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-confi dence utilization of |arge-scale datasets, 10 The recent
sequenci ng of | arge nunmber of genones includi ng human and devel opnent of

arraying and omﬁr } glﬁ{f-m ORES b g{yﬁg’ EREg e ‘,% { §pl Ncreasi ng
utility of these gg/%%%@?%% S u§3t}: B‘g\gg},;??m scal e d:g'?g% ’@S)HQF tissues,
organisns etc.). Wth these advances and increasing out put of |arge-scale
and hi gh-throughput data has 15i ncreased need for nethods and systens to
utili zs the data with high confidence (i.e., reduce fal se discovery) to
optimally allocate resources for fyr | opnent of concepts,

hypot heses, technol ogi es and prod%@%ﬁﬁf t hese technol ogi es have been
devel oped in the |ast decade and their quality is.constantly inproving, and
so are the too léeli‘%seﬁtttﬁcgﬁlgsf e gApciags gn Wate‘)tééf?rﬁ‘u’éﬂﬁcé’rn?‘a@ﬁ%/ne t he

t echnol ogiyfRzatiblesBae kil GdRegpt s and 20tools are presented that satisfy

sonme of the needs of the latter goals. Many systens used in

| ar geJQcaI e nmeasurenents of or gq%gni smal / cel | ul ar, stda}t e involves multiple
i ndependent nehkaieesrbipguensme S MrgsTambsreleenqraesdncluding human and

genes/tra | pRfeft SR fhd Sndtherhigh AR uSRITREnbRI I hed rebitted inf Mbi8asitfz

t echnol ogeé‘ﬁdﬁardgﬂm }de?yl useé élgr_e (P? Genecr:lhi ge, (1Afrfeyn§jtri X, %:A), wher e
each t r anatilitypf these agvapspoliestudy ormsnivmalsgrle daty ety tistires, opgapisms g€pendent
probes, Wy I r neli j ; estimte
Cross- hybrvlg' \ |t§§%%?8%n?&%ﬁgﬁ¥géra%€°@@]ﬁ tloggxp%rkg!él?fg %ﬁ%@rgigh?gﬁljg%pﬂragbe and the
lattensm snedasdd noedfoemetiiis and(sysseths wexitire thedath with highreonfidance (iet er at ur e;
‘e.g; U S._ Pat S. 6551784, 3 i j of m xtures of
b ot e ns _BLiF AR PRI R Om A oighicts S RLGR aBREMER S T T STLEE
(e.g., Wasbdvapts hgpothaks, tecROdgiesoid Oniaety. Many affthesa sechurloglestage beend

conparati ve licatjons).. A variety.of applications of .thi of

i {1 pi e et e 2nd ek S Lls RRBu S Rbb B Pe o DR bIBFS s
and can beo etlizk srgatsetdAnd tb Quriivet Jefidothe rehiodebiqr | Mere kfiowb@dess 4idn | iterature
and in patents) and evol ving appli.cationps, .the use.of the technol ogies and
gener ioﬁooéﬁ‘ar%ﬂﬁseﬂgséhaé?aélsg’o?ﬁ’gég i oﬁ@;é&teg%sst bi ol ogi cal
experinents (dNRnj §steln¥iubedt ih Mge-Shlelthab@ghand ofrghndinlatellus stifeces)
utilizing, such hi g,h-t_hr oughput data engragﬁi on s%s(%ems are conducted with
smal | nun‘rb‘é’lol"_%\““ ipfsi indeze ?“W?éweﬁ‘ﬁ’%‘%f’.‘f PHEVFES\GI®rant data is anal yzed
usi ng st atgbx%)ﬁﬁ@écriﬁt%/pf&éiﬁeéf@!}. TR cdthSEfoRh 8 thik Bfpe ©F BIR oglyAhad afee Ct

differential s between datasets explori ré%%di fferent conditions) to increase

the confi gedrbeusst ateB CrasiipP dvivaredps Cieotherarich TperRipAPIESHIRDRr of
repliegt e%e%%\%éeﬂ \Bs%n;g@xmxdigig rﬁ%@e& BRybSS, Hith ShdhGRbbHRAVRE alcBrrbdpbndiiial yses. In

Sprinciple, 't zation of the | ndependent measures_of each paraneter

shoul d al mEsmateheprabagaicstineaip eropraltbrigizatian;-shapfouptremtiqda perfestapatth{PMar s of

| gprovi ng ' R Ni GRY dBLRESE B pfenlahd BlcRRRe;Qfg; ¢ he

process - pg"f%g%{‘d %%%F‘é‘??ﬁ‘%ﬁﬁé’mﬁwl ngv,%l hybri di zat iegnaet c.). ? n.gt he

utilizati dhSoPatriidst 6351234, GaRA3e hiéN typivekmenserss eftreixbirgssof grafeinpsipeptidsn

under st andl,0ge Al uifiectUa EMARS B! HeRfaREY (L gSwaRtbublg. AShE A of the
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



10 paraneters used in such analyses 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 datasets across different conditions

and repl i e&eplisatss.cOprpapible thesmltantsiatady analyae eingitisticll @ i n 15dat a
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of data bﬁld&ﬁsta%ﬁﬁelaﬁthégﬁ%m gpebilit Qro?)@ﬂtleﬁﬁﬂ&hﬂmiaﬂbﬂlﬁ’ﬁhd‘dxﬁhdﬁt, and sets the
stage for one ki nd at aset bejng part of the jnven SUMMARY | n one

embodiGrenparameiers yeadip srch pnglyses WftEfﬁéH?Ct toeaethpthg's CoRwarss eé‘“‘%"é?t%‘@t‘r?ghg a netric

30f or det g3, RESHE s8R Wallh KelBBEshélﬂge stk echholbgise Positives and
fal se positives in a data set, ap @%I ng an opt| m zation techni que, and

obt ai ni ng, fr oWhethes appliadite datesetstith dspien PRIBCRIFSHMHAE Eh#HOYE EXaMPIG 2] ue for at
| east one QLHE%} n%QstukeQ%f %Bgﬁ@ﬁx@{w rfd@?ea\é@k&}ﬁltfoﬂf othdr @RS theQRRQPL I M zation
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and fal seaquess |dxffews condltmwepﬁcamcm&emwmlf? sogldheavailahlendis s ipal se
positiyves r
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vi ewed asafien paqqpmmsm@diaea fw@phmégmhddsmoen@ﬂat@—h@lek@qn ypegifigreffents e.gbn anot her
enbodi nen the f t e [ ' par anet er
val ue inc#’d(fg gu’broﬁrﬁft (m?rﬁg 8°udr1ne°rrf§% Za?g& 1stp?e§%&§%ggo%%gﬁ§eg@?&%%{% nunber of
pairs of hm‘dta&mmtft}reebmlts det erm n| ng, for each one pair of neasurenent

results, whet ned sures fo enment
results satisf qﬂ%ﬁ’?éﬂ lne&ﬁ‘ﬁgg?c{ i ﬁgng BQOIV fﬁ%%%ﬁ?%{mnt
resul £@ fﬁrﬁtﬂe&d@ﬁal@cumaﬁ beihg gﬁapdssd aid nmmﬁbmmhsmesmbpma@sbeamt changing if

the predeterm 10ngasur e 0 _not thr ho d.cri er| a;
conpar i ng,ccf’l?te‘?ﬂg ?F’é‘?“ﬁt?‘ﬂ(g&’%ﬁ@i?‘t@a e[dfc ye'ﬁ;e 5’ AIERE o criteria,
one nmeasumanpi mdl@&';ﬂeht héhs@BESF e@ﬂﬁpd@ﬁhd’t@ﬂﬁmtﬂ@ﬁﬁm Intormediate @mtbismgtlﬁtoa not her

measurenent result in each onge urement resul t i fying,
a unified model baseg summary) hlgh ights ’che neeg or improvements that wéulcf satlsi% ying

ED

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



after the conparison, each one pair of neasurenent results according to
result of the conparison, selecting a conmon set of neasurenent results
fromthe classified plurality 150f pairs of measurenment result for use with
the data set, and providing sunmary nmeasures for a paraneter utilizing the

COMMON SelogirVad 4RiUs1sE PRANIENhifintel Bf Rl fSi80Ls AL ATRLE! qfﬁ%fsé p&ithel met hods,

data nornalization nethods and nethods for testing quality of analyses are
di scl osedare pifungtioh of the,one phodicrrphimizadn pyamaers and conput er program

products are i . 20Fqr i resent
i nvention, toggl%%ggé@m%t% @&%ﬁgﬁtaﬁﬁg fﬁ ﬁ?ﬁ%@fsﬁgéé%?e?h%%@? v%fg%eg? g?{ge IS made
t o t he acanpmpaintgiresponkeawifmgsf thedkeylpdramétenrd. Geamothieptmbnliracd, the methebpe wil | be

poi nted o in_the appended cl ai.ng, | EF. DESCRI.PTI ON OF TH NGS
AAIRER A RIE S S R R ERE T AN TR ST U
of the presénfrorh aaahisaigsto a number dflp@ts of2acasidbmele pésalts, detbintimnpabt each
representation aof another enbodj nent qf the pethod of the present

t eachi ngs?"®Par O?nwasu‘enﬁ“&es‘ggz Wg‘gﬁeﬂg Etfzngngeﬁmrﬁa?qr ﬂfeé’ﬁFggléﬂ ation of the
enbodi menkefhrelieft RIH Q&tisef thiBhdld erithria SR fyIngaGRIrRG hetsi@Ment RsdisGS. 2a, 2b;
FIG 4 de%)cts a flowchart representation of a sectjion of the enbodi nent

shown i n Fprsthegmbgpof pairs of megsprement rgguls as not ghangingdhihs prefelgrrisdnt at i on of

yet ap®t hgkaseithadhomalistpinctthesHiRt dRgdiadlort REnpiPHE Pka&taaﬁmdng@smes FIG 6
and FIG 7 dggel ct a flowchart representation of a turther enbodi nent of the

net hod of safipiéedghetheashold srlerip.mge mesyramentresylf ig, cagh gpegparafmeaprefadsf ct  an
enbodi nen & ' ki unmary.
G L e e B e e e A M mge 10
esti mat e 4fter thechmpegdson, each one pair of meas@rentent wayisgreprding torrehwdroféhebodi nent  of

t he net ho 1 he i I I ure.
F'G 13 qpapils s aRER kb RE B PRl Brod B WIS KEnSRC R RRESIARRS
t eachihgsoftpairt efmeguainentyrendlt foasa vathalheydatrsset, end providing.summary medsin® 14

depi cts Yﬁ)t a ggfﬁxﬁg'}ep gtﬁliz?n%ﬂg E;orrrnemn(gn s%%. {/er%ugg&ggaqmgrtts %hgfepr s.regtspea?z;[metteerac hings in
nor mal i zi .
: estimation methods, data normalization 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;



15FI G 15 depict an enbodi nent to devel op a conputer systemto practice the

present teachings. FIG 16 depicts a graphical schematic
representation of results froman enbodi nent of the method of the present
t eachings; . FI G 17 depicts anot her graphical schematic

representatio resul ts froman 20 enbodi nent, of {he nmethqd of, the
present teachi 5 depicts ai}ﬁ’?’v@%rt rférﬂ?enﬁf’ggn i ﬁqotﬂée‘lr 78 ?‘E‘BF"tp?g%r?é@tﬂé‘fd}s] on

results ot,fﬁheg)@g@s{eadhﬁhg@,ne enbodi mrent of the nethod of these teachings; and

