
Bioinformatics, Yutaka Akiyama (Tokyo Tech)
今期から始まった遠隔授業の受講者の方々にも対応するため、早めにファイルを

置いていますが、授業直前に内容を修正する可能性があります。2010年4月19日
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Multiple Alignment

•Topics:
S Ali f i

Multiple Alignment
・Sequence Alignment for Proteins

Similarity Matrix
M l i l li・Multiple sequence alignment

Sum of Pairs (SP) score
M l i l li b DPMultiple alignment by DP

・Heuristic approaches for multiple alignment
C h d P i (T b d) h dCenter star method, Progressive (Tree-based) method,
Iterative improvement method
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DNA → RNA → Proteins
sequence of 4 nucleobases

ＤＮＡ

1. Transcription
ＤＮＡ

ＲＮＡ functional RNAＲＮＡ functional RNA

2. Translation

“Codon table”

2sequence of 20 amino acids



20 residues as elements of protein

Protein molecule is a linear 
chain composed of amino
acid residues.
(details shown in Lesson 11）

A i id id

G,   A,   V,   L,    I, 

Amino acid residues
(1 character code)

S,   T,    C,  M,   D,

N,   E,   Q,   R,   K,

H, F, Y, W, PH,   F,   Y,   W,   P

Standard 20 residues.
(Exceptionally also 
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21st, 22nd residues )

From ：IPA  Educational  Material Archive,  http://www2.edu.ipa.go.jp/gz/



Codon Table
Second base Third base

First base

Three consecutive bases (=codon) on RNA is translated to one amino acid residue.
Third base is relatively tolerant for mutation (synonymous substitution = 同義置換).



Hemagglutinin

Neuraminidase

From  NCBI  “Entrez Genome” WWW page  (Viral Genomes)



Swine = hog, pig 

Avian = bird’s

Flu = influenza
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high-pathogenic avian influenza 

high-pathogenic viruslow-pathogenic virus g p gp g

trypsin-like
protease

FURIN
enzymey

From:From:
“Medical Bio”,
Ohmsha,
Jan., 2009,
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, ,
“メディカル バイオ”
オーム社



1.  Visit  NCBI’s  Influenza Virus Resource site at 
http://www.ncbi.nlm.nih.gov/genomes/FLU/Database/select.cgi

2 Set Species=Influenza virus A Host=any Country=any2.  Set  Species=Influenza virus A, Host=any, Country=any, 
Segment/Protein=NA (neuraminidase), Date Range year=2005-2010 for example.

3.  Check  Full-length .. only box, and Remove identical ... box.
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4.  Then press “Get sequences” button



1.  Check how many sequences are matched in total. (353 in this example)
2.  Set order as  “host  > year > country”, and then push “Reorder sequences” button.
3 Then crick the first checkbox (shown below) in order to cancel default checks below3.  Then crick the first checkbox (shown below), in order to cancel default checks below.
4.  Choose some sequences from the list, by clicking check box on each line.

Check 4 from Avian,  10 from Human, and 4 from Swine  (in total 18 sequences)
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5.  Then press “Do multiple alignment” button



1.  Multiple alignment for selected sequences are obtained in a few minutes.
2.  Browse the whole sequences by using horizontal scroll bar.q y g

First 4 sequences are from Avian middle 10 are from Human and last 4 from SwineFirst 4 sequences are from Avian, middle 10 are from Human, and last 4 from Swine.
Avian neuraminidase and Swine neuraminidase are much different from Human’s.
Important catalytic site residues are still conserved (116,149,276,292,374,409,428).



1.  Press “Build a tree” button, and then click “Next step >>”.
2.  Select  Clustering Algorithm=Neighbor Joint, and Distance=F84 matrix.
3.  Click “Next step >>”  and then you will get a calculated Phylogenetic Tree.

Human

SwineSwine

Avian
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“avian-like swine” 
influenza viruses
have been reportedhave been reported.
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Alignment scoreAlignment score Reviewgg
alignment

A  T  T  G  C  T  T  A  C  G T
| | ･ ･ | | | ||  |  ･ ･ |           |  |  |
A  T  A  A  C  - - - C  G  T

（ ） （ ） （ ） （ ） （ ）２ ＋ ２ ＋ （－１）＋ （－１） ＋ ２ ＋ （－１）＋（－１）＋（－１） ＋ ２ ＋ ２ ＋ ２ ＝＋７

match: +2
unmatch: -1

Example
score

Scoring values are subject to change,
depending to the purpose of study,

gap:  -1for DNA
p g p p y

and/or nature of subjects.
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Sequence alignment by DPSequence alignment by DP
Review

i for i>0 j>0

Sequence alignment by DPSequence alignment by DP

A      T      G      CA      T      G      C M[i-1, j]  +  w

i

0           1            2           3          4
0

for  i>0, j>0, 

AA M [i, j]  ←  max M[i, j-1]  +  w

M[i 1 j 1] S[i j]

0          

1           

GG

AA

M[i-1, j-1]  +  S[i,j]j

h S[i j] i th t h/ t h
2           

AA

CC

where S[i, j] is the match/unmatch score, 
w is gap penalty constant (<= 0),  and
M[i, j] is accumulated score  until [i,j].

