.27 Decenber 2004 SPECI FI CATI ON METHOD FOR PROCESSI NG GENE EXPRESSI/dp¢cemntiea 2004
- AND PROCESSI NG PROGRAMS Technical Field to which the Invention Bel ongs The
present invention relates to a technique for statistically analyzing the
gene expression data acquired from a DNA chip fixed with a multiplicity of
genes as spots. Background of Art The DNA chip is a fixation of a plurality
of genes as different spots on a substrate of a slide glass or the |ike.
For exanple, a mcro-array is fixed with several thousands to several tens
of thousands of genes as a targeptzcThecharggt utilizes a single-stranded
DNA or nRNA. The DNA chip substrate can utilize a variety of ones capable
of sustaining a nucleic acid thereon, including a plate of a glass or the

| i ke processed with a coating in variety, a film of nylon or

ni trocel | ul ose, s ] d erial, a netal

mat eri al and an%ﬁiﬁgﬁEy%%gitandégiﬁig%gﬁglggﬁgﬁﬁégggra@gﬁcan utilize a
replication of the entire C a replication of a part of
genorme DNA, synthetic N%%?%@é%%%ﬁ%t%@ws%r fixing a target on a
substrate, there are known a technique of synthesizing an oligo-DNA on a
gl ass 27 Decenber 2004 plate by a photolithography process and a techni que
Ol Ut i A e £ & SHRBER e PYnvdRe Kon' BETCngs ©F @ Spotter or the

The present invention relates to a technique for
statisticallyanalyzingtjuageneexpressionckﬂxiacquiredfrom

a DNA chip fixed with a multiplicity of genes as spots.

Background of Art

The DNA chip is a fixation of a plurality of genes as
different spots onra substrate of a slide glass or the like.
For eXample, a micro-array is fixed with several thousaﬁds to
several tens qf thousands of genes as a target. _The‘target
utilizes a single-stranded DNA or mRNA.

o ' TheDNAchipsubstrateCanutilizeavarietyofonescapable
of sustaining a nucleic acid thereon, including a plate of a
glass o; the like processed with a coating in variety, a film
.of nylon or nitrocellulose, a hollow thread, a semiconductor
material,ametalmaterialandanorganicsubstance. Meanwhile,
the target can utilize a replicatlon of the entire or a part

of cDNA, a replication of a part of genome DNA, synthetic DNA

~and/or synthetic RNA. Forfixingat&rgetfnlasubstrate,there

are known a technique of synthesizing an 0ligo~DNA on a glass
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The DNA chip like this is hybridized by a DNA or RNA (subj ect Iofiﬁ%%?wé'fsz?
put with a fluorescent |abel, for exanple. The subject of an?hyssub'ect of
conpl enentary to the target fornms double stranding. Because 3 eDNA %hi
analysis is put with the fluorescent |abel, the image data L e p
has been manipulated can be acquired, after hybrl-dlzatl_on,d yiﬁ i e
f1uorescent scanner. On the basis of the i mage data ach|rg. 'is M i
manner, it is possible to know as to whet her double stranding

S ayeg w1 Spor e ey WS SORR LA LI GPLALATA 0% 1S

di spl ayed with a spot derive rome DNA, _ _ e

o i ned area imeludng asspar noortlanor SF e Bt o BBt ai n_
ined area including a spo ; _ _ OBt

gisgstgggégfconstituted by values representative of signal |ntenS|t|esdon

each spot. For exanple, with a mcro-array fixed with several thousands to
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mul tiplicity of gene expressions can _ _ et al
i i can T It . this, when measuring an increase (
rﬁnlﬁglggigﬂgﬁegéggeﬁﬁgi%lgﬁeagg%gbﬁﬁﬁFﬁggi6ﬁ?eﬂt fsracgempial. pfaetice to

I data representative 2 27
onput e, b thereof , ~an average of the .
Eeggnbefu§g%fﬁoﬁgaé§%FY?%FiEPF?lSPeBEﬁéYeRBréégl%@EQGVafue&sr@mmbBentat|ve

i I iti i zi data on the basis
f sign ities) thereby standardizing the .
?heregf%kﬁ%gggggéci??%ﬁPP?,t ReSHRE gCits oft anddrdiized s put with the

fluorescent label, the image data +the DNA chip has been
manipulated can be acquired, after hybridization, by a
fluorescent scanner. On the basis of the image data acquired
in this manner, it is possible to know as to whefher double
stranding is formed in a spot describéd in any one term. More
specifically,theobtainedimageisdisplayedwithaspotderived
from each DNA, as a result of the hybfidization. Cbnsequéntly,
by integrating the signal intensities on a predetermined area
including a spot pPosition, it is possible to obtain array data
constituted by values representative of signal intensities on
each spot.

For example, with a micro-array fixed with several
thousands to several tens of thousands of targets, array data
representative of a multiplicity of gene expressions can be

'obtaiﬁed by a once‘experimental manipulation. As a result of

this, when measuring an increase or decrease in the data of

acertainonegeneexpression,it;nsageneralpracticetqcompute,

as a subject thereof, an average of the data representative




prior to conparing the expression data of each experinent. For eXdspwber 2004
there is a disclosure on one exanple of the standardization in
“Normal i zation strategies for cDNA microarrays (Nucleic Acids Research
(2000) Vol .28 No.10)" by Johhanes Schuchhardt et al. The acquired data is
non-parametric in probability distribution. However, as disclosed in
“Chasing the dream plant EST mcroarrays (Current Opinion in Plant 4
Bi ol ogy (2000) Vol.3 ppl08-116)" by Todd Richnond et al. for exanple, use
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array data based on an image acquire

STORP NG i i i kgr ound
backgro eption., This_results fromthe bac
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i-ngi.den ween a_ nmeasurjng range and an actual spot size and
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to subtr%%B a ckaground conmpgonent froma numeral of acquired image data,
therebysacqgiflﬁﬁa aA havt ng RCYPeblsrbhar vatgetegtisiss &1 r usDimr t he

! [ ngt her approach, ,
array g e e A R e ARPROAC L (2000 Vol 28 No.10)" by

Johhanes Schuchhardt et al.

The acquired data is non-parametric in probability
distributionf However, as disclosed in "Chasing the dream:
plant EST microarrays (Current Opinion in Plant Biology (2000)
Vol.3 ppl08-116)" by Todd Richmond et al. for example, used
is Z-standard, t-standard or a technique of dividing the
integration value of signal intensities on each spot.by an
arithmeticneanmlftheentirenumerals,jjlordertx>standardize
the acquired data.

. ' . Because these are not a non-parametric approach, there
has been a problem that such standardization conspicuously .
impairs the accuracy of data.

Meanwhile, the array data bésed on an image acquired by
a fluorescent scanner contains a background component without

' exception. This results from the background signal intensity
existing in the image data entiréty and the nature not always
coincident between a measuring range and an actual spot size

and form. Accordingly, for correct analysis, it is important



e.g. electric signal detection or radioactive ray detection. It & Ljecember2004
conventional practice to deduce a background conponent by determ ning a
mean or medi an val ue per pixel on the basis of a nunmeral representative of

a signal intensity on a particular spot or non-spotted area and

multiplying this value by the nunber of pixels of a neasurenent region.

O herwi se, there is also known a technique to deduce a background

conponent from a value at around an outside of a nmeasuring range, as

proposed:d mubSoaAl wzeabigroMaAUSbmponent ;
(http://rana.lbl.gov/ Ei senSoftware. him " by M chael Eisenl RGMWIEFT in the

above canvend daral, €eperesl WEL hod.g e, . ange _i.n the_background
deduced val ue due to a d?ff%%ence ?négk?géﬁéﬁéh qﬁfspgﬁggﬁ i 1f8g8=utilized

i n backgarnound l,ue I i Ly, there. is a ppssibility that
vari ous backgrggng Sg?dggé%%hﬁgéuceg P%E%?fﬁ%FBWT?EPgﬁéé,aBﬁgPﬁﬁha
probl emyd hat Jit, JiS- ;i il Q determ ne _which one is proper. In
particuﬁ%?f fﬁ%?%ﬁﬁggggééﬁaaggégg%eﬁg 850E@$€8ﬁ8t9§Fuani%% eakéenin

di fference atIQegﬁp%p(g DNA S£ott d region and a region not so done. It is
an object of the present 1 nven?tid PBagFéﬁﬁdéQadQQQQﬁﬂanﬁ¢h@rouhé gene
express%gﬁld%}a acquired froma DNA chip is to be conpared with the data
of fron1an5Fh§?”b%& Efit5 TRiPT S GeMBaR 200BedAd nwWHal senpproperelsoat i stic
anal ysi g ,i s,possible to conduct. Disclosure of the Invention The present

i nvent oihﬁagaﬁdﬁn@faaf eiierdt G S ssgdra tine vaif uess iofnd hei rdadies Dby ai ned

on a particular spot or non-spotted area and multiplying this
value by the number of pixels of a measurement region.
Otherwise, there is also known a technique to deduce a
background compbnent from a value at around an outside of a
measuring range, as proﬁosed in "ScanAlyze User Manual
(http://rana.lbl.gov/EisenSoftware.htm)” by Michael Eisen.
However, in the above conventional correction method,
there is change in the background deduced value due to a
differencejJ}aregioncﬁfaspotcn:imageutilizedjxlbackground
SR valuecalculation.'Namely,thereisaapossibilitythatvarious
background values be deduced from the difference, posing a
problen1that it is impossibie tc determine which one is proper.
In particular, there has been a case the background wvalue
increases in difference at between a DNA spetted region and
a region not so ddne.
It is an object of the present invention to provide a
technigue that the gene expression data acquired from a DNA

chip is to be compared with the data of from another DNA chip




froma DNA chip (data representative of an anpunt of |ight enissi®hPeESHF04
gene expression) assumes a normal distribution. Consequently, by taking

| ogarithm val ues on the values and hence by |ogarithmically converting the
val ues representative of signal intensities on each spot and standardi zi ng
(e.g. z-standardizing) the sane, it is possible to correctly conpare the
resul ts _of (;Igfferent ex or th periment results in the sanme

ki nd. APDAW Eed'&ﬁ'éoé’eﬁfswq@{%?nﬂ&'? Sac? lr?rF)fgé‘ﬁB dudtandar di zed val ues or

utilizing these val ues during conparison operating, data anmount can be

made conspi cuously small. In accordance with a first aspect of the
i nvention, there is provided a data processing nethod for processing array
dat a comsdlbsmlecbfhheuaJelnﬁenrepresent ative of signal intensities on each

t d i.p b t|o of the DNA chip to acquire
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val ue f opsratirag atf arhduent cah bemddewoﬁsﬂmalslwmalpf signal intensities being
rendered as a; subject of | gartlt m c onv rsion. According to the

S e i

i nvention, th& §F a? i TRhPeRety 0 dvestion aihgess IS evifishp data

nor mal ;ims%sntgjtnedmd fos piceéshiy al‘nayﬁdm&d&dn‘sﬂtuﬁéﬂﬂw vames répﬁéwrftﬁrv@rof%"lﬁaﬂ' ng
an expe rred enbodi nent, further

conpr | SBifEes gh &t sei e b A A Puffbeon 67 s o cow o rcauee :
speci f ydata r‘recﬂxeaamaerd ek, daamdrca:esélﬁgp n¥fthedl bbrhBding? & §tBF of RguiARg tioarHACHh
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each spot constituting the array data; and a step of generating converted data arranged with
the logarithmically converted values correspondingly to the spot of the DNA chlp wherein
said method further comprises
a step of computing such a background value that a normal probability graph based on a
cumulative frequency ratio of subiracted values obtained by subtracting a background value
from each of the values representative of signal intensities has a predetermined linearity, the
values obtained by subtracting the background value from each of the values representative
of signal intensities being rendered as a subject of logarithmic conversion.

According to the invention, the group of logarithmically converted values, assuming
a normal distribution, is suited in comparing experiment results or analyzing an experiment
result using a DNA chip. '

In a preferred embodiment, further comprised are a step of scanning the
logarithmically converted values to specify a median thereof, and a step of subtracting the

- median from each value, thereby generating converted data comprising values the median

has been subtracted.

The converted data thus obtained is subtracted with the data, as a subject of
comparison, subjected to 'the similar process, making possible to express, in ratio, a
comparison resuit on each spot.




The converted data thus obtained is subtracted with the data, as % Respbe2004
of conparison, subjected to the simlar process, making possible to
express, inratio, a conparison result on each spot. 5 27 Decenber 2004 In
anot her enbodi nent, further conprised is a step of z-standardi zing the
|l ogarithm cally converted val ues to corrput e standardi zed val ues, thereby
generating c¢ nver ed dabg?corrgri st andar di zed val ues. The converted

dY

data thus obt qeg & tgrerrisedais & siers ffj gstangprdizing  the
conpar i mglantmud‘.aliyct@d/eﬂedt baiuss ol abmpm@C@ﬁa‘hdar'ﬂﬁdéUngaIQ@§s'tl@r@b)l Cgheﬂél%"hﬁés
in a dlfferenﬁ Wﬁ'@ squa es(ijlt on each spot. Meanwhi |

i nvent i SATYeLte géEdC%?PFF sanrardiged ¥Ate% he data obt ai ned from a DNA chip
assunes a Ioga?hetd@ﬁvertémdml thills Sothingd |19 ubBacted fidne the 0B f0a dubjdch@f
inventign, it (5 &fﬁ nber 2004 been, nade glgs& ble to determ ne nor e
sui t abl 80'88%%&%&%9 & fthe npan RIaress) (PakigesablecRPiesshica diferepre.qa
di f f er eocrepansoanesly@eeath spospot or image utilized in value conputation,
the backgro has varie i npossible to determ ne _whi ch
value is pr OB@F""W%J%?B gwenion 'ﬁ&é"ﬁﬁgr‘)nﬁg% findinadnat the data elhtained from a DNA
cor r ect thip asales adsgantimicdion@apdic@@ation, RElie thofr@doingli ff thelHidr®bn af Ras
proper, on the basis of the finding that the values representative of

signal intensities on a spot of a DNA chip assunme a | ogarithm c nornmal
distribution. In a nore preferred enbodi nrent of the invention, further
conprised is a step of conputing such a background value that a nornmal
probability graph based on a cunul ative frequency ratio
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of subtracted val ues obtai ned by subtraptlng atbacknggng gﬁgggt;fg?ﬁzghﬁﬁ
i i tensities
of the values representative of signal inter I ned
i i i btracting the background val ue

linearity, the values obtained by subtr ( ba _ e °

tensities being rendered as

h of the values representative of signal in

Sagubject of logarithm c conversion. Incidentally, phe_backgrpgrd Yalue
can take any of positive and negative values. Also, it is possi he fe o
consider a case that this value is 0. In the above enbodi nent, the step

i ifying a mninmum
| bgea Rtk goeunth1 eved we tdesliabhY r 825, & A 8P 9L LS ReS
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lower Iimt value.and a predetermned nu

itipAl t ragtin far .each of the background val ue
Candi dat o8, D5 pam PLEL R YA s o sl 17 hPaachoar The e

i i i iti btracted val ue thereby
rese V. intepsities to conpute a su
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to Conpygfuég representative of signal intensities on a spot of a DNA |
chip assume a logarithmic normal distribution.

