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The invention relates to a nmethod and apparatus for i dent i0 nent s
of a systemfromdata generated fromthe system which conponents are
capable of exhibiting a response patgeﬁn_associated with a test 10
condition and, particularly, but no exclusively, the present invention
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of bi ol ogi ¢ n%ﬁ&ﬁ rom e system, whic omponents are capable 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 basis by which to analyse the system. Examples of systems
include financial systems {such as stock markets, credit
systems for individuals, groups, organisations, loan
histories), geclogical systems, chemical systems,
biclogical 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 biclegical sciences
have resulted in the development of methods for large

30 scale analysis of bioclogical systems. An example of one
such method is use of biotechnology arrays. These arrays
are generally ordered high density grids of known
biclegical 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




chem cal systens. An exanple of one type of biotechnology array is DNA 5

m croarrays for the anal ysis of gene expression. A DNA nicrﬁgir @ ﬁﬁﬁSiSts
of DNA sequences deposited in an ordered array onto a solid Hg ase
e.g. a glass slide. As many as 30,000 or nore gene sequences nay be
deposited onto a single mcroarray chip.,, The arrays are 10 hybridised W th
| abel | ed RNA extracted fromcells or ?ssue of interest, or
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(c) errors in_the g@r which results jh ms for_exanpl e, areas

on a blotecﬁﬁ%¥%§§l%?r FPOM WANChidatheise ngnB}SSBéThe Thfivent ors have
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preferalyy P§1Q1£§e 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 unde; different treatment or test conditions.

The ability to identify such genes would be useful, for
example, in establishing diagndstic 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 génes.

A significant 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 df methods or experiments;
35 (b) the inherent variation in the data;




identification of conponents of the systemwhich exhibit a response
pattern under a test condition. 10 DESCRI PTION OF THE INVEgEﬁQ#gﬁq@ﬁ%flrst
aspect, the invention provides a method for identifying c t

system from data generated fromthe system which conmponents exhibit a
response 15 pattern associated wth a tg st condition applied to the
system conprising the steps of: (a) specifying deS|gn factors to specify

| neay " conbilfit | oh: bf* BoBoRBRt S°F PBth "B°PnacFHpte MBtBLARFER UBFFel af e
with the response(fpat teampl®s eheeabl yn dhbioethbdoilagludesayhérsmep of
defining a natrl%hgghdggt n;fagt oLs, ??5 The i nventors have devel oped a

nmet hod whereby |inear i nations of Conponents froma system can be
conputed fromlarge annunts of data whereby the |linear conbination of

conponery s fhesipvehobrgl BLoS Wbl Bi18psResI &lb%ﬁoe%eenﬁﬁa@s@ét&%raatghus
using this nEthOdF?ﬁ %CIfIC patterns’ in the data can be Searched for and
g

conponent s 8XAFHF FATsSYpheRer HhigenPretfedabTi BeraétFitates rapid
screeni ng ofdehbefdahaibnooracsypbasnter osi gaef sgapbmCcRAREReRkEiL3® dhe
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2006 - 4 Yr%g§9§i$a9%§£§§ under 4 E & éFéPﬂ y is the linear
conbi nati on al-an are comnponent melghts and X1 -X, are data val ues

gener atigd fromthe nethod %E@Hﬁ%ﬂ‘ﬁ:d@ d@e?@/sfmﬁﬂoﬁ:orrponents of the

system Preferably, a |linear conbination conponents is chosen such that
a linear regression of the linear conbination of conponents on the design

factors hastasanpehspredpetiyethl paAwWBLtaSnHPRSSDHEs IhReERRRORERAt Wei ghts
are assessed.in_a_ _manner such %hat t he values of the conponent weights for

conponents WATEh§¥ A8t CeBPPEFAFE ft A ?HétﬁgsﬁﬁﬁmfQéF@rgenerated

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
respeonse 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 methed 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 :




are elimnated fromthe |linear conbination. 15 In one form the nethod has

the advantage that it requires usage of |ess conputer t i or
art nmethods. Accordingly, the method nay be perforned ragﬁérjxmag

conputers such as, for exanple, |aptop machines. By using |ess nenory, the
met hod of the present invention also 20 ,allows the nethod to be perforned
nore qui ckly than prior art met hods fof anal ysis of, for exanple,

bi ol ogi cal data. The q¥ of t,he present invention is suitable for use in
the analysis of ahy s RET 4 AaRPeh: onents which 25 exhibit a response
pattern are sought SU|tabIe systens include, for exanple, chem ca

systens, bi @k?l nanc SE}?@%:LQ@% Oggrﬁﬁinéﬁ&?@ja = Q‘ESSéo@thEBE'
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method of thsppresent tﬁweﬁs@&nlﬁopa&émﬁéﬁéﬁw oBUthabkesfQn, use in the
anal ysis of results obtained from nethods applied to biological systens.
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array anal ysis suc array anal ysis m croarray anal ysi s (see
for exanplBanGhepactthgt tﬂ©95611%$e%5et12€000%qﬂm Wel—.@‘@*kﬁaf@ret al .

1996, Natur@o@@&@@@mb@gahlé@ A8 9% o e 19: Pafi Q. + Be 5895 D8) £a &K QI I aY
anal ysis, RNA n1froarr nlcrochlgFanalyS|s RNA mi crochip

anal ysis, Prot® %W%ﬁ%?%%hffpﬁng??s}§ne%ﬁr%6%9ﬂ? t°%nal ysis, antibody

array analysis, or analysis such as DNA el ectrophoresis, RNA
eIectr%%horfﬁigneOPgrgjn@ﬁéi&g@ﬁogrhas the advantage that it requires
usage of less computer memory than prior art methods.
Accordingly, the method may be performed rapidly on
computers such as, for example, laptop machines. By using
less memory, the method of the present invention also
20 allows the method to be performed more guickly than prior

art methods for analysis of, for example, bioclogical data.

The method of the present invention is suitable for use in
the analysis of any system in which components which

25 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
systems, insurance systems, marketing systems or company

30 record systems.

The method of the present invention is particularly
suitable for use in the analysis of results obtained from
methods applied to bioclogical systems.

35
The data from the system is preferably generated from
methods applied to the system. For example, the data may




15 two di nensional protein el ectrophoresis, proteomcs. The conponents of
the nmethod of the present invention are the conponents oh % @§z§ﬁpn1that
are being neasured. The conponents nay be any neasurabl e*c Hgonent of the
system 20 The conmponents may be, for exanple, genes, proteins,

anti bodi es, carbohydrates. The conponents may be neasured using nethods
for detecting the anmount of, for exanpl genes or portions thereof, DNA

sequences sych o] cIe t|d s, ar RNA sequences, . peptides, 25
proteins, cggbohy% %k@ 8?ecu ThttEng E%ﬁ%rcﬁBP8E%P§§ O?haﬁeforn1part of
t he bi ol ogi edkteyst ehe Foesenaﬁpbé compoaeDNA ahcaoaysbym, t he somponent nmay

be a gene 06t9@993u5ﬁ€9F§5F0na eé@u? Pogﬁa E?ﬂéonéﬁ%sCBEp ng gétgﬁy be a

nonocl onal anti bo antl nent, or ny of her
nol ecul e thﬁbecgﬁiélﬁ§ya eaﬁ?ﬂ@éﬁtﬁﬁnﬂﬁhggsﬁﬂﬁ m@thaﬁsaﬁPrb@§§Sﬁﬁi@@ule | t
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but _ner el entbflable 35 in a manner to permt

not be knom? £ %
correl ati ontf8Mbef HRdE*BBPhRen IOt EFRRAT 8B nBERAYI B Haéys%ﬁesﬁﬁﬁpﬁﬁents and
t he design DNA déthOQﬁaiy61snaDNAXmlEﬁbaexayphﬁalga@B ¢ogponent s may have

ni que er h as, an, arbi sel ec n nane. The
?egpgﬂge pag? ﬁiébeggﬁg %t ?%e d%éég %é&?BF% %28 Egg Qﬁy desired
pattern. InLQﬂéhénboﬂtneht lﬁﬁé,rﬁsponseBpatEGhnoipgglﬂﬂed1699th§$design
factorsids detingd b omy KBOYN ERh3a -0 sanglggfszgonﬁﬁApﬁaE@;Qrgs{,' ved from

known data will i[denfify response pattérns that are icantly simlar
to a known ﬁ%@bﬁﬁéérpQN%eWhCIPSPlEOaﬁﬁéHﬁFér BNﬁamiF%O@hlEeéﬂahY$aétors may

be prOV|dedptetelgemgce&@h@psaﬁalyb@g ceaksbaya§aﬂ@tana1§sggn gene
expressi on éter or ng% partlcuhar ex si on gattern of a
particul ar 5% §?o§¥n3r59¥ra ¥$f?CUP5ran§ SR BF 085 ¥¥A|n anot her
enbodi ment , el hetrepponseipat RERnespecibprdrbyist hendediganbaochal sokrs
der'VeqjirOghghﬁihgﬁgﬁoﬁéﬂaﬁrgggﬁn electrophoresis, proteomics.

The components of the method of the present invention are
the components of the system that are being measured. The
components may be any measurable component of the system.

20 The components may be, for example, genes, proteins,
antibodies, carbohydrates. The components may be measured
using methods for detecting the amount of, for example,
genes or portions thereof, DNA sequences such as
oligonucleotides or cDNA, RNA sequences, peptides,

25 proteins, carbohydrate molecules or any other molecules
that form part of the biclogical system. For example, in
aADNA microarray, the component may be a gene or gene
fragment. In an antibody array, the component may be a
monoclonal antibody, polyclonal antibody, Fab fragment, or

30 any other molecule that contains an antigen binding site
cf an antibody molecule.

It will be appreciated by those skilled in the art that
the components need not be known, but merely identifiable
35 in a manner to permit a correlation toc be made between a

linear combination of the components and the design




In this case, a response pattern derived fromthe input array data wl|
group conponents of the array which 20 exhibit significantly sim]|ar
response patterns. In yet another enbodi nent, the respons@fbéﬂﬂeﬂﬁm
specified by the design factors is selected to identify any arbitrary
response pattern. 25 The test conditigngtgf the nethod of the invention may
be any test conditions applied to a system For exanple, in the case of a

bi ol ogi cal t t est di t wth_condi t h
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conpounds) a@@mteﬂlen sanhoagaansarpitoaridyneasaceagnhunbet her coapenent s
of the system the phenotype(such as a tunour cell, benign cell, advanced
tumour cell, early tunour cell, normal cell, nmutant cell, cell froma
particul ar ¥hgshespensecaatbaynofreslahedr ganthem gesbont bagbasareaent of

the conppneptsafd &Q@lré&‘lsﬁ§ﬂ‘ce9n5 JAN 89@6exﬁﬁo@iméﬂﬁse€h@b9¥ ohfeidentify
a |linear conbination of nponents from i nput data, f& wher eby vy

is a I|neaPaEBﬁﬁ?nﬁP?BhfFﬁdeYchh? feshgn; ﬁﬁ?gaétésnﬁfFFYeﬁffrﬂ%ta
preferably mnowy data, Dauspganréspsneé pevpepeniisrbvandrko@okbsms of test

condi tions, x of _val ues wei g to _be applied to the
i nput dat a. d$ﬁg w%#%nlg?ggﬁt% B?SPQBF%SQ?g%eEB§eP%?E|@ﬁ?s of y on a matrix
of design fatgnifiFambyybeinélierntoed byowhereapbnse1ﬁaﬁtéyﬁPy)Far

YTC - Pifl (Nekdmpde YWEr bR Rode (dddian #dec80 dabsnd Kby fgshopomt [l x: 15

wher eby val ues o are se ected to I'mse trtutirng aTxX for y
in equatlongqn%nﬁxpﬁﬁéﬁiﬁ@ that consedatedi vitbrs bﬂ@VFd@@n@he fol | owi ng

equation: expression pattern. For example, a particular expression
pattern of a particular yeast gene over a particular
growth period.

15

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
array data will group components of the array which

20 exhibit significantly similar response patterns.

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

25
The test conditions of the method of the invention may be
any test conditions applied to a system. For example, in
the case of a biclogical system, the test condition may be
the growth conditicns (such as temperature, tTime, growth

30 medium, exposure tc one or more test compounds) applied to
an organism pricr to measurement of the components of the
system, the phenctype(such as a tumour cell, benign cell,
advanced tumour cell, early tumour cell, normal cell,
mutant cell, cell from a particular tissue or location}of

35 an organism prior to measurement of the components of the

system.




2= aTX(l1-P)XTa 2 Thus, a l|linear conbination of conponents a nmay be conputed
by finding the HBX|nun1vaIue of k in equation 2. However, §5ﬂ§P3@ are
| i near conbi nations (a) for which the denom nator of equaﬂl AN ero and
therefore )L is infinite. Thus, in one enbodi ment, the present invention
provi des al gorithnms for deternining a m@ereby aTX(I- P)XTa is not zero. 30
I n one enbodi nent, the linear conbination’is conputed by solving the

li sed | bl AX(1: P a=0 3 aTXPXTa_. 35 D5
JAN 2006 - T of X AR AREFEl nf % LRV hTR ol %a%a%%l?mg%% of

conponent s appokeros ufmemoinpest debadi teony” and PukeTETTFTY- LET a wherein T
is amtrix r 0 esign 5 factqrs,and r.col ums Equ tion may be
sol ved by t%gﬁ?oflg§$%g£%Fb%?l%%n?hfcﬁ %F & l%P%@O&?tiﬁgﬁ'rﬁ% ?ﬁen to

maxi m se theatatiprétguablpgnayayndehe, chgeinpan ﬂ%wssoﬁon@$pngeha$ we

woul d saj Veaﬁ@ }?V}Zé‘lur{%é dP Q@Qtal?Bﬁ achohor doyng Sehpxrewrite
Vg gb % ve t%

equation 4 as I W2BW 2- IS el gen equation.
51 If WZVFhU%%]u%¥|‘6ﬁlShF§ F@plpacéﬁpflheﬂhéostlﬁgulr@puta@@t@y The

significance of regression co-efficients of y on a matrix

of design factors T may be determined by the ratio:

e
0 G T vy

Wherein
P=T(TTT)ﬂIJ;and
T is a kxr design matrix;

15 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'XPX"q
adX(I-P)Xa

Thus, a linear combination of components ¢ may be computed

by finding the maximum value of A in equation 2. However,
25 there are linear combinations (g) for which the

denominator cof equation 2 is zero and therefore A is

infinite. Thus, in one embodiment, the present invention

provides algorithms for determining g whereby a?X(I—P)XTa

is not zero.
30
In one embodiment, the linear combination is computed by

solving the generalised eigenvalue problem of:

(XPX" - AX (1-P)X")a=0 3
35



W=UA12 OQUT 0 0 25 6 where Al is the diagonal matrix of “non zero' eigen
values of Wit is easy to see that equation 5 becones A, iu I&N@%Z 0 a.l
0 00 7 30 where U =[UU2] is partitioned confornmable wi t H B i si ng
equation 2 subject to a= Ucr (i.e ais 05 JAN 2006 - 9 constrained to be
in the range space of W gives rise to . the eigen equation defined by the
top left hand block of the Iefthand S|§% of equation 7. 5 Equation 4 may
be sol ved diggct | yn Fhout requiring calculation of XPXT or X(I- P)XT
using the generalised™ singular value deconposition, see Golub and Van Loan
(1989), Mat¥hgrebApdt afﬁl@ngatanmaEaiXthﬁ‘snmopkrms Uhi venppnynPs eand

Bal ti nore. EOC@iﬁﬁﬁQagfvgégt XbhaiPYXdinyngquation 3 may be replaced with
X(1- P)XT+ 621, Thus, jn another enbodi ment, the |inear conbination may

be identifi8d=by (SofAi Ag for?ereejcfhaifuﬂo%alrsaizwm|rw%m% 9B for X
and a 8 swhefgtboXsi 8nd @akalnmhilXx having n rows of conponents and Kk

colums of test conditions: and T(TIT)-1TT. wherei s, a matrix of k
rows of desPgR*to0% C?aysbgnao}vgg|g§ngh§ % 11P¥lﬁgmé ﬂFl Tiix for the
| i near conbination yT=aTX. In a preferred enbodi nent, the i nvention

provides a method for identifying conponents of a systen1fron1data
generated 25 fromthg system mglch exhibit a response pattern assdci at ed
with a set ?tté"ﬁX@é’ndlatrlerfg 2| I[r“epd)fo the system conprising the steps

of : 10
Then to maximise the ratio (equation 2) in the case that W
is non-singular we would solve
(B-AW)g=0 4
15

One approach for doing this is to rewrite equation 4 as
A1 1
W 2BW 2-AIWWZ2a=0 5

20 and solve this eigen eguation.

wale

If W ? in eguation 5 is replaced in the singular case by
1 1 '
wr=y|A® 0y” | 6
0 0O
25
where A, is the diagonal matrix of ‘non zero’ eigen values
of W it is easy to see that equation 5 becomes
! B =
AUTBUAZ 0| 4y | AU |, 7
0 0
30

where Ukzﬁﬂlg] is partitioned conformable with A,.

Maximising equation 2 subject to a=Ug (i.e a is




(a) specifying design factors to specify the type of response patterns for
the test conditions; 30 (b) fornulating a nodel for the reiigﬁ‘%?\{s 65a
regression of the input data on the design factors; (c) estt r?@
paranmeters for the nodel; (d) conputing a |inear conbination of conponents
using the nodel and its estimted parangeters. 35 Preferably, the method

i ncludes the step of defining a matrix “of design factors. 0 5 JAW 2006 -

10 Prefera S iS . i,0l ogi m_. Rrefer.ably, the data
gener at ed f?!(j)%?g%%g %%drtég}?ﬁ e'%‘ ?Aoﬁét%ééﬁg%/sgé%?s oéfenpfé atgelgref%orr%sée QO
bi ot echnol of9earcigen Fdauatiayededivedavy fidindtehal efhe hdework Ivatlorobf

equation 2ypByibethephacedeWEhother quanyity aTVa wherein V is the
covariance matrix of the residuals fromthe regression nodel. Thus in one

enbodi ment, the linear conbination may 10 be conputed by maxim sing the

rat1 i50i9 @TXPE(quraaZ;aEEN% E}&Iﬁﬁltb@ns@lm berdsedyt Qiﬁh@sﬁ%tbéqxfﬁﬂl:!lmw ng optimal a
; a=a, - 1! u rgijy-A i s i rmatrix for the |inear

conbi nat i onc"“%%%%@,lo’ioo _ g}{#(ﬁl‘:r)%(\f%l%% i 35 HN e?]been%&‘?ﬁﬂo‘ofe%( X rlXT)P
or equi ;/al eBihg‘uQakefrélmS:j ﬂf@ébﬂpogﬁﬁiaﬁ,oﬁeéf' i@ézgs anaﬂda% t.8aBN n>r<]k gata
matri x from geperated froma .nethod,applied to the system the data
bei ng from ﬁ9§é3&0n@8£\5ﬁ§scﬁﬂ8u aFégPScoﬁdi lEiDdonsT.Ohﬁﬁi dORKIMSach has the
advant age thaiveheitgt Apdssf Bhaktimaventi on does not require storage of

matriceg larger than nxk. Thus, an advantage of one formof the nethod of

t he
Alternatively, X(/-P)X"in equation 3 may be replaced with

X(I-P)X"+0%I. Thus, in another embodiment, the linear

combination may be identified by solving the equation:

15 (XPXT-AX(I-P)X"+06%)g=0for X and a 8

wherein X is a data matrix having n rows of components and
k columns of test conditions; and
P = T(T'T)*T" wherein T is a matrix of k rows of design

20 factors and r columns and a is a weight matrix for the
linear combination y'=g7X.

In & preferred embodiment, the invention provides a method
for identifying components of a system from data generated
25 from the system, which exhibit a response pattern
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;
30 (b) formulating a model for the residuals of a regression
of the input data on the design factors:;
(c) estimating parameters for the model;
(d) computing a linear combination of components using the
model and its estimated parameters.
35
Preferably, the method includes the step of defining a
matrix of design factors.




30 invention is that it permts analysis of data obtained fromlarge
nunbers of conponents or |arge amunts of conponents and tgs ﬁggﬁﬂ'tions.
In a preferred enbodi nent, the covariance matrix Vis 35 & Wﬁ y its
maxi mum | i kel i hood estimator. Maximum |ikelihood estimates are obtai ned
froma nodel for the 0 5 JAN 2006 - %_ mcroarray data. In this preferred
enbodi ment, the data are nodelled by a %ornal distribution, which is
conpletely specified by the mean and variance. 5 The nodel nmay conprise a
mean nodel and a variance nodel. The nean nodel may be defined by the
equati on: 1Pr&Ef«TmabryBTtla shetehniX &sbanlogkcaht syxtah. data, preferably

array data.pcOsytRgy . oM oh §ouPOORDL Salpllolt COhUMIaoLpboBLa £ONYI LT onS,

Tis a kxr matrix of design factors av n rows and ums and B is
an nxr nat rEXeofYseressi opnchararefEes. aThé°U%@h%®%@9ﬁn@é¥aﬁay be defi ned
by the enuatlon 20 Var{vec{XT}}=Ik(c)V 12 where Vis a covariance matri x:
V =A(DAT +6 A'Xs, 25 with ons% gbnts (Dsxs di agonal and ATA=|] . The
vari ance no ? %ﬂﬂeﬂ%%ﬁsn%ﬂ%? hefatet b nfipRorHeato¥ ket i fBRat 18R om (11)
and (12) we2 rmyyv\betEepmcedtdeth negat guent ogy | kel i dioede fs: v30s Ltk og

V) +tr {(XT-T T The rageters, Lo, be es fimated in.,the node
i ncl ude A, g&} %éﬁ%g‘%%% %%g?gsgﬁgnr%%eg?lc en%m% T% Bﬁgr%ﬁ%%%?nent an
35 estinatem©¢elegT@@S|©m @@@f$mb®@hmsnELfbhethena@ancquemathncmmputed

using gtandgs d-bR3st 3R RSx 1M1 21N RO0B,£142 B = XTT TV T T)-

T T
Aﬁ:a XPX' a 5

a'Va

Equation 9 may be used to give the following optimala
15

a=A""*xPu 10

wherein ¢ is a weight matrix for the linear combination
y=aX,

20 P = T(T'T)'77,
u is an eigenvector of P(XVX')P or equivalently a left
singular vector of V'*XP;
and X is an nxk data matrix from data generated from a
method applied to thé system, the data being from n

25 components and k test conditions.

This approach has the advantage that the method of the
inventicon does not require storage of matrices larger than
nxk. Thus, an advantage of one form of the method of the

30 inventicn is that it permits analysis of data obtained
from large numbers of components or large amounts of

components and test conditions.

In a preferred embodiment, the covariance matrix V is
35 replaced by its maximum likelihood estimator. Maximum

likelihood estimates are obtained from a model for the




Substituting into Equation 13 we obtain the likelihood of 5 V conditional
on B=B: (a) L=L(B)=kloglVl +tr{V-1RRT} where R = X - BTT In one enbodi ment,
the paraneters for the covariance 10 matrix are esti mated byJidbih i ng t he
maxi mum | i kel i hood estimates (MLE) for the covariance matrix, conditional
on the regression paraneters. The covarjance matrix of the variance nodel
may be defined by the equation: 15 V =AG AT +621 To find the maxi num

| i kel i hood ' f_the . t f V. d foll ;
20" Fr om 25 TI85PAL 617 Fy2 oThoto R A e bR e R R RorRer
conpl eti on afeAnodiel hag bg shoenmalhdi sBOINMUEAWAT whPdhwesgetmplétely

AA*] 1 (0+621 5),! J “2i".' 16 0 5 JAN 2006 - 13 Hence: IVl
= ]+£3(2| i % 3§Q?£@ésb#|t%%§l%ag %éﬁi ?%5*‘??1‘}%'5 so klogi VI =k{ J1og(P; t +( 7

2)+(n-s)log62 17 11 t-, JJJJJJ 10
5 The model may comprise a mean model and a variance model.

The mean model may be defined by the equation:

10 E{XT}zTBT 11

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
15 rows and r columns and B is an nxr matrix of regression

parameters.

The variance model may be defined by the equation:
20 : Var{vec{XT}}:Ik®V 12

where V is a covariance matrix:

V=A®PAT +c*I, A,
25 with constraints
@ diagonal and ATA=I .

