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THERVAL CYCLI NG DEVICE Field of the Invention The
present invention relates to apparatus and a net hod
wo 2009061184 0l | i ng the tenperature of a reacti onPEI/ATURNVE/001752

and in particular to thermal cycling devices for
nucleic acid anplification. However, it will be
appreci ated that the inventihon is not l[imted to this
particular field of use. Background of the Invention
The reference in this specification to any prior
publication (or information derived fromit), or to
any nmatter mhichg' i houl d not be
taken as an ackn Hﬁ%ﬁggiﬂ?YSﬁJﬁ@%P | or any form of
suggestion that the prior publication (or information
derived fromit) or known matter fornms part of the

Field o0 divedinvgetied al knowl edge in the field of endeavour to
which this specification relates. PCRis a technique

The prévent iivéigionLitlateg|te apyarhtas ahdatmetisdifor fontollihg the temperature of a

.expaonential  anpl.ification of certain pol ynucleotjde
reactign flixieeandeincprrtis s 19 thomad cydinggigyices dof nualgic acid amplification.

HowevEE ARt ElreE C%%d MRatft I L ééﬁ‘l%@ﬂ&ﬂefjhﬁlﬁe toothls! ﬁ?@cﬁl‘laﬁﬂ ﬁe\le of use.

many books, di ng ractica
NbPherson et al., IRL Press (1991), PCR Pr ot ocol s:

; s and Applications by Innis, et al.
Bad‘é Q&'g%?gﬁ r%@é“?Q%O) and PCR Technol ogy: Principals

e PR OGELLETE IS AP A0y St A om ),

or to hh)Smane‘(t which,is knowndis mgt, dnd.shdyld 30t bO Faked,a58@, #RAowledgment or
4, 800, 159; 4, 965, 188, 818; 5,075,216, .5, 079, 352;
admissiony apy form ogzlsggmon é obe. paipp publigtisn g%femé%maﬂ% erived from

it) or glgr?aqg RGRE AHRs gyﬂ? bPﬁ*Jelc}Sm'rr[b\ﬁ%e‘ﬁ&%l f(ﬁkﬁvlﬁalé‘eoinQﬁe field of endeavour to

uring a polynucleotide, | owed by the step of
whiclethisespe¢ifigaten relatest a pai r of prl mer ol i gonucl eoti des
to the denatured pol ynucl eotide, i.e., hybridizing the

PCR F Lle{rg}rl]nﬁé Ic i mvglv(ij ”ﬁhﬂg)?edce)%?és%ﬂé{%' ?ﬁ '19 ?het Ill@l‘itﬁll % fiEatlon of

actl

certaifi qfownylzlesu@a/mdueﬁdes eath amreew\c)p:dﬂ ;snwrﬂlpiahd d"éhestachmque of PCR is
that incorporates the primer oligonycleotide anﬂ uses

well knqwypndyisnétscaadainumany Berken including. d&-BisAd raghfah dpproach M. J.
McPHef3R! fi at. IIIﬂ es%%%@l? PéRslirgfbﬁos(sdgr@ﬁME% 'I\/I)é?hocﬂrdnﬁ‘%pphcatlons

annea pri nmer’ extension) constitutes a
by InngspétealAsAaa;imhestss(l@éQ)eanédPCR Mectanvingyt Puhcmel\.u/l asyld Applications’

e DL e B B TR R S g mony
U.S. qﬁfeln'ts?rmﬁb(ﬁir% QaB. SE68X195; 4,683,202; 4,800,159; 4,965,188, 4,889,818;
5,075,216; 5,079,352, 5,104,792; 5,023,171; 5,091,310; and 5,066,584.

The PCR technique typically involves the step of denaturing a polynucleotide, followed by
the step of annealing at least a pair of primer oligonucleotides to the denatured
polynucleotide, i.e., hybridizing the primer to the denatured polynucleotide template. After
the annealing step, an enzyme with polymerase activity catalyzes synthesis of a new
polynucleotide strand that incorporates the primer oligonucleotide and uses the original
denatured polynucleotide as a synthesis template. This series of steps (denaturation, primer °

annealing, and primer extension) constitutes a PCR cycle.
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as tenplates for synthesis in subsequent cycles.

Primer oligonucleotides are typically selected in
W@2208617at can anneal to opposite strands of BCAUZ198/001752

doubl e- stranded pol ynucl eoti de sequence so that the

regi on between the two annealing sites is anplified.

Denaturation of DNA typical.by takes place at around 90

to 95C, annealing a prinmer to the denatured DNA is

typically performed at around 40 to 6Q0C, and the step

As cty%f? )é%rglngpl E%Pﬁ&’g anneal gd%tﬁ ﬁgsﬁyg ]’)Fglégd -ﬁ)-;??g%échﬁpiige increases

exporitutidlgbétaltieRhe )i@\lvB/ dynenekigb® poghixleotifes Fom arfédtiérdycle can serve
m xture nust be varied, and varied many tines during a

as templafescins| enﬁeNSemperhsmpt cyples-PANImEL: RHBefyElantidesg are typically
select% dﬁl Vﬁﬁljs DF\%t a%@agl Foal Bé (‘1)§1 of a I i\}éql '&8u1§18 stranded
sequence anal e gener
polynublemldtgseqﬁemel sb diactheaegios quan ﬂE t\)\&)l aneealingaitéed amphﬁed
mut agenesi s, detectlon of genetic nutations, dlagnoses

Dena%aéll%ﬁJ DR ‘Sfé‘tc ) Bt Blsenat ?ﬁ?&n& i [?Béé%f?%mgna primer to the
denatgxl(e:g i he ty];&zﬂ ﬁerrfgﬂlgxe@ LPefo | ca? lﬁbqg%ootn%‘ﬁﬁﬂ{e s'téi)noiI &tending the

i on proce

annealddCpritelérd @vxth ﬂp@l?m@hﬁt 13 ﬂypﬁﬁlly pé‘rf@ﬁledlasﬁfo@ﬁ@ doite 782G, Therefore,
Patent No. 4,988,617 to Landegren and Hood, are known
during g P CRIg¥sle thgdermpsrptuge atithe seackien ke must bengrigd, and varied many

uﬂws%gﬁﬁéghhxlaésyﬁéﬁgxbsucﬁhant nmet hods known in the

bi ot chno arts as nucleic acid hybridization
and sequenci ng, are dependent upon changi ng the
The R(élhpechqueehasfa sudeivariety of diolagicehapplmatpdrs, melwting éer example,

n a control.led fashion. venti pnal, tech ues r
DNA 5a ks GRAISiE: BrPhs SPATEITs SRtk BLBOTE HE Tbgt gt Site-directed
mutaghnbdi§' e&tecﬁmergénuﬁ@ ﬁﬁﬁﬁ@ns F&ag@smfemﬂ fB&&Ins O fmolecular

her mal cycl ers™ used for DNA anplification and

“fingerpriniang’’i ang the mowiteringod egniamindtimgpricenorganismsrin pnlegica fluids and
other sSUIRSy ature controlled el enent or "block" holds a

PEACYT on m xture, and wherein the tenperature of the

bl ock is varied over tinme. One advantage of these
In addi€éion &eBCRsoihbram vitro efnplifivation gracederenintiedingfligasengilagsreaction as

ciscliEg. Bo RS 5P pNBy chSBlibsar Loadhefeny i loodl e, known and

advan‘f@g%bﬁél? uBHORE ior bft. INIBle dieHall ?r Seviell HhpM®dnY nSdtRYsi Bhown in
cycling the reaction m xtures, ey are relatively

the bmﬁ@hgglogmaetn,ssupé asonuseie aci, hﬂmﬁmﬂanm@ acqmncmg, jage dependent
an et.ection 8‘% Ihe re ctl g}lsxture

upon icﬁla%gl?%%] ke Re]ratgrﬁld fd f(Huté(HlS cquiaining sample oseec\lll Jpa fcontrolled
fashidn) € 6envintidfly asétmdfifes relyhal uidef flividyut vlls diavbesb@red through
different temperature zones. For example, a number of thermal “cyclers” used for DNA
amplification and sequencing are disclosed in the prior art in which a temperature controlled
element or “block” holds a reactioﬁ mixture, and wherein the temperature of the block is
varied over time. One advantage of these devices is that a relatively large number of samples
can be processed simultaneously, e.g. 96 well plates are commonly employed. However,
such devices suffer various drawbacks, in that they are relatively slow in cycling the reaction

mixtures, they are relatively energy intensive to operate, temperature control is less than ideal

and detection of the reaction mixture in situ is difficuit.
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devel oped in which a plurality of containers for
hol ding reaction m xture(s) are supported on a
WO oa0aneshe carousel rotatably nounted w thin aPChAIR®B/001752

adapted to be heated and cool ed. For exanple, see U S.
Patent No. 7,081,226 to Wttwer et al. However, these
devices still suffer varioug di sadvantages. For

exanpl e, control over the ténperature of the reaction

m xtures is less than ideal, control over the rate of

heati ng and,cool i of the reaction njxtyres js |l ess
In an ﬁﬁﬁﬂi @’esYO,ld aﬁﬁaereﬂgé éLBSévﬁﬁ%‘g"aH‘é%%S’ r%}‘%ﬁf ongl gyders have been

devel SRR i YwiSEH b pLeRRY of EbMBinelsHSF Boldink!rbacti®ABiRAré(s) &€ Jupported on
or PCR which d d

for thernocyclers f i ch provide inprove

a rotatahip earausel eotatabty mounted twithin @ashiambar adapted tosbe heatechand cooled.

conpl ex t,0use roVi r -t anglysis of the. .
For ef @R, S5 UsebnhRS, FOBHe2E  Sitveh ATl AP UavS, fesd dbices sill
suffere iy d@éddventesds. FHE cRnGsieNEontidy @Rel Gt RaRJeRatli@ of the reaction

overcone or ameliorate at | east one of the

mixtuggss isdlean thegeldeds corfeolapisy dhe mte sifelpaping indagaoling ofi e reaction
mixtudsY 18 1fin Y361 W MdsE BAALS fRve RUIRIYRAY: chdIBy LRYEREY N
n a : I ent eeks t

I rst brdad formthe present Ion
provi de apparatus for controlling the tenperature of a
Thus,r dmot istl remainsr @ heeddfoni theimocyclesadon R ovhielh rpeoyid¢ hmproved

tempRBRL AR hE retitadtitn Phsofted e Aot SRR i fiod, Yo arutige reat-time
analy$16 of theFedchiBn bEARFhOM tk Xdrhiple comthindrst SNPHE JhéHz® eHRAGHR!
for sensing a tenperature indicative of a reaction

m xture tenperature; and, c) a. contrqgller for i
The pressnt BIVERLIRY feRks toagTeaEqm ok pelicraternt deash parm A theyfligadvantages of

the aﬁggﬁméﬁﬁﬂe{i %Hﬁgllalif}df & plto%f&%%rlﬂgfﬁ'i GltdrRativec’ eby

ective the ' reaction mxture. Typically the
apparatus includes a heat source for heating a chanber

Sum:ﬁ%ﬁ;@lj }:Tﬂv&ﬁﬁ) reaction container. Typically the
co

troffer is _Por: a) increasing the tenperature of
ctli . . ea : .
i o BAESLRCKRATE A Renb Sl o BRSO PRl o eprtiv
tempedhtutdef o readtionanixtirx heidevitiin h egstion corpainér, thei apgaratus including:
heat . squrce. Typically the apgar atus, i ncludes a co%l [ ng.
DnddAHATAHFAUBEE 95 SKPINNE e TFactien poaipesio pdiation thereby heating the

reaction mixture;

b) a temperature sensor for sensing a temperature indicative of a reaction mixture
temperature; and,

‘¢) a controller for controlling the radiation source in accordance with the reaction

mixture temperature to thereby selectively heat the reaction mixture.

Typically the apparatus includes a heat source for heating a chamber containing the reaction

container.

Typically the controller is for:
a) incréasing the temperature of the reaction mixture at least in part using the radiation
source; and,
b) maintaining the temperature of the reaction mixture at least in part using the heat

source.
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Typically the cooling mechanismis for cooling the
reaction mxture froman el evated tenperature.
W67y t he cool i ng nechani sm supplies anbi REE/AERI08/001752
to a chanber containing the reaction container.
Typically the cooling mechani smsupplies chilled fluid
to a chanber containing theyreaction container.
Typically the tenperature sensor is an infra-red
sensor. Typically the tenperature sensor is an optical

. Ssensor for_ sensi a colour of . a te rat ure dependent

Typich A APBRTIR TRHNSEH S0 BRI o7 POHEA}F §eapiigh mixture.
tenperature sensor senses the tenperature of the

TypichBRGhé @Bolhg! intécBanid PisCRr | dbolilg the TeRkioh UWhktH€NESh an elevated
senses a reaction container tenperature and wherein

tempargirecont rol ler is for determining the reaction mxture
tenperature using the reaction container tenperature.

. A r r.. d .
oA SRS, AP D] g e rscion
contamhet.er m ni ng the reaction m xture tenperature using the

chanber tenperature. Typically the radiation source

e P e b RS b S A et

contafepar atus i ncludes a chanber for receiving the
reaction containers in use. Typically the apparatus
_includes a nmounting for receiving a nunber of reaction

Typicalnthsi teraparaturggenseids an indre-$d §e»sel.and nounti ng bei ng
arranged to allow heating of one or nore of the nunber

Typicfly HR2ehpRRnGeERARS &n opti®il GBIdoY FSNEnGRPA @HAIR of a 'bemperature

i ncl udes"a drive for nmoving the mounting relative t
dependbms indidatat inghe sagtioremifyiytiecal |y the controller is for
controlling the drive to thereby sel ectively heat

“control ling the d . ; f
TypichE i Go b Rab beh S RRCR Y SreRRESr sriatRoR R

exposes a heating zone to radiation and wherein the
Typicalintlicotdnfyeratomet Jeabt deasdsi M1geaofior benthidac tengperativet andewhgtrein the

sel ecti vel xposjng the reaction container to the
contrcﬂgateq ﬁ(br %@ﬁniﬁg tile geacgon melxture temperature us?ng the reaction container

temperature.

