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Abstract : Multiple sequence alignment is a method to compare two or more DNA or protein sequences. Most of multiple sequence
alignment tools rely on pairwise alignment and Smith-Waterman algorithm to generate an alignment hierarchy. Therefore, in the
existing multiple alignment method as the number of sequences increases, the runtime increases exponentially. In order to remedy
this problem, we adopted a parallel processing suffix tree algorithm that is able to search for common subsequences at one time
without pairwise alignment. Also, the cross-matching subsequences triggering inexact-matching among the searched common
subsequences might be produced. So, the cross-matching masking process was suggested in this paper. To identify the function of the
clusters generated by suffix tree clustering, BLAST and CDD (Conserved Domain Database)search were combined with a clustering
tool. Our clustering and annotating tool consists of constructing suffix tree, overlapping common subsequences, clustering gene
sequences and annotating gene clusters by BLAST and CDD search. The system was successfully evaluated with 36 gene sequences
in the pentose phosphate pathway, clustering 10 clusters, finding out representative common subsequences, and finally identifying

functional domains by searching CDD database.
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Fig. 1. System process flow.
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do create transition g{ L ,(-j, -j)) = root;
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4.s—root;ke—1;i—0;

5. while ti+1 ## do

6.ii+l1;

7. (s, k) < update (s, (k, 1));
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Fig. 2. Suffix tree for example sequences.
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Fig. 3. Overlapping common subsequences.
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7Fs8tt}. CDD & =WQl® ©ie)| o multiple sequence
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E 1. Pentose phosphate WIAE 2] 3671 44k
Table 1. The 36 genes of pentose phosphate metabolic pathway.

Species Entry
P.syringae PSPT02492,
Pfluorescens PFL 4100
L.acidophilus LBA1098
Pmultocida PM1248
A.tumefaciens C AGR_L_1647, Atud4029
M musculus 14380, 14120
H.sapiens 1 2539, 5226, 8789
D.melanogaster CG12529-PA,CG3724-PA,

CG31692-PA, CG2827-PA
C.elegans T25B9.9, KO7A3.1
V.cholerae VCA0898
E.coli J JW4346, JW3731
S.typhi STY4920, STY3892
Y pestis Mediaevails YP3743
V.fischeri VF0506
S.cerevisiae YLR354C
C.albicans orf19.4371
C.neoformans CNKO03170
S.typhimurium STM3885, STM3612
Y pseudotuberculosis YPTB0008
S.enterica Paratyphi | SPA3468
Sflexneri 2457T S4209
E.carotovora ECA4360
B.bronchiseptica BB1475
Burkholderia 383 Beepl18194 B1794
Pfluorescens PfO1 Pfl 0086

HO - XtS8h- ANARSE =2X W 12 &, M 10 S 2006. 10

W%+

‘blastall’ tool2 NCBI (National Center for Biotechnology
Information) sitel]lA] TR2-Rko} A X]5led BLAST A4 (blastn,
blast, blastx)2 4~3§3+c}. (Download: fip//ftp.ncbi.nih.gov/blast/
executables/).
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1. MEAER| EoAHY da2|Bo 2ft FHA ME 2

HAEE

KEGG{Kyoto Encyclopedia of Genes and Genomes) database o]
A A1 pentose phosphate pathway 9} #HF 36702 gene
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Fig. 4. Clustering result.
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E 2 739 49 FH2EA 71 2 9Nd FE AL,
Table 2. The longest protein subsequences in the clusters of Fig. 4.

Cluster Common subsequence

MTTDKTSPYEIHDDRFRHLIVGNAELEELYSGCR
WAEGPVWFADLNCLLFSDIPNERMLRWVPDGGIS
VFRQPSNFTNGNTRDRQGRLVSCEHGGRRVTRTE
VDGSITVLADSYGGKRLNSPNDVVVKSDGSVWF
1 TDPTYGILSDYEGYKAEPEQKTRNVYRLDPATGKI
DIAIDDFVQPNGLAFSPDETKLY VADSSYSHDISRP
RHIRVFDVVDGVRLANGREFCNLDNGLPDGFRLD
TAGNLWTSAGDGVHCFAPDGRLIGKIKVPQTVAN
LTFGGPKKNRLFITATKSLYSVYVAATGAQTPX

IIMGASGDLAKKK!

