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Global Alignment:
An example

V: GAATTCAGTTA
W: GGATCGA

Given

d[L, J] = Score of Matching
the I™" character of sequence V &
the J™ character of sequence W

Compute

S[I, J]= Score of Matching
First I characters of sequence V &
First J characters of sequence W
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[ Match/Mismatch score

Recurrence Relation

S[I, J]= MAXIMUM {
S[I-1, J-11+8(V[I], W[J]),
S[I-1,J]+o(V[I], —).
S[I, J-1]1+8(—,W[JT])}

A

Gap Penalty




What happens with last character(s)?

1. Last characters MATCH

Vi1
W LB

Vi -
W Ll

3. Last character of W
aligned with GAP

1/25/11

2. Last characters MISMATCH

v @
wo Ll

w L -
4. Last character of V
aligned with GAP
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How to fill in the matrix?

Add Match
or Mismatch

Score <

Add gap penalty
for gap 1n seq 1

U

Add gap penalty
for gap 1n seq 2

1/25/11 CAPS5510/CGS5166 4
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Global Alignment:
An example

V: GAATTCAGTTA
W: GGATCGA

G A ATTCAGTT A

010 (0|0 (0O (OO (0|0 (D)0

T T A

G AATTTCZG

T

> A ATT CAGTT A

G AATTOCA GTT A

G AATTTCAGTT A
Qo000 (0 (O[O |0 )OO0 (0[0O

010 (0|0 (0O (0|0 (0|0 (0|0

G AATTOCAGTT A
0|10 (0O (OO (0|0 (0|0 (0|0

212 (2|2

313 (313

515 (5|6

1

3

212 (212|122 |2 |2 |2 |3

212 (3133

2 (2|33 |3 (4 (4 (4|44
2 (2|3 |3|3 (4[4 |5]5]5

213113 |3|3 |4

1
1
1
1
1

0
0
0
0
0

1

A
T

c

G
A

1/25/11

:Gap:_

Match score = 1; Mismatch



Traceback
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Alternative Traceback

GAATTTCAG TTA
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Improved Traceback

A A T T c A 6 T T A

0 0 0 0 0 0 0 0 0 0 0
1 | <1 | <1 | <1 | <1 | <1 | <1 ] x1 | <1 ] <1 ] <1
«1 1 1 1 1 1 1 x2 | <2 | <2 | <2
1 1 x2 | <2 | <2 | <2 | x2 12 12 12 x3
11| <2 | 12 x3 x3 | <3 | <3| <3| x3 x3 13
1 12 12 13 13 x4 | <4 | <4 | <4 | <4 | <4
1 12 12 13 13 14 14 | x5 | <5 | <5 | <5
1 12 x3 13 13 14 | x5 15 15 15 x6

1/25/11
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Improved Traceback

A A T T c A 6 T T A

0 0 0 0 0 0 0 0 0 0 0
1 | <1 | <1 | <1 | <1 | <1 | <1 ] x1 | <1 ] <1 ] <1
«1 1 1 1 1 1 1 x2 | <2 | <2 | <2
1 1 x2 | <2 | <2 | <2 | x2 12 12 12 x3
11| <2 | 12 x3 x3 | <3 | <3| <3| x3 x3 13
1 12 12 13 13 x4 | <4 | <4 | <4 | <4 | <4
1 12 12 13 13 14 14 | x5 | <5 | <5 | <5
1 12 x3 13 13 14 | x5 15 15 15 x6
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Improved Traceback
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Subproblems

dOptimally align V[1..I] and W[1..J] for every
possible values of T and J.
dHaving optimally aligned
® V[1.I-1] and W[1..J-1]
® V[1.I] and W[1..T-1]
@® V[1.I-1] and W[1, J]
it is possible to optimally align V[1..I] and W[1..J]

3 O(mn),
where m = length of V,
and n = length of W.

1/25/11 CAPS5510/CGS5166



Generalizations of Similarity Function

dMismatch Penalty = a
[ Spaces (Insertions/Deletions, InDels) =
dAffine Gap Penalties:

