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Polishing Knowledge on Chemical Carcinogenesis
using a New Rule Expression

Takashi Okada

Kwansei Gakuin University, Center for Information & Media Studies

Data mining is expected to play a crucial role in the study of chemical carcinogenesis. As the
problem is very complex, an expert cannot judge whether a pattern expressed as a rule is
reasonable or not, immediately. A rule is just a material to formulate working hypotheses. The
expression of rules must be easy to understand so that it invokes active user reactions. The
cascade model was used to analyze the chemical carcinogenicity problem. In this report, we
employ a new rule expression based on datascape concept to polish the knowledge on this
problem. Inspection of the obtained rules has been an efficient work, leading to new valuable
knowledge.

1. [XL®HIZ

L E ORI & 2 OWE D51 &l 2T APEMEM OB A2 62029 5 2 LIIIFEF ICHE R
FETH Y, WBETEIEARRE & XN DS BN T TS STV D, 2O TSR LT
LB 2 R —EREET A LDIRE L, SLAMDORMZFFEOYIMLFNB LT F
T BRI R B Ko TRLR LT, TEME & OB A RO L BT O I X VRN 5 2
EN—XBYTH o 7=. IT4E high throughput screening FifffOHFHIC LV, F—F ENEIMITH
MUTWD. ZRUTHEY, K0 ZEREE LR OZBOEMEEOT v A T =21 h, FEEE
PERLHME DR R 2 EE N TE LN THAT 22 LB RdbNTEBY, T4~ =7
HEifi~oWfErmE->Tnsd  [1].

LoaL, MEOBEHENE L Z O RN ERIC N NHORBEICEEL 5252800, A= 71C
FoTHon-m#zZ 0 ERHTE D AMREMEIX RV, —iX, MIREDOI LR LA - £
BRZSHES HERS, FREGRE BT TOOMEITH LS. ESIHMEDT 77 4 7RIS
WL EINDLZA =V TRETHDLEVWZ D, K, bL~A =V ZRERPHBIE SN2 NE F
ZEZBDON—L L LTHRRESN DR BIE, FAEIZZLDOTNOHNRME 2 RS 12012 RD Y5
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HEFBELEECTZ LR, TI7T7 4 7Rz lfid 2 2 Si3E L.

A4S Cld Predictive toxicology challenge 2000-2001 U —72 3 v FIZBWTHWLLTZ{kK
Bt~ A = T OMGRET D 2l EHITIZDOU—2 g vy FICBINTHICHIZY, A7
— FETLVEHWTHADEINDV—AEEONT 21T 7. L L, HIVWWIL— /LA FEMICHHAET
HZLIEREETHY, mIEED 1 OEUNDOL— L OHEZBLEORE LD 55 -71- [3].

DX BREBRICESE, FEHIIT AT —THEEENICL ESH LWL —AFEDOREL
ZEELTWD [4, 5. AHRETIE, ZOFHLWERZHANDLZ LICXY, UMb E
DO OMBRBRIERICBWNT, DX RFENERIE LN MR THIZE2HNET 5.
WHEITIX, WA —RETLEH LT =X A —T7HEICH & O — VR Z M HISRET T
5. B 3HEITIE, EBRCHT LI RAIR TS E LB, FIABEICEDT 7T 4 7RG
BERLRolnZ & &HRT.

2. WA —FETILEIL—IILEERE

21 hR5—FKETIL

ZOFET VL, fHBEL—L EEIREIC itemset DT T 4 AEKEE L, TT 4 AN TN IO EN
Vo7 an—b L GRIRLIETRT 5. O, item & LT3 _T [attribute: value] DO
EERAT D, V= OBIINE Gini 12 XD H T IV —EEIZHT D FfnHE NS (1) Ko
BSS (Between-groups sum of squares) CTH-z Hi#15 [6].

55t =" St a)- e} g

ZIT, plalZEMBEME [ OEN a THLMRERL, g™ NV—"T%, UlLZ N—71205E ]
OIS, LIInEROEiSE2RT. /-, V=TT X ICEBINS.

