| NFORVATI ON MANAGEMENT SYSTEM  METHOD, COMPUTER PROGRAM AND STORAGE

DEVI CE FOR LARGE- SCALE I N SI TU HYBRI DI ZATI ON ANALYSI S 5 BACKGROUND OF THE
I NVENTION 1) Field of the Invention The present invention relates to a
gene expression informati on managenent system a gene expression

I nformati on managenent nethod, and a gene expression information

and a
ranagenent b 09GFORITAYIOR AASSAGIENT SYRTEIEIRTHONCBARPUFER oS (0

a gene expressl ment s ene éxpr €sSsl1 on

phot om cr oscopP RO, ANBRTORACE. GRYACE EA ARG SCARETN BRkn i on
an’in i tu hybri i zati on analy S ERRARHAN ARELYEIS. oh can generally

manage i mage i nformati on and gene-related information acquired by various

gene expression analysis and which can extract know edges in full. 20 2)
Description of the Related Art For decades, in situ hybridization analysis
has been & deBAC flYOPbsi ti onal distribution or

| ocal i zati on of expressed genes or proteins within cells or tissues of

i nterest by dlYyEietdof thgbBnientzomg t he probe of a specific gene to the
histologically intact cell 25 or tissue and then maki ng observations with
optical m croscope The breseeit ingentivarresnepeo a geneasliression mfoangtoscal e

in situ hybridization nmethod for tissue
management system, a gene expression information management
method, and a gene expression information management program.
10  More specifically, the present invention relates to a gene expression
information management system, a gene expression information
management method, and a computer program for managing
photomicroscopic images of gene expression analysis.
The present invention also relates to an in situ hybridization
15 analysis management method and an in situ hybridiiation analysis
management system which can generally manage image information

and gene-related information acquired by various gene expression

analysis and which can extract knowledges in full.

20 2) Description of the Related Art
For decades, in situ hybridization analysis has been widely
carried out to identify bositional distribution or localization of expressed
genes dr proteins within cells orrtissues of interest by directly
hybridizing the probe of a specific gene to the histologically intact cell

25  or tissue and then making observations with optical microscope or



section is devel oped by KOM YA, Toru from Japan Sci ence and Technol ogy

Corporation "Doi Bio-Asymetry Project" (see KOM YA, 5 Toru, "96 wells de
okonau seppen no in situ hybridization (In situ Hybridization to Tissue
Section on 96-well plate)", Saibo Kogaku 18,405, 1999; and KOM YA, Toru,
"I'n situ hybridization ni yoru hatsugen chizu (Expression Map by in situ

Hybri di zat i on%l}égHggﬂ%g([(%gé?Bel—lat sugen Profile to Transcriptone (Functional

Genom cs and 10 Nakayanma Shoten, Co., Ltd., pp. 102-115,
2000, and the like.) The,outline of this large-scale.in situ bridi zati on
o ehod a1 e ey dhaadtol ararassealk i Bl BNy HBaGR riathitd Hop tesle o5

MRNA is extracted froman organic tissue or the |like, cDNA is synthesized
from nRNA usPeRHQbIS d%wlgaeégm) KRVHER, TeufremNdaPaR§19nes addhst ruct ed

(at 15 a step SP-1). The cDNA library is equalized to thereby provide an
equal i zed cDNEEghnsHagy QarposaideapDepBiy-Ascamedivngreiect HiseentOMIYA, even
the nRNA of extrenely small copy nunbers can be identified wusing the

equal i zed 5c DNForui, i9@mwellsTHe dkiogeau seppemciol ionsitd hyDNdiastiom dnvaet or i s
carried out to 20 transform cDNA into Escherichia coli (at a step SP-3). A
colony of tridgsfidizatidnEo Tiekuel Secti@baddg-atelhpRite), T2y KdduwkicoBoriSS
are picked up at random and insert cDNA is linearized and '"anplified by
PCR usi ng vect®y9;sead ORI PAI TBFS-“IMsituN@fbridigBtioh e yor@Mtsige seuance of

RNA pol ynmerase derived fromthe vector is added to the 25 ¢ fragments.
The anmplifie E;g\rlésfg t i I i g el |Ng a
gl ass powder dﬂ"ret hod%logn@%?t%)( %@ggﬂ?%@?gﬁanfr b%;r%?(g/ a*”@ lg%gsp I@S) .

Profile to Transcriptome (Functional Genomics and Transcriptome),
10 Nakayama Shoten, CO?' Ltd., pp. 102-115, 2‘000f and the like.)

The outline of this large-scale in situ hybridization method will
be explained with reference to Fig. 23. As shown in Fig. 23, mRNA is
extracted from an organic tissue or the like, cDNA is synthesized from
mRNA using Notl oligo (dT) primer, and cDNA library is constructed (at

15 astep SP-1). The ¢DNA library is equalized {o thereby provide an
equalized cDNA library (at a step SP-2). According to this method,
even the mRNA of extremely small copy numbers can be identified
using the equalized ¢cDNA library.

The ligation reaction of cDNA with a vector is carried out to

20 transform ¢DNA into Escherichia coli (at a step SP-3). A colony of
transformed E. coli is created (at a step SP-4). The colonies are
picked up at random, and insert cDNA is linearized and amplified by
PCR using vector sequence primers. At that time, the promoter
sequence of RNA polymerase derived from the vector is added to the

25 cDNA fragments. The amplified cDNA fragments are purified on a



Using purified fragments, a DI G (digoxigenin) |abel serving as a hapten,
IS subjected to a transcription reaction (at a step SP-6). A 5 probe
obtained is purified by ethanol precipitation, dissolved, and hybridized
in situ with a tissue section fixed at the bottomof the 96-well plate (at
a step SP-7). Washing after hybridization, enzyne coupled anti-D G

~anti body reacgion. i s stemtically contrall usi n ELI SA Dpl.ate
nasher . 10" e BIAEGTHR o, 6ise g e Blfie AS Bl L B AP Bh hoo
the section is_observed wt i nverted m croscope, and phot ographed by a
CCD caner a. Fﬁ%ﬁariiﬁ ?I%@Pr@%‘«gﬁ'an exanpl e of the photographed inmge. If
an i mage shows an intriguin al of exBr ession (indicated by black in

si_gn
Fig. 24), the nuc|e!d§irwepgageéﬁ ghts, e DiGr (g poEaNHY labetpBRENG A% e
master library are determ ned. Thus, the sequence-related information can
be combi ned wi&ptamds guhiectesdgpas Yiepacriptige reactiandebg Heps§P-Becording to
t he conventional nethod, however, the acquisition of the expression inmages
by the in5itprdbsoobtiineadiispuriiedchy eghame @@ cipitajeon, vdissiolved, base
nucl eoti de sequences of the cDNA clones used as probes, and discovery of

bi ol ogi cal knioybrdiges ihadowith 4 hissae gatitionnfikédat hies biotm minbaldeswiedibor ed
task. Therefore, the conventional nethod is disadvantageous in that it is

difficult to generat hxstegwagg.t?wvagm | Se€r h{bAaFatiodn caRgnRxXtbasled
know edges in]gful I(. 25 These isadvan{ngges Wi ?I be expl ai ngd in dgt ail

e asa o't SARANRERY rEARohly BT 6esApopn| a8 igg K efon
plate washer.

10 After color development by an enzyme labeled antibody method,
the section is observed with an inverted microscope, and photographed
by a CCD camera. Fig. 24 illustrates an example of the photegraphed
image. If an image shows an intriguing signal of expression (indicated
by black in Fig. 24), the nucleotide sequences of the corresponding

15 clone in the master library are determined. Thus, the
sequence-related information can be combined with the gene
expression image (at a step SP-8).

- According_to the conventional method, however, the acquisition
of the expression images by the in situ hybridization, matching the |

20 images with the base nucleofide sequences of the cDNA clones used as
probes, and discovery of biological knowledges based on those
information has been manually labored task. Therefore, the
conventional method is disadvantageous in that it is difficult to generally

manage the obtained information and extract knowledges in full.

25 These disadvantages will be explained in detail below.



sequences thereof, and the |ike are analyzed manual ly. Nanely, an
experinenter needs to search an existing cDNA D13 (e.g., an expressed 5
sequence tag (hereinafter, "EST") D13 or a full-length cl DNA DB) for
simlar sequences using a honol ogy search program such as BLAST based on
t he base sequences of the expressed cl DNA clones, and identify an

expressed gene(rrRNA. In addition, th xperinenter needs..to collect and
do clustering cDNA §’>e elﬁégg"sscgl? H&?'teﬁyﬁjégﬁi t'?%'p%ég%rﬂq ti8%e0% dent i cal
MRNA shoul d be grouped.into the single kB cluster, group expression inmages
for the cl oneSXKI§¥SE Eﬁﬁgeﬁlt%%é’tb,tg@ﬁ&‘- ae&?mé’é?g)gﬁﬁ %Bﬁsgf?%%técfromthe
‘image s. Furthernore, if such a |arge-scale in situ hybridization

experi ment i sSeYiRRRAStharepf omed ﬁn%é}g@,aratan@aged sagevally.nuNamealy, & 15
several thousands of images are acquired. Besides, it is expected that
experi nment al experinenteheeecdpitessaoch anagxistisg OPMNALAIE (efgd 1 lae expnegeedcal e
in situ hybridization or the like increases enornously follow ng the
recent dewel opavpngned tdg dnseinpiteneESTE) B oranflill-lenatie eDNATBY frs.
Naturally, therefore, there is alimt to manual 20 operations, and the

devel opment ol atas e3Y84iam 4 hainalagy seener Prbyramnagh hdIgngTat i ons
I's desired, accordingly. Mreover, if the database system which can

general |y mnggesd bAehexpesd §BRLBhcESIA tRE dxipetsedcONASHEL Zaid on is
i ntroduced and a data mining nethod is utilized, 1t is expected to be able

e oo “ReHIRAR G Tpo O SRR D pER e G er
experiment | Sngé)&'éj'r'c?t(;%ﬂe&?gﬂg cinQI)ﬁs?ér%&%DNA sequences so that clones
10 representing the identical mMRNA should be grouped into the single
cluster, group expression images for the clones in the same cluster, and
extract knowledges read from the imagés.
Furthermore, if such a large-scale in situ hybridization
experiment is conducted for one tissue, at least several hundreds to
15 several thousands of images are acquired. Besides, it is expected that
experimental data for the expression analysis by means of the
large-scale in situ hybridization or the like increases enormously
following the recent development of transcriptome analysis and
proteome analysis. Naturally, therefore, there is a limit to manual
20 operations, and the development of a database system that can
generally manage the operations is desired, accordingly.
Moreover, if the database system which can generally manage
. the experimental data on the in situ hybridization is introduced and a
data mining method is utilized, it is expected to be able to discover

25 knowledges, which have not been discovered by the conventional



progress managenent per plate as to what processing is perforned for which
pl ate, a processing is to be stopped for which plate, and the like 5 is
conpl i cated, whereby unnatural errors di sadvantageously occur. The
conventional techniques explained above and objects that the present
invention is to attain are not limted to an instance of the collection of

experi nment al t large-scale in situ hybridization but
simlarly app t@ﬁél”%%e& &g@mp%%tyéiﬁm'hods for 10 anal yzi ng gene
expression i nformatjon, @U ARY OF THE | NVENTI Lt .is. an obj eci of the
present invention t& 89{EN,IT §0 gXPefiments Aanducted using %Rtdt8Ral
technol ogy. 15 A gene expression infornmation managenent apparatus

accordi ng t o BiRIraspseenagemget peepiaie aniemthaPosapringes perferagd fodat a

I nput unit which inPuts pi eces of image data on expression of genes; a
base sequencewhigiuplaigi @ ﬁmp@ﬁsmﬁpﬁttggnﬁ§@m@ﬂ1&ﬂcwblaﬁlf plate, aes phediked
genes; a honol ogy search unit which conducts a honol ogy 20 search of the
base sequénceis ¢arpplichipd, hrdraby wetptenalesirapsudisadivantagealsipicdtuext r act s
honol ogous sequences; and a display unit which displays the imge data,

t he base sequences Tl rcespentibngl techigues exptaidet abardahd ool pgeus
sequences. This apparatus inputs inage data on the expression of genes, 25

i nputs base s@@usReRNthvéiforeidfeaRath 8rp0a%t (itited tdaransRAHRNEEHS Of
cDNA cl ones), conducts a honol ogy search of the input sequences to extract

honol ogous se i e ] i ng
sequences and%ﬁéyﬁ?ngfgggﬁgﬁ?ggﬁi%%%s?y here?ggg?eq%e SEAIESRARSY
hybridization but similarly apply to all other experimental methods for

10 analyzing gene expression information.

SUMMARY OF THE INVENTION

It is an object of the present invention fo solve at least the
problems in the conventional techn.ology.

-15 A gene expression information management apparatus
according to one aspect of the present invention comprises an image
data input unit which inpuis pieces of image data on expression of
genes; a baée sequence input unit which inputs base sequences of the
expressed genes; a homology search unit which conducts a homology

20 search of the base sequences input by the base sequence input unit,
and which extracts homologous sequences; and a display unit which
displays the image data, the base sequences corresponding to the
image data, and the homologous sequences.

This apparatus inputs image data on the expression of genes,

25 inputs base sequences of the expressed genes (e.g., base sequences



t he genes expressed in the image data can be easily specified. 5 That is, a
honol ogy search (e.g., FastA or Blast) is conducted to known sequences
stored in a sequence dat abase (e.g., an EST database or a full-length cDNA
dat abase) for the base sequences of cDNA clones used as probes and
correspondi ng i mages pi cked up at a gene expression analysis such as an in

situ hybridizati per i base se avi n

Similarities O %ﬂﬁlfsgm%ge et A BomERR BT B B I RP e st n ¢ ne
cDNA and the |na ta can be displa ed C hensj vel y rth

Sl arity (oA R SESIHe sHatH ﬁ"gsﬁe the Srcedata Mbace
sequence and each of its honol ogous sequences nay be di spl.ayed together
Wi th the honfU§etROREGISRBIENHRSsand e moleem%aﬁe%@m&%e Therebere,

di spl ayed. In addition, the honol ogous sequences can be displayed while
bei ng sorted the penes @gpr@aacbm theuin age ata caat be easily specied.nf or mat i on
attached to each honol ogous sequence, i.e., the nane of a gene, the nane of

the 20 protein prothaltisol hdreotmnesearchofeggni Bastfr onBidsty s cordyetea ics
acquired, the name of an organ or a tissue fromwhich the gene is

acqui red, thekidvefseigirengesastbred heaGBamce thablddeofe.thearpESTRI N product
of the gene in the GenBank, the length and the simlarity by which the

sequence of tdea®ENS drSa m%@g&h%mmt bﬁtafb%%%?ﬂ@ﬁthﬁ bhBe R8s end

information on the evidence of the presence of the gene may 6 be displayed
oot ot oo AOFRLE 52 SALBEE . Bl BRIR IR G RN LTS o1
search for a &&?&? expression analysis such as an in situ hybr:d|zat|on gxperiment,

10 and base sequences having high similarities are displayed. Thus, the
cDNA can be specified, and both the cDNA and the'image data can be
displayed comprehensively.

Further, a similarity (e.g., the score of the homology search)
between sach base sequence and each of its homdlogoes sequences

15 may be displayed together with the homoiogousrsequence. Thus, the
most similar sequence can be displayed. [n addition, the homologous
sequences can be displayed while being sorted by homology score.

Furthermore, at least one of information attached {o each '
homologous sequence, i.e., the name of a gene, the name of the

20 protein product of the gene, an organism from which the gene is
acquired, the name of an organ or a tissue from which the gene is
acquired, the ID of the gene in the GenBank, the ID of the protein
product of the gene in the GenBank, the length and the similarity by
which the sequence of the cDNA is matched with the sequence of the

25 gene, and information on the evidence of the presence of the gene may



sequence of at least one of: 5 (1) a gene which is known in the sane or an
other organisnm (2) a gene which is unknown but a cDNA of which is already
acquired; (3) a gene which is unknown but a correspondi ng genonme DNA of
which is already acquired; 10 (4) a gene whose |l ocation on a chronosone is
known; and (5) a gene which is already patented. This illustrates one
exanpl e of the homglo search nor oncretely. This apparatus conducts

t he honol ogyk@%QH{ﬁaY% tgg%{igee( %@Z@@ﬁp@@pgggg'%e e of: (1) a gene
which is known to the sane or 15 an ot_h}gr or?ani sm (2) a %ene which is
unknown but a cDNA IBrthgngene expressigadjiamalianemanagemeaeParates. the
unknown but a correspondi ng enonme DNA of which is already acquired; (4) a
gene whose | de@imiotgy §ﬂ36§|'bhﬂgrﬁ%1@#é‘-t$ shechewelogh deEssh doyarkasthi ch i s
already patented. Therefore, the biological significance of the i mage data
or the like csyuatcdof ehtddst ameofified. That is, since the apparatus can
conduct a honol ogy search to the respective sequence databases which store
base sequences (i a gene ediielyds kesw(il)n the §ane dvhanraber bogahisgyus sequence
in each category can be individually specified. 25 A gene expression

i nformati on managengete Johas UnkhodGrBuHaDNA sMRhREr isagipesdy of the
present invention conprises an inmage data input unit which i nputs pieces

of image datazQiyiepression of genes; a base sequence input unit which
i nputs base sequences of

(3) a gene which is unknown but a corresponding genome DNA of
which is already acquired;
10 (4) a gene whose location on a chromosome is known; and
(5) 2 gene which is already patented.
| This illustrates one example of the homology search more
concretely. This apparatus conducts the homology search for a base
sequence of at least ane of: (1) a gene which is known to the same or
15 an other organism, (2) a gene whjc-:h is unknown but a cDNA of which is
| already acquired; (3) a gene which is unknown but a corresponding
genome DNA of which is already acquired; (4) a gene whose location
on a chromosome is known; and (5) a gene which is already patented.
_ Therefore, the biological significance of the image data or the like cén
20  be easily specified.

That is, since the apparatus can conduct a homology search to
the respective sequence databases which store base sequences in the
categories (1) to (5), the most homologous sequence in each category
can be individually specified.

25 A gene expression information management apparaius



t he expressed genes, a sequence clustering unit which clusters the 5 base
sequences input by the base sequence input unit, and which classifies the
base sequences into specific clusters; and a display unit which displays
the i mage data and t he base sequences corresponding to the inage data for
each of the clusters. This apparatus can input inmage data on the expression
of genes,. 10 i nput gase ?ﬁquence% of, . the expressed.genes (eaé% , base
sequences of SEERINTIY EAEDPINGY FERCt Pibe RISREN AAUC UGN SARUYTSSS BN assi fy
the base sequences, into specific clusters, and displays the i mage dat a,
the correspolidRdy dda iRpiednit JHch hRPsRiEs§s & IBEgasRHatasop expiession
correspondi ng sequences for each cluster. Therefore, by classifying, 15 for
exanpl e, cDNACT ESTeSeq RASESH T WRITGE, HP Utrotil wihéchs lrutafase sequences ofine
cluster, the base sequences having the sane property can be collected and
‘cl assi fied i nthe expressedi gernes;laiseguentaicdustakieg vhié vwdlichichadteos tive t he

| i ke of the duplication of the CcDNA clones extracted at randomfromthe
CDNA |'i br&y passiskhesn28stihpueby themdser segqpems rpuffnigiantwhich an
operation for generalizing experinental results. The gene expression

i nformation nelaggiimeMthelpRes abusichues Neto sFOREI HaSteRs Chbg tedispeAY AR NY
unit which determnes a cluster sequence fromthe base sequences

classified i nhAidM8ispids Bld'fth8he Batdard the BASE MR ndesadd s i din

wherein the display unit displays the 8 cluster sequence, the inage 8ata,

- and the base t%eg%emqgge d%géH‘SFBQEHid?QhE%[ﬁ%\%ré,”age data for each of the
us

clusters. This appara etermnes a cluStier 'sequence fromthe base
This apparatus can input image data on the expression of genes..

10 input base sequences of the expressed genes (e.g., base sequences of
cDNA clones), cluster the input base sequences to classify the base
sequences into specific clusters, and displays the image data, the
corresponding sequences, and the homologous sequences to the
corresponding sequences for each cluster. Therefore, by classifying,

15 for example, cDNA (EST sequences) derived from the same mRNA into
the same cluster, the base sequences having the same prdperty can be
collected and classified into the specific cluster.

This makes the elimination or the like of the duplication of the
¢DNA clones extracted at random from the cDNA library possible,

20 thereby further improving efficiency for an operation for generalizing
experimental results.

The gene expression information management apparatus further
comprises a cluster sequencfng unit which determines a cluster
sequence from the base sequences classified into the same clustef by

25 the sequence clustering unit, wherein the display unit displays the



sequences classified into the sane cluster, and displays the cluster 5
sequence, the image data, and the correspondi ng base sequences for each
cluster. Therefore, a base sequence (e.g., a full-length cDNA) created by
conbi ning the base sequences belonging to the sane bluster can be

determ ned as the cluster sequence and displayed. This can facilitate

predicting a en tic sequen such a 10, ful|-1ength (nRNA sequence)
from an exper' q%%%ﬁedmagggiﬂtaas {Qeega?ﬁ qé‘@(%@ﬁces) In the
gene expression j nf ormat i on managenent appar at us, sequence clustering
unit assenbl e@OaSPORAIBIEhENERE0e AatA For @@‘h&é’ﬁéh@ Cé‘&f@é?}ce *and
classifies the base sequences constituting 15 the sane consensus sequence

into the sanme clustBhis 2pranakes deteyrines a clusdeeseayenes framettberiases t he
consensus sequence of the cluster as the «cluster sequence. This apparatus
assenbl es t hesdrpsencaxcleissdied mio the camse cbuster, syl dispdays tlas ©ildstes t he
base sequences constituting the same 20 consensus sequence into the sanme

cluster, and sejesndeasetitmgedaregnaubtinequaespontiindipast usigienaestioe
cluster sequence. Therefore, a cDNA sequence close to a full-length cDNA

sequence can dgckerpierl TrRemIBAS td Bbsé%uﬁeﬁfﬂé‘?(&c@s AN Rt IMRAGEe
assenbly technique (for creating a | ong sequence from short sequence

fragments. Foérew%?d Bini tﬁ&?fds‘%"s@cﬁﬁ%ggﬂi@ﬁ tBrtﬁgrE"d?ﬁé 'S

searched by a | e seque ce alignne or the |1 and the

sequence  f agenl s JRKE b IR AP B Ao B IR hnd ORI RYed, | Onger

sequence Is crea

This can facilitate predicting a genetic sequence such as a
10  full-length DNA (mRNA sequence) from an experiment using partial
cDNA sequences (EST sequences).
In the gene expression information management apparatus, the
sequence clustering unit assembles the base sequences into a
consensus sequence, and classifies the base sequences constituting
15 the. same consensus sequence into the same cluster, and the sequence
clustering unit determines the consensus sequence of the cluster as the
cluster seqdence.
This apparatus assembles the base sequences into a consensus
eequence, classifies the base sequences constituting the same
20 consensus sequence into the same cluster, and determines the
consensus sequence of the cluster as the cluster sequence. Therefore,
a cDNA sequence close to a full-length cDNA sequenee can be created
from partial cDNA sequences using a sequence assembly technique
(for creating a long sequence from short sequence fragments. For

25 example, an overlap between sequence fragments is searched by a



The gene expression informati on managenent apparatus further 5 conprises a
cluster sequence honol ogy search unit which conducts a honol ogy search of
the cluster sequence determ ned by the cluster sequencing unit, and which
extracts honol ogous sequences. The display unit displays the cluster
sequence, the honol ogous sequence to the cluster sequence, the inmage data,

and the corresponding 10 sequences for each of the cluster. This apparatus
conducts a hoWHﬁ%‘ﬂ? %éﬁ%ﬁeo?l'gweﬂgf@tﬁpﬁeq thg lﬂgﬁf'eﬁ*n‘ibﬁéﬁﬁéef‘ﬁeextram
honol ogous seﬁuences, and displays the cluster sequence, the honol ogous
sequence to thagaeans @ﬁVﬁlﬂqUﬁ%?”aPﬁé’eﬁ?ﬁﬁBeabﬁe&a vgireble {19&spondi ng
sequences for each of the 15 cluster. This can facilitate specifying the
“expressed gengquenaehis ciepdgd.)data. That is, a honplogy search (e.g., FastA
or Blast) is conducted to known sequences stored in the sequence database
(e.g., the EST datHbagenerexgressidn ilfergation Dhanadgée oiesd epplagatushfurtiarst er
sequence 20 synthesized fromthe base sequences of the cDNA cl ones used as

probes by sexecarhpriges = elyséscse @ssted hynloge seiangh aniit Waidh éendactd a base
sequences having high simlarities are displayed. Thus, the expressed

genes can be I@@mb!d’%yﬁﬁéﬁiéﬁ 8Hth& bIisher seGuendl datdrinined. 8y thd BRisigpr e of
t he honol ogy search 25 between each base sequence and each of its

honvol OQOUSTEWn%&WbW@ﬁ&PEN%té HSﬁHPﬁ?o&‘é 5BqLARcAgMggOUS

sequence. st sim r sequence to t s cluster sequence can be

ggfggayed- ' NaisBRA Qs hi8Fs IREROARY SeHTRNBAC BTe FBM NBo0LE N RY MY ©
the cluster sequence, the image data, and the corresponding
10  sequences for each of the cluster. |

This apparatus conducts a homology search of the determined
cluster sequence to e.xtract homologous sequences, and dispiays the
cluster sequence, the homo!bgous sequence to the cluster sequence,
the image data, and the corresponding sequences for each of the

16 cluster. This can facilitate specifying the expressed genes in the
image data.

That is, a homology search (e.g., FastA or Blast) is conducted to
known sequences stored in the sequence database (e.g., the EST
database or the full-length cDNA database) for the cluster sequence

20 synthesized from the base sequences of the cDNA clones used as
“probes by executing a sequence assembly processing or the like, and
base sequences having high similarities are displayed. Thus, the
expressed genes can be easily specified.

Further, a similarity (e.g., the score of the homology search)

25 between each base sequence and each of its homologous sequences

10



sorted by honol ogy score. 5 Furthernore, at |east one of information
attached to each honol ogous sequence, i.e., the nane of a gene, the nane
of the protein product of the gene, an organismfromwhich the gene is
acquired, the nanme of an organ or a tissue fromwhich the gene is
acquired, the ID of the gene in the GenBank, the ID of the protein 10
product of the ne .in. the nBank, the length and the simlarjt whi ch
Phe ol uster  SBadameaiqraved coasimn it foe BBielnBBls e anErhene 1ds dhe

i nformati on on the, evidence of the presence of the gen% rr%y be displ ayed
t oget her wi t HMOBE SHBHBY 88BYRNSR NS LIUMBNIRIURSICE €31 P HSPIaNSH- gdRet i ¢
sequences are input and 15 clustered with regi stered cDNA sequences,
-information @dadigp,n,itmm@@mtzlagays@@qﬂiﬁa@cersuarébestanl@ry@éswaée@r@gm%g to the
sanme ctuster can be displayed. In the gene expression information
managenent appented by, hemelogy sesteer sequence honol ogy search unit conducts
the honol ogy search 20 for a base sequence of at |east one of: (1) a gene

whi ch is lnown in therthamope, stNeashenemfgaforsmation 2jtaahgdrie eduich i s
unknown but a cDNA of which is already acquired; (3) a gene which is

unknown but ahE@bIGFRENEEGde GEA0NE., BN mfme 25 anbeas, ire abreadftieequired; 11
(4) a gene whose location on a chronosone is known; and (5) a gene which

ims)r 2' ready pahefbRdprotilict dfithejdrat am BREaM¥ARTRbA %iéﬁ‘ﬁwé‘@@%qu sear ch
achired, the name of an organ or a tissue from which the gene is
acquired, the ID of the gene in the GenBank, the ID of the protgain'
10  product of the gene in the GenBank, the length and the similarity by
- which the cluster sequence is matched with the sequence of the gene,
and information on the evidence of the presencé of the gene may be
- displayed together with the homologous sequence.
| Furthermore, if arbitrary genetic sequenbes are input and
15  clustered with registered cDNA sequences, information (e.g., image
data) on the cluster sequences belonging to the same cluster can be
displayed.
In the gene expression information management apparatus, the
ciuster sequence homology séarch unit conducts the homology search
20 for a base seguence of ét least one of:
(1) a gene which is known in the same or an other organism;
(2) a gene which is unknown but a cDNA of which is already
acquired;
(3) a gene which is unknown but a corresponding genome DNA of

25 which is already acquired;

11



concretely. This apparatus conducts the honol ogy search for a base 5
sequence of at least one of: (1) a gene- which is known to the sane or an
ot her organism (2) a gene which is unknown but a cDNA of which is already
acquired; (3) a gene which is unknown but a corresponding genone DNA of
which is already acquired; (4) a gene whose location on a chronosone is
known; and (5) ene which is alread paﬁented. 10 Therefore, the

bi ol ogi cal si g FLARBE 103 DGAREHA SGMPTRMEI R KNEH: B easi | y
specified. That is, since the apparatus can conduct a honol ogy search to

the respective Sequgnte WHEhHasdeagyi Raestede base sequences in the
categories (1) to (521, t he nost honol ogous sequence in each category can
be indi vi dual | y spethisiidustrains gaaex@opplesef te homology sear¢cmmyenent
apparatus, further conprises an annotation information storage unit -which
stores at | ecstcrenelyof Tihis apparatus conductexhe donedlogiysszarchi fof ar base on on
a growth stage or an ageing stage of the extracted tissue, information as

to 20 whetshersg@nen®xpf as et drie obs@l edenandhichfiokmatiimto te aanrggben in
whi ch the gene expression is observed while making the at | east one

i nformation cgfIRREPBEG4MsiNE2) BRgen &l altich Y ahkhBwinhisutdh TINX dffbkich is
di splays at | east one of the information on the extracted tissue, the

i nf or mat  on 0@y bagy YoABAS(IPE dind RATR IRKRAAD e LBRSPLRRIC 25

tissue, the infornation as \ _ he gene expression is observed, 12
HRERRAL Y N R A R e
on a chromosome is known; and (5) a gene which is already patented.
10 Therefore, the biological significance of the image data or the like can
be easily specified.
That is, since the apparatus can conduct a homology search {o
the respective sequence databases which sfore base sequences in the
categories (1) to (5), the most homologous sequence in each category
15 .can be individually specified.
The gene expression information management apparatus,
further comprises an annotation information storage unit which stores at
least one of information on an extracted tissue, information on a growth
stage or an ageing stage of the extracted tissue, information as to
20 whether gene expression is observed, and information on a region in
which the gene e'xpression is observ.ed while making the at least one
information correspond to the image data, wherein the display unit
dispiays at least one of the information on the extracted tissue, the
information on the growth stage or the ageing stage of the extracted

25 tissue, the information as to whether the gene‘expression is observed,

12



This illustrates one exanple of the annotation information on the 5 inmage
data nore concretely. This apparatus can store at |east one of information
on an extracted tissue, information on a gromh stage or-an agei ng stage
of the extracted tissue, information as to whether gene expression is
observed, and information on a region in which the gene expression is
observed whil e gﬁ‘gll t he at eaﬁt one informi’h%on 10 correspond to the

i tage data, aR@dd W”&t'qf’b‘é@tt BAEIWHN thwhigh g BRDPRXRIRSERS xt r act ed
tissue, the |nformat|on on the growm h stage or the_ ageing stage of the
~extracted tlsgﬁéef"teﬁiewhﬂf’dﬂﬁlﬂﬂgdﬁea%t legst @ﬁ@t'ﬁ&‘?mﬂﬁéﬁfgéﬁéfeéﬁﬁﬂgst@i e is
observed, and the information on the region in which the gene expression

i s observed whége wgkéng the at 15 | east one information correspond to the
I mage data. The gene expression infornmati on nanagenent apparatus further
conpri ses an expresShignlllsirateseohe mtanopieuni theran sotatismn imdio wsatiex preths on

| evel s of the genes in the i mge data based on one of or both of the inmage

- data and tshe pasge seaaensescorfreldlys appeappasaest cambaecaiPleassone dfevel s
of the genes in the inmage data based on one of or both of-the inage data

and the base j$64H81166%n Eﬁ'eﬁdﬁa%'ﬂecﬁ kLt A8 rmaeehion B0 RWEEEEUr04h
pattern (a pattern of uniform expression, non-uniformwexpression or the

l1ke). The exp ‘t{lﬁe 8 eg'een;fﬁﬂh% é‘ft}‘a&%deﬁééd@tuﬁﬂ)rﬁ%’atﬂm Qb%ﬂghéﬂﬁ%rﬁﬁféal | ke in

i ntensity and si gnal regi on of uorescent dye or

Fur thor by (ARG DRRaor 8y eah S MebiTy e M K3 e0iT b Bt Behe s

sequences, an_automatic estimt]j opl. can [t().e m?]de tars f(t)l lows., If a
expression [s observed while making the af'feast one information

10 corrc-_:.-spond to the image data, and display at least one of the
info_rmation on the exiracted tissue, the information on the growth stage
or the ageing stage of the extracted tissue, the information as to
whether the gene expression is observed, and the information on the
region in which the gene expression is observed while making the at

15 | least one information correspond to the image data.

The gene expression information management apparatus further
comprises an expression level estimation unit which estimates
expression levels of the genes in the image data ba;ed on one of or
both of the image data and the base sequences.

20 This apparatus estimates expression levels of the genes in the
image data based on one pf or both of the image data and the base
sequences. This can facilitate specifying an expres_sion pattern (a
pattern of uniform expression, non-uniform expression or the like).

The expression levels may be estimated by obtaining the signal

25 intensity and the area of signal region of a fluorescent dye or the like in

13



genom c repeat sequence, for exanple, is included in the base 5 sequences,
the probability of cross-hybridization (occurrence of a hybridization
reaction to other nRNA having the same genom c repeat sequence) is high. -
Therefore, the reliability of the estimted expression |level is |ow
Moreover, if images of the sane tissue section in which the 10 probes are
made il lumnant and in which the probes are not made _illum nant are picked
up or images B€ iMrge data Pygeaansadta BROWRI iBPaR anabisty Betapere diner brent
fluorescent dyes are picked up, the inmage analysis processing can be

easi | y executledrthey, by vsingxiafipineaties oinneet agly the inggedstahut eles thy
obtaining the difference between the two 15 i mages). The gene expression

i nf or mati on npae® esguEneppaartautomatichestimaboprdaseise ana da @sefadioanrs. | dfal
order sorting unit which sorts display orders of the inmage data according

to the expresgepomicvrepsatasdqumicd fobexahmlexpr eshided Iretted baséi mati on
unit. 20 Since this apparatus sorts display orders of the i mage data

accordi ng g 0 $diu&sdddTRhBDreNADRRT IPRrbEYMBridiNtAidHe fcckaferdd behent |y
check the experinental result. The gene expression information managenent

apparatus. | Uri i Z88BR 138 AR ol JTRGR pRSNACK kFiRG W8l darkl G SAIPAI RS 1O or

nore 25 pieces e |1 mage data n at st one of"the 1ma at a,

h b . ' t.he i i he .
extracted tr S EeEsHgny RERIR. Wi PeTaniliP ot HLe et 20l ng st age

of the extracted tissPe the information as to whether the gene expression
i s expression ievel is low. ‘

Moreover, if images of the same tissue section in which the
10  probes are made illuminant and in which the probes are not made
illuminant are picked up or images of the same tissue section which are
colored with different fluorescent dyes are pickéd up, the image
analysis processing can be easily executed (by, for example, estimating
an expression level by obtaining the difference between the two
15 images).

The gene expression information management apparatus further
comprises an expression level order sorting unit which sorts display
orders of the image data according to the expression levels estimated
by the expression level estimation unit. |

20 | Since this apparatus sorts display orders of the image data
accordi‘ng to the estimated expression levels, the user can efficiently
check the experimental resulf.

The gene expression information management apparatus further
comprises an image comparison unit which compares two or more

25 pieces of the image data based on at least one of the image data, the
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observed, and the information on the region in which the gene 5 expression
I s observed; and a difference extraction unit which extracts a difference
anong the two or nore pieces of the imge data based on a conparison
result of the image conparison unit. This apparatus conpares two or nore

pi eces of the image data based on at | east one of the inage data, the base

sequences, t 10 ex reSS|on | evel s, formation on the ct ed

i ssue. the BatoRRALPORCBNenS eaEN Bisfe (P Ieagheng s Teyerbrcine
extracted tissue, the information as to whether the gene expression is
observed, ariissue tharsfarmation en theanoughsiaga thérﬁgeﬁeggeéaaeéawhessu on
I's observed, and extracts a difference anong the two or nore pieces of 15
the i mge datextrasted tinsue, dbepafdrmatioresalto wheibesthe genchexprmssionius can
efficiently extract the difference anong the images. Thus, if annotation

processi ngs asleseraed; edddbe ihbornitéoreopribesiegiopat weick the geme respecti ve
ti ssues by imge recognition or manual operation, and annotation results

are automat i catpresemRy ebserved; ing & Hifges ek éXteadtion usst Whlchngxteacts -
di fference can be extracted and displayed. Further, the conparison of, for

exanpl e, a noj ke eRice YnbRgdhedieap &l ﬂ)lecbgfﬁf (A iHiy ORaW Baséagm or
agei ng stages of the cells at time series, and that of before medication

with after nedigat rﬁmd}{ rdd1ft ofPhd Hﬁg aB8E6h ¢irgint |y executed. 15 The

gene expression I nformation nranagerren appagat Us furt her conprises a

three-di mensi onal :T'Ei?]g apocpgcegusogoﬁw:jtrem{n/%h%ﬁng)?&epﬁeées RtRETHgRNgARN

i mge fromtwo or I'mage
based on at least one of the image data, the base sequences, the

10 expression levels, the information on the extracted tissue, the
information on the growth stage or the ageing stage of the extracted
tissue, the information as to whether the gene expression is observed,
and the information on the region in which the gene expression is
observéd, and extracts a difference among the two or more pieces of

15 the image data based on a comparison resuit. Therefore, the
apparatus can efficiently extract the difference among the images.

Thus, if annotation processings are carried out for the
expression patterns in the respective tissues by image recognition or
manual operation, and annotation results are automatically compared, '

20 the images of the tissues having a difference can be extracted and
displayed.

Further, the comparison of, for example, a normal cell with é
disease cell, that of the growth stage or ageing stages of the cells at
time series, and that of before medication with afier medication or the

25 like can be efficiently executed.
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and an expression |evel sinmulation unit which sinulates expression 5 |evels
in the three-dinensional image fromthe expression levels in the imge
data. This apparatus creates a three-dinmensional imge fromtwo or nore

pi eces of the image data, and sinulates expression |levels in the

t hree-di nensional inmage fromthe expression levels in the inmage data. 10
Therefore, if sliceg,_of an organ are all tested based on one sequ n%e, t he
thr ee- di mensi onal | HAB@BE SXRI G hinarmBoRiManas saasy aRFGHAIN Fii (hore
slice images and the expression | evel of an nRNA obtai ned by anal yzi ng
each i mage ca®O'perieaprabireq-dimensianakiRagmaregtionnditdvbnhag@stess The gene
expression informati on nmanagenent apparatus further conprises a typical

cl one det er i dee slimatisionwli istagiefroniwe Lranpydpéetes ef treeimagmdaia, base
sequences belonging to the same cluster, based on at |east one of the

i mage data, thed Basexpregsent /el sireuatpressitonhichvairaiiateseexpriessitat i on on
the extracted tissue, the information on the 20 growh stage or the ageing

stage of the lexvbrant gk thresudimdiigonaniheagafioon ths dxprabsiohdeveReingdre
expression is observed, and the information on the region in which the

gene expressigiads dapserved. This apparatus determines a typical clone from
the base sequences belonging to the sanme cluster, based on at |east one of

the 25 imge dat amﬁi’%ea 1S BHEAES S, tﬁ@%-&ﬁ@éﬁﬁ%h%l‘irhﬁ%@'tfﬁoemtt% 0

information 16 on the extracted tissue, the Information o grov_vt% st age

or the  agei 1G5t 30-0f of B SHLEACIAL. Lhastifubie LALRIIRY afle 1f grhet her

t‘he gene expressron I s observe ormat 1 on on e regronin

whi ch three-dimensional image from the expression levels in the image data.

10  Therefore, if slices of an organ are all tested based on one seguence,
the three-dimeénsional image of the organ can be simulated by
combining the slice images and the expression level of an mRNA
obtained by analyzing each image cah be corrected three;dimensionally
and displayed.

15 The gen-e expression information management apparatus further
comprises a typical clone determination unit which determines a typical
clone from the base sequences belonging to the same cluster, based on
at least one of the image data, the base sequences, the expression
levels, the information on the exiracted tissue, the information on the

20' growth stage or the ageing stage of the extracted tissue, the
information as to whether the gene expression is observed, and the
information on the region in which the gene expression is observed.

| This apparatus determines a typical clone from the base
sequences belohging to the same cluster, based on at Eeasf one of the

25 image data, the base sequences, the expression levels, the information
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t he gene expression is observed. Therefore, a clone which can be 5 expected
to provide the best experinental data can be selected from anong the
clones derived fromthe same nRNA and extracted as a typical clone. In
addition, EST clones considered to be derived from the same nRNA are
classified into the sanme cluster and an experinent is conducted only to a
typical clone in the cluster, whereby the nunber, 10 of experinents can be
decreased. | robtheexiigciad tigaveotha irfarpatiad i e Arewtys el Ufes have
been conventionally required, the sequence clustering enables only the
typi cal cl onedggiag stagy ofdherextranipgdissere, dhadnrmation as teyeiheeibed.
However, even if the cDNA clones are derived fromthe same 15 nRNA,
sequences t hegené exbreggiby isiobiserverdpanditig infiormatiopoen thasegion in whigh
situ hybridization is carried out, some cDNA clones emt fine expression
signal s and othregene@xpodssibnds tobsenvesd. t ibergfoireah adddbmmevhiohycanebe
determ ned by observing i mage data and selecting the clone which emts a

good expr gssi @¢psdtadab. préQdidy ey Babt ¥rp¥rinidieacOid chione delectan fropase
sequence whi ch does not include a genom c repeat sequence or having a

sequence I'en@ﬁq*&nétﬂhfeaabﬁeéqrertm RBYALIHEBANE AANRGRERERRbRasa t YPI cal
cl one. The gene expression information managenent apparatus further

conpri ses a rasSkgni i ' ' ' | : ' 25
SOOI 1 cance WERAGISHET, |1 SARRRE B ST BBnINdreiibn: HerEN o 2 37
sequence hono

expression |e%%?%égﬁﬁégﬁﬁ§gﬁﬁgﬁ?%ﬁﬂgﬂhﬁﬁgﬁgggégk é@%#ﬁ?@ﬁ%?ﬁﬁ%@&%ﬂﬁentthe
| nfor mal ' on Oig éohnedlpcrtg\c/{wor}lI)?ttg%ety%ricélhc‘?or?g% e Scth?ﬁgr,o\fvhgpe ye%ﬁer ﬁ%ﬁeoder

10  of experiments can be decreased. In other words, while as many
experiments as EST clones have been conventionally required, the
sequence clustering enables only thé typical clones (as many as the
ndmber of clusters) to be experimented.

However, even if the cDNA clones are derived from the same

15  mRNA, sequences thereof slightly differ depending on cut portions. If
the in situ hybridization is carried out, some cDNA clones emif fine
expression signals and others do not. Due to this, the typical clone
may'be determined by observing image data and selecting the clone
which emits a good expression signal.

20 Alternatively, the cDNA clone having a base sequence which
does not include a genomic repeat sequence or having a sequence
length suitable for the experiments may be selected as a typical clone.

