Systens and Devi ces for Sequence by Synthesis Analysis
FI ELD OF THE | NVENTI ON [ 0001] The current invention
wo edoatiexw4t 0o the field of nucleic acid sequenci POT/UMM0®007991

specifically, the present invention provides systens
and devi ces for sequence analysis of nucleic acids
such as short DNA sequences fromclonally anplified

si ngl e-nol ecul e arrays. CROSS- REFERENCE TO RELATED
APPLI CATI ONS [ 0002] The present application clains
priority to USSN 60/ 788, 248 filed Nhrch 31 2006 and
UssSystenrpsandDevices for ence byeSynthesisfA na is
her ei n |ncorporated by reference in its entirety for

all purposes. B QEHNP #ﬁ%dg ON [ 0003]
Numer ous recent %nces ﬁ e s%&%f bi ol ogy have
[0001penef | trgd cfuh@m lhmtﬂiﬁer@la@ttb‘m@ﬁ% cﬁ‘?@c% aci@l€quencing. More
ﬁuen0|ng of nucleic acids. For example, the Human
spemf@e Bribe preseatinvertionuprdss pustems anddeviees fossumanee aralysis of
1 E*ASd YiBNad hcds PROREE IsHoi R0l
nuctet di slcgvggl{lzelsg{lbn N%F%:fgn? acﬁ%ai %gﬁ? rJg%H#' ?g%th'ﬁngﬁtswgpﬁfo ecule
arraysdi sease to advances in basic science. Wile the "human
genone” has been sequenced there are still vast
amount LROS§eREFERENCE: TO RELAREDYABPLECATION et i ¢
[0002) ar i at iThe mmepplistmﬁtbreclems prioiityi td JAP SN 60/ 8848 filed March
31, 20%%%5&'[%@\] dﬁ% fllgé Aprit ?8 %Oﬁgéhcgfswﬁgﬁ g&'ﬁ‘ein incorporated
sequenci ng ase on separation of ragnen%
by refeiehtein ngehtenytior ald perposesst devel oped in the 1980s,
and have been connerC|aIIy avail abl e for a nunber of

years. Hovvev olgptF: nni ng
i ndi vi dual sanp ?ﬁiough capil'lary §@ﬁgﬁﬁs filled
[00031{\'I th pobyaedonk %&ﬂ@a@@ﬁ&s@ﬂ thd SulPBEbloIdEY IRl ibRnefited from

roughput due to the tine taken to run each sanple. A
lmPfOHEﬁirﬁé%‘Qﬂ’S o @i lpRiA 28d semisering of suRlel dde sFargrample, the Human

Genotn @&%Lyhég%&rﬁﬁwths enﬁﬂaaskq@é&eb;?w@hﬁﬂaﬁ g&qdﬁ?é%iéﬁ'x! hoped

par all anal ysi's unanpl 't 1 ed
to lea<ﬂ>tmfmmr digsovsdries i fmlaits ranging Roauweqtmeht ek dieerse to avgnpes in

sic 3602 FIE R kANl SOPLLD S TR Gy o

of geﬂmnidsnz(wmétﬁ(ﬁlﬁﬁléf% eNat gemetic 4 3iiati@Bet@8en AFBOS)t;individuals,
Ci 309 5741 1728- 1732 (2005); Nat Bi otechnol.
adgifyorial Soe

tlssue%,

[0004] Devices for DNA sequencing based on separation of fragments of differing
length were first developed in the 1980s, and have been commercially available for a
number of years. However, such technology involves running individual samples through
capillary columns filled with polyacrylamide gels and is thus limited in throughput due to
the time taken to run each sample. A number of new DNA sequencing technologies have
recently been reported that are based on the massively parallel analysis of unamplified
(WO00006770; Proceedings of the National Academy of Sciences U.S.A, 100, 3960-3964
(2003)) or amplified single molecules, either in the form of planar arrays (WO09844151) or
on beads (WO04069849; Narure, 437, 376-380 (2005); Science, 309, 5741, 1728-1732
(2005); Nat Biotechnol. 6, 630-6344 (2000)).

{0005] The methodology used to analyze the sequence of the nucleic acids in such

new sequencing techniques is often based on the detection of fluorescent nucleotides or
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[ 0005] The net hodol ogy used to anal yze the sequence of
the nucleic acids in such new sequencing techniques is
wotden2izased on the detection of fluorescent PCT/US2007/007991

nucl eoti des oroligonucl eoti des. The detection

instrunmentation used to read the fluorescence signals

on such arrays is usually based on either

epi fl uorescence or total internal reflection

m croscopy, for exanple as described in W»641011,
oligomuCiz00 067 TDheodetpybipOngggnentytion wieditoredd thatfmoneskence signals on
sueh & R B e ST S e S L kBAR BB ion,
mlcroscmipusfo,r exednp]rbise:leséminﬂd in GVOO6EINA 15 060Gy Opdrad/ Dﬂ@ﬂ’? 2892.

) Q.. co S|n heatin tens u idic.c ntro
whilsf gt pieF TR B iR RSLORk P begh el toitied 1D G dle tna
ampllﬁh@ﬁmleoﬂlbsmimamtﬁ&ﬁ'ﬁa&ésﬁ Erolbusg, zéuhme,smht V6l DDA sE@lencing
Platfofi (8 & CEUBRRAEREE YSerat T CHR RIS Qe 1 Giiftion, contro

of theHtiBal'bRHSIhapd th AMGBCASHRRAM, GAL fdﬁ\ébﬁ%eaé&n@y of 8IS
for fast reliabl e sequenci ng of nucleic acids. The

compengni i desqribed persipfastheist imese and ot her benefits
which will be apparent upon exam nation of the current
[00064 i £ ilhgrs i coatiaping nesd dorhediar. asoresemirandapom qeonomical

devicdsMaNTLEMs[BP Bl rdifAbALh QR iSRS RlcRi D 8L NThE Brrent invention

i nvention conprises systems and devices for sequencing
providpsdhese apd oghas depeafiis vdieh wéll b appasoritunes examinpsionsd dhg eprrent
qmcﬁhﬁﬁgﬁ<Hb%%@5n&?@$k£ates wherein the substrates can

conpri se unanp I ed single nolecules, anplified

singl e nol ecul e one or nore col | ections of arrayed

beads, or vari &MM%QF BHE ¥N¥F¥N5F10Mhen used for
100073 S RrighE e R 07 IS bl Bpmif Batei dhd devices for

sequenciny e log aidre @Sl)dlh&]@bﬁ&tﬁ dTH S50, cad. e uSétittB @hage planar
[ or attached to bgegs that are

directly. a
substigiss: Whebin ihg SHhge SheieinREED SnimpaTicd Smels wolsehles amlified

singleSMfeBitlel e d3QRbre®oliBdt] ohs BB URAYUEHdAQY Sorl BRRRE ESmbRabons
buffers, enzynmes, fluorescently | abel ed nucl eoti des or

thereqf} |Vbeseddor sravienging, the pyaieme 6t aptiongilylcomypaise a planar solid
substfd leWl‘l?é 8194 oidSdre FollSIBGRILY Hﬁﬁfé@@& Ere sty L2 Aﬁ%rectly

regu ates heterrperatureo e Su strate an
attachef eor attagher 9 beads gt ateaipt@yelﬂﬁemramd @bthgisubsitate;ct Bwid direction

e TGO SEHANHbLLISH R 1 5 B by
labeledonictrotiaes bso@gnnuotmhﬂays, elntintol doade)c,t wathl thg Ipblssmuleoe‘des a
tempe{rﬁt‘u% f%ngx;oz S8t scle rth%ti reeg‘tlg{é )th%rt r%%é{eaé%r o?rtﬁg %bg a %Xa%d}or 19 the
reagefis; an thax:aC@jZBtemrfBr abtainithgooiat diternal teflestdon lllun‘unatlon of the
substrate with a uniform beam footprint (where the shape of the footprint is optionally
controlled), a light source (e.g., one comprising one or more lasers) for exciting the
fluorescent moiet(ies); a detector component (e.g., a CCD camera and objective lenses,
etc.) that is proximal to the substrate and which captures and detects fluorescence from the
excited moiet(ies); a computer, connected to the detector, which has instruction sets for

controlling the various components of the system, acquirih g fluorescence data from the

detector and optionally for determining sequence of the polynucleotide from the

fluorescence data.



etc.) that is proximal to the substrate and which
captures and detects fluorescence fromthe excited
woeioetitizes) ; a conputer, connected to the det et DUS2007/007991
whi ch has instruction sets for controlling the various
conponents of the system acquiring fluorescence data
fromthe detector and optionally for determ ning
sequence of the polynucleotide fromthe fluorescence
data. [ 0008] In some such enbodi nents, the substrates
{0008t an be Imsomd suomgmpedimentss thtesubstraes £an oy moved away from the
e S
detectol hERREE clinctade 30k HRER B e CANHI Ry @iE W el e
tempeahtucarofithé yulstiase(er g Aotallonspdl pmprase egadtiont ©. ;)mcéeml steoh In such

embogFRGHit MBI POt FTPATE § SoBDP RNy TEOpRp b ort (el
optlomrytdoﬁ’lﬂu@éi' conlieliéd aThéYedlivigi deviceaan be adoBEpktitcdhtrolled Peltier

cont r ol Pel tj.er device or other t 1 ng/ cool
devicg QR pbRE REAINEIE00 ik CAmPARTS (5t POV 5t PR ULiarthy Rgming stage, or

the st8de7G®, opBionilNemdva 66 ehstite fHAL tHRITRItoF 18R Sorftact AT shb&tate.
the Peltier is in contact with the substrate. [0009]

[0009} N the Mahd PaufoREREITRBAS hBRAE tHe sam&aﬁatﬂaatdomlﬁlse aflowcell.
nprise a flowcell Fl owcel | s can have one or

Flowqq“aucan Bays Qe @) 1pre ﬁkm#t%chaﬁ@elga |“glmmh§aqlwci€§tlde is displayed

(e.g., WreRliAvRD fmgﬂeodeie@ b dirdch§ aRAENEAUS eOHbEESI BF @/herem the
directly ched to the flowell or wherein t

POlyﬂB§l€9h@R§I aé@ﬁtt@rélgdafp eng ef merrbeads agaEchbuPITHE flsémél) and can be
compﬁ%é@&egaéép 91“051'? epl{xétf&v\&el'e{r)ou@ %gm%mtl%ﬁs ¢ sed of

ass SI|ICOH astic, or various conbl nations

[0016] h er e0fp ¢ %Cédehxﬁ%HésC@Je AdiiAERhS congBgnérﬁélgﬁ thesize a

| ude ¢ onents to synt €Sl ze a secona sequenc )
seconcicmpueme oBpleniantatydo dlreotsy onmere pedynusissitides.i dhe synhesis can be

perfogﬂ\élgc{ E ﬁ%fab% l‘gl legfidééj %‘u eﬁ lpeqadﬂg%ﬁgl lﬁflg%?tak ?‘f‘rﬁxmre of

Rdi'Vi y or as a mx
nuclentidd:se ot adlabeled bligsnuchdaeidesl Bl thgeascofdabelded sligbmddwides, the

e S oo A0 Ber i BNBHERRP PR G biGh sbodl oS0E:
deter@inedo Mgl |gedlédigudlanideg cae taethefRdm dihRudrédtehad labeled

nucl eoti des can take the form,of fluorescentl. | abel ed
triphqsphafie, sHEh 62 copipRiR RIGRKIRg MOiFtY 1o comtgliths gd ﬁ‘%%@pg gpsure a

smgl&ﬁﬁv&é&ldetlb addsdliotdabi paliduSBstidE PhesflcloBhdréCal Beiafi8chied to the
dded to each polynucleotlde The fluorophore can be

blockamg Beiey which gan be detedgpt ths Tiaesitign ofibe speaseon B dedadiached
throu E thd fuckeotiRYabd @Rowh 4 ifke YRR can %Etleﬁﬂl)h?e AtirenRthg the same

hrough the nucl eotide base throug I 'nker that can

condigiont aneemayabef heddoddngmioiriy+ Wbe Siaker andrilpekiing saiefy may be
cleavgﬁﬁ?&glthéjgarﬁé’x%a élggkl ng noi ety. The |inker and

ng noi ety -may be cl eaved using the sane
mmﬁeagent Fir various embodiments herein, the Total Internal Reflection (TIRF) system

can comprise, e.g., a lamp or a laser. The system can comprise more than one excitation
lasers that can be coupled through a fiberoptic device. Such lasers can illuminate at least
part of the same area. (i.e., overlap). The TIRF lasers herein also optionally comprise a
shaking, vibrating, waveplate modulated, or piezo-electric actuator squeezed fiber mode
scrambler to make the optical intensity substantially uniform over an entire illumination

footprint of the laser. A number of mechanisms for controlling the illumination intensity



[0011] In various enbodi nents herein, the Total
Internal Reflection (TIRF) system can conprise, e.qg.,
w@2doanps7es a | aser. The system can conpri se noPET/URENT/007991
one excitation |lasers that can be coupl ed through a
fiberoptic device. Such lasers can illumnate at | east
part of the sane area (i.e., overlap). The TIRF | asers
herein al so optionally conprise a shaking, vibrating,
wavepl ate nodul ated, or piezo-el ectric_actuator

and unjfprektyede Aesseibedbersins cFamihape of $heniiRes alspccaghe) ussfl to control the

shape bf RN oRASHapLEne! | Y uni form over an entire
illumnation footprint of the laser. A nunber of

[0012]"EChan§ERie{afor CBMPbARLAL iR thd $iidus lePoRfthéRE herein can comprise
Intensityand uniformty are described herein. The
one orghareeotjéctiviederfsehardditiong! wha lénses sodutafocusraystem thatadjusts

- o : . Con f ot [ T
cither PRS0 SO Rl MR AR Bl g s
remaigsin foous) bpseal diler(@) appyopriatb jt@ ahnsmit klesmissiona dvb vielenge of the

tube |l e S n.aut of ocus syst.emthat adjusts epther .-
fuoropfigiés o5 Bt R0 il S A o Bl B k9 eiP (P St for Hecording the
fluoreSd¥n€€ EiVRidreiishahe fluorophsitss Sfok BrarBplR Sl dhate dipdddeviide (CCD) -
focus, optical filter(s) appropriate to transmt the
§¥PER- wavel ength of the fluorophores and bl ock the

ight fromthe excjtation source, and system f qr
0013} , 001 TGS Hl oot e A GBlioR WP DR ARG more fully appaent
when tHe NS @staildddesEriptidt] B rdaced@ifurcabR vath B8 \deE&@mpanyin
i (CCD). or simlar canera. [0013] Tﬁ-‘ese and ot her panyme
figurep gnd Glay8s-of the invention will become nore fully

apparent when the follow ng detail ed description is

read i n COBRIBF DESCRIFTTION GX THEDRAWINGSUr es and

cl ai ns. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0014]

Figure 1, displays a generalized overview of the major
[0014% onrpon&figerect, displaysengdnaralizey svenviast of the rhajoeodmponents of an

0015]  Fi e.2, displays a photograph of an exenplary
exemé‘?@i%]ﬁ{e& gf%'&'f‘wg‘ﬁf'i on shown without an encl osi ng

hassi s..or_covering. [,0016] Figure 3, displays . .
10015510 S B <GP GiP B ariedogreph B L Frempae e ofrpdnvention
showRakhbuba ereising HasEE ofts@MRIENt Wi thin a system of

the invention. [0017] Figure 4, Panels A-D show

[00168xenp| EFiguroMfdigpliyatd stgogtph bk exdibplalyOfldStelEilgny ébjective,
Panel s A and B, shqw one nethod of formng a

and fipbpryoptic; Ipses ArpRRERTY T BAXF™YT tBA VAP HPRns i ssi on
[0017? pectr aFiglfxrng,tIyarngps AgJDa gl'?o E)?gnel{l)larB)) configurations of flowcells.

or si

[0018] Figure 5, Panels A and B, show one method of forming a flowcell of the

system (Panel A) and a transmission spectra of Foturan glass (Panel B).

[0019] Figure 6, Panels A-E show an exemplary possible etching method to
construct flowcells herein.

[0020] Figure 7, Panels A-C present exemplary schematic diagrams of possible
fluid flow components/arrangements of the system in push (Panel A) or pull (Panels B and

C) configurations.

[0021] Figure 8, shows an exemplary heating/cooling component of the system in

isolation from other aspects of the invention.

4-



[0019] Figure 6, Panels A-E show an exenplary possible
etching nethod to construct flowcells herein. [0020]
wo-k@ane37d4 Panel s A-C present exenplary schenaP@T/US2007/007991

di agrans of possible fluid flow

conponent s/ arrangenents of the systemin push (Pane

A) or pull (Panels B and C) configurations. [0021]

Figure 8, shows an exenpl ary heating/ cooling conmponent

of the systemin isolation fromother aspects of the
[0022] nvent iFéguiedh paelridgrmegent pehematic Aliggrpme o€ possible flowceell and
ﬂowcﬂfﬁ%@éc& u?zg{o fﬂIe 18?&?##?\' e fiowcell and flowcell

con gura ons o e |nvent| on. [0023] Figure

002315, SRS A5y R SR SO SR S AL SR

embodnmnt n@mcomvﬁann csbnpmmnbvamhttdﬁ ¢hd haatimgl/cbohing demponent and
Pa |c of e heat i ng/,cool in
the ﬂo(vceﬂglr?é éﬁanel I apl asc ‘ffga%‘fﬂ ehcat gtzlmgoc%o é%nents in
relatloa)temﬂhaircybnﬁjpﬁélﬁﬁbf Basedmplary 5}&&2ﬂIPd?legBDe 11, Panels A
and B show schemati cs di splaying an exenpl ary
[0024F r arrE\/\thiguifeollj iPagels MEanIDB ishsw sthérastiplisplayiag an eraiplary

/co [in d flowcel |l hol der .copponents ;
rrame §REk TR RGe, PG ere B s BEPRGRE and Hlohicell holder
comp@ts QU ahd @mekahplafﬁ@&%ellzlewmeg ddustifeas edtiffzudation (B).

pi cture of an exenplary enbodi ment of the system

[0025F5howi n gi‘lﬁﬁwml@fé@eﬂﬂ@dl ﬂiause Oarnéx entifary et mEA T Ghe system
) ures f{. ﬁg res vari ous optional
Sh"w‘E%ﬁmO& i29ASOBHINE § a’%’SteF} ght sources, and other

ts in.t stens herein. [0027]

lﬂﬂzﬁli?"pon dgures\ - Hglgy %%Hﬁé(ﬂ’a??sc‘?tﬁo&?{ FRMAIBIEions AR gﬁemeras light

sourcddi mstheﬂsmhﬁénemﬂﬁ th@ §@%i®mé RetéAf.i OUS en‘oodl nments of
the systens herein. [0028] Figure 20, displays an

[0027p pt i ongtigerRAFLIE RhoRvadold RheRlakie dTdrVeathSPapé bk f€ensions
stenms_ and devices_herein. [0029] Figure 21,
for TIF | lasars it wariqus embiogimeyfts gf Ws@msdwm beam by
olishing the end of a nultinode fiber out [ 0030]
[0028% gur e Eigureh displaysanpptional gmbedimgpeofmT. ﬁ%&éwpwarfg;r use with

the syEﬂeh{searn%l RVkef hifef, Wheel configuration optionally
hin various enbodi nents herein (A), as well as the

[0029% pect r LImgﬁf'e 31 GAGsthkd L @ERidn bf" aeéq?ﬁfqusctr ®ehBWy polishing the end

exenpl ary f1uorophores excited the | aser
of a madipsiode fibhsoutput.
[00301 Figure 22, Panels A and B,, illustrate an exemplary filters and filter wheel

configuration optionally within various embodiments herein (A), as well as the spectrum

of those filters in relation to four exemplary fluorophores excited at the laser wavelengths

3).

[0031] Figure 23, illustrates an exemplary nominal 1G design, 30X K4 System

Ray trace of the optic components of a system of the invention.

[0032] Figure 24, shows the 30X K4 imaging performance of an exemplary

system of the invention.

[0033] Figure 25, presents a schematic diagram of an autofocusing feature of an

exemplary system herein.



(B)- [0031] Figure 23, illustrates an exenplary
nom nal |G design, 30XK4 System Ray trace of the optic
waeompoeiamt s of a system of the invention. [0032¢T/BSmar/e07991

24, shows the 30XK4 i magi ng perfornmance of an

exenpl ary systemof the invention. [0033] Figure 25,

presents a schenmatic di agram of an aut of ocusi ng

feature of an exenplary system herein.[0034] Figures

26-27, displa hoto%raphs of focused and unfocused
[0034heasur dfigures ’gﬁag'é displayphasographeffiorryedandfunfeeused

e P B BHE D! e e R RBEI 6
[0035§ 10V 363058 Ghrcldifs PUTREF: B rlERSREESAokeLe aci d

| usters~as a func uster nunber "and

o0 1 TGS 459 A oA AT o
a funasfonrufebtal cluset dumbersirel mimmdnt Hester sregaedeteotgd hiytan entisodiment

syst ens/ devi ces of the invention. [0038] Figure 33,
Oftheﬁéﬁeeq%gnk D show the effects of three different forns
f physi.cal ti.on ta a circul.ar .gptical fiher on
00377} o oo i B35 By ohios G e ARhlsicty pht i
sequeacingeavitinthetdyetehishiavicer s thetiheedtioght enmergi ng fromt he
fiber uniformover the integration tine of the imge.
[0038) 0039] Figgue 33 FhneBandd show Bhesdffems dfahmkefdffeenoforind lof @hysical

different. farns_ of sical .deformatjon. to . N
aforfalio e isp g ppicat BT s poRm R kinednuR e o oybratin or
squeekzii the Bieer mdkéy dkiliplt OneMMCR3nNe fiber fhnibsin 6vdc@be fi€zration
. lfjntght energing fromthe fiber uniformover the
ume ¢iPEYPA8G-on time of the image. [0040] Figure 35,
anel s A-L display the effects of various, pode )
[00395 cr anbl ¥igyr HPaeloh T SRAVg st ef] chmfr thregifiibiershinsms o€ physical

deforfHafibR i AtedRidSa! opticREfser oh QR4 BdanTbaiefding roBd METILRRE Vibrating
possi bl e arrangenent for a dual canera system

or squaepgithe fibepmakessthe dighhemenging fomthe fpgirifam aygswke an
imeg,%ﬁgmgjl,ﬁg ftﬁg%%.%{[ent of the invention containing 2
t

cameras for si aneous recording of 2 colors on the
[004032E | "RdGre 35, Panels A-L display the effects of various mode scrambling

schemes on emergent light from a number of different optical fibers.

[0041] Figure 36 shows one possible arrangement for a dual camera system

embodiment of the invention.

[0042] Figure 37 shows an exemplary embodiment of the invention containing 2

cameras for simultaneous recording of 2 colors on the same image.
[0043)] Figure 38, shows a schematic of a A/2 waveplate.

[0044] Figure 39, shows a schematic of a A/2 modified waveplate comprising a

number of differently orientated sections.

[0045] Figure 40, shows an outline of a mode waveplate modulated mixing

system of an embodiment of the invention.



[0043] Figure 38, shows a schematic of a |/2
wavepl ate. [0044] Figure 39, shows a schenmatic of a
wo @ 7meafius i ed wavepl ate conpri sing a nunber of PCT/US2007/007991
differently orientated sections. [0045] Figure 40,
shows an outline of a node wavepl ate nodul ated m xi ng
system of an enbodi nent of the invention.[0046] Figure
41, Panel s A-D show phot ographs of an illum nated
footprint area froma nultinode optical fiber and
[00461 esul t FigurerhiBanaly &D gw phdtogmaghsof 4 dlghinatsd fodtprint area

o { USRS SPAEL o I, 1 550EL 5 B0l ) B e o

waveplawsn nul ti node m xi ng t hrough use of wavepl at es.
[0048] Figure 43 shows a dual flowcell hol der
[0047¢bodi Migared2,tHanelsry and Badispda thetsobstantha nsfority of a laser
eratjons can b _er.ggi d.in paralle] in order to

Q e
footpriatanh SFam Ry ERUE UEIRT YHEPHAent . [ 0049]
o048 927 Wi B0 S & B O RO T i st

that chdrhisttly optiations 0D 0¢ pEifginicd] it pafdieVs GideLiOMpkidfiYe the scanning
. teﬁg)erature regul ati on conponent beneath a flowcell
time of {be BISFUMENt-0051] Fi gure 46 shows an exenplary fluidic

al ve d ex ar nifolds (e.g., for use wth
(0049}, ¢ ¢ omIfiEwye 5%{%@’ sy, oereplaty enbodimggifot hptiom flow
flowceNs; PRk Yarld $1déhtsp PERIVBlu@finkthsh 1 nvention. [0053]

Fi gure 48, Panels A and B show one possi bl e dual

[0050f | owcelHigaRnds ghtvad AP BxchpihiaeinBY@Rirk 98eulh@APAdmporidnt Beneath
49. Panels A-F show various exenplary bottom

aﬂowcgﬂﬁéﬁarﬁ% regul ati on configurations capable of use
with baottomflow flowcells of the invention. DETAI LED
[0051hscry Aigere #ooosys amexemplaryfluidicowah a1 esma!paganifolds

(e.g., ENUsE MR tARSAIR tioweAohBelRNal yze a | arge nunber of
different nucleic acid sequences from e.g., clonally

[oosz?mol | ilgguid #955oW0hE S Sp ENAN R EIAMSve &F the PiSkiba, Of

roman array of imopbilized beads. The systens herein

[00533F € OPtFighAd 4, PEHElsUA ahdB S0l one%ﬁﬂﬁ%[&ccjﬂlﬂ floWeell configuration
. conparative genomcs (such as for genotyping,
ol the invention.

[0054] Figure 49, Panels A-F show various exemplary bottom temperature

regulation configurations capable of use with bottom flow flowcells of the invention.

DETAILED DESCRIPTION

[0055] The present invention comprises systems and devices to analyze a large
number of different nucleic acid sequences from, e.g., clonally amplified single-molecule
DNA arrays in flowcells, or from an array of immobilized beads. The systems herein are
optionally useful in, e.g., sequencing for comparative genomics (such as for genotyping,
SNP discovery, BAC-end sequencing, chromosome breakpoint mapping, and whole
genome sequence assembly), tracking gene expression, micro RNA sequence analysis,
epigenomics (e.g., with methylation mapping DN Asel hypersensitive site mapping or
chromatin immunoprecipitation), and aptamer and phage display library characterization.
Of course, those of skill in the art will readily appreciate that the current invention is also

amenable to use for myriad other sequencing applications. The systems herein comprise
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SNP di scovery, BAC-end sequenci ng, chronosone
br eakpoi nt mappi ng, and whol e genone sequence
wa@e@ened7yd , tracki ng gene expression, mcro RNECT/US2007/007991
sequence anal ysis, epigenomcs (e.g., with nethylation
mappi ng DNAsel hypersensitive site mappi ng or
chromatin i mmunoprecipitation), and aptaner and phage
display library characterization. O course, those of
skill in the art will readily appreciate that the
varioys gonghinationgeioptiaal, meghanicanididis, thermaly stectrigal rapd;cgeputing
devxcgg/%ggcé W&pgﬂe%s@rﬁﬁd rﬁ@}e' iﬂﬁ§b I-BQ@ At & Jﬂg{lgﬁ th certain
COMpri sevari oUs COMDI NAt1 ons’ of. 0 ical, [ ca‘f,
emboflinggnds the itwmﬁlm|l$ digktaed toveats pamdulao mpnﬂgurgnons and/or

combiElAEE SRREREM e BoFU R ot aRp Bt en 80 o

embotinehitg ﬂﬁfe@ﬂiriﬂybwﬂmﬂﬁs@ﬂlﬂ tsprutsasr pafiitl guoafipomnsions (indéss

éa{ﬁb nat of  such aspects, those of skill in the
Speciiigatly t’ftF é‘? Prate that not all embodi rrents

ecess nprise, al | ct.s or, parti c ar,. . .
0056101+ oA arieg e BeaL&ptesS oF Fiedny tyicBiks BytirgH dp Figgye 1 which
show$ &QEﬁémﬁblﬁr)bI‘ﬂﬁf imhdifig e6nRHBhti S HRLbAKUEht A&ig¥aBbdigient. As

are outlined i_n Fl(%ure 1 whji ch shows an exenEI ary TERF

can be S 1ﬁd’1@gﬁf 3 &HFdafi b‘f?%fnog‘ﬂ&a‘glﬂewgfﬁtweé’éﬁeﬁﬁ e flow of reagents

(e.g., @lﬁbﬁﬁbéfﬁ RlicleO8d&2 BuliBrsS &fYniel, &bl F;S réagefl{suét@ Y48 lchneethYough)
modul e or device 100 directs the flow of reagents

flowecell 140 and wasteowd en i 20 I Resticwasembrpiments, therflgimead! comprises
clusté%é 8@(&9&0 ra@i@%ﬂh@nce@(& g) of SbdR Q@O 11060 8ads ikl ﬁj (!o bl:lo

wast e val ve ) cgartl cul ar enbodi rrent S,
sequempmémh ar® nptw@aéb/ a:ttalqb@ whgsubs@@t@fdhaﬂoaveséq@sewdé 8s

opt1oﬁeﬁ C?Qothexo n%ﬁﬁnléhtsz Oﬁuelﬁ)cgw éorbdn@;{gsgl%no e& beads, where

uence are o atta
each bcﬂgbiptmdly)ﬁonthmsfrhldwpbl dopleasof miﬂgl@seq@pndm e prepatation of

ne The can al.so rise an arr of
such GRS B Berrdtfed adblifing i £ Dadeep ot SGRIGuRE RBeRihAY o8
describediie $ISFN 6,19R2/21B6or W Q0e06%849(Bead eppbidi hadleiefacklich
eads can be perforned according to a variety of

amplilicatigt)aues, for exanpl e as described in USPN 6, 172, 218
r W004069849 ad emu) si on nucl ei ¢ aci
05T ) 1 ER et S5 LB SR A0 and

hcatet/ewslr B33)"ehistt Bdd OfticallyaéQllatd 3Kk RithehRddetst/ waaltRhs of the fluids
whi ch can optignally regulate the tenperature of

Wﬂhle 6‘?1‘-‘dﬂ?Y"6‘ﬂk &7 Cxplained felrs? werRRTemhedimegiicean comgse different

conﬁga(rﬁhéhs"@ﬂhb Bk o/YSHl MDAk TERE %o%@ll%ﬂmnht%?ed and
ferent confi guratl ons of the heating/coolin

sequengingdn &aeked, b camepnexsiam 140 (g & 6@ campre) éz@agheﬁfm gpract with
varioh$ filtERGKAHN FiRter Q@ﬁ@ﬁlﬂg %Xs%% 149 165 Shjectved43, GATBSRbing

whi ch can I nteract w
laser/focusing laser assembly 150. Laser device 160 (e.g., an excitation laser within an

assembly optionally comprising multiple lasers) acts to illuminate fluorescent sequencing
reactions within the flowcell via laser illumination through fiber optic 161 (which can
optionally comprise one or more re-imaging lenses, a fiber optic mounting, etc. Low watt
lamp 165, mirror 180 and reverse dichroic 185 are also presented in the embodiment
shown. See below. Additionally, mounting stage 170, allows for proi:er alignment and
movement of the flowcell, temperature actuator, camera, etc. in relation to the various

components of the invention. Focus (z-axis) component 175 can also aid in manipulation
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various filters wthin filter switching assenbly 145,
| ens objective 142, and focusing | aser/focusing | aser
waswend7ys 150. Laser device 160 (e.g., an exciPEL/Usmw07/007991

| aser within an assenbly optionally conprising

multiple |lasers) acts to illumnate fluorescent
sequenci ng reactions within the flowell via |aser
illumnation through fiber optic 161 (which can
optionally conprise one or nore re-imaging | enses, a

and pdsithaning pf varions senipegente (e 8., denswebjectivahpSudbcompanents are

opuonllﬁng ogémn;_e%v 0§le¢1 ﬂbggsggtkc?n]d?ér e&%gals?(# gv?]tgﬁ g ?Sﬁ%ﬁg fs{lrﬁcathnze It will
be apmtcagted Q thaillustxsncﬁrtsrhqmm pey oﬁaebdegmimytenamﬂimm med tarefhot

necesipiifp o RS o R SEALSARERMERTS cuf TR Srvdhfienihan

compifisecd] e fent p}absmenmmnmmed& Feladve &l gz aiotherife.g., embodiment A

compr(lgsg'ﬂnela%tr caR r 6% r)glglg%l{;gf w l?ge];{nl\éa | oﬁé]ﬁt%g %?ggsn a Is‘neater/cooler
compd@f¥nt Badatlyitoflganiz.etc.yypon a franmework and/or encl osed
within a housing structure. It will be appreciated
that the illustrations herein are of exenplary
Definilolsii rents and are not necessarily to be taken as

[0058i ' m t ' '&f%r-gmf&cnl;lﬂé tlfe;ﬁ@mn? 111\%*1(18[? P iiad qp%%'ﬂ%%‘?ﬂefs%d that

er ent cement onents relative to
the mmloartmme ns e, lgmteém@élwmnpamcwlmal@esmms or biological
er yr nt B
systcrHse %h%l/é geg 9 ﬁeﬁé r%g o e? glgé ﬁ%gg lel?f?er god g% 1 te terminology used
heremf is (ﬁm:mb Ipurmise of dedoeibing partodaf ﬁﬁﬁﬁqnnﬁefmrﬂy,ckeﬂas inbt imgended to
n.in

. the ti g7
be tinifif PAS BEH i SPru Bt e B hipdrded i e sipgpiag fogas “a
“an,” unsda“IWB’l’ lhomafetplﬁtall seferent \Biless Altd etshtéxt clia@lyattatds otherwise.

st ens ch can, of coyr is also to b
Thos, JEereiodoiericsth e Aorrpiiopoigr iy die st FomBimegon phavo or
more PBUWREIEE afll tikelsied, | bi ng particul ar enbodi nents only, and
is not intended to be limting. As used in this

[0059? peci fiLahdeamerdifl tha ferARPPBHALCIEb@dd ™ or “hilBlefd AGEFkfer to
" "an," and the i'nclude plural referents

deoxymbpes%lexcr?@l%@iﬁé%tb% Mehere gprapRiate dhe Silhed sitisan wilhireognize that
the syEt@fnsea’ﬁﬁ'Hébfces hedef] &CAsd Be ulizddWEe l‘k’°?‘?°gév\l,c'°; g]EFiSdM\; %)d The

I ncl udes i nation of two or nore ,
termstsh@ulmb;@emdpx;gglgq to Agclgggdzs Revigpkgntst m;altpgg ofeither DNA or RNA

made g%ox§ﬁéig$t?&1 n%fo sOF[‘ Q%%EA sCusgg Ih n {11@(]3 gﬂc %asses CDIt\Iﬁ‘é that is

ri bonuc ere ap ate
compleknienkazgl, taTthpsaBM ptoduuecxbgnmzam RNt tetrtléatsy@t ensnplecy the

action oefvrg %&g S%?E,ta%?n al so be utilized with ribonucleic

erns shoul d be understood to include,
[()060ils equ "ﬁaael s?ﬁ]élg su%@d%%?yr&fcle%hh %{ol% seqﬁyéed by the systems

and devices herein can have originated in single-stranded form, as DNA or RNA or have

originated in double-stranded DNA (dsDNA) form (e.g. genomic DNA fragments, PCR

and amplification products and the like). Thus a single stranded polynucleotide may be
the sense or antisense strand of a polynucleotide duplex. Methods of preparation of single
stranded polynucleotide molecules suitable for use in the method of the invention using
standard techniques are well known in the art. The precise sequence of the primary
polynucleotide molecules is generally not material to the invention, and may be known or

unknown. The single stranded polynucleotide molecules can represent genomic DNA
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made from nucl eoti de anal ogs. The terns as used herein
al so enconpasses cDNA, that is conplenentary, or copy,
woria7peduced froman RNA tenplate, for exanpl BPChyS100w007991

action of reverse transcriptase. [0060] The single
stranded pol ynucl eoti de nol ecul es sequenced by the

systens and devices herein can have originated in

singl e-stranded form as DNA or RNA or have originated

i n doubl e-stranded DNA (dsDNA) form (e.g. genonm c DNA

molechlesdrgnthamapgRnamic BN intlodingdmth intrcanst ened segeences (coding

seque{l%éée%se\?]/é—lz Q% P@n % Jﬁg ?%%Jtlz{t?ﬂﬂ g Ql?éeg QH&* & rrrgﬂo& %Pa\éldté%hancer

sequenkees| ex. Met hods of preparation of S|ngle st randed
pol ynucl eoti de nol ecul es suitable for use in the
[0061fret hod Iofcetthia eimhoelnhém:m, the naglestmidiarbt soegobmieduamugh @se of the
ence

curren iR b FROEITESE 1o AOTRRICE & <3 GURBRS, HRartioweall o one

or mofib&ids alpoh @ shhﬂrdt&ﬂbiﬁihtds&rﬂoﬁé&ll EE:Y) EheBAMTirAmobilized” as used
unkno The si n | e._stranded % cI eoti de nol ecul e
Wé?"e pRxalent

herelr)clg ﬁ“‘re g)ee‘rlppo&]g M@CM’I‘@ 06 nonﬁeﬁﬁlﬁnt attacﬁment

unlesJPARIH cQNQ)wxsen ¢ltheli dxghbi@ﬁlyfbrlvytdo%x@nm E24Riin ERBUEIRERSs of the
codln uence) as as. non-codi ng regul atory

mven%rq e ajtaeliment maYohRoRIE fereade bRierasEdly %’e'aa%ﬁé@%mred is that
the mbIREGILY (é g rﬁﬁ:‘ié@ h&ld§TRRAI RhSbilizBE oP MEdBEE tdfHedupforP Ender

sequence hrough use of the current invention is
condlﬁlmmu whl,@b dt iy pmﬁnc&dstg tise thetseppertgfor exarsplisdn eppkcaiond reguiring

cle® dcbP L4 one or nore beads upon a §ubstrate such
e easca %%@' d , etc.). The term "imobilized" as used

[0062f€" i N % ﬂeﬂh%ﬂﬁf‘su& oft? %Mﬁﬁﬁxﬂ:gé” fieri@ln &éﬁgésg%%sed herein

Coval ent or non-covalent “attachnment, unless i cated
refersdo gy Wwhegbsubsiratea neptik ke ivhich wicldy acdntaxbe atltachcé,r auah ras for

0 Q Qvalent atta
cxm G TGRS Db NELER R Sy AL
polyptd‘mﬁertefmrfméﬁ pulyasry{@mide golsc g&lldcsuﬁraceis and atiamm wafers. In many
t ache rt. un

ernbog IR ichd ESlich FapRbteis  Efast SyrFte (B 6h o Lol thiace g fopvoell
channeD! IaxefRinenbbdapphis ciad Sdl)lﬂssubp&:ﬂ h’édyl’t@nibﬂsle&hqnﬁ@ k@bstrate or
e enci n e erm Sol| Su
matrix é"a’g it hag l%en[‘ g‘“’&é‘F’?i}zﬁdh ngﬁ@)ga)m;é}g by dhe aﬁg]‘éﬁ(‘\n pEa dayer-or

coatirfglofadWintddieti af idaterial SorRpridiRg Fdattiv® gifiips bvrﬁwﬂ;@hﬁt covalent
aci ds can be attached, such as for exanple glass

attachgugnt 4o gg)lechlﬂeésspp]& aggtplya\éq__lgotheat BY W ef pginlimiting example such

suppd?@ déﬁtlbfélﬁa@pél%éﬁfaﬁﬁde H? BER @Mb[%l’?edsdﬂ' E@ﬁﬁﬁ substrate such as
pol yacryl am dé gel s, Surfaces, and silicon

glass. it sck. embpdiments homalesules §polymecleasides) eandsotireckly cavalently
attachQLﬁ§ %héfﬁ&érﬂféﬁna(@mqtenaf &e Ri‘n@ﬂ%roﬁ&'} fbﬁ?&lc%tnteﬁn&ilmétknal can

itself be non-covalently attached to the substrate or matrix (e.g. the glass substrate).
Covalent attachment to a solid support is to be interpreted accordingly as encompassing

this type of arrangement.

