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Metabolic pathway prediction focusing on

inclusive relation of subgraphs®

Kenichi Tanaka
Abstract

Metabolites are integral part of human life because of their usage as food, drug, spices,
fuels etc. Chemical structures of about 50,000 metabolites have been determined and
large amount of information about these metabolites are stored in many databases.
KEGG organizes 16,021 metabolites with information of their metabolic pathways.
KNApSAcK organizes 40,957 metabolites with species-metabolites relations. Though
the chemical structures of around 50,000 metabolites are known information on their
pathways is very limited. To understand and to be able to handle metabolic pathways is
important to realize high-yield production of useful metabolites. Several approaches
have been proposed for the prediction of metabolic pathways. But these approaches
have some limitations e.g. low accuracy and/or high computational cost. In the present
study, to improve the accuracy of metabolic pathway prediction, I focus on maximum
frequent connected subgraphs among an input set of chemical structures and predict
metabolic pathways by determining inclusive relation of such subgraphs. And for fast
computation of the process of frequent subgraph extraction, I introduce a heuristic
approach focusing on inclusive relation between frameworks of substrate and product.
By using proposed approach, I predicted metabolic pathways among 35,000 metabolites
in much shorter time compared to other approaches. I observe many known and new
metabolic pathways in predicted result. To visualize predicted pathways, I propose a
visualization algorithm called Network Self-Organization based on the concept of
Self-Organizing map. Network Self-Organization can spread the entire pathway evenly
to a given space. Developed algorithms have been implemented as integrated software
named MetClassifier which is freely available on internet. Parts of the developed
algorithms are used in public databases MassBank and NPEdia.

Keywords:

Metabolite, metabolic pathway, drug discovery, graph theory, chemo informatics

.* Doctoral Dissertation, Department of Bioinformatics and Genomics, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DD0761018, March 17, 2010.
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000000000000000000000000000000000000000
0000000000000 0 (Langowski and Long , 2002; Talafous et al., 1994; Ellis et
al., 2006; Hou et al., 2004; Oh et al, 200700 00000000000000000
UM-BBDOOOOOOOO0OO0O0O0O0O0O0O0O0000000D0000000000O0OOO
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000 00000000000000000 Pathway Prediction
System (PPS) 0000000 (Ellisetal., 2000000 00000000 500000000
OGto3s3) 000 000000000000000000D000000000000000
000000000000000000 60 Pathway Prediction System 0000000
D000O00O0OWEBOOOOOOOODOODODOODODDOOOOOObt0001, bt0353, bt0270
03000000000000000000000000000000000000@ 6
(0)00D000000000000000000000000000000000000
ooooo@ e@NO

Rule bt0353

[Pathway Prediction Engine] [All Rules List] [BBD MMain Menu]

R1 R1
A HL
(H1) (HL) (HL) -
@ @ Al patterns
(H1) (HL) Y

(HL (H1) T HD

mone-carbon-substituted Benzenoid -= 1-substituted-2,3-dihydroxy Benzenoid
mone-hale-substiuted Benzenoid -= 1-halo-2,3-dihydroxy Benzenoid
mono-pseudohalo-substituted Benzenoid -> 1-pseudohalo-2,3-dihydroxy Benzenoid

Aerobic Likelihood: Likely
UM-BBD Reaction(s):

Biphery] ----- = cig-2,3-Dihydro-2,3-dibydroxvbiphenyl (reac[Dé r0388)
Chlorobenzene ----- = 3-Chloro-cis-1,2-dihydroxvevelohexa-3,5-diene (reacIDé r005T)

4-Chlorebiphenyl ----- = rig-2 3-Dihydro-2 3-dihydroxy-4'-chlorobiphenyl (reacTD# r0133)
Ethylbenzene --—-- = vis-2 3-Dihydromxy-2 3-dihydroethylbenzene (reacID# r0247)
3-Phenylpropionate ----—- = cig-3-(3-Carboxyethyl)-3,5-cyclohexadiens- 1,2 -diol (reacID# r0434)
Styrene ----- = Styrene cig-glycol (reaclD# r0256)

