;e3e(j g(bbcsd@if 6gTj gWa P METHOD OF GENERATI NG AND REPRESENTI NG GENE

Dl FFERENTI AL EXPRESSI ON PROFI LES BY APPLYI NG FOURI ER TRANSE ield of the
I nvention [0001 The present invention generally relat esumlmwm&l@mgwmtl Cs,
and nore particularly to a nethod of generating and rep ne
differential expression profiles by applying Fourier Transfosss* Backgr ound
of the Invention [0002] Researches for bioinformatics in the post-genone

sequence eVIETHOD OFCERRRATING ANBREPRESERTING GENKOEFPERENTIQLC! the
roles and rel ati onshi ps between different genes in different conditions.

Wi | e the adv#RRESSIQNPROEIHSBYsAPBAYING FOURJERTRANSIEQGRMc| udi ng

m croarrays enabl e detail ed and genone-scal e neasurenents, extracting of
meani ngful information fromlarge datasets is still a challenge. [0003] The
principle of mcroarrays i s to PREF&ftReIRVG IO ferenti al expression |evels
by direct conparison in a single slide of the fluorescence ratio between
experinmental rnRNA and control nRNA | abeled with different fluorescent

(rea) . R8O “Tre. Sl sfoR intil R 0l Y SFlT LS oo B R AR Pk on

of genes pzilﬁaﬁlaﬁ?retodét fih@hed off agehyraﬁn?raelasl%grdssn ariee difepentidl | Xpeessibie
common process for_identification of differentially expressed genes

i ncl udesPiebitasdyi apabyirgtousied Teanstoumat i on of variation fol ds between the two
fluorescent signals so as to generate gene differential express profiles.
Then, the possible candidates of differentially expressed genes are

sel ected fromthe gene diffeBackgpwundoftkehiventipnofile by their large
changes of variation folds. If a selection is based on a single slide, the
confidence is | ow because it cannot distinguish real changes from

experime artif : '-gﬂ%ﬁ§ Jof Lally
expresseg%g%nes ha?g%ﬁ%cﬁquEP#P?QQE%§£?gggggggg the ﬁ%&?ggfﬁggggi%%binent
or condushifting towhels atfynpemnalf undestandimgrof shestodds aad rélatidriships bbiween differérs
apparent that. thi.s single.slide- ed approach .has nmany drawbacks _i ncl udi ng
P congtie g dHTogntcoutlitonsa RIS O PHGICES b 084 exPros g opRfiling

Ther ef or gchhidGES ihdluding! MRGOATAPSCRRY detrild@VAlLReROMEBLEAE Méasfidednd,! NI
gene differential expression profiles so that the candi dates of

di f f er enextedctipg ekmeangful ipforemtion frobelargel datasetd isnitille daléngtence. Thi s

inventio tisfies, this need.by disclosing a nethod af_..generating gene

di ffer en{bloéﬁ expr eig? é’ﬁmﬁ’rpﬁq‘ of é‘%f”i"&’r‘f?ﬁ'néq eﬁ’éa%ff)rggg%%bfﬁ‘gﬁ?%‘?liqx&e% fai ned
from at [eRalsbyldivectdorifAREsP asdimfl@§1idevofaﬁ@hudn@gc_eﬁwfatis bethicdR Skfdrerediher
advant ages of this invention will be apparent with reference to the

det ai | edm&Fd¥A rangtdostrol mbdhdrlgbaded with difforent floaresomosnariers. prheseommpmnlyent i on
provi des f rat} b Jof ntA al Lon. profile for
D pai v o STl R m BERRLR £09 (BB3MRYS A" Qs FHEBRIE REBRIGnnt g
sets (S)midrogens exhe edsitificatiorobl besesfthat drbaliffedentislly egidised ansomphrdei n n
>1, and eacfhp.gene_with each set of gene expression profile has two

expr essi BMditi9nse s The cemmen progass Exodpatifigasionnel gifferentially famprasaed genggene
expr essi fi : aj, : j ; j en
cors of DRl boh B8 ARRL AP oL ARRGE of RAMAMAPEALE bBhRal e LG T RRCHRT

) S2( T2N23ignals so &ntolgehdmtelgehin diffeyential Suphss prafiled. HEhegethe posgilsle sandidatesadfues

fromone,conditjon are alternativel i.nt er posed . t he, ones from anqt her
cond! ¢ 1 oATeERIALIE Briesd ererie s fotk B eoT UAEIGRA SO ORONEVARDE gene
expr essi ﬂi&irvﬁk%l}e ntéér{gﬁs AGHrAapE fefdst hg é@&leé’cﬁoxﬂ%{‘ﬁas‘%ﬁm@ﬁ%éﬂ’%]e REQET 11RS;

t hereby generati e gene differential expression profil or the pair of
condi t i osenfidgnemisdaiydeticatsatit cannet distinguislf feal elanigas frempexpssimentap adifadts

ovor oxpor B8 SRR AR et OF FHERERS) Bt Bhet e RLRRFENBR by v

sel ect edrdpesting iR @eR6artly’ &:getifienBbr Q¥RNRESE Vthd?tPhés 6F edplrithentyy §uldBIas
enbodi ment, the gene differential expression profile is conprised of

over expr NeEBerngdat s It-ih @ppareet; thapthiss sisgle gphidedasadnapprenchdias engiyadrawheckst he
pair of E . HRNinR 3 ir idd.0ns in which at | east one gene
is di ffe@gﬁltqlmg tﬁ}gégxpr esg%gl% %ﬁéﬁg?hogfg tﬁrdteﬁ%r' enbodi nent, the paired
conditions may be any one selected fromthe group consisting of
tunmor/normal, tunmor x/tunor y, disease/normal, disease x/disease vy,

devel opnment stage x/devel opnent stage y, treatnent/non-trea ment
x/treatnment y, and infected/ non-infected. In yet another enmmmﬂmmHmmm en
the Discrete Fourier Transformis applied to the arranged gene expression
profiles, it gives out values for parameters including Nyquist EF&HuUency
conponent, absolute anplitude, nornalized anplitude, and phase. 3 [0006]
I n anot her aspect, the present invention provides a nethod of representing

11" e - o o - 3 I



Brief Description of the Drawi ngs [0009] Preferred enbodi nents according to
the present invention will now be described with reference to the Figures,
in which |ike reference nunerals denote |ike elenments. [0010] FIG 1 shows
an exenpl ary graph of a single gene expression value in a

di sease- nor mal - di sease-nornmal manner w2t h a distinctive high-1ow feature.
[0011] FI G 2a shows the nagnitude of the Fourier Transform of the graph
when a 2 oi nt  DfheMisre PReFOis MGt Aive ' r

r enovi ngﬂﬁgg mean val ue f.{)glm t heseng{gt a pgﬁﬁ?g(? a[e%é(])%v]a Iillzelmclaé’:ng;f %%neftﬁien%pl ot

of the pserediffgrentiplexprepsion peidtles sorbatrthe eardidates of differentiadlyrsupressed igenesean

singl e goRbeSRuethanROucder , TR dhlaliGh SRR e S o™ RN Wi 1
no disti Bﬁtgieii@ra’ﬂhg@eh@%iff@@hﬂéﬁexﬂr@%z ngﬁef‘fr&ﬂom% g PPEYsiondprobilest he

