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[0004] A number of alternative sequencing techniques are presently under

investigation and development. These include the use of microarrays of genetic
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[0006]  Accordingly, the invention provides a method for sequencing a plurality of

nucleic acids which can include the steps of (a) beginning a cycle of a sequencing
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[0011] A method for sequencing a plurality of nucleic acids can include the steps
of (a) performing a cycle of a sequencing procedure for an array having a plurality of
nucleic acids via a system capable of determining nucleotide sequence of the array;

(b) imaging the array to generate image data; (c) deriving sequence data from the
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reference to the accompanying drawings in which like characters represent like parts

throughout the drawings, wherein:

[0015] FIG. 1 is a diagrammatical overview of a sequencing system incorporating

aspects of the present technique;

[0016] FIG. 2 is a diagrammatical overview of a multi-station sequencing system

implementing aspects of the present technique;
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including sequencing by primer extension using labeled nucleotides, as in a presently
contemplated embodiment, as well as other sequencing techniques such as sequencing
by ligation or pyrosequencing. In general, and as described in greater detail below,
the sequencer 12 progressively moves samples through reaction cycles and imaging
cycles to progressively build oligonucleotides by binding nucleotides to templates at
individual sites on the sample. In a typical arrangement, the sample will be prepared

by a sample preparation system 16. This process may include amplification of
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may be detected by the detection system 20 for

sequenci ng of the tenplates at each site. [0025] At
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Subsequently, reagents will be added by
nucleotide having a unique fluorescent tag and a blocking agent linked to it. The
fluorescent tag allows the detection system 20 to detect which nucleotides were last
added to probes hybridized to template nucleic acids at individual sites in the array,
and the blocking agent prevents addition of more than one nucleotide per cycle at
each site. In other processes, such as sequencing by ligation, the process fluids at this

stage will include query probes with unique fluorescent tags attached thereto.
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will typically then again wash the sanple, which is

then prepared for a subsequent cycle of sequencing.
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sybte@RvaA tHik! FRITIO@ES adfol/delivery system 18 and the detection system 20. A
number of process parameters, discussed in further detail below, may be used for
sophisticated quality and process control, for example, as part of a feedback loop that

can change instrument operation parameters during the course of a sequencing run.

[0027] The sequencer 12 also communicates with a system control/operator

interface 28 and ultimately with a post-processing system 30. Here again, the system



Alternatively or additionally, the system
control /operator interface 28 may generate
WO ewsmvmEMdat i ons regardi ng steps to be perf or nedr/Ug2088/052198
sequenci ng procedure and di splay these recommendati ons
to the human operator. This node woul d, of course,
allow for input fromthe human operator before
comrrdh‘aspeai‘tbm tafuds @8 widldiypichhyg isdefesa pénetirdl usggt en application-
cedure. In addition, the system control/operator
SPPF 1 r Oy glegpedy tB\FPB@toénPYBﬁ‘TSF JHIABCE e ffiliEA data, system
scBRELALAT <! foff NAE N cRUOBMAPRELAAY D oSEIAES bgeaty@bgram
stéps in a sequencing procedure to aut omat i cal |
expeuttd tarellly by by peog eyt exaceted Mithuhitheeseqeenser i1 g In genetral, these

fromthe human o erato bef ertaking an
i AT BB KR T epsS! 1t LR atiE SRS ng otns of the
segtdneRERA AN, SNAE ast@racqme@r asd {y/PrifodRS swmmowbﬁ@perator
increased flexibility in performng the séquencing
infgrigeedlimay alse mﬁ@itthumn PRAIGD tﬁbmtfaifauc@ widfthe eyseamate rﬁgulate

% I Nteracti on
1nter

opaeraglon {Tatlate an se u ncm , arr,}B d)t]%er 1nE:ract10ns 813.'[ may be

em cap
des@€lienith ngqeprsgaemu nﬁﬁivaamel axl gs@ftlwlai’bms tﬂwougkana@lamﬁd V&stem
machi ne | earni ng based on the inputs gathered from
CORRUPPEEF 5%%6 2[8(10@8]1“%“%@&%1?’6 Y0y n9difepeppto be
yRi ca e r ogr
pebfshined MRS iRl O B0 PR 2B 0" AR opertor
Ab@‘natnvel)h er hdditiomwdllypthei dyateﬁd comtedfepetaton iatarfacte?d weny generate
sequence data fromthe i ata., The ost rocessi ng
reg%@sﬁa@@n%ﬁsgar%eg st Pr;%ep? BYgHi i b 0&1@565% thifedure and
dlylﬁéfﬁlegé gcbﬁ%héﬂl&@ttmlﬁﬂz{rpéﬁrﬁgr dygs itideabdiBe dourse,

nucl eoti des that bind at i1ndividual sites as
albeqiee npiun gopr thg hewse spgratog befolpyurateethlyis g snd/pr mhélfylngg@ps in

dat di I t t
o B R B b PR SeBChSAE R wlfeL e
prb@gath @gﬁen g hemah ¥Bditor hNGRingthehnst ofi A6LSNeRtPt certain
system 30 wi Il build sequence |ists for the individua

stefistip g mu@wgsawm:@ram by awemencalbihpgyéormge thyethe sequencer 12

0 en n for
B ERREER, bRy R ! RSP PR b TR Bl ogor ity
othé029]s. Tﬂnear@e@mﬁn Calllﬁglnfgybétﬁ Muldndi@y afe op@tfor giteRdtiteOmodes
handl e i ndi vi dual., sanples or nay be designed for

mey greyide Hﬂgﬁwéuﬂe’ﬂhﬂlﬁ B nPraforgEite ik 1sgaucapng seiRees - n In
|

gl e cPlrfinafph b HEbEA G A SO E RS furher

albel fiov arsystaih dapade nf sreaing oidheodifying dsw samdncfmg procedures and
detecti of progressively bujldin ences of

alghiepiagy tﬁ’fﬂ’é%l‘ AP ¥fe Marhige il F%P’é‘&d‘éaﬁg% th‘t“ﬁ eeathered from

hSSAUPRERIrs 32 may include a series of stations disposed
in a plane, such as on a table, or in nmultiple

[0028] The post-processing system 30 will typically also include one or more
programmed computers that receive detected information, which may be in the form
of pixilated image data and derive sequence data from the image data. The post-
processing system 30 may include image recognition algorithms which distinguish
between colors of dyes attached to nucleotides that bind at individual sites as

sequencing progresses (e.g., by analysis of the image data encoding specific colors or



pl anes. To allow sanples to be inserted into the
sequencer, an insertion/retrieval station 34 wl|l
WO 280915/ be provided. This station w il be pPyBUS20$/§52198
configured to allow a human operator or robot to
insert a sanple into the device and | odge the sanpl e
in a process flow for sequencing operations to be
ineeutiden! ahlogy thxesdqoemedbfahe nhdestides ausheaiddividuahsite locations.
stations. Fromthe insertion/retrieval station 34, a
PrREEAAH EahoB oy PP RIS STE U RBY 50 M er g sayerss fissror e
in§&{ME] SRedTBY €hd E@rn%l@”ﬁ!ra@ﬁ whithaBdh BE GGRRS PREYERED 16 N&tablish
ot her stations. [0030] I'n the enbodinent 1llustrated
genptiligor@atiarhdoraddichdahd¢ngshisabl anatemall by i vaglouslebioinformatics
1fI u[' dic stations 36, detection stations 38, and
V8BS cki ng stations 40, al though other stations may
be included or interspersed with these stations
[0029endTHGsel BaRidehs s RRODE S8y 38 dosRelLHeD ECh MldleSTheRsdual samples
desired. For exanple, fluidic stations 36 wll serve
ortrpay; by ¢estpnied fardaghien thyoughpubinenapes geresalty igprpsented mHaG. 2.
Flﬁ%h&ﬁragﬁ%’a I‘?‘lﬂﬁihst@@ont s%qﬁlédcgly\éi i Wﬁi!cﬂ %ng 1gf fa'tlggé Xﬂeqﬁlg'slided
nucleot’i des as sequencli'ng progresses. REPIUa €
fostthd idehigergbofmMpgalts anal dthey floids waishiftvg dexectidnushipnggressively
reagents fromthe sanples. Alternatively. or
buildiiz; jeghencey of pHdetdsge 18 iRHERSITAGI cHROdimRItethe spdysacer 32
m%pﬂfchﬁl\é ra%@ri@@o@étﬁt%s I %’e"ﬁl inpaf 1hid b @Sas di ][a'ny, B8in multiple
reagents present int i qui ds, from sanpl es
plamdepéncdnty cinpldseior bé¢ dcatted mntd rthe Beqiepsdremm ik@rtion/retrieval

exa e,..the stage can incl.ude val ve actyated vacuum
i el PHALRAOE BECTrHt ol sRtPBIGUaR PSRk PaY Bured to
alfofn0 M HuRInSAERAt6r WhESbok K iSRAPA BarhBledhtcAtht &lvitel 81 Rige the
even when the sanple is between stations. A useful

sappbeuima BRpsessrlay useqidnethe dpsratioratpbe automapesilyi pegformed at

U.S. patent applicati.on ser.. no. 11/521 574 ich i.s .
o y@ie Bol st R B orERe ot sty i ¥EetieyBpca
conl@lih®R$stS8 (ABY illRGhEEE waD ¥eide b dved glee@iripldy 24 and process

circultry, such as optical, electrical, or other
b%ﬁ?ﬁnﬁh@ﬁ%eﬂﬁéﬁl‘gﬁed to detect the particul ar

nucl eoti des added at individual sites of the sanple as

[Opi\ﬂ S eQUROCHBGiRABTRSEAS i C?’Q?EGYT%' a%}{io‘ﬁﬁf grte ns Wifiliffdude

or such detection is described below wt erence
fltidicFkdBon8 36, Tdeeddioa shdtioak BRgarsit dit-blookid® stiynd40, edghbogheother
for delivyer. reagents used t.q renove protective
sty Qe &5 aass &Y éﬂﬁerslBFlﬁﬁ‘? oo PEPRS fepRging upon the
pro&ich 8Rd kldRieAle &F didpTRiesiBR. t FGUxaRple, MRidRBRaBYRI Wil IB6e to
de- bl ocking station 40 may al so be used to cl eave

infrbdise gsegents ahdesthanprosésyifluads trothecuampdesf Hosutthes to allow for
bugc?lg% %ggécggﬁu%rnu%héogggsugsl see%tuier(ljc?r?g fa)rsog%esge%.e nf‘}ilenguidic stations 36
may also allow for washing or flushing reagents from the samples. Alternatively or
additionally, the stage supporting the sample can be configured to allow removal of
liquids, including reagents present in the liquids, from samples independent of their
location in the system. For example, the stage can include valve actuated vacuum

lines that can be activated for removal of liquids from the sample when the sample is

at any station or even when the sample is between stations. A useful vacuum system



[0032] In general, the sanples 24 may progress through
the sequencer 32 in a progressive flow direction as
w0 pasog1edd generally by arrow 42. This may corPEEps29ds/052198
to a normal flow of the sanple through the sequencer.
However, the sanples may retrogress in the stations as
i ndi cated generally by reference nuneral 44. Such
is rdetertgd e §81 @ampiy ibepeddimigr €4 tpatepe applicatien isemgiond 16§21,574,
the sanples, reint od%ption of reagents, re-flushing,
whirh SR RP P ddIgiEIR BpERIFENGe operation that can be
perfornmed by a preceding station. It should al so be
[00gijed tiadetddien RIPGHESS h&g i9fu SRR &Sirbd dEB&iRYEESRMy, such
as also in the systemof FIG 1, rray be decoupled in a
astaptipdy allectsienls er otfhmequipmenalesigh¢d tagdrtéat shanparticular nucleotides

r ess .t hrough e statio for the sanme nunber of
AL ERRAI M S o B8 sl e RlyebelFe PR R R 52 bmptary
optihlt dysteiCloe sphQeRSEon [k deb@itamelosy Witk refbRASSIo ISEB! d%e de-

may be renoved from processing, reprocessed, and
blegkivegptatiog 69 macheppdeloysd ngr ras)iveidng reagesly pyedr &glremove

' i cul.arl re. k. I ui di cont t -
prge BRICCHEN) i Mo BnbilE drr bR B SRNOARpRIE LR cime,
partailarbnia $BS BWtEMQpEFhate-bhkingr eativat 4(pmaf atsod usad an cleave

optimal or desired manner. In enbodi nents wherein a
flucseiseidt dxes pafovBlar Peiectise fiony dissBudgotidgh 8F ol grpislegtides as
[ ssing that is of a substantial duration,
Seﬁﬁgéggﬁg?§£§§§ be placed in a storage state. Placing
the sanple in a storage state can include altering the
[0832]i r dnngmerabf the remptasple may prheresotposght thensegfiertchie 32 in a

BRI DOy B850 5 B RS Btons

tofdOhoral €lolwngf theesafPIEtheo@iRVihe QBGERAESN CHoWEver it safBles may
not limted to, reducing tenperature to stabilize

regagiptse it divs statiosnes indiepded icorerally &y icfrsencegawmergl 44.  Such
e oxi dation. S .2 C j t S 2TVl

rel GRS for MR el BTl PG Ol oS SamPlS, SFMRORn of

refidentso e fl i, iod Betdralbaaml @ p&gtdpbta€ioh $hat ExXEBP pafytmed by a
nmet hods of altering sanple conposition include, )

prigedHguttationy dashad akadiengoted 4Bt ths inseerewiane At saapleh in the
ant i axi dant | i ey i t

sy3EpETk O RS HACR 1, B Cb Bl in iRl oAfic! Tt

is,aon allistraplets seddhatpraegysabieugh thel statonefdrahe comshurhbeznt sycles

In addition, certain steps in, the sequenci rocedure
g 1S 0nRE Bp e Bl ARG DA I i ani o Dok

processing. For instance, if it is determ ned that the
(003310 eS NN BlaP Be HENOURAKTdh PROREBEE TEHr06kssdd)@nd aeMUIBling of
may be directed to the fluidics control/delivery
sugly preagssi®e syt hearltarere ins eaap timeppyrtiselapls skeade e Hpidics control

st orage. . Agai t hese steps na aken to ensure :
sytstﬁg]t f%g%r ﬁhﬁ uzrﬂﬂ /tplr%crf]:s% (Eoon n%o? FP/eSteS% Izrgl%ggelcts t%fltoosl%e. Of more operations

were not performed in an optimal or desired manner. In embodiments wherein a
sample is removed from the process or experiences a pause in processing that is of a
substantial duration, the sample can be placed in a storage state. Placing the sample
in a storage state can include altering the environment of the sample or the
composition of the sample to stabilize biomolecule reagents, biopolymers or other

components of the sample. Exemplary methods for altering the sample environment

10



[ 0034] Moreover, sequencing operations may be
interrupted by the sequencer 12 at any tinme upon the
wo@ewanyansce of certain predeterm ned events. TPEBES2008/052198
events may include, without limtation, unacceptable
envi ronnmental factors such as undesirabl e tenperature,
hum dity, vibrations or stray |ight; inadequate
1nclﬁd@€hmt atteddt iiyedowo, fedbeing iterapdramre torspadileqet @blpde constituents,
s i.n sanpl e tenperature; ?cce ptable s

hang le.
adghitop 4 aiseiy #udp Fedpra PR BLRY BRPIECRAEAEENS. and Temoving from
a ﬁ%l&?c%hrcfe% OLRE &J %’édbﬁ’eael‘nﬂé%?h%io%@éra&d’(ﬁ)ﬂeofds%@ie é‘(%tlﬁfénts

forth. It should be noted™th t he  occurrence of such
E)eavrmi:ursf metodnatf alegingr eample ecanuyptsiton ufchsieq weﬂmuhglmltatlon

dgg‘l 1%1% Fql?ae}ngg %{C@g %Ié]té?ef%ll n S&@%@ﬁ; %% er} e al?é?lng p?—fito a

leA@tBANIABING VOV RRE, SCAMRNEABoRkBbTcats MRS SR dr alter other
conti nue. For exanple if an image of a particul ar
00@yt¢tu@1t$ sInzaddlitione gerfatn steai intthereequarking prasedre owy degaebrmed
belforE: rft:nqg\tfmc rllensg%lptle %rom proc §ngap rbl%str r?ce i(fpp cﬁ:termmeﬁ tRht the
er exposure-tine, av a icul"ar ¢

safrfpﬁih@ﬁl&it be'repeatetoml Ifrodd@ﬁng 3% @rﬁ;ﬁ@w&y&)e it ble@ td theAluidics
flow cell, the instrument can automatically flush nore
congrghdaivenosyssb e 5¢ Hiat fispBmele mas ke rvxé%h@clef‘r grre fhrage.  Again,

r. | ar
o s ISR REONF S S St 0 DR 1
i nstrunment can automatically halt scanning and reagent
[0034]i ve¥ligreoger, setqabncpmg tpaatiar ncdydrneterrupteddyshe saqgemer 12 at
anal sis tjnme and reagent .con ti.o \[OOSS% Althoug
Band Jepa i 2s Bar BLERHHN Tl GRS SHerh. r SHAP Ed. dnay

