| NTEGRATED APPARATUS FOR CONDUCTI NG AND MONI TORI NG CHEM CAL

REACTI ONS CROSS- REFERENCE TO RELATED APPLI CATI ON [ 0001] This
application clains the benefit of (1) U S. provisional application
No. 60/996; 817, filed Decenber.6, 2007; (2) U S. provisional
application No. 61/064,871, filed March 31, 2008; and (3) PCT
application No. PCT/S&008/ 000222, filed June 23, 2008, the entire
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apparatus and net hod for COﬂdUCt[IQ% Woni t or | ng chem cal
reactions, particularly nucleic.acid anplification reactions.

BACKGROUND OpbBSLRVERRERGH GO0 ANEDMRRI [@sadosy st ent for real -tine

pol ymerase chain reactions (PCR) is available from Cepheid under the
brand nane neXpert TM Thi s system can utomat e sanpl e preparation
and perprﬂgit eps 1P W%Wr%‘?‘ﬁg%egﬁ”%ﬂs%eci al cartridge that is
coupled to the system The cartridge includes a,thin, dianond- shaped

reaction vesge).U Shrowsigravmplisatitin NE.e607896;81 Do Deetmpens| 2007,
optical w ndows for optically. interrogating the content contained

detecti on asdehyi eeovsia e e RHEn NG CHRER e I rdhete sl 0B ARl e
reacti on vessel when the reaction vessel is received between the

heating pl at €8) PET applicatio dol HET/$G200&00§22X; Miiddoduneazs,i20G81 he
heating plates. The:system can perform heating and cooling cycles
required for

target nucl eitégglfﬁh{?iscnc;i%ﬁeq?%gf %%‘ﬂjeo c‘&ﬁglﬁ ﬁ%@bg%sme}%ﬁﬁe%?ﬁg r{eﬁ’é&ﬁ. C]\l

[0004] It has been realized that conventional systens for conducting
and nonitoring chem cal reacti-ons can be inproved and sinplified.
For exanple, the construction of the base system can be sinplified.

Further, it N t an integrated apparatus may be
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i0002} The present invention relates to an apparatus and method for
conducting and monitoring chemical reactions, particularly nucleic.gcid amplification

reactions.

BACKGROUND OF THE INVENTION

[0003j Aﬁ integrated system for reéi—time polymerase ohain r'eac-z.tions (PCR)
is available from Cepheid under the brand name GeneXpert™. This system can '
automate sample preparation and perform steps for DNA extraction in a special
cartridge that is coupled to the system. The cartridge includes a'thin, diamond-
shaped reaction vessel. The side Wé[ls of the reaction vessel ;:;rovide optical
windows for optically.interrogaﬁng the content contained in the reaction vessel.
The system includes optical excitation and detection assemiblies and two opposing
heating plates for heating the reaction vessel when the reaction vessel is received

. between the heating btates. A fan is provided in the system for cooling the heat'ing_
plates. The system can perform heating and cooling cycles required for real time
PCR and detect the-presence of multiple target nucleic acids in the same cartridge.



treatment, reaction and detection can all be perfornmed in situ. It is
al so desirable to provide an apparatus for conducting and nonitoring
chem cal reactions with inproved perfornmance, relatively sinple
structure, relatively | ower cost, or a conbination of these
features. In accordance with an aspect of the present invention, an
apparatus for conducting and nonitoring chem cal reactions is

provi ded. Th&UibdaRM GF GdmMVENTIG@Nbase; a thermal cycl er nounted on
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* bores; a light emitter mounted on the base for illuminating the reaction vessels
through the first windows of the reaction vesse!s, and a light detector mounted on
the base for selectively receiving and detectirig Ifght emitted from the reaction
vessels through the second windows of the receptacles. The light detector may-
comprisé a single photo-multiplier-tube (PMT). The apﬁaratus may comprise a lens
mounted on the base for focusing the light emitted from the reaction vessels onto
the PMT. The appara_tus may comprise a plurality of light emitters each positioned
for guiding the iighf emitted from -tﬁ_e.lighj emitter foward a respective one of the first
windows. A plurality of light emitters inay be provided, each of which is positioned
to illuminate a respective one of the reaction vessels. Each reaction vessel may
have a generally cylindrical shape. The bores of the receptacles may be generally
oylindrical. The first and second windows of each receptacle may be configured fo

reduce transmission of light received from the second window to the light detector



"a cooler and a heater. The cooler nmay be a thermal electric cooler.
The heater may be an electric heater. The cool er and heater nmay be
I ntegrated. The apparatus nay conprise a heat sink nounted on the
base, and the thernmal cycler my be nounted on the heat sink. The
apparatus may conprise a controller in comunication with the
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may be itireemie ficawieiewi The few@ptacéﬁﬁmanép@@eﬂ@troffﬂafﬁerr@@@t@ﬁﬂﬁ@ dhe

si gnal @Ptéﬁ&%ﬁ)mé@ng@ee&p r?en‘ﬂftm% d&}ﬁe rb’( &59&%@%%2@%@6

controll may contr 0 se ecti’v
cool.. t hea cdertarmia hesteel Shieooles p‘xa:ysb@ a thermeteleviingooles. §' hgieaierThe

appar at us I’IS I allt ht filters e sitioned
bet ween T%WBTYIE %’f‘r? ﬁ?%lepaﬁ%e 3091 %‘?%‘ngﬁé(b&mfeﬂéﬁggtgﬁ acl es.
The apwpata:as ey amﬁm'l‘se%h@tlsirﬂd\hommtbﬁ@h thepiabé,crethbahaveeal cytier
receptacl es, and the

de e The receptacles ma made of
Coppar - GRALPaTOUMGLoR diEEH ST THA ARSI L O SEABPT S hau t 5
confi gur&ﬂqrﬁmﬂc&r&n@nh Rk RBFAl cﬁ%k 3 c@n’é‘réﬁﬂﬁb e therhsl dy%rrt §Heor
detected and for transferrln e sanple to one or nore of the

react i orfopEalasimaay e in @@@muarﬁr@ti@m wethéhﬁ= behtrdedectordfes easiving asignal in
cartri dQ'F e;ngbée‘%Sgte{’édaPﬁfof @f&% tR8 i Pﬁééé&or ﬁ%&&ﬂﬁiph : d&h%ﬁthgﬁy

beanuc acCl n re ction m xture action
m xt ur e therynabeyeepiol sya‘recrtwsb’ helabipncodd dhe remction xesseds in[reepG@)sd o

o ovi dodoeeitle i PBbAE TR AT ARG o e tbAl R ol HIELY b S Be

The af aﬁ”ﬁ"ﬁi*‘ﬁ“e*iiﬁmn“;?g?“meﬂ?”“”‘““”mﬁ?ﬁ "2‘5“?’%%"‘;'?????%?‘5
ece: o PREE Bov R eyl SReT delonal Reteab B8 rreR REeS AR The
out put BNt CRBEEE SThe ddiptadief th?bb\tﬁadﬁ oﬁcodpleg bf bisisaNFhedpintaitsei by
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[0G05] In accordance with another aspect of the present invention, thére_is
provided a system corfprising the apparatus described the preceding paragraph
and a user interface in communication with the apparatus. The apparatus can
generate an output, and the user interface can receive the output and displays
information based on the output. The output may comprise oufput reﬁeéti\}e ofa
light signal detected by the detecfor.

[0006] ~  In accordance with another aspect of the present invention, there is
provided a method of operating the apparaius described herein. In this method, a
plurality of reaction mixtures- are prepared in the cartridge and eaéh reaction
mixfure is placed in a selected reaction vessel. The thermal cycler is controlled to
selectively heat or cool the selected reaction vessels and thus the reaction mixtures

in the selected reaction vessels. The reaction mixtures in different reaction. vessels



3 are sequentially illumnated with the light emtter(s). Light
emtted fromthe reaction mxtures is detected with the |ight
detector. The thermal cycler may be controlled in response to
detection of the light emtted-fromthe reaction m xtures. An output
in response to a detection result may be displayed to a user. [0007]
O her aspects and features of the present invention wl| becone
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FIG 1; of[spedif¢ efnbbudinfents oBthedRedriibh on dbganedorofith bt & i'lgﬁn ing
conponents and light path in the apparatus of FIG 1; [0014] FIG 6
is a bl JOKH agramillustrating a system for cdnducting and

noni tori ng. chem cal reactions which includes the apparatus of FIG 1,

exenpl ary of an enbodi ment of the present invention; [0015] FIG 7
is aline graph showi ng fluorescence intensity detected using the
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DESCRI PTI ON _ '
[0008] In the figures, which illustrate, by way of example only, embodimenis

of the present invention,

[ogoe] - FIG. 1 is a perspective view of an apparatus for conducing and
monitoring chemical reactions, exemplary of an embodiment of the present

in\fentio'n;

[0010] FIG. 2 is a top plan view of the apparatus of FIG. 1;

[0011] FIG. 3 is a side elevation view of the apparatué of.FlG. 1;

[0012] \ FIG.4isa crpss—sectional v;{ew of a receptacle shown in FIG. 1;
[0013] FIG. 5 is a schematic diagram of the optical components and light

path in the apparatus of FIG. 1;

[0014] FIG. 6 is a block diagram illustrating a system for conducting and
monitoring chemical reactions which includes the apparatus of FIG. 1, exemplary of

an embodiment of the present invention;

[0015] FIG. 7 is a line graph showing-fluorescence intensity detected u'sing
the apparatus of FIG. 1. and



[0017] An integrated apparatus or system for conducting and
nmonitoring chemcal reactions is provided. The chem cal reactions
may be nucleic acid anplification reactions, including polynerase
chain reactions (PCR) such as basic PCR or reverse transcriptase PCR
(RT-PC.R), or other reactions that require controlled
heating/cooling and real tinme optical detection. For exanple, real .
time -P@018In be RiGv&isierdar geedmough eerspedtiveviewafdol ogitidgessivivran
appar at ys system [0018] FIG 1 is a perspective, exploded view
of an aﬂﬂ)g%tbs 100 for conducting and nonitoring chem cal reactions
in a cartridge 200, exenplary of an enbodi nent of the present -
invention. Top and side views of apparatus 100, but without
cartridge 200, are, shown in FIGS. 2 and 3. 10019] Apparatus 100
includes a b 0, [-Skhk 104 is nounded on base 102. A

t her mal cycl-@%félﬁéps[ﬁ%%@%ﬁpéﬁbgﬁ heat sink 104: Heat sink 104 is
thermal Iy conducting for efficient heat-exchange with thermal cycler
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106. Three light emtters 110 are_nounted on heat sink 104 adjacent
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detector or sensor for etecting and analyzing a |ight signal

t hat
i s expePGRIcan bbeooweniertly sarsiuctedrayampnitored L@%Qe%@hiafhaﬁﬂ%aﬁuépf
during g?%% For exanple, detector 114 may include a single
phot o- mi |B\'i er tube (PMI). Detector 114 is positioned and aligned
to receive light emtted fromdifferent receptacles 108, as will be
furt her [(83r i bed FIBL 45 a psrapmstite, axplgsied adgva pban appaiatss t9hire

det ect or ; i - . £
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t he embodiment of the present invention.. Top and side views of apparatus 100, but
without cartridge 200, are shown'in FIGS. 2 and 3.

