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BACKGROUND
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority of US Provisional Patent Application No.
60/897,646, entitled “Image Data Efficient Genetic Sequencing Method and System,”
Jiled January 26, 2007, which is herein incorporated in its eniirety by reference, and
of US Provisional Patent Application No. 60/897,647, entitled “Nucleic Acid
Sequencing System and Method,” filed January 26, 2007, which is herein

incorporated in its entirety by reference.

BACKGROUND

[0002] The présent invention relates generally to the field of genetic sequencing.
More particularly, the invention relates to improved techniques for permitting

automated sequencing of genetic materials by use of arrays of genetic fragments.

[0003]  Genetic sequencing has become an increasingly important area of genétic '
research, promisihg future uses in diagnostic and other applications. In general,
genetic sequencing consists of determining the order of nucleotides for a nucleic acid
such as a ,ffag‘ment of RNA or DNA. Relatively(short sequences are typically
analyzed, and the resulting sequence information may be used in various
bioinformatics methods to align fragments against a reference sequence or to logically
fit fragments together so as to rcﬁably determine the sequence of much more
extensive lengths of .genetic material from which the fragments were derived.
Airtomated, computer-based examination of characteristic fragments have been
developed, and have been used more recently in genome mapping, analysis of genetic
variation bettween individuals, identification of genes and their function, and so forth.
However, existing techniques are highly time-intensive, and resulting genomic

information is accordingly extremely costly.

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

investigation and development. These include the use of microarrays of genetic



[0092] The present invention relates generally to the
field of genetic sequencing. Mre particularly, the
invention relates to inproved techniques for
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[0G0BE | utlke tphesenis disdbsure qroddesayigndfcargeimgirpements in the field of
nucleic acid sequencing, especially with regard to instrumentation and analysis methods.
The techniques may be used for any desired sequencing, and will typically be most useful
in sequencing of DNA and RNA (including ¢cDNA). The techniques are based upon
analysis of nucleotide sequences in samples supported on a substrate, and typically
containing a multitude of individual sites such as in a nucleic acid array. Moreover, the
techniques may be used with a variety of sequencing approaches or technologies,
including techniques often referred to as sequencing-by-synthesis (SBS), sequencing-by-
ligation, pyrosequencing and so forth. The present techniques have been found or are
‘believed to provide for more highly automated or higher quality sequencing, permitting
higher throughput and ultimately reduced sequence costs.

[0005a] In a first aspect, there is provided a method for sequencing a plurality of
nucleic acids comprising: (a) beginning 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 using a laser light source; (b) evaluating decay in signal-to-noise
ratio over a plurality of sequencing cycles; (c) altering the sequencing procedure for the
array based on the decay, wherein altering the -sequencing procedure comprises
increasing the power of the laser light source; and (d) performing another cycle of the

sequencing procedure for the array.

[0006]  Accordingly, the disclosure provides a method for sequencing a plurality of
nucleic acids which can include the steps of () beginning a cycle of a sequencing
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(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



[ 00061Accordingly, the disclosure provides a nethod
for sequencing a plurality of nucleic acids which can
i nclude the steps of (a) beginning a cycle of a
sequencing procedure for an array having a plurality
of nucleic acids via a system capabl e of determ ning
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~acids. The system can include a plurality of processing stations conﬁgured to add tagged

nucleotides to sites of an array; and a plurality of detecting stations interspersed with the

processing stations for detecting nucleic acid sequences of the sites and generating data

representative thereof.

[0013]  Also provided is a system for sequencing a plurality of nucleic acids including
a fluidics handling system for facilitating assay reaction protocols; an imaging system for
acdu.iring 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 qual.ity evaluation

circuitry.

DRAWINGS

[0014]  These and other features, aspects, and advantages of the present invention will
become better understood when the following detailed description is read with 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;



[ 0008] Al so provided is a nethod for sequencing a
plurality of nucleic acids, including the steps of
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[0021] FIG. 7 is a flow chart -i]lustfating exemplary logic for a control of quality of

base or nucleotide addition in accordance with the present technique; and

[0022] FIG. 8 is a flow chart illustrating exemplary logic for de-blocking quality

control in accordance with aspects of the present technique.

‘DETAILED DESCRIPTION .

[0023] | Tumjng now to the drawings, referring first to FIG. 1, a diagrammatical
i‘eprésentation of a sequencing system 10 is illustrated as including a sequencer 12 _
designed to determine sequences of genetic material of a sample 14. The sequencer
may functionﬁ in a variety of manners, and based wpon a variety of technigues,
including .s"equencing by primer extension using labeled nuc-leotides, 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 éequenc_er 12 progressively moves sampies 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



[0011] A method for sequencing a plurality of nucleic
acids can include the steps of (a) performng a cycle
of a sequencing-procedure for an array having a
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ecibafisy Wrthal 61! BEICRLuL Acad. Sci. USA 100:5926-5931 (2003); Mitra et
al., Anal_ chhr;'m. 320:55-65(2003)), or cl.onal amplification on beads using
emulsions (Dressmari et al., Proc. Natl. Acad. Sci. USA 100:8817-8822 (2003)) or
ligation to bead-based adapter libraries (Brénner et al., Nat. Biotechnol. 18:630-634
- (2000); Brenner et al., Proc. Natl. Acad. Sci. USA 97:1665-1670 (2000)); Reinartz, et
al., Brief Funct. Génomic Proteomic 1:95-104 (2002)). The sample preparation

system 16 will typically dispose the sample, which may be in the form of an array of

sites, in a sample container for processing and imaging.

[0024] " The sequencer 12 includes a fluidics control/delivery system 18 and a
dctecﬁon system 20. The fluidics control/delivery system 18 will receive a plurality
of process fluids as indicated generally by reference numeral 22, for circulation
through the sample containers of the samples in process, designated generally by
reference numeral 24. As will be appreciated by those skilled in the art, the process
| fluids will vary depending upon the particular stage of sequencing. For example, in
SBS using labeled nucleotides, the process ﬂuids introduced to the sample will
include a polymerase and tagged nucleotides of the four common DNA types, each
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 flucrescent: tags- attached thereto.



[ 0013] Al so provided is a system for sequencing a
plurality of nucleic acids including a fluidics
handl ing systemfor facilitating assay reaction
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RaBAVERG! REnSH LI ihAFRLANRL i'@e array of the samples, the initial
process flyid containing the tagged nucleotides will be washed from the sample in one
or more ﬂushjng operations. The sample may then undergo detection, such as by the
optical imaging at the detection system 20. Subsequently, reagents will be added by
the fluidics control/delivery system 18 to de-block the last added nucleotide and
remove the fluorescent tag from each. The fluidics control/delivery system 18 will .
typically then again wash the sample, which is then prepared for a subsequent cycle of ‘.
sequencing. Exemplary fluidic and detection configurations that can be ﬁ_sg:d in the
methods and devices set forth herein are described in WO 07/123744. - In general,
such chuencing may continue until the quality of data derived from séquenc‘ir.tg
degrades due to cumulative loss of yield or until a predetermined number of cyples

have been completed, as described in greater detail below.

[0026] The quality of samples 24 in process as well as the quality of the data
-derived by the system, and the various parameters used for processing the samples is
~ controlled by a quality/process control system 26. The quality/process control system
26 will tyi)iéall'y iﬁclude one or fnore programmed processors, or general purpose or
application-speciﬁc computers which communicate with sensors and other processing
systems within the fluidics control/delivery system 18 and the detection system 20. A
number of process parameters, discussed in further detail below, may be used for
soPhisticateci quality and process control, for example, as part of a feedback loop that

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

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

interface 28 and ultimately with a porst~processing systern 30. Here again, the system



aspects of the present technique; [0016]FIG 2 is a
di agrammati cal overview of a nulti-station sequencing
system i npl enenti ng aspects of the present technique;
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executed locally or by programs executed within the sequencer 12. In general, these .
may provide visual indications of the health of the systems or subsystems of the
sequencer, the quality of the data acquired, and so forth. The system cénti‘ol/operator
interface 28 may also permit human operators to interface with the system to regulate
operation, initiate and hlteﬂupt'seQuenéing, and any other interactions that may be -

| desired with the system hardware or software.  For instance, the system
control/operator interface 28 may automatically undertake and/or ;ﬁQdify sfeps to be’
performed in a sequencing procedure, without input from a human operator.
Alternatively or additionally, the system control/operator interface 28 may generate
recommendations regarding steps to be performed in a sequencing procedure and
display these recommendations to the human oge;"ator. This mode would, of course,
allow for input from the human operator before undertaking and/or modifying steps in
the séqueﬁéirig procedure. In addition, the system cbntrol/o_peratof interface 28 may
provic_ié an option to the human operator allowing the human operator to select certain
steps in a sequencing procedure to be automatically performed by the sequencer 12
while requiring input from the human operator before undertaking and/or modifying
other steps. In any event, allowing both automated and operator interactive modes
may provide increased flexibility in performing the sequencing procedure. In
addition, the combination of automation and human-controlled interaction may further
allow for a system capablé of crcating- and modifyihg new sequencing p.rocedures and
algorithms through adaptive. machine learning based on the inputs gathered from

human operators.

~ [0028] The post-processing system 30 will typically also include one or more
progfammed 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 binci at individual sites as

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



[0019]FIG 5 is a flow chart illustrating exenplary
| ogic for control of the sequencing and sanple
quality in accordance with aspects of the present
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genetic information for extended lengths of material by various bioinformatics

algorithms.

[0029]  The sequencing system 10 may be conﬂgured to handle individual samples
or may bé: designed for higher t':hroughput in a manner generally represented in FIG. 2.
" FIG. 2 illustrates a multi-station sequencer 32 in which multiple stations are provided
for the delivery of reagents and other fluids, and for detection of progressively
building sequences of \nuéleotides. In the illlustrated embodiment, the sequencer 32
may incliide a series of stations dispéséd in a plane, such as on a table, or in multiple
planes. To allow samples to be inserted into the sequencer, an insertion/retrieval
station 34 will typically be provided. This station will be physically configured to
allow a human operator r.or robot to insert a sample into the device and lodge the
sample in a process flow for sequencing operatiéns to be automatically performed at
the various additional sta-tions.: From the insertion/retrieval station 34, a mechanical
conveying system (not illustrated) will serve to move the sampies 24 and process |

between the other stations.

[0630] In the embodiment illustrated in FIG. 2, the additional stations will inchade
E fluidic stations 36, detection stations 38, and de-blocking stations 40, although other
) stations may be included or interspersed with these stations depending upon the
.- process and sequence of steps desired. For exaf_nple, fluidic stations 36 will serve to
" introduce reagénts a;nd' other process fluids to the samples 24, such as to allow for
bihding of individual nucleotides as sequencing progresses. The fluidic '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 samplés independént of their
location in the system. For example, the stage can include valve actuated vacuum
linesr that can be activated for removal of iiq_uids from the sal;ﬁi)le when the sample is

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



[0022]FIG 8 is a flow chart illustrating exenplary
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Seisticals elsaﬁue Nt diiger eyfuibmg et designaal to plgteotsthe pmulagndcﬂeondes

gen ral,. apd as descri be n. greater detail bel ow,

RS shlar T6s oF Rgpaels wdn GovEL SEngrEs ARgARY
5&@51@ &&n%ﬁdu@ﬁs débdion Ws%e@%ﬁﬂoﬂz&vﬁlﬂmﬁﬁ%@@é eSBIO!/ 8| The de-
bui | d ollgonucleotldes blndln? nucl eotides to

1y

blesipnatstagom 40 ﬁem/bwa}plwe@ der sleliysmeskagine upgd g remove
érmh m@feﬁaw@{ﬁ‘ﬁ& eveh'Bind@ fqneﬁ«eldmpsn@ heR&RE % Bme,

anpl e preparation system 16. This process may
pargdully iarf§BS fyseatsi d?he@ih bl(fdcalgmmps 46 fimaydscobe R to pleave

su r reate-a nu it ude o .
B PP R el fu EREE afu UL e Bl RLb S BTt Ehf Ry =
‘ kﬁﬁﬂﬁﬁ@@ﬂﬂﬁﬁﬂ@ process. Exenplary nethods for
produci ng sites of anpllfled nuclelc aci ds SU|tabIe

uenci ng i ncl u ut are not
(531”5 et oh SR, 2P e BBl endloh i sdglnger 32 in
%@5 ess.@ﬁl Wibw dik&:id7d 2s 2dica(ciORBrplly by kge 4PCH hﬁsﬁ(ﬁﬁffﬁomﬁond
Met hod for Perform ng /ngg ficatjon of Nuclel
Bcq EOIW% Howd trs SavaRle ﬂE%‘ﬁﬁl'ﬂdth? ergehq HOWeREy fe samples may

oHPReL! in MpS@itond 8ShRGLAGN G8nerdiRC by (MERhES nitnbtal AN Buch

VWi fehead Institute for Bi 6nedi cal” Research,
_@EWE%d}yemay\/h@ d¢singd 79 pegbEsimaging i the N@P@ﬂlﬁs antgluction of

BB R TRy g s
fridetiing @dtioal . It sRowld. alidabd noted dlght tBeproglAsion of samples in the
338 4 Booe iens b ERriafaf by e el i S S et

| SicRall emBISY 1286 td fRoeSsIBIbugh thelstatiofdy fOF the Mht nuABAS cycles
Sci. USA 100:8817- 8822 (2003)) .or ligation to
s 4 2B syBrlesreap toenten A s 8 evltbr¥cimpipcess inghe samggycle.

