarBasaTTTceA
anrostY B gyergsp BlobQL 8l k3 ASENL) Tt hese, ox aiflieRccacacantocnce
subt ypi ng was unexpectedly perfornmed usi rng;eﬂmTyAA,&e&afAcchec

e e S h | o (ﬁ'éACAATCCGC
A-N1-966§e%(lrijre n%%@ AFE&%Q&S%GR ‘PGTR%EQ;% f%ﬁ '99J1 y1o?4 "@@36‘25\ Ay

ese resul t&cps AAAAGCACTAGTTCYA
ANT-TIR@B X HPA n'ddei ‘%fﬁAAé?ACfAﬁ@TCWI“@EC@nent [ den19919fl Efé?t |‘EﬁﬁG°o?ﬁHTTGAAATGATTTGGGA
subtypi ng of influenza. A nunber of additional M
segnent probe sequences were sel ected to ERBSIFAEHENAACATES
AN2-41 patit erm r @cegmiAATone panegcicTAab@iml mann, 1001 RteTakbGTYATGCAGATTGCCAT

Fl uChi p(tm: robust sequence selection rreft;g@@’*’*ﬁﬁg“” It O
AN2-21li AGNOBE | TR TETRRAAYGCAGATACAAARNTTANUC T OBP Ol Gecé2BNB
GTGCATRGCATGGT

anzssd NEOT PRI at.ed Ry efe ese&r%me&cms Snti gggt %%ﬁ@Wﬁ%EETGCCATGATGG

pur poses) crchnrameicker exenpl ary nmet hod, thercS@@ARCE cAGAACTCA
AN2E75 ef’gct 1'on® met hod used ™ NeLCTGHfirgGe Fecaltde FHCTCORMIGFTEEATC

TATCCTCGATATCCTGGTGTCAGATG
regi ons oérceons@eyati on anong | arge fam |ic&ScerbacacarcTcerracae

ANzasS P | o | 1 | uenza Vi PATSESCTORBoF at & pr;%éﬁéggmmsﬁmm

(capt ur e pBéchricabedadr YWab&ctBaBedesSi gned f r{araréidercaceacTTeTTeEAG
AN ot erWed™F€gicns (s€ée Met hods). %Fr obé’osse‘tg

sel ect ed &AaGmTel\c;;imef ther broad reactivit yRAwT?%(‘Tréﬁifﬂéé?géﬁé‘éﬁ
A-N2-11:@| "1@' 13—@ biﬁ &S 9l (g %AAyTg%ﬁ%i?erﬁGC11¥eaﬁf4l ViCE: AA TCC TTGCAGAYAAATA
AN2-117g ] wan 1‘418r Sﬂﬁ%wé host™ é%&? 11€8. Al iddchat@fhetreacac

A2 12{86%‘3& R @%’g@ﬁﬁtﬁg %gﬁ‘é%‘i\gﬁg‘# a%sgong?o %g%@ygﬁg&%ﬂ?“
T 7evdlua e ch b

probe sequences_and all sequences in the dat es
oS0 1o AR BTRER (Pa0AaEhn one xarii R eresensere

ol i gonucl eotl de (1Qr obe sequences were sel ede@drcteTHMCAINAGACCAA

CETGTCA CTCTGACT GGGATT
amp-1s HegMent CdJ UenzachRrab&citRrr esuses; aSTT£ bas ot

t he MChi p(tn) (see Table 4 for a |ist of @“@TT@W? GTGTTCACGCT

C TGCCCAGIGAGCGAGGACTG
aip20d Do 584 NfrkdienZ@cAN bEdbechGOlaLLSs0Dt B NEASIH AN e hooA
CDC wer e /M\S(Q’dAA@@GGAG TTCCATGGGGCCAAAGA TATAGAAAACTTAAGAGGGAGATAA
A-MP-329 329 369 AAT 323 372 CRTTCCATGGGGCCAAAGAAATAGC
CCATTAATAARACATGAGAACAGRAT
A-MP-547 547 579 ACATGAGAACAGAATG TTTTGGCCAGCACTAC 536 585 GGTTTTGGCCAGCACTACAGCTAA

CTTTTCTTCAAATGYATTTATCGTCGC
CTTAAATACGGTTTGAAAAGAGGGC
ATTTATCGTCGCCTTA CGGTTTGAAAAGAGGGC CTTCTACGGAAGGRRTGCCTGAGTCT
A-MP-865 865 903 AAT CT 850 938 ATGAGGGAAGA
GGGCCTTCTACGGAAGGAGTACCTG
AGTCTATGAGGGAAGAATATCGAAA
GGAACAGCAGAATGCTGTGGATGCT
CCTGAGTCTATGAGG ATCGAAAGGAACAGCAG GACGACAGTCATTTTGTCAGCATAGA
A-MP-919 919 961 GAAGAA AATG 898 999 G