System Overview

[0063] As indicated above, the present invention comprises novel systems and
devices for sequencing nucleic acids. As will be apparent to those of skill in the art,
references herein to a particular nucleic acid sequence may, depending on the context, also

refer to nucleic acid molecules which comprise such nucleic acid sequence. Sequencing
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channel). In certain enbodi nents the solid support nay
conprise an inert substrate or matrix which has been
woO tanaeizenal i zed, " for exanpl e by the applicatPCrUSi00z007991

| ayer-or coating of an internediate materi al

conprising reactive groups which permt coval ent

attachnment to nol ecul es such as pol ynucl eoti des. By

way of non-limting exanple such supports can include

pol yacryl am de hydrogel s supported on an inert
of a taggel Stagatedt amahs tet grerdof tlnmcrsronhlogidabdfrdwe of basehés established.
The bﬁg% agvlggz Ee(aB él%?ﬁ%egl?tﬁor; i ugf'i‘é‘ Sgrl i« g?xcth iss %ﬁe\fgljreec{]%oy does
every bg@rmgmlc)enht& fragreentriiage nebk setqaeIMCBiurai g tha leqdeseing be
S Qn-Cco v%l ent l%isatta.ched tott e sl{1 Str atte o4 th ;
eq“et‘%‘“é CAPREC OUk BB AY SYitaRkG SeUEREIng ?%%Enfv B

nuclecﬁﬁlek dr &H@@xﬁl{dledﬁﬁieﬁ arelRided b @Icpssetedl taa ERed! ngdlridsxﬁlsgmup,
Si.N this t pe. arr an nt., sten1 ervie
resultlps e%s ntagsis 38? ea&yaaéa%&ech%@ ng dil%efé?n i ﬁe nature of the

nucledtRIFAIAIEE $s ﬁ@i’&bbl?)ﬂ‘éie@ﬂﬁneﬁ%eg BXHCRR1dRide HABHRIAC 'S’é@uencm g
nucl ei ¢ aci ds. w || be apparent to those of skil

technipyes yfing pequepeing rbé Aigadomeyhareinmet gverycontgnels base 1Seﬁeauenced
and te@ﬁﬂlguése%ﬁrﬁgqnﬁwe 8%9191}?5 lQlPe %\h gﬁ&ﬂ% eNIPS lvﬁ%re bases are

r to nuclelic a nmpris such
removigddrancrather dhaneasided éx thesétméﬁ on rtg@suréacteaarr@ also ipggatlato use

wuhtﬂ@g‘y rﬁgﬁﬁd e\ég&%ﬁﬁ%&t}gn&ﬂonol ogi cal order of bases

ases at are read do not need to

[006426 Comlh MR enﬁd&dﬂﬁ%‘r&? etB #:Errér\,{eftnﬁl} i Wﬁﬂrzg%?&qg@f?&ﬁ%&r—

base on the en ave sequen
synthebis aSBﬁ)t He SB&y lﬁamtiumgescaaiwhbeiedgnmhfleéb eudlaotidesciroused to
ui tabl e

cih '
sequeif T3 lhalety b By RO b P BB MR B op e
surfack@fa substeatd'(e.By drmmdellg r Dhtpin veso iﬂm@mdsrksgsrﬁahe ﬂéﬁ:rtbf‘:d
vt TRt 5B e o 5t o i 1 e
with tHEb@tethB eald aéviess 1RAGH. 8L leaD! w@o:ﬂﬂ@uw OWOEeq maﬂw
techni ques usi_n seguenm ng g)/ i gation, wherei

Us7ogwq,(ng5}¢ppg@ﬁgu 0433, épqlggﬁ}:ﬁseﬁ)eg\’OOSOﬁSSl&l
(surfa8d! ftachindR ShhRfuks)P B W S bmmawogsmw%ar\aobWﬁ@ﬂ the

wher e bases are renoved from rather than added t
contenth of saghapigwhish armimcaporatedheren by setfer&nemtﬂhelrtennm

with the systens and devices of the invention. {0064]
[0065) n cer tTaipartigbardispeel the SYfﬁ@nE/dPY‘éﬁQ herpinethe flomcgtls Contaiging the

naclF A R R PRl s P L S copBifiae foyeet poldor o

the preequanvcetide ﬁ\sae‘icmls egbedignatts eihwhlchl agel dBNAbEd bemil yhe samples
for seHélérlcErpgganolfakg khlésftoﬁ{)@f sﬁrgfesr%mccﬁﬂs,t al}gplified single molecules in the
form of clusters, or beads comprising molecules of nucleic acid. The nucleic acids are
prepared such that they comprise an oligonucleotide primer adjacent to an unknown target
sequence. To initiate the first SBS sequencing cycle, one or more differently labeled
nucleotides, and DNA polymerase, etc., are flowed into/through the flowcell by the fluid
flow subsystem (various embodiments of which are described herein). Either a single
nucleotide can be added at a time, or the nucleotides used in the sequencing procedure can
be specially designed to possess a reversible termination property, thus allowing each

cycle of the sequencing reaction to occur simultaneously in the presence of all four labeled
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surface of a substrate (e.g., a flowell). The
i nventors and coworkers have descri bed vari ous
wa@odariizmal aspects regardi ng SBS procedures apdr/us2007/007991

nmet hods which can be utilized with the systens and

devi ces herein. See, e.g., W04018497, W04018493 and

US7057026 (nucl eotides), W05024010 and WDX06120433

(pol ynerases), W005065814 (surface attachment

techni ques), andWD 9844151, W006064199 and W007010251,
nucleqtities €dnEelt S).0Whkaie thegioupnideotides armmirqsdoaetber, bt palpmerase
. t i .
o ablef RLPHETARb LR fnidrh® ok chl pbien R BH B n single
base. doruch mletl@d‘s bé using [t sysmmbfsthermvestibm,rths agueal congpetitien

i ate hol der, of th .
berweBp 3 Fur lepiatives feepS B R ickintas? Wit wh Bt Ly g iSleotice is
presen:teﬁ chid ﬂ&a@h&iemettnﬁe (wieee mdsgdfake fajuenessuae eheigfotatiotiexlsesed to

efo qgs | e nol ecul es, . a I|f|ed5|nge
the cor LRGN * SHERGTT Y BT AL G bass S reRER. gne it apgther
(e.g., iOMepllyaRrdfard iddreised kk dny diRr Bétﬁieﬁt@ a® Wil Wgieaccuracy.

prepared such that they conprise an oligonucleotide

[0066pr | Mer Eid) fhae flow aﬂﬁpstaml@mww@eippwmaf&ge&@ to remove the
initiate the first SBS sequenci ng cycl e, one or

blocked #1 (eFaHus it appEnsidtal defl 8 ilerep %rﬁérwaﬁbwﬁﬁm%d base. The
substﬁteccan R pbsiGther & 26ddan@vaihd dahé FOnagbikehutRRiides, or

fluid fl ow subsystem évarl ous enbodi nents of which are

optionpdlytp jatseeonetoangd withe differens indiviglual pupdeatisiel daich giclgeare then
repea®d3Rd 1R s e&u@:ﬁé@of Cﬁ%&g%@gtﬁg Escxleggbbgﬂflf: ;ﬁggg!erhhkgﬁsttrg cycles. The

sequenci ng proce e specl I gne
comppigs spsst of the eurrentoinyentmmrdanaptionaliy dpgsr thy sequrnse data gathered

from Qflclh%‘m% rrﬁfi'{éﬁlec %ﬂﬁ?er%tr b%%tﬁtosc?eqéﬁﬂﬁé e #eaﬁ%fcleo& 1&9ger polymers,

occur anéou resence o
etc. Alﬁmﬁte@mdh@nnagbepro(:dk,sn@ and ah@memeebd perfdroied on a separate
comnulgleotldes are m xed together, the polynerase is able
PP§Tsel ect the correct base to |ncorporate and each

db th
006737 IS e HraRtbEPaiRe fimPorknfRAdng Pimerm Ret g dnf Fecton
condlﬁom)mthiﬂ the flostcetl @hamidls dlifcagdrit 8foratd MéSs/d:cﬁﬂéiﬁeﬂSQand

accurac tha rein onl e [
OP“O’b"’r]g’s‘EﬁFaﬁnﬁrat fers 6UPE A 9&19?@%&5 ¥t it Hame omponents

allow3BéI NGk sakRict hﬁb@éﬂfo@ecﬁﬁi suRtaPRSBAkdnds fdrendRpbr@fibn (e.g., the
nucl eoti de). Sequences where a particul ar base is

approp@a@ﬂ%e%ﬁglﬁ%ab@kd%{eﬁeﬂe%te b mccrwﬁ@&q)yﬂ@ksqmworated

reageRAARERARY 4w ﬁmbﬁﬁ&li@ mVABIARER o Whith oid ﬁ@wcell is placed
accuracy. [0 e fluid flow subsfgst em al so fl ows

allows the Bppeadbio Qﬁ@oué@gémwom arientatientfhe [45pEK eehes light) excitation
of the &%EM:H $nd b{au&%%p@ggi& %{ﬁﬁﬁgn Whg 1&1&6%@&%@9 '8 a6 @ Rea ading of

each 1| ncorp rate e substrate be expose
different dyeas afdhesuhstiated Additionally, other fompongds kEthe system are also

t 8l 0 n .
opiof) 5825 oA L1 b, B ERLER AR )

During laser excitation, the image/location of emitted fluorescence from the nucleic acids

on the substrate is captured by the camera component, thereby, recording the identity, in

the computer component, of the first base for each single molecule, cluster or bead.

[0068] Figure 2 displays a photograph of an exemplary arrangement of a system of
the invention. As can be seen, the system can be divided into several basic groupings,

e.g., area 200 comprising fluidics and reagent storage (including pumps and motors or the
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repeated and the sequence of each cluster is read over
the nmultiple chem stry cycles. The conputer aspect of
w0 b@7aed7sent i nvention can optionally align theCT/US2007/007991
sequence data gathered from each single nol ecul e,
cluster or bead to determ ne the sequence of |onger
polyners, etc. Alternatively, the inmage processing and
al i gnnent can be perforned on a separate conputer.
[0067] The heating/cooling conponents of the system
like foraquyoduding abrogatatingdhuia Slowi, heaers/ogolens fortprepdrirosgsat |
tempe?%%eé )azﬂ'? ﬁféggﬁﬁm itngr ceﬂra%ﬁgf 98%85?:%&%[11%114?&% or more
opt 1 ohal 'y he'cane a, gptics, an For ot ner
camezs wp singldr slpyicedione or neoré lasexs drlooverdighp smeoess oat bomotrde
subst r at rface,to be exposed to suitable reagepts.,..
sppropffit aplit i PSS & (SHRGAET t R ab BRI B S anyer
heatirlgddilliag fmnﬂ:mfgﬂ bfiee tempb@atirs e_eﬁcnagﬂs efthe\flovieell, a movlablc
.unincorporated reagents are rinsed_away.. opt i ona
stagi RN SH TR TD ST A B S GOBRERY POy OB EPRP | ows

devickdi€orhpoHae Withi tRE s PEHS) Ahd lafa® 20 RBEITistid £BbmbuRPnicdtle
| aser (or other light) excitation of the substrate and

(inclugling HamOry anehy Beeriiperfacgsuch s pglisplpe paned ppd keykeard, gte.).
all ow reading of different areas of the substrate.

00694 qi t i JFiaviey3 showrscr Phaspgrania pf 8 tlgveel dtlayyseld A0B) Rlagadgwithin an
exemgmg} ol Y Avakbaprdikdhah betiéd fiber 320'E SRIRIRA tb Nfuminate

ens oblji.ect ive, the heater/cooler, etc.). Durl ng_ | aser
the fleweslt Grhigh conthmsithepegleie @aid ssmpdes terkerseddericedbvBie amehjective

lens {:(ﬁﬁﬂ@)ﬁéﬁ??& O%iCHt ?fd)%?lﬁpest ﬁrﬁ&gﬁfrg g{eevzirﬁ)ug EH%SHJS éht)l%)hissions

e camera conponent, ereby, recording the identity,
once the flussopfwngriare illwminatedcbt a lagér ertashdsi light. Bdsreas ean beesehn in
. N I I e '
riguf BB o URE S5 T RE e BORL oERBUE B oo 330
whicls yarinent wfthe hppropristetreagent fisragenetbe The lowcelién Fymtre fis placed

witi xRS ol 70 CPRGHG. i psPred vegBRYAgE by droa 350). The

flowdellniol ded ikagpspHePowael se@ire irbthelpropepokigichdh réla@ek & the laser, the

. and.requlating fluid flow, heaters/coolers for proper
prismy &ga%*h lr%féﬁ{fé?ra'%lmfég%m@t@t? themaging Yriahbapd ahera system,
whild the W&qtlehciaB b © Sth&Fidvedls el FBwWRBR cBhfiPRfaB ok SR sBSforth
or simlar "devices, one or nore |asers or other |ight

below.our ces, one or nore appropriate optical filters and
| enses, a tenperature control actuator, e.g., wWth
[007Q)¢| t i er Theevariqngeadmdiments of thegvrient inyentierePreseri spvaral rovel

featufe@Raih QP i1Pbe biSreliaQWGRA not 811 TEMEHRL Sresh 5T PhREER A1
and notors controlling such to correctly position the

embogdiingris ynigesy speeificalvptatechtodefo) hFar expenplosthe gysterip derein can use
ovo GERRIGPRPEIIA oGPPI PG Q) Ul 08y uminae
samezmeh {eythatithd illemninaled areas, or footprints, of the lasers overlap).
Additionally, the current invention can contain a shaking, squeezed, or waveplate
modulated fiber (mode scrambler) such that the optical intensity from a multimode beam
is made uniform over the whole illumination footprint. The shape of the fiber may be
adjusted, for example to be square or rectangular, such that the shape of the illumination
can be matched to the shape of the data collection device (e.g., a CCD with square pixels).
Also, in certain embodiments, a single laser excites two fluorophores, one with a narrow

emission filter near the wavelength, and one with a wider band emission filter at longer
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[0069] Figure 3 shows a photograph of a flowcell
(flowcell 300) placed within an exenplary system A
wo awen23aeupl ed t hrough optical fiber 320 is poRCT/US206T007991

to illumnate the flowell (which contains the nucleic

acid sanples to be sequenced) while an objective |ens

conponent (conponent 310) captures and nonitors the

various fluorescent emn ssions once the fluorophores

are illumnated by a | aser or other light. Al so as can
waveld¢rgth.e Snch arFiggment gormalizge Hiesrelative fintopsedes ofrthe givo dives (with
the szugml %\Qﬂﬂ\g&nﬁth Pgt"}ég’&e"cﬁﬁ f81[th rgmttfi%J el(&/%?e %%QQNO\MH %much

connect e’ appropriate reag e st orage, e
weakei'] OleedrhbodimentgireeeiB alse qah a:oaq;rwe amovihg etage biichhehhtibe

.S, .in.turn ac on novapl e stagin
chemi i Qv Feauies e AT oGS Far BEipeh PR AR Pt BFruhent, bu
out of SRECoptecal trainh ermrsgplemsnmmlam dffenr@hﬁﬁm e aitofddie system to

| aser, he pris é hd| ects | illumnation
allow gulomagkinaging Sigmen fieseand camirip Rdlidics FYER) doLpgrroming on-

line ﬂwalid &hdnid&s Sﬂ%ﬂﬁhﬂ\ﬂal @Sﬁipbﬁent%hﬁfe sybtenr@dvice , light source,
l owcel [ conf | gurations, are set forth bel ow, 0070

camerafrréco §71 gPRONaHE SaThBaYSithPWh REWETFQUER OF SHPERY Plhean Optionally all
be poWERASHY oREMRER. AOWAl bE % fdERRed 38Rk e éémf%ﬂénté’ﬁerem are often

ap‘gr eclated t hat not al eatures are necessari | Yy
descripe@igeigelation gt in @mmtﬁ@nbsomretw herdompagients, thahthedvarious

compi o BB b, USRS o
work togethes Uy e spistemsAdeyices hemgimat e t he sane area (i.

that the illum nated areas, or footprints, of the

I ﬁ(e‘{,éelgverl ap). Additionally, the current invention

ain a shaking, squeezed, or wavepl ate

[007170dul atig@afibReEmbsRARNES fRIEYEEs Hetbh chhplisd 68 8PbeA!
|ntenS|té]froma nul ti node beam is made uniform over )
substrpies URAR Mhigh the ARG 5ds fé’d%epieﬂh?nceff e %‘P%‘}S‘ea‘é?c}‘teﬁ @r associated.

See, efd. PRIO 084413¢ RAWODLECU5E, O RUBIRINSI@mMBRLs SAER(Bstite is within a
rectangul ar, such that the shape of the illum nation

channgher osherared Apart of 2 Bownelp? Hie Hloncallstused i1 theotarions
embo&ii%\/én?seof(tﬁe nﬁorggﬁl %IBE E1gn§)6fﬁ?\hﬁhdudi\ln§91’cld 5&1d clusters,

certain enbodi ment s, e l'aser excites
e.g., abputo-8 phidliasclugsers mcharmehaEa@mp@mh Slusters cart glrve meat lengths of

at lea%I :is tb‘é%f?é’seilo? w;ﬂ S€ g np"h og %Enp esﬁs?&lrrc‘ gﬂa?%is. The

ran
systemoherain aaasgmhmter wg@bm (one bﬂhoﬂ bms)xﬁf stet]&ertoa@edyms(e g.,5

mitiopyelbic 85 SRR AR HaAbch 8 obiiehart Al 23 s oor T

polynecibotkigyent s herein al so can conprise a noving stage
such that the chem stry (which requires heating and

[0072% 00l i ngi)lgmamhaemdem anpldyensaxemphsy embbdiment of adldweil. As
can b% ge%g gl c&;ﬁﬂxg*%qf ne S {ﬂ%{qtg ﬂb)%vrcgh I3}08 ! csocl)'nlg)nste(se I’l])ase layer 410
(e.g., of borosilicate glass 1000 pm in depth), channel layer 420 (e.g., of etched silicon
100 pm in depth) overlaid upon the base layer, and cover, or top, layer 430 (e.g., 300 pm
in depth). When the layers are assembled together, enclosed channels are formed having
inlet/outlets at either end through the cover. As will be apparent from the description of

additional embodiments below, some flowcells can comprise openings for the channels on
the bottom of the flowcell. '
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all ow automated i magi ng of many tiles, and contain a
fluidics systemfor performng on line fluidic
web@ngex44 The i ndividual conponents of the PCT/US2007/007991

systenf device (e.g., light source, canera, etc.) can
optionally each have its own power source or supply or
can optionally all be powered via one source. As w ||
be appreciated, while the conponents herein are often
described in isolation or in relation to only one or

[00731 wo ot Aéwe chamsderblayer, cantaptionaldy beeonsumctedrsingesiandarg

photol? 1o %ﬁ?ﬁ%?@lghé VAT Whith' ¢ Iangg 3 ?frﬂ%%ké:ﬁﬂﬁ'{&é %aémhar. One such

connecte toge her int
methoglyghielrsanl by uewkinitbe eament Fhvantieh] mvpleT dxpdsing/al0@um layer of

silicor L ERPBEONE GRAGRY EREE) oY Do Mpect 1 fop Hichng or we

etchingequenced are bound, attached or associated. See,
e.g., WD 9844151 or W00246456. In certain enbodi nents,

[0074] he sumstvnab@ appredihiclitRaraviaRApREEuIaF fIOWBEI cAiffir@fons are
part _of "flowcell ." The flowcells used in

t he
Preser\raﬁr%wuehﬁ%ﬁlﬁgﬁ%méﬁwwélqt@9@%@%& b@éﬁke@owdrmg@g Thus, for

exam;m: | ‘l'drw% fﬂ’)‘cwc’eﬁEi hitefdin dUMerie Gifsieft SlHBLS 68 chﬁmgls’(h £, 1
about 2- lion clusters per channel. Each of suc

channgl, asctren%re@ahmgqlw qramere|chanals a5, 8 10,dSsr mgeishgenels, etc.
Additfo%'é}l%%g ﬁﬁ%bpgcﬂﬂh@ﬁ%%%ﬁnélgﬁf §iFRSer BHES BB widths

anal ysiI s eln can genera € a (gl gabase
(dlffel(eohbotbubeltwm Qiase@): indiffceenidlayecee pnd diffarentdefween channels

w1thngﬂ(le1|e| %11%0\/\/0 gﬁe% Zggﬁé)gxggsll%ﬁﬁ%eo hsgl %&% %Z{%gn)ed %r 8%%?1 ln%lgure

4B ard-1 00 pesdebp, amﬂréﬁbdmﬁmhawanm@nenEMpb@mmnﬁﬂaﬁﬂnme@fg&h&m
a flowell. As can be seen, the particular flow
depth {er8o épﬁm> orflewsareenth o8-, S0 dpy jAdditional exemplary ﬁ!wcell designs

are sh()@'ngn 'Flé\frep@t%ﬂl4!l§ét £, Qh@%eﬁ- QQ&)I 'mhf:’ncl‘ij:ﬁﬂEﬁ%such as channels
channel ©1 ayer 420 (e.g., of etch i con in

440 injBigure) 4Gy kaving Wmmnch avites enlbtagnglrouﬂshnom(;@m 4¢H — 8 inlet and
s oo bl 430, Bty 3904 P 3 MU B g
structtﬁmal sagrpolnz o A @ombﬁwldud)ﬂfmt shatnets, sindr asahel 16 Imﬂsagnthahheis

from

are descrl
(enanfi b0, f e ARvARBLEBE dcitfiid B pRSRiEs ' liation of
fluores@diioe ifsdn dpdllungsatédsurfdee aobiabned diffractidiclilatd dmmgihg. For

the flowcell.[0073].. The anneled | a can optiQnall .
examp ogh Hraien SUEVEL HGEE A BrOla5 FHERGRAEh e REt cofnes into
the chﬁﬁﬁélQﬂfbugl’MlDbO YAk fHick Bétecin Odyes 460, whibh the ba fladdidf boRRilicate

famliar. One such nmethod which can be used in the

glass, fusqdesilica oryasher materiplpssloseribeshhssrinnapdethe gmitied lighidravets
through 100 um depth of aqueous solution within the channel and 300 pm depth of “top”

layer material 470. However, in some embodiments, the thickness of the “top” layer may
be less than 300 um to prevenf spherical aberrations and to image a diffraction limited
spot. For example the thickness of the top layer can be around 170 pm for use with a
standard diffraction limited optical system. To use the thicker top layer without suffering

from spherical aberrations, the objective can optionally be custom designed, e.g., as

described herein.

[0075] In the various embodiments herein, the flowcells can be created from/with

a number of possible materials. For example, in some embodiments, the flowcells can
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silicon and etching away the exposed channel using
Deep Reactive lon Etching or wet etching. [0074] It
wowio/1g4appreci ated that while particul ar fl onBEUB2007/007991

configurations are present herein, such configurations

shoul d not necessarily be taken as limting. Thus, for

exanpl e, various flowcells herein can conprise

di fferent nunbers of channels (e.g., 1 channel, 2 or

nore channels, 4 or nore channels or 6, 8, 10, 16 or
comprisy ghatdsensicive ,gl@s(::s) !M:Ulas Fohman yMogb&Mﬁimmﬁeﬁh@y) or

calw nn I [ hs | or
Forof G, GEOKR T ReF AP T n B S Fh i BRh DR B vy, Other
possitflé mmmid@eaiﬂdwﬂﬂkfﬁmi suvhtasegalic bemeio@oerﬁd”rs (e.£.h®opas®

flo For @ I mhll s, fornmed
(Ticofiy FEnEb gl Y1 OF E0F & AR tembgtls hieu e, e prich Have
excellen@iicaEpicpe il aaatch@ xxadhlstana elvhicdtecmpanngtsifeked be (e g up to
Qreater depth (e. nq% %@ Iesser depth (e.g
100 Cﬁmf\ s widkbe m"f\a?nté’mﬁrwv* Bhesicellyed @?f‘ép%?eea gwahﬁ of
dlfferérﬁ Iﬁétgﬁﬁﬁfwlﬁﬁ:n s b &eft. IFhusinfdoBC&hbodrelits, medﬁse layer, the

channel's, such as channels 440 in Figure 4C, havi ng
walls G B eSan S corvh (o (9D e HeE L angATARicperly b of Al Rismatesas.

- 8 inlet and 8 outlet) to maintain rom;unlfoyn1t¥
[00763nd a cWhilethewxample inHigyre 4R shovwse ﬂomllefamsedo 3 layers,

other éﬁlwswrﬁé cﬁpﬁcﬂgéﬁ se ?faii@rsf ¢ gwa%laL :ilafuﬁg anne

hannel s, such as the 16 of FSet ¢ anne
etchedlabﬁ)atedéﬁoun)rd withan ft| apdadbp soveariayss, @tes Agldetdmatlyn@tkmm ze

emboli{i n‘%é’LAx?&&dh@gieQﬁova%éfgfh% f %rb%‘gyfy PG hich! dd %gd]%&? the flow

surtace an ain ractio ed I 'magin
channek atehédabliated{dtbemhass fpmmedh orurhin it. f| gure 4C, in
particul ar enbodi ments, the |light cones into the
[0077dhan neI Intsmrmghqux@nwmmamomrceuspompnsel;‘euurat& Fofwiap s a

f . bor i cat | ass ed Si |l |
photogff-r}%twe n%flses A 1|ch cgn L‘?Ct% e? elat%ety upposes; dtc gméames

variolis @ﬂsireﬂ fgtase Ipso;telnuie:st(glg lfﬂﬁspmud@phh\rdaéssaqhmnirtal anl thtimal

in.th hannel 300 th "top' .l ayer
resisifceor R g 16E APREIFGE TSR VSO S RBEUTRA NG Ha Sictances and
high ztslpe@xlfaﬁégme d&2h/hoRpwiddiay ewith®stlen? @eSnialiast s&A0tuR®s possible
prevent spherical aberrations and to image a

are usdl‘laﬂi”rf'agt RO withy aepughesss ofdimexanpl e t he t hi ckness of
top | ayer can be around 170 nmfor use with a
[007SQt andarlalgéref § A agiveom sehematie diagsam ©f one pessible wWay efpatterning a

ﬂowc%ﬁ?e %h'o%%n{pilﬁxdga%cﬁﬁra\w 1. e tﬁé"élés?lrcb Ttéﬁxqgh%ﬁé‘d b&Aith

aber atl ons ective can tl on Yy be custom
maske| £Q0, gm@ltheesugface at Sld@gr@teu ii@dvlhiehes then P@mﬁ 9 R Hight. In such

expos\ﬁ?é E@g Zthg Egér%? iﬁ?}ﬂ:‘o&&"ﬁ{ ﬁerli ghtt Q?a wagmﬁéﬂhsoem&rpﬁ)o and 330 nm.

creat
It can be possible to illuminate material thicknesses of up to 2 mm. An energy density of

approximately 20 J/cm? is typically sufficient to structurize a 1 mm thick Foturan® plate.
During the UV exposure step, silver or other doped atoms are coalesced in the illuminated
areas (areas 520). Next, during a heat treatment between 500°C and 600°C, the glass
crystallizes around the silver atoms in area 520. Finally, the crystalline regions, when
etched with a 10% hydrofluoric acid solution at room temperature (anisotropic etching),
have an etching rate up to 20 times higher than that of the vitreous regions, thus resulting

in channels 530. If wet chemical etching is supported by ultrasonic etching or by spray-
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a nunber of possible materials. For exanple, in sone
enbodi nents, the flowcells canconpri se photosensitive
w@b@3atysd such as Foturan(r) (M kroglas, M neCT/US2007/007991
Germany) or Fotoform(r) (Hoya, Tokyo, Japan) that can
be formed and mani pul ated as necessary. O her possible
materials can include plastics such as cyclic olefin
copolynmers (e.g., Topas(r) (Ticona, Florence, KY) or
Zeonor (r) (Zeon Chemicals, Louisville, KY)) which have
etchingx thel tesiting ptractates dispbar 2 laege aspectaaimo.wFigise SBahows a

transn%s§ Xﬁfsﬁg;gtaeﬂ%)rgar gﬂ{p@% of f*‘otﬁga%(bjﬁlg’s% 4{8 = up to 1000C).

rom | ovvcel | s can

[o079§ 2P ! ' Hefte! E?Qr?éls af thgé}fﬁgfh% n_glﬂ)év gﬁ%%ﬂmﬁltaﬁé X\Ega rBPe%s to

nment s a er,
constiuhea swhpls fiafwdelleasaisad hedein. JTakigted A, @bhmml.eGO(D (aspen irc amend

view 304 fiRRet-holts Fls S b T sRposeitiea o ey o

Layer 630k she ‘abprelayendDslivie Hysr flawcelbapeanse seeh dy Bigire 6Edmated

a base | a nnel s et ched/ abl.at ed/ f or.ne
with G007 VPSSR her BB oS GRPEIE reRerts ARtE ersmappyhe floweell
chanrelsh ahd eRkndiswntte &arbdqﬁtmaz &&530| thMRigh 1aS3-DooBEss @GEY as those
e layer which conprises the flow channel

avaﬂag!ecﬁﬁ@alﬂamra% HoenBarhase Gok nkap Rrenfi3P qap compyisgFofyyan which,

as destABBd, VAR W TR Rched! RNk WA sxpo QILITSE, %E@B&lb) and
Foturan is a photosensitive gl ass whi ch can

becomgsrqptically @ragic @r pagudet gpasuec) uTlpfcsslesFlgmqe &Fp Ayas #30 has been
maské’@ﬁﬂaﬁ’h‘%&%ﬁ?ﬁge@pto?r 3 g%ﬂ&?ﬁ% 3s 60 Withid HRNEPA" @ﬁﬁg'ar to the

emc resi stance, etc.
maskinigdn ARgure B, but wathpai/the Ferther elohéngt Such optically Qﬂath gteias can

be hefglyS MRS I-BARAE Gl 8RS of DB nARRLIVBR Erictions that

uran(r ructu
couldmisgirieencgntivelyadifecytheguglity of Eeqnarm: tdading learginn da otiofr

exnbofgcs SR .y 005 00 B BT R e PR oo B gL
optiommpddg@gmgi lgmq:l?zaéﬁﬂ'gdlh)'esrg gf ﬂﬁtﬂ%\h{eﬁge?u :lﬁ:dwaat thenop asd bottom
leyer S P A 4o el Pioek Pavonted Dk rsalsring Gesies g and D display

the matigd oEBRASH N£yes 620 witheha8helI8ydr $36°8R8 Fegurk GH-MowsHhdut away
af .a wavel ength between 290 and 330 nm It can be

V‘ewﬁgg’?sﬁF’@ to illuminate material thicknesses of up to 2

ener density of approximately 20 J/cnR is
toosay, .caﬂnw § PEICBAITATE- 46 Boei of s UOVAFHS HP aitached to one

anotthJM«Hr@rKﬂ' 2 mithBéréof dilfEleROwhIe RIY RUMPRY kR 1AVER caf bk WRAched via
or other doped atons are coal esced In the illum nated

adhesaYeéaEOI(da%éﬁsg BheRt. chegsieal. el Fgl/ar mrchenicabmethods. Those of skill
in thebﬁi WREBe 200G 33 RREG6us HBfhodl mteea@ég {d #E2h %ﬁaﬂéﬂ

he silver atons in area 520. Finally, the crystalline
glass/.p@gpg/ﬁglcom.@mrs to one another.

[0081] Again, while particular flowcell designs and constructions are described
herein, such descriptions should not necessarily be taken as limiting; other flowcells of the
invention can comprise different materials and designs than those presented herein and/or
can be created through different etching/ablation techniques or other creation methods
than those disclosed herein. Thus, particular flowcell compositions or construction

methods should not necessarily be taken as limiting on all embodiments.
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etched with a 10% hydrofluoric acid solution at room
tenperature (anisotropic etching), have an etching
WO a60e/123944 0 20 tinmes hi gher than that of the vPCT/E62087/007991
regions, thus resulting in channels 530. If wet
chem cal etching is supported by ultrasonic etching or
by sprayetching, the resulting structures display a
| arge aspect ratio. Figure 5B shows a transm ssion
spectra froma sanple of Foturan glass (d = |mm.
[ Flawgure 6, panels A through E show an exenplary
tchin ocess to.cC nstru a sample fl as
w00s2f, .o 1 PN s PRI e BBt BoRez, olip e in the
sequeNdifpVbf ﬁi&dlubl‘éﬁ@hkghs hel IegulﬁQa apd G@@ehi&d&ia e lﬂin& !ﬂ%‘M subkPstem or
gp sed/ ehed into Iqr 630. Lag “Hé the "top
aspect;. fgpred 7 AsCmfesepbgriierslizsgdiagrans o aryeflpidi ﬂ?%@gawmems
of the @rﬁleﬁﬁl@h Eddt Wb il ob@%??uhl@)é@éht &) pulll BEa bhE VG pulicdRSigurations
S

é§¥ ere reagents/fIU| enter into the flowcell
respectiyshindngeneml the Hiitkilew subsyseneiraniparts Hiconragetiate sgagents (e.g.,
enzyrﬁe'@r BuEdEs Ayds DRIQRTRISS, e?éJYQt tﬁé aéﬂ}@ﬁﬁat@\fé’t'elaﬁalo?nﬁﬁﬁw at the

I nveni os (Santa Bar bar a, ayer
appropiaip teTBRerFgres fegm weagent staxsagel exees (engdbot@lan dreothey storage

t ol d
S B AR U o e Sl
10083F O o JRE ARl SRS oGy TR et li G o £ERPG i bnaity
contrql élilenﬁetrmeraturetdféhm&mwgeagtn&gup@l@m IEnnex‘ampﬂm ertaine

h h h | |
compyinle oBHSHIN R 5t FouE lentiRpaitreR B & A Jel e, for
nzynw canttdigingrohdivsky, a&ﬂue dtkdr re@genm&e bpasnaiBUheld at aewuea e

atlvel fec of se e readin
erpefigfis (&2 Huflerad vefoutErRueh G ARVRCT Bgn & Fgtedgpenaymati
reacti®ils dcadRIngoft tlﬁ@élé{/até&l&h‘nﬁbiatﬁfﬂ)one or nickel is
optionally deposited between the |ayers of the

[0084] | ovCelth séRie @mboAh¥WRE NV akd8s ARt Sithrl 8bti ORAI PSR dribr to flow
to help bl ock unwant ed ll%o? scattering

F 6E
thmuahl %% rﬂggvcsﬁ (&80 apnasFted byffer miked Nyt d!émmo?anrwte
nucle&idts ik Sh&[‘ﬁﬁ*m %ﬁﬁ rre?ﬁﬁuﬁﬂg anbg) ESna’qg §%g¥%leﬁ Hépthe fluid

away vi ew of r| ou
flow aspect o jheri IQthIQﬂh dt ﬁ aﬂh@magsomrlétmchmm@cbthe@nme mixed fluids

and th@rlf&'afeh ik tﬁ'ﬁ Zgée P@n@ﬁﬂ@@éo@i&e%% e\‘f/‘% a nglgﬁan be placed

after the ﬂgmgll ¢nd gsed llmqatll the meagenlintoghe flpwcelh denge 7B and 7C) as

opposPF ?&Wéﬁgvae{‘fﬁ;&nrﬁdﬁsh t-ﬁgo ﬁ{s drzto ath%l ﬂ{)ggﬁlﬁ ?wg SFlg%re 7!?5 Such

pull camfﬁgxlzhnmrmcmsthgt ags;/npteaatsnm’ppedl ircdmxldl \@ﬂl};ﬁ’rﬁs wwtlhlnnele pump do
e art.icul ar e
not iRt HORSHL: 11 Bk aaRs XHYLRES by pum, and can be

configured to have one syringe per flow channel to ensure even flow through each channel

of the flowcell. The pump can be an 8 way pump, if it is desired to use an 8 way flowcell,
such as for example a Kloehn 8 way syringe pump (Kloehn, Las Vegas, NV). A fluidics
diagram of an 8 way pull configuration is shown in figure 7B. In Figure 7A, fluidic
reagents are stored in reagent containers 700 (e.g., buffers at room temperature, SX SSC
buffer, enzymology buffer, water, cleavage buffer, etc.) and 710 (e.g., cooled containers

for enzymes, enzyme mixes, water, scanning mix, etc.). Pump 730 moves the fluids from
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herei n, such descriptions should not necessarily be
taken as limting; other flowells of the invention
w@ean7aeaTps i se different materials and desi gns PEEDS2007/007991
t hose presented herein and/or can be created through
di fferent etching/ablation techni ques or other
creation nmethods than those disclosed herein. Thus,
particul ar flowcell conpositions or construction
nmet hods shoul d not necessarily be taken as limting on
the reageht @miwtényeimov giFreagdniryadve 740 P2iming/waste vadve @

nnohhﬁﬂﬂgﬂh3§&§? &@reln the reagents, buffers, etc. used

e sequenci ng of the nuclelc aci ds are regul at ed

[oossﬁnd di %P@%&%%B’ |efhidic rle fdrQVtos *%Vréé éﬁﬁ?ﬁ 2 (8-

i gures present era rze exenp
buffers hodnt iempemtumrsgmﬂmmhoie li dted almwehamdm% éaeg qqmleah containers

for eneliies gr SR S RS LRRH 8Py FARGAERA Teffi ppiye gor. Those

of skill irDtNe?ablﬂ)\SﬂBlb@fﬂlﬂlhﬁ!ﬂQQﬂ ﬁﬁxﬂtlt\hfy edlpEsoEudipiethe eegent Salves) used

o alloweyilAbfeFaess otk anaire J5ETcomiRing o THaTEtasg B aligked

into flb@BAETOS Watan dptional SR vAVO(RGfast @a%e)(Agconnected to optional
bottl es, or other storage containers) throug

priming ppR 'P6.a fhe BEPHBE RIMP o2 OQ“R%{YedIP‘éfcféP&q%ga’F’e e containers

up thrb@EBBE nlhifig kb diA thd R ‘ﬁ/%é}ﬁﬁ’ﬁfét“réaﬁiqugbo Mdtbltie f18WREM EThus, dead
control |l ed and can op |onaIIy control the tenperature

air, reggenthat theprongtempgituie EEwiwhafesf sitbng gg(glpmgé etc. will be
I
avoldé‘dz L\?Z&}egt ﬁ@ﬂ%ﬁn@fsﬁg@%ﬁﬂ? &}fﬂB&r idls ?ﬁnt&cﬁéﬁlztg ?rhee waste area.