In a more preferred embodiment of the invention, further
comprised is a step of computing such a background value that
anormalprobabilitygraphbasedcn1acumulativefrequencyratio

.ofsubtractedvaluesobtain@dbysubtractingeabackgroundvalué
from each of the values representative of signal intensities
has a predetermined linearity, the wvalues obtained by
subtracting the background value from each of the wvalues
. representativeofsignalintensitiesbeingrender@dasasubject
of logarithmic conversion. Incidentally,thebackgroundvalue
can take any of positive and negative values. Also, it is
possible to consider a case that thié value is 0.
Intheaboveembodiment,thestepofcomputingabackground
“value desirably has a step of specifying a minimum value of
the values representative of signal intensities, a step of

setting a predetermined range including the minimum value, a

Step of dividing the predetermined range by a predetermined
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background val ue candidate, to conpute a normal probability graﬁglkﬁﬂm?@ed
speci fy a-background candi date. The step of rﬁpresentln? ;Pe Ré:naL?{g]nin

i ity can be realized by carrying out a chi-square test. ,
thfﬁ;: ¥eferred enbodi ment, the step of conputing a background val ue has
a step of neking reference to the values representative of signal
intensities to specify values in a predetermned percentile of 2 pr.ngre,
and a step of deducing a background val ue on the basis of the_specgilgi o
val ues @mmbqrtunmmpuﬂ&ﬂgé@adﬁ@idﬁ%&ﬁh?ﬁe%%% fﬁgégfgﬁﬂgﬁg% EW&E o ? 2
intensities to be utilized is desirably an effec |vg degbce g 2084,kae'
range holadiveg &Qroveed ineaki +y1Qf ﬁicgﬁ?ﬁ(eé&sg dr@frg?ca diTfher 2Topedion
preferably, the step of cprput%;g a bdc 9rg;2rt¥|§ s asnedian VL Erom
rm RiaN@Ged l@wWar: Ha b YRPe - i,
?ﬁteeval uggglr epr esent at i \ﬁ?tg g%rléti gtr%{}uq}oq?ﬁ eans:ﬁ?pes? a?i#gé‘%‘?%uj%“?f Dg‘éiferzm ni (r)lg
n - =

= X - 2 wherein, x ~ 0 whe . .
to t gthSeg C?S? or %‘gﬁ%%c@%&%&%‘&%ger%%%l%%%r aRaRKAFPENT; ¢RRMdee

[ f Fhe,inventiogn, .correction can be nmade for a deviation in a
SgP??Lg?ggfgec%%gﬁiréﬁf of i zoMtQl Vai i bAPsFSENtadiiale f of mofgmmnl i nage

i i odi nent has a step of classifying the spots
.huteOOf Eﬂ%eng}l@iggl Ps C-Iéhnllpsu@eng subtracted value thereby determining
in

a normal probability graph based on the subtracted values, and
a step of spécifying a background candidate utilized in an
excellent linearity of among the normal probability graph,
whereby a range of the upper limit value and lower limit value
is changed to a satisfactory in a linearity concerning the
specified background candidate, again repeating to compute a
background value candidate, to compute a normal probability
graph and to specify a background candidate. The sﬁep of
representing the predetermined linearity can be realized by
carrying out a chi-square test.

BT Meanwhile, in another referred embodiment, the step of
computing a background value has a step of making reference
to the values representative of signal intensities to specify
values in a predetermined percentile of 2 or more, and a step
of deducing a background value on the basis of the specified
values of 2 or more. Herein,therangecvaaluesrepresentative
of signal intensities to be utilized is desirably an effective

measuring range, i.e. range holding for a linearity of signal

response.



a plurality of groups according to an-arrangenent of the spots o}’ [P¢fempm&004
chip, a step of specifying, for each of the groups, fromlogarithmcally
converted val ues concerning the spot <constituting the group, a nmedi an
thereof, and a step of subtracting the nmedian from each of the

|l ogarithmcally converted values. O herwi se, nmay be conprised a step of
classifying the spots into a plurality of groups according to an

arrangenent of the spots of the DNA chip; a step of specifying, for each

of the groupsMdreopryakugpl LeRNESSRLAtd Y I3 intensities —concerning
spots constituting the gr oug,? a nedi gn tﬁggl gf%,lgl%bagk@tréjﬁlrﬁfvﬁw?di ng

each of Haweavaldiesrreaps tatd ve; of | si .intensities by the nedian. 9
27 DecenberaZOOéA%el n the&'zﬁf)%%{%\réb%ﬁﬁgrﬁg%%lelesiép Yt UOPELSTRRERLLBN nay

have a siceff 2GRS ed. on_each of one or a plurality of colums
or one or a plurali tyéug?[\fjrlcf)grs&.,?1 %%a?ﬁa hincy 2RSS ridertd myf t Hegspbt s

i ncl uded piv tde ¢Q) U r.raw in the DNA chip. Furthernore, in another
enmbodi marrllt, A né&ddrgo}?aocaon%a?g? n%;l£ v‘gﬁ*ﬁ%ﬁm?"éb‘?%sent ative of signal
intensities og a rality of ,spots by utilizing the data processing nethod
has a step o% di 3:03% nngyc"or%irt/edU@at+a1\9al"u@1"i%el ated to one spot by a
converted data,valuye related to another spot. Furthernore, in another

embodi ment, a"REtRdQ of Sofpaitiany Uhltudi repiésendati ve of signal

intensities on a plurality of spots by utilizing the data processing nethod
2.0 3 P y of sp y g b -

has a st&p EoMPASITHY & Al iF faer endi cled treuib@t webme one st andar di zed val ue
and anot her standardi zed value. Herein, it is desired to further conprise
conputing an ¥XBBREALRat iloh ahoshepr exieted iraed ETbeke OR g tdidf er ence
val ue. '

correction can be made for a deviation in a vertical direction,

a horizontal direction or a radial form of an image hue of the

DNA chip.

Thj_s embodiment has a step of classifying the spots into

a plurality of groups according to an arrangement of the spots

of the DNA chip, a step of specifying, for each of the gfoups,

from logarithmical_‘ly converted values concerning the spot

constituting the group, a median thereof, and a step of
BRER subtracting the median from each of the logarithmically

converted values.

Otherwise, may be comprised a step of cl’assify*ing the

spots into a plurality of groups according to an arrangement

of the spots of the DNA chip; a step of specifying, for each

of the groups, fromvalues representative of signal intensities

concerning spots constituting the group, a median t'hereof, and

a step of dividing each of the values representative of signal

intensities by the median.




In accordance with a second aspect of the invention, there is pro¥ildwgmper 2004
data processing programfor a conputer to execute a data processing method
of processing array data constituted by values representative of signal
intensities on each spot arranged on a DNA chip by hybridization of the

DNA chip to acquire data to be analyzed, the data processing programfor a

conputer to execute conprjsing: ste f acquiring the array data; . a step

of rrPogari hi 0% %/a%%vﬁv%b‘?%’&gf'%i“‘%/aﬁegeﬁ %%aﬁ'@@m Y \hevem sipg ek @equiring,
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enerating converted data arr ed wt e logarithmcally conv
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linearit t he 3onputer bei ng operated such that the values obtained by

subt rac?ﬁﬂtae%s@ ckground val ue fromeach of the values representative of
signal inten§utthemars, in anditerempsditmenitl @ethobfof lo@pblind aiGes RPYSIchiAPe The

b te .of \. chi tiliz n arbitrary one capabl e of sustaining
" Puct 8] ol TobmSe e Pl phiseiPhyNa be chils MaoRIEmBoEiies H Aep
pr ocesseticonpdrirg & differargeivaluevisstivedry on@ standBrdidedrodliRNa aRbthéOsBhdakios®, a

hol | t d, semn conduct or terial, a nmetal pmaterial and an organic
sﬁbs? \z,ivng%.{‘g'il %e?e@hg ﬁ\l&deéﬁ?‘g ti‘)n‘?l LnfEePTSRe FRIBRYLINGS 3R eXpRyentiatgn; 9T &

repl i capredetediiriedeuettier be tiey diffiereacd valie CDNA, a replication of a part of

DNA, t heti d/ nt heti.c. RNA. Meanwhile, to fabricate a
gﬁing,mat her e Z)rllg' ?%8?%@8%}1?8&?%{’ é‘sf"ﬁét°fathﬁdEYeé1t'8“'ameée % Proyidedap tftannd

thi s i spacesgigeprogrant l‘tﬂasadnmutb L atte eMc&@Sﬁfapi bma?shshfglt iﬂe%@ldf Brozbadihg array
| ectrigj [,. val ent bon and. a techn e at a nucleic acid is

oynt hesiaterelatiufe il Fles BBt 5" Risrah NSTslRR o sabasnetrghasd on a

repr eseDNat chip bf hybsdigatah 6fMtBNBINA/ chipCloldeguirn dalaetd beCahf¢AQAl M€ data

utilizi sem condpctor Chié?‘ and a.techni que t(%eggfl ect fluorescence or

r adi 0ack’ \tlzgssrir}%%r_ogram or a computer to execute comprising: a s acquiring the array data;
a step of logarithmically converting the values representative of signal intensities on each
spot constituting the array data; and a step of generating converted data arranged with the
logarithmically converted values correspondingly to the spot of the DNA chip, wherein the
computer is made to execute, further, a step of computing such a background value that a
normal probability graph based on a cumulative frequency ratio of subtracted values
obtained by subtracting a background value from each of the values representative of signal
intensities has a predetermined linearity, the computer being operated such that the values
obtained by subtracting a background value from each of the values representative of signal
intensities is rendered as a subject of logarithmic conversion.

The substrate of a DNA chip can utilize an arbitrary one capable of sustaining a
nucleic acid on a surface, including a plate of a glass or the like processed with a coating in
variety, a film of nylon or nitrocellulose, a hollow thread, a semiconductor material, a metal
material and an organic substance. Also, the DNA chip is arranged thereon, as a target, with
a replication of the entire or a part of cDNA, a replication of a part of genome DNA, synthetic
DNA and/or synthetic RNA.

Meanwhile, to fabricate a chip, there are included a technique that a nucleic acid is
prepared and this is arranged on the substrate by absorption, bond due to static electricity or

covalent bond, and a technique that a nucleic acid is synthesized on a substrate. Detecting

10




The invention is applicable also to the array data froma DNA chid Besemes 2004
with any target on any of the foregoing substrates. Al so, application is
possible for the array data acquired by using any of the techniques.
Incidentally, in the present specification, the DNA chip 11 27 Decenber

2004 includes an arbitrary one arranged with a nucleic acid on a

substrate,. such as an RNAiphi . form ng RNA on a substrate, a mcro-array,

a macr 02aPiPas! repreRsniglive: oA sigpal, MResiy Hasides BN glectiss iachpiare rutiizing ha

Dr awi ngsefmicgnddctbrschip H@d 8vsthaigtiend tereefuorsscehadsratiebcive rapal yzing

appar at us accg, dé{ﬁg ho a first enpodi nent of the present invention. Fig. 2
is a block di b? SHYWISRPPAFARLG alsqite e Ry date frarma [INA (chipi fagnedhpith 8bvis of

t he enbegysesi anyiof tha3forégaing kobiRAdd. ARBVEPSlicatiH RCESEINIO ihane keyiegain a
background .c r@utlng Sgﬁ&ﬁ on of the anal yzing apparatus of the enbodi nent.
Fig. 4 PEIYSyHSNgany i 1§5M2d¢ocess to be executed in the background
conputi ng setididuntai, ih e preabmzpaeifisdtional bUNA ehjpt he enbodi ment. Fig. 5A s
a diagram explaining logarithm c conversion and Fig. 5Bis a flowhart
showi ng a process to be executed in a conversion processing section and
standardi zation processing section. Fig. 6 is a histogramof the data
acquired by a technique according to the enbodi nent.

11



Fig. 7 is a histogramof the data acquired by a conventional techP&gEbiraP04
conparison. Fig. 8 is a figure of plotting, on a graph, the values 12 27
Decenber 2004 of after standardi zation obtained in each experinent by
carrying out a process of the enbodinent on a set of array data acquired
froman experinment in different tenperature environnents. Fig. 9 is a graph
showi ng, for conparison, a result of standardization carried out based on

a frequency distribution shown in Fig. 7. Figs. 10Ato 10D are

respect i iehidgaphs 4R4S e on corrected val ues, according to a
correction method accor |ﬁ§g’?%1 %gﬁﬁﬂﬁﬁﬁrﬁﬁﬁh FiYELlain 36t d 1 ar e

respect yel ph epar ed ed, ,on_corrected val ues according to a
convent?§§§¥rgg%(e%#?@nggngphggg EhyR. F9BRIAARIBPRre s@epetatoely bl ock

di agr ang,; W an_essential part of an _analyzing apparatus of a second
and tﬁ%ggg\rﬁ%ggﬁﬁénﬁ mléicﬁ.o_f‘:;‘Jioas)"aaf IdSctRarat sHow me e trat esszdm. be
executed in a deviation--correction operating section of the second

enbodi ment. Fig. 14 is a flowhart showing a process to be executed in a
devi atign-cqrrection gperating section of the third enbodinent. Figs. 15A

and 15B°A18Lr BEpECLPEey Sdatther Dicagimanrs

Fig.1ijsahardwareconfigurationdiagramofeulanalyzing
apparatus according to a first embodiment of tﬁe present
invention. |

Figr 2 is a block diagram showing an essential part of
the analyzing apparatus of the embodiment.

Fig. 3 is a flowchart showing a process to be executed
in a background computing section of the analyzing apparatus
of the embodiment.

Fig. 4 is a flowchart showing a process to be executed
h1thebackgroundcmmputingsecthx1oftheanalyzingapparatus
of the embodiment.

- Fig. 5A is a diagram explaining logarithmic conversion
and Fig. 5B is a flowchart showing a process to be executed
in a conversion processing section and standardization
processing section.

Fig. 6 .is a histogram of the data acquired by a technique
accordihg to the embodiment.

Fig.7isakﬁ5togramofthedataacquiredbyacmnventional
technique for compariscn.

