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A quick review

= The computational bottleneck
= Scale of biological data
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A quick review: Informatic challenges

e Sequence comparison:
— Find the best alignment of two sequences

— Find the best match (alignment) of a given
sequence in a large dataset of sequences

— Find the best alignhment of multiple sequences
e Motif and gene finding
e Relationship between sequences

— Phylogeny
e Clustering and classification

e Many many many more ...
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Motivation

e Why compare two DNA or protein sequences?



Motivation

e Why compare two DNA or protein sequences?

— Determine whether they are descended from a
common ancestor (homologous)

— Infer a common function
— Locate functional elements (motifs or domains)

— Infer protein or RNA structure, if the structure of
one of the sequences is known

— Analyze sequence evolution
— Infer the species from which a sequence originated

— Quantify abundance/coverage
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Sequence Comparison Challenges

Find the best global alignment of two sequences

Find the best global alignment of multiple
sequences

Find the best local (partial) alignment of two
sequences

Find the best match (alignment) of a given
sequence in a longer dataset of sequences



Sequence Comparison Challenges

v'Find the best global alignment of two sequences

X Find the best global alignment of multiple
sequences

v/ Find the best local (partial) alignment of two
sequences

v“Find the best match (alignment) of a given
sequence in a longer dataset of sequences



Global Alignment Mission:
Find the best global alignment
between two sequences.




Global Alignment Mission:
Find the best global alighment
between two sequences.

Find the best alignment of GAATC and CATAC:

GAATC GAAT-C —-GAAT-C GAAT-C
CATAC C-ATAC C-A-TAC C-ATAC

GAATC- GAAT-C GA-ATC GAAT-C
CA-TAC CA-TAC CATA-C CA-TAC

(some of a very large number of possibilities)



Global Alignment Mission:
Find the best global alighment
between two sequences.

Find the best alignment of GAATC and CATAC:

—-GAAT-C
C-A-TAC

Conceptually:

e What does a “correct” alignment mean?
e Correct vs. Best



Global Alignment Mission:
Find the best global alighment
between two sequences.

Find the best alignment of GAATC and CATAC:

—-GAAT-C
C-A-TAC

Technically:

e This is a search (optimization) problem!!
e \What do we need to solve this problem?



Global Alignment Mission:

Findthe(best)global alignment

getween two-sequences.
An algorithm for finding A method for
the alignment with the scoring

best score alignments




Scoring Principles

GAATC
CATAC

Score each locus independently.

The alignment score will be the sum of the scores in
all loci.

Perfect Matches will get a positive (good) score.
What about mismatches?



Scoring Principles

GAATC
CATAC

e Score each locus independently.

e The alignment score will be the sum of the scores in
all loci.

e Perfect Matches will get a positive (good) score.
e What about mismatches?

Purine A |G ? Transversion change
Pyrimidine |C |T
QU7

(transitions are typically about 2x as frequent

. . Transition change
as transversions in real sequences)



Scoring Aligned Bases

e A reasonable substitution matrix:

AICIGC | T Fmaslcr]e
A|10| -5| 0| -5 -
C|-5|10|-5]| 0
G| 0| -5]|10] -5
T|-5| 0|-5]10

What about
gaps?

GAATC

CATAC

PN

5+10+-5+-5+10=D



What About Gaps?

e A reasonable substitution matrix:

What do gaps
mean?

What if gaps
have no penalty?

A |G E Transversion change
. . e (very low score
Pyrimidine |C |T

AlC |G| T | [
A|l10|-5| 0|5
C|-5|10|-5] 0
G| 0|-5|10| -5
T|-5| 0]|-5]10

GAAT-C
CA-TAC

RN

5+10+72+10+72+10= "7

Transition change



Scoring Gaps?

e Linear gap penalty: every gap receives a score of d:

GAAT-C d=-4
CA-TAC

S NN

5+10+-4+10+-4+10=17



Scoring Gaps?

e Linear gap penalty: every gap receives a score of d:

GAAT-C d=-4
CA-TAC

S NN

5+10+-4+10+-4+10=1/
e Affine gap penalty: opening a gap receives a score of d;
extending a gap receives a score of e:
G——AATC d=-4
CATA--C e=-1