IF main condition ADDED ON preconditions
THEN class variable: pre-distiribution = post-distribution
THEN other variable: pre-distiribution = post-distribution

ZIT, = VEE, VU RO T A T AREN S IR RIS L, U 7BV T
MENDT AT LDOESFMETIC T TRIEIND. ), V— 1 OFDITESMFEARI%O B
BEMEONAR 2RI T 5. B, IBFEHRHCRBNT, EERMEEMHBEOEWHHEKICOW TS,
ZDEDHAR DAL TR T 5.

22 T—HRAT—THEICHLEDIL—ILERE
TR A =T LIFHATTOIEL T2 OREEE®RT HEETH S, K& Lk %

L LD 95 L%, BRERHEOMENIZE D KRENREENS, TO—HOFEMFERICED
FC, VURDBREEZD L) ICHMEI R TE UL, WBEE 2T AN > TUIHYITH D.

T—X ETT 55 E Y, V- ABEEER E B %, DOV — VR L D 2B o5R
N, TO—MMOFMICEDLE T, TELHRVMMILL THRRTDHZ LTk, T—4AFOE

BB EREL LD L5 ATHS. BRI LR TEONTZAL—A B HE LT, L

TO XS BREAEIC LV BRI — VB AR T 5.

1 rN—roEFEEB IORREAEORNXE BN H] 25 Bk k] ([dEEL,
BSSEZEBEL L LI BRINERIC L - C, Rk —VEREET S, 2k, £2<o
Jo— VAGERE D [E— D Fei /L — IR L. = VDRI RN H 5 [4].

2 —xtonr— A BRET, ERMEEHRI%OXFFREGIESOBBEELZ R TEREL, TOME
N—EME (minrlv) 10D HRKREWEAIZ, BSSTEOKREWHZ T/ —)b, iz EEL—L &
L CHRRAET 5 [4].

cnt(AUL N BUL) cnt(AUL N BY )} 2

W (4,B)=
v (’ ) max( cnt(AUL) ’ cnt(BUL)
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ZIT, ABIIFRFHESGERL, ecnt IEASOEIRBEZRTEL TH L. £z, ULITFESR
R RIS 2R 5. AR OB T & I 5 & Sz a % ULrelative,
BT PEET 2855 % Lrelative & WEA. 7ok, AR ABEET 5856 Urelative
RS, ZOGEIEEL—L L BEL— L~ DR EIFAT DR V.

(B)  HMEBDMED /AN, AitEdM 7 IXEREOREDBMEE CRMICELTHZ En3H 5.
Z DX 9 7k %A ridge EFEOY, IR CEFRT D4BSSrate WA TCREMEERSD. £2 T, =
NA—EME (default: —=0.3) LV b/hSWEHAIT, L—LOffiHfERE LTHRRT 2 (5]

ABSSrate =

BSS(X + AX) - (n(X +AX) n(X))-BSS(X)/BSS(Xo) @)

In(AX) n(X,)

DT, L OO XD XHAXITLE S BSSEDZ LA, ridge fEIKAX H o FI%KL
wAX &, TEOA—MES X0 123515 5 BSSTETHML LT 5. ridge Ik O HHIEN &
ELLE (default: max( 0.1-n(4X), 5)) O ridge & 787E L, FEEF OFEFIREZI T D L4500
it O B BIEED 54 & R T 5.

3. EERTUHEADER

WEE |2 B X 717z Predictive Toxicology Challenge 2000-2001 DV —7 & = v 7 IZEB W T, %
R INCHKHT DALFERET ANEOHEE N IEFRE & L CRE SN, ZEOBNME DL H O HFIETOMR
iR ae bbb i, ZOTHRBEZH 7=, FEEI1XZ D challenge IZ&MML, FEWIZ L TRWEE
Mizfssd 2 LN T, REITHE, IO challenge ®ROEEE AP0 L=, FEE RO TE
WICL VB REE, CNETODRT—FETVICI OB ONZHER LB L THRMAT5.