-[0019] | . Apparatus 100 includes a base 102. A heat sink 104 is mounded on
base 102. A thermal cycler 106 is mounted on heat sink 104. Heat sink 104 is
thermally conducting for efficient heat-exchange with thermal cycler 106. Heat sink
104 may be made of a suitable material and may have a suitable construction for
effective!y-dissipaﬁng heat. For example, heat sink 104 may be provided with air-
cooling features. Three heat-conducting receptacles 108 are mounted on thermal
cycler 106. Three light emitters 110 are mounted on heat sink 104 adjacent |
receptacles 108. A support 112 is mounted on base 102 for supporting a light
detector 114. ‘ '

[0020] - Detector 114 can be any suitable light detector or sensor for
detecting and aﬁalyzing a light signal that is expected to be emitted fr_om°a reagent
or a reaction product during use. For example, detector '114 may include a single
photo-muitipiier tube (PMT). Detector 114 is positioned and aligned to receive light
emitted from different receptacles 108, as will be fug'ther described belov;f. As can .
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optical path between receptacles 108 and detector 114 to focus and
filter the light fromreceptacles 108. When used, | ens 118 can
conveniently focus lights from different receptacles 108 onto the
sane detector 114 for inproved performance. [0022] As better shown
in FIG 4, each receptacle 108 has an opaque body 120. Body 120 nay
be formed fromany suitable material that is sufficiently heat-
conduct i hg appcistedmithes sioglepdetectbr, @sst arsd cornplertly of theidpparstemaglbe
may be ug%@[ éor form ng body 120. Body 120 defines a bore 122 with
an open ©§%4 for receivi ng a reaction vessel 202 of cartridge 202
(not shown in FIG 4 but see FIG 1). Bore 122 may be generally
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[ 0025] I n_spne enbod desi
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126 (frQﬁuhd@brﬂ@@hap@ror%)hgr@“@ﬁg detector' 114 through wi ndow 128.

For exanple, as depicted in 6 FIG 4, the light emtter 110, w ndows

120, 12 5ogRa 92 e T8 B 08 S 8 DL i O
emitter 110, a fi rs’_t window 126 is provided for allowing light emitted from light
emitter 110 to enter bore 122, and thus the reaction vessel 202 received in bore
112. On the side of receptacle 108 that is facing detector 114 (or lens 118 when it

- is provided), a second window 128 is provided for allowing detector 114 to receive
and detect light emitted from the reaction vessel 282_recéived in bore 122,
Windows 126 and 128 may have any shape. For example, they may be,generally
circular or rectangular. ‘

[0024] = As depicted, bodies 120 may be separately formed and may each
have a generally tubular shape. In other embodiments, bodies 120 of different
receptacleé 108 may be integrated into a unitary unit. For example, more than one
receptacles may be formed in a unitary block with multiple bores.

[c025]) In some embodiments, it may be desirable to reduce or prevent
fransmission of the incident excitation light received through window 126 (from light
emitter 110) toward detector 114 through window 128. For example, as depicted in



about 45 degrees, into wi ndow 126, while em ssion |light received by
detector 114 from w ndow 128 travels in a generally horizontal
direction. Such an arrangenent can reduce |l'ight interference and the
signal to noise ratio in the detected light. [0026] As depicted in
FIGS. 1 to 3 and 8, in the depicted enbodi nent three el ongated
receptacles 108 are positioned adjacent one another and are arranged
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FI GS. lelangat8d reespisdleg 08 ek hasitiGriaes cgéeerﬂ oBe dnbERR and are arranged in

I |ght-transm@ht| ng rea(ft,l on vessels Zoée@ionql}g two are visible I'n FIG
1) 1 and9EBR@ly paralisyelationsiale: Each traepiads §08 exieses ypwenly with its
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reacti I re.receiyved-.in receptacles 108.' [t is S0 _not
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t he cardanvegiently comurtetiand HIBRBled simsiiamectishoghde BUBstagaally diggser 200
may be cog%{c’%ured to provide integrated in situ sanple treatnent and:

pI‘OCESSchH Por this pur pose, cartridge 200 may include various
fluid chanbers, connecting channels, and built-in fluidic devices

for I perfPORTH ng t hBum@oes Tangdye 20 islesmheebly moantardr ﬁéntlepfactes 108"
applicatlo FIG.78). As depicted in FIGS. 1 and 8, cartridge 200 has several, e.g. three,
light-transmitting reaction vessels 202 (only two are visible in FIG. 1) ] and conduits

b

204 connected to reaction vessels 202 for processing reaction fluids and
-transferring fluids to and from reaction vessels 202. '

[0028] As depicted, in the present embodimeﬁt cartridge 200 has three
reaction vessels 202, which are respectively received in the three bores 122 of -
receptacles 108 through open ends 124. |n other embodiments, more or fewer
reaction vessels may be provided in a caﬁr?dge and it is not necessary that all of
the reaction vessels are received in receptacles 108. It is also not necessary that

each receptacle 108 receives one reaction vessel when the cartridge is mounted.

[0029] - In some embodiments, carfridge 200 may be configured to provide
integrated in sifu sample treatment and-procejssing.' For this purpose, Cartridge 200
may include various fluid chahbers,_conﬁecting channels, and built-in fluidic

devices for performing the processing tasks desired in a particular applicatidﬁ.

7.



[ 0030] In one enbodi nent, cartridge 200 may be configured to utilize
pneumatic pressure for transferring a fluid between the different
processing chanbers in cartridge conduits 204. [0031] For exanpl e,
in an enbodi ment, the conduits of the cartridge (not shown) nmay
include a plurality of pneumatic ports. Each port may be sealed with
a seal and shaped to couple to a pneumatic conduit through the seal.
The cond003@] may lalae éminddident cpltingd 200 mafy hehemtigussd teaditize or
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chanber through'the connectihg conduit he conduits of the

cartri dgeahend shepsgristooupleda aa@wrreﬁhﬁ@onéw Hworfs Hieoiapl.c The copityts
applica 02480 ard | fathe
descrlptn%'%p %g}necﬁgg%%g%?{@artr d%r %%S‘%ngkyé‘%eﬁ‘@ﬁ Qagﬁ& n‘gitr%‘vr%

desi r ed fif$tiepippening astiex firarkbtonoaperdomt Eath temoperdsg i i0 BBy

Conveni en fi r g i .
oo bty GRobb 5 sl oE of MR hitflclbed, SR R s
tissue wﬁfﬁnd ﬂﬁmpﬁrd riiddtion r\]mfﬁfmm aridtisautbrqughpacainanting pomhﬂ’s;gbmgednd
PCR can. In_. the rtr| tecarr e s
rount ed SRV B opBYnoT RE TR R R TR | el otP S baN s APATER!

di ff erepheagent preudahesas the f:h@rﬂ&@mdﬁ#o@@h&ﬁ@ Bheurhifc cﬁmmtfsldéﬁetram%rbe
designed to wthstand a wde tenperature range, such as from bout 4.

C t o -abdiauirhioore ongrchegber i gheiher ehasaberthraiohHhe cpanerisgcogdyis,

conduct bf & dB dife BF
processF*ﬁSr%f‘EU'&aﬁ”‘%ﬁF"%%@%% o e 1 e

body of P&lramnf@g@orzblo PRT% 2008809329 Witsgaedifcatopsimyienesitidle of a

light-t 5{2’?5 terial so that |ight can be. transmtted through
t he wal | E@Q?@ﬂ% r[gﬁ] the reaction sol utions

[0032] Cartridge 200 may include any other desired fluidic transfer and flow
control features. : ' ‘

[0033] Conveniently, cariridge 200 may be configured to process tissue
samples, such as being provided with a tissue dissociation device for tissue sample
preparation. Thus tlssue preparation, processing and PCR ¢an be performed in

. the same cariridge wh[ie the cartridge is mounted on apparatus 'EOD The cartndge
may also be pre-loaded with different agents such as a freeze-dried agent. The
cartridge may be designed to withstand a wide temperature range, such as from
about 4 °C to about 100 °C, or to a higher temperature that is desired for

co‘nducting the partiéulaf chemical reaction or for performing a processing step.