3          ?
CC

Boundary setting.
M [i, 0]  ←  0,   M [0, j]  ←  0

4

[ , ] , [ , j]
(note:   here “outgap”  has no penalty)
w = 0  for last column and last row. 14



Out GapOut Gap
Review

i

Out GapOut Gap
S 1

A      T      G      CA      T      G      C
i

0           1            2           3          4
0

Out Gap Out Gap

Seq1
Seq2

AA

j

0          

1           
Out Gap

Seq1
S GG

AA

j

2           Out Gap

Seq2

AA

CC
3          ?

Outer trim area is called as an “Out Gap”.

4Out Gap penalty is sometimes set to zero.  
It means that any movement
on four edges (black arrow in the fig.)  can be done

ith t lt
1515

without penalty.



Similarity Score Matrix for Protein

BLOSUM62BLOSUM62BLOSUM62BLOSUM62

default matrix 
f t ifor protein 
sequence
comparison
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Multiple Sequence AlignmentMultiple Sequence Alignment

Multiple alignment example: 28 Luciferase proteins from fireflies (part)  



Multiple Alignment ScoreMultiple Alignment Scorep gp g
Sum of Pairs (SP) score

position
i

… L  H  S  G  D  …
… L  H  T  G  D  …

i

Seq1
Seq2

… Y  K  T  G  D  …

q2
Seq3

N    k-1
Score( Seq1(i), Seq2(i), …SeqN(i) ) =  Σ Σ S (Seqk(i), Seql(i))

k=1 l=1
= S(‘T’,’S’) +S(‘T’,’S’)+S(‘T’,’T’)

S(X, Y) is similarty score, 
S(X, ‘-’) = w  (w<=0, gap penalty)

cf.  Minimum entropy score
(Theoretically more favorable)

( , ) ( , g p p y)
and  S(‘-’, ‘-’) = 0 .



Multiple Alignment ScoreMultiple Alignment Scorep gp g
for DNA sequences

position
i

… A  T  G  C  C  …
… A  T  A  C  C  …

i

Seq1
Seq2

… A  T  - C  C  …
… A  T  - C  C  …

q2
Seq3
Seq4

N    k-1
Score( Seq (i) Seq (i) Seq (i) ) = Σ Σ S (Seq (i) Seq (i))Score( Seq1(i), Seq2(i), …SeqN(i) ) =  Σ Σ S (Seqk(i), Seql(i))

k=1 l=1
=  S(‘A’,’G’) +G A ( , )

S(‘-’,’G’)+S(‘-’,’A’)+
S(‘-’,’G’)+S(‘-’,’A’)+S(‘-’,’-’)

G A

=  (-1 unmatch) + 4 x (-1 gap) + 0
=  -5- -



Multiple Alignment by DPMultiple Alignment by DP

3-dimentional Multiple Alignmentk (1 .. n)

p g yp g y

i  (1 .. l ) Time complexity:
O( l  m n )

Space complexity:
j
(1 .. m)

Space complexity:
O(l  m n )

M[i-1, j-1, k-1]  +  Score (Seq1(i), Seq2(j), Seq3(k))

M [i, j, k]  ←  max
M[i,     j-1, k-1]  +  Score ( ‘-’,   Seq2(j), Seq3(k))
M[i-1, j,     k-1]  +  Score (Seq1(i),  ‘-’,    Seq3(k))
M[i-1, j-1, k    ]  +  Score (Seq1(i),  Seq2(j),   ‘-’ )[ , j , ] ( q ( ), q (j), )

M[i,     j,    k-1]  +  Score ( ‘-’,  ‘-’,  Seq3(k))
M[i-1,  j,    k   ]  +  Score (Seq1(i),  ‘-’,    ‘-’)
M[i j 1 k ] S ( ‘ ’ S 2(j) ‘ ’)
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M[i,     j-1, k   ]  +  Score ( ‘-’,  Seq2(j),   ‘-’)

Note:  N- dimentional direct DP with length L will consume O (LN) time and space. 