3.1 Predictive Toxicology Challenge 2000-2001 [2]

ZDTI—7 v a v 7T, NTP IZKAbEW 417 FIZkHT 53 T —4 (male, female
@ rat, mouse [ZXT A H D) EEEENAAL, TNHICHT IR 2RO EE L. *
OFER, THEOGE R (3L 7000 DL BB X 5) BSRIAAREE feoT. £z, FDAICK
% 185 LB DFETT AMERERER 2 RN FIEE D L T X, ZO/FESRR oA %2 H
SMUDAR L. Fx L YOBNEE, NTPIZL A bEite 3R T —2 L LTET VEE
% L, FDA OILEWRECH L TCEDR T MEETRILZ. UV—2 v a v 7 TlE, EEEREND
DOTZELEEF LT ROC ATIC LV KT VOFMZ T 7. Fiz, BHEOEMENL L FR— |
Tidr, TOHMBEGVESRCHLBMEZT MM L. ZNHT X TOT—HLL, LR—MIV—27 3
T DIR—=L_R—=VICEHENTEY, £7-Z0RAIIHT D Bioinformatics Journal D=
DL BHEINDTETHD.

3.2 WA — RETILIZ &K B8

FRATIC Y 7= > CUE, Rt SN =5l FEEO 25, Kramer (IZ X5 63 O 7 T 7 A L M
1%, B LU TReymers Ok FHENO X< b7 9 OB L FHMHEEEZFIHAH L T\WD. £
AFE CIIfENT %5 % male mouse T — Z IZfR > 7-.

NAr—RETF ML D TT 4 A0, minsup=0.01, thres=0.1 D/3F XA — Z[HAIEE
L CTf7o7-. Male mouse T — X DIFE, 4 TA T LETDTT 4 AT 4 FEOEEIPVER S
iz, TNETOMIT T, ZOT77 4 AFMLZEDO BSSHEN 1.68 (FHHIED 0.5%) LV HK
72526 V7 o UERE L GRIRT D, 2O TRV — L BIBIZEF OB R—1 7
ZEELTIHEHDONL— Ly FERIRL, FAZEOITCREEL Tz [7]. Zoflicix, %
JL— VBRI 85, 26, 30 fl, 91 MO /L — /LN ER SIS . IRITE OIS HIE, b or—)v
BETRTEFMCEBT A LIT# LY. 22T, Zhbo— LT BSSED 3.0 LA EDfE %
AT, R1IDIFEOL—LOHLZRY L, SEONGEE LT\, ZORDE 1 O/L—/LITI,
ARSI DRI 2 3THOTET 5/ — VD SN TWD S, Z OMMRACIZENTE S FAEHEIZ X
NITo7-HLDTHoT-.
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ASEIOHTIZEBNT Y, F—DONRTA—=FEHWTER LZTT 0 ARHFEE LD, T
T BSSTEN 1.68 (FHIED 0.5%) LV HR&E72526) 7% LT, Vv—LOE#EbEIT- 7
LA, BSSIEN 3.36 (FHIFD 1%) L0 b RERMEEATLHL— 3 FEREFLN. (2K
DEN 0.5 LLEDOFMET, b — VML LI Z2A, 8 FOF L —/VEZNHITH
W4 2 &5t 36 flid ULrelative, 3 X N6 fED Lrelative —/V CHEREZRBTHZ LN T/,
F70, ENENONL—LT LT, ridge [HEHR G AHE LT-.

3.3 JL—ILDfEIR

# 19O Rulel IZX LT, EZFMFELEMHBAOENELIED AN, S MO L, FHL D
LG DREIC LV, FEEITEIC MHlexibility ([CE TG Z > o Z i ALEWIE, KEHE
SRETRNWRLIFET M THD. EEAEEEEDIZIHEV HOMO VRV EFFS S DR
VL E W IOEERICERO H DI A E X H LTS,

ARIOENTCELNT SFEOE L — L E2F 2IRT. Z0OHTHE 1O Rulel IZ5HnT 51—
%, 2T ®D Rulel TH 5. Wifgd 5 &, Fifbic LV BSSIEIZHEML T\ 52, mifesRiFE034E
MEZ T2 S TVNA. ZONA—VIZEE OB E L — L BNEIET AN, FONO 5 fElX HBA 8L O
FLEX O&Mfi%E EL—n G L TEY, RECFFOIURMEDEICLDZ D EEZ L.
T, Lo 2FEOEEL—L Y, BEOEKEZZBETNEL, FA— NV ER—ONEFEERTHOL
BTz enTE.

112, BEVERICEDIE B 2 b5 2 FOME/L—/VZRINL, FL— &R T. &)
D FN— i 5 ELMEHBA=0]23 @ MEE[HBD: (K], [HOMO: {&l, [C-C:yl. [C-C-Cl:y], [cic: n]

Table 1. Strong rules (BS$>3.0) derived from male mouse data set by the conventional method.

