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A Gene Clustering Method with
Hierarchical Visualization of Alignment Pairs

Jin hee-Jeong" - Park Su-Hyun™ - Cho Hwan-Gue™

ABSTRACT

Oneofthemainissuesinoorrwativegmonﬁcsistostudychmmmma]gmec«derinoneormmlatadspecies. For this purpose,
the whole genome alignment is usually applied to find the horizontal gene transfer, gene duplication, and gene loss between two related
genomes. Also it is well known that the novel visualization tool with whole genome alignment is greatly useful for us to understand
genome organization and evolution process. There are a lot of algorithms and visualization tools already proposed to find the “gene
clusters” on genome alignments. But due to the huge size of whole genome, the previous visualization tools are not convenient to discover
the relationship between two genomes. In this paper, we propose AlignScope, a novel visualization system for whole genome alignment,
especially useful to find gene clusters between two aligned genomes. This AlignScope not only provides the simplified structure of genome
alignment at any simplified level, but also helps us to find gene clusters. In experiment, we show the performance of AlignScope with
several microbial genomes such as B. subtilis, Bhalodurans, E. coli K12, and M. tuberculosis H37Rv, which have more than 5000
alignment pairs (matched DNA subsequence).

Keywords : Bioinformatics, Gene Cluster, Gene Team, Visualization, Simplification
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d7sted &0l H, oJg O FAAE v]s ]
7t7kel fAA k. & =RoME F /UMY 4E 4
% o83 749 AFH F2HY PYe2 FAHA
g2 33, o|§ 7MA3EHe €Y AlignScope Al2®o] of
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£ run MG HEJEY, runddde 1F ot &= #
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Eacharichia_coli_K12
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Mveetacimium bobwroidosis HSFRe ||
(3% 4) E. coli K122 M. tuberculosis H37Rv Zte] §AF X
AE ¢ E coli K122+ M. tuberculosis H3TRvEl A
HA(FMA Hoorg T3)= 25 1,487740Ick E.
coli K122+ M. tuberculosis H37Rv §8%2| Z0|7} o}
F 30, O A0[9) FAF "ol = =8t 57| mj20)
stLtel 31Ho|| JbA|EfelH, £ FNA Zte] SAE I}
o5t7| BlEct

o HES AL dAl 213 2e AS (29 3 2
e AFE 98 F At (TY 3 oA 21004 FAA
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Al3tste] YRR o2 F3go] Bol X377 PSStk E.
coli K129l 7% FHAE 4300470018 FAMe Zole
4647 49l 4718 7HAx §ld (29 4)& E. coli K129}
M. tuberculosis H37Rv Zte] fAlgh d9(fd2 49w
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A%A 22HIL Ao 49 dolf HE e
e 2EHE A F ojg 4 9 AYE 7utez dq
8, s drbe 48 (bottom-up) WA o2 2E A
Eo] o] diy ZexEe £8 grx 1 H2EL A
BE fA Uzte wieg e AX7Y 238 A
7lE Bt o] duFolME $4 ZE nilg Az
9& agole 7HAE Fol 2§ 749 AAM (similarity) &
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gt."s} e Algzte]l 7o oAl @8 £ Qloh o] d A
A 2Y2HIY S YEHPRY FopiA vlojaRojg o] A
d 2% FHAEY S8 2HFYo Bol AHEHT Ut o
9l = K-means, SOM3} Z& okt F22Ha 7)ygo]
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s;= similarity_score(p,), s,= similarity_score ()
§,;= average(s;, s;)

d,,= distance (p,.d;)= (S,)* / (,)¥
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I, (b)e FE} %04 AL BRAFED. (e 60% °
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o] Yetde ¢ 4 Atk ol GY9Y99lAM Fx7t EojA
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248 OfF : Y= FAF MY 42 2F 30740
Cf (a)E YHE RA MY 48 EHS 20|12, (b)
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Fitoh FAdz g Feprgith (27 7L E. coli KI2
AA% M. tuberculosis H37Rv a@# e FAHAAE 7H9
blast Z23& 7}A8Hg Ao}

(2% 8)2 73} dAClN Az 9 Fopr7] st
2 9o Al 249 FA42 g W] 414 e 7
A4 AAste] DFF Aok (e FH2 € U w8

Myeolnclorium_tibercufosis HITRv

(a) ¥% < 50%, min(m(c)) < 150

Escharichla_coll_K12

Mycobacterium_tuberculbsis HI7Ry

(b) FE < 30%, min(n(c)) < 150

(38 7) 223t &3 - E coli K12 SAA2 M. tuberculosis
H3Rv REAMS| FHEALE 7t blastZ s Zt2ts} 5t
Zolct 12! 59| JIAEE BE ZiHC) 71k 504
B Ao| ®A {HH 7 |AIT TEHES QIX|5H=
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tub Is_HI7Rv

