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+~ 1= S fn-d 4]

CGGGGCTATcCAgCTGGGTCGTCACATTCCCCTT. . .
TTTGAGGGTGCCCAATAAggGCAACTCCAAAGCGGACAAA
GGATGgAtCTGATGCCGTTTGACGACCTA. . .
AAGGAaGCAACcCCAGGAGCGCCTTTGCTGG. . .
AATTTTCTAAAAAGATTATAATGTCGGTCéE&GgAACTTC
CTGCTGTACAACTGAGATCATGCTGCATGCCALTTTCAAC
TACATGATCTTTTGATGgCACTTGGATGAGGGAATGATGC

(a) Superposition of the seven highlighted 8-mers from figure 4.2 (d).

’§%

T C CTA G C

G G G C A A C T
A T G G A T C T

Alignment A A G C A A C cC 6
(V\JY Y T T G G A A C T
A T G C C A T T
A T G G C A C T
A 5 1 0 0 5 5 0 0

Profile . T 1 5 0o 0 0 1 1 &6 L)
V\/\&SV““/‘ G 1 1 6 3 0 1 0 0
C o 0 1 4 2 0 6 1
Consensus A T G C A A C T

Shre w}

(b) The alignment matrix, profile matrix and consensus
string formed from the 8-mers starting at positions s =
(8,19,3,5,31,27,15) in figure 4.2 (d).
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T T G G A A C T

A T G C C A T T

A T G G C A C T

Af5) 1 0o 0 5 5 0 0
% >__L> Profile T /@ o 0o o0 1 1
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Consensus A C A A C T
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Motif Finding Problem:

Given a set of DNA sequences, fi [-mers, one from each
sequence, that maximizes theconsensus score.

Input: A ¢t xnmatrix of DN A, and /, the length of the pattern
to find.

Output: An array of ¢ starting positions s = (s1,S2,...,St)
maximizing Score(s, DN A).
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Median String Problem:
Given a set of DNA sequences, find a median string.

Input: A ¢ x n matrix DN A, and [, the length of the pattern
to find.

Output: A string v of [ nucleotides that minimizes
Total Distance(v, DN A) over all strings of that length.
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Alignment A A G C A A C C

T T G G A A C T

A T G C C A T T
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A 5 0 0 5 5 0 0
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Now - bock to broveby —bowd
’\C@W ﬂgh% (m—ﬁﬂjc

( 1, 1, ..., 1,
( 1, 1, ..., 1,
( 1, 1, ..., 1,
( 1, 11 i) 1,
( 1, 1, ..., 2,
( 1, 1, ..., 2,
( L, 1, ..., 2,
( 1, 1, ... 2,
(n=Il+1, n—I0i+1, ..., n—10+1,
(n=Il+1, n—-I14+1, ..., n—1+1,
( n=Il+1, n—I1+1, ..., n—=1+41,
(n=Il+1, n—-I014+1, ..., n—-I1+1,
M@c[(o\\/\ 5%\ * AA--- AA
AA.-- AT
AA--- AG
AA--- AC
/2 o AA.-. TA
WS o AA--. TT
AA.--- TG
AA.-.- TC
CC.-- GG
CC--- GC
CC.-- CA
CC--- CT
CC..-- CG
CC..- CC

\/QC"bf'S S
1)
2 )
3)
n—Il+1 )
1)
2 )
3)
n—Il+1 )
1)
2 )
3)
n—Il+1 )
(1,1,...,1,1)
(1,1,...,1,2)
(1,1,...,1,3)
(1,1,...,1,4)
(1,1,...,2,1)
A L2
(1,1,...,2,3)
N 1,2,
(4,4,...,3,3)
(474’ '73’4)
(474’ '74’1)
(4,4,...,4,2)
(4,4,...,4,3)
(4,4,...,4,4)
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(1,1, 1,1) k /@ hss
(1,1,...,1,2)
(1,1,...,1,3) & |/u.rc L/’L
(1,1,...,1,4) )
(1,1,...,2,1)
1,1,...,2,2
21,1,...,2,?3 ﬁ-SlU‘ % \/151,\0 !?—(
(1,1,...,2,4) oS QA @H—ef‘
(4,4,...,3,3)
(4,4,...,3,4)
s ) () o)) G )
24: 4: : 4: 33 Figure 4.5 All 4-mers in the alphabet of {1, 2}.
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NEXTLEAF(a, L, k)
1 fori<— Ltol

2 if a; <k

3 Ta; —a; +1 ()K }K%

4 return a

5 a; — 1 CQ\} , l )
6 return a

pr”foa@%/

AN
ALLLEAVES(L, k)
1 a<(1,...,1)
2 Canhile _forevar S
3 outputa

4 a < NEXTLEAF(a, L, k)
5 if a=(1,1,..., 1)
6 return

00~ lep
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NEXTLEAF(a, L, k)

1 fori<— Ltol Q\(/(SC,%

3 aai‘_ai+1 S /@vg
4 return a (‘
6 return a
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24']5 3204 5106 3 816 4 3 1 1 2 1 1517 21 23 15 27 30 26 18 19

Next/exr COV'\*" o ')ﬁ(&'.

