WD 03/007177 PCT/ AU02/ 00934 METHOD AND APPARATUS FOR | DENTI FYI NG
COVPONENTS OF A SYSTEM W TH A RESPONSE CHARACTERI STI C TECHNI CAL FI ELD OF
THE | NVENVD@BIo0BE7The i nvention relates to a nmethod and appamratue/odos

i dentifying conponents of a systemfromdata generated fromthe system
whi ch conponents are capable of exhibiting a response pattern associ ated
wth a test 10 condition and, particularly, but no exclusively, the
present invention relates to a nethod and apparatus for identifying
conponents of a IMETWOD D AEHARATUD Moka IDENTTFYINGE doOMPONENDE Syshem g
whi ch conponents are cap ?#“é§ﬁ¥§§?ﬁ$2§ n associ ate
vmth a test 15 conditi ongQEQEﬁCﬁ@ﬁle(ﬁﬁ% tﬁére any nunber
of "systenms" in existence for which nmeasurenment of conponents of the
system may provide a 20 baspgohyrodt Gverd 2l ﬂﬁ@@E§&§henl Exanpl es of
systens include financial systens (such as stock markets, credit systens
for individuals, groups, organisations, |oan histories), geol ogical

systems, chengal isxshed®n renat@gieglaSMétﬁaa,a@adaﬁﬁ@waimgefoﬁbny of
t hese systens nunber of conponents whi ch generate

&é& ¢Q rise a substanti )
subst anti al s n@aFQWPQB?n Ra I@ SYREERt L Ea aiRe’ FFPRHREH ol ogi ca
sci ences havéxmesmhbe@yﬁmemhewﬁewhlopmp@heﬂtsnai@0@§pim&eI@fge 30 scale

anal ysi s of b'%&ﬁ%ﬁ%%%gﬁ%SE% OnSn SXQQBLG g;sonjt_ea%EF év%%ﬁth s use of

bi ot echnol ogy arrays rays -are genera hlg d%n5|ty
grids of khowsongiigliogi @aﬁ,saﬁptesu@ergy.mt mo@mhusmbphym@t e) which

may be Screen%@e%%nQrqg%@nt&bhhréﬁéEeéagalQSmQQhQQtQﬁ@ §§#é£ﬁéﬁ§“%¢P” abOUt

the relative quantities of 1ndividual onponents in th est sa
of b.otechno|é&@néﬂﬁ§9§9mepmgpee?m$7oﬁc¢/%&9&¢9@9@h SESt$%u%r?Wcﬁﬁ%ﬁs

potential for canarksies Fhobi ehedisgatemaNdWRIch ChEPERNSY SdfdBzapable of

exhibiting a response pattern associated with a test

15 condition.

BACKGROUND OF THE INVENTION

There are any number of “systems” in existence for which
measurement of components of the system may provide a

20 Dbasis by which to analyse the system. Examples of systems
include financial systems (such as stock markets, credit
systems for individuals, groups, organisations, loan
histories), geological systems, chemical systems,
biological systems, and many more. Many of these systems

25 comprise a substantial number of components which generate

substantial amounts of data.

For example, recent advances in the biological sciences
have resulted in the development of methods for large

30 scale analysis of biological systems. An example of one
such method is use of biotechnology arrays. These arrays
are generally ordered high density grids of known
biological samples (e.g. DNA, protein, carbohydrate) which
may be screened or probed with test samples to obtain

35 information about the relative quantities of individual

components in the test sample. Use of biotechnology arrays



An exanpl e of one type of biotechnology array is DNA 5 mcroarrays for the
anal ysis of gene expression. A DNA mcroarray consists of DNA sequences
deposi t edworsaor17or dered array onto a solid support base @CF/AR2QIBSS
slide. As many as 30,000 or nore gene sequences nmay be deposited onto a
single mcroarray chip. The arrays are 10 hybridised with | abell ed RNA
extracted fromcells or tissue of interest, or cDNA synthesised fromthe
extracted RNA to determne the relative anounts of the RNA expression

for each genetmst Beovelksopotksstial Fhe ah&THNI GUEE tIBEHBHELEaDr Vades a
met hod of dete nln the 15 relative expression |levels of many genes in a

particul ar i S¥G§5™Fhe nethod al so has the potential to allow for

t he identiflcatlon of genes that are expressed in a particular way, or in

ot her words rtigular ponse. 0., di en | types,
or in the sane%Z% m@? t %eogﬁdg&gg g?e?éﬁﬁéggég%%g% £££§ % %@%dltlons
The ability t@lnc@r@ﬁtrmﬁysSﬁe)ﬁ Gosesnadubdsbef ugenal expmssmarrpl«% Diidy

establ i shing Qh%&%%§&'g E%%%%sE% QEsbNﬂggééﬁenQEE“@@ﬁogiﬁéér@Htaﬁe|| types,
to determ ne optinmum 25 conditions for expression of desired genes or in

assessi ng effF%Q@%eéfaﬁFégsopéP PafgetAn§UBRPF BsBRBR B9 par¥fR8Far genes.

A significant sprglel.emas Want/hasanal, y)sosO@f mdﬁéagéﬁéeééq&dncég fhapmbéyst ems
such as biote hnolo r%%és homeﬁ is that rg Bonsghgatterns inth
G P t

data are ofte 80§ﬁ| % §&REiFy M4GEORE  BReC fAthaY ?o?¥%mnng
(a) the dl@fi&quydlwemamlphlaabaglbdrgﬁAaHEUnasteﬁ faba cgéheratred by

the data W0 GIPOUIL 7T REEABS 0B0sg 2 §vhheb 8l A Rk kB batRea M
resul ts in m $8Png teadetepndneekigpirel asivasavauatbi ofethAaoRBly array from

which data is di38idddbn Folheadhverter snhave devel gped;asiet hoghtor
anal ysis of data_  generated from Systens which preferably permts

i dentificati ortSGPTEGHSONERES TOr St BEO¥YSEENPUWREE ofxRfbfiptgrmining the

15 relative expression levels of many genes in a particular
cell or tissue. The method also has the potential to
allow for the identification of genes that are expressed
in a particular way, or in other words, have a particular
response pattern in different cell types, or in the same

20 cell type under different treatment or test conditions.

The ability to identify such genes would be useful, for
example, 1in establishing diagnostic tests to distinguish
between different cell types, to determine optimum

25 conditions for expression of desired genes, or in
assessing efficacy of drugs for targeting expression of

particular genes.

A significapt problem with the analysis of data generated
30 from systems such as biotechnology arrays, however, is
that response patterns in the data are often difficult to
identify due to one or more of the following:
(a) the difficulty in manipulating large amounts of data
generated by these types of methods or experiments;

35 (b) the inherent wvariation in the data;



response pattern under a test condition. 10 DESCRI PTI ON OF THE | NVENTI ON I n
a first aspect, the invention provides a nethod for identifying conponents
of a systwmoBoenrtata generated fromthe system which cecpo@avesdexhi bit
a response 15 pattern associated with a test condition applied to the
system conprising the steps of: (a) specifying design factors to specify
the type of response pattern for the testy condition; (b) identifying a

| i near conbi nation of conponents from 20 the input data which correlate

with the respqase patbesninPratenabh¥a &,ﬂfcﬁeafs@@glwcw%‘sséa{}?g Hahy, of
defining a matrix n factors. 25 The |[nventors have devel oped a

f. desi
nmet hod wher eby IinegﬁorCSﬁ%WHéFroﬁ§96? %%n%d?éﬂ?%c??%%Q%Ys@%%%m1%%ﬂ“be
conputed from | argehdphudtsaotsdaiaswhgy eby the |inear conbination of
components fits or correlates with a specified response 30 pattern. Thus,
using this nethod, specific patterns in the data can be searched for and
conponents5exﬁﬁ@|ﬂhﬁ@nﬁbm§ hpaet develdpadi &i medthdfi Sof agndlyatesof apitch

f f t 35 Th
[ near. combi nd ) ORof corpanehe L TS Brera BBy 6r ot hel 10 fr v 031 007177

conbi nati on a}re@@)o@%% %@m@@ﬁ}ﬁnhndé@' ghtssandoXds Xioar e data val ues
generated fromthe nethod 5 applied to the system for conponents of the

system Preferably, a linear conbination of conponents is chosen such that
a linear Y®gression of the | iDESORIIMOMAE @R INVENTIORENt S On the design
factors has as nmuch predictive 10 power as possible. The conponent wei ghts
are assessed in a manner such that the values of the conponent weights for
component s whitghadéimst espeetat ehei thvehbeidespgovides oa smetined efdomi nat ed

fromthe |ineanee@ARAaY @Bmponents of a system from data generated
from the system, which components exhibit a response
15 pattern associated with a test condition applied to the
system, comprising the steps of:
(a) specifying design factors to specify the type of

regponse pattern for the test condition;

(b) identifying a linear combination of components from
20 the input data which correlate with the response
pattern.

Preferably, the method includes the step of defining a
matrix of design factors.
25
The inventors have developed a method whereby linear
combinations of components from a system can be computed
from large amounts of data whereby the linear combination
of components fits or correlates with a specified response
30 pattern. Thus, using this method, specific patterns in the
data can be searched for and components exhibiting this
pattern identified. This facilitates rapid screening of

the data from a system for significant components.

35 The linear combination of components is preferably of the

form :



15 The nethod of the present invention has the advantage that it requires
usage of | ess conputer nenory than prior art nethods. Accordingly, the

nmet hod ofwbDhg/opriesent i nvention can preferably be perfor ®ed/A@pioaisy on
conputers such as, for exanple, |aptop machines. By using | ess nmenory, the
20 met hod of the present invention also allows the nethod to be perforned
nmore quickly than prior art nethods for_ gnalysis of, for exanple,

bi ol ogi cal data. The nethod of the present invention is suitable for use in
25 the analysis of gny systegxiiwhichygonmponents which exhibit a response

seense

pattern are sought. Suitable systens include, for exanple, chem ca
systens, biological systens, geological systens, process nonitoring
systenms and Wheaathal $ystrReslinebtdidgbiddi@Xxaiphg, ate edbhpsesyst ens,

i nsurance Sys{ et mar ket i,ng, systens, or_c an recor stems. Th t hod
of the presen%g% %E%t?%ﬁ ?ég%a%FFc§55?|¥a g%?té%?%r?B?gug O?ngﬁ%émaﬁﬁ%§sis
of results$ obtapheddf tonth85syetdodionppdmeshdrnt: il ddicayshest.ens. WO

03/ 007177 PCT/ AU02/00934 5 The data fromthe systemis preferably
generated from nethods applied to the system For exanple, the data may

be a measure BFehe¥abhYity binept conpbminian oif (Irmpanmitemia hqsessence
of conponent sshBhatBYEt &M i REaANYe§rOtHEsn BRNHL 18 f eadmyig0fidhe s

conponents of a syste The, data e gener.ated using any nethods for

measuri ng th8°@8éﬁ8ﬂg%tgnthﬁ é?%%@ﬁ;E%?é£¥ﬁuQP§nﬁFtﬂyéha SH&F 1 om for

exanpl e, 1i ot pohasl agypassasplanaltysi sospeheds wdildhias raye anglassicsl PNA

m croarray an IS (se r.. 10, exanpl e na et al., 1995, .Science 270:

467- 470: Loc@%éﬁ re%u%“ﬁ. E%Baghﬁa't’%?‘ée%i%f&celﬁeno‘foomg‘i?ﬁéﬂt i’%ei&h%&efqﬂfat No.

5,569, 588), RNampenaptanahyshsdoRMAL nteroalatey widrtal tiss sjedidh Masrtaots p

anal ysi s, RNALPLCLOCRE RapDAl ¥8b8 the' P16ddl MGRAGH P @pal ysis, carbohydrate
r

anal ysis, 15 antibody array analysis, or analysis such as DNA
el ectrophoresis, RNA el ectrophoresis, one dinensional or two dinmensional

protein el®ect raphREeBbE, ob 8h80PTESent invention has the advantage that
it requires usage of less computer memory than prior art
methods. Accordingly, the method of the present invention
can preferably be performed rapidly on computers such as,
for example, laptop machines. By using less memory, the
20 method of the present invention also allows the method to
be performed more quickly than prior art methods for

analysis of, for example, biological data.

The method of the present invention is suitable for use in
25 the analysis of any system in which components which
exhibit a response pattern are sought. Suitable systems
include, for example, chemical systems, biological
systems, geological systems, process monitoring systems
and financial systems including, for example, credit
30 systems, insurance systems, marketing systems or company

record systems.

The method of the present invention is particularly
suitable for use in the analysis of results obtained from

35 methods applied to biological systems.



The conponents of the nethod of the present invention are 20 the
conponents of the systemthat are being neasured. The conponents may be
any nmeasuweBmononponent of the system The conponents n®¢Thdjo20am34
exanpl e, genes, proteins, antibodies, carbohydrates. The conponents nay be
measured wusing nethods for detecting the amount of, for exanple, 25 genes
or portions thereof, DNA sequences such.as _-oligonucleotides or cDNA, RNA
sequences, peptides, proteins, carbohydrate nol ecul es or any other

nol ecul es  t hetie f@ita perdm ofhd hey e AW GHe FRMSIAR Jedler@t@®lfgon N @ DNA

oy he cONTOREI TR 50 o AT -2 S eIty Cren 4P anFPbody,
F?b frag{rpgt @@raémws%mélevfi?m_ ljteitiyha:tf Gdret aidngaogremjf iogferttim!a:: ndidn_g si Le

of an anti bo c ﬁQH[ : y e- ski in the

art that, they%:%rrrg’one}g? ﬁeeedtl#ot fb%% omef?lcclbsﬁtl%néar es1y§/ %%'ént%%rf aBle in a

manner t oSperdfilten @ontel hitabke tiedanm@d FdtensmrmenaDG3/cJ0 21 By sten.

PCT/ AU02/ 0093¢he Giatd neay Ol natd iy Qfs e SRMRERE 3 the desihgh

matri x. For exanpl e, conponents may have a unique identifier sdch as
an arbi trari |y cFIRJPLH DISYREA- ThthSatEs s Pp garerrtsseci fi ed by
the design fagtetis oy ekensly, deisdiethriAdSF Birddy Rt 1§HIdigRM ast he
response patéh%%n speci fi b%stgt%desj%] factors i.s deriyved ftrom known
data. Thus, @ VesHonse PATLETTE det dd Fr¥thidhodiaats wisae ifféntify
response lpat texarp tdatSelnend Oetsighi f i1 | YBsiaridear2 10 & eineo ;1 esponse
pattern. For yoxample.e@ Ip!r{doof Mashan dAslans. Ry be A added jor - gene
expression that correlates with a known gene expression pattern.” For

exanpl e, a pafat AP ar> eXxp? €388 on RiFatawiay ginad yrerti dliZamipxesrngane over a
particul ar 15564 Dy s PSR dni ¢ hela18/Pdl mBj nild1e d185PAsa Rald ern

specified by the design factors is derived fromthe input "array data. In
this case, a PEROMR PR IP ARG VERLTr SRtaRYHRke Y lusiay data will
group comnponentsilddy herady aynahir€is, or analysis such as DNA

electrophoresis, RNA electrophoresis, one dimensional or

two dimensional protein electrophoresis, proteomics.

The components of the method of the preéent invention are

20 the components of the system that are being measured. The
components may be any measurable component of the system.
The components may be, for example, genes, proteins,
antibodies, carbohydrates. The components may be measured
using methods for detecting the amount of, for example,

25 genes or portions thereof, DNA sequences such as
oligonucleotides or cDNA, RNA sequences, peptides,
proteins, carbohydrate molecules or any other molecules
that form part of the biological system. For example, in
a DNA microarray, the component may be a gene or gene

30 fragment. In an antibody array, the component may be a
monocleonal antibody, polyclonal antibody, Fab fragment, or
any other molecule that contains an antigen binding site

of an antibedy molecule.

35 It will be appreciated by those-skilled in the art that.
the components need not be known, but merely identifiable

in a manner to permit a correlation to be made between a



exhibit significantly simlar response patterns. In yet another enbodi nent,
the response pattern specified by the design factors is selected to

i dentify woWw3d871at bitrary response pattern. The test condiPCIroxi®2060693the

nmet hod of the invention nay be any test conditions applied to a system
For exanple, in the case of a biological system the test condition, may
be 30 the growh conditions (such as tenperature, tine, growh nedium
exposure to one or nore test compounds) applied to an organismoprior to

measur erment o:[iﬁ@@r(:@aﬂa@ﬂﬁat@oﬂfof hiehe systthedte anhisrtﬂie/pﬁ(§ltgzh as a
tumour cell, benl n ceJé %ﬁ?CEdt mour cel | eara}}y t unour cel lu nor mal
cel |, 35 nutafet E 81:|e:|~;? % pRPET TP RORTLT D Hvratt i e an

or gani sm pri omdéntnﬁaenreuehtaef at herlbbmpaneht ssofedttad mygteamonNDame .

03/ 007177 PCT/ AU02/00934 - 7 As discussed above, to identify a |inear
conbi nation of conponents frominput data, let yT=aTX whereby y is a

|i near corbi nBheoneERORARChAKEpEN appeRblieddryn Mt rdss In SLafHiQES ¥t er abl y

array data, hgyigg ndégm@e@fpae{;@%ent@n Sl kol tnise Of t Heeste it | ons,
and a is a matrix of val yes qr vvelghts to be%l(f Iled to t he i nput data.

The signifi cBAEESHR ?@@Fégé?énbzot 1 AP EM SCHFEG DN B FREHY °Wesi gn
factors T rraykia@wﬂeaatm neﬁuby ahzespbn@e ﬂ@ttﬁyﬂ:?ydémded YEfdm Rnydvm- )

Wherein P=T (TIT) a kxr tr| Xs wher eby val ues
of b are sel cltbt Fhl et AMEEER ToehRnde RA T RGTADETSr 975 o' oquat) on 1 and
i gnori ng tthe stgnsfanandilyi soms$lprove deskndren f oddpmnsry MMIr@n BxrAdT

XX T a2 ATk B)Xendbysy 8! h0ERn CPANLORL | Rl Yo GBARNS Sty TRy b
gene expresgssion that correlates with a known gene
expression pattern. For example, a particular expression
pattern of a particular yeast gene over a particular

15 growth period.

In another embodiment, the response pattern specified by

the design factors is derived from the input array data.

In this case, a response pattern derived from the input
20 array data will group components of the array which

exhibit significantly similar response patterns.

In yet another embodiment, the response pattern specified
by the design factors is selected to identify any

25 arbitrary response pattern.

