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Clustering Phase

Query Genome Sequences

Known Genome Sequences

Similarity Matrix

, Estimate L
<

A
Loosely Sparsified Graph

Iterative Decomposition

Protein(Gene) Family

NCBICOGs

< Comparison with NCBI COGs

Algorithm Evaluation I

Fig. 1. The system overview. Clustering phase composed of
calculation of similarity matrix, calculation of sparsitying threshold and
iterative decomposition mudules.
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Fig. 2. Estimation of stable parameter L. Regression on the number of
bi-directional edges with threshold parameter E() in the sparified

similarity graph shows expected number of FASTA hits with zero
E-value.
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Sequence_Cluster_Analysis: §384¢9] 4@ JAIA 825 71682 £FTUCh
Program Sequence Cluster_Analysis( Genomel, Genome2 ):

begin
/+ SAE WP AR}
GenomeDB = Genomel ) Genome2;
{V,E } 1= FASTA({ GenomelB % GenomelB):
/% cut-off threshold & ZAs}7 Iej=E A3 7T %/
L = cutoff_estimation( {V,E }):
E’ := I-th smallest weighted edges from £:
/% {HBA 0 completeness7t WS component & FHTH #/
queue ‘= find compoents from {I",E"}:
foreach C; in queue
begin
if iCii < 4, report “protein family C; found”:
else if test_decomposable(C;), add decompose(C;) on queue:
end
end

Fig. 3. Pseudocode for the genome sequence cluster analysis method.

E9] AH9] A (degree)] XS ARSI AT OA| T
A 2] Wolrl gt HAXAEE oY Jlle] gl I5S
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o] it Folx AFUEE dh}e] vhild 8oz} W 4
At olzfst Wy oz Rl Tuld F-e A JAR 4
A A HojE A S v R 81| wiZe] AEEE o
E2E F2 HAS Bl

FOX e 2o dne[F

FASTA AX 02 Qo7 FARd &l o) Fejw] ozl 7]
a3 G={V.E}= A AR FAGA igshks daels
cutoff_estimation®] WHEZEQ1 AAIZL Lol <3l 848} =Hof 1
B Gof FE 2 E(sub-graph)?] G={V'E'}. [E|-LE A3}
Al Ao}, gaste FEIHE Ge YA Lol o) el 7
FUE gto g & e, F e FHAE Bl £43
= ) Yehu= s faA ek 2717 248 o st
=7F Ade AxdES] A7 (4 We ¢7F FEE
completenessE 7FAIL o, Coll 23 FHAE] FESH
FAMIE BRIvka & 4= Qlo). ko) AXHES] m7|71 & o
€ A9 AFUE o] hild 3ol x3= & 714
o] At Fo7 FAFXAET} completeness’} =2 F X E(sub-
component)® Wd 4 UEA] HIZAES= test decomposable &
Tg]Eo] AREHEY L4E]E test decomposabledl] 2J3] AXAE
2 UHojel ditka dehE die 29 duEs A B
UES WA e, Uizl Z2te] XU E i e &
St REE-A 0 2 test decomposable®} & TAS gttt o9}
Zro] FAA 3 B4 due]E2 cutoff estimation YALE|FH S
2 AAEe AR LS AR FEd FHEA1A AXPE F
3 C={C,...C}E A, 7t ¢7f T8 B HA=AE
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Algorithm cutoff estimation: 7% AEAE HAHOE BESI= cutoffYARLS
At
Program cutoff_estimation ({¥,£ }):

begin
/5 278 13 A2 yARE TR0}
Yo ‘= 1E7 where weight(£7) < 0.1;
yuom = £’ where weight(£75) < 10,0
return L = -1/99 yuo0 *+ 10/9.9 vio 1y
end

Fig. 4. Algorithm to calculate stable cut-off threshold L.

Algorithm test_decomposable: 5203 componentE 2&sllo} sh=x] ZA}
Program test_decomposable ({I £ }):

begin
/% T degree?] 2Atglo] 18T} Z wf decomposablesirt #/
STDEV := standard deviation of degree of I}
if STDEY > 1, return true:

end

Algorithm decompose: F0]3 AXAEZE decomposed] FT}
Program decompose ({V, £ }):

begin
/% veigh7h 22edge?El HRSHA F 7§9] subconpoent 2373 #/
sort(£):
E'=@, Vi=h
foreach £ in £
begin
E':=FE"UE;
if #subcomponent =2, return subcomponents;
end
end

Fig. 5. The simplest case of algorithm test decomposable and
decompose.

ICJ¢} test_ decomposable ¥E]F TS &3

73%- decompose &ILE]|EFS 33t} o] 7
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WUE7} Rt o) 71A] 1Hd9) 715318 VISR FAXHEES 3
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Algorithm test_decomposable: F0}2l componentE 2&sjlo} 31=2] ZA}
Program test_decomposable ({V/E }):

begin
/% maxinal p-quasi subgraphS 73| pPlel B8] TR Pt v
p= maximal p-quasi subgraph of {I]E}:
if it > P, return true:

end

Algorithm decompose: F0]3 HAXWEZS decomposed)| T}
Program decompose ({i) £ }):

begin
/% prquasi subgraphS &} multidomainP HE FEslo] 2k} #/
Coy *= maximal p-quasi subgraph of {I £}
if test_decomposable ({¥, £}- Cp) ) then
begin
Cipy, Cpy *= maximal bipartite subgraph of {1} E}- Cyy
report "Cgy is candidate multidomain family™
return Gy, Cay, Cien
end
else return Cyy, {V, E-Cop
end

Fig. 6. Algorithm extension example using p-quasi subgraph (12) for

test_decomposable and decompose.

