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WD 2008/ 016335 PCT/ SG2007/ 000232 A M CROARRAY SYSTEM
AND A PROCESS FOR PRODUCI NG M CROARRAYS Techni cal

wWo-2@BE1B33The present invention generally rel at BET/862007/000232

m croarrays for identifying the presence of target
analytes in fluid sanples. The present invention al so
relates to a process for making m croarrays.
BackgroGhHICRPBRB%¥r%?%TEMeAEBnﬁDHB9CE§§rF@BtBBOBVCING
| ocating bionolecul es ongp~ % bstrates. Known
technol ogies of mcroarray tabric atlon can be divi ded
into two nethods: 1) The position of the bionolecule
is specified prior 15 t i%s_tr nsfe on the substrate
("Ordered bionol ecul e ﬁ%ﬁ BiERONEYE gnd 2) The

posi ti ofip gf tﬁgegéﬂﬁvleﬁﬂbsnt§oﬁandggh¥ra§hyoca&e@a@@s to
the substrate ("Random bi onol ecul e “deposition"). 20

Onécedabrapsl efake déﬁ@iﬂﬁW@@g’sﬂﬂﬁfe@rQ$ﬁﬁ®®stOf target
gi%glr ¥§f Olrn f%%r rsaé/mﬁe ductIJ pA%g%}lgl F q&e’nt,% also

al”"deScriptionis given S n
M eeDateaysod, Cpfo&ds&MfMerﬁakyn&rmssroaeeéysA
t echnol ogy reviewis al so given in: Vivian G, at al.
"Maki ng and 25 reading mcroarrays”, Nature Genetics
21, 15 - 19, 1999. In knayrpgLhfapiray production
nmet hods, robots carry out the transfer of
anal yt eMiargetriagsbi anel ecalnesniy $ebsticated aby locating

AL R T Tl L LI
bemM@EBaQraynfaaaﬂcatﬂbn EéﬁnﬁéealﬁﬁdealQﬁﬁbe@wbeﬁe@h@ds
DNA, ol igonucl eotides and proteins. 1 W 2008/016335
pciyscgﬁgg/@@@Zggon of the biomolecule is specified prior
its transfer on the substrate (“Ordered
biomolecule deposition”); and
2) The ©position of the biomolecule 1is randomly
allocated on the substrate (“Random biomolecule
deposition”).

Ordered biomolecule deposition is by far the most
usual way for microarray production. A detailed
experimental description is given in: Schena, M., “DNA
Microarrays”, Oxford University Press, 2001. A technology
review is also given in: Vivian G., at al. "“Making and
reading microarrays”, Nature Genetics 21, 15 - 19, 1999.
In known microarray production methods, robots carry out
the transfer of aﬁalyte—targeting biomolecules to
substrates and ordered arrays are created. Usually
biomolecules are dissolved in a buffer. Typical transfer
volumes are between 0.1 nl and 1 ml. Examples of

biomolecules are DNA, oligonucleotides and proteins.
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Different technol ogies are avail able to spot the
bi onol ecul e sol ution onto the substrate. Spotting

w0 e@Biood3seyi es can be divided in two groups: 1)PCT/SG2007/000232

Technol ogi es that have no physical contact between 5
the printer and the surface; and 2) Technol ogi es that
make use of physical contact between a printing tip

and th@lsﬂﬂ?éierrdl etechaginglieg earehatvaelapbet ¢a hepot the
%n areﬁgﬁlﬁggo%” byhpL e- | te%ﬂ%%‘t%%%%s InSe%ottlng

10 is pro ced acceler at
bwdaﬁmmslo@‘lqm &mel}m:tdimde&ditce@mrgrdnqnml i nduced

pres ure with the groductlon of a drg plet with a
ot of) JRSTEIPIAGSS syhphgBaveadmbaYFicadt cantact between

"M cr Oi%ﬁrfeaé)ﬂl%piélcaéﬂcpnt% tduLeyad edng at tachment  of
DNA usi ng bbl e Jet technol ogy", Nature 15

Bi ot %bmﬁﬂmgylogﬂses 43ghat 44r1ak62004ﬁ)e TeEhrphpgieslt haentact
bel ong,! ch}ee% second ,&J_roql; i;g,eaﬁd &é n§ %}I@ethat
f sa [

can hoI urre on and
t r ansf ﬁrecﬁlrpﬂrdgﬁs t h:lh%ltSOblaltLbﬁEj tf)ot hﬁqe sitgtat grbyp are
maki ng physi cal_  contact. The transferred 20 vol une

Bh R4RP IR 71Rt t#?p%ﬂgﬁﬁg%@s HatWirichfat feall droplet
Zﬁ%ygﬁioaﬂgeﬁh%nnfdrQQQQ@fQﬂ@ﬁ(ﬁ>trﬁé§ﬁ§skﬁ@tﬁle£8electrlc

t he abovenenti oned technologles print = heads
oringiuseccanobe thﬁt;rmaéd |m®@r®up§reasuabty 8>rtow16t'4) the
ara he di st ance

t t mul 25
o BB B HPEISY 1%t < IS0 b T cheCr Syringe

ph(!ﬁda@@to Sp. ze éaf dhe miﬁ@&rf@@dﬁa@h@aﬁﬁonmi@h covalent
linits the mninal spot distance to 2 to 5 mmin

p&THARIMGRHG nPEngdNist BpINTo BaiHisy eTAF g asgiBro ldmswt yNature

g}éﬁset In tlhcgb%?( g?d; O4I‘?§ Ca%éﬁdller e(gdt)J(ls O\I’I1VI tg \a/‘\l)sn‘al |

2008/Oﬂ@ﬁﬁhdkﬁdfﬁ@OﬂHéﬂObE32ng to the second group use a
printing tip that can hold a small volume of a sample
solution and transfer a part of this solution to the
substrate by making physical contact. The transferred
volume depends on the print tip geometry, nature of the
solvent and the hydrophobicity of the substrate.

In all of the abovementioned technologies, print
heads or pins can be combined into groups (usually 8 to
64) to print multiple samples in parallel. The distance
of spots printed in parallel is fixed due to the physical
size of the printer heads or pins. This limits the
minimal spot distance to 2 to 5 mm in a parallel printing
step. To archive high spot density, multiple prints must
be carried out with a small offset in the x and/or y

direction.
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In all of the above known net hods, the nunber of spots
printed is linear to the product of print heads and

w@ri0anL63g5 steps, thus Iimting the producti on PET/RGYIN7/000232

quantities of arrays. 5 The production tinme increases
linearly with the nunber of chips produced and with

the nunber of particular bio-recognition elenents
print edn Tkl aPfayth)leabrry inowni pegheds t othpe number of

a c f R ity i e di a

P Ro el B e, 1L sy B R e eds and
t prpnaduce atkpsge thuderliofit@in@yshed phrokiugh ispot of high
densi gc ,Anot her m croarray production technology is

Y.
bSYER A LN &€ s it RESi's of pol yners directly onto the

m croamhay pgebsttabe andmes §8s¢khBed i Dinearly with the
International PCT Patent 15 Publication Nunber %/]\D

0210887 arf Unfidls St BreslupgdentandNunbeks 5thes, 7ggiber  of
a 109,722, . Th i sclosed | i mted
R T T A B R Sk YA
dideelsdsgd techhindted ahe otdytheconomrady afverhe hpginting

nynber (thousands) ,of different _20 oligonucleotide, ,
S SRREREEE -0 ThEe ddF AR AR R ek 250 techniques is

depesiidR. + MO &M et SPRLSduBEE ACNeaRd 1 @IIOM ¥F arrays
onto a substrate. Common techniques us€ nixtures of
mivditbbéddd eprad deolsédds nmade from subpopul ations. To

ot o g H1LE T RBOR. P00 e 2 FLIRERRL D 9098t on
Teekno petiessie emcoss] yherobeadsarng based ame thetroarray
| abeling with fluyorophores of different col or,

| SHEISItAG UF t ®PFi difo FEEFBbReeds Bar Py ARt PRRENFCT FPatent
Col 003 ¢ (WA20040662:10 YBR, D FANDOMBEAD! CEliP BASER  patent
M CROARRAY), 30 by netal tags (Lockhart, D.J., at al.

" Nulmoieprlsex  SWBOAI, 788a" , aNdt ur &, BV 0t é2Bnol ogese9, disclosed

1%%%ﬁ&ﬂﬁ§%eszog%%’ lf%ited. to oligonucleotides and utilize

photolithography. The disclosed techniques are only
economic i1f a very high number (thousands) of different
oligonucleotide sequences are needed.

In random biomolecule deposition, biomolecule spots
are created randomly onto a substrate. Common techniques
use mixtures of microbeads or microbeads made from
subpopulations. To determine which subpopulation a
microbead belongs to, all of the microbeads must be
encoded. Technologies to encode microbeads are based on
their labeling with fluorophores of different color,
labeling with micro microbeads carrying different colors
(WO2004066210 HYBRID RANDOM BEAD/CHIP BASED MICROARRAY),
by metal tags (Lockhart, D.J., at al. “Multiplex
Metallica”, Nature Biotechnology, 19, 1122-1123, 2001),
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WD 2008/ 016335 PCT/ S&007/ 000232 by radi o frequency
tags, by fluorescence energy transfer tags (Tong,

WQ@\2008/01685 al . " Conbi natori al fluorescence eneP@ySG2007/000232

transfer tags for multiplex biological assays",

Nat ur e Bi ot echnol ogy, 19, 756-759, 2001), by 5

ol i gonucl eotide tags or wth quantumdots (Han, M, at

aby 'reeiam Jraaipienaggerd s cPbEAUSTEEFCRER iSpiceddd transfer

f b ' I\\,
1550555 P93 Ro01) T knchtn ng Ty eR el ) gratLyeeCenee

(engrgyf Immf:@nce:)agm fort merl tdeder bletlological assays”,

Internatio 10. Pat ent Publ i cati.an nber s

oB5EE8% | NP tobi2a1olaal: w0 9530035 Bt eds (200D . by
nmBkegusecokofiiber @@éécoleuwal@e qubhBuflyestat t aehed MQ, at
their distal ends instead of fl at substrates are

deseri beduantuwni-detd-Sedoed Paztleem%%ers fors _multlplexed

Sp14:830 B0 S 0% £3ufid e g AdkamhAGe ffo :
optica Bers i 1o avord the p(ob emo I'nterferenc
0k31l i-ghe38hi A00igy. aknsedimgnmbiyheopisecaf difthetemes (e.g.

dyes. Large nunber of  pol ystyre eads

cEAUBEREEERBY ed S n Brshﬁrgﬁie@é?ﬁ%%f’ I§F%§?a§ﬁ Ppal PCT

I @a%@ntet?%eqc%ﬂtlﬂ SPORERGE WY 0B 1nRtNod WNAWEEss1, and WO
ight- 20 controlled el ectrokinetic assenbly of

m%ﬁél@@éds Yretodsir fracds naEAPSse( Lpfetfidler TPpshe bundles
Ant| ens 63:_518-528) th| t_hod he. K_si
g% lconatt chec? topltglc Idnlnecq[ eM ﬁg%e%ét g:l% flat

elsabewdeesAaG:@m@jcrﬁ&@mmdenweﬂhernaheeugmtenﬁ Qlumbers
contact with a suspended 25 bead solution that is

d@pe%s%‘t‘ﬂo@ﬁ% WiP ero s 2bé - TREngdpntage of using
bbesrabl 'Jl_gb(élirsr qnt ’tob%agﬁop%@leb%rmeé?n tx ﬂ’?@éﬁf@&%e of

as of | owinpedance on the chiip. An array of about
40@ghbea@30ha51ab’e@rrl§@ccfe@sf trhley varer ayfedliififexrerg0@iyes -
x 300 pm_area, )%edlnSmIeNuIetld%BO

Pol ymotphisSm “Sana y%O%YSO’%YJf% l%ocytpm can be
aakkgeplgenei 668pl £x hilH havghithe poadlysisrdy mesigt ein  an

ng%ched silicon device by a method known as light-
controlled electrokinetic assembly of microbeads near
surfaces (LEAPS) (Li et al. Tissue Antigens 63: 518-528).
In this method, the back side of a silicon wafer is
placed in contact with a metal electrode. A counter
electrode 1s then brought into contact with a suspended
bead solution that is dispensed onto the wafer surface.
Using an alternating current, beads can be moved to
designated areas of low-impedance on the chip. An array
of about 4000 beads has been successfully arrayed in a
300 pm x 300 pm area, and applied in Single Nucleotide
Polymorphism (SNP) analysis of the human leukocyte

antigen gene complex. Although the analysis times are not
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4 WO 2008/ 016335 PCT/ SG2007/ 000232 reported, the
ability to assenbl e thousands of individually

wa@dasessabl e beads nakes this bead array chip PEmnsSG2007/000232

attractive platformfor high-throughput SNP

genotyping. 5 In known nethods, the information of

i ndi vidual spots or_ beads is deciphered after all of

t BEPB&A@s! -havEhepeeAPL ah8dm ytpl acedseombide sitRisamrds of

typi N t t .S . r .
LABiSidbadny WA SITRNTRINE MR [ Heaf arpay chip
datha | stdomittniede w tihlalatari0 olfbai nedhifghomhreadihpgt SNP

changes qf m crobead properties caused by the
af& &P A% omat ed i nformation processing for

decodi ng, ofcneRgodpdtAbes9beads | snessratDOM idF individual
I nternati onal PCT Patent Publication Nunber WO

06PPIS6.01A kit vent dgelphededodifhgrprddedr &he beads have

a [ j c od e di,s6¢ [

VB 004 7oy ThifofHe ot ne ST b ESn BuPGsarex A the
aRGmie roE meonseT agray | hs Wos004 896 anthe sdec odibeg st @pobeads
requires that a first plurality of decodi ng bind

n
| PgFEnddearecaddad t'da 9esrdsm & ray 16t ATty Ith data
C iR 120 fEHEb'ié&&%hé?'EﬂdeégJ birgands-ahdad fpfSderties
data I mage is created. fiducial is wused to generate
a chiussd rlegi sher ediadatte -i nigeomAtsécondorplgiahi tyrefessing
decadi g% bidndi ngol i gaendsoqarcg ad.derd to G¥She ;Jandom .. o Lo
a Fﬁy RePShedds ant K Secdhd TatEq mage i s

crredlegtha tigalli dudl da e tisaibIicgenRer ahenla 1S eeprub £596.
regi stered data image. A conputer systemis then used |
to cofpaFfédsSEREAREREE afd t ABCSEEDAd PERFITRFRY daizpciated

NAYSS sioni denbiky the Lecat ocﬁlié’él%%eél east 00047996 is

[
bi oactive agents. However, the use decodi ng

bithditnghlel ghemdslingauwdiae iTaiNd O 0AFgdGhandigimd | camsuming.
disadyanhagesaqn 30 partigular. .l ong,tiie i s npededy; o
plurality of decoding binding ligands are added to a
random array of microbeads comprising immobilized binding
ligands and a first data image is created. A fiducial is
used to generate a first registered data image. A second
plurality of decoding binding ligands are added to the
random array of microbeads and a second data image is
created. The fiducial is used to generate a second
registered data image. A computer system is then used to
compare the first and the second registered data images
to identify the location of at least two bioactive
agents. However, the use of decoding binding ligands
taught in WO 0047996 has significant disadvantages. In

particular, a long time is needed to read the encoded

code of all microbeads, as discussed in: Nolan J.P. et
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code of all mcrobeads, as discussed in: Nolan J.P. et
5 WD 2008/ 016335 PCT/ SG2007/ 000232 al. "Suspension

wa@eeoapidsethnol ogy: evolution of the flat- arrapCT/SG2007/000232

paradi gnt', Trends in Biotechnol ogy, 20, 9-12, 2002.
Furthernore the creation of an encoding systemis

difficult and requires multiple processing steps. Read
5 dht | PHIFPEABHEB aﬁféab’eé}@icﬂ’l@@lP@Yde@d’d@L%ﬁéﬁﬂéﬂf the flat-

m £X j.Cr eatgd by
e e L
measur efert lse rihdes elbyer egeeat ign noltt igd eehcghtingouryseisem  is

and, fLlters. These instrunents .,are sophisticated and
TOEEHEL G o 2R T ae T HES RB PG ovEoreREL S SE¥Es.  Read
megikif actifd iimdhes M GQAr I BuTHR] CORRl eXdekbl®  encoded
consum ng and thereby nore expensive to inplenent.

Theierokezdpeedf'es pesdgéca ploceederst madeg created by
m st \ s, .or_at_|ea Liora
oﬁ%ig%%f%gynnri?gﬁéééﬁsgplsad&%ﬁ%@ﬁgé d@%&??@é& ab%gg?length
Thes@suscrmemeed thaquedst decgusyshgmmwltipbat ilfigihtg sources
t he $resence of a _target, anal yte that overco

s, .or at
| Rt el hat ed NG dR GG S he Thi sSavaREsgeated and

desgribedyabove 120, Fherg bgodenartdr Prvikdenanuracturing
process for nmaking mcroarrays that avoids the need

t otlecoderoherays cmoaer apsrdfker timeuferngieing@sand thereby
Squgry Agggrgén otqnalgir§£ aspect, there is

pr%V|%e%X%. pr 0cess 107 h%iing a mcro-array

conpri sTmgré ha St epshedfd depastdvide aapopubatseon fr making
m crobeads on a substrate having at |east one_,
fiBLETArarsayYs pophl AV PBROBEF ngCL 38t cobRpEFsafedtozptes, one

| eastnd M0 SHbePOPYY 84 4 PRS: £368 GOIPEI SLATaBo KON
active agent capable of specific binding with at
There is a need to provide a system for identifying
the presence of a target analyte that overcomes, or at
least ameliorates, one or more of the disadvantages
described above.
There is a need to provide a process for making

microarrays that avoids the need to decode the

microarrays after manufacture.

