METHODS AND SYSTEMS FOR HI GH CONFI DENCE UTI LI ZATI ON OF DATASETS 5
BACKGROUND The present teachings relate to nethods and systens for

hi gh-confidence utilization of |arge-scale datasets. 10 The recent
sequenci ng of | arge nunmber of genones includi ng human and devel opnent of
arraying and ol AShdBIRNDEAEIY FoRaTPLEMIFSENEE UABIZARGN OF! nC easi ng
utility of these advances to study ghgarpggrl scale data (cells, tissues,
organisns etc.). Wth these advances and increasing output of |arge-scale
and hi gh-throughput data has 15i ncreased need for nethods and systens to
utilizg the data with high confidence (i.e., reduce fal se discovery) to
optimal |y allocate resources for 2%5 gﬁmplopnent of concepts,

hypot heses, technol ogi es and prod : ny of these technol ogi es have been

devel oped in the |ast decade and their quality i.S,constantly inproving, and
so are the too"’rq’éi3 pt‘??"*'ﬁﬁ‘?*ﬁ‘?%s ‘ieﬁée tﬂé‘f@?gf g“‘@%é(&“%"ﬁ*‘?‘&‘#@hCé’f‘ﬁaf‘é’ﬁyne t he
t echnol og|\@$atibicsParae-Eaw aanRaept s and 20tools are presented that satisfy

sonme of the needs of the l|atter goals. Many systens used in

| ar gel@cal e measurenents of or%ani smal / cel | ul ar, ﬁt te invol Xes mul tiple
i ndependent neBsUPERESAEneing oF Brecpambaeglgenqraes gncluding human an

genes/tra ' bRhA igh TMBu SRATREnbRIES hed rebillied irf Mbr€asitg
t echnol oggé‘}t‘\’[mdg?l%@/r"ga@%’ﬁ"éﬁ“ﬁ%&)‘g‘e (}1§l GeneChiR%e (1Afrfeymgjtri X, %:A), wher e

each t r anutlity pf these advayeesdastuy ozenipmalsae dote (el tistips iopgapisps §8pendent
probes, Wk i I ndli i : estimte
Cross- hy\t,)\‘rvlhgll tg%'g ?%%B?égt%ﬂ&;ﬁ%}grg%égo%@ftIog%p%r%glrgfg %ﬂ@f_;ntg}trgﬁgh E%a%p}%agbe and the
| at t ed5 ni sweeksed npedfoemétils and Syssérhs igatitizd thedats with hishrepnfi (ieserature;

‘e.g; U S _ Pat S, 6551784 I ' of mixtures of
proteins Ef’élu%eefﬁF:e\lglééof\'?’ag#eoﬁtuglaug?ﬁ%gée)é?/sép}ao%s f\%%?{ dc? @@%i@%ﬁ pectronetry
(e.g., \asdoegts hgpothats, tecRldgiandd dnetnyMaay ofdhéso teshiidegict age beeand

conparatiye icatio LA variety. of appli,cati of ,thi of

i i PriaBe i staabite and b Sficlis RRBinhE RhurdWRg o B BYREST e
and can be @iizé gededseund 16 turthed refinkothel treehiobakiqar i Mere kfiowbasiges idn | iterature
qener 30 offobr HEGiE 4ok M RSPl BEIEah ShUPATEERESY of of ogioal o o
experinments (dugnt §steinfubadtih tige-Rhlehhakoghans ofrghniitabcellugs stteces)

utilizing, such high-throughput data@gen rg}t‘ion systens are conducted with
smal | nunieplvegmuliipls indegendent mgeswemgLs pisteet PR RS rant data is anal yzed

usi ng st abistibRkrift/prRlifems). ita cdMhatiorhest thik Bfpe @X &Rl Rodyahdd afeect
differentral s between datasets exploring. different conditions) to increase

the confi Hédsbeused aterid Ceasiriin® dAkyarctips ChdatheraRich transerintplieee & of
replieat eg,.gd i\fsin%fi’tﬂﬁtliﬁle fn@%&%@enﬁt} BRbE], HithShdnGRObIRAVRE aicBrrédpendamal yses. In

S5principle, the utilization of the independent neasures of each paraneter
shoul d al mésnasehepraliegnestineimerogsaiybridization;-shasforprr eallada Perigeldpats Py s of

I pr ovi ng ' ni i pAfenflahd BlcpRRe;Qfg; t he

p,r} ocess - plg‘gé\%,gd %?}aﬁféﬁtgﬁlrgﬁ%g&ﬁml n@ﬁllﬁs%?lgﬁlggt iegn aet c.). ?n_gt he
utilizat i BnSofat.Ndst 6551 €34, A58 hdEhtypivelmenserss efraixirgsof groteiagpsieptidsn

under st angriagrgen ;ustinhgese%@ltv%r%t%ﬁgﬁliagg éf)ecgfo%%t(é.g,s\h@%uwgt. fehsyifa of the

di fferent
30  many variations for direct and comparative applications). A variety of applications of this

type of multiple independent measurements of each parameter are currently in use and can
be envisaged. Due to well documented prior knowledge (in literature and in patents) and
evolving applications, the use of the technologies and generation of the data are not
described here.

35 Most biological experiments (due to limitations of biological and other resources)

utilizing such high-throughput data generation systems are conducted with small number



10paranmeters used in such anal yses with respect to each other. Conversely,
under st andi ng properties of such datasets would hel p design better

measur enent technol ogi es. Wet her applied to datasets with design
principles simlar to above exanple (multiple nmeasures of each paraneter

under each condition) or otherw se the datas qtls across%(iiifferent condi tions
and repl i eeplisals. cWﬂ?ﬁ'&P%E}P@ thasenliguisiatady analyzpt wsingiptisticdl @ i n 15dat a

anal ysi s maﬁ&ﬁ&&u pmkﬁﬂémfar BOkIPR tb%@ﬁeb&ﬁfféréﬂhalsmeﬁwe@@ eatamtexyﬁ,ﬁdg

represent the step after pre-processing data for technol ogi cal design and
dat a- col | @ﬁpﬁeohcog@l@ensr) iq:m@?zrseélteé:on’édqgce ofifhe fdayrustien %,t@i?srl@%‘? iBH)the A good
nor mal | ng{rhﬁnﬁdﬁ@ g&g@ﬁgeeééx bt lgkéduwﬂhe it oS A tl?e’lglalygése'irpret ations

of the d rie round outlines the need I'.e., constantly
evol vinhg pmmiphaItlmgyxllzﬂxoamﬂthn@W@pﬂdb@mqasmwfbeqmrméw dliedliafo uni f orm

or consensus C e accepted
and predi %%%B?@Péasrg?ﬂﬁnggﬁﬁ gqa(%ﬁ%s(?\% t?ﬁl% rPS;{X? ﬁ BI S&g@%}}(}gﬂﬁ tfr{éasures of
each par ametingdal §spedtihofiill steps bMepxmeeﬁs ateeg., mianofstring hamtlingahybriilizatend nodel

oy emor OB LRt RSl Bt SEra e b BEof The el uge

of data bgidegitadBienethas@ibn shebifit @r@emmeﬁhamammnhé difedat, and sets the
stage_for one ki nd of dataset beh % %)art of '&? nven@Pé % RY I n one
enbod! hrenparampeiers yeadrp gucgenglysgs With SERYC fRS9eh P Oﬁ?ﬁrﬁ: dndory g1g a metric
30f or det gofdribdtd stdhhitaads wakll Yelp RedigtPbetc OBl sBR e Atedhologide: p05| tives and
false positives in a data set an _optim_zation techni que, and

|
obt ai ni ng, froWhether apaligdte §at'(‘)9FtstVH§1 QVS’E‘BP ﬁi‘%@lf’%ﬁﬁmt AINRYEEX P al ue for at

| east oneqapf; lglnégstukég'?of %ﬁ@gﬁﬁx@{ﬂ uﬂd&?ea\éﬁlcb'&iltidw oPSthdrRBS kheRGs@PL i M zation
pararreter resulting 1n substantially optinmal conbination of true positives
and fal seaqyess ndtffm conditipnpinsireplicationssomparpblp mldabwvalq%ﬁrﬂbﬂs P ipal se
positijyes L até RPreBa: HTRIH! S.

The S)i/St edﬁ%&‘%g\“sgﬁgﬁhﬁefg{m&%ﬂ %%ﬁg{(ld@[S%O%én%%l ti vgrs i é typically

vi ened asaften pepppegssingdata foe toplyredagicaliddsisnand flate-ellaetign jpaeifieefientss e-8bn anot her
enbodi nmen f éJrrg;{Q];, par anet er
val ue inc‘lt’u gé%%&%&%ﬁn@ﬁ%ﬁ%@%ﬁﬁﬁgﬁsﬁltp?&%ﬂl)%gzo ata set %%%&g nunber of
pairs of immsawaemmfﬂreemmlts determ ning, for each one pair of neasurenent
results, whethgr pre ur f enment
results sati sf etaﬁ%e ?éﬂnkgrgﬁed:ﬁlgﬁneé ?hasng |(¥ Q%n&é]u‘?lg%%l@ tﬁ%ﬁ%ﬁ?@

resul 26 f srimeiveealperithms bafig papassd afd ma;sﬁ;rrenrmhmsmmppwadsbmmt changl ng if

the pr ede:gc%(raptecs~I an% even lesser methods are accepted and predictably useful in dealing with

multiple independent measures of each parameter (without an intermediate processing into

a unified model based summary) highlights the need for improvements that would satisfy

the many emerging needs in efficient and productive utilization of the deluge of data being
25  generated in life sciences and other fields, and sets the stage for one kind of dataset being

part of the invention.

