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Discovery of Frequent Hyperclique Patterns
in Multi-structured Graph Databases

TsuBasA YamaMoTo, ! Yuukt Mryosar, !
ToMoNOBU OzAKIT2 and TAKENAO OHKAWA !

“Multi-structured graphs” are complex graphs whose vertices consist of a set
of structured data such as itemsets, sequences and so on. In some application
areas, e.g. bioinformatics, the whole structure of the target data can be modeled
or represented naturally in multi-structured graphs. In this paper, to catch the
strong affinity relationships in multi-structured graphs, we propose a pattern
mining algorithm named HFMG for discovering hyperclique patterns, i.e. novel
and meaningful frequent patterns whose components are highly correlated with
each other. HFMG considers two kinds of correlations among components and
it can enumerate all hyperclique patterns efficiently by employing the powerful
pruning based on the properties of correlation. The effectiveness of HFMG is
confirmed through the experiments with real datasets.
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[25.1.-] 2.7.1.26 —{ 2.7.7.2]
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Fig.1 An example of metabolic pathway.

Gene Name FLAD1

Orthology KO: K00953 [EC:2.7.7.2]

Motif MoCF _biosynth
ATP_bind-3
PAPS_reduct

AA Seq MGWDLGTRLFQRQEQRS
RLSRIWLEKTRVF. - -

02 00o00oooo
Fig.2 An example of enzyme data.
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Fig.3 An example of multi-structured graph database D.
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Fig.4 Examples of data and sets of data.
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Fig.5 Internal mutual dependency and external mutual dependency.
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Fig.6 An example of search space.

up(us, [{a, c}, ¢]) = supp (us) / max{supH({a,c})} = (4/20) / (14/20) = 0.29 (7)
gboobooboobooboooboboobooboboobobboobDobooDno
0000000000 sO up(s,8a) <hixy 000000s(s") =sa Uspdsg X s3 000
goooo s'DDDDDhconf}_—,n(s')<hinDDDDDDDDDDDDsDDDDDDD s
ogboboboooooooooooooboboboboobooo

3.2 ODOOOOOO
gobobooooobooooboboooboboooboooobobobobobboobDoo
goboOoo0oooO0oOoooOoOooOoO0obO0UobDoU0obooooboboUoooooo poo
oooouoooooo p=(Vp,Ep) DOOUDDOOODOOOOUOODDDOOOOOODO
oooboboobooboobo«bO 100000000000 0o0ob0ob0obOobOobDOoD

(© 2009 Information Processing Society of Japan



58 ODO0OO0O0O0O0DO0OO0DOOOODOOOOOOO0O0
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Algorithm FMG(D, o)

1: set I be a set of all initial patterns
2: for each p e I

3: FMG-Enum(p, D, o)

4: end for

Subroutine FMG-Enum(p, D, o)

: for each t € Py,
FMG-Enum(t, D, o)

10: end for

11: if —isCanonical(p) then return

1: if sup$ (p) < o then return

2: if degree of rmuv(p) > 1 then goto line 11

3: P;ys := internalExpansionBySpecialization(p)
4: for each t € Py,

5: FMG-Enum(t, D, o)

6: end for

7: P;nq := internalExpansionByAddition(p)

8

9:

12: output p

13: P.,:=externalExpansion(p)
14: for each t € P,

15: FMG-Enum(t, D, o)

16: end for

07 FMGOOOOOO
Fig.7 Pseudo code of FMG.
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000000 FMG-Enum OOOOOOO0O0O00000000O00O0O0O0O000FMGO
24000 00000000000 0O0000oooooOoOoOoOoOooOoooOOOOOO0On
gboboooboooobooooooobooobooboOoOooOoOoOooOooboOoOOo 300000

