WD 2009/ 059022PCT/ US2008/ 081818 APPARATUS FOR HI GH THROUGHPUT
SEQUENCI NG OF NUCLEI C ACI DS CROSS- REFERENCES TO RELATED APPLI CATI ONS
5[ 0001] Thweopsessantz application clainms benefit under 3pcUBS2bdBdie)s of
U.S. provisional Application No. 60/983,886, filed on Cctober 30,
2007 entitled "Apparatus For Hi gh Throughput Sequencing O Nucleic
Acids," the content of which is incorporated herein by reference in
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of nunendh&mdnaéasaqukbmever, a great deal of work remains to be
done to identify the genetic variations associated with each disease,
and the current cost of sequencing 6,000, 000,000 bases for each

i ndividual (the size of the diploid human genone% remai ns not only
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{0002] NOT APPLICABLE

REFERENCE TO A "SEQUENCE LISTING," A TABLE, OR A COMPUTER
15 PROGRAM LISTING APPENDIX SUBMITTED ON A COMPACT DISK.
[0003] NOT APPLICABLE

BACKGROUND OF THE INVENTION
[0004] The invention relates generally to the field of automated optical detection of nucleic
20 acids. The present invention is directed, in general, to scalable reaction and detection

systems for automated high throughput sequencing of nucleic acids.

[0005] The advent of the human genome project required that improved methods for
sequencing nucleic acids, such as DNA (deoxyribonucleic acid) and RNA (ribonucleic acid),
be developed. Determination of the entire 3,000,000,000 base sequence of the human

25  genome has provided a foundation for identifying the genetic basis of numerous diseases.
However, a great deal of work remains to be done to identify the genetic variations associated
with each disease, and the current cost of sequencing 6,000,000,000 bases for each individual
(the size of the diploid human genome) remains not only exceedingly difficult, but also cost-

prohibitive.



[ 0006] Nunerous conpani es have approached the chall enge of high

t hroughput DNA sequencing with the devel opnent of DNA sequenci ng
systens. AVObhoogitozuch systens have decreased the cost panaStagosastsed
the efficiency of DNA sequencing, these systens are generally
self-contained units with nmultiple interdependent conponents. Such
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7,244,559, 7,264,929, WO 01/35088, and Published U. at

2007/ mz%mystpma@@]acm@nmpmt@ﬁhqm@mu on addresses lim tatl ons of
known prior art. DEFIN TIONS 15[0009] In order to have a sufficient
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e.g., 5 3,.202: 800159;

o 910, 02000y D afn lg‘%@ég" %ﬁésgﬁqﬁ%‘g"%@%"@%l "8 PgBy a3 and US Pub.
No. 200%@ %é%( [0011] "Array" or "mcroarray"” refers to a solid
support &%ﬁa rface, preferably but 25not exclusively a planar
or substantially planar surface, which carries a collection of sites
conptSi si (AN udnerdsr schays asuisienhbackeraurd isithepistent teehnoliaeit isi hhpfilgo
spati al | pping with other sites of the array;
that is, %d%ggag? gﬁmﬂg n@ Hr@ di screte. The array or mcroarray
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support, or_ it may be non-coval ently bound. Conventional m croan-ay
t echnol dm;phcons may be produced by a variety of amplification reactions, including but not limited

20 to polymerase chain reactions (PCRs), linear polymerase reactions, nucleic acid sequence-
based amplification, rolling circle amplification and like reactions (see, e.g., US Pat. Nos.
4,683,195; 4,965,188; 4,683,202; 4,800159; 5,210,015; 6,174,670; 5,399,491; 6,287,824 and
5,854,033; and US Pub. No. 2006/0024711).

[0011] *Array” or “microarray” refers to a solid support having a surface, preferably but
25  not exclusively a planar or substantially planar surface, which carries a collection of sites
comprising nucleic acids such that each site of the collection is spatially defined and not
overlapping with other sites of the array; that is, the sites are spatially discrete. The array or
microarray can also comprise a non-planar interrogatable structure with a surface such as a
bead or a well. The oligonucleotides or polynucleotides of the array may be covalently bound
30 to the solid support, or it may be non-covalently bound. Conventional microarray technology

isreviewed in, e.g., Schena, Ed. (2000), Microarrays: 4 Practical Approach (IRL Press,



is reviewed in, e.g., Schena, Ed. (2000), Mcroarrays: A Practical
Approach (IRL Press, WO 2009/059022PCT/ US2008/ 081818 Oxford). As
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mM NaPhosphate, 5 mM EDTA, pH 7.4) and a temperature of 25-30°C are suitable for

allele-specific probe hybridizations. For stringent conditions, see for example, Sambrook,

Fritsche and Maniatis. “Molecular Cloning: A laboratory Manual” 2° Ed. Cold Spring

Harbor Press (1989) and Anderson “Nucleic Acid Hybridization” 1 Ed., BIOS Scientific
30  Publishers Limited (1999).

[0013] “Hybridizing specifically to” or “specifically hybridizing to” or like expressions

refer to the binding, duplexing, or hybridizing of a molecule substantially to or only to a
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t enper at ures optim zed for each reaction condition in a thermal
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change bet ween reacti ons depend on many factors well-known to those
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doubl e- st r.anded .t af ge{. nucl ei ¢ .aci c(li may l%e dena%ur ed at
copies or replicates of a target nucleic acid flanked by primer binding sites, such reaction
comprising one or more repetitions of the following process: (i) denaturing the target nucleic
25 acid, (ii) annealing primers to the primer binding sites, and (iii) extending the primers by a
nucleic acid polymerase in the presence of nucleoside triphosphates. Usually, the reaction is
cycled through different temperatures optimized for each reaction condition in a thermal
cycler instrument. Particular temperatures, durations and rates of change between reactions
depend on many factors well-known to those of ordinary skill in the art, e.g. exemplified by
30  thereferences: McPherson et al., editors, PCR: A Practical Approach and PCR2: A Practical
Approach (IRL Press, Oxford, 1991 and 1995, respectively). For example, in a conventional

PCR using Tag DNA polymerase, a double-stranded target nucleic acid may be denatured at
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30 1999). Usually nucleic acids comprise the natural nucleosides (e.g., deoxyadenosine,
deoxycytidine, deoxyguanosine, deoxythymidine for DNA or their ribose counterparts for
RNA) linked by phosphodiester linkages; however, they may also comprise non-natural

nucleotide analogs, e.g., modified bases, sugars, or internucleosidic linkages. To those



5as Sanbrook et al., Mol ecular Coning, Second Edition (Cold Spring
Har bor Laboratory, New York, 1989), and like references. [0018]
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eval uat i on.eg!clsarslcgdgSéjlixrnt?\1 c%(S)nt extﬁsg,e%\ﬁ?&egg%g{s 3n%’$ﬁ{rl%qgre}ge Kk péarge %1°ctthﬂtan
nunelll c adxtendgd dupdet ia formred oThsseghenco bf meteetdaraddeidnridg dhedatasiofr@rocess

exanpl e,_a.readou fluorescent intensjity signals froma mcroaryay
s e FOSHUFBRREl e v EleE B T R SP Yo o ey PR extonded
gener at e eDNagwiyrhethel Griaits 1B0alBi Ha@e @lenkihen MeGhOR TR § HuM sSuch a

r eadout ma% b reqi stered oc{_ stored in various ways, for exanple, as
an i mageVGrotYrS 'R FYHF prEbodiments fogh] Btogo muGlkRdes. or the I ke.
25[0021] "Solid support” and "support" are used interchangeably and
refer t dﬂglﬂiat“é’m‘@f’) apysed howgp isfermatan ol gérmicketidengjther natgiatioroaynthetic,
semsri gj r : yal | y, co i.se _at |east
one 18 I a%g@cégllﬁg%ctg ﬁ’g[éreré% E%%ﬁ?m%%% Q%EE%%%W@% %mm%lre 0s¢6 poﬁlwodvé{

[ 0022] Asquesed Terhabridizetivm dferspeciic'prolse tosgargetpolyeiicleetiizds indichid: of the
"melting_temperature.” The nelting tenperature is the tenpperature at
which a BESUT SOrgHe SrSHEr EoLp/HrRIelE Rth idray oba Gt LdF eince.
beconmes hal f di ssociated into single strands. Several equations for
cal cul atlP¥lt n&egdput opess @parapnelis) A eagmetens fat 1a gwasured ander detectedhand

i ndi cat ggatyn 5 b&h 45 Qi RIBREL § Yalud oS bR iﬁdi&%%@&@@%ﬂ. 1R €onle ;onqutltsl,Je
1, = 81.5 +

may be cal cul ated by the equation, T11, =
2009005 gemipparAUSEY 08 408181 Suberichl (epsesyniation of wrbroledndair e¢cordrdiddtai s

i n ague i derson _and .Yqung,...

quant t ot saph 2Bl DRG e R Ry BT ARGy e H3RbiigR and
(198ﬁ) : fmoi"mcengemiommé e%a(i@aggein?gémﬁadddﬂe@ h§bSapdtah e afh thﬂmicr?z[rra,y;
Bi ochem st r , 581-94 (1997 i nhcl.ude alternative nethods . o
conput atti%%?ng'{ﬁﬁ e 'é%@ayslferrgélﬁ‘iﬁ’fe)glor STREPA dm VATFOUR a: 491 examplgeasian image of

the microarray, as a table of numbers, or the like.

25  [0021] *“Solid support” and “support” are used interchangeably and refer to 2 material or
group of materials having a rigid or semi-rigid surface or surfaces. Microarrays usually

comprise at least one planar solid phase support, such as a glass microscope slide.

[0022] As used herein, the term “T,,” is used in reference to the “melting temperature.”

The melting temperature is the temperature at which a population of double-stranded nucleic
30 acid molecules becomes half dissociated into single strands. Several equations for

calculating the T, of nucleic acids are well known in the art. As indicated by standard

references, a simple estimate of the Ty, value may be calculated by the equation, Ty, = 81.5 +



5as sequence characteristics into account for the calculation of T.

[ 0023] By way of expl anation, unless defined otherw se, all technical
and sci enWQ 299/03803% used herein have the sanme neani ngPaEUBHNSIBN1H
understood by one of ordinary skill in the art to which this

i nventi on bel ongs. [0024] \Were a range of values is provided, it is

nder St QP bRl R GIhch ALALURALAG: KA HEws LAudf M RRE DS V\éhﬁnéje%oh of

t he Iovver mt u Iess t he cont ext ear
bet ween anfl é’ cuppafuaatictivotider Hybriidizabibn tih a»ﬁ:c&ea;nfg:ed Hpliridiryion{ HH86). shted

or |nterv ni_ng val at Stated ra IS enco i thin the
“hvent | oREere (3, el Pokspnat e 407 TG B GRaR IR A,

i ndepen d@ﬂﬁdwaltbmanmﬂnmﬁe& dfitompetatdraihiel taka BgRSurhiSandlcB GirRMCAMPas oM

wi thin the invention, subject to any speC|f|caII excluded limt in
the st at B 4CPERGE: ARRFETIRICE HEO ageqpd °r1t5? seationf Jees one or both of
the limts, ranges excluding either both of those included limts are
al so i ndMARdd Bwenef Eixnlﬂéittmﬂowleﬁ[S@@ﬁlﬁ]d otlrervise aﬂldbquwa}‘@dde@cmﬁthm

numer ou }R%Pﬁ&élr'l 'Thgx{e&ﬁ& %né%g%ﬂén?n v S n{ng{os'lnf thel@{ogg '139 %{1@0@1&1%5}%@%11 1n ?% &t

under st wever
to one caﬁ'ttslwliadhthm zriﬂa:etuartneldrigat t he present invention may be
practiced without one or nore of these 20specific details. In other

i nst ancqgp24nel Whid @\Whgk @aLAIL@Ss Badided, ACIE SHIRSodEhht éﬁ&pmﬁ@lﬂMﬁfé to
skilled in the art have not been described in order to avoi d

obscldr i i tepd of et o theflouerdjmitarlessdhs spnteshelcakcdipetenpibervisenbteaered,
the nol gguhaer RidbROYI;AREr BROYERCIA %?H%lnyﬁét% mﬁéweﬁﬂgwmw flat stated

respect to the invention are, 1 n therr asl c aspects onventi on
met hods Teigetis encompasskd Withiofthe ingendion. Bfe tlphcr%d éovmrchyrats of theschematlet evant

f|eId I nthe i terat ee,

o s hES MBS R R Rl e ARTSngbRis By B

Man ual (i@889n, sab;dctﬁam‘gmpeéqﬁcdﬂlywdhdiedahﬁﬁt Sahbﬁt@ﬁa ranlgb | Whetk dte stdtani ng ;
oratory ual 001 Ter and s S cleic aci

Chertder Ao e bt Gesnd FiE ke S Geai e EhlopElpgocuieaiondinuisn

fol | ow tahoge BElugédindiay dvéntieat i ses and texts in the field, e.qg.

