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A Muttiple Sequence Alignment Algorithm using
Clustering Divergence

Byung-1l Lee*,  Jong—Yun Leexx,  Scon—Key Jung ##x
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£ 5
= A9 A= (multiple sequence alignment, MSA)XE widzl dlal AdEe] HAo)| Hegk 7}
A F8% mrolth AR AMBEL 15 Al fAMIH AoldE HAFT] sl 717 MEE
< FAHor APt} B =RdAT ZE2EHY B ogsie F OFY AEE ARloA HES

Faehe &84 IF AE WS Aok At dargS(Multiple Sequence  Alignment
using Clustering Divergence : CDMS)2 314 dbA ubHol Eg] Fele] H3S 98 Zu2Hy
WHor pEsIth FHAHY WHE /M 71 AE Ve AEE T Y FE4HE e 4 o

Aol 712819k AR A2 MY AE dauElEe 718 Custal W SaEls B 24 3
A A7F g AnsL?)el 7€

L
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ABSTRACT

Multiple sequence alignment(MSA) is a fundamental technique of DNA and protein
sequence  analysis. DBiological sequences are aligned vertically in order to show the
similarities and differences among them. In this paper, we propose an efficient group
alignment method, which is based on clustering divergency, to perform the alignment
between two groups of sequences. The proposed algorithm is a clustering  divergence(CDMS)-based
multiple sequence alignment and a top-down approach. The algorithm builds the tree
topology for merging. It is also based on the concept that two sequences having the
longest distance should be spilt into two clusters. We expect that our sequence alignment
algorithm improves its quality and speeds up better than traditional algorithm Clustal-W.

» Keyword @ multiple sequence alignment, clustering divergency

PRIT : olE, BT ; ol
H4 0 2005.08.08 AAHZY : 2005.09.05
FRUSn AFETE, we FRUGE A AELLD, o SR D AFEEHD

O =B 2005HE uRAMAAT XUATSHUE SH AFREIATLA ) X0 oaf HAT=UZ.



2 EE AFEHEREE HIGEQ05. 11)

2= A9 A#(multiple sequence alignment)< 4+

Az A S qdEe] 24 93 293 mE
wdEo] ArH19l ve MdE AEe ddal(famly) +
A AZ#E (phylogeny) ¥4, =r¢)(domain) ¥4 F
9] 7% HEA(functional analysis) 975 93 = o+
F3HA AME-RATHLEL

ditAo = AHde JEH ME FAES vushs HY
F8(global alignment)¥ A9Ao=2 FARE 49L Hu
= A9 A™(local alignment) & W= itk B =F

o Wel Atk wEs
0% A9 gde] 7jEA4Q) e BE ALE FolA
$AM e Aga, As Asskas) 99 Wl

2 749t 54 =Z2ad"(dynamic  programming)

g B 2 /4 2 gz whHoz 3 o] AddA
%14 2o e ARSel HAe AHHs 78 o
O (n?)el A7 A7) ALk kAR Ads] 57} 27}
o mel Ate AeAor Frbehe EAES a9
4. & k7l HNEES A™de dukHd EAldie

O(n ¥)e) Azkel a79Ek5)

AFAA i G gHe) 9ra 23S 93 e 7]
FEo] ANEREE, 1 F H Bol AHHE sEe
sum-ofpairs©|tHEl.  ©]22  Dayhoffv} Blosum 3&E[7]

2 747)e) 4 Ao Aes AEelw, 4 485 RE A
% e AT OEAE PR A3 s QY

wehd, B ERolde A8He Wiow ZejrEy B

75 olgdt i e MY AACDMS) LugEe A
ek Ak A hudse 1 ZolE 7} T AGES
T Mo SH2ER e Ad AR P el A
2 Bges O(nPL)omh oA, ne A9se &

o BE DS 2dM 71 20 2ol vehith 28 2
3}, Clustal W8] Hol BZEe] 2y A8
ojgich
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e e vt Ak 28dME BY dvE
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o] 7123 MEe HLHE ek, sFdME 23 29
£ HoFEth niAge R, 6ddAc E =Fe 2
=g
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N

21 CoiE Mg ™

e Ad @eﬂoﬂh 27 YR B 5 gtk 3,
del Age Ad WS Adas PHow S =)
A717] Hf& B el B4, A9 FRe melz

rE
o

EE homologous & F AAHE HFEES 2= WM
7] & =RoAe vA H9 FEnks s

dol 2,
34 st A9l UF A9 PR et 2o
["el1]