ACAACAACACCAACAAAATCTCATTT
TGCAAATCTCAAAGGAACAAAGACC
B-HA-106 106 138 CCAACAAAATCTCATT TGCAAATCTCAAAGGA 97 164 AGAGGGAAACTATGCCC
GTCCCAAAAAACGAMAACAACAAAAC
AGCAACAAATTCATTAACAATAGAA
GTACCATACATTTGTACAGAAGGAGA
B-HA-503 503 535 CAGCAACAAATTCATT ACAATAGAAGTACCAT 478 567 AGACCAAATTACC
CCAAATGAAAAACCTCTATGGAGACT
B-HA-613 613 645 TATGGAGACTCAAATC TCAAAAGTTCACCTCA 597 647 CAAATCCYCAAAAGTTCACCTCRTC
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test mcroarray performance since the isolates
represented a wide variety of subtypes including: HLNL
W@ 1@p/054d30N2 (26), and H5N1 (8) where the nunmbePCT/HS2007/060706
parent heses is thenunber of isolates tested for a
i ven subtype. The M gene segnment was successfully
Tab“*g |Pfures dabelag tanger sequenees fyyjindwenza irwsddentifiation | of t hese
name SaBPl edsressd ted in pesitive fludfRScEH? signrals.on
s 18, M ST ommagor(immyaanglvamia Flg. 10, melmyecciremimes
f nt8nsi"t y"Val ues tabfil ated i n Tabfe 637 RAN Al raarscocrorer
st udi es usegreamkcedTpl ex PCR showed t hat f&ir{TetcGARAAACAAGCATCAC
BBl i 1P atd on of one®OrREPE YENEY pr BYuBH HAELSE
negative on the array, reflecting a fail UJAQAT‘RITGETQ&GcchcAeA
anpl i fi catdcomarpireeess and not of the m cradrea¥rcrcTTTccamcarca
B-NP-64heff ordFantie ( Townsend, AN CABICABT CTYS FFQEICh‘iApi(T X
. TITACAAT AT GGC, . . . . G CCATGGCKCTTTACAATATGGC
snp11BXPEr i ARNE Al eVal U8t baaredoaardicaORSt i1 | AEAGRIPECATATTARGA
m croarr gi{’-\'T 1JT' TqrolTTn' /IA\(/alC%:GrCOTbITGmG submi tted %éggscc T;gATg;%ETT%iIaTA%Qr?T
B-nP-1211 NGO PR Té(& REPE] 81}’ Feterente b 1§18 eﬂédeé(ﬁ?MA EdcACAGAATT
all pur poses) . TChe use of a single gene 4 g@%ﬁggg@m&%
B-NP-12@pﬁ%ar1§33t% i ﬁF%C@héTT&QGM@@QZ@% al g8 n(ﬁ\éé%i &6AATGGG
results. Exanple 4 : [000156] In one exanple,
m croarray patterns were exam ned for conmobn sequences
TabledeMvgamre gneni pfdhessaguentes uixdyipabe pFésgnt skiidy.epr esent s
a typical mcroarray patterns observed for HIN1, H3NZ2,

anaLIC AN o v o oo n—ao H
NL VI | UoL O, LERLA| Ul . L L I CMHI T TLIL O
43, staften | séquence - “start. end
=

Aol + 2 A 11 ranry oo aont o

Ecg.lu éa"i;')fure sequence

cclb2¢cakircc@an be sepesot asb
rerrkaaddickdzon, cofrpar |l 7ag

12 ponpari-ng:d-he panel|s3gr) ek
13 ghtcr3apatierns are |diokfleee

15 @reathcstrknetarkrom treaot|Ppe L akcdrdliNLy »cH3N2y~rand| HBIN1961
patterns. Fig. 12A shows the pattern for the
| aboratory reassortant virus discussed previously that
contains HA and NA genes froman H3N2 virus, but the
internal genes froman HLNL virus. Previous studies
usi ng fewer sequences yielded an M
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pattern indicative of an HLINL virus. Interestingly,

wWith a |larger nunber of probe sequences the pattern is
wapogosisand not a definite match for either H3M2I/UE200%060706

Fig. HB or an HIN1 virus (Fig. HC). Likew se, the

pattern for the swine HIN2 virus that infected a

Table SR Bacti SIRONN 5INICHEp Baptuke Bad 1610 ProB@airlRitE M Edhe sbubmR

data H36N2u tPcf\‘I }seer Bend! sellzelcg(') (f%\]ilis“'lafng Ien;ael ufhy A ll.ll?lal’ll Ay=nvin I n .
]?aﬁé Dat ter i ossEr Vel £or > anS ati 9 VR &5,V ERbwn i n
R A i i avi e TARY ke c—H5
A e U i) 01 LC T 1.