Summary
According to a first aspect, there is provided a
proceés for making a micro-array comprising the steps of:
depositing a population of microbeads on a substrate
having at least one fiducial, said population being
comprised of at least two sub-populations each comprising

a known active agent capable of specific binding with at
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6 WD 2008/ 016335 PCT/ S&007/ 000232 | east one target
anal yte, wherein said subpopul ations are deposited

wee@amndssal |y and at discrete periods of each POI/R€2007/000232

maki ng i mages of said substrate after deposition of 5

each subpopul ati on; and conparing sai d i nages usi ng

said fiducial as a reference to thereby determ ne the

| deitorens exedet merbybad wheresdni gapdi ppbpreulations are

S i O Is n ti : on
e I
degidckng of the microbeads is enabled by the

conmparing step.in which the ] ocation of ach L

i oF obdtk G PRSP s Beciiael SRR GBSt efigppadtion of
t(%5@ﬂcg@5p$$ﬁ§gtg@@;fgggciaI Is determ ned. Mre 15

advant ageousl y, because an imaging step is_undertaken

bet weerc@ezesy veSaepositagrs stepn®f swidl fiducial as a

m cr vant sl t he. et d t
Corpr T e W PR e iRt 36 R on gt eacn
ofmidweobeddr chehdsochavdecheeypl ahed subpdeubatbsdn at end its

The 20 decading is performed during_the manufacture

of KRPWE it ddier a?/ngEe RTPhesds arciBEPRGSHi Sposipen each
on the. substrate. Advantageously, the m crobeads can

be deposited on the substrate randomy. 25

Advant aidoastygethel et hoadodsignot of equiilree  tthecugleeads  is

of an jdentifier or tag..such,as a,decodi ng .hindin .

1 g5l o boterdien riah PR R b - dBek o i baagation of
angkch 81 £ £SPELA | ¥8d poPHIl akkpBctAGeOkldbRgbyuliaf ione relative
enbodi ment, the nethod does not conprise the step of

| R
30-decRitg 2he HPRPbar PRy uSiAycamli désti Fréprayinesy, More

SQQ@vantageously, because an imaging step i1s undertaken
between successive depositing steps of said microbeads.
Advantageously, the method does not comprise the
step of decoding the microarray once all of the
microbeads have been placed on the substrate. The
decoding is performed during the manufacture of the
microarray wile microbeads are being disposed on the
substrate.

Advantageously, the microbeads can be deposited on
the substrate randomly.

Advantageously, the method does not require the use
of an identifier or tag, such as a decoding binding
ligand, to determine the location of each microbead and
its respective population. Accordingly, in one
embodiment, the method does not comprise the step of
decoding the microarray using an identifier or tag, such

as a decoding binding ligand.
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as a decoding binding ligand. 7 WD 2008/ 016335

PCT/ SG2007/ 000232 In one enbodi ment, there is
wW@e@siotsads a process for making a micro-array PCT/SG2007/000232

conprising: depositing m crobeads of a first

sub- popul ation on a substrate having at |east one

fiducial, said 5 subpopulation conprising a active

agent thatoriss empadimeniol Specefils Brevided ahpagocess for
I . QN rget _analyte: i [ t he m crobeads of
sgllggapfo"rgt hgﬁ%?)pg%lﬂaé%/icgﬁnprq%gﬁl Siting mcrobeads of a
second depbspapugatietobradsaiod sUlSirsd esutsaapsietoith on a
subpopul ation _conprising a 10 known active ggent, that i
i SUPSHABILE of F§FEdIF i ¢ BF ndi h§2Shi t hORE | edddUsHe@l,  said

t anggbpanalie (hdptSsdid f §r et ihcom s drhatdals capable
anal yte of said first popul ation; imging the
modr sbeads$ iof bdaidd nfdi mgtthamd secetd angb-taxgail amalngte’

and 15.conparing sai.d i es of. sai.d, fi.rst and se N
sub- poptirfat %o ri%g‘et gllggtogtr%%d%’e h&GISt dr'ion g%u%e}c(#%qpatlon’

m cr obeiagosand nigt snirespReidy/ eoSul- pepuhal isab-Ri@tliattion on
to said at |east one fiducial. Accordingly, because |,
t e l8ct Wesabehe | S owheFord YRR IADH-PopGPEPLSFLINg 2

| tlcnio%nnogc%@ségéﬁtt G eiga%%g%@ie FUEt ek 4e6ediNhding
steps to determne the chemcal or biol ogi cal
f witchi &t ofeddie oner dbegds. aftwel procesatmy cofpramsmt from

the.step of .recording ta, indicating the |agcation of
cAoi ot asied Araioheadd andd 18 RRRAS: o The
recor diiRg gSheP tHRY GRS IECH LN Sadd Hdad asdédordd sub-

conputer nenory. The active agent may be a bioactive
apeptilatiensyi gact i ve agent may be a protein or a

nucl ei ¢ 36145 %d%&x§ﬁ§§§@yofOQBEES%iE@% ShRP Qcond sub-

functionalizin
populations to determine the location of each microbead

and its respective sub-population relative to said at
least one fiducial.
© Accordingly, because the active agent is known for
each sub-population, it is not necessary to undertake any
further decoding steps to determine the chemical or
biological function of the microbeads.
The process may comprise the step of recording data
indicating the location of each of said microbeads and
its subpopulation. The recording step may comprise
recording said data in a computer memory.
The active agent may be a bicactive agent. The
biocactive agent may be a protein or a nucleic acid.
The process may comprise the step of functionalizing

said microbead with a chemically reactive group.
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30 said mcrobead with a chemcally reactive group. 8
WO 2008/ 016335 PCT/ S&007/ 000232 The process may

we@eoeompioresey after deposition of each subpopul at PONSG2007/000232

renovi ng said m crobeads that have not formed an
attachnment to said substrate. Thle process ;raé ol on
conpri he step of formng at |east one fiducia
5 o dsgkﬂj‘%s?rr%&?sm‘?%r% ¥ty B6iYri terdfdsiap of each
fosubmgpal at oep- didiRiE RNalsaSbr UGEUESSeMUENI h$R1 G 5ve ot
supstrate to facilitate contai nnent of said
mi CHOBEAdE Rt R&tEGhmeTHe ta h?@@ddisitﬁ@ﬁ@igarhal.tSllklrefjcp?f@?ss may
aepr i 0 | ...L0 a substantially f|at,
L TP al by fon B e e dfEiar on
subpopustornstd or  each di screte peri 02 rrayd_be t
undertaken from1 up to 10,000 times. According to a.
secondafz;lsé]peéjtro&estsnemiaﬁ(veﬁﬂ“ﬁfﬁ,lSEheF}ée e lovifgening a
a thmrepatimyh sikstem farrddentdd Ying Hihe Sg&%segggsgfrage o
one or .nore target analytes in a sanple conprising:
rafr%chTﬁ afPBRadnmaner oheadeidi sposesb@nda thereon. The

AlL AGE haw t least qgne fiducial, said .
20 popul atni%g{gjbel nlga%dolﬂ%:rtlausreedS O™t T €aHT T QP formed in
p @ Hudptsitems: ieddly cirgdr i ssibig: :aatdown acti ve agent

bl of specific binding with at |east one target
anal yt 1S REGHET s & o P umpa I acions ox
d it entd q&q, at, .di [iogds o
e??ﬁ&ot ﬁgffgggéa%ﬁ%ﬁﬁi recor an§§ﬁ§£F%g§ |o$1rod?_ dachP to
nitfr 888adimesd its respective subpopul ation rel ative

to sai l; one fiducjal, sai ?ﬂ# ocation of each
m cr obgacgbgﬁj&%%ﬂtg %essp?é:@ﬂ(ilgs?@&&p din TR gn, there
béen deveiditedabynicospark§ons phtémegesy ofi §aldi fying the

m_cr obeads bgtvveen sai d .
presence o one or more target analytes in a sample

comprising:

a random population of microbeads disposed on a
substrate surface having at least one fiducial, said
population being comprised of at least two sub-
populations each comprising a known active agent capable
of specific binding with at least one target analyte,
wherein said subpopulations had been deposited
sequentially and at discrete periods of each other;

a memory recording the location of each microbead
and its respective subpopulation relative to said at
least one fiducial, said location of each microbead and
its respective subpopulation having been determined by
comparison of images of said microbeads between said

sequential discrete deposition periods;
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' [ It iods; 9 WO
30 sequential discrete deposition periods;
2008/ 816335 PCT/ S&G2007/ 000232 a detector to detect

webasges3i n the said m crobeads upon contact BET/RGH@T/000232

sanpl e; and a processor responsive to progrgm
instructions to interrogate said nenory and to

€sei ved 5.said detector to '
icggrri?ir%yd]tpéh%%r ese%ged%ft'gglgi §h8RESS Ror'd'q afd mlcr?]beads
an&dt €94 Haivd tdangliel basgd «on drhe | ocation  of eac

mcr ob%adpgg ts _respective subpopul ation. _

Advant ageous%/,ssajéc PO Hehet o @rsisezds hastheeions to

D reaioenat sl ki :f ARIAUMINGL (16 2V A rrom
it is no e _
rln%é‘tfL :: e;%‘?%%r’%l t Em ijsd%rgtsiefnbl tle Theesvrd®abrays Syt sAL or

k&N i;ng data . for storage in said _ '
i R e P R e ndivariogp ion
t Ré Foght nbarahdaknana actsijyf@;sgg@!a&r@f %ﬁgpgggg g%iiﬁéla}'

' ' [ i duci al .
at & g BBt RHERUF oY e SFor ingainst & ovet caobeatpUReE been

. . o b
neh@erkakémcbtﬁstﬁ@etﬁﬁkeﬂﬂ?tm%ﬁgféggH%Lgéeﬁguyagysgan and
required to gain access to sai ecaod 3 ata.
ACROF ot A t bCalbhied sspectrmecherte ﬂﬁeF%QMédﬁﬂeaﬁi%Qoarray

. , e L,
3 G108, I n a systemfor identifying
pr@}%ésenceﬁ%fé%én%&ﬂ%%%re target analytes in a sanple,

feg omi cayacoBpr isSidiend mapdem-penuiationof ;o o .
e ogeadgmmdj ZZos_ed osn%/i a substrate gur#éeé haevcl:(_)n r}ﬁ. ‘—‘i a
Ir%eogrgts one 9% iduciHtd BN poptd ad | dpchaimg ¢oBRr £68Haining

y [ h conpri sing a
afatat 1eastaty2%nubrH I ons gach c 98 ¢ of
knaovvn active ag%nt capaﬁ)gi%{l Sp cﬁ?r?%’”bl AdFhgewagent o

S2Pet oatdt aigeobeansl wed atiher etd 8a¢h ind%%ji%ld The
| at have peen deposited sequentially fnover
%?E?F’gtdégg%n ods %? edch? dididrtt ofenabteansis a
Fesatiten ofetoantic M suoheats apfei tfiternet. an identifier
may be required to gain access to said decoding data.
According to a third aspect, there is provided a
microarray for use in a system for identifying the
presence of one or more target analytes in a sample, the
microarray comprising a random population of microbeads
disposed on a substrate surface having at 1least one
fiducial, said population being comprised of at least two
sub-populations each comprising a known active agent
capable of specific binding with at least one target
analyte, wherein each of said subpopulations have been
deposited sequentially and at discrete periods of each
other to enable the location of each microbead and its
respective sub-population to be determined relative to

said fiducial from comparative images taken during each
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30 respective sub-popul ation to be determn _
to san fiducial fromconparative imges taken during
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it [ [ h aspect,
deposition period. According to a fourth
thgre IS prgvided a process for identifying target

i ri sing the
Creps 015 SONAETIA SA7 BN oar k2O RSN | hed fn ourth
t IRSReF A tspeEt M6 t bresiidesanal eprbdeati f ¥ing §ﬁ%ﬁtjéfying

' l'ations that have wundergone a ¢ g
{qééfgé@sﬁégggﬁggele%ﬁﬁ%ﬁ%&@dvéheaggﬁpebglmWMpnﬂEhng the

[ [ l e; and
t steegarget anal yte present in said 10 sanpl e;
idenfffcgﬁb the presence of any target analyte
pr esentc}/qrﬁta%ﬂdl%ami@ basedaupay tde dofate®NiaNdhe thirg

QQ%@ i t sai d m crobeads which exhibit

zai cgﬁgﬁégff%%§¢ﬁgléﬁﬁﬂge may be an optical change.

The pr dclesd i fivimoansd 2 Mc58h&a&aBRbBoIAY aEORRL $§ 4t have
p ure to

t of _prqviding an optical signature .
i%%ﬁ%%%@nﬁinﬁi %ﬁgesé?@tn1é$oUéE@iEﬁdA&al@ftasgeﬁ active

e. bahki T owi n rds and terns
Sggigwﬁer}%eig%%ﬁglbphﬁa\%g‘ tahgcean%g%nij‘l nanﬁgg%a_tpéiﬁseﬂ?e in said
t SPHBLehi &RGarray” or "array" as used herein 25

' id support,
refers: 1-atray m cr obeads on a soli .
mhereiﬁagggﬂfgﬁggobggﬁ hBS€3°86FecPéd, apVoadringetagemal yte

cBpabeotofinbisadngatigile ARl (REe LAL 0FLADALK! 88y knoun
nding_on the size of the m crobeads an e
Egggfygte?gagﬁergﬁ|y§aﬁﬁe microberds wivhlichonpkhs®it said
f tRahge.
The change may be an optical change. The process
for analyzing said sample may comprise the step of
providing an optical signature to indicate binding of

said microbead and said target analyte.

Definitions

The following words and terms used herein shall have

the meaning indicated:

The terms “microarray” or “array” as used herein

refers to an array of microbeads on a solid support,

wherein each microbead has a selected, biocactive agent

capable of binding' with one or more target analytes.
Depending on the size of the microbeads and the
substrate, generally, the microarray will comprise from

two to as many as a billion or more microbeads.

11
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30 two to as many as a billion or nore m crobeads. 11
WD 2008/ 016335 PCT/ SG007/ 000232 The term "random

wa@eooayiedased herein refers to an array that i sPCT/SG2007/000232

manuf act ured such that each microbead is arbitrarily
deposited on the substrate in a generally

non-reproduci ble manner. 5 The terns "m crobead” or
"mocropdya i EpEm dheRndpranpatreydl wed abegednt heeBdFs to an
ref o) 1 Gr.0 i di et I C ag .in. ¢
A A e G S L
disadtterarilhe tepwsipepul @i ahe asubsedaber eim wef@geserally

to the 10 total_ universe of m crobeads deposited on
tm@qﬁQﬁRﬁﬂé%ﬁg%lQT%?Q¥ﬁﬁm "subpopul ati on" as used

herei n g er sebisd  GhoMBoBEalY CT heads kbR rihele”  and
popul ation that all conprise the sane active agent.

Thes amsrah Loast | ve rdgédonsmayheeeef s t oredsr cani galmigsometer

agent_ or hiol ogi cal .agent that., is, capabl f reactin
vvl%tlhzet e O?Lasrcgre “na ls‘t%é)boerad;n 't éc?’r?ed?g?l)ggboaﬁd %%Ogt 0.1

t ke cdargedo ansdyt el o0thenibetdrve aged andtye exhi bi t
bi ol ogi cal activity and may be referred to in the
speci f 14t | BATRSs "ROPUBREAON V@ agettd . REXBAPI &/fers to the

biQachi Vg AR S &AGHHIE120: 88 04&bHS: + 08| 9PERL I HESroarray.

smal |l organi c nol ecul es, coordination conpl exes,
céltes, teehls fYagheopslavions aar tiseldesheaaingemsfers to a

pol ysacchari des and | ynucl.epti des whi ch_can be

DR o JTHaard o Mo e obily. HReSTarii okt all
andpE'sd efres ssdme aaStsd agent 0 25 be detected that

is capable of binding to said active agent. Exenplary

target Hital EE8 imIUdE BUENBT e™Ryt r¢F9wt @ gty chemical

I E SEL o ROLYE! Bt tRendu0s IOEOCT, reacting

antiitgenshe target analyte or an intermediary bound to the
target analyte. The active agent may exhibit biological
activity and may be referred to in the specification as a
“bicactive agent”. Exemplary Dbioactive agents include’
proteins, oligopeptides, small organic molecules,
coordination complexes, cells, cell fragments, virus
particles, antigens, polysaccharides and polynucleotides,
which can be attached to or bonded to a microbead.

The term "target analyte" refers to a substance to
be detected that is capable of binding to said active
agent. Exemplary target analytes include, but are not
limited to, nucleic acids, polynucleotides, drugs,
hormones, proteins, enzymes, antibodies, carbohydrates,
and antigens.

The term "specific binding substance” may refer to a

substance which has a specific affinity for a certain

12
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a substance which has a specific affinity for a

W@ e008aid335 12 WO 2008/ 016335 PCT/ SG2007/ 000232 PCT/SG2007/000232

substance. For exanple, a target analyte in a sanple

may be capabl e of undergoing a specific binding

reaction with the active agent. Exanples of
cenbbhanfensFor exanpdpecid | tasadst aneeYift ANt Re sample may
SBSCEEEngénngQFﬁéggE?& € o Jlelide AU GRS M on witn
corr espondi ng ant’1 body | ecul"es,” "a nucl ei ¢ aci
sefgeeneaetwveh idgercanpl exemp ey sefjuencmpineffiecisor of the

nol ecyl_es with receptor nol ecules, enzynmes,w.th

i FRFBIEoFs, SHRfdt e aWﬁI@onF%?ni%Pﬁc&d%&uﬁﬂgdwgh substance

| e6EN 8e: aran%aftg!e@gdmmh eyt e ¥bbAa2ngt hek iddyadyi dfiles,
i

nol ecul e specific for the former antibody, receptor

mel svgled cwiadi & gre@sporeli gthnttBodpmpdleaaiites varequence,,
th ik i_hations., .O her np e s jfic .
oo R AR R e SRR oI BRI e nal ks with
chaentipakbys, nodstigad t o chiagh-acdegried ridhat d¢drnfpounds with
specific binding 15 activity still remins intact and .,
alesfpréx bsBy 6PLaPodympaifdeE Bdtnd "tid-Tot Etother antibody

CQAPQRRALS. sExaArlies @by CUIN Nald,ons ofyrpughdypesrdeptor
specific binding substances wth the specific
smbdtantes iwidlludeoraesheniltabl ypntbilmdin-modétnéds and the

anti bod | ecul e or | ynucl eot.ide with 20 avidin, .an
i ERBR A BT 500 I e G ERATT T G i 11t Bihding
| EkBseanbipatiimNuidelhg tehPoupot¥i 1th aBadsSeddherd@idmically
may be defined as two or nore coval ently bonded am no
aBPdiffBAchtP nctieles 2 prdRaiass, theltypepfi degecitic binding
oL, [ . and ..des: h er " an ol
a%gggggg%i%giﬂﬁasrggggk%%rﬁﬁﬁécge gb'ﬁgsﬁggﬁﬁ%§t3%g| yOf .
ocomppiing andosydt hete ¢ aribrex acpopandndisi.no Beadples  of

fggh@im%gﬁ%g%g:o:/ﬁg!s%'churyy%séss Sdpfecs;igeicei ioé ST .J':c’neg stlﬂgstances
with the specific substances include: a chemically
biotin-modified antibody molecule or polynucleotide with
avidin, an avidin-bound antibody molecule with biotin and
the like combinations.

