Introduction to Computational Biology; An
Evolutionary Approach: Multiple Sequence
Alignment

Bernhard Haubold & Thomas Wiehe

ICB (© 2006 Birkhauser Verlag



Outline

Why Multiple Sequence Alignment?
Optimal Multiple Sequence Alignment

Progressive Multiple Sequence Alignment

ICB (© 2006 Birkhauser Verlag



Why Multiple Sequence Alignment?

Multiple Sequence Alignment

uman § - VHETPEERSAYTAL| N- - VOB R 40
orse 7 - VORSGEEXAAYLA N- - EEE CR 40
uman a - - S PAD[ST NA CAHAGE' KT 41
orse a - - AADIT | A GGHA = KT 41
anprey g Pl VDTGSVAPBSAAENTKI RSA| YETSEVDI MVKFIETSTEAAGE 50
whal e m - SEGEVIQL VL H AKVEADVACHCQD\ CVRLPKSHBETCE 41
| upine | ITESQAALKSSIIEEFNANI PKHTHRFFI LVLEI ARAAKD 42
consensus A PR SRAM i
Conserved Histidine
!

uman 3 F[FE: 85
orse §  F[gD 85
uman o P 80
orse a P 80
anprey g FlgP! 98

al e D 86
Lupine | LIdS 90
consensus o

Conserved Histidine

umen & AT GN! A 135
orse 7 & GN! A 135
uman a A K] SH A 130
orse a A W A 130
anprey g AKSFQVBIECY] AGFE| 139
whal e m KPLAQSHAT KL PIRY LT SEAL L HVLHSRHPGEECADAQCANNKALE 136
| upine | KNEGSVIEVSNG- MADAHEPVVKEAI LKLl KEVVGAKWSEELNSAWTI AYD 139
consonsus T v e SROATIEYREA AL TH M

uman § AN, - 146

orse 7 AN - 146

uman a ST - 141

orse a ST - 141

anprey g NI Cl - 149
whal e © VERkbr AAKYKELCVQG 153

| upi ne | ELA\ VI KKENNDAA 153
consensus
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Why Multiple Sequence Alignment?

Oxy-Myoglobin
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Optimal Multiple Sequence Alignment

Sum-of-Pairs Score

m A: length of alignment

m n: number of sequences

m s(S;[i], S[i]): score of position i of sequence j aligned with
position i of sequence k; 2 gaps =0

Al n

M =357 S s(s;il, S«lil)

i=1 j k<j
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Optimal Multiple Sequence Alignment

Path in Hyperlattice

(0,0,0,0,0,0,0) — (0,0,0,0,1,0,0) — ... — (0,0,0,0,8,0,0)
- (1,1,0,0,9,0,1) —» (2,2,1,1,10,1,2) —» ... —
(147,147,141,141,149, 153, 153)
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Optimal Multiple Sequence Alignment

Number of Vertices

n

[Tasil+1)

i=1
Exercise: Compute number of vertices in hyperlattice for
aligning the seven globin sequences.

ICB (© 2006 Birkhauser Verlag



Optimal Multiple Sequence Alignment

Multiple Sequence Alignment by Dynamic
Programming

Y T DPQ\

A AG-N

A—-V
N
G
A

D P Q V
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Optimal Multiple Sequence Alignment

Nodes in Alignment Hyperlattice

current 44
node

current
node

2 sequences: 3verticestovisit 3 Seauences: 7 verticesto visit

//

4 sequences: 15 verticesto visit

current
node
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Optimal Multiple Sequence Alignment