Da!'a‘b rla t orn [aYaan ac C‘7f‘|. ‘Fs‘F r gn AQ‘ 1 u ;114 t Q]P’Sn 14 15
HINT Gw)* | 80 [ 307 6o [ 00 {713 05 (763~ | 35 7 38725 '35 o3 [35.7 08 | 17
Nt (@7 1 Sleed [ QRN NAL | @RI |Yool NE1 @bgeENGE [0f, Presence.off siponal| ..
HiN2 G@r [certakn prphes, btz also| ef tien fromdshess | 35 | 43 | s0
HIN2 (&) f flerenees iin| nellatn yesijndoenss tji@s| ob [tdel sd gnal s.81 | o1
N2 (10001@8] sk Aanphhear,.exgoplary frethods, d Sipbe 7 | 13 | 33
a?NZ ier agschlog,:al300 ustieri ngﬁanal ysi s was 1errpolloyegl to | o
H3N8Eei ghl r'ght™ tihé simj|lar| {1 es ahd' di ¥t efencés| et ween 't hie
can) ¥ cr o&r 1 &y |sl3ghét |[piat 1 &P nseo H'erardchieal>fc| &5t el ng?ils?°

H3Ng () dell oo used ool ob reo.sanalsysios ef |gengseXpoesss arsodatda | 5o
H5N1 (Bl dl @ck3s E.21M o0& |Edi [ of .| A Begi|nel ss |Qdi del tjo4 | 01 | 45

HONZ M crlo¥r r ayd ¥52003) ¢“ncdf por’al ét] [Wer eirh |y r éf erdncdy | 47
Her eg 2| dendrogam ¢l | gstirat gs =t he degree=p =g | =
anticipafed| ﬁt%drmesé"%@r ag setg cfgi r@lép efide s%r enEntsf, =
reactividyer [gr ehizzal® T| Gt|eFi ng ha§ | eenTl y Degrpsed Ko = | Z
eval [uag e _pat t’ef ks |od agdi|agnpsijc G,rcar}agc ési pied| -
to ildeBtidy cEEosizel y§‘r el§at ed paétleri g Hramcd: §, =P @t| =
al . |Rap| & bacgpd gl i dént|i fi patijon psing Z R
evanescent -waveguilde ol i donugl eati de “Wi|crdparray™ >

classificatiqn. J._ _McrohQiol, WVethods In Press, .
*hOSb%?F?IEScac“égenﬁPag?f fhean‘:';\‘?"fl%? TOHIOMe TSR BpRY A BT ine,
cq=cijwisorpbeateadrecher ein by reference). In this analysis,

the horizontal Iength connecting two nodes indicates
the degree of simlarity. Wien a dataset is nore
simlar it will have a shorter horizontal |ength
bet ween the nodes connecting them [000159] In another
exanple, Fig. 13A represents a hierarchical clustering
anal ysis of one microarray experinment for each of the
58 influenza A patient isolates tested (see Table 6
for relative intensities used in clustering anal ysis).
The clustering dendrogramin Fig. 4A has been outlined
to highlight the different viral subtypes. Shown in
dark grey lines, the H5NL viruses of all host species
tested belong to the same cluster. The other 4 avian
subtypes tested al so group together and are generally
dissimlar fromthe human HLN1 and H3N2 viruses.

Refering to Fig. 12C the avian HIN2 virus (bl ack

lines) displayed a visua

54



pattern different fromthat of the avian H5NL viruses.

This distinction was confirnmed by the clustering
wW@e@BPsiss0 in Fig. 13A Interestingly, the HIN2PEI/DSZ07/060706

appears in a cluster solely of other avian viruses,

thi.,s cluster.is distinct fromthat containing the
Tavte Rk e RS Pistebaty Syl GgsroTen BB RO s
I3Tttostrates that —att—but g gt e, romemHiNE

J-\.
semPIR r WS (TTghT,gray) DCCHT fel 1A1e 5amg ChidSTET, ol N&SE a1

ATale al so| VAN AT Top e ZHIKE PEe 9 neTT e 12 31 34
““““ - addition)-dhe ;huren FBN2AC R ' Y-sii-rgpel; '
“Asappeale Cl osgl ysir alzpt v k) ol “ThE oD 4]

Xy a@lg G ot Mhee

“““““““ | b ot 0

AAAAAAAA & dil sci¥sed . B BElgo ;Ag

AAAAAAAA BQW th_l5h1he .