The term "protein" as used herein may be defined as
two or more covalently bonded amino acid, which includes
proteins, polypeptides, oligopeptides and peptides.

The terms "amino acid" and "peptide", as used herein
refer to both naturally occurring and synthetic amino
acid and amino acid chains respectively.

Unless specified otherwise, the terms "comprising"
and "comprise", and grammatical wvariants thereof, are

intended to represent "open" or "inclusive" language such

13
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that they include recited el ements but also permt

i nclusion of additional, unrecited el enents. As used

herein, the term"about", in the context of

cdﬂﬁﬁhtrﬁh&Xnuimﬁlwﬁﬁnxﬁﬁ#ﬁ%e@f ¢hemé¢otsrul gt onglsos5 permit
f the stated val ue re

tylg%cglg‘H%nﬂoj@ﬁ}iéjft ‘he s’t et ngif & S horet %}B. cally

+/ - 30 2of tided shatethyathe, tmme "b)bl@luta'l,l Vin #he 2800text of

the stated value, even nore typically +/- 1% of the
sﬂ%ﬁ%ﬁPnR&QRkPn%ndOéVencﬁ%P%n?Q fcaldly +fhep. sepBRULRELIODS,
stiah$tha 10, vahdiens Thi pughgat L s gisclasirey C@éiﬁ‘én more
enbodi nent's may be disclosed in a range fornmat.
s How i alel yuntlér s@@odf that stthé¢edestrliyst,i groia tmg@ally +/-
f ner e onveni ence and brevity and,,
SR8 ot oS t8hetr med U IhEAE  APLaRI Ve [T 38 G the
orsidtedcopeuef tel@%ndlmi@segpleamggs +/Accpg diofgl phe stated
the description of a range should be considered to
hatfel WrecPRACAYSP dReEfosatPidtdl thet/podkidf eof the stated
qg% phges as well as individual nunerical values
wi thin that range. For exanple, description of a 20
range:ﬂhﬂbwghdwbntni$odﬁssﬁosbdebeaanﬁdﬂhwemb¢dﬂMaNeS may

specific I i scl osed sub- es h as fr 1to
PR i fatated; o iR ST 015 PRanbhe Bladrstood
f ot 3 dHe 6 c%ts%ﬁlpﬁtidlfﬂ linas r'a'ﬁ@jeV' @@%haﬁunﬁgr Smerely for

W thin that ran for exanpl e, 2, 3, 4, 5, and 6.
'HﬁQ?Wﬂﬂﬁ@Hﬁﬁ 'Yﬁﬁés%n@fsﬁ%@l%r%%ﬁtheo@oﬂﬁérued as an
o 1 VO 2@3@%@% R SRO0UP7 ¢ DeLA | Bsclosed
osure of

ranges Accordingly, the description of a range should be
considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical
values within that range. For example, description of a
range such as from 1 to 6 should be considered to have
specifically disclosed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as wéll as individual numbers within that
range, for example, 1, 2, 3, 4, 5, and 6. This applies
regardless of the breadth of the range.
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Exenpl ary, non-limting enbodi nents of a mcroarray
system a process for producing mcroarrays and a

w@e@sptiss® for identifying target anal ytes usiPQr/SGR7/000232

5 mcroarrays, wll now be disclosed. There is

di sclosed in a process for making a mcro- array. The
process conprises the step of depositing a popul ation
of ni crobeadsPehailedbPisgleshaei a§ Brbpdamentgne

fiduci e _popul atipn bein i f at |eas
10 tmﬁgﬁn}ggp I’atrl‘“%ﬁls?l%lrtg & a%%g%ﬁﬁggﬁgeﬁ a %éroarray
Sy eyl atd onsxroceash €onpr pgbtgcanknowicackirvayagerdind a
capabl e of specific binding wwth at |east one target ,

amHAFeE U he foLup pOFItAtVaRY aF@TdBposfPayytes using said

SeAUERL: s aRd 1At iPUIEtE sAtdds of each ot her.

The process al so conprises the 15 step of making

i mages Tofenehel s ubbtehoeedf ivr adpposessodorofmagdety a micro-
subpopul atj.on. The images _are then.,conmpared usi t,

fiad% Yl agg rpel%oecreesnscec?%pfﬁ%?%b§h§efn%e n%gt I%Pee%OSth%ng a
| @eaiulen ioh esfhmitebpbead amd 4 ostidebtsty hB€ing at least
subpopul ation, and its known active agent, based on 20
did¥eerfdibiisi et weeh BABHL1RHAGB. PRERFe COMRgised of at least

e”&g:disn —%%&Qﬁim&{so,cegﬁ% ? i B %ié@pﬁf‘&' ,
pro uctulg{o rocess of the %ca?%lrray an%)i%]ot after its:Lons
preaductdampr iy i 3 beowusecsibepagendt icapsikdfe knbwspecific

act,ive agents are sequentially depgsited durin
di(i’slé‘rcgl’@g%wﬂgbosiatsci onf‘f:)%?tr odéngng q%ageaflig%’iéﬁen The
of supp pruRHirAie adf t@spsepasd tdQuit 8aChy; and at discrete

sub-popul ation. In one enbodi ment, the position of
e®ET A% obBagarcdl AthRrt o Tihike RECTTHSt 2bfie ARG IASs the

i corde a ' t o
SRS ache EASSISEIPOet e sakenatel wen Fathosi cion
_ccmi_)wa'cﬂrg gdt@dbdﬁaeriewmesrktmti/m;es sucE eissdv ecompgyesd using
::,t(‘gﬁesl Ség%;}:g% Zgé)skrgowrg terg?llc tit_]oe t]flserve\%yzoggég%%%?lg the

location of each microbead and to identify the
subpopulation, and its known active agent, based on
differences between each image. Hence, the
encoding/decoding procedure is carried out during the
production process of the microarray and not after its
production. This i1s because sub-populations of known
active agents are sequentially deposited during discrete
deposition periods and an image is taken of the substrate
after deposition of each sub-population. In one
embodiment, the position of each microbead relative to
the at least one fiducial is recorded. Because images are
taken between each deposition step of each sub-
population, by comparing the differences between

successive images it is possible to know not only the
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| ocati on of each m crobead but also the active agent
that it contains. Hence, the active agent, chem ca

wo@rooshieaBdgi cal , of each m crobead on the subsPCEHEE200%000232

known and therefore it is not necessary to perform

any decoding 5 of the mcroarray once the m crobeads

have been deposited on the substrate. The process may
cohpeasion hel staph oniprobeadnguh asebsthat actfre agent that
SUPéFrégﬁtg?pre ﬁghggtedt%komgé%ﬁégwn%ﬁs %TSIéﬁéﬁgcal or
of "silrcon, plastic, glfass, ceramc, rubber,” 10
pabyokesgieal, coffpesiche miwraniad | ononkeerhaitmite 1Heknown
substrate is siljcon, or silicon dioxide or silicon

ni #79 de2S TRt Aot her 1 2nboli ARRESSERE StbBPFAPE™ any decoding

COFPri € SmPcrSaFfageohbat the RYArOPbRALChAYe been deposited
hydrophilic. 15 Advantageously, the hydrophobic or

hyeir opté | $wosturdteees can be utilized to attract sanple
fluids tal ni said_ target. analytes and ssibly. ..
0 r%c%%g Y g corr%r_tolrs Mé St%lg‘ gﬁe Q%oxéé%lng a

e
to repeal unwante S. exanpl €, r

anahlyserdtse i NThe agkeaustd Inby@, béheelubsbrat®-dmythe group
hydrophiljc to _pronote 20 attraction of the target
anz?53 £ 079 hetnisdrdisesys . PExekbFar Y1lagst refieynkfe rubber,

S f t L. SLENQ dd C :
e B e e I
f usclt s ot & zeics glsdslsi,cdmor geni sidliassesdioplidst i og, silicon
acrylic pol ystyrene and copol yners of 25 styrene,

pot %¥%%§1ene, pol yet hyl ene, pol ybutyl ene,

pol yur ethanesthkaf | efibopekgsdgchant desiodtie comprises a
nitrocel lul ose, resins, silica, silica-based

meteFfafs, ddrddon add net AVSIroRdeRArCageodsl y, hrdspphilic.
CTRRUEeR e, WIS TR O 0t cat Ll auleree. (W0 caces
oncan sbeuntatezedhéot artee aditmengipdreaal £ feadsr esntaynbeg said
Qarget analytes and possibly to repeal unwanted fluids.
For example, if the target analyte is in an aqueous
fluid, the substrate may Dbe hydrophilic to promote
attraction of the target analyte to the microbeads.
Exemplary substrates are selected from the group
consisting of silicon, modified silicon, glass and
modified or functionalized glass, inorganic glasses,
plastics, acrylics, polystyrene and copolymers of
styrene, polypropylene, polyethylene, polybutylene,
polyurethanes, Teflon, polysaccharides, nylon,
nitrocellulose, resins, silica, silica-based materials,
carbon and metals. Advantageously, in one embodiment, the
substrate does not auto-flouresce.

The substrate may contain three dimensional features

on its surface. The three dimensional features may be
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WD 2008/ 016335 PCT/ S&007/ 000232 selected fromthe
group consisting of grids, lines, depressions, wells

war@sgedd3pad structures to facilitate retentiper/eéG20otve00232

m crobeads on the substrate. In one enbodinent, the

three di nensional features may serve as 5 fiducials

for the spatial position of the m crobeads. The

d@@ésqqhqvg FEER miiecoFpPIPe thasisepnef ©6rnghpdSan lines,

¢ h b bst
SRV e Aol e 300 DG SO s coce

decrmjmmntomnocfheﬂhealmncmom@cds 0oba stahec@ﬂbsftrma heIn one
10 group consisting of electrostatic pnteraction,
| Rtod sy, thvar

t0va Qﬁ?ebéﬁﬁ?nqﬁﬂﬁ%b %e%gﬁﬂgs may serve as

hmfcﬁﬂﬁcéﬂsc fdmt@{@gpaaﬁsal s 0P | 6 1THERdF PHsads
and di pole-dipole interaction. Prior to the attaching

of the T rctﬂmh@q rﬁéte};lsnacmkmmmnese ttHee sﬂttfsm re&f eforming
m@ﬁtg%tﬁgg Paké%%%en Hﬁuaqgfg} §|C§%8t' ubstrate

groups an ageously t he chenica |ona iz at
ofTHheasuhshmahe ey phenuiicaskhesd obnab $tlitﬁstrate may be

m crobeads to the substrate. Exenplary chem cally
r SRATVE offs FAPTEE el SBEEHaCB0onFonPERBCPBUpETom  the

lo3d | nebrfs il S o carboxv sodldPhat i the @Uhtion, ionic

ar omat'i c am nes, carboxylic acids, al dehydes, am des,
c laordsrvet hybvgiteups Boydisazi dbydhqgienxyﬂoogud@ups hydrOphobic
sul f.onat es, and S The.s

CHSHE T s PY S ER bligh : Phreerbnant, Aitor Hgt gedipole

usietd-dra A5 &t t ached either covalently or
non-covalently to the mcrobeads. Preferably,
funct | c?n‘%ﬂc?rzattloontaéesaﬁ%@Ché%‘as@%n;ﬁhﬂﬂdé‘éicﬁféﬁleéd to the

tgq?%er he S tr i th
of for r#a{rztgé'an tg{ igf]dn%sﬁ% et vveenyt % rr?rcl:%lr&gdf i
archerhiecsslibst ratetiray cgcnqmpsse Adﬁ‘ealste@eotﬁslapprlhw ncghemical

aqflcdchleosr{avlel t1eorr|1 aolf t%e sub acsngaé)gema?y Igrhoemote adhesion of
the microbeads to the substrate.

Exemplary chemically reactive groups may be selected
from the group consisting of thiols, carboxyls aliphatic
and aromatic amines, carboxylic acids, aldehydes, amides,
chloromethyl groups, hydrazide, hydroxyl groups,
sulfonates and sulfates. The sites which are chemically
modified through functionalization may be used to
attached either covalently or non-covalently to the
microbeads. Preferably, the functionalization does not
cause any undesirable change in the properties of the
substrate.

The step of forming an attachment between the

microbeads and the substrate may comprise the step of

applying an adhesive material to at least one of the
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17 WO 2008/ 016335 PCT/ SG2007/ 000232 substrate and the
m cr obeads. I n one enbodi nent, the applying of the

w@alesiesss material is to the substrate. ExenpP@r/§G2007/000232

adhesive material that nmay be used includes
acrylic-based, urethane-based, silicone-based and

epoxy 5 based adhesives. Most preferably, the adhesive
d@éﬂéo%tdqateha%dsufdm f mégrpbaads-f | uépes%‘hc@mbloﬁlléﬁélt the

’o%h%h%rqg%§§s¥9¥ %%ng S8 t %Be&h substrate.
ap ylng an adhesi ve coa Fo the substrate. 1n
ammmm¢ﬂa&mboddheetvethEapéDtaSSiﬂny:cmaprﬂ&e tisedst epcludes
of 10 _ap i ng, an adheS|ve coatin o t he crobead
b Tt é{?&sﬁ i ohrohhehe~Rapstr afe l?ﬁélepg
CHRYdB e dies 5 EP. OMo@%p%éféhQaMﬁ fﬁé”ﬁ@h@s&%bQﬁ%% not
on the substrate. The process may conprise the step
ofharvesviiang Firaant R sebBliereseritd¢ace, 15 those beads

whi ch % ot 0 t

dep03|pﬁhg)s é% cgﬁgg%?%céégg ggééégrﬁ%% %%@ngse th? step
| i applhengulest r atirestiivbace iy sai d:l'reermubﬁ’grate. In
step. The process may conprise the step of formng a -

2RI S aqu%m@l%ubEP?aPéOCﬂsa S (RRRES R S af’sep of
”%%; xﬂfoﬁhdeQdHBsEQ% 388§££§%e Ay ageeyshiadt NBerore
fiducial  ows uni form and stabl e conpari son between
dlda‘mrsarmqmwgegth%k&mbmmn sequenti aI deposi tion

ai n1crobeads durin sal d?scr 1 ggraonglgln re—
Prefer %?%iﬂﬁ*’&ﬁe |ﬁ%%|%.% arépused Tt reaucd P ,
| e St aﬁ@reﬁoem@w eRNpahieng sdmofsfce@e@t lrmgeSprahess may

fiducials nay take a nunber of fornms.
efSIRER  thhes FeRIRE aF oAy B2 %r%réa*ahw %Hbatiaﬁvau%urfacer

ORt] £ ﬁé%&ét g Phher et el CPIY apkeld®diGrate in
In 30 anot her enbodi nent, fiducials nmay be in the form
ofsadink depositing step. The process may comprise the step

epoxy-

of imaging the substrate surface after said removing
step.

The process may comprise the step of forming a
fiducial on the substrate. A plurality of fiducials may
be provided on the substrate. Advantageously, the
fiducial allows uniform and stable comparison between
different images taken between sequential deposition of
said microbeads during said discrete periods.
Preferably, more than one fiducials are used to reduce
inconsistencies when comparing different images.

The fiducials may take a number of forms. In oné
embodiment, the fiducial may be a bead with a unique
optical signature or other detectable characteristic. In
another embodiment, fiducials may be in the form of one

or more defined edges on the substrate. In yet another
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or nore defined edges on the substrate. In yet another
18 WD 2008/ 016335 PCT/ SG007/ 000232 enbodi nent,

wo p@eo1@Bs may be irregularities found on the PEIISGAOZ000232

of the substrate. The process may conprise the step of
recording the position of each attached m crobead
relative to the 5 fudicial. The recordi ng may be
uﬁ@bpﬁam@ﬁthnﬂﬂ@§Qﬁ®%§ijM ke conpavetarihdegodioringh on the

ug@%gg O%rgggaguggEQE%%e to the fudicial my be

r ecor ata in conputer menory in the form of
dat a t&hbepxnﬁansnmmythempmaseahjpmsétépnofokeﬂmﬂdlng the
single m crobead and its correspondi hg

sBBpdpaPrat i 8A (ﬁ%?léaf%*é\‘-aelaﬁiedm%%ob%ﬁeodir%?aé'&%d.*ﬁ@ the

dat,aitabhe") Tﬂée&%df@l@%@y ngtdeaed-Rg Kdal a il &l memory
encodes the position of the m crobeads and their

r@ipéoppm@uiﬁmpoE@Eappﬁdbm®ﬂIﬂi:ﬁﬂﬁhrmeIQhﬂﬁdxmﬁlﬁilve to

u e tool to d t rn1ne tg 05|t|on of
t% fﬁdéa%a 8% SPF% spectlv sU Bpopﬁgﬁpqﬁ1memory

Ofint hae Fobst b&t elawiat Itabe_feercﬁjmltmﬁcjﬁe:rfé dpdaial ASosition
descri bed above, each subpopul ation_has its own
uRfque®RABwn ategle d@%ﬁ%o%%a@he #idr obEadls difFresponding

tgﬁbﬁgﬁuﬁg§l@9'|'B¥r58fggkec&?l§e8arﬁﬁ§u“ﬂ%ﬂééﬁ /decoding

anal yte that nay be in a sanple. 20 Advant ageousl
t Hetposteboa”and Heeoei filee daﬂaodasgb@ee@@dngﬁt@aEachtable

QRPEORRRI ¢ TP { HEORERY) oP e cofbut B1C-OPPodn Al  theix

t respberevbe sﬁb@@pwa@@@@sw e UPNRGRISOrand@tddbe used
under instructions of a conmputer programto decode 25
t A8 nicréarPdy byodkt ebei mMingeFRENPostrforPeFithen of the

EQQB@Q& angn&hetﬁeifncf ti%ereégﬁ uigtigﬁ on the
i SEBTE T Ror s HesE

cial. The conputer rea conprise an
asqbs$ratenwmnhﬂmﬁfém&nmaytoomMG:ﬁﬂdmnqnﬂer @adelescribed
thgove?agarc C%'u popu(_jLatc:Lon es flrtqsmo%mr %%dioqrﬂearkrr? wr?nagctlve
agent on the microbeads and thereby its ability to detect

a particular target analyte that may be in a sample.
Advantageously, the position and identifier data
associated with each microbead may be recorded in the
encoding/decoding data table in the memory of a computer.
It can therefore be readily accessed by a processor
acting under instructions of a computer program to decode
the microarray by determining the position of the
microbeads and their functionality relative to the
fudicial. The computer readable memory may comprise an
acquisition module that may comprise computer code that
can receive a data image from a random array and a

registration module comprising computer code that can

register the data image using at least one fiducial to
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30 registration nodul e conprising conputer code that
can register the data image using at | east one

wo e@aoraBsto 19 WO 2008/ 016335 PCT/ SG2007/ 000RPGRSG2007/000232

generate a registered data i mage. The regi stered data
i mage nmay be stored in a storage nodul e as needed. The
same conputer code, or different code, may be used to
r earvataddt t irawElstediesd | fages HmPYendhst eraddftesndl data

5. .S ata _inag [ 0 .
e o e sk e LRt T S UFBRded. The
cerpel ssorpiospacosien madube fcerpnitsicmbdeonpaterbeodeed to

that ¢an conpare the reqgi stered data jnages to L
JEEERT e 2ABEL HPFF br SHCG HBTYREN THenPoPETarPovidsbitonal
decodiskarel 1Qdhe afayeand yRiget ARG yhesdet @&l i Atored.