(Gap open, Gap extension) = (y,9)
dWeighted Mismatch = ®(a,b)
dWeighted Matches = Q(a)

1/25/11 CAPS5510/CGS5166
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Alternative Scoring Schemes

G A A T T C A G T T A
0 -2 -3 -4 -5 -6 -7 -8 -9 -10 -11 -12

G -2 x 1 ~-1|<-2|<3|<4|<-DH|<b6b|<-T7|<-8|<-9]|<-10
G -3 -1 x-1 [«<-3|<-4|<DB|<-6|<-7|x-Db |<-7|<-8|<-9
A -4 -2 | x0 x 0 ~2|«<-3|<-4|<DH|<—-6|<-7|<-8|x-7
T -5 1-3 1-2 |1-2 |x1 ~-1|«<-2|<-3|<4|<D|<-6|-7
C -6 -4 [1-3 |1-3 -1 x-1 |x0 ~2|«<-3|<-4|<-5|<-6
G -7 1-5 1-4 1-4 1-2 1-3 -2 [x-2 |x-1 [<-3|<-4|<-b
A -8 1-6 1-5 1-5 1-3 -4 | 1-3 |x-1 [1-3 |x-3 |x-b |x-3

Match +1 Vi GAATTCAGTTA

Mismatch —2 | | | | |

Gap (-2, -1) W: GGAT-C-G- - A

1/25/11 CAP5510/CGS5166 13




Local Sequence Alignment

dExample: comparing long stretches of
anonymous DNA; alighing proteins that share
only some motifs or domains.

dSmith-Waterman Algorithm

1/25/11 CAPS5510/CGS5166 14



Recurrence Relations
(Global vs Local Alignments)

Q ST, J]= MAXIMUM {

S[I-1, J-171+8(V[I], W[JT)), Global
S[I-1, J1+ 8(V[I], —), ,
S[I, J-1]+ 85—, W[T]) } Alignment

A S[I, J]= MAXIMUM {0,
S[I-1, J-17 + 5(V[I], W[JT]),
S[I-1, J1+ &(V[I], —), Local

S[I, J-1]+ 8(—, W[J)) } Alignment

1/25/11 CAPS5510/CGS5166 15



Local Alignment: Example

G A A T T C A G T T A
0 0 0] 0 0] 0] 0] 0 0] 0 0] 0]
G O | x1 0 0] 0 0 0] 0 0 0 0
G O | x1|<0]|] O 0] 0] 0] O [x1| O 0 0
A 0 O | x2|x1| O 0] O | x1]| O 0] 0] x 1
T 0 O |10 x1|x2|<1| O x1 | x1
C 0 0 0 O | 10| x0]|x2
G 0 0 0 0 O | x1 0
A 0 O | x1|x1| O x1| O 0 0] x 1
I Vi -|GAATTC|AGTTA
Mismatch —1 | | |
Gap (-1, -1) W: GIG -AT-C|-G- -2

1/25/11
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Properties of Smith-Waterman Algorithm

dHow to find all regions of “high similarity”?
® Find all entries above a threshold score and traceback.

dWhat if: Matches = 1 & Mismatches/spaces = 0?
@ Longest Common Subsequence Problem

dWhat if: Matches = 1 & Mismatches/spaces = -«?
@ Longest Common Substring Problem

dWhat if the average entry is positive?
@ Global Alignment

1/25/11 CAPS5510/CGS5166 17



Slide: Courtesy J. Pevsner
Calculation of an alignment score

Range of Allgnment.

ATTGTCAAAGA GAG TGATGCAT
| TN
GGCAGA -CTGACAAGGGTATCG

Mlsmatt:h

S= Z(identities, mismatches) - > (gap penalties)

Score = M a)(( S)

1/25/11 CAP5510/CGS5166 18
Source: http://www.ncbi.nlm.nth.gov/Education/BLASTinfo/Alignment Scores2.html



How to score mismatches?
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How to score mismatches?