Heuristic approaches for multiple alignmentHeuristic approaches for multiple alignment
(1) Star method

S A  G  G  A S 1 S 2 S 3 S

similarity scores

Seq1
Seq2
Seq3

A  G  G  A
A  T  G  C  G  T
A  T  G  C  G  A

Seq 1 Seq 2 Seq 3 Sum

Seq 1 3 6 9

Seq 2 3 9 12q3 G C G

A  - G  - G  ASeq1 A  T  G  C  G  TSeq A  - G  - G  A Seq

Seq 3 6 9 15

A  G  G  A
A  T  G  C  G  T

Seq1
Seq2

Score = (+2)x3 + (-1)x3 = 3

A  T  G  C  G  T
A  T  G  C  G  A

Seq1
Seq3

Score = (+2)x4 + (-1)x2 = 6

A  G  G  A
A  T  G  C  G  A

Seq2
Seq3

Score = (+2)x5 + (-1)x1 = 9

A  - G  - G  A
A  T  G  C  G  T

×
not used

(1) Choose one sequence SeqC that maximizes
Σ sim (Seqi, SeqC)
i<>c

(2) P i i li t (S S ) f i

A  T  G  C  G  T
A  T  G  C  G  A

(2) Prepare pairwise alignments (Seqi, SeqC) for  i<>c.
(3) Combine those alignments based on SeqC.



Heuristic approaches for multiple alignmentHeuristic approaches for multiple alignment
(2) Progressive (Tree-based) method

S A  G  G  A
similarity scores

Seq1
Seq2
Seq3

A  G  G  A
A  T  G  C  G  T
A  T  G  C  G  A

Seq 1 Seq 2 Seq 3

Seq 1 3 6

Seq 2 3 9q3 G C G
Seq 3 6 9

Seq1

“Guide Tree”
A  T  G  C  G  TSeqSeq1

Seq2
Seq3

A  T  G  C  G  T
A  T  G  C  G  A

Seq2
Seq3

S

A  G  G  ASeq1

Seq(2+3)
A  T  G  C  G (T+A)/2

A  - G  - G   A
A  T  G  C  G (T+A)/2

profile

(1) Make a “Guide Tree” based on mutual similarity scores.
(2) Start from pairwise alignment with most inner pair.
(3) Following the “Guide Tree”, add sequences step by step.

P f fil ( fil fil ) li t

A  T  G  C  G (T+A)/2

Perform sequence-profile (or profile-profile) alignment.
(4) go to (3) unless all sequence has been aligned.

A  - G  - G  A
A  T  G  C  G  T
A  T  G  C  G  A



Heuristic approaches for multiple alignmentHeuristic approaches for multiple alignment
(3) Iterative improving method

SSeq1
Seq2
Seq3

.

. profile

(N-1)
Seq

q3

SeqN

.

.
.
.
.

.

SeqCSeqC

sequence vs. profile (N-1) alignmentN-sequence multiple alignment

(1) Make an initial multiple alignment.
(2) Choose one sequence SeqC (randomly)
(3) Perform sequence-profile alignment between

S C d th fil d f t f
By random selection,
it is expected to escapeSeqC and the profile made from rest of sequences.

(4) go to (2) unless no progress obtained or iteration
count reached to the limitation. 

it is expected to escape 
from local minimum.



finding conserved motifs by multiple sequence alignment
>copia     ILDFHEKLLHPGIQKTTKLFGETYYFPNSQLLIQNIINECSICNLAK
>MMULV  LLDFLLHQLTHLSFSKMKALLERSHSPYYMLNRDRTLKNITETCKACAQVN
>HTLV     LQLSPAELHSFTHCGQTALTLQGATTTEASNILRSCHACRGGN
>RSV YPLREAKDLHTALHIGPRALSKACNISMQQAREVVQTCPHCNSA>RSV      YPLREAKDLHTALHIGPRALSKACNISMQQAREVVQTCPHCNSA
>MMTV   IHEATQAHTLHHLNAHTLRLLYKITREQARDIVKACKQCVVAT
>SMRV    LESAQESHALHHQNAAALRFQFHITREQAREIVKLCPNCPDWGS

http://www.icot.or.jp/ARCHIVE/Museum/SOFTWARE/GIP/gene_alignment.html

Multiple Alignment (Iterative Improvement method)
on  PAPIA service (http://mbs.cbrc.jp/papia/)( p jp p p )

H H C C

zinc finger motif