The test conditions of the method of the invention may be
any test conditions applied to a sgystem. For example, in
the case of a biological system, the test condition‘may be

30 the growth conditiong (such as temperature,"time, growth
medium, exposure to one or more test compounds) applied to
an organism prior to measurement of the components of the
system, the phenotype (such as a tumour cell, benign cell,
advanced tumour cell, early tumour cell, normal cell,

35 mutant cell, cell from a particular tissue or location)of
an organism prior to measurement of the components of the

system.



25 by finding the maxi nrumvalue of ? in equation 2. However, there are

| i near conbi nations (a) for which the denom nator of equation 2 is zero and
t her ef or ewB 3®0717nfi nite. Thus, in one enbodi nent, the presanuooesnt i on
provi des algorithns for determining a whereby aTX(1-P)XTa 30 is not zero.

I n one enbodi ment, the linear conbination is conputed by solving the
general i sed ei genval ue problem of: WO 03/07177 PCT/ AU02/ 00934 - 8

(XPX *-AX(I-P)X ) a=0 3 for X and a wherein Xis a data matri x having n
rows of conponents and 5 k colums of test conditions and P = T (TTT) "1TT
wherein T is trix ign. -factors and r .col uation
3y be sol vad BYCFRESFSI FBA R BPGOIFENHEY S0t 1ar BT Mt T - P) XT
Then to WBX|npsapphentati@omeqnautodaQa,|hethg easéfwhemeby ¥ s isom- si ngul ar
we woul d sol VﬁlﬁéaEBc%i‘ch on@ﬁ %199& gh rﬁ%é M d $ndtQiHEWe te
equation'4 as 20 W2BW2 - SO ve t I's ei gen equati on. | f
W2 in equati8atsi §rﬁé5ra¥9éa aﬁrwed%mguh@fl%s% Fows JBE 1cqnwex£tsufr 6

0 0 where 0, hagthecdiagapabsmBbit XcOhdiNOONZErHnd &4 0B & ahat8six Af Wlt is
easy to see tha& guatlon 5 beconmes 30 0 /007;h PCT/AQ? /0093%1 t ot
ue the i1input dat e

t or weights to be applied to
significance of regression co-efficients of y on a matrix
of design factors T may be determined by the ratio:
10
ey
A=— 1
({-P)y/(nr)

Wherein
P=T(T"T) *T";and
15 T is a kxr design matrix;

whereby values of a are selected to maximise A.

Substituting a’X for y in equation 1 and ignoring the
constant divisors provides the following equation:
20

_ d XPXTa
a'X(I-P)Xa

Thus, a linear combination of components g may be computed
25 Dby finding the maximum value of A in equation 2. However,
there are linear combinations (g} for which the
denominator of equation 2 is zero and therefore A is
infinite. Thus, in one embodiment, the present invention
provides algorithms for determining a whereby aTX(I—P)XTa

30 is not zero.

In one embodiment, the linear combination is computed by

solving the generalised eigenvalue problem of:



A 2UTBUAI 2 0 1.1 Al2U a =07 0O O O where U= [UlU2] is partitioned
conformable with A, . Maximsing equation 2 subject toa =Ua (i . eais
5 constrawpad/oor7be in the range space of W gives rise t@Crhdaoeoesn
equation defined by the top left hand block of the |efthand side of
equation 7. Equation 4 may be solved directly without requiring 10

cal cul ation of XPXT or X (I -P)XT using-thge-generalised singular value
deconposition, see Golub and Van Loan (1989), Matrix Conputations, 2nd Ed.
Johns Hopki ns Universitygﬁméésxxxﬂ4pyxf =15 Alternatively, X(I1-3P)XTin
equation 3 may be replaced with X (I -P) +all . Thus, in another

enbodi nent, the linear conbination may be identified by solving the

equati on: (XPROr- AXafdl- B) XT +a2l) a=0for ? and a 8 20 wherein X is a data
matri X havi ng : GO t t est [ ti.ons; and P
= T (TTT) L Pyflerels, (r}\hrgigpggﬁgt‘??%ng’f l%‘?%ll‘vir%?r essfgfﬁ “Fac O%’rlst%flacfl(f

col utms arkd aki §oduBPgAE BaFE| RoRGitides 2| i near conbination yT=aTx. In
a preferred epbadirmedt) -1trheyidwent ipn Prov08s a Jrethedy S &r identydf yi ng
components of _.a systemfromdata generated fromthe system which exhibit
a response paF?EF%r§OaQQSSCF8 BE Wi th a set of test conditions applied to
the system Eqnptishng imhe bBeepsloéd Kn)tcispetsfyobwmihdglesigsriaaiors to
specify the type of response patterns for the test conditions; WO

03/ 007177 PCT/ AU02/00934 - 10 (b) formulating a nodel for the residuals
of a regridssion of the input data on the design factors; (c) estinmating

paraneters fofcthg mmesls (H quggqugAa‘linear conbi nati on of conponents
using the 5 nodel and its estinated paraneters. Preferably, the nethod
includes the step of defining a matrix of design factors.

Then to maximise the ratio (equation 2) in the case that W
is non-singular we would solve

15

(B—AW)a=0 4

One approach for doing this is to rewrite equation 4 as
N Al
20 [WZBW’Z—LQW”azo 5

and solve this eigen eguation.

1
If W ? in equation 5 is replaced in the singular case by

25

where A, is the diagonal matrix of ‘non zero’ eigen values

of W it is easy to see that equation 5 becomes.

30



10 Preferably, the systemis a biological system Preferably, the data
generated froma nethod applied to the systemis generated froma

bi ot echnowogg/oeriray. The inventors have found that the demcFiAtaRo0930f
equation 15 2 may be replaced with the quantity aTVa wherein V is the
covariance matrix of the residuals fromthe regression nodel. Thus in one
embodi ment, the linear conbination nmay _bg conputed by naxim sing the
ratio: 20 aTXPXTa 9 aT Va Equation 9 may be used to give the follow ng
optimala a= z,-1 / 2u 10 /25, wherein a-s me_ght matrix for the linear
conbination Y=aTX P = T \(R[T)y7sUIA 2 W f zhﬁ@'a eﬁ}or of P (XVzXT) P or
equivalently a left 30 |ngula vecto 0@ -12KP; |and X is an nxk dat’a
matri x from data generat frontra nethbd Iled tlo the system the data
being fromn conponents and k test conditions. 35 This approach has the
advant age that the nethod of the invention does not require storage of
matrices | arger than @gb‘ 7177 PCT/ AU02/ 00934 - 11 nxk. Thus

advant age of VRETReth 6= e IAvemaT fionadhat cPripepable aﬁ&F@S|sAof
data obtained from.l ar nunbers of conponents or |arge annunts of _
conponent s anfax{Bipip nd@ﬁpéﬁ§°n5I%1ef%ﬁ¥ﬁ%ﬁreﬁ3enﬁ Vient (1tRe @ is

covarlancqsna ced by _Jts_maxi mum|li d estlnator

|
Maxi num 17 kel ﬁétaa FIL%%ES%M%F %P%Jn%%g?rgﬁ?gen8§ep9 oI HHE TS 027 r ay

data. In thi sthéefeéfgeeﬂ eqloth srende f i hed daya tHe arsp npdet| ednby B v Nk
di stribution, ih IS cqnp IeteI% specified by the nean and variance. The
nodel of the hBEhoBf&hapHesSpreseht SAH@EAPIOA- may conprise a nean nodel and

a vari ance nodel. The nean node

Equation 4 may be solved directly without requiring

10 calculation of XPXT or X(I~P)XT using the generalised
singular value decomposition, see Golub and Van Loan
(1989), Matrix Computations, 2™ Ed. Johns Hopkins

University Press, Baltimore.

15 Alternatively, X(]—fﬂkﬁin equation 3 may be replaced with
X([—P)XT+1ﬂI. Thus, in another embodiment, the linear

combination may be identified by solving the egquation:

(XPX" -AX(I-P)X" +0’I)a=0for A and a 8
20
wherein X is a data matrix having n rows of components and
k columns of test conditions; and
P = T(T'T) 7" wherein T is a matrix of k rows of design
factors and r columns and a is a weight matrix for the

25 linear combination y'=a7X.

In a preferred embodiment, the invention provides a method
for identifying components of a system from data generated
from the system, which exhibit a response pattern

30 associated with a set of test conditions applied to the
system, comprising the steps of:
(a) specifying design factors to specify the type of

response patterns for the test conditions;



15 may be defined by the equation: E{XT }=TBT 11 20 L J wherein X is an
nxk matrix of data, preferably array data, having n rows of conponents and
k col umswofo3ernt7 conditions, T is a kxr matrix of desi geCraatenedsimavi ng k
rows and r colums and B is an nxr matrix of regression 25 paraneters. The
vari ance nodel may be defined by the equation: V ar {vec {XT}} =1k OV
12 30 where V is a covariance matrix: V & A(DAT +U21 , AI7XS wth
constraints 35 (DSXS diagonal and A T A=lI. WD 03/007177 PCT/ AU02/ 00934 -
12 The varia  ppa r { ' ' i;hood.
From (11) andm%gzwﬂgklﬁg?e\l/wﬁ?tg rﬁe\s))\n&iﬁie %ﬁ%%%g%étjﬁelvcg{#ﬂo%ﬁél Eﬁ%o%%@ 5L
=klog( VI +tr{(X - TBE\Ehe(3optt 1@tamen gt ek tiRPO%st i mated in the
model include(d) Oestodaaifigtperiegtessi i caed fdddent B. I n one

enbodi nent, an. estimate, of regression coefficients B for the nean nodel 10
i s conputed usfhg E?QBHB?Hglﬁag%n%ﬁﬁéF >1NZtig O 'PW?PFF“%%HH&%QQH&#@

i nto Equatd on 13 weodbl aandt hies | ¢ &iel mdntoedl mdradétatconditional on B = B : L
= L(B) =kloglV +tr{V-1p RT } where R=X-hTT In one enbodi nent, the
paraneters for the covariance 20 matrix are estimted by conputing the

maxi mum | i kel Phebddraksyi nahesne¢thed ioeludes covarstereohudeiinmmiti ona

on the regregsiPxPEEaRBLEELS- rdBEoFOVari ance matrix of the variance nodel
may be defined by the equation: 25 V =Aq) AT +V 21 14

10 Preferably, the system is a biological system.
Preferably, the data generated from a method applied to

the system is generated from a biotechnology array.

The inventors have found that the denominator of equation
15 2 may be replaced with the quantity a'Va wherein V is the

covariance matrix of the residuals from the regression

model. Thus in one embodiment, the linear combination may

be computed by maximising the ratio:

T T
20 p=t AP 9
aVa
Equation 9 may be used to give the following optimala
a=A"?XPu 10

25
wherein ¢ is a weight matrix for the linear combination
y=a'X,
p = T(T'T) 17,
u is an eigenvector of P(XV'X")P or equivalently a left
30 singular vector of yi2xp .
and X is an nxk data matrix from data generated from a
method applied to the system, the data being from n

components and k test conditions.

35 This approach has the advantage that the method of the

invention does not require storage of matrices larger than



To find the maxi mum |i kel i hood estimte (M.E) of the paraneters of V, we
proceed as follows: 30 FromV = AcLAT +a' 2l we get WD 03/007177 .
PCT/ AU02/W093407177 13 *] (D +c71S 0 ~ *]T V = AA AA 15 OPaZlavog/oodser eA*i s
an orthonormal conpletion of A It may be shown 5 that V_1=[ AA*]
(("+U21S)-" 0O [AA*]T 0 a-2In_S 16 = A((D +a-2ls )-'A + a-'(I - AAT). 10
Hence: J(D +C2IS(a2\n-s s / _r ((Di_+p2)_(C2)"-" so s 15 klogl VI =k
Ilog ((Dii+a2) +(11-s)loga2 17 Further, we may wite: tr {V -1 RRT 1= tr
{((D + a2l's ) wkiAT RRLA ak8 advanhge{ BRTtnd dERlodl 020 LoNDLRALRY;: S4uUpt | on
17 and equati 8:?1 JEB,. the lag |i kehl hood fﬁgctl on for dA,%DandaZ condi t1 onal
on B may be obtaindd. BRE™hSofB8dYEsSnRLi ARtR PRF’IRedalFOHCidFFe of A

subj ect to theumbenrst di monAbAsht sFornil agge hembagt angf atoapendd 93407177

PCT/ AU02/ 00934 _ if.ferentiating this with respect to A we obtain the
equation alL/a ezs‘tojcx%ﬁéi(rietlé’ ®2 I tr{[((D+0.2Is)-1-0' -2, ] ATRRTA} +t r { L(ATA- 1)}

19 51 1and L is a lower triangular matrix of Lagrange nultipliers.
Eval uati ng t hilst angriefeomredr amboditbat , cohst caratighyesmatrix Vv is

replaced by its maximum likelihood estimator. Maximum
likelihood estimates are obtained from a model for the
microarray data. In this preferred embodiment, the data

10 are modelled by a normal distribution, which is completely

specified by the mean and variance.

The model of the method of the present invention may
comprise a mean model and a variance model. The mean model

15 may be defined by the equation:

E{x"}=TB" 11
20
wherein X is an nxk matrix of data, preferably array data,
having n rows of components and k columns of test
conditions, T is a kxr matrix of design factors having k
rows and r columns and B is an nxr matrix of regression

25 parameters.

The variance model may be defined by the equation:

Var{vec{XT}}=1k®V 12
30
where V is a covariance matrix:
V=ADAT +0%1, A,
with constraints
35 ®__diagonal and ATA=I .



10 RRTAD+ALT =0 with ATA=I The first equation can be witten as 15
RRTA+ALTD-1 =0 20 where D = ((D +621S) U-ZIS Note that Dis invertible
provi ded wbI0o3Di171 >0. 0. 20 In one enbodi nent, the maxi mpeTiAUbiId300d
estimate of his conputed fromthe equation: 62 = 1 tr{RRT 21 k(fa - s)
t=1 25 wherein s-is the nunber of latent factors in the variance nodel. In
one enbodi nent, the maxi mum likelihood estibmate of t is conputed fromthe
equation: 30 4) ii +62 = 9ttlk 22 WO 03/ 007177 PCT/ AU02/ 00934 15 1In one

embodi ment, 8 T d%fﬂlﬂﬁ’ﬂ:é)){nédlﬂ_ %qa!aatn{e% ndde1= t(aééBﬁ‘e}A'{dlet%% ge""ﬂﬁr ein
8ii is the i’ e of sEuatlons (21) ,
4ii +6a = Sii qul Oo (r?er 1@“§nd 8 W@A“‘?RRVIAF)% GZISFeaﬁéederl ved
as foll ows: I?reejaﬂﬁvqollwgwgm%bmas@ by AT and using ATA=lI shows that
L is symmetric and hence diagonal. It follows that the colums of A are

ei genvectors of RRT. 15 Slmlarlyweobtailn aL k (5ii a(bDii ((Di +62)
((Dii +0-2§2 al k +k(ii-s)s&logV|+tg{(X'-TB")V"(X-BT' i 13

The parameters to be estimated in the model include A, &,
o and the regression coefficient B. In one embodiment, an
estimate of regression coefficients B for the mean model

10 is computed using standard least squares:

B=x"r(r'r)"

Substituting into Equation 13 we obtain the likelihood of
15 V conditional on B=5:

L=L(B)=klog[p|+{r'RR"}
where R = X — BTT

In one embodiment, the parameters for the covariance

20 matrix are estimated by computing the maximum likelihood
estimates (MLE) for the covariance matrix, conditional on
the regression parameters. The covariance matrix of the

variance model may be defined by the equation:

25 V=AOAT +o52 ] 14

To find the maximum likelihood estimate (MLE) of the
parameters of V, we proceed as follows:

30

From V=ADA" +0%] we get



2 Laa2 =~ (~ii +~) ) a-j ((Di +a, 1s - 2tr{RRT 2 (6 ) -' 20 where
8ii =(ATRRTA,) is the i h eigenvalue of RRT T. It follows that +02=6iilk
25 62 tr WOR3BOH7? 8ii k (n -s) i=i WD 03/007177 PCT/ AUOPCT0OR4/0093416 The
nunber of latent factors in the nodel for the covariance matrix may be
estimated by performng |l|ikelihood ratio tests, cross validation tests or
Bayesi an 5 procedures. |n one enbodi nent ;4t he nunber of factors in the
vari ance nodel is determ ned by performng a series of |Ilikelihood ratio
tests, for increasing nunbers of factors. The nunber of factors is chosen
such that the test for further increase in the nunber of factors is not 10
statistically significant. The likelihood ratio test statistic is conmputed
usi ng the equation st -2logL=k jlog(8ii/k)+(n-s)log Y(Sii (k(n-s)) 24

i=1 s+1 +kn rper of( pargreters is ns+s+1 s(s+1)/2. 15 1In a
preferred enb5d=| n"e/ht t he nynbel| Aok Tact ors, s, in the variance nodél is
det erm ned by performng aO'B Ian nethod, preferably based on a nethod

for selecting the nunber of prl nci pl e conponents given in Mnka T.P. 2000,
Automati c choice of dinensionality for PCA, MT Mdia 20 Laborat ory
Per cept ual rggutl ng.Section _Technic nka (200

514 We
note that the”probfeifof™ 8ﬁ58§?ﬂ§mﬁgsﬁ:‘§mﬁﬁﬁﬁ?lﬁn%f 2% " Y G as(r%}a Wsi s

nodel i.es5 that

- x ((I)+O'21x)_1 0 AA*T
] 0] y

n—s

=A(®+0°L,) A+o7(I-AAT).