The "conparison of at least two registered data i mages
alPrewsreldyY i d6Rei f Femphbarof repdabbeatNenoby diay edstrther

t ni.que _ bi | ve ent t : Fo
e\é%ﬁn‘glré"g%t hé ré;og?é%%lrse dgioauﬁ%agggg@% \Ekgéﬁga {:Tgp%?gt code
sttbpapwaat icnddad atlset reiDbtd¢daddta deaomd to determine

sequential subpopul ation (data set "RDI -2"

c S Har L SRR nhaF WReR obBRRs 116t BOY nbRBP. SiSarRing of
Wehe BOLayPLERe R g tRRral Al QAR iR RerdOMson of

t he secon sequenti al subpopul ati on and those that
werte piesent itw20 RBpistbuednotdRDh- 2 imegeaget ephilnwd the

tqo be f.romthe first .subpopulation..Likew se .
3&6%8&&5&0%&88@% ati'’on ?ﬂgﬁgonaroef C%E‘pgeeaftanctiwo unique
agSioged vieo algegitls S pe’ iaveaysubpopul ation groups.

The data indicating the position and_known active

agent &PTreatkaBRbPpoplinft i Rg1Igteped daty iFpgg gbetween a

C%qggkedfggggghﬁgtEQBOdkﬂ tdecgdingwgdatavabl g,4The second

encodi ng ing data table for a particular
s slestueattd arta s ube opro\aitdedh t(@latdre asser"Rieintd Mg e compared.

20ANSe 3,5 3PLecROLENt ALY S9MAL MG N RN Ere ot
present in RDI-1 are determined to be from the second
sequential subpopulation and those that were present in
RDI-1 but not RDI-2 are determined to be from the first
subpopulation. Likewise, subsequent subpopulation images
are compared and assigned to their respective
subpopulation groups. The data indicating the position
and known active agent of each subpopulations 1, 2, .., n
are compiled into the encoding/decoding data table.

The encoding/decoding data table for a particular
substrate may be provided to the user wanting to analyse
a sample potentially containing one or more target
analytes. In one embodiment, the user may purchase the
microarray with an identifier (ie such as a serial

number) located on the microarray. The user may utilize
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anal ytes. In one enbodi nent, the user may purchase the
30 mcroarray with an identifier (ie such as a seri al

wouobeLe33s ocated on the microarray. The user negT/SG2007/000232

utilize 20 WO 2008/016335 PCT/ S&G2007/000232 the
identifier to access the encodi ng/ decodi ng data

table. For exanple, by inputting the identifier into a
cbheut édeptdgiam s’99p| aééewst hthke eincodingydedesling data

Isggﬂ%l fi eErormaé{xé{'% a’bl e for gg%g%d%ﬁ%dlll& dr,a.Ltialérab!LSto a

make it av e ‘mcroarray
Acbepuativelprogtdae usenpmbyed npw&thhe ﬁ}okentmirearrayp the
a, internet-based supplier site which %§ants accgss

tﬁ@enEﬁgéﬂFnd‘}ad’ecBHFﬁ@kda’%l}ﬁt§Blcé?d(1|n§ CROEG ngPFR able

tonhe mQQ@N|9§d3Q¥alIQb§e'SfB§rtb%%b@Ehb agyant 0@ rray.
as it 10 allows the supplier of the mcroarrays to

cBhteohathwelgecébs tttsetmemem@dpng/ dévodidepeiafder into a
e igh_i ye to_ the parra
Lgﬁ\ég_gﬁg?ébecgggéetrhesJe%co 8 aXﬁ&eco c?legsséfto the

tbﬁcﬁﬁﬁﬁgaﬂéaydhﬁgp&{éwmﬁdbdérln;geth@ dPlowing it to be

rranufacturlng steps, the originator_of the mcroarray ,

caAvRAQRdgd i gh?lé%Scoh‘fr&awuwrelkasea%‘faqweous as it

§iOQEr B & f gyenis Upyar rant &0, £0pyl ng, T@bﬁtf@y th
2‘%308@3 a mecﬁgﬁ?sm b;E%\,hl 2{% trﬁﬂg or gl?%yat or can b ©
pacdeter the thsal encbdiihg /niecoodmncay saich th@lyleece:vh/mh is
funds at th me_20 that the encodi ng/ decodi ng data

.
tBBiLgqutgugBP: BYFB2th8Y end user. In one enbodi nent,

the di s¢l oged aheagagaas ﬂﬂ}étbebelc%ﬁl%@l“ ahley %hﬁﬁﬁﬁng and
m cr obeads or ﬁ“' arly shaped mcrobeads. The

nflereBéads ﬁﬁy sheo ma%oars”ﬁype@a PErEPTIB r timg  the
%QHBfﬁgEﬁk?ﬂhgnth Ehgs89.’1?%&'&0%%g%ﬁ’l%“lm‘i%roagray can

m cr or ods r ocubes ot ubes st prefera
shademacrobgaidsr acentriroi osplear eshel fusa |@f gEhsumea:cr@arrays
areg prevent unwarranted copying. This may also be a
mechanism by which the originator can be paid for the
sale of the microarrays if they receive funds at the time
that the encoding/decoding data table is supplied to the
end user.

In one embodiment, the disclosed microbeads may be
irregularly shaped microbeads or regularly shaped
microbeads. The microbeads may also have a shape selected
from the group consisting of microspheres, microcapsules,
microrods, microcubes and microtubes. Most preferably,
said microbeads are microspheres. If a large surface area
is desired, the microbeads may also be porous. Exemplary
microbeads are formed of material selected from plastics,
ceramics, glass, polystyrene, methylstyrene, acrylic

polymers, paramagneticmaterials, thoria sol, carbon
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i s desired, the m crobeads may al so be porous.
Exenplary m crobeads are fornmed of naterial selected

wo e@siopd3ast i cs, 30 ceram cs, glass, polystyrenkCT/SG2007/000232

nmet hyl styrene, acrylic polyners,

paramagneticmaterials, thoria sol, carbon 21 WO

2008/ 016335 PCT/,SG2Q07/ 000232 graphited, titanium _

di HXFRYEL T tegl&iagﬁﬁgb-l IKREFS dextPhBE sth agross-linked

S ebRt OSes Qﬁhﬂ?'%ﬁ?as%ﬁh%&os%ﬁoséélhhﬁ%%g,niﬁghéﬁs cross-
and teflon or with the simlar  conpositions use |’_n
pebtiled nigdicsildesci damdd drefdrirc  Brnietyh syntheesi similar

T | gL obe range _in.si,.ze range from ahout . 100 ,
nrr:??rggcgl{)out&g%oﬁg%ﬁb?lergp%%%gﬁry,nuc SIfi cPGbBadnd organic
simesetrtangenfiiem @about 1 pm m crons to about 10m Each

m crobead nmay be conprised of a plurality of active 10
agent s q?i'heat miFéogFﬁgéhé‘@% 0T 2R¥ei ABorPotat Eandpt Hinem about
t hep o Ml ohead pBlufUCE b &y . IMOQ@egﬁﬂQQQ%ﬂgf%’.%ﬁﬁﬁ mi%robead
m crobead conprises a single type o i oacti ve Tagent.

| rfioiRs erda@s mEnen eheulti dacin vielagens s tohatbaarte 10h}1m. Each
at . i.d m.crobeads y be selected_fromthe .
TS SR 5T CPOBREEATE affy ioPguARA Y OF° active
canpoigsth$r ehes abtyachbg bBboaet \i@m@ﬁ@wr%iﬁef@ within, the

e

organi ¢ conpounds. I n another enbodi nent, t

bitbEctIRAE hg BT ¥ ChEESpr ohrei ABE erﬁ@cb#rmreﬁnl rray:hbemicrobead
-| S . i
'“Hdﬁﬁﬁxéééxéngfﬂdﬁk‘%%ﬁgﬂﬂﬁ;ﬁﬁéﬁgggyé“%%éﬁﬁ y

synt hesi zed protelns. Ive s may be

nat ur alllty oveurembdinemt ei nheorbicaguenes dpmbedthat are
fr naturally occyrri.n rof eins. | lul ar extracts
CERETITNG pPotTTHe, T TopRdtm BrYdiFectsd S st §TgR  the
progictiphacenss stalqul 8  8x§RACES, aHAY DEorseth @S thfounds.
bi oactive agents. |n another 25 enbodiment; the .
bifd&iS LA lagent ke aPdoRgELBRC asdss The omgehdicc amimbunds.

By, e A %n‘ﬂbﬂ%‘f{tr,i '%%eorbiséyawq}ei Caaglelr}/ts are proteins.

The protein may be naturally occurring proteins or
synthetically synthesized proteins.

The bioactive agents may be naturally occurring
proteins or fragments derived from naturally occurring
proteins. Cellular extracts containing proteins, or
random or directed digests of proteinaceous cellular
extracts, may be used as the bioactive agents. In another
embodiment, the bioactive agents are nucleic acids. The
nucleic acid may be naturally occurring or synthetically
syﬂthesized. The nucleic acid may be single stranded or
double stranded or contain portions of both double
stranded or single stranded sequence. The nucleic acid

may be DNA, both genomic andcDNA, RNA or a hybrid.
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22 WD 2008/ 016335 PCT/ SG2007/000232 The naturally

occurring bionpl ecul es used as bioactive agents may be

|n t he Ther m péthaeléyi al Qcdwrmgyiatg |ﬁ%ﬂﬂ9h§ﬂ$hﬁﬁ naused as

tracts or ucts he b| ct| QQ%

ﬁ%ﬁfq %Lrougﬁﬁ%)veﬁtlona en1c§$ yslcaﬁfurlgal
a@xiabitoclaﬁm Cahin@BNSepfitpEt 4 O orat paoldmams onThee bioactive
ntcrobeads The hi oactive agents, nay ebgher

zeB2Ydi Feq y BR t MO chsheal8roBeht hegp%egptlonal
b%H@%*%éﬂ“jtéﬁX?lééiacg%q a&h&kﬁ%ﬂﬂéﬁﬁ'Smebﬂson%rlor to

enbodi ment’ ers are 10 enployed to attach t
biaddetdhrerdgent $heo ntilmrobagisobeads, to provi de better

att achnent inter ctlon mnth the tar
nol ecul dugltr%ctotﬁevei ncar%ef% % xi BTy, abeqd Jypthesized
I educe-taRdesi rad anﬂér@@@acs@e%f:l chebi ndiynpe TiRle and then
attachment of the bioactive agent onto the 15

aétr Mt e HAEpeRRIRhE - oRllcRERI CEPAMIENdot i gikers are
Glaftd T omyt he orpup Cansl sthDgaoliplectigstalicro  the

|nt I onic onds coval ent bonds dr ogen
kxmutrohﬂuﬁsdlpote dlmmwtﬂdﬂteﬂzuHUanw Ettechmenthe improve

attach| i.oactive agent the mcro

et e Tries Skt g Hoerehs cippgeased
I eacdydHe 16taUPSah8 dAackkbhhiake WA bl 3rONGon-specific
enbodi ment, the target analyte may be organic or

| AegHAI S Mhecak&achmpatt afgethanal geethay pgent onto the
S%llec%} Sk dd om 3}“3 &Io%f’l eofgf 41 ng, of - t?ermjg&%] Otm@e%?ctlons

sequence a pro ei n noi ety, a car ydrat e

nMaiedietaahn efvopre, than agntomdyccam:h.ﬂmragtt igen.electrostatic

a@ﬂ%gﬁectlon, ionic bonds, covalent bonds, hydrogen bonds
and dipole-dipole interaction. Prior to the attaching of
the biocactive agent to the microbead, the microbead may
be functionalized with chemically reactive groups to
facilitate binding.

In a one embodiment, the target analyte may be
organic or inorganic molecules. The target analyte may be
selected from the group consisting of a nucleotide
sequence a protein, a lipid moiety, a carbohydrate
moiety, an enzyme, an antibody and an antigen. In another
embodiment, the target analyte is selected from the group
consisting of environmental pollutants (including
pesticides, insecticides, toxins, etc.); a chemical

(including solvents, polymers, organic materials, etc.);

therapeutic molecules (including therapeutic and abused
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enbodi nent, the target analyte is selected fromthe
group consisting of environnental pollutants

w@ povslousdshg pesticides, insecticides, toxins,PEL/SG007/000232

chem cal 30 (including solvents, polyners, organic
materials, etc.); therapeutic nolecules (including
therapeutic and abused 23 WO 2008/ 016335
PErNSE2007A00AR32igBuUgs, &6t ) bi ot PEemodecules  (including
bi es (Lnel.udi_ng rnones, ki.nes, . .
p?%?gkﬁ%g’nug&g?%lagﬁds,pE?EF ?%' c§¥%3ﬁ§8ra?%%§8’ lipids,
c ellrbloduy drerdersgnecabhl v §ens maftb H=gee ph ot Sgeffiewnal , receptors
hor nonal.,, nutrient, and cell surface receptors) 5 or

t HEFPFlgaritEm Bt WhbF &SRB | 8N 1&lddigiFTace receptors)

poecar yakiie (SueBaagspat hageni:c baebeti 8)c@Nfs  (including
eukaryotic cells, including manmalian tunor cells);

vPEgses yotilsc| (Rlialy aet pathegsadc bagtesvianuses] eukaryotic
. .and spor

a i rus I Iviruses,.etc.) ., The _,
tg%gg%’anaﬁéFégdﬁg 10™BRTRGLAG ¢ HETgE anﬁegiﬁ}éinsVlruses
(i(delcadidigg Mmsogbobthsas, eezypeyikusEnes adshoviruses,
cyt oki,nes). The specific binding of the target

a §P§F§lﬁﬁsﬁﬁb ﬁﬁﬁhQﬁiV%n%géﬁ?rﬁﬁy Bee deég mN&pkytes may
chemngal Jikt eracid Ry "’bqjdaégl% f(ﬂmflﬂfinfrﬁﬂﬂni%globulins;

consi st | ng of electrostatic I nteracti on, ont c
bendymesovel mmndsorats] dytobipeasbondibecamsgecific binding of

di_pol e-di pol.e interactions., Wien,the m.croarray i s
bggﬁg &f‘@%ﬁ)zﬁﬁﬁ%&&?a.t%anﬁPS_pBﬁ@ﬁFFéW@y éﬁﬁ%ﬁ niy e
adepegelenanabyt echaficapt i eatesh@BabHEE 58YcBLcaddBHom the
to at | east gne of the 20 m crobeads and the target

afEPyPe. CABPARTAGOouSTy, aliretimftiatalc siigimaetkan betonic
u 0 h Ldent. fi |.0 he |ocat. i of.
N r T e L N s P

ofantheagitdoolsead. The optical signature nmay exhibit
nge when the 25i§c&§ve agent js, bound

the TalfRn ShaFuattfiatiey S5 IGed S+8° 0 alPee 2

sample potentially containing a target analyte, an
optical signature may be added to at least one of the
microbeads and the target analyte. Advantageously, the
optical signature can be used to enhance the
identification of the location of the microbeads and
subsequently the biocactive agents on the microbead. The
optical signature may exhibit an optical change when the
active agent is bound to the target analyte. In one
embodiment, the optical signature is applied after the
sample containing said target analytes have bound to the
active agents of the microbeads.

