Systens and Devi ces for Sequence by Synthesis Analysis FIELD OF THE

| NVENTI ON [ 0001] The current invention relates to the field of nucleic acid
sequenci ng. Mre specifically, the present invention provides systens and
devi ces for sequence analysis of nucleic acids such as short DNA sequences
fromclonally anplified single-nolecul e CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0002] The present application clains priority to USSN

60/ 788, 248 filed March 31, 2006 and USSN 60/ 795, 368 filed April 26, 2006,
each of which is herein incorporated by reference inits entirety for al

pur poses. BACKGROUND OF THE | NVENTI ON [0003]Nunerous recent advances in the

study of bi ol og&g@@é&ﬁsbe%ﬁ@sffbpsb 15 Rhafi@d ysi s and

sequenci ng of nuclerc acras: ' LT E—Fr oj ect has
determ ned the entire sequence of t he hu enorre whi ch is hoped to | ead
to further discoveries in flTdEER PBRAGH Iﬂl‘%at nment of disease to

advances ﬂﬂ@lpas' c '?‘ﬁé S 11‘0@1&40% rct:lhés m'}'ﬁ”% qu% "]u‘dtm& agﬁ%re?,t%g&nge 0%] ced

there aré still vast amount ChoONT ¢ et genetic
vari at i oﬁPGB’éWJéJeﬁhQiPIfe‘ﬁceﬁ erwpnmwdlrWIdMabfszﬁms B@@dﬁesqes&ddlett]ue@@aéna%ﬁmﬁ es, etc.

[ 00041 Doy aliat aibAs EGHPRGL 14, BR8SH AN RERLLALE R SlaLLOMIERL S of

differing length were first dev

conmer ci &8¥¥- avail able for a nunber of years. However, such technol ogy

i nvol ves running |nd|V|duaI sanpl es througﬂncaplllar colums filled with
pol yacry 0% %ll de gef® E{lﬁljngcq@,'r,ﬁm EIQN® to the tine
taken t oAl each E%weéempmﬁ%erdem%ww 35t StidehiMialabgi es have

recent | y3heeoes ﬁﬁpmsssmﬂ/‘mgsﬁarfﬁecbﬁﬁﬂctﬁomddﬁ BacdkBF NG ¥ hhdhahdRporaB@l ysis of
unanpllfbe %, 0000677Q; P oceedlngs of the National Acadeny of Sciences
USA, 1007 @“?QBEEFEBﬁﬁﬁé’ & PURFSf i ed single nol ecul es, either in the

formof planar arrays (W9844151) or on beads (V®04069849; Nat ure, 437,
376-380 (2005); Science, BSOEGIUUND OFZBHE IBYVHRODBN; Nat Bi otechnol. 6,
630- 6344 %89]00) ). . .

[0 Numerous recent advances in the study of biology have benefited from
improved methods of analysis and sequencing of nucleic acids. For example, the Human
Genome Project has determined the entire sequence of the human genome which is hoped
to lead to further discoveries in fields ranging from treatment of disease to advances in
basic science. While the “human genome™ has been sequenced there are still vast amounts
of genomic material to analyze, e.g., genetic variation between different individuals,

tissues, additional species, efc,

[9004] 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
capiliary 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 aré based on the massively parallel analysis of unamplified
(WOO00006770; 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 (WO9844151) or
on beads (WO04069849; Nature, 437, 376-380 (2005); Science, 309, 5741, 1728-1732
(2005); Nar Biotechnol. 6, 630-6344 (2000)).

[0005] The methodology used to analyze the sequence of the nucieic acids in such

new sequencing technigues is often based on the detection of fluorescent nucleotides or

-



ol i gonucl eoti des. The detection instrunentation used to read the
fluorescence signals on such arrays is usually based on either

epi fl uorescence or total internal reflection mcroscopy, for exanple as
described in W9641011, WO00006770 or WO02072892. Whilst total internal
reflection m croscopy has been used to inmage both single and anplified

nol ecul es of DNA on surfaces, a robust, reliable, four color DNA sequencing
platform(e.g., conprising heating systens, fluidic controls, uniform
illumnation, control of the optical beam shape, an autofocus system and
full sof ol.0f, all conmponent.s) is descrjbed herein for the first
time, [o%é‘%‘f@ﬁ%?ﬁ&‘%g 118 deid ﬁ“’r‘{‘dfﬁ‘%"f’hﬁé‘g‘g“’% sredig e the thescepsisiamals sAd nor e
econom cé&fch sy sesuainbasyboreathef grilthasicena drathiensequeametmg of nucl eic
acids. T . 1O i.d benefit.s ich will
be appar gﬁ%&ﬁt{%ﬁm&%&ﬁvﬁ% ‘lllso%s‘g b%ﬁ%@%@é@ 3’%‘28‘?@?@9 ?‘%&, 08@%%8}42-, and

fi gures. VEUNMRIRY R aTHENCKIVENTEOM PP 087 bden wat iodusgaispreihglchadei n, the

i nventi og,GRARY | SKR devi ¢ or.,.sequenci or nopre

pol ynucl grg? i de. h‘?’%%”%ﬁ% ens %&ﬁﬂg%\éu%%éu{tb&}lgn%&gg ¥ C&ﬂ‘%ﬁ@%ﬁ%‘i@%%, wher ei n
t he subsPlafPes (ancepirpiisdeatimpmsypicnti fedisicogirels nokfean iesyinatel édived si ngl e
nol ecul egg mERGH I | r eads, Qr .varijous
conbi nat i f)rll]s %ﬁ%‘?ggﬁ %\/@g’n&nﬁzgédég%grsggsteer%’ugg%?lﬁﬁa, ‘H‘Il%t%@%otl Sﬁ%d can optionally
conpr i se SMPIMEAE! issispqrided hersinyfar Befissiitig. one or nore pol ynucl eoti des

di spl ayegwhﬁer eon, e.%._ either directly attached, or attached to beads that
are opti y ar r AEH ISHFRHBugy peaddar ketten, mherairebugl, petipwreceystiesh t hat

cont r ol | abligesmay €@t ol St 8 A8 MoBed®nPot il RiR: TRRZYIES invkhii§r escendy
| abel ed nucl eot.i des or. ol |$onucl eotides, etc.) into contact w tth t he

pol ynuc! BSYIGaEess Eihapgradioe whick 1ill &g appasent vaen pragunaiicef thesutremper at ur e
of the ssgesification, andhgandfighde reagents; an optical system for obtaining
total internal reflection illum nation of the substrate with a uni form beam

footprint (where the shapglﬁhﬂﬁyf&p&‘% %@ﬁ@@l onally controlled), a
e

| i ght source (e.g., one conprising one of rs) for exciting the

f 1 uor escBBO7IIDI et (Ineaipusasfedterdrein, €O RBREH cdnhrles sy@efCRnE 85l rand

obj ectivg Lg%?esd et c. thlat i S .BrOfi mal to the substrate and which

capt ur es™ and dst TEE MG BY ERELHEES RS ySisas e Pe Bipdiipiaseipkspr a conput er,
connect egibtwatedevheletretit oubstiafek ¢ih dAgrish Bhimgti AR SoklleCORbERLI | Ng the
vari ous Soapanent.s, of o he s‘é/stﬁm, at:?gui ri B fl uorescence data fromthe

det ect or " and "opti onal Ty FFe SRPETIRs AF AR gl‘i%‘?f’e%r‘ﬁ’{“ot‘ﬁ%ﬂ%ll%%&l eoti de from
the fl uohesebnbenased.for {20008 rzNths oy@ersLEH pibediyBMpSice  PRnSWbSd r ates can
be nove . e detector iin order to interact wth the tenperature
contr ol dssu?\g?%ﬁm\?ﬂ%é& Orrené(ﬂf:g?g’ﬂléd‘f%@est g‘ﬁ%@f‘%tﬁ?r&mbfa& Rdecdisedtvate (e.g., to
al | ow pottipakada seatiacbast to dnadstioat preogeiedallyedreayld oh theSuBdicaenbadia®ntSen t he

syst em CaeGORR! dofGoful 1ng .stage or noving platformthat is optionally
conput er “cont r ol Ioe_ o Tﬁ’gﬁﬁg‘%&% Hgﬁsd[gg ecr:’EeS &&n bﬂgefg’ @61’?‘8&%’&”“@6@6& | ed
Pel ti er lgesistancipotigeharoligeatdantficooik)) igo componerit the pallynmdeiged:n rel ation to
t he scanpinBg-afhe88iroPk 1St A tionall ve to ensure that the
Pel tier i sBi n cont act yv\nste?lﬁt t%eggﬁ%gﬁireg e?mF'BbeO%]tF%‘%ﬁ%ﬁ%%‘h%iP "Sibodi ment s
her ei n, FHESHsPRURESYSERM oo aprinte tatal inbwed itllecRboilbelibsiosafitieave one or
nore fl Wublifat® RaN AN thity Whint ool S RALYDHE! i | 1Pk aved (e 9.,
wherein the % ynucl 1eoti des aroépndi B@gt?{;/ﬁ%gtﬁ%éecﬁghcf 1’?8%@2”#%\’/\%&“ or
wher ei n ‘i"ﬂ%‘ﬁg Dy EPHFUEE e campagngang o oere lorsirtrextigagithcar r ayed upon
the fl ovneldspenthi@abs)PLIGORR doRSnd: (Gb 33 SISl $OMha fidald fnsQl  Vari ous
conbi nati o t.hereo?. 0010] I'n typi cal eénbodi ments, tdheJrea ents’ i ncl ude
Corrponerﬁtqs)n t?%t Igymxpgggli té ghesubstrate 341% which captures and detects ﬂuorescen%e from the

excited moiet(ies); a computer, connected to the detector, which has instruction sets for

controlling the various components of the system, acquirii] g fluorescence data from the

detector and optionally for determining sequence of the polynucleotide from the
fluorescence data.



second sequence conplenmentary to the one or nore pol ynucl eotides. The
synthesis can be perforned using | abel ed nucl eoti des, which can be added
individually or as a m xture of nucleotides, or as |abeled

ol i gonucl eotides. In the case of |abeled oligonucleotides, the identity of
one or nore bases conplenentary to the | abel ed oligonucl eotide can be
determ ned. The | abel ed nucl eotides can take the formof fluorescently

| abel ed tri phosphates, which can contain a bl ocking noiety to control the
addition and ensure a single nucleotide is added to each pol ynucl eori de.

The fluo re cap be attachdtot ckin i et whi ch can be

| ocat ed g@%ﬁe 3 iplmos SR GP ‘H‘é“"%‘&gﬁ‘? ”Ubﬁtr‘atfé ‘% gg“%ﬁ FQ@W@HffPWrtB‘Elgh t he
nucl eot i deteffasia drikroogiteractIviithkibe tehipatanea ol B@E@ﬁh&u@&:g@laﬁag’&ﬁl using the
same con f the bl ocki n nker and bl ocki ng
noi ety rrgaJ Iﬁl{?i)ﬂ&rleg)g\t/t{eggﬁs\s{ﬁaan @ %p?lggﬁ%ﬁ? *seact[%‘@fi]”ioﬁe SafPdud ¥ibodi ment s
her ei n, ?méoqimeais ﬂhnsmmbaﬂeﬁmmt: nomn(ifigREge syﬁlbemg@)mfo@mnwwsﬁe e.g., a

| anp or i or e han one exc n | aser s

t hat can e co L?JE&% %&8&3&%&%@%{ CGEN %ea"%ﬁ% e Cé’é‘@?‘iadcéé%‘qll | umi nat e
at | east dpdeg Ofdﬁhftrrbeai%fﬁ@()hm&@m[(qnem thatmxmnd; mp)alahéﬁln&a the Rfanhiagefage,ber ei n

al so opt hRNAlHE ok O RMLTF HdvS DAk hlﬂ%’t a\{hﬁrﬂi e?gsmwavegt wx%}bth wg;él ated, or

p| ezo-el ectric actuator” squeeze € scra e opti cal

i ntensi t popupst ant iyghé Vaﬁ&x&@%%ﬁ%ﬁfg h@ﬂ:zr?%e' Ju stfaltéff"‘ﬁ' ﬁ'fp[u@é"a ?ct:afl nt of

t he IaserI A nunber of nechani sns for control um na

i nt ensi t §IOWSRES GiRiRET PRa SF maete idicehapae] imehishphe ﬂtﬂﬁﬂl@h@péc pfdispheered | ber al so

can be ugsg, ¥Rersi@nhd Qliydd@oshange @ifrechp%ttﬁclhké'm tﬂé‘rﬂ'ogr@oﬁ 804 RELRtne [0012] The

det ect or @ n@i Bﬁ% n the various enbodi nents herein can conprise one or
mor e obj BEYPNACGHERSHE attached {9 sy mogbReade pgaed uapn tgtflomsellsandyan ben t hat

adj ust s eirhfiesed b glass, siPCo) PRislid, 0R vaithk ebmbiGidRhdbGn Of the objective
lens(es) to ensure the substrate renmains in focus, optical filter(s)

appr opr i K040} o t r alnsppitaltchibosimiens, Mo ryvpeas ﬂiwjdﬁ cafnpbﬁ@ti oUORARNRIES and
bl ock thg 'b@?et fromthE excit at our ce, ystem for recording the

fl uor escence em est SR PEBI PRe I“EJ‘E)I? Oﬁﬁ%‘?rﬁgoryf"&}le‘ﬁwﬁ?rﬁ@ YRS 68 Boupl ed
devi ce (1BEBymed usingiabaled cactestaies [\ﬂﬁddea’ﬁhﬁSaﬁdﬁﬁdd@ldh@ﬂy beatdnssuebs t he

i nventiop, yi lli.bec DY Befollowng detail ed
descriptionis r ga%qlg?\qu‘%%l%? Hg?l%/%ﬁl \g&n%ﬁg? Ha® BEI@ dRVEHYCePsEdie and
cl ai ns. JBRI!EEF ODESCRI rﬁﬂ'lbme@]f?omblénﬁmﬁw NG [20€4ddIEautRodde @hopl ays a
generalizg gg %"l‘éb% dtira C nt s an ex i% system of the
i nvention. %&{SVI:P Y gﬁg@é{ﬁgﬁﬁ%ﬁ)ajgggﬁq?%?g PP, f?’nlg %\%I ary system of
the i nvetmph@whates wlnch can contain a blecking moiety to contyol the addition and ensure a

single nucleotide is added to each polynucleotide. The fluorophore can be attached to the

blocking moiety, which can be located at the 3° position of the sugar, or can be attached

through the nucleotide base through a linker that can optionally be cleaved using the same

conditions as removal of the blocking moiety. The linker and blocking moiety may be

cleaved using the same reagents.

[0014) In various embodiments herein, the Total Internal Reflection (TTRF) 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 Jasers 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



shown without an enclosing chassis or covering. [0016] Figure 3, displays a
photograph of an exenplary flowcell, |ens objective, and fiber optic |aser
arrangenment within a systemof the invention. [0017]Figure 4, Panels A-D
show exenpl ary configurations of flowells. [0018] Figure 5 Panels A and
13, show one nethod of formng a flowcell of the system (Panel A) and a
transm ssion spectra of Foturan glass (Panel B). [0019]Figure 6, Panels A-E
show an_ exenpl ary possible etching method to construct flowcells herein.
[00201Fi gure 7, Panels A-C present exenplary schematic diagrans of possible

fluid flgw &ﬁfmnwesdee&{b@@ga%nh?m%ﬁ@f (BY BEE b daPHo el %’oaé‘o%'upﬁgﬁ or pull

(Panels B and C) configurations I gure SRows An exé
heatlng/QB@FPE@C@$HE@ﬁ@ﬁUb@Wﬁﬂhe systemin isolation fron1other aspects of

the i nveR} Ilgf The detector component in the various embodiments herein can comprise
one or more objective lenses, additional tube lenses, an autofocus system that adjusts
etther the stage position and/or the position of the objective lens(es) to ensure the substrate
rernains in focus, optical filter(s) appropriate to transmit the emission wavelength of the
fluorophores and block the light from the excitation source, and a system for recordi-ng the
fluorescence emission from the fluorophores, for example a charge coupled device (CCD)

or similar camera.

{0013] These and other features of the invention will become more fully apparent
when the following detailed description is read in conjunction with the accompanying

figures and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

{0014] Figure 1, displays a generalized overview of the major components of an

exemplary system of the invention.

[0015) Figure 2, displays a photograph of an exemplary system of the invention

shown without an enclosing chassis or covering.

[8016] Figure 3, displays a photograph of an exemplary flowcel, lens objective,

and fiber optic laser arrangement within a system of the invention.
{0017} Figure 4, Panels A-D show exemplary configurations of flowcells.

{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).

[00191 Figure 6, Panels A-E show an exemplary possibie etching method to

construct floweells herein.

{0620] 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,

[0621] Figure 8, shows an exemplary heating/cooling component of the system in

isolation from other aspects of the invention.

e



[ 0022] Figure 9, panels A-D present schematic diagrans of possible flowcell
and flowed |l hol der configurations of the invention. [0023]Figure 10,
Panel s A and IS present photographs of an exenplary enbodi ment of the

i nventi on show ng novenent of the heating/cooling conponent and the

fl owcell holder (Panel A) and a schematic of the heating/cooling conponents
in relation to other conponents of an exenplary system (Panel B)

[ 0024] Fi gure 11, Panels A and B show schematics displaying an exenpl ary
framewor k hol ding the optics, fiber optic |aser nDunt heat i ng/ cool i ng, and

[loveel lyhsbrer corpapentan ik pand.an exatpley Lleelhoeling
exenpl ar jousaibln! WP“%&UT@*ZF@SW%emesth ng frarrevvork and housi ng of the

system &ﬁg 61Fi gures 13 -16, present various optional configurations of
caner as, ' "Prght  soufiseee %ﬁé“%%ﬁémdmnéﬁw@gr@hshéamso@myherel n.

[ 0027] Fi @b @Bt e HRNMNoN 30 DY n i mensi ons
for TIRF I@lgerrns a) | oug enbo dénngﬁ?gg%wﬁ%ecgtgn &%Wnﬁg(?ﬁé{ o F 28] Fi gure

n va
20, di spP&ayvaRt bﬁlff'% anel Bl p aevmags Oﬁthq'hﬂltmmcpglma‘mmmenmn h

relation to other components of an exemplary system (Panel B).

10024] Figure 11, Panels A and B show schematics displaying an exemplary
framework holding the optics, fiber optic laser mount, heating/cooling, and flowcell holder

components (A); and an exemplary flowcell leveling adjustment configuration (B).

[0025] Figure 12, presents a picture of an exemplary embodiment of the system
showing framework and housing of the system.

[0026] Figares 13 -16, present various optional configurations of cameras, light

sources, and other components in the systems herein.

(006271 Figures 17-19, show various schematics for beam shape and dimensions

for TIRF lasers in various embodiments of the systems herein.

{0028] Figure 20, displays an optional embodirent of a TIRF prism for use with

the systems and devices herein.

[6029] Figure 21, illustrates creation of a square laser beam by polishing the end

of a multimode fiber output.

{0030] Figure 22, Panels A and B,, illustrate an exemplary {ilters 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

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

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

[6032] Figure 24, shows the 30X X4 imaging performance of an exemplary
system of the invention,

f0033] Figure 25, presents a schematic diagram of an autofocusing feature of an

exemplary system herein.



the systems and devices herein. [0029] Figure 21, illustrates creation of a
square | aser beam by polishing the end of a nultinode fiber output.

[0030] Figure 22, Panels A and B,, illustrate an exenplary filters and
filter wheel configuration optionally wthin various enbodi ments herein
(A), as well as the spectrumof those filters in relation to four exenplary
fluorophores excited at the | aser wavel engths (B). [0031] Figure 23,
illustrates an exenplary nom nal 1G design, 30X K4 System Ray trace of the
optic conponents of a systemof the invention. [0032] Figure 24, shows the

30X 1(4 i i n efLQLBRc f. an exenplary system of the invention.
[0033§Figﬁ?gjzg,ppﬁggénts"gtgé %Wﬁﬁ?%ggpgﬁ¥g§¥%?§ﬁﬂfﬁﬁ?%*%kus|ng feature of
an exenpEpspraysemrdrebeiaions pOO8AbEN Y of ks sPBeRTderdies pbidja. phot ogr aphs of

focused and_unfocused '
10035] Figare 28, presents a diagram of an autofocus laser beam.

{0036} Figure 29, shows a graph of the number of detected nucleic acid clusters as
a function of total cluster number and minimum cluster area as detected by an embodiment

of the invention.

{00371 Figures 30-32, display outlines of nucleic acid clusters and their

sequencing with the systems/devices of the invention.

[0038} Figure 33, Pancls A-D show the effects of three different forms of physical
- deformation to a circular optical fiber on the beam emerging from the fiber. Vibrating or
squeezing the fiber makes the light emerging from the fiber uniform over the integration

time of the image.

6039} Figure 34, Panels A-D show the effects of three different forms of physical
deformation to a rectangular optical fiber on the beam emerging from the fiber. Vibrating
or squeezing the fiber makes the light emerging from the fiber uniform over the

integration time of the image.

{004¢] Figure 35, Panels A-L display the effects of various mode scrambling

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

[6641] 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,



measur enents nmade by various enbodi nents of the systens/devices herein

[ 0035] Figure 28, presents a diagram of an autofocus |aser beam
f0036: 1Fi gure 29, shows a graph of the nunber of detected nucleic acid
clusters as a function of total cluster nunber and m ninum cluster area as
detected by an enbodi rent of the invention. [0037]Fi gures 30-32, display
outlines of nucleic acid clusters and their sequencing with the
systens/devices of the invention. [0038]Figure 33, Panels A-D show the
effects of three different forns of physical . deformation to a circular

optical fioRer on g, RERMANEL ARG BMASLIBSE ViR ating of, squeezi ng

the fi ber t he ht’ “emer gi ng

i nt egr at fref & ppsmsde ph'ecéﬂ fibgeandrO0B9frFinguirmz 34 ppRaih elcRleAchRughawe the ef fect's
of threewdidfigeent forms of physical deformation to a rectangular optica
fiber on the beamenerging fromthe fiber. Vibrating or squeezing the fiber

makes UROTDN oneaidus Pam WiaH AL OLINONG gL B eALati on i e

of the i%e, 0040] Fi gure 35, Panel s "A-L 8 various
nmode scr 1o e%éﬂ?@h%‘gltwd@ﬁ@?itj’éﬁhmmlwwOfwampéatmrrber of different

opti cal ' S. 1] Figure 36 shows one possi bl e arrangenmnent for a dual
aner a S@QQQ{T\ [ Olglgule égshows a dual flowcell ho]dgr embodiment of thegmvenuon such

that chemistry operations can be performed in paraliel in order to maximize the scanning

time of the instrument,

[0049] Figure 44, Panels A-F show exemplary embodiments of bottom flow

flowceells, prisms, and side/top TIRF illumination

{0050} Figure 45 shows an exemplary temperature regulation component beneath

a flowcell and prism.

[0051] Figure 46 shows an exemplary fluidic valve and exemplary manifolds

(e.g-, for use with bottom flow flowcells.
[0052] Figure 47 shows an exemplary fluidic valve of the invention.

[0453] Figure 48, Panels A and B show one possible dual flowcell configuration

of the invention.

[4054] Figure 49, Panels A-F show various exemplary bottom temperature

regulation configurations capable of use with bottom flow floweells 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-molecuie
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

-



enbodi ment of the invention. [0042] Figure 37 shows an exenplary embodi nent
of the invention containing 2 cameras for simultaneous recording of 2
colors on the sanme imge. [0043]Figure 38, shows a schematic of a X/ 2
wavepl ate. [0044] Figure 39, shows a schematic of a X/ 2 nodified wavepl ate
conprising a number of differently orientated sections. [0045]Figure 40,
shows an outline of a nbode wavepl ate nodul ated m xi ng system of an

enbodi ment of the invention. [0046]Figure 41, Panels A-D show phot ographs
of an illumnated footprint area froma nultinode optical fiber and results

from m xi f Wo t u f..wavepl at es. 047] Fi gure 42,
Panel s Alvaayﬁ%&lg{)%?%gtﬁgl; (ﬁ% Gia&blg%‘glﬁfgﬁggll ﬁﬁ%ﬁ%f tg‘rarﬁm?’yel%ﬁm%al’lagigg?m}’% print area

from rmul £FHBEESIACIE WHCh #resiagiiibed ecnd fulisbeloivatadse, even though in certain

embodiments the invention is directed towards particular configurations and/or
combinations of such aspects, those of skill in the art will appreciate that not all
embodiments necessarily comprise all aspects or particular configurations (unless

specifically stated to do so).

[0B56] In brief, the general aspects of the invention are outlined in Figure 1 which
shows an exemplary TIRF imaging configuration of a backlight design embodiment. As
can be seen in Figure 1, fluid delivery module or device 100 directs the flow of reagents
(e.g., fluorescent nucleotides, buffers, enzymes, cleavage reagents, etc.) to (and through)
flowcell 110 and waste valve 120, In particular embodiments, the floweell comprises
clusters of nucleic acid sequences (e.g., of about 200-1000 bases in length) to be
sequenced which are optionally attached to the substrate of the flowcell, as well as
optionally other components. The flowcell can also comprise an array of beads, where
each bead optionally contains multiple copies of a single sequence. The preparation of
such beads can be performed according to a variety of techniques, for example as
described in USPN 6,172,218 or WO04069849 (Bead emulsion nucleic acid
amplification).

[0057] "The system also comprises temperature station actuator 130 and
heater/cooler 135, which can optionally regulate the temperature of conditions of the fluids
within the floweell. As explained below, various embodiments can comprise different
configurations of the heating/cooling components. The floweell is monitored, and
sequencing is tracked, by camera system 140 (e.g., a CCD camera) which can interact with
various filters within filter switching assembly 145, lens objective 142, and focusing
taser/focusing laser assembly 150. Laser device 160 (e.g., an excitation laser within an
assembly optionally comprising raultiple 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 pi‘ofaer alignment and
movement of the flowcell, temperature actuator, camera, etc. in relation to the various

compaonents of the invention. Focus (z-axis) component 175 can also aid in manipulation
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[00481Fi gure 43 shows a dual flowcell holder enbodiment of the invention
such that chem stry operations can be performed in parallel in order to
maxi m ze the scanning tine of the instrument. [0049] Figure 44, Panels A-P
show exenpl ary enbodi ments of bottom flow flowcells, prisnms, and side/top
TURF il lum nation [0050] Fi gure 45 shows an exenplary tenperature regulation
conponent beneath a flowcell and prism [0051] Figure 46 shows an exenpl ary
fluidic.valve and exenplary manifolds (e.g., for use with bottom flow
flowcells. [0052] Figure 47 shows an exenplary fluidic valve of the

[ | flowcell
Lg\éf P;L?éa}ﬁ l%)c%@(liscﬁl}l]ll:éne |a§\9ggﬁamgjﬁggr{t%@%]a%@ﬁbz&%ge O%ﬁgg‘g‘%h‘?‘{‘i‘*ﬁ?%?ﬁ% vari ous
exenpl ar §ptnonily sraeeirpé npgir Ganeguk atd/onereRéd githiatd QRSing apadhe. afwiuse with
bot t om fhoyy i b INER IS enQ 1L DGl RSN Q0405 exemplary embodiments and are not
necessarily to be taken as limiting. Thus, for example, different embodiments can
comiprise different placement of components relative to one another (e.g., embodiment A
comprises a heater/cooler ag in Figure 1, while ernbodiment B comprises a heater/cooler

component beneath its flowcell, etc.).

Definitions

[0058] Before describing the present invention in detail, it is to be understood that
the invention herein is not limited to use with particular nucleic acids or biological
systems, which can, of course, vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodiments only, and is not intended to
be limiting. As used in this specification and the appended claims, the singular forms “a,”
“an,” and “the” include plural referents unless the context clearly dictates otherwise.
Thus, for example, reference to “a flowcell” optionally includes a combination of two or

more flowcells, and the like.

(00597 As used herein, the terms “polymucleotide™ or “nucleic acids” refer to
deoxyribonucleic acid (IDNA), but where appropriate the skilled artisan will recognize that
the systems and devices herein can also be utilized with ribonucleic acid (RNA). The
terms should be understood to include, as equivalents, analogs of either DNA or RNA
made from nucleotide analogs. The terms as used herein also encompasses cRINA, that is
complementary, or copy, DNA produced from an RNA template, for example by the

action of reverse transcriptase.

[0660] The single stranded polynucleotide molecules sequenced by the systems
and devices herein can have originated in single-stranded form, as DNA or RNA or have
originated in double-stranded DINA (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 polynucleatide 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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DETAI LED DESCRI PTI ON [ 0055] The present invention conprises systens and
devices to analyze a |l arge nunber of different nucleic acid sequences from
e.g., clonally anplified single-nolecule DNA arrays in flowells, or from
an array of immbilized beads. The systens herein are optionally useful in,
e.g., sequencing for conparative genom cs (such as for genotyping, SNP

di scovery, BAC-end sequenci ng, chronosone breakpoi nt mappi ng, and whol e
genome sequence assenbly), tracking gene expression, mcro RNA sequence
anal ysis, epigenonmics (e.g., with nethylation mapping DNAsel hypersensitive

site map r mglﬂg tlon and apt ai ner and,_ phage

di spl ay ﬁ?%?g?i(eﬁa@%%egg |ml'% i onR i'J%bri?‘r ot "‘%r%g’écp%@gé'ﬁ%e?ceﬁz COHE art will
readi | y sgpiee) at wel hatort-hreliug regalatory mqemtwmmchas plostaaBMatiaged0 use for
nyriad ofdh ggncg$quenm ng applications. The systens herein conprise various
conbi nat i ons optical, mechanical, fluidic, thermal, electrical, and
conput i nggggvi ces/ r re fully below. even
t hough P% ggr tain [gﬁb&gﬁfl E{:p‘r%@%ﬁ{%ﬁg ?‘ﬁggﬁg I g?ﬁ?{é Erglseﬁgccntcg% m%’? 48 oé\%l?tl cul ar
conf i gur%’c‘"ﬁe%’éw%rﬁ’d’ﬂé? ingpeiilizrstipons sustretedh.ga s pelntiste mhmseﬂoﬁvccskmﬁ dnei n the
art Wl loraphe @edRtBoh BalbsHalk sBd as e'TEEE&E 'ﬁ‘ﬁ&% njlrfn%(b ré 5848l |
aspects or particular configurations unfes specl Vst afet’ %o do so).
[ 0056] | rf‘%‘f“\eéﬂ‘flnteﬂﬁ‘éj ‘@é’ﬁ@%ﬂmswﬁ%pgméfreqtmvainwmpmnowi@r emhmetd in Figure
1 whi ch urﬁélt@\hﬁh@lfbd@iﬁimk@ré{thlei\@p‘hgﬁ@'d?gy%&ﬂgﬁtggxé?éda&%ﬂodgn%?&ilaght design

enbodi nment tAs can be seen in Figure 1, or device 100
directs THEUPP SRyt At é’ﬁfl%m(‘?éb?;PWf@HeéolPlégé'@mUYrﬂ!ﬂdh@m jedeized ibdfaf er s,

enzymes, theireawa@e(er@ah@elmcmd@jfén)axﬁa%rﬁ@ﬁﬁizemww&md fol tRNGH gma {i’ rand waste
val ve 120 N arti.cul ar ments, the flowcell conpriSes clusters of

nucl ei ¢ Ca?g?l S EHEEY ‘S(’Qt"g&’d *Bf“q‘é%lﬂ‘l’%@f%%@“ﬁﬁs‘é@ﬁhﬁaﬂoéﬁgqqh tingo be

sequencedlcm:z&kﬂ@qeemmg onally attached to the substrate of the flowcell,
as well as optionally other conponents. The flowcell can al so conprise an
array of [0%@dds, wﬁféleeeravatshhdbequom’p(ord&adshyte’cﬁnte&bm%ségék)tésms@ k9@hes of a

I f h b f d di
To 8 vari oty ar PEARPBRAL AR lunit Boa e Gede Fitheatedton RpRaeforro. 218 or

V\l)040698?49m(>B@é@S etnfﬂcss phustuigiciices, kedxg damah; fol gdfrb@lfald057] The system

al so co 130 heat er/ cool er 135,

whi ch c?r%wgg@ééﬁlgm&?gég; ﬁa?é’iﬁfaggag S a?uﬁqaﬁeso?“ SHAPr Ya5HS Brte 1 ui ds
wi t hi n teRbotlinesigsdjhe salid suppbaiine daboivgiage (ear, |ibaj§lambm¢hcmnh $loGa#ll conpri se

di f f er enfiabRN! HOULAk] ORSRlicldieh %L&}g)/oﬁ%%x PEge onent@j The fl Owcel I is

nmoni tored, and sequencing IS tracke et a PeysTenT i atrsgaegr,

caner a) "W Whishrias h@‘?@r‘é‘értc'ﬂ@mlhe@éf@rw@npielbwem@appiztmn of b tyeroiswi t ch| ng
assenbl y; a8 Mt Qe in¥e e r/focusing | aser

assenbl yol .O Ifase(r? devi ce 13 mp;;xgg'géﬁ&'g%glt u}t)sf‘%[ﬁ ’{' SEr SR ?‘ﬁ?tn an

assenbl ﬁ“%%ﬂeah'éfl POeedtiriris ﬂwlmﬂc qopiies. |Byowsis)f rautlisitiog éiampls et e

1 uor es copors eaVROTD o ARORISI UMb AGILIAUESId: harkggl 1| um nat i on

through fib optic 1 1 ich ca tion se one or

re-i magi® 1‘?@ e%rf’é‘@%emléoqﬁn%ﬁ t}t?ﬂf‘?léc‘fﬁiﬂg?ﬁyﬁyle%@@s) cpibby desctly Ica‘mbenﬂ@S mrror
180 and anmshed mhdmawzatebﬁ&ceﬁme{e 2l ée hpax%ga%ﬁ% mtem@dlﬁ%%ﬂz?&rﬁn shown.
See bel gw. dd| tio unt i sta al l ows for proper I gnnment

and movaRehte Ry Tor’@%fl‘ll%e\%%gcd fod %‘F’é?ﬁ‘?é’f Hetrirdesr the gliabyudstrasele. in rel ati on
to the Caviloustedmponerd soldfsubhiet isy BOi@prechQEaRdib Zy 3X bdonGRIRAGNENt 175
can al sgnéal{yge Opan%%glggtlnatl on

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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and positioning of various conponents (e.g., a lens objective). Such
conponents are optionally organized upon a framework and/or enclosed within
a housing structure. It will be appreciated that the illustrations herein
are of exenplary enbodi nents and are not necessarily to be taken as
limting. Thus, for exanple, different enbodi ments can conprise different

pl acenment of conponents relative to one another (e.g., enbodinent A
conprises a heater/cooler as in Figure 1, while enbodi nent B conprises a
heat er/ cool er conponent beneath its flowell, etc.). Definitions

[ 0058] Be ng..th res vention in det it is to be
under st o%’)@’I &I{f%? ﬁg%%lg?trﬁ%aﬁ? ﬁlélp ?8{%6 oﬁ%lf’gllcf‘lrﬁr?‘?idﬂgﬁseﬁ?&%ﬂlﬁ‘%art i cul ar
nucl ei ¢ &k¢ brsepihabire ragidvalot sgesmehcsqozlwgu@h ﬁ&muglofhzscx@lpfcﬁ&rcd\/adsmceét is also

to be un 0 used herein.is for the purpose of
descri gl %%E%g%? ?)gaﬁh@éntﬁgﬁroédg é“% S mo% Sequﬁ‘ﬁcﬁg démﬂ%fhc SRAERTee tg bg limiting.