A C D E F G H-—»

|

BLOSUM 62

-2

0
-3 -1 -1

0 -2 -1 -2
0O 9 -3 -4 -2 -3 -3
-2 -3 6 2

2
-1 -4

-2 -2 -3 -3 6

-3 -1 -2 -3

0
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G

H
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BLOSUM n Substitution Matrices

dFor each amino acid pair a, b

@ For each BLOCK
> Align all proteins in the BLOCK
> Eliminate proteins that are more than n% idenftical
» Count F(a), F(b), F(a,b)
» Compute Log-odds Ratio

log F(a,b)
F(a)F(b)

1/25/11 CAPS5510/CGS5166
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Scoring Matrix to Use

d PAM 40 Short alignments with high similarity (70-90%)
d PAM 160 Members of a protein family (50-60%)

ad PAM 250 Longer alignments (divergent sequences) (~30%)
d BLOSUM90 Short alignments with high similarity (70-90%)
0 BLOSUMS8O Members of a protein family (560-60%)

d BLOSUMé62 Finding all potential hits (30-40%)

0 BLOSUM3O0 Longer alignments (divergent sequences) (<30%)

1/25/11 CAPS5510/CGS5166 22



BLOSUM 80 BLOSUM 62
FAM 1 FAM 120

BLOSUM 43
PAM 250

Less divergent =

> More divergent

1/25/11 CAP5510/CGS5166
Slide: Courtesy J. Pevsner
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BLAST: Steps

[ Choose your sequence

[ Choose your tool

dChoose your database
Select parameters, if needed
dInterpret your results

1/25/11 CAPS5510/CGS5166
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BLAST Variants

O Nucleotide BLAST
@® Standard blastn
® MEGABLAST (Compare large sets, Near-exact searches)

@ Short Sequences (higher E-value threshold, smaller word size, no low-complexity
filtering)

O Protein BLAST
® Standard blastp
@ PSI-BLAST (Position Specific Iterated BLAST)
@® PHI-BLAST (Pattern Hit Initiated BLAST; reg expr. Or Motif search)

@ Short Sequences (higher E-value threshold, smaller word size, no low-complexity
filtering, PAM-30)

O Translating BLAST
@ Blastx: Search nucleotide sequence in protein database (6 reading frames)
@ Tblastn: Search protein sequence in nucleotide dB
@ Tblastx: Search nucleotide seq (6 frames) in nucleotide DB (6 frames)

1/25/11 CAPS5510/CGS5166
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BLAST Cont’d

O RPS BLAST

@ Compare protein sequence against Conserved Domain DB; Helps in predicting
rough structure and function

O Pairwise BLAST

@ blastp (2 Proteins), blastn (2 nucleotides), tblastn (protein-nucleotide w/ 6
frames), blastx (nucleotide-protein), tblastx (nucleotide w/6 frames-
hucleotide w/ 6 frames)

1 Specialized BLAST
@® Human & Other finished/unfinished genomes
@ P falciparum: Search ESTs, STSs, 65Ss, HTGs
@ VecScreen: screen for contamination while sequencing
@ IgBLAST: Immunoglobin sequence database

1/25/11 CAPS5510/CGS5166 26



Databases used by BLAST

JProtein

@nr (everything), swissprot, pdb, alu, individual
genhomes

INucleotide

@nr, dbest, dbsts, htgs (unfinished genomic
sequences), gss, pdb, vector, mito, alu, epd

JMisc

1/25/11 CAPS5510/CGS5166 27



BLAST Parameters and Output

[ Type of sequence, nucleotide/protein
0 Word size, w

O Gap penalties, p; and p,

1 Neighborhood Threshold Score, T

1 Score Threshold, S

d E-value Cutoff, E

O Number of hits to display, H

[ Database to search, D

4 Scoring Matrix, M

] Score s and E-value e

@ E-value e is the expected number of sequences that would have an
alignment score greater than the current score s.