Fig. 8 is a figure of plotting, on a graph, the values

12




conparing between the data subjected to deviation-correction accrlgeasgber2004
t he enbodi nent and the data not subjected to deviation-correction. 13 27
Decenber 2004 Preferred Enbodi ment for Carrying Qut the Invention

Her eunder, enbodi ments of the present invention will be explained with
reference to the attached drawings. Fig. 1 is a hardware configuration

di agram of an anal yzing apparatus according to a first enbodi nent of the
invention. As shown in Fig. 1, an analyzing apparatus 10 has a CPU 12, an

i nput  wiiaftlelr shehdasda zaRUSe Kt B K&y bRarly é nit 16 configured
by a CRT or the |ike, a RAM (Random Access I\/Err%r{ %E%?X‘é%ﬁédﬁrfﬁb% Only

Menory) o2@, a ppaid 8blog sheragssaagh s LV Lor.,,26cess 1o a portable
storage nedi um 23 of CD- ROM DVDRC]\/I(g)(r;l{ht%gétll g,rrgyh(g?gacﬁ%%hlﬁ?@ 24, and

an i nt erfrage afl ko368 T ' at a exchange with the external. As
can be understood from Fi gl.qplrg,lfa)iéépfeér}gtona?m%%ﬁ%lﬁ't”ég BrVERENMPREScan  be

utilized as thesangl yzi aratus, 10 of this enbodiment. The I/F 26 is
connected to a ?eadergogg%c nnesﬁl?"f)l%ast{ﬁre CYF HhtCni vt Ehovht on a

spot of sa;hyhridi DNA_chip and generate data on the basis of a neasured
i ght em Ssi %qﬁhgrzréggto,n Caaﬁ’&l%& P e8¢ dFF egusnsy diFte idormumi cati on

circuitgjs nfﬂlt ger Cﬁnnect ed to an external network (e.g. the Internet)
In this embodi ment? "t He portabl e storage medium 23 is stored with a

programto reé:ei ve d@&a fromthe reader or scanner and carry out a
required data t8fver'$t i pPEces8, rewertidel ateraphs prepared based

on corrected values according to a correction method aécording
to the embodiment.

Figs. 11A to 11D are respectively graphs prepared based
oen corrected wvalues according to a conventional correction
method.

Figs.lZAand12Barerespectivelyblockdiagramsshowing
an essential part of an analyzing apparatus of a second and
third embodiment.

Fig. 13 is a flowchart showing a process to be executed

: in a deviation-correction opérating section of the second
embodiment.

Fig. 14 is a flowchart showing a process to be executed
in a deviation-correction operating section of the third
embodiment.

Figs. 15A and 15B are respectively scatter diagrams.
comparing between the data subjected to deviaticon-correction

according to the embodiment and the data not subjected to

deviation-correction.
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on the data and a programto anal yze the processed data. Consequé&rl§ogmberRg04
portabl e storage-mediumdriver 22 reads the 14 27 December 2004 abOVﬁ 4
program out of the portable storage medium 23 and stores it to thed ar

disk unit 24. By starting this up, the personal conputer is allowed to
operate as an analysis apparatus 10. Qherw se, the prograns maybe ol ock
downl oaded- via an external network such as the Internet. Fig. 2 is ah_ oc

di agram showi ng an essential part of the analyzing apparatus 10 of this
enbodiment. In Fig. 2, there is shown a constituent part show ng a vy
required data conversion process on data. Mre specifically, the analyzing

Comput o backerpunt ot o3t S AR ai e T Barar oot orpor ar iy

conput e a background on the basis 0

i h ffe .a_correction operating section 34 to correct
nggegylPhé 5g%§%?ngggécégggﬁﬁﬁe9 Fd%f165?EFﬁéﬁnﬁnlﬂﬁénE&@ﬁgWé&ﬁdb%onput|ng

i pgopyerting section 36 to carry out a conversion,
EZ?EL$2§§%%Fng£fgﬁt§o¥?g%fgagﬁéﬁéfh§h8t§a§@&ﬁH§FéWE§Qﬁon Pigcedsimg

i to. _standardi ze the data to which data conversion has been
done. TR GBS ] |HRETAT #Enen onabyzihg RAMarBws, in
sone cases the hard di sk unit 24. The data'buffer_ tenporarily stores
t he dat 8%86%5%?& Py & 166 ta ebgRE nemits sifork heanmurn o reac A ss patown
transferred,fromthe reader or scanner, or the data representative of a
i ght eﬁPsgngn drodft 2BALlEaéRy apparatus 10 has a CPU 12, an input

unit 14 such as amouse or a keyboard, adisplayunit 16 configured
by a CRT or the like, a RAM (Random Access Memory) 18, a ROM
(Read Only Memory) 20, a portable storage-medium driver 22 for
access to a portable storage medium 23 of CD-ROM, DVD-ROM or
the like, a hard disk unit 24, and an interface (I/F) 26.for
controlling data exchange with the .external. As can be
understood from Fig. 1, a personal computer or the like can
be utilized as the analyzing apparatus 10 of this embodiment .
The I/F 26 is cénnected Lo a reader or scanner to measure

w2+ a light emission amount on a spot of a hybridized DNA chip and
generate data on the basis of a measured light emission amount,
and to a communication circuit. The communication clrcuit is
further connected to an external ﬁétwork {e.g. the Internet).
In this embodiment, the portable storage medium 23 is
 stored with a program to receive data from the reader or scanner
andcarryoutarequireddata conversionprocess, referred later,
on the data -aﬁd a program to analyze the processed data.

Consequently, the portable storage-medium driver 22 reads the

14




empber 2004
spot having been transferred fromthe readeé_oL sca?nig gngeggﬁgzgﬁﬁggif
in a predetermned area of the hard di sk uni .
;zorzﬁso thg data buffer can tenporarily store tEe datg sg?ngggﬁhéfdigy
: ’ i i i i From t he reader
the standardi zation processing section 38. ader or scanner 1S
d, as array data, an integration of spot-based sig _

gﬂgpggtghooting ayDNA chip by a CCD canera. Qtherwi se, there is a cafsethe
that a background value is conputed as a pre-process on the basis o

i } btract the background
dabavef padgsmas: 1S het ¢ Ry $¥%§$§)? mera oS A
Lgﬁgg froma gig%al intensity &% each pixel 35 T 9“‘%§oﬁ?gh% ?Hege data

i - t - based signha

n hagck FsIEQigch gd t.he pre-process, spo

ihﬁ;“engi FFSEO are igﬁtegg?lastI‘ggmlgtnggou?%%ﬁteacf%@%rtrh&f Her ath e papgenal
ized of un-processed array data and

enbodi zan [ ( )

pre-prgggggggex( gcﬁ%?8§%§-%8r?%8§85? dat an Pﬁé#&@ﬁ@mqgﬂaﬁatuméuprfssp;d
ifi I he,data cumul atiye of the spot-based signals transferr

?Pgﬁ:tLgebggg%?gb%qﬁﬁﬁﬁﬂﬁaW%m?¥9§QQ%P%%aﬁgdaﬂ@%neHEEanadmdxﬁﬁrfata ina
i i kground process of the

meani n f. data,_as basis to carry out a backg :

enbodiggﬁ?h %ﬁpFEﬁa??BﬁrP§tnade on a process to be executed in the

AT e R LSRR ORI
ggaﬁge?cg ?n egnétion val ues of spot-based si gnal inteDSItles (spot
i ntegr a{]l?%ﬁ“\‘_i‘ VEeEP Jdm R Hed L0 1 b iaremyodatanst orgd Fisly tHe there
is shown a constituent part showing a required data éonversion
process on data. More specifically, the analyzing apparatus
10 has a data buffer 30, a background computing section 32 to
compute a background on the basis of the data (base data)
temporarilystoredinthedatabuffer30,acorrectionoperating
 section 34 to correct data by the use of a backgreound value
obtained in the background computing section 32, a data
convertingsection361x)carrycnnzaconversion,referredlater,
on corrected data, and a standardization processing seétion
-+ . 38 to standardize the data to which data conversion has been
J done.

The data buffer 30 is realized its function by the RaAM
18 or, in some cases, by the hard disk unit 24. The data buffer
temporariiy'stores the data representative of a 1light emission
“amount on each spot transferred from the reader or scanner,
or the data representative of gz lightremission amount on each

spot having been transferred from the réader or scanner and

previouslyStoredjj1apredeterminedareaof1juahanjdiskunit
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' 27 Rgsgmber 2004
[ m ni mum 301). Next=s/ Heyem
r, to acquire a ni mum val ue thereof (step
g:t:ﬁg?grjl;lg conput i gg section 132 determ nes whether 16 27 Decenber 2004 the

~acquired mnimumvalue. is zero (0) or not (step 302). In the case of zero

[ A t "-100" while. a

[ ‘ tep 302), a candidate value "A" is set a _ e.
g;ﬁZihgtéhSaFuep"B" ;t “100" (step 303) . The fact the spot |né¢gr?t|gg
value is "0" nmeans an absence of I|ight en153|on|annupt ggrag?gn;fp ay

i tion value of s

black) . In actual, the fact the integra ”
i nt en?si Eles R3so)0'theanst @anpbRERRT QRK %&ﬁpgﬁifneggﬁgrﬁ %@]@ggéaetady
subtracted background val ue by another approach. {1n X

i i i "A" and a
i i u Ak . a candi date val ue "
B;ZSZE Zf%ﬁggrggg?ﬁ 52 gglkeugﬂiazl&as anzcag:fll Fadte VRt iengpectignndfe a start

i i i ndj QREY, I d_value. Contrary to this, in the case
g?l gt dle‘[]e]; Imngg?‘ig%ﬁtrg% Nociegﬁt%%sggglﬁefoﬁ? THEPPRERYr o R WP WlEteg sect i on

e A Gl Sl ) L S
ﬁng:ang m;aﬂi %‘%%)neérﬁlléjﬁn)g a\(/a S Cfag“@f@ 'u{ glgh%gg’tﬁésgf?é’t@te@%eégn alt @asl;@eﬂhfﬁﬁ % al e
e (e AUl ol sl s rerous man 1o dat -
o rer IR R L R A chosily Tebecbramphen Soneapeasthe i i
val ue Hﬁm:%aémg&%%n%aggaggt%rom.a signal intensity on each pixel so
that, from the image data having been background-corrected as
thepre—process,Spot—basedsignalintensitiesareiﬁtegrated
and outputted as array data. In this embodiment, any can be
utilized of un-processed array daté and pre-processed
(backgroundfcorrected) data. Incidentaily, in the present
specification, the data cumulative of the spot-based signals
transferred from ﬁhe reader or scanner is referred to as array
data, or base data in a meaning of data as a basis to carry
out a background process of the embodiment.
Explanation is made on a process to be executed in the
background computing section 32cﬁfthe'analyzing‘apparatus 10,
with reference to Figs. 3 and 4.
The]oackground,computing'section 32, at first, scans the
integration values of spot-based signal intensities (spot
integration values) contained in the array data stored in the

data buffer, to acquire a minimum value thereof {step 301).

Next, the background computing section 32 determines whether

16




is "40" 004
value "A" is "10" and the candidate value "B" is "40", then the ¥dPcembug

i 04 candi date val ue "C1"

s are candi date val ues. 17 27 Decgnbgr 20 . al ue .
ZZLS?date val ue "C2" candi date valued_CCi3t cardgdgésnvaLgﬁdiggte Sgrggdate
val ue "C5" candidate value "C6" candi date va E ~ o

= = = = =30.00 =33.33 =36.67 In this
"C8" =13.33 =16.67 =20.00 =23.33 =26.67 =3 ( 33 =36.67 Inthis @ @ e
tally ten candi date val ues are obta!ned. ur ,
gg?gezi-é? arréy data), each candidate value is subtracted fromthe spot

0t g athonavabieea Ahhanail sknse 1 o5l olo 2B oL earall gp,vel ue, o7 oups
respect tuel yasefef raged oass Gof £REt kon,daha, candi dates. value "A"
is set at "-100" while a candidate value "B" at "100" (step
303). Thefactthespotintegrationvalueis"O"meansanabsence
of light emission amount (image displayed black). 1In actual,
the fact the integration value of spot signal intensities ié
"O"meanséniﬂappropriatemeasurementcnranalreadysubtracted
background value by another approach. In such a case, a
predetermined negative value is taken as a candidate value "A"
and épredetermined positive vélue is as a candidate value "B",
to have a start point in finding & preoper background value.
Contrary to this, in the case of a determination of No
in the step 302, the background computing section 32 sets the
candidatevalue"A"ateahalfofthendnimumvalue(1/20{ndnimum
value}) and the candidate value "B" at twice the minimum value
(2 * (minimum value)) (step 304) . Incidentally,tjmzcandidate
e value "A" means an upper limit value to be utilized in a process
to specify a background value while the candidate value "B"

means a lower limit wvalue.

Next,thebackgroundcomputingsection32dividesbetween
the candidate value "A" and the candidate value "B" equally
‘intonine,toacquirefurthereightcandidaievalues(step305).
For example, in case fhe minimum value is “20", the candidate
value "A" is "10" and the candidate value "B" ig 40", then

the following values are candidate values.
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Next, the background conputing section 32 obtains _Iogarlthmva!dtj?’é’spfl§¢1:115’)€l1iéOO4
spot1integration val ues constituting each correction data candi afei've
acquire a cunulative frequency ratio thereof (step 307). The Cﬁﬁu atl
frequency ratio is plotted to make ten nornal probability graF_s (s_fp o
308) . The background conputing section 32 tests for a graph hne?r:egst
the respective normal probability graphs by the use of.a_ngtpo ?he eas
square (step 309) . A candidate value -utilized is speC|f|e_|_?r ne on

nost preéediddtienvhilnearicty =of 3asgng thg ten normal probabi It% grap

(step 401). If this is the candidate "A" (Yes in step 402) , e

B i 32 sets one-third of the
backgr ovaddt¢aaput ivagud8 27" Decegbgn 2004 section 32 Irc
cand?date "A"g?lls ?cand?date "A")) as a new candi date value "A" and

' ‘B, [ "B" i dat e
-thi datews ° (443 (candidate "B")) as a new candi
Sgﬁu;hlggn?i?%ge igggb. Egreiﬁ?oféé range for finding a candidate value is

i j in the case the
hifte - I tpen | ower . the otpe[ hand, in
fe:evaﬁ%aﬁiﬁg%ggtggléglugqis t %‘%gﬂdldate B" (Yes in step 404), the

; L i i he candi date "A" (3
backgr ~ u segtion ts three times t (
(cangi3§$gd%%§§? géﬂgenegfcand$§a§ value "A" and three tinmes the

i ¥ ' "B i lue "B" (step 405)
candi d ! andj,dat e_ )),as a new candidate va .
) Thisqﬁgg%ga?%gtvéﬁgeragbe'Tcﬁ%f$%d|ng a candi date value has been shifted

| [ [ lue is not the
to the Furthernofe, in the case thg candi date va
candida%e il %&9"%@f%? cahdidat® 3l ue "B" (No in step 404 and

candidate value "Cg" = 36.67
Inthismanner,totallytencandidatevaluesareobtained.
Furthermore, in the base data {i.e. array data), each

candidate value is subtracted from the spot integration value.