(a) $E<50%, min(n(c)) < 3, 2:4=300bp

Escherichia_coll K12

640276 WM 811843
\\\
%.fzm-msﬁ—'- o i o
Mycobacterium_tuberculosis_H37Rv

(b) (a)e] ek Azt oo Ej

(0% 8) #& |HA} & JAIZ : E coli KI2 |EHS SX
Aol M. tuberculosis H37Rv S H2) 0f2] oo
FARMO| | LElEE 8 £ Ut

9] A4S 300bp2 AT Ao, (b)E (@9 T AL
¥ FES g0 Zoldh (b)elM Yehd FB §32 g5
E coli KI2 349 §4 d%o]A M. tuberculosis H37Rv
FrAA] 42 4ol fAMo] ®A Yehde 2 4 ok
o 71&e WHEE M E WA Eie Fya
EEo|t

4. 38 =¥ =(Alignment Complexity)

F RAA % HPe F FAANDY Dy Ndou
A NE Atole ZEBAE YehiE Aol weM #
A W sue MET KA (EEA)] L MEES
Zotliol 2 NE9 715 FFAY, BE UE AdE
o] sy AP 2L AEL 43235 YA Aled
o B8 54§ fAlAol fISeE B3 a1 FEY 7]
ol Al ASE FF Aok A BP9 A FAS
FEY MG H2EE 9A Hed, & A Ny &
A BEE JEhe A5 BARE f4F W59
p-valueE 7 A|FFc) o]F o] Bt ALAEL 7 A
gEo] dvht FAAE d33A "ok B dFAS0]
F LR FARES drid o 2 Yed 5 E2 4o
T83 gl

0 38 230 FA AE 29 fARRY me &
AREd dE AFE0l AYHT AT Al AY 4E
o Al T FALEY 1 %o g2 EMe 9% 23
S @A Qe ARt E =FdME §4F A
A s fALE BE e 8] Hoks 94 9
Ak o149 T4 A5 ATS sue] 2Hgow A
='4% 3 =(alignment complexity)’& #Aotsic;, A
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BEd] g@ A solo 2N, A4AA 3Y 23 o)
JHEE o# 2 Z(bipartite graph)Z VBT, o= ¥
g B¥Te ANE 1 9ad 23 ¥sc 19z A=
72 F0g 7] Bl

(29 9% F 434 Ut L Alolel AY 49 728
2ozt 2 48 4 F 434 Alolg Az FEge
$ A9Z oAt o|§ Wyez 7 3 4 oF
o= (upl,) 2 EBEE. w5 L= F 434 Aolold 4
2 AYE F A oo o 434 UIHS pu
A 930 A 2 Adolx, 1= 434 LANS guiA
A3 e B2 Mo,

(28 994 Bol: A% 2e $3M B ARE

AlignScope[5, 6914 “©A3Hel ©]# 12| Z(ordered bipartite

graph)"AE FZ2 FHAFY, £A8E o) 2PZE oF
agze] F x= A% U LY Z7e FfdH x=5
o]l YA M7 Mgt 1YZ G=(U,L,E)E 2
g

(a9 102 (29 99 44 38 2Ads £43d o]
¥ 2z 38§ Aol T {44 Ut LAY 7 ®
¥ MgEe] 4 ¢M3tE olf 2#ZoNY xE=7t Ha
A %o Z+ A7} Erk

1 i .l 21 2%
U

 I—
L"'M"""lé 5 B
(02l 9) & REH vt L Al0|e] AHY Mo Ix : {HFH U
o B2 MZ u,2 FEA Lo §8 Mg ,0f HE
Hc}
uw

Uz Uz

h Iz ls

(2% 10) =M&E ol J2f=2f of : (O3 9)°f 2t FE ¥
o7t £MEE 0|2 J2HZ0M ofix] F= FEHED,
RO U=t L0IM 2} B2 MYE0| 2 =MEE
0% J2i=ZojMel =2 HHEC

41 ™ REH FYHolMe = WA 52| 2o
gitdog Jx =2qdME 4 2Ry 5F& YE
W7l 1% gte2 “ofx 22 F(number of edge crossings)”

e AHEE, JHZ =29 A oA 2t BEFE A
TAZ 2 adxe] 53 Bdr|7t o] £7] W&,
olx] wapg7h e YT E 2R ¢ TZo| ¥y
F2 2YzZ2 QA oA nAFE Ja e EAe
TP AF ok nAHQ AF EAZ2 B AFAE
oJsted AFHo gtk [7, 8, 9l.

