WD 2011/ 011823PCT/ AU2010/ 000953 - | - METHOD AND APPARATUS FOR CONDUCTI NG
AN ASSAY FI ELD OF THE | NVENTI ON The present invention relates to a
nmet hod and apparatus for conducting an assay. In particular, the present

i nvention reI§?5@1WB“%?rotatable pl at f orm whi ch can be UEdBPRHYETnducti ng
an assay, in particular nmulti-step assays.-!Wilst the invention has been
devel oped primarily for use in sequencing nucleic acid by pyrosequencing,

and wi |l be describgir HeOT®ANDEPPNVRATUS PORICONDUCTENGPRN £85AQN, it
wi |l be appreciated that the invention is not limted to this particular

field of use. 10BACKGROUND OF THE | NVENTI ON The foll ow ng di scussion

of the prior art is provided to pkage) HREUEINGRNTIRHNI N an appropri ate
techni cal context and enabl e the advantages of it to be nore fully

under st ood. |t shoul thaguesgiypiveaticatreldes wairsiind angd prparagss jorgprdugiéng a99s6¥- t he

prior art throughputchenSREChih&alidARLRIOW JuR8l PREFPREIHEME] RS B
express or inplied adm ssion 15that such prior art is wdely known or forns

part of conmdn §eHEFEHIE AR ABA dbRetiGuiRr gi-fiepedsgiys. Whilst tpfygventisin hag Yeen o

determ ne DNA ”H&kﬁ%&iﬁﬁnﬁ@ﬂﬂ@ﬂ&ﬁ§yﬁ@§mﬁ§%&ﬂ&c5&&5& bRGMcih MR LAt 1 n
recent tines. Previously, the two nost comonly used nmethods for DNA
sequenci ng are teeridAgicielie vdhaphepertaihearpiritine gl baprpreckéeddims tec a

cl eavage 20t echijy@iRn ivWdk GRiROL Mhi§ Bhycu@R rigRlr gleect rophoresis to resol ve,
according to their size, DNA fragnents produced froma | arger DNA segnent.

The el ectrophoresis step and the detection of the separated DNA-fragnents

are cunbersqupe procedures. HowgNekGRWUNSOF a¥irar®ied@hect rophoresi s units
are comrercially avail abl e, el ectrophoresis is not well suited for

| ar ge- scal e genone pujleltavdngfiscapsion of die PEiagieneomigeduRatase theliaepiag| iy ag ost -
75effective uni iysprofrhtd dth@iBal thiiOWgRPHhbIB R BeRMASE: of FRYIB mbleuneed for
non- el ectrophoretic nmethods for sequencing is significant. Techni ques

enabling the rapidi et et chul rapareeirgiheVDIRA BAsh diratila cAte PEPSE! i npor t ant
tools for genet ingou@Rdl s isocifRatiBntho S HH BB CbRMeRE 8 HCRbrehas BHpIRN 2@dnBQbd d
phase principle was descri bed previously, wherein the incorporation of a
; 1 that such prior art 1s widely known or forms part of common general knowledge in the
radi o | abel I'ed & e
field.

The ability to determine DNA nucleotide sequences has become increasingly
important in recent times. Previously, the two most commonly used methods for DNA
sequencing are the enzymatic chain-termination method and the chemical cleavage

20 technique, which both rely on gel electrophoresis to resolve, according to their size,
DNA fragments produced [rom a larger DNA segment. The electrophoresis step and the
detection of the separated DNA-fragments are cumbersome procedures. However,
whilst automated electrophoresis units are commercially available, electrophoresis is not
well suited for large-scale genome projects or clinical sequencing where relatively cost-
25  effective units with high throughput are needed. Thus, the necd for non-electrophoretic
methods for sequencing is significant.

Techniques cnabling the rapid detection of a single DNA basc change are also
important tools for genetic analysis. A mini-sequencing protocol based on a solid phase
principle was described previously, wherein the incorporation of a radio labeiled

30 nucleotide was measured and used for analysis of the three-allelic polymorphism of the

human apolipoprotein [¥ gene. However, radioactive methods are not well suited for



30nucl eoti de was neasured and used for analysis of the three-allelic
pol ynor phi sm of the human apoli poprotein E gene. However, radi oactive
met hods are ngt well|l suited for WO 2011/011823PCT/AU2010/000953 - 2 -
routine clini CA2PHINati ons and hence the devel opment & WP
non-radi oactive nmethod for rapid DNA sequeAce anal ysis has al so been of
i nterest. Met hods of sequenci ng based on the concept of detecting
i norganic pyrophm@phahﬁm(ﬁ%WQnMMLmhhﬁSeﬂehe&k@dwduﬁhn@qm;mmhyﬁmma&e
reactlon have bee SCr i reV|ou se nt e nal PCT Publication
Moo s W0 03/ 2358 i BENaoBE R RSy SR ST BRIE T A
pyrosequenci ng. As dﬂ@hmﬂuﬁb@p@uﬂgba@daddﬁdoMmmaﬂgﬂemmggmnymbelc acid
strand during a 9 r C rophosphat e e i s rel eased.
It has been fouﬁﬁ ”%MQ EP% o%psrpgﬂgélé§§§§O®Q1%?“Fﬁég%R38 &m‘wﬁﬁ%‘gan be
det ect ed enzyr n'pn;allohglry eecgmtuwuorlme}’@emmaamqnm ok WO gBr2356A abchw O 89/09283)
luci ferase-lucifer C Such 10net ho abl bas o be .
identified in a a“roéne O%Fo%f;cillcdotrol “ald “DRRMt 6 g% Célqg’qnﬁ]é%%tledﬁ S5 C#til) d&h%”‘flapi dly
whi | st av0|d|ngnmhm,n@émdmbmnmbembhuph&ﬂe&msnamﬁumhapmgendkmhammﬂumai
radi ol abel s. Lor a n nci ng
enpl oyed a 0.2 Mldsmﬁg{l g)\élgcﬁ [hlgui q_ym&%&s{pﬂ%«é ?ea?ed ulder ?hesico%&l%l Q CQ% Eeﬁ.t?e%yegel ng
added to the tub@yweqmwnxﬂahmen@MEﬁdéhgﬁm1mhewéeqﬂémn®umhauhm DA present
in the tube IOV\h I%B‘]"l]s elﬂ!ﬁﬁ Q‘ﬁisp gﬂe 1§en¥1ﬁ clall dYa? ch}{ §§urgi)1la§d DtNIA %gtserglggnc (!tjf fers
fromthe drambagk at the rea S are’s orf Sincé the reaction is
diluted with easihrbddd tapoity wlﬁﬂsnu@ic@txtthfdeeed éag@nuowvm;llmlldrt@a}ct phimrmful
by-products are_ageuaul ated and the reaction conditions reach a point where
the reaction no I onger proceeds. For exanple, typically only about 80 bases
can be sequenced r elliadppyonirtrhetixgs Fir sondettiggyrosequencingempbryed al-2 edui pnent
which utilise py I These ) use
KL?(ﬁgﬂHﬁlﬁglulgg(oh DAY a8 rpd%grﬂs g&ﬁ/ S%%ﬁglt\lj}& mfbe%%?(lgdh?gg

flowcells to perform ridisation of a‘targ }
expl ai n, S|h@lem§%réﬁ§@dﬂDNNlhsDNﬁmnbﬁDMSé@lﬁﬁ Ahalptehis oty isheladvelphi ch i s
posi tioned in tar% lfeltgv\{ngtﬁl)d suffe) mo?rﬁtlhé Mld@/){ac'kmmelxéaﬁ'léﬁglhgalg(s)ﬂgi Gir gettlr‘lé?mde‘d
DNA and 25denaturF g, the conplenentary strand. Reagents, inc adin

nucl eotide (A, E&dwEWWHPW¢YmhFehﬂﬂ@ﬁeuﬁbaé%mﬁhéMb@&ém%nd&*ﬁgﬁmﬁmsmﬂétected
if a nucl eoti demémmmg{e@gmwﬁmﬂsn%oam%@leaaiJ ﬁ&gmegﬂhéﬁa&ubﬁ 9&1{0@6?
proportional to the nunber of nucl eotides I ncorporated in a sin

reaction. Betweéﬁfé%bé§f%@H@heWb@dh“mb”@PWﬁ@b@ﬁﬁumd@ﬁ@bWMﬁé§hdﬂma§h step is
al so perforspd @pd,4fg process is repeated to detect incorporation of the
next nucl eoti de.

Commercial equipment which utilise pyrosequencing have also been developed.
These systems use flow cells to perform hybridisation of a target DNA/RNA molecule.
To explain, single-stranded DNA is immobilised on a stationary bead which is
positioned in the flow cell, typically by immobilising a double-stranded DNA and

25  denaturing the complementary strand. Reagents, including a nucleotide (A, G, C, or T)
are flowed past the bead and light is detected if a nucleotide is incorporated. The signal
strength of the light is proportional to the number of nucleotides incorporated in a single
reaction. Between exposing the bead to different nucleotides a wash step is also
performed and the process is repeated to detect incorporation of the next nucleotide.

30 Other methods of sequencing by synthesis are also known, for example by using
fluorescently-labelled nucleotides. In such a method DNA samples are first fragmented
and the DNA double-helix is melted into single strands. The single DNA molecules are
captured on a surface within a flow cell and serve as templates for the scquencing-by-

synthesis process. Fluorescently-labelled nucleotides are added one at a time and



30 her nethods of sequencing by synthesis are also known, for exanple by
using fluorescently-1labelled nucleotides. In such a nethod DNA sanples are
first fragnented and the DNA double-helix is nelted into single strands.
The singl e DNROSHEUPEs are captured on a surface withi T REPBR%E | and
serve as tenplates for the sequenci ng-by- -Synthesis process.

Fl uorescentl y-1abel |l ed nucl eoti des are added one at a tinme and WO

2011/ 011823PCT/ MJ2p2@0R0 88 gravdng @orpkinedtaiyndand then GNAwWbygeosnplzenent ar y
strand by a DI\IA(E}%LM%II?O%@@ CEY N eq M‘ausﬁdonn gr!n?lotgoln% A eslhce()d AN - Upon
iIlunination with a laser, the"incot'porated nucteot dés et 199 “hat i s
det ected. The f hudetigdcemtit ighbéht it detecedpad Tipefsoane labiés nmextedrgbhent hae 1 s

added to conti nlrjlgdéorl]ﬁ cxl&li%.m;!'or %&Il(l eqti de i nc orati.on . determ nes

18% e ch ‘y@%ﬁit\rac 1 dnuc1eot1 Crérp(:()l' oratio decé IIMINes .
5the exact sequénce of each | ndivi dual rofecul e sequencrhg” By gati on
is al so knowh. ThiesadDMQusequiench indiviveslHD¥A usksult.he enzyme DNA |igase to
identify the nucleotide present at.a given ppsitiqQn in a DNA sequence. The
m st b sensi 4 vi ty> SrERA T sSSP Dyt B ur it RERUTRE
under | yi ng sequemyeicdiNA hgs¢ aridtilyDNAnrbedulrecnt Seegifor poeiiamipl DS Pat ent
No.'s 105, 750, 341 and. 4 883, 750, . ) t 1s needed is. apparatus for
conducti ng assa;?%qugnﬁg' léﬂ?éqli/%z%, Sel\%%lwélﬁ OE%HN&%SS‘?}W%I% usaed\l/%?e?ééﬁ/mg]?e
chem stri es andudbtigiot sopcmebhbdsyecaRAimolpakt iScufoaexafmpte IEOPdent Norlg assays
t hat invol vg,nukti r oA -3pd washing steps such as used in sequencing
nucl ei ¢ aci 3.) FE?F@%@,an\%ﬁgﬁ’@éjﬁgeded i s apparatus which can be used as a
15conveni ent repl aceWesitis feodedasgmystupkiir chnduetgiorey sanfl hoakysehmbiegfaan be
environment, or &gk a8y b AEH A6 PR YGSRERRSARYSIRELLR, | 1 Case of
nucl ei ¢ aci d sequenci ng, {P'utton effects 11 mt The maximim sequenci ng read
length. It is asondbjtegssafs thay@vphve satitpld reacemt indrnvaslonostemscediness osedamel i or at e

at | east one of  the di v.ant a065m9f hie, Aheve i,onesd: Ll or. 4q,0f 1O
provi de a usef uféqa%t%](e#1 ﬁg{i?lvé. 20 @%WW&V@#P@?MW&%L no&uzgé%(?élordi ng
to a first adpeetveha pplsamnt fonyensivarrhpraou délgwahivethamalyirencpl. at foor m f or
conduct i ng an ag3gye ['i)@%@'l'&ctpdna\legsgf‘ma g@?%lgqn LRe %1‘9119@&&1%%@&&1605,%mﬁfoﬂd' ng
partner in one of nore discrete areas on a surface of said platform

25Accor di ng to ¢dfesdiondhampeormisheepriesient leigtvent i on provi des a rotatabl e
platform It is an object of the present invention to overcome or ameliorate at least one of

the disadvantages of the abovementioned prior art, or to provide a useful alternative.

20
SUMMARY OF THE INVENTION
According to a first aspect the present invention provides a rotatable platform for
conducting an assay, said platform adapted to immobilise a first binding partner in one
or more discrete areas on a surface of said platform.
25 According to a second aspect the present invention provides a rotatable platform

for conducting an assay, said platform adapted to selectively immobilise a second
binding partner in one or more discrete areas on a surface of said platform.

In one embodiment the entire upper surface of the platform is adapted to

immobilise a first binding partner or selectively immobilise a second binding partner.

30 However, in other embodiments a plurality of discrete areas or predefined sites or target

sites arc provided on the surface of the platform, or alternatively a sccondary surface

which is relatively casily bound to the surface of the platform (e.g. beads) to immobilise

a first binding partner or sclectively immobilisc a sccond binding partner. In another



for conducting an assay, said platformadapted to selectively inmmobilise a
second binding partner in one or nore discrete areas on a surface of said
pl atform | n one_ enbodi nent the entire upper surface of the platform
i s adapted to"\MB'*¥Se a first binding partner or sel &t AIBPY PRI | i se
a second binding partner. 30 However, in other enbodinents a plurality of
di screte areas or predefined sites or target sites are provided on the
surface of the pkatflorhydioretaldrtas nratdomelyyn sheserabldatyosymhaes tihicahng is
relatively easil urface of the platform(e.g. beads) to
i nobi | i se a fi rs‘fple%omm(%ﬂb %} ;:fé“b ‘rﬁm§é’F“é%€f| vely i mobilise a second
bi ndi ng partner. In mrmtﬂaezimbomea@lmé G)xisl&ﬁﬁl?@Tg/aAhﬁOiGndaﬁﬂm&&deoﬂéled-onemarrpI e,
the discrete areas ar atl nthe r ot bl.e tfor wher t he
coating is adapt“éé t (’Fth P rs]lg CIRYGILYEng; ﬁl |hr11“|g Y5IE HE lirf;!‘“I s LO"ﬁ“’lnlﬁ “Sone
enbodi nent s, 5t heonﬁqal‘lystorb]hydd]gﬂg kmaaietdner thes Stﬁ'he(mdﬁalhdb yplcaﬁlmﬂ,r hed ionyet heher
surface of the | nt th rst bi
covalently or 5 %d;lllfl%na 'y o st t\)ﬂm&r ogen (b(rlr% i tbm‘frﬁgepdétﬂ(r"lf BE %‘?g’t“hglr&]
pl atform and i playetn. drtdnérbe epﬁn@&htﬂmmtﬁm\sammdbmdmahmeﬁ mlbmésbldnmhdactalnke thirst
bi ndi ng part ner the surface of the forr be appreciated that
the second bi ndlmr?qnswmtdm PAE" f)hedda uggl)oﬁﬁ?se%@e tlhe lauofrﬁe first binding
partner already bounﬁnctmcstchtemsumﬁacepoﬁcmallbf Rleadrft ocv mcthbde apd eseﬂtsunlmuent ion
is particul gply Q. net S S 29 nucl ei
sequenci ng ?rgt hgg@él@%{&@%@miﬁ% me(?ﬂ)rdcs)gfgpﬁ%%%%ynpd los%glenu 1 SRRl g rl}sbf and
second bi ndi ng plair&en@ﬂsbnahle itnd® A, bnpiar"tmenelpam @P(l@pﬂy @m:ad)ﬂ wyhicnmapbe V\/m ch
may be det ectably.)aReldadly, WLEN&L8a0ef QLBRLY ! eahRd.! ek din ©
streptavidin or streptactin’or anal ogs an tin or ana 0gs PEROwe r,
and as di scussetlrpiartirerngedsang biatin adamalngage of the present i nvent i on isto
15pr OVI de rel at h}g@i%l f dsacﬁsclu bg& ﬂfl‘%&%&@@'d@h@dﬂ%&? f&g §esgrﬁsfnve§non 15 t
associ ated | ow wast e 'vol umes of  was I'ng sdlution an é) The
present inveéhti prvidge idlativolw e ey mlai\'ﬁb/dwmpﬂbtmhlcbﬂibmtancbﬁsswm@s Bguenatd ng,
however it wll ﬁn@&){?(}vg&l“@t ggmhp%rgﬂg dnvention is not limted to this
assay. It wll be appreci ate inthe first aspect the platform adapted
to immobilise a 20 Therpssetiingning plriorebe caphingth imiy cheefior pexarypbeingyi di n
or streptavidi MhRevalil V@l@ltb@glﬁﬁrguﬂéd ?Q%qu%nu@ﬂq ngthh:‘rﬂteh hﬁh? 'ssqg.n or .
streptavidin or streptactin or anal ogs can be subsequent acted with
say, biotinylated DNail heﬂpmegﬁr%@queﬁtt fpﬁft@(smststhmgidt@@plddm@d iilnmobiéisefaur t her
appr eci at edsf hafigl AndifepSEEONiAIREH: hh&aRbRLLREM ALEGANYN SO EERES o2
first binding palrst nrelrl}?@gnd th elcp a?f ornﬁé1 dailpteI ‘to ﬁg\qelgt ?ve{p f2fiD o
i mobi | i se a sedokes, l@iwh@}pm@c p‘aﬁmmeﬁucp%ldmolwwntddelher @fdl@gea@écaﬁpﬁfe@nm ed
t hat the platf Olreﬁgtﬁc&l@{ Q%r n(goﬁn?latelaqnﬁ/\sr %t a ?u%%gg;nt %ﬁ)@es@%g Qt@ﬁs &%ﬁ %g ijf'Ple
“unfunctionalised’ formaccording to the Second aspect can be
consi dered to b"é’PfeFldﬁéttih’én%lthes@el@ﬂdo#%r’e%rﬂ@ platherty Jreadly sedprises a first bigdier di ng
to a third asP%?tn&h%dRﬁ@@@terrﬂ1@‘4&'}%’(1%‘ g@mv&] %n@mn%m@&nﬁ%ﬁndwp%ﬁ&' ng an
assay, said method conprising the steps of: 30providing a
accor di ng t & t hié vl thepefeyg @é@pplecmtcd that the platform according to the f ust aspect can be

considered to be ‘unfunctionalised’, and the platform according to the second aspect can
be considered to be “functionalised’ or ‘pre-functionalised’.
According to a third aspect the present invention provides a method for
conducting an assay, said method comprising the steps of:
30 providing a platform according to the first aspect;
binding or immobilising a first binding partner to one or more discrete areas on
said surface of said platform or surfaces embedded in the surface of said

platform (c.g. beads); and



bi nding or immobilising a first binding partner to one or nore discrete
areas on said surface of said platformor surfaces enbedded in the surface
of said pl atform{ . Q. beads); and WD 2011/011823PCT/ AU2010/ 000953 - 5 -
contacting seddeit I/Oéﬁglzf/ each said discrete area with a s&rfiB8'8P'%P¥agent s,
wherei n between one or nore or all of saiddcontacting steps said platform
is rotated such that any residual or unreacted said reagent is
substantially centri fcwgabtliqg seqEmiadd uiqhomia'acnhtesahchitddiaseﬁcetoéuageaa wherein
SPreferably the first, ser | es s secon

conpl enentary bi ndi ng ;?)Vécrbt\ chl’m 0t fie' folfrs‘él?g n't‘%dngn&e 55‘?? Emomblﬁélmf[ﬁ ﬂ“ﬁ he
subsequent reagents ahs @rtyoseefqiua‘ilr omunisayed Wad;hpngmors subs@nmlly r eagdndaly and
as di scussed further 13]% VcWhomea < Ibuelccgrdl ng to a fourth aspect the
present invention provi des & f}h dl‘% 18" ¢onduct i ng an assay, said nethod
conpri sing the stepsPreferabhr dhe dinsmgol"a ttm atifesr of a@agandlmgxpn@st the secaindr
aspect; select I Xgl%IXmg{tﬂg pilirQr a.r[ tlgl lp %usp% i %epcl Qq b n&l] cps%rbg ngcrntt 0
one or more discrete areas on-said surface of said ‘laf“} orm of surtiades
enbedded in therpbats or rtbosamdlomSG@nt\w@hihmgr semgewageatsl yndeactisaied ftuareget
site with a serigs,of reagents, wherein between one or nore or all of said
contacting steps said platformis rotated such that any residual or

unr eact ed sai d reageicoidmesighgtiamth ajpeyt Gentresefitugaddtipn rpeemidesda foredrd séai d
target site.Pr y further conprises the
step of anallglsl %ﬂgga%dﬁgggss &Rgﬂ(r)(?znmﬁph?l&lfore%gﬁgr each said contacting
step. In preferred emmlmmlstfoup)rapmdltlg)tO(ﬂatT\&teamtllaﬂgctt he di screte areas vmth
a SUbsequent reagent s& R’elgatlngh Cllrfn?&l\:%ﬂﬁfv\g% s'e§0n§utpﬁ(,€%t a(iItnEr to%n%%hﬁ
rinsing step with a washing rea shing reagént may be any reagent
whi ch can substanti aIdFWICWaQWSOTrTf Saahymfdespﬂum ptbnnt pbﬁulfar:@)mmmédqdrle\ﬁh«ous
contacting step or gd%gntgg anmount of any residual solution and the
conponent s 25present In said solution (active agents like, e.g., apyrase or
ot her suitabbe enzymssnighing keaderjiab eachsaigrigdeictis with ageherirsaens ddcit he
concentration of by- ﬁ%El%Hﬁgn%)ormore orall\é\mdllécon{;apt% Ebla ?ﬁgﬁgﬁft%ysuprh any
reagent which can substantial |y wash any resid FUtion fromt

previ ous contacting $ftaépnyrrepidiehl ce Wh%dcé‘ﬁnﬁnjt IR Ny ﬂﬂégﬁlﬂ@@Y osuitiftekin and
the conponents pr ese“&mdv@dﬁéh@aﬁ%&&h%” and may be an active 30 agent

| i ke apyrase, in other enbodiments preferably the washing step for renoval
of excess nucl eoti dd’r§feraly e method elpfe dyentioaduglesr gpinpgpes e Neephdyarlhiing . |

and Ronaghi o wh@‘Qé'%Ji)yc‘ﬁhﬁvgfld/&eﬁt‘él ca@ﬁ‘gﬁclf'ccln'tamﬁd é@% flﬁlﬁfc%l%db&b&){ﬂqgrﬁ? Henci ng
chem stry, Anal. Biochem (2007) (h is Incorporated in
its entirely hetpéiOHtagylgrt@ep élrsgﬁ@euuap\gwt a subsuqucnt icd%nt cach said discrete area is

subjected to a washing or rinsing step with a washing reagent. The washing reagent may
be any reagent which can substantially wash off any residual solution from the previous
contacting step or reduce the amount of any residual solution and the components

25  present in said solution (active agents like, e.g., apyrase or other suitable enzymes which
degrade by-products or otherwise reduce the concentration of by-products).