NO}O VO \A\NV\Q‘.

BYPAss(g,i, /Q k) S\Q\P QAL
1 for j—itol a2 Vet C\)t>

2 if a; < k
3 aj — aj + 1
4 return (a, j)

5 return (a,0)



Now: freb 4o mohfx
Brde doreo s st Iy

BRUTEFORCEMOTIFSEARCH(DN A, t,n,l)

1 bestScore «— 0

@m each (s1,...,s;) from (1,...,1)to(n — 1+ 1,...,n—1+1)
3 if Score(s, DN A) > bestScore

4 bestScore «— Score(s, DN A)

5 bestMotif «— (s1,2,...,5)

6 return bestMotif

Eunwe - 'Q*Dt ?OSS(HC s
T\D"Z\ %O?ZO&L, )@(ﬁ) ’h)@e’f’ S

0
Bo b do fee 20C

[4

BRUTEFORCEMOTIFSEARCHAGAIN(DN A, t,n,1)
1 s (L,1,....1)

2 bestScore «— Score(s, DN A)

3 while forever

4 S<—1MS,I§,TL—Z+1)

5 if Score(s, DNA) > bestScore

6 bestScore <« Score(s, DN A)

7 bestMotif < (s1,s92,...,5¢)

8 if s=(1,1,...,1)

9 return bestMotif
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G ¢ glc A A Cc T
A T G| A T C T ,{,
Alignment A A G |C A A C C
T T G| A A C T
A T G|C C A T T
A T G |G C A C T
A(®2 1 oo 5 5 0 o
Profile T 1 @ o lo o 1 1 =6
G 1 103 0 1 0 o
C o 0 1 /4 2 o0 6 1
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(e call Bypass)

Save s (\n'/é—r i)t-t |ecve S /

BRANCHANDBOUNDMOTIFSEARCH (DN A, t, n,l)
1 s« (1,...,1)

2 bestScore — 0
3 i1
4 while i >0
5 if i<t
6 optimisticScore <« Score(s,i, DNA) + (t — 1) -
7 if optimisticScore < bestScore
8 (s,i) « BYPASS(s,i,t,n — 1+ 1)
9 else
10 (s,i) « NEXTVERTEX(s,i,t,n — 1+ 1)
11 else
12 if Score(s, DNA) > bestScore
13 bestScore « Score(s)
14 bestMotif « (s1,$2,...,5¢t)
15 (s,i) < NEXTVERTEX(s,i,t,n — [+ 1)

16 return bestMotif
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Brule Reco: 4 ‘0
BRUTEFORCEMEDIANSEARCH (DN A, t,n,1)
bestWord «— AAA--- AA

best Distance <+ 0o
for each I-mer word from AAA... to TT 0 —t

1
2
3
4 if TOTALDISTANCE word, ) < bestDistance
5 bestDistance < TOTALDISTANCE(word, DN A)
6 bestWord «— word
7 return bestWord

TouR OQ\E&\Q) (not 0n®)
(Noxe: ﬁe@\\%\) but™ né (500) /000>\
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SIMPLEMEDIANSEARCH(DN A, t,n,l)
1 s (1,1,...,1)

2 bestDistance «+— oo

3 11

4 while i >0

5 if i<l

6 (s,i) < NEXTVERTEX(s, ?,[,4)

7 else

8 word — nucleotide string corresponding to (s1, s2,...5;)

9 if TOTALDISTANCE(word, DN A) < bestDistance
10 bestDistance «— TOTALDISTANCE(word, DN A)
11 bestWord «— word
12 (s,i) < NEXTVERTEX(s, i,[,4)

13 return bestWord

AVIA bq/b BRANCHANDBOUNDMEDIANSEARCH(DNA t,n,1)

1 se(1,1,...,1)

2 bestDzstance — 0
3 i1
4 while i >0
5 if i<l
6 prefiz < nucleotide string corresponding to (si, sz, ..., si)
7 optimisticDistance < TOTALDISTANCE(pre fiz, DN A)
8 if optimisticDistance > bestDistance
9 T5.7) = BYPASS(s, i, 1, 4)
10 else
11 (s,7) < NEXTVERTEX(S,,[,4)
12 else
13 word < nucleotide string corresponding to (s, s2,...s;)
14 if TOTALDISTANCE(word, DN A) < bestDistance
15 bestDistance < TOTALDISTANCE(word, DN A)
16 bestWord «— word
17 (s, i) <~ NEXTVERTEX(s, ,[,4)

18 return bestWord
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