The optical signature may be conjugated on the
target analyte which in turn binds to the corresponding

bioactive agent on the microbead. The optical signature
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enbodi nent, the optical signature is applied after the
sanpl e containing said target anal ytes have, bound to

wo b@s/0xs83 ve agents of the mcrobeads. The optPCEBEG2007/000232

signature nmay be conjugated on the 30 target analyte
which in turn binds to the corresponding bioactive

a t Lehobead. . The optical signature 24 WO

2008/ o%%ss?ﬁ%%&zo‘b%b‘é@%% ey Eél:g;jé rt@grtgieSz analyte or
cdmdigatadd t @drhierdaacglt: ARG /18 et | N6 1 B

c gL ated .to the target analyte‘%%?neans %?_a.le%%%? of a
mol ecut e g i one enbodi nent, the optical signature

b Xt s of or S ref.erably
P?ﬁorgggzﬁffﬁ¥ﬁe véﬁﬁﬁﬁ%ﬁl%ﬁétﬁé%%8ﬁgo§ﬂﬁﬁé USE iy Pbe a

it EGHE Sof OF eprsinart ey ely emay phafigeabhe Ofi@Ytescent. The
a |l arge possible

opLi-cak ;Si lntensity, . providin ,
nges g et Bt TaaPYELF SRR edtnd omFeLproGEsFeportex
mdyesonpay sechdreyst epeof cdepaet i Bgrt b1 0{%&?‘1 intensity,
signatures with a detector, such as an optita
d%?SX%aF{“gThé opEFE8l Besedbde mapnsend cf siugnglue 0 optical
t Begngeapeter nmenory which is then accessed by a

conmputer processor for generating an image file. Data

associ Ghedprrecaissh ntahe éﬁ@gﬁiéé'@hﬁhkﬁﬂ*ﬁ1§f°§§§§é&ﬁPﬁ the
exhi bit-t optical sjgnature, are en conp '
Tt B S oPRE 5Bk ot | 8eCBHiSRf Uat asvabl @s Tanseptical
nictebeats thecbptexhibideddia optigal sihgnature ar

t hose whi ch havepbound vﬁ_’th téﬁlg ta?gg’t ana y%]_egnaf to the
BECHISES T h@atiwevhgeht for theem 2@csebpepul By i on ebmputer

t ' e i fromthe_ encodi ng/decoding
T oo Tt eaallad ' Tenfi iy Lqneot e gestociated
aifeilytidee i mage Saipl ehibh ene HUTRNtLIENE PLOCESS a1
ta fefiget, target | ecul es in a sanple by using the
enggfﬁtngﬁedec -eng tg%ré compared with the data of the
encoding/decoding data table. Those microbeads which
exhibit the optical signature are those which have bound
with the target analyte. Because the active agent for the
subpopulation of the microbeads is known from the
encoding/decoding data table, it is possible to identify
the target analytes in the sample.

In one embodiment, the process to detect target
molecules in a sample by using the encoding/decoding data
table and thereby decoding the microarray information

comprises the steps of:

i) Incubating a sample containing one or more target
analytes with the microarray.

ii) Adding an optical signature in the form of
fluorescent or dye or nanogold or quantum dot labeled

biomolecules, wherein such biomolecules are
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25 table and thereby decoding the m croarray
information conprises the steps of: i) Incubating a
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the mcroarray. ii) Adding an optical signature in the
formof 30 fluorescent or dye or nanogold or quantum

dot | abel ed bionol ecul es, wherein such bionol ecul es
aoéngBuVIBQDQQée1@3353EG$ﬁSGmOD§¢@©©239r dNTPs or enzyme

crugREt L ER HoRall o BrBE: £ PRt REnBhrlPiakdeapays and
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m crobead, surface. i1i) Optically readi ng of  the
nitibaPPRYCM LK #egeiast &f e rehrfoRropY i ChFh a detector

SEQBAL URES o Quc@qt%ﬁtr%ggﬁgﬁge&§1n§e@é&t hdat Retermine all

positions of the n1cro th optical signatures
abftheisyrfp@elbyonhe use otha1cnos¢@@¢aﬁﬁ;a wsthnn@ptlcal

or.,a dﬁgltal Ti\‘fjsdeo CA aasy %enlo the use
phideBErEphHifc %ﬁﬁ Yné FedSdi ng d%f%r?iﬁ?%y or 4
1QcHﬁMeEeoEehrd§§Q6aﬂr@&1&1@@6p@b@br&eﬁgﬁieﬁp@&mbylﬂhe use
the spatial position of all n1crobeads with their

uRf qriotasiapd iggeht lmar  dheh snspbip/Asing) despngable
t dat a e / b

{882 {apmanscneatl v SERRILIS tRiint e 8iing che
15paeadautpéoi decode fandltthemébyobeadet egitharigetir unique

analytes in a conbi n and conparing the
e ikeaaoral) BaToRE RS TRPrEInECAar ecpondi no”

”!L% obgadsyi BhthgatbWe rdat aset %n%@lh@%@%dmg data table
i dentifying such mcrobeads and their tar%et anal ytes

i Anghahsaneite. tﬁh&&kﬂﬁﬁﬁf@F%@oﬁé@@ bbemeptheal microarray
mﬁé%ﬁ%h%dtgyéy (ﬂ%%sg% %reggagpoq?gﬁg taQQQBEt ﬁ&flytes

erern part eco I ng ase ormat ron

bén restgangiled be cedsm]aimxmger&cand/ompa\miiengel thehetwo data
decpding  datgsel or parts of the decoding datasel mpy .
two datasets and thereby identifying such microbeads and
their target analytes in the sample. The decoding process
may be automated by using software in a computer and/or
wherein parts of the decoding dataset informationtmay be
restricted to certain users and/or wherein the decoding
dataset or parts of the decoding dataset may be
transmitted to the user via the internet or wireless
communication means.

In one embodiment, the production process for the
microbead based random microarray and its subsequent
decoding comprises the steps of:

i) providing a substrate material. The substrate

material may consists of multiple chips (e.g. 100 to

10000) or is later diced into multiple chips;
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transmtted to the user via the internet or wrel ess
25 comuni cation neans. I n one enbodi nent, the

w@e@doodssdn process for the mcrobead based reems6E2007/000232

m croarray and its subsequent decoding conprises the
steps of: i) providing a substrate material. The

substrate 30 material may consists of nultiple chips

(e.g. 100 t creEO00Q) rfiduchakr dihebdaisntam mdentpligication

chips: 26 2008/ 016335 PCT/ SG20Q7/000232. ii)
cPélg‘k%ueﬁg a(yl%%ioolugﬁgl ?ISE}cr?fgeaa i %%%8.9% Eg‘%Pén B nprameLe
om0 tiBengrea afseackngiragliechipstFamhegxanmamul thyneously,

using a laser-engraving instrument. Sinultaneous

: . ) ly,
{ RAGRICAIRS S0 07 SR & SRR MRS T Helte dedd e ardk * and v
ang o sidipn (€8 LNURVEE Addierate;
sg)g)ss%irtgitogf;) (I [ iglo)' pdre'oo\%i g}a%g@fn%esi ve | ayer on the]Ca ©
subst rdtiel) surdaicEing vinprafersine blklkeconposithieonsubstrate
suspensi ons for each subpopul ation of m crobeads
ciﬁ‘%ﬁnaﬁ:ge’a particul ar known 10 bioactive agent for

perfornivig gANassRy hasedtaipds 0-idsecoghdnHMowE for each
enzymatic reactions; v) Treating the substrate with

t ralkmamtl atshiipoplil BECeRPER g FIHEEHT | A Ak I H&T gknown
suf.fici r ' eyt t o
Sldsitlle PURECEOL, BRFRRARES M ToibEesE) PRRd 3R pio
2@eadgniReimyviayy dronsel byl @ncdarteibms cr obeads; vii)

I magi ng of those anchored m crqbeads_and storage of ,

t he co%’r)espdl}ﬁ?arﬁr}g ano'l:(i;ﬁfe posTH B Ve ues"tof bl  First

siA@R gl ohaadoandiiehoplidsh 1heacafdespradi Rg swhficient
chi p nunber in a decoding data table in a nenory;
vinunbeRepeht migrobepssi \Hre of#kptaft pnttiee thiesprega of each
nurRsy; of g8 I oRead, sibpgpil Ati ong {5 om 2 to n;

vi) Removing loosely anchored microbeads;

vii) Imaging of those anchored microbeads and
storage of the corresponding x and y position values for
each single microbead and chip with the corresponding
chip number in a decoding data table in a memory;

viii) Repeating steps 1iv) to wvi) with the
desired number of microbead subpopulations from 2 to n;

ix) Data processing of the image files for
subpopulations 1 to n. Thereafter generating a decoding
data table for each single chip with x, y position values
of each single microbead for each microbead subpopulation
from 1 to n; and

%) Mounting the chips in a chip holder or device

or flow chamber or incubation chamber and packing.
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i x) Data processing of the image files for

subpopul ations 1 to n. Thereafter generating a
walewsn1d3gs 25 data table for each single chip MT/EG2007/900232

position values of each single mcrobead for each

m crobead subpopulation from1l to n; and x) Munting

the chips in a chip holder or device or flow chanber

or incubation cRBatesr Dasergediong OL3DraFings

2008/ 01,6335, gg{nsﬁc;%gow oo(g%aw_l][1 L1 ey PescrlPli on Qisclosed

Drawi ngs The aceo P AW gs 1

diegbbas edntendodi réemtveantdoswp&atm ebﬂp)daalpﬂ:ﬂd'aﬁples of the
principles of the disclosed enbodi nent. is to be

uﬁlaéfsépésal HRRAErent: ¢ kit thetar &f n\j@daFétaegrgMeverr

f @ aRUT POSES Qfravlil Ad§t rabbon QI dgnad Bt aSp@rposes  of
definition of the lI'rmts of the invention. Figure 1

i 41 usthefainc onlllyustarat irort ofs aa pAedivitdan ploddss limits
faor E}odu%i Qﬁ% a mrcoarray in accordance with a 10
di°dcIt85ed"dFbSdCent . Figure 2 is a schematic

illustragtion of .a flow, chart, r. decodi.ng t

mi cr oaf FAVEES ter-SafplSicRer gt oflq'llﬁ\s$ é%‘?ﬁ r}‘gaglﬁ’ré’%tlon
'%r@%e@%omd%fﬁ%@@h@&ﬁéogr%ﬁgdyérfgirﬂﬁrgbgégéance with a
assenbl ed onto gl ass substrate in accordance wth a

diddslcdoee de pbdidiment .The gl ass substrate was
positively charged by its coating with poly (alylam ne
hydr ochliguire) 2 Tise amscriheredd cc drrlived nedgat el charlges chart

SRk SUPHBNGI onis T GRUAEY SEFierur BECOfCACE PP of  the

Slgkéﬂﬁ)p_@.atl on are forned on gel pad substrates forned
at the surface; (ii) shows 3-

Figure 3A 1s an atomic force micrograph of
microbeads assembled onto glass substrate in accordance
with a disclosed embodiment. The glass substrate was
positively charged by its coating with poly (alylamine
hydrochlorid). The microbead carries negative charges and

is fixated by coulomb forces.

Figure 3B (i) shows 3-dimensional microbead
structures of a first subpopulation are formed on gel pad
substrates formed at the surface; (11) shows 3-
dimensional microbead structures of a ‘second
subpopulation on the gel pad substrate; and (iii) shows
fluorescent images of the first subgroup which is
exhibitiné fluorescence due to binding with a target

analyte;

Figure 3C shows a Scanning Electron Micrograph of a
polystyrol microbead fixated onto a substrate carrying 3-

dimensional structures of microwells.
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di mensi onal m crobead structures of a second
subpopul ati on on the gel pad substrate; and (iii)

wWGQh@s®16335 f | uor escent i mages of the first subgPOLpG2007/000232

which is exhibiting fluorescence due to binding with
a target analyte; Figure 3C shows a Scanning El ectron
M crograph of a polystyrol mcrobead fixated onto a
subst r dtigugs rdyidig o33 diiminstaonalt & micgasraf taken at
IIs 8 D 2008/016 35 PCT/ 7/ OQ%;%E .
Fl gure “di s%‘feoslensteﬁvat uret:ss, of 2 c(?qgegcrr%/ T at Fig 4A
dishiomet ectie meighhesVvakrsnf argd Woed@s gehfapal Miresibatiferg with
4A shows the signals fromlgG beads, after |nc%g$:|oq3
eads

WAL ARG —H & ‘#ﬁgsla%w%b'ﬁé FRETEL §n HTSTY
OEEQQrbeﬁ%%u%a%ﬁb%r h@%ﬂba&ygnlﬁbE@egV30i§$§|e@a@éé@@ and
targets; and Figure 4C shows the signals fromthe

b&ddmre HE dliqges mmgrﬂme@mm Vi okg @ @emdsthe oligo

s Srdnaeeetelha e iy Lt itn FREFAET S it cors

dRedon Figpdie 4D l@ienky il-¢G heads precdetadt e ywthensignals
filter filtering Cy3 signals are used. In Figure 4E
orﬂ%@adlaitgb%e%\assapyn dat et @urameADa a9 t - Pt drigFe 4D

Fl.LG ﬂ%% Beghe used. deﬂ@’{%vc?r\%héff‘nad'ff fl%%ggfﬂmmg Cy3

are cessary to perform e anal ysi s
De:ua_;riadd; Deser i psédn Non- [Figiutdeng4Bxampl es odfigchebeads are

B LD B e NCE Hog Do AD GIGRST, aro uoce

sheilesrd1ot heo CONstE Hes aé%/éﬁ 228 apy Wayedddaty ﬂﬁbtﬂi@rform
scope of ‘the inventi on. erring to Figure 1, there

i $hehewrlayssichemati ¢ di agram denonstrating the steps
to which the disclosed

Detailed Description
Non-limiting examples of the invention, will be
further described in greater detail by reference to
specific Examples, which should not be construed as in

any way limiting the scope of the invention.

Referring to Figure 1, there is shown a schematic
diagram demonstrating the éteps to which the disclosed
microarray is produced. There is provided a substrate (1)
consisting of sub-substrates (chips m to mx) and at least

one fiducial is provided.

In a first step (A), the substrate is treated with
the first subpopulation of (nl) (shown for illustration
as unfilled circles) and microbeads that are comprised of

a first active agent capable of binding to at least one
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mcroarray is produced. There is provided a substrate
(1) consisting of sub-substrates (chips mto nx) and

wa@roBeasss 25 one fiducial is provided. In a fPEeEFSGHOZP00232

(A), the substrate is treated with the first

subpopul ation of (nl) (shown for illustration as

unfilled circles) and m crobeads that are conprised of

a thingstt agnplFtagerBachpaticaobeasi nafngsukperulakisen nl is

on 016335 PCT/ S 71 2t e
oREpA] 48 2009 1005, Rl SR 0020 | NG L ace.
conprised of the sane bioactjve agent. on ifs surface.

'n 5 sdfond s?%ﬁo?%) %B%pfi{gﬁt R rgurlégk?%aeéi Jpgrobeads are
SepYated DloMmashatofdr f rom e ubhstsetece5 In a

third step (C), the attached m crobeads are i nmaged

and thaiy X, %rp0d dspabe pOS) thkeBs fetathd8 WA AHobeads are
| east one fiducial are stored in a data set related to

t Hedgsce lentlinpee iX exgy moprdadatie Reif innfearefatigre to at
6).,..0 N e f : ncodj decodj n t ah] e.

ﬁe?ar? tt h%ﬁ$oFF§&m@ﬁ§&s?a erreJes %%%Pgé ?)%d%hgaggo%ee u?llee:Lated to

deser i betdchn mimpef A)(et.@.( Qi) S arepeahed setpemundddry (e.qg.

wi th subpopul ation n2 to nx until the desired nunber

0f2 Girc Gh AP SAFFbI aft | PHOFRI ARRTO Y | FAC BNt Re

substrate. At the end of the process, a substrate 15

carryi Ag " hRke beethedinad st odiPig/ Becoding tégt aprocedure
tafle .,6nt ai i I %, tiGl e: POSIL| .
L I s R

resu rring t e
shdwh sssedhepmtaiciondi agr & ofx t luet 31 epbet adashicdd tingnber of

di scl osed mcraoarray is, 20 decoded and how t he
AREIGFORE T o SaPh el aF LM fentr i oS Othe Witdithg Onto  the
PIRERTTdt% Card edput diya Seriese of psbePss, |8 thBEbstrate
first step (A), a mcroarray fabricated by the
dicsairased i mphebehbbabnent anénaos iy MrcUtidudi fyta table

containing all x,y particle positions for each batch will

result.

Referring to Figure 2, there is shown a schematic
diagram of the steps to which the disclosed microarray is
decoded and how the analytes in a sample are identified.

The decoding process 1s carried out in a series of steps.

In the first step (A), a microarray fabricated by
the disclosed in one embodiment and its unique decoding
data table created during the fabrication process are

provided.

In a second step (B), a sample containing potential
target analytes 1is incubated with the microarray. Any
binding of the target analytes in the sample to the
corresponding active agents on the microbeads are based

on (i) hybridization and elongation by polymerase and/or
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data table created during the fabrication process are
25 provided. In a second step (B), a sanple containing

wWQoi0s/14333 target analytes is incubated w th PEESG2007/000232

m croarray. Any binding of the target analytes in the
sanple to the corresponding active agents on the

m crobeads are based 30 on (i) hybridization and _
ell bhyaringd begdypainmigreas el mipeif act 130 $wrl2008/(@i633Fnzymatic
PCT/ S&2007/ 000232 . (.i i). antibqdy. antigen interactign
aarer tohery Bog Pl ae o TR B haPEg Shg target
i Bhengetksorwiafh t hettaegelgeranal yheshd thiacbbeadagendstical
on the m crobeads, optical _signatures ar%égrqguced.
TREIRPERESPr 87 °i BrPABRRasAeE [5O3 PEfsve tanyFiien washed to
UDSRBGLT | £n DI RAIBA Wil tHengk A50ReAds 8RE microbeads and
consequently rendve any undesiréd optical signatures

t hahsegrenpigsertove Bhy mndesdmealy opitid calle Miatatyirgs that
(C% a vide% ar %%D canera i s used to detect the x, y
cBT6r BERSEB *p8Si tFSnELEFEPALTYe to at 10 | east one
fiducial) of the m crobeads that,are carrying a .
opticaFnsfgﬁaFﬁﬁg 6ﬂ“¥%e&$)SLﬁf§£ e%nartﬁébrgﬁﬁﬁﬁﬁ 1s used
dabadelt®dtNRte it Oy B-S09PYHL RALEOpHSNLE BhE drkaadable to at
data table. In the next step (D), the _
déeadinghendddivggadat @f the ailcxabsasisniiihedd agig) carrying a

f%g@‘ﬂ:gq Vglt yat\{1ue.relr g&gogiﬁﬁg?hgﬁurtf%@ee grt‘c?rfg%eg%t%h%g)itu%g data

m’croarr 0 ent | target ana
ane pigsebt intd he saspbetel) tal eawnaivaare ok datadbite data
size_per chip 20 Hereafter, the word "chip" wll nean

atBBF?Fon of an array or microarray that has been
di ced. The data set of each chip _ consists of n ,
subset 0 Wper &iaxth pEePhelMunbéheof dpfedbpgagncoding data

SHEB?@“'E‘Q (Hb?nﬁi%ee%}] LAACTEahEaL0E Glidh EACh dabBout data
subset determ nes the X,y
table thereby decoding the microarray to identify the

target analytes that are present in the sample.