The variance model and mean model together determine the
likelihood. From (11) and (12) we may write twice the
negative log likelihcod as:

30

L =klog|[V|+r{(X"-TB") V" (x-BT")} 13

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

is computed using standard least sguares:




Further, we may wite: tr {V-'"RRT } = 1T {(c+a2ls) ' ATRRTA} +0'
IT112tr{RRT - ATRRTA} 18 Conbining equation 17 and equation @ﬁaﬁﬂﬁg b[ﬂig\é

|'i kel i hood function for A c and62 conditional on B may be 3 15
proceed to maxim se this as a function of A subject to the constraint AT
A =I. Form ng the Lagrangi an and d|ffei§nt|at|ng this with respect to A we
obtain the equation aL/aA=0 where 20 a="a tr@D +6275) '-6 21,J }
ATRRTA+t r{ L(ATA-1)} 19 aA aA 1111 and L is a lower triangular matrix of
Lagrange nultipliers. Evaluati ng his and i ncorporating the 25 constraint
gi ves RRTAD+ALT = 0 WIBh;XTF({:T The first equation can be witten as 0 5
JAN 2006 - 14 RRTA+ALTD-' where D=( +C21,) i -62ls. Note that D
is invertible provided all (D11>0 I n one enbodi nent, the maxi mum

| i kel i hood ' hi. c f h tign RRTI}-s, S"
21k nos.Lonpreparar sire” FBUERR STk oA LA 2 SRE ERRENEE N
nmodel . 1T oWecendbdiapal, onhd ki mum | i kel i hood estimate of 'Dis

conputed fromthe equation: 15(k +62 = Sii /k 22 20 In one enbodi ment, S
((is defined bythe ua - TRRTA=) wherein Si, is the i h

ei genval ue ?f qu) }‘Og]m””{ IRRQ?

where R = X — BT7

In one embodiment, the parameters for the covariance

10 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:

15 V=ADA" +021 14

To find the maximum likelihood estimate {(MLE) of the

parameters of V, we proceed as follows:

20 _
From V=AOA" +0*I we get
®+0’l, 0 T
25 V=[AA ][ ’ }[AA] 15
I
'whereAﬁis an orthonormal completicn of A. It may be shown
that
30

-t
[ AN (@+07L)" 0 NG
[ ] 0 o771 [ ] . 16

H—3

=A((I)+0'21;)_1 A+c™? (I—AAT).



23 1 Equations 62 = tr{RRT }-sSii (21), +62 =Sii/k (22), k(n-s) 25 and
Sii=(ATRRTAI ) (23) are derived as follows: 30 Prenultinplyi ng mﬁd{ =0
by AT and using ATA=l shows that L is symetric and hence #Hi SU0 t
follows that the columms of A are eigenvectors of RRT. Simlarly we obtain
0 5 JAN 2006 (n-s) vii a62 =~( 2)+ 2 -~ 2 2 i=1 ~11+6 6 i=1 ((Di+6 ) - 15

- DLk _Sii a(bDi = (iii +072) (D 1-r%)7"2)2 aL Skks11 s1i=1

where Sii =(ATRRTAI) is the ih eigenvalue of RRT . 5 It follows that On +62
= Siilk | {fr{flIT}j51i1i k(n s) i=l 10 The nunber of latent factors in the
nodel for thenceovariance matrix nmay be estimated by performng |Iikelihood

ratio tests, cross validation teE/ﬁ_s_ (Br %{f@j&n procedures. |In one
enbodi ment, the nunber of factor T‘Iw Ty )vari ance nodel is determ ned

by performng a series of |likelihood ratioq, fesjs, for increasing nunbers
of factors. The number of fact ors=i_1'£;((hihﬁsré oszf)ch that the test for
further increase in the nunber of f&ttors is not statistically
significant. The likelihood ratio test 20 statistic is conputed using the
equationr; -2LoglL =k

klog]V]=k{210g((1)i,.+0'2)+(n—s)log02} : 17

i=]

Further, we may write:
10
tr{V'RR" } =1r {(cp +0?, )'1 ATRRTA}
18
+o {RRT — A"RR"A}

Combining equation 17 and equation 18, the log likelihood
function for A,®ande? conditional on B may be obtained. We
15 proceed to maximise this as a function of A subject to the
constraint ATA=1T. Forming the Lagrangian and

differentiating this with respect to A we obtain the
equation dL/dA=0 where

20 _éa_jg( - %rr{[(qwazfs ) - a'zls}ATRRTA}+tr {L(a"a-1)} 19

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

25 constraint gives

RRIAD+ALIT =0
with ATA=T

30 The first equation can be written as




24 Elog (Su/k) + (n - s)log i X Sul(k (n - s)) 1=1 s+l +kn and the
nunber of parameters is ns+s+l-s(s+1)/2. In a preferred enbgdj t he
nunber of factors, s, in 25 the variance nodel is deterniln ﬁ:@%@&form ng
a Bayesian method, preferably based on a method for selecting the number
of principle conponents given in Mnka T, P. 2000, .0 5 JAN 2606 - 16

Aut omati ¢ choi ce of dinensionality for ]FfbA M T Media Laboratory

Per ceptual Conputing Section Tec ir No. 514 (M nka (200 :
note that the problem of choosiﬂg %as/i\E%?Sncou ons in the factor a%%ll ysi s
nodel i.e. 5 the nunber of left singular vectors in an singular val ue
deconposi ti on 4) he \resi matrix. to include can .  be thought of as
t he probl err‘i“@ﬁ %e ec() ng ?Jr)e i er oPter ithRt 4 ﬁ&ullélrve\%?épétes or princi pal
conmponent s. p¥¥Hide@ K1 ﬁpr>@he ei genval ues of RTR, in M nka(2000 ) the
nunber of 10 princi pal cofmponents is chosen to maximise s log P(RI s) =
log P(uP - 0.5ny log(2, j ) j=1- 0.5n(k - s) log(v) +0.5(m+ s) Iog(2'r)
- 0.5 log dfﬁ(@hé emﬁb§§mé@9§ntﬂeWM§£fmﬂﬁk 1?&?*&%5% ?tifgtg)&f o
log(2) + log(F((k - g |+1 nr
j-s+1 and 1gomm%;%dkfrom he equatlon

62 = p (nl_s){tr{RRT}—gé}i} 21

A0

k- s)

10 wherein § is the number of latent faciocrs in the variance

model.

In one embodiment, the maximum likelihcod estimate of @ is

computed from the equation:
15 &, +62=5,/k 22

In one embodiment, & is defined by the equation:
Oy = (A?RRTAi) 23

20
wherein &, is the i” eigenvalue of RR.

Equations &° =

{rr{RRT} Z }(21 &, . +62=8,/k (22),

25 and @f=(AfRRTAJ (23) are derived as follows:

Premultiplying RRTAD+AILl =0 by AT and using ATA=1 shows
that L is symmetric and hence diagonal. It follows that
the columns of A are eigenvectors of RRI.

30

Similarly we obtain




log det(A.) = EE log((AJ 1- 1-1 j=i+l 2 ,for j<k v,olherwi se. Mre
reliable results are obtained using the Bayesian approach iff 5 §ANs2808ed on
a subset of the genes, chosen to 20 show high correlation with the response
pattern specified by the design factors. In one form the present
invention may al so provide a neans to fletermne the shape of the

rel ati onship between 25 the |inear conblinhation of conponents and the
response pattern specifigd by the design@Jaotors. The inner 0 5 JAN 2006 -

17 5 product of the Iin$ﬁ;‘ffgprﬁ@h the data matrix results in a
| oadi ng.for each array. dse @ddfagsqhayd e plotted against the colums
of the design factors to agevegl the s of, the regponse. In one form

the present invention ma S pLQﬁLdﬂ*ﬂg§T“9e§ ing 9he significance of the
conponents of a linear @erbi K ©Q.cgnd/ @ t he fgbbrstrength of the
rel ati onship between the |inear ‘conbinati on and the' desfgn 10 factors. In

one enbodi ment, the nethod ¢o r'sef t urther steps of: (a) determ ning
t he significance of each ; tr%RR he djmear conbination; and (b) setting

non-si gni ficant weights tqQoZzero. 15 20~=125 In a preferred enbodi ment, the
significance of the weights of the linear conbination is determ ned by a
permutation test conprising the steps of: (a)random sing the data,

preferably d@h@i@ch,pe&ﬁgkkang v dats M hianeaghd ow g9 Conputing the
wei ghts and ei genval ues fromthe random séd dat a;

5 It follows that

&ﬁ+62=dJk

10
- The number of latent factors in the model for the

covariance matrix may be estimated by performing
likelihood ratio tests, cross validation tests or Bayesian
procedures. In one embodiment, the number of factors in

15 the variance model is determined by performing a series of
likelihood ratio tests, for increasing numbers of factors.
The number of factors is chosen such that the test for
further increase in the number of factors is not
statistically significant. The likelihood ratio test

20 statistic is computed using the eqguation:

s t
—2log L = k{é log(8u/k)+ (n—s)log{gll 5:‘:‘/(]( (n—s))}} 4
| +kn
and the number of parameters is ns+s+1-s(s+1)/2.
In a preferred embodiment, the number of factors, s, in
25 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,




(c)repeating steps (a) and (b) a plurality of times; and (d)determning a
distribution for the weights and ei genval uesconput ed fronlbqi randoni sed
data; (e)determ ningthe position of weights and ei genval ue dﬁ%ﬂi@ﬁ from
non-random sed data, preferably biotechnology array data, relative to the
di stribution of the weights and eigenyaige§ conputed 30 fromrandom sed
data; (f) estimating the significance of each wei ght conputed fromthe

non- random gedofal A Lo 2c0" SEeHL AL EIBRULIEY! £oLNECR] GRS figRee Of the 35

rel ationship between the [inear conbinatio “conpohents "and the
response pattephakperi FeeaebyueheCaeBighng adeot sonnfigcheidel eRepaed in an

anal ogous vey, £01 @achkd 52d00h 200fc-nd8e tRAMOMLSaLLAN1Sheps(a) above,
the | oadings_are, fornmed, as_ inner products of the |inear conbinations with

the data nEEPPRINGHRAFHFt FPPetLoRFelat bR batheEnaPAt¥e!f daaTRGst - @nd t he
responsé pathernusipeci 6f etleby thegdeskghcetasior sn &ni §i6ghTatafgtue The

si gni fi canc e. over al | ati pnship 1S eyal uat ed deternmning the
pogition Of§e€%%$€%+ %%?e(%%ﬁfe?gtﬁgﬁ E§§?$F3¥éﬂ?€F?§nfﬁoﬁg?gﬁg%n?i d data
with the dikerthotugloh of ahethul birpbéenoofebaléoningoehéi suebér caf cul at ed
fromrandon d I o] e j LO .al s

b ovi do e hods. T 6o ASTT moer Ao rr el pELACPEEE MnbBUERE Lo MR AL R,
enbodi nent , fAF sEhagevatmealage eft Rt en dbliip (P EN Higorunken afh a

preferned epbodtipat, céhgon®hhodi 45-6088%1 66Sng8ihMBLI Ng M ssing data
values of array data by: (a) estimating iRpitial values of B, F,4),c2 by
replacing mssing val degP(/sRmﬁbgﬁ’l(@—eﬁsMEHbgij)and cal cul ating maxi num
| i kel i hood estimates assumi ng the data was< conplete; 20 (b) Conputing

E{Xl o,...0k}, {RRTI 0J, ... ok}the expsgked)ahyes.seh+shRg@ata array and the
residual matrix under the
—0.5]logdet(4,)-0.551log(n)

where m=ks-s(s+1)/2,

log P(u) =—slog(2)+ Zs: logT((k—-i+1)/2))

—0.5(k-i +£1=; log()
v= (él AN —s)
and
15  logdet(4,)= Z zk: log((4;" = A7), — 2,)n)
=5

where

7 ] v,otherwise.

More reliable results are obtained using the Bayesian
approach if it is used on a subset of the genes, chosen to

20 show high correlation with the response pattern specified
by the design factors.

In one form, the present invention may also provide a
means to determine the shape of the relationship between
25 the linear combination of components and the response

pattern specified by the design factors. The inner




nodel given the observed data (where oi is defined below); (c) Substitute
quantities for (b) into likelihood 25 equations assum ng conple& data to
obtain new estimates of B,1',O and U2 ; (d) Repeat stepsﬂébﬂ Ao ﬁﬁ) unti |
convergence. |In one enbodinent, the EM al gorithmis perfornmed as

follows: 35 Fromequations 18 and 20: R=X-BTT, V=A(DAT+621 For the |th

col um of R R. say, we can partition R as 0 5 JAN 2006 - ul Vuo

Vuu. R TORLOYGEVaBs20auet 6.0 denglag. e obperved gg{ggageconponent

and u, 5 de m sSi ng reési conponen of the
ENIaIgorlthﬁeﬁelheeunte é@ﬁ@mne fhe eapecaedayalu@BeEeRlb@d}naﬁdeYR RT

lo;} 36 10 B@Eﬁlé@%&d“ﬁgéiﬁs%'§He098ghﬁh9nb@9t98 ae§§g 0%a8€5§99%§r

val ues, owever for easy o resentati

represent tﬁ?ge?ﬁ the ?BPP%mPﬁgthPtr@ﬁﬁoﬁéeshomn that 15 20 25

E{u, | o, }5Vao(Voo) o, (Vuu)-1 V001 1 = Co; (say) Hence VOO Vau J Vou Vuu

E{Rdo,)= C %thI F%S?hfh?hge££22éh%nlggeﬁklonogég'leo provide 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

10 factors. In one embodiment, the method comprises the
further steps of:
(a) determining the significance of each weight of the
linear combination; and

(b) setting non-significant weights to zero.

15

In a preferred embodiment, the significance of the weights

of the linear combination is determined by a permutation

test comprising the steps of:

(a) randomising the data, preferably biotechnology array

20 data, within each row;

{(b) Computing the weights and eigenvalues from the
randomised data;

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

(d) determining a distribution for the weights and

25 eigenvalues computed from the randomised data;

(e) determining the position of weights and eigenvalues
computed from non-randomised data, preferably
biotechnology array data, relative to the
distribution of the weights and eigenvalues computed

30 from randomised data;

(f) estimating the significance of each weight computed

from the non-randomised data.

In a preferred embodiment, the significance of the
35 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




VUVI1=EXIloi)=1 Co,+BTTe; where e; is a kxl vector with zeros
except in the ith position which is a one. Now wrltlng \/"'g)oer,m we have

27 28 30 0 5 JAN 2000 - 20 5 10 15 20 Let T E{$P,Tjo,} 1 CT
-[C1] O(VW) 101 | no O o;OI[ICT]+t =R .R T +[L][0 LT] Where It

follows that (Y W) =LTTI Olol...... g OK]=IR R T +15,§ f=1i=1 29 30 s
nxm Here mis the number of m ssi ng where S;= PT 10] i Lvalues in colum

i and Pis ?aﬁ&éﬂyégﬁigﬁ Q@éﬁ {a%‘éﬁoégﬁ ﬁhepiQQﬁiﬁgstQ?é Eﬁgmedoééﬂ Def i ne

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
5 is calculated. The significance of the overall

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.

10

In one form, the present invention may also provide
methods for estimating missing values from the data. In
one embodiment, missing values are estimated using an EM
algorithm. 1In a preferred embodiment, the method

15 comprises estimating missing data values of array data by:

(a) estimating initial values of B,I,®,6° by replacing
missing values with simple estimates and calculating
maximum likelihood estimates assuming the data was

. complete;

20 (b} Computing E{Aﬂq,"q},E{RRTka,J%}the expected values of
the data array and the residual matrix under the
model given the observed data (where o; is defined
below);

{(c) Substitute guantities for (b) into likelihood

25 equations assuming complete data to obtain new
estimates of B,I,¢and 67 ;

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

In one embodiment, the EM algorithm is performed as
30 fecllows:

From equations 18 and 20:

R=X-BT",V = A®AT +01
35
' For the ith column of R, R, say, we can partition R, as




RF[Ri.... Rk:S.... SK] , nx(k+m) then E{RRT ol,...0k}=RRT 31 A simlar
expression also follows fromwiting O 5 JAN 2006 - 21 0 0140 Ol _ [o Do
LLT J 32 This requires only 1 (larger) matrix factorisatigprg dan il

di mension of D may be nmuch less than mif conmon genes are 5 m ssing
(across colums of X). The above expr_esﬁno_ns enabl e the conputation of

maxi mum | i kel i hood estinates by using e SVD of R, thus saving on

storage requirepents. %,0 Fr-om equ I,ioon:?o and 36 it can be seen that the
matrix t inges |’§,r[/(=£§)° is"“ﬁjepqﬂ' ed. Thi$ may be a large matrix id5there
are many m ssingival uedud nYacol umvdf 1®|n  such cases we note the

following: 15 1 V'"=A"(nBs+62ls) Au+62(l-A"Au) 33 where A denotes an
appropriate subset of rows of A (Au is nxs) . 20 V' can be rewitten as
{($s+62ls,) 1 -62Is}A"'T+627 34 25 Hence using the fornmula (A+BDBT) 1

=A-1- A- 1B( =4 B+D - | t '"1-1
621 - 62A"[ 5%%%%% id) Ségrog%%s)]t kié-oédzsfesr “1Hb} l}%ﬁ;{%}émsa é%f{ﬁ %‘6‘6%\6"
5 denotes the missing residual component. To do the E step

of the EM algorithm we need to compute the expected values
E{Ro;} and E{RR]|o,] 36

10 Note that we are also conditioning on a set of parameter
values, B,A,® and ¢?, however for easy of presentation we

do not represent this in the following.

It can be shown that

i5
E{”f |0i} =V (VOO )_1 G;
- (Vuu )_] Vuooi 27
=Co, (say) |
Hence
E{R.a)= ! 0,
I i C 1
20
From the definition of R we obtain
E(X,|o,)= ! o417, 28
I I C I I3
25

where e 1is a kxl vector with zeros except in the ith

position which is a one.

Now writing V™ jfor V'™ we have

30




- 22 Note that this only requires the inverse of an sxs matrix where s is
t he nunber of basis functions in the variance npdel and is |ndependent of
m. 5 The EM al gorithm di scussed above requires the factjofitfdii28 of the
matrices V' which may be reasonably large if there are substantial nunbers
of mssing values. An alternative algoiéthm whi ch does not require this is
as follows: 10 Wite R =X, -BT Te, and T uo;l 37 L J for i =1,..., k. Then
assum ng no]? lity, we can wite the log likelihood 15 of the data as: k
L=l ogL=LI og %%I 0; 8) +l ogg(ol o; B) 38 where f is the conditional normally
density function of u; given o, and g is the marginal density function of
0;. The 20 vector of paraneters 0 is B,A Oand 62. Now witing

L=L(u"u2,..,uk,6), an |ter tiye algofiithm can be specified for nmaxi m sing
equation 45§g§qﬁ|ﬂ 25 1:%) Sp@mf [ iaftlial values 0 (b) For iteration
n>_ O maxi m ngt 0(51 0 , u}( Fromthe formof 45 we can do
this independently f nce %ogf(u,lo0,0.) is a (conditional)

course is a cal cul ati ‘?ﬂ;el TIZ the E step of the original E-Malggrithm
0 5 JAN 2006 - 23 (¢ u Q,@PH 1,...,k maxi mse 45 as a“function
of B ignoring the dependence of . e treati ng the u; as now
fixed) to produce On+l, (d) ntil sone stopping criteriais

[th préfJieJ

nor mal di stributiontf maX| rmm ursoat 30 ul")=E{u (0,0"}. This of

satisfied. The above RijorH rably produces a sequence with the
property that for n>>>0

5
-1
Where (V"“) =LI.
It follows that
* *T x
10 E[RR"|o,......0, | = Z +Y' s, ST 30
icl i=]
where &::ﬂT[L] is nxm;. Here m;, is the number of missing
i
values in column i and F, is a permutation matrix with the
0.
property that ﬁRi=_[ '].
U;
15
Define
n:z}ing and
R=[R}..R}1S,..5¢ | , mx(k+m) 31
then
20

E{RR"|o,...0 } = RR"

A similar expression also follows from writing




L (u(n+l) Bn+l) >1L(u(n), Bn 1I1 10 where u(n)=(uln), ukn) Step (c) of the
al gorithm corresponds to ignoring 39 the Vnnterns in the cal cul hion of
E{RRTIG6,..... ok} of the EM algorithm and then doing tl{bSMlPsNet‘g »f the EM
algorithm (Note that the estimation of B can be done independently 15 of
t he other paraneters in B.) W can conp %ftely remove the need to calcul ate
(Vnn) in step (b) of the above algorlt m by noting that we can use a

cyclic ascent @Jgoq]th ée b f (U 10i, 0) as follows: 20 Let
t he conpone of it, nm) NhXIﬁlSIﬂg over ul, (say) with
uu =(u" j 0) W%WF dgiﬁ conputlng E{u,lu r"o;B} To see this
wite: 25 Iog = Iog f (u,; ut" o;, Bp+log h (u_t, | o" B)
where h is a condltlonal nornal density. 40 Now note that the first termin

equati on 154 m. a can, be co t ed
prely Trontihe ERAREAY SRy idtarttinabrifora iR PR SR S
will produc@lmh@S(qﬂlqﬁeD m@xlhﬂnmoth Leg$ (théo, m9)f naomhyn Ejento; aB3. 0 5
JAN 200 Thi;s S, en one matrix factorisation and
therefo?% rﬁgiﬁégést%?%gggrgﬁg#¢%§en?sk¥fn a preferred enbodinent, the

m ssing values are estimated at the sane tine that paraneters for the
nodel are eshéngbede Sxgheskdenti bhspibophoethegduprlicibs. 8f91§§ﬁimhtﬁvent' on
may be inplenented by appropriate conputing systensawhich i ncl ude
conputer solihaithand hatimares 1P haiagcohdadvp mftﬁ,atﬂa&ommvmngxﬁnof

t he presentStgpgggt£g&ui£gﬁé§t£§ provi ded a conputer program for

10
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
such cases we note the following:
15
uu 2y VT -2 T
V= A (@, +0%L) AL +07(I-A,AD) 33
where A, denotes an appropriate subset of rows of A
(A, is mxs) .
20

V*™ can be rewritten as
A, {(tbs +0°l, )'I — 0?1, }Afj +07% 34

25 Hence using the formula
(4+BDBT) =47~ 47 B(B" 47 B+ D) B 4™ 35

it can be shown that
30

iyl
'(Vuu)“] =O"2[—O'2Au (O_zAI;:"Au+{((I)s+o_zjs)—1_o__zjs} 1) Agz 26




identifying conponents of a systemfrominput data which exhibits a
response pattern associated with a test condition applied to thﬁ@égsten]

t he conputer program 15 conprising instructions that, wherl Sx A by a
conputing device cause the conputing device to carry out the steps of:
specifying a matrix of design factors tgzspecify the response pattern for
the test condition; and 20 identifying | 1 near conbi nati on of conponents
from the i I;Gh e secpatte in the
| i near COﬁbPﬁg%lggggfw@b%béﬁg- %ﬁfﬁ#?%ﬂ%ﬂgféﬁﬁ§§$9 gg %gaf§§g+mggﬁgk+
a3x3 ...+ aWRérewheﬁeﬁntMe|$WNM§ﬂ|m@abaamabﬁuatmonpsaﬁmntmﬁeveohpnnent
meights genﬁgaégdaﬁaogbtQﬁdgggﬂggngngfx;zX are data values for conponents
of the system 30 The conput program rmay i npl enment any of the preferred
al gorithns and nethod steps of the first aspect of the present invention

whi ch ars dr_rﬁ@ua@eg1§6911§hm35158u§§é@r #8pGe wehhiaekhtrd aspect of the
present in ion, here i_S BrOVIded a 2ﬂpute readabl e nmedium 0.5 JAN
a

5006 - 25 BRG PHITY éoeoﬂﬁutt P PRbGHERTI K actiotdanBRY WPt ht tHeCRdebhd
aspect of thergeesénthemeeateosubhﬁaﬁﬁmandﬁﬂmﬁemstbfamﬁesﬁhb aspaes.of the
present inv [ vid d ute ogram for identifying
conponent s % EQEQE%QEE glgafglégenega Eg %e Qg%5ﬁ1£&ﬁ|cﬁse§ﬁ|blts
response paf@élﬂ@Sto a test condition applled to the system the conputer
programeonprising instructions that, when executed by a conputing device
cause the conputlng 10 device to carry out the steps of: specifying design
factors to @ﬁé Pfy a response pattern for a test condition; establishing a
nodel for the residuals of a regression of the input data on the design
factors; 15 - estinatiﬁgzgﬁgg§$@§rsa&9r t he nodel; and

0; 37
R, =[ jl for i=1,...k
B;

Then assuming normality, we can write the log likelihood
15 of the data as:

k
L=10gL=zlogf(ui ;
i=]

)+iogg(oJoi9) 38

where f is the conditional normally density function of

given o, and g is the marginal density function of ¢;. The

20 vector of parameters @ is B,A,¢and o°.