The gene expression information management apparatus further
comprises a cluster significance determination unit which determines a

25 significance of each of the clusters based on at least one of a cluster
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tissue, the information as to whether the gene expression is observed, 5
and the information on the region in which the gene expression is
observed. This apparatus determ nes the significance of each of the
clusters based on at |east one of a cluster sequence honol ogy search
result, the inmage data, the base sequences, the expression |evels, the 10
I nformati on on the ex%racted tissue, the infornmation on the growh stage
or the agei ngSeQuRFONoMpRlogy SEAEER destibsine Imare datd rther PRFE §8IUENCRRet her
t he gene expression is observed, and the information on the region in
whi ch the gendlSefRiEssivhiavelspder péermatien snoihe exagelgdotissumdhe
information, the significance of each cluster can be arbitrarily 15

det er mi ned anidfemeaitonsreihenpicorini stageest het ageingestagarolidecaxtiragted

di scovered. For exanple, the significance of a clone which shows a high
expressi on | eligdug,nthe infasuweiomaa tepebethies the @ernte skpmssion dgebsgrsddige
can be set high based on information on expression |levels and the 20

tissue. Fuwtherid thé itfeenreim &n ohe aehmirglicietiiehehe diprebsivn issequence
indicates that there is no hit clone in the existing genetic sequence DB

(i.e., a knowgphdermljogous sequence is not present in the DB), the
-significance can be set higher. The gene expression infornmation managenent

apparatus further C‘?I‘iigc b tja§§§d%t&%‘i‘?ﬂ%écthbosqyﬁifé%%féfcé‘é'rPBfH%t whi ch

specifies a geneti us on a chronopsone T'n which the base sequences
oo DSt AR R BEBh L Bt R B B e
result, the image data, the base sequences, the expression levels, the
10 information on the extracted tissue, the information on the growth stage
or the ageing stage of the extracted tissue, the information as to
whether the gene expression is observed, and the information on the
region in which the gene expression is observed. Therefore, based on
the information, the significance of each cluster can be arbitrarily
15 determined and the cluster which interests the user can be easily
discovered.

For example, the significance of a clone which shows a high
expression level in a tissue in a specific growth stage or ageing stage
can be set high based on information on expression fevels and the

20 tissue. Further, If the result of a homology search to the base
sequence indicates that there is no hit clone in the existing genetic
sequence DB (i.e., a known homologous sequence is not present in the
DB), the significance can be set higher.

The gene expression information management apparatus further

25 comprises a genetic locus specification unit which specifies a genetic
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chronosone; and a chronosone map di splay unit which displays the 5
chronosone nmap created by the chronbsone map creation unit. This apparatus
can specify a genetic | ocus on a chronmosone in which the base sequences
are present, and create a chronosone map by mapping information (e.g.

| mage data, base sequences, expression |levels, information on an extracted
tissue, informtion on the growth %8Esé?ge or %gein stage of the extracted
tissue, inforlRgUSdN a8 &N WHAR B RaseF§RCehars PLeSend
information on a region in which the gene expression is observed) on the
base sequenceghi@mesmgdnapriaeatistuibWhicie cedatends BREOMPROBEIMEPRY t he
apparatus nmay be nade to display detailed 15 information on the base
sequence by smilagpinginfarpationcn te bhse sgguanesenen tite desetiedperdioigheo t he
genetic |locus (which portion may be indicated by a specific mark). A gene
expressi on i nironomad s arnemandge chnmosb hedmegpcdisgi ayg unttovisicht displeaspbet  of
the present invention conprises an inmage data 20 input step of inputting

pi eces of g magieroneégorne MAprareataxn b9fthgenesmas dpas ensequeaiden iumput step of
I nputting base sequences of the expressed genes; a honol ogy search step of

conducting a honol opyissaas£iat@d chRespdiiea YeadeRaABsuS PUE chiro iR obds &
sequence i nput step, and extracting honol ogous sequences; and a display

step of di spl\ﬁmd?gﬁ{{ﬁgé%%‘*qugﬁfc@s are ﬁr@%eﬁﬁsﬁné%M@Cﬁﬁﬁg&?@%?ﬁﬁﬁﬁyhgg

the i mage data, an honol ogous 'sequences. Accord

| mRge data O} MFaSgRbIRRL R (575 ndde LBRA badRSqTERLEE ERpRISSIAIF
levels, information on an extracted tissue, information on the growth -

10  stage or ageing stage of the extracted tissue, information as to whether
gene expression is observed, and information on a region in which the
gene expression is observed) on the base sequences on the genetic

" locus of the chromosome. |
In addition, the apparatus may be made to display detailed
15 information on the base sequence by selecting a portion of the .
chromosome map corresponding to the genetic locus (which portion
may be indicated by a specific mark).
A gene expression information management method according
to another aspect of the present invention comprises an image data

20 input step of inputfing pieces of image déta on expressio_n of genes; a
base sequence input step of inputting base sequences of the expressed
genes, a homology search step of conducting a h.omoiogy search of the
base sequences input at the base sequence input step, and extracting
ﬁomologous sequences; and a display step of displaying the image data,

25 the base sequences corresponding to the image data, and the
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sequences of cDNA clones) is input, a honol ogy search is conducted to 5 the
| nput sequences to extract honol ogous sequences, and the imge data, the
correspondi ng sequences and the honol ogous sequences are displ ayed.
Therefore, the genes expressed in the inage data can be easily specified.
That is, a honology search (e.g., FastA or Blast) is conducted to 10 known
sequences stored in a sequence database (e.g., an EST database or a :
ful'l-1ength éﬁNﬂqmﬂQﬂﬁ@gﬂu?B?e?he base sequences of CcDNA clones used as
probes and correspondi ng. i mages, pi cked up at a gene expression anylysis
such as an in situ AGERTNG 4 ithis 'Eﬁﬂbqqad'gfﬁg,e datiopdbe %%Gﬁﬁ@é‘soﬂwavi ng
high simlarities are displayed. Thus, the 15 cDNA can be specified, and
bot h t he cDNAJ&ImRS 1&@_nu’ea§§sa§teaaue@ﬁe§eof thespipipeted afashengi. ase

Further, a.simlarity (e.g-., the score of the honology search) between
each base segsemeencasdobabNAotldnes) s impwig cukoredegnsearchmisychrdditepl fayed
together with the honol ogous. Thus, the nost 20 simlar sequence can be

di spl ayed.5 | ntheaisgiut isequenthe tbarttaad disno begussssuamres)ard # myagewhi | e
bei ng sorted by honol ogy score. Furthernore, at |east one of information

attached to egsty hRERoPEMpOrRay8ReRentces and fie RBARIOHoEs 88ABentBS drane of
the protein product of the gene, an organism from which the gene is 25

acqui red, they; ' paR e i '
acquired, thgdlllg'gi%q‘éa;hgﬁggﬂegafbﬁqpﬁzgégeﬁgﬁﬁfé%he I Dﬁ%f ﬁrﬁ‘&h‘geeﬂgrﬁga% Igiégllz&epr oduct

of the gene i . : k, the length and the simlarity by which the
sequence of t%%élgpﬁﬁggsﬁgﬁmched with the sequence of the

That is, a homology search (e.g., FastA or Blast) is conducted to
10  known sequences stored in a sequence database (e.g., an EST
d_atabase ora fuil-length cDNA database) for the base sequences of
cDNA clones used as probes and corrésponding images picked up at a
gene expression anylysis such as an in situ hybridization experiment,
and base sequences having high similarities are displayed. Thus, the
15 CDNA can be specified, and both the cDNA and the image data can be
displayed comprehensively.

Further, a similaﬁty (e;g;, the score of the homoIon search)
between each base sequence and each of its homologous sequences
may be displayed toge‘ther with the homologous. Thus, the most

20 similar sequence can bhe diSpIayed. In addition, the homologous
sequences can be displayed while being sorted by homology score.

Furthermore, at least one of information attached to each

| homologous sequence, i.e., the name of a gene,.the name of the
~ protein product of the gene, an organism from which the gene is

25 acquired, the name of an organ or a tissue from which the gene is

20



gene, and information on the evidence of the presence of the gene may 5 be
di spl ayed together with the honol ogous sequence. In the gene expression

i nformati on managenent nethod, at the honol ogy search step, the honol ogy
search is conducted for a base sequence of at |east one of: (1) a gene
which is known in the sane or an other organism 10 (2) a gene which is

unknown but a cDNA of which is already, acquired,. (3)_.a ne i.ch is
unknown but @W'F%ﬁ@ﬁd‘i%@fH%Sﬁﬂe[bﬂb&hﬁféeﬂh?egs fie L\q)roég% Retfllred; (4) a
gene whose | ocation on a chronosone is known; and 15 ES) a gene which is
al ready pat er@i@gluctief $he igenst inathesGCendadkative de rgthy ayed Iawrag?n%av(:h nor e
concretely. According to this nethod, the honol ogy search is conducted for
a base sequenwbialf thet séguencenétid cDNA iampicbedhvith the sekyensetdf thike sane
or an other organism (2) a gene which is unknown 20 but a cDNA of which is
al ready acquigentke, §3) imfogeaéonhdr bheé eviddmmnf theipreserae esflendeng rgenone
DNA of which is already acquired; (4) a gene whose |ocation on a

chronosons | Sbémayéﬂdogéﬁha vgietn eh avhiobhioloigd usl Jepdingeat ent ed. Therefore,
t he bi ol ogical significance of the image data or the |ike can be easily

specified. 25 That |inStheShéne exphedBIbRANICTRRAth ARThRReondwelRedt at e 21
respective sequence databases which store base sequences in the categories

(1) Lo (5). ytﬁ;g@gfﬁ% LOARIPGRUES tREHERGR Y S SAER 6 XoRited Fofaltfase
sequence of at least one of:
(1) a gene which is known in the same or an other organism,
10 (2) a gene which is unknown but a cDNA of which is aiready
acquired,;
(3) a gene which is unknown but a corresponding genome DNA of
which is already acquired;
(4) a gene whose location on a chromosome is known; and
15 - (5) a gene which is already patented.
| This illustrates one example of the homology search more
concretely. According to this method, the homology search is
conducted for a base sequence of at least one of: (1) a gene which is
known to the same or an other organism; (2) a gene which is unknown
20 but a cDNA of which is already acquired; (3) a gene which is unknown
but a corresponding genome DNA of which is already acquired; (4) a
gene whose location on a chromosome is known; and (5) a gene which
is already patented. Therefore, the biological significance of the image

data or the like can be easily specified.

25 That is, since a homology search can be conducted to the
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A gene expression informati on managenent nethod according 5 to stil

anot her aspect of the present invention conprises an inmage data input step
of inputting pieces of image data on expression of genes; a base sequence
i nput step of inputting base sequences of the expressed genes; a sequence
clustering step of sequence clustering the base sequences input at the
base sequence input, step, and Iagsifginﬁ Fh 10, base sequences .into

speci fic ol USIESPECHYRPenuaTSh dtabasss YN SIPHy PRYS SRS daPa and: t he
- base sequences corresponding to the inmage data for each of the clusters.
Accor di ng to ¢3HrgoresHdd to i(gr}ag}éled'ﬁpét BRMAegeyp segsEpRedN eafdneatedany be

| nput, base 'sequences of the expressed genes (e.g., 15 base sequences of
cDNA cl ones) @ambeendipdually apecifigdt base sequences can be clustered to
classify the base sequences into specific clusters, and the inmage data,

t he correspondi ng basensegmneseinn mfdrmatienhoanhggment segleccascardinge
correspondi ng base sequences can be displayed for each cluster. Therefore,

by cl assi fayi n@, stilpaneitamashe AbfahblpreEsSHt Frgutinces)mpeisegeth fmagetdmasane
NMRNA into the same cluster, the base sequences having the sanme property

can be col | ecihpgt s%}ﬂoﬂ@gﬁﬁtiﬁbqﬂeb@é@fum@géwiaféﬁe&gm@%n ofigndmkes the

elimnation or the |I'ike of the duplication of the ¢ cl ones extracted at

random from tihe. CONAELBE %{Xl#tgr&%gieﬁﬂefrﬁglu?@?%'B%%@%Jdgrfé@%roﬁ Wé;@ﬁ(ﬂn’f&sed

efficiency for an operation g 22 experinmental results. The

gere XD Al SR B TARGREE oL O s efus R 3 BcR ©1 vt er
sequences input at the base sequence input step, and classifying the

10 base sequences into specific clusters; and a display step of displaying
the image data and the base sequences corresponding to the image
data for each of the clusters.

According to this method, image data on the expression of
genes can be inpuf, base sequences of the expressed genes (e.g.,

15 base sequences of cDNA clones) can be input, the input base
sequences can be clustered to classify the base sequences into specific
clusters, and the image data, the corresponding base sequences, and
the homologous sequences to the éorresponding base sequences can
be displayed for each cluster. Therefore, by classifying, for example,

20 cDNA (EST sequences) derived from the same mRNA into the same
cluster, the base sequences having the same property can be collected
and classified into the specific cluster.

This makes the elimination or the like of the duplication of the

cDNA clones exiracted at random from the cDNA library possible,

25 thereby further improving efficiency for an operation for generalizing
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fromthe base sequences classified into the same cluster at the 5 sequence
clustering step, wherein at the display step, the cluster sequence and the
base sequences corresponding to the image data are displayed for each of
the clusters. According to this nethod, a cluster sequence is determ ned
from the base sequences classified into the same cluster, and the cluster
10 sequence, the Lna?F data, and the correspondi ng base sequences are

di spl ayed f or S¥RRAMEN{RLESUSher ef ore, a base sequence (e.g., a

full-1ength cDNA) created by conbining the base sequences belonging to the
same cluster can beldet®ng aseressiaminiermatien rﬁéqa@ﬁﬁ’@'ﬁﬁﬂeﬂm%&r&@d. 15
This can facilitate predicting a genetic sequence such as a full-length

DNA (nRNA seqoempesebramusieespeueneing siebref geternaningcDisderaegeesce EST
sequences). In the gene expression informati on nmanagenent net hod, at the
sequence cl usfrem tiee baep sehentaselassifiedaato the sagseohiseéer anthe a . 20
consensus sequence, the base sequences constituting the sane consensus

sequence' @ e s¢@sende eflisteiing tdiep samersinust e, di@Pda)aétethhe&ﬂqst@m_ce
clustering step, the consensus sequence of the cluster is determ ned as

the cluster sgayedrce ahaaRed ik 58qLiBhEefBLRE P hidthPaS &S HAEBRCPH 2% 1@
assenbled 25 into a consensus sequence, the base sequences constituting

e o 22 CHRTEIMEIGRETEE I EighaReLl o0 nto e save ¢l uster, and
sequence. Ther ef or a2, 4 t5 TG Eh &4 08 Gl e sbHLbnbE N9 Rt Red from
the base sequences classified into the same cluster, land the cluster

10 sequence, the image data, and the corresponding base sequences are
displayed for each cluster. Therefore, a base sequence (e.g., a
full-length cDNA) created by combining the base sequences belonging
to the same cluster can be determined as the cluster sequence and
displayed.

15 This can facilitate predicting a genetic sequence such as a
full-length DNA (mRNA sequence) from an experiment using partial
cDNA sequences (EST sequences). |

In the gene expression information management method, at the
sequence clustering step, the base sequences are assembled inio a

20 consensus sequence, the base sequences constifuting the same
consensus sequence are classified into the séme cluster, and at the
sequence clustering step, the consensus sequence of the cluster is
determined as the cluster sequence.

According to this method, the base sequences are assembieq

25 into a consensus sequence, the base sequences constituting the same
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sequence can be created frompartial cDNA sequences using a 5 sequence
assenbly technique (for creating a | ong sequence fromshort sequence
fragnents. For exanple, an overlap between sequence fragnments is searched
by a nultiple sequence alignnment nethod or the |I|ike, and the sequence
fragnents having the overlap are synthesized, whereby a |onger sequence is
created.) 10 The gene expression inforpmation managenent nethod further
conpri ses a .cPRRTEIISUScSREHRIRCH R LS IHed e He dupt@icAnddhg honol ogy
search of the cluster sequence determned at the cluster sequencing step,
and extract i ngoIRETRUSgIRBUSReRIOhthe clygtet iredetarapnad as e clusterc) ust er
sequence, the honol ogous sequence to the 15 cluster sequence, and the

cor r espondi ngsepupreeesT herefdiaph aildNA fsequesaeiclose ttha tlllketngith cAtNAr di ng
to this nethod, a honology search is conducted of the determ ned cluster
sequence to esgddq@etcdoanlbegorsateddramorsiiahcdNA bequkenstsrusegaence, the
honol ogous sequence to the cluster 20 sequence, the inmage data, and the

correspondj NgsEpFEN SLBYESRBIy tethnigasfer ciietingl 4136185 sedhbacedrorhagtiditt at e
speci fyirng the expressed genes in the inmage data. That is, a honol ogy

search (e.g.,g @%ﬁc@ﬁ gh@éﬁ&. | FQiEbRI drPov&NapbeiRaus Siqged in
t he sequence dat abase (a .g., the EST 25 database or the full-length cDNA

dat abase) ! O hfHYES SearbiPRG s RGN NeRiRch BIOIGRR HERESAHRICeS

of the cDNA ¢ used as pro utrng a seguence asse

8[ ggf:i;gg -?-Lll”ée,h,eeﬂilt(ﬁé sgagenggsfFagsrﬁgHanﬁg\%n@a%iengvgljlga a?é '?yln?ﬁééi.kga, are
whereby a longer sequence is created.)

10 The gene expreésion information management méthod further
comprises a cluster sequence homology search step of conducting a
homology search of the cluster éequence determined at the cluster

. sequencing step, and extracting homologous sequences. Af the
display step, the cluster sequence, the homologous sequence to the

15  cluster sequence, and the corresponding sequences are displayed for
each of the cluster.

According to this method, a ho.moiogy search is conducted of
the determined cluster seduence to extract homologous sequences, and
the cluster sequence, the homologous sequence to the cluster

20 sequencé, the image data, and the corresponding base sequences for
each of the cluster. This can facilitate specifying the expressed génes_
in the image data.

That is, a homology search (e.g., FastA or Blast) is conducted to

known sequences stored in the sequence database (e.g., the EST

25 database or the full-length cDNA database) for the cluster sequence
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expressed genes can be easily specified. 5 Further, a simlarity (e.g., the
score of the honol ogy search) between each base sequence and each of its
honol ogous sequences nmay be di spl ayed together with the honol ogous
sequence. Thus, the nost simlar sequence to this cluster sequence can be
di splayed. In addition, the honol ogous sequences can be displayed while

being 10 sorted ho 0 score. Furthernor at_Jleast one of information
ot tached Lo cSUHNERGRS BTG BasE ReaUeRceS ofihe GRNE GPneS e aFhe name
of the protein product of the gene, an organism fromwhich the gene is
acqui red, t hePiohas by expediipad 8edeenes ageemiynpipceIsingordéndikes arsl
acquired, the ID of the gene in the GenBank, the ID of the protein product
of the gene ibasheeguaBaek havieg higiyshmibadtiehargidisplayedy Oyhuswiheh t he
cluster sequence is matched with the sequence of the gene, and information

on the evi denexprelsseHegggesseas deoéasihespecifiendtay be di spl ayed together with
t he honol ogous sequence. 20 Furthernore, if arbitrary genetic sequences are

i nput and 5 cl ust er eflumhéh o siphisditye@. ¢.D%e Glcone of ele erreslogydeurany i on
(e.g., 1inmage data) on the cluster sequences belonging to the sane cluster

can be di spl gyRfberd Babhd @3NS QX AS ahaddH 8f MBiHPRoIRBAIR e fRishod, at
the 25 cluster sequence honol ogy search step, the honpllogy search is 25

conducts for a4 %@dﬁgﬁé@%@th@r v%igﬁge ﬂ'&%&&ﬁf)g%)siegu%%r&%.W(@_fﬁ_itgegm

in the sane or an ot or gant sm gene unknown
of which is qJnB

%i"g}'mi!ar' sequence to this cluster sequence can be displayed. In
addition, the homologous sequences can be displayed while being

10 sorted by homology score.

‘Furthermore, at least one of information attached to each
homologous sequence, i.e., the name of a gene, the name of the
protein product of the gene, an organism from which the gene is
acquired, the name of an organ or a tissue from which the gene is

15 acquired, the ID of the gene in the GenBank, the ID of the profein
product of the gene in the GenBank, the length and the similarity by
whi.ch the cluster sequence is matched with the sequence of the gene,
and information on the evidence of the presence of the gene rhay be
displayed together with the homologous sequence.

20 Furthermore, if arbitrary genetic sequences are input and
clustered with registered cDNA clone sequences, information (e.g.,
image data) on the cluster sequences belonging to the same cluster can
be displayed.

In the gene expression information management method, at the

25  cluster sequence homology search step, the homology search is
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acquired; 5 (3) a gene which is unknown but a correspondi ng genonme DNA of
which is already acquired, (4) a gene whose | ocation on a chronosone is
known; and (5) a gene which is already patented. This illustrates one
exanpl e of the honol ogy search nore 10 concretely. According to this

met hod, the honol ogy search is conducted for a base sequence of at | east
one of: (1) a gene which is known to the sane or an other organism (2) a
gene whi ch i sCoMKHSRAOT Biase semiense whiadheast %’I“?é’g'dy acquired; (3) a gene
which is unknown but a correspondi ng genome DNA of which is already
acquired; (4) d11% gene witioBds kooutn ththehsamenebadsBher PEd&msH; and (5) a
gene which 1is already patented. Therefore, the biological significance of
the i mage dat d2dm gare MikiehdamnkeomasbllyagidAfofedhichhistalregadsi nce a
honol ogy search can be conducted to the respective sequence dat abases

whi ch store basguisediuences in the 20 categories (1 ) to (5), the nost

honol ogous sequence in each category can be individually specified. The

gene expr essi on3) if g6 ABLIIFIBh TGN bUEh I redpiridieg gerwme iBRA ¢ _
annotation information storage step of storing at |east one of information

on an extract\ﬁ,ﬂggﬁ' @g@ea@j@fa%gﬁrbhon on a growth stage or 25 an agei ng stage
of the extracted tissue, 1nformation as to whether gene 26 expression is

ChserveS e GLEI TBN D RARPOI ol ORuEgESson L,
data, wherein a(%)tahﬁeﬁé%ﬂ'n%ﬁ igta‘?xpeaa%/tpét%%%d.one“ '
This illustrates one example of the homology search more
10 concretely. According to this method, the homology search is
conducted for a base sequence of at least one of: (1) a gene which is
known to the same or an other organism; (2) a gene which is unknown
but a cDNA of which is already acquired; (3) a gene which is unknown
but a corresponding genome DNA of which is already acquired; (4) a
15 gene whose location on a chromosome is known; and (5) a gene which
is already patented. Therefore, the biological significance of the image
data or the like can be easily specified.
That is, since a homology search can be conducted to the
respective sequence databases which store base sequences in the
20 categories (1) to (5), the niost homologous sequence in each category
can be individually specified.
The gene expression information management method, further
comprises an annotation information storage step of storing at least one

of information on an exfracted tissue, information on a growth stage or

25 an ageing stage of the extracted tissue, information as to whether gene

26



of the information on the extracted tissue, the information on the growth 5
stage or the ageing stage of the extracted tissue, the information as to
whet her the gene expression is observed, and the information on the region
in which the gene expression is observed is displayed while naking the at

| east one information correspond to the inmage data. This illustrates one
exanpl e of the annotation information_on the 10 inmage data nore

concretel y. AGUEEPHY tScORIRYeRe AREJNTRIMAURR ONAEEGPN INWRIGRENSGCBR an
extracted tissue, information on a growth stage or an ageing stage of the
extract ed ti s®yyespiffloisnels@yedswhide ipalinarthgedideask ppedsfgmatiobbser ved,
and information on a region in which the gene expression is observed can
be stored whitareskomd to hlee &nageadatapmhexdin at therdispday step ealpleast voet he

i mage data, and at |east one of the information on the extracted tissue,

t he i nf or mat i @htheninfdwen giiemion ihisagetrachedt fies wmahegnidragatiard ohhibeextovedt ed
tissue, the infornmation as to whether the gene expression is observed, and

the informatigagerod{ie ageigostage sththehetthgctednissienrtreshformiati@baertyed can
be di.spl ayed while 20 nmaking the at | east one information correspond to the

i mage data.  JRHRETR SRS SR ALLiNh 05 Bk PR: TBRRY SRR HfofRiien dntkder
conpri ses an expressi on | evel "estimation st ep of estimati Nng expressi on

ber s e o GAEER TN S0t B SRR SeL OBpenectl Gl Rbue | Lo
oot ens Bl ot TEE S el BaPh gl SRR BB Bty Dot
expression. patterny(2 RALESLL he WlahoIT SReERh SRuoR RS E05on the
10 imag‘e data more concretely. According to this method, at least one of
information on an extracted tissue, information on a growth stage br an
ageing stage of the extracted fissue, information as to whether gene
expression is observed, and information on a region in which the gene
expression is observed can be stored while making'the at least one
15 informatibn correspond to the image data, and at least one of the
information on the extracted tissue, the information on the growth stage
or the ageing stage of the exiracted tissue, the information as to
whether the gene expression is observed, and the information on the
region in wﬁich the gene expression is observed can be displayed while
20 making the at least one information correspond to the image data.

The gene expression information management method further
comprises an expression level estimation step of estimating expression
levels of the genes in the image data based on one of or bothlof the
image data and the base sequences.

25 According to this method, expression levels of the genes in the
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like). 5 The expression |evels may be estimted by obtaining the signal
intensity and the area of signal region of a fluorescent dye or the like in
the i mage data by nmeans of a known inmage anal ysis nethod or the like.
Further, by using information on not only the imge data but also the base
sequences, an automatic estimation can be made as follows. If a 10 genom c
repeat sequence, for example, is included in the base equences, the

b bbabi 1 Ty o et ser AR AtRDARSEL Gtk & 67 DRI Ay BiS IAGE B4 eact i on
to other nRNA having the same genonic repeat _sequence).is high. Therefore,
the reliabil i@@déhe%@@ee%qucw- ekivseaa) tacilitlaie spesifyslg ansxppessiear, | f
I mges of the sanme tissue section in which the probes are nmade il | um nant
and in whi ch pakdepy Gbesaitare of stnifipatieexpiassiomamn-andopinckderespiar or higes of
the sane tissue section which are colored with different fluorescent dyes
are picked uplike)he i nage anal ysis processing can be easily executed (by,
for exanple, estimating 20 an expression |evel by obtaining the difference

between the two i nEgesxprddsiogdaecRXpagdss estintdted tat oblaimpgage sighairet hod
further conprises an expression level order sorting step of sorting

di splay ordefgedity BRI tABOR B PsigRaPFEliBe dfa flb_@r@é@&rﬁi‘é}@ar by ake in
estimated 25 at the expression |evel estimation step. 28 Since it is

-possible to seidfhselaYa ‘B@rdrguéénQ‘;PftJ‘Enbwﬂﬁgiﬁwéj%t%Rggfs‘fQhﬁ’ét’ﬂ%dt& {Rfiike.

estimat ed expression |evel ccording to this , the user can

efficiently Cﬁﬁﬁheﬁb@ ﬁéﬁ'l%r 5ok %%ullleSt only the image data but also the

base sequences, an automatic estimation can be made as follows. Ifa

10  genomic repeat sequence, for example, is included in the base
sequences, the probability of cross-hybridization (occurrence of a
hybridization reaction to other mRNA having the same genomic repeat
sequence) is high. Therefore, the reliability of the estifnated
expression level is low.

15 Moreover, if images of the same tissue section in which the
probes are made illuminant and in which the probes are not made
iluminant are picked up or images of the same tissue section which are
colored with different fluorescent dyes are picked up, the image
analysis processing can be easily executed (by, for example, estimating

20 an expression level by obtaining the difference between the two
images).

The gene expression information management method further
comprises an expression level order sorting step of sorting display
orders of the image data according to the expression levels estimated

25 at the expression level estimation step.
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The gene expression information managenent nethod further 5 conprises an
| mage conpari son step of conparing two or nore pieces of the inage data
based on at |east one of the imge data, the base sequences, the
expression levels, the information on the extracted tissue, the
information on the growth stage or the ageing stage. of the extracted

tissue, the informajjon as to whether th expression is 10 observed,
and the informationSB¥e iR P@@?"&"Ee tcp,s\% g'ﬁ‘%f Oé‘i‘% of; sy B2age Hata

observed; and a difference extraction step of extract| ng a difference
anong t he twoa@ﬁorﬁ’lﬂ?gstfbﬂé%§§t'mat?ﬁee)ipffﬁ§§'0d’alleé{elﬁa§§@"(5‘('\“91t°ébﬁ'p'é‘leﬂ%‘éﬁx
result of the inage conparison step. . According to this nethod, two or
nmore pi eces ofhe heel pageffeieatly theskdheopraréveptaladsoll. at | east one of the
i mage data, the base sequences, the expression |evels, the information on
the extracted tissliee gene éxgressidn onfoonatibe ganagametrdgeetirod hetregrei ng
stage of the extracted tissue, the information as to whether the gene

expr essi o5 i scompsieeseth image tdoen pafissmetemof eontgingvovrimovd pidtdshe
gene 20 expression is observed, and a difference anong the two or nore

pieces of thgf tH‘éﬁﬁlﬁa@'@Td@ta DRI AF betb RASETE @Rt magardagntrﬁ@wabb
Therefore, it is possible to efficiently extract the i fference anong t he

RGeS ThuSsod o fANOUALI ADBLORASEIBAS RAESNRANTIRH BHlinbAtiitedS

expressi on patt rns int espective ti'ssues | mage recognition or 29

vl oper aLor) o 3R ARG BHS ST BV £ab by oBagy the

I mges of the 11SSues having a nce can e extr I'spl ayed.

extracted tissue, the information as to whether the gene expression is
10 observed, and the information on the region in which the gene
expression is observed; and a difference extraction step of extracting a
difference among the two or more pieces of the image data based on a
comparison result of the image comparison step.
. According to this method, two or more pieces of the image data
15 are compared based on at least one of the image data, the base
sequences, the expression levels, the information on the extracted
tis'sue, the information on the growth stage or the ageing stage of the
extracted tissue, the information as to whether the gene expression is
observed, and the information on the region in which the gene
- 20 expression is observed, and a difference among the two or more pieces
of the image data is extr.acted based on a comparison result.
Therefore, it is possible to efficiently extract the difference among the
images.
Thus, if annotation processings are carried out for the

25 expression patterns.in the respective tissues by image recognition or
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Further, the conparison of, for exanple, a normal cell with a 5 disease
cell, that of the gromh stage or ageing stages of the cells at tine
series, and that of before nedication with after nedication or the 1ike
can be efficiently executed. The gene expression infornmation managenent
met hod further conprises a three-dinensional image creation step of

creating a 10 three-di mensmncl I mge. fromt |e es of the imge
data; and arM@RHAESBEEHIILRIY 8NRY %fqerP%{'g;aEﬁ afam Ce%}aé?g;

| evel s. in the three-dinmensional imge fromthe expreSS| on | evel s in the

i mage data. thedgraperyof e Hﬁ%uﬁ%ﬂ“ﬁdmg & diffpERnen FeRNABIraciigy@nds created
15 fromtwo or nore pieces of the inmage data, and expression levels in the
t hr ee- di nensidinplayiethge are sinulated fromthe expression levels in the

i mage data. Therefore, if slices of an organ are all tested based on one
sequence, the threddithensherampangen of, fomexanyale, @amoireal ceélhwlitht 2d by
conbining the slice imges and the expression | evel of an 20 nRNA obt ai ned

by anal yzisng @iaehsé e teginofogheCcgroveitt sidget dr ggeidignetagiesrsfl the calib at
di spl ayed. The gene expression information managenment method further

conprises a tyReCalridd R fRiteSfBeTate %‘etﬁb@ﬂoﬁfwﬂ?bﬁremrﬁé@i@:a@ithM P
clone fromthe base sequences belonging to the sane cluster, based on 25 at

| east one of @Céﬁq%geg@t%&){ ggeggt%ed sequences, the expression 30 |evels,

the i nformation on tissue, the information on the growth

stage or the agel ngyst age ol iaesBt [R6HATIbh FMRagbiient HLAGEHIERAS 1O

whet her the gene ex
comprises a three-dimensional image creation step of creating a

10 three-dimensional image from two or more pieces of the image data;
and an expression level simulation step of simulating expression levels
in the three-dimensional image from the expression levels in the image
data.

According to this method, a three-dimensional image is created

15 from two or more pieces of the image data, and expression levels in the
three-dimensional image are simulated from the expression levels in the
image data. Therefore, if slices of an organ are_all tested based on
one _sequencé, the three-dimensional image of the organ can be
simulated by combining the slice images and the expression leve! of an

20 mRNA obtained by analyzing each image can be corrected
three-dimensionally and displayed.

The gene expression information management method further
comprises a typical clone determination step of determining a typical
clone from the base sequences belonging to the same cluster, based on

25  at least one of the image data, the base sequences, the expression
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information on the region in which the gene expression is observed. 5
According to this nmethod, a typical clone is determned fromthe base
sequences belonging to the same cluster, based on at |east one of the

i mage data, the base sequences, the expression levels, the information on
the extracted tissue, the information on the growth stage or the ageing

stage of the extracted fissue, the information as to 10 whether the gene
expressi on i s‘eﬁﬁksertk}%d'?%%m?t'toﬁ\eo'ﬂElf'%rerﬁ'iqr‘r’gﬁd g'ﬁsf‘ﬁeEh? é‘%PBWa}tIHnV\SHi] E‘h\et he
gene expression is observed. Therefore, a clone which can be expected to
provi de the H¥ewisgiapemithg agring sdaged theadradgditisseatdRg t he cl ones
derived fromthe same nRNA and extracted as a typical clone. In addition,
EST cl ones cdnfonieation s tbevhethesitheae fe expiansieaie ohrpivet,and tesifi ed
into the sane cluster and an experinent is conducted only to a typi cal
clone in the iafasth@ion onhibeetmgiomén miible thefgesepexpressicn sanbbervéecr eased.
In other words, while as many experinents as EST cl ones have been

conventiomal ly reoNtc®@ding be tisieqnetingi, ot tigdieai clgnenalletsrmiried froen thypi cal
cl-ones (as 20 nmany as the nunber of clusters) to be experinented. However,

even if the cDNA gbglBRcas del®idingdolthenddie daskr, PR csequRRaGednEher eof
slightly differ depending on cut portions. If the in situ hybridization is

carried out . $aFnsQliasEh QRS beliaRoot et ARSI R Ot her s do

X
not. Due to thi typi cal rray’tg{e det erm ned by 'observi ng image -

ot and, >e! Sk et o A A, e R PR SR MRl Bhoe
nelude a gengmc LERRY AL SN Surhatd Fedh YRS mation as to
10  whether the gene expression is observed, and the information on the
region in which the gene expression is observed. Therefore, a clone
" which can be expected to provide the best experimental data can be
selected from among the clones derived from the same mRNA and
extracted as a typical clone. [n additrion, EST clones considered to be
15 derived from the same mRNA are classified into the same cluster and
| an experiment is conducted only to a typical clone in the cluster,
whereby the nulmber of experiments can be decreased. In other words,
while as many experiments as EST clones have been convenfionally
required, the sequence clustering enables only the typical clones (as
20 many as the number of clusters) to be experimented.

However, even if the cDNA ;:!ones are derived from the same
mRNA, sequences thereof slightly differ depending on cut portions. If
the in situ hybridization is carried out, some cDNA clones emit fine
expression signals and others do not. Due to this, the typical clone

25 may be determined by observing image data and selecting the clone
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| ength suitable for the experinments may be selected as a typical clone. The
gene expression information managenent nethod further conprises a cluster
significance determ nation step of determning a significance of each of
the clusters based on at | east one of a cluster sequence honol ogy search
result, the inmge data, the base sequences, the expression |levels, the
information on the extracted tissue, the 1? i nformati on on the growth stage
or the agei ngWBIGHEMHE 2 QOOEYRIESSIPN $19%&ke, the information as to whet her
t he gene expression_is observed, and the infqormatjon on the regjon in

whi ch the gene expr@Hsinaivedy, 1hBserNACIopedAiNgf Pase medusscrolinichhe
significance of each of the 15 clusters is determ ned based on at |east one
of a cluster degae&mténclidam ggyposdareherbsaluenederiAviRy @a3ejUeNE® base
sequences, the expression levels, the information on the extracted tissue,
t he i nfor mat iengtbsuitablegfavihe sxpements heaabeistestedgas aftypitaletonact ed
tissue, the infornmation as to whether the gene expression is observed, 20

and the infornmationThe gdne ergiessiomiMbrmativhengaagemantensitad further
observed. Therefore, based on the information, the significance of each

cluster can bgogyphisekad clustdesrintidfceatdtdrhfinativatseep Widerrmiiiggest s the
user can be easily discovered. For exanple, the significance of a clone

whi ch shows asgingf*nsar?c‘% g%@ﬁ@ﬁ%f‘?ﬂekﬁ%&'eré @a@egi&wﬁléastaorﬁ%fsbfélasmovwh

stage or ageing stage 32 can be set high based on information on expression

o B L Ron Rl St R g L G SRRk

base sequencé TN efe s no one e exi st ng gehetic
the expression levels, the information on the extracted tissue, the

10 information on the growth stage or the ageing stage of the extracted
tissue, the information as to whether the gene expression is observed,
and the information on the region in which the gene expression is
observed.

According to this method, the significance of each of the-

15 clusters is determined based on at least one of a cluster sequence
homology search résult, the image data, the base sequences, the
expression levels, the information on the exiracted tissue, the
information on the growth stage or the ageing stage of the extracted
tissue, the inforﬁation as to whether the gene expression is ohserved,

20  and the information on the region in which the gene expression is
observed. Therefore, based on the information, the significance of
each cluster can be arbitrarily determined and the cluster which
interests the user can be easily discovered.

For example, the significance of a clone which shows a high

25 expression level in a tissue in a specific growth stage or ageing stage
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sequence DB (i.e., a known honol ogous sequence is not present in the 5 DB),
t he significance can be set higher. The gene expression information
managenent net hod further conprises a genetic |ocus specification step of
specifying a genetic |ocus on a chronosone in which the base sequences are
present; a chronosone map creation step of creating a chronosone nmap by 10

mappi ng i nforpation on t base seguences on the genetic | ocus t he

chr onosone; aﬁ%{"é?ec%?tgwggg?%s%‘gmdﬂgﬁﬂ%ﬁﬁ'%% %‘fprg?g'ﬁlnalﬁi"ﬁ f’ﬂg%'éhrom)soma
map created at the chronosone map creation step. According to this nethod,
it is possibIBsstléﬁ-spEHTthW:a'fé@%ég?%ltI éh%onwﬁpgy ERARTOYDHES PASGI ch t he
base sequences are present, and create 15 a chronosonme map by nmappi ng

i nformation (e¢@uUeneevingicatasahabdberssisgnemdieslonexipribesedatingganstic

i nformati on on an extracted tissue, information on the growh stage or
agei ng st age séqudrcellh fick.cad kixgndomologousesdquercse isonohptdsent gedee
expression is observed, and information ‘on a region in which the gene

expr essi orb i sDB)stirey eidnificarideechate 86t bigheences on the genetic |ocus of
the chronosone. In addition, detailed information on the base sequence may

be displayed by sefRéigete exp@iskiaminfbrimbeoahhanBgeAR MMBReERd REFAMI ng
to the genetic-locus (which portion may be indicated by a specific mark),

25 A conput erc@rﬁggffs%‘a’"?@ﬁéﬂhWSCGQsB@@Eff&%'iioﬁZﬁ@ﬁtof@péd?ﬁ/iﬁ ap%ﬁclé’t'ri%ut ting

i nventi on nmakes conputer execute an I mage data I nput step

et o BRI e ach BaafoncBURE edeitly =t of
chromosome map creation step of creating a chromosome map by
10 mépping information on the base sequences on the genetic locus of the
chromosome; and a chromosome map display step of displaying the
chromosome map created ét the chromosome map creation step.
According to this method, it is possible to specify a genetic locus
on a chromosome in which the base sequences are present, and create
15 achromosome map by mabping information (e.g., image data, base
sequencés, expression levels, information on an extracted tissue,
information on the growth stag.e or ageing stage of the extracted tissue,
information as to whether gene expression is observed, and information
on a region in which the gene expression is observed) on the base
20 sequences on the genetic locus of the chromosome.
In addition, détailed information on the base sequence may be
displayed by selecting a portion of the chromosome map ¢0rresponding
to the genetic.locus (which portion may be indicated by a specific

mark).

25 A computer program according to another aspect of the
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genes; a honol ogy search step of conducting a honol ogy search of 5 the
sequences input at the base sequence input step, and extracting honol ogous
sequences; and a display step of displaying the inage data, the sequences
corresponding to the i mage data, and the honol ogous sequences. According
to this conputer program inmage data on the 10 expression of genes is

| nput, base seguences of .the expressed genes . 0.,. base sequences of cDNA
clones) a1 ntReeRs RuSRAA R &3 onte A8 Rkpctl e dAFD P CeiEBnees
to extract honpl ogous sequences, and the inaPe data, the corresponding
sequences and®t MEUWIRS P OF YBAGR (e O} XBIRSSIN Of geiies é‘flbﬁ'%é,) t he genes
expressed in the 15 image data can be easily specified. That is, a honol ogy
search (e.g.,SeRdencoinmitadep afdnpeiimacbase SEAURAGRE AfdhecEESEedred in a
sequence dat abase (e.g., an EST database or a full-1length cDNA dat abase)
for the base gengsnedomslogymearabsdepofmosiskistiaga bomalepyrsdiaighiotages

pi cked up at a gene 20 expression analysis such as an in situ hybridization
experi nents athe séqeenceyimnded thehase beghescenin@ut stees aadeextrsgtiray ed.
Thus, the cDNA can be specified, and both the cDNA and the i mage data can

be di spl ayedhs@ibs seyakliceSuander displaj sidpof tispl@yiag. thelienspoaatof
t he honol ogy search 25 between each base sequence and each of its

honol ogous Seﬁi@@@@@e%%&rr@%rﬁhamgﬁb@%é RE8HBMat hRdIithe Htﬁﬁﬁidmés_
sequence. Thus, the nost simlar sequence canh be displayed. In addition,

t he honDIogou§eq@§qﬂggces can be di splayed whil e being sorted by honol ogy
score.

According to this computer program, image d.afa on the
10 expres_sion of genes is input, base sequences of the expressed genes
(e.g., base sequences of cDNA clones) is input, a homology search is
conducted to the input sequences to exiract homologous sequences,
and the image data, the correéponding sequences and the homologous
sequences are displayed. Therefore, the genes expressed in the
15 irhage data can be easily specified.

That is, a homology search (e.g., FastA or Blast) is cdnducted‘to
known sequences stored in a sequence database (e.g., an EST
database or a full-length cDNA database) for the base sequences of
cDNA used as probes and corresponding images picked up at a gene

20  expression analysis such as an in situ hybridization experiment, and
base sequences having high similarities are displayed. Thus, the
cDNA can be specified, and both the cDNA and the image data can be
displayed comprehensively.