B AL A, .. A T 4G AES T
1. |A1| = |A2|: cee = |Ak|

2 A oM BE gap BAF —'2 MsiH 59 2t
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o if x=y,
o if z#y,
¢ if @ =gap and y= gap,

6(x,y) =

o7|A, €1 & A, ¢y = AFS

gap costE &Jm|3kc},
A qdolx, & FA(TM)L tE3t 2o A4

o]msl, C3-2 affine

=3
TM (z,y) if = gap and y = gap,
6(z,y)=10 if x=gap and y= gap,
affine gap cost if x = gap or y= gap.

4714, TM -2 Dayhoffu} Blosum 2[7]¢ =3k},
tE MY AEeMe okt 29ES WEAP A%
AR o 749 Fg PFHE ALEd dibygom

HAAst EAl2A te AE g8 BAS 23T 4 sk

7+ 4S8 Hrhslr] 3l sum-of-pair(SP) 278, ER AF,
A¥(star) AES Al 71 PHEo] ARRARE]L ~F F
o, F5e 2E AGEY  HdE 93 AD Aol
A Aol Age] Fholvh Ed] AHelA, 7+ ER]e] BAZ
9] 4 As gordto ma AFAQ Efd ALES Hr)E)
£ o] Absdith ozl F =E Alole] AFAQ AE
xH3Th oHEE olye Ag wWhie sl AdE
HAaggto 2 7g HgS &Stk
SP =79 AwEe Aele theat 2ok
"ol2l ko) MEE F dF MY AE Ad %
sum-of-pairs= A% RE (9 A 44 A
% <) Folr.
A G A G A G
{ G G (
(a) (b) ©
O3 16 MEE A A A G G COl
(@AEF HF OSP 3 == &

(RN 99 H5 A9 AT
o g 7ol BAR

Hofzrt, whef aht
BEAEo] vk 09 e Hl—"/
aEA goiE 19 g weth (DRlae 2E AE=
3, (2"Ih)= SP(sum of pars) AFEZ 11, (IHIo)E
Eg] = 29 g2 vk

22 Affined gap penalty

el WAele T QEHsL BA Py qie) Az
3 #AE = oE 8y Pt el Zojok AARL
B4, A wRe P+ kPt oS affined gap
pendlty 2 F2th o o Pt P soln
P, >0 221 k>1& 712] Zo] o[t} Affine gap penalty
2 Jw AES 3k BAE B4 =z

A 98 ME g.4,.a,% bbb E

HIEoz

y
o,

1. A(/L7.7)E a1a27"'7a”9|' blb27"'7b7n,9'| Ex|
=

o me
2 V(i,j)s aay, ...,a, bby, ..., b, ol ofxjat
a; 2t bj7f axig ol X Y He
3 D(i,j)= ajay, ..., a,% bb,y, ..., b, of oixjat
a; o 0| x| rie| Hx TY He
4 1(i,j )& aja, ..., a,s biby, ..., b, 2l DIx|2
27| b JF elxigl ofo] HA MY M4

2 maodfd W e e 20gke menh

A(0,0) =0,

A(i,0) = — P,—iP,, for i >0,
A(0,j) = — P,— jP,, for j>0,
D(5,0) = — oo, for i >0,
I1(0,J) = — oo, for 7>0
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2z, ¢ > 0 9 7> 0 o Ak dgst o] §
pl=N

ACLj) = max V(4j),D(Lj), ICL)),
V(i) =A(i—=1,j-1)+8(Ca ;b ,),
D(ij)= max D(i—1,/))-P , A(i—=1,j)) =P ~P .,
I(i,j)= max I(i,j=1)—P , A(ij—1)=-P ,—P,
23 Clustal WE 08¢t crEs I

ke MY AES 9 o] AMgsle zEOseR
Clustal W7} QIoH8]. Clustal Welld AMEEE Faj~d

< AE B H*ﬁ*"ﬂ 719k g Aelth WA HEE ®
€ AMasd g ARyl Azl BB(parwise distance
matrix) 5 T, ]% A3Hneighbor-joining) &alzls
< olgsled = Ed(guide tree)E Agsiet. ozl A
4 ke kg A T A S E"e] g aRE