This obtains 10 sets of spot integration.value groups related

to the candidate values. The spot integration value groups

are respectively referred to as correction data candidétes.

Next, the background computing section 32 obtains

logarithm values of the spot integration values ceonstituting

.. . each correction data candidate, to acquire a cumulative
frequency ratio fherepf (step 307). The cumulative frequency
ratio is plotted to make ten normal probability &raphs (step

308). The background computing section 32 tests for a graph

linearity on the respective normal probability graphs by the

use of a method of least square (step 309). A candidate value
utilized is specified for the one most preferred in linearity
ofamongthetenrmmmalprobabilitygraphs(step401). If this

isthecandidate"A"(Yesinstep402),thebackgroundcomputing
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i 04
No in step 405), it is further deternined whether the obtai neg%r?é’@_?ﬁ‘rﬂgbcfzo
probability graph has a satisfactory linearity or not (stfap | )]; s
enbodi ment conducts a chi-square test with a signi ficant level o t ()
order to determne a "satisfactory linearity". However, this is got e
limtative but other approach nmay be utilized. The operator nay elcra] mn
that a linearity 1is satisfactory at his or her own determ niatlopA" nthe
case of a determination of No in step 406, the candidate val ue

f i fd i the smal |l er
dpacedh IMeet 8 chShadi £d 8¢ «pandidate ok pe 9f among th
E:gngindgtg val ues tﬁan the candi dat}g@vg}lue %peem |e@/|3n tf “ﬁléjﬁtiﬁ)l (step

407) . MASD) ak9aaéw%&:&m%t@@@&u%h%cﬁﬂﬂi&%%Hgﬁgﬁ;ﬁ@%@g@&gﬂdi dat e

. T . T
adj acent one to a specified candidate val ut

i h tep 401 (step 408). For
oo BnLre St iaLe luS seg LLEY ARG e OB ER 20 BT
exanple, in the candidate valu to-t

T andi e "3 specl.fied in the step 401. The rel evant
Lgﬁdfggfgﬂséﬁdgg#gﬁaksu%ég%éﬁéﬁnrSlggﬁngb%?%?§d?Fﬁ§§#ﬂ¥yl$§hﬁé¢e@btained
L ilizi |l ue fromthe spot
n a no : bjli raph utilizing the current va romtl

?ntegra{$g%lP%g$ﬁe£%r%%%.9?% this case, the candidate value "C2" is a new

i A ile the candidate value "C5" is a new gan_di dat e
Sglngled?}; Vﬁg#rrgltyhjaé iH e b Uo7 hthc 208, thdere kemget f candlindiceg a can
di date yalue js narrowed in order to find a nore suited candi date val ue.
In casevagllheevelscm Fareidaltge "BR" (4mra éandtent €0¢al uehe background

computing; section 32 sets three times the candidate "A" (3 e
{candidate "A")) as a new candidate value "A" and three t-imés
the candidate "B" (3 e {candidate "B")) as a new candidate value
"B" (step405). Thismeans t.hat the range for findingacandidate
‘value has been shifted to the upper.

Furthermore, in fhe case the candidate value is not the
candidate value "A" or candidate value "B" (No in step 404 and
No in step 405), it is further determined whether the obtained
normal pfobability graph has a satisfactory linearity or not
{(step 406}. This embodiment conducts a chi-square test with
a significant level of 5% in order to determine a "satisfactory
linearity" .. However, thisisnot limitative but other approach
may be utilized. The operator may determine that a linearity
is satisfactory at his or her -own determination.

In the case of a determination of No in step 406, the
candidate value "A" is set to an adjacent oné to a specified
candidate value of among the smaller candidate values than the

candidate value specified in the step 401 (step 407). Also,
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‘ i i 407 and 408,
"B" btained in step 403, step 405 or steps _ _
OE s?;S 305 and the subsequent is repeapeg. Ebntr?{xeaﬁft;hkiésl?ntgfegase
ili tisfactory St ¢
the normal probability graph has a sa ct bl hor et orobab 1| Dy
t he candidate value wutilized in obtaining _
graph is determ ned a background value (step 409). Next, the correction

i section 34 conputes ( . . .
gggLﬁﬁgggin the step 409 from each signal curnul ative val ue constituting

. . . ¢
t he arr&pedarmdidiNot eaihat 'RIMN 4 Rics gggqphggﬁge (Etn??rég%%’c%?t he, Egﬁgﬂ;st s o

correction data candidates is the subtract

406)

subtractions of the background val ue

o

i i i he step 306
AdGdaval vel fis 9r 8RR SE & ative value in t
Eiggﬂ?gsa i m’rgdi ately before gts)tglg g T néjlalr@e%%é?eogék}&teeuﬁﬁa\?d}%.

: : : . ta
BU Fer 30 ihe corTeuti ohoSRerst NG SO (TP hay Feall 40BF oper data
the correcti _ _
ggagsga?g,fropbfhgx febu££9E83o W thout carrying out a new operation.
€

The correction data, configur

operating s
Spy AP daitenaia laigmiiGat’i o craldietate

! i i kground val ue has been
(correcgépgeskgmaiigy%%k&&§ve ¥glues) t he backg

subtracted, is convey

si gnal

[ [ i be executed by the conversion
5A is [ howing a process schene to
proces§?ﬁékg§ggfgﬁr§é9gﬁgi

0 ite

%ﬁ%ﬂﬁspﬁﬂppgtasAgdcnlanormalprobability
graph utilizing the current value from the spot integration
value group. 1In this case, the candidate value "Cz" is a new
candidate value "A" while the candidate value "Cs" is a new
candidate value "B". ‘Namely, in the steps 407 and 408, the
range for finding a candidate value is narrowed in order to
find a more suited candidate value.

In case a new céndidate value "A" and candidate value
"B" are obtained in step 403, step 405 or steps 407 and 408,
theprocessofstep305andthesubsequentisrepeated. Contrary
to this, in the case the normal probability graph has a
satisfactory linearity (Yes in Step 406), the candidate value
utilized in. obtaining this normal probability graph is
determined a background wvalue (step 409).

Next, the correction operating section 34 computes

‘subtractions of the background value acquired in the step 409

from each signal cumulative value constituting the array data.
Note that, in this embodiment, one set of the ten sets of

correctiondatacandidatesisthesubtractimnofthebackground
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Gnv@rdi SRt e prades Sy wtsip@ﬁﬁﬁ.edThet .
. ! o
i S} segtion 36 logarithmcally converts the correctiol
conversiclgﬁu atg:ﬁ\%g %/6; Ueelﬁ'be Shtl&viRd EaRdérpse vahnal isumtatdvensal ue. Fig.
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correction signal cunulative values "alb" are taken, in order, dftDeembe

- ted data region 30--1 conprising the correction signal |
Lgﬁhfazfcgabalues t he bgckground val ue has been subtracted,bangtng{gcted
to logarithm c conversion (see reference 500) The val ues SHI%S'" at
| ogarithm c conversion (logarithmcally converted values%)I f {natted dat
arranged in the corresponding positions in a converted ta eé oCO ted
region 30-2. Incidentally, in step 306 and step 307 of Fig. 3, np

. nd st a .
are corvedtieairahatachandiat %%m%ﬁ‘at'i%a&ﬁ@é”i%a%%%f v téeﬁdﬁﬁﬁ"uatg%gz oL tne

correction signal cumulative values constrtufin peLerben 2904 the
f Nngigat,e. : tl) case  logarithmc y
Vel Uos rol atod To a so e e°d%%§%%§"o%%aafﬁ;i uﬁigr bestoresin ietala
versi Ssing sec 1, ¢ | _
data i nthe deraeRirt orour Rl e TRt Eten dp toooarisiaget - b sgariadm ¢

i i i i lue. In case a
convers e on.si gnal cugulatlve val ue .
Iogarit%ﬁ?ggfpﬁ%gbﬁggg%gggéVg?ﬁ%gﬁFSSEtFQH ebEsRHéHg pethisnmhnery, the

i i i ted by the conversion processing -sect-an
56 and ST anCArHART S brGUBLEIH daam sheagatieraitifer bo canvens on
i e
process&QQ%%ection 36 sets the nunber of ranks and a class width (step

' 501) to prepare A raqielcyPedpsipnbution table (step 502). In this

i i i table is
g raph based on the frequency distribution
ggﬁg?latnggt ' T%‘Fge cgrrectiOH data, configured by the signal cumulative

values (correction signal cumulative values) the background

value has been subtracted, is conveyed to the conversion

processing section 36. The conversion processing section 36

logariﬁhmically converts the correction signal cumulative

value to cbtain a coﬁverted signal cumulative value. Fig. 5a

is a figure showing a process scheme to be executed by the

conversion processing section 36. As shown in Fig. 54,

correction signal cumulative values "a;y" are taken,‘in order,

out of a table-formatted data region 30-1 comprising the

— correction signal cumulative values the background value has

| been subtracted, and subjected to logarithmic conversion {see

reference 500) . Thevaluessubjectedtologarithmicconversion

(logarithmically converted vaiues) “Inajs™ are arranged in the

corresponding positions in a converted table-formatted data
‘region 30-2,

Incidentally,instep306andstep307<ﬁfFig.3,computed

are correction data candidates and logarithmically converted-

valueS(xfthecorrectionsignalcumulativevaluesconstituting
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is displayed on a screen of the display unit 16 (step 50?). e'rl'ih](ce ?§géq§ 1=
and the step 505 mentioned later are provided in order to v exay S
correctness of the approach of this enbodinent. Fig. 6 ||s an_S rremresents R
i mage obtained in this manner. In Fig. 6, the horizonta ?XI p.
logarithm c conversion of correction signal cumulative va ug esents a
(logarithmcally converted value) while the vertical aX|ds relpeCti nts. a
frequency thereof. In the exanple shown in Fig. 6, randoms

ek i io o] ti,ce-plant cDNA library, to utilize a
ﬁgso?\é??glyn(gg%ﬁl%\hlg%i%%) ag;f%%ttr% %ﬁdégﬁat ri SRRSO 10ipercasa. In the

1 - i 4 the total nunber of effective spots was
rlnlgrf ?%bgég%iggfngéta?gﬁ/enfgg%‘dé?gsgepg?i&l?ﬁn, I3bhyeda) tRNA derd heett dd om

i ce- ' d.,a | d_to synthesize cDNA | abel ed .vvith cy>5.
R/Lgﬁv\,ﬁ: Igg%:kg?%{éﬂragsaﬁe %?gﬁ%’%ie athefatesbréfairry aheamrniveaga diy t he |

i This was
f nner_ VA. 4_(made. by Ml oecul ar Dynam cs) g .

gisgi 1(:)i zé‘%g%%gflﬁgseﬁtﬂa‘ip 9%591'%‘?11 %@??ﬁz}ﬁmdwaﬁiﬂdﬁ?gw%%?ycz) .

i ig. shows the ranks including an ,
ll\)/:9 ggm' ‘g? E‘L‘;}ﬁg’iﬁ- Q%tﬁ%%ﬁ%easﬁﬂ:¥tt<§g¢@nrjaa$1¢dlc®garittignﬁggang@?%gtoqlgﬁ ?éyf or

i . _FromFigs. 6 and 7, it would be understoo
gg{rgair!t%gP?}??Is(goﬁ’éﬁgbé?)a?@#gnélmgmeéatﬁ_lve lvagard .t hmi cal |y conver':]ed val ue
obtained fromthe array data is paranetric. In this enbodi nent, the
st andar di zat i'dh PR&€essi hAggarithmically-converted value group is

obtainedjjlthismanner,theprocessshownjleig.SBjjsexecuted

by the conversionmprocessing section 36 and standardization
processing section 38.

Herein, the conversion processing section 36 sets the
numberofranksandaclasswidth(stepSOl)toprepareafrequency
distribution table (step 502}.‘ In this embodiment, a graph
based on the frequency distribution table is generated. -This
is displayed on a screen of the display unit 16 {(step 503).

-The step 503 and the step 305 mentioned later are provided in
Qrdertoverifyacorrectnessoftheapproachofthisembodiment.

Fig. 6 is an example of an image obtained in this manner.
In Pig. 6, the horizontal axis represents a logarithmic
conversion of correction signal cumulative value
(logarithmically converted value) while the vertical axis

‘represents a frequency thereof. 1In the example shown in Fig.
6, random selection is made avoiding duplication from a
rice-plant CDNA library, to utilize a micro-array (CDNA chip)

spotted on a matrix having 32 x 10 per pin. In the micro-array,
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section 38 further makes z-standardization (normalization) on tggga?ﬁ?b@ﬁ
the basis of an acquired frequency distribution in order Lo ena
data comparison (step 504). This can nake comon the gLapd Cthe ke
hori zont al -and-vertical axes regardless of array data IE' o] g el
thus enabling conparison between ones of those of data.bt !géd s a
plotting, on one graph, of post-normalization values od ?Inn1the
experinment by subjecting the set of array data acquire ro

j i t i j he pracess, of this
i tehestati4 ¥ enmberi ot etf€rpenialals Bo AU LATENL 19, {1 NG, NrOCESS, ¢ hi ¢
gﬁgggzggnt by wutilizing the mcro-array (cDNA chlp?nu iize ﬁﬁLdBtalnlng

23 27 DeGeqberodd bioh) Sy @Nla Fedhi o EIE G 8., § e sae [orm of

dots (e.g. x-marks, A-marks) represent those acquired

experineasuséﬁf&h@mﬁlﬁﬁx3ﬁyﬂthgsiEQ%ﬂﬂQ§faﬁ@léggﬁg&gggya;%ﬁgggﬁ*y » showi ng

over|l apped with a standar di stribution curve

f i k apetric approach. The bold broken |ine
o F1g 015 5 granh hank g RN o FEeBR o Ao ant Lrapensrimainezati on

Apar 8o a0 endmiiiez
i 1o o P S CRBAE o) £ andBraC by el asitor Guest omom migs O i

hairline of Fig. hows a stan

. . . h 4
.St t . a paranetric approach is not suited on suc
rgfhgoﬁﬁﬁggg é%%%?gﬁ%9?ﬁ¥gl ﬁﬁ@Vﬁ”ﬁ?“FhEQﬂ%ﬂﬂkﬁ?ﬁ%@fn?ﬁpboefgfggngo e
i i di ze ata) is s
sectio . 1he data z-standardi zed (standar
e

data bu By using standardi zed data, various

Meanwhile, Fig, 6shows1ﬂmaranksincludingau1arithmetic
means by a blacked graph. Fig. 7 shows a histogram based on
the same array data, for comparison sake. From Figs. 6 and
7, it would be understood that array data itself is
non-parametric whereas the logarithmically converted value
obtained from the array data is parametric. |

In this embodiment, the standardization processing
section 38 further makes z—standardization.{normalization) on
the data on the basis of an acquired-f:equency distribution
in order to enable for data comparison (step 504). This can
make common the graph horizontal-and-vertical axes regardless
ofa;raydatakindorthelike,thusenablingcomparisonbetween
ones of those of data.