Further, a similarity (e.g., the score of the homology search)

25 between each base sequence and each of its homologous sequences

34



Furthernore, at |east one of information attached to each 5 honol ogous
sequence, i.e., the nane of a gene, the nane of the protein product of the
gene, an organism from which the gene is acquired, the nane of an organ or
a tissue fromwhich the gene is acquired, the ID of the gene in the
GenBank, the [D of the protein product of the gene in the GenBank, the

| ength and th Lo L arit 10, whi.ch the base sequence of the.c S

mat ched it h 070 S5 gieledpaeid sl 108 et e BB St edive nel i dbkce of
t he presence of the .gene may be displayed together, with the anal ogous
sequence. 1 n st SR BRaRREes GAn BF dsRKet: bopcsian thargnelabus
honol ogy search is conducted for a base sequence of at |east one of: 15
(1) a gene whi2RUERCEHBAN hendispéayathiwhile Reinatsrstedbydinnmogy2scaregene

whi ch i's unknown but a cDNA of which is already acquired; (3) a gene which
i s unknown but a corudbpondraptgeastreneng isformaliam attachkeddadsacicqui red; 20
(4) a gene whose location on a chronosone is known; and (5) a gene which

i s al readyp pabhempéagodhsequehost rat ése oranmexdrgpbenef theheahmmrof tigy search
nore concretely. The honol ogy search is conducted for a base sequence of

at | east one pfateinlproxi gt tbigand, sarkoayamitm froe 9éweh oe genetiper 25
organism (2) a gene which is unknown but a cDNA of which is already 35

S T f lagyanes, e ghmesgrak seseniia fopgs ErRAMndneeER 00 £
known; and (S3cduised ethhics Br tie 3eheaAthBaGEABSMK, the ID of the protein
product of the gene in the GenBank, the length and the similarity by
10 which the base sequence of the cDNA is matched with the sequence
of the gene, and information on the evidence of the presence of the
gene may be disp!aye& together with the analogous sequence.
In the computer program, at the homology search step, the
homology search is conducted for a base sequence of at least one of:
15 (1) a gene which is known in the same or an other organism;
(2) a gene which is unknown but a cDNA of which is already
acquired;
(3) a gene which is unknown but a corresponding genome DNA  of
which is aiready acquired;
20 (4) a gene whose location on a chromosome is known; and
(5) a gene which is already patented.
This illustrates one example of the homology search more
concretely. The homology search is conducted for a base sequence of

at least one of: (1} a gene which is known to the same or an other

25  organism; (2) a gene which is unknown but a cDNA—of which is already
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Therefore, the biological significance of the inmage data or the like can 5
be easily specified. That is, since a honol ogy search can be conducted to
the respective sequence dat abases which store base sequences in the
categories (1) to (5), the nbst honol ogous sequence in each category can

be individually specified. 10 A conputer programaccording to still another
aspect of the resent,. nventi opn. nakes .a conputer execute. an i nage data
i nput step o?cﬁﬂlﬁﬁﬁt {:ﬂga 9?58e"¥ﬂ'51h SnLYE QYR Buy R %%?%E%ﬁ‘%'ﬂ%@e@fgw&; a

base sequence.jnpyt .step of inputtin ase sequences of the expressed
genes; a sequ@rﬂfgc’gl"‘(ﬁ?%r’? ﬁ'jjeﬂjgpﬁ%u'g%gdéﬁ@eg‘éﬂﬁé’t'@ﬁ%@%@fb%@ 15
sequences input at the base sequence jnput step, and classifying the base
sequences i nt BNEPBEFPMNE Ig|Knaversandifd) 8 agpwiNcliseplrepduipateatechg the

i mage data and the base sequences corresponding to the image data for each
of the cl ustefberedocayritienliolegical sigmifbeprng of thegimdae alada aritbediq® eassi on of
20 genes can be input, base sequences of the expressed genes (e.g., base
sequences of bOMasilyepEifiedn be i nput, the input base sequences can be
clustered to classify the base sequences into specific <clusters, and the

image data, the corThaprN@imge aathADRRE: s@Eh &en bRl 1aAsg teaagences to
t he correspondi ng base sequences can be 25 di splayed for each cluster.

e e o, bt setarmia, Aot 63 sepustsesh 68 1,
same propertyoeay PRsCOh 555 %heAbst ndntdibhblls' Mudi2e MPELAE Latdddigt €' -
can be individually specified
10 A computer program according to still another aspect of the
present invention makes a computer execute an image data input step
of inputting pieces of image data on expression of genes; a base
sequence input step of inputting base sequences of the expressed
genes; a sequence clustering step of sequencé clustering the base
15 sequences input at the base sequence input step, and classifying the
base sequences into specific ciuéters; and a display step of displaying
the image data and the base sequences corresponding to the image
data for each of the clusters. |
According to this program, image data on the expression of
20 genes can be input, base sequences of the expressed genes (e.g.,
base sequences of cDNA clones) can be input, the input base
sequences can be clustered to classify the base sequences into specific
c]usters, and the image data, the corresponding sequences, and the

homologous sequences to the corresponding base sequences can be

25 displayed for each cluster. Therefore, by classifying, for example,
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This makes the elimnation or the like of the duplication of the 5 cDNA
clones extracted at randomfromthe cDNA |ibrary possible, thereby further
i mproving efficiency for an operation for generalizing experinmental.
results. The conputer program further nakes a conputer execute a cluster
sequenci ng step of determning a cluster sequence fromthe 10 base

sequences cl assifa I.nto the sanme cluster at the se ce, cl.ustering step,
wherein at t HEOWAGFa] etulsrees] Torliertth St fleseR IR B IR S8 ences
corresponding to the image data are di spl ayed for each of -the clusters.
According to tHEEERRPIRE SERISNGES hay Eéﬁ@éqrgedﬁpﬂﬁﬁﬁ’rf@i‘ bexgliested he
base sequences classified into the sane cluster, and the cluster sequence,
the i mage dat@ndghpsified detordepeperifig aésier sequences are displ ayed for
each cluster. Therefore, a base sequence (e.g., a full-length cDNA)
created by conbi ni nghisheakasdhe ejieination delhenigiangf the duplisatienafibeer can
be determ ned as the cluster 20 sequence and di splayed. This can facilitate

predi ctingd a geNé clonssoinacteduatiraasioan fifouh lthé eliA HDNArY pBB#ibdeguence)
froman experiment using partial cDNA sequences (EST sequences). In the

conput er progih@rebptfuither fRAL®NAE effitizheyifod apt @perdtiod fo?ydmsalisieguences
are assenbled into a consensus sequence, the base 37 sequences constituting
the same consgpsesmepeniedenlgre classified into the same cluster, and at

t he sequence clustering step, the consensus sequence of the cluster is

determned as the CiystBmputer program further makes a computer execute a
cluster sequencing step of determining a cluster sequence from the
10  base sequences classified into the same cluster at the sequence
clustering step, wherein at the display step, the cluster sequence and
the base sequences corresponding to the image data are displayed for
each of thé clusters.

According to this program, a cluster sequencé is determined

15  from the base sequences classified into the same cluéter, and the
cluster sequence, the image data, and the corresponding base
sequences are displayed for each cluster. Therefore, a base sequence
(e.g., a full-length cDNA) created by combining the base sequences
belonging to the same cluster can be determined as the cluster

20 sequence and displayed.

This can facilitate predicting a genetic sequence such as a
full-length DNA (mRNA sequence) from an experiment using partial
cDNA sequences (EST sequences).

In the computer program, at the sequence clustering step, the

25 base sequences are assembled into a consensus sequence, the base
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sequence. 5 According to this program the base sequences are assenbl ed

I nto a consensus sequence, the base sequences constituting the sane
consensus sequence are classified into the sane cluster, and the consensus
sequence of the cluster is determ ned as the cluster sequence. Therefore,
a cDNA sequence close to a full-length cDNA 10 sequence can be created

> i I i 't
creating a | oﬁ%ﬁﬁéé#§§ﬁ$¢tgﬁ1"°ﬂ'§&%refs5@%&%@%@8@@%2%@%‘:&Eﬁ: YRR, an
f ' hed mul ti equence
ol Tannent - et g 167 SEAEE cfua&%ﬁ%ﬁ%gt hael Sequence c%t%nﬁ“_atsséﬁaﬁﬁgq; ne.
hesi zed, 15 er sequence i s created. e
compt br - pr oG ATTREERaHRRER of Ref chimsat b delblinedas hasieiosequence

honol ogy search step of conducting a honology search of the cluster
sequence det e¥#HHEY-@t the cluster sequencing step, and extracting

honol ogous sequences, wherein at the display 20 step, the cluster sequence,
t he honol dgous sequiddeding toéhisl progeam, ske bersess e gneh ddwea o rsssminied ng
sequences are displayed for each of the cluster. According to this

program a hoimbd agyorsersais $aqwemnch)dheddse seéheedeteconslttigigiesagrquence
to extract honol ogous sequences, and 25 the cluster sequence, the

honol ogous secpresmsUsOséduetdalate ClRB et UadCPe $difel dBSRr0hd thand the
correspondi ng base sequences are displays for each of the cluster. This
can facilitatgraevyidgudit® of XY BRARE: RLASR hInkH % (RIS I/ 2
sequence. Therefore, a cDNA sequence close to a full-length cDNA
10 sequence can be created from partial cDNA sequences using a
sequence assembly technique (for creating a long sequence from short
sequence fragments. For example, an overiap between sequence
fragments is searched by a multiple sequence alignment method or the
like, and the sequence fragments having the overlap are synthesized,
15 whereby a longer sequence is created.)

The computer program further makes the computer execute a
cluster sequence homology search step of conducting a homalogy
search of the cluster sequence determined at the cluster sequencing
step, and extracting homologous. sequences, wherein at the display

20  step, the cluster sequence, the homologous sequence to the cluster
sequence, and the corresponding sequences are displayed for each of
the cluster.

According to this program, a homology search is conducted to

the determined cluster sequence to extract homologous sequences, and

25 the cluster sequence, the homologous sequence to the cluster
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That is, a honology search (e.g., FastA or Blast) is conducted to 5 known
sequences stored in the. sequence database (e.g., the EST database or the
full-1ength cDNA dat abase) for the cluster sequence synthesized fromthe
base sequences of the cDNA clones used as probes by executing a sequence
assenbly processing or the |ike, and base sequences having high
simlarities are dis Itgéed. Thast t he, 10 exPressegH%eBes can be easily
speci fi ed. Fut§H&ENC Hnags ¢gta. angt the parresgpa ARC FERYCIGHS HEr ch)
bet ween each base seguence and each of its honp] ogous sequences may be

di spl ayed tog&ﬁﬁ@ys\/ﬁ’ﬂ@%‘)ﬁ\eﬁhﬁ}ﬁ)ﬂé’@&ﬁfs sHYa&aeefacifate spaeifyipgsthesi ni | ar
sequence to this cluster sequence can be displayed. In 15 addition, the
honol ogous s e@XRIIGS68d G aseiNdinepinigeR dal? | e being sorted by honol ogy
score. Furthernore, at |east one of information attached to each

honol ogous sequencelhé&t i, a2 horaolagwesedrch @ege,Fasid onbBtasdf is bendpetedeion
product of the gene, an organism from which the gene is 20 acquired, the

name of aml origaowprsegiueingesestbradrinttiecbetibengenatabasace\y. gk ESTe | D of
the gene in the GenBarik, the ID of the protein product of the gene in the

GenBank, the dgagtakeadrdthchfilisienigtiRcDNA RiatabhseNfdriRediusicdlscep@iRRCe 1S
mat ched with the sequence of the gene, and information on the evidence of

the presence &inthB8iaNRoRPMhPBage sBijarha¥S britABRIBRA MbhBs e dhgerol ogous

sequence. 39 Furthernore, If arbitrary genetic sequences are input and

LS S SRR SHE O S EUEEREY oL SRR ey and "0
base sequences having high similarities are displayed. Thus, the
10 expressed genes.can be easily specified.

Further, a similarity (e.g., the score of the homology search)
between each base sequence and each of its homologous sequences
may be displayed fogether with the homologous sequence. Thus, the
most similar sequence to this cluster sequence can be displayed. In

15 addition, the homologous sequences can be displayed while being
sorted by homology score.

Furthermore, at least one of information aitached to each
homologous sequence, i.e., the name of a gene, the name of the
brotein product of the gene, an organism from which the gene is

20 acquired, the name of an organ or a tissue from which the 'gene is
acquired, the ID of the gene in the GenBank, the ID‘of fhe protein
product of the gene in the GenBank, the length and the similarity by
which the cluster sequence is matched with the sequence of the gene,
.and information on the evidence of the presence of the gene may be

25 displayed together with the homologous sequence.
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be displayed. 5 In the conputer program at the cluster sequence honol ogy
search step, the honol ogy search is conducts for a base sequence of at

| east one of: (1) a gene.which is known in the same or an other organism
(2) a gene which is unknown but a cDNA of which is already 10 acquir ed;

(3) a gene which is unknown but a correspondi ng genone DNA of which is

al ready acquired; ( ene ose.l ocation on a chronobsonpe i,s kpown; and
(5 *a ene whi oh i 5" Uithelg el SR DS TLicee fY SRS TR Ao e of

t he honol ogy search nore concretely. According to this program the

honol ogy searelwst%redcwﬁhuég@defeﬂGQM%O@%%H@@C% igforreaiian ¢pd-of . (1) a
gene which is known to the sane or an other organism (2) a gene which is
unknown but @ne@NAdate) onitae dlyster seqagnseqlialeaginglp thegeamentiugterican
unknown 20 but a correspondi ng genonme DNA of which is already acquired; (4)
a gene whosebéalisplagadon a chronosone i's known; and (5) a gene which is
al ready patented. Therefore, the biological significance of the inage data

or the like can be kafhd yospatef padyrairhait the, clasteceorjuaoiel Pgnosspy ch can
be conducted to the 25 respective sequence dat abases which store base

oo a0y R T e
makes the conpysehnexgeute an :

(1) a gene which is known in the same or an other organism;

(2) a gene which is unknown but a cDNA of which is aiready

10  acquired;

(3) a gene which is Lmknown but a corresponding genome DNA  of
which is already acquired; |

(4) a gene whose location on a chromosome is known; and

(5) a gene which is already patented.

15 This illustrates one example of the homology search more
concretely. According to this program, the homology search is
conducted for a base sequencel of at least one of; (1) a gene which is
known to the same or an other organism; (2) a gene which is unknown
but a ¢cDNA of which is already acquired; (3) a gene which is unknown-

20 but a corresponding genome DNA of which is already acquired; (4) a
gene whose location on a chromosome is known; and (5) a gene which
is already patented. Therefore, the biological significance of the image
data or the like can be easily specified.

That is, since a homology search can be conducted to the

256  respective sequence databases which store base sequences in the
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annotation informati on storage step of storing at |east one of 5

I nformati on on an extracted tissue, information on a growh stage or an
agei ng stage of the extracted tissue, information as to whether gene
expression is observed, and information on a region in which the gene
expression is observed while making the at | east one information

correspond to_the inma at ereipn._at the display step, at |east one 10
of e’ i nf or ERORT BN Lihao Rl Hetogs! nBniSSofis Ratbriks RAnCRRB %Y owt h
stage or the ageing stage of the _extracted tissue, the information as to
whet her the ¢ b@%ﬂ?@@&?%’ PREEWESk ved, and the information on the region
I n which the gene expression is observed is displayed while making the at

| east one i nf or mat i be EoMrgoRICGRPHBrthaaFeakRs Hie egmpiter precdterafes one
exanpl e of the annotation information on the inage data nore concretely.
Accor di ng to amnstatioagnémimation staragengiepfof stofiognailtleast oneanf extract ed
tissue, information on a growmh stage or an ageing stage of the extracted

tissue, irH orimédinoatias onoamieatiaetedissueekfornation arsaarsenthesdagamd an
i nformati on on a-region in which the gene 20 expression is observed can be

stored while agkingssibhe @tthkeagractad tidsieQinmirhRnictras €6 pemsthee gelpe | mage
data, and at |east one of the infornation on the extracted tissue, the

i nformation ogydhRasWiP Bhsd B8R, ald ARG MDnS 288107 int RRiIXIHAGERE

tissue, the information as to whether the gene expression Is observed, and

the i nformat i%ﬁ\‘%ﬁﬁ}gisﬁ%é@ﬂﬂeﬁ%bEg‘?ﬂ%ﬁiﬁgttﬂ% Qt%%s??%‘%ﬁﬁr%tiio% obser ved

can be displa maki ng ast one I nfornmation correspond to
expr essr on' | cqureagond LT RS FheBs BTG Ry T BhedoF STOPEt RosERREn” ™"

10  of the information on the extracfed tissue, the information on the growth
stage or the ageing stage of the extracted tissue, the information as to
whether the gene expression is observed, and the information on the
region in which the gene expression is observed is displayed while
making the at least one information correspond to the image data.

15 This illustrates one example of the annotation information on the
image data more concretely. According to this program, at least one of
informatidn on an extracted tissue, information on a growth stage or an
ageing stage of the exiracted tissue, information as to whether gene
gxpression is ébserved, and information on a-region in which the gene

20  expression is observed can be stored while making the at least one
information correspond {o the image data, and at least one of the
information on the extracted tissue, the information on the growth stage
or the ageing stage of the exiracted tissue, the information as to
whether the gene expression is observed, and the information on the

25 region in which the gene expression is observed can be displayed while
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genes in the image data based on one of or both of the inage data and 5

t he base sequences. According to this conputer program expression |evels
of the genes in the image data are estinmated based on one of or both of

the image data and the base sequences. This can facilitate specifying an
expression pattern (a pattern of uniform expression, non-uniform 10

expression or _the ||ke The expression levels ma e,.estimated by

obtat mi ng.t heTERIAIS Phieais; 4 i ThAbon ReTress Gy Rt Las o
fluorescent dye or ]Lhe like in the |r¥a% dat bb)'/ means of a known i nmage
anal ysi s method or th@ GoNkRUer grpgiap fu ﬁem%@e Hi®FRBIAUSAT BXeRYEe BRIy t he
I mmge data but al so the 15 base sequences, an automatic estimation can be
made as fol | oReRTesBian Igyeh estinatigieatens efjasteatingop xpiessinrelevieds ohéh@ided i n
t he base sequences, the probability of cross-hybridization (occurrence of
a hybridi zatgenes énthe dnage dathdraseRNoneng ahot hetk aifrehgénegecd atepanad
sequence) is high. Therefore, the reliability of the estimated 20

expressi ors | ethel base kequehbesover, if inmages of the sanme tissue section in
which the probes are made illum nant and in which the probes are not nade

i1 lum nant are pi ck&dcowling to MRgasorp utdrep v, isxpuessiontievalsvei e are
colored with different fluorescent dyes are picked up, the inmage 25

anal ysi s procgsgédth §7d iAggeardthyarex@tihatbd Bsedl Un 6NaMH R b @Bt oMl Ng 42
an expression | evel by obtaining the difference between the two inages).
The conputer prodl agvd Whbifle HEEESchEnEOEPUTRIs BXRGHERtAR specifying an
expression pattern (a pattern of uniform expression, non-uniform
10  expression or the like).

The expression levels may be estimated by obtaining the signal
intensity and the area of signal region of a fluorescent dyé or the like in
the image data by means of a known image analysis method or the like.
Further, by using information on not only the image data but also the

16 base sequences, an automatic estimation can be made as follows. I[fa
genomic repeat sequence, for example, is included in the base
sequences, the probability of cross-hybridization (occurrence of a
hybridization reaction to other mRNA having the same genomic repeat
sequence) is high. Therefore; the reliability of the estimated

20 expression level is low.

Moreover, if images of the same tissue section in which the
probes are made iluminant and in which the probes are not made
illuminant are picked up or images of the same tissue section which are

colored with different fluorescent dyes are picked up, the image

25 analysis processing can be easily executed (by, for example, estimating
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expression |l evel order sorting step of sorting display orders of the 5

I mge data according to the expression |levels estimated at the expression
| evel estimation step. Since it is possible to sort display orders of the

i mage data according to the estinmated expression levels according to this
program the user can efficiently check the experinental result. 10 The
conput er program _accarding further. makes t co ter execute an inmage
Conar  son Svep SyprEspaNFHg BhebHini Be rEfERER bethesmiitara baoed on
at | east one of the inage data, the base sequences, the expression |evels,
the informati @A@PSk he extracted tissue, the information on the growth
stage or the ageing stage of the 15 extracted tissue, the information as to
whet her the gene exphessinputes progeanfuttheamikefthercormptepaxeautehanr egi on
in which the gene expression is observed; and a difference extraction step
of extracti ngespresisidreteved @rdapagrtinestappobsortngedisipdaye ordérst tiethemage dat a
based on a conparison result of the i mge conpari son step. 20 According to

this conpwt erinpaggdata acoordingrortaem goessizh lvels estgatdatad thee conpared
based on at |east one of the imge data, the base sequences, the

expression | e¥ehBssidie idvel @stmidtion gfbfj_'he extracted tissue, the
I nformation on the growth stage or the ageing stage of the extracted

i ssue, the informegia s Bk S GorNEisHRIP oRIASSISInANni Ry P Baphser ved,

and the information on the region in which the gene 43 expression is

observed, and, g glif{#1E05e ANk SR BYER BEESESng W thipidiRam data

is extracted a conparison t erefore, I's p e'to

efficiently exfract Lhe ewiéi]:aﬁfl)e/Q:(I\‘\%cﬂrmggeﬂ]eerimentaI result.

10 The computer program according further makes the computer
execute an image comparison step of comparing two or more pieces of
the image data based on at least one of the image data, the base
sequences, the expression levels, the information on the éxtracted
tissue, the information on the growth stage or the ageing stage of the

15  extracted {issue, the information as to whether the' gene expression is
observed, and the information on the region in which the gene
expression is obser\)ed; and a difference extraction step of extracting a
difference among the two or more pieces of the image data based on a
comparison result of the image comparison step.

20 'According to this computer program, two or more pieces of the
image data are compared based on at least one of the image data, the
base sequences, the expression levels, the information on the extracted
tissue, the information on the growth stage or the ageing stage of the
extracted tissue, the information as to whether the gene expression is

25 observed, and the information on the region in which the gene
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I mages. 5 Thus, if annotation processings are carried out for the
expression patterns in the respective tissues by inage recognition or
manual operation, and annotation results are automatically conpared, the

i mmges of the tissues having a difference can be extracted and displayed.
10 Further, the conparison of, for exanple, a normal cell with a disease

cell, that of the grow h stage or agei stages of the cells at. .tine
Seri s, and. (HRICSEITRER B SHIaRe 2P U B N S OREANEATHRT BIOBHRISCFE ke
can be efficiently executed, The corzgut er pr ogr am further kes the
conput er exec®fti@eamage dafais griraptavhased pdyd COMBRANIMN s88Mlof creating a

t hree-di nensional image fromtwo or nore pieces of the inmuge data; and an
expressi on | Evereferenit i possiblectp efiicienily gxiiegt &k déféeliense ameng the t he

t hree-di nensi onal inage fromthe expression levels in the i mge data.
Accordi ng to ingesonputer program a three-dinensional inmage 20 is
created fromtwo or nore pieces of the inmage data, and expression levels in

the threesdi nensi orbhus, nhganat®tion préededngs ane tdaeriedaneser e | evels in
the i mage data. Therefore, if slices of an organ are all tested based on

one sequence, gifdleskirepatie RN Htedp@miivetisdues EY%@Q@%CO@QE@WB’at ed by
conbining the slice inmges and the expression |evel of 25 an nRNA obtai ned

by anal yzi ng_&aghal GBaatfdi é)@dgﬂpb%gtﬁ@rdré@&éﬁéﬁ‘@aqw\cﬁaﬁbgn@cbmpﬁ}éd,

di spl ayed. . The conputer programfurther nmakes the conputer” execute a

typical cloneydeter Mgk o0 1SEGEs Haviiey 8 dTkBIkS ch i BktraLRF ahgom the
displayed.

10 Further, the comparison of, for example, a normal cell with a
disease cell, that of the growth stage or ageing stages of the cells at
time series, and that of before medication with after medication or the
like can be efficiently executed.

The computer program further makes the computer execute a

15  three-dimensional image creation step of creafing a three-dimensional

| _image'from two or more pieces of the image data; and an expression
fevel simulation step of simulating expression {eveis in the
three-dimensional image from the expression levels in the image data.
According to this compUter program, a three-dimensional image

20 is created from two or more pieces of the image data, and expression
fevels in the three-dimensional image are simulated from the expréssion
levels in the image data. Therefore, if slices of an organ are ali tested
based on one sequence, the three-dimensional image of the organ can
be simulated by combining the slice images and the expression level of

25 an mRNA obtained by analyzing each image can be corrected
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base sequences belonging to the sanme cluster, based on at |east one of 5
the i mage data, the base sequences, the expression levels, the information
on the extracted tissue, the information on the growh stage or the ageing
stage of the extracted tissue, the information as to whether the gene
expression._is observed, and the information on the region in which the

gene expressi on IS .obsenve%!y %Bgﬁgﬁrg@sgg to this conputer program a

typi cal cl onet irge—ddme@rshqrh se seque nces. belonging to the

sane cluster, bas on at |east one qf the inmage data, the base sequences,
the. expression | evElS COMTRUER PP SHIBAT MHEKE IS PUIFE SHRCU BN
I nformati on on the ?rowth stage or the ageing stage of the extracted 15

tissue, the iPHatEiPoR dgderaingionneep: tiedefendininpratyioal clonghsemiée  and
the information on the region in which the gene expression is observed.
Therefore, a kasmeegueones deldrgisggecihedsarept vsiedebased oneat leasp oneneit al
data can be selected from anong the clones derived fromthe same nmRNA and
extract ed Bas thetigpdgaldata,dhe. base adduenoes, 2@ Efireslsvretevadnsindered to be
derived fromthe sane nRNA are classified into the sane cluster and an

experiment i sinéemoiatidednahleyettvacted tismiesahedhfvremation ba theupbwth siags eby
the nunber of experinents can be decreased. In other words, while as nany

experinents agr fR8lagéingnsiaghaykthesntrasteveduahblinfdtndticfiasttbe sequence
clustering 25 enableés only the typical clones (as nmany as the nunber of
i

et o) o PSS EIARES Gl BN Rhockieh i e SRARHRGRIES, 1, o,

cut portions. Jlfion in which the gene expression is observed.

10 According to this computer program, a typical clone is
determined from the base seque-nces belonging to the same cluster,
based on at least one of the image data, the base sequences, the
expression Ievéls, the information on the extracted tissue, the
information on the growth stage or the ageing stage of the extracted

15  tissue, the information as to whether the gene expression is observed,
and the information on the region in which the gene expression is
observed. Therefore, a clone which can be expected to provide .the
best experimental data can be selected from among the clones derived
from the same mRNA and extracted as a typical clone. In addition,

20  EST clones considered to be derived from the same mRNA aré
classified into the same cluster and an experiment is conducted only to
a typical clone in the cluster, whereby the number of experiments can
be decreased. In other words, while as many expériments as EST

clones have been conventionally required, the sequence clustering

25 enables only the typical clones (as many as the number of clusters) to
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the in situ hybridization is carried out, some cDNA clones emt fine 5
expression signals and others do not. Due to this, the typical clone may
be determ ned by observing i mage data and selecting the clone which emts
a good expression signal. Alternatively, the cDNA clone having a base
sequence which does not include a genom c repeat sequence or having a
sequence 10 Ign th suitable for the experinents nay be selected as a

typi cal cIone.e%¥Rgr@3Wb er program further maki ng the conputer execute a

cluster significance determ nation st of, determnin signi ficance of
each of the cl usterSOHEYES SYER eRINArEoBEs 21el datiad Seqibie 8adml ogy
search result, the imge data, the base sec?uences, the 15 expression

| evel s, the iMifatearHenees Hecreef sighty diffesdepending pafcit martisRson It he
growt h stage or the ageing stage of the extracted tissue, the information
as. t o whet herthehig y'élmgybkiﬁir?@ibirbh carriggsenly s@me shtiNA ldones emitifinen on the
region in which the gene expression is observed. 20 According to this

comput er @ ogexmession sigmail$ acdnutbeod deacdt. ofDu¢ he thisushertygpical ditner m ned
based on -at -| east one of a cluster sequence honology search result, the

i mge data, tipaydssdesemigedasy obbenangliesgeotaley el Selddtthg fHoemd on on
the extracted tissue, the infornmation on the growmh stage or the ageing

stage of the gxidPeiAd a ool &5M@ssidifsighfapr mati on as to whether the gene
expression is observed, 46 and the information on the region in which the

~ gene expression is Aﬁ@@f‘a’t}(ﬁe ,tﬁ@%[glgﬂrﬁgnga}%ﬁvg%dﬁgge isgfq%%ﬁg%bﬁﬂi'cht he

significance of eac uster can arbitrari et ermne the cl uster

whi ch does not include a genomic repeat sequence or having a sequence

10  length suitable for the experiments may be selected as a fypical cione.
The computer program further making the computer execute a
cluster significance determination step of determining a significance of
each of the clusters based on at [east one of a cluster sequence
homology search result, the image data, the base sequences, the
15 expression levels, the information on the extracted tissue, the

information on the growth stage or the ageing stage of the extracted
tissue, the information as to whether the gene expression is observed,
and the information on the region in which the gene expression is
observed.

20 According to this computer program, the significance of each of
the clusters is determined based on at least one of a cluster sequence
homology search result, the image data, the base sequences, the
expression levels, the information on the extrécted tissue, the
information on the growth stage or the ageing stage of the extracted |

25 fissue, the information as to whether the gene expression is observed,
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I nterests the user can be easily discovered. 5 For exanple, the
significance of a clone which shows a high expression level in a tissue in
a specific growh stage or ageing stage can be set high based on

i nformati on on expression levels and the tissue. Further, If the result of
a honol ogy search to the base sequQnce indicates that there is no hit

I in th L SE 1 1] (] 8. known honol ogous
cequence i s rett SpeER R Tod WaTIURE R Bt 1B el B BR sh gher
Th t furt h th er ecyte a genetic |oc ‘
speci 11 cat | orPEX ey eht SHREIY g Asegeneine HoERetgh. 40 amhGaaRe afn whi ch
t he base sequences are present; a chronpsone 1 nagmscreation step of

5
creating a chfdrdShideraanihe atljpanly detaoningd i chistepwdicquences on

t he genetic | ocus of the chronosone; and a chronosone map di splay step of

di spl ayi ng t hidteEsts e siser eap ke easdy disceveredhr onosome map creation step.
According to this conputer program it is possible to specify a 20 genetic
| ocus on & chr onpsoner exanipile,Hhehsghfrmegueactenamhicipsbosrs a kgl creat e

a chronosonme map by mapping information (e.g., -inmge data, base sequences,
expressi on | exgpressiond wvehin antissueain aesgaciitd glowtis stigye obnhgeimi tayeon the

grow h stage or ageing stage of the extracted tissue, information as to

whet her gene exphbessétighSadesromeforafatiifohdxra8éiodNeQB8Is2ah@3h8N i N
whi ch the gene expression is observed) 47 on the base sequences on the

BE0C! et LEFOANETIEORE el ah oRMoS LB At gt o0 o1 (1
TP Correspondiig hce indicates that there is no hit clone in the existing genetic
10 sequence DB (i.e., a known homologous sequence is no;t present in
the DB), the significance can be set higher.
The computer program further makes the computer execute a
genetic locus soecification step of specifying a genetic locus on a
chromosome in which the base sequences are present; a chromosome
15  map creation step of creating a chromosome map by mapping
information on the base sequences on the genetic focus of the
chromosome; and a chromosome map display step of displaying the
chromosome map created at the chromosome map creation step.
According to this computer program, it is possible to specify a
20 genetic locus on a chromosome in which the base sequencés are
present, and create a chromosome map by mapping information (e;g.,
image data, base sequences, expression levels, information on an
extracted tissue, information on the growth stage or ageing stage of the

extracted tissue, information as to whether gene expression is observed,

25 and information on a region in which the gene expression is observed)
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to the genetic |locus (which portion may be indicated by a specific 5 mark).
In addition, the present invention relates to a recording nmedium The
recordi ng medi um according to the present invention records the above
program . According to this recording nmedium the programcan be 10 reali zed
using a conputer and the sane advantages as those of the respective

nmet hods executed by the program can, be attained b al l,om ng the conputer
to read the p%g'i‘%ryﬂaﬁ&c Neind ?ﬂgh? 'icnlé’cuﬁéﬁithﬁqﬁam Aecute the
program An in situ hybridization anal ysis managenent nethod according 15
to the present invelftf?@ditioangetailad igEealipn|qning Pape SAIUENES BRY P
producing a master library of genetic clones, and aligning the genetic

cl ones on a ndispiaysd byisglecting sqrudasi ofghst posiogaradimgp mesresnanding

i nformati on on the genetic clones produced at the master |ibrary ‘
producti on stptheagseetie humisaahighi posioapmaly lpeifdicaietgbar spedifisi s 20
based on the nucl eoti de sequence information read at the sequencing step;
a hybridi zatimarr.ep of conducting an in situ hybridization experinment
using the genetic clones produced at the master library step, and one of a

specific cell, a specaddigiohi si5e!preserst iAvERABhIrefatetdart rédstding BILRES
managenent step of managi ng a progress of steps other than 25 the progress

menagement steRe 3668 fthg M Qivdh adRaldiAbTo BB esehs iR i RAMGRS &haNal ysi s
od rol 1t

step. According to this net , a mast | brary of genetic clones iIs
produced to aéﬁ@vrbb?ggr%?ﬁ‘.Etic clones aligned on a multiwell plate,

According to this recording me_dium, the program can be
10 realized using a compute.r and the same advantages as those of the
respective methods executed by the p'rogr.am can be attained by
allowing the computer to read the program recorded on the rec_ofding
medium and to execute the program.
An in situ hybridization analysis management method according
15 to the present invention comprises a master library production step of
producing a master library of genetic clones, and aligning the genetic
clones on a multiwell plate; a sequencing step of reading nucleotide
information on the genetic clones produced at the master library
production step; a sequence analysis step of performing an analysis
20  based on the nucleotide sequence information read at the sequencing
step; a hybridization step of conducting an in situ hybridization
experiment using the genetic clones produced at the master library step,
and one of a specific cell, a specific tissue, and a specific'organ; and a
progress management step of managing a progress of steps other than

25 the progress management step according to an analysis result of the
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nucl eotide information on the genetic clones produced is read, an 5
analysis is perforned based on the nucl eoti de sequence information read,
an in situ hybridization experinment is conducted using the genetic clones
produced, and one of a specific cell, a specific tissue, and a specific
organ, and a progress of the other steps is managed according to an

anal ysis result. Therefore, iE | s possible to generally 10 nmanage the in
situ hybridiz%?QQﬁP@&HE@hﬁ@ﬁPfﬁ%fficiently execute the respective steps,
and avoi d doi ng over the experjnment again or conducting an unnecessary
experinent. |n addifredding ta thisrmethed.sa masirs liRranysefgenetic slpnes isr
exanple, are acquired and the |arge-scale in situ hybridization analysis
15 managenent pPrastuesd tecaligriiting gepetisecipres elignedvemai o ltiwe kb piateed,

di sease rel ated genes for a drug design can be efficiently, accurately
sear ched, as cocipatidé inWfarmatien cantergérmiad clhamaisypioslusedhedead, &Bine | i ke
using DNA chips or the like. Furthernore, if tissues to which a poison and

a drug hawe bgealysRisappifoadedftarseekanmthe nuieotideiseyednaadnidimdtiirge- scal e
in situ hybridization anal ysis managenent method according to the present

invention is g, ifflin sitiyeiRINtatfARERPeAREM i§ @6inel USRS aBikpgRdgenetithe
detection of a change in a’'gene expression pattern can be efficieéently, -

accurately copguebetiodiReAORAI Atk bf bikgdiie RaNea Ui REgLYSERAP et hod

or the Iike using chips or t 49 Besi the [arge-scale in

o oo Rkt S BB o GRS dfed g P oo
(proteins) si ggzc':cﬁ'rdi'r%gnto an analysis result. Therefore, it is possible to generally
10 manage the in situ hybridization experiment, efficiently execute the
respective steps, and avoid doing over the experiment again or
conducting an unnecessary experiment.
In addition, if a normal tissue and a disease tissue, for example,
are acquired and the large-scale in situ hybridization analysis
15 management method according to the present invention is applied,
- disease related genes for a drug design can be efficiently, accurately
searched, as compared with the conventional analysis method or the
| like using DNA chips or the like.
Furthermore, if tissues to which a poison and a drug have been
20 applied, for example, are acquired and the large-scale in situ
hybridization analysis management method according to the present
invention is applied, a movement search and a toxic éearch based on
the detection of a change in a gene expression pattern can be efficiently,

accurately conducted, as compared with the conventional analysis

25 method or the like using DNA chips or the like.
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expression pattern or equal in localization and the network search 6

bet ween the genes (proteins) can be efficiently, accurately conducted. In
addition, the functions of the respective genes can be. efficiently,
accurately estimted, as conpared with the conventional nethod. If an early
enbryo is acquired and the large-scale in situ hybridization analysis

managenent net hod ordin Q the present .. 10 invention is applied, gene
search for regener :ﬁ%@'ge%gitblenlgr%%@ﬁag "b@lriigq.@’gé‘ggﬁatf%} aaﬁﬁsﬁ)ent i ation
can be efficiently, accurately condycted., Mreover, if, information on a
gone and t he PARGIRESALIORHIRN SCRAPSIGH 18 thERISRRNGULIPHION ReARRREA B8 and
the large-scale in situ hybridization analysis nmanagenent nethod accordi ng
to the presenestimatiphetitthercareeiahgn; kafweaeir genas (BFPtBHS) HMRpiRSsSi on
pattern of the gene in a specific tissue can be sent back through the

net wor k. Fur t @xRressin paisenor iequahin drcaligabioasand the netwerk aeaydr i di zati on
anal ysi s managenent apparatus. The in situ hybridization anal ysis
managenents appaivetarstrar gondsrigroteindjecar bseafficiemiigneiconratehypcosdisctad20
master library plate informati on managenment unit whi ch nanages naster

library plateln afiditiont itiosn foncticrss of the besacthleagesesizsad b effivientlysitu
hybri di zati on experinent; a master library plate information output unit

whi ch out put saé¢digrab@igtedstichatecaras Gbaparédiaieid eonvena@es MEiide naster

library plate informati on managenent unit; a sequence analysis 25 unit

whi ch acquires baserseausiy eniifhd Qi GnltRBIA USRI fif o 50 a DNA

sequencer, which conducts @a sequence cleaning to t ase sequence data,
e, e B A8 A A B RE el 0 66 ek
10 invention is applied, gene search for regenerative medicine such as
gene search for differentiation can be efficiently, accurately conducted.
Moreover, if information on a gene and the like is acquired
through a network such as the Internet and the large-scale in situ
hybridization analysis management method according to the present
15  invention is applied, information on the expressioh pattern of the gene
in a specific tissue can be sent back through the network.
Further, the present invention relates to an in situ hybridization
analysis management apparatus. The in situ hybridization analysis
management apparatus according to the present invention comprises a
20 master library plate information management unit which manages
master library plate information on master library plates used in an in
situ hybridization experiment; a master library plate information output
unit which outputs the master library plate information managed by the

master library plate information management unit; a sequence analysis

25 unit which acquires base sequence data on genetic clones output from
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managenment unit which acquires the sequence data together with data 5 on
expression imges fromthe in situ hybridization experinment on one of a
specific cell, a specific tissue, and a specific organ, and which nanages
t he base sequence data and the expression inage data while nmaking the base
sequence data and the expression inmage data correspond to each other; and

an anal ysis nma ment unit ages at t _one t he mast er
bt ary pl at o8 EANB R e AL RERE U, € SSrAEnRRcar TG, B erbare

i nformation output unit, the. uence anal ysis u and the sequence. and
expresei on | nSUREHA dakaHGIcHIRE TOHES. OTHS LRI Ao G
library plat-e i nformati on on 15 master I|brary pl at es used inan in situ
hybri di zat i onClegiiingrER iR genenea RESIUSNCE H1hLYP [ Saien ifp@end2tidon
managed, acquires sequence data on genetic clones output froma DNA
sequencer, com@iegsnenicgiiénddch acaganesdhesaduemeguatactogiihar wiledais i es
genes, executes sequence clustering the identified genes, acquires the
sequence dat aoh egpréssioB0magds fdatrathmnirexipu éybridizatiagegpériorartion onesitu
hybridi zati on experinent on one of a specific cell, a specific tissue, and

a specific opparpesHNoes, éh@e&ﬁﬂﬂﬁ@@ﬁechﬁduaéﬁ@hﬂb@ngaﬁréﬁQNWMChnﬂge data
whi | e maki ng the sequence data and the expression inage data correspond to

each ot her, nR@gesithe PINRIEESEeREe @taté%%%ittr@n@xﬁrfesfsk@n #RagBdRE Whik ary
pl ate mformatlon managenent , the rraster library plate 51 infornation

output, t he SEANGNE t ABALY oMl 1 SRAYR0CRAIL IR IRARShM | Mmge data
he BTy Fanag

nmanagement . 035|b e to gener élnsitu
hybridizati 0”0(%85;565@% ’ea%fhfét%'e‘?,nélll?f an analysis management unit which

10 manages at least one of the master library plate information
management unit, the mater library plate informatio.n output unit, the
sequence analysis unit, and the sequence and expression image data
management unit.

This apparatus manages master library plate information on

15 master library plates used in an in situ hybridization experiment, outputs
the master library plate information managed, acquires sequence data
on genetic clones output from a DNA sequencer, conducts a secjuénce
cleaning to the sequence data, identifies genes, executes sequence
clustering the identified genes, acquires the sequence data together

20 with data on expression images from the in situ hybridization

- experiment on one‘of a specific cell, a specific tissue, and a specific
organ, manages the sequence data and the expression image data
while making the sequence data and the expression image data
correspond to each other, manages the progress of at least one of the

- 25 master library plate information management, the master library plate
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execute the respective steps, and avoid doing over the experinent 5 again
or conducting an unnecessary experinent. An in situ hybridization apparatus
according to still another aspect of the present invention conprises a
unit which displays a plate information managenent screen on a nonitor for
a user so that the user . inputs and checks information on produced naster
library plates_ 10 through an . nput device, which registers the information
nput byt he MIQERATAT Rt & bE FRaNER PNt 28CTE 991 5P) dat abase,
and which stores anp apal ysis progress status, of each of the rmaster library
plates as " SOHIEREINN, TIEEH AR MALAGEMETE LANETGIRTEAItdx POSSINE the

I nformation on the plates each having the anal ysis, progress, status of
"sequenci ng megeraélyunﬁnﬁggﬁaa"mtﬁa%hybﬂdkzﬁélonrﬁmweag gffictemélynast er
library plates newy registered in the nmaster |ibrary database, which

di spl ays an exeguteitbepesgestive stepuisamhaagiéhgningeveetheaxpadmenti t or, and
which thereby notifies the user of the extracted plate information; a unit
whi ch acdui r agaiseguesncuciatanruntegssargexgdesimgpredt ed by sequenci ng step
20 unfinished plate information, the sequence data output from a DNA

sequencer, whi ch stanes siteh@aidizaton sepieans detérdimng do shitledaiteer ned
storage region of a sequence database, which updates the analysis progress

status of eachspéctldrandesiegrat afdtRiPeoipriSesSE AHRWRICANGLYRYES & hfte
unfini shed", and which displays-a "date" in a 25 sequenci ng space and

'standby for i‘?‘f&?ﬂéﬁ{%ﬂfiéﬁ rﬁéhé’qe?ﬁ@ﬁ?@&?e ghyaﬂt'rﬁorﬁ?or%?%. %eﬁéﬁ%ﬂ'thtehﬁ’?%’ﬂsat €s

t he sequence da whi'ch Ts obtal ne e analysi s progress sta
ranagenment Scirn%?l'f'é a?idugHetckmh?&nﬁ'é)tﬁéﬁ Io?lsproduced master library plates

10 through an input deviée, which registers the information input by the
user in a predetermined region of a master library database, and which
stores an analysis progress status of each of the master library plates
as “sequencing step unfinished”; a unit which extracts the information
on the plates each having the analysis progress status of “sequencing

15  step unfinished” based on the inform_ation on the master library plates
newly registered in the master library database, which displays an
analysis progress status management screen on the monitor, and which
thereby notifies the user of the extracted plate information; a unit which
acquires sequence data on the plates designated by sequencing step

20 unfini;‘,hed plate information, the sequence data output from a DNA
sequencer, which stores the acquired sequence data in a
predetermined storage region 6f a sequence database, which updétes
the analysis progress status of each of the designated plates to
‘sequence analysis step unfinished”, and which displays a "date” in a

25 sequencing space and “standby for analysis” in a sequence analysis
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a sequence anal ysis section of the plates each having the anal ysis.
progress status of "sequence anal ysis step unfinished", which updates 5 the
anal ysis progress status of each of the plates to "now bei ng
sequence- anal yzed", which displays "analysis in progress” in the sequence
anal ysis space of the each plate on the anal ysis progress status

managenent screen, .and di splay of .a st t.u .. Space of the each
plate from sre%%@ye@&hw%wég i35 SeRlents Yatd ot g ingbtamed on
sequence- anal yzed a . unit which causes the sequence analysis section to
acquire the s %H@B’Stﬁaf’épgfﬁsﬁﬁéawsa‘ﬂ"@é‘aSﬁérl’@'?\taSﬁrﬁS”t ﬁe””'gﬂﬁ'%l@t' WeSgr ess

status of "sequence anal ysis step unfinished" from the sequence database,
to execute a dSGEEROCeaRlysisssgisreatthtyplates aashi Bawngdhesmaysison resul t
in an anal ysis result database, and to notify 15 a plate nanagenent section
of quality i npmgrassshatus mﬂw‘és&q@@m@nmalgaisastephquuahedy winichrumdates bei ng
made clear as a result of the analysis; a unit which updates the anal ysis
progress s atthe aha@a@puigresbestaﬁ&tefsea@h ofichemsaies toi roay joedeg abase from
"now bei ng sequence-anal yzed" to "standby for hybridization”, which

di spl ays on 2@edtﬁ@n@eﬂ-@|n2§$yz~°edﬂr%"@h?ﬁlﬁiléyslsaﬁﬁllﬂ@%en‘ﬁmogﬁréﬁg’em fHee date in
the sequence anal ysis space of each of the plates conpleted with the

sequence anal é’éd;@end@bﬁﬁ!ﬁ'@@b%é dmhéhﬁatﬁf‘gia)fé'oﬁ ﬂfé)gﬁﬁﬁr%;ssf)?égﬁs? he

managenent screen the qual |ty I nformati on obtained as a result "of

sequence anal yi sy b oRRARSn R ANERaATALER, | e olphay of 25
Phafadtifeht ¥pRpar S

the status space o . ‘from™ now e| ng se ce-analyzed" 53 to
secti on”to outis Of 6% kShrpiAyt ok FgPAss HF SBoleRol idys 37 H5 SFGR"

10 _being sequence-analyzed”; a unif which causes the sequehce analysis
section fo acquire the sequence data on the plates each having the
analysis progress status of “sequence analysis step unfinished” from
the sequence database, to execute a sequence analysis processing, to
register an execution resulf in an analysis result database, and to notify

15 a plate management section of quality information on the sequence
data, the quality information being made clear as a result of the
analysis; a unit which updates the analysis progress status of each of
the plates in the master library database from “now being
sequence-analyzed” to “standby for hybridization®, which displays on

20 the analysis progress status management screen the date in the
sequence analysis space of each of the plates completed with the
sequence analysis, which displays on the analysis progress status
management screen the quality information obtained as a resuit of the
sequence analysis in a i:quality space, and which updates the display of

26 the status space of the each plate from “now being sequence-analyzed”
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managenment screen, information on the plates an NG clone rate of each of
whi ch satisfies a standard anong the plates each having the 5 anal ysis
progress status of "sequence analysis step finished" "in situ

"hybridi zati on step unfinished"; and unit which displays "standby for

anal ysis" in a hybridization space of the plates the NG clone rate of each
of which satisfjes the standard on the anal ysis grogress status nanagenent
screen, and wi HaadByfay 8ybiidization; ea 4Hul Vi‘i“‘sh'c Heea the Peatsi nat e anal ysi s”
in the hybridization space and the status space of each of the plates the
NG cl one rat emM@nageinegniddeeliaibio aatrws yo the anadvais ragresssplates vel y, and
whi ch updates the anal ysis progress status of each of the plates the NG

cl one rate of mariagenierisseree ns arfosiationeon $hamdahed En G ‘thirendile 6or

hybri di zation" to "term nate anal ysis". 15 This apparatus manages the
progress of teechwstvehichidatafigsd atanddrafamoagithe, plbtes eash dravindtieey pl at e
I nformati on output, the sequence analysis, and the sequence and expression

i mage dat & i nahBsigprdgress Rithrusdor Adque rRepghalyent stepeisakEr ein ditui S
possible to generally manage the in situ hybridization experinent,

efficiently e i ii 0 ; ' (o]} he
Y exgsHéRation JtepRAFIAi¥Red0 SELaRAit v@tﬁi@had’@b%g@ F&%W?eﬁ

experinment or conducting ah unnecessary experinent. me S appar at us

produces a ”aéﬁggrfgésgégaf Kgﬁﬁ&@%ﬁ?@g\éﬁéﬁggﬁe Pfﬁt%r{ﬁéil\?@- QBnkNa@Lpduced

master |ibrar anal'ysis progress status of each
y

P ot e, o0 ' BB 8 ek ARy Rt ARARY B IR L RERUFE 0% s
fte g?ﬁjnﬁgi 2ngln %e;%g@mgﬁﬁggrgﬁgi %Fwd \K}M%rh‘ giisfo?at)}so%i'm'i'nss}tgnadnba}llyéi%r’ aer‘lrc]ial ysis",

10 “terminate analysis” in t.he hybridization space and the status space of
each of the plates the NG clone rate of which does not satisfy the
standard, respectively, and which updates the analysis progress status
of each of the plates the NG clone rate of which does not satisfy the
standard from “standby for hybridization” to “términate analysis”.