THAE A4 2=2a ?‘41“021?—_ 723%??}‘:} oty A A
28 AEE BAsle] Mde] mags Agdch sk
2(Efe Tz HJrEV\ ZA AEo] o]Fo] A w7}

7 48 Z2ds A2 JEAAY Be Ads Zadn

ol Mg ddel slolA Clustal Wel fal2g H=F
7heEl shks 74 AEE £ ) o g Al et
& ve 34 PEs AT F AGe] EgdA sk
Aglell 3o ZA@Ale A= HHstE S PHS A

B, Ee "ol e MEES] At daaild
Aztd 27 AP L ARSI webA BmE A AEd 2Y3
3723 AL A8 Hibe ke #AlelE BLOSUMS2

& desia <6 W @A Avddle BLOSUMAGE AR
DP.
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o] FlMe oF HE W, duse] 4 deld
tfate] Zedict 747 Ao Sl T Ade] T°1

Fof] &3} zkzte] Add =
sk 2F AE0] 71249 Gudge (3" 2)9 2ok

Input : Two aligvrents X = { X, X,..., X, } and
Y=A{Y), Ya..., Y, }, vhere eacn Xj,
1£k£m,or Yl,1£l£n.

Cutput = A muttidle alignment of Xad Y

1. CHS2t Zo| At

m

D lj+n2w AXVk/ )/'

, 1J+nk2w

I,;r‘]-,l-i-m w<—
Lj=mi ;

L =min iy
jwi,jfl +m2w(_7 }/] ) +Oé,

Ti—l,j—lJF /Zzw(X/m Ylj);
c=1=1

(N
I

i.j
oM, 1 <9 <8,1<35<6o0r

D, ; = min;

T, ; = min

2Ty oe%2 % X o Yooz M2 mEis 39| <l o
o= e geRict

22 O HE guriE

B8k, Al

Me X, 1<k=med X, X, X, =
4 V1< kn e v, Y, .Y, & 373k o7l

LEbl =, gt )2

o+ affine gap

L3 L5 A9 3 1B Zo)E
PAMZR0S} 2& A4 BEE UeMzn
penalty S LHERATEH

9 28 Aol Az Bg=s O(nmlL Ly )l
Ag St Qe AdE @lolel Age d (S, G)=
FA oze Spe G RE AD Aol A &
< A Aot
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0, BARAE 1, HAAHAE 19 ghs ek

(S)) AAGGCCTT

Group X := (Sy) ~AGGGCTT
(S3) ~AGGGA-T
(Sy) ~CGATT
Group Y =
Sy TCGA—-

AN, m=3, n=2, Ly=8 Ly=6 ot}
g 32 AN thes g,

Initial case
TO,O - 07
T,;= Ti’j_'—mzf1w( , Yz;’)¢

Tj=T;+ ”kZ]lw (X)),

Other case:

m

—175—1 + Z

k=1 1=

ka }/l-_])

:Z—L,J = min 1—;*1,1 + nzw(Xk:i7_)7

k=1

Ti,j—l + mzw(—, Y),
=1

1<i<8,1<j<6.

OF AEe

7} 9ge) A

oHn
ok
,
2
i

7= (2 3)dlA HodFErh

Ty, = Ty +3w(——) +3w(—T) =3
Tos= Tpa+3w(—T)+3w(——) =24
To = Ty o+ 2w(A—) + 2w(——) +2w(——) =2
Tro= Too+2w(T,—) +2w(T,—) + 2w (——) =36

- - C G A T T
- T C ¢ A - -
= = = O,]\)‘ 9 15 21 24 27
A = = 2‘..4 9 1> 19 22 25
A A A8 "8.10 15 15 18 21
G G G |14 14 't4 10 16 19 22
G G G20 20 20 e 16 19 22
C G G |26 26 24 200,20 22 25
C C A |32 32 28 26 ‘2'4, 26 28
T T - |36 35 34 30 28 24 29
T T T |42 39 40 36 34 31 <30
T2 3 35 X2 2 OF YQ9 OE I
TE),I + 2w (A} O) + 4w (_1 O);
Ty, = min T072+2w(A,—)+4w(—,—), =9
Ty, +3w(— C) +3w(— C)
Ty +2w(T,T)+2w(T,—) +
w (_/' T) +w (_/'_)/'
Ty s =mind Tos+2w(T—)+2w(T,—)+ =2
27_0(——)/
T7,4+ 37.0(—/ T) + 37—’-}(_/'_)/'
(O 3ol AEE 7] sl 22% ZolAiE do
2 AEEe 92 s I8 Yo 2E A4 gp
AUE ouela, 9% gdue RE MY 2F Xl gap
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Group X