Bi ot echnot 18: 630-634 (200W Brenner et al., Proc.
[wﬂf&j} AGRhpleSGha g B&&n%?edlﬁ&ﬁpl&zgiﬂazf@ﬁ)c):ss%@nﬂ&El’ieauhno of

et al. Brief-Funct.. Genom ¢ Proteaqmc 95-104

s(ugh)(pmcyssm'gﬁgag hﬁ-@]t@re@ p}éﬁ@} Ameg Hargg,tgﬁrwhgevﬁje fluidics control
4B R Sl GPARR %J%?o&ﬁf&i’k ftonh Bllcd Bt B: bmbld@porations

Fmof an sl tes (1 sanp e cont al ner
were ges gﬂnﬁ@n‘addmama@tmgﬂ 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
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[0024] The sequencer 12 includes a fluidics

control /delivery system 18 and a detection system 20.

The fluidics control/delivery system18 will receive
’Pﬁ ity of process fluids as indicated 9%8?)&]@&0'0&’/052193

y'rererence nuneral 22, for circulation through t

saml e contai ners of the sanpl es in process,

desi gnated generally by reference nuneral 24. As wl|

19811@60 ﬁ}v{l??ﬁ @fo? Hmﬂ¥d H" Q&ECﬁK 'txlzdlﬁgadu% tB @ébﬁi%tt: sarﬁlgl@ constituents,

procéss flurds w il vary dependi ng upon the

qiditioh of hlamesttbagev r@:ﬂucs @mgiehm ﬁgmpbrcoestlawptseandu rpeEge from

uﬁg}qgaﬁrgeégo {e%u%%ghogcgbtlez}%ﬁmb 9 ff)%ot%d‘? ddsa’ﬁoﬁ of! Fa%n%e constltuents
Rxtehpl a9 geethadic be Qlteﬁh@ sahple hevnfouition am:tnde Dmhctuy piem;auon

each ‘nuc] eoti de haV|n a.uni gue uor esceng.. t and
DS RPHgen P AR eGP pb, S PP AL RBE e figie Pefto o

1Bbdl NG bRl AS LRSI QN 0B Yérh Mg BordsAtudt @kdt dMBiag@ or alter other
nucl eoti des were | ast added To probes hybridized to

qoastistente lnaddidpe C&ﬁiﬂﬁ stens in thel FSAVEnsHS ripgedyreimay hggperformed
@eﬂréye Sk hbe ‘9 0B8RS, P&ﬁﬂﬁ{ﬂ{cé @9% aeteﬁu&a that the
nor e an one n eot | de per cyc e at eac site. In

mmpbrshpmld be ssreedSwohprasessiogtenoimple lhwy bé Gzaciedrio thelddics

flui & tage W L] | oe Ao
rBEER i Qe R B o ot VB B B Ain
tiRks8isteps hity bt e uﬁarnyme tehes mﬁbdrﬂatlbn frdmttl‘i)e tadneple is lost.
tenplates at each S|te in.a configuration that allows

ﬂ@%ﬁ g%ﬁ%g%q é@gggggggwgfan & a%BFﬁ%PapwnaﬂIZat

@?Qih@élﬁﬁ&gt}@fo&ﬂﬁeﬂce | ceft&is ;ﬁ%de&@ﬁihe&let/alts [ B2%] evAiits may
ot her phases of .t he sequencing cyclzi t he process '
inglydcy vighpuiplimptatiofy (UgRRE IR HE TR ] A e AR s idlgiFpble
(fr 3{ Hj@)f (B PRYhN Gr es)&ta? n]§&h@n ihbopke f'eragéﬂt delivery or
% eotr eavi ng nucl eo I i nkers, or for
Mén@wﬁngl baaseeptihlo phaniefpinesdmple] tgmweﬂue@pn@e@mt&e sample site
I t | &,.F P N o
u%{bggﬁ ah?yé{l} g@b}r{%ﬁfé t%g%%ghsg?/l{eﬁ ?CPE 1§ee f acg?suffi: cHnt tmage data;
Elnﬂ“db vordualt shbilé deinotelhbatehe at;cu(r&nctemf ssetnpicets, nepdhgot require
dnitial process fluid.containin the ta d .
bt aspe BRI ol PFb Mt AT B o weighed by
tH® G @al fty/pildésd Q:oﬂt@ﬁrs@r&ﬂeﬁmﬁﬁ mTctwerﬁmrpg ehethyr defshcingdpegtons
detection, such as the opti cal n@ at the
sheild conties ek emnzrbe 1%%%@5&%?& 3 partip gfg@ﬁ%fslﬁvﬂﬂﬁb’m&em real
tgl?ed%féj Rowisheroly M?ﬁ%h GSr GNEHaRh OBk i canYisd RBxpSseli Using a
ock the l'ast added nucl eoti de and renove the
16hge0 r:ammtmneg)r fhevoe @artiqulareleentigal itghtgent repeated. If the image
ontr llv [ ) I
BAHE L ¥ ROV, R She %S%ﬁfgncla% tragtgg]rsgédaw ARt o
r&ub%fhadmbbleyﬂxleﬂ rofecssijthe nmlagng IfBke nxp:i@rsjno‘ﬁvb aem™i signahfbr a

det fi t i th
R B PAME dBy Tt ey Tuee Bk FRich prafen y i i fument can
a\ﬁ@nﬁﬁéﬂ%ﬁ%ﬂﬂﬂ scAdnin@e ey ﬂﬂagerﬁ WHellv&® RIL gt prtidalar channel, thus

continue until the quality of .data derived from
%%@&éhé@%@“%%@?a@%@aﬁﬁ%c@E“@BWﬂ1atlve | oss of vyield
or until a predeterm ned nunber of cycles have been

o8 G‘gg;lG et flondsthd 85érh A8Obden eﬂf&%ﬂifﬁ:ﬂ aB@lealth REAE a system in

] The quality of sanples i n_process as wel |

wiih ajeransle iptasfacewity éﬂ@f%reaéfta%@ by physiel mpeacht obhg sample,
t .

Bl o B S S S D PRSP Helaale 2 system
systen126 The quality/ process control system 26 wll
typically include one or nore programed processors,
or general purpose or appligation-specific conputers
whi ch communi cate with sensors and ot her processing .
systens ‘wi.t hin the fluidics control/delivery system
18 and the detection system 20. A nunber of process
paraneters, discussed in further detail below, may be:



[0027] The sequencer 12 al so cormmuni cates with a
system control /operator interface 28 and ultimtely
with a post-processing system 30. Here again, the
ontrol /operator interface 28 will ty Y

@ﬁg#()?@lng general purpose or application- spec??&?do 052198
conput er designed to nonitor process paraneters,
acquired data, systemsettings, and so forth. The

i p&ﬁ] nREAGSRRIAHERIRY AndrRUAERBt g
@5@%&{&% EJC(S({ g FE% programsa exec% d wthin trequllm
memmc ef tﬁf‘Z.Sthpleg eﬁta‘r aiampﬂdw esagemwrmeo&/ pdéhevitglipms can be

qﬂjb’l C@t I ons f {ng‘l%gg:cﬁ C S¥Sﬁ€éﬂ qua &?@ PSB%OH‘S&O{H&IHIHG
M6 qm&@a@ao&ngj Signifagly 1 . opiib@s}&t)éﬁi@mbe @ﬁtﬁ@kddapd&t&ttefsample
i nterface 28 may. al so permt hunman e&é*t utors gh d

i fsrip hed ﬁ‘/i"%“ﬁu?lﬁ%m’é‘y@% AT 6" FRGUIaRet SHEPRY | GRuS, detection

étﬂ! stdaftie @RGkd BlekdrsB! dﬁﬁ‘%u&n@td? WHelitddy Ay Pabt@fular reagent
teractions that may b esired wth the system

draerihwd heredy.  Aerfordingle. sampiesicAR b&ﬁﬁ%ﬁﬂvﬁlﬁée@%‘?defﬁ?m processing
r [ r 8 o t:
lgprn ?At{(gﬁgn eo rc:nr nl%é & r@cge?sen%% 9@ 62 / odr (rirlgé\lx&y or optical
muemmﬂxgumeoeseakuly@hywdllhwunowrmut sﬁmplmfwlmumatlon in the
%per ator. Alternatively or additionally, the system
O1ffrol / operator interface 28 may generate
recommendati ons regarding steps to be perfornmed.in a
Besglencisig thy Q&&ﬁiuﬁél—“‘lﬂ]d thie Spatianys sltdteae are coupled to the fluidics

GRBGPLES Lo Gt B B EHPPBFET gt SIS A thEiEn convol of

ABRT §feRltioRel A Qelndetdnki 1Y quaBE06f BoWi fhiti Agpidsepsl b the
t he sequenci ng procedure. In addition, the system
Qsrtieny pastasmed af the W@@@wsa%@ceﬁ%nmﬂwow%ovgﬁ 338 thspsystem

SETENE DRI LO REE s UF ! e QHnBG aF1EniRE FRD s ARAT &;n%la’&}%rator

sel'ect’ certain steps in a sequencing procedure to _
iatetforesd, arad daya paleftod radtimytelyHervsedpddn e@pstﬂoqmm@ystem 30

R s R TP MR PR LB TG senereed

@@aﬂewc&ioh@mmgsiﬁoth aut omat ed and oper at or
interactive nodes may provide increased flexibility

erformn e enci.ng pro d a
RIS oh 5 S A B LR b b et
deds@h aq:llu.r@lﬁty w0 Wifferdnl R@nplad. | S)yytefncsrofahsmsélﬁmno:ap ablcenfifured
.creati.ng and nodi f%u ng_new sequenci nﬁ%(gfr ocedures and

tau@félfc}emr?ératl%ﬁ%ﬁ%ﬂ SEERRES APE 2R ERRSTECEL SRUQES 94 SEEYBR Out
kAR Weds. OftNGRB s ik Lk &eﬁﬂﬁ’rs&h?l%§canfwm ea fixed

post - pr ocessing system 30 wi ically also include
ode 04 arfixed proyalaneiévecomsth eﬁhgr t ﬁ%ﬁ exa@pls;, e arrangement of

: rgl%feﬁf%:?{jgjr %Eﬁ‘%& g{%gedaﬁgﬁ%ﬁle'm%rl@ d & 4 bR a?rt of Similarly,

erive se uence rom
thdﬂ etamamg:en blaphcecrﬁha fped torder @m:la&télmg uggfemle mlai)fertayach other.