Typically the temperature sensor senses a chamber temperature and wherein the controller is

for determining the reaction mixture temperature using the chamber temperature.
Typically the radiation source generates infra-red radiation.

Typically the radiation source generates optical radiation.

Typically the apparatus includes a chamber for receiving the reaction containers in use.

Typically the apparatus includes a mounting for receiving a number of reaction containers,
the radiation source and mounting being arranged to allow heating of one or more of the

number of reaction containers.

Typically the apparatus includes a drive for moving the mounting relative to the radiation

source.
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Typically the controller is a processing system
Typically the controller is for: a) increasing the
WO 2@eneTmd m xture tenperature to a first tenpePEI/AD2008/001752
val ue to denature polynucleotides in the reaction
m xture; b) decreasing the reaction m xture
tenperature to a second tengrerature value to anneal
pol ynucl eotides in the reacfion mxture; and, c)
increasing the reaction mxture tenperature to a third
.temperature value to hypridjize the denatured . .
Typicgly Ve epgtao?lieaelé. f%wﬁrlgéﬁung RSt BFRY ¢ eqtiyply Bgat reaction
mixtutSinGe§PeBiiviborel 8f iR afinRP of fe¥dtidnS ohiifRes, at ur e usi ng
signal’'s received fromthe tenperature sensor; and, b)
~controlling the radiation source based on the reaction
Typically therrediatiom souaeaiexposes 4 beating zorretor redietipe Andriwkergirethe controller
tiemperature to be contraqglled. .Twpi . ' r r. .
contrqlg H?%tlrng (4) )tﬁ%geﬁft}%r} fninﬁg ) ese?eézglvég ie%ﬁ!)ésl’%%{rhggre%cglgﬁ cght!aﬁxer to the
heatirigl®ohease the reaction m xture tenperature to the first
tenperature value; b) controlling a heat source to
.maintain the reaction m xture tenperature at the first
Typlcg@}‘n‘g@rc@flﬁ?léer\}%ﬁ‘ pEecesIE Mol | i ng a cool i ng mechani sm
to thereby decrease and maintain the reaction m xture
TypichByBRIRh##berdd fdrhe second tenperature; and, d)
. controlling the radiation source to thereby increase
~ a)t fiecreasingt the meavtinn unigture grepesaturectot » firsi dempgratgyre value to denature

tenperature val,ue; and, e ogntrolling the heat source
té’gﬁ@f‘ﬂ?‘?ﬂ%g’t“hg‘err%a:f?‘f’f’gh‘)‘trh‘%?ture tenperature at the
b)t eédadimimherraddion nvixhire terdpepatarl toya §daend ahipridtare value to anneal

source is adapted to selectively generate a
pPelysugleoides in hedeactign Mxre;d8dwher ei n t he appar at us
| R URRS He FORLESN iRMRP! 36 3RhRE drfp SRR Mhybridi
c)ggﬁé%%@ tgepr edeterlm negihgggﬂhfrﬁg zone, V\nz%r ein the oTnybrIctee
p tisdidenetune dypdyedtotides. zone and t he predet er m ned
cool ing zone are generated substantially adjacent the
Typicrzlﬁ)g Eheerco%{}gllérl}se foCr:OOI ant supply port

a) determining the reaction mixture temperature using signals received from the

temperature sensor; and,
b) controlling the radiation source based on the reaction mixture temperature, allowing

the reaction mixture temperature to be controlled.

Typically the controller is for:

a) controlling the radiation source to increase the reaction mixture temperature to the
first temperature value; ,

b) controlling a heat source to maintain the reaction mixture temperature at the first
temperature value;

c) controlling a cooling mechanism to thereby decrease and maintain the reaction
mixture temperature at the second temperature; and,

d) controlling the radiation source to thereby increase the reaction mixture temperature

to the third temperature value; and,
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respectively, such that the tenperature of the

reaction mxture is controllable by selective exposure
W@Roovke77eact i on contai ner to the heating zoneP@nalan08/001752

the cooling zone. Typically the reaction container is

at least partially transm ssive to the radiation.

Typically the radiation has g wavel ength selected in

accordance with at | east one of reaction container

properties and reaction mxture properties. In a

e Eo0TelLnG b aOke fo Rt Machon ShsBs einmstagpre gt the thid
r e@apdrafrdVatbdir € held within a reaction container, the

method including, in a controller, a) determning a

.reaction mxture tenperature using signals received .
TypicaHy theragiatipe peures is adantedio selgglively gepesale adiredeiggmined heating zone
iy Cadi ot . ¢ '
ot GRSLENGEUpRUOS B s SR Q37 IR SHBRR, Loy enete o
predeteeminedgobling rews twhereimihet predeterntired bxdditiag izome awlitheepredetermined
bei ng controlle ased ﬁn t.he retglcti on m

. ture
cooling, 2005 afe, generaieq shpstaptiaihy adiacent; e heater and tﬁ%ﬁﬁ@lﬂﬁf §ERply port

respebtvePE SRR the dempetatare! &Y fhe PARRE hidhire liHRoMARBIY by selective
i nvention seeks to provide apparatus for controlling
exposurgof therpractionyeentainerdo thecheatingizeneandfos theetagling zone a
reacti on container, the apparatus conprising: i) a
. r t e i vel : i ned
Typid R rRIRR Blaly R B IR R e Betagh LT
sel ectively generate a predeterm ned cooling zone,
Typicatigtied radiadtion haedetaselengthdelectat iimgccoodencamdtht dtdeast one of reaction
redet erm ned cooling zone are generated substantially
contag’&fﬁ?é’ﬁlfueﬁﬂ’é FracH QI mEWe PFRPCERSSH ant  suppl y por t
respectively, such that the tenperature of the
In a de€aid bRAd Torth Wi preSert AiMentbh 3BIKE tH)HE6)i8E hiN@h&K POSoHitfdlling the
of the reaction contajner to the heating zone and/or . .
temperpaireofot reagfionomixtureyhgldowithip areectioa goptaines, thhmedodipgluding, in a
contr&lf%rem tters. Typically the cool ant supply port
conprises a plurality of apertures disposed adjacent -
a) hiletdmaating a rewotomhextaetenteinperannobiging sigaalandrienet fwinm a temperature
Typically a plurality of reaction containers are
prigWH % n an array. Typically the tenperature of the

b); f%gfﬁiémﬂg N ¥idHt®n | sdufc@Nthé Fhdidide stitcs BLIBE by exFosRRS teCreaction
container to radiation thereby heating the reaction mixture; the radiation source being
controlled based on the reaction mixture temperature, allowing the reaction mixture

temperature to be controlled.

In a third broad form the present invention seeks to provide apparatus for controlling the
temperature of a reaction mixture held within a reaction container, the apparatus comprising:
i) aheater adapted to selectively generate a predetermined heating zone and a
coolant supply port adapted to selectively generate a predetermined cooling zone,
wherein the predetermined heating zone and the predetermined cooling zone are
generated substantially adjacent the heater and the coolant supply port

respectively, such that the temperature of the reaction mixture is controllable by
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reaction container to the heating zone or the cooling
zone according to a predeterm ned thermal profile.
wWaypooel7y the predeterm ned thermal profile | BCHAEPW&/M01752

for nucleic acid anplification. Typically the heating
zone and cooling zone are substantially coincident. In

a fourth broad formthe present invention seeks to
provide a nmethod for controlling the tenperature of a
reaction m xture held within a reaction container, the

met hod conpri sing the steps of . | rovi ding a heater .
adapieeiy ggwsgr@?qf\;gq S?aﬂéﬁ'éi"&{aé“eé)“bﬁ‘é 't“é!}grﬁg%‘% &n‘%r the cooling

heat 3dig..zone; and ii) providing a cool ant supply port
adapted to selectively generate a predetermn ned
_cooling zone; iii) wherein the predeterm ned heating
Typicaliy thedigater iscongros arare IRemééerEool i ng zone are gener at ed
substantially adjacent the heater and the cool ant

TRy SRk AFBBRRH Kb £ R GPOET IR acucnt
heateg apd sherirothe ichelantaia amb@ent giont ai ner to t he heating zone

and/or the cooling zone. In a fifth broad formthe

. pr,esent _.invention seeks to provide.a nmethod for
TypicglIf R PRI GT Foraie R Rers A BPVIded AR BN mi xt ur e el d
Wi thin a reaction container, the nethod conprising the
Typicallg e t©inperajurs of eetredion nEixpes isn@ntrbBabl€ g kéledtive exposure of the
container to a predeterm ned heating zone and/ora .
reactign £QBialIcHito de heying,goneoptethe ynoling (7ong @cenrdingt ©r #ibrrdgtermined
' zone and the predeterm ned cooling zone are
thermggﬁrg?%?ed substantially adjacent a heater and a
cool ant supply port respectively. It will be
TypicaPp theqiredeseimtifead thednel prafdelisfadapted &dr nukleid avikampbiicatmy.
be used individually or in conbination, and may be

Typici e R RS Bt e AR b er o
acid anplification. Brief Description of the Draw ngs
In a fBuph ékeidr foen el pedsemninvaftionecksmoeprovida aninethoddar bentrolling the
tempeqst%?erci) aergéctlk(% nvl\g( rg Lel(cel.xvs?itlmxll g rgarc]:!cigﬁ container, the method comprising the
steps of:
i) providing a heater adapted to selectively generate a predetermined heating zone;
and
ii) providing a coolant supply port adapted to selectively generate a predetermined
cooling zone;
iii) wherein the predetermined heating zone and the predetermined cooling zone are
generated substantially adjacent the heater and the coolant supply port
respectively; and

iv) controlling the temperature of the reaction mixture by selective exposure of the

reaction container to the heating zone and/or the cooling zone.

In a fifth broad form the present invention seeks to provide a method for controlling the
temperature of a reaction mixture held within a reaction container, the method comprising the
steps of:

i) selectively exposing the reaction container to a predetermined heating zone and/or
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with reference to the acconpanying drawi ngs in which:

Figure 1 is a schematic diagramof an exanpl e of
wappanet7ys for controlling the tenperature of BCT/AU2008/001752

reaction mxture; Figure 2 is a flow chart of an

exanpl e of a process for controlling the tenperature

of a reaction m xture usinggthe apparatus of Figure 1;

Figure 3A is a schematic si ge vi ew of a second exanpl e

of apparatus for controlling the tenperature of a

reaction mxture; Figure 3B i.s _a schemat.ic plan view

of - pAPRIEIES SonlineChOnE wiierei g BedaeRing fealie futind the

s chepRtéterntihedEIIE zoAdare peRdthied QlibstariaNy hdiaéei a heater and a

Figure 5 is a perspective top view of a third exanple

of apfvdand supply pert eeSReqtvElYi ng t he tenperature of a

reaction m xture, showi ng a rotatable carousel

. i | i Y, r ti r T ' .
tt wilf NERBEISk AR, ME Tridiofins BERR R uRRInE) BENSed fndividually or in
combimdbn,nghdpmay de used) foraefiperatuse pertsglaata raage of diffezemtaipplications,
. .he rotatab)l e carousel ,and | R heater shown in Figure
inclu ?g’lﬁ“@H?tehrvlt‘?dstoémﬁ]@fcsaﬁéﬁ?mk’/lég%ﬁnvi ew of an exanpl e of

a base plate having the IR heater/refl ector

. Aarrangenent and cqoling ports; Figure 8 is a close-up
B"efﬁ?"éﬁ\r‘ 'F“’%\oi)ﬂ‘ret]?'@l‘i"‘ﬁgs Fi gure 7 showi ng a non-cont act
tenperat ur.e sensor di sposed _adjacent the IR
A profierzichembedimeet ef the ppysabian U be ﬁescalas%rw Way € example only,
ith RRQURe t8) 1Hel d3bbrRpay il ifwhichousi ng; Figure 10 is
e a v%&v Si r?ﬂgar ?oygiigédg?‘z Sand gl so showi ng the
Figure ¢ acd sdenatindaigrem of ar-¢xqunpde 6flappsratus/foevorgiollingthe tanperature of

Ei gur.e 5; and Figure 12 is a schematic diagram of an
areaclioll MIKWIGE t he conponents of apparatus for control ling

Figuré P€ist £ TR Bhdif 6f @h eRatiBRC #Protiesd Bdrecontr8iliipr the temperature of a
Enbodi ment of the Invention References will now be

reactim uXEe YsiRe Be appasgys ahlbigstenl;| i ke reference nuneral s
. f i ke. . _ .
Flguré ?rAe s 4 %cﬂxe{nﬁﬁlﬁgﬁét{] %16@59 4 %Q?(tﬁdee)@&pgé( ?’ggt arig® %ra{:cﬁtr?reollmg the

contro e tenpera on m x
tempdiatuet ofid Raction mgaene; on container, wll now be

P ot B 7S5 ot Bk

Figur 834 2L¢HMhafiPYlagfant 4Pan example of a controller;

Figure 5 is a perspective top view of a third example of apparatus for controlling the
temperature of a reaction mixture, showing a rotatable carousel supporting a plurality of
reaction containers positioned above an IR heater and a plurality of cooling ports;

Figure 6 is a perspective top view of the rotatable carousel and IR heater shown in Figure 1;
Figure 7 is a perspective top view of an example of a base plate having the IR heater/reflector
arrangement and cooling ports;

Figure 8 is a close-up view of a portion of Figure 7 showing a non-contact temperature sensor
disposed adjacent the IR heater/reflector;

Figure 9 shows the apparatus as shown in Figure 7 disposed in a housing;

Figure 10 is a view similar to Figure 8 and also showing the reaction containers;

Figure 11 is a view similar to Figure 5; and

Figure 12 is a schematic diagram of an example of the components of apparatus for

controlling the temperature of a reaction mixture.
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for exposing a reaction container 121 to radiation
t hereby heating a reaction m xture 120 provi ded
W@ b@pe671144 The radi ati on source nmay be any sui te@i/aURmBMAN1752
of radiation source, but is typically in the form of
an infra-red heater for generating infra-red
radi ati on. However, in other exanples, one or nore
| asers, light emtting diodes (LEDs), or the like can
be used to generate optical. or infra-red radiation.