No. Main condition Preconditions Changes in distribution ¥ BSS
[HBA = 0] [FLEX > 0.5] (43 .57) /79 > (.95.05) /19 5.08
If no precondition is applied, (.38 .62) / 336 > (.65 .35) / 55, BSS=4.03.
1 If [C-c:cic: n] is the precondition, (.40 .60) / 228 > (.69 .31) / 49, BSS=4.26.
If [cic-N: n] is the precondition, (.39 .61) / 227 > (.65 .35) / 55, BSS=3.79.
9 [C-Cl: y] | [C-O: n] | (40 .60) / 214 > (68.32)/44 | 3.56
The percentage of [HBD = 0] also changes 52%=>98%, [c:c-N: n] changes 62%->98%.
3 | [Dipole > 4] [ [CL: y] | (54 46) / 94 > (07.93)/14 | 3.11

t In (pos negl#tcase, pos and neg show the probabilities of positive and negative cases,
respectively. #Case denotes the number of cases. Distributions before and after the
application of the main condition are shown.

Table 2. Principal rules derived from male mouse data set at min-r/v=0.5.

No. M%H.l Preconditions Changes in distribution ¥ BSS|UL L
condition

_ ~|[FLEX>0.05] [HBD<2] [C-C-C-C: n]
1 |[HBA=0] [C-C-C-O" n] [Cl-c:c: n] (.85.65) /125 > (95.05)/19| 6.73|21| 6
2| [S:yl |[CLOGP>0] [HBD<2] [C-C-cic: n] [C-C=C:n] | (42 .58) / 184 > (3.97)/33 |5.11]10]0

[HBD= |[CLOGP>0] [LUMO>-0.15] [C-C=0: n] [C-O1

3 1-2] In] [Cl-eier n] [eicie-N: n] (52 .48) / 82 > (0.01.0)/18] 4.95| 1|0

4| [Nyl PS%EBO]n[]H[EﬁS? I[S[SCCOCHI]‘] [C-C=Cinl | (62 38) / 58 > (0.0 1.0)/11| 4.24] 00
) [CLOGP<4] [HBD<2] [LUMO>-0.15]

5 |[Dipole>4] [HOMO<-0.25] [C: y] [cic-O: n] (.45 .55) / 117 > (.04 .96) / 24| 4.06| 3|0

6 | [C-Cl:y] |[C-C-C: y] [C-C-O-C: n] (32 .68) / 75 > (.75.25)/20[3.70| 1|0

7 | [C-N:y] [[HOMO<-0.2] [C: y] [C-C=0: n] [N-O: n] (.46 .54) / 127 > (0.01.0)/17/ 3.67| 0|0

8 [N:y] |[CLOGP>0] [C-C-C-C: n] [c:ic-N: n] [cic-O:n] | (48 .52) / 111 > (.11.89) /27| 3.62| 0|0

T Notations are the same as those used in Table 1. UL and L denotes the number of
UlLrelative and Lrelative rules.
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EEWVIEOMBEAZ RO VL. F£72, ridge HHN D, ARG H O[FLEX>0.05] 3 E 5 (25
Wil Tz 3 5. FEEE, [FLEX<0.05]0 ridge fEIEFIZH 5 53 FHNZBWTIL, ES5M0H
FAMIET ANMEDF TR E L . 2 TV,

Rulel-UL7 TR &E 3D ULrelative V—Vi%, FE5MwARTCIE 87 FHIH D 51 FHpH % FEL—
NEGL, BWHED 14 FHTIEZEOND 12 FHRFEL—ILERUTTHD. EA—ZBWNT
ARG 2R & L TR E 2 HOMO & LUMO 728, Z Z ClE M, st s LTHnTw
%. Ridge I§# % A% &, KW\ LUMO [ETIXRY L HOSMAMER L TR Y, TANEERE R
THdHZ & 75#”%) F72, ERMEA%ICce nl2d 100%E 72> TNWD Z &Ik, ZDN—LRnFE
BTSN DO FITHEA SN D REZ 2R LTS, K% D Rulel-UL9 %)fﬂﬁlﬁiﬁﬁﬁ?&@ 12 &
FlEBFELTEY, o 2/L— LTI RHERE TH 572 [C-C-Cl: yIBRELRML7->TND.
512, [FLEX<0.05]2% 3 L—/Z@ L Cridge & L THNATEY, BEEAQFHESFMETHDH L
NHRECTX 5.