Fig. 8 is a plotting, on one éraph, of post-normalization
values obtained in each experiment by subjecting the set of
érray data acquired from the experiments different in
temperature environment to the process of this embodiment by

utilizing the micro—array (cDNA chip) utilized in obtaining
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anal yses, experiment verification and the like are possible to cdddgember2R04
this manner, according to this enbodinent, it has. been found that a

normal distribution is given by the |logarithmvalues of the integration

val ues representing signal intensities on each spot of a DNA chip, based

on which finding a background value is conmputed. Al so, fromthe finding,
the integration values (or background-correscted integration values) are

| ogarithm cally converted and subjected to z-standardi zation, thereby

acqui r i tige sh hedeg damedrdri g. Accordingly, by wutilizing the standardized
data, it is possible to easily conmpare 24 27 Decenber 2004 experi nent

resul ts in difdf erent gki ki nd tgeereb enabling to carry out
experiment veri filggti on@gew%rﬁ&vé:i%lozr,ﬂlnggc%?ﬁ?n 1% %ﬁ@aﬁé@kg%wk@drrecti on
of thi srerdoathimiMosd § oS ; L bl o_conspi cuous!l y reduce a. cut-out

7 boaRiBese R Ehiglsy?m? h%%%%]tm‘?‘}égi orf*§ Fhos itkmge shot

operation in inmage data. Conventiona

by a CGR£agekfel L in a certain extent by the software
incorpora({:ed ineﬁr‘%g%gkkgggaggnﬁa?.nW\féY?rl?W%éwaém,a shandaade often

cases tfiale 3 5pat,,and.a region to he cut out for integrating signal
intensity val ues C)ari?e %lg Veor SEQW‘y g@érl%ppéélﬁ?é’géﬁher shxoebmgli nghy, there
for a researcher to nake reference to an i mage and

has be cessi t

set su;%%pgroél r(‘:aﬁtleélregrlsejg]i‘Bﬁlﬁgad@%ﬁf&%*béacwppﬁotahél-sp@h.eb'ﬁﬂidsbrh%nbeen an
operati,qn I %uiEr.i ng ;several hours to one day. In case the background
correction Of tH% eniGdPnE&eEDhs stxaWingsd for comparison, a result

ofnormalizationcarriedoutbasedon the frequencydistribution
shown in Fig. 7. The hairline of Fig. 9 shows a standard
distribution curve. From Fig. 9, it would be understood that
a parametric approach is not suited on such a form of histogram.

Inthismanner, by the standardization pfocessing section
38, the data z-standardized (standardized data) is stored to
the data buffer 30. By using standardized data, va,iious
analyses, experiment verification and the like are possible
to conduct.

- In this .manner, according to this embodiment, it has been
found that anormal distribution_i_s givenby the logarithmvalues
of the integration values representing signal intensities on
each spot of a DNA chip, based on which finding a background
value i_s computed. Also, from the finding, the integration
values (or background-corrected integration wvalues) are
logarithmically converted and subjected to z~standardi zation,
thereby acquiring standardized data. Accordingly, by

utilizingthestandardizeddata r itispossibleto easilycompare
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the array may be partitioned into a matrix formsuch that the cel/|ldcempler 2004

equal in area and the spot is included in each cell, thereby acquiring a

signal-intensity integration value in the relevant cell. thermnsei |3

such a circular region that the areas are equal and a spot is |nYo ved (
e . greater than the spot) , integration nmay be nade of the val ues

: i i i iti d the spot. This
representing each of the signal intensities at and aroun .
isprealizedgfron1the fact that the background value 1is to be considered

Che: sant and tho ract” PRat Conn el kgFRLAR VBf (A< Sohpimedobnar i he

0]
the same and the fact that such ackgrounﬁ

i ted signal. integration
| 0gar | tEANELHES: 91 25,97 QRCeiber 2004 corrected signal |
i : BEEE RN dicdeérttaati 0% howi ng and expl anati on
e hel o o norna? Ceti o I with utiIi;?hg a background val ue

i . ti r esul ! .
according  oreqh i E8L BEERIRLIGTE e dttrkio wpnd can oc s 0 4haom y
extract 5 ur_out of a plurality of ones of expression data based on at
pl ur al i‘%‘{/ﬁso LY ani s SH A TE RDie réd cos SPhe usuisilivc reMimcst antaotdolni ver sity

S ) ) r oArray/ SMD and
gﬁgenohfq%rgagt:gur?lti;{g %g%;ggﬁm%ﬁ@égﬁzg%%ﬁéggﬂ Ir%)éySherl oék
ot gFé)sae 'Nu%lﬁje"o"ﬁpi@ﬁ%g%Fé%sfg%%;géégﬁéﬁgxﬁ ﬁ@é&n (aExBe?tiarrénéxN@ntBOO’
Experinent No. 5745 and Experinment No. 7428. Channel 2 was utilized for
Experigghphﬁb§oﬁQ@@;gwﬁqqprporatedlea reader or scanner. However,

~in actual, there are often cases that a spot and a region to

be cut out for integrating signal intensity values are not

broperly overlapped together. Accordingly, there has been a

‘necessity for a researcher to make reference to an imége and

set such a circular region as overlapped with the spct. This

has been an operation requiring several hours to one day. 1In

case the background correction of this embodiment is utiliz_ed,

the array may be partitioned into a matrix form such that the

cells are eéual in area and the spot is included in each cell,

thereby acquiring a signal-intensity integration value in the

relevant cell. Otﬁerwise, in such a circular region that the

areas are equal and a spot is iﬁvolved (i.e. greater than the

sSpot), integration may be made of the values representing each

of the sigﬁal intensities at and around the spot.

This is realized from the fact that the background value
istobeconsideredconstantineachcelloreachcircularregion

provided that the area is the same and the fact that such a

background value is computed that the logarithm values of
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Channel -1 data was utilized for the other experhnegysédlgngafﬂeﬁ%?gﬁizgh?b

arithmval ues of the values were z-standardiz ( '
Lrgtl?ﬁe obt ai ned values on a normal probability paper. Figs. 10Aa_n105g
are respectively graphs obtained fromthe valugs corgectgdh)achr :egpect

i i i - an :
correction nmethod of this enbodiment (see Figs. ,

gPeExperinent No. 5733, Experiment No. 1300, Experinent No. 5%45hang
Experiment No. 7428 (channel 2). Fromthese figures, the graphs hav

i i td i 5g§yg% i,zed result is in a
ici ke ri tgi@Swg 1This { hat tandarQLze
?\lcj)]; ];r:afl g?g:fr Fgﬁﬁi otr?l.l%iszliagls. lirllA - 1ll|:()ngr e‘%g;?%% s 6bfai t&d By PIViRdhg, on a

il he val ues obt ai ned t hrough
7 .normal probability paper, tt
g?sfanggﬁgF?g?FE%ggnd t hen ranking of the logarithmvalues of the val ues,

[ i Wiy ! ' b d on the

convent | onal EAETASt T ah® Ret H3aVE RHe Foreol der ¢ Lppr backdy A lhaein B sen)

conventi ona _ _ _ 4
i h has a low linearity an

Fromth s i.5.shown, that the grap . !

ntr)t Suffgiggrgr%{ yl%?of %ggggd’ lsﬁék%%?l%meﬂaﬁﬁégrzu@fi Bxbes arentrdiag 7438.

' [ [ ion. In the
Next , e%glqgﬁkgon isymade on a second enbodi ment of the invention. In

second embodi rent > corPeREi on Tih BEeRsad #pplidatatdeddat rendoesyl ting

R B L 0L L 0 oo Y Fom

nicrocq&g Q§ after  hybridization, there is a case that, for exajple, a
central”?sed on a plurality of ocrganism species opened to the public
in Stanford University. (open to the public in
http://genome—www4.stanford.edu/MicroArray/SMD and the
outline of the opened data is reported also in "fhe Microarray
Database(NucleicAcidsReseérch29,pp152—-155(200l)byGﬁvin
Shérlock et al.). Herein, utilized are Experiment No. 5733,
Experiment No. 1300, Experiment No. 5745 and Experiment No.
7428.. Channel 2 was utiiized for Experiment No. 7428 while

Channel-1 data was utilized for the other experiments.

In each experiment, the logarithm values of the values
. werez—standardizedandthenrankaﬂtoplottheobtainedvalues
| onanormal probability paper. Figs.10A-—10Darerespectively
graphs obtained from the values corrected, according to the
correction method of this embodiment (see Figs. 3 and 4), in
respectofExperimentNo.5733,ExpérimentNo.1300,Experiment
"No.5745andExpérimentNo.7428(channel2). Fromthese figures,
the graphs have sﬁfficient linearities. This shows that the

standardized result is in a normal distribution.

Figs. 11A - 11D are graphs obtained by plotting, on a
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region is rather whity to be bl ackened as the periphery is near ecF.7fDe°emF’ef20
G herwi se, there is a case that the entire hue is in a gradation orm:n a
| eft-and-right or upper-and-lower direction. This is caused, for exanple,
due to strain in a glass utilized in an array base. For this _reasoP, in I
the second enbodi ment, provided is an assunption that the nedian of si g?ﬁe
integration values in each colum or each rowis generally the sane in t
array provided that hybridization is carried out ideally, to determ ne

corr ect normednsbadbaha 1tike d?ta%e%?mﬁ&ﬁ%et Oﬁﬁ%@igoﬁ%ﬁﬁgﬁ r OWYFi ;hi iziAS

utilized to further correct the signal value.” _
i bl hagh N | Jpar of - an_an Zi ng appar at us
accor di ﬁégfgh?%er@?ﬁ%‘%‘g’neﬁ%éﬁ.tﬁéﬁfﬂﬂ@nni.ogfﬁ “fﬁﬁ%‘;?%%%’%ﬁ‘g%f‘ﬁz e
[ t nt Ln.. . Fig. .2 are attached w ‘
ol or encae. "R Shou LACH o Pefbine et iR i o Ebdrin 9 R Aersecond

i } ryided wth a deviation-correctjon operating section 40
Ere?aglerqgggegiﬁge%heo%ogﬁreernétﬁoﬁtf&se%q]flb‘?lc%ho%n@e‘éh‘é@n\féhsll do rmasdessi ng

i Lg13:Ls_a.flowhart showing a process to be executed by the
Zg\iit gf{‘%ﬁggg%gag gﬁhgﬁg}ﬁ%ﬁkecﬁw Bbese £4€§1%onfierenp?c:|h% iJeTgreOUIO
devi atippn-correcti on operating section 40 acqui res a logarithm .
of si gngﬁa}g%glgg?%?fi’ Rav 4 ¢ L ingagddigr e ne teast Hiesre stuby cacted;tsacqui r ed

onver si.on rocessi ng section 36.
by the gxcept for CBannel 2 of Experiment No. 7438.

Next, explanation is made on a second embodiment of the
invention. In the second embodiment, correction can be made
for data deviation resulting from unevenness in hybridization
duetoaproblemofplanarityinandcro—arraysubstratematerial
or the like,

In an image obtained from a microchip of after
hybridization, there is a case that, for example, a ceﬁtral
regionisratherwhitytobeblackenedastheperipheryisneared.
Otherwise,thereisaaéasethattheentirehuejs:u1agradation
form in a left-and-right or upper—-and-lower direction. This
is caused, for example, due to strain in a glass utilized in
an array base.

For this reason, in the Second.embgdiment, provided is
an assumption that the median of signal integration values in

'eachcolumnoreachrowisgenerallythesameinthearrayprovided
that hybridization is carried out ideally, to determine a
correction constant to the data common to each column or each

row. This is utilized to further correct the signal value,
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Next, the deviation-correction operating section 40 C|aSSIfIﬁS Eﬁé&: o
relebant | ogarithm val ue group into col um-based groups onlt e 2?2 2002)
the information representative of a mcro-array row and col um ( p
By determning a predeterm ned correction const?nt ror eafﬂngagrgé

iation i i i basis of a | ogar
deviation correction is realized. On the .

i i . =1 (see reference 1303)), e

longing to a first colum (colum no Se . .

3Zvia?iog-correction operating section 40 specifies its nmedian value (step

i [ conput e

2 devi ation cortect ron val derrer o 38730 EhEREHa, 3357 b a0 hakmatty, ¢ ne

a deviation correction val ue ber J ey,

medi an yAlae an$ 13 2Gelky sﬁgheat%”&&é{igag? n%ggcg'begts'fgggaoggg;@g&% for all

cqunn.y;E; processq;ﬁggy onl e ste 306 and 1307). In this nmanner,

t he 801' 'ign:&ﬂﬁectlon 5?%%bggg? anang§§%§F§ﬁd§#8P?@$ﬁ Fhcwe in

-t he devi ation cor ( : _ e

i i i atter diagranms, conparing
dat o dert S Font s Bl TeRt T Y TBCH AP ste, refie remom meAe havh i dagn not
a a e - - - - -

iati hown in Figs. 15A and 15B. Herein,

the m ory S S PR BheOb sitcte APheThotdaes tof rubriNes  havi ng
© - i ' i i ce-pl ant cDNA.

12 grids; gach having 32 colums by 12 rows by spotting r .

Thig nicﬂg?a?r%ﬁv+%gh TTof Ze8tbylicPRAratdagi wed:tfircom 40 ciee pkash gul ti vat ed

cells, labeled with cy5.. Fig. 15B is a scatter diagram based on the data
t hat ' correction operating section 34 and a conversion processing

section 36.

Fig. 13 is a flowchart showing a process to be executed
by the deviation-correction operating section 40 of the second
embodiment. The deviation-correction opefating section 40
acquiresealogarithﬂlvalue<groupclfsiqnal.integrationAvalues,
a background has been subtracted, acquired by the conversion
processing section 36.

Next, the deviation-correction opérating section 40
classifiestherelevantlogarithmvaluegroupintocolumn—based

. groups on the basis of the information representative of a
micro—array row and column (step 1302). By determining a
predetermined correction constant for eéch group, deviétion
correction is realized.