u ge.reco ni.ti-on, al N
P ri i OF BT ReaN CEAard ot il el ek nqvine o perimeter
thstCdopetpodes td that la{]kbdﬁdoﬁfhelemﬂmgd:rﬁbjﬁlofsmmﬁ @dys, FEach of the
sequenci ng progresses sis..of the inmage,

PRICRS Mk @aqugﬁglﬁ-gélt? [CAITE Cﬂ%érasg%qe?e?l? l anipulafion in a sequéncing

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 lIocations of the stations and the schedule
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intensities), and | ogs the sequence of the

nucl eoti des at the individual site |ocations.
Progressively, then, the post-processing system 30

i L d sequence lists for the individual pg{t85088s

%ééoga#ﬁ?oe array which can be further pr ocesg(éc{htgo0 bsa198
establish genetic information for extended | engths of
material by various bioinformatics algorithms. [0029]
“bp g’lcsi@%'d@{ﬁﬂo%éﬂ SR BN hRRe 6B dRUHioh Of RaRESEsteps
I'ndividual sanples or may be designed for higher

inhtho weftwenting ntactomeinee sgehératiohse & epnee areedas porApleed a

2. . Fl 2 1.l lustrat ' .32 in.
GhieCopisfcking SR B30 e0H, M Ak 8, FER RO ScitPrcallion
atlericagapite. Fodexaitpdy, pfilmeisdBat aanigybiidizedl et iecleicavidfargets on
progressively buil di ‘sequences of nucleotides. In

Aoh AT qﬂﬂﬁﬂ?‘b?&&ﬂéﬁ%&a“‘%ﬁ% 1on; fe? §BEGNE Ptl%zgﬁfﬁﬁfe& and de-
B18E:4 deha@ ofRF bEtheQfatishAbpRNS WtheRaSRsthtiong, LN of passage

such as on a table, or in nultiple planes. To allow
fonths &gy eprisapqnds &p ttsy ofdsx of rarac ¢islivny epd rgagtion time for a

d L 1oLl b aYRh cstigtion 34 willl typically be
ﬁ?fg’{%tdéeeg é’[F#%r R T T be physi cal Iy confi gured
to allow a human operator or robot to insert a sanple

0838 t He adevilaee arith Ihsd genfighmtign g forthnabevpr gidedescribed in
_ onci Ny Pl L . -

LR 0SSP REMGy LA 05LE e AERS B e

toile isnssad) i omipletd | Bvadn sedivideal Sdypla areghami galrespond to

onveyi.ng syste npt .illustrated) wll serve .tao ve

RO ET aCY 3SRt to BhETREE ek npfk FEick 8o T iy
@b.ahilodmse A0SR dMintdiporendigdinagng, didakapetandtdedlddringl drried

2, the additional stations_w.lIl i1nclude flujdic .
Bt it 45k 6y6 Of HRAMWEITRATUEL AP BRENSS, SR SEHOPISIAAKY pigent it
thd @?ﬁ&ﬂ S(dt0ex gleh QO AiRETar )| QRSurfERMy BRoveNSbhid @fhilar,

or interspersed with these stations dependi ng upon
reprated laps through the system, thereby resulting in continuous sequencing by the

system. Using a sYstem or method of the invention, reagents can be actively delivered
or removed from a first sample array in accordance with a first reaction step of a
sequencing cycle while incubation, or some other reaction step in the cycle, occurs for
a second sample array. Thus, a set of stations can be configured in a spatial and
teniporal relationship with an arrangement of sample arrays such that reactions occur
at multiple sample arrays cé_n_currently even as th{: sample arrays aré subjected to -
different steps of the sequencing cycle at any given time, thereby allowing continuous
and simultaneous §équérféin’g to be perf&med. " The advantégé§ of such a circular
system are apparent when the chemistry and imag:ihg times are disproportionate. For
small flow cells that only take a short time to scan, itri:s‘-advantag;;eous 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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_ process and sequence of steps desired. For exanpl e,
fluidic stations 36 will serve to introduce reagents
and ot her process fluids to the sanples 24, such as
‘&82@!) Mef or ~binding of individual nUC|90t'd%§Tﬁ%mmwmuum
equenC|ng progresses. The fluidic stations
-also allow for washing or flushing reagents fron1the
sanples. Aternatively or additionally, the stage
FHER a{e #d3Gink heheSR TR RBIFAL B8 BRVMEGHES Finte0 1R JyRBn can have
renoval” of Fiquids, including reagents present in the
{eh dlomdss]ls B mnoga ﬁtpngSBf ithelepenzionproesdss whditrconigaglly @pquiring
%%?the system For exanple, the stage can include
ve actuated vacuumlines that can be activated for
removal of |iquids fromthe sanple when the' sanple
[0039]t ﬂmbcsiimtntsmf the imestongrende h@y%@mﬂlaei& wnfigereg enallow
t|on seful vacuun1 stem .is describe
% Oﬁ p 1

gt R SUPLR g S o Bfne b sy

'aohhﬁaolmgﬁséqueﬂettsc&ucl@c hcﬁdsObDﬁ) rﬂafdeehlﬁ;ees eirsy. byhus, a ﬁrst sample
reference, [0031] The detecthgg ﬁilons 38'ﬂaé
F %ebeawgwe%@w @4tk P EIBRY T e FXpies oY sinterrupting
%ghén%ﬁll o reRb Rt M d&ringOht QhRBEr SAMIOTRAY, ARMYNBVIEN: the
fect the particular nucleotides added at |nd|V|dua
veigtageoft oph@m@amqeer@mgt fheths sefud Hanplg apaYsg rebyhsr adygntage
t | ¢S f u d
g)e(tglgc'{p L%{el%m %u\?lvg V\?ft P erIéeH (t:hé ol Efé@ﬁgﬂn%ﬁ éo%tmuously an |
denbireckdy gn sthatsnysmn%bcamp imehvaactqal cymplef graysl sianvmpiqe a
ents used to.re rotectl e nol ecul es
GRESENTBIoRE W BIOWIE BRGR THMGTERACHT S S Dgfemoved o
4ddB® to Palsyitét libh Yndegena&& fastséresteh tHhecadtotl cﬁ:ewnmg at other
station 40 may al so be used to cl eave fl uorescent
digeareaqtreasivikellar nol ecul es from the nucl eoti des. or
ol i gonucl eoti des as sequenci ng progresses. [0032] In

648" 2IFIGt heingamMsesn SeriPiyPREHiBs Stdtidh BI8JBesidhed to detect
sequencer 32 in a progressive flow direction as

mwmo@éﬁsasldgb AleFites |of agyarmy rig\icaerdane ivgthyg presetly sopisplated
ég&éﬁﬂh Qét? fndvBea %Lﬁé Ean B RS 16 o SEABRNGRIons of
e sa es nay trogress in the stations
the' dISVld¢ tat @tk g:eateql alh Ipysasally ediffereniclocatione oa altamativalic pne or
retr ressi on nua [
B SRR RO AR 08 DS ek 0P Hin e o
mbregsmﬁhakvhmoﬁmecéseaﬁy ibeingemonzdrtatdifferent Hadatiomn hecordmgly,

erfornmed ~a precedi stati n. |t shou
Be cerrphion hwd BEBrere o g Bl e Ao RiCpate o
Astioab 39 o &hrfeﬁﬁoﬁlé&{fﬁrm:ﬁﬁmfb@ethlr oyt bR Aepnuploees béween

a temnporal seénse. That is, not all sanpl es need to .
1ti9g.ctBe SterorsUPeve Ieche samplener thestatines ol we stasc with
EURLED 08h MRrAlth AABRbSAMELH PulN HPFIANT (BXd: dore light
mi I -cy c process int same cycle. [0033] Sanple
mmymbéﬁpewnwdqub@mmph@@esdnﬂgﬁimepn@we@sgdmxaﬂ@ ThﬂhJﬁ

schedylin processin ... real
e 4o o9 iSRS TR RGBS Bl ally B uses
ﬂ;ﬁ dekctingedyas @lat Finbrsecasdffeent fmesmmr?%lwmec {The light
that one or nore o erations. were not orne

BBIEHERY éarecaégarﬁlsetae%ﬁ?ﬁé%mwﬁ BTN HEHI e 3 Shifing of the
RaR| 8 I ESmIRchef 'b?ﬂ'@sShchﬁr&&ﬁﬁﬁe O @XRBlch C@atcplated

pause in Eroce55|ng h is of a substantia

afrodimhazh, the Fenditipping cples B rlEEdbaaps frap spggele lasers and
I r

FhERE P B IR e nl SIPRyL B R optiey %

conp05|t|on of the sanple to stabilize bionolecule

reagents, biopolyners or other Conmponents of the

sanpl e. Exenpl ary nethods fpr altering the sanple

envi r onnment _




i nclude, but are not limted to, reducing tenperature
to stabilize sanple constituents, addition of an
inert gas to reduce oxidation of sanple constituents,

I ng froma light source to reduce
‘gﬁg?‘%@%%dcm ng or phot odegradati on of sanpl g PCT/US2008/052198
constituents. Exenplary nethods of altering sanple
conposi tion include wthout limtation, adding

i Vi C e o

TP Bt 0 PRSI B ZRh OO BB Poncl HEPROlnds e
- pvzey NS cachr lasﬁndvalermeammmnt wé nicsvet hady begrsadjelsoz feedback
“al ter. ot her co ti I n addi ti.on,
PRI RSTSBRafiel 16 'BIEQL B APE Hay 8 "pBEPORELOHer b Bhain o
ﬁrﬁﬂSBMl BPothe ebabP| Sdf HORTRE QRASIS if6t0cack Aagd) S Tfahe aneasﬁnno

is determ ned that the sanple should be renoved

‘fqnamnﬁrrtd@é%. ‘hipilupne dgrpice D%Pﬁlylebéwauthf‘ew%n% capdlush the
iahh!ﬂéj!vﬁﬁ aCROI Hufke ¥ HrdbeS¥ TR Sl bRArok Bethe laser can
sanpl e may be Washed before storage. Again, these :
teopsctady be taken to ensure that no infor matl on from
the sanple is |ost. [0034] Moreover, sequencing
ati e
GRS TSR, D6 TASORUPLES SR ERHEOER 12 B ey
wmptlstelyTh@mmehe sarsplerayy threrc dindasiony, tlhbmay displacathegample
tl(J)r Fooga Labl, t% enyi ? AALE, (g]nt le sfal%c Ol S resently contcmplated
hEEHPabr & tehper 8T are: "udi ait v, ra CONS

_t&ﬁﬁoﬂjméﬂt,ghie fdcnane Gpfdse 50 engfiahlly Glrbctelfa&mﬁ)din to one or more

SRS AT P RS BTG AT B Skl R & e squenced
ﬂﬁéﬁ@?ﬁ@iﬁé igah i thy /ielehilytdra gght qﬁttﬁe/egcu@écgeédmt@ TORIR 8 of

ratio; insufficient |mage ta;, and so forth. It
rgfiahion iv eetwaed drophshe tameple sl rtp dtroeesemea gf Hiyey dawng to the

-x{h%ﬁgu&%tatéa%ﬂ%ée i nterruption of sequencing

operat1ons ther, such events may be factors
wei}ghed by the qual ity/process control system 26 in ,
r mi'lihie rrgtrolteemhis rtheye cpiemed ﬂg‘o’@gbexeaﬂbeémsom Jitgwhich may .

fﬁ%?ttﬂerhlé‘im f % ag E% $1§te dlli{fer aqglglggtﬂ m%@l?er gﬁ& cﬂfect ese

cycle s ana yze n-real time an OWs a ['ow signa
separated btancharne by mbivecanageSoc dihe bemeres oy belbassd ngorany

| onger exposure.tine ve a c.ul chem cal

RBF lrsFi o st Tote b, 0o PR chite nasR E pnared
ifdagvdeR| Based Bgon pEdtsiinBiac@@NlcdbicdEBE itkcalidwices] UBR cameras
nore reagent to renove the bubble, then re-record the