FIGS. 19 depicts results of an exenplary enbodi t of the nmeth of these
Feachi ngs. 25 BT ARDBIGESerie P RO VPR SRS RAH0A RIS eHERELELeL eacht ngs

i ncl ude a;Ralhdef mbplbQd®adiithsal gori thns to aid high-confidence utilization
of large-scale datasets, viz., (a)_ a response surface assisted strategy to

study 8at aset sF¥G 8y Beftand FYG. Hdepiop prerpasinens pf thednethodn{dhe meseplar anet er
(especi al ke\écﬁfﬁés%’r E@%B@Rgﬁ&ka spects of the sane paraneter) and aid in

desi gn of “such neasurenent technol ogi es and schenes, (b) nethods for
det ermi ni ng daF¥G.dpdepistiapothtrengiodinest of i method @6 the prrsend tdackinggtoof a
sel ection_strat atistical and/or mathematical) in the data analysis
schene, aﬁ%l a%)t%glyo%g normal i zi ng schene for nmaki ng datasets conparabl e.
Addi ti onal i nfBIGrdeidepicten firther elb@itgn e tHeenatigpddif deusssent teavtiingetomi nol ogy
used tlg desﬁcri be hhese teachings is disclosed below. 5Wile attenpting to
descritBe EYEHCRRHIRGE K S eneri ¢ scenario, the Affymetrix GeneChip(r)
t echnol ogy i s PRERd3dspiex sephethafdthodinfeat ofthawethod o the pfisent taelsihgitoaspect s
of this techno,og)}f V\oulagy&?erve to highlight, but not limted to, the
mul tiple FSEERHYIT R anasesionls Bdscussed here. In the GeneChipn system each
transcript is FRRIGIYGHESJetRifuhe ¢RBodMeMOsRhRehodbBbE présent Rathinysobes
conplenmentary to the nRNA to probe the 10 transcriptional status of the
syst em beihipraglirinessta. A correspondi ng mi smatch probe to represent the
cross-hybri di zpfd.q8 dshigNAlenfb it 16 Aerelipsd Cipatr BsRRtoPRRELE the Noi se) is
included in the chip. H gh feature densities have been achi eved and known
and predi etceent fepelagsy i pt s have been arrayed onto one to few chips for human
and ot her Orgaﬂé’.%demE%Eaﬁjﬂﬁﬁl@b@mﬁigFbp&rs&ﬁﬁﬁ)n'o?résﬂl@éﬁiﬁﬁgnt0 represent the
P

cross-hybridization or probe- 15specific noise signal and is used in that
sense in exbedines efdbronethediofitbe presest teeohinggr i at i ons (and appl i cations) that

do not includ icBl: schdmutic WPARStAnl o (i ffom WyW. dchi p. org
and Irizarry 2?@37.%6’%{%§§&g6?§3§§’8§|5|°y \_/vell [ “uti zgd By theonzlapproaches
descr 2Bed embodiment ofithet hétbodefithopreseatictphings, and advantages if any woul d
directly trans i I COs m cal properties
of the probes gﬁsf %?l%i‘flégfdzeg# ?%fg&gggﬁpﬁég%;é&% {?%gtgsﬁ?ﬁéﬁ%ggﬁﬁ ng a single

t ranscri pembodiment of the msthodptf thexqeadhinegs aad a parti cul ar quant al

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)



| evel ) has different hybridization intensity levels. This |leads to
difficulties in direct utilization of the signal |evels. One common
approach that has been extensively researched on and being continually
devel oped is to use nodel based approaches to 25 sunmmarize the data

{r ansort pt PedaTpi e P Bh Rl s IRMITE LS L Tt or ence

herei n). Thmparadpr oach has the advantage of user friendly representation of

the data and i se ofc uti.li i i s R

mat hemat i cal a%Sﬁ?‘é%’é%‘ imofcr)lréna%? & 89%? H}ergg‘??%%g%fs &?%}éa %g'bglgiloﬁ? tG %g t(():ont ext of
advancenedtsceibe bnmtetines Bidiscleeddebivem pr ocess being studi ed 30(usi ng
patterp recogniti.on, classifiers fo L agnostics, identifigation and study
of pat Rways anW@ﬁ#ﬁP’b‘E@Z%g‘?sg,cr“?eetg‘a{eﬁcg‘r‘ﬂﬁgé‘é%eé‘g“? %%“%?ooﬁﬁé}fgy&?\t/ré’? opnent
etc.). SomRnECHIY®MdchAs1SeyUS astdiapetdiipte siRacior périveriesuee Sas desigredpdear ei n

bel ow. . roughout this text.and in fhe acc anying fiqures the term
par amet er °f g“ﬁfg‘é’(‘}o‘ogy PRBld Seive B’xl"t‘ég‘;gg& g‘f‘ti not h’&ﬁﬁ‘gﬁoe t ”?')u"%l%e %8%“8‘%? B&°each

exper i Meniighsd 8R4 Hotkel Nh he@edlati@p®isystdi @ébﬁ(i{ah@hﬁt Bipr@bme€bEeleyen and (ii)
t hreshol ds and ot her cal cul ated nunbers used in the process of utilizing

t he i nven®©r BalesdS nugleatids lprg prebes camplepantariathedaRNAdp BObe the addition t he

5di f f gpen |sHRiean S8lon@he ey st i mat ed or
desi gﬁgt e rtlﬁfigégﬁ%Fﬁ@i@&?&@éﬁe@fﬂﬁl@%yﬁa&;uﬁﬁg;l sc(’r;i pt ed }gxl;r?r}gl e quote (for
exanpl e dirspresentdhaiersisgryhtidigatipn gigurldwoeld @e copsideraduebeaspeqific eaisedisd) .

The use of, 4oLy élg gﬁ?.np[?%&tf ﬂ&@%&ﬁs&fe ?&We% MR Yd RASIHE SInPhre@Reg PAT anet er
ustng n?lrely F ?

(transcript etc., erent measurenent criteria (e.g.,
di f f er ent tmegiiptshaofbean ddtyednsto phpto faw chipe fe hudid fret @her orgagiswas of a

protein - peptide.fragnents, .nor h 0Qgy. £ 0. _a protein
etc., - \’?}?1% tt‘%%nsma?cgé) Fog)ﬁ% isr‘%cg‘fc%%Rom%gﬁ?&gg‘\%ggﬁg33%%4&(%%%%@?#{&% it could
have dbff epeific misgRiphalpnd parsed mghat netse int dxemplasdescobudi Herep ntherTharigtiamspl i ci t |y

differentiates fraomthe conce of, statjistic i ndependen ydeed sone of
the pr oper(ﬁl’ﬁd@Bplbcéﬁﬁ’bss g\"’b ‘bogfrgbﬂdSH@gee%%’k%f%’ghgseﬂp %S?e(;% lgrﬁpgﬂéﬁdue to this
d}fferencemif.haﬁ;ﬁgﬂg@damatrg eﬂ.5ﬂ€6@3)iaﬂ&sdué(]¥y(rjveélmtﬂilze:]1c mothe hpmachgk t ]9 tEi s type
of statistical jndependence. . An, epbodi mrent o t ho . these

P each: nge bsnrel AR o i R deaghingy 204 FPagY e e o el S e B oo 1 %)
for the sijebuiRiedat asets i s described herein bel ow, where each paraneter
is measured using multiple i ndependent sur nentdéwgy}ig?le illystrates one

repr e8@nt at i veDintodhs Bisirersheicalaseneyties O5{& PIBFYH BnGehRiee ng dat a.

I n gener akyflgh fepRsbnin@lalsBeicaindiPii 3., IRRSHHRABREseS ¥Ed pilticul£Quaid2 and
pr e- processe stpess 1 Ozﬁgnd 100@& Thi s p?lse- pr ocessi n?mv\oul depend on the

dat a- col | d&veD bas didferspidivbyJization dntensity fvelse This deads foflitficultissia et t o be
carri ed oWy, Bl 66@e SR IQRRY ORL B&hMWOR Sprbdeh RBE BRbeePEGIsive apPP! Yi ng
enbodi msnltdsf lzoaP t he %ggc_[ﬁi ngs descri bedg%%rgi n). Sugﬁ pr e-siorg’cessed dat aset s
are denot esearchestoarand beidgeansisvallydevelonsdiitigrusempgel based @pprogrhey tost ep 1006 i n
the rest 0.4 [ | JYERAr €
ref er ?gd g%mlltnﬁﬁ% q?és;%% Vi ewdﬁpr%l@tﬁg%lpgjﬁeﬁa asélm%?:lg“&%%gfrﬂ t orFI_(ri 4 step
1010, FI Geadh tenepipOdte Hn8l Fat. Go. 65408 whirhdy incapprateddyaéfefreh hegain)i hr ough
FIG 4 depict _a r e .surfa . operties
of 2 gi venaapEodIRe A B P u R BB deFSRRRGE B Sk i h BRRE PECT
and (ii) atiixetios &l ydvamed stddstiedl apdrerathenibtichb sppdioatipns fwitid wiizéton ofitl80gi ven
Zg;;g{n STJSIth ins t g%oﬁtg}littolfaaévaﬁée%g{ (%fl k%gwpe]aget cbfethee gyg{%{nl/pqg&tss leir?g”s?uc:{itaedc hnol ogi cal
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.



FIG 14 depicts a new normalization schene that is notivated by bi ol ogi cal
i nvariance principles. FIG 9 depicts application of these two above
enbodi ments in conbination or using the first aspect alone, together with
met hods for data specific thresholds for paraneters used in their
application in_a new sumari zati on schene as well as in high-confidence
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criteria dsedldfterd’ whemtsekys tigestlolif.erential s are 10 applicable to many ot her

types of datasgts that need n i nvol ve, i measur enents of each

ook aneter o fekstaPut S i SRR L PSR B B TP ¢ nose
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confidence data analysis, and (ii) conversely, aid development of design principles for a
30  given system using some initial properties of the experimental and technological aspects.

FIG. 14 depicts a new normalization scheme that is motivated by biological invariance

principles. FIG. 9 depicts application of these two above embodiments in combination or

using the first aspect alone, together with methods for data specific thresholds for
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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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over the parameters to determine the substantially optimal threshold. The method

30  described in FIG. 3a and FIG. 3b includes iterating over possible values of N (number of
independent measures included, steps 1032 and 1032b) and over a range of user
determined confidence threshold of F (when there are more than one replicated group,

FIG. 3b — step 1032b). The datasets could, in one instance, be composed of two or more
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observations, or groups of replicated dataset representing properties of different process
states. The increment for iteration over N (Nize) would be 1 (as this represents the number
of measures), and for F (Fjnc) — 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
of the 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.

[é:(x | F>=F", Xjal Xjg >= 1, [Xja = Xjg| >=d') ] >= N’

(It should be noted that other predetermined criteria are also within the scope of this
teachings.) where x; and x;p 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
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
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”)
and ratio (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
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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
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
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),
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 F’ (step 1046).

