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Abstract

We developed o prototype system for analyzng e genes of
fiveng orguuisms, The system is compased of a vule buse and
baolagice! knowledge base for the enalysis. The sysfem s wot-
len it deductive object-oriented database language QUTYOTE .

We applied the system fo & simple but practical problem,
metf fnding problen, Analysis of the results showed tha! the
system eefi analyze genes by wtilizing the characteristics of the
deductive object-orienied database langunge.

1 Introduction

The analysis of the genes of livings organisms is essential to
deciphering of bialogical phenomena. Today, with major ad-
vanees in bio-technology, the nuwmber of genes that have al.
ready besn identified and must be to be analyzed are increas-
ing rapidly. To enable the automatic analysia of such LGS e
geaes ane Lo extract biological information from them, the
intenduction of knowledge-based analysis is necessary, in ad-
dition to the development of high-speed computers and frst
enalytical algarithm. This iz partly because the quality of
analysis without bislogical knowledge is wot kigh encugh, and
partly because the tune cequiced for Lhe analysis can be con-
siderably reduced with the intradoction of biclogical knowl-
edge

Nowadays, daia about genetic information is stored in
databases, But these databases have not been constructed
witl cpnsideration of their use for knowledge engineering. So,
itis hard to create a svstem that enahies high-level knowledge
processing. To enable such a sytem, an effertive representa-
tion of biclogical knowledge is necessary

The representation of biological knowledge has heen stud-
1wl by seve al I'ff‘.il'.ﬂ.rl;:hﬁ'l..’,.ll.'ll?:. They suceeeded m represent
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ing of simple and smail amounty of knowledge. Hut, the rep.
resentalion can not pecessanly be extended w the represen-
tation of practical problems.

We selected motif diseavery aa a practical probilen i ous
study of representation of biologieal knowledge. There worne
two reasons for our sclection. One iz that the level of com-
plexity of bialogical knowledge abowt matif iz adequate for L
study of the representation of biclegice! knowladge. Its ccn-
plexity is low enough for nou-specialists of bialogy Lo sty
its repriesentation, thus preventing ws feom being averwhehed
Ly the biology. MNevertheless, its complexity ia great cnough
to include sssential biolagical concepts. We thonght that the
undersianding gaived through the sty would alse help s
in the represcntation of ather kinds of knowledge.

Another reasan foe aur chire was onr lTanmbarty with tlue
mekif discovery problem. We bad already developed a o
til discavery system (3. DBul, the representation of Lhat sys
tem was nob sophisticated one, Logie programming languaps,
1L, in which the system itsell was weitten, was used Lo ex
press malogical knowledge, But, because KL s essentially o
programming language rather than a koowledge representa-
tion language, its eliectiveness ol representation is lisniitel,

This time we salected DO { Deductive Ohjecl- Orientaed
Database) language QuIvoTe ) 1o represent hiokogical
knowledge . We thought that the Object-Oiriented featire
of QUIXETE would be wseful far the representalion.  And
Lhe saitabily of the mteface Cheduetive feature) Lo inforencs
swdule of e system was also A major eonsideration.

2 What is genetic analysis

The analysis of the genes of living arganismns 18 mot anly an
essential technique for the analysis of living organesms but
alzo for research of Lthe weclianizm of cancer in medicine and
the development of a treatment of ALDS in vicalagy, When «
new gens is discaversd, genetic analysis predices the finetion
that that gene plays in our bady.

The genes of a living ocrganism are stered o the nuclens
of a cell, and are coded in PNA. When necessary, some pact
of the DNA ia transeribed into mRNA, whicl is transforimed
into & chain of amino acids. When the chiam takes the corect
form, it can function as a protein.