Whilst the washing reagent may be any reagent which can substantially wash off
any residual solution from the previous contacting step or reduce the amount of any
residual solution and the components present in said solution, and may be an active

30 agent like apyrase, in other embodiments preferably the washing step for removal of
excess nucleotide is free from apyrase, as detailed in Mashayekhi F., and Ronaghi M.,
Analysis of read-length limiting factors in pyrosequencing chemistry, Anal. Biochem.

(2007), 363(2): 275-287, which is incorporated in its entircly herein by reference. As



WO 2011/ 011823PCT/ AU2010/ 000953 - 6 - detailed in Mashayekhi et al,

repl aci ng the washing step with an apyrase-free washing step her been shown
to i nproving e read-| ength of pyrosequencing. Preferably the

rot at abl e pIa&?ﬁ?Hﬁ??L?otated at | ow speed whil st dispeﬂgﬂﬁﬁn?ﬂém??agents,
for exanple at between about 10 to 200 rpnf-so as not to renove reagents 5
added to the target site; and the platformis rotated at high speed whil st
di spensi ng t he detadpant Mashayektexanpleplaghg etwwsking atop with 40 @ pyrascABEOvas ping
However, it wll -appreci ated that .ot her r ional speeds are possible.
In preferred enﬁ% ?ﬂgﬁ$§$8¥§%H9?§V§°§F§%?éIgﬂggg’“?gwﬁ%gﬁared for each said
subsequent reagent birelsubbtdntitahily pladoyi ngblagdiad o sEeretvbilardipeipingribt at i on
of said 10 platf -0, ri T V§ y..residual reagents suych
Chat there i 5 aeRunt L FERDS 'l Bkt oBTRYE D phe S B0 T o) ARG Gt

cont am nat i oh ofhdkditdthditgert etie aad €w phitfohm tshetatedag bigh spaed mhilkialipessiicatis

st ep. According 40 i f nec r.es Laventiqn pr.ovides use
of the pIatforn?%@gﬁféﬁnag?%mihgbgﬁggk5%#p§ggéﬁd%ggﬁgcts g?w%b%dﬁ%&?hg an
assay. 15Accor dipgeciardgha pltihroaspatipetdigrpoesdnt i nventi on provides a kit
conprising the platfQrmaceordhignd e, th& bd She 5%0;%”%%,%@%6%&- S, ANG,pne or
nmore reagents for said assay. According to a seventh aspéct the present

i nvention provi géscqappararcusby enbsgordiycidng’ anidadisaste sai by appamacfusid
COMPrising: 1o platform to coRRBAIRL MHofLlny rOiL! A eRRsHnrh bRl M AGERLHLRY O
said first or s é%%g“§§6e0t§ t ao%bﬁvéd%terﬁlceﬁspéhkgé%ﬁggkgsgg&gmﬂﬂ

user - sel ect abl ercdpiedtirgprably spetdtiallympi onahinpteapyapididissrefeoreadiigpbnsigryt sai d
first binding pg&&@ﬁﬂngﬂﬁgséﬁid one or nore discrete areas on said surface
of said platformfor ‘i mobilising said first binding partner to said
discrete areas, or apperaeds affgh epepdrsiraignisialatisecontebprdifibe parfemer
onto said one 0£ccagfng_t(¢!h§ﬁfs?glese&{ngg e&Qfé%r@uéfﬁ%faﬁgs%aﬁf said 25platform for
sel ectively inmmobilisSing said second binding partner to said discrete
areas; appafatus forAdPsipans kil eage fesprésatigncarierarpyidisthkis aepriging dhet e
areas; and opti ﬂﬁ\ﬂll‘&%u‘&{?@ﬁg @tlﬁésl'inttc?ﬁ' s&bﬁ‘pﬁﬂéﬁsndgd @né’@'%]mrggaéeﬁﬁgﬁrgaiﬂ assay.
Preferably the apparatus for rotating the platformis a nbtor, and the 30
predet erm ned rot at i‘skalinggeedscvark ajper hyepregrabventigndibeédswednaatoltr 10 to
1000 rpm The apRat@hYish dsSaydafPapPhi8hEERARKinpr OVi ded with a vacuum
extraction systemto extract the waste reagents which are spun off the
rotatable platform PRPagSAPRIEfRaE S lOED gorordingeo pot Htshb s€CquH ateerr Atadoes
not necessagjly needpiQedigifddbRfolRE uRLiclictabebhGbilBspeQmPri sed of a

plurality of discrete reaction wells which are .
optionally apparatus for dispensing said first binding partner onto said one or

more discrete areas on said surface of said platform for immobilising said first
binding partner to said discrete areas, or apparatus for dispensing said second
binding partner onto said one or more discrete areas on said surface of said
25 platform for selectively immobilising said second binding partner to said
discrete areas;
apparatus for dispensing reagents into contact with said discrete areas; and
optionally apparatus for dispensing a washing reagent.
Preferably the apparatus for rotating the platform is a motor, and the
30 predetermined rotational speeds are user-selectable and between about 10 to 1000 rpm.
‘The apparatus is also preferably provided with a vacuum extraction system to extract the
waste reagents which are spun off the rotatable platform.
In an alternative design, the rotatable platform docs not necessarily need to be a

disc per se: it could be comprised of a plurality of discrete reaction wells which are



WO 2011/ 011823PCT/ AU2010/ 000953 - 7 - loaded into a cradle for holding each
discrete reaction well in a rotary format. For exanple a nodified 0.2 nL

m crof uge tube can be nounted at 45 degrees on a platformin the formof a
rotatabl e crali%* "%\ ¥¢hi s configuration the cap of the HFHVBH?@@%”?Mbe is
open and is positioned on the horizontal pFfane (the inside surface of the
cap facing 5 upward). The cap is nodified such that reagents di spensed
into/onto the Camdatmh@Wanﬂbcbmhdghehd&uﬂekmmwnwhﬁhtubﬁnaﬁmhﬂgﬁmrpnl The
pl astic hinge of_th refer act as a
channel to d|re§§ﬂn%§ e %g%H%%Tﬁf?SOIEKe &Em Cm%ﬂgg égqgm?ﬁon%éﬁ%brves as
the discrete areame6nmeéehmeﬂ&ndmﬂﬂﬂbwniumﬁgamﬁmn&n@pphmbnngamim93w or
recei ve and sel ectively i ndi art nd_ t hen
receive 105ubseqﬁeﬁ?gm gﬁé“FBOHHW O?ﬁmafﬁgw( C““‘PQMQ P@%%dq“J@;the wast e
trough/contaﬁnempwﬁhbladmamUagmkM§uﬂhbmw@eﬂas@ﬂwc@Gdebmadw@m@agampme or
many by inserting,}he. desld g puneh of HHBSRu IR Al SLAHLE e i atso
According to an elg aspec e presen |nven 1'on provi des apparatus for
conducting an agséydﬂﬁmbdﬁappauatmshmmﬂprmsmMQuwl5ampm@Ueh@0mn®ﬂsnMg a

di screte area a X I. apted to
selectively | QE‘QT ﬁgeé&gs dsm@dl?s&xeh a?e(?.Efo [edi§ é%n'B i E%E deoa%h%‘?{dl aﬁﬁ'connect od
to said plate byxaV¢Mdng@ﬁumhemgmhhsaudumﬂamg@ @@ﬁpnmséémmunhannel for the
passage of flbl'“ gub éqggﬂt%@ gxtsp Lﬁtﬁe £fBe E%lf%oﬁf&qgl@é NEhe W Jt«?&(ﬁfopl}%%a&lg} J(")he
cont ai ner conprises an open and te conprises a“flange 20adapted
to selectively éh@@ggﬂﬁﬁQOQp@m«muyl@ﬁ(mhemﬁﬁnvammebyamQUQ;@vﬂ@@eé.fluid
tight seal thergwitb e EELHEE AR Vafhe plate is a cap for the container.
Preferably the container conprises a radially outwardly extendi ng annul ar
flange for supporti nfeodmeconiraiigth dspech thropidennt ivautonagrosidesanpasals . for
Preferably the &Rﬂﬁﬁﬂ §£a& §HP%%%ﬂ&k§mﬁ¥n& lindrical. Preferably said
cont ai ner is disposable, of plastics 25material s. ~ Preferably
the apparatds for co_nduréi@q wgrErngs diayelasicondirlg L igmdhdiss elisnbindiagpeter i s a
modi £ ed m crof uge/ m ¢f geeRS [ Je;gaﬁve@Lmﬁmblwﬂeaﬁmmqlpam@ Jr@pendor f(r)
According to a ninth aspe t t he ent 1 nvention provides a rotatable
cradle, said cradle béicﬂ@dla@aplﬂfé‘é@@ B widadity by 2flgeenpreecipbad Bange eearerispy at e
conprising a discret ea%ﬁﬁﬂeﬁ&@ﬁ@ﬁ%ﬁ% LQudiHRRELd Pl&tedo {did Shiallendi ng part ner

or adapted to selectlvelg i mobilisée a
Preferably the container comprises an open top and the plate comprises a flange

20 adapted to selectively engage the open top of the container and provide a fluid tight seal
therewith. Preferably the plate is a cap for the container.,

Preferably the container comprises a radially outwardly extending annular flange
for supporting the container in a holder, such as a carousel. Preferably the container is
substantially cylindrical. Preferably said container is disposable, and made of plastics

25  materials.

Preferably the apparatus for conducting an assay according to the seventh aspect
is a modified microfuge/microcentrifuge tube, such as a modified Eppendorf® .

According to a ninth aspect the present invention provides a rotatable cradle, said
cradle being adapted to receive 2 or more plates, each plate comprising a discrete area

30  adapted to immobilise a first binding partner or adapted to selectively immobilise a
second binding partner. Preferably the rotatable cradle is also adapted to receive 2 or
more containers, each container connected to a respective plate by a flange, wherein said
flange compriscs a channel for the passage of fluid from said plate to said containcr,

Preferably said plate is the cap of a modified microcentrifuge tube and said container is



second binding partner. Preferably the rotatable cradle is also adapted to
receive 2 or nore containers, each container connected to a respective

plate by a flange, wherein said flange conprises a channel for the passage
of fluid from¥a'HBI*at e to said container. Preferably SETEWBISOWFs ¢ he
cap of a nodified microcentrifuge tube and8said container is WO

2011/ 011823PCT/ AU2010/ 000953 - 8 - the mcrocentrifuge tube itself.
Preferably the niemhibroaspEoge tubd itsels.eRrefelmblyappanétssctaciios dicngpdraut he ei ght h
aspect. Accordi ng to.a.tenth aspect the present invention provides a
met hod for condﬁ%@f%&qgﬁhbél%g]yfspes?gi d nmethod conprising the steps of:
S5provi di ng a rot at abAeoclizdb e t@bcopai thg pteeent ineentibmpiovideyaatth@anidr appar at us

according to the ejighth aspect.; e ing. at |east one plate to said

ol attorm bindt guf 8RR ke pE IR AL SRR oO0r Pt to sata di screte
area, or sel ectivel yprbvigidg ngptoablé eradddidcoginggp he s@thongkchanddppagatipar t ner to
sai d discrete area,; nd .10, cont. ing.sequentially each said discrete area
with a series of rea%g%fhéngﬁé%glﬁ}ﬁa gt\/veen each or any of said contacting
st eps said rotat abl ecngrzadd] a ldag onoplait edsagighiforthat any resi dual or unreacted

said reagent is SUbéﬁ@cﬂrﬁ(’i (ﬁ'li%%oﬁﬁgﬁg:i{i%%ﬁlcli%gtéa% DV gai(I 5@ griezg ogi'e%e%[i\(?etl)?
ar ea. According o an el even asp he presen‘? i nventi on

provi des use of the Wshgtatabbelignadiceorddovtinipagnd ¢ tahliwio dicaagpect for
conduct i ng 6}6 assay,, tr'dCtHIE%G(RILnt}' H$ eﬁggﬁ{i @1&8&6%%&9\“?'3@691@2 8f xte g% ﬁ,‘ \/gltﬁgn aspect
for conducting an assay. Actor ing to a twel1 th aspec the present

i nvention provides aeckyeen eashpr dngiofigpid ¢ratagpyeastent srd metabteditgdy i ootatérbsueh ght h

aspect and one or nofe mgfégsm S J&b{%ﬁaﬂa AR <PEGRLHL DuhiBed 3&Qwe§gnt h

aspect the present invention provides a kit” conprising t tatab
cradl e accordi ng to ftovesad ditchetegpect and one or nore reagents for said

assay. Accor di/qgom%g% §PUEL R AR &tem.tigu%n%nea&n&es LAV on

provi des apparatus for conducting an assay, said apparatus conprising:
appar at us fé? rotaablagadaicdording 4t hbhiethasped! ler crodeitias mryassay, ethise plitht h aspect
at a 25pr edet er ;g ned GQBkAR! b fRl-GriSElSEl &nbakhEf QAL 1 onal  speed;
According to a twelfth aspect the present invention provides a kit comprising the
apparatus according to the eighth aspect and one or more reagents for said assay.
According to a thirteenth aspect the present invention provides a kit comprising
20 the rotatable cradle according to the ninth aspect and one or more reagents for said
assay.
According to a fourteenth aspect the present invention provides apparatus for
conducting an assay, said apparatus comprising:
apparatus for rotating said rotatable cradle according to the ninth aspect at a
25 predetermined controllable user-selectable rotational speed;
optionally apparatus for dispensing a first binding partner or a second binding
partner onto said discrete area; and
apparatus for dispensing one or more reagents into contact with said discrete
area(s).
30 Other aspects of the present invention relate to conducting an assay in parallel.
For example, according to a fifteenth aspect the present invention provides a rotatable
cylinder for conducting assays, said cylinder having at least one circumferentially
extending lane, each said lane comprising one or more discrete arcas adapted to

immobilise a first binding partner or adapted to selectively immobilise a second hinding



optionally apparatus for dispensing a first binding partner or a second

bi ndi ng partner onto said discrete area; and apparatus for dispensing one
or nore reagents into contact with said discrete area(s). 30Q her aspects
of the presentdWV&on relate to conducting an assay it TEHPHOPMPSS For
exanpl e, according to a fifteenth aspect the present invention pr OVI des a
rotatable cylinder for conducting assays, said cylinder having at |east one
ci rcunferenti al Ipyrtrext dnd&ilh@elaameqiatecadht sailds hape tbopprdnsiimgndrmepioridens e

di screte areas a ise a firs di.n rtner or gdapted to
sel ectively i rrrm%)]lll'fa‘sé)1 éonsd%%:ucr)lﬁdmt‘f?sﬁ i HECWS %O‘?prﬁllig%%&ﬂ Aﬁ§f§?668§53 -
9 - partner. |t rowthble. Hécalppcrdqwusan edl! Ji;ipaxualenhzttlthlselﬂs)p'emm trhklepmesedatnples

i nvention provi nder cting an assay, wherein said
cylinder is ada(|CE)I(febseofm(l)?1}41(13110nnfwm’1 ()Idn?dmg}e] rotatabl e. The skilled person will

appreci ate that thisltenod |ammhatahmbtl tes unatrtye s@impérasayt e b@is¢duin a container

si mul t aneousl y n ! . be a a that the rotatable
cyl i nder may be% b ed nFﬁUJénai: r%zt(téllldﬁnér apr‘iltuw ¢ %b Lothgltmtnglé’? rli)ajlnfCl 48 fca%(i:?l Shg

aperture to enablic etotHn:edlmcnd:drrgltcparetdlmetcaraﬂkaf eeﬂjeumhsy ietvdl bo ablaedatscp@rmsed
onto t he dl SCr erd&cé%o?glscmcrg Wﬁpl?l lg_ﬁhel [dl%gﬁnlld;_l p%{ﬁ Oﬁl% st e lglfj S ahi']le (r;'yq{n grtlg on

el ements wll be tangen e waste
cylinder is rot att@c athighi %gdri:ds [Téedforchth wfyobeegvotdhd By nenye bewaudbidddkidgythesi ng

ashutter fon claghibhDS,dflanglinehoal Ly xkengi ng aperture during

centrifugatio a sl Xteenth aspect the present invention
provi des a rret hod fo‘kcce’@imguf@ta ﬁgteamh assaythe gaischt retchoeh pomided sinmghodhier st eps

of : Providing a.gahatolh & ey URAER.AERALELD LR, 11Tt eenth aspect

bi nding or imo I'sihg sard first part er to one or nore discrete
15areas, or selecti velpywbilrrgohxngtab}eCvlmﬁﬁdeb@lémag)the Secomdsicndi ng partner to

one or more di screte afoaso At SROLACLUNG.SEAHRIRIAL ¥ sach sakdidiser ete

area with a series of reagents, erein between e any

contacting $?eps sai darat @t ail#tcéwybmﬁldepr lngntﬁxﬂtsatpeﬂciseswrblltdkrRtpaangr tp esd dual
or unreacted said reagp%mldgﬁgbﬁéd@%a ally 20centrifugally renoved from

sai d discrete areas. According to a seventeenth aspect the present

i nvention provi des useowfctinhecquontiatlablaen eyl idirdete ageoridi ngetes efheagenfst eent h

aspect for said assay wherein between each or any of said contacting steps said rotatable cylinder is
rotated such that any residual or unreacted said reagent is substantially
20 centrifugally removed from said discrete areas.
According to a scventeenth aspect the present invention provides use of the
rotatable cylinder according to the fifteenth aspect for said assay.
According to an eighteenth aspect the present invention provides a kit
comprising the rotatable cylinder according to the fifteenth aspect and one or more
25  reagents for said assay.
According to a nineteenth aspect the present invention provides apparatus for
conducting an assay, said apparatus comprising:
apparatus for rotating said rotatable cylinder according to said fifteenth aspect
at a predetermined controllable user-selectable rotational speed;
30 optionally apparatus for dispensing said first or second binding partner onto one
or more discrete arcas for immobilising or selectively immobilising respectively
said binding partner to said discrete areas; and

apparatus for dispensing reagents into contact with said discrete arcas.



According to an eighteenth aspect the present invention provides a kit
conprising the rotatable cylinder according to the fifteenth aspect and one
or nore 25reaﬁ<pnts for said assay. According to a nineteenth aspect
the present O 25r ovi des apparatus for conducti ng Bi/AIBLEY9Y,; d
apparatus conprising: apparatus for rotatilg said rotatable cylinder
according to said fifteenth aspect at a predeterm ned controll abl e

user - sel ect abl e ThepatdnoimatntiopeddnovdBopipladmrdlid the appet af pgokquendis hensieng
said first or s?tcv&)l b Q&Ldt&t&%rter}e LONto one.or nore. gll screte areas for

i mmobi li sing or se iR ho IH“sfn ° reslpec I vef *ai d bi ndi ng partner
to said discrete ar eaﬁ'pseanmcampar at us for di spensi ng reagents |nto cont act
wth said discrete apeas,c 0 SO OLLSRSRCT AROLOL00005Y S 8 ulhRer
present invention will® now be exprained i i Phe“toht exto rso%elé‘ﬁ% 1¢1 ng,
however it wdl | pbaeidapprr@@talae eutfblhlafm tchluctmgesrtdconing sf mmncld:u, mmﬁdaItdOSctldhl S
assay. Pyrosequ , twentieth aspect. the ass yr osequenci ng"
and the present %Bﬁéfﬁf}ﬂh tngo mugl 8?/1? edsmé Tot (tiattlﬁnd Lﬁ%{’f oF trrrlglf %IrOIlgg)n juct i ng
sequenci ng of adnuctkeices @cca&ﬂufgcter(éﬂcdql plgdiorch quloabédr nrnmdagtiedalﬂ eurfaggrobi | i se a
nucl eic acid strand r i.n_one reas on a
surface of said plat or%%bgtg 1“95{ %)Pealdéhe dn%‘éddg%iose ueglzcallg%i aglﬂ(?l%°a%g entinvention
twenty-first aspegides & haatads aytfmsn py coslduenciwgsinanta nhdcipred emtndi mient | on
brovt des 2. 481 3bARLE, PLALE O ML, SRRANGLL PA.ACONENGLND 0l BE Bl AC! 0
strand, sai to sel ectivel [i'sé “a nucl el ¢ acid
strand i n one onrcppme Sdrfg@méﬁded Hﬂté(a@ oppn aec@urlﬂ@d@edoﬁ sadiudiagd at f orm or on
beads enbedded in s C [ 1Y

enpl oyed is pyr oseq?elg%ﬁﬁlg (e ‘é%ncmg mlﬁttﬁ Sﬁlﬁﬁ}%@g&{%ﬂg @%ﬁ&‘%ﬁ% r&%tv ‘ggtt%g?

met hods of sequbmmpn?glaﬁdrﬂuebféﬁlomalmddOé‘teqlamdnmyum wtid ftiagédhay bsutdissbassed
further bel ow &@ ursgﬁ%?lglllyd&gl d nucleic acid strand is DNA or RNA or a
nodi fied form(s) thereo following bisulfite treatnment or covering
addi ti onal Bbases whiletlciabls mépucml@@echttmn«hlsm&plalkw op & owditict fprm(se theieel

acids. 1t wll be @W&Cﬁl%ﬁg 1%'1%mccg%€§mgfadﬁlﬁﬁmﬂH&E@b«?wﬁ‘%éﬁm@H]egé?u‘? iuftl €

retai ned on each of the one or nore i screte areas Prefera € ]
rot at abl e pl at f sAtypilysosuibiag and¢iahk¢ids. clit wellbarppasiptodahat gorl¢sarfeherucd: adsbt ween

about 0 t o _5000mha Bt &hahARI.lE of:ehabARbe uRl-akhakm compr i ses bet ween
about 2 to 500 discrete areas which are equidistantly spaced fromthe

centre of the rot at dbtferably dbs srtgble plagfpin ipabspiiady cardy adahas tahdiagpigiret er

may be any g angleden .BOA b tbeso(dhw&&aﬂgﬂlct}&a&iﬂg%Eﬁoﬁrpco%{b%?m%&@a%b?
nunber of di screte areas, which or nore in nunb In preferred

enbodi ments t he? #i %(@r@%cé?t‘aﬁléﬁs‘”@?féald|C§*E1¢1P119%11Ye@a@ﬁ fres thejcemesgo! the rotatable

platform. It will be appreciated that the diameter may be any diameter, and the diameter
may be chosen to accommodate the number of discrete areas, which may be 2 or more in
number. In preferred embodiments the discrete areas are distributed or positioned

25  substantially evenly around the periphery of the rotatable platform to form a
substantially circular array.

