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Abstract

This paper proposes o private KH svston for b
alogical mlormation processipg. It deseribes an ex
perinental systen) developed at 1COT to evaluate the
effectiveness of components of this private KB systen.

A privale KB svstem s ivaluable o studying
maolecular biology, for example, to clarify the unknswn
functions of protems empivically. Sucl o sysiem would
simplify the acress and the update of existing public
NEs and enecoded IJin]ngifal l;unwlwlf; It would fact-
itate the effective sharing of varions private knowledge
among researchers,

A private BH system for bindogy should coeobe all
the existing jenblic bicdogical DBs and sarious haaslog-
cal knowledge in definne semantios. The systein would
also require an efficient DEM Lo rebrieve e birge vol-
wime of data anoals pulie DB aml 2 KBMS 1o rep
resent biological descriptions in hivearchical owsdoles
atd to mamtain itea-modile consisteney. For these
requiireinents, we belicve that the DpMs, kappa-F, and
the kKHL, Quraors, both desigued and developed at
TCOT. would be useful 1o form such a private KB sys-
tem. The nested data model and the parallel process-
ing capahility of Kappa- T provides computationsal e ff.
cieney while the ohject-oriented and deductive power
of uzvors supports advanced query processing and
KH TI'IE.J'IH.EPI'I]E"II[.

1 Introduction

Mulecular hiological information processing is in-
creasing in wnportance. as the biological laboratories
are improving in their computational capabilities and
biclogical data are mereasing much faster tham our un-
derstanding Tospeed up biologieal knowledge derived
from such data, hiological duaﬁa&&n {DBs) should pro-
vide appropriate features for biological dats manage-
rent and query processing.

Public 0Bs, such as PIR, PDB, and GenBank, con-
tain hundreds of megahytes of data and are growing
l‘ﬂ].":id'_‘r. however, recent enhancement in rompuier al-
low biologists to store such data in rather small sys-
tems and to use them as part of value-added private
DBs. Such personal environments also allow them to
create DBs for experimental data, knowledge bases
(KBs} for their private knowledge, and rule derivation
among raw data. processed data, and knowledge in
the future. To realize such & value-added private DR
(a private KB), we employ new concepts of database

management systems (D80S and knowledge repre-
seutation languages (KHLs).

In this paper. we forus on an ivegrated KB which is
part ol the molecular biologieal inforimation processing
svstemi of the Japanes: Filili Cleneration Computer
System (FGOS) project

We are butlding a protein KB system e the frame-
work of a deductive object orientrd database {DOODD),
which consists of KEL, QuraoTe, and BBMSE, Kappa
F. The reason why we cliogse prodein information is
due to the moderate amount of data needed to store
and study. As biclogical applications are new, we de-
cided to check 1l appropriadeness of both Happa-P'
and Qurrors, and requested that several facilities e
added to then.

Rappa-P and Quivors are developed on a parallel
inference machine (PIM). The parallel DENS Kappa-
I, employs & nested relational wode] and has the ex-
tensibality switable for parallel processing and amino
acid /A sequende retrieval Qurivory, a DOOD
FHL, provides sophisticated query processing capabil-
ity with advanced voncepls, such as objects with defi-
nite identity and sulswmption relations, modules with
submodule relations, and the flexibility, 10 represent
various forms of knowledge

This paper 15 organized as follows. We describe
Lhe purposes of a private kB system i Section 2, the
requirements for bological DB/ALB systeins and related
works in Section 3, the suitability of Kappa-P and
urxore as ingredients of the system m Sections 4
and 5, and the behavier of the system in Section 6.

2 Purposes of a Private KB

Our aim in developing a private KB is to build a
recursive system which consists of knowledge deriva-
tion from NBs/KBs and knowledge representation of
the derived rules in KBs. We call it bwowledge dis-
covery system. In this section, we show our view an
biological information processing, as well as on private
KB.