(@ (b)

Fig. 7. Extended decompose algorithm using p-quasi subgraph (12)
representing (a) protein families (C1, C2), multi-domain protein family
(C0), and (b) two distinct protein families (CO, C1).
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£ Fig. 69X & 4= =), 948 AXAEAAN H p-quasi F
EIHZE Aegt 1g=r) 18 713t Fig. 79 (a9 2
ol Al /1Y FE HAFXVER YHAA =M 53] tds=dl 1
FY 7FsAol = C0E e 4 ok TreF p-quasi FELE)
ZE AQJsk BRIz th3) test decomposable©] Al S
O] Fig. 7(b)e} 2ol F /Mo AE HE AR HEVER &
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ts=rs 8] A8 p-quasi 1N E S AL &
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w2bA] FASTA A9 AA=E E(), Z-scoreZ TAE A
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@ A L 110022 iR dAE L V1€ e
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Table. 1. Running example representing correct protein families with
proper resolution.

OUTPUT  PID COG ID Protein Name
Grpl25 3322698 COG 115  D-alanine glycine permease
(dagA)
3323324 COG 115 sodium/proton-dependent ala-
nine transporter
Grpl26 2688353 COG 706  inner membrane protein
3323271 COG 706  membrane protein
Grpl70 2688023 COG 1174  glycine betaine, L-proline ABC
transporter, permease protein
(pro-W)
2688113 COG 0581 phosphate ABC transporter,
permease protein (pstA)
2688563 COG 1176  spermidine/putrescine ABC
transporter, permease protein
(pstB)
2688564 COG 1177  spermidine/putrescine ABC
transporter, permease protein
(pstC)
3322334  COGI1175  sugar ABC transporter, per-
mease protein (y40Q)
3322335 COG 0395  sugar ABC transporter, per-
mease protein (y4oR)
3322383 COG 2011  amino acid ABC transporter,
permease protein (yacE)
3322954 COG 1176  spermidine/putrescine ABC
transporter, permease protein
(potB)
3322955 COG 1177  spermidine/putrescine ABC

transporter, permease protein

(potC)
Grp2 3322264 N/A tpr protein B (tprB)
3322380 N/A tpr protein C (tprC)
3323357 N/A tpr protein L (tprL)

Grpl80 2687952 COG 0552  cell division protein, putative
3322872  COG 0552  cell division protein (ftsY)
2688634 COG 0541 signal recognition particle pro-
tein (fth)
3322699 COG 0541 signal recognition particle pro-
tein (fth)
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Table. 2. Running example representing clusters with improper
resolution.

Name  Family with BAG[12] Family with NOGSEC Name

7.1 2688217, 2688606, 2688217, 2688606,

3322724, 322641 3322641 427
7.2 2687931, 2688317, 2687931, 2688317, 100
3322929, 3322641 3322929

2688491, 3322724 227

2687964, 2688449,
2688636, 3322737,
3322802, 3323075, 25
2688415, 3322451,
2688747, 3323208

18.1 2687964, 26838449,
2688636, 3322737,
3322802, 3323075

18.2 2688415, 3322451
18.3 2688747, 3323208

452.1 3322593, 3322915,
3322925

4522 3322394, 3322594,
3322924, 3322925

4541 3322756, 3322400

4542 3322399, 3322413,
3322755, 3322400

465.1 3323180, 3323181
465.2 3323179, 3323181

465.3 3322844, 3323176,
3323177, 3323181

58.1 2688707, 3322341,
3322811

582 2688488, 3322811

3322593, 3322915,
3322925, 3322394,
3322594, 3322924 426

3322756, 3322400,
3322399, 3322413, 129
3322755

3323180, 3323181,
3323179, 3322844,
3323176, 3323177 146

2688314, 2688322,
2688460, 2688488,
2688489, 2688604,
2688707, 3322643, 432

58.3 2688488, 3322643 3322930
58.4 2688460, 2688604,
3322643
3322341 430
3322811 211

Left two columns are 6 multidomain protein families from BAG(9)
algorithm, right two columns are from NOGSEC. Similarity of these
list argues that imported decomposition method from BAG algorithm
may improve ours.
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ABSTRACT : NOGSEC: A NOnparametric method for Genome SEquence Clustering
Young-Bock Lee'**, Pan-Gyu Kim ' and Hwan-Gue Cho'* (' Department of Computer Sci-
ence, Pusan National University, “Biological Research Information Center, Pohang University of
Science and Technology, Research Institute of Computer Information and Communication,
Pusan National University)

One large topic in comparative genomics is to predict functional annotation by classifying protein sequences.
Computational approaches for function prediction include protein structure prediction, sequence alignment and
domain prediction or binding site prediction. This paper is on another computational approach searching for
sets of homologous sequences from sequence similarity graph. Methods based on similarity graph do not need
previous knowledges about sequences, but largely depend on the researcher’s subjective threshold settings. In
this paper, we propose a genome sequence clustering method of iterative testing and graph decomposition, and
a simple method to calculate a strict threshold having biochemical meaning. Proposed method was applied to
known bacterial genome sequences and the result was shown with the BAG algorithm's. Result clusters are
lacking some completeness, but the confidence level is very high and the method does not need user-defined
thresholds.