Preferably the discrete areas are adapted to selectively bind, capture, or
immobilise a nucleic acid strand (e.g. the sequencing ternplate or the sequencing
primer). For example in some preferred embodiments the nucleic acid strand is

30  biotinylated and the discrete areas comprise avidin, and preferably streptavidin or an
analogue, for binding the biotinylated nucleic acid strand. Alternatively, the discrete
arcas or the beads are adapted to bind, capture, or immobilise avidin, and preferably
streptavidin, and in a subscquent step the biotinylated nucleic acid strand is sclectively

immobilised to the avidin/streptavidin bound to the discrete areas. However, it will be



25 substantially evenly around the peripheiy of the rotatable platformto
forma substantially circular array. Preferably the discrete areas
are adapted tg Szeolleo(:t' vely bind, capture, or immbilise a nucleic i
strand (e.g. tHES@4{Rhcing tenplate or the sequencing piS M?"”W&W exarrpl e
in some preferred enbodi ments the nucleic-Hcid strand is 30 biotinylated
and the discrete areas conprise avidin, and preferably streptavidin or an
anal ogue, for biannﬁecriged: tiha doeothemidtadsed: avaitdbl for mandbilstne andcleidlatiesnaidivel v,

t he discrete areas. or ads _are ad ted bln capture r,.inmmbilise
avidin, and prefer “?ig(lw fsr gﬁr’ e wn 15nnota%éu %gd (& erg'ft%wgﬁg B

bi oti nyl at ed nuehﬂeloaecalonrdmeblhanm msle&eakeetlandeb ylmdmm@blalaased to the

avidini streptavidin to th crete. are WO
2011/ 011823PCT/ Auzolg%lggb wélﬁ‘%?g P Bl R Tny, IR RSl V\I{h“/é?%“ble

avai | abl e fob i whwbint mgy aigp @quiwcl teaacneat:md»rcet roautidw ttlg: sae;da\smn echanaqtee&m The
present inventi t e..50e 1 stry,. . which can be enp l.oyed to
i rmobi lise the (rglﬂcc gp{:%a%l '3@0{1 ?b%v%ﬂ? ‘h‘éﬂ |msn(§:rO e dé“érthe“é‘“o ‘F“"a‘?ﬁ IP}{
appreci at ed by therigkihitledie pentson pltiam is figmdd siomas eolacraeamate ttheh heeptmcam abl e
S platform nmay Ir der. .t aII stretawdln
(or an equival eh%k%%er%ﬁ@tuw oF d& Igl?gélgggte&g gbg{m lthw3fOI ‘ec c|h\s/°éelL Bhd*or
adher e t her et 0. rq@airc examlf;e)t g rhdttnh@e Wmhemuathwwmtcmﬂstth,esuplotaapfalbdtﬁcm abform
is formed frgm 5, R0 YGALLRRALE LR LERLAY, i ng.to or
does not bind to this po Zﬁ,’g ”‘Fﬂ ?g?eo%kg;g %ﬁeéngélhgc'{ugctﬁgsaoﬁlecgéhd ;9% Ieﬁere a
coating of a mat@r heabsedtd elttrdtstth@é)l@(aw dicas Birnldssteptavidincta tas! p)oblylsthylrem of
10 course it Wyld o BRBk S AHERIAN H0RSKL Jes Ray ]

ot her than pol ysteytrug%e can be _us’g'dip fo create Strgl [ﬁl gcglgltoélhgerdetggﬂfdgrca%i
strept avi di n t oaBisnd’referablankl difrestie frorsecompeisit wddtyene pddpled to henbli the nwydiat ed
nucl ei ¢ acid stgang b%@el@g%vklmﬁb&h@ﬁ% 1Q,the discrete areas. Preferably the
discrete areas conprise a tfeatnent a&apt ed to enable the nucleic acid to
be sel ectivély i modhrseehodivanethe platf@rmeldiveinemtieris nﬂhPOb@Hell@hmOfNevmrof t he
invention is a Qle?r&g§@ghl%dlrﬁe%mthmm\{qﬁ 4uﬂa‘rﬁ<l: &ﬁk”é\&d&@ 0?”;39 QE&dBﬂF
platformis suitable to be 'cl eaned , say, nuclelc aci reuse in a
further assay. Fofedaxanpiier tapay-plFax Wm@ierﬁﬁg/ pbeomrwéedﬁlmdcérdmamlepl
glass. In one ephadiment the discrete areas are sinply zones or regions on
the surface 20 "of the rotatable platformwhich are adapted to receive and
sel ectively retain theénneetodinenpdi dissieiedids agpinmezags o 'agistsraaphavitdin. The
di screte areas fayc RebubIL@M Widtar hdbicd ¥ l@VEdNEISARE QR ARNY. as
the rotatable platform In other preferred enbodi nents, however, the
discrete areas HilStBed.sHald BuinErdpEyidighi Bl diyicnprnaebeasuhsinially 86t bet ween
about 0.5 to 10fvé fhe- sahnb tWoblapl%Easalﬂpr&&thlﬁu %ﬁtf@llﬁfit Int(t'iﬁel%tl'{‘%l:lle‘av&%huéngay be
any 25 shape, and that the wel %/ﬁ be any vol une. However, in view of
the relatively %wgre: alﬁﬁiu%te&oee%ela@e ghalhesy ﬂ@llmwwseay Epmprspiacygiume of
pyrosequenci ng Raey 9654 85S8Y 80 Lher et bs a%f &iAdARLAR IHRIGPREM RaPhl ynya

vol une, such as between about 0.5 to 10 | I n ot her enbodi nent’s it

cont enpl at et? t AP ' B wells Y aSnE SRl Ee-etlene s 11 aiextql Vsl lyldmlsswﬂ

portions conpargthuhOoft BeeslHtRAE &iifleatiheyfiQl ﬁ&l@ﬁhﬁ'@n@lh@taﬁﬂ{]s@/aggfls hdowefer red
enbodi ments the discrete areas are about 1 to mmin dianeter. However, it

will be appreci®t @Pehcopil At loat @ lugiee sish @bhﬂtﬂe%e‘ba‘ﬁ&’ dp dftet-edn ohershape

when viewed in gbadinéh@®W is contemplRe@ ik el Msctdieatat @taklven pt alfi@Eirhised
conveniently forned of a plastics material, however, it will be appreciated

by the skilied Pﬁ&i‘?b&%ﬂﬁf‘ 1o s TaraplePs wiaibl latosesi pl e, WO
2011/ 011823CT/ AU201DHQRA8S 3mbodldermts the discrete areas are about 1 to 5 mm in diameter.

However, it will be appreciated that the discrete arcas could be any diameter or shape
when viewed in plan view.
Preferably the rotatable platform is conveniently formed of a plastics material,

however, it will be appreciated by the skilled person that other materials are possible,



such as glass or quartz. Preferably the plastics material is selected from
the group consisting of polycarbonate, polystyrene, or polypropylene. It is
al so cont enpl 2{023' J}?t the rotatable platformcould al so be a | anm nated
structure. &Y'!1{8%& naterial which the rotatable pl RFTGHRPIOQUPS ned
fromthe platformnust be capable of withstanding 5 rotation without
deformation, and potentially withstand thernal effects for denaturing the
nucl ei ¢ aci d, asudi scgissed quartt. h&refdvgllowie plastics mhﬂaliﬂdmselmt@if gomede gr oup
enbodi nent s t he a or may supst ant i a uI ar
di sc, further CC%MPJI! ?%%511 ;g)l Ldl%%nché gg)lg%wne or m,r]()é)y QIR hsecll’ i/o S e{r%)‘]f?blltg form
for receiving vvalsft letafalblmmlomnpmhd ds@bescpumrmfeﬂ smmcu(renwmmfzwgeﬁt raa.«\a;al fvhiom t he
10 surface of t | atf or durlng Sfota

appr eci at ed t ha?ﬁoﬁ)gatéﬁ)ﬁeea@ﬁt? tOIrmcrcp Farm, ¢ the ?Id& i Hslubo L cﬁpeab pcy(lgi O\glélaswélglgfg ng
reaction is cGonpbtetiedwitivet dﬁfmsredororanv\@stt:maﬂgag@mnd therooht@ets foi titnatuniag

di screte areas gf\ ldhglcl?&d a(;gm{l% Cdt Iﬂ’?‘?p ve |l ong read | engths. Creation of
centrifugal force by rotation o e rot atable pl at f orm causes t he waste
fluids to be spun of Inspieppleatd aandlramls the roragéle tpdetionpr oviectt hma;hahcdl ang of
the 15waste fl ui ] d ternativel

reagents could Bgﬁls%ﬁ}rl]&%ﬁ?mm (ﬁ%plf %o%%pél\s/eebra . AL S(E)T)eé o?‘ ﬁl\(,:\qje ?fd%]e

addi tion, or justtipeaf &rectchen: reagleﬂméb bécbrar& suh fOIicwlequnlIuyJ odil lewhe@omothas to
i nhibit the heact o0 hd, rtamb odi Wl that the
total mass of the r o?alt b Opq{q%at fdg?r%l\tﬁnlf) |nhétr‘glglsbgggég&ﬁ%}tﬁg nal cach

pyr osequenci ng Ptéag@hm@elacrféteaﬁ@féhk pgosendiseraive ispogabtednic: whed os pusie of f
the platform af k&Leiae RN SARAMENGIAG LEACIORN deS BRI & SoniclNALAS QLp, 11
an alternative enbodinment, it may be desira at the rotat Iepaform
not include a tkeghh Grpeltiqrhel WO@@%@“W%W mtajipri ehthe hesatplde atafimecqpbatthor m i s
posi tioned be confi auued, bOsRAVE: e HLAYID i sPoed 6&9}8%9 el phery
of the platform Ssuch t hat 5vvastec y 1311[‘ dl\/\;#n ch arté) (r}# ]]idlﬂﬁhed%s{frt gce of
the rotatablle p}”ai’t“f@)‘l“ﬁﬁﬁ‘mﬁghgﬂnlwsd%lot atl on are caught in this 'stationary'
trough. The skilled RRERARY hamd Ile§ﬂrentW<,glnd %@%uh%?[htﬂ& Mﬁ&nﬁag %lﬁgk%& LY

behi nd pyrosequenci nq? appreciate that the nucleic aci 'str n

i mmobi | i sed to By&oH esé‘fdé‘toé’ ar dusbefay theeusess beore nafiigicady tiduiednpwe (¢ he
conpl ement ary ngiheine Bktigh strand. 30 Denaturing may be achi eved by any

met hod, however preferred exanples conprise heating the discrete areas or
even the entire rot db Al mppdimerinilb be aprserinecathal Be $eiflf ess ehtther totadebviat ur e,

e.g. 94 to 99C, piorRYwiBXRQsIs0ds Emlﬂhls@ﬁ&%@m&&aﬁdmtsam§9&&&@% (RERLRE to in
excess of 94C, such as a buffer. Alternatively, the discrete areas may be

exposed to a deHesi Aipncorpediths platipnm gficr carpRsoEIUsAENL BMpidngh NgmMNaCH) .
Q her nmet hods inghdfele, in WP MO LhBEBRGT/ 1“‘1439 30LQQA95Rat the rotatable platform

not include a trough and the housing within which the rotatable platform is positioned be
configured to have a trough disposed adjacent the periphery of the platform, such that

25 waste fluids which are spun off the surface of the rotatable platform during its rotation
are caught in this ‘stationary’ trough.

The skilled person, familiar with the techniques and chemistry behind
pyrosequencing, will appreciate that the nucleic acid strand immobilised to the discrete
areas may need to be denatured to remove the complementary nucleic acid strand.

30 Denaturing may be achieved by any method, however preferred examples comprise
heating the discrete areas or even the entire rotatable platform to a temperature sufficient
to denature, e.g. 94 to 99°C, or by exposing the discrete areas to a solvent heated to in
excess of 94°C, such as a buffer. Alternatively, the discrete areas may be exposed to a

denaturing composition (e.g. compositions comprising NaOH). Other methods include



- 13 - heating by infra-red or equivalent radiation. It will be appreciated
that the rotatable platformshould be forned of materials which are capabl e
of wi t hstandi Og&ﬂ denaturing conditions. The rotatableHg{atfornrcould

al so be enabl €0 P6"HEA and cool so as to hybridise 5 orPTENEBHY ¢ he
captured nucleic acid target or to the captured sequencing priner. In the
case of pyrosequencing, once the dsDNA target has been captured and

denat ured, a sedw@mgihyginpairaieer cbcslivakdnieﬂdmmmhytbmlkjbes ep[ﬁ@uitdﬂlethsrsm%toﬂable
alternatively, i.ged to apt ur ed seque cr

in this case thgﬂ@gﬁ%ﬁ?@hﬁﬁm M?Pb ﬁf&guld EL %P@% gufﬁ rT*gEy
structuresir1tt%m@mﬁ¥w©mmumthen cooled to hybrldlse t he 1OSequenC|ng
prinmer to the i mobi tarqget. appreci ted that. heating
t he chanber nay add i%%@mﬁ%@lgﬁﬁ¥%éo%%dk Beﬂpked? ?ﬁ éﬁ?d@‘“é?ﬂg’dmhen
relatively sﬁalblvomum%%wo@-m@agﬂmm@daa@du&eﬂommdxﬂhmnhemuwausgqhﬁdlby
sui t abl e nmeans qQn N..Qd..quer! to

evapor ati on durﬂﬁ%dgﬁn%%(X%#&mubhgggng#E§¥@%ﬁ$r%%Ieﬂﬁ@qﬁgdén%gﬁﬁrlm&ﬁomm
to the 15 artrsaﬁwmmh@anmatuwekwduobmaﬂmwat%ondneﬁgeWMmoauhd be salddads t o

t he captured ssﬁ%ﬁ L: th uff H added
to reduce the p tggg% ﬁg&%ﬁﬁégggfﬁgﬂg ﬁnﬁgggcﬁﬁ “§8wﬁgﬁé?ﬁ§“%§% f to
the DNA target. h@ﬁ@éoaﬁmeaheﬁﬁﬂwheﬂpkmubumﬂemﬂmﬁ&abé“spumﬂofmtwbuMasme The
skilled per S6n g\éqlultnci%pg%@%f‘ L%ttﬁ 1nq%b{fi§Wta1@gtvant ages which the present 20
invention, in various odi nents, 1s capable of providing. For exanple,

t he present |nventro%\ehdwlewﬁawkﬁn@WeagedzMaséwneadHMEngdhomowmanedh¢o
prior art devi C@(ﬁn;@é@y %@%Qﬂl%ce I&cg&ﬂé@eﬁtw&% EQEI AidmdBl hé) ggn NAUGE e
pyrosequencing in ) m crocentri or simla reagents
are added to th@mﬂmees§e&déﬁﬁwakaK@U;demeeweohewsequemoenoh@ﬂhaoBmmﬁ
present in the &HQ&auJ$§h C&@@éhﬂ%%ﬂﬁJe(ﬁ%¥%gm%ﬁz EAERE 1Al H¥1&ﬁtgqﬁ:
reacti on containing t In reaction enzynes and
substrate(s)? Tﬁésﬁleééﬁlﬁowebsd@é‘rﬂfaoplrré?dcqnh caul@be eskdedsp e lchptpkd s N A !
plates are heat &d,{.28C)iARd t}émm@@ of MWl BG1ch @ACHHQ he ﬁr\%? mewﬁ (YRl umre

of nucleotides added is nmore or |ess eq urea l'ent to the

evapor ates whi cildgex! e tequensinetprimg: & lhﬁ DIV teeetopntmnrdétalethﬁoﬂ bﬁﬁﬂt mae but
in an accunul atpoBuPbirRypLieducts. The prior art nethods suffer 30 fromthe
drawback that the read | engths are conparatively short which is nost |ikely
based on the accunull&fibiledfrcgery el athivtsaiafsr beuptny, advagjageg erfechathedpibsent he
activity of 24 heinaRyibRSE varlhie cRbES M, '1@&’&%551& Qir"}ng@gi%o Nottg, Q&In%lo the, dlpnpacks
known fromthe state of the art, since the inmobiliSed nucleic acid strand
i s contacted wifFENHOmGBIbEStANGECCrR Dpwnishchiargthnersipesd tdesion grtydaiicesasndal
reaction produchsh@nd my-RiAMUetS akemstbaedugnt }Syloy\guemmo in a 0.2

2011/ 011823PCT/ AU2010/ 000953 - "14 - substantially renoved fromthe élscrete
area as descri DBEOSHBNREE tuhe (g gBFap angreagents ag| dlgedpst therialtel seaveasiplbdtobef or e

bei ng cont act eciewct meascguhseqant mMuc! Rathds MeARNtThel Aucre%n&&nlr@fm&@rt ed
t hat base read Iength of in excess of 300 or 400 bases are possible, and

wi th i npr ovehenteepdlyHe egtscyonetngmtinaine YN hirekedies beffer1aiom7yaesesd the

SFurt her advant@@@lﬁtev\ﬂ) | TheR@acBMI derﬁtfortn%dtlh'% %kdr |2L1%llpﬁ£t§0ﬂwe TANBNE e
clarity the |ng§$£1 ovrdes relativel | er apparatus than prior art

f1owthrough ¢ Al furipg Fhe fepg i @? W%WQP@@P NYSHOEHES jaddadys more

relatively fastglessefianai dghd NAMPFHOR cAbbratBWRRASoaNd: #eMi Heiiuandyt hat
potentially | ower vol unes of reagents required conpared to the prior art. A

further IimtatToRedP" JHIBE P4f i Sratgigydation fubyprpdget 1106 drigr art methodstshder of 10

conducti ng FNrQﬁQQUﬁQE&ﬂgd;wﬁl&BQuMQ&%ﬂkQﬁQc&hﬁ@nﬁ@?qﬁglRﬂkhQﬂ%oQQﬁﬁE'On
cycle, i.e. e?%ﬂdltron of one ?gcleotlde The tine needed for one

reaction cycle 8P YU Of BRI CBEIhISIUSH: &6 exsISHHIFE DY HIViIE obsed on
the time neededpjnoscd G@E pdenainkentibe déc fad dlicN@e BGHRAL kales Rfm thBGtaRIEWe0US
reaction cycle. fter conplete degradation of substantially al

r emai ni ng nucIéStFﬂé% i PARISFEUEGS geshstangnis Pepecd dthngipeclididee i de 15
is added. It wirdrhaikigy appioecdsat edllbhal rdafiRndRRRAERLMBbASONREENs e asduhed
enables the renai ning nucleotides to be renpved at a nuch higher speed
(i.e. via centrifugation steps, washing steps). This results in a much
shorter cycle tinme for one base being incorporated, nost likely

approxi mately 15 seconds, thereby creating an approximate at |east a
four-fold decrease in run tine. 20The present invention also enabl es

i nproved fluid handling conpared to sone




prior art devices. It is also possible that the present invention could
provide increased sensitivity conpared to prior art devices given a

hi gh- speed ph dplier can be used instead of a CCD a

Pyr osequenci ng&?@"'g&“’gt hod of DNA sequencing based on th%cr/%lé&t?@ﬁ'@ﬁ%g by 25
synthesis' principle, which relies on deteétion of pyrophosphate rel ease on
nucl eotide i ncorporation rather than chain termnation with

di deoxynucl eot i dekstantigbquencidignbjie dynethesh s$ ddseribodl vlesettbvd(dlmtaatst nglse
strand of DNA t , n e si zkn =
strand enzymati %gpﬁfﬁ§$%§%§gﬁﬁeﬁ%% L(;}'g%%@w heslb t%uenli Wq%)rra%t“é‘“%lasetdlbon
detecting the a(}t)ill\?'lirlplyled)ﬂhdab@NA@d}ddtI;gﬂemalse;xwas M()syﬁtt)hessezung)oentzlym)l by
30 detecting aJ,ga ¢ dd| tion reaction of
t he DNA polyrrerasle %ﬁxanmﬁ{\%%my%%hﬁlﬁ%g&gr a %fl? erent byproduct
dependi ng on>Sx. x cahuglesglvorlahTR)ll b¢ eviddneloRhe gelbguenai. rgweeadiriobnitt the PPi
is quantified usjigian, eN4XTE r AL b I ouo R Fve
2011/ 011823PCT/ AUSGLL/ BOCEES f‘%ﬁp&qﬁky\@@%‘?ﬁ‘% REGELF R b e Qg ven o,
2. Luciferase: [ydief ediantagesATiRie 30 Qeihiiatlyf @i’dltlﬂel.‘ﬂ' fRRir seqldnging tBan pr axse'
degradation of remayniag.dNPs,and A f I , r S
reactions knownll n the aret V\Sh?nc Hmf{g@mﬁg 15\»2:‘? vm&g%%[tlp%e&§§eqt' lhedett()) SF“S%Iucts
like e.g. the ué‘éfhéf’“@FaDK/‘(fpﬁbﬂsrblh@tewm Oprw‘em‘eh&elumdnaM)CUthmmhoamform
PP+ PEP + lﬁlvpc,oﬁugﬁﬂo%ﬁk u@ndbh-lépts thc feHE Qll}l@r 8 (dr Qﬁe R:X&Ioﬂ%gclé e”%%, be
detected by e.g. change’in pH or oth er det ect abl e parameter ch he

' sequenci ng by 8yhtMediose metdebds Thaymancedehen pnﬁeﬂeyctlbecrbépsledomﬂateb@cﬁ@ ng
the activity of saoRNA LGRS daEECE hAgd 3n WRAG: amdéay que; | mer
addition reacti (S)Lnoof tlﬁe DNA 1l gase. leSﬁltta met h tg sQlar eg‘l{/\%i léﬂﬁrg\% to a
person skilled P¥fleidesapt the previouEsigetipn adyehy, inhse afyeit lsowplatel dsgsadgéuefci ng
of a single st r@tﬂ)@tdﬁﬁdll%m@%mﬁﬂ/ﬁ&hﬁét’lék BOHL Bt%vﬁgsma&ﬂg?@}c% Me &k ?{u@eo"l’i ong

it, one base pair at a tine, and detecting wh base was actua ded at
each step. The tewdrhtle Weotppteﬁ’éteéeh%elh@dﬁ@wpwsl sreherei deparibbd Ietl@eﬁ thand

sol utions of A, re@nam@no ﬁ&f&)@(‘ks-ll-o rt‘»E'QJx%%UQ@% AR }ﬁ‘\qg?dpe@@% 4 &Py c‘ﬁgll&étmr@f ter
the reaction, sequentl ally. &t is produced only when the ad

nucl eoti de conpt'éite ﬁt‘é‘”tgh%%ﬁ Ir t?h‘ﬁ‘eil ip edmpehs Ehoﬁfﬂ Paleebme fort ¢re hdetnbftlw e.
The sequence of inaslg@diemudseBitdHfHr (Wﬂhcﬁeh{ P5 QURE, ﬂi@&@}cér@ﬁlng an 'aﬂﬁ‘@’!u%ate Gt 9

chem [ um nescent signals, allows the determ nation of the sequence of the
tenpl ate. 55 DNACRS AP dd HeCrq35p i 8% t 0 a sequencing primer or vice-versa

and incubated wth tine pRREH BeniINAIROLNKPB! BSBovedMlidi2Rind B0t éo%QJCIiXO AR

sul furyl ase, luciferase and/or apyrase, and - by way of exanple - wth the
substrates adend& Al BvigHodbiicdlPaiile fhapdy Pt inyertioacpyd parvisringressed i on

cascades provi dicAgtiatydemgstak Iﬁloﬁhlgﬂ@vlmeﬁgﬁeﬁ\@h o JRWBn Ot RRieR LA (RARed | N
broad overvi ew, mg%/d%ze%uenm ng follows the follow ng general steps: 1. The

addition of one 1‘1é1eoxynucl eotide triphosphates (dNTPs) or 25

sui tabl e derivati vepyideueeingi® athi@nduel BNE B&icHcisd pAREH of &Es@funcinkhg, DNA
pol yner ase jncor t%ra tes. the correct, conplenentary dNTP or its derivative

onto the tefbl atBhesihiPERCIPlS) wWhigh &ligy, P'bﬂﬁﬁ‘é‘ﬁﬁé’f SYOPBIsphay sleatsi Yritclrbda | vy .
2. ATP sul furyl .a&;emqua)ntrmhat thMethsic@mvigitos AR ditt@x Ricoddts s «ARBedcidogger s

the synthesis” involves taking a single strand of DNA to be sequenced and then synthesizing
its complementary strand enzymatically. The 'sequencing by synthesis’ methods are

based on detecting the activity of a DNA polymerase (a DNA synthesizing enzyme) by