The, radi ati o e used to heat the reaction
Prefe{ﬁ?ﬂé?‘?@afmwr}iojﬁﬂ?ﬁ“‘feﬂ IfMheats the reaction mxture.

Al terngtive the radiation he one or nore .
ReferRseS GHEoR P ialE © B St oenn s e MBerange Pperals refer to ke
parts thfeugHofts. | f the reaction containers are at |east

partially transm ssive to the radiation. In this

regard, it will be appreciated that the wavel ength of
An exareple appareius for sntindling thecteaperamre of v iwasiéan Wixthregheld within a
reactihﬁ‘ @cg’lﬁtaﬁ@le, v@fl lp{)&rao%tdegaib%? i I@%GI{%E % P{gﬁl{'eeﬁ and .

reactiron’mxture properties. us, reaction container

properties such as the container thickness and
In thisrex@emnple) the:apphratas 10 irdchales a eharhbarrl O cohtairéng a ogpdationesource 110

such as the m xture stityents, can be.used to. .
for exXpFIRg(H IPoRAQ CRHARRT 57 o ardith oy thers by hisating  rgagliongpigure 120
proviééd thBRid. ath@tddpationl dourdeafsy bhaH8btablRefobRaFtrhdBtion source, but is

_contai ner and be absorbed by the reaction mxture. It ]
typicallyl in the faym o8 @nanfa-redheater for ghpgrating idragied apdiatipn dlowever, in

t ctio nt,ai.nes. i A
other e RpbfEE e 35 4T BEBS Nefi ARG 3 TET TR G N E R be wsed 10
generd@VeptRapLh infrarédliradiativh. gaheratdiadobcah R usd &t hedt the reaction

source.. The reaction container may be provided in an
contagief, ayhiehyinflepheats the smactien BE¢WEni sm al | owi ng mul tipl e

containers to be noved relative to the radiation
AlterSRHEGShe HldiAMnNEay Rt bRAGIHhOR c%&gbﬁ‘éd@fnsthé fealfon mixture directly,
sel eCtively and/dr periodically exposed to radiation.
for exninipde, dhithelreactivaccontairtesd are b igasiopartislly ramotissove tortbe eabiation. In

...as well as to all.ow multiple reaction,.m xtures to he .
is spfastcle " Atesinlen ey R Tafsaets of wRLBHELRR £aB teGsetected in
accor@&tfek twith @ dedst ohd 8f feh@idhedoniditer fpedpeft@i’d Sin Fettion mixture properties.

tenperature indicative of a reaction mxture

Thus trezqtion genfainer prapertiensuthoasthe conpiaengiokngssipad peaterinl wsel, as well

as reéc@ioﬁ%ix%ijef:;ﬁgg%i@%ﬁgﬁ 'as 'tﬂ{ lnldgfupeg c&?sltiﬁ%tn?sn C fbrea?geﬁdto select a
sensor, su S a’thérnoplile Ssensor. ernatively,

wavelehgthrefaadiation 8o sHati aeleastrsomenifahe ratationdwitibpass threughh thesreaction

a dye or other co]ourant, that has.a tenperature
contafigh Uk OCBIO ET BT W (ONIEPS ARG R bwever, that as an

alterna S fle UShddnaBoriRhérC plopeRi280hnd/ MW idaRtion NRIXWRENRHALHES can be
of the reaction mxture may be deternmined directly, a

selected dependentionghewavelength of mduéipe generdted by theanadiatior s@irce.
the reaction container 121. The tenperature

The reaction container may be provided in an array coupled to a drive mechanism allowing
multiple containers to be moved relative to the radiation source, allowing the reaction
containers to be selectively and/or periodically exposed to radiation. This can be used to help
control the reactidn process, as well as to allow multiple reaction mixtures to be processed

simultaneously.
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of air wwthin the chanber 101 could al so or
alternatively be detected, allow ng the reaction
WOorow6E44 enperature to be derived therefrom PCF/AU2008/001752
exanpl e using a suitable algorithm A controller 140
is provided coupled to the tenperature sensor 130 and
the radiation source 110. ljyuse the controller 140
deternmines the reaction m xture tenperature using
signals received fromthe tenperature sensor 130. The
controller then contrals th sour.ce 110
A tergperanre, ﬁe‘tsﬂéAer’Qa’ét PRsHgRed 110 e 53{9 °f SFNYYF (g lemperature
indicdtiV@ JTRAAIIRIA Mibxkirt idindR4MRRY af t%mi)@ra}ﬁﬁe §é}{§h{g01|nhﬁ fe performed in
Thus, this allows the controller 140 to contro
any suifableaannge) mgxdmg vbing rasa infraorednsexsen sucl @s aeklmmpbeﬂe Sensor.
C i pr. SS S
AlterxﬁaQ{Vﬁ%Rﬁle aecetllggn lg(g.l:r ca% @i}&uﬁ@n t%dé‘?:agﬁs%rg%(:haa ga &P OH er colourant,

that Hae teﬂfpesat@ﬂade@eﬁdeﬁnbblber tAIPLHA the RnReAfgE t&&fé seﬁh@éﬂ using an
control _the radiation source 110. Accordlng y, the .
optical §prsop| Mhlst s tepapaalreof tﬁlama@tl% FHxyre ©anbe deteapined directly, a

o s S W e ROGREATINA Y SCCRRI Q2T 15 Bhperatre

of airewdinplthe chamtsed diOl iconkll alsveat al:laemntmely beidétected ,aallowing the reaction
. . convection heater 150, can pe used to. heat.the cha
mixtu AR S B PR g AEaR e A aap i g Bt
reaction mxture tenperature. The convection heater

A contRfllet $40 ¥prodided c6@léd @ the detiperhtite Seabér B0l £1d thd Gadiation source
based either on the reaction m xture tenperature of a

110. tlangserthe &p@tr@fertli‘}@ deterpiegs the Teactiqn gpixtyg Agrppesature using signals
recen%ggl%r&{Rth %y r§‘t8r %Irgn%(peq“hp%oﬁtr&?eql f4r(’)gt ?F%pfri‘t%lg' rqle radiation

IS can use a alr or a cool an
sourcei Ili0ebadeldeor ethe treadtionomlieturee temipdrautel, yallooving hise abmtiber mixture

temp%gérq% o erdehaisd nniﬁlgs?ﬂ{j 'ifﬂrv; OB ? @ﬁ'ﬁg?tﬁé héma cycling

of thRALER mBlturk? for &Qﬁﬁﬁ: B3P ubd ' 4 f8GEIcORidThmpifiGtion process such as
tenperature Or a chanber tenperature to I ncrease the

PCR.rate of any cooling perfornmed during the tenperature
contr ol process.ln one exanple, the use of radiation

The cﬁ) ?l‘feirh él%r g ? re a R{eSE%S tnllonrl]to‘? 9{5%1%1{9 Koy tﬁe tte}n:ﬂgxraﬁgé( sensor 130,

1on contal ner oOr ron mx

and cOntfdlahd jadaniohdsuict @ 1 0.eetotdingigathetcdatrelliricas be Iaayrbﬂtable form of
101 . This can reduce the tinme required to heat th

contreliegcychrasr R4itably, PRRRFasmeh ATACRSSINg BV steay G4 HEjeléh Programmable

Gate%é‘é'foxlth ke.@and hence the tine required to performa
or other anplification processes. This can al so

reduce the amount of energy required to achieve the
In one exanplonamadditionsl heatprouetey sush aassaedorivnctper heatari 13§, sanche used to

heat HHe®CRaabET ld 1h % eakgg/lstr 1end li'r%r@%n?gv %h or rrexaﬂg{agxng the reaction mixture
temperature. The convection heater 150 is typically controlled by the controller 140 based

either on the reaction mixture temperature of a temperature of the chamber 101.

In one example, cooling can also be provided by a cooling mechanism 160. This can use
ambient air, or a coolant, to cool either the reaction container directly, or the chamber 101,
depending on the preferred implementation. The cooling mechanism is typically controlled
by the controller 140, based on the reaction mixture temperature or a chamber temperature, to

increase the rate of any cooling performed during the temperature control process.
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requi renents of the apparatus. In sone exanples, an
addi tional heat source, such as a convection heater
waa®o/oecam be used to heat the chanber 101 to aRGI/A12G08/001752
mai ntai ning the reaction m xture tenperature
stability. This can reduce the tinme taken to achieve
the required reaction m xtuje_tenperature, whil st
allowing a greater reaction mxture tenperature
stability to be achieved. The use of a cooling
mechani sm 160 can.al so assist in further reducing, the
In onf EXeIBPig: i &6 §F FSIAHIORSOUICR to fepals ifieactioncipgiainary outhereby heat
the rea6iGH ShtiAG RIr8R1BR MR OIRTA YW ofdd hd £RQ!th RBat the entire chamber
container or reaction mxture directly. This provides
101. Jhéseqanireduse theatime irequired ¢o heat thegeadtionmeixture,omhigh garuingurmn reduce

t ture ccur, .far. exappl e n.SeNsi ngd;. .
thernsF E5AE At Spl RRe . G gy SRR o RCD SRR aBiticsion
procebdte. aThivraaayalvd réduehithd) abdant 6fehérgy roduited ® achieve the reaction

. tenperature can be controlled, which in turn _hel ps
mixtyse iemperatures dised fip erfounwg sush progesseapihereby seduging overall energy

RERGRSST ' avoi ding the need to inplenent
raﬁuconputagP%ﬂg%ﬁﬁmgxpenS|ve algorithnms to derive the

reaction mxture tenperature fromthe chanber air
In some epanples;rap. additionslamat souremypenhasir @nwedtiondieatey ¢ 5@, oan bk used to

ow be d ribed with. reference to Figure 2. In this.. .
heat ¢ Shgher 101 'a Pt Shaintaipine G Feqtion m e ibinepalpsSiabiip. This
can redébeathl Ofims Qe tol hbhie ™ the Bdjuired Seddiiont iREealcHiperaire, whilst

the reaction m xture using the tenperature sensor 130. '

allowig asgrepfepreaction mixtyre tempsrafute stabikiydo be aghievd: ni xt ure

has reached a first tenperature, typically around 90C

NQL i i

The s 0f 7 Spoffftnichafifin {dteal¥fo Bs PR (AR ME Rerferatur cyele
time.step 220, the controller 140 controls the heating

process to nmaintain the reaction mxture at the first
I te&)er?t re for a required 1fi rbst tLne geri&ld, eSCICOh &S tainer or
n ong Raggc; deBREgE sIHE BB 2139 05 Rt TR AP eRe OBy
reactiohifhik@roggettly. [Thishprolides prepeesdcatRd ih Bakrmhidfgethe kdadBon mixture

peri ods may be used for the first cycle of hot starf . .
tempgreinre dhan Missoceyncipr aaxample, nwhen sensingy gher fempeptpieogl air in the

y gy ; . .

chamBY 96 Db UMTRACT W00 wilty HE reelliod BRELPRnfiRilihe can be
controliedi, oeliich i®rtutnhkelpe ardximize nth tefifieetivenbss of det hmplification process,

whilsy0iding 56 M i Plgent STRTaHoRA o EXRiTiv AForf @S € derive the

reactiof HikQikd E%anlfa%r@ FHonf HeichRhbd e RApLRturef radiation
generated by the

An example temperature control cycle will now be described with reference to Figure 2.

In this example, at step 200, the controller 140 activates the radiation source 110, and
monitors the temperature of the reaction mixture using the temperature sensor 130. At step
210 it is determined if the reaction mixture has reached a first temperature, typically around

90°C to 95°C, and if not the heating process continues at step 200.

Once the first temperature is reached at step 220, the controller 140 controls the heating
process to maintain the reaction mixture at the first temperature for a required first time

period, such as for 20-30 seconds, thereby allowing denaturating of DNA to occur. It will be
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radi ati on source 110. Additionally or alternatively, a
heat source 150, such as a convection heater, may be
wWaiz@doenece the denaturing step has been conpl BEEAD2M0BE01752
reaction mxture tenperature is cooled to a second
tenperature value, typically 400C to 600C. The cooling
process typically involves_paving the controller 140
deactivate the radiation source 110 and/or convection
heater 150 at step 230, allow ng the reaction m xture
t.0, gool, with the controller 140 nj.t ogi t he
apprefigiclchat IRNECD A BoPes BRSPS 1he) Mgt EHEe of hot start PCR
reacut)m&d}awr-e ARNES! THSBme efiB@ mdydbdBrelibirammdthas®Y on the PCR
al so be used to speed up the cooling process. At step
reactiom being perfarmeds af may be deteeted ducoptinal sensing ef pasindicator on the
the second tenperature, and if not the cooling
reacu&?gﬁess continues at step 230. Once the second
tenperature is reached at step 250, the controller 140
The reaxtibn mhisturd) enay et lelld anthe aequired td@ peratura usingliany shitable technique.

reaction ure a second nmper at u a
Thus, ig o Poeb GO E ?aeocontrgzétfle amoyntﬂﬁa%a%%tm@ted by the
radiatidheoBRE Blol N0 RN ER! dltRthafilelNhER sBurkE 1188/ sucR as a convection
occur. Again, the réaction mxture may be held at the
heaten, sgyibeaded.enper at ure usi ng any suitabl e techni que, and
the tine period rray be pre-programmed or detected.