Fourier Transformof the graph when a 256-point DFT was performed onto the
dat a shoghtainedHramzat lepstetva arierpprray tshidesrburapplling Fonder Transéoraat Hthai nt s.

a i sbased Ry S Ea PR A ApRREy et o AR SRR FRRP R T et ur o

simlar to FIG 1, but the gene is expectedly under-expressed in the disease
tissue. 4 [o01 s] FIG 6a shows the nagnitude of the Fourier Transform of
the graph when a 256- poi nt DFPummary9fithe havendieno t he data shown in FI G 5,
after renoving the nean value fromthe data points. [0017] FIG 6b is the

pl ot of the phase for the DFT of data shown in FIG5, after renoving the

nmean val (0908)f t hes&hdgptasemoinnéttion] f10%ids kntstiods bbpenesatingagdirrdiffedential
program f or gsg(?erat# ene differentjal expression profile in accordance

jng a e
Wi th oneCXREERT ARG for 4 aig of cepditiops, EHMN) o dn qugespectthe methad SORPHSSS ot of

i t udg.ffiridy Q2eRY :
G 71 er entr o pioE S3CRISTON b (tkedsli OGRS TP e Rl & Ebfiolh Aihokein g 2.
magni t udendéach e pathneachisdt df@ent bxpréGiapeprofilet lattwarexpres¢ion egjuésaohy for
di fferentd al|l r.essed.in.the 92 ides. [0Q21] FI.G 9a shows a
convent i drd OlEF & N yhesin %Cbﬁsaﬁ?flré%?ef?épé?%&éofjtlﬁ%cmni B ettty is
pl ot ver suherdilén S1€@frahgthg ithé Anghd ¥f géf0diredsida PRIANONE HRRANE der, i.e.,

conventional scatter plot of mcroarray data where the Log2(Red intensity)

or (Log2R}(TINBAT2ND) s fin-1({e- 1Ny 2)SB(Eadiin), 80 dresgeng )expres§iong2@ps fipMOAB] FI G
9c shows yet..another conventional,.scatter plot of mcroarray, data ere M
Ts oot sURagN e igaayeE Redntia RBE i Sy andhel sl ild e dnd R,
Nor mal i sBscAet® FoltieleTramIroS to\he dirahgddl gRee expst¥ssirs il Tor¥aRhigendsr the keral |
the genes in the GeneChi |pll used for prostate cancer. Detailed Description of

t he I nveRf 21§ FxPUBspPn pY; dharply gangetimgdhe eeng differgntidrexprassionpradile erdi | y

by refer . fal ;0w .l Chi-ption, of certain.enbodinents
of the i ﬁ%@%ﬁ% %n%ogﬁg%gé]lg%%glubgﬁﬁém’?ﬂle ggxgep%:f@%ééﬁalo%pr\emgpé) r%%lclo %‘frfsons
ar e r ef entleast dne igbse; dherebyosandRiateodenth thacafeWitheCoddrénpersséLomaidefxpressed

i ncorporated by reference, in their entjreties, into this application in
order tol q?rfoé |thf§/peré§§ cPRditippiomay be selspted from dhegenadifisrentinhexpression

per t ai nsprdf027] o Titene? reﬁﬁ)_%aﬁnén@,vtgggiggﬂ i@fepeﬁiuﬁﬁ@(r@eggﬁmgﬁfegg cBRpAREA o

gene difterential expression pro y apply ourier Transtorm Ag

defi ned hwerekpressedegengsned dindtexpressedl genepr dnsamthqrr efibddinentefthe pairoofa

dat abasecgr%}%igrilsnim% lgiet arll}('a %esutre Sondtions Exp E%vr'hici:hS at least one gene is differentially
expressed. In another further embodiment, the paired conditions may be any one selected
from the group consisting of tumor/normal, tumor x/tumor y, disease/normal, disease
x/disease y, development stage x/development stage y, treatment/non-treatment, treatment
x/treatment y, and infected/non-infected. In yet another embodiment, when the Discrete
Fourier Transform is applied to the arranged gene expression profiles, it gives out values
for parameters including Nyquist Frequency component, absolute amplitude, normalized

amplitude, and phase.



5 differentially expressed in a pair of conditions. A pair of conditions
refer to any situation in which two conditions affect at | east one gene in
a different manner. The exenplary pairs of conditions include tunor/normal,
tumor x/tunor y, disease/nornmal, disease x/disease y, devel opnent stage

x/ devel opnent stage y, treatnent/non-t@eatnent, and treatnent x/treatnent
y. It is generally assuned that when cells are treated wth different
stimuli hem ca i i f fer _nsx?&g- FEME and

pat hol og??gi@] st age?,§ a?ﬁgeﬂgdegﬁgdtb%grpgiggflgﬁ%g@go I eblgg §? he céecf?g&gf%mg%
di f f er entheagensr diffiainyial Tipressien geafide.dilh fome emtbealimentp thes sipoesemptingf inethods very
useful in identifyi.ng the genes, th re differentially expressed in
cortain COMB Gting ghe mothaliped ampliruge Nesus pliolule amalifude: Batebyths gene

expr ess ediffderdtidMBfptesdion! préffle i$Rpitserdtad gabichipy, devel opi ng diagnostic kits
and pharmaceutical drugs. While the pair of tunor and normal tissues wll
be enpl oje8@7lher ei nOng advantage af thetpresept methaodl isshotlimiration eddin processndfi on,
it is to_be reciated that the principles can be applied to any pair of
condi ti oﬁgr.ma?%g | Prior to the detailed description of generating gene

di f f er entdoes] expr eTht 0Bjeptivdsidndl advARESs oF the RIVEAIRsh WilPbécdedppaiehPirb@n of
Sanpl i ng Theorem and Di screte Fourier Transform [0029) The Sanpli ng

Theor em thedplewingadetailed dgsariptipn efiptséerrhdi etiodithentsi theraoif irecnngétippawitintheh

maxi num f he equal |y spaced sanpling frequency fs nust be
greater %%c%%%&fi}é%dg%%}é maxi mum frequency fmax (i. e., fs > 2 fmax) in
order to have the signal be uniquely reconstructed wthout aliasing. The
frequency 2 frmax is called the Nyquist sanpling rate. Half of this val ue,
fmax, is sometines called tBdefDessriptionof heReawinghe Sanpling Theoremis
considered to have been articulated by Nyquist in 1928 and mat hematically
proven by Shannon in 1949. Sonme books use the term "Nyqui st Sanpling

Theor end [00a3]d ot hePsefersed ‘efibadimemtSacquirding tohihe rpgesent Tinetian ewillnnéwadie t he

same Samglin heqr e See, e.q.., . ) . .

