6.6 Sequence Alignment




String Similarity

How similar are two strings?

m Oocurrance

o

3 rRllalnlcle
- A - B -

5 mismatches, 1 gap

m Ooccurrence

(o]

O mismatches, 3 gaps
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Edit Distance

Applications.

« Basis for Unix diff.

« Speech recognition.

« Computational biology.

Edit distance. [Levenshtein 1966, Needleman-Wunsch 1970]
= Gap penalty 8; mismatch penalty oy.
« Cost = sum of gap and mismatch penalties.

CTACT .CTGACCTACT
CTACT CCTGAC.TACT

Qe * OlgT+ Olag* 20ca 20+ Ocp
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Sequence Alignment

Goal: Given two strings X = x; X, ... X,and Y =y;y, ...y, find
alignment of minimum cost.

Def. Analignment M is a set of ordered pairs x;-y; such that each item
occurs in at most one pair and no crossings.

Def. The pair x;-y; and x;:-y; crossif i<i’, but j>j'.

cost(M) = Eaxy Yy o0+ y 0
(x 5% ])E M ! i:x;unmatched j:y; unmatched
m1smatch ggp
4 6
Ex: CTACCG VS. TACATG. SlUfa]e . 6
Sol: M = X,-Y;, X2-Y>, Xa-Y=2, Xs-Ya, Xc-Ye.

27Y1, X37Y2, X47Y3, X57Y4, X6~ Ye .T A CT G

1

Ys Ya Y5 Y
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Sequence Alignment: Problem Structure

Def. OPT(i, j) = min cost of aligning strings x; X, ... x;and y; y, ...y;.
- Case 1: OPT matches x;-y;.
- pay mismatch for x;-y; + min cost of aligning two strings

X1 X ... X and YiYo... Yj-l
« Case 2a: OPT leaves x; unmatched.

- pay gap for x; and min cost of aligning x; x, . . .

- Case 2b: OPT leaves y; unmatched.

- pay gap for y; and min cost of aligning x; x; . . .

OPT(i, j) =1

jo

min -

oy +OPT(i-1, j-1)

5+OPT(i-1, j)

i0

5+O0PT(i, j-1)

Xipandyyyz .. .y;
xiandy;y, ... Y1
if i=0

otherwise

if j=0
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Sequence Alignment: Algorithm

Sequence-Alignment(m, n, X;X,...X_ , YiVo--.-Y,, 0, Q) {
for 1 =0 tom
M[O, i] = id
for j =0 ton
M[j, 0] = jd

for i =1 tom
for =1 ton
M[i, 3] = min(a[xi, yJ] + M[i-1, j-1],
o + M[i-1, J]r
& + M[i, j-1])
return M[m, n]

Analysis. ®(mn) time and space.
English words or sentences: m, n < 10.
Computational biology: m = n =100,000. 10 billions ops OK, but 10G6B array?
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