000 DOOODDOOO0OOODOO0O0OO0 700000 [{a},d)d[{b},¢]0 [{c},¢]0[{d}, o]0

[6,(A)]0 [, (B]0 [6,(C)]0 [, (D)]0 [6,(E) 0000000

FMG-Enum OOOOO0O000O00000O00O00O00O0O0O0O0O0O0O000O000000
0000000 pO0O0000000O0O000O01000000O0O000000O00O0O020
oooooooooo()oooooooooooooooooooooooooooono
0 O O internalExpansionBySpecialization0 3 D0 [0 (2) D00 00000000000
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0000000000000D00000 internalExpansionByAdditiond 7001 (3) OO
O0000o00DO0o00Db0O0000000externalExpansiond 130000 30000
000000000000p00000000000000 ¢t0000FMG-Enum 000
00000005090150000000000000000000
000000010000000000000000000p0000000000 o0
O0sup$(p) <oeODODODDOD0D0ODOODOO0O00OODOOD000OO0000000OO
00200000000000000000000000010000000000000
00000000000000000000000000000000000000000
0000000000000000000000
0000000000000000000000000000000000000000
000000YWOoDODODOOOOOOO0OO0OO0O00O00000 pO0000000O00O000
0000013-1600M0000000p000000 1000000000000000
0000(1)0000000000000000000000(2) 00000000000
00000D00000000000000000000000 (2)00000000000
000D0000000000000000000000/0010000000000000
00000000000 D000D0000000D0000000000000000000
000000000000000000000Yo0OO00O000000000000000
0000pO0000000D000DDO0OO0O7-1000000000000000D0O03-6
O0000000000000000000000rmu(p) 000¢ 0000000000
0000000000000 0000000000000 ECLATYY 0 LCM'0000
00 PrefixSpan® 0 BIDE'W 00000000000 000D0000O00O0D0O00O00O0O
00D0000000000000000000000000rmeu(p) 0000 100000
000000000000 0000000rmu(p) 00 ¢0000 10000000000
0000000000000000000000000000000 ¢00000000
00000000000000000000000000000000000000000
000000000000000000000000000000 ¢000000000
00000000000000000000000000000000000000000
000000000000000000000000000000000000
06000300000000 PDO0O0ODOO FMGOOOOOOOOOOOODOO
O0OP000000000D00000000P,0000000R, 00000000000
FMGOOOOODODOOOOOODOOOPR 000000000000O0DD0OO00000O0
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00000000 DO0O O0000D00P0000O000DO0DOO0DOODOO0ODOO0OPRs
0P, 00000DOODOO
4.2 0000O00ODOOOO0OOOO0ODOOO0O HFMG
00000o000oooo0oooo HFMGUOOOOODDOOOOODODOOoOoooood
00000 s000000 FMGOOODODOOODODOOFMGOODOOODOOOoooooag
goboodobooooboobobooboobobooboobboobobobobobobobooo
000000000o0000oobe, 00000000 oOODOODOOODOO
godl1ogobobooobobooooboooobooobobooobobooooo
s(rmu(p)) = [elma, -, elmi_1,elms, ¢itr,--,¢0,] 0O 0000000 p OO
0000000000000 0UODU0OOU0OOoDUDUDOoOOO0OO toOosirmoe(t) =
[elma, -, elmi_1,elm}, dit1, -+, Pn] s.t.elm; < elm; 000000000000O00D0O
Sa = [elma, -+ elmi—1, ¢4y, ) D000 0sg = [d1, -, Piz1, elmi, Pig1, -+, Pn] =
s = (@1, pim1,elmi, dir1,- -+, ¢n] OO0 up(rmo(t)) = up(rmo(t), [elmy, - - -, elm;_1,
Giy s dn]) > heonfi(rmo(t)) 00000000000 hyp > up(rmo(t)) 0000t 0
j0t¢toob0o0o0oob0o0obDbOo0o0obDbOo0ooooObOO0ooobobooobobooo
0020000000000 000O0O000DOOO0O0OO0DDbOOOODODOOO0O
s(rmou(p)) = lelma, -+, elmi—1,¢4,-++,¢,] 000000000 pO0OO0O0OOODOOOO
0000000000000 00000 t00s(rmo(t)) = [elma, -+, elmi—1, ¢, -+ -, elm;,
. $,)000000000000000s, =s(rmu(p)) D0000ss = [¢1,--,¢n] =
sl = 1, elmy, -+, ¢n] OO up(rmo(t),s(rmo(p))) > heonfp'(rmo(t)) 0000 O
00000 hin > up(rmo(t),s(rmo(p))) D0000¢000¢000000000000O0
goobooobbooobboobbbooo
oo 3oooboboooboooobooobobooon
0oooooop=(V,,E,)00p0000000000000000000 ¢=(V, E)
oooov,Ccv,ooooooooooboooooooooooooooooooooon
0000000 hin > heonfE(rmu(p)) 000000000 p000000000000
gooooooboboob+¢+ooo ¢t ooobooboooooooooooo
goooooooog
0od40000000000000DO000ODO0OOO
000D0000D0000D0000000000 p=(V,,E,)0000up(p,V,)=
supg(p)/ng/x{supg(u)}:hconfgz(p)D[lDDDDDDDDDDpD hez > heonfg' (p)
u P
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gobodbobpbbOooboobboobboobboobbootbobotbboonbo
gooboooobooobbooobbooobobooobo