During pat-giriting usalthe r@gsr)ts o be euB@méwrou@a@e flosvegHaising 8 channel
[ I, eratures (e.g.,
pump9 ?f‘gﬁghf%c‘%ﬂ? %gt(fe%r ougﬁiﬁﬁg flowcell when a
artic S
(0086 1! Cin Bl enperﬁi}% Sur @?grggxoﬁ?mp H3 GG %ﬂgghrahﬁﬁs can
compniger Tsipersnibes poths lmeehmmhtthwmdumamttconfaiw in order
h th l o £, nt rated bu
to extiylf B Haaefls Sy fihomist wBS R TN S P hadicl ppme rather
than aSL&:cthaﬂﬁxu pagnpanshﬁgm]grﬂaagelﬁmmpmm Sdn algt]{ aahmaltﬂleyopnonal priming
olle t.he ul ow aspe of the I nventilon
pump "t““{ “589%?&%&88&% PRPOPIE WASE: ‘é“es%%?%‘%%"‘{rﬁ‘&cﬁpﬂé@cw to
pump 7R6GitRSugh byb&s mbomlahahgexﬁbﬁtldﬂcaﬁ@ohémmmlar in this
enbodi nents. Ther ef é punp can be placed aftfer
embodiment p3igcbpt ofFiguissEy Thubis ICP“‘PHéeSrré%“é‘rﬁ fentaniegs {hlpand 722,

multiw e Rictor (Val v@ur®, fiBwasll 724)et@s opposed to having the
punp push the reagents into the flowell (as in Figure

[00877A) - Sumz Ml fowriddiSidloptibRASy dah Bhaly dyni@ber dfusnp types,
trapped in dead volunmes within the punp do not

(e-8-, BOTH WHRFEALNE AHPIICFBIRAk VACUUTRPEHISIMIG 1 brick a8 ppiFgynova® 2-1
Pump @ﬂgym&m (23:4)) &8 Kloehn® V3 Syringe Pump (Kloehn, Las Vegas,
NV). Again, it will be appreciated that specific recitation of particular pumps, etc. herein
should not be taken as necessarily limiting and that various embodiments can comprise
different pumps and/or pump types than those listed herein. In certain embodiments, the
fluid delivery rate is from about 50 pL to about 500 pl/min (e.g., controlled +/- 2 pL) for
the 8 channels. In the 8 way pull configuration, the flow can be betweep 10-100

pnl/min/channel, depending on the process. In some embodiments, the maximum volume
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configured to have one syringe per flow channel to
ensure even flow through each channel of the flowcell.
wab@7peamws can be an 8 way punp, if it is desiredr/us200%e7991
an 8 way flowcell, such as for exanple a Kl oehn 8 way
syringe punp (Kl oehn, Las Vegas, NV). A fluidics
di agram of an 8 way pull configuration is shown in
figure 7B. In Figure 7A, fluidic reagents are stored
i n reagent containers 700 (e.g., buffers at room
of nudlegtisierrgaganss resmr%rwaqmeemcmgemmlmwdwldmff?ér basgisabout 12
mL. Cleavage buffer, etc.) and 710 (e.g., cooled
contai ners for enzynes, enzyne rrixes, wat er, scanni ng

00887 Gl FUE B AR5 L\l o AR 00ty

transpwaled drozy Cheanstorage areak tothgfldwalabidugh 6@bmgo 686111 tybing, such as
f nt r. ol reage
LB S SRR G SR SRR e
di amesermﬂ the tubing basearly i bstvmén aintboelmemtd (affaiZor @tgmally betlvmén

. t f tc,. im | t th
GRS B T 4 SR B
“deadskoliihe’ Br tHeeangdunt Wf fihiddeftfimd lidds. Wuktherfhidre] theayze of the tubing

al ves h as the reagent val ves al | ow )
can o b‘?ﬂa?‘é! | ‘1(3536?8“5%‘&%21 2 HIgWRAR F‘bi"@zﬂf’ g%/f 86?&‘81%@}%“‘)3 Size
from d P@gemsﬁtge ¥eda\ean b€ of laikEekehNdiamete? WeR] the 602 ofitRe ibe from the
tiopal primng valve (or waste valve) 704, connected
Pumpt‘%“&ﬁ)ﬂf’ﬁﬁ%{‘ﬂ §-i ming punp 706. The primng punp can
ptionally_draw reagents fromthe containers up
[0089{ | oughtihBuid e srEsystemear the sveptige Alse cap éomr%lém/ flpy rate of

the reSigentd fHvOIVAE THeG R Hte 1sT6B€ﬁ)naﬁ§ adjudlable fof éﬂ:@x"‘ﬂ&v PhtH @8, some

wong tenperature (e.g., because of sitting in
flow paths eay) progeed atjigher @@W@ﬁsah%n otgEs ﬂPWeraFﬂslqu egtipeaty be

reveréeﬁ fo?é&ﬂ%haﬁﬁlﬁs Ot feb Ve Hﬁf&@ﬁ’ﬂ%ggen't AbQsta? %H@%ﬁtenrmngs of

rong non-primng use € reagents can
reagemﬂlwsi et o’lljgdn ﬂpwgaml anbelskt siongp@tionavitiethe pabediagigter for

each fé\?\klfé&tﬂ th nggr(a atvE?h \S@%{)grr vo%ﬁﬁ%fs o?' %aﬁ;éng |etc‘I g%@ l‘lolﬁ@ell at a given

time. céonfeixgonpdd, iiw peme ambodmramtss ehé mbp@iﬂoughb.emcb the teegdritk Bow is

03 mi flo, 63yt LDl e o SRR AT pmin. n some
embolfirBéHtS, tK@sﬁé’éﬁVc\ﬁ fﬁmﬁisllﬂﬂtlﬁnﬂﬁ‘gaﬁﬂﬁﬁceﬂ%%phﬁhﬂﬂhetr%oﬁE‘ of
channel punp. Singl e channel gﬁ@gn can also act as

interept, Hight fley gpn swsmeﬁ‘fgclﬁwée%f SAndgRiimize the Hgne spent in
chan g@HgHae%ag@ﬁ; fnd %Iv&? ﬂzgv%eﬁ @Bld?ﬁe RPEECAISS c&ﬂsfe %.CH:I Shertivel of

hrough bypass 725. The arrangenent
shearéksma@wémssbst@t%wﬁaca |ng gan pause @rﬁswfsmﬁbltm wwb leakgtor dubbles.

A typféag 'PI?SN 17a|l?’e f t?ﬂﬂasmlujodﬁ& réfsr@§ M/ b el{n#m%éxil some

t1-way sel ector

embodtments

[0090] The system can be further equipped with pressure sensors that
automatically detect and report features of the fluidic performance of the system, such as
leaks, blockages and flow volumes. Such pressure or flow sensors can be useful in
instrument maintenance and troubleshooting. The fluidic system can be controlled by the
One or more computer component, e.g., as described below. It will be appreciated that the

fluid flow configurations in the various emmbodiments of the invention can vary, e.g., in
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[0087] The fluid flowitself is optionally driven by
any of a nunber of punp types, (e.g.,
w@oaTiizdzed negati ve di spl acenment, vacuum peri SPEI/UBMP7/007991
etc.) such as an Encynova(r) 2-1 Punp (Encynova,
G eeley, CO or a Kl oehn(r) V3 Syringe Punp (Kl oehn,
Las Vegas, NV). Again, it will be appreciated that
specific recitation of particular punps, etc. herein
shoul d not be taken_as necessarily limting and that

terms A PREYST ehissarheanEinesh Wing lngth/ diapreigrisomyagites., types of
lectdWH108s M RahyPeg, than those |isted herein. In certain
selee errbodisrrents, %ﬁe fluid delivery rate is from about 50
m._to about 500 M Vmn (e.g., controlled +/- 2 nL) for
t BleagingfGeoling, | n the 8 way pull configuration, the

| be bet 0-100 m /m.n/ch ., dependj ng,.

0091}, ', C38 s ST e Rerte Rt E G CEHEN s e cBSting

control @btipdaénthivifolidatigicoalgignépabititiet f g, fIRbuSERLIEBLddvace, etc.
. B@O}L%nﬁjc' eotide of 25 ?lases is @g?ﬁu 12_ nm_. [0088

Optiogi ; the VRHOUS GOBMORARS HEIsiN {ese-y i d ifsronfeaity) ean be

heated@b § a@8di st daYink ERASHO bAEELIIEPTRrENE EorVeBliGOR @A %edcBon
the flowcel | through tubing. Such tubing, such as

condigpqsaboyg AmentfierEBReraiyge. oP rly heatingieogling GempaRend(s) can control

the teipbRE@EUr Ak MbivBells@nd BRIRNLS withtethdhA®RLHEE U8 vidWRis reactions
tubi ng can vary between enbodi nents (and/or optionally

requingd ipeyenringdnesinthesisg etn examenlagyeflaweslkiempsiatuieaenpel system
s o051 R o HE Sy B2 SRt e
Peltiertant 3%} isshewntin eclationshipf tothieat sinlbBhQ and Reltiot heater $20. The
re f..a flow.path.to other. For. . .
owel Rl PSR, R EReel € ppt BB ol d RS Ay el i aion
to thelpthayfcompabinefits rof the Jisameecy., thhdlovidell widAovadelthudddrpdre.). Thus,
fromthe punp to the flowell, etc. [.0089] The fl uid.
the hepfi§utnd SPBpbsr FL05 OGH 115 Place SR Pebdst Ech Drigise the
temperhtaye sfathe rédgehtidn tieafientd] ioulw £t en e ab@Vity, @t®) drl moved
opti onal %:%d gdj ustable for each fl ow path (e.e?l. , Some
away Pty 9k PAcCar Sy aae/on phr@atyeiyuihelavcetlgd flowcell holder
can oftidHRIIS belthaved intBRti6A fo SRHARRA/LYoIRE: dRNSINRAH; See Figure 10A
different channels can receive different reagent flows

and 1@B bglav.c Femriqusgmhpsiraents,dhe iamperptyrgscondiol elemengsecaniighthe

t e | Sivet 4 ' i anet er
ﬂowCfE %?égg%ﬁm??fm? bg%) ﬂi E|Fb%mor derio%l]) O\Q{a{sl(gbcé Elgaﬁﬁr %g%‘? vol ure
tempaghturedtegeperatuet @nges asirequitedvinethl redctiang to/badonawithighe
oysefEERLE, . MR AIRY P Rlng UG a9 L Y HEIE e
tempeasiuteeof the ffdvwmellrantiehe sad@s tHekeinn Asrtha Plowekll i expokéed to a flow

T RN T T AN A

temperature desired at the surface of the flowcell. For example the heating element may

be set to 55 °C to obtain a flowcell temperature of 45 °C.

[0092] Those of skill in the art will be familiar with Peltier devices used for
temperature control (which can optionally be used in the systems herein). Again, it will be
appreciated that while certain heating/cooling devices are recited herein, such should not
be construed as necessarily limiting. Thus, in certain embodiments heating/cooling
devices other than Peltier devices are optionally comprised within the present invention.

In typical embodiments, notwithstanding the type of device, the heating/cooling
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interest. H gh flow can cause efficient clearing of
the lines and mnimze the tinme spent in changing the
WO e@gani7g4 i n a given flowcell volume, but can BECBHUS2007/007991
cause a higher level of shear flow at the substrate
surface and can cause a greater problemw th | eaks or
bubbl es. A typical flowrate for the introduction of
reagents can be 15 m/m n/channel in some enbodi nents.
[0090]. The system can be further equi pped with
COMPPRIH s eptioneHy epatrelieg (eztt g riemmscefi tPTPé@F‘E@t timadt papishlar
r
tempefsrgl?héé lvglgdﬁﬁth& tfnjs Eﬁﬂggg&z n%ﬂ? dHGver %nrtretolg%tl‘%)fﬁ&@i%s such as the
flowcpil egklspr o the hehtng/seoling ompomen@ byshé apmputer pempamant (see
i nt enance and troubl eshooting. The fluidic system
an be controlled by the one or nore conputer
) onpon desc bed. bel.o
Iﬁw?’ippr emelgtsgg1 c%%\l?oﬁ S uclf a“?ﬂ%ﬁ/ &) coosl?%t heélh%n%? Gan ppsionally

regulata thammperdnmdldfemﬁ& coinpohents invadditian tmmlmgte teethg.flowcell.

t t t
For ek Ihgiet DA B RO T E G BBEI PN QQBalbreEuitts i/ hperaiusg of the

cameRd) theHe At ré@kroifdehidhdab®elcob@d| ﬂQ%illmbR: BOFTE to prolong the
enpodi nents, the systens herein conprise a

storaggdlifeiof é?ecli?ég?lﬁﬁ delaﬁg lang sg@mmnﬁé{;p ffgnperature of the atmosphere

insidd @R AR id1g capabilities, e.g., through Peltier
devi ces, etc. Optionally, the vari ous conponents

below).

h e| n l(elgw, t he fI ovchI and |ts ontent . can, maches
[00943” °“9hm C%R\Algxf% gcgkg&%g&gﬁ?{ﬁ tpgégs}cxgg/p&%gi éaln%%e&fs% a)ﬁdmonal

approaahmsco rﬂqmielltcbafxgenpen,al‘ T dluofinativen, heawgétdadingaodfigimtions of
dur ns.
the ﬂ(r)Vé/acleS) 811' hn e\a Eg%%lowéelﬁigg bﬁ]t%h é% 1zec§ thewei;pl%g\rnce While such

apprdatisaseeh loptienziey Bé utilkzedaogdthér my;sftenm drﬁbaﬁmmtsg iﬂ V\Ffll Ger e
latiqn fromthe other conponents of
aPPf%X?i‘i‘gﬁW t?‘Fh eﬁ%%ﬁ“eb%use &t f"i’ié?m%’g‘ﬁ'ng% 5&; %‘S\ﬁﬁd? pther, with any
of the Gthait AppASdthBs 88:ci8ad hérefil e®10 and Pel tier heater 820.
The flowcel |l heating/cooling conponent is optionally

[009530S1 t | ORARLR: ARBYRMeARY MR WdRIS Bkl 85h B@“E&‘tﬁm@hbﬁz‘” flowcells.
conponents of the system (e.g., the flowell and

Thus asappeped teghe lowcelly e)g., asishewntin Figisas #2868 A Wheye the flowcells
are cl%ﬁfﬁga A6%h a‘ll;'ﬁrﬂlﬁﬁ ISR Giflers B Gtgls"ﬁ? sIA%SE the ﬁg@gﬁﬁ Sothe flowcells

toraiset etenperatureo eagents In
can CﬁMerc¢nftmlrm¢r@\matmllowﬁydélm thay entprs feom the hoigormof tht:

t Yol / 43 ‘.
o 0GR MY AT RO cqpporitn s "o
flow ofleweribsl |In sbmermMImﬂnts bbtvidlow ﬂomellshefat ¢mg¢u'mdb$srty1idic
dead 98%%1@1%5 'us org ogfhegwk’ilb%channel length than top flow flowcells, e.g., since
the ends of the flowcells are not covered by clamps/manifolds, etc.). See, e.g., Figure 44-

49.

[0096] Bottom flow flowcells can optionally be held to the flowcell holder through
vacuum chucking rather than clamps. Thus, a vacuum can hold the flowcell into the
correct position within the device so that proper illumination and imaging can take place.

Cf., Figures 44-49 with Figure 9. Thus, some embodiments herein also comprise one or
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and 10B below. In various enbodi nents, the tenperature
control elenents control the flowell tenperature,
we:2@7/12fmom about 200C to about 60C or any ot hRCT/US2007/007991
tenperature/tenperature ranges as required by the
reactions to be done within the systens/devices. The
tenperature of the heating el enent can be adjusted to
control the tenperature of the flowcell and the
reagents therein. As the flowell is exposed to a flow
more picugrbirsatioredeiien ), creaie atvappemoupastialf vachemp etgt)i tadpold the

RoweSh SHERE a?rxtggwh%&bgu haaR, b dgapecat ure desired at

& surPace © owce e€xanpl e the heating

100978 oer oY s afeBleg P RS TOYE AU oy PR n Kigur 46 tha

can bevired voich battorhifbow flbwkelPe| As ean besdeacthe fieds flowed

A I T e e

mamiblt&tto)(l\hbﬂn&péﬁﬁb ahmﬂmtvuthgi the Glowgll d Agaire Suek embedimentk can
. h such shoul d not be. cons ess
optiof iy Aot RS, 457 (Pt Snbsie iU HRN) Heibe Lom BsHE s o7 b P el
whictievght @@teg'éﬁéavlﬁlﬁ hla.ﬁmlﬁahblhlﬁﬁagiﬁg bf e fall Qercglilh bﬁﬂw dhymnels Figure
rrse t Ni resent 1 nventi on. nt
47 d‘%’gggdﬁ“ﬁéﬁ{@ ary, ? Pf Ven FURY velye ?‘f‘%% MAVIRRD or Ylh@'mons and
a 1owf&aa vBENEeD ThisQEE AIFRSERNt, %aélpida?é}iﬂﬂoméléﬁiﬂixﬁbﬂ @ﬂh have an

.,.in terms of temperature, time at particular

OPeﬂ/Flé’ﬁ?) walyeupdier drviagerfluidsair pan Reomjssrakefomflpsing the reservoir
valve{fgé{'t@ﬁ)g ﬁﬁcﬁ aﬁta}i‘xe% gdwed\ﬂ/é:ﬁétw%'ﬁ fea §nt%h@ot)ieﬁvi‘é§ ntd\ Y returned

t eal’i ng I ng conponen he conputer
to thegrogpraveins arfdsalbreggenspin c4s0@f a]syi;tnmsqhnedewm dilsmangir injection

oS 908 PR AR A L TR B
e

Such t@'quwatappreadf canhte wsshmrvehent ysed nreagannctroasxerth ohewym chucking
(and }\)M} f S te%é]ergt%rcc‘?oo ltli,(])‘ii be]fowae% caar1T1p| %ongll 49 %(le%ﬂang &)qlltupn?nate

orage e rea encl

from thﬁmttdnhee ¢ eapiarREpured , efc. Ilhe:oaﬁgﬁapbﬁs enmn&cdmntcheclcng and
trunment etc. Multip he Fl quwcel | s_and

b°“°‘f‘| ‘ﬁE’PSF?&‘”Pé&P‘Fﬁ‘g%"E&fo%‘F eIih glten Bﬁ’g%ﬁ t Fﬁpé‘éer‘?eé?‘ﬁ the
flowcRlID o diRHeSebie [rﬁFngureI £, 15y dbwiDr dRMIINEeMiEdn COFRE ifftn above

into G Y oBV G SO0 FFRs CEHF BRI Rl RO ¥R Y vacuum).

Such fat+@ &t Shn a@Bq{iel I@Q(W!ttHWlﬁé 8R! ficwa18wvhich presentation can aid
hel d/ s ablllzed WI in the device. While such

in autpfegus msr?@ flas fiekbimaging d ean aid in configurgipn with myltiple flowcells
having&ihaitiheB i AAURNER. Tidse¥iluniRfion 4400 is also shown entering into the

prism in Figure 44 as is mirror 4405 and manifold/fluidic connector 4404.

[0099] Figure 45 shows another approach to thermodynamic control of a flowcell
(and the reagents and reactions within it). Figure 45 shows an exemplary embodiment of a
bottom temperature controlled device. In some such embodiments, the aspect can
comprise a water cooled bench that can help assure dimensional stability during read
cycles and controlled scan buffer temperature. A thermal plate can extend past the prism
and flowcell and under the manifolds to optionally help in uniform temperature control.

Fluids can optionally be preheated when passing through the inlet manifold. Also, RTD
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appreci ated that they each can be used in any

conbi nation, e.g., with each other, with any of the
worthen2appr oaches descri bed herein, etc. [0095pPCT/HSBOMEI7991

enbodi nents, the flowcells herein can be "bottom fl ow

flowells. Thus, as opposed to the flowells, e.g., as

shown in Figures 4, 6, and 9 where the flowells are

cl anped down and fluid flow enters fromthe top si de

of the flowell, sone flowcells can conpri

temperageiferiback e#sbs ialeddpd dwtap ofithe Prism i biure ek e fgral is at
the dei)l%@l &QQEAQ’I%ET&EI”& 4Ma thhaneghd res?’é Gh dHRICEOSP the BYRES a!ré nﬁﬁl%zed

I'n construction and COﬁpOSItIOﬂ as

[010()]f | OW Hogm%ﬁfahéns ﬂ\ﬁlﬁé’ﬂﬁﬂl‘ﬁﬂ@ Wﬂ& %/1@19{ b QWcEf?Wolder are

an conprise |less fluidic dead vol une (and
showmsflmésoqu ¢an tumpe. urhterfaar flpwaelscantheroadssl intaoife holder in

Flgure %ﬂ\@o Vtg'?)’edc?ﬁlb)% W1d%| ceﬁlgie? g], gﬁwgé tltSh%i) él{gﬂﬂ@l@ lehcﬁi)a'ff’oeltlers or

other d?mylm‘ devides ch9. be[tf&ﬁ%]l tl’ﬁoﬂbwm:lld a:nd dah@ptiehAldy b@water cooled
he fl hol d t.h
eoug3he ek b o7k ChBich m ek eRRpsroOh G pelalyR Bfpnay:

hold the flowcell into the correct position within the
dgtdgggmebIm:bllﬁ_(ﬂgg illum nation and i magi ng can

t ake place. Cf. gures 44-49 wth Figure 9. Thus
01015 e o RlRsameshingd tﬁev@mptzﬂfébe Howgel candghes %\eﬁ’é‘FL@w acids to be

sequenc@@Y i RomtRfbd Qﬁu Qé%:\ﬁf&ﬁo§ Q. r@ﬁfoeaﬁe\éa%u WEbh Whidtpihei R weell
vacuum etc.) to hold the Tlowe prismto the

and flewegit belder(or e&her spbptgicy gee lospied. Sgeyno keu séAge can optionally
allow %%Hleﬁ?% e FloWNER |11|1 ra%&?fo tﬂ@@ésfepllﬂﬁluﬂﬁt?orﬁm\ﬁnb Bbjectwc to

Figure 46 that can be used wth bottomflow fl owcel
read th%saganncbeg szaetions Wishi| the dharrietpndl desited) therscanyling smag@f)r other

comp il Lol B ol il LM A WS RS perrre o
the subsitdue duhhgttfel imagalg cycRgai n, such enbodi nents can

optionally not obstruct any (or not substantially any)
[0102Dbf t he Rigyre SUpdrmteAahronigh D, |dispiays schinetic diagidms of an exemplary

i f thill / t |
roweg hERer FAshment G o Ry gy el Bpbs pg0 B
flowcéll i placedilong:. A€ babeen, hﬁ&d@r%mpﬂ@e@ﬂ]hﬁalﬂé clamps 910
vibrations and a | ow dead vol une.

(optiogzl{ ¥, sRféiteelopded) é%\é‘??uf%éié%‘-‘ﬁ?“ B’&tf{‘?"‘é‘?eé'dﬁtt%‘f h%lperc%ml Pptipgatly one

or moAmMBREGIE (L8 € op@bily DlidRiscd AR thefclhmpd)to fﬁildlcﬂ?l@i‘c&ﬁxect the
i njected be or e cl osing the reservoir_ valve thereby

flowcel Fb@m’glsaﬁ thg resyefthg ﬂ%c BEtteme f meaifekt wn lmém%ﬂy connect

each JrRRYERdrhefsaR gafauteﬁtmt&%qnbayﬁ bﬁiahlfbﬁﬁ&ahvc%ﬁéawcﬂnhels such
reag ents I n ase a systeim shut down. SO an alr

that thepyj %@P@WCMW 2 amgbemlm diag tha is splitjse lewpinl narglekgo each
chann‘:ﬁ o9 can Be E&r‘&?ﬁﬂecp WP )‘serpentme configuration to make a single fluid flow.

Such a manifold can be configured to contain a single 1-8 split, or can comprise a binary
splitter wherein each fluid channel is only split into 2, to obtain a split from 1-2-4-8, in
order to give a more uniform flow aiong each of the 8 channels. In the 8 way pull
configuration, the “exit” manifold from the flowcell can comprise 8 individual ports, each
connected to a barrel of an 8 way syringe pump, whilst the “inlet” manifold can contain a
single entry tube to reduce the length of tubing needed to fill the flowcell. The inlet
manifold can contain a 1-8 splitter or a binary 1-2-4-8 splitter for partitioning the flow

evenly down each of the 8 channels. Figure 9B also shows the presence of adjustable
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[ 0098] Anot her approach to illum nation can conprise
"top down" illum nation. Such top down approach can be
wais@ak37when used in conjunction with vacuum cPCI/KBE2097/007991

(and bottom tenperature control below). It can

optionally be problematic to illumnate fromthe

bottom(e.g., as in Figure 1, etc.) in configurations

wi th vacuum chucki ng and bottom tenperature control

since such enbodi nents often utilize the space bel ow
prism{9R€ thatmptionhlly gan baraissd/leweredita cpingunte epitact withdbevndgrside of

the AUER. e RS AR (0 R YR Rl PO iy

particdlawambpdinaaniss il (e &dmnaersian gélnsech as gt at/&lnbﬂtefrpm Cargille,

bqwi f the fl whi
can o Y57 o B PG b PNl 8358 n
contifudus Myt gild‘,r&hﬂeaﬁta!l\drﬁdfmmi’eﬂe@icm thtaphahé &aybﬁuf #ig between the

neo Laser |IIu at i 400
prismgnddne RORECL el ptre 36 ShaneS B emprtpheaueed bl ponitGe holder
and pﬂkx’ﬁraﬂﬂ Figéle 9 showthé elod/cE ula@hhp‘edfx@rm@ﬂb%em&@l@er with

[ 0099] Flgure 45 shows anot her approach to

handle/glamg, 4 Being lewered & help Ssafrﬁ Hicdrmpp and floweeteagent s
ind reactlons withinit). gure 45 shows an exenpl ary
[0103 110 di ks flRweedl st %thﬁé?raﬁaerb@ sSyacddread ra@mbé%stagc or

platfolf. SUIR stiseldpaithRa) H%El{u%tabiehﬁoﬁé PRCY, SR1Z GREDITIRS aflows fine
wat er cool ed bench that can hel p assure di mensi onal

scale beight and glaawm’fgﬂdﬁéaaerwé thestlayieelbmrrclagionde theclagers, camera, lens
opticQ ¥idl &hd hESRERRL owceﬁ gwaéeg% %ttaﬁ(eﬁ@l% fsgﬁﬁe%%%% the

the prism an e manl
lmaglogtdpmal Fyrtheltrpprs,rthg meV@bhn stagepranapticealtyatiowthe fidweelkto be

w350 AP Lty BEARSOA NG B55O 00490

comppn@esj G, tlorallbwrxzﬁfmahe repachens whbembesated andvat quanéfy the outcome

of suqhy @RSt il Be oot/ it EmpioTelsT pPiRiRt 10 i piiizanhe
deplctlﬂgﬁﬁivemnf obflowtelDnE20haid figweall hd»lﬂéxeldﬂoam\eééxﬁthw thin

mcell hol der .are sh in Figure 48. can be
heating{ap RGP IomOR AT PP SPp dhe. GHma sk glediorty GiaPpBictore). Thus
the x Bﬁ’dl Si%brdpl&nglhtg G aHSA tHONoW¥a BBV Bgerhll puce)! Bﬁ 10s of

havi ng 18-20 channel s each). Peltiers or ot

centimgpRis) bl e Beghbsante astest (6-8 HY 19 oRkaampmesam) Yeatically to
allowdBEARRRLT thelimaped eAlt&ﬁQﬂn?e‘iy,tthé Q4g0 alsBEah B A8HpIHSRCRY stage

aspect” (which can be kept at roomtenperature
with @fpt/@@ﬁah ge{ting, gnd the laprooleasiveatan begidistableothp Z plane to ensure

o, TR AN I A ol i piona

movabh&:@r\édl t®yg., @ qrder @ mumbtoeclgs@greompoty with the flonecell, etc. Cf,

Figur gg\g‘% LD .ct@l&gﬁgzj}%&%c&ogng \91 gé rz(xgé'd %.%IH ] n%\"ﬁ? ti%ﬁ‘[g% % ctde®

can
(heating/cooling device lowered onto ﬂowcell)

[0104] Figure 10A shows a photograph of the instrument before and during the
heating step. Peltier device 1000 (comprised of fan 1001, heat sink 1002 and heater unit
1003) moves in the vertical direction to come into contact with the flowcell 1020 and
flowcell holder 1010 mounted on XY stage 1050. Reagents are introduced into the
flowcell via tube 1040. The flowcell can move to a position located under camera 1030

for imaging. A schematic representation of the device in the imaging location is shown in
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al  ow novenent of the flowell in relation to the
| aser illumnation and | ens objective to read the
wGeegaaeTkng reactions within the channels. |f PEFUS®AT/007991
the scanning stage or other conponents can be actively
cool ed during the scanning cycle to control the
tenperature of the substrate during the inmaging
cycles. [0102] Figure 9, panels A through D, displays
~ schematic diagrans of an exenplary flowcell hol der of
figuret 198, svherethe redevice; QIR és the it positigre(witinéandldy7 1, heatsink
1072 RAnBRLALG1, AoPUBFLONS SINAREORSRP sil nit 6 Pt fer optic
mouny Y0 imtﬂdidlqw dprsi olgedtvadd8y. The wcmwﬁq/mbaat swonhasted to the Z

stage %%WI%PS aleo cgr?trglgl ?el[lelglilr}l f%gs Q n&'t l%ﬁh C.'Fhe owcell is clamped

in placd antpshe ﬂowf:d:w hdideﬂby Weaﬁmnﬁﬂtl ldsxlw'hﬁhaﬂmeps. c h an nel s
to the rest of the fluidic system A manifold can

[0105] ndi vi dwihhgnamm iteweitl lteaaplpre:a:ﬁatédl thac thenvaeioss companalts Bérein, e.g.,
Al ternativel can_connect the a?‘]hannel

Y i f ol
the lader ERMBRLEnE, Reori B Ao e i oo afs P Ainpshgn 2
scaffoldiag, d}ﬁssiﬂldrtfrztrﬁe»%m\unara)pﬂaﬁﬁly ﬁicldsed ®dtHin ahaasiak to illy or

. can he c ured a ser ent| e" configuration t
Pmﬂaﬁwaclasesﬁ?lﬁ fgﬂfm%ntdsf#w%mcs 5O &‘HﬁPP’E) P&g r§pgework and/or
housnﬁ@aéﬂ @tr&ﬁng afyPit @feredt EmBadignchtsBoa58d Ubon,¥.g. CAB particular

nprise a bi nari}bt plitter wherein each fluid channel

°°mPP%°"6§1 thEIsHE tets-nbtypical gmbedimentshoaviet. the frameweriakeeps the

vanodsrbo%ﬁ@kmts%e&ir% Gné 1meepr5§\¥rfle&mofnl 43W HeRRgioR aA11sd Bftionally
8 channel s. t he way pull configuration, the

aldmg' imihe mqv&menbpﬂthtemmnonentﬁ Mg aepessarny. dheframewverk should be

[ f
i LKA R i SRR RS R T Bl cofplions. v
exampbnhaainmda seianmjiler cmntheynd:tubedampadeajmloabtahenhlémg;btataﬂ from the

stach uﬁreg t S e%ed otf?%g QBYV ?lrtgwflr&o &Céaegbn% a rggulie ELS gows h sgnematlc
displayjrg art efenﬁplarypmme\tvoﬂmmgmg hige édrﬂWaQ!lH]O)yhmwg/oeath of

comeligrstt LD R S 8 e o Fona R il SSEE e 1120,
Additictiab &sbet @\WE FRAnd ork g nhcﬁin@m@ eRdtaed inyidy doethendenatigas

of the flowcell. The . prismis used in Cgfj unction with,
compppents aadhpspepts affiae devigs/systgmy frcjude yarigys pligypgpt and mounting

pins/IBERIAE KBRS sel in Kifui@ 118 WHRhShoWs fid bedial side td¥ahser piece
avai |l able from Cargille, catal og #19570 or the like)
verticpkadjpsiment biyenchileweclblevelingadiustment compenant L k73 Other
fram%rfc@éﬂﬁ ﬁ&glr%) %élﬁ&iﬂg%x{eﬁya? Eo@% g 16 Fof @kRoubilk LaRBL seen in
reflection thtoug ayer between the“prism
Figurg A4 alang with gewiphtegmonitor F2Qlur e 9C shows pl acement of
flowcell 930 upon the holder and prismand Figure 9D
S OMStatios J,J@mgéllvaﬁbﬂrrped to the flowcell holder with
hmm owered to hel p secure the

cl anps and fl| owcel | .
[0106] In certain embodiments herein, the incorporation of specific nucleic acid

bases with their accompanying specific fluorescences is tracked via laser excitation and
camera observation. In various embodiments, the illumination is performed using Total
Internal Reflection (TIR) comprising a laser component. It will be appreciated that a
“TIRF laser,” “TIRF laser system,” “TIR laser,” and other similar terminology herein

refers to a TIRF (Total Internal Reflection Fluorescence) based detection
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[0103] The flowcell and flowcell hol der can be

situated upon a novable stage or platform Such stage
wopiroesEid y is adjustable along, X Y, and Z are€wUSINT/607991

allows fine scale height and pl acenent adjustnent of

the flowell in relation to the |lasers, canera, |ens

optics, etc, and allows the surface of the flowell to

be kept in focus relative to the imagi ng devi ce.