Twenty kinds of amine acids ave nsed as a wnil of Lhe vhaan,
Conventionally a single alphabetic chacacter s aml ta sepre
gent cach kind of amino acids. Therelore, a peotein van ba
represented as an alphabetic sequence. For example, “GIV -



geql  KLGOFGEVWMGTWNGTTRAVAIKTLEPGTHSPE

aaq? : IGFOVYRGTLRLPSQDCKTVAIKTLEDTSPEGOWN
saqd: SRGEFGHVYEGNARDL IKGETRVALKTYNESASLAERT
aeqd  GOGAFVTVYKGLWIPEGEKIFVAIKTLREATSPEANK

seq )l KLEQFGEVWHGTWNGT TR~~~ -~ VAIKTLEPGTHSPE--
aaq?:-I0-FG-VYRCTLRLPEO---DCKTVAIKTLEDTSPGGOWW
aagd:--S0G0FGHVYEGNARD I IKOET-RVAIKTVNESASLRERT
geqd: —-GOGAFYTVYRGLWIPECE-KI-PVAIKTLREATSPRANK

sopgdy

VAIKT

Figure 1

QUCTSICSLYQLENYCN® is an amine acid sequence that
signifies part of insulin, a kind of hermone, In the sequence,
G stands for glysine, 1 stands for soleusine and 0 on,

In the representation scheme, penetic analysis is equivalent
to the prediction of the function of the peee from its amino
acid sequence represented as an alphabetic sequence,

In the analysiz of penes, motif is impartant information.
The motif is a sequence pallern thal groups of sequences have
in common. In some cases, the maobil o known as Lhe canmaon
sequence paltern of & restricted class of enzyme (ex. trans-
ferase). When an aming acid sequence 15 discoversd and it
containg some motif which is attributed to snzyme A, it can
be predicted that the sequence codes an enzyme that is sim-
ilar to enzyme A, In another case, the motif s known as a
common sequence patteen of & module of a protein that hag
a definite function {ex, the DONA binding Dunction),  IF its
subsequence correaponding to the motif s moedified, the pro
tein loges the function of the motif (It becomes unabile o bind
DAY

Cenerally, Maltiple alignmieal is used Lo extrach modils
from group of sequences.  Far example, suppose we try to
find metifs [rom the sequences in Figure | {iop). o find mo-
Lifs, patterns commeon through all sequences must be matched.

This matching procedure, and alse the result, are called mul- -

tiple alignment | Figure 1 (bottom)}. In the alignment, te
align the same or sirmilar amino acids in the same column,
*'ia inserted in the appropriate locations. As a measure of
the similarity betwesn amine acids, the Dayholl Matrix [5]
i commonly used. [n the figure, two motifs are identified.
One ia marked by ‘#°, the other by "VAIRT". The latter is a
completely commoan pattern, whereas the former is not, The
farrmer, however, can Le regarded as a molif as well,

Multiple alignment is necessary to discover motifs. But to
date, within a practical amaunt of time, no algerithm has baen
able to produce automatically high-quality multiple alignment
without using knowledge. 1L means syatem which can discover
high-quality metif iz also hard in this line. We developed 2
multiple alignment and bl discovery systermn with knowl-
!‘dEE ﬁl]Ei:lmriug a4 [M.rl ol aur [n[rviuu: prrrjnrl Eﬂ-l The
present research expands on thiz, and alss in the line.

3 Motif Discovery System

The system discovers motifs from input sequences of protem.
When it makes candidates of imotif, it consults jts iological
knowledge. Tihe consullation makes the quality of discoversl
mobif higher and redices the time requived. “The system also
predicts the function of the protein. The present and previous
systems are the same except in their Liolagical kaowledge.

The steueture of the system is shown in Fige 2. Lo the
followings, its structure and its methed of operation are ex-
plained.

Motif Finder

Motif Generator Matif Tester
Rule Base

Biological Knowledge Base —

Figure 2

3.1 Overview

Aligmer roughly matclies similar sequences using an alignment
algoithm [6] to produce muluiple alignment.  Matsf Finder
analyzes the mulliple alignment amd detects common APLEIER
patterns. Then, it sends that infoemation ta Matif Ceneratar
In the example shown in Fignee 1, the syastem detects two
common patierns. The cue is marked by "“WVAIRT, and the
ather by *#°

Mntif Cenerator generates candidate motifs from Lhose of-
fer hicdogically high reliability, The reliable motif candidates
are those that are generated based on the biological kuowl-
edge stored in the Prosife *and User modules in the Biologiral



Wnowledge Base. And less celalile molif candidates are those
that are geperated hased on perely hiological statistica.