Now writing L=L(ul,u2,..,uk,o‘), an iterative algorithm can be

specified for maximising equation 45 as follows:

25 (a) Specify initial values 6,
(b} For iteration n20 maximise L as a function of u,..,u,.

From the form of 45 we can do this independently for
each u, and since bngqu,QJ is a {(conditional)

T

normal distributicn the maxlimum occurs at

30 QFL=E{qujQJu This of course is a calculation done in

the E step of the original E-M algorithm.




conputing a |inear conbination of conponents using the nodel and the
estimated paraneters. The conputer program nmay be arranged to inplenent any
of 20 the preferred nethod and cal cul ati on steps di scuss§dsalidl &%
relation to the second aspect of the present invention. In accordance with
a fifth aspect of the present inventiop, there is provided a conputer
readabl e nedi um 25 providing a conputer %rogranlin accordance with the
fourth asp of,.the present inyventign., |n_accordance with a.sixt pect
of ‘the presoat | MubL BRI T ey Y b By raad S G PO TR o hg
conponents 30 fignraisgstom wiremdexivichiaf aur espofse( bat tereyisinassbei at ed
wth test conditio i t nd wherein a matrix of design
factors to speciquﬁigﬂgiﬁggg%g Hggﬁﬁﬁgﬁﬁggtgﬁkns for the set of tests and
conditions i{d) débi hed? theiadppamat asopptéhgdingtardcal ¢ul abtdafdedice for 35
identifydng linear combinations of conponents fromthe input data which
correlate with the response pattern. 0 5 JAN 2006 - 26 In accordance with
an sevent h dBpecbdre t Réuprashm Pielembbn, presiueess dr eEadedicen apphar at us
for identifyhadprepapepephacf EQM a>5ystem which exhibit a presel ected
response pattern to a set of test conditions applied to 5 the system
wherein a matri x of design factors to specify the response pattern(s) for
the test conditi omiuf'r“é),ggle)fzi%@,@),gt e apparatus including a neans fag
formulating a nodel for the Yesiduals of a regression of the input array
data on ¢ he desigﬁeggcbbrg(%ﬁgggﬁﬂLor estimating 10 paraneters for the
nodel and neans for coffputitng a l'inear conbination of conponents using the

_mgdelt_ ?n_d tbeepest&ﬁat&iti Qﬁ@rﬁl§6§itﬁncoé?ﬂfé£ﬂo§&§t@{8 i a@ln!es@iiﬂg {T’EEQS for
i dentifying conponen i ncludin ans r enent i an

preferred afé§$?f% dhd h889§Png§8P tﬁg f#ggk g%pe@t 6F¥t% eprggent

i nvention [ di S eya t f e-pr .Lpyention
are 1Dl oot aa by 20 ey o a s oE SR, S i el EEERELLRE Y
that any (Note that the estimation of B can be done independently

15 of the other parameters in &.)
-1
We can completely remove the need to calculate (V“") in

step (b) of the above algorithm by noting that we can use

a cyclic ascent algorithm to maximise logf(u,.oi,B) as

follows:

20 Let the components of u, be (uﬁ,jzl,...m,.)
Maximising over  u (say) with  u, :(uﬁ,j;t l) fixed,

corresponds to computing E{M;,-Iu-mo,-l?}

To see this write:

25 Iogf(u,- oﬂ)zlogf(u,i |u_b.,0,.,6)+logh(u_b-

o,.,B) 40

where h 1is a conditional normal density. Now note that
the first term in equation 15 has a maximum at E{uﬁluhﬁ,oi,@}

and this can be computed purely from the elements of V™

30 given earlier.

Iterating over [=Il..m, will produce the {(unique) maximum of
logf(u,. 01,6) namely E{ui[o,.,@}.




appropriate conputer hardware e.g. a PC or a mainframe or a networked
conputing infrastructure, may be used. BRI EF DESCRI PTI ON gF B?%mf GURES 25
Figure 1 shows a graphical plot of a matrix of design flabt A tbp) and
gene expression patterns of the genes of yeast frommcroarray data that
correlate to the response pattern specified by those design factors
(bottom. The x 30 axis is the tinme of gromh of the yeast at which gene

expr essi on d h - axi s, i e i o] iven for
oA e e (15Es MEESHE o diPrds A By 1Sl Ml AL LS S08) Olead AGLOLE VEN,
shows a gr apkeeafopt oredfcas nateFxgof refesi gementet or 5n (2 apyeEemredne

expression patd@imenef the [AesesnOfvayeast sFLompicLoakT Y dad asihat
correlate to, the response 0 5 JAN 2006 - 27 _pattern specified by the
desi gn fact'ot® (bt orjrammkeks 53F sthe Phdet | aEe ofSHEBMEP of the yeast at
whi ch gene expression was neasured. The y-axis is the value design factor
gi ven for ch tine 0 or the |eyel _of, gene 5 expression (bott .
Fi gure 3 sh Jad%?)%%#fgé?l%ﬁloqleg?o% Rbt TR B?eﬁ%%‘%(gﬁnv?%ﬁ% sm?¥%% and
gene expr essnphempattednsy odpphepgenes ofmpyeasy fyovems cwloheh ayagdat a t hat
correl ate to theqk espRAnSEe 058?%&§£€ g@g&%%igga?%.the design factors

gro 0 e

(bottom. e X- axisis thetine o yeast at which gene
expressi on was nmeasured. The y-axis is the value design factor given for

each time (1QpdcOsrdd€céeyetnol 88P6ndexppesei 9p (ROtEpPMndS5 Figure 4
shows a graphical,plot of a matrix of desi factors (top) and gene

n
expr essi on PAIERrH noft@%ﬁegéﬁe%r%Tld?i:%—8?%@uH?¥fB§%g¥%Tg€OB cel |
| ymphoma antdewctifpied Bempokentsfdise tasgemBreehl ihynpheseafweith

LT oot Y, 8L 20, Do SRRESL ey L L "ErLeTpangs Rtk clnsaei (1 ed by the
is the val vecnidst gonfappbiedi venthersystem, the computer program :
15 comprising instructions that, when executed by a computing
device cause the computing device to caxrry out the steps
of:
- specifying a matrix of design factors to specify the
response pattern for the test condition:; and
20 -~ identifying a linear combination of components from
the input data which correlate with the response pattern
wherein the linear combination of components is in the

form of:

wherein Y is the linear combination, ai—a, are component
weilghts generated from the method and ¥;-¥X, are data wvalues
for components of the system.

30
The computer program may implement any of the preferred
algorithms and method steps of the first aspect of the

present invention which are discussed above.

35 In accordance with a third aspect of the present

invention, there is provided a computer readable medium




each class (top) or the level of gene expression (bottom. 25 Figure 5
shows a graphical plot of a matrix of design factors (top) and gene
expression patterns of the genes of yeast fromthe mcrogy Iﬁay,f\%@azﬁﬁﬁl i sted
intable 1 that correlate to the response pattern specified by those
design factors (bottonm). The x-axis is e time of growmth 30 of the yeast
at whi ch gene expressi on was neasured. e y-axis is the value design

factor giv each_ t] p e.le e expr i 0 ttom.
Figure 6 s \A(;’s&%dlgr péﬁi%a p%ﬁg%]? I%)]f’&%r%%tﬁllxg%oge%l?gn %gﬁa%?%r%gférg%) and
gene expressirchart eflme pfesdrt gemesnbionyeast fromthe microarray data
listed in table 1 that <correlate to the response pattern specified by the
design 0 5 JAN 2006 - 28 factors (botton). The x-axis is the tinme of

growt h of tHecyEaspcatihicHogehe2edgntessitbn RresepedsuredonTHaeye dgis s
the val ge Okﬁ_-s;lvb' ?be actcgmggﬂt\é@n pf%@rgﬁ%@ep HE m@e&_ttqrzl)yi@llrg d dn%‘h%![s off gfne
expression (bottom. igure 7 sho raphi ca ot of.a matrjx, o

desi gn fac%%‘?rsel?{%fﬁma %Q%e‘?\%n%ﬁﬁ%\gsf’éﬁmp ¢ e‘?ﬁﬁ%g , t‘ﬁlél%%n‘:e@%ﬁlt?east
fromthe mregeonsy patbetnsted &ntésbl eoddibadbn sopIetdteotohs he response
pattern spegifi b h I or 0 M, The x-axis | he tine
of growth o%%%%g' y%%%tg%‘ﬁg%ﬁg% h&g%%]gg%x%(?%ég% %%I?%valsn ?r%%é%tf‘g%r?g %a‘é,_ axi s
is the val uehdglestypciaed by git vermpotirachevioe ¢2opy ohe theplheimy of gene

expresgipon §beitoM o ddrFi i€ Snshows @ geaphical plot of a matrix of
design factors (top), and gene expression patterns of the genes of CC

B-1ike diffuse | atReCE 1Y ISFHo R ¢ ey s ol WReFIVEY el TEPIREE di f f use
| arge B celpatysaphorsr (actéyatedndipiphhe mnmicroarray data listed in table

(oot tom . The -3 TR of 2EeSel ATt e G 120 Vit o) - The
y-axi s i s thegwasseonest gnoh¢ attont gilayen dortieaclliesiassfa¢topy;or the | evel
of 9en@5eXprQSSiqgééf%ﬁﬁfﬁ@'pé%%déﬁﬁ%ﬁgEFEr the model; and

computing a linear combination of components using the

model and the estimated parameters.

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

in relation to the second aspect of the present invention.

In accordance with a fifth aspect of the present
invention, there is provided a computer readable medium
25 providing a computer program in accordance with the fourth

aspect of the present invention.

In accordance with a sixth aspect of the present invention

there is provided an apparatus for identifying components
30 from a system which exhibit a response pattern(s)

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
35 identifying linear combinations of components from the

input data which correlate with the response pattern.




EXAMPLE 1 The data set for this exanple is the results froma DNA

m croarray experinment and is reported in Spellmn, P. and i @E
al . (1998) 30 Conprehensive identification of cell cycle r J&Vﬂ# genes

of the yeast Saccharonyces cerevisiae by Mcroarray Hybridization.
Biol. Cell 9(12):3273-3297. The data sg% generated fromthe nlcroarray
experinents 35 described in the above gper can be obtained fromthe

fol |l owi ng 5 JAN 2006 -
WA, stnforggegé%ﬂfc?oi?ray NEFpﬁ%Y?%E 8ﬁgeﬁgn?g$ﬁ%eaPF3§eHSta consi sts
of n=2467 genesnandnk—nﬁesanp$eBrGVLdedeam apherattsi xoof idestghyimagtors T

(desi g mat sl basncL~Prafl 4nbadeh ARACHYeLheyt o7 Io0p03L0L e8! N(10) Tor

1=1. 3 and 8 = 1S exa ustrates
nethodologyr?épPaéﬁtpﬁyt@rgcbve@ sep ebtest gendsthhnehaerhidit tperi odic

variati gn Weh8i BykbemCelheg¥ehea ﬁQErRQ'éfdéééléﬁtfa&@@r@aﬁéeéﬁeéif?er'Od'C
variation is a b roduct of th anal ysis given'the ,choice,of the matrix

of design fBaREoFE® nﬁ?s@%FEﬁr? ) fOErFB?|t?@%pﬁﬁgglbéPP%rhscould al so be
specified byeﬂ5nehposh@gap§araﬂdspiﬁcmﬁglhbeaamaaﬁﬁrfatef@amheaﬂln@ &he

single colunn h or this dat
canoni cal vec ors% E ﬁﬁ%eg?ﬁa ua—i EPﬁ ﬁﬁgngﬁloPs %hgﬁﬁeﬁpaﬁtfgﬁf%¥ and a
denot es t hedstares. tHaodbasis faohotspnsempeefosedstnmbéhéngact or anal ysi s

model . 1%ﬁsu$5§aﬁgté95 Ebe £hésﬁo&Qie§nﬁaﬂ89h§ak§?rbé&ﬁﬁt?ﬁ QiYgHeQE'OW

The design Tactor axis Is tine onent | ate val ue
which is hlﬁﬁm91§ﬁ§hPﬁ|@ﬁn@omﬁme%FSoﬂSlggnébefEpﬁ?hgaadgFéﬁp mnth a
simlar patégtﬂmgfegapgggm@ﬂergver time is given below for the first three
canoni cal 25 vectors. The size of this group can be varied by choosing the
significance |evel applied to the scores (the level here was set at

0.001). G onpcsmpesingl bytead ifncbediagakkensf 6brsiabhetfgiggi fi cance
Ievelsl5 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.

Where aspects of the present invention are implemented by
20 way of a computing device, it will be appreciated that any
appropriate computer hardware e.g. a PC or a mainframe or

a networked computing infrastructure, may be used.

- BRIEF DESCRIPTION OF THE FIGURES
25
Figure 1 shows a graphical plot of a matrix of design
factors (top) and gene expression patterns of the genes of
yeast from microarray data that correlate to the response
pattern specified by those design factors (bottom). The x-
30 axis is the time of growth of the yeast at which gene
exXpression was measured. The y-axis is the value design
factor given for each time (top) or the level of gene

expression (bottom).

35 Figure 2 shows a graphical plot of a matrix of design
factors (top) and gene expression patterns of the genes of

veast from microarray data that correlate to the response




30 The results for each canonical vector m ght be interpreted as inplying
a simlar pattern of variation for each of the three groups buf . wth a
phase shift for each group. The lowto |low cycle periodfi JBN £HB order of
70 mnutes which agrees with the results in the paper. 35 0 5 JAN Ludt -
30 The genes identified are shown bel g Results of the gene expression
fromthese genes is shown in Figures 1, and 3. 1. Canonical Vari atel

Fi 1), d is:0.9932 p V is:0  Spel] ) le Data 10
Gonescore. PPUATTEn VR GHON 50 BUobLo YoE 08BV 26t 4584 (o VETBbOCD 34 0
YDR343C: - 0. #4289 s YGRED8One 0o A04700t YORBATI: - fe 897820 WhLRUTSGRE. 3853 0
YCLOL8W - 0. - YKL148C: = 0, 299_ 0 -0.2745 0
YDRL78W - 0. %%%ﬁg%g%??%@%§§%%%go et P Y e 20 o |
YGL244W 0. 1282t 0r Yy RoPBW OF 18a6h Ot ¥Re OL5u» D. 2800he YOR3BOEf 099937 0
YPL212CsD. 2026, 05 YJLQ76ME0: 2201 O YCRO34W 0. 2373 0

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

10 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).

15
Figure 4 shows a graphical plot of a matrix of design
factors (top) and gene expression patterns of the genes of
GC B-like diffuse large B cell lymphoma and activated B-
like diffuse large B cell lymphoma from microarray data

20 that correlate to the response pattern specified 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).

25 Figure 5 shows a graphical plot of a matrix of design
factors (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

30 of the yeast at which gene expression was measured. The
y—axis 1is the wvalue design factor given for each fime

(top} or the level of gene expression (bottom).

Figure 6 shows a graphical plot of a matrix of design
35 factors (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




YFRO28C: 0. 2393 0 YPL128C: 0.2482 0 YHR170W 0. 2513 0 YBLO14C: 0. 2515 O
YM_123C: 0. 2523 0 YG.097WO0.2531 0 0 5 JAW 2006 - 31 YOR34CC: 0.26770
YMR274C: 0. 26830 YFLO37W 0. 29660 YMLO65W 0. 31940 YCLlOQVﬂOsQ%ﬁ@QNE
YPR124W 0. 37520 YBR142W 0. 37770 YBLO69W 0. 40350 YPL155C 0. 42820
YBR243C: 0. 45640 YLRC66W 0. 47380 YJROQ?Eg%.SlS?O YMROS58W 0. 53620
YGL021W 0. 68220 YGRL08W 0. 75740 YMROO1C:0.78060 YBRO38W 0. 84330

YPRL1OW 1. 16390 2, i cal Variate2. j 2) .5.d is: 0.9874 p Val
<0, Spel | mEACCBFT ERRTEORht o CEnGSkBi b peval ol VEF (IOVFOKDBGCD et
YBRO67C- 0. 546350 PLOB2WW 0g&B94e Bp ¥EL OHOL- 0a #3462 SuYDR3I43ThE. %2391 9
YGRO08C- 0. 4047 P YORBAL Ca0s B9 B Qe b RIEBGR - 28P3:0ch time (top) or

the level of gene expression (bottom).

Figure 7 shows a graphical plot of a matrix of design
factors (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

10 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 8 shows a graphical plot of a matrix of design
factors (top) and gene expression patterns of the genes of
GC B-like diffuse large B cell lymphoma {GC) and activated
B-like diffuse large B cell lymphoma (activate) from the
microarray data listed in table 2 that correlate to the

20 response pattern specified by the design factors (bottom).
The x-axis is the class of lymphoma (GC or activated).
The y-axis is the value design factor given for each class

(top) or the level of gene expression (bottom).

25 EXAMPLES
EXAMPLE 1
The data set for this examplie is the results from a DNA
microarray experiment and is reported in
Speliman, P. and Sherlock, G., et al. (1998)

30 Comprehensive identification of cell cycle-regulated genes
of the yeast Saccharomyces cerevisiae by Microarray
Hybridization. Mol. Biol. Cell 9(12):3273-3297.

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

following web site:




YCLOL8W 0. 3320 0 YMROO8C-0. 3011 O YKL148C-0.2990 0 YGR255C-0.2745 0
YDR178W 0. 2454 0 YMR152W 0. 1967 0 0 5 JAN 2006 - 32 YBLO79W). 12950

YI RO23WD. 16450 YKLOL5W). 18090 YOR330C0. 19370 YJLO?GVD.ZZOH@gig% 1H8. 23300
YBR222C0. 23570 YFR028C0. 23930 YPL128C0. 24820 YHR170WD. 2513 4C0. 25150
YGEL097WD. 25310 YMR274C0. 26830 YAL059Vp.%§4§O YBLO82C0. 30540 YMLO65WD. 31940
YBR142WD. 37770 YPL155C0. 42820 YBR243C0.45640 YLROG6WD. 47380 YJR092W). 51370
YGR108WD. 7 Y 78060 YPR119WL. 16390 3. Canonical Variate 3(see

HER AT

Figure 3) Value is:0.001 5 Spellman Cell Cylcle Data

GeneScor ep-WaWdestnford. edu/MicroArray/SMD/publications.html

The array data consists of n=2467 genes and k=18 samples

5 (times) . The matrix of design factors T (design matrix)has
r=6 columns defined by the terms cos(18), sin{l8) for
1=1...3 and 6 = (7mn) /119 , m=0,1,..,17.

This example illustrates methodology to identify discover

10 sets of genes which exhibit periodic variation within the
cell cycle. For this data set, the pattern of periodic
variation is a by product of the analysis given the
choice of the matrix of design factors T. A search for a
priori response pattern could also be specified by

15 choosing r=1 and placing the appropriate pattern in the
single column of the design matrix. For this data set we
have six canonical vectors 4. Note that a=1""XPu where u
+is the design factor and d denotes the scores. Two basis
functions were used in the factor analysis model. Results

20 for the first three canonicalvariates are given below,.
The design factor axis 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 wvariation
over time is given below for the first three cancnical

20 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). Grcup sizes will tend to be

smaller for smaller significance levels.

30 The results for each canonical vector might be interpreted
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 pericd is of the order of 70 minutes
which agrees with the resulis in the paper.

35




Genep- Score Val ue YKL127W 0. 32950 YNL280C-0. 31540 YJLO34W 0. 29720
YCRO69W 0. 28560 YORO79C-0. 27860 YORO75W 0. 27020 YOR237W 0. QS%?J%OE@B]AN '
2096 - 33 YLR299WO. 2569 0 YMR238W 0. 2451 0 YOR219C- 0. 210
YDL207W 0. 2078 0 YDL131WD. 2301 O YNRO50CO. 3180 O YDL182WD. 3254 0
YCRO65WD. 3736 0 YGL038C0. 3944 0 YER145 4387 0 YPL256C0. 6011 O
YMR179W). 6136 0 YPROLO9W). 6201 O YI LOO9WD. 6512 0 YJL196C0. 6680 O

YDL179WD. 7 0. YLRO79 639 0 Y YJ 9385,.0

YKLLBSVL, 1207° PV 32 AB 035D TXAVFLE S FRethat aXSet 137 oL hie i e i s
the resul t sS¥RPoPs AL ONA TS nikeevargayeexpersihemt bmdFigurepolt ed anmd

Ali zadeh, A3A, et al. (2000) D stinct types of diffuse |arge B-cel

| ynphoma identified by gene expression profiling. Nature 403:503-511.

5 1. Canonical Variatel (see Figure 1)
d is:0.9932 p Value is:0

Spellman Cell Cyicle Data
10

Gene Score P Value
YCLO40W: -0.6096
YPLO92W: -0.4394
YELOG6OC: -0.434
YDR343C: -0.4239
YGROO8C: -0.4047
YOR347C: -0.3978
YLRLI78C: -0.3853

YCLO18W: -0.332
¥YMR0O0O8C: -0.3011
YKL148C: -0.299%

YGR255C: -0.2745
YDR178W: ~0.2454
YMR152W: -0.1967
YMRO23C: ~-0.1408

S O O O o o 0O O © o o O O O o O o O o o o o0 o o o o O o

YOLO28C:  0.0956
YGL244W:  0.1202
YIRO23W:  0.1645
YKLO1SW:  0.1809
YOR330C:  0.1937
YPL212C:  0.2026
YJLOT6W:  0.2201
YCRO34W:  0.2373
YFRO28C:  0.2393
YPL128C:  0.2482
YHR170W:  0.2513
YBLO14C:  0.2515
YML123C:  0.2523
YGLO9TW:  0.2531

A




10 The data set generated fromthe mcroarray experinments described in the
above paper can be obtained fromthe followng web site: 15 h%tP' 41/2%@:0%-
www. st nford. edu/ M croArray/ SMD publications. htm 0 5 JAN 20(96 - "g ere
are n=4026 genes and n=36 sanples. In the followng DLBCL refers to
"Diffuse large B cell Lynphonma". The _s | es have been classified into two
di sease types GC B- |ike DLBCL (21 sanpfes) and Activated B-1ike DLBCL (15
5 sanpl es) .yoRBeodesi greamairi x Ighas 1 colum with values -1 if the sanple
is in grou | +1 i he sanple is in group 1. This array data is used
to iIIustrgbéz?Eéei' us%’%fag t he rrr?;t hod i n discovering genes which are

di agnosti c BILO3HHf f ef eaPb6di seast types. 10 The results of applying the
above net hogalegy: are.gicven bepjow along with a (partial) list of
potentially. Lagnosti.c genes. Figure 4 shows factor |oadings calculated
for each ar?%@?%th%“é& pl ot(!:showi ng the 15 distribution of factor

| oadi ngs froiRledeh dPs¥ase type? Note the distinct factor |oadings for
each groupifigibpwt heg. phot. Theygenes identified are shown bel ow. Results
of the geneYBL%gge.xpr SSi gI:J)n fromthese genes is shown in figure 4. Canoni cal
Variatel d" 26723 ﬁ'— dPue = 0°128 25 GeneScore p-Val ue GENE3608X: 0. 1363 0
GENE3326X: OYFIA95C:0 GENE3261X: 0.2013 0 GENE3327X:0.2104 0 GENE3330X: 0.2109 0

- GENE3259X: 0y2317:0 GENE3328X: 0.2361 0

YLROS6W: 0.4738 0
YJROSZW: 0.5137 0
YMROS8BW: 0.5362 0
YGLOZ21W: 0.6822 0
YGR108W: 0.7574 0
YMROO1C: 0.7806 0
YBRO3BW: 0.8433 0
YPR119W: 1.1e39 0

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

Spellman Cell Cycle Data

Gene Score p-Value
YCLO40W -0.6096
YBROG7C ~0.5403
YELO92W -0.4394
YELOGOC -0.4340
YDR343C -0.4239
YGROOSC -0.4047
YOR347C -0.3%978
YLR178C -0.3853
YCLO18wW -0.3320
YMROO8SC -0.3011
YKL148C -0.28%0
YGRZ55C -0.2745
YDR178W -0.2454
YMR152W -0.1%8&7

o o o o O O o O o o oo o o o




GENE3329X: 0. 2465 0 GENE3258X: 0.2534 0 GENE1719X: 0.3064 0 GENE1720X:0.3197 O
0 5 JAN 2006 - 35 GENE3332X: 0.4509 0 EXAMPLE 3 The data sgth flai U#iss
exanple is listed in Table 1 and is 5 an extract of the data set descri bed
in Spellman, P. and Sherlock, G, et al. (1998) Conprehensive
identification of cell cycle-regulated genes of the yeast Saccharonyces
cerevisiae by Mcroarray Hybridization™ M. Biol. Cell 9(12):3273-3297.
10 The arraprdadwm consiests of m=100 genes and k=18 sanples (tines). The
matri x of iogﬂvfaqt o6r4$ T (deﬁi gn matrix)has r=6 colums defined by the
terms cos(10), Sin( O]) or 15 1=1...3 and 0 = (7m)/119 , m=0,1,...,17.