30 detecting a reaction byproduct of the nucleotide addition reaction of the DNA

polymerase (DNA + xdNTP -> DNA,, + PPi or a different byproduct depending on x. x

can also be ATP). In the Pyrosequencing reaction the PPi is quantified using an enzyme

cascade which generates light.



| uci f erase-nedi ated conversion of luciferin to oxyluciferin that generates
visible 30light in anbunts that are proportional to the anmount of ATP. The
| i ght produced in the |uciferase-catalyzed reaction is detected and
anal yzed. 3. US4 at ed nucl eotides and ATP are subs&di¥RPI98¥gr aded
by apyrase or other suitable enzymes. WO $%011/011823PCT/ AU2010/ 000953 - 16
- Several nodifications to the classic pyrosequenci ng protocol are
wel | known in the arSulfanthsara@Sweblti -—siirted,o be performed on an appar at us
according to the present invention..Sin he 1i . _produced in every
si ngl e nucl eoti de ?'ﬁ[éégr}l%ﬁbrea ‘i“’%\”%f@%ﬁ? ﬁf’%blgtrntnﬁo éﬁf@qt he anount of
nucl eot i des i ncor pdrityeds: dsgtndaaibh ef isofitingdSTRY dndwsIPf or 5 transformati on
the generated light information in a specific nucleatide sequence pattern.
| n-class ¢ Pyr ol SrEhinh TR e B Fhiir i DRGLA VL S R RO v By
Furt her nor e, Ssaite byfr¢daers dikpref. ehabiky oallPOKs (fhosphvdrel guandte fdildatst)onhiof
| hcor por fatl on r%‘tarlls?osn quin-?- B +%%u-l> QAR +aA¥‘le%?|FfuI'tﬁ"1‘ 81‘Sclt}tlc! t())ynlso'd Ep%a
present invention cont enpl ates sequenci ng met hods that eomr "8 tHe™sY eps
10 of imobil i $¢Agedidieyreye biginge agiticortodrplcadceblepabameseduesns thedseqidneng
sequenci ng priner and cycles of step-w se nucleotide addjtions. ilst the
present invent ingﬁ Sﬁggesﬁenéﬁlg%dfe%I ald"fe?lénéve\?ﬁ P Hdrsg‘gﬁréggut%‘ggf&er %@é‘é&%idﬁ;‘} it
wi || be appreci deeddtthang t hecpmdygmoducimselnt fromer rglidingoactisedfiithe DOA lghiver
nucl ei ¢ aci d,seqgu: i em. St i n r.ticular such chem stries
t hat benefi ﬁ Dfrgﬁr:%?agféf1 %hvf/)%? %?350591#]%?1%0?13’%&%?@%%&“ glgéu?)'l id phase. The 15
present invention cassaltigly, atoinktedr tlaiwn efjudnhieg sif epsinglef eranédbft DNaAbbwe, or
at | east nmake tQem.o; (o) i )\ uenci.ng. requir th <
tenplate is pr eg}gl.nteg%gﬁlféo%\aﬁ%%f%%WeS%%?% %o'ﬁ’e&lﬁ I%g?ef p%?rﬁt gﬁg%e’ zsng't@r ‘\i/%%%}@
capture dsDNA awdictématuas ectedly dddig BNAc gerl v emgBRNIYA bothe exqaernging prineh  an
anneal ed Sequenﬁ'i&ﬁwBﬂi‘z[@EﬁnJ &)"ﬁg]y)nsf &rA,Ry,r(%Sa%%le?%hgg%id&h' 2 a& ehrgh(ﬁl?etlﬁoggd the
need for a separate isolation step. I'n one enbodi nent of the present
invention, the risrdbabastipl acduontimipalizhieisugredictd oglenehat detdddeds sRMALBY, e. g
.+ the additioneof, 0. RNAY MR« QhpH0E VIR STl e ol i e HIRCL A of aadec
degr adati on of br e%ceré]nt%alﬁﬁt/ one o tﬁ)e ﬁ*s%ﬁﬁt st rl.axﬂ‘as'. ; aueti&l%p%[c(}d |edcal ly,
t he person ski | iustbolidestihéchamedugpdd et tablvdégngls angl chdvaituntiprscanesignals higwishihough
DNA sequenci ng” 4dkdH&S of (R seGXAPLE the AelREBOL Oh AT IRDBRIE! s 2y BGuifk a2R
nucleic acid tenplate or.oa sesﬁgae%nci ng _Bribrgjgrl, ‘hfllgriAdligang thé 1prl?ems\r To the
tenpl ate or vi c¥AYEFSa PEME" Perdeorrn anpintybetcd veditz wdyssrihe oplymierse and
step-w se Manned, i falyherPLERRRLE, RPN &P JeS BRI ebPywENEr BURLROLHES
include, for exanple, optiondlly with a strand extensi'on term nation
moi ety, such asthasdisdeeaicrrsinediphohesubipe ( OhRlany lusifeét dhabretipagetudte. g.
Sanger sequenci fgdidinfa UMELRR! < MHIECLE Wen R S §RURREL NG method 30  enbodi ment
conprises the steps of: incorporating a |abelled nucleotide into the
extending priner stdah@ad pyenty-Pylomyuetsesiipioosperaiednngrebtitnde; and
removal of the stiangeext@PSioPHnt &IMhOabOfoRPutleliRNGphABRkesSQINIBAL ot he
extending strand is ready for incorporation of a successive nucl eotide.
2011/ 011823FCT/ AU2010120b0dBi3atvey gharcof to the Tadeiparidotiragkitymuigei nlenBNay t
woul d al so under st apdiytRate fhbGpd@EMhe EoRM, 05 R IMg PNANTPAHRNEI NG vel RG] Udes,
for exanple, nucleic acid sequencing by ligation. It would be clear that
the term "nucl ei c aéicdeBRigitertitiglenys Pirgeidate (dahpeiriesctismisoi | i sing a
nucl ei c aci d t enpbatagrodul@rysR8ueititadelPrcoMRls PRY Y iAdipSi Tigs the Rlobérehind 0 the
tenpl ate or 5vice-versa, followed by successive rounds of DNA |igation of,
for exanmple, |abell dpgiferase-mediated convérsion of luciferin to oxyluciferin that generates visible

30 light in amounts that are proportional to the amount of ATP. The light produced

in the luciferase-catalyzed reaction is detected and analyzed.
3. Unincorporated nucleotides and ATP arc subscquently degraded by apyrase or

other suitable enzymes.



nucl eoti des or short |abelled probes. It would also be clear to the
person skilled in the art that the present invention cgntenplafes any DNAd
sequenci ng ne whi ch conprises steps of nucleic acid i mobilisation an
stgpmjse %ucl&ﬂ{g &4 ti on and detection. 10The per sonPSKM2PREYNS the art
woul d al so understand that the term"fl owt Hrough DNA sequenci ng" incl udes
all of the above nentioned techniques. also In a further enbodi nent the

"fl owt hrough DNA seq&@mmﬂngmﬁmﬁbho@ghaSMGESWNBdimh@n&Wmaﬂmy:WHChudaihhe

use of enzyne(s) of the p at f

further surface }15& HFgllPt ) c@ﬂl S%Re“{)gem %J’(ljgmérrl\e t fe® fPrpflacué %ot O“P%Q) {hﬁtpf%?“r‘n
e.g. on beads 153w aneenbﬂhﬂuqmmmnxbmwayntha@emhéunda1mmnﬁmﬁﬁndwp1s
enzyme(s). nt d aspect. the.pres i nyent
provi des a neth%d%)gﬁﬂgéh h“f@%ﬁ“é%&ﬁ@ %ﬂ% o pmdw& uudéeé%PvredI%ﬂU!
met hod conprﬁ5|m@nﬂMQmsmems“@kapHQMUdbnguanpiauﬁahnmad@mmdumgmtepmhel
twentieth aspec o] I I nucl ei c. and

bi ndi ng partnerq%ghg%ﬁéwgﬁéﬂéggé abagﬁgQg%d§ %gﬁﬂge w°1?$e?§“%Am’ch§“dr

i mmobi |'i sing a nefered erdioildy stlpandort tes@iadiidihser el éncameationpitioonel iniked
denat uri ng and Qﬂﬂﬂbﬂ y xﬂﬁﬁggugpentary nucl eic acid strand, annealing a
sequenci ng prin@ Iscrete area; and contacting sequentlally each
said discrete area V\Tl‘tdml@blstenvcesoroiontceagemsm@@mwmrdb$hangomgnszrthc@tcpand/ or
C nucl eotidgg o SR t | glhde analg )

bet ween eacﬁ§orggﬁnﬁﬁyg 3?%;%%%K§%¥fﬁgl§fgy&A$ é%gi sﬁ%%nmn ??‘nﬁnsuch

t hat substantlaFﬁvmaﬁyﬁﬂéﬁ%ﬁumkk@mmum#@amﬁedW%éag@ﬂnnﬁsmsuh@nmmthauH%m
centrifugally F eI i

washi ng step or enz?ﬁg{ﬁgﬂpg gﬁ&g&%&%g%ﬁpéﬁ g§gﬂlbe‘?gﬁ%€ﬁﬁmu99&!8%%%t
residual or unr&uetied iy degenful fonoger diaric 1 eeqreneine phenhibiries, a@cbeqtal tichigr
present inventi annRAQYkAESHA TR OG0! Qﬁownsmt DirRRANENG 08 ﬁdsé el eic
acid strand, said nethod conprising the steps o provi ding a atform
accor di ng téSth@eﬁmbﬁW?u$ﬂF@tﬂﬁgb@@ﬁﬁﬂﬁépéﬁﬁwvé$ykmﬁﬁé?ﬁ@VGﬂthhvbnhkslng a
nucl eic acid stpaRdmbQ SALhi éill'tsclfﬁ&@ RAERE re Yx\QesZ%tll %&%@Eﬂ!ﬁgﬁ%@h‘300953
- 18 - optionally denaturing a renvvi ng aﬁb onpl enent ar I c aci

st rand, anneal|ﬁ§mém%bdbéM6NN@LW#Whﬁmdbefﬁh@SﬁiSﬁﬁﬁﬁehBNéaﬂwaﬁﬁwwbh&att|ng

sequential ly eagbne@id 1ol SGHRIAL B @@m\ﬁ’let Wit ad §hile8Bd Qéquérﬁ%%eﬂgﬁu ready for

pyrosequencing, thus eliminating the need for a separate isolation step. In one

"sai d

20 embodiment of the present invention, the rotatable platform may be used to generate the
ssDNA by, e.g ., the addition of an enzyme or enzyme mixture which effects the
degradation of preferentially one of the dsDNA strands.

Specifically, the person skilled in the art would understand that the term
“flowthrough DNA sequencing” includes, for example, a method of immobilizing a

25  nucleic acid template or a sequencing primer, hybridising the primer to the template or
vice-versa and perform a primer mediated synthesis in a step-wise manner in the
presence of nucleotides wherein the nucleotides include, for example, optionally with a
strand extension termination moiety, such as a dideoxy moiety, and optionally a
detectable label (e.g. Sanger sequencing). A further nucleic acid sequencing method

30  embodiment comprises the steps of: incorporating a labelled nucleotide into the
extending primer strand; identifying the incorporated nucleotide; and removal of the
strand extension termination moiety and label so that the extending strand is ready for

incorporation of a successive nucleotide.



conprising A, T, G and/or C nucleotides or the respective suitable

nucl eotide 5 anal ogs, wherein between each or any of said contacting step
said pl atforwsorlzot e};t ed such that any residual or unreacted said reagent

i s substanti aMQPtEAH fugal Iy renoved from said di screti€ AHBY000095, 17 i g
aspect, it will be appreciated that the diYcrete area already has

i mmobilised thereto a nucleic acid strand binding partner, and ills to this
nucl ei ¢ aci d strand bhnghirseg skillpaint the ert watd ddvendusthel batabe drst“flawdirough
selectively bin A AR, iopal hing.step or enz tic treatnent
ray i ot ove ¢he Pty nERUL AR R SR8 Rl PRI o PG

enbodi nent t he %$eglrenthitahe cont“actdingris t@percogpyi lgetsondicomerises immobilisinga) A
followed by T f and then fol l.owed by.C nucl eotides, fallowed by
158 agai n. et o; e et R0, LDERE b e B e K b AR TR e e R T e
and t he m xt dr e vaddeda, dglaiwed tet siccessive roubds aroN Aeiza@mbadimentmgeclabalad d
discrete area i, GoRuasked, entially wwth a series of reagents
conprising A T,u %EE%/OEJE&C&%%E{?A;%F% es. The sequential contacting step nmay
conpri se one of the falobtbwilsnge 2Bato)theagbonnddledat ideutahatithespraszal iogenitisn added
separately and g thally pl Si or e rmned order, b.
A+T+G+C nucl eot i'( es .Qrt Sa?n}/ gye%dgﬁqé?n%%ﬁeléao?cp ggcﬁr%ﬁ{pgﬂ%sﬁ?pgoﬁ ?uﬁit;,eiscedcé% e
added as a mi xt inwobikgaton dud swpwisenelatddedditigaiml deerdon. The sequenti al
contacting shep a.) f RALL LGHAL e MSELWL f8 unbdi& RVEA ¢l

met hodol ogy, and the se%uentflga% (r:lc;nbt act iong ‘st é]|8 .3IRL|ts gg{l{t’é?{guhg‘%éﬁﬁeful
if labelled nucPdby jdemcar ingtudpy gbdl the bdveasertionsl edwamty. yalkabeh If@ther
nucl eoti des whegg,Lagh i *ARehLED WA (@ uBicd e £ oddVE - doscribe iy be
appreciated that the entire ms'tlﬁ)o% ?ygtAl t?%qruatclinﬁe i n Otgélf t“%célbgdeajarglﬁ\é\%d}lof
nucl eoti des nmayinsEdadgeade phermyesr Beedhilired oortkesuriasrplothe aklwyfor enédi amed
conbi nation 30 rgRd &h&SEAHANGS: RRGRTRE of RULILG She PUIRET . Of of biRS @s
required to sequelnceb thee. nucl ei ¢ acid ten}()) etlt.e.u For extéﬁ‘ptfq’:g, 5\2 gint %éand C
may be added> onMyichereamifishin aitathitehr i bad sqihenzadoht age of this

embodi ment it _th_at tAUC&‘in[gQ&Q%ﬂ%—s@&%@q%eagh%q&\@ﬂt A5 ng}@vig&taerﬁédl&ﬂbr as
fewer base additions are required. WO 2011/011823PCT/ AU2010/ 000953 - 19 -
Preferably the fBt¥dae srvemBLohY BildiOid Yrrhed peipd Paesisingehesteepolof
anal ysi ng the nucl ei ¢ A%k SHEARA lldido AL Al kg, each said contacting
step. The analysis can be any analysis however it will be appreciated that
in the context of pyPBdwguenemalitines andeiysrid ssandppinbreppargessioisaidebstvtsst ep
of said anabysis ideqkhhd Men tQiNEKbinbBRS &r RALSbilidhd NeucRic RULhBLS (PGIA
strand by correl ati nﬁ_ the output of Iight with the nunber of nucleotides
whi ch have been inco POFErEd to the nucleic acid strand. Al appropriate
and suitabl e techni capidiBRs HE@fiihP aflet@Eividshfy| RERRRAGY ARIRS 2 RHpheot i de
may be taken by the artisan. For exanple, a suitable detector for detecting
the light produced by"CHESASERIPGRE NS \PROLHEF eicplaer. 1t will be

appreci ated that as theactint at@h@np! atf Qui bigcr&®t At dithNE series of reagents

25 comprising A, T, G and/or C nucleotides or the respective suitable nucleotide
analogs , wherein between each or any of said contacting step said platform is
rotated such that substantially any residual or unreacted reagent is substantially
centrifugally removed from said discrete area.

An optional washing step or enzymatic treatment may improve the removing of

30 the residual or unreacted reagent.

According to a twenty-third aspect the present invention provides a method for
conducting sequencing of a nucleic acid strand, said method comprising the steps of:
providing a platform according to the twenty-first aspect;

selectively binding or immobilising a nucleic acid strand to said discrete area;



10sanpl es pass the detector, preferably all the sanples pass the detector.
In preferred enbodi nents, prior to contacting the discrete areas with a
subsequent re&ﬁfﬂguﬁach said discrete area is subjected to a washing or
rinsing step Q&5 ni ng reagent. The washi ng reagent?HPBEOURY 1 eagent
which is suitable to wash off residual solltion fromthe previous
contacting step, preferably to wash off 15 substantially all residual

sol ution fromthe prestioudlycnttattei g rstepng konweverigmdnmra npeleé eridestrand,
errbOd! nments t h.e was hi ﬁgeaﬁiggge—nhenlcﬁwt pueﬂelbtl(l)ftﬁee iscl‘eige aml; aCQI the fol l ow ng .
reaction step i s perforned: The ma§ﬁ|ng reagent nay al’so contain washi ng
enhancers, such as - doptapeng efjuaexallypleeh- sapyisase, aphosipghat ssies otreagents
Sui t abl e washi ng reags arewel | known to the killed artisan. 20Preferably
the rotatable pIatfogﬁﬁﬁggﬁﬁﬁgﬁéé‘égBrgﬁpg%%%FS%%wfg?pe%%%3%%@%6”?%%”‘
reagents and3Ssai d enzappiegs, Wbrreaxtampler cath dvetywebnidbouctidOsi¢posaRDPatfpmis SO as
not to renbve reagent dd t.o .t i.screte area:. and the platformis
rotated at high speedéﬁﬁglgghdﬁgp%lsgﬁgglh% &ﬁéﬁ?ﬁgg?gé%%ﬁF,“f%&“@%ﬁﬁ%|e at
bet ween about 400 to QOO0 eripmembiovdicar said discwitd drebe appreci ated that ot her
rotati Ona! Speeﬂ?.thq{ & chsﬁlxg}lebe gpié%l gldstﬁﬂslgee%sa@ Va?cat Q? a&ie@%t LS i.séé ep
may conprise heating the nuclel c TAci d strand 1o effect  dama uring, or
exposi ng t he nuélewica ausial avid duaakd biodied paracedndid]s tothiexpbsi wvg! thed hiudhei c

acid strand o gmﬁgt%%pgﬁngﬁgxgﬁSQ&M%Q%MHQIqkﬁhure. In preferred

enbodi nents the net . I nvention conprises the step of wherein after
the nucleic acid st réahaptiogaldexnking flerl ot ¢ieyraivpiceiment apyinprovgrite fegoriggoved 30

by a rinsed step.WdRad: LhiskdG.d.ca9ent. Preferably each said

discrete areas is prepared for edch said subsequent reagent by
substantial |y dryi ngnsag eniydeanethe segpendis! doytagtogatep epmpisesaihdr: pl atform t o
centrifugal Iy renpyex aiiywbes) fidonkEBIENLS 1Rk &hobbRby EREHE TS tally
reduced cont ani nat%/on v ST TR SR RS o b deg ot 250‘?‘%2%?
discrete aréd withaginekgent, preferably substantially no contamnation of
said discrete ar ) Y)A-It'ﬂl(ﬁzdrﬁl@@a%s are added as a éﬁ%&&é,%@Qlemx@n-eta\’i@éatdai&%‘rﬁt h
aspect the present invention provides use of the platformaccording to the
twentieth or twenty-Ipiapgheragiedimentiegeh sidydiesiet nepads pneicsil cearenerl stihand.
According to a {enbMeddehts RoASREGIA IR RIBSI’RNbudIUERT AP (RILOMIAS Rukd t
conprising the platformaccording to the twentieth or twenty-first aspects
and one or nor eS'tRBYEIYIFTC SbGEENEMTY a nucl ei ¢ acid strand.

According topa twehto)chSiutlhiRIP @S hndid}eis RS & Paraddy &It QR nRIQVH A&SaRRRAT at s
for 10sequencing a nucleic acid strand, said apparatus conprising:
apparatus for r ot at i°ChBFe4ATBINSH 4t%Hr m accor di ng to the twentieth aspect at a
predeterm ned conblolhablie ldsiesiaeehesl pRuGe ittt 80atd SBE&RES these are added
optionally an apparatus for dispensing a nucleic acid strand bi nding
partner onto said difStPEtECAeds MR HiiserNsihg sai d nucleic acid strand
bi ndi ng 15part nefe t@uaid cOhisGnet feprhgas; pLbulLRakleyul 2 ARP Yy Rk bttef Ao

di spensing a nucleic acid strand onto said discrete areas for selectively

i mmobi | si ng’ sald"MutrE Patt dortiangoriaaisgr dvst mattsaresciuloplaeiid 1y an
apparatus for degebites ig vaidd OREH QTRbIYCch@NRYEIRE n@&IbHEATIHRTRBE ANldheMKC] ei C
acid strand, ZOa%PanﬁIps,for di spensing A, T, G and/or C nucl eotides or
their respecti ¥ adiflerentdye.

It will be appreciated that the entire method is iterative in that the sequence of

nucleotides may be added in any predefined order and/or any predefined combination

30 and the sequence repeated a sufficient number of times as required o sequence the
nucleic acid template.  For example, A, I, G, and C may be added only at a known
mutation site. The advantage of this embodiment it that this procedure speeds up known

mutation detection, as fewer base additions are required.



anal ogs or conbi nations thereof into contact with said discrete areas;
apparatus for dispensing a washing reagent; and opt i ongl ly an
apparatus for ensing one or nmore enzynme solutions. According to a
t\agnty-sevent azs"gléoéfszf he present invention provides appdr Téff‘{?g”’g‘
sequencing a nucleic acid strand, said app#ratus conprising: apparat us for
rotating said platformaccording to the twenty-first aspect at a

predet erm ned cont r oPte&indbly thxsemcﬂsﬂlcécmcalbifﬁtlnmﬁaﬂwxommipxsqseecdStep)pt mmnainhy an

appar at us for di }Ee.p : I% c dgld tm glc unn dn%?or gftesrt d(% sgldggﬁt?cu%gatlc%dfdhe ‘18?1&% ﬁéﬁé as

selectively imo sin nuct erc acid stran

30optionally an aaqopm%tsds)wrbml idefdabaiappngiagddhoph |thma>hﬂcyt olegyonstqugnany the
conpl ementary n % c..acid strand ratus for ensi n nd/ or
C nucl eot i des o%ﬁ P ehetipayE |mveedué?1[a‘$ 3 jald dndl?lbrr%ifnﬁhﬁn%ﬁ‘% n?’ﬁé’??@f‘“ ”h%
contact withSsaindcleir %lﬂetl@ndab)eaqueidtlagm&r <att;u$ of dightdwistp éha siumperaofnasebtidys

reagent; and V\Q/h%,(?ll};aég %&%%g’f 15%“%2%%9/ gucq ? gfud %g‘and Rﬂtalgglr(l)g‘l:latg fuhcp suatgﬁar at us

for dispensing one or nore enzyme solu e apparatus
for rotating théecphigal frormmresstoadeatmmt g, mamszbulttme Ppreedetotidd meyl braalahlkqntab
speeds are user eqt.abl, n en..abgu i ar at us
for di spensing 513?cll ﬁ%’gp‘%aal%@?eégl @B&‘N‘% 1“39 [? fet ?%’p@ﬁé?}gé}r%umfl by ?lon

nucl eoti des, and £ protdindipBasi hgillds hpmgl«n@a@}etrﬂs thlawtdbﬂélbada}tfmpparc&ttmt,hc

however pr efl@r a@id%és%%ss@ﬁaﬁ@e‘ie@{op%léd glfgg Qﬁ IFE sar esaﬂ_ %tthee&atec%Pe t echnol ogy,

pi ezo actuated or driven by air us 1s also preferably
provided with a vacuﬁ}nﬁ@i@ﬂi}eéc@ﬂ@ﬁn@%t @not 3o eqonraezmg thee diagrsit earrwagéht s

which are spun thisecﬁlbﬁ I&Q&REQ&{' 1dQl|15§1tct Al sTJB cRERAL @Eslﬁﬁw o n?fl‘. (pstg;{ ﬁﬂl ded

with a suitable detectiofi means/apparatus to detect
10 pyrosequenci Agardacchgsnt Vi vaabihe rdetne oep bs anyi Ilehﬁtbfewmglomutt@letﬂqevaslkl I I ed

person, for exapp! r%maum%meylﬁan?hh@r rMRE e og&xu he &%&L@ﬁg@%ﬂ Oéffabove

the rotatable platform The appar at us |ng optionally
renovi ng any? cofprenidy aflyrerdual soleticacirem by amilorkﬁomﬂdit%mﬁmm sélogppar mtus for

heating the plapfral LQhibenQhe &&'srhh'll%ao&%%yﬁlé D@fer ﬂ{wﬂ’é‘l{ {h§9<ﬁioMrﬁy rgicﬁl?r? NSers

whi ch di spense heat ed reagents or ot her "denaturing chem cal s.
al ternative destighis eHemeat Heatsking Fasedns My dlse soman “ﬁéﬁ@@émqey wele(dsto be

a by way of example - apyrase, phosphatase, etc. Suitable washing reagent are well
known to the killed artisan.

