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Intro to Alignment Algorithms : Global & Local

· evolution- most integral concept to this class

· evolution models = mathematical models

· how can we use algorithms to find important ,
non-random similarities between species wl a

common ancestor ?

Global Alignment

Sequence comparison

Biomolecular sequences :

· DNA : A, T. C
, G

· RNA : A
,
U

,
C

,
G

· Protein : 20 amino acids

Sequence similarity helps us to discover new genes & proteins

Basia Similarity Analysis Algorithm

Global

·

scoring schemes

· edit graphs - 2 Sequences
· alignment= "pathin edit graph"

· principle of optimality

·

dynamic programming alg.

· trace bask

Sequence Alignment

· input : 2 sequences w) same alphabet [but not necessarilythe same lenging
· output : alignment

· volab :

A
· match A

=& mismatsh

· indel A

↳ "Insertion or delation"
~

Formalizing
X = x , X ... xn some sequences of lengths n and m3Y =

Y , Y2 ... xm



Scoring Schemes

WaitScove

C
8 A high ssore= identical

T
A ↑

c 0 1 8 0 O => example for DN A

G 0 0 1 0 O

T I& 5 8 a

-> * & & G I

Alignment

· What is the maximum score/alignment?

A C G
1 I

A G G

· score =[8(x
, 4)

= 8
1 A

. A)
+ 8

(5 , 6) + 816
, 4)

= 1 + 0 + 1 = 2

Gaps -

you can put them anywhere to maximize alignment

A A A G GG A AA GGG ---

& 90 ve = 4

G G G A A A---GGG AAA

5 cove : 3

ex) A -C 4 - G

A TC GTG

score = 85A
,
A) + 8)- , T] + 6 (c . 3) + 839

, 4) + 85-
, T] + 8 (G , 2)

Scoring Fxns

scoring fxn = sum of terms each for a pair of aligned residues/gaps
A ↑G

Edit GrapM · d ? 3+ /

· highest scoring alignment ? A 1 &

· path btwn begin & end nodes : Edit graph T 2 o

2 + /
↳> ex) AGT and AT alignment => dit graph has (3 + 1) * (2 + 1)

nodes



begin A G T
-> = directed edge

↓ · = nodes

· 3
* · directed edges labeled as

↓ pairs ofaligned letters

A I & · exactly 3 directed edges

T· exit eash node

begin A G T

↓
*

· · diagonal = alignment bH

letters

·

watsh : 85x , y) =

A I &

EMa ·miswatch : 6(x)

T↳ ↳ ex> 8 (A ,
=) = o

ex > 8 (A
,
5) =

begin A G T

↓
*
·
A-bG-2T-B

· horizontal/vert : indel

*- S-
I &· end

T 2 * /



begin A G T

↓ optimal path :

· # G T

= A
-> T

↓
A I &

T·
Principle of Optimality

The optimal answer to a problem is expressed in terms of optimal answers for

its sub-problems

Dynamic Programming
Given 2 sequences X and Y and scoring shame S

Find optimal alignment (max score)

Part 1 : compute optimal alignment score

Part 2 :Construct alignment

↳ "Trase back"

DP Matrix S(i, j) Matrix J =(S >i
, j]]

value & node

->
S(i , j) = ssore of max cost path from beginning

* S
3 21 , 07

3
-o end (0 , 03 -> (i

, j)

·

↓
(i +.j-1)

0 (i i j-1)verticalpatxi,-
-

I &

(i-1 , j) O ->
0 Si

, i) horizontal path :

-

y j S(i-1 , j) + 85-1j)

2
. .

O

↓ d
* j

d
Si-1 , j-1) + 8(xi < yj)

5) is j ] = max diagonal path :

-~

value of inc . scoring - >
wode II & cheme



Trace back

· initialize 1st column /row vols

-> A

1 1 1 lot & 8 (A
, -= 0

&
=d 8 S- ,

A) = 6

OK # I & (A
, A) = 1

↑ cost of optimal path

· calculate the cost of each potential path 8/x , y)
· max cost = value of mode :

· follow arrows to get optimal alignment

Local Alignment
↑ = add

"

*
"

SSi , j) = Max I SSi-1
, j-1) + 8 (xi , yj)

S (i-1 , j) + 82- , 45)

SSi , j - 1) + 8/xi,-

General Scoring Schemes

Assumptions :

1. independence of mutations & diff sites

↳> additive scoring scheme***

2. gaps of any length are considered I mutation

Heuristic Interpretation of the "alignment score"

↳ liklihood ,
statistics

ex) X = A A SG T A A introduced 2 gaps (horizontal lines) [indel]
A

Y = A < G G TG T we have 4 matches (vertical lines)

try :
A A SG - T A A we have 2 mismatches)

,
*) [substitution]

I I

A- a G G TG T

Let p be the probability of a match. Leto be the probability of a mismatch.

Let v be the probability of a single letterindel.



A A SG - T A A
1 IWhat is the probability of our alignment? A- a G G T G T

Palignment = p4 g2 r2

The log-liklinood of Palignment is
S' = log] Palignment) = 4 log(P( + 2 log(g)+ 2log(v)

YlogK + 1logK +210gK
~

S = 5 - 8 log(k) = 4 10g(p( + 2109(9) +2log(r) - flog) M = 109 (8) my

~
U = log() gamma

constant
= P log (*) + 2109) ) + 2 log() shoose 4 such that

penalties - 12 = mismatan log (P/k]= /
~* gamma

= 4 -2M-2y
~

score of

aligment


