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In this paper, we propose a method for integrating heterogeneous molecular biology datebases, and for retrieving
integrated data. Molecular biology data are distributed among multiple repositories that are constructed for
defferent domains and different purposes. Since there are correlation among these data, it is desirable to retrieve
from all these databases. In our method, the integration is dynamically carried out by two types of agents;

" database agent and user agent, which reside at a data repository and at a user, respectively, and retrieval is
executed after integration. By limiting the search space with user’s query, the cost of integration can be reduced
considerably. Integrated data enable us to compare genes from various aspects.
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(2] S—7ETH5. HXIE, DNABERS
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L, ThEh 2,5 36 DREERED [3].
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W, A DNA HERFIF—IR—D
GenBank 05— 7%k, HEK 4.6GB TH
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4, 5]

[4] S—FOEHIZTTRL, AF—TOEXED
BERIIRIS. IhWEEDRADE, FIT
2, SEREENDS.

[5] F—r2REeTrEBEEDIZVN. ®ET
HREBINTHHbDELT, RMEFHRIENR
HTFon3H, FH—ORGETFTHo>THES
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7z,

MEFPIONIREBLERICREITED
WEL T, DNA BERAREZIND
K7 I/BEFVHDH, £EWI#ELTsdH
DTHD, TOBBTDNA LI NIRIT
ZFRLTWL. #ELLOBRTOXRIIRES
PITET 570, HRORETHALTHS
MESHOEAFEE] K T EIBIEWITREL W,

INSORENSHNDBL ST, HTFERET—
FR-AEHETHIDICR, 74— v FOREZ
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(1) BBLIeTF—FR—2%&, INFF— 5’/\-—
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FEATURES Locat lon/Qual ifiers
source 1..37243
/orqam :m—"Bschench;a
coli”
/strain="K-12"

"] RA KONDO H.
RA TSURU D.

L 67 :
ocus Ecogg-ns?f;gibp ID ACCC_ECOLI ... HERDER ENITY ACID .
h AC P24182; Z
DEFINITION Escherichia eoli | |or o1-mar-1992 (..crearen) COMPND MOL_ID: 1;
ACCESSION  U18997 DT 01-FEB-1994 (..UPDATE) COMPND 2 MOLECULE; ...
NID g606010 DT 01-0CT-1996 ({..UPDATE)} COMPND 3 cuz-_m;. A, 1132
KEYWORDS N DE BIOTIN CARBOXYLASE ... g%rég 4 Ei'm:ai?'
SOURCE Escherichia coli: DE (A SUBUNIT OF ACETYL-COA SouRcE 2"0 BSCHERLCHIA COLI
ORGANISM Escherichia coli DE CARBOXYLASE (EC 6.4.1.2) .
ias DE (ACC). EXPDTA X-RAY DIFFRACTION,
iﬁ?::iié;:a GN ACCC OR FABG. AUTHOR G.WALDROP, I.RAYMENT,
REFERENCE 1 ... ’ - § OS ESCHERICHIA COLI. REVDAT 1  30-AUG-95 1BNC .0
AUTHORS . Plunkett,G. OC PROKARYOTA; GRACILICUTES; JRNL AUTH  G.L.WALDROP,
TITLE none QC ENTEROBACTERIACEAE. 3;:% ;_é:_'h g?ggggag@rggxo
JOURNAL  Unpublished RN (1] TRNE REEN Ao LS

RP SEQUENCE FROM N.A., ...
RC STRAIN=K12;

RX MEDLINE; 92052166
SHIRATSUCHI .-
ANAT M

RL PROC. NATL ACAD SCI .

SEQRES 1 A 449 MET LEU ASP..

I:léi.lx 1 Hl GLU A 12 CYS A. |
HELIX 2 HZ2.LYS A

"cps 186662..188011

DR EMBL; U18997; G606196; -~
l'(VI”FATTY ACID BIOSYNTHESIS;

ATOM 3 C MET A 1 xl yl z1
ATOM 9 C LEU A 2 x2 y2 22
ATOM 19 C ASP A 3 x3 y3 23

/gene="accC"
ORIGIN
1 taattat...
...atgctggat...

|50 SEQUENCE 449 Aa; ...
MLD ...

