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Global alignment revisited
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Global alignment revisited

s(a, b)
Alc|G|T]| -
é Z g i Zzl Z Could also use larger scores for similarities and
cl2l2lol2ls smaller scores for dissimilarities...
T|l4a[2]4]|0]8
- 18181818 E.g. subtract one then change sign
Alc|lG|T]| -
..as long as we switch é 13 -13 ; i ;
min to max: R s e ey B
T|-3[-1]-3]1|[-7
- | -7]-7|-7]-7

for i in range(1, len(x)+1):

for j in range(1, len(y)+1):
D[i, j] = max(D[i-1, j-1] + s(x[i-1], y[]-1]),
D[i'1: j ] + S(X[i'l]J '-l)J
D[i , j-1] + s('-", y[i-11))



Global alignment revisited
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Global alignment revisited
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Same traceback



Global alignment revisited

N o > OO0 0> —m

Global alignment value for €, € =0
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s(a, b)
AlclG[T]-
A|1|-3]-1]-3]-7
C[3[1[-3[-1]7
G |-1]-3]| 1 [-3]-7
T [3[-1]-3| 17
- 7777

Similarities (matches) get
score >0

Dissimilarities (mismatches
and gaps) get score <0



Local alignment

Given strings x and y, what is the optimal global alignment value of a substring
of x to a substring of y. This is local alignment.

X ITTTTTTTTITTITTITITITT

y .. ..

Assume scoring function where: (a) similarities get scores > 0, (b) dissimilarities
get scores < 0, (c) global alignment value forx=€,y=€is 0



Local alignment

Given strings x and y, what is the optimal global alignment value of a substring
of x to a substring of y. This is local alignment.

X he_will after_his_sour_fashion_tell_you his sour

y struts_and_frets_his_hou r‘;u pon_the_stage _his_hour_

Assume scoring function where: (a) similarities get scores > 0, (b) dissimilarities
get scores < 0, (c) global alignment value forx=€,y=€is 0

In some way, we're considering all possible pairs of substrings
What roughly is # substring pairs, where | x|=n, |y | =m? 0O(m2n?2)

Surprisingly, we'll do it in O(mn)



Local alignment

Let V[i, j] be the optimal global alignment among substrings of x ending at
i and substrings of y ending atj. The substrings may be empty.

Substrings of y
ending atj

4

Y

Substrings of x
ending ati

VI[i, J]
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Local alignment

Let V[i, j] be the optimal global alignment among substrings of x ending at
i and substrings of y ending atj. The substrings may be empty.

Small example:

e T C A @G
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What value goes here?



Local alignment

Let V[i, j] be the optimal global alignment among substrings of x ending at
i and substrings of y ending atj. The substrings may be empty.

Small example:
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Local alignment

Let V[i, j] be the optimal global alignment among substrings of x ending at
i and substrings of y ending atj. The substrings may be empty.

Small example:

e T C A @G
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Local alignment

Let V[i, j] be the optimal global alignment among substrings of x ending at
i and substrings of y ending atj. The substrings may be empty.

Small example:

e T C A @
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Local alignment

Let V[i, j] be the optimal global alignment among substrings of x ending at
i and substrings of y ending atj. The substrings may be empty.

Small example:
What value goes here?
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Local alignment

Let V[i, j] be the optimal global alignment among substrings of x ending at
i and substrings of y ending atj. The substrings may be empty.

Small example:

e T C A Ge

Alcla]T] -
€ 0 AlaT]-2]-1]-1]-1
C cl-1]1[-1]-1]-2
A 2 G|-1|-1(1|-1]-1
C 1 T [-1]-1]-2]1[-1

- -1l -1l-1] -1




Local alignment

Let V[i, j] be the optimal global alignment among substrings of x ending at
i and substrings of y ending atj. The substrings may be empty.

Small example:
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Local alignment

Let V[i, j] be the optimal global alignment among substrings of x ending at
i and substrings of y ending atj. The substrings may be empty.