On the basis of a logarithm value belonging to a first
‘column {column no. = 1 (see reference 1303)), the .
deviation—correctionoperatingsectionAM)Specifies:itsmedian
value (step 1304), and subtracts the median value from each

logarithm value to compute a deviation correction value (step
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by the approach of the first enbodinment, a background val ue mgsf@é?ﬁgfﬁgre
for each set so that this is utilized to correct the value an 15xris A
subjected to logarithm c conversion and standardization. FLg. Als a
scatter diagrambased on the data deviation-corrected by the appI
the second enbodinment. In these figures, two hairlines respecthyg ytines)
represent 2112 times (root 2 times) and (1/2) 1/2 tines (rﬁOtt( oo ES)
in y-axis value as conpared to the x-axis value. Because the two s

the sane308g. ofNaWdT ¢ ditzat i HPRBS L 90 2 5oersfgét:?$r§a%%§s:,{?rg%é%pqoasa

provi ded on the sane array-chip, dots are principa

|inear fovin@8oR - eeanbein 300¢nglcd o, RRLLLRG Lo Figs 104 and 158

it can be understood that data dispersion s

correcti®ng dny 5L IREL 1?%88%9'&%} ggg{ﬁt};%g; odi @eg%évg;rﬁr”e@%te:rg” can

.be properly made for the value change v

i di } i Next,, lanation is nadg on a 'third . .
gﬁgghgkiﬁzﬁopﬁg%hégg?%ii Ogn%88i%éﬁﬁ)'nodification is nmade to the deviation

i i i i bl ock di agram show ng
correction of .second enbodi nent, Fig. 12B is a M
an essenti al Iprg:%?‘lgsf r%‘aﬁnﬁﬁal A3 %ﬁ@rﬁﬁﬁg;q?;?gagﬂgﬁg -
[ «.hh Fig. 12B, those sane as the Ut S ¢ :
gni;(r)gl an]? Easgﬁél(r(}la\ﬁcﬁﬁetcﬁéns% st eheat iom prveady iy ;?dgaffdrggea Sat )
i ati.gn- tion operating section 42 is interpose et we dat ¢
gﬁ:‘/:‘ ZP F Shdes SééﬁgﬁgﬁﬁndC@gﬁ}@ﬁtiirl@gtbecdiiba @2vidoicareyrodttdgyi ation

accordingtotheembodimentandthedatanotdeviation—corrected,
are respectively shown in Figs. ‘15A and 15B. Herein, the
micro-array utilized the one bonded with two sets of matrixes
having 12 grids each having 32 columns by 12 rows by spotting
rice-plant cDNA. This micro-array is hybridized by cDHNA,
derived from rice—plént cultivated cells, labeled with cy5.
Fig. 15B is a scatter diagram based on the data fhat,-
by the approach of the first embodiment, a background value
was computed for each set so that this is utilized to correct
the value and furthermore subjected to logarithmic conversion
and standardization. Fig. 15A is a scatter diagram based on
the data deviation-corrected by the approach of the second
embodiment. In these figures, two hairlines respectively
repreéent QIQ times (root 2 times) and (1/2)"2 times (root (1/2
‘times) in y-axis value as compared to the x-axis value.
Because the two séts are the same one of hybridiiation
comes from a result of a pair of spots provided bn the same

array-chip, dots are principally positioned in a linear form
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i i 2004
correction on the signal integration val ues copftltﬁthg ﬁg;ﬁxg gﬁg?2§22§ﬂ
i i 14 is a owchart s
to conputing a background value. Fig. . chart showing a proces
iation correction according to the third embodi nent . n i
L?é deXha'the devi ation-.correction operating section 42, when acquiring a
sighal ihtegration value group fromthe data buffer (step 140_1)],c Con
classifies theminto col um-based grogps 03 thF baﬁlfegflzgg)lnhg;?a Lo
i i - colum (s ) ,
representative of a micro-array secon an I ur _ I
ot cqr ati on | val U6 bel ongi e £5othe 11 FaF Saramht (S31 o UABSECLECT ef or ence
integration value belonging to _ ‘ Co(sel
20,21 Devts 2006 ddblcr LLETRHLAN K Y, 1R J409), o, o v s e
o L oan aapty Y re B AT her t he di,an value is a correction

val ues (step I%Qﬁls;mﬂ?r@f}"ac@oﬁr%in@ Ehe%hc]tfl & pd—pﬁ\@n&,oggggeghém in step

constant for deviation correction’i _ 1
i xecuted for all the colums in t he nunber_o
ﬁ4?ge2'ﬁ$§[r§)}§@1§é‘gge‘g§¥ Oﬂfﬁb:%.%?ﬁ e ‘F?a]rfh‘:‘er?hﬁa_@ﬁgrltﬁg)zﬁmlfﬁ/m?ﬁicomput ation
[ ' | n. the background conputing section 32, for ti
thig?ﬁgksg%ﬁg%%%Fﬂbnvg?ﬁkgg?%ﬁﬁo%b?ﬁiﬁ%ﬁ. Nkt , expl anation |ﬁ_ngde on the
dat a conpariipn accor?in .to the inventlonh In the flrst to t !r@ Ccal ]
enbodi ment s, the’ SHP @Eg§&°§ibﬁ&ﬁ“ﬁh?ég@éﬂUdﬁiwakme&ﬂamQ.logartm nlluesy
conver%%q to acquire |ogarithmvalues. Furthernore, conputed. are ya
t he Iogaﬁﬁdﬁn?%‘?‘aé@eﬁ% ﬂ%%ﬁ?@(sﬁandadd to the deviation

correction of the second embodiment . Fig. 12Bisablock diagram
showing an essential part of an analyzing apparatus according
to the third embodiment. in Fig. 12B, those same as the
constituent parts shown in Fig. 2 are attached with the same
references., In the third embodiment, a deviation—correctioﬁ
operating section 42 is interposed between a data buffer 30
and a background computing section 32, to carry out deviatién
correction on the signal integration values constituting array
data prior to cOmputing a background value.

Fig. 14 is a flowchart showing a process for deviation
correction according to the third embodiment. As shown in Fig.
14, the deviation-correction operating section 42, when
acquiring a signal integration value group from the data buffer
(step 1401), classifies them into column-based groups on the
basis of the information representative of a micro-array second
and column {step 1402). Next, the deviation-correction
operatin‘g section 42 specifies, on the basis of an integration

valuebelongingtothe first column (columnno, =1 (seereference
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i i 004
val ues). By using these standard val ues, the follow ng conparlso@7fk§2ﬁh@8
possi bl e. According to this enbodi nent, the above sta?da;d éﬁkue? earratio

il to i i i tio in anount o , i.e.
utilized to make it possible to find a rati _ L ratt
i atio can be determ ned by
f gene expression. For exanple, the foregoing r _
?ak?ng a d?fference between a standard value on a certain spot agd g
standard val ue on another spot, and multiplied thereon by a s}anTﬁ;
deviation to take an exponentiation of 10 on the value thereo

"1" and "2" 31
i ff er edd63) n itgenedexpressionsta lﬁ;d%%ﬁ&%ﬁh%%aégc alyes L
g; Decenber Zoagfconcerned with the spot, if usin oo % gaitHm can be

quant i f reflua®expe agsaGPYa iR hgtfoo&’rg#{l%ee%rg{llonh%?%%é}omgkél;ﬁsot ﬁ}e 3.1

(where 0.5 is a standard devi ation |'ogarit

f (base of logarithm ~ {
di ff er enseepn ats)o cagahe) $xpressed,d L A ey f
(hlffergnczpln standard va.ges% P st'an %VF§P|8H(ﬁ? Y#e Eogdrithm

S ssible betmeen arbitrary spots, such as
botwebh d Fror s So5rSanh TS SanboBRATCRP6F bePwatn thRe ccdpbrs w th t he

bling the quantification on
:ggf ?gngng'%g%ﬁgégg%ﬁg»w¥g?épiﬁs§ 852?493 ﬁﬂépéﬁﬁg drh@spias tbobehat gene
to what extent between
is expr unt what gene i ncreases
. exper i rf%ﬁ%ggté& ﬁm ‘iﬁ PRHUSBIF 18 hbe numkerdt b tdme fodreggoilng 6

e”bOd'q;H&Sl407 . In this manner, background value computation is
carried out in the background computing section 32, for the
deviation~correcting value group obtained.

Next,explanationismadeonthedatacomparisonaccording
to the invention. 1In the first to third embodiments, the
corrected signal integration values are logarithmically
converted to acquire logarithm values. Furthermore, computed
are values the logarithm values are standardized (stahdard
values). |

Byusingthesestandardvalues,thefollowingcomparison
is made possible.

According to this embodiment, the above standard values
are utilized to make it possible to find a ratio in amount of
RNA,i.e.ratiocﬁfgeneexpression. Forexample,thefbregoing
ratiocanbedeterminedbytakingadifferencebetwéenastandard
‘value on a certain spot and a standard ﬁalue on another spot,
and multiplied thereon by a standard deviation to take an
exponentiation of 10 on the value thereof. The difference in

gene expression ratio between standard values "1" and "2"
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but can be nodified in various ways within a scope set forth i nWﬁb;@lﬁf’g%@“
It is needless to say that those are also included in the scope o
i nvention. For exanple, according to the present enbodi nent, a

' [ [ i ni f spot signal intensity is
redetermnined range including a nmnimum val ue o _
Eet to conpute a background value by try-and-inprovenent (see Flg.UB).
However, this is not Ilimtative. Uilizing a Lower Quartile (LQ, Upper

i i | ue representative of the above signal
Quartile (UQ and Median (M of a va : I f the ove sig
i [ ceabiest wdeductionsgmybe; dope; , AfLer ideal corr ion,
;R;egﬁgffrles are in symetric posi??o%% a%o%?ogheoﬁgﬁﬁ 358y bRcenber

i | X i t foll ow equation. in (UQ -;x)
2004 a QQ@kﬁrl@i@i@n\éz%Mlé_%p;&)és_%eIQ{n\ﬁg}c 5}%@ Xé)"oel ]E%}”stbq %@m

in (M X).= this, we obtain é -

( - \ ' i = - 2M = %
*LQ - M),/ A + LQ- 2N . wherein, x = 0 when UQ + DQ

gtﬁirac?%ng t Ps ivg?oﬁ1 )vglﬁz5ﬁeﬁr§séntatlve of a signal intensity on

. . . , . | ue
I .nt tion value), a corrected signal integration va
ﬁ§§hb2p§%8%?%29%oll%e§% gndargh de 0 frud hfayl 9 detlusedaiseng ot her

i ‘ ' [ ian by a simlar
ag;??néhiSﬁérﬁ%@%}?Es?ﬁge%ﬁgﬁggéﬁégpékg%ﬁgggsgﬁgjgacSgé&%ﬁ?%gh?ﬁg&;ﬁcﬁﬁgcge
' the B5US AGASE Of L4 Hie M Hocalbds porcenthl o A aEval aag o ar o | n
a one-tp- ?anndafd deviation on the logarithm value}}.

Such comparison is possible between arbitrary spots, such
as between different Spots on the same DNA chip or between the
spots with the same gene on different DNA chips. By enabling
the quantification on spot-to-spot comparison, it is possible
to properly grasp as to what gene is expressed in what amount,
what gene increases to what extent between experiments, or so.

The invention is not limited to the foregoing embodi.ments |
but can be modified in various ways within a scope set forth
intheclaims. It isneedless tosay that thoseare also included

SN in the scope of the invention. |

For example, according to the present embodiment, a
predetermined range including a minimum value of spof sicjnal
intensity is set to compute a background value by
try-and-improvement (see Fig. 3y}, However, this is not

" limitative. Utilizing a Lower Quartile {LQ), Upper Quartiie
(UQ) and Median (M) of a value representative of the above signal

intensity, robust deductionmaybedone. Afterideal correction,

becausethequartilesarein symmetricpositions about the median,



nce on a normal distribution, a background value x can be
gg:é?ifgggeby establ i shing and solving an equation simlar to theDecember 2004
- foregoing equation with utilizing a conbination of arbltraré trﬁ I
percentiles that a z-score difference is to be made equal. Fur g e
the range of signal integration values, wutilized in conputing al_ac g_t
value in this enbodiment, may be given a range holding for the llggarl y
in signal response. in a systemfor a series of measurenents including

hybri di aZabheRgrexpar VABQLS xald &F 1 Seanner characteri%tics.
N%anmhile, algﬁough a predgternﬁﬁe range I ncluding-a% 33997 peBenber 2004

' ' ' ' ' hown in
i ni | uey Qf naly it egraf,i on values is set \in the process s
E:S{ngvlrﬁis %g %%?gli%%tat?ge?MForxgxang efﬁ coﬁgldéﬁﬂhgﬁ%%ckg¥bund val ue

i f sd i bt e i on_val ues = c (constant), in order to
éeggfg;ﬁg g o?ygﬁg%ﬁgﬁgug%géélﬂg gloga’l}i(nedian), a sinilar process may be

. Meapwhi | he second enbodi ment _and third enbodi nent,
gr?ﬁgbgﬁ spo?% %rb&%lgggéfTe hnéo(ﬂgoﬁpggcbnﬁM?3|ng one or a plurality of
colums in a mcro-array, this is not linitative. It is needless to say
t hat cIassifi%&ﬁ?%ﬁPha@ De’itikenoHe srDQa-pPMral Oty of rows. Also, as in
t he foregoi ng _explanation, there is a case that image hue'ls in a
gradation for i%bdiiiﬂq@d}q dihils x from a value representative of a

signal intensity on each spot (signal integration value), a
corrected signal integration value may be acquired.

Otherwise, a background value may be deduced using other
percentiles, e.g. an upper quartile (UQ} and a median (M} by
a similar way.. Furthermore, using much more percentiles,
background values x can be determined to acquire a mean value
thereof thereby enhancing the accuracy in the above deduction
value. Becauseperceritileand z (zeta) score'are inaone-to-one
correspondence on a normal distribution, a background value
X can be determined by establishing and solving an equation

N similar to the foregoing equation with utilizing a combination
of arbitrary two percentiles that a z-score difference is to
be made equal.

Furthermore, the range of signal integration values;,
utilized in computing a background value in this embodiment,
may be given a range holding for the linearityin signal response
inasystemfor a series of measurements including hybridization
experiments and. reader or scanner characteristics.

Meanwhile, although a predetermined range including a
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froma peripheral region of an array toward its center. In such a case,

the mcro-array may be partitioned in a plurality of hollow rect2amykcasber 2004
- form ng nested boxes so that the signal integration values on the spots
included in each rectangle are made belonging to the sane group to conpute
a deviation-correcting value for each group. Meanwhile, in the foregoing
enbodi nents, although z-standardization is utilized as standardization,

this is not limtative. It is needless to say that other standardizations

are alSmiaﬁmhhaﬁﬂhﬁao@%ﬁ%ﬁuﬁ?&ﬁﬂgﬁ&a%qgélégﬁHégﬁkﬁgeéﬂgl%é%gﬁkgéxgghe

present invention is applicable to various conparisons,
conmpar i spBwAf ik resylt nf experipen ch ed [n_condition on a DNA chip in
the sanme kind or a gonparison o akPgsuﬁﬁg%gaéiﬁgrine%?roﬁxﬁﬂgﬂﬁNA chi ps
di fferepbnkakind, For exanple, the present invention has screened a gene
for. working durlﬁg germnating a rice plant at | ow tenperature, out of a

group of ten d of genes. On this occasion, wusing a mcro-array
pasted with i%l%cg%iﬁgd%% Vgagn]‘bet ?C(I?‘?qu?féﬁtfs“g%a%éwttmﬁsw ofa lkieds, RNAs

were take of .t ti ssues, for exanple, of a) a rice plant germ nated
at a marn?p?%é%sgﬁ?¥?he one thereof exposed to a |ow tenperature, and then
the respective were hybridi zed. Experinments. were conducted tw ce on each

RNA. As a resit t°%1eT espedeioemine c of

background value = ¢ * {median),

a similar proéess may be executed.