15 This apparatus manages the progress of the master library plate
information, the master library plate information output, the séquence
analysis, and the sequence and expression image data in the in situ

- hybridization experiment. Therefore, it is possible to generally manage
the in situ hybridization experiment, efficiently execute the respective

20 steps, and avoid doing over the experiment or conducting an
unnecessary experiment.

Namely, this apparatus produces a master library database,
manages information on the produced master library database, and

manages the analysis progress status of each plate on the master

25 library database by one of "sequencing step unfinished”, “sequence
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the anal ysis progress statuses of the plates can be nmanaged unitarily.
Mor eover, by displaying the analysis progress status 5 managenent screen on
the nonitor, this apparatus can notify the user of the analysis progress

status of each plate and the content of the experinent in detail. The
ot her objects, features and advantages of the present invention are
specifically set forth in or wll becone apparent fromthe 10 follow ng

det ai | ed desanaglysiensnforished’ i"AoBnbeY SedYeReednahZ8shj (HandB ol th t he
acconpanyi ng drawi ngs. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a bl ock
di agram i | | ustylaidingtiome “btesidbysipstanalydis” céarmpatatansly®s” .t hehprefoemt

i nvention; Fig. 2 is a principle block diagramillustrating the basic
principle ofthelenglysisemiogresestatasesRifghedlaesacdh bw wiaaeged Unisanilyt i ng
one exanpl e of the synchronous processing of a systemin one enbodi nent
according to the prigspsdveObi mueplaiyinyg the analysis prodlegskstdtwgr am
illustrating one exanple of the configuration of the systemto which the
present iBvenhhARgkmeNdreédh otk moritrattis eppehatds cah wetinpthaasene
exanpl e of the Irrgge annotation information i nput processing of the system

inthis 25 d gfg@g'sisgg@qgess @téﬁlsaoffé%c‘é}'\ Bﬁﬁétaﬂd m@bgﬁgm%ﬂﬂ@ exanpl e

of the cDNA clone ue onol ogy sear rocessing o he systemin
this embodi n&}}ériment in detail.

The other objects, features and advantages of the present
invention are specifically set forth in or will become apparent from the
10  following detailed descriptions of the invention when read in conjunction

with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram illustrating the basic system
15  configuration of the present invention;
Fig. 2.is a principle block diagram iliustrating the basic principle
of the present invention, | |
Fig. 3 is a flow chart illustrating one example of the synchronous
processing of a system in one embodiment according to the present
20 invention;
Fig. 4 is a block diagram illustrating one example of the
configuration of the systeﬁw to which the present invention is applied;
Fig. 5 is a flow chart illustrating one example of the image
annotation information input processing of the system in this

25 embodiment;
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Fig. 7is a flowchart illustrating one exanple of the sequence 5 assenbly
processing of the systemin this enbodinent; Fig. 8 is a flow chart
illustrating one exanple of the cluster sequence honol ogy search
processing of the systemin this enbodinent; Fig. 9 is a flow chart

il lustrating one exanple of the 10 three-dinensional sinulation processing

f th temin this .enbodinment; Fig. 10 is a flow chart il ti
oxamie of the oxprieds o & Bvcrhatilfsireine Brd.oudinle Bt tnsebtiAeliadn *°

this enbodiment; Fig. 11 is a flow chart illustrati ng one exanpl e of the
i mage 15 con§RIVEE PPELHegy §§assh Precesaing pfitheystednid®isent . Fig. 12
is a flowchart illustrating one exanple of the chronosone nmap creation

processi ng ofemhedépentmin this enbodinent; Fig, 13 is an illustration of
one exanpl e of an annotation 20 information input screen displayed on a
monitor; Fig. 14 isFign7 islasionachan ibdstoatneoaepexaropleaof iix segpencescreen
di splayed if data on each cDNA clone is to be viewed; Fig. 15 is an

i1l ustratison aésemblyepavelseirgf ofitltetasiesd in ¢hisrémbsdiment;di spl ayed if data

on each cDNA clone is to be viewed; 25 Fig. 16 is an illustration of
anot her exanpl e of fige sdigtpflb@dchSrt iRPSFALISG bhenexhmplapethd tltaga on each
CDNA clone is to be viewed; Fig. 17 is an illustration of one exanple of a

list report sgd@fdhcelhaRAYEH sehréifbroO8sHAGbIEhEREehSintipide Vi eved;
embodiment;

Fig. 9 is a flow chart illustrating one example of the

10 three-dimensional simulation processing of the system in this
embodiment;

Fig. 10 is a flow chart illustrating one example of the expression
level estimatio.n processing of the system in this embodiment;

Fig. 11 is a flow chart illustrating one example of the image

16 comparison processing of the system in this embodiment;

Fig. 12 is a flow chart illustrating one example of the
chromosome map creation processing of the system in this
embodiment;

Fig. 13 is an illustration of one example of an annotation

20 information input screen displayed on a monitor;

Fig. 14 is an illustration of one example of a list report screen
displayed if data on each cDNA clone is to be viewed,;

Fig. 15 is an illustration of one example of a detailed report
screen displayed if data on each cDNA clone is to be viewed;

25 Fig. 16 is an illustration of another example of the detailed
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Fig. 18 is an illustration of one exanple of a detailed report 5 screen if

data on each cluster is to be viewed; Fig. 19 is an illustration of one
exanpl e of a chronosone map display screen displayed if the chronbsone map
is to be viewed; Fig. 20 is an illustration for explaining one exanple of a
master library plate and derivative plates t hereof; 10 Fig~ 21 is an

il lustration for | ai ni,n the rese I nvention; Figs.
2o and- 228 44D FREERHRREY S A3 G ARG GAUA 0SS A8 YRNSE pr esent
invention; Fig. 23 Ls %n |Ilus}rat|on o{ the out]ine ?f a | arge-scale in
situ 15 hybri di zatf'&n felSHy | Llfitbat'@z"ho eNGEAARIS: Phg| @ﬁr%ﬁ’oﬁrﬁéreﬁﬁrrpl e of
a phot ographed i mage Fig. 25 is an illustration of one exanple of a
plate mforna@llsﬂiﬁyadaﬁét?éﬁem egeh adystar épfapedviewedhe nonitor; 20 Fig. 26
is an illustration of one exanple of an anal ysis progress st at us

management screen drigplidy/iedamilusieationdt ong exagnpz7of 8 detailed uspodt i on of
one exanple of the analysis progress status managenent screen displayed on
the nonitdr; $crgend dasa am edthustusaer mntoobe oeweranpl e of the anal ysi s
progress 25 status nmanagenent screen displayed on the nonitor; 57 Fig. 29

is an illustration pfg. deeisex@imlsrafon beoﬁeaémmepopgrc¢1$§mo%bmel$nap
managenent screen di splayed on the nonitor; Fig. 30 is an illustration of
one exanpl e ofjishitey s8RleSHBPMRY A%8e chromosome map is to be viewed:;
Fig. 20 is an illustration for explaining one example of a master
library plate and derivative plates thereof;
10 Fig. 21 is an illustration for explaining the advantages of the
present invention;
Figs. 22A and 22B are illustrations for explaining the
advantages of the present ievention;
Fig. 23 is an illustration of the outline of a large-scale in situ
15 hybridization method;
Fig. 24 is an illustration of one example of a photographed
image;
- Fig. 25 is an illustration of one example of a plate information
management screen displayed on the monitor;
20 Fig. 26 is an illustration of one example of an analysis progress‘
status management screen displayed on the monitor;
Fig. 27 is an illustration of one example of the analysis progress
status management screen displayed on the monitor;
Fig. 28 is an illustration of one example of the analysis progress

25 status management screen displayed oh the monitor;
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status managenent screen displayed on the nonitor; 5 Fig. 31 is an
illustration of one exanple of the anal ysis progress status managenent

screen di splayed on the nonitor; Fig. 32 is an illustration of one exanple
of the analysis progress status managenent screen di splayed on the
nmonitor; Fig. 33 is an illustration of one exanple of the anal ysis progress

10 status managenent, screen displayed on the nonitor;, and Fig, 34 is a
principle block di igard 'ﬁ%t'ﬁ%ﬁ%mﬁ opg@mple; eicths: %”%Wgtshﬁr%"é?ént

i nvention. DETAI LED DESCRI PTI ON 15 Exenpl ary enbodi nents of a gene

expr essi on i n¥tgtwaiMmaipgamaagsemean digplavgd BndbaanerieEssi on i nf or nati on
managenent nethod, a program an in situ hybridization anal ysis nmanagenent
met hod, and an in sfigu 3Qyibrandilkstiadionaohbd peicxampliagehbinet asglysEnpiidressbe
expl ai ned hereinafter in detail with reference to the drawings. It 20

shoul d be notsidtedhatandgemerssateamasplayed oa thetmbnitot;ed by t hese

enbodi nents. In the enbodi nents, an exanple of applying the present

i nventiong o the cofigeatiiiemaroiliexpgiomenoat aaintpleyoftihe 4RalgsisSerlgress Situ
hybridi zation will be expl ained. However, the present invention can be 25

appl i ed not ogtayud thdritderB¥ABtRNMbisplHRd BnThBehoRtaAP! s of using the 58
ot her experinental nethods for anal yzing gene expression information by

ther i i tu hybrighi,zabi; ianl, tdy f ' '
W1t e expl ained f1er Sl e Rior PR o Bl e AT R UESS e

confrguration, the proces

ke of the pLERemdMNGhER screen displayed on the monitor;

Fig. 33 is an illustration of one example of the analysis progress
10  status management screen displayed on the monitor; and
Fig. 34 is a principle block diagram illustrating the basic

principle of the present invention.

- DETAILED DESCRIPTION

15 Exemplary embodimenis of a gene expression information
management system, a gene expression information management
method, a program, an in situ hybridization analysis' management
method, and an in situ hybridization analysis management system will
be explained hereinafter in detaii with reference to the drawings. It

20 should be noted that the present invention is not limited by these
embodiments.

[n the embodiments, an example of applying the present
invention to the collection of experimental data by the large-scale in situ
hybridization will be explained. Howevef, the present invention can be

25  applied not only to this example but also to other examples of using the
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5 wll then be explained in detail. Fig. 34 is a principle block diagram
illustrating the basic principle of the present invention. The present

i nvention has roughly the follow ng basic features. As shown in Fig. 34,
the present invention stores base sequence data on an expressed gene
(cDNA) corresponding to image data on an in .10 situ hybridization result,
and rmakes a usgr input.annptatign jnformatiaon I nformati on Qn_an extracted
tissue, inf orﬂﬁﬁro P&{'mﬁepﬁ%ﬁﬁwd&f&d@wﬂ@ge&%{b@ EXRIRSPN ipeTRAt iRt ed
tissue, infor Hat ion on ,wh%t her a gene exgr ession is observed, information
on such. regi oRY &4Nek(n sity AYRRidFRtIHEMeJBAES expression is observed). In
addition, the present invention 15 autonatically recognizes these pieces of
annot ati on i nfor nat 1 6A Gutbae of ieeipragentmventisonnyilbb& sowtainaddishrandsi s
techni que. The present invention conducts a honol ogy search to known base
sequences st ottedconfigursdipuetbe pdatadsings( and.thetlke &5he pegssbdsrvention
full-l1ength cDNA dat abase) for the input base sequence 20 of the cDNA,
extracts honmowilhthen beupigieed o détaill nfiy. Bads a peadiphe ®loandiadirapl ays a'
base sequence corresponding to the imge data, honol ogous sequences to the

di spl ayed basgiuseatiegce bAsioQratipRCor €e palsént igvémtken. Further, the
present invention conducts a honol ogy search to 25 the base sequence of at

| east one of a geneThbigBsé i MveRdn KAOYELAH ﬁﬁgtfeagwb%iq#eutg@e%?t

organi sm a ‘gene which'is unknown but the c f Ich’is alrea _
e e 2 SRSSINE I e ARG 0185 3G B0 G8H L DAL S
I's known, andoﬁ‘ a%egfpyg%isgg éesne (cDNA) corresponding to image data on an in
10  situ hybridization fesult, and makes a user input annotation information
(information on an extracted tissue, information on the growth stage or
ageing stage of the extracted tissue, information onrwhether a gene
expression is observed, information on such region as cells in which the
gene expression is observed). In addition, the present invention
15 automatically recognizes these pieces of annotation information from
the image data using a known image analysis technique.
The present invention conducts a homology search to known
 base sequences stored in a sequence database (e.g., the EST
database or a full-length cDNA database) for the input base sequence
20  of the cDNA, extracts homologous sequences to the input base
sequence, and displays a base sequence corresponding to the image
data, homologous sequences to the displayed base sequence,
homology scores, and the like.
Further, the present invention conducts a homology search to

25 the base sequence of at least one of a gene which is already known to
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5 already patented. The present invention collects base sequences having-
the same property and classifies the coll ected base sequences into
specific clusters by, for exanple, classifying cDNA cl ones (EST sequences)
derived fromthe sane nRNA into the sanme cluster. In addition, the 10
present invention determ nes cluster sequences fromthe base sequences

I ified i h Ll d di spl . I d
bace. sequencelBor P BEI O TSRO LRI e e B Ao T Aot BHEFS BoRher

t he present in]yeFltion ma% gsserrble consensus . sequences usi ng t he base
sequences, cl8sWNG) BnalTeadY A6GYIIEA 89T HAVNIGN dHNSKNPUNEP ¥ aespme
consensus sequence into the same class, and determ ne the consensus
sequence of cHBW speldeRCogesRoRding & whisl i abeadynmcgtitarbra 9eAedAti on
conducts a honol ogy search to the determ ned cluster sequences to extract
honol ogous selggetieaf wihigh @O adtypmgsomeds dsiosn, sfliergs e wdvich égous
sequences to the cluster sequences, and the base sequence corresponding to
t he i nage Sdatairéady pabdemtedl uster. The present invention estimates the
expression level of a gene in the inage data based on one of or both of

the image data and Tive présemaiseeptignesisirets busthyqudrvespifaagtthernsaagi on
may sort display 60 orders of the inmage data according to the estinated

expressi on | eyRIperty AHEIEEsifibdehd RIBRIed BYSBIJRN cHRBRANRS spukifler Nnore
pi eces of inmage dat'a based on at | east one of information on the inage

data, base SSRURIIERSY, T6XBKERMIO cIaSYR)ingIINANG REL! @Y PLchLERLES)
' derived from the same mRNA into the same cluster. In addition, the
10 present invention determines cluster sequences from the base
sequences classified into the same cluster, and displays a c!usterr
sequence and a base sequence corresponding to the image data for
each cluster. Further, the pfesent invention may assemble consensus
sequences using the base sequences, classify the base sequences that
15 constitute the same consensus sequence into the same class, and
determine the consensus sequence of each cluster as a cluster
sequence.
The present invention conducts a homology search to the
determined cluster sequences to exiract homologous sequences, and
20 displays a cluster sequence, homologous sequences to the cluster |
sequences, and the base sequence corresponding to the irﬁage data for
each cluster.
The present invention estimates the expression level of a gene

in the image data based on one of or both of the image data and the

25 base sequences. Further, the present invention may sort display

60



5 on the growh stage or ageing stage of the extracted tissue, information
as to whether gene expression is observed, and information on regions in
whi ch the gene expression is observed, and extracts differences anong the
two or nore pieces of inmage data based on the conparison result. 10 The
present invention creates a three-dinmensional image from the tmo or nore
pi eces of i1 mage, dat and_ si es the ex ressi | evel of

t hr ee- di mensi &ﬂ'ﬁ Cﬁéag 'F}a&ﬁnaﬂ% agFordiRg itatle eég'{ré?te h"exﬁfﬁﬁ@rﬂ [eivﬁv%nt i on
determ nes a typlcal clone fromthe base sequences belonging to the sane
cluster based on at"¥€ast tBﬁePr@ﬁeﬂhﬁ“’eﬁ'qnn$‘€fﬂﬁ’ﬂf‘?%HWBrPrtfHQ“F pigeesdata, the
I nformation on the extracted tissue, the information on the growth stage or
agei ng stage Bnagedaéxibesetean at isasieng peinfarpatanionthe imageataer gene
expression is observed, and the information on regions in which the gene
expression i stSeqeencEFh,eemmemn euedna ndthdepvdradted dissuesirdormation
significance based on 20 at |east one of the cluster sequence honvol ogy

search resul tonthe grontiostade on agrindstagmoé tidakatrached tiskoe Mifoanationt he
extracted tissue, the information on the growth stage or ageing stage of

the extract edas td sfhet Genkend qiraBtioPNisashd erveleRaringsheatfP basElgidhd S
observed, and the information on regions in whi ch t he gene expression is

observed. 25 .lﬁ%hrwmygenéféepraéeeeﬂt.sldséem@naﬁa%&fn%%t dffé@Reene map 61
by identifying a genetiC locus on the chronbsone in which a base sequence

S Present. i RROREd Bf RIOTR HBRODIRRANSISEINEEH 1o mpal By T0C

data, the base sequences, e expression and e €x i ssue,
the i nfornatll%r%u?tn the grom h stage or ageing

10 The present ihvention creates a three-dimensional image from
the two or more pieces of image data, and simulates the expression
level of the three-dimensional image from that of the image data.

The bresent invention determines a typical clone from the base
sequences belonging to the same cluster based on at least one of the

15 informmation on the image data, the information on the extracted tissue,
the information on the growth stage or ageing stage of the extracted
tissue, the information as to whether gene expression is observed, and
the information on regions in which the gene expression is observed.

The present invention determines cluster significance based on

20  at least one of the cluster sequence homology search result, the
information on the image data, the information on the extracted tissue,
the information on the growth stage or ageing stage of the extracted
tissue, the information as to whether gene expression is observed, and
the information on regions in which the gene expression is observed.

25 Furthermore, the present invention creates a chromosome map
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5 stage of the extracted tissue, the information as to whet her gene
expression is observed, and the information on regirons in which the gene
expression is observed) on the genetic |ocus of the chronobsone. The ot her
outline of the present invention will be explained. Fig. 1 is a block
diagramillustrating the basic systemconfiguration of the 10 present

I nvention. Fig, .2 I I nciple bl ock diagramillustrating the basic
principl e of ?%é&%ﬂgt?g@}ﬁoél%{eeﬁh Ic? Us gﬁ rqmo&peﬂe a Wb'c'q] dr'fe%cale in
situ hybridization anal ysis nagenment. systemwhich realizes a |arge scale
in situ hybriﬁ??lé?'?%%'%ﬁﬁw s2AdfagR INfREMma Oné’é‘cmedpﬁﬁetsgqﬂ’ﬁélcgr esent

I nvention is ough&_ly constituted so that an in 15 situ hybridization

anal ysi s mana%‘eﬁeﬁ edpRgeatiata. 108 baseprpauaRermberexuesswidleyels.cdbcope
control system 500 are connected to be communi cable to one another through
a networ k 300thetastraeiesetigsuemibatintirmatignpy thesgromghfsdbgewiregeiagi ¢
features. As shown in Fig. 2, the present invention is a large-scale in
situ 20 hybor i gliaget ¢ folfheaeiirysties sy dherinformatorh Badbudhetdher (@Bnea nast er

i brary production step; (2) a sequencing step; (3) a sequence anal ysis
step; and (4)empiegsiomizabsenvest epd fhecinfespaiton oo Hgepas ot wieh ltag ge- scal e
in situ hybridization analysis nmanagenent nethod executed by the

| ar ge- scal e i flesé ekp?SsdIvRATS Qib%@t'\ilg@@) R ah¥ YehTRNBEEERIFhaYHBMALHFRE di nY

to the present 62 invention will be explained in this order. (1) Master

Dl oo BTG LSRR e S SRR BHBAH ORRENR, T
producing a s g plock diagram illustrating the basic system configuration of the
10  present invention. Fig.'2 is a principle block diagram illustrating the
basic principle of the present invention. As shown in Fig. 1, a
large-scale in éitu hybridization analysis management system which
realizes a large scale in situ.hybridization analysié management method
according to the present invention is roughly constituted so that an in
15 situ hybridization analysis management apparatus 100, a DNA
seqguencer 400, and a microscope control system 500 are connected to
be communicable to one another through a network 300.
The present invention roughly has the following basic features.
As shown in Fig. 2, the present invention is a large-scale in situ
20 hybridization analysis management method including: (1) a master
library production step; (2) a sequencing step; (3) a sequence analysis
step; and (4) a hybridization step.
The respective steps of the large-scale in situ hybridization
analysis management method executed by the large-scale in situ

25  hybridization analysis management system according to the present
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coll ection of genes expressed in a specific tissue is enployed. The naster
| i brary production step includes the follow ng steps L100 to L800 and P100
to P200. Step L100: Anatomy 10 An individual is anatom zed to take out a
specific tissue or organ. Step L200: Total RNA extraction Using an

ordi nary experinental technique, Total RNAis extracted fromthe tissue or
organ obtained at the ste Llf)Q. 15 Step L300: Poly A+ RNA purification
Usi ng an or di iPptieRplli e siR a'F%@H'ﬁitﬁﬁe‘?rdﬁlﬁNA are selectively extracted
fromthe Total RNA obtained at the step L200. (Step L400: cDNA synthesis)
Usi ng an ordinary experinmental technique, cDNA sequences are 20

synt hesi zed fromthe nRNA' s obtained at the step L300 using reverse
transcriptase. (3 dpasteodibrayuptadistioonsteper ati on Usi ng an ordinary
experinmental technique, quantity ratios of the cDNA obtained at the step
L400 are equal i zed. Affttiis steghgenetéc cho s aligredied & ovytiesdinplatdare
duplication of a master library obtained finally. 63 It should be noted

that, the 55t eprdch@@dmayAhe r@imary eénetiSt @pgihé8dng\feehnlgus atpronuding an
ordi nary experinmental technique, the cDNA obtained at the step L500 are
integrated i ng@lebtMrbPhends SxpPesddPin ArsPruine MBELENs dMpRlyan e
master library production step includes the following steps L100 fo L800
and P100 to P200.
Step L100: Anatomy
10 | An individual is anatomized to take ouf a specific tissue or
organ.
Step L200: Total RNA extraction
Using an ordinary experimental technique, Total RNA is
extracted from the tissue or organ obtained at the step L100.
15  Step L300: Poly A+ RNA purification |
Using an ordinary experimental technique, mRNA are selectively
extracted from the Total RNA obtained at the step L200.
(Step L400: cDNA synthesis)
Using an ordinary experimental fechnique, cDNA sequences are
20 synthesized from the mRNA's obtained at the step L300 using reverse
transcriptase.
Step L500: Equalization operation
Using an ordinary experimental technique, quantiity ratios of the
cDNA obtained at the step L.400 are equalizéd. This technique is

25 intended to prevent the duplication of a master library obtained finally.
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Usi ng an ordinary experinmental technique, the cDNA obtained at the step
L600 are isolated and aligned on a nmultiwell plate. The plate produced at
this master library production step is stored as a master library in a
freezer. 10 Step L800: DB input Information on a plate ID, a storage

| ocation and the like of the master library plate obtained at the step
L700 is input in a %tabas hereinafter " the in situ

e DB"), Na

hybri di zat i onlt 878! § ”%Hé@%ﬁeﬁ'@ %&B&%@%@iﬁéerﬁg&g%n operator input
information on the 15 plate on a plate information managenent screen to be
expl ai ned | atefep LEAA: g’?@?@s“&ﬂ’i@ﬂ nput information in the master library
DB. Step P100: Plasm d DNA As a preprocessing for use in | ater operations,
pl asm d vectors wiWainghae lordibeay sx@erimenfebtechnigeeeifie sPNAI obtaimedhat
master library 20 produced at the step L700 using an ordinary experinental
t echni que. ( ZheSsgpenBiharstisieghttadcindo st epctonucl eoti de sequences of the
genetic clones produced at the nmaster library production step are read

using an 25 oSERVPOEYpRidfaRALEbntaahAligigentor exanpl e, using a
comercially 64 avail abl e DNA sequenci ng machi ne such as AB13700 (product

name) manuf act ur ed§in o RR|drgh 2Bl STl RREN tf EERATIY UBATRY cDINIS obtsineat atde
sequences of the genetic clones tan be read. This sequencing step includes

e ol o 565 (549 ok 8 By S O SEMIGVRITS( 2T 0B O
produced at this master library production step is stored as a master
library in a freezer.

10  Step L800: DB input
Information on a plate ID, a storage location and the like of the
master library plate obtained at the step L700 is input in a database
(hereinafter “DB”). Namely, the in situ hybridization analysis
management apparatus 100 makes an operator input information on the
15 plate on a plate information management screen _to be explained iater,
and stores the input information in the master library DB.
Step P100: Plasmid DNA
As a preprocessing for use in later operations, plasmid vectors

with which cDNA are integrated are extracted from the master library

20 produced at the step L700 using an ordinary experimental technique. |

(2) Sequencing step
At this step, nucleotide sequences of the genetic clones
produced at the master library production step are read using an

25 ordinary experimental technique. For example, using a commercially
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400 reads the plasm d DNA sequences obtained at the step P100. Step S200:
DB i nput The sequences read at the step S100 are input to a DB. 10 Nanely,
the in situ hybridization anal ysis managenent apparatus 100 acquires the
sequence data read by the DNA sequencer 400, and stores the acquired data
in a sequence DB. (3) Sequence analysis step 15 Analysis is performed based

on the nucleotid e ce informatiaon read.at t uenci.ng, step. For
exanple. an orVie DR egldnd Mo kritiatton a7 RO GRS R B FrE®)

anal ysis. Through, this te intarmation on the qualities of the genetic
cl ones and c0'?’@396%%&??@%@]42@“%‘%%'%%8% PERY a8y dhe A UCHRIGR| s
step 20 includes the follow ng steps S100 to. A300. In addition, the in
situ hybridi SRAYNcemal tha genatiagiones caphe ras 10biscsRINRRCINEfSeAat i on
on the plate which is not subjected yet to the sequencing step onto an
anal ysi s prognelles thablivaringatens %‘d}ﬁbtmsﬁ@obe expl ai ned | ater, and
allows the operator to check the information on the plate which is not 25

subj ect ed SyetStap SHE0s Sqpaeienicing seagiionmhe operator can i ssue an 65
instruction to start the foll owi ng sequence analysis step to the in situ

hybri di zati on anal ydsmgnamageinany exppainaéntal i chiique! tiee DINA eeqdesicenat ed
by the information on the plate which is not subjected yet to the

sequenci ng st£P0 2650¢ dhedldsmpl DNFUebguBhBEs oMRginld &Nthedstaper 16d00:
Sequence cl eani ng processing The in situ hybridization anal ysis nanagenent

appar at us 1008te%’§h99?%)§ npptﬁequence information read by the DNA sequencer
400 to

The sequences read at the step S100 are input to a DB.
10 Namely, the in situ hybridization analysis management apparatus 100
acquires the sequence data read by the DNA sequencer 400, and

stores the acquired data in a sequence DB.

(3) Sequence analysis step

156 Analysis is performed based on the nucleotide sequence
information read at the sequencing step. For example, anrordinary
EST analysis program can be utilized for the analysis. Through this
step, information on the qualities of the genetic clones and
cofresponding genes can be obtained. This sequence analysis .step

20 includes the following steps S100 to. A300. In addition, the in situ
hybridization analysis management apparatus 100 outputs information
on the plate which is not subjected yet to the sequencing step onto an
analysis pro-gress status management screen to be explained later, and
allows the operator to check the information on the plate which is not

25 subjected yet to the sequencing step. The operator can issue an
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quality trimm ng by the processing of a sequence analysis section. At this
time, a vector sequence part is also trimed. This step A100 can 10 be
realized by, for exanple, an existing software (e.g., phred or cross-match
devel oped by University of Washington). The in situ hybridization analysis
managenent apparatus 100 determnes the result of this step by the
processi ng of the sequence anal ysis .section, to nabl e only the sequences
havi ng suffi c‘i"éFfﬂJCF'Qﬂgthﬁtagnftﬁ‘eq lowing sepyepse analysiz sisedol thedp sit op
A200: Gene identification processing The in situ h¥bfi di zati on anal ysi s
nmanagenent aphyprdigstioo@nalgsisrnanagesienidnrnargife1 PBdosthrieie i nf or mati on
obtained at the step 5100 is. This step S200 can be realized by conducting
a 20 honvol ogydssignated bydhe ibfarsatufn Natthernsbhieoahieh i opt Bubjesten yed by
Information. (hereinafter, "NCBI")) to the sequence data stored in a

geneti ¢ sequeihees &fusneihgade fatBandingSicep pA806terBaned mperatioat eri ng
processing The in situ hybridization anal ysis nanagenent apparatus 100 25

clusters tshe Sfﬁﬁ pa 000lSeraldnee GkadRaHpresssaig ai ned at the step S100 66
according to the simlarities of sequences to thereby exclude duplication.

This step S300 can Pge f@altuzefhiYizafio 88y rﬁé’ﬁég\@ﬁw%nt%%?@ré‘ﬁjsbﬂ@@t cl ust
devel oped by NCBI. As a result of this step, the nunber of gene species

included in t&%%gf;ﬁgiecséégéﬁc&%ﬁo‘?ﬁﬂh%ﬂ Y B¢ tie WAWn ;r'r4tdb9f0 by

unifying the c errv romthe same genes, the er of tines of

nybri di zat i on, 620 R6i-ARRIPA7 e B8SLIRB P ARAARACAMIRIFER RLBHeCUALT TN

an ordinary o

this time, a vector sequence part is also trimmed. This step A100 can
10 be realized by, for example, an existing software (e.g., phred or
cross_match developed by University of Washington). The in situ
hybridization analysis management apparatus 100 determines the result
of this step by the processing of the sequence analysis section, to
- enable only the sequences having sufficient lengths and qualities to be
15 analyzed later.
Step A200: Gené identification processing
The in situ hybridization analysis management apparatus 100
defermines on which gene the sequence information obtained at the
step S100 is. This step S200 can be realized by conducting a
20 homology search (e.g., blast of National Center for Biotechnology
Information (hereinafter, “NCBI")) to the sequenée data stored in a
genetic sequence DB such as GenBank.
Step A300: Sequence clustering processing
The in situ hybridization analysis management apparatus 100

25 clusters the entire collection of sequences obtained at the step S100
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The in situ hybridization anal ysis managenent apparatus 100 displ ays
quality information on each plate conpleted wit h the sequence 10 anal ysis
step on the anal ysis progress status managenent screen to be expl ai ned

| ater. Thus, information used as a standard of judgnent as to whether the
operat or conducts the hybridization step can be displayed. The in situ

hybri di zati on ?gﬂj | . r ‘ s hybridi zati on step
unfini shed p|%. e id%r?%f%arﬁ??%ﬂrﬁﬁ%ﬂ{r%@%@%e@ﬁ%ﬁgg%ggptﬁgg%égxgtﬁé{eus managemnent
screen for th | at,e the_gual.ity which is.ke to sone extent so that

t he oper at or @éﬁ"%ﬁ\té‘)& te-ﬁ@'s WB@@%’Q&%”J}.G&?% ‘?fm)yrﬁ”sﬁég%ﬁlga%@?ware

I nformation. (4 ridjzation ste 0O An in situ hybridization experinent
i s conduct ed. é%&“ ggrbtﬂgﬁiciu%fé)e‘{é{@pgﬂ%@’i NGBy bapZgbHdipTdRisestareibe
conducted at this hybridization step, the expression statuses of genes

cor r espondi ngn¥BPbeRef gane: sReeipsripsiuded inHEesgRRSHG 6land collegtimueanrbeor gan
can be recognized. This step includes the follow ng steps H100 to H500. 25
Step H100:5 Anagtomptesy Ahurthervibduaifying theaclomeseateived frioen dhue samspecific
tissue or organ. Step H200: Section plate production At this step, an

oper ati on forgénes,nheseeinbensfsinmesdf hybndidatiorbcan beudeofetazieted at t he
step H100 onto the nultiwell plate is carried out. Step P200: Probe

production Using anTies dtéysd A200PLhd METREa b ehakébiete dGRNh SeginaRE8rddart s
are transcribed fromthe plasm d DNA's obtained at the step P100
The in situ hybridization analysis management apparatus 100
displays guality information on each plate completed with the sequence
10 analysis step on the analysis progress status management screen to be
explained later. Thus, information used as a standard of judgment as
to whether the operator conducts the hybridization step can be
displayed. The in situ hybridization analysis management apparatus
100 outputs hybridization step unfinished plate information on the
16 analysis progress status management screen for the plate the quality of

which is kept to some extent so that the operator can check the

hybridization step unfinished plate information.

(4) Hybridization step
20 An in situ hybridization experiment is conducted. As a result of
the in situ hybridization experiment conducted at this hybridization step,
the expression statuses of genes corresponding to the genetic clones in
the specific cell, tissue or organ can be recognized. This step includes
the following steps H100 to H500.

25 Step H100: Anatomy

67



to thereby produce probes. 10 Step H300: Hybridization Hybridization is
conducted by an arbitrary conbination of the probe obtained at the step
P200 and the section obtained at the step H200. This step is an ordinary
techni que for checking expression information on a gene corresponding to
t he probe on a section tissue. 15 Step H 400: M crophot ographing A

m cr oscope contr ol stem 500 .m crophot ographs each well _of, the

ybr o pl at o (il t i ABININIGHE 7 ARG yoracs Sut ATPadfieoRabeied) st ep
H500: DB input M croscopic inmage data obtained at the step H400 is input
into 20 an i®®FH-DB. Nanmely, the in situ hybridization anal ysis nanagenent
apparatus 100 acquires data on the expression i mages photographed at the
step H400 fr ofiamb20i0c Sentiopepledaprotiusyen em 500, and stores the acquired
data in an expression inage DB. The in situ hybridization analysis '

managenent appar at uat 09 spep f an mpevatiowdisr finmgysedidts plicadfroinmdgise based on
the content of the sequence DB produced at the 68 step S200 and that of the

- expressi o i negeidBbprinddeadhatstepilet B0 epto thamsitioredSplateliy sasriggdultt s in
an analysis result DB. Referring back to Fig. 1, the large-scale in situ

hybri di zat i onstaanpby®t Propaageaabtiogyst em which realizes the large-scale in
situ 5 hybridization analysis nanagenent nethod according to the present

“invention will be dgsgid BEdrliihalg AidoriniEn e EhiiBuE! 8pNA shfichepge-scal e

in situ hybridization alysi's genent system reali'zes the
large-scal e 'ﬁaﬁé 2 em{é)r(écqlbze%l {8 the plasmid DNA's obtained at the step P100

to thereby produce probes.
| 10  Step H300: Hybridization
Hybridization is conducted by an arbitrary combination of the
probe obtained at the step P200 and the section obtained at the step
HZOO. This step is an ordinary technique for checking expression
information on a gene corresponding o the probe on a section tissue.
15  Step H400: Microphotographing
A microscope control system 500 microphotographs each well of
the hybrid-plate (multiwell plate for which hybridization is conducted).
Step H500: DB input
Microscopic image data obtained at the step H400 is input into
20 animage DB. Namely, the in situ hybridization analysis management
apparatus 100 acquires data on the expression images photographed at
the step H400 from the microscope control system 500, and stores the
acquired data in an expression image DB. The in situ hybridization
analysis management apparatus 100 performs various analysis

25  processings based on the content of the sequence DB produced at the
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anal ysi s managenent nmethod is roughly constituted so that the in situ 10
hybri di zati on anal ysi s managenent apparatus 100, the DNA sequencer. 400,
and the m croscope control system 500 are connected to be comunicable to
one anot her through the network 300. As shown in Fig. 1, the in situ
hybri di zati on anal ysis mnmanagenent apparatus 100 roughly consists of a

sequence anal ysi s S 1,.on, ' t._section pl.ate
manageren;  sckrron2 00 EL T oraR e R e R RO T budiie el MR geen
section. ‘In adgi tli on, thle i n_ si tlu hybri di zat.i on a]n si s managenent
apparatus 108B"7S1AESALANElS U NRR ABATYSIBFES W AB. { he sequence DB, the
analysis result DB, _the expression.inage DB, and the genetic sequence 20
DB. In the master | REFIFPICRREHENAIG-n! ANG 2igeHCalentt B Nvlcidizatiam 1D of
each plate, a storage |ocation thereof, an analysis progress status

t hereof , qual 80glyisHF Braf@desne itheydem whigh p?@lmﬁy%%égﬁfﬁ&adﬁ idsituvat i ve

pl ates thereof, and storage |ocations of the respective derivative plates
25 whi |l e dssobyltidirgtivhemalysis masagaotdrdrmeBdrbecsmiug heeh®Bresents an I D
of each clone (= a plate ID+ a well ID), read sequence data (chronatogram

dat a, nucl eotindensiequeiliciee déatapedrintdetaill one, and the like. The analysis
result DB stores an I D of each clone, cleaned 5 sequence data thereon, a

honol ogy sear ch respbtsHogl Bf Blg. Antdetiafgdiskale inThiu dypirRESAtRih bABGSHB
stores an | D of each clone, mcroscopic inmage data, ‘information on a

Flhﬁfa ogr aphed §RfHHGRMEMSSHRem WA HSa IR O BRELRGFO TSIl HybridRstibhe
analysis management method is roughly constituted so that the in situ
10 hybridization analysis management apparatus 100, the DNA sequencer
400, and the microscope control system 500 are connected to be
communicable to one another through the network 300.
As shown in Fig. 1, the in situ hybridization analysis
management apparatus 100 roughly consists of a sequence analysis
15 section,_ an analysis management section, a plate management section,
a sequence management section, and an image management section.
In addition, the in situ hybridization analysis management apparatus
100 is accessible to the master library DB, the sequence DB, the
analysis result DB, the expression image DB, and the genetic sequence
20 DB.
[n the master library DB shown in Fig. 1 information such as an
ID of each plate, a storage location thereof, an analysis progress status
thereof, quality informatidn thereon, the presence/absence of derivative
plates thereof, and storage locations of the respective derivative plates

25 while associating them with one another.
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The sequence anal ysis section serves as a sequence analysis 10 unit which
acqui res base sequence data on the genetic clones output fromthe DNA
sequencer, cleans the sequences for the base sequence data, identifies
genes, and clusters the identified genes. The sequence anal ysis section
executes (1) a sequence cleaning processing, (2) a gene identification

processi ng, and (3).a sequence | ustering processing, Thes ocessi ngs
B TT now be expl af nEde Spajio8ag R slot AR EF SEE S G (aab it To ot A ng
and vector trinming are carried out based on determ ned sequence dat.a.
Based on the ngjl}g, tpathSeaHe BFRCSER Arhroppaiggral @ata, frIGtRetide §88HEBES t he
quality trimm ng and the vector trinmmng can be realized by, for exanple,
phred and cr odgtapmrcihe plodg: ame hevidi®ped by University of Washi ngton,
respectively. As a result of trimmng, it is ensured that the insert
sequence of each clOmne anafissia restiit il eherelsemyib cirebch ok, clearnedual ity.
Nanmely, the result of 25 the sequence cl eaning processing can be al so used
~as qual ity dasequenciddetrctherkonea idmalodyséaiomesailt theaeforhandithedike.
processing for clipping both ends of each read sequence that are lowin

quality. "Vector tThéeeixpeesdTBaNmdwRr BB stards apeisrbneatnrciehé ppi ng
sequences of cloning vector parts anong the read sequences. As a result of

these 5 procegwdgeopRiinya afé%agﬁmﬂﬁﬂ?ﬁiéﬁ‘%ﬂré@hb&%;r‘é hbheséﬂgﬁtﬁswa,uence

is extracted. (2) ne irdentification processing Based on t ase
sequence i nf O\Vé%isoghf}fb rgﬁhir@%ﬁdﬁﬁ%‘é‘agﬁﬁ th%olil&ﬁrt obtained as a result
of the sequence cllI eani ng processing, a ' ' )
The sequence analysis section serves as a sequence analysis
10 unit which acquires base sequence data on the genetic clones outpuf
from the DNA sequencer, cleans the sequences for the base sequence
data, identifies genes, and clusters the identified genes. The
sequence analysis section executes (1) a sequence cleaning

processing, (2) a gene identification processing, and (3) a sequence

15  clustering processing. These processings will now be explained.

(1) Sequence cleaning processing
Quality trimming and vector trimming are carried out based on
" determined sequence data. Based on the output data (chromatogram -
20 data) of the DNA sequencer, thé guality trimming and the vector

trimming can be realized by, for example, phred and cross_match
programs developed by University of Washington, respectively. As a
result of trimming, it is ensured that the insert sequence of each clone
has a sufficient length and a sufficient quality. Namely, the result of

256 the sequence cleaning processing can be also used as quality data on
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honol ogy search is conducted to the genetic sequence DB to thereby

identify genes. This processing can be realized by using, for exanple, the
bl ast program devel oped by NCBI or the like. 15 (3) Sequence clustering
processi ng Duplicated sequences are renoved fromthe collection of the

base sequence information on the insert sequence part obtained as a result

of the sequen I NQga eSS ng . e simlarity. As a
resul't of thegégﬁgiﬁﬁée clﬁﬁﬁﬁt&@"ﬁ% fi@iﬁ@%aﬁé g5 ptrroesﬁa@gcf Heriie
detected and é t«?,bnu er. of azjll c.S est | mat e& &s rocessi ng
can be realizgQ PO € 5 SEHY “‘fﬁ ?rl?s'to"‘bf"bﬂi"ﬁ Ydev¥P6KYd by NCBI
or the like. The plate nman errent section shown in Fig serves as a
master librarff ”BF'Q'E‘% ?1% RSN ARIRLHSFHIR QIrﬁ'tpRMQ@ﬁ*%&ﬁégé ofedleBing 25
library plate information on the nmaster library plate enployed in the in 71
situ hybri di Z¥8¢'@n PétiserMens: theaf@Rthsafide_ees.i bAard resut ef thess mati on

out put unit which outputs master library plate infornmati on managed by the
mast er | i Br ar §rogiesséndsmfanyrdxdsers equenmniniormation ofhthes bp@ehsequeneg ésrent
section and the i mage managenent 5 section shown in Fig. 1 serve as a
sequence/ exprestsacted. mage data nmanagenent unit which acquires expression
i mge data photographed at the in situ hybridization experinent using the

genetic clones of the base sequence data and the specific cell, tissue-or
organ, and which manages the base sequence data and the expression inage

data while 10 r’(@l}l@l&qé I'@é’ﬂﬁ;&artﬁﬁpgf&etsg,,ﬁjlch other. The anal ysis nanagenent
section shown in Fig. serves as an
Based on the base sequence information on the insert sequence
10  part obtained as a result of the sequence cleaning processing, a
homology search is conducted to the genetic sequence DB to thereby

identify genes. This processing can be realized by using, for example,

the blast program developed by NCBI or the like.