1n§1)d§$ ethdht Whietion, SRFBERaBIOLAVTARRS It fabtofl Mcﬁra%rﬁndesuable
stations by physical novenent of the sanple, it wll

teppeatvder bemiskityt habrations pr i stioy plight; deadeqente ergentidelivery or

I icab system n st eps .
R PR i el PR h A Bie BB bi® o R e gt i
nu§Her/q 88y di sigburdme ralemye@fmgﬂwtcsamé eaud:omsﬁﬁaimi @mage data;

reagent s J[or esent at the stations can be delivered to a

an§a%‘?;ﬁ°éthb)1 Hhoaks bonotgd fthajitey ecayrspemelcBish ey ety neel not require
1n{e%§{1¥1|9 {):1; sségg&[}gr% @g 'ﬁp CRY H 91&'&1 21%{)/2% f§l:tg}s \%l%l)fed by

be con gure t a sa
thé lqahhty@rodess‘ tarite] cgdrer ricCiat desdtmihih wzmenee lequeheing operations

reagent. stations. Thu detectj on ste s can be carr| ed
Eﬁ wetigre FQH&X?W@ eoﬂfs 4 {rapgegel # PAFHFUBE YRy ihaptlyesd By real

tith€ %H@ Rho e G5 Q?%lah Er&thlk cHAGRQ! ﬁie”&la e c§ﬁ1‘1§9 € %Xﬁ ; Bd RGing a

effectively reno from processing di sconti hui ng
longee eaposupe 8mplr OCBHS| mgaratldplschduﬁczilttrefatmnnﬂ rciealatedelfytho fimage

opt i %h etection thout necessar
npBiaiRGie e Lathpre s ARS8 dpiearRien Y Heeptecgasent t
remove the bubble, then re-record the image. If the image shows zero signal for a
particular channel in one cycle due to a fluidics problem, the instrument can
automatically halt scanning and reagent delivery for that particular channel, thus

saving on analysis time and reagent consumption.

[0035]  Although the system has been exemplified above with regard to a system in
which a sample interfaces with different stations by physical movement of the sample,

it will be understood that the principles set forth herein are also applicable to a system
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[0036] As in the systemof FIG 1, the various
stations are coupled to the fluidics control system 18
w@easheeishe qual ity/ process control system 26 POI/Pg20a8/052198
control of these operations, as well as control of
qual ity of both the sanples and of the operations
perfornmed at the various processing stations.
inMifigothe rstep&&cdlmrmg]et Qb tatvohreRciievdd by bthevakdust requiring
statlons t he sequencer ?re linked to a s

e
MRS o érséF’é’lle BrPIER AR BEEH ! A %8&%&’“? scan be
del}‘ilvEﬂeH% &ls¥m lgrb%%g ok Q ff%uﬁ@%m‘t&ﬁ Q620 FHRHBSIS %Qntalmng

where sequence"data is derived fromthe detected data
the ym@mlrbz}genm@ndaﬂya agemacmw@nbg/antﬂeeroaiégm@ﬂ itodetect a sample
stat.ions,38. [0037] A .systemof the invention n be .
o Baneiie SRmhiby SRl BT Mt PRy AR, Yection
stdfsUdadl b ¥ardibd But foefRat diaIEPbe sfterYEHVERAB 0P hny Perticular reagent
invention can be confi gured to include an arrangenent

des¢ribedhisrain. dysdordimedy, rsamgba@r@ﬁn befeffsetatalyremdved foan nqucng%mg
uenci ng ste Ies Ln th rrangenen
by ;cjhscontl ule ca% %engoir% é)r%cessm%\ sfte eolrt d@?ﬁagg Y oepélcal

deltdetion Vxﬂithiou’c atadssarity pRyseadl rohbeihg ﬂﬁosranqxaffphlats l@Bation in the
arrangenent of nucleic acid arrays can be placed al ong
devits- outer edge of a circular tabie. Sinilarly, the
stations can be placed in a fixed order and at fixed

[005’6]6r V@é th fh@l ggéc.bfﬁeofthgeqcﬁ'le%hgﬁs ftgt%nse‘ff@‘m ed Ioht%e fluidics

stations can laced in a circular arrang
colnavl sygtean p&randed ethe qtnaitty/pmce&gmm@s sysmeml% ﬂoamnmtt doatrol of

t he arrangenent rray t he tatlo
EAOBEAGUNT oYU % G OBRPE T GURTE & Ardl b Sampies nd S the
op¥RtioRY balthiAfkdi A} tRe SHIHRHEOARGsiRE 06, - MER®VEMS in the system

arrangenents (i.e. sanple arrays and stations) can bé

offd (e d. tfﬂeIvaltnpuﬁestzttmneaf:ﬂlecst:metncmm:hllnkﬁaittommstsmaqomtrn@]@)erator
B e 850 OB ERBuRbR GESFIAED SFOEHD B iigm o
windrel sé nc&Cd'ls@ﬁwc%hQéd frbe theldadktee diy§prRaAlly Gafke data generated
correlate with the order and duration of reaction
bysthe getegtipn fixiogeddenci ng reacti on schene such that once
a sanple array has conpleted a cycle of interacting

[0% Fh tR& Lkl oS@E 1H€e1§1‘i>ﬁtda8rb% us%ﬁ% c%nﬁ@b%@ nce nucleic
(}uenm g reaction cycle 1s conplete. For éexa ﬁp?
acp:drSI imarutaligt ofadiffeteyb samplze dSystermuct e dnantidn car getsnfcgmred

an . a can each e extended by additigon of a. sin
toﬁ%}l‘ifo%%/?féanga@?’éﬁc‘? a4 3P| AHRREANG Of RBUBRHOF Y Ymg out

setlﬁ&cﬁltgas&ép@n%e §ﬁﬁﬁ1’e£‘ﬁl tﬁa@taﬁ@@gérﬂehﬁotssiaﬁ{m&%n b@ @qﬂaca@hfsa fixed

of passage for the array corresponds to the order of
ordegragenat faeetdi m@ngalsamﬂatrveetotqadn othene Fooexamplonpi etrggement of

i Rl gut o e SRy o e of S GORIAT BB fihteny.
the stations can be placed in a fixed order and at fixed intervals relative to each other.
For example, the stations can be placed in a circular arrangement having a perimeter
that corresponds to the layout for the arrangement of sample arrays. Each of the
stations can be configured to carry out a different manipulation in a sequencing
protocol. The two arrangements (i.e. sample arrays and stations) can be moved
relative to each other such that the stations carry out desired steps of a reaction

scheme at each reaction site. The relative locations of the stations and the schedule
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further detail below, each lap (or full revolution in
enbodi nents where a circular table is used) conpleted
whooanaisdi vi dual sanpl e array can correspond BQI/US2008/052198
determi nation of a single nucleotide for each of the
target nucleic acids on the array (i.e. including the
steps of incorporation, imaging, cleavage and
fod éhehletacike mpvemeni ek @uiteldte withthe oydel end Huatise gt esaciiowg steps

. run). Furthernore, several sanple array resent in
in; g SEYSTERE (FHFIOBSRENG SUgh 1RhaNG ACaMle H5pY By completed a

c;féf%nGﬂJfrﬁ&Q&hﬁg ﬁﬁﬂ%@kﬁ[‘ge@&ﬂ@t&tﬁ{m, reReatRgel ﬁeﬂcﬂ{#ofég&ion
the system "thereby resulting I n continuous sequenci ng
cyble it hemgplest dinr eidainply, primystteahaoe hytetdwed tofutlhie acid targets on
I nvention,  reagent an be.actively delivered, or
o, BB TB e TG DRI Topt By el SEETHanecipd fnd de-
blbéKeatif fRaAKH VT thd QRtiGs, a2 RRURRGENOhE ¥fakiBndMAhd @ate of passage
i ncubati on, or some other reaction step in the cycle,
fop dlacu pgay eprresperdotrd theagrdeie obragynt deiysry andsegacién time for a
o3t Eilft:ti 05 .5an peea ﬁgnn(f: icgeur ed in a spatial and tenporal
rel at i ohshi ngI thoaR arrangenent of sanple arrays such
that reactions occur at nultiple sanple arrays
[0038]c urInemdcbydagste Wviths tHeheoni@npiltien aset dyish abeves wadeddsedbed in
to different steps of the seqlgenci-ng cycle at any .
fubt.p@reqi\etglﬂ l]ggl,ovxt, H“@F%lﬁp gqq fodll; 15Y0 Hem it Gepedupeats where a circular
taSie M tﬁékﬁo%%?life%{fe'@' ngd § i&@uﬂe%&ﬁ%’%‘aqﬂﬁ h&n correspond to
advant ages of “such circul ar system are apparent en
detdrmirchion of tar sinde duclovigdentyr ehchest the gardetsipredpo ntidonattes array
.For |1 flow cel.ls that only .take a short ti to .
(L6 JaRATe the Sy ZhenESe v TRAYBE 2 FUABEANGAc Plne caried
ol $h ERNYBRIING sefuddin@dlhf). FuherASkE, §e§}eﬁp§drﬁ% @rrh{¥€present in
time the instrument spends acquiring data. en the
the reaefemg (for wearapld. ohehe sincylat jtabde)asencatyontly mpoveyaorgnsimilar,

that, s sequenging a s l.e on single. flow cell .
re i laP TP e P Em, BIF Py g UhEhTop Y uilasine by the
syk@iNaUsifh HaBysédin bMB@thdg of Y iBverdind, teAginef @hdeactYdY alivered
that can process two flow cells coul d have one on the
orcigEpived fipne ¢ st saneple qEray An eoriaregi Hidh @yldiskrappiden sise of a

AR DL S ST T

a edcohdhsampenarsdyr y ThuQeaess ofhitdtiohs cambi rwoatibyredadgui sparkigl and
data, [0039] Enbhodinments of the invention provide a
tegipaiag Fﬁl%t%ts}]“i)émgb%ﬁ PR oMl pEpIsSuedRf rgptigns occur

firs : .
at ﬂﬁ{élﬁgbez%ﬂlg gﬁl{d?sa}foﬂguhjan@y s66PRd tl‘?Ea%lﬁ,e acﬁqragé/ ahh 'sﬁlﬁfacted to

t nuousl y sequences nucleic acCids of
diffhiendstemngdltee soquencingTéneds atanfighen teaaphactar albywicgpotsmuous

i.ndi vidual | y added or .renoved fr the system w t hout
alﬁdn%l@lultﬁﬂﬁofl?] §oEEGUBAP B PRI Ins c%‘ﬁ'@?%ﬁﬁs g% SUot frpular
sySRAPAB apparait whdtethe R¥eRls@Y il NBhakine times are disproportionate. For

small flow cells that only take a short time to scan, it is advantageous to have a
number of flow cells running in parallel in order to optimize the time the instrument
spends acquiring data. When the imaging time and chemistry time are equal, a system
that is sequencing a sample on a single flow cell spends half the time performing a
chemistry cycle rather than an imaging cycle, and therefore a system that can process

two flow cells could have one on the chemistry cycle and one on the imaging cycle.
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advant age of continuous sequencing for the set of
sanple arrays. A further advantage is that sequencing
wo eovg/ogfisai f ferent | engths can be perfornmed — PCT/US2008/052198
conti nuously and sinultaneously in the system because
i ndi vi dual sanple arrays can conplete a different
nunber of |aps through the system and the sanple
Waei ghyesinc@inghéme émeu dolddessatiaie chet ahelinerystyiae etie isystan can have
i ndependent fashi on such that reactions occurrin
te%glﬁé’r cedl AR AU YRS BE FEUTSBISITY] BogTsT Vil coptinually Scquiring
dakd l ustrates an exenplary detection station 38 designed
to detect nucl eotides added at sites of an array in
accordance with a presently contenpl ated optica
[083%]t enimppgdigentsfof thehinagsics, praviéa apbgewahathie cwﬁ@med © allow

e.stations of the deyi o] t hat are
repBariiny T G PP by alohSUPa.dhds Jify o RGRE Hftem
cofholyeRgueidRs PacleRr ddid@doOul thif s@nslaiBlag. 1Ak, 4 Firéthample
communj cation with the one or nore stati ons w t hout
arfpy ceEdis b imd;Vlé@alhg agasdeqr reonaied fieneribe [speemiwikout interrupting
r h
seQGHRIE Pletone, SFeiRg e ChieRfbey SEEHP My HERBE DrbOicing ihe
adshhgeotScdntin@onsaedehyingffoicthaketgifrsainplensram e Afartharadvaitage
t he sanpl e noves betmeen stations, the stations nove

is ¢ thaty pREIVERGRS dung of (diderept {qngHhs eavg %aﬁ?ﬁﬁogn%f} gontingiqugly and
su?Mlthz;}le()ﬁﬁ?elgt tHeOs I__ﬁf’éfl@ HREDRE - inhRiddAe sg\q;g&? can complete a

ustrate 3, one or nore rces
diffeieui Iﬂﬁnlbdrgiﬁﬂaps aghiwsgh Hatsystem ahidrtbe Bzmliplb carraym«:hntbeanmwged or
ics 48. The I| urce ncl ude on
3 5 Pheciem s arn eneB T o Ty Esaiops BB dbher
sift@hredRt p&tirb&y. dyes that fluoresce at different
correspondi ng wavel engths. The |ight sources may

di rect beams to the conditioning optics 48 for

(09401 erFlRy %N@lsgmpuange@rmnlm drieation Hiatidne 3¢ slealicnediie migtect
I
nug%,gggél?s n%cl;c{%d atef‘ XAOPLF an lafta géo%?&tlcg v%grp b odr?fg e%ﬁ? %ontemplated

he conditio ng op

o;ftfc@lmyswhi iABlset foaerbsvandsagpiecat e doganertalol o rhd)l’ﬁ 8ations of
radlatlon that is _conveyed to focusing optjcs
thse'ievﬁ% thaésaé? lorsénd @splaér?agﬁcﬂlﬁf?rswalq%tl?rﬁc@ruﬂaeﬂéﬁtwely one or

P‘?S eérH é_%ﬂ B QUIRQEN otnheﬁgafnqlﬁg Qﬁaﬁ’sfs M]g AN adt? n &k I"Ehe one or

. e measurenent of ‘power ‘be used as a
mbeedizaok widohanesssariby dbeing mmdwetihe dlﬁaghhlwﬁtldnSMmordingly,

S recarded in order to obtain a.uniform
th%;drgg%rmﬂ@n&%% dléﬁ%gaf &9 @PHF&P al;siatiops i &Pdgé@ﬂd teglate to
stAtfonts hg JRASMY I T MATPANEA whetherbs Mt fﬂ@é lsé{ﬁﬁle%o‘l}é@ebetween

| aser nodul e, then fhe instrunent can flush the sanple

statiomb, the "skagilods npvbué ftey Sample pereterstationhend ampple aigtsiatic with

resprg:gt 0 e (I)tﬂert. hfn Ithaeseenrlboccfi Hler?tellﬁl(s)trrz{tg& t1ne %’[G. 3, one or more light

sources 46 provide light beams that are directed to conditioning optics 48. The light
sources 46 may include one or more lasers, with multiple lasers typically being used
for detecting dyes that fluoresce at different corresponding wavelengths. The light
sources may direct beams to the conditioning optics 48 for filtering and shaping of the
beams in the conditioning optics. For example, in a presently contemplated
embodiment, the conditioning optics 48 combine beams from multiple lasers and

generate a generally linear beam of radiation that is conveyed to focusing optics 50.
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[0041] The sanple 24 is positioned on a sanple
positioning system 52 that nay appropriately position