Once ﬁ'l (#e%mfu{l%g spepﬁfas é h cro?rg)%tf:c? th}géfgt%n %Eﬁ}'?%qgrgg&r ﬁu‘é % cooled to a

rature va

seconfl Qéthpérhiued vaAl46, FpichNAUE°C e 608Cli athe WdoERL bERessl§picaltd involves
moni tors the terrperature of the reaction m xture using

having fhe QO@&rptleraWr@agtemthe Tadatign spuege Pidand/xy convgstion beatfr 150 at
step %%‘:0 dagggfﬁ@p éat:tl(;IP &tﬁ?ech% (agolmveﬁ{l{J El%og%ﬁ{o(l)lggg%& qgélg\?onng the

era ur e, i cal around

temperdtuieadf thé ecabiad mlibgux}&rusﬁg&he C@ﬁ}ielrdtu&?oeﬁﬁor SlBGpAZﬁibhnglmZeehamsm
the third tenperature is reached, at step th
160 a3glse,bF dised, Ko Shegs iPaihR SoPRE PRoSEss: 0f St lé i, lelpppained if the

reactibi hﬁﬁufeef% %éﬂxbﬁ fhefs@for@ tEth&gtB?:\tl%A%ﬁd Prefot 8t doBRAE PYocess continues

perform ng el ongati on of The thirdtine period
at stem@30., depend on factors such as the DNA pol ynerase
used and nmay again be detected or pre-programred. |t

Once W;e éelcgl?d %@ﬁ) ?a?ur% ? ?«?I%&P%tat sne:psﬁos tH"Eoh8! Ll?tooﬁpnaols the radlatlon

e cy trce a nu

sourc@mlio apiabitgih tlﬁd feabtldiﬂlhditm@ &tl@&cwml{edlﬂéﬁmm dor & @equxred second
forma PCR or other anplification process

time B@mﬁipltﬁn@ﬁ lyagfraP seerndsotherchiitallowing gnregking egfr&éNét ter @ primer to
occur®f A@aﬁl?‘%&t QRGO ATRESe Wlely] b WUPE the required temperature using any

suitable technique, and the time period may be pre-programmed or detected.

Following this, the reaction mixture temperature is heated to a third temperature value by
having the controller 140 activate the radiation source 110, and monitors the temperature of
the reaction mixture using the temperature sensor 130 at step 260. At step 270 it is
determined if the reaction mixture has reached the third temperature, typically around 70°C
to 75°C, and if not the heating process continues at step 260. Once the third temperature is
reached, at step 280, the controller 140 maintains the reaction mixture at the third

temperature for a third time period thereby performing elongation of the DNA. The third
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described wth reference to Figure 3. In this exanple,
t he apparatus 300 includes a body 310 and cover 312,
waeledovnerigd a chanber 3 11. The chanber 3 11 i ncPCHab288/001752
nmounti ng 320, for receiving a carousel 321. The
carousel 321 includes a nurber of apertures 322 for
recei ving reaction containef$_323, containing the
reaction m xture. The nounting 320 is coupled to shaft
330, which is rotatably nmounted in a bearing 331. A
. drive noptor 332 i s coupled to shaft 331 for .
time Btk et Jae 31 ol 35 the, PG DA masesecuged) pug magp geain be
demckeob§n£§ﬁ> s thin the chanber 3 11. A wall 313 is
provi ded that extends across the chanber 3 11 to
_separate the drive notor 332 and bearing 331 fromthe
It wilbhe appregiatg that thie isn ¢xagipte of psinglel gyclenand,that ingpractice a number

r [ t [ | Qv [

of oyPfREy i Bpl1Bh e HERGH Hebs PEUT, B w0k 55 pHLRE, EHCR gr other
amplifiagticmiprocessource in the formof an IR heater 340

typically nounted to the wall 313. In one exanple, the

heat er .340 i ncl.udes a.,trough 341 and conduct or 342.
An exHIRIE of SEPaceihs 1 CoptroUing Y feruRiHuE e % ESRANGE Broceiovill now be
described $6th rBRAncO® Plgufe®e conductor 342, which in turn

generates infra-red radiation that is emtted fromthe

surface of the conductor 342, The trough then reflects
In thig gsamplg; teiappargtys 1398 tinelndesranbodat 3 Khandenvish 842.0defining a chamber
' A | hj : iy C
s11. TR CATIAUDRES AEhuplATR AR §cala P The caruse
321 ihdbuder Agmntbee of hpdrtusesa22t foe raceirirtg reactivasdtainers B23, containing the
.colqur of an indicator in the reaction m xture. The
reactigh, fRIXYIe. sensor 350 can include an illum nation source
such as a laser, and a correspondi ng optical detector

The th&UntiA@ 32044 BEupl&f {oehafi 30! WHPhNStotAAbHSMERAUD i A bearing 331. A
~ Figure 3B, due to positioning of the optical sensor, =
drive inrptoin 3% isasnuipted toHhe sRafhdal dor @RMpimYy @xdriieobedt dihdllowing the
only parit. of e .per L.net.er t he . .
caroul{l| 18 B Rt HBE] WEbEmt AT SUAH3EL iSBhvideganat extends

acros© fHel chainbseBBto sépradnthet ditvermiaot 332 afid beainpe33l 88 the carousel
However, this is not essential_ and an alJternative ..
321. A5 “llGH 3itgpiclpingiides an apeEEs having) HWL 544 dasaein Tagallowing air
flow tRd ma@P3142!  owi ng the heater 330 to extend around
e entire perineter of the carousel 321. Having the

heater 330 extend only partially around the perineter
The dhiambhe 3t hringladds B2adiatzom source in the form of an IR heater 340 typically

mounted to the wall 313. In one example, the heater 340 includes a trough 341 and a
conductor 342. In use, a current passing through the conductor 342 causes heating of the
conductor 342, which in turn generates infra-red radiation that is emitted from the surface of
the conductor 342. The trough then reflects the radiation so that the radiation impinges on

the reaction containers 323.

In this example, an optical sensor 350 is also provided mounted to the wall 313, to sense the
status of the reaction based on the colour of an indicator in the reaction mixture. The optical
sensor 350 can include an illumination source, such as a laser, and a corresponding optical

detector for detecting reflected illumination.
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provi de advant ages. For exanple, this provides heating
over only a portion of the perineter of the carousel
WQ@2m9ab17ems reaction containers to be heated fBPCT/ANROPS/001752
part of the carousel 321 rotation, which can assist in
tenperature stabilisation. However, in other exanples,
more even heating can be acfyeved using a heater that
extends around the entire carousel 321. In one
exanple, the optical sensor 350 acts as a tenperature

sensor detecti t he colo r, of erature
As SHOSRCTY Figlie TRy b BF pisioriing ot i optieal SRR ibyAne, xamgle, the R
heatell BMREREXER] SREED Qﬁztpahr&ﬁﬂfeaéé?fm&&%f%é edrb@del vEI mlb@mg line of
Incorporated into the reaction cont al ner, for exanpl e

sight (@ ibegmainaingsle betwigere thie optierd riensast 2301 and slispreagtion containers 323.
h
Howetvgle tl% gse Pgtr es?é:ntt{ifl%ull&/ in# aﬁ%ﬁ?{) 35()%%%)0%12%? él% cgpt cﬁﬁ? nsgxn350 may be
used, bh ehcmm AC 360, atiosdig the hestesd3(d feextaariroand the)ﬁnﬁfepéﬁmeter of the
%rfgggil on contai ner tenperature avoids the need for an
carougddrti onal sensor. This reduces the conplexity and
overall cost of the apparatus. Alternatively, an
Havirddle tﬂe%ﬁ|330 %&Rﬁﬂ"ﬁn‘l’}' ga&iﬁﬂrﬁ %foﬁﬁ%h@“f)eﬂﬁl@%é'r 2 9he tousel 321 can
exanpl e as shown at . is can be in the formof an
prov1deRa<b'@nt9g¢s Fax expinple, Susprovides heatingrmyer only apprgtion ofithg perimeter

of the Cé'iéOl{S lg# lcgﬂc}ewast rﬁg E)E\Iﬁatﬁ)% i e(r)s;lvg ed%l%ge%gftg% gg mx ¥ the Chrousel 321
rotatisrR diidth @in assidttift derhp@btutd StabiRsdial eHowetkr, hi ofh8r examples, more
addi tional | 3& or alternatively possible to sense the
¢

even hating pambroachieya apiag aheaterbrtextends apmng the entise sunust 321.

(not shown). However, this is not generally as

In onesé&%iﬁlé ke 9§t1c%P§HﬂEé}I3%O%§tsda§ta€t8ﬁlb&Qnﬁ@ S‘en*s&"%&éi’édﬁhg th colour of

the redction chamber or m xture directly,
a temperdtire sensitivef indicaiov elgemsmcthe trésstive mMpixtuae.urde teroparatufe dependent

. .. Jhe c saf 37.to al l.ow anbi ent .

indica gy iR 1 IRERID NS eripactorekoPlaifit, REggmple, using a

temperdtiRUEPchiéht GhRBHA" a lléd— theréto O BE aBallP liorporitedtinto the reaction
source 372 ¥ al so provi dedf or heating the anbient

contaigpey mgterigh  {tovillhee amrecemcbfhah ysing dhe ppfiagk penseiotor §eapeethy reaction
mixtubd ??/ ll'%l%tl&? QXﬁﬁfn' %/ ?e&ﬂfeﬁﬁ 9 \%fldst Hl% r{e%a%f 91[;' aﬁﬁﬁl'gﬁglr senLcSr. This
W e a " al'so

recla he apparatus W
reducésythe caﬂnbLexltylahdemrailmnbfmlelapparamn exanpl e of which
wi Il now be described with reference to Figure 4. In
ol ler 400 .inclu proc

e conir essor
Atertgy st B Fond) mbERhe serby Y e SR UELol0s PSRBHE Mathown at
360. arhi%%m% ANfle %ﬁpbﬂ){n IRRENRAR, inWEIEA 36R mésRcseereﬁposmoned to

together via a bus 414. The interface 413 may

detectshe tempesaturs o Ithfoma@thm roxture oF r@ptlmooortt@n@eWbdslmveulmg:detectlng
radiat@NenBEd from the IR heater 330.

It is additionally, or alternatively possible to sense the air chamber temperature, using an
appropriate sensor (not shown). However, this is not generally as sensitive or accurate as
detecting the temperature of the reaction chamber or mixture directly, which can reduce the

effectiveness of the temperature control.

The chamber 311 includes a fan 371 to allow ambient air from outside the chamber 311 to be

circulated through the chamber 311. In one example, a heat source 372 may also be provided
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or nore of the heater 330, the drive 332, the sensors
350, 360, the fan 371 and the heat source 372. The
WO nioeéadee may al so i ncl ude an external interfRPCEAUS®E001752
to provide connection to external peripheral devices,
such as a bar code scanner, conputer system or the
like. Accordingly, it wll_pe appreciated that the
controller 400 may be forned from any suitable
processi ng system FPGA, or the like. In use t he

o BARECIRCEn SRR B S L SRS 1o Moo

convedBVERRAL oftHelt4didh chXfibérng process to be per formed.
This may be achi eved by acceSS|ng preset therna
rofiles stored in the nenory 4 11 and/ or through the

It will jaceapprecigipsl ithat beaparatus uplb pise ynicallytindudep gentepdler. @ example of
T r control signals to

‘wndkgﬁ ﬁﬁfﬁggégé é%%u%?&@ﬁﬁgﬂggﬁér §30 the drive 332,
and optionally the fan 371 or the heat source 372, to

In this exameple.cthe coterllen 0@ yxdlideg amromss 41Dya megnarp4d 1, an input/output

aer 855 ot DB LR A B G IS RS v o

414. dab SHEAERE 418 36dyi W prol M d KEall BRI cBhYSIEer 4m m> 68 kbypléd/to any one
usi

g& i nformation stored in the neno%%
OT MOr¢, phgqtelt?r%;) gheghme§32 Tthe sgnsess98036 yh; %97bpg@the heat source
e r. A
572 SERSFAE SRR B B Ferl B AL 0, B lghon
exterrhl (etipherall Hevicsaautlorasn baticedd scgaent dohepuidrdsystem, or the like.
op tlonaIIY t he react.i on gtatus as &eedb ck to gntro

Acco@ﬁgl&tq Wil be apprecigtedthat theggontrgller AP0 may Zt'orrg om any suitable
procegb%g %gﬁh{ YPE okt Bkl or the heat source 372, thereby

ng a thérmal cycling process to be inplenented
substantlally as descri bed above with respect to
In usithpuprecedsox 410rtypiselle gxaepics uzsppatnmsuswwars Isofiwarepastructions stored

in the Wswogfpgglr, 10 lﬁlgterirg;ng eg% éo‘iylcpﬁ% gsrs t% bse eé Q'{’o]r%’ed Vw’fh??may be

achieV&¥A6§ h@RssihgX prek& thermal lpbﬁdfﬂbtﬁst@téﬂdn&lﬁ)hiefmﬁfﬂwl Ornd/Ar through the
rotatable carousel 2 is provided for supporting a

use ohinpytgommangs spppliedvimthe ippuadeMss 3 for hol ding a
plurality of reaction m xtures (not shown). The

The ﬂrﬁ&%dr Q0 GRH Qér{éﬁftés gbn?r'b? s@ﬁﬁg & abiedo] fopeaBeh f oT‘ﬁEE heater 330, the
astics materials and are adapted for relatively

drive r3a’p,| ahdtopionally the dar B'blr ott the heatrsgurce 3424 towoframenge agheringhcycling
ction m

€. on.co ners 3
procefyy DREPBIAS AroRs ]l Pierstbd hrskenteS Vidlho o i Bl of te
sensof 800 BA® HhE us&thRNB| dRicerlileataition tnfiRtur& Gedipeedturd] ¥ipital$ by using
information stored in the memory 411 to interpret the signals. The processor 410 may also
determine a reaction status, for example using signals determined from the optical sensor

350.