15 (3) Sequence clustering processing
Duplicated sequences are removed from the collection of the
base sequence information on the insert sequence part obtained as a
result of the sequence cleaning processing based on sequence
similarity. As a result of the sequence clustering processing,

20 duplicated clones are detected and the num_ber of genetic species is
estimated. This processing can be realized by, for example, the
blastclust program developed by NCB! or the like.

The plate management section shown in Fig. 1 serves as a
master library plate information management unit which managé master

25  library plate information on the master library plate employed in the in
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anal ysi s managenent unit which manages the progress of at |east one of the
master library plate informati on nmanagenent unit, the naster |library plate
i nformati on output unit, the sequence analysis unit, and the 15

sequence/ expressi on i mage data managenent unit. The master library plate
and derivative plates fromthe master library plate used in the present

I nvention wl[.n : ' i th fer . i 20. As_descri bed
above, the la [é%%gépgpgzﬁ%WS%{(ﬁgﬂwgpﬁ’d?9%% @W%%'B lé%’%rgﬁgiten@ﬁ%%ﬁﬁw system
produces variou | ates. fromjihe master . library plate in an exper,i nental
rocess, and HmARI APt RN Hes DERBt BELSROTGERN RETRYBH QY pl at e,
thus finishing a series of analysis steps. The finally obtained i mges
represent thetl&xpasial bhrasy plate %ﬁor@@tl@lﬁg!@mméaﬁ H8¥pondi ng to the
genetic clones stored in the wells of the 72 master library plate.

Accordi ng to the prEResedusneatmanagemeniisacéionenethaimagpriodnsegmant

I nternmedi ates (derivative plates) since the production of the naster

li brary ploat esegtion shhan infFighd $givei ab pl seop eanoe/ e epnesision ipage stadaed so

t hat anal ysis steps can be done over again halfway along the steps. Fig.
20 i |l ustr at emanageneent wait whiciplagtieiresNaqabysion imad@d diasa photod dapsieat i on
for explaining one exanple of the master |ibrary plate used in the present

i nvention as sefHe assitihydediraidnexpéainent s the genstierclohédoRtNe pl ate.
The plates shown in Fig. 20 are given only for i1llustrative 10 purposes

RIS S0 SRS AU LSRR AR dFBGHRSAY b o0
manages the base sequence data and the expression image data while
10  making them correspond to each other.

The analysis management section shown in Fig. 1 serves as an
analysis management unit which manages the progress of at least one
of the master library plate information management unit, the master
library plate information output unit, the sequence analysis unit, and the

15  sequence/expression image data management unit.

The master library plate and derivativ_e plates from the master
library plate used in the present invention will next be explained with
reference to Fig. 20.

As described above, the large-scale in situ hybridization

20  analysis management system produces various plates from the master
library plate in an experimental process, and finally completes the
microphotographing of the hybrid-plate, thus finishing a series of
analysis steps.

The finally obtained images represent the expression states of

25 the genes corresponding to the genetic clones stored in the welis of the
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rel ationship. In other words, a plate at the end point of the arrowis
produced based on a plate at the start point of the arrow The arrow
normal |y represents a one-to-nmany correspondence. For exanple, a 15 naster
pl asm d plate can be produced a plurality of nunber of times using one
master library plate. A processing flow (synchronous nechanism fromthe
registration of the master |library to analysis in the large-scale in situ
hybri di zat i orfM3REN&K@vRIFEenent " system according to the present 20

i nvention will. next be explained with reference to Fig. 3. Fig. 3 is a

flow chart illustrabh¢erydbidieihepresent innen§gAcHIDRIAIES WIHEBAF. ng of the
systemin this enbodi nent. The plate nmanagenent section according to the
present i nvepoidacedi apindgsmediatps dderivative mdates) sitertferenedeetiaeafon the
25 nonitor so that the user inputs and checks, through an input device, 73
i nf or mati on oihet im@stastiknary iphater yntill thaé of phedybeid -plate Ree deaparadly (e. g.
each plate ID, a storage |ocation of each plate, an anal ysis progress

status ther eodtorgtiabl that iankdysiaisteps charmodonpresaragdializdivesy atong the
derivative plates, and storage | ocations of the respective derivative 5

pl ates), and ét%?'s.st #i§. 2O8IISSe¥ed i SN dEARHEivEYIAtee . USeimiely, Fig. 20 is an
predeterm ned storage region of the master library DB (at a step SA-1).

Fig. 251is ansuhhhﬁgbh%?%&gp%n oﬁé%‘nﬁ’pl@foftt?\%h@!?%w‘r_ iY@y méztkgomvsetdhe

managenent screen displaye n tthe nonitor, As s In FI Q. , -

Pt ot ™ R R TR RS R EPBRIRE e Pfey e 8 ot
region M3, I?lg]ra?{/fp?gtte.i ué pfaetgisos 0'\\{\,’“5 f'ﬂ F?g.pi@tal?e fg(l)\genr?tonilynpourtiil[lggiaf)l{}e
10 purposes and not always essential to the system according to the
present invention. [n Fig. 20, each arrow represents a derivative
relationship. In other words, a plate at the end point of the arrow is
produced based on a plate at the start point of the arrow. The arrow
normally represents a one-to-many correspondence. For example, a
15  master plasmid plate can be produced a plurality of number of times
using one master library plate.

A processing flow (syhchronous mechanism) from the
registration of the master library to analysis in the large-scale in situ
hybridization analysis management system according to the present

20 invention will next be explained with reference to Fig. 3. Fig. 3 is a
flow chart i[lusfrating one examﬁle of the synchronous processing of the
system in this embodiment.

The plate management section according {o the present
invention displays the plate information management screen on the

25 monitor so that the user inputs and checks, through an input device,
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MA-5, a plate storage |location input region MA-6, a plate producer's
coment input region MA-7, a project code input region MA-8, a plate
producer's input region MA-9, a plate production date input region 15

MA- 10, derivative plate nanme input regions MA-11, derivative plate storage
| ocation input regions MA-12, a registration button MA-13, and the |ike.

The "library 1D 185.: | ' i |y, Ldentifi C | | brar anpl es
used to produ'(pgoErhgtlgﬁgtngg'\.gnéf%gt%?%&aé%)h%%ﬁaélﬂ%jl@%ggs%%%%t(?pa]z—éog\n?? ' for
exanpl e, informati on, t he, derivation of each nple (e.d.., Organi sns
(sich a5 mouseochalate e SistaosdBrafin & SN nGln et v fhis eSS ), o
tissue (such as spermary or |iver), information on a protocol used for
sanpl e prepar BiEten thawgdh, gyalityigfematiRimigrepn, preseneriphgensetdr, and a
restriction enzyrrezh, information on a producer, 25 information on the
product i on dadierlivalive phatesi Red starags tanationshef theuraseectivelerivadive MA-2) i s
the nunber of plates to be newly produced and registered. The plates are

al | ocat ed 5 coplstesi), iang itddistcradled ioforotaiohpingié byaimesugdiindd and t he
"offset™ (MA-4). In the exanple of Fig. 25, for instance, twelve IDs of 5

MEPOOO1 to MEpE2eanmeal bacagedeyidmenithe regitet GbheatyDBt(as a stepsPact).vel y.
The "format" (MA-5) is the sequence format of the wells on the plate. In

the exanpl e of Fig.Figb2missamitaitthtidrabeohB éxafpedt tHeop e infoihtion HL 2)
in eight colums (Ato H by twelve rows (01 to 12) is 10 designated. The

(storage Lgcgﬁgﬂ@%&@@g ,%lteggg;%smy%da@n RSO kG L shBAAFEINSHGN 225 2
the plate information management screen consists of a library [D input
10 region MA-1, a number-of-plates input region MA-2, a plate name input
region MA-3, an offset i_nput region MA-4, a plate format input region
MA-5, a plate storage location input region MA-6, a piate producer's
comment input region MA-7, a project code input region MA-8, a plate
7 producer’s input region MA-9, a plate production date input region
15 MA-10, derivative plate name input regions MA-11, derivative plate
storage location input regions MA-12, a registration button MA-13, and
the like.
The “library ID" is an 1D which uniquely identifies cDNA library
samples used to produce the plates. The library ID may be associated
20  with, for example, information on the derivation of each sample (e.g.,
organisms (such as mouse, human, or nematode), a stage (such as
eight-week old), a tissue (such as spermary or liver), information on a
protocol used for sample preparation (such as a regent quantity, a
cloning vector, and a restriction enzyme), information on a producer,

25 information on the production date, and the like.
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As for the library ID the plate nanme, the offset, and the format
designation, all of or part of these pieces of information can be om-tted
by the input of the "project code" (MA-8) allocated based on a 15
predeterm ned rule so as to conceptually include these pieces of

I nformat.i on. The "producer” (MA-9) represents a production operator who

produces each actu at The "producti on, e’ (MA-10) represents a date
Phen the 20" act ual FEagE the BEsarical es B2 e B mbeP ol retes B 11y
and "storage | ocations” (MA-12) can be approprjately input if there are
cor r espondi ngPAdEWiMtRreduCad Anckregigtedpdt hd Neptesdie 211068684t or i nput s
necessary information on 25 the plate infornmati on managenent screen shown
in Fig. 25 atcemgeaitie bsdased e thapptaternames dVfi-8) iaibthetafbseti s
conpleted by clicking on the registration button MA-13 with a nouse. The
in situ hybriVaad). onn theadxahsiarahige it foappeiaaces tiéesiiBsed t he

i nformation input by the operator in a predeterm ned storage region of the
mast er | iy ar MEP 0RO BbaMEPRYOY Daarpraiiested doafeviifaeaistbysd platesagenent
section. The anal ysis nanagenent section extracts sequencing step

unfini shed pladspddtfveryrati on based on the information on the master

library plates newy registered in the nmaster library DB, outputs the

e norcor. “nea e agii (RIS B EOaLAApa LA UE QTSR o per
the informatign,fat a4l 8Rarfs18)of Fig. 25, a standard plate in a 96-well format
(AC1 to H12) in eight cdlumns (A to H) by twelve rows (01 to 12) is
10 designated. The "storage location” (MA-6) represents an identification
name such as a freezer for storing each plate.
As for the library ID, the plate name, the offset, and the format
designation, alt of or part of these pieces of information can be omitted
by the input of the “project code” (MA-8) allocated based on a
15 predetermined rule so as to conceptually include these pieces of
information. | |
The “producer” (MA-9) represents a production operator who
produces each actual piate.
The “production date” (MA-10) represents a date when the
20 actual plate is produced.
The “derivative plate names” (MA-11) and “storage locations”
(MA-12) can be appropriately input if there are corresponding derivative
| plates.
After the experimental operator inputs necessary information on

25 the plate information management screen shown in Fig. 25 at the step
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Figs. 26 to 33 illustrate exanples of the anal ysis progress status
managenent screen di splayed on the nonitor. The anal ysis progress status
managenent screen represents the anal ysis progress status of 15 each plate
regi stered at the step SA-1, which status can be used at |ater steps. As
shown in Figs. 26 to 33, the analysis progress status mnanagenent screen
consists of a_plate name space (MB-1), a, sequencin QSBt?aCF IQNB-Z a
sequence anal §sh.dhggapet pithesplatg igiamatiemis %%‘é‘@éet?’ wPlickingyyt 198 zat i on
space (MB-5), a status space (MB-6), and the |like, On the analysis
progress st atnegisteatiere peittonsiiPedd with@ mesgeencingyinspi dyorBizgtighows t he
progress status of each plate at the sequencing step (2) shown in Fig. 2.
| f sequenci nganalysisningnademdnd 2iparatusO0reforéstih dfodantionsingut pydyped in
this space. 76 The sequence anal ysis space shows the progress status of

each plate ajpéhgosrnyeredetsralivetstotage (&ioshwivihel mabtay. liary f
sequencing is finished, the sequencing finished date is displayed in this

space. The qb@éﬂabﬁséﬂ?yﬁméb@d@eééﬁﬁ%ﬂf%é 0falpsis im phagememisleetied. Wi th 5
t he sequence anal ysis step. The hybridi zati on space shows the progress

status of each pl ateye ahalfigs hyliaditeht SBcRbRRMMctSRYMUENCIM Ster?. 1f the

hybri di zati on experinent 1s finished, the hybridization experl nent

-finished datg 4 | | qall : th
analyai o proghHasiP 4R olRpth bR Fy (i IRk RIL naRe R S 51

the analyses, liigrg?y %Tgtle)ésﬁeswly registered in the master library DB, outputs the

information by displaying the analysis progress status management
10 screen on the monitor, and thereby notifies the user {experimental
operator) of the infbrmation (at a step SA-2).

Figs. 26 to 33 iliustrate examples of the analysis progress status
management screen displayed on the monitor. The énalysis progress
status management screen represents the analysis progress status of

15 each plate registered at the step SA-1, which status can be used at
later steps.

As shown in Figs. 26 to 33, the analysis progress status
management screen consists of a plate name space (MB-1), a
sequencing space (MB-2), a sequence analysis space (MB-3), a quality

20 space (MB-4), a hybridization space (MB-5), a status space (MB-6), and
the like. | |

On the analysis progress status management screen, the
sequencing space (MB-2) shows the progress status of each plate at
the sequencing step (2) shown in Fig. 2. If sequencing is finished, the

25 sequencing finished date is displayed in this space.
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finished date is displayed. As shown in Fig. 26, at the step SA-2, the

anal ysi s managenent section displays "standby for analysis" (MB-7) in the
sequenci ng space 15 of each plate newy registered at the step SA-1. In
addi tion, the anal ysis nanagenent section displays "standby for sequencing”
(MB-8) in corresponding status space. The display of "standby for

anal ysi s" (sequenci fi.nsh t ti nci ng
space is clickable 'Fge }%ﬁﬂe?gg Iggsdspoalc% §%¢.‘%3F‘E§”°§E‘%ﬁ%§ agngé)ﬁ qar?

noni t or screen clicked o t "standby. f or
anal yel s carPBEe Gtdfe gfgaen&neﬂﬁaﬁa*ﬁf%tépéﬁf POt reBien s of SeigaEing
operator's atte{1t|0n or -controlled tqQ be turned on and of f. The
operator who i§tHi8PRE; t'??es%%%'ﬂ ’%ﬁt“‘?ﬁ%@&%ﬂﬁf‘%é"r'SP'@M%r'“)t I$28P3¢RN
executes the step P100 shown in Fi accord| to the 77 sequenci n step
unfini shed plate .nTbemtamb)hsua@@l%@wtheméd giacrplatege etectw user
executes the step S1 00 shown in Fig. 2 according to the sequencing step
unfi ni shed pl tieeseqdencmbhatysis stgrayed on the nonitor (at a step SA-3). 5

Fig. 27 illustrates the anal ysis progress status managenent screen on the

moni t or that shows e ihystigdicstioms pbce shohe theepragresk stalus Siséactlpyateor
anal ysi s" in the sequenci ng space of the plate MEPOOO9 shown in Fig. 26 to

change the digpiyhyeridieagibistepi(@) Bhodremskig. At [§ hige HybRidB atfon t he
experinmental operator starts the sequenci ng step for 10 each plate the

o] 0o SRy SRR MO, NS B AADYcf i AL ot = L1
displayed in this space.

10 The status space shows the analysis progress status of each
platé. If the plate is completed with all the analyses, the analysis
finished date is displayed.

As shown in Fig. 26, at the step SA-2, the analysis management
section displays “standby for analysis” (MB-7) in the sequencing space

15  of each plate newly registered at the step SA-1. In addition, the
analysis management section diép[ays “standby for sequencing” (MB-8)
in corresponding status space.

The display of “standby for analysis” (sequencing step
unfinished plate information) in the sequencing space is clickable (i.e.,

20  characters “standby for analysis” on the monitor screen can be clicked
on) (MB-7). In addition, the "standby for analysis” can be displayed
with a different color so as to attract operator’s attention or
display-controlled to be turned on and off.

The operator who performs the experiment (hereinafter, "user")

25 then executes the step P100 shown in Fig. 2 according to the
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di splay part by the nouse to thereby notify the anal ysis managenent
section of the start of an analysis. The anal ysis nmanagenent section

updat es the display of the sequencing space from "standby for anal ysis" 15
to "analysis in progress" (MC1), and updat es the display of the status
space from "standby for sequencing” to "now bei ng sequenced” (M 2). At
this time, the plate managenent section npay displ mast er, pl asmd pl ate
i nf or mati on |~°rﬁﬂhel'scdﬂ@§|ﬁe¥é sinfinfsred B'attﬁénmraiaé'qm%ﬁ)ﬁ%x qs)ﬁn thETRQEHaAt
screen) on the nmonitor so that the user inputs, through the 20 jnput

devi ce, i nforwthen the.uger exesusesitie sterSd 00heheWBrBEYl 8 ARAAING 14 he

pl ate) on each nmaster plasmd plate derived fromthe master library plate
as a result odhetd$eqsrepn@soep amdiniswd plate infarmatian displayeondhein - a
predet erm ned storage region of the nmaster library DB. |If the sequence
management segbinitor dgogistes 3AS)read 25 sequence data output fromthe DNA
sequencer at the step S 100, and 78 stores the data in a predeterm ned

regi on of g he sequerige 2B8|1attrhtss tifd aRay2W) prédresandtbits mamyapesent
section updates the analysis progress status of each related plate in the

master |ibr aré/cr@%ha&%ﬁe Afonifdioat 'sﬂoﬁ}&an2|$st('=1<'r‘xhe%%l$1l@h3ﬁe41)seﬂ\§!r@dsy, the

anal ysi s managenent section displays "date" in the sequencing

il il o oo agapeFns o
ranagere segi) 00 A% A8 L e
SorTt os the et épcghafg,a?g e TRemtal daditfo ARSI LBIRISERE R GhH O
10  each plate the sequencing step space of which shows “standby for
analysis”. At this time, the operator clicks on the “standby for analysis”
display part by the mouse to thereby notify the analysis management
section of the start of an analysis. The analysis management section
updates the display of the sequencing space from “standby for analysis”
15  to “analysis in progress” (MC-1), and updates the display of the status
space from “standby for sequencing” to "ﬁow being sequenced” (MC-2).
At this time, the plate management section may display a master
plasmid plate information input screen (similar to the plate information
fnanagement screen) on the monitor so that the user inputs, through the
20 input device, information (e.g., the plate ID and the storage location of
the plate) on each master plasmid plate derived from the master library
plate as a result of the step P100 and registers the input information in
a predetermined storage region of the master library DB.

If the sequence management section acquires the read

25 sequence data output from the DNA sequencer at the step 5100, and
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t he sequence anal ysis step unfinished plates, the anal ysis managenent
section displays "analysis in progress" (Me-1) in the sequence anal ysis
space of each related plate on the anal ysis progress status 15 nanagenent
screen, and updates the di splay of the status space from LI standby for
sequence analy5|s “now bei ng sequence-anal yzed" (ME-2) as shown in
Fig. 29. The s

d h
Sequence anal SI0 3’5%8363%}* A SRt el Pt B R SRR R B e et s
i f - 00 A300 sh . , t
axocut i on 1 es S§§h8 s BRalisis SaradsnomcaR g@&ﬁg‘h%g.he aRaleis Y Sect o

notifies the plate managenent section of quality data, which has been
known fromt h@%ﬁﬁ?ﬁf%ws(ﬂf *aehrelated @&Etﬁllattée ”Fﬁét‘-:-‘fdmiﬁéy ﬁ'ﬁﬁ%ﬁ%ﬁﬁﬁeﬁﬁ
section updates the anal ysis progress status of the 25 plate stored in the
mast er |ibrargh®Bn(iatFig. 28dpt 8/6t6p. SAt4)t hdNamely, 10e Snadysisoanageysing
managenent section displays a date (M~ 1) in the sequence analysis space
of each seéquesediemdispdays pdated (Kidk1diis phayssquenaing gpaocé af theipatee. g. ,
yield) (M--2) obtained as a result of the sequence analysis in the quality
space of the phatpdates fite ang)ixgios the BtaQKessacy fows “Newagsngnt screen as
shown in Fig. 30. In addition, the analysis nmanagenent section updates the

di splay of thesgdehdes” t%p%%dﬁy fdyeamdl sﬁ;"f(l\mns)now bei ng

sequence- anal yzed" to "standby for hybrid" (M~3). The anal ysis nmanagenent
section outputs infpg 'a‘id%ué’?né’r‘x @rﬁen@@ekh@n%‘%tﬁ‘e@%e@é g Whi ch
satisfy a certain standard anong t sequence anal ysis st |n| shed,

hybri di zati on, $1 6000 Ll 5 B thPLBLEEnERg finished, sequence analySIs step

10  unfinished plates (at a step SA-5). Namely, at the step SA-5, if the
analysis management section notifies the sequence analysis section of
the sequence analysis step unfinished plates, the analysis management
section displays “analysis in progress” (ME-1) in the sequence analysis
space of each related plate on the analysis progress status

15 management screen, and updates the display of the status space from
“standby for sequence analysis” to “now being sequence-analyzed”
(ME-2) as shown in Fig. 29.

The sequence analysis section acquires sequence data on the
sequence analysis step unfinished plates from the sequence DB,

20 executes a series of-analysis steps A100 to A300 shown in Fig. 2, and
registers execution results in the analysis result DB. The sequence
analysis section notifies the plate management section of quality data,
which has been known from the analysis, on each related plate. The
plate management section updaies the analysis progress status of the

25 plate stored in the master library DB (at a step SA-6). At the step
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the nmonitor, and notifies the user (experinental operator) of the
information (at a step SA-7). At the step SA-7, the anal ysis managenent
section displays 15 "standby for hybridization" (M5>1) in the hybridization
space of each of the plates the NG clone rates (yield) of which satisfy
the certain standard (e.g., 70% and di splays "term nate anal ysis" (M5 2)
in the hybridization space of the | ate the | one te |.d).. of which
does not satPAFS. theeagtlaﬁ%mnas;@ %W%ﬁ@m E@rpr% ajf'?ra(l Si 3 'n(tk'/ﬁ-} 3) in
the 20 status space thereof, as shown in Fig. 31. The di spl ay of standby
for anal ysis' s%m%azatma%%p oftﬁﬁqthfﬁs%%lncﬁﬁ-aﬂélmﬁ%p |a<m)dt8ﬁ e
sequenci ng space is clickable (i.e., characters "standby for analysis" on
t he noni tor squala!hy iofornivatien (elgedylew)(mm)?)btalrtﬁchaﬂla result ehthe st andby
for anal ysis" can be displayed 25 with a different color so as to attract
operator's atseniéonce anaBBislis hayguatitt sphtedf tioe ipdateuoméile @madysisof . The
user (experinmental operator) applies the step P200 showmn in Fig. 2 to each

notified pf at groyrdsstsratus pueagenmgntasdrgbhial gadivaringigp 30t o Inheidifiene (at
a step SA-8). At the step SA-8, the experinmental 5 operator starts analysis

at the hybridj ayegrysté ﬁt‘%trfa‘?j’erﬁ@ﬁt‘sé’étléﬁﬁpBb?ésSthé"é}@pﬂ'Qy oﬂﬁ‘é‘@lﬂaftufsor

anal ysi s" disp I n the HRybridization space of late. At this tine,

by cli cking OQpaé'éo‘f"tﬁgf"t‘é(tt%dfroﬁta'rrtov?fbeuﬁ %‘QQB nEQra é’} d‘stos“stﬁﬁdﬁﬂ?or

noni tor shown™f n he user notif7es t e ana IS nmanagemnenht
section of thﬁ & Ff anal ysis. The anal ysis 10 nanagenent section
updates the d g% y "? e hybridi zati on space of the plate from "standby

for analysis® to a‘?ﬁ!ayasnlaslyms an égrsnsent(s'\élf:lti%)n outputs information on plates

10  the NG clone rates of which satisfy a certain standard among the
sequence analysis step finished, hybridization step unfinished plates to
the monitor, and notifies the user (experimental operator) of the
information (at a step SA-7).

At the step SA-7, the analysis management section displays

15  “standby for hybridization” (MG-1) in the hybridization space of each of
the plates the NG clone rates (yield) of which satisfy the certain
standard (e.g., 70%) and displiays “terminate analysis” (MG—2) in the
hybridization space of the plate the NG clone rate (yield) of which does .
not satisfy the standard and displays “terminate analysis” (MG-3) in the

20 status space thereof, as shown in Fig. 31.

The display of “standby for analysis” (hybridization step
unfinished plate information) in the sequencing space is clickable (i.e.,
characters “standby for analysis” on the monitor screen ¢an be clicked
on) (MB-7). In addition, the "standby for analysis” can be displayed

25 with a different color so as to atiract operator’s attention or
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and updates the display of the status space thereof from "standby for

hybri di zation" to "hybridization in progress” (M+2) as shown in Fig. 32.
The i mage nanagenent section executes the step H500 of 15 registering the
i mage data obtained as a result of the step H400 in the expression inmage
DB (at a step SA-9). The anal ysis nmanagenent section records the end of a

series of an es for ea rel ated plate on.the anal ysis progress status
of the plat egjﬁsﬁféikéoﬂﬁgﬁ@gqpi%gfrﬁegé’r(é‘ﬂdaon@t ep SA-1 0). At the step SA-1
0, 20 the anal ysis managenent section displays a date (I\/lJ-lé in the

hybri di zati on spacel¢ useé (pxaedmeanial ppagdotdarplne e eien B20BtIMel  from
t he i mage managenent section, on the anal ysis progress status managenent
screen as shoinFign ZHoeas notifiedhplateamdtstaels Qmutmambgidﬁmmﬁgen
section displays a date (MJ-2) in the status space 25 of the plate. 81 The
synchronous ptoottesplatg (af atdiep SAt)emAisdhermispfdA+&Hbd. explitanadiednt ages of
the present invention wll be explained wwth reference to Figs. 21, 22A

and 226. A fioperatdvatdréganafysidat piesgbtidizatan step fov asch of thwplatd
Normal |y, the nunber of nmaster library plates increases as the nmaster

library produghiipg ‘stefdiey fer MRalysRP diSslagbannitherignaatiedlion epecet&dhe
Therefore, it is quite inportant ‘to this analysis systemto determ ne until

when the mastglaibl brpﬁrtuisi {fmB’ 8 Lt%qini@bn%étdies%?dn?@rt oP*BEfhddy for system

constantly manages the analysis status, it is possible to 10 automatically

o 2020 BTaA I R P45 R HebPoffiathe B
management section of the start of analysis. The analysis

10 management section~ updates the display of the hybridization space of
the plate from “standby for analysis” to “analysis in progress” (MH-1)
and updates the display of the status space thereof from “standby for
hybridization” to “hybridization in progress” (MH-2) as shown in Fig. 32.

The image management section executes the step H500 of

15 registering the image data obtained as a result of the step H400 in the
expression image DB (at a step SA-9).

The analysis management séction records the end of a series of
analyses for each related plate on the analysis progress status of the
plate in the master library DB (at a step SA-10). At the step SA-10,

20 the analysis management section displays a date (MJ-1) in the
hybridization space of the plate, the image data on which is obtained
from the image management section, on the analysis progress status
management screen as shown in Fig. 33. At the same time, the

analysis management section displays a date (MJ-2) in the status space

25  of the plate.
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finishing the anal yses while nonitoring the graph shown in Fig. 21 at
appropriate tine. (Normally, the nunber of genes does not increase
proportiohally with the increase of the nunber of rounds of the naster 15

| i brary production step. Since cost per round is always the sane, cost per
gene is pushed up, accordingly.) Another advantage of the present invention
Is as follows. Normally, at the h bridlzatign stesg, f_i)g(gd cost ig required
per plate. For thi 5 &Y86RTONQUS PEPGRFEIIGPE ShisctySieragisitaugiplsRedt o t he

pl ate i ncluding 20 many NG cl ones (unaccepted cl ones), expression inmage

3 ) > .mag
data cost per cl onkhe gelvaatages oAl presel igMentinaany hrpxplrined ot f or
which an insertion sequence having a sufficient length can be read with
sufficient ouderanceaty Rigsedil,t225% ande2&Rquence anal ysis, otherw se the
clone is called "NG clone". In this system as conceptually shown in Figs.
22A 25 and 22B, th& fgsbhbhdtvgniafget betheapersdntbneentios istaadglawsTher ef or e,
the 82 plate with lowyield (i.e., the plate in which a certain nunber or

more of MG cNep@allgxitel duswerhs rdatestitdant praites ihaeaseseas the amstessi bl e
so as not to proceed the plate to the later analysis steps. Fig. 4 is a

bl ock di agr anyipdarii$irbabEiién Qeh SXaPhR d¥thehlep i§Q@Pé9H{cﬂ9 ey cated he system
to which the present invention is applied. The systemis roughly

constituted spnthat dneid ﬁuﬁéﬁfgﬁﬁ%%ﬁﬁ%%g%@ﬁ&%ﬁ PRRRASRRE until

apparatus 100, an external’ sys C vi des an external program

AR e o e R p R e T it
gggugﬂi:g? gggg@l@h{gﬁﬁgtr I&Sm%nargﬁegrt gcaorpaqyggvsit(é?usﬁsqp is gggsibpeetoDNA
10  automatically draw a graph as shown in Fig. 21 based on the analysis
result DB. The experimental operator can determine the timing of
finishing the analyses while monitoring the graph shown in Fig. 21 at’
appropriate time. (Normally, the number of genes does not increase
proportionally with the increase of the number of rounds of the master
15  library production step. Since cost per round is always the same, cost -
per gene is pushed up, accordingly.)
Another advantage of the present invention is as follows.
Normally, at the hybridization step, fixed cost is required per plate. For
this reason, if the hybridization step is applied to the plate including
20  many NG clones (unacéepted clones), expression image data cost per
clone increases. “Accepted clone” means herein a clone for which an
insertion sequence having a sufficient length can be read with sufficient
guality as a result of the sequence analysis, otherwise the clone is
called "NG clone”. In this system, as conceptually shown in Figs. 22A

25 and 22B, the quality of the mater library is managed. Therefore, the
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be conmmuni cabl e with one another through the network 300. The network 30,
for exanple, is the Internet, and nutually connects the in situ

hybri di zati on anal ysi s managenent section 100 and 15 the external system
200. The external system 200 is connected to the in situ hybridization
anal ysi s managenent apparatus 100 through the network 300, and functions

to provide a bsit or executi t he external databases related to
seqhence. t nf vk Mo el ConARg RISthE NG 2P rLala DEMBRE &F P Pbgr am
such as the honpl ogy search program to the user. The external system 200
may be constihf e@ngs exigisaneb setecipd alsp tkainNgeas egrlvidePrprible $ReaS
hardware of the external system 200 may consist of an information
processi ng appal ot peocesd ther plateto dbe letesranslysiastiens. a commercial ly

avai |l abl e workstation or personal 25 conputer. Further, the functions of

t he external systenfig0@ iareb8&k émgrandillogtradingt oneiextradlerdrihe of t he
hardware such as a CPU, a disk device, a nenory device, an input device,

an out put sdevégsfigaadioa ofciheraystenat iowhicthiobreksaritdaveatipn agraplied.
controlling these constituent elenents, and the like. 5 The m croscope

control syst eﬂhé%@s?@ﬂtiéQbﬁghﬁﬁc@rﬁ’@cﬁ@lé@@o%a} Biee iMMsROOBEIRBzAlRYH ce 600,
takes a m crophot 6graph, and transmts the m crophotograph to the in situ

fhybri di zat | 0na AAGLKShranZRfe parBRRErBU e ARetha UM hISon G MRRK 3O.

u
Further, the mcroscope ~control system 500 receives & contro | cation

comrand 1 om g0 16 Sk Vgl £3h@n SHREYSE 5 BAAOIEAL ApRAT At us

100, and can ‘€ont operratron o he” m CrosCopé devi ce The

M croscope Cornetlét%ld to sequence information and the like, the homology search and

10  the like, a microscope control system 500 which generally controls a
microscope device 600, and the DNA sequencer 400 are connected to
be communicable with one another through the network 300.

The network 30, for example, is the Internet, and mutually

connects the in situ hybridization analysis management section 100 and
15  the external system 200.

;I'he external system 200 is connected to the in situ hybridization
analysis management apparatus 100 through the network 300, and
functions to provide a website for executing the external databases
related to sequence information such as cDNA and the like and the

20 external program such as the homology search program, to the user.

The external system 200 may be constituted as a Web server,
an ASP server, or the like. The hardware of the external system 200
may consist of an information processing apparatus and peripheries
thereof such as a commercially available workstation or personal

25 cdmputer. Further, the functions of the external system 200 are
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system 500 may be a commercially avail able system such as a m croscope
system (DM | RE2) (product nane) manufactured by Leica M crosystens

| ncorporated. 15 The DNA sequencer 400 functions to interpret DNA base
sequences. The DNA sequencer 400 may be a commercially avail able DNA
sequenci ng machi ne such as AB13700 (product nane) manufactured by Applied

Bi osystens. The . in situ r|d|zt|on an Si, S n erret a tus,100 20
Couahly consi Gz Bo¥tiet B S B8 S e RART BIER s BEP B AT RRT
controls the gverall in situ br| di zation anal ma emant par at us
100, a comunfie¥eFod reemqras|dqyﬁ%%r@%é%p%te%%\r*8ﬁ %Muteeﬂﬁ%&@d ama 5

comuni cati on device (not shown) such as a router connected t

communi cat i onCPMARUREating Cloln[f('@l dz%’Y‘CFQ)@P}'Qﬁ&%%tCOBHﬁ)t“Mﬂ thesg ﬁPEﬁ‘f‘%@é"t
section 108 connected to an input device 112 and an output 84 device 114,
and a st or ageelesentsnandghstldd.ng vari ous dat abases and tables. These
constituent elenents are connected to be communi cable with one anot her

t hr ough arb ar bi t r ar Vhe onicoos acgia oantrphspstefin&00ncaitroalsHirbroplradivinoot the
anal ysi s managenent apparatus 100 is 5 al so connected conmuni cably to the

network 300 timiouwgbopbaieioanddi taltéon mrophotuyrhphs aadrieatemitartdea wired
or wireless conmunication |ine such as a dedicated |ine. The vari ous

dat abases andrfigv@lp@stdgrapBNG Heones B hiBadiiRictnanaRaly MahdgesHéht DB 106j)
stored in the storage section 106 are Storage 10 units such as fixed disk

Yo PR SOAbOUS ECRRRR SRk s midpbsbipes. vebiage
control system 500 receives a control indication command from the in |
10  situ hybridization analysis management apparatus 100, and can control
the operation of the microscope device 600. The microscope control
system 500 may be a commercially available system such as a
microscope system (DM-IRE2) (product name) manufactured by Leica
Microsystems Incorporated.
15 The DNA sequencer 400 functions to interpret DNA base
sequences. The DNA sequencer 400 may be a commercially available
DNA sequencing machine such as ABI3700 (product name)
manufactured by Applied Biosystems. |
The in situ hybridization analysis management apparatus 100
20  roughly consists of a control secﬁon 102 such as a CPU which
generally controls the overall in situ hybridization analysis management
apparatus 100, a communication control interface section 104
connected to a communication device (not shown) such as a router
connected to a communication line or the like, an in;ﬁut/output control

25 interface section 108 connected to an input device 112 and an output
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processi ngs. Anong the constituent el enents of the storage section 106, the
CDNA cl one DB 106a stores cDNA clone identification information for 15

uni quely identifying each cDNA cl one and the base sequence (EST sequence)
of the cDNA clone while nmaking them correspond to each other. The cluster
DB 106b stores cluster identification information for uniquely identifying
each cluster, cDNA clone information on cl DNA 20 cl ones that constitute the
cluster, clu @edeesdduansesisternas $ation 06 sipangatariis g Emﬂstﬁ?e?@/

i dent i fy| ng a cluster sequence, and cDNA clone identification information
on a typical febbes \Mﬁheeermlalshguanieeiﬁmﬂﬂtﬁéipcﬁwrtﬁﬁt@@\éoé}ﬂ)t her. The

honol ogy search result DB 106c stores cDNA clone 25 identification

i nfor mati on agsmtinisableckvithemnd anothar thoouylogy arkkirary esmeoundigatied to t he
base sequences stored in various base sequence databases for the base

sequence of eggth. cDNfe ¢h elte Wridizatidn Bg alidiemacagerspahdpparatush! @0 fiser .
The cluster sequence DB 106d stores cluster sequence 5 identification

i nformati gn a@l@otaﬂﬂaﬁ@dwmm&sam? t6aBh rdtuste300skavegsehshi | e maki ng
them correspond to each other. The cluster sequence honol ogy search result

dat abase 10600 nhRifeafbH HeilicS SUURNCa rdlad A d 81iREd IdH WirgRisson_and

search resultsS o onol ogy search conducted to base sequences stored in

various 10 baégwéﬁgﬂggfﬁn atsqa{ %Bﬁ:a@ g aequences of the cluster
cor

sequence whi | pond 0 ea ot her.
The various databases and tables (a cDNA clone DB 106a to an

analysis result DB 106j) stored in the storage section 106 are storage
10  units such as fixed disk devices, and they store various programs,
tables, files, databases, webpage files, and the like used in various
processings.
Among the constituent elements of the storage section'106, the
cDNA clone DB 106a stores cDNA clone identification information for
15  uniguely identifying each cDNA clone and the base sequence (EST
sequence) of the cDNA clone while making them correspond to each
other.
The cluster DB 106b stores cluster identification information for
uniquely identifying each cluster, cDNA clone information on cDNA
20 clones that constitute the cluster, cluster sequence identification
information for uniquely identifying a cluster séquence, and cDNA clone
identification information on a typical clone while making them
correspond to one another.
The homology search result DB 106c stores cDNA clone

25 identification information and the search result of a homology search
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The vector sequence DB 1 06f stores cDNA clone identification information
and the base sequence of a vector into which cDNA clones are integrated
whi | e maki ng them correspond to each other. 15 The expression i mage DB 106g
stores image identification information for uniquely identifying each

| mage data, cDNA clone identification information, annotation information
(e.g., the expressi.o | evel of each gene, information on an extracted
tissue, inf or‘g‘&@‘?l&ﬁegnto f‘ﬁeb%?%ﬁfﬂugf‘gﬁﬁ storegyis YR QWS §aSBSaMENSE 1 act ed
tissue, information as, 20 to whet her gene_expression is observed, and

i nf or mati on ofAtabFHSEsOr hhe RRserse e ifeh el eapR £LXNBre!pae apils alingni | e
maki ng them correspond to one another. The nucl eoti de sequence DB 106h
stores base sE@iesosresPa toEsacR @ffi@hces and ful | -1 ength cDNA sequences.
The nucl eotide 25 sequence DB 106h may be an external base sequence

dat abase 86 accessi bhe distenghoubecedtBriiiad storeayclibsEeaseiquehcase dat abase
produced by copyi ng these databases, storing original sequence

i nformati dn, iedatifiddtiog infuimatibrmbndnhetisdseoseqnéncembt eachrglustee | i ke. The
nucl eoti de DB 106h may store base sequences on (1) a gene which 5 is known

in the sane ogadlendd bailcomarRMPBRert DorfeGRIR Wkabhidihepinknown but a cDNA
of which is already acquired, (3) a gene which is unknown but a

cor respondi ng genompn PYytbr WBhEBNES rﬁdms@g SearehrRdylt dé’tbb%ﬁ@% ose

| ocation on a chronosone 1s known, and (5 gene which is alre

pat ent ed. 10a%ﬂ|6§%§gf&sﬁ%éls%pg?é¥e%eﬂ@ﬁ.at%r?frﬁ%nﬁatibP d?éﬁﬂirﬁ}@ﬂsﬁf

st or age | oc an anal ysiI s progress status ereo

qual ity a homology search conducted to base sequences stored in various

10 base sequence database for the base sequences of the ¢luster
sequence while making them correspond to each other.

The vector sequence DB 106f stores cDNA clone identification
information and the base sequence of a vector into which cDNA clones
are integrated while making them correspond to each other.

15 The expression image DB 106g stores image identification
information for uniquely identifying each image data, cDNA cione
identification information, annotation information (e.g., the expression
level of each gene, information on an extracted tissue, information on
the growth stage or ageing stage of the extracted tissue, information as

20  to whether gene expression is observed, and information on regions in
which the gene expression is observed) while making them correspond
to-one another.

The nucleotide sequence DB 106h stores base sequences such
EST sequences and full-length cDNA sequences. The nucleotide

25 sequence DB 106h may be an external base sequence database
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I nformati on thereon, the presence/ absence of derivative plates thereof,
and storage |l ocations of the respective derivative plates, and the |ike
whi | e maki ng them associ ated with one another. 15 The analysis result DB
106 stores an ID of each clone, cleaned sequence data on the clone, a
honol ogy search result thereof, and the |ike while making them associ ated

w th one another. The .commni i n l.nt ctd 4 shown in
Fig. 4 cont ror e |r%lé$ﬁ]6ﬁgﬁgfe\%§ﬁoﬁ h’EAS{ hgséﬁ [Iﬁﬁ%siga“féztgp?% anal ysi s
20 managenent appar gt us 100 and the ei)work 300. (or .the communi cation

devi ce such agrogpch t'%Yf?pWé‘@eﬁS?,set abaRRon P TS AMEERY SAAUENCE: f ace
section 104 functions to communi cate data with the other termnals, through
the conmuni caff&imation, anthaddifinGuidyad araRtatien infeemalies artthehkeos
shown in Fig. 4 25 controls the input device 112 and the output deice 114.
As the out putTisg nueleaiidel DB 186hanay ¢tord hasegienyeacrsmn (Bl @ gesiconNidy a
speaker can be used (note, the term"nonitor” will be often used for the
out put dewi ceis Kirlodyn ishe Banmaputhe etheroddanise, K2y bagank whichise, a

m crophone, or the like can be used. The nonitor realizes a pointing

devi ce functiwikn®dwvhbut@opBNE bbwhich s bive atpusiuirEhe (Gh@t geohe sduthon 102
shown in Fig. 4 includes an internal nenory which stores a control program

such as oper afihiigowl BLR8 codfespbRaiegenoe’ DNACPIWOGEIRTE aReatlyddimiray,i ous
processi ng procedures or the |i ke, and required data. The control section

o e 41 DR IRSL L IRRERE OB SR I A RoPaiats] o
which is aiready patented.

10 The master library DB 106i stores an ID of each plate, a storage
location of the plate, an analysis progress status thereof, quality
information thereon, the presence/absence of deriﬁative plates thereof,
and storage locations of the respective derivative plates, and the like
while making them associated with one another.

15 The analysis result DB 106j stores an [D of each clone, cleaned
sequence data on the clone, a homology search result thereof, and the
like while making them associated with one another.

The communication control interface section 104 shown in Fig. 4
controls communication between the in situ hybridization analysis

20 management apparatus 100 and the network 300 (or the communication
device such as a routér). Namely, the communication control interface
section 104 functions to communicate data with the other terminals
through the communication line.

