Local Alignment

- - -AT-CTA--TC. ..
- - -ATTCCAGATG. . .



A obal Al gnnent :
D(1,])=optimal gl obal alignnment
score of S1[1..1] and S2[1..)].

The optimal alignnment 1s an
ext ensi on of one of three

shorter gl obal alignnents.

Local Ali gnnment

H(i,j])=optimal |ocal alignnment
score of S1[1..1] and
S2[1..j] ?



optimal local
alignment of
S1[1..1-1] and
S2[1..)-1]

L

optimal local
alignment of

S1[1..1] and
S2[1..j]
-1



H(i,j)=optimal |ocal alignnment score of
S1[1..i] and S2[1..j] does not allow a

dynani ¢ progranmi ng approach.
BUT

Since gap costs are positive no opti mal
| ocal alignnent ends with a gap.

Every optinmal |ocal alignnent ends wth
mat ching two characters (non negative score)

VWhat about:

H(i,j)=optinmal | ocal alignnment that ends
with matching S1(i) and S2(j)?



H(i,j)=optimal |ocal alignment score of
S1[1..i] and S2[1..j] does not allow a
dynami ¢ programm ng appr oach.

BUT

What about:
H(i,j)=maxi mal score of all local alignment, that

contain S1(i) and S2(j) as there right nost characters.

Optimal suffix alignment score of S1[1..i] and S2[1..]]
suffix of the prefix TATGCTCAT GCTAT

S1: TATGCTCAT GCTAT
S2: | CTGCATATAAT

$ Prefix

Si[1..i]
S2[1..§]

\

—> > —H>— >00-0




...assume linear gap costs
4 types of H(i,j)—alignments

---ATCGCT

(1) . -TTCCTA H(I-1,3-1)+s(T,A)
(i) é}_%?:g%;\ H(iLJ-1)+g(D)
Gin T TTECTAL ML
(iv) Empty 0

—
Note that A_. 1s a type (1) extension of
the empty alignment



SMIITH WAITERMAN ALGORT IHM

Recurrence rglation
for local alignments

CH(i-1, j-1)+s(S1(i1).S2())
H(E,J-1)+s(=,S2(1))

%fi—l,j)+s(31(i),—)

H(i ) = max

S(1,3) = optimal global alignment
score of S1[1..1] and S2[1..j]-
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Tabul ar cal cul ati on

W R|I |[TIE| R|S
1,2 34 5|67
O|l* [* |* | | % | | % | %
VIitlx* %% [ [ [% %
| |2 % | * | % [* |[* % |%x | %
N |3 |[* |* % |? - 0
T4 |*
N |5 |*
E |6 |*
RI7|*

The nunber of col ored spots depends
on the |l engths of the sequences.



Traceback

*

*

x| *

*

T E|R|S

* | * | % | %

* | * | k% | *

R

*

W

012 3|4|5|6]|7

O|* |* % | % |* % | *x %

2 1% | * | x |*

VIil|*[Q*x|*x *x *

NS***\/T****

T4 |* %

NIS|x | % | % | %

E|6|* |x % | % =%

RI|7 * |k | k% | % % % | % | %

The nunber of col ored spots depends
on the length of the sequences.
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Sunken town al gorithm
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More than one conserved region...

We have found the TV-tower, how can
we find the cathedral?
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\ _—optimal alignnent

PN

\

suboptimal alignnents

Suboptimal alignnments are often slight
variants of the optinmal alignnent.

Hi gh score alignnents occur in clunps.
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\ \

AN

The sane conserved

D fferent conserved
regi on

regi ons

W need a fornal definition of what

we consider to be a conpletely different
| ocal alignnent.
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Wat er man and Eggert (1987)

For every local alignnent one can
define a clunp of nearby alignnents.
This clunp consists of all alignnents
that share at | east one pair of matched
characters with the reference alignnent.

~

N\

\
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Wat er man and Eggert al gorithm

(1) Let C={} C. dunps

(2) Calculate the optimal | ocal
alignment that 1s not in C

( How?)

(3) Calculate the clunp Q0 associ ated
to this alignnent.