The processor 410 uses the reaction mixture temperature and optionally the reaction status as
feedback to control operation of the heater 330, the drive 332, and optionally the fan 371 or
the heat source 372, thereby allowing a thermal cycling process to be implemented

substantially as described above with respect to Figure 2.
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are for nucleic acid anplification and thernocycler
apparatus 1 is configured accordingly, i.e. thernal

W@ w644 outine is particularly adapted for nRCI/ai2008/001752
acid anplification according to a predetermn ned
thernmal cycling profile as discussed bel ow. At |east
one heater 4 is provided fofgsupplying heat to the
reacti on containers 3, and at | east one cool ant supply
port 5 is provided for supplying coolant to the

rreacti on contai ner heater 4 and the cqol ant
A furfgp Syl apPeral vy b des L owth FUPTPRGR o Beres S to 12,
whicHX¥HeUeippariniedfoR @8 ttdlEng MeQeRPétatird b LA LB MBGue T8t Mitdeic acid

zone respectively. TheSe zones are generated
amphﬁ@ﬁsmantlally adj acent the heater 4 and the cool ant

supply port 5 respectively, such that the tenperature

h i ' i ct |

A rofu O BrhRBE >, RNty RS, Bafilk £ pLAghf SRS Hdntfners 3 for
holdergDa’lpluﬁdltﬂj{' of rehdft&)nQﬁﬁdtur&g(nZ)O siown)h @hé peaetien esnthined 3 are preferably

zones" whi ch are gener i ned

formeddrom |P\‘PéP9S maferipls gn rarec%ﬂe?ﬂ%le% &‘i%ve& @gﬁ%sﬂnal (gquilibration and

to allcﬁp?& gté@ﬂbﬁ: Be fﬁE Peddfigh RELHROI B reddiPhbRtafers 3 may be charged with
I ntroduction of the reaction containers 3 into ¥he

any rezzotwsmndureehcpmr & the embedinesatt ¢omteneplated hersitsthg reastiommixtures
zones., ats/ t he, reacti.on containers

are of R e TREUE 8 BEBI KL HEAEHE | & CRERWEY agspptingl. e

therm8N&Whg irButiel i§ hafti@ladly Ralapled For nhidleib Qv plifitation according to a
apparatus 1 is able to nore rapidly cycle the reaction

predetermingd dhermeheystiag prodilpas dipcugsad bedai.ces, t hereby
reducing the time required to perforn1anp|ifications

At leeME bEOHEher MRLprORLY ﬁﬁ”@g@eﬂ?fn? Heh{BoSthD Fedc GO EGaiRbs 3a|aﬁ&’ at least

degree of control he reaction tenperature
one cmlyntl snpplg\md Timpavidel foo smplymng a&obladetwi the sactiomemtandry 3. The

heatey § 3IGRe FRPEVREDBLOBLE A% PIPIAD SRCTAF D Pt gredetermined

heati[%f zéﬂ%ear{cﬁﬁ‘%édé&rﬁ‘iﬁ%ﬁ%c%hhg zfoﬁéﬂre ﬁeB@ve@f‘d THeSY iz6lhd3Care generated
eedback to a control contr i ng the anount

substayftiaHy atljapens\thel bentery4 mﬂm@qdzamt supplyl poreS zaspentivelys such that the
tempe%gtgf an gffpg ctugrg P{l)?%l}eh ?_sué?e Icotllaglré 1%9 nél@étlv%r éx&a%gurg Bt the reaction

|nprovenent

contaﬁ@fstﬁfmiha%ﬁhx’@/zdﬁe aad/or Bg dd@ﬁn@@bm| Thopredeterinihdibzones” which
reaction occurring in the reaction containers 3, and
are generated My bodetinedas 2 relatively dimifedaer eonfipRd afta & {f&ﬁn in space,

whicH & h%Qt@chQJ)lL:11| g‘g&@ﬁ)r@mﬁ&lucﬂgn Redle éﬁkthrb%nﬁqu?] it the zones,

cool ant supp to t’he reaction contalners 3.
or exllmsateemf the reacoretantaibéry 3ito thdreoresy matsicoalsrtbe reaomlaccontamers 3in

el B o e, bRl B 0 R s 15

housedhanber housing the

The apparatus 1 is able to more rapidly cycle the reaction mixtures compared to prior art
devices, thereby reducing the time required to perform amplifications. Moreover, not only
can cycle times be reduced but also the degree of control over the reaction temperature may
improved compared to prior art devices, since only the reaction mixture is heated and cooled.
This is further improved by detecting the actual temperature of the reaction mixture in real-
time and providing feedback to a control loop for controlling the amount of heat provided by

the heater 4 and the amount of coolant supplied to the reaction containers by the coolant
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rotatable carousel 2 and in close proximty to the
rotating reaction containers 3. The IR heater 6 is
wee@besald y a stainless steel tube with an outBECT/AU2008/001752
di aneter of approximately 2 mm and an interna
diameter of 1.5 nm The IR heater 6 is preferably
circular with a dianeter sijglar to that of the
rotatable carousel 2. It w be appreciated that the
IR heater 6 should be adapted to supply heat to the
reactiqn containers 3 such that essentially a
supply gei S JakthsTRPTaKENs M CPE‘S’@Pia&Hl DomeasuHeR the gcgual course of the

reactibf %Tc&g'rmé‘ 19‘?1:1@'%% i6n 'cBhtafife}sO8, dnd ﬁsxﬁ%%ﬁb BhgEe 'b?h’llley reaction as a
provi he ref ector 7 is prefera adapted to
contrcsllmgnah fari @htryllﬁlgdhs amgnh@aheapand/thstefdncbylt ofieodlRnthemppbed to the
ta the reaction containers 3. The cool ant supply
reacuB?)F?nt%‘ f8y: be an annul ar sl ot di sposed adjacent the
reflector plate 7. However, in other exanples, the

The He@@kanis srefRably HAIthe 5'01@1@@@ f&Scohtatt Healek,t SucBfas an infrared (IR)
circunferentially spaced apertures 8 di sposed adjacent

heater/graitier f| athicy ispranvenigntlyripsated gt 4bg bgﬁ@pﬂf thp chpgipershapsing the
rotataBle ca?c%tﬁfeleﬁ aakﬁldymaéi@&t @‘3 gﬁgr%tattitﬁg.r‘é&q ﬂnéongahﬁqu t3'. YThe IR
ont 0 tarners 3. In this way a

e reaction co
heatet @tsqiré&aﬁblyzmstenﬂn‘ss steell tubgwith ar stiteb diasteeat 0:§bpp1t>xinke&ely 2 mm and
don co c.0o0l ant

an intr ; cimrpetgr pI | ner 2[?13 i aetge ?sg% fegﬁbfy %%pl%éz\nth a dlameter similar

to thaQ r(ﬁ'GcHé IrbtﬁﬁbleT&@o&s%mer RUwilIEbO hprBQiate@ R4t BB monéa@érr@ kBould be
be neasured/sensed during a thermal cyclin

adapt@dq@equpnlwdleat tortk¢ reaction caniaingay 3 efchethatrassantiplly e lepatieask zone about
the reﬁ% )pané)nEa'E Lbﬁalgcki'le?tg get}{#ﬁo 1c rleﬂ% I?gr ’guc go gﬂafergﬂg'aprgxgdg'd The

reflectdr apRIprefersbly hdu ’@| subﬁiaﬁtia\ﬂ@tfom thPlh)t pryPRled by the IR heater 6
controller coded into a control m croprocessor 10,

onto the FEARUULEPAANGIES: t he anount of heat or the anount of
cool ant supplied to the containers 3. It will be

The dBRLE Qﬁoﬁ}lf Dottt in4y0e Qﬁ‘|a¥mﬁﬁ”sl$@@is§@s€@%’Eijaatcb‘ﬁteth@freﬂ&@or plate 7.

reacti containefs 3 be nmeasured/sensed during a
Howevker iral otbsrc lekagples,péhd notant bawpplyhepopr cﬁgroemprxses téheplurality of

. reaction(s ccurring i,n th acti ntaln s,3
cireurfei Gl BRIt pit e BESHGT RS FmahRe coolant
suppl? QPEYREs 8NPe PreTérablyesiapieat® li@pinge e bSRamfdifectly onto the reaction
| uorescent probe which is included in the reaction

contaipesst 3 elnTHus s 2 desatised gonsr ef speliigyishgstaldished ahoytj yptreaction
contafiahy eP}élfFraE)hJ {h%rcog)gmt @%Fﬁgﬁté aﬁfn“ﬂ RJ%&Q/H Ghe %Fesgﬁg may be pre-

esu progress reaction can a
chilledecorded by the control mcroprocessor 10. It will be
appreciated that the progress of the reactions

occur t he reaction cqntai ners 3
The ERESBERE P61 Be rgirtion: GriAiErE A ab bd Brarrrnced Jifing'S thermal
cyclnfg%@r’iﬁ&ﬁ’tr ﬁre@écra}sl? %yrv@e@“dﬂ aQRerffopila dBRE®r 0 ThElcaaRed Rimperature
reduce the exten he reactions occurrlng in the
of the reaction containers may be fed back to a control loop, such as a Proportional-Integral-
Derivative (PID)-type controller coded into a control microprocessor 10, which can adjust the
amount of heat or the amount of coolant supplied to the containers 3. It will be appreciated
that not only can the temperature of the reaction containers 3 be measured/sensed during a
thermal cycling experiment, but the progress of the reaction(s) occurring in the reaction

containers 3 may also be monitored. The monitoring may be by any means, however one

preferred example is by use of a fluorescent probe which is included in the reaction mixture.
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reaction containers 3. A nunber of further features
for use in, or with the above exanples will now be
wae®enoietd. | n one exanple, the tenperature of P€TAU2008/001752
reaction mxture is controllable according to a
predeterm ned thermal profile. This allows the
reaction mxture to be usedygor nucleic acid :
anplification and the predeterm ned thernmal profile is
adapted for nucleic acid anplification. The therma
rofile.may_.b re-stored.i,n the ngroller or, nmeno .
The dorilopisg i oG b ey o et htie 131 Blfobd oad bpPRidptier nibe
13. RBUAPT R GREEFBRASS Rhe Vied&itbnY ican ailsd MNRUtredd€IddC Dy the control
. Aternatively, the profile may be input manually using .
micropfasessep . diewilkbe appieeipfed élxeért%q progeesp pf thel reagpiop$ occurring in the
reactibff %&{uh{ﬁ@g%oﬂfa 'b@qfsécf A @eﬂ{gﬁ&bﬁs 4170 RrsL BY 10wt G Binperature
a rotatable carousel.” Each reacfion contalner may
of the pattiomcéMEinGan® ivreade fok eediet theaxkientosr thie xtdetions occurring in the
allowmng a plurality of reaction m xtures to be
reactigp gOQIaI8ERS 3si ul t aneous| y. The heater is typically one
or nore IRemtters, and the cool ant supply port
A nufiBERFifSeier Feahrbld fr ubey/inObr WRA thddtRvYe Sk HRNSEHiIPLIVASE Bbscribed.
the IRemtter(s). In one exanple the heater is an IR
emtter supplying IR energy which is absorbed by the
In oneegxamiplm berfemperature e the seadionemixurecisueaniigllehle mceerding to a
| s i o .
prede g e BHE BroiE TR Ikl BALEP pt AR B RO b Wyclcic acid
amplifipatesheindrthe pedetzomi@ed tieralprefikds hyaptdiefos upgleiy aofd dmplification.
or coolant to a relatively limted or confined area_or
The theagrabprofile may be pretyipred i the,poppHler L mMEHRATY, "d\gi B3y b gelected from

a nun&ﬁly ('(:)E poaMy Hh ap;]ﬁ'g%{iaﬁé’ Qbmh{i8d€ Bf&vi&ﬁ%@% ﬁfpg’/‘ﬂ%\héﬁ Alternatively,

the reac cont al ners” are housed. ocussi ng

the profilecroarc bainpat memadly usingtthemphbdaviasi t hi n a
predeterm ned | ocalised zone in an anbi ent space into
which .t he .reacti.on container b nt.r /
o on o, R e DB RS A0 A UEEE, BEP AEF orablc

carousdld Eich €Qoti@container stiyecaikiadhewame prudiffetdn® readvioaf mixtures,
the reaction container is heated/ cooled by introducing

allowjngea pluradityt plyeastiop grixpusestoibs precsptedisHaYaRe She zones,
and in other embodi nents the |ower half of the

is it SH e I Mort -
The A7 SRAER0. NG R0 Bk 001 lnt St Smprises
pluralityrafapértaes diRpdsed ndjat@tithe By emitted(s). him aeixamglertbe hsater is an IR

emitirgepB e DE1en8g EHEY oo pREe B ol eroNg U o contents,
causiSgthein?iotiead. | v JuERek46p16§)hd A€hting Qofd hid €odlilg#BRE are substantially
coincPd%rliIEI ng the