1/25/11 CAPS5510/CGS5166 28



BLAST

305 CHAPTER ELEVEN Assessing Pairwise Sequence Similarity: BLAST and FASTA

QueryWord (W = 3)

TLSHAWRLSNETDKRPFIETAERLRDQHKKDYPEYKYQPRRRKNGKPGSSSEADAHSE

Determine neighborhood

RDQ 16 QDQ 12 EDQ 11 RDN 11 RDB 11 BDQ 10 RDP 10
RBQ 14 REQ 12 HDQ 11 RDD 11 ADQ 10 XDQ 10 RDT 10
RDZ 14 RDR 12 2zDQ 11 RDH 11 MDQ 10 RQQ 10 RDY 10
KDQ 13 RDK 12 RNQ 11 RDM 11 SDQ 10 RSQ 10 RDX 10
RDE 13 NDQ 11 RZQ 11 RDS 11 TDQ 10 RDA 10 DDQ 9

Extension using neighborhood words
greater than neighborhood score
threshold (T =11)

- ro.
< >

Query: 1 TLSHAWRLSNETDKRPFIETAERLRDQHKKDYPEYKYQPRRRKNGKPGSSSEADAHSE 58
TL WRL N +KRPF+E AERLR+QHKKD+P+YKYQPRRRK+ K G S D +
Sbjct: 140 TLESGWRLENPGEKRPFVEGAERLREQHKKDHPDYKYQPRRRKSVKNGQSEPEDGSEQ 197

FIGURE | 1.7 The initiation of a BLAST search. The search begins with query words of a given length
(here, three amino acids) being compared against a scoring matrix to determine additional three-letter
words ““in the neighborhood” of the original query word. Any occurrences of these neighborhood words
in sequences within the target database then are investigated. See text for details.

1/25/11 CAPS5510/CGS5166 29



B R Find BLAST from the home page of NCBI
PubMed and select protein BLAST...

= PuhMed Central
helf < BLAST
Home  Recent Results = Saved Strategies  Help
» NCBI/ BLAST Home
Nucleotide BLAST finds regions of similarity between biological sequences. more...
Protein
EZM Designing or Testing PCR Primers? Try your search in Primer-BLAST. &:)
GEO
Conserved Domair
BLAST Assembled Genomes

Choose a species genome to search, or list all genomic BLAST datahases.

o0 Human o Oryza sativa o Gallus galius
O Mouse 0 Bos taurus O Pan troglodytes
o Rat o Darnio rerio o Microbes

o Arabidopsis thaliana o Drosophila melanogaster o Apis mellifera

Basic BLAST
Choose a BLAST program to run.

Search a nucleotide database using a nucleotide query

nucleotide blast ) . .
Algorithms: blastn, megablast, discontiguous megablast

. Search protein database using a protein query

protein hlast
roRein e Algorithms: blastp, psi-blast, phi-blast

hlastx ‘ Search protein database using a translated nucleotide query

thlastn | Search translated nucleotide database using a protein query

1/25/11 CAP5510/CGS5166 _ _
SlldCI COllI'tesy J. PCVSHCI' thlastx | Search translated nucleotide database using a translated nuc Page 52



BLAST
Home  Recent Results = Saved Strategies = Help

e ac T H—
blastn | blastp | blastx | tblastn | tblastx |
BLASTP programs search protein databases using a protein q
Enter Query Sequence
Enter accession number, gi, or FASTA sequence & Clear Query subrange &

Froml
Tnl

Or, upload file | Browse.. I (2

Jobh Title I

gRacrintive title for your BLAST search @

I Align two or more sequences &

Choose Search Set

Database [ Non-redundant protein sequences () | ©

Organism v
Optional I ' L yyesied
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &)

Entrez Query |

Optional .
Enter an Entrez query to limit search &

Program Selection

Algorithm @ hlastp (protein-protein BLAST)
' PSIBLAST (Position-Specific lterated BLAST)
' PHI-BLAST (Pattem Hit Initiated BLAST)
Choose a BLAST algorithm &

Search database nr using Blastp {protein-protein BLAST)
1/25/11 I Show results in a new window CAPSSlO/CGSSl66

P Algorithm parameters

Choose align two
or more
sequences...