Thi s exanpl &:PL$st Palt®®8 met hotlol ogy to identify sets of genes which

exhi bit perioedie: vagj@atsbon within the cell 20 cycle. For this data set, the
pattern of 5%8&“ C, 2\/2%15i ati onoi s a by product of the analysis given the
choice of the matriX of desigh factors T. A search for a priori response
pattern coulNdZa$so He23specifie@d by choosing r=1 and placing the

appropri at ecgpabier ngigysthe single columm 25 of the design matrix. For this
data set h Si X noni cal vectors a. Note that a=2-"XPu where u is

t he desi\é\ﬁYFnggfcor 9;17125’%2 denotés the scores. The Bayesian criterion was

m ni m sed WPLAZEC ba8ix8Runctiohs in the factor analysis nodel. Results for
the first threespf 30g;hese arg gi ven bel ow. The design factor axis is
time. Each_c onent_has a cal culated p value which is highly

signifi cantY.BLﬁﬂ)? stob2f5laenes fOr ni ng a group with a simlar pattern of
vari ation of=@PotW nedi&3gi ven bel ow for the first three canonical vectors.
The size ofydrhh & Or 9ure35 can pe varied by choosing the significance |evel
applied toYAtLQggv&scorestgthe | evel here was set at 0.001). Goup

0 0
YBLOB2C 0.3054 0
YMLOG5W 0.3194 0
YBR142W 0.3777 0
YPL155C 0.4282 0
YBR243C 0.4564 0
YLRO56W 0.4738 0
YJRO9ZW G.5137 0
YGR1CG8W 0.7574 0
YMROGLC 0.7806 0
YPR119W 1.1639 0
3. Canonical variate 3 (see Figure 3)

d is:0.9773 p Value 1s:0.001

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

YKL127TW -0.3295
YNL280C ~0.3154
YJLO34W -0.2972
YCROG9W -0.2856
YORO79C -0.2786
YORO75W -0.2702
YOR237TW -0.2587

o O O o O O o




0 5 JAN 2006 - 36 sizes will tend to be smaller for higher significance

| evel s. The results for each canonical vector m ght be intergf tgﬂ%éﬁ @S
inplying a simlar pattern of variation for each of the thre gr g t
with a phase shift for each group. The lowto |low cycle period is of the
order of 70 m nutes which agrees with %ge_results in the paper. 10 The
genes identified are shown bel ow. Resul of the gene expression from

t hese genesyimoshown.pssd1guses 5, 6 and 7. 15 1. Canonical Variatel (see

Figure 1) gﬁ%éég.go¥%%é¢ is.0 Spellman Cell Cylcle Data GeneScorep- Val ue
YPLO92W 1. 0 007"y 15W 0. 26810. 008 YG.237C0. 32350. 009

YKROL0C0. 58041600 -YNROZ3WD. $8490. 001 YCR034WD. 64590. 000 YAL023C0. 86320. 000
YBLOOLCO. 894300691 -¥PLA7C1. §0080. 000 YNLO31C2.10470. 000 YNLO30OW2. 66580. 000
YBROD9C2. 94 Zq.ggo éo YPR119W 0. 17948 0 25 2. Canonical Variate2 (see

Fi gure 2) $0. 9 3§ﬁnp Value is:0 Spellman Cell Cycle Data Gene Score
p- Val ue 0 S5YNBANCR006.318)7 - GeneScor ep- Val ue

YDL182W  0.3254 0
YCRO65W  0.3736 0
YGLO38C 0.3944 0]
YER145C  0.4387 0
YPL256C  0.6011 0
YMR179W  0.6136 0
YPRO19W  0.6201 0
YILOOSW  0.6512 0
YJL196C  0.6680 0
YDL179W  0.7498 0
YIRO79W  0.7639 0
YGRO41W  0.9150 0
YJL159W  0.9385 0
YKL185W  1.1207 0

 YNL327W  2.0384 0
EXAMPLE 2

The data set for this example is the results from a DNA

5 micrcarray experiment and is reported in

Alizadeh, A.A., et al. (2000) Distinct types of diffuse
large B-cell lymphoma identified by gene expression
profiling. Nature 403:503-511,

10
The data set generated from the microarray experiments
described in the above paper can be obtained from the

fellowing web site:

15 http://gencme-
wwwd.stnford.edu/MicroArray/SMD/publications.html




YOR0O74C- 1. 80640. 000 YILO66C- 1. 76920. 000 YCLO40W 1. 64600. 000

YJLO73W 1. 05100. 000 YOR321W 0. 95280. 000 YKL148C-0. 78190. Og% @.@&)%

W 0. 64110. 007 YJL201 WO. 57440. 009 YOR132W 0. 48640. 009 YK g@o 009
YFR028C0. 52240. 006 YKRO54C0. 58210. 007 YNLO62C0. 59100. 005 YHR170W). 69160. 000
YNLO61 WD. 80390. 001 YLRO98CL1. 05170. 001 YCOR153WL. 06900. 001

YOL109WL. 07600 000 YAL040C1. 11980. 000 008C1. 16820. 002 YMRO58WL. 64890. 000

YMROO1C2. 19 000_3. i cal Vari te_ (see Figure 3). d 870p Val ue
V5001 5 EAOrT i T TUe) Fue tarad drdesSrpleAl fn tnd ESifei
YMRO65W 1. S7/B3BOBOL 909 I LODDVE OsF 289144848 . OOD1 YU{n0pdHa0a 515795 0360. 010

YDR292C0. 6544 On 6, e 1 0] Y Q é§97 OBOOO
YLRO79V2. 6894853125%9 %‘;‘% % g% gﬁé%‘g %1% ‘g‘g % %%% %% %é
like DLBCL {21 samples) and Activated B-like DLBCL
5 samples). 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 use of
the method in discovering genes which are diagnostic of
different disease types.
10
The results of applying the above methodology are given
below along with a (partial) list of potentially
diagnostic genes. Figure 4 shows factor loadings
calculated for each array, with a Box plot showing the
15 distribution of factor loadings from each disease type.
Note the distinct factor loadings for each grouping in the
plot.

The genes identified are shown below. Results of the gene

20 expression from these genes is shown in figure 4.

Canonical Variatel
d =0.923 p-value=10.128

25
Gene Score p-Value
GENE3608%: 0.1363 C
GENE3326%: 0.1495 G
GENE3261X: 0.2013 0
GENE3327X: 0.2104 0
GENE3330X: 0.2109 0
GENE3259¥%: 0.2217 ¢
GENE3328X: 0.2361 0
GENE3329X: 0.2465 0
GENE3258%: 0.2534 0
GENE1719X: 0.3064 0
GENE1720%: 0.3197 0




Table 1 Al A2A3A4ASASATASAOAI OAl | A12 Gene YALOO1

C0. 680. 680. 650. 940. 530. 510. 681. 130. 730. 860. 961. 54
YALOO2WD. 740. 910. 840. 870. 860. 640. 861. 840. 660. 670. 931. 01 0 9 JAN 2006
YAL02300. 510. 30. 7411. 721. 361. 280. 670. 740. 670. 821. 04
YAL040C3. 711. 572. 10. 470. 70. 661. 451. 112. 232. 592. 161. 07
YBLOD1C0. 230. 860. 220. 941. 031, 041. 171. 680° 760. 960. 480. 74
YBLOL6W . 92dm@663370. 340. 40@5340. 52. 460. 410. 510. 610. 87
YBRODOCO. 060. 040. 140. 532. 833. 221. 221. 620. 450. 440. 30. 61
YBR169CL. 171. 321. 550. 960. 80. 81. 121. 70. 911. 570. 91. 04
YCLO40WW. 863. 785. 312. 891. 570. 70. 670. 380. 50. 750. 871. 06
YCRO34W. 510. 530, 570. 841. 111. 41. 121. 061. 131. 111. 210. 89
YCROB8W.. 08%XAYHLB43 381, 151. 480. 961. 451. 320. 841. 161. 45

YDLO87C0. 7900038282 1s880f IP0: BV 9. 848nSPH. 94 10i 80edB8in Table 1 and is
YDLO93W). 60. 570. 1 0

1, 660. 740,
YDL205 65%“4%% 830" 3%% é% 4%%g%3%eﬁo§%%6 ﬁgz%ﬁ ggellman, P. and
YDRO39CL. 383h@Blo6B1. @2, 1€1. 522. (BI93B1. 631. 231. 361. 26 YDRO41

VERo02vL. 0700 BT1 810, BB TT DRI oA: D71 BhovBob, GRfis7-eaniated genes

YDR188WD. 570% 53i0e 5882 505 880h 76018493 733r8Risiag. BROMBcroarray

YDR292C0. 64QyH 304 658+ 969. 691 978+ 0. @4111§é12g13é$9 -9897.
YDR345CL. 481" 271. 260. 7910. 631. 230. 730 671. 0

YDR457 .010.50.910.911.281.230.8401670.930.911.681.07
YERO08C0. 570. 750. 860. 70. 930. 790. 970. 890. 990. 780. 781. 2

YERO15WL. 231. 280. 910. 791. 080, 711. 010.8210. 840, 910. 99
YERoglcn.73%?%8%?@%.6%3%%1g%%§ 84S i%lnéngsi%n%%oa§ﬂ k=18 samples
YER178vm.34®t3®q$20.95@.ma@rsa1o354eQBQn22®c8@13281(0431gn matrix)has

VFRO28CD 530 473 40 B0 E1 030 180" 20" ST 076 T 7 ¢ (10) £or

YGL08GP. 5167510: 302830, $10. 9%@ﬂt%@i%9418ﬂ3434 651- 06

YGL027C0. 940. 671. 341. 272. 251. 511. 931. 0310. 871. 281. 3

YGL038C0. 420. 81. 651. 770. 71. 060. 50. 650. 661. 221. 381. 88

YGL237CL. 130. 630. 740. 841. 231. 341. 011. 030. 840. 840. 970. 89
YGRCBOV%.111h9§1ei§ﬁp160iIlﬁsﬁfété§0m@ﬂﬂ6d696gﬁ160gidentify’sets of

YaRo7aC1 081151, 111°4 3T BE0 71 519058078714 51 08 0L thin the cell
YHL038@H 930y6¥e. 1Por 7uhizedata1s2p0. B7¢. p30Lera. ¢60p8Fiodic
variation is a by product of the analysis given the choice
of the matrix of design factors T. A search for a priori
response pattern could also be specified by choosing r=1
and placing the appropriate pattern in the single cclumn
25 of the design matrix. TFor this data set we have six
canonical vectors d. Note that a=1""XPu where u is the
design factor and 4 denotes the scores. The Bayesian
criterion was minimised with 1 basis functions in the
factor analysis model. Results for the first three of
30 these are given below. The design factor axis is time.
Bach 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
35 can be varied by choosing the significance level applied
to the scores (the level here was set at 0.001). Group




YHRO26WD.
YHR170WD.
YI LO66C0.
YI L101C0.
Yl RO18WD.
Yl RO22WD.

YJLOOSCL.
YJL044C0. 8

YJLO73WD.
YJLO99WL.
YJL110C0.

YJL173C0.

930.
840.
360.

710. 840. 970. 91. 0811. 011. 080. 741. 030. 79
640. 360. 640. 781. 160. 841. 061. 211. 350. 991
742.4132. 6110. 860. 610. 540. 451. 572. 61
891. 381. 360. 91. 030. 940. 730. 991. 130. 662. 660. 8
822.770. 80. 80. 840. 941. 031. 061. %gO 860. 90. 71
930 8411. 031. 070. 991. 41. 080. 9407 650. 840. 76

340985, S4b" 18030058 #1657 53b. 7 Thoshoni ficance

97@@8@23162.611.2810.840.660.630.790.841.27

011.110. 840. 861. 061. 231. 31. 41. 030. 940. 640. 76

530. 510. 440. 580. 530. 740. 560. 710, 740. 890.60.8 0 5 JAN 2006 -
50The. Bg3udBs. 571, 2agh4ganondcad. vgotgygomyght be interpreted

05 JAN 2085

39

YJL201WG 419¢ 445 i§%ﬁg8é 068 9a4. Qi@t@§9 §§8v§§@a§§9n7§or each of the

YJR106WD.

YIR131WD.
YKL117W.
YKL148C0.
YKL182WL.

YKL185WD.

70, 840. 80 71.030. 8

89b54% 195344 2B Bow1 b 130336599§h1ft for each group. The
2210¥1td110w5dydT4. gdri6d. 6210514hd23A88r23f 70 minutes
761, 2 10, 870. 660, 730. 530. 540. 670, 70, 7

osﬁh%%% %g %@% ggsiﬁesﬁﬁsﬁkg S35D. g98 B9B°89

570. 260. 540. 20. 180. 150. 110. 150. 533. 784. 181. 57

YKROLOGR) 456, 470-840. §&én9§%lQéOaQéO%ﬁggg1§Q%§g?§0§§§£§ts of the gene

YKRO64C0.
YLRO79W)

YVROO1
YMRO15

20

25

. 30°6BPe33boR 76T g0t BEEe 29618301 S63ho8R. BB1FEgures 5, 6
YLRO98Q0.
YLR155CL.
YM.03500.
YM_104Q0.

570. 390. 540. 50. 630. 470. 680

and
519, 540. 420. 470. 430. 8211. 21. 481. 680. 860. 87

111. 081.651.111.520. 791.541. 161. 061. 391. 080. 73

960. 661. 361. 121. 350. 941. 320. 931. 321. 151. 230. 91

870. 240093} I'b:ik188d1 34de 2140231y 71. 011. 15

. 250. 20. 180. 140. 320. 71. 821. 522. 251. 340. 780. 54
. 040. 50. 420. 60. 730. 931. 230. 931. 010. 861. 040. 71
YMRO23C1.
YMRO58W2.
YMROG5SWG.
YMRO70WD.
YMR129WD.
YMR231WD.
YNLOL2WD.
YNLO30WD.

114.5630. 4 721481s001. 070. 970. 910. 970. 840. 970. 94
270. 861. 041. 172. 12. 274. 263. 225. 425. 217. 15. 47
421. 460. 650. 510. 70. 40. 890. 970. 890. 890. 650. 61
758rd0rgp Cgdh viedis PEE20310. 871. 270. 91

680. 410. 490. 530. 730. 730. 870. 750. 960. 840. 940. 76
680°°50. 710. 870. 80. 870.5788° 860 §70940. 71. 04
781PLL8EW 941. 080. 760. 6500970. 91@..86D. 790. 640. 73

060::380 10. 731. 972. 2741 ,450. 70. 48Q9210. 270. 51

YGLZ237C 0.3235 0.009
YKRO19C 0.5801 0.000
YNROZ23W 0.584¢ 0.001
YCRO34W 0.6459 0.000
YALOZ3C 0.8632 0.00C
YBLOO1C 0.8%943 0.001
YPL1Z27C 1.9008 0.000C
YNLO31C 2.1047 0.000C
YNLO3CW 2.6658 0.000
YBROOSC 2.9482 0.000
YPR11O9W 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




YNLO31C0.
YNLG59C0.
YNLOG61IWD.
YNLO62C0.
YNLO73WD.
YNL188WD.
YNL272C1.
YNRO23WD.
YOL028C0.
YOLO67CL.
- YOL109WD.
YORO37WD.
YOR074C0.
YOR132WD.
YOR153WD.
YOR167C1.
YOR2590C0.
YOR261C0.
YOR321WD.
YPL040C0.

YPLO50C0

YPLO72WD.
YPL0O86C0.
YPLOO2WL.
YPL127C0.
YPL234C0.
YPRO66WD.

YPR102C1

YALOO2WD.
YAL040C0.
YBLOL6WD.

110.
790.
890.
960.
790.

310

150.
650.
440.
610.
760.
. 470.
36dend 31.

Sotgad

140.
610.
270.
370.
960.
840.

651. 492. 271. 210. 550. 450. 290. 230. 58
540. 610. 870. 90. 730. 840. 890. 730. 79
490. 680. 820. 990. 961. 031. 070. 80. 94
570. 910. 761. 210. 961. 220. 760. 870. 87
70.960.651.010.6§0.?49.790.760.84
710. 450. 550. 760. 540’ 571. 131. 120. 73

41.841. 21. 321. Scotd. 93(p-948de 121. 62

90. 871. 061. 17%%?6%%0. 7408%@@.1740. 71

760.

07YLEFPE. 280.
84{k:1446w 410.

> 8EY

170.
322.

94MORRBIWE51.

619k 428 350.
340. 860. 871.

86 ¥11% 130.
90YBIEWO10. 961. 230. 870.5784. 030. 8649 210. 76

o0

87701 120.940. 75480, 710, 88

860. 780. 9 0. 991 .010. 94
840. 81. 061.78%2 . 071. 6989 110. 78

40. 670. 68%.646d. 361. 866p 961. 381. 07
891.391. 1 0. 680, 731. 030. 870. 8
22.411.32%%8%%.360.%@@}670.511.57
521. 260. 9005260, 7100.98D. 9311. 13
340. 490. 78%gld 1. 0110@4®. 660. 610. 53
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3. Canonical Variate 3 (see Figure 3)

d is:0.8870 p Value is:0.01

Spellman Cell Cylcle Data

Gene Score p-Value
YMRO65W -1.57783303 0.000
YILO9OW -0.72894484 0.000
YJILO44C 0.515497036 0.010
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above paper™¥A"be %6bt AFhed®F r bth tHE %61 | owi ng web site: http://genome- 15
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if the sanple is in group 2 and +1 if the sanple is in group 1. This array
data is used to illustrate the potential use of the net hog j)f t,de,,. pr esent
i nvention in 25 di scovering genes which are di agnostic ofl @i )

di sease types. The results of applying the above net hodol ogy are given

bel ow along with a (partial) list of po#]gn_ti ally 30 diagnostic genes. The
pl ot shows factor |oadings calculated r each array, wth a Box pl ot
show ng t heYLid#Gst r iolgdit icah oF3 f @t o5 | gerdi ngs from each di sease type. Note
t he di sti nctidraet ori.ob oadt ng® f oss emh qgrouping in the plot. 0 5 JAN 2006 -
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YMLO35C 096 067 1 0.82 113 082
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YOR153W 047 057 106 17 141 126
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YOR261C 076 049 078 06 09 065
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GENE3379X0. 7059- 0. 47881. 60200. 0224- 0. 31170. 2351- 0. 67621. 2223
GENE3184X1. 3782- 0. 67840. 93360. 8335-0. 5783-0. 7117- 0. 13370. 7334
GENE3122X1. ¥4 TF 5556- 0. 38941. 2236- 0. 4089- 0. 46760. 98900. 6175
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GENE2977X1 2805- 1. 24911. 13141. 1262- 0. 6527- 1. 1000- 0. 82750. 9463 -
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GENE1231X0. 3967 4/ 98888° 01031, 6088- 0. 85380. 2551- 0. 37850. 5575
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GENE1172X0. 0021- 0. 67920. 55801. 13170. 09180. 4862- 1. 33360. 5938

There are n=100 genes and n=42 samples. In the following
DLBCL refers to “Diffuse large B cell Lymphoma”. The
sampies have been classified into two disease types GC B-

20 like DLBCL (21 samples) and Activated B-like DLBCL (21
samples). 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
potential use of the method of the present invention in

25 discovering genes which are diagnostic of different
disease types.

The results of applying the above methodology are given
belew along with a (partial) list of potentially

30 diagnostic genes. The plot shows factor loadings
calculated for each array, with a Box plot showing the
distribution of factor loadings from each disease type.
Note the distinct factor loadings for each grouping in the
plot.




GENE1164X- 0. 3385- 0. 6039- 0. 30531. 03830. 65680. 1923- 2. 06360. 3914
GENE3029X0. 9558- 1. 8240- 0. 4890- 0. 0318- 0. 25120. 4803- 0. 14159%392RN 2005
GENE1027X0. 3195- 0. 8192- 0. 04071. 1561- 0. 70301. 1329- 0. 12201
GENE1354X1. 09210. 39680. 50900. 4192- 0. 3883-0. 0967- 0. 72470. 4641
GENE62X- 1. 7087- 0. 3336- 0. 24090. 63970. 5470- 0. 11730. 00632. 1229
GENE932X- 1. 66360. 1194- 0. 3264- 1. 7472- 0. 6050- 0. 4935- 0. 1592- 1. 4407
GENE3611X- 1. 36180. 5350- 0. 53500. 3161- 0. 1702- 0. 70521. 4590- 1. 3131
GENE3631X- 0, 53790. 4721 0. 92780 08230. 02911, 3404-0. 0418. 1. 7783 _
GENE330X0. 84er 09 e - 19miabt b 0oBe 05081 1091390, 5aePabt97af the gene
GENE331X- 0. 88558s 81435 - Dr &) 1dh @s & 878 O3 003 74h 084 0 161@ade 3870
GENES808X1. 5424- 0. 0178- 0. 23350. 71250. 41370. 4469- 0. 1672- 0. 5157
GENE487X1. 1631- 0. 52810. 29150. 00531. 2932- 0. 5802- 0. 33300. 3565
GENE621X0. 8961- 0. 77340. 2879- 0. 03411. 1465- 0. 1772- 0. 64220. 3117
GENE622X1. 227801t 379602 BEB®L 21130. 6132- 0. 42690. 2350- 0. 6751
GENE634X- 1. 61020. 9498- 0. 46690. 68880.91261-02l125600®B77- 2. 0328
GENE659X- 1. 02822. 0564- 0. 13686ne74350. 13170. 1664, 29Ydue . 7165
GENE669x-o.75411.9543-0.017@@N§§g@9 25000. 1/4831. 4198274. 9056
GENEG74X- 0. 78442. 03330. 2374Q, 7 66060. 1858Q, 856 9094
GENE675X—1.8669-0.39610.501%6. %@'Xo 25280‘5@3% 59652.2591
GENE676X0. 15212. 9355- 0. 828 1GENBBFGE. 05533, 18®a7 0. 40484 0. 6466
GENE704X- 0. 27240. 8058- 0. 6828Qc45280- 09770.0253- 1. 3339- 1. 2219
GENE734X- 0. 11060. 8918- 0. 7138-0. 3740- 0. 05120, 0593- 1, 0536- 1. 4104
GENE738X- 0. 36701. 1934- 0. 4616ENE®#72. 04451 .HB43- 0. 9883- 2. 2347
GENE456X0. 25481. 43360. 2701- GERBZ2ZX. 10170. 198814, 520034, 4752
GENE744X- 0. 17611. 07520. 2892 9309- 0, 1. 1.5237
GENE179X- 1. 5071- 0. 2186- 3. 73 %N%ﬁﬂége 0. 839é%ﬂ@g180%g%%6 0. 7248
GENE124X- 1. 38671. 3179- 0. 7428-0. 7714- 0. 59970. 5595- 0. 1704- 2. 4027
GENE122X- 1. 24431. 2153- 0. 7888- 0. 4396- 0. 77360. 4410- 0. 1815- 2. 6107
GENE111X- 0. 70420. 8689- 1. 0433- 0. 3245- 1. 08400. 67900. 7469-2. 1418 0 5 JAN 20U5
- 45 GHNE97Pal9149851. 16120. 2602- 0. 4770- 0. 55890. 04720. 5223- 1. 8532
OENE2645X- 1. 02981. 19020. 0604- 0. 39550. 6749- 0. 0585- 0. 7324- 1. 5055

GENE3408X0. £38:370- 48ER0- 8Rend opdi§%: b éFoﬂrﬁOD %13&3@5 ém%%@ DQCLZ&QODLCLoooa
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sl dlpih e sy
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GENE3462X- 0 115@ 677%21 08%h1. PAEP 06532
NE351 1X -1 09 -0.3673 0 2774 0.6506 0.2085 -0. 6501 —0 0393 -1.9622