W b@ssgrpl e i n three di nensions, and may di spl BCEUS1968/052198
sanpl e for progressive imging of sites on the sanple
array. In a presently contenpl ated enbodi nent, the
focusing optics 50 confocally direct radiation to one

Tier lamrrrﬂodiﬂdfsf ameslditfonhhe iddludeya ateawdringhconitinemtctial records the

S|tes ar cat d that are to_be sequenced. Dependi
PQYsEnclt fide f{eﬁ FRcagyremegh Of | RV STRY s bidbdnrh fepdback
mE&ltaflnglem&lftrO[ ch Ehgt‘ﬁnof‘ fmb %%ﬁ%g if [ QR dDensaIR! & d&n a

| uorescence of es bound to the nucl eotides at
ureﬁmh &ipoaure [e(Deltng] afrcﬂ]eharéioreobgam |fer tin:hnlmagburlﬁehe measuring

t hr ou h re m o [ y. fi.lter the b
cothone o G B JRRE ARuhe TusPE bl diBhpe e Rind Gop i) e
safiptk Q/ith ecthom@gseuﬁep% prREhvE @R Tanile ARG BE efTBF B the laser can

canmeras 56. The caneras 56 nay be based upon any
besgieatsle t echnol ogy, such as including charge coupl ed

devi ces that generate p|X|Iated i mge data based upon
0 n
[OGHlfrjer ggheg [ﬂqs E%ﬁ%ﬁ ;ﬁt (Zn %BE ﬁ%ﬁio(ﬁ 08 \-,g%r?n 5% tlgat may
apipfopgitedy psﬁﬁsn ﬂg @nrpdm irt myeé&mehsnoge r@tdahgy dikplace the sample
processj ng C|rCU|tr¥é58 may perform various

fop pereatsSbiismagingrotatitea ndl bt tsamplg grital b gryeieaily sontemplated
erﬁ&ﬁlllﬂl 1t é lf&%rsi ?90 tﬂﬂdS@Sc%ﬁﬁJc ))5 an Qt.f récﬁﬁlogafoa oh@ or more

mul tiple frames to appropriate accurately I mage
sunfatdsi @l the sithgsit athidpandividwal Isteatiednsaterh thtah erestanipd mquenced.

The I ma pr.ocessi.n ircuitry e the
e Sareirraieo] T dar e TR Filaam A fgeam of
raliii8oP QS tretRFRE S S NGhe SHBPRMIZE WK efeent Aysabauf® b the
be derived fromthe i mage data. Particul arly useful
nugeotided awachesticces that can be used at a detection
station include, for exanple, those described in US

oL AR 5, 0 0, 1 s
filken ¢l QAR ech Habsepurdty dff&‘ra{t’e)mileleh@ﬂiéﬁ] thelbeam4and direct these

illustrates a typical reaction cycle in a sequencing
sepgraeg bepas f%oqee@ﬂﬁ?rwémﬁw 8t i g6 rraReEstodaYy ?%‘a%se%}pon any

suﬂglgl f‘cétcthnr)lr 8?1 stuEﬁ all %h?cﬂﬁé gl?ar (ﬁg)tléﬁf fev%g thadt %¥ﬁér%1t{e}gnxﬂated

tec ni que e pr esent™ 1 nv n gener
inmyatdaes bssed ppoat phorons ummcm@dacaunorﬁl @ thé demjcebe The cameras
rfornmed sanp 4 co r|31n a_support .60.0n
e\%ﬁﬁaﬁfh 1%3‘%1?%@ tiRfets ‘#“’f%u plegr &}rs)’é’ngrf%‘&c“l% 58. In
ge'he@u Rh& Bﬁfcés!si 1R~fu1t%ﬁ§§‘ ne@rmh%n%anw YpetMtdhs Stulch s M¥log-
fornmed, eac uni que fragnents o? genetic

torcbgleﬂ icahveason, n;qalu@t, él@telgeg; elnélasgocmyaon of éreetateinmnuinkipéd frames
toGz?pprJi)r}lezﬁe?y farnaggc%lq}a%elﬁ}élagg nn%lltl%)fél: sites at specific locations on the
sample. The image processing circuitry 58 may store the image data, and will
ultimately forward the image data to the post-processing system 30 where sequence
data can be derived from the image data. Particularly useful detection devices that
can be used at a detection station include, for example, those described in US
2007/0114362 (U.S. patent application ser. no. 11/286,309) and WO 07/123744, each

of which is incorporated herein by reference.
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tenpl ates of DNA or RNA to be sequenced. The fragnents

can be isolated froma biological source using nethods
Woewanoais t he art. I n enbodiments utilizing  PCT/US2008/052198

anplification nethods, the fragnments can be anplicons

of a DNA or RNA isolated froma biol ogi cal source.

Each tenpl ate conpri ses a nunber of ners or bases 68
[0043]ch M. 14 ilhisqueh ya bipidl trencdoe ayplei imeatsaquenning| ot yethesis

Sl s Bl SRR R Sl

I‘CP}I;CIII rteglgu(ﬁ) IfeséIR em@éﬁ%hat er-lré?éls ik gmﬁesﬁr bﬂ@ﬁtlon
I'ncl bdes conpl enen ary bases 72 t t bind wth those
supfmaizgdin FEH. bMmay heqmﬂoanei elequempb 24T¢venprsirgg asupgport 60 on

whigh ar BiuBlas iy BR AR By ot TorfiRls 18 i PRpfutidn, O gacpsamte

245 B9 REA s ted ARy RTBRed! Bachf w1 8niRGY frh&hert® opgenetlc material as
sequenced may var%/ﬁr with presently contenpl a

ingigptodi| gﬁélmaéWehY gaigirenge f rupgrals 6po ﬂ@letﬁas}f@gmntSevem eanstitute
tem|p{]a¥es osf BlQA rSRN%r ‘iollg)eosebials ecsed ['lqle f4 A m nts Caclll € }spﬁged from a
ogresses, he (e pr ocesse

blblrcbgicuneoalcé sty mEanTa3N khiNen rmcﬂeotalrtde&n @ﬁl@odi)f&lemﬁl @tihzmg
will add to the primer at a positjon that is opposite
EM dsglated

anpEicaaqr methads athe ragasats ¢nt broamphigangod a BAA
fr&% e{ ﬁlge g&g§oﬂu§8 Et%%at élngl-gco nqgfﬁgr%gs gl{ﬁ}nﬂ%po@qné% lok bases 68

I nc ase nmentary to the
whiehplihteigaslywedd toascmﬁlirmmllta&§ @eﬂéotﬁctegoi?:é.’nawgithareof) during the

bl ocki ng nol ecul e 84. w |l be note

sygjhepip é’&O‘iCFﬁ t e sgauenciae H%BSSHE@&S RVith ﬂedfrer?ﬁ an anchor primer

70 ﬂ)ué"icﬁcgf' tﬁ@%emﬁlﬂteg hernid hitsbf BliRdr fﬂ{c@&f& %%ﬁlp‘f@nlléntary bases 72
typically include units from which DNA nol ecul es are

thatdnsd witbttleabe oAb tphoieghof artgmplat] ®quéndes Tbe remaining portion of the

te@gtager gigg}lglga Q,é g%lsef éﬂgy ‘tB'r Iggeréee]lfc%?ntélgr{eﬁz} J%n gor}rsﬁg%gsln@gt I;orr]tion to be

seRti@etd.C aihe aplth GBLIFARS bﬁi%ﬁecoVMe| l\ﬂhéﬁékdj%y vary, with presently
eoxynucl eoti de- trlphosphates each carrying a

cogtengfletedh pmpedjigsotiscxbadme(fsemad e 40 @aﬁﬁm evercgs wamhes Yt 75,
or 1'?%'%1ase%) The conpl enentary nucl eotide is added to the
primer due to the activity of a polynerase, as
i ndi cated general ly byreference nuneral 86. O her
[0044] eoAs Gk&lﬁielﬁdil@pﬁdgﬁassdseﬂieflh@odimed b'rcrctd{tsﬁg streant kel 1nclude all

tenplate w || present. in t process fluid,
fopherirpee PNye ﬁ@%ﬁ?tll%?sb?ler‘gf"é‘iﬂ%‘h wall ﬁ@fﬁ@rfaﬁ origgr abeposaw that

is \?\)?F(i)sri‘te FehChedt-av Nl E04sk 38 $h R Ippdt@ dig rl]l%lgé%e& B? SRRt A LG Reral

subsequent |y be washed from'the sanple in a
78.1 Udlei migled perckiotida, willxincludg 4 match80 ehfil isecdmplementaryt ¢o the

N S IR A TN
b}aﬁl‘é\!@ skifkd anahey Sit SasOfised herein, the term “nucleotides” in the illustrated
processes will typically include units from which DNA molecules are constructed.
Although any nucleotides or oligonucleotides may be recaptured and recycled in
accordance with the present technique, in many practical applications these will
include deoxynucleotide-triphosphates (ANTP), each carrying a single nitrogenous
base (adenine, guanine, cytosine or thymine). The complementary nucleotide is

added to the primer due to the activity of a polymerase, as indicated generally by
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ol i gonucl eoti de sequences nmay be aut omated and
regul ated in a nunber of ways. The present technique
w@e@siogaso f or autonmatic detection of a nunber BPET/US2008/052198
paranmeters of such systens and control of the
sequenci ng process based upon such paraneters. In
general, the performance and quality control
refengaice manieead 86y Githe nprlestdds thawvehntspatificrene bintiog td dre template
normal sequencing operatjons. on one or many s |l e
widk 3138/8e PREASTE N HRgyPTH Safpid atiindikatid EpeY D agtegmes numerals
89, 98 Usix1 9 nhFiee 4l ORI ® Bot%iﬁdiih Yo 8fe tEHlEla%c%qpihlesubsequently
array, performance of the fluidics control/delivery
beswyashedrfropetht sampla e a dfushihg opeteat, iediing ys themtflamt amgam to be
sugco(ﬁrgo ent 19 .8 bsystem of these. \Wen exceptions or
TCEHROHET FESKC ﬁ%?ﬁ 61059 308¥¢ or mance are detected, as
described in greater detail below, renedial neasures
[00%3] DeTHeadeqliericth LHKIcALELIliARE 0FYisd §PE BEIKBEMBNGR, for analysis of
re-sequence or re-run certain sequencing cycle steps,
oligqanclerdids sequeacssaravabiRirytPBated jand gt gvdptediing BIngkek iohyaghdlhe
nf %rcltnﬂ%pheof;rogi‘/d%p fér.rlltu%’n'ié{ﬁtd&e%ﬂgl‘? aeh ?gm%lnt &%&{ﬁ&ers of such
ecause e sequencing w il Trepresent an investnent 1n
sybtemysanaf cdritrod dnitie n@tj@dncilgS procbs bse@dipah sielkarasetemy In
be adapted to continue _sequencing if at all possible, .
el dhe RRITAGNACE F8d tayabyas il Ansmepise Ly thg pyesent invention
R P e b B B h S Rr P Sy gfbys. which
mgwbé nltéredhbasedlupen dotevrad iants whie ptifomnamne omguaity af the sample

BB VLT RSB TS Mg ot
de@ttigh R¢dem| BOAE] sftkEmpSndne BF e8P S mENEBlear WhkR@k&eptiBhs or

carrying out and controlling a Sequencing operation in
angorbedmmyelii artpetthimansp prodatctedriae desstjbedhini gigater detail below,
reOp lra.f:lt Iegsp T Sdenot %q er-]'[eOrCal l t gl% Sr gtfeglr 541 Oemnunergl [~ %%hce or
BEJRhLeHTR a3 PeATTE Qarib Ay T hP e eS80 dheTHg
reSUS t@PhinaSequbslif@tcgdicattess, @RciPbs MrldvatehdaRdne imdging, de-
nunber of different approaches nay be enpl oyed, as nay
blogding padc e fioghr £ 9168 BYerat aspguencing alfpeeibet | yBecause the
t i | . .
seG BRI PSR TR hpenth 1 EHRTR oine B Rt e rompedtal
mudstiles @@shbesidapteed Bontpmpubqicadingyif & ailpdskibledevhile tikigg steps
saneol i gonucl eoti de, tenplate, or fragnent to be
tos@&% !algzgas_t PHySIRG laa%ynmg?ls B)éoqeﬁlﬁlffealﬁ i gesggﬁ% It *%all .or at least
deSRRRINGLd AR SARPINGH afeOndt dubiitliditCRGOR! AflGht VY and
system such that reagents and other process fluids can
minerialmtspeducEbus, ohd henakaipheasared impudvedthe hikeligbod ket reliable

sanpl e nt gj ner, f.or reactions (e.g., base addition
Se%%lcﬂlé-(%‘?ao?f ¥3P1ipedishi ng, and so forth.

[0046] FIG. 5 represents exemplary logic for carrying out and controlling a
sequencing operation in accordance with this approach. The sequencing operation,
denoted generally by reference numeral 94, begins with loading a sample array in the
sequencing system, as indicated at step 96. As noted above, a number of different
approaches may be employed, as may various configurations of arrays. In a presently
contemplated embodiment, for example, arrays of a multitude of genetically different

sites are employed, with each site being populated by a multitude of the same
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[0047] An array used in the invention can be any
popul ation of different reaction sites that are
w@e@semisat one or nore substrates such that dPET/ERWAL/052198
reaction sites can be differentiated fromeach ot her
according to their relative location. Typically, a
si ngl e speci es of biopolyner, such as a nucleic acid,
oligonadl¢@lecdnmplate ac Iﬁraigméhmiodmaleqmaam | Die @tdyemaybavaeed in a
nmul ti pl e, copi es of a par speC| of bi opoly
sagRlF (5N GIER Ao ﬁ%\rfi rC@atr?l?%lﬂvgm aySeppgsich that
re‘&"% ?syantdat%ﬁé} ocels ok @bk |1ntf’éﬂ%&?{ol the Is iéllédﬁdZ?'outed through
urality of different biopolynmers attached at a
thp bamplkicbytapfer Girfre@tions (esg.1 base adticion ead te-blockingeSlwhmg, and
3eﬁhocat ed at different addressable | ocations on the
0J8H® substrate. Alternatively, an array can include
separate substrates, such as beads, each bearing a

[0047]f er @Rtarra g acdd DNhs ikv@Btiol OAABE ad psHaRiHofi diffElet réaction
then, bases or nucleotides (or ollgonucleotldes in the

siea it afe NipsseEYEs 08 mrctie absgaign syrdi thel-diferenigigagtion stes can be
he i .

o FEHENEL 0y DU LA RS AP Rebol "Pughife e

spagipy oﬁblbpal@ﬁm etich @ herucleiconoid, 6¢ uttmche& ag ez[tﬂlSmdlS’&ﬂlaBI‘eactlon

this step can al so, be del i ver ed |nclud|ng
sitgx dIRITYET. dRPYRECORISE Rf APPANATEPELS rD lpmj&gl%r capghe attached
it POl
atﬁc?( F%Icﬁaa é&tc)%glg S?ltp ﬁ%ﬁu%@ﬁi atsgare I}éﬁ]af‘ﬂgg n?aglyagl lude a
pluuraht;u ef fdhﬁﬁmmsb@pblydgee‘s aaacéledrwrmthuelmtyt of thtergmngtee The
0ore

re R an Fanp lEoied s it Sk sibhleliof dfonsop ghey gy g trate.