Konberg and Baker, DNA Replication, Second Edition (WH. 30 Freenan,

New Yor ITGOZ%?Q%)l ’thel-f@hmnﬂgﬁE cnﬁh@rpﬂ I%Elg %ﬂwgmg@gg@ 1_5’9 isét'f% &J@%\}I@C a

Publ i shers, "New York St ra an
Genet i cgnorsémmhlﬁdd@rstmﬂn(sg/vfl tb«ypn@s@smvmWnYﬁowevar%@)l b&Egksteat 1o,0ne of

editor, sigllI ifl %ua(f‘! it ﬁggrsese% IHVCHQIaf)ll’lO Sy be prac'ﬁcedt wffhout one or more of these

20  specific details. In other instances, well-known features and procedures well known to those

skilled in the art have not been described in order to avoid obscuring the invention.

[0026] Generally, and except where indicated, the molecular biology and sequencing
analysis referred to with respect to the invention are, in their basic aspects, conventional
methods within the skill of the art of those employed in the relevant field. Such techniques

25  are explained fully in the literature, see, e.g., Maniatis, Fritsch & Sambrook, Molecular
Cloning: A Laboratory Manual (1982); and Sambrook, Russell and Sambrook, Molecular
Cloning: A Laboratory Manual (2001). Terms and symbols of nucleic acid chemistry,
biochemistry, genetics, and molecular biology used herein follow those of standard treatises
and texts in the field, e.g., Komberg and Baker, DNA Replication, Second Edition (W.H.

30 Treeman, New York, 1992); Lehninger, Biochemistry, Second Edition (Worth Publishers,
New York, 1975); Strachan and Read, Human Molecular Genetics, Second Edition (Wiley-
Liss, New York, 1999); Eckstein, editor, Oligonucleotides and Analogs: A Practical



WO 2009/ 059022PCT/ US2008/ 081818 Approach (Oxford University Press,
New York, 1991); Gait, editor, Adigonucleotide Synthesis: A Practi cal
Approach @Wdaeoopnsexr, Oxford, 1984); and the |ike. BRI EFCBUBMIKRBIOF
THE | NVENTI ON 5[ 0027] According to the invention, a systemfor
perform ng nucl eic acid sequencing for genone anal ysis conpri ses

di scret e fifchiORBld URivESity PREs, REATPAE, f%ﬁ);%?aﬁpéc@toﬁrcﬁ&l%@&éo@iﬂe and for
dina al | ows

S,
observation, that may be configure nmanner that

i nt er chahgthesiseh Bracti¢al dppoactof(RUiPrdssr@tfords Efdesrril tleg liksact i on
conponents with discrete apparatus conponents for optical inmage
collection and/or analysis to mnimze bottlenecks in sanple
preparation and data 10 CL] t h(%iﬂfferent rates.
[0028] The present i nve%@g W@Wﬁ%bﬁ?@ﬁéﬁﬁ%ﬁ@ t systens for the
sequencqoflet er AcoRkn0 1ef inDEibR] Lsydeinter SirfornHaAN R e daRGRnciRY Sire NS
according to the invention conprise nultiple, purpose-based, discrete
c onponerfegome anal yiscopmyisgsciscraje fupetieaalunitsulsr exmale for paneple prepyrgtienandnd
rever si | ! e j R LSt

151 cogel s RA ama be SEESERAT ) Bihcr TN G BREANRME Wizal i or
pr ovi dedlifferenitsequentifig piaetmmycoapdnsnts wih diserele appartthe cangmneits fdreptieal i ous
system conmponent.s, al) owi ng.opti.m zat, of, t.he system based ,on. the
e T edurPenaittm i of A8 s P Pk e S o el BB O I | ows
f or lionpreavedioncldt apérhte aydiffedseraes. addi ng i nprovenents to the system
and the creation of multiple systemconfigurations with an enhanced
user flquady)l ithe pRBRAARALISPp VLY hibAKIRET AbRGyS¥SE EFRhLlRtEReNt | Y
avail able in the art. [0029] Having the system el enents loosely

coupl ed dgiammater of nycleic asids §F aelegwpsearedes Sysinme eepordiemierthe ivention

i ncl udi i Ll datl PAi t ; ' S e
component™5h ¢ PafeBley AepAitieak b BitiPiloAholliRinit ity RS el 2R
over al | vsiflsn eunh sysieraduli tevemiblit inegmtadabi sequaice att@gatdn ankdenalyss.vTitual

syst.em GQ nent,s,facilitates the 25 ntroduction of . any inprovenent
AR L e R R e e R TR T e
provi di ngrsutiktylimthe ske sfttaé earivius bfeenatdmpondfty,allo@ihg dpimiAdo0VEhakystem
system .[0030]. 1n specific enbogi nmenj s, .of theibi nvention, . h'i gher

t hr oughFREe TR HRMS SRR GBER I 18P FpaRifies oficacteemmonenic dhisglipyg for

per f or MaRgesvel sdall®illt R TRACI NG ihpréldrh @%s D FRASSefOndHE bRhfonfinthitiple
sequenci ng. For exanple, using nultipl e'q%l cal detection instrunents
and/ or reuftenspRiigwativasweh an sphapeicispiofiexébhiy sampered tnfylly indegratpd systems

incr@as r%sggtwm%le&fthégquences deter m ned and decrease the tinme
required ftor ‘doing so.

[0029] Having the systemn elements loosely coupled and reversibly integrated provides
numerous benefits, including facilitating any repairs that need to be made in a single
component of the system while not disrupting the other components overall system. In
addition, the coupling strategy of the individual system components facilitates the

25  introduction of any improvement to a single component, thus promoting the use of new

innovations and providing the latest state of the art innovations to the overall system.

[0030] In specific embodiments of the invention, higher throughput can be achieved by

using multiple components in the performance of the respective activities needed for nucleic

acid sequencing. For example, using multiple optical detection instruments and/or multiple
30  sequencing reaction components can greatly increase the number of sequences determined

and decrease the time required for doing so.



[ 0031] In one of the enbodinents, a single reaction apparatus for
sequenci ng and a single optical detection and analysis instrunent are
provi ded, W@ eH0ME82x eacti on apparat us bei ng physi cal | y PCOMwSHl0g/081818
coupl ed and reversibly integrated with the optical instrument. [0032]
I n anot her enbodi nent, multiple biochem stry conponents and a single

optical [@adstjechions of fhs bmuaaﬂfen@raeslﬁgxewa&% dpPhratds ?or\%&danah% Sl £Ohete
sequenmcgg‘ reaction corrponent S, €.J rrponent s directed

sequenci )ﬂe@ﬁ*ﬂ"{@élaﬁalﬁﬁﬁméW% éﬁl%o‘diiffde with dhe reacsien @matnsgbemg
probe Ii lﬂﬁﬁﬁ:ﬁﬁr loa_s}é@r gﬂé& R&d Qgerﬁl‘ﬁﬁﬁ“egl%he@%otﬂg Qét%capmﬁt?&fﬁ gSystems

can be kept di s units, wth e eversi

i nterco |caII to,an t S ThIS aIIowsa
singl e g@gﬁémd[%m f efrkbé) aad é?LgWﬁ L’@%@Féﬁéﬁg r‘?%’é‘g’ﬁ%f‘ dastg pptical
benefs t defdctiominkivemet BRIEsHGdabr ﬂiﬁé'vhtlﬁlffer‘éhtfsfeﬁleﬂﬁhg SR GnBnents,
approaches in a si n%I e device configuration he optical instrument

can be di&PEEHINFS dresterdp seqysusingRyEhaYS a %ﬁ@pwt%dlae@tﬁéé%wenm
they mayysagoKls aﬁb{ﬁdl“l%%e&ﬂt‘ﬂcﬁgP&Eﬁéﬁcoﬁ%&ﬂ?ﬁfsﬁcl‘?gwteﬁ}ﬁ QY 68 & tin

system 0331 1 n one specific enbodi ment temmy co se
t hr ee cohysarte ek with sacl vos nprsreény mter(mryne@ted phusaaléxstowsmemlﬁmagmg oring

and tra r eagent s

wash solrhﬁ |§I§)1n'sTﬂ . aﬂg&ﬁ&hg@ g"’?&g‘?% gz%r%eac I}Jfgnqufj a?%tg?}}ﬂo O%F‘S@gcﬁ B?ﬂeﬁb
out he fuinptiestengihs ofeglidric dﬂ@rememtwrmng dpproactee i esnglfa dedect i on
chanbers r flow discrete illum jon a

ot oot S Bt naF ondeH insB¥ir i bedrrorbigashie oRERURR e ARy
react i onsmporknd ANy ntydle deplefed 438E6 Sepal DM pohbies HEBE bIRR Hlsfkf orm
for the biochem cal sequencing reactions preferably has 20multiple

reacti ooyt Sn%ﬁ@w’ebﬁb @leb(ﬁlgie}ﬂ gﬂ%k/st«g&%y(é% ﬁs@tﬂ%e%o ﬂitﬁ@e& or

transfer of each flow cell fromthe 'reaction ppar at us
i 11 um n@emganea (d@tfbl&wmstgy@pemmm dndwan@emmgﬂbtectwmmndi)rctcb&smg

b f d

mul (1 p) cogen S AR AR, s8Rk o BeRERn S B S R B
ac:c FS pfﬂllmblkdmmc‘r) t%mumu@ raidnanmmdt smemf%ﬂcun%i-l shmfbatsl gor fovdcell(Q] @gs of
a flexibl rial .suc menbr a n ano

o rbod i » Rsies Ahipfaidt s Biesfod bisor FRaye o atistl eraosaitifs of

unknown seRE@HENE eeatidnaefitbshal RiskEaath impeh are optional ly attached to a
solid or sem-solid surface. [0036] In a certain aspect of the

embodi ngpdza] ofTHe IF@ach(SH/ﬁQttfé fh@%};o%?ﬁﬂl%glcs'e nf:i?ig?éa'ct(?&s(b?%%?ﬁ% of

the system provides a plurality o ow cells use i'n procéessing a

sanmpPe. mujtiple reaction units compnsmg mndividual flow cells and a mechanism for transfer of each
flow cell from the reaction apparatus to the illumination and detection system following

completion of the biochemical sequencing reaction.

[0035] In a preferred aspect of multiple embodiments, the flow cells comprise an array of
nucleic acids of unknown sequence attached to a solid surface, e.g., glass or a flexible

25  material such as a film or membrane. In another embodiment, each flow cell comprises an
array of nucleic acids of unknown sequence attached to beads which are optionally attached

to a solid or semi-solid surface.

[0036] In a certain aspect of the embodiments of the invention, the sequencing reaction
component of the system provides a plurality of flow cells for use in processing a sample. In

30 apreferred aspect, each flow cell comprises a substantially sealed chamber with a fluid inlet
and a fluid outlet for the introduction and removal respectively of fluids used in the

sequencing reaction.