GENE3496X -1.5438 0.2235 0.3742 0.6152 0.0026 0.4043 0.7658 -2.1362
GENE3484X -1.5441 0.2644 0.3324 0.5755 0.3227 0.3810 0.6922 -2.0400
GENE3789X ~0.8190 0.8721 -0.4551 -0.3695 0.5510 0.8935 -0.5408 -1.3466
GENE3692X 1.5834 -1.3890 0.2694 0.3204 -0.9297 -0.8659 -0.0240 1.2389
GENE3752% -0.5429 0.0079 1.0622 1.0307 0.4799 0.3228 -0.0708 -1.5657
GENE3740X -0.1202 0.3514 -0.2352 0.5584 -3.7183 1.7546 1.1220 -2.1561
GENE3736X -1.0454 0.1040 0.1413 1.0247 0.4182 1.0642 0.0622 -2.0475
GENE3682X 0.0352 -0.5229 -1.0198 -1.0882 -0.7605 1.2054 0.8310 -1.0306
GENE3674X 0.0919 -0.3555 ~1.1076 -0.8632 -1.0361 0.8007 1.1110 -0.8782
GENE3673X 0.4663 -0.7188 -1.0865 -1.3763 -0.7102 0.9291 0.8167 -1.3677
‘GENE3644X 1.2679 1.0367 -0.2156 0.4202 0.5551 -0.1771 0.5743 -1.2367
'_GENE3472X -0.5140 0.4945 0.5546 0.2904 -0.0097 1.2149 1.1549 -2.0388
GENE2530X -0.3729 -0.7347 -0.5176 -0.0474 0.2601 0.0612 -0.2102 -1.2411
GENE2287X -0.7046 -0.7689 -0.4475 0.4799 -0.30086 0.6084 0.8196 -1.2739
GENE2328X -0.4273 0.4495 -1.8079 -1.0243 0.4682 0.7853 -2.0504 -0.9683
GENE2417X -1.1810 1.0531 0.1474 6.1021 0.4644 2.0191 0.721¢ -1.1055
GENEZ238X - 0.6934 0.2178 0.8979 0.6190 -0.3294 0.2843 -0.3294 -0.0319
GENE1971X -0.1957 1.3122 -0.3276 -0.2145 1.4441 0.3132 0.8221 -0.8873
GENE3086X 0.0236 -1.4920 -0.3702 0.2028 -0.0600 - -0.7521 -0.6089 -0.1674
GENE1009X 1.4548 -0.6280 0.7398 0.2580 0.1025 -0.3483 -0.6970 -0.3793
GENE1947X 0.4856 -0.5274 0.1845 0.1023 -0.5000 -0.1441 1.4713 0.9237




GENE3173X- 0. 5215- 0. 28460. 3418- 0. 2168- 0. 0476- 0. 43690. 9681- 1. 3849
GENE3971X1. 5198-0. 5224-0. 20140. 6154- 1. 54340. 1486- 0. 4640-0.2306 4n0c
GENEL756XL. 0949- 1. 99161. 4067- 0. 1054- 1. 3369- 0. 71341. 0326@. B1
GENE1533X1. 5099- 1. 69321. 11890. 3219- 1. 7534- 0. 46010. 65270. 7430
GENE1757X0. 6631- 0. 70900. 07890. 0382- 0. 6275- 0. 26070. 05181. 4647
OENE3572X0. 5991- 0. 50671. 09580. 61510. 310%" I, 5484- 0. 65090. 6952
GENE3571X- (GEBFBSX0. 42070, 620940. 83350, 7069+ 0. 0308- 0-04892- 1.04841 1.4577
GENE385X- 1.CH4RB80X 789870 238478, 2664200, 72R70. 98600. 36981 2. OB 12223
GENE1614X- lceERg0&%. 2328@2 2134799. 933B360. 06z37sL. 03643 0. 3%44- 1. 63FL 07334
GENE1623X- QseResh&R. 514934 6538558 . 41036ok. 223365 06233 213468 1D380 06175
GENE1646X- loeleibetf)- 37480 9818 0. 1383 0. PR3P0. §434- 048841~ 1,441 4 a5y
GENE1660X0. 5. 4493:0. 67500. 365/7.0. 9% _ o.g @ ; 0_.0%% 20 %0 © 4352
GENE1721X0. : 8 1554'5 33 30. 45031, 3356 0. -0,25370. 1686
GENE1573X- 0:-02200. 9133, 0. 148%0. 14550, 70780, 484%°1. P5% 2
GENE1553X- CC5V55812. 03693 531338, 42980, 20%90. o98%. 0. 3863- 1 08%g 20443
CGENE1773X- ICENBBE3 128882 1584270, 77280850, 39¥60. 76582 0. PEYH- 1-'66Yg 13830
GENE913X1. (35Y82p4342441:595930:620492 (P-391BO5 - 1059880 0-0067 5685642 47 681162 1.6288
OENE3980X0. GFSBZT7X389 (13809 508 @498 4 540306 1 31. 1262 748657 9644000, 348075 09463

GENE3X- 0. OCERR0HB 2 7- 0984650 207485046827 600.8386 - 02007 4402478 329 BowNanwsDL CLO009
DLCL0010 DiLaEn&fdskDl Ch&BI2 Dok OOlReBl CLOGEst Dh@O01 566k CLAEG 06545
GENE3950X0.882066x05835084 0412358 . 34344). 684a0d. 74941 0. 16860. 1682 07243
GENE2531X0.ci¢AsMN. 01683 2498158 . 663380. 609hn4. 14d:hs 0. 43300. O83& 07487
GENE918X1. Q%dip32628137 Qa1 9984614905970 {5 92945 34489 14084 16342

GENE3511X- - 1.3288. 0. 0.31130. 9 . 24%3E° 0. -0. 5370
GENE3496XO$E§Z1§%X093§ 313%% £17 %635§ 48 96_%%4 673%%8464 13;7: oo
GENE3484XO.§§§§-Q. 0857 371320, 212G 58598 624124 . 68650, 3158 :
GENE3789X0. 2315801615708 5141°0728%818F 9281027 . 3941 ofsF® 0948
GENE3692X- BB, 008%2h. 388720, F55%- 2. DBEU- 0068201 08%85- 1'-36¥24 05938
GENE3752X- (FENBYSX 1. gAJE5 0. 24%9- 0-0F0%80. 4TE7 1. 109 1 0789P3- (RUWGWG3 03914
GENE3740X- (GENE0ZX1 . 109548, 01780, 1954%- 0. -OB8- 008953 DA 20-Q4E] 2206997
GENE3736X- (BESB07X1. 28216, 194020, 4889- 0. L4681 - 004BE5- 1,193 18-01283991.539
GENE3682X- G3EEMSX0. 5625+ 1. DOGB0. 7A02. 084162 0. 2384- 0.09801- 00.BA65 04641
GENE3674X- Qzehifegh- 0. 697087 0. 5G6280. 63982. 2d.&dr 0. 0666- 0.09689- (.85 2.1229
GENE3673X- (zerBfk 0. 7.(6s85 0. 92621. 2860. 36680. 05dsks 0. 3083- 1.HGEH86 44407
S vy dsh e e ik 1R A
GENE2530X- Q. 9825 1. 4 g 0. @85% o._1o§§4 0 '%23630.' 48-d: %35 0 %2821'7783
GENE2287X09§§§“§%1. 0995°0. 08940. 54 74

0. 45872 0. 3098- 0.'37410. GY%4 0o
3 -0.4878 -0.0037 1.0 19 -1.3870
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3 0.4014
GENE808X 1.5424 -0.0178 -0.2335 0.7126 0.4137 0.4469 -0.1672 -0.5157
GENE487X 1.1631 -0.5281 0.2615 0.0053 1.2832 -0.5802 <0.3330 0.3565
GENEG21X 0.8961 -0.7734 0.2879 -0.0341 1.1465 01772 -0.6422 0.3117
GENEG622X 1.2278 -0.3796 0.3532 0.2113 0.6132 -0.4289 0.2350 -0.6751
GENEG34X -1.6102 0.9498 -0.4669 0.6888 0.7261 0.1296 0.8877 -2.0328
GENEB59X -1.0282 2.0564 -0.1360 0.7435 0.1317 0.1062 1.2916 -1.7165
GENEB69X -0.7541 1.9543 -0.0171 0.8396 0.2500 0.1487 1.4108 -1.9056
GENEB74X -0.7844 2.0333 0.2374 0.7844 0.6606 0.1858 0.8567 -1.9094
GENEG75X -1.8669 -0.3961 0.5014 0.2751 -3.2528 0.2676 1.0520 -2.2591
GENE&76X 0.1521 2.9355 -0.8281 -0.0536 0.0553 3.1856 -0.4045 -0.6466
GENE704X -0.2724 0.8058 -0.6828 -0.4656 0.0977 0.0253 -1.2139 -1.2218
GENE734X -0.1106 0.8918 -0.7138 -0.3740 -0.0512 0.0593 -1.0536 -1.4104
GENE738X: -0.3670 1.1934 -0.4616 -0.9817 2.0445 1.2643 -0.2488 -2.2347
GENE456X 0.2548 1.4336 0.2701 -0.8322 0.1017 0.1936 -1.5211 -1.4752
GENE744X -0.1761 1.0752 0.2892 -1.2891 0.9309 -0.1440 -1.1066 -1.6237
GENE179X% -1.6071 -0.2186 -3.7390 -0.3566 -0.8398 0.7018 0.2416 -0.7248
GENE124X -1.3867 1.3179 -0.7428 -0.7714 -0.6897 0.5585 -0.1704 -2.4027
GENE122X -1.2443 1.2153 -0.7888 -0.4396 -0.7736 0.4410 -0.1815 -2.6107

GENE111X -0.7042 0.8689 -1.0433 -0.3245 -1.0840 0.6790 0.7469 -2.1418




GENE2328X- 0. 09150. 28160. 2443- 0. 46462. 09130. 3562- 0. 12880. 4682
GENE2417X- 0. 9546- 2. 22262. 17010. 67571. 6418- 0. 0791- 0. 93953] 303&‘3 oa0
GENE2238X0. 8979- 0. 25500. 87940. 5818- 0. 5898- 1. 92870. 9909- ¢ 0595 AN
GENE1971X0. 0494- 1. 08150. 0117- 0. 83651. 1048- 0. 6480- 0. 9119- 0. 0072
GENE3086X0. 78731. 5034- 0. 6686- 0. 4776- 0. 7760- 0. 17931. 3005- 1. 0504
GENE1009X- 0. 56591. 1750- 1. 18760. 8642- 0. 9389- 0. 00631. 03520. 4600
GENE1947X0. GENETE . 86891995 17 11491221 0529021 0284710 320452 084, 44BR23 18532
GENE3190X0. 585355218088 37940021 760060+ 406960, 02F00. 9LR650. 5@2%  -1.5055
GENE3379X0. G5 40:x94 89659280 G0s8 3205787 930 7604966749 1852806402071 -0.7600
GENE3184X0. GfEFksdk. 3232030, 6 03460. 796he0. 26832 0. 144:3- 1.031210..6880 .06331
GENE3122X0. &@@ﬁesxselgtamz%%&zosaQ7338943519 67%9 28195,0. 962 00607
GENE1099X0. §927/01x7 78605591 3%-40,646 200 1Q.,8644; 1955680532749 2 083
GENE3032X0. c?ék?séa 779 Qo 381U 703 1 183 % 660(%% 5% oo
GENE2675X- 0 E@% 1% 46o 3 ?fi 0. 2 3-0.1041-1 G845 27
GENE2481X- 0-749 0. 2%%# %2 0. 989B- 0" Yoh2- of @E‘o5
GENE2878X1. 06 36 t? 61598562 059%2°%% 472?151‘) 073886, 4554550, oY 02306
GENE2943X1. %%‘Eﬁé‘?xzzzé 0% 677481631 8BWF. 0474056, 483%0. 6PIBW0. 2D 05181
GENE2977X- CGENEISOT. 100509 79588, 658459 . 47629 0. 57561, AF56- 0. ABGD  0.7430
GENE3014X0. GHEF5TK. 4448630 3F900. SOGE 0. 0062- 0:080871 026@3- 00GTHE 14647
GENE2006X0. GENe822%66 16581 733505755610968 378801 029816 095540, 378300 0.6952
GENE1368X0. GRiEd511x497 867582 7 105790 66.6d00/ 564,435 6127260. 22008. 216492  -1.4841
GENE1184X0. @h7bx 3306042877 4336826 Zo Bs17 2252804 5249760. 01390, 15683 20603
GENE1226X0. &54&%@4@489940513]41232%0540Q134813-39Q5 23%@629 4983540. 44 A% 16131
ez sl oud ol ey,
GENE1246X0. 3'31 fg( §§ 2068 128% %g% % 2 o%& i % ;;zg;
GENEL172x% oo 0. 3902“5 6568- £30. &P1H- 1,356 ©
GENE1164X0. 7556 72 92 35516742 58%33¢ 63% 0%, 63795 1PFHE) 48By7 01580
GENEsozgxo.%@5’?1?"4861’(9?22060@?23900‘699@‘7406?@?05fﬁ?sagcﬁ?e@g? 04646 14721
GENE1027X- (CHHESST. 8656850 08 2P162330U5313 0744280 2026211 10PRI6F, 5533863  -1.1938
GENE1354X- (GENEZF¥. 0379420, 38920, 060844, 4V.800. 700B. 6660250, 56/ -1.6698
GENE62X0. 88BEL30752-10593 01 928551+ G9%57 Badhz 075205 5246807 4787568  -0.4768
GENE932X- 1. @F@Ss®x. 772350, 10350. 370ke). 00980, 25373 0. 35420, 92%3  .0.3480
GENE3611X- Ocen@86- 2. 99bd0. 510¥71. 48a40. 705:260. 69665:0. 3336 0. 3FML 22329
GENE3631X- 0. 2898- 0. 89230. 3126- 1. 3708- 0. 07720. 1354- 0. 87460. 0114

GENE330XO0. 7dofQambs 2651@Hckoc? BR00to 8869519 Q2ABR1nt0ASr b 2atP Bdid82 prcroots

GENE3950X 0.8026 0.0583 -0.0415 -1.3484 0.6846 -0.7494 -0.1686 0.1582
GENE2531X 0.3974 -0.0178 ~ 0.2498 -1.6693 0.6096 ~-t1714 -0.4330 0.0837
GENES18X 1.0616 0.2813 -0.1896 .  -1.6148 0.7077 -0.9254 -0.3448 0.1452
GENE3511X -0.3786 -1.3288 -0.0167 0.3113 0.9334 0.2435 -0.6162 -0.5370
GENE3496X 0.2235 0.0930 0.1131 -0.0175 0.8352 0.8963 -1.6743 0.4645
GENE3484X 0.5074 -0.0857 03713 -0.2315 0.5852 0.6241 -1.6802 0.3130
GENE3789X 0.5510 0.3155 0.6152 -0.5194 1.7283 -0.9261 -1.35642 1.0861
GENE3692X -0.3046 1.0093 -0.3812 -0.0623 -2.2564 -0.0240 1.8385 -1.6824
GENE3752X -0.0393 -1.8490 -0.2439 -0.9048 0.4957 1.1084 -1.7073 -0.9363
GENE3740X -0.2697 -1.1094 0.0178 -0.1547 -0.8484 -0.6953 -1.5120 -0.2122
GENE3736X -0.0697 -1.2827 0.1540 -0.4389 -0.2411 -0.4125 -1.0718 -0.9399
GENE3682X -0.4040 -0.5625 -1.1098 0.7770 2.0876 -0.2384 -0.9801 -0.5265
GENE3674X -0.1675 -0.6977 -0.5699 0.6898 22127 -0.0660 -0.9609 -0.4759
GENE3673X -0.3598 -0.7707 -0.9265 1.0286 0.3668 0.0511 -0.9005 -1.0086
GENE3644X -0.2349 -1.4101 0.5551 -1.4872 0.8248 -1.5257 -1.1211 0.6514
GENE3472X -0.6340 -0.9102 0.8667 -0.6941 1.1189 -1.1503 -0.5620 0.9628
GENE2530X -0.2825 -1.4401 -0.4091 -0.0474 -0.2483 0.4048 -0.0835 -0.2282
GENE2287X 0.2228 -1.0995 -0.0894 0.5442 -0.4567 -0.3098 -0.3741 0.0024
GENE2328X -0.0815 0.2816 0.2443 -0.4646 2.0913 0.3562 -0.1288 0.4682
GENE2417X -0.9546 -2,2226 214701 0.6757 1.6418 =0.0791 -0.9305 0.5096
GENE2238X 0.8979 -0.2550 0.8794 0.5818 -0.5898 -1.9287 0.9909 -0.3294
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GENE111X- 0. GFNER78Y. 948305 610230, 7409%. 560604 4892721, 5RBTH. 520058 02223
GENE97 X- 0. 18RR2943x75493@26 640S2%. 160t 394208 3902474 . 49264, 128888  -0.2274
GENE2645X0. Gehdgo77k. 604608 51633, 2567888 2808ks 1704700, 256743. 298856 -0.1900
GENE3408X- OgeRBd@k. 9503es0. 0029Q. 2123121. 24843 1. B3%91. 55&5 0 1173@3 -0.6766
GENE3854 X- OzepBblck. 8332856 073401664 2mds 18482 16681, 4QQ -0.3782
%mgjgfliéooée& 1‘%939( Ogg% 91 9%%5@37?2092291 ogg@ od- 13%%1127% %g 02160
GENE3462X- ogéggﬁ %g 0. 9?%% 3 @21 g%eo %é » g7 01958
GENE3173X- 1 ?Lo 15959 334521 1%‘7@ 0. &8 040
GENE3971X0. % 315@6”?32%2569030 ¥722598%18 872464 55PL2F. 0814319’83 -0.9973
GENE1756X- 1‘?‘%@8&‘. 4886%1. 096%3. 190841, 29981 0. 88980. 7676- 0. 7@ 01913
GENE1533X- (CEMEIR6FK, 4049139, 6 P0%G. 09523660, 92685 1. 03MSE- 029262~ 0051 -1.0162
GENE1757X0. GRVE1 12X8 7 22095 32861211 6583023 40016560 . 68478 . 04350, 00018 -1.3954
GENE3572X- (GERGBBK. 838060, 04200, 198%s11. 28780, 198%30. 2343- 0. ABH1  -1.4831
GENE3571X- (GEBR@8x1. 393R0. 04540. 21004 4844000. 183700. 3028- 0. HR&ES  o0.0507
GENE385X- 0. gEfbA07x06 500630 14466565090f3719 7688504 394@74899304292+4 1097 15512
GENE1614X- 165@181?.;&& 0646749 29034 02046; 76568 19220097800hs27 7desso  -0.5677
GENEB2X 0.8869 -1.0752 -0.1019 0.6551 -0.4572 -1.0752 2.5246 0.7478
GENES32X -1.0786 -0.7721 -0.1035 0.3701 -0.0189 0.2587 -0.3542 0.9273
GENE3611X -0.5836 -2.9911 0.5107 -1.4834 0.7052 0.6566 -0.5836 -0.3891
GENE3631X -0.2898 -0.8923 0.3126 -1.3708 -0.0772 0.1354 -0.8746 0.0114
GENE330X 0.7179 -1.2366 1.2669 -2.6860 -0.0946 -1.1048 -1.2586 0.1469
GENE331X 0.6706 -1.3524 1.5179 -1.7155 2.8839 -0.5570 -0.8855 0.5496
GENES0SX 1.0278 1.0444 1.2104 -0,2833 -0.4659 -0.8145 0.1648 -0.6983
GENE487X -0.1378 1.1761 -1.1786 1.4493 -0.5281 -0.8664 1.3843 1.3712
GENEB21X -0.4395 1.4088 -0,9403 1.3611 -0.8330 -0.5468 1.8500 1.4446
GENEG22X -0.1669 1.6533 -1.1360 1.1923 -0.8051 -0.8642 1.4051 1.5705
GENE&34X 0.2663 0.5770 0.5024 -0.6782 0.1793 0.0675 -0.9764 0.7385
GENEB59X -0.2634 -1.3723 1.8652 -0.5821 1.4828 1.0877 -1.0919 0.4249
GENEGB9X -0.0724 «1,0673 1.7701 -1.0120 1.4016 1.0147 -0.8278 0.4067
GENEB74X -0.3716 -1.5379 1.4656 -0.8360 1.4553 1.1663 -0.3922 0.5264
- (GENEB75X -0.4037 -0.5998 0.0790 -0.3358 0.9539 1.0872 -1.6557 0.3581
GENEG76X -0.7192 -0.7676 0.1642 -0.0899 0.4063 -0.1262 -(.1988 -0.0778
GENET704X 0.1782 0.0575 -0.4977 -0,9484 0.0253 -0.4253 -0.3770 0.0333
GENE734X 0.3566 -0.3485 -0.2551 -1.3254 -0.0087 -0.3060 -0.4844 0.0932
. GENE738X 0.7914 -1.1472 1.1461 -0.2488 0.4605 «1.3127 -0.7216 0.1058
GENE456X% 0.2395 -1.3068 0.3007 -0.7087 1.1274 0.2701 -0.8475 0.1936
GENE744X -0.3526 -0.9622 0.1448 -0.7536 1.3801 0.4014 -0.3044 -0.1921




GENE1623X- 0. 0164- 0. 41000. 27881. 10531. 04620. 3378- 0. 82321 0462
GENE1646X-0. 1882- 1. 17840. 40900. 01612. 27940. 1890- 0. 4711- 0, 2511
GENE1660X- 0. 22361. 8073-0. 92880. 7072- 0. 9994- 0. 54802. 5830Cﬂ h3gaN 2005
GENE1721X0. 02491. 5808- 1. 30010. 6327- 0. 6923- 0. 82602. 10350. 3774
GENE1573X- 0. 82980. 7371- 0. 6351- 1. 02440. 8539- 0. 54750. 5619- 0. 2361
GENE1553X- 1. 54250. 1643-0. 01921. 35721. 1003- 0. 2211- 0. 16600. 7332
GENE1773X- 0G0, 37P4A07 43820817 22071867 220005 656385 1544030, 048B45  -0.4487
GENE913X0. 463863480560.1867 1 70.86@53- 1244588001354 14 k1823 402742911.2150  0.2303
GENE3980X0. dBEBRx 366402983 14010761 666.4412586.809 236G Rd75 07 3304463204265  0.4562
GENE3X- 0. 37@5E11164 1- Q036972 -db488237 86168020 7444 15-1Q506 58 Efhaghl 7 Q1 SBomNapesdl CLOOL7
DLCLO018 Di&dnebz0 &@&921%00266453-0-9%4 %@49025) WCLODZS, 11284
GENE3950X0. @é&@?sa& 099905 584/0,5394¢51d5 O 8 73{013041 S0%& 02083

GENE2531X1. 0732047 231 27

GENE918X1. 2 @Q( §§ %5331%995 173°°’ 3{94063 E‘g gg 771°% 175%45 0.1363
GENE3511X2. 887aT. 82900 56851 34838° 02 A4 eahfyes  03%19
GENE3496X2.%E£'§ 47 3805 4.6 45057 36%%?65 0936, 148898, 448/&%. 708y 0020
GENE3484x2. SBEHOW 510803300080 445850 114588 0. AGES 1. JW6%- 0. FHER 00547
GENE3789X2. a6, 626489 44391781 2899765 8405100 4587120 3583, 27072 0.3387
GENE3692X- 1GENE83HK, 18790439 7F24725 174200 687301 00 D307 42 XBR497 1501479  -0.2676
GENE3752X3. GRE37(X. 1067613133845, 417021, 73080, 25960. 71600, 6568871  -0.0847
GENE3740X2. BBV 2122408 1565104619 100583 59800d . 04490, 44iddss2. 08#6Is  -0.7601
GENE3736X3. dehiEmssik. 50094845 037904953688105 2433959 . 32988. 07H31s0. 2débd>  -0.4451
GENE3682X0. 5}1‘1@57@7)(34851(36120314892292833235 037%5 9571(191957107639 998diss 0025
GENE3674X- 0c 48098, 419 kec) - 15450 09. 60/ 15,1, 2‘%@3 o138

o 355;‘33%%3 Sl el o

GENE3472X0. 59910 554% 1. 6574

GENE2530X2. %0250 556766%2 63 306%%94 78&6’&5667(}@1622187%9760 5 $AN' 2000 -
48 GENE228%WE?6§3<430:°£!56600.0148%’01. 978%- 1.109930.1P8351. 368 0825214 10462
GENE2328X1. BO6P4¥. 7072882 1321413841 3224040 06 98150, 0FEHY. 8411890, 46821  -0.2511
GENE2417X0. GEZESK 8302236 460607306829288 1696T2 2083841 92654@, 041530  0.4392
GENE2238X- OGEBEPRN, 753429530568, 021.500. 945817 0. 069%- 1 057 125366 03774
GENE1971X2. d80¥9. 516534640r2710294ds6381 471 8240. 53490. 72575 1. 2888 -0.2361
GENE3086 X- OcEMB1588X. 573534556 (06104307 133103363262 51340d3. 716:3112. 7440 07332
GENE1009X- lefgéZk 019829. 42600, 08756 5844:0. 084070. 0l 2. 432 00483
GENE1947X0. @ﬁé@lgx 075%953§225I3356224§679? 556.?3‘59- 2&.]1%_80' 2&1191 - 01.%493 6.7281