Slide: Courtesy J. Pevsner
Page3152



BLAST

Home @ Recent Results

Saved Strategies  Help

bNCBI!BLASTIbIastpsulte
= blastn | blastp | blastx | tblastn | tblastx |

Enter Query Sequence

BLASTP programs search protein s

Enter accession number, gi, or FASTA sequence o Clear

MVHLTPEEKSAVTALUGKVNVD EVGGEAL GRLLVVYPUT QRF FESFGDLSTPDAVMGNPEVEAH(
AFSDGLAHLDNLEKGTFATLSELHCDKLHVD PENFRLLGNVLVCVLAHHFGKEF TP PVQALYQRYT

ALAHKYH

«| | i
Or, upload file I Browse.. I @
Jobh Title

Igi|4504349IreﬂNP_000509.1| heta globin [Homo...
Enter a descriptive title far your BLAST search @

W Align two or more sequences ©

Enter Subject Sequence
Enter accession number, gi, or FASTA sequence & Clear
np 005359
Or, upload file I Browse.. I @

Program Selection

Enter tt Slide: Courtesy J. Pevsner

LB 4 -ww - v Wl W l I W W W

accession numbers or in the
BLAST.

Optionally select “Algorithm
parameters” and note the
matrix option.

Search protein sequence using Blastp (protein-protein BL

¥ Algorithm parameters Note:
General Parameters

|1[1EI vI

Selectthe maximum number of aligned sequences to display &)

r Show results in a new window

Max target
sequences

Short queries W Automatically adjust parameters for short input sequences

|1U (%)
|3 vl Q/u

Expect threshold

Word size

Algorithm @ blastp (protein-protein BLAST) Scoring Parameters
Choose a BLAST algorithm &) Matrix
Search protein sequence using Blastp (protein-protein E Gap Costs IExistence: 13 Extension: 3 3 (%)
I Show results in a new window CAPS551 O/CQSS 166 29
ompositional |Conditional compositional score matrix adjustment  v| ©

Algorithm parameters

adjustments



Pairwise alignment result of human beta globin and myoglobin

Myoglobin RefSeq ntormation apbout this alignment:

score, expect value, identities,

>[ ref NP 005359.1] E nyoglobin [Homo sapi KPS?SItIVGS, gaps...

ref |[NP 976311.1| nyoglobin [Homo sapiens])
ref |[NP 976312.1| nyoglobin [Homo sapiens]
Pll more sequence titles

Length=154

GENE ID: 4151 ME | myoglobin [Homo S ens] (Over 10 PubMed 1links)

score = 47.4 bits (144), Expect = 8Se-11l, Method: Compositional matrix adjust.
Identities = 37/145 (25%), Positiwves = 57/145 (39%), Gaps = 2/145 (1%)

Query 4 LTPEEKSAVTALUGKVNVDEVG--GEALGRLLVVYPUTQRFFESFGDLSTPDAVMGNPKY 61
I+ E ¥V +4WGKY D G ELRL +PT F+F L+D+ + +
sbjct 3 LSDGEWQLVLNVWGKVEADIPGHGQEVLIRLFKGHPETLEKFDKFEHLKSEDEMKASEDL 62

Query 62  KAHGKKVLGAFSDGLAHLDNLEGTFATLSELHCDELHVDPENFRLLGNVLVCVLAHHFGK 121
KHG VL A L = 4 L+ H K + + + ++ VL
sbjct 63  KKHGATVLTALGGILEKKKGHHEAEIKPLAQSHATEHKIPVKYLEFISECIIQVLQSKHPG 122