As used $FAUERGIBE sicles Cfﬂlﬁmatm@nsmgm)tsheaka@p@;udmﬂng:ﬂcahme tvheresi ngul ar forns
"a, " " angiclddes (SMlgTh!.r&é&ﬁgS B Yk sﬁcccs%we& & :.~1L%cetef§s %y%%ﬁcont ext clearly

di ctates otherw se for exanp ence FNCEY | * optional ly
i ncl udesrealiEBebi wyathesin Oﬁft P@WCdﬁotidm!enrf inge B1tb 8, diszodon. Hend siakee of BO59] As

used hergidhotibgadear; Uﬁrc 19182[3{%%\%1' e ea% nu&%&; eaddﬁfohd @}Qiﬁ%ﬁ%rhos an will

deoxyribonucleic acid
recogni z‘@cq’fﬁ%ﬂestuﬁég§9‘ﬁleéﬁﬁg Bnbigatieni \ﬁl@selh@pmwrscmughmm bbe iwkéduaed, Wi t h

ri bonucl gidGe@fiigheé M)as J@ﬁvél?ﬁﬁﬁlle? Q}%H%{ﬁﬁbsﬁg%rﬁgﬁggﬂﬁg& gv%ezltc%gl%elél grﬁ N g; s. The

eqU|vaIents anal ogs of either
terms asUHOSEH Hemefathes thag aéﬁ‘if’dﬁﬁh%%fef@d&mmc sufate drs algso mpbmikmibasy, or copy,

DNA pr odwite thefsy i BnddMvids BPIha ifenti@l, €xanpl e by the action of reverse
transcri ptase. [0060] The single stranded pol ynucl eoti de nol ecul es sequenced

]E)y the sip864Ins andndeichi embb@mRig, tﬁ@-&ar%\(ﬁg@ﬁt‘icgf ﬂﬂ{zgsds ga%réiD%gAAy? dsthNi;‘d]?d
orm as, r..ha i nated i n doubl e-strande s orm
(e.qg. geﬁomm ?:'SE)T\]%\JAJ &Fg Oélrg\’-“?% i}’é Ped medidied gpcipetisigaaedisechid t he | i ke) .
Thus a sicqginee d@rrsandﬁ&rﬁ@@aﬁmuﬁkcem\npd@om):l&ﬁllioh@oﬁ@ﬂﬁé‘rs)%eéﬂi6@@;953 strand
of a poly, Hﬁglgfoasu Smﬂ Eﬁ ? péd}s g_ aIrlatl on ol |l e s'éranded

pol ynucl'eo Fde noratir see st %5 P A ClIFFéW‘P%?HBEIV s¢rhedi nvent i on

u ?l n% stvanday @ﬂdttamlahasgacﬂs re@mamgesilﬁs ;klecaanrds And h@t}ﬁ;:alg whidi€aP 5@{;531%'(15 equeﬂce
of the L eotide .nol.ecul e not material to the

i nvent i g}?]lltm §y£8m¥ (lliém H%?muﬁf{enfi\%n%?ﬁ%&&j‘ﬁ ¥0§f19]§ﬁaéancbo| ynucl eot i de
mol ecul éés’@éﬁozte@pe@emdesgmmmmndnmbeexﬂoas3 (;ﬁ)lgmxaawwomgmzp DNA)

i ncl udi nd. exon S&IH ( qguenc as wel

non- codlre %gr&?%g%%dg%ggmgem%m%e suc%gﬁ‘g§ b ‘%ﬁ’g?‘g@”ﬁaﬂ% ﬁﬁ?@é 5§eﬁ§‘9ences

contents of each of which are incorporated herein by reference in their entirety.

[066S] In pariicular uses of the systems/devices herein the floweells containing the
nucleic acid samples for sequencing are placed within the appropriate floweell holder of
the present invention (various embodiments of which are described herein). The samples
for sequencing can take the form of single molecules, amplified 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 differentiy labeied
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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[0061] In certain enbodi nents, the nucleic acid to be sequenced through use
of the <current invention is immbilized upon a substrate (e.g., a
substrate within a flowell or one or nore beads upon a substrate such as a
flowcell, etc.). The term "imobilized" as used herein is intended to
enconpass direct or indirect, coval ent or non-coval ent attachment, unless

i ndi cated otherwi se, either explicitly or by context. In certain

enbodi ments of the invention coval ent attachment nay be preferred, but
generally all that is required is that the nol ecul es (e g. nucl eic acids)
remai n i puRbihiZedor @it h ort un pnditions in which it
i s intended to Sﬁ(se Ee su %Qgedthgf‘ﬁ SCIgol{rr% e nm]a tf)g%téﬁrl %‘ﬁgoﬁggﬁ[ﬁs"rl ng

nucl ei ¢ 4éblg t%éfﬁ%i‘éﬁ@iqt?qﬁﬂ[@s@@]mmpqr@bmd s@hlsck;tsumemtendemrby Wsgd rate” in
certaln%@gﬁss)l@ psad ert substrate or matrix to
whi ch nucl ei ¢ aci g canog%r&%ﬂes Sf‘eg\gssosjfhg f?iwnﬁlf)g’r&?é&]atﬁ%?%ma‘?cgég surf aces,

pl astic Laiveancdidoun Giemati verdleadsan highol arstrpeiethen s’hexbamﬁy onEotugfepiqeyik ene
surfaces reﬁﬁl%@ﬁéﬂéh@%mn% B6L SwhdQ sl AL Senc AN, B feLS | N many
enbodi ments. the solid sSppo?wfgs asﬂ*ésegscég acee%e?ef‘%enf) xPOT‘%ﬁ%r surface
of a ro‘ihEé‘l"FﬂC&ﬁ%f‘rlﬁPélld?) Hequenses afhﬁrﬂémbwllhemss i topeasel drg aﬁnmmmer may

COMPI | Se(cp Hoft@pdly S bicidfrdled b sh ¥ ol EDudES PR hIHNELILRA! | zed, © T or

exanpl e by the application of a layeror coating of an iInternediate mat eri al
conpri si iogsreact l \ﬂele@ruiﬁlﬂﬁw\&ﬁb@hkeﬁ@ﬁd@ HovRANAA DN prald RERIRNE rén%v@% ecul es
such as ggcl eot | d§§ g %/ of non-limting exanple such gorts can

i ncl ude % l‘é IERPHET ARRIPOE )sa“QJffﬁB}of%Of?rfr%eFQ‘?éF‘fO%@%@%ﬁFe Sech as

gl asls |a{mbsmmrm@dpmmt:ﬁhérheaﬁmoe@tduaa ofﬂ:@fw}l!ﬁécﬁ‘c@& heleskiacaby be directly
coval ent

ched t the i nt iate materi al t he hydrogel) but
the inter ‘é‘(ff aﬁﬁ%"gﬁu‘-‘%‘f“ ’ﬁh g@r@‘w&”ﬁ%i EW%H"Sﬁt gychaiyﬁlﬁéﬁr@dhqno t he
subst rat@P@tedmatllthe)ee(u&nge of d&tehghﬂ&s1s&b&@&ivﬁaﬁﬂa@}nu1&iﬂ&/a&@rﬂ§ﬁ@é§c&§hﬂ‘ﬁé\t to a

solid s |nte reted accordi as enconpassing this type of
arr ange#@%ﬁe’é}@t‘e IEelrﬁf%/‘aecrmv I EHERAL© tWﬁg?li;%” %W@e““Fﬂémrﬁag‘%
i nvent i direre expbrsinglesmolevdk, cﬁwttrembemd ddememefsequeaeawaﬁgdagolr;\ufé}sel c acids.

As will hs ski in the art, references herein to a
part i culegléra R etﬁ(@:fyaéhl‘q“é& g mce’sém a“é alo@ﬁ’é’ﬂﬁ‘fat‘?d’ec?ﬁrfPWéedc%%’R?meal so refer

to nucl éiotﬂpa@rd nol ecul es Whl ch corrprl se such nucleic acid sequence.
Sequenci n%ﬁg of a target fragnent neans that a read of the chronol ogi cal
order ofl'Hdes i sTésbetinigbreling Timrdpesess thhaystar exgubadhe camin need to be

cont i guQYsdinhsaHs thetfmw%ckl%hglgl% se.:arnﬁ? e&%[or%%%%ea@%g& nQra Zn hON ¢ he entire

fragment have to be sequenced during the sequencin Ci ng can be
carri ed ‘GHPRARhgeaeya, §Hi1f5aBF@%@W@%HPW@MS@CWMG@@H&M&Wqmmmerheot i des or

ol i gonuc‘ahle\(atthéi@ﬁai@dt@snﬁz&dé% §élé‘aﬁ)%ﬁ o §L|uYabIeQe§gﬁf1fsqﬁx aﬁcorﬁ&gé%%éd% gﬁ@ di rection.

resulting in sgﬂ hesi s  of ol'ynucl eotide chain In
The nat GPEOBFAT REORSEPRbiah a@dé%é%flqeétod?eeﬂ@afawgsedbr@hxéfrmnimmﬁt@r each

nucl eot |réis%eﬂd dietrir@éti avnBl USRBichal RBIMOUES Hhah %:&Q%ﬁ&%b@ﬁb g%\céc{ gat ' 0”
nt.i guous base i s sequenced, and techni ques such

wherein ve

massi vel y &’3 ce] FOgiFaRTaT-Bht SRIE FEAREY PHFTLAVOBEY Intee Fas o béhtb'P@Itﬁf‘eﬂi’?bved
from {a)fhmrsubdmam saddgdcéﬁegiy thbedsh g@ﬁﬁ L@Ql&n@?bﬁ&”&&%ﬁ%ﬁ& I?ea@in%%tfa”enabl eto
use Wi evi ces. o i nvention n certain

enbodi mgihf% gnt e%; FE? %‘ﬂ:{suﬁﬁvéﬁﬁt&’?a]@ﬁ e}\CE‘é%m%‘é’ﬁﬂ‘éﬁE h’ﬁdyﬂfi\}m 28Akthesi s (SBS),

| n SBS, Ofitmmliif kmalﬂsl@éjlﬂ'sﬂa?id(a@etl’eﬂ:aﬂﬁﬁl frie @chs B bﬁﬂi H@lﬁhl‘éat%f/&nd}%‘ie&ﬁ 0 )
sequenc ters,of a Ss ions of clusters
present %ogﬁp ﬁe sflti( '#‘fs[%mcoé‘ o lg‘ag‘gixﬁ’g‘[ﬁfo&% e’(‘élteé th 0535?‘1”%9\EQP’| e nyqleic agident or s and
cowor l(;e 08 teepibstoiesis chhm\;i\:ﬁ\banh@m?ﬂcbmpcmaﬁl th@&b?ﬁh@)ﬁﬁlﬁg @fedﬁél@tﬁlﬁas g

pr oceduy ods e . utilized with the systems and devices
her ei n. ti%écgﬁ-l@gtem?&ﬁ ﬂbfb%'f”%ﬁ%@’ig% 30 dn@%%fg'?@(’ﬁ%ﬂeotl des),
W05024 and VOB, (o) 065814 (surf ace att hment

t echni qg%(gs and V\%&égﬂiﬁ%ﬁ %@%ﬂ%&g% %‘p’@@w&iﬁﬁ%ﬂg‘ et R a%yg ts of
each of ‘hﬁdﬂ‘&ﬂ“ﬂ‘f* eAp mﬁmttbﬁsm@man bbwwéédemmeeralrbamb@mupefgm rety.

e.g., area 200 comprising fluidics and reagent storage (including pumps and motors or the
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[0065] I n particular uses of the systens/devices herein the floweells
containing the nucleic acid sanples for sequencing are placed within the
appropriate flowell holder of the present invention (various enbodi nents
of which are described herein). The sanples for sequencing can take the
formof single nolecules, anplified single nolecules in the form of
clusters, or beads conprising nol ecules of nucleic acid. The nucl eic acids
are prepared such that they conprise an oligonucleotide prinmer adjacent to
an unknown target sequence To initiate the first SBS sequencing cycle, one

or nore gifker nerase, etc., are
flowed i giftko;[?hrﬁ‘(%dgﬁl aﬁgglf g?luﬁgﬁ ‘{j atfﬂis 8‘%\%@8&%8‘5@%& 8 (vari ous

enbodi nmeMEPEER U] aih). areg Qdéeemplmmg fheveiinnd daebdrrm(ua:hmlmdne; gweheot i de can
be added ¢aterds bt By n.the sequencing procedure can
be speci al Ilsl desi gﬁlgloﬁﬁvg&god@ggsgﬂge lg%?/sed#‘% Ihg{lt P RETBR Brperty, thus

al | owi ng BHERERHG ePlécabfiliey and legsrs rrciempemrmsrctantmn! acmunmcug siitmfettaneous|y in
the pr esaaamerbomtd fof ebirdl B fshchidek ELAAER drfhe frycby, Piogaffier & the four
nucl eoti des_are m xed the pol yinerase s '3t et the
correct Bfég’é‘gtpéi‘tfoﬁ@@ﬁﬁmféC%m@ﬂe’&@hclsfeqnen@bf pcsitemtttmmmy a single base.
In such eelibRfsnbnétsd Reniee %éw%d%catzaﬁ %éﬁp&g%@mﬁgrgr jnat yr al

conmpetitio etween all four alternatives accuracy than
wher ei n SH&V B EREY 8o Pﬁ@fﬂf%ef&%cewhtasﬁ#w@he’pﬁeelcandﬁnybuaxieme (wher e nost
of the s ces e therefore not exposed to the correct nucl eotide).
Sequence re aa% 'EP19 THhoRs aphetesyagh P%@‘a‘t"@fﬂl Gloavcgll 8@6) raaved Wéthin(ae. g.

honopol ymems)lamy rsestaﬂd meﬁs@doﬁplckﬂhﬁmgh ehHLAl f1§&'cﬂ2@ B¢ SosafeMd flufiAl acc ur acy.
[OOGG]Thﬁ\ft‘log\%c ey @1 subg%stem Iso | ows, t he appropriate reagents to
e

remove t copraiifg puclpicacid samplss Foa‘e%ﬁeqa%e%\@mh WOPBEHGr e from
each i ncbrﬂpcmamenbrtb&&mpcﬂih& 0haplueds and &fbnﬂ@rs&%{-pﬁzﬁﬂﬂs ahblent Snigsiggcond

round of ucI i d ptjonally to a second round with
a di fferg'?f{}eihg g?‘%fl‘)@l %< ugr“é‘%ﬁ‘a by "’?ﬂﬁq’i 059@%@8% SRS FoR BpesstéY and t he

s equenceFigireshetrgentustediovies theagh e @bwtdlbthatghioab @r ﬁi&ﬁimsésr(wb@ wpebes. The

conput er vention ca lona al|gn the sequence

dat a gat ‘ﬁg?g 8?‘%%6"&@‘2?&?%5% m%ﬁ%fm CUPES &t 3@?3#0 u{e(;'; 38k ne t he

sequencewﬁhinlfm‘fgeﬂ hplgley BrsY @vhxcewtle, in Ainu alarad uyel mpvﬁmesmgﬁgmpgs{ge%b ng and

al i gnmeng e comput er 067] The

heat i ng/ C%\g@eﬁn&‘i’%@g%{gﬁéﬁ?@o\g ell Re s"%i BPPE, S’é’tog ip %egaWoé‘a‘i%fhied?Fcbé‘Wdl tions

Wit hi n tPrsr (erﬁirecﬁﬂamelﬂtsmamwnmagbntm@m ag&xca)r &&Bﬂm@@ﬂﬁ@h B@sien,(and

opt i onal {M;id e ents he fluid

f1 ow corrpoinentsS %%gtﬁ ‘t}%h%r?fg’tqv/écglgsu? ace 3 %‘Qf)tb ﬂmtSBt fg’f}ﬁlt abl e

r eagent sPHQ¥- i ncorporatl on (e.g., the approprl ate fluorescentiy |abel ed

nucl eot Lﬁ@ to be jncorporated whil e uni ncor porated reagents are rinsed

anay. Al ’qul onal TEVEHPEs arbagenensorf timswrent eetioveedieni svphlaced al | ows t he

f1 owcel | febiordsgadaieq a1 onipreBlaOR @t A6 AT ALIOR: o e AHG ds Ol sphier |1 9Nt)

exmtatlon?of t he ubstraeandotlonall noved inre lon to a |l ens

obj ect i V& IS BIHH ?Sé‘éai"ﬁ cably Sﬁfefift%P%?ﬁ) Pegraryfe. s Y§ighs herginecan use
Addi t i ornsdol e)cpztmtoheﬂsemmainplla& FHrSughfa fiRfphY ALQB & &:sax'eﬁﬁ)at%tyhﬁﬂﬁl'nh&é the

novabl e/ ust e canera, the |ens objective,
heat er / cgg* Eh%t?h%ypwtqdﬁ% OB RGP S thet ﬁ@ri‘ PrEcHiap). ocatl on of

enitted a‘ﬁdidlmlwﬁgaheeufﬁdﬁﬁmﬁch@orfMﬁ b&lt&n&@hﬂﬁn@&aﬁ&%ﬁ Whslab@fifc 1 s captured by
the ca e t here cord the identjt in_the conputer
conpo ng'r?%l gduqﬁg%)ﬁgergmp gy SG{S‘EE@%‘P 8?‘3’&&% ﬁg‘%ﬁgﬂﬁﬁF‘]emWBPI@bﬁPfé a ayifeeds b pead.
(00681Fiig made Qmihrspdway meawlmltmmmgnnaﬁm fotihe EXBOFHQE Yf Be FRBABERs of a
system qfy 0 ) e, system can be divided into
sever al algs&%ég %J?g%{‘mp B vl Sqﬂm 05‘?8‘5"%@6‘ &%ﬂmtmﬂmm B%D‘BF dlemipaioneagent

st or age “@nhhe mmhn@tqdhﬂpisaparmﬁthmmrcsli@moﬁ ldevicd (e, 4 Qcmwmdstplhﬁq;iﬂm

r egul atlgggof,l,gé ergleoglers reage enper at ures,
etc.), area IQHJ érﬁl‘é‘(f%?ﬁﬁgﬁ oV Ollo‘fer%(a eaé‘ffg g Hh?’ieﬁ%“ﬁéﬁi § "8H&8%or nore
caner as eﬁfﬁs%anﬁlheamaiew wegelertzﬁe aot onepyieh 4 akr bawd eraistien filitrgihlongeur ces, one
or nore appropriate optical filters and | enses, a tenperature control
actuator, e.g., with Peltier heating/cooling for control of the tenperature
conditions of the flowell, a novabl-esstaging platformand notors
controlling such to correctly position the various devi ces/conponents
within the system, and area 220 conprising a conputer nodule (including
menory and a user interface such as a display panel and keyboard, etc.).



[ 0069] Fi gure 3 shows a photograph of a flowell (flowcell 300) placed
within an exenplary system A |aser coupled through optical fiber 320 is
positioned to illumnate the flowell (which contains the nucleic acid
sanpl es to be sequenced) while an objective |ens conmponent (comnmponent 310)
captures and nonitors the various fluorescent en ssions once the
fluorophores are illumnated by a | aser or other light. Also as can be seen
in Figure 3, reagents are flowed through the flowed] through one or nore

t ubes (tube 330) whi ch connect to the appropriate reagent storage, etc. The

fl oncel | gur | aced wi wecel | hol der 340 (which is, in
turn, plg%% ponﬁﬁgvaﬁ?%mef‘t mmaﬂ%ﬁsgg %(5‘ Ve npgpsities Bﬁ/&é‘éf"t’o'lgwﬂ sd¥hkeeps t he
f I oweel | the ewe earldwnﬁthéﬂtplrsot[heldyqabmmr framithe raedra\tavamgtmwbhm Heag@dh the prism
(whi ch S nat onto the ina sur f and the canera
syst em %\Aﬁﬁﬁﬁg ’ﬂh@%%i:o?&@gﬁﬁ@#e%g{cﬁ & C&‘WWC?FE’&E@%%S £V t?%é’iﬁed
conf i gurdembyigy (afﬂleﬁhgemmlfe@h@dﬁlnbeh(bmol{t@ﬁ)aﬂi Hdp@em@fmabtﬁn@ﬂbﬁdhmrﬁxﬁ of the
current iof rese \Y at ures
ppr oci et Picp o e 3Eh ShorR Rl SR HI g ABLEHE Mo
enbodi meWey’ anipraafed Kprwitief of cadnlyyilest andeebniain b@uiias syslﬁan fc&)gﬂffpfrﬁmgtohe syst ens
herei n qap fs&ct r tic device to
ensure t hat they%ﬁﬁﬁﬁlﬂ%éggﬁugl% ngrggB% ,?Q ’Zﬁf’ e"?ﬁ foe ﬁ§ i Ig[‘h%iuffﬁt ed areas,
or f oot RS etegicap RRiiqnale pachdpes itapyn povdi ohoaat !sqpplytdman uptd@ntlyiadvent i on
can contmigavwarsiha. u , | @ t ber
scranbl e )ﬁbsuch tﬁgﬁoﬁgqoﬁ%ﬁgg beQ‘E}’}t:’l\eé,?il\sé|&tH #lfeotﬁ?g n;ﬁqnt@ t?trs'm aeréﬁ?t% made
uni form ofl pruisqlet preoy IF‘IfﬂFﬁ‘fﬁlaFPl@W @Wpr nthermosbrapehalfthd heiohi ber may
be adj usbagonég 1nQK@8?ﬁb&hﬁ1@nt9§'m~°t%i@zﬁﬁr Herdt &Mﬂr@ﬂ na§1§ GRuAdR, Lhe shape
of the illym nation ¢can be matched to the R ata col'lection
devi ce (‘%01‘5*0%& eC@thFFF’%‘;&EﬁHFéS pergiat s) | AI so, in certain enbodinents, a
single | aser excites two fluorophores, one with a narrow em ssion fitter
near the wavdllemedils, and one with a wider band enmission filter at |onger
wavel en {"27 Such arrangenment normalizes the relative intensities of the two
dyes (Wit he saf®vyHiasmaedimenis G systepehalsia chmptissamefor o he | aser
wavel engtibstiani Iugmbemmu@ﬂib MRBKEINds HIH8 s HSQd%&nﬁ%ﬁklﬁd%kiQsoS%@gcOnpr| se
eat

a nmovin sta that the chem stry {(which requires cool i ng)
can hap%é @ﬁrlr%l P @Wﬁﬁ%‘ﬁlﬁ %ﬁ?ﬂ%9m6¢dlmh@8 dlpst Subatiate rsawrﬂnn a The

syst ems chmmlmcﬂhc&@r@fats @t 60Nt Bb e AUk BbREMS SYShLER {03k | ow aut omat ed
and contain a fluidics systemfor performng online

i magi ng_o
o g e i G0 CO0E el shibing Emat Byt 0 g
| i ght seuwr.cbpuicagnertion eluete)s ;_:eaahz@pén Qnah b‘f’s&ﬁ‘éﬂzst@ﬁ\é@n bl n%e{fle@ém\@éf source

or supp n | | | via one source. As wll be
appr eci g lee%{t zg%aTeg@ @Q%Oﬁ%%ﬁgﬁg %gﬁge ECH PRrrsdes aralyséd The i sol ati on
or in reydermohertio canpsneonea gipatase (@ichelios ORRONEREGendd 1@k nid\@ v 3y | ous
componefich hut I BIRAIIERL 2308, LBLERL e@gg@f and/ o “functional |y

connect e wor K ?@? A" Fl oweel | s

[0071] 1 ﬁOI\YaN]m!siehnbodl rrents the systenms herein conprise one or nore
substrates upon which the nuclelc acids to be sequenced are bound, attached
or assotl%gbd. SeBiguesdA anp@BoBglasancomPiRUEIEGImt of e floaicell. ep(bodl ment s,
t he subsgr{@;@ehah art of .a " wed! . " The
flowcel | s used %gr{e}éggﬁfdg{}gﬂg%g&l r?gl%?]gﬁg?ﬁ ?ﬁoé%m "en P(a)sr'? I%eﬁ i nprise
million&&fo |tr?a‘i’swcé%135ﬁd@®(eli@ indppthb lchamet lsyerd2q) (e . ad)fCHﬂrthea-sﬁlcmll lion

cl uster s _can |ve Iy Ien ths of at

| east 2%0(@%?&?8@1519?% se ng#}:e‘%]égggﬁ%i‘u%ﬁ? ases ’rlaﬁféngsg‘?(%ré g

anal ysi ¥ depHg. Nhenahslapes enemsmblrg:éuogetameexaﬂcgecgahaﬁas temernkid Havig bases) of
sequencgj uc, aC| d cluysters per, chanpel, 8
channel s &%ﬂétgc%%gm%nd tgm S{eﬂg%vé} ok ynuclagg%r?’ﬁgﬁom f‘ﬁ(ﬁ‘g?]”ﬁlﬁ’&%s 4A and
4B di spPdgitigsberakestisputs 9elewb$5dlllen£¢wcqﬂﬁ can §drowizd opehdn g dor the cheeBls ohhe

parti cuthamofthowg &le fiydandi ment, flowcel I 400, conprises base |ayer 410
(e.g., of borosilicate glass 1000 RIZ in dept h), channel |ayer 420 (e.g.,
of etched silicon 100 p.min depth) overlaid upon the base |ayer, and
cover, or top, layer 430 (e.g., 300 pmin depth). Wen the |ayers are
assenbl ed together, enclosed channel-s4-are formed having inlet/outlets at
either end through the cover. As will be apparent fromthe description of
addi ti onal enbodi nents bel ow, sone flowcells can conprise openings for the
channel s on



the bottomof the flowell. [0073]The channel ed | ayer can optionally be
constructed using standard photolithographic nmethods, wth which those of
skill in the art will be fam liar. One such method which can be used in the
current invention, involves exposing a 100 pmlayer of silicon and etching
away the exposed channel using Deep Reactive lon Etching or wet etching.
[0074]1t wll be appreciated that while particular flowcell configurations
are present herein, such configurations should not necessarily be taken as
limting. Thus, for exanple, various flowcells herein can conprise

differen ers e 2 or nore channels, 4 or
nor e cha%onzw @f’e %@ﬁﬂ% dii‘%e(r ‘gﬂ%foé’aﬁﬁg%ﬁc@’lsgmt‘édt winggigideional |y, vari ous
f1 owcel | Bh%@mh@mmt gethotia it whicf theid Gesahit mham il en@i@liarWOske RSch

(differ nes |n di fferent ovvcells nd dlfferent

bet ween @%@ngé&waﬁlgﬁsefcﬁe AT IBV%@PP’)“W‘%‘?S SR &1 et e channel s
formed i nliedrendetdhingnviEiyghe expéded canenel A8nPIeeeRucH o IHarE: i p|nt s can

opti onaléghlﬁé)nprl se channels of greater depth (e.g., 500 p or | esser
depth (e.g 50 pm). Additional exenplary flowcell deS| gns are shown in

Fi gures @; nd 4D such as channel s
440 in Fﬁ' ufje AC, gv\l/]gﬂe altﬂ)rééwq#tﬁ%tevlv evﬁaftﬁgggr?lﬁwg%}?ﬁ ‘gBE’PPB%‘HBorts (ports
445 - 8 5’1ﬁ‘feé§ hegpig, @Cbﬁwfﬁu)aims ﬁmum1altme¢elsmmwlm Wmstlmuan@ nsenter wall,
such as akdpicd99io s, Yp el I th of f set
channel s, sgch as tshg“%gﬂ%rez% %O%rfﬁl ‘:’gq‘éﬁiﬁ%’ ersﬁ%ﬂ}anvﬁ The
fi owcel | <apagh B ‘H@@F@ﬁé’@lswomﬁfemhweﬂsﬁer €.d4, 1@ cit6i comaré ciﬁdnuels,%mence from
the ill ummﬁéMyS%fo@QQ()ﬁE@lst é’drﬂpﬂe 151%%13 dPdif éléﬂtrd%?[hé gﬁ%]%% xgdt pE O
in ar ment s,

exanpl e, n shown in gure t he

|'i ght co(ﬂifg%"*‘}‘ﬁf’g‘ ‘Fﬁ cegichAg]s Iﬂm@ﬁﬂywe@ifwm@wbme@mmm@s 460, which

can be m«iﬁnﬂiedaﬁrcfﬁimldc}} teeye gk JHRS

descri beﬁ&3 rfﬁh n;ﬁ\nd th)zl efn t%@ge |ghtg?§{§b!é{1§f% F%B éi%gneﬁl‘!f"ﬁ%aepth of
aqueous ‘Sbift P BHMIIR; HhereberareiEl can natigedy ppmpdwpthhnms dftgagtier] ayer

Tayer my baCERoufiorle Atn SIBPH " Al LS A TR T 1 rmge
a di ffr &% PN infiguses 4§'p@ﬁd ‘P]?:E?rg exBoptadl wwe“wllde’td&mascﬂs GfAcH he:hhﬂ&ld ayer can
be aroundoly € [ﬁi@rh u& tic

system To usiaggt he th Eé% tklgdnﬂelgbg@%\?\nﬁ%ﬁg&{ &ﬁéf (ser%:lﬁmsfmge Hﬁeérai“@al

aber r at i%dH¥ ﬂt)tt%@a%j"éé@l‘”\}@ﬂé’ﬁw%m oreater yabesucliss wall é&@lfgsnmdﬁd e.g., as
ggﬁc[)'ebe??'ét?faehﬁpSf%O%?ﬁd‘?eﬁﬁﬁﬁ‘?M&é‘S@? LRSI IGEE Dbl T ovcel | <
sone e Préﬁf‘é({) the fhollewralls canbe d%smpqi lsmapmitcobersletiiareofyl ass(es) such

as Fot uﬁﬁﬁ(d’s&en(:Mlbﬁf tﬁ@ll&ﬁmnﬂ@d R ERTTRRY, ot Q)'ilq;ng[ardqm%éaf? Jokyo,
Japan) that can mani pul at ed as necessar p055| bl e

mat er | a5 LR ﬁ“r‘n‘%i %ﬁg“gﬁ%'e FLidewss thy Bearipslar @mbqncéwmctb@bglymmss {néa g.
Topas( r ):he(maﬁmamﬁgmrtmnqeﬂ D) bR dBRRALG) r\)fmétz@a%e a‘%%ﬁysmk%?é' sville,
e

KY)) wh as s ﬁxcell nt optical properties and can w thstand evat ed
terrperatg P uﬁe Ll er(‘@”@“"ﬂ ay fesegbadipayin, a8d thi ¢rnitted liakigeavelat from Fi gure

4, the itirowgteld0s.rs @BpiE QRREIcESs AUMSARATIMPReLh t hin the
sane ce rrefrp‘ﬁeﬁbodl ment s, tlhec%asrgﬁr%3 Eé%?f%’gf t he

channel iaye'éﬁldteflﬁle‘{‘@og TEer iy SQUEreTROOITRILS, @iw&hllcynqgeome Hiopf ryentnayrat eri al s.

be less than 300 um to prevent spherical aberrations and to image a diffraction limited

spot. For example the thickness of the top layer can be around 170 um 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 customn designed, e.g., as
described herein.

00753 In the various embodiments herein, the flowcells can be created from/with

a number of possible materials. For example, in some embodiments, the floweells can
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[0076] Wil e the exanple in Figure 4B shows a flowcell conprised of 3

| ayers, other enbodinments can conprise 2 |layers, e.g., a base |layer having
channel s etched/ ablated/forned within it and a top cover |ayer, etc.

Addi tional ly, other enbodi nents can conprise flowells having only one

| ayer which conprises the flow channel etched/abl ated/otherw se forned
withinit. [0077] 1 n some enbodi nents, the flowcells conprise Foturan(r).
Foturan is a photosensitive glass which can be structured for a variety of
purposes. It conbines various desired glass properties (e.g., transparency,

har dness hem cal and. thermal. resi nces .etc. nd, the abiljty to achieve
very fi n%org?rfsl?@ﬁ gtro éesns%vte ﬁ?ats?(gﬂtsuerb Szlﬁog%ﬁ%s@%ﬁ?{?giﬁs%a’ﬁﬁﬁ%‘f“af‘&‘?ros (hol e
dept h/ hoF@OWMny)IDyAMtoﬂtytEdthhaﬂ(at Janttecfosmmll ané StanFhilauat 44hR6esPR§SOMe are

usual ly, .pm.with roughness of .1 0078] Fi gure 5A . gives a
schemat i g&alfg}aegrpérgnm%? c%%ngc%gggﬁ%%g “Wayest dbca@?}g} #ﬂpﬁéﬁkrﬂ% e g.. one
conpri si figcd@et oamsy, K'¥) orfeontnd (dewi Clehipais, Tenivills, Iupkadciomivewi t h masks
500, ont . ; rate bl ich is then exposed to UV |Iight.
n such Sxpagt PHAR BoneaPLL M Rad MULET bl R R FES e e B engt
bet ween YPCantls 38dbnuppatent Fam Maurpdsibe Bbecdlls chh Lanphataamumticest al

t hi cknesges,«af muikn r ' f .approxi hat el licnR is
typical |y suf fllncfégtﬁ{g “’t%gﬁ%ﬁelf??arg?geﬂéjs’%g%Tﬁn&%ﬁ?@ﬁdxﬁx%faﬁfﬁﬁg?asf?ﬁé&% ® During
the UV eXpidsiitee dhaapels ginkvle iopicowr keyer copptomtilyve oddifeomahaseials. i n t he

il lum ng[t Sd ar eas @ar eas 520). Next, during a heat treatnment between 500C
and 6000%7He gl asWhile (et sspmpleds Figue ARIshone adiaweel! comprisediof 3dayess, 520.

Fi nal |y, othfientofhetltd & onfBisOD SayeNER., _@B&QQ@e%&Jhga%h%Q%l@ydr of luoric acid

1
solution at .roomt erature (ani'sotropic etching), have an etching rate up
to 20 tifr?@?dfﬁ%g’ﬁeéi(f%gﬁ%“’fth’étltWattﬁﬁc‘?/‘feﬁ'i‘f@%ﬁtcr )Wﬁfﬂixvﬁﬁﬁfresul ting in
channel serbi@@iméits i caiiRive galveQlstalng ohy HdRRRS {vﬁQhQMmH{'iée'é@lﬁaOﬁBv@ etching or
by spray- 2 e%\%gcihn(g 1t h(é/ r.esul t}n gtr, ctures display a large aspect ratio.
Fi gure 5B20H S e atgd/orhery! ‘?1@%8 i om a sanpl e of Foturan glass (d =
lmm) . [ Fi gur nel s A t hrough show .an_exengl ary etching process
to const éﬁ] a sare}hﬁl%gmg I%f)n\%gglme“{assthﬁglggc?ﬁésr‘;@f‘}?mefn}ﬁc'tﬁaﬁuré"%ﬁ," thannel s 600
(seen i rphetpserrdtive gagp varich ¢ahbe ugintinet & 6OGcySEPOrposesalt athindseW) ar e

exposedk{.ched i cLayer 630 is the "top" layer of a two |ayer
f1 owcel | ag‘g g%ér?ﬂ ‘ggié‘eeﬁrrc’f)%%% i '*é‘aéﬁ”f%%”g“ﬁj‘{;&eishd}?g‘ﬁ%ﬁf‘/‘f HeEpalg20) . The

t hr ough-heibterce( ¢the rad twaddity 8 dchisgivel sergrine striautres thie ifhaveehcahaanel s) and
channel s;gan..b8 (& [ I 1,630, ughe @ 3-0.pracess such as those
avai | abl 3£1f rom Irnv(ge:g}rﬂltﬁgléf3 d? igﬁlf) gey\%éi% 'a%g?hh%%\')n.%n 'I%% Sﬁn‘éll)]/egl: S%%{?Blr‘&sdf?sﬁlglaﬁpri se

Fot ur an aghixeiaily.asg.désemi wédds rapgmedseoflMumt ched. Fot uran, when exposed to WV,
changes col or and becones optically opaque (or pseudo- opaque). Thus in

Fi gure 6B%78layer @3pnRad. Bven: sraskeld dingaiiajione pospibiedat of jprodice: dar kened
areas SIRNCIP, bhCcbARind ST o DAB KNG, | ELGHLS Bl DUt

Wi t hout the fEther %trg%li rllng . uSucuﬁ 0 tﬁtpa?_?s;%lg %tc%%lsg?geggg&é@rw e helpful in
bl ocki nd™#& dYe ORIl pigace of pybgtinte §Eavhish is ben oxiveed mARdEght dbkech

ref | ect idpssukdistbp, GyibidssGt BEjow 56 TReaghd v gl Q}Sba%'t sequence
readi ng hgr in. El)'glﬁﬁ hSeSr _gﬁ{rrtg)odi mnts?ﬂtgth?éﬁé%i@gp?tkggb- 0 lldn%o%ayer of

metal  sdbHHE RORF Sromipgig ajaterial Gisknesses Ay de paynt Ad cheevdersivied | ayer s
of the fdppmweihitely@0g/cmietyaany bl ko a9l OMnhANEE S ok gHie 6E) to
hel p bl gs:k. Ur}@’aﬁéﬁd I ilg_ht_ sc&tt‘eri ) F[%%ures 6C and 6D display the mating
of bottom 1 ayet 622G PRI SEha H‘a|°f|°ﬂ\%éﬂ° GloRpSRrErQliseeda tidgtinatedit  away
vi ew of ardue (mexses20).0N89)] diningaricaueaihRGbRe: So0°thad kaver &iafiasthe floweel |I's
are att%grgﬁa j.ltﬁcs)alcgor&ed,not er in ’%‘rr% o%?la wunber of different ways. For
exanpl e,” The Tayerc B i AePS PHER Al Thiesih sgstalibh desiepse when | heat |
chemi calefched with,a Wihgdroftesharicalutimrabads chpasrdfansbidlic EOnpg art will
AR BT P N RO LR A

in channels 530. If wet chemical etching is supported by ultrasonic etching or by spray-
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[ 0081] Again, while particular flowed]) designs and constructions are

descri bed herein, such descriptions should not necessarily be taken as
limting;, other flowcells of the invention can conprise different naterials
and designs than those presented herein and/or can be created through

di fferent etching/ablation techniques or other creation nmethods than those
di scl osed herein. Thus, particular flowell conpositions or construction
met hods shoul d not necessarily be taken as limting on all enbodi nents.