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
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 CAN.gy 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
flat surface in FIG. 16 of the response surface of Negr 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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135 135 136 136 135 136 135 FP 16 2 5 0 0 1 0 O PPV 026 028 0.95 1.00 1.00

36 37 A5 47 68 75 1287.716
o 1 0 0 0 0 o 0 0
0.125 4 1 3 1 3 3 1 2
0.25 3 1 3 1 1 1 1 1
05 1 1 1 1 1 1 0 1
1 E 5§ 5 & & 5 4 4
2 7 6 6 6 6 6 5 6
4 8 8 8 8 8 8 6 8
8 8 8 8 7 7 8 7 7
16 8 8 8 8 8 8 8 8
32 S ¢ 9 9 9 g 9 9
64 g 9 9 9 9 g 9 9
128 g 9 9 9 9 g 9 9
256 9 8 8 8 8 8 b 8
512~ g 9 9 9 9 g 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 6 2 5 0 0 1 0 0
PPY |0.86 0.8 095 1.001.00 0.981.00 1.00
Sensitivity |0.70 0.64 067 063064 0.65 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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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
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as "N IS nu r.Q al se positives, PPV is_positive prediction
val ue PTP}”(teFI'-{’E@)ﬁ’F ggﬁemgxdtmﬁ- ) Sogepappseis pbenpligfgos O?R’eﬁ IBXAEPR S n was
conpar ed {gntbht b25enR Mk siBdsloRnidasuraféhiPdstn g hénSChis@rtedhnbRgf BRRBIcEHed @ 0 PM

spi ke-in. f CRindicates cross-reactive transcri gt s/ probesets wi th honol ogy
to spi ke- iGegalpm Gieneire Biolagy 284 §:pl% adishdoinprrporaiss by srferergedereimdi vi dual
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.) The exanple shown in
Tabl e 2 denonstrate the signi if;ant adwant ages nf these jindings, i.e.,
ability to selecttrue pos}iti ] j unber of false

Preci o the need Lo guebSTa Ehe oreatol o ool od e tar Geti mi | 1
dat a-specific thresfé g afe ri bigd;iiat cej‘t5ihr:g gﬁeé:ﬁéo 6 and FI Gg7).
g LA il b g el g
Gopal an, Genomne Bi 0I4),@'y 20p4 .?p'ir4, B3 sl&%& gr y reference
herei n. 6,6 7418 11444 15235 16677

T 8588 13500 17426 18690

12,6 5164 8993 12204 13596
7916 | 6634 10534 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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1.5 2 3 4 3,5 9287 13595 18001 19251 3,6 8548 11031 15101 1665 7 4,6 7553
12753 1694 7 1828 7 4,7 6927

Some of the embodiments described above utilized a dataset specifically designed
for such purposes. Many currently existing datasets seldom are designed with built-in true
and false positives, or not in sufficient number and variety. One embodiment , for the
instance in which there is not a 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, €.g., using

20 Neg 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 Negy ). 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. 5 can be used to
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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
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
vibrate factor - v (e.g., v=r’, would imply find enough number of random values
between 1’ 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
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
of F is 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’.
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
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
[4/]



15600 10Table 2- Application of data-scaling strategy (SCALELT) to
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ability to detect substantially optinmal conbination of true and positives
froma tester Hetdatett psed igyfromdiopgt. 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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summary measure using groups of data (typically replicates of observations in a dataset),
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The above enbodi nent has been applied to a published defined dataset (as an
exanpl e, enbodi nents not to be [imted to applications or datasets of type
used in this exanple) with | arge nunber of differential and invariant
paranmeters without iterating over range of N and F values as in exanple 1,
W th good success (FIG 16), by using the 5strategies described in FIG 5,

FI G 6 anehild 3G. BaathHI@pm Qeism@etahbnilaeslgbﬁ&ntmlt Eir@ealidag vhthreatthi s pur pose N

rave v ok SO B aShA RSN RS (o0 e,
and 2 ( Taﬂnhz&uﬁ)satxsfyl@m@scﬁhreslaﬂd critEdsil egrsteaei;mm l(l(ﬂellllj()f idand TH” (B9 s Chip
type Dr 051%;% elpsc,) ﬂﬂﬁ and 1_8386)1 of E Egral?xeetgre 1ts glags?fe e% as no change 8&8} mc?egs gl f f erential
5  decrease (D) i.e., steps 1104, 1106, 1108, 1116, 1118, 1120 based on pair-wise
comparisons, step 1098. Based on as many comparisons possible (or 2 minimum number
of comparisons when large number of combinations are available) the independent
measurements satisfying the specified criteria in the pairs over a particular threshold of
datasets and as many independent measurements having uniform classification for that
10  parameter are chosen for each parameter step 1122. When the number of independent
measurements chosen for each parameter is above N’ the values based one reference chip
or a set of chips are ordered and the middle N’ measurements are used for calculation of
expression summaries for all datasets step 1128. Some alternate purpose/technology
specific embodiments would include ordering the usable parameters N based on purpose
15 specific criteria (e.g., along a predicted transcript and using a set that maximizes chances
of detecting a variant of the transcript of interest among possible alternatively spliced
forms). When the number of measurements chosen are below N and the threshold on the
number of pair-wise comparison could not be relaxed further without deterioration of
quality (step 1124) all N measurements satisfying minimum criteria are used (step 1126),
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 sumimary 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
measuremeénts 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 cortection criteria.
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2508 Total differential 1331 937 73 ..-. 2 fold 781 732 -= 1.5 fold 1129
921 < 1.5 fold 202 16 Total pro besets nut use d 10091

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 F values — step 1148. The confidence measure can then be used as in the cost

e’

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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10Tabl e 3- Application of data-specific thresholding strategy (FIG 5 -
FIG 7), Bl Nortn schene (FIG 14), and ReSurfX (FIG 3) on a test dataset

with large nunber of true and fal se positives. The dataset used is
from Choe et. al., [CGenone Biology (2005) 6: R16] vvhi ch is incorporated by
reference herein. The ters used are 15B =1 cal cul ated, data not
shown) d' --- &% e‘(‘h‘?‘b‘ﬂ? Oga %lt?‘s%f‘%mﬁg%g}‘iﬁsﬁ’ég ‘3fﬁ°a°¥ ofd ‘f%’z’(‘ﬁi‘lgur e 5, at

50t h per cgyMckib©ichBine used ik ﬁﬁlﬂs&ﬁf@ﬁkasetﬁéf&%d% 59 séaPprfyis afs@bécdtie - Figure
6) 20Intensit msasure used is PM - for each probe ‘pair. Normalization

used i s BRYBIR®ERF- 25% ni ddl e val ues |n each subset using known spiked-in
invari ant set Q'é'hlastbe'eﬁ‘uk'a%x@ﬁstl@ly ﬁ\ﬂ%bews @@ ARE G3ffled RSEEAMG max and
mn in Figure 3. l'e both these applications are depicted for
multip!e Wﬁ@ié;benﬂ@meme’a@ar@wﬁ@mw amh‘sahdatbzn@édlggmﬁhmsmedev@amus dat aset s
w th each r t e ly be

achi eved %&gsog?t% ivﬁgszﬁ‘it’ %ﬁ%ﬁg’ f[?ﬁ S?gngg%gdggsse\ésagry%rgg;m‘aﬂ&?gth%# lg}t)he nmet hod
of the prapeopriatedacdn exgeiniaptal sagnari; dziomg tmas dimited by fesmatase Nunehaudes

gr oupi ng airs of
measur erre(gln%gg sﬁ t&&mﬁg%r %ﬁd P n'flsgﬁﬁ &t %rWaBﬂ% Bxgaqagﬁ)%bﬁéﬁ%{?f‘ ment results,
whet her pschetetsaesultrie diffeeasdages of@xccésb@dﬁnﬁyxp@nﬁe aid eaciangoyand results

The nifhoe e pEsp sl R et B etndeonan R

pr edet er rm@&@hlmamm th ufilides SRtviasdnted dh@ctufes ﬁﬁa@&iﬁ ehl tgé whslreldatase“e&pormar I ng,
resno cr|ter|a one

if the predeter nmeasures satisfied the t

measur emef “P@s‘f@ ‘%}gi’eﬁy@ @ﬁdﬁfﬁéﬂ isrSchame ApRUsH 18 gehtciticgsieenty anot her
rreasurerrem;aﬁ&ﬁybéncbﬂe&@éstéd%ed@s%hﬁad}feldwasurerrent results, classifying,
after the conparison, eac neasurenent results according to

result of the fGmbarfsedbes aFS‘P‘b?Cg‘BF‘it@&béépeéibPEjé?fg@ﬁf’steaoﬁlﬁ’@S Byip®adsent i ncl udes
the Stepscongipioad BT ATATIRASHE BARR. dSS Wk pANRIed! Pl cati ons 15 and

groupi ng the averaged neasurenent results into a nunber of pairs of
aver aged measBr&fgnhiseabodiment, SGALFET How!yss senbiag Shesheld datasetqnd fite pr ecedi ng

enbodi ne f u r ad of
pai rs of q{reelédéfels td @ddlg%ﬁ%ég& 19\&% gg Snet?ﬁo%%%%‘heazlgg IBelgfc ‘?]?1%{2 El VI | NE:
An Expl i dhe dma@lyswmy@n@bmn@mﬁlmh@m neersliSé, Thoadventagrawitizihiy par anet er
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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
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As descri bed above, conventional summarized values for multiple independent
nmeasures are nodel based. Wile such conventionally used nodel based

approaches have significant advantages they may not always be desirable for
all datasets. As described above, use of all independent neasures directly

confers sjgnificant avanta S i fici when .id
differ ent%e 1h§1gf)§'[°§§aéﬁ ld‘é?r fﬁﬁ’? c% V‘Jmap %eytg 8“%5‘2%?% r‘E)tfglioergcgt()(%apt ed for
use with Bmhl,vsehéclcﬁsdﬁélkmsbbbd/ advanced statistical and mathemati cal

met hods of anal ysi.s for pattern r ition etc,. especiall n the

di nensi ons cl aAs%‘? YRAHRS 5 368?8}(9‘; g olopigs ¢ hl?ﬁ?’é’?&@i"‘?%’%@mﬁ interest in
t he dat as@fmedBins ofHugiieical efbislalendyst dﬂ@)fﬁctvﬁlﬁ‘en datasepd wighih a pladelm amddependent
expression summary nmethod is disclosed, 30 where the cor‘rtput ational and

adapt al i o#Fre® §la§°‘1nb°f Niast peymialization ussdde dateelies onardgingofdplasits et er does not
out wei gh E&Ecﬂgﬁ@&Eﬁ%@%ﬁhons in a intdnkity dePeidfl iardder difhef@pthdRha® enbodi ment

of the nmethod these teachings for summary neasure usi nq groups of data
(typical | datz based di@tflé%tl@ﬁ, Qﬁblsmav&bi sePRSatPhErquRE:As At pnt-tip npppdlzalignss 8 and FI G

10 descri f%eg ??\%SES' ari% r ep : Caé&%snfxfgﬁsmﬁi?s%uﬂpﬂxté{‘(h% K3 McRBREL¥AL On as

single un ypi‘ca ervations ch 1 ndependent neasure
satis f yi nexapioligdbuttion e‘s? m;asmscwn qréarma thie véhole datasgts andld@osmgmzk basgd 0, 1112 and