SUMMARY
In one embodiment, the method of the present teachings includes selecting a metric
30  for determining substantially optimal combination of true positives and false positives in a
data set, applying an optimization technique, and obtaining, from the results of the
optimization technique, a value for at least one optimization parameter, the value for at

least one optimization parameter resulting in substantially optimal combination of true



10neasures do not satisfy the threshold criteria; conparing, if the
predeterm ned neasures satisfied the threshold criteria, one neasurenent
result in each one pair of nmeasurenent results to another measurenent
result in each one pair of neasurenent results, classifying, after the

COpar i SOpositRAChdIARe ARlveRla mpsﬁ%%sm@%aanaﬁsw&' Bl baicagul t of the
corrparl son, sel ect | ng{‘}a common set of neasurenent results fromthe

cl assi fi eefepifenctipn of thempe opmpiesPBMIZAVQIRFARRINS. result for use with the data
set, and pr OV"ﬁjg@gst&li'Egi?arvYouFEla}EﬁHs%?trﬁé’éndafaB@ TR s, %&Jlig%ﬂﬁdw conmon

set. Various e iments that present ararre er esti met ho dat a
nor mal i zatfpopriststrespdsseandacsef thedey pmm@te@t [mapothguémbodinéntghamythed are

o oo o8 e O ks SRR ol U TR SRBML ST Rp R

i nvent i ongestlofjah laelata\setilhtocatdumbequbarﬁrwﬂdmsurmaadsesuh\seldeim‘mmmg,ffer enke i s made
to the acco dravmnslan etailed .description_.and its scope wll be
poi nt ed o?ﬁergéﬁ a&eg“ & ‘é{ﬁ?{%’l PEgeptEsEn E‘F‘f %{Itta-_on? PR DRAW NGS

25FIG 1 ﬁe@u&h&nﬁemh@wlwmersm& aaanat, atamﬂyn@fa palt of reastiraiunt repfitst he met hod

of the present teachi 2a, 2b depict  a flowchart
r epr esent g?‘?‘é‘?? ’B‘Fnbéh?fﬂ?ér P OEW%H?CWE?&W%‘IKS papt ﬁ}éa(“ﬁ@& 'it)‘f‘e pigdetaPiednt

t eachijmgSineasures do not satidfy fhe tR@shofierit@Rl €dnspasing, liOME PRUtemERBR@RERS | on of the
enbodi mrent of the nmethod of 30 the present t eachi ngs shown in FIGS. 2a, 2b;

FIG 4 deftishiag the threshpld sriterinope asastegicntiesyt maeaglée@q R SfmepHigeasibodi ment
shown in Bl tg’énotl?é? measurement Fels Gt ln@&%ﬁ%ﬁ ofmbARERAS FesJ]@Pd’l%@”lﬁg"ﬂ ion of

yet anot her enbodi nent of the nethod of the present teachin FIG 6
and FI G 7aft¢eﬁw@pmaanﬁsoomhlame peif ewasrendnbresgts agedrding Fralesud @m ment of the

met hod of %&Q%rxpie§ &Rxa%%@%{?h@ﬂ Set oPlabAZurethent xJe%lts Sofiele Elh&ﬁe&?hﬁiﬁﬁﬁ ct an

enbodi nmen e present teachings or expressi on” sunmary.
FI G 13 defais ofmedshemertrbod fmeuse with thendatawst, hudiprofidingsupnagenmeasuigaichi ngs to

estimte %)? %gar%h%{égrgnhzmr%thef‘ comrﬁon Ezk CYarilo%s gr%%aqltlént?tha%rte&ﬂ{ pa?m‘aqgl ment  of

t he net ho
estimation methods data normahzatlon methods and methods for testing quality of

analyses are disclosed. In addition, embodiments of systems and computer program
products are also disclosed.

20 For a better understanding of the present invention, together with other and further
needs thereof, reference is made to the accompanying drawings and detailed description

and its scope will be pointed out in the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS
25 FIG. 1 depicts a flowchart representation of an embodiment of the method of the
present teachings;
FIGS. 2a, 2b depict a flowchart representation of another embodiment of the
method of the present teachings;
FIG. 3a, 3b depicts a flowchart representation of the embodiment of the method of
30  the present teachings shown in FIGS. 2a, 2b;
FIG. 4 depicts a flowchart representation of a section of the embodiment shown in
FIG. 3a, 3b;



10estimate confi dence neasure. FIG 13 depicts yet another enbodi nent
of the nmethod of the present teachings to test quality of data anal yses
tool s used.. M5 14 depicts yet a further enbodi nent of the nethod of
the present teachings in normalizing data. 15FI G 15 depict an enbodi nent
to develop a c ter. sysfemto practice th resent t.eachi.ngs. FI G
16 depi ot s a ohbhieeSdlihert ehrmasts at uf rii FRbedBEt Dt kst

enbodi menbf @t pickeat Rdtgd. of the present teachings;. MG 17
depi ct s anot he raphical schempti ¢ representatio f results froqman 20
enbodi ment of #@6,@@%‘3.76&19}@”5%\?/ BREPIES lﬂ“r?éé?“’%e“ cm C{S%?m‘-i’é ° 188

depi ct ef hRglod of the preddiBicBsngRN results of interest in one embodi ment of the
nmet hod of these teachings; a GS. 19 depicts results of an
R

nd F
exenpl &ry enboBiGr8nFL1G 9 and &l hénpich an ppleadiment of therphodaf thypragentp
DESCRI PTI lecﬂi s?&?eﬁ?@%ﬁgﬁmgmﬁt he present teachings include a set of
n

net hods a algorithns to al | gh-confidence utilization of |arge-scale
dat aset's, vi z.FIG.d) depictespibersmbodinfent of the sicthod of Seprsengyeachingttady dat aset s
represent gd. by, sl hipl.e nmeasurenments of each 30 paraneter (especially using
i ndependent aspects “the sane paraneter) and aid in design of such

measur enent t eEIhdR depiets a finthesehbotisent (df themedtingldd teqressat teachings tog

dat a- specific threshol ds c) to test the efficacy of a selection strategy
(stat ?Qti Sgﬁmaéen?ﬁ’}’g‘?enﬁ%?]ﬁ%s tical) in the data analysis schene, and (d) a
new nor mal i zi NBIG dB degcth gt andtkeregndaineate bSthe arthad abthe present teackidgh tbi onal
informatigon on.the data.types being di scussed and term nol ogy used to
descri be eﬁfe‘g‘éh?'é)géﬁ?W&éys¥£t°8’is§ﬁqdosed bel ow. 5While attenpting to describe

the teachi ngs ¥IG.gedepits yaeauaidr embbdigedf dfthetethyd sRnefiian( tehchigghnol ogy is
used as exanple often, for convenience. Sone design aspects of this
t echnol ogiP HETRKFE to highlight, but not linmted to, the nultiple

nmeasungs type gft.as@bpict HCHDEtheROb @evelldp 4 dbtrpERASSND® practitefiie each
transcript is represented by el even or nore 25 nucl eotide | ong probes

conpl enenPiespt eaChings: TRNA to probe the 10 transcriptional status of the

system bei ng Sﬂtﬂim@epi&ssgﬁ B PQBInREC FpsdiBtAlin RF ARG ffork 8T €SENt the
cross-hybridi zati on signal” (woul d be consi dered probe-specific noise) is

i ncl uded pmbedimertipfighenefhod efdhapresegiifachingss have been achi eved and known
and predi ct ed jrf@nGbyak indifky BraBfRR BRdNE LoRAL ARG Bukepork Bh P for human

and ot her organi sns. smat ch probes is included to represent the
cr oss 2y bembedimentoof sy mggheshefthe present teachings;

FIGS. 18A, 18B depict effect of parameters on results of interest in one
embodiment of the method of these teachings; and
FIGS. 19 depicts results of an exemplary embodiment of the method of these
teachings.
25
DETAILED DESCRIPTION
In one embodiment, the present teachings include a set of methods and algorithms
to aid high-confidence utilization of large-scale datasets, viz., (a) a response surface
assisted strategy to study datasets represented by multiple measurements of each
30  parameter (especially using independent aspects of the same parameter) and aid in design
of such measurement technologies and schemes, (b) methods for determining data-specific

thresholds, (c) to test the efficacy of a selection strategy (statistical and/or mathematical)



15specific noise signal and is used in that sense in exanples descri bed
here, other variations (and applications) that do not include these MV
probes (e.g., as suggested in dCHLP. wvw. dchip.org and Irizarry et. al.
2003) are equally well utilized by the approaches described as part of this
set of te ' n i ' b te in the

ot corre. - DOt aneRs SAPAAAER o Ak B e R and

hybri di zatdngparabdech probe t hough representing a single transcript (i.e.,

a2 SOSFRGN Bl S Lo e b rogp

utilizat i descuitfe théve teichingd is Hissleded belowe conmon approach that has been

extensively r rched .on _and being continually devel aped.d s to use nodel
based gappr oacﬁ@gﬁ? 6“‘“’2‘?3’“%?%&??‘ gﬂfeﬁgaogg‘tg%mr%wr °s58%‘}a§8’q§%/g RPeYS e probes
into a si GEheChi@EBhnoldmasueead aampraliich fancanénidncé. ssuenddesign affetis No.
6571005, ich is incorporated by.reference herein). This approach has the
advant age® ‘_SG%C@POIWX %Wﬁﬂ??r}‘e_etﬁrh_é%’@ﬁlfta'i"it At “ﬂdﬁ%_f@%?al{lalﬁd{‘ﬁaﬁﬁ_%sa%e of
utilizati @ilasefdigs¥RAGed. & @k GeAdChA® AREnTRCH aREHRAE replRntedalyiepiien f or t he
utilization of the data in the context of advancenent of know edge of the

syst ent pr 9§ Zéépﬁaét@pm@aobs@%%@lﬂgewwhﬁmlﬁ%@ﬁr?l?ec}h? classifiers for
di agnpgti Eaﬁ}scx'iﬂﬁ)ﬂ&l' stdnfsRlr iRy a0 veihg shdied. RIbAY@YRIIRWisRewh pideesses, | ead
candi dates for product d.e\(er_opr(ent etc.). Sonme conventions used in this
descri pt i wpreaems theesesshijeriilizatipesignd évod be qsidergh pisbe-spreictelée) lnd in the
acco ”pfi”yin)@ﬂdéd %%ee&i;% r&%gﬁ ‘i’%‘c’ﬂr@&én@f@i@é Rive beenbRfidvddhnkl vaﬁpwgﬁfédié&?C' fic
manner: (1) to describe €ach experinental feature wthin a dataset