MKRAFIMVLDSFGIGA
AGDTFNGAFITAILEETPLPEAIRFAHAAAAIAVTR
KGAQPSVPWREEIEAFLHQQGX

MSKKIAVIGECMIELSQKGADVQRGFGGDTLNTS
VYIARQVDSAALAVHYVTALGTDSFSQQMLEAW
QHENVDTSLTQRMENRLPGLY YIETDDTGERTFY
YWRNEAAAKFWLES

it AAE 928 B ‘clusterout’ oA SE2EHE gene
sequenceS 9] ZIE & F Utk

a9 s& Fe{2H% 27 F Cluster 3, 4, 58 HAET A
Z+e] vkas 24249 sequencedll A HEE RES Rtk

£ doevzn B AFAE crossmatching common
subsequence =] AMAFATE E3L STCY &S Rl
9J3}ed, pyruvate metabolic pathwayol A 22702] fAx MEE
& FY=EY dox] 7 FejaE I8 AEE HEE
om, I Ai= fFelR (http'//home pusan.ac.kr/~sangilh/)o]
A El g S Qi) §, Y AEPE BalA FolA|e vt
7 21 common subsequence™ B XE{Hol| AMREE 14
Al whgh Dt & Zlo] ofum, Eel2HE HE FdAE
o] FAb=el| it 2 AZ7)7F gEzith
2. BLASTS} CDD M &3t 7|5 =afel el

Gene clusterE9] 7|55 Fetslr] Al Z42ke] Sul2Hd
A 743 7) DNA common subsequenceZ F&3to] -2 ¢35
upz} S AMER HAskal, BLAST ANES A% query
sequence 2. AFESISIT (R 2). HAYE EA8A] &= =
2 X2 Ao, BLAST 3o ZAde
‘protein_blastout’ oA HAE FEZ AHGHECE Web 7wt
BLASTE B<¢Pgsla =2)7] wdl, & d7lMe HFH
oll 214 local BLAST tool & A4X|5}3L AME-3I3ATH

HMZA, cluster 2¢] common subsequencedl] tHal 25 137H
o] fAFF sequence B0l LAHAL, 137 HEEH 71
‘Glucose-6-phosphate 1-dehydrogenase (G6PD) 94-S BLAST 7é.
S B3 & 5 gtk wWEbA |, cluster 29 F 0] MY
Glucose-6-phosphate-1-dehydrogenase (G6PD) 715} 3'4'74]7]- b3
< Zolgtx Aogh A 758Ut oh]g} GePD 7%

o]2{3t BFEH common subsequenced HIH O E sequences 7ER)3= cluster 29 A BENA o3 x| Fo) 713 Hol E—'—
k] FAIEE vjngk Fol FAE o] 3HT} Cross- HAER] =l F-Zo] 3 ARE A7) 93, cluster 29 7}

matching common subsequenceS-2 ¥4 &3 FAMIS L% % 21 common subsequences ©]-8-3 CDD dlo|E{Hjo]~

--Cluster[3]

Jw4346 E.coli g Phosphopentonutase (phosphodeoxyribomutase) [EC:5.4.2.7]
STY49Z0 3.typhi phosphopentomutase [EC:5.4.2.7]

YP3743 Y.peatis_Mediaevails phosphopentonutase [EC:5.4.2.7]

YF0S506 ¥.fischeri phosphopentomutase [EC:5.4.2.7]

ATGARACGTGCATTTATTATGGTGCTGGACTCATTC GGCATCGGCGCTACH *# # # n ¥ e A * ¥ A XS T TGLTCACGH ¥ * ¥ # # # ¥ ¥ ** * ¥ ¥ * ¥ GGTCATA