[0034] The walls of reaction vessels 202 and the body of cartridge 200
arcund reaction vessels 202 may be made of a light-transmitting material so that
light can be {ransmitted through the walls to and from the reaction solutions’
‘contained therein. A light-fransmitting material may be transparent or trarislucent.
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contained therein. Alight-transmtting nmaterial may be transparent
or translucent. a [0035] A light-transmtting reaction vessel 202
may be partially transparent or translucent. For exanple, w ndows
may -be provided for transmtting |ight _therethrough. As can be
under st ood, when w ndows are provided in reaction vessels 202, the
W ndows should be positioned to match the |ocations of wi ndows 126
and 128 [99B5]ecept dclighi-traosmittinpesstction vgssdh £02¢aay bé ggdiaity ransparenint ed

Mt < LR ER BasBOTER, cPLEthEhe el €9 Bosmithq Jotige 200

may be ¢mréihgoughd ﬁsaocamiaé uhdersitivdc when admdbweaet pronides ¢ selclio®02 i s

Cr ans Yestits 208 Joa virdasis Shetftkoe pOsonsd o matbdie Wopgendhbuindows o
be suf f Heb enti1eshe ddcepndirdd Mpé@tlxieWhéﬁeaﬁW@d iMBo@ited b

reaction m xture conta| ned in the reaction vessel is sufficiently
r esponsi&eePfaslantd& enper at ure change in receptacles 108. [0038]
Conveniently, three receptacles 108 are sufficient to sinmultaneously

rreasurepmqt | ons |} BteBd B BRRAJIRS AL ﬁpﬁéﬁérﬁﬁlrﬁ%mrﬁuﬁ@w&d@ﬁ a

vessel hat = contains a- positive c ntro lon, and a vessel that
cont ai nge%seﬁ%ﬁ,loaérlémﬁ dmaydst eanfignred-emihpéthe shaag arpend reastion

enbodi Npateeid S RUDRS! ftg{% Y@&%B@ﬁi\?ﬂzaﬁ% FW theGedifY grigﬂa &dnQhission.

decr eased gependl ng on I cation an
considerations such as cost and flexibility 1[91003% Ther rral cycler
106 is [M&d]lto al Teemelswéreadicatvessels 802 sheu @lsxbe sufficiegily Wagleh in

turn he n&fei@@gg rt}l’ééﬁlp}é f‘e"i‘@érgﬁirg eP el RabfSEhnadd %bn%ﬂﬁeé) %rtﬁﬁ r&g@oﬂf

recepta I'on m Xtures or sol ons con
t her ei nvessel sawficienilyodspumstve, totthe teraperafrk ehadgs immegeptaclesdd8a
separate heater.(not separately shown) and a separate cool er (not

separ at glgggghown) Co}'{t}%;@ﬁ %{r;gg‘?%céﬁaé’?}%é( 1(?%%% Q’Sﬂﬂ@ en%ts?&ultgﬁ)éously

exanpl e;”"an” el ectric heat e used. e €00
sui t abl measwlegeacifms iravepse that dodainag damplsed!uaen,aa mnﬂeéﬂlat I n sone

enbodi ter ool er ,ma r.ated | er mal

oyeler GokanglolfR BT KIRR, Bhe iesse, ba! EHALE A SehDS Bt

Pel ti ersdietidn. pdopevarpy Hdiffesed embodiment, the number of receptacles 108 may
be increased or decreased depending on the particular apphcatlon and other
considerations such as cost and flexibility. '

[0039] Thermal cycler 106 is used fo alternativel'y heat or cool receptacles
108, which in turn heat or cool the reaction vessels received in the bores 122 of
receptacies 108 and the reaction mixtures or solutions contained therein. In some
embodiments, thermal cycler 106 may include a separate heater (not separately
shbwn) and a separate cooler (not separately shown). "l;he heater may be any
suitable heater. For example, an electric heater may be used. The cooler may be
any suitable cooler. For example, a fan may be used as a cooler. In some
embodiments, the heater and cooler may be integrated in thermal cycler 106. For
example, a thermal electric cooler/heater, or Peltier heat pump, may be used in
thermal cycler 106.



thermal cycler 106. 9 [0040] It should be understood that in
different enbodinents, it is not necessary that the spatial

rel ati-onshi ps between heat sink 104, thermal cycler 106 and
receptacles 108 are as shown in the figures. It is sufficient that
they are in a heat-exchange relationship or i.n good thermal contact
with one another so that the tenperature of receptacles 108 can be
cont r ol [GHOpy therlmﬁoudxybeand&r@ﬁ)odlthairiaw:ffnren’a@mamdia@etmﬁ i$ nosone

nbodi ts th .10

105 ar o Eroesaetet sl raipstinG pBrerty dsrtoko o it R RS,
of recgplasdptadesi0d é@ﬂ@sl@oﬁ@!rﬁﬁb@@utﬁﬁi‘s@dﬂ’f@ﬂt&lﬁ@ehw afe ihfze
desired cycling rate. . In_this regard t he arragl%:}ement epi Ct}%—:(njcthe

FIG | baﬁhemh@wggyeiﬁw%\*w ipgoogitherrigl ganigsHWER PneaBRtNgh 894

h f |
ohennOfB ey of REablRflos O 88 tot Rty IRUGHEloybp 00! e
em t t er adydtaggousnolsede embodimensoiliateeatrainka194. gmmgﬂ chieler a%@nd

t

onh o TEeo R 108 b AR P R bR En Bt b OB fe Idhnidiafir g
108. [ Oes2hiabldd t08 ttvounice seleytdicdesppeatartcaiangp thltdedieelredmycilbg rate
i nt th | i ght t 1 ght b
ueed’l | briiinosiedue tgnodBpu dargedin FRE TlaitiG 2l By FONE Ton For
exanpl e gffédtiveererdfitibaitied etEayaBitwebe rateptades €08 tnd tgnal tyudr are

of dlfferent spectra. Each light emtte 0, m clude a Iight
emttind0& ea@xqmég)ww ? HEer ﬁ'@cg'&ﬁoé’[? /":'P@Ferdgf'?%cpent appl i cati ons,

the light sources may be adjusted, or substituted to provide

differ e[tto4i1 ght lfEa%ﬂS“ghVemﬁferSﬂ@@ﬁdNﬁbl@ﬁe@Qtdm sbircecime £hgraduldent s,
each Ila_lt emtter 110 may i nclude a ght filter (inot s]ganptt t el
t

shown i qfﬁ@araiely§hewah@n%@mec§°ﬂ§$wﬁ8§rtd rRRiipnsg iRd@gsmitand guide
Correspmédérﬂﬂtetl'&e&awrg%t@mdro%%@tr@@épeea%m@r filtering the |ight

emtted from ‘the light "'emtter in order to achieve a desired |ight
spectru such as by bl ocking

frequentd®2l rFor & ISQU"C@(JF‘@h[’ﬁ S?‘?%%Ee Ecﬁ’diﬁ%g?ré'ﬁay Eﬁgf?%éf a?qzq PR ed
33: ef: gowgh@&nitﬁmbew& bidighf So@r@Ls fdbd gl lidiR chRfteetret ed by
depending on the particular appitca’clon For example, different light sources may
be used to emit lights that are of different spectra. Each light emitter 110 may
- include a light emitting diode (LED) as the light source. For different applications,
the light sources may be adjusted, or substituted to provide different light intensity
ot spectrum or both. In some_embodin"ierits, each light emitier 110 may include a
light filter (not separately shown in FIGS. 1 to 3 but see FIG. 5) positioned between.
the corresponding light soutce and receptacle 108 for filtering the light emitted from
the light emitter in order to achieve a desired light spectrum, such as 'By blocking or
absorbing light of undesired frequencies. For example, certain light frequencies
may be filtered out to reduce interference with the emission light o be detected by

detector 114.

[0043] FIG. 5 schematicaily illustrates the inter-relationship of the optical
components in an exemplary embodiment of present invention. In this
embodiment, LEDs are used as light emitters. Excitation light emitted from the light
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[0043] FIG 5 schematically illustrates the inter-relationship of the
optical conponents in an exenplary enbodi ment of present invention.
In this enbodinent, LEDs are used as light emtters. Excitation
light emtted fromthe. light 10 emtters is transmtted to the

sanpl es through excitation filters. Light emtted by the sanples are
transmtted to a PMI through a focusing |l ens 118 and detection filter
116. | OMItev%Istnmmﬁed B lics s@mpbsdl@mtxgblebc&ltatib%ﬁi!(emt Lightoamitied biylt:S.

100 ChfrRIFSR Rk = PRTEGratei s leanggar A1hend s <elin "o

nount ed fm@rw@e 102 or may be provided separately. In one
enbodi.nent, control I er 130 is in comrunication with therral cycler

106 for | ectivel eatin r coolln recept acl es 108, traller
130 may & Bl conthor q%lrgﬂéﬁ AGANEP! qr.@ﬂf(newﬂqvmmlf% oy
corres pcwbregldbu %Hcoﬂ%nih@mﬁé&pe@ﬁoﬁ Sﬂé'ﬂ)@érét\}shﬁ)d '%trmzép%o'%y% the

reaction vessels in bores Contr ol yaso be in
comuni defepeaiedvith aﬂé@@é‘-ﬂ&)’lﬂ% BHIch 66 nmmféed/ pn @a§e§ﬁ)§naw mMBy bedspdaed

to the ' I,
sel ecti \%%PE%&gt I‘dogﬁgcgnﬁ%egr ece1a)‘fctg‘(%fom9 ﬁfgg iﬁ%b@iﬁ@g@é&mﬁ 8’@% ﬂe‘;rg%!el ved
si gnal . 0510(@45]16 Corselenkilay heatngraydmling rrectma’tamtes dO&rr@unb‘aﬂerdiﬁO\mah a

132 ’
t fgﬁs%n%ﬁ%‘g&ﬁ*}?'%&% afitotight s i@%fs 158 ot Rl S ftReob b TR ARHS) ©
nc U e at resu .
S ancaey AsS helig abimuriaaion ihemretr ol dr FeeuRe 2 el M jpsnoase

nt er f ag® tHe3detebleBNighf) bRE has e mymhrk%;}cmetm SHi ROl e PHPEEdI Ng

nterfaci ng 'device such as a conput er he conputer for the user
nt er f ad@°SRIGCIBR 188 Poiesaptee toébf’rﬁ%ﬁql\fﬁjj #gRdlce, such as a personal
digital assistant (PDA) or the |like. Controller 130 may -have any

sui t abl ep@dgIuct ur ecetroNeF IWRRFRyHURREL Wdﬂ‘im@ﬁi@éﬁ(ﬂ&‘ﬁvﬂﬁ aQfder ﬁ\terface _
controller typically used for controlling chem cal reactions such

real ti GEViced32farrepaivipgdeser v fharefeem eod fralyapsrgiting,an Bﬁ@uﬁth&é‘ﬁ@r aI
pur pose ref esR8BieAle LPéérrllPrﬁﬁﬁ nByihOuEE BbERttbA commRARIS G bgeRhiirfg NCt T ons

may be provided éither
parameters. The output may include data or results obtained during the chemioal