2.1 Biological Information Processing
Scientific methods. wecluding biological informa-
Lion processing, are recursive systems which consist of
knowledge derivation and representation. Researchers
conducl experiments, represent data in some forim, de-
five knowledge from them, and proceed to the next
experiments.  We would like to add two procedures
to make this process semi-antomatic: the representa-
tion of knowledge n a proper KHL, and the derivation



of further knowledge from the represented knowledge
antd the experimental daia

Currently, the biological knowledge is processed
and derived by reserchers. llowever, it becomes harder
Lo process the ever-inereasing amount of experimental
data manually. let alone to abstract relevant knowi-
edge out of processed data. Compuoter would play an
important role to aid the biologists in their analysis
and derivation. Right now, the final derivation must
still be done by hand, and thus. knowledge presenta-
tion by graphic user interfaces (GUL) is also crucial to
improve researchiers’ views. (see Section 3}

We consider the following to be the first steps to-
ward a knowledge discovery system:

o integration of various data analysis tools and DBs:

e integration of public DBs, hological knowledge.
private experimental results, and personal hy-
prosklieses; and

o integration of a KRL and a DBMS for a KB system,

We regard private KB as the knowledge represen-
tation modole of the l:unwhu‘lg,? r]iﬁrnvﬂry system and
will study its ancther component, knowledge deriva-
tionn modules, in future. We believe that privale KBs
will simaplify the sharing of various private knowledge
among researchers. and among analysis tools as weﬁ'.

2.2 Ingredients of a Private KB
Private biological KB should contain the following:

(1} public databases (PIR, PDB, ProSite, etc.);

(2} biologieal /biochemical  knowledge (e, protein
functions):

i3} private experimental results: and

{4} personal hypolhesesfderived rules.

Auwd a KHME 1o suprprord such a privuh’.* KR should
have the lollowing capabilities:

(5) prinutive access methods for biclogical use {motaif
search, multiple alignment, ete.);

(6] knowledge management {add, delete, and replace
knowledge: inconsistency checking: ete ),

(7)) inference, and

{8) presculation (c.g. GUI)

We classify that how to mtegrate public DBs and
how to laplement prinutive acoess methods are DRMS
problens, whereas how Lo represent domain intrinsic
knowledge and experimental results, how Lo treat per-
sonal hiypotheses, and lhow to implement knowledge
management and inference are KBMS problems,

a3 Hiﬂlngical DB & KB: Requirements

and Related Works

_In this section, we show the requirements for biolog-
ical DB, DBMS and KRL a5 motivations for developmﬁ
a private KB system, and give an overview of relate
wirks.

3.1 Integrated DBs

Most of the requireinents for existmg molecular bio-
logical DBs can e reduced to the problem of accessing
several DBs at onee. This 1s due to the semantic dif-
ferences between the DBs - the attribotes” meanings,
the values™ variations, and their eelations  all muost
be understood belorehand.

Such reguireinents can be solved by DR integration.
There are three approaches.

Standardization

Standardization s the most furdament al form of inte-
gration. [t provides the simplest environment for the
wide use of DEs.

CODATA {(Comenitles oo Data for Seience and
Techuology} in U517 (Inkernational Council of Sci-
entific Unbons) propaesed the standardization of at-
tributes fo realize virtnal integraied DB (0], The
schema of every public DH should be a subset of the
virlual schema. NLM [ National Library of Medicine)
provides Genlnfo Backbone Datalase. and accordin
to [8], it is built as a standardieed primary DB, which
15 assumed to be a basis for secondary, value-added
pes for the specialized wterests of different biologists.

Determining a standard, however. needs a lot of
manpewer, discoussion. and negetiation. Moreover, it
i difficult to make a wile virtual schema enough to
cover all the attribules ol existing protem information.

Integrated User Interface

Building an integrated user inteeface 15 the fastest way
of geiting an mtegrated environment. It provides not
only query processing facilities but alzo visual brows-
ing Facilities, which are guite attractive and useful for
biologists. It used to necd a lot of development, how-
ever, Lo reimake an lerfaee when a new DB was to be
added,

GeneWorks' and Ewtrez® provide integrated envi-
renments to enable access Lo eaisling DNA famino acid
sequence DBs from a PO or Mac, They are, however,
packaged for browsing anly and are not for adding new
apphications or [Bs, . )

Smith and his coworkers are developing an environ-
ment for genetic data analysis (GDE?) which will help
arcess several DRs at onee by providing data exchange
tools between representative DAs.  The first version
is based onoa mulliple alignment editor and allows se-
quence analyvsis tools 1o be included, [t provides many
widgets Lo reduce the efforts required to remake inter-
[aces.

At TOOT, we have developed an experimental Gup
for protein feature descriptions of PIR and PDBE. We
regard it as a knowledge presentation module for our
privale KB system, because this level of integration is
not yet sufficient for knowledge discovery purposes.