((((((( °3brar¢§ﬁ i A

lusthsr” Egd af
qdi ieteonalia pre

speciPil c| difl
HIN1

ICDPHE 227
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then provided an assignnment score (scaled fromO to 1)

t hat the unknown sanpl e bel onged to each of the output
w@ a008gdsBes. [ 000162] I n accordance with this BXEDIF1087/060706

the ANN utilized 16 inputs, 4 outputs (H3N2, HILNL,

H5N1, and negative), and was trained using a
TableeBdinfloenzar 4 swbiyphtdetirinawkipn dpadatsimoplesmtingcn athifcial neural network
(ANDB! Tlodvalas fdrivach WANN datpad assginngnt s@veramges rom 0-1. Samples are labeled
in ofde@Simméataltlatand ny Mscipameiitagcore githies thano0758s \iightighted. Checkmarks

1nd1¢a$@&cﬁfe%ﬁoi(tﬂb IVKﬁB ¥de, sulblybe oﬁﬁ@éa%é\ﬁncﬁﬁrf%@%tsadﬁﬁné&rect assignment.

v Kadld Known
sreimct%zaSHawle néd aisnitypg sel ." TReNT r asNeedHSNeIUr aleg  Subtype
1 sousedobe deyy mwng fomo 5307 AHIN2 v
2 npb@es bboa blHand st @®.0bBND.candA/H3N2 v
3 WNS0 Wep.e2 patA/nt v olwg eiotoher A/H3IN2 v
4 s08¢ wadhes.AHablve N.OQut Pt A/H3N2 v
5 sO0Ppr PRE 5A™HMKNO .00  0.00 AMH3N2 Vv
g 88‘2” e80yr ed!'&  th: 3 H’tosd %égt erA'jli’;‘Z j
8 : InS Sa [ lne} : tOés ﬁ% as tﬁe ARt
9 9080 aSsphPnne AH1 v
10 el rgg gt i )¢ oQ)g 51% anp)l S AHINT v
11 chhy idgntifaed an d olobor o 6“ Ld)%ﬁlzaA/mm v
12 wasgo a sbhgl ezl se| e resul to.oand ofowd a1 x
13 t bwe result svH3The | esul totomg ensi tologi t v
14 ecnd i coby 92004 000168] A30bs@oved.oh v
15 AP0 show® hiAgis cohsezvattiodn @03t he.o0 v
16 P8 el 0-0%i t MV olUf i48nary?!r atfdd of0-90 v
17 980x 9003 HYQ edf | 8 sifdt v
. et |45 e :
20 g glatwly‘, tl%évol% v
21 AL ac] dgchafiges gogr e v
22 'V@ocb S @of' Ughal2 Gommgnentosof omny oas v
23 v
24 v
25 v
26 v

?ﬁu?‘*n".y e ”W”W”W s WO gﬁ ‘Wg rehFe Rl o
= yﬁi% ke e e R e
hMP@{hurh negl%e\@rué)rk r%sr:}f'rbt[)@ yn@ﬁM@lr@pﬁPl‘{/m rhe%%alta ﬂknz’at/lrus type 3)

I IIl Tl ale vV

NA, and M), and thls may be a key factor when
sel ecting a gene for subtyping a virus such as
i nfluenza. Recent phyl ogenetic anal ysis by

pr ot eot ypi ng di stingui shed subtle but inportant
di fferences
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bet ween rel ated sequences. By identifying uni que am no
acid signatures within a single clade, specific
w0 p@Basses of pairing of HA and M gene pr ot eot ROEES248T/650706
found. This result suggests that a change in one gene
requires selection of conpensatory nutations in the
Tablee$.. InFnonzeod yyuibt yps sdoggrmemat onffor &3 emeredrrayeiesss (Ivatistinct
AdNaY siros Uusit® gre bitdicias uggebktetivarkctANNaIThy viahgedot each ANN
o@puiSBgipagaht @Brdiunid3didn 0eBSaafpldriné labthed@dirtiératumerically,
aif BRY aSdigth@f dianeghatcedhar 0OBI Bl MERELHRY. at he@RmBRE Waeitate
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negative and X represents an incorrect