reactions. For instance, the detected light intensities may be displayed on user
interface 132. User interface 132 may include any suitable computing interfécing
. device such as a computér. The computer for the user interface may be a poriable
computing device, such as a personal digital assistant (PDA) or the like. Controller
130 may have any suitable structure or hardware and software configuration. A
coritrol[er typically used for controlfing chemical reactions such as real time PCR
may be'used. Controller 130 may also include a general purpose or spécial
purpose micro-controller.. Some control functions may be provided either in
controller 130 or in another component, For examplé, certain temperature centrol
functio.ns may be provided in controller 130, or may be provided in thermal cycler
106, or may be provided by an a_ddiﬁona[ separate control unit such as a
standalone thérmal controller which is in communicatiori with both controller 130
and thermal cycler 106. Some control functions may be provided either by
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controller 130 or in another conponent. For exanple, certain
tenperature control functions may be provided in controller 130, or
may be provided in thermal cycler 106, or may be provided by an

addi ti onal- separate control unit such as a standal one thermal
controller which is in conmunication with both controller 130

and' thermal cycler 106. Sonme control functions may be provided either

by 11 haratd@ae suhhass ciro@i 6oy dofvarbsusio bl sespaciiliohgaseral pyrpsssal or
gener al cg*nrrpg control program [0046] In some enbodi nents,
cont r ol 1SUESBIOYERM ncl ude a central processing unit (CPU) or a
conputer that has a CPU. Controller 130 may be connected either by

wire or o4l essl yintsore® BrBBLFRRSs dohfrolé 13usag ieRaReatsntrguch as
t her mal cycler 106 and detector 114, and ot her external devices (not

shown) . ArBEREEINTHME(CTIE} i eoraputer lathag GrelH |C‘é:rntr@ieta1%%m@utb@r such
as per i %‘ﬁf‘né&%d differ b)ﬂw{e/d?%n%‘l’éss %Gﬁ&é@r@m H‘férWslﬁ

dat a/ si gnal conversi o ransm ssi n, si gnal arrp I cation f| Iter| ng,
may al scﬁubb asribeumid dyclas 186.ant detatmr kido aud other iexstsnalglavidesdnotn t he
art. %%JN or sinplicity reasons, some conponents and features of
apparatus Té0 are not depicted in the FIGS. 1 to 6. A person skilled
in the art can appreciate and understand that additional conponents
and f eat[Q04F] may bethed gedpheratsridea cootroiimror@raunumtetaisncm aaeeiiprayralsFor

exanpl e, u tern I .Sy [ and
connect 48" PBULoRY PhaviiEPR ndRERied Ry S elr e Sy R PRRG

use. Varsignz$ amﬁﬂmt@nmtenﬁg hay akoWwesdciudge dwesantbé hndemstoum, byathbss
and nuts ive, or other fasteners. Wres nay be used to
electr|5§WP§"E different electrical components. Sensors may be
provi ded for measuring tenperatures. Casing may be provided for

encl osi fg048]part OFortd@pkuiyi re@sdzp sombeumiddiRAR] aldifeatires odappardiye

200 feﬁgggﬁs@@?am@%m T e

i N sone spdheder@ans tHih ddalphalaid guhentd 4nd Ralfbs W@tﬁd’ed |h&ird§6t@h
perform certain functions. For example, a build-in or external power supply should
be provided and connected to supply the power needed for proper operation during
use. Various components may be secured fogether with screws, bolts and nuts,
adhesive, or other fasteners. Wires may be used to electrically connéct different
electrical components. Sensors may be providgd for measuring temperatures.
Casing may be provided for enclosing a part or the entire apparatus. -

[0049] In use, cartridge 200 is mounted on receptacles 108 by inserting
reaction vessels 202 into respective bores 122 of receptacles 108. As can be
appreciated, in some embodiments and applications, it is not necessary that each
bore 122 receives a reaction vessel 202. One or more separate reaction vessels
(n.ot shc;wn) such as separate test tubes may be inserted into one or more of bores -
122. Further, a bore 122 may receive no reaction vessel in a particular application.

[0050] Each reaction vessel 202 méy contain a selected reaction mixture.
_ For example, with three receptacles 108, three reaction vessels 202 may be used,

which may contain a sample solution, a positive control solution and a negative
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bore 122 receives a reaction vessel 202. One or nore separate
reaction vessels (not shown) such as separate test tubes may be

I nserted into one or nore of bores 122. Further, a bore 122 may
receive no reaction vessel in a particular application. [0050] Each
reacti on vessel 202 nay contain a selected reaction m xture. For
exanple, with three receptacles 108, three reaction vessels 202 may

be used, comil €BILfBY réscaVEly.a ThE R ctioh Phikiukr &N mad iRagdd ree%n@@m&tg}es
sol ution and a negative 12 control solution respectively.

react i onfariaxdiygiele agigampidicatrn Weé‘%% BirhasPGResThe Brclaiciagid @a& bgci d

anplific
ri bonucl g??:&;bé%lgg%mw%%?eegi ri oﬂé@%ﬁ@@{ﬂ\g ?ﬁ\% m%’lr)gtsa?(rgﬁﬁl e, a
sanpl e  misturgrmayrncludecdiaie infueras vinksIRMAza virus RNA. [ 0051]
Reaction vessels 202 and the solutions contained therein are
heat ed/ c acco i ng the
desired cr?g cal reacﬁog 98&56%@?%02%&%%&0%% El"{]%]th%fﬂg%g%eratlon
of t her nhéategiichbeled HeSording oed pet-saledigd berztbcmj ﬁonMducmﬁm&md 108.
Receptacles 108 in.turn cool on v ssel 202, an
Feact! onTba-gesih PR aa R e enralifR e RRetToR e her R A B
differ enmkédmé@b%ameao@tre@éma@wm t Rﬁeept’ébi%semtm @sz@feat beedal

by controller 130, t her

cycler 106 | Th cyclln
t her mal E?;?&FB 5%% h%@apwmr&?éoafaw@m% 9%91’

due t0 tR&ideraRRIdifBAITceS MEIEEEHNREN R ARG GivenCHife efrﬁ@%bhwldftﬁéramf er
heat to, or away from the reaction vesSsels depending on

t enper at @erdi0firere he esoided by sentediar 130e Thedhersep! cv@mecrféwﬁ@l cycler

cycling m@féﬁgs tﬁ@@ertase(a?a%'df¥eéé§p£&ég 681 Vel Beg % fﬁgul éooﬂaa Adit! he
art. [0052] For nore precise t eraturé cont one Or nore
t enper at uctirgiopsriywen eifsctively ransfevlgrtde, ermvaxsin@vmphemyclﬁ@

provi de f i ng
Phe sct P usERab ol 1 BERE RIS R FeihdEen, 2 RERHL' 10,
al so be phwesasius cwlihg peofie can bs reatlilyaietaridged B9 thoseTdkdletianties attur e
sensors nmay be connected to thernal cycler 106 or controller 130 to

provi de fgagshack e hBMBIAIEnBORLAl cod BPSL IR ERRLHAe

vessel s re at he co R errpera urée(s
-sensors such as thermal couples (not shown) may be provided, such as being

imbhedded in receptacies 108, for measuring the actual temperatures in receptacles
108. Temperature sensors may aléo be placed elsewhere such as in cartridge 200.
The temperature sensors may be connected to thermal cycler 106 or controller 130
to provide feed back for temperature confrol.

[0053] When reaction vessels 202 are at the controlied temperature(s),
excitation light with a selected spectrum and intensity may be transmitted
sequentially to each reaction vessel 202 from the corresponding light emitter 110
through the corresponding window 126. For exémple, blue LEDs may be used to
provide the soui‘ce—for the éxcitation light. The frequencies of the LEDs may be
éelected depending on the particular application and the desired excitation light
frequenoies; The spectra of excitation light for different reaction vessels may be -
different or the same depending on the application, The LEDs may be activated '
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excitation light with a selected spectrumand intensity nay be
transmtted sequentially to each reaction vessel 202 fromthe
corresponding light emtter 110 through the correspondi ng w ndow
126. For exanple, blue LEDs nmay be used to provide the source for
the excitation light. The frequencies of the LEDs may be selected
depending on the particular application and the desired excitation

l'i ght fseqaemmmsem‘lﬂm@ﬂe@hf aFef exen®ilé addoppulsegbt lighe aydidvier guise
reaction SS be' dlfferent or the same depending on the

appl i cat@"kﬁﬁ Oﬁﬁ‘%mL s¢RAdBe activated 13 sequentially to enit pul sed .
| ight. For exanple, each pulse of light may have a pulse |ength of

about Ojgomgconds.Ad Q4P apisrefed) gt et FFlmayi lhéorigLifddeto Hirksd
may be configured to _direct the respective excitation |light toward

the cor (REIRFAEFINE Schairlia ewardrihe @@ﬁ@%ﬁpndm windewerl6 w& tpslaped
di fferefelrb@hte Pgbi]t defl ditrar Bt EHH gfn{r{gé?sb@@@gﬁwga#;k Emd I t Hethe

| atter pur pose, emtter extend to cl ose
cor r espeaitgir @gfmsndkt@ht efriiter Fidrmby exteandlto gluseftp Itlneecqrrwpocmdmgr\wddomy

per f or Ao ! s BTol O et el bfver Ry it R LR gl

react i on16dbnitipomssd gdrarmaeest i on products may be fluorescent and can
emt light of certain frequencies when they are excited by the

excitat| i ght rgceive mitters.l tted'.
by the. LRI Ons VA6 ESEan SRRt el bERF it sl pilfons

i Rc'r deﬂreadtlgg Iptadu'étemby@btﬂ%mécbﬁd(ajw chemstdight bi)d:brtaré freefumam]éﬁ whlen ]

t hr ough_wi ndow n etecte ecto e t he
it ont MBS B theeitttn ot Saerived B8 18Dt EaitarRAOpd e Toh

det er m BRGkiaIRY HRrsARBIchainiay Bé B85 dFFRSH RPeBtrins tﬁéﬁemtof tHeNinkident’
reaction vessel, In this regard, |ens 118 can gui de and focus

ot it t0 liohb Ao e sebiion AN ael eI CeR NN B 2B ABRd8S | g
the det geidofdy bys@&teEhl Y44 yBg%%étlhgttﬁé tr&ér%t?%? ]l?ﬁldéfcfeléclﬂé‘d intensity

of background or noi se, Vi n‘\‘% 0 noi se/ backgr ound
ratio. tgr@%@]c:i% Itcﬂanftb@@he d&teénmﬁ-;d whethar gemal@ﬁaraaf piersiance e RESSEH |

vessel s; éjd f t V) ((F=To N

soquent 21&?% readile av%rsg@lf It ﬂﬁg%@d 858918 cA0helfPth RRad bhy BaRtgH
emztted from windows 128 toward detector 114, thus increasing the detection
sensitivity; and filter 116 can reduce the intensity of background or noise, thus

improving signal fo noiselbackground ratio.