Meanwhile,inthesecondembodimentandthirdembodiment,
although spots are classified into groups comprising one or
apluraliﬁycﬂfcolumnsjjlandcro~array,thisjjsnotlimitative.
It is needless to say that classification may be into one or
a plurality of rows. Also, as in the foregoing e#planétion,
thereisacasethatimagehueisinagradationfonninadirection
from a peripheral region of an array toward its center. 1In
such a case, the micro—array may be partitioned in a plui:ality

- of hollow rectangles forming nested boxes so that the signal

integration values on the spots included in each rectangle are
made belonging to the same group to  compute a
deviation-correcting value for eachrgroup.

Meanwhile, in the foregoing embodiments, although
z~st§ndardization is utilized as standardization, this is not
limitative. It is needless to say that other standardizations

are also applicable.
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i i i |s (relative values) in
results, obtained is a marshal of nunera _
ﬁ(}gegluggﬁ 01? ten thousand. It is a current situation 'lthat At herg%mn}gec?lgb?rﬁgo4
i at [ t he marshal of nunerals. Accor _
e Tt ol e et e apart g di zed data was obtained on the basis
enbodi nent of the invention, standardize _ obt f o ey By
‘ i he respective conditions of a) b). |
of the experinent result due to t _ f Sran. 5y
i t, .an nRNA was foun
tracting a value of the corresponding spot, . |
fgbincreasg or decrease in cumul ative anpbunt upon being -exposed to a |ow

i j i ne. 35 27 Decenber 2004
t enper atryiy h S jQyt_an objective ger _
Fu??her%grg?t%ﬁ%% s?ﬁﬁgg%'lzg'iaata, conparison is possible beyond the

i I nePNA ¢hi i nce, in organi sm species or‘the I'i ke.
gial;f:;g%fael " thg%%%\%:t hi&%‘{% a)s, apﬁgéﬁébéfi prtet eiWﬁ@m&w, OIcal | ed
" - she protein’, was detected in an amount of 2 - 3 st andar
u;rfgnncggaggg?og%hegchrBPePngoﬁPérﬂéoﬁe0@éﬁe¢@@?hﬁ1ﬁﬂ1ﬁ?pmﬁgﬁfiio

) “unit Il times froma tissue of a plant,
ST o1 reRADARA - EPALEt § i PRAICARYL A Thises hé Kendhes cup i sorlegr ce
ﬁo;rgg be ex Iéined by accidentality or species-to-spe0|$s dl—ff_erence.h )
Thi s re%ﬁlal ’%r?di/%édotfhﬁﬁpﬁﬁémeai%peni reat DA stielp ©fd i) £ vesn t% qgg%ggg%i%/edot :

i it was possible to find that screening is .

ﬁgfgrd;€3%¥%f%$91ﬁy EgélPﬁgsantiamW@mﬁhenf|H§§ SXPEENBEBNL §¥akeR, I n this .
manner according to the invention, application is possible to even a cas
t he aI}%S%kiﬁ%dﬂ%Fén%O@etmimsaﬁng a rice plant at low temperature,

out of a group of ten thousand of genes. On this occasion,
using a micro-array pasted with independent genetic fragments
in ten thousand of kinds, RNAs were taken out of two tissues,
for example, of

a) a rice plant germinated at a warm place

b} the one thereof exposed to a low temperature,
and then the respective were hybridized. Experiment_s were

conducted twice on each RNA. As a result of raspective

experiment results, obtained is amarshal of numerals (relative
L values) in the number of ten thousand. It isacurrent Situation
that there is no appropriate method for comparing the marshal
of numerals. According to the embodiment of the invention,
standardized data was obtained on the basis of the experiment
result due to the respective conditions of a) and b). By
subtracting a value of the corresponding spot, an mRNA was found

which is to increase or decrease in cumulative amount upon being

exposed to a low temperature, thus Screening out an objective

‘gene.
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[ im [ [ organi zing the figure.
o, there is no limtation in data formor re« _

étfthernnre, conmparison is possible beyond speﬁles,th:ig.ihgurﬁcéﬁ?ﬁﬁﬁﬁ?ﬁgmm

ossibility of conparison beyond species shows t he
lgglrcable to ?he field of pharmaceutical . Eor exanp!g,ngt i s assuned t hat

' [ [ se |

ubstance ‘conspi cuously effective for the nou o
gpfizaciousforthe Eunan. Herein, by conparing between an array patée;g of
a certain organ of wupon dosing the substance to a healthy nouse an

i i s n_of a. healthy
att er nfudtibetrmoaesi Ml eh SHRSIANCE 4D LRE SANE, QL8R 0
ggiggnP 36 27FDecenber 2004 primary screening of af ana@%goug Subst ance

i in
group i poradelepbeyobderhd?d2¢ rRecgmer; 2 g5é§¥§ % éA rqggfie gf
met hod for processing array data constituted by val'ue

i i khi i p.by hybridization of
t _ 0 Ir ed en_a _DNA chip _
The DA Chi B o, Seaur e Got 5Tt e B yzEdr MBIt prioddbeiaRe Hot hod

[ ; ithmcally
r i S&Rgé f i he array data; a.step of logarit
Conver L g T he vl e a??%#&&ﬁ?gélf%fw %T@m?n Hives! Ehesmor e spo
i Lpg;the . ,and a step of ¢ E d
art Ztnlgte%iemﬂtgﬁﬁt he@%%g%??g‘%?né%aﬁ‘ R hlﬁfg‘égﬂf ﬁ;}u Eéig%ﬁdfggogmﬁp{yo} o the
spot of QEA i wherein said netho urt he
b H(W@Vc 'af%%%i

conmputing su Found: Val ¥ t HatPe dedrartiedrisbab lanoprgr apth thased  on

i ' racted val ues obtained by subtracting a
g Cllimrjloﬁ%’lédyg) fé@é‘l’i’&é‘g& errﬂkoagfa l1Jb1t:imes from a tissue of a plant,
ackg

called shiroinunazuna, raised in a normal way. Thisdifference
was in a degree not to be explai_ned by accidentality or
Species-to-species difference. This result showed that the
experiment system of é) was "egcessively hot". Accordingly,
it was possible to find that Screening is to be conducted more
accﬁrately by cooling a little the first experiment system,

In this manner, according to the invention, application
is possible to even a case the arrays used are not the same.
_Also, there is no limitation in data form or reorganizing the
figure. Furthermore, comparison is possible beyond species,
€.g: human and mouse.

The possibility of comparison beyond species shows that
the invention is applicable to the field of pharmaceutical.
For example‘, it is assumed that the substance conspicuously
effective for themouse is notefficacious for the huma.n . Herein,
rby comparing between an array battern of a certain organ of
upondosing the substance toahealthymouse and an arraypattern,

due toasimilar substance, in the same organof ahealthy person,
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val ue from each of the values representative of signal intensities has a
predetermned linearity, the val ues obtained by subtracting the 25dekeniennohs
value fromeach of the values representative of signal intensities being
rendered as a subject of logarithm c conversion. 2. A data processing

met hod according to claim1, further conprising a step of scanning the

| ogarithm cally converted values to specify a nedian thereof, and a step of
subtracting the nedian from each val ue, thereby generating converted data
conpr i Spidmaakues Ahe, imrdi S r A_dat a .pr ocessi ng

met hod gccord?ﬁg to clgﬁﬂf%? ?ﬁr?ﬁ%ﬁgggnni{yﬁéﬁépg?e8r8ppéfj§fﬁﬁ rdi zi ng
the | oggeiskhmieal |y converted val ues to conpute standardi zed val ues,

t hereby generating converted data conprising standardi zed val ues. 4. A
data processing nethod according to any one of clainms 1 to 3, wherein the
step of conputing a background value has a step of specifying a m ninum
val ue of the values representative of signal intensities, a step of
setting a predeterm ned range ‘i ncluding the mninmmvalue, 38 27 Decenber
2004 a step of dividing the predeterm ned range by a predeterm ned nunber
to conmpute, as background val ue candi dates, an upper limt value, a |ower
limt value and a predeterm ned nunber of nedian val ues obtai ned by
partitioning, a step of subtracting, for each of the background val ue
candi dat es, a background candi date value fromeach of the val ues
representative of signal intensities to conpute a subtracted val ue thereby
determ ning a normal probability graph based on the subtracted values, and
a step of specifying a background candidate utilized in an excellent

| inearity of
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anong the normal probability graph, whereby a range of the upper limt

value and lower Iimt value is changed to a satisfactory in a |iJrasdcehVer 2004
concerning the specified background candi date, again repeating to conpute

a background val ue candi date, to conpute a nornmal probability graph and to .
speci fy a background candidate. 5. A data processing nethod according to

any oneQfagkaim 1 to 4, wherein the step of representing the .
predetermned linearity carries out a chi-square test. 6. A data processing
nmet hod according to any one of clains 1 to 3, wherein the step of

conmput i a bac 0 ] ue has step of .making referenc o, t he val ues
reglr) eseﬁ’? ati vg\ lé’g {as ilbgﬁ%el\ég'inﬁt g}@?cﬁa&r tpgocegf):ggi ?Vg a q}gscqﬁﬁtﬁ% e VaHES ned
per cent répsesshtative of signal, intendities sh epchbpotesttitiged Xaddamhgdfrml Bl hy@idil&ti?ﬁ og he
basi s of, t LL v S,.of or re. 7. ata processi ng netho
accor di ﬁ\hge %Agﬁﬁﬁ#)nagglﬂrﬁn@%?%b? ﬁ@a%geéipH%gagﬁgﬁqcfﬁ'%me@mdﬁg‘ﬁ”ﬁﬂghe
pr edet er m nedagtapcdEcqlicng thel ardgsdata;st ep of maki ng re}‘erence tOtFIhe \Iizé)l ues
representativ [ ntensities t etermne a lower quartile . an
upger quarti |l gs q;frll(%]ag’t%@% ncq{]"e&'ﬁg trgef E%U%sf reiﬁ’é%ﬁ?&‘?%‘&?ﬁ'ﬁ@%d‘?@ﬁ%ﬁw ue
i ncl udi egcrespt epnahifutidg titey afiray daja; mcbacl;ﬁﬂrzgung VZ| ge x'= (UQ* LQ - tNE) d/
(UQ + LQ - 2 rei =0when . 8. ta processing netho
accor di ng tol\%ns;\éhe;r?g ggp e%pgq s nYeL@(?D%tafﬂmg@F ‘E'H?T%?? %551"50%%?9“&5?@
cl assi f yalugp ¢dmeesppadingly Mtb:easppih afrtiad Dmh@ﬁp,gghgu%i s.%’rglqﬁétﬁlbdilﬂJrih@r4 &dmprises f
ar r angenent f e chi.p cenber 04 a step O
speci 19 yi ng, f%fﬁe@}?ﬁggﬁ bﬁrﬂés‘é O%Bg%f?%"'awamﬁ%ﬁ?'ﬁf‘éﬁq?%o@gﬂ'g’e‘?r?%tb@g‘?%es
concer npg aueilativetirecoasdyi tatib iofi gublnectet valpes abadiday sitiaetriy a dadkground
value from each of the values representative of signal intensities has a predetermined
linearity,
the values obtained by subtracting the background value from each of the values

representative of signal intensities being rendered as a subject of logarithmic conversion.

2. A data processing method according to claim 1, further comprising

a step of scanning the logarithmically converted values to specify a median thereof,
and

a step of subfracting the median from each value, thereby generafing converted
data comprising values the median has been subtracted.

3. A data processing method according to claim 1, further comprising a step of z-
standardizing the logarithmically converted values to compute standardized values, thereby
generating converted data comprising standardized values.

4. A data processing method according to any one of claims 1 to 3, wherein the step
of computing a background value has
~a step of specifying a minimum value of the values representative of signal
~ intensities,

a step of setting a predetermined range including the minimum value,
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‘a step of subtracting the nedian fromeach of the logarithmcally converted

val ues. 9. A data processing nethod according to any one of cl ai r#§ Hecémbef 2004
further conprising a step of classifying the spots into a plurality of
groups according to an arrangement of the spots of the DNA chip; a step of
speci fying, for each of the groups, fromvalues representative of signal

intensities concernni Spots caonstituting the group, a nedian thereof, and
a step of divf &f‘%i’g&e‘ﬁ@?fnggh% H@(‘?‘@t&m@ed F@%%@éﬂ%&%que\%émmedsmﬁmﬂr tp GPBRYIS i es
by the amdbskgrolfid daldat earplidatesssamgupmsr hdit 204108, dianthwe? Gl 1ai8e 0ind. a
wherein_the step_ of cl anif.i cation gas g step of acquiring, based on each
of one BPISERNTEdNUMbeR Pt mEHiERYalugs opRed iy periioning i'ty of rows, | ogarithm
val ues conceraistap dhsutsieting, ifoceauhest the Hahﬁgr@@hdllv&u@rcah@i\lﬂ/a’éegi atﬂé;@lt(d%%d:hi g-
nal intensities on

11. A ngth of conpari ng, val ues representatijve of si

oi ur al | GBS SpEBTRED B of 8 oS R e Be b ORI B U 5t BrEE o

cl ai m 2sutittaetedevdies tedrelinadeterminig a Pyrh@VvproBabirty Prath Bhsdll ¥h dhd@uBtracted
converted data,value related to one spot by a converted data value related
to anot YAYS%sfABY. 12. A method of conparing val ues representative of signal

intensities oa steppfispbifyingoh baeRGoaN® caHbidhieZ LBed ifl &t eRIcNERS iidgity T8t hod

according to,claim B%}gl'tmt hgld characterized by having: a step of
conputi?fgo'ég herresralirebeniiti 8RBt ween one st andar di zed val ue and anot her

st andar di zed wiereby al@ingd dfethbagbpac dmitdiahgs bad AbwéminiR valuer sheangedams i1 ng
utin onentiation_of a predeterm.ned nunber on the

t f. co an., ex { , ]
di 11 or cTRISTAGRIY,IN 3 nSarty GanCeming tasanatisien BagRaRIne Fandiaitn ARA I4psalI it o a
data prasemss rg baekdroshdvalupr@neriate)doacdnputé at aofpMSprobabify @¥pN adndes
"epreseialy ¥ 8adlorShl @nddiiens! ti es on each spot 40

5. A data processing method according to any one of claims 1 to 4, wherein the step
of representing the predetermined linearity carries out a chi-square test.