Substrings of y
ending atj

4

Y

Substrings of x
ending ati

VI[i, J]

o

How to find best local alignment, i.e. the pair of substrings of X and Y with
highest global alignment value?

max(V[i, j]) overall i, j



Local alignment

Substrings of y
ending at __5
How to calculate V[j, j]? y
Substrings of x
ending ati
e m= Vi, j
X

As for edit distance, there are only so many possibilities:
Empty: let both substrings be empty, global alignment value =0
Vertical: append D to transcript for V[i-1, j], add penalty
Horizontal: append I to transcript for V[i, j-1], add penalty

Diagonal. append M or R to transcript for V[i-1, j-1], add match bonus or
replacement penalty as appropriate

See also: Gusfield 11.7.1-11.7.2



Local alignment

Let V[0, 5] =0, and let V[i,0] =0 |

2

Vii—1,7]+ s(xli — 1], —)

Vie,j = 1]+ s(—ylj — 1])
VIii—1,7 =1+ s(zlt —1],ylj — 1])

(0

Otherwise, let V[i, j] = max <

-

(s(a, b)] assigns a score to a particular match, gap, or replacement
(gap = insertion or deletion)

What'’s different from global alignment?
First row, column initialized to Os

0 is one of the arguments of the max (because of , €)

Scoring function with differences < 0, matches > 0

Dynamic-programming implementation of this is called Smith-Waterman



Local alignment: Smith-Waterman

Does it make sense that first row and column get all 0s?
Yes, b/c global alignment value of €, € (0) always best

Y
T ATATGCGGGCaeT T T
0/0|0(0|0|0(0|O0|O0|O0|O|[O0]|0O]|0O

>0 onNnNoo--0oHd4H>-H4o0o060om
OIO|IOIO|IO|O|O|QO|IO|IQO|O|OIO|O|O|O M

s(a, b)

AlC|[G]|T] -
Al2[-4[-4]-4]-6
C|-4|2[-4|-4]-6
G |-4|-4]| 2 |-4|-6
T [-4|-4l-4] 2 [-6
- [-6]-6|-6]-6




Smith-Waterman

( V[i—1,5] + s(x[i — 1], —)

Local alignment

VIi=1,5 =1+ s(zli = 1], yl7 = 1])

VIi,j = 1]+ s(=yls — 1))
0

\

eE TATATGCGGGCGaGT T T

= max <

Vi, ]

IEBEE
N
= (o] ¥ ¥
SANENEEE
a
PNEEEE
<L| OO ]| 1
QO O|O| N
O O|O| N
QOIO|O|
OoOIN|IN|O
OIO| OO
OIN|<T| O
olN|N| O
OIO| OO
OoIN|IN| O
O O|O| N
OIO|O|O| -
OIO|OIN|O
OO O|O|<
QOIO|O|IN|O
QIO O|IOIO|OIOIOIOIO|IOIO|IOIO|IOI®
VOOUOUOFIHFOUOFOUOUUOLOUEFE




Smith-Waterman

( V[i—1,5] + s(x[i — 1], —)

Local alignment

VIi=1,5 =1+ s(zli = 1], yl7 = 1])

VIi,j = 1]+ s(=yls — 1))
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Smith-Waterman

Local alignment

stop upon reaching cell with score =0

)

Backtrace: (a) start from maximal cell, (b
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Smith-Waterman

Local alignment
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Local alignment

def smithWaterman(x, y, s):
" Calculate local alignment values of sequences x and y using
dynamic programming. Return maximal local alignment value. """
V = numpy.zeros((len(x)+1, len(y)+1l), dtype=int)
for i in range(1l, len(x)+1):
for j in range(l, len(y)+1):
V[i, j] = max(V[i-1, j-1] + s(x[i-1], y[]j-1]),
V[i_lJ j ] + S(X[i'l]: "'):
V[Ii , j-1] +s('-", y[i-11),
0)
argmax = numpy.where(V == V.max())
return int(V[argmax])

Let V|0,7] =0, and let V[¢,0] =0

i —1,7] + s(xi — 1], —)

v
Otherwise, let Vi, j] = max < “;-Z’j — 1]+ s(—,ylj — 1))
0

i = 1,5 = 1+ s(zli = 1],y[j — 1))

s(a, b) assigns a score to a particular match, gap, or replacement

Python example: http://bit.ly/CG_DP_Local


http://bit.ly/CG_DP_Local

Helicobacter_pylori_strain_.J989

Local alignment in whole-genome alignment
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MUMmer used a suffix tree
to make this plot. Could we
make it with dynamic
programming alignment?

Global or local?

Might do local first, then
string local alignments
together (“chaining”).
Sometimes called glocal
alignment.

Axes show two strains of Helicobacter pylori, bacterium

found in the stomach & associated with gastric ulcers