Aﬁérﬁé’m}e[‘}ﬁ'ak’lc&@ra the McliideUeBhg fubSra&MRh@SasObeatifi@ach bearing a
pol ynerase and nucl eotides once sufficient time has

diffeigperedctianrsitthe desired reactions. At step 100, the
sites and the nost recently attached nucl eotides are
[OGR]fegt%g %6150‘58 0P ijf(gi Sa QR fbag o% nglglegt%esg Bﬁﬁgogglf?leotides in the
cad@bﬁpﬁobmesbmch @sta}dﬁﬁﬁdg-lb@ 1iagaﬁ61es>e Eﬁduyfndiﬁ)@bﬁﬂipbﬁﬁi@ﬁhon) are
enbodi ment. . As al so _descri bed above, the detection
added fp therviten i @a@rrﬁye@@@%@%? YWidcthp rﬁﬁﬁ]ﬁu{ah éeqiepeigg gpproach

adl%gédaﬁtﬁéf B VI %af&éélﬁ%&d it W@F e AIF?/ B¢ Qﬁﬁr%?e%%&ﬁdmg,

entify in Ites an
for dexatipley @fzytlee swobtas @ommtdr;yseabt dihed nhot esbindles iat SBS,

palRBE R Stch eciant SRETEYORIEOGE [ebest L anc SdgEcHEfneg aeents

an@)ﬁ?ﬂl&ue ﬁo@%ﬁﬁd%&%@ inBEARENE B 1é RELhYARd rdd una%d to
simlar cycles of base addition, detection, and

re@té withothd olggonuriehtider empges at a@ho&lteev&tnp r%rwosldcﬁiso include,
th%%j/gi ﬁmtg ﬁléﬁ‘hngdﬂfl)pggﬁs (ﬁfnt}l? ﬁﬂfy%}%%&%ggn huc eotches togge St 01ent time has

elapsed for the desired reactions. At step 100, the sites and the most recently attached

nucleotides are detected. As noted above, this detection may be performed in a
variety of manners, with optical detection being favored in a presently contemplated
embodiment. As also described above, the detection step can include progressively
scanning the sites on the array to produce image data which is processed to identify
individual sites and, ultimately, the identity of the most recently attached nucleotides

at each site.
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cycle, an initial cycle quality control routine is
perfornmed as indicated at step 104. This routine may
wheoososisgur ed to determi ne one or nore qual it PEEUST008/052198
the array as described in greater detail below w th
reference to FIG 6. It should be noted that the
initial cycle quality control routine may cause
[0049]r ecAi etas 10D, the Iopidedetemiites wkqhenthe rgrsytstyela isothe initial
cause_an alteration in the manner, i n which the
SefHICTIEIEREIC o P%teirabayﬁ i SAPRTHEFY TRAPIG & Nyl ffpsimilar
cy%fe@ 5% bgﬁyacﬁﬁl({ne d&@ét{dﬂr Hﬁgde gfocﬁiﬁgt @/ﬂhcfﬂﬁ‘ﬁ‘ 9§%0 ﬁ@Y)r l@@en more
based upon the initial uali1ty control
SUdb styclleb @dmg eprowntl& @@5@}@&@@ mIﬁ ghet hatens eg@le,ntillem,gls the initial

t
il ah AL e S fUHBE GRS LRt f P ed S Parfiel oY sep 104
TIAY dbiieemby Be @At itr¥d @b d&ﬁaﬁnﬁ@&ﬁlea&%&e a$itiePsf e array as
enci ng. Presently contenplated details of the base

dea@rgietdu ip rgrfqlefalduetayl hebrw W@ﬂh rﬁf@tﬁnméo 6 Garlé shimdd pe beigd that the
1n{t%1ni asequ%l (ﬂ/ t con%ro? Ptu%e maa/n t(:aus cc%retc?lons 'to hl?ewemade in the

on quall rou

seGielcliat §sal, deiagr@uef ard zlil%r&ﬁﬂltﬁﬁl’tﬁck AnBySihemitlo the individual
det er mi ne whet her changes shoul d be nade to the system
sapipes atrings derdlpdhgsThst ivnetr iRl seatwehc Padevstpansk %or system

chég%%lnqaf%hmsy@ﬁfg t&elg ?nlﬁﬁlrﬁgf:l% u91 t&fc%flﬁ Las descrlbed blalow

itrons. As wt Init quality contro
104, the base addition quality control routi ne 106 may
[Oﬂé@ul tAssomige et fequencige centimies fsk}e«zw'mgcthﬂ gowtirepH)dorthe logic

BE SRR L8 DRSS SRS BEACERS BLLSRELIRL oy o o

bak€ ﬁcﬁcﬁﬁéﬁ‘ﬁe%f deeqidneel G2y Bdrt@hp Itaféd%"e%lﬂs Pthe bhM Sddition
order ma advantageous i f" the querles and steps

quahwmml@rel rqutige d g6 ﬁ%dqﬁﬁ@bﬁddeelwfvoﬂlqurwetth &Gi g In general,
use ul eva chara tics ualities
el et Bn Tl ARV ARG ER Tbs vl brafRud or e
seqtaéncfr%r ty3tdni th Lt[e‘teﬁﬁlﬁned @thaihker l@ﬁluﬁgéls i sRotildgee ehdde ol @BS. system
i fferent querles and steps exeqfllfled for the
OPPEHING 1ELHIOES §F BPethey seppeRCIng @aﬂﬁ) peshoait pndingg ngdgy the same or
dlﬂ%lfefl? L&l deASs Wﬁtﬂeme ?ﬁg%l' ({_}r'cféacﬁda}/l Cf?:(o%r{% '1611 et‘ﬂf; %ﬁgeea&ltlon

even repeated nore nce and In a varie
qlmhtyoccnmtoil onginkol (Huinby aeqpdtr ini Ie{ﬁeﬁbnﬁmgtd&ﬁhinCset]EQng steps or
or synthesis system[0052] At step 108, the |logic may

“@QPPWFB$ﬂEéF%WﬁFH@dEO%ﬁ%? thehe current cycle is the
| ast cycle of sequencing. Several scenarios may be

[005M Saged ol ©fnatild SmBE@ERentQep %é'&@ﬂ Be pérh&r&@%ﬁ@f‘ﬁéﬁ‘ 900 and
system may be programmed to performonly a

rpwré@l etepd fi2.néliis pudeneraydfe wcly eitegeounifithe qimzies enph enps mgolved in
sora AP R P iasc S L R Tl g HE e Y6 s of
samples and the system at step 104. Furthermore, as set forth in further detail below
in regard to FIGS. 6-8, different queries and steps exemplified for the various QC
steps of FIG. 5 can be carried out in different orders than specifically exemplified
herein or even repeated more than once and in a variety of combinations to suit a

particular synthetic technique or synthesis system.
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certain data collected by the system may be eval uat ed
to determ ne whether data of a desired quality is
W@ 20081092380 ng col | ected. That is, as sunmari zedPGEUSA08/052198
in the quality control routines presently
contenpl ated, a signal-to-noise ratio may be eval uated
to determ ne whether the base addition operation and
[0052igi ngt aget @8, itenbgizanapcdenioadedeymitimt wheghérshe t:llneertt ypde is
of nucl eotide that |s bei ng added a% |ndiV|& sites.
thewrst 6L Oh SEyaNEPHN Seuiral SrRgEIQUBHY by enyrage 3 Ol tieR, For
Stn t t tac t
g SOy RARR! 158t 16Ul eBltylgmal (ECIpg-A oty o
prs@fsetrenmenhymmfc@r caf ecycleat wite thar sepenaygl ergmatiog bﬁter the

prgery s PO anE g SRt ey ey P o oy or

cefathl &éa cchfécteﬁmyet[{@ BY<@shn nhdy Kehﬁ/aﬁié&fdetetdeﬁé)‘ﬁir@ wiSether data of a
determ ned to be the |ast Eg;le then, end run

de@mquy m@agﬂlbbelpg eplbrctesd ‘BRatiincis cametariged delep 111@16 quality
suc ro e RrRcessin
oggrt)leroug)r(lesoplieselft)l <fq>n CFéI%plg‘?a X oz% 811gng1dt 1%1 eurrara % n%) e Fvaqaa%d to
dd’ceﬁbﬁ)ﬁe Wheth@ Yy eastemadmﬁpi eradibfi apd ﬁﬂiglﬂg alsaerraticrr@ rasaﬁ Béequately
ystem and sq forth. %0053 If the current c cIe IS
&

dlﬁ&guﬁétﬂé‘? hiPR @A nigleptider hat is ReinesddedbpcinAiyidupk pites. Wiere such
addRBInC ol?’aﬁﬁlda%gvcﬂﬂﬁgrét& ﬁltee@olﬂ%lztov\’{ag'ﬁ fodillf l% v@e%h' ﬁg ?uacéf%otides

agents an cent dyes-are re moved fromt
attadltihgat indavididtieicbsat atemaindssitable 18vel sthe pystdm mdyhiedicate hieat the
sites in the ffluent stream nay be detected

CUISPAL Gy lé.t%ﬁaﬁleqla%ﬂcwlﬁ RotraPgIcingRfra RAFUsHiMamplfearray. Other
seaﬁiéi'fcfﬂgoé?ﬁ C%I Rgirg iy, bheodkd, &% iflpIMaSH&. alf (B 8Rrehl dycle is

used to deterrine whether the sites were
demjnmlmte by tiitelasl cycleetheyendetie pragrinmgmaj e¢ herforited adymbcated

fl t h t t t
SRR TS ) abndf 2 SRED afbarins Ap il e SR image data

ex@brtindofV@sd, %Wlﬁ% la8lunfy oSt@4t6F B REboME kdiBEveDIhe GG array

agents that are fluorescent or that absorb radiation
coatainger peom thegydemwandeiodaghh are present in the effluent
streamat a sufficient level to indicate a desired

[OQ%el ]?fthéjgulpén(?%§!&g 9s Hétsdé%g cFi% 4bé/\ﬁl%r st ﬁ@efncm ycle the

etection I's not~ desired, 'S op
lobie ey efedct tomep m62pwh)ﬁ831$e bl%hkmg%eﬂ.tiﬁandtﬂm(:scént dyes are
qual i ntrol routine fo evaluate ghe de

re@ﬁé?%%@%t SapeRFisPRdgaddserdhicnd e aAAt oI i @en the sites or
wseN SRl affdnder P Gldynedidlekled ©P rﬁﬁﬁf?ﬂonﬁlogﬁdh@? cBhtrol. For

descri bed below wth reference to ['ow ng
ex‘ampi:e 146 additiend] ogiagingeyf thetsites ot ovasteeqt 98 Whémeay be used to

S SRl PR S S BT AL P e
dyé@%hﬁhﬁd RO fRoSBEV BN ehdld sidP @6 ahi BhtRT sites, as described below).
Alternatively, detection of the waste material may determine whether blocking agents
that are fluorescent or that absorb radiation at a particular wavelength are present in
the effluent stream at a sufficient level to indicate a desired level of de-blocking has
occurred. Where such detection is not desired, step 114 is optional and may be
deleted from the process. At step 116, then, a quality control routine to evaluate the

de-blocking operation is performed. Details of a currently contemplated de-blocking
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presented in FIG5 and set forth above is nerely

exenpl ary. The |l ogic has been exenplified in the
w@ovsex1sof particul ar sequenci ng techni ques. PECT/WB1008/052198

be understood that the logic can be nodified to

accommodat e di fferent sequenci ng techni ques. For

exanpl e, pyrosequencing techniques are often carried
quality emitrodroutiob act ddesbddntsd owl avithotefdrance tbIFBGK B ndollowing step

Accordin , logic far, carrying ou
Ngﬁyﬁksﬁ%}a S rﬁ@mﬁ%e%epn%% WPETE | agdibioBtldisesrase iddeg g subsequent
o dilseqlehpgo such as steps identified as 112, 114, and
116 in"FIG % As a further exanple, pyrosequencing
techniques typically utilize secondary enzynes for
[Oﬂé‘ﬂectTh:m lagfic (fet @as‘eidgpwtomhbgpmléng sm@tqlencziygre@eration as
inc sul fur se a uc
prBletclyreG song TG aadY by Pl ey CThETRES may been
ex@fPbtes LR dofledt SlpdrAcAsideq@erRing CEMNGURY. SERINBALYderstood
enzynes. Furthernore, QC steps used in a

thah the dede) éﬁbb%@oﬁﬁteﬁdé agemninpeite detesens sequenging dpchniques. For
e{aﬁl%)?ehg)grosg HEh tQ CBJ%]? A b él{ Xa Ed OHF B%ﬁg %ﬂgl@?gdes that do

res 0 |n orna ron o
ndt Ihach tcying Jrondsa rAct‘UDleﬁ gl Aloigianfoe @mrriiag road pyitosedubrcing need
| ogi.c for carrying qut other_ sequencing_techni ques

ngt ﬁ%&luqerfé‘FH?dfélat?éietoéiF Rleddrasha) ¥ eligerfeatifisd,ap | i 114, and 116
me[ﬂ? Nes lA%GQ fudhed k&G ITH O yPose Icfﬁ:gc te%ﬁhlques typically utilize

fication. For exa cyc es o}
ses@giapnenzygieh yor deg@tlpm nf reAtascch pymphqmphata skbkpnofmes including,

removi n rtion s usi n
fof Eepp PRt Reiva®s, The Neo s Eroli e rosavencing
calUGlcBide agddd %tép@nfélzﬁéd &b %&ﬁgt bO r}eﬁedmgefs&*oﬁdary enzymes.
initiation of a new cycle, can be covered by logic

thrﬂ)atm@ch@?d@tspSstl@ésm raepmmummw dietipdagad inelndy Mf;gs thae are

| eavi ng agent he, restriction endon eas
re e eS| aS T o SREbaPL SERER RN drSitRine
inf@magén ¥btaphe@ffronk ﬁle&i&a}v | BEnid@enddifit{0a%hn Do Ubke logic
t he sequenci ng process, a nunber of i ndividual system

fopapraviag ers otil?ﬁs/sqsl@e%lm feshaiguemn@at wglydameel of pecandary reagents,
sugfl 91% gr?rzarlnr#? Rs&Y £of 88 ct 091 rm?ﬁﬂ:egad ﬁ&%?}fﬂ:’vav‘u&gr ?(plj &%ﬁlg?gé 8ycles

or i ng an contro to a aut o
ofogeqaartirubypipitet, sadetemedlude b htepugh rehdviag enportieacdfi bgated

and detection processes. In a pr ently caontenpl at ed
Prabgsatigehtestrcgpn @&i@ﬁw@aseswhé | SGAYEEI A Agcliead strand
aff@r %Eech&? |aH&j &efFORKIA S Bf %f né\r@% Sle! ”Pzine b8 rcow}gd IT'B ﬁ that

cont al ner, reagent tenperature, tenperatures at v
intlodet seps rellate’dh@ ladrhng Lanelnteartqvmg tlneeat,eanngvngeunéwcands the

ow rat ower o ht. saurces articul.arl
repfigh SUTLEERT B wUs B MABLREH Br ERENRE o CEIed to
achVAY OF th¥ clodi i ?%&érﬁ.ﬂ presence of ozone, image
I ntensities, ocus

[0055] Throughout the sequencing process, a number of individual system
parameters may be monitored and regulated in a closed-loop or open-loop manner.
Again, an object of such monitoring and control is to allow for automated or semi-
automated sequencing through efficient reaction and detection processes. In a
presently contemplated embodiment, for example, system diagnostic parameters

might include temperature of the sample or the sample container, reagent temperature,
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quality, and so forth. Additional paranmeters m ght
i ncl ude reagent punp pressure, the levels of reagents
WO 2098009218 i n reservoirs, presence of bubbl es PEI/ES2008/052198
detection chanber (e.g., a flow cell), and conputer
storage space avail able, both for inmaging data and
sequence data. Mreover, in addition to these ongoi ng
temperatieguhtavarve déitionn s thel inpironassticdhe velgompimesitisiesrayd flow
be detect such as t,heaﬁp nin a door_or ather

d of h
ra@émrﬂéﬁ@t SUICES BRI R SBPE bt soHieret opH svelp downstream
off@h@t AP &ﬁeﬁuﬁh@ﬁétﬁbra{i&ﬂ' ﬂe&\ﬁ@é folf Bone, égoinfe‘ﬂgfﬁgs, focus

n cases where syst em det er mi nes t hat nt 1 nui ng
quahty, sedjsrefocthn gAdelitooes parameateds mght mebude tredgantdamap piebsuge, the

oS phge e B ER G oustiry e SRR MU Soreijop chamber
(efd UsPoweRasMnd M@w%tdrage fpaewacaldbld ®ol RF8MALInkRta and
a

sanple and enter a safe state that preserves the
seqaanst elaiant Moraaea ie ofidition it thesaonpeng @gd meghlar| ghecks, unusual