6. A data processing method according to any one of claims 1 to 3, wherein the step
of computing a background value has

a step of making reference to the values representative of signal intensities to
specify values in a predetermined percentile of 2 or more, and '

a step of deducing a background vaiue on the basis of the specified values of 2 or
more.

7. A data processing method according to claim 6, wherein the step of specifying
values in the predetermined percentile includes

a step of making reference to the values representative of signal intensities to
determine a lower quartile LQ, an upper quartile UQ and a median M,

the step of deducing a background value including a step of determining

a background value x = (UQ * LQ - M%) / (UQ + LQ - 2M)

wherein, X = 0 when UQ + DQ - 2M = 0.

8. A data processing method according to any one of claims 1 to 7, further comprising
a step of classifying the spots into a plurality of groups according to an arrangement
of the spots of the DNA chip,
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27 Decenber 2004 arranged on a DNA chip by hybridization of the DNA chip to

- acquire data to be analyzed, the data processing programfor a c¥hipestmbert2004
execute conprising: a step of acquiring the array data; a step of

| ogarithm cally converting the values representative of signal intensities
on each spot constituting the array data; and a step of generating

d dat WM ' ' I vert I
cor espondi nafy 1t ot REecLab. of Sheh 3B BATBS Yol SRR RS ormifedtT eurae
to execonaerning thehspot censtitutipg tife gronpa mediaadicdreaf, batkgr ound val ue that a
I babi,l_i , |, at.i f ti f
cubtract ed vaP (i sEafRlal i BelRr dofy R e S ceg PN apBie B Saescn of
the val ues representative of signal intensities has a predeterm ned

linearigy, th -bej h that the val bt ai ned. by
subt racti ng aﬁb%g{gﬁgg%sﬁﬂgPﬁ'ga%?é&hbﬁ'géﬁ%gy 0[‘?18% ?)g'm.?e%%r Z’S’?’gg%rnctogmr@@gof

si gnal i nt enséatstepsoficdtassifidmgltheeapotsing = pluradityt ofafrolipsgsocbtding © aoavaigerent 15.
A data j according to claim 14, wherein the conputer is
made tog{@égéﬁseﬁtﬁ@tqégﬁp’a step of scanning the logarithm cally converted
val ues to spesistsp af apetifgingt foereach ,of dhel geougtse fronf valuds repeédsaniativa eof rsghialn

fromea J i verted .. data c r.i sing val ues the
medi an ﬁgbsn\é ggg:org%%ﬁlbggkf%tg?:8%1&15%@32%g%ﬁjﬁog&e&zq@ 55’3 gggfjn according to

cl ai m 15, wheagitep ohaliviting eaeh of sheaduesorepssentaties of wignake interssitidselpy die

z- st andﬁlreg;aé! ng the logarithmcally converted values to conpute

st andardi zed val ues, thereby generating converted data conpri sing
st andardi zed val ues. 17. A data processing program according to any one of

cl ai ns to 16 i Lh . 1S e tq, execute, in the step, of
conput i i\%l t heﬂ‘b%actég'r og‘!ﬁ%m aﬁjueg,&%gg §%°§%‘”8f*°g§'§ﬁ? f ?/‘% r?& géfn‘fv *ﬂ?"ﬁﬁ‘nh?aﬁf?@ g? t he
val ues tlegnificstion hes aesterf olsaaguining, batednei eaahsof one or a plurality of columns or one
' or a plurality of rows, logarithm values concerning the spots included in the column or row in

the DNA chip. '

11. A method of comparing values representative of signal intensities on a plurality of
spots by utilizing a data processing method according to claim 2, the method characterized
by having:

a step of dividing a converted data value related to one spot by a converted data
value related to another spot.

12. A method of comparing values representative of signal intensities on a plurality of
spots by utilizing a data processing method according to claim 3, the method characterized
by having:

a step of computing a difference value between one standardized value and another
standardized value.

13. A method according fo claim 12, further comprising a step of computing an
exponentiation of a predetermined number on the difference value.

14. A data processing program for a computer to execute a data processing method of
processing array data constituted by values representative of signal intensities on each spot
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a step of setting a predeterm ned range including the m ninum value, a step
of partitioning the predeterm ned range by a predeterm ned nunber27tidecember 2004
conput e, as background val ue candi dates, an upper limt value, a |ower

limt value and a predeterm ned nunber of nedi an val ues obtai ned by
partitioning, 41 27 Decenber 2004 a step of subtracting, for each of the

back ' .back dj date. val ue from each of the
val ues PRAMEL AT aTRIELAP Ty ndn R B Pa P oiplire B Tosirabees Ga ue
t her eby ddtt woeessinggregraor ford cpmpbi@bid éstegugrapipribimged on t he subtract ed

val ues, and a f s Lfvin background candidate utilized in an
excel lent |i ngzsis&?%{)c))/ aggwﬁﬁ%l}%ar{%e@%%r mal probability graph, whereby a range

of the upper histep ofMadarthraicdlly cweertingrthd valaési eepresenbaing @f signaldntensities on

sati sf a&tﬂ&i %%dtggﬁséfbﬂ{}@g?ﬁ% %X?gg%é_teérﬁgong t he specified background candi dat e,

agai n for conput e a background val ue candi date,
to conpute a aostemlof genetatibg | donyertda pataaatariged SWlie itfey |ayabitthigdigusshverted

did . cording.tq any one aof clains 14
S0 17 hued tamPri iRl B R -B% B 8% BRASEGR; Shaftut e Raputy d hedt, B e
step of exeptessaribemng sibe gbreadetuéingrisneld a baskgeountyvalded thah = abmnddrE@eaRitn g
made. ¢ ooER eI o MMaRATrSeBofile o gubPadet g itn b ine by SBlRele | °
maki ng bml@rmnd_’evaloetﬂmnveaamesf ribpremest eddresentdtivei g algnanireasditidse fas Oaf
doauct ngeelsTisd el e Sibhf I St audy diat e vy Bl dbog
nor e. 28ubtractieg a bpckgrewsi vajuepfrogreach af thendiuey represémrtativeld, sighae intdrisiticl 6
conput eFenidgre'EBé%ea §Lﬁ)jec‘f’é?l%ﬂ&r?thmiicnc&n%rs?c}n.ep of conmputing a background val ue,

15. A data processing program according to claim 14, wherein the computer is made to
eXecute, further,

a step of scanning the logarithmically converted values to specify a median thereof,
and

a step of subtracting the median from each value, thereby generating converted
data comprising values the median has been subtracted.

16. A data processing program according to claim 15, wherein the computer is made to
execute, further, a step of z-standardizing the logarithmically converted values to compute
standardized values, thereby generating converted data comprising standardized values.

17. A data processing program according to any one of claims 14 to 16, wherein the
computer is made to execute, in the step of computing the background value,

a step of specifying a minimum value of the values representative of signal
intensities,

a step of setting a predetermined range including the minimum value,

a step of partitioning the predetermined range by a predetermined number to
compute, as background value candidates, an upper limit value, a lower limit value and a

predetermined number of median values obtained by partitioning,
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a step of determining a lower quartile LQ an upper quartile UQ and a

median M fromthe val ues representative of signal intensities, t3fdstepera04
determining x=(UQL.QM)1(UQ+L.Q2M wherein, x = 0 when UQ + DQ - 2M =

O to take a determned x as a background value. 21. A data processing
program according to any one of clains 14 to 20, wherein the conputer is

made to execute sjen.of .cl assifvying,the ots into a pluralit f groups
according to énSt%% Pfaﬁ@%’f?gﬂ?g'a%? eﬁb"@%&“ﬁ&“’f’ﬂ% Vﬁhﬁ ERdjgiatesy aztgacgﬁr@gﬂ‘%er
2004 a samegdaté vapeciréyigagh dfdheeﬂmso‘bprtelsentgt‘awassigﬁ%loimdnem% it hﬁﬁnﬁ_@ﬂe'é/
convert val ues_ concerning the spot constituting t roup,, a I an
Cher eor SuaRtalr Gaiud HgrebyioBPrb e R or AL kbl tpbnBated e suBredec

| ogari t kaluegladng converted val ues. 22. A data processing program according
to any one of _cl.ai 0 r r.is mdqﬁ%glu%é(ael.ﬁyto?

&l B 14 % 20,, whe eia thﬁ'd €0 Iut .

further a step orf & SPEFMNG G pIrso@yaH <oan taeaﬂﬁr%? afli % eafe pean

accor di agohg tre spotal pebabiltgerapt, of the DNA chip; a stelp of specifying, for
each of the gr fromyv es representative of signal . intensities
concer ni ng sp‘gﬁg'%i’gr%ﬁr{g&t %n@'etlmeoeérh fvalie r’?é’gilgwef I’i&'r‘_r]‘e\(ﬂa‘fe En8ha9sielp B

di vi di ngatistadtorgfint ddingarity eoncemirgs ¢t apécrr@dobaaimfﬂdl bm@guie,t BQ?B brzs\rl\ﬁih@ _
medi an. A data pr.ocessin rogram accordi ng to.cl ai or , erein
t he conﬁéﬁ%"fte'i- go f %aet ﬁ)o 085{'8%[?{03, g?‘%gf%dsf’ Heo?angldég’sig CAPPYIR, 2a"YPE of
acqui r i pppabitily geapdharaf tompecify a backgraunal cahgidafe. col uims or one or a plurality
of rows, logarithmvalues concerning the spots included in the colum or

row in the DNA chi p.
18. A data processing program according to any one of claims 14 to 17, wherein the

computer is made to execute a chi-square test, in the step of representing the predetermined
linearity.

19. A data processing program according to any one of cla.ims 14 to 16, wherein the
computer is made to execute, in the step of computing a background value,

a step of making reference to the values representative of signal intensities to
specify values in a predetermined percentile of 2 or more, and

a step of deducing a background value on the basis of the specified values of 2 or
more.

20. A data processing program according to claim 19, wherein the computer is made to
execute, in the step of computing a background value,

a step of determining a lower quartile LQ, an upper quartile UQ and a median M
from the values representative of signal intensities,

the step of determining

x=(UQ*LQ-M)/(UQ+LQ - 2M)

wherein, x= 0 when UQ + DQ -2M =0
to take a determined x as a background vaiue.

- 21, A data processing program according to any one of claims 14 to 20, wherein the
computer is made to execute
a step of classifying the spots into a plurality of groups according to an arrangement
of the spots of the DNA chip,
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24. A programfor a conputer to operate in order for conparing val ues
representative of signal intensities on a plurality of spots, te moapd 2004
bei ng made to execute a step constituting a data processing program
according to claim 16, and the conputer being made to execute a step of
dividing a converted data value related to one spot by a converted data

val ue related to another. spoy. 25. A programfor a conputer to operate in
order for conﬁé?‘?pna %ﬁcmé@g’r'[é’bte@%ﬁf Qltoel S}'g_UB?, ij%ﬂ* éqg%nthmﬁp@wsqup/@g&)ﬁalaes
plurali bmo@f'niﬁg)tbkasp]?t &mspfmgg&mgrbap,a@meﬂiaﬁ%rw; afde conputer bei 39 mafle
to execute a st onstituting a_data praocessin program according to
claim 16, andatie CgéHﬁkﬁfi'Pgﬁé% ng'ﬁa&@mc sadbddin looa fné?ﬁﬁgfzore@ﬁﬁ@ffﬁlﬁa&a
di fference val ue between one standardi zed val ue and anot her standardi zed
val ue. . A prpgram according to clajm?25, wherein the conputer is nade to
{ ot her Z0xec R eh PRESSEH Pl aRa ity rah ot b EIATS 31 13 20r ST e
nunber esmpdier idindderterxecuty firther 43 METHOD FOR PROCESSI NG GENE EXPRESSI ON
DATA, AND PRCI:I%SSI G ,P ABSTRACT A background conputing section, 32
of an anal yzi Ag° %ﬁr%{?i?g‘y'mehgsnﬁﬂt%én@uehplara"@ae GFORAdAsFRrqieg tha spot
nor mal arakehidnt bithe MM chipased on a cumul ative frequency ratio of
subtracted val ues obptai ned by subt :??gti ng the_ background val ue from each of
val ues repr e®&fftPall TREYYNY; é’ﬁ&acﬁ‘ bR efqups, Hﬂr_"t ‘_J%Spfﬁpr%ﬁef'?ﬁ&‘ne(?f@fgnﬁ DNA
chip, hiagensitips ecledering Bpsts cbhgtaingttiie grbae, 4 Aaiantthefeelahy converted val ues
of the correct egesi gnal. N ntensié)&y val E@S, as subtracted val ues of the
background vat F¥R PHAMGIO $aPh & the yrLes ertssertaliye of Siamel intensdies; by &he
assune medi@nhial di stribution. Accordingly, by standardizing this, it is
possible to

23. A data processing program according to claim 21 or 22, wherein the computer is

made to execute, in the step of classification, a step of acquiring, for each of one or a

plurality of columns or one or a plurality of rows, logarithm values concerning the spots

included in the column or row in the DNA chip.

24, A program for a computer to operate in order for comparing values representative of
signal intensities on a plurality of spots,

the computer being made to execute a step constituting a data processing program
according to claim 16, and

the computer being made to execute a step of dividing a converted data value
related to one spot by a converted data value related to another spot.

25. A program for a computer to operate in order for comparing values representative of
signal intensities on a plurality of spots, the program characterized by:

the computer being made to execute a step of constituting a data processing
program according to claim 16, and

the computer being made io execute a step of computing a difference value

between one standardized value and another standardized value.
26. A program according to claim 25, wherein the computer is made to further execute a

step of computing an exponentiation of a predetermined number on the difference

value.
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conpare the data neasured fromthe same kind of DNA chips or different
kinds of DNA chips. 44 27 December 2004

METHOD FOR PROCESSING GENE EXPRESSION DATA,
AND PROCESSING PROGRAMS

ABSTRACT

A background computing section 32 of an analyzing apparatus 10 computes such a
background value that a normal probability graph, based on a cumulative frequency ratio of
subtracted values obtained by subtracting the background value from each of values
representative of signal intensities on the spot arranged on a DNA chip, has a predetermined
linearity. The logarithmically converted values of the corrected signal intensity values, as
subtracted values of the background value from the values representative of signal
intensities, assume a normal distribution. Accordingly, by standardizing this, it is possible to
compare the data measured from the same kind of DNA chips or different kinds of DNA
chips.

Figure 1
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