(t r anscr i panschiptohaiebeat arayyd ondmone(tp ifgw chipefohbindan and dthet ¢rganigmad. cul at ed
nunbers u i h cess. of ()i zi I QViERtLont S) i tatistical
and nat heﬁ’&e (t:% r}"ssglﬁtgégmﬁ% 153‘5}‘&%%048 r% é{g&gﬁg?ljg%e%gh%&o\?\é)éh%gécal cul at ed
val uelfandspacifie noisé sigad! end atied/ie gtai seaseeid egamplesdegerived bere,tles Madiadions

differentjated . by.a erscripted,si ote (for ex I st ance

desi gnat e@“é a%ﬁ%{tbmﬁ):t%gufo\ﬁﬁ{e‘ﬂaﬂgeet&es % gésjﬁ%?'%l) as Suggeﬂ%{fﬁnegq}?gs of term

i ndependeftvwiiAiusrg andirizphy etl AIP2003 Y masyuads wefl udhsedpanismppraciesr anscr i pt
etc.,) using.entirel jfferent .measurenment criteri e.q., different

Ceqi ohs ofoserted & pabdE s ge SR ey Ftee e P BRLTAY I BIRE 1 pept i de
f r agnment sghe BBfcémt.han one anti body to neasure a protein etc., - while the
different region m ght have physical over|ap jt could, have different signal
propefli es undeye PR %hé(ﬁ‘ﬁo'ﬁkéﬂ‘faiyﬁ? P‘i?tl??m%?él‘%grﬁ%’?s@inggﬁr@i‘zﬁl%‘f %aﬁ{‘ PERES from

t he concepbudf refleddntifif b Siakle irBslopRTHE NEMscriph eaRekseDR particiiBequan@per ti es

bei ng studi ed, proposed and advanced here_ari gc? due t@‘thlai di fference. The
enbodi menie¥el) Basali ?YP’B@MbW%P%‘W%GYeI’F-iﬁW@ sttp ditfigudtiasym 't statistical

i ndependeg@Bation of théaﬁ"i%rﬁ\m%lb.n@ﬁ@ cfmdd@praati@d: Rk b&éﬁ%ﬁ@nﬁ%ﬁl&h' ngs, a
Response surface aided strateg éal so referred to as ReSurfX) for the study
of dat asetesearaheden and brdep qostiwiaty Beiclaned e pee medehbased apeneehesita measur ed

uSi ngy4rul {1 . e l; kol 1)

reprezsgemnta |V§rl£§£&e%{)}g n%eﬁggg?meuzcr €f’t§?éa:s 11&0%05? gﬁé’v@?ﬁ%& fr%:off():ressi ng dat a.
| N gener adachl temscepie(seedl | Se PateNo a5 MR, whigh ifrineasprated by wiarence peredd2 and

This approach has the advantage of user friendly representation of the data and in ease of

utilization in advanced statistical and mathematical applications for the utilization of the
data in the context of advancement of knowledge of the system/process being studied

30  (using pattern recognition, classifiers for diagnostics, identification and study of pathways
and new processes, lead candidates for product development etc.).

Some conventions used in this description are described herein below.



pre-processed steps 1004 and 1008. This pre-processing woul d depend on the
dat a-col | ecti on technol ogy-specific properties and are assuned to be
carried out, unless nmentioned otherwi se (if needed, prior to applying
enbodi ments of the teachings described herein). Such pre-processed datasets
are denoted as_starter datasets and indicated by letter 25 D step 1006 in

the rest of t hrg"?}.{ﬁ'@a‘l‘?‘é'i’%ﬁ t%ﬁ%f‘di iR ﬂ;er@écmipgnw@&ﬁg%ﬁq%e B @prame fsysedipe
referred g, doBteki %ciﬁy&ram&wgd@eeseﬁ&%aemeﬂglm‘ﬁne&al(fgdt@e wiilin 4 tdsbtG. 4 step
1010, FIG 8 stepl0l12 and FIG 9 step 1014). Aspects of FIG 2a through
FIG 4 defffaterint peipinpise), and(idbiecshpds avd otheprabpiaetnumdestuseinthfe properti es
of a gi VeErog&E 8f ﬂﬁﬁln@'ﬁh%iﬂ%nﬁw i s(a’cigtic?l' agd 28R GaeH 5980 CR ad@tiéh @pal ysi s,
and (ii) conversely, aid devel opnent o esign principles for a 30 given
syst enf usilifigreserhetiesnicalculpied pelne auka sof oftichlsuletegiestinmasert erldesignptadechnol ogi cal
aspects. FEl I / ramlyi i i i.vated by
bi ol ogi caﬁn‘%l]c\)}é?% cﬁﬁ%’g&%ﬁdﬁo@ %Ss%és}&"gfé&%gfe@ggﬁe??g %}5’??@%@ '}C?J rﬁlg%%da%éaese t wo
above enbddionkritesl’ whe osebiamtitrésboidpr using the first aspect al one, together

wi th nethods fQr data specifi hreshol ds.for araneters u in their
application i nﬂﬁ uﬁ%ﬁﬁ%@ﬁf‘?@?‘?eﬁ%& Bﬁasgﬁeﬁéwl%‘énp\}%ﬁfasgrses Pﬁorhe’l pﬁﬁa%%%f i dence
di f f er ent {tAhsdrigedit.)fusipaentiraly déffaree meakaraasnt Qiteriegs diffdreng regioh$ ef 2nt
observations of ex Eri ntal or nftural prog&gs%es. Variatt'hons and details
of son® i HHISGTRIGRPIOBY SHICTGt Zoeiqus 8t 3 Bgtely~ PIRULR ARG, PN YOS di t i onal
figures whitbhodpRmREirah @rdtdif bics - WHIDBE iffelhit fegioh nilBlithaedf pHykiCalloRa@tdi Ngs
presented herein relate to |arge scal e datasets,. w t% mul tj p{ye nmeasur es of
each par afepwf havs ditfzrant sigaalppenertiss uader thesaye onditiopa diis cXplislly such as

nor mal i Zakir@RBA0eREN tHelBnRPt s8R ain@PeARnOD ThdBed SoriebRaRd properfids t rue and
fal se positives in conparative eval uations, or determ ni ng

nmet hods f
dat a- specPfingstedipd orrppeed anhadvanesd bateiariee dusdo Distiffeence. dhe prbIERETS cal
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against the noise) — e.g., Student’s t-test for pair-wise comparison of datasets (with

30  replicates) or Fishers test for comparing multiple groups of data — is a surface with
multiple maximum and minimum points on the surface. An example, these teachings not
be limited to that example, is shown in FIG. 16 with GeneChip® datasets and pair-wise

comparisons comparing known true positives (TPs) of two fold change and a large
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FIG. 3b — step 1032b). The datasets could, in one instance, be composed of two or more
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0 servta ions, or gro%lpgo rephcated%otag?%;)resentx%g properties of different process
states. The increment for iteration over N (Ninc) would be 1 (as this represents the number
of measures), and for F (Fiyc) — step 1032 and 1032b, FIG. 3a and FIG. 3b, respectively -
would be determined by the user based on computational and other resources and the goals

5  ofthe data analyses. Each parameter (i) is evaluated to satisfy a set of noise threshold
criteria and confidence measures on a comparative basis (i.,e between two observations or
between sets of replicated observations classified into groups) as decribed below. In one
instance, only measures that satisfies the noise control criteria mentioned below and in
FIG. 3a step 1036 and FIG. 3b step 1036 and step 1046 are used.

10

M
[;él(x | F>=F, Xjal Xjg >= 1, [Xj4 — Xjg| >=d') ] >= N’

(It should be noted that other predetermined criteria are also within the scope of this

15  teachings.) where x;a and xjg above refers to signal of that measure for that parameter
being evaluated (x) between two conditions designated A and B, and j running over the M
measures of that parameter i. F applies to cases with replicated groups in the dataset (step
1046). In FIG. 3a and FIG. 3b the terms max and min are used in step 1036 to represent
a general case where max refers to maximum and min the minimum of the two values in

20  case of single values being compared, maximum/minimum of two averages or medians or
maximum/minimum of the group with the lower average or median. In all the examples
used in the document to demonstrate the utility of these teachings, average is used when
groups are being compared. Optionally, when all the data points of a measure j of that
parameter being evaluated for differential are below a calculated or estimated overall

25  background noise (B’ — typically determined below which most data collected represent
parameters below reliable detection threshold of that measurement system under the
conditions used), they are eliminated from analysis step 1048. These thresholds (d’, r’
and B?) avoid differentials in the noise range — this aspect is discussed in more detail in a
future section. The algorithm for calculating dataset-specific thresholds on distance (d”)

30  andratio (r’) are described in FIG. 5. When the evaluation of a measure satisfy these
criteria it is used in the measures included in the analysis (step 1050) and the next measure
is evaluated. This is repeated for all the measures of a parameter (step 1034). When the

number of measures passing the above criteria exceeds the threshold number of measures

10



Clztt 6 46 446 3 4 Total identified 95 86 91 85 87 89 77 85 Tot al
pr esent

for that iteration (step 1052), then that parameter is considered differential between the
observations (or groups) being compared. When all the parameters are evaluated the
results are for that set of threshold used in that iteration are recorded (step 1054) and the
values of the parameter thresholds are incremented and used for the next iteration (step

5  1058). Once the range of iterations are covered using the increments specified all the
stored results are used to select the substantially optimal combination of N’ - and ¥’ in
case of multiple replicated groups as in FIG. 3b - (step 1056), one embodiment of which
is described in FIG. 2, using known or simulated differentials.

FIG. 3b, which is an extension of FIG. 3a deals with the case of multiple

10 replicated groups involves optimization of two parameters, the number of measures of that
parameter (N?) and a confidence measure (F°). The use of the confidence measure based
on replicated observations in combination with multiple measures substantially improves
the comparative analyses of the data. In this case the iterations are carried out similar to
that of FIG. 3a but for each increment of F in the range selected (i.e., F* for that iteration),

15  the values as described in FIG. 3a above are calculated for the whole range of N through
iterative loop with changing N’ (steps 1032b and 1058b). The specifics of the strategy are
nearly identical except that for each measure and for each evaluation cycle the confidence
measure F (step 1044) that is calculated on a comparative basis between two replicates
should also exceed the threshold ¥’ (step 1046).

20 FIG. 4 (optional step 1040, FIG. 3b) depicts a strategy that eliminates some
groups (in multi-group comparisons) based on these thresholding strategies and allows
varying group number based differential identification for each measure to be evaluated.
In this case the noise thresholding is based on comparison of average values over all G
groups (termed AvgT step 1060) to that of individual group for each parameter i. Asin

25  the previous case average could be replaced by median or maximum and minimum of the
groups or over all groups as described for FIG. 3.