GenBank.L> M 1)

N

SWISS-PROTL> kU

"~

PDBT> kU

Bi1xhuoH

F—-FREGOSIELEOTEI, £LITM
EFTERBIENTVS., ZOXEEDIITY
MU RN TVS.

Rz hUOAERYT. H1ZENS5DNA
HERFIT— ¥ X—Z D GenBank, ¥ /NIRY
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DRIEREE T — ¥ X—2 D PDB DT> kU Of
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BROREFNENS. (B4) ZOBRRERE
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FUNIRT X BEF
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DNAS LR
F—FR—2

B 4: BHO IR R

WEAWTERTAIET, EHAOT—Filkis
ITEWRBNTE, ARLEBENICTRAS.
FZF LTI, DNA BERFIORLE, >
NIRRT I )BEFORLIE, 7N\ BEHR
BOEPERER, BVFADAVYRELTE
RITDZEITEDREBAENS F— Y 2RRT
BT EMTETHS.
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ZOBRWEDEEEEBRVRREABOAERT.
TEMADT O NIEBBIZBRTIRETDD
b, FUNIRT I /BRFNIHVEFICIZx A EOR
BPEEFOHOETRTRAT L. LW OIRRA,

DEFINE. OBJECT1
SELECT X

FROM X IN Gene
WHERE KEYWORDS(A,B)

&

SELECT Y
FROM Y IN OBJECT1
WHERE Y.protein.seq.sim(:seq_C) >= x

KXo THRBILENTES.

1 ODOMWEDRRE, F-FERELATVx
DN TBD0EERNEHETHS. WHERE
Hiz@hNi KEYWORD() iZ, 5I% &L TH—
D—ROXEFEEREETD L, TOF—-T—RI
EvhTBILPUR, EF—IR-ANEHRD
sh#asnd.

2OHOMWADLEIR, KeIhiedT7oxlh
ESLTOHBETRZSMWEbRTHS. 5
NUDEH seq C 127 I /RBREFBMEI TN
ol

4 BREEZE

ERICTO NI ATATFLEREL . A
TI3E 2ITRLE 4 DDOTF— FR—AEAVTHE
EfFiRofe. 7ORY 4TV AFLRLAN LOT—
2 A 57— a’ (SPARCstation-20(SuperSPARC-
11, clock 75MHz)) W, F—FREOT—H)
T AR EREL .

%2 VAFLATCHATIF—IN—R

F—YORBIThNBEFHEERIIZR 30K DI
o'k,

% 3: e ORI

KW1 KWwWZ2 KWw3 Kw4
WETZ> Y 19 72 232 351
wEFTo b 7 15 65 196
AN (V) 12 58 247 528

F-U—F
KW1 : tim Escherichia coli :
KW2 : sugar transport periplasmic Escherichia coli
KW3 : serine Echerichia coli .
KW4 : transport Haemophilus influenzae

“SF—FR—ZX | ¥1X T FIEK
GenBank | 4.6GB 1274747
SWISS-PROT | 221MB 59024
PIR 211MB 92175
PDB 2.1GB 10804

| BI—Yr> hESLOERESD VNI MPI12)
ERNWTHED, 12Y—FybETHZOIATA
BETS.

BREHEOF—U—RTHIY, AXEF—T7—
K2
"retrieve all genes for periplasmic proteins related
to sugar transport eicpressed in Esherichia coli.”
EVSRREREZBELTHD, RENBRRO
ERERELTWHENRS.

F——k 22k > TRREN, ERIKE
NrEF—F3FR 40L& 5125,

REFILIRESINET—FEANT, il
HENST— FEHB TSI ENTES.

513% 4DBE ATV 2/ FOHD 2D (araF
& rbsB) % DNA HERF, FONRI/RT IR
A LT 2 REHFEE 2R WL ME O Lk
ZLEEREERLTVS.

5 &0

I—-TxrbERAWE, REOFFEMET—
FR—AERATHFEEEERL, Yoty
DEREEFEOE.

I—VrrhEREESZEITED, 1—Y—&
F—HR— OO, HENP I CRRNERZ
B2 ENTE, £k, A7Vl MEAENE
EST kD, EWFROSBRAME LR LRSS
F—HITBARHETT JEATHTENTES.