Fl uid Fl ow [0082]|n t he various enbodi ments herein, the reagents, buffers,

etc. use ol of t e nucleic acids are ul ated and
di spense%tclhn] lrﬂgf fg lc'i'gfs ﬁ%élvg?ﬁlglsysa? BATBT SREH &o- rsgs'g%‘?)ﬁ@ & present
general i 2’@&9@&&@mstr&)ﬂomwmmpwgfl?fohmmdg}ﬁsls(mvﬂamﬁﬁngenent s of the invention,

set up in _one way gush ei ght way pull, and one way pull configurations
respect i VAN | n” gBiseredd, pavdieAfthicheh E lsow subsygimetchinpspodestot he

appropri abL&i:8398 | eotides, ;etc.) at
t he appropr |t ate rgl?gz %ﬁ%&gﬁsﬁgﬁgﬁ R%%%E §%p%6??]5g Hﬁf g%lélr‘lgt H? from

reagent 18P dadthapughdates 695 (sqsatin ﬁlé@d W orherpostddrielge itorityel 630.s) t hr ough
e g ORI 5306 18 oRn A Yof D RS HEWEACR O B ALGR L0089 e, |1 vt d FTow

aspect | s tional onput er contTr ol can opti orfa ?q' ol the
t enper at 48 °gHop H@e%/ é%q)o dde tlagpginkoledinbeisarmesn Gdfblﬁdsemmmte ;hecﬂwma]l n

conponentinatls) Didtchanald dinbelethad ingPR}EE3b W@ghazl %ﬁ:ﬁ}o&éﬁ RS ‘t‘h%s F1- 1C

(e.g., for e@%r ]contalnlntg so] uti ons) reagents are

opt i onal FYAUREF NSPROS Rt PR Rt A é’iﬂp(l@fegﬁ% wfcfompgzsc Gotyeanfvhaske d

t hr ough amsmm@ﬂnlbemmoae@ammﬁul\a{ene;ﬁga&eatd GV BRGELODIHSn@CCUT i ng at

t he el ev?éc%gmt errpcﬁpat ur e‘% @4%‘7&)’"4 ﬁn some_enbodi ments, ~various solutions are

opt i onal y P24 PAliGh THYE I FigWsdiB. (/o630 hasdeercent r at ed

buf f er mé@dmd igtat calpbssarnd pmapwmfdna& @cﬂmbaﬂmlﬂ%mﬁ&gﬁnm@a% m xi ng
and regu | ed the f fl ow aspect of

| ntro
the i nveh\%&’?{?‘“ 1 g“r%§§d§‘g @b"él&ﬂ%fi”? °f fig wg%tsalﬁhé‘%@éb@@ﬁqwer?écaﬁp%d fluids
and the b¢ mipfel in hhs:kmgmmiﬂ:eﬂed M\g}mﬁrgw £t ondRBRGE MR A (RUMP can

be pl ace ull the reagents into the

f1 owcel | gou%li %LS%%‘E Mﬁ@‘fﬁxjf ?%ﬁﬁ%&%&* fC&Bﬂ&w ‘l‘éﬂ??reriﬁnﬁl ¥B¥h the reagents
into theembm@tw, a(thrst (&g, BRGSO nm)ayeﬁtfeﬁbtqﬂuhdzh Sahtégebahitins mean that any
mat er i al §yiick punp,do not contam nate the

fl owncel I§pt @i Oél%gg)% e e\aﬂll%éjﬂecr{ag t%' hgwc‘{]ﬁff ;gi?&”??aﬁh%'é’péﬁ‘%ﬁ"?@ﬂ ed to
have oneIdS%fFi éulﬁéﬁ) 14 bsip bheghimetvartiel mwcﬁemvgmfghmmthmﬂgm@ﬁgh channel

f the f d dt
5 vy 11 acet kRnPR O AE i R T e B bR R K oo,

Las Vega¥®WRUAe sameq ui di cs di agram of an 8 way puI | configuration is shown

in figu‘rﬁ g@ In IEI ure 7A, fluidic reagents are stored in reagent
cont ai ner&%o0 (e.§. ”“Bﬁf@@“g“’é‘%’“% grseerm) dreafl e e!ls Bix SBUd fer |

enzynol agyitbtinfl of Wabheber 6 BAMBGSY BT E&ToxaBbR; Qhe%}@rs (,Jaq b(a%ttgzhta QQLOl ed
cont ai ners for en %rﬁ'g E‘ Zyme m xes, water, scanning Pump 730
t1

moves the 11 uids Ety hGRGH o ‘Pié?%‘:h?‘l*i?ﬁd@qﬁh@féagéme afskille 740,
pri m ng/ingistat wal heefarhiihr avith dudhedbilshnAMER afid R¥BELkes (8tach various

glass/plastic/silicon layers 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 berein. Thus, particular flowcell compositions or construction

methods should not necessarily be taken as limiting on all embodiments.
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[00851In figure 72, fluidic reagents are stored in reagent containers 702
(e.g., buffers at roomtenperature simlar to those |isted above) and 703
(e.g., cooled containers for enzynes, etc. simlar to those |isted above),
| i nked through reagent valve 701. Those of skill in the art wll be
famliar with multi-way val ves (such as the reagent valves) used to all ow
control |l abl e access of/to nultiple |lines/containers. The reagent valve is
| inked into fl owed] 705 via an optional primng valve (or waste val ve) 704,
connected to optional primng punp 706. The primng punp can optionally
draw r eagent sphfPmdine containers up through the tubing so that the
reagents are "ready to go" into the flowell. Thus, dead air, reagents at
t he wr oni§082nper atlortke (®iays pmbediatsie hafcmsihtatni:aggntis rbdffd-ili B@) usc8iCthe W | | be

i ded. - fl hunted into th
oot o SARERAR DO DR 5, St By QUL B0 Pt ough e

f1 owcel | asg&gin @i@fQﬁW@nﬁeifqumn&@erdMagm&ms & e&aﬂpﬁﬁ}t fHhia fm&irﬁmg@ﬁ@ﬁs\/ oir 708.

[0086] I n, he .fl uidic urations can
conpri se fq}s‘% %é?t'ﬁﬁ?%gg gnﬁ(‘p&el’ﬂ{;h E @ ﬁ g’é’x i onﬁtwd‘ytpﬁé g r‘gq’B"ﬁ?"? eagent
cont ai neﬁegwpﬁwir dby genprab e fhod ﬂpmsubayatgmntaaspidmnm& di@;@mteaiem@m& (eki,gure 7C
shows a lH@ke beH: n. 8. ngl e channel
punp 726 cgﬂ al soaggk?}l eggﬂl ?ﬁg{lﬁ%{]ﬁé%gﬁﬁ%@ﬁ%ﬁm& Gtk dé’ﬁar?% @gtl onal

pri ni ng PEFPLgie iaaeratuys fipm lrﬂsﬁnbﬁmab@m@dngctbedlem aredifel ytotage punp 726

through doyip@sss) Gdeughihe rRW:aN to:m&i tSQ'Wa%‘%Qée%vm ghmlar in this
enbodi nent as to that of Fi gure us it conprises reagent cont ai ners

721 and (B0} MUl Pl RbOGH R I\g@bw&aaﬁ%@@mﬁd@%ﬁ cbidehfhy & BpuddBP 71 The
fderow nally driven by any of a nunber of punp’ types,

| S
(e.g., r?l tg%}eﬁéoﬁﬁ‘?‘gé’ 1 Vﬁf‘%‘é‘e‘ﬁ%ﬁ’?ﬁ“@?@ﬁﬂm Brarepamplet ¢agtainet . ) such as
an Encyrmrr@bﬂe)nts?aré oBumau@Eemyaaea@ed Blaf¥es sGR asoztocaﬁu/K'rQﬁge @3 Syringe Punp

(Kl oehn,_ Las NVJZ&‘ it wi e appreciated t t8 speC|f| c

reci t at i°BR8¢ C?fg?lf”i“&ﬁ P“'Eﬁirfﬂé’ Qg reagentepng opHerAlky helst atisievaaften as

necessarérhyerhiurdst(é.ng baets (e fiAdd B3 TR IGWIBM Wwheh ADaRIRE L/ gﬁlggg f er ent

punps andcr psorrg ges th n those Ilsted herein. In'certaln odi nent s,
Gop Ry

the fl ui taéﬂ’le§ef"?r8flrf%{ﬂmrﬁb pi., to about 500 p.L/nin (e.g.,
controllgﬁk /- 2 Ry S(;mée e 8 channels. In the 8 way pull configuration,
the f1ow Cal be bel wagh ITB Ol WAL AR H’F‘Feff‘"eOH%?JEHéllnﬁﬁefb?quﬁ‘éﬂ‘bWocess In
sonme entodighetit dowckid (a@mxi mmm&kddirmdfeﬁlfmﬁd&l’&ﬂidh%nf Qpgeptse required for
sequenC| I ti.de of .25 ses s abou 0088]| Whi ch_ ever

punp/ pugg&e&ﬁ&égl%pﬁ Rt#élglenlg andf%g?@é&earlﬁoéjpaf’%é %H 48y ¢ Hiidport ed from
t hei r stlorargaecipbis iveentibe nhmmthgwmmu@rmstmmgtwesﬂm fiklh Agidssuch as

PTFE, c RS m.niy z eraction wiith the

r eagent gﬂd fIb%e di a}?rébtllg{hlﬂzggaeﬁl? %gﬁ%déné%msvaﬁ? %g’fe\/{écéﬂmﬁ%% en@?ﬁeg (and/ or
opt i onaPft§r thefigees! aidhised émul]rTéagﬂ@mnt&smmthgﬁowcﬂa@)gmbmB aﬁamcb@; chosen
based Oﬂp%c%e@w havif tgt??hrg{?ﬁo& tqggag semtoqﬁgﬂ?ﬁ IP@E Fﬁg gglg nt of fluid

left int | i nes. Fur sl ze 0O hally vary
f r om onBUFen{isgrations psan prat HIYBatERSE Wenped Fodead xalvples withiretht lpbﬂpsibze froma
r eagent nsd@hagenaE R fAReNeTRE pdndLbif a0 th; size of the

tube fromithe p n‘g to thg flowgell‘lg| etc. y%d%%%ﬁ%@hﬁ %Hg%w subsyst em of
the i nvEATIESIPALP 8veeans sysnes vt Howehpinshiaausise gven ﬂ@wﬂigag@‘mash cmnotlved. The

flow rabfethbﬁo@!pélll O popnRekintiset A Payf ﬁfm;ﬁ?f(ihmfdeél%d&@ru@e bE3 Oray £BQ0R, f 1 OW
pat hs can gg ate her flow rates than others; flow rates can

opt i onal iy reé%‘? @Eﬁl{jg’aﬁ‘qﬁgé’ﬁéﬁf{“”@ﬁéﬁﬁél(@%bﬁ Tas Meiges NIV Heflinics r eagent
flows odxagnafrfﬁreﬁrﬁwﬁy ﬁﬂlﬂ@:&f:@ﬁm&@n@-&%ﬁ&wrﬂ ’re%CIQF I&%A' jrate can be
set in gonjunction wth ter Tor each flow pat in order to

have the proper S\?B?ddﬂéea&?“trcé’aﬁ‘éﬁfs 708t(‘€~g1» H“ffﬂéaWOGWetGI}ﬂP@Hﬂmaﬂ:éw tinme. For

exanpl ebuffar, @@ momgptbdffaiema&r ddaeadeuhiig elchraad oo Whi Chodibecdneaggnts flowis
0.3 mm {.p g,n.]'-'; nun while the flowrate iS 480 uTimn or 120

uTe/ mi n P “Sone ﬁ%loémﬁ%shfvé“er’tsﬁaémg‘ﬁé@& Yf--f PHRP 1730 Bpoveohafrids fremanced to

optim ze the reactions of
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interest. H gh flow can cause efficient clearing of the lines and mnim ze
the time spent in changing the reagents in a given flowed] volune, but can
al so cause a higher |evel of shear flow at the substrate surface and can
cause a greater problemw th | eaks or bubbles. A typical flowrate for the
i ntroduction of reagents can be 15 p3/w n/channel in sonme enbodi nents.

[ 0090] The system can be further equipped with pressure sensors that
automatically detect and report features of the fluidic perfornmance of the
system such as | eaks, blockages and fl ow vol unes. Such pressure or flow

sensors unent t enance and troubl eshooting. The
fluidic ‘§§2 ag%llt%éﬁmg'm tg %ﬁaé g ﬁlvgﬁ%&(?ﬁ‘gn W WhRSE Xalxe AR At conponent ,

e.g., agngédonizhdbwsel @6@. |t will be appreciated that the fluid flow
confi guratl ons in the various enbodi nents of the invention can vary, e.g.,
in terd898f] nunbdp fighre Bhghndic cogems e s®redtinbdagent containers 702 (e.g.,

I th/ t t d t

Hoat i ngfd@‘ﬁﬁﬁ o SR b AR BBl LS 6} end 20 e "B BB s o
heat i ng,IPESRIYMSS o nimibir i thepohissed abivas)i lmgmtieta:buglgfeegmt valge ¢@paliidsé t i es,
e.g., t h{f@!dﬂﬁn'?ﬁé érk @/ﬁl E’c?Mhﬁﬁ wifth Su1 Pl \%@s (@gﬁh %p&ﬁ\fgﬂgegl ‘Sﬂv O)I’%gonent s

herei n g | owedl |ts cont ent &di stive
heat i ng ‘8Ia ﬂ‘é‘ﬁ?”@ﬂ&ﬁb&?@f’% Of/mmu@mledms/mmms tBlQ:neemnevalearsthrﬂad condi ti ons

above anbgoaIdeeﬁWBSWatéﬁrcﬁmo%%nﬁlﬁQMlﬂQ{?FQ/?%t!a0 v Oﬂm%%t%ﬁé%o twgqnt rol

the tenmperature of_ the flowells (and thin uring the

vari ous BPEHEE PERE 708qdhe Baming Wﬁ@i’w@lﬂﬂy Whﬁ@if%fromﬁhﬁec@@mnhws y

f1 owcel luptiaripgh &tdtﬁﬁing@{51EHaQihe$¥a%%§t§hies‘reig9%d”@nt%'tﬂé‘ﬁ@w@eﬂ( b Sphation from
the other co n%)onen ste ure 8, Peltier fa 6 i S shown

(0]
in rel attoREATY t'd ‘F\@’é‘f“gstf”ﬁRe’)éW (it Doaves ‘éfrsﬂﬁeavewbezb etcriall be owed'

heat i ng/asoiied. nwmmwmmhglpﬁrr@% Bﬁﬁaﬂlg' bhe ROEIoW i@ 8RR &1 ﬁﬂﬂt’h@ﬁwa@i@\é@a' ein
relatlorbtothe ot h e system he flowcell and

nen
{F owcel PTIETAT-DEE e T TEReep R hSP R RE06R G TEBRBbRENE S chrmmBle moved
i nto pl asepignwhebdechnhectgo wakto rdsatver 70he tenperature of the reagents in
the flowell to allow for enzyne activity, etc.) and noved away when not
needed. [9¥ffilt i onallit yxﬂaqndintbpdlaime&pmelt mmpelly thd fnedit:lcoueglrati@ndad | onwed | |

N s R R e
t enper aﬁ%?@@émerr@ﬂgew éllmnths cenines! Figoe TC dwoela sxﬁ@cﬂﬂﬁhaﬂlptmp @thg: , from
about 2QGtQ @@QﬁHﬂei OrSu?gné/%k%g&r ol %rxfgﬁ&%} yre/t era} 8@@# an es as

required by the rea ns to e sys £ The
t enper aPyr®: #id fﬂﬂheomeaﬁh iniek erentor gase bevammea cbonemmmtdmbtljz fee

t enper abui® 2k dldegil i’)ﬁﬁ@sd’}’ﬁa%etaﬂ%née%gﬁ&{c& I?&rl}? Rsihfar ﬁ1ef lowcel | i's

exposed to , a flow of cool ed reagents era ure o heal i ng
el ement SRRGIBEThpyRdhat ohHigurnes. t'Shtﬁeirmmecsde@ené@bnaammhézsmcrm of the

f1 oved! muf@hwagsarBloevi he7Reabivig) ¢2£ERNt My be set to 55 C to obtain a
flowcel | tenperature of 45 C. [0092] Those of skill in the art will be

fam | i afoos h PeI the fluiderove RELUS @t drally dﬁﬁiﬁn@reﬁS/%%nﬁ%E{&lp &g} Leh, can
opti ona ens here it wl RRT eci at ed

A n,

t hat vmf% é g St I}%"gﬁté"ﬁt‘{}??é?%%f‘ H@C“H@v?fé)éga“a% glc) Saeh %Pﬂr%%vwa dokh shoul d
not be E‘omt(Euadioaa Chedeg SAD) drya Kllo&lhi®l Vﬂﬁyn'ﬂgbl SuMPM{Whh%ﬁ waphedi nent s
heat i ng Oldréé% gevyl es, oltcgel{ed 1?'% t| er E#ces are tionally conprised
withint ént i nve BB et &CéFCIEHB‘?) rRsfiewar Rﬁn?‘ﬁsbtm&ﬁ‘dl ng the
type of SM ue, betthien he atdengititolbmiting 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 uE/min (e.g., controlled +/- 2 ul) for

the 8 channels. In the 8 way pull configuration, the flow can be between 10-100

pl/min/channel, depending on the process. In some embodiments, the maximum volume
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conponent is optionally controlled (e.g., in terns of tenperature, tinme at
particul ar tenperatures, novenent of the conponent, and/or novenent of

ot her devices such as the flowell holder to the heating/cooling conponent)
by the conputer conponent (see below). [0093]In sonme enbodi nents,

addi ti onal heating/cooling elenents can optionally regulate the tenperature
of other conponents in addition to or alternate to the flowell. For
exanpl e, heating/cooling conponents can optionally regulate the tenperature
of the camera, the reagent reservoirs whi ch can be cooled, for exanple to

4C to pr torage of the reagents during | ong sequencing runs,
t he terrpgi%géﬁgfrgalgg g‘iqr]”r’o ﬁ’ePG@UFWé‘?%p panclgpgide Gﬁgﬁ‘f’as‘&‘éab%ﬂﬁl pl e

Fl owedl sdnd al ternative TI RE and Heati ng/ Cool i ng Approaches [0094]In
certain enbodi nents herein, the systens/devices can conprise additional
appr oachBWSEL | owdklish exenpimeipernp gipe isTsE hbdetnyitnatigenis aheakibRgiycool i ng

f ; t |
el d o ag | Ty Eprt PBG b b el el (B e, SHER b 86k pomal 1y be

uti | i zed" TOGEPROE choser ér priprioetothinimivesnteiaction With e Iarmamecll‘aé ed that they
each Candr@ﬁwt&@@ﬂtﬂe'ﬂutﬁ c WM th any of the
B AER PR L& by ‘8’6%@%‘5’0‘6 §%* %‘HF% nts,

ot her g 11c‘%aches descri bed hHerein, etc. t he
fl oneel | BL TSRS SLOBREC R 36 ) BrhcRR bwhqﬂﬁmm@dsn elpude desre@qn@@mde to the

{1 owcel | Sleat yglumear HRAMRUILITHEUASTH fhe 1fios aﬁﬂth%ré‘rgx% Wheo honas S are
cl anped down .and, fluid flow enters fromthe to ?1 f sone

f1 owcel | "¢ HDE% KR s Bopgme iegd oA e ﬁGWsPathnfataﬂa!thvafrleﬁlmdpiéItwaxubbrarze ent ers

fromt hefrcbmtatrealigeﬁf stbfage ble@waeld of a%'@&eﬂ%ﬁrﬁé&xf th @lsiﬁ 0?@1@ R 8 Wbl ar in
construc[%d atplgl corr@i)srtr on as "top flow' flowe I'n sone e di ment s
bot t om f MEAERMPLL&%n conprise | ess fluidic dead vol une (and use nore

of the Mmoo arie WETELY ARSReBI e fliviol hoerconl b lovse orc. g\
Fi gure 4he repgentf OWQBI]EBoﬂ“h@ﬁm\fv Iragreisf dpainalyl aﬁijl@eammt E@AFobpsl me(r'ée' sdmk0 the
can ol T RE T SR P T s BE oG RE PR B R et APRORRBIBH ce oot hat
proper iBYaiAdadiffeent arahoplvagi mgew@dufﬂe&lwrepgaﬁﬁow@for diffeftal 8Sifkdof9 W th
Figure Q‘Edg-ghyﬁ(DW§ QIS eﬁ\%%m@tc%n t&g eqlnql cc?np?x?cn%r? 1th tﬁe tuge s{rameter for

each flow path in order to have the proper volume of reagent, etc in the floweell at a given

time. For example, in some embodiments, the tubing through which the reagents flow is

0.3 rom ID, 0.5 mm, or 1.0 mm while the flow rate is 480 ul/min or 120 pl/min. In some

embodiments, the speed of flow is opiionally balanced to optimize the reactions of

interest. High flow can cause efficient clearing of the lines and minimize the time spent in

changing the reagents in a given floweell volume, but can also cause a higher level of

shear flow at the substrate surface and can cause a greater problem with leaks or bubbles.

A typical flow rate for the introduction of reagents can be 15 ul/min/channel in some

embodiments,

{00901 "The systen 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 nseful 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 embodiments of the invention can vary, e.g., in
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nore vacuum creation device to create a vacuum (or partial vacuum etc.) to
hold the flowed; and/or prismto the flowed! hol der, XY stage, etc.

[ 0097] Vari ous exanpl es of flowcell holder nmanifolds are shown in Figure 46
that can be used with bottomflow flowells. As can be seen, the fluids
flowed into/through/out of the flowell are directed through various
branching tubes within the manifolds to/ fromspecific channels within the
flowcel | . Again, such enbodi nents can optionally not obstruct any (or not
substantially any) of the top surface of the flowed which mght interfere

withill Qf .Lh Ien hof t he channels. Figure 47
di spl ays %@gig% éalﬁ?g#al% PEAVE Svl‘l‘{’mé F‘Wgtef’{ﬁ‘%m%“f?ﬁv YRS Parts or

vi brat i oP@eCéWdVaéVqS@Wld@laHS el ume. In such arrangenents, each reagent
bottl e/ contai ner can have an open/close valve. After drawing a fluid, air
can be inject glaged0) ghﬁ%osi ng the reservoir valve thereby forcing an air
gap val ve between reagents. Cool ed reagents can be returned to their
reser voi [¥%hd al IIﬂ@a@eﬂm@dumn@as‘e sg&fteras Bysiheomphicd a Rawng/cAlmE, an air

i nj ecti op,RUIR, k]l oehn punp).
[ 0098] Ang? her alg oaclﬁ % I ”?ﬁ!ﬁsogﬁ éiglﬁescgrgppﬁ?éﬁ“ ?‘SB‘%@&WS ete.
i 11 um naPraenall Su@ﬁ V%@Jsdmwoa@mmwh(m@‘nthbﬁomdi aihd i\t\shmmeualﬁehnlﬁe conj unction

with vac CHWE an
opt i onal 1I:"Ei/ﬁhlﬂﬁ]be pr%ﬁl@g‘%ﬁagn?%& tf;rﬁggg ¢ % %h%ﬁmelg Orﬁr?aggrﬁawo&s in Figure
1, etc. )C‘i“ﬁm&%‘ﬁﬁP‘@]‘l‘PraE‘E‘?l‘aﬁéeweﬁﬁm\?a§wme@huwmmggandpmm)mah eomeriat ur e
control sienatpsitah STROHLNEMG %ngftﬁeeﬂhlaé évlthx%lghén'q Qi e PELOVLIR L owed! .

As can be seen. in Fi gure 44, top down or Si fat i on conBs f rom above

into priSHPAH0T SEHEH ]\Eﬁlbé’rfyfﬁlh%?hﬁ:efm exeagary dopsell m@er%uroptntmhawt@m hel d down

by vacuum)shmaumr,gmreamermtm&ﬁamaﬂl&&ha%&p%&\f@&mé’gm F}g ét}gg‘ | owcel |
e

whi ch present n aid in autol ocusin I'ng ‘and can
aidin cle dﬁ ar gﬁ?ﬁﬁﬁw’”{’ﬁ’ Wkﬂ“?i’sﬁ'ffbmfbieﬂfv%b‘éq 319 4ad Fehige %fialtﬁ!iIBtl@tnEhﬂJs readi ng,

etc. Las@mwu:dnl HeatingEd g 448 Porssit 8lofGorfl 8048l in
Fi gure to tlae m}fs mrror ﬁ4€%§3nd ?\I f ol g}m?w dic dglg#ﬁg%:oqgélgﬁ%%fhﬁm

[ 0099] Fi Gure” 45" SHEREYR St 118 FY355p eo%ctﬁc tleveHbinidiRprrshibeldsnacnoMhus, a

f | owed! t(xahchtmlg&obﬁmmﬁ@nmdaﬁ B@ﬁlbbm%td/\m&y Whdntneedddl (@F & AR FOWS an
device. 1n sone

exenpl ar t er ature control |l ed
such enb)cé)lgggr% e gﬁ?‘ Ré d§§%@ &“Eﬁ %%ra? Q¥ Tor quaYEe 2eHBIYedichartmovasat can
hel p assaway ‘diarens hewmiall. ﬂﬁ&hbhﬂily}&ndﬂaf hegnaBRer, MalRrcRBsh GAMAAN LI Scan

buffer t e can xtend past the prismand flowcell
and undedr%ma {1%3%5./%1@ rﬁ et;lt“(l)moa't |o?1 £ Py olihe UHIRBEH SenPerstide control .

Fl ui ds cad 16ptlicbval vam%asmlbtem*henis \ﬁkﬁﬁrnp&ﬁ&iré\@arﬁﬂ&[ ab@bntt Bgdonlet mani f ol d.

Al so, ac  be | ddedlntop of the prismto
assur e thc}chentt g\r}\@é %I sﬁea th gg??‘éfﬂ“gg% Pty ure and that ther mal

r esi st aritmpfrhbigd/wogperatire rqrzlgasmraqx.ercmbp itind sz@dlionf loLeRidhgkh@t | ons havi ng

mul tipl ef [ are s ure 48. As can
be seen, yl}%)ﬁ%@w%isr Vi[‘pfhlrc rﬂ%ﬁq?trs"leco\gﬁlcbhea l%g(é’aeritr‘f?%p? \é\%uﬁ%’] tﬂégntt‘cﬂ % gure 48A
(or two erEptR e pidhe fip‘@wéljansi th@reggcntshawmg Mﬁhaﬂowhannek;a)s&awa)ﬂm?el tiers

or ot hergrshdi-h & ggylt}q@t% J( S, an n optionally be
wat er cool ed t hraou ht he @ggg%hgg% %}m hER ¢ ‘gaé” ®pt at room
t enper at'¢IPReTBES ‘é‘?ﬁ’éf?‘i %"1}@ O%thQIﬂFWGWecFor elodrogie ﬂ(eGnh@ﬂﬂg%llaﬁm{Hy and
movenentoe @kt ibi3s °E119WselH 2 ARG tAHS.LNR Jtuglogi ¢ acids to be

[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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sequenced) is controlled and secured by, e.g., a novable stage upon which
the flowell and flowcell hol der (or other substrate) are | ocated. Such
novabl e stage can optionally allow novenent of the flowell in relation to
the laser illumnation and | ens objective to read the sequencing reactions
within the channels. If desired, the scanning stage or other conponents can
be actively cooled during the scanning cycle to control the tenperature of
the substrate during the imging cycles. [0102] Figure 9, panels A through

I D, displays schematic diagrans of an exenplary flowed) hol der of the

current sm. Fi sh fl owe ol der 900 hefore a flowcell is
pl aced u%%% ent %’gymauﬁé’ogtéé}& e ES?’&Be‘?'th‘é‘BPFﬁ?ti‘“éeeEmﬁ&f PRt e cl anps 910
(opt i onaltdnypesqjmlemgnd\@aﬂetd)f thocanmues)] yndfashesniheotidipmaelitessocH fandol der

d opt fol d tional | d within th
ol amps) (aapr R O f TR TR R RS Tr il e R e PRER Gt of the

fluidic &wwdm A manifold can individually connect each of the channels in
parallel. Alternatively, a manifold can connect the channels such that they
are conn®098l vi a & sshegimbodithets, laddmoxtahIaﬁaung/csqjingtelmntsl @woptiorpayal | el to
each cha 0 r.at on to make
a singl e%@{ﬁ cd&lé Le%%%r&%ﬁg%?gfﬂﬁgﬁrﬁﬁ gﬁggnna g{c@gﬁ#l{ %ﬁ“‘r age hg@‘ﬁ‘f’ af’:‘ h a single
1-8 spl i For gramplenhessinpiepalingacapinensnys el dptiowsilywkeii g theeanperithee of tehannel i s
onl'y spl tdmérBl@e Zagdi®r A oQrder . to.give a nore
uni for mflow al on%geacéggtvairg %lapéigﬁﬁéﬁ% ]f? %H’g’le tlorl Bmp%rﬂon%o]%fl guration,
the "exi F*raga TSIt ragmiy draiog) lengsiitencing r@@n@plt@epﬁammhfwhechmabsgbomt s, each
connect echside t@ MAakdidnt 8. an 8 way syringe punp, whilst the "inlet" manifold
can contain a single entry tube to reduce the |length of tubing needed to
fill the fl owed! A d car con alna18spI|tter or a binary
1-2-4-8 split f prnatize TR ating/Coaking Approache

channel SEOGEHDUV e %%eﬁﬁzﬁ@nﬁ@@ﬂ@en&s%m% %%@mgjde@igés%ﬁ% {nﬁn opardl:l%: 420 t hat
optional | be rals d/l owered to come rnto contact w THe un erS|de of
the flo “’a“’{i]*‘?f Fenftestiopn RGP HatPoepinefrophes tandignstipns dfhe TIR F

act i vi t ythelfowaali), aﬁtl Arhoine dlolR Al sSare RAI/saBiiGed withBAS hdikeO! E‘éﬁga as that
avai |l abl e fror]r%S m}ggwm]ucat al. og #19570 or the like) 1s pl acedh t ween t he
1%

pri sm antPRHE M 0§ “HHFWP%ﬁ“%FﬁéP BN st érwilldecr eat e t ot al

i nt ernal agpeédmmmmné}l‘ﬁaemgkh bdgsch ay &y c@fnb@da'ho@%t Wﬁh LG ol sand the
f1owcel | 930 upon theé hol der

fl owcel | re 9C shows placenent of

and pri s%qh t%Fill ?%C%@%U@df’ﬁrémf P6wcel | clanped to the flowed] hol der

w th han cl anp 940 Dbeij | ower secure the clamps and flowcell.

[ 0103] Thgb%}ov\cel IIng “ P \A%g’ref‘tshtg’f‘ é‘gwcggdww %*%%aﬂ’@ﬁorﬂﬁlﬁgpgoﬁ‘ﬁ@&bl e stage

or pl at f'Birm 2sQpobscgttage fbmaebmalg ,)as isisovadantfsg@&l £ RbRNYwihdke thé NGNS axes.

This all t and st rent _ of theflovved] in
rel ati onﬁﬁlaﬁggﬁg\glgéﬁdﬂ%g%er aent(fl otg‘f °8§’da§ L{j‘ H?:E i o & s ur f ace of
t he f| ovkag|chmpgsdymnkigphtipms tﬁmcauswrfhiuaﬂowaaaxt axtbﬂaerdmlbngoxd@ﬂtf@e

Furt her n@§oent Rt tional IIo the flowell to be
nmoved back gnd f%%%ﬁ%ﬁ%’ﬁg% ﬁl?g‘ﬂ %Fll nlalcg}ésqucﬁgn TEHESRSHECRAY Phe

opti c/ | a4 Lorgsdnehsomeienehodineptabdiom Bove finatélts cae achpdwedesstipiiiheat ed and
to quantdécaéi vbiﬂ%e%ﬁcﬁﬁ%&é 0§Hﬁ@mﬁoﬁa&5ﬁrﬁeﬁ1ﬁ gfhttﬁant Jag ﬂ%%nf?orv?c/e{}s? H.since
corrponen}1 ure 10 shows d novemne f ’ff el l
1020 and ‘FP‘EﬁﬁxE’é ¢ flpeycgly MEG‘ED"QY@I wlm/m@aﬁomsgqttemosaenggemnw (| ef t
pi cture)qgand the caneral/l aser elements (right picture). Thus the x and y
components can allow the flowell to be noved laterally (e.g., by | GCs of

cent i net[é6sqg}, whi Eﬁttoﬁﬂﬁwﬁﬂb@b&ls%ﬁﬂoﬁﬁm@ﬂy vshad tc(ﬁeglﬂwcgl/hc?i@é‘ Rough
nanorneters ver lca?fb%/rf}’%’h& ow focusing of the 1m Al'ternattvely, the

st age al‘?(%u R RSEIg RPPs ¢ B W acHunsay Belditeaflowetlinighe and the | ens
obj ect i \D@rlearpohleomdditﬂﬁmttﬂ@ﬁ@wtd’\sdtﬁﬁ ploiRl ARGARRANAY [BadiQELS: thie JIRieNt ai ned.

