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Sequence comparison overview

* Problem: Find the "best” alignment between a
query sequence and a target sequence.

» To solve this problem, we need

- a method for scoring alignments, and

- an algorithm for finding the alignment with the
best score.

+ The alignment score is calculated using
- a substitution matrix
- gap penalties.

* The algorithm for finding the best alignment
is dynamic programming.



A simple alignment problem.

* Problem: find the best pairwise
alignment of GAATC and CATAC.

» Use a linear gap penalty of -4.
» Use the following substitution matrix:

A (C (G |T
A (10 |-5 |0 |-5
cC |-5 |10 |-5 | O
G O (-5 |10 |-5
T |-5 |0 |-5 |10




How many possibilities?

GAATC GAAT-C -GAAT-C
CATAC C-ATAC C-A-TAC
GAATC- GAAT-C GA-ATC
CA-TAC CA-TAC CATA-C

* How many different possible alignments
of two sequences of length n exist?



How many possibilities?

GAATC GAAT-C -GAAT-C
CATAC C-ATAC C-A-TAC
GAATC- GAAT-C GA-ATC
CA-TAC CA-TAC CATA-C

» How many different alignments of two
sequences of length N exist?
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The value in position (i, 3) is the score of
the best alignment of the first i
positions of the first sequence versus the
first j positions of the second sequence.




a A W N P O g

an DPmatrix oo
\ T 5 0O | -5 (10
G | A | A | T | C

> 1

AN

Moving horizontally in the -
matrix introduces a gap in

O|>»| 4] > O

the sequence along the

left edge.




a A W N P O g

DP matrix

10 | -5

4100 >
o

A

A T C

\5~

Moving vertically in the
matrix introduces a gap in
the sequence along the
top edge.

=<

O|>»| 4] > O




a A W N P O g

AN

DP matrix

10 | -5

4100 >
o

\G

A T C

N

Moving diagonally in the
matrix aligns two residues

P

0

O|>»| 4] > O




a A W N P O g

A C G T
A 10 | -5 0 -5
Start at top b Wit ’ ’ ] ]
aimee  Lnitialization [=Efef=ls
progressively T 15 1o |5 |10
G A A T C

O|>»| 4] > O




-5

-5 110 -5
5

A C G T

-5 |10 -5 0
0
5

A 10 | -5 0

C
G
T

0 -+ -4

G

- \In’rroducing a gap

O

<

—

<

O

A O 4 N ™M < W0




A C G T

-5 0O | -5 (10

-5 |10 -5 0

A 10 | -5 0 | -5

C

G O (-5 [10 | -5

T

C\ Introducing a gap

O | <

—

<

O

AP O 4 N ™M < W0




<|O|O |+
4
Q)
(@)
01
4+ |l
0 )
-
S
W.l <t— 00
eo | |
Q 4 %
— _
< 5
& O |< | |< |O

A O 4 N ™M < W0




<|O|O |-
4
Q)
(»)
01
4+ |l
0 "
S
m:
6.1_ o
@)
Q 4 %
— _
= o+
O | O|<< | |< |O
1 O

A O 4 N ™M < W0




4
Q)
(@)
01
4+ |l
0 ")
i
S
= .H o
Qd O _
0 + /
Nl
-
—
OO0 O | | |<T |0O

A O 4 N ™M < W0




Gorom__q_ucm_
olw|S]|w]|o 4
<|3|w|o|w %
ACGTT1__
4
Il
X [T
4
+ |
m < | ®
4
al _
O (oY |w
ﬁ
-
1 O — |
1 ]
B O |< |+ |<|O
1 O

AP O «H N M < W0



e = et O
olo|lw|S|w 2
olw|S]|w]|o 4
<|S|w|o|w _
(o)
<|o|O|~ 1__
4
&
X n
4
= |
m 0
|
4
Q. _
0O < ||

ﬁ

03T %154 9]

O | |F | |O

AP O «H N M < W0




0

-G
CA

- oY o
olo|w|[3]|w 2
o|lw|S]|w|o 4
<|3|w|o|w _
O
<|o|lo|r 1__
4
Il
X -
< )
+ |
= ?
£ t
al | -
O < | 0 O
t 7 S
vs [
P
o
O | < | | |O
<

AP O «H N M < W0




0

-G
CA

- oY o
olo|w|[3]|w 2
o|lw|S]|w|o 4
<|3|w|o|w _
O
<|o|lo|r 1__
4
Il
X -
< )
+ |
= ?
£ t
al | -
O < [0
t 7 S
vs [
P
o
O | < | | |O
<

A O 4 N ™M < W0




e lo|w]|S o
olo|lw|S|w 2
olw|S]|w]|o 4
<|3|w|o|w _
O
<|o|O|~ 1__
4
Il
X -
C )
+ |
= ?
4
al _
O A O I S N
t r /
Y
O | || |O