Toluene ----- = Toluene-cis-1,2-dihydrodicl (reacID# r0253)

Comments:

Thus rule handles the 2,3-dioxygenation of mono-substituted aromatics and subsequent oxdation
te form the catechel derivative (b10255). The substituents are based on "Reactions of Toluene
Diczygenase" and Hudlicky T, Gonzalez D, Gibzon DT (199%) Aldrichsmica Acia 32(2) 35-62
The aromatic hydrocarbon diexygenases produce an activated dioxygen species that is thought to
be sufficiently reactive to potentially finctionalize most, ifnot all, aromatc nng carbon atoms
(Lipscomb and Hoffinan, 2005, This rule acts on both cis and trans- dihvdrodicl intermediates

Similarities:
bt0005: vie-unsubstinited Aromatic --> vie-Dihydrozyaromatic

Contact Uz if you have any comments on rule bt0353

0O 50000000 (bt0353)
00000000000 0000000000000000000000000000a0
OooOoOoO0oO0oooooonon




UM-BBD: Pathway Prediction Results

[About] [Compounds Not Predicted] [All Bules List]

The predicted pathway:

?

Aerobic Likelihood:

W very likely Likel Moutral [l Unlikely [l Very unlikely L
Show BioTransformations:

© Agrobic & Al

Choose the next reaction step:

UM-BBD: Pathway Prediction Results

[About] [Compounds Not Predicted] [All Bules List]

The predicted pathway:

oH

Aerobic Likelihood:
W Very likaly B Likely teutral [l Unlikely Bl Very unlikely
Show BioTransformations:

© herobic & all

Choose the next reaction step:

o |0 | ’
= oh T T 45
g | o

0 6 UM-BBD: Pathway Prediction System 0 OO0 000000
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Fingerprint(0,100000)00O0O

O 7Fingerprint 00000000 ONO
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Tanimoto U I = *
animoto =133°7

0 8 Fingerprint 1000000000 (Tanimoto O 0)

00000000 Fingerprint 0 1 0000000000 400000000000
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ooooon
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0000000 0On0000000D0O0O000O0O0 22000000000000000000O
00 Maximum Common Subgraph 000000000000 OMNPOODOOODOOODOOO
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0 Raymond 00 00O 0O RASCAL 00O (Raymond et al., 2002)0 RASCAL 00O
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020 Graph theory

000000000000 Graph-basedapproach D OO0 00000000000 OOO
O000000000000000 Graphtheory OO0 0000000000 21000
000000000000 22000000000000000000000000000
0000000000000000000000000000000 (@ 40)00 230
O0MO0OO0D0DO0D00D000 Connectedsubgraph OO0 000000 DOOOODOOODO
O O Frequent Connected subgraph 0000000000000 DOODOODOODOODOODO
00000 gSpan(Yan and Han, 2002) 000000

02.10 gd
[0 0O 1] Chemical graph

000000000000 nodeD OO0 edge 0O0OODOODOODODOODO Chemical
graph 000 OO0
[O O 2] Subgraph

Chemical graph 00000 noded edge0 00000000 ODOOOONO SubgraphO
goooga
[Dos8lO0oOOoOOoO

Subgraphd Chemical graphD A OO OO0 node O edge 10O OOOO Subgraph
O Chemical graph0 BO O OODOOOOMMB O AODDOOOOO
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H ]8

P ___T___. v/u

% e, -
i I

2 Side (_'I.;]m..

I Frimewaork

0 9Bemis0O0O0O0O0O0O0O0O0O0O (Bemis and Murcko, 1996)

12



(004000 600000 Chemical graph 0000000 Subgraph 0000000
000000000 Subgraph OO0 DODOOODOO

