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DYNAMIC PROGRAMMING

- organize computation to avoid duplication
- consider a game of Rocks
- nrocks in 2 piles, 2 players
- player can choose to
(i) remove one rock from either pile, or
(i) remove one rock from each pile

- assume 10 rocks in each pile
- can we determine a winning strategy
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WHY SEQUENCE ALIGNMENT
HOMOLOGY

- are we comparing the same thing?

ACCTACCCG 3 mismatch,
ACCTCCCGC 6 match
ACCTACCCG 1 indel,
ACCT-CCCGC 8 match
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DYNAMIC PROGRAMMING

- generalize a n x m game as a table i.e. Rom
- populate, W, if player 1 wins, L if player 1 loses
- what happens for Ro,1?

W I N A~ W NR|O
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DYNAMIC PROGRAMMING

- what about R1,0 and R1,1?

W I NGO~ W NR|O
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DYNAMIC PROGRAMMING

- what about R2,0?
- R2,0 -> R1,0 which is a win for player 2.
- what about Rz,7 and Ry,2?

W I N A~ W NR|O
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DYNAMIC PROGRAMMING

- what about R2,0?

W I NGO~ W NR|O
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DYNAMIC PROGRAMMING

- what about R2 1 and R1,2?
-R21>Rz20|| R1.1]| R10
-R20 is a Loss, therefore R2,1is a Win

(O il e e ce ki Pl P AR A A P S Pt
Wi L

W W W

Lo W

W I N A~ W NR|O
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DYNAMIC PROGRAMMING

- Rom=Lif Rp-1m & Rom-1 & Rn-1,m-1 are W

Rocks(n,m)
Roo=0
(UL i Yol e Ul e S AR P S e R P Y fori=0ton
if Riio=W
0 A P gt oY P ool B A o e PATA 8 B Rio=L
Ise
1 W W W W W W W W w e
Rio=W
2  Exglt PATA ) P ESg¥l DAY (o0 e gl BTNV 0 B bl AT e P forj=0tom
3 W W W W W W W W W if Roj-1 =W
Roj=L
4 Lt AT P Bt P AV P | PV P Bl PAY el P else
Roj=W
e AN A AR A P A A fori=1ton
6 | e AT ool £ B P ATAV o B gl BV o Bl BAY e B forj=1tom
if Ri1j== W || Rij1 == W || Ri-1j-1 == W
7 |W | W W I WI[WIW|W|W|W Rij=L
s lL|wW|lL|(wlL[w|lL|w| L else
Rij=W
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MANHATTAN TOURIST

- we is a two-dimensional array with wej equal to the
MANHATTANTOURIST(We,ws,n,m)  weight of the edge from ij-1 to i}
S00=0 -i.ewero:from1,1to1,2=1
fori=1ton
Si,0 = Si-1,0 + WSi0

forj=1tom 3 2 1
Soj = Soj-1 + Weo,j1 '_)‘_»'_)'
fori=1ton yi  ¥3 |1 V1
forj=1tom 2 1 2
§ij = max ( Si-1j + WSij; Sij-1 + Wei)) '_"»‘-"
return s;j; yi o ¥s5 1 V1
T 3 2
0-0-0-0
- does not return the path, only the score at s;; ¥3  d2 1 =

- assumes a perfect grid
- we will consider an imperfect grid next
- diagonals

2 1 3
0-0-0-0
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MANHATTAN TOURIST

Problem: Find the longest path in a weighted grid
Input: Graph with weighted edges and source and sink vertices
Output: A path along edges defining the maximum length

3 2 i
‘_)'_"_)‘ - propose a solution

vi o 3 Y1 v1 - exhaustive?

2 i 2 - greedy?
0:0:0:¢
0-0-0-0

¥3 2 1 Vi

2 i 3
0-0-0-0
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DIRECTED ACYCLIC GRAPHS

W:%s
' E@4)=4 ° ' E(@45)=2 '

- continue city grid analogy

- vertices are intersections of streets

- edges are intervals of streets between
intersections

- can only move in direction of edge

- therefore Directed Acyclic Graphs (DAGS)

6= =
- vertices are labelled 1 to |V| (imperfect grids) ‘ =

- Edges are specified according to their origin, u, and

destination, v, vertices i.e. E(u,v)

- vertex has an indegree, number of edges entering
vertex, and outdegree, number of edges leaving
vertex

- in a perfect grid most vertices have indegree =
outdegree = 2

- # of predecessors of vertex = indegree of vertex
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DIRECTED AcYycLIC GRAPHS

- vertex, v, has indegree = 3 with predecessors = (u1,u2,us)
- longest path to v

Su1 + weight of E(u1,v)
Sv = max

Suz + weight of E(uz,v) '

Sus + weight of E(us,v) \
In general /

maXuEpredecessors(v) = (Su + Wuv)
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TOPOLOGICAL ORDERING

- s is an array where sy is the score to get to vertex v
- calculating sv is dependent on knowing all its predecessors
- therefore order in which s is populated is important