AP O «H N M < W0




R |®|a o
olo|lw|S|w 2
olw|S]|w]|o 4
<|S|w|o|w _
(o)
<|o|O|~ 1__
4
&
X -
4
+ |
m 0
|
|
Q. _
O S Lol R
! / /
| | |
O | |F | |O

A O 4 N ™M < W0




0

- oY o
olo|w|[3]|w 2
o|lw|S]|w|o 4
<|3|0]|o]|w _
O
<|o|lo|r 1__
4
Il
.m 1——
4
+ |
m QO e o o o | o
t
Q_ _
AN | O
O ¥ |90 TR AT
t r / /
'
| | |
O | < | | |O

AP O «H N M < W0




a A W N P O g

DP matrix |cllell
G A A T C
o\——» -4\——» 8§—» -12—> -16—-20
}
c | 4 LS i 9
A 8 | >4 5
' } }
T -12 -8 1 What is the ali t
¥ \\ *\ as:ocisc:t'rej ;i‘rghnTheig
A | -16 | -12 2 —=— entry?
| ! '
C 20 | -16 | -2




e lo|w]|S o
olo|w|[3]|w 2
o|lw|S]|w|o 4
<|S|w|o]|w _ L <
O 1 K
<|lo|lo|~ —i O <
| —C
4
&
X -
C )
+ |
m AEICE RN D
t /1
Q. _\_
O RIS SeeB o g
t r 7/ /
Y
O | |F | |O

AP O «H N M < W0




a A W N P O g

DP matrix [clppl
G A A T C
0. 1~ 4 8 127 -16—-20
}
B NENE
A 8 | -4 5
¥ ¢ + Find the optimal
T -1*2\\ '§\ 1 alignment, l;nd its
A 16 19 5 score.
} } } -
C | 20 | -16 | -2 F ?




Gn_ua_u,m_u_a_U m_ R_u —/_ ™~ © _“_
o|lw|3|w]|o ﬂ\\ ﬂ ﬂ\ \
Lolol- Rl_uﬂeu.%\u
t /f t 4
7T |
X W___M_UlOﬂ__.v7
O *\\»\4
+ 171 1/] |
m © | |+ [
t 1
a /!
O Y |9 | Tr+o+S13
t ¢/ /
_\\
O | | | |O

AP O «H N M < W0




-5

-5 110 -5

17

A C G T

-5 |10 -5 0
0

A 10 | -5 0

C
G

One best path

GA-ATC
CATA-C

11— 7

11

11— -3—> -7

~

Ty

5

+
-8

~

S
\]\O

-12

i
-16

-12
-16
l

-20

T

<

O

AP O «H N M < W0




-5

-5 110 -5

A C G T

-5 |10 -5 0
0

A 10 | -5 0

C
G

Another best path

GAAT-C
-CATAC

m_ © N |~ (o |5
A N /l
7
o | D34~ | T
t f | 4
|/ 7 _
n1/___ % — O | O+~
4 Al
117/
D P o+ VU AN
i
T (O | T+
A /
_\ /

Ol |+ |< |0

AP O «H N M < W0




NEEEE % © N |~ (o |5
o|lw|S|w|o ﬂ\ ﬂ ﬂ\\\
Jolol | [ S| S | u.%\n
t f | 4
7] |
n1/___ o1w — |O |G+~
*\\J /1
17 1/] |
© 1P o= U SN
U O
B t 1
e T/
GC 1 1 1 1 I I
A /
_\\
SIS O4 TP 484 T4
_A 1 1 1
H
MA
O
O | O|< | |< |0

A O 4 N ™M < W0




GA-ATC
CATA-C

GAAT-C
CA-TAC

GAAT-C
C-ATAC

GAAT-C
—-CATAC

Multiple solutions

* When a program returns a
sequence alignment, it may
not be the only best
alighment.



DP in equation form

+ Align sequence x and y.

» F is the DP matrix; s is the substitution
matrix; d is the linear gap penalty.

FQ,0 =0

FA-1j-13s6€,y,
FEj =max{F{-1,j +d

Fq) —1:+ d




DP equation graphically
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Dynamic programming

+ Yes, it's a weird name.

* DP is closely related to recursion and to
mathematical induction.

* We can prove that the resulting score is
optimal.



Summary

» Scoring a pairwise alignment requires a
substitution matrix and gap penalties.

» Dynamic programming is an efficient algorithm
for finding an optimal alignment.

+ Entry (1, 3j) in the DP matrix stores the score
of the best-scoring alignment up to that
position.

+ DP iteratively fills in the matrix using a simple
mathematical rule.



Problem: find a best pairwise alignment of GAATC and AATTC
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