ATGARACGTGCATTTATTATGOTGCTGGACTCATTC GECATCOGCGCTACE F F s F A A A A A S A T S R S AR T AR AR IR AL A AANTARNRREAN LR AARTANNY
AR AR A R S S SRS R AR F A AR A S AR SR A AR AR R AR AR R S AN AT AR AR NN A SRR RN AN eSS CATTTATTATGGTH v H o wa %A &%+

ATCALACGTCAR A E S XX AL LN A X RN T ARSI RATNANAXEELNERR AR R SR E SR TR TR A QA AT T TGO TOAF FF AT FE R A RTINS INNXTXENAERS

——Cluster[4] AR TR TR T RN T NS TN T AN TR NN TN AT T ARSI T ENTANENANENNES
JW3731 E.coli_ g Ribokinase [EC:Z2.7.1.15]

5TY3892 3. typhi ribokinase [EC:2.7.1.15]

STM3885 3. typhimirium ribokinase [EC:2.7.1.15]

YPTBOOOS ¥.pseudotuberculosis ribokinase [EC:2.7.1.15]

AR E A F R TR R AR E At n % A s v w8 [CTIGGCAGCAT TAATGC | A+ # ¥ ra d A A A S A AR AR AR RN RS AN S F AR RS A A AN A2+ w # #* #]GTAACCGGTA
ATGAAALCCGCAGGTAATCTCATCGTCCTTGGCAGCATTAATGCCGATCATATCCTTAATCTTGAGTCCTTCCCTACCCCGGGTGARACGGTAACCGGTA
ATGALAACCGCAGGTAATCTCATCGTCCTTEGCAGCATTAATGCCCATCATATCCTTAATCTIGAGTCCTTCCCTACCCCGGGTEARAAC GGTAACCGGTA

E R e A A E A E X F EE a R S A Eat kAL E R d A% A A kA Ao o b o R e o ok o o o EEEERNNRERY
~~Clusterf5]

STM3612 5. typhinurium ketodeoxygluconokinase [EC:2.7.1.45]

SPA3468 J.enterica_ Paratyphi 2-dehydro-3-deoxygluconokinase [EC:2.7.1.45]

54209 3. Elexneri_2457T ketodeoxygluconckinase [EC:2.7.1.45]

ECA4360 E.carotovora 2-dehydro-3-deoxygluconokinase [EC:2.7.1.45]

ATGTCTAAMAAGATTGC CGTGATTGGCGAATGCATGATTGAGCTGTCGCAGALAGGCGCTGATGTTCAGCGCGGCTTCGECELCGACACGCTGAATACC
ATGTCTAAAAAGATTGCCGTGATTGGL GAATGCATGATTGAGCTGTCGCAGALAGGCGCTGATGTTCAGCGCGGCTTCGGLGGLGACACGCTGALTACC

Er o ok o o o e o i o o A R i e e TE ERRERRENRERSE RN A N T T R E TN AN AN T T E TR LA R TRNERNTRRNNNNFTRERRY
AR AR AR AN A A SR SR A ST A GG GAATOC AT A TE: * X TG TC O CAGAR A GO F A A A A A T A A T A S N A A AR A AN A SN ARAENAATELLAS
I3 5. 7Y “clusterout’ 2] YFE.
Fig. 5. Apartoffile ‘clusterout’.
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WS FeEie) E3F cluster 1, 3, 4, 52 common subsequence’S
ol thalM = 24z} ‘Precursor’, ‘Phosphopentomutase’, ‘Ribokinase’,
“2-dehydro-3-deoxygluconokinase’®] 7158 7T A¥EE9]
WA o)A 2 dlolert Aol U= KEGG ©ll
A HWe " 7153 2tk YA cluster®] common subsequence
S FS o] ol miAEe MEEe] HHEA] Fgirt