assignnent. Tabl e 8. Influenza A subtype determ nation
for 87 mcroarrays tests (34 distinct A/HS5NL viruses)
using an artificial neural network (ANN). The val ue
for each ANN * * * * *
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All of the COMPOSITIONS, METHODS and APPARATUS disclosed and claimed herein
can be made and executed without undue experimentation in light of the present disclosure.
While the compositions, methods and apparatus have been described in terms of preferred

embodiments, it will be apparent to those of skill in the art that variations may be applied to
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out put assi gnment score ranges fromO0-1. Sanples are
| abel led in order nunerically, and any assi gnnent
waemsosggseat er than 0.93 is highlighted. CheckpeX/KS2007/060706
indicate correct identification of virus subtype and X
represents an incorrect assignnent. Viral RNA was
the COMAQSATIONShel ETIDEID Alahd APWWin%@EpS METHBDS quence of

59eps%ri}gh exe@%T#§Wg¢ e?e?ﬁa’q/ %gﬁlte nt ath%l c%n&ﬁﬁ] IBSF[' TRy ?cope of

the iny¢pdiopr dasp tsp@ilfsc‘@llmlu Well bwpaéertt H@t €T BNt arc & both
cherm@@l‘l}h }%QQ l@@&ﬂ‘_’y% H&ed %%ek%%ﬁﬁltﬁit%§ G tﬁ@g dnfy de%&'iﬂ“ed‘lferem

preferre |nents aren t.hose
while i yaficiof Strwéara?%u T Mot 4 quSQjTSXHa‘b‘ tb@nalabw%éat%taﬁg
modifidalblsS pphfiSio thsERLDRd am theArPARAId e dtotel witHil ehessp@fSscope and
concefl gt W R RSBy AR etk lipimtnods descr bed
Redif AR depaEr ty i P%ﬁ%gﬁ %ncept spirit and
scope of the invention. Mrre specifically, it will be
apparent that certain agents that are both chemcally
and physiologically related nay be substituted for the
agents described herein while the sane or simlar
results woul d be achieved. Al such simlar
substitutes and nodifications apparent to those
skilled in the art are deened to be within the spirit,
scope and concept of the invention as defined by the
appended clains. What is clainmed is: 1. An array
conprising: a plurality of capture probes conprising
ol i gonucl eoti des, wherein the capture probes are
capabl e of binding to oligonucleotides conprising at
| east a portion of a nucleic acid sequence or
conplinmentary nucleic acid sequence of a target gene
of one or nore influenza virus. 2. The array of claim
1, wherein the capture probes are capabl e of binding
to one or nore influenza type. 3. The array of claim
1, wherein the capture probes are capabl e of binding
to one or nore influenza A subtype or strain. 4. The
array of claim1, wherein the plurality of capture
probes are bound to the surface of a solid substrate.
5. The array of claim4, wherein the array contains
100 or | ess capture probes bound to
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the surface of the solid substrate. 6. The array of
claim4, wherein the solid substrate is selected from
w0 b@sgsasap consi sting of glass, plastic, sili CPCFUSRDBEE0706

substrate, macronol ecul e-coated substrate, particles,

beads, m croparticles, mcrobeads, dipstick, magnetic
Whathbeabismeg st anagneti ¢ beads and a conbi nati on t hereof.

7. The array of claim4, further conprising a positive
1. c@mﬁwmbepn@ﬁmngound to the surface of the solid

subst.rat e, rein the p sitive control .probe is

a plurglify 25 FEPUBIR AFolRs CAmPHY e SHap kRS ISt PR TSEie Chrfurcrabes are
capabiéodfmll?din?fo RigoARE LGt RIcP E@t‘ﬁﬁrlﬁh@gﬂ 1885t & QoAdn of a nucleic acid

ol i gonucl eoti'de conprising at |east a portion of a
sequenesodrgiompéivicdtase quaeic ecidsequnpd o hatarget geneud] cak or awirginfluenza

sequence of a target gene. 8. The array of claim1,
Husvvhereln the array is a microarray.9. The array of

claim8, wherein the mcroarray is a nultiplex

characteristic array derived fromnore than one target
2. gdhearrapof oipien hrwhgpeipfthesapture probemaiceiapabip el kiggdipgteone or

e capable of binding to an influenza strain

HKWGQ%?%@%%gﬁﬁron1the group consisting of influenza A

FBNQ i nfluenza A HLINL, influenza A H5N1, influenza A

i nfluenza A HON2, influenza A H3N8, influenza A
3. Hif he arpppy glamy b whgreiRghe cappyre erpPss ArengpahigoRbinding fo one or
more <A@@&¥¢ 11 11. The array of claim1, wherein
t |gonu eot es conprising at |east a portion of

a nuclelc acid sequence or conplinmentary nucleic acid
sequence re derived froma single tar e
TR S A IR TR LT e e
Ofasgkgg@gnﬁge selected from sequences listed in Table 3,
Table 4, or a conbination thereof. 13. The array of
claim1, wherein each of the capture probes are