I) Calculation of data file size per chip

Hereafter, the word “chip” will mean a portion of an

array or microarray that has been diced.

The data set of each chip consists of n subsets,
wherein n is the number of microbead subpopulations used
to create the chip. Each data subset determines the x,y
positions for all microbeads originated from the
subpopulation. The data set enables the encoding of each
microbead due to its x and y position relative to a

fiducial in the form of a marker structure on the chip.
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25 positions for all mcrobeads originated fromthe
subpopul ati on. The data set enabl es the encodi ng of

W@2wh/0163BLr obead due to its x and y position rRPCHEGUS7/000232

toa fiducial in the formof a marker structure on

the chip. 31 WD 2008/ 016335 PCT/ S&G007/ 000232 For

exanple: The is the chip is square shaped having the

di mensFoms eghmplem The mm dabhe e priicr copadodisdregiest having

is,5 t he aver m cr obead dist,ance is 5 pm i.ch
iihecggbﬁpgﬁg sa§%?§%ﬂgﬂs§ %ﬂeaééeFége%ﬁﬁﬁ%&eﬁﬁMHlameter

mier abeags ther o odFiige 2R oMBad ditemce 3PP 1@, 2Ghich is
Therefore, the average nm crobead nunber per chip is:
2061gu2e6d 260601 1PHs ‘aver age nunber of ni crobeads

per subﬁopulation 10 (sub-pn), wth a nunber of n

subpoplihgt iBserass HuReh of 40D00Pheads ghek edoit o000 mm

Zggggp%ﬁngr%syﬁgogj§%oa resol ution of 2048 pixel x

xel's. opticdl resolution of a visible

field 2 X 2 i_s._about 1 A €0 ter 15 oo
scanneﬁ}tnI%\fse%?]fteypitg%l1 FE6 A F&r&g%befﬁﬁr@%%@ed:picmp LSt
(dots per inch). The optical resol utj is about 5.3

pm This resolution is 'ﬁ(%qgﬂ_t iﬂgernine

m crobead positions of mcrobeads with a di aneter X
| ar ger TPRer® 6 TAAC BYUBPAg OTa BHHHRRRFAS cRRferSUPPopulation

mcLekeads shew d suinball ¥ hayeugld fiamsiels of. 100
to 500 pm The pixel nunber 2048 i's equivalent to 212.

To store nunbers up'to 8,..12 bj e required.
Each m cr obead positiongggnp%e dg?ggﬁ?ﬁéd by a 12 bit

nunber _f.or its and y_v e. 1 C requj .
24 b1 1 £5n 5 RTec R LB estREaR GA0PRE | Bl ton
ablf 40000 prizexloheazis48 H2RO0S. byhes opit ithl kidsaliyitd on of a
are ne%uired. This data .
visible field of 2 mm x 2 mm is about 1 um. A computer
scanner has a typical resolution of 4800 x 4800 dpi (dots
per inch). The optical resolution is about 5.3 um. This
resolution is sufficient to determine microbead positions
of microbeads with a diameter larger then 6 pm. By using
a computer scanner, microbeads should suitably have

diameters of 100 to 500 pm.

The pixel number 2048 is equivalent to 22, To store
numbers up to 2048, 12 bits are required. Each microbead
position can be determined by a 12 bit number for its x
and y value. One microbead requires 24 bits or 3 byte.
Hence, to store the positions of all 40000 microbeads,
120000 bytes or 117 kilobyte are required. This data
volume can be stored on any data media or is accessible

over the Internet in seconds.
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vol une can be stored on any data nedia or is
accessible over the Internet in seconds. 32 WD

wWQe®8NM:BE335 PCT/ SG2007/ 000232 The data vol uneCT/SG2007/000232

increases with the nunber of mcrobeads and with
decreasing size of the mcrobead. For exanple, a 2 mm
X 2 mchip with 1 pmmcrobeads and 1 pm average
nicrobdww(ﬂ%mﬂn@dumﬁwﬂnﬂnhaﬁﬁﬁerMDhéHﬂsnmEﬁﬂ1Qf

ey ob%a O[e%ﬁ%gé‘rt Cger?%efa%]tég% So]TaZsoet g)l art g;g Jl\ﬁﬁ?bead For

C@%r@l@iua i20 Ao 36 B Sn e ikt 18 51y7€ refcfepi@i@® 1 pm
20 cmx 20 cm 10 is treated with a suspensi on_of
st THeraRgass dys tagigfpl SATagAA rﬂg&e He cSesaesi-ofach
O QLA AR s LI SUPHFALL oFo ) ATRULITN Orbytes.
with a m crobead suspensi on the sequential process
descri bed above, thereby formng a mcroarray. 15

After all subpopul ations of microbeads are applied

and the en_cog'%r ggcodl @godat% Lagd b fsgegeggg:g&%d the

substrate is 0 SI'ng
generate a total nuynmber of up to 10000 chips in
pr B chip should carry an identifier
to match the 20 correct data fromthe decodj ng data
tabl e i tHRHEET PithvruntisRy ofF fhe veaPasel Frrky20 om
Tqﬁsafﬁé%tgénwg%hnqyngﬁgpbﬁggoﬁ hot dgt e r8pEhQ@Wparticles by
hr oug evice, a lateral flow device, a transversal
flsmxmplas gepigeng| rth@nyswas@mh@napmw ithaubjiefeed taf the
i,.nt conta t w,th th% nmpl e, .and rea erfasd
REHRILE 7 €°F pPSv e By VAl bali iy Eharamag suspension
r eueas&@adse@ueﬁ@ial exgm@b@ssa lRis@yrdlbear tdiedad er athereby
fl ow device, or by depositing themonto the surface
of f el ngf raayﬂldfrrwra%

After all subpopulations of microbeads are applied
and the encoding/decoding data table is generated, the
substrate is diced into single chips of 2 mm x 2 mm to
generate a total number of up to 10000 chips in parallel.
Each single chip should carry an identifier to match the

correct data from the decoding data table with the chip.

Mounting of the bead based array

The array can be mounted into a holder, a flow
through device, a lateral flow device, a transversal flow
device. In any case the array is subjected to come into
contact with the sample and reagents. Reagents are
provided by releasing them from a release pad in, for
example, a lateral or transferal flow device, or by

depositing them onto the surface of the array or by
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WD 2008/ 016335 PCT/ S&007/000232 m xing themwth the
sanple prior to its application onto the array. A

WO c@sspaEsent wi ndow i s nounted above the arr apCHBEG2007/000232

di stance of 10 to 500 pmformng a cavity which can

be filled with the anal yte/reagent m xture. The 5

cavity may be a part of a flow channel. Sanple

appi4icet itdrenprtided ihe Reagelft e Mixad svdgplieation onto

S | e Lor to i,ts application.or in the device..Iln

a {ypi 3%%5185& ezrgalt%a\ng’\ﬁoaprl?ggcedwag\(}l&ge TheS; ﬁ%e j goove  the
acddeaedhyandtt rrangpetapdet yrouph 1@ tHeo dewi clolying a cavity
capillary forces. Reagents are typically released

f MO el L5 S aldist ket JigH: e Rty SrmRagsifstmixture. The
tramale § Gudieash 4 he M1 oay ray, v de a

continuous ™ transport of the sanple over the

m r SHeki be pl aced behind the

ms‘-"ar d 3 ol rc%samﬂ e and reagents from
the arr re achi eved by .capillary force hase .
transpcﬁ%’a%r?g?sorarv\%s JiXnegoyv‘\“/lutcthehoa{Cheou%afméjfr)leorprv\J/‘a Toreo 1ts
arari ceanitan fagaitd anmd alstise Read duypireceddee Afl eflow
i ncubation with the sanple and separation of 20 non

r SRR ORSShethts 39 ray P bendd gtpaFed through
flugy epcente mRasuLenent.s, defdact inn phatonetd %‘csyp?iAr@ally

transm ssion photonetry "l um nescent measurenen

stratleassfd theomarte lsceamarady tWptdwdl vdriiake WpersinE hynust
a ersonal conputer is used as an, optical. detectar..
REATFSS 0t R 1B T e A (6t G B ort el ByPus
USHrdh st yfatd N Ss Mp IS0 fdway & HY egiraidma 1sReEL fd caldying
adapted to the scanner being used. During the read

oldd My Hoolnlggaty Rftidvtie me omaditrett: Remowml of the

| R ICONA VRGNS I fray®ad WA RS B!

capillary force based transport and/or washing with a

buffer or water and/or centrifugation forces.

Read out procedure

After incubation with the sample and separation of
non reacted components the array can be read out by
fluorescent measurements, reflection photometry, and
transmission photometry luminescent measurements. A state
of the art scanner or optical drive operable by a
personal computer is used as an optical detector. Read
out data is able to be altered or corrected by using
calibrations or.software programs specifically adapted to
the scanner being wused. During the read out, the

following data will be obtained:

(1) an image containing the intensity or

signals for all microbeads;
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WD 2008/ 016335 PCT/ S&007/000232 (ii) an image
containing the position of fiducials in the form of

woreoR®16383 ati ve to all microbeads; (iii) an iPEDsG2007/000232

containing information correlated 5 to the production

of the array in particular the subpopul ati on nunber,
production date, array number and/or any other

i nfor mation or edecoddmags or nanrtemnln@cestsmy tesition of
perform anal ysi s y. . Fr

cont ai ni ng the ab ovec‘?L%?%r ﬁ%tlt Ormfgﬁm ejﬁ Ja%f%t”e to
can be generatedall)mictepsadiyt Si gnal for all beads at

a defined x, y position relative to 15 marks; and

i) any<lqtlr1>er dad@d NREEESAh ta ield Of i o AR ¥Sth Sc¥EB1ated
the array, in particular data to correlate the

correct encodi ngtC datdset PEedgE1gnr ayof35 thp array in
2008/ 016335 PCH[%g?Q 232, Exa 1

This exanple illust P(g{égggppl [ Cgi(l g%%?p t;ﬁﬁéﬂ?{& number,
m cr obead- based pnr@ailmcatlcary fdartadet ectrbpg sumgte- and/or any
nucl eoti de pol y h| S q,éqSNPS An arra of , ,
pol yacryl am de ¢& %dsl B G cz&rede ﬁfj@dt henformation
surface of a gl asscssdfleyusthy PhirdrMi Ohgh1ysis with the
phot opol yneri zati on. Eac% di screte gel pad was further
conprised of a syjlede-array of mcropillars. Four sets

of 10 beads were prepared by separately conjugating

t hem wiktpm the images containing the above information the

following data can be generated:

i) intensity/signal for all beads at a
defined x, y position relative to

marks; and

ii) any other data necessary to perform
analysis with the array, in particular
data to correlate the correct encoding

data set to the array.
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ol i gonucl eotide probes for targeting a particular SNP
These four probes contained all the possible single

woe@Beoissile pernutations of ATGC at the target PEMRAG2007/000232

site. The first set of conjugated beads was fixated
onto a 15 specified gel pad using mcro-targeting wth
a robotic dispenser. Loosely anchored beads were
mashed away before the ref¥PfPA@stixated beads were

usi.ng a CCD canera system Positions of al
t é%W} gbeads were decoded fromthis inmage, and

the data stored in a 20 conputer nenory. This process

was théﬁ“ﬁ%pe§?§@91§equéﬁﬂuatkwth@r aagp&mzﬁtie? ofogd the
canjconi-ad - oV he sane g pa optim z _
hsigjrl di Z%?il %%%%Siffeﬁﬁlc%} A hihg gPlrgon FatEsiEides ofsingle

d
t helctle ﬁeSNEiymmpoﬁﬁménnﬂNggbpver 25 the fixate
beads. IOggsitive hybri di zati on signals fromthe beads

were t Ren adetagctoeftl pis1 Pge By CaBi §8BGENT pS YS! € cated
gnals wer e | entlflé%QS|%ce t he geads had a reé§§§

FPdetitle &1 oR Tt hai rglrﬁﬁﬁ t isddsle Thiingl Iml/mzda ~-violet
tbﬁotb@bﬁ?ﬁe§wgétﬁenbeﬁg can i %;e%}ed%%lghlE%B%géshalrther

detecti on 30 of € achiev
t RPEPHEERBdOf0a saum@eza&&/agrl@&*sallla%pi@a&(}é{ 0G8232 sets of

ets of ds over each gel pad for a
LFéﬁagtﬁggtg put’ et $¥|ﬁ&ﬁﬂ%ﬁ?%%ﬁnc¢%ﬁﬂg%ﬁh@g sbes with

blb anscléotidar <ﬂﬂg;af§§coggr§@$’§ e filx tedSNP
t%e scne nanngﬁionto anot her ge . % %%n§ ?E%%% afe

n PESR owrOHH H;qbﬁﬁf|@ﬂn$§;?§&aanbozjﬁﬂlgg?ﬁ?ﬁﬂkﬁ single
hesiselss, BORRLERIONlot ing T SECNSE DOPEE g e
i Fhrenvilrstneseal csfhn‘pbesugﬁ\tléﬁit Yo&&8S QfaPrehestWel &nto a
%%%ég¥ieéo tﬁregdlgglng micro-targeting with a robotic
dispenser. Loosely anchored beads were washed away before
the remaining fixated beads were imaged using a CCD
camera system. Positions of all the fixated beads were
decoded from this image, and the data stored in a
computer memory. This process was then repeated
sequentially for a second set of conjugated beads over

the same gel pads.

An optimized hybridization buffer containing
oligonucleotides of the target SNPs was then applied over
the fixated beads. Positive hybridization signals from
the beads were then detected using a CCD imaging system.
These signals were identified since the beads had already
been decoded based on their positions. This allowed the
target SNPs to be easily detected. Multiplexed detection
of many SNP can be achieved by repeating this method to
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rRNA regions of ten fecal indicators. Each fecal
i ndi cator was targeted by a pair of perfect match (PM

war@soiesant ched (M) probes that differ by a sPembe200%000232

nucl eotide at the mddle portion. Using the sane
met hod described in Exanple 1, the ten sets of beads

copy Ligat e ' PM bes were fixated onto different
pads, E%%%A g?ﬁcse 5 siqﬁadjr?s ofeheadshwoehi washcfogek high-

gel _ :
path chaylamtter g&est yp Thy Spnas rhepeated f Qi ilhe ﬁsacal%:caf beads

b
caonjugated wth MM 20 probes, such that eac gse
coﬁ#%?ﬁ%ﬂg%%ﬁﬁ% ofiptgatedNPwistiiet e rpaifii soft g Ob€Sthe same

f efarfradgebh g anBapLi.c r fecal .indicator. These two
sets of beads wer e FstG%EU?%ﬁehutb ritferPt shown in

S&Qﬁzﬁlgﬂﬁﬁ§s. Envi ronnent al sanpl es suspected of
containing the 25 fecal indicators were prepared and
hybri di zed to the fixated beads. Based on the

rel ative hybridization signals between the PM and WM

pEsbeelieo2 each of the ten gel pads, the presence of
fecal indicators in the unknown environnmental sanples

was detrect@ed.eialialsléystfmﬁé’g;/g’g%‘s’a“%;}(%ﬁag%%f’grqdedo%o the

detect nore than ten fecal 200
PETFEER667 886292 Milcwdigateor stdry déxattngyf wether S&iSator

obabe ont.o : e ads. anple 3 5 This
exgnp?g§ge2%n§§%g?é§mgﬁéageﬁﬁﬂp fAce of anti body

based ing antibody antigen interaction and
DNA bagégggésgégsué? gP BNA'GTe DRRERBIAed to target 168

hyR¥A di zatilonson dthe sae ¢Ri-R1i n :payall.e
paration of antibodies by bioﬂﬂﬁﬁéﬁ%ﬁéﬁslo Bach  fecal

ZJ;]I%e!JD%%if%Jg VRS ﬁWe%}ggeal gGiandopolppaifenal MUER (pu)
ot o AP PSS e conone
ttHieleotide at the middle portion. Using the same method
described in Example 1, the ten sets of beads conjugated
with PM probes were fixated onto different gel pads, and
the positions of beads within each gel pad characterized.
This was repeated for the beads conjugated with MM
probes, such that each gel pad contained beads conjugated
with the pair of probes for targeting a particular fecal
indicator. These two sets of beads were distinguished

based on their spatial codes.

Environmental samples suspected of containing the
fecal indicators were prepared and hybridized to the
fixated beads. Based on the relative hybridization
signals between the PM and MM probes for each of the ten
gel pads, the presence of fecal indicators in the unknown
environmental samples was detected. This system can

easily be expanded to detect more than +ten fecal
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anti body solution at the nolar ratio
(Moiotin: MAnti body) of 1:1, 5:1 and 10:1. The

WO e@s163Bs t ube was i ncubated at 15 25 C over ni BE/SGX@000232
bi oti nyl ated anti body was purified wusing a
gel -filtration colum (D Salt dextran desalting
cql ' ) =. The,.biotinylated anti body was
diqsnso \?et?"es‘r ﬁh%li%%l’aﬁd tyrshed atet00€. bPadsocoito other
f @elFpBdsconj ugati on of antibod : 20 Anti bodies
(pol ycl onal Muse 1gG and pol ycl onal Muse Anti-IgG
Arista Biological inc.) were diluted to approximtely
2" ng/m. FITC was added (10 ng/m, dissolved in
Dk&nptie Bhe anti body solution at the nolar ratio
(Moiotin: MAnti body) of 5:1, 10:1 and 20:1. The 25

reacti 9AiWwag.,| a in.a_tube at 25C,_ overnight.
The FI T(l} anﬁa@%%}@/ %@OBSFF#SB Egﬁnﬁeéf@&“aﬂicﬂ P4t i on

cdrbipodyDosaed dextyanudesg! 5h89b685,uggti5%8n1igitg§:ce .

i ot e Inc.). The FITC antibody was di ssolvégction
i%rl]H& P@@ﬂgﬂﬁ%gég o?%ﬁg‘%? usHeyg @@M@ﬂ%ogé/ DNBZRBA

PG S0t 060 232 eparin tj body coated

ni cr obeads (Subpopﬂ?%t ig%ﬁé 1§h§£§$e%%(ﬁ%$g?ﬁ coat ed

=t &1sd Y4 €16 bea : i i amet er Bangs

Laborat ori es, k?i?]%kgéd?% é]%&éi%gé&ﬁ%}(_li%é

ixArDddZat i i_Lhodj.es. Biotinylated antbodies

were 5 a%éaéedq?)gq&ﬁg% éakaidsMgﬂgﬁenEg%n ¢ t Relymdenelof Mouse

g i ThaFlograms @erutedi ebokp %x@.fna%ilg)t I'bg'r@ ml. Biotin-

IGd O ds excess, 2.5 tinmes). | ncubat

urﬁrﬁger??&enmg%mgs Cf,?ls?ﬁ%?%‘iigh?m THEQnbearsd adtiebodies the
wertd beaghetb it oM 4 T- X_.PBS, 0,05% Tween- 20,

1% 3gvi ne Serum Al buri ﬁl?@lglg#%% 230 1t gt dlapielbody)
Phede loe ated thenl beTheacedct 0onatawbsiat 8 ASibated at

shovwt i By &9 4A... Preparatiqgn of oligonucleotide
functional zg i ?ngeggsou(”é’ | 2t PPORy: was purified

using a gel-filtration column (D~-Salt dextran desalting

column, Pierce.). The biotinylated antibody was dissolved
in the PBS and stored at ~-20 °cC.