1114 s in st 36 a 48 i fd S no change
(NO), nc‘r“é%”éagF%?S)b eegdggff’iegseg ?Bt%{aééatet%sljlsrsldﬁ, ﬁt;%e?ls %%)f 8, 1116,
1118, 112@hishgsincopporited by wifsence quamp pisomere redesily pOp&ed Bairatiofahe laternany
conpari sons i bl.e i um n of co AlLs e rge nunber
of conbi n’é??’ihg‘??g’ﬁ%ff’éh é{?gﬁs?té%ﬁhé@eq ko ’iaﬂ%féﬁé TSht  heS alslﬁsrag@rénﬁ'%g nga%tlgsf ying the
speci fi edc%@mt]ggmﬂ; éqhivialBcdal. T%PﬂﬁrﬁrAp@h@abxﬁ ?amiNmr I2®(15V(_1§)f§_818ﬂ9fl_10\fvh1]dlatsa;5ﬁtf igd
as many i pdependent measurene avi n ni form cl assi fj cat.i qn, for a
par amet er’“&?réoréﬁg§’¥ﬁe fprgRecigEgin }1"%@]{’8’? tgffréﬁmﬂ’?g’ Sﬁ@ % ﬁﬂ%er of
i ndependestieiRe SpiIRABH @fp@xh@@@@ of R iamRChktdtakidneindratteapa breduchitheirhe val ues
based one reference chip or a set of ch ‘)’@!ai’rgi g};dered d th LF% ddl e
S

measur e rreﬁts?méﬁ"ec‘ﬁ%@de‘l‘td’lsmé Mepsiprpations o5 RBPPes B al |

dat asets §heRe dahf time® IBrodhdeRk iR bRY ERQS R IfGidnek omi eﬁxlBS&itnEht%fﬂfébOdl nent s
woul d i nclude ordering the usable {)ar aneters N bas %)QS 15specific

criteria ethgd of thpssrigpchings. sddrigaot vy rhpdaments! Y\‘ Aee9dhat naxi ni zes
chances of fé?ntsei‘é ]s@lgs b\éwmtshg\tm;nrﬁg g@nscript of |nt er est anong possi bl e
alternatively sp |ce fornms). VWen the nunber of neasurenents chosen are
bel ow2N and’ tHrequehilsdhbiolpgisal sysema sinbang wiriatian pLall RpERREEHHEONEBh coul d not
be rel axe oie%&g{}ﬁﬁ?nux%sa?&fﬁmg%&é LBLALL R BhoAUALE fofadBy @RybARE) al | N
measur enen mninumcriteria are used (step 1126), 20 sorted
and neasuineant mlu@pm @ssegw@nmynmiqm lthe detassialnasditionds many Sbﬁ@mék}}?r essi on
sumary coul utlier
correcti oﬁa"c?go ﬁ’r @ a %‘?E‘?@? el%%%”%rata?}g&wggggﬁﬁ%ﬁﬁlgﬁégﬁstep 1130.
Wien a nurdadom, ch‘idmaaml embmtdonaly distibaiet aBich systes dhd systamsvithemely t hat have

e oo abBoBR bRt bR EB B G SBRn RS sRRl BNl 2 000

set for ugfnditdibbiohaical ipariste Matias@inok malization. ’i]lsleschbmymmdlr%val | abl e or
used for this step. can, be chosen_ and stor use... The use of such
uni f or m s 8eSIERLIGRLIONE BPERECY o TeBLRRC p?;ttf’%ﬁ)gﬁt eranﬁﬁﬁ g‘ﬁ ObSEVHIOM & o med t he

Chosenset n&hfiRzehhath refR&RS t1d MR dRMSTACIARS nodhaleatiigv.e., dbigainad diyinbet t er
quality than using all or variable nunber of informative nmeasurenents. Use

of an addP¥I-WHaMaapyBigh betod U INF WSRISR after EM NE 30 may be

advangggeous 'ﬂxeﬁeféﬁenb@éét@ﬁ%&ere@ﬁn@adu@m@g& ~OftepEII6E anBsublets 4 ni mal  use
of nunerical correction criteria he cont ext of bi ol ogi cal

appl i cat i ensen alprethe W‘M&U@Bﬁﬁﬁﬂle é"ﬂ&lt%é I%“ésaﬂ“‘é’ 1444 a ke meaguighyi ver sal  set
of unifor BT e%amt&s&fefe ENidNEs SR & Sl ﬁ?@le SitdettsBOisbed) BREcHBdnAt €9y

devi sed abOve can Interpreted as an approach to directly achieve this
goal . Emb&dinrthntargef datm@dtbxsh@web&fortmé@@e@ Etamwg@ 1166. dtsishpleshiprnol d
change 5confidence estimates of differentials for Response surface based
data anal ysis are
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di scl osed herein bel ow. FIG 11 and FIG 12 depict enbodi nents for
determ ning estimates of ratio of differential (in pair-w se conparisons)
and estimte of confidence for differentials when using Response surface
assisted strategy, respectively. In the sinplest formestinmate of 10ratio
is obtained by taking pair-wise ratio for each sel ected neasurenent

(sel ect i owithghexbpyeestatérbassummpion moi signifidantbs violated dhe middlstxi %6 of saluﬂtlegiees step
1132) si i thre

el i m nat %Al&r t ‘%bge%h&%lﬁ%vgg Qg?@%ft%%%ogtd T Sﬂ%fgﬁj))ml\gf&%ﬁi a?'%y val e sigge near est

t o medi anvérsioepf sId;SH)lSS ds.gdesddie bi8d inbe] (vpoar subiset of e arddlget)f Thiat

par anet er fal |l owe r trgc - s 1138 - . g..». Wei ght ed

aver age wh av%rﬁgei(?) g‘i%nc) Hg?‘t%!) sftffrﬁetsvingg)gﬂlgﬁ%nt\t/éﬂﬁﬁg I\ThFai |l i ng noi se

t hr eshél de@hvmmaﬂetamnﬁlrtm agy alosg (e ehbRrdatabs wobld tl@@tlﬁpwécﬂiﬂﬁhbnﬁdlﬁef ail ed
ones can be used faor sun@%i n@,asu@% V\heg needed mg{j ratiQs as in
step 1136042 Bigeqydssdine pralicy; “Hie velig oL poplgvary Wi Bp?rﬁ?m@&@ par amet er
over the pivatigice Bid JiB 86 LEeRd UBEL ste 1 LIHEskdr he@B6RISBIPNR oA BRLEAGPOr t  an
estimate of the ratio. The neasure of confidence uses sinilar techniques

(steps 112@%4&!66@9%?%%%&%?10% afiepiterafingoniregional suiielanse ofsvalpet B gi ve t he

NDSt  CONS gy @k hy®sORRE BEISWO‘AS GHplak BRMER entR M inviAklcB bEQRSH HB 98 dsaN
percentiles of all confidence neasures frominformative neasurenents of

that p@r aifebaye ¥, Hﬂ%ﬂrﬁé@@ulé@ﬁﬁadwsmu@b@ﬂ qualifly gyenyehendreush loprs peicpritegenat i ve N i s
greater tfap aétbeﬁg!ﬁaﬁéﬂ ¢ M the @%ﬂa% & n@érfaﬁ&]s 1§re%ﬂ)nb'l%@le£(ﬁkﬁn (H:Iquglf‘l& N val ues of

a sorted (descendi array of va ues - ste con ence neasure
can then B ngeded when imidirdstionad sew ip Giffesantials isguesgnt betidien detesetse dr e of N and
F' (step fr t atistic
e ot e" RSBl 80P FRINGEL il B RO B RIA LS,

usabl e fothmqawa;lem mgxmﬁs@calmglﬁh@% i)ﬂcprd@bépleasﬁfements lof Itahget etdifferofit aisi ng

EI\/[LNE u st and | cal [ or atistjc can be
ol b AR TR RS e B R B o B IS R R eRen e Bk e S0, P
met hod fom1dddae3ranmgaﬁﬁg‘ﬂxeaﬂye tofthanididlers@hof Iabf. Sebdit-in ﬁmnmg banzelatgaed in

anal yses of datasets (referred to a I SC i.n bel ow. As
o been douE REREInGERY SR B Eobdabir b ood I Epih el R ot or

d?t aset h5muiaﬂzdﬁl_6n of paéticiula tRaseml-Ligepi mgﬁewehsmmkf | Rippr@dpaty & sﬁaémcofmr gf g

al gorithnms us in,varjpoys ste t he wor uc esi gne
tester sefEMEES gnﬂ’éﬁﬁ%{\}rﬁfaflﬁ% @rﬁwaﬁﬂ%@ B%Pioﬁf’@tefegit”&ﬁet Beri ment al
scenagd 0, ediivafdbRingd dHBsenlth Bdaleale WHolE @50 Woﬁﬂi’oe LR R Siveatha bespal ysi s
schenmes are used to gl ean useful information from dataiigts D fferent

schemes r &¥GPEaRCH bﬁ‘l’“‘i"?’b ghto dplgrisas deteraied et th WENBing FRoRVEIYEtednd f al se

changes apdarddisr ahdtRi 3t RBeREINBQIVAIHCATBES | B742 THINGFmAtHchRI B the
observations/conditions being studied). A simulation nethod that utilizes

the vari affteaiags ¢fgimenle exreptiensedsystematic IvbangpoRilepiessdng asiability inbgrantt he
efficacy gfind B§eMAbBalRaLY s nﬁﬁlaemg dﬁa%ﬂicitggnd &nﬂdéne@ﬁi thé GrilgAR6H 6fm9 nt al

situation is conceived, est ed escri 13
descr Zhesreswiaahibfenaesrtonythe tﬂhf‘é}’%tf’ﬁm#a@t’letolﬁ suph us@ac\mhmgzr;rfe@ lflli\@flantd at a-

155cal | NgxRRYH b FRRALHiobh ARG Aefie Rniel o dch b bbbV ded.

When data from multiple measurement platforms or variations in the measurement

system of the same platform are used, a large enough presence of common link terms for
the identifiers of the parameters should suffice to make the measurement values in
30  between the datasets equivalent and comparable,
As mentioned above, the availability of large scale datasets for each organism and
platform a large enough putative invariant parameters can be chosen and used for general

purpose analyses of various kinds. While not all parameters may be truly invariant in all
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Briefly, this enbodi nent, SCALEIT, involves scaling the whol e 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
schenme - step 1156. The advantage with this approach being the utilization

of all possibl ' res inh to th An exanpl e
of thi s asprBaie SAhk FREE a ol kR as BB adip b e RS A B o T o

i dentify dieffoendizhiial Sheme i aot applcablerte gloed disasets st thpt y4BA is uniguehown in

Tabl e 2. §§%e forms of data anal ysis schenmes would be better tested by

modi fi cat CBIEf this unidirectional scali ng strategy, for exanple

bi directional Itbreujessoise witedtthat ehodfh SiCippehdngeiancus pieldisnt gobiblogea W t h

ori gi n?I dat aset. 25An enhodi ment of the method of these teagﬁ?hi s for

nor mal P zi AR FOFFBRHEeH SYten pr dafnsety fridng syeh Riopgtiesare agpmaPirdo it a from

t he data gginaficsadtieeat 0 neasurenent val ue, selecting, according to a
predeterm ned criterion, reference subsets, the reference subsets having at

| east one ref efrEHEEN ARAURRVEES RIo(AN preducs habivtagries the 2Drve #recidsdt ed dat a,

data el engntRadiay cildenPBAMAEE TRAbiYAbHFAreS Bl AR hélibog e, val ent to the one
or nore reference 30neasurenent val ues, sorting the data el enents having

substantial | y AgeanhgisesitinthedSgnresand thaabouedsscriftiiongbe teachingsend edneppint s

conpr il ng?eé‘exﬁé?irﬁe?éilna%b‘%é‘ kel BaH Y eefﬁltm §%§&§hm?@9t i &i!récfl}/“g the one
or nore reference neasurenent values~”and the sorted substantialfy

equi val enamensbisgo deslaporenedficemputhissofiatee -ssi¢p. 1182n (ardnydif Hersbmpéitesuch

t eachi ngs i Y: R4 NGl ¥ j Gal..i ri.an o normalize
data, ref Iea rgg&eaégf%n%gjggépﬁg?%}%@é%%tg%: %slg%g%eéra&“%l aeal%%gv?/?a rdraté%/ based as wel |
as many owashodsechsiop diSerad 1880~ 4 witil a5 abilitnoruzabutpett foosthdrappisatienst or m of
nunmeri cal equiyval epcy of data) bet datasets.within a platformand
5across phat %t}/’?{ssf) SO By guglgf%f\%%?%%oﬁhr?%avaﬁg © V’eq%?eég Mor deri ng of
dat aséfs pavitageelin @dfunogorSyist hesittathings + akp OISR, 1186a1188taati$190y Adependent

manner either usi th data based, djstributions, aor in spatially
Copar at cagmotiesite pREAITIS 1 SO RpRanr rlcais b By B ar | bl
a rank bas@thagstdipble 0ttel iscdpublk bf éankiag ttﬁ@oﬁlﬁa&m&mqlmsﬂmm@@mby exact
di stribution gf ﬁ‘t asets, or orderin e ol e datasets and choqsi ng rank

d t
based 10i PehPALeft %feécfb%&w@é?ﬁdasema&fé fgachings presepiggborevere dastede. ., UL
S. Patent ushRs sl ddes Bt Bhhd 84+ %g&dg@.r(%%vé?ythé pkebeisR s?ﬁérﬁi & or a nore

recently @;oposed variant of the latter nmethod where the dataset is divided
into Plng®sscdrachigs e aPplmied Ry efcPompvier laagaesbinaddiion despipneepk
equi val enggivddallypeanoHatus PR fifcaibh O l?:d itN?de o@%@?é&ggégﬁ%ﬁplem' chis

tegx‘é.
i ncorporated by Teference herein). Exanple of other comonly used methods
i ncl ude 1sbgmepsenbodpnantafd wyptemfol ghreshierghings igfresgatefl 4nEXG.dSst ri but i ons and

attenpts o r OHGERG! hreMBHAIRIHLS. HOTRANER! ottindtl LIASLOI/MAI OnS of

nodel i ng). | nproper uSe of normalization scheme can at_trnes iIntroduce
artifici ahunyirigel tegatinesty ipmastragestibusawlding finthe ated ¢f high tordidendsaitiliatiood of t hese