The input/output control interface section 108 shown in Fig. 4

25 controls the input device 112 and the output deice 114. As the output
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anal ysis section 102-1, an anal ysis managenent section 102-2, a plate
managenent section 102-3, a sequence managenent section 102-4, and an
i mage managenent section 102-5 in terns of functional 15 concept. The
sequence anal ysis section 102-1 consists of an image annotation

I nformation input section 102a, a cDNA cl one sequence honol ogy search
section 102b, ,a .cl cl one.seque cg.clu terin section_102c, a cluster
sequenci ng seRFYiGR 1z Mon R ieliTiog s Biokes Seleniionbal asainastan Pon
102e, a three-dinmensional simylati.on section_  102f, an expression | evel
estimation SclBRIGB2GNS ARG QoA tesered dierofor tha DAt dgyice

cl one determ nation section 102i, a cluster significance determ nation
section 102j, 1Hh. exdeihrinpitidmdse 11dc adsayheardi gnmeosr, adnisiPeRBEBNET map
creation section 102m a 25 display screen creation section 1 02n, and a
sequence cl eaffieniikes eanilnuggd 10dhe mepigr raalizemsetpainting davieefictodn t he
sequence analysis section 102-1, the inmage annotation information input
section 1@a insesvexradenamithithgendase. i nput unit which inputs image data on
the 5 expression of a gene and a base sequence input unit which inputs the

base sequence of thEhexpheesedctienel02IrbrowNA EigodeinsRaieanae inteenal ogy
search section 102b serves as a honol ogy search unit which conducts a

honol ogy sear gk Oryt NRIPASIBrES QUERNRRS! proithnT §Q6h RS pAGRIngSopeRre i nput

unit, and extracts honol ogous base sequences. The 10 cDNA Cl one sequence

ot o " AR 08 % g SPUENTE g SNSI I ABehG HBbSures
or the like, and required data. The control section 102 performs
10 information processings or execufing various processings based on
these programs. The contrbl section 102 consists of a sequence
analysis section 102-1, an analysis management section 102-2, a plate
management section 102-3, a sequence management section 102-4,
and an image management section 102-5 in terms of functional
15 concept.
| The sequence analysis section 102-1 consists of an image
annotation information input section 102a, a cDNA clone sequence
homology search section 102b, a cDNA clone sequence clustering
section 102c, a cluster sequencing section 102d, a cluster sequencé
20  homology search section 102e, a three-dimensional simulation secfion
102f, an expression level estimation section 102g, an image
comparison section 102h, a typical clone determination section 102i, a
cluster significance determination section 102j, an ex.ternal database
accésssecﬁon102k,achnnnosowmlnap(xeaﬁonsecﬁon102nha

25 display screen creation section 102n, and a sequence cleaning section
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sequence input unit, and classifies the base sequences into specific
clusters, respectively. The cluster sequencing section 102d serves as a
cluster 15 sequencing section which determ nes a cluster sequence fromthe
base sequences classified into the same class by the sequence clustering
unit. The cluster sequence honol ogy search section 102e serves as a

cluster sequeg honol ogy search unit which conducts a honol ogy search to
the cluster @%%nce determ ned by the cluster sequencing 20 unit, and

whi ch extracts hono SA ous base hr ee- di nensi onal. si nul ati on

g o b ser o m A e S eesti REh S fnal Y ALl SFalenEa amalEisn on

creates a three-dinensional, image fromtwo or nopre pieces of |ma e data
and an expr es$§¢@iPn dét1 stthFéﬂQQ)ﬁn[]ﬁH“%Wfﬂ”’@ﬁHﬁFdﬂBBt 8pCctexDH &S on | evel
in 25 the created three-dinmensional inmage based on the expression |evels
of 89 the i mag@rv@atas amiemagepd aissinpmt luajiewhisdt inpatts onagecdatenond2g serves
as an expression level estimation unit which estimtes the expression

| evel of &£ gexwereissidrhef arpaye dada basedeonente inbubdbrunidowhichf inpliés thage
data and 5 the base sequences, and an expression |evel order sort unit
which sorts base degpbayewfdresqiretbed igamge dEiacBiNActbmysequehee
expression level estinmated by the expression |evel estimation unit. The

i mge CO”Darhé@@i@@ﬁ&é@&fﬂ@@ﬁl@ﬁ%@@ S5rvab dITBIREOIRA deaahumit wiitish
conpares two or nore pieces of inage data based on at |east one of 10 the

S 2L, BB FARHRSES ok, eSO lne hier o e on

sequence input unit, and extracts homologous base sequences. The

10  cDNA clone sequence clustering section 102¢ serves as a sequence
clustering unit which clusters the base sequences input from the base
sequence input unit, and classifies the base sequences into specific
clusters, respectively.

The cluster sequencing section 102d serves as a cluster

15 sequencing section which determines a cluster sequence from the base
sequences classified into the same class by the sequence clustering
unit. The cluster sequence homology search section 102e serves as a
cluster sequence homology search unit which conducts a homology
search to the cluster sequence determined by the cluster sequencing

20 unit, and which extracts homologous base sequences. The
three-dimensional simulation section 102f serves as a
three-dimensicnal image creation unit which creates a
three-dimensional image from two or more pieces of image data and an
expression level simulation unit which simulates an expression level in

25 the created three-dimensional image based on the expression levels of
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or ageing stage of the extracted tissue, the information as to whether the
expression of a gene is observed, and information on such region as cells
in which the gene expression is observed, and.a difference 15 extraction
unit which extracts a difference anong two or nore pieces of imge data
based on the conparison result of the inmage conparison wunit. Further, the

typi cal clone on section 102i serves as a typical clone
determ nati ont%ﬁsé%%édet erm nes a typical cl one from 20 the base

sequences classified into the s a\ r:l ust er. base @& | east one of the

i mage data, the baseNS&HRERREON IEKE %?(Wé‘é@ﬁcﬁf’q 95%EVe$ A hat i on on
the extracted tissue, the information_on the growh stage or agei ngl st age
of the extrac?é@ireﬁsé%'héevq iestimatipmanitonhiss Q%‘WE&%H}@ e{(lPl"eeS@k?ﬁé% of of a
gene is observed, and the information on such 25 region as cells in which

t he gene expramnfmm theolrage dlata @@!svﬁeompngt@‘rorsbg&\ of denveage dataianst i on
section 102] serves as a cluster significance determ nation unit which

det er m nes t hthe bagaiskiquancespfndarherpresséon basddbrder abri erié whiok sofftst he
honol ogy search result for the cluster sequence, the inage data, the base

5 sequences, thHediopessdon diethel inadddatabetordihgnodnetdidrexstioncCleee|
tissue, the information on the gromh stage or agei ng stage of the

extracted ti sggigmaté@ byntherémireanicrsicve| wBakhRlort bﬁ:texnh%smﬁ:e of a gene
I s observed, and the information on such region as cells in ich the gene

expr essi on '51:6’%?%%%9\ sJé’!ﬁarﬁ’F@)?ﬁ%‘rmﬂ@%bﬁ?ﬁné Eﬁﬁébﬁ’ ﬁﬂr% SErves

as an externa ase access unit acces exter abase

in the eXF er nah s S Mo hBroYHdd 6 m&&@rﬁtg%%sed on at least one of
10 the image data, the base sequences, the expression levels, the
information on the exiracted tissue, the information on the growth stage
or ageing stage of the extracted tissue, the information as to whether
the expression of a gene is observed, and information on sucﬁ region
as cells in Wh%Ch the gene expression is observed, and a difference
15  extraction unit which extracts a difference among two or more pieces of
image data baséd on the comparison resulf of the image comparison
unit.
Further, the typical clone determination section 102i serves as a
typical clone determination unit which determines a typical clone from
20 the base sequences classified into the same cluster based on at least
one of the image data, the base sequences, the expression levels, the
information on the extracted tissue, the information on the growth stage
or ageing stage of the extracted tissue, the information as to whether
the expression of a gene is observed, énd the information on such

25  region as cells in which the gene expression is observed.
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The chronosonme map creation section 102m serves as a genetic | ocus
specification unit which specifies a genetic locus on a chronosone in
whi ch the base sequences exist, a chronosonme map 15 creation unit which
maps i nformation on the base sequences on the genetic |ocus of the
chronmosone and thereby creates a chronosone nmap, an a chronosone map

' ' ' Lspl he ... map. d h h
mp cor ka1 on unit. T8 Cateprln iiahee EREr ARRCE R bl el s
[ [ i ch | spl ' d b ' t
the'i mhge dat %’s?%rnégaﬁéq%ﬁﬁ%ée%ﬁﬁ%%%inye@ﬁ@&sq?%%‘?%‘éfi%iﬁéﬁﬁiﬁSEbAQE ’
, d a.displ it which displ t he i t t
Cor'T eSpont g OB THA ALARES C/HHeE AERCR QI PLIoaSHRNE 8L baTa @i ng

section 102p serves as a unit for 25 executing the sequence cl eani ng
processi ng. 93eqMd whsidl fos the Qlueles seiangsceetidimageiatahtrebasast i t uent
elements will be explained |later. The above system perforns, for exanple,
t he processi ngequenteydheapiesaion lgyelss the inBrnetlarmge therexteadted

i nformation input processing The detail of an inmage annotation information
i nput pr ocessiisgue vihel inberneatpd mionet evg towtheftagenoeadaingigags.offhg, 5 is a
flow chart illustrating on exanple of the inage annotation information

i nput 10 proces@hd@ed fiséld thenheshimEin ashe wiheiel 4h8)exprasgidhi ®a ealeysi s

managenent apparatus 100
is observed, and the information on such region as cells in which the
gene expression is observed. The external database access section
10 102k serves as an external database access unit which accesses the
external database in the external system 200 through the network 300.
The chromosome map creation section 102m serves as a
genetic locus specification unit which specifies a genetic locus on a
chromosome in which the base sequences exist, a chromosome map
16 creation unit which maps information on the base sequences on the
genetic locus of the chromosome and thereby creates a chromosome
map, an a chromosome map display unit which displays the
chromosome map created by the chromosome map creation unit. The
display image creation section 102n serves as a display unit which
20 displays image data, base sequences corresponding to the image data,
and analogous base sequences to the corresponding base sequences,
and a display unit which displays the image data and the corresponding
base sequences for each cluster.
The sequence cleaning section 102p serves as a unit for

25  executing the sequence cleaning processing.
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di spl ays an annotation information i nput screen on the output device 114
by the processing of the image annotation information i nput section 102a
(at a step SB-1). 15 Fig, 13 is an illustration of one exanple of the
annotation information input screen displayed on the nonitor. As shown in
Fig. 13, the annotation information input screen consists of, for exanple,

an image identification,information.input regio 1) in Fi 13), a cDNA
clone identificatio ?ﬁﬁ&?'ﬁ:ﬁapf BP S St 88?%’6%9%'#% ﬁ.onfgsu,e n i nput 20
region ((3) in Fig. 13) for ipputting information as to whether the base
sequenci ng of eleme Nl ke e3RAIBERd8185n i nput region ((4) in Fig. 13) for
inputting the nane of a tissue fromwhich a section is extracted, an i nput
region ((5) in Fig. Therboye $uspemt PRYotme, fromwaimpleadbe Aroggssings st age of
the organismfromwhich the section is extracted, an input 25 region ((6)
to (11) in Fiigustrajed v Figepud té A§. i nformati on as to whether the 92
expression of a gene is observed on the section, and an i mage data display
region ((¥) in Fig. 13). If the user checks the annotation information
~input screen and inputs various pieces of information through the input

device 112 (at fade ahaptRRr2infofratisnahyei prowzagegrent apparatus 100
stores the input information in a predeterm ned storage region of the

storage section 10§ @Baettaﬁo?ra%crﬁsr%@an%tét% irTBeR aBBAhBLE Brodddspigat i on
i nput section 102a ?at a step SB-3). The inmage annotation infornmation

:Opggfe P 3065®i|f‘9eie%<pﬁémdfmh%Bf*éﬂrené@ BING. 8l onEgSsaNe ASWhAmE 09y search
illustrating on example of the image annotation information input

10  processing in this embodiment.

The in situ hybridization analysis management apparatus 100
displays an annotation information input screen on the output device
114 by the processing of the image annotation information input section
102a (at a step SB-1).

15 Fig. 13 is an illustration of one example of thé annotation
information input screen displayed on the monitor. As shown in Fig. 13,
the annotation information input screen consists of, for example, an
image identification informatidn input region ((1) in Fig. 13), a cDNA
clone identification information input region ((2) in Fig. 13), an input

20 region ((3) in Fig. 13) for inputfing information as to whether the base
sequencing of the cDNA is completed, an input region ((4} in Fig. 13)
for inputting the name of a tissue from which a section is extracted, an
input region ((5) in Fig. 13) for inputting the growth stage or ageing
stage of the organism from whfch the section is extracted, an input

25  region ((6) to (11) in Fig. 13) for inputting information as to whether the
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The detail of the cDNA cl one sequence honol ogy search processing wll be
explained with reference to Fig. 6. Fig. 6 is a flow chart illustrating
one exanpl e of the cDNA cl one sequence honol ogy 15 search processing
performed by the systemin this enbodinent. The in situ hybridization
anal ysi s managenent apparatus 100 accesses the cDNA cl one DB 106a and

eauence o iy SlorE PEH R 1 K305 8F T8 sPERoBoab e S 5h%RE R o1 one

sequence horml.ogza sear.ch g tion. 10%? accesses the nucl eoti de sequence DB
106h and execHEREY: SRR InSBIG JR¥)f or the acquired cDNA cone sequences
(at a step SC-2). The nucleotide sequence DB 106h accessed by the cDNA

cl one sequence honkbitBgysessnesks dbeiasnnotatipniiptarpatio nainput wisreen ansk es
known 25 genetic sequences on, for exanple, manmals, a DB which stores 93
known geneti cinpetfu¥atioysdrieass obifanmation Wrorghmheinsubdewicest2 &igiences
(cDNA cl one sequence fragnents), a DB which stores drafts of genone DNA
sequences & hastegar 8Bb2), hhe detady i medn bge mnegé ragpe ra g lied stome spihe it a DB
whi ch stores genone survey sequences 5 (hereinafter, "GSS")(genone DNA

cl one sequenciafémaghiemts g, predeferminethsisrage segquehtiadstagged sitioes
(hereinafter, "STS") sequences (sequences napped on each genone), and a DB

which stores a6 @3dhe PaiceRbRiy BEIR] irBage@ititRason ThR Al CInpIe seefeance
honol ogy search séction 102b stores 10 honol ogy search results (e.g.,

Egg' g?ogﬁesggﬁgﬁt&ﬁg él?%ﬁ‘gﬁ’%\j. JHY FSags Anho¥siEn M¥EPmaRiatiBpit Product
processing is thus finished.

10

¢DNA clone sequence homology search processing

The detail of the cDNA clone sequence homology search
processing will be explained with reference to Fig. 6. Fig. 6 is a flow
chart illustrating one example of the cDNA clone sequence homology

15  search processing performed by the system in this embodiment.

The in situ hybridization analysis management apparatus 100
accesses the cDNA clone DB 106a and acquires cDNA clone
sequences by the processings of the cDNA clone sequence homoiogy
search section 102b (at a step SC-1).

20 The cDNA clone sequence homology search section 102b
accesses the nucleoctide sequence DB 106h and executes a homology
search for the acquired cDNA cone sequences (at a step SC-2). The
nucleotide sequence DB 106h accessed by the cDNA clone sequence
homology search section 102b includes a DB which stores known

25 genetic sequences on, for example, mammals, a DB which stores
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the gene in the GenBank DB, the ID of the protein product of the gene in
the GenBank DB, information as to length and simlarity by which the base
sequence of the cDNA is matched with the genetic sequence, and 15 the like)
in the honol ogy search result DB 106c (at a step SC-3). The <cDNA clone
sequence honol ogy search processing is thus finished. Sequence assenbly
processing The detail of the sequence assenbly pr ssin | | 0

expl ai ned wi tH1GWR & %Qﬂ%@%%‘?’”f”ﬁr&anﬁ%& Qqﬁgdﬁp‘&ﬂa‘? 'TY :%a}zrati ng
one exanple of the seguence assenbly processing performed by the  system
inthis enbooﬁ@ﬁé-iﬁﬂceﬁw@?DNAsCP'PUeW&Me@icﬁaftr?%'ﬁ‘eﬂg‘ﬁ)laf'sp% &El‘ﬂb\é?%ﬁﬁ ddﬁﬁﬁr at us
100 accesses the cDNA clone DB 106a and acquires all the cDNA clone 25
sequences by efhgepemedsifngeawinesfeiivainecheing delguemted Oy 0eNOme 94
section 102c, and assenbl es consensus sequences using a known sequence
assenbl y sof tseqeercing prejesp, SMDB )whiThestorasgenogegsienveynsedesndasm 1 02d
determ nes a consensus sequence froma plurality of cDNA cl one sequences

as a clustser (hesemudnse:G85d)(geanase UNA diast seqsequercagents)paddBt er mi ned
storage region of the cluster sequence DB 106d (at a step SD-2). The cDNA

cl one sequencghfdhustores Regaentb@nadgda ditasgidrenmaftdre STONAs6Y0arsed hat
constitute the sane cluster sequence into the sane cluster, and stores the

classifies c%qg,lemgg rhaPEQts rg%‘ﬁcﬁlgmﬁn%,%dlgﬁﬁswmibﬁ A8RChAbRAY the

respective c | ones w e clusters 1nto which the clones are

classiiled. T SARAAY KRk bedudi, > ). The sequence assenbl y
| The cDNA clone sequence homology search section 102b stores
10 homology search results (e.g., homologous sequences, homology
scores, each gene name, protein product name of the gene, the ID of
the gene in the GenBank DB, the ID of thé protein product of the gene
in the GenBank DB, information as to length and similarity by which the
base sequence of the cDNA is matched with the genetic sequence, and

15  the like) in the homology search result DB 106¢ (at a step SC-3). The

cDNA clone sequence homology search processing is thus finished.

Sequence assembliy processing
The detail of the sequence assembly processing will be
20 explained with reféren_ce to Fig. 7. Fig. 7 is a flow chart illustrating one
example of the sequence assembly processing performed by the
system in this embodiment.
The in situ hybridization analysis management apparatus 100
accesses the cDNA clone DB 106a and acquires all the cDNA clone

25 sequences by the processings of the cDNA clone sequence clustering
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Cl uster sequence honol ogy search processing 15 The detail of the cluster
sequence honol ogy search processing wll be explained with reference to
Fig. 8 Fig. 8 is. aflowchart illustrating one exanple of the cluster
sequence honol ogy search processing of the systemin this enbodi nent. The
in situ hybridization anal ysis managenent apparatus 100 20 accesses the

cluster sequence, DB, 106d and acquires cluster sequences .by the processing
of 'The ol uet SToQIRTLANCE: RBEHTHES KanseDsts: s RS a2 KEpREE 1y The
cluster sequence honol ogy search section 1 02d accesses the nucl eotide
sequence DB 19%AMelieE arsembds saftwaie (8¢ sseBrel-t)e 25 the acquired cl uster
sequences (at a step SE-2). The nucl eotide 95 sequence DB 106h accessed by
the cluster sequencth&ctugtegpequancing seetioniO2detenvingikes aanseDBUGhi ch
stores known genetic sequences on, for exanple, nmammal s, the DB which

stores known geEmetnee frequanueasalitgrofatDNArgjanessesjuetoesDis ahilaktest ores EST
sequences (cDNA clone 5 sequence fragnents), the DB which stores drafts of

genome DNA sesmenses dibkidee theidigsidetseiguiened ibya predei@mised sencigeg
project, the DB which stores GSS (genone DNA cl one sequence fragnments),

the DB which g5 S FEHEPREGHNSBAYB MY (mp@gﬂe@smg.h genone), and
the DB which stores already patented genetic sequences. 10 The cl uster

sequence honol ogy Sﬁﬁé%ﬁﬁ%%ﬁés%%@n%%ﬁ’ﬁer DA Q%YL 1026t SBEL the

(e.g., honol ogous sequences, honology scores, €ach gene nane, protein

product nare ghNAEI Bt RBALMAE tnbNEAE ML SiRUGRRER B shhfs 10 O

the protein p
clusier, and stores the classifies cDNA clones in the cDNA clone DB

10 106a while associating the respective ¢cDNA clones with the clusters
into which the clones are classified, respectively (at a step SD-3). The

sequence assembly processing is thus finished.

Cluster sequence homology search processing
15 The detail of the cluster sequence homology search processing
will be explained with reference to Fig. 8. Fig. 8 is a flow chart
illustrating one example of the cluster sequence homology search
processing of the system in this embodiment.
The in situ hybridization analysis management apparatus 100
20 accesses the cluster sequence DB 106d and acquires cluster
sequences by the processing of the clusfer sequence homology search
section 102e (at a step SE-1).
The cluster sequence homology search section 102d accesses
the nucleotide sequence DB 106h and executes a homology search to

25 the acquired cluster sequences (at a step SE-2). The nucleotide
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in the GenBank DB, information as to length and simlarity by which the 15
base sequence of the cDNA is matched with the genetic sequence or

i nformati on on the proof of the presence of the gene, and the like) in the
honol ogy search result DB 1 06c (at a step SE-3). The cluster sequence
honol ogy search processing is thus finished. 20 Three-di nensi.onal

or oceasi g w 110 BENCERH 2P RBAAPERC NG EEESY Traieare PRgIOTBo] SR e ow
chart illustrati n%%gg exanpl e of _the three-di nensional sinulation

processi ng of SEHE ey degiteedABouhigtores kppwa geaplic $6aYeNSRS Hyan

are tested based on one sequence, the 96 in situ hybridization analysis
nmanagenent apidca@nepeoapgials e RE whichblarepilksoeen gpNpHEFE WENESSr om
the expression image DB 106g by the processing of the three-di nensional

si mul ati on seen iadrorgadisnat the D& wpidFstores =Jhesaguedeesi (YA ehane

sinmul ation section 102 creates a three-dinensional (31D) imge fromthe

i mge dat & ussewpiendenfragniintsilithel BB wbichvetoeeodrafie of igemonae DENAt ep SF- 2) .
The three-dinmensional sinulation section 102 sinulates an expression |evel

in the three-shqmssdedNiatiaragseingsRdemindtbbiG gspoesssequémdiagrofedthe
respective pieces of imge data, three-dinensionally corrects the

expressi on | eyl pelyA|diesthys @?g%@bﬂgmé BNA m%bﬁaehaagﬁaggmang)qi spl ays

the corrected expression |evel a step SF-3). The three-di nensional

simul ation proeess ffidrSstofts d149s8h8Ences (sequences mapped on each

genome), and the DB which stores already patented genetic sequences.

10 | The cluster sequence homology search section 102e stores
homaology search results (e.g., homologous sequences, homology
scores, each gene name, protein product name of the gene, the ID of
the gene in the GenBank DB, the ID of the protein product of the gene
in the GenBank DB, information as to length and similarity by which the

15  base sequence of the cDNA is mafched with the genetic sequence or
information on the proof of the presence of the gene, and the like) in the
homology search result DB 106¢ (at a step SE-3). The cluster

sequence homology search processing is thus finished.

20 Three-dimensional simulation processing
The detail of the three-dimensional simulation processing will be
explained with reference to Fig. 9. Fig. 9 is a flow chart illustrating one
example of the three-dimensional simulation processing of the system
in this embodiment.

25 If alf slices of an organ are tesfed based on one sequence, the
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15 Expression level estimation processing The detail of the expression
| evel estimation processing wll be explained with reference to Fig. 10.
Fig. 10 is a flow chart illustrating one exanple of the expression |evel
estimation processing of the 20 systemin this enbodinment. The in situ
hybri di zati on anal ysi s managenent apparatus 100 accesses the expression

I mage DB 1069 and the cDNA clone DB 106a by the processi.ng of .the
expression | e‘@e?'t‘éﬁypﬁ’atzia&'ﬁns%ﬁlyﬁﬁ T%f@?"ﬁﬁ& a%‘%&‘f@?{‘l‘%g O,Bn%%ll&%ﬁ Wand
base sequences (at a step SG 1). 25 The expression |evel estimation section
102g esti nat e@F Mpse PieeapPEFBRER Jatadronithy gdression Heagadie 1889PYased on
one of or both of the inmage data and the base sequences. Nanely, the
expressi on | elhel prossissing pbihe toeeedimerjonst ainnslating saajiva 1@21%/@’69’:1 ty and
the area of an area of signal region of a fluorescent dye or the like in

t he i mage datstedp Py-Means of a known i mage anal ysis nethod or the |ike (at
a step SG2), and estimates the expression level (at a step SG3).

Further, ly using iThothRd-amensioail ehyldtion sewtim deRarbutesaiso the base
sequences, an automatic estimation can be nmade as follows. If a genomc

repeat sequengfeeldimetsidmiqan)Snidyd Hdadthd irmbgeRRe usifg SERNERBESD the
probability of cross-hybridization (occurrence of a hybridization reaction

to other ”RNAdiQﬁYaMtQ%ﬁﬂ%ré%WhS MRN=¢ 4 SRRASF-Sequence) is high. Therefore,
y 0

the reliabilit e estimated eXxpression |level is |ow. The expression

level estimation progessiddyitensidng SIALRRRY section 102 simulates an

expression level in the three-dimensional image based on the

10  expression levels of the respective pieces of image data,
three-dimensionally corrects the expression level obtained by analyzing
the respective images, and displays the corrected expression level (at a
step SF-3). The three-dimensional simulation processing is thus
finished.

15

Expression level estimation processing |

The detail of the expression level estimation processing will be
explained with reference to Fig. 10. Fig. 10 is a flow chart illustrating
one example of the expression level estimation processing of the

20  system in this embodiment.

The in situ hybridization analysis management apparatus 100
accesses the expression image DB 106g and the ¢cDNA clone DB 106a
by the processing of the expression level estimation section 102g, and
acquires image data and base sequences (at a step SG-1).

25 The expression level estimation section 102g estimates the
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15 I mage conparison processing The detail of the inmage conparison
processing will be explained wth reference to Fig. 11. Fig. 11 is a flow
chart illustrating one exanple of the inmage conparison processing of the
systemin this 20 enbodinment. The in situ hybridization anal ysis nmanagenent
apparatus 100 accesses the expression inmage DB 106g and the |ike by the

processing of the_ inmage copparison tion 1 Lf.c | 0 r npl e,
a normal cel PXRIECR'A &Y g&g% g N 3‘5%\'/&”%9&%‘5 %%seacggﬁﬁ@%géaﬁ"’ﬁ&?he 25
cells at tine series, bgqfore medi cation with afi\ler nedj.cation or. the |ike.
98 The in sitWenYIRIUC2A AOR SIS SCAURBER e nlN APy Lﬁ%@xﬁfﬁﬁ'%rﬁe"e'
acquires the inmage data, base sequences, expression |evels I nformati on on
“the extract ece$lirdatien sastion@2eebéaineHbeianahiniengity snd thgdneq et age of
the extracted tissue, information as to whether the 5 expression of a gene
i s observed, angoehaidnah regiosueiha fagirescent dya ps the likgHndhetimagsedata
expression is observed, and the |like for the conparison target imges (at
a step SH5 1)by feansmafe lcovwaimage awysisrmedadd cotpalies ahva shkepror e

pi eces of data based on the acquired information, and extracts 10

di fferences agonp)tded bstinitesthe expesssionflevengs alstep 6@-3p step SH-2).
The i nmage conparison processing is thus finished. [Chronobsone map creation

ot et h T o ARl B SIOMTRRYS SO RICRIB SR Hoh
the base sequences, an automatic estimation can be made as follows.
If a genomic repeat sequence, for example, is included in the base
10 sequences, the probability of cross-hybridization (occurrence of a
hybridization reaction to other mRNA having the same genomic repeat
sequence) is high. Therefore, the reliability of the estimated
expression level is low. The expression level estimation processing is
thus finished.
15
Image comparison processing
The detail of the image comparison processing will be explained
with reference to Fig. 11. Fig. 11 is a flow chart illustrating one
example of the image comparison processing of the system in this
20 embodiment.
The in situ hybridization analysis management apparatus 100
accesses the expression image DB 106g and the like by the processing
of the image comparison section 102h if comparing, for example, a
normal cell with a disease cell, growth stage or ageing stages of the

- 25  cells at time series, before medication with after medication or the like.
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15 one exanple of the chronbsome map creation processing of the system in
this enbodinent. The in situ hybridization anal ysis managenent appar at us

100 accesses the cDNA clone DB 106a or cluster sequence DB 106d, and the
nucl eoti de sequence DB 106h, and thereby specifies the genetic 20 |ocus of
the cDNA clone or the cluster based on base sequence information for which

the genetic logcus is specified and whi.ch is store i n the l,eoti de
Sequence. DB 1T BBAN B 68 Mt briS et adnRsrb annerals IDEARRRN sect i on
102m (at a step SJ-1). The chronobsone map creation section 102m arranges
the 25 i nf or REAWERS SiP ITE9B A5 BASEI SR ANISS: EXPFRSS MAJE St a, base 99
sequences, expression levels, and the extracted tissue, inforpation on the
growt h stage BifoEgaiion o5t dgeewracied dsquandhtarmatigyuen thargronghisAgaLr to
whet her gene expression is observed, and information on regions in which

t he gene expregeingrstagectfsibevextyaeieddissuesinkamatiaipas g whethershexanpl e,
setting link information or the |like), thereby mapping the information on

t he genetix | exmession béacdwrerisobse (vald, anforemti®i @) sulch relgéor Rscradsoime map
creation section 102m adds information on base sequences and sel ects a

portion (whi civhmytiegendicqiredsiby i8 otzaced] andahk)ikef forhRe coropadsor nmap
corresponding to the genetic 10 | ocus, the chronbsonme map creation section

102m di spl ayst#4gtfirh8ges i(af arst8bigH-19n the base sequences (at a step SJ-3).
The chronbsonme “nmap creation processing is thus finished. Exenplary

e o o T T2, LGB SR80 G han) Dby w1
pieces of data based on the acquired information, and extracts
10 differences among the two or more pieces of image data (af a step
SH-2). The image comparison processing is thus finished.
[Chromosome map creation processing]

The detail of the chromosome map creation processing will be

explained with reference to Fig. 12. Fig. 12 is a flow chart illustrating
15 one example of the chromosome map creation processing of the system
in this embodiment.

The in situ hybridization analysis management apparatus 100
accesses the cDNA clone DB 106a or cluster sequence DB 106d, and
the nucleotide sequence DB 106h, and thereby specifies the genetic

20 locus of the cDNA clone or the cluster based on base sequence
information for which the genetic locus is specified and which is stored
in the nucleotide sequence DB 106h by the processing of the
chromosome map creation section 102m (at a step SJ-1).

The chromosome map creation section 102m arranges the

25 information on the base sequences (e.g., the image data, base

99



15 1. Viewing of data on each cDNA clone Fig. 14 illustrates a list report
screen displayed if data on each cDNA clone is to be viewed. As shown in
Fig. 14, on the list report screen, information on one cDNA clone is

di splayed in one row. 20 Pieces of information displayed in colums shown
in Fig. 14 represent the followng information (1) to (13), respectively

((1) to (13) correspond to (1) to | ay of
the 1D of a cERAUGRGH. e&pz?%%p'ﬁaﬁ Ik BenarsBetas isgild, oty iomiorat | on
i mges for gonad at 25 13.5 c. of the cDNA clone. 100 (3), Display of the
nunber of in §1& forw%wf@lgfa@r% e'l"ﬂa@tégef%frthtee%ﬁlf%c*@ﬂ Yssimdnigaliatiiniasouse
of the cDNA clone. (4) D splay of the nunber of in situ hybridization

i mges for telt whethengenexpbessionds mhsesved, amd itformadioonen regioss iDi spl ay
of the nunmber of in situ hybridization inmages for testis of a

t hr ee- week- ol whidutee génelaxprbbiRionl isnsnsgrepdPosm ahrahoshmenmape(bypffor n
situ hybridization inmages for testis of an Adult nouse of the cDNA clone.

(7) Display oéxatmpld, m@thnglm‘tkemf@rfrnalnonslotruhbytklel)dirmebgnnappg@sumf the 10
CDNA clone. (8) Display of "YES" if the cDNA clone is a typical cDNA clone

the 1D of the o Laray oy Gt e SBRA pal orge 10y 13 <pl mp of Top i t
score as a result off tfeRIR8oIRAE MAP ched¥ion section 102m adds information
on base sequences and selects a portion (which may be indicated by a
specific mark) of the chromosome map corresponding to the genetic
10 locus, the chromosome map creation section 102m displays detailed
information on the base sequences (at a step SJ-3). The chromosome
map creation processing is thus finished.
Exemplary embodiments of the present invention constituted as
explained above will next be explained with reference to Figs. 14 to 19.
15
1. Viewing of data on each ¢cDNA clone
Fig. 14 illustrates a list report screen displayed if data on each
cDNA clone is to be viewed. As shown in Fig. 14, on the list report
screen, information on one cDNA clone is displayed in one row.
20 Pieces of information displayed in columns shown in Fig. 14 represent
the.foIEowing information (1) to (13), respectively ((1) to (13) correspond
to (1) to (13) shown in Fig. 14).
(1) Display of the 1D of a cDNA clone.
(2) Display of the number of in situ hybridization images for gonad at

25 13.5 dpc of the cDNA clone.
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15 (non-redundant nucl eoti de sequence DB) for the EST sequence of the cDNA
clone. (11) Display of top hit score as a result of a blast search to a
dbest (EST sequence DB) for the EST sequence of the cDNA clone. (12)

Di splay of the length (nunber of bases) of the EST sequence of 20 the cDNA
clone. (13) Display of "YES' if a vector sequence is included in the EST

sequence of the c¢cDNA clone, and "NO' if not. A detailed report screen wll
next be descri H8d.DiEplgy aisthe pympesofdn iy M%\&F@gopéwss@rré@ﬁ“%io M ayed
if data on 25 each cDNA clone is to_be viewed. As shown in Fig. 15, on the
detail ed 101 eepovecksOIbENUSENODINMEPHIA 6lPdhe cDNA clone is displayed on
one screen. Pieces of information indicated by items (1) to (26) shown in
Fig. 15 are as (MoIDiepkay ¢fitheDhumibgy offin tshiel hybrodizatiemimagesnier testigpf a
Display of the ID of a cluster to which the cDNA bel ongs. (3) Display of
"YES' if the wiNveBlookl mouset gipiheatDbiBNBlocieone in the cluster to which
the cDNA cl one belongs, and "NO' if not. (4) Display "YES' if a vector

sequence iss i NncisydEdpidy dhheERImbee gien Gituoh yibmieiza DA, imanes’ NPtesfis ndta 10
(5), (8), (11), (14), and (17) Display of in which cell the expression of

the cDNA cl ong,rk8-whsRINEthdikd RetEwRANALIdE S dpc, the testis of the
one- week-ol d nouse, the testis of the two-week-old npbuse, the testis of

(1 LI e veckC B BP M Hok 510/ PGIBARh R e creEh
an Aduit mouse of the cDNA clone.
(7) Display of the total number of in situ hybridization images of the
10 cDNA clone.
(8) Display of "YES” if the cDNA clone is a typical cDNA clone in a
cluster to which the cDNA belongs, and “NO” if not. |
(9) Display of the ID of the cluster to which the cDNA belongs.
(10) Display of top hit score as a result of a blast search to a nr
15 (non-redundant nucleofide sequence DB) for the EST sequence of the
cDNA clone.
(11) Display of top hit score as a resulf of a biast search to a dbest
(EST sequence DB) for the EST sequence of the cDNA clone.
(12) Display of the length (number of bases) of the EST sequence of
20 the cDNA clone.
(13) Display of "YES” if a vector sequence is included in the EST
sequence of the cDNA clone, and “NO” if not.
A detailed report screen will next be described.

Fig. 15 illustrates the detailed report screen displayed if data on

25 each cDNA clone is to be viewed. As shown in Fig. 15, on the detailed
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15 Fig. 15, synbols G C, R E L, and S denote "Gonia (cell)",

"Spermat ocyte (cell)", "Round spermatid (cell)", "Elongated spermatid
(cell)", "Leydig (cell)", and "Sertoli (cell)", respectively. (6), (9),
(12), (15), (18) Display of the nunber of in situ hybridization inages for
the gonad at 13.5 dpc, the testis of the one-week-old nouse, 20 the testis
of the two-week-old nouse, _the testis of @E@\t ree.-vx&.ek-old nouse, and the
testis of thdeRAIN BCHRGRsdNTOSMALIND mIGASCPBNE ClangsisedEPlpdiaf OF ANE (10,
(13), (16), (19) Display of the in situ hybridization inmages for the gonad
at 13.5 dpc, $6ieenestiigCes of irfosmatingeinditaterdus Bemsne itesos S?‘?S"rbfn t he

t wo- week-ol d nouse, the testis of the three-week-old nouse, and 102 the
testis.of theFigddia areoasdpll@vst he cDNA cl one, respectively. Each image is
di spl ayed together with its image ID. (20) Display of a result of a bl ast
search to the nn)MispkadycoBRE 1 efjaccieNAoflonke cDNA clone. 5 (21) Display of
top hit score as a result of the blast search to the nr for the EST
sequence af thqzq%ﬁmhdmbfaapbw tofwhiehsthencD Nffobeigen on bl ast
search target nr data for the EST sequence of the cDNA clone. (23) D splay

of a result of (ts?miéb&ytofS'aeEshiftmetd@Nﬂbaahefigra typecATDNAOcIBAgUATRAE Of
the cDNA clone. (24) Di'splay of top hit score as a result of the bl ast

search to theg dhast, {Rlch he ESNABRMRNESI0AGs! BRdCRYY glmite. (25) Display
of version m?or mation on bl ast search targét dbest data for the EST

sequence of t he(4‘i%\1|‘§‘pﬁaly0‘%8” if a vector sequence is included in the EST

sequence of the cDNA, and “NO” if not.

1

o

(5), (8), (11), (14), and (17) Display of in which cell the expression of
the cDNA clone is observed in the gonad at 13.5 dpc, the testis of the
one-week-old mouse, the testis of the two-week-old mouse, the testis of
the three-week-old mouse, and the testis of the Aduit mouse, of the
cDNA clone, respectively, by an in situ hybridization experiment. In
15  Fig. 15, symbols G, C, R, E, L, and S denote “Gonia (cell)”,

“Spermatocyte {cell)”, "Round spermatid (cell}”, “Elongated spermatid
(cell)”, “Leydig (cell)”, and “Sertoli (cell)", respectively.
(6), (9)_, (12), (15), (18) Disp!ay of the number of in situ hybridization
images for the gonad at 13.5 dpg, the testis of the one-week-old mouse,
20 the testis of the two-week-o0ld mouse, the testis of the three-week-old
mouse, and the testis of the Adult mouse, of the ¢cDNA clone,
respectively.

(7), (10), (13), (16), (12) Display of the in situ hybridization images for

the gonad at 13.5 dpc, the testis of the one-week-old mouse, the testis

25 of the two-week-old mouse, the testis of the three-week-0ld mouse, and
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15 (26) Display of the EST sequence of. the cDNA clone. Fig. 16 illustrates
anot her exanple of the detailed report screen displayed if data on each
CDNA clone is to be viewed. Pieces of information indicated by itens (1)
to (17) shown in Fig. 16 are as follows. 20 (1) to (5) D|spl ay of an
expression information field indicated by checkboxes "Y", "?", and

"Nd" provide i f an i row h st.a agein
stage’i n eaorineedrent beiRbulmdfee fRe ﬁ%h‘h?'ﬁé%ﬁ%ﬁ%@\%’eﬁ% e8P Bseton
of a gene is obsery int represents that gene

expr egm on i s'rrb%eeﬁatfp'awde#%qﬁg%m@&% INFEe ‘@eng expression i g not
observed, "?" Bres_ents that the 103 observation thereof cannot be
det er mi ned, anc(:2 NP igRIgYdef ayesult Opacklast searelt thEhe pader tg ESTs present.

(6) Display of the significance of a cDNA clone. (7) Display of whether the
cDNA cl one i sséqusstacedf the eRNA chyne.5 dat abases. (8) Display of top score
as a result of a honology search for the EST sequence of the cDNA cl one.
Thi s enablses t H@1udEsplay chiepkhiisethens 4 hesdt ohéhé dldetammaroh tartkeawn. | n
the item (8), "mammal" denotes a database which stores known genetic

sequences abofgr tHRE®T SequNRceldf m@n@mm\ @oflat abase whi ch stores known
geneti c sequences about all organisnms, "EST" denotes a database which

stores EST sequep¢esisplasesiugdiatori Trﬁ@ﬂ’%@hén(ﬁn B[ <088 $dsget M rddathhiopughput
genom ¢ sequenci ng" (her einafter, HIG denotes a database which stores
drafts of 9%%”@8%&@&%@8?%& EBthglbﬁ),l;ga_l ng determ ned by a genone

(23) Display of a result of the blast search to the dbest for the EST

10 sequence of the cDNA clone.

(24) Display of top hit score as a result of the blast search to the
dbest for the EST sequence of the cDNA clone.

(25) Display of version information on blast search target dbest data
for the EST sequence of the cDNA clone.

15 (26) Display of the EST sequence of the cDNA clone.

Fig. 16 illustrates another example of the detailed report screen
displayed if data on each cDNA clone is to be viewed. Pieces of
information. indicated by items (1) to (17) shown in Fig. 16 are as
follows.

20 (1) to (5) Display of an expression information field indicated by
checkboxes “Y”, “N”, “?”, and “Nd” provided on upper right of an image
of the growth stage or ageing stage in each item. This is a field for
inputting whether the expression of a gene is observed in the image.
Symbol “Y” represents that gene expression is observed, “N” represents

25 that gene expression is not observed, “?" represents that the
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15 sequenci ng project, "GSS' denotes a database which stores GSS (sequence
fragments of genone DNA clones), "STS" denotes a database which stores STS
sequences (sequences napped on genones), and "PAT" denotes a database

whi ch stores already patented genetic sequences. By viewing this result,

t he user can 20 check whether the cDNA clone is a gene (nmammal, NT) which

is known to the sane or the other orgapi sm ene, igh 1's unknown
but a cDNA o‘?bWi"é‘Hof‘éF‘ﬁfechcaQﬂF%qtlﬁ 8@&r@”8§ngnakﬁgﬂ%§¥$ ichis
unknown but a correspondi ng genome DNA section of which is already
acquired, a géensesats)thphaopserde datafs RARAton a chronpsonme is 25 known,
or a gene (PAT) which is already patented. 104 (9) to (17) Display of

i nformati on on (Bh&isplgyrefsthiersigadicamicel of aciMA CIRMNA cl one is a gene

al ready known. In each itemof (9) to (17), synbol "Gene" represents the
name of the gen@) Difpledusit whetmrdsentINA tlonpdsdnsérietdn astéidh product of
the gene, "Organisnm' represents an 5 organic species fromwhich the gene is
acquired, 5 Tigstapaseepresent an organ or a tissue fromwhich the gene is
acquired, "Locus ID" represents the ID of the gene in the GenBank DB, "Hit

Length, Ht |dgpipisylay SPopSEtre 4418 reedtdf @}ﬁomlﬁgytét%rbﬁi‘c@r sefggTe of
the cDNA coincides with the genetic sequence, and "Evidence" represents

display 10 ofsdqiaidBbt e CORM\CIEN OFnidiendbled:the A 1ok Whgthdine

presence of aéFl I's confirned, ' shows a predicted DNA fromthe DNA
Setuence) ot B SUUAERGPof brikpyl PSR rlls, iFme dhepe o
'f data on ea&ar\]tabase which stores known genetic sequences about mammals, "NT”
10 denotes a database which stores known genetic sequences about all
organisms, “EST” denotes a database which stores EST sequences
(seguence fragments of cDNA clones), “high throughput genomic
sequencing” (hereinafter, HTG) denotes a database which stores drafts
of genome DNA sequences that are being detefmined by a genome
15  sequencing project, “GSS” denotes a database which stores GSS
(sequence fragments of genome DNA clones), “STS” denotes a
database which stores STS sequences (sequences mapped on
genomes), and “PAT” denotes a database Which stofes already
patented genetic sequences. By viewing this resuit, the user can '
20  check whether the cDNA clone is a gene (mammal, NT) which is known
to the same or the other orgénism, a gene (EST) which i.s unknown but
a cDNA of which is already acquired, a gene (HTG, GSS) which is
unknown but a corresponding genome DNA section of which is already
acquired, a gene (STS) the position of which on a chromosome is

25  known, or a gene (PAT) which is already patented.
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cluster is to be viewed. As shown in Fig. 17, on the list report screen,
I nformati on on one cluster is displayed in one row. Pieces of information
di spl ayed in colums shown in Fig. 17 represent the follow ng information
(1) to (13), respectively. 20 (1) Display of the ID of a cDNA clone. (2)
Di splay of the total nunber of in situ hybridization images for gonad at

13.5 dpc of all es,_belanging .to the cluster. (.3)

Lot al “humber - of( & 10417 SRRV G R Bt pRderfe® oBbee B et riPeRtindhek ol o
nouse of all c] ones bel ongin o, the 25 clust (4) spl ay of

t he total n%'gmoF long 1§34 GeRGIR' ‘iBé{‘PBW” nﬁa ﬁb&emt %gfq) G"'[%al

t wo- week- oId nmouse all cDNA clones belonging to the cluster. (5) Display
of the total $¥Inbet @enenr%p&e@eﬁwh%n@me 9!%”‘%@@? fBroduptt gapresests a

t hr ee- week-ol d nouse all cDNA clones belonging to the cluster. (6) Display
of the total thenbameosf ihe piatairhptedunitaitthergenmgéyonaismt egpiesests an Adul t
nouse all cDNA clones -belonging to the cluster. (7) ‘Display of the total
nunber of & n siganitgbeciszabmowhichates geheaklacquirerDNAIissuarigepbedatigamg to
the cluster. (8) Display of the nunber of cDNA clones belonging to the

cluster. (9)ofg#pbay tifsueohDabiciatiiey penaliscodsliesd, i"hotbe IDFuster. (10)
Display of top hit score as a result of a blast search to the nr for the

sequence of t%r@béﬁfﬁhe 5 of 13 denerinaheoGehsaniki bBSCANE Afgta, Hesul t of a
bl ast search to the dbest
Identity” represents the length by which the base sequence of the cDNA
coincides with the genetic sequence, and "Evidence” represents display
10  of information (MRNA, DNA or the like; ‘mRNA’ shows that the presence
of an mRNA is confirmed, ‘DNA’ shows a predicted DNA from the DNA

sequence) about the evidence of the presence of the gene.