[0 0O 4] Connected subgraph
000 noded edge 0000000 Subgraph O Connected subgraph 000 00O O
[0 O 5] Ring, Linker, Side chain, Framework(Bemis and Murcko, 1996)
® Ring System
I A O O A ) 34 ' e
System 000000000 9000060000000O00ODO0O Ring System O 3
0000000000 RingSystem 00 200 Ring System OO0 0000
® Linker
Ring System 000000000 000D0O00O0 Linker AtomO 000000 900
00200 Linker Atom 0000000 Linkerd 200 Ring System 000000
RN
® Side Chain
Ring System, Linker AtomO0 0000000000000 Side Chain Atom O 0O O
0000 90000100 Side Chain AtomOO0 00000 Side Chaind 6000
00000000 RingSystemOOOOO00OO0O0200 Side ChainAtom OO0 00O
00 Side Chain0 30000000000 RingSystem OO OO0O0O00O0O
® Framework
Ring System 0 Linker 000000000 Framework OO O OO0OO 90000
200 Ring System 0 100 Linker 00 Framework 000000000
[0 0O 6] Framework-based Connected subgraph
Connected subgraph O 0 Subgraph 0 00O 0 O 0O O Chemical graph 0 Framework O
00000000 Framework-based Connected subgraph 000 OO0 O0O0O0O0ODO
Chemical graph O Framework 0000000000000 O0OO Connected subgraph
O Framework-based Connected subgraph D OO0 000000

(00 7000 1100000 Chemical graph 0000000 Subgraph 0000
Subgraph 0 0000000000 Chemical graph 000000 000000000
00000 Subgraph 0 OO OO0OOOOO

[O00O 7] Common subgraph

200 Chemical graph 000000 OO Subgraph O Common subgraph 000000
[0 0 8] Maximum Common subgraph

Tanimoto D OO0 OO0O0O 200 Chemical graph OO0 0O00O00O00O00OO0OOOO
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gooooogooon
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Subgraph A0 Subgraph BO O OO OO0
® Subgraph A 0 Subgraph B[O Ancestor subgraph 000000000
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® Subgraph A0 Subgraph B[O Parent subgraph 000000000
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0 2.20 gd
[D0O00] Subgraph A O Subgraph BOO OO ODOOOOODO
® Kach Ancestor subgraphs of Subgraph A 0 Subgraph B
® Subgraph A O Each Descendant subgraphs of Subgraph B

Subgraph ADDODDOO kOOO[DOOO@0OOlOOODOO

[DO00O] Subgraph A O Subgraph BO OO SubgraphB 000000 kO OOOO0O
[DO00O] Subgraph B 0 SubgraphAOOO SubgraphB 000000 kOO OO0OO
[D0O0O] Subgraph A 0 Descendant subgraph D00 000 kOOOO0O0O
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[000]l 00000 10 Subgraph 000 MFCSOOOOOOOOSubgraph 00000
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0000000 Subgraph DO OO0 0D0OD0O0O00OO0O0OODOO Subgraph 0000000
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Han,2002) 0 D0 0000000000000 ORNAOOOOOOOODOODOOOOOO
(Hamada, 200900 00 000000000000 (Takigawa et al, 200900000000
oood

02.3.10 gSpan OO0 0O OQOQoOon

000 Graph OO Frequentsubgraph 0000000000000 OODOODOOOO
Graph 0O OOO0O0O0OOOO SubgraphO0 OO0 O0O0O0O0@ OO0 GraphOOOOOO)O
0000000000 MMaximum Common subgraph 0000000000 NPOODO
O000000000gSpan 00 O0O0OO Subgraph O Connected subgraph 00 00O
000000000000000000000 100000 Graph(E, V), V=1vo, vi, ve, vs},
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O Onode vo, v, ve, vaO OO OOOOA,B,B,COO0O0O0O0OOODOOO DO Oedge vovi, vove,
vive, vevsO OO OO0 a,b,b,dJ0000O0000O00O0O00O0DO Connected subgraph 0O O O
000000000 0DMoO000 GraphOOOOO edgeO OO0 10000 Subgraph
0 0 O (Subgraph « one edge of Graph)d Graph 0 00 0 Subgraph 00 000 edge 00O
0000000 edge0 000 Subgraph 00O O0O00000O0OO Subgraph O 0O 0O ONew
Subgraph « Subgraphl Connected edge)0Graph 0 0 000 0 Subgraph 00 0000 O
edge 0000000000 OOOOO Connected subgraph 000000000 OOO
000000000000 O0edge00D00D0ODODODOODODOODO Subgraph OO0
0000000000000000000000000@ 100
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Unique Connected subgraph 000000000 Span0 00000000 DFS Treel