Ceachi . . . ) t i cal
syat ot oLk S0 TRl 430 ot B TR R0 PR lepan @bt
bi ol ogi cafor spicelnbtysourdyliiplg indepéraicntomeasiresdfla jasansetee hlsp svoull lame or nore

experinmental. conditions there are al S, a.proportiop.of randomy
ot r i but eSOR b e SeTet Gy BRI KALEROPEbY: SFut chfReBR ) |
addi ti on ¢dllectunyofsetd-garBastdach parhatén). OWhile theditilifyetre distiated)in hetcvmen
experimental. .condifions and technical variations are random bidirectional
and r andoPARyErTREER BN AR forie:seHlS Srparishal GRHEFSE PRt dite i iogir!

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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25 nunber of real differences are anenable to this normalization scheneg,
termed, BINorm- to indicate biological invariance notivated normalization.
This schema requires designation of one observation as reference - step
1160- and all other observations are nornalized with reference to this

dat aset. Cyclical normalization, i.e., all against all in pair-w se manner
m ght be of use in sone instances. 30The reference data is ordered by
measured val u - .S 1162- .and subsets are chosen al t t ot al

ot r 1 but | on o FIFE KRR deserdfess e, B Tl RS SHBP RS  Bha val en
to each stfeseteachingenot linfidexehatdmbodmndda i reRhll selb. TIEGEWTRRt are used)
are chosen fromthe target data nd this subset sorted 5éerned t ar get,

step 1166 C*AGsSiop dat sehyp f‘tlTeé??‘ﬁ Wst‘ﬁfrf’ﬁéhea‘ﬁme@f‘gi‘téﬁﬁ $H#IPT on not

si gni fscapa ¥sel biodl ﬁlﬂnﬁ@@ldﬂn@:@l’c ‘ﬁnd‘bas/%d)(‘;n Nelyrs AlThetdhayd Emﬁ;ne&gbs et shoul d
have equi va ent val ues of the subset fromreference array - sinplified
ver si on othreugh 3, replites ®d throughRR3dl e 10%in a 100 point subset of Tref and
"target). get will be
equi val ent };{ﬂzﬁ#@? fﬁ“ﬁﬁﬁg&nﬁg afm;%uggﬁ%ivesl% frcfrh(ﬁdéggda;{ Hé%ﬁfx’ ?histg% he whol e
dat aset wesiwab geherated using e tyrislizatiomenckiaid cmnshgg of qpp@ﬁeW@espilieﬂemf

functiona i nvari ance
and can bHwﬁe%oa%%gxﬂéﬁgﬁlxgé'F’Zth%%%fgw\:%% %‘%Célp @;g@g{,}@%? %i;ll anot her
errbod|10renproﬁa@tsctaadlglmﬂtm)pncttpart@f a:fetsgxicems@f anovmgccmnemxagmmwab equi val ence
of values_in Iltarget ,as d fercen e of
Chvaci ancEbybh R byt c 358 pRFRSE Bu s (Roly MR BR it LA BRERE I AR

degradat i bad abviogsigldistarnibleadiffovmoes.hede prabests wat capottade, hat/dnpmfeaict uaI

i nvari anc iq the.data is gsed Variations inr. |on($11l‘Z ?gnﬁ:tlon of

i nvar i ancBOBPeEH TSRS FRARILOERATH PUIP U tﬁ"l?é’\?f‘ PSEnd £% s is present
bet ween dgbsses for e@h@omﬁmnn@m dht@setl @mllesnbhtichidd bthe:&ﬁ%valﬁﬁpr esented in

steps, 1168 and 1170 to iterate over the e ui val ent n, by scaling
Che x4 of FBFIENEtrbased i fieRes ogfhrqetcawa@fsog% FPERRmegS ‘ilg‘a"i“ﬁf“ér ent

percenti | gsikdins (WitB 06 €Rd @i@feﬁta&@m(cemﬁmraﬁ@%w&t Qkpdrivgnirt2 v B 3peiicentd | e
rat her then the mddle) and scallng the value to the mddle x%of lref. A

bui l't-in M %r@b%@tvel datey v exteasist FRm Rl lilps sing thing contdinggss delingd
descripti g x%sés@q@enséiﬂfobﬁamaﬁl&dtf&&ﬁe dHstypsalu1syA gt b?%fﬁﬂ{effﬁé)' zation to

particul ar’ datasets - st e{) - Oor using an appropriate test schene for
equi val ene&d thamgap offaflsianplk walues (f gediet matches %ﬂéﬁgﬁn%ﬁ*heﬁg}%ﬂﬁﬁ F@¢eHn or der ed
‘targgh. (K028 AHL ¥NGPackANRE it RO SRPs hldPhdlaGalilgoNbaleotiidpoyoul d be

t he one t%at agl vegjc tﬁ) e%es‘t: concér dancgS bet)sv\%erﬁl ?he E)wo da?aset sy\gs

det er mi neweiseded tadargesrluaof AY- known/ si nul ated invariants or another test
schene for eq t f‘@rﬁ age of
sinple correcﬁ% %2’&0 Eg;%“”?@??a%&zﬁéﬁgé‘gm pﬁ%@%&%@%aﬁ B lity

i nher ent mwretthal lebqpeba pedns repiresdutsd gprobcshtmly i fioay il hgnslpermrtﬂqr@f hgilnand
confldence i I infe t he anal yses.
An exanpl e suc ulgégeé&% ?ﬂleg&m%%}& ?eldlahgg;reida’ﬁ% Jlﬁ%}%&% beﬁ&% in Table 3,
t hougRst heaéect matcllnamgmsmtch belluen g)r leacin mm-nau veag ebedafinr dmmr@valuatxons When

dat a frorrkrrult %?ﬁ rrﬁsagﬁu enen Spt@ Qs or variations in the nmeasurenent
syst em of “FRE" SR DT f”feB?%wa?Fe 2 géuln rge enough presence of common
link termns fOFTHeMgnhU\&IMerWeﬁf&traéted inthgMicerm by B 8itesho (A flyrsetfif,i 26 with make t he
measur ement val ues in 30 tvvee aset s .equi.v and ¢ ar abl e.
e et | oMedABEY Beat 130 HON B Db N s SO S PSP e

or gani sm aggloep inddnkiey msnol o %re@él@éi@h nDEngﬁh%B\/Stahdh\x‘@ﬂéfﬁnﬁﬂon@&Fraéﬁ%ltﬁzitﬁ can be
chosen and used for neral &RV ose anqaﬁeses of varl‘ﬁus ki nds | e not

all paf ané@mltwapre@éﬂ% Yalye wesgrsed. Sengitivity v plenlard assainif (Rt ed a
maj ority siyay! Eb\pRadisfdutthed AVIEMY DOPY/(TBN-EFMOlhste TiPig Al SosRivES) EPistiAIf

normal i zation schene is not appli cab?e to fhose datasets or that systemis
uni quel y @psitfver.apd FN is false negativess Ruipally ayasignisevaightetpversae Werosghat hi s type
of invari gRg&kg Prevalent in biological 5systens, any experinmental system
or datasets having such properties are anenable to this
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normal i zati on schena. A system and conputer program product that

i ntegrates the above descri bed teachings to current databases and ot her
software utilities is described below. As can be seen in the Figures and

t he above description, the teachings and concepts 10presented herei nabove
are presented directly in the fOmof algorithns that are directly anenabl e
to devel opnent of conputer software - step 1182 - (in any of the conputer
|a393a965 andhp@emepramﬁ@@eammh@g bidiaicat Rplidaess) the agh w‘gﬂldmmahh dat abases
an ata war ehouses - st 1178 and 11 abi|ity to use out put
for ot her p@mﬂs.ve@mo&%teagwjmmﬂﬁw-@%P?%J%-aw?@L@@?-@S H%S*é were

met hods/ aL&Rﬁdrédagﬁns%mlaé ab £ s U608 bnSIH-4NBT(B, AARRCKAELT75-AvE BiipgINCt i on
with these teachrngs - step 1184, 1186, 1188 and 1190. A conputer usable
medi und 11ﬁ911ﬂfé@10mﬁ9@fﬁlwwu’abpéve&m@n’eﬁ@@ﬁ?t&&’ midieanodelingsifee t he conput er
readabl e %I'P?ogt? lRn&hic Aﬁ%ﬁbeﬁﬁlﬁ htﬁn%mme&;@&l Seis eRik175 to execute the
nmet hods o ese teachings. sever al t he teachi ngs presented
above wer bt #wivetkarkiogegorsios. on\gda@es:s@dé&mmMWh 'ﬁhl@ pleip consisted Af 4 A giokee.
(However, f achi imted to
any one B Seff’r Pogggﬁsﬁ%&giy@%g\ﬁa tqao%r#‘ﬂgg‘gsg%ngep?ﬁl noiﬁ?%%{% ly can

al so be upatormsd tmiji—emsMSqDe@i@bedmrmmnnWhmlpr)é@l@glgounA si npl e schenma

of an_enbodi ne a.s a n FIG 15.
The tégchl ngs M@i?ﬂa@’&}gﬁggﬂ% déﬁ?‘ng’ré%ggﬁ%aaglgogﬁffgqﬁﬁ%?rﬁe%gséurrpt| ons and
nuneri cal dithRatinfRNeextrictivh St th@@%s lévhuﬁatmthgmg uhifiet! I&Eprgssmln imfexhi gh

confidence utilization 250 esc t data -
step 1192 Sigifdng tsestppatedine * ?Sflﬂ’?r‘é tg?frtraﬁi‘fﬁp{]%' 'izfnghfe 1}11%5[8% Pl e
'tnﬂependeﬂhhare@%hr&%&é px@b@@aru%nﬁuewmglnsmmmda dﬂ@d&ﬁngmmlne(bahmmﬂs in many
ot her scenario

certaln ki nds nal tinme our se at a,
col | ecti oﬁleﬁpdﬁﬁﬁé?‘?ﬁ‘?‘%%"%é&’l’nd r d)@éﬂg lﬁl‘zf??éraﬁtgl”l? f’Vr%‘gé di scussed