Mare concretely, Motif Generator fires rules stoved in the
Motif Rule Base, according to the pricrity azsigned to each
rule, And, it generates motif candidates, Dresently, ten rules
are registered in the Motif Rule Base. Amaeng the rules, those
that will be used in the secton, Sremple of Application, are
ghown in Figure 3. Among them, the priority of Rule 1 is the
highest and that of Rule 4 5 the lowest. The rules consult
Progite® and/or User, il neceazary. these rufes are described
in detail in [4].

Rule 1; IF Discovered motif M s similar to the motif m;
which is vegistered as motif of protein p in Prosite®

Then makes motuf m{; # 1), which is alw registered

as wneti! of protein g in Prosite®, as motif candidate.

Rule 2: IF Discoversd motif M is similar to the motif m,
which iz registersd as motifl of protein poin Prosite®
Then makes motif my(r # 2), which 15 registered as
motifl of protein pl being subclass of p in Prosite®,

as motif candidate,

Mule 3: IF Dizcoverad motif M is similar to the motif my
which is registered as motif of protein poin Prosite®

Then makes motif m,{; # 1), which ia registered as
wsotif uf jrrualein poin Llaer, as nsnbil candidate,

Rule 4: TF true
Then makes patiern of subsequence in multiple align-
meent, whose slanty s the loghest, as cwbil can
didate.

Figure 3

Moutif Tester makes mulliple & aligninent of segueice with
the constramt thal matehes the subsequences coreespanding
to the motil casididates, then checks whether it aatisfies a
lnetogical stalistical critevion [S]. [f the eriterinn ig satisfied,
L meotifl candidate i3 confirmed az heing a motifl and the
mntif is registered to the Discovery medule in the Biclagical
Knowledge Hase, Thea, the multiple alignment is sent to the
Matif Finder to initiste a new cyvele of motif discovery,

4 Biological Knowledge Base

Tn the first subsectinn, the requirements for biolagical knawl.
edge base are described and selutions salisfying them, using
Dedrctive Ohject-Uriented Knowldge base, arc bricfly stated.
Then, after overviewing of our Biological Knowledge Hase,
the description the knowledge base based on QUITOTE i3 ex-
plained,

4.1 Requirements for a Biological Knowl-
edge Base

There are several things that a hiolngical b;lmwleulser base must
satiafy if we want the knowledge base to Lo useful for for
hinth inference machine ane nan-apecialist of biology, “Te
requirements, and thair salutiona, gre |isted helow.

# Hequirementl Knowledge having different seliabilivy
must co-exist in the knowlodlge bhase.  Hut, knowl-
edge having a ditferent reliability must be processed
differently.

Solutionl This can be sealized by using of nuslule ron-
cept of @UTTOTE  We divide knowledge inta ol
ules accavding ta the eeliability of that knowlalge.
When we want to discover & little bot relialile mo-
tifs, we should consult anly modules whose reliakil-
ity is high. When we want to discover many, at the
sacri.ﬁc: of l!]]abi.!;t-}", we should alse consiits e
modules whose reliabilities are low.

« Requirement2 The systenn omst manage knowledge
bases helonging ta pubhic knowledge base, and those
belonging to cescarchers, diffecently. Alsa, the sys-
Lem st maage knowlsdge bases belonging to in-
dividual diflerestly.

Solution? This can alse be realized by using the module
concept of QUIVOTE, Suppose theve are tres mnd-
ules, Public, Userl and User?. When uzer] wants
to consult biological knowledge, he should consult
Public and Ussrl. And, when nser? wants to con-
sult hiclogical knowledge, he shoull conseit Public
andd Tger2,

# Hemquirementd Frequent situation in hialogy 3 tlat
Peraon | regards motil O as heing matil of eonzyme
A, but Person 2 regards that motif as heing a motif
having funetian B At Arst sight, this appears ta le:
a contradiction, but actnally is not. This s becanse
enzyime A has function B, and a partion of the peo-
tein arcund motif © has funetion B 'This happens
because of the different intrrests of researchers. i
thit case, Person 1 b interestes] n the class of the
discovered protein, while and Person 2 s interested
m the function of the discovered protein.