-1 nFRGRGORT ol TaMehn’ R TR Pl Bl bound o

ﬂmsuﬂﬁ&ﬂﬂﬁh@gﬂkh§m§&£§ence of influenza virus conprising:
attaching a plurality of capture probes to a solid

substrate surface to forman array,
6. The array of claim 4, wherein the solid substrate is selected from the group consisting

of glass, plastic, silicon-coated substrate, macromolecule-coated substrate, particles, beads,
microparticles, microbeads, dipstick, magnetic beads, paramagnetic beads and a combination

thereof.

7. The array of claim 4, further comprising a positive control probe bound to the surface
of the solid substrate, wherein the positive control probe is capable of indicating conditions
sufficient to form a complex of a capture probe binding to an oligonucleotide comprising at
least a portion of a nucleic acid sequence or complimentary nucleic acid sequence of a target

gene.

8. The array of claim 1, wherein the array is a microarray.
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wherein the capture probes are capable of binding to
ol i gonucl eoti des conprising at | east a portion of a
woe@Besas3@ci d sequence or conplinmentary nucl ei BCHUBZH07/060706
sequence of a target gene of one or nore influenza
Vi The_net hod of claim 14, wher.ei the capture
9. pﬁfﬁ%agaw%clalgb%zbwrw U Mo TAYds o reRIChphaa fei e
derlvetdYﬂ%?m e th-ﬁh%ng%rgéi%eﬁ’é claim 14, wherein the capture
probes are capable of binding to one or nore influenza
A subtype or strain. 17. The method of claim 14,

1% &y SRRt Foibrehe s PRI TR Bn@ne ¥l ©

influcRRSdtaiiy €160 fidth tIY @BEp bSnseRiRARF & fRknaNAIHZNI, Mfluenza A HINI,
conditions sufficient to forma conplex of a capture

influeppaofy d1BY h dathignepAdh/ T igdeanes éoltl?lﬂécleﬂmm@ nid3¥e, indagnza A
I t
IRk S P AL SPE U SRR e oL
of claim 14, mhereln the capture probes are capabl e of
binding to ollgonucleotldes conprising at. |l east a

1L phdbe pgay of clainh Loy arein dbs @ligoayelepiidss SPMPHHPE Aisatt gmprtion of a
nuclel'alée des' ek dr & (ﬁﬂéﬁﬁﬂ&ﬁa @ldcaefc?%e 9@1{&% FEHEREE Fold P8hgle
up consisting o enagg utinin HA gene
quasﬁgnumnymtneuran1nldase (NA gene segnent), matrix
protein (M gene segnment) and a conbi nati on thereof.
19. The method of claim 14, wherein the capture probes
12. am@c GARABE Qadf 1 hbl‘%iiélﬁghé @dp@ﬂrb FRIDLE hRQLIERE ORGSR listed in
at |east a portion of a nucleic acid sequence or
Table Gokpble Heott aggmbinatiositbergef d sequence of the M gene
segnent. 20. A nethod for detecting influenza in a
sanpl e, the nethod conprising: a) contacting the
13.  sarp frapioifliladn 1awhaytidéach o thér@biukd/probesap indeperdcatdesbout 10
roduce a test array, wherein the test array
t0am%%h&@n%%%ﬁﬁe%ﬁﬁﬂaﬂ@kﬁhobe sanmpl e conpl ex when the
sanpl e contains an oligonucl eoti de conprising at |east
a portion of a nucleic acid sequence or conplinentary
14. nuciethod & podieingencarayffoaddtastpgithgpmeecnaé odim€luotizanmirue
i.nfluenza virus; and b) contacting the test array with
cOmMPBHBE-or nore detection probes to produce a |abel ed
a QMH% r (6] 840y
: gf;tg%ltm o oﬁi:dll&(tjhfag{@%)\g}epﬁg% ea{ é?%léi? st rage;ﬁﬁfa@e to form an array,
wherein the capture probes are capable of binding to oligonucleotides comprising at least a

portion of a nucleic acid sequence or complimentary nucleic acid sequence of a target gene of

one or more influenza virus.

15. The method of claim 14, wherein the capture probes are capable of binding to one or

more influenza type.

16. The method of claim 14, wherein the capture probes are capable of binding to one or

more influenza A subtype or strain.