in thesconiexh s@f Ah‘yﬂ@fr&%ﬂ)’@ﬂ@%e cﬁmﬁlxﬂeaeﬂﬁes%ﬁ)ﬁlnﬁieﬂﬁsga@marﬁa@bus(lﬁr genone
wi de) data I n biological 30contexts it should have utility jn variety of

ot her contass ef eommutationnd sipwhisithand;cesy asiaptatinn afsitistival ‘B?th‘f’qféo 8igRcept s and

al gor i t hig; exkiShal datasets, Buf, @u@tﬁg@{tﬁg&bb@arrﬁg& bERS ok irfPerehi @SR patei ngs, the
fol |l ow ng exenplary e 3 ment es€ teachings not limted to that

enbodi msnreprqssntpngélseetlwe(dlpbélle@wﬁecrh@@éwe@mebd@%ﬁraé‘g@‘}isd’ﬁ ¥F a set used in
these anal Baypposes of
al gorithm %%g%f&l {?s%h&etﬂ y’%g%etgg gr#pfx—?(%—g %goa‘%@cuggbgfr%r&ggggl%xkée?l ments 2
through 5 prdeapjlstacsﬁos st RbertBayesighapR®aches does not satisfactorily address the issue of
(http:// aff t / affx)
Thi s dat a SecietVBe ol s L ARG tEENAL RN AR B PR BB Dy of
speci fi c BNfusspihkeini ﬁ&ul@imﬁmmmntsondemforancMNnm aspebtamre ponsonthy baNA f r om
HeLa cell i ne, r | t AFFX not part
of the spPi&? ?eﬂsg%ﬁﬁ%r%aﬁ dd'ﬁﬁtéﬁorpé? i &gve\ag%%%ragﬁg%%‘%%@m\g{é?égu ation of
true and Uabsecdslict,sv@salibiviadicsl mgl sspudnee fefated issuec@npdinge simptehem had

cort o8 hetlemonyt bReari dremebmohes el PROCR I ShOr PREL M L s
and 22, 18%{iSCappRath iswesivhed b e fact ¢APAE nidiplé indégeaddiafeases. Unl ess

menti oned ot herw se, val ues
measured signifying the expression level of a transcript should in principle allow selection

of a threshold that is appropriate to the noise in a particular data set. In many well behaved
dataset this threshold should be lower than a commonly acceptable threshold, e.g., t
30 signifying p <= 0.0S.
In order to study the performance of differential expression measured at probe
level the response surface of sensitivity, positive prediction value, number of true positives

and number of false positives were evaluated as a function of number of valid probe-pairs

™~
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15 represented are based on average of three conpari sons between
experinents differing in spike-ins with two fold difference in
concentration viz., experinments 2 with 3, 3 with 4 and 4 with 5. Probe

| evel data were extiacted fromCell files (using tiling coordinates defined
by probesequence information supplied for the chip type - UL33A-Tag by

Af f ynet r i 30f agprgetofi salpesdor tdfheémderstfsgrsairlstwTﬁ%wz(sc#onwﬁgér&ﬂw#mdemw and

m smat ch t . : -y ail : nd in the
Chi ps. uscl! AR IRPLE oF RhSEI i g S R R B R v L
of 500. (0-512pM)detwren Brdiwgdaents. sfvalidiprobepaipwisdsfided asiong thatihasg M cr oarr ay
Suite 5.0), . . . - pai A only the
First 11 TIireRaToBRabr Mty s P R Bhdelse B Rg 6iS) Br BERRERERCTY v e
ext r act edandmeismatels). abdvechadkgrérad camd eheretimefavedgesgeatilest 1. hifselebtednd mi smat ch

val ue for, each obe-pair was .used. for.all.further eval 1L.oNS. ro or
negati ve IHM%VQ}YEE‘&%?“ g%?‘eéerglé’ledP’E}plﬁ’ﬁ%@g@ﬁﬁ'ﬁ@m{éatasetsﬁ“w aﬁ?‘}ﬁﬁgﬁea}%ﬁes wer e
ext r act ecoussidFalbLin ey olose Binkd. &n SddRtidh M EotidRion ithat tHeA)ars\nd Mofelthart ri mred mean

(top and bottom 2% signal val ues are trj d). for each ray scaled to a
target i ntréri&ihipe probets ,ﬂ_mF Byd "‘:Jbé’tﬁeé% amoaﬁ"g%c%w wm?%@?ﬁ*ﬁ%?fagfﬁﬁ
defi ni ti opgerfcBhdiB&GIWAS deVérla¥deRBnRDG RIS ik ké{&ﬁ/@ﬁ _Sl_fjdiﬁ’éﬂeﬁ)tﬁhléfxﬂ'tmg d4tkRY) were

used. Sensitivity was calculated as sn = TP /(TP + FN); PPV was cal cul at ed
as: PHy =Thipsslqctipn oritey for ggndhesxmpsspdast r ue positives, FPis fal se positives,
and FIT is fal se negatives. Typically, variance wei ghted average were used,
as nenti oned. o For the prelimnary eval uation on bi ol ogi cal
replicates, th HEqmyt PR FRL S- 3 X B=&)ri=cnpt enosi §3] sanpl es

JB- as_0806, JBifgg?{lEtcm gﬁ&@#ggas_?gdgﬁﬁer)g%)teor ﬁ?);r edagai nst jBIas_21| I,
JB-as_2604 and JB-as_2708, hybridized to U75-Av2 chips), 5 from Genom cs of
Car di ovascul ar Devel opnent, Adaptation, and Renodeling site. NHLBI Program
for Genomi c Appicrcaisithmmmbenefpsebe-moise sasiafyimBdheoesinditiony, £ is the threshold

http://vv ' (gAY I V 0041 i, THins sehiiP

consi st edﬂé\# ﬁ%g%ﬁ’%ﬁge‘ﬁgﬁrg%"@ég n(‘r#ggtg P@gﬁ% r P%/P%rsé%ggrtli}g ag\}lgr g e background
was used weduedOr probd-pait min axpsrimvatad apkyasdingsbips sespertigelpl Thoabave- Devel oper

envi ronment . n W ndo . 0 i : i ip data
For | bon it PR R iR RE HEPQPE ekt fif B RRPY B  Rp i EREAT P, OO0 O

t he pr obehdsdighkr whiteaharsthe chipdesignitkd éd besefinedsp, dire dqnaion fei pynbdsyls matht he

estimated |evel, of.expression of that . transcrip 79
i nf or mat i‘@rllue’l i l?%%hrglcﬁwgﬂg%gf Caﬁlc)%F é’g%lrng%é}-' B’éelr%g?”"%l%?#gvg\? % ff‘l%%r}%%l 1zeati on or
scal i ng. foeaprobeseTihat saaiflee ds thrsshdldfodb vialid propespgicsed avaudd R at leB¥B and MAS

M croarray, Sui.te, currentl Sversj.on 5 Af fymet 1.i X, . JIhe use of
l(.lni fied *Peé%%ﬁsa?PfF%?Hté’Bgr}f‘@)ééoi’%‘?ﬁWab‘Bgﬁ bd“%h‘/ ayp fiSigpete Sﬁg@%"éﬂ’%vﬁa
3 i mpl 2@ tauB mdxggwsmm@h &tﬁinio@&?aﬁﬁe.s\ts&h% Fet éeeﬁf]rom:‘ﬂlﬂo_dsA,tamdlai; gtpedﬁeameEsi ongl
atasets. But, duye the extre var,j ehavi or inherent to robe
r epr esent VY CIas1pg ﬁ’ﬁ?é‘?lé B%t Elqlﬁé’}/qyﬁ‘lpf‘ﬁr g&"’%ﬁ%@rﬂé"s@%‘ﬁe PriaeE OIHBahr"FoQP%gS vvaSs
per f or m s@tiesded£4.04 ddcYoasiOMERIEY 6NfalsY positiab histidenaliegidrsematvifyo reduction of
fal se positives based on 20ordered statistics or ig@tther_ Ba}%ig‘;lgg appr oaches
differsgtials. i KJGs 18K,

does not 9esteRsss 48+ spier Jumabpg PEGES ROREVEsasg iderittied 45 i s aspect
has recentyys BrRRRYRIMahEshd Bike fosiiR¥s WA Inclalins@lshad6h a8 nphe one used
herein. Wiaile I nprovenents in the aforenmenti oned aspects are constantly
bei ng2Ppr oposedhesbard preblem capipipriaeiplaibp sisted ag epindpithe Boesiveg apH2ing an
attractivg al fﬂ"a@ : ' j VY8R ashohRgnedh and
sequence (%g 3‘%6@& | sdutgscu@gﬁ%bﬁg{;tﬁzﬁg\fvﬁg{n{eﬁ%@sﬁgﬂﬁ{%na_sg]:‘n g. stn.glt%i sti cal

t hr eshol dasliumbasofavalid paberpainmenben sq angthendimgnsiere it this kind ofsituatipreonol | owi ng
approach | s t] : i i eat ures
robsur cd LPYPHA bR AE BRb e MO B R el

princi pl eared Wioler the R&XT cove. Afitemativehye diodad bt Ntved s apptiopzatian groblent he noi se

shoul 80 beviih ifreofi AeBShis as Bafly Mo iBivan FAP YRl B RRShich R AGRE 0 F,
p < 0. 05.
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In order to study the perfonnance of differential expression neasured at
probe I evel the response surface of sensitivity, positive prediction val ue,
nunber of true positives and nunber of fal se positives were evaluated as a
function of nunmber of valid probe-pairs and a range of values for t (the
Student's Lpli . hat had
spi ke-ins ofé{e\%gédﬁlngglﬁ %-P gr%te}‘%%zo@mgﬁﬁs écljxn%F eJrr%tIﬁIFL“S{rﬁg%‘g%e? ggg?er@g‘?rcent ration
ranges (Oeffeciypnyser bepasiitves idnatifiodNeflit asets. A valid probe-pair was
defined as one that has a mnimumdifference of average signal val ue
(difference between signal for perfect match 5and m smat ch) above

niurtivel y, bul\essn e HERdFARE) alT FFAAP)y for i 1 er ent4at asets) and

above threshold t, to avoid values in very close range. In addition, a
condition that there are no nore than one-fifth the probesets that had
change in oppd&iG 6 aquvedb@@ﬁpms@aﬁmfd@eeffmvgembeuofpmtszer a&a er condition
was neyer gaqaet gt Mdidithef 86380 this
dat aset . 10%"&&l gi}ecdtﬁ?)(gn crai tgHEg &% ?{Lﬁgtggeﬁfg@@eﬁg !ﬁ%Lrg Hapf E(njt >=
t', xiel sangeoft andllpca(nm:@lmn xmmpatabléol)leﬁf with tap &3 N&fﬂt (t’,np) oficH endh i s the

nunmber of i is t shold for t
statisti 0(6%%& ({B?Elhl;ec%t rggésfﬁgﬁy%)ggwgsl? u@bg? gt(?fﬁ)@g? 83 OB?rrS%ch b"ﬁfyri xie and xib
is the si @tahposarblwmnfoer offiruslpesipedsrand faISerpoeﬂerelfr&amsahnM@lssbasel i ne chi ps,
respectivel ..Teao e 0 el.ection o robesets where
thepchi p %el}s/ercté EM %9%‘8%#9‘{1}?& ’%erﬁ‘g?? I@ﬁ) W ‘HEJ frﬁ‘ﬁﬁhet he chip
desi ghat edhtasbrehﬂgmerﬂfmmmvmum he&d Lqdsatifiedtioh of hx@h&h&ﬁ&@é&ﬂ&u& Bostidletle for