N

5+-4+-1+10+-4+:1+10=5



Same Method Applies to AA

BLOSUM®62 Score Matrix

— OO
_211
1
v 9 ! © *G E
O L n N < U
S > 0 9 v
.m.mv.ww A A
u —
CCG%.I Ay Ay
LD D Blm L W
= -~ oO|d H
> =55 = (][]
o222\l e
y (¢B)
n N D=2 02 A A
Lo L5 O |
taddho
c S ol [ |
= N =S| n
S5 9 S >
- ._I.eal
EEYSES A >
o
P I o T I I R A A B
0 1 1 A A A I 1 N 12 A1 U 1 (O 2 S S 1 O (e 0 < 1 N 0 (Rt O (A B | R
(@l e || S22 S | ]l S=2 |1 SIS S22 S || A2 =2 S| | A=) || (=X a2 | S22l | =2 S| S| |
x 1001 A 1 A = T S 00t 1 A 1 1 I R DO | A I e 0 | A R R | B A 1
Z100133420331131013221414
1 i 1 L E50 B | L (E B 8| F (E 4
B213430110340332014334114
CEC] 1 1 LE | L B | I L (Bl S HE ] T
O MO MO~ N[N O OO ~(N| | N N[O MO — T MO(AN| v« | <
V =1 TEI R 1 R |l TeT] TEN] SR TN ' 1] Xl X S I L L | D
V|222321232112133222713214
B OE B 30 " A R A R N B S ) £l &1 Y] 3 Bl "l = 0 |t O A
W334422322323114321234324
¥l W] R )] O TR CCH R YTl T TR LI D I B B § | ] e A N
O| | O| ™| ~=| =] =] N|N|] | =] | ~=|N| «~]| —[lBD] CN|] N| O | =|"=lSIS
T 1 gl T &1 20 %1 “F1 El1 %1 E1 &1 ¥l & g 1l BN '
S111010001220121413220004
1 L} I [ A ] 1] R LI I B R | L}
D-122131122331247114322124
] ] ] Ol K %] ¥ W] KRl Rl b ¥ 8 1] 8] ] 0| 8 |t
F233323331003064221313314
¥ ] ¥F¥1 ¥ %1 1] %] 7] ®¥] 23 L =] 11 "% 0 | R | N
M112310232121502111113114
£l )] 7FE] EL X =l =% ' Bl 3] ®|] 81 % LEf e ) AL A
K120131121325131013220114
1 LI . ) 1] 31 E|] 3 5] 31 8 LI I R R A R L L
]l TN QT T N T RN TN N O] Q| N~ [N 7|~ T | T
k]l OB KTl Rl YNl Wy R L} | o B i I v M il ([ S | A
= DD | D DT DTN D | O DN~ D] | DD O | T
-— ] ¥1 5| &1 ¥ w1 ¥ O&] 2 ' ] V] ®] ] ¢ WA 7 |
H201130028331212122230014
1 A ] 1 ]y x| GRSy R E] A TR 1 LRl
G020132262442332022331214
] L R TR I R | =l el W1 CE| ] ]S S0 8 ] 0 | 0 | A D
E100242520331231013221414
1 L} 1 L . ] ] V| R [ 5 DR B [ G - ) L
Q110035220321031012120314
1 ) 1 S B ) =1 & LI I N R B B ) (Pl i
C033393433113123112213324
el RN § 1] T ] U] 01 B 0] ¥ 8] 0] ] ]| O e
D221630211341331014334114
LN I ) L L N B DR I A R A D R B B N B | LI I I R N | LI B
AREEEEEEEEEEEEEEERAREEEER
R150231020322132113231014
1 LN . ) 1 L . ]l b ]l 1 %] Y N Y I Ul Al
Nl | N| N O v=| v~ | O] N| v=| v=| ~| s N| ]| v~ | O] | | O [RONI|E= ECHIE=
A § -l =¥l =8 LI . ] ¥ 1 €1 %] ¥ ¥l V] @ 3 1% e 1
x| ZOo||WwO|I|l—|2X Suoalnl-Z> > o N|X|«*

v

ambiguity codes

v
regular 20 amino acids

and stop



Global Alignment Mission:

Findth

getween two

An algorithm for finding
the alignment with the
best score

?

lobal alighment

equences.

A method for
scoring
alignments

* Substitution matrix: * Gap penalty:

A

Cc

G| T * Linear gap penalty
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0! -5 e Affine gap penalty
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A simple algorithm ....
e Align the two sequences: GAATC and CATAC

GAATC GAAT-C —-GAAT-C GAAT-C
CATAC C-ATAC C-A-TAC C-ATAC

GAATC- GAAT-C GA-ATC GAAT-C
CA-TAC CA-TAC CATA-C CA-TAC

Simple (exhaustive search) algorithm

1) Construct all possible alignments

2) Use the substitution matrix and gap
penalty to score each alignment

3) Pick the alignment with the best score




How many possibilities?
e Align the two sequences: GAATC and CATAC

GAATC GAAT-C —-GAAT-C GAAT-C
CATAC C-ATAC C-A-TAC C-ATAC

GAATC- GAAT-C GA-ATC GAAT-C
CA-TAC CA-TAC CATA-C CA-TAC

e How many different possible alignments of
two sequences of length n exist?



How many possibilities?

e Align the two sequences: GAATC and CATAC

GAATC GAAT-C —-GAAT-C GAAT-C
CATAC C-ATAC C-A-TAC C-ATAC

GAATC- GAAT-C GA-ATC GAAT-C
CA-TAC CA-TAC CATA-C CA-TAC

e How many different possible alignments of

two sequences of length n exist? [
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Mission:

A algorithm for finding
the alignment with the
best score

= Needleman—Wunsch
Algorithm
= Dynamic programming

A method for

scoring
alignments

e Substitution matrix:

* Gap penalty:

A

Cc

G

T

e Linear gap penalty
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