2. Viewing of data on each cluster
15 Fig. 17 illustrates é list report screen displayed if data on each
cluster is to be viewed. As shown in Fig. 17, on the list reporf screen,
information on one cluster is displayed in one row. Pieces of
information displayed in columns shown in Fig. 17 represent the
following information (1) to (13), respectively. |
20 (1) Display of the ID of a cDNA clone.
(2) Display of the total number of in situ hybridization images for
gonad at 13.5 dpc of all cDNA clones belonging to the cluster.
(3) Display of the total number of in situ hybridization images for
testis of a one-week-old mouse of all cDNA clones belonging to the

25 cluster.
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for the sequence of the cluster. (12) Display of the significance of the
cluster. Ranked AAA, AA, A, B, ... in descending order of significance.
(13) Display of "YES" if a vector sequence is included in the EST 20

sequence of any one of cDNA clones belonging to the cluster, and "NO' if
not. Fig. 18 illustrates the detailed report screen displayed if data on

each cluster is .be viewed., As, sho in.Fig. : ne .det ai | report
screen, inforne{flégqiSBWyo%%\ﬁ’a R?é?‘e'?”ﬁ“gé&iogé‘ﬂ a@éld%r'@gghggr'&] i S2@)(?Pi eces of
i nformation indicated by itenms (1) to 9 o] in Fig. .18 are 106 as

fol lows. (1) ‘Bstigiefya &Wgt\’ﬁ%e'fﬁ'éf%%u%@ %ﬁt@ﬁﬂ(%”ﬁ?&"g@ﬂ'&ﬂ OH8e1D of a
typical cDNA clone in the cluster. (3) Display of the significance of the
cluster. Rank@dsfXA, AA, A, B 5 ... in descending order of significance.
(4) Display of "YES" if the sequence of the cluster and EST sequences of
cDNA cl ones bel (Gadviaglayoot the sitakeembar of dosdiudeyteidizatiopdmages 16 be made
open, and "NO' if not. (5) Display of "YES" if a vector sequence is

i ncl uded im ttestiESH 4 6hreegwerkeoldfmanyge @iecBNACOiAcs! belosgbyl tmifieng to the
cluster, and "NO" if not. (6), (9), (12), (15), and (18) Display of in
whi ch cell thgyexgpt ession of the cDNA clones belonging to the cluster is
observed in the gonad at 13.5 dpc, the testis of the one-week-old nouse,

the testis of tfag [igplayooiBrRkiRhinORIBES oftifsiflerybisdiehtibhanidyeeforeek- ol d
nouse, and the _
testis of an Adult mouse all cDNA clones belonging to the cluster.
(7) Display of the total number of in situ hybridization images of all
10 cBNA clon'es belonging to the cluster.
(8) Display 6f the number of cDNA clones belonging to the cluster.
(9) Display of the ID of a typical cluster in the cluster.
(10} Display of top hit score as a result of a blast search to the nr for
the sequence of the cluster.
15 (11) Display of top hit score as a result of a blast search to the dbest
for the sequence of the cluster.
(12) Display of the significance of the cluster. Ranked AAA, AA, A,
B, ... in descending order of significance.
(13) Display of “YES” if a vector sequence is included in the EST
20 sequence of any one of cDNA clones belonging to the cluster, and "NO”
if not.
Fig. 18 illustrates the detailed report screen displayed if data on
each cluster is fo be viewed. As shown in Fig. 18, on the detailed

report screen, information on one cluster is displayed on one screen.

25 Pieces of information indicated by items (1) to (29) shown in Fig. 18 are
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testis of the Adult nouse, of the cDNA clones belonging to the cluster,
respectively, by an in situ hybridization experinent. In Fig. 18, synbols
G C R E L, and S denote "Gonia (cell)", "Spermatocyte (cell)", "Round
sperrratid (cell )", "El ongated spermatid (cell)", "Leydig 20 (cell)", and
“Sertoli (cell)", respectively. (7), (10), (13), (16), and (19) Display of
t he total nunber of in situ hybridization imges for the gonad at 13.5
dpc, the testd3%sTWO%he one-week-ol d nouse, the testis of the two-week-old
nouse, the testis of the three-week-old nouse, and the testis of the Adult
nouse, of the 4%) Bispay|ibs IPePbAdiivee 0 the cluster, respectively. 107
(8), (11), (14), (17), and (20) Display of the in S|tu hybri di zati on

i mages for the (gphusplay af3hs 18bef attiieicee SDNA sloneé Hir CIWSSRL ol d nouse,

the testis of the two-week-old nouse, the testis of the three-week-old
nmouse, and the (Bp&tisslagfoftthe sﬁgulftcamnasce‘,th@fcluh’@rcDﬂmrMQﬂ\éé\Pbe‘l\lﬁnﬁi,lBg 5to
the cluster, respectively. Each imge is displayed together with its i nage
ID. (21) B splaw @éstédrdingrdreer of sidificahcmes bel onging to the cluster.

(22) Display of IDs of all the cDNA clones belonging to the cluster. For

each cDNA cl ongq) tisplal) f“YEHE” FRNE stlq@ieicelbfime tlhstdrInd ESequence | ength
(nunber of basesg of  the cDNA clone are displayed. (23) D splay of the

result of a hlgsfemear 6hcHRA B%n’érs BbnhiRy ﬁ?ﬂ#@ﬂﬁ%tepéré Bﬁn§idé$é§rto (24)
D splay of top hit score as a result of "the blast search to the nr for the

sequence of t@%agaéjfé E]s'mgltrie(cgpsén %ﬁd)"ﬁb"cﬁ n¥ersion information on bl ast
ata rtor ' )

search target
(5) Display of “YES” if a vector sequence is included in the EST

10 sequence of any one of cDNA clones belonging to the cluster, and “NO”

"if not.
(6), (9), (12), (15), and (18) Display of in which cell the expression of

the cDNA clones belonging to the cluster is observed in the gonad at
13.5 dpc, the testis of the one-week-old mouse, the testis of the

15 two-week-old méuse, the testis of the three-week-old mouse, and the
testis of the Adult mouse, of the cDNA clones belonging to the cluster,
respectively, by an in situ hybridization experiment. In Fig. 18,
symbols G, C, R, E, L, and S denote “Gonia (cell)”, “Spermatocyte
(cell)®, “Round spermatid (cell)”, “Elongated spermatid (cell)”, “Leydig

20 (cel)”, and “Sertoli (cell)’, respectively.
| (7), (10), (13), (16), and (19) Display of the total number of in situ
hybridization images for the gonad at 13.5 dpc, the testis of the
one-week-old mouse, the testis of the two-week-old mouse, the festis of
the three-week-old mouse, and the testis of the Adult mouse, of the

25 cDNA clones belonging to the cluster, respectively.
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t he sequence of the cluster. (26) Display of the result of the blast search
to the dbest for the sequence of the cluster. (27) Display of top hit
score as a result of the blast search to the 20 dbest for the sequence of
the cluster. (28) Display of version information on bl ast search target
dbest data for the sequence of the cluster. (29) Display of the sequence.

of the cluster., g25 3. W tratesa
chronosone map (8? ﬂoﬁﬁy s@r égﬂ),gnsogri@ngﬁ?ﬁ?y g?@%eu?rﬁgﬁ nEyb]rf)d&H:b'ﬁ
viewed. As shown in.Fig. 19 one r_.cluste a etlclo s for
whi ch has beeh gL dn g detad Eﬁénésg%ihéﬁ s PR §ﬁ8 ko dnotse,
expreSS|on | evel s of 5 clones are ted a serie
addi ti on, ’é‘éc‘i‘?sé'ﬁl\ﬁhtgﬁ&ﬁ@ ("@tekc?lt‘i’s'f"éwsﬁaﬁ% ?%t'ss@f & g‘é'e@ywegls(l—q;gi ng on
or the I|ke t he detail ed regort screen of the corrgqﬁondl ng CcDNA c] one or
cluster is di@@uape@ndihe tgpesaitthediewt mrusmyofdbecdyNedobas 1aiongndonl y
the 10. enbodi nents explained so far but al so various ot her enbodi nents
Wi thin thé scioptheot!uste, respettomly.coheeptinmge isedisbiaysidatagethar whith it | ow.
For exanple, the instance in which the in situ hybridization analysis
managenment apipaags UB. 100 perfornms processings in the form 15 of standal one
has been explained. Alternatively, the systemmy be constituted so that
each processi ng2il$ mapldyesk et nimbee SFVINGAtcloRes belonging to the cluster.
(22) Display of ID’s of all the cDNA clones belonging to the cluster.
For each cDNA clone, the 1D of the cDNA clone ID and the EST
10 sequence length (number of bases) of the cDNA clone are displayed.
(23) Display of the result of a blast search to the nr for the sequence
of the cluster.
(24) Display of top hit score as a result of the blast search to the nr
for the sequence of the cluster.
15 (25) Display of version information on blast search target nr data for
the sequence of the cluster.
(26) Display of the result of the blast search to the dbest for the
sequence of the cluster.
(27) Display of top hit score as a result of the blast search to the
20 dbest for the sequence of the cluster.
 (28) Display of version information on blast search target dbest data

for the sequence of the cluster.

(29) Display of the sequence of the cluster.

25 3. Viewing of chromosome map
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request froma client termnal provided separately fromthe in situ

hybri di zati on anal ysi s managenent apparatus 100 and the result of the
processing is returned to the client terminal. 20 Further, all of or part
of the processings perforned automatically anong all the processings as
expl ained in the enbodi nents can be perforrred manual ly, and all of or part

of the processings perf nual anon the roceSS|n S

expl ai ned in the er%@d|1§éﬂ35tr€%%’ %é?‘roc?f’ﬁlg% n?ﬁﬁ gi! %§|c|r§,e%)¢9%m%?g_ known
met hod. 25 In _addition, the rqces oced cont o] res, 109
concrete nameé @ ¢WPGF?1%WP6rm Ad$ G‘a%?g‘%&'gﬁ §‘f’}5‘c @téﬁﬂg‘
paraneters such as search conditions, exanp I es of screens, and dat abase
confi gur at i ongoagpl(ar ﬁwtﬂfﬁ)tﬂwéeﬁﬁé‘@||W‘¢%1ﬂ°(i’rowh6‘rh BasheamSReRiNigfAlengs can
be arbitrarily changed unl ess specified otherwise. 5 Furthernore, the
respective comsangedran tleeakrangossmehmapn siheiexprassien sevelsmidhal gRRNA
managenent apparatus 100 are functionally conceptual elenents and not

al ways cormst i ¢tlohed grbyidtedldttimas sehimsn i n t he drawi ngs. For exanple, all
of or part of the processing functions of the 10 respective constituent

el ements of the in g dddifivhr ifdeget cDNABRINS (o clostageares) impplrcibddHyl00 or
the respective devices, particularly the processing functions conducted by

the control S@l?éldu%@ ol=|08r fnike thcedbiafied fRyok Selemabf HeOEeRBEPBNYM

(hereinafter and prograns interpreted and executed by the U or

can be realiz S rd gMred logic. The prograns are
recorded on aglfr;jg%‘o?@)l nge‘\faé'rlle?I ungllgta(;)iig Iég‘(g%xpl ained |l ater and nmechanically read

by the in situ The present invention may be carried out in not only the

10. embodiments explained so far but also various other embodiments
within the scope of the technical concept defined by claims which
follow.

For example, the instance in which the in situ hybridization
analysis management apparatus. 100 performs processings in the form

15 of standalone has been explained. Alternatively, the system may be
constituted so that each processing is carried out in response {o a
request from a client terminal provided separately from the in situ
hybridization analysis management apparatus 100 and the result of the
processing is returned fo the client terminal.

20 Further, all of or part of the processings performed automatically
among all the processings as explained in the embodiments can be
performed manually, and all of or part of the processings performed
manually among all the processings as explained in the embodiment
-can be performed automatically by a well-known method.

25 In addition, the processing procedures, control procedures,
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hybri di zati on anal ysi s managenent apparatus 100 at need. Specifically, a
conputer programfor issuing conmands to the CPU in cooperation with the
OS so as to performvarious processings is 20 recorded on the storage
section 106 such as a read only nmenory (hereinafter, "ROM') or a hard disk
(hereinafter, "HD'). This conputer program I s executed by being | oaded to
a random access nenory (herﬁ?lt nafter or the I.iée. an(f t he conputer
program and t$RNEPLS ”@8?%? i'p rggatfq{bsrtcé%@pgvasréqﬁq BPigE3ton qatr Al i vel y,
this conmputer 25 program may be recorded on an application ag m server
connect ed 110P@@m%1@f$r$u§ﬁtﬁﬁ BOBIGIIF2REIIGASaRXPTHIIRS R4 5L t "éﬁgpar at us
100 through the arbitrary network 300. |If necessary, the conputer program
can be downl dalddase mcrrﬁrgwatlpn@@cpdﬂmpdrimtalels}peqrhrmtm or shewsy dythens
according to the present invention can be 5 stored in a conputer readable
recordi ng nmedidrawingt das e subich iy rabiamgedhanless ansoifsedOthémviseecor di ng
medi um’ i nclude arbitrary "portabl e physical nediuns" such as a flexible
di sk, a magnet o- optFgahefthske, the Bk ctine eonsablentarid g rafrthebihesifROM
(EPROM), an electrically erasable programmable ROM (EEPROVM), a CD-ROM a

magnet opti Cah)(ki—f@d&%@bn iy ﬁs%ghbgbm@ﬁ%rmwﬂ $60 @P¥Puncaohally ary

"fixed physica medi uns" such as a Mand a HD included in a

conput er SySé@%@@tuYaﬁa&Hénwé’ﬁ& ’nﬁ%aQQ%ﬁgtaﬁﬁbu%y@%[%s SMIVEN in

tenporarily h e prograns such as comunication’lineand a carrier

wave used V\:hEﬁ] Q%mrn%gr ans are transmtted t hr ough the .15 network

represented by A WAN, and the Internet. Each rogram’ is a data
“prog

processing nethod dssggkgr%%le a0t or part of the processmg functions of the

10 respective constituent elements of the in situ hybridization analysis
management apparatus 100 or the respective devices, particularly the
processing functions conducted by the control section 102 can be
realized by a central processing unit (hereinafter, "CPU") and programs
interpreted and executed by the CPU or can be realized as. hardware

15 based on wired logic. The programs are recorded on a recording
medium to be explained later and mechanically read by the in situ
hybridization analysis management apparatus 100 at need.

Specifically, a computer program for issuing commands to the
CPU in cooperation with the OS so as to perform various processings is

20 recorded on the storage section 106 such as a read only memory
(hereinafter, “"ROM”) or a hard disk (hereinafter, “HD"). This computer
program is executed by being loaded to a random access memory
(hereinafter, “RAM”"} or the like, and the computer program and the CPU
constitutes the control section 102. Alternatively, this computer

25 program may be recorded on an application program server connected
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arbitrary | anguage or description nethod, and the formof the program may
be arbitrary such as source code and binary code. The "prograntf is not
limted to a programconstituted unitarily but may be constituted 20 to be
distributed as a plurality of nodules or libraries or constituted to
attain its functions in cooperation with other prograns represented by the

CS. Concrete gopfiguration .af the respective |

enbodi ment s f@r{hee&'d‘?'ﬁé hé{BF@&ﬁtlﬂrha”ﬂ'éf&f%ma@%%ﬁ%@@%ﬁaigg%onwgwgt i on
procedures after the read, proc re and the |ike may, be 25 well-known
ont | gur at 1 orGeAth TABC aanResk 3447 *SrStssabisthe B RULE B LR B (¢ he
cDNA clone DB 106a to the analysis result DB 106)j) stored in the storage
section 106 afewnkrasiesheithar estitgly¥prRariigtbry devi ces such as RAM and ROM
fixed disk devices such as hard disks, flexible disks, and optical disks.
They 5 store vari ousughegrtagsrogadmnesacaaridisy tatieapesant inkephigr ceiniee, and
the |ike used in various processings and used to provi de websites.

Mor eover, & hesfonediitw oyimpiude zegtadablanatyxiing medigementt is agsanmdibet®id may
be realized by connecting a peripheral such as a printer, a nonitor, and an

| mage scanner tiigd eadan plleerdfethieoiie poeiteg $hediuniGinehaty athitrasy¢podabken
I nformati on processing termnal, e.g., a knowmn conputer or workstation,

and by nounti paysiehl MRIBuhisNeULAI 20a RTOgsRMBisk, daﬁa%n@miobhean dis) af or
realizing the nethod of the present invention on the information

processi ng appayat agﬁrg%étgtbeéﬁrgfpﬁﬁgl;é}ﬁn%%ér%gnrIf%l_bﬁ%rﬂﬁ, dM€lectrically

di stribution/integr In situ hy I zat1 on anal ysi s

mRnagenent. aPDAIALiS 80 mAbE ROMTEEBROM PATDSROM, d Frddierciiate but

10 (MO), and a digital versatile disk (DVD), arbitrary “fixed physical
mediums” such as a ROM, a RAM and a HD included in a computer
system of various types, and "communication mediums” which
temporarily hold the programs such as a communication line and a
carrier wave used when thé programs are transmitted through the

15 network represented by a LAN, a WAN, and the Internef.

| Each “program” is a data processing method described in an

arbitrary language or description method, and the form of the program
may be arbitrary such as source code and binary code. The “program”
is not limited to a program constituted unitarily but may be constituted

20 to be distributed as a plurality of modules or libraries or constituted to
attain its functions in cooperation with other programs represented by
the OS. Concrete configuration of the respective apparatuses shown
in the embodiments for reading a recording medium, read procedures,

installation procedures after the read procedures, and the like may be

25 well-known configurations and procedures.
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anal ysi s managenent apparatus 100 can be constituted to be distributed or
I ntegrated physically or functionally in arbitrary units according to
vari ous | oads and the |ike. For exanple, each database 20 can be
constituted as a database apparatus independently and part of each
processing may be realized using a cormon gateway interface (Cd). The

gggmré at ?olﬂ"‘éngﬂ i %\I%Eﬁ%taiecfélﬂ%a%%iﬁﬁ {Sﬁehﬁ%%@%&?ﬁé\t Sngl BT HAMa 9t em
, ' , ; . | 112 an i ,
and | nc lT!l e any one O IW[BQ{%@E?S?@@G the | nternet I ntranet a

LAN (whi ch meii€nanaiypisiresu dianhessterage $5CtoR IR ALY
be anal og or

communi cation network, a public tel ephone network (which nma .

digital), a dHerage editseiidy RS MBMORY (8Y1Rs swel 8§ M aﬂﬁiRéM-,f"@ W
network, a portable line switching network | portable 5 packet sw tching
net work of | Mii2BaievEsg spcmasm;m?d@m flnsible iddsks ang 9@ﬁ@%|sd1§5$l l&edor k,
a local wireless network such as Bluetooth, a PHS network, and a satellite
conmmuni cats onstoe¢ wariousysiogasmSSialEss, bites, IdsDBbases shebpageHidesysndihe
according to the present invention can transnit and receive various pieces

of data througle asedribiviariug preicsssingslénsheelero piovide erebasitesl. ess. As
explained so far in detail, the present invention inputs inage data on the

expression of genespor&PH:S t PR sRAGHAIERSaON ey K Pi 5 gapes (e.g.,
base sequences of cDNA cl ones), conducts a honol ogy search of the input

e, e mor R AL AR ROTRL poabin e SBRARD o BORpALRS aun ab T moe
the presgnt iﬁ'Hﬁfétr,i Q%SRﬁ'or, and an image scanner to an information processing
10 aphar_atus such as an information processing terminal, e.g., a known
computer or workstation, and by mounting software (including programs,
data, and the like) for realizing the method of the present invention on
the info‘rmation processing apparatus.
Furthermore, the concrete forms of the distribution/integration of
15 the in situ hybridization analysis management apparatus 100 are not
limited to those shown in the drawing but the in situ hybridization
analysis management apparatus 100 can be constituted to be
distributed or integrated physically or functionally in arbitrary units
according to V_ari'ous loads and the like. For example, each database
20 can be constituted as a database apparatus independently and part of
each processing may be realized using a common gateway interface
(CGl).
The network 300 may have a function of mutually connecting the
in situ hybridization analysis management apparatus 100 and the

25 external system 200, and include any one of, for exampie, the Internet,
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provi de a gene expression information managenent apparatus, a gene
expression informati on nmanagenent nethod, a program and a recording nedi um
which can facilitate specifying the genes expressed 20 in the imge data.
The present invention conducts the honol ogy search for a base sequence of
at |east one of: (1) a gene which is known in the same or an other

organi sm (2)_a.gene whi I s unknown but . a cDNA. o I ch i

acqui r ed; (3)3%'%&%8% E’ENi @VWHEHB% B, Wirgd ol Wi E)%ﬁv"r:‘\gi ﬁ'g\"@@ 63#1%‘%@%% of
which is already acquired; (4).a gene ose catjon 113 on a, chraonpsone is
nown; and ( SyorkpgGeammunicat g FEligNpa Bublia telethone aelvhs@iiRsent

I nvention can provide a gene expression information managenent appar atus,
a gene expr es®RYPe ANSIGOT Siditargemanteratatyerk Awpigymay, baanaiog or :
recordi ng medi um which can 5 facilitate specifying the biol ogical

si gni fi cance digitahe al CRE Vohetvharki seieertablist line Swélc ir&aﬁtwomgnortahla nput s

I mge data on the expression of genes, inputs base sequences of the

expr essed sgenescket. gvitchiaganetseqk exdd B 20, (BB, FDREAPC-8| astdhs likes & nput
base sequences to 10 classify the base sequences into specific clusters,

and di spl ays Wwlheledg8gi¢ ndtark, th a0 wWiaspestietgobasackeguBhetootara the
honol ogous sequences to the correspondi ng base sequences for each cluster.

Therefore, thepey RERMbrK, BYHEINS is@fe IGR) cORPNU AR afioB WD R IR A0 CS NBSr mat i on
managenent apparatus, a gene expression information .15 nanagenent nethod,

o A avind ISPERL S FEAHATLIGFA o82BraifE 't 1Ak FR8eRL AR Bn Dase
transmit and receive various pieces of data through an arbitrary network
10  whether wired or wireless.

As explained so far in detail, the present invention inputs image
data on the expression of genes, inpuis base sequences of the
expressed genes (e.g., base sequences of cDNA clones), conducts a
homology search of the input base sequences to extract homologous

15 sequences, and displays the image data, the corresponding sequences
and the homologous sequences. Thereforé, the present invention can
provide a gene expression information management apparatus, a gene
expression information management method, a program, and a
recording medium which can facilitate specifying the genes expressed

20 in the image data.

The present invention conducts the homology search for a base
sequence of at I.east one of: (1) a gene which is known in the same or
an other organism; (2) a gene which is unknown but a cDNA of which is
already acquired; (3) a gene which is unknown but a corresponding

25 genome DNA of which is already acquired; (4) a gene whose location
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the specific cluster by classifying, for exanple, cDNA (EST sequences)
derived fromthe sane nRNA into the sane cluster. The present invention
determ nes a cluster sequence fromthe 20 base sequences classified into
the sane cluster, and displays the cluster sequence, the inage data, and
t he correspondi ng base sequences for each cluster. Therefore, the present
i nvention can rqvi de a gene, expressi i nf ormatj on managenent . a rat us,
2 gene  expr QS PGIPRIGSARE 1ok RARacHEIn FOPRGHNENIPcleRdY RALFIeds
recordi ng medi um whi ch can determ ne and di sgl, y a base sequence 114 (e.g.,
a full -1 engt hl eRiyre: teateasent bygpitienncA? RE \93@@ Qéaﬁe?fﬁcﬁgssi%‘l onging to
the sanme cluster as. the cluster sequence. The present invention assenbl es
the base sequefusiatian managasnephapRa kil BeA@ENe PXREASSI @S infReMgsisa
sequences constituting the 5 sane consensus sequence into the sane
cluster, and menegemses méthoshresprgranseaudacecof dingemedisnerhiad cdre
cluster sequence. Therefore, the present invention can provide a gene
expressi o i naellitats specifiingdhoeditioaieeirsiynsicaacgerethex|gte st imager mat i on
managenent nethod, a program and a recordi ng nedi um which can create a

cDNA 10 sequeqzg.close to a full-length cDNA sequence from partial cDNA
sequences using a sequence assenbly technique (for creating a |ong

sequence from shor tige HENOR | L8ATBAiSp ufsOin £ MBL L 0 nth 0¥ RS lc@Bio P 6 Ween
sequence fragnents -lI-S gearc elh by a rlrullsti pl eé\gs%quence al igélmsnt met hod or

er oby a | ordis, SBURNGS: ¢ SAATRALES MMk IIEsdod UeEsAR 81 bt hest Zed.

wher eby a | ongér sequéence i s Crea esen nven i conducts a

horrol ogy Searscehql}eoncte%eof cDNA clones), clusters the input base sequences to

10  classify the base sequences into specific clusters, and displays the
image data, the corresponding base sequences, and the homologous
sequences to the corresponding base sequences for each cluster.
Therefore, the present invention can provide a gene expression
information management apparatus, a gene expression information

15 management method, a program, and a recording medium which can
collect and classify the base sequences having the same property into
the specific cluster by classifying, for example, cDNA (EST sequences)
derived from the same mRNA into the same cluster.

The present invention determines a cluster sequence from the

20 base sequences classified into the same cluster, and displays the
cluster sequence, the image data, and the corresponding base
sequences for each cluster. Therefore, the present invention can
provide a gene expression information management apparatus, a gene
expression information management rhethod, a program, and a

25 recording medium which can determine and display a base sequence
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determ ned cluster sequence to extract honol ogous sequences, and displays
the cluster sequence, the honol ogous sequence, the inmage data, and the
correspondi ng sequences for each of the cluster. 20 Therefore, the present
i nvention can provide a gene expression information nanagenent appar at us,
a gene expression information managenent method, a program and a

di a4 whi facili Cfving th q .
Che i mmoe dat t&- i istERn SBNErSHER BPiHI AR, . faS SRREEaPER 35
i nf ormati on rranager,rentm §g$ar at us ene expression infornation 115

a

managenent neR®OAgIRg ﬁﬁ{neaﬁh’sée‘?%%é?%i IREGEANPRAPCh can store at

| east one of information on an extracted tissue, information on a growth
stage or an agei ng Ehadgéestnt inveakionagsemblesshe base sPAHEN6AS IR® @0
whet her gene expression is observed, and information on a region 5 in which
t he gene expresssarsssepsencediapsifiestheibapa hequenteasonstibitingthd mat i on
correspond to the image data, and display at |east one of the information
on the exty acsmthet ¢ememsusheedudroeTaitdo dhemambaelgstewt dnd siederenioestthe agei ng
stage of the extracted tissue, the information as to whether the gene

expressi on i scomsEidRiseqiehddef tiné eluster o the ¢luetskGaqaimie.i NThéiefbrd, he
gene expression is observed while nmaking the at |east one information

- correspond t otgrd JEAGn fiiFon FHA ROSRRNE ddMEBLpAISSTEH iR @RtRMAPT €ssi on
levels of the genes 1 n the imge data based on one of or both of the inmage

data and the pase eeAfesrarldlel eldicCox Sl sRIPRABImLIYRMhaRAgEARM! OVi de

a gene 15 expressi-on 1 nfornmat| on' n&nagenent apparatus, a gene expression

information managerent, pELNQd, g PIOWAM, Ahitn &HR4FLAA dEdid'T cDNA

10  sequence close to a fuli-length cDNA sequence from partial cDNA
sequences using a sequence assembly technique (for creating a long
sequence from short sequence fragments. For example, an overlap
between sequence fragments is searched by a multiple sequence
alignment method or the like, and the sequence fragments having the

15 6ver|ap are synthesized, whereby a longer sequence is created.)

The present invention conducts a homology search to the
determined cluster sequence to extract homologous sequences, and
displays the cluster sequence, the homologous sequence, the image
data, and the corresponding sequences for each of the cluster.

20  Therefore, the present invention can provide a gene e_xpression
information management appara;cus, a gene expression information
management method, a program, and a recording medium which can
facilitate specifying the expressed genes in the image data.

The present invention can provide a gene expression

25 information management apparatus, a gene expression information
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which can facilitate specifying an expression pattern (a pattern of

uni f orm expressi on, non-uni form expression or the like). The present

i nvention sorts display orders of the image data 20 according to the
estimated expression | evels. Therefore, the present invention can provide
a gene expression informati on managenent apparatus, a gene expression

I nformati on managenent .nethod, a rogra and. a recordi pg_ nedi i ch
enabl es the u@gp%gpm%qterﬁpmod,c%géﬁgEéﬁg, &%& %ﬁ%[jmg m%scﬁ'%ln Wg@!{%%ﬁpr eset

i nvention conpares . two or nore pieces of the imge 116 dat.a,based on at

| east one of FRES BRSNS Of (KD BRI Nen Ad e R st BT Qb B s,
the information on the extracted tissue, the information on the growth
stage or the AgEPWHh stagr obran dgeidgstagef the edirctedissus. drtpImaiPas to
whet her the gene expression is observed, 5 and the information on the

regi on i n whiéh e Mheibae genpredyesaianis opsaivedd andnafwxnatien onaa degider ence
anong the two or nore pieces of the inage data based on a conpari son

resul t. THer einowhich thee gersentpressiverisicrsecaad prhuld taking éne adipasisenen

i nformati on managenent apparatus, a gene expression information nmanagenent

met hod, a 10 pfeGhativn aodrespodeoiodineginnegk daahacd dsslagfdtilebasnbhy ofxt ract
the difference anong the i mages. The present invention creates a

t hree- di mensi gpaintb FAEGoA 'IMhd ¥R rAELTONEs 1, 8ReSnfdrmdtfon BRARedRoAythand
simul ates expression levels in the three-dinmensional inmage fromthe

e e SRRy gt AR S o BEENEd B PYETY o
expression | n&vﬂ%ﬁ%ljt(m: gene expression is observed, and the information on the
10 region in which the gene expression is observed while making the at
least one infarmation correspond to the image data.

The present invention estimates expression levels of the genes
in the image data based on one of or both of the image data and the
base sequences. Therefore, the present invention can provide a gene

15  expression informaﬁon management apparatus, a gene expression
information management method, a program, and a recording medium
which can facilitate specifying an expr_ession pattern (a pattern of
uniform expression, non-uniform expression ofr the like).

The present invention sorts display orders of the image data

20 according to the estimated expression levels. Therefore, the present
invention can provide a gene expression information management
apparatus, a gene expression information management method, a
program, and a recording medium which enables the user efficiently
check the experimental result.

25 The preset invention compares two or more pieces of the image
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managenent nethod, a program and a recordi ng nmedi umwhich can, if slices
of an organ are all tested based on one sequence, sinulate the

t hree- di nensi onal inage of the organ sinulated by conbining the slice 20

I mages and which can correct and display the expression |level of an nRNA
obt ai ned by anal yzi ng each i mage three-di nensionally. The present invention

d ' ical cl f h I '

clustor, basctbbared oBt GRSt bheridRe B AR ShenB i flebindle™ e
' I | s, the inf ti 2 t h t ted ti , th

nF or mat§ on CPRRRSSIAT IS AgInGHIAEN B tEcr RAQEAGSHE, THE ext 1 act ed

tissue, the information as to whether the gene expression is observed, and
t he i nf or mat i BfeERatieR ondgiectravhwieer ortthe agring drpefdherextsacisder ved.
Therefore, the present invention can provide a gene expression information
management apiiegug.dse iafgemiia exipovkeiberithe gans expraseiyéehsemsathod, a
program and a recording nmedium which can select, for exanple, a clone

whi ch can she amd pee tirfh rnatipnown dee tregidneist whighettienganalexgpaessibndm anong t he
clones derived fromthe sane nRNA and extracted as a typical clone. The

present i nvenphservee! anai easadtben giffehiceamengfthedato of rridre pidbeslofist er s
based on at | east one of a cluster sequence honol ogy search result, the

i mge data, tine Risee 988X 9R6eT orf BEcEiPAASEH 98sLRY ElTheréftre, tHY BFE@EAtON on
the extracted tissue, the information on the growth stage or the ageing

stage of the ﬁ’&bh%hg‘%ﬁgﬁcg\}ht?%eatQ@né’éfr;@rré@ibﬂﬂn?o?nﬁ%t&oﬁ'"ﬂ?érfob?%ﬁgmlge”e

expression i s observ nformation on the regl i ch the

gene expr essi AhautRSEKE o FIRLEIAH fitohRBuoR"RERBbe MEHERERRAT Provi de
10  program, and a recording medium which can efficiently extract the
difference among the images.

The present invéntion creates a three-diménsional image from
two or more pieces of the image data, and simulates expression levels
in the three-dimensional image from the expression levels in the image

15 data. Therefore, the present invention can provide a gene expression
information management apparatus, a gene expression information
management method, a program, and a recording medium which can, if
slices of an organ are all tested based on one sequence, simulate the
three-dimensional image of the organ simulated by combining the slice

20 images and which can correct and display the expression level of an
MRNA obtained by analyzing each image three-dimensionally.

The present invention determines a typical clone from the base
sequences belonging to the same cluster, based on at least one of the

image data, the base sequences, the expression levels, the information

25 on the extracted tissue, the information on the growth stage or the
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managenent apparatus, a gene expression information managenent nethod, a
conputer program and a recording nediumwhich can arbitrarily determ ne
t he significance of each cluster and easily discover 20 the cluster which
interests the user based on the information. The present invention can
provi de a gene expression information managenent apparatus, a gene

expressi on | 2%@%55#@% JFRNRISIP HRINARL tﬁ‘e"?r‘?ﬁ@?HFa‘%fonpéé’%%vrﬂetﬁEFtl‘?e

recordi ng ne can ‘specify a genetic locus on a chronmbsone T n

whi ch the base 25 sequences arbe r esent ﬁn?{frea £ a chronpsone ma l?,y
mappi ng 118 975 FAP BT 108 15 ObSeRigL ad 4 ifSumaligncl the redhanaVie

| evel s, information on an extracted ti ss;‘;E, [é{]forggi on on . the growh
stage or ageiNfgIRRRGEPHPSTIAB I8 POSREYRGY ¢ il B8IRIOI NSy RERSESH ReRO K8 her
gene expression is observed, and information on a region in which the gene
5 expressi on PEOVig ergeiy espresfdoniriorawiipanaesageneid apprieies. @ @eseof

the chronpbsone. The present invention produces a nmaster |ibrary of genetic
cl ones t o %l i gxprelseiayeindo irnatibomeanageremntinéthed, spprtgeant,eadbanucl eot i de

i nformati on on the genetic clones produced, perforns an anal ysis based 10

on t he nucl eotdodedhgaumeddeni whichnedn eelectafbr examdpiet, & aonienwRichucan be
hybri di zati on experinment using the genetic clones produced, and one of a

speci fic cel l gxpedtpdabiprovidestiebesnexpespreitii gater am amvhgmragRMes
progresses of the other steps according to an analysis result. Therefore,

the present |guepéd fidns e Radye HERRAD Afd Bhxtradhydisth BAlitancibpeanal ysis

managenent net hod whi ch can generally manage the in situ hybridization

experinent, efficieffdy ex&aUhGehlifn RIBRAINSER SRMifiGMke of each of the

10 clusters based on at least one of a cluster sequence homology search
result, the image data, the base sequences, the expréssion levels, the
information on the extracted tissue, the information on the growth stage
or the ageing stage of the extracted tissue, t_he information as to
whether the gene expression is observed, and the information on the

15  region in which the gene expression is observed. Therefore, the
present invention can provide a gene expression information
management apparatus, a gene expression information management
method, a computer program, and a recording medium which c¢an
arbitrarily determine the significance of each cluster and easily discover

20 the cluster which interests the user based on the information.

The present invention can provide a gene expression
information management apparatus, a gene expression information
management method, a computer program, and a recording medium
which can specify a genetic locus on a chromosome in which the base

25 sequences are present, and create a chromosome map by mapping
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avoi d doi ng over the experinment again or conducting an unnecessary
experinment. The present invention nmanages master library plate information
20 on master library plates used in an in situ hybridization experinent,
outputs the nmaster library plate information nanaged, acquires base
sequence data on genetic clones output froma DNA sequencer, conducts a

sequence Elkﬁgﬁiéé‘ﬁﬂ%ﬁ?ihZSigﬁiﬁﬁ?ﬁ? @é‘%@ﬁa@?t&‘%@aéﬂ‘ﬁgg %%Sﬁ.eaﬁ%?@ﬁes‘fe%lﬁi‘iig? on

. cl uster g The® el ends, SOyl Fes 2500 .

genet ¢ ¢l onel BT eHR Basen & %&E%fi?'éabé?ﬁhﬁpraﬁéﬁn%iﬁ{%ﬁﬁcﬂ\itv%h“%fa%%déf -
mana ﬁ; t he ase slgegﬁence ata an

specific tissue, and a specific organ, (
the expressi oRI¢REgEg8: & AR %f%ﬁ%ﬂﬁdﬁ% info4atiody 82 AR VRRINET 8808 he

expression i mage data correspond to each 5 other, manages the progress of
at | east one ®Xprassigmia ebseivedasydpinieenation SNnat el mignahiafeite JeRe mat er
library plate information output, the sequence analysis, and the sequence
and expressi oaxpresgeo s absemveayeretite babe sefioeaces lon thegenetic deoeus bdn can
provide an in situ hybridization anal ysis managenent apparatus which can
generally 10 thenelgerhbeorne. situ hybridi zati on experinent, efficiently
execute the respective steps, and avoid doi ng over the experinent again or

conducting an unnecere PrE¥senPRIvVENBBh. priodiicBera nidige piBRANtofl guiitid on
provi des a master |ibrary database, manages information on the produced

T ot dobR BLaRAF s REHTAgs by SRl RLatcss labiae!
unfini shed”, information on the genetic clones produced, performs an analysis based
10  on the nucleotide sequence information read, conducts an in situ
hybridization experiment using thé genetic clones produced, and one of
a specific cell, a specific tissue, and a specific organ, and manages
progresses of the other steps according to an analysis result.
Therefore, the present invention can provide an in situ hybridization
15 analysis management method which can generally manage the in situ
hybridization experiment, efficiently execute the respective steps, and
avoid doing over the experiment again or conducting an unnecessary
experiment.
The present invention rﬁanages master library plate information
20 on master library plates used in an in situ hybridization experiment,
outputs the master library plate information managed, acquires base
sequence data on genetic clones output from a DNA sequencer,
conducts a sequence cleaning to the base sequence data, identifies

genes, executes sequence clustering the identified genes, acquires

25 data on expression images picked up at the in situ hybridization
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"sequence anal ysis unfinished", "now being sequence-anal yzed", "standby
for hybridization", "standby for analysis", "term nate anal ysis".
Therefore, the present invention can provide an in situ hybridization 20
anal ysi s managenent apparatus which can unitarily manage the analysis
progress statuses of the plates. Mreover, the present invention can

rovide an in_sj L di i ' a Lch. can
ﬁotify t he us%)?bélﬂpe%?sg%ﬁ%ggﬂsﬂggérlée{@%g& t%g%gﬁnéeeac@’ﬁ pea@gtsaa%ﬁbt 1
content of the, 25 ex feri nt in et?il by di, spl ayi. t he anal ysi s progress
Status 120 maRhgeRETISEPLen SBY e iotT 1 318 APesiF arden: B nanes e gene
expression informati on nmapagenent apparatus, .the gene e Pressi_on

i nformation nﬁﬁ%@éﬁﬁ#ﬁ“cﬁé{%gcﬂ"d&mﬁ ?REF%%%'F HMPIEHA G \HS e gn2iegphesent

invention are quite 5 useful in the field of bioinformatics for managi ng
expressi on i nB@ee sequengadiatpand thr eppEassien iMaget dHA eAmedRON delepch
carried out in varied industrial fields, particularly in the fields of
drug, food cothest hmEnagaseiticcprogreeatoi@iticagfeore of phesgasher divadpspte and
the like, and the present invention is quite useful in these fields. 10
Mor eover, t heinfarraation mydnage mahit ot eamalt siilsrargpdgeneifo rimatibodutpat] thee in
situ hybridi zati on anal ysi s nanagenent apparatus according to the present

i nvention cansgguened by ahmiagend Megeegubacaalidoxprubsigeebige datkor mation
acquired by various gene expression experinments and extract know edges in

fulI. Theref opfyn &t SItherRYSfd, dhé Prbe8ni mnaidiorStsn FROGATE N §RLNod

and the in situ hybridization analysis nanagenment apparatus according to
the present i RYEALIZAB R’ enAlY5is®management apparatus which can generally

10  manage the in situ hybridization experiment, efficiently execute the'
respective steps, and avoid doing over the experiment again or
conducting an unnecessary experiment.

Further, the present invention provides a master library
database, manages information on the produced master library

15 databasé, and manages the analysis progress status of each plate on
the master library database by one of “sequencing step unfinished”,

“sequence analysis unfinished”, “now being sequence-analyzed”,
‘standby for hybridization”, “standby for analysis”, "terminate analysis”.
Therefore, the present invention can provide an in situ hybridization
20 analysis management apparatus which can unitarily manage the
analysis progress statuses of the plates.
Moreover, the present invention can provide an in situ
hybridization analysis management apparatus which can notify the user

of the analysis progress status of each plate and the content of the

25 experiment in detail by displaying the analysis progress status
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useful in the field of bioinformatics for managi ng i nage i nformation and
genetic information acquired by various gene expression experinents. In
addition, the present invention can be widely carried out in varied 20

i ndustrial fields, particularly in the fields of drug, food, cosnetics,

medi cal treatnment, gene expression analysis, and the |ike, and the present
I nvention is gquite useful in these fieLﬁﬁ. Al t hough the invention has been
described wt apélgﬁgﬁntt%crgens% T " Hodi ment for a conpl ete and cl ear
di scl osure, the agggnded 25 cla}ns are not to be.thu? |imted but are to
be construed as enbOB\WRIRINSY SO Tarilf PERSPEHESION INIPEPAURT ve
constructions that nmay occur to one skilled in the art.which fairly fal
within the baSiahagemenindPriedus ther geng expressionypfermation mawasenEnt. A
gene expression information nmanagenent apparatus conprising: an inmage data
i nput unit whinehhothpand the gregran daagdgeindatoat henpres esy pneertiom aoe dyéiges; a
base sequence input unit which inputs base sequences of the expressed
genes; a Monousgil sredne fieldhiof bwdintdrmeadicdutcirsnan hgimgl expyresséocimafest he base
sequences i nput by the base sequence input unit, and which 10 extracts

honol ogous segugagrivn, and predéspinentiontcamhbetwidiedpbarted bet imegdedat a, the
base sequences corresponding to the i mage data, and the honol ogous
industrial fields, particularly in the fields of drug, food, cosmetics,
medical treatment, gene expression analysis, and the like, and the
present invention is quite useful in these fields.

10 Moreover, the in situ hybridization analysis management method
and the in situ hybridization analysis management apparatus according
to the present invention can generally manage image information and
genetic information acquired by various gene expression experiments
and extract knowledges in full. Therefore, the in situ hybridization

15 analysis management method and the in situ hybridization analysis
management apparatus according to the present invention are quite
uéefu[ in the field of bioinformatics for managing image information and
genetic information acquired by various gene expression experirﬁents.
In addition, the present invention can be widely carried out in varied

20 industrial fields, particularly in the fields of drug, food, cosmetics,
medical treatment, gene expression analysis, and the like, and the
present invention is quite useful in these fields.