'IntelliGenetics, Inc., Mountain View, 04
National Institute of Health, Bethesda, MD
*Genetic Data Environment



Knowledge Base Approach

Lur approach 15 to build individual KBs and oo
fegrale thens, There are thres slages in our KB ap-
proach. First, at the 08 sfage, every DB s bl -
dependently. Second, at the K8 stage, intrinsic access
methods for the DB are installed, and knowledge an
attributes and walues of the LB s collected, A DB
and s sptosic methods knowledge are managed by
# KBMS,

At the infegration stage, it could simplify to build
an integrated KE which provides data and knowledge
fur Liologists withoul showing detailed miormation on
its data/knowledge structure. It is because methods
and knowledge of vachi 08 would be ceady to be re-
tricved and used by apphication programs and biolo-
Eists,

lu the DF stage. the standardization of data ex-
change and flexibility of data structures are mpor-
tant. Standardization will help us in collecting and
storng plenty of biological DB: nto a DEMS. Mean-
while, the DREMS should support enough capability and
flexibality of data structures, because the complex data
structures of hiological DEs often change as research
prrceeesdy

o the KR stage. expressive power of representation
s important, rather than storage efficiency or process.
Ing ].'Ifrrﬁrnta.‘nl.‘r. W abim to MANARS A% ¥ wrious kanowl-
edge and melhods as possible (see Seetion 3.5), lhwgh
it 15 impossible 1o satisfy requirements of all hiclogists
Wi comsider that every hiologist should have own pri-
vale KR wlich contams methods and koowledgs: cor-
respending to is requirements

3.2  Information Retrieval in DBEMS

Among Lhe requirements for DBs, we can find some
that apply to DBMS, that is. the facilities of mfor-
waalion retrieval for the sequences of BNA, KNA, and
aming acids. This is partly becase the concept of
DEMS s ralher wider for biologists than the traditional
coneept 1g for DB researchers.

Sreuence retrieval is presently regarded as full text
searching, except for some differences in the search eei-
teria; similarity scarching via dynamic programming
(P} or other algorithms {ex. BLAST[Z]), with given
stinilarities between charactes [naely, amino acids ).

Two approaches are considered: parallel processing
and proper indexing. We are considering indexing to
shorlen the search area, but this will not get the ex-
preted results directly [1]. Thus, parallel processing, is
valuable when we cannot find any proper indexing for
sequence simlarity searches {see Seclon 4

3.3 Knowledge to Represent in KRL
Knowledge on Existing Public DBs

In the KB stage, we should accumuolate various sup-
plementary knowledge, or intrinsic methods. It seems
alinost. impossible to define operations common to all
knowledge just as relational algebra to relational DR
Thus, new concepls should be jniroduced o the sys-
tem, so that imtrinsic methods can be defined in each
item or cluster of knowledge DOOD is a pronusing
concepl for the mechanism.

Biological/ Biochemical Knowledge

It is also important lo represent biological or biachem
ical knowledge and 1o use them as the supplementary
knowledge mentioned above or as part of the knowl
cdge discovery systemn.  For example, protein fune-
tions and stroetures should be represcnted in a BREL
s that we can describe relationships between them.
Frotein functions vary in their representation, such as
chemical reactions, pliysical connections, and thermo-
dynamic interactions. Thus, we need is rich expressive
power rather than efficiency of a KRL for this purpose.

Derived Bules/Personal Hypotheses

The most probable usage of a private KB system is to
evaluate personal hypotheses, or rules derived from a
certain data set, with the KB, The hypotheses should
he represented in a KRBL Lo be evaluated through the
hB. Besides, Lo aim at a knowledge discovery system,
it shoubd be considersd how 1o represent discovered
koowledge, These requine definite semanties of KB and
inferemee fartlity,

Quality Management

In treating molecular biological data, we should con
sider at least two kinds of errors: erpermmenial e reees
and fde whification errors Exp\e;imemm CTTOrS are -
evitable e micderylar h]ﬂlﬁgifa] 1}Bs, F:EJH'F.III""[ILS BT
repeated to reduce such errors. In reading DA se-
guences. for exawnple, the same region should be re-
peatedly read to venly the result, Identification vrrors
possibly occor in this verification process. It s not so
rlear whether we can get the sequence of the same ri-
o because of inghl.ﬁfdiﬂ'::n-nl repeating regions, or
nalural errors such as discases or mutations.