10 Hence:

V=|o+o’l

s

)

~11(®, +0%)(0?)”
SO

15 kloglV|= {Z g(®,+07)+ (n—s)logaz} 17

Further, we may write:

tr{V'RR } =1 {(cp +0l, )“1 ATRRTA}
18
+07%{RR" - ATRR A}
20
Combining equation 17 and equation 18, the log likelihood
function for A,®ando’ conditional on B may be obtained. We

proceed to maximise this as a function of A subject to the

constraint ATA=T. Forming the Lagrangian and



the nunber of left singular vectors in an singular value deconposition
(SVD) of the residual matrix to include can 25 be thought of as the problem
of sel ectwogswwbA7hunber of right singular vectors or pri Rcrpaiozomsponents.
Witing ki for the eigenvalues of RTR, in M nka(2000) the nunber of

princi pal conponents is chosen to maximse s log P(RI s) =1log P(u) -
0.5n] log(i 1) j=1 - 0.5n(k - s) Iog(v)_:ri()) 5(in + s) log(27c) - 0.5lo0g

det (AZ) - 0.5s log(n) WO 03/007177 PCT/ Al 5/ 00934 - 17 where

nmrks-s(s+l )/ 2diSfkeegnkPiur ing- sthog( With | egebettk toi A lwe/ Sdtain Gk -
i + 1) log(r) k v=(> A)Il(k-s) j=s+1 and s k log det(AZ) _ I I log((,;" -
k')(-z,- )j) U P1Y A5 &re Apfor j5k A v,otherw se. Mre
reliable results are obtained usi ng the Bayesian approach if it is used on
a subset of the genes, chosen to show high correlation with the response
pattern specifigg 19 b the gle hgn grs sent i,nvention al so
provi des a rreansd—tﬁﬁée?(%[oﬁihé he &] a 8R t\%eﬂr{gb(e I/bné lp bet weenl ¢ he

| i near comnbi natl%n rrponents and the response pattern 15 specified by
the designsfactors. The inner product of the |inear conbinations with the
data matrix results ih a loading for each array. These | oadi ngs may be
plotted against the columms of the design factors to reveal the

and L is a lower triangular matrix of Lagrange
multipliers. Evaluating this and incorporating the

constraint gives

10
RRTAD+ AL =0
with ATA=1
The first equation can be written as
15
RRTA+AL'D™ =0 20
-1
where [):(¢%+024) -0l Note that D is invertible
provided all @,>0.
20

In one embodiment, the maximum likelihood estimate of ois

computed from the equation:
I\2= 1 T . s
é ——k(’H){tr{RR } ;a‘i,} 21

25 wherein s is the number of latent factors in the wvariance

model .

In one embodiment, the maximum likelihood estimate of @® is

computed from the equation:

30 O, +32=6,/k 22



shape of the response. 20 The present invention also provides for testing
the significance of the conponents of a |inear conbination, and/or the
overal | swoaagoh7pf the relationship between the |inear ecwiuwaniwsm and

t he design factors-. In one 25 enbodi ment, the nethod conprises the further
steps of: (a) determning the significance-of each weight of the |inear
combi nation; and WO 03/007177 PCT/ AU02/0Q934 - 18 (b) setting

non-signi ficant weights to zero. In a préeferred enbodi nent, the
significance of the weights of the linear conbination is determ ned by a
pernutation 5 test conprising the steps of: (a) random sing the data,
preferably bi bR eceRfoPBYYAFPAY: gaﬂé,dﬁﬁﬂﬁpﬁ B¥chPRoREYRB} C®anput i ng t he
wei ghts and ei genvalues fromthe random sed data; 10 (c) repeating steps
(a) and (b) a plurality of tines; and (d) determning a distribution for
the wei ghts and eigenval ues cquy@&xhﬁm@ the random sed data; (e) 23
determining the position of weidhts ‘and éfgenval ues conputed from
non-randord sed data, preferably 15 biotechnol ogy array data, relative to
the distribukhencoh Bheiwetpbt g asihaiganealdesrrOmputed from randoni sed
data; (f) estimating t he significance of each weight conputed fromthe
non-random sed data. 20 In a preferred enbodi nent, the significance of the
rel ati onshi p between the |inear conbinations of conmponents and the
response pattern specified by the design factors may be determ ned in an

anal ogous way., For.each .25 rahdoni safj-an st above,.,th oadi.ngs are
formed as i nHgra }8Hﬁc95'bigéﬁﬁ?%ﬁﬁég§_&gﬁgiﬁé?&onEEMT?h'fﬁékdggQ)'natrix.
The nultiple correlation betwee hese | dddi hgs and the response pattern
speci fi edloby grqg glsil(%?R]}{aﬁ)or(SZB) are derived as follows:

Premultiplying RRTAD+AIT =0 by A’ and using ATA=7 shows
that L is symmetric and hence diagonal. It follows that
the columns of A are eigenvectors of RR®.

15

Similarly we obtain

oL _ k _ 0y

BCD,, (CD” +O'2) (q)ﬁ +O'2 )2

oL _ > k k(n—s)~ S S,
do? 5 ((Du +‘72) o’ i=1 (CDH +02)

20 where 5,-,-=<A,-TRRTA,.) is the " eigenvalue of RR".
It follows that

(i)ii‘*'d'z =0k
25




is calculated. The significance of the overall 30 relationship is eval uated
by determning the position of the multiple correlation coefficient from
non- r andowdDamo7idat a with the distribution of the multipl @Ccxoytoeledsi on
coefficient cal culated fromrandom sed data. 35 The present invention al so
provi des nethods for--estimating mssing values fromthe data. In one
enbodi nent, m ssing values are estinatgglgsjng an EM algorithm In a WO
03/ 007177 PCT/ AU02/ 00934 - 19 preferred enbodi nent, the nethod conprises
estimating mssing data values of array data by: (a) estimating initial
values of B,I',(D,62 by replacing mssing values with sinple estimtes and
calcul ating Bheakimbarl pkelphebl Gaetaus esnasbannedel HEoxathe was

conpl ete; (b) cCeaRYbhbe RhXL9E, mayoisa‘a,EéBBia’ch,b%p;&}féﬁ%iﬁgPeCt ed val ues

of the data n&gi,gnd the residual matrix unfer nodel Qi ven the
observed dat altfer8°8f Fetder FREES10°heFBw 2L 1d5t SobstPEhE CHUBMIEEIRR for
(b) into I3 kebirbeedureguat Tansnassnbbdgmentpl ehe dakibet 0o Hbf &t toREWn

ti mat es of [’ ad_62 ;. (,d) Repeat steps to (d) until convergence.
e I one onboREriREiapRE ponal TEPERLePLEBEAlR) Ae-EGinihl 4 SOTYSL TS
equations 18 da#e2@hoog0rRtioXtesBIFT fo¥ inArOAFingagimbersthe fahtonsum
of R R say, T#e GappRa Lt Ifgtet%sa@s 00c0L5 23cR thafl e YOO TeQp V-1 =[V

V25 1li Vito Var VO 1 VI _Where o, denotes the observed resi dual
conponent andfdfthgenéresepre ansshagnrebeyual Eadponenis Metdo the E step

30 of thelEM akgenkthenneynaegnt 0i€9APUt eThhe] expechedavahtes & &1 ot} and
E{RIRIT lof} 36 . .. . . .
statistic is computed using the equation:

s+1

—2log L = k{glog(5ii/k)+(n —-s)log{zt:&f/(k(" ‘S))}} 24
+Jon

and the number of parameters is ns+s+1-s(s+1)/2.

15 In a preferred embodiment, the number of factors, s, in
the variance model is determined by performing a Bayesian
method, preferably based on a method for selecting the
number of principle components given in Minka T.P. 2000,
Automatic choice of dimensionality foxr PCA, MIT Media

20 Laboratory Perceptual Computing Section Technical Report
No. 514 (Minka (2000)). We note that the problem of
choosing basis functions in the factor analysis model i.e.
the number of left singular vectors in an singular wvalue
decomposition (SVD) of the residual matrix to include can

25 Dbe thought of as the problem of selecting the number of

right singular vectors or principal components. Writing Ay
for the eigenvalues of R™R, in Minka(2000) the number of
principal components ig chosen to maximise
log P(R|s) =log P(u)—0.5n) log(A,)
Jj=1
—0.5n(k —5)log(v) +0.5(m + 5) log(27)
—0.5logdet(A4,)—0.5slog(n)



Note that we are also conditioning on a set of paraneter 35 values, B/A (D
and 62, however for easy of presentation we do not represent this in the

f ol | owi ngwo oBtonan be shown that WO 03/ 007177 PCT/ AU02/ 00984/AG02/8W34 E{ ui

i} = Wu0 (VO0O) t of = (Vuu)-1 vuot 27 = Co, (say) Hence E{Ri'i) = CI

10i Fromthe definition of Rwe obtain E (Xi joi) = Cof + BTT e 28 10
where ei is a kx|l vector with zeros except.in the ith position which is a

one. Now witing Vuu for Vui ui we have ~ 157 Let | O] i"" CT E{RRT of I CI
0 (VMuu)-t O |l whkr8 aeE-Els€I)y2,t 29 CO (Muu ) =R RT + L [0 LT ii 20t
Where (Vuu) = LILT . It follows that WO 03/007177 PCT/ AU02/00934 - 21 E

....... = . Ri , Si i=1 i1 Si =PT Li i
h)ljr;RlT ! Slere m igkt\k]le n{mtlferI?I%g;ﬁ'b}s?ﬁlﬁgéiﬁi?gl\%ﬁj(ﬁlééﬂw (r)?un% i andI PI iss a

pernmutation matrix with the proper_tgszha_t '=§>

A3 Ry O U
v=(Zk: A (k—s)

and

logdet(4)= 3" 3 og((A" ~ A:)(% ~ 4,)n)

i=1 j=i+l

5 where

' v ,otherwise.

2"“ _ {Zj,forjsk

More reliable results are obtained using the Bayesian
approach if it is used on a subset of the genes, chosen to
show high correlation with the response pattern specified

10 by the design factors.

The present invention also provides a means to determine
the shape of the relationship between the linear
combination of components and the response pattern

15 specified by the design factors. The inner product of the
linear combinations with the data matrix results ih a
loading for each array. These loadings may be plotted
against the columns of the design factors to reveal the
shape of the response.

20
The present invention also provides for testing the
significance of the components of a linear combination,
and/or the overall strength of the relationship between
the linear combination and the design factors. 1In one

25 embodiment, the method éomprises the further steps of:
(a) determining the significance of each weight of the

linear combination; and



11. Define in = m and 10 R=[RL....Rk:St.... SK] , nx(k+m 31 then E{RRT
0l.... }=RRT 15 A simlar expression also follows fromwiting 10 0 - O
01=[ O 0 twBd3/obra7{Vuiui 0 D O LLT This requires only 1 (| @Cgsxgo2qessi X
factorisation and the 20 dinension of D may be nuch | ess than mif comon
genes are mssing (across colums of X). The above expressions enable the
conput ation of maxi mum |ikelihood estimtges by using the SVD of R thus
saving on 25 storage requirenents. Fromequations 35 and 36 it can be seen

that the matriy) tsLpVehsi 8n (Y4 i f Scd2duid Rshe T S8 be a large matrix
if there are many mssing valuesTin a colum of RIn 30 such cases we note

the followng: Vuu = Au (cS +6Z1S)-t Au +6-2 (I - AuAu) 33 WD 03/007177
PCT/ AUO2/ 00934n a B2efdbheed Subdehndes, athappiapriadancibsetthef wedwhtef A

(Au is nxs) . Vu' can be rewitten as. Al A(726LS) - - .21 LAU T +6-2I
Y9 Honce usi R the FoPREFacqbbthathpar § addoRind o momliegity’. 7
BT A’ 355 itteah bemshbmanghahe (§tepd-of= U21 15 C2 Au [2AAU + {(0, +
a21S)-1 - U-24[S} . _Note i i '

SXs matrix \Mgéfe gélﬁgg?h% n%n%%‘? o?‘E%az’?lg %ﬂ%@%%ﬁné{}ﬁjedl&\aés{ %ﬁré%fy ﬁgdel
and is independentdatam w2phin each row;

(b) Computing the weights and eigenvalues from the
randomised data;
10 (c) repeating steps (a) and (b) a plurality of times; and
(d) determining a distribution for the weights and
eigenvalues computed from the randomised data;
(e) determining the position of weights and eigenvalues
computed from non-randomised data, preferably
i5 biotechnology array data, relative to the
distribution of the weights and eigenvalues computed
from randomised data;
(f) estimating the significance of each weight computed
from the non-randomised data.
20
In a preferred embodiment, the significance of the
relationship between the linear combinations of components
and the response pattern specified by the design factors
may be determined in an analogous way. For each
25 randomisation step (a) above, the loadings are formed as
inner products of the linear combinations with the data
matrix. The multiple correlation between these loadings
and the response pattern specified by the design factors
is calculated. The significance of the overall
30 relationship is evaluated by determining the position of
the multiple correlation coefficient from non-randomised
data with the distribution of the multiple correlation

coefficient calculated from randomised data.

35 The present invention also provides methods for estimating
missing values from the data. In one embodiment, missing

values are estimated using an EM algorithm. 1In a



The EM al gorithm di scussed above requires the factorisation of the
matrices V'u which may be reasonably large if there are substanti al
nunbers oWorm3®sing val ues. An alternative al gorithm whi crCaoa®2na34r equi re
this is as 25 follows: Wite R =X -BTTe; and o; 37 R = for i =1, ..., k.
u; WO 03/007177 PCT/ AU02/ 00934 - 23 Then assum ng nor mality, we can wite
the log likelihood of the data as: k L =log L =1log f (ull log g (01 Iol
9) 38 5 where f is the conditional normalj19y den3| ty function of ul given
ol and is the al _densi fu ctlon of ec f. paraneters
0is B, A and® Efgaﬁgeg I“‘E ﬁlm%‘:x?: Zmeth ‘?< ?QI[S aenéll éet?la aﬁ:vle gil gorithm
can be 10 spwdiskied ﬂetanuaimesnng m@y@ntaasazas follows: (a) Speci fy
initial valueggg, 1 mEPhnk! o epation 9@%@8& anquoasbef fupebiopgof

ul, ,uk. Fromt g %Lorm 0 we can hi's T ndependent [y f or Jg.5 each
ul and since |og fm(LﬁinSE gﬁ}u% ‘ﬁl%bo%ﬂ@lr%r%ﬂlmﬁﬁ%@rtﬁ K3 Bthaioid he

maxi mum ocgurs at mHkihum Efkdloho8d}esdhSr & LOMIBENG Stide CRltclllvadd on done
in the E step of the & :tlgl nal E-Malgorithm (c) Wth for i=1,...,k
maxi mi se 45 as a fGREPI-GRT6f 0 20 ig norlng the dependence of ul on 9 (i.e
treating the (w} asOmpwthngeaE) Xo pb,p AG AR ,loQ Fh€oekpeltadt vhlsegeot

sequence w th 26 esé%égfe%?%th ?ﬁﬁge b AR SEGH %“{%’dgﬁe? 3
where u(n) =( ujn) modelu@m)femlebslgb%We@GWmJo loooB4o: ispglefined
10 below) ;
(¢) Substitute quantities for (b) into likelihood
equations assuming complete data to obtain new
estimates of BJZ¢andol;
(d) Repeat steps (b) to (d) until convergence.

15
In one embodiment, the EM algorithm is performed as
follows:
From eguations 18 and 20:

20

R=X-BTT V =A®AT +0°I

For the ith column of R, R, say, we can partition R, as
0. V I/' VOO VOU
25 Ri{ ’},V:[ o "“},V‘E 25
U, Vuo V;a( Vou Vu“

where o, denotes the observed residual component and y;

denotes the missing residual component. To do the E step
30 of the EM algorithm we need to compute the expected values

E{R[o,} and E{RR]|o;} 36

Note that we are also conditioning on a set of parameter

35 wvalues, B,A,® and 0%, however for easy of presentation we
do not represent this in the following.

It can be shown that



Step (c) of the algorithmcorresponds to ignoring the V' ternms in the
calculation _ of E{RRT lo'l,...,ok} of the EM algorithm and then doing
the M st ewoamBiooher EM al gorithm (Note that the estimati omCafAtB2/06934be done
i ndependently 5 of the other paraneters in 0.) W can conpletely renove
the need to calculate (V'")-~in step (b) of the above algorithm by noting
that we can use a cyclic ascent algorit mto maximse log f (ui 10i, 0) as
follows: 10 Let the conponents of ui be (uji, j =1,...m ) Maxim sing over

uli (say) wth u_ii zr(uji. 3 fixed, corresponds to conputing E{uli |
u_li,oi0} To see thig{éiﬂi}éﬂ“)l@qj;o&f (ui loio) =log f (ur I u-ti, of,

(r)) +log h (u-ti loi, e)_4(( ,,,)L/fniepr,,e h is a conditional normal densit2y7 Now
note that the first termin gq at’iofi 15 has a maxinumat E{uii u_ii,di, B}
and this can be conputed pur® ysdyyom the elements of V-1 20 given earlier.
Iterating over 1=1...,Ini wlf ‘produce the (unique) maxi numof log f (ui |
oi,(r)) nameInI){ E{ui loi,0}. This nethod requires only one matrix
factorisati om @h 25 therefore reduces storage requirenents. In a
preferred enbodinent, the m ssing va#ggf ﬁ; stimated at the same tine
that paraneters for the nodel are est %4 i03/ 007177 PCT/ AUO2/ 00934
25 The identification nethod of the present™-invention may be i nplenented
by appropri ate conputing systens which may include conputer software and
hardware. 5 |Fra@coreladelingtirn aecBndeadpéeitiof the present invention,
there is provided a conputer program arranged, when run on a conputing
device, to control the conmpuytin deyi ce t,0 identify linear conbinations of
conponents from i nput datél(lJKHP, Fi? €Bdte with a response pattern & ined
10 by a matri x of design factors ifying types of response patterns for
a set of test conditions in a system The conputer program may inplenment
any of the preferred algorithns and nethod steps of the first aspect of

the where ¢ is a kx1 vector with zeros except in the ith
position which is a one.

Now writing V™ for V' we have

15
Let
. 1ooloor 0 |1 ¢f
B{RRTo = o I} o () {0 1]
_|Z ooT[ICT]+Q ’ 29
-_C :0; 0 Oﬂqq
:R;*R,.*T+B}[o ]
20 l
Where . | 2 4==Llf.
() =2z

It follows that



15 present invention which are discussed above. |In accordance with a third
aspect of the present invention, there is provided a conputer readable
medi um pWwowB®ITIg7 a conputer programin accordance w th treTsamone320
aspect of the present invention. In accordance with a fourth aspect of the
present invention, there is provided a conputer program which, when run
on a conputing device, is arranged to coné ol the 25 conputing device, in a
met hod of identifying conmponents froma ;sfen1mhich exhibit a
pre-sel ected response pattern to test conditions applied to the system
and wherein a matrix of design factaorsspecjfying the response patterns
for the test conditions isﬂ?afﬂqed*og §9Rhﬁfa§§53gfa nmodul e for the3o
residual s of a regression of the input =array ta on the design factors,
to estimate paraneters for the nodel and conpute a |inear conbination of
conponents using the nodefyand the estimated paraneters. 35 The conputer
program may b@h@ﬁ@angedefﬁhinmbeﬁﬁmﬁ anyref m, ibetheehenbed SE!hOgs ang
cal cul ation steps di.scus .above in relation to the second aspect of the
present i nyenkizame MQrOYAUG % BeH A024 09934rmat 261 oh mACLLE daNae d h a
fifth aspect of the present invention, there is provided a conputer
readabl e nedi rQvj di Qr er programin accordance with the fourth
5 aspect of tiﬁ?ﬂggf% th?%VgR@Van 1n accordance with a sixth aspect of the
present invention there is provided an apparatus for identifying
conponent s féﬁgﬁg system whi ch exhibit a response pattern(s) 10 associ ated
with test conditi'oiTs applied to the system and wherein a matrix of design
factors to specify the type of response patterns for the set of tests and
conditions is defined, th@=@ﬁparamhs including a calculation device for
identifying |inear conbinations of conponents fromthe 15 input data which
correlate;yith the responge[pattgrne SICI a%eg_pf';l ce with an seventh §§pect
of the present invention, tthéfé s'prdvided an apparatus for identifying
conponents from a system which exhibit a presel ected

then

E{RRT lol,...ok} = RR”

15 A similar expression also follows from writing

2{2 (V“'S")_l B B JOD}ZB LZT} 32

This requires only 1 (larger) matrix factorisation and the
20 dimension of D may be much less than m if common genes are
missing (across columns of X).