FIG. 17 depicts an example of the behavior of CANeq with varying values of
measurements included (N) and of the statistic (t-statistic in this case) for the same
comparison shown in FIG.16. It can be seen from FIG. 16 and Table 1 that (i) the nearly

30 flat surface in FIG. 16 of the response surface of Negs can now be reduced to a few distinct
peaks, and (ii) the statistical threshold is much lower than that of commonly used data

analysis threshold for p value of 0.05.
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135 135 135 135 135 135 136 135 FP 16 2 5 0 0 1 0 0 PPV 0.86 0.98 0.95

36 37 45 47 68 75 1267.718
o 1 0 0 0 O 0 0 O
0.125 4 1 3 1 3 3 2
0.25 3 1 3 1 1 1 1 1
058 1 1 1 1 1 1 0 1
1 5 5 5 5 5 5 4 4
2 7 6 6 6 6 6 5 6
4 8 8 8 8 8 g8 6 8
8 8 8 8 7 7 8 7T i
16 8 8 8 8 8 8 8 8
32 9 9 9 9 ¢ 9 9 9
64 g 9 9 9 9 9 9 9
128 g 9 9 9 9 9 9 9
256 9 8 8 8 8 8 6 8
512 9 9 9 9 9 9 9 9
CRT 5 4 5 4 4 5 3 4
Total
identified| 95 86 91 85 87 89 77 85
Total
present | 135 135 135 135 135 135 135 135
FP B 2 5 0 0 1 0 O
PPV |0.860.98 0085100100 099 1.00 1.00
Sensitivity|0.70 0.64 067 063064 0.86 0.57 0.63

Table 1 - An example of the effect of different statistical threshold (F*) and number of independent

measurements used (N°) on the true and false positives (of two fold change) identified

5 Indicated, in Table 1, are the number of spike-ins of two fold difference identified

at each threshold (out of 9, three in each comparison for three individual comparisons).
The concentration of the spike-in (in pM) are indicated in the leftmost column in each case
the concentration of the spike-in in the other dataset is twice this amount (except as
indicated below). The threshold of t-statistic (F*) and number of valid probe-pairs (N”) is

10  indicated in the first row as (F°,N°). FP is number of false positives, PPV is positive
prediction value [TP/(TP+FP)], sensitivity is [TP/(TP + FN)]. * 0 pM spike-in was
compared to 0.125 pM spike-in, and 512 pM spike-in is compared to 0 pM spike-in. § CR
indicates cross-reactive transcripts/probesets with homology to spike-ins (out of 9, three in
each comparison for three individual comparisons). The dataset are the same as used in

15  example shown in FIG. 16 and FIG. 17. (Note that, in FIG. 17, t used instead of F’

above and that N” is equal to the number of probe pairs.)
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1.00 1.00 0.99 1.00 1.00 Sensitivity 0.70 0.64 0.67 0.63 0.64 0.66 0.57
0. 63 Table 1 -An exanple of the effect of different statistical
threshold (F') and nunber of independent neasurenents used (N ) on the true
and fal se positives (of two fold change) identified 5Indicated, in Table 1,

are the nunberrmefe@ﬂﬂne Sowd R ﬂhetmdo%fiat@lmé E@ﬁfﬁ@&rﬁ aa\%%wd é@t each

threshol d (out of three in each conparison for three indivi

conpar i soﬁsqmgsm@, @dm%&e&ttt@moaﬂvﬁmﬂﬁpﬁ rriechi impagt an g number ¢fifalseat ed i n
the left h r nin the
ot her ot o] o7 Tl Bvifh oSS A AR PhivhR o p ORISR el

t hr eshol dfcm@uessmgthe:ﬂtresho(dl; Strategids fou edapatiof dMﬁSp@lfmfbt@daqm arg df(SN‘ﬂ)edl S

10i ndi r.s 1 11' £

posi t |€ Fgelf’@ er%dé |6t | %ﬂgr @dl i Io}aeppf%_t,;o?ﬁ.%)l?vené%nnglt Ivity is

[ TP/ (TE +cdnhdxt of genOexpidssipn hﬁaSul‘em&‘ mmmﬁen@hxp@ t@hA@bgypdve dckiBed in, and 512
pM spi ke-in is ared to pM spi ke- i n. ates cross-reactive
transcri png%%%@g’feﬁﬁo%z(ﬁ)érﬁ?léth%‘Ss‘BcforE%or?tﬁiQ)( E?g?ergp bgeil hr ee i n each
conparison for three individual conparisons). The dataset are the sane as
used in 15 exanple shown in FIG 16 and FIG 17. (Note that, in FIG 17, t
used instead of F' above and that N is equal to the nunber of probe

pairs.) 1.5 2 3 4
35 9287 13595 18001 19251
3,6 3548 11031 15101 16657
- X 7553 12753 16947 13287
4,7 6927 10333 13965 15431
6,6 7418 11444 15235 16677
15 8588 13500 17426 18690

12,5 5164 8993 12204 13596
7716 | 6634 10584 14111 15600

10 Table 2- Application of data-scaling strategy (SCALEIT) to identify

utility of the Response surface assisted strategy

Indicated in Table 2 are the number of probesets (average of three independent
comparisons) detected (out of possible 22,301) at the given thresholds of t statistic cut-off
15  (F’) and minimum number of probe-pairs (N’) satisfying this F’, indicated as (F’,N’) in
column 1. For the purpose of this evaluation three replicates were compared to three other
independent replicates essentially representing the same samples scaled to the given
differential (indicated in first row), and the values indicated are averages of three such
independent evaluations. Again, the dataset used are the same as used in example shown
20  in FIG. 16 and FIG. 17.
Embodiments of the method of this teachings which utilize (and are utilized in) the
above described Response surface assisted thresholding strategy (ReSurfX) embodiment

for identification of differentials using data-specific thresholds are described below.
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The exanple shown in Table 2 denonstrate the significant advantages of
these findings, i.e., ability to select true positives wthout nuch inpact
on the nunber of false positives identified even at | ower confidence
threshol ds. Further this precludes the need for guessing the threshold.

Strategies for _estimating data-specific thresholds are described 5 | ater
(FIG 5, FIG %emgef thy enbodimentsglegeribediakave uB'ﬂzeéMPiaeeéﬁli’%%l@@f designed  nventi on

in the copLexdn Rfpde MENRLBSHIRR BB S Bt BegiRRaEiRE @hnol ogy
are descr?ﬁgdrﬁﬁléoggléﬁ§ GEndﬁe %io og; 2004 5:p14,g§§ich IS fﬁ%§$porated

by ref er enukfalse pesitives, arsotin sufficignizugpgrangd yadey.1 Qopamaaiment , freheg548 11031
15101 166g;hnék if whiehtneké 533t 2 sufficient number of variety of true and false-positives
5  utilizes a tester dataset as above to determine thresholds that could be used with that type
of data generation technolbgy. The use of distance and ratio thresholds have already been
demonstrated in several conventional analyses schemes, but, in this teachings, algorithms
for determining data-specific thresholds of these parameters are disclosed.

Ebodiment for determining data-specific thresholds (DaST) of distance, ratio and

10 statistic to avoid differentials in the noise range are disclosed herein below.

Different data collection platforms, pre-processing schemes (background
correction, normalization etc.) and experimental systems have different levels of inherent
and other handling based noise/variability (typically observed when comparing data
between replicates).

15 FIG. 5 depicts a schema that determines data-specific thresholds for distance (d)
(i.e., numerical difference between the two values or two groups) and ratio (r) that would
typically lie within noise level for that data. In one embodiment, a percentile is
determined at which these values d and r would be optimum based on the ability to detect
substantially optimal combination of true and positives from a tester dataset, e.g., using

20 N step 1022. For this purpose, a large enough random sampling of the data — step 1062
(or the whole data, step 1064) is selected and the distance and ratio are determined
between the maximum and minimum for each selected measure for example within
replicates (thus capturing the noise component of the data, step 1066). The calculated
distances and ratios (individually) are sorted in ascending order of values (of d and r) and

25  values of d and r at different percentiles on the ordered set of values are chosen as
thresholds (d’ and r?*) — step 1072 - and used as described in applications described in
previous sections or in determining thresholds for many data analyses scheme (either for
selection or for elimination to avoid dealing with data just in noise range). The different
thresholds are tested on a training set and optimum value chosen (for example by using

30  equation for Negr ). This percentile value can be used to determine d’ and r” (the selected
thresholds — DaSTd’ and DaSTr’) step 1074. When additional specificity or safeguard is
warranted scaled up versions of the determined values of d” and r’, or a percentile

threshold above that determined as optimum using the algorithm in FIG. S can be used to
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1694 7 1828 7 4,7 6927 10333 13965 1543 1 6,6 7418 11444 15235 16677 7,5
8588 13500 17426 18690 12,6 5164 8993 12204

increase the confidence level. Dynamic thresholds can also be determined by using
similar strategies on a data ranked by values of the measures at different points along the
distribution and assuming piecewise linearity (step 1076).
FIG. 6 and FIG. 7 describes similar embodiments, but with additional intricacies
5  for the determination of data-specific threshold of F (the measure of confidence used) to
avoid differentials primarily within the range of noise (hence few true positives in those
ranges). In this instance, a large enough sample of parameters and all its replicates are
used and additional values within the range of values represented by the replicates are
simulated, step 1080. As warranted, this range can be scaled up by a factor, termed
10  vibrate factor - v (e.g., v=r’, would imply find enough number of random values
between r’ times the maximum value and (1/r") times the minimum value) — step 1082.
Using just the maximum and minimum value as range would be equivalent to using a
vibrate factor of 1.0. The values for that parameter and the random values within
(inclusive of the end points) are sorted to form enough groups, step 1084, with appropriate
15 number of replicates and the measure of confidence calculated, step 1090. In case of
multiple independent measurements of the parameter, as is the main theme of this section,
this process is repeated N’ (threshold number of measurements) times and minimum value
is stored as one value of the dataset to be used for determining the substantially optimal
threshold step 1092. The collected minimum values are sorted descending and the value
20 of Fis chosen at a user determined confidence threshold, DaSTF’ (e.g., 95% confidence
level would be vale at 95 percentile), step 1094. This value can either be chosen on user
determined confidence level or iterated for using a training set, step 1096. The noise range
elimination strategies described earlier steps 1036 and 1048 (steps 1086 and 1088 in this
algorithm) could optionally included in calculating DaSTd’, DaSTr’ and DaSTF’.
25  Alternate manifestations of step 1092 could include median or any other percentile of
values calculated for the N’ measures of each parameter, rather than the minimum over the
N values of F.
When informative N is greater than N? the statistical threshold can be relaxed (for
more sensitive identification of differentials), using basic statistical principle of
30 independence (viz., p~ = pi™). As mentioned before these data types do not exactly
satisfy statistical independence principle, but the advantage obtained through this

adjustment does not seem to come at recognizable cost in cases tested.