Representation of relations between proteins and
Functions are more ambiguous than relations hetween
locr and DNA sequences in the example above, We
should always consider identification errors in hoth
proteins and funciions. As experimental facls are ae-
cumulated, for example, “eyiochremes transfor elec-
trons” may turn into relations such as “cytochromes
and ubiquinene transfer electrons™ { protein identifics-
tion is relaxed) or “eyviochromes transfer electrons to
generate energy” (function identification is detailed)

Then o concept of object identity and the sulsaip-
tion relations belween objects are immportant m such
rases Hesulls containing experimental errors should
he teeated as different objects to avoid integeily prob-
lenis and as objects when we ask to verily them,

4 Biological Databases in Kappa-P

We use a parallel nested relational DRMS Kappa- P
as a component in our experimental private protein
KH systemn. Rappa P provides the etficient data pro
cosaing i Lhe system, using its nested relational model
and parallel processing,

In this section, we show the effectiveness of Kappa-
P, especially its officiency and its congeniality with



Qh'r:l'c‘_'ff. or with a DOOD coneept, through the con-
figuration and behavier of the DEMS module of our
experimental system.

4.1  Publie Protein DBs in Nested Rela-
tions

in the experimental system, PIR { Kelease 30), PIY3
{of Nov. 1991}, and ProSite ([Release 9) are repre-
sented in nested relations. A nested relational model
is proposed by Makinouchi[?]. This model reduces the
number of tables and the join operations which cost
thousands of machine instructions per operation. [is
etticiency for biological 1185 has already been showo i
a sequential DEMS, Kappa[l4]

Figure 1, using feature descriptions of a protein
PIR and PDR as an example, shows an intaitive illus
tration of:

(1} a nested relational model;

(2) a relational model;

(3) adata model of happa-P. which 15 a nested rela-
tional model with a term-type; an

{4) an object hierarchy, which s part of the object
vricnted concept.

(1) Iiw & nested relation:

id_code features
position | description
CORS | 22025 heme binding
26, BB
n 10-27 | helix 1

(20 In & relation:

id_code | position | description |

CURZ | 22, 25 heme binding
CCRZ | 26,85 | heme binding
CURE | 10-22 helix 1
{3) With a tern-type:
id _coda {eatures
position | description
CURE | and{2225 eme binding
an ,
range( 10,22} | helix 1

(4) In an abject hisrarchy:

CCRZ features :|

N

Tiesnnee bnnding hielin 1

(22,25 )(26,8%)

(10-22)

Figure |- Data Models for Frotein Featupes

It 13 represented naturally in nested relations that a
“heme binding™ site has two pairs of positions. Mean.
while, in Lhe relational moadel, this is shown by the an-
swers given Lo a proper query ((1) and (2)). Moreover,
Kappa-F has broader capability of representation by
allowing term-type (attribute “position” of (1))

Ohject-oriented (00) data model is also a prons-
ing concept to appli to such case. Overton et al. show
the need for hierarchical representation in Dxa feature
deseription and efciency of an OO mode]l:.-_!]. CGiray
et al. represent PDB i oan 00ODA with a functional
data model[4] When implementing an 00 model, ex-
Isting DBEMS 15 often used as a basis of the system
The nested relational inodel 1s more appropriate than
the relational model for this purpose.  Decause, for
example. the structure of (1) and (4) are so similar
that proper oplimuzation of representation and man-
ageient can be expected.

4.2 Extensibility in DB Commands

kappa-F has two levels of query languages: primi-
tive commands and KQL, an extended relational alge-
Illa'i Frir:u'll-i.'-'r.‘ f{]ll]!llﬂ.“dﬂ AT '\'ﬂ.l.'l.lll.l.'ll.{' {U‘l' ]‘.III:."I'U\-'iIIE
efficienc y [6].

Kappa P also has an extensibility in its comanand-

i, The aim of the extensibility 15 to reduce the in-
teraction with applications and 1o custonize the com-
mand interface for each application. The nwdules of
an application which frequently use DB commands are
ineluded in the DBMS to decrease the number of rone
IUNICAtIONS NGNE PIocesses,
- We designed an experimental character-pair based
tdesmp system, especially for the motif search|i].
A ucd il dictionary, such as ProSite[3], could alse be
wsedl as another useful index for sequence similarity
searches. Extensible DBME is so flexible that such im-
proved indexing systems could be added to the system
rather easily.

4.3  Motif Search by Parallel Processing
Figure ¥ shows Kappa-P query processing. We use
a special mechanism to improve parallel processing ef-
ficiency. when realizing motif searches in the experi
il‘"lm al systen. It also uses the extensibility of kappa-

Parallel DBMs Kappa-P consists of a server DEMS,
many lecal DHMSs, and an interface process,  The
server DEMS has o plobal map of locsl DBEMSs: the
inderface process coordinates local DBMSs to deal with
users’ request; and local DBMSs hold users” data [£].
The eflfeclivencss of parallel processing is reduced
when all the answers from local DBMSs are passed to
the interface procesa to be selected and merged into
one answer. To avaid such a situalion, user defined
commands, motif search programs in this case, are
thrown to every local DOMS. They play the role of fl-
ters between local Ubs and the interface process. The
filters selecl protemns including the given motif pat-
lerns and send them to the users through the interface
pmcem.