30a preferred aspect, each flow cell conprises a substantially seal ed
chanber with a fluid inlet and a fluid outlet for the introduction
and renovaWorewmewed vely of fluids used in the sequenciPel/USsmseN$181s.
WO 2009/ 059022PCT/ US2008/ 081818 [ 00371 In a specific enbodi nment, two
or nore sequencing reaction platforms can be interconnected to a
single opusmal inl JEeLinE oBYShRBAL WY dindialduBEa oAt BUALKECc 1
separate_sequencing information fromeach reaction unit. I'n a

speci f i cinggsgapgcteddaapingle apkieal imaging eistenm iwthéchanad récouland @hilgzethe sdperate
mul tipl e Leach 2Si gne carry out th ame _hi gh
5t hr ougrisdr e e dioh BBl sl B o Sp i pRse Greif oot

fl ow cel hsts ahdflawetiisem ths pabiple teheiodipladformaire dedgied encdetyedul eHeBmafibh
flowcells are desi.gned to acco dat.e different hiochem cal

ppr daoHE B PR AR Y st eTe s i SBgUe Ry, ol i ‘Babe
react i onaspéatthodiffept iehidtba @l Rrasidd/fidWEelR afREighéd rolabMk&date different
sequenci ng reac,i on. The ability to have optim zed reaction platforns

and f | oWeEMIgs eRpERAThesdr hiea e ghputimncleic ackdsaquensiniay ith cach reaction
10acco ; ki [ ] 2]

rever si B ARG L o BT R Lol epnS R R AL T RARIRO K beve
syst em proRligdgeaspen naivursand floyrel diahemicelreadtioe vaiti edch devipeedaost

ef f iV, i : I tens for each potentia

b1 octierm Lo oA i TR Skt S Bthor o PR OBt
of cert avith esbgdillenhajonpad knabfsid dystemnirevidal opsithitrage o0épacesldl ah ikt he

flow cells.is defin b he sanpl e-heari surface of the support,
wht oh arP AL ERE R REEC N haths R SRR o Echarisanalo
conponertischiemal seqdericihgtabglidation cel | assenbly. [0039] In a specific
enbodi nent, the flow cells of a specific sequencing reaction unit
each conpgigie 1RQ Ak i i ' y .0y
sandwi c@néﬁt he éjla aggwgﬁ%eg%ggﬁggaﬁ%@\%g%ﬁqp \%g Ogéeﬁg%@\égrﬂlg?&go#?%coe@
One 181 artbe Ra cells 1o gefitied §y dfe ssublertspeng swsfageot the 2@pperwihith ammgement hand

an i ndexj : 0 i p. The . ot her plane,has an
e L R L b L
t t trol . t 00407 | i fi , t of th
vt o0 A P e menng B AT pispE SRR TR reoR He High
react i orcobhiphite HOFRNI0F @Sce® nicl &6 HAHEof vhEBowh SdRERESY sidiinGhi }éggla dnB-
a as

In a preferred enbodinent, this flow cell has one surface t
been derd8pglst beeervivg seld plnsraurianes Baeipkpe hiseinogruingefwsicime sizofo

unkmewn ¥ B j 4 : - I i NG 4 .
[00?%] ngﬁlgigrtal ngf’ gﬁdeécﬂi 119 ?%ﬁlgs%gg%}gb% etg‘ﬁye%plmrat)\'/en iognr??sgﬁgﬂ%laggvn%éinlgs
may conporkss for the gasketfbrid pertsn ebanexptional dergigvitor comtra) systemsyr i nge
punp) with the ability to effect exit or entry of fluid fromthe flow
cel | . [0040] In one specific aspect of the invention, a flow cell designed for specific use with a

sequencing reaction unit comprises a 1”square, 170 micrometer thick cover slip. Tna
preferred embodiment, this flow cell has one surface that has been derivatized to bind

25 macromolecular biologic structures of unknown sequence for high throughput, genome-scale

sequencing,

[0041] In certain specific aspects of the invention, the flow cells may comprise a fluid port

connected to a device (e.g., a syringe pump) with the ability to effect exit or entry of fluid

from the flow cell.

30 [0042] In another specific aspect of the invention, the flow cell comprises a port connected
to 2 mixing chamber, which is optionally equipped with a liquid level sensor. Solutions

needed for the sequencing reaction are dispensed into the chamber, mixed if needed, then

10



30[0042] In another specific aspect of the invention, the flow cell
conprises a port connected to a m xi ng chanber, which is optionally
equi pped wra poogvo39p2pui d | evel sensor. Sol uti ons needed POT/UB1908/081818
sequenci ng reaction are dispensed into the chanber, m xed if needed,
then WO 2009/ 059022PCT/ US2008/ 081818 drawn into the flowcell. In a

preferred.@sReCthe ﬂrotlleceﬂhmﬁ;efén%d QQRLE Be hBPLUERIANE BAES aflach as a

funnel. In certain aspects of the enbodi nents of the iInvention, eac
fl ow celfinnebnirdeseis agpectsmp drecambodineants af dhe invdntipstaach fow kelhbinhprisys 4 o

mai nt ai i range..from abo 5-95C .or nore

apect 11 QgPPORGHTEHES! byl b A At G Maloe s e PRREE o gt
0. 5- 52G-p¥C, semoredpedi 3] 0485°@, and chheltangspeptranie @@h h@aitdof about 0.5-
enbodi s of the invention, the system further provides an

aut o(ri?a??gké’ﬁbﬁercgﬁ s for processing a sanple, especially a biological
sanpl e, supported on a support, the apparatus conprising: support

hol di ng Ip&;&%s In grfurtesr gsnegt rvartaip embedimenip pbibe snveptien, therspstem durthehe or
each su JesdSiaN L bV ' eal ed
chanber Tl e oy el i oo B R Sk L ANl SR e
or each suprarisdop awassost, fiewpparato$ taagrisig: seppns hbdingrmeeany fandolding ahe or om

the or erﬁ&r@s&h%ﬁ?%é ang co%rlguter cont rg)l . means 1:f oggm)ni toring the
sequenciig® FROLT-GRe SABIRLE & Bk OF S4°R & RSP P InB PESSPRE WA TSPEENS unct i on
Wi t hioneubstarmialle saafedtdhembérpfiuid @bliwrggbametr ddiodtng processi®Oadil tdihe or
invention will be better un]gerstood 0 those Rensons skilled in the
art uporfadbThagden g asrdlukeodiertingdreanh ©r punpidegstiud fiopy Be prsach chrsaheriapdd

bel ow. BRpht-PESER BE&@%KEOH@HEnQ%%&I%ChQQ&%HMf'@efe;abiysth@aﬁ:ra?aﬁﬂi i€

drawing illustrating the basic format of a sequencing reaction

pl at f or s inqqBivRsHRaV ifioene o ofvpaie Rewcells dedingd ghosphi ¢ dr awi ng
illustrating a first enbodi nent of a system conprising a sequencing
react i o0t fGrermaentdomwilbipt bettat uridemtpiod go thess meesond SONSin fheGrt dohs a

graphi c _draw i.llu ati a second, enbodi t of a system

corrgl:g i Si'RQ & t@gaﬁt@:ﬂ%‘? r%%e Iingtﬁg‘?sl SA"PE gtﬁlfyo‘{g?ﬁr%ﬁggfgﬂwt)pti cal imaging
devi ce. [0048] FIG 4 is a graphic drawing illustrating a third
enbodi ment of a system conprising 25a sequencing reaction platform

conprising a tel escopi GREPHCIRPTARY iBatHE T Ravdgvi ce. [0049]
FIG 5 is a graphic drawing illustrati ng@a system conprising a

par al | ell0Q45hf i iJtr hisi cograplfic dravingiBusigtingthe bron fopinat df@rsaguencing reaction
platform of the invention.

20 [0046] FIG. 2 is a graphic drawing illustrating a first embodiment of a system comprising a

sequencing reaction platform and an optical imaging device.

[0047] FIG. 3 is a graphic drawing illustrating a second embodiment of a system

comprising a sequencing reaction platform and an optical imaging device.

[0048] FIG. 4 is a graphic drawing illustrating a third embodiment of a system comprising

25  asequencing reaction platform comprising a telescopic arm and an optical imaging device.

[0049] FIG. 5 is a graphic drawing illustrating a system comprising a parallel configuration

of sequencing reaction platforms.

[0050] FIG. 6 is a graphic drawing illustrating a detail of a system according to the

invention.

30
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[0050] FIG 6 is a graphic drawing illustrating a detail of a system
according to the invention. 30 WD 2009/ 059022PCT/ US2008/ 081818

DETAI LED DESGRPPIOLRN OF THE | NVENTION [00511 FIG 1 sBOWWSZ008/081818
schematic side view of an exenpl ary sequencing reaction platformwth
a reaction workspace and having a | engt hwi se dinension X, a width

dimrension Y, and a heb@‘i‘%\gﬁéﬁm(ﬂﬂ?ﬁoﬁbgor I}If\lfﬁ\qg?]?hows a

schematic top view of a rst sequencing reaction p orm of one
pr ef er r @034 peldG. bFhavwren heuancideyisy sf @nexemplbudy segnéigingfreddhion platform

inventian., Platforns, of this nature are al.so disglosed iin U.S. Pat
No. 7, 264 BT LOTkPALs ?@ﬁ‘aﬁ‘i“ﬁtﬂflﬁ%ﬁ%"?"c 5P g ’WER%‘ ﬂ‘é‘?%‘%{?‘&%d
on di scrieight diensios@pports 2' and positioned on at |east one
essentially horizontal table 4 having | engthw se dinmension X and a

wi dt iy digesgi onGY2 sHdWsS: RhahlRri 316%1"@‘5'&@@@169&[1% RSt on PR Rl dF o
ext endi ngq£ar allel to the X direction and at |east one displacenent
unit 6 Haviengd aspecof thengausading sysgem evhbastimends effhe biventiong Edtlormeawf this
this di ' : h [ for. transferring, objects.in
e PABE TSR Al k278 S0 g s LRS! BRELDR, RSB
car ryi ngep$ apkedllon dikirath solil suppatsl 22 aad porgtidnbé o ati lkasboeagedntigity Wi t h

t he di spl ace t..unit .6, .and a torjz I ppi.ng nechani sm 8 .for

o aspi OB ROUIg heiRk DBy SerBnarictohurts SR Rarasar Lo et tom 3
optiial igtladedat Radt38E fadllS dx@ing pakdHbing tid1€ dBEdtBRAGaITEANGHY &Pl embite
support 2' and the flow cell 2 are pulled onto the carrying plate 11
and t r ar¥ftdrhasteagrEyae davish2ariveh s e valle togethenwive fys displagergntimit

device, didhgttheralf sk @Ghd bjebtg i b @6vide 0 [0053]
The recei vegd d}iascr’etre éﬁ%@%ﬂ"b@@w ﬁ%}ﬁree%ﬁr{)vy\yﬂgglaﬁﬁéh??g%%%gnabl e

to its dmplgmeatedherepe sicairving plate He whishlis mpebledalpng the vl Vlapaherwrithithe he
X positi rLyi-Ng. 0 . Thi i of .the X position of
the oar rpLEemERuLH 5ol AbBrifel el BN GLL B el P iy 20
mechani shscdt¢ ipgom 8 owdré asbyrded orftienli dypraeteri2dtipo sidl 7oWsimg thegipphijgect )

is perfarned.vi uitable,sensors (n sho for detecti | | near
novemne nt@%}:ﬁ%sﬁge&lﬁ ﬁ‘%ﬁﬁﬁ“?o a‘?‘ﬂg‘g 51% ?k‘ieﬁ P@Ge ?‘ﬁﬁ% Ratodhs carmyig FQ%% 1 i 8f%vant
rel at ed t@ntferrdh@wardeessemgiodftod e nihél @ e Bhdgail detRB) th QSR dgenRar s,

the 25 control of the drives for the novenent of the carrying plate

11 in t AdngifhesRyB] dgrige P he gri ppi ng mechanism8 in the Y
direction, and the assi?nment of this information to an original XY
posi ti orl0&¥3] t Neeapsjesd dissrepsrsapparhb] withphe flowrmeld 2usassignabls i itsaiiginal

; I Ll I D kgl t al t. :
i o 1 o5 0 OA R st el TR PR Bl Al e P ko SR ERAE e T THRC
sequencidetgciidn efithaBumsitioe bithe caiingsplatllll asdophe movantaipahb i drippinghe

]]: : gw gg:qllfﬁzg%%llaﬁ?g grtfg% g?}ﬁjggte(g1[igeue1al\@?£(|)s?t?()lneo’f ﬂgeho jéc%eig ;[)ér];‘olrr%% Ivi(glr;ui(‘gblg |

sensors (not shown) for detecting linear movements, as are known to those skilled in the art
from the relevant related art. The processing of the information from these sensors, the

25  control of the drives for the movement of the carrying plate 11 in the X direction and the
gripping mechanism 8 in the Y direction, and the assignment of this information to an
original X/Y position of the object is preferably performed using a suitably programmed
controller implemented in a digital computer (not shown), which is also a coupled part of the

system.