Query 122 EFTPPVQAAYQRKVVAGVANALAHKY 146

sbjct 123 ;Eswagsiméﬁmmﬁsﬁ\ 147 Shde Courtesy J PeVsner
Query = HBB : . . N
SO Middle row displays identities;
Subject = MB . .
1/25/1 + sigss focsinikar matches

33
Page 53



Pairwise alignment result of human beta globin and myoglobin:

the score is a sum of matc:hi mismatchi gap creationi and gap

extension scores

Score = 18.1 bits <;;), Expect = 0.015, Method: Composition-based stats.
Identities = 11/24 5%), Positives = 12/24 (50%), Gaps = 2/24 (8%)

Query 12 VTALWGKVNVD--EVGGEALGRLL 33
vV +WGRKV D G E L RL
Sbjct 11 VLNVWGKVEADIPGHGQEVLIRLF 34

match 4 11 5 6 65 45 sum of matches: +60

| 6 4 | | .4
mismatch -11 0 -2 -2 -4 0 sum of mismatches: -13
gap open -11 sum of gap penalties: -12
gap extend ‘ L -1

total raw score: 60 - 13 - 12 =<::>

Slide: Courtesy J. Pevsner

1/25/11 CAP5510/CGS5166 34
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Pairwise alignment result of human beta globin and myoglobin:

the score is a sum of matc:hi mismatchi gap c:reationi and gap
extension scores

Score = 18.1 bits (35), Expect = 0.015, Method: Composition-based stats.
Identities = 11/24 (45%), Positives = 12/24 (50%), Gaps = 2/24 (8%)

Query 12 VTALWGKVNVD--EVGGEALGRLL 33
vV +WGRKV D G E L RL
Sbjct 11 VLNVWGKVEADIPGHGQEVLIRLF 34

match 4 11 5 © 65 45 sum of matches: +¢€0

. 6 4 | | .4
mismatch -1 1 0 -2 -2 -4 0 sum of mismatches: -13
gap open -11 sum of gap penalties: -12
gap exten -1

total raw score: €0 - 13 - 12 = 35

V matching V earns +4 These scores come from
T matching L earns -1 a “scoring matrix”’!

Slide: Courtesy J. Pevsner

1/25/11 CAP5510/CGS5166 35
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Rules of Thumb

J Most sequences with significant similarity over their entire
lengths are homologous.

 Matches that are > 50% identical in a 20-40 aa region occur
frequently by chance.

] Distantly related homologs may lack significant similarity.
Homologous sequences may have few absolutely conserved
residues.

1 A homologous to B & B to C = A homologous to C.

J Low complexity regions, transmembrane regions and coiled-coil
regions frequently display significant similarity without
homology.

1 Greater evolutionary distance implies that length of a local

alignment required to achieve a statistically significant score
also increases.
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Rules of Thumb

O Results of searches using different scoring systems may be compared directly using normalized
scores.

O If Sis the (raw) score for a local alignment, the normalized score S' (in bits) is given by
A =In(K)
In(2)
The parameters depend on the scoring system.
O Statistically significant normalized score,

N
S'> log| —
5 E

where E-value = E, and N = size of search space.

'
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Multiple Alignments

Q Global
® ClustalW, ClustalX
® MSA
® T-Coffee
3 Local
® BLOCKS
eMOTIF
GIBBS
HMMER
MACAW
MEME
a Other
@ Profile Analysis from msa (UCSD)
® SAM HMM (from msa)

1/25/11 CAPS5510/CGS5166
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MSA of glyceraldehyde 3-phosphate
dehydrogenases: example of high conservation