20 Preferably the rotatable platform is rotated at low speed whilst dispensing the
reagents and said enzyme, for example at between about 10 to 200 rpm, so as not to
remove reagents added to the discrete area; and the platform is rotated at high speed
whilst dispensing the washing reagent, for example at between about 400 to 1000 rpm.
However, it will be appreciated that other rotational speeds are possible.

25 As discussed above the denaturing step may comprise heating the nucleic acid
strand to effect denaturing, or exposing the nucleic acid strand to elevated pH, or
exposing the nucleic acid strand to a suitable enzyme or enzyme mixture.

In preferred embodiments the method of the invention comprises the step of
wherein after the nucleic acid strand is denatured the complementary strand is removed

30 by arinsed step with a rinsing reagent.

Preferably each said discrete arcas is prepared for each said subsequent reagent
by substantially drying said discrete arcas by rotation of said platform to centrifugally

remove any residual reagents such that there is substantially reduced contamination of



disc per se; it could be conprised of a plurality of discrete reaction
wells which are loaded into a cradle for holding each discrete reaction
well in a rotg; 0112rm&1t For 20 exanple a nodified 0.2 nL m crofuge tube
can be mount ed A" U4 %kgrees on a platformin the form ofCTAAVBIOLPEE o
cradle. In this configuration the cap is offen and is on the horizontal

pl ane (the inside surface of the cap facing upward). The cap is nodified
such that reagentd ttﬁusmensedvithna ocdzghre, paferaty howantpity coudodiabénaspunf isgitto t he
tube at high rp | astic hinge of the mcrofuge tube is also nodified
to act as a cha@fé-m I&d'??ledé “Shinast e reagent fromthe cap to the tube. The
cap woul d serve as t Aecodlisg roet ewcaryelaumoawecrtﬂm me!;dnenﬁeqmer]mwﬁ@s rueact then and

the tube itself pmg ng dc%gnrd}/n% {3‘ ﬁlettvbfgntl 01 ?wenty i 1g;,p .%sf)tcts tﬁa{ c\(li%g%i?if & é‘“aﬂhﬁ‘é? of

operat or coul d I'oad one sa I'nser
tubes into tRe cradl e. Clher aspects of the present |nvent| on relate to

conducting sequenci nzgfc,%[dunu%!) eJ thunqaﬁhg Sh{c?q > I1cnsc 1nvcnt10n vﬁ m'ILII plex
sequenci ng. For exanple present | nvention grovides a rob'at'ahl &

cylinder for commm‘d&mgthsequemhwgldbﬁ ta timucteebiath aCtV@nMﬁlaMpeMIﬂ any loi nder
having at ! east .gne-alduterential Ly gitanding | ane, each said |ane

conpri sing one or nore discr dto i mobilise a first bi ndi ng
partner or adapted tbccom@éztoEltXV@mSL{S@BPCIWCALUZQJi@ﬁr@@@@ﬁ@n-pu’Mdu—s apggdtechor vel y

| mobi | i se queg@gg\l%cmgg%pgmaaagt%a smmggﬁm dofifhggson Wil apprectate

that this enbodi es man run-sinmul taneously or in
paral l el . The gibdrited f(&d@l‘désgeed wildtiormnderdnand tehatentidie abpevent 4 on

Compr i ses tne onbodi ROk Snafeh LEAUULERASELAREAELeL AR wel | as al

conbi nati ons and/ or erneations o | scl ose I'ments and features.
BRI EF DESCRI PTI ON OF oPHEafhRay RS tus for phispensing e nehio déidrshas! ghdingeartner

I nventl on \M l l nOW b%nfé@?&% 'dQ@xgtze deb\l\@y IIQIYX()giSQleS%d%L¥IL Xg](} tllﬂ%fﬁ{)(ﬁg‘pe to

t he acconpanél ng draw ngs in Figure i's an vi ew of
rotatabl e pllatform ofPafie g Hﬁ@éh%cieéﬁrﬁledﬁ gure 1B is a side view of the

rotatable platform Sh)?%&ﬂly arFld}q}draﬁJs]fA* dll: englIoea ;Ir&léu. dcﬁc?gl;‘ing%ﬁlo s\c[t!deﬂchéﬁilcken on

line 1C 1C of Figure Figure 2A 1s “a perspective view and
2B is a cut-away pergbét‘toi tedect v dyvngRobdlisinariyd abelein acid fuant & yaiphdter] ascas;

pl atform shown in Fi Gpfichaily an apparatus for denaturing and optionally removing any
complementary nucleic acid strand;
20 apparatus for dispensing A, T, G and/or C nucleotides or their respective
analogs or combinations thercof into contact with said discrete arcas;
apparatus for dispensing a washing reagent; and
optionally an apparatus for dispensing one or more enzyme sélutions.
According to a twenty-seventh aspect the present invention provides apparatus
25 forsequencing a nucleic acid strand, said apparatus comprising:
apparatus for rotating said platform according to the twenty-first aspect at a
predetermined controllable user-selectable rotational speed;
optionally an apparatus for dispensing a nucleic acid strand onto said discrete
area for selectively immobilising said nucleic acid strand to said discrete areas;
30 optionally an apparatus for denaturing and optionally removing any
complcmentary nucleic acid strand;
apparatus for dispensing A, T, G and/or C nucleotides or their respective
analogs or combinations thercof into contact with said discrete arca;

apparatus for dispensing a washing reagent; and



15Figure 3A is a perspective view and Figure 3B is a cut-away perspective
vi ew of an enbodi nent of the rotatable platformshown in Figure 1; Figures

4A and B are plan and side views respectively of an alternative enbodi ment
of the rotata%ﬁéwbwﬁy?%rn1shomn in Figure 1 and havi ng a@QJ&Y2pREPSPs ¢ r ough;
Figure 5 is a sectional view of apparatus-kaving the rotatable platform
shown in 20Figure 1A installed therein; Figure 6 shows optical

det ection apparatus utptibaslyng afrecussomijspeptigese Honoraeiniytmekelagond. react i on;
Figure 7 shows optical.detection apparatus utilising direct inmagin or
noni toring a reactio%fkfﬁ igﬁrép%”sfb&% 5§ﬁgéth P?ﬁﬁnkd?‘hé%W?ndn h%ﬁ

di screte areas ordtheipldabfademi sgeedyureudr-showsle app astatdnsabbmclorpan@t ipag t he
heater ring sho in Fiqure 8 . . Figure. 10A is a.plan vi of the,
rotatabl e platf \(l)@%‘lﬁ) ® t‘%gmf G dne i I‘“e“é%%‘ﬁ{“&ezmt%g’%%‘éi ‘é’gwa(t’ d‘i“{é%fs(t one
m crocent ri f age nbeldyeidésorang ofied ubpemings egtienrC rvagenofcanue! @iyc agatats, 30wt @ur e
10B is a side view of the rotatable cradle shown in Fiqure 4A, Figure 10(.
is sectional Vi 8%/3\{%trale{r}1lc o i ne 51‘8@‘%%8%‘?*%3%@%"%%5? 220 dcma{g\f‘—'f”g‘hg' n%(.‘)D is
perspective vi ewrpfilsa. ffbdifpreths b atsogidigebly ploeidfdwithus eacwiuh bxtrotiat ghke@ o

e o e BB 30 M6l ek 10 LAY B 01, 5,
for a pol yst yr eneo pelvided géh e duivibtchlegttiephemi/apparaiun té bacq tieseneacalf byERC;
CLoue 12 1 90% PYERGLATHLSCNe SULSRLAXLALD,ACRRLYS S ElB oo
si gnal ; 5Fi gur eexa®wics a gohpypmolfiphen fhich BRE e gatinted bewathr @ ahwet [thes howitdg no
signal during ssgg&gging; and
The apparatus for denaturing and optionally removing any complementary
nucleic acid strand could comprise apparatus for heating the platform to 94°C, or further
15 syringe or peristaltic dispensers which dispense heated reagents or other denaturing
chemicals.
In an alternative design, the rotatable platform does not necessarily need to be a
disc per se; it could be comprised of a plurality of discrete reaction wells which are
loaded into a cradle for holding each discrete reaction well in a rotary format. For
20 example a modified 0.2 mL microfuge tube can be mounted at 45 degrees on a platform
in the form of a rotatable cradle. In this configuration the cap is open and is on the
horizontal plane (the inside surface of the cap facing upward). The cap is modified such
that reagents dispensed into the cap at low rpm could be spun into the tube at high rpm.
The plastic hinge of the microfuge tube is also modified to act as a channel to direct
25 waste reagent from the cap to the tube. The cap would serve as the discrete area to
perform the sequencing reaction and the tube itself would serve as the waste trough. The
advantage is the operator could load one sample or many by inserting the desired
number of tubes into the cradle.
Other aspects of the present invention relate to conducting sequencing of nucleic
30 acid strands in parallel, i.e. multiplex sequencing. For example, the present invention
provides a rotatable cylinder for conducting sequencing of a nucleic acid strand, said
cylinder having at least one circumferentially extending lane, cach said lane comprising

one or more discrete areas adapted to immobilise a first binding partner or adapted to



Figure 14 is a pyrogram of the SEQ OLI G0-30BP synthetic oligonucleotide
sequence using a sequence- was h- sequence strategy. 10DEFI N TIONS I n
describing and clai m ng the present invention, the follow ng tern nol ogy
will be used r?zt%‘é"d]rsagnce with the definitions set out WeBRIYMMFs also
to be understood that the term nol ogy used?herein is for the purpose of
descri bing particular enbodi nents of the invention only and is not intended
to be limting. stndtigsls idehbined sectdnélbvmmgparaiel- Tistskidfrhpecah walh eppseiaenhitf | C
ternms used herei v neani ng. der st ood by one

havi ng ordi nary t@?(el O%mtmf ‘F\ndg ar TP0 W ngs ﬁsote he' ﬁlmn@lé‘ﬁ%ouqﬁ I l%;lrpt“l ﬂ S Unl ess
the context clearly T@qﬂkllkésddb@mmlsalerstdnddlagllhe)ui\/erttihecdelm}m goti on and the

claims, the wor (Cll%bo u%rm dnd%edtule (Psnposedshe cgn 48 wenl as dltpcoqlbmd%o%s d(gifj}oéxhaust i ve

construed in an I REIUSIVE Sehs sed to an exc

sense; that ©s malrsatwnsbhthehied@@@anwmfmsdnmﬁdawdasng, but not limted to'.
In what follows, or where otherwise indicated, "% wll nmean 'weight %,
‘ratio" will mean 'weight ratio' and 'parts' will mean 'weight parts'

Not wi t hst andi ng that the nunBRilgaPESEHHEKNOY TplkriaiieWéXGSset ti ng forth the
br oad SCOpe of the l’x”[\égg}&%dﬁe%ts%& 91%(%%%1' dp?x(’)wtnhgescr'ilb I‘IyCVQ.Jy o\ngl(a.ue € set

forth in the specific are rep ort ecl se as’possible. Any
nunmerical val ueOnlhmefcwnmmeheemdn}pdcﬁmfau\msommthmhn errors necessarily

resul ting f nemt he 31515?\5}9?}&% é“ V%&\lz O Re Eo?a%% edl otllg%i {he mQ,%Jﬁ%%t ive testing

measur enent s. 10 provide a nore concl se description, sone of the
quantl tati ve expr esshigns lBissesidehéavedinheanortahtstplatfioah bh‘owedn figtle ldhe term

Japout . 1t 1s undenglnod iNalioMstdatihdg 1ROt (ot ARAN R, 1 S used

epr|C|tIy or not, every quantity given hereinis ne to refer to the
actual given val ue, Tagwe 24 is apegsipeativereiantand Big ureﬂéth@t{aWeyapwﬁ@mmwaﬁn to

such given val ug, thatin Bl dnd SARBRIR:Y flﬁfmsl@ jpased on the ordinary

skill in the art, including approximtions to the experinmental and/or
measur ement &ondi ti ghgre s e pegitiye ne v ahdgig uw\?@ls a cut-away perspective view of

2011/ 011823PCT/ ALROLA/QA03%3: mtagdgle platloxm sholR&n h%@ﬁ predom nantly' and

'substantially' as used herein shall mean conpri'sing nore than 50% by
wei ght, unl ess ot herfiguse 4Avail Batreplan Teideaioms atspeortivaly oenmlipeptiveal range

usi ng endpoi nt sehnelidesr &l 1%121'[55[5%&[1@1’171 shown in Figure 1 and having a peripheral trough;
Figure 5 is a sectional view of apparatus having the rotatable platform shown in
20 TFigure 1A installed therein;
Figure 6 shows optical detection apparatus utilising focussing optics for
monitoring a reaction;
Figure 7 shows optical detection apparatus utilising direct imaging for
monitoring a reaction;
25 Iigure 8 shows a heater ring for heating the discrete areas on the platform;
Figure 9 shows apparatus incorporating the heater ring shown in Figure §8;
Figure 10A is a plan view of the rotatable platform in the form of a cradle
adapted to receive at least one microcentrifuge tube for conducting sequencing of
nucleic acid;
30 Figure 10B is a side view of the rotatable cradle shown in Figure 4A;
Figure 10C is sectional view taken on line 10C-10C of Figure 10B;
Figure 10D is perspective view of a modificd microfuge tube for use with

rotatable platform of the invention which is in the form of a rotatable cradle;



subsuned within that range (e.g., Ito 5 includes 1, 1.5, 2, 2.75, 3, 3.80,
4, 5 etc.). 5The terns 'preferred’ and 'preferably' refer to enbodi nents
of the invention that nay afford certain benefits, under certain

ci rcunst ances VOHSWAN B3 ot her enbodi nents may al so be prEfleYPE§0%8Hder t he
same or other circunstances. Furthernore, -3he recitation of one or nore
preferred enbodi nents does not inply that other enbodi nents are not useful,
and is not intended riguextlsudgr@ideresenbodpipniaefwedrvidieviscapgtaatintihe

10i nventi on. The t 'a', 'an' and 'the' mean 'one or nore', unless
expressly speci fl?eeodie%‘i‘ﬁ@féxﬁge. The terms 'an enbodi ment', ' enbodi nent',
"enbodi nents', 'the Bghedlmeryrqgrdnt foe the Rpgividentegatve 'camroe whio dé meRtrating' Sonme

mbodi ment s’ , | e enbodi t mbadi ment ',
v enboa ment o e s hu TR Sl kg B SRS (Bt not o O

necessarily all) enbedimeniss @fogtdnelopEbBSangativhivanti oil(sdwinynb eigsl exjreess! y
speci fied otherw se d The enunerated listing of itens does not inply
that any or all g‘““‘f‘“}chné Yems are nutual y exclusive. The enunerated |isting
of itenms does not mlr)gmcﬂ#lata pamgl-a(mofalhd SHI}-OLHeO30BIrsy ndteéc cligoh@ddotivel y
exhaustive of an ng n ess exp rhess FelCI fied otherw se. The
20enumer ated |i & U%néco%m ers o8 ot T'Hpl'y “that the items are ordered in
any manner according to the order in Whl ch they are enunerated.

Headi ngs of 1ﬁecti ons provided in this palt)ﬁﬁtl\nﬁlQﬁH cation and the title of
this patent application are for conveni ence only,” and are not to be taken
as limting the di sclhdsuriging mdaiymingyhe 256 insecbnhe &illoyinghenteiagy Wil ndi ng

partner’ is undg gs%g% ac&%d éawn Iy fol t%)n? éqgut%logvaft snﬁgo tggé uriders ooglt})agan be
e Bih

any |igand/recepto i ng partner air isrererred to as
the "first bi ndthngelpmot(men%'edanldmtm@ m:mermowfofﬂhelﬂbnglmmlapamb<nha“nelpavrr is

referred to as phe,, cﬁ%%%ﬂg/ta% El-gxioﬂ%te%r GOEL 1 uEQrUn?@‘?ﬁ@hgd %&qug' Jdi ng

partner pairs can be streptavidinlavidin an I'ng partner
pairs can, flor exangled stinglligdem80sthepindwivdiha sardngnog angdrat@dy nucl ei ¢

oo o 28 450 AL BB SRR Eeet o o
THE | NVENTI ON Unless the context clearly requires otherwise, throughout the description and the
claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an
inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the
20 scnse of ‘including, but not limited to’.
In what follows, or where otherwise indicated, ‘%’ will mean ‘weight %, ‘ratio’
will mean ‘weight ratio” and ‘parts’ will mean ‘weight parts’.
Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
25  examples are reported as precisely as possible. Any numerical value, however,
inherently contains certain errors necessarily resulting from the standard deviations
found in their respective testing measurements.
To provide a more concise description, some of the quantitative expressions
given herein are not qualified with the term ‘about’. It is understood that whether the
30 term ‘about’ is used explicitly or not, every quantity given herein is meant to refer to the
actual given valuc, and it is also meant to refer to the approximation to such given value
that would rcasonably be inferred based on the ordinary skill in the art, including
approximations due to the cxperimental and/or measurement conditions for such given

value.



Nuner ous enbodi nents are described in this patent application, and are
presented for illustrative purposes only. The descri bed enbodi nents are not
intended to be Iimting in any sense. The invention is wi del ap |icable to
nunerous enboth%EHS1325 as is readily apparent from the fiT6s $8 Sherein
These enbodi nents are described in sufficit#&nt detail to enable those
skilled in the art to practice the invention, and it is to be understood

t hat ot her enbodi manTl&tEmy, ‘predaniihdnklz’ecld andsiidialy’ at ed habiargeisnemy be nade

wi thout departing from t SC i nvention. Accordingly,
those ski |1 ed i ATRRE R btg Ry SPELgyst e BED AP GBS nvent i on mey be
practiced with vari ol rdQarimdifancatichsngndingleh@oatsd iorisdes Behenences wil |

par s thr oughout o AR REERLE. LlSTal iR Br 2 A ar 2B SiRent o

wi |l now be descri bedhew:mh ﬂSlEﬁeﬂECemmE‘ptdﬁquf crsfequememngemmsmrmmnmommﬁ a
preferred embodi mag}:fm ccmn begnc Lts r&%&ltc&aﬁ) gu(?,lslr%s E&QSCIIB% ho L L Igt b(,e t aken
as liniting the"i"hve FU} SOV SR GEHET AG RS LTS HOTBREHIS PRE B i gure
1, a rotatable piaatﬂfs@bmmﬂauedmndeorhmmﬁe<aqﬂ@l ymmbtemt g¢'udhes@ort, ths provi ded
whi ch conprises two iscrete ar apt ed el.ectivel etain
a nucleic acid § ran g%nre Oéénr?aetpéflflﬁ%deéxébd)g“énﬁ?:tisao nf)“%)}g l}ﬁ%{c}hgll gyt }%en{s‘l'he

di screte areas 2rcapeuspiubhef abbtyntaibdto GeBdnorthdremtivdumettefrom ceatad ohihch
streptavidin, and. e positioned around the circunference of the disc 1 in
equal l'y spaced intervals. For exanple, a disc 1 20 having a dianmeter of 120
nm has a circunf er erite t@fn83a77‘dmfmld ahd nlpyn fomcmmqe?»umimsdmamtyepecdi@cr ete
areas 2 spaced eD¥p nt.r f dis re s/target sites
> ot radas of Bavie Fpol 8t AREhGED RS S E R RS

appr oxi mat el y 57mbﬁd9tmet sheamgwdingno U etrﬂvedlpentf phmwlmbdlhhms’dim@x&np
rowever , the nuphky Rl diSELELE ARBARGOULE B SIRLLRDLOLOLEAL er number
by using either argef disc or small’er discre areas, e.g. 0.5 nm
di aneter wi tth acsipalgnang nofan ‘aapr mbrertpyt norneegyseriorb embediments ¢iehepésent
Preferably the discLet as 2. Ar hal el ls, which conprise a vol une
of between about 0.5t ( )e % pressfy sglecﬁ%?olleh%‘ I ments can be seen in Figures
2 and 3, in which Iﬂ?be elﬂlefa»tlmtél@tihavfeitcbeéncsgﬁoviewbi tihfktem}’ efadlrdthvetemyper al s. |1 n
these exanmpt s, whigy QERLAD! foRhahh ALIR AL 6 K2R AT folbiMhATRY 8L} 5O
wel I s equal |y spaced around e peri phery?

di amet er, and cigmsgee folipetivelacalthustive ohanyehtiney izess exm@lﬂudpq@gﬂep@thy@awbdhat e,

cl ear pol ystyr eaﬁm@de&g%f l;thlgbda&p&%p@%dy&%ymnsc,(oﬁihP@n o @b Qr m

t hi cknesses are typically mmto nm  and 0.8 mmto 2.8
m WO 2011/012!&8@3112@1(7tAUQJ@@Oﬁ@@@QS@Y—%%umCMtcd In sone enbodi ments, as
best shown in Figur Qlef}dm(tsh)@s&gglﬂtﬁ@ufed% s pQ{LH?dbpﬁézl{&MB QTR !f§1 a trough
3 di sposed at the periphery of the platformfor receiving waste fluids

whi ch are spun &t gligsine ﬁlreﬁ@gé@lwaw omhyerndtaprenas ify feddhen of limiag thet at abl e
platform1 durl(ﬂgldgglglg%,gally Preferably the trough 3 is a noul ded

el emrent of the platform t 5wn Il be appreciated that with each step in
the sequencthg reactVsorediasine thedyehindinapatree it yidersigedtognaen phreofipl bandingr m

and in order t o kR N,%ﬂl@ﬁah@@gl})l@gnﬁlecéphﬁ pMYRSHE: Srlpd ‘tﬁi&ln% partner pair is
referred to as the “first binding partner” and the other of the binding partner pair is
referred to as the “second binding partner”. For example, the binding partner pairs can
be streptavidin/avidin and biotin. The binding partner pairs can, for example, include
30 streptavidin and biotinylated nucleic acid.