(4) Let C= Cu Q0

(5 Go to step (2) unless a given
nunber of iterations i s exceeded.
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Decl unpi ng

not i nfluenced
by the alignnent

| influenced
by the alignnment

use the original

recurrence : use a nodified

rel ation ' recurrence rel ation
which realizes the
decl unpi ng

17



Recurrence relation 1

CHCi-1,j-1)+s(S1(i),S23))
H(T,J-1)+s(=,S2(i))

H(i,j) = max H(i-1,7) +s(S1(i),-)

Recurrence relation 11
H(iLj-1)+s(-,S2(i))
H(i,j) = max| HCi-1,§)+s(S1(i),-)
0

The match 1s not alowed !
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Start of the reference

al 1 gnnent

(:) unchanged

<:> use recurrence |1

(modi fi ed)

o - Lo e X2 XXX XA X
Fosaeecee
w o [ Jo Xt X0 0 X
= e L X X0 X X
Blon seve
o o o Yoo o Lor o Jox o
28100000009
21039000009

use recurrence |

(original)

O
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Sem gl obal alignnent

Fit one sequence into another

Det ect Overlapp (Shotgun sequenci ng)

Endgaps do not correspond to insertions or
deletions ... and they should not be penali zed.
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Traceback

"~ QO ®®®®
R60******®
ESO******@
Fi|lolg [* | % | x | x | %
— Mo ix |x ¥ | x *x @
x Nlo|x *N**\*@
WlO******@
OO-.O.-m_uOOOO@
Ol N ™| 0 © |~
> | -2 - |2 W|x

Start the trace back at the nmaxi num of theO cel | s.
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Global alignmnet: Closely related seguences

Local alignment: Remote sequences
Database searches

Closely related sequences
(Why not?)

Semi—global
alignment: Shot gun sequencing
Fragment assembly

Part of many multiple
alignment algorithms
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Two honol ogous sequences whi sper

a full

mul tiple alignnment shouts 6hi | oud.
A. Lesk
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Profiles

FE<kFFFF
<o<< 1 O
C<I<IICTO
FEFORF <k
<O 1 O
FIFOFRFO

1000
<tTHHO
OO0
1O L
<THAHO
O

<OOKF

Given a new sequence ....

into the profile?

it fi

. does
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A 0416141
C 110110
G 111010
T 405006

calculate relative frequencies per colum f (i, x)
Align a new sequence to the profile

The letters in this sequence are aligned agai nst
entire colums of the profile.

Position specific score:

S(G,y)= 3 f(i,x)s(x,y)
X

VWhere the sumis over all characters x in the

al phabet, and y is a character in the new
sequence.

The score of the profile alignnent
is the sumover all position specific scores.
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O we use a probabilistic nodel for each colum:

p(i,j)=estimated frequency of letter i
in colum j.

g(i)=frequency of letter i in a background
nmodel .

Score: S(C x)=log X1
core (C, x)=Ilog a0x)

Problem Oten not enough data for a good
estimation of p(i,j) available.

Use pseudo counts, regularize with a score
matrix, or use a PRIOR (best!).

Dirichlet priors are nornmally used.
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Profiles can be aligned to sequences by
standard dynam c programm ng algorithns ...

one just has to replace the general
scores by position dependent scores derived
fromthe profile.

It is even possible to align profiles
with profiles ...

S(CL, C2)=> wi(i,j)w(i,j)s(i,j)
L]

...less clear for other probabilistic
scores.
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Definition: Miultiple alignnent:

G ven k>2 sequences:

Chosen spaces can be inserted inside

or at the end of any sequence, such that
all sequences have identical |ength, say I|.
Then the strings are arrayed in a k by |

t abl e. Colums consisting only of spaces
are not all owed.
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The sum of pairs score:

Given a score system for pairwise alignment ...
.. gaps are treated like any other character.

The sum of pairs score of one column i1s the
sum over all possible pairwise comparisons
in this column.

S(C)=2 S(C(i).C4))

1<j
Example: match =1, mismatch=0, space=-1

-
c= A Score=0-1+1-1+0-1=-2.
-

The score of the alignment i1s the sum of
the scores of the columns.
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Time complexity exponential In the number
of sequences:

0(g(nt, - - . ,nk)<)

NP-complete problem (Wang & Jiang 1994)

....Forget 1t ...

... we had enough dynamic programming
anyway .

Instead:

Construct multiple alignment from pailrwise
alignments.
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