o
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13596 7.71 ,6 6634 10584 14111 15600 10Table 2- Application of
data-scaling strategy (SCALEIT) to identify utility of the Response surface
assi sted strategy Indicated in Table 2 are the nunber of probesets
(average of three independent conparisons) detected (out of possible
22,301) at the given thresholds oft statistic, cu 15(F ) and m ni mum
nunber of pr o ghevesmprainesihas despanplidrip & prblish "rdrﬁf?e%ﬁ datasgllgan N ) in

col um 1. fﬁi@let &ﬁb&uﬁ&l@é&twbélml&aquamewo%oﬁma@&s bERhé GRH FHthIer e conpar ed
to three ot I ndependent | cates essentially representing the sane
sanpl es seangly) with ﬂdﬂ&e l‘gimb@hoﬁf)ff ¢reptishenddnvariapigiasicdss WHhaut fteretin®eyer and t he
val ues 1 ndl galad, AIieuAKE b B%abie 1 iR p oGl BARRENERBY yaKBkHal NS, Again,

the dataséttused are use Pn exanp n FIG 16 and
FIG 15. strategicEdtsodbedenFEG of, FiGet med KHGE 7@fndtam1$mg &mmw&tg@m dhFatilize
(and are t|||ze ] the o ted

t hr eshol dlﬁ}‘fd’uéntoﬁ e‘én%‘/ue(‘?-‘? §urag§§ﬁe°?n%g %Otr?r)g% ﬁ?‘?fg&? g%’rﬁ | |ca§: a\%?]lﬁﬂg?

di f f er ent baabdorsrion griatka it dqpended ircexamplesésnltsishommen Tebles 1 beti2 (Bxibderd).

Sone of the enbodi nents described above utilized a dataset specifically
designed for such purposes. Many currently existing datasets sel dom are

desi gned ’me T DUTTT=-TTT TTUE 2Ny (et SOPeEIgYeS), ReGuiRt inentiied ' ci ent

nunber ang—vrert+ety—re—enrbodtment—tor—ttre—rrSta re i s not
a sufficile punher of varietyiof true and {3l se.posit i izes a
tester dalt%étm above to_detler nies@eraagb| dsl that c ed with

that typ Tktal Iqpbbegdnasad i on tlechnol dggd9 The usle of di gtance and] ratio
t hreshol dSt \‘ﬁ,—@ ,ﬁ"g@',ﬁa'peen aem)nst rpjped 1n several cqgnventional anal yses

schenes, bt =y teachtrgs—atgoraizms—ford 11T specific
t hr eshol d@i‘.‘g ti RE-FE=} dlt ﬂ1n°% m ni ng
dat a- speciFi&Mthy eshol ds (DaST) of di &8hnce i o Hnd
==15fold 1129 921
< 1.57old 202 16
Total probesets notuse d 10091
10 Table 3- Application of data-specific thresholding strategy (FIG. 5 - FIG. 7), BINorm scheme

(FIG. 14), and ReSurfX (FIG. 3) on a test dataset with large number of true and false positives.

The dataset used is from Choe et. al., [Genome Biology (2005) 6:R16], which is
incorporated by reference herein. The parameters used are
15 B’=107 (calculated, data not shown)
d’ = 57 (Figure 5, at 50th percentile)
r’ = 1.162(Figure 5, at 50th percentile)
N’ =7 (estimated - prior art)
F’ = 1,65 (t-statistic — Figure 6)
20 Intensity measure used is PM — MM, for each probe pair. Normalization used is
BINorm at 25% middle values in each subset using known spiked-in invariant set built-in

the data. AvgA and AvgB are used instead of max and min in Figure 3.
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10statistic to avoid differentials in the noise range are disclosed herein
below. Different data collection platforns, pre-processing schenes
(background correction, nornalization etc.) and experinmental systens have
different |evels of inherent and ot her handling based noise/variability

(typically ob e n ] . ; L 5
depicts a schmﬁ? ﬁ%&%&% %ﬁ%ﬁéﬁg‘%‘%g %’Hcg%d;@ ?;ﬁgfﬁ%eﬁg%g h‘gﬁ%hgﬁ%aglﬁégg}gg ance (d)
(i.e., nuirbad cabadlitilftgeendeddietinsdth catheparametaratpressniod by peinglesape) and ratio
(r) that uld typically |lie wrlhig, noi V. for that data. In one
enbodi nmen ,‘Sﬁarbﬁ%gig‘rﬁeia %e‘feg%&é?éé‘?gﬁneg "EEML |ec%1cats‘%ése val ues d and r woul d
be opti mum basgdbaimédieofihs mbthyd dixhel piesmt tesehirgs Antsivabayiziop parambtec onbi nat i on
of true and posjtives froma tester t ase e ., usi.n 0. f step 1022.
For this PRinpgekdesgroupngeaRyegrt reh gfm%aa#bﬁ et R AERE St G, ep 1062
(or the wheh@rdiahtresiisedbtckfidg, o eae @6 paid obunehstilementi sdultnoehettied ratio are
determ ned between the maxi num and m ni mum for e‘ach ,gtgl egﬁ&}eﬁ[ easure for
exanpl e wpreh¢terniiegs messpressior the ae paipeiuRgasgement resylis sty ehaltcrifrias he dat a,

step 1066 et RAHE Srotle fidhted Sf i GF Micthurdley) reqiil® sorted
in ascend%lﬁ?@?lg%?%g:‘&@%%grees a(of d ar?d r% and 2515val ues of d and r at

di ff erent amebamginlgé%fh@nmﬂﬁ@mw@&l@%‘iowasﬂiiﬁf}’g}b%théﬁsb?léﬁ%@éﬁ as threshol ds
(d" apd rodg a%fhgﬂf&a%?ed‘et Hxﬂﬂe&&ﬁ@ﬂm%§s%§§é‘drda?gﬂesh&d@m@m,%&I ons described in
previ ous L SRS B PI T det er m R ng threshol ds for nmany data anal yses

scheme ( eimeisarenfent reswt meaéhome pair bHmeashiemenaesudin ta anolPOMERSHEHICNTGSUN t h dat a

just in naise range).. The differant £ a4 ni ng set
nd opti niroar oo B bR PR b EhE Cadal ph 81 10, S
percent i | mexdatdagencasulizacasdidg toaeohditod thei compelisoanHonreplicated dafe seis; ttleed

t hreshol ds_- STd. and Tr' ) step 1074. \Wen ditl [ficity or
saf eguar de‘?“go‘%f”?ta‘r‘?{ﬂ&geség%%%’a OE 6"?}'@&2% g\?ﬁéneg?m efrﬁeé@g%{‘%sro%&ﬂ’jeeaﬁc\%gﬁtses of d

and r15 Ohndgroesieeht al@adel heafipdriknahovies ihtoad nuhetice phpaie df @asragpd i mum usi ng
the algorithmin FIG tEe used

5_can to .increase the confidence. |evel.
Dynani ¢t ACANFERsreaylfs- Thespethod H@?@gﬁﬁﬁ"ﬂ&%ﬂ%{}“&é‘?“ﬁ g 'HB‘?Jé?mgtt ‘ﬁg’f'élgi es on a
dat a rankggddf aVéehgt@mdaburbhient FRAKU BRadbf whirt berants. paicnbsdialeons stdhe
di stribution and assum ng pi ecew S?ﬁl .near i téﬂ%St e(gq }]976%" FIG 6 and FIG
7 descri begther of these tearhmds RAMNE: Apixplipit ModelANAenspdant FXRTESSIOE 938 St or ¢ he
det er m nagd QimRfarisdag pardmeel al Witheshekate@by Multiphandspasinemedsureonf i dence
used) to avoid differentials primarily within the range of noise (hence few

true gosi distlesedibglovhose ranges). In this instance, a |arge enough sanple of

paraneters andaghls fited dhEw, LGRERDAY Sminieideniled tinhilgN@indyRhe@s W thin the
range of values represented by the replicates are sinulated, step 1080. As

war r ant edmesshires arcamgéel banad.hWhije suchgowysntignally psedingndel basedAparopeRes B#%t e f act or
e PR AT A ORI TS il ety
above, use of all independent measures directly confers significant advantage of
25  specificity when identifying differentials between datasets. But such methodology has to
be adapted for use with other well established advanced statistical and mathematical
methods of analysis for pattern recognition etc, especially when the dimensions classifying
the observations and the interactions of interest in the dataset gets higher. And
embodiment of a explicit model independent expression summary method is disclosed,
30  where the computational and adaptation costs for using the multiple measures of each
parameter does not outweigh the disadvantages.
FIG. 9 and FIG. 10 describe an embodiment of the method of these teachings for

summary measure using groups of data (typically replicates of observations in a dataset),
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Usi ng just the maxi mnum and m ni mrum val ue as range woul d be equivalent to
using a vibrate factor of 1.0. The values for that paraneter and the random
values within (inclusive of the end points) are sorted to form enough
groups, step 1084, with appropriate 15nunber of replicates and the neasure

of confidence cal cul ated, step 1090. In case of multiple independent
nmeasur enetyhide BIG. Sread E&Ga@e‘ifv‘é‘iﬂbea§lml§1r plgerith byt foméppémswﬂﬂw@ section, this

process | t ur s and m ni mrum
val ue is é‘%sé{r%e aagqgl%&e “\(}gb‘?@% ng \ﬂ;ﬁée{ﬁigi{ %%%b§§rv{%ﬂg)e Eﬁ@% en&lgl&ent3 erm ning the
subst ant i mleasyredpmfymg naise thrshlnildicrierinni.¢1,68ps 11001103] 110t HA2 anchl Hditesval ues are
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and 1048 6ﬁdoﬁipSrlsfbﬁﬁﬁhéiﬂdrgiQ&Bbttr@fﬁdﬂhﬁmﬂiol@dirb ttuihblepihe dademndanal l'y included
in calculati n DaSTd! &fg g F . 25Al ternate {Ta g gl ons of
Step 1002MEBHIGRR TG BE PRI matﬁva @tth%xewﬁ@w@raamca SPrOEREL car cul at ed
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val ues of F. When_ i nformative is greater than N, the statistical
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The above @i ment s been appli to a pu ataset (as an
exanpl e, eebifidembodimentowonld nb:éude|ometleglthp@8?dpmar@mt¢raﬁsba§ﬁd wPuEeet s of type

d
e A i S W
Wit h goodofsdmtﬁcm (d?ilaﬁom)e trapycrips offigtetetantng pm@@p dermtvaly pidieed in FIG 5,
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value was epen ent nmeasures) avall abl e,
based on pumize of psdiladme vorheridat couldsetbé nelaewhfmha witeul deterehpinof n Tabl es 1

and 2 ( Tagllla?lty?’()sfep 112(215| gl? Neééast?rlembntg)sea%iisgfﬂlgllqneirslyny un) ((,rlxtgr?anérle ]:xée%(zstep irll?‘Z%), FPs

