
Multiple Sequence Alignment Introduction



Sequence Alignment

ACGTGGT

ACGTCGT

ACGTGGT
ACGTCGT



Sequence Alignment

ACGTGGT

CGGGTA

ACGTGGT
CG-GGTA



Multiple Sequence Alignment

ACGTGGT

CGGGTA

ACGTGGT

CG-GGTA
AC-TGGTAACTGGTA



Multiple Sequence Alignment

ACGTGGT

TTCGACT

GCTGGACCNC ?



Multiple Sequence Alignment



Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Match: +1  /  Mismatch: -1  /  Indel: -1

Total: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -2

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -3

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -4

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -5

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -6

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -7

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -8

Match: +1  /  Mismatch: -1  /  Indel: -1



+1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -7

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -8

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -9

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -10

Match: +1  /  Mismatch: -1  /  Indel: -1



-1

Scoring schemes

CHOOSE-TWO
SLEEP LEARN-- -
---

Total: -11

Match: +1  /  Mismatch: -1  /  Indel: -1



Gap opening / extension

CHOOSE-TWO
SLEEP LEARN-- -
---

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5



-1
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -1

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-0.5
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -1.5

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-0.5
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -2

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-1
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -3

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-1
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -4

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-1
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -5

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-0.5
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -5.5

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-1
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -6.5

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



+1
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -5.5

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-1
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -6.5

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-1
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -7.5

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-1
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -8.5

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



-1
CHOOSE-TWO

SLEEP LEARN-- -
---

Total: -9.5

Match: +1  /  Mismatch: -1  /  Gap opening: -1  /  Gap extension: -0.5

Gap opening / extension



Match / Mismatch: Blosum 62
BLOcks SUbstitution Matrix

C S T P A G N D E Q H R K M I L V F Y W
-2 -3 -2 -4 -3 -2 -4 -4 -3 -2 -2 -3 -3 -1 -3 -2 -3 1 2 11W

Y
F
V
L
I
M
K
R
H
Q
E
D
N
G
A
P
T
S
C

-2 -2 -2 -3 -2 -3 -2 -3 -2 -1 2 -2 -2 -1 -1 -1 -1 3 7
-2 -2 -2 -4 -2 -3 -3 -3 -3 -3 -1 -3 -3 0 0 0 -1 6
-1 -2 0 -2 0 -3 -3 -3 -2 -2 -3 -3 -2 1 3 1 4
-1 -2 -1 -3 -1 -4 -3 -4 -3 -2 -3 -2 -2 2 2 4
-1 -2 -1 -3 -1 -4 -3 -3 -3 -3 -3 -3 -3 1 4
-1 -1 -1 -2 -1 -3 -2 -3 -2 0 -2 -1 -1 5
-3 0 -1 -1 -1 -2 0 -1 1 1 -1 2 5
-3 -1 -1 -2 -1 -2 0 -2 0 1 0 5
-3 -1 -2 -2 -2 -2 1 -1 0 0 8
-3 0 -1 -1 -1 -2 0 0 2 5
-4 0 -1 -1 -1 -2 0 2 5
-3 0 -1 -1 -2 -1 1 6
-3 1 0 -2 -2 0 6
-3 0 -2 -2 0 6
0 1 0 -1 4
-3 -1 -1 7
-1 1 5
-1 4
9

Henikoff & Henikoff 1992 Proc Natl Acad Sci



Needleman-Wunsch algorithm
Global alignments

GCATGCU

GATTACA

Needleman & Wunsch 1970 J Mol Biol

?



Needleman-Wunsch algorithm
Global alignments

Needleman & Wunsch 1970 J Mol Biol
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Global alignments (match: +1, mismatch: -1, indel: -1)
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Global alignments (match: +1, mismatch: -1, indel: -1)
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Global alignments (match: +1, mismatch: -1, indel: -1)
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Global alignments (match: +1, mismatch: -1, indel: -1)
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Global alignments (match: +1, mismatch: -1, indel: -1)
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Global alignments (match: +1, mismatch: -1, indel: -1)
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G C A T G C T

G
A
T
T
A
C
A

0 -1 -2 -3 -4 -5 -6 -7

-1

-2

-3

-4

-5

-6

-7

Needleman-Wunsch algorithm

Needleman & Wunsch 1970 J Mol Biol

1 0

Global alignments (match: +1, mismatch: -1, indel: -1)