Optimal MSA

human 3 - N SLLVVYE 40
horse - \ RLLVVY[ 40
human a - - LSFT P
horse a - - EGMELCHTUKT 41
rey g Pl VDTGSVAPIEA TSIEVDI VKF [RAAGE 50
- - VIBEEGEWQL VL HVWAKVEADVAGHGQDI LI RLPKSUPETCE 40
G TESQAALEKSSHEEFNANI PKHTARFFI LVLEI ARAAKD 42
consensus T
Conserved Histidine

human 3 e 85
horse NPCAVMENPKVARIEONI HSF GE 85
human o -[8SAQ 80
horse a 80
lanprey g 98
whal e m KK TEACNKABEDL KKEVT VLT AL CAT LKRKGHT - - HE 86
I'upi ne | EVPQ- - NNPEL JXEAGIAYFKL VYERAI QEQVTGVVVTDA 90

consensus b P R A

Conserved Histidine

human AT A 135
horse & A 135
human a A K A 130
horse a A i A 130
\arrfrey g FQVRECY] - 139
whal e m KPLAQSHAT <HK\ PIRYLEFT SEAI | HVLHSRHPGDﬁCADAQCANNKALE 136

| upine | KNE CS\/I{V (NADAHEPV\/KEAI LKE\ KE\/VCAKV\SEELNSAV\TI AYD 139
consensus

human 43 - 146
horse o - - 146
human a ST’ - 141
horse a ST - o141
lanprey g NICIL So--- 149
whal'e m "~ LFRKDI AAKYKELCVQG 153

I 'upi ne | ELAI VI KKENNDAA- 153
consensus  * ok
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Progressive Multiple Sequence Alignment

Progressive MSA (cl ust al )

uman § - VHETPEERSAYTAL| N- - VOB R 40
orse 7 - VARSGEENA N- - EEE CR 40
uman a - - S PAD[ST NA CAHAGE' KT 41
orse a - - AADIT | A JCCHAGE' KT 41
anprey g Pl VDTGSVAPBSAAENTKI RSAAPYYSTYETSIEVDI [IVKFIETSTIRAAGE 50
whal e m - SEGEVIQL VL H AKVEADVACHCQD\ CVRLPKSHBETCE 41
| upine | ITESQAALKSSIIEEFNANI PKHTHRFFI LVLEI ARAAKD 42
consensus A PR SRAM i
Conserved Histidine
|

uman 3 F[FE: 85
orse §  F[gD 85
uman o P 80
orse a P 80
anprey g FlgP! 98

al e D 86
Lupine | LIdS 90
consensus o

Conserved Histidine

umen & AT GN! A 135
orse 7 & GN! A 135
uman a A K] SH A 130
orse a A W A 130
anprey g AKSFQVBIECY] AGFE| 139
whal e m KPLAQSHAT KL PIRY LT SEAL L HVLHSRHPGEECADAQCANNKALE 136
| upine | KNEGSVIEVSNG- MADAHEPVVKEAI LKLl KEVVGAKWSEELNSAWTI AYD 139
consonsus T v e SROATIEYREA AL TH M

uman § AN, - 146

orse 7 AN - 146

uman a ST - 141

orse a ST - 141

anprey g NI Cl - 149
whal e © VERkbr AAKYKELCYQG 153

| upi ne | ELA\ VI KKENNDAA 153
consensus
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Progressive Multiple Sequence Alignment

Progressive Multiple Sequence Alignment

Pairwise Phase

S S; S; Sz Ss4 Ss Sz
S s,[ 0 S3
s S,[17] 0 S
a2 —  S3[17]4 [0 - Ss
s Ss[25]25 251 0 S4
Ss| 10/ 17] 17[25] O - digance
Multiple Sequence Phase
- new gap
pre-existing ga?v ]
227 — Sp Sp
+ — Ss—— — — — Ss— —— — —
S— 517 — 517 —
- S&— ——— ——— Sg— —— ———
5 Se— -
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Progressive Multiple Sequence Alignment

Exercise: Pairwise Alignment of Alignments

Alignments to be aligned:
AACGT
A- CGT
AAGT
A-GT
Score: match = +1; mismatch = -1; gap = -1
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Progressive Multiple Sequence Alignment

Solution

A AACGT

A -3 | N6 «~3 «~0 +— -3 | «< -6 A C

A AA- GT
1 -6 13 N3 +~0 +— -3 | < -6 A -GT

N1 N 6 +—3

o0
—
|
o
4)
o
—
o

+-12 | 43 | +-3 |t —2| 13 | 12
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