Furt hernore, the novabl e stage can optionally allow
instrupieaYs st aFing AT P pseekomeibier ypes olnanniaser axiation from
such 1 tsbﬁ]xgég’: ﬂghglggpﬁ) rlﬂ%Ptxeﬂ&g altcrlgmpp Edlféf Which are\:l\lﬁlso included in

conponent s % ow enzymatfc reactions
the cumxsat debcription of GI&EITW labar, EL'RE baver gfstegucitc. theasin). dhisus, a

“ 2ol n F
I AP 5 S RSTRABR 500 SO o o
systerfxlusmged lasdrpétd e A ghit, lobever e TIRF mmgigdrmmdbvmgwhen described

. el epent, eft picture), a ra/Iaser el.e
im terip SFRVipE 566 wiheSatf ool alea b et inslta fhaSue i g
systerhb(hsfrhﬁi&ﬁ@ dontptishe ABRRel Bdsed akdmaubﬁ sBurceYTAOR $¥fskill in the
ﬁ ters) &\g\g”St the height can be adjuysted (e.g
art wi fb BV angff shiderent yspgels of Eghlwyset%mamwe%wﬂgm@f In
vanoﬁsrﬁn‘tbdﬁﬂl@ﬁts dlelc@mRad Edpdnent BEMBLiAES EEDLaGRRa Pt some
an XY stage with no vertical setting, and the

embowé?ﬁg\t% Blj'ee@?‘Ff\F@W% dugldpdiytdusily maduiated 50 prWite 0§ mW solid
state zﬁﬁ‘ﬁé&r RnliQGiRicio? léEéfer ﬂa%Cio al FIRY ﬂﬁsnpeo PRARS Wath&%citation

hat the heating/ cooli el enents are t|onII
Wavelmwféb oé 532 niearid 660 gm, T corlnllemg ofgthe dwer imeo dlemlnetsement can be

via arﬁé@%eairﬂrhﬁ%rﬁége{b ér;})ﬁref 4h3¥‘ﬁ1§ daotp 8hs-ortle ¢ a‘sdz iag%r %.relpochg%on the

Cco0 ce raise
SmneaﬁghﬁtbxUﬂmhew«heaDVﬂgﬁﬁool|ng devi ce | owered onto
flowcell). [0104] Figure 10A shows a photograph of the
' before and during the heating step. Peltier
Q@!&%%%%@éﬂgg%o (conprised of fan 1001, heat sink 1002 and
heater unit 1003) noves in the vertical direction to
(01074 one i Anghe variustenplqdimente hetebivdle frea Gd@reindhe lasewt®| dr other

exc1te!ﬁ%k1(i8grc%§é Qll L Hﬁt@e??xgﬁl}e(lﬁfeaz&g% &fggié:h?ﬁ%?&#%g% feferred to as

the “fbdwineD s ypivaliydesired @ tpn:siiatlhlduy]ﬂhmmtmnifamddn maiyeerabodiments

3 [ n A sc ermt c reres
the de 58 b PR s B AGAE imbPRCCREMM By e T atow
propaghtdsreof dlboptidal nevdesl éirbogh theitores with hée eqahlSzﬁﬂphtude to produce

osi ti Qn ith fan 1071, heatsin nd,_heat er
a flac BB 1 il utn Mot Rohamtba g dn B UATRaALed pypstrate
surfaden@. g, the surjel of aoMtelB0Q0. avdveher, ey ﬁﬂ&ﬁn@hb&%ﬂ MBdes present
1&% The fi ber |?t ic.nmount is connected to the Z
in Suc, és

GRRenSHRATEYF R pAG deHRICHYEY IRtrdeteayidh pagl othghand produce

local Sigs dAndemAA&f: inthe 1ﬁté&¥\ﬁ@r&fﬂb%f eheAIARG Ao} Btk ﬁgﬁt) ORLD e.g.,

the flowcel |l hol der e mani fold | ever/hand 1095.
Figure 33A and 34A which show mmlma/maxuna resulting from uncorrected output from
multimode fibers. To ameliorate this problem, some embodiments herein produce a
substantially uniform footprint by use of dynamic mode scrambling by constantly
changing the index of refraction within the illumination beam, e.g., by modulating the
beam with a waveplate, or by shaking, squeezing or compressing one or more areas of a
fiber carrying the illumination beam. Thus, some embodiments of the current invention
produce a substantially uniform flat-top output (i.e., a substantially uniform

illumination/excitation footprint from a laser or light source) by dynamically scrambling
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[0105] Additionally, it wll be appreciated that the
vari ous conponents herein, e.g., the |laser conponents,
wheavitzgghcool i ng conponents, etc., are typical PgT/US2007/007991
arranged on a scaffol ding, chassis, or framework and
optionally enclosed within a housing to fully or
partially enclose the instrunent. The particul ar
configuration of such franmework and/ or housing can
tionally vary in different enbodi nents based upon,
the mc@%g in an HhimyartRLbeaR. ©onppARIFEENSCABIFessinga fibgrcanying the
beam fYdHeSH m&ERREH SRFtS lg‘%ﬁﬁvﬁ{furés% &L Mﬁs&%&d@e
vari ous conponents secC d in the proper location
embodimgnigrof emdetscoamblfrig as deserbasbhereinalSey befodi ng i n t he
novenent of the conponents when necessary. The

DynarhiGURNR" rém.ﬁhg A LL&‘%&%@H&%Q;@% event vibrations
conponents. For

exanpl e the node scranbl er can be noti on danped and
[0108);i br at Iwerstaiy emborizents.fthodeviens herein eomprise egrmpenent(s) to
produ%%tﬂ\soﬂgmaw ﬁlnﬁnétk&v‘@?p R I)F i Fdrn ﬁi\ﬁkmatlon over

asc ematic di l'ayi ng an exerrp ary frane
a partifgladilhyminhiéorc footprint( 45186h in Higuré AY/ Sudi ¢mbodimeptearaprise one

o mor i Bl 4y KBS Bl HE s B LR i

transnfittangethe lkamaindtion (Mg.i, A @bbt)ait oa¢ dr more yodey. Fogekdraplet héiber can
be squegzqdo al van§§?ﬁ)g§tl?é‘1}ss O%l %c’ Pen%%\ toq}cxd tc@:ﬁagc%gll ns%‘s‘i% %fnan 11%g index
of refraaiom eﬁmmuemﬂr'g gﬂthe fibel andp| & Stépfiﬁd&( Fiver,lzaa rberu;ed to

ase iece vertic ust ment.. 1165
soatiafygigently sTambIGhE el R HobHBIIE SHFFen GyRgp over a
desu'eﬁ ARERMEbK Sindd \6F the uﬁtﬁmﬂ;uudﬁ%m Ngs xp1einealalsoMeRéin (see below)

skins) for the housing can be seen_ in Figure 12 al on

g
the fﬂw £an aléﬁbaﬁ'éakeﬁnmt%tsﬁ \azmied ephysigelly detoraedi athes Payp to
changt HOG txcbﬂ¥éiﬁﬁﬁx%h2h efgeiment s herein, the

i ncorporation of “specific nucleic aci d bases mnth

their accorrpan¥ C? specific_fluorescences is ?d
(0109 a | adwpenstal tha daamin soramblipg obHaPodasiipthe flhers allows

achieWeRidnP bf s;?a!ﬁ*aﬁ? BB illkBfhatibh B NBEiRMUNS LR deBhBR thiegration
u3|n3lTotaI nternal Reflection (TIR) conprising a
time. [Thivthug grayenisinterferengg of prwagyieaepadsedf m@mchaomwwght in
multchBaEfbers A Wi RGO it ang Ik oS la p 0 fes Bl BT boam. 1
optioriatly spffidierR¢lidtabese onodés disappearmyel thgasietmum integration time. Thus,
. e Shr [ . .
in sorfiZGRBCA A Hl 1R e DUy ERME LGS b8 4 ilin e Bominasion
beam srectapidly hariebloy nemdasmgﬁﬁhe haiabieeyrvamce anshimdes variations into
the ﬁé %néoé éal Ie gf i i.ch ar e al so included in the current
Feserr g TS SV CF IS TI RF | aser, TIRF | aser system
etc. herein). Thus, a
[0110] It will be appreciated that several parameters of the dynamic mode

scrambling can optionally be varied or can comprise a range of different configurations.
However, in general, dynamic mode scrambling comprises one or more
aspects/components used to dynamically change the index of refraction of an illumination
beam in order to average out an end illumination footprint. While many existing refractive
optical concepts require an input Gaussian beam and existing diffractive optical concepts
are often wavelength dependent, the present embodiment does not require a Gaussian

beam input and is wavelength independent.
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"TIRF laser"” is a laser used with a TIRF system while
a "TIRF | aser systenf is a TIRF systemusing a | aser,
wer@7/125g34 n, however, the TIRF systens herei n PEWEH2007/007991
when described in terns of having | aser usage, etc.)
shoul d al so be understood to include those TIRF
systens/instrunents conprising non-|aser based
excitation sources. Those of skill in the art will be
wel | aware of different aspects of TIRF systens and
[0111} hej r doHwinyaripys embadipagnty ke deviensisysisms hergia desifier a
uniforRRARRHht G FH& cRattdiAe AR ERent dF tROSR U ng L ERBbAS, etc.
the | aser conprises dual individually nodul ated 50 mV
Thus, the wegenligbddark patteme that gesoit fsamiinterfaeoceof propagajing modes of

[ t0..a TLRE. Dri ' [ i Xei Q .
monodBURAE b A o iRideber (L AARY hallit ME L ALIB bt he tigh
outputl e an iigminatien fowprininfener £ peridibofoxennatiop tinasuchiadseéhe time

to.hel p ensure that the footbrints of t t asers
capturkd b il diing AR irbghiel AR Piecition ding H3nt AREHSthat the
light/davie phtegips “dibsppeCrarpd avgagddldlif] addthtih thevexkitaticn intensity seen
odi nents herein, the grea erein the laser(s) or
by eac ORI PRGNS PO Pe R A o 1. aanpl & (Lhe
area of which illumnation is referred to as the
[0112] f oot prUmietlyingsdynupiic alody sciasitiliag, isahdeormpait ivatliyg bf die index

and uniform 1In y, ephodi nents the devices/systens .
of ref e A 4 BB S ARef o B R Yor s Y PRI Squeezing a
fiber dvieb€ifie) Whath eddseyvhiliphbabd tarabledland @id difflerdi® Peths and thus
through their cores with near equal anplitude to
a"era%ﬁs&d‘&g@ light pytpugin EhGﬁl-lﬁ@E“%‘PBffP‘&B“m- | EliHsn Hie Rgition of

interfdr@fieltinnalah@ PhdxiRalcha®Ses A8 thdiRdbt bEFEARESH of tHRShp@ Beam is
surface (e. he surface of a flowcell), etc.

.(e.g., the su . :
changed\H\the indegofrpffagtionris ehrnged ot aigguensydbetds fasterdhamthe image
scquis o et ol A G R (A e Skl M bRl e
observdtieni nt ensity profile of the laser (or other light).

See, e.g., Figure 33A and 34A which show m ni ma/ maxi ma
[0113¥ esul tigpg;if 6O ?i@@igfe'HQH%t_ecﬁe Qb&trﬁ{ten{ﬁoﬁmngw shbifAfot be confused
) i bers. To anellorate this problem sone enbodi nents
with theeemmaurusdge ef anedibsarambledWhichimosbefterf weéerp te randpgnization of
. n >
o B FYRABSTRE B B DS RN epag
embodingent isotp temmgotadllyi asgveihes dpetiatlywandomizzameddsai.e., pordubing
aki.ng...squeezi ng or conpressing one or nore areas of
dynan?;igfsf; aéj?dhcn%ryi ng the illum nation beam Thus, sone
enbodi ments of the current invention produce a
[01143 ubst artheadynpminirfode sefamblingef thtyptent inbodiment can also be used

in conﬁlylpc%o%%iltlﬂ’ihgrs %BHP%{Hg cores of particular shapes to achieve a beam shape

with uniform illumination. For example, squeezing a fiber with a square core will result in
a uniformly illuminated square beam. The beam can be shaped along a particular axis to
make a rectangle, or oval shape, which beam is imaged as square or circular when it hits
upon the imaging surface. See Figures 17-18. For example, rectangular beams can be

generated from optical fibers, as shown in Figure 34.

[0115] Figure 35 shows the optical cutput from a variety of different lasers, fibers,
and mode scrambling aspects, etc. During device operation, the ends of the fibers were re-

imaged onto a beam profiler. Figure 35 shows the effect of dynamic modescrambling
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illumnation/excitation footprint froma |aser or
i ght source) by dynam cally scranblingthe nodes in an
WO bdoame3tat i ng beam e.g., by squeezi ng/ conpr esBCHYSA07/007991

fiber carrying the beamin one or nore area over its

| ength. Figures 33 and 34 sunmarize vari ous

enbodi nents of node scranbling as descri bed herein.

See bel ow. Dynami c Mbde Scranbling and Low Loss beam
. shapi ng _0108£ In certain enbodi nents, the devices
(i.e., byygpanipu ﬁﬁ,olf he fél@ﬁ;ﬁ, mqrgympdlogp%yg@ee.g.,-pgqg'g:q{gttmc actuators)
by corhphiil BRlifRes frofh diffefén%’Wa(r@lEHgtﬁflas%r?ét.ﬁnf‘o‘?l!nlrﬁﬁnd 550 nm) and
uniformilldmmnation over a particular T1Tum nation

laser tinaes (splid stataandsdiede) in cPjyneoBwithglifbreanbenth seapess (two
. r A nge
B L L i L g

modeschamblingiisi ‘toat’ iversu§ ¢hegight aufpubehin she modessramblireg i3¢'@é¥ for each
anple, a fiber can be squeezed at various

kmmw&%%é%%ons along its length to-induce a continuously

changi ng i ndex of refraction. Such squeezing of the
[01161 i ber, Iewill be apBeeiptedribaronkicodrodiroent di¢heidedcd can therefore

Ball v/t oral |y scranbl e.the nodes in t fiber

compii b Mo RO Birplia? & UGt S BB affeiifeay Bl
dynantic iveriefion bfindek pfitefractiomtinatawses thksmedqd aiavetapgbser the desired

.- herej.n {see .belo he.fiber can.also be shaken .
imegr i, RPATeH Bt CAPTGRUCT TPReh | P aprsggaion
(node}). cFertenaglé, nefigpittapahiting thelillumigtionlie cbhdeaitly dqadORH at a point
) Irg)&gener |, tflre d¥lna ] c scranbli ng of the npdes in the
with arGhaiging (eptRR-OTdRITPERE et ITOR NORAUESAINg LK AU squeezing and
back ddalri) TR cAY BE ténpBrAti FUBFOIERId BledicAebubddifPsathhPs shape
tipe. This thus Er events interference o ropagati ng )
changgs, Hem yFirplg Ao an clinge fea FirglRs etewivighs inrtae kee ngjethe index
] ' Ry sul ting
R R i et e
di sappear. over the m ninmumintegration tinme. Thus, in
[0117Eone edfaicnenpsaverpging of Hieiillampzation iipiitHs adpotpHatdepends on
1engthrmqﬁ§tgwcspﬂu9e,ttﬁ@d¢%wm hEOh i’ﬁ%@ﬁbﬁ&rz{cﬁg{u%}! twgtﬁeﬂgth of
~by infroducing tine variable curvature and 1 nde
the light powyree.ctte Thus itise useirantroflable vapgblewod shpeldinotrpegessarily be
Lt el j t eraal
ko PRRink THE b BDRESEI LA D810y S 268 ane e
averaging io€ dight owpnt iparfpoipgimt.a range of different
configurations. However, in general, dynam c node

bl ' . QO )
01187121118, GRS PO Sy 00 TBRAE L AR
variablg ¢.4.| Wehn be itmnpdsiainduringovhieh an émageisagptuved ofithe aneh
illumitht!eH rgyr{ﬂé higﬂt (1.;ﬁgﬁtp(e!grlttiles\/&béc%fig?nr%gee%%ﬁ r'erlagee{sfﬁlr)(%: He'ffowcells

in certain sequencing embodiments herein). In certain embodiments, the time period of

scrambling efficiency is equivalent to or substantially equivalent to the expose period for
each image captured by a camera (e.g., the CCD camera in particular sequencing
embodiments herein). It will be appreciated that such exposure times can vary from
embodiment to embodiment, e.g., from less than 1 millisecond to over 1 hour or more
depending upon the particular requirements of the embodiment (e.g., at least 1, 5, 10, 25,
50, 100, 250, 500 or more microseconds; at least 1, 5, 10, 25, 50, 100, 250, 500 or more
milliseconds; at least 1, 5, 10, 25, 50, 100, 250, 500 or more seconds, etc.). For the
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optical concepts require an i nput Gaussi an beam and
existing diffractive optical concepts are often
woawel1z3tgt h dependent, the present enbodi nent BOCEES2001/007991

require a Gaussi an beaminput and is wavel ength

i ndependent . [0111] In their various enbodi nents, the

devi ces/systens herein desire a uniformy illum nated

field for excitation/ neasurenent of the sequenci ng

reactions, etc. Thus, the uneven |ight/dark patterns
sequen¢ing reastiohs déscobed hetsitt, dredmaging tige sprighe Phidie wodrr of §0-500

%2 j ight in a nmultinode fiber is typically
mllhsun gg?’%ﬁ%ﬁgﬁr\'/eragi ng of the I|ight output over an

il lumnation footprint (over a period of observation
[01191i e s Jvlyasigus eabedimentsaiepvsenbyynaniameode HANPIgr ean, no

r: n i

mattc} {TBEN it M AR odbBlocd ik Bt PR sbRbsrtypes,
differenitbeasmmiedinudiffehmnt evays phthangingthe madexyofgebactinn, difédrent

fl ugrophore on.the, surface .shoul,d upiform [0112]
numbflhsd)e ."l"@f’snag‘a’g‘iﬁ‘&ﬁi‘%de%%&é ELAHOn ?hnaé‘ ,%S?’seq%'he const ant

varying of the index of refraction at a point or node
[0120df t he Dympmiclreeds swvanblingie npeligited by thépaiticalak Jight/illumination

ueezing a fiber, over tinoe) which ¢ | i

wsed. pENEE o R el S U frp PR s PR R SR 1 46
particalae mayekngth (etd£532 gidforaisDpuin), bthet bmbotimkmtmedrn ase illumination

foptprint. Thu h sition . of. interference nini A
of entiRfy Biterins wavaingel: R Rees feresigh i appascipbiffl can be.
e.g., \iiﬂbwli%ﬂ adﬁefssfmmmw darrd)\fr»; aligﬁmb?uayer@,fbrﬁsd Iiaﬁbidﬂmaisas, etc.

.changed at .a frequen that is faster than e i nnge
Agai, AL R e rAR s S TealipYe TPy R RGEA ey fhould not
necesbfﬁﬂg'ﬂédhlfdi‘ldasl IMnithe. tofMwReeR| R vafl behppriksfed dith@ach different laser
[0113] It will be appreciated that the current

type/repgt vreft thahermrespARAingly. ebRT DRraRIelrs Arerandioaaliyagdjusted to
achieV® ﬁgﬁté_?lftiai'l%qgoﬁﬁ AR Rtio RSN B1e bt AOmbef 6¢ &({eg where the

. random zation of an input node or nodes relative )
indextdf aefpagtinm is ciiregedeanidfos he atrcef dange of the iadex atrfuch nodes is
opiof NN (kR TOR ALt o 8 SAERLR K witomity of
the fdofirimt] The dynam c node scranbling of the current

enbodi nent can al so be used in conjunction with fibers

[0121@0nrpr | SJ&%%, %Elﬁ?hé’&%a%ﬁéé ffellﬂzl:iﬂ.raré G %‘}&E%%f Ee?ms of mode

eam shape’w uni Torm . um nati on. o
scramgyingdnifibgr apfi¢ bines, diyndmis nsefleascearsloling isidldo epsiomilly peedawith light

R
modeoscadmblixagpis, nophingte digyative ingedium dre ohich the lizheisdaransmitead. ddere too,
diffe%plge% iintthflzq lrtar“?smission medium can optionally also match with a difference in
other aspects of the mode scrambler needed to achieve substantially uniform output. For
example, for light transmitted through air/vacuum (i.e., not contained within a fiber, etc.),
the index of refraction is optionally changed/varied by changes in temperature rather than

any mechanical change in the transport medium.

[0122] The index of refraction can optionally be varied through a number of ways.
For example, as mentioned above, when the light is not transmitted through a cable/fiber,
but rather traverses air/vacuum, the index of refraction of the light beam can be varied by

changes in temperature. Thus, 6ne or more heaters/coolers can be used to vary the
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upon the imagi ng surface. See Figures 17-18. For
exanpl e, rectangul ar beans can be generated from
wopio7a2d744 i bers, as shown in Figure 34. [0115]PEi/gszoe7/007991
35 shows the optical output froma variety of
different |asers, fibers, and node scranbling aspects,
etc. During device operation, the ends of the fibers
were reimaged onto a beam profiler. Figure 35 shows
the effect of dynam c nodescranbling(i.e., by
tempewratniepef] e agmere node of Hedight beam e changeshe lmeﬁ refiradtion. For
t
beamseth%t tra'P ?lgrr%ugllx? é{e!éﬁn g};\i}gpﬁ%ﬁ%ﬂ%}f ap%er Sacéf Hd fltbgggagl be changed
in ordarmb ﬁh‘s@ threnihdem df tedisaetion.i Emsex(asqﬂe dhs flbelecamrhb physiba)lyi blnt
conj.unction wi.th different.be aper tWo versions
shakefl B e RIS e P BJeoh 3 RV e IR Fbermes o
changeliRe HhyloR Bt ecffaRtien At eivé poigts. SThd{fhysitﬁI Bitsratdieh {vitg lihe fiber can
en the descranbling jis " for _.each | aser
be thrygEactu hegrgmza] PR EAONSE aghouER SRS B gL and/or
thmugnpi@%mtmoéctw&sdﬁyﬂ Gfedz8thd NBEAEY SimfEPId thesdavailable from
node. scranbl er_as opposed to static node

Gene@g PB%P@F (Chino, QAt)P»@todg/ n‘éﬁ*i‘eéal\% Yy ayrpiofaryingdhe wdex of

refrackiehcag bt @bed. hat causes the nodes to overlap over the
desired integration tine. The index of refraction is
constantly changed at one or_nore |ocation &node) For

[0123dy app| dn aédmoaép differgatvys ofghenging the ixdgs Of gfracéion, the rate of
chan gwﬁﬁ@ﬁidhy e Hﬁﬁﬁ)%{doiaﬁo&spé% Hre Wsb RpRofd AN G b eBR R in

I nt ensi ty €. g., from no squee2| ng t 0o naxi mum
dlffergleflpé@aqd&@eatﬁ m&rrec apdlerspramiiingfdap sempaise pae or more node @i.e.,
area \L}EQ}P ﬁ{ealﬁhéﬁ’ is 75 af k’ll&%gu&g H&RE) \P&cﬁ QolBhn be ﬁde/statlc or

ape changes oma circ an ellipse to a ci

movablecalonghibeight heanar in a Igempsl bhtaxcgﬂngltmg@emwdﬁw gréater the ‘number
f 0 t eezi L.Q t he rmd
s e L S SO
prefetrh@thak thgzmhlaageson refiraqyicin riot ba sfobirquized wtbhpmledmom&r (1 e., itis
engt h apt ur ree of change in |ndex
prefe%?é]?“é‘f frgc‘ﬁnnﬁgn t"?wgpd{eﬂf Sglh’sf%q’cgﬂﬁ?’% PWe |ight source,

etc. Thus, it is a user controll able vari abl e and
[01243 houl d Figurea é6€8§ssimiw g/xdnq)lesacbdénodcssdrhmbhh o ovithVezious €iber

an,opt.i o contr scranbl i.n .0 )
shapef 3 VR REY TR SR g A5 Bo PR OB b BEagH, bstantiSily niform
“top ﬁ@bEMMﬂhtxod 3latBievéd uthen tiedyriansc gﬁide(%drzﬁwlﬂg lly\ﬁérﬁdhned using a
t out aver s nmeasured js_variable
vibraﬁl? & PLsipEA ébe;seﬂg(fn gglms 3P aptcste shet images Gan 'ﬁasgleﬁ«?de'&mugh
use oﬂﬁhabB&c@f&@bérk | BipuR@B®ehdys 4 hendctGhblc@ BéﬁﬁtouﬁfthA) compared
tiles (specific |ma]%e capture areas) upon the

with beagReuPs Whereiarthe fiRes wag ¥k @ niibet gheieoTHMETHMS from
Point! Sbu& (ERintb16 " URY (B VitrarchNE gl With REVKAY 0FS from Point Source (C),

or squeezed, e.g., through use of one or more piezo-electric squeezer/compressors (€.g.,
squeezed over 6 nodes at about 500-600 Htz per node) (D). The results shown in Figure
33 were all performed with the same fiber and laser types (e.g., 15 micron step index fiber
and a 532 nm solid state laser). Similar results are shown in Figure 34 A-D for a
rectangular core fiber: nonscrambled (A), shaken (B), vibrated (C), or squeezed (D). In
Figure 34 the examples were all done with the same fiber/laser types. Figure 35 shows
similar results on a number of different laser sources and scrambling procedures. Thus in

Figure 35 the panels correspond to: 660 um wavelength diode laser in a rectangular core
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scranbling efficiency is equivalent to or

substantially equivalent to the expose period for each
w0 pga27apt ured by a canmera (e.g., the CCD caneCHUB2007/007991

particul ar sequenci ng enbodi nents herein). It will be

appreci ated that such exposure tinmes can vary from

enbodi nrent to enbodi nent, e.g., fromless than 1

mllisecond to over 1 hour or nore dependi ng upon the

particul ar uirenents of the enbodinent (e.g at
fiber wighyne rrpdegcra linggA) gpd thepgmmepBer wigndpranys rnéode scrambling (B);

a532 H}n%é’\fe?&%afj thcﬁétadegé’s%} th m> mbe sé’rémbﬁﬁg (éggnd %%Qané%er

nor e seqon east 1,
with dggamicsoodescrambling @) m<ﬁ60 wn cva)veleﬁeth dlhécsl@q@re(ﬁ@pmd

)5 SRR B RS Y

scrambling/ &) 632 easitrbsiamsad:md tehmnguilar fibér with aviscramibding (G) and with

dynarr}sl{“,: rr?o l&? Cbglln g (glge%gé\ﬁs CE}?)%, E‘\\é‘é’h oxllrfcéﬁv?gher% %otdg scramct)Ing @
and wkR dﬁ/ﬁﬁﬁidr)i@ﬁfoscrﬂhf)ﬁﬁé @i a beaginwRbidatatélidséewih howayde of -

changing the i.ndex of refractjon, different nunbers of
Scmm%& with fyngmigdno SCF%‘T‘HA {Toh is changed, etc.

[0120] Dynam c node scranmbling is not limted by the
Low IpessBeawh Shapérght /i [ | um nati on used. Thus, for exanple,
whi | e many enbodinents her ei n optionally use | asers of

ro125E70 7 o orat BiRoRES bt spritc B RpandERocis ¢ B o

rectangaMe Isagbdams e opderenlly ussé.d S\M:lt ‘shqu)ysﬂ ﬂirmmnl%mdﬂ allows for efficient

oxpos R B2 s GricoP R B R i camresul
in hlgﬂlél‘&ﬁfcﬁlghﬁit(in vAgahd'devidts|Herdiar u‘hrstdaarbelaas/exxtag@tﬁliﬁ B Svhere
are nentioned herei EF such recitation shoul d not

the imagingds pesfpymadausinga Gl deyige pithgduese Rixgls.28 the Higpipption
footprift aRBRMAEINg a8ch Mintt2 tAaE by PielERIiARMinARA! ald/PfitobIESMH dof

used, that "correspondingly, other paraneters are
areas @tﬁﬁuderﬁ%ﬁmag&daagemereeo achi eve substantially uniform
illum nation. For exanple, the nunber of nodes where

0126} he i ndgxoQt eﬁﬁBaﬁ%dtQHeﬂeﬁl elveaest R a%ahbﬁ) dhape ttfbeam
change of the index at such nodes is Optionall

and regimage thgmaplppnigithe saraple snfgen (Whyoh earsoptipraiiveaste enesgy outside
of the %%[Eﬁ) %\?ﬁfﬁ@@r 19%015'[51&& Hifla ts\ﬁﬁﬁfe dr EcthQRAR P h]e[' ety core fiber.

e the exanpl e ereln are genera
Thus, al dheswaslablerdases rpnweofs affidigndy uagrbfor mlgummafmmel’rmgatcon down a

suffic eh{‘ﬁeﬁ fgthdc#‘lﬁgﬁ b%? £ RARS u{]}% fraczégﬁﬂz :ﬁg}r!ec?&%' the aksifd

illuminatmerf $ltaeﬂ dpe Bnd bf ﬂlﬁBflb@l gan thacbqu—nMgcd ofilus sardpleaerigs a

ﬂowc{ﬁ? glﬁTS?l‘%L !g'aﬁ%ah q}o L énq_té esd c? %% Erlﬁgglgg% 1lllummat10|?1 from

the fiber is typlcally des1red to not substantially disturb the top-hat profile and/or beam

shape achieved from scrambling and/or beam shaping (or even to distort the beam when it

has not been beam shaped or scrambled). Thus, re-imaging aspects (e.g., lens(es), etc.) are
appropriately chosen to not distort the achieved profile and optionally to correctly magnify
the light output onto the flowcell, etc. Re-imaging, in particular embodiments, can also be
chosen to be achromatic (i.e., to be able to function with any wavelength light). In some

embodiments, re-imaging components can also be “pistoned” by slightly moving the re-
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differences in the transm ssion nedi um can optionally
also match with a difference in other aspects of the
worae/1sranbl er needed to achi eve substanti al | pCT/osio01/007991

out put. For exanple, for light transmtted through

air/vacuum (i.e., not contained within a fiber, etc.),

the index of refraction is optionally changed/vari ed

by changes in tenperature rather than any mechanica

change in the transport nedium [0122] The index of
imaging¢ompenants odve the iduatinatigyaagd prapgriyionaegtic laraspaset the
ﬂowc?f ways. For exanple, as nentioned above, when the

I'ght is not transnmitted through a cable/fiber, but

rather traverses air/vacuum the index of refraction
[0127ht t he Hyuginatige amiferpity ' qglg,mgpltg g gptignally be controlled
by thetcgaggﬁ[ﬂ Athie bé—zﬂh‘ YaunBhéd fito mrsﬁaﬂeﬁ?ﬁﬁérﬂoﬁ RLS¥ith ﬁ\%rleﬁ)%h of the

ovaryt eterrperature of ‘one or e node of
fiber. |Illytninadsismmni formity egtondlly ¢amdm@mn¢@kb>aéyna@ncalhoscramblmg the

moac G388, B3 gAIEL FOESUAE PR CARE i Bhbaihccrs

the shupascycdrb dibenatevariohs leehtians | Sue.abboe. ’Ehadq:ili‘&,rect beanf dieensions at
be_physi. t ed d,
the sl PR AP BT DL D RO AP R R or ot o

nodes to change the index of refraction at those
[0128poi nt s.Figiwes Bhyﬂd 8akhowitiee sesbitoof mu'etdf atrbexaﬁgtﬂelr caranpb'eal fiber.

act ual_mechani mani
The o b HRIEHE MiRire RS2 r58 s KERB! PP, de sadl rohliod im
proﬁlatlluﬂaa’am@ shé daired m&mldﬂtﬁeaﬁ'ﬂ wieh u(lﬁ"ogn 1llummahan ift the vertical
hose il able from General Photonics (Chino, CA)),
a“dh%?%m)al c}égﬁgwgpq y, any way of varying the index of
refraction can be used. [0123] In addition to
[0129qii f f er eTtie dyapmiomodd ang’mbgmglmdldweam@hapieg SRIEMS Bomprise

he rate of cha n enu er of node
compleins & Genatast etk e sybsreatialy uitSFAed gy mefiBp Gfiphable
evaneecfem ®LARN6 the 16waamr@adMQ wwﬂc&haﬂﬂelc(aﬂomeﬂnwsaete@ nean SBS
nore node, (i.e., area where the index js Va“ed%
reade'awsmwm nat }Scﬁﬁ’PBréHFnth‘Wﬁ COMPOBERYS EURIIRRS Witk Seyeralal
modufhrs/d@ﬂ(ﬁi’kﬁts 3h ARG VR $BY Q&stéﬁﬁ(@ g lthe @aﬁ&ik@f;ﬁics cbhh?oﬁéﬁts
limting sense, the greatér the nunb nodes
descripgf @bavs. gib), ARG cmbw@tr%]eﬁrdlwpteﬁ thmgh mp ©F prage gempyter
compbltl dtS typically preferred that the changes in
refraction not be synchroni zed with one another (i.e
it is preferred that the variation in index of
[013Gl of r act Ry theugtahgsayrent dyramic moggsesridingzmngihsgm shaping
emboﬁ?ﬁﬂémg gnte, ?deﬁre%&% Heldi tREbughbt i% Qéﬂn%bl% tf‘nélp ﬁ{terﬁeﬁ'@@ With,
and various [i1ght sources. AS can be seen fromt
nuclejogeid sequeneisg ayﬁtﬁ:ras (88w M QsrRcquesisingby syritheshs mtfqg@ﬁamons as

descdb%d?l%ml 1/ %W%gé“a&}p'il&lé%‘ B%}?os@%‘i‘%kﬁﬁ'h&lﬂ@hﬁ that such embodiments

or med usi
are also applicable to a wide range of other uses/systems. Thus, dynamic mode

scrambling can be included in myriad systems comprising one or more aspects to
dynamically vary the index of refraction of an illumination beam to mix the optic modes
of a multimode optical fiber in order to produce a substantially uniform image or output in
a desired timeframe (e.g., such as during the image capture time for a camera or the like).
Dynamic mode scrambling can optionally be utilized with systems such as those tracking
fluorescence on a plate or microarray or the like, i.e., uses that do not comprise tracking of

sequencing reactions.
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vi brating or squeezed fiber. The figures al so
illustrate that imges can be shaped through use of
W@ bapaes7eore fibers. Figure 33 shows a nonscr ap@i/@82007/007991
beam out put (A) conpared with beam out puts wherein the
fi ber was shaken, e.g., through use of a MKTTT M5 from
Poi nt Source (Hanble, UK) (B), vibrated, e.g., wth an
MKTV M5 from Point Source (C), or squeezed, e.g.,
through use of one or nore piezo-electric
Modessenan Aaveplatéss. 9., squeezed over 6 nodes at
about 500 600 Ht z per node) (D). The results shown in
[0131Fi gur e I3 yaviensaspeets hevein thethvgntion e9rapEsasm Systsay fogmixing

optic {g@&f Ly Hul‘ﬁft &418%1 ?%uﬁ]f?% erﬂ;?xroﬁgh %Ee[er &/Qgé;ﬁ t{:és bgéchaé;ﬁteﬁas comprise

a light soukcegferge, Blaséy) DvHichr seads Eghtathguighra molteméddeptic fiber and also

optiofd A IHENER ahfeat{ e e 8 e Bt ke Yo imasine

lens(e‘sb tphstnh and; anw 4 subsrrate dAewcel))pckhe \Fa\g:tplaeesBﬁ mblo\sgsstems can

esults on nunber .of. di fferent
compSit roinaf Nt olaia. Sutirae cbRtionss (g b arbiatly Physically
rotatepm ﬂﬁh&asﬁl@hﬁse S8 An biher E@BoditReB, eh&m@t WitHiliodR drgseY whveplates,
rect ang er wth_no e scranbl i

u corefi (A .
the Pla‘ﬁd‘f?tﬁ@ss 3‘&@ ¢rp e wqwa&;?ﬁ Shithe ﬂ%ﬁd’aé%%%f’? “S’Bg“aﬂa“g
voltag'ie?a%rwmtwnqmar&mals Qh icrt5ih 3 oldaaests Vihé RvaReplaRARdm: dpnses two or

scranbling (C) and the sane fiber with dynamc np

more §eqtighp Pf Ageutpy retardgrraghohhishoioiates mlaraéatmée diffgrent
dlrectﬁﬁl%om typRCd1 ARYafh ntWtB@hEHc dmg'ﬁ f8éth hbé}%o(-@nséyg

he same fiber wth dynantc node scrambling ( 532
substigmallm uniforma light ow@ut et 8 awdadeaver abiéfmwl tlmermnod The light

oupuf G et 0 Pk TR S TP s
and r@mdedwmbnsaty’nmmmmn ¢emparisomioi the o(ltp)lt franﬁaﬁluilmusdﬁ optic fiber
stat?ﬁt>l aser e.scranbl (K) and with

Wit
that dges ok COIHEE °§‘8 5:%?? ﬁ"qa?’t% VAR v]vatfgss Beam Shaper s
0125] one e i ments hereij [

[013% hapes llguoé er, aspccqts),gu% }né/e%trmn Qi )11Ses| aefe(ﬁ?él ng)F e%%agq%ngdh %ht
outpud fifoiroa adulymoge dptiSfibér olkapadrfadd inm deftriedning pevemi bysending

. fficjent exoure and ng, ove surface, e..q.
tight S5t g gutre g di aoeay il M b6 aBiificopgh one or
more Rb@ligg walesla@sp Wi sdrfie mbbomendg uné:@apbﬁsretfhe sufi¢eScaraprises

be.advant ageous i.n cases where the |na
reducg BTG FSBo A BUP AP EH e APEs o ghe quiput from a

multifdo@e loptib FbeAHaP BodsGdk Bbmplisbik biMBdtAMBAY HRAP1AE In some
tiled to prevent illum nation, and photobleachin

embogiragiys Hig wawlatﬁfeaqwaepfwawuv EOtgecat varigupppms, jhi g’swé other
emboﬁlma% &Rk Sis BEthAlIdhid bRt ddveblatis] e plutd®Kart® SDAMErs the

beam
polanzatlon of the light passing through it by varying the voltage across the liquid crystal.

In certain embodiments, the waveplate comprises two or more sections of oriented

retarders each of which rotates polarization in different directions.

[0133] As used herein in some embodiments, a “waveplate” (or retardation plate or
phase shifter or the like) refers to an optical device that alters velocity of light rays as they
pass through it, thus, creating a phase difference. Waveplates are typically comprised of a

birefringent crystal. Some embodiments can comprise a liquid crystal waveplate.
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and re-imge the mask onto the sanple surface (which
can optionally waste energy outside of the nmask), the
wo a®an23784 coupl ed into a square or rectangul arP¢DUS2007/007991

ot her shaped) core fiber. Thus, all the avail able

| aser power is efficiently used for illum nation.