5 Biological Knowledge in Quryore
Lrrore Iis hasically a deductive system equipped
with the facilities for representing and classifying var-
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Figure 2 happa-F Query Processing

ious Kinds of knowledge. Bos s another key compo
neat of the KB svsten.

In this secvicn, we give an overview of Quirors,
and s effectiveness of Enowledge  representation,
through seme biological fbiochienical  representation
examples. s facilities are showu in [13] in detail

5.1 Objects and Rules of Quryors

In uezvore, there are objects and modules. O
Jects have ohject identifiers and properies, which may
be defined i rules. Sobsumption relations among ob-
Ject idemtificrs define property inheritance. On the
other hamd, the modules are defined as sets of objects
and submodule relations among modules defioe oljee
mherilamnce,

{bhjects

Dbjects in QuraroTe are represented by extended
terms called algect terms [13]. An ohject term is of
the followmg form;

f‘,rf: =tk = )

where @ is called the kead of the ohject term, §; is a
label, und v, i Lhe value of the § of the ohjeet term.

The jabels and values of an ohject term represent
the properives (intrinsic propertics) of the ohpeet wihich
are required for identification.

In this sense, ohject terms play the role of obpect
sdentifiers. An ohject may have properties other than
those specified in its object term. To represent such
properties (extrinsic propertios) of an object, a special
ful'IElIL of term representation called an attribufe ferm is
used:

afly = v, o, = =L = ]

This attribute term represents that the objeet iden-
tified by the object term ally — vy, ., ln = tq| lias

properties [ = ol L =] . It is important to
distingmsh intrinsic properties from #xtrinsic anes

Simplified examples are showa in Figure 3, (1) and
{2) describe the same ohject and their properties (val-
ues of label2) contradict each olher while (1°) and
(27) represent different objects.

object_head [ell = evi, ol2 = ov2, ...] /
[all = avl, alz = av2, ...]

{1} fact [labeli=vi] / Elabenwza,
(2) fact [labell=vi] / [label2=v3

(1') fact [labell=vl, label2=vz],
(2') fact [labell=vi, labelZ=v3].

Figure 3: Examples of Quryors ohjects

L addition,  subsumption relations are  defined
among ohjects, and inheritaners of extrinsie jrroper-
Ve are also defined according 1o the relation]13].

Maodules and Submcodule Relations

Simplified examples for modules are shown in Figure
4

(1) modulel :: objecti.

(2} modulel >- module].
(3} =medule2 :: {{ objectZ. wbjectd. 3}

(4} module3 »>- modulel.
{(B) module? :: ocbjectd.

Figure 40 Examples of Quryors modules

“objectl s an ohject in medulel” is represented
as {1). (2) represeuts a sulimwdule relation specifying
thal module? inherits all the objects from moduled.
(415 an abbreviation form, and (1) represends another
submodule relation. Therefore, medule? has objectl,
object? and object3d, whereas moduled has objectt
and abjectd.

Although ebject3 s i both podule? and module3,
it may have different properties in cach module, he-
cause any relabivns belwesn medule? and module are
not defined. We can give different properties to the
same objeet m different mwdules. ’Fllurj, We Can usc
different miculiles Lo avold DB inconsistency when we
got conflicting results from experiments.

5.2 Knowledge Accumulation

We show how knowledge 15 represented and accu-
tmilecled in Qurvers £ theough the example of the zine
finger motifs. The left-hand side of Figure o shows the
structure of zine finger. Zme finger motifs are wsu-
ally represented in string patterns such as “0 x{2.4)-
C-x (12 H-x{3.5)-11" from the viewpoinl of protein se-
uences,



Expr:r:'.||_|{':||l,:'|| I\IIII\\.‘II'{I!-'II!" i oflen .'{l.'fl.ll“lll.ﬂ.bl’.‘d hjl."']'—
arclucally as experinents proceed . lonagine a case that
a zine finger motl was previously known as a mem-
ber af ONA-protemn mlerackion domain motifs, and by
biclogical experiments we tind that it has three types
[as shown on the righit -hand side of Figure 5).