20  sorted and measurements representing middle N° values chosen. The expression summary
could be a simple measure such as weighted average with outlier correction or any other
established or modified summary measures step 1130. When a number of measurements
are available such N’ measurements that have uniform propérty over many comparisons
(usually can be set as a threshold percentage of comparisons available to determine this

25  property) a common set for use with that type of dataset for most uses beyond available or
used for this step can be chosen and stored for future use. The use of such uniform set of
measureménts for each parameter for all datasets, termed the Chosenset step 1122, makes
the summarized values have naturally better quality than using all or variable number of
informative measurements. Use of an additional appropriate normalization after EMINE

30  may be advantageous in some instances. One advantage of EMINE is the minimal use of

numerical correction criteria.
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Chip type Dro sCGenorne 1 Total pro besets used 3919 Tot al
non-di fferential 2588 Total differential 1331 937 73 = 2 fold 781 732 =
1.5 fold

In the context of biological applications, with the development of large scale
dataset, a universal set of uniform measurements for EMINE can be devised and used.
The strategy devised above can be interpreted as an approach to directly achieve this goal.
Embodiment of the method of these teachings for estimating fold change
5 confidence estimates of differentials for Response surface based data analysis are
disclosed herein below.

FIG. 11 and FIG. 12 depict embodiments for determining estimates of ratio of
differential (in pair-wise comparisons) and estimate of confidence for differentials when
using Response surface assisted strategy, respectively. In the simplest form estimate of

10  ratio is obtained by taking pair-wise ratio for each selected measurement (selection is
either based on noise threshold elimination strategies, step 1132) similar to steps 1036 and
1048, using all N passing threshold elimination, the Chosenset strategy (step 1134), or the
N values nearest to median (step 1136), as described below and in step 1042) of that
parameter followed by a summary metric — step 1138 - (e.g., weighted average with outlier

15  correction as in step 1130). When N failing noise threshold elimination strategy is greater
than N* (step 1140) the failed ones can be used for summary measure. When needed
middle N’ ratios as in step 1136 can be used. The spread of the estimated ratio for each
parameter over the number of measures used is used to determine and report an estimate of
the ratio. The measure of confidence uses similar techniques (steps 1144 and 1146) except

20  that a minimum value is used to give the most conservative measure of confidence, other
variations based on percentiles of all confidence measures from informative measurements
of that parameter in that comparison could also be used. When informative N is greater
than threshold N?, an alternative is to use the middle N’ values of a sorted (descending)
array of I values — step 1148. The confidence measure can then be used as in the cost

25  factor as an additive measure of N* and F? (step 1026) or can be converted to a p-value
from a standard statistic or bootstrap based statistics and presented in desirable format
(some usable forms are proposed in FIG. 12, step 1150). In the case of using EMINE
summarized values, standard mathematical and/or statistical can be applied — steps 1142
and 1152.

30
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1129 921 < 1.5 fold 202 16 Total probesets not use d 10091 10Tabl e 3-
Application of data-specific thresholding strategy (FIG 5 - FIG 7),

Bl Norm schene (FIG 14), and ReSurfX (FIG 3) on a test dataset with |arge
nunber of true and fal se positives. The dataset used is from Choe et.

al ., [CGenone Bjol ogy,. (200 ' R1 i I s incgrporated by reference

her ei L The pa/#%ﬁ*a%‘émg&géd%??'éﬂ*%%ﬂﬁ%%%%ﬁ%? ‘E% ,O?H’ng?“ﬁﬁ‘t shown) d' =

57 (Fi gur ldatiomtchbilt Dseden aalistd of Hathsets{réberdddldb b QUABEST) iatlisbigéda percentil e)

N =7 (estijmted - prior art) FF = 1.65 (t-statistic - Figure 6)

201 nt ensi 5/ gle¥re used is PM -MM for each probe pair. Normalization used
i's As has been used extensively in the above sections, a well designed tester dataset

5 would be of extreme value in development and validation of algorithms used in various
steps of the workflow. But, such well designed tester sets are seldom available that is
appropriate for an experimental scenario, or some times limited by resources. Numerous
data analysis schemes are used to glean useful information from datasets. Different
schemes result in different degree of success (identifying true and false changes and

10 relationships between parameters and/or different observations/conditions being studied).
A simulation method that utilizes the variances structures present in the whole dataset to
evaluate the efficacy of the data analysis scheme applied in a specific experimental
situation is conceived, tested, and described below.

FIG. 13 describes an embodiment of the method of these teachings using a data-

15 scaling approach (SCALEIT), and an example of its utility provided.

Briefly, this embodiment, SCALEIT, involves scaling the whole dataset and its
replicates to varying extent (e.g., 1.2, 1.5, 2 times etc.,) — step 1154 - and application of
the data analysis/differential identification scheme — step 1156. The advantage with this
approach being the utilization of all possible variance structures inherent to the system.

20 An example of this approach in the context of Response surface assisted method to
identify differentials at various thresholds — step 1158 - is shown in Table 2. Some forms
of data analysis schemes would be better tested by modifications of this unidirectional
scaling strategy, for example bidirectional changes or mixture of such changes suitably
combined with original dataset.

25 An embodiment of the method of these teachings for normalizing data from a data
set includes the steps of sorting data from the data set according to measurement value,
selecting, according to a predetermined criterion, reference subsets, the reference subsets
having at least one reference measurement value, selecting, from the sorted data, data
elements having measurement values substantially equivalent to the one or more reference

30  measurement values, sorting the data elements having substantially equivalent
measurement values, the sorted data elements comprising a sorted substantially equivalent
subset, and utilizing the one or more reference measurement values and the sorted

substantially equivalent subset to normalize the data set.. An embodiment of such

20
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expression summaries for all datasets step 1128. Sone alternate

pur pose/technol ogy specific enbodi nents woul d i nclude ordering the usable
parameters N based on purpose 15specific criteria (e.g., along a predicted
transcript and using a set that naxim zes chances of detecting a variant of
the transcript of interest anong possible glternatlvely sgllced forms).
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30 An enbodi nent of a data-scaling nethod for testing efficacy of
differential selection schene used in anal yses of datasets (referred to as
SCALEIT) is disclosed herein below. As has been used extensively in the
above sections, a well designed tester dataset 5would be of extrene val ue
in devel 0QSEEﬂ:'ion@-Bging?elste@@Bﬂaﬁﬁ?lt‘f’ghoﬁid%rdséfnmh’éﬁﬂoét Eﬁe\‘xﬁf hBIStigRs Of the
wor kfl ow. But, such well designed tester sets are seldomavailable that is
appr opr i athe nogpaligatiensshemeris Aptappliablede those datasets ppthal syaiem|is wAiqusly by
resour ces g;efhiper ous data anal ysis schenes are used to gl ean useful
information fromdatasets. Different schenes result in different degree of
success (i dentltshquidialse brencigddhdtahongh Bhetmpesf iavedian@rieprgvalent shbiplogioalt vvee n

par ameter

Gl at 1 oy a8y SR ROR by IR EL KELONRGRAh biopBe AL R BERIL BN | 1\
whol e dat agetalizagiopselicomt e the efficacy of the data anal ysi s schene applied

in a specific ituation is descri bed
bel ow RS9 TR rngl bR Phoi o TR GRS o P S sBiEa oF ¢ hese
t eachi ngsteushmg tacniﬁrmdatdkﬁsesahd ﬁ@exeqanmaojmhﬁ&ﬁéﬂ&bm)ad bal‘w/ an exanple of its
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the whol e dat a&‘fana‘wcfem i ﬂ?@?‘ﬁﬁ é%mgéhet OY&y %;?%wwﬁ fepc fassam? copeepts 1 5 2
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identification sc ng gp 1156. The advantage with this approach being
qP“EBE

the utili28E738k e cpmRuiGETof At Ue LIS m(@sanvﬁﬁ@ﬁéﬁmter the system

20 An exapRb@ @5arfdhis&-ﬁﬂﬁ&&%&cﬂs)‘tﬁht%ﬁ?b&ﬁﬁ&ﬁkﬁ vah dgﬁ‘a%&‘éé‘z%ﬁi &t face assisted
met hod to |dent|fy differential’s at various thresholds - step 1158 - is

shown i n Yatsheuses — steprbl Bndd 18- eravell ashilisiogise ewprtder etbrslapplisatianst t er
tested bhs‘?i@étfzér“s@fﬂv%%r e o Rt M@thgds/ﬁgérktﬁﬂsaé ﬁﬁéhfn%é tdeafe@y, for

exanpl e biditectional changes or mxture o anges sultably conbi ned
wi th &% i gpaslseeed i eoninctigbiih Gedsdeichinas — gep 1184, MB6hD@8ehd IH¥sé t eachi ngs for

e 2 QiR 3O BuflA S AR LoD MIERRI SIS ngh ik 8! 2 T om
t he data set” according to neasure ue, selecting, according to a

pr edet er neameitas r¢adable oede is eﬁpeblenﬁ@usug)ﬁetcempmthesvstethdrl%m@xsmmwes havi ng at
| east one e t e n he SO dat a,
data el en%’ét?‘w%og\?if&e F@&ﬁrg%rféﬁrr%rqt %\%%ﬁ;’fﬁe ”Je%C%% n? tes%"lrie% e YJeIW/ eﬁ{sgto t he one
or nore raﬁmwﬂw&rewdwbw antenC+v Bhpege. (Howbvengh inethdwadej/mmfs haV| ng
substanti al | equi val e renment val ue t he, sorted data el enent

conpr ?(gi n%esés’xg Srey™s 6‘8 lfrgﬁ%stgFﬁ‘%/m&fﬁwgﬁere%?g%%g&ﬁd{i@%gﬁfei $oPSSPRy the one
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equi val enf hgmug) gte an e qao&me%o% azs%/sttex?l%f %tsg tegc?ungs is presentef? dlﬁ%p {50 such