It wll Qgﬁﬁmeﬁl‘g{ i[:hat %h_f heating/cool ing el enents are optionally
movabl e 7 1UBT et P oS BB RORIBETES SRR aBP SRIPRTONIFh t he
flowell, etc. Cf., Fi gure 10 left picture (heating/cooling device raised)
and Fi gure 10 right picture (heating/cooling device |owered onto flowcell).
[ 0104] Fi gure 10A shows a photograph of the instrument before and during the
heating step. Peltier device 1000 (ceopprised of fan 1001, heat sink 1002
and heater unit 1003) noves in the vertical direction to cone into contact
with the flowell 1020 and fl owcell holder 1010 nounted on KY stage 1050.
Reagents are introduced into the flowell via tube 1040. The flowell can
nove to a position | ocated under canera 1030 for imaging. A schematic
representation of the device in the imging location is shown in figure
10B, where the Peltier device 1070 is in the raised position (with fan




the | aser conponents, heating/cooling conponents, etc., are typically
arranged on a scaffol ding, chassis, or framework and optionally encl osed
within a housing to fully or partially enclose the instrunent. The
particul ar configuration of such framework and/or housing can optionally
vary in different enbodi nents based upon, e.g., the particul ar conponents,
their size, etc. In typical enbodi nents however, the franework keeps the
vari ous conponents secure and in the proper location and orientation while
al so opti onaIIy ai di ng in the novenent of the conponents when necessary.
The fra eva% be r| d enou%h to prevent vibrations within the

i nstrune naot 'ﬁ' r‘?/aélf’f’ Sﬁvé COFPBIehY B HuREPT R PRI slcnde Bolddhanbl er can
be noti oﬂOWaﬂpmﬂharmhsmtbml&tﬁmtalllhyﬁldeﬁot‘ﬁbtagb ttcom t he stage to prevent
shaking of the flowed' during imaging. Figure 11A shows a schematic

di spl ayi H¥93h exenfhaeus CPCﬂIaHIBW\DfﬂZOW@ﬂldmh@rhiaﬂlf@amah((varﬂ.ﬁ@lgmc 46 that

heat i ng/ F fl o and fl owcel |

hol der, g%géén%\%g%%gﬁ%?%gteﬂ%ﬁ%gc%é £ FEh Sees’ﬁgcjtj'éld% ‘f’?‘ nmewor k and

mount i ngirttw&tmleﬁhépqt af thy rﬂngcoelbgetdimcted thecughniatos: leonmhmgentes vameh aspect s of
t he devi &0 rid.munti ins/| ocations
can be Sgﬁﬁﬁ?ﬂﬁg %’lﬁ{r}gp‘i}g%‘:ﬁ% n'nglg%%ws tﬁ%a%égrﬁk%adn’ SP%]H‘@"”{?D TEUEER pi ece
verti cal “Bi#inaly Aetibsitucs naien npl isstantially @l of tige tadjsmﬁcaenthedmement 1175.
QG her fr aRRWOhisH: iaRFelOMB] 1ﬂgm1ﬁda%hm5§9%mgf(tﬁgfﬂﬁ Létﬁ%g{hg ch l%'e 1Sk; Lor the
housi ng %{a]m be seen in Figure al on noni 1 ﬁ

Exci t at i 6h SRy CHsE PRl bRV IO ﬁué}emlw hasenmrmm Ohlerbeatmps ik

i ncor por aldwaeaafvoﬁmlmlsﬁch%ﬁhgérﬁe@ 'e&l:ht}%ég%ﬁt Wididleddghd: A RATRANYI NY

specific y?r escences i s tracked via |laser excitation and canera
obser vat PRI WP O Srnie nilHecair eamedeiinipeed brioteshosing theretareied u5| ng

Total | nmvmulareﬂyztdreiﬁg la@ﬁlr & Eﬁlvéigémfaérﬁ Bgkn®, (@& 9:%@??{9@
appreci at eﬁ%{t hat a T gs%r "TI RE Iea%gr syster% %pf’%%ter é’éf and

ot her si ®TgF P‘F@?’ﬂ‘fsrﬂ e"f?&?@l“’l’\“?“éf’é?,@ysﬁw é?‘uTFlREﬂ(?ii&paﬂm fininiached
Refl ecti mnnfbmwwsid&hmeme Paset ke R kideAs biMPENt / syst em usi ng

excitation, e.g., lasers or other types of non-laser excitation from such
li ght soﬁﬁ'ﬂ&é]s as LEDthdrappgarh, toamdnmemfbaarcambﬂm)‘&oﬁ abnafiudiiagbn.are al so

i ncl udedg] on of TIRE, RE |l aser, TIRE | aser system
etc. her e‘% n g%&;‘;'!;ﬂp?@gfp}f%%éﬁ a%’gér1 wr}'c g ugeq ‘B§8’i‘3uﬁ‘§’€8 YRowmr chiekings t em

whi | e a I REttdn farpesygt entindl Hekyw)l REasyssﬂicemunsa ﬁ@b&xﬂaﬁ&&f lugligate Agai N,
however, g8, Tgﬂgms t g in.feuen when descrjbed in terns of having

| aser usage, etc. %%o’u%ﬁg&% gk r%l%?“s oa&of‘sowftfﬁc‘ff“iﬁld@ HEERe $iRE

syst ens/ hotp @Wﬁ‘taglf%@ﬂmloi @ncnfgsunbnmbasmenﬂsaﬁesdutﬁmlthcﬁsgammswlm‘ees Those of
ski Il i madvhenards o bl sgéﬁ e ghr@@%@#ﬁv&d&rs & ﬁﬁ]iurx]) ne&c;[rges Io leRE SySt ens

and their general use. In various
conpr i se8CP AN Vanepahich Hosivell éﬁ&%‘@ﬁiﬁémdsq Omtmalljabcéd dew@nrpy |vs®$arxdual

i ndi vi d@chﬁnﬂ@@ﬂeﬂi&ﬁl 223 W §:8verP Bol g‘ﬁg%ﬁ Heq]()%&{?@ltl SHRAYO%, A6 conduct or

| asers couB (g{% to a TIRE prism opti excitdtion wavelengt hs of
532 nm dRGVEEHURRE 2 %%atéﬁﬂbmaﬁglg@md@%&ﬂa%emfngnta@on Methlmétlplurfbm:eﬁsan be via

an opti daahunfglshﬁdiltatn@olﬁ%&n%n&'ér € abeh @l urhin i dn0QHHE zﬁgéshgi)vnteflﬁn %x RErs are
focused on th area of the substrate (i.e., overl cranbl i ng

[0107] | PHSAET é%‘ir?) ase‘ﬁ%ﬁ?‘rv‘é‘fﬂ5s““ﬁé?3é‘ffﬂld/ﬁ%@0é?wcmhé‘i‘@i n the I aser(s) or
ot her j{ﬁﬁéﬁatl on ourésg O%y illum nate the sanple (the area of which
illumn s rdfears &uhoyrs gao ﬁ%appf%’emﬁhﬁ%mgdyp@n&cyamé%owfl@@fﬁm ed to be
spati al |(gnd thatreagmuts ami deadtions bvﬁthnﬁtyy oo g5 sRissintcRemplen] Sesdapisters herein
take ad [ ope ti node, fibers that aIIow pr opagati on of
all opt :@g At g‘%@ r%ﬁgﬂfl?(jﬁdecvfce&’} g gueh e ‘ﬁ‘g%‘?‘m@ﬁﬁﬁatpe airi%de to produce
a flat cempope haftatepmﬂcd Emm:lh tHAmama{el[Dai;sli:@ﬂirﬂé’dsi@ha}fsﬁébﬁmirrHﬂn:':g'h%adi on the
illumn e. esurfaeof a flowcel et c.
Fbmever%tglﬁse%m tgﬁegluS% er té%%% Lot gség“ﬁfm?l a4 AR ekfepd past figprism

const r udpf flergelhad wdst the mamfelldy td ettiendley leeipint imifean hergidi@ureangi@r oduce

RS i e O ey S T N Wl
fromuncorrected output fromnultinode fibers. To aneliorate this problem

sonme enbodi nents herein produce a substantially uniformfootprint by use of
dynam ¢ node scranbling by constantly changing the index of refraction

within the illum nation beam e.g., by nodulating the beamwth a-
wavepl ate, or by shaking, squeezing or conpressing one or nore areas of a
fiber carrying the illum nati on beam Thus, sone enbodi ments of the current

i nvention produce a substantially uniformflat-top output (La, a
substantially uniformillum nation/excitation footprint froma |aser or



Dynam ¢ Mode Scranbling and Low Loss beam shaping [0108]in certain

enbodi nents, the devices herein conprise conponent(s) to produce a
"top-hat" illum nation, e.g., a uniformor substantially uniform
illumnation over a particular illumnation footprint, as seen in Figure
35. Such enbodi nents conprise one or nore aspects that dynam cally change
the index of refraction within the nediumtransmtting the illum nation
(e.g., a fiber) at one or nore nodes. For exanple, a fiber can be squeezed
at various locations along its length to induce a continuously changi ng

i ndex of n fiber | ndex Fi ber,
can be Jgﬁgs&tﬁ%?ifgg@?ag?%%]?%%%%dl 8“)59&%&%?%3“1 W@S%‘ag‘?t i ﬂl"ﬁ’é&l gér to
cause sub¢ fesiressetdvepdrapreond tha tteenilredstimbigrast wa ptismerchinihge@ut put
illumnation. As explained also herein (see below) the fiber can also be
shaken, PHBt ed, Fiasfiavetonshayhmgsidaplt Jlodedisrmitn nﬂowbhla!nomayssc to change
the opt |sﬁ@11vn ﬂﬂFi ufe RO UL ot N&Ha e .d

scr anbl |lp J%e nodes |ar§t%s£én teorf{ggéﬁﬂév?gs ach |ee}\9edr?gr11 05 ‘yh“’g%"t‘l‘%u

uni f or m &4 ﬁfgﬁe{?‘i Bte dovrble “&dﬁflﬂ‘fvﬁﬁlh wg ehaviref i8adichiantedgemh). oPeltidrsre: Th| S
thus pr eventsnitauevit&r8Ree b r Q c li ght in
mul tinode fi bﬁlﬁl whi ch woul %ea?légﬁgg@féu@Q?&Tg%dp%g%ﬂw%tvt?%%rncs@ hﬂl

resul ti AFCBERIRE bptder bengh persR "‘Ifﬂ»dlsf@fl#??émém ropharpnmmsee opies!iv sappear over
the mninumintegration tinme. Thus, in sone enbodi nents, The relative path
| engt hs of t [S¢aee amid@swvéll Hoklet he il um nation beamare rapidly varied by
i ntrodu H;a time variable curvature and index variations into the fiber,
e.g., § dhani c&facppgHend preyanttof fic flowsell Andrtews the patl¢ihatidsener al

par armet acquened) heodiom Md¥aclfed B bATHIAGLE A0 mgs.pm'cwhe%%%ﬁ' ed or can

conprise a.ran ifferent configurations , I'n general, dynamc

node scra%gPYv ‘gle l&cgﬂ‘ff(r:}i’"s‘ét CToHBS ) %@C%@pwﬁﬁ@ﬁﬁﬁﬁém @ﬂmmﬂﬂky

dynam calldy lmhﬂaﬂgEt dfhiee ﬂdmi&%l iffelit@inl @ ald 1R0r Qiunﬁﬁhdoh'aﬁm&%!%ﬁ&&%m in order
' i on footprint | e man stin

to avergge out an C«}an il Et

refractive optiical %ﬁ%cé P%Wit dhe @aawﬂ% nih desined e P%ﬁ“@ééﬁﬁ‘aﬁw@% sting
diffrac pomgomntm czalbe aﬂh@@pdcﬁaieardanﬁg e S0RH cHAaRE BB hpehiif: 4T eSent
enbodi sﬁr not r Lll re a %usm an beaminput and is wavel ength

i ndepende aFeO Lﬂ’]gl &f'ous enbodi ments, the devices/systens

h I d.fieldf t at / t of
t ﬁree'SQqﬁﬁlﬁ%? g ronk R %Xmﬂ% S T e AN

resul t flpwesll helderfol tlenoereot syprop i@t ny shDdeoadeIMRRE DOOBEbLIG | 1 ght in a

| t A f_the |ight t put
over  an 01 Pt RePd BHUERS) Yt BN ey PGP AR el Blhe “such as

the ti n(eopélamllyr@anﬁ}oaéecﬁamrmﬁsmg thgerfldwral k@) hbRlepdddomiiondiBamat i on of
the Ilg&tmeﬁaﬂénmt@gh% Gt L }fsea%&nr&ebzdméas)aﬁqﬁlébﬁj@;cﬁgg% g‘%e[ ﬁged

out, and t hus the exmta I on nte Ssity seen
sur f ace 'QHeRl dameelyie thoras Of[ftbqti@}ilgwdémhyMadmmmndiwdmaﬂjwmm&u ng, is the

const an&acﬁ@!f}zﬂe%an@felst:h%aiaﬂgleXﬁl%‘}nzftl%l&a&h%ﬁ?oi&%aﬂo%ﬁé&tthe chamgeqe of, the light

beam ov E_i physi cally Squeezin whi ch
causes tAEFY @‘ﬁtCOP‘@FCH’é Vé‘t‘:"l‘ sifele diletdivg ﬂtlaéksespéit @f@%wtpapabhsa canid t hus aver ages

out t hecHahgdlf orQudh Dﬁboahf%uwﬂeas'a g élgbrﬂﬁwfe" Q(Fhfifggpdttlgﬁ 'tcgltnake ?Hﬁ%if:tﬂbu A ition of

|nterfe§ence mﬂ)ma maxi ma anges as the In rac ion of the
npu e arm frequency
{ b DRI ERIPe QORTIEHES [ fpaiaiiot Single aibalibrer pen @ batarn f
t hat i Sspﬂiasit eherkinaack ﬂﬁdlcﬂﬂﬂﬁl BOAL splif @D, kd Qﬁmntamﬁﬂt ﬂozﬁﬁai L&%l by uniform
i mage can b pr oduced (nh the tinescal e of the observation.
He1S give a more uniform flow along 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 chaninels. Figure 9B also shows the presence of adjustable
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[0113]1t will be appreciated that the current enbodi mrent should not be
confused with the commopn usage of "node scranble"” which nost often refers
to randomi zation of an input node or nodes relative to the output. The
desired function of the current enbodinent is to tenporally as well as
spatially random ze nodes, i.e., producing dynam c scranbling. [0114] The
dynam ¢ node scranbling of the current enbodi nent can al so be used in
conjunction with fibers conprising cores of particular shapes to achieve a
beam shape w th uniformillumnation. For exanple squeezing a fiber with

a square Hﬁ%@ZMAaIL oﬁt?&léll& céngtl)] Faidl d!fo?v dyto cmknlél rinxgg ?tglﬁgca?iquldagee %%%%%I Jgﬁ aggam

can be shaped along a pa arcaxis’
whi ch beéinflaviehagéd pasms&qmﬁad & c@mimpmrmmah theHaserd itn thd TR FUREVILL e | magi ng

surf ace. pfeeuf QHbGHnfis 1t CEOnRBANRIG o £6! AIOMLAL DEAIR, Cal, be generated

fromoptical ber s gure ws t he
optical 6&Utlpat 195 kA dhey e #stplacodt b@ﬂWKtﬁeﬁemnhhaemdrtksq fléwdeH s a uaifgnnode

scranbl i e&@%@@%@ 6 arc il G AP o%pcﬁ{o%gg%g%)},g%{%ggéw% he fibers

were re-inmged on a beamp ure “of dynamic
nodescr aﬁBW A thejflogveell WSWE% PEtshes nlfacqrtmt of Hews:!ld30wpen ok hobike nodes

WiLh, €. Gud prRine ARt BLERII thoRS M) ik £ARD da{ggg)%%@som%%ﬁ&s from

di fferenbg\\@:vgl en | asers (e. g aser tinmes
(solid s %B@)*gﬂwee@#ﬂo ﬁ’@tsﬁ@}ﬁewet%alapﬁﬁ‘nérf@melbeam shapers (two

ver si ons(ﬁh Iect an’% fz ‘%Fg‘ ircl e%‘ by show ng the output when the dynamic
r nodescr SHDP ng i s "ohowerdiaeg fovpd! holddiicap bie piateghipen e vabldees anbl i ng i s

"of f' fopladfach Satetageyponaaly s adﬁLQaaI;@] ::ll&ng/\ﬂ)d IY Bea aRREcaRAl fdwk RAL one
enmbodi ms&t qu]f t he gﬁl ice can therefor rise a dynam c node scranbl er

as opposed s 2 479 Rapsiiat aupsmerf thelqo"i"é"“tlﬂéelﬁﬁﬂﬁ‘at?r#@ lasgys eanpesm 19 | ndex

of ref ra@il'tlcsmtd: hatl atawuses strfiee lﬁDtﬂleSloRN@c@\kﬁﬁd ﬁﬁ)t ﬁili%l’:ustrbﬁudﬁt%'tﬁ@d integration
at _one or_nore | ocation

time. Th action is cpnstant

(node) . %Atgn%fj%v%e m{“fm’i%e rAhe ﬁ{qgﬁgaﬁlﬁ@lqnpﬁnﬁ%@p&qugn ©d¥st ant | y
squeezedmareddh: pblanfﬂ fanikt tetgeen hfaﬂ”i@hﬁl@g/d&@hgeomboﬁd’mt gqisthé Yptic@ar, fromno
squeezi ack The fiber can be

t enpor aP(lg)II{IIEQ)(ﬁl Eﬁ?\é I(lrgJ(rjﬂ) %gg‘g%ﬁ%&‘gé%‘% i it \g}be%tq}?ﬁged aP‘gws%lé (t,‘T"Fa‘H’é‘é%“ef rom a
circle t® sagh '@Id¢¢‘p§eVltfdhacmmm’lae¢r cetrponatts)C Wigure) 10 shows pkﬁtﬁ@ﬁpﬁshangl ng the

IS'?SSX Of qdpfhih@ GldveRrent St (RARD 320 N8 BWER LY F5 RS bl G 1O SCrandling

heating/cooling element (left picture) and the camera/laser elements (right picture). Thus
the x and y components can allow the flowcell to be moved laterally (e.g., by 10s of
centimeters), whilst the height can be adjusted (e.g., by 10s of nanometers) vertically to
alfow focusing of the images. Aliernatively, the stage also can be simply an XY stage
with no vertical seiting, and the lens objective can be adjustable in the 7 plane to ensure
focus is maintained. It will be appreciated that the heating/cooling elements are optionally
movable as well, e.g., in order to come into closer proximity with the flowcell, etc. CF,,
Figure 10 left picture (heating/cooling device raised) and Figure 10 right picture

(heating/cooling device lowered onio flowcell).

[6104] 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
floweell 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 loeation is shown in
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[0117] Efficiency of averaging of the illumnation output in a footprint
depends on length of inmage capture, the degree of change in index of
refraction, the type/strength of the Iight source, etc. Thus, it is a user
control | able variabl e and shoul d not necessarily be taken as limting. The
user can optionally control the degree of scranbling to fine tune the
averaging of light output in a footprint. [0118] Thus, the tinme period over

whi ch [ight output averaging is neasured is variable, e.g., it can be the
period during which an inmage is captured of the area illum nated by the

i ght outiput 108; Ghere bild B3 Le are the |loncells
in certai %Msequenc?}re tl%?iangﬁéféb’@eﬂr;g}atﬁ it “h csélrl?% ﬁb‘?‘?ﬁg@?ﬂé figinkt ne tine

peri od of0%e P%af%égé?)f fleivent1p8s endaage HISE nte sitod oext substimet bgld y

equi val eflouf0bhen® v e apt ur ed (e g.,
the CCD camera in pg‘?fg\?gﬂggbhégg {erﬁr?gl ﬁ%ﬂ%ﬁmnt ¢ ’ﬁ@?‘%ﬂ%ﬁcg t?fah

appr eci at@% ¥ at Waigh plse eprizals t—’,‘wﬂlﬁl@bfsoidfaﬁ obgcgve YOSMh @nbadivoEnts clz@nped

embodi mentplace ot ihé HORLIPARALA N miThikdid AEEANAALQGYEr 1 hour or more
dependi ng upon the particular requirenents o e enbodi mrent (e.g., at

| east 1, [0805110, 254;“1(5@ ali0i¢ wifpH Q. lBe Mok ast 1, 5,
10, 25, 50, 100 %:;ogof rmreeap;Q?I f?ésdetg%ﬁges QF ‘g‘m’é“’ hg}e“& 595 50,
100, 2507845 *’WSF‘%‘“% Biiftgcoolipg compqnghts e df%é/@@éhtﬁh@lgeéactm ons

descri besltdﬁdﬂmgnc;hatshe drlﬂiagieﬁ@rl{ dﬂ%pﬂﬁﬂall@%n@hseﬁhﬁtb% Qﬁ{ms‘?f{ é(%ulipgr

milli Secﬁo%ﬁ pe(;:]g:k)ex&l sure. 9]In vari ous e odi nent s, %he curr ent

dynani ¢ & YSOFQRHIE P ke h icplap penfigyefign pf wigh frameworihandirch it i s

used, behavsiod can opticohiali§ em@rnﬁ diffegitt cRbBoi SRS byRe spordefof @eNtubgam nedi a,
i'fferent numbers of

dlffere f, ch t he.i nde f raction,
nodes V\hrugr ﬁ%}{ neté)lﬂh"3 it OF E:r & }}g’éﬁap g’(‘?d(é)m {\ er, dicirameyipis fesasdhs ¢ mode
scranbl i W@Ov&scmonbmﬁmcmb oyl it e gziapfetr l@uli@y arkdi c@;‘raht/ahdn{ wmxé\aﬂsd) eptidtagd. Thus,

for exanphgy ipMAL rein o aI |y use |asers o

particul ar havel gﬁovgﬁ%t SR %neﬂ SdY’%?“ % b8 {REEVEHLYEP St s can use
i1l um na"ﬂglféﬁ’*@fghéinP!lGF’@ty’ﬂdmidremmn mavrestreﬂn@nhnd Tﬂ’asazahawcﬁnﬂbﬁ@ﬂs Wrgh dynami ¢
mode scraghbieng: & IS | R | as narr ow

al i gnment | gseer s, gg? %g ﬁbﬂ%%b&“ﬁ‘]’t {°4S8@r gg(p%r{d Vi rA'd%ﬂaHy ISt rb‘ﬁrﬂt“? cul ar

| aser mé%P&@tﬁh@ltﬁhféﬂm@mth@ﬂedcdibdmng,xmsgmgl Figtietlahi snows b eetleshaniot

necessargid 4 ur s a eciated with
each di ffgagﬁfg Ingéégl?lp%?/ h}lg&%gﬂ{g}%& g %rhtdfog\l{\nlhggtﬁ‘&zc& ﬁg¥ ot her

par amet &PRPAREIOHLotshl Figurd) dowed ! vt hohiclneldsybsd anbitak kyigdlnifoor m

i1 um natdd@ibnal e @X8MRhBewd . where,the index of
refraction i snachgfr:l(’ ed and?%r&?ﬂguggﬁégg dt%ﬁadﬁs%néﬁ gteH’er d8X°4t such nodes
i s opti GREPPYIH “Y“Idélﬁ’léfr%“ Fishe dpvicebydpm Hllq!lgi@tvasgmﬁrabgsmmt aadmi@meng he sanme

degree @fnsﬂﬁ&ab@ﬁﬂtdm}begﬁmi fi\@f‘:étﬁ@tlpﬁ afch qhQ\;g&)]cﬁ 1z 81 a%{ﬁ I;asrge n%%(efa Irrgleresop tic

her ei n arﬁ %jleag %% 2ddresse in terns of

li nes, s dvaiml floweetidewiing adipitmentaiomponsne &1 7. t(hthbx ght

trans m Ifxtaﬁﬂwbﬁ{s&p@ Mo@diAS SnclidiASdd16m1R8 0L t&ﬁfs) f%mﬂe(‘hohélﬁgﬁan % dern Y yac\l/'lmum h
iumin whic

etc. Esg 2F,aquc n[gde scranblnglls not Iimted by t

the Iight At Mt CeTPU e e iYd20li f f erences in the transmission medi um
can optlonall al so match with a difference in other aspects of the node
scranbl er neldsiéation auhObyevatihst ant i al | y uni f'orm out put. For exanple, for
light transmtted through ai r/vacuum (i.e., not contained within a fiber,
etc.), fom@sjndex chehﬁfrf@a%ddﬁﬂa* héaah'tﬂ@ réo&n@ﬁ‘gﬁsg!gg“ .0y, changes in

¢
tenperajure rather than an ani cal en SPETFtifedi um
ases w1 their accompanymg specific ﬂuorescences 1s tracked via laser exmtdnon 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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[0122] The i ndex of refraction can optionally be varied through a nunber of
ways. For exanple, as nentioned above, when the light is not transmtted
through a cable/fiber, but rather traverses air/vacuum the index of
refraction of the |ight beam can be varied by changes in tenperature. Thus,
one or nore heaters/coolers can be used to vary the tenperature of one or
nore node of the light beamto change the index of refraction. For beans
that travel through a fiber/cable, the physical properties of the fiber can
be changed in order to vary the index of refraction. For exanple, the fiber
can be phyahgakd ueezed co ressed, pulled, or
heat ed/ cool ed at%?)tggmglrng%g‘?igd%ﬁndae% fm ?ng? tyngs of ?I?Pe "?‘éaft‘f’&(f“lof”on at
those poPiftiighiragshiys LER) hilpgesr acticonn wictimpdvel) bi herch@aﬂamﬁmﬁlhﬂ&ugh act ual
mechani cale JIRBhRKLAEHBY of Ptk &S S, §L.8; ,and/or
t hr ough pi ezo- el ect ic actuat oTrﬂ'glt“ti %?]Tﬂgglﬁle%”y%tﬁp fig? E’S’Fe“()e “.3imlar to
t hose avat Fabpeert ﬁ@iﬁ@ﬁ@ﬂﬂlii%mmmwm @ihllne“TE&)l)a$ereyszen)n” mGenaral ly, any
way of VeysyniGsihd®1ds08Y Abaih SIJASLL AL FRR [QL23]1n addition to
di fferent ways %1 changi ng %(:[ﬂhe in ei(agaf refra ]%?g%em &P, egdB‘f‘ 'Jgi’ﬁ‘gnge of
t he i nde} ©1He0 r’i@mﬁasmusngfuewsé@@d aboé’eahé@stoqzﬁuoomahdthm&rrmbl e. Thus, in
di £ er entyseatiadimiig cofRaRL g m&@%@&%% AR fror &
FHARERL Go X thiich s%ﬁ‘{le rﬁs(ﬁ ff@ﬂ%tg%

node (i ﬂ’ where the index I's vari on an | m whi ch
node cana“ff)g'il ?38%%1”3‘?@&%?“%\?%%Déifﬂ?c@sstsmsmnglﬂteu@amalthsa a general , but

not |ini tidgs 8MB6@mehBOhIERALE EorthPSheAHIRG 0] o h re scranbling
occurs. rl e0 ngﬁles It |msS t aeg’eﬁip&apﬁgferred that the

changes | nb?dé‘f]?g%‘ttp%ﬁsqﬁﬁf’m%seéQH@HP@HIC&‘@&V WP@lHatGhéU V6 th 560 I@W glid it is

pr ef er r edatt had/ot imu(ﬁ:ﬁuﬁbﬂ JQdkrd é’bubﬂ:@%?f 2 AR FBhEA 195'211 lrtl{jl
1101241F & ALES show gggﬁ@@ of npde scra W t var| ous fiber
S.

shapes and va th(%lfl)g §$‘? ghen Thpgouplingpé thedessr mltfb frseruinenipes be
subst ant Yiakh gptinai fibermo hilp pnduad that t{hb B0 ONhb ﬁw@ﬁ@r@yﬁgoéﬂg ort tlﬂghdy nam c
| ber .

node scraphl Si n vi brating or squeeze e figures
al so |Ilustrag?ae0%tﬂﬁa%ufb8tﬁﬁe g% shaped t hrough use of shaped-core

fibers. Fi gure 33 shows a nonscranbl ed beam out put (A) conpared with beam
out put s i i ber was shaken, e.g., through use of a MXIII M from

Poi nt Source (Hanble, UK) (B), V|brated e.g., wwth an MCV M from Poi nt

Sour ce ({@lg710r Sqllﬁ»‘ﬁfeeﬂno& eﬁnbodﬁrﬂérﬁéjﬁé}eﬂdstﬂe Qlfca%@re%{ thn?é{sgr(ﬁl ¢4 e' ectric
squeezer/ co resso?ﬁs;\t’il squeezed over 6 des pout 5062600 Fitz per

node) ( [3)XC 3 SPsE(E} Wowigiaihe romply (he 283 %ﬁ@hall‘idmipemdms refebradl thhas t he sane

fiber anbe 1‘fast@hn¢”)’ﬁ&§pi(:aﬂlygiemrejeﬁo%% AR5 ERPal SN ﬂ%gﬁﬂgngbdggztnm sol i d
state qugdf)vm#gm ar. results are shown'in Figure 34 A-Dfor a recctangul ar

core fiber EPERDIEY™ (35 2demines ot pepertis piapiancdefibersthas qirsezed (D). | n
Fi gure mnahﬂlmdmﬁlc@ﬁcamoﬁeﬁﬂhlro@ﬁ e M c-&) \Llh?ne%@@?mi hlgﬁlrt{lh rodnbPeS
di

Fi gure r..resul.ts_on a nurrber of f erent r sources and
scr anbl ?ﬁgﬁg‘?’%‘@% g"f‘? ‘?H‘&E‘al PP oG frem ﬁi"ﬁ&%ﬁé&ﬂéh%ﬂ@aﬁm&b@ﬁwm 660 urn

wavel engtiiaggi(ege ihemeﬂaca of adflaveet| BREU IFRIweer, Ee firfide RBMbW SfmdlRs

scranbl i ane fiber with dyna c node scranbling a 532
urn mvélpglr?éﬁ?e%%??é sta Ve}y angl G{eﬁ%\(ilnfcl"il Ry e Saihsapl Pl "’(“Q)Pf%{fhlﬁﬁt he sane

fiber wil¢s! ehmmpiend m@enm ltlmrubtenslg/ rBlite off (16A0sel mr\waee ligngt becdigde | aser (a
second ;@mgggé ranbl and the same frpber with
dynani ¢ 'F%lde scranb E?Om Lot r%ﬁ%%{%“g) from S?ﬁﬂ’“iﬂ‘étega‘l’l‘ﬁﬂ‘l 50 i per
with no"8eHsads fbgs. (’@) mmi@lm this ptpblami, sompelebatinanbhénd &ucea 660 um di ode
| aser ( ggssngl)ial @rnfdmf t.h de scranbling
(.1); a 532 umwso lid mpﬁnl%%%ggtmhlf ﬁ nged%cr% H}?gjr Cr‘i’@‘“{‘rl%;‘roand with
dynani c ShgRedhs wepr phrgfrequon within theskuBeatioSraper.g., by ridGlating gemme
enbodi Mo wheal lep BRSS!y FaBFE Tt ARG r AEeBn oA S eas of o

fiber carrying the illumination bearn. Thus, some embodiments of the current invention

produce a substantially uniform flat-top output (i.e., 4 substantially uniform

illumination/excitation footprint from a laser or light source) by dynamically scrambling
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rectangul ar | aser beans are optionally used. Such shaped illum nation
allows for efficient exposure and tiling over a surface, e.g., conprising a
nucl eic acid sanple, which can result in higher throughput in various
devices herein. This can be advantageous in cases where the imaging is
performed using a CCD device with square pixels, as the illum nation
footprint and i maging area can be tiled to prevent illum nation, and

phot obl eachi ng of areas outside the i mage capture area. [0126]1n sone
enbodi ments herein, instead of using a mask to shape the beam and re-imge

t he nas t: rface ch ca t onaII wast e ener out si de
of the ﬁ%cg%?cstlﬁ%%ﬁugrgr gtmsg cgﬁpfé'é Vﬁ‘@'ﬁeﬂ“ Wﬁ?‘%&ssﬁﬂgar &W@Ulngf’he( g%/ o'tj helr

shaped) beameén Pibermofhurs, ovat its kehgthaFaiukealh end asarmpanervarisuef fi ci ently used
for ill ugRati o suffici ength of such shaped fi ber
fills the core g; f.”g‘?d%ﬁstgﬁa*‘m*’?ggg%@ﬁ‘?‘é ﬂ’ﬁ?’"hé@?%’%ﬁ " Tl uni nati on shape. The
end of thls flber can t hen bere |maged onto a sanple, e.g., a flowcell
subst r agi¥Ramic NMode Scrambling wad Lew phapéngd magi ng of the illumnation
fromthe fi ber IS typ| cally desi red to not substantially disturb the

t op- hat [qumsnu | e amdéartabaarodians, REMR¥eRetih 0MBEEARL IR AY Y or beam
shapi ng e%pto ,d storhat he bea Wnen it has not been beam shaped or

scr anbl g(ﬁ ucel'ﬁ SR Ut E “a?s’f)e%'l‘ .OQ?LEbS‘la%ﬁ‘?é](Yé’é‘)fO“BtﬂémfnnaF‘é“ over
appr opr agtsgicylag hbmnattcm footprifl, 8¢ oeh id H@ux@@hi sv@ckridcRihéRs andpeRtdenal ly to
owcel |, etc. Rplrraglng, in

correctl | i ght ..out put ont
particul’ ar en%lggélts haf%ymg’ iz égn%éheclﬁg‘%‘e‘ﬁr?fﬁ‘cﬂ‘é“ Yuhinghamedm®m e, to be
abl e totmmltﬂmhwlh:mxamgonwageIaéﬂngt)rat d)rlegiﬁﬁ:r)me ncmes OR&" e&;ﬁb@(ﬂ aemtaﬁcan

re- i magbR gy e0Ron sI| movi ng the re-
i magi ng cg?‘rponent S%@Sﬁg\}g%i tSI n%ltl?() 18% g&y %a‘lﬁ’l“% 4 cul ar
areas of! xefyactiqn Buch stuaszing of thtv ﬁher,hcg rai Stap Iiudbxslﬂbér emﬁmwem s can

opt i onakl.yi e G c eam | aunched into the
sﬁaped %%a)ég? !(t:ou £]§JJ f‘,ﬂ%@%(h]tef}ﬁ gﬂ&g?g{h C?us%sé‘ffgm iRRe LEﬁ%f’l Y8 uniformty
opti onaF“FSyleéa’ﬁegéti@thwédhﬁlwtmyﬂhlmlwloh y As exdaibed aigp héreinr(eekas:lon)t hi n t he
shaped frelffer cAtPlisERAIRLS:, \‘chttzli Z\’iﬁ'gteﬂofj sﬁﬁj@e@é nt' uousI%/ squeezes the

shaped core fiber at various | ocations. bove. " OHEF PPt ¥d beam
di mensi shEegiherapiicypap ieroggh theciibespt i onal |y can be manl pul ated by i nmaging
| enses. [0128] Figures 34 and 35 show the results of use of a rectangul ar

core opfaied] fibem gehhal,el QﬂﬁlﬁlﬁnﬁJ]@rzfrhmﬁF oS riRred FBHEALORLY G Peam
profiler..The i %?fromt e b amprofile illustrates the desired
a

rect angti & Bl A ORI A R Ponmi iR aseredefipedintemrigiicror | zont al
CoMpI i Sg. camponent s, For Joner o i el ver o oSt et Ty el form and
wavel en&t ﬁ SW 'F%n h191 g’ glsp(gg‘ﬁ‘fce Blggrrﬁ"figa Wé*“‘?‘ﬁ%\@rth"s Eﬁsfﬂé’é’éybéﬁmahﬂ? owcel |
channel c)[(tmnaﬁy Mfic@nﬁb&ﬂrtaﬁtse)nddns anaSBs d‘velatdei’mrhﬂﬁlhf M@thn/iﬁnd Srrppar ent ,

t hese C%”Q%Q%%’Eb%m ?Sr {&crgla ‘ﬁc P%} c\{%&glo %ﬁ@géo 5365/ co nents in the

overal | system 8?‘?”0ed above,
etc.), basn @férhﬂﬁbfélm@mdwinadﬂmmgnmedamdbtmghwﬂencorndemwmatmﬁpuﬁ@r

corrponeﬂ% fibkOQ L30IEMER L NOH N L e current dynam ¢ node scrambling and beam
shapi ng

{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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enbodi nents include, and are described throughout in terns of their
interaction with, nucleic acid sequencing systens (e.g., various sequenci ng
by synthesis configurations as described herein), it will be appreciated by
those of skill in the art that such enbodi nents are also applicable to a

wi de range of other uses/systens. Thus, dynam c node scranbling can be
included in nmyriad systens conprising one or nore aspects to dynamcally
vary the index of refraction of an illum nation beamto m x the optic nodes
of a multinode optical fiber in order to produce a substantially uniform

| mage oriput | M dESLIALehhIBLEATEN fofloysHEN, A8 AU NG, he | mage
capture tine for a camera or the [1Kke). nam € node  scra ﬁI|ng can

opt i onal MfF@byEupTgase figld frrsyatasne/mepaticaentof feecqueaciki ngctidnapnescence on
a pl at e DRusMineh@aYdRa e -y . y L tracki ng
of sequenci ng react]i ggr?_gaark ?/%élééh égg?tadr:r.sbuﬁ fﬁ%ﬂﬁlg;é%%%\?gglf@? %%]%g Eggofﬁ%%l n

vari ous &8 Yngisrlighpin 4 melimede iberdn tpénePr tadssirabley dverngihppf ik Xigitg opt i ¢
modes i Nowiputbvid ADAamRE I M5 syst ens
conpri se gpl i ght sour ceh?gfd;ﬁ%ﬁg(ﬁvggggmmm cﬁgésr‘é%%\éqﬁ%ﬁ%?%ﬁtﬁggge a

nul ti r no BBt P2 FPDER dunee 4 isweingl iooliam iptegration ghthatizghioasans grethaavepl at e

and t hentighpiduanakiios 60" 8r 1€ 2l AAE e oRELAIR in@RGy0LO a
substrate é{ﬁh\%}mel %‘é‘é’ The \g/\‘%%%pl ates in_such systens can conprise
"rotating" ERTORPYE onthe LABEdeHEHPEt he wavepl at es actual |y
physically rotate at various rpns, while in other enbodi nents, such as with
liquid cdfytilal waviéplealymg dybheic phoale aerambliag,as the abkial b ek SgtdieeRAdaar i zati on
of the |iQbt.J2asS| 1 ' varying voltage across . the |liquid
crystal. In %e?’?géll %9@%{%&%&%3{ %’? Bé‘h‘\e&’\%‘é\}’é’% Lé’i“%t(ecgn?)’w SR e

sect i onsilst ower tiw) ethictetaascd ehesligha chbeoderantiblehandohiat diffefpol mithszatitoR i n

di f f er endyelobEGH HQNSons kbRl I pent s e Light output fromthe
fiber co_verlgses a's_u%)sttgltﬁ%tllglt ef/ihﬁnl glggrlng%lt%rﬁ{t' ?)ﬂﬁ)b e%gﬁmgng rface over a
def i ned RieHEIepet Mdma Ehé makigh chengep as thonndenef sefrfctioest tha inpar beatsis

enbodi MeyhhSodde TBine i SRIRE FeStidS h OS] LT RRNELL GAUCEd | ntensity
maxi ma in c,go_rrpar_i]sg)n to the édlt'gg{%&_%?%%aa %‘Wﬁ%@e‘%ﬁ f%a?lﬁgé’lm%%at does
not conplY&tshEMSy thep rEPFUst A tifermianaep bart sprodud2in the tinteesalasiret s, t he

i nvent i ibs&ORRIM. Ses net hods for equalizing light output froma nultirnode
optic fiber over a surface in a defined time period by sending light froma

light s (e.g. | aser) through a nmultinode optic fiber and through

one or ﬁg#gﬁrot at il%‘ﬁﬁl/\%e\/“é’&e)ﬁ’ta@g.thzfﬂ““s%%%%‘ﬁ%‘ﬁt%?m@ Re! bswppigsedon t he

sur f ace vadnpe icemonedaped “indHenSithYleMvRichB RNSiIEIHEQ hiicahsiiby offaxi ma as
opti.c fiber that does not comm se

conpar ed_t he output. froma multinmod

one or %ﬁlﬁgpuﬁgqoélo i"‘ﬁ% O%VS%FE? 'é’%‘:f ﬁ“‘BB‘nﬁh&ﬁsﬁfﬁdﬁﬁ?&t@wﬁ@wvw ates actual ly
physi calelpodistat & tatevarilous waiins spathill eaddonoichasdemodirs®atsg, such as with
l'iquid Q{y}{%ﬁlsc%\{)@ig ates, the plate "rotates"” and alters the polarization
of the Iight passi ng“through it by varying the voltage across the liquid
crystal. Jo]% certain enbodi nents, the wavepl ate conprises two or nore

secti ond®tlor i entlba dyranir mods searhlieg ofithe evrranbembed mpef can dlsabe osedi n

di ff er eni céliji@givh M. file@133]pASinl $6-s B?gﬂi&ﬂaﬁshﬁ B0 éﬁ?&gia@%% are
phase shifter or the 1|1 eg' refers to