Solutioni® This kind of complexity cannot le repre-
sented by a conventional twerarchcal representatnon
But, it can ensily he represented w anultaple tnbers-
tamee 1 Lhe Ohject Oriented feature of Q0T.00Te of
relation hetween binlogical concepts is bntangled aual
properly deaceibed. To make the description, not
ooty knowledge an IO} Lot also knowledge oo
biolegy is indispensable. And we have the both.

+» Requirementd Information sdeseribed in the comments
in the database is aften important and the haforma-
tion must be readable Loth Ly mackine amlb mon-
apeciatists of hiolagy.
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Figure 4

Solutiond This cannot be done autematically, hence
must be dens manvally. Dut, this dicty and time
consuming job becomes facilitated if we keep eon.
cept of Object-orented @ nomind

4.2 Overview of Biological Knowledge
Basea
We constructed  a Diclogival Kunowledge Rase nsing

QuIroTE | Uhe Biological Knowledge Dase contains knowi.
edge on motif knowledge and related Knowledge, There are
threc madiles in the knowledge hase, Prosite®, User and Dis.
covery. The system consults Prosite®™ and User when it tries
to discover motifs, and it registers discovered motifs 1o Dis-
COVETY.

In the systenn, Prosite™ is more reliable thap User, In
Prasite®, motifs i Prosite [7] | representative database of
motif, aml their related knowiedge are represented in lier
archival and multiple inheritance scheme. With the use of a
maubliple inheritance scheme, biclogical concepts become mare
preperly represended (In the origingl Prosite, motifs are rep-
resented just in the hisrachical scheme).

Uaeris a module of the Bislogical Knowledge Base in which
inotifs callected by the user ave stored. Lo some cases, mo-
tifs in User can e less eeliabile than those in Prosite*. To
vepresent biological concepls ia User and Discovery, the same
scheme as that nsed in Prosite* is nsed.

To slow thé Bialogical Knowledge Base mare in detail, a
porticon of the knowledge in Prosite® is visvalized in Figure
o dn the figure, the concepls and motifs belonging ta ki-
naseGroup and donain-general are shown, These concepts
in KinaseCroup relate tn the class of protein, while those in
damain-general relate to function af & protein. Because the
two concepls are not independent, there i a cross-link be-
Lween them,

KinaseGroup, which transters phosphate, is classified into
four gromps, one of which containa protein-kinase, A,
protein-kinase is futher clasasiticd inte tyrosine kinasefty-
kinase) and serine/threonine kinase(s-th-kinase]. The thres

classes, protein kinase, tyosine kinase and serine/threonine ki-
nase didn't exist in the original Prosite. We have introduced
these three classes because, although they aren't necessary for
biologists to understand a knowledgs base, they are necessary
for us and the machine to understand it. But the intradue
tion of the concepts is can be overridden. If a user doesa’t
want the introduced concepts of class (ex. tyrovine kinase],
the system handies knowledge as if there were o such classes.
This can be realized by the wse of method af Qurcers

Far seme concepts, a corcesponding motif is registered.
Protein kinase has a matil named protein-kinase-general,
whose pattern is “[LIV]-Got Gex [FYM[SG)-2-V™. Here the
expression [30] signifies 8§ or G; and ‘" signifies any anmino
acids. Tyrosine kinase has a motil navwed protein-kinase-
signatures-tyrosine and serine/Uiceonine kinase has 4 matif
named protein-kinases-serine/ threonine

As apother molif of Lyrozine kinase or serine/threvnine ki
nase, we can refer o a molil belonging to protein kinasc in
addition to itz own matif. This zan be donc by using method
of QuIxaTe .