The teachings presented here have the advantage of minimal assumptions and

numerical treatments in most cases thus adding to the goal of high confidence utilization
25  of large-scale and many high-throughput data — step 1192. The concepts and algorithms
for applicability for multiple independent measures of a parameter also would have
applications in many other scenario (e.g., certain kinds of analysis of time course data,
collection of meta-data as each parameter). While the utility are discussed in the context
of high-throughput and large-scale organismal (or genome wide) data in biological
30  contexts it should have utility in variety of other contexts where the possibility of

application of the concepts and algorithms exist.
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teachi ngs notivated by principles of biological invariance to normalize
data, referred to as BINorm is disclosed herein below Array based as well
as many other technol ogies rely highly on normalization (or sonic form of
nunerical equival ency of data) between datasets within a platform and
5across platforns. Mdst nornmalization used to date relies on ordering of
datasets and correcting systematic variations in a intensity dependent
manner el ther Wed id iRl fheditd e, dt ﬁ)tllf){zvhxtéte'x&ﬂﬁla o blinRRAL 1 Al 1Y
separated groups as In print-tip 3 Fnvari abl y
a rank ba#eek taschingpnotdimited taihiad Etmbodtmnt, Ireaorssystbéhwlo\r\’IcThﬁdewgChmarl y exact

di stributi h 00si ng rank
based 10i n}?a?slgi]é?lg %@%g}g%el? \?\H/eeéé)gn%%ésp g?rélﬂcev%%tﬂﬁﬁﬁggi ! %Egstgl? (e.g., U
S. Pat &nt piiposes 67488 Bm whvetdpnient, antoasabordi@d) IBQAF'Hganeymbxﬂaememtm)l or a nore
recently ro‘%f%ed var | fivﬂthof ltgg | atter nethod where the dataset is divided
into rang eS?BPC LS H04e and invariant sets chosen by rank

equi val engatpt/Adw. affﬁﬁétﬁmt:oxﬂmipoﬁaédhﬁiaalﬁunhple Nixta/ 03606 O30 BBI9 Adia vvh| chis

i ncorporated by ref rence er,.c nl met hods

i ncl ude 15@3?’?%%%?9@ Hﬁ%?éﬁi‘id&*}t‘%ﬁ cogtét?ﬂp‘i’“ﬁis%g %éSp?féf“f @% lﬁlé'fsr‘? buti ons and
attenpts kfRowPEbdEtrhii® thixSd $/4t8 TRAI RNRORRR PRDA cdlblinegby AESE@IK AR | ons or
nodel ing). | nproper use of normalization scheme can at tinmes introduce

art i filBi aProbpssts SRRSO R nefariodthe spikering RBKRAVRSPNCHITAiMEVEBt hod of t hese

t eachi ngs e LS fior 'CQGJIP&dn\@TtﬁQa&yfafsgﬁgﬁ%ﬁﬁl%lvﬁ%I@ﬁﬂé&—ﬁ{s Shcebk 8fihea!
systens, is disclosed bel ow and shown in 20Frequent|y, in

bi ol ogi c ahadsghyiosply diseeraipledifferandeatThene pobesats wese Feperediodiavepesieel or nor e
exper | msnhg,ln Qﬂstar%b%e PRSEBaifd Akt sAn A faﬁmz@i%m@@om y

di stri but r| ant values I n any given sa taset. In
addi tion pmmmfersy@toemamm i the idatesed Vnlass meitiohed ethervages yalipst ween

experi,gen rectional
B B e R R e e b S 2 e
real di ffembénmesvnhmo ﬁﬂédﬁf@fescémcbmeatratmn i, |ezmmt8§chiﬁrr%,3 withr4ad, B1Norm
- to indi 0 nvari.an not J. | § schenma
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sonme i nst 3’?1@2‘% me@‘bqft?él Si%‘f‘@‘%z ch?grtf?ft fngtcg sqap Eas%i}é%%g‘gﬁ\f’%ra% Ctles - step
1162 20 anthe%bls 28 gthelotvesttasigoumkd anthe thips iset)ednd disstirratibu valosofofs,00be dat a,
termed Iref %g 1164. The g&asures equi val ent to each subset (i.e.,

i ndexes of”efeiféal ’i"éarﬁ?ﬁvﬁl[“gof %he subset are used) are chosen from the

target data anglistihd sacBitbsfiofsiQl tigf (astdetermifled ﬁm@eda;rayisame 1&)6whehn its
sinplest form with the above stgt ed. assu ngt S| gr g{] vi ol at ed
the mi ddl 80 Bgbtl Rrgbgrealrsirepresited 3 piplesel ‘? 155 b {1 (ip the K%Bent val ues

of the subsgiryhiARPFBERERNCEHRY ek extravkddRhi fxée@dl“l\éﬁﬁﬁ‘bx@ﬁbe%%tv&%@p 1168-
(e.g., mddle 10%in a 100 point subset of Iref and 'target). Thus the

aver agé ( oerfestmpighyndymispytchyalyg s sach nroherngirgeas uggd for bty ‘?IleV%l}‘@H’Ps ‘to Iref.

The 5equi g@lloq;gﬁgga%g&@gkggég“tepé St WaNcIakRRg. the whol e dataset would then be
used to normalize usin pi ecew se |inear functionality. The val ue of x

woul d vary wi t Bhetsignap w_svéﬁxtessg@itreﬁed weing Vigrramran fuitca® (MEymetdn&oditoon, step
1176, aftgf, &mea%&?géﬁﬁﬁ%&ox‘ﬁ@°a§]§%@gﬂue§mﬁlﬁm fo‘i‘@ﬂh% ?sdaﬂsdtt@e picture

after iterating on regional equiv ues in ltar as descri bed
bel ow. As altaygy irdensithef 198y foe rpeayentationiimFignie dnStendred defmitianh éor densiiyy s

30  and positive prediction value (PPV) were used. Sensitivity was calculated as sn = TP /(TP
+ FN); PPV was calculated as: PPV = TP /(TP + FP), where TP is true positives, FPis false

positives, and FN is false negatives. Typically, variance weighted average were used, as

" mentioned.
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10 i s above x, there should be no degradation of quality even when nuch

| ower percentage, than actual invariance in the data is used. Variations in
regi onal selection of invariance are needed when unidirectional skew in
differentials is present between datasets. One enbodi nent to deal w th such
cases, represented in steps 1168 and 1170, is to iterate over the
equi val ent region by scaling the x% of ordered neasurenents of Itarget at

di fferent at ﬂ&dﬂkmﬁﬁmnMWpewwEMDhbmbmhmmhh@ph%weﬂbﬁmﬂaﬁanQEHgn, X% starting

at 10t h percent r.at her n cal.i t val ue to the
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25 The above problem can in principle be viewed as area under the Receiver operating

characteristic (ROC) curve problem with two dimensions t threshold as one dimension
and number of valid probe-pair number as another dimension. In this kind of situation, one
would expect multiple thresholds involving the two dimensions that would have optimal
area under the ROC curve. Alternatively, this can be viewed as an optimization problem

30  with the goal of detecting as many true positives with optimal combination sensitivity and
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30 and positive prediction value (PPV) were used. Sensitivity was
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negatives. Typically, variance wei ghted average were used, as nentioned.
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25 Neff mentioned before. For comparison, at t signifying p<= 0.05 and a threshold of six

valid probesets the (true positives,false positives) was (85,0). The number of true and false
positives identified and the concentration range of the spike-~in positives for a selected set

of t’ and np values are summarized in Table 1. The possibility of selecting a lower
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25 Neff nentioned before. For conparison, at t signifying p<= 0.05 and a
threshold of six valid probesets the (true positives,fal se positives) was
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h t h | ect ed
ind are. riCoa R RSl TR, Qoo BT bt AOAE b b iPhefl G, TG cos

(to si npl¢lﬁ19utldh‘elc¢sepresent ation) of these probesets for one of the
thresholds (t',np) of (3,7) is shown in FIG 19. As can be seen fromFI G
19 and as equgslsaugmc@x g robesetss,
| ow exogressors are detect ) gﬁébn%%gérmg?flﬁgm%a?%i %gﬁ de@ﬂlt&?cfdlt?onap

Convelkel spmpghensser jainpd tOBEththrt@ﬁemeﬁ?wemowenbnafoslbﬁr@hamgmefsbmbent| al ratios
were | ow gxpressors, which is consistent with observations that
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there is high variability in the | ow detection ranges. The opti nal
application of ResurfP on biological sanples with different properties need
additional testing with an independent confirnmation using another

technol ogy. Nevertheless, the results of a prelimnary evaluation to test

if the lower threshold 10identified hy ResurfP woul d | ead g%gh fal se

posi ti ves wherFacBSUBRITIPIOrE a3y bafmRlepeicidp a8y ppgraywhipe BASBER A hg. For
this purpasgsdnfvly 1@@%%&] neshiab tagebe, 6higMer grdcdnBil p‘{’@'rﬁnﬁlﬁ@%&‘éu%@ one set
of biological replicates from cardi ogenom cs website (see netho s}. For
this pur pesejectatientsdspgramming Iarayagsa el asombingtionthgeef | thegrepiyamsner e spl it
into two EdalileQ @t Bsororaed niobenihdRdy¥@s eval uated. This lead to
identificgéggﬁ§g%9%%%yl feand 21pof RS?%,GZAQpr%%%sets at (3,6) and (3,8),
respectively, even though this chip type consisted of 16 probe-pairs for
most p¥ obeset Jfach gempterpregram may be ppplyRYIidAn BEOHBYRPIPSAM H9WChbove

exenpl ar y 6 ABOATBAEJ In BRkSHaHIOs108Ed @ick thREABLE bY @ B8 Sftert hE
enbodinen?sggg tﬂ%se teachi'ngs an% d%esénotwli&it theseﬁteaé iﬁgs nor does
t he abovepreswssyl Mejhodrtspeldftbninvention sty e perfirmedby 2 hempieroasssstri bed 20
embodi MeNkSuring a progHlf chEHLANGRILRICHLRAL-RAKE RN jdlfment ed Tn one
or nore conpufgr progr a Xecuting on a programmabl e conmputer including a
pr ocessor funatict of thg &xvamtinum opemtiadhdneinpnyf andhgenprativgsgput. Qtheg mgtliodsy, f or

exanpl e, volatile and.non-vol ati.l e [ r.stor . el ts), and, in
sone iﬁbomdﬁ%ﬁ?@?mﬁﬁc o5 KB PRy fc%fdnpé‘tt {(T)Iet easgigrO%{rl&gx{sﬁoﬁ%%togf’gg‘gg\?}#gngﬁand/ or at

| east onecemiiopeiits hkesih oetakPowpitdroncihele compinkiona ppinpeid Gombitationserft er ed usi ng
t he i nput_ devicge (or,user interface) to performthe functiagns,described and
to gener ai“@“to"il?g Bﬁ’é’uri’ h?‘o‘f“ﬁﬁ?‘?né"rf“veﬁ@ e ‘g“[e “isﬁ?ggfpﬁﬁ’to %ﬁs‘%ﬁ‘if%ﬁih‘gﬁxﬁl ied to
one or ND&R Akt Biéthod &M Buter codes coulddl@BRNnpleaRAteg.ONPOnent s descri bed
herein may be further divided into additional 30 conponents or joined

together to formfewer copponents fqr perfarm t he,.sane .functions.