B, LY A1 GIRL RN AL LG AYSLEMLRN I 0 L, Bl access
error 0 ‘an operator and optlona J?SU gest corrective

paels W @snplAidsertioatany ettyied]l sadidh (k. 2), fllie osy$loar) and so
can make an automated di agnosis and response to the
fogthy dp casayuehers fhier sers depidpaecliat sRNtINEEANE SEHUSAEING RIQFesS
| ect | ORL i r I 4j.n i
wESSToR O E0Bh TUEE Blath BY SRr RheT al bR R Whice an
automated degisiborto e ithicosagnencamg rmomt tooflhshngagmehthrough the flow
araneters may be nerally.simlar to those avail abl e
Ceﬁ&f DSTREE (BF SHRRE 28] pista. SEgHale A BrEeran e B oAt data
codltdAPEM bERREMREUNS ﬂaﬁr@d?ﬁgl"é‘rﬁlgocﬁﬁﬁ%tp,ethgSs‘??t_eﬂcnoéan indicate an
nonitoring sanple, container, reagent, and iInstrunent
ertegnipesnabprre®r agdidpaibhalyf bwagestecarestinayndasures edifepnatively or

ni tori reagent vol unmes. an lL.ows. . Convent i onal

adfRobly he s iZHGEL U] i e R B TR S or
TIPS SHWpS San Badstaple@ ad HAS coBdWio @oh@idel eith@®MyCoperator
~circuits for closed-loop control or open-|oop operator
infestanfipe at Py autbagted capesiiatet ect i on of such paraneters

may i nclude analog or digital circuits (e.qg.,

ar FS) - t l.ate

080 TR RS By’ B I RTRP b cERONAIP oBPPogpuneters
msy b¢ genadabcsiniiad tathove avdikablerfef ethenpects dybtems. FoardarRple,

may performthese functions. As will be apprecjated by
ane/h%)g@ by [SRCFAUTEr FaNSE¥ReT dPPhar S15pt Z%fu@ealtwn& pmple,
coﬁ%ﬁe@,u&aéé@,ﬂﬁﬁuﬁ%ﬁnemgﬁlgelﬁ&g&u_t Slit 6 I métSrs may be used

enpl oyed, will be converted to digital values whicC
foc anvnberigorepgant dolumen andrflowep Eoatdntignalgmepsste transducers may be

f tlimts, alarmlimts, and _so forth. Were .
“Sﬁ@?@f tSiF‘é’Ft”&% 538y BYBP JURTHES RS BES¥NEY o%pgdsot forth. - Logic
cifPRItOt R Nel6RANESRIISNESE ¥ ObpHNEISop PEPMItol @¥aTiSatioh! 8¥ed upon

rates, pressures, and
detection of such parameters may include analog or digital circuits (e.g., programmed
computers). In a presently contemplated embodiment, for example, the
quality/process control system described above with reference to FIGS. 1 and 2 may
perform these functions. As will be appreciated by those skilled in the art, the signals

produced by the various transducers, where computer control is employed, will be

converted to digital values which can be compared to normal operating ranges, fault
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so forth wthin acceptable ranges to permt continued
sequenci ng. Wiere alarmor failure limts are reached,
wopwsailoh of the control routines preferably PEEUNIES052198
est abl i shing an exception or error log and storing
events in the error log so as to permt |ater
eval uation of the performance and operation of the
limequeaoelingy; iang garfdiic ul Whegepoeibid, ndostidpsp couesl may be
riods of tine, and sof 0057] .d _osed- 1 oo
gAY NS R TRER Y &P mfayp%ﬁéerﬁaf% flourates. BpARseand
sol ﬁ?thsﬁﬂlﬂﬁ rh%&é})ga‘tﬁé @ ssto E@&m?é@ffﬁllugd skdheficiR es\@ﬂéljeyalarm or
cont enpl at ed "enbodi the fluidics control/delivery
fagyet bmits Sarprargaghed) @Qaahelatoé r ieocontmod| Ieutmets hptefaraly includes

i.de reaets and ot her fI I ds at r.ed

e PR b gl e e g e EVrBng 1B fog so as 10
peSRANPhLES dvilubfleh AF Y PerfEi@fanBX ANV dperdiSAt ST the rgaqué@@er during

provided for elevating the tenperature of the sanple
pagtigulargequanciagntoperaveopayiagh of Haesangurorfeithg process, and

such terrperatures may be regul ated for the process

id ice
[Oﬁé'{’jt ef%l%g;%dgfg) éco;ﬂ? ecg?gucfl %pa%{egé;rg %§ lga éerfo?%%{i] g‘%nhange the
se@ﬁmicmgeplrofcesrs t Fbs epahples én aOpﬂeeerntl@rl cagghmploep mhsttdimbnt the
perfornmed based upon the target paraneters for

ﬂ‘tlﬁ]és .Cﬂlatw(d&l}&frrysﬂtygﬁ@ h n%aﬁemgléa'a élﬁ%tplﬁgoroi?@}%% thgih can provide
e t
R QR Ryl oL DR oot RORUE e P Pt g toms
W'ﬂ;le qampllea'; nytheystagm Fer eip&mpit [ ht'gtepsr mag rHeWrOWded] for elevatlng the
uenc:lfgl can f?t cee ar en o §1 nore such h
te‘ES‘BF At ot ejsamplgrduging geriayp rpartmﬁaﬁg etSSq‘tl%méﬁ%‘iﬁss’taﬁﬁtguc
te&%gﬂdﬁﬁ*@s* REySHOW LN O Qe PibeedsnNi1SMS s CREIES , TIRAAR] @%nsfer
may be pr eser ved at |least for sonme duration of tine
deyives.| suches Beseresiotays, st @Whargetspendas@ {asthyingfhiba eimpdoyed for
thlg)e(}zur{%ﬁgs% i 56@%' osFﬁé?({p?ngslh%ol gaay RglpegjglJSt %seé ueﬂon the target
p@@andte for Metihdiiduar stegh innhé k&fuedift BpahtiGe qmﬁmnsﬁgled in the
The initial cycle quality control routine 104 may be

argjwdl] fpsegnied ae s fat sushrPaEInaters aysbegonghipgd toj dstcraine when
I r e

o SO S B gl oL TSN g, or wen

omehdranoeckuch paanjetees éndutyofcondremp ratge dto ahd eﬁbmteuhht; seljoéncing

nple, the routine may begin with a query
ShPRG et bigeese- s Uy 83sed FERUTS RnBIAETEd g lagiyfor some

dutAd S ol BmB' ﬁﬁtﬁmihea@gg&ﬁ&ﬁ t %f&lte?n' i BB&at‘Ner hthid hi!tsS desired

step may refer to an cceptabl e range or nunber of
pasarbegerst hat make sequenci ng of the array economical in
terns of the anpbuntof data that can be coI | ected for

[OE)?@ anip[@% olflusttrapg exempﬂaary el(r)glgigl fhat TS glgjliltr e 1nc(fucPerdoﬁle§Squahty
control routine for an initial cycle of sequencing. The initial cycle quality control
routine 104 may be designed to examine characteristics or qualities of samples and
sample arrays to determine whether high-quality and sufficient sequencing data can
be obtained. In a presently contemplated embodiment, for example, the routine may
begin with a query as indicated at step 118 to determine whether too few sites are
present and detectable in the array. This step may refer to an acceptable range or

number of sites that make sequencing of the array economical in terms of the amount
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the array. The query made at step 118 will typically
be based upon the detection nade at step 100

wavameaized with reference to FIG 5. By way OPCEKS29p$/€52198
only, in a presently contenpl ated enbodi nent, an
accept abl e nunber of sites on which sequencing may be
perfornmed may be about 10 mllion sites/cmor may be

ofi dataathhedugebehmi laeted fatrbelhmdumd dfl tird asd tna&:hahﬁe@ndad]t@ Qbrocess

O T T YL, SPYELRLTE, hESBL T ccion
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te‘flu@iomwﬂblﬂeqw ingyeask | thevupplraandmt thist igga & bwst cases to 1000
mﬁ| 1?n s1pe%)'JclrnSho?% rgéle h’?heTp 8esns}tycl (Sjlte()sf(filrh&a]&lﬁge\?\ﬁez{s%ig%%r} an arr%y can

alhﬁlﬁdl\aetﬁualtdaﬂih\tbﬁtsadf p‘étdeﬁﬁcap@dilt}asdcﬁﬂﬁ’almhdllcsdptaﬁlwtlmﬁﬁer of sites
for. exanple, an array of anplified clusters or

is rindigaias 4t aycaphcibie hefdvesh for siemake . 3% 0wd] 140% t<é%0% edf full
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ct operations perfornmed int e I ni e,

digtemter dlat Mayjudesufficient ed atlowsidjpred? Gitudh s é)eqdnefmgﬁshaféy The

be. made of the fluid, delivery or etec on. s
Pasiiions 95%16&1%(13 Yrothgrisies gvﬁ)sﬁ%g%%rst%w H]éﬁ Wn|SﬁParatwn

begﬁ&%rlﬁhl’vuﬁlap sl &4 AhadansidiYu@n, %rte%ﬁmﬁf Gh 'ehsrﬁf bf amplified
be desired. If the detected nunber of such” sites

duﬁmﬁomaamdbmmemymﬁ@nMEeEMISMQC¢h|s may be indicated by
a count of the nunber of sites or by deternining t hat

[06%% n‘bI?Irt(\)/oeffeaﬁg sftl S arB dgﬁe n? oc}lgcghgglte efom t e %ngo? Iaeteé,(tlon

opefitioh§ gerf QU 1@CHE i @RNCHEIS Qb teb] RRayIbe dtr@ctaatoagtep @06 where
of the fluid delivery systemor the detection system
qusFieh BYap beggadgerf] thg Jlvgd Helivepn pafeieeia Hitete ok bgilerysisms, or

otﬁ&rsg%l%%k ﬁrge ?&lf‘e%g&e IE ngrg&% egggﬁlcﬁ o 8 gg%f ??esq)g Crds®rs will

I nadequat e Fvery o nuc
beatesayd. SH det@ttedlnenbed of spuhoydes 1sf10wuﬁ|m\ge1ahaﬁ b&ired, this may

ystem The query perfornmed at step 120, then
wgglceseﬁrhm Ceﬁér%ﬁ‘iﬁ% ﬁambﬁbpﬁﬁ*éﬁtse?rs Yofletegintgaat a number of
“cﬂﬂss’ ikd1e ge ?b&%@ls n%t nﬁ(’gqulmﬁler@rth@ RR&Ice %@%rs?t&j RMbove

i s possi bl'e. h determ natt ons,
a ailirex. aSuchmnscumnt:éﬂecw}dsb@dmestetgaramggemaf/tlieéhpredélmenyemstem or

F RIS RGO ORBHBSGar AT 48 CTIREROEPGR R L B Lggpeer. For
exﬁlfﬂis})él ?ﬁ%?héﬁ Ldligd&é@éde mdmylap Bel @lcUfNafhdéQlatd BelfiRky \6@lXbeled
nucleotides to the array sample or due to improper focusing of the imaging system.
The query performed at step 120, then, may examine operational parameters of the
type described above to determine whether proper operation is possible. Following

such determinations, alterations in the system settings may be performed, and the

sample may be returned for re-focusing and re-imaging, if necessary, as indicated at

24



reagents at step 98. [0060] It should be noted that

t hr oughout the present discussion, and indeed for al
w@Rooshg2iqual ity control routines summarized i nPETIES2008/052198

present discussion, one or nore of the responses may

be perforned, and such responses nay be perforned in

any | ogi cal order where appropriate. For exanple, for
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dennedely she arrdWStelXtdndiﬂgOf(b ite pgleseNFIGHS6, NdawdBed It may be
generally at reference nuneral 124. Because certain .
Coélélﬁ cg Hrd ﬁﬂllgfw% g c KR e SCRAYSSr dSHHIneS | fessbed herein, a
de@éfﬁﬁﬁt@l%ﬂq@}ﬁﬁieoz{s &) LRStheCfheSddnaRiohN@ht EBYto!l @ a%JuQI?’ %laél been
approach one another, there my be a desired |Imt
retnadiedusvich rthzﬂfseeplldnemgl maya proceed albeit by the return of the sample to a

preceding operation.

[0061] In addition to determining whether too few sites are present in the sample,
the initial cycle quality control routine, examining qualities of the sample, may
determine whether too many sites or an uneven site distribution is present, as
indicated generally at reference numeral 124. Because certain sample preparation
techniques may result in an overabundance of sites, or sites that may too closely
approach one another, there may be a desired limit to the number of sites in a

particular sample, or to the relative density or congestion of sites in one or more
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particul ar sanple, or to the relative density or

congestion of sites in one or noreregions of the
wW@e0ap921ek her indi cators of sanple quality thaPCTHIRDE052198

queried at this step include the size, shape, or

nor phol ogy of sites. Typically, sites will have an

expected size, shape, or norphol ogy and devi ati ons can
repiens oiithe atray.eOdfer inddautdrs ofikamiple rjadilte hat Eor beeyurinipd @t thid step
. Sites are too densely packed then a | ar e fr ction of
inglpfie theyyiac Shﬁv@rqralboreﬁ%lﬁgﬁwﬁgws Shicpis g EH g expected
sift] LEeaBPRREpiRRd Mtk fiSh{ Eal'BifdesAle BPRFARLISIpfSolem.

that '1s larder than the size expected for a si ngl
Fcuhes@mpke1fssntbeare$oorﬂéraelyypads¢d thsn tiaize draetidrapt G@n vbkl overlap

ti h t hat

eagh S0let i it e S RBRESER b R IR ' i e RalibEag Mpphrtihize

thhtyRi 16k} Yha@l the WA expbéies fohatsingld J;hsé&i@ﬂ:eﬁfe agmmaﬂyn git& that
hour gl'ass shape when two sites overla

ovgep cai ibe n@entlnﬁleéubzyean gpapet szrpen&batpmf Efglynbfhaguwegct@bfpr a
sn%%ie tsﬂf(:j S%ﬁ 123, CP g{ (%rse 1” %iplcac}P/ cIiJrcP ar s&es (ﬁra]t \I())vgll %Iﬁ)eeara h{ s1ngle

hou@hssashapaswhén aive nilteaWdrfapCatOtﬂéT alberﬂllﬂl@nﬁ lin "QFE shape, or
sites or excessive anp l[ification at one or nore sites.
moxpholegy P tsies eymbe athheﬁw@foft preblgasan PP ot thesargy that

ockd%ed (’):1] & lgiﬁdm %Ehel At (}q{l qﬁeg%gl?e% Ellﬂﬁlt astlﬁﬁlfﬁagﬂts a V}grﬁgﬁaﬁ{)n at

an un esira dr'stri Ion 1I's present,
ompm omcd eﬁesmay ebees ane/ [ aﬁqgéldamcm nesponsenolt sigseplf12pon the

RSkt bl o o5 B0 LAY B many
sifd} S&u%%d\éﬁﬁalﬂler efter 8REButich 91§ SRestRO RDQYE. ap%%@ﬁ%‘éeﬁmy be
the i maging system may be re-focused, particularly if

emvtsegfdietnemstedaztxastﬁndﬂéafcesexam@te |thratﬂlsqijé¢leveqr and detection

unreliabl e i mage dat.a was obt.ai eg h@gé %ﬂ F
YPGB AR Mg 4T Qs ST i P ¥ fgetgitace o
stép2 120" BVE I Mdr8 et 28e MY %Bg‘ s PRER Midyalel -robued, QarticuldrHad the

perfornmed at step 122 above, and may require return of

detqéion latsl mdicates Hhati inedsiarete stramredinbief imagehdata e robrainasdthat
m%%ﬁave 1@:8 tI rE%gc'ieft ntlaz%ltolnoar‘g ste&;oﬁgz]The r%tflagum egrpdoliesl%lagmg step

e presence O OO many tes or an

128 ghy bOuidentialBotmilab® ﬂhbtepdm&fnlen @t ekp qen taaww: ReYinQYSrequire
or sites and ignoring.imge data from such regions
reg ioh gheppBRRIS <9 e mﬁﬁéﬂ&rﬁ@t&%& it hap bage MoV |f¥9§% &y Hpaging
p 130, would generally include devel opment of a
St%fO%
Igital mask for the pixilated i mages in which
particul ar | ocations corresponding to particular sites
[0662] de&iltgh‘at edpdnge aof the gireseata©f tamdnsiyt g&st @ e uneven site