DNA groove D A-prodein inleraction

u e Line Finger
CEE type
i ervll Lype
:'* _,.F_rr poly ADF ...
"'2”" E * Leucine Zipper

L

‘ i
— —

Figure 5 Zine Finger Motif

In eezvors, all obpects may have child objects, so
wee v easily acde aonew object as o clinld of an existin
object. At firsi. we describe the zine finger as a motil,
with its fueectaon descriptaons o module 2f_old.

zinc_fingar =< motaif;;

21 _old::zinc_finger /
[function_target = dna_groove,
functien = bind]::

When the following three motifs are found by ex-
periments, they can be represented in another maod-
ule 2f _new with a subunodule relation between 2£_old
and zf_new.

zf_new > zf_old:;
zf_naw::{{
zinc_finger [name="C2H2 type"] /
[pattern="C-x{Z,4)-C-x{12)}-H-=x(3,6)-H"1;;
zine_finger[name="eryf1 type"] /
ipattern="C-x-N-C-x(4)-T-x-L-W-R-E-
z(3)=G-x(3)-C-N-A-C"];;
zinc_finger Lname=
"poly ADP ribose polymerase”] /
(pattern="C-K-z-C-x-E-x(3)-K-x{3}-R-
x(16,18)-W-Y-E-x(2}-C"]}};:

The attribules function_target and function are
inherited by zine finger objects in zf_new. Thus,
thies fu”uwmg aques Lo and answers are realized.

(Q) 7- zf_new:X/[function targets
dna_gzoove] | | {f-<motifl}.

(A} E=zinc finger[name="C2HZ type"]
I=zinc_finger[name-"eryfl type"]
I=zinc_finger[name=

"poly ADP ribose pnlgmara.ﬂe“]

5.3 Biological/Biochemical Knowledge

As shown i Section 3. W 1@ unportant too rep
resent  biclogical /bicchendcal knowledge. especially
protein functions in & KEL For example, we show
]'LOW I.J:"I.lﬂL E'I.'Ilil:li.l'JJI ".'lf '.'}":D".'ll]'l.'.l'll."".‘.‘ iE I"."prf'Sf'IIT{‘d in
E;JH;T.TE‘TI [(Figure 6], Chher examples are shown in
115,

module “Transfer”

(.* O==) T’@*”)
podue Dot ___|

[ iihert “lransier” ) \

X lredured] E

oxidation i\

reduciion H oxidation l; -

N {oxidized) | recluction n Y #£ X

Figure 6 Mechansm of Ovinehiromes

This description consisie of two modules [ “translee”
and “detail”™) i order 1o nwet two levels of queries,
nl'l'l" I'I'IDt‘l.IIlP 15 for the ull'l]r.’ll mwechamisin of 1l a_-u'ti_\.|
ties of eytochronwes. Lo simphiy, we choosze a Prolog-
like style example by extracting a part of the knowl-
edge. Thes deseribes Lhe neghborhood relationship
of eytochromes and a recursive rule 1o represent their
total mechanism

transfer::{{
el_transz[from=cytochrome_b,tozcytochrome_c1];;
el_trans[frem=scytochrome_cl,toscytochrome_c];:
el_trans[frem=cytochrome_c,to=cytochrome_al;;
linm[from=X,to=1ine[(from=Y,to=£]1/
[start=J,end=Z1] <=

al_trane[from=%, to=¥],

line[from=Y,to=2]/[start=Y1, end=Z1];;
line[from=X,to=Y]/[stares), end=Y] «=

al_trans[Trom=X,to=Y1}},;



The other is for s detailed mechasisn, TF conlains
Lhe knowledge on exidation and reduction of svery oy-
torhrome.

detail: ({{
oxidation [ubj gct=X]<= el_trans[from=%,to=Y];;
reductionobject=Y]<= el_trans[{from={,to=Y];;
redox[object=X]/[red=reduction[object=)],
sx=oxidation[ebject=X]] <=
roeduction[ebject=X], cxidatienlobject=k];;

c¢_line[from=cxidation[ebject=X],
to=line[from=redox[object=Y], to=2]]
J{start=X, end=21] <=
el trans[frem=Y, to=Y],
redox [object=Y1/[red=YR, ox=¥0],
c_line[from=Y0D,to=Z]/[start=Y1,end=217::
¢_line[from=oxidationlobject=%],
to=reduction[obhject=Y]]
/l=tarts¥,end=Y] <=
el_trans [from=X, te=Y]}};;

Fherelore, when we assert the followmg gquery, each
miodule replies with different answers. Tle module
“transfer” replies with an clestron transfer route only
while the answer from “detail” weludes the weelia-
st for each oxidation and redur tion,

?- transfer:line[frem=K,te=Y] /
[start=cytochrome_b,snd=cytochrome_a] .