GENE3930X 0.1913 0.3664 0.3314 0.7166 -1.2586 -0.2360 1.0738 0.6325
GENE3X -0.3727 1.1541 -0.1972 -0.7237 0.6802 0.2415 -0.7588 0.4170

RowNames DLCLO017 DLCLO018 DLCLO0O2C DLCL0021 DLCL0023 DLCLO024 DLCLO025 DLCLOO26

GENE3950X 0.8207 -0.0959 0.56847 0.3942 -1.0761 -0.3501 0.7300 -1.5572
GENE2531X 1.1809 -0.0732 0.4712 0.2313 -1.2726 -0.3869 0.7849 -1.3741
GENE918X 1.2248 -0.1633 0.5534 0.4173 -1.4063 -0.3266 0.7712 -1.1795
GENE3511X 2.2002 -0.7180 -0.8876 1.8270 0.5602 0.3453 0.9221 -0.6840
GENE3496X 2.5230 -1.4735 0.4645 -0.3689 0.0930 -0.1480 1.4486 -0.7003
GENE3484X 2,3548 -1.5149 0.3227 -0.4454 -0.1148 -0.4065 1.2464 -0.7468
GENE3789X 2.9271 -0.6264 0.4439 1.1289 -0.8405 -0.4551 0.3583 0.2727
GENE3692X -1.2869 1.1879 0.3970 1.2517 -0.6873 0.0015 0.4225 0.7159
GENE3752X 3.1383 -0.1967 0.1338 -0.4170 -1.7703 0.2596 0.7160 0.6530
GENE3740X 2.0537 -0.2122 1.1565 1.1910 -1.5925 -1.0749 0.4434 -2.0871
GENE3736X 3.1475 -1.5069 1.0379 0.5368  -0.2411 -0.3508 0.0753 -0.2147
GENE3682X 0.5465 0.3485 -1.2034 0.9282 -1.0378 0.8570 0.5717 -0.9981
GENE3674X -0.1600 0.4191 -1.1565 0.7011 -1.0324 0.7500 0.6071 -1.2505
GENE3673X 0.4317 0.7475 -1.4498 1.2319 -0.7232 0.7215 0.9032 -0.8616
GENE3644X 1.7303 0.5358 0.5743 0.4587 -0.5624 -1.2763 -0.6973 -1.4872
GENE3472X 0.8427 -0.1418 1.5991 0.5546 -0.4059 -0.9342 0.0383 -1.6546
GENE2530X 24848 0.0250 -0.0655 0.7665 -0.3006 0.7846 1.6709 0.1878




GENE3190X- 1. 3087-0. 03760. 5712- 0. 9455- 0. 16580. 5605-0. 1872 -0. 0910

GENE3379X- 2. 24070. 9641- 0. 7218- 0. 9345- 0. 2054- 0. 4636- 1. 466

GENE3184X-0. 88961. 18920. 2999- 0. 2337-0. 28930. 2777-0. 6450
GENE3122X- 0. 07660. 50020. 0505- 0. 2232- 0. 45780. 10921. 1552 -0. 2232
GENE1099X- 1 85860 70050. 2480- 0. 7039- 0~ 5448- 0. 1655- 0. 3996 -0. 7585

GENE3032X- 0,

GENE2675X- 1 G%"é%é@‘ 8983Y° 046450, 51U, 028%%. 8368%30. PIAY -
CGENE2481X- 155M5%4%. 901682 9563972, 265520, 38466 . 609980, PAY? - 00-%itp3 04682
GENE2878X- 1SENS®/ETY. 4036349, 1380010, 958651 . 30082 0. 00F2- 0.099650 10¥WZ65 00417
GENE2943X- 1SENEZ228K. 148309 17 7658, 99R%® 818807 087640, 620812, OBBE 15116
GENE2977X- OGEMEGBX. 203907 401340 . 316461 9874084 7406770, Ski3%ol. 504D  -1.2888
GENE3014X- 1cENE®8dk. 6150s71. 0227250, Onf3bD. 98804. 37E#s0. A6z - 00 AEO7 27445
GENE2006 X- leié@dex0. 54922 0. 43081. 20340. 5@855@ 1@%3”4:;0 ?oje% 0 @5%6’39 21232
GENEL368X- Lo@688 2833540 7204R. 35967.22
GENE1184X- 1,06294. 2323039 75,@5;3 45%

32 8604

GENE1226X-

03115 0

G
%ﬁﬁi%?? 2‘@%% 153:9,%? 874‘§ 56 86%5°% . 16

Tl

j iﬁé 1%%% . 2@%3 =

_Oogé 8 0 0.7112

D 5, JEN2006

82190. 7622- 1. 3504- 0. 4645- 0. 0385-0. 3282 -0. 7371

0 GFa3 07414

0.0893

GENE1246X- 2°B8974. 02086° 59 1948, 62%%6F 179623%). 4@2%730. 7R 1. 2?2?6 -0.2282
GENE1172X- 1CEMEPSK 174588 2093005, 309480 7002082 064947, 699551, OUdpes  -0.7585
GENE1164X- 1556872 5360478, 4283190, 86BZL. 12300. 038850, 3386 1.-§BE3 -0.7371
GENE3029X- 36EN62665K. 4863649, 01038530. 08BE0. 69977 0. 22440, 2808 - 00.BEL0 -0.6743

GENE1027X- 1GEDBZ6. 109704296300, 110¢%e0. 74850 0. 9348- 0.dFDB6

-f)oa777 2 7-0.6031

GENE1354X0. &p881sx0921 0500 82 8-403600 6830603943 884 é6bs 48Gmosk. 338800  1.4365
CGENEG2X- 1. 76@804$x3154.265120.195315- 17024 6.0 052426 383 77 Wos- 23812 20338
CGENE932X0. 92429976 05@ bsst 38 8roB50465¢ 5003 4989@s 7044dra 37 3Lrald- 1 l9dize 15041
GENE3GL1X0. GRiond. 72657:8- B5L19. 70540 09 3D. O

GENE330X0. 6 380

GENE331X1. 25851%% 0031

GENE1027X
GENE1354X
GENE62X
GENES32X
GENE3611X
GENE3631X
GENE330X
GENE331X
GENES08X
GENE487X
GENEB21X
GENE622X
GENE634X
GENE659X
GENEG69X
GENEG74X
GENES75X
GENES76X
GENE704X

-1.8346

0.5538

-1.7550

0.9273
0.2675
3.2187
0.6520
1.2585

-0.7813
-1.4128
-1.2623
-1.4906

1.6582
0.2082
0.0934

-0.5367

1.3386

-0.3198

2.6244

o308

1.1097
1.0921
0.5315
-0.6050
-1.7265
-0.0849
-0.3801
-1.0830
-0.1340
1.0981
0.7768
.5541
-1.2623
-1.3596
-1.3345
-0.6709
-2.0404
0.2610
-0.7794

472 96
30101 9%21

0.2963
0.0828
1.5512
1.0388
-0.8511
0.5430
0.1688
0.5323
0.6461
0.8769
0.8364
0.8968
-0.0568
0.2974
0.2224
0.1755
-0.2453
0.7814
-0.4575

af) 7

498

-0.1104
-0.0089

0.5315

-0.4657

0.7052
0.4721
0.6301

-1.3697
-1.3622
-1.9591
-1.5962
-1.5615
-0.3551
-0.2252
-0.4040
-0.0310

0.7654
0.7572

-0.4012

GENE3631X3. %:Egoé& 094@9% %% 615%”%% 02%%)5 7 oo
5 323"2_?2 369“7 B 10%°%7 . 27440, 54F85 0. BPEy 0388

GENESO8X- 0. 7FYY. 13460 646254 . 362950, 48472 0. PE¥8- 0.'58%7 00Wi54q 03754
GENE487X- 1. 6 EIX098 26778 7695410950418 11 99833 0468410, 810418361, 0BWH 24770
GENEG21X- 1. SETEEX7 768389836 4.93115062G701 2006499 0698491 . 2389441 . 20T  0.2723
GENE622X- 1. 6 E91X5542667896 8194356 16040 704862 30D4049. 9359620, Sdepds 08311
GENE634X1. 66BR1226x26 23687 056828, 35650 0308200. 591200. SHEH - Lo&TH3 12226
GENEG659X0. 268R+112x3596017297 4-106552 252480296 3637 9390e10. ODoéas- 1. 26864  1.0475
GENE669X0. 083 1184x33492@982 22 4-50604 04043141579 sdds 3764803056f03550. 9883 1.8843

GENE674X- 0. 5384024k 67398617554, 03486 454445 061367 113555240. 7d2d 03610

-0.7495
0.0603

-0.0246

-0.4936

0.0973
-0.9632
-0.6217
-0.1074

-0.4327

0.4056
0.1209
0.2704
0.0302
0.0297
0.1579
0.4541
0.6975

-0.8039
-0.1035

-0.9818
-0.8817
-0.4263

0.7044

-0.0243
-0.7860

0.4983

-1.2141
-0.7813
-0.0468
-0.0698
-0.3914
-0.5912
-0.9390
-0.3764

0.0819
0.0841

-0.1867
-0.2403

-0.9586 -0.7727
0.4865 1.3389
-1.7705 0.2380
1.3731 0.1751
-0.2918 0.1459
-0.1126 -0.2367
0.0152 -0.0288
0.5456 -0.8164
-0.5087 0.0154
-0.8143 1.0330
-1.2385 1.2299
-0.9351 0.8141
-0.8770 -1.1783
-0.0977 -1.2704
0.0566 -0.9383
0.1135 -0.7122
0.5683 -0.1171
0.8056 -0.0173
1.1679 -0.6748




GENE675X1. 3386- 2. 0404- 0. 24530. 76540. 69750. 09410. 5693 -0. 1171

GENE676X- 0. 31980. 26100. 78140. 7572- 0. 8039- 0. 18670. 8056 - 0. 0%73% 3
GENE704X2. 6244- 0. 7794- 0. 4575- 0. 4012- 0. 1035- 0. 24031. 1679 10 86 ;AN
2006 - 49 GENE734X2.0981-0.9601- 0. 3995- 0. 3400- 0. 1191- 0. 47591. 0872 - 0. 6798
GENE738X0. 6496- 1. 17081. 12240. 3422- 0. 9344s 1. 17080. 2477 - 1. 2181
GENE456X1. 34 020 1700 2242-1. 0771-0. 89340. 1170 -0. 970

GENE744X1. %%‘%639’3287%893 F575921 2089 6483480 279451 417575, 43%2 06798
GENE179X0. 9Ff8%! 36"678§641960691@603172662472483‘@2 47D 241678, 35677 -1.2181
CENE124X2. 599%659729-164181 2998086426117 1702240, 01270, 7078834- 0. QBB -0.9700
GENE122X2. 09RET+407660-588922-012877 2600950 42 9302 0149642 684(R723] . 0UBT 04328
GENEI 11 X1. 46ENE1T9X 1889008095 9-60834466060: 478726, 85340. 738317- 1. 6&B5 03566
GENE9Q7 X2. 24@=NE(r49 1940 5%6840-1755890.028866.643s 47 8437 41290. 08475  -0.9288
GENE2645X1. 86d20. 4549e49. 95(05e60. 38600. 13980. 21903 . 62345 1. 64%8;9 -1.0469
GENE3408X1. GeNg2riR. 870461505334, 38846, 814 Lnh. 13469. 1383:.2. 8pA: 1 es35

GENE3854X0. de@erx0. 96Q38% 79 Indrigh- 30920 4333 9 139 070?‘ 703 463 -0.0347
GENE1406X- Og @25l 58q -y 91 9 &% %ﬁ %2 11289

o a0

GENE1401X- 0 07 %0. :

GENE3462X2. ij'gg“%%‘ gseé 605155 ‘6 é% 5. 58397 0. feﬁé“f o 0.Gpfz, 28540
GENE3173X2. BoT 92 d 714‘27962 21680° 4603853 383515050. 7HHE 34338
GENE3971X- 09%‘524&?3‘. 55'?_2Lf5’.746§’65699469657®°’. 113989 . 686750, FFHP - 001931 02692
GENE1756X0. 82§591X09484%52 729F74P. 72681 . 30856 0. 94269- 0. 010089 10-8J932 0.5738
GENE1533X0. GE4$2X01 3684452 44 R4, Q70B50). 64669 0. 88162- 0. UEEB1 (0B 1 -0.9032
GENE1757X- OCRNERZEY, 7834610, 22000260, 2640, 2284z 0. 0205- 0. GBBS - Qe 2807416
GENE3572X0. GRMES01X0 2205824 298650, 3304k6s 476896, 70500 1. 0356 1. 8480 -0.1431
GENE3571X2. GehNEBséx. 9543200. 651168, 400Bsd. 27288 0. 1R&9- 0. QA4 Qo bdsl2 13132
GENE385X- 0. @fikfbsfk. 3549s60. 49914 7463&91 1124md . 31240. 1Ad8 - Lo 83507 00211
GENE1614X1. @.5\@0;5& 4835539, 69980. 61690P. 64497 0. $8480. 1042 - Op 2451 o128

GENE1623X1. g3g 27%%%53770%9214559 50 1.8490
CENET Ge0s0. é@éi &oggggﬁgogéﬁg%gsog 8425% %583 %fégéé%%@ gzéggﬁé 01212

GENE1660X0.
GENE1721X0. 815 2001730°584179" 2668'%. 0448770, 52BH 1057
GENE1573X0. § 1337830158)3“675600%??9336795@9 508609 484778480, 6BYWE 02751

GENE1553x1.%@‘E!L62?3<. 2578%5 8081221 920R712 08836759 . 28550, 95445 1. BBHIR 22991
GENE1773X0. FREH4RY. 413107 43370834 78F816R 2709739, 96042, 39091- 1. OB  -0.7855
GENE913X- 0. CRME05E. 1682007 25305%. 22@ahes 363@00. 204241 0. 84BS 1.-9985 01289
GENE3980X- OGENEG21X0. 23608 . 19%9501. O6BE0. 59050. 136884 0. 7483 1.-B862  os5233
GENE1573X 0.1824 0.1337 -0.1583 0.6008 0.3673 -0.5086 0.4841 -0.6546
GENE1553X 1.3021 -0.2578 0.8066 1.1920 -1.0836 -1.2855 0.9534 -1.0653
GENE1773X 0.7423 -0.4131 0.4382 0.4787 -0.2712 -0.9604 1.3909 -1.0008

GENE913X -0.2400 -0.1682 1.2531 -2.2284 0.3630 -0.2112 -0.8429 1.9925
GENE3980X -0.1799 -0.2360 1.1989 -1.9660 0.5905 0.1703 -0.7403 1.8862
GENE3X 22246 -0.4429 0.2766 0.9961 0.2064 -1.1273 0.3117 -0.8465

RowNames DLCL0027 DLCL00G28 DLCL0029 DLCLO030 DECLOD31 DLCL0O032 DLCLO033 DLCLO034
GENE3950X 0.1491 0.5847 0.2126 0.7753 1.1111 -0.7766 -0.5316 -1.3847
GENE2531X 0.1944 0.4897 0.2313 0.8772 1.0709 -0.6452 -0.8297 -1.5308
GENE918X 0.1996 0.6442 10.0908 0.6351 0.0889 -0.7984 -0.8619 -1.50861
GENE3511X 1.1257 1.1483 -0.1185 0.1530 -0.6954 -0.2429 -1.6794 0.4018
GENE3496X 0.4043 0.6252 0.1030 -0.2183 1.0771 -0.1580 0.9767 -1.0216
GENE3484X 0.2060 0.8575 0.1963 -0.0079 0.9644 0.1380 1.4603 -0.9996
GENE3789X 0.3583 0.8721 -0.6284 0.4439 -0.2839 -0.5622 -1.2044 -0.9475
GENE3692X -1.0318 -0.1771 -0.3939 -0.0495 0.23M1 0.3480 -0.0878 -1.1849
GENE3752X 0.1338 0.8419 0.4327 0.4013 0.8576 -1.0464 -0.56429 -1.6601
GENE3740X 0.9495 0.6274 0.1558 0.5692 1.2830 -0.4777 -1.0864 -0.7183
GENE3736X 0.6951 0.9324 -0.8081 0.3654 1.1697 0.2731 -1.0059 -0.6367
GENE3682X -0.4076 1.6338 -1.2610 1.1010 0.9102 0.2837 -1.0188 -0.4833
GENE3674X -0.4571 1.4419 -1.1640 11711 1.3065 0.6221 -1.5099 -0.0688




GENE3X2. 2246- 0. 44290. 27660. 99610. 2064- 1. 12730. 3117 - 0. 8465 RowNanesOL.CLO27
DLCL0028 DLCL0029 DLCL0030 DLCLO031DLCL0032 DLCL0033 DLCL@8§4AN 2008
GENE3950X0. 14910. 58470. 21260. 77531. 1111- 0. 7766- 0. 5316 - 1. g7
GENE2531X0. 19440. 48970. 23130. 87721. 0709- 0. 6452- 0. 8297 - 1. 5309
GENE918X0. 19960. 64420. 09980. 63510. 9889- 5 7984- 0. 8619 - 1. 802318
GENE3511X1. 1.1483-0.11850. 1530- 0. 6954- 0. 2429- 1. 6794

GENE3496XO0. ‘}1%“%63’%25%2“10301 457551 g5%70 771250 1586880768859 | ohPEF 03512
GENE3484X0. F06676785786768 96 2767000 798206 424784 380F2R60 P HBY. 000 10826
GENE3789X0. 8883(52Xg 72 P2(54 62 3444301088 2830558, 5@BP6 1. X% - 00 BE75 -1.4385
GENE3692X- 1GRNE2580X0. 177357 0. 39B0- 0. 04F50. B84 0. 3460- 0 8RS 1184584915124
GENE3752X0. GENES87x84 19027432 7013401 300585 76 0.192046 45017 542012701 . 66@04  -1.4302
GENE3740X0. Gh@508x62 748974 5585869942428 3060204 77 43d77086¢k3820. 7488  -0s885
GENE3736X0. @Sﬁﬂ@ZX9324a-4&5808111(5)3436561114741693%227339-33340050931150 6(3-@73 -1.0904
GENE3682X- Oceh@ZBek 633%04d- 26,10 104095 91029, 283 756d.

0198+
: 173435 30 62 5 0. AN 2006
CenT oL e L el S O o

&247§ 955 0139%979% 690 g

GENE3644X0. 767

GENE3472X0. )“gﬁ’ggxzm % 21205880 614 ?6 297818 935 1] h%“%% 0.73%8
GENE2530X0. %Fé“%‘fi?’bmdé?""ﬁ?72’6?”6:’942%?%952 0f5B447:81151 8657131, shiz¥ 09237
GENE2287X- 0°2%8H9% 13P8H°05725d%67921 157571 9336 1293078 . 6504%2- 1 U9y -0.2833
GENE2328X- 1SR3%849%0. 094980, 214080, 0224, 307996 0. DIPR- 2. FBH2 --0548B851.1312
GENE2417X0. SNEE84%1 1 34@560 4 7 AB78R32 3041311 340704 15-1045441 D 488, 09094 09113
GENE2238X- 1658#10240. 589806, 54461 . 12470, 10681. 307%s0. 350 1.-24dd 18590
GENE1971X- OcE3E58X. 426385407620, 17684 029482 0682961 . 4306s2- 0.-5538  1.1609
GENE3086X- Ocedeittk. 39327 333s4. 286/46b 274878. 10443. 3650s5- 0. 29848 07111
GENE1009X- OcEM@285,0. 8632:0. 163A0. 9268 1. 9382 0.3348- 1 HA07 0439805267
GENE1947X- 15385636k 294985321495 786§ jrs 84359 674370b- 1202\5%%0 93 0.6934

GENE337ox. R Zgg 301%% é@ §é§§ ngég é
GENE3184X- 0 ‘%“E% %6 41 4830 H580 o bty o
GENE3122X- 0 W77 51591749737814 0783716 538%30. £48% 1.8Y¥&y 174

GENE1099XO0. ﬁ%%‘“ﬁ. 42:%6 048954250289%6° 69814 1092819, 715591 . 1 02530
GENE3032X0. EM67P0%. 5398Y5 41 RF182077Y%9%8 6861281 1285469, 3679090, 74387  1.7800
GENE2675X0. 26858, 1342305 656203351 66249 344602 4082064862430, 52634  1.6967
GENE2481X0. G085 095466 711501284 765141 119986 50308581110, 69Bebsr  1.3965
GENE2878X- OcEb#40sx0. 40B%R. 13540, 737Hs7l. 09864. 759960. 743® 0. BR2A2 12380
GENE1228X -1.3147 -0.5781 -1.1829 0.5059 -0.8835 0.2664 1.1766 -0.4762
GENE1231X -0.6521 -1.6314 1.0327 1.2631 0.7303 0.9895 1.6232 0.9175
GENE1246X -1.5212 -0.8226 1.4583 1.0206 -0.68375 1.0459 1.2479 1.0879
GENE1172X -1.5578 0.0739 1.0690 0.3607 -1.3605 0.5400 0.9614 0.4145
GENE1164X -0.8693 -0.9191 1.7516 -0.0067 -1.3006 0.1094 0.8061 0.1758
GENE3020X -0.6353 -1.1839 0.3157 0.1145 -0.5621 0.0779 0.0231 1.7604
GENE1027X -0.80786 -1.3304 0.6797 -0.0871 0.2382 -0.5635 1.7022 0.7611
GENE1354X -0.2312 -1.3079 1.2267 0.5987 -1.1284 0.5090 0.5987 1.7650
GENEG2X -1.3997 -0.5499 0.4852 0.8714 -1.3688 0.1289 0.1453 0.5006
GENE932X 0.8437 2.1253 -0.3542 05373 -0.3264 -0.5492 -1.9143 -0.9950
GENE3611X 0.9484 -0.2675 0.7285 3.3161 1.5563 -0.7782 -0.4620 0.8025
GENE3631X 0.2949 0.6139 -0.3430 -0.4316 0.0646 -0.9455 -1.9201 -0.2898

GENE330X 1.0254 -0.1605 0.1689 -0.2044 -0.1825 -0.0727 -1.3025 -0.9950
GENE331X -0.0729 0.8263 -0.5224 -0.1593 -0.2804 -0.1939 -0.2112 -0.1420
GENE808X -0.9638 -0.1508 0.5797 0.4469 -0.6983 1.8411 -0.0676 -0.3165
GENE487X -0.4631 -0.9314 -0.0054 0.5517 -1.6880 -0.2289 0.7508 1.7095
GENE621X -0.3918 -0.7018 -0.7138 0.8126 -1.5843 -0.7853 1.1226 1.7069
GENE&22X -0.8642 -1.0888 -0.8287 0.8141 -1.6679 -0.3205 1.3342 1.7951
GENEGS34X 0.4403 0.6143 -0.1562 -0.2058 0.8628 0.0302 0.0789 -0.0941
GENES59X 0.8865 -0.3399 0.1062 -0.0850 1.0877 0.6033 0.4376 -1.0819

GENE&69X 0.9318 -0.1553 0.3606 -0.1000 1.1068 0.6738 0.3608 -1.5464




GENE2943X- 0. 5424-0. 19372. 10130. 6388-0. 80121. 2913-0. 7112 0. 2676

GENE2977X-0. 7607- 0. 40590. 87940. 5710- 1. 07430. 8229- 1. 0435?[872@%(;8%

GENE3014X-0. 1470-0. 22261. 0853- 0. 0064- 1. 28190. 3395-0. 806 .
GENE2006X- 0. 1545-0. 37820. 8983- 0. 1281- 0. 74660. 45090. 3587 1. 7800
GENE1368X0. 3155- 0. 30330. 6249-0. 0492- 1. 23160. 4370-0. 0934 1. 6967
GENE1184X0. 2766- 0. 37120. 5181- 0. 1846- 1. 13980. 5181- 0. 0967 1. 3965
GENE1226X- (PEYBY6X 1. 28280, 389676, 4285870, 14680, 42894, 027%71. 233D