S, -2 F¥—Tx—RELVEL
LTWnL T ER, MEFEDLOLECHETOR
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#* 4 REWR

Gene Definition GenBank SWISS-PROT PIR PDB
tbsB,rbsP, ...~ d-ribose-binding periplasmic protein precursor. ECORBSP, ... RBSB_ECOLI 1DRJ, ... 1DRI, ...
xylF ,xylT d-xylose-binding periplasmic protein percursor. ECOUW7s, ... XYLF_EGCOLI
araG l-arabinose transport atp-binding protein AraG. ARAG.ECOLI  S01074
araH l-arabinose transport system ARAH.ECOLI  S01075
permease protein AraH.
mglA " galactoside transport atp-bigging protein MglA. MGLA.ECOLl  Barar7
lamB,malB maltoporin precursor (lambda receptor protein). ECOLAMB, ... LAMB.ECOLI  QRECL
otsB trehalose-phosphatase. OTSB.ECOLI
otsA alpha, alpha-trehalose-phosphate synthase. OTSA_ECOLL .
mglB d-galactose-binding reriplasmic protein precursor. ECOMGLB,.. DGAL.ECOLI  1GLG . 1GLG, ...
malF maltose binding and maltose uptake proteins ECOMALB .
. and the lambda receptor protein.
malE178 maltose-binding protein mutant 1MDPA 1MDP
malE322 maltose-binding protein mutant 1MDQ 1MDQ
araF l-arabi binding peripl P precursor. ECARAFGH ARAF_ECOLI JGECA 1APB, ...
malE maltose-binding periplasmic protein precursor. ECOUWS9 MALE_ECOLI = JGECM, ... 1DMB, ...
malM,molA maltose op peripl ic protein p ECMALM MALM.ECOLI BVECMM
Object : araF Object : rbsB
DNA sequense score=105  DNA sequense
650 660 670
of araF (gene) CATCCGGAAGTTAAACATTGGCTGATC of tbsB (gene)

ATGCACAAATTTACTAAA /IIHIIII LH T [RERN ATGAACATGAAAAAACTG

GCCCTGGCAGCCATTGGT CATCCGGATGTTCA——~~~GGCTG-TA ¥~ GCTACCCTGGTTTCCGCT

CTGGCAGCCGTTATGTCA 620 630 GTTGCGCTAAGCGCCACC

CAATCCGCTATGGCGGAG GTCAGTGCGAATGCGATG

"""" Amino acid alignment T

Amino acid sequense

RMSD=13,0A

10 20 Score=174}  Amino acid sequense
of AraF (gene product) I:HTFTKALAIIKIGIAAVMSQSMICIAENLKL of RbsB (gene product)
o
MHRFTKALAAIGLAAVMSQ /|  wxxra ALSA AMAKDT-T $eee MNMKKLATLVSAVALSATV
SAMAENLKLGFLV. .. ... Trl.gsmr T\zrgmz -1 SANAMAKDTIALV......
Superposition

<pnn

H 5 MAThERGEFOTF—FOREON. MET araF & bsB BLUBRINTTES ¥ N0K
AraF & RbsB

?%xm http://www.ncgr.org/gsdb/schema.html).
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A &1 AF—EE (89)

" Gene Protein

Rgoﬁ;lstﬁ',’f Definition

Keywords Source

Source
Seq 3D
Length Length
sim() sim()

CLASS
notation: attribute relatlonshlg
operation()

8: AF—TEH

AV K Sim() iX, DNA SHERAE 5> NIR
7 I REFIORE, BFT 5 1AL FEFRNY,
TOAATERT. MEMEOBEE 2 RVGE
EDRI7EET.

B fiR2:MUEbHEBOTE
(&853)

query::= [DEFINE identifier AS]
SELECT [DISTINCT) expr {,expr}
FROM identifier IN expr
{,identifier IN expr }
WHERE condition

condition := KEYWORDS(string{,string})
condition ::= compare_expr {AND compare_expr}
condition ::= compare_expr {OR compare_expr}
compare_expr ::= expr {relation expr}

expr ::= expr dot attribute_name

i

expr ::= expr dot operation_name(expr{,expr})

expr 1= number

expr ::= string

expr = identifier
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