. §eReIale. image 1k Ak ethem dEVadadotosimigs IPrecsfsing circuitry 58.
g%ﬁérall G ﬁac&ﬁﬁg Bbuitr 58 A yPeetofin PSors Qicﬁsas analog-

@raﬁé»rﬁ'
problem™ the 1'hstrunent can automati calp
tedigial eapvemipnr wabentiligang.\aad yssmnatmrh@ftﬂl@éarte nmmhbiwple frames

- i o e
SRR SO PRAEIE AT D RIEs on o
seixplepl Thée achagd @meSMIfc,h(:er&lgﬁ_gr dStma;a ) vesy thermmalge whaiac hind will

ampl e interfaces w.th di fer nt statio
FETERE oS TR e i€ fpiprasE s fsaeneno g stence
daﬁecaﬁrﬂerkfdmb&&oﬁleﬂlefﬁawdmr Paficahfy abdol @RRtibE abliees that
to a system '
can be us)éd 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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in which the steps occurring at each station are

achi eved by ot her neans not requiring novenent of the
sanpl e. For exanple, reagents present at the stations
WG %oRGed& | vered to a sanple by means of a flppifisSuosiszios
sys? em'connected to reservoirs containing the various
reagents. Simlarly, an optics system can be

configured to detect a sanple that is in fluid

gﬁ@gﬂni at o WAL PRGN PREiBn GAPGRTa 3@LIANSby synthesi
@ us, d%t ection stepgﬁ)clan "be carc?i ed oaut%qgef_or"e,y SYHTER
- demiqrg for ofifereciededds wbatymay bemsfit geom itheunhegleotide geeapture and
- described her ei Accordi ngly. sanpl can b . .
e R e N e R e
e Lized il I HALHSI5d pagfoshepsn aBample 2 lcamgrisied b weppprtai0 on
optj cal detection, wthout pecessarily physicall
VR T PAE o5 HIRDIC L dth % TP atd BIF APAIET B Ggesmple
10B38] Aschisfied NSy BYRHAEA, @hchRlith udiqud fi@mieatsi JFWenetic material as
stations are coupled to the fl UIgI cs control system

indicaipd] acperathe byusaieressepryeask Conilher Sygmars aByt gpostituie
t@ﬁh ok FHNA %E R%A tt(h?é Eectﬁﬁi?creﬁ.t IR 5. gﬂﬁnﬁé@%ﬁ b??so ated from a
co ot t of t

Fol of quality o e sanples an . e
wplegiaili enscepesingr metiodst khbren viar theumt.pr bic esbodigients  utilizing

st at.i ons. reover,. as_in_the ‘ onhe 1.
it on paBo B I o e Lo 5 AP B« T of ol Boted
LS taeibioeihlr @uf@p eFah atmplateecdnagBe? 8 numbel efainars or bases 68

| lected is ultimtely. f ded 1 _
Wsh Wit vy bigd 63 pUmASENTE PSR S ARalgg herged) during the

Sethkye ?rot:és@.mﬁh@ %e:ﬁifeh&ﬁ% ShcBiat R gink YRICHhdiMg bIBRYBnclldE Brimer
generated by the detection stations 38. [0037] A
Bysotcash of thehismiphaisnt Thin archar pamgs Bglodes emRIFREISYS (Bpses 72

— . . : ol 4 L1yt di £ er
R PO o ol MR IR B BBl of e
templated destgmated rcangyaieby reférersamuimesl Ahdcoastitates tagearten to be
of statigns fo rrying out sequenci steps. T '
St P eneh o0 e Mt op SELERER Y RS p Al Bgpsenty
doRtegplatetesdn i tdntaademing frore d5 ith 4@ basal sr éveh as indey 4050, 75,
each other. For exanple, an arrangenment of nucleic

- %dPRb%¥t-ays can be placed al ong the outer edge of a
circular table. Simlarty, the stations can be placed

(oA T ixedqeneas paoidessds, thexedoduotdproadssed Rlearhivwi ilidude all
each other. For_ exanple, the stations can, be placed =
fowr comemerchaNArnuglecifisetrstt Waeh wy! aidye thamstras af pgesiton that
igg ) ol%ﬁ@ 93 f RaliGe bA¥GH t@ﬁlPIali:@ aR a2 Q8N feRhce numeral

e arrays Each of the stations can be cConfigured
o The ragdalinucdedidef willeinclndard bedcadl ohatiip campleggaias fy the
rotacol . . Th rran 18-
B ey R it ARSSTRP SIS AR € L e o
bubhbset didiiedt inahs bat bonsddardiy, theterdeSiuckedtiddse s thef illastrated

S35k SR SPRTR A ge EhL FAFG PR 2R R s
Although any nucleotides or oligonucleotides may be recaptured and recycled in
accordance with the present technique, in many practical applicat_iéns these will
include deoxynucleotide-triphosphates (dNTP), each carrying a single nitrogenous
‘base (adenine, guanine, cytosine or thymjn_e). The complementéry nucleotide is

added to the primer due to the activity of a polymerase, as indicated generally by
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for the relative novenent can correlate with the
order and duration of reaction steps in the
sequenci ng reaction scheme such that once a sanple

=\ conpl eted a cycle of interacting w 6
ﬁ%ﬁ@%@g§§5f stations, then a single sequencrﬁan%ﬂ]wmuws
reaction cycle is conplete. For exanple, prinmers that
are hybridized to nucleic acid targets on an array .

‘ xt gpdedibgaddhid @0 kiR Rk Bidthe to the templat

%ﬁeg?ngg?'%gﬁl %tgglt egu anofa%e-%-{ ocRed 1 f the order of ¢
wilkalst it presest insthapraegss fwidyeeindidated geatralbniy refarehce ateerals

as e f h rray caor.r.espopd o_the orde f
AL RS 6 | SR B SRR o P, S ey
BERUMBACTHE theaslplon Yshag op&REd] bxitincimaheaiffaent wirédm to be
the configuration set_forth above, and described in :
eEtHed ageaicledsdsttibedbev-ap (or full revolution in
enbodi nents where a circular table is used) conpleted
pgazn IMEisvinRudihg S QriRded Y HEARPLOIstiEtsAAQBevd fr analysis of
determ nati on of- a single nucleotide for each of the
eligograleatide pesuences Mg be Auicmated ppdiipepiated in ¢ ARbRYiof g a¥helhe

@%{%@th@&ﬁ%ﬂ%%\@@éﬁﬁ Aomh(FBRiRGon & afﬁ}h%;g:? ofPameters of such

g carried out 1n each cycle of a Sequencing
systelns aRdreontolnof dhe swmencils BwAgHs dagedr BRan FrcBseasameters. In
-the system.(for exan j L
b3 LA Rl R T S L OSHL by ) et v
 inhly allgh fdrhersyissegmencityespebyionesubbé ngmiany somple Atrayss which
“.sequenci ng by the stem Usij a.system or et had of
EDT PP T U e BT REETPRG AP e ol
irﬁ‘a?,o\fﬁﬂ'oﬁl{aﬂﬂé aff iHeSHuidRENRtralVdeliyerly NsRGEN! SEMoeRantet 6F the
a fi

rst reaction step of a sequencinj cycle while
detretipm SYSEW,. OB rany SHRCOBDRBSN! OB SERSY BT Of &S n Whea exsrpfigns or
S . LA 1 belo
BHEHIS b Yoy BB RATRIAAAY s e BRbic tal pelow.
reekditl mpshioy must be taliera ta emerdntsyHtm pErfpireangg. rrgnpequence or
such that reactions occ t] - Sanpl: FEayS, . de
URE e Ph oG RE R S s oo b hPleBud IR Eorflib Ry ae
Hlockihgf fapd evat fatheper efert heersigtuenadnaipgcyleigethat. aBscause the
gi ven ti ,_theregﬁ.alromﬁng continuousdan als. the remedial
SHPAIF NG AED BePTeERLEh BV RYEY HETHE T BT s, the remedia
AENERS B9 De Allapiatctd RnfihdeCddi@hciny St £ A1 oSt PAIRNEKIng steps
when the chem stry and i maging t'ines are, )
tgj SBTCORRINST PHERIRL Frayntheny| Irogepuy e s deptingd 8 {p of gkdeast
&sfﬁd}ﬁrtg &%bcﬁge trquﬁF At abd ndtSor REHARE JYBOYS WaBaRBKE (fhe and
nunber of ow cells running in parallel in order to
rogtiials zgent.hdhug,nhe trimediglsmeasmen timppendhe Hkejibopd dept reliable
- data.. Waen t. I eging time and chemstry tinme are e
%ﬁﬁ?ﬁ?ggmgﬁgﬁgﬁPF%%ngs sequenci ng a sanple on a
single flow cell spends half the time performng a
[0b46Ti STHIG. Oympeesemt aemplagn leic foragirngng ot end anurolling a
therefore a.systemthat c rocess .t fiow cel I's ..
CRRFPEIR VS URL M ACPENHERD SF JORGAD, i sghaicly Jhegetion
deliBgll BEheeM IS/ 1 reffRB nhiferal PR BEFigs tvithoddingtaeqanipld dray in the
| ess than the chem str ting, t he é¥sten1can gaxgeégn
SEUsRCiag [Syders as eicald L si5pes: oS Pafed abRyfi & RO Jidgrent
a\{XPfola es G be RHM b 3G Iy YaRBud@inBgumh AR U 220 Th BpRisently
of the invention provide a systemthat is configured
cooteriplatih anelsidanenieier cxmple. fyrags ofampltigids of awqﬂpﬁw dhfferent
second ' ngi S
S8 OB R0ME 20 el Qe B DB AL ATLLIRUCLY the samo
Thus, a first sanple array can be- individually added
or renmoved fromthe systemw thout interrupting
- sequenci ng reactions occurrimng at anot her sanple
array, thereby providing the advantage of continuous
sequencing for the set of sanple arrays. A further
advantage is that sequencing runs of different
| engt hs can be performed continuously and



[0040]FIG 3 illustrates an exenplary detection

station 38 designed to detect nucleotides added at

sites of -an array in accordance with a presently

\98%0?@1% ed optical system As set forth abg ?‘i"m %08,032198

e 'can be noved to two or nore stations O ﬁ

deV|ce that are located in physically different

| ocations or alternatively one or nore steps can be

&%Mcdeo%& pfhc? m&&&h@tm sSqlele&O nm«,l%gfmag Be Wkl in a
e one of WOFe &tations withoUt necessari el ng

saonpled cowaidisf et enuplbd dat therfuidice contdilidglivery tsm&tem such that

desc ti on_herei rd to t | a

Rastahgie slo et uiid pE At 8 B U SR AMBusn
me&&mgabaﬁmQQS&wW&wﬁmm(@g,ﬁﬁta&hamsanp&QMmﬂmggfhmmngand
bet ween stations, the stations nove to the sanple, or
trfetlst ati ons and sanple are static with respect to

each other. In the enbodinment illustrated in FIG 3,
[O0£7]107 A€y ds@litin §RUACRE0H! GarPBO N yigoplulagibi obeﬂﬁﬁent Rattion
are directed to conditioning optics 48 The |ig

S5t habare DESARyE PRICITUBRIC SHRSUBTES mshdbat derent f%F‘E“I‘P Stes can be
Jﬁfb&htmt&i fr&ﬁ%aal LB eadichetRg rieset hditond qtyﬁi%ﬁ]ﬂ}ng single
dyes that fluoresce at di fferent correspondi ng
Ipesies @iig@Mymaih sudhi agmnugl@mre?@is iprafjached efcqach mglduap reaction
t.he LoniRg [
° ERSUELL hENP o IR AR ablad B LMo RA: SIPRL filhchos
dtra parﬁdslﬂaemhd:mncmmt e am?_,dtadmincasllarmhd)lp Wiﬂetypmally 1nc1ude a

ondi ti onj Optics 48 conmbi ne be fro

fsisob Hifl Bio bty aePat 1 ) PRELY Bbangra s The
feaibA kit@Ncah hatiodasedCA Ve &M aH@re@sﬁB]édeﬁ@oﬁENd 08 shle substrate.
The | aser nodul es can additionally include a