"wavepl at.%" é@}r r_eft ardatioqn plate or é _ i ‘

an opti G4 Yaiprpdlymination. dior sxapgpe,SRESPZE A Ghshwithasquars cerseyill pessk it hr ough

it, thusuntfosalyiingnmaRiag@rdbdhe BRaRam\WN 8 LRSS aRLE A LY RIRE! LY; gompr i sed

of a birefringent cr}/a}tgglélﬁpgorre enbodi nents can conprise a liquid crystal
e

vavepl at&re argfaigloo high BeA 1sitpaged- 4 sgvaa o eppsdivhentidi®onpri si ng

| aser omport therimagiug e@f@%C5éafibass 1708, Fbi kel i@bngllal hansampbe (the area
of whi cgm';elr;tgnhng{ti n lif% referred.tg. as i e "footprint") is spatially flat
and uni EoIMCTHETGPEFY o8 pLARREL" Righe ¥ expl oi t the properties of

mul tirnode fibers that allow propagation of all optical nodes through their
core wi t¥llftar eqliureaifhows the opticavugno tomesyagicty eftditeredidmeliatibges,of i | e of
the footyp | dHavel i.Niet e f..od resent .in such fibers
can constr itj]!cagl?\slel gTﬁE’rda Sg_%gst’ %ﬁcﬁu\%ggyla @?ﬁ%g Tere’ %seteﬁdsecz@ efd%’?{%‘r’“?retrﬁ"us

pr oduci HY24°8ECate Hhsirherotiies Fawierd? shaws Hie affettenfsiyhymiompfdci@aroblitghe | aser (or
other light). Sonme enbodi nents produce a uniformfootprint by physically
shaking the fiber at a timescal e sho®er than the exposure tine of the
canera capturing the i mages, which averages the intensity m ninma and naxi na
and produces a uniformflat top footprint. This shaking can require an off
bal ance DC notor that rotates and shakes the fiber, which in sonme instances
can cause undesired noise and vibrations that need to be danped to avoid
causi ng i magi ng probl enms. The shaking can al so adversely affect reliability
since off balance DC notors have a shorter nean tine between failure than



[013510ne enbodi nent of the current invention produces a substantially
uniformflat-top beam (i.e., illumnation/excitation area or footprint) by
m xi ng the nodes of the nultinode optical fiber using a rotating X/ 2
wavepl ate (retarding plate). The spatial content of the nbdes depends on
the state of polarization of the input light. As polarization is changed,
the spatial content is changed. Thus, the position of interference m nina
and maxi ma changes as the polarization of the input beamis changed. If the
waveplate is rotated at an angul ar frequency that is faster than irrage
acqui si t {H@N vhyl % I r e can_be duc t he

ti mescal Ea ofbtyt he plggghvgtttﬁ(gﬁﬁérﬂt che Upﬁg%adrytd%%ﬁ’lq}ar ge’r%czcﬁ’l e?r%cg Gac 'tl"ﬁ‘éf

wavepl at@ﬁ%ﬂﬁr@lgége Hﬁ@e@)fmﬂﬁﬁ@em@ttvafmebngthdwmm@g 682 trmiand S50empend od. The

time periags tinfes (olfli star@BR BUbL) tured of the area
y * ?t%t t ou?pu?gféem&rﬁgogagh%ﬁgat?%dtg)?:%gghagfmqﬁe flowcells in

iIlum nat ed

certain %eéaﬂ'é%‘éﬁtrﬁ‘&agﬁﬁb@dﬁéﬂ%e}héﬁmvﬁ?g tFlpyput Whercibe taramierbodi ment s, t he
time permodeslcﬁanﬁqwg\lat @MvelsQs O h%thcﬁﬁp’leh@J; kh)é n‘i’cﬁt‘é!;c‘f%%%%}g it Qoftf‘hﬁn ose
period for gach mage captured by a canera camer

parti cul & $&fu&lci ng enbodi nents herein). it will be appreci at ed t hat

such exposure tines can vary from enbodi nent to enbodi nent, e.g., fromless

than 1 ni®disk o ovelt will be appretiatsdihar &e&ﬁ[ﬁdhm@numﬂe Héﬁca%httﬁ&éﬂo
25, 50, 100, 250,

requir eng%tat nent . (e.

500 or efh dtyn%n%enr}:}tcs’':?’3 Sfra"g’]e(‘ 639%‘?& t@(fta“i(ﬁrﬁ’de?‘?f@mb%’ﬁoﬁé’t thhore mace: at
| east 1, dseamyovar@fmn B0indE06f reB5@ionFN0 carsedhE moaaaenﬁsrta;ﬁmr the deikedt he

caner as ;ugedilgk exXR 50-500 mlliseconds. In
certain 'engo i mte'%l]éel “E’i?gﬁ%veg%"gg“ ‘éé‘ﬂ“sfao'tﬁé’t anggggi IR e HR5REO™ han a ful |
rot ati orf*ed®i Fgr errenple, rﬁeﬁtperrmmm,:ttmgttse illminatereis eoRodilyRgi@zehiaRimg can

al so be yiachy gee r t|on of. the paolarizatigon can be
acconpl i shed %&anéhu#ﬁer Mt&%\/\g vp |n8asﬂueeﬁl’8%5q LG EP5eang ?ﬂéin

wavep| athgck f W‘War’tﬁecfthﬂa?afelmwenb’sieﬁemd by sachXgReenmmpeplind as G(spe wavepl at e
3800 i n chbfiés Groad) cirfle do SdligR! [ rotate sui t abl e DCrmtor
or the Ilkl%b@olperafllna at alggeg ?laigté&gr\t?dg%hhmstomfgaepxgﬁ 418 WF prlex

subst ant &FF3FHGR PSSR ?ﬁé@%sql@ﬁmg)ﬂe[@etﬂlemngamhbnga:pmsopr| ate i mage
capture tinme. O her enbodi ments conprise nodified wavepl ate(s) which

consi st [@f1ever a|Efﬁet®ﬁ¢}Q5fSWéXfa af e it el BN ER] Rt gs, with
ff%irgnt directions (@Zlelpa\{/vfao\?g@nltgép%g%‘%]

t he fast l 1(ljnral ent ﬂ %F
Fi gure S & i ¥ dPFFRPEC PR 1 opdeiof sfrasion, ﬁ“?dwﬁff%t?‘?eiﬁth of
ways/ anmsimiisht saumwaltc fﬁstser.zsm osENGnObIANEY ARER g AbuRELH hedith i 6, DC ot or

opti onal, otate as fas t he enbodi nents wth several
sgctl onéékgpqgﬁﬁt tntg% fhe EHDGTiCReM yCB‘EtHthed@@fC&é’gﬁcr%@ﬁ"‘%@ fineduwiadber yst al s

(such aﬁYﬂfbgmgﬁéhgihnqwmmmtﬁ;otpﬁmose manuf act ured by Meadow ark Optics
(Frederick, CO) can be used to rotate the polarization of the laser. Wth
such |i gpuieticryst algs, thd 'SP bl tated by var L 0g t he

vol tage across the d Sew ce. 0137&2@}%81?2%%&1 ulgg‘eaa%%"é%’éetal ilagram

r epr esel IS & 'é%%?'f’pkl’c“atﬁ?mf&}dr@ﬁgé ith apfimage ievlypdiedentheated he |nvent| on.

I n Fi gutibrdBated pe@id Ngﬂ@@h@m @gd uhésqéﬁeci%%aé%g Ldré}s?[lﬂgrdsa 1?0'6 punped

solid state | aser (4200) is attenuated seve &rs. The
i nt ensi Py"OFI A" éﬂﬁeir% Oldt}??“ﬁse‘i‘e*%?%tlﬁé‘ﬂue@3@90%1211%1&@[9117&@@:14@6{) (e.qg.

Casi x, Fuazhbling &iticieaty 1s%hﬂ@!}mt&8@r Qfﬂsﬁﬁéuﬂlyr}ﬂuﬁ%ﬁ'ﬂ Rk & x}pggﬁ ]ge%ﬁ £8:300 ( e. g,

Thor | ab I n various enbodi nent's, the enti ser |ntenS|ty

i s not naé”éﬁﬁ’&g" ﬁ?u"éwa PY 2CHEe (G Epite (2 esmpadn Iéﬁﬁtﬂyﬂalﬁemenem&mm s used.

Rot at i oembéditreatsavspl at ﬁﬂl‘l&&@pﬁbﬂa&\dﬁhz@ sa@dh%%ilaﬁﬁr&@:ﬂH &h v?%] y 08 1 npgt t lhaser ]
beamis then passe roug

power i I ar n fixed
second %&\r e%ﬁtlol %%8) QHK‘FD@&%& mﬂ s thag 1 ﬂ@’é?@ﬁdwot% hebt ¢1omere4500 and
4600 i ndependliog opempe pabtjoatit iageirdRes $BhgembMiikom  20%t Mtq 3)10, ke

m cr osc reduces th e re uired size to be accept ed
by 1ot oot R0 Kb B e % JORM Lo a0, 25 39nRO( 250 500 epmept | oo,

Ot t awa, mEHpreaags; atMeest dus, ot 28150, 110, 256 500 bemodeRcddags, IO GigMaY  shown i s
pl aced directly on the chip of CCD canmera 4905 (e.g., Cascade 512,

Phot onetrics, Tucson, AZ). In the exenplary enbodi nent shown, the canera
was operated in franme transfer node-3hd exposures of 100 ns were adequate
to capture the beam profile as explained herein. [0138]1n various

enbodi nents, the current invention, no matter the overall system wth
which it is used, can conprise different waveplates (e.g., different in
terms of type, placenent, arrangenent, construction, etc.), different
mrrors and beamsplitters (e.g., different in ternms of type, |ocation,
angle, etc.). Thus, different enbodi nents can conprise, e.g., X2



terns of its interaction with, nucleic acid sequencing systens (e.g.,

vari ous sequencing by synthesis configurations as described herein), it

will be appreciated by those of skill in the art that the current invention
is also applicable to a w de range of other uses/systens. Thus, the

enbodi nents can include systens conprising one or nore waveplate (typically
rotating) that m xes the optic nodes of a nultirnode optical fiber in order
to produce a spatially substantially uniforminmge or output in a desired
thnefranme (e.g., such as during the inmage capture tine for a canera or the

like). Th - vayepl at e, aspects. can optionally be utilized with

syst ens, g‘ﬁ%ﬁ&g&g%ﬂﬁb‘?@% Srcgétkcll ﬁeégf‘ 1 th%lrné%gé%@gc gRY depf fee iy ohi&r¥hrray or

t he |i ke mitlisgaoniisparorp@usequenci ng reaction. Correspondingly, the wavepl ate
aspects can also include nethods to create a substantially uniformimge or

out put f e 1 nul ol FBRs GRbdEmbitD e duecis W@gopg geg;r%@g&gnq passing the

optic nodes of the fiber through one or nore wavep ypically rotating
and typi Hélftf"y“h? Yttt rgicar Wih syt basede be pirdrvitthdifierragléeht apyesiyrcs.me o
desired Hiffsint 864 nedia] AEARLVAE)QUHSHiITRAASE %Eﬁbﬁﬁgraéf&%i%%%isure of a

i g )

canmera from such exenpl ary enbodi nents dare shown in ure From a

si ngl e eRPULGF 8! nedqd WHFEihnaHex plagirentien éF chgpesgietcand dark pi xel s are
evident in Figure 41A. The bright/dark images result fromconstructive and
detsf[ r u?:t qujﬂl nt ? f Byemge n]?ufdf ﬁﬁﬁlﬁﬂbﬁl@ i:@‘ﬂtdeﬁmitétﬁﬁ)lf ?&%Mc@l&ﬁ{iﬁhtf}i]ﬂnﬁiﬁ‘ﬁio?u! Li {f_Dde
optica e ation o e _wave es results in spatial redistribution
of the daér 3 f{‘ﬁa ’géﬁcéﬁ%p}cégﬁ%%?a%e ﬁ%ﬁﬁeﬁ“ﬁg’?fﬁ@ RLepely ‘gF laseFagbs in Figure
41B. | n ByttulFE gueEsgthdagh SBragionis nnak ehemdmisodihéftes nise WavERIia: €
setting. ASsPBOk i QUS if the waveplate is rotated faster than
the image acq u?silfﬁgl%g Wltgl:{’%éﬁgq lltil’hj‘;%e iy 'ésﬁgtwyl@l (g%?lgi‘ol ipgds ngﬁ FaE¥reand

uni f or m 8Beytiinlishyfaseisell heme npwswlatignm@Gu dhennbibed nariod tidkbnrgets.S

conpar abjy ‘{,,pwgilpet%'rmtﬁyg Hber A .and. aver agi ng the

Fi gures 4%&1: and 4 Dlshodygsaé}_gigl%g?n% I rragrggr\t/&dtngglg%?q’ fuﬁ'g r%c#tg?(ﬁ] %‘g'(“&fegn and an
aver age BcessATiyhEdelengs dimitrgs dof couesd, if ik bpamfédiged #iDpachRifuere 1642, shows
the subsiaptidlstiel QRRIoYre PondilSly! QRLal Rles the

wavepl ate(s). [0141] O her ﬁ%{nﬁddgfl’o‘%{gﬁ% gjdr}%er%%% tg%a%%%%tgﬂég%ép@?tggrm beami s

uni f or m HEEPeEPRSEnHRYY vRjTTrEct pmingtion. it gdemplyethg sembér o obdasaitde the ot at i on

of the |inght oleBRIR ifehaBEELIE QY 12 TRFREIHLE of il ifladiSh Bgnk y or Pockel
cells, and, rei mgi nglt h(—‘-f1 Tl%i ght afterF1 it hzisggé)one lt%#?ﬁg%hggg%sguser. The

di f f user “RgRakhediRercgt g fifmens lightfspursey torabievaba same derres ofpoiferniityglit waves
ori gi nat fhegocdpridthe end of the fiber (if fiber coupled) or at the laser (if
no fiber were present) in such a way that the waves superinpose and produce

the requj beam shape.. e suc xanple is a diffuser with an intensity
profile %}? 2gli nc(x)&lﬁo’(@}ﬂﬁ%ﬁf %Xaﬁpgefj"f?c A2 ?C{d"?sr“eéirigf%’?‘ﬁf’%m@%ss beam
into a tepiidingbediber pltA2}sTdenande inods serpaBlisCis alblopfighaas peehsdigmei N can

opti onal X t.ed thraugh the one or re, conputer
corrponen‘!tré{lgllr%lgt‘ceg(r%I(;aljitc'!tEl @kalgg% p’%&lécgglr"glhﬁ%toé’m @i}%c A& SRR Fhe TGP Ui nat i on
and | i ghtodretceanhling icorpionitdthy tiainedutnyipindadt die hyhdiheasanmdt elera®pect S

her ei n) . 5iPeMh &8RS RS LEGEH] 0143] There.are numerous

devi ces for detecting flﬁgyég%gﬁ%}éc%% %ﬁgﬁgﬁ%{oem%%%f’%ﬁagg&mﬁﬁﬂl caner as,
that carPBgmspacEeofihrameds sseanier/dedaddo echicomubstentially uaigrnt depwuFoent

i nvent i afamble, ERMBHERROL RS HELH! 2. gL Nefle, G, conpri se
a 1 nega ‘q‘?’ﬁ?a CCfibase_d ltopti cgéwl&ﬁg%iuﬁg]}@fféﬁzét%%é%({:rﬁﬁgg}ﬁ% Bli}(g&ﬂ‘l’ c%[’?)1024 back
t hi nned ‘&ﬁd%ﬂ%’f@&awws grigfmally fenged/ whiedbyahaugds imsgmehivgataitenthomn

opt i onaldny nhdARcABhB:E M Bk lndBn fedhid3 MM per tile using a | aser spot
size of 0.5 x 0.5 mn (e.g., a'square spot, or a circle of 0.5 nmdianeter,

or an el ]ll }i cal j&qtﬁd et(?;.%. The caneras can optionally have nore or |ess
than 1 fon pi Xef B9 & TERSHY @noriopallyPepiaked UEoHEREpuERAT Hevayged. | n
many entidienenpls, asistentisndiebr€ v &le HdheisRadartinitad @rddh bhgbieapgr a shoul d

be as f sible, for examle the transfer..rate can be 10 \WMHz or

hi gher, q%t(t)f&%?g%g?me%fﬂy GrEe tﬁﬁ—@ﬁ"”i\/ﬁérgﬁﬁ‘?@%ﬂ e tedy Bearg canehbe v apethby a | ar ger
area of csargeadetenpratrheTiafspoe apiee seqeeosing cheBehicdns yarg@it be i naged
simul taneously for a single exposure. This has the advantage of requiring
fewer stage noves and filter wheel ci3anges, and hel ps to speed up inmagi ng.
In particul ar enbodi ments, the CCD canera/ TIRF | asers herein are capabl e of
col l ecting about 6400 inages to interrogate 1600 tiles (since imges are
optionally done in 4 different colors with optionally different filters in
pl ace) per cycle. For a 1 Mega pixel CCD, certain inages optionally can
contai n between about 5,000 to 50,000 randomy spaced uni que nucleic acid
clusters (i.e., images upon the flowell surface). The theoretical density



of the clusters, as shown in Figure 29 which shows a 1M x i nage of the
nunber of detected clusters as a function of total cluster nunber and

m ni mum cl uster area. At an imaging rate of 2 seconds per tile for the four
colors, and a density of 25000 clusters per tile, the systens herein can
optionally quantify about 45 mllion features per hour. At a faster inmaging
rate, and higher cluster density, the inmaging rate can be significantly

i nproved. For exanple at the nmaxi mumreadout rate of a 20 MHz canera, and a
resol ved cluster every 20 pixels, the readout can be 1 mllion clusters per
second. I.ASLr nt _can be copfigured to have nore than a single canera.
The |i gh;[é}ﬁ%ﬁg\glee ‘ggﬂ% i %8]?651?0%&0? gﬁé‘%ﬁ%‘?% EYSE W5 inderRiaeimptiont @y caner as,
or even bouns det brwl dnoughfadilrer/can® niasphykital fppdiferta BB HRTILRF CanUtQW ai f2a

paral | el ;. blgel ible to sequence .1 mllion pbases, per_ second, or
86.4 bill} o}r?et%s\teagy%g?r?%gﬁr%ﬁﬂ%j'%bé%a“g’rké? t@\%ﬂb%%g‘bf’hﬁfﬂav?{ bsttg up the
optical shayval vified, saueewsl, canmpessedyistlednor hfatdMdoled €05 G 1808 $188ks 1§ her e may

be a red_.gxgi | xci.tatiton, with half the em ssion |ight
opl 1t ¢ oga s (Bt el RSl Db R B Re iy b e SeacTh bt h

i |1 um nabf groeghcacasnl mgplknidabmianighlationate. spalseugthotieghpiacies, bebiydi chr oi ¢
mrror, i i i jrection. and.the green light in a
di ffer ent&Q 8?@2%%%%%&% 5‘% :gévinsQngrt] S@{&S%eﬁge g%@‘?gg‘c ﬁ“%%?oe%oi?raé’gléﬁ’?esfr?’ﬁe si gnal
| osses aS€BEFRYMORFY (Chiwafiahkict)t iGegeralby tinyl ey ofreamink isd intiesoofof  t he dyes
are exposgfhction thed asgr before their intensity is recorded. In sone such
enbodi nents, the excitation blocker, e.g., as shown in Figure 36 can

conpri se al notch filter (e.g., 532 and 660 nm. A picture of an
instrurreﬁﬁz\gxr th t %Fé‘f*&’é‘t‘?&ﬁgﬁé isofFhensingide igsx fof ifticéen, SiesriewE 3701
(and t woclidnguoeinksn@X0BY nixmbenIWeddsNetEl /5160 Sfionh@l d2lable. tinhe s herein is
functi on&il‘#e en@g}%t\ﬁl eﬂngS éo the i mage size mapped onto the substrate
surface. Tiles can pe; e.ydl.afn“b’?“g%e%f?é‘,‘bh@.gga‘?ﬁﬁé‘}l’rﬁeﬁf‘ﬁ%m2f°rﬁﬁ=’@eéltee, al t hough
the si zeawh whie thé inslewis Variddyansh ilomatia GRANE¥hRNRoas chl¥e MRk 3pd Si ze
of pixelg, el  of magnification. Also, it

nd the desired | eyel
will be aggﬁ‘)e‘%?%?ﬁ?@f@% ﬁg&n%@um MW&%}’& PR Ce G &redich Shegwmbesi ze or
shape asoftiles.|thambreaiarblhgatqrs. nSinfileoyfohaulipraiodts Q4 Resi | ght source),
al t hough,t.hi.S.q e.advant ageous if . the mnimzation of photobleaching is
desired. p[0ﬁ6?% ﬂ%tcaftlt%g%f’%ﬁ’lrl %3138%%‘1 NpLbp ﬁynfﬂ‘]é’“ ¢ ‘E]§’“€ﬁ‘b‘8[3ﬁrr§’e‘ht’§15her ein, the
caner a/ | RiskErredylyt dhesvagigliprentinddxugrefscance: fanasm¥ di fferent fluorescent dyes
(i.e., one for each nucl eotide base type added to the flowcell). Again,

addi U on@lizamt er | afip0ies 0886 5nAS B Tetlr mdd du BB GANGERLR digoar ding, SBS
pp

sequenci ng can be found in applicants' co-pending ications, for exanple
WD04018487PeSRIFAGT 8% Ehs prpregs7 95 rarp e ora Slomghe texses, SWBOS0240 $6ifand

W06120438p hapolijmerasas) ch0RINEE8 bt dyshhiassatL.ashe .gyes), and
WO 98441‘% .V‘0060641%§ f‘%g%l WO07010251 y?cl tj:st(gjrca%li epér a@%rg%%geﬁg}sglgdiuenci ng) .

10147] Fi JurHEE 1 shge B shitviarmsiabigdllussasithat émegsa chigbe depohtdraht he

caner as use of shaped-core fibers. Figure 33 shows a nonscrambled beam oufput (A) compared
with beam outputs wherein the fiber was shaken, ¢.g., through use of a MKIII MS from
Point Source (Hamble, UK) (B), vibrated, e.g., with an MKIV MS from Point Source (C),
or squeezed, e.g., through use of one or more piezo-electric squeezer/conmpressors {e.g.,
squeezed over 6 nodes at about 500-600 Hiz 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). Simifar results are shown in Figure 34 A-D for a
rectangular core fiber: nonscrambled (A), shaken (B), vibrated (C), or sqﬁeezed ). In
Figure 34 the examples were all done with the same fiber/laser types. Figure 35 shows
similar resulis ont a number of different Jaser sources and scrambling procedures. Thus in

Figure 335 the panels correspond to: 660 um wavelength diode laser in a rectangular core

-32.



and | asers of the present invention, including a backlight design, a TIRF
I magi ng configuration, a |aser focusing configuration, a white-light

view ng configuration, and an alternative |aser focusing design. The white
| i ght excitation source is optional, and can be used as well as, or instead
of, the excitation lasers. Figure 1 shows the backlight design system

whi |l st recording an inmage in the TIRF i nmagi ng configuration. The
configuration in Figure 1 for the '"MP imaging is optionally a configuration
of the backlight design setup shown in Figure 13. In Figure 1, one of the
two | asegs, (vg,a,,l,@&gg | us um nate the e (in

f1 owcel | 110 ), ‘and a %?n g)(AiQIQ% th’faﬁaem gg?rw"}’% és‘g’ CI??‘%’[%F%“%"% Flter
swi t chi ndy %%%Iérfﬁwyle&gm)soln%ststellc@em‘edh 1o noge evrainbling (ﬁ@hmi teisasé fhewavel engt h
and t o Cylh @tan@B Yook k3Y | oth f.ocus | aser
(150) and opti acl)na |temFﬁ§g%2{D) L 868 ?T%‘Jegggdﬁo e‘n(lbﬁ(é(foé’dt he sanple as
t hey ar eCgipgidpr) B'I“Bé’i@éﬁpdmsﬁlr@mhsaﬁﬁ)t@dtbrsaswftbchwdh dfdamitasee il um nation
101 and dokd:iTiat} Arssh O 4l ofd Liye and
canmera 102 are al 250 sh Swn SurO g&?‘%ﬂnﬁ%&ﬁﬁf %?ﬂ]eo SE%A&%E@E&%‘TC

syst em | WIERE W&é%qrwlmé@gﬁﬁ@mm victhbager (tivedspisic nd mdasdaﬁnbm@g(ung

confi gura&ﬁlxﬂﬂad anucﬁn%'é&% AbigRdnl 353714 gtluid delivery
nodul e 1300, }qﬁg 131 2}1 vvamsége)lvaﬁve&%gg%%{eqaégwgﬂt?ﬁﬁn “§€t uat or 1330,
heat i ng/ (9536‘?1?1?@ ﬁ%‘f‘f@ FIY‘(Bé‘“@mOdPéﬁPlﬂlii‘l@hI)g@BS camera (e.g., CCD canera)
1340, lens objective 1342, filter switching assenbly 1345, focusing |aser

assenbl Mﬁ&&aséww | asers assenbly 1360, |low watt |anp 1365,
preci sion XI' stage 1370, focus (z-axis) device 1375, mrror 1380,

‘reversepigiichr oi gy l&ﬁéemﬁgﬁ @t@?\@re%’ Q%erc f%pt;ea sﬁg’%o 3! 0148% ur e 14 shows
a sinmlar systemas that In SHCRELP H 58

conf i gur'&ttRes Heseebaams a&(@t@aﬂimeﬁa%ﬂssh@pw lllmratnasﬂémm fygr éfﬁGﬁint and

opt i onal Wr€and @M L4060 sw t S 450 | on and
shi nes |6§§gd the s ggem f%%g%eamcggﬁg'ts %%Lb?'{drl‘gmb% %w?i K2 ?efgufn rror 1%
beam spl'P *{&F thWﬁgEPP‘dli‘ ragqus écha?Sﬁlef%‘ea'ﬁmM@Qbmmt@gmu@m @&dsmlerd o hit a
smal | sprd lrﬁﬁglﬂé'ie p&ddtRle8 ubing afd@%%!:e Jv'%ljrg%aar ﬂﬁcﬁ %@El’{e%l&xgma &rt fromthe

sanpl e returns up objective (1442) through an enp ter wheel
swi t chi i 08%@?8”9‘3&'&&?‘3%@‘ bestilediprgvasy llmn@mﬁeiﬂ’&l phaudleadliieg posi tion of

t he spotar@@ot;daﬁiefﬂaelm{ageb@m@%gato ensure the sanple is at the right

di stance fromthe objective, and therefore the image will be in focus. The
nunberl ﬂ% t he %eomants |dn Fi gﬁre 14 is simlar to that of the elenents
in Figure 13, but ni B R aaeny fereinapngigpd ¢ Heapgask i sippe tedgemcor r esponds
to a si ﬂn@m—lr@l%mmm&&sampl@ surfire (%tcﬁfc%b‘;&m'ixyﬁ}t ®mtk Snd@palidiped in

nore de 49] & 5 shows the ona ht view ng
confi gutﬁgkqeolﬁ%h{?%c ILSQ:} foc ug}gﬁé@g%&siﬁ%oﬁ%‘tamq %‘ﬁ?‘?rﬁﬁgﬂogé%‘?*%%?@m are
off. In Tékawlidbmwaéahiahsmpmnrexwffmemly gt fdrnmmmnmmaﬁcrbpdgm dda@ba goes
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shows t menS1 G &g CYBBMHST s8R alse be heisgaednbaslightenerigatheireom t he
fiber. In order to illumnate a circle on the substrate, the beam nust be
projected fromthe fiber as an ellipse since the beamhits the substrate
surface at an angle to the normal. Edge view 1700 of circle projected by
ellipse 1730 (e.g., an elliptical be2dn shape required at fiber exit

(1 ooki ng down fiber centerline at 22). The prismface partial outline 1710
is not to scale and the edge view 1720 of ellipse 1730 is shown on the

m nor axis. Likewise in order to illumnate a square on the substrate, the
beam nust be projected onto the surface as a rectangle, as shown in Figure
18. In Figure 18, rectangle 1830 is shown. A rec-elliptical beam shape is
required at fiber exit (looking down fiber centerline at 22). Edge view



hit the substrate surface at approximately 68 (relative to the nonnal) to
achieve a total internal reflection and generate an evanescent beamt hat
excites the fluorophores on the surface. To control the path of the beam
through the prism and therefore keep the illum nation footprint directly
over a stationary objective lens as the flowell nobves, the prismmy have
a geonetry where the angle of the prismto the surface is also 68, thereby
ensuring that the Iight always hits the prismat 900. The desired geonetry
of the prismis nore fully described in application WO03062897, and the

exe! a0 b AN IROUEL W InS AR DL LS, 201 8L, LO197] Beam shape of

the | asers I's optionally contro 1l ti node

fi ber ouflpuéclend in order to create, e.g., a square beam See, e.g.,
Figures 21. Figure 21 shows imaged beamresults from such polishing. In
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phot obl ?gﬁg%ng and therefore exposure of substrates to the |aser when not
needed i ner al I5yenfhopsh te guoey gyaimicinodsstiordlinhend rragesaging r ecor ded.
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filter is simlar to the intensity of the 560 fluorophore through the
610/ 75 filter. Thus the two fluorophdfes can be clearly distinguished using

a single laser and two em ssion filters. [0155] The effect is not wavel ength
specific, and can be perforned using any



excitation wavel ength. The sane effect can therefore be achieved using the
red |laser. Two fluorophores that absorb at 650 nm and 680 inn can be

di stingui shed using a narrow filter close to the laser (for exanple a

682/ 22), and a broader filter further away, for exanple a 700 | ong pass.
Again the intensities of the two dyes through their respective filters is
simlar, whilst the signal fromthe 680 dye in the 682/22 filter is nuch
reduced. Both dyes emt into the 700 | ong pass channel, but the signals can
clearly be determ ned due to the different |evel of em ssion in the narrow
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the | en{"SHI SRS éala 815 STRPHEICR CEh ECEBRIE ad@“td‘FﬁrSt%lMBPlﬁt@t he i nstrunent
(e.g., 20X lens). Simlar autofocus systenms which are optionally included
within the current systens and devi ces have been previously described, for
exanpl e in WO03060589. [0158]Wth particul ar autof ocusi ng aspects here| n,

as the inmmging plane noves wth respeét to the objective lens, the
reflected nonitoring beamal so optionally noves laterally (i.e. dotted |ine
is the in focus plane while the solid line represents an out of focus pl ane
which gives rise to a lateral shift in the detected beamin Figure 25). The
dichroic mrror chosen in such enbodinments is usually one that reflects the
aut of ocus beam The snall |eakage that is actually transmtted (c.a. <5%
is nore than adequate to observe on a CCD canera with no emssion filter in



(4) 1591l n enbodi nents conprising autofocus aspects, the conputer conponent
optional Iy conprises an autofocus algorithm Such algorithms optionally aid
in the determ nation of the correct focus (e.g., by nonitoring the above
measur enents and adj usting accordingly). The autofocus spot can be nade to
nove in a |ID manner e.g. in just the y-direction rather than x &y, thus
sinmplifying the procedure. The focus position of the objective lens is
assuned to nove in the z-direction. [0160] The first step in sone

enbodi ments of the autofocus analysis is a "Setup Response function”
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Sy2 _(Y)destrabinblyQitedere WMz dacEbingr, Bhs producing local minima and maxima in the

intensity profile of the laser (or other light). Some embodiments produce a uniform
footprint by physically shaking the fiber at a timescale shorter than the exposure time of
the camera capturing the images, which averages the Intensity minima and maxima and
produces a uniform flat top footprint. This shaking can require an off balance DC motor
that rotates and shakes the fiber, which in some instances can cause undesired noise and
vibrations that need to be damped to avoid causing imaging problems. The shaking can
also adversely affect reliability since off balance DC motors have a shorter mean time
between failure than balanced motors, and may increase physical wear on the fiber.
Because of these factors, mode mixing in a multimode optical fiber without mechanical
vibrations and, in some instances without moving parts, by using waveplates can be

advantageous in some instances.

[§135] One embodiment of the current invention produces a substantially uniform
flat-top beam (i.e., illumination/excitation area or footprint) by mixing the modes of the
multimode optical fiber using a rofating A/2 waveplate (retarding plate). The spatial
content of the modes depends on the state of polarization of the input light. As
polarization is changed, the spatial content is changed. Thus, the position of interference
minima and maxima changes as the polatization of the input beam is changed. If the
waveplate is rotated at an angular frequency that is faster than image acquisition 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
lluminated by the light output (¢.g., substrate areas of the floweells in certain sequencing
embodiments herein). Thus, in certain embodiments, the time peripd is equivalent to or
substantially equivalent to the expose period for each image captured by a camera (e.g., a

CCD camera in particular-sequencing embodiments herein), It will be appreciated that
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Equation 4 Yo Thus, fromthe 5 data points, the values of ¢, mand yo are
determ ned giving a known response function. [0161] The next step in such
enbodi ments of the autofocus analysis conprises "Calculate newC (for put of
focus position)" wherein for each position ¢ is constant, i.e. doesn't
change for an out of focus or in focus position. However, it does change
for different positions. Hence as the stage noves to a new position NewC is
cal cul ated fromthe changed Z and y values as: Equation 5 newC = ;required
-nmeasured [0162] The third step in the process is to use newC to cal cul ate

known
r ﬁqw rEed s%c[p@@ggﬁxﬁ Bindel ‘é‘érfl%)w 235 ﬂo&%ﬂa&&&% ts eﬂ(bc%ﬂrsaéntt | eog? ﬁgr%)less thanl P <no
t hat uatl on newC =

d msec to over 1 hour or more dependmg upon the particular requirements of the

embodiment {e.g., at least 1, 5, 10, 25, 50, 100, 250, 500 or more psec; at least 1, 5, 10, 25,
50, 160, 250, 500 or more msec; at least 1, 5, 10, 25, 50, 100, 250, 500 or more seconds,
etc.). For the cameras used herein, the exposure time may be 50-500 milliseconds. In
certain embodiments the waveplates can rotate less than or more than a full rotation during

the time period, thus, in some embodiments, aliasing can also be included.