As used herein, the term ‘rotatable’ is intended to mean adapted to be rotated.



trough 3 is provided. However, in an alternative enbodi nent the housing 4
within which the rotatable platform1 is positioned can be configured to
have a trough 5 di sposed adjacent the periphery of the platform1l to

recei ve waste“ﬂ’ﬂ?‘d)p d18%hi ch are spun 100ff the surface ofPATHE2PI80UPHEDI e
platform1 during its rotation. The fluids?i-n the trough 5 can be extracted
through a conduit 6 away fromthe platform1 in order to m nimse

contam nati on. Preferably BRM&RRIMN BMBOMM'FBITMHH( mvrrs’nm)m) The

i t hod f bl d
\?\A’eﬁreggl ggprgci gt egrﬁﬁ@zlg %@P%fl%gﬁ Iés“fl ﬁ“éﬂ%‘%ﬁgdpg 8’1‘ éli“ dI§CI:j st rand

may be 15utili S$d,buﬁ$1 fchi iﬂwssw@umowwmysﬂw descubed enﬂfoéjfn&halakwd hendidscr et e
areas 2 are ada% sel ectiv cleic aci trand. For

exanpl e, the nuct g‘lnclztméén 47's S?n%ngh%ﬁ‘ffngw%%‘{“ ‘tdglﬁ QR HE eﬁllg%dcs}rrmé'it% ar eas
2 conprise strept awadﬂma;fp@nemtﬂdndthaglsctlh@x diieafin. nmewteﬁdvomuehtelaﬁ: dagiitedsihr and

t hereto. However reg t ed ot h hem ar.e
avail able for i ﬁ?’r%%mrftwcm g ma@g llé?lggé{’ctl}l%a@torp IaC?CC tﬁc ave %g%rdg g ar ‘e“a 2.

According to a mederoehdolfat bﬂhe mrbv@mtnt@mafx mutdaecduxdtthangthamnu@aemmgbﬂha@

nucleic acid str a rot abk’ | at for m rovided an ?’ | eic
acid strand is |ﬁ1’rﬂrg dfp aumé%toml ?1“8 sf(%lﬁL 1%a“’?ilr”?avaesmﬁl ‘A‘A’\Cmdlnnll’f‘pt (ésﬁénﬂ

nucl eic acid st thand W1BId:chgmzcdmattmm@@tawmtbemyedplattwpd B’Xthlmpkles by heatl ng
the platfor I’Ibl B}%I 3??&&1! ?(fﬂ%ﬂ%am rr?‘t %ef&egc s &ﬂl 110 r? ddg%((): {hg V\HW r{og%hblglns t hen

contacted sequen nucl ween
each contacti nglﬂsct@ﬁletnhem{meaﬂi@kmOﬂﬂqespdmwhlatlmusuch t hat any residual or

unreacted nucl eotid €A %I%fﬁillép §1§1?§ﬂﬂr§§1lt ]QP/ t%lh@@;em ltl‘lfl‘glﬁ!)ll 'X%Hrn%qpnv edgscn% QJ‘QVIETP

di screte areas 2. I nventi on her conpri ses the
step of anal ysi refererve torpyedsejuencag. d)esctlwanldofdm¢fnlgedamd’b®1meatf\tnéﬂe§a:mbﬁ wai d

contacting st epg Cr ggue‘?l[liﬂlr 'ul% ot & qpfll'l’lﬁl%§ t}%qg%}lt?o%ttb P%o&gﬁcncﬁé assiges © pair

in the nucleic raﬁ by correlating the output i ng
from the ihgor por atBadmried toimebrirdatablp phtlerhen theryar ofafpolngobemste Lht@sl whi ch

have become bouﬂgﬁ;v%t}l uﬂldgla@j}i;‘é% o ndhd Afhe 4 ﬁ.ﬁu'aﬂ%t?lﬁoge%dé%lgkmfﬁ

detecting the light produce e reaction is a omul ti
be appreci at ed tuviic il whel fooecatietipe sqabaring vfthg nuqltsc pad. aﬂ@dhsaMf: cu‘fhle25anp| es

pass the detect QL ,bdatAaHIKG. ?f?ﬁd A9 5“8‘95@\9{ g
2011/ 011823PCT/ AUBG 1000953 - "534 ‘“%w ereui%st ﬁm&ﬁ@ s e Snd t he

reaction m xt ur&oyns t%*mjlﬁu@fefeﬂe‘e@ftthﬁeihscekﬁé ﬁyuaéyéwaéﬂbmteé@br 9011@@41@!21? he disecll e
(Say) but | %S Ea'%ﬁ{l td%cﬁ:@%hl%Xﬁjnﬁzs J&%cﬁ'ﬂlc&%@é 5[*3%‘?’9%{ aﬁ@g 1%1*1 ﬁ’}['d nﬁﬁwt her

round is commenced with the next nucleotide. In preférre odi nent s,
prior to cont actipngernditerchi aes dspaced eay b26wn0hct3zc@s<mts<é@uﬁéln@ctna@h@@u'de each

target site 2 igesubj LS iPmA MASHE AGuLbf fhl BRE p%sﬁ&%@dﬁ%&xﬁn@tdy 57

discrete areas around the periphery of the disc 1. However, the number of discrete areas
could be a smaller or greater number by using either a larger disc 1 or smaller discrete
25  areas, e.g. (.5 mm diameter with a spacing of, say, | mm, or any combination thereof.
Preferably the discrete areas 2 are shallow wells, which comprise a volume of between
about 0.5 to 100 uL..
Other embodiments can be seen in Figures 2 and 3, in which like features have
been given like reference numerals. In these examples, the rotatable platforms are 120
30 mm in diameter with 50 wells equally spaced around the periphery. The wells are about
3 mm in diameter, and can be fabricated from materials including polycarbonate, clear
polystyrene and white high impact polystyrenc (HIPS). Platform thicknesses are

typically 1 mm to 3 mm. and well depths of 0.8 mm to 2.8 mm.



washi ng reagent. The washi ng reagent nmay be any reagent which can
substantially wash off any residual solution fromthe previous contacting
step, and is referablé%; a PCR buffer. Preferably the rotatable platform1
is rotated at MOAWMEPEEY whil st di spensing the 10nucl eot if§&"AR2YYENCE and
enzyne, for exanple at between about 10 to26200 rpm and the platform1l is
rotated at high speed whil st dispensing the washi ng reagent, for exanple at
bet ween about 400 toIn]saéaecmmmimél'qlfreaﬂfcetsedsm innig@nd 4, dre rpavl gasous e futert he
rotatable platform1 for s

Compr toi ng the fonbtsnf G gR dARBRRTS Brpsrnd §ooks S By ity R A
sequenci ng t he mbcheicspacedosin@nged away fronRéé eurfabagf thnoﬁlagwpeatﬁ;mtl he
present inventiqgn aI pr ovides ar at for use t

D atform 1 for Sl i ErBRLRh s PR b depRe b BEM S ses o
not or for robtat wigbd dpprepilat frar widleaak slap jpriedey endahnedctioo Mo ldaadmlsaxe
user-sel ectable rotatio as a noto apabl del ring
fot ati onal Speea %H}ugebi otrt]tatlxc Slg‘g%g_lb%nﬁltm irélu to 3 IR 1 e Eang%po% thc wastc ffuule 2Pso

provi ded for di sp@hsa nglotulded I’fﬂmﬂ’tﬁeﬂ;mamldhlelScttl\lamﬂb@]mh@ltﬂiﬂéoﬂhu%@l“&ﬂﬂﬁn areas 2

for i bilisi na, % p cr}(lillctla 1a gllmdklsstpr%af&%e 9antblgc Ri 10uxed% heav oug 25 Such
apparatus nmay t ype t'echnGl 0g 'S tabl e

di spenser 7 suc hlsmccaacszywm Ith};&)uppiwp/ ofAlpmxtﬁptms td &L@V@Wsmfﬁwdsdedchfam spun

di A T 2
a:’lzpfeg? I glgs 66 ns Ibf £ %e% ﬁiacgop {Tlxg m%ggbl ﬁ?tf Ingl:[QJOdK 19 }ts 1%Eat1)é\4ht ﬂletfm?ds?n tzlq %V%t@Leaf he

formof ink jet ectnyp@xmfewldmmb@gw comypaSrmaMQomshtaiblst@IlprIOVDdieIdOfrronlnniE@nat uring,
and renoving an on?a% Heﬂfef%[% ﬂ%' @&W@t‘éms&%{iﬁn:&gshﬁl Qg such apparatus may

take the formo ealng c0| own 1 n gure) disposed within
the housing 4. A swﬂabt@el@mgemtbm reefersblakmploprdoy pytedquencidgt Bewe vk, ght
produced by the VA n .derqct Wil be known
o the skilled bor RuRPRRaUeel R LRAGH et S B R B A it e
beneat h or ébovelﬂtstﬁéa$@§<alt>sa¢i)p@‘/10pilhatform 1 Particul ar reference is now

made to Figures 6 arﬁet%ra%(\’?'ﬁ%hln%&%"xxéé B'dx%%aﬁ&ﬂ é[%?élguﬁlzmﬁfi]s%tﬂ%mﬁtlte#.pl er

detectors for USQ Int nventi on t'ical con uration U$€S ocusi ng
optics (Fig. 6)achdranhebosewom. theaygclei weébnqnmgv hgbleFﬁmgdtcd?c)nd thewerete

2011/ 011823PCT/ ﬁké?s%%g%%%maw&ﬁm bi Engk&{eeol(ﬁglgiﬁ%%h&el adi® }éﬁéth'&g:ncl ens 10,

an aperture 11, a sensitive surface 12 “photonultiplier 13 and
det ection el ect’rl@‘M¢V@5 itwgll bEpppyceated teps PPy Célelanmap@r:tawlebliﬁn igmphibtiessensi ti ve

surface 16, ;@ phRildtdRld L detectarn 17 and detection el ectronics 18.
Referring nowto Figure 8, a heating coil or ring 20 is shown. The heater
ring 20 According to a method of the invention for conducting sequencing of a nucleic

acid strand, a rotatable platform 1 is provided and the nucleic acid strand is immobilised
to the discrete areas 2. Any complementary nucleic acid strand is then denatured and
removed, for example by heating the platform 1 to about/approximately 94 °C. The

25 discrete area 2 is then contacted sequentially with A, T, GG and C nucleotides, wherein
between each contacting step the platform 1 is rotated such that any residual or
unreacted nucleotide is substantially centrifugally removed from the discrete areas 2.

The method of the invention further comprises the step of analysing the nucleic

acid strand during and/or after each said contacting step. The analysis step comprises

30 detecting the next base pair in the nucleic acid strand by correlating the output of light
resulting from the incorporation of nucleotide with the number of nucleotides which
have become bound to the nucleic acid strand. A suitable detector for detecting the light
produced by the reaction is a photomultiplier. It will be appreciated that as the rotatable

platform |1 is rotated all the samples pass the detector. If no nucleotide is incorporated



5consists of an alumniumring bonded to a heater PCB (printed circuit
board). The heater PCB incorporates tenperature sensing el enment (not shown)
to all ow closed | oop control of the heater tenperature. The heater ring 20
may or may not¥ Vé“psﬁ% projections 21 on the surface deBertiziy ¥is3 he
design of the wells/discrete areas on the-?otatable platform 1. The
projections 21 are designed to ensure only the bottomof the 10wells in the
rot at abl e pl at f oremtieonis actightRendieat de rdattivg nﬂﬁme‘[hq)uhemamelréwag c@8e biS

preferably desi gned wve U o .contact the rotatable.platform1, and
nove down to al I%?SV\?/ t1¢1§0tgg¥"i? g%’l)%mﬂfbé{ﬂ’f‘igﬁ}%gktht%d ouf’a\ltgéergﬁl@ ‘fe}>§°l°téﬁ to

qui ckly renove mh@hdmaamdﬁsrcmmﬁeh&drmmcmdmnt meledtdeThi s may be achl eved using
sol enoids 22 to sli dl% egel eg %‘é g and,ﬁjo ‘xgw de Es 23. 15The
rotatabl e platform 1 dan"'bé Fot {ng?fb “P LYEEGE 16 “Brsisénde f”ht enzyne and
nucl eoti de(syp mso(ttsequem(nucleaudaez&hnqmgm &[ezxes&»);eLWdar ewﬁdhmo@enhsimgfm@aimhfaor ceis
| ow enough not .9 screte ar

allowing for thé rhema?cltL ?%m mwﬁ%ﬂé Wéé[hdnag%f flréyalfdg(ﬁeitWhl hl“élﬁ SlfzbS%BtéaHf\féNﬁle} et ed.
Wash reagents caff abple&dubéek>1atonﬁrothc pﬁeﬁbus&pe@dma(slepedebQﬁefean)/ a®ORt he wash
removes all reagents fromthe target sites 2 and does not 20substantially
contam nate betvveen di screte areas 2. Turning now to Figures 10A to 10C, in
an alternative desi gﬁ’loftchelyrtMLataalblc@hgtbamﬂunma&ddtiew spot! whagespasink yheneed t o
be a disc pep s | 1 60 sed. of f scret e reacti on
well's 30 V\:hlq(bjh g?céw&ldel g“c‘f tsgﬁo‘“néggl?af e(dlgtflle% or db Ouymgtggﬁb Idmgf:‘?

reacti on wel | 3@laiformal s ottardatthighryated whdst d&xamgehe wdabnglcsgmeﬁﬁ ekwﬂe iton
wells 30 25 may n r nodified 0.2 nm " mcrofuge tube which
can be nount ed 8%‘%2@&8%‘8%8@@ @r)](?lt T§| atforml1l in the formof a rotatable
cradle 31. In this chwufrgetavesivnpheidapedihe sowgpdnplatfidmi isfooseqtdneing a

hori zontal plan i th he cap 32
is nodified sucﬁucﬁ‘% ‘Rldr%%(gﬁ?(gﬁl sp ﬁgﬁé h&(ftg&tahE&{géggg%%ﬁe}%%\%vglrnﬁ%lcouI d be
spun into the tisheend3omequrhghe hpmydewidgianéd arrow). The cap 32 serves as
the target site 302 f g re i i _the tube 33
itself serves as theﬁe\%égl?ett)ﬁ%lu ﬂﬁg%@#ﬁrﬁ’}ﬁ{ ﬂg)él agéﬁi%m&%g’rﬂgﬁﬁgﬁbﬁ )lltéjg' tléh act as
a channel to tr#@aspontle plhténmelripr feflugeide walsﬂ@c wehgend sTheappdrgut wbpri38a WO
2011/ 011823PCT/ (RDDLAANIRR 101 JEXANRLIM B conuon i, b seiognd above, the
determ nation of a DNA sequerice can chi eved rough the use of the

Pyr osequenci ng @Wpil%a&‘?ﬁ@mm(hsleé miytralgapable opdhiaprang rMationybsphely ekbrtwéen,  Ami ni
S., Davis RZO PA[HWQO‘%O(@L gﬁ-ﬂ&hs 1Ma1’so gok/&igd fr Eisﬁnsmﬁthmd!lctk;m actFHALATE.
nodel for pyrosequenci ng, ds 2" . Sequenci ng

i s achi eved by @é@@ﬂéﬂi%ﬁgktafﬁ?es%@né@m@lbﬁnmw mph@sqswﬂlendtelthtown?g: aripe 2.

i ncorporation o, a%ﬁ%s%%lérl% fhi% @teinlpj’e't eFeLﬁtQﬁ@é? Opzpﬂfﬁgllwlggtgbcqﬁe f7I ve
prime triphosphate ' into a single stranded tenplate e

pol ymer ase enzyi¥eh ag aivtipggi quipp. Mrearpyy o plio sigridedlondispengag éoﬁ\ﬁémdéd to
adenosine tri pmfég@k@lnﬁﬁﬂj )dcthyltﬂ: th@dl%&étg ereysl 2a§1@ f@r@%@feﬁmolatwisﬁng h—:@oent

10reaction of ATP with luciferin through l'uci f erase "enzyme” t hat
generates a AN g/hgam such apparatus may take the form of mk jet-type technology. Apparatus is also

provided for denaturing and removing any complementary nucleic acid strand, and such
apparatus may take the form of a heating coil (not shown in this I'igure) disposed within
the housing 4.
A suitable detector 8 is also provided to detect light produced by the

30 pyrosequencing reaction. Suitable detectors will be known o the skilled person, for
cxample a photomultiplier which may be mounted beneath or above the rotatable
platform 1. Particular reference is now made to Figures 6 and 7 which show various
embodiments of photomultiplicr detectors for use in the invention. One optical

configuration uses focusing optics (Fig. 6) and the second uses direct imaging (Fig. 7).



signal, indicating the incorporation of the nucleotide and hence, the
sequence of the tenplate strand. To allow for the incorporation and
detection of the next nucleotide without interference fromthe previously
added nucl eot MEE*IVYHEXpyrase enzyme is used. Apyrase wifGTAHBH104885%xcess
nucl eotide prior to the addition of the ne¥- nucl eotide. 15During the
process of pyrosequencing there is an accumul ati on of by-products such as
sul phat e and di phosphattelsniiclusdtg ldad 0, shhpaarbyt, pphdoehstivientuifhiti2 tahe enzynes

resulting in a reducti.on in sjgnal al ity durin | ong sequence run. For
exanpl e, inhibiﬁ%gﬁmg]p@ﬁéggﬁygﬁégﬁﬂ%§ﬂP?§”ﬁhF&”ﬂ%ﬁﬁ%?%gﬁqﬁhu?ﬂ *tenoval of
uni ncor por at ed mﬁmbemﬁﬁﬂemﬂhhab,dmﬁdmwumhaQMw@ynnhmdmﬂs&?nbmaﬁmmfnal|on of
bases and thus poor signal 20detection. As a result the |length of .
Sequenci ng usi ng.t nerHol B aGUEHARTYs dlisr B BTG Mok 10 b Fee? o no
nore than 60SnucbmmmhdesaMs@ﬁthm;havﬁhbhhEmylﬁmn@QMbd&mmnB@ﬁ{wsmg OL
read-length |im¢in ct ors_in_pyrosequenci ng chem str nal ., Bj.ochem,
2007 363: 275 S R Q b R EREIRG PR BT o BR st toop

by- pr oduct inhibbmhmnmh@mﬂwimcmea&exZﬁeeadkaggmhmybﬁmnwmxmaﬁﬁ?d nv$nt|on
enabl es the reaction conponents ta be washed away after a nunber o

nucl eot i de expo?&?%@?“‘qﬁgﬁfﬁgﬁLFe%ﬁ“?%ﬁ&éﬁfd?ﬁﬁﬁéﬂgdﬁggg%%gﬁﬁﬁfﬁ%ﬂggthe
next section ofrmhéﬂ@ﬂqﬁ&wdeJhwmhﬂwﬁ@QOmmn@ﬂgMQtmemmbah@rTﬂnabm$fﬁound to
t he support.,,Se i.0d... I8 L 30A fiv ine .bigtin labelled synthetic
oligonucleoﬁpdeq&ﬁ$ tﬁggéﬁﬁﬁ§%ﬁ§¥%amhgﬁgp%g%§g%%%f(ﬁ%&ﬁ?ﬁéﬁ@é&% n
under | i ne) was osédablodeaighidgy eoupupt © c8adydweotpable phdquehehdgoandownpd at f or m

according to the;in 191, ] . i equence. for. th
ook 1g 0, DR e Al AL B 58 P SOHALR. i
2011/ 011823PCT/ maRenr0ye00085 3nay b@achieved usBigobliencidGPET SORAGCRACBAGTIECDMACCACACCC

AGC:‘AAACA@TATGAW TCATGUSTCATAGCTOTTTCC- 3" The sel f primng | oop
sequence al |l owed the yrogequencing reaction to
15 The rotatable platform 1 can be rotated a low speed to dispense the enzyme and

nucleotide(s) mixture (i.e. 200 rpm or less) where the centrifugal force is low enough not
to move the mixture from the discrete areas 2 and to allowing for the reaction to proceed
and optical detection to be completed. Wash reagents can be added at high rotor speed,
(i.e. 400 rpm) so the wash removes all reagents from the target sites 2 and does not

20 substantially contaminate between discrete arcas 2.

Turning now to Figures 10A to 10C, in an alternative design the rotatable

platform 1 does not necessarily need to be a disc per se; it could be comprised of a
plurality of discrete reaction wells 30 which are loaded into a cradle 31 for holding each
discrete reaction well 30 in a rotary format. For example, the discrete reaction wells 30

25 may be in the form of a modified 0.2 mI. microfuge tube which can be mounted at 45
degrees on a platform 1 in the form of a rotatable cradle 31. In this configuration the cap
32 is open and is on the horizontal plane (the inside surface of the cap facing upward).
The cap 32 is modified such that reagents dispensed into the cap at low rpm could be
spun into the tube 33 at high rpm (see dotted arrow). The cap 32 serves as the target site

30 2 to perform the sequencing reaction and the tube 33 itself serves as the waste trough 3.
‘The hinge 34 may be modified to act as a channel to transport the centrifuged waste

reagents to the tube 33.



5commence fromthe 3" end of the synthetic oligonucleotide as it folds over
its conplenentary sequences. Therefore, the first nucleotide to be

recogni sed by the reaction was the adenosine (A) base, highlighted in bold.
As a result, tHe* VML nucl eotide used in the reaction s%gr{tﬁﬁg’é”"m? t he
conpl enentary nucl eotide, thym dine (dal))?’-Hence the conpl ete sequence for
SEQ OLI G0-30BP reaction was: T GGG T CT GO T 10 GGGG ACTCGT CC TGCAC AC T.
As the pyrosequencing reaction can recdgMdelhet er opol yner nucl eoti des
(rmultiple stretches @f ,the sa ucl eot i de t ctual di spensation order
of nucl eotides for sge{aﬁléhué?cﬁﬁggm‘ﬁg}{%%%r éndﬁ%do(?f %°A"(‘§%“@T€“F6TOC AC AC
T. The SEQ OLI Citipo@0BR @k b{jbantgbeqtdndieg wasicdioh utce d gdomn Aklmjan Moncent rat i on

of 0.2 mcro nolar.,. Strept.avi din. ed Di . ...hi.gh impact .

pol ystyrene di sé\gl‘sr\}\ﬁr% %’lgdgfne‘lﬁ ‘S"'q%dﬁlss "raftehbr{lré“\’/liJa;??iR(fnﬁ@é%hd“gﬂl%{'glfgﬁlf’l"l"i nkage
bet ween t he pr oteeivme ande! polpymeequaginggNidiec shiéni.al00l: Bt hidh.35dg8encing is

di met hyl am nopr . Litnide hydrochl oric.acid (EDC). Wells. were
prepar ed by add?%é‘)ﬁ(.i g?%@%ﬂgb fhlnfcrceaéc %f?pyjé’ﬁ%s lfatcafog%vrvfg glhtcr”éf) i|p(()”\r<@‘\‘%81? )
mlligrans per wsphplehétare tagecbrinesle@Qnibaruolebdiderfos pome siphegphay (N 1Y) &tto a
concentration of. n.lLLor. r.mlhilitre, then incubating for 4 hours
at room t enper atsﬂ?lgq%%dggﬁ%ﬁ? ‘5:%? N r%lﬁklp oY 15181 %Jeceéuyé{}eal%)nélrmg]tv ﬁohpg? PRORRpate

reacti on. Fol | owusighcicpiogbiet o edgnosinetripkdsbis e ) twathh edfunilish cplyos pln atue:

buffered sal 1iO ne ﬁt’%@t%ntﬂt@ ?\FI‘P‘Q@&%%JP fr *1 (lghé h\é&rel%seaelnlz r}ll\ee tgattogneaziltés adﬁ t for 1

hour and were then stored at 4C in se ags contai ning desiccant. 25The
ability to covabieml|iydigitingthe hrwoppragpt efthaiiualepigdetané hgot. yist spqene: gsltat f or ns
was denonstrat eg, by, 4 A9, o of [ xper | 1S usi a control
ol i gonucl eoti de E) od\t/i ed by d%&%éﬁ@h&%gﬁqﬁ]g}ndgﬁﬁg&ooff rﬁ%ﬁlgﬂcnélﬁl (?[o

ol i gonucl eot i de Wbt ddhifceapeat(ren thdeswivubz dddge nosieonde, ey asevagimesit epd. The
sequence of thepantrAl 40 BRUEC! SRELER ¥R \d GUIT]G:& W th the
order of nucl eot ?%ie5 30 di‘s’f?)ensatsl‘on eb%?ér?g; ‘?’E&gbl% %goﬁgfi%nléc%% CSS “well's
where eithed>absent PWinEmE presessSE pepteavdnding theRyis asequerdiong! bf-ptodectposi ti ve

di sc demonstr a_t &fh gp&%h%@ 59@@{)]&489{3@ rﬁcl(e!):dcgy Mfest %}—rg%gct[ ﬁ]ﬂlbil%lilegera%l/me\{svas
observed for either the streptavidin negative or negative control s
(Figures 12 andreﬁ}ét)‘r?g n Wy dpeiop/i 44189 3RO NiRg 1 DY 6RO R 4"‘8111:@1'_67(?1111)1_6, The
Pyrogram resul tinf@fiof 0Pk X}?}A’:YSE _?éggllsviﬁL ledﬁ&ﬁ%%gthmgn{.bv L gﬂhc,ao\ﬁgoqilgh in the
presence of EDC are shown i'n Figure 11. The result denonstrates that the
tenpl at e had boHsotidss thaklegdsde pn-tyrehgengted snchiperalion eftbpesp pad/thel rvobogrdl
al I owi ng segyengg.chdent !afrésﬁl_@-mc%’hgthm@cq@ﬂcﬁ&ru@im; ?ff%%)worscqﬂjg{ur&Qﬁplﬁaﬁﬁqg avidin
negative control shown in Figure 12

currently limited to no more than 60 nucleotides (sec Mashayekhi F., Ronaghi M.,

Analysis of read-length limiting factors in pyrosequencing chemistry, Anal. Biochem.,

2007; 363: 275-287).