W@Wﬂﬁga’%éﬁ%ﬁ@ﬁpclﬂ%%ep?ré@o%w%e%mé Fexgh. s hearing a

4#% tre gﬁgsurenent of power may be.used as a
anismto control the length of tinme an

e- |s recorded in order to obtain a uniform -
[9%833 uré seereitgp Flging, therebatesog naclgetides (qroligemclpotides in the

ro.l[efsse% fgscm%aﬁ%gaén@% rr%qa&%r LERIS- ﬁy%hhﬁaﬁon) are

aser no e I nstrument can flush
adtirai wathplsmeswmﬂlm arayrmlad(m@anb@ wfitarthe pytignrlusequescing@pproach
rror .in th
aﬁa]gtg(i] O#:ﬁre{nggwgelcgl% e ts blsoeéll ?Ithcl)sﬁ %t%[ ca%aagsogog rg%ﬁ\légrgcfﬁ’lglqdmo,
fPpoekimple] REzENS! QWthS as tpdtmermy  aplizader i dioel exampdd, tinoBBS,

RSP LS Lo ee SIS 1S 20O TR L 825 A

Hrlﬁiﬁuelfﬁlo?esgén@ gég bt if@SLREP kARG RIFROLVEAY, ark RBowed to
ocu5|ﬂ% optics 50 confocal ly direct radiation to one

- réact Notheths plitamusicogfle (amplatpy aleash sithi cien ARiwepldugiso include,
bl AN RN e

eita@serdcﬂoememmfedrraa:huans omt step eré)t ﬂlersads #ned slm mbw rsanthy gtached
e resc y. ¢l eo
ng{L:Jle%té ; tcg)lgte tf% g f%e ye & is dettecnsrtl I;%”éal){ub I%Ol'g’l

eamis urne

o vtaﬁét?ld)glﬂnalhﬁ&fé Obﬁlﬁllﬁip@@l Hé?tSctﬁ)ﬁ bedtigclavoray if & bte@dfnﬂtyhﬁntemplated

beam such as to separate different mavelen s in

epvadisisRin Asridrodiepaiied (R ReafRirelioR §toB saRAnsle freergssively

BRI CREBASIBe alBf 16 HRRLESIRGe WBM WAcIDRSREERA M0 albYtify -
sui t abl e technol ogy, such as i ncl udi ng char ge coupl ed

inivided siteshand, ghimately.chpideniitiiad dhg magacwatna B%ﬂ%ﬂf@ﬁdes

PHRLARs i npacting locations in the devices. The

cameras generate inmage data that is then forwarded to

i mage processing circuitry 58. In general, the

processing circuitry 58 may perforn1various

operations, such as anal ogt-digital conversion,
~-scaling, filtering, and assCciation of the data in

multiple franes to appropriately and accurately inage

multiple sites at specific locations on the sanple.

The i mage processing circuitry 58 may store the inmage
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illustrates a typical reaction cycle in a sequencing

by synthesis technique for oligonucleotides that may

QSQﬁIOEanO"1the nucl eotide recapture and reg F?hhﬂﬁwmams
echnique of the present invention. |In genera

synt hesi s operation sumarized in FIG 4 may be
performed on a sanple 24 conprising a support 60 on

my@% aA{TH '1621,%? %01(5 Hét&%u@e% V@l'ﬂéiille@‘%h@Eﬁ'réch rcfz@éj 1s {h@ initial

repar ion of €ach sanple 24, many such sit

myetmmvf gycired Asomtdd hovh, seqiengingf mayy wetids a)flmgbfﬁenﬁ gmilar

er| a Jndl L3 Qy u

B s s Pl R SR Bl L RSEREE SRR more
Qich Riéiet Oeilg pseemiBn cagemplired. f ﬂﬁgjmmntc@mleb gheins 0 eht: dditial
‘from a bi ol ogj cal source usi.n ods, kno in the
ayefe. ap dngialalenBRlE eRnPl HAUHg é?n?ﬂ Pt G SHSE bGP 104
thi§ bR TR Be 6T IAONIcteARe HE A rﬁ?h’éq@ﬁhtBMf the array as
i solated froma blologlcal source_Each tenp

‘ é@ﬁ@?@dsegr@ateh d@t@é pelg widy isfegpnep is IS 68 IWE]H hﬁ/lnlored that the
c d r

ULPASHE, LA SRR T, B el 18, e in 0

sqUIemgi spgepr mcms}s cipeg rmslicsitidn ibitkedinagnep fn which tishipdividual

ri r-70.t ch the ter I At es Thi
 rielerinl BaREt otarc e i “BhoEwy 7Y FrATRARRY gf e
¢Hhass iy te rmeu)agaa wpbn hetigifipl cgtle qagity enal asldescribed below.
remai ning portion of -the tenpl ate, deS|gnated

I f
SR o Vumhe SgihaeY SPRERes dhaniob s ST 1 Mo fpec
fnfy B&/aBEHIRGLTDORNerY lriutindlit BerdfirBBe 1S byalefhihe nablaty @ the -
enmbodi nents- ext ending from 25 to 40 bases_or eve

?Fﬁ‘?’l yddigonsyeps pb seqyencirgy fygwatly cqnigsapljtechdetalls i dhech c@ac?dltlon
RIA R gﬁbema\iré QERESH RIQE %ﬁﬁ%@e&h&@@@m I7| In general,

n ( our conmmon DNA nucl eoti des, one of which
haveveradiat b@etehiélqm qrelityatongrohemiting aill envaluate Pagpsess b the

! ht?cn@% 5 Qt\éﬂll aget%rq%ﬁggvﬂe eI‘ Qﬁ:a'fo@gmlﬁﬂ 'be Aade! ddeng)! ﬁ%t s%fgtem

nce nunera ded "nucl eot’i
opreedtiv g getéin Basew@het Isaiuemsng:mqhi enghiotiidropntimietunder the same or

iR g RBrbor o e Al TR R P g pase sdditon

ityl @A trbNrdulife 206 ma@sreﬂﬁtﬁﬂ fegetbitaing Bertdi®kéuencing steps or
nucl eotides” in the illustrated processes wll

LYgPRRAITNE the KequeBdnEIROPSss ARRERRRi ch DNA nol ecul es are
constructed. Although any nucl eoti des or

[0b5GONUS L kRS Bbolgheh £ GRP DS E5h B brfoABNCAIRE stk 100 and

accordance with the present technj que, in nan%
mnoa@q steml 02a pihis erder rafnssbq araggions if thecqugdes and steps involved in

qu%gﬂ é)fnk&ﬁlahaﬁ Hllg@%ﬁa e(,%hg'tﬁ)  chERERH GRS bY hiDit8s of
SI'ng "nitrogenous ageni ne, ani ne, cytosine

samptek ynd ﬂe)syst&'ﬂneat cstamiloé nEmtﬂmnyiowucs ofdrthein fartzd dewil bolow
t he agcéltgrgﬁ(ag ui §,a$1|f§ehet %&éﬂe\s“aglx s%];)s %xé%%liﬁ'éﬁrf&s fiie Afious 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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reference nuneral 86. O her nucleotides than the
specific one binding to the tenplate will also be
present in the process fluid, as indicated generally

ce nunerals 88, 90, and 92 in FIG
"Rﬁg § )zm?lrlbes nGt binding to the tenplates wil IPé]"T'rUS"‘008’032198
subsequent|ly be washed fromthe sanple in a flushing
_operation, exiting in the ef fl uent streamto be

pt u e €1 cycle
@gﬁseq%tegeg?@g glgg%{%é Sﬂy@?lll gl&r Eg%?%pe giescrll%)t gl is
thbdase cade ofeghysing. Fevaal gmnmﬂsemxtm beenyeggreinioe shisretyp.  For
be autopgated and re %}tedln a number qf ways,. The

SPEBIn e e SHRFEIBE pPSTIHCEY of AIPBARITS (bt BRErBn Bl 2
ﬁecﬂBﬂeEfHﬁ[edOfnuﬁBﬁarmt e¥cSes0f wBb Clhe S Y &itn 2 RetnG AN Obift&f the

t he sequenC| ng process based upon such paraneters. I|n
pedrtsrained yanbse pf eYiRsritage Rk riermed, AbmmaGyely, the quality of

RIS RECRY b T IR HEESGRLy bdMaRkicaRo BBYmAhd Qfﬁétfl&f data of a.

nor mal sequencl ng operatl ons on one or mnmany san'p e
dsiredygualighischll heyngellatted r Ebatis gie qupenzaddictay.d the quality

&o%ﬁ‘glel’%u%éstbrgs%ﬁ rP8 < O%ﬁﬁﬁe lle%bélttg n8ifse %‘r OI «Ia %\erarh)l/ated to

erf I'CS con
deyesnd) whtlrel diertanc gldiont dperatien et mmgngy@t:&ttpnmn adgquately

b f t h
G RO ok FrplrARE 0k Vsmepos R AR G R Bfe sucn
AYitHAS of ket qiuﬂltﬁ,r saRy ablBtyald dheh@Nh pawedi ede nucleotides
nmeasur es ma be taken to correct the system

Pleshipg ﬁ‘dﬁ@éld“?lélt%%‘d getendspirable leyph ﬂé%ﬂt“&ﬁhmé)éalégﬁ@l% the
&Yi‘éhtecyéfeeip% beHE tas@éycn;%f aRbd e i dhitRBar tgmge R@ay. Other

bl ocking and so forth, or even interru
sg@epnelng iendinakteogueshany, @@@m@@et@ele@@q@én i thg cwirgnt cycle is

PRSP AAYSHAT, 10 EE Il TR S0 s

a CHEHPI mme slﬂcgmenal ngch fpragramb Imagoﬁsluld&: q;roamsmg of akhgrgdata,

ste uar al ur sui nt hesi s proced

e o gl heHE o Ruami BRepe peelil toeions fie gnple amay
d@h@dﬁf)ﬁoﬁﬁﬁ&éy&@n{ bad s@foghnot of sufficient value to ‘
vvarrant the tinme and materials spent. Thus, the

gl measures j nprove the Ijkeli d t hat .

ﬂe@é’&ﬁ@ﬁc‘iyﬁ% A&eh W@Pn%’lemott?t‘g? i”éﬁl SCURAS cycle, the
Igéléama@ IRRERSIBNS EXCRRERINe bRBkifg hdntE Ald fhdtekcBMtdyes are
and controlling a se%enm ng oper atioft in accordance

rgpyedt fisprs th@pbstda@hron edded e g GPeiiam 1 g thegethpsiep or
v?ag&efnahlle yefﬁﬁ(en'ﬁ %tr@z{n?r}ﬁ PLUEE efted $r a&%ﬁ%ﬁf gySItp control. For

ading a sanple array I'n the sequencing tem as
exmaple athe chdditiopileima@bg #sthacited onbaste at atepulitdenaypbe used to

BRI DN F APy o ey JE PR bf ekt iRy e

debedcidimatty fluicsexampheh s (@ys ﬂfntral mvdst la$ ldldﬁ:mbéd below)

Agenetlcally different sites are e ed, \%H]@
IRBEY PSSR PRIRE OV AT TR (R < ittt GH2Fg agents
t@t'a@ﬂﬁ&és‘%@ﬂt'dﬂ%atta%m}h Qﬁcﬁatlc@lratf Rk waQel are present in

sequenced. The array na | paded in a sanp

teopilagm streamar @@wfﬁip@at k@elttﬁ andigatg ¢desired éwe} aﬁjféq hlogrye has
0§¥lﬁ‘}eam FHER | dJE [LAGE R %o?ﬁéi;r:@& hes ﬁ’szS?se§ n'aP may be

can be intro tothe sa route roug
deheddamptte morsai Hestep Ao rtbar; tai qmnlsty (centgel, rorhtaseo evaluate the

RIS B REOBT Abralt Vo B R R Rpl R ocine

popul ation of different reaction
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sites that are present at one or nore substrates such
that different reaction sites can be differentiated
from each other according to their relative |ocation.