R Tl Sadt BTHor T ST S EBORpmage dat
fréAlén kég@énsaﬁfﬂﬁgtp%o@&ﬂﬁgr iThem&kiddh@spcatin@iaed at step 130,
would generally include development of a digital mask for the pixilated images in
which particular locations corresponding to particular sites are designated by a first
value, and sites to be analyzed are designated by a second value. Such a binary mask
would generally be stored as a lookup table that permits comparison of the location of
mask pixels in subsequent sequencing cycles so that data for such locations would not

be processed for analysis and sequencing. It is possible, however, that such masking
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mask pixels in subsequent sequencing cycles so that
data for such locations would not be processed for
W@e@BP$I180 and sequencing. It is possible, howeR€&r/PS1008052198
such maski ngcould result in elimnation of too many
sites or even large regions of the sanple array from
sequenci ng such that pursuing further processing of
coulteres@ni dinhisatiot ofeoo neilly Géabs @revies loth efeidsef the sample array
undesi rahl e. Aﬂ tep 132, theg it my be _desirable to
frofat SanFHNSREhetnat W@rmﬁﬂﬁ SR eI O IR PEEPIFely not
ec%h&ﬁﬁal 6s 1s%t§1@rvﬁ§ee Hnée]sﬁ‘ablE hi @t ét@lﬂ LIBQ,V thgﬁ,y it erﬁ%ﬁ BL 'd@élk%le to
consi st of determ ning e nunber of remnai ni ng
demrtrmse whetber e gma;saingrmg kcsrm@ecﬂmfk wosteguersi g woh stephlilBethis
in terns of f data that n be col.l ect.ed
ingiftry G Fasr s Bee REOL edirriBing ires B pufiGhergr iaspine sies
afteh @i @B ln dg)fnaﬁé SRuERGn g HORhWREK i RYMOES the 'aﬁib@hﬂ&tcﬁ@a that
as indicated at step 134, such as to determ ne whet her

ca@élet eollgetedt db tQS)afﬁFWb&lteIS alre abalkﬂbbe@u eppsacing hgetiskmagyng of

St%)r Ld étt)he r%%).%keliﬁlggba%\ecg\ga aéésﬁ %/lsrlélglgatgg l%g Ee}[g@ Il ?%,rsnal)( as to determine

wh@htienialiy sitSe e BE irdigablip tedu@nt . ermhdpined alalyogied her altered
[ 0063] The anmount of inmage data processed during

aceidiehe i aig SRERRinDTE2Y dheseto Be ARSI sitgindreepifilable for

0 anal ysis of the
b e e Gt a i s
col l ected, organized, and nmanaged efficiently.
[OUGer ef Breegmaunt nﬁ;mm cmh/mt@sg(abdmirtgmepumﬁgsoger%iodateads to
ch. t hat, usef ul ataPF%nsave and pre ared f.or

bef %PstshV&a“ﬁreSE‘éQBV% §vsiihpinige LGP ngs ¢4 e of the dpta can
proldRope@RADLhébYs AhidI9tthbedpp 1M5c%11b@ted A62ahidedOhne midi@ged
use of masking, as well as other inmage processing
efﬁclpntllxl eTQerefmgl ipenayolr ddvratagdousotoaproedsn thehdataseetafhat useful
enci ng data,. Wth th mn
PRSt RERRABieudof RS Rl Py el Wi s =
hlgle PRSHRBRES @ noh bYiAk | B Way&ordifdly etha Bk &f rikafk, Al vall as
test sanple may be selected to be imaged whil e other
othgrelmaguyopRssias | Wilties may e wAdisaled 10| attaimihe eygsall gpal of
' i I I i
w&%vﬁ% e s\éguédfzﬁ'% cgagah d étﬂq S in ﬁ}%)(cf“ tlaéhoglrc]iegeg{nqgo Jhgtp[h% ﬂﬂf‘ge data
colllﬁﬂgdi nagtba piatessedliy vhﬂi}nﬁlsa)r/eqas Fbt a:ga@qﬂe aiseaaroﬁalsteﬂfsample may
erest may be col|ected while i mage data_ faor other )
gﬂ%yb%ksreagsé vetglel dberecasomayiy SBlciE|th é?&bé«aa%a@f If this
tyg@Bf §e%cﬁ'v@ %ﬁa%ﬂ 'ﬂsocion@ns'fgv&za? grffekéht %Etl&llst ﬁﬁ%é ﬁ?ed to handle the
nbodi ment %e data may be collected for all areas
datdf. frhensampddmbot, imhge dath éomtmlybles sicay Baegded adiafrdapradnhterest
ocations.. For instance, i mage data fl agge S
gy R0t b Bile dSsmgip Sor oGl e Pt bt Sl may be
co‘I‘l@&t@@ buBndtSefide@rorSRAUBNGIARAY RNA Meh&iVeNghiRAImeMNCimage data

ot her inmage data may
may be collected for all areas of the sample but the data may be stored in different

locations. For instance, the image data flagged as areas of interest may be stored in a
first database which is used for sequencing analysis whereas the other image data may
be stored in a second database. In addition, logging of image data collection may
follow similar procedures, such as only logging activity for certain imaging or logging

activity for all imaging but saving the logs in various locations. Also, the selective
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be stored in a second database. In addition, |ogging
of inmage data collection may follow sim | ar
wWpe@semises, such as only logging activity forPCEUSZ0$/052198
i magi ng or logging activity for all imaging but saving
the logs in various |ocations. Al so, the
sel ecti veprocessing of imge data may be based on any
prpasssing bé imagel dagcined bel baded pnsag parmiaig cofiedted dafise sequencing
including, but not limted to, chem str aranmeters,
oRSFOPB nEHERE: A aR¥t dimtedafy SlPnpighy pdtrgieet chryirohpental
pagﬁii‘&&%! and! Jbefohﬁ.a%ef%%r@ iﬂ%ngﬁl, =Y 'i%a%g ddél rﬂ%r NAhARME using
sel ective processing schermes based on vari ous
vapioos esls@sei protaseinp gechdms esed bonmatieds pocedshe invhgkingidput not

_met hods di . [Q064] |If f th
hf{lﬁ%%gn@&éﬁ%ﬁﬁ%ﬁ%%%ﬁ%&gf 8§g‘1 3 122?/ 230, or 134, or

the response to the query 132 enabl e sequencing to

[0p64IC €l ,any e Nthe trBoh fst indicated Gt & ey alict Y28 0130, @ 134, or the
routi ne may be exited and sequencing may continue as
regneiffafol the duaiyové onpilp sewreaeiag éeprogedqd thensthe [igigaisiyce quality

coghl HGHE3EF 10 ST Rk B BOE 0 Rl sove
wiglered¢rahdeytoddOve Wi th respect to FIG 5. The routine
may be perforned at various stages in sequencing but

1Ll likely be perforned after_ imaging of the array in.
gt %@u%ﬁﬁlﬁ@ﬁe@ BXnRy Kol Heﬁ’]ﬁ@'_g‘naa?t ‘taasrﬂs% 48g ity
coHBLEFITRE 166 HBALEDAAL @reral}eatb QL WifhGedpoc£RSERL 58l THE routine
designed to determ ne whet her the detection process

mpy be pedeuncdsatdespuesagarin whatcheing dat welh didelypzr partreed after

. Shoul d. he adjusted . to provide for, inproved i magi ng and

iniengee; B Sen il eler Releng Sy Bl bu B e g % 30 o

deREhfiR §RUeRR ddte TABRb@iINY islesttntihMptiediynedf doetdierti® whether
qual ity of the sequencing data, it may be desirable

the [datectionyprogess| Hroseefierhgredesyedr et whetber sgadericer parpmpters should
f [ . .tion ] .

RSP ey GPPATLENFL R S5 AOLELETBURLI LY ity of

thd/tegRvier , peaforitled auns grd sasly ewill DRiniQelY | deeciale R@akty of the
| east one of the considerations in detern ning whether

sequREectaty IsMaliPe defdinthet Biehvitattrdmagpiebg reseant agst it may

wE400, 2P LN EPURRS PR T DO s fr o

evdat seqebouhd cyde.r Macoed, or disvabadattede, h®G6G]nel may e at least

enbodi nent .jllustrated in FIG 7, an initial ry 136
retlotih FRSIAGHSORS N (95 ERHEE AYhe lrsgEalieine ghqidd contifue or

wRAR&Rh& ?lre%ent':&rev@ff @ﬁ@!{)l%vioﬁ@ isécﬁmﬁciﬁ@ Y Ae sHBAE bedRdMsidered the
particulfarly a consistently sharp Tnmage over the

lagtarelegpble eyete wivetibh sefquetrengdatayhaudd beritaied orswelatedct or s
as poor focus may result in an unacceptably blurred

[Ohgage'ln-rtﬂg embodiment illustrated in FIG. 7, an initial query 136 determines
whether the general image quality is acceptable. For example, while a sharp image,
and particularly a consistently sharp image over the length and width of the array is
desired, such factors as poor focus may result in an unacceptably blurred image. The
evaluation of image quality may take a number of forms. In a presently contemplated
embodiment, for example, a focus score is attributed to each image. The focus score

may be based upon sharpness of the image, sharpness of particular features or marks
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eval uation of image quality may take a nunber of
forms. In a presently contenpl ated enbodi nent, for
W@x@adas0 a focus score is attributed to each PEEYS2008/052198
The focus score may be based upon sharpness of the
i mage, sharpness of particular features or marksin the
i mge, anticipated structures visible in the imge,
inghadinegd, sinGéiphtet ensttureasvidblecial the smdget eghdibhte dfrintehdties or
d sqo forth. I mage [ it n be based on an
qu%get%t@ lgiin they inpge ¢ angdsor A g aughtsehrain dige gh an image
ofea\ﬂaérg?a}ﬂ HIhOBY aAB%‘EiBarREget &eev%fuat"h‘:{ bal tahﬁ‘irt &khk TRIE is that
can Be obtai ned nore rapidly for pu% odes of
andighage mambngabmpmﬂd mprqaralpuﬂy tf@r pmpewdloti gletemalmmgteuacmy prior to
obt ai ni.ng.a ful i s f.ound
PGBt it Be s b gul iase, o5 GHEE s 6L o be
urdbédpble & 6ﬁp§38 Ry LI, ReT HRENBE tdble KRPHOMDS. beS Qﬂ&med in
138 and 14 general |y correspond to steps 120 and
regpppseleseepHdds aﬂé@vé‘lQ/\nm?W ngemeealéh@err@mﬁd@p BepsTha® and, 122
deéc\:/rgtfed "[J)onge ?vuh er Igr? }[] % % qd e'i’ha% 1sne| : ﬁx%écg:g?ferﬁ %dpor detection
sypRem3 Mtyeseantitedl tolieterinhe \amleaittaéat epdram@e;sararﬁétetst@e within
gi ng system may be re-focused and t he, sanp
th ?eﬂ@ﬁﬁﬂﬁ%&e FHepnagthegimaging syHem yaay b f§|:fP‘é}bS§€| mﬁothﬁt%a@ple
7 f ge
rel PROA 0T 27 nap OG0 AR sl BRIS
bubbles Wit hin the sanple. If bubbles are detected,
[006/] | ngshdatspect @f ipogd fuaisy dfat iy katmanitoray isnthe pm%ence of

uate for furt rocessj ng, For .inst nce
iR 875 e Pep o 2eDUIGS s EREicgr 15 TrBEH GHE dporions of the
dat€ FhBNSotReIRGIRE 86t REANEOPpBES s FdhsidcBOtShAbE Bata may
Furt Rer nor e, the presence of bubbles nay signify an

appeaietphai e @hmyolt@g@m oy rftgl(alsoalnetrc dateated salppy are lﬁdistmgmshable

st ance,, t he bubbl e e.nucl eot,i des
FUPRIREET e PR et oot Ry SRS, PR oS e Bk fcEin o
paﬂf&)ﬁlﬁﬁsaﬂ%m t BoEthstahéd)ithe bittbldsl b be hﬁt@%hg Vheédn@leotides from
ode or other detector such as one that is

hot odi
at@elgtflg @‘IPJﬂt?oFaffthhDﬁhft plieseIearg dybhlas max bsimppemiloredewithipge fluid
Chghl%ﬁ‘%l Qf?a 9' ggt% feog§ RP %ﬁ{e}‘ %etteg 8} tgt?chr %f &?ecétlatbl? coﬁﬁigﬁﬂ'ed to monitor

eren tween air an ubb
chdegeectredhe aipahuededredofit el ﬂmhleeresmpnzesm $Iteemﬁrarmye biadex
erfornmed. For in ﬁance situation pay warran

etea?%%wmealga iguidg 1 bﬁﬁtﬂ@? &tA %qieqttctz.aat/&@@épf djtable
%s@etéiﬁlc I A8 rhas eradnkihhQn usd ealaagﬁhtag W £R$&8rming

ret els are filled fromtop-bottomw th air
the aztrhlelb to h @artic'uhw flojdigst stats)npmdspleﬁbanmg tizubaspatdicah ktep again.

ust. th rest the ocus.of the . . .
2k hekmge FBiel Yt S B HPE VGl d R B A el i
pdsiBRNR) at!tthQﬁ&ﬁlry iudt B MBcdl R p& To RURNE @he AR NAT the “dry”

possi bl e response naY i ncl ude masking of certain
imaggyi @rsmply tojflays more liquid through the channel in order to remove the air
bubble. Another possible response may include masking of certain regions or sites
and ignoring image data for regions or sites determined to contain bubbles. Yet
another response may include interrupting sequencing operations on the sample if it is

determined that the bubbles are such a detriment that proper imaging is no longer

possible.
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and ignoring image data for regions or sites
determ ned to contain bubbles. Yet another response
woreaesiospabade | nterrupti ng sequenci ng oper at i onBCHHS1008052198
sanple if it is determined that the bubbles are such a
detrinment that proper imaging is no |onger
possi bl e.[0068] It should be noted that a query
[08681 | alt sheuld hatnoadd thhep LSy, siaildr teethpoos esp d06hamisresponses
those sunmari zed at steps 138 and 14 al so_be part
SUGR aF PSP APPMErIZed, & %e&fu%%i Py koY |a%P3%yRaﬁfe0f the Tnifal cycle
qlﬁﬂgl’@inh%?f%uﬁﬁé’ylﬁn%ﬁ&dra%fo% SREGefefenbl ® F5. 6TMAat iSit hdy be
may be possible that the control of quality of the
pessihisl tee the canmb pbhauadiedobthe paooples oM pomnngd by poérefunctioning

flui.d. deliver stem or . the detection stem |n suc
of che B Tt el b Ry ST dB quall ShsEpseithsg ¥6ch o
thafdinABedRYstdsSIG8RAd N8 ey @b bOp@RsHiea tb Baduré Bt the sample
sanpl e quality eval uati on proceeds on the basis of

quakityi eMslwation fperareds entheipsiseof delsible gformppsioparWheeadesirest, the
the se cing system he .adj ust.ed and the sanple

e R Ve R R ST REY b CMIBLEr Gl G IR b =

inl@s® dnd B sahiply Quagiey tenplatfuattdttased @B npASed diprd daaove,
the sanple arrays may be designed to facilitate

ﬁe tain ty@es of quality control. For exanple, control
(0895t ers nBEd AR hayamele HeDEdBaY ibf deniens fayadiiate certain

t)@é&vﬁ cﬁlgﬂ onfrOU SR & ad lenH&lt ‘Ptziugf:é?s' or_%%gpnﬁ @WMncluded in the
ce e, f

eque may, for exahpl e repeating seguences o
artalyethfitobaveclorowonsdgiénags off ewtiediedes. Abuadr retwny sdquenesahay, for
control sites.may include honopol yner seque of a .
XSRS 0 D CTREO T Ho s TR Hal by CORERB! LUKt Gurgarides.
AltdnitR1Y, Gkh R8n OB siFRYmAE liNc1WRORBIPSGineH séishdds Soff Pfsingle
such control s during successive sequencing and i magi ng

nusteopde ¢ymer i dbe quelity rcoparphpérdrmedt in @i trestingf 10 kragwely upon

expoctBy Sfi:st goré} forchWhoi Q S%J l'lenscuecei:sni]c Orsréategnoln | Snddle 5| iy d'ste S
RE“Thditat ed At"st élgf e G Cosa 51 AT S 8ot s iRgg e Step

caG@it oot isi fefleMyith&ittRdE tfkndehetsihpsitidiethieiwhidhe sequence
antici pated addition of a base has been detected.

infpematierisidssirade gy dicatsd & sieh 1ddntheplevalupidan plssugh ggpirol sites
tq y 1.ne,.. f , gt

3550 8 YRR LS T e AL o L8 ecn

deydceddd Barauizathe seqieptd ofswaodedledteeds ki®oven, suetnevaluation may

antici pated characteristic dye color at_a contro] site
defiginge AR SATIPH G inPyPags winaddsgs rEEng Pasnpthdded. or a low

yié:l@lfgf %ase%@%lﬁ&r whyB&e @l &?%,t z{rpilntfcﬁﬁ%d%ﬁraleﬁeriisﬁ]@ h&kd&qor ata

Is a site having a | abel lety directly attached. For
coairahpleeyas weaknb outemetyts vdisrobetueet byamelprenirngAusthergype of

P DIGTESTYE I3 0B B BRI Ty SR SER o
example, in embodiments directed to sequencing using fluorescent labels, a site can
include the fluorescent labels directly attached (i.e. not via a hybridized
oligonucleotide) to serve as a control for detection quality that is independent of other
aspects of the sequencing chemistry (such as efficiency of hybridization and

nucleotide addition).