30 [0054] Since in the sequencing of unknown nucleic acids, all samples contained within the
flow cells will be to some degree varjable, the identification of all flow cell supports 2 of the

entire platform 3 is desirable and advantageous. It may also be important to track individual
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entire platform3 is desirable and advantageous. It may al so be
inmportant to track individual WO 2009/059022PCT/ US2008/ 081818
sequences vob 2@9e#pizes of flow cells via software appli earivenss/ sisie
defined position and orientation of the flow cells on the reaction
platformallow identification of each set of sequencing sanples, and
thus tr I . a -checking and
assenbl vl ot ST S IR O SO SR ors " AR R SRR, O
cel | 2 amigntaiien efithpdew cells artbe feoetimmplatbora allowgdemtificationgif agdhdset of

constru i fl i Ie illustrated in Fl 3, the._system
3 Fur ¢ hevashBo? RIE WEu SORAM g SalfBh PRSI e
reader . ahfiessembbr acteri zati on tool can read one or nore identifying

el enents of a support 2' and determine the identity of the sanples in

the gor r{e@.ﬁ ncth B8kcfi b &8 df-thekb bbb SRRk fhe At ?ﬁn b %ncpfh%fs@ﬂp%gc: Y a0

per f or med ile the support 2' is ulleq’ onto the carrying ate 11
of the damefiasg sigls weceonted gustsict.Fing spacific pmbedimerisilvdtiated up P13, e

conpr i Sis?&erﬁ@efmftlllé?groéfdels a giﬁ'?(];tgﬁz%ﬂ(% Rl % %}%a%%}%aé@lgé fe%&éri %ist 0 an

i magi ng Systemin ane erent than 't e reaction
pl at f or reth@actFtizatign iqeptangeabolzanisme domfyingiclemneatserfantpdrti 21 and determine

position_and .8 i pn,another. position i.s iymple ed. here as .a

et escor&Rntly bEe 8 3half Pty SPipa e AT ThEactiiose 3 i psresshine ea
as IiBan parfoinead| vettildhegupport Deis @aNdd/dnbgthd @¥irEfg Plates] IraFtiad @Bk RIzAE0WAd, an
angle, which is preferably +180*and/or -180, 1n relation to a Z axis

per pendijge8epr HIQ. 4 NRsthasd tﬁ@ﬁlﬁbﬂ@é&nﬁﬂsﬁlg‘jthélﬂoﬁCEI&'Qta%‘ﬁ’ﬁ s?é&eﬁﬁxﬁla{eiz*’ e
enbodi ment of the gripping mechanism(not” shown) 1nc udpes a ral

runni ng dirgetidRdo yn gnasing ysiemiawiptage diféeaens then that of the ecadtionpintddrmhy Thee
rai sed : ' r- / Or ' he.carrier,
21 SR pLAER Gy o 1700 R0 - LEREBLIN DS
conpr i siimglemientef hereag e kdlesRopimyrnhy@s tu alteshiaive edthisnit g alodie i@ pliemented ad

t hen .deposi.t ed. usi ng~t he gri ppi.ng,mec ism8 at a posjtion wthin
the 1ot ot ab B Pl g P s TP BRI A (iR B Gk SrtetePom
the ori gi1B&knd/6si180°0n refatibf® DDREE perPendidutar Wthk haxigmtA wolhfish 41 &
signifi &?%%?I X the area_where the chemstry is performed prior_to
obser vatPHifr aligrnatiye caRpdinepiel the,ginpng mHechadish dnohshormi ashdss psathoyed

out, theuif@ihithe/y AfredtR HRFAP h%&iﬁﬂﬂfr%a&, R @Rh 8 e aided é@/&ﬁfbéé@&' y
detected once again and the new XY position of 'the flowcell 2 and

t he supéter topgragpsandfop feppsit thergawicsdoptampleo Hpine dris eampenéavicedf thehe
systham 7 : Vi I Pk on. t the
R o b e L R W S el
deposi t eging e griposigmuechirasy Biapppositioreeitan e midving tike oSthppbetvalon fmYy

al so be .t ferred fraom.one plane.to | ane, posi ti oned abaove or

bel ow | £° TG giatisnt dr i e Cgistmalepsifion o3 tieahicch e e pispk pige frighich i

anal ysi signiicaglyatheiakdalivticiethle @Remiie} B GletfomnedlioR RedbgEiivaticdh0 RGNS AIneOf

the system of the invention. As t hege transfer tasks are executed, it

. time, as the gripping mechanism & 1s moved out, the identity of the samples and/or the objects
25 is preferably detected once again and the new X/Y position of the flow cell 2 and the support

2'is stored in the coupled computer component of the system.

[0057] From the previous description, it may be seen that the support 2° may not only be

grasped, transferred in a plane, and deposited again using the gripping mechanism 8, the

support 2’ may also be transferred from one plane to a plane positioned above or below it in
30  the Z direction and deposited there for further analysis using an illumination, detection and

analysis component of the system of the invention. As these transfer tasks are executed, it is
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WO 2009/ 059022PCT/ US2008/ 081818 advant ageous, but not absolutely
necessary, for each of the objects to be identified or otherw se
char act er iw@doogesomzg t he characterization tool 12 (FlI G PBY/USI09ER}E1S
More than two work platforns may be conbined into a hi gher-order
system as illustrated in FIG 5. The work fields 4, 4 may be

posi ti ongdaMagedhd, 8ht Ao a%ﬁﬂ@:?ﬁ&&@srary, ?&%a&f’of tﬁ@%edt@toﬁfeﬁﬁéﬁ%ﬁ% pne
over another and rotated by an arbitrary angle hori zontal pl an
(not i | |aikarwiseshyractprirgd 9pinatheabpracterizftion kvl |l?-|(llﬁﬁit an is tinely and
efficient support for the automated sequenci ng of reaction
conponen0858] Thivisreahace&syark ylatfoxnd mey lae mmmﬁéd ihyp aHiglee@HRA 6Ystdh, as
reaction ents t a tim.zed for the biochem cal

i nt errog}g’tlﬁ%éie ’anFfi(ﬁgp celji[}@ kt&&ﬁﬁé %) REdHoed darsligldo ope gupthesgpde-
bi ochem galin S&@RY8NGING of Reel AAS rtRad bﬁay%ﬁm\f\y ifpid e tﬁ;ﬁ%&:ﬁﬂgvlﬁfe ddre
i nventi on including, but not limted to, hybridization-b

met hods, lé%@kedks disclosed in U S. Patent Nos. 6,864,052; 6,309, 824;
and 6,401, 267 and U.S. patent publication 2005/ 0191656; sequenci ng by
synt hesi {Q%ﬁe}t hévd gspestud kheadsvaitise isasedy kmd dffiSentRapmt fot\m.autﬁnﬁffﬁ, 891;
6, 828, 10 6,833.246. 6,911 345; .articles Ronaghi 1998) ..

Sci ence, %Téeﬂglf B 95 Fagfian coipahenis. Thisprodesy gay g eapi‘érﬁ %@?@uegcmg
100: 414-réaBion 266 coafpdnritgiii M8 opaseed famﬂwﬂ@che@ﬁ;amm&ﬁbgaﬁa@l oEneleici N
I nternatio aI Pat ent Cgfgl icati ons W1999019341, W2005082098,
020060755k £ 4pigoanspeieacas s Merfte obifiochemioah spgpenciss; rgprgigns can be used with
309: 1728hd 3%msld? Q@thénﬂoﬁ) 3hdIhEHE B0t ST PRAIARN LSbridiBios %gééﬁ @ﬁétﬁ@s sugh

reactl on COTTFOﬂent of he system COTT&I’I SES one or nore flow cel
i

(i.e., redsclose @%ﬁb@t@} N@F|6é646)52 300344 am%fl%z&?aﬂnditbs matmhem cal
f5 €q U enc gfrl;hghttiﬁig)ﬁ f2b5’570 e %F@, g&%ﬁ&n%tf'sﬁ{tl’fgsﬁrﬂe%godg ROMLIBH R I ﬁ] lgeP&t?nt

i nventi I ow cel g’ sequenci ng reaction conp
t he systlécm 6@&7@89156 SERA e, 8331 346a6, §hipwr trtistes Bobagheet2il (HQ@B) émanml e

20, 36, B erpsSrai el PR agE Rt SEACR Yo ARG RRad HadBRgRa *°

out | et %ethmdamms&aag mmtbn@meﬂmlpafem AU tAdas %19@60@3@1 have been

R TR O G LR X T 55‘%%%5?@31%@811%

30. The flow cell optionally includes nucleic acids or priners

at t ached W1 s Upmpagisuleegmbniimans, tygsearencing rédcion easnonertiof Hwrsysisma
random r d Y. e
ot 1 0PSB ol AHFLAIT CE BB BRI ERE S S B ikbodd

r eacli orbltpnhoma@bseth@r@acaom tbkeanplaq:er ﬂmpreéermdrmibedlateha@lﬁ dat lilVantlblE the
surface UChllﬁg y g ei c_aci d H

primers are i o, lbelfﬁﬂlfe{}mgﬁf?agté?rf SP“tPé’E‘c‘H*\? &eéymﬁovP%%c ap ‘F%Hb‘:‘f'l t he
wal | s ofsupfgt stuaﬁm 2’ foi éﬂAﬁile@namcted\A@ogﬁ)&%ﬁ)&%aﬁmﬁéiﬁ?QQ&&&B&B}W

[0061] In one ferred e the flow cells

subst antSP%Clefsyz |2(§d2§: ‘é‘?’ ° \’/}taﬁ’é’%‘? % gashvith gmgmiet 3(6 n atﬂqf é%us@d&
backi ng saffasdhiieleHph fg%'s ds, %fthét@llﬁé)ﬂ%n%%ﬁﬁ%ﬁed%%tHemQ@ﬂréa!téiecg
The flow cells 2 are era associated wth a suppor

25  allow nucleic acids to be attached thereto when injected in a liquid transport through the inlet
30. The flow cell optionally includes nucleic acids or primers attached to surface regions 34,
36 of the flow cell, either as a random array or in a predetermined array of microsites so that
the identity of each nucleic acid can be monitored throughout the reaction process. Nucleic
acids or primers can be attached to the surface such that at least a portion of the nucleic acids

30  orprimers are individually optically resolvable when viewed through the walls of the support

structure 2°,
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retai ning nmenber (table or cassette) for placenment of the solid
support or backing in the 5 sequencing reaction conponent of the
system Theotdcomssoed |s 2 nmay, for exanple, be arrangedperaszdoyestazae,
or one in front of the other on the sequencing reaction system
corrponent Where the solid support 2' conprises is a mcroscope slide
t he or . 5| ons
Chat 1t aoHp o R RRIH A ERERRA e font Ml BT otpri0Ps Bty ShIR 'S
whi ch t yghiewhédhavinga saldsippas onatrtmsbzybaz&ng omwWhichhestedc 4dida ofﬁ)nhmmor t