Alao, as a motif of protein kinase, we can refer to a motil
named “ATP G TP-hindiog site motil A (I™loop]” | belanging
Lo hinding-damain, by the use of a method of QTraTe  In
the ariginal Prosite, the information abont the cross-linking
was described in natural language at comments. We read the
imnplicit information and expressed it as exphcit information
to improve readability for us and the maclme.

4.3 Description by DOOD

The description of kpowledge {visualized in Figure 4} by
QUINOTE s shown in Figure 5 {class structure) and in Figure
G {entries of motif). In Figure 5, 4 >= B means that U is
aub-concept of A.

There are four motif entries in Figure 6. Among them, the
upper three matifs belong to Prosite” and the lowest motil
belongs Lo User. The specification of a modele is done by the
specification preeeding the donble semi-colon, We can apeifly
Prosite* or User or Iaravery as a module,



Frosites::protein-kinase[name = "Protein kinases general"]/
[pattern = "[LIV]-G-z-G-%-[FYM]-[SC])-=-V",
copngnt = “inwvolwved in  ATP binding *,
otherHotif = binding_domain
[name = "ATP/GTP-binding site motif & (P-leopl”l

1
Prositas::ty_kinase[name = "Protain kinases signatures tyresina"]/
[pattern = "[LIVHFYC]-x- [HY]-x-D- [LIVMFY]- [RSTA]-x{2}-N- [LIVHFYC] (3)",

RCcapiar = tyrosine,

1

Promitas: :e_th_kinase[name = “"Protein kinases serinefthrecnine”]/
[pattern = "[LIVMFYC]-x- [HY]-x-0- [LIVMFY]-K-x{2)-N-[LIVMFYC] (2},

acceptor +={sarine,threenine},

User: iprotein-kinasa[nama = "Pratein kinases ATP-hind"]/

[pattarn = "A-x-K",

a1

Figure &

k::.nuef.‘rm.ip I ope-F=T=i
kinaselroup »= ec=2-f=1
kinaseGroup »>= ec-2-7-1
kinmssdrsup »= go-2-7-4 1,
ac=2=T=1 »= protein-kinase ;,;
protein-kinase »>= s-th-kinase;;
protein-kinase »= ty-kKinaae;;

v
3

Figure 5

In the top entry(protem kinase), there is an atéribute, oth-
erMotif. The attribute enables the systern to refer a motif
helonging to aother class (binding-domamn). The procedure
for the relevence is also written i a method of QUIVOTE
This multiple inhertance 1s one of the features of THOOD,

Pregein kinage has ag attribute value of acceptor aleohol-
groaup, inherited] from its upper class ec-2-T-i. There are
two sub-groups of protein kinase, tyrocine kinase and aer-
inefthreonine kinase, each of which has tyrosine and serine
or threonine {expressed by acceptor + = [serine, threonine}
) as the atbralmte value respectively. T Ui cieee, Qe indiernitesd
atboibute value is overwritten. From hiological poinl ol view,
the atiobute value becomes more preose becaose Ly recime,
sering aml threomne are Lhe mnemibers of aleolil group. This
iz ancther feature of DOOID,

Lsing this infarmiation, the acceptor of protein can be de-
termined more precisely i we fod metil which belongs to
IEIHIH:I' Jlil:rﬂ.n:h:f. The identificalion as Lyrosine kinase o ser-.
e/ thircenine kinase brings us more infermaticn than denti-
fication as prolein kinase, the upper concepl of the two.

5 Example Application

In this seclion, we present an example wiene the systom dis-
civery a okl uaing binlogical knnwliedge.