17. The method of claim 14, further comprising binding a positive control probe to the
surface of the solid substrate, wherein the positive control probe is capable of indicating

conditions sufficient to form a complex of a capture probe binding to an oligonucleotide
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conprises the a capture probe-sanple conplex, and
wherein the presence of the target-probe conplex is
w0 padBossBwve of the presence of influenza virusPCruUs1ve7/060706

sanmple. 2 1. The nethod of claim 20, wherein the array

canprises a plurality of capture probes.conprisi at.
compiigin it 13438 PSR e nitleifacd SeagEIcy o8 SOmBHRETGRY nuclcte acid
sequeRQOHd ARRE &n¢. Nucl ei ¢ aci d sequence of one or nore

target genes of at |east one influenza virus type,

subtype or strain. 22. The method of claim20, wherein

t finf ' in th le s ..
18, o dBeMRTREd oy ot PRl e S Pl aFe @bk y fPitgine to
oligoric RBEI&S cotnpir Bngeit 1daEAPSor6ONPF £xXucld8 acid Requ¥BEh@Ccodiplimentary

claim 22, wherein the signal generated by the o
nucleic geigeseqpmed ef & bigit @rngycdnstrddsomithc grp e oyt ing phBemagglutinin

' b ntl S r raj

(A GRESINAD, RARGAAD (NS1ARG [ SRR ofls flBh 0 scament
and a Wh@b®@htior thercofipt ur e probes are capable of binding to

one or nore influenza type. 25. The nethod of claim

20, wherein the capture probes are capabl e of binding

t inf r L. :
1O e e RO S AL o Bfink 6
oligommoeptidds qonplpsinigat feelstt opdriien el fiad@c ofid sbrpiescd omdcomplimentary

Substrat e, mﬁ rein the posjtive control probe is
nucleR agidseaieie Phiie APy CeBRBl t i ons Sufficient to form a

conpl ex of a capture probe binding to an

ol i gonucl eoti de conprising at |east a portion of a
20. nécinethod 4w ditesting enbiensy in@oapiplorthstragthohowhpriisengici d

. of . 24. The. h f clajm?2
¢ ARS8 eb PRl AE35ey 00 elRTHIRT SR PpdsRly hgtice o
test arted} whidfci@@ t&k afrBecsiprigds § eBsthFcairebe- W€ tédmpld when the sample
negative control probe is capable of indicating

contaigy A pLigQwsleatidd parnpising ¢ 1¢astis pertien 9pe apeleiciacid sefuqnge or

=an : t ' i nf Vil :
cormp 3By B LS R b i P OB s Vs and
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group consj sting of hemaggl utinin (HA gene segnent),
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C | i i T -

comnE PRIy AR PofeTBDL LAD AR B e robe
comp ek asmntitvetigy efitpe pensics bif nfluehza virus in the sample.

21. The method of claim 20, wherein the array comprises a plurality of capture probes
comprising at least a portion of a nucleic acid sequence or complimentary nucleic acid

sequence of one or more target genes of at least one influenza virus type, subtype or strain.

22. The method of claim 20, wherein the presence of influenza virus in the sample is

determined by detecting a signal generated by the probe of a target-probe complex.
23. The method of claim 22, wherein the signal generated by the target-probe complex

produces different patterns depending on the influenza type, subtype or strain present in the

sample.
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nasophar angeal washes, expectorate, optical swab,
respiratory tract swabs, throat swabs, nasal swabs,

woa®alos4asscus, tracheal aspirates, bronchoal veoPEr/US2007/060706
| avage, mucus, blood, urine, tissue, saliva, air

les, ai filter sa l es, surface-assocjated. .
SaHBE iogh i a o P HEEIEHE EHPE o057 SiRab it Rigingsto one or
nmweﬁﬁﬁkﬂﬂﬁgp further conprising identifying the presence
infldenza in a sanple in 12 hours or less. 31. An
array conprising : a plurality of capture probes

IR ETheP b ioPe NPl AR oy PP Bt gbhier i biging o one or

more ﬁffl‘ﬂi@ﬁiaSA@ﬁbt%edneﬁﬁlna portion of a nucleic
aci dsequence or conplinmentary nucleic acid sequence of
a single target gene segnent of one or nore influenza