[0056] To differentiate the signals from different reaction vessels 202,
different reaction vessels 202 may be illuminated sequentially one ata time. The
iflumination pefiod for- each reaction vessel 202 may be relatively short, such as
about 0.3 seconds, fo allow faster cycle time. The illumination period however
should be sufﬁciehtly long in order to obtain a detectable signal. Controller 130
may be used to control the activation of individual light emitters 110.and correlate
the detected light SIgnals with the respectlve reactlon vessels 202 (thus the reaction

"mixtures therem)

[0057] As can be understood, in some applications, it is also possible to
determine whether certain reactions have ocourred by detecting and monitoring if

the fluorescence emission from a fluorescent reagent has decreased. Such
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i1lum nation period for each reaction vessel 202 may be relatively
short, such as about 0.3 seconds, to allow faster cycle tinme. The

i1 lum nation period however should be sufficiently long in order to
obtain a detectable signal. Controller 130 rmay be used to control
the activation of individual light emtters 110.and correlate_ the
detected light signals with the respective reaction vessels 202 (thus
t he reacfecmmsemay idesité et iedmoufi@f Te Amgeatintire miders hasdecrieasebne
applicatjons, it,is also possible to determ ne whether certain
reactio eRg\g@rt%@crjn%aaig aef&cting and nonitoring if the
fluorescence em ssion froma fluorescent reagent has decreased. Such
14 decr qpggs]may i nph& astectedadigridt enayiaaiaipied hecorgagent 30 or biiput fo

m xt'ure 'has decreased . due to certain chemcal reactions. [0058]  The
det ect ednsinghdptenaeliEnadayipe é@tﬁowahfqr@m&sisiﬁieoéé’%ﬁr&}?ﬁ&Egﬂaiakd
anot her g l@rrﬂg%%béé'ﬂégdigﬁ‘r’xy%&o& Qky iﬁfé?ﬁé(@% 169! Thealaisdisd sihal fighect ed

signal an ts may al 5o be displayed on user interface 132, The
det ect edietdairal 14 mephalstebeamplifiediar prasireatebby ethenrpigngl pi@ogssing

pre-tre . i ' ~techni qgues known to persons
skill edq%%%cﬂ}éésgﬁgww%6%8?&%@%?@@6%%%? eciated, real-tinme control
and nmonitoring of the chemcal reactions in the reaction vessels can
be convd®@adit |y achs earbe apposihtedaealdinge eontrelpnd roanitasting &fdher ol | er

commnd S GHIE LeEPBRa! foy eagtdhl vecBl e GRTRAERIY BB T

checking if any particular hardware is still functioning properly,
cont r ol [8§6@]her nal Fanyaivery applicaborR aydiclen B30 mey begirpwdrd ddthespech of

I tipl fle ' ' it ] '
A T L M R
FSSEZ?ngﬁsgﬂ?aﬁﬁ,@hgdg?@ﬁlammp tec: or ;a}i;yﬁagagtaibf;nfﬂ t pﬂ:ﬂm’%széi on
| ght & SRR R el spoalet PoR vetetiny SopicaR bR A EEet
exci t at ifigBrdsbades sibhamidisfidrer ent '

[0061] For instance, the apparatus may be programmed to detect light
signals at the end of each annealing cycle during the thermal cycling of a PCR

process,

[0062] " Conveniently, a single detector may be used to detect emission lights
from different reaction vessels 202, which receives excitation lights from different
light emitters 110 (or LEDs). '

[0063] The detected signals from detector 114 may be amplified and
processed using a conventional signal processing computer program such as
Labview™ program. The computer program may include functions for a.veraging
the cotiectéd data. For example, the detected light signal may be converted to a
electrical voltage signal, which végrieé with time. During each detection period for a
reaction vessel (&.g. within 0.3 s), many, such as thousands, data points can be
collected depending on the sampling rate. The computer program may provide a
timed trigger o perform an averaging function to calculate the averaged sfgnal
strength-within each (0.3 s) detection period. The frigger point may synchronized
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light emtters 110 (or LEDs). [0063] The detected signals from
detector 114 may be anplified and processed using a conventional

si gnal processing conputer program such as Labvi ewIM program The
conput er program may include functions for averaging the collected
data. For exanple,-the detected |ight signal nay be converted to a
el ectrical voltage signal, which varies with tine. During each

det ect i owitpére iggéoior urningact the wowessaeidinelBD. Wﬁdﬁ%rﬁg@oﬁéachnﬁny,
col ependi ng on the

h t dat t
Sl | o PAPREFdRachl bR MhY pEaed aayte B e or AR oo
per f or m Fire Bhgﬁéla’giengltsf cmmu@rbet Rl S4BiRdtEhe B?ci@\ﬁ%m%rsé&ﬂ%'a
strength_wi thin each s) detection period Rt;b_,{gi;ger poi r?t may

synchr onl Bavargges Ejﬁtatrﬁ%y thendiedisplayed ang pﬁ@tlmush@ e tperd thg
LED. Theysay&iiglscOkuea6ba Fﬂ?ﬁ\gf& Bﬁ‘él o‘i@fgﬁﬁ&l%eﬁer lod may be used as

the data value for that parti Signal intensity can
thus be plotted against the cycle nunber for each sanple. The

aver aged088¢h may FordrerpeminspCRishasRTHRR, rtbemsaigthup@asésl ot hrough

[ 0064] * FUpTsh} bRfbe SEAdES i CR RS R e bRl VRS
chamber snixtyred mayried odel BIGkTIW'S andDﬁEb@amthaphiH&edeHﬁrm izéglu!re&slttefﬂ’fﬁ (PCR
o t ¢ er 4798 B W MO SR ek R orOR B e Rale e G soiphdp e

f | uor esdernyet pmﬁus*samhdéteomﬂh& méysms@ai;ecpfwbu@@rn':mmtpm.a@dﬂiu@Ieestgz:eﬂféeﬁ]L nmay
y the

be used to- et e%drgsﬁb fI uor escence %nal s emtted b
reacti orf q{b”] e B faac LII tioria seendae P@W@”%ﬁ@@ais may be
quanti t afuemﬁiaﬁvgp coeblatetyith tHe sMand raln%u?ﬁbf Rﬂw&t DRIA %i@fsu%‘%s

sanpl e, such as usi ng a conmputer or control 230. ta may be

aut onat USH19 § CYRRUiEF 8 CO“%?"@E@’S*Q{%@%@&M |b§pﬁtli?@§fl©$i|mﬂll’ gt er f ace
232. [OWeSQQB\éﬁH'd%’bHy%d dGsdrGaBRhAchSs have sinple structures and

are relatively inexpensive to construct, and can.be used to receive
vari ous é tion vessels, including speC|aIIy desi gned reaction
cartri d§®¥63nd st frriveRiendudhpsaceniederhava siptplastryetirriant arest

tubes. &af@RRiIRXBOHIVER! &nsﬁﬂeﬁ%ﬁﬁ 8n H3Q:988%0 Receive various reaction
vessels, including specially designed reaction cartridges and standard reaction
vessels such as standard test tubes. In some embodiments, apparatus 100 may be
' conﬁgu_red for & particular application so that there-will be no moving or rotating part
when the apparatus is in use. This can provide improved reliability and relatively
simple operation. '

[0066] Another embodiment of the present invention is related to a system
for conducting and monitoriﬁg chemical reactfons which includes apparatus 100
and a cartridge, such as cartr[dge 200, coupled to apparaius 100, as illustrated in
FIG. 6. The cartrldge has reaction vesséls such as reaction vesseis 202, which are
snmuitaneously received in bores 122 of at [east two receptacles 108 respectively.
At least one of the reaction vessels contains a reaction mixture. The réaction
vessels have transparent walls or windows for transmitting light therethrough. The
system may also include a user interface such as a display unit that is in
communication with apparatus 100 for receiving an output from apparatus 100 énd
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configured for a particular application so that there will be no
nmoving or rotating part when the apparatus is in use. This can
provide inproved reliability and relatively sinple operation. [0066]
Anot her enbodi ment of the present invention is related to a system
for conducting and nonitoring chem cal reactions, which includes
apparatus 100 and a cartridge, such as cartrldge 200, coupled to
appar at udsglewngdsormeaticnt baseddri the réc@;ecﬁouﬂsne Thes builpdgef fssaraweciooon

vessel S € taneousl

o o BB ARG Aot PSR oG PR riaa® e SRR el .
At | eastindnde afodmrm.ltee@ahlcﬁtrpru@e‘e“sef thagehb@h)®r @orﬁtﬁﬂﬁﬁg B8 opbestibh @nd The
reaction__vessel,s, r{ave transparent walls or wi ndows for transmtting

i ght t HEBPRIFRS UG AT ARk corBpUnihiipm And IcoBmyisalioe with e exiermaldexise.

such as a display unit that.is in comunication with apparatus 100

for recqdb06Tig an ofpparatfy B ARPBEAHGSEH é{@OFé\ﬂQ(a%ﬁleH?@ tiGessary

|nformat on based on the received output. n’@EUt of apparatus 100

may be r&fEEeRiagless108 er?@munéecbeaectbraref@p@étw eyalennt06lamd ifdieect
system rcemadt mhqgem?ai%?aepwé Rt %Q&?&%ﬁﬁﬁ%‘on@?ﬁwbﬁ@%s q%&

controlling its oBeratlon and nmanaging 1ts intern conmuni ca
and comigffRiagles ﬁﬁaﬁh rrmnted @7 fharmabeycler. 106[i0 @8N Mptardowsthabiel may

ar o moune Sar 4T aic SERSp iy s B et ol RGPl

contact with thermal cycler 106. It nmay be sufficient in sone
enbodi n#PR88]t hat Thesharesiand rebiveszesol nteptamies 108 maly eywdrizd 106

i ough SPReare B BRI eprf BRI e A e Do B R Gt alll g °°

relative sizes of receptacles 108 may be varied depending on the
parti cul®6%ppl i cindawsA26 arte128 mgthorm'owﬁeoantadjaMt 2es, GiofNE%kE

e SR 0 BBy R BRI, S BB 1R B 287 Ba o

be conp@@?@l@y@pen comayeye pevidedwitted trantarant pates pacieat aogasd such
as a gl 853enSCreen. [ 0070] Base -102 may al so be nodified. For

exanpl e, tﬁe varl ous

[0070] Base 102 may also be modified. For example, the various
components of apparatus 100 may be mounted toa frame, which serves as the
base. In another example, the base may include an ad;ustable support (not shown)
for supportmg a component such asa Iens a filter, or a detector.