T- detail:c_line[froms=X,ta=Y] /
[start=cytochrome_b,end=cytochrome_al .

5.4 Quality Management
Flexibility Along Subsumption Relation

s ditticuit 1o give biological data/knowledge olyjects
the clearest identifier instantly. Identification reguires
the flexability to allow trial-and-error and the faciiny
of subsumption relation description.

An identifier sormetitnes has to be generalized or
specialized. For example, the sentence “evioehirones
bave a certam feature” sometimes hay 1o be reconsid-
ered as “cytochromes and hemoglobins have a certam
feature™ or “cytochrome o has a certam feature” It
seems rare to completely msidentify different akbjects
Most erromneons jrrenliﬁc'rﬁ have to change only their
abstraction level, and need not be allered connpletely.

In the process of determining the clearest identifier,
we feel it 15 wseful to have DRMS which acvepls tenla
tive ilentifiers which can be specialized or generabized
later on. We could wse trial and error (o determine
the proper identifier Figure 7 15 an example of how
they are represented in QUIvoTs.

As experiments are repeated, the identibier of the
protein which has some feature (featX') may be
changed. QuixoTs expressions (fact1) and (fact2)
are examples of the dentilication of experimental re-
sults, (factl) mentions nothing ahout the (fact2)
attribube “type”, and (fact2) mentions nothing
about the (factl) attribute “lifename”, When we
consider what sort of protein has “featX” and get

(factiloytochrome[lifename=e_cali] /
[feature=faatl] .

{(1act?lcytochrome[typesc]/[feature=featX].

(hypil} cytochrome/[feature=feat¥] .

{cf.1} cytochrome( E.Coli, _, featX )

cytochrome( - ©, featX }
tef.2) cytochrome(lifename{e_coli),typelc)],
featl )

(hypZ) protein[name={cytochrome, hemoglobin}]/

[feature = featX].

Figuee 70 Protems as objects i Quzrors

(factl) and {fact2), we can casily think of a Ly
pathesis (hypl). We can also get this hypothesis from
rnryere  using the object lattice of the subsemption
relation, Moreover, if we give sonw relations among
eylovhrome, lemoglobin®, and “protein’. another hy-
prothiesis such as (hyp2) s available,

by the relational data model or Prolog, it is neces
sary 1o redesign the attnbutes of tables or arguments
of facts to reflect such schema changes, since atiributes
havee 1o be fixed, This s shown m (ef.1). In Pro-
log, wo ean eeflect these by using lists as shown in
(ef.2) [15][16], However. 1t is necessary bo suppwor
a particular unifier for the list, and users must man-
age the weaning of the Lst {eg., connecled by “and’
or “or'} rarclully. drizrere allows set concepls witly
particular semantics Lo avold sueh nusmatches,

Modules for Data Management

To distingiosh tentative identifiers from fixed ones
gt exprrimental results from derived ones, a Tacility
[or mmaking modules s desirable. This allows local in-
Legrity to be checked within the module and the global
ungueness of the labels of Lhe identifiers to be shelved.

As well as the objects of experimental results. the
verified results and public DBs have to be distinguished
by modules, and be checked by different integrity
rhecking methods

Figure & shows an example of the verification pro-
vess, pper modules inherit all the facts and rules of
their lower modules. “PIR, ‘Swiss-Prot’, and "Ex-

erimental Results” are imodules cach of whick al-
ws local integrity checking. H the identifiers between
modules conflict with one another, they can be recon-
ciled i their parent modute,

‘Sequence’ has some rules and cross-references he
tween PIR and Swiss-Prod so thal it can sclecl and re-
ply Lo specific sets of protein sequences in these public
Des. ‘Integrated’ has some rules to verify cxperi-
menial results by merging the selected sequences fram
public DEs. It also has cross-refecences between public
DBs and experimental results (but they are ignored
Figure 8 Lo simplifv the example).