' . a single species of biopolyner, s ' <
‘%g{m&lﬁ%}%ﬂci d, isgattaghed at each ipndiyvi dual ﬁ?@é@ |0€nr)1:’2198
site However, nultiple copies of a particular species
of bi opolynmer can be attached at a particul ar

) UG A = ; _ o -
EUBLLRNSPL By AU Y B SRR O oo
bl pellysde sy atttraab stelp 88 whepladdigibndl pawf adiafiflesr fens subsequent
" Si iff% The .reaction sites can be located at different
R BSEHSME % 0cat i ons on the same substrate. -
Alternatively, an array can include separate

HOBST I alteslogkutdt asrybeads, asbchnthdlarg ngsequaticinesgndtion as
reaction sites. [0048] At step 98 in FI 5,.then,

pEsaiedop T e iS%teer_‘J(‘ Ghot PSgBHGH Sstplig i’l‘ﬁéﬂ%c &g been
SfenPliBEETSBS cSHEA oA ParSEAHERGHAGR Yedhbigats. O wall be understood

sequenci ng- by-hybri di zation) are added to the sites i
that thidogig eamybe modiBebiocsremmaiath diffseenp grapencinepchniques. For

Nnci : t ) .
i T
i dlavdblogking eroupx afptcedinglyzipgesfos crrtyirs o yyasequgseng need
| i gage, For exanpl in.SBS. . pal t f,0

AR SREE o pBang Rt UPELBRENS S 2r o 1

AYENY s5.ands unifgider f dxdoipSs qmdseqlycdsingr tectinitfueo dyygiedlyt atilize
the sanple array and are al Ié)vved to react with the

BFMGBRUCEEBES 198 O¢teTHInAf &dleaspd RYERhasPlale, SehasnziyBes tipdine.

B $RachflE] fiBryldsbaRd nfcifesbd. Nahi H@i@ﬁiﬁ@hﬁﬁn@foﬁ P@rosequencing
pol ymer ase and nucl eoti des once sufficient tine has
@hapstidef added hetepfeselpted foeaddingnd, roRpovdRge Feaqpdaryt pRzymes.

. 1 e y - .
Aty a LTt LEEgRHBLARE REd Bl iRt e
phtddo taredenyingatheandtoity of theansemndary winzmeptand alesponding  to
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[6055] Throughout the sequencing process, a number of individual system

parameters may be monitored and regulated in aplosed‘-loop or open—_loai;“manne'r. '

Again, an object of such monitoring and control is to allow for automated or semi-
~ automated sequencing thfough 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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evaluating QC related to activity of the cleaving

agent. [0055] Throughout the sequencing process, a -

nunber of individual systemyarameters may be

nionitored and regulated in a cl osed-l.oop or

open-| oop manner. Again, an object of such nDn|tor|ng

and control is to allow for automated or

sem - aut omat ed sequenci ng through efficient reaction
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can be indicative of a partlcular probl em For

Vélsearﬁmdéltes 1o bejanglyze awe derdegied dy g seppidiialiet Rash abmaygaask
Eﬁﬁ B <DidER MbbilupRNiRE {h%P%&éﬁE‘ cRhPRkoSHCHe waaﬁon of
over appe sites appear Pas a sihgle site havi ng a
naiplpevcehtm smtzsetheﬁtequ@cmrcgelps tChfént darpefos bueh lmper@tvedﬂd not
b% léorc sased g%n %Igsf?%n % I te 1‘?’13 og%ﬁg%/}?éon evEGWQ:hatt hl?ﬁh ar{l_asldng
s dlfferent t han expected for a S|ngle S|te such as
in the case of typically circular sites that wll
appear as a single hourglass shape when two sites
~overlap. O her aberrationsggn size, shape, or
nor phol ogy of sites can be indicative of problens in
preparation of the array that occurred prior to
| oading the array in the system such as insufficient
anplification at one or nore sites or excessive




could result in elimnation of too many sites or even

| arge regions of the sanple array from sequencing

such that pursuing further processing of the sanple

o ‘ onom cal or is otherw se undesirablg 008/052198
‘gﬁg%8@§g% then, it may be desirable to determcﬁfg}ts2 03

whet her the nasklng has resulted in too few sites. As

with step 118, this inquiry may essentially consi st

hﬁ&t%% RE mdn) iR En Ao LEBAN NG SinifS
&%J%EE%{]g}etﬂa : sklfng rirlltg,els,equenljcl:l ng V\%ret hwhi | e Pﬁ ey ‘
frem neqodncinye swolip wimt p;frs@w duntheat proegssibe @folﬂileeemegle isf not

too few sites are av r S [ ter, .t
ey 3 Sl B O B lia ki) T L A0t SELesbitre o
ddfdiﬁ;ﬁﬁt\ﬁlﬁkﬁ&t ﬂsdﬁabkh%has&e@hecﬁm o0 feketsiésmi mewmetdpelrls this

certain sites _can be liahly s enced. The .mask may.
G B8 SPTERLG RS LI HA S FOU G G REEh Ry g cs
- ﬂfeP 8284 mdskink @Rk W RhEiRS waFtBwRYein! (& s&f 19 amount of data that
sequencing may be interrupted altogether.

uenci ng,
gresz]oﬂqqﬁei alfdom fevoSitgsraie avallabls ToF srapensang afisy ithfgmasking of
&§Q@n&e bR RRL el LR5rh SO hiches HBRS 149, &RH o€ ¥PRtermine
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wﬂafttlaer ozartaxprsybcte cgorbewehablp rseqwu@du niCbs snask a@nayathgn |b5-; altered

col l.ec |zed and napag ef . I

achu ’élﬁlé’ ahd 3 %em%\}’é?ﬁ ageogig o f‘Jfor osgtggs s%% ryailable, for
SgeRcih b akquachy Inm?aieanrbﬁu;ﬁai/ﬂd)oahek prepared for
further processing while discarding data which has a

Ii] h %ﬁ bab| |it i %Lgeg%t@\gq%#&g@u cg:%{qglsequ}%ﬁcélgg gfgeg%e%é teﬁlss to

Bétmislsf&zb eﬁd e% oRehdinlias eckines. aA$ sich, dfalysBWERE data can
goal of wort ile sequenC|ng data. Wth thIS in
RIPYed SOIEWlsh UREEPUB silese e tdait it Krelloctady orepayzed, and managed

e@ﬂél&rﬁﬁ; efh B YreD Rt RhP6E 3968 Qolféaff) 'p?éb%ssw SataFQ@Eh that useful

exanpl’'e, areas on d test sa be sel ected to be
datﬁalg sdvemﬂnﬂercnar@r foafethsr Weﬂﬁ@cs‘é itecdigqardipe gya which has a

d t f
%fp gbﬂdtyf$ er er%)tsemmy S’l%%u(r%s %L%%fégh dsedq?ecg)bﬂglﬁgﬁegd ‘%Eewdl =
cdl&&amagen pm&essmgbaﬁimmnmay ma@ercummi fo attamltlye phaall goal of

asitkagged ag, areas of i ot @giﬁ%@?ﬁ% Sipf Ha B8 1S8kc data

c%ﬁédt&ﬁﬁl@ﬂbe ﬁbcdﬁ@éﬂ ﬁ&aﬁ@lshﬁa@% EHohaxbmpRY aresi ai st s@l.lhpie may
not analyzed. In an alterative epbodi nent, image dat

heesplepied ¢ be aprgsd Whle efher ypasdaape ﬁfﬂeﬂf’sda‘i?ptreeb)&’aise‘ll h
tg%t& sgﬁxud%% gﬁa ‘%QdédE guv&faﬁaee}ent 5tk B beFi94d to handle the
st ance, e | mage data flagged as areas of interest
dmv Ibemswbedlmmt armpe data dert ciba e antris dlagkest @ss@easmfrmterest

Len [ea t :
S5O 1155, IS T2 e S RIBERLE Py e
c@ﬂedtdﬂiﬂlgﬁ ndatemm‘em] bregit iaas yreey Iho:lnl ahwaﬁwmﬂnhmdlment 1mace data

FReEP 10 Rt 1 PEGPE Y A gy R S m Grcrent

l%ﬁbﬁkg HoR@nst068S thdliny.ae |d@tld&13|g§&iaésl #0438 of ﬁitﬁ’@st niaRebe stored ina
sel ective proceSSIng of i mage data may be based

fashylatshesa rdvdyis wond loe besgesing fwglyglé ghersed g Qﬁéllla%qeé*ﬁ%l may
e Wedrtf i e ?‘l& AAbadel Mint &R, 1&;@&1’31 otlifho P 84ENBIER SN may
envi ronnment a arameters, and so forth. %herefore in
fojdavesinilar pmeedmrragewh as arﬂvréqg she detinitll fod cartpimignagangi aslesging
sel.ectiv race ng.sc o o
SFScet 4 REEFERRLIRCRETER FRAANOBARNL i, o, slecive
nmet hods dlscussed above [0064]If any of the

responses indicated at steps 126, 128, 130, or 134,

or the response to the query 132 enabl e sequencing to
proceed, then, the initial xycle quality contro

routine may be exited and sequencing may continue as
summari zed above with reference to FIG 5.



[0065]FIG 7 illustrates exenplary logic for

performng a base addition quality control routine

106 as described generally above with respect to.FIG

"g »onife i Qut i ne may be performed at various spag@sbdhsiios
quencing but will likely be perforned after I maging

of the array in each sequencing cycle but before

i mage data is used to deternine sequence data. The

Egrﬁ&gs%}g of s ﬁgtgtnllagfl de%a%%n%? gmtaﬁleg:?E&femeH uihielifdncing

et ecti on process proceeded as desired, or
mhﬁthexlsdqmagcbutp@tdnmﬁ@rgxsdﬁﬂhﬂﬂb@aﬁawﬁgte@wvﬁmnﬂﬂﬂ

de f
L

Wiriblis b&l&duﬁratpﬁdcyssafof gﬁemtmmswahuwomfprodeesesmqﬂmm gt not
data, -it may be deS|r bl e that high-quality inmges be

F%#ﬁe%ﬁﬁﬁaﬂp$ bESHEEE 2AEf ul to perform such
base addition quallty control-routines for each-and -

[eued1y SE@H?B@Mﬁgnﬁyﬁha;mﬁmm@@wemwpﬁszﬁlsmusﬂﬁdnaﬁﬂyerﬂm
the routine may be at | east.  one of the cansi de ons

ierpoes ‘erthe aveny | Sheehlerscausgtiag i RgCehdhif Reghi ‘E}’é eoqﬂalﬂy

a/&{ﬂ%ﬁ?oﬁmhb ?nagr&S&&&d Qhd QYERNERE iy ebhaME SCAMEREIZB above
cycle shoul d”be consicl.ered the last reliable cycle

with wikretecdefliedei ng data shoul d be retai ned or
eval uated. [0066]In the enbodinent illustrated in

@b‘%ér aﬂé”? 1ﬁﬁstnla?els ot FMryll% icdet %5%9@@ mggehﬁdﬁomluamy

I'mage quality s acCeptable. For exanple
Mtrb]eroatlmdﬂ Hitpasi deagibed ambrzplbfretbp@mwah Irppect soRKT- <t kel rgutine

t he |
IB%% f)‘]? gg%)arﬂiﬁg ﬁy ?é?ﬁug Iestaggsn g%u%ﬂgg%mgg’} ﬂaﬂlo]gkeﬁéb ?ﬁ!rfoq%cﬁ After |
igme et abl atrabl idr ¢zt slcqi&gang 'Elsrdedmalbaﬁjre Gmnagef dat:mag @sed to

guality may t nunber of for. In a sen

%ﬂngwpﬁeatw@aeg 3?%‘}??“? Bres 5%1 desizgSq . g%“?&%ﬁf yhether

ﬂh§ détte&tidn%sais RcBRRH ab MBGRd, ThehdiRs Wequeses QariBiidaeshould
based upon sharpness of the imge, sharpness of