Propagati on down a sufficient |ength of such shaped

fiber fills the core efficiently to produce the

desired illum nation shape. The end of this fiber can
[0134} hen bésrdgserihageaboyatio particutgsiembogdingents gomppiaisg] laser or other

sourcez#gft%%@x?ﬁ?e ilﬂuﬁ 5&(‘)& f @& S%E;E&d# LS o %ﬁﬁ\ 1‘11]%@{}%&9 referred

un1na on ron1t I's typi
to as tbl@%ﬁoqum 0 inepatsaltySia rahd ahifgrmli 'S"hel pbti¢ htstltmmnt&djcrem exploit the
moveli gt bRy SRA B b PR BR SR BB ATRY g i
core with a8 edquail ahgﬂinudwamchhfmhﬁbe@a frc bampl-}&d profilews the footprint.

HowelySy the B RuRPeE A BefiS: St Tnittert 10 Cribotely and

destruamﬁy e dad with eandthdr, s RO R Mcﬂl&ﬁfﬂlﬁl‘ﬂ ahﬁ@mbdlﬂxﬁtin the
put onto the flowell, etc. Re-imaging,

mtensg& .pfcrfele °f Fhee\%dPh’éWFE lighty nSems sMpodihenss ﬁr(tdé'%é uniform

footpriift Wy%ﬁcﬁll% bhzﬁcmg iR fifer aPh BndecAdIBIrte? MM thB eRPYsure time of
wavel engt h I n sone enbodi nents, re-imging

the capisraRAREHINS @srﬁmagé&a vech ayesages sl mb%psgv inRimg apdyagina and
produtdi& ﬁrﬁfdmgﬂ&qo?t 33 Bﬂﬁf‘ UPhil ShdkayEc ]gh ik Hﬂbﬁ%d[l%e Iﬁ?@ﬁinotor

pr oper | 'ar areas of the flowcel
that rqtatiemﬁm%ttakgﬁ th@rﬁﬂfe@{ wmcga in pome éstanedveAMennse uoéfrslred noise and

vibrat au n@ﬂ@g&ﬁﬂb@e ?%g{)éscﬁ Qg Cfé( ugi?&cl ougﬁ{&to‘5 rSB{eﬁI % he'l en {mﬁ can

also adfersdiy_s affettalelxablllt)ummmﬁf balance Dﬁlrmmto;s bavd ostairtey nean time
ca I scr.anbl t.he nodes W t.hin

vetwefit (IREREA haihopd BRThE ndmag it Bviios o oRatt hilk"
Bec ause of theso fiwtots spoéeresing hea shapmdde opecdlifiver wathouamechimical

| ocati,ons. See above.. The delivered beam di nensi ons %}
vibratigs aBﬁﬁBl%"?&P?t&’&‘é’S &Bf*f%‘ﬁ MAVIPERATtSHRY HERE YAVEPEIESSn be
advantd¥8@hd e sogitsiastantdd1 28] Fi gures 34 and 35 show the

results of use of a rectangular core optical fiber.

he en of the. fi ber s re-i.maged onto a bea ) .
013s],c; 7| BOdiFRsHL O 6 AR IBRSTOBAEPSHGEs A hepytiallyquniform

flat-topltR afhe@. br eurhBRtion@ktiedtioneaen i fobepdiif 19¥ Mikink e MAHEOHE the
in the vertical and horizontal dinensions. [0129] The

multiggdeapticatfier ddnaABrRREE Aavareriue fetndiviemiats) sTrmpatial
contemYFRhd ﬁj%de@%%aybﬁ thePstSEE mé@éaﬁengﬁhgﬂh'e\{ uta} jght. As

subst anti al ni form and SWtc
polarigationds changede the spatialieeniepivisrchgngeda CEhust the Hdsrswneiﬂmterference

mininf SHE R hxia R clﬁfﬁ@@sr asSyp gt)fa?&%)o of 8 lt§ﬁ§ vE&24€Enan ed, If the

I nst runent . I'S apparent, ese onents | nterface
waveplateis satgted at amahg;ﬂar frequency that is faster than image acqu1s1t10n time, then

a spatially uniform image can be produced in the timescale of the observation. Thus, in
particular embodiments, the waveplate completes one or more rotation during a certain
time period. The time period is, e.g., one during which an image is captured of the area
illuminated by the light output (e.g., substrate areas of the flowcells in certain sequencing
embodiments herein). Thus, in certain embodiments, the time period is equivalent to or
substantially equivalent to the expose period for each image captured by a camera (e.g., a

CCD camera in panicular' sequencing embodiments herein). It will be appreciated that
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nodul es/ conponents in the overall SBS system (e.g

the various optics conponents descri bed above, etc.),
waere7a2314be control | ed/ directed through one orP@DUE2007/007991

conmput er conponent. [0130] Even though the current

dynam ¢ node scranbling and beam shapi ng enbodi nents

i ncl ude, and are described throughout in terns of

their interaction with, nucleic acid sequencing

systens (e.g. , various sequenci lzﬁ/ synt hesi s
such expasyrg timesican y agk! ra@s%anyb@eh@oanﬁa mentygig}, fxam less than 1

msec gbo e?‘i' P dr ford Ba5R \?éﬂ EF g&tfchﬁu %cgmte%gntssw

diments are alsoa to a w range o
embodlllﬂmit (ugesllsgstles10, 550, 1001 260,650000 engrensaty atiepst &5, 10, 25,

50, 100 gl 08 G g ateen RIS 5 T ST RlDon P oo Sgponcs

etc.). &or kild camerad used Heesin) the eRposurd1Eme phayCbd 18660 aihilliseconds. In

de opti cal ber in order to roduce a
certaif SLPHRISTS 15 WACPA TR (g COIES P G T St fffptation during
the tithé PBfi6&EMBus( eh §ome EMBBdRSerdd) aliRgng Bﬁl hleBBE itcxdad e tinme
for a canera or the like). Dynam c node scranbllng can

ption utiliz stens .such as
013637 i yhil il APt G th A ORI 4 pamber of
ways,| tfieal dmbodimef8SotaidthedPaveplate: Oaricular aftkddithefis herein, a A/2
sequenci ng reacti ons. Mode scranbling usi ng Wavepl at es

waveplgtelqe wavaphate 8§90 a3 Fievre 38na syitabledoppipgas respied by a suitable
DC nﬁ)%mr'tﬁ@ﬁk@ lsdh%g] at QrsFSch(Fathen%leﬁ o %@Q%Bé B substantially

mul t 1 nod tiber through wavepl at és. Such
unifomy magesis @@&Cﬁd duangutm@pm@maie lr(xegegcaptura tinags éP@¥hefhi ch

emboaﬁﬂfgﬁ ‘%IF@I‘ A \{ggia'ié(g'%gﬁlcﬂ QH)& tfdfgg{/ergpgeﬁﬁlaﬁsoof

optiona ast -one wavepl at e an
orienigd twayeplaleg or Ismal]ghplacevse wmnage fayt hain stlest)e;l ipdiffsrentadicections

(see vgagvte?la?e W itn eregd o‘gcnce %:c‘:tlonlge [g?) a%szajilon 1n 81|'ilferent

stens” can co r|s rota
waysfanmvodispe piehtfhgeraiap af de mcdesaﬂah pcph‘;@da:hda DC rrmtmth»tlonally
such

{ whi t
does Gl R By LpSrmRaYERPR WEh sOYRE sratebe IBoR( BE
embodiiflerts, lotlies deliReRQuah bg Hybidrergdtalt K@ch iagHut [p@s Hidigd to, those

mansbf2y SRRy i e B B 250 5 Kt e e

polarfzHiHk bE@S 14300 WithBich 1RREL b@eﬁlsothe%lamaﬁdn lcah ®Eed6tated by
each of which rotates polarization in different

varyigg fhectolliga actops thglexige- enbodi nent's, the Iight out put
fromthe fiber conprises a substantl ally uniformlight

[0137Qut put FiguR M HoxE heMmabc defskdif defrbdPRLiRL rah@demishﬁy
ght qutput on the surfaces in various enbodi

[ nts
arran ﬁf‘ép@}tﬁ)f @p mogggerftég GhenvERliQ Sqntfi‘;g\;ﬁe,ﬂor}wearly polanzed light 4100
(200mW, 532nm) from diode pumped solid state laser (4200) is attenuated by use of

several OD filters. The intensity of the beam is further controlled by A/2 waveplate 4300
(e.g., Casix, Fuzhou, Fujian, China) and polarizing beamsplitter cube 4300 (e.g., Thorlabs,
Newton, NJ). In various embodiments, the entire laser intensity is not needed, thus, in the
example described only about 0.1uW is used. Rotation of the waveplate 4900 allows a
precise control of the input laser power while keeping the polarization fixed. The beam is
then passed through second A/2 retarding waveplate 4400 and steered by two mirtrors 4500
and 4600 into microscope objective 4700 (e.g., Nikon, 20x NA 0.3). The microscope
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and reduced intensity maxima in conparison to the
output froma nultinode optic fiber that does not
wW@oipne¥ye4 one or nore rotating wavepl ates. [ 01BRT/US2007/007991

ot her aspects, the invention conprises nethods for

equal i zing light output froma nultinode optic fiber

over a surface in a defined tinme period by sending

light froma Iight source (e.g., a laser) through a

mul ti node optic fiber and through one or nore rotatin
objectiypregnees dke beam Enhe reqriendi ste achepter by rul@mogp eptical fiber,

4800 fdﬁt;fnfi‘ESreCS EEN'A nges%r OZU R ! &S\Dé 't(%%ag%?” 'ﬂfe @?gutreﬁﬂmge fiber

ensi t are
in the nuibbdnmdﬁ sbq)mn s Ibllatmf dltdfcaly ouhahs clm@tof@mﬁrqamra)ﬁ%(l‘bte g,

CasealR g Epr B At Ry byl i RS STt aRS SROOUHBLE e

camerafwds@pieratet ilnefta:ﬂértraﬁhfmembae andl eipcﬁares/ldf oD mwwelre adequate to

Iate [ate "rotates" and alters the
Capt“ﬁéﬁ%f’?%?fﬁ 8% X @‘“Fag‘ﬁ Classing through it by

varying the voltage across the liquid crystal. In

[0138Fert ai in eatioul sminddimehize theavephaineeminm hbmtetr\nm overall system
e.sections of or|e d retar ers

with P 3 Sisef B SorpPiss UHti Pl ehfaieq (¢ £ A1 BriEHt pattang of e,
placerAéntlaeshdeatent, rtohmmma, &) odi Pt Snirrdrs aAMRRhD R tte(Dle. 2.,

et By B AU S S b rbp e
compﬁ@\f/fs: éﬁwtz Reve Vgﬁﬁsé, A Oua1dids (el uﬁher%@@ﬁmﬁ@o?ar&laaéﬁ is

ence. eplates are typically conprised of
mrculm);b/hrwmemesmfynhealsPecSﬁneeterdaUdn rmnt md::@sm mmsesaé lgast 1

waveplat(ré;" ‘.“38?55 S\;\t/z}%zggig%? %t lgasgg[ﬁg%v?’e argeAsS P]ég %S od'trﬂ(érre waveppates in

varlous(}m‘aﬁgemm.t EIhb mveph&sldflthmaﬁtimehot hecesaiidy inditddeby their

illumnation is referred to as the
constSSf e TP 5§10 crvalie G Pyl Sdetimgr o PR DI B Hbstance)
and liQ@aAtcr Y818 W SvePRERI die SidMd¥dinekdif. properties of nul tinmode
fibers that allow propagation of all optl cal nodes

hr oug ei.,r core wth near. e itu .
10139}, 1 S e s FghosE T BT Fe BH F AEFRSH SPoHghout i
terms kIPY& i@tractien fithi, heciBiemeRl sedlieBIgieSyspiRsS @) vah&mcgequencmg by

fibers  can constructively and destructivy interfere
synthesis ¢priigurationg g deogibed bﬁmdtﬁ@lhb&@aprq%?%y thage of skill in the

art thmpfé E@rdrd lﬁmubmsea% h%(plﬂfaﬁfe' tb @ voilde ritel FVRher(iRbs/Sshehs.
ght). Some enbodi nents produce a unitform footprint

Thus tslye (SRRPSCEREIy Camielusly SYHEMB|CHBIPTising-one| Oraners veaveRlale @ypically
rotating)3Ratdike§ ch%&dég%f Qf mb i R Fpkigal G 48 bﬁﬂartt@ produce a

i mages, which averages the intensity mnima and maxi ma
spatlablmub?t@aiwélé@lrafom imagmor patput yn desie timefranh(esg. , such as during

the infigB thBEr¢ Blle FAY Llfedbe M 08 BRE Entnl QhlptdibBhncers can
optiongdly bheautiized mdthes ystegnsy sucheasahdse tracking fluorescence on a plate or
microarray or the like, that is not a sequencing reaction. Correspondingly, the waveplate
aspects can also include methods to create a substantially uniform image or output from a
multimode optic fiber in a desired timeframe by passing the optic modes of the fiber
through one or more waveplate (typically rotating and typically rotating at a speed faster

than the image capture time or desired timeframe).
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vi brations that need to be danped to avoi d causing
i magi ng problens. The shaking can al so adversely
wa@pdogar3mel i ability since off bal ance DC not or BRCTES®0A007991
shorter nean tine between failure than bal anced
notors, and may increase physical wear on the fiber.
Because of these factors, node mxing in a nultinode
optical fiber w thout mechanical vibrations and, in
some instances w thout noving parts, by using
[0140lwavep! ¥rssusmagse ohininad: faee saposuse obasampen f5pasych exemplary
L% r Y
embod Igélgfg ‘are SH v%ls u'ﬁ) {r]]}tae.%a qurotrﬂif ?1‘ﬁgfe e%ﬁbg%drte otﬁg %)('re%%ment regions of
bright alhd dankrikéle areesad dend in Erguaer 4bAorT hﬁdmgpt/dmﬂc)mmgem@suh érom
e c
constrdelfie R TR shor R nBHen R O BB R BicROatn e
multmmﬂethmcabﬁbdrh éRdﬁIﬂﬁSofdh@ emd6pllns réslts irmsmtial redistribution of the

zatjon of the.in
dark afbARLCRERE S BB s o ioghLimBiatrof Rlish Figures
each uﬁﬁgé Wla|§ fakeh at auﬁréremanmh platé sargngnas mfeaﬂthmsae@ bwvg@mmf the
pol a atlon of the Input beamis.c
waveplgig équ%tsfli aster Shany anaagea#[’%mfailmﬁ @?F?ﬁpapﬁLPm?%e is
average@3h@unifoaf shifd@fing 6£ltheShiake ReshiltBE SudhBRifamsS Habb@ldgyis
uni form i nmage can roduced in the tinmescal e_of the

compagpiie fo gblanng Fharge npwgsra@& AgERANEAYSAE RS Hhen- Frures 41C and
41D sHRY QRIS i h 0P Rh 78 1 Brofic TWIC) A éH é\%?ag@{;f' SWinfhges with

certain tine erlo tine er|o IS, . g. one

associgfgdl ling pmﬁl@r@bﬁ) | ﬁmgee 4% shays meewbé&antlﬂelramty of the footprint
ght output (e.g., substrate areas
prOdUééfd he ﬁ%&%%\léﬁ%ﬁ gertal n sequenci ng enbodi nments

erein). Thus, in certain enbodinents, the tine period
[0141] s equiQtheramethds of ensuring st the onficabibrapisaimifarm eyea the

1magl%W&QQ%ge E%rusg 3¢ BoleNBES, rﬁﬁﬁtoH o el tﬁ b%%ex'haan electric or

ra in particular sequen
magnegieifordd meimgF anadayi om)Pock@l oglls, |anuee1@1m®r@that1@ht afient it bahgone
X t f I
eoue DRSS, LHAERGRR AT AT SRR AL ol IRl hoose
light valope ncﬁigngauugantﬁelmdpﬁrtme ﬁudna(lf thlmmoupinéhmsatmhe taser (if no fiber

ent east 250
were Pgﬁ%?“%r ’“rf‘b‘f"%gﬁ’é%’c‘ha'a‘%‘ ©MeYst S‘iper‘?‘POfﬁ a“‘g 8“"%‘63 %}fo"ﬁq“‘é%‘bbem
shape > OheGuchex&npREs a éiﬁ’fudeﬁ asth ah, Fm&nsx%ﬁpro@ﬂe oﬁﬁnc(k@‘(ﬁj}z (stbdis
i npr e seconds, etc. or t cameras use
sm(x)ﬁ&a@rlﬁh “?Héfaeifﬁ%&ré’ewﬁﬁ 'i’F@“h*HS’O BéOIisg RSN | | i seconds.
In certain enbodi nents the wavepl ates can rotate |ess
[0142] han ngHWaemhh afvda sémhlblihgtaapéommhﬁuilhi dag dphena]ilyme
erijod, th odi nents, aliasi can
contr BB (e R & HE CoRB AP ONEHEARd ate Hpically

coordiatedlVdyhdheDWithaRe hghtallamimRiion had ligit deredtiongonionsas(also
pi cal enbodi ments rotate the waveplate. In
typlcaﬁ}aﬂ:ty BECAMPEIE FRETENECREr ein, a | /2

Devices for Detecting Fluorescence

[0143] There are numerous devices for detecting fluorescence, for example
photodiodes and cameras, that can comprise the detection/detector component(s) of the
current invention. In some embodiments herein, the detector component can comprise a 1
mega pixel CCD-based optical imaging system such as a 1024 x 1024 back thinned CCD

camera with 8 um pixels, which at 40x magnification can optionally image an area of 0.33
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wavepl ate (see waveplate 3800 in Figure 38) in a
sui tabl e housing is rotated by a suitable DC notor or
wo b@7h12e4 operating at a speed fast enough soPCTrEB20a7/007991
spatially substantially uniforminmge is produced
during the appropriate i mage capture tinme. O her
enbodi nents conprise nodified wavepl ate(s) which
consi st of several sections of oriented waveplates or
smal ler pieces, with the fast axis oriented in
x 0.33¢nf pardile vdingadeses i§Rot(sizecofi(hY & §)- 2 pum $880 ajsquaFe gnelgor a circle of

0.5 m%gc%?mr te e Ccﬁ' ﬁeﬁ%g@ﬁ né&t &ES tl“hﬁ ?ﬁéﬁfs 'c%ﬁt()?ﬁgnéﬂ(}'f ha%ve more or less

Nt ways a’muc ter
than 1nodben pieln émmammie a Henm pmlcmrrmpa; ¢amiad dlspdd de snamyt

embocilgg ks I;]tal‘g’ d%%% e@ {hﬁ xga §%ra chtl tﬁ? g& {%stej}oumer as Ilsast as possible,

for exsmpha ths tliahqﬂar eate exsballG MLEHJ ohhigher, fort exaniplé 2ok 8d MHz. More

Y N L A TR TR WG

reactidbrs$ €4n bd\th Mﬂmlthﬁwuglﬁ/%y s kil extpdCuiel Tdid Kalthe Ad¢aage of
be rotated by varyin e voltage across the device.

requlr[qglfg’mer Bfage maoves aid Gilter wheel |cbangescangd ’éf‘g}P%?ﬂ speed up imaging. In

partichRPERDSHirhdHs, 3Re EXR A/ TAREANISIRL L i re %szﬁﬁ@@fjéd"ﬂ%%ng
of the invention. In Figure 40 |linearly polarized

about 6gQ imageoivgarprted 600 fjesi(pignas tnerrs asw apiéenatly|doge in 4
dlfferé{t%()ﬁ)rk it o;(tﬂ%gﬁ% differ&icifl ?‘Bﬁﬂa&}ﬁ per ?{f’qg 'ﬁgf’ £ Nteddbixel

ters. The intehsity of t eam’i
CCD @@ﬁammasés pptivradlygan @pmatrebem@@n eleolg 5,00049)i S0,0Qth@ley

s 00 RO D B Sh EHR 9
theoretigel @tsitwa respévablentlesterstper iisit acda (oeddage) it deendant of tiee size
escr i.b

onl hout, 0.1 i s used. tation
of the G AR S PRS2 800 aTPahAn a1 Lideds 156k oighe Bhintfpof
detectllceﬂ putgtdraﬁeﬁ glmmﬂbh dﬂﬂd)thbclkﬁapthgbéﬁ'%dﬂﬁhﬂn&hhﬁﬁ;ha& area. Atan
| Xe e e ISt sSSse thro secon
imaging fate gf § &m@meafl? Q?&Btfpfgﬁac PEe F"é‘ﬁ “%1%‘)%;906%“““3 per
tile, t&%@te&&ch&@%ahm?aomw@%ageaMt astﬂu‘\rﬁmﬂf?’e%réﬁp& hour. Ata

Ni kon i The m croscopeobj ective reduces
faster fpagHEAie: and hghpéaeﬁt@é‘épwzethﬁ ema@naéet@aae &e @y%mfwanﬂy

1mproWJit Fﬁpgﬂxﬂ;ﬂ%'ag e thafRfum fE%QQut%‘Q rﬂf‘eﬁﬂf : AR, and a resolved
(e out put end

g., &Z optics, Otawa, Canada of
cluster ntéerb'u%)emxelﬁ th eeasiobbesnrent mi Rigwelusserp Ipat:woud r Ebe fnstrument

582 ¢ 9
can b@ﬁo dgﬁ%gﬂoggﬁe ucson i%; gfe &;_)m%g gﬁ‘éﬁgﬁ‘;‘?y e od| Trent
simultaneowsly tmegecm«p@lomt@pm edraeras,morfevemourrcabas entonfiodecameras.

If foug‘g%rrlngx)érg g.?éﬁ{is%ﬁ 18 aljag 1 r'g":’ls o@ggﬂzl{?(ﬁ%l%ﬁ%c% Q%lilﬂgn {)ps%s per '

e as ex alne n-various
secondndroRf.dbillien bakes pteuda;ent i nvention, no matter the
overal |l system :
[0144] There are two ways of splitting up the optical signals for a two camera

system. If two lasers are used, there may be a red excitation and a green excitation, with
half the emission light split towards each camera. Alternatively both lasers may be used in
both illumination cycles, and the light may pass through a suitable dichroic mirror, so
sending the red light in one direction, and the green light in a different direction, as shown
in Figure 36. Such system prevents the signal losses associated with beam splitting, but
does mean that two of the dyes are exposed to the laser before their intensity is recorded.

In some such embodiments, the excitation blocker, e.g., as shown in Figure 36 can
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with which it is used, can conprise different
wavepl ates (e.g., different in terns of type,
w@b@capamt , arrangenent, construction, etc.), PBCT/U82087007991
mrrors and beamsplitters (e.g., different in terns
of type, location, angle, etc.). Thus, different
enbodi nents can conprise, e.g., |/2 waveplates, /4
wavepl ates (e.g., when the input polarization is

circular), |I/n wavepl ates of other specific
comprise; adepl mptsi filerde. 2.3 206 960 BRpr i Bickire|of agtinstrument with two
detectiVERALE3 TR arlcﬁ%ﬁ% f1RidNR L FREAS 8501 find t@ﬁﬁﬂo@ce]ls 3702) is shown
wavepl at es, at least 5 or nore wavepl ates
in Figueer3Tlous arrangenents. The wavepl ates of the i nvent| on
are not necessarily limted by their construction.
[0145Thus, oftile” birsedn & fupetianally enyiyelent tuthetimage sizamyapped onto the
I.al 2 2 £yst al
substafe 1B PO TRY Ll &, B SRR, 8%pit dbityiia B Plet, although he
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have tgwqhhleme Same mgzegjtrsaﬁpm&h}aﬂhgﬂla?mmbﬁﬁ)ﬁﬂmmﬂm the Taset (bt other
. e appreci 0se 01 SKi In,.the art that e .. .
light sopqed At OH%ER‘F 8%“ f’%a Yaoiegpy i tminipgzapoy Q:TJ;’?‘P&&’E‘@C““‘«% 18

desire@f ot her uses/systens. Thus, the enbodi nents can
i ncl ude systens conprising one or nore wavepl ate

[0146§t ypi caAd Matreﬂt[ﬂé\h&ﬁ@l%tlh e Vﬁritﬁlﬁ ehibdRRéNE hBi%iif—‘ $hééandera/laser
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nucleSi&R BR6 t%ﬁe”@fcfeﬁ'f@ tHefriGveel S Y %%aﬁrs a@&i’ﬁbﬂgl thRrib &Y 6ther aspects of,

capture for a camera or the like). The current
and othgy epcgpts raspding SBSrscawncaigganbefound in pppi¢anist po-pending

apphcgir g{;% '?gl; e)ﬁ#@?c WObH@fﬁﬁ r W%:fé{éﬁ SHéiﬁ Qﬁ@ﬁ@%ﬁg%ﬁ](nﬁcleotldes)

oarray or I'S no
WOO@@H@@Q@M@V 003 20433, (p@lymeeeﬂ@@h &V@gﬁ@ﬁsmﬁdsmmpitacmem

techm u 12(% 9\?(%9342%?# g’ygﬁgﬁ%zggb apg {)%a@i(?fst 1 rﬁcﬂls%lp{eparaglon and

sequeﬁcxhg): fiber in a desired tinmefrane by passing the
optic nodes of the fiber through one or nore wavepl ate

[(0147(t ypi caHfigyres Ataaid 1331@sibw y@iaasldogsiblet (ainlﬁlggrzaiona of fiea@dmeras
desir

and 1457 e i B ey v e o el E desfigh o it imaging

confiQufROGH a8las¥r facMiPEchfgufitioh s Whens aipnk aiewvia gleoali fEBtien, and an
gure 4 From a single exposure,  the

are sho in Fi
altema%fnf chpe Gﬁ%‘g‘&f Té? WaHE hghae&faﬁak% SQUIcE is;pRtional, and can be

used SWEIE RS, drindre L6 the ekitatidiflalirl Ihiue ] KhbWR 8RS dcREphtldesign
from constructive and destructive 1nterference of

systemayhilst secosding anfmage icthg IdREimagin graeafigurationp dde configuration
| -
in Figdd | €& thE IR i r@tlb %Btl?ﬁalw ddg@%% %Jngvc?fl tféﬁ tﬁ%l&%ht fesign set

spatial redistri utlon 0 regi ons
up shawndm&igire A3t he Figur¢ &songfof| theyes lasersinglaser as3nblyrd 60) is used
to 1llxﬁ1lﬁﬁgte thd Hﬁrﬁﬁke (in flowcell 110), and a single one of the four emission filters (in
filter switching assembly 145) is selected to record a single emission wavelength and to
cut out any stray laser light. During imaging, both focus laser (150) and optional white
light lamp (165) do not illuminate the sample as they are either blocked with a shutter or
switched off. Laser illumination 101 and illumination from the flowcell up through the

lens objective and camera 102 are also shown. Figure 13 shows all the components of the
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each i mage was taken at a different wavepl ate setting.
As nentioned previously, if the waveplate is rotated

wo amwae37shan t he i mage acquisition tine, then PEBEUS2007/007991
spatial profile is averaged and uniform snoot hi ng of
the imge results. Such uniformsnoothing is
conparable to obtaining a | arge nunber of inages and
averaging them Figures 41C and 41D show a single

ewthits line profile (41C) and an average of
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and ﬂ%‘f‘éfgpet t'hQ grtn%%%%lf BE Gl EStus. f 2he ﬁéﬁgg%g% {}P@Je%gérﬂgrﬁv? 1r?131%ure 141s

can conprise t I on/ det ect
smulara:micau ef]tl(w)lemént‘s lmethmm Ehtbut numberedras “liA” saher than “13,” e.g.,

nts her C . . .
1460 corrxr%spoggs £ als1ﬁ)é eﬁn}(egf scf%?lgg Ca (;fho A oqé Ltlsl s&é%nrl] 1gs described in
more gyaild@leuch as a 1024 x 1024 back thi nned CCD canera
with 8 mm pixels, which at 40x magnification can

[01493pt i onHiyrel Ifegevarthavpitomi whitdIghOviddingremeiguratian, where

cous R 50 gl 1560 2t Ccnlsb BB whie g
from ﬁiw wattilaab ISEStgoeﬁirﬁo jhe syhte?f@rmasmlmm?& imagdd directly on the
a nore or thap 1 mllion pjxels, r exapp| e a
cameta. Heys 190, ths 4 PURRALE LB LoDt Bettp léﬁéown@i@s that of
Figurkd 13 endl €41 FRgrd D Ehdvean El@éiﬁﬁﬁver fRb&s @infidi@atidWhéte the system

shoul d be as fast as 6p053|
contains second focusing camera 1641 whlch can be a quadrant detector, PSD, or similar
detector to measure the location of the scattered beam reflected from the surface. This
configuration allows for focus control concurrent with data collection. The focus laser

wavelength is optionally longer than the reddest dye emission filter.

[0150] Figures 17-19 show various schematics for beam shape and dimensions for
TIRF assays carried out with use of the current systems herein, while Figure 20 displays
an optional embodiment of a TIRF prism for use with the systems herein. Thus it will be '

appreciated that the shape (e.g., round, square, etc.) of the laser beams and/or of the
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for exanple the transfer rate can be 10 MHz or hi gher,
for exanple 20 or 30 WMHz. More pixels generally nean
wo baw/1287har ger area of surface, and therefore PGI/ES2007/007991
sequenci ng reactions, can be inmged sinultaneously for
a single exposure. This has the advantage of requiring
fewer stage noves and filter wheel changes, and hel ps
to speed up imaging. In particular enbodi nents, the
CCD caneral/ TIKF | asers herein are capabl e of

imagipg preae illurginalsd by tha beer brsgrsscanptianaliy vRpathet1eB0difrens
embo&iﬁ‘ré?l?se ]{?AFH%GIZ’I %‘bgggﬁg Hﬂﬂéﬂf *éﬁs dng %Fb eftiediok ftﬁé’l%!ﬁn as lFt) emerges

ors erent ters 1 n place)
from thydiber. Foerder 113 IW@gvanqﬁ: Reirciecn the snbstiate, ithemlpgasn must be prOJected

from t?lghﬂé)%ﬁ?%/ Lug %13?9 51894 ﬁl'eri)eggltl)ﬁ?s He @&’@s t uggl € tdp?.l? Q%QQ Qo the

uni que nucl el c acl C
normal migigs vtqyo h70thef dli‘cmwpﬂijbct&ljbf allippe 1THe (e Hear elliptiohl beam shape

oIv bl e Iust [ e [ r r . .
requlreﬁggéggr egutoécb ﬁ g dowi fl F‘ﬁ‘éeng rigg 8{‘ Z%J‘ﬂ.etl’g? 82?’5‘5 é’l’ce g%rnal outline
1710 &h?rjﬁmo scmld:sggime ea%e vdlwctﬂmhme}mms istlimg?o@fthet 1}&&101' axis,

nunper tected clusters as.a function o al .
Likevi Gy GO ARG ST SRS Ereaite posm st Hedugierigd onto

the subRtE a®h rekt &Rl Shd\eh in Flgard 08, IBighf18,cedt@xigle 1880 iskshown.
density of 25000 clusters tile, the systens herein

A recretliptsst besma phapeds ey aafag%rt ews(l?ﬁmg Sﬂ‘”f‘ dibe pederlige at 22°).

Edge DR 18@5 ofth 3§URE ptd]BALMBy E‘é&'&gl@ @%misgii%rmﬁiddfcfdears is prism
density, the inmaging rate can be significantl

face pagtiy oyllme 183 (aaidmsraentnd edgeragy g |0§ aféfo‘ﬂllpﬁeai EQgmigor
)20 MHz canera, and a resol ved cluster every 20 pixels,
the readout can be 1 million clusters per second. The

[ois1nstru r@@&ho%\ﬂﬂntﬁg&&nf9 %&‘ijsntl % &@Yg%eg‘% 81160 3Re fnaging beam to

single canera. Thé |ight can
hit the puhstraterruniast gt anm@nm%y 687 Gnelgtlm tcothte\mn@al)é@ achieys a total

mtem%y Féhec&éjx( afd %«9{5‘ t? Q{I %vgr?e%erﬁ% h3Rat elxcb%:sotlﬁg A& %es on the

use us possi bl'e t0 sequence
surfac:‘e T'd ¢omrol timh pE&thedwaonttirouph t86 pﬂsﬂm, tnd therdfascdsepeine

Th t f itti t
o SRSl VB8 P RS RSB TR W,
prismahey hawdh gédidtey Whyrelthe angledf ﬂi@pﬂim icDﬂleanffaee grms° thereby

ensurfiecipacihi Dt alaps M neumiieps Budtr, e cSriaeRme L e prism s

more F@l dédchived NPdpplidatyit WeO0305289Y Nehd the Biexﬂ?&r)oﬁ§§ and geometry is
through a suitable dichroic mrror, so sending the red

showniig F{gur$,2@f4C-di recti on, and the green light in a
di fferent direction, as shown_ in Figure 36.

Such
[0152Jy st em Beay shape af ke lesers derqin s%t&twgggb epnirdled by polishing the
multifflde ibeP Butpitdn @&t a8 Rréfdle. 4. W sqfard B&andly S8¢, 318, Figures 21.

exposed to the | aser before their Intensity is
Figure 2d shgwg imaged beam results from such polishing. In other embodiments, the
beam is optionally round. In some instances, the beam properties may be a Gaussian
profile with the following properties: a nominal image size of radius 0.17 mm, a maximal
spot size of 0.25 mm radius, and 0.32 mm as the point after which there is effectively no
laser intensity. In certain embodiments, the beam intensity is greater than 90% maximum
intensity at all positions within the nominal image size; 80% maximum intensity at all
positions within the maximal spot size, and no greater than 1% of maximal intensity

outside of 0.32 radius. In various embodiments (in the absence of a dynamic mode
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In sone such enbodi nents, the excitation bl ocker,
e.g., as shown in Figure 36 canconprise a dual notch
wo poovae37ge. g., 532 and 660 nm). A picture of aPCT/US2007/007991
instrument with two detection caneras 3700 and two
fluidics systens 3701 (and two flowells 3702) is
shown in Figure 37. [0145] A "tile" hereinis
functionally equivalent to the inmage size mapped onto
t he substrate surface. Tiles can be, e.g., 0.33 M2,
scramlplep), thegintensigna any poim dees nokyark dyghoretibars p %cRMS within the
M
txmesctaié (?f W 14 ellr%gli‘ﬂg @gﬁﬁl?%rgmlctg%e Q@g?g&gg{%ém éﬁe%? Pg‘ggﬂbﬁ o@ﬁﬂ)fre than
3%RM§gnezisumt0\@n24Abgm, it will be appreciated that the
tile does not have to equal the same size or shape as .
IMuminiagion| Systemsit i on footprint fromthe | aser (or other
i ght source), although this can be advant ageous if
[01531 he m & markeay bf)ﬂhmﬂinptﬁmi sabkmiﬁaygpeiwecuhsdavé@s aEGdrdBig to the
“ﬁt ed LY X H; in the various & enbodi ?nése The
P"ese“i’i &V Pg ! %é%ﬁ‘e‘lé,‘%%ﬁ%m%ﬁ BEPSAPUGH 888N C
systenhs @i dbndehﬁ bee entofd untiaaani lasse of Qifferent vaneldogthse Ik

ucl eot j de base type added to the owcel [.) a
examilf e oI TR BT BB EHEN e 0 T e o0 glihough lasers
with oﬁmmﬁen&;ﬁ@aﬁ@ #1go bSBSed eﬂﬁ&ﬁ@hﬂgy Gﬁnatb@]sf@thants the
licants' cq-pendin apg_l i cations, for

lasers g U5 hoygin At A9 P@@f‘é’é‘&f@?ﬁ"’(‘%a éb@r o) TTL
modulGBr 84Bd @se neh MENGIdEOGRB rfs@QirHéﬂ%E@ﬁﬁﬁ 100 W) 266 hitdgrated
(surface attachnent techni %ues and WO 9844151,
manualshBtiea foofagiaoduiation obths 532 laser, hayeinigsinted heamhaping
opticsI6eH 'tlﬂé;t): t}r{m%%&m':ds Hét‘?ﬁtu%1salﬁg1naﬁné'tpatstﬂ9Yi(s&ﬁﬁieﬂf'ﬁxterface to
possi bl e configurations of the canmeras and | asers of
maxxmize signeb@rmoiserrating hays muegtaltmnnge scrpabldritg rdude sipgle, omathe
I [ C r
utput Lt the gng@g tlﬁ(g%e (/\%H{ ﬁ\Jec}H% 11%3 @%@ cﬁe%%t%?‘] i a%hutters and TTL
moduhmdnam vdedddo na$urv ¢hdt dsaeﬂluhunatmmg ontssmgthe sihgwlmkurfase whilst the
camera 19 htcp?d‘lgéglg%ée%:’] r@ iz %OP of uglroe&rl]lca?lr S %.Itq g:ﬁl(l: an heo?%blieac ing, and
theref&eg&ﬂpﬁsdre&iﬁ Quibstiakess tb Wlals@ht/hdﬁmtgi&_ede}&its gpnaially stinimized,

r an i na in the TIRF i magi ng configuration.
eSpec*Pﬁé(%(‘?g‘?fF ‘l’%&eﬁgrq‘i‘?c‘lgi SET e 1 for tghegTI RF i ?mgi ng i s
tionally a ratlon of ackl i ght desi
o154fP" L0 gideS 2 R bR Vﬁﬂepwitsr heq firalgemls piflertih
embodidgaits fdriude me»ran@ss epiit am@suqefé use of hkwmlmt 8xc1tat10n
t he sa&p}é} gll n fl owcel | 11?2? 8| e one of
system &o, detg s four JHOtoPPPISs eang t |t‘f/g ﬂ'@orﬁ%%r&r?&lcve away
from thé)mhSnfRh S6doestidrowa egen dh, 3as~°s'h8%fin EIFUES2ZW. If the emission

wavel egﬁzt h and to
filters used in all four channels were the same band width, then the two fluorophores

nearest the 532 and 660 nm lasers would be significantly brighter than the two
fluorophores excited further from the lasers. However, this factor can be negated be
changing the bandwidth of the filters. For example, as shown in figure 22B, in the case of
the 532 nm laser, dyes that absorb at for example 530 and 560 nm can both be excited by
the 532 laser. The use of a narrow filter close to the laser, for example a 560/20 that lets
light through from 550-570 nm only allows the light from the 532 nm dye through. The
use of a wider bandpass filter further away from the laser, for example a 610/75 that

allows light through from 572 nm to 647 nm lets through the light from both fluorophores.
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cut out any stray laser light. During inmaging, both
focus | aser (150) and optional white light |lanp (165)
wa@leooioe37d | um nate the sanpl e as they are eit hp€T/US2007/007991
bl ocked with a shutter or switched off. Laser
illTumnation 101 and illum nation fromthe flowcell up
through the | ens objective and canera 102 are al so
shown. Figure 13 shows all the conmponents of thesystem
in the backlight design but w thout the specific TIRF
The intensifl of theobdd Juerephere thropigh a0 filtanis sirBilarTiodke intensity of

the S sHFSoriote HRGU, iy iplar, Tt MW FadeiBhors 6 beany
distinmmei,dngirmkihglg Imnpmhém exhassipn, filkgkt i er) 1335, caner a

(e.g., CCD canera) 1340, |lens objective 1342, filter
[0155Fwi t chiTihg efifeseisinloy whgelbngth spegifiaandasarbegesioniby udids@ny

L.excitation,lasers as Low watt .| a 13695,
excitaf5 iR, B TR b heions b MR VAR e ser.
Two fluotepitords3dhiat absoely #ré5e nodliand 680 and S&ibhe divdngduashed usinget narrow

fier i 6 S g 87l 2BhT RS SRl BeoR MY, 22
example afmglubﬂg 55658. \Mgagethe:mteﬁsafiéﬁg u‘the mrb@%teg tﬂ(é%gh thaireéspective
. assenply 1. and optiona ite |i 65 are
filters 351 0 eV BH# FeudiTrgn FiesRf0 dyesig the 6822 fttes ff mugh reduced.
Both dyk @ndif Bits izl B0 10@ g&s%ﬁ\ﬁﬂq‘lmﬂttﬁ@\éﬂiﬁﬂﬂg 2ad Elefrly b8 determined
pi ck-of f mrror 1% beam spl i tterf)m ich direct a faint

due toy{ae different lguchof emissin wdhe narey fHiar Fherdaptatiomef lgser
wavelb®ifth$ FHRIrSpHdrd sEIE AN lahd FkP ban Wi ah bR REL td Sthin a set of

fromthe sanple returns up objective (1442) through an_
four flypphorgsgisingnary nungher g savelopgthshinehtha dutendities afshe emission

throughsea'cﬂ%ﬂ%éﬂéarp@nﬁﬁﬁ@h@d lié’ﬁ’lgthér BQ(ﬁRﬁﬁm e ?ifltel’sh% coRRb! how
on the canera is used to ensure the sanple is at the

much lighhis tefingmitiese from t he obj ective, and therefore the
imge will be in focus. The nunbering of the el enents

[0156] n Fi gdiigure23isbow minoaninalalesigatfonsn embodingme nf thei30x system ray

' o] d "14" h h 13"
e, S0 BURDSET o g DRET 71 08Pogddpgomnce o

the system is Heperaleh 060 thesmsgrsfieationsofdbs objebiick lens mmriehel othat lenses in

NI W NG T AT T T T

but atialdostndfasslation apelbselil phckedrcdusidrt andl theShigdhtness of each cluster. A

configuration, the [te |igh r | ow watt | 5
preforfigliuaghirg e uis apbpBill-Eeyedm oA (oY irria g or 30X, The
objectiVe @it Beycutbrh ABsi SRsBO Al loWediEfrididn iHRe R8RS Rbbéfetained when

el enents, except for beam 1503, etc., follows that of

viewipg fuprescenge ghipci4hropgh gmonisandashgcemetsy (fer asample thicker glass

substraRE}En CIRHck othaYin® ih\BBEAYiES Bred ¥t sPHE SN hBdBiiohe Atbbiective
focusi ng canera 1641, which can be a quadra}nt

lens nwtlgcqqusxctp@@ thegdetgefqr) vag a further tube lens.