The above expressions enable the computation of maximum

likelihood estimates by using the SVD of R, thus saving on
25 storage requirements.

From equations 35 and 36 it can be seen that the matrix
-1
inversion (VW) is required. This may be a large matrix

if there are many missing values in a column of R. In

30 such cases we note the following:

v = A, (@,+0°L) " Al +07(1-A,AT) 33



20 response pattern to a set of test conditions applied to the system
wherein a matri x of design factors to specify the response pattern(s) for
t he test wondiooilons is defined, the apparatus includi ng ®CTEdN2/060931
formulating a nodel for the residuals of a regression of the input array
25 data on the design factors, neans for estimating paranmeters for the
nodel and neans for conputing a |linear _zggbjnation of conponents using the
nodel and the estimated paraneters. 30 onputi ng system i ncl udi ng nmeans
for identifying conponents including means for inplenenting any of the
preferred al gorithns and nethod steps of the first aspect of the present

i nvention whi ¥heiee Adi stapd@d @0 wPPrIpriasee subpett 9LokowReopr dsent
invention are inplenented by way of a conputing device, it will be

appr eci at ed t AL iamEs WO 03/ 007177 PCT/ AU02/ 00934 - 27 appropri at e
conputer hardware e.g. a PC or a mainframe or a networked conputing
infrastructure, nmay be used. BRI EF DESCRI PTION OF THE FIGURES 5 Figure 1
shows a graphigal plot of a matrix of design factors of a preferred nethod
of the inventi’on FEBpPeakBWr§ehe2exPressi on patterns of the genes of yeast
from mcroarray data that correlate to the response pattern 10 specified
by those design factors (bottom. The x-axis is the tine of growh of the
yeast at whic e  expnesssi s -measured. The y-axis is the valu

desi gn factorqbﬁ§§n+aﬁgg éa%ﬁﬂ}ﬁﬁgf?gﬁp) or the level of gene expres@?on
(bottom. 15 Figure 2 shows a graphical plot of a matrix of design factors
of a preferred nethod of the invention (top) and gene expression patterns
of the genes of ast. .fro m ay data that correlate to the response
pattern 20 spggp¥ge§%6%9fﬁgedg§%§ﬁi%actors (bottom. The x-axis is the
time of growm h of the yeast at which gene expression was neasured. The
y-axis is the value design factor given

(4+ BDBT)"1 =4 - A'B(B" 4B+ D" )‘1 BT 4 35
it can be shown that

2

1\l
s (Vm‘)—l :0'2[-—0'2Au (GZALY‘"A”_;.{((I%+O'2]S)‘I_o'-zfs} ]) Ag 36

Note that this only reguires the inverse of an sxs matrix
where s is the number of basis functions in the wvariance
model and is independent of m.

20
The EM algorithm discussed above requires the
factorisation of the matrices V" which may be reasonably
large if there are substantial numbers of missing values.

An alternative algorithm which does not require this is as
25 follows:

Write

0; 37
Ri:[u} for i=1,...,k.



for each tinme (top) or the level of gene expression (bottom). 25 Figure 3
shows a graphical plot of a matrix of design factors of a preferred nethod
of the irnwerBioen7{t op) and gene expression patterns of tRETGdNRH0BE yeast
from mcroarray data that correlate to the response pattern 30 specified
by the design factors (bottom. The x-axis is the tine of growth of the
yeast at which gene expression was neaSQ%ed. The y-axis is the val ue
design factor given for each tine (top) the |l evel of gene expression
(bottom . 35 Fihegur &séush@\ySnarméambygadvepb@h.@fi@erraltléixogflﬂleéignoocﬁact ors
of a preferred nethod of the invention (top) and WO 03/ 007177

PCT/ AU02/ 0093#f thegdagan@sexpression patterns of the genes of GC B-like
diffuse large B cell |ynphgma and activated B-like diffuse large B cel

| ynphorma from m cr ogr£ &6 plada b 16.9\48b lo0pi he response pattergg
speci fied by the desigﬁx%ac;_f?bggdfggn).gge%kg L-axis is the class of

| ynphonma. The y-axis is the value design factor given for each class (top)
or the |level of gene expression (bottom). Figure 5 shows a graphical plot

of a matrix of .desi gp 10 ctars .of .a _preferred. nethod.pf the invention
(top) "and % oot Rorbstron satpbrne: BrEl naChuREIYorogealy FHBarerE orh
mcroarray data_listed_ iR tahle that correl.ate.to the .respaonse pattern
speci fied by ?ﬁggg'd@s?gﬁ ﬁégf%;%miggf 6%?? e-x- x%gnfglpﬁeogiﬁ%'of%ﬁe
grow h of the _ yeast at. 15 which gene expressi gn swas neasured. The y-axis
is the valuev§€ g FalPIANGEGER PortedltPidd {top) or the level of gene
expression (botton). Figure 6 shows a graphical plot of a matrix of design
20 factors of a preferred method of the invention (top) and gene _
expressi on pandoRr Nerfiddergs %ﬁugtﬂxgﬁﬁl bhomckha t iReCr0drdt at @ar | BE ed
in table 1 that correlate to the response pattern specified by the design
factors (bottepecified for maximising equation 45 as follows:

(a) Specify initial wvalues 6,
(b) For iteration »n20 maximise L as a function of u,..,u,.

From the form of 45 we can do this independently for

15 each u#;, and since 1ogf(uiloi,9n) is a (conditional)
normal distribution the maximum occurs at
ﬁ,.("):E{u,.lo,.,Gn}. This of course is a calculation done in

the E step of the original E-M algorithm.
(c) With u,.———z?,.(") for i=1,..k maximise 45 as a function of @
20 ignoring the dependence of u;, on € (i.e treating the

u; as now fixed) to produce 6,

(d) Go to 2 until some stopping criteria is satisfied.

The above algorithm preferably produces a sequence with

25 the property that for n20

L(a"™,6,,)2 L (y("),Qn) 39



The x-axis is the tinme of gromh of the yeast at which 25 gene -expression
was neasured. The y-axis is the value design factor given for each tine
(top) or wbasloeme! of gene expression (bottom. Figure 7Pprshovi@2ao94aphi cal
plot of a matrix of design 30 factors of a preferred nethod of the
invention (top) and gene expression patterns of the genes of yeast from
the mcroarray data listed in table 1 thgt correlate to the response
pattern specified by the design factors ( 3‘ttor’r). The x-axis is the tine
of growth of tdwepyeast abrfwhiled 35 @eneaxpeessesponds NBaASWRhbrie yhaxis
is the value design factor given for each tinme (top) or the level of gene
expr essi on (bdt”f‘dx@rmsV\Diﬁ3/ﬂﬁ)§lZ:hll%ﬁIlI/aAlj[d>21/06§34E{Rlés}b'l,.l:.jcg reo8 «iows Ex
graphical plot of a matrix of design factors of a preferred nmethod of the
i nvention (tomlend tlgeneamXptlessi doipgt tbend citdheofjehkrs 8M GTLoBliitken.
diffuse 5 larg | arge B

cell lynmphoma (.GO) .and activated B-1ike diffuse
cel | |ynphoma @1‘9&? valERY FPAEmS "}‘thdTOSJar‘? yBd&RE B¢ stieqei drdebradeniyy
correlate £0 tdye fiRSRANSS RAILRI erSPEG fg efl by the design factors
(bottom. The x-axis is the class of |ynphoma (GC or activated). The

276t B BTN S i 00 Yo" B 0L L
Lhis examl o i chie spsil oLl Q6T BRI SXEEL PR ADUCER oo
| dent {1 cati on, ofeyel o cyghesneauabeh gaRescoof phhenygast igneahRromCes

cerevisiae by Mcroarray 20 Hybridization. Mdt. Bio Cel |
The data set gegnerated fromthe mcroarray experinments described in the
above paper can be obtained fromthe following web site: 25 http://genone-

10 Let the components of u;, be @ij=1,"mJ
Maximising over (say) with u_ﬁ=(uﬁhj¢l) fixed,

corresponds to computing E{uﬁh4pq9}

To see this write:
15 Iogf(quﬁ)zlogf(uﬁlquq,0}+bgh(uqﬁopé) 40

where & 1s a conditional normal density. Now note that
the first term in equation 15 has a maximum at E{u”quopﬁ}

and this can be computed purely from the elements of v

20 given earlier.

Iterating over [=1..,m will produce the (unique) maximum of
bgf(qu,G) namely E{qu,H}

This method requires only one matrix factorisation and
25 therefore reduces storage requirements. In a preferred
embodiment, the missing values are estimated at the same

time that parameters for the model are estimated.



wwww. st nford. edu/ M croArray/ SMD publications. html  The array data consists
of n=2467 genes and k=18 sanples 30 (tines). The matrix of design facors T
(desi gn maprodoyhas r=6 col ums defined by the terns cos @CI)AY0280934( 10)."
for 1=1...3 and O = (7m) /119 , m=0, 1,..., 17. This exanple illustrates
how t he nmet hod of the present 35 invention can be used to discover sets of
genes which exhibit periodic variation m% hin the cell cycle. For this
data set, the pattern of periodic variaIi is a by WD 03/007177

PCT/ AU02/ 0093 rodu t.of Lh ysis h hoi c e
matri x of ih gﬁ@FE;%C? * ns@%rc % gh rgﬁggg?%sg%ﬁggtlﬁ?tef%qacould
al so be speC|ﬁm@dem¢n¢hdobyngpperamdtpIaompgtLMQ spppeoprvateh peayern in

the single col %ﬂuate E@% %éweo?twaw XnaMRErhPhsedata set we have six

canoni cal vectors . hat a=)t XPu where u is the design factor and a
denotes the scores. Tmo ba5|s functions were used in the factor analysis

nmodel . Ressil t $nf abcb&aahb@swlthraes@@aﬁal aab&atlafesrl@.rprgsev@@ bel ow. The
desi gn factor aX|s .10 |§ tinme, 8 onent a a calcul ated
joatlt

which s hi gREYeBEGRPri CHAES AS oheEorpireR SEogtatn ar faided”
simlar patteMMe@frwarbataonompatlhgnﬁev$cgbv90 behbmolothethemputsmgthree

oot cance” PRYIpeS) AaRytyl N Ao ARL PEpKADE PoofER08, ik e
significance svel applle Yo e Scores Fev was se
0.001). G oupinpuzesana whiehdcoyrpéasaaish aoresmnsérp@tgﬁmuégﬁmed

level s. The regult 52594 x2@¢h geanaal ?QEtEﬂ?Et ebeagpangetyﬁégr@fe}@gpo@& as

inplying a simlar pattern of variation for _each three groups but
with a phase §ﬁFF€rP§rf€§bﬁ §esupt teRE F@RﬁPBlPBﬁ/éQCPesﬁéF?%d is of the
order of 70 mnutes which agrees with the results in the paper. 25 The

identified h bel Resul,ts.of t f
Phoce genes i SREnoRTEToH gareean, "avanio1gnest edonr ERBVAFFETEF L soe

Figure 1) 30algorithms and method steps of the first aspect of the

15 present invention which are discussed above.

In accordance with a third aspect of the present
invention, there is provided a computer readable medium
providing a computer program in accordance with the second

20 aspect of the present invention.

In accordance with a fourth aspect of the present
invention, there is provided a computer program, which,
when run on a computing device, i1s arranged to control the

25 computing device, in a method of identifying components
from a system which exhibit a pre-selected response
pattern to test conditions applied to the system, and
wherein a matrix of design factors specifying the response
patterns for the test conditions is defined, to formulate

30 a module for the residuals of a regression of the input
array data on the design factors, to estimate parameters
for the model and compute a linear combination of

components using the model and the estimated parameters.

35 The computer program may be arranged to implement. any of.
the preferred method and calculation steps discussed above

in relation to the second aspect of the present invention.



d is:0.9932 p Value is:0 Spellman Cell Cylcle Data 35 Gene Score P Val ue
YCLO40W -0.6096 0 YPLMO2W -0.4394 0 YELO60C. -0.434 0 YDR343C. -0.4239
0 WO 03/ 0@D03M0RCT/ AU02/ 00934 31 YGRO08C. -0.4047 0 YORB1/ALI020®38978 0
YLR178C. -0.3853 0 YCLOL8W -0.332 0 YMROO8C: -0.3011 O YKL148C: -0.299
0 YGR255C -0.2745 0 YDRL78W -0.2454 0 YMRL52W -0.1967 0 YMR023C:
-0.1408 0 YOL028C: 0.0956 0 YG.244W 0.1202 0 YIR023W 0.1645 0

YKLOL5W 0.1809 0 VYOR33QOC:. 0.1937 0 VYPLZ212C. 0.2026 0 VYJLO76W 0.2201 0
YCRO34W 0.2373 0 YFR028C. 0.2393 0 YPL128C. 0.2482 0 YHRL70W 0.2513 0
YBLOL4C:. 0.2515 0 YM.123C. 0.2523 0 YA OO7W 0.2531 0 YOR340C. 0.2677 O
YMR274C: 0. 2688 6ccyFiagzwy wotRosstDitivvagmsww @f Fioe mresent

invention, there is provided a computer readable medium
providing a computer program in accordance with the fourth

5 aspect of the present invention.

In accordance with a sixth aspect of the present invention
there is provided an apparatus for identifying components
from a system which exhibit a response pattern(s)

10 associated with test conditions applied to the system, and
wherein a matrix of design factors to specify the type of
response patterns for the set of tests and conditions is
defined, the apparatus including a calculation device for
identifying linear combinations of components from the

15 input data which correlate with the response pattern.

In accordance with an seventh aspect of the present
invention, there is provided an apparatus for identifying
components from a system which exhibit a preselected

20 response pattern to a set of test conditions applied to
the system, wherein a matrix of design factors to specify
the response pattern(s) for the test conditions is
defined, the apparatus including a means for formulating a
model for the residuals of a regression of the input array

25 data on the design factors, means for estimating
parameters for the model and means for computing a linear
combination of components using the model and the

estimated parameters.

30 A computing system including means for identifying
components including means for implementing any of the
preferred algorithms and method steps of the first aspect

of the present invention which are discussed above.

35 Where aspects of the present invention are implemented by

way of a computing device, it will be appreciated that any



YOL109W 0.3451 0 YPR124W 0.3752 0 YBR142W 0.3777 0 YBLO69W 0.4035 0
YPL15SC. 0.4282 0 YBR243C. 0.4564 0 YLRO56W 0.4738 0 YJRO92W 0.5137 O
YMRO58W wW0336027107 YA.021W 0.6822 0 YGRL08W 0. 7574 0 WeCO1®Q/H193F

PCT/ AU0O2/ 00934 - 32 YMROO1C: 0.7806 0O YBRO38W 0.8433 0 YPR119W 1.1639
0 2. Canonical Variate2 (see Figure 2) 5 d is:0.9874 p value is:0

Spell man Cell Cycle Data Gene Score p-Value YCLO40W-0.6096 0 YBRO67C
-0.5403 0 YPLO92W-0.4394 0 YELO60C -0.4340 0 YDR343C -0.4239 0 YGRO08C
-0.4047 0 YOR347C -Q.3978 0 YLR178C -0.3853 0 YCLOL8W-0.3320 0 YMRO08C
-0.3011 0 YKEPREEPY3 269G HP ER53EWET979590 2YDRIZBVW - B2285528° WR152W
-0.1967 0 YBl07@WWorka2ah compYtROZ3VATrd64bubtuXE|l GhEW Be186840 YOR330C
0.1937 O

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 shows a graphical plot of a matrix of design
factors of a preferred method of the invention (top) and
gene expression patterns of the genes of yeast from
microarray data that correlate to the response pattern

10 specified by those design factors (bottom). The x-axis is
the time of growth of the yeast at which gene expression
was measured. The y-axis is the value design factor given
for each time (top) or the level of gene expression
(bottom) .

15
Figure 2 shows a graphical plot of a matrix of design
factors of a preferred method of the invention (top) and
gene expression patterns of the genes of yeast from
microarray data that correlate to the response pattern

20 specified by the design factors (bottom). The x-axis is
the time of growth of the yeast at which gene expression
was measured. The y-axis is the value design factor given
for each time (top) or the level of gene expression
(bottom) .

25
Figure 3 shows a graphical plot of a matrix of design
factors of a preferred method of the invention (top) and
gene expression patterns of the genes of yeast from
microarray data that correlate to the response pattern

30 specified by the design factors (bottom). The x-axis is
the time of growth of the yeast at which gene expression
was measured. The y-axis is the value design factor given
for each time (top) or the level of gene expression
(bottom) .

35
Figure 4 shows a graphical plot .of a matrix of design

factors of a preferred method of the invention (top) and



YJLO76W 0. 220
YPL128C 0. 248

1 0 YNL216WO0. 2330 0 YBR222C 0.2357 0 YFR028C 0.2393 0
2 0 YHR1I70WO0. 2513 0 YBLO14C 0.2515 0 YG.097WO0.2531 0O

YMR274C OwPa8®01077 YALO59W 0. 2848 0 YBLO62C 0. 3054 0 WO O0PCAMMDZ/B0934

PCT/ AU0O2/ 00934 - 33 YMO65WO0.3194 0 YBR142WO0.3777 O YPL155C 0.4282 0

YBR243C 0. 4564 0 YLRO56WO0.4738 0 YJRO92WO0.5137 0 YGR108WO0. 7574 0

YMROO1C 0. 780

is:0.9773 p Value is:0.001 5 Spellman Cel |

Gene Score Va
YCRO69W - 0. 28
YLR299W - 0. 25
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6 0 YPR119W 1. 1639 0 3. Can%%ical Variate 3 (see Figure 3)

erme MRSEWLnohise Gndyeraioetegl B3 ke diffuse large B

cell lymphoma from microarray data that correlate to the
response pattern specifiéd by the design factors (bottom).
The x-axis is the class of lymphoma. The y-axis is the
value design factor given for each class (top) or the

level of gene expression (bottom).