Protocol for FITC conjugation of antibody:

Antibodies (polyclonal Mouse IgG and polyclonal Mouse
Anti-IgG, Arista Biological inc.) were diluted to
approximately 2 mg/ml. FITC was added (10 mg/ml,
dissolved in DMSO) to the antibody solution at the molar
ratio (Mbiotin:MAntibody) of 5:1, 10:1 and 20:1. The
reaction was incubated in a tube at 25°C, overnight. The
FITC-antibody was purified using a gel-filtration column
(D-Salt dextran desalting column, from Pierce

Biotechnology Inc.). The FITC-antibody was dissolved in
PBS and stored at -20°cC.
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Streptavi di n-coated pol ystyrene beads 9.95 pmin
di anmeter 15 (Bangs Laboratories, Fishers, IN) were

wae@d/oiess t he i mmobilization of the ol i gonucl POL/EGE07/000232

100 pL of stock beads (1% solids) was rinsed three

times in TTL buffer (100 mM Tris-HCL, pH 8.0, 0.1%
Tween 20, 1 M NaC), precipitated and then

Pespspénded nf hbagy ptodTed Rotkopeags2@Suhpppudatipn 4 :
stock probes (0.5 pg/pl) was added in excess to t he
Btndphgvidpaecbytefl pheyatgrebeabispadwhidclRS weas ihodidmeter

tqg be -3 er m cro ads Capture

ég688§ ( abé’f@%ﬁ T JCSTOH%S § ot atBfht e the
SmmoBRd i ¥BEEohMBbLht 2884980 Bm@t&hgu@a@adan\tb@dtﬂé% were
biotin 25 streptavidin binding by gently m xing at

fiédﬁﬁt chperhar deadsr $2SREDALCSr LANDBREI ARPYH tHe 0.9

MLEFRRERNR: P Fi00 o TEE. BH o5 00 0, Tamen T rads
28xc20snil. EDtApeal . 8mn€hbﬁoat16nnWast@ndemmwée@ngtaﬁﬁe c,

bi oti n- treptaV|d|n bo 9 WO 2008/01633
PETFBEIB67) C0tR 3 PTHESe adb‘—&i?%festﬂﬁﬁebé” g](?éjd PRta with

Bhemoar rax G icsiows mérbozlb/ coat gdvither gbeads rapumin)
shown in Flgure 4B. Fabrication of bead-based array:

PepogiBi ¢rimsfs &éé@nﬁﬂnﬁﬂnnEﬁ@%msb%adanﬁrbo@?e@o@@ewlaced
31 Gonters ??%pg'agh betacHelnathurati on 2)
C oarra¥ su%stra €. .

OPIgOﬂUC coa

, ; SN de’,
Qéuﬁp@pgng@d@nmbpch are negatlve control and does not

conprise any active agent, nay be 10 deposited onto

BE%eﬁ%Q%ﬁ@EhECEEt@Hr§oi§%ty¥€ﬁed%%b@% ComSist Qth ofidter
array of 19 x 24 polyacryl am de gel pads fabricated

dﬁaagglaéébgtﬁﬂér%€ﬁrn|ﬂgSh€b$n|n@N)hNWe%@e ugg@atfer the

m% b§& 4 hgifgggfgﬁygﬁ%{véfgéc Sr?gﬁ EQQSSSTQ&OCk

beads (1° SOlldS) was rinsed three times in TTL buffer

(100 mM Tris-HCl, pH 8.0, 0.1% Tween 20, 1 M NacCl),

precipitated and then resuspended in 20 pL TTL. Following
that, 0.5 uL of stock probes (0.5 pg/npl) was added in
excess to the binding capacity of the:microbeads, which
was found to be ~330 ng DNA per mg of microbeads. Capture
probes (5’/~-GCCCTCACGATCTCTTCC~3") biotinylated at the 5’
end were immobilized onto the microbeads via the biotin-

streptavidin binding by gently mixing at room temperature

" for 12 h. After immobilization, the microbeads were

rinsed, precipitated, and resuspended in TTE buffer (100
mM Tris-HCl, pH 8.0, 0.1% Tween 20, 20 mM EDTA) at 80 °cC

for 10 min to remove unstable biotin-streptavidin bonds.
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15 pm and each gel pad further conprised a 10 x 10
array of mcropillars (10xI Oxl O pnm) with horizont al
w@peswersss cal pitch of 10 pm A phot opol yner i REL/562007/000232
process was used to create the array of gel pads. A
phot omask was affixed onto a 20 silanized glass slide
coated with acrylam de sol ution, and exposed to W
i Madicatdemdd e ctioss- benhddedU‘UQS@?O miggmeEferay Saemprising
Franci sc CA Areas .of t cryl a e
s&%ﬁb@ﬁ& t?aqa?t\ﬁecfémecsifpog%se@djst @Wl'iowrh?l %an Ju%%e'ﬂr]%em
msr|zat|on resulting jn the forrmtlon of 25 the
HESE £ 3ffe 10- mm hei ght of
the gel pads was determ ned by Tef | on sg%cers fir

sARPRSEREPheCleeReeRe SHEPEREIRTARTSt hetgl 3RELRP He coated
g\fﬂl dﬁgﬁ@%bﬁéiégﬂont he gl@ssusd i dR) Wasd reai§6niBleotide

mn to reduce auto-fluorescence of
the:agmd 3B epals . Hn@p@p@dmtpomrréyer (FRepkenERBer , onto  the

B V\D 2008/ 01633 /
SR Ay VRPos Tt ot Tar T PEF eREBaLd S Rk bgE Spove

bQﬁrﬂﬁ_Jch)suwgidpdlfw::gﬁi Mdsmléhcbbéaaltsl vehycht herbeadsgative
can also be manually spotted using a plgette

aqumvghltﬁm@ d|O§S| g3at pFeEPEESandhe? e’ eggar, may be
lyep 0sjcti on f
eaceﬁ{oggplo% ed SI ngI gh%eg%u%\ggfg?%co(r dle%@{/e?asqphas The! device
candnrsaistt ddragésafionrdetepifi r1|9ngc tZ’ﬂelgolmxymmlde gel pads
addresses. This was then r g until al
g e

sUBBOPEtS DS f 6r H&tEetT tietPar odﬁnglé}g'vvel}% bre=

10 idpmdi 14 zed »inmd he;: sane @ﬂ}H@@ltﬂb@rgﬁVPﬂgcﬁﬂéway, NJ) .
then capped with a mcrofluidic nodule for sanp

f1IBve g&kongls hlatderawalﬁ@lvleqﬂ?/nt%heabéf W@rrté&@lalgjot% of 300
[ ed 4 ove S t t he u
H‘Pm po y &% h@?sﬁo(?(aﬁgr% %dv\gslgogrlhga?géay of

usmi¢koplllars (10x10x10 pm) w1th horlzontal and vertical

pitch of 10 um.

A photopolymerization process was used to create the
array of gel pads. A photomask was affixed onto a
silanized glass slide coated with acrylamide solution,
and exposed to UV irradiation in a cross-linker (UVC500,
Hoefer, San Francisco, CA) for 45 min. Areas of the
acrylamide solution that were exposed to UV light and
underwent polymerization, resulting in the formation of
the gel pads on the glass surface. The 10-mm height of
the gel pads was determined by Teflon spacers firmly
sandwiched between the photomask and the glass slide.
After polymerization, the glass slide was treated in 0.1M
NaBH; for 30 min to reduce auto-fluorescence of the gel

pads. The Biochip Arrayer (PerkinElmer, Boston, MA) was
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15 common soft |ithographic techniques. Sinultaneous
DNA and i nmunoassay: A sanple containing antigen and

wa@orploessent ary DNA was i ncubated with the arregT/SGH®7/000232

sanpl e contained 0.1 ng/pL 20 of Cy3-1abel ed DNA

target (5" - AGGAAGAGATCGTGAGGGCA-3') and FI TC- | abel ed
anti-1gG, 500 MM NaC and PBS-T buffer. 10 pL sanple

was eglpot ¢ ediedritvert he b@adofii criddiorant Apeed t3®Pad n(~ 9000

i ncubation, the array was rjnse.briefly w.th 0
ab§€1_d1§’t/iu6ﬁ @Waitl}i’iené’eéﬂ@aﬁ{ﬂ'héégem%B@-lﬁ’ gc(r%&?ot eeaCLS can
231891 smaehgLl eegaeﬁbat efs%doyamﬂpéﬁﬁéen@athough this

m croscopy. FITC | abeled anti-I'gG that are bounded to
t He messbaadsisey eantll ushe abeadby ¢eer| [sEvididRledgel pads

flsu ru%%%%%tou I&é’gl teg itﬂe Figure 4D. Cy3 | abel ed DNA

t hat "are boun m crobeads are illustrated by
the illum nated, fl uorescent 30 cirgcl.es,in.Ei gure
|t shotlTF bBCROFARTEnasE ¢ R oChe toa | PAGHEY yPRET  was

t ale@eircplwilLSohdsd Sanplestoehaget f4k WBtermining their
2008/ 016335 PCT/ SG2007/ 000232 require mnultiple

opiaddialsiagehiafses ¢ oibeS Uded EPABerPREatEL Tl all Dbead
I i f, hepmi.cr | Syalye T e

SRR 1 SO abeat syl SR potes Thesgtee vere
pumpetdd iized hbs exsnpkeme5 dgxhanplael.4 Bhéi rdstvice was then

subpopul ati,qn of m crobeads, conpri Sj of _a kno 3
f iR 0dEt’ eaagéfﬁtcré?@‘ﬂd%& tHbOAaurhsgeubsﬁcfrat gcample  flow
sybsequent | X1vashedi datyp daled bEBHEr| Tagapi Used el goplied
10 3Bi) and stored in a formof an encodi ng/ decodi ng '
daver t ashe. Arddd® shspssul afirowE nitdiobeliggule. The

c rjsi : [ IV, r :
R R OB e et T s atn meine
| reegendrs saaptiungdrEipghi3Bitigctanidnstored in a form of

an

Simultaneous DNA and immunoassay:

A sample containing antigen and complementary DNA was
incubated with the array. The sample contained 0.1 ng/pL
of Cy3-labeled DNA target (5’'-AGGAAGAGATCGTGAGGGCA-3")
and FITC-labeled anti-IgG , 500 mM NaCl and PBS-T buffer.
10 plL sample was spotted onto the bead microarray. After
30 min incubation, the array was rinse briefly with 20 uL
of a solution containing 500 mM NaCl and PBS-T, and the
signals were then registered by fluorescence microscopy.
FITC~labeled anti-IgG that are bounded to the microbeads
are illustrated by the illuminated fluorescent circles in
Figure 4D. Cy3 labeled DNA that are bounded to the
microbeads are illustrated by the illuminated fluorescent
circles in Figure 4E. It should be noted that the process

of identifying target analytes in a sample does not
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15 encodi ng/ decodi ng data table. The two
encodi ng/ decoding data tables are then conbined to

wo eoosioss3sdnsol i dat ed encodi ng/ decodi ng dat a t BUI/EGH®7/000232
shown in Table 1 below. The |ocation of each of the
m crobeads with respect to a fiducial (X=0,Y=0 as
shown in Fig 3B) can be determ ned 20 by conpari sons
ofetiierdamalirpmet h@mmlén@tasﬁgr@cmli Ing/ deeddisigce the
data table as shown_in Table EI w.. A _sanple
cBREGF nilRG A5 | A ?ﬁFﬁefM&ﬁQ ﬁfﬂ@s isorf oated SHoPR- The
fluar escenptrdy8sdar®, Rd98de19 Lhe Hhoropyrayrofillustrative
m crobeads. The m croarray is washed and vi ewed under
2Butpasesedanthiiscesetwpe(Fig 3Bii) and the image is
recorded and conpared with the consolidated table
encodi ng/ decodi ng data table as shown in Table 1 bel ow
tgxainggat ufy the target analyte that is present in the

sanple. 42 WD 2008/ 016335, PCT?FS P07/ 000 A

decodi fig fd&tsh SBIPRPYeHer c%h?ﬁ?lﬂ?ﬁést fempriging of a
pﬁ%ﬁb howﬁé@e%l%fa&a% M geobeate andg¥aMie datsasfirate,
for Figure 3 Bis given in Table 1 below. In Fig.
BB(lb‘ﬁﬁqeaohl@f whshbeadad reamdeie fipsge 5shaceRtared (Fig

vi ded on ubstrat I n Fg 3
Piebir BORKT & % Shean i FRg ing data

t?f e Y ? e Eecdn
fhﬁbﬂ%.wﬁt@é@bn@<suﬂ#ﬁpﬁiaﬂﬂ@h(Uﬂﬂmﬁdﬂbnyauywﬁnmprl31ng of
reviews images shown in Fig. 3B(i) and Fig. 3B(i
anrd ¥BPERni pesonghavliedet i Al Fe&dst @PonédfiSd to a

Su o | n (1] .
t%gbgg%%f&%f’t %éln%%e%g‘?ﬂr%p [ gJatSEé%ﬂ ducl alax Tﬁ)ﬁmlﬁﬁbge e

Deapdiurgddat Ftaqabl 8801 ) endbe@dt@:@ldomn n aFi gore 30f an
B. The .m crobeads derlved a%ﬁ art| cul ar
Srec

sGBEELH PQ{F&H’ bt iy SRS ek %ﬁgodlng/decoding
[n@'a%lﬂ esbbieaciiye ragent somPSnsROWDL | Edring. a3Bfdirdglidated

Zicoding/decoding data table as shown in Table 1 below.
The location of each of the microbeads with respect to a
fiducial (X=0,Y=0 as shown in Fig 3B) cah be determined
by comparisons of the data from the consolidated
encoding/decoding data table as shown in Table 1 below. A
sample containing potential target analytes conjugated
with fluorescent dyes are added to the microarray of
microbeads. The microarray is washed and viewed under
flurosecent microscopy(Fig 3Bii) and the image 1is
recorded and compared with the consolidated table
encoding/decoding data table as shown in Table 1 below to

identify +the target analyte that is present in the

sample.
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1St batch is shown as being illumnated with a
fluorescent dye. It should be appreciated that the

wo c@anes38B(i)-(iii) only show two bat ches (sSuPET/SG2007/000232

popul ations of microbeads) on the substrate for 20
illustration. In practice, it is possible to runs 100s

of sub-popul ations on a substrate and thereby be able

to idantetpdingr elatter seuinber gendmrtpet cmdlaittaianig 4he x, vy
WO 2008/ 016335 PCT/ 9G2007/ 000232  Array |dentifjcation
nBﬁﬁéF?OQgfa%ﬁ§%yT%6?§ﬁ%o bFﬁ?P%ﬁdrd&ﬁi?%%%?#%nda%a set

t abl-e rSubRePYl &t iiQn NiRerBiidctig adgeMelenati ng 1
Speci es "1 nx Species x M crobead position data sets .
Subpopiinat Fbsi- NGB @.)Subpeptl a@f ofthiko: boads- dgsit i 6he first

PR3%3Y 38 SRR e T R oo
138 46hd1Defils 14902 tRA2 SN BAL2R3 &8e 26187 26n the

82 119 83 119 83_ 150 83 150 83 .
“x” . Hence, the computer program reviews

figure with an
images shown in Fig. 3B(i) and Fig. 3B(ii) and determines
that the additional beads belong to the second sub-
population. The large “X” shown in the top left hand
corner is the fiducial.