Autofocus System

[0157] In particular embodiments, the systems herein can comprise components to
aid in proper focusing of imaging clusters. In general, in particular embodiments herein,
in an autofocus set up, an attofocus laser beam shines down to a sample through an
objective lens, reflects from the flowcell surface, goes back to the lens and then to the
camera, thus creating a spot on the image. When the objective is moved up/down with a

fixed sample, the spot centroids align around a straight line on the image (calibration
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detector to nmeasure the location of the scattered beam
reflected fromthe surface. This configuration allows
wo oro7fizayes control concurrent with data col | ece¢DOS20071€07991
focus | aser wavelength is optionally |longer than the
reddest dye em ssion filter. [0150] Figures 17-19 show
various schematics for beam shape and di nensi ons for
TI RF assays carried out with use of the current
systens herein, while Figure 20 displays an optiona
curve Bistlagementsidra alpngrthig cakipration ling és popartional w\the ehange “d(z-
I [ at
zf) n{]& %ﬁanc@%ﬁwéetén Wgrdgj&ﬁvggg?&ﬁ%f@ﬁeﬁ%ﬁa%é rxntggg}?éélﬂﬁ 1ments
beforeotheirm,lthugoﬁugawaaﬁvhsmdsum pacrgatidny of the calibmtiob émmilts: sinpe) and

oGRS W o80SR TR iV s

of 1000 nralie zgHisection ardund foedsgrosition whidk is ésnaﬁlishadlrwrsahEy aThe

e on the sub trat t he be projecte
softwie (I 8 PGS TR 3PS cPpEnats s SHdhe Aot B EEBltds in
focusSUPRE! thik es getefmMed FondthedMel @ehitdal) Reoud fn froEdnge sw ¢fhe 21

1700. of C|rcle projected by elljpse 1730

calibration ipagesy Feesriaplspibe deyises %ﬂé&omoséﬂy eszlinpnﬁ? %wtﬁgocus

functi8f \WBjelcti P& hcHie W 1o Men Afsolddbn nidiudd WiApas S0RAMIZ &kis motion.
outl1ne 1710 is not to scale and the edge view 1720 of

The ohjertiyg lens zam opdongilyiinovshvartieally ingelagion 0 the subsirafe, and the
111unn915@8ﬂ 1ds€r éAn' BUERBI B (RIFALE rﬁgtl&hg%c‘f’ll'm%tﬁéhﬁlmfngﬁon inputs

eam must be proj ected onto the surface as a
also messtinaglation & therfohpirdte. Fprrmeodimentsrharing gusofpgus capability, an

autofcgcgg %@5‘&1‘& oé&ix?al#fsgé?ﬁ%% [.H% (ﬂ{dgg of 'ﬂlé dr&&l Pg S@J@cﬁoéfé%s

require oKi ng
(optmmehy es farmé‘f-axlszzppséﬂulgm utdewtdlﬁﬁfbspbnd tuenmqmarra sens1t1V1ty) The
pected b al so_indi cat ed

autof cus C 5 qgl ﬁ u18359t cgglas Q rce that is
?ﬁ?’f‘aé’g 3} F%‘P P {urpRategser Qr fron & Sgpaie Sr%l
optloledl_}'ea diiffevent 8&Velteh gtl"euhale tHel ilamidA30 1646r) for erahple.488 nm, 630 nm

or an Inep AR P e Bt Therehfigel hiehis hen SpHpRILY Monitored

by eitBéd @de&llleéﬂb}ﬁﬁakdg@ tRfou¥R atdicHrbR veaf@littet Bn@ahé BViBredcence
total internal reflection and generate an evanescent

imagipg gatoetaa 1 Inskeh embogitgents. thy lsph awé garppraare optionatlydhe syyme as
that uS&@n" R idRRnRak (e.8f 20R9es: amﬂwo&wsﬁfémmﬂ Ghre

therefore keep thé illum nation footprint direct|y

ovtwra)a}brmalugp@wmvely cumjeatysteay ddeyices have pesicmieyiously
descd%@ael%r ekﬁlﬁgf&ﬂh%ﬁﬁéﬁ‘é@ a geonetry where the angle

he prismto the surface is also 68, thereby

[0158?nS ur ' Nith 18y Adt%&:uﬁﬁ Jg'hteﬁalﬁ hg RE ?rﬁ’ﬁ%@é pPane moves

desired geonmetry of thé prismis nor i
with rgepest [hig qbaﬁqmpﬂw@athecﬁﬂ agoing hwdntahe apkienglampves

lateraﬁSl %ﬁe.%gteg?%g% e 1h sfo&ﬁ%‘f%ei \Uhlfé &%‘8113 Qme %p%esents an out of focus

plane which gives rise to a lateral shift in the detected beam in Figure 25). The dichroic
mirror chosen in such embodiments is usually one that reflects the autofocus beam. The
small leakage that is actually transmitted (c.a. <5%) is more than adequate to observe on a
CCD camera with no emission filter in the emission path, Figure 26 shows sample
photographs of both out of focus and in focus images where the spot is seen on the
imaging camera. The lower images show the detected autofocus spot on the imaging

camera. The spot can also be seen on a separate detector, as shown in Figure 27.
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[0152] Beam shape of the lasers herein is optionally
controll ed by polishing the nultinode fiber output end
WO pooonan4to create, e.g., a square beam See, PET/IS2007/007991
Figures 21. Figure 21 shows imaged beamresults from
such polishing. In other enbodi nents, the beamis
optionally round. In sone instances, the beam
properties nmay be a Gaussian profile with the
follow ng properties: a nomnal imge stze of radius
[0159). 17 mip eanhodinpris copprising Autaipcus aspeditnthe gemputeg gemponent
optiof e oPrizEs b BuRRHs fbch i Sueh lsdiind Ppfondly 411 the
deterrhimation of thej corrpeefacas (e-pahy 90Wteting thenatiqveansdstuenzgntsand
X |t it hy ' [ size: 809% i .
acjusfilcoRifeith. ThE abRodiO Thar i EHRo on kg B ..o
just thel ydirectivoh matheg tieat e 8 y.hihs sifviptifyingienmbceditrenThe Yocus position
£ thel tSide]Of.O.BZIéﬁ¥LB. I.n Ka%%gus.enbodinents (in the
of the GRIFHYE "FI° 15 2AATH '© HYGFSLHPAfSEFYO ™t he intensity at
ny poijt does not var nmore than 5% RVE within th
o607 20 e £RFFid 7 o Epmie PRt o1 R apigrofts Ppbfel " Sewp

Respdrisa fagtivht dyhdréisgiosiione bf the auedfoomy spot (ENy3 % RMare measured on

. measured over 24 hours. Il]um pati.on Systens 3].
the infgh SR 101 SeTATA ROF BAPL YA BT 152 S el 5
positiofi€ edidegudt®. Shewh i€ Fiitire 27 KedH drdlysisTWRh jhdt BPdRRLIINEN The
systens cap conprise |anps and/or | asers. The systens
movegicht ehihe ZpleSebSRA inBhawn 13 imasRd op drilyossseacgfamera in the lower

panel€ll FbERAZ PRUE HRRE I ask@Wiad FTRIsRidn 6T HY SRR d Qo (dntroid)
y contain two | asers of 532 nmand 660 nm although

ma
on th¢ gayaerd. yfihepe By s dptapoints €hgY Ds(Zordp), 475 ¥3)p &4usad d(Zs. ¥s) can be
descri%@gibé/iaqw.| y, in various enbodi ments, the lasers in
the Systens herein are actively tenperature controlled
Equa%@n .1C, have TTL nodul ation for the 660 nm | aser
lode with rise tinme | ess than 100 ns; have integrated
manual shutters for fast opgylation of the 532 nm
| aser, have integrated beam s°hapi ng optics to ensure

The th BRd QRGIJIY "4k ?igfr% ARC e daf | d}néssfrd}rﬂ hddk .c{h%.gesaﬁts Lhe

Equaﬁ&.?&r ument 1 n ace to nmaxim ze sl gnha 0 nol se

rati o, have integrate €,SGFa r, to reduce ripple
on the output of t%zgﬁynﬁ ym?), and have

mi ni mal heat generation.5Yhe-sthiphers and TTL

nodul ati on are used to ensure that the illumnation is
Equagglllg on the sanple surface whilst the canera is
recording images. |llum nation of fluorophores can

cause phot obl eachi ng, ag hsL org _exposure of
substrates to the |ager géﬁ ngy[&ded is generally
m nimzed, especially beﬁEgzt-th)ﬁages are recorded.

Equation 4

_C
Yo =——
m

Thus, from the 5 data points, the values of ¢, m and y, are determined giving a known

response function,

[0161] The next step in such embodiments of the autofocus analysis comprises

“Calculate newC (for out of focus position)” wherein for each position ¢ is constant, i.e.
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[0154] Figures 22A and B give various filter wheel
arrangenents of certain enbodinents for use with
wo a0070ex40pt i ¢ configurations. The use of a tweCT/ES®N7/007991

excitation systemto detect four fluorophores neans

that two of the fluorophores are excited away from

t hei r maxi mrum absorbti on wavel ength, as shown in

figure 22B. If the emission filters used in all four

channel s were the sane band width, then the two
doesnit|changspies pe ouhehfosys of nefosavpasitipre ddovinydrali doss deansd for

I

dlffer&? gﬁklﬂ §ur téﬂéér%ftpér%n ?{51 ?x{qvggg{]% h&§ VB\Bg‘i:l/:ig& I\lflg’k@ RY z{laﬁated from
thechmwmdﬁéamégaab¢8by changi ng the bandw dth of the

filters. For exanple, as shown in figure 22B, in the
Equatipms® of the 532 nm |l aser, dyes that absorb at for

exanpl e 530 and 560 nm can both be excited by the 532

| aser. The use of aeW&r T GwiddteV.Llase to the |aser,

for exanple a 560/20 that lets |light through from
[0162}50- 57 Therthivd kyepah Itlmmot:m i$ togkse newghtot dade1B82 requirkgeZ position

The use .0f .a ban ss filter further
<newz§mg>$g?w e EPaud ol iR IRE°G 0 75 T hat ol ows
Equa t through from572 nmto 647 nmlets through the

q|g t fromboth fluorophores. The intensity of the 532
fl uorophore through t 00,29 fllter is simlar to
the intensity of the@%&é3 ?u%?op dPe t hrough the
fﬂlter Thus the two fluorophores can be
di sti ngui shed using a S|ngle | aser and two
en1SS|on filters. [01p0]-The, 3 is not wavel ength
speci fic, and can be per orne u5|ﬁg any excitation
ff fo |
m & Rk o B o T S e R B s B every
pomnﬁﬁoIﬁﬂwamdwa&&mbemamﬂheddlstlngU|shed u5|ng a narrow
filter close to the laser (for exanple a 682/22), and
[0163% br oadenothed dspectfininttodbcwmampdnents el drq)irﬁzemlaﬁ)aoxhpng:s laser
ain.the intensities of the two es thra
pointPRSHpiRY iteRraty’ T Bistes O Bpinto T G oap e LSiLgpied in the

auto fbéwlhidaﬁorﬁﬁ&nd&){&wltﬁe bbijectbeds2sifnpld ®in leps R the @elbiee docal
Bot h iV‘yes emt into the 700 | ong pass channel, but the
lengthoasshord ipdhe exaggeraedtragareinigee “ue to the different

| evel of emission in the narrow filter, The adaptation

[0164) | 55 SHMBIR BFUWPRITNY them Yigds Brabihe @gl%@tth@wgowause the auto
focus f.
ocus flzish% ?%aa? e%lé IEh:%thn ByRfe #E&‘fj id fm! é? velaer ﬁ%wﬁaﬁ r{afa?ﬁfgmmately
AJ/F fdrrshmhlsartgllas of the em SSI on through each channel can
be normalized using the bandwidth of the filters to
[01653ont r o IF&mwmoh]ebdlgd'lwlﬂsthb natsesiend tedal; leh tombirfatign Ipeesent in

some gwpg $ tgg leré s:zg ?ssrlo%ghly(%)rii ﬁlql e’ler f%ca] lengt%fof tﬂat lens is 10

mm. Hence the error angle that corresponds to 1 pixel is approximately 30 yrad. Some

Hence uaﬁ ¥

embaodiments of the system have their auto focus set for a sensitivity of about 4 pixel shift

of the auto focus laser spot per micron of z motion.

[0166] Assuming that 0.5 um of focus error (corresponding to two pixels shift in
the position of the laser spot) can be tolerated, it is seen that the biggest pointing change

that can tolerate for the auto focus laser is 60 pirad.
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trace, while Figure 24 shows the 3Ox inmaging
performance. The i nmagi ng performance of the systemis
walepenetamt on the magnification of the objectiRET/U8NE7/007991
and the other lenses in the system A snaller
magni fication will allow a | arger area of the
substrate to be inaged, but at a cost of resolution of
cl osely packed clusters and the brightness of each
cluster. A preferred magnification is optionally
[0167het weedompoet Aloax sort Of stadity requiteieni oBEHNOTINRETQSIR éFpparature
o . . L] Ce . P
variadlSG 1R T ARAEPLANEN: g SRR Iy Thloss o
solid stdug dasesistveryp carbiudlyrtempstatund potroldaiyitt will Bd diffiedttepineintain this

hi.cker gl ass substrates), and . hence renpving. t
sort of g e BRYSHER R ioR e R iEh R e, BB (e 20-
30C).J ens may be connected to the detector via a further
tube | ens. Autofocus System [0157] In particul ar

[0168knbodi Menreyide hedisipatkifforhatien and dreocyipreigasd to focus tracking
algori R panate g EPaPLe NI APe BB e is eiven

belowherein, in an autofocus set up, an autofocus | aser
beam shi nes down to a sanple through an objective

[0169] e nsl, I’IQlfe|fﬁ'§tt §eh;f frﬂﬂiﬁd’kﬁnﬁdnﬁﬂ@ﬁ{s| ofSlﬁeE forae tragiiag pbeceiduiedis to
.the lens and then tq the canera, thus creating a spot
obtaing IS iHEE: Hge BT IAET SRR B S RAAGE, SURET RS
imagifg EAmEM. THPFOm ihiepSRaty RDs Xindstedlih 8Ro PaYBd airst coarse
straight line on the imge (calibrationcurv

e e).
pass thyt dstesmenssiihe approxignaip §osiHpR 2pdfize PhthecHOl ifﬂﬁowgd by a second
fine pRsQRA dekRRhesi e st HoRABGRes iy Fefo?e 4QErGindl e TOL

between the objective and the focal plane. In many '
(Centerrafddighi and othge spotdeatyeesy (e firklepass analpyie casbepeifemesd in 5

. O . Li hrat i L '
s (S 1GAL Bl S 0y L IR, U it 08 e o
to 255 arioiplungiféohagey sdt s Dnapdlall othengeysaald valtésddinmdagly infbetween; (2)

1000 am,i.n gz-di.rection aroqund.focus posi.ti,on ich is
The PRI O of e i o el Pleke uPEs it 4ot e wVerage of
the ndrtialixed yutpeotadlatiansithe adhege with iiielf syidi shifteof iifie pbe@hml the left
d i.S inlfocusr ﬁf,. Vf , this is determ ned fromtt‘ie ith itself
and upif pixel AawR, A f 1DAEe 1S iRy Ehemysirfeisedqes Bt pergelgte with itself,
this measurd katlivenow ) e¥ext,lils iR%asN @reshbRleday 1 Z®S ARgtighgabove this
optional |y rise an auto focus_ function objective

value éogﬁib@\rﬁa«'gda%gs graun ovhlsAnything Befoyy ths lepselt%ﬁ%'eﬁ FRFNAS
backg@Nkril. NBhttiNg.- froth Qh@?ja?&iaﬁé’%ﬂ G.Q.St}'fé%téiﬂ@)%@{dn%lﬁﬂgﬂvﬁ) find all 8-

vertically in relafion to the substrate, and
connegied fRragzednskcarapenentsa e albiigsceandistate foropraund camppagnts, the
SHER WillPdhe bighe | Jo%rd gt ds® UL DY Eorl ifyi
compr el at ilon ? ok%ﬁ:'gi As‘}&gas%%ra&zﬁégﬂl Eor ehr%r)tsi%{dia%r)r‘etﬁ?sg%ﬂ; (i)?]cél ¢ spect yn.lg
the pagiticsf anskappeeniniatd size/of the paimasy spets atsbéyhThe hoyndingdiaxyof this

compﬁﬁé}ﬁi?!:&ﬂgutw.e edge of the m croscope objective |ens

[0170] The second (fine) pass analysis is performed in three steps: (1) The sub-
image corresponding to twice the area of the bounding box is cut out from the 8-bit
grayscale image. This makes the population of foreground and background pixels
approximately equal, thereby making it easier for standard image histogram based
thresholding techniques to work reliably; (2) The histogram of the subimage is computed

and the “best” grayscale threshold that separates foreground from background is
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(optionally as far off-axis as possible in order to
correspond to maxi num sensitivity). The autof ocus beam

w@av7aeamed fromthe illumnation |asers, or froPCHUS2007/007991
separate source that is optionally a different
wavel ength than the illum nation | aser, for exanple

488 nm 630 nmor an infra-red | aser of 700 nm or

redder. The reflected beamis then optionally

nonitored by either a quad cell or by Ieakage t hr ou
determaingflc Aiheitresfeadnsgs! istcaled Yatsy’ StTfEerthé’ Gee dhBE Trangy %mgems,

Man, QQH%gﬂen{eﬂ #gi‘ 892% h”ltaslat%uélf‘%_ln%ﬂ%ﬁ ang R%%HP{J%#]&{, Solume 1.

Addlspa—\yesleﬁ,owmén and (Sl’ﬂhehmagam thfasbokled ys ther@tsuithireshadd end the 8-
connegped TGS rﬁl,)]%nvdecnogme%lfo%%gtr 1\é\n \flepe ri/c%g e’l;ﬁéi'% |1r etﬁt pxs‘i St v ot%rf?b on Wthh
every%ﬁﬁéiﬂﬁeﬂﬂﬁatuf@é:&&]cnw iscapded owtul ar aut of oc u5| ng
aspects herein, as the inmagi ng pl ane noves with
{01717 espectAh additiendllpjaectdantse dapried otithte exerhtiaht @dsition of the
nitori beam aI tional I noves .|.ateral |

seconflgm BR- Pelr Paca D AoRG Ly Souh Ak Rt () The bt

1mager @wxﬁwﬁstmsgug tHREsHoRldsat B8R ahishéll Fi16e@) T sduld@bénoted
eral shift in the detected beamin Figure 25). The

that aﬁﬁhmoa‘feé threshald, thepumher of niyeln (FABRithe Rf@% SRRY FePBpnent

incred38€ THRlard 51 186 bEmabE s i PfR6HB AR ukacoWRInine how tight or
Ieakagﬁ that is actuallé%‘gtransmtted (c.a. <59% is

diffusgdt is; (hadhesomponent Ohsybisiony size)rlasestin dgigaeatohe Rrimary spot

oS R4 L o8 0198 oy A S s

spot i reggededaher e the spot is seen on the imaging canera.
The | ower i mages show the detected autof ocus spot on
t Heenten gl hightaleterminationspot can al so be seen on a
separate detector, as shown in Fi ure 27. 0159]
[0172 nhodi rf’éwlgtee@mrthes%@teaef bigbE (<O FWé"S}oq‘rba } i denoted

as theQQRATE HehPBi 8 BRlnkaty SO FIHRRSHiRS @tﬁ'hﬁﬂt@&lf&tﬂk Rtk o biob

Such al gorithns option yaldlnt edetermn tion
as: the correct focus (e.g., by nonitoring the above
nmeasur enents and adj usti ng accordi ngly). The autofocus
spot can be nade to hove in a I D manner e.g. in-‘just
the y-direction rath thanx& thus sinplifying
the procedure. Thezf£ ggaty Yt he objective
lens is assuned to moYegin the z-@rgecfl on. [0160] The
first step in sone enbodi nents of the autofocus
analysis is a "Setup Response functi on" wher ei n

positions of the autofocus spot (yi, .yn) are
whergrthesunguatim istigkenmygt aly pietret in ﬂmrbl@eb@wag up@gﬂ bisgd soordinates
(x, the objective lens (zi Z .. .Zn). Typically 5

posndgmyscatsegammlaeslﬁﬂém in Figure 27 is an
analysis with just 3 positions. The

Other Spot Features
[0173] In addition to Picture Quality and the Center of Light, the list of features

calculated for the primary spot blob includes Area which is a measure of how diffuse
(non-tight) the primary blob is. This is set to the area (count in pixels) of the primary blob
at the low threshold divided by its area at the Otsu threshold. Other features calculated
include Volume (the average brightness, above threshold x Area of the primary blob);
Average Brightness, which is the sum of the gray values of the pixels in the blob divided

by its area; and Maximum Brightness: Maximum gray value.
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novenment of the reflected spot is shown as inmaged on a
fluorescence canera in the | ower panels. For each Z
w@b@na237mere is an associ ated y-position of theCT/US2007/007991
reflected spot (centroid) on the canera. These five
data points (Z1, vyi), (z , y2), (Z3, V3), (Z4, Y4),
(zs ys) can be described by a line. Equation 1 z = ny
O+c The mand ¢ val ues are given fromthe data points
fromleast squares fits as: Equation 2 y @) C
[0174F ;. ( Tpzxpgciad datg can thigpheusgd;to ﬁahblgte),the Z(fogyg and thereby

deternEfl¥ ﬂbb\’o}ﬂ%léh fo Mol gﬁ obfidctitk d@ i Brder 46 e %hgé tgy %J ﬂgﬁ’g%s. The

val ues of ¢, man are determ ne
overviewsefahs ealibration pmce@lm ésl3s fﬁlhlewse(dt) @tléwpathn foutte Z focus is done

(with &@ﬁgmﬁp Eeh%ne n(uf%gfu v%f 03195 1(%2 AL re):giéigfn%nr% Qfs cg“ailbratlon the user

makesfswre deat thepiosigbiioim focis i.eoatshafiical plage dBiefshe thishenghe Z focus
for an out of focus or in focus position. However, it
point 46 eéS)éHam gamtfadnmelnrfdfen&ﬁd)cqso'shdzs ansser qutendlshd d‘(mrdmates of

the aufqt,]f m\éggottzg%%{]r?e/avg&g ls ’c\:IE%\'tC%f{ds cal Cﬁ g&éﬁ gratlon process,

the spé’ttmaswmdmeaﬂpwﬁiaﬁﬁmrtﬁdhéé}iaﬁ@bofh%ldﬂgdﬂnéit ep in the
process is to use newC to calculate required Z

[0175bosi t i Orhe(caibitioh @lgeithinit grocetdury begifis Wit deyj@¢nceldf Qenter of
Powsl that Equation 6 newC = newZ-myO0
Lights extracted from the sequence of autofocus spot images acquired as < is

changed. Ideally these points when graphed should all fall perfectly on a straight line,

shown below.

An Ideal Center of Light Sequence

[0176] Unfortunately, because of various noise sources, both physical and

computational, the points are displaced from the ideal straight line, as shown:

A Real Center of Light Sequence

[0177] Therefore an XY Principal Component Analysis (see e.g. LT, Jolliffe,
Principal Component Analysis, 2nd ed. Springer Series in Statistics, 2002.) based
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Hence Equation 7 newZ- newCtmy0 m & yo are neasured
fromstep 1 (once per chip). newC is neasured from
W@ t@p/1237¢every position). Hence newZ can be caPCriustoed007991

[0163] Anot her aspect in auto focus conponents of the

i nvention conprises |aser pointing stability

requi renents. To assess how nuch pointer error can be

tolerated in the auto focus | aser, one can view the

objective as a sinple thin lens with the proper foca
regrespign s berdermaddvatwesn Xtaad S.derring e new &wpngnat% fistpor B and Q as
showre8: [0164] Sinple geonmetry y then yields that the

angle F that woul d cause the auto focus | aser beamto

appear shifted by one pixel is sinmply at a (DF) which

is approximately D/ E f [0165] For a

20X objective (Wt} e tube lens rellay I ens

conbi nation present ijn Sone e@odi nments) the pixel

size is roughly 0.3 *The XoCal |ength of that |ens

is 10 mm Hence th rror | e that jcorresponds to 1

pi xel is appr oxi elly 30 nra¥. Sone jenbodi nents of

the system have thleir] auto focuS set {for a sensitivity

of about 4 pixel shift of the auto’xdcus | aser spot

per mcron of z notToOm: rng that 0.5 mm of

focus error (correshs{B Qtcoppdinafgsppsexel s shift in the

position of the |aser spot) can be tolerated, it is

seen that the biggest pointing change that can
It shoyld)hengied 1haF (1 NOTRIR of the SReQ) REEFmISatghe frnser fomasp of Fae
(x, y) "Phts{ 231A B& vz Ghibipal Edmp&iftaty IBIERIinRY Be 10 Qk#ABAnd (3) The

roomtenperature variations, it i's highl
orthogomablhime fidthb [Reatie demesdhé Qbavis.oPhé omidelycatls fipt legh lcaselation

Unless lid state . laser is yery carefull .o "
beowepl oL e B iaac s i ik B st gsprror “resicuals
from tiaibestfithing ing—sthé ideafis pogattridef theeuesidyalwahd corréct the
reasonabl e anbi ent tenperature spec range (e.g., 20-

5-10168] To provide additional information and

[01781 heor y HiRallyg e thedmbadialls FarCklinttr #d19@8rship Botwaded e patial
detai | ed examl e of jinplenenting the autofocus system

coordingtegiapdihe,&| valpey @4 8w a linparsiegepsipn iy peatprmed between 7 and

z to RIGAHhIRY Seficithis of AF4Bnd.r acki ng procedure is to
obtain the imge of the autofocus |aser spot on an

i magi ng devi ce, which nay be the

Fay

obse

>
R

The R-Z linear relationship
[0179] Additionally autofocus tracking can involve various training of regression

engines.

Training the XY PCA Regression Engine

Input: A sequence of Center of Lights (*:¥) extracted from the sequence of

.| autofocus spot images acquired as Z is changed.
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i magi ng canera. Data fromthis primary spot is

extracted in tw passes-a first coarse pass that
waledgnedmes t he approxi mate position and size PET/UR®07/007991

spot, followed by a second fine pass that determn nes

the spot boundaries correctly before determning the

COL (Center of Light) and other spot features. The

first pass analysis can be performed in 5 steps: (1)

the 16-bit inmage is converted to an 8-bit inage with

Qutputinxi m|iFhePGARepresgien Soefficentss.e. fransfammatidgn tiOrthg Rs@)
to O, @Bgrg%dter%é&gr grayscal e values linearly in

bet weé cture QJallty of theIITngIS

Description. | Pe F{h cﬁaaﬂ&“ e t°Ar?a‘I%$é ?xﬁd TR ohE con i‘éﬂ{fs of
e—ntP PlZed Sutrocort I mege W

itself [

e ol B B e
does natiscothedefitoe the tightiaf $led primbiyi sponelmgrtike prihdipieaxis.
low, (3) Next, this image is threshol ded at 128.

Anyt hi ng above this value will be regarded as
foreground, while anything below this level will be

TrainbecthedRZ[{Giakay Regrbssith Hridi fromthe grayscal e 255
[0180£ - €. the hotspot S) region-growto find all 8-

onnact

Inpu; ?Aafi%%@éiﬁ%é%%ﬁ%ﬁéﬁi G TR carewpondine

the hilghest aver.a ht nesg_i s chosen as "the"
conpo %t ﬁ’ﬁ%&"fiﬁﬁ%& ‘%Iﬁ’d‘%‘itl on and approxi mate size
af i-_lnt At —and (BN Th hoa dina |An\/ n‘ + hi

Ou 1 —FII I Ilul y O'FJ\JTT, ATTuU \ \J IIIC [J\JUIIUI ll LY III O

npondhtk Liseardqputssibn ¢Mﬂ61}ent‘§he]aﬁagc§ﬁd’ Lri mei) pass
analysgis is perforned in three steps: (1) The subi nage

Descriptione 3 (Peffdrmd ihearRégeessioneAmaigds aid sdve thouosttio@gntsox i s
cut oyt fromthe 8-bit grayscale inmage. This nmakes the

popul ati on of foreground and background pi xels
approxi mately equal, thereby nmaking it easier for
Trainﬁﬂf&ﬂdtlﬁd@aetﬂost ogram based t hreshol di ng techni ques
o work reli.abl (2) The histaogram of the subi ejs
["lslionput & adiet ﬂéﬁﬁ%ﬁche@mwﬁe YR G RIFEETCR Bf & BUbble or to
ﬂagamamggp,ggreﬁgr ound from background i sdeterm ned. The
threshol d used is called "Qsu' s Threshol d" (see | EEE

[T ans. S
Input: 266, %79%&&1@9”% %l?tgfrﬁeg’\ﬁtgﬁ& IRSe?ég%ssm% ?ﬂﬂ% Wfth the spot

Addi sqrieatasisdgr evegP Spot;in gmjcqh:b)ratfﬁneseqnqg;g arsused to train a
t hr esH ocllédsgq e@tto a&gct%ﬁl%r(fg{)&Sho' d and the 8- connected

foregro onent ermned. This is the

[aV)

Qe R By B et an ach 11 onal pase

caltl | Cu UUL lU E)(l I d.L;T l ”C pUbl_[ T UTT Ul l—”g
Qﬁ!@%’nd oy espotfeation? | seapsarc At dnel strovdard deviaiony Ut calculated

such 3 (%gomltlgen gplotg 3sse%i dug'mg c-gpgratlbrkx) ’I‘he general idea is that a spot

would be declared an outlier spot if the feature ¢ is outside the bounds of

+ . .
H, £ 30, . However in the current implementation only the Volume and

Area features are used in this way—in fact, only the upper bounds are

currently used for these two features. Special bounds are set to override

these values for both the picture quality and the 9 residue feature. For the

picture quality, a lower bound is used. For the residue, an upper bound is
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i mage

(fromthe First Pass) is thresholded at a | ow

threshold of 16; (2) It should be noted that at this

wo ewef237i4 eshol d, the nunber of pixels (area) PET/URMO7/007991
primary spot component increases. This area of the
primary spot is recorded and is used to determ ne how

tight

or diffuse it is; (3) The conponent (of

sufficient size) closest in distance to the prinmary

spot

onponent is jdentified as the secondary spot;

(4) Thessgdonetric centroid of the secondary spot is

recor

jed. Center of light determination [0172] To

deternmine the Center of Light (COL) for autofocusing,
c > is denoted as the center of light of the primary

Rumlg@hg JH@? !gg 5;?&“con'put ed for the prinmary spot blob
. FWhere the summation is taken over

[0182p! | pi

Xehsn étaﬁ@fxbﬁﬁaxbinid@e'bﬁ%d‘ﬂltbf&ﬁéild@as%t and uses the

coor di_nat es ar ayical es 1 (above
Uines

coefﬁflﬁPtéafémsran%Pﬁw@ﬁé?mfé’a‘!

P GEIT‘E‘P“PYH Pgu—‘&p&t togRalkethe best

estimdte 64:UhE z%ﬁilh&e\‘n@a@%«#ﬂ%d@%@é t®fodekght, the list of

f eat ures cal cul at ed

or the primary spot bl ob includes

V%xﬂlnhg% & tHE atdfseuRliasBP¥pdi! TTUSE (non-11ght) the

primarly blob is. This is set to the area (count in

C
aum,gfcielde (z‘ﬁz}f‘e primary blrob at the 'ow t hr eShol

t §0 HP¥g tyfoch by g{f)wﬁ%wen@tmof whether or

f eat ur gt @@hmb%tagaéa ugaﬁldaﬁ?er\ie{eeﬂsn (the average

bri ghtlness, above threshold x Area of the primary
Descripeldp) ;| Lverage Brightnesg,_why ch 1S The sum of the

gr ay JarereesestasEmsieRf § i 1T 141 ob divided by its

ar ea;
val ue.

and_Maxi mum Brj ght ness: Maxi num gr ay
(01708 SPAY ¥ B340RAETIH@Y a can then be used to .

calibrjate the Z focus, and thereby determ ne how nuch

to move-t hge BGﬁe‘&"’F@gg Regegnden F?ﬁff‘FWEtsr mage to be in

f ocus.