26. \p;r g%ﬂ et of-EEhefm@eréﬂ%@%@f%ﬁ%ﬁ?}pomrc%lnﬂo 12‘8 nlﬂirtg the

es are capab 0" one or

surfackYoféhe s3Bid sUlbmerasy; vayredf the lpakitivadontih prodietis ¢dpeble @ﬁﬁmﬂﬁ@tmg
probes. are ca able of blndlng to one._or nore influenza
Condlwra@yf%@t& Ogmaaqqmp ayof ar¢pTura PrRvg birding tey ap odigonucleotide

comp%ﬁ%gﬂ [Ba Qg)to LGBl RPRTd &% &ﬁelﬁ%%%ﬁ Hﬁlefi’ﬂa\:}fjﬂdg?m% Bid

onuc s conpri sing ast a porti
sequeneeod fei targatgehesequence or conplinmentary nucl eic acid
sequence of the M gene. 35. The nethod of claim 31,
wherein the portion of a nucleic acid sequence or

27.  CORP iR GHcYaiWe) ﬁir&e@@drﬂpﬁs@ﬁé’@ﬁé‘g%ﬂ% céhtRl BEIR bbﬁﬁdl?otthe
gene segment conprise conserved sequence regions for a

surfaceyhehe solidtsylpperatsy whereai the ofgative lcarielarol®as capakla of indicating

condiRERLUR DR Bl B Rhe G PRt buls PR intucna

virus MiERR itd 1t HehRg@aRIddhoINrekes are capabl e of binding to
ol i gonucl eoti des conprising at |east a portion of a

nucl ei ¢ acid sequence or conplinentary nucleic acid

28. S§{{H %‘ﬁﬁ) de (sga)lﬁlayog%ergﬁﬂﬁe e{rgégf%ga@ [sas%}e%Ft%d 'ﬁQ)fnll Hl%%@up con51st1ng

VI I'us,; oneé or nore prObeS erei
of herh&g%lﬁtﬁ@tg&(ﬂAl gahetcgptcabescuaseinddpa i & gofic segment), matrix protein (M

gene segment) and a combination thereof.

29. The method of claim 20, wherein the sample is selected from the group consisting of
nasopharangeal washes, expectorate, optical swab, respiratory tract swabs, throat swabs,
nasal swabs, nasal mucus, tracheal aspirates, bronchoalveolar lavage, mucus, blood, urine,
tissue, saliva, air samples, air-filter samples, surface-associated samples and a combination

thereof.

30. The method of claim 20, further comprising identifying the presence of influenza in a

sample in 12 hours or less.
31.  An array comprising:

a plurality of capture probes comprising oligonucleotides, wherein the capture probes are

capable of binding to oligonucleotides comprising at least a portion of a nucleic acid
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produci ng a signal and wherein the | abel probes are
capabl e of binding to the oligonucl eotides conprising
wW@rooBAa$80 a portion of a nucleic acid sequencePOF/US2007/060706

conplinentary nucl ei c acid sequence of a target gene

of one or. nore influenza virus. . .37. The kit of clai
sequeRgs oTyMPLEICESRYGIEE AdSCEarE PLASRBIALISE! 8510 BRETHSY E?gone of
more Bukhs aHisf ace of the solid substrate, wherein the

positive control probe is capable of indicating

onditions sufficient to forn1a conpl ex of a capture

eotide co

2. PafRfndy BEifn Lot apEiE BoheSut SaRS afBindthe o one or

nmneﬁﬂn@hgmgﬁgary nucl ei c aC|d sequence of a target gene.

33. The array of claim 31, wherein the capture probes are capable of binding to one or

more influenza A subtype or strain.

34. The method of claim 31, wherein the capture probes are capable of binding to
oligonucleotides comprising at least a portion of a nucleic acid sequence or complimentary

nucleic acid sequence of the M gene.

35.  The method of claim 31, wherein the portion of a nucleic acid sequence or
complimentary nucleic acid sequence of a single target gene segment comprise conserved

sequence regions for a type, subtype or strain of influenza.

36. A kit comprising:

(a) an array of a plurality of capture probes bound to the surface of a solid substrate,
wherein the capture probes are capable of binding to oligonucleotides comprising at least a
portion of a nucleic acid sequence or complimentary nucleic acid sequence of a target gene of
one or more influenza virus; and

(b) one or more tagged label probes wherein the tagged label probes are capable of
producing a signal and wherein the label probes are capable of binding to the
oligonucleotides comprising at least a portion of a nucleic acid sequence or complimentary

nucleic acid sequence of a target gene of one or more influenza virus.

37.  The kit of claim 36, further comprising a positive control probe bound to the surface
of the solid substrate, wherein the positive control probe is capable of indicating conditions
sufficient to form a complex of a capture probe binding to an oligonucleotide comprising at
least a portion of a nucleic acid sequence or complimentary nucleic acid sequence of a target

gene.
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