DFS Codel DFS lexicographic orderd DEF O O 0 [0 Minimum DFS Code DO OO OO

00000 Frequent connected subgraph OO OO OOO0O0O0OOO graph O Minimum

DFSCode0 00000 edged 00 O00OOODO Connected subgraph OO OO0 0000

Minimum DFSCode 000 0000000000000 O00O00DOOOOOOODODOO

000000000000 000000000000000000000O 23200000
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® DFS Tree
Graph OO DO OOOO O noded edge d DF& Depth-First Searcik 10 000000
00000000000 oD00oo00dooooDooooDoooogon 100000
Graph OO OO DFSO00O00DODOO0O0OO0ODDOO 1NMOO0OobFSOOO00OO0O
OO0 node 00O node DOO0OO vo-vi-ve-vs0OOOOOOODOOOODO node
O000000000ODFSTree 0000000000 DOO@M 12000000 12
000 edged 000 Subgraph 0000000 noded 00000000 edged OO
ooood

® DFS Code
DFSOD0D000000D0000D0 edge0000 node 00000000 ONO node
0000000000 node00000edge0 000000 noded 00000000
0000000000000 DFSCodeODDODODOMM 120000 GraphOOO OO
400 nodevo,vi,ve, vaO0 O OO OO0 A B,B,CO00O0O0DOOODOOO Cedge vovi,
vove, vive, vevs 1 00000 a,b, b, d0 0000000000000 O0ODO0O DFS
Code 00000, 1,A,a, BOOOnode vo, vid A0 Bledgevovid a0 0000
00000000000000000(@,2,B,b, B)O0 node vi, ve0 0O O Bledge vive
ObO00D0000O0O00ODOODODOOODOOO

® DFS lexicographic order
Oedge 0000000 node0000000 node0 0000000000000 DFS
CodeJ0ODOODODOODO DFS lexicographic order D OO0 ODOOOO 120 30
00000000 DFSCode 000000000 DOOODOOOa ={(a, A, B), (b,B,
B), (b, B, A), (d, B, O} ={(a, B, A), (b, A, B), (b, B, B), (d, B, O)!0y ={(d, B, O), (b, B,
A),(a,A,B),(b,B,B}0 0000000 DFS Code 0000 O{a :(a, A, B),B :(a, B, A),
yid B, O)}0000000edge 00000000000 ,B (@-y (DODOODOO
0000000000a,p0000000 nede0000000000Oa (A)-B (B
0000 ODFS lexicographicorder o -3 -y 00000000000 OOOO
0000000000 DFS Code 00 O00DODO0DODOOOOODODOOOOODODO
000000000000 DFSCode0 000000 020000003000000
0000000000 DFS lexicographicorder 0 OO0 OO
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® Minimum DFS Code
000 DFSTree0 00000 DFS Code O DFS lexicographic order 0 00O O 0O O
000000 DFS Code d Minimum DFS Code 0000000 12000000a
0 Minimum DFS Code 00 0O

Vo V2

\&

O 11 000000D00O0000oooon
000000000 Connected subgraphd edge0 000000000 SubgraphD 000

19



DFS Code

a B y
(0,1,A, a, B (0,1,B,a,A) (0,1,B,d, C)
(1,2, B, b, B) (1,2,A,b,B) (0,2, B,b, A
(2,0, B, b, A) 2,0,B, b, B) 2,38,A,a, B
2,3,B,d,C) 2,3,B,d,0 (3,0,B,b, B)

v v v

O0000O0D0OOedge0 000000 nodedO0O0OO0ODO nodeO0ODO
00bo0ob0odbdblo - -y OOOO0300000c0O00OO0OOO