In one example, the “predetermined zone™ is achieved by the supply of heat or coolant to a
relatively limited or confined area or region in space. This is in contrast with prior art
devices which heat/cool the entire chamber within which the reaction containers are housed.
By focussing or concentration of heat/coolant within a predetermined localised zone in an
ambient space into which the reaction container may be introduced/exposed thereby heating

and/or cooling the reaction container and its contents. In some embodiments just the tip of

the reaction container is heated/cooled by introducing just the tip of the reaction container
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reaction containers. A certain degree sone

heati ng/ cool i ng of the chanber per se may result.
WOHMeHeT744 t he techni que m ni m ses any "waste" PCT/AU2008/001752

heati ng/ cool i ng of the chanber by thermally affecting

just the localised environment surrounding the

reaction containers. A nunpﬁj_of advant ages can be

achi eved by heating and cooling the reaction m xture,

or the reaction containers, or a portion thereof, as

o GRS it Bl TR a5 By WS hmer may v

heated/&ol&Kanpl e, the techni que can provi de heating and/ or
cooling tinmes which are typically faster than prior
art _devi ces which heat the entire chanber. C ear]l

it
Howeyer, iqvilhbaaerseiated that thaheating mespe 1ndhs &rp efen R hiager/emiter,
o oSSBT ot PSS o BB W o
entireaeadtion comainengrlthdm suhsmttlaﬁy haatxtgﬂroelmp the atitireecliampbec housmg the

reactll?rgg%gzgg%a.tr de r v %L%gl% Lo ,r toge}ileocﬁaamanpr per se may result.
Howe{&Y 'tlfeel%chrﬁélﬁécﬁuﬁﬁks%s hie “\R/ﬁ‘s@é}’t He‘ﬁﬂngb&;lﬁfgeoﬂﬁe El@cﬁﬁ:ﬁe‘r ®Y thermally
contai ner is heated and cool ed. Additionally, th
affectmgtjusiithe longlised enyiconpient frerquadingithmreattiangontagners. eact i on
cont ai ner can be rapldly det ect ed provi di ng feedback
t I i4S._j: !
A ol S0 R Byl AT A e B, o
reacti®® @bhtafhefs, Wrda @bdldﬁoma&bf usseoppsedad Lk etnam:)ehmbarehamﬁmg the
the reaction mxture as a feedb%gk el eqent

reaction GRINENES, 254R CAMBIONIR MANY PTOF AR élﬁff%r%qrmme@nfhe&fwl@ique can
| . .
po RS 0F AHRE HRER S HRLDL 8 Bt s whic
heat thv centlpr ¢hambear.t Cdenrlyc e iswitivaitageoms cmlb; abdd & imoe¢ yapidly cycle the
ar.sel 0 the reaction.t tur ver ..
resci ety G8OhY oS PE TS kolind BRI Sl hiony or
devi ces are effectively "open | oop" mhere air or block

Additiona e thé UefingSan@iuttdoolih® theaBhdtiontmi&nae imt diredhecaal int@ase the
of the reaction m xture is not used as the prjmary

degree ebepHrok OBeThe FRaction feRuerAlYTe dRAYt mtnrOYeélofﬁnmm%t@rw art devices,
since oHiﬁ/rtﬂé/ F%%ﬁ&? liuf§ &f(ct%‘xﬂ:'oﬁfaﬁﬁ?? lﬁé%'&:dbeﬁld Cr%@le'ds elditionally, the

ere I's mninmal wastage o at and cool i ng
actualf teipdratétesaf, theeteattionenyxtareadl esactiem coniginen dag del rapglly detected
.[reans can be used ared .to prior ar devi ces Si
providifG M bAkeiodhe AREol dos TS e BePtPgt Bh REAY & daviges Which flood
the clf@fHe? vitHTRédHin Nggaﬂde@t;&ﬁg 28 tand Ao ﬁ@tb&sbctﬁé 'a@ﬁlapferﬁﬂ'é%ture of the
I nstrument. ot her "advant ages may al so be

reactlalcmuetu@ohsaFfmdlEﬁlan#antthe chanber housing the
rot at abl e carousel can use very little or no

The Jpgﬁﬁk\ﬁt !:a?ln alsS i Iﬂ&%dé rfﬁ{eetehﬁ)emuma %lmrk%i%? hE r&ction mixtures being

thermally cycled in the reaction containers. This is a significant advance over prior art
devices which can only relatively coarsely control the reaction temperature over comparative
cycle times since typically such prior art devices are effectively “open loop” where air or
block temperature is controlled only; the actual temperature of the reaction mixture is not

used as the primary feedback element in thermal control loop.
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heat/coolant, and a fluid circulation fan can be
avoided to circulate the heated/cooled air around the
WO e@eemd cont ai ners and t hroughout the chanbePCT/AD2008/001752
cooling ports are used. The apparatus is particularly
directed to thernocyclers for nucleic acid
anplification, wherein the ggaction containers are
supported on a rotatable circul ar carousel rotatably
nmounted within a chanber. Particularly preferred
t hernocyclers for use with the a ratu re th ..
Furtheggiost.. SRV ALY dicRsredt CHIRIeRsb Yl I ter aRse F1aeq dhese is minimal
wastaE of Bdas hhd @éﬂlﬁ% RNd. Oﬁﬂ%eﬁélatwef}ﬁsn%le?ﬁ&ﬁ gy cbbfﬁ‘lé fdans can be
WWw. cor bettliTescience.con. her S|n1§ devi ces
used egrepagédstol m@rt deviges érm:attheomtire rEIMBerHides apt needNo. besheated and
921207 [.49340. Hovvever it wll be
COOICX\lI)neraélg} Zu € ﬁgft Eﬁ pC%gmﬂg} BP0 | abl e
thernDcycIers may be nodified to operate as descri bed
Manyabthee advioitapes amayohlsb Hge aetdetadon Foprkanplel sheC ahanbserVhciging the
rotataglanunber of advantages. For  ex one of . the main

veameusghgan pes Ve By %P@ufaa%ﬂp%ﬁ hefés pupimad wstage of
heat/cobBn@ MR  HERE i lzftﬁﬁcfahod&n' lfle Svdidled l%' Bie&udd %e heated/cooled air
rotatabl e carousel is typically circular, preferably
aroung fthe ﬂﬂ&‘&toarcoahmetdﬂmddhmughwutshﬁp@iamh@n if conliag gbeware used.
circular such that the reaction contai ners experience

The z}prg%msst ‘ri’lsnt g.lq 3fra(r)l?'a91r%cg oA fS[ f}ﬁt%mgo%?'l%ferssefodrﬁé%cﬁ tr%ctu? ty prilﬁcatlon
wherdill @h€ réftioh Joaindrd app Sippodied t Bie ar Retiblevikalat aaffikel rotatably
over_ a particul ar heating/cooling zone to _heat/caqol

mountedaVithiRtaashaebsr.  Partisulady dxefased thermagycless fgrise syifpthy apparatus
are th %)ft% gg%hee?m fad ﬁﬁtm%:f ltl%nin&‘é@cg%? g%%\rﬂé gfléﬂéét?&eé t(ﬂ %ﬁqsoy%orbett Life
Smenb&sdttg rLifmdted ¢woivacdrbattlifedcienpacodm). c Ottted sheilardevaes arer disclosed in

sect Cj.r ,S he ,react j ont ai ners,
tneernaigal PEic uilieion o BT OIS HoerPBool A JaSvRep it wil be
appreélﬁ@dstﬁé:{rbthéﬂéﬁﬂﬁérmall? a@ﬁﬂa%[éqﬁkhﬁ@cy@mﬂﬂamtrﬁodlﬂ% to operate as
heat er and cool ant supply port nay be sectors of a
describpq abavewhi ch are alternated to define alternating
heati ng/ cooling zones. I n one exanple, a non-contact
e
Rotatﬂﬁ%???eel%gtag)?lecgﬂgaﬁ%ﬁ &n;&sw ?Q%lﬁ}ﬂbﬁ %Idr\{éﬁ]tg ges. %‘(t;)'i- %hlaple one of
the mainCadoumugesdivstih deing @ble 0 momifoe the coursdaltthemntptification reaction in
infr a heat In e ca e of _a eat er e
situ.§ige dhe rogg%ﬁs&m¢ ys xpicalyecitgn Repe el aieghearﬁeéégfi ' cootant
supplyl?grt% 4180 cﬂr&xlﬁlns%cﬁm&eaﬁl&r%%ﬁﬁgeiﬁngﬁét £Eorstanfheat or a
ainl ess steel tube with an outer dianeter of
constanp goalwighduraigyrotiom dm thisipasentotationl of dheaerzownel pilears Ghaintlere is no

need to position the reaction containers over a particular heating/cooling zone to heat/cool the

containers.

In some examples, the coolant supply port can be radially inwards or radially outwards of the
heater. It will also be appreciated that the heater (or coolant supply port) could be one or
more sectors of a circle such that the reaction containers experience intermittent heating (or
cooling) as they are spun. However, in alternative embodiments the heater and coolant
supply port may be sectors of a circle which are alternated to define alternating

heating/cooling zones.
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Alternatively, the IR heater is a N -Chrone el enent
wound in a spiral configuration about a tube. The IR
whemvee77¢en be | ocated at the bottom of the cheeiyap2008/001752

housi ng the rotatable carousel and in close proximty

to the rotating reaction containers. In one exanple

the IR heater is subjacent_4he reaction containers

such that the reaction containers overlie the IR

heater in use. However, in alternative exanples, it

I Wi | | qg a reciat d that %he I heateg»couldige . .

D ong, GXamp P‘&B‘P‘&Fﬁ AT R, tq FRUSE datimneons 1R deaction mixture.

For ek&R0IL,] PRiGBRIRLASE %@Ehdls%%%&ﬂa%%nﬁh&e o i Bx%férBd embodiments,
energy radially ihwards (or outwards) towards

an mfreladtalllbh heasen: ailméhres casappfoan BRY heater, Hbe rheatgr abpeeferably capable of

dellveﬁrlantgfgieag ]nd({)gﬁgtggp{x Ig\ég ggmé}g,ga} gr%ﬁelil'rael I?oh akelils; g% orﬂessrg?eel tube

with @ﬁrttmrnerame&rr sfeapproRimatélyt2mémsand hat m&tmm&"tam@nlr yofal 5 mm.
ocal i sed_zone about. the reaction container is heated.
Altem%lvslaeﬂwgn&ﬂaéer 1§ i Nithipme glement sound ipa spiga rﬁeaﬁglgaﬂ@habout a

e Ceramc insulators that are affixed to a reflector
pl ate, the configuration being such that the IR heat
generated by the heater is primarily directed towards
The IR Heaterean beolocated ttatha dotom|of thet ¢hambex honsingsthe rétatable carousel and

refl ecto te adapted to substapntially focus the .
in olgsg rhrn: Rolfor i PR Bt HEHRR o st eXupPrie TR heater i
subja€eab i rBftion kbntaitely s¥iathat & redchien coithideisWveflleah@IR Beater in use.
curved in cross section, and preferably parabolic in

Howeyepsi akiernatiie. exgmpley, 1swilbesanpsgiated Jhatpihgt IR jheater could be
r.efl

p051t1g1|[1e§ftK 1@8&?19 oh a‘% gér 1?\?@1?19 @x{oﬁp%lgtégégggﬁg{)m%ﬂt@ﬁ 3?‘?:1 gg th{ to direct the

IR enstiyplayiafio nhwaISls gor amtwards) teovats diesrpastinh mhtanﬁstsupﬂswted on the
reflector plate/l R heater arrangenent. However, in

rotatablerf@fousilanpl es, the cool ant supply port conprises a
plurality of circunferentially spaced apertures

IrrespdtHROSE %eagétﬁﬂewnﬂghﬁtlbﬁfthg%%er RhAtR/ Addph@aicesupply heat to the
arrangenment. The cool ant supply ports can be adapted

reactipn donfainese ot heaC@@ol mixturgj soethat gt orash onhie arlegdisedyone about the

r
reactiGRSpRAET & ol th SpE Parfpl B BB 63 lounted n poramic
insulddoxe tBataiP bffixetl he acefltant plat, &Tétn(mlﬁguﬂhbn beimgesueh thidoehe IR heat

coglant may be any fluid, as is well known in the art.
generpigd by lq baaksa ISagrﬁawly dineeted fIyards thedeaghpn EANAMETS. { hat
has been pre-chilled. It will be appreciated that the

In ot}ﬂ:'r rex&rﬂﬁle? &hé RiddcRf pite Q@deﬁ?e%nt% subQant@ARMBL S th@yheat prov1ded by
ow ng the air past the cold-side of a Peltier block

the Hpiheajcr erdo ithepieagfiongcanitaingrhiInisveh akamples, dhe reélect@a@ta‘t@w curved in

cross section, and preferably parabolic in cross section. Whilst use of a reflector plate is

preferred it will be appreciated that the reflector plate is not essential.

In one example, the coolant supply port is an annular slot disposed adjacent the reflector
plate/IR heater arrangement. However, in other examples, the coolant supply port comprises
a plurality of circumferentially spaced apertures disposed adjacent the reflector plate/IR
heater arrangement. The coolant supply ports can be adapted to impinge the coolant directly
onto the reaction containers. In this way a predetermined zone of cooling is established about

the reaction container.
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contai ners. However, in sonme preferred exanples, the

coolant is cooled by adiabatic expansion, as is well
woewonoied t he art. For exanpl e, the cool ant sup@i/xUR®BN01752

could be configured with a source of conpressed gas

and wherein the cool ant supply port takes the form of

one or nore injector nozzleg  Exanple reaction

contai ners are adapted for relatively rapid thernal

equilibration and to allow for detection of the

reaction, m xture, and e forned fro | ass or, . .