(0136} While the rotation of the polarization can be accomplished by a number of
ways, typical embodiments rotate the waveplate. In particular embodiments herein, a A/2
waveplate (see waveplate 3800 in Figure 38) in a suitable housing is rotated by a suitable
DC motor or the like, operating at a speed fast enough so that a spatially substantially
uniform image is produced during the appropriate image capture time. QOther
embodiments comprise modified waveplate(s) which consist of several sections of
onented waveplates or smaller pieces, with the fast axis oriented in different directions
(see waveplate 3900 in Figure 39). Since sections rotate the polarization in different
ways/amounts, a much faster mixing of the modes can oceur and the DC motor optionaily
does not rotate as fast as in the embodiments with several sections. In yet other
embodiments, other devices, such as liquid crystals (such as, but not limited to, those
manufactured by Meadowlark Optics (Frederick, COY) can be used to rotate the
polarization of the laser. With such liquid crystals, the polarization can be rotated by

varying the voltage across the device,

(6337} Figure 40 shows a schematic diagram representing an exemplary
arrangement of an embodiment of the invention. In Figure 40 linearly polarized lighi 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 49500
(e.g., Casix, Fuzhou, Fujian, China) and polarizing beamsplitter cube 4300 (e.g., Thorlabs,
Newton, NI}, In various embodiments, the entire laser intensity is not needed, thus, in the
example described only about 0.1uW s used. Rotation of the waveplate 4000 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 mirrors 4500
and 4600 into microscope objective 4700 (e.g., Nikon, 20x NA 0.3). The microscope
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Hence Equation 7 newZ= newC myo m & yo are neasured fromstep 1 (once per
chip). newC is neasured fromstep 2 (every position). Hence newZ can be

cal cul ated. [0163] Anot her aspect in auto focus conponents of the invention
conprises |aser pointing stability requirenments. To assess how nmuch pointer
error can be tolerated in the auto focus |aser, one can view the objective
as a sinple thin lens with the proper focal |length as shown in the
exaggerated drawing in Figure 28. [0164] Si nple geonetry y then yields that
the angle cb that would cause the auto focus | aser bean1to appear shifted

by one pbgﬁ%u\besre%dgp 1 b8m o Wrt@e\a%ﬁ fgﬁ téﬁ QCI%Q X ma't %ﬁgbsml !
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t he | asef*Réysihe eam my ?@ﬁéﬂﬂ@le@ﬂhmﬂlms seen t hat the bi ggest pointing
change that can tolerate for the auto focus laser is 60 wad. [0167] To neet

that sor[0188] st abi In iayioi LAMMJIIBTEAL, (B SlrdRCHBioh AR hARIRY AMetiGysem
with which it is used, can comprise different waveplates (e. &, different in terms of type,
placement, arrangement, construction, ete.), different mitrors and beam splitters (e.g.,
different in terms of type, location, angle, etc.). Thus, different embodiments can
comprise, e.g., M2 waveplates, A/4 waveplates (e.g., when the input polarization is
circular), A/n waveplates of other specific retardation, etc., and can comprise at least 1
waveplate, at least 2 waveplates, at least 3 waveplates, or at least 5 or more waveplates in
various arrangements. The waveplates of the invention are not necessarily limited by their
construction. Thus, solid crystal (e.g,, crystal quartz, or any other appropriate substance)

and liquid crystal waveplates are included herein.

[8139] While the current embodiment includes, and is described throughout in
terms of s interaction with, nucleic acid sequencing systems (e.g., vaﬁous sequencing by
synthesis configurations as described herein), it will be appreciated by those of skill in the
art that the current invention is also applicable to a wide range of other uses/systems.
Thus, the embodiments can include systems comprising one or more waveplate (typically
rotating) that mixes the optic modes of a multimode optical fiber in order to produce a
spatially substantially uniform image or output in a desired timeframe (e.g., such as during
the image capture time for a camera or the like). The current wavepiate aspects can
optionally be utilized with systems, such as those 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).

~38.



variations, it is highly recoomendable to use a fiber optically coupled

| aser. Unless a solid state laser is very carefully tenperature controll ed,
it will be difficult to maintain this sort of pointing accuracy within a
reasonabl e anbi ent tenperature spec range (e.g., 20- 30C. ). [0168] To

provi de additional information and theory in regard to focus tracking
algorithns, a nore detail ed exanple of inplenenting the autofocus systemis
gi ven below. [0169] The first step in some enbodi nents of the focus tracking
procedure is to obtain the image of the autofocus |aser spot on an inaging
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conput ed. [0170] The second (fine) pass analysis is performed in three
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9142} The various mode scrambling aspects herein can optionally be

controlled/manipulated through the one or more computer component and are typically
coordinated/synched with the light illumination and light detection componerts (also

typically by the computer aspects herein).

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 pum pixels, which at 40x magnification can optionally image an area of 0.33
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ry spot. Four steps can be done to carry out such additional pass:
?E§O$ﬂg g-b?t I mage (frogrthe First Pass) is thresholded at a | ow threshol d
of 16; (2) It should be noted that at this |ower threshold, the nunber of
pi xel s (area) of the primary spot conponent increases. This area of the
prinmary 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
primary spot conponent is identified as the secondary spot; (4) The
geonetric centroid of the secondary spot is recorded Center of Light
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about 6400 images to interrogate 1600 tiles (since images are optionally done in 4
different colors with optionally different filters in place) per cycle. For a 1 Mega pixel
CCD, certain images optionally can contain between about 3,000 to 50,000 randomly
spaced unique nucleic acid clusters (i.e., images upon the flowcell surface). The
theoretical density of resolvable clusters per unit area (or image) is dependant of the size
of the clusters, as shown in Figure 29 which shows a IMpix image of the number of
detected clusters as a function of total cluster number and minimum cluster area. At an
imaging rate of 2 seconds per tile for the four colors, and 2 density of 25000 clusters per
tile, the systems herein can opticnally quantify about 45 million features per hour, At a
faster imaging rate, and higher clnster densi ty, the imaging rate can be significantly
improved. For example at the maximum readout rate of a 20 MHz camerd, and & resolved
cluster every 20 pixels, the readout can be 1 million clusters per second. The instrument
can be configured to have more than a single camera. The light can be split to
simultaneously image two colors onto two cameras, or even four colors onto four CAmEeras.
If four cameras are used in parallel, it is thus possible to sequence 1 million bases per

second, or 86.4 billion bases per day.

[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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[0174] The extracted data can then be used to calibrate the Z focus, and

t hereby determ ne how nmuch to nove the objective in order for the inmage to
be in focus. The overview of the calibration procedure is as follows: (1)
Calibration for the Z focus is done (with user help) at the beginning of
every run; (2) At the beginning of calibration the user nmakes sure that the
image is in focus, i.e. at the focal plane. He/she thus sets the Z focus
point zi; (3) This enbodi nent of autofocus relies on user input and the
coordi nates of the autofocus |aser spot on an inage (4) As z is changed
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and the desired level of magnification. Also, it will be appreciated that the tile does not

have to equal the same size or shape as the illumination footprint from the laser (or other
light source), although this can be advantageous if the minimization of photobleaching is

desired.

[0146] As staied previously, in the various embodiments herein, the camera/laser
systems collect fluorescence from 4 different fiuorescent dyes (i.e., one for each
nucleotide base type added to the flowcell). Again, additional material on other aspects of,
and other concepts regarding, SBS sequencing can be found in applicants’ co-pending
applications, for example WO04018497, WO04018493 and UST7057026 (nucleotides),
WO05024010 and WO06120433 (polymerases), WO05065814 (surface attachment
techniques), and WO 9844151, WO06064199 and WO0O7010251 (cluster preparation and

sequencing).

[0147] Figures 1 and 13-16 show various possible configurations of the cameras
and lasers of the presént invention, including a backlight design, a TIRF Imaging
configuration, a laser focusing configuration, a white-light viewing configuration, and an
alternative laser focusing design, The white light excitation source is optional, and can be
used as well as, or instead of, the excitation lasers. Figure 1 shows the backlight design
system whilst recording an image in the TIRF imaging configuration. The configuration
in Figure 1 for the TIRF imaging is optionally a confi guration of the backlight design set-
up shown in Figure 13. In Figure 1, one of the two lasers (in laser assembly 160) is used
to illuminate the sample (in flowcell 110), and a singie 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 famp (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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Princi pal Conponent Analysis, 2nd ed. Springer Series in Statistics, 2002.)
based regression is performed between X and Y, |eading to a new

coordi nates system R and Q as shown:. The (It, Q coordinate space It
shoul d be noted that: (1) Oigin of the (R Q systemis at the center of
mass of the (x, y) points; (2) A best fitting (principal conponent) line
defines the R axis; and (3) The orthogonal line to the R axis defines the Q
axis. The nodel calls for high correlation between X and Y. The Q

coordi nate val ues can therefore be regarded as error "residuals" fromthe

best fit ¥ e esi du and correct the
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1345, focusing laser assembly 1350, excitation lasers assembly 1360, low watt lamp 1365,

precision XY stage 1370, focus {(z-axis) device 1375, mirror 1380, “reverse” dichroic

1385, and laser fiber optic 1390,

[6148] Figure 14 shows a similar system as that in Figure 1, but in the laser
focusing configuration where the excitation lasers (in laser assembly 1460) and optional
white light 1465 are switched off. Focusing laser 1450 is on and shines into the systern,
hits beam splitter 1485 (e.g., a pick-off mirror 1% beam splitter) which direct a faint beam
1402 down the objective to hit a small spot on the sample (in flowcell 1410). The
scattered light from the sample returns up objective (1442) through an empty slot in filter
wheel switching assembly 1445 and is imaged by CCD camera 1440. The position of the
spot on the camera is used to ensure the sample is at the right distance from the objective,
and therefore the image will be in focus. The numbering of the elements in Figure 14 1is
similar to that of the elements in Figure 13, but numbered as “14” rather than “13,” c.g.,
1460 corresponds 1o a similar element as 1360, etc. The autofocus system is described in

more detail balow.

{0149] Figure 15 shows the optional white light viewing configuration, where
focus laser 1550 and illumination lasers 1560 are off. In such configuration the white li ght
from low watt lamp 1565 goes into the system as beam 1503 and is imaged directly on the
camera. Here too, the numbering of elements, except for beam 1503, etc., follows that of
Figures 13 and 14. Figure 16 shows an alternative focus configuration where the system
contains second focusing camera 1641, which can be a quadrant detector, PSD, or similar
detector to measwre 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.

[8150] 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 berein. Thus it will be

appreciated that the shape (e.g., round, square, etc.) of the laser bearns and/or of the
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engi nes. Training the XY PCA Re_gression Engi ne I nput A sequence of
Center of Lights (x, Y) extracted fromthe sequence of autofocus spot

i mages acquired as z is changed. Qut put: The PCA Regression
Coefficients, i.e. transformation to the (R Q coordinate space.
Descri ption:

Imaging areas illuminated by the laser beams can optionally vary between different
embodiments. Figure 17 shows the dimensions and geometries of the beam as it emerges
from the fiber. In order to illuminate a circle on the substrate, the beam must be projected
from the fiber as an ellipse since the beam hits the substrate surface at an angle to the
normal. Edge view 1700 of circle projected by ellipse 1730 (e.g., an elliptical beam shape
required at fiber exit (flooking down fiber centerline at 22°). The prism face partial outline
1710 is not to scale and the edge view 1720 of ellipse 1730 is shown on the minor axis.
Likewise in order to illuminate a square on the substrate, the beam must be projected onto
the surface as a rectangle, as shown in Figure 18. In Figure 18, rectangle 1830 is shown.
A rec-elliptical beam shape is required at fiber exit (looking down fiber centerline at 229).
Edge view 1800 of the square projected by rectangle 1830 is also in.dicated as is prism
face partial outline 1830 (not to scale) and edge view 1820 of rec-ellipse 1830 (minor
axis).

[08151] As shown in Figure 19, the prism is desigoed to allow the imaging beam to
hit the substrate surface at approximately 68° (relative to the normal) to achieve a total
internal reflection and generate an evanescent beam that excites the fluorophores on the
surface. To control the path of the beam through the prism, and therefore keep the
illumination footprint directly over a stationary objective lens as the flowcell moves, the
prism may have a geometry where the angle of the prism to the surface is also 68°, thereby
ensuring that the light always hits the prism at 90°. The desired geometry of the prism is
more fully described in application WO03062897, and the exemplary size and geametry is

shown in Figure 20, etc.,

[0152] Beam shape of the lasers herein is optionally controlled by polishing the
multimode fiber output end in order to create, e.g., a square beam. See, e.g., i gures 21,
Figure 21 shows 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 30% 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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Perform Princi pal Conponent Analysis and save the coefficients. A's
the centroid position of the secondary spot, determ ne whether it i
left or the right of the primary spot along the principal axis.

the RZ Linear Regression Engine [0180 Input: The r coordi nates obta
fromthe PCA Regression, the corresponding z values, and the 2 focu
zir . Qut put: The Linear Regression Coefficients relating (4- ZP)

scrambler), the intensity at any point does not vary by more than 5% RMS within the
timescale of 1s-1h and the variation in the total (integrated) laser power is not more than

3% RMS measured over 24 hours.

Hiwmination Svstems

[0153] A variety of illumination systems may be used in devices according to the
present invention. The illumination systems can comprise lamps and/or lasers. The
systems can contain one or more illumination lasers of different wavelengths. For
example the systems herein may contain two lasers of 532 nm and 660 nmi, although lasers
with other wavelengths may also be used. Additionally, in various embodiments, the
lasers in the systems herein are actively temperature controlled to 0.1C, have TTL,
modulation for the 660 nm laser diode with rise time less than 100 ms; have integrated
manual shutters for fast modulation of the 532 nm laser, have integrated beam shaping
optics to ensure the optimum beam aspect ratio is maintained at the instrument interface to
maximize signal to noise ratio, have integrated mode scrambler to reduce ripple on the
output of the multi-mode fiber, and have minimal heat generation. The shutters and TTL
modulation are used to ensure that the illumination is only on the sample surface whilst the
camera is recording images. Dlumination of fluorophores can cause photobleaching, and
therefore exposure of substrates to the laser when not needed is generally minimized,

especially before the images are recorded.

(0154} Figures 224 and B give various filter wheel arrangements of certain
embodiments for use with various opiic configurations. The use of a two laser excitation
system to detect four fluorophores means that two of the fluorophores are excited away
from their maximum absorbtion wavelength, as shown in figure 22B. If the emission
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 by
changing the bandwidth of the filters. For example, as shown in figure 228, 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 {luorophores.
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Description: PerformLinear Regression Analysis and save the coefficients.
Training the Qutlier Detector [0181] An outlier detection scheme is used to
warn the presence of a bubble or to flag a filter wheel problem Input: The
q coordinates obtained fromthe PCA Regression, along with the spot
features for every spot in the calibration sequence are used to train a
classifier to detect outlier spots.

The intensity of the 532 fluorophore through the 560/20 filter is similar to the iniensity of
the 560 fluorophore through the 610/75 filter. Thus the two fluorophores can be clearly

distinguished using a single laser and two emission filters.

(G155} The effect is not wavelength specific, and can be performed using any
excitation wavelength. The same effect can therefore be achieved using the red laser.
Twao fluorophores that absorb at 630 nm and 680 nm can be distinguished using a narrow
filter close to the laser (for example a 682/22), and a broader filter further away, for
example a 700 long pass. Again the intensities of the two dyes through their respective
filters is similar, whilst the signal from the 680 dye in the 682/22 filter is much reduced.
Both dyes emit into the 700 long pass channel, but the signals can clearly be determined
due to the different level of emission in the narrow filter. The adaptation of laser
wavelengths, fluorophore selections and filter bandwidths can be used to obtain a set of
four fluorophores using any number of wavelengths, and the intensities of the emission
through each channel can be normalized using the bandwidth of the filters to control how

much light is transmitted.

[0156) Figure 23 shows a nominal design for an embodiment of the 30x systein ray
trace, while Figure 24 shows the 30x imaging performance. The imaging performance of
the system is dependent on the magnification of the objective lens, and the other lenses in
the system. A smaller magnification will allow a larger area of the substrate to be imaged,
but at a cost of resolution of closely packed clusters and the brighiness of each cluster, A
preferred magnification is optionally between 10X-40X, for example 20X or 30X, The
objective can be custom designed to allow diffraction limited imaging to be retained when
viewing fluorescence objects through a non-standard geometry (for example thicker glass
substrates) and hence removing the otherwise present spherical aberration. The objective

lens may be connected to the detector via a further tube lens.

Autofecus Svstens

10157] 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 autofocus 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 strai ght line on the image (calibration
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Qut put :
feature O,

Internal settings of the Qutlier Detector. Descri ption: For
the nean 110 and standard deviation ao is calculated fromthe
spots used during calibration. The general idea is that a spot would be
declared an outlier spot if the feature 0 is outside the bounds of Po

36.0. However in the current inplenentation only the Volune 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
val ues for both the picture quality and the theS|dy§ feature. B
| ' , r e residue, an upper bou
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ration line is proportional to the change

zf)” in the distance between the objective and the focal plane. In many embodiments,
before the run, the software establishes the orientation of the calibration line (its slope) and
the “sensitivity™: dz/dr (nm/pixel). This is accomplished by taking 21 images with the step
of 1000 nm in z-direction around focus position which is established visnally. The
software also can require the x, v pixel coordinates of the spot when the sample is in
focus: x¢, ye this is deltermined from the first {central) focus image from the set of the 21
calibration iméges. For example, the devices herein optionally comprise an auto focus
function objective achieving 100 nm resolution mounted with up to 50 mm Z axis motion.
The objective lens can optionally move vertically in relation to the substrate, and the
illumination laser can be coupled to the Z axis motion such that the illumination inputs
also move in relation to the substrate. For embodiments having autofocus capability, an
autofocus beam is optionally sent along the edge of the microscope objective lens
(optionally as far off-axis as possible in order to correspond to maximum sensitivity). The
autofocus beam can come from the illumination lasers, or from a separate source that is
optionally a different wavelength than the illumination laser, for example 488 num, 630 nm
or an infra-red laser of 700 nm or redder. The reflected beam is then optionally monitored
by either a quad cell or by leakage through a dichroic beam splitter onto the flucrescence
imaging camera. In such embodiments, the lens and camera are optionally the same as
that used in the instrument (e.g., 20X lens). Similar autofocus systems which are
optionally included within the current systems and devices have been previously
described, for example in WO03060589.

[0158] With particular autofocusing aspects herein, as the imaging plane moves
with respect to the objective lens, the reflected monitoring beam also optionally moves
laterally (i.e. dotted line is the in focus plane while the solid line represents an ouf of focus
plane which gives rise to a lateral shift in the detected beam in Fi gure 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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Runni ng the Autofocus system [0182] A run starts froman inmage of the
aut of ocus | aser spot and uses the coefficients of the transfornations

| earned during the calibration process to make the best estimate for the z
di spl acenent required to nove to focus. Input: An inage of the autofocus

| aser spot. Qutput: (z - zr ) to nove to focus. Al so provides
recommendation of whether or not to nove based upon outlier detection.
Description: Derives best estimate of (z - z) using:

(6159} In embodiments comprising autofocus aspects, the computer component
aptionally comprises an autofocus algorithm. Such algorithms optionally aid in the
determination of the correct focus (e.g., by monitoring the above measurements and
adjusting accordingly). The autofocus spot can be made to move in a 1D manner e.g.in
Jjust the y-direction rather than x & y, thus simplifying the procedure. The focus position

of the objective lens is assumed to move in the z-direction.

[0i60] The first step in some embodiments of the autofocus analysis is a “Setup
Response function” wherein positions of the autofocus spot (Y1, ¥2....¥a) are measured on
the imaging camera for several positions of the objective lens (z1,22...2p). Typically 5
positions are adequate. Shown in Figure 27 is an analysis with just 3 positions. The
movement of the reflected spot is shown as imaged on a fluorescence camera in the lower
panels. For each Z plane there is an associated y-position of the reflected spot {centroid)
on the camera. These five data points (zy, y1), (22, ¥2), (3. ¥3), (Za, y4), (Zs, ¥s) can be
described by a line,

Eguation 1
T=my, +¢

The m and ¢ values are given from the data points from least squares fits as:

Equation 2
oo 22 =2y ) (2)
52,9~y
EHauation 3
5200202z
52,90~y
Eguation 4
c
Yo ==
g}

‘Thus, from the 35 data points, the values of ¢, m and ¥o are determined giving a known

response function,

[6161] The next step in such embodiments of the autofocus analysis comprises

“Caleulate newC (for out of focus position)” wherein for each position ¢ is constant, i.e.
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| . The spot extraction algorithm, 2. The PCA based XY Regression
coefficients. 3. The Linear RZ Regression coefficients. In one

i npl enentation, the outlier detection schene allows a nove only in the case
of a large q residual. In case of |ow picture quality, high volune, or high
area, it recomends non-novenent. |f during |long periods of z

non- novenent, as may be triggered by |arge bubbl es/contam nations in the
flowcell, the surface of the flowell drifts enough to make the secondary
spot appear locally in all respects to the primary spot seen in

calibrat| ) | gorithmwuld |atch onto such spot for the rest of the
cycle evgﬁﬂ?ﬁgﬁgﬁéﬁﬁgmﬁhkg é%@%ﬁfﬁ#ﬁﬁ%??ﬁﬁ”hé dcﬁg‘%ﬁ?gﬁngﬁg¥de t he
f 1 owcel | differgndpetéiionso Heeoronsahe §taginmeswes o pnobbesmiond Kewf ol tawilng &aps can be

taken: | B,.GaAs6.cR I8 recommended, a further check can be perfornmed to
see whet her %ﬁgeg%ﬁ§§?¢i§%§§ exists in the direction opposite to the one

where treahnifgssays it ought to be. If it does, then a nove can be
reconmendéd to this sport using the PCA based XY

newC =27

wteasured " Y measered

[0162] The third step in the process is to use newC to calculate required Z position

(newZ) to get in focus y position (yo}. Itis known that
Equation 6

newC = newd —m.y,
Hence Equation 7

newd = newC 4+ m.y,

m & yo ate measured from step 1 (once per chip). newC is measured from step 2 (every

position). Hence newZ can be calculated.

(91637 Another aspect in auto focus components of the invention comprises laser
pointing stability requirements. To assess how much pointer ecror can be tolerated in the
auto focus laser, one can view the objective as a simple thin lens with the proper focal

length as shown in the exaggesated drawing in Figure 28,

[0164] Simple geometry y then yields that the angle ® that would cause the auto
focus laser beam to appear shifted by one pixel is simply at 2 (A/F) which is approximately

AT for small angles.

{0185] For a 20X objective (with the tbe lens relay lens combination present in
some embodiments) the pixel size is roughly 0.3 ym. The focal length of that lens is 10
mm. Hence the etror angle that corresponds to 1 pixel is approximately 30 prad. Some
emboaodiments 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 prad.
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Regressi on and the Linear RZ Regression coefficients. Conputer [0183]As
not ed above, the various conponents of the present systemare coupled to an
appropriately programmed processor or conputer that functions to instruct
the operation of these instrunments in accordance with preprogranmed or user
i nput instructions, receive data and information fromthese instrunents,
and interpret, manipulate and report this information to the user. As such,

the conputer is typically appropriately coupled to these
i nstrunent s/ conponents (e.g., including an anal og to digital or digital to

anal og c ter a [ he ¢ uter o naI | y includes
appr opri g{igﬂ;oftwa?grﬁ% gﬁlrgeesggio\?ljsﬁ&%)émﬁuﬁr T HEP ﬂ% TR HERPGHUEhe f or m of
user i nptRGlARY ikistighdy a:nemwrzndabkl tdsise eﬁgel opiitallg cGlbled REerl NIt af Or m of
prepr ogr gyiiegh b r riety of different
speci fic oper at Fl %{r:\lsly?gljy %g%mﬁ Lng %I%Jm 7, @%g%s“@h?fgﬂg{’ﬁ@t “’e‘i“é‘” ain thise

sof t war eﬂfﬁ@rp%@mgeacma@mwgbmlansaspu@m onsichiaeappatoRshed ﬁngéﬂ(&%lag:e for

i nstructimg).the correct operation to carry out the desired operation (e.g.,
of fluid direction and transport, autofocusing, etc.). [0185] For exanpl e,

the conpigttes] i s Opr thdeﬁdﬂﬁ@gaitzﬁfo%ﬁtﬁﬁt atgel)w_llﬂ réérl? UIO sotneg%n to control

flwdflq‘bﬁiﬂg gh a variety of onent
opt i onal F§°THPPEct E’ofeh t%@ﬁ%‘ﬂﬁk ef “’t‘lﬂ@n%mwgdmalmfem@@?&ﬂ@nss ginuc| eot i des,
enzymes,bedde. , into and through the flowed!: [0186] The conputer also
optional ly recei ves the data fromthe one or nore sensors/detectors

i ncl uded®df%Ini n t HBhesHist @ep maﬁﬂheIeﬂibeﬂlﬂ{eﬂis%fm&QOéjﬁttﬁckiﬁg bhﬁéd&é fvdes it in
a user upglersiod forpat. o fes that data to initiate further controller
instructions, in &cordance W e’ﬁﬂ%“fi’r‘ﬁ’g‘w&ﬁ%ﬁ@vm%“@wh@%heﬁ@ in

moNi t or | iMgemed-anwrtL rddta Gbof thewrirai-esot is&ﬁﬁﬁd’t@d Hrews padBdbhgslcbkge [0187]1n

o Lo tags aEUEBH A% ind AR Bhib Badq ot bon SiTontrh 1 osaPn, ¢ ho

sof t war é‘ﬂ@%WW¢W%SMWObWM&BIcoﬁx@]ﬁiﬁfdr@&et@frmﬁﬂﬂ@ #hd gorescent | abels
d Th t t [

and noniehkPer CiznhRGd Bﬁu.%yéptok fe%tug si?;gigsﬁ R £§§§"82” A SO %l%ca y

provi des |nstruct|ons aut of ocus
syst em sgpe: (1) the 16-bit image is converted to an 8-bit i mage, with maximum of the image set

to 255, minimum of image set to 0, and all other grayscale values linearly in between; (2)
The Picture Quality of the image is computed. Picture quality is defined as the average of
the normalized autocorrelation of the image with itself with shifts of unit pixel io the left
and unit pixel down. If the image is nojsy, then since noise does not correlate with itself,
this measure will be low; (3) Next, this image is thresholded at 128. Anything above this
value will be regarded as foreground, while anything below this level will be seen as
background. Starting from the grayscale 255 (i.c. the hotspots), region-grow to find all 8-
connected foreground components; (4) Of all these candidate foreground components, the
component with the highest average brightness is chosen as “the™ component specifying
the position and approximate size of the primary spot; and (5) The bounding box of this

component is computed.

[0170] The second (fine) pass analysis is performed in three steps: (1) The sub-
tmage 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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[0188] Any controller or conputer optionally includes a nonitor, 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.
Dat a produced fromthe current systens, e.g., nucl ei ¢ aci d sequence
results is optionally displayed in electronic formon the nonitor.
Additionally, the data, e.g., light emssion profiles fromthe nucleic acid

arrays, or other data, gathered fromthe systemcan be outputted in printed
form The data, whether in printed fornlor electronic form(e.g., as

di spl aye ORI an .be | rlo forma

curves, %?%%gg?ans ﬁﬁ%%%%%mgé??% a¥ Sﬁle 1“@?@3 zhﬁEgﬁa”rhﬁ@mﬁ

[ 0189] COMQDJJI efrd @trcwttm,yo} 8, mf. 6%6p19§7(9ed1 Conpuibroxndshibetvishel udese 1e. g. ,
numer ous u such, as cro soQr., . menpr
|nterfacéth§cﬁﬁ%s@ %%ﬁgb%¥ s@z%ﬁ ¢ ShalT mﬁma Jﬁﬂéwﬁﬁﬁgﬁakhggﬁw ‘i ve,

fl oppy diwkeeed j@egrquili apmpoagaéd dﬁjtcmemﬂdv&mhsas drclprmesyle:;kbt abbanwrtitieabl e
CD- ROM  andy otREGuROATRR & &hgmqgg%ﬁgégﬁpnts | nputting devices such as a

keyboard or” nouse opti onal y provi or input froma user and for user

sel ecti omi19i] SeqUEAR &Sd:iliGhaPBasS din the

rel evant co ]uter stérlnd gng ary&%g%igﬁﬁ?%%ﬂk§ﬁe%&ﬂb&y b?on [ 0190] The
SBS syst &80 ¥§Fﬁ WﬁSWHthéWbb@Pﬁ%ﬁ#&”ﬁéﬁwﬁmﬂégomﬂmﬁﬁLRJthééaw based
exci tatlmshgaradoinrfﬁgym P§é&b§%§k@r§%§déﬂfut%%&aﬂeéhﬁﬁ% 181 {2 HAfBuhe gy ! ¢ act d

clusters Ber sanpl e pically within a can detect each
of four RSl ¢ 9%!@1‘% @ﬁ@uﬂ@ﬁr@%wlﬁfarqahéflﬁve@ﬂm@@) comMmprme813S

chem st riyic@asROMBSea o i pri %&ﬁé #88rae YRQAQ 11%% detRAR0 184 %%hl.a&‘d
and WO06120433, surface attachment

US705702 ol S vw05024o

t echni qu‘géf SR8 600 E £omaprsEt GF Spfisisat sies) Glpseth i degurere gty %)44151

WD 06064 1880z MO QNG5 theaeCorafPaior Rl eTv debmbhe channered Lipuas!
corrponent%tgerrelrnti etc. The conputer or data analysis system aspec s of the
systen1ag% opF?o%éﬁly capabl e of processing thousands of inages per hour
into sequencec!g Erfﬁthﬁt!01911A5 an overview, in particular exanples of
sequencing b random y fragnented, end capped with
known se@gefices, afagaualant me@{]&gﬁQ@&c‘cﬂ) L SMPLARLS, (BOSh, 85 Lhe
channel in a flowcel 1), g. zat1ron to a covalent primer. From
such at tBdhe Nl light Oéﬁhfatylwy ﬁml dihen tiéd i cohpsedfos thespron@atsgd blohs

descri beg:-in W9844141 and W07010251. SBS analysis (e.g., using the
systens and devices herein) can generate a series of inages of the
clusters, which can then be processed to read the sequence of the nucleic
acids in each cluster which can_.then be al jgned against a reference
sequence to determ ne sequence . wmﬁe&gp%§§ &y} arger overall sequence, or
the E £; Zg : 1

where the summation is taken over all pixels ¢ in the blob having image based coordinates

(6130 and grayscales & {above threshold).

Other Spot Features
{01731 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 caleulated
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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like. Algorithns for the alignnent of short reads of nucleic acids are
descri bed in W05068089. [0192] As descri bed above, each sequencing cycle
will include a round of incorporation onto the growi ng nucleic acid chain.
Such cycle is typically done by an addition of all four dNTPs, each

nodi fied so that each base is identifiable by a unique fluorophore.
Additionally, the triphosphates are nodified at the 3' position so that
extension is controlled and not nore than a single base can be added to
each nol ecule in each cycle. The generic concept of performng clusters

subsequatt Bequanc e SrElRR L B Pebef st PG Ao agtenetlin ch
schemat i dséirinyne Hdwustuclateemvar the usjeadpér bsleofor gRquARCING ipFasedunes and

net hods g t Lhe systens herein. r,..exanpl e, e basic overview
steps of ‘fg orlérrvgtg 1 g‘% Cgﬁ%ﬁ%‘gl} %F%Edtgéel ! a%{%tljlg f"@‘r@g,:e"flﬁ’émbqndg’t ‘é’FﬂPF‘éﬁ/’é % duced
(and a denparstcdeipiet telichinoingst evergrumay® Aagad Msinntogaircalibhiadincivenal
array) o i f eguen i} TRt ogo re all, presented.