0120 110300000000000000 DFS Treed OO DFS Code
DFSOD00000 nodeO0O vo - vi - v2 - vsOOOOOOOOOODOD edgeOODO
O Subgraph DO D0OO0000 node 000000000 edgedOOOOOONODFS Code
O0@00nede 0000000000 node 0000000000 nodedO000Oedged O
00000 node0000)D0000O0O0OOMedge 0000000 node0O0O0O00OODO
node 0000000 O0ODODDODO DFSCode0 000000000 -B -y OOOOOO
0 DFSCode0000O DFSCode0 000000 O0O0ODOO0OOOOa 000 DFS Code
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0 2.3.20 gSpan OO0 O OQOQoOon
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Algorithm 1 GraphSet_Projection([.5 ).

: gort the lahels in [1 by their frequency:

: remove infrequent vertices and edges:

: relabel the remaining vertices and edges;
&' + all frequent | edge graphs in [[;

: sort 5' in DFS lexicographic order;

8+« 81

: foreach edge e = 8 do
imitialize 5 with =, set 5.7 by graphs which contain
Subgraph_Mining(ll, &, 5);

10 D+ D—e;

11: it |0 < minSup;

12: break:

r'.anhi.' '|.'I.|h1 l""l'l nnfome o
CRpALLS ¥ Al Aens b I

Subprocedure 1 Subgraph _ Minmng(ll, &, 5).

if s £ min(s)
returi;
S« 8u{sh
: enumerate 5 in each graph in [ and count its children;
: for each o, 15 57 child do
if support(c] = minSup
5 4

Subgraph_Mining([l, , &, s);

el I AT A ol

0 13 gSpan 000 00O O (Yan and Han, 2002)
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MFCS_Mining_Initialize(MFCS, G, TimeLimit)

[¥¥%*%% Parameter ****%/

MFCS /* Maximum Frequent Connected Subgraph */

G /* A set of chemical graph */

TimeLimit /* Time limit for extracting MFCS from one chemical graph */
0:{

[¥¥%%*% Count maximum element size *****/

1:MaxNodeNum < Maximum # of node of chmical graph in G;
2:MaxEdgeNum « Maximum # of edge of chmical graph in G;
3:MaxSearchTreeDepth « MaxEdgeNum + 2;

[¥**%** Memory allocate & Initialize *****/

4:IgnoreNode[ | = allocate(MaxNodeNum);

5:IgnoreEdge[ | = allocate(MaxEdgeNum);

6:Subgraph. node[ | = allocate(MaxNodeNum);

7:Subgraph. edge[ ] = allocate(MaxEdgeNum);

8:Result[ ][ ] = allocate(MaxSearchTreeDepth, # of chmical graph in G);

[¥***%*% Sort G in ascending order for fast computing *****/
9:Sort G by # of node;
10:Sort G by # of edge;

[¥¥%F%* Initialize *****/

11:TimeoutClock « clock() + TimeLimit;

12:MinSup « 2;

13:MFCS « ¢;

14:for(ii = 0;ii < # of chemical graph in G ;ii + + ) Result[0][ii] « 1;
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[F¥%%% MFCS mining ***%%*/

151f0r( ii = 0;ii < # of chemical graph in G -MinSup + 1;ii + + ){
[¥**%*% Set QueryGraph *****/

16: QueryGraph « G[ii];

[¥***% Tnitialize IgnoreNode *****/
17: for( NodeID = 0 ; NodelD < # of node in QueryGraph ; NodelID + + )

18: IgnoreNode[NodelD] « 0;

[¥**%% Start MFCS mining from QueryGraph ****%/

19: for( NodeID = 0 ; NodelD < # of node in QueryGraph ; NodelD + + ){
[¥****% Set node as an initial subgraph *****/

20: Subgraph < QueryGraph.node[NodelD];