[0070] The failure to add a base may be indicated by a single intensity in the image

data that is below a desired threshold. The addition of a wrong base may be indicated
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ol i gonucl eotide) to serve as a control for detection
gquality that is independent of other aspects of the

waegsessing chem stry (such as efficiency of PCT/US2008/052198
hybri di zati on and nucl eotide addition). [0070] The
failure to add a base may be indicated by a single
intensity in the inmage data that is bel ow a desired

byt hdiéfeheak doloil hiend deinigiderecet] ia thwriatage datade.gBYit Heontrol site) than
i ndi catedby, a. different col or. signal beln dete ted in

W%aémicwa[fg deit PRI for Biova YeshpHEIcourling) My ifggated above,

bkl ﬁdl %Eﬁﬁty £ i W&QHQ exfp@Eteé‘ gllﬂwaIyﬂOQBg te@@ﬁ)? no base having
cou ng may, as indicated above, be a sign

baentaddai t Yhe bapecied 1ht§wsty tdmabe empemu@d thlsshnld bfrvet that hamains

wieibtest oy "R antae. ATEHRR 25T e PSRN PR FADEE Bt ac caon

cycRITRIaBSorddieh &ngleﬁl Jc@éptah& 163y 6f gi8ld fleh@ 88 bvidlateortiiRe with
threshol d | evel can be reduced at each cycle in

ana@@mfldéht‘é?twftlﬁﬁdalﬂSsa@fcﬁplﬁaiﬁleéﬁmf@ésfr%ﬁ ﬂ;ﬂ' wgnpl deteetad rﬁrom one
ep or .in ac ordag W i.rical det rn1n
°r|f8%§ Pr‘f”“"“S Pa e&ef‘er?ﬁcﬁea‘f b SRS it ar? BT SoFy o(m/N)
ra@f8eloty. Mor e previ ous cycles, as descrlbed for exanpl e
in regard to signal-to-noise (S/N ratio below [0071]
ever al responses may be enV|sdged for. i nproving
[082HuemavAE MISReIES Y Re cBYisaxqBhERP aYng SHEPEngalage data,
40udlet St BRSe iRty 1L alBRANAIHA! aRORIdRe S LS
Orgf ﬁléctugvg fhcte ety 1 e, Jgﬁ%n%gf:at i at “step 144, the "
dedacsitvem Foaryexgon@iey ashedlﬁditacﬂ dt debi LAé{ yhea sih teohe tneegt qoamy the fluid

yste 0 determ ne et her o atln araneters are
g B 0 e By PR R SRR ey PRORITHEER o Sitin
acBéldhtlé Bthet® ARbHaBi@P, ortil@ddase t@ﬂﬁjd §tk®NhObAE AASi tIdR Process
be repeated as indicated at step 146. In general, step

m3y}Be repsated ahindivetedent smgﬁﬁg Is pepesal dueqe F4 G @l vathabe re-i -gaging
t the sam returned to a. fl ui
s B dhen 3Pl R RS By b iR paon o
addeiarAlthdedsadret ers nmay be used to hel p nonitor inmaging
and sequenci ng operations. As nentioned in various
assages throughout this disclosure, these may include

[05541 eidditjon; sgverr) PREgiR N e psdgo helr mopkey pmepging and
se?@&gﬁ&t Cpgﬁltlo}{ﬁ Xl)s mé?l@i()gxg@ftle\;a‘?‘lo{lg &)Qstsh tﬁl%u%e(gllﬂ ‘Eﬁl@ldlgsdosure

e.dJg., ntro ust er sanp e sit par aneters
thése.mgay, insiutle pauaaietdry reldingtto icherhisom (e. 8. hay}ﬂuatmgrrbment deidvery),

f h d
Paﬁfg?fﬁ}gligtgpif lgg rt]%lﬁfdgg,la e(%ﬁur ¥ E’aLalustﬁgsg,rqﬁ%@hg site parameters (e.g.,

sife &RAHAINLEbu AR s8Pel REihbar, aflP\WE \8Fth), mxerﬁﬁé}%re parameters
paraneters may prove useful in ascerfaining how

(eguciieidstenipesatiurhe a@@q Gempsratgreo pesﬂalrmemn gerap@atpra caddin forth).
For |nstanc%> varll S environne %?
However, many other parame ers may prove useful in ascertaining how successfully
the sequencing operations are proceeding. For instance, various environmental
parameters may be monitored to provide input as to how external factors may be
affecting sequencing operations. These environmental parameters may include,
without limitation, humidity, external power sources, temperature, vibration, and so
forth. In addition, it may prove useful to monitor pH levels downstream of the flow

cell. Doing so may yield insight as to how effectively the steps of base addition,

blocking, de-blocking, and washing are progressing. It may also be desirable to
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paranmeters nmay be nonitored to provide input as to how
external factors may be affecting sequencing
Wop@sai1sns. These environnental paraneters naRCT/US2008/052198
include, without limtation, humdity, external power
sources, tenperature, vibration, and so forth. In
addition, it may prove useful to nonitor pH |l evels
moaiversinyeginsiof ddaerrinigobetwedn theDadividuab saapleyditel.d For instance,
how effectively the steps of base

) t as t
ingih b sppicp i FEUEnHD 85| & SRVRS, Sitin M WaSHReHgNGE Gycles where
nRIGHESH MW archdn. P BLAOHS B3R AREEILATR hfe RAYN of the

phasi ng occurring between the ind nple si
exfded nptagsce]f atnaickiayolal the opindsr of tamnsdedienpies altcr@ases ‘then

[ ) er i ) I
e\REBLY (chieiTn e FaBaT o 1 4 Yy Bk b et Syie) £ye is
reliiteiherniepgtis Bf the RRe BXFiBHA6FeS BRAE hRSout lof pBhse@M@ perceived
cycle the nunber of truncated copies increases, then

reéméwnualﬂ/y phie fvaethldn this redpleed tan sithetiog) wheretihg S/N ratio
delgrade? F eseurc]:he teqqﬁ% S€ ue%cm yda‘t:gbecomte%a{lreﬂgbc‘\le Eta;li%fdetectlon of

S in avi n

flphasies @dRcshawdape veBhf rsﬁé’d.llﬁ}ztvlnig’lpha@lng/ﬁiﬂbmahb Qan allow measures
Eventual ly, this may lead to a situation where the S/N
torbg talseruég%ﬂ]é% ﬂteosaé%% i npleganPleteht losk doe aEImRfe ghanging the

segﬁ i ge%@«% eve k@h@c};klggrtflé/ ﬂ%%&cgf ?Jstrun%m cefil e‘?‘n&ti!'\]f@fy or

t es havi ng phasing problens
addltiomllymaémmam tan be niagkeo htb reapor éeltVI&Ey aamshmp]eshanntg an

f or exanpl chan e sequenci
éfg@fa Eeek?fr@aﬁ%@tem i <8 Rigvige e s igfeniuitducing
saﬁ{pﬁee WA Vﬂa}fkﬁ’lg O;?}g[ﬁhttukéj BRddie pﬁ)b@é?ﬁé §érp Bria BR PRACfor a
to halt reagent "delivery to a sanple having an

degmissitionbifethe dmiongity ot thofingvamet sihicscanThd sespamied to by
de t h d t f. d | t
tBESERS B Rl APEAER £ R o GUT ARG eIl SOl e {aredicted

cab@si s for a determ nation of the functionality of the

i nstrunent which can be responded to by alterations
an operator or in an automated fashion

de b
[Orﬁr%\ﬂor dxrfgrth@f weémtb@te@lars dgswade fipdtrspas pdgtitione Auefiry rcymtrol
bl T | 0, SRS O il Ll 5k

is deitlen mnnada:gpmhlet lhait. t e gSieINﬂ[ at inotedsabwive hidéte@ion of colors of
accepta e limpt. In general, as noted above,

ﬂ‘t?é?séﬁltt s dpr dhigeual oSflte% I%r‘é%éé%‘ﬁlsof?’égetf?’a?“n?ﬁ% of agrence
da%d LA§ tﬁ@%lﬁﬁe@a%?ﬁa{% f Qktedelueh IHIRAL h199 b@fnn%@lqlﬁﬁ%le obtaining

data, and t to accurately detect such colors
reh@ble bequempordagnt A grooolly/Ni mtingmag| bealétermsipediefvr ecxdatpde, by

coB R G e SO ORI BT SRobr (4RGP0 Bes iy ratios
foPkinkif RO Bevidut 8Fcled O1tShAY b@hhRSpated that, due to a statistically
acceptable decay in yield for nucleotide coupling over a series of sequencing cycles, a
normal decay in S/N ratio should be anticipated. Indeed, the determination of
whether sequencing should proceed through an additional cycle or even whether
sequence data or image data should be analyzed or stored for a current cycle may be
determined by reference to the decay in the S/N ratio or in an objective limit of this

ratio. Where the S/N ratio decays abnormally or in a catastrophic manner, several
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for simlar sites in previous cycles. It may be
anticipated that, due to a statistically acceptable
waelewawaim yi el d for nucl eotide coupling over aPGEDB88/052198
of sequencing cycles, a nornmal decay in SINratio
shoul d be anticipated. Indeed, the determ nation of
whet her sequenci ng shoul d proceed t hrough an
reqdﬁi'setsi mnglbe dy aréerpforeaxampldh e ichargeseeesmes slahaasothe scannin g
ata shoul d be anal yzed or tore for a curr
bl{ff}a €08 tﬂfaylse"@ma@t Fid enléﬂai%%%faeffl@ T Uneapic? § sty
antdl'lﬁtegﬁ% I flhQui@ Ifbe nBteﬁrlthk%Js Gk talté’ﬁaﬂl énol; 1n°a{dd§tninsto aﬁgllyging the
Were the S/IN ratio decays abnornm T
decay asttheoﬁm cativpndacay sieveyigial efsqmmrdsééoqicm/g b@ntmmoardefﬂuent
for ex e,a change of reagents such as the scanning
SUSRPFREY qgm? e instrunent before undertaking a further
cycle of sequencing chem stry and detection. It should
[0bR4INOtRELpbRRL 169 @Rrcabd @ BAY iRy d&@bcted agdkdp t148Nin dition to
anal yzing the decay in the S/Nratio, a decay in a
te@mghtmn p? sPAUSBCIBE 0 BIRY Hgclageuerying e Beid) @Féﬂ?ryS@mcbéﬁﬁectwn
[ 00 S 0 S/
%{1 gcea éi thagtéé tl%% %3%1’5 3? r‘%I) ad %r?m? gﬁltef‘e ?hrﬁ rs@étems are
opefatﬁlgq\ue]mm thegir rnoayial paiantﬂe:rsq wershionlg bd adj‘ulsued cto dgdrimitefuyther
and detection systens as.indicated at step 150, such
sequencH gy et I Rative erﬁé%@dltﬂ%’etoé@ét Brsanple %@Pf‘afq iggpged with a

hgul 6 t
hl%\% pé«lﬁ?)oEJ}@' 1evdl OfeTEE guen E@\&glr 31:&[)9{ for e e%}p esoﬁfuely)?] eﬂlgher

mt furthe ternativ
seas:ldvnty ontht aletehtion a]lghﬂtlmasnpt e chagebe ang othmgpedmmtarhha might

pefll i i TeBh Fobs fievie it 1 Shna SREle fie Bt of Skposure

méebe Fﬂl@néﬁ o411 m&E pRoeRRROEe bcﬂle@féﬁ 1ﬁ’:pﬁﬁfcular images. It
paraneter that m ght permt the SINratio be

mamlsg\bedieelsabéfp tol Bl Hrﬁgmgepamters stleas theescet 1&g poslipw for

h be
s1t8%¥? E% tnéo&g %tﬁcu‘eg%‘t% / % c.?c eci Oﬁ,élé Zléghrg:?%eesﬁ,g t1%tg1o J thtBOparameters that

cafleRi dhabtel 410 thd t@iditi RO ﬁucnadtaimtdaﬁﬁ)nsm examble as @RNS/N
rate to allow for sites to be nore accurately

rage fedices cady sybseqreghercle exobaeartnd ok with gngeh insibition times
or %g]teflsceﬁn &Eelﬁﬂ?l%ge& 1%556@41&1@91@%%69 raﬁvg UWe ﬂH@lL‘&?&fz Qcﬁdition

or exanpl e, I'0 reduces,
resatios elquentipletya. e It die HAN eator cadbeuinpidved ih Q;Inglermanners to an
|ncubai|on tinmes or increased concentration of

ACFeRiRintey °h SCHENYNH B EPIHICve the nucl eoti de addition
reaction to conpletion. If the S/Nratio can be

[0078)" oviad;. | ) iALG A TBPRE Ryt @o@an@%apto%m €od 8V&L-block quality
sequenci ng may contl1 nue. [007 FI G | lustrates

coptrebwmting | toat dnpissdeggntally ebder wah dderohacte F(abi fiy general,
th}sg']ro]ltél’:ilgl Gl éj%flén‘fff Q &E%I‘fanlsl%ed\lé/aﬁtﬁF S(?yes 954 GC %llo&magbgg\égts\%atvg been
adequately removed from the last added nucleotides at the individual sites such that
another nucleotide can be added in a subsequent sequencing cycle, and to ensure that
the dyes of previously added nucleotides will not interfere with imaging of
subsequently added nucleotides. As before, several queries may be in order to
determine whether de-blocking has been adequately performed. At step 154, for
example, a query may be made as to whether an image made after de-blocking is

adequate for analysis. As discussed above with reference to step 136 of FIG. 7,
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this routine is designed to determ ne whet her dyes and
de- bl ocki ng agents have been adequately renoved from