‘9:{1‘9( @Qut@lt'ltlzlt S (e} 'Eshﬁ f g, 1.e. gt tpcgi m?l é)ltpaél aé%%%g ﬁll]lg tsgtP ﬂ@réglc

Figure 30 shows the basfc outlines of nhucl _ _ on and
sequencigyghri; [($) T8 WhodindnP FPARGScAYEE u@eq'i%uggﬁﬁg%ogrﬁtn%e% an arfay
(on Ieft% and _on a nucleic acid cluster substrate such as thos éapable of
use wi t H'% HECRGEY sk soripinaadmage: (Hedd Aveeitangsd quoimg thegBalibratkinguo@s32 gi ves a
cart oon tRlégot Rioves fnNfre HERCGhOhap 9&1‘%@%& ., as_done by

enbodi nents of the inv§ﬁ§?%ﬁ?_[0193]ﬁf%er t éﬁ%%g%%poration_step wherein a
f1 uor esdetitsly | abafhedaniahi@Oilbeihing 866 LOEhISiAYGE Rl @'exﬁér dehe
menbers of tgg ﬁlusters t hrough a cl eavabl e %lnker, t he channel's of the

f1 owed Laghss Weshedtraced hymtthesehhericd of hovlosusbpysineged deqokePis t Gs r enove any

by the Syscom ‘whor oby: AL aenEr ey EiorNat PO sulen et rcaa s &

group i Ae¥eheleMust er) incorporated in the incorporation step is recorded
usi ng optical mcroscopy and the correspondi ng base incorporated is noted.
The sequencing systemcan read the four different fluorophores using two

| asers at distinct wavel engt fS™Vvia totat internal reflection m croscopy
(TIRF) and four distinct em bsfPn filters at different parts of the
spectrum The inmages are recprded onto a CCD danera and reported into the
attached conmputer nodule. [OL95] After. the spegific incorporation is read, a
deprotection step renoves the ljabeling noiety jand bl ock fromthe surface
bound DNA. The deprotection alllows repetiti onjof the above incorporation
and readi ng steps until suff]jcitent Cycles oﬁt information are obtained to
uni quel y pl ace the sequence of—eactrnucterc—acid cluster (present on the
flowed]) in its genom c confeideal Geger dkighifequenien t he case of the human
genonme this will be >16 cycles, e.g., about 25-50 cycles. The imges can be
stored i ne, rocessed in real. time such that the individual bases
are reagh'giing tﬁéﬁgéﬁﬁﬁﬁbfﬁﬁu%fggéggﬁr@FS&@E?Fn tgﬁ@“?ﬁﬁ@@% provi des a
dat abasecwputatigaleneents esdlifian dver e alesiStieich: MWickesi@aeh cl uster is
derived froma random position sonmewhere in entire sanple (e.g., a genone).
Thus during the course of the procedure, a database of mllions of sequence
reads covering every part of T ically constructed. Such

dat abase can be, e.g., conparéd with a database of every sequence derived
froma reference sequence, I m yarious enbodi nents, image anal ysis,
sequence determ nation, and/jor |[sequence alignpent are optionally perforned
"off-line" after the fluorescent inag§§ are captured. Such procedures are
al so optionally performed byl alconputer separate fromthe one present in

t he current systens. ¥ %i

A Real Center of Light Sequence

10177] 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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[ 0196] As nentioned throughout, the current invention can vary between
enbodi nents (e.g., in nunber and type of conponents or subsystens). For
exanpl e, in one enbodi nent of the invention (enbodi ment "b"), the
conponents can conprise: illumnation |asers (used to excite the

fl uorophores in the sequencing reactions) of 532 and 660 nmeach with 75 nWwW
power (or optionally greater) that project as 0.5 mmcircle on the bottom
of the channel in a flowell; a Tilt prismof glass (68 deg or 71 deg); a
glass flowed] with channels of 1x61 mm area having 8 channels that are 100
um deep 1(e39X1 tri musable or ce ib!ﬁﬁ for vi ewig;g); an objective lens in
the camer’g eé%%%ﬁ&#?‘%‘é&#ﬁ?‘f%ﬂf’ﬁé“ | REARPIOFPRp P ordRateTYYSRA tgRrect ed for
gl ass thilokmess); em ssion filters conprising Bandpass filters of 55711 am
61540 um 68411 nm and 74050nm (or optionally filters as shown, or simlar
to those shown, in Figure 22); relay optics conprising a Navitar 1.33x
adapter for a net magnifi catijon—of-—abott—23x—pr an unmagnifi ed tube |ens;
and a digital CCD canera conpr¥%i ng a Photonietrics Cascade i Mpix or 1K
canera, with a pixel size of {8 pms andg& readolt rate of 10 Mz, and a

m croscope objective of 20x quag ificgion with{0.75 NA (nuneri cal

aperture). The Cascade enbodi ment n givefa net performance of 0.35 mm
field with approximately 0.8}u *fesol ution (sonewhat | arger than
diffraction limt). [0197] Su¢h -1 xet—aénbpdi nents can illumnate a 0.5
nun circle and detect a 0 35-mm-sguare—~i-asi-d&-t. The flowcell in such
enbodi ments can have a total d&he®R58) qodinatesgver | apping tiles in a channel
or higher. The clusters can be on the order of 1 WM The NA of the

m crosc C opti onal | ive a PSF of approximately 0.6 pmat 700 nm
Thus, a fe'g?ﬁ?‘g%q 'P"t‘iqo ‘?1@&@5 oiite b far wilemds ahibe eentgsrof appy dxhemt el y 1. 2
Jim In ¢he) pomgeplastee: fitind (piBilipa PRGBS LAPMERYE RESYs; IndB) TR SO a
typi cal cluster would have about 3.5 pixels diameter. The area of a cluster
is the dBbgeo! hne i theRaxispisfinesdhe @iaxty Thatoiasiel oflls f@ highearplaien  obj ect's on
L Npi xel beGRdnSaueY Tk DB hn j 1.k b nonzguer | appi ng
as shownf in Fib%ur e 29. Figure aggng%e\fggngr%pegggjr?g%&(ﬁgdiaﬁfggrrré%f%%}ét hr oughput
from an '&0& M iR itHph ircuinaidesis e eearid pé thep ispidualeandmasetitbn. The nunber of
det ect echvgdrugtomks is a function of the total cluster nunber and the m ni num
cluster gfgz [01 484 For _exenpl a‘ré% "b" enbodi ments, the resolution limt

(usi ng M/ i gh Py YiRss)thg 1odi) Gails for & lipeairelpfipnehin Seevesn Bicepailibut 1 i.tm
for an appeiemds :8d 2@ OfvaRBOUE sHovd) IMindzh ¥@k@siBRR: JeloARQMereci> W I N | Mage

pl ane sowﬁqgltust.er hi S %go_gt 3@“? i xel s across and about 10 pixels in area.
For randoi §P'arEPs 6GeLaer &t B5Un% he maxi mum number of unconf used

clusters in the 1 MPix canera will be about 38,000 in a 0.35 nm square
tile. "5" flowcells accommodate 150 non-overlapping illumnation tiles per
channel for a total of 1200 files pew flowelll. This is 45.6 M Bases per
cycle and about 1 GBase in aj 25 cyctfg rgin. Overlapping the illum nation and
closely packing the tiles neagns that O tiles| can be i maged per channel,
and therefore 1600 per flovvecett—{Q4 #he "If illum nation subsystem
t hroughput, the | aser wavel engt hs : llaser wavel ength 532 urn;
green | aser power optionally} 75 m ed | aser jwavel ength 660 um red | aser
power optionally 75 inW projected TIERE beam di aneter 0,5 nm and al | owed
variation across beam 20% [ 020G] LR.areiher. enbodi ment, (enbodi ment "g"),
t he syst[w gf the inventjon can congrl se: |1"Purri nation |asers of 532 and
660 tun VEakh wi t AUSHEREMANIRSORI terkisa ey ingelyf sated taining & reatessipuar e) , a
TER pri engioés. gl ass (68 deg); a glass flowell having 8 channels 100 gm deep
and of 1 x 61 ramin area with a 50 nm usabl e; an objective | ens conprising
a N koniPhimindihedty £0% ROxn@sdNA Bdjmst abl e col l ar, or custom 40x, 0.75 NA

: 551 ' i-si s filters

T 61546 Saquc,ncasmqurqf Ligids $20 extraeasd fromde seiehesofconpri si ng an

150 mmjachronati ¢ ,dodblal,of QlaosySl6 gni.fi,catipn of 30x; and a djgital
ra conpr gi ng aS %ﬁtol?ﬁoa%et%&eqs& 0 S!{gﬁél%?dqzow by 2048 pixels, 4Mi x
canera, 7.4 pmplXelr—size, 20
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M|z readout. Such enbodi nent can give a net performance of 0.5 mmfield
wth less than 0.7 pmdiffraction limt. It can conprise a relay |ens of

0. 75x for total 30x system nagnification. [0201]1n sone such "g"

enbodi ments, it is desired that a 0.5 nmsquare is uniformy illum nated
and that the sanme 0.5 mn square is detected (2048 x 7.41 30000). The
clusters on the flowells herein can be as small as 0.5 Am PSF at 700 nm
is approximately 0.7 pm Custers thus appear as 0.86 pm where 1 pi xel
represents 0.25 pn1 A typlcal cluster therefore is 3.5 pixels and the area
of a cl a cCh n|weQ a-nmexi-mum-of about 35,000

det ect apFeon- ov %ﬁﬁﬁ*geg&%ﬂg’i QP%mf)’éP[S’t i% ‘édf‘*’f%’i"@E]""l'H’e‘hF (R-f#4 nati oh

footprint is four|¢doméisaikgsager, neaning a 4 tinme increase in |aser|powers
is need n_the sane |level of signal in the same exposure t|{me. To
mnimz Pérfres), Priveipal Geeporpanetial Gadalde st d1GE €88 86ichidr t NEr . Buch a

systemis therefore capable of generating 2 billion bases of sequence per
experinent, if theAseldies thgcmomnm:tsem ofiite soxadaryGppedétbvensvivh&haiuher i cal
aperturie 0.8; 20x ; iif , 60, pm
i |1 uniniation tiles; B.”{r?&gﬁtﬁg gt %@Mﬁ ¢ %{%’r{loenlgqge gnchf %’“ﬁer | ane; 8
channel s per chip; clusters of average srze 0-7gnr—and;—read--enrgt-h of 40
bases. Therefore total throughput = 8 channels x 48 tiles x 135000

cl ust er sTidihiethd R TGk SSRenrdsdbh Bidiht On bases (G . [0203]Increasing the
si ze of [btf%]flowcell to I ncrease e nunbers of tiles imged, the density
of clu nrst ;—j the-read-length—w.ll enable inmprovenents jn_ the nunber of

e!ﬁ-g{%te P

bases g erbes T Goraipies obigiges fromd e PEARaEassienrthbeormspmtdent: | n

parall gl to obtain, st e two or,four times the throughput. A two
caner a |conf i gur at|i o%afuxsﬁlﬁgltv!}?#%cﬁ%? es '36 and 37. The scanning tijme can
be decr|g&sGH; UST tectmiques—steh—as—H-re—bel ay Fat-egration—(TDL).4 nmeani ng
that thHé sartace g@ledemalrﬁaaﬂehswrs@@afhed}tsaaﬂdumg lzh“%?r)lt{m”ged in discrlete
tiles. [The—instrynent can . be configured to perform multiple chenistiry steps
with mjiHeseretion: | itgriosm dyrepeRecrewsinpl Ariliss aad siveghecaficiems. system |In the
Si ng| e lehem-st ry c\lcfvm___t_h_e nn'r ical QVQT em.is not i TTB.CII ng whi | st tihe

chem stry steps are occurring If the cheni stry and i maging parts of the
cycle talke SI mﬂl aé £l q)ehs then for 50% of the tinme, the instrument is not
recordi G PRI Deledion ng part of the systemis further speeded up,
then an @& hi ghenrn peliaeRicage Ghehb @ RXPRNV IR Mealredeht §iaRibhE SRENT
performfflg acfn%: bgh' s can be alleviated if the systemis configured
such t hat ? Wel I's are processed sinultaneously, with one

f | owcelrty, atways u. ua* e Seherat-i-c—represent-ations..of _a. dual

f1 owcel FERS der i e gl@jﬁn‘r“%d fram theyXoh Raztens oy ladaevigyise epat ds
described is shomﬂmmtmfot« beerk bpotmi MathigRaddnoeyindenRedthw AR, t he agbjective
on top,) the system.as Q can be inverted to illumnate fromthe {top, and
have the detecti Of SYyatem ﬁtﬁ‘é‘eoPH?éfWSSee above. The heating and

i umi g canhe : +t+her—face of-the-substrate {so that
bot t om s"l"(%‘d“heatl geégﬁfdsettﬁ’ Sm‘“t edu?j mef?ﬁttofon are also within the gcope of
the i nNY@RT ol e operation-gf—systens—wtht-n—t-he Seope: of—t-he—i-nyent i ons
are further %esc' Fpeeveinteptues ol awiand *gederatamekhiadss ©¢ is calculated

from the spots used during calibration. The general idea is that a spot

would be declared an outlier spot if the feature ¢ is outside the bounds of

Hy T 3a'¢, . , .
- However in the current itnplementation 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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Exanpl es of using the systemin sequencing [0205] The foll owi ng are exanpl es
of general techniques and the like (e.g., for nucleic acid cluster
formati on) which can optionally be applied in use with the systens of the
invention. It will be appreciated that such descriptions and exanples are
not necessarily limting upon the current systens and their use unless
specifically stated to be so. The nmethods for form ng and sequenci ng
nucleic acid clusters are fully described in patent application W07010251,
t he protocols of mhlch are |ncorporated hereln by reference in their
entirety; i
Preparat
Aervlarllue*uoatung of—gtass—ehtps—H0206}-Fthe—soti-d—supports—used-fo
attachnment of nucleic acid to be sequenced are optionally 8-channel gl ass
chi ps suqh as those prOV|ded by Silex Mcrosystens (Sweden). However, the
exper i mestapngdheiutolaeusaysenr ocedures are readlly applicable to other
solid su S as sone .enbodi nen Chl were washed as foll ows:
neat Decgﬁg?]t)r 30 ‘X‘\%‘l Srr?ﬁ*? r@“fié‘ﬁa#eﬂ? “1?0&“&8%? ?HQtf“a‘-?“Sf%thm n, mlliQ
1120 f or c®€figrgms oﬂru@e OaddfofrorniolSletmndd durinlglthd2alib2Bioh @koc3® tBMakd he veal ymer
SO'Ut'OnsBﬁﬁQﬂ%g&e%Qhﬁﬁ%énmnﬂmmpﬁﬂé?TT%@&H%cngpo'yner'Zat'on mx. 10 m of

2% sol ution of acryla 165 Al of a

100ng/ nCRKE de Drondgggh ékHXeP m-de—(BRAPAY—sot-ut+en—+n-DLVI F
(23.5 ng1 2350 RO ﬁd%#“@i@@f’gand 100 A of a 50
nmg/ M sOhuihen of am persuf fate T m i QH20(26mg—+1—4686pd H20) .
[0207] I p such enbo%?lmapfl)ts@ metrdo {grup) Alsopigyidenrceemependdtigmotiehstbs o i rist
dcgassed not to move based upon outlier detection.

Descriplion: | pyerives best estimate of (27 2r) using:

1. The spot extraction algorithm.

2. The PCA based XY Regression coefficients.
3. The Linear RZ Regression coefficients.

In one implementation, the outlier detection scheme allows a move only in

the case of a large 9 residual. In case of low picture quality, high volume,

or high area, it recommends non-movement.

If during long periods of z non-movement, as may be triggered by large
bubbles/contaminations in the flowcell, the surface of the floweell 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 ocught to be. I 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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with argon for 15 mn. The solutions of BRAPA, iblVIED and potassium
persul fate were successively added to the acrylam de solution. The m xture
was then quickly vortexed and i mredi ately used. Polynerization was then
carried out for Ih 30 at RT. Afterwards the channels were washed wth
mlliQH20 for 30 mn and filled with 0.1 M potassi um phosphate buffer for
storage until required. Synthesis of N45-bronpacetam dyl pentyl) acryl am de
O3RAPA1 0(1) [0208] N-Boc-1, 5-di am nopent ane tol uene sul fonic acid was
obt ai ned from Novabi ochem The bronvacetyl chloride and acryl oyl chloride
were obtained_fromFluka. Al other reagents were Aldrich products. (2)
[0209] To a st$¥¥%ﬁughspen5|on of N-Boc-1, 5-di am nopent ane tol uene sullonic

acid (5. 31837 13. 88ANHBd 180, &k 'v%w['zx Ic@x?g&%ggséif% ﬁjeSe;jg%)%tc &J'&'Ef) (120

m) at OC was added acryloyl chlorid oug%ca pressure
equal i zet® a&r@ﬁ&%@@hﬂﬁéﬁ%ﬁ%%ﬁﬁéﬂwﬂﬁértilaﬁ(ﬂum‘lih@ tdwoudiche m xt ure was

then sti ds[feeamaatofrtmmz{serm@ﬁéﬁwic%oﬁmet“h& Iﬂé@%ﬁ?ﬁﬁn&f ol iRt gction checked

by TLC ( ﬁetro eum et her : acetate 1 the salts
forned d F‘i“r‘Fé“’Pﬁéeqeé%eﬁt%ﬁ"i‘“\ﬂé%én?tioptf@ﬂé@@w1F3t§ﬁﬁeltffhél’ld intarprat e evapor ated to

dr yness. mihipula@Sindd€potBhisibforhhiefl (D¥heluls@S M ChER! rfﬁé 6]%94”3 %Bﬁzgﬁ 86t2 r glﬁe um
I e g

et her followed 65 g dient ,of ethyl acetate up

(9. 98 mYIPoPFe /3/ C‘b‘fP"rjf dhee ‘IE%E‘&S’%’PI@E‘E%‘SI(‘F& I%den(ameg fH¥igitad 6- DVO)
: 1. 20- lo2Bgifahio tdjogGhddvertck a2 Bectiedd3 (i n, 13H, tBu, 2xCH2), 2.86 (q, 2H J =
6.8 Hz and 12.9 Hz, Cl112), 3.07 (g, 2H, J 6.8 Hz and 12.9 Hz, CH2), 5.53

(dd, 1H[0%84]1 . 2. ”Hld-ﬁ)r@mhrb@tidnaﬁymcﬂd):s apfpré)fris dlehftwdh fo recelzir%fﬁ agd 1;%

Hz, ,
e, O ufigiundth i S ek antoll 8 He S €7 (Lo AL,
C131 124N2® forpod, prqipmgdrrm il @&6tddaste.g., Meprogrammed for a variety of different

specific operations (¢.g., auto focusing, SBS sequencing, ctc.). The software then converts
these instructions to appropriate language for instructing the correct operation to carry out

the desired operation (e.g., of fluid direction and transport, autofocusing, etc.).

[0185] For exampie, the computer is optionally used to direct a fluid flow
component to control fluid flow, e.g., through a variety of tubing. The fluid flow
component optionally directs the movement of the appropriate buffers, nuclectides,

enzymes, ¢tc., into and through the flowecell.

[0186]) The computer also optionally receives the data from the one or more
sensors/deteciors inchuded within the system, and interprets the data, either provides it i 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,

i0187] 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 monitorin g of the
resulting emissions. The computer also typically provides instructions, e.g., to the

heating/cooling component and autofocus system, etc.

[6188] 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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N 13+ OF3C00- (3) [0210] Product 2 (2.56g, 10 nmmol) was dissolved in
trifluoroacetic acid:dichloronethane (1:9, 100 mM) and stirred at room
tenperature. The progress of the reaction was nonitored by TLC

(di chl oronet hane : nethanol 9:1). On conpletion, the reaction m xture was
evaporated to dryness, the residue co-evaporated three tinmes with toluene
and then purified by flash chromatography (neat dichloronethane foll owed by
a gradi ent of nethanol up to 20% . Product 3 was obtained as a white powder
(2.43 g, 9 innmol, 90% . 1H NW (400 MHz, D20): 1.29-1.40 (m 211, CH2), 132

int. . ; ) int. 214 J =7.7 H, CH2), 2.92
E? NS nigclic! geig Sr&‘g" %Z-ﬁf‘%:?!g Iflt“’(“t y%fliw@d—‘hggeﬁ“%“ (e ‘h%mé’e”‘?fdél 1H J

= 1.5 Hzr\délﬁwnaldw the-gata, €1, light @fisgidnprofile fiom the Autizicanid alihys? oFBthexCH) , 6. 20

(dd, 111 Iectr al cul ated for

leaNzod%{gagak%%dné 1%%@’2‘&%? %5&% ehd g b”%“ Folduct 3 (6. 12

g, 22. 6APHASHforEmer @th?qﬁétlﬂq)fblam{m go6lisplrynd pnﬁnﬂ)n&qz)) aan bE v iba®oim ) was

added br r thr pr re equalized
RRANEEHnath BF Lilfed Bis ﬁ %ra%s nurh!: £ tigs, (‘1@'5 ra{ﬁ @EH

dr oppi ng funnel over a one eflro

lsopropannmgpath lﬁmﬁaﬂﬁM@thrT@%ﬁ&¢ L8 Sadshep stlrred at room
t enperat ure r.ni ht[and thé)go ?ﬁon gfﬁbﬁéHégh |on s ¢hétRed by TLC

(di chl or B’r‘r“éﬁ‘ﬂa‘ﬁé‘m““ﬁ%ﬁma%h aga erw@cqsw BRIy dugefacthizcwal Tbe bor med duri ng
t he reactlsonptiwiaRy idchides Qﬁax@fdﬁsk@ﬂetmﬂ ?Qﬁstk' cg‘ﬂfena !)1(1%; %a? Y@%&ﬁ@gﬁg to
neat

dryness The r S|due ified by chronato rap | or onet hane

f ol | owed By O PuHFEH %f&ru’rﬁ%nm d Qipercgmauy. pﬁaplzer@ emenss boprtting 51 %)  of
the pr od(!mitlccx s@c&l%l%%eyme oﬂhbader@doﬁemyq;rwﬂé for RPEIEEm AsE U HRE user
recrystalldzati erfo i gtroleun1ether et hyl acetate gave Bg of the
product Ci?f‘ Rﬁ%@ Tﬁﬁ%’r{%ﬁ? 6%' mlsei‘“?‘l‘-?‘ila@‘fé i e relquant cappppiper
1.34-1.¢8$@ﬁ1 411, 2xCH2), 3.02-3.12 (n1 411, 2xCl12), 3.81 (s, 2H, CH2),
5.56 (d, 1H, J = 9.85 Hz, CH), 6.07 (d, 1H, = 169 Hz, CH), 6.20 (dd, 1H 1=

10. 1 Hz gRdnprduiZand EDmnbochi % 1, NH), 827 (bs, 111, N11). Mass
(el ectrospray¥) calcuf‘rﬁgé%vrﬁ%ggﬁng N202 276 or 278, found 279
(278+11HP190109 ( 27B%NeBY systcibdefin)sh Slany ORBBineRs RofgesSCEbUIRIFQS:ef 0212] For
all flui stgd é}EC%QEOI}d"H'{dII }nggulgzsy gxgug Evh]:c?arcggg]hgg% nurlig.)ocnes'\%g nuc?clc? a?crzcll staltic punp
clusters per sample (typically within a flowcell) and which can detect each of four
fluorescent dyes (one for each of the four bases). The SBS chemistry components, e.g.,,
nucleotides, WO04018497, WO04018493 and US7057026, polymerases WO05024010
and WO06120433, surface attachment techniques, WOO0S5065814, cluster preparation and
sequencing, W’Q 0844151, WO06064199 and WOO701025 1, are compatible with the
channeled flowcell components herein, etc. The computer or data analysis system aspects
of the systern 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 seguences, and covalently attached
to a substrate (such as the chanmel 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 W0O07010251. 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 ali gned against a

reference sequence to determine sequence differences, a larger overall sequence, or the
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i smatec | PC equi pped with tubing Isinatec Ref 070534-051 (orange/yell ow,
0.51 riminternal dianeter) is optionally used. The punp is run in the
forward direction (pulling fluids). A waste dish is installed to collect
used solution at the outlet of the peristaltic punp tubing. During each
step of the process, the different solutions used are dispensed into 8 tube
m crotube strips, using 1 tube per chip inlet tubing, in order to nonitor
the correct punping of the solutions in each channel. The vol une required
per channel is specified for each step. Thermal control [0213] To enabl e

i ncubati@n.a ifferent t eratures duri the cJuster formation process,
the Sil eg&%hﬁéﬁq’?‘ghmn%@ﬁEhgaa%gﬁm{i%ﬁl‘lé'?%rﬁa ol duglgiz g fHetesgReier . The chip
sits on tWROFI68EEL USt om made copper bl ock, which is attached to the flat

heating bl ock of the thernmocycler. The chip is covered with a snmall Perspex
bl ock and®i%1hel d Aadpicbed MyovadhdsioqeertcapaycBotii iptage andnd emrcycl er are

ol ut  one ot e iRk e BRAF b U, SR o CaiF R g8 coat ed
chi p [ 024]ifipn SpAl fopadldbPs high medifitmatiateatiobmae midédftifaticNs-Resgar ch

(ner ocyklpBal ACHAY, . BoRELALALL LEAPUIY, 48 IESAILBSO.ETEYS.
reverse PFFERE s ﬁO‘fltU’l apdh egtﬁh@m hapafsinie Paseican i9) addsd pmnplemoﬁmm it he

chanel scqlh 408, o Bk ot gy he BRI KON lP: Sl A1 0
t enper at HICEFCRIGOn £ TRRp anegy, iaﬁgﬁ*ﬁ plsequenbsequengingraffsaidngraprischowdér goes 18

cycl es oFigtap0ng; which kbt dnthhny i1SsRREbud Dpllis 3P . s, then

the sol utipn ihs pu gdsback lang’lf osrtt h (5 153 %gr@é\kfég%egltjjér{fg}g&l%‘%ﬁﬁggn, then 5
s backwafY HEHes “6%%%“‘ Py theisggews horping Foy gragpde. dke esicpyapiavgstenstd chip i s
washed bformetiqe otgriieich S50 &Em N BRI Acdrral 5 prkhdda iy d anngmsén Ssucrl- 6 C. The
t her nocy n %ool ed 20 ate DNA Hybri di zati on 0215] The

r.is the Lo, . Tenpl )
DNA terrp?llélgué%ar{ags BEHY B PTaT z%%?‘?%‘agﬁé‘a&n%ﬂta@d’“éﬁieﬁf&T‘“—eﬁeeﬁqnaiﬂéd to the
requi r edmetiedengy &t iabprdsented ezl 30.shod Pk bhilc 8GR & hi¥iFuenusihe dil uted
DNA is h %aﬂ{is u@g&ti Q{gpbgock @tﬁ 100 Cfor. 5 Inin to denature the double
stranded i‘Nt 6 81 ngle "SHY AHIE S FAHBTE WPEFICREIdeapRAct Been amREaDNA | s
then i medilefeing os papeletti dokdduster sasiapahiRhehoAaBaflobf de Witk thdhe t ubes

cont ai ni ag..1.Rg, Ql\lé(ﬁr,g briefly. s D a cgntrifu e to collect an
sidtemsile the inye ). Figurn Bning thei
condensa{ifgon, “and then 1 F’?fﬁls apy géﬂf‘oﬂé’wﬁlﬁ -EYHS |3 8o R ?‘ﬁ]lb‘én%‘thlelsﬁg%nd used
sequencing procedure, e.g., as done by embodiments of the invention.
[0193] After the incorporation step wherein a fluorescently labeled nucleotide is
bound to the nucleic acid of the members of the clusters through a ¢cleavable linker, the

channels of the flowcell are washed out by the fluid flow subsystem in order to remove

any unincorporated nucleosides and enzyme.

[0194) Next, a read step is performed by the system, whereby the tdentity 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 (TIRT) 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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i mredi ately. [0216] The grafted chip from above is prinmed by punping in
5xSSC/ 0. 1% Tween at 60 ill/rnin for 75 s at 20 C. The thernocycler is then
heated to 98.5 C, and the denatured DNA is punped in at 15 ill/mn for 300
S. An additional punp at 100 ul/rnin for 10 s is carried out to flush

t hrough bubbl es forned by the heating of the hybridization m x. The
tenperature is then held at 98.5 C for 30 s, before being cooled slowy to
40.2 C over 19.5 min. The chip is then washed by punping in 0.3x3SC/ 0. 1%
Tween at 15 pIirrin for 300 s at 40.2 C. The script then runs straight to

t he next I | ficati Th bridi zed tenpl ate nol ecul es are
anplifi edﬁiﬁgatl Briag tﬁ'éle% 'S'/H'h'fei (f:fﬁg‘? ?%P@&El"f&??hd'é‘ﬂﬁﬁ ciecleptat t ed prinmers
_?_n_d a tEdpmmvam@meymmmomnﬁemmemﬂm;é flﬁfhece%sc%jﬁ&é %log/n%}‘vs éo mv
plrJIrr;et(lel 0 t%ﬂés %%E%ﬂél:cdﬁs’/cn% hrgf}jﬂgé'\%%g"%}eét B‘g}“%‘g@g"f : rﬁﬁoﬁﬁl fi cIa;5 i on
mx of t H@eaymcmﬁﬁ@rcasumplsmmtenb iniliviln20sd, dvk ST Bﬁnﬁg\tﬂeg hagl Taq
pol ymer a 75.s at 40. The then-nocycl er
e then Rt T aRging Metnad @b Ul oBbpbis dstiishe el trop Sorvmins: op
enabl es EWFEREDAlugET islisrived frane rholontpoitiomsomet Rervh @itiré HignyDNA.£.anp! at e
o S Sy S MR e ISR Pl

st rands) HBCRYFE corry Part M Heaichome 6fty£s¢adlar¢dsstmresuSﬁacmwascrrms;)e and 74 C

for 90 se(gncbABire@XiBNSER Y ase A ncubat i on ., fresh
PCR ni X 5?852 ﬂr;%eg into the ag%aneﬁgg?eﬁk ﬁc”u) &Pmmtarfgﬂrcqcfﬁ?%e?%?retio s. As

wel | as % RGLPigerts Brapenalyfin sequgnds d@&ﬂclmmaobn,tahé’oPﬁapeﬂchl s step al so
removes Biigasdk andgpuandniofoBng: Wit (R DRLCHDAGONEAPLARNCH. Ligmyhe surface

and whi CE ould | ead to contani nation between c ers d of

t her mocy € OCGORERS @Ffy 5% eptigsailperfosmedbica qu’heut@tmeparats ftonethe onashed by
punpi ng preséht xHSChPerk Wy Jwmen at 15 pl/mn for 300 s at 74 C. The
thernocycler is then cooled to 20 C. Linearization [0218]Linearization m x

cgnm ﬁtl H§96F 0. 1/M$®$tzbkﬁﬁd}l&fdugdﬁg %eé@%ﬁt zilwér\]/iu%h Gﬁn%ﬁggh%e% sdpgrrped into
the chip, m n. for at e chip is then washed by punping
in water I%O%%e&:sf% Y m"fﬁﬁ“%tya‘f “@.‘m@tﬁ)ﬁwugﬁsf‘?ﬁﬁ? | BraPRmpiB2in9] Thi s
step us esnemimdnatm'bf dnshecrane (Embddnsai PO Ahe cempbiRER%¥NbGhe! de

illumination lasers (used to excite the fluorophores in the sequencing reactions) of 532 and
660 nm each with 75 mW power (or optionally greater) that project as 9.5 mm circle on
the bottom of the channel in a flowcell; a TIR prism of glass (68 deg or 71 deg); a glass
floweell with channels of 1x61 mm area having 8 channels that are 100 pm deep (39x 1
mm usable or accessible for viewing); an objective lens in the camera component
comprising a Nikon Plan Apo 20x, 0.75NA (corrected for glass thickness); emission filters
comprising Bandpass filters of 557411 nm, 615440 nm, 68411 nim, and 740+50nm (or
optionally filters as shown, or similar to those shown, in Figure 22); relay optics
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 pum, 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 ram field with approximately

0.8 um optical resolution (somewhat larger than diffraction limit).

[0197] Such 1 Megapixel embodiments can illaminate a 0.5 mm circle and detect a
0.35 mum square inside it. The floweell in such embodiments can have a total of 156 non-
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onto the free 3' OH ends of DNA strands (both grafted primers and anplified
cluster nolecules). [0220] Bl ocki ng buffer consisting of 50 m M pot assi um
acetate, 20 mVI Tris- acetate, 10 m M nagnesi um acetate, 1 mM
dithiothreitol (pH 7.9) and 250p, M CoCl2 is punped into the chip at 15
pl/mn for 200 s at 20C. Then Bl ocking M x of the above buffer suppl enented
with 2.4 p. MddNTPs and 250 U/ nl Term nal transferase is punped in at 15
pl/mn for 300 s at 37.7 C. The thernocycler is held at 37.7 'V for 30 inM
during which tinme Bl ocki ng Mx is punped into the chip at 15 gl/mn for 20
S ever I s then washed by punping in

0. 3xSS>C/:/ O%V%H \I/\r/gé‘fet?%amqil gf ‘“L@ g%)gmsmﬁ'tca% e@m}ﬁé’d%‘lﬁ’if A#PbntiBf cl usters

and hybr il pét!uemcmfsccsneque np:i:ncmglijogwae PSFO223dd ity 88 (s 8S7oREH to
nplified, linearized and

denat ure one of the strands of the a
bl ocked &a‘{‘}gta\gﬁp’caﬂ%f*m‘ég%wpmcw ch H SPREREImatelid ZsemuEndE rgager | ner i s

t hen hybmplaticzepixenipreidngs SiphghBaslt a3 sm | @fd ySRaitdi After
bl ocki ng, ’6@ doubl st raﬁjged Dzll\liﬁll n '?ﬁg cl autg@e?ls&ﬁéye%gﬁ%‘?ﬂég (%%g];{)junpl ng
in 0. 1N REGH dpmgs Uﬁraﬁ%ﬂffﬂcﬁ“%eﬁ the 3oup 8.26 pixple Refiispn distribhton efadhed by

punpi ng iarea Plief Ehﬁyems bh 1%&&b@@ﬁs§av&m§x1m—%&§s 0@ 5}#@ %« ifigL n300 s at

20 C Seg,gg [ |blt dto 5 pMin 5xSS Wween, ind
punped i nt o‘JPatpﬁ fﬁcﬁ@fg' dgurig f% Vgﬁfer?%%}‘e%@(?xémale of dnformarien thrheghpriocy cl er
is then fﬁ@a’tﬂthmmpﬂaﬁy béh flguediidn beh dys&im bihths i vRARST i RinfrR ofén%g@?eg The

t her noc hen ¢ 4 C and the chip 1's was unping in
0. 3x SSC}/ %lu%}‘;efs‘ll\%\gglﬁmgf’ n Tg heg?t7irﬁi"}‘?mlr8}‘m§ﬁc?§ d thy M@PWS@QYWH syalroe m;owg

dy f I th th t d
&g\al‘l >C/ esog(]ll:b? ecgﬁ r r@%lﬁe,?ﬂg}illﬁﬁge% t9 leen?sgﬁle resogutmnvﬂrmt (usin% Rsa%/dseig%ns an

criterton) is about 0.6 m and clustcls are about 1 um for an apparent size of about 1.2
um. Pixels map to about 0.35 pm in image plane so a cluster is about 3.5 pixels across
and about 10 pixels in area. For randomly distributed clusters, the maximom number of
unconfused clusters in the 1 MPix camera will be about 38,000 in a 0.35 mm square tile.
“b” flowcells accommodate 1590 non-overlapping illumination tiles per channel for a total
of 1200 tiles per flowcell. This is 45.6 M Bases per cycle and about L GBase in a 25 cycle
run. Overlapping the illumination and closely packing the tiles means that 200 tiles can be

imaged per channel, and therefore 1600 per flowcell.

16199 For the “b” illumination subsystém throughput, the laser wavelengths are:
green laser wavelength 532 nm; green laser power optionally 75 mW; red laser
wavelengih 660 nm; red laser power optionally 75 mW; projected TIRFE beam diameter

0.5 mm; and allowed variation across beam 20%.

{02001 In another embodiment, (embodiment “ &), the system of the invention can
comprise: illumination lasers of 532 and 660 nm, each with 500 mW power (ideally
projected as 0.5 mm square), a TIR prism of glass (68 deg); a glass flowcell having 8
channels 100 wm 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 557411 nm,
615440 nm, 684:+11 nm, and 740450 nm; image optics comprising an 150 mim 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 {im pixel size, 20
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[ 0224] The DNA sequence used in this process was a single nonotenplate
sequence of 400 bases, with ends conplinentary to the grafted prinmers. The
dupl ex DNA was denatured as descri bed above. Grafting of priners [02251The
prinmers are typically 5 -phosphorothioate oligonucl eotides incorporating
any specific sequences or nodifications required for cleavage. Their
sequences and suppliers vary according to the experinent they are to be
used for, and in this case were conplenentary to the 5 -ends of the
tenpl at e dupl ex. Sequencing of linearized clusters [0226] The anplified

clusters i Hed di . nkage in one of the grafted priners. Dol
IinkagesN%gﬁgagﬂgn§?gﬁﬁg%ﬁﬂ%?ﬁf%b?ﬁ%?H%*?ﬂ%ﬂ??ﬁﬁgg&pWHR&&@*WHE@“bne of the
primers el Fion dilacderphage laaptimpisatireay 160 320 Suidk 2RISR :ABHS

i ncl udi ng.an¥.Hdesi red tenpl ate-specific sequence can be manufactured by
standard aut omat ed DNA synt hesi s techni ques using conponents avail able from

i ol - cona ot pa. primetnct b e R Y Shin gt et ur or
5' - phos piﬁgifoélpm iYmenaderhargghaelites 280 -Osermuesgoere3s Sdtkcted (2048 x 7.4/ 30000).

The clusters on the flowcells herein can be as small as 0.5 Mm. PSF at 700 nm is

approximately 6.7 um. Clusters thus appear as 0.86 pm where 1 pixel represents 0.25 um,

A typical cluster therefore is 3.5 pixels and the area of a cluster is 9.25 pixels. 4 Mpixel

CCD gives a maximum of about 135,000 detectable non-overlapping clusters per tile.

[0202] The illumination footprint is four times larger, meaning a 4 time increase in
laser powers is needed to obtain the same level of signal in the same exposure time. To
minimize exposure times, the laser power can be increased further. Such a system is
therefore capable of generating 2 billion bases of sequence per experiment, if the
following parameters are used: Objective with numerical aperture 0.8; 20x magnification;
4 Mpixel camera; 760 pm x 760 pum illumination tiles; 1 imaging lane per flow channel;
48 tiles per lane; 8 channels per chip; clusters of average size 0.7 pm; and, read length of
40 bases. Therefore total throughput = 8 channels x 48 tiles x 135000 clusters/tile x 40
cycles = 2.07 billion bases (G).

[0203] Increasing the size of the flowcell to increase the numbers of tiles imaged,
the density of clusters, or the read length, will enable improvements in the number of
bases gencrated per flowcell. Two or four cameras can be mounted in paraliel to obtain a
system with two or four times the throughput. A two camera configuration is shown in
Figures 36 and 37. The scanning time can be decreased using techniques such as Time
Delay Integration (TDI), meaning that the surface is continually scanned 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
chemisiry system, the optical system is not imaging whilst the cheristry steps are
oceurring. 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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rein "sequence" represents a sequence of nucl eotides capabl e of

xcgridizingqto t he tegplate to be anplified. [0229] The structures of the
ann26 and di 0122A conponents (from Fidelity Systens Inc, MD, USA) are as
fol |l ows: Products containing such diol |inkages can be cleaved using
periodate as described above, and the resulting single stranded
pol ynucl eoti des hybridi zed as described above. DNA sequencing cycles
[ 02301Sequenci ng was carried out using nodified nucleotides prepared as
described in International patent appllg?tlgr WO 2g04/01?ﬁg?écﬁrgrlngng

' B rcially avail e fluorophores _
I'ne .h) f OF%’%‘gﬁé}fﬁﬁﬁ%t%{*%gh%ﬁ% S%%%&E@%H@W@“{ o orisellphiravapdsreeinadi ng t he
triple mimagingnSttO8YL YADEARAGR S aadalGRAAS) HRS: M 88bvi:dH 1 ige Byc! eot i de

i ncorporation steps. [0232]Incorporation mx, incorporation buffer (50 mM
Tris- HCL 3448, 0, 6 Adbvash (i SBEm ds erE:BBA; S}Q?vﬁﬁ%t X K :;%‘ﬂ)ur{fi\ﬂ@t%bel efé&gnbd??imgﬂd

10mM . each o e four : ,
r’\llﬁcc::: )eo!to : ggg& was aﬁg\ 5 egeg?ggéhtg%’gﬁ s éerrgéls v %‘?Pé’gfn"gﬁﬁ???ég’t“@ﬂlafeo 45C,
rom the top, and have the detection system underneath. See above. The heating and

illumination can be carried out from either face of the substrate, so that bottom side
heating and top side illumination are also within the scope of the invention. The operation
of systems within the scope of the inventions are further described in the following general

methods.