Fre paratnry .ﬁ.lult_"rs'i:sc The resulia of ?I.IiEI'IrHI:I'It. [Hill]ilal’ih}'
matehing) of seven sequenges by using Aligner equipped

in Motif Generator are shown in Fignee 7 (tap). Only the
part that 13 relevant o this explanation s shown, From
the resall, Molif Generalor detecls a common patlern

LSS N

Tdenlification of class of protein Motif
Cenerator scarches for a pattern in Prosite™ and iden-
tifics it a3 a motif named “protein-kinase-general™ which
belongs to the protein kinase, L'he system searches for
other motils belonging Lo the protein kinase [ Application
of Hule 1) and identifies “ATF/GTP-hinding site motif
A (Pioop)” in the alignment (not shown in the Figure].
The reference of “ATP/GTP-binding site motif & (P-
loop)" is realized by the muoltiple inheritance feature of
GUHIAOTE | As a result the prabetas s fowmid to belong,
at least, to protein kinase which can bind o ATP SO

The system tries further identification of classes of pro-
tein. [t checks if the alignment contains metif of either
tyrosine kinase or serine theeonine kinase, hoth of which
are sub-class of protein kinase (Application of BEnle 2).
But, the system finds neither motif, It can be concludesd
that the protein belongs to the general class of prolein
kinase and ita acceplor i alcolnl-groap { Overwriting in-
formation is consuited hut mot nard in this case)

Identification ol known motif The syvstem trics to iden-
Lify motifs helonging to User in the muoltiple alignment
[Application of Rule 3}, The wdentification of kaown mo-
tifz helps the system Lo enbance the quality of multiple
alignment high. Consequently, this enhances the quality
of motif discovery.

The system notes that pattern ‘Azl is hidden in the
alignment.  Aligner makes an alignment with the con-
straint that aligns *A-x- K" in the same columns (Figure?
(hottoin). The system evaluates whether the alignment
is acceptable according to biological criteria [5]. It iden-
tifies it as a known metif.

nlsr.nw-r:.r and REEi.Ntratil:ln of motif i'hl:nn”}-l Liae: sytbuan
investigates whether thers are any new motifs in the



# 2 i
s8q1 : KLGQGCFGEVWMGTENGTTR -~ --—-- VAIKTLKPGTHSPE--AFLGEAQYMKKL - -RHEKLVOLY AVVSE-EFIY IVTEYMSKGSLLOFLE
seq?: - TGEGEFGEVYRGTLRLPSO-—-DOKTYATKTLKDTSPGGOWWNFLREAT [MGOF ==~ SHPHILHLEGVVTKRKPTMT ITEEMENGA-———- -
seq3: --GOOSFGMVYEGNARDI IKGEAET-RVAVKTVNESASLRAERTEFLNEASVMEGE - - ~TCHHVVRLLGVVSKGQPTLVVHELMAHG == - - -
feqs --GSGAFGTVYKGLW [PECE-KVEL-PVAIXELREATSFRANKE ILDEAYVMASY - - -DNPHVCRLLG ICLT -STVQLITQLMPFGCL ~ ===~
seq5 : LLGKGTFGOVYOVERKDTOR- - - IV - AMKVLSKEVIVKKNETARTIG=ERN I LVTTASKSSPFIVCLKFSFOTPTD-LYLYTOYMS - -
seqf - VLGKGSFGRVHLADRKGTEE== =LY =ALK ILKKDVVIQCDUVECT-MVEKRVLALL - DEPPFLTOLHSCFOTVOR-L Y FYMEYVNGS
s0q7 - TLGTGSFGRVHLVEHKETGN - - -HY - AME ILDEOKVVELKQ IEHTLNEXR LLQAV -~ -NFPFLVKLEFSFEDNSN--L YMVMEY VPOGE - -

® & k& g8

seq1 : KLGOGCFGEVHMGTHNGTTR------= V-AIKTLEPGTM-SPE-=AF===LOFAGYM-~-¥KL-—-RHEKLVOL-YA-VVSE-EPI Y IVTEYMSKGSLLOFLE
seq? - TGEGEFGEVYRGTLRLFSG---DOKTV- AIKTLEDTSP - GGOWWNE -~ ~LAEATIN--—GQF -—-SHPHILHL - EG=VVTKRKPTMI ITTEFMENGA - - -
guq3: -~GUGSFGMYYEGNARD T IKGEAET-RV- AVKTVNESAS-LRERTEF - - ~LNEASVM- - ~KGF - ~TCHHVVAL - LG~ VVSKGQETLYVMELMANG - = - - ——-
seqi  —-GSGAFGTVYEGLWIPEGE-KVK L -PV-A IKELREATS -PRANKE] -~ LOEKYVH-=-AZV- -~ INPHVCRL - La- TCLT- STVGL ITQLMPFGOL = == om