Figure 5 shows a graphical plot of a matrix of design
factors of a preferred method of the invention (top) and
gene expression patterns of the genes of yeast from the
microarray data listed in table 1 that correlate to the
response pattern specified by those design factors
(bottom) . The x-axis is the time of growth of the yeast at
which gene expression was measured. The y-axis is the
value design factor given for each time (top) or the level

of gene expression (bottom).

Figure 6 shows a graphical plot of a matrix of design
factors of a preferred method of the invention (top) and
gene expression patterns of the genes of yeast from the
microarray data listed in table 1 that correlate to the
response pattern specified by the design factors (bottom).
The x-axis is the time of growth of the yeast at which
gene expression was measured. The y-axis is the value

design factor given for each time (top) or the level of

gene expression (bottom) .

Figure 7 shows a graphical plot of a matrix of design
factors of a preferred method of the invention (top) and
gene expression patterns of the genes of yeast from the
microarray data listed in table 1 that correlate to the
response pattern specified by the design factors (bottom).
The x-axis is the time of growth of the yeast at which
gene expression was measured. The y-axis is the value
design factor given for each time (top) or the level of

gene expression (bottom).

Cyl cl e Data Gene Score p-Val ue
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YDL207W -0.2078 0 YDL131WO0.2301 0O YNRO50C 0.3180 0 YDL182WO0. 3254 0
YCRO65W 0. 3736 0 YGL038C 0.3944 0 YER145C 0.4387 0 YPL256C 0.6011 O
YMR179W Ow61300177 YPROLOW 0. 6201 O YILOO9W 0. 6512 0 YJLPEGA®266G80 0 WO
03/ 007177 PCT/ AU02/ 00934 34 YDL179WO0.7498 0 YLRO79W 0. 7639 0 YGRO41W
0.9150 0 VYJL159W0.9385 0 VYKL185W1.1207 O YNL327W 2.0384 0 EXAMPLE 2
The data set for this exanple is the res és_froma DNA 5 mcroarray
experinment and is reported in Alizadeh, A7A., et al. (2000) D stinct types
of diffuse large B-cell |ynphorma identified by gene expression profiling.
Nat ure 403:503-511. 10 The data set generated fromthe mcroarray

experi nents Hégereb8dshawehe abepbipapepletnobea omrtfivedof rdgnidre

foll owing webrgitgrslarhht BrbkgeR@ABnmethod of the invention (top) and
wwww. st nford. edu/ M cr oArr ay/ SMD/ Eubl ications.htm There are n=4026 genes

and n=36 sanpPE8e PHPERESLEF B AETBLBELER@f B7Re® O F [FF Riski e Bisse! |
Lynphoma" .5 TheaZ28esanpkes hewphbean (GCasshdi gt 1 wdoed vB- T lseader tyqres GC B-

desi gn mat 1 x T G P L SR PV ARGELvE L) | Frfic Sarbl e Te o il 2
and +1 if thelsahpbeinstieble 2 that correlate to the response pattern
specified by the design factors (bottom). The x-axis is
the class of lymphoma (GC or activated). The y-axis is
10 the value design factor given for each class (top) or the

level of gene expression (bottom).

EXAMPLES
EXAMPLE 1
15 The data set for this example is the results from a DNA
microarray experiment and is reported in
Spellman, P. and Sherlock, G., et al. (1998)
Comprehensive identification of cell cycle-regulated genes
of the yeast Saccharomyces cerevisiae by Microarray
20 Hybridization. Mol. Biol. Cell 9(12):3273-3297.

The data set generated from the microarray experiments
described in the above paper can be obtained from the

following web site:

25

http://genome-

www4 . stnford.edu/MicroArray/SMD/publications.html

The array data consists of n=2467 genes and k=18 samples
30 (times) . The matrix of design facors T (design matrix)has

r=6 columns defined by the terms cos(10), sin(10) for
1=1...3 and 0O = (7mm) /119 , m=0,1,..,17.

This example illustrates how the method of the present
35 invention can be used to discover sets of genes which
exhibit periodic variation within the cell cycle. For this

data set, the pattern of periodic variation is a by



group 1. This array data is used to illustrate the 25 potential use of the
nmet hod of the present invention in discovering genes which are diagnostic
of differwptos/oailgease types. The results of applying the cowaoawodsedol ogy
are given 30 below along with a (partial)- list of potentially diagnostic
genes. Figure 4 shows factor |oadings calculated for each array, wth a
Box plot show ng the WO 03/007177 PCT/ AU0O2/ 00934 - 35 distribution of
factor |oadings fromeach disease type. te the distinct factor | oadings

for each grougfa@uc@ e e %tna1§sme %ﬁsthgeeﬁbib@do@r@hé é{‘E‘rP:?'@f’"

Results of the gene expression from ese genes 1s shown 1n figure 4.
Canoni cal Var d@tSéBnléa@;t@r@ §232pseargs EOU 32BrEehd s%%na@nﬁe \Rifee T

GENE3608X: 0. £33 d0 a18NB23 2841214495 00h§§§‘§§§6iﬂ2(1 &nd ﬁa@ln@i\ilféSZ?X:
0.2104 0 GENE3330X: .0.2109 GENE32 217 2361 0

8X:
GENE3329X: 0. ?Eé’sfo@rlééﬁEﬁ%Wnolé‘ﬁgeoSlﬁﬁ 192 B’(‘Imoogo% e%ﬁ&ﬁuzox
0.3197 0 ©ENE233I2%. 0FH0%Hls BatEXANPLEe3hdhe dakacaﬂcbnioaltmcst@k@rrpl e

is listed in Tabl n anyextrac t dec
Spel | man, P. acﬁd e%%te% tgl&ié » §? ‘Ighé]@ 8%?%% S v%a(’lrec?ent |Hf| cation
of cell cycl e Jeagpilest @dneg@m@sceszo afot hbayeasfu&t;mhaﬁowtesu@@dewlstla@ by

M croarray - Hebiddc? 3ty Molodnol . nalih e (42): 3243¢ 3291 cilhge array data

consi sts of n=100 genes an sanpl es . ,
canonicalvariates are given below. The design factor axis

10 is time. Each component has a calculated p value which is
highly significant. A list of genes forming a group with a
similar pattern of variation over time is given below for
the first three canonical vectors. The size of this group
can be varied by choosging the significance level applied

15 to the scores (the level here was set at 0.001). Group
gsizes will tend to be smaller for smaller significance

levels.

The results for each canonical vector might be interpreted
20 as implying a similar pattern of variation for each of

the three groups but with a phase shift for each group.

The low to low cycle period is of the order of 70 minutes

which agrees with the results in the paper.

25 The genes identified are shown below. Results of the gene
expression from these genes is shown in Figures 1, 2 and

3.

1. Canonical Variatel (see Figure 1)

30
d is:0.9932 p Value is:0
Spellman Cell Cylcle Data
35
Gene Score P Value
YCLO040W: -0.60596 0
YPL.OS2W: -0.4394 0
YELO60C: -0.434 0
YDR343C: -0.4239 0




25 (times). The matrix of design facors T (design matrix)has WO 03/007177
PCT/ AU02/ 00934 - 36 r=6 columms defined by the ternms cos(10), sin(10) for
1=1. . 3 wed3oomn7{7mrt) /119 , m=0, 1,..., 17. 5 This examwpiratoRioessrat es
how t he met hod of the present invention can be used to discover sets of
genes which exhibit periodic variation wthin the cell cycle. For this
data set, the pattern of periodic variati is a by product of the

anal ysis given the choice of the matrix otf” 10 design factors T. A search
for a priori vrespesnse -paddsern cowl d al so be specified by choosing r=1 and
pl aci ng the ropriage,pattern jn the single colum of the design

matri x. For this data set” we have six canonical vectors a. Note that a=2
XPu where u i $:RH&CdesPgif>fact or &nd a 15 denotes the scores. The Bayesi an
criterion wasyeionswi sedo.3sieth 1 basis functions in the factor analysis
nodel . Resul for. the fijrst three of these are given below The design
factor axis igﬁio'orgr%i Egé%]dléorrponeﬁt has a calculated p value which is

hi ghly signi f Y&a#eC: A FPs3°%of 20 Yenes fornming a group with a sinilar
pattern of vardamtssen -oversstine is given below for the first three

canoni cal ve Bé%ﬁw--rhﬁ zs%);‘e of this group can be varied by choosing the
significance l['evel "appli to the scores (the level here was set at
0.001). G oup¥M¥ilze8: wi-Pt13%nd to He 25 snmller for higher significance

| evel s. The restts: f an.each canosi cal vector mght be interpreted as
inmplying a sig{#o %cpattoe(gsn)_ﬁof varjation for each of the three groups but
with a phase shift for "éach group. 30 The low to |low cycle period is of the
order of 70 n¥®nfés: whitiP2agrees®with the results in the paper. The genes
identified arerghewn begl mss Resul §s of the gene expression fromthese
genes is shomyigog Fi gures 6 angl 35 7. 1. Canonical Variatel (see Figure

1) WD 03/ 00717 &WAU(Sz}%’gQM -%37 dis:0.p Value is:0
YOR330C: 0.1937 0
YPL212C: 0.2026 [}
YJLO76W: 0.2201 0
YCRO34W: 0.2373 0
YFR0O28C: 0.2393 0
YPL128C: 0.2482 0
YHR170W: 0.2513 0
YRLO14C: 0.2515 0
YML123C: 0.2523 0
YGLO97W: 0.2531 0
YOR340C: 0.2677 Q
YMR274C: 0.2683 0
YFLO37W: 0.2966 0
YMLOG65W: 0.3194 0
YOL109W: 0.3451 0
YPR124W: 0.3752 0
YBR142W: 0.3777 0
YBLO69W: 0.4035 0
YPL155C: 0.4282 0
YBR243C: 0.4564 0
YLROS56W: 0.4738 0
YJRO92W: 0.5137 0
YMROS58W: 0.5362 0
YGLOZ21W: 0.6822 0
YGR108W: 0.7574 0




Spel I man Cell Cylcle Data Gene Score p-Value YPLO92W-1.0041 0.007
YERO15W - 0. 2681 0.008 YG.237C 0.3235 0.009 YKROLOC 0.5801 0.000 YNRO23W
0. 5849 0.WO0W3/0¥GRO34W 0. 6459 0. 000 YAL023C 0.8632 0.000 P¥BLADORANB48943
0.001 VYPL127C 1.9008 0.000 YNLO31C 2.1047 0.000 YNLO30W 2.6658 0.000
YBROD9C 2.9482 0.000 5 YPR119WO0.17948 0 2. Canonical Variate2 (see Figure
2) dis:0.98320 p Value is:0 10 Spell man,LCell Cycle Data Gene Score

p- Val ue Gene_Score p-Value YOR074C -1.8064 0.000 YILO66C -1.7692 0.000
YCLO40W - 1. 64@@R001000 0YZHo873 W-d4.0510 0.000 YOR321 W-0.9528 0.000
YKL148C - 0. 7811§Rg £00 ,YDLQ93 W-0.6411 0.007 YJL201 W-0.5744 0.009
YOR132W - 0. 4864 0. 009 YKROLOC -0.3184 0.009 YFR028C 0.5224 0.006 YKR054C
0.5821 0.007 YRAWBB2C 8:59P0 0.005 YHRL7OW 0. 6916 0.000 YNLO6L1 W 0. 8039
0.001 YLR098C I.0517 0.00I WO 037007177 PCT/ AU02/ 00934

2. Canonical Variate2 (see Figure 2)
5 d is:0.9874 p Value is:0

Spellman Cell Cycle Data

Gene Score p-Value

YCLO40OW ~-0.6096
YBRO67C ~-0.5403
YPLOS2W -0.4394
YELO60C -0.4340
YDR343C -0.4239
YGRO08C -0.4047
YOR347C ~6.3978
YLR178C -0.3853
YCLO18W -0.3320
YMR0O0O8C -0.3011
YKL148C -0.29590
YGR255C -0.2745
YDR178W -0.2454
YMR152W -0.1967

YBLO79W L1295

o O O O O O O O O o O o o o o o

YIRO23W .1645

YKLO15W .1809

YOR330C .1937

YJLO76W .2201

YNL216W .2330

YBR222C .2357

YPL128C .2482

YHR170W .2513

YBLO014C .2515

YGLO97W .2531

YMR274C .2683

YALO59W

0

0

0

0

0

0

0
YFR028C 0.2393

0

0

0

0

0

0.2848

0

QO O O O O O o O o O o o o

YBLO082C .3054




- 38 YOR153W1.0690 0.001 YOL109W1.0760 0.000 YALO40C 1.1198 0.000
YGLO08C 1.1682 0.002 YMRO58W 1.6489 0.000 YMROA C 2.1982 0.000 3.

Canoni calwgasioatie7 3 (see Figure 3) d is:0.8870 p Val ue i 2C0/AD2608pel | man
Cell Cylcle Data Gene Score p-Value YMRO65W-1.57783303 0.000 YJLO99W
-0.72894484 0.000 VYJL0O44C 0.515497036 0.010 YDR292C 0.654473229 0.010

Yl LO66C 1.383495184 0.005 YGE.0381%, 1, @é71_49735 0. 000 YLRO79W
2.689484257 0.000 VYKL 185 W 3.434889201°0.000 Table 1 10 Gene Al A2 A3 A4
A5 A6 A7 AS AHnAEBw ATb.ABYZ YALOPL C 0.68 0.68 0.65 0.94 0.53 0.51 0.68
1.13 0.73 0. , 1.54__YALOO2W O0.74 0.91 0.84 0.87 0.86 0.64 0.86 1.84
0.66 0.67 O. S%R%l%? 9}&{}7653C 0.51 0.3 0.74 1 1.72 1.36 1.28 0.67 0.74 0.67
0.82 1.04 YA34BES 3. 9142257 2.100.47 0.7 0.66 1.45 1.11 2.23 2.59 2.16
1.07 YBLOO1l ©r9423 00866Q.22 0.4 1.03 1.04 1.17 1.68 0.76 0.96 0.48 0.74

YBLOL6W 7. 92 Rég "g SZ %334 0.49 0.71 0.5 2.46 0.41 0.51 0.61 0.87 YBROO9C
.06 0.04 0.1 >83 27g .22 1.92 1.62 0.45 0.44 0.3 0.61 YBRI69C 1.17

0 0
1.32 1.55 0. 9¢R9°87 0. 8-51372 1.7 ©.91 1.57 0.9 1.04 YCLO40WO0.86 3.78 5.31
2.89 1.57 0. 7yd»16dw 0. 380945 0. 75,0.87 1.06 YCR034WO0.51 0.53 0.57 0.84
1.11 1.4 1. 1%9? 1. %.37 ZIO 11 1. Zél. 0.89 YCRO88W1.08 1.12 1.34 1.38 1.15
1.48 0.96 1.4 °32 0°84%. 16 1.%5 YDLO87C 0.79 0.53 0.82 1.38 0.79 0. 67
0.94 0.89 0.99PRL1GN 8 O0.7B° YDLO9BWO.6 0.57 0.8 1.08 1.58 1.04 1.2 0.66
0.63 0.74 0. ; : 0.42 0.82 0.39 0.9 0.45 0.53 0.4 0.82 0.42
1.27 0.84 YDR0O39C 1.38 1.45 1.99 1.2 2.12 1.52 2.08 1.38 1.63 1.23 1.36
1. 26 3. Canonical Variate 3 (see Figure 3)

d 18:0.9773 p Value is:0.001

5
Spellman Cell Cylcle Data
Gene Score p-Value
p-
Gene ScoreValue

YKL127W -0.3295

YNL280C -0.3154
YJLO34W -0.2972
YCRO69W -0.2856
YOR0O79C -0.2786
YORO75W -0.2702
YOR237W ~0.2587
YLR299W -0.2569
YMR238W -0.2451
YOR219C -0.2103
YDL207W -0.2078
YDL131W .2301
YNRO50C .3180
YDL182W .3254
YCROG65W .3736
YGL0O38C .3944
YER145C .4387
YPL256C .6011
YMR179W .6136
YPRO1SW .6201

YILOOOSW .6512

o O O O O O O O O O O O O O O o O O o o o} o

o O O o o O o o o o o

YJL196C .6680




YDRO41 W1.34 0.96 1.22 0.99 1.08 0.84 1.17 1 1.07 0.94 0.94 0.86 YDRO92W
1.07 0.61 1.01 0.65 1.13 1.08 1.2 1.27 1.22 0.82 0.96 1.27 YDRI88W 0. 57
0.54 0.55W0.08600768 0.76 0.64 0.73 1.32 1.12 1.36 0.8 YDRRIAT0R0@340. 73
0.65 0.96 0.67 0.97 0.65 0.91 1.12 1.13 1.43 0.99 WD 03/ 007177

PCT/ AU02/ 00934 - 39 YDR345C 1.48 1.27 1.26 0.79 1 0.63 1.23 0.73 0.97
1.06 1.39 1.17 YDR4A57W1.01 0.5 0.91 0.91 1.28 1.23 0.84 0.67 0.93 0.91
1.68 1.07 YERO08C 0.57 0.75 0.86 0.7 0.9% 0.79 0.97 0.89 0.99 0.78 0.78
1.2 YERO15WISiZA3si Z?é ﬂwgl U/9 1.08 0.71 1.01 0.82 1 0.84 0.91 0.99
YER091C 0. 73 %688 1.3 ,0.38 1.86 2.01 2.18 1.36 0.84 0.96 0.84 YERL78W
.34 0.86 1.2 B 1. 21 %84 1°35 1.08 1.22 0.89 1.28 1.04 YFL029C 0. 86
74 1.34 0. TICRY486 0078150, 87 9. 07 1.11 0.79 0.84 0.71 YFRO28C 0.53 0. 47
.4 0.55 0.5 45104.%. 79 QMgG 0(97 1.07 0.73 0.7 YG.008C 0.51 0.51 0.5 0.53
.51 0.96 O. gm%_gg é% 65 1.06 YG.027C 0.94 0.67 1.34 1.27 2.25
.51 1.93 1.0 871194 1. é’ YGL038C 0.42 0.8 1.65 1.77 0.7 1.06 0.5