Examples of using the svstem in sequencing

[0205] The following are examples of general techniques and the like (e.g., for
nucleic acid cluster formation) which can optionally be applied in use with the systems of
the invention. It will be appreciated that such descriptions and examples are not
necessarily limiting upon the current systems and their use unless specifically stated to he
so. The methods for forming and sequencing nucleic acid clusters are fully described in
patent application WO07010251, the protocols of which are incorporated herein by

reference in their entirety, but some elements of these protocols are suminarized below,

Preparation of Subsirates and Formation of Nucleic Acid Clusters

Acpviamide coaiing of glass chips

{0206) The solid supports used for attachment of nucleic acid to be sequenced are
optionally 8-channel glass chips such as those provided by Silex Microsysiems (Sweden).
However, the experimental conditions and procedures 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, NaQH 1IN for 15 min, miliQ H20 for 30 min, HCI 0.1N for

15 min, milliQ H20 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 pd of a 100mg/ml N-(5-bromoacetamidylpentyl) acrylamide (BRAPA)
solution in DMF (23.5 mg in 2351 DME);
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[0233] Tenpl ates were mai ntai ned at 45C for 30mn, cooled to 20C and washed
with Incorporation buffer, then with 5x SSC/ 0.05% Tween 20. Tenpl ates were
then exposed to Inmaging buffer(100nM Tris pH7.0, 30m VI NaCl, 0.05% Tween
20, 50rnM sodi um ascorbate, freshly dissolved). Tenplates were scanned in 4
colors at RT. [0234] Tenpl ates were then exposed to sequencing cycles of

Cl eavage and Incorporation as follows: C eavage Prinme with C eavage buffer
(0.1IMthis pH 7.4, 0.1M NaCd and 0.05% Tween 20). Heat to 60C. Treat the
clusters with Cleavage mx (100 mis.4 TCEP in Cl eavage buffer). Wait for a

in in;addjti ) ing fresh buffer every 4 mn. Cool to 20
tC.Ot \?\!&sﬁf W’ltShmEnzyn%?'ggl;togﬁﬁﬁeﬁP’%}s)h \gllm th 5XSSC/ 0. 05% Tween 20. Prinme with
I magi ng buffer. Scafg porh &Pk BlueR] o potassium persulfate in milliQ H20
(20mg in 400ul H20).

[0207] In such embodiments, the 10 ml solution of acrylamide was first degassed
with argon for 15 min. The solutions of BRAPA, TEMED and potassium persuifate were
successively added to the acrylamide solution. The mixture was then quickly vortexed
and immediately used. Polymerization was then carried out for 1h 30 at R'T, Afterwards
the channels were washed with milliQ H20 for 30 min and filled with 0.1 M potassium

phosphate buffer for storage until required.

Synthesis of MN-(5-bromoacetamidylpentyl) acrviamide (BRAPA)

H

/\H/N\(\/\/ﬁ\[]/\sr

o] 0 (1

[0208] N-Boc-1,5-diaminopentane toluene sulfonic acid was obtained from
Novabiochem. 'The bromoacetyl chloride and acryloyl chloride were obtained from Fluka,
All other reagents were Aldrich products.
//’\{( HMQ\H/O%

8 & @)
[0209] To a stirred suspension of N-Boc-1,5-diaminopentane toluene sulfonic acid
(5.2 g, 13.88 mmol) and triethylamine (4.83 ml, 2.5 eq) in THF (120 ml} at 0°C was added
acryloyl chleride (1.13 ml, 1 eq) through a pressure equalized dropping funnel over a one
hour period. The reaction mixture was then stirred at room temperature and the progress
of the reaction checked by TLC (petroleum ether : ethyl acetate 1:1). After two hours, the
salts formed during the reaction were filtered off and the filtrate evaporated to dryness.
The residue was puified by flash chromatography (neat petrolenm 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-DMSO0) : 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, T = 2.3 Hz and 10.1 Hz, CH), 6.05 {dd, 1H, F= 2.3 Hz and
17.2 Bz, 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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ion Prime with Incorporation buffer Heat to 60 C Treat with
:Eggﬁggﬁgtion mx. Wait for a tgtal of 15mn in addition to punping fresh
| ncorporation mx every 4 nm Cool to 20 C. Wash with Incorporation buffer.
Wash wi th 5XSSC/ 0. 05% Tween 20. Prime with imaging buffer. Scan in 4 colors
at RT. Repeat the process of Incorporation and C eavage for as many cycles
as required. Incorporated nucleotides were detected using the quorescenL
i magi ng apparatus described above. [0235]Alternatively, the flowed] can be
sequenced in a fully automated way, with the first incorporation being

S nd d L, bed_be| qw._ [ 02 After setting the
P?L&Eéﬁfgﬁ“ﬁ%ﬁ e PR B S e TR 2GR gouma 5
+Na+).

/YHMNH;- CFaCO0"
o 3
[0210] Product 2 (2.56g, 10 mmol) was dissolved in trifluoroacetic
acid:dichloromethane (1:9, 100 ml) and stirred at room temperature. The progress of the
reaction was monitored by TLC (dichloromethane : methanol 9:1). On completion, the
teaction mixture was evaporated to dryness, the residue co-evaporated three times with
toluene and then purified by flash chromatography (neat dichloromethane followed by a
gradient of methanol up to 20%). Product 3 was obtained as a white powder (2.43 g, 9
mmol, 90%). 1H NMR (400 Mz, D20): 1.29-1.40 (m, 2H, CH2), 1.52 (quint., 2FL, J =
7.1 Hz, CH2), 1.61 (quint., 2H, J = 7.7 Hz, CHZ), 2.92 (t, 2H, T = 7.6 Hz, CH2), 3.21 (1,
2H, T = 6.8 Hz, CH2), 5.68 (dd, 1H, J = 1.5 Hz and 10.1 Hz, CH), 6.10 (dd, 1H, J = 1.5 Hz
and 17.2 Hz, CH), 6.20 (dd, 1H, J = 10.1 Hz and 17.2 Hz, CH). Mass (electrospray-+)
calculated for CSH16N20 156, found 179 (L56+Na+).

[0211] To a suspension of product 3 (6.12 g, 22.64 mmol) and triethylamine (6.94
ml, 2.2 eq) in THF (120 ml) was added bromoacety! chloride (2.07 ml, 1.1leq), through a
pressure equalized dropping funnel, over a one hour period and at -60°C (cardice and
isopropanol bath in a dewar). The reaction mixture was then stirred at room temperatuse
overnight and the completion of the reaction was checked by TLC (dichloromethane
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 1 5%).
3.2 g (11.55 mmol, 51 %) of the product 1 (BRAPA) were obtained as a white powder. A
further recrystallization performed in petrolenm ether:ethyl acetate gave 3g of the product
1. THNMR (400 MHz, d6-DMS0) : 1.21-1.30 (mn, 2, 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, CED, 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 C10H17B8N202 276 or 278, found 279
(278+H+), 299 (276+Na-+).
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exposed to the sequencing cycles described below: first base

i ncorporation, imaging then alternating cleavage, imaging and .

i ncorporation, imaging steps for as many sequencing cycles as required.
[0237] First base incorporation Punp 1000ul of incorporation buffer at RT
Set tenperature at 55C and hold Wit for 2 mnutes -Punp 600ul of _

i ncorporation mx Wait for 4 mnutes Punp 200dl of incorporation mx Wit
for 4 mnutes Punp 200ul of incorporation mx Wit for 4 mnutes Set
tenperature at 22C Wait for 2 m nutes Punp 600ul of incorporation buffer

' f scanning m x
Pump 600ul of Tﬂle %?ggigkl' i“or%ét];o%rl’r@é% 800ul o g

Fluidics

[0212} For all fluidic steps during the cluster formation process, a peristaltic pump
Ismatec IPC equipped with tubing Ismatec Ref 070534-051 (orange/yellow, 0.51 mm
internal diameter) is optionally used. The pump is run in the forward direction (pulling
fluids). A waste dish is installed to collect used solution at the outlet of the peristalfic
pump tubing. During each step of the process, the different solutions used are dispensed
mnto 8 tube microtube strips, using 1 tube per chip inlet tubing, in order to monitor the
correct purnping of the solutions in each channel, The volume required per channel is

specified for each step.
Thermal control

[0213] To enable incubation at different temperatures during the cluster formation
process, the Silex chip is mounted on top of an MIJ-Research thermocycler. The chip sits
on top of a custom made copper block, which is attached to the flat heating block of the
thermocycler. The chip is covered with a small Perspex block and is held in place by
adhesive tape. Both pump and thermocycler are controlled by computer ran scripts, which

prompt the user to change solutions between each siep,
Grafting primers onto surface of SPA coated chip

[0214] An SEA coated chip is placed onto a modified MJ-Research thermocycler
and attached to a peristaltic pump as described above. Grafting mix consisting of 0.5 uM
of a forward primer and 0.5 uM of a reverse primer in 10 mM phosphate buffer (pH 7.0) is
pumped into the chanmels of the chip at a flow rate of 60 Wl/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 pJl/min, then 5 s backward at 15 Wl/min) for 180 s. After 18 cycles of pumping, the
chip is washed by pumping in 5%xSSC/5mM EDTA at 15 Ll/min for 300 s at 51.6 °C. The

thermocycler is then cooled to 20 °C.

Template DNA Hybridization
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[ [ [ Oul of cl eavage
Stop active cooling I maging step [0238] G eavage Punp 100
buf?er at RT Set tenperature at 55C and hold Wait for 2 mnutes Punp 600ul
of cleavage mx Wit for 4 minutes Punp 200ul of cleavage mx Wait for 4
m nut es Punp 200ul of cleavage mx Wait for 4 mnutes Set tenperature at

22C and hold Wit for 2 m nutes

[0215] The DNA templates to be hybridized to the grafted chip are diluted to the
required concentration (currently 0.5-2pM) in 5xSS8C/0.1% Tween. The diluted DNA, is
heated on a heating block at 100 °C for 5 min to denature the double stranded DINA into
single strands suitable for hybridization. The DNA is then immediately snap-chilled in an
ice/water bath for 3 min. The tubes containing the DNA are briefly spun in a cenirifuge to
collect any condensation, and then transferred to a pre-chilled 8-tube strip and used

immediately.

[0216] The grafted chip from above is primed by pumping in 5xS$SC/0.1% Tween
at 60 ul/min for 75 s at 20 °C. The thermocycler is then heated to 98.5 °C, and the
denatured DNA is pumped in at 15 ul/min for 300 s. An additional pump at 100 pl/min
for 10 s is carried out to flush through bubbles formed by the heating of the hybridization
mix. The temperature is then held at 98.5 °C for 30 s, before being cooled slowly to 40.2
°C over 19.5 min. The chip is then washed by pumping in 0.3xSSC/0.1% Tween at 15
pMlmin for 300 s at 40.2 °C. The script then runs straight to the next step.

Amplification

[6217] The hybridized template molecules are amplified by a bridging polymerase
chain reaction vsing the grafied primers and a thermostable polymerase. Amplification
buffer consisting of 10 mM Tris (PH 9.0}, 50 mM KCI, 1.5 mM MgCl2, 1 M betaine and
1.3% DMSO is pumped into the chip at 15 ul/min for 200 s at 40.2 °C. Then
amplification mix of the above buffer supplemented with 200 M dINTPs and 25 U/ml Tag
polymerase is pumped in at 60 u/min for 75 s at 40.2 °C. The thermocycler is then heated
to 74 °C and held at this temperature for 90 s. Thig step enables extension of the surface
bound primers to which the DINA. 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 105, As well as providing fresh reagents for
each cycle of the PCR, this step also removes DNA strands and primess which have
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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Punp 600ul of incorporation buffer Punp 600ul of high sail buffer Punp 800W
of scanning mx Stop active cooling Imaging step [0239] I ncorporation Punp
1000ul of incorporation buffer at RT Set tenperature at 55C and hold Wit
for 2 minutes Punp 600ul of incorporation mx Wit for 4 mnutes Punp 200ul
of incorporation mx Wait for 4 mnutes Punp 200Wof incorporation mx Wit
for 4 mnutes Set tenperature at 22C and hold Wait for 2 m nutes Punp 600ul
of incorporation buffer Punp 600W of high salt buffer Punp 800ul of

scanning mx -
washed by pumping in 0.3xSSC/0.1% Tween at 15 wl/min for 300 s at 74 °C. The

thermocycler is then cooled to 20 °C.
Linearization
[0218] Lincarization mix consisting of 0.1 M sodium periodate and 0.1 M

ethanolamine is pumped intoe the chip at 15 ul/min for 1 hr at 20 °C. The chip is then

washed by pumping in water at 15 ul/min for 300 s at 20 °C.
Blocking (optional)
[0219] "This step uses Terminal Transferase to incorporate a dideox ynucleotide

onto the free 3" OH ends of DNA strands (both grafted primers and amplified cluster

molecules).

[0220] Blocking buffer consisting of 50 mM potassium acetate, 20 mM Tris-
acetate, 10 mM magnesium acetate, 1 mM dithiothreitol (pH 7.9) and 250uM CoClI2 is
pumped into the chip at 15 pl/min for 200 s at 20 °C. Then Blocking Mix of the above
buffer supplemented with 2.4 M ddNTPs and 250 U/mi Terminal transferase is pumped
n at 15 pl/min for 300 s at 37.7 °C. The thermocycler is held at 37.7 °C for 30 min,
during which time Blocking Mix is pumped iﬁto the chip at 15 ul/min for 20 s every 3
min. After blocking, the chip is then washed by pumping in 0.3xSSC/0.1% Tween at 15
W/min for 300 s at 20 °C.

Denaturation of clusters and hybridization of sequencing primer

16223} This step uses NaOH to denature and wash away one of the strands of the
amplified, linearized and biocked clusters. After a wash to remove the NaQH, the

sequencing primer is then hybridized onto the single strands left on the surface.

[6222]) After blocking, the double stranded DNA in the clusters is denatured by
pumping in 0.1N NaQH 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, I mM EDTA) at 15 pl/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 pi/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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Stop active cooling. [0240] Each tile of each the chip for the non-fully

aut onat ed process above was recorded in each of the four colors
corresponding to the | abel ed nucl eoti des. The inages were anal yzed to pick
the brightest color for each cluster, and this inage intensity anal ysis was
used to call the base for each cluster at each cycle. |Imges from each
cyele were co-localized to obtain the sequence corresponding to each
cluster. As the sequence of each -71- cluster was known; and was the sane
for every cluster in the above experinent, the error rates (i.e. clusters

not call aghny the GRLEAGLSEANSIGS)y RRULLDR Anahused Lot each cycle of

nucl eoti de 1 ncorporation. e errorrates-were*less first
20 cycl eshofysiens 2agk peitaymfithe qrpantiingentibe known sequence of the nonotenpl ate
was correctly called. [0241]Wile the foregoing invention has been

descri bed® 4 sone dB¢ BNA segpensgupkiadhisprosbssriasy sinete modsersplaiedi ng, it wil |

be cl ear steARLorsiobbhRd, with LR BRbHEEARNAG '%k%%i&ﬂ\?m&it ;ﬁimérbi '?hedciu??éx‘iﬁ%e that

various changes in formand detail can be made out departing fromthe
true scop&sopraed prirsricgiboror exanpl e, all the techniques and appar at us
describquq?ovefna be used in various conbinations. Al publications,
patents, PatEae fcations, or other docunents cited in this application
ret urposes to the

are incorpprated by reference in their enti for all p

sane ext g%%gs i f égiélec?f‘"f'ﬁrdia{ﬁ ‘a&gﬁﬁﬁ,mh% oY ’,Ox‘ﬁé’?‘éﬂ?u,deﬁg@"ént appl i cati on,
or ot her infomeneing awe seecifindicyietived dryndditilitiahedqlieeduer iesapporaied by

ref erence, f.0h..Ql r es.. .. CLAING A system far sequencing one or nore

pol ynucl e%_({uigdcgg? LC% ﬁ%pg%étv%% a@%%?’il\g/g? s :e)‘(penmﬁmabf’)"aéeq@'g%ﬁﬁée ShfPgir ed to

hol d a s&1i§ epse wgwt qomirderhrntirmép tind -endsmirties poblarudipiot | des at t ached t her et o;

Sequencing of linearized clusters

{0226] The amplified clusters contained a diol linkage in one of the grafted
primers. Diol linkages can be introduced by including a suitable linkage into one of the

primers used for solid-phase amplification.

{02273 Suitable primers including any desired template-specific sequence can be
manufactured by standard automated DNA synthesis techniques using components

available from commercial suppliers (e.g. Fidelity Systems Inc., ATD).

102281 A cleavable diol-containing primer would typically have the following

structure:
3’ -phosphorothicate~atm 26-diol22A-sequence-3’OH.

Wherein “sequence” represenis a sequence of nucleotides capable of hybridizing to the

ternplate to be amplified,

(9229] The structures of the arm?26 and diol22A components (from Fidelity
Systems Inc, MD, USA) are as follows:
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b) a fluid direction systemfor controllably noving one or

havi ng fluorescent |abels into contact with the
a tenperature control system for
of the solid substrate and the reagents;

for exciting the fluorescent |abels via total
the illum nation system conprising at | east one
a mul t hnode optical fiber having an index of

i nt er nal

refraction,
excitation |aser conpr|S|ng one of (a) an eXC|tat|on Iaser t hat

nore reagents

pol ynucl eot i des; c)
regulating a tenperature of at |east one
d) an illumnation system

reflection (TII2),

excitation | aser coupled to
said at | east one
is coupled

to the nfilthnode opticat rlue[
t hrough a flbengp i C deV|qe an
i ndex of | r efaast ot oF tHe Jrul tyn
to obtai
det ect or
detectin
by the i
det ect or
for acqu

dIIU th)
two t he
ode oyl

mut-tipte

conponent confi gured™ be proxi nal

Légorescenca4pr duced fromexcitatio
| MRt Torm ™ sybtenyanthdacomtg-er-sy,
conmponen

t wherein the conputer system

Y
8

ti
QJQFﬁxégg'
N a substantlally uhi fofmillunnation footprint;
to the solid S

ring fluorescence i ages fromthe detector co
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10231] A mutant 9°N polymerase enzyme (an exo- variant including the triple
mutation LAGRY/Y409A/P410V and C2238) was used for the nucleotide incorporation
steps.

{0232] Incorporation mix, Incorporation buffer (50 mM Tris-HCl pH 8.0, 6 mM

MgSO04, 1 mM EDTA, 0.05% {(viv) Tween —20, 50mM NaCl) plus 1100M YAV exo-
C2238, and 1M each of the four labeled modified nucleotides, was applied 1o the

clustered templates, and heated to 45°C,

(8233}
with Incorporation buffer, then with 5x S8C/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 maintained at 45°C for 30min, cooled ta 20°C and washed

Templates were scanned in 4 colors at RT.

[0234]

Incorporation as follows:

Templates were then exposed o sequencing cycles of Cleavage and

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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6. The systemof claiml, wherein the reagents conprise conponents to
extend a second sequence conplenentary to the one or nore pol ynucl eoti des.
7. The system according to claim®6, wherein said reagents are fluorescently

| abel ed nucl eosi de tri phosphat es. 8. The system according to claim
6, wherein said reagents are fluorescently |abel ed oligonucl eoti des.
9. The systemof claiml, wherein the illum nation system conprises

mul tiple excitation | asers coupled through the nmultinode optical fiber.
10. The system according to claim1, wherein said nmulthnode optical fiber

S Physi ol o dRhRTGh R OBLAM G RERSERSERRL ERLL Y Makfgrm i | u nat i on

footprint. tem-accor di ng wherein said

physi cal vwelefrer MedchiQn 15 RGh YOSRHRAUS DZDGe iypde, optical fiber.
12. The system according to cfain1?, a%%&%%%g§§%5ﬁg‘ﬁ3ﬁﬁ%ally changi ng t he
i ndex of ceefibagtoon i ncludes vibrating the nmultinode optical fiber.
13. The systemof claim1l, wherein the detector conponent conprises a CCD

camera. Wash with Edymdlgy s¥gt:em of claiml, wherein said detector conponent
conpri ses two CCD caneras. 15. The systemof claiml. wherein said

det ect or Voishmpih SES SCBMPsd-IBGEch 00r CCD caner as. 16. The system of
claim1, wherein the detector conponent further conprises one or nore optic
filters Bipeopihilatgingdutfef. | uorescence enission of the fluorescently |abel ed
reagent and to one or nore wavel ength of light fromthe at |east one

exci t at | dffnlimgeplors atRT. 17. The system of claim 1, wherein the detector

conponeq} conprises an autof ocus nechani sm
ncorporafion

Prime with Incorporation buffer Heat to 60 °C

Treat with Incorporation mix. Wait for a total of 15min in addition to punaping fresh

Incorporation mix every 4 min.

Cool to 20 °C.

Wash with Incorporation buffer.
Wash with 5XSSC/0.05% Tween 20.
Prime with imaging buffer,

Scan in 4 colors at BT,

Repeat the process of Incorporation and Cleavage for as many cycles as required.
Incorporated nucleotides were detected using the fluorescent imaging appﬁratus 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:

10236] After setting the flowcell on the instrument mianifold, the templates can be
exposed to the sequencing cycles described below : first base incorporation, imaging then
aliernating cleavage, imaging and incorporation, imaging steps for as many sequencing

cycles as required.
[6237] First base incorporation

Pump 1000ul of incorporation buffer at RT
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18. The systemof claim 1l conprising two fluidics stations for operating on
two flowcells simultaneously. 19. The systemof claim1l, wherein the
illum nation system conprises two excitation |asers coupled through a
fiberoptic device, wherein said two excitation lasers illumnate at |east
part of a sane area. 20. The system of claim 16, wherein the
reagents include four different nucleotides having respective fluorescent

| abel s, the detector conponent further conprises four optic filters
appropriate to a fluorescence em ssion of the four fluorescently | abel ed

nucleotiQngﬁﬁgﬂﬁgbggﬁyﬁﬁ%QMSHQth of light fromthe |asers. 21. The
system of claim 19, erein sald two excitation |lasers emt at a wavel ength
of 532 nmyameh:G6Qim; respectively. 22. The system of claim 3,

wherein the flowell conprises a channel |ayer and a cover |ayer that is

over | ai d-Pup@edoRBoCiapslaibayer ., the channel layer including the fluidic
channel, the cover layer having an inlet or outlet to the fluidic channel.

23. The st dandohineleai m 22, wherein the flowcell conprises photosensitive
gl ass. 24. The systemof claim 3, wherein the fluidic channel has

one or nEhep 30et of iatorporhiisshizend of the channel and one or nore outlets at
a second end of the channel, the inlets and outlets being | ocated with

respect YoribloE raimbise to facilitate maintaining a uniformflow of a liquid
t hrough the fl uidic channel. 25. The systemof claiml, wherein

sai d mul PWB&@vaFﬁE%FPQWW&ﬂTmKnCIudes a core having one of a rectangul ar or

square s et rovi de a rectangul ar or square beam shape. " 26. The
q %.f %P% g q p
systemo {8f MUiRerein the illumination systemis configured to provide

an aut of S _Spot t .S detected by the detector, the conputer system
usi ng thg&g%ng‘éﬁ%gg%ﬁ# to focus the detector. 27. The system of

clain1I,Vmﬁﬁgphgmhggspolynucleotides conprise nucleic acid

Pump 600ul of incorporation buffer
Pump 600ul of high salt buffer
Purop 800ul of scanning mix

Stop active cooling

Imaging step

[0238] Cleavage

Purap 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 200u! of cleavage mix

Wait for 4 minutes

Set temperature at 22°C and hold
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clusters and the reagents conprise bases having the fluorescent |abels,
each nucleic acid cluster including a plurality of single-stranded DNA
fragnents having a conmon sequence; and wherein the fluid direction
system the tenperature control system the illum nation system the
detect or conponent, and the conputer system cooperate with one another to
performa DNA sequencing cycle including the steps of: (1)
incorporating at |east one base onto the DNA fragnents of the nucleic acid
clusters; (ii) illumnating the nucleic acid clusters to excite the
f | uor escamii: kaahmuel the bases; (ti1) capturing an inmage of emtted
fluorescence fromthe nucleic acid clusters; and (ii1) identifying

t he base Pumpaiqoor atieebrpithort igrePNA fragments of the nucleic acid clusters
based upon the emtted fluorescence fromthe nucleic acid clusters;

(iv) rembuirpgpiDbeoffHigiosaisaeat | abel s from the bases. 28. The system
of claim27, wherein the base is one of four types of bases, the.bases of
each typ&uhwE08y! of saaindnganfx uor ophor e. 29. The system of claim 27,
wherein the conputer systemis configured to repeat steps (i)-(iv) to
deternin§“ﬁﬁ@“§@qwéW@es of the DNA fragnents. 30. The system of
claim1, wherein the reagents include four different bases in

Imaging step

[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 200u! of incorporation mix
Wait for 4 minutes

Pumyp 200ui 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
Pamp 800ul of scanning mix

Stop active cooling.

{6240} Each tile of each the chip for the non-fully automated process above was
recorded in each of the four colors correspondin g 10 the Iabeled nucleotides. The images
were analyzed to pick the brightest color for each cluster, and this image intensity analysis
was used (o call the base for each cluster at each cycle, Images from cach cycle were co-

localized to obtain the sequence corresponding to each cluster. As the sequence of each

7]



whi ch each base has a different fluorescent |abel, the illum nation system
including first and second | asers, each of the first and second | asers
exciting two of the four fluorescent |abels so that the four fluorescent

| abel s are excited by the first and second | asers. 31. The system of
claim30 further conprising four different optical filters for selecting

fl uorescence em ssion wherein two of the four filters have a narrower
bandwi dt h than the other two of the four filters. 32. The system of
claim3 wherein the fluid direction system conprises a punp placed after

the fl owealster ivas Ridvin: %ﬁ@-%@ﬁﬁ shr’ﬁE @oztet@@r fhneel me abovc ex é%nerzlzht? oSy em of
claim 27 whe the detector is CCD canera and nucl eic acid

cl ust er s T 8%{51% BSgH et reliesss tE%ﬁ‘é‘F%t pegiugsEYgouds Uﬂ@lab@ﬁ‘%ﬁ)r@@@l eiclestfer s per

m | 1ion puxebsde incorporatiodd ThERE 08 YobdsQMRrOlesEinah 7 @fc%@ﬁ"ﬁét'ﬁc}tcgg}cé pagx of
refractiqn is cha.Cf(;damﬁqa}F a frequency faster than an inmge ursition tine.

35. The sy&SREHPEF %mweaued\yﬁamheg}qnytcewmwwqrmﬂy BA. of
refraction causes scranbling of nodes of the nultinode fiber to average
l'ight output fromthe nultinode fiber. 36. The systemof claim| wherein the

mul ti ”Dd?oz?ﬁ‘i i cal whl?l% the 16:'0%91% mvenuon has been described in sorne 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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core, the core being shaped so that the illumnation footprint matches a
shape of the detector conponent. 37.The systemof claim1l further
conprising the solid substrate having the one or nore pol ynucl eoti des
attached thereto. 38. A systemfor inmaging biological substances, the system

conpri si ng: a) a stage configured to hold a solid substrate that is
configured to have one or nore biological substances attached thereto;
b) an illum nation system conprising at | east one excitation |laser coupled

to a nulﬂﬂﬁ%ﬂﬂsoptical fi ber having an index of refraction, said at |east
one excitation |laser conprising one of (a) an excitation laser that is
coupled to the nultinode optical fiber and (b) nultiple excitation | asers
coupl ed throudh a fi besttopt for gquircaganc: td mbe: polvhicadieegpthicalstef ber

wherein the i.ndex of refraction is dynanmically changed to obtain a
subst ant i“al' PY*'i%i form i 11 uni nation footprint on the solid substrate;

c) a detector aponpenante feoffidedecs i ngd |4 alatlid eSO NEvRLodRC e fogm
excitation of the biological substances; and d) a conmputer system
oper abl y PEBIpHedidenatiashedtBeiss or component wherein the conputer system
conprises an ppst r!tlcﬁdi@'airégfonf sgfgteﬁcﬂ)lz"Joh@ﬁldbwagﬁ)%h{gr&@ $1hﬁ0%e!§eﬁygézlgsr
conponent. 39. The systemof claim38 further conpri'sing: e)a i

di r ect i omagystleerescont leloais inol ¢cableywivb tepglyoneleatidespr e reagents i nt o cont act
wi th the biol Qgical subﬁﬁance erature control s stequ

) a tempe D&t %nsge | %0?‘ £ !erlqzmﬁatem erature of at least onc
regul ating th& t enhEPREITFEC SPMEY SYSEHR 0T Sradilating P castone o
the solid substrate and the reagents;

d) an illumination system for exciting the fluorescent labels via total internal
reflection (TIR), the illumination system comprising at least one excitation laser coupled
to a multimode optical fiber having an index of refraction, said at least one excitation
laser comprising one of (a) an excitation laser that is coupled to the multimode optical
fiber and (b) multiple excitation lasers coupled through a fiberoptic device and to the
multimode optical fiber, wherein the index of refraction of the multimode optical fiber is
dynamically changed to obtain a substantially uniform illumination footprint;

¢) a detector component configured to be proximal to the solid substrate for
detecting fluorescence produced from excitation of the fluorescent labels by the
illumination system; and

f) a computer system operably coupled to the detector component wherein
the computer system comprises an instruction set for acquiring fluorescence images from

the detector component.
2, The system of claim I, wherein the mounting stage is movable and is
configured to move the solid substrate distal to the detector component in order for the

temperature control system to regulate the temperature of the solid substrate.

3. The system of claim 1, wherein the solid substrate comprises a flowcell

having one or more fluidic channels in which the polynucleotides are attached.
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of the solid substrate and the reagents. 40. The system of claim
38 wherein the biological substances are pol ynucl eotides, and the

illum nation system the fluid direction system the tenperature contro
system the detector conponent, and the conputer system cooperate with one
another to performnmultiple sequencing cycles. 41. The system of
claim 38, wherein said nultirnode optical fiber includes a core having one
of a rectangul ar or_square shape to provjde a rectangul ar or square beam
shape. 2. The wysrent sl hi whasin Wisesadidnsubleatensbmipriskie 68 i cal
fiber inchudgs, & &Ake, the core being shaped so that the illumnation
footprint matches a shape of the detector conponent.

5. The system according to claim 1, wherein said solid substrate is an array

of beads.

6. The system of claim |, 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.

8. The system according to claim 6, wherein said reagents are fluorescently

labeled oligonucleotides.

9. The system of claim |, wherein the illumination system comprises

multiple excitation lasers coupled through the multimode optical fiber.

10.  The system according to claim 1, wherein said multimode optical fiber is

physically deformed to obtain the substantially uniform iflumination footprint.

I'l. The system according to claim 10, wherein said physical deformation

includes squeezing the multimode optical fiber,

12, The system according to claim 1, wherein said dynamically changing the

index of refraction includes vibrating the multimode optical fiber.

[3. The system of claim |, wherein the detector component comprises a CCD

camera,
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14. The system of claim 1, wherein said detector component comprises two

CCD cameras.

I5. The system of claim 1, wherein said detector component comprises four

CCD cameras.

16. The system of claim I, wherein the detector component further comprises
one or more optic filters appropriate to a fluorescence emission of the fluorescently
labeled reagent and to one or more wavelength of light from the at least one excitation

laser,

[7. The system of claim I, wherein the detector component comprises an

autofocus mechanism.

18.  The system of claim | comprising two fluidics stations for operating on

two floweells simultaneously.

9. The system of claim |, wherein the illumination system comprises two
excitation fasers coupled through a fiberoptic device, wherein said two excitation lasers

illuminate at least part of a same area.

20, The system of claim 16, wherein the reagents include four different
nucleotides having respective fluorescent labels, the detector component further
comprises four optic filters appropriate to a fluorescence emission of the four

fluorescently labeled nucleotides and to the wavelength of light from the lasers.

21. The system of claim 19, wherein said two excitation lasers emit at a

wavelength of 532 nm and 660 nm, respectively.
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22, The system of claim 3, wherein the flowcell comprises a channel layer and
a cover layer that is overlaid upon the channel layer, the channel layer including the

fluidic channel, the cover layer having an inlet or outlet to the fluidic channel.

23. The system of claim 22, wherein the flowcell comprises photosensitive

glass.

24, The system of ¢claim 3, wherein the fluidic channel has one or more inlets
at a first end of the channel and one or more outlets at a second end of the channel, the
infets and outlets being located with respect to each other to facilitate maintaining a

uniform flow of a lquid through the fluidic channel.

25, The system of claim I, wherein said multimode optical fiber includes a
core having one of a rectangular or square shape to provide a rectangular or square beam

shape.

26, The system of claim [, wherein the illumination system is configured to
provide an autofocus spot that is detected by the detector, the computer system using the

autofocus spot to focus the detector.

27. The system of claim [, wherein the polynucleotides comprise nucleic acid
clusters and the reagents comprise bases having the fluorescent labels, each nucleic acid
cluster including a plurality of single-stranded DNA fragments having a common
sequence; and

wherein the fluid direction system, the temperature control system, the
illumination system, the detector component, and the computer system cooperate with
one another to perform a DNA sequencing cycle including the steps of:

(i) incorporating at least one base onto the DNA fragments of the nucleic
acid clusters;
(i1) Hluminating the nucleic acid clusters to excite the fluorescent labels of

the bases;
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(i)} capturing an image of emitted fluorescence from the nucleic acid
clusters; and

(it)) identifying the base incorporated onto the DNA fragments of the
nucleic acid clusters based upon the emitted fluorescence from the nucleic acid
clusters;

(iv) removing the fluorescent labels from the bases.

28.  The system of claim 27, wherein the base is one of four types of bascs, the

bases of each type having a unique fluorophore.

29.  The system of claim 27, wherein the computer system is configured to

repeat steps (i)-(iv) to determine the sequences of the DNA fragments.

30.  The system of claim [, wherein the reagents include four different bases in
which each base has a different fluorescent label, the illumination system including first
and second lasers, each of the first and second lasers exciting two of the four fluorescent

labels so that the four fluorescent labels are excited by the first and second lasers.

31, The system of claim 30 further comprising four different optical filters for
selecting fluorescence emission wherein two of the four filters have a narrower

bandwidth than the other two of the four filters.

32, The system of claim 3 wherein the fluid direction system comprises a

pump placed after the flowcell to pull reagents into the flowcell.

33.  The system of claim 27 wherein the detector is a CCD camera and a
density of nucleic acid clusters recorded on the CCD camera is about 5,000 to 50,000

clusters per million pixels.

34. The system of claim | wherein the index of refraction is changed at a

frequency faster than an image acquisition time.
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35.  The system of claim | wherein dynamically changing the index of
refraction causes scrambling of modes of the multimode fiber to average light output

from the multimaode fiber,

36.  The system of claim | wherein the multimode optical fiber includes a
core, the core being shaped so that the illumination footprint maiches a shape of the

detector component.

37. The system of claim 1 further comprising the solid substrate having the

one or more polynucleotides attached thereto.

38. A system for imaging biological substances, the system comprising:

a) a stage configured to hold a solid substrate that is configured to have one
or more biological substances attached thereto;

b) an illumination system comprising at least one excitation laser coupled to
a multimode optical fiber having an index of refraction, said at least one excitation laser
comprising one of (a) an excitation laser that is coupled to the muitimode optical fiber
and (b) multiple excitation lasers coupled through a fiberoptic device and to the
multimode optical fiber, wherein the index of refraction is dynamically changed to obtain
a substantially uniform illumination footprint on the solid substrate;

c) a detector component for detecting light emissions produced [rom
excitation of the biological substances; and

d) a computer system operably coupled to the detector component wherein

the computer system comprises an instruction set for acquiring images from the detector

component,
39.  The system of claim 38 further comprising:
e) a fluid direction system for controtlably moving one or more reagents into

contact with the biological substances; and
f) a temperature control system for regulating the temperature of at least one

of the solid substrate and the reagents.
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40.  The system of claim, 38 wherein the biological substances are
polynucleotides, and the ilumination system, the fluid direction system, the temperaturc
control system, the detector component, and the computer system cooperate with one

another to perform multiple sequencing cycles.

41. The system of claim 38, wherein said multimode optical fiber includes a
core having one of a rectangular or square shape to provide a rectangular or square beam

shape.
42.  The system of claim 38, wherein the multimode optical fiber includes a

core, the core being shaped so that the illumination footprint matches a shape of the

detector component.
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