-1.8475

GENE1228X- 1CEYEX 0. 57887 1. PX30. 50BS- 0. 88350. 28B4 1. P768 - M.UP62 -0.3358

GENE1231X- OcapEerdx 1. 681%1. 0327E. 2684%. 730309 98981 623240, 9O lo/a08
GENE1246X- 1cEpRhb2x 0. 822064 . 4588%. 02006270. 63+%23. 04584, 244&s51. Q:EH
GENE1172X- 1cembn80. 073%ks 06906713600/+ds. 36050z 54000s 96 14edd. 41dar
CGENE1164X- Qe 0. 93944 . 7956:0. Q% 1. 3R@H0. 19340. %9@813 0.gLéR8
GENE3029X- Ozednex 1. 1@3639 330 yoel 11&@350 59?14‘9 07420. 023 167%%’71

GENE1027X- o%%g;%: §§%§ % 25% gg@gl 73 y

GENE1354X- 12840, 5 5387°1. 7%
GENEG2X- 1. 3 4 549 50%714 Caps 68%?1”4512956 84 45935001
GENE932X0. 839%%1 2539 63‘%54?@31%3731 3t9°93269t"*6“ 548924 of4%"- 0 YKo
GENE3611X0.‘§%14"%. 2674109 729561431 6019804556 %2285 7785168, 4628/70. ST

GENE3631X0. FHEYH 6139540° 3433990. 43UB%. 06464D. 945H4 1. 9201 - RPBIS

0.2230
-1.1093
-0.8242
-0.7216
-0.8934
-1.1226

0.2646
-0.0416

0.2892

0.6926

GENE330X1. 0358278, 16088602 6892068204109, 182H60. 0F2002 1. I0AB - N.HB50 0.5550

GENE331X- 0. GERRB&X8263005 522430 . 15987:0. 28042 0. 2969- 0120ck2
GENES808X- 0. HhiBBed3. 150605 5724681446020 698340 8413580, O@AMss- 0. akt&ed
GENE487X- 0. gHeidibsft. 931 4428). 9Q543. S55¢loétsl. 68665 0. 22800, 7393 1./0Q85
GENE621X- 0. @ Bofk. 70380 7138Q. 8126mL. 5843; 0. 18aa1. ka2l 1.7/9§9
CENE022 0, hdor 008ad. 93340, 14kl 0490 33051 3345 1731

GENE634X0. 440, 2§143 § i%% §Zzo5% 88622% psogg D79 696% 0941,
GENE659X0. 8 339 08501 08770 60330°°437 091’

GENE669X0. %@31 3"155 6060°1000% "10686°57380"5608°% . 54%4%%0
51 GENE67 §3%0. 278%- 0. Y5520, 88700, 6890, P744- 1. 85

GENE675X- o.Cl%’?ﬁﬁ"863461.2146990?1§279‘195%30289-6?41699-3@1 9392313, 335840

GENE676X- 0. F85'8PX0266109 489227, 2873, 06 TWSD. 44084 0. £488- 0. ?BB0
CENE704X- 0. 8NBY/X4518512 312460, 1173%. 068300, 10399 0. 327:F- 1. ABY3
GENE734X- 0. GREBX29704907 1191440, 620821, 234.640. 19266 0. 3GTR- 0. 82472
GENE738X- 0. GERES11x3589708 5325248, 74&84. 240600. 24887 0. LdH- 0. o/44H6
GENEAS6X- 0. cEnidddsx). 8628433 43@3da. 311l24ds 908abrd. 543539 1. 5dst- 0..8884
GENE744X- 0.cERefR1R. 1600s 096@:43. 6805%4:. 604430. 628637 2. 42k 11226
GENE1623X  -0.1935 17153  -1.0584 04362 00230 -0.6658  -0.3313
GENE1646X 00632 03462 05183 -0.7698  -D.0153  -0.6598  0.4876
GENE1660X 0.5803  -0.7596  1.5534  1.2008© -0.8301 04392  -0.0685
GENE1721X 0.1343  -04978  0.1586 04625  -0.8868  0.2802  (.4747
GENE1573X 05522  -0.0707 06546  -0.0512 06787  -1.2191  -0.8200
GENE1553X  -0.5698  0.0358  -1.8544  0.0175  1.0452 07350  -0.7533
GENE1773X 05753 12085  -1467t 05801 11679  -0.4739  -0.8388
GENES13X 0.3774  -0.8142 00400  0.8942  -0.6922 09014  1.1957
GENE3980X 03734  -08663  -0.0118 07446  -0.8943 08917  0.9337
GENE3X -1.1624 02766  -0.9167  -0.8641  0.0836  -0.6359  -0.8992
RowNames DLCL0036 DLCL0037 DLCLOD39 DLCLOD40 DLCLOO41 DLCLO042
ocT
GENE3950X 08208  -1.2395 14560 05575  -1.0489 21821  -0.7403
GENE2531X 07572 -0.3684 16061  0.6557 -0.7559 22981  -0.7651
GENE918X 08528  -0.7349  1.5081  0.5807 -0.7077  2.0686  -1.2793
GENE3511X  -0.6162  -0.9555  0.7864 24038 06846  -0.5144 06054
GENE3496X 07357  -1.0116 06553  0.6654  -1.3320  1.5088  -0.9111
GENE3484X 09158  -0.7176  0.9644 07797  -1.3107  1.3533  -1.0288
GENE3786X  -0.2625  -09261 09149 03583 04439 00158  0.3155
GENE3692X  -0.9170  1.8895 07159  -1.0573  -0.5725  0.0398  -0.3174

~k114201.5055

0.6709
0.7800
0.8925
0.5109
0.0941
5"FAN 2006 -
1 3740
0.5025
1.1941
1.7500
1.4164
-1.0298
-0.1213
-0.6574
-0.9216
-0.0468
-0.3083
-0.6801
-1.5086
-1.1571
-1.3455
0.2195
0.3314
-0.9869

DLCLO048 DLCLO049

0.6392
0.5635
0.4355
1.103%
0.0328
-0.3482
1.5785
0.0143




CGENE179X%- 0. 12650. 65580. 05750. 03450. 6788- 0. 3796- 0. 31060. 2646
GENE124X0. 13020. 8313- 1. 30090. 18740. 6024- 0. 7571- 0. 0416- 082%458
GENE122X0. 44100. 3044- 0. 92540. 22850. 5169- 0. 8647- 0. 28780 N 2005
GENE111X0. 86890. 3943- 0. 83990. 43490. 7604- 1. 1111- 0. 20250. 6926
CENE97X0. 26020. 2438- 1. 0996- 0. 3460- 0. 190%5). 0308- 0. 83740. 5550
GENE2645X1. 05150. 8334- 0. 13780. 1992- 0. 2171- 1. 4064-0. 2171- 1. 5055
CGENE3408X- 0C=%3782X) 3880 0. FF13H0. IR 1. 86538H0. 61860. 67A6Y0. 6913 06688
GENE3854X0. G=EH4eX 42038389, 0FP6. 176859, 28789. 504F30. 15660. 7RGE 00408
CENE1406X- OCRNETRE. 44133147 1020671 13142762 5096803 8034 125038600589260829  1.0774
CENE1401X- 1cH#9820. 3548%. 43890. 369820. 350060. 243490. 3I8680. 549 06689
CGENE3462X0. 46@4st4x1 855881 018878. 338482 258@379. 6Q6&s1. &Q6a0. OQehds 07011
GENE3173X- Oc@dddhd 0358321, 1&l173:0. 77R50. 44345 0. 5Q4hk- 0. 1548%31 &53’%563 0.9075
CENE3971X- Ogéhd4n0- 9Q10Q. 76130 969&a7sl- 63105 0. 14311 0.8633

GENE1756X%- 1 "’,&gg)p 1%1&&661 0151 gao 763 0. 337 %0 59&57 0.2064
ce i dl IR R e

GENE3572X- 0 34813 2@%‘1’5’6 50381 6B 41BH02 15908
GENE3571X0. 9%%368"923§3€6257“AP3%§ 560%662 28199% . 399Y6. 3456231, o2& 1774
GENE385X0. 6985011836609849 1931185709 797080 354969, 72857 1. 4G9H- 0.-48818  0.0417
GENE1614X0. QEMEBI8X0 3557986 9 7 P17, 768620, 8893 0. SGEFF- 1. BRB5- 00.BB74 -0.4038
GENE1623X- OGENESBIX 7153917, 050U, 436@0: 0230430, 663820, 3348- 0.-9206  0.7844
GENE1646X0. GBE28634620845183®. 7698440, 01582 0. @5880. 4826 0.-0468 -0.7098
GENE1660X0. 58@%06k 7596d455 3176200810 830389 4392169. 0680:70. 3083 -0.3638
GENE1721X0. 383&3ntk 496884 158604946255504 88—68@9 28(62)91147417709/ 68953404 1.1297
GENE1573XO0. 5&5@2@& 07Q324Q 65¢45570. 094 648 -0.1765

GENE1553X- - 85440 017, 045 599 / -0.0991
e s AR e e e T

GENE913X0. 3 81420°84000 9230%
GENE3980XO0. ?f % 86 01480 7448°0. 89998, 801D, 90FF9E. 331 1e 0017
GENE3X- 1. 169215!%9%66- 07816 7- 172864100836 6763595883900, 9gh®!! 12734
RowNanes DL CEBGEE2DL C208187 (1€8°0039%R CL 66D DI'CR3504 1 4OI5CL 0052 DL eLBD48
DLCL0049 OCTENGESRIX305 048/ 82 P19, 230842 4568037 557568, 048D%. 1822850, 74680, 6392
GENE2531X0. FBE2S0. 3684386 606100065574107 758687 2981710, 76646, 568666  -0.2677
GENE918X0. 86262:08x7 349105506 1053580 76 037 075 2190686244727 98004 3560526 -0.8065
- GENE3511X- Gengisa8 0. 95660, 7R642. 402380. 68469 0. Dh440. 600bL. 10&1> 14199
GENE3496X0. ddedoradx 014Gk 6553506654 80d4 33381hs 508Gadd. 911:L 038&24 07144
GENE3014X 0.7286 1.88562 -0.0172 -0.5361 -0.1253 -1.5306 -1.0874 -0.57393
GENE2006X «0.1150 2.9775 -0.4177 -0.8519 -0.7335 -1.1941 -1.6941 -1.6941
GENE1368X -1.51849 1.0448 -0.6127 -0.3807 -2.9443 0.4702 -1.1211 -1.2095
GENE1184X -1.5680 1.7698 -0.6018 -0.2724 -3.3027 0.3754 -1.2276 -1.1727
GENE1226X -1.2569 0.9430 -1.1726 -0.8692 0.1254 -1.2737 -1.2063 -0.0179
GENE1228X -0.8416 1.3563 -0.6679 -0.6559 -1.1410 -1.0452 0.0687 -0.7577
GENE1231X -1.0410 0.3559 -0.3209 -1.1130 -1.1130 0.9895 0.1543 -0.4361
GENE1246X -0.2587 0.6334 0.2968 -1.0751 -0.5533 0.7176 -0.2250 -0.6038
GENE1172X -0.1503 1.5262 0.2442 -0.8854 -0.2398 0.1904 -0.2847 -0.1323
GENE1164X -0.0233 1.6028 0.4743 -0.8693 0.4246 -0.3717 ' -0.5873 (0.4578
GENE3028X 0.3705 0.5169 -1.0010 -1.5131 0.8277 -1.3851 -1.4034 -0.2330
GENE1027X -1.2259 1.2375 -0.9237 -0.0407 -0.7959 -1.1561 -0.0174 -0.1104
GENE1354X 0.1276 0.8230 -0.5228 -0.7247 -2.1602 -3,9322 -1.0836 0.5090
GENEB2ZX -0.9980 1.4585 0.0681 -1.3070 -0.8898 -0.5036 0.2534 0.3925
" GENE932X 1.6795 0.6209 0.425%9 0.2587 0.2308 2.0138 0.5652 1.4845
GENE3611X 0.53580 0.3891 0.4620 0.7538 0.6809 2.9181 0.2432 «(0.0730
GENE3631X 0.4544 -0.2721 0.6316 0.1000 2.2973 09683 -0.3607 1.5530

GENE330X -0.4240 -0.1605 -0.0946 -0.0068 1.3987 2.6065 0.7178 21893
GENE331X 0.9300 -0.8164 0.9127 0.6015 -0.0037 0.8781 0.26557 0.1866
GENEB08X -0.7979 0.0984 -1.4286 -1.5779 -0.9804 0.0486 -0.3331 -0.4825

GENE487X -1.0615 1.0720 0.0833 -0.7883 -0.2939 -2.1543 0.7078 0.5517




GENE3484X0. 9158- 0. 71760. 96440. 7797- 1. 31071. 3533- 1. 0288- 0. 3482
GENE3789X- 0. 2625- 0. 92610. 91490. 35830. 44390. 01580. 31551. ﬁg
GENE3692X- 0. 91701, 88950. 7159- 1. 0573- 0. 57250. 0398- 0. 31740 DA 8005 3AN 2005
- 52 GENE3752X0. 7160- 0. 87330. 85760. 7632- 0. 18101. 2667- 0. 33830. 6688
GENE374OXO.6389-0.21220.77690.1788-0.§Z%gl;7546-0.05120.0408
GENE3736X0. 4841- 0. 92671, 27520. 6423- 0. 41250. 5105- 0. 08291. 0774
GENE3682X1. G510 2600%1 882401571 58UM 8300756680267 00 SEIS668LH60 03833
GENE3674X1. GFREE20. 37826 47328543 7805%5 6950290380402 0095270106368 06014
GENE3673XL. AEBREsa0. 113330 2570914506 7667340046620 1 8096 318602200 7Ht066  0.0178
GENE3644X- OckRiGa 0. 06464 . 965k, 40086 67043 000040, 35368, 868852 06840
GENE3472X0. eereéped . 138382 8905628446505y 2704823 8718asd?. 0454@. 2068475  -0.4961
CENEZS0X1 @heng. 60%ks 1000 T30AE038800d 511 56 81990s77%0se  04e38

B, ﬁé%@pl i@%"%ééﬂ 2ol o0 gty 2

GENE2238X- 1 G’ 7126076, 98H%%71 . 3%%16?) 23 B" 0. 7"5“%‘f o Wo%g 11438
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with further features in various embodiments of the

invention.

It is to be understood that a reference herein to a
10 prior art document does not constitute an admission that
the document forms part of the common general knowledge in

the art in Australia or in any other country.
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system, comprising the steps of:

- specifying design factors to specify a response

pattern for the test condition;

- identifying a linear combination of components from
10 the input data which correlate with the response pattern.

2. The method of claim 1 wherein the design factors are

specified as a matrix of design factors.

15 3. A method according to claim 1 or 2 wherein the linear

combination of components is in the form of:
Y=a:X1 + azX; + azXsz .+ apXs

20 wherein Y is the linear combination, a;-a, are component
weights generated from the method and X;-X, are data values

for components of the system.

4. A method of claim 3 further comprising the step of:
25 - establishing the weights of the components by

maximising the value A of a test for significance of a

linear regression of the linear combination of the

components on the design factors.

30 5. A method of claim 4, whereln the test for
significance of the linear regression is performed by

calculating

A = a'Ba / a™Wa
35

where W 1s a within groups matrix, and B is a between
groups matrix
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which follow and in the preceding description of the invention, except

where the Cxﬁ?t@é%in éggnu%%fng QLG W %@(1"-}5’5@&@??”%1%%&%% kaﬁguégﬁa% necessary

inplication, the word rersing” isu € Sense  of i'ncl udi ng",
i.e. the feadures Rpethgiedrowy b ccmpenaned amilth ¢okuhes ¢eatesles in

various enboghiiepisnef bhe ripvent dRnddeis 1t 0 P wpdearist opd it haty 2

reference herein to a_ 10 prior art docunent does not constitute an

admi ssi on t A&t REIROERRENES f BRFBL B tUBPS t heDE ofmbh Yeret HT KW Béige in
the art 5 n Austtiadi BivEat Ncatlyiwdhesn CpldTixy. 0 5 JAN 2006 - 57 CLAIMS 1.
A nethod for identifying conponents of a systemfrom data generated from
the system which exhibit a response 5 pattern associated with a test
condi tion appliedtmetihed sfstbmimchmpriisragn ttiee shapsnaf : vapesi d§ing

design factprs,tpo. spegif 851 $8RONSR: B LerQ,for the test condition;
? i 2? co

identifying a I'Tnear conbi nation onénts from 10 the input data
which correlate with the response pattern.

10 (B-AW)a = 0, (1)
to determine a and A.

7. A method of claim 6, further comprising the steps
15  of:
- substituting X(I-P)X* +¢?I for the within groups
matrix W; and
- solving Equation 1 to identify the linear
combination.
20
8. A method of claim 6 or 7 further comprising the step
of solving Equation 1 without requiring calculation of B
or W by using the generalised singular value
decomposition.
25
9. A method of any one of claims 6 to 8, further
comprising the step of generating at least one
intermediate matrix in solving Equation 1, wherein the
size of each intermediate matrix is no greater than the

30 size of the data matrix X.

10. A method according to claim 6 to 9, further
comprising the steps of:
a) establishing a model covariance matrix V
35
(b) substituting V for the within groups matrix W in

Equation 1; and




2. The nethod of claim1 wherein the design factors are specified as a
matrix of design factors. 15 3. A nethod according to claiml or 2 wherein
the |inear conbination of conponents is in the form of ) Y=HpK12085 a2Xx2 +
a3X3 ...+ anXn 20 wherein Y is the linear conbination, al-an are conponent
wei ghts generated fromthe nmet hod and_ Xn are data values for conponents
of the system 4. A nethod of claim3 further conprising the step of: 25 -
establ | shingche 461 S hulOifof OPONCNI S, DY e PRALT B G NEoriRl i o0 2
test for significance of a” linear regression of the Tinear conbination of
the conponéht’dohneHBaBEEX gnV f aledEstuBpdsion keehedtbin ciBPwPd, wherein
the test fopatsighyficance of the linear regression is perfornmed by
calculating 2. = atBa / atWA 35 where Wis a within groups matrix, and B is
a between groups matrix 0 5 JAN 2006 - 58 wherein B = XPXT and W=
X(I-P)XB whereid etlod datardimérts Bayimglo, r oustér cosmenenisgand k

col umms of ig tstgggdg%ions, P=T(TTT)-1TT wherein T is a matrix of k rows
of design factors and r colums, and a is a weight matrix 5 for the linear
conbi nati on-yT=aTest&blishbtdon roddel ad M Bhe whet i gendea pedi foom vidheie of A
i s obtainedsbysqlvipg the equation 10 (B-AWa = 0, to determne a and k.
(1) 7. A nethod of claim6, further conprising the steps 15 of:
substituting X(|-¥55dmatvPRgf ofhe heo V¥ hrRCYrivapsix nbt r e Wodad $bYs4 ng
Equatiam 1 teei geAtify1thgatinear conbination.

12. A method according to claim 10 or 11, wherein the
covariance matrix V is of the form
VADA +0 %=1
15 wherein Ais an n by s matrix of factor loadings,®

is a diagonal s by s matrix and ¢? is a variance

parameter.

13. A method according to claim 11 or 12, further

20 comprising the steps of:
- establish a model for the residuals of the regression
of the input data on the design factors:; and

- estimating parameters for the model.

25 14, A method for identifying components of a system from
data generated from the system, which exhibit response
patterns to a test condition applied to the system,
comprising the steps of:

- specifying design factors to specify a response

30 pattern for a test cendition;

- establishing a model for the residuals cof a
regression of the input data on the design factors;

- estimating parameters for the model; and

- computing a linear combination of components using

35 the model and the estimated parameters.




20 8. A nmethod of claim6 or 7 further conprising the step of solving
Equation 1 wthout requiring calculation of B or Wby using the

general i sed singular value deconposition. 25 9. A net ho% gfjmlyzgggle of
clains 6 to 8, further conprising the step of generating at”[east one
intermediate matri x in sol ving Equat i_Qn?(?l],_wher ein the size of each
internmediate matrix is no greater than e 30 size of the data matrix X

10. A net hoﬁS accof %&e;?é& (% aéfgf}nt& 9“’“{%@?2%‘?%&% ?%‘frﬁgr}lgn%f&% of :

a) establishing a nod covariance matrix or the
wi thin groups feEPPReM$nis Ehuathenfarmand: 0 5 JAN 2006 - 59 (c) sol ving
Equation 1 to identify the |inear conbination wusing the matrix V

substituted for the within groups matrix W 5 11. A method according to
claim10, further conprising™3He st@&ps of 2355 est ablieshi ng a nodel of the
data gemerated fromthe system and estimating the covariance matrix in

t he nodel g‘;éveg . 10Yt he avai Jcabl e dat a. .12{:. A met hod accordi n% to claim 10
or 11, wher HREEHE Y obVvaritantt wat r§ RALHPt W Tr AFTACBRPEDNGTS = 15
wherei n A igeaghts byesenated xf obmf tloe onetbadi ags XciX, bseaddicagonalies by s

matri x and [ Lanc a .1 or dj to claim1l1l
or 12, furtﬁejf é%%%%%??s?ﬁggﬁ%egg%‘%%’o ?dﬁﬂgg%ggﬁigﬁgaﬁ%ogg? for the
resi dual s ofu¥hleer egpeREi ®hng ofthe heteéppatf:data on the design factors; and

10 - establishing the weights of the components by
maximising the value A of a test for significance of a
linear regression of the linear combination of the
components on the design factors, wherein the maximum
value of A is obtained by solving the eguation

15

(B-AW)a = 0,
(1}

to determine a and A
20 wherein B = XPX' and W = X(I-P)X", wherein X is a data
matrix having n rows of components and k columns of test

conditions, P = T(T'T) 77 wherein T is a matrix of k rows
of design factors and r columns, and a is a weight matrix

for the linear combination y'=a’Xx.

