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Pairwise Sequence Alignment

P01958 (Horse Hemoglobin-alpha) vs. P02062 (Horse Hemoglobin-beta)
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Inferences From Sequence Similarity

e Pairwise Alignment Detects =12% Remote Homologies
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Alignment Score
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Score = g + Es(xi,yi)
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Sequence X AGCACDC-A
Sequence Y A-CACECTA
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Pairwise Alignment Approximations

e Sul

bstitution Prol

Independent of

pabilities are Homogeneous
DOS1tion

Independent of -

protein, protein family,

structure or organism.

e Sul

pstitutions are Uncorrelated
Independent of surrounding sequence
Independent of other substitutions



Substitution Correlations
& Sequence Alignment

Alignment Score
Efficient Alignment Algorithm
Doublet Substitution Matrix

Evaluation



Prior Art

e Analysis of amino-acid substitution during divergent evolution--The 400
by 400 dipeptide substitution matrix.

Gonnet GH, Cohen MA, Benner SA. 1994. Biochem. Biophys. Res. Comm.
199:489-496.

v" Significant correlations in dipeptide substitutions
X Not enough data to generate a complete substitution matrix

e Use of residue pairs in protein sequence-sequence and sequence-structure
alignments,
Jung JS, Lee BK, Protein Science 9 (8): 1576-1588 AUG 2000

v homolog detection
X Cannot find the optimal alignment fast
x Evaluated 137 sequences
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Alignment Score With Correlations

n n L
Score = g + E X,y;) + EEdl XX YisVinr)
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Gap Singlet Doublet
Penalties Score Score

Restrict doublet distance, e.g. L=3



Doublet BLOSUM Substitution Matrix

e 400x400 doublet substitution matrix
e 160,000 entries

e BLLOCKS 13+ database

e =10’ independent substitutions

1 2 3 4 5
CH HA 5 2 @ -1 1
CH HR 3 -3 -2 5 -3
CH HN 5 2 -5 2 3
CH HD 6 3 1 1 -4
CH HC 5 8 8 4 3
CH HQ 3 -1 1 -1 -3
CH HE 5 3 3 0 -1
CH HG 4 7 2 2 1



Data Smoothing: Pseudocounts

counts pseudocounts
N
n+ao
Pld(xixi+l’yiyi+l)=m N=En A=Ea

oa=A Pls(xiayi)Pls(le’yHl)

e Maximum likelihood estimate of A
— Multinomial sampling
— Dirichlet prior
— Negative hypergeometric data



Finding The Optimal Alignment

 Dynamic Programming
— Time ~ O(NM)
— Memory ~ O(N+M)

* N, M : Sequence Lengths



Dynamic Programming
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Finding The Optimal Alignment

 Dynamic Programming with Short Range
Correlations

— Time ~ O(NML)

— Memory ~ O((N+M)L)

* N, M : Sequence Lengths

e L : Maximum Correlation Length



Evaluation: Remote Homology Detection

e SCOP: Structural Classification of Proteins

scop Root
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SCOP: Structural Classification of Proteins

 ASTRAL SCOP 1.59 filtered at 40% 1dentity
— 4380 Protein Domains
— 1070 Superfamilies
— 19,184,400 Pairwise Alignments
— 83,668 Homologies



Parameter Space

e BLOSUM % Clustering

* Gap Penalty
— Gap Open
— Gap Extend
e Correlation Distance, L



Homology Detection: Coverage vs. Errors
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Homology Detection: Preliminary Results

10 ¢

=
—_—

=
=
[—

Errors per Query

0.001 |

0.0001
0

DOUBLET ALIGN

e Matrix: BLOSUMY75-blocks13+
e[:2

* Gap Open: 16

* Gap Extend: 2

]

0.05 0.1 0.15 0.2
Coverage



Correlated Substitutions
& Sequence Alignment

e Correlated Substitutions
— Alignment score
— Doublet matrixes
— Efficient alignment algorithm
— Evaluations: Remote homolog detection

e Effect of Correlations on Homology Detection:
— Not much

e Future Work
— Alignment quality?
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