gobOsgoboboooooooooobooooooobooooood

0000000 p=(V,,E,)00p0000000000000000000 t=(Vi, Ep)
000000000 0se = V, \ {rmu(p)} 00000p < t 000 so C V, 00O
sg={rmv(p)} X sh =Vi\s. 00000000000 up(t) = up(p,sa) > hconfp'(t)
000000000000 Rs: >up(p) 00Dt 000 ¢tO000O00O0OO0OOOOOO
goboooobooooooboooooobooo

000000000 0o0oooooooooo0o0O000O0000 HFMGOO 80000

Algorithm HFMG(D, o, hin, hez)

1: set I be a set of all initial patterns

2: for each p e I

3: HFMG-Enum(p, D, o, hin, hes)

4: end for

Subroutine HFMG-Enum(p, D, o, hin, hes)

1: if sup% (p) < o then return

2: if degree of rmuv(p) > 1 then goto line 13

3: Pips := internalExpansionBySpecialization(p)
4: for each t € P;, ¢

5. if up(rmuv(t)) > hin then //000 1

6 HFEMG-Enum(¢, D, o, hin, hex)

7: end for

8: P;ynq := internalExpansionByAddition(p)

9: for each t € P;,,,

10:  if up(rmu(t),s(rmv(p))) > hin then //000 2
11: HFMG-Enum(t, D, o, hin, hez)

12: end for

13: if —isCanonical(p) then return

14: if hconf& (rmwv(p)) < hin then return //000 3
15: if hconfp" (p) < hee then return //000 4
16: output p

17: P.,:=externalExpansion(p,o)

18: for each t € P,

19:  if up(t) > hey then //000 5

20: HFMG-Enum(t, D, o, hin, hez)

21: end for

08 HFMGOOOOOD
Fig.8 Pseudo code of HFMG.
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HFMGOOOOOOOO 10 HFMG-Enum O 5000000 20 10000000 30
1400000040 15000000 50 19000000000 0O0O0OO

HFMG-Enum 0O 500000000000000000000C00CO00 pOO0OOO
O00o00o00o0o0oooooooOoUoUoUOoUoO0+t0ooUooo0n rme(t)0
00000000000 wp(rme(t)) 000000000 up(rmou(t)) < hy, DO0O00¢0O
O0o0oooUooooood »me(t) D0000OO0O0OOOOOOO0ODO¢tOOOOOO
goboobooo 1moog otcoobopboobobobobooboobooobobooobooo
O0¢t00000000 rme(t) 000000000000 up(rmu(t),s(rmu(p))) 000
0000000 up(rmu(t),s(rmu(p))) < hym 0000¢t000000000000000
rmo(t) D000000000000000¢t0000O0O0OO0O0O0O0O0 20000 30
4000000 140150000000000000000 p0OO00OO0OOOOOOOO
gobbooooooboooooboooooooobooooo0 vyoooodpOOoOOOOo
000000000000 +000000000000 wp(t)0ODO00O0UOup(t) < hex O
gobOtooooooooooooboooooboboto0obobo0oobobooooooboOo eo
goboooooooooooDbotoooo0oobooonooboO s

go0o0oO0 60000 HFMGOODOOOODOODOOOo0 =0.50hin =0.60hce =0.6
00000D0OP 000000 (5) 00 (6) 000hconfi (u1) > hin0 hconfi(uz) >
hin 00000000 Ohconfg(P1) = sup$(Pr)/ max{sup$(ui), sup$(uz)}
(3/4)/ max{(3/4), (4/4)} = 0.75 > h., D0 0000000000 000000000
00ooo0op, 0D0000000ODO0O0OO0O0OO0ODOODOOOOO P,O0O0OO0DOOHFMG-
Enum O 5 0000rmv(P) = w 00000000000000O0O0DO0OOODODOO
up(uz) = supp(uz2)/ max{supp({a,c})} = (9/20)/(14/20) = 0.64 > h;,, 0OOOO
HFMG-Enum OO 0OOO0O0000 1500000000000000000hconfp’ (Pe) =
sup$ (Py)/ max{sup$ (u1), sup$ (ua)} = (2/4)/ max{(3/4), (4/4)} = 0.5 < he, 1000
ooooobooo 400000, 017000000000 ROOOOOODODOOOOO
ooooooooop,OO00O0COOOOOOO