—



Integrated
erified sequence[id=prota)
[ verify By merging |

A 3
Experimental Sequence
Hesults selected sequenc
sequance [id=proti]
[id=proti] / \
PIR Swiss-Prot __W
sequence sequence |
[id=408478] [id=AMDI1$KENLA] [

Figurc 8 Maodules for Vertfication Process

6 An Integrated Private KB System

ln this section, we show the configuration and he
behavior of the private ki systent for biologieal -
formation. We can find two aspects of ntegration
the system. One is iy contents, which are mdividual
KBs and DBs. The other 15 an mtegration of the con-
tainers, which are KHL Qurvors and DBMS Kapga- P
We have made several expetimental systeins approxi
mating to such a system[12], that s a biological DH
in Kappa-P and several experimental descriptions in
uizxoTe,

6.1 Databases and Knowledge Bases

As mentioned in Seetion 2, the private KB should
contain the following:

c{"l} public T¥8s;

2} biclogical iochemical knowledge:
(3] private expenmental results, and
i4) personal hypotheses/derived rules.

Our system will hold several DRz, including public
ones such as those slown at the bottom of Figure 4,
An oval represents a module of rules and facis, and a
rectangle represents a Kappa-P DB,

Public DBs and primitive accession methods are
managed in Kappa-P. The DB part of private exper-
imental results may also be managed in if. Mean-
whale, biological and biochemical knowledge such as
protein function descriptions, derived rules and other
knowledge parts of private experimental resolts, and
personal hypotheses. are represented in Qurvore.

The experimental aystem in Kappa-P eontains
three public DBs: PIR, PDB, and ProSite. We imple-
mented a parallel molif search algorithm and an inte-
grated GUI for protein feature deseriptions as primitive
acression methods. We deseribed some of the knowl-
edge of biclogy and biochemustry in Quraors, which
is shown in Section 5,

PraSite

Feronal Hy potheses

superimental Hesualt

iclogical oo ledg:

il

Frivate KH

Swiss- Frat

E* ]
E
1 1

"Ik

Figure & Integrated knowledge Base of Proteine

6.2 DBMS and KHL

Lo Sertion 2, we alsa mentioned to the requirement s
for 1KWAL:

() privmitive access mmethods for biological use.
iG] knowledge managenwnt,;

(7] wferenee: and

(8] presentation.

darvors system provides tnportant facilities re-
quired for knewledge mformation processing. such
as knowledge representation, management and infer
rnces, QiryoTe also provides basic functions for con-
structing an integeated KBEMS on top of Kappa-P. la
our systen, Quryors will interface KBs with DBs. as
well as with applications. So there arethres interac-
Lons appear in the system (Figure 10)

Malecular Biological
Applications
[12]

Quryore ) (3)
[ 110

Kappa-F

Figure 10:  Integrated Systemy of Kappa P and
uirveTs

{1} Interactions between Kappa-F and Quraors

Kappa-FP will act as a DB engine for a KB written
in Qurxore. All facts (non-temporal objects) in
Quixore will be stored in Kappa-P, and Kappa-
P will activate necessary objects as the result of



retrieval. i order Lo realize this integration, how.
ever, several refinemenls are needed in hoth sys-
LIS,

() Applications and Quivors

Al present, the user interfare of QuiyoTs is
hoased an query commands. [t is enough for writ-
g apphication programs, but it 15 not conve
mienl for biclogists” geweral uses. A proper GUi
1 peeded. The command imterface should sup-
port standard forms of the molecular biological
data {ASN. |, for examnple) to exchange data and
knowledge with other systems,

(A

—

Applications and Kappa-I'

Fhe sysiern should support direet access to DHs
for simiple queries.  An experimental systemn in
Kappa-F currently supports a GuUIL to display
proteit featuee descriptions of PIH and PDB to-
gether with their amine acid sequences, and in
vake the parallel modif search program.

6.3 Toward a Knowledge Discovery Sys-
tem

Elibawi et al bave developed a parallel processing
algorithns of protein multiple alignneent [5]. When this
multiple alignment systen and the KB are connected,
and a new multiple alignment algorithm using motifs
15 developed. it hecomes an integrated application and
kB systein Tlis s expecied as a first step toward an
automatie motd extraction and motil accumulation.

7 Conecluding Remarks

Biological applications are exciting field of study
fur the researchers in DEMS and KRL. For such appli
cation, DBMSs and Kibs are required to have vanous
functions: information retrieval, deduetion. ident ifiea-
tion, module concepts, extensibility, and paralle] pro-
cessing. The existence of a private KB, consisting of
various exwshing public pes, would support the next
phase of this rescarch: biological knowledge discovery.
Such new effective DEMS /KR, facilities should also be
found and proposed by computational biclogists. 1t is
important to cooperate with them o conduct Turther
research.

Meanwhile. the demand of information and re-
sources would often exeeed the capacity of individ-
wal Db and KEs. (lwiously, distributed DRMS 13 re-
guired. We helieve DOOD with extensible DEMS would
nlso play an important role for this purpose
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