Although the invention has been described with respect to a
specific embodiment for a complete and clear disclosure, the appended

25 claims are not to be thus limited but are to be construed as embodying
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sequences to the base sequences. 15 2. The gene expression information
managenent apparatus according to claim1l, wherein the honol ogy search
unit conducts the honol ogy search for a base sequence of at |east one of:
(1) a gene which is known in the same or an other organism 20 (2) a gene
whi ch is unknown but a cDNA of which is already acquired; (3) a gene which

(2) "2 gone wikBOREETER shoce EnahGe s doiiberthal lndy SEEHE S ERE "
apparat us conpliedhghe @it whie T 48T ABUTN AP hAePiBd: o R EEL o

i mge data on 5 expression of genes; a base sequence input unit which

i nputs base sWgifences of the expressed genes; a sequence clustering unit
whi ch clusters the base sequences input by the base sequence input unit,
and which classifies the base 10 sequences into specific clusters; and a
di splay unit which displays the inmage data and the base sequences
corresponding to the image data for each of the clusters. 4. The gene
expression i nformati on managenent apparatus 15 according to claim 3,
further conpri sing:
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a cluster sequencing unit which determ nes a cluster sequence .fromthe
base sequences classified into the sane cluster by the sequence clustering
unit, wherein the display unit displays the cluster sequence, the inmge
data, 20 and the base sequences corresponding to the i mage data for each
of the clusters. 5. The gene expression information nmanagenent apparatus
accordi ng toé@iﬁ%ﬁkﬁi&ﬁﬁiﬂﬁ@ﬁéﬁ5 t he sequence clustering unit assenbles the
base sequenc I nsus sequence, and cl assifies the base
sequences constituting the sane consensys sequence into the sane cluster,
and the sequehce clAi§R8E HPEEFIOHETRIMAHRR NMARAGNESH ER8ar8MFuence of the
cluster as the cluster sequence. 5 6. The gene expression information
managenent appHEnglisdtgd.according to claim4, further conprising: a cluster
sequence honol ogy search unit which conducts a honol ogy search of the
cluster sequence detreimagedidig inpet ghitsvlich inputscpigsasi afgmage daten@nwhi ch
extracts honol ogous base sequences, wherein the display unit displays the

cluster sgqu estioh ahgbkngous sequence to the cluster sequence, the
i mge data, and the base sequences corresponding to the imge data for

~each of the cl usterg ph8eGeqlithc@eing utXipitedaidninputs basti ey umEegeniethie
appar at us
expressed genes;
a homology search unit which conducts a homology search of
the base sequences input by the base sequence input unit, and which
10  extracts homologous sequences; and
a display unit which displays the image data, the base

sequences corresponding to the image data, and the homologous

sequences to the base sequences.

165 2. The gene expression information management apparatus
according to claim 1, wherein
the homology search unit conducts the homology search for a
base sequence of at least one of: |
(1) a gene which is known in the same or an other organism;
20 (2) a gene which is unknown but a cDNA of which is already
acquired;
(3) a gene which is unknown but a corresponding genome DNA
of which is already acquired;
(4) a gene whose location on a chromosome is known; and

25 (5) a gene which is already patented.
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according to claim®6, wherein the cluster sequence honol ogy search unit
conducts the honol ogy search for a base sequence of at |east one of: 20
(1) a gene which is known in the same or an other organism (2) a gene

whi ch is unknown but a cDNA of which is already acquired; (3) a gene which
i s unknown but a correspondi ng genonme DNA of which is already acquired; 25
(4) a gene whose location on a chronosone is known; and 125 (5) a gene
which is already patented. 8. The gene expression infornmation managenent

apparatus according to claim1, further conprising: an anpotation

i nfor mati on sfor age'glﬂﬁrte %P‘@?Séq'bf’ggr@?t'%gg?”ﬁﬂ@%ed& Elprﬂacﬁ'ﬂ'h?ti on on an
extracted tissue, information on a growh stage or an ageing stage of the
extracted ti sSU@PIISHT®rmati on as to whet her gene expression is observed,
and information on a region in which the gene expression is observed while
nmeki ng the at | eastamiageafdatasanpohund whichdspotiiptasashel inmege dasa &n
wherein the display unit displays at |east one of the information on the
extract ed & i ssxeression bhgeneafi on on the growh stage or the ageing stage
of the extracted tissue, the information as ‘to whether the gene expression

is observed, and thg parkosatpidmie miputhmit @bicminputstiase sépuditcageokthe
expression is observed while nmaking the at | east one information
correspond togfhedseRofd;a. 9. The gene expression informtion managenment
appar at us '

a sequence clustering unit which clusters the base sequences
input by the base sequence input unit, and which classifies the base
10 sequences into specific clusters; and
a display unit which displays the image data and the base

sequences corresponding to the image data for each of the clusters.

4. The gene expression information management apparatus
15 according to claim 3, further comprising:

a cluster sequencing unit which determines a cluster sequence
from the base sequences classified into the same cluster by the
sequence clustering unit, wherein

the display unit displays the cluster sequence, the image data,

20 and the base sequences corresponding to the image data for each-of

the clusters.

5. The gene expression information management apparatus
according to claim 3, wherein

25 the sequence clustering unit assembles the base sequences into
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according to claim11, further conprising: 20 an expression |level estimation
unit which estimates expression levels of the genes in the inage data
based on one of or both of the 1inmage data and the base sequences. 10. The
gene expression informati on managenent apparatus 25 according to claim?9,
further conprising: 126 an expression |evel order sorting unit which sorts
display orders of the inmage data gcgordi.n 0 .the expression |evels

esti mied by §RENSERBIESEHGRNFRyANOAdRr R dna e Setughcen goplifith
expression information managenent %ﬁParatus accog@ﬂn to(flainll, further
conpri sing: aMs $HUYE CUHPNSUSHEUHRHCRMIE AN 8 Sa5ae s[t%& P9 nore pieces of
t he i mage data based on at |east one of the inmage data, the base
sequences, the expri@essesuensteriistgneg uiitodeiermitedihe FENERNEESt ed 10
tissue, the information on the growh stage or the ageing stage of the
extracted tissegyendeof tHochwte¢oas dbetadusiikeskguenisé. gene expression is
observed, .and the information on the region in which the gene expression
is observed; and a difference extraction unit which extracts a difference
anong 15 the two or nore pieces of the imge data based on a conpari son

result of thg i magehée geper éseselur infdaAnalibe raenegementsppematuy or mati on
managenent apparatus according to claiml1, further conprising: 20 a

three-di mensi gR@d difReSs crigAl] AIHRBY éomblisihgreates a  three-di mensi onal
imge fromtwo or nore pieces of the inage data;
a cluster sequence homology search unit which conducts a
homology search of the cluster sequence determined by the cluster
10  sequencing unit, and which extracts homologous base sequences,
wherein
the dispan unit displays the cluster sequence, the analogous

sequence to the cluster sequence, the image data, and the base

sequences corresponding to the image data for each of the cluster.

15
7. The gene expression information management apparatus
according to claim 6, wherein
the cluster sequence homology search unit .conducts the
homology search for a base sequence of at least one of:
20 (1) a gene which is known in the same or an other organism; .
(2) a gene which is unknown but a cDNA of which is already
acquired;
(3) a gene which is unknown but a corresponding genome DNA
of which is already acquired,
25 (4) a gene whose location on a chromosome is known; and
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and an expression level sinmulation unit which sinulates expression |evels
in the three-dinensional imge fromthe expression levels in the 25 inage
data. 127 13. The gene expression information managenent apparatus
according to claim3, further conprising: a typical clone determ nation
unit which determnes a typical 5 clone from t he base sequences bel ongi ng
to the sanme cluster,  based ast, on he i mage data, the base
sequences, the expr@3& %ﬁ”el"@vgﬁés a(tfrﬁ@diyn’?%ﬂ 'on on the extracted tissue,
the information on the growh stage or the ageing stage of the extracted
tissue, the information as to whether the gene expression is observed, and
the 10 information on the region in which the gene expression is observed
14. The gene &xpr esBh@gensf XRTREE N Wéﬁ%(@é%htm&@%%@le@% apREEBE ng to
claim3, further conprising: a cluster significance determ nation unit

whi ch det er m aesordindlfo slagmi 1, ftatios efmpeisingef the clusters based on at

| east one of a cluster sequence honol ogy search result, the inmage data,

t he base sequences,an theotxtsreisoonatienedteragaenitni bicrestooss ah ledst one
extracted tissue, the information on the growth stage or the ageing stage

of the extracteghfolrhs§e® ont 48 exfizRte@tisee amfbemuatiohhar atgrevgrrstagressi on
is observed, 20 and the information on the region in which the gene

ChearLe” LR Shed i e psem s e o (oiremaogane!
expression is observed, and information on a region in which the gene
expression is observed while making the at least one information

10  correspond to the image data, wherein
the display unit displays at least one of the information on the
extracted tissue, the information on the growth stage or the ageing
stage of the extracted tissue, the information as to whether the gene
expression is observed, and the information on the region in which the

15  gene expression is observed while making the at least one information

correspond to the image data.

9. The gene expression information management apparatus
according to claim 1, further comprising:

20 an expression level estimation unit which estimates expression
levels of the genes in the image data based on one of or both of the

‘image data and the base sequences.

10. The gene expression information management apparatus

25 according to claim 9, further comprising:
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25 a genetic |locus specification unit which specifies a genetic |ocus 128
on a chronosone in which the base sequences are present; a chronosone nap
creation unit which creates a chronbosone map by nmapping information on the
base sequences on the genetic [|ocus of the chronosone; and 5 a chronosone
map di splay unit which displays the chronbsone nmap created by the
chronosone map creation unit. 16. A gene ex resstio . Lnformati gn managenent
get hod conpri sing: @MAXPHESFOHIRE B! SOfY 4! i‘ﬁﬁ%?%ﬁg@i'%ﬁgg 0656 ge
ata on 10 expression of genes; a base, sequence input step of i|nputtin

base sequenced tbe inarge é§§‘éﬂj'@Qﬁﬁéf‘ef%%%$'8@>}g¥§§r%ﬁﬁméf%‘ﬂ)b&m‘e )

conducting a honol ogy search of the base sequences input at the base
sequence i npuxpesplonaleyebgstimationgunits honol ogous sequences; and a di spl ay
step of displaying the image data, the base sequences corresponding to the
i mge data, and the honol ogous sequences to the base sequences. 20 17. The
gene expression informati on managenent nethod according to claim 16,

wher ei n ats t het honotipg geseasxpressiam, infbenatoninogyagemech appacatuduct ed  f or
a base sequence of at ledst one of: (1) a gene which is known in the sane

or an other o58aHIRY to dRif2), RurBRICOMpABINgS unknown but a cDNA of which
is already 129
an image comparison unit which compares two or more pieces
of the image data based on at least one of the image data, the base
sequences, the expression levels, the information on the extracted
10 tissue, the information on the growth stage or the ageing stage of the
extracted tissue, the information as to whether the gene expression is
observed, and the information on the region in which the gene
expression is observed; and
a difference extraction unit which extracts a difference among

16  the two or more pieces of the image data based on a comparison result

of the image comparison unit.

12. The gene expression information management apparatus
according to claim 1, further comprising:

20 a three-dimensional image creation unit which creates a
three-dimensional image from two or more pieces of the image data;
and

an expression level simulation unit which simulates expression
levels in the three-dimensional image from the expression levels in the

25 image data.
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acquired; (3) a gene which is unknown but a correspondi ng genone DNA of
which is already acquired; (4) a gene whose | ocation on a chronosone is
known; and 5 (5) a gene which is already patented. 18. A gene expression
i nformati on managenent nethod conprising: an imge data input step of

I nputting pieces of image data on expression of genes; 10 a base sequence
I nput step of inputting base sequences of the expressed genes; a seguence
clustering step of sequence clustering the base sequences input at the

b , d ' f
O, ST P R g S B P B B £ e

sequences correspondi n f gra e datg for each of the clusters. 19. The
gene expressi®fF TRING HRCIBM Feftd MRHEWEd according to claim 18,
further conprising: 20 a cluster sequencing step of determ ning a cluster
sequence from the di¥Ricabgleasciatesmination el whish drlesaires BUyPiGalat the
sequence clustering step, wherein at the display step, the cluster sequence
and the bdse closguenmeihechasespauanags belengingriagbedzarmeariasigirsbasgednf or
each of 25 the clusters. 130 20. The gene expression information
management nedhiedst aneosfdihegintage datan the, bageseqoences, the expression

levels, the information on the extracted tissue, the information on the

growth stage or the ageing stage of the extracted tissue, the

information as to whether the gene expression is observed, and the

10 information on the region in which the gene expression is observed.

14, The gene expression information management apparatus
according to claim 3, further comprising:
a cluster significance determination unit which determines a
15  significance of each of the clusters based on af least one of a cluster
sequence homology search result, the image data, the base sequences,
the expression levels, the information on the extracted tissue, the
information on the growth stage or the ageing stage of the extracted
tissue, the information as to whether the gene expression is observed,
20 and the information on the region in which the gene expression is

ohbserved.

15. The gene expression information management apparatus
according to claim 1, further comprising:

25 a genetic locus specification unit which specifies a genetic locus
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at the sequence clustering step, the base sequences are 5 assenbled into a
consensus sequence, the base sequences constituting the sane consensus
sequence are classified into the sanme cluster, and at the sequence
clustering step, the consensus sequence of the cluster is determ ned as
the cluster sequence. 10 21. The gene expression information managenent

met hod according to claim19, fu tEer conprising: a cluster, sequence
horol ogy sear@h 3PS UBRAG N RiIRY 158 t?ﬂﬁ?gg%%ve%%%t? 8re Be3#Id: ¢l ust er
sequence determ ned at the cluster 15 sequencing step,, and extracting
honol ogous base secEREXFEOSANE Biap craationeu it yETah %géﬁis @I?B"‘B'F\S’@Péﬁ‘e
sequence, the anal ogous sequence to the cluster sequence, and the base
sequences comagsipnpgng dnfdimatitigen dae & aseeseni spnegeeaniibe gandticof t he
cluster. 20. 22. The gene expression informati on managenent net hod
accordi ng to locasmofihe chirenmisorae; &4h@ cl uster sequence honol ogy search
step, the honology search is conducts for a base sequence of at |east one

of : (1) asmene whi ciichsokoewme maphéispiare uait vahichtdieplaysdghe stmomaortd) a
gene which is unknown but a cDNA of which is already 131 acquired; (3) a

gene whi ch i Syispka@yhe® By theCEoRsaUIHE THagreaBo it of which is already
acquired; (4) a gene whoSe location on a chronosone is known; and
16. A gene expression information management method comprising:
ah image data input step of inpuiting pieces of image data on
10  expression of genes;
a base sequence input step of inputting base sequences of the
expressed genes;
a homology search step of conducting a homology search of the
base sequences input at the base sequence input step, and extracting
15 homologous sequences; and
a display step of displaying the image data, the base sequences
corresponding to the image data, and the homologous sequences to the

base sequences.

20 17. The gene expres.sion information management method
according to claim 16, wheréin
at the hbmology search step, the homology search is conducted
for a base sequence of at least one of:
(1) a gene which is known in the same or an other organism,;

25 (2) a gene-which is unknown but a cDNA of which is already
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5 (5) a gene which is already patented. 23. The gene expression information
managenent nmethod according to claim 16, further conprising: an annotation
information storage step, of storing at |east one of 10 information on an
extracted tissue, information on a gromh stage or an ageing stage of the
extracted tissue, information as to whether gene expression is observed,
and informati on aon g.reglon in which the gene expression is observed while
maki ng the at3¢@¥§%%one information correspond to the image data, wherein
15 at the display step, at least one of the information.on the gg§N cted

tissue, the informetd)chIBREMHRICHIBMNMKNOMILBULA GHECSRRNHGI SRR

extracted tissue, the information as to whether the gene expression |s
observed, andof whighisoakaadpmcanirese region i.n which the gene expression
IS observed is displayed while making the at | east one 20 infornmation
correspond to the i{#gegdacavhask lotadiayens eghrarses omei isfloravti and
management nethod according to claim 16, further conprising: an expression
| evel estigmation st aheastwhiehiisglmaiepateoied25 | evel s of the genes in

t he i mage data based on one of or both of the 132 inmage data and the base
sequences. 25. The gene expression informati on nmanagenent nethod according
to claim?24, further conprising: 5 an expression |level order sorting step

Cevel s eoti maisd ot ChE S GBS T AR gE T et osmpTRARg o
an image data input step of inputting pieces of image data on
expression of genes;
10 a base sequence input step of inputting base sequences of the
expressed genes;
a sequence clustering step of sequence clustering the base
sequences input at the base sequence input step, and classifying the
base éequences into specific clusters; and

15 : a display step of displaying the image data and the base

seqguences corresponding to the image data for each of the clusters.

19. The gene expression information management method
according to claim 18, further comprising:

20 a cluster sequencing step of determining a cluster sequence
from the base sequences classified into the same cluster at the
sequence clustering step, wherein

at the display step, the ciuster sequence and the base
sequences corresponding to the image data are displayed for each of

25 the clusters.
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26. The gene expression information managenent nmethod 10 according to
claim 16, further conprising: an i nage conpari son step of conparing two or .
nore pieces of the image, data based on at | east one of the imge data,
the base sequences, the expression levels, the information on the
extracted tissue, the information on the growh stage or the ageing stage
of the 15 extracted tissue, the information as to whether the gene
expression is observed, and the information on the region in which the

' I s_.ob d; d.a diff t ti f
Sxtract | ng a 811 or EREGSRRoRPRREIO (1IOBTafBRA"3 0BT Al Ringe dat a

based on a conparison result of 20 the imge conparison step. 27. The gene
expr essi on i nBeREINGHo pHEYReWher@ithod according to claim 16, further
conprising: a three-dinensional i rra%e creation step of creating a 25
t hr ee- di nensi onal i ablje seouston clusiaing stercde base seausnges ddta; 133 and
an expression level sinulation step of sinulating expression levels in the
t hr ee- di nensi agsembisdmtbraononsensxpsegsenoe | dwebasé segbencesage data. 5
28. The gene expressi-on information nanagenent nethod according to claim
18, further coopstitsiting:the $ameacalnseinens sizfuanvenats olassifenl wito dbé eramai ng a
typical clone fromthe base sequences belonging to the sane cluster, based
on at cluster, and
at the sequence clustering step, the consensus sequence of the
cluster is determined as the cluster sequence.
10
21. The gene expression information management method
according to claim 19, further comprising:
a cluster sequence homology search step of conducting a
homology search of the cluster sequence determined at the cluster
16  sequencing step, and extracting homologous base sequences, wherein
at the display step, the cluster sequence, the analogous

sequence to the cluster sequence, and the base sequences

corresponding to the image data are displayed for each of the cluster.

20 22. The gene expression information management method
according fo claim 21, wherein
at the cluster sequence homology search step, the homology
search is conducts for a base sequence of at least one of:
(1) a gene which is known in the same or an other organism,;

25 (2) a gene which is unknown but a cDNA of which is already
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10 |l east one of the inmage data, the base sequences, the expression |evels,
the information on the extracted tissue, the information on the growh
stage or the ageing stage of the extracted tissue, the infornmation as to
whet her the gene expression is observed, and the information on the region
in which the gene expression is observed. 15 29. The gene expression

i nformati on managenent nethod according to claim 18, further conprising: a
cl ust er signi??%@ﬁ%ﬁ determination step of determining a significance of

each of the clusters based on .ai .l east one of a cluster .20 seqguen

honol ogy search restd 9eR8 Wqﬁﬁbésd‘éi‘é',ov‘frhgugﬁs@%wgg,gerf eﬁ%‘?‘essi on
| evel s, the information on the extracted tissue, the information on the
growt h st age @rwhitdh Bgeireadsesgeitéfli t he extracted tissue, the information
as to whether the gene expression is observed, and the information on the
regi on in whi ch the{4gengenrpvieess hcatiopen ghekraradsomeds3giowhedd@éne
expression informati on managenent nmethod according to claim 16, further
conprising a genet{s) d gens welpiebiisiatstadynpsteeyiedf specifying a genetic

|l ocus 5 on a chronosone in which the base sequences are present; a

chronosone map creation step of creating a chronosone map by mapping
informati on on the base sequences on the genetic |ocus of the chronosoneg;

and a chronospge nephdigeieayxsleaBid irfbfhayhngahbgesianemmsor 10 map
created at the chronosdnme map creation step.
according to claim 16, further comprising:
an annotation information storage step- of storing at least one of
10 information on an extracted tissue, information on a growth stage or an
ageing stage of the extracted tissue, information as to whether gene
expression is observed, and information on a region in which the gene
expression is observed while making the at least one information
correspond fo the image data, wherein
15 at the display step, at least one of the information on the
extracted tissue, the information on the growth stage or the ageing
stage of the extracted tissue, the information as to whether the gene
expression is observed, and the information on the region in which the

gene expression is observed is displayed while making the at least one

20 information correspond to the image data.

24. The gene expression information management method
according fo claim 16, further comprising:
an expression level estimation step of estimating expression

25 levels of the genes in the image data based on one of or both of the
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31. A conputer programthat makes a conputer to execute: an image data
i nput step of inputting pieces of imge data on expression of genes; 15 a
base sequence input step of inputting base sequences of the expressed
genes; a honol ogy search step of conducting a honol ogy search of the base
sequences input at the base sequence input step, and extracting honol ogous

sequences; and 20 i spl st ep of displaying the base sequences
correspondi ng’m?%e %ﬁga iaﬁgg%ed%‘?ge §ﬁ8uPH§e§rom)l ogous sequences -'to the base
sequences. 32. The conputer program according to claim 31, wherein 25 at

t he honol ogy search step, the honol ogy search is conducted 135 for a base
sequence of at least one of: (1) a gene which is known in the sane or an

ot her organi s&9- (2Jha dsswcexpiessianinfaknalignguanagementdnetliacch i s al ready
acquired; 5 (3) a gene which is unknown but a correspondi ng genone DNA . of
whi ch is al r eadgoratngite ethim 24, furterecampsiéingi a chronosone is known; and
(5) a gene which is already patented. 10 33. A conputer programthat nakes
a conputers to execuarexpnessiagdedat ardarmdrtiagegiepfofisuptingidigplpiverdsref

i mge data on expression of genes; a base sequence input step of inputting
base sequencesf tife irhigge data according to the éxpression levels estimated at the

expression level estimation step.

26, The gene expression information management method
10  according to claim 16, further comprising:
| an image comparison step of comparing two or more pieces of
the image .data based on at least one of the image data, the base
sequences, the expression levels, the information on the extracted
tissue, the information on the growth stage or the ageing stage of the
15  extracted tissue, the information as to whether the gene expression is
observed, and the information on the region in which the gene
expression is observed; and
a difference extraction step of extracting a difference among the
two or more pieces of the image data based on a comparison result of

20 the image comparison step.

27. The gene expression information management method
according to claim 16, further comprising:
a three-dimensional image creation step of creating a

25 three-dimensional image from two or more pieces of the image data;
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expressed genes; 15 a sequence clustering step of sequence clustering the
base sequences input at the base sequence input step, and classifying the
base sequences into specific clusters; and a display step of displaying the
i mge data and the base sequences corresponding to the image data for each
of the clusters. 20 34. The conputer program according to claim 33, wherein
t he gene expression informati on nmanagenent nethod further conprises a
cluster sequeﬁEéng step of determning a cluster sequence fromthe base
sequences classified into the sane cluster at the 25 sequence clustering
step, and 136 at than&xepees/oBtayel sinwialiogsder A ganttingexprrssiate
sequences corresponding to the image data are displayed for each of the
clusters. 5 3Bverh Yunpueerdiprepianabiceage fivgn tbe Rrassen lamMelseinnthgt t he
sequence clustering step, the base sequences are assenbled into a
consensus sequeage dathe base sequences constituting the same consensus
sequence are classified into the sane cluster, and 10 at the sequence.
clustering step, the consensus sequence of the cluster is determ ned as
the cluster sequence. . 36. The conputer program according to claim 34,

wherein the ggge exphegfedNekpicdisidt irformanaaeRBAbgBRidMMnétiddher 15
conprises a cluster sequence honol ogy search step of conducting a
according to claim 18, further comprising:
a typical clone determination step of determining a typicatl clone
from the base sequences belonging {o the same cluster, based on at
10 least one of the image data, the base sequences, the expression levels,
the information on the extracted tissue, the information on the growth
stage or the ageing stage of the extracted tissue, the information as to
wheth-er the gene expression is observed, and the information on the
region in which the gene expression is observed.
15
29. The gene expression information management method
according to claim 18, further comprising:
a cluster significance determination step of determining a
significance of each of the clusters based on at least one of a cluster
20 sequence homology search result, the image data; the base sequences,
| the expression levels, the information on the extracted tissue, the
information on the growth stage or the ageing stage of the extracted
tissue, the information as to whether the gene expression is observed,
and the information on the region in which the gene expression is

25 observed.
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honol ogy search of the cluster sequence determ ned at the cluster
sequenci ng step, and extracting honol ogous base sequences, and at the

di splay step, the cluster sequence, the anal ogous sequence to the cluster
sequence, and the base sequences 20 corresponding to the inage data are

di spl ayed for each of the cluster. 37. The conputer program according to
claim 36, wherein at the cluster sequence honol ogy search step, the

honol ogy search is conducts for a base sequence of at |east one of: 25 (1)
a gene which is known in the same or an other organism, 137 (2) a gene

whi ch is unknd®dn bufhg E@ﬂ@ﬁ\ewr%ﬁ’%‘Wf§r@ﬁﬁ'8§d§33”ééamﬁ'ﬁdﬁet®d a gene which
i's unknown but a correspondi ng genonme DNA of which is already acquired; 5
(4) a gene mh@@@ombﬁaﬁﬁé%ﬂmh1g,gﬂﬂ@ﬁb@@W@Fﬁgwknomm; and (5) a gene which
is already patented. 38. The conputer program according to claim 31,
wherein the gene exprgEssitionocus mpertificatioraatepeabapeaifyihgd fenetiedodds
conprises an annotation information storage step of storing at |east one

of infornedi oonenchromasomet iedvhichsthe basd segatnoss aregprgsewt;h stage or an
agei ng stage of the extracted tissue, information as to whether gene
expression is obseryegrogitéonid afdmEreution sty 60taMktiny whitiBnidragne
expression is observed while making the at | east one information 15

correspond t opidiehi FRESpiRdLiAfordnstict ohhfed S 8¥gaERRes 3h th ¢ of the
i nformation on E{hﬁey exI?Fr) a?t ed tissue, theqlb nf or n%ti on on tﬂhga%r%wtl st age
or the ageingjoeys of the chromosome; and

a chromosome map display step of displaying the chromosome

10  map created at the chromosome map creation step.

31. A computer program that makes a computer fo execute:

an image data input step of inputting pieces of i.mage data on
expression of genes;

15 a base sequence input step of inputting base sequences of the
expressed genes;

a homology search step of conducting a homology search of the
base sequences input at the base sequence input step, and extracting
homologous sequences; and

20 a display step of displaying the base sequences corresponding

to the image data and the homologous sequences to the base

sequences.
32. The computer program according to claim 31, wherein
25 at the homology search step, the homology search is conducted
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stage of the extracted tissue, the information as to whether the gene
expression is observed, and the information on the region in which the 20
gene expression is observed is displayed while naking the at | east one
information correspond to the inage data. 39. The conputer program
according to claim 31, whprein the gene expression information managenent
met hod furthe 25 conprises an. expre sioqﬁ[evel estimation step of
estimating ex{Ves8A8R el”é:\?ecl’fsato[?aﬁﬁé’nSe es in the i mage data based on
one of or both of the inage data and the_base sequences. 40. The, conputer
program accor di ng t0)d@ SeRe3shichHe Wi Hethpaamspr 89s¢ther i0RgaRisEt: on
managenment nethod further conprises an expression |evel order sorting step
of sorting display (Dralgesesrhichdsiurddevaabat aceoNGi agwhich iseakbgpd¥ssi on

| evel s estimated at the expression |level estimation step. 10 41. The
conput er progaamuiaed,ording to claim 31, wherein the gene expression

i nformati on managenent nethod further conprises: an inmage conpari son step

of conparisg two or(3yud gepeegkizhdl urtidmvwinbge adedrae PosedinggeariorheasNAone of
the i mage data, the base 15 sequences, the expression |evels, the

i nformation ogf {iecieid AREHEY achupede, the information on the growth stage
or the ageing stage of the "extracted tissue, the information as to whet her

the gene expressi on)% g8RSAIKEEL oANs chembabME™! kBwANahBe region in

whi ch the gene expr n is observed; and 20 a difference extraction step

of extracting a di f{ﬁraeagﬁe%pi@g itshaqready patented.

10 33. A computer program that makes a computer to execute:
an image data input step of inputting pieces of image data on
expression of genes;
| a base sequence input step of inputting base sequences of the
expressed genes;

15 a sequehce clustering step of sequence clustering the base
sequences inpUt at the base sequence input step, and classifying the
base sequences into specific clusters; and

a display step of d.ispiaying the image data and the base
sequences corresponding to the image data for each of the clusters.

20
34. The computer program according to claim 33, wherein

the gene expression information management method further
comprises a cluster sequencing step of determining a cluster sequence
from the base sequences classified into the same cluster at the

25 sequence clusiering step, and
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two or nore pieces of the inmage data based on a conparison result of the
i mge conparison step. 42. The conputer program according to claim 31,
wherein 25 the gene expression information managenent nethod further 139
conprises: a three-dinensional inmage creation step of creating a

t hree- di nensi onal inage fromtwo or nore pieces of the image data; and 5

an expression |evel nul,at i of siul ati ng ex r oyl | evels in the
t hr ee- di nensi onal ﬁifé@ ?Pg *ﬁ QB?e%gistc?ﬁ ﬁeéw (ﬁ i ﬁﬁge data. 43.
The conput er ram accordi n to m 33, rei n 0 the %ene EXprESSI on
i nformation %"r‘r%%ﬁ CPrH?ﬁBEI e ioRpe iaal’ aredjpplaypddiopmach

determ nati on ste of determ ni ng a typ| cal clone fromthe base seqguences
bel onging to thee E-'éﬁ%fscl uster, based on at |east one of the inage data,

t he base sequences, the expression | evel s, the information on the
extracted tissue, the information on the 15 growm h stage or the ageing
stage of the extracted tissue, the information as to whether the gene
expr essi orf i s3bbser Vied,coampliteherogrdroramtordmgoto claémrEyi wherginwhi ch t he
gene expression is observed. 44. The conputer program according to claim

33, wherein 20 the gelre sxquesss efustafing rsép othepasgeegunoethd furt her
conprises a cluster significance determnation step of determning a

signi ficance aés@ﬁglwfntb@cshs@ﬁ@wseaaeﬂc@ntrﬁ bh@@%bqqeﬁceé a cluster
sequence honol ogy search result, the inage data, the base sequences,
constituting the same consensus sequence are classified into the same
cluster, and
10 at the sequence clustering step, the consensus sequence of the

cluster is determined as the cluster sequence.

36. The computer program according to claim 34, wherein
the gene expression information management method further
15  comprises a cluster sequence homology search step of conducting a
homology search of the cluster sequence determined at the cluster
sequencing step, and extracting homologous base sequences, and
at the display step, the cluster sequence, the analogous
sequence to the cluster sequence, and the base sequences

20  corresponding to the image data are displayed for each of the cluster.

37. The computer program according to claim 36, wherein
at the cluster sequence homology search step, the homology
search is conducts for a base sequence of at ieast one of:

25 (1) a gene which is known in the same or an other organism;
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t he expression levels, the information on the extracted tissue, the 25

I nformation on the growh stage or the ageing stage of the extracted 140
tissue, the information as to whether the gene expression is observed, and
the information on the region in which the gene expression is observed. 5
45. The conputer program according to claim 31, wherein the gene expression
I nformati on manage t nmethod further conprises: netic.|ocus
speci f i cation step Gh SEERPTYNISY 5 URAE bub A/ ONASEVBIR L RoERadY n whi ch
t he base sequences are present; 10 a chronbsone map creation step of
creating a chAe@®E®fe map by mapping information on the base sequences on
the genetic |ocus of the chronpsonme; and a chronosone map di splay step of
di spl ayi ng the chr off@sbaenenepichrisatrddoan bHé acersReROMENGede eaatPYA st ep.
15 46. An in situ hybridization anal ysis managenent nmethod conprising: a
‘mast er |i brargf whichuist alvaady eggodrepr oduci ng a master library of genetic
clones, and aligning the genetic clones on a multiwell plate; 20 a

sequenci ng step of {Haalppgenictemlocktidmbararehr@nosonichis krgemet aadcl ones
produced at the master l|ibrary production step; a sequence analysis step of

perform ng an anal y&)sa hasedvieich isharaup) patdrdédsequence information read
at the sequencing step; a hybridization step of conducing an in situ
hybri di zati on

38. The computer program according to claim 31, wherein
the gene expression information management method further
10 comprises an annotation information storage step of storing at least dne
of information on an extracted tissue, information on a growth stage or
an ageing stage of the extracted tissue, information as to whether gene
expression is observed, and information on a region in which the gene
expression is observed while making the at least one information
15 correspond to the image data, and
at the display step, at ieast one of the information on the
extracted tissue, the information on the growth stage or the ageing
stage of the exiracted tissue, the information as to whether the gene
expression is observed, and the information on the region in which the
20 gene expression is observed is displayed while making the at least one

information correspond to the image data.

39. The computer program according to claim 31, wherein
the gene expression information management method further

25 comprises an expression levei estimation step of estimating expression
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25 experinment using the genetic clones produced at the master |ibrary step,
141 and one of a specific cell, a specific tissue, and a specific organ;
and a progress nanagenent step of managi ng a progress of steps other than
t he progress managenent step according to an analysis result of the
sequence analysis step. 5 47. An in situ hybridization anal ysis managenent
apparatus coppri sing. a master, |i.brar ate informatiqn nt unit
whoh manage BRI PEie BeaRy Ring 44 dRimbRsrd il Has L UG at os
used 10 in apn in sjtu h riszation experinment; a 'master library plate

i nformation ollfRge ddtA@thinenb8sk S808eNRES naster Iibrary plate information
managed by the nmaster library plate information managenent unit; a
sequence anal ysis unit which acquires base sequence data on 15 genetic

cl ones output froma DNA sequencer, which conducts a sequence cleaning to
t he base sequéfice daha,comhpeleripdegramiascagdingstio ckait 3% wheesiecut es
sequence clustering the identified genes; a sequence and expression inmage
data managenent unitherbend expeessivasinfarheation exanvagehent medhed fpribked up at
the in situ 20 hybridi zati on experinment using the genetic clones of the

base sequencecofrzedngh erprédsian s@esl didereelrling atepesisbirgng icsspley and a
specific organ, an which nmanages the base sequence data and the expression

i mage data Whid&sarkhRAnide BABEL as8aMBRE %o IRE B xHs4iBR BYBILESHPAtEdRIE
data correspond to each other; and

at the expression level estimation step.

10 41, The computer program according to claim 31, wherein
the gene expression information management method fur_ther
- comprises:
an image comparison step of comparing two or more pieces of
the image data based on at least one of the image data, the base
15  sequences, the expression levels, the information on the extracted
tissue, the information on the growth stage or the ageing stage of the
extracted tissue, the information as to whether the gene expression is
observed, and the information on the region in which the gene
expression is observed; and
20 a difference extraction step of extracting a difference among the
two or more pieces of the image data based on a comparison result of

the image comparison step.

42. The computer program according to claim 31, wherein

25 the gene expression information management method further
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25 an anal ysi s managenent unit which nanages at | east one of the 142 naster
library plate information managenent unit, the mater library plate
information output unit, the sequence analysis unit, and the sequence and
expression i nage data managenent unit. 5 48. An in situ hybridization.
apparatus conprising: a unit-which displays a plate information nmanagenent
screen on a nonitor for a user so that the user inputs and checks

i nformati on oW 6&Fced master library plates through an input device,
which registers the information input by the user in a predeterm ned
region of a master adhreHAPgnaRRFV8geHGalRNHEeBtSr@satAgahal ysi s
progress status of each of the master library plates as "sequencing step
-unfini shed"; thrgerdimgnsianakimags sronnhéwpraromese indecemof the phagegaiach
having the analysis progress status of "sequencing step unfinished" based
on the inforaadion on the master library plates newy registered in the 15
master |ibrary database, which displays an anal ysis progress status
managements scr een oantexpravsiohdeyvebsighwiatioh dtbpraflyimutating exprdesioger  of
the extracted plate information; a unit which acquires sequence data on the
pl ates desi gnpheds ibheé esreengin@nsibaBl HRAGAIFEdTAdhB BlRe s STLAM BREIOM tHehe
sequence data 20 output from a DNA sequencer, which stores the acquired
sequence dat ajmhHe yHp5edet erm ned storage region of a sequence dat abase,

whi ch updates the anal ysis progress status of each of the designated
plates to "sequence analysis step unfinished", and which displays a "date"
in a sequencing space and "standby for analysis"” in a sequence anal ysis 25

pace of each g "t herpLal e, 7 REGHERS RS Lo W54 SuRBIGh"ed O

10 the gene expression information management method further
comprises a typical clone determination step of determining a typical
clone from the base sequences belonging to the same cluster, based on
at least one of the image data, the base sequences, the expression
levels, the information on the extracted tissue, the information on the

15 growth stage or the ageing stage of the extracted tissue, the
information as to whether the gene expression is observed, and the

information on the region in which the gene expression is observed.

44, The computer program according to claim 33, wherein

20 the gene expression information management fnethod further
comprises a cluster significance determination step of determining a
significance of each of the clusters based on at least one of a cluster
sequence homology search result, the image data, the base sequences,
the expression levels, the information on the extracted tissue, the

256  information on the growth stage or the ageing stage of the extracted
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143 the anal ysis progress status nmanagenent screen; a unit which notifies a
sequence anal ysis section of the plates each having the anal ysis progress
status of "sequence analysis step wunfinished", which updates the analysis
progress status of each of the 5 plates to "now bei ng sequence-anal yzed",
whi ch displays "analysis in progress" in the sequence anal ysis space of

t he each plat on the nal ysi s pr.o tus nana enent scree and

whi ch updat esiSHHE iy ?mag%@raeastoqﬁﬁeﬁ* Aeiie s ERPRISNE f7 BRFobichdby
for sequence an sis” "now bei ng sequence analyzed 10 a, unjt which
causes the seal]@ﬁg@ Iawa[mﬂsw eBdhpdRIIQN Hewhigeth qaeneétﬁmﬁéew@a&sa on the
pl ates each having the analysis progress status of "sequence analysis step
unfini shed" fepbseMesl.sequence database, to execute a sequence anal ysis
processing, to register an execution result in an analysis result

dat abase; and to notify a plate 15 nmanagenent section of quality
informati on on the sequence data, the quality information being made clear
as a resulg o#fi5t he Thalgwsnputea progtamhaadordipdeteeslaime3 anahgsdia progress
status of each of the plates in the master |ibrary database from "now

bei ng  sequence- analiz geie exprasavabrdratiorbhidlizaihent methbehughepl ays on
20 the anal ysis progress status managenent screen the date in the sequence
anal ysi s spacgyRforRagh of the plates conpleted with the sequence analysis,
whi ch di spl ays on the anal ysis progress status nanagenent screen the

Qual ity space. and. AR bpspes peRgTeRlarP 2o 0 sBEARARGR BRRCKEIGIE %, 1
each plate frgm, 8%:1?8%6‘:% FWRNGCHABhEE S quences are present;
10 a chromosome map creation step of creating a chromosome
map by mapping information on the base sequences on the genetic
locus of the chromosome; and

a chromosome map display step of displaying the chromosome

map created at the chromosome map creation step.

15
46. An in situ hybridization analysis management method
comprising:
a master library production step of producing a master library of
genefic clones, and aligning the genetic clones on a multiwell plate;
20 ‘a sequencing step of reading nucleotide information on the

genetic ciones produced at the master library production step;

a sequence analysis step of performing an analysis based on
the nucleotide sequence information read at the sequencing step;

a hybridization step of conducing an in situ hybridization

25 experiment using the genetic clones produced at the master library step,
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144 to "standby for hybridization"; a unit which causes the plate
managenent section to output, to the analysis progress status nanagenent
screen, information on the plates an NG clone rate of each of which
satisfies a standard anong 5 the plates each having the anal ysis progress
status of "sequence analysis step finished" "in situ hybridization step

unfini shed"; an unit _which. displays ."sta f n LS" in.a
hybri di zat i on“ERLNE #atsrpgc&l%{:.g@, ??/?geﬁgccpgﬁie’r%ﬁ%%o@%cjﬁﬁ 06?5{%?89\ ,
satisfies the standard on the anal ysis progress status nanage nk screen,
and 10 whi ch di spl &0 [ITTARGSHRN, PR OANA0LIG, P UL S Py SIZPS | 1 t he
hybri di zati on space and the status space of each of the plates the NG
ci one rate of olliirdhaadas Hegrass managanaest a?maa@orrd&%&ai%m@ly%d whi ch
updates the anal ysis progress status of each of the plates the NG clone
rate of whi chrefsdbohtiie saguenge eha@lwtiasterd from "standby for 15
hybri di zation" to "term nate anal ysis". 145

5

47. An in situ hybridization analysis management apparatus
comprising:

a master library plate information management unit which
manages master library plate information on master library plates used

10  in an in situ hybridization experiment;

a master library plate information output unit which outputs the
master library plate information managed by the master library plate
information management unit;

a sequence analysis unit which acquires base sequence data on

15 genetic clones oufput from a DNA sequencer, which conducts a
sequence cleaning to the base sequence data, which identifies genes,
and which executes sequence clustering the identified genes;

a sequence and expression image data management unit which
acquires data on expression images picked up at the in situ

20 hybridization experiment using the genetic clones of the base sequence
data and one of a specific cell, a specific tissue, and a specific organ,
an which manages the base sequence data and the expression image
data while making the base sequence data and the expression image
data correspond to each other; and

25 an analysis management unit which manages at least one of the
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15

20

25

master library plate information management unit, the mater library
plate information output unit, the sequence analysis unif, and the

sequence and expression image data management unit.

48. An in situ hybridization apparatus comprising:

a unit which displays a plate information management screen on
a monitor for a user so that the user inputs and checks information on
produced master library plates through an input device, which registers
the information input by the user in a predetermined region of a master
library database, and which stores an analysis progress siatus of each
of the master library plates as “sequencing step unfinished”;

a unit which extracts the information on the plates each having
the analysis progress status of “sequencing step unfinished” based on
the information on the master library plates newly registered in the
master library database, which displays an analysis progress status
management screen on the monitor, and which thereby notifies the user
of the extracted plate information;

a' unit which acquires sequence data on the plates designated
by sequencing step unfinished plate information, the sequence data
output from a DNA sequencer, which stores the acquired sequence data
in a predetermined storage region of a sequence database, which
updates the analysis progress status of each of the designated plates to
“sequence analysis step unfinished”, and which displays a “date” in a
sequencing space and “standby for analysis” in a sequence analysis

pace of each of the plates the sequence data of which is obtained on
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15

20

25

the analysis progress status management screen,

a unit which notifies a sequence analysis section of the plates
each having the analysis progress status of “sequence analysis step
unfinished”, which updates the analysis progress status of each of the
plates to "now being sequence-analyzed”, which displays “analysis in
progress” in the sequence analysis space of the each plate on the
analysis progress status management screen, and which updates
display of a status space of the each plate from “standby for sequence
analysis” to “now being sequence-analyzed”;

a unit which causes the sequence analysis section to acquire
the sequence data on the plates each having the analysis progress
status of “sequence analysis step unfinished” from the sequence
database, to execute a sequence analysis processing, to register an
execution result in an analysis result database,; and to nofify a plate
management section of quality informatioh on the sequence data, the
quality information being made clear as a result of the analysis;

a unit which updates the analysis progress status of each of the
plates in the master library database from “now being
sequence-analyzed” to “standby for hybridization”, which displays on
the analysis brogress status management screen the date in the
sequence analysis space of each.of the plates completed with the
sequence analysis, which displays on the analysis progress status
management screen the quality information obtained as a result of the
sequence analysis in a guality space, and which updates the display of

the status space of the each plate from "now being sequence-analyzed”
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15

to “standby for hybridization™,

a unit which causes the plate management section to output, to
the analysis progress status management screen, information on the
plates an NG clone rate of each of which satisfies a standard among
the plates each having the analysis progress status of “sequence
analysis step finished” “in situ hybridization step unfinished”; and

unit which displays “standby for anaiysis” in a hybridization
space of the plates the NG clone rate of each of which satisfies the
standard on the analysis progress stafus management screen, and
which displays “terminate analysis” and “terminate analysis” in the
hybridization space and the status space of each of the plates the NG
clone rate of which does not satisfy the standard, respectively, and
which updates the analysis progress status of each of the plates the NG
clone rate of which does not satisfy the standard from “standby for

hybridization” to “terminate analysis”.
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