[0071] The distance between adjacent receptacles 108 may also be
adjustable to allow use with different cartridges. Inserts (not shown) for bores 108
may be provided to allow use of difference reaction vessels that have different
cross-sectional sizes or shapes.

[0072] ' The bodies 120 of receptacles 108 may have different wall thickness.
The external shape of receptacles 108 may vary. As discussed above, in some
embodiments, multiple bores 122 may be.provid'ed ina uni;cary block (not shown) of
heat-conducting material for receiving multiple reaction veseels. The block may

have any general shape. For example, it-may have a generally rectangular shape.
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conponents of apparatus 100 may be nounted to a frame, which serves
as the base. In another exanple, the base may include an adjustable
support (not shown) for supporting a conponent, such as a lens, a
filter, or a detector. [0071] The di stance between adjacent
receptacles 108 nay also be adjustable to allow use with different
cartridges. Inserts (not shown) for bores 108 nay be provided to

al I ow uspopg] di f f elregisige éﬁ%ﬂ!n%ht&&é@@itécié@dbs meaebelehtlesedin a closed
The bodi es 120 of rece

cross-sectional sizes or sh cl es
108 may $KVEngent éPéhtaS\X%FfF‘?LF Wﬁ@g@dz change o L@F%Pnaﬁsﬁwwgn )

recept aCécﬁr’Eutl%ﬁéoWré(:ﬁfché riskS oflbGR4efRAdoRPOVE, in some enbodi nents,
mul tiple bores 122 may be provided in a unitary block (not shown) of

heat - conducting material for receiving nmultiple react [ on vessel s. The

bl ock nmelff074hve ank Suve EEIDOGIRgGIHS, qa&rldg&aﬂgmay e formedipd jlareg
gener al ||?/ rﬁ&%ogr{rgrg'pﬁtt iona lddﬂa*7 c{rﬁg'\?%h cgﬂﬁﬁ Rs%ﬂd'mﬁh%e portions

recepta e énc ose In é. C ose VI ronnent such as to
reduce umdgbe rseuamarh@pgéioos aftl diee oiddle podibnenay bessedwighed beivdieni tops

SREPETATR A R (e s

i ddl e paitarnativel@esb oiioh oap efcrined of aintfies cheet surhcas aplgstie
0 i e SR B AR S e TR

pl ate wiHdvelpyitie MBlepon |ts@mﬁbéaﬂhé%bﬁomtpﬁ?tlc§wh{dy% g@eriiey platered of a

thin filmor sheet such asaglastlc tape whi ch has_an adhesive

si de. Fohaped bt erovided withhealf heles; mvéeumaﬂm%‘-‘ﬁ@l%\yﬁh Reapéablegegls

layer onrdfid EbiRGe: orT:'ﬂﬁnHélEt @'éhl%%éy B8 S 4R/ apbat e-
shaped but provided with bolt holes, pneunatic. ports sealed with

br eakabl Rnesiggtic posisdnay bme@@dmrtgsth@ﬁdbﬁaméme Agemativaly:, hsétorbr ned

Of 27, SR ol AR bo PROUII LT BhLS: JIBH % 5643\ dncsive

adhesi ve tape portion
fl at sheside thatfacas nadq.ﬁlea:mﬂm sﬁa@'t ptwt mayé:m %hﬂp@shtoe:ousrede atmmunfewes

Condur ¢ CobHHR b3Sk Ao o kR OBRE" TbR AR S Pul BB, oy

def i ne aumber of chambers. Each chamber may have a top opening and a bottom
opening. Each fop opening may be connected with a pneumatic conduit or
channel, which extends initially laterally and then downwardly to a respective
pheumatic port in thé bottom portion, so that the corresponding chamber is in
communication with the respective port. '

[0075] Each bottom opening may be connected with a liquid conduit or
channel, which extends initially laterally and then upwardly towards a top
connecting conduit that extends along the top surface of rhi_ddle portion. The

. bottom openings may be connected to a well through the conduits or channels in
the bottom portion. The well may be connected with a conduit or channel which
extends upwardly to the connecting conduit. Thus, the chambers are each in fluid
communication with a respective port through its top opening, and are in fluid
communication with one another through their bottom openings and the connecting

conduit,
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nunber of chanbers. Each chanber nay have a top opening and a bottom
openi ng. Each top opening may be connected with a pneumatic conduit
or channel, which extends initially laterally and then downwardly to
a respective pneunmatic port in the bottomportion, so that the
correspondi ng chanber is in comunication with the respective port. .
[ 0075] Each bottom opening may be connected with a |liquid conduit or

channel ,Jogh6lch ext\Whds thaihré@pbifiochates afiikyd argéthéresmchmaamaﬁt lyoltscamﬂr ds
a top connectj n% dLlI t that ﬁXt en aJ o the b}ég surf htl
mi ddl e FHE oWl FrEcNBBYe SRSIRP IS CRES Y el eiionty

t hrough stea%dcé?ﬁﬂﬂétﬁt%!d%'éd%ﬁﬂ&ﬁtcﬁute For éllBerR})ﬂdl@ GhRehdrication Hiwaed themay
be connected with a conduit or channel which extends up rc%lat/nto t he

connect idhgmbenvand betrags the ﬁerr@ﬁmmp@f%ofmm%cm%tscﬁ bers.
communi gj’ﬁé mhw&gn@.ek% Wﬁ%' W&RdRRd 9{;1 thgébtubh%hb &R@ﬁtbﬁ% n@nd are
comuni catl on -

in flui t'h one ano ght bottom
openi ngsiegassarihecomectast diraptly doaguietmatie pptt076] V\hen the t hree
portions are affixed together such as with bolts and nuts or with an

adnesi vagbFAC O tABHIROD! (M A0C BBA N APhald ERBRNFERLRRRA | 0Nt Y

seal ed nd orm cl'ose con its
conmmuni @*hmdrmabatamaemnd he!opeti dokers aad dnat;eex&eadnvemealbowwgo ik ¥90p

pai rs of rratlc ort anber,s be
Doed” as R QEETLRSHRRE B rehbar botRiere Ge thehBRr AR ey hiB%
connect efffgtefiegbis-séionabsteibedridcmag bk londHd b khértehanber in cartridge
200 may have a generally elongated cylindrical shape and a sl oped

por 1+ ondB0EI"GY ¢ £ -ahiodb A R e ST HE Rt e sBRan B Ml D,

di f f er eniafiphs; B8R Pottomahag Bapermstiiromya pelymerig atateralshities . [ 0078]
exanpl ¢ PoYSabaDaHT RO Eh b BveKoRaaRte (MM BY iedRE, st 8® bod
as - pol %@%}ﬁ{e‘%ﬁ usl?r@ ﬁ‘é(ﬂﬁérﬁw I ABRiAS fechalgtiks (£MMAs mﬁfroih]e%t;dm ke.

The cartri dge body may formed using traditional. machin g
t echni que@ding @E %ngﬁt@rﬁ@d,ﬂtmenqﬂ{y confrolled (CNC) machining, or s} g plastic

-injection molding, as can be understood by persons skilled in the art.

[0079] The internal surfaces of the reaction vessels 202 and conduits 204
may be cleaned or sterilized when desired or needed. In some cases, the internal
surfaces may be coated with another material fo modify the surface properties.

[0080] The sizes or dimensions of cartridge 200 and the reaction vessels
202 and conduits 204 may vary depending on the application. For biological
applications, the sample amount is typicail),t small, thus reaction vessels 202 and
conduits 204 may have dimensions on the order of micro-meters. When the
dimensions are too large, it may be difficult to use pneumatic pressures to transfer -
small amounts of fluids. On the other hand, the dimensions should be large
enough to allow sufficient transfer rate of the fluids under pneumatic pressures, and
to allow sufficient light signals to be generated for detection. In some
embodiments, fluid conduits 204 may have dimensions in the tange of about 0.2
mim to about 1 mm. The reaction vessels and fluid chambers should have sufficient
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nol di ng . and conputerized nunerically controlled (CNC) nachining, or
using plastic injection nolding, as can be understood by persons
skilled in the art. [0079] The internal surfaces of the reaction
vessel s 202 and conduits 204 nay be cleaned or sterilized when
desired or needed. In sone cases, the internal surfaces may be
coated with another material to nodify the surface properties.

[ 0080] WNefurpkg es p@i*foﬁhrﬂ%rtﬁég@&m@far@éé?éd eaetiaf hrassks! betregatriton ,
vessels 202 and conduits vary dependi n on the ap1pl | c%j on.