(¥ 1D F 713 $79 €438 ol Y=o 9
A AAFE Yehdd (28 11-()E ZE 927 39
§ ASE, oly® A2 FAHE FE APL ¥ 29
2E(parallel cluster)gtz E@Fc} ojs}= ga, (b)Y
YZE 6719 oAA7t EAste £AFE o]F Loy
7 B oA A7l E4dte A2, 4 == A
AFE =EAEY A7 Z FFNA wgd Bgol
Z U9 A HA ==t LY viAY k=9 dZE3, U
o ¥ WA xEE LY viAYoN F HA x=9 dZ9
o ol # H¢E o F2H(reversed cluster)dtz T8
3o, ol @ A% oA ZALT 7 Bol YehyA €
ety 2RZ =299 FHAAH B (b)e] Pz u
o ()9 227t  FL 2PT7L HE Rl

A4 Ha {344 FNE (23 11-0b)Y FH2EHE
(@9 azZgrd Fa§ Aotk ol (b)Y F =t A
o] Zzte] FAME HIF Aol2E, “UY #FH2 A7}
LolXe ¢AsH dd2 Yehdo"s $o] €}, ol U
st L Atole] fAAES FAAEY FFE] o2} o
EANAE (a) 2oy 2 BEH] Qo Fo] gt} A
2 08 fAMMY 2L FAAEe 2 £M7A & B
&5 gt AL AHo 2 o}F e FAAYL ®
= AZ f34 AFEo] 29F €A FLEA BES
g 438 & Atk BN fA4 FE dojHE Y
g dols gubHQ oMo ZHFR A BAFR
o 1 Z48 3 FEY & Y& 24 o] gast

1

(a) W# F22H
C2
a

al ag

(b) o 222
(33 1) 226 WollMef ofx] mxtef of
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(33 12) & |8 B subtilis2t B. hanoduranss &EIA}
Elof of

(1% 12)= A4 F §44 B subtilis$ B. halodurans
Abele] Az FY2HE EHF AotH8) (2 1294
B. subtilis®] fARE9 A7} B. halodurans® HAAS
3ot BEg9de & & Ak o] A4, dA 2R e F
7k SAY, ABFHoR ol FHAAEL FFE ulo|
ollel, 1 £AZAE ofF & BHEH gL ¢ F ¢
o ool @ § WY FHAAEY HF o]FoE E Ao]g
FAREY AA7t 2o} A £ Q7] oot

42 YEY Mo EEME 9 HE 23T

42 480 7 REH Ade Yre e fAA
I AE HEEY 471 dE fAA9 2e 38 A
FE9 &M e wEes EE ug Wz s
A& B84 v, F 459 A7 F BESY A
goe Jguie F FAA Alole FF HEEY £A4AL0lg
wAZE Gt AL ov .

3% 3=t 4 3E 43 FF AY 2F A8 5
Aew, FE I AF BIE FL 2 I EHd
BE 4E9 48 BFE9 YJFe AgEd 193 F
AA Uk L Aol A8 4 o8 38 BAE, compla,)
& o ¥ 9ol UE o, at+i S FF B9 &M
oste] ARHAIY A HE B q,_y, q, a,, & BT 2
A=E AN & 9, s FA43 U E= LY YA 9
3 FZE Aoy, Uol st FEE 4¢ o9 3E BF
B b&3 2o] Aite

s=2, (if(g—p) = 0) or 1, (if otherwise) (1)

t=2, (if (r—q) = 0) or 1, (if otherwise) (2)
comp(a;) = (=1)* « 1/297P+ (=1)t « 1/2779 (3)
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4.3.1 E. coli K 129 B. subtilis®] 3%
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protein translocase, subunit SEC6] alpha
LSU ribosomal protein L23P (rpl23P)

1 | COGO201 | secY secY

RNAse P protein subunit P29

SSU ribosomal protein S3P (rps3P)
LSU ribosomal protein L22P (rpl22P}
SSU ribosomal protein S19P (rps19P)
LSU ribosomal protein LZP (rpl2P)
LSU ribosomal protein L2Z3P (rpl23P)
P LSU ribosomal protein LAP (rpl4P}
LSU ribosomal protein L3P (rpl3P)
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dA 0924 & Y BALE 7AE ZH2HY 47 4
AL, =F Alol=7E 154 AolE AR F7hei
oJAL FHAY X7} Yt WFo] Y& FYH2HI B
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=7 0959 Fe12He dojr},
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M B¥ Sgze| £

i 9= | A fulgidus M. thermautotrophicus®|
Apel = 71EAA 71EAA
1 5 15 2
2 7 5 8
3 9 4 4
4 12 7 7
5 15 14 5
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(E 3 A fulgidus2t M. thermautotrophicus2l S & Ato|of
M 1= AlO|Z=7} 100|1, HE =TI} 0952 =g

£&fe] of

Index cog AHE9] Ay
1 COG1920 hypothetical protein
2 COG0552 signal recognition particle receptor (dpa)
3 COGI730 c-myc binding protein, putative
4 COG2157 LSU ribosomal protein LXA (rplXA)
5 COG1976 hypothetical protein
6 COG2097 LSU ribosomal protein L3IE (rpl31E)
7 COG2167 LSU ribosomal protein L39E (rpl39E)
8 COG2118 hypothetical protein
9 COG2238 SSU ribosomal protein SI9E (rps19E)
10 COGI1534 hypothetical protein
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