- haadjisendl tarprovade frampevofiumRgng afl deiertiopm gigcause the quality of
tﬁ@td Gl %gl%féﬁﬁeﬂc&lﬂ e s %IE b\lvﬁl Lifinfab8y 2FBQ@Cthe quality of the

|ents of intensities or colors detectable in the
seqmglel,noaiadt gandyold @ﬁSEhMBQ@t bighiquelity cmmeeh de isefwmad epd Hrnay

SRR ARG b REPE sk st MR R/ Yoo} BRGARSTD bach ana

&_fy KQualkini dield. Nubgeokap asjﬂlycﬁsmd ghove aseutfie may be at least -
det erm ni ng. qualltﬁhgrlor 1o d|n t.he

608 Mertorsicranpns; e Butmiining e Setansns choflE Rimg o

YRehe Mﬁ&%@bﬁ@b&, {h& bRRfoud 3&RAEngl dfdle SHoumt Hbﬁionmd[ered the
sui tabl e" steps, may be performed in response, Steps

138 8elihle cyale immhichereicasing dun shaskihsatansd ef epbatedo and
122 descri'bed above with reference to HG 6. That i s,

% 1! %ghéi Ehnbyffkn@itliedBl BIEL 170 n SYEhCGRTRYS Q&ermmes

uated to determ ne whether their operating

\mlarﬂaamht’eg@eml émaget qralityt i accspiablst disr exapplgeehiley shapeimage,
pgn‘n st nP?h l{l&%%@ﬁﬂl@q& }]h ds‘gﬁg'l the array 18
ret ur ncgl(frs%'or&)lmﬁlag%l}{ﬂg IH?E “has been di s%f ace ?fro Y
dekieed, BEGi fagostaatpbenfocus 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 upoh sharpness of the image, sharpness of particular features or marks
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[ 0067] Anot her aspect of image quality that hay be
nmonitored is the presence of bubbles within the
sanple. |If bubbles are detected, the inmage data, or
W& dokekis0f the data, may not be adequate fOpchikidigihsaios
processing. For instance, the inage data may appear
to have blurry regions or regions where detected -
col ors are indistinguishable. Furthernore, the

rfis $0E&, 9l -@%@i SfucR% BEBRI fYin@ A @FddydnROo P RRLIEE or
: @mttﬁ%%g %ért?c ar sgn'plse. 1For1 [ nstlaﬁécjhgflcthél bubbl es
erdoyrs Befeqtaipedh thg irndge, mulcdodfotth d émagder analitrtaan b brgd 08 ap Himage

le. T presence of bublhl e A ' .
S e R PRy cadt e Y SR By T30 bP B bany s tha
feinegt @in Belohaisd emee kdpidly ifer mapdseg uf detertmdning qu4lay prior to
changes in_the signal received a he di ode.. .
RSR[5 i) 08 RECHBRS ALY BT LI s, Bitttysis found to be
BRtMBaPeAIslepfNAs | indUi4b, -drf othebbiigsiea !§t@%s§i ehBC be Gerfafyed in
ep

nunber of suitable response steps may er f or ned.
1Egnonien s tSers el 3& med JAP uaty ganerdlly werresacRd feotiPhildg arHel22

R s ab&eawﬁggfegérgﬁge% AW, e iShat T CLL déﬁ\@ry and/or detection

pertormng t ase addition step again. Incases -

syiteme nidydechansed & dateming Weathedr o epspativg Premetsit #1e within
ir ra r than liguid, .it | 0SSl

Gt cofRErpgnar J Phatd skdrPaaRt B Fs s g pggsamore

feeened f6f infalbi o110k Yas Hesmgigplacsd feonrlejimuging ktatoror e

liquid through the channel in order to renove the air

| e. ot her possible response may incl ude maskin

B er o agiesng Gss el SRy T m N Cris R p e of
Bubblek Q@thRNGe Sdmsik.t BHbulblke LR deedictOthe anigai databubjdréiens of the
Yet anot her response _nmay incl ude interrugting

do (R Cloh e apeRalei TBh STBRT PIoECsEiRgpIfer frpstante, it image data may
%@&.& RO Rt diliR RUBHLRSWREE d8iebd BolBRtad MBNREnidable.

oper 1maging i's no | onger possible. WO -

ROGEME9R 156 RTAFUS200 8131 o8y [w6i3] an vadesiying preblay with a
t hat ry simlar_ to {hat.o o .
R BUREY aBk Bt e bNHertng P hF Bpidthe 80 fugiotides rom
atAchingyo thk sample. [Tae tpreséncehd biobbles mby by clogitoped Mithin the fhuid

ontrol raqutinpe su rized above with reference.to .

peaet g1a oMl BB AR e (s, EanBEia P gponicr
@hngdali thy Qindl hecsaipheshd Fiode npkmimkise do biie pofrictive index
functioning of the flujd delivegy stemor the )

- didfererger GRERS pE AN Luish i Rukbles afe difciede anys ppbeg of suitable
: 1%%%?&% értrg)gerﬂzg)ege BrforbnBRS FdBEhs ARG, BsifBomBhsP wlant returning
pertor .t0 ensure that the sanple quality ]
they sdmpd¢ toonpytiodedtiddionstating dd Pefomting diejbags asldition step again.

A nformatiaop, Wer i X S
2 T e OB s, LSBT RSl o s
poesible-to rmgethticaliyd adjost tharfptad dgpptl ot yestoes Gwafonat efdthe “dry”

Jbased upon inproved input dat 0Q69] ,As not ed abov .
PR SaApHLy & Ray o b WERER Meoe Y AL ot BsowY e
BuBbleal Andip §5sMle Gebpbhde YmSOMHcTuak mdsRing ©F @BAMIR regions or sites

control clusters or sites rey be included in the
23 riggeringamags A8ta H5\iRE 88T Ok At sISHMIREE| @otonEply bukkles, Yet
DAY e %'f,el?ﬁf E;cm dntf:z?ﬁptﬁxé%éﬁ%l’\eﬁcmg g?e,rr@cﬁ_ﬁ?@%h M sample if it is
sequences o e four comon nucl eoti des. :
datermimadtthat ghy bulshleshare orielt ol detrimeny thadypronee |iggging is no longer
‘hOQBBOIV"er sequences of a single nucleotide-type.
PPRg quality control perforned in the routine 106 may
rely upon expected results for such controls during
successi ve sequenci ng and inmagi ng steps carried out
in parallel with sites of unknown conposition for
whi ch sequence information 2 desired. As indicated
at step 142, then, evaluation of such control sites
may be nade to deterni ne whether the anticipated
addition of a base has been detected. Because the
sequence of such control sites is known, such



[0070] The failure to add a base nay be indicated by
a single intensity in the image data that is below a
desi.red threshol d. The addition of a wong base may
by a different color signal bggp 052198
‘ggt‘z{é@@b% I n the i mage data (e g., at a controF H}szoo/az
_than was anticipated. An indicator for a |owyi eId
base coupling may, as indicated above, be a signal
Sifh ¥ndudi@be hSted WL JuBANENRCHBEL ofStdP 18] adPrespishses
[@Efﬂnf oltrt)é%oﬂga%e ﬁa\‘{}?@{ﬁ (%lgmadded Thoe ee?pecte " 5&1
bush @nglidsy swammdat p@ps M:&Jam# 140hmexs hlet He pary ef thetipitial cycle
9%@2}%%{1 e%g{;}a%%e zrlbeo Ssévét rgfiere'ﬁ‘cl:e ﬁrﬁét V”ﬁaé{ 1is, t11.J'}ﬁay be

pessidlectRiTGRe Mglntrhl drualitg eﬁthabh:ﬁp]le@ﬁ&ombrqm&:lddayqboeﬁmbnonmg ,
step or in accordance W th an errlé)_n det er m ned

Plods fiyfd GRILPRY SH¥EBIFthfelF M YH Righ EBt oty such as

fhoQMIn RNt sHRE E3PHRVI MUSaENSI E&perﬁﬁm&ﬁ&ﬁdrﬂsﬁe dhdt @e sample
exanple in regard to signal-to-noise (S/N) ratio

wesllione va o proseads oalthe basporfselabimipiosmation, | Wagediorssd. the
' SrfeOike NG fn Iia:tn be re-
bEERON 1 B SRR TR B0 Rpia SRONS J6EpRANE be o
oed,ehd gictsenplaawalite e ctalwated Hased upen irpprevedagput data.
indicated at step 144, the systemmay query the fluid

dvery, andy deseClie &@émﬁﬁnﬁl ggtds&%qea%vmam@ certain

per Lt ng par ameters ar dcceptabl e ranges.
t@rbéﬁrfnlahhtyebmrolo iFor exaaghth, torgrel tlmsteisios smetsemy hehiaclbdsian the

additio rrocess na be re a icated at ste
g, bRy BIBPRR eRRheR DfaR Rty rieh PR shigfioy TP for

&zcaﬁ@& dG§CEdea&ﬁlloaQ@q/lﬁncd§H)bfr @@uifoer tdoatmdsheDNANiuelebides.

returned toa fluidics station for addition of th

- plersativebpovd] CqmHroh gHEY P8k m%@ﬁelﬂ%m&?g%eﬂ?@%“ﬁayie pegingle

MRRDHO tjﬁj%l PrEONARS iR iphGoARd i8R 8REHO906 may rely upon

oper at1 ons nti oned |n vari ous passages

o @clpp@qg esults fdm sychicengiods dwiing suseesalveragauiending ged imaging steps
t C V

- PRAGLRIEHE LR, e b LIPTREINK ftnfinoff B} MU Spquonce

ﬁl&rgzauon:xs dediel. eﬁlsusmema:y gt seantpl ahei, t:mlqmipanés@hs:ontml sites

é’ﬁy %SHPFF; %gl{ﬁgﬂ%g@gih%}f rélllegglt}tlgg%{eél cﬁiﬁga‘n o n?tlasd (]iaas Meen

dcRdrRar fﬂdéﬁl%e tiRd $eRMerice P Blichl doh ol dites {srkhowA] such evaluation may
tenperature; and_so forth). However, many ot her

Ersxprmplephahae bserar 2idrdabe areng ‘Pﬁsﬁ ganadged; or 2 low

ﬁ&g?&sﬂsg t:J)I}fDlﬁl D&, .5 Q0H&As té"‘Q P& RIPhRAShAh®eristic dye color at a
proceedlng FofF i nstance, Vvarious environnental

parrahecers Wm?mamttmm ror BRIt bangder mi@.n) Asother type of
con&’oleiﬁt Onsai) ﬁltdgc'i $s ey ﬂgwﬁéfae]ﬁﬁél %1& ng thached .For |

opera ese envi ronmnmen aranet

exrambltdm embddimexits diredtédatol @quedcmgl lduigﬁuoeasteem Mbispm\mﬂf can
In

urce er at vi.br d.so forth.
GeE | B PR ot (SBERY SGehghi ¢or TBH Pdya) dvbrdised
cﬂﬂﬁﬁ&tlé& a8 BfsedvB@s § Lo ot @drldeteBdr@habiey tHz&ys Midgledldent of other
i NSi ght as to how effectively the steps of_ base

BRALY (06 nthe blegBRICHY, Clrdnipry (Ridg as LHFIWSE hvth @ylg?cgzauon and
RIRYESe fiditfn) !t My al so be desirable to

[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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noni t or any phasing occurring between the individual

- sanple sites. For instance, individual copies of a

sequence at a sanple site may experience cycles where
jdes do not attach. The result is a si <

‘ﬁgéboﬁ}éyﬁgfer ogeneity in the length of the extPteCﬁg]esgi(m"032198

species. |If at each cycle the nunber of truncated

copi es increases, then eventually the fraction of

i 108 | s da {co IeYte an
6B B A s DB R HSTEEL A B o
vepaesiphitdt Aariedioutr Gfr aghasecldhabe zopdingenayeds indicated above,

educti,on i TN.ratio, Eventual l.y, this lead to .