SEQUENCE ALIGNMENT

S dn(n,m) =8
m TATATATA

n  ATATATAT-
SEE S dn(n,m) =0
m  -TATATATA
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PAIRWISE ALIGNMENT

alignment matrix of maximum n+m columns

n |A|T|-|G|T|TIAT) -
m AITICIGT|-|Al-|C
match

mismatch
indel

0
O/ 112/3/4/5/5/6/67

number of symbols
up to position i

REPRESENT AS

(0,0) = (1,1) = (2,2) = (2,3) = (3,4) = (4,5) = (5,5) = (6,6) => (7,6) = (7,7)
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PAIRWISE ALIGNMENT

A T C G T A C

0|1(2|3/4/5/6, 7| n|AIT|-GT|TIAT|-

o.\ m AT IC G T A = C
= I o\
T
7 >0
G N - score of an alignment
n = 3 ‘\ - simple score function
b : match = +1
T 5 not match =0
N
e 6 °
T v
7 >0

0,0) » (1,1) = (2,2) = (2,3) = (3,4) > (4,5) > (5,5) = (6,6) = (7,6) = (7,7)
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SCORING MATRICES

BLOSUM = BLOCKS OF AMINO ACID SUBSTITUTION MATRIX

Ala
Arg
Asn
Asp
Cys
Gln
Glu
Gly
His
lle
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val

o hovn s

N

5
-2 11
-2 2 7
-2 - o -3 -1 4
e Pro Ser Thr Trp Tyr Val

Gloaamas il
RO S DR o ARG OO 6N O o

GBSO LG B Gl s O GO
AN Ao bAoA e o NN o

L N I N N

I ST RN N Y

P I AN I NN

N SN Y

3 7
1 1
-1 -1
-2 -4
2 3

WROOR O SN L N O O s 00O 6 s o
N S T I IR =]

5
0
-2
1
1
1
1
1

B N )
Se e NN B oo
[NIFNIREENN

o

o -3 -3 3 -1 -2 - -3 -3 3 -2
Ala Arg Asn Asp Cys GIn Glu Gly His lle Leu Lys Met Ph

- count frequencies of observed amino acid substitutions in non-
ambiguous alignments

- positive scores are more likely to be observed

- BLOSUM62, BLOSUM80, BLOSUM90
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AMINO ACID SEQUENCE

Second letter

ACG ATG CATTTG GTT CGG B 0 A o

Uy ucu UAU uGu u

U uuo}Phe UGC | gor UAC}Tyr UGC}CyS ©

l l l l l l UUA}Leu UCA UAA Stop UGA Stop A

uuG ucG UAG Stop UGG Trp G

THR MET HIS LEU VAL ARG .| 3] ] s 6] @
2C cuafteu cca (PO caa cGA [A9 (A =
2 cue oG cacen Caa a

"

£ lAuG ACU AAU AGU U g
T M H 5 V R - AUC]lle ACC | AAC}AS” AGC}Ser c g
A Aua AcA [ aaA AGA . =

AUG Met ACG AAG}LVS AGG}Arg G

WHY? GuU Gou GAU} GGU u

GUC GcC GAc AP | laae v 12

Bl cua Y@ Goa (A2 Gaa o GGA [V A

GUG GCG GAG} U GGG G

ACG ATG CAT TTG GTT CGG
ACG ATG CAT --- GGT CGG

ACG ATG CAT TTG GTT CGG
ACG ATG CAT --G GT- CGG
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AMINO ACID ALIGNMENT

| 2 3 4 5 6 7 8 maqupredecessors(v) = (Su EE Wuv)

SIS GHIER SO ST AR Gl gap penalty = -8
| * 0 -8 -16 -24 -32 -40 -48 -56

e

SN N>R O SR N CON NS
= =] =] = @&
o
~
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AMINO ACID ALIGNMENT

Ala
Arg
Asn
Asp
Cys
Gln
Glu
Gly
His
Ile
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val o -3 -3 - - - -2 - - 1 - -2 -2 o -3 -

Ala Arg Asn Asp Cys GIn Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

GO oo

G o

G =00 o
G B Gl
oo

[

GA NN G oo o
[EIENINS
IS

L

L ivlia
[EICRINIINY

Gosamaisiinosisomm o s
o

[ A SN

-2 1
-2 2 7
1 4

oG
I N N
LiLlld o m
[ S
NN

N
GlGl s = O = Gl s b Gl a N O 6o

[ N N = I R IR =N RN arEY
L N I I N I NS

BN

B Gl s o
IS

L N A SN
SAN AN
PG O = Gl
R
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AMINO ACID ALIGNMENT

Ala
Arg
Asn
Asp
Cys
Gln
Glu
i
is
lle
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val

GO oo

G o

] ENey

o =slofo o
oo

[

G Goofn e -
[EIENINS
IS

N ) &)

L ivlia
[EICRINIINY

Go=aanassdiplols fomn s
o

[ T A SR AN

-2 1
-2 2 7
1 4

LiLlld o m

[ S
NN

Gl b 20 s Go s b o sl o 6o
SIS

GG AL

N N =)