G C A T G C T

G
A
T
T
A
C
A

0 -1 -2 -3 -4 -5 -6 -7

-1

-2

-3

-4

-5

-6

-7

Needleman-Wunsch algorithm

Needleman & Wunsch 1970 J Mol Biol

1 -2

Global alignments (match: +1, mismatch: -1, indel: -1)



G C A T G C T

G
A
T
T
A
C
A

0 -1 -2 -3 -4 -5 -6 -7

-1

-2

-3

-4

-5

-6

-7

Needleman-Wunsch algorithm

Needleman & Wunsch 1970 J Mol Biol

1 -3

Global alignments (match: +1, mismatch: -1, indel: -1)



G C A T G C T

G
A
T
T
A
C
A

0 -1 -2 -3 -4 -5 -6 -7

-1

-2

-3

-4

-5

-6

-7

Needleman-Wunsch algorithm

Needleman & Wunsch 1970 J Mol Biol

1 0

Global alignments (match: +1, mismatch: -1, indel: -1)



G C A T G C T

G
A
T
T
A
C
A

0 -1 -2 -3 -4 -5 -6 -7

-1

-2

-3

-4

-5

-6

-7

Needleman-Wunsch algorithm

Needleman & Wunsch 1970 J Mol Biol

1 0 ? ? ? ? ?

???????

???????

???????

???????

???????

???????

Global alignments (match: +1, mismatch: -1, indel: -1)
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Global alignments (match: +1, mismatch: -1, indel: -1)
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Smith-Waterman algorithm
Local alignments (match: +1, mismatch: -1, indel: -1)
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- 0

- upper left value +1 (if match)

- upper left value -1 (if 

mismatch)

- max (value to left minus 

distance to it)

- max (value above minus 

distance to it) 



Smith-Waterman algorithm
Local alignments (match: +1, mismatch: -1, indel: -1)
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Smith-Waterman algorithm
Local alignments (match: +1, mismatch: -1, indel: -1)
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ClustalW MAFFT MUSCLE Probalign Probcons T-Coffee

set 1 0.415 0.538 0.465 0.571 0.547 0.549

set 2 0.799 0.863 0.845 0.883 0.875 0.874

set 3 0.769 0.846 0.820 0.846 0.834 0.833

set 4 0.638 0.769 0.717 0.756 0.751 0.739

set 5 0.637 0.774 0.702 0.766 0.766 0.763

Benchmarks: SP score
Proportion of correctly aligned sequence pairs

Pais et al. 2014 Algorithms Mol Biol



ClustalW MAFFT MUSCLE Probalign Probcons T-Coffee

set 1 7 sec 27 sec 24 sec 42 sec 68 sec 86 sec

set 2 26 sec 46 sec 32 sec 193 sec 243 sec 298 sec

set 3 335 sec 591 sec 259 sec 4171 sec 5170 sec -

set 4 417 sec 585 sec 266 sec 6040 sec 8143 sec -

set 5 90 sec 298 sec 133 sec 1370 sec 1813 sec 3805 sec

Benchmarks: Execution time

Pais et al. 2014 Algorithms Mol Biol



MAFFT

Katoh & Standley 2013 Mol Biol Evol

Multiple Alignment using Fast Fourier Transform
nucleotides are converted to four-dimensional vectors

iterative refinement
pairwise alignment

distance matrix

guide tree

progressive alignment

reconstruct distance matrix

reconstruct guide tree

re-align



MAFFT



MAFFT
Needleman-Wunsch



MAFFT
Smith-Waterman



MAFFT
Gap openings



MAFFT
Gap extensions



MAFFT
no idea



MAFFT
default



that’s it.

MAFFT



AliView
http://www.ormbunkar.se/aliview/

http://www.ormbunkar.se/aliview/


AliView
Interface



AliView
Site selection



AliView
File menu



AliView
Edit menu



AliView
Selection menu



AliView
View menu



AliView
View menu



Multiple Sequence Alignment Exercise
http://evomics.org/learning/bioinformatics/multiple-sequence-alignment-ami-version/

http://evomics.org/learning/bioinformatics/multiple-sequence-alignment-ami-version/