.65 0.66 1.2™IB238 128%84YG.287C 1.13 0.63 0.74 0.84 1.23 1.34 1.01 1.03
.84 0.84 0. - -11 1.03 1.17 0.76 0.71 0.67 1.15 0.91 1 0.79
.91 0.9 YGRI95W1.16 0.74 0.87 0.73 1.15 0.82 1.2 0.93 0.96 1.11 0.82

.94 YGR274C 1. 06 1 1.3 1.11 1.13 1.06 0.97 1.21 1.26 0.97 1.8 1.12
YHLO38C 0. 93 12 0.74 1.16 1.12 1.22 0.67 1.23 0.97 1.16 0.87
YHRO26W 0. 93 5X$¥PBE82 0.97 0.9 1.08 1 1.01 1.08 0.74 1.03 0.79 YHRL70W
.84 o 64 0. 36hA. B4tA. 8t 1fd6 OhBd dx&fple 2is L1835 =R ts MdDEEONR 36 0. 74

41 4.0 4 6 0.89 1.38 1.36 0.9
.03 o 94 ?98§§3rfg%3gﬁg ﬁgﬁeg% %§% gﬁw%ﬁﬁ%&é%élé%2.77 0.8 0.8 0.84 0.94
03 1.06 1.22 0.86 0.9 0.71 YIR0O22W0.93 0.84 1 1.03 1.07 0.99 1.4 1.08
94 0.65 0. 841026, YOROREC 101410. 63000 B 0e7Bde 16,008 de 35 AL 111
63 1.04 1 YIL644C'6.84 0’75 0.54 0.41 0.51 0.82 0.87 0.74
6 YJLO73W daggepBgge2llgypphoma d@ent pf had 006 aIen S xR Les LAY 1 27
JLO99W 1. 01 $rdi0:i84 . ON8BuEe0803 . 35315311 4 1.03 0.94 0.64 0.76 YJIL110C
.53 0.51 0.44 0.58 0.53 0.74 0.56 0.71 0.74 0.89 0.6 0.8 YJL173C 0.5 0.5
84 1.239.57 1.21 1.48 1.01 0.7 0.55 0.79 0.78 YJL201WO0.41 0.44 1.11
.08 1.06 0.9Thé. AZtA. 68t0g6hePab6d0f 66mOLHE mAGRIQEWD. FxeBAndnSs 0. 71 0. 7

011 0 00 1ISVRETPA 1705 F 4PT 5100095 110 P Ted 62T SE 1 12 148

.21 following web site:
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15 http://genome-
wwwé . stnford.edu/MicroArray/SMD/publications.html

There are n=4026 genesg and n=36 samples. In the following
DLBCL refers to “Diffuse large B cell Lymphoma”. The

20 samples have been classified into two disease types GC B-
like DLBCL (21 samples) and Activated B-like DLBCL (15
gsamples). The design matrix T has 1 column with values -1
if the sample is in group 2 and +1 if the sample is in
group 1. This array data is used to illustrate the

25 potential use of the method of the present invention in
discovering genes which are diagnostic of different

disease types.

The results of applying the above methodology are given
30 Dbelow along with a (partial)- 1ist of potentially
diagnostic genes. Figure 4 shows factor loadings

calculated for each array, with a Box plot showing the



YKL148C 0.76 1.26 1.88 1 0.87 0.66 0.73 0.53 0.54 0.67 0.7 0.7 YKL182W

OCOO0OrRPROO0OO0OO0O0O<LK0O000ORLRPRPRPPOOOOR

.08
.14
. 94
. 68
. 76
.01
. 94
.99

.03 0.51 0.6 0.39 0.39 0.31 0.35 0.26 0.33 0.37 0.57 0.89 YKL185WO. 57

.26 0. 54W0.02/007178 0. 15 0.11 0.15 0.53 3.78 4.18 1.57 YKROTOW0/06B40. 47
.64 0.87 1.03 1.03 0.91 0.66 0.74 0.53 0.55 0.73 YKRGOB4C 0.57 0.39 0.54
.5 0.63 0.47 0.68 0.67 1.01 0.86 0.9 0.63 YLRO79WO0.3 0.64 0.33 0.47 0.37
.38 0.27 0.34 0.36 1.28 2.36 1.57 YLRO%%? 0.51 0.54 0.42 0.47 0.43 0.82 1
.2 1.48 1.68 0.86 0.87 YLR155C 1.11 1 1.

15 123 0 ot SVERBNES B 6°0i°b 0319 1o o 115N SRReS 1 o)
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.15 YMROO Notestbe2ddstgngt 1520t@p boading® fioB2eachsynowaing 78 Ok ls

MRO15C 1. 04 18:0.42 0.6 0.73 0.93 1.23 0.93 1.01 0.86 1.04 0.71 YMRO23C
.11 1.63 1.17 1.13 1.01 1.07 0.97 0.91 0.97 0.84 0.97 0.94 YMRO58W 2. 27
.86 1.04 1.17 2.1 2.27 4.26 3.22 5.42 5.21 7.1 5.47 YMRO65W6.42 1. 46
.65 0.51 9. 7TBe4gbn88 Qd8ALDfBEA0a88 Shéwn-bOL&L. YREOTOYY Oof Scife Sgéhnd
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1 0. 73C4ne7iga27vardstel7 0.48 0.21 0.27 0.51 YNLO31C 0.11 0. 15
.6%_ 49 2. ég 1.21 055 g§45 0.29 0.23 0.58 YNLOG9C 0.79 0.65 0. 61
D.8 8° P3V4987 % %80 0.73 0.79 YNLO6i WO.89 0.44 0.27 0.49
82 0.99 0.96 1.03 1.07 0.8 0.94 YNLO62C 0.96 0.61 0.37 0.57 0. 91
21 0.96 1.22 0.76 0.87 0.87 YNLO73WO0.79 0.76 0.96 0.7 0.96 0. 65
64 0. 8derfk 79 0.76 0. 84co¥Al88WD. 31 0.47 0.84 0.71 0.45 0.55 0.76
57 1. 1§Eﬁﬁ%§%p 73 YN}éZég 1.361.13 1.4 1.84 1.2 1.32 1.15 1 0. 93
12 1. 62 UNRO23W 0. 56 0.49 0.87 1.06 1.17 1.45 1 0.74 0.89 0. 74

.71 YOL028CSBNH226K75 0. 7603485 0.78 0.97 1.08 0.99 1 0.87 1.01 0. 94
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YOLO67C 1. 07 GeEd28128 0.84 ©.2814.06 1.23 1.07 1.07 1 1.11 0.78 YOQU 09W
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32 2.2 2. A1GENE3339X01 0.36°3188 0.67 .51 1.57 YORL32WO.94 1.26 1.65
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GENE3329X: 0.2465 0

GENE3258X: .2534

GENE1719X: .3064

GENE1720X: L3197

o O O o
o O O O

GENE3332X: .4509

15 EXAMPLE 3
The data set for this example is listed in Table 1 and is
an extract of the data set described in Spellman, P. and
Sherlock, G., et al. (1998)
Comprehensive identification of cell cycle-regulated genes
20 of the yeast Saccharomyces cerevisiae by Microarray
Hybridization. Mol. Biol. Cell 9(12):3273-3297.

The array data consists of n=100 genes and k=18 samples

25 (times). The matrix of design facors T (design matrix)has



YOR259C 0.86 0.61 1.13 0.97 1.07 1.23 1.07 0.96 1.08 0.93 1.22 0.99 YOR261
C0.90.570.910.96 1.23 0.87 0.78 1.03 0.86 1.21 0.76 YOR321WO0.61 0.66
.06 2.1 wo33/007134 1.32 0.76 0.66 0.54 0.8 1.17 YPLO40C ®@CAAD2/pa030. /9

.12 0.94 0.75 0.9 0.71 0.9 0.99 0.9 0.99 YPLO50C 0.86 0.64 1.16 1.11 1.34
.07 1.36 1.07 1 0.86 0.86 0.84 YPLOc1l W1 2.66 5.42 2.89 1.46 0.91 0.87
.04 1.23 1.4 1.97 1.11 YPLO72WO0. 93 0. 93 1.06 1.17 1.04 1.68 1.52 1.48
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0.75 0.57 0. 4PrPBE) of4 they PnNDRGZOC1ven the3choige] of2 the7matris WD

03/ 0071771 PCTIRIZH DG4 ors 41 AYRRAGLEHNERBE ri%r@ Q%sgoﬁée Eg%t@rﬁ7
YDR0O92W 0. 93 1. 1.13. YDR188 0.74 0.8

YDR292C 0. 84 é?%%ido a%folkt%s@efg fiefy YYB#‘%@@%HE 6‘81151@19190?1191‘31}6 0.82
YDR457W 0. 78 GpptrcbrZfhite Hatkelkn 1n34heYERDQEE @o8umd. 86 th8738s98n0. 91

0.89 matrix. For this data set we have six canonical vectors
@. Note that a=A"xpPu where u is the design factor and a

15 denotes the scores. The Bayesian criterion was minimised
with 1 basis functions in the factor analysis model.
Results for the first three of these are given below. The
design factor axis is time. Each component has a
calculated p value which is highly significant. A list of

20 genes forming a group with a similar pattern of variation
over time is given below for the first three canonical
vectors. The size of this group can be varied by choosing
the significance level applied to the scores (the level
here was set at 0.001). Group sizes will tend to be

25 smaller for higher significance levels.

The results for each canonical vector might be interpreted
as 1mplying a similar pattern of variation for each of
the three groups but with a phase shift for each group.

30 The low to low cycle period is of the order of 70 minutes

which agrees with the results in the paper.

The genes identified are shown below. Results of the gene

expression from these genes is shown in Figures 5, 6 and
35 7. '

1. Canonical Variatel (see Figure 1)



YERO15W 0.97 0.67 0.84 0.71 0.94 0.8 YER091C 0.64 0.61 0.94 1.77 0.89 1.04
YER178W1.06 1.03 1.39 1.01 1.36 0.76 YFL0O29C 0.75 0.82 0.94 0.73 1.13
YFRPRG007184 0. 76 0.86 0.96 0.68 0.9 YGE.008C 0. 73 ®CIAW280M31. 79

1.13
0.97 1.65
0.64 0.73
0.22 0.75
1.54 0.78 0
0.96 0.84 0
1.27 1.34 0
0.93 0.84 0
0.99 0.74 1
1.03 0.82 0
0.73 0.57 0
YJL201W 0. 9
0.86 YJR13
1.16 1.01
0.87 0.43 0.
1.03 0.66 O.
0.55 0.53 0.
1.23 1.2 1.
5
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YGL027C 1.4 1.13 1.65 1.23 1.23 0.68 YGE.038C 1.36 1.15 0.9 0.89
YGL237C 0.89 1.21 1.2 1.07 1.28 1.12 YGROS8OWO0.9 0.66 0.9 0.78
YGR195W 0.89 0.79 0.84 0.79 1.01 0.87 YGR274C 1.13 1.01 1.26
.94 YI-1L038C 1.01 0.86 0.8630.73 1.12 0.99 YHRO26W 1.06 0.79
. 831 Q.:s79.p YHRIZQW®. 93 0.96 0.99 1.16 1.03 1.12 VYILO66C 2.25

.99 0.35 0.55 VYl L101 C0.75 0.55 1.08 1.21 0.65 1 YIR018W

. 85pellndn Ge¥B Cylcd ROZPW 1.07 0.71 1.08 0.7 1.4 0.79 YJLOO8C
.21 0.84 1.04 0.78 YJL044C 0.73 0.48 0.53 0.56 0.5 0.7 YJLO73W
.7%76.68 0.57 0.74 YIE¥Sow B 88Y5.8 0.97 0.99 1.57 1 YJL110C

. 61P10987 0. 71 0.82 VYILA®3C 1.32.M776 1.35 0.71 1.23 0.49
79Eg§‘p 99 0.76 0.86 9851 YIRIQGW 0. 86 0.67 0.74 0.87 0.53
1WO0.9 0.84 0.97 1.04°0.75 0.78 YKL117W1.22 0.93 1.21 1.22
YK{%Q@O. 74 0.49 0. 8738558 0.29%. 56 YKLI 82W0.84 0. 79 0. 87
4ﬁ<RonQI*_I 85W 0. 75 0. 51540133 0. 8600.29 1.16 YKRO OC 1.04 0.89 1
8)3;@{054(: 0.64 0. %8594993 0. 84, q 82 0.79 YLRO79W1.13 0.71

4 YLR098C 0.65 0.49 0.63 0.89 1 1.16 YLR155C 1.2 1.01
67YFRO7EN YM_035C 0. 96 -64%7 1 09802’01. 13 0.82

YALO23C 0.8632 0.000

YBLOO1C 0.8943 0.001

YPL127C 1.9008 0.000

YNLO31C 2.1047 0.000

YNLO3IOW 2.6658 0.000

YBROOSC 2.9482 0.000

YPR119W 0.17948 0

2. Canonical Variate2 (see Figure 2)
d is:0.98320 p Value is:0

Spellman Cell Cycle Data

Gene Score p-Value

Gene Score p-Value
YORQO74C -1.8064 0.000
YILO66C -1.7692 0.000
YCLO40W -1.6460 0.000
YILO73W -1.0510 0.000
YOR321W £0.9528" 0.000
YKL148C -0.7819 0.000
YDLO93W -0.6411 0.007
YIL201W -0.5744 0.009
YOR132W -0.4864 0.009
YKRO10C -0.3184 0.009
YFRO28C 0.5224 0.006
YKR054C 0.5821 0.007
YNL062C 0.5910 0.005
YHR170W 0.6916 0.000
YNLO61W 0.8039 0.001

YLROS8C 1.0517 0.001



YML104C 1.12 1.11 1.2 1.62 1.23 1.12 YVMRO01C 0.39 0.54 0.91 1.34 2.01 1.34
YMRO15C 0.9 0.63 1.06 0.87 0.76 0.82 YMR023C 0.94 0.7 0.8 0.9 0.75 0.8 WO

03/ 00717 7WB@3/o#ld2/ 00934
YMRO65W 0. 54 0. 39 0. 57
YMR129W 0. 54 0. 84 0. 97
YNLO12W 1. 12 0.97 0.79
YNLO31 C 1.43 1.79 1.7
YNLO61WQRD3W9 O.

. 84
.99
.74
.51
. 96
.75
. 96
.48
.76
.61
.34

oleolo) Jololao} JoloNe

OO0OO0OO0COoOOoORkk

YNLO73V\{/QL§)9Q
YNL272C, 1

0
1
0.
0
7
5 0.

42 YMRO58W4.76 3.35 6.82 5. PC3/AA8260931

74 0.68 0.8 YN

21 0. 99 0.87 0. 84

1,

.78 0.74 0.44 Y

.7 10.84 YMRO70W1 0.96 1.36 1.26 0.71 1.07
.11 0.7 0.68 YWMR231 WO0.8 0.58 0.63 0.82 0.86 0.99

OW1.75 1.46 2.27 0.97 0.63 0.4
59C 0.84 0.63 0.73 0.66 0. 68

0.79 0.73690 04 YOR®62C 1.06 0.96 0.87 1.08 0.91
67 0.714Q7df 0. 660 o0fNL188W 0. 73 0.49 0.56 0.4 0.7

15 1.03 YNRO23WO0.8 0.63 1.04 1.01

34 YORI32W 1.16 0.65

54 YPL0O40C 1.01 O.64

.22 YOUOLHECO. 87 0.84 0.9816%9 1.269¢ 97 YOL067C 0.73 0.65 0.94
15 1. 18GLOGEL O9W 1. 07 0. 91.16803 1. 2@0012 38 0.93 YORO37WO0.89 0.68
.7510%0533%, YCR074C15§Q%2 &,6040
'8 1.06 104" YORI53W 0. 47 687 1. 06 .11 1.26 YORI67C 1.3 0.7
. 84 1.4§M§9Q§C YOR259C 0. 822(39%% 0.8 @90P4 0.82 0.8 YOR261C 0.76 0.49
.6 0.9 0.65 YOR321 W1.4 0.96 1.04 0.87 0.79 O.
.84 0.6] 0,79 YPLOSOC 1.07 0.87 1.01.0.75 0.94 1.04 YPLOGIW 0.63
35 0. 43 0CERRHCFY Vavite7owW EeD FIE B 3). 11 0.96 1.43 1.48 YPLOB6C
0.8 0.82 0. 64 4088 0.-R4 0.86,, YPLOI2W 0.6 0.54 1 0.68 0.51 0.67
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Spellman Cell Cylcle Data

Gene Score p-Value

YMRO65W -1.57783303 0.000

YILO99OW -0.72894484 0.000

YJL044C 0.515497036 0.010

YDR292C 0.654473229 0.010

YILO66C 1.383495184 0.005

YGLO38C 1617149735 0.000

YLRO79W 2.689484257 0.000

YKL185W 3.434889201 0.000

Table 1

10

Gene A1 A2 A3 A4 A5 AB A7 A8 A9 A10 A1 A12

YALOO1C 0.68 068 065 094 053 0.5 0.68 113 0.73 0.86 0.96 1.54

YALOO2W 0.74 0.91 0.84 087 086 064 0.86 1.84 0.66 0.67 0.93 1.01

YALO23C 0.51 0.3 0.74 1 172 136 128 0.67 074 0.67 0.82 1.04

YALO40C 3.71 157 2.1 0.47 0.7 0.66 1.45 1.11 223 2.59 2.16 1.07

YBL0OO1C 0.23 0.86 022 094 103 1.04 117 168 076 0.96 048 0.74

YBLO16W 7.92 126 037 034 049 071 05 246 0.41 0.51 0.61 0.87

YBRO09C 0.06 0.04 014 053 283 322 122 162 045 044 03 0.61

YBR169C 1.17 132 155 096 0.8 0.8 112 1.7 0.91 1.57 0.9 1.04

YCLO40W 0.86 3.78 531 289 157 0.7 067 0.38 0.5 0.75 0.87 1.06

YCRO34W 0.51 0.53 0.57 084 1.11 1.4 112 1.06 1.13 1.11 1.21 0.89

YCRO0O88W 1.08 112 134 138 115 148 096 145 132 0.84 1.16 1.45

YDLO87C 079 053 082 138 079 067 094 089 0.91 1 0.8 0.78

YDLO93W 0.6 0.57 0.8 108 158 1.04 1.2 0.66 0.63 074 07 1.1

YDL205C 0.65 042 0.82 0.39 09 045 053 04 0.82 042 127 084

YDRO0O39C 1.38 1.45 199 1.2 212 1.62 2.08 1.38 1.63 1.23 1.36 1.26

YDRO41W 134 096 122 099 1.08 0.84 1.:17 1~ 107 0.94 04.94 0.86

YDRO92W 1.07 0.61 1.01 065 113 1.08 1.2 127 122 082 096 1.27

YDR188W 057 054 055 065 068 076 064 073 1.32 112 136 08

.YDR2920 064 073 065 096 067 097 065 0.91 1.12 1.143 143 0.99



YPL127C 1.38 1.57 1.34 1.38 1.17 0.73 YPL234C 0.71 0.45 0.84 0.41 0.53
0.44 YPRO56WO0.79 0.65 0.76 0.76 0.99 0.9 VYPR 1020 1.12 0.76 1.7 1.13 1.9
1.08 EXAWVBLB/0d71The data set for this exanple is listed i RCTaaloe/o®3and i s