http:/ /| 476 .V\@fﬂ Feleishes tRifhis Bievensr i oibich ke Aeferange Aumeerle denets /1Hsf f man(
19971 Anglepdhfsoduction to Fourier Theory.pdf, An Introduction to Fourier
Theory by Forrest M Hoffman, 1997. [0030) The Fourier transform in
essence, [0¢Qonpose¥I@r] stmyar &t escnaplayvghplh of arsifiglagieho Bxpresgiors valus gh ds  of

di fferent. frequency . .which sumto the, origi.nal vef or It identifies or
di sti ngufh§ﬁaeg§3’f’ﬁggla‘?lfefaé‘?'8ﬂ?n¥1 mangemwih %ﬁ%ﬂgﬁ}"&ﬁﬁ%&“{ %@We'r espective

anpl i t udgpqqiThe FopidOh shéwBIeAhABHudE bXihel Foudief TRELfRS of the gx(aﬁﬂ wheiia f (X)
exp(-i 21rxs) dx. [0031] Because a digital conputer works onfy with

di scr et e28Grpaint wag alerformesdi ontoi the dafa shosnFoulliGed, afterrsfrovingothe fnggan

requires_di t | e.val ues of f(t), which is called fk. In addition, a
corrputervggﬁﬁéglnt%ﬁ%:&?%%mwgansform F(s) only at discrete values of s, that

is, it cpoignly prBuGas iditecplet 6f trfbags forfthé DEFT s0ARA SKdWn il FIG 11, hfikT) and
F(rso) are the kth and rth sanples of f(t) and F(s), respectively, and No
i s the nipwingthe mgep valieifrom thesedaimaeintsn’ one period To, then fk = ~ ~~~) _

~pNp | . fo7ay [ 0032 = 3 S Tefe e xR Tar o L
(0054 TRE; sor ot Lo T i ShpltB7ge ok ctpiiat ol s
exp(-i r Gifepknonhalrdisdaze-nornzat mdtnér Wit RS Histietiviedsgh-Foswfeatite. Tr ansf or m ( FFT)

is a DFT algorith {é]%t reduces the u(rérfbt r _of .conputations from sonething
r

on the of9&H of NoS'¥& WSS Ngen e Eowrer branstorm @b the graph gthen a
Tukey- Cogs@yofaf DI 945 ipefiBBnéd ohtdSthe Y86 SHRWNCH- FIG B %?%%o_ving e mean

deci mati on-in-frequency. The algorithmis sinplified if No is chosen to be
a power walugfromthesetdataspaints. a requirement. See, e.g.,

http://a nony. sy A..edu. au/ ~pbour.ke/ anal ysi s/.dft/, DFT, (Discrete Fourier
Tr anof or BPYEIRET ( FALE Seithofictn BROIFS, B0 U oo el pnplatirobiiun REGE Jode

1 993. [ 08136dse-HoemaPrAbdas@hb@inl danhblowih 8 AlsBh&iveHIEh-Ww fdaftlds Sighilk tIFIQE

m croarray technol ogies has been very limted so far. The Discrete Fourier
Tr ansf or RytHhe genedp cxpasicdipeenderrexpiessed frythe disepssrtisoti. cal | y expressed genes
based on tinme course mcroarray or the cyclically expressed genes in
cell-cycle specific genes. See, Luan and Li, Model -based nethods for
identifying periodically expressed genes based on tine course mcroarray
gene expression data. BlI O NFORVATICS 20: 332-339 (2004); Wchertl et al.,
Identifying periodically expressed transcripts in mcroarray tine series
dat a.




7 Bl O NFORVATI CS 20: S-20 (2004); Zhang and Zhang, Fourier Harnonic
Approach for Visualizing Tenporal Patterns of Gene Expression Data. Mirali
Ramanat han. The Conputati onal Systens Bioi nformatics Conference, CSB2003;
and Shedden and Cooper; Analysis of cell-cycle-specific gene expression in
human cells as determ ned by m croarravws and doubl e-thym di ne bl ock
synchroni zati on. Proc Natl Acad Sci US A 99(7): 4379-4384 (2002). It is
obvi ous idoaé) the ceidi6a%RbRs ﬁféerﬁhédlfﬁdg%f'ﬁx% Mb?Tﬁ‘dfﬁfo‘?ﬁ%ﬂtﬂe B pﬁ\cﬁi‘eﬁram
manner so that the Fourier Transtform nmay apply. Thus, the ation may be
due to | 3ékpoint AHTimas ipprfbumed dninethe fdetanshomint ini FIG ﬁeaftercneamwngythdane:an[ 0037]

Now t here re detail ed description of the present invention
in accor&?;\lﬁ?:gp) %ﬁgﬁtﬁé)oﬁg%ect of the present invention. The gene

di fferenfdoahy expr esss @B Pk pl %'Ic:)%?of thedSASE BiraHe D ROPIMA @HO\IJIIP?n PR |5, kfagwn
Di screte Fourier Transform ( to gene expression profiles. The’ met hod
di scl oseterhtieg thertmagrvmwftheasdatamdlrm i minating of the process of

normal i z [0 n ene, di ff.erenti al r of for a
pai r of @%’h@iti on ﬁﬁéﬂ\\//\{l’é’ s, Hoyghat o Easpsrﬁ%rag)ng)r CHSWSr‘Q é) Lﬁé%fe@n?%} be
gener at egxpreRRndRoLlea RERTENRE With®nk letbalinidhe oflihe Pasent ihdsiiign By be
represented by T; and the gene expression profile of the normal tissue by

N;. The [9%¥nsity BICSashgwene notmferagninde ofin 82tpeins R héerdhe 10 ganesithatoar r ay
data or & blicly or privatel
avai | abl g}% q%@e!?f?y ?’E%%g%@ gxgr%égﬁ{otﬁegrbop&{ e icly or privately

s are arranged alternatively

bet ween foogojdi seasBIG Bbshoes aplotrisiimanituds 6£1€ 92 fpointXEMrethe 10 geRnBat
expression intensity data from M slides nay be arranged as illustrated in

Tabl e 1. al[eo@mguipalbrrdéffqrenmarlyaﬂxmsmmr@ %%?h&‘ﬁ@errent of the gene expression

intensit ta of i I enes.

[ 0040J GeKoggﬁ IN 1T Rﬁ&)g .Sﬁ‘.%.égFm_éﬁﬁﬁkfggﬁ&b@ﬁé%@%&%&%Q%@A@fg&%%

316. 932 7@)infASH, it PAEVeAGe teXisin (G)LARSKDS. 5

11711288, 4108. 6510 37. 65103. 65101,.75

107. 911382 35102 5@%%@598’&2‘?% £ ¢onyentional sgatiey plegsofmicyoarray data where

5199. 051#h¢ [YoBRAGRRES 4s plot the Log2(G t Log2G

D43, 0150 EIRELRAIBRRASH) brd o7 %5 Plot verss the Los2(Green iniepsity) of (Log2G).