L PERRRT A & PRST GPREPRIEID AR PO ey dbu Ravine
beyeldddd aThsSOGUaBE imtehsttftcan be agaBRulan deédhaldl level iedt rynains
detection of flow cells that. show hi ﬁh | evel] s of

wichanged 401 #ycyirtsi nEeprbEhe e QERhAf 1o FPakTFeycqdpt cach

BR1d iAKED A RcCRIHRE a&J&Fta‘é@'I@és &f Lisld W kahQRE RS otdale with
f'or exanpl e changi ng the sequenci ng reagents or

gheniieadlytdseriing doss of gield ¢ptermired ftpme e signal detected from one
el v > i _ o nade

P REIRLIIE Bl BURR donBIlR T ALER S8 RETRABN).
~mridéglowabl e nunber of out of phase sites. This can

provi de the advantage of reduci ng sanpl e waste. {

Ki remat ure phasi ng. pr an_ provi

Q0" PR TR RO SR Do e RERNSR i ga

o tlidnoe dhta Whieedqean 182 deespaaddd: the ibygiak o€ calittadRies was
de- by-_ an operator or in an autoinated fashion )

%gicgmi AGr Faa%ﬁ%df%t“&&a@&ﬁ SXP 1o 18] SYRCRy MR ey f8F yluid
dcdlidbry BY dBRHTRAS slethsth QeloASife dAUBhE SR riiva IphiatheePNirk Qithin

routine is indicated at step 148, and may consi st of
AELRSFN FAORRS- wHisTRREvelyher ig/aditige o thisssten hisihgsegdition process
@ﬁfﬁ@feﬁ@t@d 'iﬁﬂi{:atecl A r6?""[1'1 é{%reﬂ‘,% dl4@b£~:\/\91'th the re-imaging

etection of colors of 'f uoreécent dyes for :

stepdidescdibed atwive.asaymeeyuibethat the sinsplé be retienat wiarfatdionstafon for
asd%%%eng?]oq)%gea, and.the ability to accurately detect

S ooH6rs me be inmportant for obtaining reliable’
sequence data. A poor S/Nratio nay be determ ned,
[0672] e x dnpldifiolsceanipparamefelis mhayniss tsed o belpoodmios irhaging and
i ndi vidual sites, or for control sites, to,S/N ratips
FRICTENEOPERIYST <& TRMGARSY THUATIoRS BESEHEeS PFO‘%E&;?“%IS%SC%SW
Btk ingdylintledk faiaheterd Welatiy @ chémisirs (4. & adaluatiee @b beivery),
decay in.yield for nucleotide coupling over a series
, é‘ﬂéti“’r%gt_oc%cé’éﬁ (esg-nennifal CIBEIE%& SW@FN“F é’_?{agleters (e.g-,
%Q#Mypﬁlsﬁﬁhh&i RaLSd nuiBdeafld sb heriehfs Mtk pRfameters
whet hef” sequenci ng shoul d proceed through an
(addi fluidriethpasytetce appy dymperaiies, Heytrugegu tampsragiye.aansy-so forth).

HORRE A0 AR SRR AR B hEREifihe RoRbt @y

th esedpiehbingtdporadpnd nreaprabeding. i Viéor| instatcep fratibiiss ematonmental

Where the SIN ratio,decays,abnornmally or _jn
 pRERS (o e R 18 SR HRPE Bl ol plefhd gaotgpe may be
- dBfebitly, séREnE@XAPEALIBnChaNge: QhviF@agGanl SafdawieraSndynéclude,
scanni.ng buffer _on the instrument before undertaking
veithoyt fimiiption, Ap@idify. SEEIBhEPHY OHERT JEPREraHg, vibration, and so

iRk €&t hhion! bt refPMble BEEMAD @b BAbH A8/ R UAIHBERAbE M8 flow

or in addition manalyzing the decay in the S/N B

et iRping sl awayyitld iasigi)llfg%aio Havo piferéivply dbk isteps afbasesadiigion,
ffl.uent r - Qo7 P

B0, SR ERL R e (PR e, & FRARAOT B8 e o

addition to
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term nation of sequencing, may include querying the
fluird delivery and detection systens as indicated at
step 150, such as to determ ne whether the systens

ing within their normal paraneters
@hgﬂﬁgggg}adjusted to permt further sequenc??C‘i%sz008/052198
Alternatively, or in addition to this, the sanple nmay
be re-imaged with a hi gher exposure | evel (e.q.
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Ln .FlI GS.
+sgbseguengly pdded nucleotides.  As before, queries may lbe 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,

33



| ogs of the operations perfornmed and any renedi al
nmeasures taken, are preferably kept. The | ogs may

al so be associ at ed with the individual sanples, and
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shorter tines for the various reéactions, inmglng, .

wygetinely.on, and so forth. Such tenporal decoupling
may be an inportant feature in pronoting. efficient

W at 1 o, t o
sem - aljz?omatfejzléltlé raIPEQ&&Bguengﬁﬁgygggggﬁgﬁggﬁef%ggﬁnm
Wikithez doﬂvllqck:mg ra'gamtm hvedtean suffigientlheenioved s findicatrslvas step 166.
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S ARRSRec Lol ar e Lot ended Lo pover allysueh e
ﬁﬁg&d o %tshﬁﬁe'@ﬂéiﬂér! 8. anticipated color change (e.g., essentially the
disappearance.of the site from the image) has occurred. If the control sites do not
indicate that effective de-blocking was performed, the de-blocking 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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CLAIMS: 1.A nethod for sequencing a plurality of
nucl ei c acids conprising: - (a) beginning a
cycl e of a sequencing procedure for an array

\98%’80%1(? a plurality of nucleic acids via ?c%)ﬁ%&dﬁ%szms
0 t he

determ ni ng nucl eoti de sequence o
array using a laser |ight source; (b)
eval uating decay in signal-to-noise ratio over a

oS Alifidd/inOhe SRAMIGAGHS QU&YSCI!H%S be coupled to(dges @t ﬁcrcbﬂlg active

the sequencing procedure for the array based on the
deteny, flwherceionceathe é:kpqltgwt mnfsmt}?@m irgrepved dived theenucleotides.

?’gu . :?}:ksu(levs I AL qoq% di;e{é%taglgmm nefﬂ ang?%ﬁ%g'%ml'ﬁegi?g ]parncular
tvheclaedlelhd ngstp ot ulag Heokstéd) éomﬂaﬁvyble using an inline detector
directed to the -efﬂuent stream, to determine whether sufficient biocking agent is
detected in the waste stream. " If insufficient blocking agent is detected, the possible
responses may be to query the performance parameters of the fluid delivery system of -
the process fluids used for the de-blocking reaction and/or to repeat the de-blocking
opefation, as indicated at steps 170 and 172, reSpectix?ely. Depending upon the
sequencing chemistry used, a single moiety on the added nucleotides may serve as
both blocking group for preventing extension and as a label for detecting nucleotide
addition or, altemmatively, added nubleotides can have separafe label and blocking
moiecties. The methods set forth herein with regard to determining removal of a
blocking group are intended to be illustrative of methods for detérmining removal of a
label moiety and/or blocking moiety either separately or together. For example, in
embodiments using separate label and blocking moieties, the moieties can be removed

and detected separately or together in the effluent using methods similar to those

ckeﬁpﬁﬂed above with regard to detecting a blocking group.

[0079] It should be note'dlthat in allA of the steps summarized in FIGS. 6, 7, and 8,
logs of the operations performed and any remedial measures taken, are preferably
kept. The logs may a]sd be associated with the individual samples, and may be time-
‘star'nped to evaluate proper performance of the sequencing system. Where the
sequencing operation is attended or can be attended by one or more operators,
notification by visual or audible alarms may be provided to the operator indicating
that attention to one or iﬁbré \sam}-)les or attention to one or more stations in the

sequencing system may be in order.

[0080] 1t should also be noted that a substantial femporal 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 pro-cess 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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2. The nmethod of claim 1, wherein the decay is
eval.uated for a control cluster of the array. 3.The
met hod of claim1, wherein evaluating the decay

wgg%ﬁﬂﬁﬁsevaluatlng a paraneter of an optlcal gﬂﬁ%h@&uws

& uded to sequence the array. 4.The met
cIa|n11 conprising repeating introduction of
nucl eotides to the array between cycles of the

B&EY %98111 B cﬂfaﬁ&egp&g sfa.l‘ﬁf)let Bﬁ)cgsrs IA¥ameters, and the outcome of the
various quality control steps and routines, for example, certain samples may undergo
some degree of regressive flow through the sequencing stations and sequencing steps.
In certain cases, samples may be set aside or left out of the system for certain periods
of time for evaluation of either the sample or the system, or both. The system control
circuitry is preferably designed to track individual samples and the sequencing
performed regardless of whether samples are taken out of sequence, taken in various
‘times, or even whether samples require longer or shorter times for the various
reactions, imaging, evaluation, and so forth. Such temporal decoupling may be an
important feature in promoting efficient operation and high throughput of automated

or semi-automated parallel sequencing of samples.

[0081] While only certain features of the invention have been illustrated and
described herein, many modifications and changes will occur to those skilled in the
art. It is, therefore, to be understood that the appended claims are intended to cover

all such modifications and changes as fall within the true spirit of the invention.
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5. The nethod of claim11, conprising evaluating

operation of a reagent delivery system between cycl es

of the sequenci ng procedure for the array.

6. The nethod of claim11l, conprising re-imging the

array before step (d). 7. The nmethod of claim

6, wherein the array is re-inaged with a | onger

exposure or a greater inmaging systemsensitivity.

8. The method of claim 1, conprising selecting

certain areas of the array for which inmaging data-
CLAINIS: be used for sequencing. .

I. A method for sequencing a plurality of nucleic acids comprising:

(a)  beginning 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
using a laser light source; 7

(b) evaluating  decay in signal-to-noise ratio over a plurality of sequencing
cycles;

(©) altering the sequencing procedure for the array based on the decay, wherein

altering the sequencing procedure comprises increasing the power of the laser light source;

and
(d) performing another cycle of the sequencing procedure for the array.
2. The method of claim 1, wherein the decay is evaluated for a control cluster
of the array.
3. The method of claim 1, wherein evaluating the decay includes evaluating a

parameter of an optical imaging system used to sequence the array.

4. The method of claim 1, comprising repeating introduction of nucleotides to

the array between cycles of the sequencing procedure for the array.

5. The method of claim 1, comprising evaluating operation of a reagent delivery

system between cycles of the séquencing procedure for the array.
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9. The method of claim@8, conprising collecting

i magi ng data for only the selected areas of the
array. 10. The method of claim 8, conprising
collecting imaging data for all areas of the array.
11. The nmethod of claim 10, wherein the inmagi ng data
for areas of the array not selected to be used for
sequencing is stored. 12. The method of claim
1, conprising interrupting the sequencing procedure.
13.6. The Themiethpd of claimal, semprisisee dinpging bparrayibr fomnden( ().
are perforned by a human operator based on anal ysis
generated by a conmputer system wherein the analysis
conpr i sekdieaetiodaf tlaig & méexgincthg array is re-imaged withradomgst éxpdsure

or a%lfeat"é} ﬁ{a%g;s swgeﬁélﬂvr@t eps (b) and (c) are performed

uter system

8. The method of claim 1, comprising selecting certain areas of the array for

which imaging data will be used for sequencing.

9. The method of claim 8, comprising collecting imaging data for only the

selected areas of the array.

10. The method of claim 8§, compris~ing collecting imaging data for all areas of
the array.
11. The method of claim 10, wherein the imaging data for areas of the array not

selected to be used for sequencing is stored.
12. The method of claim 1, comprising interrupting the sequencing procedure .
13. The method of claim 1, wherein steps (b) and (c¢) are performed by a human
operator based on analysis -generated by a computer system, wherein the analysis comprises

evaluating the decay.

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

computer system.
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