W@ b@slgaso added nucl eotides at the individual BECT/ES2008/052198
such that another nucleotide can be added in a
subsequent sequencing cycle, and to ensure that the
dyes of previously added nucl eotides will not

sevérhefat @remay thuse iagiffigemty Smk;seiqcﬂtenteldyrrﬂgemtd be obtained. In a

nucl eotj des. As before, eri y
mERHSE ST EPRTHE Lifet ﬁ‘@é)?blf‘gg @elﬁg@l btiléﬂ detivery and
r I
TR e, B H Bt o B O e he sample
afgre -dotbdadkinmgymiag tﬁdeefuatsed fapd samaleymiyg be As-inlhgaiisis éudicated at

ab Wi referen S 136 0
SR d BBl 5 G EE T st P D PR APT e Qisdity TpseaBule g an. he
fliliIRgRSery Ay e ARhAIMAGt step BCMBONSNer Skl by altitdCOPRRAG Mine
138 and 140 of FIG 7, then, the fluid delivery and
W@féh@cmagﬂmt%ﬁpst@mmga@e bbclque raigets aaddluokescenielyiends operating
%P{m norr%lzliﬁlmlts r1n n%%sue n%ansn%gpl e after de-Dblocki ng rmy
ocuse e may be re-inmaged, as
i ndi cated at steps 156 and 158, respectively. As wll
[00B6]ap pif eed @bRohsdyattsheps @ 56 kind [1 881 camnaddqeatalyt remede tiel clrbindltlon

del i ver systen1exan1ned at _step 156, however, wll be
a gPsparseausry (90 BrYPRENHiset BiP %@d@é‘ﬁ%@ﬂﬁ]& Sppila i e 148

suﬂffneﬁ 28 ka!bﬁge Q&g }e?elgﬂ& M BRE e?’ceﬂliat YChe! sf@ efrﬁ 6(}%9??11%

I n nor mal n1ts or in a desired manner.
whdikerrae SO reesis atlffs:ueemis hig6 taapdnﬂtSﬁropanaraﬁ}estﬁuwckl }ylocking If

renedy the condition, a.subse uent 160
g, b TG e et PLT it PSP SRR Thgonses may
in8lUARBEA A QP BRRY e dERI LY ane Qlefe@tlgﬂ stefns, B@treliMaging the
the system nmay determ ne ether a S/Nratio is

deslulbqikeéu sempleyw i gedifeedperaging ssrtimgerasdndicated st sh¢ps 162 and 164,
edes qcklng If the ratio is not sufficiently high or

p NOt wi thin an acceptabl e range, responses may

|nclude again querying the fluid delivery and

[OG‘E'I]e Ct A ofinrtBytS @i ,in ahel ekemphBgiraginehel cderab | iaclked determmm g
nple with nodified i maging settings, as indicate

at
W%ftﬂéfasdeﬂfégc%%aae@ﬁ harVéé)ﬁé%w feptly pemmerep. Pidtcatsdrat Siep 166,
tg y I
TR, L L el PSR R prtormtin
the ufténnam‘eand)ﬂ hoth mmsvmdy bagperfnohaiat bdeeabrastefirsl 66t mhwbe based
tests are present npl ated for ch eval uati on,

R SIS B SR b VST HoTB® S cufhd oot ostghated ay be

m{a@@d So "@YerREnPSiHetciBde diticGarar &blor @hdgdeste, $. e%‘éseﬁﬁéﬂly the
based upon eval uation of control sites of the typée

dl@hpsca.rs@@dofatb@\sée f®ue thesinass) hayot;elrnedadé thet cordiesll eites de not
1n@‘1§§t8 Rﬁz}t é:itfiitg:ctleer]é Bt o@ 1tng C\l)va%ople(r) ormec? fisy d«g %lo%kmg operation may be

repeated as indicated at step 168. Again, repeat of the de-blocking operation may
require return of the sample to a de-blocking station. If desired, sites other than
control sites can also be imaged so as to query whether or not de-blocking has

occurred.

[0078]  Another test for de-blocking may be the evaluation of de-blocking agents in

waste or an effluent stream following the de-blocking step. As will be appreciated by
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di sappearance of the site fromthe inmage) has

occurred. If the control sites do not indicate that
w@Rdosmo9215@ de- bl ocki ng was perfornmed, the de-bPOIKE208/052198

operation may be repeated as indicated at step 168.

Agai n, repeat of the de-bl ocking operation may require

return of the sanple to a de-blocking station. If
thdesdkiléd, instht est, bidekingtazams et botowldde® drn thdtdechae active

i .ma so as to ery whet her, or not de-bl ocki ng has .
ang sy ff@aescr @@?%}h APIStIFHBE agethap dieeyy éerawékﬁo th%ymglsotldes
Tﬂehfﬁoﬁé{ﬁ’% &'é’etn't eih 2950 g@d&é&&ljﬂé 'ﬂgth@%?ﬂlﬁe?lt b? aB‘@)?lBa%CQ ht @Bartlcular

effluent Streamfollow ng the de-Dbl ock st ep.
waveldnghe b Melstleaittledmbgmﬁ bs dessdd, [Fdreek amplé hsngran 1nhne detector

bl t dt hat .
aifzerivie B R trede SRREE hEehtoauhEns YN ageent is
deRReR inah®viRdtef Jehmt he lﬁmpﬂl&@{tltﬁﬂ&mgT@nbisoaafém AgePdssible

can al so be detectable in the effluent by absor bance

reaionaesgamt b9 wrmﬁa@eﬂeefﬁgn@ce ph@nwa@ﬁ ef @lprfblachdﬁwrsb@stem of

tested, S ' ctor dire
th% gr(%Cﬁss flui g lljl%eﬁl[a H)E ttl}eeéi:fl;n NN kmg i actlon ang)eo F]eé)eat thE &t b?ockmg

opetttioh C hentdibdted kit RGpaJENt ards NZiEt ﬁ@pdﬁdvdﬂp t Depairisiee upon the
stream |f |nsuff|C|ent blockln agent 1s detected,
SCAHACHESFICBIE Y BE¥HoA SEE Wl% qnotha qedsd pydegiides gravatser as
r t
bFERTEE Soff 1 Wipicntin® cRELUTEka 34 S 2 JOERE A6ERBHa.
addéepmadr, taﬂtermlﬁvd‘:ly oedfdedgmmhz@ndés om hae kepdraatide] ahd blocking

Mg endingnahen SirigGaBEn & &) HeEeel b s eI BRE Fanoval of a
1odie gl R e T B S RIAAPEACkI A B O of o

preventi ng extension and as a |abel for detecting
labal cheletyi del/@ddo¢kion muicty @ither septiiatedy w1 tegdthed For example, in

ucl eot.i des can ha rate Iabel
iR B S et e R s AR A PoREF L b reoved
anded e kP rdt@§odrado g&therdind HHRCAEFIE t Qi s@P nREHD L REBNsle@ those
to be illustrative of met hods for determ ning renoval

exgmpkifip pegverypitetegardriel detectiicor Kol ngrsiaapy ei t her
separately or together. For exanple, in embodinents
ng ;
IO F41eY, ERALELE ob R o B S5 R, el an IS, 6.7, and 8,
log@gétl’mebpermdri‘sq)eeﬂ‘ohhem ahd way ngmedinh agasisediaken, dre preferably
those exenplified above with regard .t detectlng
kepf-o £ RS Iogs Grayupse heorsreniated Wahdae i tS%‘EP]FFre?tn iTaYaPq time-

stzﬁ‘fl ddh & Sl 8RSe M@ga‘ g@@&hﬂaﬂcé: l6BShe Gveqid enc n%teﬂl()gsv}f&e the
the operations performed and any re dla asur es
setjadoeimg ap@ameﬁseraamqedk@ptan ‘Bheatteogcsd trsyorsl o0 nige operators,
sSoci at e I vi dual .es, and may be .
Rl e b YTt A OB D G Hhif e GPetad indicating
thSCEHAcH NE h¥SdreMord0hifled BE attention to one or more stations in the

sequencing system may be in order.

[0080] It should also be noted that a substantial temporal decoupling of the
sequencing steps and remedial measures taken in the quality control routines may
exist in accordance with the present invention. That is, while sequencing systems
may be established to process multiple samples and sample containers, these need not

be processed through the system in any particular order, or even at the same rate.
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sequenci ng operation is attended or can be attended by
one or nore operators, notification by visual or
wa@eeslovasal arns may be provided to the operat oPCT/US2008/052198
indicating that attention to one or nore sanples or
attention to one or nore stations in the sequencing
systemnmay be in order. [0080] It should al so be noted
Bdshatupan shibgtany iofilthd enpple aprodesaupdetgrspfind bie outcome of the
sequencj ng steps and, renedi al neas%res taken in the
VagiQHt AYtY SRR PO R by OB TGP e HERORERIS NN piereo
I 3 .
o b e s e Adne SuBefi i incing ueps
Inaedaisaapdsesanmritamng bs settavids @r ke dutrgtthdygyspmo tessdain periods

through the.systemin an articul ar order, .Qr even at
o e b e P By B SrrveRer el -of oo Begren Shuro
CIRUABLSS pRAEAPBL BESgncaNtd 1k QHAIGRINEI QAmpIRE avar iheUsquencing
quality control steps and routines, for exanple,

pegtormed recoedigss ©f whethensdlaplgs awonkendeujrod se@fenea galessinwarious

t.flov\/throu%ﬂ he se uencing:§tations and §e%uqnciﬂg .

1m%s or even ether Samples requl qnéer or ShB cr 1{11 S .OI(‘:I t various
steps. I'n certain cases, 'sanpl €s nay be set asi de or

reh@fohs,Oitfagfe, Ehdusist and fsorfofkr tSaich t@eporadsecdtiplingrhaly e an

_evaluation of either the sanple or the system or

impettAnt fepfaresipsrramotips effisieng opeigtion gnd gighrthroughptipt automated

. i i dth
(Hgg%%gﬁgﬁﬁg%ﬁ%%ggr%ggg%%gggg%gggggfeahgpher ganples are

taken out of sequence, taken in various tines, or even
[008Ht heWhdanpilesertaiquientirdsongelre arvestior theve tbieereslldsorated and

t he variqus reactions, inmagjng, evalupation, and s .
depiiiet], eeg bR mERn P HetoB F HYErwY b et % fESF ehfled in the
arf. CRLYtRerkfbr®t6 Fetunasrs®blithitand apRAHad tiaARe iRieBlled to cover

t hroughput of automated or sem -automated paralle
albagh erdifingtiofs sughheges ap GoBw]thiwih¢ suospisit ¢lethe divantion.

features of the invention have been illustrated and

descri bed herein, many nodifications and changes w ||
occur to those skilled in the art. It is, therefore,

to be understood that the appended clains are intended

to cover all such nodifications and changes as fal

within the true spirit of the invention.CLAIMS 1. A

nmet hod for sequencing a plurality of nucleic acids

conprising: (a) beginning a cycle of a sequencing

procedure for an array conprising a plurality of

nucl eic acids via a system capabl e of determ ning

nucl eoti de sequence of the array; (b) evaluating a

paraneter of the system wherein the paranmeter rel ates

to a decay in signal-to-noise ratio over a plurality

of sequenci ng cycl es;
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(c) altering the sequencing procedure for the array

based on the paraneter; and (d) perform ng anot her
W@ yB@e9180 t he sequenci ng procedure for the arrBgr/U82008/052198

The nethod of claim 1, wherein the paraneter rel ates

to phasi ng between sanple sites of the array. 3. The

met hod of claim 1, wherein the paraneter relates to a
ChgaRMBty of a control cluster of the array. 4. The

met hod of claim1l, wherein the paraneter relates to a

reagent used to sequence the array. 5. The nethod . of

claitn 4, WAGHRAHOF HATBRin PR ET Dol Ag0FomR pE:

the GeageRbinnbhg I BR16BE Hoduehcifd ?fd&éure hyesedrhhyt ddgnprising a

par aneter includes a paraneter of an optical irMmaging
plesptyesh nskadc 0ads eiguetysien ¢rpable rod deteTminiigenyritdiidd sefuence of
thcIaiml, wherein step (c) includes repeating

f A¥#oducti on of nucleotides to the array. 8. The

met heyl ofevaluating 4 pavii@i@i o thd &Btdne,)whar€ih UBke farameter relates to
evaluat%&g operation of a reagent delivery system9.
a dasay ffeti Bt terhoist sdtie over By ity of sasyerang ¢xsddsudes
re-inagi - r 10. l.aim 9 .
wner Sy ChHif e fenck prd 0By PP R Rlay Balld b pyragerer
andr a greater imaging systemsensitivity. 11. The
met hod of claim 1, wherein step (c) .includes sel ecting
cert@ n REQEMPYE MRECHFYAS OF GF STAERHNE REAGEHYC dRftthe By
be used for sequencing. 12. The nmethod of claim 11,
wherein step (d) includes collecting i maging data for
onl y2.t he Bel ectled af elsmot, wherear iy parbBeteThelatwt fvoghasing

of claim11, rein step (d) includes collecting
bqt‘ﬁ%eé’isﬁﬁl%asﬂ?s%&eéﬁay'areas of the array. 14. The
met hod of claim 13, wherein the inmaging data for areas

of the array not selected to be used for sequencing is
st orkd. 1bhe mpahodnef Rladn di whkesimihe, pavimegtesi nalagasgp a(qiplity of a

i ncl ydes ingerrupting the sequenci ng procedure and
copfEL AT SR or T or red.

4. The method of claim 1, wherein the parameter relates to a reagent used

to sequence the array.

5. The method of claim 4, wherein the parameter includes a volume of

the reagent.

6. The method of claim 1, wherein the parameter includes a parameter of

an optical imaging system used to sequence the array.

7. The method of claim 1, wherein step (c) includes repeating

introduction of nucleotides to the array.

8. The method of claim 1, wherein step (c) includes evaluating operation

of a reagent delivery system.
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16. The nmethod of claim1l, wherein steps (b) and (c)
are perfornmed by a human operator based on anal ysis
w@eengied by a conputer system 17. The mnet hoRCD1S2008/052198
claim1, wherein steps (b) and (c) are perforned by a
conputer system 18. A nethod for sequencing a
plurality of nucleic acids, conprising: (a) performng
an aut onellednaiiod ef daiac il dwseduergi (npinopdesietiaraginghhe array.
generating data based upon the operation; and (c)
evaluating a quality of the sanple based upon the
dat agl9. hJREMRE o Qﬁaﬁe@lqﬂ%&ﬂ%@ aﬁHfJ fBel i ed with a longer
nucleic acids, conprising: (a) performng a gyc l e of
expegjuenci pgapr un@img gysfeon samitartyay conpri sing a
plurality of nucleic acids via a system capabl e of
determ ni ng nucl eoti de sequence of the array; (b)
det ect i Ngrie Rletiodl bt Yaph 1Sivaeadis ddpd(OahitMBeOEelecting certain
nucl eoti des present at sites of the array; (c)
areasalf tlaet drvry fohwhishdmabisg detadeilldemispéfogueduengingf t he
array; and (d) altering the sequencing procedure for
the array based on the quality. 20. A system for
sequenci Mtheampthud af iclaymafl, Mhetedi Ste@Cd)daclude@llestindimaing
fluidics handling systemfor facilitating assay
daﬁ%@é?ﬁbﬁh%ﬁf‘é@%%‘lﬂéas orihs #88)i ng system for acquiring
sequenci ng data; diagnhostic conponents configured to
nmeasure system paraneters during operation of the
sequEnci rbhesysthedtof qlaahiltly whe@limustep od) iacludes ¢allecting imaging
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15. The method of claim 1, wherein step (c) includes interrupting the

sequencing procedure and step (d) is not performed.

16. The method of claim 1, wherein steps (b) and (c) are performed by a

human operator based on analysis generated by a computer system.

17. The method of claim 1, wherein steps (b) and (c) are performed by a

computer system.

18. A method for sequencing a plurality of nucleic acids, comprising:
(a) performing an automated nucleic acid sequencing operation;

(b) generating data based upon the operation; and

(c) evaluating a quality of the sample based upon the data.
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19. A method for sequencing a plurality of nucleic acids, comprising:

(a) performing a cycle of a sequencing procedure for an array comprising
a plurality of nucleic acids via a system capable of determining nucleotide sequence
of the array;

(b) detecting a plurality of signals indicative of nucleotides present at sites

of the array;

(c) evaluating the signals to determine quality of the array; and
(d) altering the sequencing procedure for the array based on the quality.
20. A system for sequencing a plurality of nucleic acids, comprising:

a fluidics handling system for facilitating assay reaction protocols;

an imaging system for acquiring sequencing data;

diagnostic components configured to measure system parameters during
operation of the sequencing system;

quality evaluation circuitry configured to assess a quality of the sequencing
system based upon a multiple step analysis; and

control circuitry configured to alter operating conditions of the sequencing
system based upon data collected by the diagnostic components or the quality

evaluation circuitry.
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