Therefore, in order to reduce the effects of by-product inhibition, and increase
25  read length, the present invention enables the reaction components to be washed away

after a number of nucleotide exposures, allowing fresh reagent to be added to continue

the next section of the sequence, while ensuring the template remains bound to the

support.

Sequencing Target
30 A live prime biotin labelled synthetic oligonucleotide with a sel( priming loop
sequence (highlighted in underline) was used to achicve up to 30 base pair sequencing
on a platform according to the invention. The complete base pair sequence for the

synthetic oligonucleotide (SEQ-OLIGO-30BP) was;



5 denonstrates that only tenplate bound to streptavidin could have
generated signal. Therefore, no signal was contributed by residual tenplate
post wash in the result for Figure 11. Pyrogramresult for EDC nﬂejgative

control is sh&W2'MH BYure 13, showing no si gnal dUiGTHY2884eRHci ng.
The result denonstrated that streptavidin-#as only bound to 10t he
polystyrene well in the presence of EDC. Therefore, binding to the platform

was achi eved using coVvRiogmtA b:dli’lﬁm"(gf AAS‘IS‘aLyCSEAlipT(*CCCAEC\ﬁeCm cco litres of
t he ol i gonucl eoti de was . , qued
streptavi din coated co-nol e of
target for 15 sequencing. The tenplate was incubated for 10 mn at room
t t di di t Fol | ow n

| noubati on. any unbodl BB ST e c%c?é VA B ERESiir ashed tui ce
wth 5 mcroslitoescot dei thm?b ‘s:ad ofvat smihedc divsoucgoadyas igsiddoad itunbound

Itﬁ[rg' f}]g :Nﬁg . ;3%% Lmﬁ]ﬁm ‘éceﬂé’n\%és‘s"é‘ﬁ% ulg:ﬁt;ﬂeﬂls?ftmci%o{lﬁ tg:mfxccocfn\ll\s@(??)ﬁt?lSI tioned

m croi nj ecti on ofac®nmastie aldertosles(A)fbawamghhghfbdm gid Asiatreseltafie filhenveaydre m X
t hat incl uded DN@; sul furylase, |uciferase a e.,.,and 1
mcro litre of su 9’? {eau% FIEBRSI St ec‘;Iomf)le?lﬁ%?l é‘?ﬁ%ougrighygg%{l ?ﬁl}zgl | ow ng
a 10 second per tod:ctio @hipbw segren@zdsebEQOL $GABOBP satticwaspbetGehgyih@Gand
substrate a cl

m croi nj ect gg atb@%}()(bﬁnang;ﬁcv :r%f?eggtrtz)Agln’gu%‘rsg% ﬁ]getgqug(} gr Jcac\{\%m al’s were

bei ng gener at edradegniadettheolyer. nufisottdee(nglignogicrbesmidicsand ull&lqosddmhe t he
first base int t 5 ;

2ddi ti on. The nost SapREERs bk SRRl PRORENE A ShERAL P ORM T 50
second i nt erval § AISiTHgGihe TOL ohirng TdilkpErs &l 1Gn- 3@BHehg0niR®é@¢Gms The
correct additiop dg%,(%%l@ nugl.eot.l.de tr() J.1edin a light signal 30 peak. The
peak val ue depended on the nunber o e same hucleotide in a row. The
resul ting ghaph of tYteepéavishmKoated Dises erred to as a pyrogram

Fol | owi ng the addi t'[‘ﬂ@h mpdefsp By RhIRLcsAHEd %%a%ﬁméémdmm PRKQARENT was
spun off by rotating T at 1000 revol utions m nut e seconds.
At the conpl et i Bikags betwen iegpoteip eeblpatone ubing the h]@clmml bEtyphédd was reduced
back to 60 revolkions, B iV R0 QHLERER QIRL000953 1, 32 -
and the cycle folr sg 1&§foﬁmrecoﬁmné§d by add%%ﬁ Sa-‘é{g%garne LSg?%)gdrnes?yo
wat er, enzyne a#iingd #ﬂa)tléles Sﬁ%%@quﬂymattqﬁ@f h%mm%}éltﬂs pft mlidireotd s was
t heln | ?agedz@ndlgl%ugnﬁk opﬁ%géwamw&@mum& o%%qlqnglmqm; Igméﬂﬁﬁgﬁégl .OL o

nucl eoti des used were:

nucl eoti de usedngdatngfior4 ays 4 QA fepgerature in ahumldity b()x toieducu cvaporation of

the reaction. Following incubation, the wells were washed with phosphate buffered

saline and then water. The wells were allowed to air dry for 1 hour and were then stored
at 4°C in sealed bags containing desiccant.

25 The ability to covalently bind the streptavidin to the polystyrene platforms was
demonstrated by running a number of control experiments using a control
oligonucleotide provided by QIAGEN GmbH. Sequencing of the control oligonucleotide
was achieved as described below without a wash step. The sequence of the control
oligonucleotide was TA (Cor TYGG T T T G C, with the order of nucleotide

30 dispensation being I' A C'T'G T G C. The control wells where either absent in EDC or
Streptavidin. Pyrosequencing of the positive disc demonstrated good strong signals
(Figure 11). No real signal was observed for cither the streptavidin negative or EDC

negative controls (Figures 12 and 13).



5control to nonitor for reaction nonspecificity. A wash step was applied
between the two sets of sequences. The conpl ete sequence data can be seen
in Figure 14. ure 14 shows a Pyrogram of the SE%TC]_I Q0- 30BP
synthetic ol i é"&ﬁ%ﬁ/ﬂéB‘P?de sequence using a sequence- was - SEHFNEE S r at egy.
The five prine, biotin | abelled, SEQ OLI 3130BP tenplate with self primng
| oop sequence was | oaded into the wel | 10of a streptavidin coated high

i npact pol ystyrene diFBa:Pytx@zxah keouit !fo@npdﬂ'y@;tlbﬁe-v@ﬂlrceaécawitldktmpbiviﬁd\iimgqeto capture
the target to the s, washed and, the sequence
Feact ;o commendBat ik PR RA Pai G ety siTaedOTaG: Pt CRoREAT Ve
control nucl eot |bd&nd(td(EFR):sszah;ohgmﬁﬂ(mnHtmmvmlo bomhlibeingfsequenendpetdatibn.ci t y

in the reaction. Seven of the first nucleotides of the known seguepce were
ni croi nj ected at 100ﬁﬁ no =" | %‘fl[f%l PSP TmBY I Tesys W(EIK]OP‘YPé? élaﬁrg% Peaks
wer e gener at ed fdemoreaa:tbs it ohlyeemmte espxd mdstmgtabamesmu haxtdg@ncﬁﬁqu‘ﬁme Peak

val ues vari ed dqﬂ 0 smnaﬁ wasl ‘l(’“{]‘r}i’““’d% Lsﬁlfarr? g)lljacf[%%?t_lvlvadsg uw}l leﬂ ftOl

sequence. At the aaéfl f| on® t he
rotor speed was Higogridased to 1000 revol uti ons per mnute to rermve t he

liquid contents of the well a the tenplate in plac und to the
streptavklin coated dyr%dm}ffsflhEn%lb\ggﬁegglgﬁhmgg% (%erslngelg(lil GvE, S% &8d5¢€d back

to 60 revol uti ongngd€nring sagtceciandht hmls@qwema&dmaosis:@mwmlmda@ahaby t he
addi tion of 198w %%@%%?ﬁwﬁ@ el?hllq}?e pl?bt ? e%?gDE“h?hengz)(}e bsilﬁt}mo to the cfat%?r%'wglses The

resul t dermnstra e sequence-wa

streptavidin coaqlwe@umomﬂertthendlmentl on. \Whereas thi s | nvent| on is
illustrated and desc%éspfg g\%th reference to 25enbodi nents presently
contenpl ated as the bes es or nodes of carrying out such invention in
actual practice, it Iige mmutielean6@3¢ stigod-l¢otidt wirarliyous! iohangdisf pmyvaietlymmde i n

adapting the inyepty 8& L Qiafh! -Tof dﬁﬂg%ﬂ' a&%}%{‘ﬂg LOOHL epqugglgoptg o t‘8 the

broader inventive conc pts |sc rel npr ehen
that followl!530 SGqU€I@@2—THFHEnI@M¢\WNBHDEﬁII€NlWG() THE rNWENTIPSRLUARE dﬂ@?v F@.LQ/\S

|. A nethod for ggngupig oghe nd@SSBYecu %ﬂoﬁom nggbd‘amgy @bngncf BLGRS of :

providing a platform tdlmm I'ise a first 'bin Prer in one
or nore discr et gpeicdal d@ﬁtha“s:urv‘fdaleé t\@)rﬁe wiih anmlatlﬁ@}r(ﬁ}lu%rqddmfpg tynsure

i mobi i sing said fidstuddbid AgpREWLDRMoL Q. Sai d one or nore discrete

Sequence-Wash-Sequence
20 The disc 1 was positioned into the instrument. The run was manually sctup to
allow for the microinjection of 2 micro litres of water, 1 micro litre of the enzyme mix
that included DNA polymerse, sulfurylase, luciferase and apyrase, and | micro litre of
substrate that consisted of luciferin and buffer. Following a 10 second period to allow
for baseline stabilisation, post enzyme and substrate addition, a negative control
25  nucleotide, dGTP, was microinjected at 100 nano litres to ensure that no random signals
were being generated during the run. As the guanosine nucleotide is not the first base in
the sequence it should not generate a signal peak on addition. The next set of nucleotides
was loaded at 100 nano litres at 30 second intervals using the following dispensation
order: TGTGTGT. The correct addition of each nucleotide resulted in a light signal
30 peak. The peak value depended on the number of the same nucleotide in a row. The
resulting graph of these peaks is referred to as a pyrogram.
Following the addition of these eight nucleotides, the reaction content was spun
off by rotating the disc at 1000 revolutions per minute for 5 seconds. At the completion

of the high speed rotation, the rotor speed was reduced back to 60 revolutions per minute



areas on said surface of said platform and sequentially dispensing onto
each said discrete area froma point external of said platforma series of
reagents, wherein after one or nore or all of said dispensing steps said
platformis rot®Id &En that any residual or unreacted "s‘é‘i’%‘%’é’é’&‘@?ﬁ i's
10substantially centrifugally renoved fromf%ach said discrete area, wherein
said assay is pyrosequencing. 2. A nethod according to claiml wherein said
pl atformis subsharkicadid for edqnautingareco@mederidy hditheabearnd ivigme 0ofol adrm 2
wherein said discrete areas are distributed abaout the periphery of said
circular platform’ 15 ng.s %Sﬁﬁf'ﬁgt&e%‘%g@’ G %" Inﬁﬁlﬁtlgesv%déll}gepﬁoéﬁ‘gﬂ? 2 to
500 di screte ar easalgesgksaicsturddbliicedcabaut thtrth e:tpe@mugbieilys wid sakds pl @rftor m
5. A nethod accordi.ng t o any, f clains, 2.to 4 rein the diameter of
sl ol actorm < bER CTEREAE v B TRl P R nedlt REEHG
platformis aboubniibl tcomehitmior RActon Aomsptdiiddhy a8 eashditapgyds @pdiey baweenahe twoe
precedi ng cl ai rein said discrete areas are substantiglly flat or are
substantial ly gﬁg%tgs&vq%lﬁssfhgéﬁnﬁw%ish ucréw\% ﬁéﬁlebcﬁfwb%%%lecnﬁabout 0.5 to 100
uL or a well depth oFigabddthdsh RymgBumehthe/SHR-ORIGOA0RE syottdiingligooudeyidone of
clains 1 to 5 wherein i1d discrete areas are relat.ivel ai.Se rtions
conpared to th\gg%ﬁlgﬁgé&gﬁgseé%?n o Sgha apl'e % [gfﬁf'gl#“ﬁhez%“%’ km}%%f g’%l%(aaccor di ng
to any one of tWeEQEPIEEHIHY winplriosvithhyef piiming &iod sdjusiox etae loada@asto dreevedlbout 1

to 5 mMmmin dia A rding. any > of . the preceding
cl ai nms wher (Ca]‘l:()nmsa:;lgg reB?i‘élfi o“r%?tn&?ﬂs)lg]? cl)rp%gtcf’%gfs gheglgihg%%dg‘g‘gr‘fr(ﬁtbéoﬁlf]agllgps%vl“g%t ed from
t he group consi $inding tofappol Y ardebnaleeyellpdhy stbpneiienplhic ghas wnyhad tnd the

Eﬁlaﬁtz yrene, polyGLiy k&G0 Rl RERRN fon Henkiin 3N QUHTRL A QLY. 2SS o
- control nucleotide (dGTP) was loaded first to monitor for nonspecificity in the reaction.

Seven of the first nucleotides of the known sequence were microinjected at 100 nano

15 litre volumes at 30 second intervals. Peaks were generated for each of the corresponding
bases in the sequence. Peak values varied depending on the run of the same nucleotide
within the sequence. At the addition of all the nucleotides of the first set, the rotor speed
was increased to 1000 revolutions per minute to remove the liquid contents of the well,
leaving the template in place bound to the streptavidin coated disc. After five seconds

20 the speed was reduced back to 60 revolutions per minute and the sequence process
recommenced by the addition of new enzyme and substrate and the next set of
nucleotides. The result demonstrates the ability of the sequence-wash-sequence on
streptavidin coated discs of the invention.

Whereas this invention is illustrated and described with reference to

25  embodiments presently contemplated as the best modes or modes of carrying out such
invention in actual practice, it is to be understood that various changes may be made in
adapting the invention to different embodiments without departing from the broader

inventive concepts disclosed herein and comprehended by the claims that follow.

30



10. A method according to any one of the preceding clains wherein said one
or nore discrete areas are a coating on said platform wherein said coating
is adapted to immobilise said first binding partner. - 34 - 11. A nethod
according to any one of the preceding clains wherein said first binding
partner is chem cally adsorbed or covalently or ionically, or hydrogen
bonded onto said surface of said platform or van der Waals forces
imobilise said first binding partner to s8i-d surface of said platform 5
12. A method according to any one of the preceding clains further
conprising a trolgh @iAdMs DEFIENG THE PBENITHEN WREFASEMII.QW St f or m f or

recei ving waste fil ui ! . f . If .fromthe
surface of said rl'ot a?gls e %F%Otﬂ %F %{}gﬁ%gsan?%ng&?@%oér{p}%ﬁ&%%%ﬁnet hod
accordi ng to any oneProfidingrrlafors adaptedtodmaro ilisegtfisst binding pastnfr in gne o moret he
10series of reagent sqicRMEUdasESa e DGRt BIRI Ng partner to the first

bi ndi ng partner, and.the subse(;iu,ent re_aé)ents are chosen from washi ng and/ or

rinsing reagents. 14ndNgosiHeyilisEs spidifispindgepasiesiosaip pne a0 dEEt ng cl ai ns
further conprising tdhas &l QR seifacabBshMplaiermt; &1 assay during and/or after each
said contacting step. 15, llA et hod accor dj ng to anﬁ one of the preceding
claims further conprf@FHglly figpeasingpnipeeagn said dieretq grep Fam A et isma! 5ae f or m at
a speed of about 10 fladfoRdseripofvdagdnsi whtrdpaites brie@r Mdtetr ARG HiSpensiing
rotating the rotata form at e f about 400 t.0 .1000 mto
substantially centr itgtegsggldﬁp?/m?rénrr%\?oéa@daslﬁ% t‘rgigelaag en Kguarorrcl)lpnregcé‘?d aléfeg%eljl([:‘ge ar eas.
16. A kit wheiP used sistantipdly nentrifogd!lp coordi frign ¢ach aaidisore aoh, wiesdimsidl to 15
for 20conducting an agsgig%ymgea&é;{c- jt conprising a rotatable platform adapted
to imobilise a first binding partner in-one or nore discrete areas on a
surface of said pl at’f Bethyd aseaadinge clgim hhasein eidyplstfosm fsspbstaniiadly sisaidap.  wher ei n
sai d assay i S pys.0Seduansd Qerding to claiky2 wiRARER HSrdtB&s WS Qlrblited fHBuMEL hOd
according to any one of clains 1 to 15 for 25conducting an assay, said
appar at us conpri si nél.‘epé'b‘g‘ﬁ"ryé’gs firsplar Rt ng a rotatable platformat a

pr edet er m nediscoat r A heahddectssdimz t6 eh@rcl ahdrén fHtied b G0@discEerehs adher ei n sai d

rotatable platform |d§§m%gt%(pt first binding partner in one

ed .to i.nmobili.
or nore discrete areas on %{’Olsnl}{rmfpaeg%%?o%%ﬁ?glatqn&tform 30optionally

apparatus for diSspemfsrmgbdsaaciooﬂhfgitogttyo!nbnfﬁlamgs;thwtereirphMjarga@rd_fﬂme or nore
discrete areas on sl da6&n douds d shldh L REnclTFORS bl #lRG S0 i1 st

bi ndi ng partner to I SCrete areas; apparatus I spensi ng reagents
into contact with saitt¥®mscrete areas; and

20 6. A method according to any one of the precedfng claims wherein said discrete areas
are substantially flat or are substantially shallow weils comprising a volume of |
between about 0.5 to 100 uL or a well depth of about 0.5 to 3 mm.

7. A method according to any one of claims 1 to 5 wherein said discrete areas are
relatively raised portions compared to the surface of said rotatable platform.

25 8. A method according to any one of the preceding claims wherein said discrete areas
are about 1 to 5 mm in diameter.

9. A method according to any one of the preceding claims wherein said platform is
formed of a plastics material selected from the group consisting of polycarbonate,
polystyrene, high impact ﬁolyst}"rene, polyethylen‘e and polypropylene, or is

30 formed from glass or quartz. ' -

10. A method according to any one of the preceding claims wherein said one or more

discrete areas are a coating on said platform, wherein said coating is adapted to

immobilise said first binding partner.



- 35 - optionally apparatus for dispensing a washing reagent. 18. A nethod
for conducting an assay, said nethod conprising the steps of providing a
pl atform adapted to selectively imobilise a second binding partner in one
or nore discrete areas on a surface of said platform 5selectively binding
or immbilising said second binding partner to said one or nore discrete’
areas on said surface of said platform and sequentially dispensing onto
each said discrete area froma point exter¥al of said platforma series of
reagents, wherein after one or nore or all of said dispensing steps said
platformis rotatlbd A0EHod seaerdinglp apeenedltie pispedipg clairsagrengaid ifigst pledipent is
substantial Iy centrigaHgiksl cHersi€dN ¥@Erbbd S BoPaintly babM&Gily, Dt hyiropWEInGddbnRAl d
assay is pyrosequencing.. 19. A inethod according to cfa|n11§ wherein said -

g \ nls. 21 1
platformis substantP4pFpceehsaidpitformser vandsrdyaalsdoress dpmehiking stidfist bindie1
wher ei n sai d di scr etpartasr @3id dtir@icélbShidiphtft@l about the periphery of said
circular platfor 15 21. A nmethod accor.ding to cl ai 0 wherein about 2 to
500 discrete a?eg% d? @eté?%ﬁcﬁ%@dn%%l?{g\e H‘gceﬁggf%%%ﬂ%ﬁ?coﬂf‘ﬂn% atform
22. A net hod accor ditrggl dispaseyt atthepetiphety @fisais plhGorimdoitdceiMngmaita fltilewklitlanet er
of said platformis bet a 0.1t0.500mm and t he thi.ck s qf .said
platformis about 1 oF (ﬁf?ﬁ)r cg'gl%ié. aXa%%?'ﬁg‘ sggag%?%ﬁlﬁéo@%b%apgas%%gurb“lg cl ai ns
18 to 22 wherein saiidreditiborete areas are substantially flat or are
substantially shaj| oumiild o @I} O 0Pl Bt OinR StREMARGYE Q. 5 tO 100
L or a well depth of about 0.5 ()ﬁylﬂﬂf 248¥A_n%tﬁo accoréﬁﬂg t% any one
of clains 18 b 22 Vs efeeesa epreprisesthersecond bisdinapagingr&q the fissichindngapadecy
portions conpared t Qnd e sibbbigha€ Ra@hts SRicHostOkth a’@hﬂlgﬁ!l(ﬁ(;rfrﬂ_gi? redgentd0- A

to 24 wherein said discrete areas

met hod according.jo any one of clains 1 )

are about 1 to SV *H&mdgﬁﬁfm'%?g. ‘°2’6‘4°“ﬂ°ﬁ’é‘f RgEriige cartifHtier Gmarsned iestor

clains 18 to 25 whero€hmlysiag the pdsat dudingnand®r bt 8aH saf coataftingstep.cs material

sel ected fromthe. group, consi sti ng of car honat e | ystyr.ene, high

i mpact. pol ystyr eﬁsé, Aprgg?/oed?aﬁgf’l'd;mrgew g“r?’ap “6@?{‘/‘%?8%‘51“%?‘% s ggr%f%wﬁ%‘f’%“%e %r om

glass or quartsz. 27.ofytaveg thowtaabimlaiomgattacpad yf e 16fo 200 apomwhik8 to 26

wherein said one or (RLEindlRAEELRS ACRUA fie AubSRHNIOR SRk AbALT Or M
g Is adapted t [

wherein said coatin 0 | nmo I se sal Irst bl nding partner.
400 to 1000 rpm to substantially centrifugally remove said reagents from said

discrete areas.
16. A kit when used in the method according to any one of claims 1 to 15 for
20 ' conducting an assay, said kit comprisfng a rotatable platform adapted to
immobilise a first binding partner in one or more discrete areas on a surface of said
platform, and one or more reagents for said assay, wherein said assay is
pyrosequencing. |
17.  Apparatus when used in the method according to any one of claims 1 to 15 for
25 conducting an assay, said apparatus comprising;:
apparatus for rotating a rotatable platform at a predetermined controllable user-
selectable rotational speed, wherein said rotatable platform is adapted to
immobilise a first binding partner in one or more discrete areas on a surface of
said platform;
30 optionally apparatus for dispensing said first binding partner onto said one or
more discrete areas on said surface of said platform for immobilising said first
binding partner to said discrete areas;

apparatus for dispensing reagents into contact with said discrete areas; and



-36- 28. A nethod according to any one of clains 18 to 27 wherein said
first binding partner is chemcally adsorbed or covalently or ionically, or
hydr ogen bonded onto said surface of said platform or van der Waals forces
i mmobilise said first binding partner to said surface of said platform 5
29. A method according to any one of claims 18 to 28 further conprising a
trough di sposed at the periphery of said platformfor receiving waste

flui ds which are 'spun off or centrifuged awy fromthe surface of said
rotatable platformduring its rotation. 30. A nethod according to any one
of claims 18 to 29 whePREPRAlX apparais &5 AigPassing VeshoFagther i s bi ndabl e or

reactable to a firsst Abhdﬂii'd'ﬁgc&ﬂlﬁl@tﬂlg'én%Jﬁﬁ%%d%ﬁr@m%?e?teﬁ%f 3;]9 of S?Ih d
0 er ei n e

platform 31. A nethod accardi one, of cl ains

subsequent reagents ar epr%‘ﬁ‘gjége”npq% ﬂ%ﬁéﬂf"ns@ ectively Jrmebilise p sRgonddingist s .