S2. 15171[008%29. 5 FH} @enshowslydtddnothed @BVaBIHS] 9Gitter HlGeok mitr82at Ha@10. 7S
2S9 387. 2g %% 82.4 118.7S 100.1 S 234 285.25 360.65 21 5.7S [0041 ] As
shown i nVEF§ ISB]PBY?rFW of a single gene expression value in a

di seasenfop®! - di SeBEG-1004HEHs tﬁ@ YR ofAB8 NyRfufs ﬁe@reaelﬁmrdmeddh lifgdel Ve
hi gh-1 ow feature. Now, the ﬁga becones ‘a waveform'so that the Fourier
o

Tr ansf or werses Npeuistdequency ¢\ Aoplitude foualditheegenas$ irf the qismaChip used for
phase/ an J'o%tat aé%%gé ute anplitude and normalized anplitude of the graph. If

t he gene expression values are plotted the sane way, then the
expressr on datasets for all the genes can be conputed by the Fast Fourier
Transform As discussed hereipafter, prior know edge of a gene whether it
i s overexpressed or underMﬂ%gﬁqwtwat"f&hﬂm’@éﬂﬁnfor the present
i nvention because the phase of the Fourier Transformw || determ ne whet her
the gene is overexpressed or underexpressed. For the purpose of
i Il ustrafooes], FI G The prosenti ifiventipameayibe andeostsod troné teadily dy-refepenes s@thel N a
di sease sue, pressi on intens or the valu of the gene in the
di sease fqlﬁo%%g 9&3@ %écrfﬂt@qé’? cetain ef“h?ﬁ%“?‘?‘?tst‘}féhﬁ)‘é‘l"?‘et Mormal tissue. is
to be nojoggert hat I frhiBREhBaE tl@i@ & 1cﬁﬁ§ﬁ’ fv\@irerer %@bﬁ@%xﬁsﬁfeo%tg%@cd(ﬁgdfz]
V\hena26p0|nt DFT was rtormed onto the graph shown in FIG 1
magni t uddiselpsurhe of-these publ%aam aethewsby tiheorporated bysre£¢ronm, lmtlﬁir@nneetles,t is

bt oue ETELSTRAAER e EpdRIE RSP IRvad a SEt L ghad =

conponenpertding he transform In particular, FIG 2a shows the higher
frequencg)ﬁcorrponent as the Nyqui st Frequency. A0043 However, if one gene
is not ctAFlstentl ivh@prqswtewp@rqur@xptee@gaerhp for generatistg gingcdifferentialmal
tissues, en a

di seasen%;rﬁr]rrﬁ S% g(gfgltgggoai r‘rgllg ly %{IH& ?Fans ‘Ee‘mgen&é? 3&?5@3%&9& B Wit hg%n%

di sti nct dnfferéntghekmwssimpwfﬁe’amfsﬂ%m datalechBntaTr’ﬁﬁg at tdast offlehgerw thphiswoul d
not have a single fundanmental frequency identifiable fromthe plot, as
shown in FIG 4. To be nore specific, the Nyquist Frequency conponent that
is expected has a | ower magni tude than other frequency conponents. (0044]
From t hese observations, it is apparent that the Nyquist Frequency
conponent gives an excellent indication on the differential feature of gene
expressions in a 9 pair of conditions, i.e., whether a gene is

drfferentr aIIy expressed on one of the par red condi ti ons. Theref ore, |n one

R Y B oy I LY Y o Y L 1




10 values fromone slide are positioned together, while the values from al
slides for one condition is alternatively positioned by the values from al
slides for another condition 30. Then the programrenoves the nmean val ues
across the slides for each gene expression 40. Then the program conputes
the DFT on gene expression profile andbextracts only the Nyqui st Frequency
conponent 50. Then the programextracts other three paraneters: the

absol ut e da¥abrtialig @xplcbRdnR a Pakr @f%namahé t Aqﬁalxamohhﬁma@?a& t@oany-ghﬁe{hotnhe
program sorts gene expression using the normalized anplitude ih the
descendi ngW@rQ!neﬁwwmnde affest pt lsgstaoneegene do asdiffarent omnher. 2The exomgplary

clusterin most _Li kel ndi d tes .f
£t or ondrisy B 8Batos pRHE dbRBy AGmalo PTRRL xihtBr. cBese bRl fisgareor o
t he progkaliReassss dwelaﬁmeﬂ@stage QR4 fpnient ¥Rige Sy, [ @OAREnTRGR BeRtRAD! A9 are
described solely for purposes of illustration and are not intended to linmit
t he scop#egmenh¥/tieptpant ot lsxgeppr@mg rassyp@dl thatowhesr edls lazey edsedwith iffergasd

of i m ¢ SRR BPEREREAR. ST AL g SEATI B BRRAL AP DRbiep Ciadts P00

| nsti t ut €hea§er& ogsredsion brcffﬂé ofehé fdellgtviflbed HiffdrentPAR S RTlhglyNVEREY, QNgerdr 0ad
Institute, is a research col|aboration of the I\/assachuset%s | nsti tu%e of

Technol ofiffesemiialgxrrasstpnuprpiiteris |V1e§y uspfid inideatifting theczenpes thatians|differentiallyhe

foll b| i
pgpe?W‘cgl B’gg@s}% em@é)%%fl le g H% %@%ﬂﬂé %ﬁéeg%nr%ég@?%‘% rcga Fase %lﬁ} éxg)?%/ lP‘oaded
from t hetunmdredvitidelr esfulbiacgets éort devielopiny diapasstioddts dophahadesical daips.i t

woul d segyve, as a contro| for the present invention. See, Singh et al.,
Gene exp%}glﬁ ﬁﬁ Qag’iP fumet agg nermay; t&%wewélétb&%nalaﬁ%heméw%wra Hheer

Cell. 208g lysis
was usedBtI(l) dsegﬁh% %%ﬁ%g%% g{ﬁ Irﬁfég t a@ycf%{ﬁgﬁéﬁﬁ@%gﬁﬁgg%@%@r of
this di sEaaHpa&afghnahtlond concluded that a set of genes was identified
that str ycorr |.at ed . wi e state of tunor differentiatjon as,
measur edﬁl@gé]GI easo rigr {0y the ef%leaélgﬁﬂr’tpé‘oﬁl"é BSATRIinG geney tgrezma’[ BEBSIoNp| e
2. The r 16,%hére A5 pRIVIGY £brief descrlﬁﬁorﬁﬁf"sgﬂbﬁné\@h@@ﬂehlzﬁrﬁi PalctEREHiGL 1 ON
Results Success Rate Prediction Results Success Rate 4 Gene85. 7% 7. Z9%2G
4(30J35) Tnefopnl 35) nodel p w O. OOG*p = 0. 000548 81GR2. 99%S. 7% ene27

