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Logistics

+ Syllabus and web site:

http://faculty.washington.edu/jht/GS559 2010/

- Should I take this class?
* Grading

» Send homework to Catalyst (link from
web site).



Motivation

* Why align two protein or DNA
sequences?



Motivation

* Why align two protein or DNA
sequences?

- Determine whether they are descended
from a common ancestor (homologous).

- Infer a common function.

- Locate functional elements (motifs or
domains).

- Infer protein structure, if the structure of
one of the sequences is known.
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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

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

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

+ The main algorithm for finding the best alignment is
dynamic programming.
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GDIFYPGYCPDVKPVNDEFDLSAFAGAWHETAKLP

G F+ G @& = —e—=a—=7 K4P
GONFHLGK Y mutates to V recelves -1 TERTP

M mutates to L receives 2
LENENOGK( E gets deleted receives -10 ngvkEe
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ASFE-KG’ D matches D receives6  NGNIE
Total score =-13
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A simple alignment problem.

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



Scoring alignments

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

* We need a way to measure the quality of a
candidate alignment.

- Alignment scores consist of: a substitution
matrix and a gap penalty.



Scoring aligned bases

(high score)

Purine A |G
Pyrimidine |C |T
Q7
Transition

>

Transversion
(low score)

Transitions are typically about 2x as frequent.



Scoring aligned bases

Purine

A

G

Pyrimidine |C

T

@ Transversion

Transition

GAATC
CATAC

Q7

FANN

5+10+-5+-5+10=DH

A reasonable substitution matrix:

A (C G |T
A 10 |-5 |0 |-5
c |5 |10 |-5 |0
G |0 |-5 |10 |-5
T (-5 (0 |-5 |10




Scoring aligned bases

Purine

A

G

Pyrimidine |C

T

Transition

Q7

(cheap)

GAAT-C
CA-TAC

AN

5+10+2+10+2+10= 7

>

Transversion
(expensive)

A reasonable substitution matrix:

A (C G |T
A 10 |-5 |0 |-5
c |5 |10 |-5 |0
G |0 |-5 |10 |-5
T (-5 (0 |-5 |10




Scoring gaps
» Linear gap penalty: every gap receives a score of d:

GAAT-C d=-4
CA-TAC

S AN

5+10+-4+10+-4+10=1/7

- Affine gap penalty: opening a gap receives a score of d;
extending a gap receives a score of e:

G—-—-AATC d=-4
CATA--=C e=-1

//l\\\,

5+-4+-1+10+-4+:1+10=5



You should be able to ...

+ Explain why sequence comparison is useful.

+ Define substitution matrix and different
types of gap penalties.

»+ Compute the score of an alignment, given a
substitution matrix and gap penalties.
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