32. A nethod according ;iaﬁn@myoneaﬁnafedﬁérab BBas b8 als@faddoflshifl plagsrmgonpri si ng t he
tep. 33 A mebhod acodFTNGPEaRy-BRECHR il Fond BN e PP of ©
conprising the step of m@tarsqrﬂgm'edaensmmfadaloésqmpizttfoonrandat a speed of about
10 to 200 rpm whil st di , [ tatabl e
platformat a speed of al gﬁﬁwgla&%"%l%g}g&%ﬁtdggg%t%?%ﬁ%’l g?‘fl{&%énﬂfrf?f ugal ly
renove reagents frOm sdiid piatsf?fgeﬁtsemstoé@agcm, hereinafier Qne\ﬂh@quegls@]d)f said t he

met hod according to anyy; Qﬁmggteﬁslsﬁﬂ tfdkh it f%ta?e’a sﬁ&rtha@%(u&%hlr&guﬁ&céﬁsa%
said kit conprising a rofata | at f orm adapted to sélectively 1mobilise
a second bi ndi'fg part nepid i“ﬁg‘i‘)‘héS‘&S‘Wécﬂf@%ﬁa@f@maYeézi@mcfﬁ‘dé"f%mF‘Face of said
platform and one or nnﬁlﬁrema@@@ﬁ,sls;,%sea@ngtn@ssay, wherein said assay is
pyr osequenci ng. e _nethod acc rdl to any
D6 or Toi 18 1o R gelBl Hodiite g R Peiga iy PEATH LB A OSTE G pr 51 ny:
apparatus for rot2ti Agnethod Mcatlabk@clqmrhapfwmramamd dnsqwtedetsafemsﬁﬁbdtedtmhf ol I abl e
user-sel ectabl e rot IRy said rotatable platformis
adapted to selecti vgﬁthkgaﬁnor%gtles%gcmu r&‘ bi ndi ng partner in one or nore
di screte areads3@bn éms;thp# arserding tosxéqud ZQWatrélonbnut DptSDo disdréty arggspeer at us f or

di spensing sai d seco&]gnméaqb&fam@gégpﬂ&;opgaxdq,lawnd one or nore discrete areas
on said surface of said platformfor Selectively inmmbilising said second

bi ndi ng partner £& shftithed acerding toangane of claigm 19 g arhsteinsths digmar gpwsidsi ng
reagents into cont acglat®Wih i be@cth MbHGO &S ROANEAS ihe ARAnAPLF 00 JlatYmAR RRLAL US

for dispensing a washi N reagent. 36. A nethod for conducting sequenci ng of
a nucleic acid stranldt ‘d net hod conprising the steps of: 5providing a

pl at f or m adapted2s.0 A mehbd icicaem@tormsszeiocclamisds ﬁiﬂaﬂﬁreblisﬂldidﬂg‘etelaﬁﬁstdﬂ@r in
one or nore discrete a_su ai d g or

i nmobi | sing said nuC Séiggsﬂ C|atcj°rafeSUbscfmoaH?f(§llm?l wpv)vgr P"?mcrrgavﬁ?u&’e@ screte area
and t hen sel ecti vel ybebiepmlabagt Q.:ﬁrto|1mwboﬂm\mllrdgptaofubc¢t@|5tto dord strand to said
di screte area;

24. A method according to any one of claims 18 to 22 wherein said discrete areas are
relatively raised portions compared to the surface of said rotatable platform.,
25 25. A method according to any one of claims 18 to 24 wherein said discrete areas are
about | to 5 mm in diameter. |
26. A method according to any one of claims 18 to 25 wherein said platform is formed
of a plastics material selected from the group consisting of polycarbonate,
polystyrene, high impact polystyrene, polyethylene and polypropylene, or is
30 formed from glass or quartz.
27. A method according to any one of claims 18 to 26 wherein said one or more
discrete areas are a coating on said platform, wherein said coating is adapted to

immobilise said first binding partner.



10optional ly denaturing and renoving any conpl enentary nucleic acid strand,
anneal i ng a sequencing priner to the discrete area; and sequentially

di spensi ng onto each said discrete area froma point external of said
platforma series of reagents conprising A, T, G and/or C nucleotides or
the respective suitable nucl eotide anal ogs, wherein after each or any of
sai d 15di spensing step said platformis rotated such that substantially any
resi dual or unreacted reagent is substantiaély, centrifugally renoved from
said discrete area. 37. A nethod according to claim 36 wherein said nucleic
acid strand i s DNR. oA iitiddatcoalingpelarfyioeelofictim 18he 2 EwilicrédOsadiirst Aindag hod
according to claim3 r..cl.aim 37 wherein the nuclei.c acid strand.is
biotinylate,d and th a’ﬁ‘ﬁrc ée}}e}[(?wgﬁl %ﬁ‘sosrgerdé’ﬁgw%lfrﬁldioﬁé’mﬁ%{rg’t ?{g’ly grg%eﬁ’ﬁ??(%‘égm%vi din
or streptavidin or aribswshagiisidpatobhmdimglet Wealbfowts implobiligckaid fitdt eindingici d

strand. 39. A net hodp%ﬁ‘ﬁ%&%i&rfﬁ&o@&dﬁgﬁ f clains 36 to 38 wherein each
said discrete area i S contacted seque t1al y with a series of reagents

conprising A T, & af\detiod @conlingdt agongieislaingl 8 o2& rthes eorensisiog elirenght o cl ai m

39 wherein said sequgisfobdlat 0 Perdhdrl Bikai pBBTPBPIebe: Wiste MRIds whilh dre€CH
nucl eotide or its analog_is added separately and sequentially 1 n any

desired or predet er ntPHRAT A Fatrifugebayay frapthestinfece Afeiddpietpble platdirmpging its
predet erm ned or desiotasith.subset of these are added as a mixture, and the
m xt ure added aga3i0n, any ogne of clains 36 to

etg. 41, A nmethod agccording,t X
40 further conpri-Sing "fcﬁ’gdg‘fcgrﬂméfo AN AR icﬁﬁmggitcgzgn fegflsé'déf:‘i" R4 d duri ng
and/ or after dach sapakngartimiable ngregtab.to a firs3nding4artneAalroadytdandxe6ad di ng t o
claim4l wherein saig j rises detecting the next base pair in
said nucleic acid -stréﬁ%%%a%dc%?tg’e ating the output of Iight with the nunber
of nucl eoti des wHilchAmgthed preerding tdroynek af olaintyd 8 Uil viersinetb shbstiweatidagedts. A

met hod accor di ng 0 A0khoRGoR wishif /o fnsii® régedther ei n said rotatable
platform 5 is rotated at between about 10 to 200 rpm whil st dispensing the

reagents and sai d%en? Jiskodercerding irany gneof plgips 18 ioat] ivthsr eompeising e stet of t ar get
site, and saidspl at f Sa§RihghE Rb3d8EhAndBPMYE eadiDQidlOntdRAPstbPM Whi | st

di spensi ng said :%?.s h‘%fqﬁthrgac erg.t . 44, A r;ret .hoq ac orxgi&n to .any one of .
claims 36 to 43 wher g 8, Ay P! Slpigs éf?n%rf}‘ ’sg’ﬁpaf‘i‘ﬁﬂ e teRofnuct ei ¢
acid strand to eff eabtatkenbd ratatablg pladibrmex p ggeedi@f abdie 10 to 200 rpm whilst dispensing
said reagents, and rotating the rotatable platform at a speed of about 400 to 1000
rpm to substantially centrifugally remove reagents from said target sites.
20 . 34. AKkit when used in the method according to any one of claims 18 to 33 for
conducting an assay, said kit comprising a rotatable platform adapted to selectively
immobilise a second binding partner in one or more discrete areas on a surface of
said platform, and one or more reagents for said assay, wherein said assay is
pyrosequencing.
25 35. Apparatus when used in the method according to any one of claims 18 to 33 for
conducting an assay, said apparatus comprising:
apparatus for rotating a rotatable platform at a predetermined controllable user-
selectable rotational speed, wherein said rotatable platform is adapted to
selectively immobilise a second binding partner in one or more discrete areas
30 on a surface of said platform; |
optionally appératus for dispensing said second binding partner onto said one or
more discrete areas on said surface of said platform for selectively immobilising

said second binding partner to said discrete areas;



10nucleic acid strand to elevated pH 45. A nethod according to any one of
clains 36 to 44 conprising the step of wherein after said nucleic acid
strand is denatured the conplenentary strand is renoved by a rinse step
with a rinsing reagent. 46. A nethod according to any one of clains 36
to 45 wherein each said target site is 15prepared for each said subsequent
reagent by substantially drying said target site by rotation of said
platformto centrifugally renove any residgal reagents such that there is
substanti‘ally no contami nation of said target site with a reagent. 47. A
met hod according to anypemnts b digjeadimrednts BroABntidd Bl ERld: ASSANKd 1 S

pyr osequenci ng. 20 48.0,%Oll§gltaMe gs din theﬁg&lt hod according to any one
of clainms 36 to 47 for pcondlﬁc?qarﬁgjs "éalﬁ%‘?‘?&‘f‘%‘v &A%l ei ¢ acid strand, said
kit conprising a ot Atradthod fylcandugingsayderoing df 4 mucleldaeibistkdns,Qaid nfathel €i ¢ aci d
strand bi ndi ng partnggmﬂr@mgglgst sopore discrete areas on a surface of said
platform  and one or nore Teagents for sequencing of said nucleic acid
strand. 25 49. Use of t eoviding andatiordadapted © imingbilise4Budlee acibsdniindigg
sequenci ng of a nucleic e ~ Kict .according to claim
49 wherein said assay is%?giggﬁgﬁ(ﬁ%%fetﬁsasg\%%%dr?gfeuosfsﬂﬁ%?f%ﬁ?ed in the
met hod according to any PSHBEST ingnodilising S@! nugleig Acid erand bigdiegpirng tasailic| ei ¢

acid strand, said appar alstigte GRIRA thdnBlect SN ABRGEAL USmb Bifisid o2 9ci
rotatable platform at astpﬁ)gngdet er m ned ccont ?ol | abl e userls- ggdterﬁltgg{ag%?e

rotational speed, wherei 1 §995estedPe platformis adapted to i mobilise

a nucleic acidostrand biopéhinaity desdtiriAg bnd rBmEVig:; MY cdMpl@nedliaBGREES 18 §A54,0N 2
surface of said pl atforg&neaﬁn 39 hen%Bti onal | ?i’ﬁ%n ag aratus for dispensing a
nucl ei ¢ acid strand bindi ng parcner "BRYBIIAMG IR pEL @y eas. for

i mobi |i sing said nucl efeuatiplyy dispersing ol rebhisgd disdtétarea froin 5pdil ebembiogt €
areas; optionally an appad @kétsmbhQLied i -nucl.eic acid strapnd onto
sai d discrete 5areas for s@lteqti Seqeibfisr%%g@% {blgg)?snuég é’aﬁg aﬁ%(?fgf“é&egﬂ‘?eaoét r and
to said discrete areas; pispestieishiablgmuelentide analogs, fvbereid efrarteanhiongnyaiishid
optional ly removing anydisRiibeRgRhiapht G lafed 36 Ghat ; ratys for
di spensing A, T, G and/or C nuc eoltlf?des or. tahei r r&%@%&%‘ﬁﬁ%@ﬁ% or
conbi nations thereof i nP'd"EBHELEER HOstantially gpririfogally remoxedsfrom said discrete

area.
37. A method according to claim 36 wherein said nucleic acid strand is DNA or RNA
or a modified form thereof .

20 38. A method according to claim 36 or claim 37 wherein the nucleic acid strand is '
biotinylated and the nucleic acid strand binding partner comprises avidin or
streptavidin or an analogue for binding the biotinylated nucleic acid strand.

39. A method according to any one of claims 36 to 38 wherein each said discrete area
is contacted sequentially with a series of reagents comprising A, T, G and/or C
25 nucleotides.
40. A method accgrding to claim 39 wherein said sequential contacting step comprises
either:
a.) each nucleotide or its analog is added separately and sequentially in any
desired or predetermined order,
30 b.) A+T+G+C nucleotides or any predetermined or desired subset of these
are added as a mixture, and the mixture added again, etc.
41. A method according to any one of claims 36 to 40 further comprising the step of

analysing said nucleic acid strand during and/or after each said contacting step.



10apparatus for dispensing a washing reagent; and optionally an apparatus
for dispensing one or nmore enzyme solutions. 52. A nethod for conducting
sequencing of a nucleic acid strand, said nethod conprising the steps of
providing a platformadapted to selectively imobilise a nucleic acid
strand in 15one or nore discrete areas on a surface of said platform

sel ectively binding or imobilising a nucleic acid strand to said discrete
area; optionally denaturing and renoving any.conplenentary nucleic acid
strand, annealing a sequencing priner to the discrete area; and

sequential |y di spénsiAngetimitaocontiipho slainthiditefemahia aﬁ’d’ly%@ci)_lﬁﬁbc;@dae‘:%gﬂu%ﬁth%)(t er nal

f ts..conprisin
nuch oot den or tho + EELEE PYEn STif PAFRACH SEPBGY MRS AR EHEP aHEAYH Bt o
each or any of said omrheactnudgotsiésaﬂn&ﬂiachu&b@teftﬂmlmtb&eﬁaﬁl{l@é&Ghs$d|d1|?<h t hat 233/
dual nreagt e I a centr a renov
1[(raglm g:l dO(r:h gcr eta§ a§e€ﬁ°g§££%%%eé Ao a((L’:th%r R E %%%el“:é’? ??deS’?‘ %hléf’é?‘?fmt he
di screte area A&l readgﬁfﬁetsd%trb#wmnlab@edO@%hame«t'msedlspmhglmradgmds &H@zgmdd o
bi ndi ng partner, andewhat &l R @b F!:m@b@e e&s%@&ﬂﬂﬁxé%t St?'a%%sa' Vﬁﬁy L nas

sai d nucl eic aC|d strand bi ndin Scl ai m
53 wherein said nucl Etaedstabgutdo &ﬂ@OQ@mmMS@PSpmMg eaid washingichgentd f or m

thereof 55. A net4hodAa:feﬁ{aHd¢c6ﬁmfg% &b%hé@t‘éﬂm\@h%ﬁ@#ﬁvﬁe% &H‘iﬁ'ex%mﬁm%&gg strand
is biotinylated and 30t he first i,ng. partner_conprises avi

streptavidin or an aff: pB&“ﬁgeaf‘B%t BP‘ff "T?Q‘dtsﬁﬁ’dlﬁ? ﬁf@‘rﬂﬂ%‘ﬂ@é» 9% gerosingtheci d
strand. 56. Alkit whenleicseid sirdd td@evard Md accordi ngt teg ?gysgln:c;):‘ Vg: f/“ nms 52
o i & AP M RIS B R RSGSEL ST, o
surface of said pl at4fer swid raddc aridéstond indemturdalgaeninplehatarg @EUE Beimyedfy Sai d
nucleic acid strand.g rinse step with a rinsing reagent.
46. A method according to any one of claims 36 to 45 wherein each said target site is
15 - prepared for each said subsequent reagent by substantially drying said target site
by rotation of said platform to centrifugally remove any residual reagents such that
there is substantially no contamination o‘f said target site with a reagent.
47. A method according to any one of claims 36 to 46 wherein said assay is
pyrosequencing.
20 48. A kit when used in the method according to any one of claims 36 to 47 for
conducting sequencing of a nucleic acid strand, said kit comprising a rotatable
‘platform adépted to immobilise a nucleic acid strand binding partner in one or
more discrete areas on a surface of said piatform, and one or more reagents for
sequencing of said nucleic acid strand.
25 49. Use ofthe kit according to claim 48 for conducting sequencing of a nucleic acid
strand.
50.  Use of the kit according to claim 49 wherein said assay is pyrosequencing.
51.  Apparatus when used in the method according to any one of claims 36 to 47 for
sequencing a nucleic acid strand, said apparatus comprising;
30 apparatus for rotating a rotatable platform at a predetermined controllable user-
selectable rotational speed, wherein said rotatable platform is adapted to
immobilise a nucleic acid strand binding partner in one or more discrete areas

on a surface of said platform;



57. Use of the kit according to claim56 for conducting sequencing of a
nucl eic acid strand. 5 58. Apparatus when used in the nethod according to
any one of clainms 52 to 55 for sequencing a nucleic acid strand, said
apparatus conprising: apparatus for rotating a rotatable platformat a
predeterm ned control | abl e user-sel ectable rotational speed, wherein said
rotatable platformis adapted to selectively imobilise a nucleic acid
strand in one or nore discrete areas on a-if@surface of said platform
optionally an apparatus for dispensing a nucleic acid strand onto said

di screte areas for i nmaptibtalg bmgpgatudfondispesying aanitielc 8did antd biRdiSdhadngli SCret e

areas; optionally an apparatus for denaturing and optionally renoving any
conpl enent ary nucl ei c (g"& S(ﬁ%sfifsfrﬁﬁﬂfeasl éﬂ*ﬁ?ﬁlﬂ*ﬁlﬂ%sarddwdawi&%ﬂ&nﬁam ngT G

and/ or C nucl eoti des oparthdned saidrdisspeatéasre anal ogs or combi nati ons t her eof
into contact with said, dj t reas: .apparatus .for. dispensing.a washing
reagent; and opti onal I%})qg%ﬁ%%‘pﬁpag?ﬁss %%Isrpg dﬁ%ﬁé‘ﬁé?‘%%‘z% %no?nt%i&ghséﬁyyne
sol utions. 59. 5A pl at faseasfonieiestivebcichniohilisingsaptubleid acid stoindliorsgid tiscramayreane  of
claims Ito 15, 20wher g sl 4, 1 b Mchauddakt &6 'Pﬂgg'li e a first
bi ndi ng partner in one Por ?rglor edgl&ﬁﬁstgr ete ar egs oﬁ)q'g&a?ﬁ&r' acgég??sai d
platform 60. A platfdPRPlimeray sediq asidsiiandiet hod according to any one of .

clainms 18 to 33, wher eppar&iad o dipalsh@AlT] § aiR R faledtRes? hiRE bdsy&liYe | mmObi i se
a second binding partner, in one or nore discrete areas on a surface of said -

platform 25 61. A pl &f1'958F H‘aﬂ‘g'ég‘efeﬂp?ﬁéomﬁéﬁsaé?dﬁﬁﬁfeéﬁ%‘ij‘s;to any one of
clains 36 to 47, wher epparsas fok didparising b Mashingachgpiteddt o | Mmobi lise a nucleic
acid strand binding p rLNSH aimn onﬁ 3: Jore. di screte areas '%n a surface of
said platform 62. A pfatformBhHen uedPrie e MERod>4¢8PH ™My to any one
of .claims 52 to 58, Avmethed for smileting stydeocing ¢fs nadeipbadisttacd, sed methéd/el y

I mobi | i se a nucl ei c.a61ig,Shd@dotn 300ne or nore discrete areas on a

surface of said platform ~ .
' providing a platform adapted to selectively immobilise a nucleic acid strand in

15 one or more discrete areas on a surface of said platform;
selectively binding or immobilising a nucleic acid strand to said discrete area;
optionally denaturing and removing any complementary nucleic acid strand,
annealing a sequencing primer to the discréte area; and
sequentially dispensing onto each said discrete area from a point external of
20 said platform a series of reagents comprising A, T, G and/or C nucleotides or
the respectiye suitable nucleotide analogs, wherein after each or any of said
contacting step said platform is rétated such that any residual or unreacted
~ said reagent is substantially centrifugally removed from said discfete area.
53. A method according to claim 52 wherein the discrete area already has immobilised
25 thereto a nucleic acid strand binding partner, and wherein said nucleic acid strand
selectively binds to said nucleic acid strand binding partner.
54. A method according to claim 53 wherein said nucleic acid strand is DNA or RNA
or a modified form thereof,
55. A method according to claim 54 wherein the nucleic acid strand is biotinylated and
30 the first binding partner comprises avidin or streptavidin or an analogue for
binding the biotinylated nucleic acid strand.
56. A kit when used in the method according to any one of claims 52 to 55 said kit

comprising a rotatable platform adapted to selectively immobilise a nucleic acid
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strand in one or more discrete areas on a surface of said platform, and one or more
reagents for sequencing of said nucleic acid strand.
Use of the kit according to claim 56 for conducting sequencing of a nucleic acid
strand. '
Apparatus when used in the method according to any one of claims 52 to 55 for
sequencing a nucleic acid strand, said apparatus comprising:
apparatus for rotating a rotatable platform at a predetermined controllable user-
selectable rotational speed, wherein said rotatable platform is adapted to
selectively immobilise a nucleic acid strand in one or more discrete areas on a
surface of said platform;
optionally an apparatus for dispensing a nucleic acid strand onto said discrete
areas for immobilising said nucleic acid strand to said discrete areas; n
optionally an apparatus for denaturing and optioﬁally removing any
complementary nucleic acid strand;
apparatus for dispensing A, T, G and/or C nucleotides or their respective
analogs or combinations thereof into contact with said discrete areas;
apparatus for dispensing a washing reagent; and
optionally an apparatus for dispensing one or more enzyme solutions.
A platform when used in the method according to any one of claims 1 to 15,
wherein said platform is adapted to immobilise a first binding partner in one or
more discrete areas on a surface of said platform.
A platform when used in the method according to any one of claims 18 to 33,
Wherein’said platform is adapted to selectively immobilise a second binding
partner in one or more discrete areas on a surface of said platform.
A platform when used in the method according to any one of claims 36 to 47,
wherein said platform is adapted to immobilise a nucleic acid strand binding
partner in one or more discrete areas on a surface of said platform.
A platform when used in the method according to any one of claims 52 to 55,
wherein said platform is adapted to selectively immobilise a nucleic acid strand in

one or more discrete areas on a surface of said platform.