21: IgnoreNode[NodelD] « 1;
[¥¥%FF* Initialize *****/

22: BreakChk « 0;
[¥¥%%% Start MFCS mining *****/

23: MFCS_Mining(MFCS, G, QueryGraph, Subgraph, 1, Result,

IgnoreNode, IgnoreEdge, BreakChk, MinSup, TimeoutClock);
[¥**** Update IgnoreNode for getting unique subgraph *****/

24: IgnoreNode[NodelD] « —1;
[¥**%% Terminate mining *****/

25: if(BreakChk == 1)break;

26: }

273}

[¥**%*% Add Subgraph, which have all element of Chemical graph, to MFCS ***%%/
28:for(ii = 0;ii < # of chemical graph in G;ii + + ){

29: if(there are not exist isomorpic Subgraph with G[ii] in MFCS){
30: Subgraph <« All nodes of G[ii] U All edges of G[ii];
31: Subgraph. Support « 1;

32: MFCS « MFCS U Subgraph;

33: }

347}

351}
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MFCS_Mining(MFCS, G, QueryGraph, Subgraph, Depth, Result,
IgnoreNode, IgnoreEdge, BreakFlg, MinSup, TimeoutClock)

[¥¥%*%% Parameter *¥*¥**%/

MFCS /* Maximum Frequent Connected Subgraph */

G /* A set of chemical graph */

QueryGraph /* Subgraph is extracted from this graph*/

Subgraph [* Subgraph */

Depth /* Depth of search tree*/

Result /* Result of inclusive relation */

IgnoreNode /* -1: Ignore node, >1: used node in Subgraph, 0: unused node */
IgnoreEdge /* 0 0: Ignore edge or used edge in Subgraph, 0: unused edge */
BreakFlg /* If BreakFlg become 1 then terminate mining */

MinSup /* Minimum support */

TimeoutClock  /* Timeout clock for extracting MFCS from one chemical graph */

0:{

[¥*%%% Check inclusive relation *****/

1:for(ii = 0;ii < # of chemical graph in G;ii + +)

2: Result[Depth][ii] « Result[Depth — 1][ii];
3:SearchedSubgraph « 0;

4:for(ii = 0;ii < # of chemical graph in G ;ii + + ){

5: TargetGraph « Glii];

6 if(Result[Depth][ii] == 0) continue;

7 if(Subgraph € TargerGraph){

8: if(TargetGraph is in front of QueryGraph in G){SearchedSubgraph « 1; break; }
9 Jelse{

10: Result[Depth][ii] « 0;

11: }

123

[¥**%% Count Support *****/

13:Support « 0;

14:for(ii = 0;ii < # of chemical graph in G;ii + +)
15: if(Result[Depth][ii] == 1) Support + +;
[¥**%*% Terminate mining *****/

16:if(Support < Minsup) return Support;
17:if(clock( ) > TimeoutClock) return Support;
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[¥**%*% Tnitialize mining parameter *****/
18:OutputFlg « 1;

19:BreakChk « 0;

20:ChildSubgraphNum « 0;

[¥**%*% Continue mining **%**/
21:for( EdgelD = 0 ; EdgelD < # of edge in QueryGraph ; EdgelD + + ){

[*¥¥*** Sot Element and Element ID ***%*/

22: Edge < QueryGraph. edge[EdgelD];

23: NodeO < Edge. ConnectedNode0;

24: Nodel < Edge. ConnectedNode1l;

25: NodelDO « Array number of NodeIDO in QueryGraph. node| ];
26: NodelD1 « Array number of NodeID1 in QueryGraph. node| ];

[¥****% Check connectivity for getting connected subgraph *****/

27: if(IgnoreNode[NodeID0] == 0 && IgnoreNode[NodelD1] == 0)continue;
[¥***% Check ignore element for getting unique subgraph *****/

28: if(IgnoreEdge[EdgelD]! = 0) continue;

29: if(IgnoreNode[NodeID0] == —1) continue;

30: if(IgnoreNode[NodeID1] == —1) continue;