P O0000C0OOOOOOOCOOOOOOOODOOOOOCODOOODORO000O0O0O0O
pO00000000000D0U0O0O0OLD PO P,OO0O0ODOOOI0000 rmu(Pr) =us
00D00000000000000000000 (7) 00 up(us, [{a,c}, 4]) < hin
oooooooo0ooooD 200000P 0 RPOOOOOOCOOOOCDOOOOCOD
up(rmu(Fs), [{a,c},¢]) > hin D00 PR, 0000O00O0OODO
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P 00000000 O0ODODOODO 2000000 RROODODODOP OO
0014 000 rmo(Ps) = U3DDDDDDDDDDDDDDDhCOﬂfﬁ"(u:;) =
supp (u3)/ max{supp ({a, c}), supp ((AAC))} = (8/20)/ max{(14/20), (9/20)} = 0.6 >
hi» 0000000000 1500000000000000000hconfy’(Ps)
sup (Pe),/ masc{sup (ur), sup (u2), supS (us)} = (3/4)/ max{(3/4), (4/4), (4/4)}
075> h., 0000D0O0O0DOOOO0O0ROOOODOOOOOOOOOOROOOO0OCOO
00000000000 pUOOD0UO0ODOUOOOUOOOS000 rmu(Py) =uws00O000O0O
00000000000 00000up(us, [{a,c}, d]) = supp(us)/ max (supp ({a,c})) =
(4/20)/(14/20) = 0.29 < hy, 00000000000 100000R 0 R, 000000
oooboobo

00 ,pO0O0ODOOOOOOODODO PoOUODODDODODDOODOUOOD 20000
00 ppO00000OO0O00000 rmou(Pi1) = wa0000000000000O0OO
0000000up(us, [{b,c},¢]) = supp(ua)/ max{supp ({b,c})} = (7/20)/(8/20)
088 > hy, 0O0O0O0O0O0O0O0OCO HFMG-Enum 00000000 OCOOOCOOO
00 2000000000z 000000000 O0RAs0O0DO0OODOOODO
00000 14000 rw(P1) =w, 000000000000000hconfs (us) =
supp (ua)/ max{supp ({b, c}), supp ((C))} = (7/20)/ max{(8/20), (14/20)} = 0.5 < hin
gboooooooooo 3bobooo0pP0I7TO00000ODO0DO0 PR OODOODOD
00000000000 PA,000D00DODODODO
pPs;00000000DOOO P OOODODDOOOODOOOODDOOODODOO
O000000up(Pi3) = sup$(Pr3)/ max{sup$ (u1), sup$ (uz), sup$ (us), sup$ (uz)} =
(2/4)/ max{(3/4), (4/4), (4/4), (4/4)} = 0.5 < hex 0000000000000 5000
ooPu0 P,00000000C00O0CO

\

5. 0 0004

00o0o0oooo0oU00oooooU0U0UoooooOoUOoooooOoUoooooooon
0000000000000 000000000D00O00O00O0O00O000o0OoODAG
Miner? 000000 O0DOO0O0OO0O0OO0OOOOODOOODOODAGOOOOODOOOO
pyramid pattern 0000 0000000000000 O0COOO0OOO0OOOOOOOO0O
00000DOoO0oo00000oo0oo00ooooo000ooDoooOoOooooooooo
pyramid pattern D 00000
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00000000000000000000COPINE? O CoPam® DODOOOO
COPINEOODODDOOOOOOOOOOOOOOODONONOODDDOOOONONOOOONOD
000000000000 0000000000000000 CoPamO00000000
0000000000000 00D0000000000000000000000000
00000000000 00000000000000BFMGOODO0000000O00
000000000000 00000000000000000000000000000
000000000000 D000000000000000000000
0000000000000000000000000000¥¥oo0ooooo0no
0000000000000 000000000000000000000000000
0000000000 D0000000 HSGY OOOODOOO0O0OO0O0HSGOODOOODOO
0000000000000000000000000000000000 HFMGOODO
(1)00000000000000000000000()00000000000000
00D0000000000000000