In ong, FeatmpIe dheleoqlants ambient g Hawayenthe ool miaychq gy fluid, asis well
knowf @RI €T Fn Afc@atd Bipedt, tHeCcobRRE RAhBiCAtBir thdPBs bebRPre-chilled. It
.. reaction containers my be charged with any reaction i
will briappigeiatedribolethe pirican b hdled dyi amyrmeans.ofer exmplecly flowing the air
past tlﬂg rcl%ichElQ &f raeﬁglttilap 'B!,]o'a(:ﬁrﬂ)rretg 1?t{p?ré%1§# the! %iu?leg a° Ioﬁ'to the reaction

anplitication and t'herenocycl er igure
containe0r Hovgdver, in. somé peéfofied @xamplg, feUtodlanti & cooled by adiabatic
particul arly adapted for nucleic acid anplification as
expangiolc as 4 vellplramvn i thenarte kgt @mple, dthe egptant gupply port could be

: r
confif2e} TG sQBePhLpGRpoRE cap A A YD SR il fRor takes the
form pfaartei calnhore énypaeEmbzelest he radi ati on, thereby under goi ng
direct heating. However, alternatively, the reaction
cont ai ner can absorb .the radiation and, be heated,.. w.th
ExamfROAE, s HERES cre Aoy 1EF FabbBo R Mermar sERntibg ond ©
allowt foerdetdetioh rofothe rR¥a@ival Mixtilee ahe Mgy dkufoemed fidke glass or plastics
reaction container is neasured/sensed during a thermal

materiglic| fmgne gypumplaethe reagtientconisinest aecsiméas ingppandarhiipes. The

reacti&r?lé nt%lﬁgrgfrﬁém)e Qﬁatr & \Wﬁh lankli']é)a\’c\ﬁoﬁ ﬂli%&?e %B&evé}qmﬂeegmbodiments
preterre nperatuare senst ng mnmeans aré non-contac

conte@Platdd) sherdror tiRXasgution uligtursspiate fdet padleics acidd amiplificétion and

technol ogies. By use of sujtable reaction containers
thererpogyicles cantighapd acsordingly o dharmal eieling eitiners perticulepy adapted for
nuclefc&2fd ifiBati b 5 Eqi0&sSkd dbob 1€ Teaction contai ner I's at

the sa tenperature as the surface of the reaction

container. No thermal equilibration is therefore
In on¢ exmipledhoreaeticn eetaipasiinat least partiolye transmisoive tocthersddiation so that

equilibrati.on tine i o lon ependant n surface ..
the refition e 8 Bt loall pap el xnd o, RE RENAGH, (ARESY Riderfiife direct
heatingR HSwdVRE Usl&inAively @hé eadtkion Neomitaihidd @nt Aissoftaltiee @ddiation and be

heating is proportional to the power delivered to the

heateq, vitfehgag peigg gonhicted do giedraptiop anixise comaingbbgEiny as in
ot her conduction (bl ock) and convection (air) thernal
VGl t : e hg,, .
In orYGrab bk, e Efperallu B (B TPy (Pfaind RO SIS Rhodfuring
thermtheyoling expenmemwtnThe temmperatuter sensing Sdans may take any form, as is well

rad{ ation used | t he. sensi ng, as rmX occur mheqa
known in the art, however preferred temperaturt ‘'sensing means are non-contact sensors. For

example, thermopile detectors and similar technologies. By use of suitable reaction
containers that are adapted for rapid thermal equilibrium, the reaction mixture held in the
reaction container is at the same temperature as the surface of the reaction container. No
thermal equilibration is therefore required once a set point is reached. Also thermal
equilibration time is no longer dependant upon surface area to volume ratios of the reaction
vessels. As the IR is focused on the reaction mixture the rate of heating is proportional to the
power delivered to the IR heater and not dependant on the tube geometry as in other

conduction (block) and convection (air) thermal cycling systems.
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optically detecting the colour of an indicator in the

reaction mxture. It will also be appreciated that by
wopiog/obeal |y heating and cool i ng the reacti onP@I/AURN08/001752

upon heating to 95C at |east a portion of the reaction

m xture wll evaporate and condense on the cold

portions of the reaction vesgel that have not been

exposed to the IR radiation. To overcone this, the

rotor is spun at high speed during the cooling cycle

to spi,n do any re ion m xture t.hat . have )
in ong BuBhIE, (8 (IRt R R PUTTS.5 RTSTE gty for Sxample if the
reactiON QbAAMRr i irenPHSTITRNR radiatith QYR indthe sBRIAE AhHN occur when
mxture with oil or wax to act as an evaporation

opticajlyrdeitasting the aplour of an ipslivatariinthedreadtion miKtirieat er
supplying the heat to the reaction container and the

o8 e P, AL 8 Rl s o
heatirg t6L95°@ ¢ tdast &/ pordidn iof therehctioR Giixtire will@vapokate &fid condense on the

exanpl e, when qgperated sequentially, the tenperature .
cold pertiopp ot (the repstieon yepwh ity haye gt bsen srposed terhe IRqppdiation. To

p S| u r ont
ovreHENPBLALES, 5 PRGNSl Uk PRI SR 8 o an
reactibantigturccthgtemay Ruvepevaporated|duting dgyr leelatihie step.adnotker way to overcome
. (PID)-type control|er may be used.to.control the .

this PheRTRenoN 1 5OV NG BRI Wifh GG dyaini 35t S, an evaporation
barridfet hod for controlling a reaction m xture tenperature

i ncludes the steps of: providing a heater adapted to

sel ectively generate a predeterm ned heating zone; and

It wilh bg\apprasipted B@bithemheaterppipplyfng theaipaptethe rpagtigneeentyiaern and the
. o]y r [ ; rel h .
oo B Al B e BB D8 A ey o
Simulﬁmed)lisllbg a8 8‘9 evheﬂrlelogwlan'rmr tht aet. SkdrsdxamipleaWhenagjestehtequirgtially, the
eater and the cool ant supply port respectively: and
tempeIgiES SPRirAly MAYe PR dATe doobet tfé“?fgac‘PPHﬂla e, pperated
simulﬁlle?&sﬁ e t@fﬁBQﬁg{rg F:Q{ltﬁ&lr}ﬁa}r Fi@%@)ﬁs‘i’&r&f)fg B nﬁﬁ{){)}l@ioﬁﬂe control. In

ati g zone an e cdoling zone. |n another
the lagigraoapt @ Praportiiriabihtégral-Demvativk (PIY)-tape emnttollenmay ke used to control
th te era&ure i ncl udes the steps of: selectively
ere&%ﬁg’s‘ioﬂ N EDRAPn contai ner to a predet erni ned
heati ng zone and/or a predeterm ned cooling zone,

In on¥ResepI8, & hectivdfietcdntblliag aheadtioagnixture tanperhtnee includes the steps
predet erm ned cooling zone are generated substantially
of: prowjding Atheates adapted 4p selectively gﬁpergtgp%)pyedﬁ@ppmed heating zone; and

provigﬁg R&Gh a}éﬁgruégb{}?ogﬁ%gﬁ%qg%lg ivef){;éeeﬁﬁ&f’ena dé’téﬁagigE@cooling zone;

ow t ntainer to eat ed/ coo
wherein tthoptedetermined heating zone and the predetermined cooling zone are generated

substantially adjacent the heater and the coolant supply port respectively; and controlling the
temperature of the reaction mixture by selective exposure of the reaction container to the

heating zone and/or the cooling zone.

In another example, a method for controlling a reaction mixture temperature includes the
steps of: selectively exposing the reaction container to a predetermined heating zone and/or a
predetermined cooling zone, wherein the predetermined heating zone and the predetermined
cooling zone are generated substantially adjacent a heater and a coolant supply port

respectively.
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heati ng/ cooling the entire chanber housing the

reaction containers, such as is typical with prior art
W@l200906544 Thi s reduces the anount of energy rePLi/ABLDOB/O01752

heat and cool the reaction mxture, and can al so

reduce the heating tinme, as previously described.

Unl ess the context clearly_sgquires otherw se,

t hroughout the description and the clains, the words

"conprise', 'conprising', and the like are to be

i ncl usive osed

onstrued. in a ense.as o t n .

In sul SABIGe iy a0 b et o AlOBGRE Keacip porfiaiiet o b hedliglopqld without
heatirp?¢t8ing fthe etire UtbMBer BilisingOthe IredbtioftohRiner{isOEH aé Mfypical with
. in the operating exanples, or where otherw se )
prior pr{dle¥ise® d Thisl redupgsrther aneuns of saergy requiredite iheat asd cool the reaction

i ' ' it Qr ¥wrein are to
mixtsE IR TERF IS ol BRTLMAR GRES NP " R orm
"about”. Notw thstanding that the nunerical ranges and
Unlegs dha pattextclanely trequyres othienwishethiosughdutsthe descofptibn@nd the claims, the
I pvention .are appr,oxi mati ons, the nunerical. val.ues set
words. (GoRFPrISE - FUmBuRg 't ARd Bheafth e Uy be FORIEdn 48 inclusive sense as
oppofRH 86 hi Bkdlufve BOSHatNtRe sARY; MBI S, ity ﬁie%@nsef@”ﬁié‘ﬁfding, but not
__inherently contains certain errors necessarily
limiteddg™sl ti ng from the standard deviations found in their
respective testing measurenents. The term nol ogy used
Othelhtﬁﬁr? ﬁrFtHeSog)ffepartinB I%Qa.r?ﬁfe?,oosrewﬁére gﬁfé SQ 'i&ﬁca‘?@({, .tail%r%ers expressing
exanpl es apparatusfor controlling reaction
quantities tof iggedienp ef adadti@s corslitivals vsed Rerdidart vo be uhderstoodgs modified
) Unl ess defined‘%%hegmﬁse, all technical and scientific
in all instanges Wethe fEMei3°¥ave the sane neani ng as commonly
under st ood by one having ordinary skill in the art.
Notwitharkdg frat ihe hulteridal '?bﬂ%ﬁ hdparaMeaes $BiMpfoRAURObOAS scope of the
i ncludes all nunbers subsunmed within that range (e.g.,
invention @re& approkimepsions, , thg ngmepicalpvatees it fortigan the specifer examples are
The terns, ' pref ed, "ol . . .
reportbd s RO oty B s Gble i Mo R VLR Mol PRpRICHRY Rontains certain
errors-AYRYEFily désiRingefibra dthewtindaringevdhtiohs fousd éd elidieekspective testing
under the sanme or other circunstances. Furthernore,
measyIg@epSci t ati on of one or nore preferred enbodi ments
does not inply that other enbodi nents are not useful,
The 1&finb1Sgy Aled RGN AGTr i pR¥dst I8 dQLABIg PaRRHIFBRISpIES MMpparatu
© thensc%%ef%f t he inbentionFFeatures gﬁﬁgifferent pparatis
for cantratipigarsaction mixtuwreemparatwes isrmet infended to be limiting. Unless defined

other\i{v?ftg,e %E{}g@ggﬁ %{nx g%g#ﬁ}cétglglhﬁe@{aeweree?n Hz?vsectfuia gaen(lje %%Eniﬂé’ bs commonly
understood by one having ordinary skill in the art. The recitation of a numerical range using
endpoints includes all numbers subsumed within that range (e.g., 1 to 5 includes 1, 1.5, 2,
2.75, 3, 3.80, 4, 5, etc.). |

The terms “preferred” and “preferably” may afford certain benefits, under certain
circumstances. However, other embodiments may also be preferred, under the same or other
circumstances. Furthermore, the recitation of one or more preferred embodiments does not
imply that other embodiments are not useful, and is not intended to exclude other

embodiments from the scope of the invention.



Al t hough the invention has been described wth

reference to specific exanples, it wll be appreciated
whwheses skilled in the art that the inventi oPCTAY2098/001752

enbodi ed in many other forms. In particular features

of any one of the various described exanples may be

provi ded i n any conbination%%P any of the other

descri bed exanpl es. THE CLAI DEFI NI NG THE | NVENTI ON

ARE AS FOLLOWS5: 1) Apparatus for controlling the

te rafure of a,reacti.on mxture.held within a
Featuf S ORIt fCaRILS TEhcbea it 2t FOUREPD T BUeTgjngeably, and the
exameég dedctiBed SRUbLRe pafpos& POSalpid diy.r eacti on cont ai ner

o radiation thereby heating the reaction mxture; b)

a tenperature sensor for sensing a tenperature L
Althoughiiterinveations has pessicdgsenbadi with referengp do sperific exgmples)it will be
appre@ia?e(anlg ﬁlolsg rski{l]]%{i iﬁ Y Euqlt at"tHe tiﬁ\fe{l{i&‘f“ B emBYAIEE ih Tany other

accor dance w the reaction mXxture nperature to
formd. lepatiyulaefeewidswflayy baabdf thh @ari@scesaibediexamples nidly be provided in

aratus acc ing to claim1l, wherein the apparatus
any cpRBaRER Al S ofiprdesediraipley o chamber

contai ning the reaction container. 3) Apparatus

according to claim?2, wherein the controller is for:

a) increasing the tenperature of the reaction m xture

at least in part using the radiation source; and, b)

mai ntai ning the tenperature of the reaction m xture at

| east in part using the heat source. 4) Apparatus

according to any one of the clains 1 to 3, wherein the

apparatus includes a cooling nechanismfor cooling the

reaction m xture. 5) Apparatus according to claim4,
wherein the cooling nmechanismis for cooling the

reaction mxture froman el evated tenperature. 6)

Appar atus according to claim4 or claimb5, wherein the

cool i ng nmechani sm supplies anbient air to a chanber

contai ning the reaction container. 7) Apparatus

according to claim4 or claimb5, wherein the cooling

mechani sm supplies chilled fluid to a chanber

cont ai ning the reaction contai ner.
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8) Apparatus according to any one of the clains 1 to
7, wherein the tenperature sensor is an infra-red

W@ 29/0677480) Appar at us accordi ng to any one of PECEAU2008/001752
claims 1 to 7, wherein the tenperature sensor is an
optical sensor for sensing a colour of a tenperature
dependent indicator in the ggaction mxture. 10)
Appar at us according to any one of the clains 1 to 9,
wherein the tenperature sensor senses the tenperature
of the reaction mxture.11) Apparatus according to any

THE 8EA10ls HEEINING TREMNVENTING A8 Rstf*t?uf(?{ﬁfr ature

1

2)

3)

4)

5)

6)

7

8)

9

Sensor Senses a reaction con arner te ure and

Apparatas fort Esntollitigr the| températur® of dexteectmnnmbgurhhﬁeld ®dthin @rreaction
m xture tenperature. using the reaction container
Otnéﬂ’r%"é ¢ gpparatysnchuding: at us according to any one of the

aarlwnf;igt;&% Eé%rp% %}“%ﬁé&g{% dﬂ’vﬁ edcON €S MExetoSrﬁ&‘iﬁﬁén ﬁll% ?Zhregting the

cha ereln the contro
de¢aetiom mixtgret he reaction nmi xture tenperature using the

rrperatu 13 arat us ac t o any. .