[¥**%**% UUpdate Subgraph & IgnoreNode & IgnoreEdge *****/

31: Subgraph < Subgraph U Edge;
32: IgnoreEdge[EdgelD] « Depth + 1;
33: if(IgnoreNode[NodeID0] == 0){
34: Subgraph < Subgraph U Node0;
35: IgnoreNode[NodelIDO] « Depth + 1;
36: Jelse if(IgnoreNode[NodeID1] == 0){
37 Subgraph < Subgraph U Node1l;
38: IgnoreNode[NodelID1] « Depth + 1;
39: }
[¥*%%* Recursive call *****/
40: if(Support == MFCS_Mining(MFCS, G, QueryGraph, Subgraph, Depth + 1,
Result, IgnoreNode, IgnoreEdge, BreakChk, MinSup, TimeoutClock){
41: OutputFlg < 0;
42: }
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[¥**%** Restore Subgraph & IgnoreNode *****/

43: Subgraph < Subgraph — Edge;
44: if(IgnoreNode[NodeID0] == Depth + 1){
45: Subgraph < Subgraph — Node0;
46: IgnoreNode[NodelD0] « 0;
4T: }
48: if(IgnoreNode[NodeID1] == Depth + 1){
49: Subgraph < Subgraph — Nodel;
50: IgnoreNode[NodelD1] « 0;
51: }

[¥**%*% Terminate mining *****/
52: if(BreakChk == 1)break;
53: ChildSubgraphNum + +;
547}

[¥**** Restore IgnoreEdge *****/

55:for( EdgeID = 0; EdgelD < # of edge in QueryGraph ; EdgelD + + ){
56: if(IgnoreEdge[EdgelD] == Depth + 1) IgnoreEdge[EdgelD] « 0;
573

[¥*%%* Local reduction *****/

58:if(SearchedSubgraph == 1&&ChildSubgraphNum == 0){BreakFlg « 1; return Support; }
59:if(BreakChk == 1 && ChildSubgraphNum == 0){BreakFlg « 1; return Support; }
60:if(SearchedSubgraph == 1) return Support;

61:if(OutputFlg == 0) return Support;

[¥¥%%% Global reduction *****/

62:for( SubgraphID = 0 ; SubgraphID < # of Subgraph in MFCS ; SubgraphID + + ){

63: CheckSubgraph « MFCS[SubgraphlID];

64: if(Support == CheckSubgraph. Support && Subgraph c CheckSubgraph)
65: return Support;

661}

[¥¥%¥%% Add Subgraph to MFCS *****/
67:Subgraph. Support < Support;
68:MFCS < MFCS U Subgraph;
69:return Support;

70}
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04.20 Pathway prediction focusing on inclusive relation of subgraphs
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How does SOM algorithm
spread lattice map well?
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Introduction

Though the chemical structures of around 50,000 secondary metabolites are known information on their pathways is very bmmited. In this worlc we have
developed an algorithm to predict metabolic pathways on the basis of chemical structures of metabolites by exploiting the information contained in their cyclic
substructures. Alse to handle huge amount of these metabolites and to predict metabolic pathways automatically, we have developed a software tool called
MetClassifier. MetClassifier 15 wntten in C and used the OpenGL, GULT and AntTweakBar libranies

Paper

1 E. Tanaka, K. Nakamura, T. Saite, H. Csada, & Hiral, H Takahash, 3. Kanaya, Md Altaf-Tl-Amin Metabolic pathway prediction based on inclusive
relation between cyclic substructures., Plant Biotechnology, 177, 11-77 (1797)

1. Preparation
1.1 Dovwnload MetClassifier

The compressed file IMetClassifier zip can be downloaded by clicking the following hilighted hink (MetClassifier. zip).
Download

For Windows O
Current versid : MetClassifier. zip
1.2 Uncompressing MetClassifier.zip

TAhen the MetClassifier zip file is uncompressed, user can find under the MetClassifier' directory, four different directoties namely Database’, 'input’, ‘output’
and Testdata' and direct hnk bbranes, 'ght32.dl' and "AntTweakBar dll', and an executable file, TetClassifier. exe' as follows:

J J J J

Database input autput Testdata _I

0 112 0000000000000
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