25
l6. A method of claim 13 or 15, further comprising the
steps of:
- modelling the data using a multivariate normal
distribution which is specified by mean model and
30 variance model to establish the data model

- using the data model to model for the residuals

- estimating the parameters in the mean model and the
variance model; and

- estabklishing the covariance matrix from the data

35 model in the form of:
v =71




estimating paraneters for the nodel. 25 14. A nethod for identifying

conponents of a systemfrom data generated fromthe system which exhibit

response patterns to a test condition applied to the syst rising
b REP

the steps of: specifying design factors to specify a res attern
for a test condition; establishing a nodel for the residuals of a
regression of the input data on the design factors; - estimating

par anmet ers | - - j hg i j i on. o

conponent s %g%ﬁ%mBng%ea%argg?y a% ei)gzs??n%%%l@dg%agggn%fﬁeﬁ’. 1?)SSJJAN 2005 -
60 15. A neihgdnat el bynslmatyherend phe isi weanrdemsienairenetef ;conmponent s
isinthe formof: Y=alXl + a2X2 + a3X3 ...+ a"X" 5 wherein Y is the |linear
conbi nati on, _al-an are conponent_ weights generated fromthe nethod and
X1-X, are dafa vafdestetlrd cohpoheitsIof Lo hitsyeherelanthane? &2 theCfret hod
further sconpr imdngod heompepedf frdf) thesiabt i sthdgl 4 hevaet &hd soofRrf he
conponents b maxi msing the value X of a test for significance of a

| i near regrgggf%ﬁnof the linear conbination of the conponents on the
design factors, wherein the maxi num value of X is obtained by solving the
equation 15 (B-XW a = 0, (1) to deternmgne a_and X 20 wherein B = XPXT and
W= X(1-P)XT, wherein X is a data matrjix having n rows of conponents and k
colums of test conditions, P = T(¥FH-AFTTWherein T is a matrix of k rows
of desiygn factors and r columms, and a is a weight matrix for the |inear
conbi nati on gT:aTX. 25 16. A method of claim 13 or 15, further conprising

t he 18. The method of claim 17 wherein the estimate of o“ is

computed from the equation:

s
so’=1/(k(n-s)) {tr{RR"}- £ &ii},-

15 I=1
wherein the &i; are the squares of the singular values of
R.
19. The method of claim 18 wherein the estimate of ®is

20 computed from the equation:
O, +0o’ =0./k

20. A method of claim 19, wherein the linear combination

25 is identified from the eguation:

a=,T”2Xpu ' (2)

30 wherein a is the vector of weights for the linear
combination yv'=a'X, P = T(T°T)'T',u is an eigenvector of
P(XV'X")P or equivalently a right singular vector of
v1/2xp;
and X is an nxk data matrix of data generated from a

35 method applied to a system, wherein the data is from n

components and k test conditions.




steps of: nodelling the data using a nultivariate normal distribution
which is specified by nmean nodel and 30 variance nodel to establish the
data nodel using the data nodel to nodel for the residualqlseﬁﬁ$qﬁﬁgng t he
paraneters in the nean nodel and the variance nodel; and establishing the
covariance matrix fromthe data 35 node} in the formof: V 2=1 0 5 JAN
2006 - 61 wherein Ais an n by s matriX of factor |oadings, is a diagonal

s by s matrpx ang §2+hSgas¥aLi ange er, . Th f,elaim12 to
16, wherein the estinmate 8¥ 5A nagaggn%% E?%%e%goﬁ$$ﬁégﬁg?? %?ngular
vectors of Factomer &i AnREXe EVITiangg mesx¥TY TH¥) compubed5us8ng Thee net hod of

claim 17 whesebbibheneshbibhBePbbY2ths nGAPRYt 88 Fremibe; 8qURLLON: &
sv2=1/(k(n-s)) . {tr{RRT}- E (5;;.}, =1 wherein the Si; are the squares of
the singul af?¥&"u8s of R 19. The nethod of claim 18 wherein the estimate

of is 20 conputed fro uatj an:. ( tsg =.S%, Ik 20. A nmethod of claim
19, wherein the Iinearqé%%§$ﬁgfﬁ%%?@95q¥%n_18ﬂ?$iied fromthe equation:

a=2112Xpu (2) 30 wherein a is the vecéor of weights for the |inear
conbi natd on yT=aTX, P = T(TTT) - 1TT,47(& ~anlog(vgaflv Bt 108€27)p Xv- 1XT) P or
equi valently a right singular vectigflo@fet(4,)~0.5s5log(x)

where m=ks-s{s+1)/2,
log P(u) = —slog(2)+ Y {log("((k —i+1)/2))
i=1

~0.5(k—i+1)log(r)}
v=(> 4)/(k-5)
and
logdet()= 3" 3 loa (A ~ A7)0 2, )n)

10 where

'j v, otherwise.

2’". _ {Aj,forjﬁk

and the Ay are the squared singular values of the matrix R.

15 22. A method for estimating missing values from the
results of the method applied to the system of any ocne of
claims 1 to 21 when using the data model of claim 16, the
method comprising the steps of:

(a) estimating initial values of B, A,® and o by

20 replacing missing values with simple estimates and
calculating maximum likelihood estimates assuming the data
was complete;

(b) computing E{Xwol,m or} and E{RRT|ol,m,ok} the expected
values of the data array and the residual matrix under the

25 model given the observed data and current parameter
estimates;

{c) substitute guantities from (b} inteo likelihood
equations assuming the data is complete to obtain
estimates of B, A, ®and o?;




v- 1 /2XP; and X is an nxk data matrix of data generated froma 35 nethod
applied to a system wherein the data is fromn conponents and k test
conditions. 0 5 JAN 2006 - 62 5 21. A nethod of claim 16 ho 3@1 gﬁg ein
the nunber of factors s in the variance nodel V is conput d9 e
Bayesi an net hod - whereby the nunber of_fagtors is chosen to nmaximse |og
P(RI1 s) =1log P(u) - 0.5nY log(A ) j=1"- 0.5n(k - s) log(v) +0.5(m + s)

I 2 - I - ; - +]1)/2, S

02e) L, BaP,) SopAEL Bohyg Btsabota) shere DEKGCRELMZ S,
A )/ (k-s) j=s+1 and k logdet(Al)log((,i;1 A1)(A-~)n) r=1j=i+ 10
where | Al por | <k nSthdd &fhﬂ%\ﬂ' Sfe éﬁdcf:ié‘%ngq3af§,£@ec§1ﬂ;5'§£§ﬂ1&'ﬁ%” ar

values of the matrix R 15 22. met hod for estinmating m ssing values from
the result5UbFeReShePhOE: applied to the systemof any one of clainms 1 to

21 when wsiAg thedgesaniiey Ofie Chaiiitbcahbe ofeihod ¢ODPRE SbNGcide steps
of : (a) estinating initia .va[uesdof B, A ct and 6 by 20 replacing m ssing
val ues with %?ﬁ%Fecgg%?ﬁﬁ 88" an@"“cal cul ati ng maxi mum | i kel i hood esti mat es
assum ng the datasetwasngomphesignificant weights to zero.

24 . A method of claim 23 wherein the significance of the
10 weights of the linear combination is determined by a
permutation test comprising the steps of:

a) randomising the data for the components of a
linear combination;

15 b) . computing the weights and eigenvalues from the
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;

20  e) determining the position of weights and eigenvalues
computed from nen-randomised data relative to the
distribution of the weights and eigenvalues computed from
randomised data; and
f) determining the significance of each weight computed

25 from the non-randomised data.

25. A method of any one of claims 1 £o 24, wherein the
significance of the overall linear combination is '

determined by a permutation test comprising the steps of:

30 (a) randomising the data for the components of a 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
35 with the columns of the design basis: 1

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




(b) conmputing E{XI ol,... ok) and E{RRT | 01,... 10k) the expected val ues
of the data array and the residual matrix under the 25 nodel given the
observed data and current paraneter estimates; (c) subsfif JAH &itdntities
from(b) into likelihood equations assumng the data is conplete to obtain
estimates of B, A, Dand 62; 0 5 JAN 2006 - 63 (d) repeat steps (b) and

(c) until convergence. 23. A nethod of any one of clains 3 to 22 conpri sing

e iieep e s s e im0

the [|inear conbination; and setting non-signi 196%@ _
met hod of cFRFFTDRCIprRrersl fHel etynFPTREFRS BFor hehe 1aREehied dlatae

li near conbi&at i ofetSriet BidN f1ed Bys B Do Nt At ONs §eSte£ANPIiSHNY the steps
of : a) random Siﬂ%tt he datggf or the_conponents | i near copbi pation; 15

f a
b) . conput T T HE- et gHitS h‘éll%l?ﬁe%w&é%nﬂ%‘h‘g?%se? Ao Sl dfR: o)
repeati g stepsha)dasdriuad ghushl thy ©fudieshul t)p et esidal g én
distributio : i d i genval ues conput ed_from.the random sed
data: 20 ey aet st o ho PHRTEaT £ r Sh I Rt e d It £ ey L Bp it e
f rom non- r apilon sl fhcanee| of | Vee t patdesd divgl tibhle i omrodlatieomei ghts and

ei genval uesc SoppUL £&h { I Ok AREOFL 58 A gt fon PG dadm el Ty i ng t he

significance of each welight conputed 25 fromthe non-random sed data. 25.
A nmet hod of any one of clainms 1 to' 24, wherein the significance of the

overal 1ol i near caonbhaiddnof Sangedes b nesh Limd perdut st i@ietest ©pri sing
the steps of: 30 %a) ra{ldom' Si n%t he daé?}alf(or th(g conpopents of, a linear
combi nat i ont ST LRt TR the WeFghfse eFyenvaf b O Thet S randoni sed
data, and fdem tédstraonpubwmgdatbe. squar ed

27. A method of any one of claims 1 to 25, wherein the
15 response pattern as specified by the design factors is
derived from the input array data.

28. A method of any one cof claims 1 to 28, wherein the
response pattern as specified by the design factors is

20 selected to identify an arbitrary response pattern.

29, A method of claim i1, wherein the data is generated
from the system using a method selected from the group
consisting of DNA array analysis, DNA microarray analysis,

25 RNA array analysis, RNA microarray analysis, DNA microchip
analysis, RNA microchip analysis, protein microchip
analysis, carbohydrate analysis, DNA electrophoresis, RNA
electrophoresis, one dimensional or two dimensional
protein electrophoresis, proteomics, antibody array

30 analysis.

30. A computer program for identifying components of a
system from input data which exhibits a response pattern
associated with a test condition applied to the system,

35 the computer program comprising instructions that, when
executed by a computing device cause the computing device
to carry out the steps of:




mul tiple correlation coefficient of the |inear conbination 35 with the
colums of the design basis; (c) repeating steps a) and b) a plurality of

times; 0 5 JAN 2U06 - 64 (d) determning a distribution fo
multiple correlation coefficient conputed fromthe randoﬁkgeﬁﬂﬁgﬁﬁg (e)
determ ning the position of the squargm%irutiple correlation coefficient
from non-random sed data relative 5 to e distribution of the squared

mul i pl e carr el atigu.; £0eld | £1,L0 COTAAL, [ fora dandon sed gat s, aid

estimating the significance o e square ultiple correlatio '
coef fi ci entreIrPpRtedPdForr® hEChonhe anddhi seaddbi @/ 1@n26. A net hod of any

one of claiss 1 tm&%iﬂmfiﬁ 1heea ¥ eshRfsea PRl esh @&nd;s&]g'@ﬂ d ey the
or a

design factors is derived fromknown data.. 27. A netho ny one of
claims 1 to-2% TWRY efate et 9 Cr‘%%%%%ep‘aﬁ%rﬁn%sr%@%weﬂaﬁﬁvhe desi gn
factors i s wleerotd fhonliikear npotbinsayodad . caffporees hod Df @y one of
clains 1 to %ﬁn erein the response pattern as specified by the design
factors is 5 Selected to identify an arbitrary response pattern. 29. A

met hod of claim1l, wherein the data is generated fromthe systemusing a

met hod sel ected fromthe group, s¢opsisting DNA aryay anal ysis, DNA
m croarray analysis, 25 RNA arﬁgé anéifsis?%%NA'nf%?Sarray anal ysis, DNA

m crochip analysis, RNA mcrochip analysis, protein mcrochip analysis,

car bohydr at ghaned iy St sis Die el 8644 8PBOKESHSE i FNA 3 £lfchrepbemngshentone

di nensi onal or two di nensj ona rotein el ectrophoresis, proteomcs,

ant i body arV%&g%BSa%%??g?é?d3 FO£\E%ﬁpﬂ?%?ogr%@$a%¥?%raF&eHFFFyVﬁ ues
conponent s Hér acosyshent$ rom thpusydasm. whi ch exhibits a response pattern
associated with a test condition applied to the system 35 the conputer
progran1congrising instructions that, when executed by a conputing device
cause the cohputihgcempicer pocgernryobutlahe 30 epshofeln Bhg AN 2006

15 instructions cause the computing device to carry out the
further step of:
- establishing the weights of the components by
maximising the value A of a test for significance of a
linear regression of the linear combination of the

20 - components on the design factors.

32. A computer program of c¢laim 31, wherein the test for
significance of the linear regression is performed by
calculating

25

A = a'Ba / a'wa

where W 1is a within groups matrix, and B is a between

groups matrix

30 wherein B = XPX® and W = X(I-2)X", wherein X is a
data matrix having n rows of components and k columns of
test conditions, P = T(T'T) 177 wherein T is a matrix of k
rows of design factors and r columns, and a is a weight
matrix for the linear combination y'=a’X.

35
33. A computer program of claim 32, wherein the maximum

value of A is obtained by solving the equation




- 65 - specifying a matrix of design factors to specify the response
pattern for the test condition; and identifying a |inear conbi nation of
conponents from the input data which correlate with the sg&nsgmgattern
5 wherein the |inear conbination of conponents is in the orn1o Y=alXl +
a2X2 + a3X3 ...+ anXl 10 wherein Y is_t linear conbination, al-an are
conponent weights generated fromthe nethod and X1-X, are data values for
conponents of the system 31. A conputer program of claim 30, wherein the
15 instructions cause the conmputing device to carry out the further step
of : establishing the meightsnE# hfle2 corfponent's by ~ maxi mi si(Ay the val ue X

of a test for significance of a linear regression of the |inear

conbi nati on_of the 20 conpong %s on the design factors. 32. A conputer
program of EPafRFSiI™1NRetefAthe test for significance of the |inear
regressison is perfornmed by calculating 25 2, = atBa / atwa where Wis a

w thin grou mat rj, X iS_a betwe rou 30, wherein B = XPXT
and W= X(IQ%)XT %here?uté%lgr%gr%%tg nﬁ}g%Q ﬁgvraéeﬁe%BmEh%f conmponent s
and k col unbgsbfuctesns coadi¢i bhg, cBnpuT{AF TYev TFewher eanry estatmatrix of
k rows of gﬁftﬂgrféﬁéﬁréfagglgéﬁ8lH§H§tléﬂdlawi§h§uﬁe¥gg% gﬁ%rlx for the

| i near conbi nation yT= uter program o 2, wherein
t he maxi num:a%vh@tb@nwfsl%o%awn@m B’s‘rl%@I Vhﬁgg?h@réé@jé@ﬂoﬁlryggl@JAN 2006 66
- (B-XWe =vQ1uboqdebepsineignand A . 5

35. A computer program of either claim 32 or 33, wherein
the instructions cause the computing device to carry out
the further step of generating at least one intermediate

15 matrix in solving Eguation 1, wherein the size of each
intermediate matrix is no greater than the size of the
data matrix X.

36. A computer program for identifying components of a

20 system from data generated from the system, which exhibits
response patterns to a test condition applied toc the
system, the computer program comprising instructions that,
when executed by a computing device cause the computing
device to carry out the steps of:

25 - specifying design factors to specify a response
pattern for a test condition;
- establishing a model for the residuals of a
regression of the input data on the design factors;
- estimating parameters for the model; and

30 - computing a linear combination of components using

the model and the estimated parameters.

37. A computer program of any one of c¢lalms 30 to 36,

wherein the instructions cause the computing device to
35 carry out the further steps of:

- determining the significance of each weight of the

linear combination; and




(1) 34. A conmputer programof claim33, wherein the instructions cause the
conputing device to carry out the further step of solving Equation 1

wi thout requiring calculation of B or Wby using the gen&r&]ﬁ@kamﬁingular
10 val ue deconposition. 35. A computer programof either claim32 or 33,
wherein the instructions cause the conputing device to carry out the
further step of generating at |east one internediate 15 matrix in solving

Equation 1,_wher el ¢ e, Siae-0f g RENcah N QLI 818, NBLEL X 1S no greater
than the size of the data matrix X 36. A conputer programfor identifying

conponents of a 20 system from data generated fromthe system which

exhibits regponse patperes pPogri®sss CONElhion wppkd g ¢t he system the
conput er progra co risigg %nstructions t hat, . when executed_q¥ a
conmputi ng devPeb tEueEeTt R CONplUET PGS deli the t bIREFF yC P EARI QR eb? of : 25
- speci fyi ndedesngned alsy o2 Speé omspeci by eesesponseispagt eha Foepa d£st
condition; establishing a nodel for the residuals of a regression of the

i nput data on the design factors; estimating paraneters for the nodel; and
30 - conput#hg a ¥imeemicbndi baeidataffconponents using the nodel and the

est i mat ed pgy et of e ool GOMLE e Pi OOLAM AT ARl eaes gf; ¢l ai ms 30 to 36,

wherein the jnstructions cause the conputing device to "carry out the
further steps of SOHREEIRAYNFhg YREIBE§nRRH cahgenvrleashivepghiReof the
| i near 10onbiaadbanseanda®a® JAN 2006 - 67 - setting non-significant

S on {1 canch of TRER6I Gt LR TIACA! BoRGRAAITER Fb BUBEF6rmi ned by a
permut at i one} estdebapnising &heéistepsubionajoratdenvsiggtshendata f b) or
the ConponegiéeﬁéafuééngéﬁpﬁgggiP?&ﬁoghe randomised data;
£) determining the position of weights and eigenvalues
15 computed from non-randomised data relative to the
distribution of the weights and eigenvalues computed from
randomised data; and
g) determining the significance of each weight computed
from the non-randomised data.
20
39. A computer readable medium providing the computer

program of any of claims 30 to 38.

40. An apparatus for identifying components of a system
25 from input data which exhibits a response pattern
associated with a test condition applied to the system,
the apparatus cqmprising:
- means to specify a matrix of design factors to
specify the response pattern for the test condition; and
30 - a calculation device to identify a linear combination
of components from the input data which correlate with the
response pattern wherein the iinear combination of

compcnents is in the form of:

35 Ye=g3X1 + azXs + azXs ..+ anXn




- ¢) conmputing the weights and eigenval ues fromthe 10 randoni sed data; d)
repeating steps a) and b) a plurality of times; e) determning a

di stribution for the weights and eigenval ues conputed fff §mjAKelli&ndoni sed
data; f) determining the position of weights and eigenval ues 15 conputed
from non-random sed data relative to the, distribution of the weights and
ei genval ues conputed from random sed data; and g) determ ning the

si ani f1 cancgnoteench vl ghl eomputedonbionLtbe, nop-Landanisgdodate 20 39

A conput er readabl e nmedi um rOVI ram of any of clains
30 to 38. 4Belﬁhtﬁp%%@@?ﬁ%eﬁofrpﬂehhﬁf??h@oéoﬁ%@nénﬁg @ﬂead§y§t§ﬁ#u2§ from

i nput data whi-CRoR¥BhENES @frgﬁgogigtgﬁttern associated with a test
condition applied to the system he apparatus conprising: - nmeans to

specify a matrix of design factors to specify the response pattern for the
test coriditdon;, amd agdfaradusabtutdiimnideviieeréoni teattdycaliinear

comnbi nati on : r he in data ich correlate with the
response pa9§%%§83§§£§$% ?ﬁ% h%awe&gﬁ%ﬁngiiBﬁgo?om88ﬂ%8kan$¥ is in the
form of : 35my¥yxamX3irngalke vaé@§3l.0f+aatexx fob JANEL PDOBNce68f aherein Y
is the l'ne§5n899b£Q§£é9910ﬁ10§"tﬁ%elgﬁgggnggﬁblﬂg¥QgﬁsogeEﬁéated from the

nmet hod and X1- Xn are”data val ues onents o e system 5 41. An
appar at us of“BPanfanie, Oﬂhéhélﬁeﬁhgncﬁﬁéﬁpéﬁron devi ce establishes the
wei ght g oof the conponents by ﬁBXIﬁlSIng the value X of a test for '
significanc n, of | i near conbi natign of the

g | i near é g ES|§ 4
conponents oAt heYe3PHATFhE Bi%* AhW%%5%+%tE§eoFeEFa 41, wherein
the test fosigsifhcéhcancé ohet hénkapeaegregsessi an pSrﬁerﬁedneHybyhéhe

calculation device is:
15 A = a*Ba / a'wa

where W 1s a within groups matrix, and B is a between
groups matrix
wherein B = XPX' and W = X(I-P)XY, wherein X is a
20 data matrix having n rows of components and k columns of
test conditions, P = T(T'T) 7T wherein T is a matrix of k
rows of design factors and r columns, and a is a weight
matrix for the linear combination y’=a’x.

25 43, An apparatus of claim 42, wherein the calculation

device obtains maximum value of A by solving the equation
(B-AW)a = 0, (1)
30 to determine a and A.

44, An apparatus of claim 43, wherein the calculaticn
device solves Equation 1 without requiring calculation of
B or W by using the generalised singular value

35 decomposition.




calculation device is: 15 X = atBa / where Wis a within groups matrix, and
Bis a between groups matrix wherein B = XPXT and W= X(I-P)XT, wherein X
is a 20 data matrix having n rows of conponents and k & JANs2086 test
conditions, P = T(TTT)-1TT wherein T is a matrix of k rows of design
factors and r colums, and a is a weighig 1atrix for the |inear conbination
yT=aTX. 25 43. An apparatus of claim42, wherein the calculation device

obtai ns maxjsum val LH};;SHra&lbé’ SOl i1 her eavals of (B XMiiereih thld 30 to

determ ne a alnd k. 44, An _a&garat us of claim43, wherein the calcul ation
devi ce sol V3 Eqtatiom AW tholRNIE/LRT i Ay 22Tl 2% ol bt EliAt ey by using
t he gener almsterlisi NYud & v ed UBq 3ot TREONPOFhé+OMn Hnd I 2006eacb9 45. An
appar at us ofneé tnkllecﬁ. claima2 or. 43, wherein tﬂﬁ Cgllll cul ation Vi ce
generates at’ TeHST R iTR e Hedtatd FeRFTXEi 3Dl Vi Eguatt o', wher ein
the size ofd@achmainterfredi ate matrix is no greater than the size of the 5
data matrix X. 46. An apparatus for identifying conponents of a system
fromdata generated fromthe system which exhibits response patterns to a
test condi t#®n apPhi eBresathe I0rsydeBhiEBapsi sPrgonaprbAsofoaspEeteR design

factors 1o sp&fidycd JOSPPNSEY PAbhef ke f OfsBeh ESEHLONALLA DN s Means to
establish a nodel for the residuals of a  regression of the input data on

the desi gn FatROPSe AFLLSIRANC 1D ©FF nedeplat Aret b s18drt e hehtodel ; and -
means tl@ cospstt@nacdmpedsiggbi nati on of conponents using the nodel and

the estimated par amet er.s. 47é acﬁ%arargu a%gcordi ngsto a%y one of clains
40 to 46, 20 further conprisithy Treans: t TeF ni RSSRHE S ghi ¥T EAHEE of

each wei ghtpaftern for a test condition;
- means to establish a model for the residuals of a
regression of the input data on the design factors;
15 - means to estimate parameters for the model; and
- means to compute a linear combination of components

using the model and the estimated parameters.

47, An apparatus according to any one of claims 40 to 46,
20 further comprising:

- means to determine the significance of each weight of

the linear combination; and

- means to set non-significant weights to zero.

25  48. An apparatus of claim 47 wherein the means to
determine the significance of the weights of the linear
combination is operative to undertake a permutation test

comprising the steps of:

30 a) randomising the data for the components of a linear
combination;
b) computing the weights and eigenvalues from the

randomised data;
) repeating steps a) and b) a plurality of times;
35 d) determining a distribution for the weights and

eigenvalues Computéd from the randomised data;




the linear conbination; and neans to set non-significant weights to zero.
25 48. An apparatus of claim47 wherein the neans to determne the
significance of the weights of the linear conbination 5 @l hgve to
undertake a permnmutation test conprising the steps of: a) random si ng
the data for the conponents of a |inearyyconbination; b) conputlng t he
wei ghts and eigenvalues fromthe random sed data; c) repeating steps a)

and b) a p|é§a|'8¥téimlhﬂﬁé th§5pQ¥1€§5§r8Enk@9gﬁtg'§BB'QH&é99aiﬁésthe
wei ghts an enva ues conputed fromthe random sed dat a; AM 2006 -

70 e) deteFﬁWﬁgﬁﬁ tﬁEOBogPPlBﬁHGPm&é?Qhﬂ@ténaeéﬁééﬁ9aF9e§heconputed from

non-randoni sedtdabatiehabivehtowthghtdi shai bilheaRahelhgomei @bl st oM
ei genval ues e uteddfro random sed data; and 5 f) determ ning the
si gni fi cancE°BF RAERoWergAf ¢Bfputed from the non-randonmi sed data. 49. A
met hod df |ﬁént|ﬂ§tagmcnnpgnehhe efignifystanmef obneadht aefigher aveduteam t he

system substantigll ¥.As Qﬁ§§h95é8 desgribed with reference to the
acconpanyi ng draw ngs. 50 conput ér program for identifying conponents of

a systemfrominput data which exhibits a response pattern associ ated

with a test490ndAtm@ﬂh@@pbfegdéﬁtih§1ﬁg8&sﬂboﬁén§§békaQtgg&éamhﬁfﬁm“
described wi.ith reference tg th acconpanyi ng draw ngs An appar at us

for identif$§fhg SGNHOARRESTEPRatlGsE emroﬁPPﬁBGﬂtaaiéymﬁ?cheéﬁhﬁblts a
responsl®) patieecniddassoni abedrvhth 8ot eRk gendinphaRiagphiedihgst he system
substantially herein described with reference to the acconpanying
dr awi ngs.

50. A computer program for identifying components of a

system from input data which exhibits a response pattern
associated with a test condition applied to the system,
15 substantially herein described with reference to the

accompanying drawings.

51. An apparatus for identifying components of a system
from input data which exhibits a response pattern

20 associated with a test condition applied to the system,
substantially herein described with reference to the

accompanying drawings.