Th overV| w.of the calibration procedure is as

fol | oW 113 o 1atl Zé%qg&wswarc%ﬁ@%%cus i s done (with

user

at the beginning of every run; (2) At the

begi nﬁ|Iﬂ@ﬂ&flm@éq%'rt%ﬁqnoﬂwtwlqrsd@feqﬁlﬁnég & allewng Maye only in |

i mage

79 8 5 ¢SSl 60l Ph s o815 g e,

0s}

of aut
of

ofrdnglsamelmwoommdeohﬂmNemﬂ. t he coordi nat es

If during long periods of z non-movement, as may be triggered by large
bubbles/contaminations in the flowcell, the surface of the flowcell drifts
enough to make the secondary spot appear locally in all respects to the
primary spot seen in calibration, such algorithm would latch onto such
spot for the rest of the cycle even though the bubble/contamination ceased
to exist inside the flowcell. In order to recover from such problem, the
following steps can be taken: In case a move is recommended, a further
check can be performed to see whether a secondary spot exists in the
direction opposite to the one where training says it ought to be. If it does,
then a move can be recommended to this sport using the PCA based XY

Regression and the Linear RZ Regression coefficients.
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t he aut of ocus | aser spot on an inmage; (4) As z is
changed during the Calibration process, the spot noves
WO poozi1zdgas proportion to the change of z al ongPEI/UE2V@7/007991

[0175] The calibration algorithm c procedure begins

with a sequence of Center of Lights y extracted from

t he sequence of autofocus spot inmages acquired as z is
changed. ldeally these points when graphed shoul d al

fall perfectly on a straight |line, shown bel ow. An

| fomipuwent er of Light Sequence [0176] Unfortunately,
ecause of g@;éous noi se sources, si cal and

[0183£0rrput Tiakelt 9 ¥fe tSOfARHOUS SOTBPRRENS] %ét@a PRSGRE DYSEe™R ggpoupled
to an z?e prépetiblyl groSrandfie S ProvEssor oM N \Pm%fu‘ﬁﬁtléﬂ%tlnstruct the

uence [01 7] Therefore an Princi pal Conponent
0perat;n@fapﬁ/%¢§e ingapmgnts in pacordagice lelbpremaﬁ%mﬁv&ﬂ QEIRFFI ARt
instru®HsY fcive dath Sl inRRH06R "fro§?fHe§é lﬂs&uﬁ»leﬂtg hd ferpret

2002.) basedregression is perforned bet weén X and Y.
manipuaiel png reperisthifeinfarowtian fathediser, she pudh, throcapisersin dyirically

sopro el B SO BT bB s i
or digitakto amhlaghwonyritends q@edent)s (2) A best fitting

princi pal conponent) |ine defines the R axis; and (3)
[0184The or tTtwgmma{buttﬁ omgionally mhﬁeanpsropéﬁtem@ﬁwau@ fa repeieing user

instruc{.tﬁc?nsng%ér lc%he orrfnoc;f urg{axgl tm eie‘%é) or e {—‘{\58{‘ ?%813% (XUI orin

Q coordinate val ues e rega

the foanrof lprépregnaﬂuaéckinsfmammm gbh pmprcﬁgfamﬂmgl flor nevatibky ofdiéfferent
hes.e r dua s and ¢

specifig QpRaliisqe> T FrOBer D SoERRE: PG AGBEPTCRaTS fpon convert
these i3truatibns@aippiapriditd RAgNgE fbﬁh‘é&ﬁtﬁhﬁé‘@e&ﬁﬁ%bt&iperanon to carry out

coor di nat.es ~and e. val ues (as shown a._l
the deRGH BRURHIR (S Boof ABIBECHET RSPy Ay e e

h f this | .
[OL85) o o | RSB PIsE #0] coRBRAES o RRlpgAL a7 SR era A o

compbRdht itd ¥ OhtYS THAH WS eld ahfoudH aOfarieBOsCHBIrRN 'ﬂfé@l‘hﬂ&ﬂow
Trai ni ng the XY PCA egr essi on Engi ne In

compepeji eRtiengly disertethegpovempnt of th eéPPF%”taé‘?jg‘Fﬁf%fﬁa Rygdeotides,
enzym&I¥RNGRo%nd through the flowcell.

[0186] The computer also optionally receives the data from the one or more
sensors/detectors included within the system, and interprets the data, either provides it in a
user understood format, or uses that data to initiate further controller instructions, in
accordance with the programming, e.g., such as in monitoring and control of flow rates,

temperatures, and the like.

[0187] In the present invention, the computer typically includes software for the
monitoring and control of materials in the flowcells. Additionally the software is
optionally used to control excitation of the fluorescent labels and monitoring of the
resulting emissions. The computer also typically provides instructions, e.g., to the

heating/cooling component and autofocus system, etc.

[0188] Any controller or computer optionally includes a monitor, which is often a
cathode ray tube (“CRT”) display, a flat panel display (e.g., active matrix liquid crystal
display, liquid crystal display), or the like. Data produced from the current systems, e.g.,
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aut of ocus spot inages acquired as is changed. Qut put:
The PCA Regression Coefficients, i.e. transformation

wo eowhes7¢R, Q) coordi nate space. Description: ReT/U82007/007991
Princi pal Conponent Anal ysis and save the
coefficients. Also, given the centroid position of the
secondary spot, determ ne whether it is to the left or
the right of the primary spot along the principal

axis. Training the RZ Linear e%r essi on Engi ne )
nuclelv;,aqurﬁeggeqqqée@ﬁsm; @pth@{llé_{@gqp‘la)[ 18 £lechpmis ﬁ%rqnéqn the monitor.

Addxt%ﬁx%ﬁf%@ﬁat%c@gp‘ﬁ §er¥h%| fon V&ﬂ@é Frohhﬁﬁﬂ{u%i%,%‘ﬁﬁd%a , or other

e or to |'em Runni ng 1 he
data, gatheyeédfom desysan Gndz|outpytied lgmalmasi fformm The data péhedfer in
. I p f i .
prineef Jnf U1 BEACUTe (e PESE BREHPSE o RS by LA Bt or
multiple daresss, e. nalcees, histdgrans, emmwnﬁ:artablbe, graphs and the like.
di spl acenent required to nove to focus. Conputer [0183]
[0189P7s not dibmapngwesirduitey inmftam@a@dr’rp artext whigh indledes; egemuumerous

cou { 0. an | ately. r anme
el BT i 8 el Fba Pt ieBie dipRieREE PR e box
also opﬁemaityl iasludés & hesdisln&ii ve) aeidppyi dislkadit od, daﬁgle cypacity removable

. P i t t t
aive QPRSP EIEBI D ABRF bl Bo b S SR
devicéssuich ik atke ybddd log mﬂu‘se bptiGnal I§fpRoviEE fenNinpot from disef ancﬂﬁ)r user

such, the conputer y ally propri tel coupl ed
selecti) lipeQuFTERS T BhgrpRRe ﬁga FYie flnpUlateA i TRl vi computer

systerANal og to digital or digital to analog converter -as
needed). [0184] The conputer optionally includes

E ? ropri ate software_for receiving user instructions,

—JQM—&M@-W@&LQ 2 i nput into set paraneter

[019()&I el ds, . $Bs s#l s fbflein, 8 Hlaﬂytenﬁofcl%gﬁtgfcom%gg (¥CD/TIRF laser
preprogranmned 1ns Fuctions e g., preprogra

based\mmtaiqn afd idhdgfirey ﬂmsystpas: whiich cpd mreaige mmi;lu(rs aj n,uchui awid

sof t

clustel 5 Sae PEReRYNTRG £ HowEti g yIiiEn 2Rk HARFEeAHER four
fluorebeent idged (ome tfongachuf teofaue bhse@p €Thd §BB dhemistty gompdnehitsce.g.,,

nucleg e%ﬁsg\gqﬁﬁﬁgaﬁz,?@é@oﬂ gaod, xg{ é)glnfg%'gfgf Sélly%{]eé%gggygosomom

and W06 LX0AB8} firfdcs aftBéHndiR kdchnit®es! WQ)U$06§814 @Mskdﬂp@eﬁalrﬁi&n and

nt to controwédlwdf ow, e, roug
sequepeingeiO gp44 Lith MO05M4 1BP and WOBIP niR3tiplisith ghe
chani@lddslid Wedl NGO PR AR Her&h, dtheTRE BbﬁBﬁie@bﬁ dbﬂdfaﬁﬁfﬁns system aspects

nucl eot i des,
of the system are optionally capable of processing thousands of images per hour into

sequence information

[0191] As an overview, in particular examples of sequencing by SBS, genomic
DNA is randomly fragmented, end capped with known sequences, and covalently attached
to a substrate (such as the channel in a flowcell), e.g., by hybridization to a covalent
primer. From such attached DNA, an array of nucleic acid clusters is created, as described
in WO9844141 and WO07010251. SBS analysis (e.g., using the systems and devices
herein) can generate a series of images of the clusters, which can then be processed to read
the sequence of the nucleic acids in each cluster which can then be aligned against a

reference sequence to determine sequence differences, a larger overall sequence, or the
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enzynmes, etc., into and through the fiowell.' [0186]
The conputer also optionally receives the data from
WO b@7028340r nore sensors/detectors included w P¢EI/mS100E007991
system and interprets the data, either provides it in
a user understood format, or uses that data to
initiate further controller instructions, in
accordance with the programming, e.g., such as in
moni toring and control of flow rates, tenperatures,
like. Adgprithms foribe afignment ofshopaeaiscafancleiqacids tigresenhed in
woosesgogber typically includes software for the
nmoni toring and control of materials in the flowcells.

[0192fddi t i oRahdkribBE a6 E@Jhesehﬁe&m 4 QR Wl Hﬁ:?\ijdet :Pround of

control excitation of t | uor éscent | abel s and
incorpgsptiementaghe grawiag melgkmct w@cm s§heneyclaistypigapudene by an

addm@h %? afl ¥ ?ﬁrccﬁ’lﬁ‘ys R QIY h{éﬁ?ﬁédrk%tth a%ﬁ?ﬁse is 1@enﬁffa%let l‘gfa unique

heating/ coolin onent ‘and aut of ocus s
ﬂUOI‘QIﬂ)Q%]AmyOOdIN rtb¢ trmhoqphaqum nmdlfmqyt atahaBI posﬂmmi srithat

exten%oﬁr?{&gn%dllew gl?la q(r)é gﬁg 6?%;:; ? gasg cané%ﬁqagg Héa?é} )znglecu)e in

each ¢ ycd]:u [ "ﬂhe; gqmml codcqnloﬁperfbmugablmeys amplified ;ﬁﬂo&yh sm(gte template
Dat a m t he current syst

molefylion p e aal PR SHSEAAEL SaNET BE G SR EIapyS shown in

Figurel S(P)Bay‘&ﬂmh@cﬁérﬁﬁﬁdaﬂl@llnusftﬁtdfvﬂibdsm@prﬁ s&luencm procedures
ght em ssion profiles

d
and vyl cRtee it b iy P%fggl R SEReIC: i BESiRYoRE R pteps of

formdtionBf inbielefy£di@ amsaaas lige QUEtBHAR SR ProdiiedTheda LoMPhrisddeof such
dat a, whet her prlntedformor el ectronic form

cluster arrgys agpingy |a§BP’§y  &pdisional sraY) ang an pating©fithe seqpprning

meth&Holdgy érbﬁhepré&‘hfeﬂ i @regi() sh‘é%\fﬁébasﬁﬁ %ﬁﬂé@&@nuc‘iﬁigﬁélh%luster
seri es, ngl,gps and the |ike. [0189] Conputer

creatign ppg, P‘E‘H‘FHF@&W B ecHdcampaehucloinacid density Hetsveen an array
(on 1e¥t) Ynd o WIS aélﬁtc?l%rté'}tsﬁgstﬁ{té ?LWht asccﬁ'cl)& ﬁi‘é?uﬁ ﬂ?ﬁi)@uth the

m croprocessor, nenory, Interface cir
systemb/deviogs ¢ighe Inll\yenltlnol(urd th'a\ Fegude 2 3kved ral oaetpoa ofitlimpygy/the SBS

sequSQE%fié é’ écl[e\ﬁ%ia}%%\ﬁ% do%g%gc Irﬁﬁlodlmgnﬁ% ke 191%%1\@1%51'5[]“] as a
015 ST S R A5 O S0 Pl A BE el
boundigxethe smbleu:t aaidh of thesraepubers ef theoclbstes ahfpmgR @ od¢avable linker, the
h i | at t t f t
a4 P B B ek 5 A RSB A a2 SEhove
any usmbmath@hacleosmas amenzembodi ments, conprise CCD/ Tl RF
| aser based excitation and i magi ng subsystens which

[01943an | magextma kdadastsp Bfperfuftheéd by & Sstem, whereby the identity of the
individual labels (read as a group in each cluster) incorporated in the incorporation step is
recorded using optical microscopy and the corresponding base incorporated is noted. The
sequencing system can read the four different fluorophores using two lasers at distinct
wavelengths via total internal reflection microscopy (TIRF) and four distinct emission
filters at different parts of the spectrum. The images are recorded onto a CCD camera and

reported into the attached computer module,

[0195] After the specific incorporation is read, a deprotection step removes the
labeling moiety and block from the surface bound DNA. The deprotection allows

repetition of the above incorporation and reading steps until sufficient cycles of
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clusters per sanple (typically wwthin a flowell) and
whi ch can detect each of four fluorescent dyes (one
wo evo7a204 of t he four bases). The SBS chemi st rpCT/US2007/007991
conmponents, e.g.,, nucleotides, WX4018497, W004018493
and US7057026, pol ynerases W005024010 and W006120433,
surface attachnent techni ques, W05065814, cl uster
preparati on and sequenci ng, WO 9844151, WX06064199 and
W007010251, are conpatible with the channel ed flowcell
informghipp Atrbtained & Hniqeely placgdhe saavancs olgach angleimaniy siuster
(pres@MSIrAik ¢ 21133 iPits g&ﬁm‘fM bRk rIQ)rQREin pakh quc&Q@B% fheHuman

processi ng t housan I mges I nto sequence
genomﬂbnsw*aﬂhhw{&m&ie}s Ag- atho'e)tv%w ewlea nTlpnammagr;s lcam be stored off

line, ?f(gﬂg@l:s%éd errk‘ﬁ Yl%eﬁﬁg rvidlfal! ngeg a@l'%ad%ungg%)e se\ﬁuencmg

nte cappe nown sequences,
procas&vﬁtcrmsdlyg Ettet iacigesiptoyides saudastbast of { sagnbnesrebt érom every cluster,

s BAELpd A cnihpo HonlAREH B Sefpe ez

genomelt:l Thus dwing tewsusef itite groeadued],a dtatdes of niRidnk Bf sequence
844141 a 010251 . SBS a
reads VTG £ 2518 BRI BURER, 5, o e S B Sboh daispflscan be,

e.g. afmpafag edttnd dhtabase| o svefySeqidiice Aefiddd trbea RfeRhOCRTEEikLe, ctc.
sequenc f the nucleic acids in each

In "aE‘PH%?‘é‘ ém?eaﬁs dTALe Y%% seAyehRe detggaingt onpndgrapgusnse

alignBRALSREP1ioAaNE peFHIna ‘oRalRS Cated ithd ﬁﬁ&%&&%t 1rﬁa%é§ra9@5aptured
overaII sequence, or _thelike. Algorithnms for t

Suc aar?@éﬁﬁﬁﬁar%ﬁlsgmﬂpmlb}amf%meﬁ Uyl et EnpitieReparate from the one

presedBRCthb REfLehsy)MIR068089. [0192] As described above,
each sequenci'ng cycle will include a round of

[0196%30 or po[‘-\@rﬁ&ﬁm‘ﬁ@& ‘Bn{){?g'nc% Qué e&'r&ﬂ(i}n?é oﬂcf:'ag \&M{ifveen

cyc e1ls i cal done b an a |t|on
embdgdymenty (F-Bs in @ambemdi tfype af S@npmtmbbmt@ns)s For example, in

one SHSRLACH i Al UL N coRNLPER Lo
lllurrlntaitonelx:teem éusedu to exai@rthe flhdbreghares imtite s&qumcmmamons) of 532 and
e ed.to ac h I

060 3 BRI AR B0 pB e R S0t e D R RSl dom circte on

the banqnmldflthadcﬁarﬁm m asﬂmgbeal IR @isen ﬁﬁglae?{fa dﬁg @ ’mtwgwa glass
arra uhsequent, sequenci ng_ of said array

flowegllyjih Pﬁafm%% L e AFVing 8 channgly that o 400 Hyadea (39x1

mm Y2bietacosRANS %Nleﬁi%@)‘ %‘Ub?:&u% RGRAH HRSc ARG T mpBtsnt
carried out_by the systerrs erein. For_ exanple, the

compsising.a Dikon, Plafy AR 970U fanrresteddpr alass diickngss)yemission filters
comfH5 B3R 871 Y By BAHSRA s 10150mm o
optiohally filteisasahbwar ossgiinilanth thoseoshohing in Bfgutd22)s eqmﬁ optiiesy
comprising a Navitar 1.33x adapter for a net magnification of about 23x, or an
unmagnified tube lens; and a digital CCD camera comprising a Photometrics Cascade
IMpix or 1K camera, with a pixel size of 8 pm, and a readout rate of 10 MHz, and a
microscope objective of 20x magnification with 0.75 NA (numerical aperture). The
Cascade embodiment “b” can give a net performance of 0.35 mm field with approximately

0.8 um optical resolution (somewhat larger than diffraction limit).

[0197] Such 1 Megapixel embodiments can illuminate a 0.5 mm circle and detect a

0.35 mm square inside it. The flowcell in such embodiments can have a total of 156 non-
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nmet hodol ogy are all presented. Figure 30 shows the

basic outlines of nucleic acid cluster creation and
wgeegaaemkng while Figure 3 1 conpares nucl ei ¢ BCT/US2007/007991

density between an array (on left) and on a nucleic

acid cluster substrate such as those capable of use

Wi th the systens/devices of the invention (on right).

Fi gure 32 gi ves a cartoon outlining the SBS sequenci ng

Qcedure, e.g., .as_done hy enbodi nents of the
°Ver1$)nm'é$1 filesin a[c@&@rst]l ophisher. tﬂ%e ¢lHetErS o de Ghtheosder gl drienn The

N B4 LSRR BRSSP Tl Ry BB b o0 m

Thus,od ‘Gapizhl elhstakgrts at hgpacdm divehatedf dgpeodinpiesl |12 @me In the image
out b the fl ui flow subsystemin order to

plancy L REA7A gSoEhN RAGPHEATE D ST s &'@écaéﬁ st have about 3.5

1 @hfittlerNepte arda 6CACUSELR thS alitit 0
pixe \/vherebe;f t he alrdent [ t;/1 of tt eal ndi VI hﬁ%m? tmn of 10

arca pixgjrohigets an d dnixel G@aﬂpwsm@ﬂmﬁéabom 38&«190 obJects wrll be non-
overlaphRg ROSHW P dlsi? B35 ﬁl%rf&dg gxeﬂlqé]le%"i}lmfonPat ipn throughput

m Croscopy an e corr spon ase I"NCOor pora
from o evemplphe codfigraatiomef &sy)steamvf:me ineadionh él‘ﬁemumber of detected

I {
ctaseqt I FPhilign ob PP ERSich Hufled 4 ?%%%?%ﬁmrﬁ ety
TI RF f fi di.ff
[019#86lr i S) ?&dﬁhxfe t‘;%u ﬁ]ﬂl%%)ﬁ‘%nrgn%ss It en resI og Clél?.lgé Il ﬁgﬁglgh
cnterffﬁmmaﬂ‘imlt a. (ﬁlmﬂl amdp:(bllisitﬁd aterdbdut hﬁn&fdr&ﬁhﬁiﬂ)af‘dﬁﬁ'@ﬂé of about 1.2
g‘gl%] After the specific incorporation is
pm. Fﬁ‘&  map (AP O 19 18 ipes Rlans 82 2 chistar Ap abqu §- ixelsyacross

and aBHEt ﬂj PikKlsfih @Ral HRr $AHALARS dRAYNHePMRsteld) Qhéjﬁngfcﬁ’iglﬁﬁ hffber of

al lows repetition of the above incorporation
unconfuses ¢lystersdpdhe hMPixgameravithbe aheutd8,Q80 infad). 3 i square tile.

“b” %%eﬁ?ﬁ@do@?ﬁo&@e 459 94 l&eﬁ%ﬁ;ﬁf%ﬁﬁ?%ﬁg fife§ p% cl?a%%glt for a total

nucl ei c ust er res omcel
of 12g@ titasiper @@mce}lt ThFcUs 4é>6de:£sps per ¢ydte aababaut 1tGRaseimarks cycle

run. @%@ﬁ%ﬁ) hghﬁe i na leon>a]1'1 c?gsei dé;&lt@??lb H‘?bom 25thz§tQZOO tiles can be

i'mages can be’'s
1magcp1tmre§kmenielg md e;atefmemsoelpehﬂbha&u.t he i ndi vi dual bases
are read during the sequenci ng process. Processing the

[0199] rmg es Emahe dbS ilumliahddasds 9§te1& thRAIgRPeE tHeelaﬁbrszﬁvﬁlengths are:
#\lnere ea h cluster js derived froma

green Hsey RIS BB (e RO gRtonally, 35 an s red Taser

wavegaagﬂﬂﬁﬁo nthfl ksl ldseripdvet Bt Gy S MW i 18R fACEIRI Bhanfdiameter
dat a%@ﬁe of, m]lions of sequence reads covering every

0.5 mp, and pllomyed Vd‘é‘%ﬁ%@‘@%%%%@%y constructed. Such

at abasg can be, ., conpared with a database of
tozod]7 Y SEaneres cintisnte (eBThoimentc ech das SusiarB RE the igvention can
compkile:V AlirRinatiEN BRI HEBES and 680 ﬂm’i RALHY ¥ith: SODGHWEPSWer (ideally
de er H] nati on, and/or sequenc
projecte 5 mm square), a TIR prism of glass (68 deg); a glass flowcell having 8
channels 100 um deep and of 1 x 61 mm in area with a 50 mm usable; an objective lens
comprising a Nikon Plan Fluor 40x, 0.6 NA adjustable collar, or custom 40x, 0.75 NA
corrected for an SBS flowcell; emission filters comprising Bandpass filters of 557+11 nm,
615140 nm, 684111 nm, and 740150 nm; image optics comprising an 150 mm achromatic
doublet for system magnification of 30x; and a digital CCD camera comprising a

Photometrics CoolSNAP K4, 2048 by 2048 pixels, 4Mpix camera, 7.4 pm pixel size, 20
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alignment are optionally perfornmed "off-1ine" after

the fluorescent inmages are captured. Such procedures
wae@7ab¥aes optionally perfornmed by a conputer SPERDS§1087/007991

fromthe one present in the current systens. [0196] As

menti oned throughout, the current invention can vary

bet ween enbodi nents (e.g., in nunber and type of

conmponents or subsystens). For exanple, in one

enbodi nent of the invention (enbodi ment

MHZ e56pdhn etich cspbpdwApGag &ive # NefReRtrmancy ofk®p 2svnr(l digddwith less

h 09’% b 0
v BB ek ARGk 430 REIUENG L RELUEEIS ptom
magntjmeaoer) that project as 0.5 mm ci rcI e on the bott om

of the channel in a flowell; a TIR prismof glass (68

[0201§leg or In :BOIJEgi)Jph Hg'yembedifrleotee 8116 deditdd thixan®6InsmekjudreGd

it T05808] 0 BaE BRRREL Dt G i g8 (32 Faoooo)
The clwgtiss b tﬁ&lﬁoﬁmflﬂr&ﬂ eRPBeRs sr_alas 0F g, PN HI00RNRL

Apo 20x, 0. 75NA (corrected for glass thickness);
approgimaselydh7 #inp.t GHustess s RBPIAG aBQ&&ggasvlqu i @ixel s¢pre®nes1A.25 pm.
A typfém cl@géf’l thel re6i§ 43151 151933 aﬂPQhJ 402 Q)ﬁ @c r%) b '29 Irb"f’)k%ly 4 Meplxel

ters as s ar to
CCD ggf)es arremaywoppf dmu@ éh@ﬂﬂ@ dctgctablldamnt—ta\rerthpﬁ@g chetgrs eer tile.
for a net magnification of about 23x, or an unmagni f
[0202¢d t ubél heelﬂignuaﬁmnafompgmt il foaOtmea tezger, oBApINgSi hyme increase in

laser ;g’&%r? E'%aﬂ%édgﬁ t&:éﬁ e le v%; gt éég&?r{ﬁ (Sl?ém_ia\.z% ! Qx og![fre)ilme To

nmm  an a F ea
miningize ﬁmpeetimbj; gh¢ lager mfwe2©an bagmriréasedtfu@lnervmﬂubh @.sy&eiiAs .

therefg)lr% g%ral)f: qf gﬁ bpﬁg??&%“’g?’aﬁss s%%%%g E)g} gﬁ{éhment 1% tE}le
follovapg pawnmélelaye (seld: rObjeqiveosith heﬁﬁhaﬁlla?eréﬁ&ﬁm magnification;
uc

r th,? dlffr ction limt 0197
4 Mpmaggam‘?{éf pm @&W?#ﬂ%lﬁ%tlem%m%laﬁﬁ%ﬁ figw ghannel;
48 mé&f},d;r fiice thhém%léﬁeﬂm;ﬁ QHALSs bP §b§}§%e% g‘i%é W8t SREeldd 1bReth of

such enbodi nent's’ can Have a tota
40 basesn dherdfarspiotad throhghpuit i &chenaels el 4&iileh k{36000 Thusters/tile x 40

cycle§:I %Wlﬁlo%ab sgsggf.the orde_r of 1 mm The NA Of t he

foscope can ionally give a PSF of apprOX| mat el y

[02032 6ar o nI?I: Zigﬁ% His s1z«{](%4fS the %lovx}c\éﬁ tcg ?rilfrciasE C ertf ??g gpes imaged,

appr oxi mat
the dman!ug ef pluatea, ot tlm read lemgﬂr edBehsbla ﬁ)mpfouemhal iyt the BOmBER of

bases Bl dbateliber Bonalloa Sl dout cbihe P b mumein Basgel o obtain
systerpiwieh swo Bofoms imeditisd thirdugihpan AftwdQadietdcqiftpikatith) i€€héwn in
Fiour n%ql %/gé){;ejﬁ CCD shows maxi gug of ahout 38,000 objects

18UTRH BY &FAnTHS: tHES 541 B ETeasH pﬁf@grt%cwueﬁ.sgmés Time
Delayltegiratésh @DBxasRlifg BHat tHef RFfaBé isdbntiRAUOAHed rather than

imaged in discrete tiles. The instrument can be configured to perform multiple chemistry

steps with multiple fluidics systems coupled to a single optical system. In the single
chemistry system, the optical system is not imaging whilst the chemistry steps are
occurring. If the chemistry and imaging parts of the cycle take similar lengths, then for
50% of the time, the instrument is not recording data. If the scanning part of the system is
further speeded up, then an even higher percentage of the experimental run time is spent

performing chemistry. This can be alleviated if the system is configured such that
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froman exenplary configuration of a systemof the
i nvention. The nunber of detected clusters is a
wo eovetizoms of the total cluster nunber and the PETUR0T/007991
cluster area. [0198] For exenplary "b" enbodi nents,
the resolution imt (using Rayleigh criterion) is
about 0.6 mmand clusters are about 1 mmfor an
apparent size of about 1.2 nm Pixels nmap to about
0.35 mmin inmage plane so a cluster is about 3.5
multipj¢ flewsels pessproagrgechgioutanerysly avith one Beweel] fprays undergoing

imagi{ SN ntady RpFLPHbEChOOTLR Aol BRI BPYAE i Bhre 2.
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. per channel... and therefore.160Q per fl ell. JO1 .
hearingind{igh St Eaondrs siRe Subey Seipph PG ApHncioftd He operation
of systeifi€ivithay Sle@Dgpd16f AL Eivedlfieidare FGRRerRYEH BHI0h th& BolloWihg general

green | aser power optionally 75 mN red | aser
methGfisy g ength 660 nm red | aser power optionally 75 nmW
projected TIRF beam dianeter 0.5 nm and al |l owed
Exanifiléd oft usific 3¢ Oteri @n Reqifticidd200] | n anot her
enbodi nent, (enbodinent "g"), the system of the
[0205] nvent i Bie todlowingrpuei exempids|afgenera] tsahnigues andothe 3ide (eugd for

rnclofy i Bhos 8 kst YR RRNEarly 6 Dby Bos S8 Systorms of
the invémtiare | it wiH \berappfecizahthet such@@serintibae pnd egarnpled are it
nm,in area wWwth a 50 nm usabl e: an objective |Len
necesgai iy Tirdigg uRoR; B o o PIchBigtr (eiGa® Rfey/agelly) sgated to be
so. T]?la Hﬂh(lpclisdbr mr&tiﬁgmﬂd){ef lqu@ncﬁﬁg biclefer dc&télﬁ@ltegﬂre iﬂﬂlflﬁa&l cribed in
owcel | ; 1.5S].0 ilters comprising Bandpass filters
patent gpnfication YRO0ETKIR L e EeIRGQlS Shiwhisliiro SeRsuborafed Hragja by
refereABé if thefrQiMitiTéty] Pigt sBthe EMnéRts 3£ e BidtscolPal|s@nnhRized below.
system magni fication of 30x; and a digital CCD canera

conprisjng a Photopetries, Coql SNAP K4, 48 by 2048
astrates and Formagio

ARSLUALES Al ICI€1C LA CL0 BILCLS,

readout. Such enbodi nent can give a net perfornance of
0.ALcxiytarhidyd ébatirigtofigdsss chipgn 0.7 nmdiffraction limt.
[t can conprise a relay lens of 0.75x for total 30x
[0206)y st em Hagypelid sppiots usqdofeo aftadhmeny pnugleis acigl to be sequenced are

optiofIPEITRIIC st hide S hole v il o AT B Silehos wedom
Howgver,dhe espartmémau@nditiong and pea@dyres are readily applicable to other solid
supports as well. In some embodiments chips were washed as follows: neat Decon for 30
min, milliQ H2O for 30 min, NaOH 1IN for 15 min, milliQ H20 for 30 min, HC] 0.1N for
15 min, milliQ H20O for 30 min. The Polymer solution preparation entailed:

For 10 ml of 2% polymerization mix.
- 10 ml of 2% solution of acrylamide in milliQ H20;

- 165 pl of a 100mg/ml N-(5-bromoacetamidylpentyl) acrylamide (BRAPA)
solution in DMF (23.5 mg in 235ul DMF);
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The clusters on the flowells herein can be as snal

as 0.5 mm PSF at 700 nmis approximately 0.7 nm
w@bwostizd7g4 t hus appear as 0.86 mm where 1 pi xel PCT/US2007/007991

represents 0.25 mm A typical cluster therefore is 3.5

pi xel s and the area of a cluster is 9.25 pixels. 4

Mpi xel CCD gi ves a maxi num of about 135, 000 detectable

non-overl apping clusters per tile. [0202] The

illum nation fooiﬁélnt is four times larger, neaning a

= 4 tinme YhepbaSTEMERGRE powers is needed to obtain

the sane |evel of signal in the same exposure tine. To
m ni ni Z00EAAbme(mEluterof paiassiyse persulfatg ipanilliQ H20

(20mgnp4@@,§qu2(f) rther. Such a systemis therefore capable
of generatlng 2 billion bases of sequence per

[0207%); pPer i Nnfuch efmbbifndn®d, M 6'ghi B@fuﬁgﬁto? Eéré%{(n%dg%@ﬂ first degassed

jective with nunerical aperture O.
with arggmm fori amiio nThelsalptions| of BRAPA, TEMEDmmd pos&Bsimm persulfate were

[ ch
L o
and iramed@@@ysisnzab Polymemigationiwas thad clafmagltdut 66r N30 asRT. Afterwards

ra chann t] X .
the chpH8 W UF ol Bh Ly BB Tra d0ERE By Pin g Bladgssiom
phosph@e.bt[f&ﬁ‘(faﬂ' stbrage @asdl requirbd si ze of the flowcell to

i ncrease the nurrbers of tiles inaged, the denS|ty of
C|SJS i . L QV,
I[I"l “=T1C
f odir ras caf] be nounted in parallel to obtaln a
/T MHWF times the throughput. A two
amera configuratigon is¢ghown in Figures 36 and 37.
The scanning tinme can be decreased using techni ques
such as Tinme Delay Integration (TDlI), neaning that the
surface is continually scanned rather than imged in

[0208]i SCI et R-Bbd-€S.didRendpBsiaht E@Génecs%mfoaﬁ; mwag %&%édcrmm

erformrrultlple chem stry steps wth nultiple
Novabiogheine The\bromascetdipblasitie andzacsylayl ahlagdd wate ahyainedrfrom Fluka.

All °‘hg¥}é.3 eﬁgw%qﬁgnq}h yst em the optical systemis

g| ng em' stry steps are occurring.

I'f X he chem stry anq) ging parts of the cycle take
)

H

s m g , € or 50% of the tine, the
gnstrument is not Jre data. If the scanning part
of the systemis further 'speeded up, then an even

[0209] 9her P&LGAAES 9@5@%515@ Br ﬁ?(ﬁ%] i r?ﬁfaﬂhg@é’ﬂﬁﬂe%ldeﬁe sulfonic acid

spent performng chemstr evl at ed

52g ﬂé 88yrmmeh) 4ngl tu@ﬁlﬁ'iagmnem §&¢IH 2 Hzgrin THR @20 Imi\me@‘i&was added

acryllfl\fl gg%rg%n 3 Sll%(rjrmag 'lr@él) 'ﬂ%ﬁﬁ gﬁjrrg leessn\é\dg e?lgs I %{1;418%[% g g flfl?ne\f\%%r aone
hour prridd. f Theweattiorhmixtere wasstheh stimed at ﬁbgmempéﬁatul[e(hﬁﬂtt]]e progress

of theﬁ{e%&?&%}l ggd ﬁ%’ ﬁﬁ@? fci'ofjeﬁrsncét gre:detflmfl a%Qto¥m1 \ﬂ After fvo hours, the

um na
salts formed during the reaction were filtered off and the filtrate evaporated to dryness.

The residue was purified by flash chromatography (neat petroleum ether followed by a
gradient of ethyl acetate up to 60%) to yield 2.56 g (9.98 mmol, 71 %) of product 2 as a
beige solid. 1H NMR (400 MHz, d6-DMSO) : 1.20-1.22 (m, 2H, CH2), 1.29-1.43 (m,
13H, tBu, 2xCH2), 2.86 (q, 2H, J = 6.8 Hz and 12.9 Hz, CH2), 3.07 (q, 2H, J = 6.8 Hz and
12.9 Hz, CH2), 5.53 (dd, 1H, J = 2.3 Hz and 10.1 Hz, CH), 6.05 (dd, 1H, J = 2.3 Hz and
17.2 Hz, CH), 6.20 (dd, 1H, J = 10.1 Hz and 17.2 Hz, CH), 6.77 (t, 1H, J = 5.3 Hz, NH),
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underneath, and the objective on top, the system as
shown can be inverted to illumnate fromthe top, and
whawe/1231é4 det ect i on system under neat h. See aboRE&T/UTIV07/007991
heating and illum nation can be carried out from
either face of the substrate, so that bottom side
heating and top side illumnation are also within the
scope of the invention. The operation of systens
within the scope of the inventions are further
8.04 (9esUi NHY Masst (slectrosirat replapdated fr GEIHMN2OE256qfousd 279
(256g§&g3|ng the systemin sequencing [0205] The follow ng
e ‘exanpl es of general techniques and the like (e.g.,
fom nucl ei c_aci |uster formation) which can
Z isﬁ/Phy’\e«agﬁ$c?f 9n use with the systems of the
Snventlon It wil q reci ated that such
escriptions and exanp are not necessarily limting

pon t ety thei

mzmgpem f T%QPF‘& ze(? t%&ﬁ{) ﬁn:ﬁoﬁs%s cﬁ%&gfveﬁ? trgt’m 8§C€ lgr m ng
acid: Ch\cidosmmbm (ng; A00 nal) anastiimtecp htusber @n@emtnﬁral rryne progress of the
reactlgxﬁ gxtp 3 o mtor g# (éif%??rﬁ%e&l!baglg a%ﬁ%}g} g?ﬁl Rpt choempletion, the
reacuoeﬁmxeme @ak Bviﬂmated endliymessy thekmgid:se ge-eehsutRiet shieé tin‘fles with

t hes rot QGo re sunmari ze ow, Preparation.o
roluerg SR hEY Bl By B GRS Rl @t e Eeitins, Ellowed by a
gradidtiof hésth4iw] 0p & R0B) OPr@tiues3 wekiobGaihPHR6] wﬁﬂ@p&@ﬂéxd(Z 43 g, 9

mmof, S5, L8 R M S RO E o oL i o e (e 38 T =
7.1 I—IkhQHQ) pr.ev (g, by, $id £y B4, Ql‘m?ygb@r@ 2@0@%)}& CH2), 3.21 (t,

the _experi mental conditions and procedures’

2, 1 5 S R G FHZ, 58N T 8-SR aRd 4011 kS 6r KOOl 1L, T = 1.5 iz
and IW Iliz ('JH) m(cﬁ”WHdl oy, P}ﬁ%ﬁ%"@fﬁm@ﬂz g@gssa@legtros%ray-i-)

neat Decon for 30 mn

calcuhéﬁ@iorﬂ%ﬁbw@ b§® fomd 1TQI98ENad). 30 nin, HCl 0. 1N
for 15 min, mlIliQHO for 30 mn. The Poly
[02113] ut i dFo piespensioh of pensiugt 3 66112 EoR2. @@nnnobfanéw«athylannne (6.94

ml, 2?@%&??‘%@%1%5 ra#h‘i’e{%roﬂ{ 6%%?%18}1&9& & oA YL ugh a

presswe(cﬁublnmduhomnamﬁdmepmy h pnaboyt paricdieandBRAGORLC (cardice and

.1n 235ni ©11.5 of
isoprGitpthbA i oot hse Shos RRRE v ot Sidy L saPademaporore
overnjight st ftied ﬁ)mpleﬁmb bf Rehigf2tipA0nas dheckédiy THZ@ichloromethane :
methanol 9:1) the following day. The salts formed during the reaction were filtered off

and the reaction mixture evaporated to dryness. The residue was purified by
chromatography (neat dichloromethane followed by a gradient of methanol up to 5%).