[ di | arl
e of SR e RReTERE AR RS ul e R ke gpovort

convent i enalingmzabdri(iapiewa chsyet B forpldeym2 O f HB)solidk ﬁ?@ﬂghbd&ﬂ@ﬁﬁﬂﬁs are
r at hg nore variabl.e in si zeo%han slides. [0062] e structural

aspect s GIUPRESFGHPLAMPORFYE of {Sisyspny H%ﬂ@lwtcél&e% may: ferexampledbesi ve
(associ %ﬁﬂ%é@ dide-5PAEE€ br BhSHBNEo A Re o ordfe seéBinc @Xcﬂ%n %ks"t’éH?' ng
nmeans 40, 4 In certain 15aspects of the enbodi mengt

i nvent i GmPeRRIt.c Vet th@SQMéHBIW 2 42mpgsﬂ§ammh@0&9ﬁpftzﬂllénﬁ2,rtgc supgert her
the porti I

around t V\g O?Iﬁg%ll)?# fe@ﬁJ ‘%a?l%?vg 8{3 1*s dir%rﬁ:;%/rlls ns Ecg%glrtr%%g lb)sgfj?reﬁilvp us(ff; by
a singl e:oavﬂmﬁpilaigizn;dansshdfhwhﬂch owicdl s acbaut et mnr BEeDmin). Wiere the

| i bst ant i al t ant i al |
e 10 aruREANS o'ttt B et ot R R EmedtneC e HR0GRERF Tirude ¢ wo
poSi ti ortsmaz&msms:uﬁﬂyem us@0W3] membaietbt BhRakibN2 sRE (fyficadMd bRyt 0

clarrpln the flow cell may be provided with a biasing structure that
j oins t h@?ﬁgnﬁr’bﬁ?@s e GeiEangre vapablginsize top “ssilg‘ifcture may

conprlse one or nore sPrung bi asi ng nenbers 46, 48, 50, 52. In a
part i cull89628 niwiskrueiural espectsefihoflowicell atettuptally helil tagatheaivp abydhesive

sprlngl flow, cell
pl aces t %%s;%?%gtsg#gﬁﬁ ‘2“5?%3% %é;gé)dg rﬁ’% ?‘Jﬁﬁ)n‘ngn |ﬁsnsg’|qd%’ In Certain
conpres sikpeis qﬂﬂmﬁm@ﬂnnemgsoﬂﬂhmneémn the tlampingtui@nsiOnpbnR eaableast t he
flowcel 0064]., 1 n, ot her ecflca ects. of_ the enbodi nents of t he
i nventi o 1{”%“3 %)tp%rgh ]E)Oﬁf £& W&YP?@W&&% Lpicaty: @W“Pﬁ@“ﬂ

cl arrpl ngwmaanssmd{ ﬂlew CélEs rdyetsel dlvnfBR 3RBUIRALRS]YIEY ae§'lr$gl|é ﬁatﬁ ﬂ‘n% Wiednd | ght
seal ;ﬁ/\e?ﬁ ort and the support retaining 0[ 0065]
In cert difff TREF& %gan earraRe g diehlanpipg @P@%Srl@awtww@lh@mzww |

addi ti oRabdintia@Perliss rans@2dll ﬂ%}{@@%

substantl ally seal ed charrberthe e seaSIFlﬁgﬁﬁn?aTﬁgia{r?&ﬁ\ﬁ%nfg%géﬁdeﬁgﬁggs
par t20of 1§ PRSSSlgpport retai ni ng nenber, or nay be provided as a
separate WD 2009/ 059022PCT/ US2008/ 081818 conponent of the flow cell.
The seallP06§] nefares dtymiatad dryin edditheri tsekn@l@ﬁieeﬂqw vdlli rady eroviGedmidiea of

silicon, ubbe er, s i tabl e mat i e .enbodi nent the
Seal | ng PREe s thd Sinde S odnss E hslow ¢ ThSETER R
gener al legmbhat onefor ehokd é}iﬁﬂr@ﬂlﬁmgﬁﬂ&ﬁwé’\% 48238 d2] h Pp A ROH@mbBdifLRE!,

portion of the support retaining menber. In an alternative
the support Is attached to a clamp by Spring-loaded mounting pins, such that formation of the

25  flow cell places the springs of the spring-loaded mounting pins under compression, which

springs therefore connect the components of the flow cell.

[0064] In other specific aspects of the embodiments of the invention, the force applied to
the flow cell structure by the clamping means and/or the biasing means helps to ensure a

fluid-tight seal between the support and the support retaining member.

30 J0065] In certain aspects, it is generally preferred that the flow cell additionally comprises
sealing means to assist in the formation of a substantially sealed chamber. The sealing means

may be an integral part of the support retaining member, or may be provided as a separate

15



5 enbodi nent the sealing neans conprises a flattened frane-1ike
surround gasket (about 100 to 150 fin thick). In other specific
aspects, av@ameioorr ot her spacer material can be attaeOpdsuwna/idsisn
adhesive. [0066] Either type of gasket may be discarded after a
single use (if, for exanple, contam nated with a radi oactive probe)

par 1 oul SrPi LS PPk noVERN Al sed U sl LEIGH, SARIRK S HRRR PER ey ok,

si ngl e usale of silivérl tubbxe oa pihar sihblt hatertah én vid @kindgsem thetshalingandaas

(which can be readi.ly altered by exchangin asket may,.. in part,
ot er i TP PBHEY BkEt e SRR NTICANT ety DHie th BB ks BoRARe |
anot her sagpeidta @bovel® ohd @b ONthel Sippert SétEhing \WRINMBEE In ki alidigatReqUENCi Ng
reactions, the flow cell conponents are di rectI%/ connected via the

§

use of &MoAWRES! (e Seating meameOmpEIses Hajteppdiranalikysyrippderskedahoyt B0
surface ¢ hag Rl BSoRRhERc LS 2 QIREEVRRG s%zﬂ:%r ¥feHiAUSn be gm[cggd !
conponents, e.g., a slide conprising an array and a coversvlp. 68]
The f1 uivdth 4yl aghes®®. al | ows the introduction into the substantially
seal ed chanber of fluids needed to process the sanple on the support.
Typi cal [[g0as)ic lEifhkriiyfs ofigakket benybakifsesrded sftdr v eibleRe use (i .for example,

et hanol / net hanol,, xyl ene),.reagepts (e.qg., j er- or

ot b ¢ SHTAPHIRFS WH S GEHbiR S Oty Tcod ieasEd ifesvedlhe tiened eaghet ows
for 1ohe eptbog@Eht RPafticliafls stifbRes LMY QG Ja01 1tH 8 SRFRAR 4AQr Jsinglh Qle.
washing, or_to allow the addition of a further reagent). Preferably,

when t hat willhscpparentythat s thigkprse ebibs gasket (iigh cor berredily dltersdbisuch t hat
bl O S el ; : o
e wquﬁr?gg@% glasgﬁef&maﬂqn P%ti,td%{é]-rﬂ% ttlLe%h%e $e %%ﬁ@ﬂ@lﬁ@éy@mk@

chanber, out Is1n the top portion o

subst ant} y .seal.ed cha .. 25[.0069] Typically,.where the nucl.eic
cord oalbftr) RERES BUET R he indBlepd S5be TR Btk Y it tions
chanber thdé fldw belVenapoviedtsiate dirtctbedonreredSfa te tsSOQh. adhespree fTHE alleyive is

all ows. for econom cal_ use of

between 100-150 il]J. This smal] vol u

r eaggnt ?T%?Faé]é’\kﬁé‘%‘fé‘c P %ﬁ?rféat PERificarPYRaladhssippdielusen the yappflow
thermal cegsRapsiRnt) dB; a WiREmbAGnS MRLS Jnd a2YPRAJ ed on a nmenbrane,
the chanber will generally be larger (up to 2-3 ms) 30[0070] In

parti CU'[@{!GSZS P4 hiEe30 LiRpGfL In d\%&ioﬁﬂﬁglﬁh%% B 908 Atk 2Rk ©

for use'In performng anplification (e.g., rolﬁlng cryere

anpl i f i dwidsoweded tpplogess tEsempleainthe swport.ofy@Eeglyishelcftiiow)ll rbuifangpl es
inment,. the flow cell .nust WO

attached to .a,support., In such an enbo

000, boonb e L RBah Rl SHs00. SRES vl PR 11 on o
f ur tber sblﬁﬁ@&f}hﬁdhﬂl&'gi}is Dlﬁhemf u'iﬂlgutllﬁﬂallclw_ﬁﬁfoﬂgﬁipgcﬁ_ U%ﬁi;irﬁgoﬂdiﬁk?\tiﬁ b}afreduﬁ/ed frolml g
transitory an e ow of any new liquids i.s very tightly controlle
to prev S_agn& b RGPt Al th a@@l@ﬁf}{f ghtfrgeiieagraht Preferably, when
cont an [ dupPor@fard B&ngd proWes&l, theltReBntasleH it k@b 1Rt 18N BNt ERAIRM S Rtom
5[0071] In a particular _aspects of certain enbodi nents, for exanple

t hose emoitivagséthersgbstaptigliypaatedpimnbnr, andiks flvid gutiét dnin thewopmpition of Glat | v
control g PELAH B figul ation is required, the flowcell is
equi ppe& wtétnﬁg?%mergt%rtg&'cont rol means to allow for rapid heating

| e, and . PCR e. thermal

and .cool | of. the.sa .mx (i.e. cling). .

Typi2 al ﬂ@d@h e ﬂyp 1}{3 &rﬂgzrw? Puog)eac ﬁ(‘fl%]%l'%ﬁls supported on a sﬁXe ii rt]m% substantially
sealed chamber will have a volume of between 50 pl and 300 pl, preferably between 100-150
pl. This small volume allows for economical use of reagents and (where temperature
regulation is involved) a rapid thermal response time. Where the sample is supported on a

membrane, the chamber will generally be larger (up to 2-3 mls).

30 [0070] In particular aspects, the flow cell 2 is adapted so as to be suitable for use in
performing amplification (e.g., rolling circle amplification or polymerase chain reaction

amplification) on samples attached to a support. In such an embodiment, the flow cell must
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with an electrical heating element or a Peltier device. The flow cell
may al so be adapted 10(e.g., by provision of cooling neans) to
provi de fovoRmwpesvzRd air cooling. Tenperature control PATAURBOS/EIRS
3'-105C is sufficient for nost applications. [0072] A nunber of
arrangenents for appropriate fluid delivery means can be envi saged.
In a pr [ (o] : [

flu do, e o oG EIBIRR o RdBHBR G othel BAREKC T, eniE BREE om0
bei ng atthadthietransatory gudriips Agw nEatyarwsliquidrietay tightl vl npoutel thgrevent any

mechani ineglu but .are not limted.to syringe pupps 60,.such as
Those. ke fomdfe 85 b DR aterprsdapampafol Khe Ay el o gl of)
Kl oen hamiwmngagnstr oke vol une of between 1 and 10 m. One such punp 60
may be provided for each processing fluid reservoir, or a single punp
may Be Qo@Mi)dag atharRUEPadpeitt Bf fHAMR ERoRinRenR, ﬁﬁ%&é@ﬁe%g ERANOS foPusePY
means of a nulti-port valve configuration to a plurality of Syringe
needl es v6ith PGR or ger B&:tip0ain wiiebtightlyi cohirelled t¢mpesatare3egulftivo 78jeqEedhthe
syringe 6 10 ; t .uni versal .
connect A RR efiffhebiln el By AL ARROGHE I R, BY cBiHEE BB cogpye

Pr ef er alifyhet dampiecmtl PEIR min(i.t.ahaméDeyctiaghs Typicellyaths dloeadeil wall be provided

mul ti-outlet valve 72 such that, |f.desire ere.a plurality o
Sl oo it e GuRE Seetrina el gty Thedb i oy gt
treated (wet By draisidredfRBblinY RERS St peovid dfoflimp26vearairc@ohd) atdndRradfre
processing fluids. A suitable selective multi-outlet valveis a
rotary VAP inEisarngss tiRe Clis seificieat for mostapphieations- suppl i ed by Omi fit
(Canbridge, UK). Thus each outlet fromthe nmulti-outlet valve 72 may
be conndB¢Bd tAnambepdeaangefentyfoapproptale floid debiveryfidatecas beryvikeged.

i ncor por | f | ed, ically a filter wil.l Be .positioned . .
bt weon Badrerhest Tkl PHREA A eBnblny bFlEottine AR ORIZL S h TGS s
Each syrdtagee provislebatyestreoiabting hiethedwdi aiuehipird nedhynibih e Pecderpudt er

cont.rol neans, or two or r.e punps..nmay, be actuated sinultapeously to
or ovisce PR BFL=Rif (RSP, BrbNE ToUES LS FUBUsEoRET OB Besea 1 8
pr ocessimghufdctirélsby 1Go0K didl Tické, {d8ydoat Surfly, ORGIR K16 Haking AGho IR

will thus_ control the conposition of the resulting m xture of

pr ocessiHgetiean dand fQulsPne sich pump 8yt hewsoeiasdden eash processmeruid d

del i ver ¥ JIBRAS o COTREIL H6S HRprdBIR thprhp A Fftcgn 1 i
punp bei ﬁg subgl I ecf?_ @i ap?gr%ul Iplrl nl étbvm&?}e{d y g%gﬁf’?g%?ﬁfo oS,
pr ocessibygndang ple mukieparbyal e cogligwratibretopunhyralitaroé syinge nedslles 62f @, 66, 68

exanmpl e, ..f ton, Beds, UK). The nulti-inlet valve wll
be ?br otag%/a%\ﬁ;%am%%g%%%mnp will feed into a rotary m xer, of the
type wel o] o those skilled in the art, thus allow ng variable
CONposi et m-vgiﬂfﬁ F?@Blgsﬂ’uwgeégg thamrhelﬁ“a@%lau‘%ﬁea%a&dﬁevw,apqormmit? &d.
[0076] |dante fitaifbldDAQEhSs a LR eREIGSASEIINY HrbfdlaflyOhe Bnthlhi8hiflid 70 feeds
processing fluids is then passed 10t hrough an in-line filter and then

passes tiRPEU§lsciivesapltiopilcievalg Risuchathole ifdatited: where e plusaity of wmatey are

val ve) r A Q; i D ive
Vo Uhe oEnBrip ekt i, rhilfnly bt Fead Wi p ol pel SO
abov8, tdneombinstemsifipgockssingifuidnyA batablepplectad multitamdet vab/e isuctary have,

for exa e id.i ass fro e subst.antialkl d cha to
ot oy SabiFas the 1 Sl F RS S8R LB EB7 ORR b Rtael DRI TG T aREL
reagent frodg themadtiiostlenivaivei72 ethy be connected to a separate flow cell. One or more filters

may be incorporated if desired. Typically a filter will be positioned between each reservoir

and its associated syringe pump.