DML, BEICE 2 OL— L T L OFitRSEM:, ERFEMEIRTSLE0 L, RIEELEE
MDY T A NERFEST DS = ETHD, CIRTL2ZENEYTHAY. GoNTHA
DRETTTICZNE TOfTr b TW=b o TH D7, (1) [LUMO: &l, [HOMO: K]
TRIEMALE M Z ST b5 2 & (2) [FLEX: KIS EZE A ridge THh B 2 & ; (3) HEKLL
DT HXRBELTNDIE ; 2D 3EBNHTICHHLIZEEZS.

71 ® Rule2 I%, 9 ClZ# 1 Rulel OXBLTH D Z Y- TS, EEITABIOMENT Tl
72 2Rulel OHE/L—/L L LT, RIUARDRINTWD. 72, £ 1 O Ruled 1%, l[C-Cl: y]

Rule 1: Cases: 125 -> 19; BSS= 6.735

IF [HBA=0] added on [FLEX>0.05] [HBD<2] [C-C-C-C: n] [C-C-C-0: n] [Cl-c:c: n]

THEN MM: BSS:6.73 0.35 0.65 ==> 0.95 0.05

THEN FLEX: BSS:3.19 0.00 0.46 0.15 0.39 ==> 0.00 0.11 0.05 0.84

THEN HBD: BSS:3.68 0.56 0.44 0.00 ==> 1.00 0.00 0.00

THEN HBA: BSS:10.3 0.15 0.36 0.49 ==> 1.00 0.00 0.00

THEN HOMO: BSS:2.73 0.20 0.52 0.28 ==> 0.63 0.37 0.00

THEN C-C: BSS:3.73 0.50 0.50 ==> 0.05 0.95

THEN C-C-Cl: BSS:4.91 0.82 0.18 ==> 0.32 0.68

THEN c:c: BSS:3.32 0.42 0.58 ==> 0.84 0.16
Ridge information dBSSrate NewBSS Ridge Upper --> Ridge Lower
Pre:left-outside [FLEX<0.05] -1.84 4.34 0.45 0.55 / 53 --> 0.50 0.50 / 22
Pre:right-outside [HBD>2] -1.02 6.69 0.36 0.64 / 36 --> 0.00 0.00 / O
*UL:Rulel [Up] rlv: 0.59 Tanimoto: 0.32 R&S: 51 R-S: 36 S-R: 74

[Low] rlv: 0.86 Tanimoto: 0.57 R&S: 12 R-S: 2 S-R: 7

Rule 1-UL7: Cases: 87 -> 14; BSS= 4.402
IF [HOMO<-0.25] added on [FLEX>0.05] [LUMO>-0.15] [C-C=C: n] [C-0: n]

THEN MM: BSS:4.40 0.37 0.63 ==> 0.93 0.07

THEN FLEX: BSS:7.39 0.00 0.66 0.13 0.22 ==> 0.00 0.00 0.00 1.00

THEN VOLUME: BSS:3.35 0.23 0.51 0.26 ==> 0.79 0.14 0.07

THEN HBD: BSS:3.14 0.46 0.34 0.20 ==> 1.00 0.00 0.00

THEN HBA BSS:6.05 0.24 0.36 0.40 ==> 1.00 0.00 0.00

THEN HOMO BSS:7.45 0.16 0.48 0.36 ==> 1.00 0.00 0.00

THEN C-C: BSS:2.81 0.45 0.55 ==> 0.00 1.00

THEN C-C-Cl BSS:5.92 0.79 0.21 ==> 0.14 0.86

THEN c:c: BSS:6.66 0.31 0.69 ==> 1.00 0.00
Ridge information dBSSrate NewBSS Ridge Upper --> Ridge Lower
Pre:left-outside [LUMO<-0.15] -2.62 2.35 0.32 0.68 / 25 --> 0.17 0.83 / 6
Pre:left-outside [FLEX<0.05] -1.60 2.44 0.46 0.54 / 65 --> 0.45 0.55 / 11
*UL:Rulel [Up] rlv: 0.59 Tanimoto: 0.31 R&S: 50 R-S: 35 S-R: 75