Turor -T2 e nbPemBling rSpEfh Sales Al For.p el paiidth (hand KB - o |
p val UeSs@ﬁ:il%klﬁhﬁdnbu’mﬁ}dilh&ﬁcysfn@kaﬁfe ch@slly bf¥eadkarh ?l'iné ﬂs?&aepﬁsxhﬁﬁtﬂeon of

t he met hod of the present i nvention, we downl oaded metri x datasets.
Froom t hi Seagt 8aBttwicseof the mexiraum freguencyr fmmect(j erefr T %fg‘@ﬁ)elne()(éﬂetgélabﬁﬂfeor

prost at ey ot 6 r r mal ssuyes si gnal
val ues o eagtﬁer 'Itnﬂgaglfor&}%ﬁgétﬁrﬁ(r}g‘[tﬁ{h a?:lggr%g r”IIhlgng%cguen% A& ar c?lllessﬁlg wer e
arr angeleyqutsheampIrﬁg rrateneHaf ofithusslee fmak;|ie sbmetingds tdlRdathe agadst

expr essi rofiles were subjected to the Fourier Transformof_ the present
i nventio Y-d PiSF‘fTEPE‘ eqrsny tneansigeted taihgKe Ragn prtighlatesbyt Nyquist in

f undaman]@jg {deANGEEY AN tprB‘@en"W %141199111( 51{199 (0TS omdd Bk IS BR: tgxglgeﬁgﬁflstw th

their expression Intensitives, out norma lzatlon, were use
Sampling Theorem", and others use "Shannon Sampling Theorem". They are in fact the

same Sampling Theorem. See, e.g.

http://lanoswww.epfl.ch/studinfo/courses/cours_nonlinear de/extras/Hoffman(1997) An I

ntroduction_to_Fourier_Theory.pdf, An Introduction to Fourier Theory by Forrest M.
Hoffman, 1997.

[0030] The Fourier transform, in essence, decomposes or separates a waveform or
function into sinusoids of different frequency which sum to the original waveform. It
identifies or distinguishes the different frequency sinusoids and their respective amplitudes.

The Fourier transform of f(x) is defined as



classification using Ei sen's K-Means Cluster Program See, Eisen et al.,
Cluster analysis and di spl ay of genome-w de expression patterns. Cenetics,
Vol , 95: 14863-14868 (1998). We successfully differentiated the tunor
slides fromthe normal slides with high prediction rates, as shown in
result section. [0054] Prior to discus$&i on of the classification results,
the terns and nethods for verifying the performance of the present
invention are set fgth bel ow [0055] Bayes Theorem Di seaseNo Di seaseTrue
Test True Posi tA(gesHal #f) BxpfiitdnvgsiEal se Test Fal se NegativeTrue Negative

[ 0056] SENSI TI VI TY/f&€057] Definition: Percent with the di sease who test
positive. 0%0058] Formula: Sensitivity = True Positives / (True Positives +

Fal se PofQ%B1lves). [Beswpe aptigitel computer wporkp el wWikr discrete datapapmerical

wi t hout i : i . : i fieis ypz, Tr ue
Negat i vetg&ﬁp ?’#‘?‘5‘?%‘3@?&“&%‘3&% ﬁ%ﬁsé@@g@&‘ﬁ%?}ﬁ%&%ﬁplﬁ%ﬁ% LR DA 11 Ve
VALUE [ 0263]leD6f ilniatldivion, Pesmapnér @b coapiutd the trafsfbin W) oabt ataliscietdoalgest he

Pos: t1 vebl & bisat KByt RERYidE SheEte MEpIR ViEherBDrom bE MALOR podee) |
Positive ] }

Definitigp it ' Q130 vV j 67]
For mil a: "R GERBERBRRT VLG R, HRRe Rl oind RS P FufteSREE S "
Fal se Po#i thesiza}l ih@o6@eriddhE, themssi fi cation results of the 46 prostate
cancer tissues and 46 normal, ti ssues fromAffynetrix are summarized in
Tabl e 3 and Tafji=T4kT) 6069], ‘Ti&f)e 3. The classification results of the 46
prostate/ normal pairs for un normalized data. D seaseNo Di seaseTrue

Test 392Fpjogg Test 744q[ 0070] We then used the above-discussed fornulas to
nmeasure the performance of the present invention. The results for Table 3
are as foll owsg H"%‘&] Sensitivity = 39/(39+2) = 95.12%[0072] Selectivity
=44/ (44+7) = 86.27%

[0033] where

— — -
5 —21t:F0 —ZnTO .

[0034] The discrete Fourier transform (DFT) is defined as

N, -1

F = kg S €xp(-i 7Q,k) _ 4
where Q= 2n Ny

[0035] The Fast Fourier Transform (FFT) is a DFT algorithm that reduces the

number of computations from something on the order of Ny> to Ny log No. There are

basically two types of Tukey-Cooley FFT algorithms in use: decimation-in-time and

decimation-in-frequency. The algorithm is simplified if Ny is chosen to be a power of 2,

but it is not a requirement. See, e.g., http://astronomy.swin.edu.au/~pbourke/analysis/dft/,

DFT, (Discrete Fourier Transform), FFT (Fast Fourier Transform), Written by Paul
Bourke, June 1993.

[0036] The application of the Discrete Fourier Transform in the microarray
technologies has been very limited so far. The Discrete Fourier Transform has been
employed to identify the periodically expressed genes based on time course microarray or
the cyclically expressed genes in cell-cycle specific genes. See, Luan and Li, Model-based
methods for identifying periodically expressed genes based on time course microarray
gene expression data. BIOINFORMATICS 20: 332-339 (2004); Wichertl et al.,

Identifying periodically expressed transcripts in microarray time series data.



[0073] Positive Predictive Value = 39/(39+7)=84.78% [ 0074] Negative
Predictive Value = 44/ (44+2) = 95.65%[0075] Prediction Result =

(39+44)/ (46+46) = 90.21%[0076] Table 4. The classification results of the
46 prostate/normal pairs for nmean nornalized data. [0077] D seaseNo

D seaseTrue Test422Fal se Test 444 13 [f0078] W then used the

above-di scussed fornulas to neasure the perfornmance of the present

i nvent i oBIOMMEORMATICS 20r5-D8(R604); ZhiahgamdZhbh) FourieP Wb8home Wpptdach fob =
42/ (42+23V= ZS 45% [ 0082] Sel ecti vi ty =44/ (44+4) = 91.67% [0081] Positive
Predi ct | Véugdring LerapqranPpdterns of Gy, Fomesy owémi Murph Ramanajhanygihge =

/ %
(ootay 1 Sompinondt $AA B3 %ﬁ%ﬁ%%c@ﬁ@% RSB0 i Shedlh mCodtles
resul ts dhabwsizsefitcellnyeletipaifhr ;gese @apiasmm Iny hagdameteelisham démnpuw :b@hed g

k. | ddi ti r nt invention i.s nmuch er an
e T b el e b ety A el
resul ts begyeeTol fRRHEEBN T {sHER s Wkt céll?%rsen{f)gplf% egﬁf}l:s wgl.lxlﬁ%x%(rge i ed

that 9 out Of the first I8 genes fromt I nv ron are nti cal
to the onwvaﬁmd rmanngi srgthasﬂ&@ogameTmsfehn niﬁatﬂpply's Ehmm&etlilnﬁtaltieﬁ talybe