3.2 g (11.55 mmol, 51 %) of the product 1 (BRAPA) were obtained as a white pbwder. A
further recrystallization performed in petroleum ether:ethyl acetate gave 3g of the product
1. IHNMR (400 MHz, d6-DMSO) : 1.21-1.30 (m, 2H, CH2), 1.34-1.48 (m, 4H, 2xCH2),
3.02-3.12 (m, 4H, 2xCH?2), 3.81 (s, 2H, CH2), 5.56 (d, 1H, J = 9.85 Hz, CH), 6.07 (d, 1H,
J=16.9 Hz, CH), 6.20 (dd, 1H, J = 10.1 Hz and 16.9 Hz, CH), 8.07 (bs, 1H, NH), 8.27
(bs, 1H, NH). Mass (electrospray+) calculated for C10H17BrIN202 276 or 278, found 279
(278+H+), 299 (276+Na+).
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[0207] In such enbodi nents, the 10 ml sol ution of
acryl am de was first degassed with argon for 15 mn.
wab@74aed7yt i ons of BRAPA, TEMED and pot assi um peeEUBI0at/e7991

wer e successively added to the acryl am de sol ution.

The m xture was then quickly vortexed and i medi ately

used. Polynerization was then carried out for Ih 30 at

RT. Afterwards the channels were washed with mlliQ

H20 for 30 mn and filled with 0.1 M potassium

p L i X age until required. Synthesis
Fluldlof N- (5- br ompacet ami dyl pentyl) acryl am de (BRAPA)

[zf)208] N- Boc- |, 5- di ami nopent ane tol uene sul fonic acid

b Nov.ah h b
0212058 OO R A SR o REBTPRREEN. o ertatic pumy
IsmatétlulPI! eaﬁhbpd&i WA titHAG BrhRedRELOTITIULIN] (BERFELeE oW, O&Q%m
a stirred susPenS| on_of N-Boc-1,5-di am ngpent an

internp CgiGmRleT L OPHRPANG . (Erepugnp ipFumin wﬁrfpljwagﬁdhrectwn (pulling
fluids).r AGV4kYd &h iCinkh1188 tdltolledt §se@1%ldtibn-gt‘|ﬁ)e( dutfdt @f }heaﬂerQQﬁ:tlc

was, added acryl oyl chloride (1.13 eq) through

pumpSpiagy Duriggearh sten of thspproaesst e ﬁl@ﬁfersveﬁoh&l%ﬁémﬁ@ ave di svensed
into 8R§Bé Rtkrofl®e shRACHAAS 1T P&& &?ﬁﬂ&n@&n Lindr@ék t@tm&‘ﬂ&mthe

enperature and the progress the reacti on checked
Corre%pumlp@a Plcthe @P’é‘@lﬁﬂ%tw .channe) The solume reqaired pén ghannel is

iff Q he salts formed during the reaction were
Spect éprtogr eJ‘SSt?é and the filtrate evaporated to dryness.

ThemTzﬁ%oﬁﬁél' due was purified by flash chromatography (neat
petrol eum ether foll owed by a gradi ent of ethyl

[0213?0e:)at udé%ha féalgnglé@ éeo?lg% 'dgig% %ﬁtér?.ﬂgrﬁk% %ﬁ% c?&ste@fonnatxon
procesi6 tHOMBWX chif isaBodnt2d ofurtpp ﬁf—km M:]Ql).@searcﬁgh&mtﬁzy(:}er TBelchip sits
on toﬁC%'j\ c%&ﬁ@a(dgzcogg‘er( lglbclg évlgclix_&s Qtr?aheic!gtoéﬂ ? Eﬁ%ng l;olo%l%of the
therm()dyt;leﬂ H'hekhip & Svekedanith i@nihlll'%,rs;ﬁklblocﬁc. o i§ teld inhplact by
adhesh_v? ‘EP"WQ‘E&%P e Z%n;? thFCH%xc";yc? 2a%3 éo 9_]!:25' W‘%o;@]igﬁrlr(ugzscnpt% which

prompttthe Ddr-to bhgtpe(sehivng @stWady eheisaepul ated for
C13H24N2O3 256, found 279 (256+Na+)- [0210] Product 2

Grafting pringers dftosimfate WRSFAI coatddwhegp i n trifluoro acetic
aci d: di chl oronethane (1:9, 100 ml) and stirred at room

[0214] enper ANBFA cbagduheg isSfaced onitd @ miRaGéd PI-Research thermocycler
noni tored by TLC (dichl oronethane : nethanol 9:1).

and altagbstl &9 p BT iglie Tenres orbed thayenSalingFaiqangistine o5 i
o SURS RAnc 4 SN 0, XERRNT 1 FORGAHIRIL P e 70
pumpéd éed tith canoels o theachep ht)h Flowedtelyf 6 pl/min for 75 s at 20 °C. The
thermocycler is then heated up to 51.6 °C, and the chip is incubated at this temperature for
1 hour. During this time, the grafting mix undergoes 18 cycles of pumping: grafting mix
is pumped in at 15 pl/min for 20 s, then the solution is pumped back and forth (5 s forward
at 15 ul/min, then 5 s backward at 15 pul/min) for 180 s. After 18 cycles of pumping, the
chip is washed by pumping in 5xSSC/5mM EDTA at 15 pl/min for 300 s at 51.6 °C. The

thermocycler is then cooled to 20 °C.

Template DNA Hybridization
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gradi ent of nethanol up to 20% . Product 3 was
obt ai ned as a white powder (2.43 g, 9 mol, 90%. IH
WORMR7(240@04 VHz, D20): 1.29-1.40 (m 2H, CH2), 1r&RUS2007/007991
(quint, 2H, J =7.1 Hz, CH2), 1.61 (quint, 2H, J = 7.7
Hz, CH2), 2.92 (t, 2H, J = 7.6 Hz, CH2), 3.21 (t, 2H,
J:68Hz CH2), 5.68 (dd, IH J =1.5 Hz and 10.1
610(dd IH J =1.5 Hz and 17.2 Hz, CH)

20 10.1 Hz d 17.2
[0215?e| ect( rﬂb“p‘?gﬁse“}?é?t&%pa'?ee%; ‘?q'&’rlzeéstﬂfm\ﬁ@ftfgﬁhlﬁ #arilutergo the

a t
require %gg&%mzaa% giz&r% I,;nr ft(ez?magmﬁﬁg,@é@iq@rwew TRe &ﬁl)nla DNA is

heateg P a(heatngrblociias 16Q13€ dob$ onin e dengture thodowhde @tzaroﬂkdrﬂ)NA into
smglel st{a%‘ag suﬁiﬁ%f&myﬁnaﬁggg ?hg @ll@%bso %x(x gxgmp(f?%agglg%ﬁgp clu’lled in an

a one hour “perio
lce/watsopatb pfanBJ kmbafﬂhe ituber coetairing thEiRNPeae thriefl ynspuh a cemsifuge to

n rred at omte ure ov t . and,t
colleqt 48 oAy nf RTINS G Rk tope alrip and used
immegdihtellp) or omet hane : nethanol 9:1) the foll ow ng day.

The salts fornmed durlng the reaction were filtered off

[0216and t heTheeg@atte® Bhifi fdrH laBo Gy RIS ESY ﬁ@mgmgnﬁ&ssm 1% Tween
nea

si.due was purified by chronato
2t 60 4T Bt AL G-oR e kg leics Ssmiebteshtord b SGomdhe
jhpneol! 1
denatﬁl‘?:d‘rﬂﬁlA i Wga Etl% I:,!xtn g%uas af%%to@ [9{( m&&ﬁoﬁﬁl%\‘ﬁ at 100 ul/min
for 1(} feer}smql dutzatiush thpenglobutedes fmrqneﬂ bgltmjheahige}fehhhybndlzan on

mix. g‘éeﬁ}gb?%&l\{'% sgt%eogglga?%g%%l thﬁé) L!%N N&«%nggo%/ﬁé s}ﬂwly to 40.2
°C ovéK Bhi8)min3. 'ﬂ%‘@nﬁ?s theh w‘ﬁkhe%‘?ﬁ\pmg i89. XXSSCab'l l?ph'lev)e,cn at 15
5.56 (d, IH J 85 Hz d,
pU/mipgor 39 s atgt(rR)° @d a“helsprlpt]thm mwmhamhr@egt H.@p CH)
8.07 (bs, IH NH), 8.27 (bs, IH NH. Mss
Amplifi¢ationr ospr ay+) cal cul ated for CLOHL7Br N2O2 276 or
278, found 279 (278+H+), 299 (276+Na+). The C uster
[0217For nat | e Iytuisizns tBoplate o®ldcRs2fe Foplified by lahirdlging polymerase

chamsfér e Pq# dﬁge %Fbeftq% sﬂfﬁ{lglfs a}ng& ;ﬁm%gbag)geocqsﬂfe{%& ﬁ\dnphflcatlon

buffet smaisting RéflOOﬂEBBAs QH1 9(0)s S0adA KT D\, mM Mgcrtm 1 M betaine and

| |
1.3% VSRR oA g echioah Lo sFRP i 2004 A0 2 RCoilhes

ligicatior ik BEHRI 8V b |
P loutl et of the per?s%dgﬁﬁ?ﬁ%@ﬁw;ﬁgﬁbﬁl ng eacdzswmlTaq

polymegrass isfputriped pm oc@d pl/mim fordisf § @R °G.oThe tlermougder @rthen heated
dji.s S intqQ 8 tube mc strips,, USi 1 tybe
to 74 RIS s iPistemapiihe Frrds dbit Slsbifiple extegon of the surface

bound primers to which the DNA template strands are hybridized. The thermocycler then

carries out 50 cycles of amplification by heating to 98.5 °C for 45 s (denaturation of
bridged strands), 58 °C for 90 s (annealing of strands to surface primers) and 74 °C for 90
s (primer extension). At the end of each incubation at 98.5 °C, fresh PCR mix is pumped
into the channels of the chip at 15 pl/min for 10 s. As well as providing fresh reagents for
each cycle of the PCR, this step also removes DNA strands and primers which ha\.'e
become detached from the surface and which could lead to contamination between

clusters. At the end of thermocycling, the chip is cooled to 20 °C. The chip is then
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correct punping of the solutions in each channel. The
vol unme required per channel is specified for each
war@p/ia23ier mal control [0213] To enabl e i ncubar¢DOSANT/007991
different tenperatures during the cluster formation
process, the Silex chip is nounted on top of an
MJ- Research thernocycler. The chip sits on top of a
cust om made copper bl ock, which is attached to the
flat heating block of the thernocycler. The chip is
washedJUEP PN M 0 SSSAYY. L T wge ats) iakmimmfor360isett 446 The
: Y . Both punp and thernocycler are
‘henngéﬁ%$6P%E%q%§ﬁ%gﬁﬁﬁfg$ run scripts, which pronpt the
. r _to change solutions between each step. Gafting
ana%?ﬁﬁ%%s onto surface of SFA coated chip [0214] An SFA
oat ed . chip.. i |l aced aont o (fied M- Resear
o2sfp L o KBSy eantidin & GF B rodim RrioaaGapa gt M
ethanéleménd 8 @Uinpea\itto the ahipl 489 5P MiaFoE 1 HF b2 oF, Thd chiY i8khen
a forward prinmer and 0.5 nMof a reverse priner in 10

washedh\y PrBpIRg R Walgras A5 (Wimin foy 36G%s aidhde i nto t he
channels of the chip at a flowrate of 60 m/mn for
Blocking @pgipnal) 0C. The thermocycler is then heated up to
51.6 0C, and the chip is incubated at this tenperature
[0219f 5, 1 Figus stepypesiEerninal Frppaferasshio igeerppratea dideoxynucleotide

o A . L
oo A5 S . A e
molegydgsk and forth (5 s forward at 15 mi/nin, then 5 s

backward at 15 m/mn) for 180 s . After 18 cycles of
[0220bunpi ndBloeking buffpr censistinged SOynMUpsassim AcSAESLY B1NYI Tris-

T Jmn r 300, s..at Sl ' e .
scetafy IR ptn bl el NG Bhndtnd) g wsouh cociz i
pumpkly Bitb ehezatip ani O d/hjin The200\Watt20mel. afiesh BRcRRgMB bthé @Bove

to the grafted chL&bare diluted to the required )
buffer:ypplemaniad with et kM AINTPoamd 250/mhTesgga) wansferTsgeis pumped

. | i d at. J b 1 C
imat 0l 1 800 32 05 R anfioRf s Blad 35T 1 o0
during ivhgdhetiié Baoking Mik abpemped inty tHel dhii & 1 Pal/mih for YA dvery 3
) t?en |rqg¥g ately snap-chilled in an ice/water bath for
min. Afigr hlocking. ierdip oheR s hpRIRSdn 8- BrSSeP4) % biysen at 15
ul/mih PorBgRRMYt2of«¢ge to col l ect any condensation, and then
transferred to a pre-chilled 8-tube strip and used

Dol L bR LAl e 1

[0221] This step uses NaOH to denature and wash away one of the strands of the
amplified, linearized and blocked clusters. After a wash to remove the NaOH, the

sequencing primer is then hybridized onto the single strands left on the surface.

[0222] After blocking, the double stranded DNA in the clusters is denatured by
pumping in 0.1N NaOH at 15 pl/min for 300 s at 20 °C. The chip is then washed by
pumping in TE (10 mM Tris pH 8.0, 1 mM EDTA) at 15 ul/min for 300 s at 20 °C.
Sequencing primer is diluted to 0.5 UM in 5xSSC/0.1% Tween, and pumped into the
channels at 15 pl/min for 300 s at 20 °C. The thermocycler is then heated up to 60 °C and
held at this temperature for 15 min. The thermocycler is then cooled to 40.2 °C and the

chip is washed by pumping in 0.3xSSC/0.1% Tween at 15 pl/min for 300 s.
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at 60 mM/mn for 75 s at 20 OC. The thernocycler is

then heated to 98.5 0C, and the denatured DNA is
w@eoopaeB7un at 15 mi/mn for 300 s. An additi oneCT/ps2OP7/007991

at 100 mM/mn for 10 s is carried out to flush through

bubbl es fornmed by the heating of the hybridization

m x. The tenperature is then held at 98.5 0C for 30 s,

bef ore bei ng cool ed sl OV\Ay to 40.2 0OC over 19.5 nmin.
The chip is then washed punpi ng in 0.3xSSC/ 0. 1%
[0223}ryween ﬁ‘efélsﬁ@fﬁ ANV Feas'uéorsls,w%e qul@ncrngeer%m%ﬂgy, e.g., with

the sy§tEﬁ1§ ahd AsviREE Bf @J&tcu%mtllﬂeeﬁﬁiﬁt step. Amplification
0217] The hybri di zed tenpl ate nol ecul es are anplified

[0224Py a bfrheqmg s%aha!ﬂ&n@.é@npdm oe&awas%ﬁlg% Rordoféinplate
grafted prinmers ‘and a thernostab pol ymer ase.

sequengerfi400ceses viBugdscomphisnentary ¢o 378 grafted pripiess. (Hheg duplex DNA
Wasd%ngéedggdgwrﬁggd,abgvg mM MyCl2, 1M betaine and 1.3%

punpe nto the chip at 15 m/min for 200 s at

; ghen anplification mx of the above buffer
Graf“é%ﬁg?gﬁ’gﬁt ed with 200 mM dNTPs and 25 U nl Taq

10225 ¥ e BB P Pl B p R Rl s PuficBliad

incorpmrrating anyt spepidicaseguences pr @J@dsflcafthmssreswegi toradayege. Their

seque%%?ﬁ'sgp% Jrs tvfns ggltcﬁl&%tq:}gg ﬁeﬁé%evt‘@ b Iﬁséch r and in

s ar thernocy c
this cdshevere aompmnemnmry&e tluryi:’l—casis of thmptnpﬂatc dupler. by heat| ng
to 98.5 0C for 45 s (denaturation of bridged strands),
SequebBing©fflimeadfedsclgstarseal i ng of strands to surface
priners) and 74 O0C for 90 s (primer extension). At the
[0226knd of Tecmplifiadclustors cantadidn cﬁcn lnﬂk@hn B@Rofithe grafted
to the,ch

primefl T Rl 45 22 1PR0R R Y i1ednReayBid Tipodiy SRE of e

pﬁmemeefsfsdliaﬁpmeaniﬂhmaﬁéxep al so renpves DNA strands
: and primers which have becone detached fromthe

[02273 ur f ac SwanBlentrigbrsdntlhdingaad dbﬁrdiﬁﬁtr@[ﬁtaapécﬁ)ﬁc b&jfuemescan be

ust At t e end cI| t he ch
manufagHREg by Spgur SR A LR IS CHIA by A DTG
avail Ble SRERarhSacTNRBPpladrs ddg. HiddTith ShtendAc $ AatD)/4 0C.
The thernocycler 1s then cool ed to 20 OC.

[02281 near i & dlda0ablb Q?él‘?dontdxﬁlﬁ%bhﬁﬁr et dtypi€c@RasE iedfollowing
0.1 M sodium periodate and 0.1 M ethanolam ne is

Smc%’[ﬁ’nped into the chip at 15 m/nin for 1 hr at 20 C
, hip is then washed by pu in water at 15
5 ‘Phﬂﬁpi‘ﬁf%hpép'%r%zé dé?lz%'sﬁﬂ}le"ﬁ?gg g (optional)
Wherein “sequence” represents a sequence of nucleotides capable of hybridizing to the

template to be amplified.

[0229] The structures of the arm26 and diol22A components (from Fidelity
Systems Inc, MD, USA) are as follows:
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[0219] This step uses Term nal Transferase to

i ncorporate a di deoxynucl eotide onto the free 3 OH
weees/12874DNA strands (both grafted prinmers andPCT/US2007/007991

anplified cluster nolecules). [0220] Bl ocking buffer

consi sting of 50 mM potassi um acetate, 20 nmM

Trisacetate, 10 nmM nagnesi um acetate, 1nmM

dithiothreitol (pH 7.9) and 250nmM CoCl2 is punped into

Bl ocking M x of, thegahpove b@ffer suppl egegied with 2.4
WMW&W&W% i %\ﬁ%ﬂ;#‘grase i s punped
f9atods m/min dor 800 s at 87.7 OC. The ther nocycl er
Is held at 37.7 OGuhar 30 min, during which tine
Bl ocking Mx is punped into the chip gt 15 m/mn {for

Q. s every 3 tin, Alter bWe chip
nornogﬁvgiﬁeﬁﬁ)?/pu g Y Y. 3%S 196 TwWEen at
for 300 s at®20 OC. Denaturation of clusters an
hybri di zati on of seemencing prinmer [0221] This

uses NaOH to denature and wash away one of the strands
Produgfs cohtainimmglsiéh did] linkagea can belclaavedhivng pericdats aedascribed above,

f . I v, t.he b N (i mer
and oS sbfififle NARIE doE B P IR B R e d ST LRE B0t e

surface. [0222] After bl ocking, the double stranded
DNA el sters is denatured by punping in 0.1N

OHat 15 mM/mn for, 300 s at 20, _QC., The chip is then

[0230}ashed I5AURHTRE MGS CAITIPE opi BSiRgMadilded ppgeqsides prFnarses
describbd #PIdtbmAtiondi PatedPLpplicatiod WO C00pOABETS, AAd 18clé¥With Four
. diluted to 0.5 nM.in 5xSSC/ 0. 1% Tween, and punped into
differenfeopmaereially aveilable fupraphores (Myderudardirobes e )The

thernmocycler is then heated up to 60 0C and held at
[0231 pj s + tant AN plymemsqenzymer@neper Hedans irqludiag thedpiple
mutatfROLAIR ¥ A 40 A7P 19 R Rsh tﬁﬁfﬁ)ﬂb& ms%d\r@ﬁéﬁ%%umeoaamcaﬁ)draion

0. 3xSSC/ 0. 1% Tween at 15 /'mn for 300 s.[0223] The
steps.cl usters are now ready for 1st cycle sequencing

enzynol ogy, e.g., with the systems and devices of the
[02324 ur r entInterperaticarmix}, brprgoratan MNfer 60 uaMcErissEiéd pih8.0, 6 mM

s 0B SHTER 15850 T ) PR T T

C223F handdyiViecac DA theefoud rhealicd neallifisd dedestidsdwabgwdied to the
Gafti of prinmers 5] The priners are typically
dusmﬁc‘fﬁﬂﬁﬂ%ﬁ%ra&fimeﬁt§9é° %g i‘gonucl eot i des

[0233] Templates were maintained at 45°C for 30min, cooled to 20°C and washed

with Incorporation buffer, then with 5x SSC/0.05% Tween 20. Templates were then
exposed to Imaging buffer(100mM Tris pH7.0, 30mM NaCl, 0.05% Tween 20, 50mM

sodium ascorbate, freshly dissolved).
Templates were scanned in 4 colors at RT.

[0234] Templates were then exposed to sequencing cycles of Cleavage and

Incorporation as follows:

Cleavage

Prime with Cleavage buffer (0.1M Tris pH 7.4, 0.1M NaCl and 0.05% Tween 20). Heat to
60 °C.
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I ncorporating any specific sequences or nodifications
requi red for cleavage. Their sequences and suppliers
wo a00y/1237¢0r di ng to the experinent they are to PET/USBHA7/007991
for, and in this case were conplenentary to the
5'-ends of the tenpl ate dupl ex. Sequenci ng of
linearized clusters [0226] The anplified clusters
contained a diol linkage in one of the grafted
prinmers. Diol |inkages can be introduced by including
Treat theclysters vath Cleryzge Mix 08 meMoFCERdn frleayage bulfer. f or
. solid-phase anplification. [0227] Suitable priners
Wait fpﬁemraf Aol upyn geadditen toHsmeing fshbpffpre ey darive can
be manufactured by standard automated DNA synt hesis
Cool toPhifi-ques usi ng conponents avail abl e from comnerci al
suppliers (e.g. Fidelity Systens Inc., ATD). [0228] A
Wash ayidplegmeolagy bufent ai ni ng primer woul d typical ly have
the follow ng structure: 5'-phosphorothioate-arm
Was*‘%%?%ﬁ@&-@%ﬁﬂéme@-@- OH. \erein "sequence"
. represents a sequence of nucl eotides capabl e of
Primepyigh Irapging §uifer.t he tenpl ate to be anplified. [0229]
The structures of the arnR6 and di ol 22A conponents
Scan ipf4 elesia &ty Systens Inc, MD, USA) are as
fol | ows: Products containing such diol |inkages can be
Incorporgfigned usi ng periodate as descri bed above, and the
. resulting single stranded pol ynucl eotides hybridized
Primeguithy bncorpasadombefifer. Heamro 8@GGenci ng cycl es [ 0230]
Sequenci ng was carried out using nodified nucleotides
Treat pithdaeemporatiodanizy Wratfor a tdtal ef haminoimaiddgixngntpumping fresh
[ Ccat] 04/ 018493, and | abeled with four
Incor@?ﬂ%“?@% 8{;:Eo 'fng‘l ally avail abl e fl uorophores
Cool &I\QH g%gul ar Probes Inc.). [0231] A mutant 9N pol ynerase
enzZyme (an exo- variant including the triple nutation

408Y/ YA09AL P41 and C223S) was used for the
thrlﬁ‘ﬁg]agg?lrpé’éé{mﬁ]é%&%é& ation steps. [0232] Incorporation

nd. r L.on fer (50 MM Tris-HC pH 8.0, 6 nM
Was*‘&?ﬁé’cﬁﬁ%%%k‘fwﬁ" % (v/v) Tween -20, 50mM Nadl)
Primepligli' 11(131 )l( }3/ exo- C223S, and | nM each of the four
AL IBE B A TEd nucl eoti des, was applied to the

Scan in 4 colors at RT.

TS

Repeat the process of Incorporation and Cleavage for as many cycles as required.
Incorporated nucleotides were detected using the fluorescent imaging appziratus described

above.

[0235] Alternatively, the flowcell can be sequenced in a fully automated way, with

the first incorporation being performed on this instrument, as described below:

[0236] After setting the flowcell on the instrument manifold, the templates can be
exposed to the sequencing cycles described below : first base incorporation, imaging then
alternating cleavage, imaging and incorporation, imaging steps for as many sequencing

cycles as required.
[0237] First base incorporation

Pump 1000ul of incorporation buffer at RT
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clustered tenpl ates, and heated to 45C. [0233]

Tenpl ates were mai ntai ned at 45C for 30mn, cooled to
wWQeeT1231d4 washed with I ncorporation buffer, theerws1o07/007991

5x SSC/ 0. 05% Tween 20. Tenpl ates were then exposed to

| magi ng buffer(100mM Tris pH7.0, 30" NaCd, 0.05%

Tween 20, 50mM sodi um ascorbate, freshly dissolved).

Tenpl ates were scanned in 4 colors at RT. [0234]

Tenpl ates were then exposed to sequencing cycles of
Set tepPgEAfaat A7 AAEBPMor ati on as fol Il ows: O eavage Prinme
. wWwth Ceavage buffer (0.1MTris pH 7.4, 0.1M Nad and
Wait tpr@godntifgsen 20). Heat to 60 OC. Treat the clusters with
C eavage m x (100 mM TCEP in Cl eavage buffer). Wit
-Pumpr@fjOul of eqrpasttionsmis n i n addition to punping fresh
. buffer every 4 min. Cool to 20 OC. WAsh with
Wait for ABWes, buffer. Wash with 5XSSC/ 0. 05% Tween 20.
Prime with I maging buffer. Scan in 4 colors at RT.
Pump; 2009f BHIMSOrRATatHT WEX wi t h | ncor poration buffer Heat to
. gg OC. Treat with Incorporation mx. Wait for a total
Wait for 4miguies b addition to punping fresh | ncorporation

ix every 4 min. Cool to 20 OC. Wash with
Pumlﬁ%&fﬁgfépmamﬁm. Wash with 5XSSC/ 0. 05% Tween 20.
waitggﬁlgeéévmth i magi ng buffer. Scan in 4 colors at RT.

Y% process of |ncorporation and C eavage for

as many cycles as required. Incorporated nucleotides
Setteméatﬂét%@tze% usi ng the fluorescent inaging apparatus

. fdescri bed
Wait for 2 minutes

Pump 600ul of incorporation buffer
Pump 600ul of high salt buffer
Pump 800ul of scanning mix

Stop active cooling

Imaging step

[0238] Cleavage

Pump 1000ul of cleavage buffer at RT
Set temperature at 55°C and hold
Wait for 2 minutes

Pump 600ul of cleavage mix

Wait for 4 minutes

Pump 200ul of cleavage mix

Wait for 4 minutes

Pump 200ul of cleavage mix

Wait for 4 minutes

Set temperature at 22°C and hold
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above. [0235] Alternatively, the flowell can be
sequenced in a fully automated way, with the first

w0 p@onpsat i on being performed on this instruneet/USAe7/007991
descri bed bel ow. [0236] After setting the flowcell on
the instrument manifold, the tenplates can be exposed
to the sequencing cycles described below : first base
i ncorporation, imging then alternating cl eavage,

. imagi ng and incorporation, imging steps for as many

Wait los 1 lBHUMS8g cycl es as required. [0237] First base

i ncorporation Punp | OOQul of incorporation buffer at
PumpeP8ut of ingprnoratignduffer 55C and hold Wait for 2 minutes

Pu 600ul of incorporation mx Wait for 4 mnutes
Pump,ﬁﬂ%lg@w sght bpHeor poration nix Wait for 4 ninutes

Pu 200ul of incorporation mx Wait for 4 m nutes Set
Pumpt%&P%f‘ﬁ‘PEm&tn“ZZC Vait for 2 minutes Punp 600ul of

i ncor poration buffer Punp 600ul of high salt buffer
Stop 3stiys c80B8# of scanning m x Stop active cooling | maging

step [0238] O eavage Punp | OOQul of cleavage buffer at
Tmaging 48P t enperat ure at 55C and hold Wait for 2 minutes

Punp 600ul of cleavage m x
[0239] Incorporation

Pump 1000ul of incorporation buffer at RT
Set temperature at 55°C and hold
Wait for 2 minutes

Pump 600ul of incorporation mix
Wait for 4 minutes

Pump 200ul of incorporation mix
Wait for 4 minutes

Pump 200ul of incorporation mix
Wait for 4 minutes

Set temperature at 22°C and hold
Wait for 2 minutes

Pump 600ul of incorporation buffer
Pump 600ul of high salt buffer
Pump 800ul of scanning mix

Stop active cooling.

[0240] Each tile of each the chip for the non-fully automated process above was
recorded in each of the four colors corresponding to the labeled nucleotides. The images
were analyzed to pick the brightest color for each cluster, and this image intensity analysis
was used to call the base for each cluster at each cycle. Images from each cycle were co-

localized to obtain the sequence corresponding to each cluster. As the sequence of each
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Wait for 4 mnutes Punp 200ul of cleavage mx Wait for
4 m nutes Punp 200ul of cleavage mx Wait for 4
wormatner4bet tenperature at 22C and hol dWait fBPET/RS2007/007991
m nut es Punp 600ul of incorporation buffer Punp 600u
of high salt buffer Punp 800ul of scanning mx Stop
active cooling Imaging step [0239] Incorporation Punp
| OOQul of incorporation buffer at RT Set tenperature
at 55C and hol d Wit for 2 m nutes Punp 600ul of
cluster f@g kpeva shwas theame fepevery ﬁN%E?Fé%“PLﬂ’?ﬁV? GRRATITENL, the error
rates (i BCOLRGEsA{d: CAIILH & tHE bl)rré&rseﬂuéﬁcey&ﬁﬁd BY BRa198 ¢ or @hch cycle of
I ncorporation mx Wi m nutes Set tenperature
nucleefidedinoaparationo [Ihe\waior ratey weradepithen 1fufas et 28cycles of the

. i .

experifiGf BETHE SR KA cqb A1 iR S oo bl
Each tile of each the chip for the non-fully automated
process above was

[0241] While the foregoing invention has been described in some detail for

purposes of clarity and understanding, it will be clear to one skilled in the art from a
reading of this disclosure that various changes in form and detail can be made without
departing from the true scope of the invention. For example, all the techniques and
apparatus described above may be used in various combinations. All publications, patents,
patent applications, or other documents cited in this application are incorporated by
reference in their entirety for all purposes to the same extent as if each individual
publication, patent, patent application, or other document were individually indicated to be

incorporated by reference for all purposes.
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recorded in each of the four colors corresponding to
the | abel ed nucl eoti des. The i mages were anal yzed to
wW@R@R/1231e4 bri ght est col or for each cluster, aneCT/BHE®07/007991
i mage intensity analysis was used to call the base for
each cluster at each cycle. Inages fromeach cycle
were col ocalized to obtain the sequence correspondi ng
to each cluster. As the sequence of eachcl uster was
known; and was the sanme for every cluster in the above
CLA eriment, the error rates (i.e. clusters not called
as the correct sequence) coul d be analyzed for each
Whatds cladmed isic| eoti de i ncorporation. The error rates
were |less than 1% for the flrst 20 cycles of the
Lo exp¥fsreme T SeABeeityOnher RAtIPI suiiratide. e sytfem comprising:
MRyOot enoRl&ubktPats @&hﬁﬁ&hg ohé 'oi' Rfdre %&%ﬂﬁ&lem&%ﬂaﬁ%d thereto;
foregm i nvention has been descri in sone detail
qigyé slisgetion gystem ferrontrelably meening gne pf mgre flupgescently
I gp&i I om a reading of this
Iabele?lrg eggsgpe rgi&t\%?{ij%% Ogbﬁgﬁ%ggd%{] formand detail can
b@) mad@ tpnpRairegoptiek ystpm fayregiiating the teropgratusé of the substrate
For exanple, all the techniques and
and/oggytglrgg%% 5éscri bed above may be used in various
c@irbi naniinmination systoin foatkdtisg thpdiwnesenpaioety via total internal
reﬂecf‘gﬁ’l( tions, or other documents cited in this
I'cdftion are incorporated by reference in their
ereb I r etayddiatoaddmppuiepop@xirha tb i sSdgrateXXvedétecting fluorescence

i ndi vi dual .publi.cat.ion tent . patent
prc’duﬁf)‘nggh?’?cbtﬁuo% pt P! eEVo%Wgr?ﬁgﬁé( S ndi vi dual 'y
| Byli catesbniutbesyisRebpsrablyRBupld it ®@kstorl Wheid the computer
urposes. CLAIMS What 1s clained is: 1. A systemfor

compgémeﬁtﬁgctmé%forﬁﬁﬂ@nﬁs IQH"?EFLSF%FHH’@%C% ﬁﬁems%? dgfgetor.
conprising: a) a solid substrate conprising one or
nore pol ynucl eoti des attached thereto; b) a fluid

2. diThesyptem efycdeipn] £ whersisythe éPlPS&BFe;PaﬁdRﬁ mgveshdistl tihegletector in

orderfflnut% eShpsthtuYe l:@tﬁﬁ%l%gst&%atg‘? lﬁatb MrehipatAfite I thd sﬁﬁh@rate
pol ynucleot i des tenperature control systemfor
regul ating the tenperature of the substrate and/or of
¢ ; o : Coos ¢ PRI

3. ¢ e FRRRNAa 1 Mt iTL DA GfbeiiE Bt R el Pwien

flowcell cRnprisys enedert reotediluidizmbpanesitin phoot tﬂlalpol)muk:ha@tide is attached.
substrate for detecting fluorescence produced from
excitation of the noiety by the TIR system f) a

4, cdmeuystensyfsdleinn dpehedkinythe culEtact domprives gdsecdilicon, or plastic.
wherei n the conputer

5. The system according to claim 1, wherein said solid substrate is an array of beads.

6. The system of claim 1, wherein the reagents comprise components to extend a

second sequence complementary to the one or more polynucleotides.

7. The system according to claim 6, wherein said reagents are fluorescently labeled

nucleoside triphosphates
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conprises an instruction set for acquiring
fluorescence i mages fromthe detector. 2. The system
wotoochzi7ma 1, wherein the substrate can be novepCTUS10a1/007991
to the detector in order for the tenperature contro
systemto regulate the tenperature of the substrate
3. The systemof claim1l, wherein the solid substrate
conprises a flowell, which flowcell conprises one or
more fluidic channel .in which the polynucleotide is
8. alhedysiam ageording to ¢y, gthegin spid reggrafsoats fluggescently labeled
oligonfitlestideat € conprises glass, silicon, or plastic. 5. The
system according to claim1l, wherein said solid
substrate is an array of beads. 6. The system of claim
9.  lTndbRk %fkﬁ?rnfl‘?%%?éiﬁ ﬂ%%fdi&ﬁio%%?ﬁl@ﬂ?%rﬁgﬁ&s%iﬁgpone
a second sequence conplenmentary to e one Or nore
excitatpert laserdompladdbmugh.a fieropticsdayigeaccor ding to cl ai m 6,
wherein said reagents are fluorescently | abel ed
nucl eosi de tri phosphates8. The system according to
10. cThe sysiem wheosrding toaladnm ® agendia saidditicr ioopleysbtanhlyl deformed to
. |l abeled .ol igonucleotides. 9. The systemof claim1,
obtain g Jp{gTm @Hﬁ?&%’rﬁ)ﬁé’ﬂ"gn system conprises at |east one
excitation | aser coupled through a fiberoptic device.

1 The system according tq claim9, wherein said, )

11 Dhepyem Saganta e G s SHBEBYAICH SHPFBAHAN s squeezing.
illumnation footprint. 11. The system according to
clai m 10, wherein said physical deformationis . . . .

12. sagﬁéﬁtﬁaﬁc‘i‘?‘h"ﬁw‘é‘ claim Khnwieedr grdphysicel dgtpmesion is vibrating.
wherei n said physical deformation is vibrating. 13.
The system of claim 1, wherein the detector conprises

13. aThesydemef glaiqyl, whesein Jag detecser ¢amapriges 2 GRBr@ne i d
detector conprises two CCD caneras. 15. The system of
claim1, wherein said detector conprises four CCD

14.  cThesystem of clajmel , swhereimsaid defestoncomprises tve GCH2 cameras.
detector further conprises one or nore optic filters
appropriate to the fluorescence em ssion of the

15. f Thespsaanificlaial etiedein eaigatetecandtonprizne far C@Peameras.
wavel ength of light fromthe [aser. 15. The system of

-~ claim1, when the detector conponent conprises an
14. aThekgaern ofefdiani,svherdifi.thelbteqysirteDEoRpiibeB dne or more optic

filters%%é%%%&gﬁ%ﬁp;%i%%{gg ?:ipslés?gnl gtn tﬁe ffl(l)l{are%geer{tla)} faggleg Qeatg\égt and to

one or more wavelength of light from the laser.

15. The system of claim 1, when the detector component comprises an autofocus
mechanism.
16. The system of claim 1 comprising two fluidics stations for operating on two

flowcells simultaneously.

17. The system of claim 1, wherein the illumination system comprises two excitation

lasers coupled through a fiberoptic device, wherein such lasers illuminate at least part of
the same area.
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17. The systemof claim1l, wherein the illumnation
system conprises two excitation | asers coupl ed through
wa@2duhes7apt i ¢ devi ce, wherein such |asers il | uPCTVEE®OAD07991

| east part of the sanme area.18. The systemof claim
14, wherein the detector further conprises four optic
filters appropriate to the fluorescence em ssion of
the four fluorescently |abeled reagents and to the
wavel ength of |ight fromthe |asers. 19. The system of

18. ¢ Hhenystem ohelpiap A4 swhereinathe deteeior fursher gompriseetar lopt€ filters

appropoiate Y8 A ubR8cddE emission of the four fluorescently labeled reagents and to

the wavelength of light from the lasers.

19. The system of claim 17, wherein said lasers emit at a wavelength of 532 nm and

660 nm.
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