6. 0 O00O0O

0000000000000 0000OFMGOUOO HFMGO JAVAOOOOOOOWin-
dows 0 0 00 CPUD Intel(R) Xeon(R) CPU X5260 3.3GHzU O 00000 0O 32 GBytel
0000000000 000000KEGGY*'0000000000000000000
gooooOoOoOoO0 1100000000000 OooDoOOoKEGGOOODDODDOOODOOO
gooooooooooooooooooboooooobboooooboOobo0oooOogo
gooooboboooooooooboooooooobooooooooooooooooon
000000000000 KEGGOOOODOOOOoooooooooooooooooo

01 0000oD
Table 1 Data sets.

Name # Ave. Node  Ave. Edge Ave. Item # Item  Ave. Sequence
Riboflavin | 100 7.8 7.1 2.2 100 309.5
Sulfur 500 7.5 8.8 3.0 482 375.9
Cysteine 751 15.2 33.5 4.2 1,086 428.5

#000000Ave. NodeDOOOOOOAve. EdgeD000O00Ave. Item000000000000DO0O0O0O
# Item00000000D00000DO0OAve. SequenceJ 00000

*1 http://www.genome.ad.jp/kegg/
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gobooooboooobooobooboooooooooooobobooboobobOoDo
goooooooooooooboooooboobboooobooboooDboooDboOoOoo
goooodooob 2o00000000b0000o000o0ooo0o0ooooooonn
gooboooooooodoooooooboooooooobooboooooobodoooooo
gooobooodooooooooobooooboboo0ooobooboOooooboOOOoOoOoDbon
oooooob20000c000ooboooobooooo0ooooooOoooooDooboo
O [Q0o0oooUooojooouoo

6.1 O 0O 1

O000000000000000Riboflavin 0000000 FMGO HFMGOOODO
O000000ORiboflavin D00 00000000000 OOOOOOOOOOODOOO
goboooobOooooooooboooooooboooobooooooo
obobodoobeODOOO0OO0OO0OO0ODOOOOOOOOOtimeOO0O 2000000000

Opat.0D0O0O0O0OOOOOOOOCcand.00COCOODOODOO0O0O0O000000O0 FMGDO

goooooooprFMGOOOOOOOOOOODOOOODOOOOOOOOOOOOOO
goooooooooooobooooooOooooooooboOooooooooooooDoon
goooooooooEFMGOOODDODOOOOODOOOOOODOOOOOOOOODOO
goboooooboobooobo 2000000000DO00O0O00O0O00O0DODOODOODOO
00.7000000hin =hee =0700005000000hin, =hee =050000000
oooooOo0oD 20000000000 “’00200000000000000000
goboooboooooobbodxolbbbor0obbooboOooobDbOoOoDOoO
FMGOOOe=07000000000 5 00000000000000000001
020000000000 =0600000000000000000000HFMGO
00o0o0o0oo0ooO0o0ooooooooooooooooorMGOOOOOOOO
O000oO0o0o0o0o0ooo0o0ooooooo0oooOoHFMGODOOOOOOOOO
gooobooobooooooooooooooobooboooooooooooooobobooo
uboooooooooooooooooooboooOoboooooooboOooOoboooooDooboo
goooobooboooooooobooooooooooboobooooooboOobobooooDboObo
ooooooon

6.2 O 0O 2

0000000000000 00ORIboflavin0000O00O0O0O0O0O0O0DCODO hey OO
Oh,0000000000O00COC0O0OtimeI0OO0 20000000000 pat.c0O0O
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02 001000
Table 2 Result of Experiment 1.