0086] Tabl e The correspondi n nes.identified the present invention
<[51nd s% ngfAY f la?ko rggggl?y %‘?‘6@@’%{8@9%%@3@ %E’A@??}?a)f 8432598 at x541706

at 637366%o%hij33656 NoBAthtHSis ProAded® ntbré BB dexc {5&&&‘912 esthtthed é

at 1331 527 at 1438406 f atx15 ~397S5 atx 14 1640024 at 1/39054 at x1838028

at x [ 0088] acrerdanpewithane aspest ofl gret presend inveptidio Gbogengydififehintial expressiod 8a

h hi € expression of i w f h.an gasi entifiable
£ UndamonpRte [Tkl 65, RN R EICBINTD RireleE aliter TR BRRDET) Skt
profile wkprb&itn uésegmewemotﬁwomthemws Simplél et afddaélirﬁmﬁh'x‘fgj@mt al
frequency. [0059 For further verification of the nethod of the present

i nvent i oRrocass$f agraalization,
[0038] When a gene differential expression profile for a pair of conditions between

a disease tissue and a normal tissue is to be generated, the gene expression profile of the
disease tissue may be represented by T; and the gene expression profile of the normal tissue
by Ni. The intensity of the gene expression could be extracted from microarray data or
GeneChip array data that are either publicly or privately available. Then, the gene
expression profiles are arranged alternatively between the diseased tissue and normal
tissue. For example, the gene expression intensity data from M slides may be arranged as
illustrated in Table 1.

[0039] Table 1. An alternative arrangement of the gene expression intensity data of

the disease tissue and normal tissue from M for N genes.

[0040]
Genes T, N T, N, cees Twm-1 Nm-1 T™m Num
Genel 393.15 280.4 323.75 3169 327 300.5 255.15 2639
Gene2 1514 1025 1085 117 112 88.4 108.65 103
Gene3 137.65 103.65 101.75 107.9 113 86.15 102.5 91.15
Gened 217.65 189.75 213.5179.65 223.15 199.05 1774 170.4
GeneS 1914 135 152.5 1439 150.65 146.15 146.15 134

Gene6 929.25 122 141.25197.15 143.75 152.15 17125 1295




dat aset was downl oaded fromthe foll ow ng URL:

http:// mcroarray. cnncresearch. org/ Li st Proj Exp. asp?Proi ect Nam e=W5i | k+Macul
ar+Degen oration. This is an experinment on Macul ar Degeneration using
Affymetrix GeneChip HG U935 Av2 conducted by Karl Csaky at National Eye
Institute. Experimental Rationale: Age8rel ated macul ar degeneration has a
strong epi dem ol ogi ¢ associ ation with cardi ovascul ar di sease. One

pat hogeni ¢ hgpgd hesis that applies to both diseases is the concept of an
abnormal cellular response to injury resulting in a disease henot¥(§§.

Furt her nor e, Nrk haHlb&En hyBot 969 28412 hat t hi d13Hd0r mB2.4cel 1181 74r Honse
Is also presgnt in dermal fibroblasts. It analyzed this hypothesis by using
m croarray tg'EWhol ogy. [0090] W used the sanme microarray data fromthe
published pawer, asgb.gerfigysed vhesgastering andach@ver 1H¥Y%ss UEGERS
prediction rate. The top 10 genes are: FABP4, Cl4orf132, COX7Al, AKAP2,
DLCL, | CAM2, | CAMR, PECAML, PLA2GLB and | CAM2 (genes are represented by
their sy s). [00Q thar ct pf .t resent invention i.s the

ar aphi o PENCL ot ackotost BN 1 BRRERLAFT shef EEEMsri Y T B 45eebds g

t he par apeingdlsdistasd-vedndlrmandeh gebedsed grdpduwitBra disensiiw AghDoW) featthe
paraneters include absol ute anplitude, normalized anplitude, and

phase/ anbiod, thepgrapl) becgmes apyayerasmesorthafrthe Fouries Tgfrsfonny may pe applicdrtedindt s are
al ways i f5m I = [ I |8 L real conm t and
Jis the&llt?rtgg?#\ar y\égeg}rlrggcﬂu%éﬁlf f’ Rhaiq'ega@;[?]’iagse%ﬁgs Ly Ei] ﬂd% afgﬁl_orﬁﬁlézeﬁﬂ n ‘Zl?&%f

poi nts i of DT gehphenIfSaldnhd lgend eRpitesslan avales dre plowal the seheagd i thee same
nunber of points _as the ipput data, or |arger, one enhodi nent of the

I n
present PHRFEIIQNoTRtasgls foppll thesgenes gam bepempyted by thgbiast FopoenBransieany dise

Apl i t udgiscussed hereinafter, prior knowledge of a gene whether it is overexpressed or

underexpressed is not a concern for the present invention because the phase of the Fourier
Transform will determine whether the gene is overexpressed or underexpressed. For the
purpose of illustration, FIG 1 shows if a gene were consistently over-expressed in a disease
tissue, the expression intensity (or the value) of the gene in the disease tissue would be
higher than that in the paired normal tissue. It is to be noted that it may not be the case for
real expression data.

[0042] When a 256-point DFT was performed onto the graph shown in FIG 1, the
magnitude of the Fourier Transform of the graph is shown in FIG 2a. It is obvious from
FIG2a that if the gene expression is regularly differentially expressed across the slides,
there is a significant higher frequency component in the transform. In particular, FIG 2a
shows the higher frequency component as the Nyquist Frequency.

[0043] However, if one gene is not consistently differentially expressed in a pair of
disease/normal tissues, it is expected that plotting of the gene expression value in a disease-
normal-disease-normal manner will not generate a graph with a distinctive high-low
feature as shown in FIG 3. Therefore, the graph would not have a single fundamental
frequency identifiable from the plot, as shown in FIG 4. To be more specific, the Nyquist
Frequency component that is expected has a lower magnitude than other frequency
components.

[0044] From these observations, it is apparent that the Nyquist Frequency

component gives an excellent indication on the differential feature of gene expressions in a



15 [0094] Let the nunber of point for the input data, f, to be No, the DFT

of this data is given by: N-1 Fr = ~ fk exp(-i rSZ~k) w xere ~0o = 2~ No-1.