[

Group Y

Ty, o Ty g2 € 34 A2e ohest ot

CTT
Group X CTT
A-T
ATT
Group Y A

Ao, Ty old T 2 o 4 g8e thgw

2},
AAGGCCTTT
Group X -AGGGCTT
~AGGGA-T
~TOG-A—
Group Y ~AGGGCTT

AT T AE =2 o Ak

S, = AAGGCCTT
Sy = ——CG-ATT
S, = ~AGGGA-T
S, = ~TCG-A—-
S, = ~AGGGCTT

Iv. ®letet= ofs MY FE 22|&

o el aF AR P ] tfsl =eiglet. o] FelA=
Ez] 7gk e 7]§L CDMS dazElgs At A
ok CDMS Zad&(a 44 ZEAe Ade 4 o

Qkll 9E gapdl +5 %01% Aolth, ajmz whol Az

oE T 2F <k oA A=k 7 21 TRl AEEe]
A3 A, Qe AdSel My SR T
T AME AEs 7T £ ok Alks s og
AAE 71eE (2 st Aot
oz : epto| M= S={S,,5,,....5,}
£3: 5 9 05 Mg 3
EEA 11 IS < 1, then stops
EHA| 2. Construct the distance matrix for S
EHA| 3. Sort &l entries in the distance matrix
CBY| 4. Create & st of sequences R=S;
ThH| 5. Select a pair of sequences 9; and SJ
e 6. Let G151} and Go4Sh), R = R—1S), S}
61 Sdect S,.eR;
6211 d (S, Gy) =d(S;, Gy), tren
G =GU{S}
dreise Gy = Gy U {5, }
63 R=R—{S.};
CBY| 7. Recursively apoly CDMS by setting the input
S= Gy
Recursively apply COMS by setting the input
S= Gy
£ 8. Perform group alignment method on Gy and Gy
J% 4 CDVS 2121
P20l sl 7} w] Negel 24 42 Ay
A, se] Azl 9= gt dARNAE & 1 o T4
glo] Azl A 2 OH BReta, 9ASAMe 7 4 A
5 7H Si¢h 5 MBS M4E Relxl Agith. dAI614
Re] o] & wj7bA] GA61 BAI63 S Asggict. ©AlT
Oﬂ/ﬂ o] =G 9 S=Gyo) 2 mzbx] CDMS ZuelZ

H=3
& WEsle] A8 WA Gish Gyl 1
1:] &

He el
| SEk g, el 2o

I mxU SIS,
ISjeh FAISh 72t wille) A7k Bt vhew) 2ok
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<A 3 i 2logn)
=> NS §7))
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S| = AAGGCCTT

S, = CGATT
Sy = AGGGAT
S, = TcaA

S5 = AGGGCTT

9A2 oA 42 A BEE <E 1ol etk

<E 1> 5 NZS9| 72| &Y

s, s, S, S, S,
S - 5 4 7 2
Sy = 4 3 4
S - 4 2
S 3 6

@Asst Bl MEES TSl 1FoE vETh
s B (2" HeA Kol Fa givk

(d) @

7 agol ¥9 WA Ade 3N ==z gddch
wEd] 2% $E Ado] Frleks $AE Lt A
Ao Ads 1 agAblel Als et
g (©F (0¥ 5@)2RE 2g® Aot Hgdl, Sio
SiE 2 A & A7) gzl Gi=(S))sk Go=(S,)0]
o G526 A ARy Wi, S35 Gio Frek, Gy
(S, S;)7b Bk S5 &3 Si¢k sy wEe] Sy
Gial F5e), Gi=(9,, S, Sylel Bt epAmtoz
Sy Sy9k A7) Wil S35 Gyol F7hA2 oA
ez Ane G5, S5, S5} 9 Go-(S,, Sy
otk

2% G9) AEEe] 47} ou =7 R, G o
A REEE Ag (2F 5d) ¢ (@64 HejFum gtk
@ 5 @A, S 9+ S74 74 21 Al 45 AR
gormz 1 = {(S)e G2 = (S et Se G
s} V] mEel G o Z7ksh G =(S,, S, )0] Hok
add e aF GOS8, S:), G2 =183, Go-

{8,, 5,102 A=,
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