fly

human
plant
bacterium
yeast
archaeon

fly

human
plant
bacterium
yeast
archaeon

fly

human
plant
bacterium
yeast
archaeon

GAKKVIISAP
GAKRVIISAP
GAKKVIISAP
GAKKVVMTGP
GAKKVVITAP
GADKVLISAP

KVINDNFEIV
KVIHDNFGIV
KVVHEEFGIL
KVINDNFGITI
KVINDAFGIE
KVLDEEFGIN

GAAKAVGKVI
GAAKAVGKVI
GAAKAVGKVL
GAAKAVGKVL
GAAKAVGKVL
GAAQAATEVL

SAD.APM. .
SAD.APM. .
SAD.APM. .
SKDNTPM. .
SS.TAPM. .
PKGDEPVKQL

e I R

EGLMTTVHAT
EGLMTTVHATI
EGLMTTVHAT
EGLMTTVHAT
EGLMTTVHSL
AGQLTTVHAY

PALNGKLTGM
PELNGKLTGM
PELNGKLTGM
PELNGKLTGM
PELOGKLTGM
PELEGKLDGM

VCGVNLDAYK
VMGVNHEKYD
VVGVNEHTYOQ
VKGANFDKY .
VMGVNEEKYT
VYGVNHDEYD

TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TGSONLMDGP

AFRVPTPNVS
AFRVPTANVS
AFRVPTSNVS
AFRVPTPNVS
AFRVPTVDVS
ATIRVPVPNGS

CAPS55 IO/CG'SS 166
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PDMKVVSNAS
NSLKIISNAS
PNMDIVSNAS
AGQDIVSNAS
SDLKIVSNAS
GE .DVVSNAS

SGKLWRDGRG
SGKLWRDGRG
SMKDWRGGRG
SHKDWRGGRG
SHKDWRGGRT
NGKP .RRRRA

VVDLTVRLGK
VVDLTCRLEK
VVDLTCRLEK
VVDLTVRLEK
VVDLTVKLNK

ITEFVVDLDD

CTTNCLAPLA
CTTNCLAPLA
CTTNCLAPLA
CTTNCLAPLA
CTTNCLAPLA
CTTNSITPVA

AAQNITPAST
ALONITIPAST
ASONITIPSST
ASONITIPSST
ASGNITIPSST
AAENITIPTST

GASYDEIKAK
PAKYDDIKKV
GASYEDVKAA

AATYEQIKAA
ETTYDEIKKV

DVTESDVNAA

39



Multiple Alignments: CLUSTALW

* identical
conserved substitutions
. semi-conserved substitutions

aromatic

4 -
positive

gi|2213819 CDN-ELKSEAIIEHLCASEFALR-——-—————————— MKIKEVKKENGDKK 223

gi|12656123 ----ELKSEAIIEHLCASEFALR-——-—————————— MKIKEVKKENGD- 31

gi|7512442 CKNKNDDDNDIMETLCKNDFALK-—-—-—-————————— IKVKEITYINRDTK 211

gi|1344282 QODECKFDYVEVYETSSSGAFSLLGRFCGAEPPPHLVSSHHELAVLFRTDH 400

C L S aliphatic finy
Red: AVFPMLW (Small & hydrophobic) \ /
2 0o small

Blue: DE (Acidic)
Magenta: RHK (Basic) &“
Green: STYHCNGQ (Hydroxyl, Amine, Basic) @ @P}
Gray: Others ﬁrqj

non-polar
charged polar
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Multiple Alignment

A. Estimate the amino acid frequencies in the motif columns of all but one sequence. Also obtain background.

2/7/07

XXXMXX XXX
XXX XXXMX X
XXX XXMXX X
XMXXXX XX X
XXX XXXXX X
MXX XXX XXX
XXX XMX XX X
XMXOXOCX XX X
XXX XXX XXM

Random start
pasitions chosen

9

XXXMXX XXX
XXX XXXMX X
XXXXXMXXX
XMXOCX XX XX
XXX XK XXX X
MOOCX XX XXX
XXXXMX XXX
XMX XXX XXX
XXX XXX XXM

Location of motif in sach saquencs
providas first astimate of motif composition

CAP5510
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How to Score Multiple Alignments?

3 Sum of Pairs Score (SP)
@ Optimal alignment: O(dN) [Dynamic Prog]
@ Approximate Algorithm: Approx Ratio 2
> Locate Center: O(d2N?)
> Locate Consensus: O(d2N?)