[ 0095]

So Fr will be a conplex number in the formof: [0096J Fr = Rr + Jr

[ 0097] The absolute anplitude is defined as: [0098] ~Fr~ - Sqtr(~Rr~2

1 Jr12)

[ 0099] Normalised Anplitude [00900] Normalised anplitude is defined

+

1

as the absolute anplitude divided by the sqgrt(total DFT anplitude). [00101]

Let F~o-paibeftchedifiohgli.eDFihaha 4 goiteis diffefdhtinBy eRpiebRd @S ond\of th
~ I Fn n=0 [00103] Then the Normalised anplitude is defin

[00104] sonditipns. | Thareforiialone oatwsimertcafr the mgesent mamsteqmla' gengrberential FTo~|

FTot al

Frotar  <rgesthitoflZin ARG aRn PSR Tl 8P NSt Rsabiicroscatipbiitil

FTot ar

Tr ansf or perieex@rkséioR rofides f1AN AQRir oForditiond by dpplking thRF ol DRhsfb@h. t he

pur pose of conparlson t hree conventional representations of gene

di f f er enf9043] expr eNoWoivhen argene ds wrder-eKprgpserl in thealisaise ggsue W@lga plils a

convent

r

eapaZreHOOJ-OZ]

[ ¢ ity is
o1 ot ver Salse ORI Tl he g ok QAT Y ofiBh Tl il R St bioh BRERG o
may repr asshotvnge FeG lfWMecﬂlﬁexaﬁefrbmSﬂs&Ja& cfitheoveraxpesed. gehtsC G Sitows
conventlonal sc tter, plot of mcroarray data where the Log2(Red

anot her

i nt ensi t § S¥MRlpyRragh pla ﬂpslte 8FBF SHRressien Velyo| (r@ dispaserposmal-diggasgmomalg2c) .

For

manner with a distinctive high-low feature similar to FIG 1, but the gene is expectedly
under-expressed in the disease tissue. When a 256-point DFT was performed onto the
graph shown in FIG 5, the magnitude of the Fourier Transform of the graph is shown in
FIG 6a. It is obvious from FIG 6a that there is a significant higher frequency component
in the transform at the Nyquist Frequency component, indicating the gene is differentially
expressed. FIG 2b is the plot of the phase for the DFT of data shown in FIG 1 while FIG
6b is the plot of the phase for the DFT of data shown in FIG 5. It is obvious now that the
phase of the Nyquist Frequency in FIG 2b is different from that in the FIG 6b. To be
precise, the FIG 2b shows a zero radian (0°) phase shift at the Nyquist Frequency
component whereas the FIG 6b shows a -n radians (180°) phase shift.

[0046] Then whether a gene is differentially expressed can be determined indirectly
by measuring the amplitude of the transform, and whether the gene is over or under
expressed can be measured from the phase of the transform; without knowing the ratio or
log(ratio). More interestingly, the inventors of the present invention discovered that the
“Nyquist Frequency” alone gives excellent results so that the DFT formula is simplified.
In one embodiment of the present invention, only one Fourier coefficient (N/2)™" is needed,
or that of the Nyquist Frequency. Hence the whole computation time is dramatically
reduced. For example, for 92 slides of 12,500 genes, the computation time is reduced from
650secs to a mere 4 secs due to the simplification.

[0047] Now referring to FIG 7, there is provided a flowchart of a program for
generating a gene differential expression profile in accordance with one embodiment of the
present invention. When the program starts 10, it reads input file/data 20, wherein the
input file/data may be manually input by a user or downloaded from a public or private

database. Then the program will arrange the input file/data in such a manner that the two




16 exanple, the Logarithmtwo of D sease gene intensity is plot versus
Logarithm two of Non-disease intensity. FIG 9c shows yet anot her
conventional scatter plot of mcroarray data where Mis plot versus A In
this representation, the Mis defined as: M= Log2C, where C= R G the A
is defined as: A = (Log2R + L0og2G /2. 1@ is obvious that FIG 9c provides a
better representation of gene differential expression profiles. However,

t he naj okaluys Glont be gledeesret fraitioned t08ithét iWheleans valuky fieP B SHAss #r€one
condensed around the zero horizontal line so that it is hard to visualize

the diff epnditiomis|altemnapively pesitigessely theoplups frompall slides fori angthep conditiar30.t he
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so limted. Alternative egBodi ments of the present invention will becone

appar ent PIOgam gXaqis, thedgp d Prilngangs’sqprassion vakies for clusieripg antheteoss likelgnt
inventio Edked 85 dif : i ons|
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Accor di nptogranh hemectops eafl he present invention is described by the
appended_cl ai s and i s supported by the foregoing description. 17 CLAI M5
What is Pﬁé‘ﬁmsd isgx@plﬂs nmet hod of generating a gene differential

expressi oad)r of i | eThQk eRampies aRf desOrmslidtd ' i ng
st eps of ?Gaggqui ring n setsigﬂsl)? of géne g%fgéguﬁosgfgﬂu@t g?antﬁ%g@%(gir of
&l

condi t i oivendgfh &g Bmit the saope iaventipsn eA haugh epeific terme havyebeenexmiesdi on
profile .t xpression yval ue ane for T and, anot her for..N wherein
each set H% ‘“géiﬁgq%‘g‘graiigﬁ?%‘ﬁ“*@}‘b? ﬁ?ség‘_l"é‘b%ieaf%a_é’ Oé_g‘?{é’él,rpc_ﬁﬁ%lo RS m > 1
arr angi ngosdle n setspbtataditasBRALESMBadet FHon Bfoald InRithte A8 8 beRSIRek fdr- € »
S1(TIN1) S2(T2N2)...Sn-1(Tn-1Nn-1) SnéTnNn , .SO the gene expression val ues
f r om oneveiHifation of the presentainmentione| Braadtlostifuteeld doiesedreh snlabdration afitheher
condi t i ogy | yi th L screte Fourier Tr formto e arranged gene
expressiolgir%l s%{z}ﬂﬂgﬁ%f %ﬁr&g%tghggg%ﬁg? OER e tﬁag ar&gﬂ'ﬁ“‘é‘?ﬁﬁl%ssitlh g?%?% Ys;
t hereby gewarlandaplé he fgeme difd er €o1lioati ngx Pr BRELID.PRAW. brad. Bt ddigepai r of
condition. 2. Tpe met.hod of claim]l, wherein the gene differential
expr essi SRBIGHPHEICYARRPIHS PARCICEHI00gRUCHERAPCIL dsr 2 by candi dat e genes t hat
are eithgpsqver expey, gfaogta ?&Q&? R %?c?age# ?roﬁ{ fhtla.ecriﬁeﬁfadzl&% B&alislheir.
conditions may be selected fromthe gene differential expression prohl
work has been published so that it would serve as a good control for the present invention.

See, Singh et al., Gene expression correlates of clinical prostate cancer behavior. Cancer
Cell. 2002 Mar;1(2):203-9. In this study, microarray expression analysis was used to
identify genes that might anticipate the clinical behavior of this disease. Singh et al.
concluded that a set of genes was identified that strongly correlated with the state of tumor
differentiation as measured by Gleason score. Its results are shown in Table 2.

[0052] Table 2. The results from Singh et al.