Table 1. Decoding data table of microbeads shown in
Figure 3 B. The microbeads derived from a particular
subpopulation, coated with biorecognition
molecules/biocactive agents. As shown in Fig. 3B(iii), the

1t  batch is shown as being illuminated with a

fluorescent dye. It should be appreciated that the

figures 3B(i)-(iii) only show two batches (sub~-
populations of microbeads) on the substrate for
illustration. In practice, it is possible to runs 100s

of sub-populations on a substrate and thereby be able to

identify a greater number of target analytes.
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180 83 180 83 191 83 212 84 212 84 272 84 272 84 26

114 26 114 83 113 89 104 212 115 212 115 243 115
wQI®saida3273 115 119 134 119 134 118 145 118PAHSG2005000232

145 150 145 44 WO 2008/ 016335 PCT/ S&007/000232 242

147 242 147 56 176 56 176 88 176 88 176 98 175 180

176 211 177 211 177 88 207 88 207 118 207 ' 118 207

121:8:a218den1:491®0:10n M8b@42 e1g9 208YUTH 208 241 208 241
£8 apogﬁfatesﬁ Feht b catlch 4aB1& 0 4‘38’_87_??‘3‘87‘??%
Subpopulatlon No. Biactive agent coating
1 Species 1
nx Species x
Microbead position data sets
Subpopulation No: 1 Subpopulation No: 2 *
x-position y-position x-position y-position
88 22 88 22
212 22
242 22
26 51 26 51
57 52 57 52
88 52
119 40
118 48 118 48
118 56
149 52
212 53
273 53 273 53
26 82 26 82
119 83 119 83
150 83 150 83
180 83 180 83
191 83
212 84 212 . 84
272 84 272 84
26 114 26 114
83 113
89 104
212 115 212 115
243 115
273 115 273 115
119 134 119 134
118 145 118 145
150 145 150 145
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236 238 236 238 247 238 247 238 272 227 272 227 272

237 27 268 27 268 118 268 118 268 178 268 178 268
*Data read out from tPET/SEZOn000232
m cr obeads from both

WQIRSAEB3IR72 269 86 287
i mage contains x,y positions of

subpopul ations 1 and 2. This data can be used to

verify effective fixation of m crobea

s from

subpopd? at i of

DDrECIHTPd 1

hat

1 1 ad47shown in F4 3B(
232 5@ppiicat|on37gt Wi
the process for

i). 3445 WO

maki

Ng m f‘IﬂQr

Hi scl &fed hel

ein id6a cost effis&ient

prod&g?lon

Or 0OCeSS and 1

equires only

the wse of

>|nple755 red

qui-prert-—Agvant-ageetusty—n—theti-selosed process
he mcrobead mcroarrayl is decoded during its
broduetion process7 This|is iAlkontrast tad7known
st-ate-gf =thegart—ggcrobepd M ggoarray 1 ec'rm@i 0gi €
pMere the arrday is 10 decoded after it geneLaL
\or e &d%ant ageous|3P7 since thelghcodlng/de@ di ng
STinprenented 1nto the producu1mn process 2ard
lecodi-ng—dat-a—s—provi-ded—w-th hc aray;—anatysts
per f ormed nugh faster with no aecodlnq procedure
needed. 15 Advant ageously, theléh scl osed niZdEobead
Terogttay —gan beggsedwthr gy sTpter TRgdout
| nstrunment wiit hout
241 208 241 208
271 207 271 207
25 238 25 238
87 238 87 238
180 239 180 239
236 238 236 238
247 238 247 238
272 227 272 227
272 237
27 268 27 268
118 268 118 268
178 268 178 268
272 269 272 269
86 287

*Data read out from the second image contains x,y positions
microbeads from both subpopulations 1 and 2.

of

This data can be used

to verify effective fixation of microbeads from subpopulation 1 as

shown in Fig.

3B(ii).
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the requirenment of nmulti wavel ength neasurenents.
Advant ageousl y, the disclosed m crobead based

wo@soassays allows: i) to restrict access to PCT/SG2007/000232

anal ytical 20 data for the user of the array, but
anal ytical data can be generated at any later tine
after the decoding dataset for a particular analyte
is disclosed to the usemppghitatignsl | ow access to

anal ytical ,data for a user hy sendi encodi ng data, .
sets vih @ﬁgilgeiﬁPEFﬁEF?tﬁﬂbF%@tpﬁg%eproﬁgsﬁagpropaklng a
ohherogranRs ofafdl AoddansfifireiVPr e iadvant ageaus! y eftieient
control to the access analytical data by providin

eptodiingidat Hroagldsenwsatidr remiaese iy daha maﬁge simple
igeg8¥S£ng§H£§mﬁﬁgnpanies or health care
I ONS: )

or ganr zat or “exanpl e, a neasurenent is 30
carri efddodhtagepliate "A'n butheno dhatybsedl datecesm,  the
be generated at place "A'. Measurenent data is

t FAASPRPPEd M6 9 D008/ 6 §S5OBET/ SERBH7Y 000232 Preguction
PLcBesE. angdd s;iconhi nedn¥thBet he dreofh NG tdalasat-$he-art

to generate analytical data. In another exanple, .
neasupbaedt subceogaray ed outnakadies sawplegepr bhedetic by 1S
" P1" alytical data can be generated from

No . I
fﬁég% ﬁgagaFgﬁeﬁ?n&ﬁlgggeﬁgrgg "P1" or another person

"P2"  peevi degvbheagabasel ,f osindiecheher re@seing/decoding
Advant ageously, the control to the access anal ytica
dataPmays of 871 peeRked al 1R EPMErR? al PEYHRST IR | (REREess  and

F I e.n r ut y ont Ak Ny s :
FRoBRAT, Syt CaP SR {EalSRLTEY 0o Bl sie 1
bperthemasemuick dakyegi weé thcoessietdedodi pyocgaar needed.

LS, e aBart o o anelvie, Nelishs iy bRl A8 microseray
f aghebewiddedGrdecaficly pLepedur ecageded i ndetregicn@n wifthout
15 di seases such as nonpotyposi s col on cancer, breast
chheerequirement of multi wavelength measurements.

Advantageously, the disclosed microbead based
microarrays allows: 1) to restrict access to analytical
data for the user of the array, but analytical data can
be generated at any later time after the decoding dataset
for a particular analyte is disclosed to the user, and
ii) allow access to analytical data for a user by sending
encoding data sets via email, internet, mobile phone,
mail or other means of data transfer.

More advantageously, the control to the access
analytical data by providing encoding data, allows for
more secure data exchange in governments, companies or
health care organizations. For example, a measurement is

carried out at place “A”, but no analytical data can be

generated at place “A”. Measurement data is transferred
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Al zhei ner's di sease, cystic fibrosis, tubercul osis,
Chl anydia and H V may be expedited. Mire

wa@oawaniageousl y, the disclosed microarray mayP@i/S62007/000232

i mprove the speed of forensic "DNA fingerprinting”

mat chi ng. 20 Wil e reasonable efforts have been

enpl oyed to describe equival ent enbodi nents of the
preseptacaveB’i gmd is wohbibedappdhberithe odebedpegsdatasets

skilled in_the art ead the forego
di 52 ogﬁpgrattﬁat %%?f%ﬁjsca ChéP d.fi[Eat iag}?str}g% example,

adegd @l anenioé bhe lcfahﬁfhtéd)noﬂﬁym&&fbeanﬁdﬁlpﬂ@er;@t@vlded by
wi thout departing fromthe spirit and scope of the
| IRRATPon &hd- i ¥Oi anphykherd €ak? &P Bacgenerated from the

| £ j p S \GOIE W S wpor
{Tﬁgé %%%%%%g@c a:ir?%%a 3%@%7813\0 Jobes 8!'163 @oﬁﬁ& wasdl ez
PQTY SCRU9Y /000282t a i fisr 1wh3@c1pev>e1esseésonrmk| ng a

m cro-ar conpri si the . steps o oSi tj a
populati%ﬁ?éﬁ TPobehds o' sﬁ%@%?%ﬁ gQingkgg access
| eqsd 1 d1duchata saimdy PopHfd ON HEEHY: LHTPI i 86fmercial
of at |east two sub- popul ati ons each conprising a

krfb%wsldéﬂlcﬂél%@enforca%@m}él%f dfpeci nieropadpKg WRadput may
é o.réelllo i g?‘na"’i :LycI Vcﬁetr ei rfo%:a' g%& the target

subpopu "at iOHs ar e epo sequen ialTy a
dlamakyte$erkmﬂs bhe eamhrohhﬁronM§kungnhmmwﬂeaﬁ gdedoding

subatrate, alier Sepesiiion,of each pubpopulati o and

refer erl@@vér@té({;@é@@l/y deterqdde atrﬁqysqcoat ian gbrreRaRd much

m cr obead and |dent|fy t he subpopul ati on,
faster with no decoding procedure needed, detection of
diseases such as nonpotyposis colon cancer, breast cancer
Alzheimer's disease, cystic fibrosis, tuberculosis,
Chlamydia and HIV may be expedited. More advantageously,
the disclosed microarray may also improve the speed of
forensic "DNA fingerprinting" matching.

While reasonable efforts have been employed to
describe equivalent embodiments of the present invention,
it will be apparent to the person skilled in the art
after reading the foregoing disclosure, that various
other modifications and adaptations of the invention may
be made therein without departing from the spirit and
scope of the invention and it is intended that all such
modifications and adaptations come within the scope of

the appended claims.
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and its known active agent, based on differences
bet ween each image. 20 2. A process as clained in

W@ k@B16B35 conpri sing the step of recordi ng daPer/sG2007/000232

i ndicating the |location of each of said m crobeads

and its subpopulation. 25 3. A process as clained in
claiml1l, wherein said recording step conprises

recording said data in a &d@imser nenory. 4. A

process as claimed in claim1l, wherein said 30 active
agent is a bioactive agent. 48 WO 2008/ 016335
PCTASGR007/200233 for Adkiatess mbcrd-aanmesly i ocompai midg the
wherei n said bioactive agent is at |east one sel ected
from t he st§PSupTconsi sting of a protein, a nucleic

acid, an enzﬁ@%’osﬂt@tﬂg ' a @ ppldStR3Nnt | 6f emdbdoBBads on a
antibody. 5 6. A process as clainmed in claiml, .
conpri si mybsheatst epaofinfunetti odakiszi ngnsai diAueiebeadsaid
with a chem.cal.ly reactive group. ,10 7. r S _
ol ai ned PRPHATHOR WREPS; FORREdSeR Soiabd R T sub

the size gpngeties 1dcnmebaprd8ny & khgwocessias agent
claimed in claim1, conprising after 15 deposjtion of
each subpep@PdE ofE repeviAEC s&iddiALr §beRdsat haieast one

have not J.gigmd ag.btachnpnt, 40, said SUBSISAIE: Sondt are

process as claim1, conprisi ng the 20 step
of form ngpats ilteastsaneerit thici yl anmd shi dissubser gegiods of
10. A pr oceshs as, claimed in claim1, wherein said
each other;
making images of said substrate after
deposition of each subpopulation; and
comparing said images using said fiducial as
a reference to thereby determine the location of
each microbead and to identify the subpopulation,
and its known active agent, based on differences

between each image.

2. A process as claimed in claim 1, comprising the
step of recording data indicating the location of

each of said microbeads and its subpopulation.
3. A process as claimed in claim 1, wherein said
recording step comprises recording said data in a

computer memory.

4. A process as claimed in claim 1, wherein said

active agent is a biocactive agent.
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substrate is selected fromthe group consisting 25 of
silicon, plastic, glass, ceram c, rubber, polyner or

w@2@emps3ite thereof. 11. A process as cl ai medPCTSGLmi/ne0232

1, formng a three- dinmensional structures wthin said
substrate to 30 facilitate contai nment of said

m crobeads thereon. 49 WO 2008/ 016335 .
PCTESGR0R7/000239s 12 Alpinedssims cdbaimned, i whgzgim said

11, wherei.n_sai.d three-di.nensi onal_.st t

depr essi Eﬁgacfa'ﬂiyﬁ'e&gieﬁ‘ta Jssub‘%t %??Sé?l cglrlil?gl %%féﬁgétarg gm the
5 13. A gﬁ;@,ggss;oal%i@ta_imp%ﬁ N Chedttein, Whenechesai dcid, an
sequenti al deposition of said subpopul ations for ea,ckp

di scr et epEXIEd Ps cGAder FakEF U FRAE IS FPAF DRIy -
times. 10 14. A process as clained in claim1,

conprising the step of providing an optical signature

to 6i.ndi @atgerdawh ngsofclsdimkdr tn obéadmand sap@prising the
target analyte. 15_15. A mcroarray_for use. j :
system fé%e}lf/)deﬂﬁi fgﬁlﬂﬁtl?ﬂggbﬁggnc%ajo? orr?llec%cr?]o%b?erth &
target aRAWiRS 11y FeaTHIPIEL, gridip M croarray

conprising a random popul ati on of m crobeads di sposed

on a substrate 20 surface having at | east one

[oyet 2l m S8k 0eoDEPU A AR 0RLNTL L0 SPA10T Metenp! said
two sSub- “popu ations eac conprising a known active

agent capahlobeafdsspece f e hiledi nigzed rthnge |feast bHe nm to
t ar get ar%%lo){ltme, wherei n each of said

8. A process as claimed in claim 1, comprising after
deposition of each subpopulation, removing said
microbeads that have not formed an attachment to

said substrate.

9. A process as claimed in claim 1, comprising the
step of forming at least one fiducial on said

substrate.

10. A process as claimed in claim 1, wherein said
substrate is selected from the group consisting
of silicon, ©plastic, glass, ceramic, rubber,

polymer or a composite thereof.

11. A process as claimed in claim 1, forming a three-
dimensional structures within said substrate to
facilitate containment of said microbeads

thereon.
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25 subpopul ati ons have been deposited sequentially
and at discrete periods of each other to enable the
wo owabiess of each m crobead and its respecti vePCT/SG2007/000232
sub- popul ation to be determned relative to said
fiducial fromconparative i mages taken during 30 each
di screte deposition period. 50 WO 2008/ 016335
PCT/ S&007/ 000232 16. A microarray system for
i dentjfying the presence.of one or re target . .
anaﬁf?esz}npﬁogﬁﬁﬁlé“5cBﬁﬁFW?gnd?lagEQﬁﬂoﬁﬁvopﬁng?bﬂ said

of m croheadse -t SRASEHNDL ON & SHRSIF € Hid aClepressions
having at |east one fiducial, said popul ation being

conpri sedwmed in eastuhsirniie bapuf bat ongoeheate .
conprising a known active agent capable of specific
binding with at |east one target anal yte, wherein
sai d.3L.0 subpaepukati cns hadiheen deposidiad dequehéralihy said
and at discrete periqds of each ather;

a nor )
recor di ng YHEM okt | SRPBF1EACH % ciobbadubRaPrigtions for

respectivg sibgopul-atLopefiglati yeuh@esdhedl 43511 up to
one fiducial, said 15 | 6cation of each m crobead and

its respedtiG wsumgopul ati on havi ng been det er ni ned
by conparison of images of said m crobeads between
sai d sequential discrete deposition periods; a

det et or A opdetest changesimddtha sAizdm 20, mcompheadsg the
upon contact with said sanple; and a processor ,
responsi ViESR pPégr &ROVTIENUCt #Bns AW GG er r S4greture  to

sai d memony,and 4 o ?gﬁ%e dat ashegei yed Jmsaidhd  said

detector to identi presence of said one or nore
tar get target analyte.

15. A microarray for use in a system for identifying
the presence of one or more target analytes in a
sample, the microarray comprising a random
population of microbeads disposed on a substrate
surface having at least one fiducial, said
population being comprised of at least two sub-
populations each comprising a known active agent
capable of specific binding with at least one
target analyte, wherein each of said
subpopulations have been deposited sequentially
and at discrete periods of each other to enable
the location of each microbead and its respective
sub-population to be determined relative to said
fiducial from comparative images taken during

each discrete deposition period.
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25 analytes in said sanpl e based on the | ocation of
each m crobead and its respective subpopul ation. 17.

WO\2008016335 r ay systemas clainmed in claim16, cPOPSGHIONG0232

decodi ng data for storage in said 30 nenory, said

decodi ng data containing data indicating the |ocation

and known active agent of 51 WO 2008/ 016335

PCT/ B56200Z/ 800232 rredchs wft i dopi coeheddsyine atlie/eptesence
said fiducial. 18 A microarray systemas clained in
claim 17, °f5 QRérePh sBPHSdebdBPRy dapaly¥Eepn anf of mapample
for trangpgpr9uehga conputer network. 19. A

m croarray systemas clained in claim17, wherein an
identifier is mequAndmntpogailatacvesst Il drobsaidd disposed

decodi ng data. 20Q.. A process f I denti f.yi ng t.arget

anal ytes gﬁ a® s ﬁsﬁgfagﬁe ﬁﬂﬁ¥'%?(Jhﬁﬁ%%grmf?hefeaSt one
steps of: fiaastiagti ngishi gophtaeabhavaihE! abipdibBdlmE at
claim15 with said sanple; i1dentifying said m crobead
subpopul at-P8fA§ tRatSURaPEPUAGEAiGHTe SR EhaARIeP T hatng sa known

i ndi cati vgcr9hesaflActd nbebebng; BoUNd ity with at
t ar get angl ytg p eélzcntda?%%kg%ed san‘gﬁe;l and 21%)&1 g wt a
i dentifyi hgashe preesencetafgainy tangétyteanal yleerein said

present in _said sanple based upon th | ocati.on and .
Known act FUEBRGETEoPRSa; Hcn BRGBeadeeWAf ERtexfielentially
sai d changgd 3% dlscfcPEOBEES0AS GlFakBRA bRtheldi m 20,
wherein said change is an optical change. 22. A

process as cIaﬁnemeﬁﬁrﬁlaFﬁ?Qi?i@@onhginéoﬁﬁéioéteﬁf each
of prov'dhﬂgrgﬂegetlCgﬁd3|gf@§ureré§pective subpopulation

relative to said at 1least one fiducial, said
location of each microbead and its respective
subpopulation having been determined by
comparison of images of said microbeads between
said sequential discrete deposition periods;

a detector to detect changes in the said
microbeads upon contact with said sample; and

a processor responsive to program
instructions to interrogate said memory and to
compare data received from said detector to
identify the presence of said one or more target
analytes in said sample based on the location of

each microbead and its respective subpopulation.

17. A microarray system as claimed in claim 16,
comprising decoding data for storage in said
memory, sald decoding data <containing data

indicating the location and known active agent of
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30 indicate binding of said mcrobead and said target
anal yte. 52
WO 2008/016335 PCT/SG2007/000232

each of said microbeads relative to said

fiducial.

18. A microarray system as claimed in claim 17,
wherein said decoding data is in a format for

transfer over a computer network.

19. A microarray system as claimed in claim 17,
wherein an identifier is required to gain access

to said decoding data.

20. A process for identifying target analytes in a

sample, the process comprising the steps of:

contacting said microarray as claimed in
claim 15 with said sample;

identifying said microbead subpopulations
that have undergone a change that is indicative
of said active agent being bound to a target
‘analyte present in said sample; and

identifying the presence of any target
analyte present in said sample based upon the
location and known active agent of said

microbeads which exhibit said change.

21. A process as claimed in claim 20, wherein said

change is an optical change.

22. A process as claimed in claim 21, comprising the
step of providing an optical signature to
indicate binding of said microbead and said

target analyte.
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