30 [0074] Each syringe pump 60 may be actuated individually by the computer control means,

or two or more pumps may be actuated simultaneously to provide a mixture of two or more
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[0078] In aspects of the invention conprising one or nore val ves,
typically the valve wll be a three-way valve with two inlets, and
one outl ewo zme3R2t o t he substantially seal ed fl ow cePCT/UXES/@SfiS1Bhe
valve inlets is fed, indirectly, by the reservoirs of processing
fluid. The second inlet is fed by a |ocal reservoir which, typically,
will be ;:f'i‘oc%)fsﬁ _I%:ﬂlﬁds Q'Jd}ﬁttoilﬁlgqﬁe fﬁeccfo)peI%Q&{ PELLE (S HE LAl Jh}ﬂs oPRRO

; Al vol une) | ocal reservoir may be controlled by the conmputer
contr ol mnstl@rom«yre@@tm&mﬁmeyofemessmlglmﬁs The local reservoir will
typically be used where a reagent is scarce or expensive. The

provi si 0078 dnah akerh@balembesdienenitie ftoidtetiveasmedne canpiset tvaf o agent

required, Si fies cl eaning, and prov s.extr exibility in_ that
each f1 G5t Hptﬁﬁypwn;ﬂso@gggg@pgﬁagw@haf |V§ﬁa*i“f‘ﬁrlélf&ﬁ‘é% by spwyefity pt
In ass p?ﬁdjcfeb&ngaﬁlﬂ@@éseﬁfn@ egilifble RO iR Al ab1 D for tREnHIBMERIM ABRehetnhe
"flow use in the flow cell ‘reaction is achi eved by gravit

force, dlyon Bdscldkenthegnultinalet yave widl he aptagnvalrry E@olwunnywﬂweecﬁ@@ Et)f
an absorfg " '1;&99

ot her agpe}(}{rg{%f %lr:f Hét rrbo%:ﬁ Isrrg’ﬁ@ g?h?ﬁe%?éod\?vhlt%zarmh Egg%‘xihgwaﬁa%el t he
mechani campositien mtvrecel proeeasisg fleidgto, betpeduced, ifoltsictd. on of a vacuum
apparatus to the outlet edge of the flow cell. The flow cell 30 in

such entjoatiéire rh sertaiy adpects,uhsatdskiak Ayidse atiewdre dfrprcr&ssldgameddqgtﬁan Phssed
inle tO \}% %boutlet vai |l able for transfer of fluids through the flow
cel 11 C3gHYHIBS |y drgush ¢ winshye mﬁltlawé\twlefs(ﬁ%aﬁ Bc

aspect Qgta;mlwy'gggfer&mgsre@fmgh@ﬂow&ngl on, fluid enters the flow
cell at the bottom travel upwards and exits fromthe flow cell via

the fl u'[ﬁ%’ﬁ;’t | £ o Zﬁtltlextngﬁvé BRne é&eﬁllgr‘ﬁgrﬁ[eﬁ’e&[p)ﬁls’%g%{ ce %\gﬁ]\ﬁ? sdehihdl d

enters t | ow ¢ romt 'S ca € reaction
vi a gr awboyg, thexpirddesaing fhedd m@y\b@mpphad ia “gerfeb’Usudh chat, Ifmtexamplehﬁuxbﬁ}st tom

dr ai ns AR EoRrRaRTRE R el Sonie FLRRAY, LSS bPRume ebuani o

f r omst hededupage aliad shetaghoaht efwedgent PaIiteddd Mmimpeyi ng and/ or cl eani ng.
[0081] According to the invention, to acconmpdate various

i nconpatjpPise eaglieRr &R %%ﬁué}{%n’{;f}is}}%%%e of m%ﬁ[ﬂeé"t@@aﬂ??ﬁn@va‘?&%ﬁled ’

the sequencing reaction conponent s substantiall ar suc
that, shea@threp-simyealvemltyo gflets) aodosepitist ading o tbg pputanedlysaspd Bew

require g ﬁO@ﬁéﬁfﬁlgyal@Qgﬁété Q7. i n;g@%ﬁhgﬂ%e%@steﬁ% ‘é?gﬂocé@glﬁg 6 L@t he

existing € i 'an e rvation conponent
as wel | sa®nﬂ hrdetsefgdémal logpl r@e:wbnmhlmotypmmémmbfoe ahm@ghﬁmeaﬁmcro-

pr etzﬁr abl%gc abl ﬁ%?@pr 2{9@&8 p@ég gﬁISi [jréggr{s@a W&B‘% éﬂ%\évgﬁecil %682]

The revebsbiteecdnftbb@edtsiodmhagbe haGuaBaaneliddg The &ehl reréPPNeRtally®e
t he syste i ncl ude a connectiqgn tgo a conmputer control neans,

whi ch cé‘ﬁ BiR FRIBEN IREAGE PT BTIEAT Ve chheureyigen ofsuehhe locgliesereiial
el enent smﬁlffm&aehwﬁsﬁ%féagmmqﬁ%degm{aﬁﬁag aéan&@aatﬁaﬁg@gg eC'l:rQ@I@:!ukJ%ﬁty

control two or nore of I'om ng paraneters tion o

whi ch pmab‘?acbﬁﬁ’ﬁswﬂ@laa&ﬁ@alcéssw indivadelyuf eequistdune and the rate of
fl ow of processing fluid passing 20t hrough the actuated punp(s); the
sel @éti ¢go0701 ink epectficoshene bf carainf e dimmdnis qitigciassitiog, the Tk for use in

the flow cell reaction is achieved by gravity force, e.g., placement of the flow cell at an angle

or by the use of an absorbent material applied on the outlet 32 of the flow cell. In other

aspects of the embodiments, the flow is produced using either mechanical or electrical means,

&.g., the infroduction of a vacuum apparatus to the outlet edge of the flow cell. The flow cell
30 in such embodiments may be substantially sealed, or may have both an inlet and an outlet

available for transfer of fluids through the flow cell.
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the tenperature of the supported sanples within the apparatus;
novenent of the flow cell fromthe sequencing reaction apparatus to
t he i magi o caapsment of the system and the timng of PCh@swas/issgis
events. [0083] The invention further relates to manufacture of and
use of the flow cell and/or the 25apparatus of the invention in

processipeg@ S@AMMbBe e&tﬁhﬁ%‘?&rotfthe%ﬁﬁ)'%ﬁmts delge ;hve\ﬁﬁpﬁ' eﬁt&l‘irt] /%go;w a

nmet hod of processi ng sanpl’e on a support usin
t he aut owetitabihe bemnmvnlglma‘lxtand ﬁm@pﬁn@m dteufbwd@ill viethe é]bm/tm;tletaatmlm topd

of maki f and a oosel

reversib ;?%lr?\ egraaS hs? y'St ém ﬂggnﬁt%’fsstﬁengo‘ﬁ Cglg%u’@r#& 5108 apdis ﬂ%‘rbugh
conponerthe ieactihicds shamicy eminhg tﬁei'fﬁmpdiefﬁsﬁsnﬁ fluid\oariétia the baﬂcblﬁOm% filideutlet
present invention provides a detecti on conmponent for

i dent’i f | PRAEMBH 110 & o msqtledingrdupty & écétfﬂ%trij&?‘%‘n%‘&’tll%ﬂlgd’ﬁ?ﬁﬁbn% of

t he systwagel Rfdelit®ly RMSMIHIORom TRt 8B td amv@ﬁbaﬁedﬁ@émﬁtﬁﬁgﬁhgaﬁl rray
depend upon the | abeling noiety used, which can be defined by th

2009/ 0598&2aPET/ US20081081818 cheni stry avail abl e. Any detection
met hod may be used that is suitable for the type of |abel enployed
can be u§ed]i nA¢cesdiniptodnd meentivo/tp an@mimatate agiosyiatenmtible rededon speeds

i nvention., Thu det ect nmet hods i ncl ude radi oactive
dor oot R vBBites o MERBYTh hr BE R 2k BRieEnE et hulo s San i
det i@t i anodubdgtshchthatestoaRi 1ae dehbB&s bPflow el andfol bl%p%&i@ﬁﬁ@le@ kequire
5chem | um nescen&(ﬁé?IHi tical setups include near el d scanni ng

ni cr oscdPgresyng 2 elsmepie st b erdYa9sa tovihgreistingeguipment. In Such an

epi - i || uydaihem thd 6&%3’{%?505%}189 as H8ll ks thk SdeBitd R2GBR %omponent of the
phot oconver si on, Si ngx e and/or mul ti photon excitation, spec? P

wavel engwﬁe:auwrpfﬁab sappble pf apsemins@rmeodulis arhy pflo enlls, whetime deantples
wave il 'alﬂé@d}%f[t é’s‘:‘?lla% %%éﬁdarh&%er nal reflection fluorescence (TIRF)

m croscopy nucl ei ¢ acid nol ecul es can be detected

ﬁ@{lﬁﬁt by sc at ortl ons of .each SUbStrﬁ]S
P T e A e G O N
For f I udfigtsden@enédibe kd ﬁlgomlﬁﬁére:@h@cﬂ nheRfl$, WhSchQdan osrtiinste iR BffERN: be
serially scanned Oﬁ@étti)%{é]cae or row by-row using a fluorescence

mi cr oscGFRVEFE AT ergentyefdhe $isteR. i Fhergagptey tontol pgans cpp
5, 445, 9340 NBEAItRS offnof of tlge,L’fofI;owP %tparamter55 tgpggele@ﬁgﬂ of v@gﬁ'cﬁiﬁﬁﬁﬁ ofan

be found'in 15the literature for applying such techni ques
anal yzi mymende satais thargselaieystaeand ttl“rqr@temf owe prgessmgdhiid passing

evi %ncgﬂﬁgp {th %cttl%k(ll 18 "E}Fef e@t?&ie(ﬁ’ W, ﬁr&{f ceqlﬁ_to%e'd Wi 91 n;;rgée $ing fluid;

Scanni n ctron ySIcs o ormati o
M cr oanahglismeraﬁifaoﬁue supcpnrt(c&amptﬂg avithil e 8})pard%h£ meveraént oAthalflowGisEm ,

78: 1528:-15 2006 rnal Chem cal hyS| CS

P61 7770 Bgoeienah o aobirafh iy 8 kg PRRLREL LT HETH es
and Appltinﬁﬁgbﬁme\;éﬁwslederﬁ@Sm entific Publishing, Singapore, 1999);
Dnnanac, International patent publication WO

[6083] The invention further relates to manufacture of and use of the flow cell and/or the
25  apparatus of the invention in processing a sample on a support, such that the invention
provides: a method of processing a sample on a support using a flow cell and/or the
automated sequencing reaction apparatus defined above; a method of making a flow cell; and
a method of making a loosely-coupled, reversibly integrated system comprising a sequencing

reaction component in accordance with the present invention.