o time(sec.) pat.(#/1,000) cand.(#/1,000)
FMG HFMG HFMG |FMG HFMG HFMG FMG  HFMG HFMG
(0.7) (0.5) (0.7) (0.5) (0.7) (0.5)
0.9 3.0 1.0 1.1 1.2 0 0 70.2 0 <0.1
0.8 69.6 1.2 1.3 19.0 0 <0.1 1,864.7 <0.1 <0.1
0.7 16,289.6 1.7 1.8 | 551.1 <0.1 <0.1 |[125,095.0 1.2 3.0
0.6 - 2.3 4.9 - 0.1 0.5 - 12.3 67.9
0.5 - 4.7 44.6 - 0.6 5.8 - 76.4 1,383.6
0.4 - 6.6 861.9 - 0.9 107.4 - 121.0 38,067.3
0.3 - 7.4 3,127.6 - 1.0 397.5 - 128.5 155,501.1
0.2 - 8.0 3,361.3 - 1.0 444.7 - 128.5 171,525.1
0.1 - 10.0 3,544.7 - 1.0 444.9 - 130.0 172,756.7
0.05 — 29.6 4,982.2 — 1.0 449.8 - 205.9 205,424.7
0.03 - 353.2 - - 53.6 - - 20,209.8 -
03 002000
Table 3 Result of Experiment 2.
time (sec.) pat. (#/1,000) cand. (#/1,000)

hew hin o=0.5 oc=0.1 o=0.5 o=0.1 o =0.5 o=0.1

0.7 7.9 125.0 2.2 56.5 269.2 7,828.7

0.6 18.4 843.2 3.6 213.1 630.6 47,720.5

0.5 0.5 44.3 3,549.4 5.8 444.9 1,383.6 172,756.7

0.4 91.7 9,118.2 10.7 689.7 3,036.9 441,411.9

0.3 345.0  51,509.2 29.8 1,624.7 | 10,923.4  2,373,220.7

hin hex oc=20.5 oc=0.1 oc=20.5 oc=0.1 o=20.5 oc=0.1

0.7 25.0 79.9 2.4 5.3 599.5 2,275.1

0.6 42.4 619.4 5.2 60.3 1,261.1 24,270.7

0.5 0.5 44.3 3,549.4 5.8 444.9 1,383.6 172,756.7

0.4 44.5  12,221.7 5.8 1,912.1 1,383.6 688,983.2

0.3 45.1  33,268.1 5.8  7,300.1 | 1,383.6 2,134,111.2

OoboooOoOO0Ob0Obcand.DOOOOOODODODODO 100O0O0O0O0O0O0O0O0O0O0O0O0OO
gbobOz200000000000000=050c¢c=01000000000000 30
ooad

0000000000 ke, =05000000000000000R,000000000
gobooooooooboooooooooobooOooooooooboooooooboooooDooo
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hin =040 h,, =030000000000000000000000000CDOOO0OO
0000000000000 000000000D000ooooD0oooonoOnhe00
odoobobbbe=0.100000000000000000000000000 =205
ooooD e, =0500000000000000000000000000OODOOO
gobooouobooobooooooooobooooooooo

oobooooooboooobobooooooboboOoR,00.700030000000000=20.5
000 1300e¢=010002800000000000000000R.0 0700 0.3
gobooouoboddobe=05000 200000000000000000=0.100
Ui3sobooooooooooooboooocoooobooobooboooboooono
gobooooboooooooooooboocOooooobooOooon

6.3 O 0O 3

HFMGOOOOOOOOOOOOSulfur 000000 Cysteine00O0O0OO00O0DO0OO
00000060k, 000 R, 0000000000000 O0O0O0OCDOtimedOO0O
200000000000000pat.0O0D00O0ODODOOOOOcand.00000000O
000000000000 (1) 0000000000000 0000000O 20(2)000
goboooobooosgoboboooboooboobooobooooooboobo400bDO0n

gooobooooooooooooooboboooo9bOOOoOoOoDOODOOOOODDOO
gooooooobooooooobobooooboboosbobbOOoOoobDobobObOUObODDO
gooooooooooooooooboooobobooboooooobooboooooDbonoo
gooobooooooooooooooobobooooobooboboobOoooooDbDo
gooooooooooob oooooobobooooobooooobooboodgooooo
goooboboooooooboooooooooooooboooooooogooooboo
gobooobooooboooobooobooobb e=00300000000000
gobodoobooooooooboobodoobbooooooooOooobooOoooooon

O000o0o0o00ooO0OHFMGOUOOOOODOO0OO0OO0O00O0OO000O0O00oooooo
0000000ooooO0o00o00ooooO0o000oooooO0 FMGOOOOOOOO
gooobooboooooooobooooooobooboOoooo0ooooooOoboOoOoooobooObo
O000OHFMGUOOOOOOOOOOODOOOOOOooOoOoooo

