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@ Introduction
@ Why compare sequences of aminoacids?
@ How to compare sequences? Alignment
@ Scoring the relationships
@ How to find the best alignment?
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Why compare sequences of aminoacids?

@ Proteins are made by aminoacid sequences
t:tcgggtatccaa
@ Similar sequences of aminoacids — similar protein structures

ticgggtatccaa
S:
@ Evolutionary perspective: Mutations?, insertions?, etc.
e t; = g mutatedto sy =c¢ 7
e s; = ¢ has been an insertion?

@ Some evolution are more important/likely than others
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How to compare sequences? Alignment

An alignment of two sequences t and s must satisfy:

@ All symbols (residues) in the two sequences have to be in the
alignment, and in the same order they appear in the sequences

@ We can align one symbol from one sequence with one from
the another

@ A symbol can be aligned with a blank ('-')

@ Two blanks cannot be aligned

(el

gggtatccaa
st:ccctaggtccca

cgeg t a t cc a
cc t a t cc a
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What is the BEST alignment?

t: cgggtatccaa
st:ccctaggtccca
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What is the BEST alignment?

t: cgggtatccaa
st:ccctaggtccca




Introduction
oe

What is the BEST alignment?

Example

t: cgggtatccaa

s:ccctaggtccca
gggta t a

S cc t a t a
g a t a
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What is the BEST alignment?

Example

t:cgggtatccaa
s:ccctaggtcceca
g g t a t a
s: ccc - ta tccc-a Which is the best?
g a t a
s c ct t c a
gta © a
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Scoring the relationships

@ Needed a scoring matrix

@ We will be able to find a optimal solution for the scoring

matrix at hand
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-3 -8 -a-8|-2-2 -a|-3-2-2-1|-2 000|128
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Figure: BLOSUM scoring matrix, S.
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What is the BEST alignment (for that Score Matrix)?

t: cgggtatccaa
st:ccctaggtccca

t @ g g g t a = = t = c © a a

+12 =3 -3 -1 +5 45 —1 -1 45 -1 +12 {12 -1 45 45
s @ @ @ = t a g g t @ c © = a
t: @ g g g t a = = = t @ @ a a

+12 -3 -1 -1 -1 40 =1 —1 —1 +5 412 412 -1 45 36
s @ c = = @ t a g g t @ @ c a
t c = g g g t a = = t c @ a a

+12 -1 =i =1 =3 5 +5 1 -1 +5 +12 +12 -1 +5 47
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How to find the best alignment?

@ Homology search methods begin with DP algorithms
o Needleman-Wusch: global search
e Smith-Waterman (SW): local search
@ Faster but less sensitive for larger datasets
o FASTA
e BLAST
o Optimal spaced seeds of pattern-writer increase

e Speed and sensitivity

e Similar to SW

e Examples: Pattern Hunter and BLAT
o SW sensitivity
o BLAST speed
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Smith-Waterman Algorithm

Figure: Computation Matrix
alginment, M

0|C|G|G|IG|T|A|T|C[C|A[A

o N x N integer matrix

@ N is sequence length
(both s and t)

e Compute M[i][j] based on
Score Matrix and

optimum score compute
so far (DP)
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Smith-Waterman Algorithm: Understanding Matrix

Alignment

alojolo|l4|la|laf=]|d|l0|0(0)e
olo|lo|lo|lo|o|o|o|lo|o|o|o|fo]| o

Figure: Aligning s to gaps
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Smith-Waterman Algorithm: Understanding Matrix

o|lcle|ala|T|a|lT|c|c|lala
o[olo 0 000000)
clo
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clo
Alignment T o
Al|O
c g g g t a t clo
Glo
s:. - - - - - - — 1o
clo
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Clo

Figure: Aligning t to gaps
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Smith-Waterman Algorithm: How to compute cell score?

How to find M[i][/]?
Three ways to finish the alignment of sp_; and ty. j

t 1
" |
@ Score ! I
tj Siy MG | ME-g]
N,
@ Gap s —]
int ti —
METG-1]
Q@ Gap si —
In s I.”J
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Smith-Waterman Algorithm: How to compute cell score?

How to find M[i][/]?
Three ways to finish the alignment of sy ; and tg. j
SI tn tl

tj Sia Mi-1]-1] MI-11G1
N

O wmii— 1 — 1+ slsilt]

Q mi-1ll-¢
MIlG-11

S —

Q wmilj-11-¢
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Smith-Waterman Algorithm: Scoring Process

Element Computation M[i][/]:

Cuery Saquance
a AlC |G T |- [
t, t ajojojojojojojo
cjla o|l0)|2 1 -4 1
S Mii-116-1] ME-1]5] -
gGlojojzl1]ofs |2
g i ¥ +—1
Stlo|o|1}4
g I
B | g
T|o
A a
ALD
G|o0

MIi[0]

0 M[0][j] =0

0

M[i — 1][[ — 1] + 5[5;][tj] if s; tj
M[i — 1][j] - d if s; -
Ml — 1] — d if - t;

max

MIiU]
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Smith-Waterman Algorithm: Backtracking Process

If we want to find BEST local alignment...

@ Find Scorep: and then traceback

m >» m I £ » O

Scoregpr = m%l( M[i][]
iJ=

o o|x
o o o|lm