30 [0084] The present invention provides a detection component for the identification of the
* results of the sequencing reaction component of the systems of the invention. The detection

system for the signal may depend upon the labeling moiety used, which can be defined by the
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2004/ 076683; Lehr et al, Anal Chem, 75: 2414-2420 (2003); Neuschafer
et al, Biosensors & Bioelectronics, 18: 489-497 (2003); Neuschafer et
al, U S paznt/o®9289, 144; and the |ike. [0086] One speci/ismos/iosagysng
technique for use in the present invention is total internal
reflection fluorescence (TIRF) nicroscopy, whi ch can be used to

vi sual i Bhik!

nlcroscégﬁﬁhggé%?oggng& %erna %ﬁ&i% ﬁ% %gégﬁﬁg?goﬁ%ﬁfﬁk??ﬁgﬁgl
detecti @mpica/egemebaﬁsb@lmtac detedmowbmpsmangoﬁhasgemesmf theaueentibih. u’ﬁlimsat ion

and TIRE m n,eyan ent he
U t ace S BRSyRR en My SHSRTRST Piispu B o R BRL i adens i
ol ecul gz, WWiskkille bissbeyanbeddaction, loptiadl bmm@hlde@&teﬂl ak., fiberesdh@drace
between a |ljquid and a solid supsirate %_ Iass) t he
exci Pat |°Bﬁ“é‘€}“1“ie§ﬁ'f‘°%é%i%ﬁ°ﬁéﬁ%‘?% ipelude pryield S§Pf6’|”’tg laicgqsamyefaﬁﬁ@ksl t he
liquid. cbRretihgkro wp?smdtn,hﬁm%ﬁ JiiGaingroB) ﬁi% 9&%ex@1§§ A8 e IRSskypyat
the reflective interface its intensity falls off exponentlafly
with di gheteeenversiing sisgle pad/er Ieul@phqt@m@gmtemqrcsnepéaﬂdvavelangtédlspwematlon,
"evanes e s in
the 11 qu grop B T ienu AR WK Mk B oy BRI | v
2009/OSQEBQEGﬁmtEEBBBﬁmﬁﬁﬁm&nat the interface prOV|des | ow backgr ound
and facilitates the detection of single nolecules with high
si gnal - t{eegspi SabEed hiclét aMil HlodcalevoelanreicRe on BsapaRD YA adnMgSall or
techni que are dlsclosed by Neuschafer et al, U,S. patent 6,289, 144,
Lehr et Partiong pf eagh sehsyrate: Sl%@nmuﬁlmaéenaﬂlbu@pmnmﬂw prepaing method used.
publ i cat ggﬁ;k I%éqﬁ% n
al so befgﬁguﬁggéggﬂﬁgﬁgggg¥€§§|on cgﬁpgg%%?gb t eg?ﬂbt%H?%EQEéBQOHQ
EPI - f | uor exebricew wsiog e slwopsycense micrasctnsi apnarainkisoth ddesiribed isfalon(Uh§.
wth a a @ 0 i ch
s taken it Aa hyae ML A8 G- PRoNP S ER) U RO RE
congdlseneid Ianeganmltbragpiymgcgm te¢HDOR83 foBatdlyziRindalettc ok} nanbécale shrattines on

al l ow for al nost urce to be used. Th Ol i ght source can
o st ardaEesen ulmast bl M BT BE e Eenon RRai S aNp AR B o
si ngl e Qicraskdpy: S’Bﬁ%bﬂﬁh@@lﬂo@ﬁandﬂhn@%cﬁﬁﬁﬁ f:& Crasdeat (Spfinddnel 998);

enbodi nent s be acconglls a 100x objective us[ng

TIRF or Péppfﬂw?n%ng *Anep-bo3f ( O%éag%ecm %@i Jprahehesicd Feesier 18y o
a Zei ss gl 9yeq EZO@@OZh@ét d, léﬂﬁoiﬁéaﬁmzm@%enﬁm 59&8&14 fﬂpHQJfﬁﬁ?@ﬁGﬁd

resonance energ trans er ( can al sO be used as a detection
15s dRe meSciopRAT Piblishing, Sogapese 19P):demnrons infernptondbeatent beldicgiéoneWal |y i n

Br as| aV%bX/g?!ﬁégs Lot eﬂzoﬁn 1NBfienl., 7%‘3%Qt4-??20-(goo%‘f;%eu%%?d%gaqg%%&g% &
i ncorporate rence herei . “ESsential y, “i'n one enpbodr nent, "a
donor f IBmaslemtmrce, 185 430-4 22008 )t Hedshieafprdt aip i), S. poleyin®2895idd; ard thelijd. at e.

Nucl eoti des added for incorporation into the primer conprise an

accept or[otﬁﬂa]lor@w%éﬁﬁ&hﬁd gingStedmidud brafe RYthé PRschR BREnt MG NtkNentbnl ar e
20[ 0090] A suitable illumnation and detection system

:‘gr p1[ Fﬁ%ﬁ%ﬁ@%@éﬂﬁ%@@ (dRyPapicioscopyzuhish canhicgised o viowliesfinghed with a
TI Rhssligpr, %ﬁe&pt@mw@ -5300dMd dnRy tnﬁﬁ%uﬁagc%g& h&s?&tﬁiﬁn{eﬂ%ﬁg/ The

slider illumnates the substrate thfoug jective at the correct
TI RF i | Irefidctesit sxoitatian dight, alﬁmcuanlsaewalbecaamusls&wnmmwet he

opt 1 cal 1 EaBRbfckia P ubiosel P LMo MR AR R P
used t o axapplenmerimadd RioremeritlydatsddiistuckRiotacid molecules. When a laser beam is totally
reflected at the interface between a liquid and a solid substrate (e.g., a glass), the excitation
30  light beam penetrates only a short distance into the liquid. In other words, the optical field
does not end abruptly at the reflective interface, but its intensity falls off exponentially with
distance. This surface electromagnetic field, called the "evanescent wave", can selectively

excite fluorescent molecules in the liquid near the interface. The thin evanescent optical field
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[ 0091] One enbodi ment for the imging systemcontains a 20x lens with
a 1l.25mmfield of view, with detection being acconplished with a 10
megapi xel voamws/esooBuch a system i mages approx 1.5 m || POVUR2004/@81 €18
acid nol ecul es attached to the patterned array at 1 mcron pitch.
Under this configuration there are approxinmately 6.4 pixels per

nucl ei c f.

ol coul & isingBa Gt R 16 pitk RUEEGha Pk The dBBKiCRUPHELE nfd s

vi ew of wlktemgbjsngnalitvemsEmtio@xaisﬂ»lcewafelenmnhﬁ| Bkainpés ofi tlawteohutmh yeeld a

woul a yidicpsBt BENGuRETenEL F| £ oflonf o 566 305 Beed Besoibaraamste

per nucligietnaBiehdl palhsbligation Weooed/d7ask3vi ew may be adj usted rel atl ve
to the nagnlflcatlon and NA of the objective to yield the | owest

pi Xel 39%57]”“@1*1%1564‘&%&6 Hanﬁﬁé{lo% cyf'@l obéerﬁ}glb#/éd Iﬁ%&%ﬂ&{ cot&?ﬂoﬂgnt
resol ve the optics, and 1 nage ana ysi s tware. | nmaging spee

may be |thpmvmwnb>EPd+é1@pea®nc@nt0kmcmbq 1eatta<:hmqmg}mchutvatwes)stalpmgewtha
using grid tterned arr creasin i xel s of
data ¢ Oﬁpg()l@% #?1 Sg%lﬂgw{%é%é %6%6?&01"98 'y gwth CE[I %ﬂb gurmp

conbi nathytbﬂdaﬁncamfdnﬁ)re@edntlj/netbered@dsmpllmege@ mmlme@ed&m ce (CCD) can be
used in the detection of the sequencing reaction. Thus, in particular
embodi meghse) tB&n MYRE Led EAL meﬁnﬁa&ﬂ AlRS1P Qnﬁdafear@nfgﬁvsofu&rer!@ge ilsree mrh@e
sequenci n reactl ons are scanned using a CCD cafera (e.qg.

TE/ G@D5 11BFsoured ¢a8 &E sastoress ﬁﬁrmm@; cohgremt, érpobgrenthang, opmaterfrcmms@me@r

t I
o1 oty RSkt S 765 00eBRC Pl AR Hod AR ud s PAMET O
such as atesuplishediwith aY6s blojoctot usnhg TIFR ocEP INAtthinatimeand Scli.3 meS: #igd3

1996), f h nb f
 2bol wa HAn S oft R B O BN PR AP B R S Ra i ont ot he.
ef ficiency of the sequenci ng system can be_enhanced 15 thro%gh t he
use of alOH8AN: i FIRARsEAeRtS 1esrerann casiy Saesier (FRED) enaitsg be useipsaglefestivn or

nOr € CanRhége PRETE thS@RtdxPof éaguén&ag 'isﬂﬂs&ﬂa@@?&?e?&lly% BHAGVaRST &1,
preferably in the 10-16 negapi xel range | e "band ﬁgss filters

and di chPree-dVati Aest ScindP0a1%68-3964 (2@@%1) momtalteédxy rplesaape eia. BeserdigBy.up
to four t
col | oot Iiﬁg n%&goﬁmpﬁéha&fg@?g%égo&e atﬁﬁ@gé;tﬁ?gﬁﬂe aklf‘erisg‘%?h éllq&&@

of the eled:(HidBS)afﬂdbd @nncz@osﬁwmmodwrprbmr|cnmpmdsce}5mr(ﬁhlgﬂmere ﬁmmsbe
i ncreased 'b;}’ i 2ne. or re flow cel.l S, M th each canera, so that
the © magrtigied By B PES ien T S P CHE arpl eo ar e ber g

hybri di zed/ react ed. Because the probhing of arrays can

non-equidBPilal A shisgble HiNminagae anddstrcHen Sxiemeier & Weﬁ@n@s@aeq BIBbIS|aekiss
data fr Omu@va@ﬁo@équﬁ:rpwmh af’I‘IRP Bﬁ&er @!ﬁ%&% 29 nﬁﬁﬁl@a)ft $30 %1 slid 9kl [adepe

illumnation schema is to share n set nonochronmati c
i |1 um natheoslidgsidiommetes tf(%ﬁybmateftbmugh ﬁ@@bﬁciﬁwat ﬂles:oa'gq:t&ﬁlé‘,)? ilmingon

| mgers. PeChr R?%%Fisgﬁ% Lc%‘c‘sﬁlﬁl(;:églg& %tﬁ{ng%%e% Le h%%ﬁé]é@@ye% H%H)at%‘i fey.

given tim sou
an opti csaﬁbsm t‘mhg}ngpmy;s tgtivally coupledho the seimmaw Piambs; wa\h@utdeb ua:n aiaatbeon

sour fSe used to implement TIRF on the substrate.

£
=

[0091] One embodiment for the imaging system contains a 20x lens with a 1.25mm field of
view, with detection being accomplished with a 10 megapixel camera. Such a system images
approx 1.5 million nucleic acid molecules attached to the patterned array at 1 micron pitch.
Under this configuration there are approximately 6.4 pixels per nucleic acid molecule. The
30  number of pixels per nucleic acid molecule can be adjusted by increasing or decreasing the
field of view of the objective. For example a 1mm field of view would yield a value of 10

pixels per nucleic acid molecule and a 2mm field of view would yield a value of 2.5 pixels
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preferably produces at |east six, but nore preferably eight different
wavel engt hs. Such sources include gas |lasers, nultiple diode punped
sol i d st ameo teawesog2conbi ned t hrough a fiber 30coupl er, péi/Usmosagizd@non
Arc | anps, tunable |asers, or the nore novel Spectralurn Light

Engi ne, soon to be offered by Tidal Photonics. The Spectral um Li ght
Engi ne ' o ' . r IS .

or of oot 45 SuRE SLRIGRRC ThE Ll YIRG BhPo ditlea FHRGRAB TS MEb Rcaion
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quant i f i"BeEePISH range. Moy iplegandmsss Blkappdedic O@Qﬁﬁpﬁlmafmﬁoéedlsatio@oﬂm
be added{i4IGco& |t§ four@Phble énﬁsﬁod %E:&El Sleoa(!o?np%ﬁsclfégglcfh@ gov%? dlgonl gn

each imager preferably acquires - I mages ‘per ase
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i nstzrourr%pﬁrtcggasrﬂ%qnérggse@_ | I I ? |e%{lcr nd det ectl Qn cog%)fgneg%]éﬁg tht he

system o I nventi o nprise
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bei ng i maged can be reduced by keeping the illum nation power |ow and
eXPOSUr §odg4TeOleql@ntfh il %Mima is to share a common set of monochromatic illumination

25 sources (about four lasers for 6-8 colors) amongst imagers. Each imager collects data at a
different wavelength at any given time and the light sources would be switched to the
imagers via an optical switching system. In such an embodiment, the illumination source
preferably produces at least six, but more preferably eight different wavelengths. Such
sources include gas lasers, multiple diode pumped solid state lasers combined through a fiber

30 coupler, filtered Xenon Arc lamps, tunable lasers, or the more novel Spectralum Light
Engine, soon to be offered by Tidal Photonics. The Spectralum Light Engine uses prism to

spectrally separate light. The spectrum is projected onto a Texas Instruments Digital Light
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30[ 00981 By using intensified CCDs (1 CCDs), data is collected of
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a one apl.xel il ' . [ qn .t '
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consequence Vi bration caused by noving parts, 25vibrations,
not contgopirpledoroterifying the édegricnol Iibsdiaption and gutensipn ennditiong) anéful t i n

porty, providing standard curves for quantification, if desired. For example, a control nucleic acid

can be added to the sample.