Consensus char: char with min distance sum
Consensus string: string of consensus char
Center: input string with min distance sum

2/7/07 CAP5510
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Multiple Alignment Methods

 Phylogenetic Tree Alignment (NP-Complete)

@ Given tree, task is to label leaves with strings
A Iterative Method(s)

@ Build a MST using the distance function

A Clustering Methods
@ Hierarchical Clustering
@ K-Means Clustering

2/7/07 CAP5510
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Multiple Alignment Methods (Cont’d)

dGibbs Sampling Method

@ Lawrence, Altschul, Boguski, Liu, Neuwald, Winton,
Science, 1993

dHidden Markov Model
@ Krogh, Brown, Mian, Sjolander, Haussler, JMB, 1994
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Multiple Sequence Alignments (MSA)

[ Choice of Scoring Function
@ Global vs local
@ Gap penalties
@® Substitution matrices
@® Incorporating other information
@ Statistical Significance
[ Computational Issues
@ Exact/heuristic/approximate algorithms for optimal MSA
@ Progressive/Iterative/DP
@ Iterative: Stochastic/Non-stochastic/Consistency-based
O Evaluating MSAs
@® Choice of good test sets or benchmarks (BAIIBASE)
@ How to decide thresholds for good/bad alignments

2/7/07 CAP5510
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2/7/07

Progressive MSA: CLUSTALW

Figure 1. Limits of the progressive strategy.

GARFIELD THE FAST CA-T ---

GARFIELD THE LAST FA-T CAT
GARFIELD THE VERY FAST CAT

THE LAST FA-T CAT
GARFIELD THE FAST CA-T —-—-
GARFIELD THE VERY FAST CAT
=-=wm=--= THE ---- FA-T CAT

GARFIELD THE LAST FAT CAT
GARFIELD THE FAST CAT ---

~
[TKE FAT CATJ ‘QRFIEID THE VERY FAST CAT ] [GBRFIEID THE FAST CATJ {mm THE LAST FAT CAT

S

This example shows how a progressive alignment strategy can be misled. In the initial alignment of sequences 1 and 2, ClustalW hes a
choice between aligning CAT with CAT and making an internal gap or making a mismatch between C and F and having a teminal gap.
Since terminal gaps are much cheaper than internals, the ClustalW scoring schemes prefers the former. In the next stage, when the
extra sequence is added, it tums out that properly aligning the two CATs in the previous stage would have led to a better scori  ng sums-
of-pairs multiple alignment.

C. Notredame, Pharmacogenomics, 3(1), 2002.
CAP5510
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Software for MSA

ﬂ

Table 1. Sot -ont and less recent available methods for MSAs.

MSA Bat http/Aww.bcwust.eduibomsahtml

lterative DCA http/bibiserv.techfak uni-biefield deloma ~~ [61]

MitAln . Progressive http/wwtodouse nrafrmattalinbtml

Consistency-based J.daimi.a,df/~ ni ' o [

Praline " lterative/progressive "~ jhering@nime.mrc.ac.uk

Iterative/Stochastic

v ftp.genome.ad.jp/pui
HMMER - lteratveStochasioHMM  hitps/hmmerwusti.edu

Iterative/Stochastic/GA ‘ ahg@watmmuwaterloo.ca » ' [52]

C. Notredame, Pharmacogenomics, 3(1), 2002.
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MSA: Conclusions

4 Very important
@® Phylogenetic analyses
@® Identify members of a family
@ Protein structure prediction
A No perfect methods
d Popular
@ Progressive methods: CLUSTALW
@ Recent interesting ones: Prrp, SAGA, DiAlign, T-Coffee
0 Review of Methods [C. Notredame, Pharmacogenomics, 3(1), 2002]
@ CLUSTALW works reasonably well, in general
@ DiAlign is better for sequences with long insertions & deletions (indels)
@ T-Coffee is best available method

2/7/07 CAP5510
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