)0 RoRGPrHEe CeBsrolor eBiibs ¥ JTEpstice, HEIUF B, & cattion mixture
S@hpRattRNeRdt es infra-red radiation. 14) Apparatus
according to any one of the clains 1 to 13, wherein

o)t necmr@lllat ifernceniipllang geneadiation spireecd acearilance owith 1ty reaction
ﬁﬁ?r fuFe temhpBtanitt % g,[%re%sa sé‘l@?tn%@‘?hé’aft tl%el'}gr%c? oﬂ gl 0 14,

e appar atus’inc r rece|V|ng

Apperatiu® acdording eoclatm Newhereth the @ppakfitus Apihatesaligat source for heating
accar di nqﬁto any one of the clains 1 to 15, wherein
a ghambep pory P{I@thﬁfﬂamc%“mntl ng for receiving a

A § aword‘lﬁgg)t d18th £QMediR gﬁéeon%ﬁe{ @ghation source

nmount | ng- bei ng arranged to allow heating of one or ]
a)rrﬂnoaeeacsfngt the tenpdranreodf the acactiom nusturaatleass in pat} using the radiation
aratu according to claim 16, wherein the apparatus
|ﬁ ﬁ%ré‘&a drive for noving the nounting relative to

b)t AhihtaRiml ihenemPeratife of She ARRAGR iSRS GOTeAbtNG Pt i the heat
17, wherein the controller is for controlling the

dispwee.t o t hereby sel ectively heat reaction m xture in

Af)}?&ﬁ%& ta!:é’o?digg %3 aB;' o‘ﬁg of QH@’QE{mé’ f1 tb ej?%ﬂepé}n ik Iiﬁiapﬁ{lss includes a

cooling mechanism for cooling the reaction mixture.

Apparatus according to claim 4, wherein the cooling mechanism is for cooling the
reaction mixture from an elevated temperature.

Apparatus according to claim 4 or claim 5, wherein the cooling mechanism supplies
ambient air to a chamber containing the reaction container.

Apparatus according to claim 4 or claim 5, wherein the cooling mechanism supplies
chilled fluid to a chamber containing the reaction container.

Apparatus according to any one of the claims 1 to 7, wherein the temperature sensor is an
infra-red sensor.

Apparatus according to any one of the claims 1 to 7, wherein the temperature sensor is an
optical sensor for sensing a colour of a temperature dependent indicator in the reaction

mixture.

10) Apparatus according to any one of the claims 1 to 9, wherein the temperature sensor

senses the temperature of the reaction mixture.
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19) Apparatus according to any one of the clains 1 to
18, wherein the radiation source exposes a heating
WQ 008/067044 adi at i on and wherein the control | er PONAD2008/001752
heati ng of the reaction m xture by selectively
exposi ng the reaction container to the heating zone.
20) Apparatus according to_gny one of the claims 1 to
19, wherein the controller Is a processing system 21)
Appar atus according to any one of the clainms 1 to 20,

wherein the. controller (s fqr.. a) increasi.ng, the
1) APBSRES Grboinedpeany poserph e, dhims L 1 B Sherdif g Heppegature sensor
senddsureh QidiEQRAAG tBabYakied SR WHESIH the IcBRIrSIRAGE FRMetermining the
m xture; b) decreasing the reaction mxture

repetiranixture éemperaturcusingdthe esapéoneantainerdemperapirainneal

12) AB%IX&E %lcceo(%'(;lf.tn%et% a.{nn Céljl;éeotr ﬁ)%célgigﬂ {nt&( t9ur eréiy q & }em;{eﬁalltlrlrg sensor

creasi ng ere on mxture tenpérature to a

senSeERE Elaimbice tétdpeigtufeOardyWhérinzlie thtralRRad forefdtermining the reaction
pol ynucl eoti des. 22) Apparatus according to any one of
mix{uredergperatute yungthe chiprabaitemperatuiont rol ler is for: a)

13) Agﬁirgﬁl?ia@i:&gintghﬁ) Ghd %ﬁ th %la4he 1t Rer Fhbeth WRS gﬂi tion source
gnal' s received from the tenperature sensor; and, abS
gaerdatesahfra-ngd tadmtiondi ati on source based on the reaction

m xture tenperature, all.owing.th ti 1 Xt _
14) APRRTRIS ACERTBIREGOLEC BRF o6 [P artims)l 103y afigein, e, padigtign source
gdrRradéWoptiosl rdiatibye clainms 1 to 22, wherein the
controller is for: a) controlling the radiation source

15) Apparatug pecosding e anp o€ o6 thenglaimsr kta bhpuhereinrthe apparatys includes a
finst.temer. re val ue; h. olling a heat source
c}%aglbr?éfoﬁ e e1v1$%%6herrg%{:cltolﬂ %Ont%%)e({%(mhg

tain on Ure&*tenperature at the

16) Appdratus hecqRdingttd fafly \bat WE thecolaigdnt t0l §,i wigereincthe lappegatus includes a
mechani smto_ thereby decrease and maintain the, .
moualing & FECRIVIRS % SHPEFaChrigackiont FRNtaipgisndhe radiation source and

mb Bélgé SrrafBh tP A1 Heh@hd bPOnk RE hodi G R MERbEr & reaction
to trere

I NnCr ease tﬂg reacél on m xture tenperature
cantaibdre. third tenperature val ue; and, e) controlling

1) Al B RS T D B G35 e e o movi e
mounting relative to the radiation source.

18) Apparatus according to claim 17, wherein the controller is for controlling the drive to
thereby selectively heat reaction mixture in respective ones of the number of reaction
containers.

19) Apparatus according to any one of the claims 1 to 18, wherein the radiation source
exposes a heating zone to radiation and wherein the controller controls heating of the
reaction mixture by selectively exposing the reaction container to the heating zone.

20) Apparatus according to any one of the claims 1 to 19, wherein the controller is a
processing system.

21) Apparatus according to any one of the claims 1 to 20, wherein the controller is for:

a) increasing the reaction mixture temperature to a first temperature value to denature
polynucleotides in the reaction mixture;
b) decreasing the reaction mixture temperature to a second temperature value to anneal

polynucleotides in the reaction mixture; and,
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24) Apparatus according to any one of the clains 1 to

23, wherein the radiation source is adapted to
w@e20000677¥£l y generate a predeterm ned heati ng PCHaU2008/001752

wherei n the apparatus includes a cool ant supply port

adapted to selectively generate a predetermn ned

cooling zone, wherein the psgdetern ned heating zone

and the predeterm ned cooling zone are generated

substanti ally adjacent the heater and the cool ant

supply. port respectively, such that t tenperatuyre of . . .
o), PRETTASR6 EATTIOR EHtira, AR () e Jerb e \Abe to hybridize
eXRosdhatired pdliucid@asd. on container to the heating zone

and/ or the cooling zone. 25) Apparatus according to

22) Appayatypaccording to atyaingsf therddaims, 1 t@2dy whereirtibe eentrallepis for:
C Lper. | St . ti a 1SS to t.
of BB Ste G ooy BRSBTS e b Es srom e
Whatigdritutdsensorgarl, i on has a wavel ength selected in
accordance wth at | east one of reaction container

blp coprling dhearadiatian seyrsn bated ary e seastian imigire jmpgrature, allowing
mathQde R Rk %Aﬁe%ufens bk GORESIRLUr € of a reaction
m Xture he wthi'n a reaction container, the nethod
23) Apprritusiacegrding toeanyamie rod thearlaima)! td@Rewhemeinthe aontsdlet isdior:

m xture t erature usi .signals received from a

o) ehiscoifed, T BRR Solita 5 erbiim e FicAgH Skl rmegrature to the
S idtGempdistufeelilad;i on source being for exposing the
reaction container to radiation thereby heating the

b)r santroling 4 haatiseurce e maiataly thsnreagigncmiyuienigmperature at the first
c sed on the reaction m xture tenperature,
a?{hgoéﬁq#b&?‘ﬁag?er’eacti on m xture tenperature to be

c)coohittsllihgd cd@fjngApealiaiisng tbotherebpt derkdabd)@nll aintain the reaction
tenperature of a reactiqQn mxture held within a

r SR OIPEFEUP Akthe seqnad AFPRFTANIR 2BGnpri sing: a heat er
4248t AAnE theSBHRGDA SGirke &?ﬁﬁf&ge}n@reﬁ’keﬁﬂ@q‘%‘bﬂbﬁ &flxture temperature

heati ng zone and a cool ant supply port adapted to

s &0 thetthivé tempgeatene yakiepansk, edet er m ned cool i ng zone,

wherei.n the predeternned heatin one.and t he .
o) SRt D ecltot S Pamuaintte RnAPnrifnE, SBPamye o he third

aginaseeattird Vigudneat er and the cool ant supply port

respectively, such that the tenperature of the

24) Apragetts @pcondling ip any one giftthe(claams d 19y23 avhesein ke eadinsingy wource is
adtahtehfls sFLI%gthe% Derfetdtt 3 fiederdihdiPndIBRE LB% AR GhEH B apparatus

e Coo
includes a coolant supply port adapted to selectively generate a predetermined cooling

)

zone, wherein the predetermined heating zone and the predetermined cooling zone are
generated substantially adjacent the heater and the coolant supply port respectively, such
that the temperature of the reaction mixture is controllable by selective exposure of the
reaction container to the heating zone and/or the cooling zone.

25) Apparatus according to any one of the claims 1 to 24, wherein the reaction container is at
least partially transmissive to the radiation.

26) Apparatus according to claim 25, wherein the radiation has a wavelength selected in
accordance with at least one of reaction container properties and reaction mixture

properties.
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29) Apparatus according to claim 28, wherein the

heater is one or nore IR emtters. 30) Apparatus
wW@ewondiTmg to claim28 or claim?29, wherein theCTAGR@RAN01752

supply port conprises a plurality of apertures

di sposed adj acent the heater, and wherein the cool ant

i's anbient air. 31) Apparatqis according to any one of

the clains 28 to 30, wherein a plurality of reaction

containers are provided in an array. 32) Apparatus

ing t f th ims 28 to 31, e :
2) Atighod i pafollal oR° araperiies floh FRekPD e held Siin a reaction

confier Ohb 8RR AN cIa8ing Chia@nyiR@sur e of the reaction
contal ner to the heating zone or the cooling zone

a)adetermining & waetiqu mikéure termpreafutenisingsignalofeceized G a temperature
A?gnar at u% according to claim 32 wherein the
p 208t &M ned t her nal profile is adapted for nucleic

b)aebldr(ﬂlﬁ)% afriagiatib® Bourdd the \pidddtidvh UsbuseClodial igr Exposing the geaction
of the clains 28 to 33, wherein the heatl ng zone, and .
c sontpingr togadiation therabytheatingthe yeachpp migig; thesediafon source being
[ t f j .
ot M PG B, dchird G TRERAREE Mowid BRTENEAn mixture
c eampertirego bheostr@fed. of : i) provi di ng a heat er adapted
redet ermj ned. heat.i

to sel ectively, generate a zone; .
28) Appagatys _?mp‘f%oﬁf"%gﬁ]’ﬁ (EBFTAREC 8 BpfF'S‘f“BBr‘P‘xé‘_HﬁH}eE‘g wigin & reaction
cq%_%l_ix?éi,tthéfﬁbp’ar&tﬁ@@érﬁfaﬁsiﬁ’%:IOfedet ernined cooling zone;
iii) wherein the predeterm ned heating zone and the

prédacradapteddo sdedtivaly genexates predetemminedbeating goamanda ¢oplant

SRR W R gy e

t beedeRAGined Reatingl 20he aly the Pr&feterménedtpOBRY forefaré Henerated
reaction container to the heating zone and/or the

c Sehstangallp adiacent 1hs heatenand the coRlamisupplyingy respectively, such that
t %@%@&g&ﬂdﬁﬁe 8f tn@ réa%ﬁ&& hﬁﬂuf%% E‘]Hﬁti?olﬁ%iedoﬂewaﬁ{?e &posure of the
the netho t S

reacti1 on contal ner, conprisi'ng the step
ofreactin smitsints to ehe/heatipg somecpntifoe theeaolingzonmnt ai ner t o

29) AZRAEHFrr<SEHEE R YR B ABTEF FaReRT ASSY Thgmape
30) ApptathdfccBi@Re RS oSN 2 wiRkRSn HeoBRMES@PBLport comprises a
substantially adjacent a heater and a
plurality of apertures disposed adjacent the heater, and wherein the coolant is ambient air.

31) Apparatus according to any one of the claims 28 to 30, wherein a plurality of reaction
containers are provided in an array.

32) Apparatus according to any one of the claims 28 to 31, wherein the temperature of the
reaction mixture is controllable by selective exposure of the reaction container to the
heating zone or the cooling zone according to a predetermined thermal profile.

33) Apparatus according to claim 32 wherein the predetermined thermal profile is adapted for
nucleic acid amplification.

34) Apparatus according to any one of the claims 28 to 33, wherein the heating zone and
cooling zone are substantially coincident.

35) A method for controlling the temperature of a reaction mixture held within a reaction

container, the method comprising the steps of:



cool ant supply port respectively.
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i) providing a heater adapted to selectively generate a predetermined heating zone;
and

ii) providing a coolant supply port adapted to selectively generate a predetermined
cooling zone;

5 iii) wherein the predetermined heating zone and the predetermined cooling zone are
generated substantially adjacent the heater and the coolant supply port
respectively; and

iv) controlling the temperature of the reaction mixture by selective exposure of the
reaction container to the heating zone and/or the cooling zone.
10 36) A method for controlling the temperature of a reaction mixture held within a reaction
container, the method comprising the steps of:
i) selectively exposing the reaction container to a predetermined heating zone and/or
a predetermined cooling zone, wherein the predetermined heating zone and the
predetermined cooling zone are generated substantially adjacent a heater and a

15 coolant supply port respectively.



