
Algorithms in
Bioinformatics

Final bits of

dynamic
programming



Recap
Too HW - careful about shuffle !

- -

- -

- O

each string C AaB ) must

keep same order in C

ownspace
]§



Dynamaprogramm.gg
Utilize "

optimal Substructure "

le And a recursive formulation
That tries all possibilities

. Then memorize :

instead of doing all
sorts of

recursivecalls
,

store in a data
structure

• Often
,

will simply re - formulate
to All in the data

structure iteratively
Cmost )

Whip Languagesa do
better at iteration

.

i.e
.

C - based ( Java
, Python,

.
. . )

Not true in functional languages :

K .

Mathematica
, Haskell

Local
Ex : up through Alignment



Section : penalty. !gr¥.¥
's

$
"

Gaps
"

-

common in alignment,

since DNA errors

usually drop more than
a single nucleotide

.

So : want to modify penalty
so that x spaces is

not the same as ×

individual in dels
.

Dfg : Affnegap penalty :

- ( ftasExplanation :

p is cost for even a

single space gap
( typically bigger )

6- fairly small
Cool part : Algorithm is

basically unchanged !



Back to the edit graph :

Need to modify

ijnsfocktaaftgnmat.TV#-*i.e...)off

I

Solution : f
deathsII.torn )

Add edge from Ci ;) to

of weight - ( ft ox )



The problem : runtime !

This changes 3 lookups
to fill in a cell

.

Noe : check all of
row i a column j

⇒ ocetj )
=O⇒

Total : Amon) xocmtn )
= On 3) If nvm

However
,

we can fx this :

Instead
,

track best path
en.DE#an6iJgap ( diagonal

edges - pay 8)
° with vertical gap

. with
-

horizontal
gap



So - 3 recurrences !

←
vertical gap

hadaddpt!
°

topIce
① naff x. o of gap

I &

D[ horizontal gap

Add then :

I Tf
c-

diagonal

{
Eps:D

gap



End result : for i ← I ton

for
.ge/tompserdcode(ioopnpqfftl:nn

fill in Sigireturn Smn

00

gaps
in r

si
;

s

Sii
,080 normalIT alignment

to fill @
in O

St
;

need 0 gapswig
M

table
lookups



Next : Multpk Alignment 16.10)
Some similarities may

not
show up strongly with

pains .

µzBut
in larger group ,

Obvious !

{ O
Assumptions / notation :

-inputs are VI
,

. . .

, VI

,

each a string of length ni

let n⇒mix ni

- eadgonnfawmsotualgnp.FI- ng - is
.

- Scoring function④
all A : I

KATA
,

-7
all different : bad

k - - 3→



Eiampk: k =3

Si ,j ,
k will be best

- alignment of :

the [ I
. . i ]

Vz [ I  ooj ]

Vs EA . . k ]

What will possibilities be ?
( think recursively !)
- could match Hi ] to

vzcj ] to BE KJ

pay 8fn.ci] ,kCj3 ,
vs CKD

- in del in any
of 3 :

Si
. i ,j , k t SG , rag ?vsc

Sijt ,
k 8 is

Sij ,

let 8

- 2 in dels



Recurrence : 8:¥fI¥?¥.

Picture

Be ,jK

Run 'm

F'
entries

7 lookups each ⇒ Ofi )



The bad news :

Consider more general k .

Size of matrix :

Okk )

Time to All each all :

I-25
i "

I

424 ) D
Runtime !

0(2knk )
exponential,nings#

of ]



So how to do better ?
Pairwise alignments might

not be possible to combine :



People still do this though !

CLUSTAL
-

:

. Computes all pair wise

alignments,
t chooses

the strongest .

• Merge these two
( so stuck with their gaps )

• Reduce to k - I stringsA repeat ) .

Note : What kind of strategy ?

Greedy !

Why ? Assumption that a

high score is a good
indication they are close

.



More on scoring function :

. K - dimensional matrix f
isn't really practical

Especially if > 4 letters ! )

Many other variations -

the choice of 8 can

drastically affect quality.

Note : none of this
Changes the recurrence ?

Often
,

which 8 you
use(

depends on your goal . )



2 commonly used examples :

① Entropy approach :

* let px
= frequency of letter

X in a column

for each column :

entropy = £ pxlogpx

Exe : each nucleotide Fibres
⇒ entropy = -2

only one nucleotide

⇒ entropy =O

② Sum - of -

pairs score for f :

• compute all pairwise
scores for Vid Vj

. add them up



Genepredichon-C6.tl )
° Intron / exon model of a

gene
(especially in eukaryotic organisms)

¥
One approach : splicing signalsC statistical app

rock
,

6.72 )

O -

I-0
Probtem: these profiles are

pretty week

( will discuss a bit anyway ,
since still used )



Coday :

groups of 3

Stop codons : TAA
, TAG

,
TGA

on
Example : ATGCTTAGTCTG

-64
possible 3 - letter groups

Avg # of codons bit 2 stops is 65¥21
.

Choughly 300 codons in avg protein )



Often
,

write down codon
usage

:

frequency of each occurrence

of each codon within a given
sequence

Note : species specific !
Slide & use these likelihoods -

higher scores In a run

(higher likelihood ) show

up as peaks
( Maybe more later in course . . . )



secondlbeltedapproachis.mil

arty - based ( 6.13 )
Relies on previously sequenced
genes a their proteins

Se : Given a known target
protein and a genomic

sequence ,
And sub strings

( ex ons ) of the sequence
that match the protein .

¥]Dfes
:putativeon:3possible exon

Each gets a

tnpk
( Gr ,

w ) :

Start,£t IT T
likelihood

Maximum chain :

maximum weight subset
of exons Set .

no
2

Overlap
-



Problem :

Turn into a graph ,

-__-_-
-

µ

Si  = weight of
best pathafudf'S

putative exons : weighted edges

Goal : maximum length path
from left vertex to right



Let si
 = longest path endingat vertex I

(Solution : read Sn )

So : All in Si

How ?
Look at all edges

that end at si .

so
i

D D
Sj Si

Find their best path &

add weight
Store maximum

over

all of these



Final pseudocode :

Qdc

Bobbin the Scoring Cagain)

w
'

w



Reminder
: No class Thursday .

You have homework
.

Please also need6.14gNext Hw -

up
next week

,
over more dynamic

programming .

Next week : Divide a Conquer