BAN Ao A bo s d oo o
G i o G b s b ofo
GG A o -
NG S o sl e

E N s

SN SRENCRN
SAN AN

SN
BN

-3 1 -1 -2 -2 0 -3 -
Ala Arg Asn Asp Cys GIn Glu [Gly |His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val
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AMINO ACID ALIGNMENT

| 2 3 4 5 6 7 8 maqupredecessors(v) = (Su EE Wuv)

SIS GHER SO ST A Gl gap penalty = -8

* 0 -8 -16 -24 -32 -40 -48 -56

G| 8|6 s(1,1) +w(G,G) =6
s(2,2) =max{ s(1,2) -8 =-16

T -6 s(2,1) -8 =16

A -24

N EE=s):

D -40

L | -40
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AMINO ACID ALIGNMENT

1554198970 56883 B G885 o GHT O Tt |9/ B 8
G G R ) BT A\ 68 S 1 |

*

- | 6€=24¢--324=-40¢--48<-56

= =] =] = @&
~
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AMINO ACID ALIGNMENT

Ala
Arg
Asn
Asp
Cys
Gln

His
lle
Leu
Lys
Met
Phe
Pro
Ser
Thr
Trp
Tyr
Val

o

-2 11
22 7

-3 - - -2 - - 3 - 1 - -2 -2 o -3 -1 4
[Asn Asp Cys GIn Glu Gly His lle Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

MR O SN NO OO a0 0060
I N R R ]
LG AN d e s s

5
0
-2
1
1
1
1

NN

7
1
1
-4
3

O oo s s snfols Ao S

GlGl s = O = Gl s b Gl a N O 6o
N N I SN ST I I e
[ N N = I R IR =N RN arEY

L N I I N I NS
[ I I ST R A T
B N N )

PG O = Gl
R

3 -

ot

5
0
2
3
1
0
2
0
3
-2
2
1
3
2
1
1
3
2
3
g

Ala |Ar
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AMINO ACID ALIGNMENT

554 196970:55 G883 508 4 G885 oM ot 0/ B 8
G S R ) BT A\ 68 S 1 |

*

84| 64=24-324~ 404856

0«
S
-8 62
A
A

-16

4

2
)

4
-40
4

= e | =] = @®

-48
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AMINO ACID ALIGNMENT

1554198970 56883 B G885 o GHT O Tt |9/ B 8
G G R ) BT A\ 68 S 1 |

s(1,2) +w(G,R)
* | 0|8 |-16]24|-32|40|-48 |56 5(2,3) =maz{ s(1,3)-8
5(2,2) -8
G|-8|6 |72
T |-16
A -24
N E=3).
D -40
L -48

—10
—24
=2

SERGEI L KOSAKOVSKY POND & W AYNE D ELPORT

N oLt A w N

AIMS BIOINFORMATICS, FEBRUARY-M ARCH 2010

AMINO ACID ALIGNMENT

1554198970 56883 B G885 o GHT O Tt |9/ B 8

GRQTAGL
e e e e e -
% 0 48| 64246-324 40648456
AN or
G -18 ?4—;2:—I0€I8<—-26<—-34<—=42
i} -I16 12 g«— -3\ 513621429 GRQTAGL
X
A |24/-10] 3 | 4 | 3¢ 1€ 9¢17 G-TAYDL
Y gz ITS |T|K4\2\5\4\|o
By Lo i Lo w b w iy i s gap open = -8
DF 50 Ao o i e e gap extension = -2
o L
2 Bk ol e
GROTA-GL
G--TAYDL
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LOCAL ALIGNMENT

seq m

AN

seqn
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MULTIPLE ALIGNMENT

Dynamic Programming in multi-dimension

i.e. for £ = 3 find the optimal path in the grid (x,),2)

3-D Manhattan Cube

source

-~

7 edges for each cell in a3 cube

sink

images: Pavel Pevzner
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SMITH-WATERMAN

o000 e 000
NN\ NN\
A N NN
NN AN
o~o>b~o o~o>b~o

every vertex can trace back to source

s(i,j = 1)+ o(=,wy)

{ s —1,j) +6(vi, )
sij ) =max{ s(ij —1)+d(-w;)
s(i — 1,j — 1)+ 8(vi, w;)

0
S =—max s(i —1,j)+ o(vi, —)
s(i —1,] — 1) +d(vs, wy)
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MULTIPLE ALIGNMENT

> > WDy
i g

D;; = alignment score for pair of sequences 7 and ;
W = weighting applied to alignment between 7 and j

weighting : alignment dominated by similar sequences

- only reasonable for up to 4 sequences
- complexity is O(NM)
- M = number of sequences
- N = sequence length
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PROGRESSIVE ALIGNMENT

solution: inform the alignment using a phylogenetic tree

- phylogentic tree is usually a quick and dirty approximation

(i) do all possible paiwise alignments

A A-B, A-C, A-D, B-C, B-C, C-D
(i) estimate a distanceree*

B (iii) align mostsimilar sequence$A-B)
(iv) debne an AB proble matrix, A By
(v) align C to ABuyie
(vi) etc...

D

ClustalW, ClustalX

*next lecture
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