For bi ol Syeior chpipbreaey hisye at\wiﬂ@@ﬁzﬁrfae afﬁﬂw ingicEa Hecia 160 Bigiter.

t hus reaction vessels 202 and conduits 204 may have di nensions on

the ordgpogfy m Crobmﬁt%nmﬁ'oﬁ&%m%rw @'ﬁrﬁfd%dt!@@ahﬁﬂ&?zo@ formay
be difficult” to use pneumatic ‘pressures to transfer small anmounts of

flui ds. lordinge ssmide, mbyats bufes QJIGGMQ:IF’@ﬁsa whsll buffere anara@eeluf@rmuf@ﬁ to
al | ow S%Ebé‘d’cﬁe&t éS&trécg | CI m *al%PBﬁtadO%ﬁ G th o8 | G egene

pressur es, ow su t signals to be generat
det ect i (thrabmrsampancladb@dnagmtsz-ba‘dedie:ldreoﬁmdmlﬁca rR6vhbname, Istiice beads or

di 2 , h i
vesser s HpiidhtrGre Al -Gtb obnge s bR BREH IR ek bBRFR. O
per f or niTig gdresnasy invlilda DRegDeegyribeatickyacid), RS Ribonudisieatitdnor. A
700 i 1 I RNALMESPOGRIRNAY 71 GhTte St remiope ehapseraskiprge o

provi decba‘r‘!‘btﬁﬁ*éé’n‘egg@ b%@(trfaefed | ek BEhE RARDKSor ShdriSdrs nhalf bE Lised
condi ti gner, a wash and an elute buffer respecti vel}_/l A gene
e

ext r act §er signga r@@qﬁ@@ ﬁrQQU¢tne>6r?é:tQﬁ genas, apfguvesie Pro@u
extract ggg sregéé&é@ﬁigr TRIASE IR‘{‘«{AP@%@%%H G Qﬁii]mtéglals%%éﬁ%a@é%m

silica beads or ‘anot mat er t can at genes in a fluid
with a mn@rpnmcm chende@mis.r ati on.  The genes may include DNA
(Deoxyri bonucl eic acid), RNA (Ri bonucleic acid), or nRNA (Messenger

RNA) . Eﬁ%e 2>e<t exty h%fcé@éé Eﬁuﬁﬂ&ﬁto‘?% blﬂﬁl Ebrl%ndfﬁaﬁtrh bar

genes t ract e condult or c ers may used
for storemgres. rBrecbutters ;iﬂamq!on theegharakersdnagjeinekidednidfess fngene ;bmhlw: ed

by the (é&‘&]% 2 D2 Gdrefo@e‘éEHa‘ﬁ%'l%asQB‘%nﬁé n@@\ef’&éﬁe"“&ﬂ& in§boh@figRet My

al so be. prelo one or nore ¢

[0083] Gene extraction may be performed in cartridge 200 with a pre-
treated sample fluid transferred from another chamber in the cartridge. Gene
purification may be performed using a wash buffer stored in the carfridge. . One
wash buffer or different types of wash buffers may be used to wash the genes in
multiple steps. If multiple wash buffers are used, two or more chambers may be
allocated to store wash bqffers. The waste may be later discharged if the cariridge
is to be recycled, or disposed with the cartridge. Gene elution may also be
performed in the cartriage. An elution buffer may be used to release the genes
attached to the gene extractor and carries the genes to another conduit or
chamber. The target genes may be collected to petform further reactions within
c-artridge 200. The extracted genes or other reaction products may be fransferred
to reaction vessels 202 for amplification or detection.

[0084] The modification discussed above is for illustration purposes and is

not gaxhaustive. Other modifications are also possible.
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[0082] In sone cases, adjustment of the gene binding condition may be
requi red. The buffers | oaded in the chanbers may include buffers for
gene binding (such as pure or 70% et hanol) based on the target gene
bi ndi ng conditions. [0083] Cene extraction may be perforned in
cartridge 200 with a pre- treated sanple fluid transferred from

anot her chanber in the cartridge. Gene purification nmay be perforned
usi ng a{mmﬁﬁ buf f gxXMvpPLed in the cartridge.. One wash buffer or

di fferent types of wash buffers may be used to wash the genes in

harbor DAPEe ' b PEE BhFe PRlBERELR A Frd R o iRl s e

| ater drraaﬁ@h@eﬁasffuﬁlb@rsaamw Magter Mk Wabzowotmﬂned B[@fysfhnsmszeﬂ
with the cartridge. Gene elution nmay 0 be erfs)rmadLn

cartri ddé Hla Tenanchssaye-ParDesign (honlise BlamySiasib dae PRI imers
at t achedn oottt bt b bl nitesct rﬁg&é@t(@m%@ 49.5an0f her

condui t t'ar get genes I"ected to perform
further delsatzedciﬁis) wiitehiand Scdraf mﬁkﬂb‘écmﬂeﬁﬁwn@@ﬂdﬁmé@f@é&iéﬁsw ot her

reactio r 24 or
anplifi @8& tgﬂ‘%éeﬁﬁg(? eé?%%ﬁﬂflé%@ﬁf%@% e 8'%:%% ﬁ%@% % above
is for i»é\}emﬁtrrarltécmpt]m(l?fb)sneagemt{#NﬁosmezleApmmBmeystélnlaem) The
nmodi fi c g_ln tE\re al so 3.; . 20 [0085] EXAMPLE: [0086] A PCR
m'xture BanRicPR F?ri PCR tube by mixing 15 pi of
TagmanTM Fast Uni versal PCR Master M x (#4352042, Applied

Bi osyst ggoB7}! nc. ) 25 1i obthei POR fixtrawadshay srahyfePeditga folymarb araite

Pl ot os Bl ooeds Folpuiespyin Boufah 3 1B 15 ePRERGHBIRCY B o\ RhPafotan

3 pl of cDNA converted fromtotal RNA of brain tissue from
t ransge[0oB8E-AP- Gl?lﬁerFPCCiE chgmbargwerdvasanted g a roeptack oba Pexjompe sf

reverse_ transcri 0 e , | i ed Bi osyst ,
Inc.). HifeAPRAEAY &Pepﬁq%%f} &Pﬁ?ﬁ%@ﬁﬁ%@%ﬁfb@%@ﬁ%@eﬁ mgHER SMoor
m xt ur et%réé’ﬁé?aﬂél&@éé;ﬂéél@é’ at et ival BiRaicdNtMER shaplkepositive
foll owed by the addition of 15 pi_of PCR oi | to prevent evaporation.
contrel and negative control respectively.
[0083] PCR was performed by controlling the thermal cycler to obtain a
temperature profile in the PCR chamber as follows: 95°C for 20 s (activation of
polymerase), 40 cycles of amplification (denaturation at 95°C for 3 s, annealing and

extension at 60°C for 30 s).

[0090] Fluoresceﬁce arising from DNA replication was detected in real-time
using the detector on the apparatus and recorded as a fmetion of cycle number.

. The intensity of the detected fluorescence is shown in FIG. 7 as a function of time.
The three data sets shown in FIG. 7 were obtained from the same samp}e in
different sample volumes (15, 20 or 25 ul). The resuits indicate that the detected
signal did not.vary significantly with changes in sample volume. Some of the PCR
products were separa{ed and visualized in 2% agarose gel with ethidium bromide
staining. Thé presence of a distinct band of 82 bp was observed, which verified the

real time detection resuli.
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[ 0088] The PCR chanbers were nounted on a receptacle of a prototype
of the apparatus as depicted in FIGS. 1 to 3. Three PCR chanbers
were nmounted on the three parallel receptacles at the sane tine,
whi ch cont ai ned sanple, positive control and negative control
respectively. [0089] PCR was performed by controlling the therna
cycler to obtain a tenperature profile in the PCR chanber as

fol l owsJo®PG for 2hesiebrebiNatorimet thatelpperatas 4P cd4f beyusedso of

anmpl i fi catl on (denat n at, 95C for ea ext ensi on
At 600CeiMae P brB0b BN i 25d 588 baraep B RCHA WaSEREaD) on
was det ggggc#g} ?% nq%%{mé h@? mdHtoR8g PR, delieGiparals 406, idrifysabisteand

recorde ction cycle hunber. The intensity of the
det ect edimulianeoslzmedorn tesionn a sarmplealongagithamestive sAnke! and@.  The

0 11 or o PO Thi rfarE ackyP SR RoSRE AP BRbPRISALT, S2TE Lt

the detected signal did not.vary significantly with changes in
sanpl e Jo#9Rfe. Sorn enboticaPLR! therrasentsnvantien sesabe coavenirntly

¥
bt osancgprabH R E. Al W SEM L VRIS 86 barfido
real titeatdetepheomatieprdssure2tb tEd)&%]ﬁu'ﬂwd)etwsen irdsunat Suid whiimbessl Fanat
t 10 b d t t t J d
P adapEuaTPi ot saidoainay Je cObs Py og pERR OG0 CAruRB RO
noni t or 'F([QF/E@EOO%DM?Q”@&[%@SF[&@QDrobéssm‘:g Qﬂ@ﬂ?@i@eﬁ@smg Iirmat-t aneous|y

performtests on a sanple along with a
negat i vERBRECHIMUltFhambrs e  @ngtited ér% efmﬁ? cBgtents of

obt ai neqvh]&pg),%aﬂ,cﬁgo@@pgér@pg pdretdnge pr esent |nvent| on may be

conveniently integrated or adapted to couple with a sanple
preparation unit, such as a cartridge that uses neurratlc ressure

to trand9@$3lf | ui dEXeBIRREMRedmgalS of the aressakiwpationgay I'B3 t he

cartrid t c Blai& abpiatite
PCT/ S@gggg%gggtg%%@ﬁﬁrpt&bﬁéﬁfbr% Siuyr%?%grg;gf%mé?d v BbpRAdRs In

Inter- chrind@anddaintaficach dissase DagnesticsHYaaMSs. e gy may 2iso Q@ggec?p)ﬁe

entire gAML EN S Rponse teams, at airports or post offices, or other locations where
prompt detection or testing is desired in order to prevent spreading of infectious

diseases.

[0094]" Other features, benefits and advantages of the embodiments
described herein not expressly mentioned above can be understood from this

description.and the drawings by those skilled in the art.