5 an extract of the data set described in Aizadeh, A A, et al. (2000)

D stinct types of diffuse large B-cell |ynphoma identified by gene
expression profiling. Nature 403: 503- 51]3 WO 03/ 007177 PCT/ AUO2/ 00934 43
The data set generated fromthe mcroarray experiments described in the
above paper cém§e obtsai né€d feonftshel f BB owkhgOvieb0-Yi t'e 5.3kt tip? / / genomne-
www4. st nf or d. eegTM crioAr nay/ SMDY publ isatizang.sht ab7  T¥ereotares n2200 genes
and n=42 sanpyemsasc| n oshe ofrol beaM gy dBGlze r eber s.sd 00.499Di dBues| arge B cel |
Lynphoma" . ThesriGwsanpbes.haver been tdsaswhfited bt o1t wooddi sease.ss ypes CC B-
li ke DLBCL (2{ersa8p! @33 ane Aetiyat eghsB-lebkeoPLB {#1 osampkesks The
design matri XyeRiR@S ]1390|o‘dém1‘é"' tg'gsvaJHe%szlméf 154181 52NPhe€ 128 4B, group 2
and +1 if theY Pl e E 1094 gl\:ﬂpu&)7 ghigSsankay gatais, Msed,tg jllustrate
the 15 potent]al, 88% 0% toll 3‘ th %ap ggselag |5|39en$dforb75no7d| scovering

genes whi ch are [ agnost results of

appl yi ng the 5B8¥e neotsljloc?(?f o§§ a?%3 gcﬁ}erf’% Gg‘bef 8% g? on 1tﬁ d%partial)
list of potentf§-fy OPfadfibsfrt §8nex® Thé Prrdt "$holws f&Et or?®l dddi ngs
cal cul ated onG'-éﬁ%h e?r“?a)f’s wi'£h b77Bo‘3<7 pl'd#f IBowlhy §#e i sk3i BEi on of
factor | oadi ng82¥F¢€ omigachi-6dli Qé‘as@&typ%. 1.3Mot1€1 t hes do-&t | (¥t F%Actod? | oadi ngs
for each groupdragwi n ttihe 1.0251pt ot.76 T genes. 1 deati §i edo@r e9shown bel ow.
Resul ts of thesrgsie 1exproessioen briomishese genesod soshown iaszfiogure 8. 30
Canoni cal Vary@get 106 1 13 141 113 106 087 121 126 097 18 1.12

YHLO38C 093 067 1.12 074 116 142 122 067 123 097 116 0.87

YHRO26W 093 071 084 097 09 108 1 101 108 074 103 0.9

YHR170W  0.84 064 036 064 078 116 084 106 121 135 099 1

YILOBSC 036 074 241 3 261 1 08 061 054 045 157 261

YIL10IC 089 138 136 09 103 094 073 099 113 066 266 08

YIRO18W 082 277 08 08 084 094 103 106 122 086 09 0.71

YIRO22W 093 084 1 103 107 099 14 108 094 065 084 076

YJLOOSC 141 063 086 079 116 08 134 097 111 063 104 1

YJLO44C 084 075 054 051 035 038 041 051 082 087 074 0.6

YJLO73W 0.97 082 216 261 128 1 0.84 0.66 063 079 084 127

YJLO9OW  1.01 141 084 086 106 123 13 14 103 094 064 0.76

YJL110C 053 051 044 058 053 074 056 071 074 083 06 0.8

YJL173C 0.5 0.5 0.84 123 157 121 148 1.01 0.7 0.55 079 0.78

YJL201W 041 044 111 1.08 106 091 107 068 0.61 0.56 0.66 0.76

YJR106W 0.7 0.84 0.8 071 07 1.03 082 066 086 106 082 0.9

YJR131W 0.89 07 1 1 1.01 112 083 099 1.01 1 099 1
YKL117W 122 14 121 175 147 17 116 162 151 112 146 1.21
YKL148C 0.76 1.26 1.88 1 087 066 073 053 054 067 07 0.7

YKL182W 1.03 051 06 039 039 031 035 026 033 037 057 089
YKL185W 0.57 026 054 0.2 0.18 0.15 0.11 015 053 378 418 157
YKR010C 045 047 064 087 103 1.03 091 066 074 053 055 0.73
YKR054C 057 039 054 05 0.63 047 0.68 067 1.01 0386 09 0.63
YLRO79W 0.3 0.64 033 047 037 038 027 034 036 128 236 157
YLR098C 0.51 054 042 047 043 082 1 1.2 148 168 086 0.87
YLR155C 111 108 165 111 152 079 154 116 1.06 139 108 0.73
YMLO35C 096 066 136 112 135 094 132 0983 132 115 123 091
YML104C 087 094 093 115 1.08 134 12 1 123 17 1.01  1.15
YMR001C 025 0.2 0.18 0.14 032 0.7 1.82 152 225 134 078 054
YMRO15C 1.04 05 042 0.6 073 093 123 093 101 086 104 0.71
YMR023C 111 163 1147 143 101 107 097 091 097 084 097 094
YMRO58W 227 086 1.04 117 21 227 426 322 542 521 741 5.47
YMRO65W 642 146 065 051 07 0.4 089 097 089 0.89 065 -0.61
YMRO70W 0.75 0.8 0.9 0.93 1 076 1.16 103 1 0.87 127 09N
YMR128W 068 041 049 053 073 073 087 075 096 084 094 076



d = 0.912 p-value = 0.000 CGene Score p-Value CGENE2238X 0.4491 0.027
GENE2943X 0.4102 0.045 GCGENE2977X 0.3827 0.024 GENE1246X 0.4157 0.030
GENE124X Ww0423087107 012 WO 03/ 007177 PCT/ AU02/ 00934 - 44 EENRID2¥09343318

0. 038 GCGENE1614X -0.4406 0.038 Table 2 RowNanmes DLCLO001 DLCLO002 DLCL0O003
DLCLO004 DLCLO005 DLCLO006 DLCLO007 DLCLO0O08 GENE3950X -0.2049 0.6574
-0.3501 1.1837 0.3306 0.1310 1.5559 -0. 41%65 GENE2531X -0.2116 1.0063
-0.4699 1.1355 0.5358 0.0929 1.2739 -0.5714 CGENE918X -0.1815 0.9708

-0. 3538 1. 143PMR§3189(0109. #4990 011 2850 0. GB8B2 0 7CEREB5947X 0%, 20509 100. 3673
0.2774 0. 6506Y9120905 07. 3501 090, OFO30.761.0F622.97 CGEBEIAEHE X0.791. B4 3R8.79. 2235

0. 3742 0. 6152Y000026 @s4048 0.17668 - 271332 1@ENE34846 -d215441 052644 0. 3324
0. 5755 0. 3227viQ08810 d1.169328 024 0460 143ENE3789X 065 8420 €2e872% -0@s 4551

-0. 3695 0. 5510nt059893%0.790.08408.61 10846661 GFINEIBI2%73l. b&340.691.03890.79. 2694

0. 3204 - 0. 929¥N10lwB658kg- Q)4ﬁ’2697 02938(968 %'E%5522§96 1.8420670. &07%91- 0622

0. 5384 -0, 7183 3,73?,2% 10 GNE 120y 454§ 0 141
0.9
}103:31;20 31%6 §205°431 gé 0%2130%4@(3@%%5%248%& B¥19™ g%% -212376

-0. 8632 -1.0381?6°9907°1. 1116 -01878% CBRE3EY3X 0.2@6?””017188621.0865
-1.3763 -0. 71@?0@%2%560.%16?49 1986718 TIENEEB44X 197679891, 086 P71 0. 2156

0. 4202 0.5551Y0028¢7710-83, H743 079 9.80570.78GENE34PR X099, 514008, 4FA5 094 5546
0.2904 -0. 009YOLe6721401.0T. PH49 129 08880.8 GENE2339X 190, 3T291 - 0. 734D.78 0. 5176

-0. 0474 0. 260101009061 20.840.02402.4¢ 10241467 GEBIEAA87 X368 01.704606- 01586897 - 0. 4475

0. 4799 -0. 30060M37%60840.98. 896 141. BFi391.30CENE232BX060. 4257 31.8. 4495 0s1. 8079
-1.0243 0. 46820H374685%.242.03504.32 02968341 GENE2417 %35 1038 18ks71. 0Q>5311 sp. 1474
0.1021 0. 4644Y&«9&91<QM7%%9 1%51955 1£ENERZ%%¥ @: 595%3 - Po321478 Q48979 0. 6190
-0.3294 0.2843, 5;@7%&8 é 5; %%32&3 q¥%2%§ -0.2145

it el Wk el

0. 2580
0.1025 -0. 348 CENET 47% 0. 3@58 >0, §é74 0. '2845°%9. 1023
-0.5000 -0.14239°%9'C471% 0.9%§53%° 0.9 0.78 121 0.76

YOR321W 061 066 1.06 2.1 157 134 132 076 066 054 0.8 1.17
YPLO40C 068 075 078 112 094 0.75 0.9 071 0.9 089 0.9 0.99
YPLO50C 086 064 116 111 134 107 136 1.07 1 0.86 086 0.84
YPLOB1W 1 266 542 289 146 091 087 1.04 123 14 1.97 1.1
YPLO72W 0983 099 1.06 117 104 168 152 148 101 086 066 0.87
YPL0O86C 091 048 037 064 076 1.04 122 117 113 0.9 066 0.82
YPLO92W 135 439 218 128 1 0.61 066 086 079 075 07 0.54
YPL127C 012 014 064 154 218 236 205 121 074 047 041 0.91
YPL234C 0.78 0.58 044 0.7 0.7 0.57 094 064 076 041 06 0.45
YPROS6W 0.6 051 0.68 054 08 084 089 068 073 078 086 0.67
YPR102C 115 0.84 103 108 106 116 113 1.23 151 0.99 151 0.89

Gene A13  A14 A15 A16  A17 A18
YALOO1C 063 097 07 146 065 1.06
YALOO2W 064 061 103 148 057 0.94
YAL023C 1.01 117 135 1.08 1.04 07
YAL040C 0.93 073 086 1.01 146 2.01
YBL001C 1 1.06 1.08 111 082 0.8
YBLO16W 084 096 0.8 115 058 1.2
YBRO0SC 1.65 1.7 241 121 0.67 048
YBR169C 094 086 1.08 179 075 1.49
YCLO40W 116 048 0.78 073 0.84 0.63
YCRO34W 122 1.08 121 122 112 1
YCRO088W 1.03 101 1.07 179 0.97 1.26
YDLO87C 1 0.84 082 078 079 0.71.
YDLO93W 132 097 089 068 053 0.61
YDL205C 0.75 0.57 049 158 0.34 0.71
YDRO039C 1.3 143 132 122 074 1.15




GENE3190X 2. 0024 -0.8814 0.8489 -0.6571 -0.3047 -0.2299 -1.0417 1.4577
GENE3379X 0. 7059 -0.4788 1.6020 0.0224 -0.3117 0.2351 -0.6762 1.2223
GENE3184X0.03//8277 0. 6784 0. 9336 0.8335 -0.5783 -0. 7117 - O0PCIBZUNRNIBB4

GENE3122X 1.1454 -0.5556 -0.3894 1.2236 -0.4089 -0.4676 0.9890 0.6175
GENE1099X 0.5601 -0.8521 -0, 7039 0.5133 -0.5634 -1.0082 -0.8521 1.3871
GENE3032X 0.5833 -1.4015 -0.4815 0. 6600 -0 4134 -0. 9415 -0. 9245 1. 4352
GENE2675X 0. 3661 - 1. 0045 0. 6262 1.8668 -0-7244 -1.1245 -0. 3842 2. 1269
GENE2481X 0. 4104140, 889 W87849 07826 -@75487 -1.0111 -0.3130 2. 0443
GENE2878X 1. 09D®e2v). 8294 1212786 009566 0113202 -0.5875 - 1.2238 1.3530
GENE2943X 1. 596%ssvD. 6@52 (53028 10056% (067063 -0.5649 -1.1162 1.6288
GENE2977X 1. 286fpezcl. 2411 olea13%4 106l268 -076527 -1.1000 -0.8275 0. 9463
GENE3014X 1.95@%Mﬁi 211 Q. 4584 @7393& sd. 2875 0.0476 -1.2603 2. 0582
GENE2006X 0. 345657k 0625 & 1§3 -0,,1939 -0.6677 -0.6414 -0. 6545
GENE1368X 0. 5394mmp 4@99(ﬁm77§? éé g (992591 -1.3642 0.3928 0.7243
GENE1184X 0. 0308 -1.3154 0.4962 0. 7487 WO

7

03/ 007177 PCT?%%S?podg§4‘%7 % %26% 1.1537 -1.1220 -0.3129 -0.0769
-0.5994 -0. 245791 go%% 1°%349* GENEY®28M*1. 1347 -0.3684 1.9013 -0. 9074
0.7934 -o.194§9ﬁ7%586“ﬁoﬁ§&4039GENElQ@lX”@.2407 1.2858 0.0103 1.6088
-0. 8538 0. 2551FL9%9C3785750, 058 79.94 GERE1 P#6X-19. 3136 - 1. 0667 0.3136 1.6182
-0. 6627 0. 456YFROEEC755®840. 0784 9.86 GEMEL1A62X0.0. 0021 - 0. 6792 0.5580 1.1317
0. 0918 0. 4862 YGLDoR3360.3. IFBS 0.5GEMEL 164X +63. 3385 - 0. 6039 -0. 3053 1.0383
0. 6568 0. 1923 Y622186361.4. 3914 166ENE3028X (389558 - 1. 8240 - 0. 4890 - 0. 0318
-0. 2512 0. 4803cL088cl41£360.16996.0 CEBELOR7>%.A. 3195 -0. 8192 -0. 0407 1.1561
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EXAMPLE 4

The data set for this example is listed in Table 2 and is
5 an extract of the data set described in Alizadeh, A.A., et

al. (2000) Distinct types of diffuse large B-cell lymphoma

identified by gene expression profiling. Nature 403:503-

511.
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distribution of factor loadings from each disease type.

Note the distinct factor loadings for each grouping in the
25 plot.

The genes identified are shown below. Results of the gene

expression from these genes is shown in figure 8.
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GENE3572X 3.0670 -0.3625
GENE3571X -0.9238 -1.4084
GENE385X -0.0979 2.1215
GENE1614X -0.3388 1.6363
GENE1623X -1.4332 0.4165
GENE1646X 0.2676 -1.0055
GENE1660X 0.8482 0.8200
GENE1721X 0.8515 0.7664

GENE1573X -1.8127 -2.6010
GENE1553X -1.9462 -0.3312
GENE1773X -2.2779 -0.4131
GENE913X 0.0974 0.5999
GENE3980X 0.1422 0.8567
GENE3X -1.2151 -1.4783

In the claims which follow and in the preceding
5 description of the invention, except where the context
requires otherwise due to express language or necessary
implication, the word “comprising” is used in the sense of
“including”, i.e. the features specified may be associated
with further features in various embodiments of the

10 . invention.

It is to be understood that a reference herein to a

prior art document does not constitute an admission that



GENE1947X 0. 7868 1.0058 GENE3190X -0.9562 1.8209 GENE3379X 0.2502 1.9969
GENE3184X 0.3777 2.1342 GENE3122X 0.2167 1.4484 GENE1099X 1.0126 1.4027
GENE3032)XW0.0080471. 9037 GENE2675X -0.2241 1.5166 GENE24@CX/A11000684 1. 7542
GENE2878X -0.5562 0.7062 GENE2943X -1.0712 0.2113 GCENE2977X -1.1463

1. 6095 GENE3014X -1.1955 0.6637 GENE2006X -0.0097 0.5167 GENE1368X
-0.6901 1.8846 GENE1184X -0.8433 1.703955GENEL226X 0.3867 0. 6733
GENE1228X 2.4403 -0.5182 GENE1231X 1.0471 1.6664 GENE1246X 0.9617 1.3825
GENE 1172X 0.GEN8217X 4001206 GENE¥164X - 0. 3717 -0. 7366 GENE3029X -0. 4341
1.1935 GENERFNFR38%. 2882736 0. 99894 GENE1354X -0.2088 0.7781 GENE62X -0.1946
1.0105 GENE9ERKIo71X. 8028865 0. 48899 GENE3611X -0. 3161 -0.8268 GENE3631X

1. 3227 -1. 370ENEBENE3306989. 05983 - 0, 1386 GENE331X 1.8637 -1.7847 GENES808X
3. 9324 0. 911 7cenERbE4A87 X5018. 684@3 0. 1484 GENE621X -0. 6422 0.4310 GENE622X
-0.1078 0. 96 7dNefoNE634 )66 0. 4048 - 1. 6227 GENE659X 0. 6925 -1.4998 GENE669X

0.0290 -2. 20Q4nE3190x  -09562  1.8209

GENE3379X 0.2502 1.9969
GENE3184X 0.3777 2.1342
GENE3122X 0.2167 1.4484
GENE1099X 1.0126 1.4027
GENE3032X 1.0604 1.9037
GENE2675X -0.2241 1.5166
GENE2481X 0.0043 1.7542
GENE2878X -0.5562 0.7062
GENE2943X -1.0712 0.2113
GENE2977X -1.1463 1.6095
GENE3014X -1.1855 0.6637
GENE2006X -0.0097 0.5167
GENE1368X -0.6901 1.8846
GENE1184X -0.8433 1.7039
GENE1226X 0.3867 0.6733
GENE1228X 2.4403 -0.5182
GENE1231X 1.0471 1.6664
GENE1246X 0.9617 1.3825
" GENE1172X 0.2532 1.4007
GENE1164X -0.3717 -0.7366
GENE3029X -0.4341 1.1935
GENE1027X 2.2832 -0.1104
GENE1354X -0.2088 0.7781