[0097] In alarge scale sequencing operation, each imager preferably acquires ~200,000
images per day, based on a 300 millisecond exposure time to a 16 mega pixel CCD. Thus, an
instrument design for the illumination and detection component of the system of the

25  invention may comprise four imager modules each serving four sets of quad flow cells (16
flow cells total). Each imager can include a CCD detector with 10 million pixels and be used
with an exposure time of roughly 300 milliseconds. Unintentionally photo bleaching by the
light source while other fluorophores are being imaged can be reduced by keeping the

illumination power low and exposure times to a minimum.

30 [0098] By using intensified CCDs (ICCDs), data is collected of roughly the same quality
with illumination intensities and exposure times that are orders of magnitude lower than

standard CCDs. ICCDs are generally available in the 1 — 1.4 megapixel range. Because they
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i mage resolution. To mnimze the effects of vibrations from noving
parts, particularly the carrying tool 9 with the notorized gripping
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10descri bed {n detail in connection with preferred_enbodi nents of the
i nvent i SAUtplynedEYh degigeds dha sndof thsaoppad seinl registen bisupeisteralloystyesak

consi dersggaBSo Séﬁm#ﬁﬂeyba&etaﬂfreqaw Ghidk 854884 e h@éﬁ%ﬁftﬁse RdndeS noOt

intended to limt the invention to the specific e
i |1 ust r aewigring thedeadoiso agglighlei Fhe RMregistashas sevenal honbredretygds éhatraste by

L . ‘ you £ th
R A S
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equi val ent s..,The .abst ract and e fifle are not to be cqnstrued as
i'mi ti ng Phe EREPRISSPRY fr 5‘?"8§aiﬁ‘t‘“qtr?ff/5é?~&eﬁ’6ﬁ? rogdtaphat o edsary ¢ o
enabl e tchewr@Rp el rity@o uidiedsior ces, thasailldf tizes.t he general public, to
qui ckly determ ne the general nature of the invention. In the clains

of any q010ups POREMIOCH sldrth Yokt 8 dfimctifl SRF i &R RARRee | S
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const r uderltga dluprepkage fbels, thiengh integrdtioniof amiubinding lase epstemtpweBBibly. S, C,
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technique can be readily adapted for FRET analysis, preferably through integration of a

suitable beam splitting device on the emission side.

[0101] A factor to be considered in high-resolution and high speed imaging and readout in
connection with sequencing chemistry is the consequence vibration caused by moving parts,

25  vibrations, which if not controlled or isolated, can disrupt image capture and result in porr
image resolution. To minimize the effects of vibrations from moving parts, particularly the
carrying tool 9 with the motorized gripping mechanism 8, 8’ the characterization tool 7
comprising the optical components and the reaction platform 3 are specifically loosely
coupled physically. In particularly, they are physically isolated from one another by shock

30  isolators or the like, even though they are juxtaposed in operation. This requires that there be
a control and sensing mechanism as part of the carrying tool 9 as well as a position

registration mechanism as part of the characterization tool 7. Various such mechanisms are
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2a reaction subsystem for carrying out biochem cal sequencing
reactions on 3nucleic acid sanples in reaction units; 4a discrete

det ect i on wob&ysswe f or capturing optical inmages of thecsageseiisg
Sreactions to be used for analysis of the optical inmages

i ndependently of the sequencing 6reactions; and 7a coupling subsystem

for trangfg rtl'ler\gachnl?s BRG Bl dGr@Ch es\ﬂ'@ﬂé g@;opﬁé%gﬁl té?@ctr%n{c%? soa]? ment

pl at f orm and the defection system reacti on

t he det emﬁ&@ﬂlagwéxesmeaam thhike a:alulsc;d tb eose tyamfmtslaedzrata uathbﬁ\i@dlﬁ:ir@ y
integrate 2.The st m | erein the
Feact] ort O LTk SE e L R ot B b erte Bplin oplidat foperni

pl at f or n&oﬁaﬁﬂlidug df ecirly Qo operdtion CITROGRAR t6 cditbct AndZRbdeOmBsivd

pl uranﬁl of di screte reaction platforns. 13. The system according to

cl ai TS ﬁa&aﬁ@cwraéslat%wfb|esﬁcr@rcwhzl%w5~+fa%g WROT FRQYP Eehnojosigs,

reacti OninUcFl*vﬁ'l? bat@ﬁ-‘ﬁﬂe ﬁ%@%é%t%béhaﬁi@ﬁlt AR, éﬁtléaﬁﬁﬁtbl&ﬂgmfcal gspects,
4i ndi vi dual ow cell that is rempvable fromthe reaction pla

14. The sHhafthars mfcb@femfwg been integiatnd3ntonefiediont sertuewlpireraing abalytst em 2
conpri seggmaf carrying device having a gripping mechani smoperative
to sel ect and

[0102] While this invention is satisfied by embodiments in many different forms, as

10 described in detaii in connection with preferred embodiments of the invention, it is
understood that the present disclosure is to be considered as exemplary of the principles of
the invention and is not intended to limit the invention to the specific embodiments illustrated
and described herein. Numerous variations may be made by persons skilled in the art without
departure from the spirit of the invention. The scope of the invention will be measured only

15 by claims of any corresponding utility application and their equivalents. The abstract and the
title are not to be construed as limiting the scope of the present invention, as their purpose is
to enable the appropriate authorities, as well as the general public, to quickly determine the
general nature of the invention. In the claims of any corresponding utility application, unless
the term “means” is used, none of the features or elements recited therein should be construed

20 as means-plus-function limitations pursuant to 35 U.S.C. §112, 6.
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4dtransport to the detection subsystemthe reaction units froma

sel ected one of the at | east one 5discrete reaction platform

i ndependerW0 o552/ ot her di screte reaction pl atform ptHUEhes/ssistsem
according to claim4 wherein said gripping nechani sm 2conprises a
novabl e arm rotatabl e about an axis perpendicular to a work field of

t he reaciirQr BpEphfMEM s16. The system according to claim4 further
i ncludi ng: WD 20097 059022PCT/ US20081081818 2a fl uidi cs subsystem for

storing detection and processing r_ea%rents and for 3transferring the
det ection and prodessi hghsesgje fardighothravghmit ougleielatid seqpndhgcaygisag:
according to claim4 wherein a plurality of the reaction 2platforns
are di sposed side at?é’acﬁbrgﬁab@@téﬁ?%?tcar‘i’ﬂﬁ%@&%c;ﬁémfca &hﬁéﬁgin\%ﬁea{cn&s on
detection subsystem 18.The system according to clar'm erern a
pl ur &l i tipclsic ackksamplestn ractipwitt;or ms are di sposed front to back

adj acent one another relative to the detection subsystem 19.The
syst ém accor di ng Bdisgtetd dateftiomerbeysten Fe captutimpeiticalimapesadfthemquencing

2pl atsf oram i ratiwv, 0 epare the.nucleic acid.s | es as,

f Iou ores crg%ﬂéttég%gg)g %%%dnfgr Irmeal C {Si Ogghe 8&185 JEFE™s f%&pgﬁiﬁPt&’aﬂ%?@PVﬁq% n,
and herretatiods; hed det ecti on subsystemis operative to capturing col or
i mges of the plurality 5of fluorescent reaction products for

conpUt er - ai ded i dembigflingatibsystem for transferring the nucleic acid samples between the

8  reaction platform and the detection systemn whereby the reaction platform and the detection

9  systems are physically loosely coupled in a reversibly integrated system.

1 2. The system according to claim 1, wherein the reaction subsystem

2 comprises:

3 at least one discrete reaction platform configured to permit interchangeable

4 utilization of a plurality of discrete reaction platforms.

1 3. The system according to claim 2, wherein the reaction platforms

2 comprise:

3 a plurality of reaction units, each reaction unit containing at least one

4 individual flow cell that is removable from the reaction platform.

l 4, The system according to claim 3, wherein said coupling subsystem

2 comprises:

3 a carrying device having a gripping mechanism operative to select and
4 transport to the detection subsystem the reaction units from a selected one of the at least one

5 discrete reaction platform independently of any other discrete reaction platform.

1 5. The system according to claim 4 wherein said gripping mechanism
2 comprises a movable arm rotatable about an axis perpendicular to a work field of the reaction

3 platform.

1 6. The systemn according to claim 4 further including:
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110. A method for processing and detecting an automated sequenci ng
2reaction on a nucleic acid conprising: 3placing a plurality of flow
cells on &oaweniver2 platform each flow cell 4conpri si ROTASHOLOSAEISL v
of distinguishable reaction sites and a plurality of nucleic acid
sanpl es Sattached to the plurality of reaction sites; 6injecting a

rocessi ng reagent, 4.0 1S : | |
Feagant with tho Bacy e subsightt SFH el HER hd odetis REBERE RIS, |
i nvoke dugsferioigrite detectivh ambprpeassiog raagerftd vdheBawtllssequenci ng

products; thereafter 9transferring the flow cells fromthe reaction

o atiorm 10,2 SeLact| o UbRiPLERAR Wl 1AM IRLES, YD 0

subsystemthat is physica cou
11sul3sy gtl&farmi 2iel disposedaiderty sideadfabawonebiatheatelithe tol eeletebidon Sibbgyest. em
to cause the fluorescent 13sequencing products to fluoresce in

di stiyngui shabl e spectra,at the distinguishabl.e reaction ldsites; and
15ca6t uring a col g'r i ng%eeéygﬁemf Efclcj‘%rrﬁien Egﬁfé‘gn r‘@r?{efrh%plélfaiw #gtﬁ? %eﬁ‘étmne.
r eacti omplatdres atk@isppsddfermt toback edjhcent ae anset @lakident thé Yetedtoh @i_;lfslyﬁ@md
sequences, where duration of the capturing 17step is substantially

less 1t han the r eag_t ! ngTﬁé s?)}gfem according to claim 4 wherein the at least one reaction
2 platform is operative to prepare the nucleic acid samples as fluorescent sequencing reaction

3  products for optical observation, and wherein

4 the detection subsystem is operative to capturing color images of the plurality

5  of fluorescent reaction products for computer-aided identification.

1 10. A method for processing and detecting an automated sequencing

2 reaction on a nucleic acid comprising:

placing a plurality of flow cells on a reaction platform, each flow cell
4  comprising a plurality of distinguishable reaction sites and a plurality of nucleic acid samples

5  attached to the plurality of reaction sites;
6 injecting a processing reagent into the flow cells;

7 reacting the processing reagent with the nucleic acid samples for a processing

8  period to invoke sequencing reactions producing fluorescent sequencing products; thereafter

9 transferring the flow cells from the reaction platform to a detection subsystem
10 using an automated coupling subsystem that is physically loosely coupled to the detection
11  subsystem;
12 illuminating the flow cells at the detection subsystem to cause the fluorescent
13 sequencing products to fluoresce in distingnishable spectra at the distinguishable reaction
14  sites; and
15 capturing a color image of fluorescence from the distinguishable reaction sites
16  inthe flow cells for use to identify nucleic acid sequences, where duration of the capturing

17  step is substantially less than the reacting step.
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