-basel i ne ghi r .can be obfained by interchanging xi e and_2db. For
exanpl e f@? 15{6%?%@3@&@% Pgton grqrgge GRRSS £ {FI8E Hgig‘a‘ dap hevipgsimdlanr obe- pai r's

and t valNeff of FIG. @6 s@fgetto st it @oﬁfd%@?nﬂﬂilé’@ BB LR LEMMivitpatd probeset wi ||
i ndi vi duali% have a t-statistic of or above - 20 all having the sane

di r ect i orre6PHYRARGRany R ad valesButPotsngalbrneseasimpthe sangitizity ebdstsstiend, with
i ncreasi rlﬁfshﬁﬂ ﬁfﬁ'&?énﬁal@faﬁd &P@reRfifb Br t%kdrrp%s@xﬁt%@s@h gt IBQI%\Q%S irhik ¥4, gy €di ction

val ueé i ncreases. i a decreasi ng nunber of false positives are
i dent 1% i exfhigked %éﬁ%%’k\bb’l“?ﬁ%@%? et fagtor C@SIStlll@@fstb? twpppsBReles beingie positi ves

are ident i J+f, I f true and
fal se postrb{t?(gggé\%r?l Jfrdﬁfé@gégghé CE) ragaél ﬁt&?%fecﬁ Y\ﬁ%ﬁe?gf&ggfyﬁ gve pr obl em
can in prCAées) wopld bgi ened as area under the Receiver operatr ng
characteristic (ROC) curve problemw th two dinensions t threshold as one
di mensi on and nu er of vaI | d probe pai r nunber as anot herolg mension. In
this kind of s %p wbmrra expect multiple threshol i nvol ving the
two di nensi ons that vvoul have optinmal area under the ROC curve.
AIternatrver, this can be viewed as an optim zation problem 30 with the
goal of det ectibpirpspensergiriace fayd AP asiadrctigh ofit’ opd nmlsh@\wnmm ilbrit

sensidy Vidy paady ﬁ%lst}lé kdf&c@EP@Aﬁgffgjf@lfG’ Hf@%t tnulnfge!}ﬂﬁaft‘é%% lga” be

witten mat hematic osr Identified
(Neff): MNENefinIFAG: TS’)’ qamRow tHeRyducédito-a fEPAEERN(t40d FrGw ﬁ;(al\s Fi“d'xwé’ h}if)e response

o1 ace bl Rl A NG CURNEI R 0RO ) HESa5% s FLANEAARE, Bl ond umber
posmves) (86 2), (91,5) and (85,0), respectively. It should be highlighted that these Values
of true and false positives selected at this threshold are comparable to that of the maximum
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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range oft and np can result in conparable Neff, with top two Neff at
(t",np) of (7,5 and (6,6) with (true positives, fal se positives) of
(91,1),(89,1) and (87,0), respectively. The total possible nunber of true
positives and fal se positives were 135, and 66, 555, respectively. It should
be noted that the |owest differential (two fold) was used fromthe

10dat aset thresheHepd gilkbemeahleta meinjgn high sderdivity wpeld weferialnbe ofintstestiilgher
nunber of wtltB %&Ta@?&‘dtatsbt’é %ere-ﬁk@e RI-9888! @reQJe 1@*)&@5\@?%&&5&%[? Qucfidi@nSur f ace
across a range oft and np having sim suggests that it
woul d be Beessold \éhems ét@mam cgacﬁg@r xg@e@vc pinarigbilitydn sl egperingdnt suggest many np
and o) HEBl R R L NGRS L0 SRR HilopaBiy ALEE! | O ©f
smal | dif erentla erentrals 1n transcr pD at | ow

| evel s? Tﬁn)§01@amsltb@ iden8ificetinn ef/smabli diffpreatiats vpﬂv@um}gxﬂﬂdanhiossg)faelemwutyf act or
consistin " e sted. One form of defining such a
cost adju {I'g%‘ageepﬁle% f\;/xggér’?g %avr%gm%{gg%?é @es pi cked (CANeff) woul d be:

CANef f Nef f I\/thermqml)c[d'ﬁlogif betlinekqponsie tamed Re@rprfor Rédjende safack aksisted i on of t'
and np is,sho 20 . can_be s fromthe surface, of CANeff
(FIG 17)P?rﬁ‘3\?'¥n“ttﬁsé IF%DB‘«QJ‘X?“P afhag}o@’éf e %%H‘B Dot s giye sQodrseleftiyi®y G 16) can
now be r ethy®ertr itds @& stiew sdiaﬁt;uﬂwénuamdnd\@&ﬁe&mmkﬁnscﬁb@ with lo‘ﬁp) val ues
yleld# g the to (t.rue

Neff are an 7
posi t esexpregpgxgleﬁgg.e]ﬁxpc@%ad(%age?& the(l%ergj thg{:ﬁl&plg(l gfgreoa)val)uiat@g B)égqall%| y. It
shoul d beorty d¥ie taBlagdseh@t., tthgﬁﬁﬁe‘}’e%l%ﬁ& Riradiéd4B oaitided Br8iR) RREHT | Ves
selected at this threshold are conparable to that of the maxi nrum 25 Neff

ment i oned®l9Ee epreparisesy to vapgeteats (1442, 8 ad 4 fo!d)\and gopraringdo % offied a t hr eshol d
of six Va&dtéietpT%%ﬁ@alk%oﬁﬁﬁﬂ%n%@gﬁﬁ bl‘!a?s@s \;«@ﬂ %ﬁiep{?aﬁiew N82)ianBsas( 85, 0) . The
nunber of true and fal se@d[)om tives identif e ‘concentration range

of the spePReesadio péay sipnified hyothe aaxk@nécﬁuethersﬂns sheuld alspieevag thesdensibvier e

SuMTBafq Zegk o %_1‘1’19(!10?0 rin €0 %f?éciu'n{:&f réﬁwa%%l &6t }eg%li% e i Enlﬂr eshol d and
still belq?l Intain |gh select1 vl woul §eC|alfn

i nt er est qohievelle sensitivityailhe thanltsSer hiswhalnation heuhetmgh@ldi; meglalgl the:toea\se [ n

posi tivess r | e e _fralni,ng dataset
i ndi cati vem\]¥3 \/ar%%@ % f)t<;e7cb|u(sr\1St %‘ rﬁ@héglréespél;lrgr%%t% fgmé‘ﬁ‘@?t{;p ﬁ%fei:tar ! reseﬁgﬂl d result
in a ver yinsiabld 2. dsehpacted the lm\s:ethrafshslést lead ﬂodmrghexf seheitieity gfaistettiones amand 5(i i)

for sensi atlo i ff l, s t, significant
| oss of S%I{'eélc Yegﬁpghotlldlcble ¥ ﬂ}a Vefln J{‘ﬁg“eé %18?% Wwﬁf@éf Y ?na test cases).
The n# hodiftegyalofavdragead ﬂammmpassdnebmphrda&s wiakfhund @lentf@dponse surf ace

can gi ve YBBEREM GebFThagt el bedooDras o i TSkl i Sob R ent i ar s

and di ffM&theQieﬁtNdIy,ththﬁﬂtheﬁbﬁpWsiZBs thoweell Gerdpd @ssdreincd 6MBd Sropdsbdls, t he
advant age of the Iovvere%é)f:z{ji%) d were eval uated scal.in of the two

dat aset s FPProgeh- Atgdhn Hgteaa, f?”ﬁ’??tség&‘fgém UOVFREg: °P=e4i%rf‘)’ used in

above congmg arapm% ee edtivél g«*c@meqm;ﬁ)sé afoilcuﬁtmépmtage bpdigkkreatidds conparing to
t he ot her. dat aset is should | ow compari son of data classes with w der

vari ety oiferiied Qﬁé’é@“&%‘“éﬁ?ﬁ%@% @lgerén‘FW%sisﬁ?ﬂtﬁ’éW mpithg thepi ke- i ns.
Furt her, dlﬁb@nﬁé]'ﬂel{réiiag%'o‘fﬂlréeedbﬁﬁ)'am&dﬂ% la&mb& hivthd ﬁsre&ﬁ'zﬁ& om& BEiphosiol ogy in

t he cont ext of technical replicates, thus reveal mg}t e maxi mum'achi evabl e

sensi ti vi¥iha soeking Bstr ¢fsl Of Arsteen decliag Bce an the suriace oABIG A7 Gighohand sidek| di ng t he
top two GhHde , ifying the top
Neff are r epi;ngi:seggr]l:t1 ed I nga){ll tE‘QS&éﬁoggR%xw 121(';}9 Seuri Q&dacg{eﬁgbmzéﬁ?%fggghol ds lead to

hi gher sendicatt ¢ highergfenalvtfecinfrosing thaprp gpmeﬁhrdsm)éthan for indrensing tbe not ed t hat
even t r s (average
of t h%’tee Sl(?:%ﬁ%gﬁ{?isgﬁg '%%iwngl dhfege %%(fn%%g% @3:{ p%pog’g%{g%hg F‘f?éfd;l% ?‘lal s defined
bel ow) i dsan—pauadlevhﬂcbcaorl¢a¢ tdl Aghifiedihy highes rambeBE s fdiffertntial v@thand 4 f ol d

respectlv h _furt as e need.for and inportance of the
br oposed bl Rt e oSBT s bl B Bpdlon”Darag R AP RT
SIgnlflCahehyuk@M@mbﬁﬁwhmnﬁﬂﬁmﬂﬁﬁ@&s&@&hﬂmﬂaﬁﬂ%%mﬁeﬁﬂﬁﬁﬁu&@ﬂm For the

pur pose of cal cul ating percentage of differentials 25identified the maxi num
identifiable differentials was set at 21,485, which is the differentials
(average of three conparisons) identified at the threshold of (t' =4, np =
5) with a scaling factor of 10. A steep decline face on the surface of FIG
17 (right hand side) with increasing probe-pair threshold together with
results indicated in Table 2 al so
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i ndi cate a higher penalty for increasing the probe-pair threshold than for
increasing t 30 statistic threshold. Additionally, these data indicate
that an appropriate choice of a | ower probe-pair threshold can lead to
significantly higher nunber of true differentials w thout concom tant

i ncrease idistfigktion dp @l e&bx‘é%iion ihdice@(RImpITy hﬁ‘i@pr@saﬂﬂ'aﬁed '@fﬂ@Ee)’probesets for
characterizatign of th ure of probesets/transcri pts hat are sel ected

and are ni cg@@&theﬁhrpmogis& ﬂﬁ)f’f@ Reis SW‘F‘WEGE 1D i sehn bhieep Zpmdd&. 4% i ndi ces
(to sinplidndab Bﬁbeﬁl@@ Elﬁ%@&xb&@?th@éxp&&%%ﬁ nﬁl‘i&p g?ﬁ%gesétg rlo‘g R€prsors

thresholds (t',np is show In e seen ?romFIG
19 and as delgsisd e ftahlélghﬁl §tfquQ§lél?1|rwsﬁonmgebfx@imst@iﬂdm }Drnb.hsetemméd gr obeset s,

| ow expr esgafs dﬁfe?enﬂﬁtrg&%]%r@ﬁ teShreors v ARRS @hé%t%t%{ﬂ 1to|n§)

Conversely, al nost a robeset's nisse her er enﬁll al ratios
were | ow ek édugr wriabititycin theslowdds@tmmemtgew th obser vat i ons t hat ther eis

hi gh vari abi | i e e The, opt tion of

Resurf P on bi oﬁ%&?@arflg%gﬁpﬁaté% (\E/&q{ rgp?? @P%ﬁfcalﬁf‘{%’@? ?’”@%@@gg LF? onal

testing winekd @ddltmmdbtpsimgmm andntﬂepafmdattlcmﬂm&ha:gu@lfg)dd@ﬂfer teelﬁiawgbfpgy.

