W were tal king about
simlarity,

seguence conpari son
and al i gnnent .

HOW DOES | T WORK ?



The high end sol ution

Use the npbst sensi bl e,
nost power f ul ,

and best trainable tool available ...
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Dot pl ots ...

det ect both gl obal and | ocal
simlarity

detect internal repeats

detect multiple domain structure
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Dot pl ot s

rely on the power of human cognition

are qualitative and not quantitative
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Definition (global alignment)

A gl obal alignnent between two sequences
S1 and S2 is obtained by first inserting
chosen spaces, either into or at the

end of Sl and S2, and then placing the
resulting strings one above the other

so that everyspace or character in
ei t her sequence is opposite a uni que
character or a unique space in the

ot her string. Matchi ng spaces are not

al | owed
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Editing

Given two seguences:
Edit the first sequence such that
It 1s 1dentical to the second.

Edit operations:
SHORT

(1) Replacements: R(A—>T) R
(2) Deletions: D(A)
(3) Insertions: 1(T)
(4) Do Nothing: N

Z == O

Only the first sequence i1s edited 1!
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Example

Edit Script:

(T->0)
(G)

A
O < <
0
~N OO
O OO
n O O
< O

M < <
N = O
— < <

W,

A NN OO

ZrzOoZ2ssm=m=Z

—
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Given the fTirst sequence

and an Edit script

we can reconstruct the second
sequence and the alignment.

First Sequence: C C A T
Script: N D(C) N I(T) N

Alignment:

CCA-T
C-ATT
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Given both sequences
and the short version of an edit script
we can reconstruct the alignment

Y

First Sequence: C C
Second Sequence: C A

AT
TT
Short Script: ND N I N

CCA-T
C-ATT

Every alignment 1s equivalent to a
string on the alphabet {R D I N}
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Definition (Edit Di stance)

The edit distance between two sequences
s the m ni mum nunber of edit
operations {R 1 D} needed to transform
the first sequence into the second.

Note that {N} operations are not counted
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In order to calculate the edit distance
of two sequences we need to
sol ve an optim zation problem

G ven two sequences: Wiat 1s the
shortest edit script that transforns
the first sequence into the second.

The length of the script Is the nunber
of {RI1 D} init.
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Let S1 be a sequence ot length nl and
|l et S2 be a sequence of |ength n2.

nl+n2
There are at | east
nl

di fferent gl obal alignnments
between S1 and S2
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A PROOF

IN RED AND BLUE

OO
> >
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— ®
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O |
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PUNEp)
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™ >

There are( n1n+1n2 )ways

to place the nl1 blue Bs 1n this

string of length nl+n2
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Al Al I GCA
ATCTTCGCA

24310 different alignnents

Two sequences of | ength 500:
2.7029e+299 different alignnents
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DI vi de and conquer

Subdi vide a problemthat is to |arge
to be conputed, into snaller problens
that may be efficiently conputed.
Then assenbl e the answers to give

a solution to the large problem
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Dynam ¢ Programm ng
Recursivel y subdi vide a | arge problem
| Nt o subprobl ens of the sanme type.
Subpr obl ens shoul d share subprobl ens.

Cal cul ate the solution of all the
subprobl ens | ust once.

Save the answer 1 n atabl e,
t hereby avoi ding the work of

recomputi ng the answers everytine the
subprobl emis encount ered.
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The 3 Steps of a dynam Cc progranm ng
al gorithm

(1) The recurrence relation
(2) A tabul ar conputation schene

(3) The traceback
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Not at | on:

Let S1 and S2 be two sequences.
S1[1..1] and S2[1..)] are the first
| resp. | characters of the seguences.

D(i,]) denotes the edit distance of
S1[1..i] and S2[1..]]

S1: TAGGICAT CCATATAATA

N S

S1l1. . 8l
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Pr obl em

Cal culate the mnimal edit distance
of 2 sequences and the correspondi ng
gl obal alignnent.

Qobser vat i on:
That 1s easier for short sequences.

Strategy:

Sol ve the problen1for al |
S1[1..1] and S2[1..

NS

shorter sequences
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An alignmnet ends erther with
(1) a match/mismatch

(2) a gap 1In the first sequence
(3) a gap 1In the second sequence

S1: ATCGCTGGCATAC
S2:- TTCCTAGCCTAC

ATCGCT ATCGCT - ATCGC-T
TTCCTA —TTCCTA TTCCTA-

f ?
useTthe opt. use the opt. use the opt.
alignment of alignment of alignment of
S1[1..5] and S1[1..6] and S1[1..5] and
S2[1..5]. S2[1..5]. S2[1..6].

One of the alignments i1s optimal !
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The recurrence relation

ATCGCT ATCGCT-  ATCGC-T

TTCCTA ~TTCCTA  TTCCTA-

Edit D(6,5+1 D(5,6)+1

Steps D(5,5)+1 (6,5)+ (5,6)+
- D(5,5)+1

D(6,6) = min| p(g,5)+1
| D(5.,6)+1
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The general recurrence relation

- D(i-1,J-1)+e(i, )
D(1,3) = min| p(i,j-1)+1

| D(i-1,§)+1

it S1(i1)= S2(1) 'match"
1T S1(1)x S2(1) "mismatch"

=+
~ A
1
-
"~
I
P O

=
-
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“"Calculate D(3,4)" 1s a subproblemof
"calculate D(5,5)"

"Calculate D(3,4)" 1s also a subproblem
of '"calculate D(12,15)"

Idea:

We solve "calculate D(3,4)" only once

We start with solving easy problems
like "calculate D(1,1)" or even

"calculate D(0,0),D(0,1),D(1,0) ..."
BOTTOM-UP COMPUTATION
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INIITALTZATION

W E R|S
1 S |6 |7
1 S |6 |7

<

D M Z2 ) Z| ==

N O O A~ W N RO

4 o g s w N R O[O

Align the first O
characters of S1
to the first 2
characters of S2:

S1: WRITERS
S2: VINTERS

VI ..

This results iIn
2 Insertions.
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Tabul ar cal cul at1 on

TIE| RS

R

W

0|1 234 5|6 7

5
6

0|0 1 /2|3 4|5|6 7

21221223 4 5|6

v

Vi i11|1/1|2 3 /4 |56 |7

NI3|3|3|3 /3|3 4|5 6
T414 4 4|4 7

N
E

R
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TIE| R|S

R

W

O 1234|567

010 1 2|3 |4 |5|6|7

212222 |3|4 5|6

Vil)112/1/2 |3 |4 5|6 |7

N 3|33 3|3 3|4 5|6

T|414 4|4 4 34|56

N 55|95 5|5 4|4 5|6

E 6|66 6|6 5|4 56

R|7|7|7 /6|7 6|5 4 E:L\\

Edit di stance
of S1 and S2
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| RACEBACK

| HE

TIEIR'S

R

W

0|1 2 3/4 5|6 7

0]0 |1
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REIRITEVING COOPIIMAL ALIGNMENIS

W R I TE|R|S
112 3/4 /5|67
oo 1]/2/3/2/5 8|7
V1 ] 45
1 1222 34|56
N | 3|3 K3 456
T 44444 456
N 5[5 ,5 554 4 56
E6f6$¢¢¢54
R 7[7.7 671654 5
WR1-T-ERS WR1-T-ERS
V- INTNER- ~VINTNER-

FA H* K K **x * X *
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