aaq b LLGEGTFGOVYOVKERDTQR - -~~~ DY AMKVLSKEN D - VERN -ELAHT IGERN ILVT TASK - == 8 5PF VG LEFS-FOTP-TOLYLYTDYMS - ————====
neqf :VLGKGSFCKVHLADRKGTEE--—---- LYATRILERDVY - IQD0-DVECTMVERKRVL -—-ALL--DH PPFLTOL=HSCF O TV-DRLYFVHEYWNGG - - - ——— -
saq7 - TLOTGSFORVHLVEHEETON === n HY AMETLORQEV-VELK -OQIENTLREKRIL---0AY -~ -NFPFLVELEFS-FRDN-SYLYMVMEYVPGGE - -~ -
¢ G Fa A K E
‘G-z-0-z-F-§* "A=x=K’ ‘ [LIM]-z-E-[ABK]’

1scovaered Motif

Figure 7

alignment (Application of Hule 4). As a result, it identi-
fies pattern *[LIM]-s-E-JARK]" and registers, to Discov-
ery, the pattern as new motifl of protein kinase,

In this way, the systenn predicts the function of proteins
coded in genes and it discovers new motifs of the proteins,

6 Discussion

Knowledge Base

‘The Bislogical Knowledge Base in the system satisfies the four
conditions stated in Section 4.1. lequirementl, the manage-
ment of multiple level reliabilivy, is satisfied by the module
[E‘-&t-'.ll"ﬂ U'f QHIA‘U?E . Requin-.mmr.?, Ll r!ll:u1nﬂ1-.r|u-.r||‘. ol
muiltiple knowledge bases of different owners, docsn't cocre-
spond to the syslem, Bot, it can also be satisfied by the
imadule feature of QUTYOTE

Requirementd, the proper representation of binlogical con-
cepls, is satisfied by the muitiple inheritance, the overwriting
of inheritance and the usage of method, which are not special
featores of QNIXOTE but standard features of a Deductive
Olsject-Oviented Database. Hequirementd is satisfied by our
endeavor Lo bislogy,

Motif Discovery

‘The matif discovered by the system was also discovered by
the previous system. The difference iz the tine reguired Lo
make the discavery. The previous system couldn’t notice the
matif as a matif of the proatesin kinase, ﬂTPf(‘.TF-hinding sile
matif A (Pdeop), belonging Lo binding domain, whereas the
present systenm can notice the motif with the belp of multi-
ple inberitance. The motif information makes the consumed
tine of the present aystem lower than that of the previous

system. This proves thal proper representation of knowledge
ean contribute to the speed-up of Lhe genelic analysis

Others

The usage of the medule fealure of QUINOTE wliel e
to aatisly Heguirement 1 and 2, is not indispensable o our
systemn. It ean be substituted by other methods of description
wilthont the feature. But we believe the module feature will
b nseful when the volume of the biological knowledge base is
increased, .

T Conclusion

& hiolegical knowledge base for motil was constiucted by
the use of DOOD {Deductive Object-Oriented Database) lan-
guage CHILOTE . A motif diﬂcu\'::r}- syslem with a ]1:in|n5ir=|.t
knowledge base was developed. The systemn discoversd a new
motif of the protein kinase. The time requived for Lhe dis-
covery was reduced in the present system because the system
could access the motif information with the help of the mul-
lllj'.lll: inheritance fealure of OOND {ilm:lsnly (8% fr!a.lune}.

Alse the I (Deductive) feature of DOOID is also suitable
for to interfacing with the inference module ol the systen.
Consequently, MO0 in suitahle as a way ol representing a
biclogical knuwledge base that attached tn genetic analysis
system.
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