Nevert hel eiedé the r re i m ar eval g}\atlon t eﬁ if the | ower
|

t
t hr eshol d Rt %%Slﬂé E'%Wla ap L1 ' Hiihe lqredd i ves when

t est edOon 1d1)dnﬂﬁ@tgby:ﬁésufﬂ?m/du¢cﬁlbﬁﬁhlgﬂ ﬁls& 969[11%%1@{1 ?e@teﬂ @n bl%%gl&ahieﬁhd&'kgs pose
(t',np) threshol ds of were tested on one set of biological

repl i cat e’ Ye&h‘?’tcﬁ}“ﬁg‘(?éepr% Fh‘%%“%ﬁéﬁ ’f‘@ thregholdpeaf khedsand (E8) weratestedgn pose,

data fromoge ¥et BEPBDRAL fefidates WokltaRgehdmiss @m%e@%feﬁlogﬂlf“ér ¢hifit tWO
groups (of triplicates) and the method was evaluated. Thi's lead t

i dent i fi c®PPOFF gta diomySixbumanpationtywith sortic seupsis v sit gltcatwo(g;me)s (%d (3,8),
respecti veliplicaR¥)eRd ttlh:C}H&:ﬂoJ \bés%vﬁﬂétpd %QQf%lqg%eﬁﬁﬁ&t 8&% l)?% %’bﬁ%'f rs for

nost probeset s/ transcri shou e note ove
exenplldry [2#BbuioRessts at gp @raéé é?rﬁ)e@snestl@et feegn thpughdhis ahip t}g)@m:ensm‘tect dfe

enbodi ment;g pgbelplgg§§)r b&gés/g Qes not limt these teachings nor does
t he above exen‘g ary enbodi ne I trate all of the above described 20
enbodi ments. It shoufdhbe n@@mﬁhatqh@dmde@@mpﬂmyiembmmemmg/pxbﬂntedm bent ed in one

or ocessor A e SRt P8 SR ARGl hoyRl W ARG o RY it v o

processor, a storage ne

exarrpl e wol does the abone: ermmpivodwthotlmen’enﬁnst;ateazlﬂasfahe aiooe d@enlﬁlderrent s), and, in
sone gx'ng?cﬁﬁx?nt al so including at | east one input 25 device, and/or at

| east one ou evi ce. Program code may be applied to data entered using
t he i nput deV| Thee t(edmlqueedesbnﬂteﬂraﬁmm)aytb& im@lehenmy ihéenefdr Aikd @agpueiescri bed and

to generate output i.nform formati on may be applied to
one or nof rogramspeﬁf?cu&% PR 8§r°gramma L Cog}pé‘%’é b“%&‘rgcf Rf%??ﬁ??ﬁ@r%‘ga@é’é‘@ﬂ‘l%ed

her ei n maycatibld by thé @focéssml (@ethding] for adshigld, 9oRtileId GONPERED trenfdfy | 0i ned
t oget her to,formfe 9rTB8nent s for performng the sanme functions.
, and/or storage ele ment in some embodiments, also including at least one input
25  device, and/or at least one output device. Program code may be applied to data entered
using the input device (or user interface) to perform the functions described and to
generate output information. The output information may be applied to one or more

output devices.

Elements and components described herein may be further divided into additional
30  components or joined together to form fewer components for performing the same

functions.
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Each conputer program nmay be inplenented in any programm ng | anguage, such
as assenbly | anguage, nachi ne | anguage, a high-1level procedural programm ng
| anguage, an object-oriented progranm ng | anguage, or a conbination

t hereof . The progranm ng | anguage nay be a conpiled or interpreted
progranm ng | anguage. 5Each conputer program may be inplenmented in a

conput er prog rkagh ﬁ?%ﬁ?ftpr MY i“b‘b’&e M@H?’g@a’P RUK PROSFRINEIBE langupgesreh st or age
devi ce fofg a%k%fbg? laREhaby, nPichiRE PHEGEe, A RGLRSA brockBliGFogt iR Mnghdle, | nventi on
may be perforned by a conputer processor executing a program tangi bly
enbodi ed @hobiect-ergnigdaprogramaing langvags, ota oy liatips therdofin Ehg pegamminghe

i nvention d HRPHE d ﬁ@ﬁqﬁt‘-&l & put. QO her methods 10
and/ or colrar‘g q[a fﬁéﬁgegg%gér}kgro&%%@ﬁngu to lt%eggwgr ogranms based on

conbi nati ons of conponents herein or take output fromthese conbinations as
i nput .5 Conbi ndtachaemprterpraiem M5y be dnplemented ig a compHisLpIPETamM; iedughd

| nt egr at i e enbdit® IPPQSHufr 4ea01L 86D ek Rl TodRERbR 8Y 2 BERARES OF

conput er %cég%’g@ glgu?ld gf&s)o e !lrrpl enent e%. Cviom’r%ln forns %? C(;{r;r\guter-readabl e
( conput er praseabrire Methodisteps oicthe hventionmay He perigrined by afcpwpyyr mpesksor a f | exi bl e
di sk, har sk, | G r g L £ ' a CDROM any
ot her opt %@g‘[‘ﬁ“é@ I lﬁnﬁﬁyﬁlﬁg} e cog% ggg%ggégg{gg@%%%/&%ﬁ%&%msi cal nmedi um
wi t h pat t &nasonebf the irvsniton bytdpesatiggad:t ieputend gendting autPROAthametEBROM  a

FLASH: EP an t her. menory. chi r.cartrid rrker..wave, such as
el ect }grraR%élé‘fric %P‘g '°§F?So°ﬁngf%écﬁéﬁl} g’ctg?se&m&ﬁaé‘% gd,as%ro any bg’te”er 0(r?ﬁe\di um f rom
whi ch a 2€ongsnpnté ereit antake atputAtdnhibeghombmations @s inpon Crasbilxiens afescr i bed

Wi th respect tg vari ous enbodi S,. .t shoul d.be real iéed.t?' S _invention

nent
is also cHPYHE OB, LG POMUNGEEYS Aintegpivrdre SHEPTUREYS SRESEF AR wi t hin
the spiriindasikkr aaREs 6f cohlpatcd pRRACKRI Abcbamplenihrt. is clained is: |.A
conput er-i npl enented net hod for summari zi ng paraneter val ue, the nethod

bei ng 5inplenented ip a c uter and,c rising.the ste of.. . groupi ng
measur ement r esUPRE? %F‘B?r?g"%gﬁ’f@‘? ?&il%&gplgutﬁrl ‘ﬁggﬂ’%’ ‘%PQ%S?’f%f of

meas :JIIE rream%nfp? uibgpy disk, a ﬂ;xidlgtdeskmaad aigks, fnfagﬂetﬁam, mﬁy pétier magnefie ?s ur enment
results, t her: t erm. ne asures for said each one pajr o

masur oneETP BT DEC PiRoE PRI BT PE T &?‘g&@F%FB&pFﬁ&QQJ‘hB%i r of
neasur enepysiceisidditn Wi Pagahsbitoles 3t bthdt paferfg b RAMS 2 PRESURIEPRONMESUl tS as
not changing if the predeterm ned neasures do not sati sf%/l}the t hreshol d

criteria; € rHEREM; gny(ofhier preiqit el I9RS s CATEE VaYPi Pt &d t he threshol d

criteria, ;|edil HhEdRdh of ERMtibal sRnAdiod aBAGRer QRA PR EbmGFhicRRAS U enent
results to anotfer neasurenent result in said each one pair of neasurenent
resul 28; qmenuesspiigphg, after the conparison, said each one pair of

nmeasur enment results according

Although the invention has been described with respect to various embodiments, it

should be realized this invention is also capable of a wide variety of further and other

embodiments within the spirit and scope of the appended claims.
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to result of the conparison, resulting in a classified plurality of pairs
of nmeasurenent results; selecting a commopn set of neasurenent results from
the classified plurality of pairs of neasurenent results for use with the
data set; and providing summary neasures for a parameter utilizing the
common set; 20wherein the steps of grouping neasurenent results,
determ ni ng whet her predeterm ned neasures satisfy threshold criteria,

| abel ing a pair of measurenent results, conparing one nmeasurenent to

anot her neasurenent result, classifying according to result of conparison,
56|eCt'nQN%umca1@d%6t of neasurenent results and providing summary
nmeasures are ror rmed by a processor executing conputer readabl e code
enbedded in a non tran3|tory 2500nputer usabl e nediumto perforn1said

st eps; 2? cludes. data obtained fro rge-scal e
reacur endhts o SBiOREr ke b OF sEFE bRl I i e
|ndependembkﬁﬁﬂﬁwhﬁﬂﬁﬁbﬁwﬂ&ﬂ&ﬁ&bnﬁﬂgaﬁﬁkﬁKM’Sald paraneters i ncl udi ng
genes, transcripts and rote|n® 2 q E qga aﬁ]ﬁparaneter

val ues are uti&f9'PRE MBI ek Fﬁ&kﬁ‘ af%”ﬁ“h%? URUE U BRTT JSHEF R he 30use
of the datqiui;n activities including nanufacturing of analysis equipnment,
hybrldlzatlon of protein, and gene expression. 2. The %Ethod of claiml

further conpr i9SERHyNPEOLTaEh NI BIFRUTTRFIE TGS YhoheR BTGA germped pr edet er mi ned

quant i ti egeabliréd fozdatiOeat NEnGRANTP hesRlemenBredilie siBRNARIRA &Glt@tan 2 wherein one
of the predeternlned quantities is a confidence neasure. 4. The nethod of

clai 01 wher eilabeliteer Rid of meaturgraengresdlfs|fiogbtaitp iraliey o5 Bairs ARG WSSl n t he

net hod f yeduhess oPIRhERE T th1ReRtcBRined medARN b A sAtksy A tedhblistitshep, the
measurenent results over replications to obtain averaged measur enment

resul ts. 5. TKempasigodtheredptainne mepsempesatislinddhq hicslp!d ¢réerst epe of : provi di ng
sunmary HRaAskEfche kasulp{nesgﬁ mﬁéﬂun@ﬁ%rgm%h&}n%ﬁ rbkdl a& ioza'n&ﬂexlrh&s&%mn set. 15

6. The nethod of claimb erein one of the predetermned quantities is a
st ati sti cesult i gagh one pair of measurement results;

15 classifying, after the comparison, said each one pair of measurement results according
to result of the comparison, resulting in a classified plurality of pairs of measurement results;
selecting a common set of measurement results from the classified plurality of pairs of
measurement results for use with the data set; and
providing summary measures for a parameter utilizing the common set;

20 wherein the steps of grouping measurement results, determining whether
predetermined measures satisfy threshold criteria, labeling a pair of measurement results,
comparing one measurement to another measurement result, classifying according to result of
comparison, selecting a common set of measurement results and providing summary measures
are performed by a processor executing computer readable code embedded in a non-transitory

25  computer usable medium to perform said steps;

whereby the data set includes data obtained from large-scale measurements of
organismal and cellular state involving multiple independent measurements of each
parameter, said parameters including genes, transcripts and proteins; and wherein the
summarized parameter values are utilized for decision making to increase confidence on the

30  use of the data in activities including manufacturing of analysis equipment, hybridization of

protein, and gene expression.
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2. The method of claim 1 further comprising the steps of:

providing summary measures of predetermined quantities utilizing the common set.

3. The method of claim 2 wherein one of the predetermined quantities is a confidence
measure.
4. The method of claim 1 wherein the data set is a replicated data set; and wherein the

method further comprises the step of:
averaging, as a first step, the measurement results over replications to obtain averaged

measurement results.

5. The method of claim 4 further comprising the step of:

providing summary measures of predetermined quantities utilizing the common set.

6. The method of claim 5 wherein one of the predetermined quantities is a statistical

measure.
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