OO00OOHFMGUOOOOOOOOODODOOOOO0OO0OO0 9000000000000 C Cys-
teine 000000000 =030hiy, =050k, =05000000000000000
0000000000000 O0O0000000D0D0O000000000CysteinedOd00
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04 003000

Table 4 Result of Experiment 3.

o | hin | hesx time[sec.] pat.(#/1,000) cand.(#/1,000)
Sulfur  Cysteine | Sulfur  Cysteine Sulfur  Cysteine
0.9 16.9 63.6 0 0 <0.1 <0.1
0.9 0.7 16.8 62.6 0 0 <0.1 <0.1
0.5 16.8 64.4 0 0 <0.1 <0.1
0.9 16.8 63.0 0 0 <0.1 0.2
0.3 0.7 0.7 16.6 69.0 0 <0.1 <0.1 1.0
0.5 16.8 84.6 0 0.2 24 3.1
0.9 16.9 74.5 0 0 100 7.3
0.5 0.7 16.9 151.1 0 0.3 100 45.2
0.5 16.7 1,202.9 <0.1 4.7 112 559.0
0.9 36.8 146.4 0 0 <0.1 <0.1
0.9 0.7 37.6 142.9 0 0 <0.1 <0.1
0.5 37.2 147.2 0 0 <0.1 <0.1
0.9 45.2 146.2 0 0 48.4 1.6
0.1 0.7 0.7 46.2 160.3 0 <0.1 48.4 3.3
0.5 44.4 192.6 0 0.2 48.4 7.7
0.9 77.2 179.5 0 0 296.0 51.0
0.5 0.7 83.7 371.1 0.1 0.3 368.1 104.2
0.5 83.7 2,980.8 0.1 5.5 369.6 956.2
0.9 64.8 271.2 0 0 <0.1 <0.1
0.9 0.7 65.0 268.5 0 0 <0.1 <0.1
0.5 64.9 271.2 0 0 <0.1 <0.1
0.9 74.7 272.5 0 0 48.4 1.9
0.05 0.7 0.7 75.8 291.2 0 <0.1 48.4 3.6
0.5 73.2 327.7 0 0.2 48.4 8.2
0.9 113.2 321.8 <0.1 0 401.6 81.5
0.5 0.7 1,161.3 579.1 24.0 0.3 18,822.0 149.2
0.5 2,936.8 4,864.3 64.7 19.2 49,844.6 5,730.6
0.9 165.6 490.0 0 0 0.4 <0.1
0.9 0.7 174.0 484.0 0 0 0.4 <0.1
0.5 173.2 486.0 0 0 0.4 <0.1
0.9 181.0 499.2 0 0 295.1 8.1
0.03 0.7 0.7 179.7 540.4 0 <0.1 295.1 36.5
0.5 182.8 652.8 0 0.2 295.1 105.1
0.9 266.6 746.4 <0.1 0 1,321.1 1,703.4
0.5 0.7 1,749.8 1,230.4 24.2 0.3 21,289.0 1,981.0
0.5 4,752.1 9,822.5 66.1 19.2 55,417.9 13,271.2

000000000 000000 Vol.2 No.3 53-66 (Sep. 2009)

hconf in_s1

[{ Aminotran_1_2, AA_TRANSFER_CLASS_1},
L-Cysteine <MTGWR >] L-Cysteine

heonf " Z ) 68 L-Cysteine

[{tRNA-synt_le, tRNA-synt_lg},
<NEIAQ >]

L-Cysteine. L-Cysteine

[{PALP, CYS_SYNTHASE}, [{PALP, CYS_SYNTHASE},
<GNTGI >] <GNTGI >]

heonf ™= .87 heonf ™= 0.87
heonf = 0.50
09 Cysteine000000000O000O0O00OO0O0OOO
Fig.9 An example of a discovered frequent hyperclique pattern from Cysteine database.

000 L-Cysteine 0000000000000 00000000O0OOOOOODOOO
0000000 L-Cysteine 0000000000000 000000O0OOOOOOO
0000000000000 0000000000000000000000000000
0000000000000 0000000000Y™Y 0no0o0000000onog
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