Each conput er ‘Fﬂ@?ﬁﬁ?ﬂﬁ 8“?%5“?@%*?@ﬁmp méﬁggﬁp%%¥%ﬁ§§%%¥ténguage, such
Fts asse nbb?\}élﬂp@g_@ﬂaﬂﬁf, digkpe ﬂbiéieleldmg\a&gﬁsk, aqla@h@iwtpey@i anplbﬁﬁﬁﬁlggx&tic pr ogr ﬁrrm' n?
anguage, an o -Qrient rogr anmi n nguage, or a conbjnation thereo

The pr ogr HiHiRgh CORGUAGES T GRICH TGOS PERFTGY Ciif BT EPEd b PBgE ammi ng
| anguage. pRfsREIm SR Wit harOsfHdlesBYothe phitgdhsy ARMN.Ch PROMI, SQIERRGEVL, pr ogr am

product tangi bly enbodied in a conputer-readabl e storage device for
executionaBgAﬁHégﬁﬁﬂﬂe?W§WE%€§?892%WE¥HQE“§F63?“HF“@W@%Pﬂvgntion may be

per f or medeBitrdtag iR WhdAtioR 0P SREEIOA! sRYAS Uk hilydbtiRer Meddimafbhantgdhl y enbodi ed on
a conEuter-readabIe medi umto performfunctions of the invention by

oper a QHQC@WﬁWﬁﬁ@UEﬂhd generating output. O her nethods 10 and/or conputer
codes can provide input to these prograns based on conbi nations of

conponent s her giiibugh thedRnBoi 1 bedn'deforbbE®Eh Eopat datatiomsenfddintpts it
Conbi nations_of input and output, i.e

) an It p! ., conmyuni cat i nd i.ntegrative use
of conpon@ﬁp?tﬁé§%¥ﬁﬁ@&‘ﬁ@?@ﬁhwékﬁcﬁﬁh@Pgﬁﬁ? d@§ﬂ8P¥gH%EUF@fmﬁgdes coul d
al so be i pRb&IFRAERithin the spirit and scope of the appended claims.
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Common fornms of conputer-readable (conputer usable) nedia include, for
15exanpl e, a floppy disk, a flexible disk, hard di sk, nagnetic tape, or any
ot her magnetic nmedium a CDROM any other optical nedium punched cards,
paper tape, any other physical nediumw th patterns of holes or other
patterns, a RAM a PROM and EPROM a FLASH EPROM any other nmenory chip or
cartridge, a carrier wave, such as el ectromagnetic radi ation or electrical
signals, or any other medium fromwhich a 20 conputer can read. Although

t he i nweat ik amnkas: been described with respect to various enbodi nents, it
shoul d be realized this invention is al so capable of a wide variety of
further and other enbodinments within the spirit and scope of the appended
clainms. Wiat is claimed is: 1. A method for normalizing data froma

t ar get ldat aAdeithod iee nersialidng #7é3 HEMi isreshepie gt ithe Rebetpaine i melermetierhisra si ng
the st epsputdr: ambremprgindatha ftesnefa soeingr date drogaparedaencacdats deingedonling to
nMeasur ereduterieat Vihie; SdcaRd, i@, thé ERmdtdBR, sosrtivg telapRdetadaryddirigioh Ge@rence

pr edet QIbGétE‘QQe @FdrdRE LifbRets E&fr%ra?légﬁ oﬁé’ﬁé‘f&&r&e mteQ&rerrﬁ‘é‘n@Cﬁ&EC ?eléc‘dpi%&a aNd ng at

Lﬁgzt t Or’}'erancte Sl?bSFtS Ca%tatm?aréel“rlwlistepl e targgt ({]%Cfefsu seiaqtlapyg%qsui\%llent g Pliqegrel;erence sxib?ealr,;ctenfe

one ref¥iEfbedyaplments évﬂ%armj‘vleﬁw&af tp tAF apfeisiegenssy b‘g’ts%h'i’b’ maf‘ye'@%m VYdisent to
t he onther wfted dal@eclgudntetontyyising aswertedrevitstaptidliy eeguivalérd sgbret; ehd dwrmaleing vent s
conpr i &irgeg datasset, tueitkirguhs haRbitadnk tefe@uiey@abnte et GRle; andntle REtdMRIubZERBIN he

tar get ofalRnB&bsetUliehdif iHaGtbb 6t s@fectlin%@%{a WRRnt:Gh SiERRR: ARASHIS ?tthev@altéje_ and
t he sor I'é'%gnt? %'rpds%%%dzﬁalg lszY i ?aq e't:’qgtla %&tbe{sn'é pgﬁgr{nex\'%?ErﬁgrQ (ftf h%oﬂr?n?s‘?to& co%ﬁlggm 'ng

nor rral F%Pﬁ@‘@éﬂf‘bﬁ%"éiﬂ @‘?é‘?p“&%t’%?déléf Ccﬁél‘i%%‘é‘?sf%‘? ??@EP“E?;?%%HE’“HF%FF’S wherein
non- t r tegnetbedyis ¢ilned fardedgabmeking th ineredsaepiigeesrpube vse dabiabite it adiEitiehat
causeSmtlhdang:mHmMcemng mamﬂuhé o bridizators brefaehe wpesgom the nmethod is utilized
for decision making to increase confidence on the use of the data in

act i vigi es H&%é{%& qf@ﬁegank@gte&mm ngthe@¥% L2 aLiece ARLLASAR i‘e N

expressi on. (H;g |'aim’l %’ g L2z ng
| east BHE ‘P'bfhérS@H FEVA"e FBHY2 ‘”\Pélsiffé%‘i? Tonge E‘En“ﬁ % %scf’%{‘ﬁf'?eélt Step

equi validiine g whrsletermigedeamhination ot the ablged cserefprre vplyesnd the ngﬁ@psubﬁaﬁjtal'\{ i zi ng
a pr ededqudvalennsatiset orvioden & éstablishfa didwdbusibn teast one reference val ue and the
sorted substanti ally equival ent subset in order to establish a distribution

curve. : &ﬁré)mglam 2 \9/‘1 E mtlze s\f\é'be{f%{llﬂmrgg%re%tef\e?mqu J:Hrr\tllr‘a%brngf tﬁ‘e at I?-.aSt

pr edet er m@ h b)’ l g F )
sort ed*¥uUb feé.‘ﬁ“tYaéW @ g&d?% YR RDSEHVEDS P*?Sgte%’"lpﬁées riee%%"58 ’eraf WA ng
over pertprsREtherortedsubBIntialy eayiyalentisbhsal ip prasg e abiaineiie PEdpSERIngdcopPHEHoR o
obt ai nofttheatpeastek esfaienedaveainl thatared saofstantiglyatiuivabas tubsete r ef erence val ue
and the sorted substantially equival ent subset. 4. A conputer program

producy conpr, br%bxﬂgr &oE&QH 6rB&U?:§k&rﬂﬁr)érngcgoﬁm%a%ltdﬁs% dﬁut@?ﬁéaﬂ@ rﬁ@d(urﬁ‘%&i@pm er

LR IR IBL e L8t SR hohe®l 8y SOEREl 0, f0
accor dfmPUEes SypERaTs ter %?ﬁta tfam@éefeseéttee%a sef PESAIYENRAC BGRYUERINehY ke éFd‘%?&rf'Eﬂ’Phg to
a pr edteepiddriath, eqcprdg tonpredest mrieadedtesian seferencetshbsetsethe refereecesulbsssthevitmvi ng
at | eastlesnend efeeboairanth eaRe)tsedal Wdizing eleteterendd slbsas,NBitd lemédf prence

subset g, e@é&tés&' tREBAh §le|‘n@nt§‘|nts%'aQﬁFetQiétta%etSt%ﬁng sEé’é?anQQFy%qé%l/a%m RS Ghel rBreRited

t ar get at a el n ce subset ;
sort t?_'u se& %ort t‘in téata menps su?sr%ar{tta !yi %/ u1vglent {0 tﬁe one {efer?r}gl:e s&bnset ?ye 8?surﬁ81ent ubset

by rrea‘é?tﬁeéﬁ’é%%"”\‘?%?ifé§'e”‘ﬁhféC%‘?rtslé‘& aél%[fe& Sé*i’séar‘i‘é'ﬁ'{yseqﬁ%ﬂ?ﬂ‘ Peseiged nogpiliggsaid

subst aktdenlity selqutiNzitieghe akigbg ene refagneromeashiemenisaiug andrtgesortralt wbgantially
utili zédquyalehesubtet] @RS Ein GBANIlIES hiEnCet IRRASHr BNEBilided \fad deeis@Rdndkihe t6 Gicteack
subst a&’th@én'cé’or?%H'uY@éfQﬁbtda%aulh%@Jv:t;em@ﬁ@hé"mwmn'né%a§cﬁ1’n§i hyBridiRtioau@eset 1
utili ze% deci sion making to increase confidence on the use of the data
in acti Vletl es including manufacturing, handling, hybridization and gene
expr essi on.
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