GENEB2X -0.1946 1.0105
GENE832X -1.8029 -0.4099
GENE3611X -0.3161 -0.8268
GENE3631X 1.3227 -1.3708
GENE330X 0.0591 -0.1386
GENE331X 1.8637 -1.7847
GENES808X 3.9324 0.9117
GENE487X -0.6842 0.1484
GENEB21X -0.6422 0.4310
GENEB22X -0.1078 0.9678
GENEG34X -0.4048 -1.6227
GENEB59X 0.6925 -1.4998
GENEB69X 0.0290 -2.2004
GENEB74X -0.2684 -2.3635
GENEB75X 0.0262 -2.7342
GENE6G76X -1.5179 -1.2516
GENE704X -1.3668 -1.6323
GENE734X -1.7332 -1.0536

GENE738X -0.8399 -0.7216



GENE674X -0.2684 -2.3635 GENE675X 0.0262 -2.7342 GENE676X -1.5179 -1.2516
GENE704X -1.3668 -1.6323 GENE734X -1.7332 -1.0536 GENE738X -0.8399

-0. 7216 Woo®3/0007177 PCT/ AU02/ 00934 - 57 the docunent fecCwssypanessef the
common general knowl edge in the art in Australia or in any other country.
WO 03/ 007177 PCT/ AU02/ 00934 - 58 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS
FOLLOWS: 1. A nethod for identifying canggnents of a systemfrom data
generated fromthe system which exhibit a 5 response pattern associ ated
with a test copdidd@ine@PPid@eh trrdthe 5 Y3 Mok Iesiei 1t kercsilengeofin a)
speci fying design factors to specify a response pattern for the test

condi tion; 10°F%5 3demt? f%?ﬁf%ﬁa} rlrb(?rrrﬁ{)r?ﬁi\e&n c&unggﬁ%onent s fromthe

i nput data which correlate with the response pattern. 2. The net hod of
claiml including the step of defining 15 a matrix of design factors. 3.
The nethod of claim1 wherein the linear conbination 1is conputed by

sol ving the equation: 20 (XPXT JLX (I1-P)XT) a=0 for k and a wherein X is a
data matri x having n rows of conponents and k colums of test conditions
and P = T(TTT)-1TT wherein T is a matrix of k rows of 25 design factors
and r colums. 4. The method of claim 1l wherein the |linear conbination is
conputed by solving the equation: 30 (XPXT-AX(I1-P)XT +02l)a=0 for 2 and a
wherein X is a data matrix having n rows of conponents and k col unms of
test conditions; and P =T (TTT) -1TT wherein T is a matrix of k rows of
design factors and r columms and a is a weight matrix



35 for the linear conbination yT=aTX. WO 03/007177 PCT/ AU02/ 00934 F - 59
5. A nethod for identifying conponents of a systemfrom data generated
from t he wpaBeM17Whi ch exhi bit response patterns to a te®CToandioedsen
applied to the system conprising the steps of: 5 a) specifying design
factors to specify a response pattern for a test condition; b) formnulating
a nodel for the residuals of a regressigg of the input data on the design
10 factors; c) estimating perinmeters for the nodel; and d) computing a

|i near conbi ngig qn Ofms AMONEINGS THES ITRE/ENTE oD ARIE ad Foe.osst:i nat ed
perimeters. 15 6. The nethod of claim5 wherein the |inear conbination may

be conmputed fromthe equation: a =l,-112XPu 20 wherein a is a wei ght
matrix for the. | i ngametdonbifiat ijclenti-yiXg RompbnefitE) ofl Bl systeins famm

ei genvector of p (XV- j I i ght.:skhn .vecgt or of
V-112 XP, 25 and X)Slést]%-rgenx%oard:ae&;%nﬁét%r ?CQI%O%Y%EFE*' JhiRil ey h??’&\ém% met hod
applied t& a systemespmrss patienatEdosifaten witdompdeett $oasd tionest
condi tions. 7. The Jmihods of, Cdk?e% Ay her eighd e iesicdials teppaidrance 30

matrix i s conmputed fromthe nodel: V=AOA+aZi 8. The nethod of claim?7
wherein the estimate of A may 35 be conputed fromthe singular vectors of
R wherein R=X - B)TT W09 Ahs/ REToAUEECRB284 toPspek@fyda Theparkbod

of claim8 wherein the e%%hﬂ%ﬁ%1%&mat%% test condition;
10 b) identifying a linear combination of components
from the input data which correlate with the

response pattern.

2. The method of claim 1 including the step of defining
15 a matrix of design factors.
3. The method of claim 1 wherein the linear combination

is computed by solving the equation:
20 (XPXT-AX (I-P)X")a=0 for A and a

wherein X is a data matrix having n rows of
components and k columns of test conditions and
P = T(T7T) *T" wherein T is a matrix of k rows of

25 design factors and r columns.

4, The method of claim 1 wherein the linear combinatiocon

is computed by solving the equation:

30 (XPXT-AX(I-P)X* +0°I)a=0 for A and a
wherein X is a data matrix having n rows of
components and k columns of test conditions; and
P = T(T'T) 17" wherein T is a matrix of k rows of
design factors and r columns and a is a weight matrix

35 for the linear combination y'=a’X.



computed fromthe equation: 5 s 02=1/ (k (n-s)) {tr {RRT} i=1 10. The
nmet hod of claim8 wherein the estimate of ~is 10 conputed fromthe
equati on:wQmeAzs] /k 11. The method of claim8 wherein tPoa/Alwaioers4 of
factors 15 is conputed using the Bayesi an nethod whereby thefnunber of

factors is chosen to maximse log P(R1 s) =1log P(u) - 0.5n log(A ) j=1 -
0.5n(k - s) log(v) +0.5(m+ s) log(27r)- 590-5 log det(AZ) - 0.5s |og(n)
where neks-s(s+l)/2, s log P(u) _ -s log(2) + log(r((k - i + 1)/ 2)) i=1 -

0.5(k - i + lb.lOg(Zrﬁethoﬂ=€Mrliﬁbh3ﬁf§lngjE§m¢?%@n?@do§ %kéfﬁﬁgﬁ(f¥anL_ Y
| o o=t firt) (A -ALLD) i =1 =it e ~ e Jor. ) <k, ] -

v, g'g gerw’ se. 25 V\Dé%%fiog?lf?;falﬁe‘%/ ifﬁ'ﬁl é€§3£y@e%1 witchigdhibithod of any
one of clains | to r&spompei pehgerhbhetbduat hestsd:ezpdbtfiom)aplpld‘ﬁid)mm nghé he
significance of eac Lght 5t i ne Epation; an setting
no%-si gni ficant weig \télgbglc’) (zjgfngr%%nST jégrr%%%%%r% “any one of claims 1 to
12 wherei Pt he

a) specifying design factors to specify a response
pattern for a test condition;
b) formulating a model for the residuals of a

regression of the input data on the design

10 . factors;
c) estimating perimeters for the model; and
d) computing a linear combination of components

using the model and the estimated perimeters.

15 6. The method of claim 5 wherein the linear combination

may be computed from the equation:
a=A"Y?xpu

20 wherein a is a weight matrix for the linear
combination yT=a’X,
p = T(T'T) 77,
u is an eigenvector of P(XV*X")P or equivalently a
right singular vector of V' 1/2xp;

25 and X is an nxk data matrix of data generated from a
method applied to a system, wherein the data is from

n components and k test conditions.

7. The method of claim 5 wherein the residual covariance
30 matrix is computed from the model:
V=A®PA+c°I
8. The method of claim 7 wherein the estimate of A may
35 be computed from the singular vectors of R, wherein

R=x-BTF



significance of the weights of the linear conmbination is 10 determ ned by
a pernutation test conprising the steps of: a) random sing the data for the
conmponentwoaB/087171 i near conbi nation; b) conputing the wei goTsAt@d0934

ei genval ues fromthe 15 randonm sed data; c) repeating steps B) and b)
a,plurality of tinmes; d) determning a distribution for the weights and

ei genval ues conputed fromthe random sed gata; e) determ ning the position
of weights and 20 ei genval ues conputed from non-random sed data relative
to the distribution of the weights and eigenval ues conputed.from

random sed data; and f) estinpmating the significance of each wei ght .

conput ed fronfthe nbRerBREAT sl elhaim %W%i%e%éh%t?ﬁfdl‘ﬁﬁt%ﬂfgdﬁelsof
clainms 1 to 12 wherevmptbed srgnitheadgeatofod he overall |inear conbination
is determned by a permutation test conprising the steps of: (a)
randonisiqg the data for the conponents of a 30 linear conbination; (b)
conputing Y he wei ghts and ei genval ues fromthe randofiised data, and from
these conmputing the squared nmofiplle(rcanr)eftatfirml jeoekf i%i pnt of the

| i near conbination with the columms of the 35 designibasis; (c) repeating
steps a) and b) a plurality of tinmes; WO 03/007177 PCT/ AU02/ 00934 - 62

(d) determning a distribution for squared nultiple correlation

coef ficient cbhput €thé¢ roathdd of anboin skdvitatein (B)e detterma e nof tdhel s

positionqgf the squgéﬁévgyatfp$ﬁ £ e‘%ﬁﬁéﬂ Aon coefficient from
r d

non-random sed dat a ative to the stribution of the squared nmultiple
correlation coefficient conputed from random sed data; and estinmating the
significance of the,sgfapedxultiple correlation coefficient

11. The method of claim 8 wherein the number of factors
15 is computed using the Bayesian method whéreby the number

of factors is chosen to maximise
log P(R|s) =log P(u)~0.5n)_log(4,)
j=l
—0.5n(k —s) log(v) +0.5(m + s) log(27)
—0.5logdet(4,)—0.5slog(n)
where m=ks-s(s+1)/2,

log P(u) =—slog(2) + Zsllog(l"((k —i+1)/2))

i=1

—0.5(k =i+ log(r)

v=(§:ﬂﬂKk—@

J=s+l

20 and

logdet(4,) = i i Iog((/{j_] :/{;l)(’?ﬁ —A)n)

i=1 j=i+l

where

/1". _ {lj,forjsk

i v ,otherwise.

25



10 conputed fromthe non-random sed data. 15. A nethod for estimating

m ssing values fromthe results of the nethod applied to the system of any
one of clwoms/0@71rp 14 conprising the steps of: 15 a) esti wamiAw2io063ti al
values of B, A, 0 and a- by replacing mssing values with sinple
estimates. and cal cul ating maxi num |ikelihood estimates assum ng the data
was conplete; 20 b) conmputing E(XI ol,..g1Ck) and E(RRTI ol,..., ok) the
expected values of the data array and the residual matrix under the nodel
gi ven the ohservedrdat@tHol wbah'%/t ghe g@antihimesifos (h)comboikikglihood
25 equations to obtain estimat of B AA Oand d) repeat steps (b) to (d)
unti | conver&gﬁc USRI RESHR(Gd of any one of claims 1 to 15 wherein the
30 response pattern as specified by the design factors is derived from
known data. 17. The neth n f.clai i 0

response pattern asa)speci%%t%%mggxflﬁegags?glﬂf};’gg%%?ég %g %%gfé&ié]t%lggf?fom t he
i nput array-data. 18. Théheetlhogasf campipatienichBfns 1 to 15 wherein the
response pattern ag, 5p_eC'sfétQQnEYnBHesﬁigﬁ!iQﬂcéﬁetQé§ MO;086004247

PCT/ AU02/ 00934 - 6 is selected to identify an ar%mrary response
pattern. 19. The-nmethod of any one of clains 1 to 18 wherein the data is
generated from t he systrermtdl nF ameihed ot sekaealed toonvt kkegedupthe

consisting of DNA array analysis, .DNA m rray _anal ysis.. rr.ay
anal ysi s, RNA?lrﬁfb“r%aCr?%‘iF Bl S8 eIk 6B é‘naeﬁga és‘ﬁm%,mg B &R D
anal ysi s10opr ateigrnmioeddby pr  ma@iutsits onc duelsay doatpes i@daly $he, sbRAs of :

el ectrophoresis, 10 RNA el ectrophoresis, one dinensional or two

di mensi onal protein el ectrophoresis, proteom cs, antibody array analysis.
a) randomising the data for the components” of a

linear combination;

b) computing the weights and eigenvalues from the
15 randomised data;

c) repeating steps a) and b) a- plurality of times;

d) determining a distribution for the weights and

eigenvalues computed from the randomised data;
e) determining the position of weights and
20 eigenvalues computed from non-randomised data
relative to the distribution of the weights and
eigenvalues computed.from randomised data; and
£) estimating the significance of each weight

computed from the non-randomised data.

25
14. The method of any one of claims 1 to 12 wherein the
significance of the overall linear combination is
determined by a permutation test comprising the steps of:

(a) randomising the data for the components of a

30 linear combination;

(b) computing the weights and eigenvalues from the
randomised data, and from these computing the
squared multiple correlation coefficient of the
linear combination with the columns of the

35 ~ design basis;

(c) repeating steps a) and b) a plurality of times;



20. A conputer program arranged, when run on a conputing device, to
control the conputing device to identify. 15 |inear conbinations of
conponentwofosomirhput data which correlate with a responsecpatuoenosin a
defined matrix of design factors specifying types of response patterns
for a set of test conditions in.a system 21. A conputer readable nedi um
provi ding the conputer 20 medium of claigm 20. 22. A conputer program
whi ch, when run on a conputing device, is arranged to control the
conputing device, (d) adeidedrging dediistyiibgtdompdoentsgubired aulyspem

whi ch exhibit a response pattern to a test .condition,k 2 i to the
system and wherein a et 'R?I@ftlé)élsicﬁﬁfﬁg&e&ts Cé)f)n (L:th]e% %gcgkrhg%reesponse
patterns for the test condldnicssl idatdefined, to fornmulate a nodule for the

residuals of a regrgssi %@r%ggdqg%@%aen QR g tBRSiGhAst I cible

estimate paranmeters for the conmpute a |inear conbination of

conponent § using the estauhalal ivay snsfdisiers AreBhporer aneRRasee fadrum
pr.ovi 9'} ng the conputer AR %o Q:'h%éB@i\%h%;ri%ﬁ-t&@ng!@&aft@ﬁeu%qh@ﬁ:ed
identifying conponents froma system Whi ¢ ihit a response pattern
associated with test cOMHity QQﬁﬂQ%giﬁﬂﬁ'fﬁﬁggigﬁ%ﬁﬂt éﬁﬁmﬁﬁﬁéEﬁﬁog
matrix of design factorsarddomipesi fdatdie dn e safi tedponsdaN0igVida thnte
PCT/ AU02/ 00934 64 patte faor_the set -qf. tests it A

defined, the apparatus ion%r‘zﬁnael nsgqufrcea énﬁjl%tllpolﬁe g\ﬁ%%ga ?Lo%?l iégé%%?ilfci‘ier%

| i near cd®bi nations of cwmoHed Efgwrhhe men-Memdarktseddadia .correl ate with
the response 5 pattern. 25. An apparatus for identifying conponents from a
system which exhibit a preselected response pattern to a set of test

condi tions apb?i ed® teeRed b eRHHONTGY A MRS LN 16T £ 4575 588 of desi gn
factors to specify-dhe1dd sespnsrefiatd eligiiSled o the: tB8stpOH tdmgns s

defined, the appacgr?'et ugf | c CzliJ{Jrrqsls nP t‘fao nfélancsqrr]:porrisfi%gm{:lhaét isq:%paé rTond:el
15
a) estimating initial values of B, 4, @ and o by
replacing missing values with simple estimates .
and calculating maximum likelihood estimates
assuming the data was complete;

20 b) computing E{Xloln" ox} and E{RRTlolp",ok} the
expected values of the data array and the
residual matrix under the model given the
observed data;

c) substitute quantities for (b) into likelihood

25 equations to obtain estimates of B, A, Pand
o

d) repeat steps (b) to (d) until convergence.

16. The method of any one of claims 1 to 15 wherein the
30 response pattern as specified by the design factors

is derived from known data.

17. The method of any one of claims 1 to 15 wherein the
response pattern as specified by the design factors

35 is derived from the input array. data.
18. The method of any one of claims 1 to 15 wherein the

response pattern as specified by the design.factors



for the residuals on a regression of the input array data on the design
factors, neans for estinmating perineters for the nodel and neans for
conput i ngwe 03®8011i7hear conbi nati on of conponents usi ng thePETtAUTRNEDS

26. A conput er program whi ch when run on a conputing device is
arranged to control the conputing device to inplenent the nethod of any
one of clains 1 to 19. 20 27. A conputingggystemincludi ng neans for
conponents including neans for inplenenting the method of any

one of clains 1 to B th
Pat ent Attorneys GI%SIQFSF(TDQ'éH"%ECE N Mt 199Y 6] 21122092 reBpdaReRO By their
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19.

20.

21.

22.

23

24

pattern.

The method of any one of claims 1 to 18 wherein the
data is generated from the system uUsing a method
selected from the group consisting of DNA array
analysis, DNA microarray analysis, RNA array
analysis, RNA microarray analysis, DNA microchip
analysis, RNA micrchip analysis, protein microchip
analysis, carboydrate analysis, DNA electrophoresis,
RNA electrophoresis, one dimensional or two
dimensional protein electrophoresis, proteomics,
antibody array analysis.

A computer program, arranged, when run on a computing
device, to control the computing device to identify .
linear combinations of components from input data
which correlate with a response pattern in a defined
matrix of degign factors specifying types of response
patterns for a set of test conditions in a system.

A computer readable medium providing the computer
medium of claim 20.

A computer program which, when run on a computing
device, is arranged to control the computing device,
in a method of identifying components from a system
which exhibit a response pattern to a test condition
applied to the system, and wherein a matrix of design
factors gpecifying the response patterns for the test
conditions is defined, to formulate a module for the
residuals of a regression of the input data on the
design factors, to estimate parameters for the model
and compute a linear combination of components using

the estimated parameters.

.A computer readable medium providing the computer

program of claim 22.

.An apparatus for identifying components from a system

which exhibit a response pattern associated with test
conditions applied to the system, and wherein a matrix

of design factors to specify the type of response
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26.
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patterns for the set of tests and conditions is
defined, the apparatus including a calculation device
for identifying linear combinations of components from
the input data which correlate with the response

pattern.

.An apparatus for identifying components from a system

which exhibit a preselected response pattern to a set
of test conditions applied to the biotechnology array,
wherein a matrix of design factors to specify the
response pattern(s) for the test conditions is defined,
the apparatus including a means for formulating a model
for the residuals on a regression of the input array
data on the design factors, means for estimating
perimeters for the model and means for computing a
linear combination of components using the estimated
perimeters.

A computer program which when run on a computing device
is arranged to control the computing device to

implement the method of any one of claims 1 to 19.

.A computing system including means for identifying

components including means for implementing the method

of any one of claims 1 to 19.

Dated this 11lth day of.July 2002
CSIRO
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