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Notes on the LCS problem

Assume [ <2y

For any optimal alignment, if it contains a mismatch,
you can produce a new alignment that is also optimal
by substituting two gaps for a mismatch, thus the score
for an optimal alignment becomes:

E(A.,B,)=Xa+Zy

Where X is the number of matches and Z is the number
of gaps




Longest Common Subsequence

E(A,,B,)=Xa+2Zy
Mm+nNn=2X+/Z

Mm+n—-2X =2

E(A,,B,) =Xa-2Xy+(M+n)y
E(A4, B,) = X (a—2y)—(m+n)y

For all a > 2y, maximizing E(A,B) is the same as maximizing the
number of matches

Therefore, if B <2y and a > 2y, solving global alignment is the
same as maximizing the number of matches, or finding the

LCS.




Counter Example forf > 2y

A = AXXX..XXXAA
B = AAYYY..YYYA

Alignment for LCS would be:
AXXX..XXXA-——..———A

A-——.———AYYY..YYYA

Optimal alignment would be:
—AXXX..XXXAA
AAYYY.YYYA-




Of the 20 amino acids, many
have similar characteristics

This will be covered extensively in
BCB 569

Hydrophobic — Water Fearing
Hydrophilic — Water Loving
Sizes of side chains differ in size
by quite a bit

Some amino acids (Proline for
example) limit folding (make
kinks)

Substitution Matrices

A, Amina acids with electrically charged side chains
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B.  Amino acids with polar but uncharged side chains C.  Special cases
Serine Threonine Asparagine  Glutamine Cysteine Glycine
(Ser) (Thr) (Asn) (Gln) ©ys) (Gly)
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D. Amino acids with hydrophobic side chains
Alanine Isoleucine Leucine P ine  Tryptoph: Tyrosine
(Ala) (Ile) (Lew) (Met) (Phe) (Trp) (Tyr)
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Glutamic acid
(Glw)

Proline
(Pro)




Substitution Matrices

Capture the fact that some amino acids can “fill in” better
than others while doing alighnment.

Change the 6 function from simple match mismatch
function to a complicated function that takes on a
different possible value for each amino acid substitution.

Can be represented by a 20x20 matrix




Substitution Matrices

The actual amount to score each amino acid substitution
is complicated to reason about analytically

Look to rates of accepted mutation found in nature.
Accepted mutation: did not “kill” the organism

Study families of proteins that share function, are
evolutionarily related, but differ base to base.




PAM matrices

» Dayhoff & Schwartz (1979)
* “Point Accepted Mutation”

Create a phylogenetic tree of closely related functions
Reconstruct ancestral states

Calculate the number of times one amino acid was substituted for
another amino acid.

Calculate the conditional probability of seeing amino acid C given
amino acid P




PAM matrices

MI[i,j] is the probability that an amino acid will undergo
mutation from i to j in one evolutionary unit of time

Unit of time: Amount of time it takes for one accepted
mutation in one hundred bases

Mutations are then modeled as a Markov Process

Then the probability of seeing a change from ito|in Kk
units of time can be calculated as MX[i,j]

A PAMK][i,j] matrix is filled using the following equation:

k - -
PAMK[i. j]=10log ML 1]

P;




BLOSUM Matrices

Henikoff & Henikoff (1992)

BLOSUMX matrix

Perform multiple alignment of Proteins

Look at blocks of characters that are conserved

“Weight” any proteins that are X percent identical as one
protein

Calculate the probability of seeing amino acids i and jin
the same column of the multiple alignment: p;

i P

BLOSUMIi, j] =ilog£ il J



PAM and BLOSSUM differences

PAM matrices were formed using evolutionarily close
proteins

BLOSUM can use whole protein libraries

PAM30 is meant for comparing proteins that are more
closely related than PAMG60

BLOSUMG2 is meant for comparing proteins that are
more closely related than BLOSUM30

BLOSUMG?2 is the default matrix for BLAST




Normalized Local Alignment

The local alignment problem is formulated such that

Length 50 alignment with score 40 is worse than:
Length 100 alignment with score 41

For this reason we wish to normalize local alighment
based on the length of the alighment

Score per unit length




Interference

Interference might prevent using the localized normal alignment
to find the best normalized local alignment.

Interference

N

e




Naive Normalized Alignment

O(n?m?) Running time
Consider all submatrices O(nm)
= Run global alignment on each submatrix O(nm)

Completely impractical to use the naive approach.

Heuristic Approaches could start with exact match seeds
and extend them.




Pevzner et. al. (2001)

O(n?logn) solution to normalized local alighment

Uses some complicated mathematical results due to
Dinklebach (1967) to find the proper: o,B,y

Runs local alignment as a cog in the algorithm log(n)
times.

O(nm) space




Sub-Quadratic Alignment

Chochemore and Landon (2002)

h: Measure of entropy “predictability” of the string
Related to compressability of the string

Involves computing the LZ block decomposition 2
of the string 0O hn

Filling in the DP matrix for repeated sections of |Og( n)
the string only once

1.0 [~

Entropy of a
Coin toss

i 0.5 1.0
Pr(X = 1)




Spliced Alignment

Similar to Homework Problem

Align the gene product (either protein or RNA) to the
DNA source

Considerations
Must allow for exons and splicing
If aligning protein to DNA, must test different reading frames

Must allow for bonuses to known motifs identified as bordering
introns

= AG-GT, CT-AC for example




Signed Reversal Distance

Given two signed sequences:

(1,2,-5,-4,3,6,7)

(1,2,3,4,5,6,7)
Find the number of “signed reversals” needed to move
between the two strings.

A signed reversal inverts both the order and the sign of a subsequence
Can use three signed reversals to perform translocation

Unsigned reversal is NP-hard

Signed Reversal:

O(n3) (Pevzner et. Al “Transforming men into mice.” 1995)
later reduced to O(n?)

finally: O(n3/ZM)