X 20 YERD 71 71 common subsequenceES Z+Z} gene
cluster5S WHESHE vl & BEH 9u] JdE Agoz 4
A B3 nucleotide database S0l tEt A4 F48 AlAH
ol F71sted, DNATEAXE Z4o] 7Fs3itt. Nucleotide
database 5] Wg AMAd= WA ‘nucleotide blastout’ oA
AR
3. I 22| common subsequenced!| CHEH M-E5HX ofo|

Y ~EHY S B3] #82 common subsequenceol] tHE A
£33 onE ATHE7] 918 NCBI®] CDD (Conserved
Domain Database)E 7403153t} ¥ 3& Z+2}2] subsequence®]
e FHEE  domaing EHFETE Cluster 12 common
subsequence™ THX NS E=wH FAl| wiR]7} EHQUCh
pfam03758-2 7+ AMAgoA F23 IS 3= senescene
marker protein-30 =], pfam03088-2 alkaloid biosynthesisoll 4]
F23% aA38-S sk =i, COG33862 carbohydrate
g3} thalERgoll #olslE £l COG4257F streptogramin
lyase & 3= =MdYS CDD BAE Sl & 4 U]
ok COG3391 =HiRle] 7)5-& o BE)x] ghgke) ulelA,
senescene marker protein-302] 7], alkaloid biosynthesis 7],
carbohydrate AL 5-& sk EHlQlolA +x24 - 7153
o7 FARRE A Ho] EAgra Akt

Cluster 2014 oJWg =dIFfSE w|x]7} =A] gk,
ol2gt HE& Al AL suffix tee WHYLZEE, domain
sequence”} $EHA AXA|SHA] kL 9, gapolyt mutations
o] Aol EAo] BIFs3IRE, pairwise HIWE a5
local alignmentE =3 Hudt A|AEloz £33 iAo}
& ol

X 3. X 29 subsequencesd] W3 CDD #H4 Az}
Table 3. CDD database search result for the subsequences in Table 2.

Cluster Domain E-value
pfam03758 (SMP-30) 2e-25
pfam03088 (Str_synth) 5e-08

1 C0OG3386 Te-71
COG4257 (Vgb) 9e-04
COG3391 0.006
2 Null Null
3 COG1015 (DeoB) 0.001
¢d01174 (ribokinase) 2e-06
4 pfam00294 (PfkB) 3e-05
COGO0524 (RbsK) 8e-07
¢d01166 (KdgK) 1e-26
cd01167 (bac FRK) 9e-12
cd01174 (ribokinase) 3e-10
5 cd01942 (ribokinase A) 4e-04
d01945 (ribokinase B) 0.002
pfam00294 (PfkB) 3e-17
COG0524 (RbsK) 2e-17

MO - AHSs - AARIZE =X H 12 &, B 10 = 2006. 10

v, 48

B AFNME A} AEFEOE gene sequence Ul
o|HE Astal A At suffix tee AT EE AHE
spom, 7]&2] STC (Suffix Tree Clustering) *WHS gene
sequence HolE] Agld] HEsteE 44 neeldeh Ea
o]& BLAST ¢} CDD ZA3} A3s}te] gene sequence=2 W
21 JE3A EeE Y3} functional domaing &
UE Al="E F-F3Ql

AlekEl STC HHH-E pentose phosphate pathway2] A
genomic H|o|EJo| A-83}d FAT clustering AFE IE F
S BHOFSI, 79 geneE S UlEIE FFHE
common subsequenceE= Z2- = Itk & BLASTHAMA
NCBI9] CDD (Conserved Domain Database) H]o|EjHjo]2 734
A2 4 E, common subsequenceS°ll th3lA] 7|&ol] ubslzl
A7k 715E & A5 F UdSS Flsla e
¢l 7)'sdomain EHE Z "X HAL, A2 G2 F Alo]d

A BEHE F9% 992 B 5T + Yee sk

ADEH
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