3. The method of claim2, wherein the gene differential expression profile
is conprised of overexpressed genes and underexpressed genes. 4. The net hod
of claim1, wherein the pair of conditions nay be any paired conditions in
whi ch at | east one gene is differentially expressed. 5. The nethod of claim
4, wherein the paired conditions may b®lany one sel ected fromthe group
consisting of tunor/normal, tunor x/tunor y, disease/normal, disease 18

x/ di sease y, devel opnent s [ devel oglman . Si qe Y,
treatment/non-treat nemdlctioﬁl?c%él[ Rt vt/ tpéewﬁ»if'ﬁ‘if'“,ﬁﬁds%es?@@d
T O N OUT O B
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Fourier Transforlmis japp w e?iz" Xpression profiles, it
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gi ves out val ues| fGere § equency comnponent,

absol ute anpl i t ydeedl 1y phases| 7. The method of claim
6, further conpr|i si ngiEs the nornalized anplitude versus
absolute anplit } expression profile is
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We successfully differentiated the tumor slides from the normal slides with high prediction

rates, as shown in result section.
[0054] Prior to discussion of the classification results, the terms and methods for

verifying the performance of the present invention are set forth below.

[0055] Bayes Theorem
Disease No Disease
True Test True Positives False Positives
False Test False Negative True Negative
[0056] SENSITIVITY
[0057] Definition: Percent with the disease who test positive.
[0058] Formula: Sensitivity = True Positives / (True Positives + False Positives).

[0059] SPECIFICITY
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[0068] The classification results of the 46 prostate cancer tissues and 46 normal
tissues from Affymetrix are summarized in Table 3 and Table 4.
[0069] Table 3. The classification results of the 46 prostate/normal pairs for un-

normalized data.

Disease No Disease
True Test 39 2
False Test 7 44
[0070] We then used the above-discussed formulas to measure the performance of

the present invention. The results for Table 3 are as follows:

[0071] Sensitivity = 39/(39+2) = 95.12%

[0072] Selectivity =44/(44+7) = 86.27%

[0073] Positive Predictive Value = 39/(39+7)=84.78%

[0074] Negative Predictive Value = 44/(44+2) = 95.65%

[0075] Prediction Result = (39+44)/(46+46) = 90.21%

[0076] Table 4. The classification results of the 46 prostate/normal pairs for mean

normalized data.

[0077]

Disease No Disease
True Test 42 2

False Test 4 44
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[0086] Table 5. The corresponding genes identified by the present invention and
Singh et al. '
[0087]

1 37639 at X

2 38634 _at X

3 41152 _f at

4 32598 at X

5 41706_at

6 37366_at

7 33656_at

8 41468 _at x

9 1740 g at

10 39315_at

11 40282 s at X

12 1804 _at

13 31527 at

14 38406 _f at X

15 39755_at X
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16 40024 _at
17 39054 _at X
18 38028 at X
[6088] To illustrate the identified top 10 genes graphically, FIG 8a shows highly

repetitive gene expression profile with an easily identifiable fundamental frequency.
However, as shown in FIG 8b, the gene expression profile without any regularity does not
have an identifiable fundamental frequency.

[0089] For further verification of the method of the present invention, a second
dataset was downloaded from the following URL:

http://microarray.cnmcresearch.org/ListProjExp.asp?ProjectName=WSilk+Macular+Degen

eration. This is an experiment on Macular Degeneration using Affymetrix GeneChip
HG_U95 Av2 conducted by Karl Csaky at National Eye Institute. Experimental Rationale:
Age-related macular degeneration has a strong epidemiologic association with
cardiovascular disease. One pathogenic hypothesis that applies to both diseases is the
concept of an abnormal cellular response to injury resulting in a disease phenotype.
Furthermore, it has been hypothesized that this abnormal cellular response is also present
in dermal fibroblasts. It analyzed this hypothesis by using microarray technology.

[0090] We used the same microarray data from the published paper, and performed
the clustering and achieved 100% success prediction rate. The top 10 genes are: FABP4,
Cl4orf132, COX7A1, AKAP2, DLCI1, ICAM2, ICAM2, PECAMI1, PLA2GI1B and
ICAM2 (genes are represented by their symbols).

[0091] Another aspect of the present invention is the graphic representation of gene
differential expression profiles by using the parameters derived from the Discrete Fourier
Transform (DFT). The parameters include absolute amplitude, normalized amplitude, and
phase/angle.

[0092] For a Discrete Fourier Transform (DFT), the results are always in complex
values, i.e. F = R+Ji, where R is the real component and J is the imaginary component. i is
defined as sqrt(-1). The number of points in DFT depends on the input data. It is usually
selected as the same number of points as the input data, or larger. In one embodiment of
the present invention, we selected the number to be equal.

[0093] Absolute Amplitude

V.
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[0094] Let the number of point for the input data, f, to be Ny, the DFT of this data

is given by:

NE-I
F, = P Jr exp(-i rQpk)

= -1
where Qg 2n NO ;

[0095] So F; will be a complex number in the form of:
[0096] Fo=R,+1,i
[0097] The absolute amplitude is defined as:
[0098] [Fd = sqte(IRd” + 1)
[0099] Normalised Amplitude
[00100] Normalised amplitude is defined as the absolute amplitude divided by the
sqrt(total DFT amplitude).
[00101] Let Ftal be the Total DFT amplitude, which is defined as:

No-1
[00102) Fra = 2
[00103] Then the Normalised amplitude is defined as:
[00104] F = F

ry \/m

[00105] According to Parseval’s Theorem, Fr,, can also be calculated from the

input data points as:

No-
[00106] Frow =N, g 5[

[00107] The Phase/Angle of the Discrete Fourier Transform is defined as:

[00108] 6, =tan™' (‘Ig—’;)

[00109] For the purpose of comparison, three conventional representations of gene

differential expression profiles are shown in FIGS 9a-9¢c. FIG 9a shows a conventional
scatter plot of microarray data where the Red (R) intensity is plot versus the Green (G)
intensity. For example, the R or G intensities may represent genes from disease tissues or
normal ones. FIG 9b shows another conventional scatter plot of microarray data where the

Log2(Red intensity) or (Log2R) is plot versus the Log2(Green intensity) or (Log2G). For
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L™ 31 " 10%o€ertgxprdsi¢d péreklwifich the Nyquist Frequency phase is zero, is set positive, and the
normalized amplitude of under-expressed genes which the Nyquist Frequency phase is -,
is set negative. This representation makes the differentially expressed genes prominent.
[00111] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.
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condition are alternatively interposed by the ones from another condition; and
applying the Discrete Fourier Transform to the arranged gene expression values for
each gene of the set of gene expression profiles; thereby generating the gene differential

expression profile for the pair of condition.

2. The method of claim 1, wherein the gene differential expression profile contains at
least one gene; thereby candidate genes that are either overexperssed or underexpressed in
either of the pair of conditions may be selected from the gene differential expression

profile.

3. The method of claim 2, wherein the gene differential expression profile is

comprised of overexpressed genes and underexpressed genes.

4, The method of claim 1, wherein the pair of conditions may be any paired conditions

in which at least one gene is differentially expressed.

5. The method of claim 4, wherein the paired conditions may be any one selected

from the group consisting of tumor/normal, tumor x/tumor y, disease/normal, disease
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