[0095] Of course, the above described embodiments are intended to be
llustrative only and in no way limiting. The described embodiments are suéceptib[e
to many modifications of form, arrangement of parts, details and order of operation.
The invention, rather, is intended to encbmpass all such modification within its

scope, as defined by the claims.
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whi ch are incorporated herein by reference. [0093] Exenpl ary

enbodi ments of the present invention may be used in a variety of
fields and applications. For exanple, they may have applications in
clinical and point-of-care disease diagnostics systens. They may. al so
be used by energency response teans, at airports or post offices, or
ot her locations where pronpt detection or testing is desired in
order to prevent spreading of infectious diseases. [0094] O her

f eat ur egyHpENEfGtAIMED j®dvant ages of the enbodi ments descri bed

herei n not expressly nentioned above can be understood fromthis

descri pti ofn égﬁakhﬁs BF 3BhdABEnH ¥intl hesittonkl Ichegidanrdédtgions tcompriddfp] O

course, the above described enbodi nents are intended to be
illustrati VE %)éﬂ y and in no way limting. The described enbodi nents
are suscep? B to many m)dlflcatlons of form. arrangenent of

parts, deta LAy The invention, rather, is

i nt ended t%{@i@gﬂ%ézérqﬁwﬁéﬁgﬁ% I Catl on within its scope, as
defined by the clains. T S f
conduct i ngd® B@@iﬁ%ﬂ H%? édg r@ﬁ?*%ﬁggﬁ) @ed éh Aﬁtgigﬁ-gélw raﬂ& a

t her mal Cyﬁéalcommmwrcmrthemﬂthbaam o@e pf smah'ectegpt@cf[emeathpnsmgmut | ng
recept acl es nount ed said th cI er t-co ni cati on
{ her ow ¢ h ORSOR Rk GG AP0 B R P A RO o AR G5y
defini ng a\mhga\g havi ng an open end a first window, and a second

wi ndow, a cartri dge renovably nounted on said receptacles, said

cartridge £esmiddd fnévabR/ rHéL%tbéi YinQfaid t@@btdcre%nﬁﬁdtdaﬁﬁﬂgé@@ﬁipln@mg a
vessel s, and conprising condui.t connected to said reacti on vessels

for proc esFSliJfﬁ’@fYat?fdighF'HﬁBﬁ‘féiﬁﬂQeraﬁﬂf?rﬂ Yes$elss ang coppgeinggiengeis el s
respect i veloy Leg 'tées%;d Reabiith AUsBR BF pRikdsihg GRAUARS R iR G R AN saldhe

open ends of 'sal
reaction vessels respectlve!y received in the bores of said receptacles through

the open ends of said bores;

a light emitter mounted on said base for illuminating said reaction vessels

through the first windows of said reaction vessels; and

a light detector mounted on said base for selectively receiving and detecting
light emitted from said reaction vessels through the second windows of said

receptacles.

2. The apparatus of claim 1, wherein said light detector comprises a single photo-
multiplier-tube (PMT).

3. The a'ppara:tus of claim 2, comprising a lens mounted on said base for focusing
said light emitted from said reaction vessels onto said PMT.

4. The apparatus of any one of claims 1 to 3, comprising a plurality of light emitters
each positioned for guiding said light emiited from said light emiiter towar_d a

respective one of said first windows.
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alight emtter nounted on said base for illumnating said reaction
vessels through the first windows of said reaction vessels; and a

| i ght detector nobunted on said base for selectively receiving and
detecting light emitted fromsaid reaction vessels through the
second wi ndows of said receptacles. 2. The apparatus of claim1,
wherein said |ight detector conprises a single photo- nmultiplier-tube
(PMI) . 35. Tie agsaatas of aoy oot af alalys ¢ dopr whersin saitl dight erpitiiet edmprisesai d

base for facus] i ight emtted from.said reaction.vessels aonto
o pur. & B Aot oB bhdond B el rrgB iR psdlf o
plurality abtattioghiesesfsiters each positioned for guiding said |ight
emtted fromsaid light emtter toward a respective one of said

first wpd . 23 5. The apparatus of one, of ¢l ai 1l to,4,
wherei 1 Bai 8 aertin o fafBRE Rpr ARedl b M an e BRcoy e 3¢ <
each posi t inegedgdrierally ayihahade shap@spect i ve one of said reaction
vessels. 6. The apparatus of any one of clans 1 to 5, wherein'said

reacti on,vessel s each _has a eral ly cylindrical, shape. 7. The
appar atul- JPCARPAGHES BF Y A BLORESH, R VS SISHtPHEE S 58 sai d
recept acl ese@@Radenefeaddneral dyndanGgal - 8. The apparatus of any one of
clainms 1 to 7, wherein said first w ndow and said second w ndow of

sai d eac ce%t acl e a{)e confi a};_ed to reduce, transm ssi on of i ght

|
recei ved®f réfmaPRAIRLRELHY GRnabHPiME St G Wheprin erid St vrindavy s Raiai d
first w ndavonPwinbb® FRART 84dtSreBbpBRY MBRoRfigieditdPedudersmibissie

said plurality of receptacles consists of three receptacles. 10. TEQ
appar at us bshéﬁyelﬁ%ﬂ@m Widpgeond window tausaiddight dategtaritreugbsaid st
conprises ugnddvght emtting diode. 11.The apparatus of any one of
claims 1 to 10, wherein said thermal cycler

9. The apparatus of any one of claims 1 to 8, wherein sald plurality of receptacles

consists of three receptacles.

10.The apparatus of any one of claims 1 to 9, wherein said light emitter comprises
a light emitting diode.

11.The apparatus of any one of claims 1 to 10, wherein said thermal cycler
comprises a cooler and a heater. -

12.The apparatus of claim 11, wherein said cooler is a thermal electric cooler.
13.The apparatus of claim 11 or claim 12, wherein said heater is an electric heater.

14.The apparatus of any one of claims 11 to 13, wherein said cooler and heater are '
integrated. '

15.The apparatus of any one of claims 1 to 14, comprisihg a heat sink mounted on
said base, said thermal cycler being mounted on said heat sink.

16TThe apparatus of any one of claims 1 to 15, comprising a controller in

commiunication with said thermal cycler for controlling said thermal cycler.
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conprises a cooler and a heater. 12. The apparatus of claim 11.,
wherein said cooler is a thermal electric cooler. 13.The apparatus
of claim1l or claim12, wherein said heater is an electric heater.
14. The apparatus of any one of clainms 11 to 13, wherein said cooler
and heater are integrated. 15.The apparatus of any one of clains 1
to 14, conprising a heat sink nounted on said base, said thernal

cycler HE;S'é}Iaﬁ% SHAR 15, Makeifi SAlE c&ﬁroT@ﬁs%@B@rhﬂitHﬁcé%n&’ﬂm e

of clalms 1 to 15, r|S|ngacontroI comuni cation with

sai d t her niight dytaoéor femecewmaaszgnﬁign §@$R§Jﬂ5ﬁé@ Agleciige pelight bysaidrligite
appar at us &’%t éﬁ im16, wherein said controller is in comrunication
wth said é detector for receiving a signal in response to
detection of light by said.light detector. 18. The apparatus of claim
17, vvhenéL“ﬁhsappbramstwfcﬂlalmrﬁca\r’fter@n§a|§b¢ai1tltdﬂélf®mﬂr0¢‘§/§ﬁiléﬂhefﬂ@‘ cycler

sel et vel i RER Rl 1500bs PSRBT BB

18, conprisigng, a plurality of light filters each positioned between
said light emtter and a respective one of said receptacles. 20.The

oot | onBei o aPergsdtionbrBeay ki d Brist BRGNP AR Lot B,
appar at us. gdchapsitiedPetwben 8aidllightedfier wheraeiespective m'@om“pm@l es are
made- of- copper or brass. 22.The apparatus of any one of claims 1 to

21, wher eii$c8RP&!eSondui ts of said cartridge conprises conduits
confl gured for preparing and treating a sanple to be reacted or

det ect egoamgk b arbwtsrfeﬁyrdnegafw:ﬁsssa@m@ chbmpeisiBgar light fiteofostittingd
reaction vesse S. he appar.at y C\a‘?&one of clainms 1 to 22,

wher ei n at Pgtwasp sg,%regpp@gtea angaet ¥Fs of said cartridge
contains a reaction mixture.

21.The apparatus of any one of claims 1 o 20, wherein said receptacles are made-

of copper or brass.

22.The apparatus of any one of claims 1 o 21, wherein said conduits of said
~ cartridge comprises conduits configured for preparing and treating a sample to
be reacted or detected and for transferring said sampie to one or more of said

reaction vessels.

23.The apparatus of any one of claims 1 to 22, wherein at least one of said reaction

vessels of said cartridge contains a reaction mixture.

24.The apparatus of claim 23, wherein said reaction mixture is a nucleic acid

amplification reaction mixture.

25.The apparatus of claim 23, wherein said reaction mixture is a polymerase chain

reaction mixture.

26.A system comprising the apparatus of any one of claims 1 to 25 and a user
interface in communication with said apparatus, wherein said apparatus
generates an output, and said. user interface rece[ves said output and dlsplays

information based on said output
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24. The apparatus of claim 23, wherein said reaction mxture is a
nucleic acid anplification reaction m xture. 25. The apparatus of
claim 23, wherein said reaction mxture is a polynerase chain
reaction m xture. 26.A system conprising the apparatus of any one of

cl ai ns 25 and a .user .interface.in co ni cation with_said

appar at 66 TH SRLPR U HA b 0 ot RO SR L TEAROE of s er
interface |rgﬁggggﬁgpd§tgb@dow§é{g c%’?@ctﬁliﬁp' ays information based on
said output. 25 27. The system of claim 26, wherein said output
conprises output reflective of a |ight signal detected by said X
det ect o28. A methooheperating fe appagtyshef ampanaofislains drp %@Oﬁmriem: s
1 to 25, conprising: preparing a plurality of reaction m xtures in

sai d cartri dgRipabha@ MarAiac o R2etOH nHiRiufed RRSAIH @ArtiRbyeUres in one of
sel ected ones of sai reaction vessels; controlling said thernal

cycler (o sehgeingulch dHabr Slid feaichAniaEbqh hE of BRAIPBnYETPEL
and thus said redaction mxtures 1n sald selected reaction vessels;
sequent i al | yredctionivasselsig sai d reaction nmixtures in different
reaction vessels -with said light emtter; and detecting |ight

em tted froncararalingseit iteermmabayokee $o velebiivsly thelbt ghtoslalait selected29.
The nmet hod of cl|aim 28, wherein said controlling conprises .
control | i ng '$8CHON ¥Res&is ANd oy saidepelonmibdures nctald piRtast regation
light emttegdsepm said reaction mxtures. 30. The method of claim
28 or claim?29, conprising displaying to a user an output in

response t ? Soduerithly fﬂﬁnﬁﬁéﬁgdgéiﬁ%é&%n dftures in different reaction vessels

with said light emitter; and

detecting light emitted from said reaction mixturés with said light detector.

29. The method of claim 28, wherein said controlling comprises controlling said
thermal cycler in response to detection of said light emitted from said reaction
mixtures. . '

30. The method of claim 28 or claim 29, comprising displaying to a user an output in
response to a result of said detecting.
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