[Low] rlv: 0.75 Tanimoto: 0.52 R&S: 12 R-S: 4 S-R: 7

Rule 1-UL9: Cases: 85 -> 16; BSS= 4.623
IF [C-C-Cl: y] added on [CLOGP>0 [FLEX>0.05] [C-c:c:c:c: n] [C-0: n]

1

THEN MM: BSS:4.62 0.40 0.60 ==> 0.94 0.06

THEN FLEX: BSS:6.19 0.00 0.58 0.08 0.34 ==> 0.00 0.00 0.00 1.00

THEN VOLUME: BSS:2.78 0.25 0.58 0.18 ==> 0.69 0.19 0.12

THEN HBD: BSS:2.55 0.54 0.27 0.19 ==> 1.00 0.00 0.00

THEN HBA: BSS:5.97 0.25 0.28 0.47 ==> 0.94 0.06 0.00

THEN HOMO: BSS:3.04 0.25 0.46 0.29 ==> 0.75 0.19 0.06

THEN C-C-Cl: BSS:10.5 0.81 0.19 ==> 0.00 1.00

THEN c:c: BSS:4.69 0.46 0.54 ==> 1.00 0.00
Ridge information dBSSrate NewBSS Ridge Upper --> Ridge Lower
Pre:left-outside [FLEX<0.05] -1.41 3.46 0.50 0.50 / 52 --> 0.57 0.43 / 7

Figure 1. Output for Rule 1 (part)

0390


研究会Temp 
－39－


Tdh o> TH[Dipole: @R BIEREETH D] Z & HIBRXTWDHA, [ UNEILFE 2 Ruleb O REH
—ZEFENTNS., i, 2FOMDOL—ANEIE, THETCHBEBTINTEXELLOH
LWHIRLZGA Z LN TED.

3. &

TR A —T BN LT LWL — VBRI X Wb R T T — 2 2t L= & 2 A5,
INETONL—VEERR LB LT, RGERDOT-ODOHMAERZHITIEDLZENTELH LT
ST LWL —LVRBEOREEZE L O E, ROLHIITRD.

1) =RV, DOMEICEETAL— LA F LD THETAZLNTXS. 5T,
= NVEEERHERT AR, — 0O 7 A v bEIAIZZ N Ok Z & by, BE
DT 52 BERBEAEDLZENTES, TNETOFHETIE, MENOEHETER L
TPV —IV DRI HEEDOXGRE L, MOV —LTETES TV, SRIONL—LVEETIE, 048
Ke—@Y G N TEDHLIITRoT-.

(2) ridge THEWICHES T, HEHITREBIEOBIRAHEIZITZ D, ZEOFHESRENEFEEL T,
ridge & L CHNDBMIZH > T, Wiz E 2TV, - T, R O BERRPEERC
mELZEEZD.

(3) HWAHEINDNL—IERNDI T 0nbhbT, L= ViE(bORRIZEY, ZhETHELN
RO ZiRmVNL— LB EA T LN TE A,

FEERNCHEPIZE NN AT RE R B DL — LV BENIZ, ZHE TSN 0o 728 LWE RS Ry
DL LI, WK DT —FTEAT O SNIGE LTI KRERESTH DL L1 5. FEEE,
AR TITEAM LR, ZRETITRONARZ = B RONS o7z rat T—X Ik LY, ARz
=V ERHTHZ ENTET.

fth )5, SH%UBTREEBEETD. 6B 1OMEMT, V—1rO&#Ebizcky, KEHTIER
WHTTRGREEI 23— VI AV AR, REDNEMLLCLEH Z & ThHhDH. Z OEIT AIC <° MDL
DOFEEEATHZ EICEY, RV —vE LT HERZ R L TWD. 5§ 2081, BSSE
DRI B KAE N ZEAFE L, FFICERORWEEL—LRAHEATHZ tThb. BEL—L
ELTHMESN TV A T2®, HERHZB T DT E ~OAMIZZNIZER S RVDR, 5% M5
DO FETEEWRRL— NV ERETHZENEEND.

SE Xk
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