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Partial Digest Problem:
Given all pairwise distances between points on a line, reconstruct the

positions of those points.

Input: The multiset of pairwise distances L, containing (%)
integers.

Output: A set X, of n integers, such that AX = L

[y 7
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(a) Complete digest.
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(b) Partial digest.

Figure 4.1 Different methods of digesting a DNA molecule. A complete digest pro-
duces only fragments between consecutive restriction sites, while a partial digest
yields fragments between any two restriction sites. Each of the dots represents a
restriction site.
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BRUTEFORCEPDP(L, n)
1 M < maximum elementin L
2 for everysetofn —2integers0 < xp < - <xp_1 <M

3 X —{0,29,...,2p-1, M}

4 Form AX from X 2

5 if AX =1L v 0( /\/} >
6 return X

7 output “No Solution”
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ANOTHERBRUTEFORCEPDP(L, n)
1 M < maximum elementin L
2 for everysetofn —2integers 0 <z < --- < x,—1 < M from L
3 X —{0,z2,...,2—1, M}
Form AX from X

4 n-z

5 if AX=1L e L >
6 return X

7

output “No Solution”
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PARTIALDIGEST(L)
1 width « Maximum element in L
DELETE(width, L) <~ PV e ’\,\/\

2
3 X « {0,width} %
4 PLACE(L, X) " L

_>PLACE(L, X)

1 if Lisempty
output X
return
y < Maximum element in L
if A(y,X)CL
Add y to X and remove lengths A(y, X) from L

(S \Z_)/PLACE (L, X)
Remove y from X and add lengths A(y, X) to L

NGl = WD

Add width — y to X and remove lengths X\ (width — y, X') from L

PLACE(L, X)
12 Remove width — y from X and add lengths A (width —y, X) to L
13 return
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i::fc:*\ﬁ&€1~ g CGGGGCTGGGTCGTCACATTCCCCTTTCGATA
TTTGAGGGTGCCCAATAACCAAAGCGGACAAA
GGGATGCCGTTTGACGACCTAAATCAACGGCC
AAGGCCAGGAGCGCCTTTGCTGGTTCTACCTG
AATTTTCTAAAAAGATTATAATGTCGGTCCTC
CTGCTGTACAACTGAGATCATGCTGCTTCAAC
TACATGATCTTTTGTGGATGAGGGAATGATGC

(a) Seven random sequences.

G

CGGGGCTATGCAACTGGGTCGTCACATTCCCCTTTCGATA
TTTGAGGGTGCCCAATAAATGCAACTCCAAAGCGGACAAA
GGATGCAACTGATGCCGTTTGACGACCTAAATCAACGGCC
AAGGATGCAACTCCAGGAGCGCCTTTGCTGGTTCTACCTG
AATTTTCTAAAAAGATTATAATGTCGGTCCATGCAACTTC
CTGCTGTACAACTGAGATCATGCTGCATGCAACTTTCAAC
TACATGATCTTTTGATGCAACTTGGATGAGGGAATGATGC

(b) The same DNA sequences with the implanted
pattern ATGCAACT.
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CGGGGCTATGCAACTGGGTCGTCACATTCCCCTTTCGATA
TTTGAGGGTGCCCAATAAATGCAACTCCAAAGCGGACAAA
GGATGCAACTGATGCCGTTTGACGACCTAAATCAACGGCC
AAGGATGCAACTCCAGGAGCGCCTTTGCTGGTTCTACCTG
AATTTTCTAAAAAGATTATAATGTCGGTCCATGCAACTTC
CTGCTGTACAACTGAGATCATGCTGCATGCAACTTTCAAC
TACATGATCTTTTGATGCAACTTGGATGAGGGAATGATGC

(c) Same as (b), but hiding the implant locations. Sud-
denly this problem looks difficult to solve.

Eren worse: DNK  yudedes !

CGGGGCTATcCAgCTGGGTCGTCACATTCCCCTTTCGATA
TTTGAGGGTGCCCAATAAggGCAACTCCAAAGCGGACAAA
GGATGgAtCTGATGCCGTTTGACGACCTAAATCAACGGCC
ANAGGAaGCAACcCCAGGAGCGCCTTTGCTGGTTCTACCTG
AATTTTCTAAAAAGATTATAATGTCGGTCCtTGgAACTTC
CTGCTGTACAACTGAGATCATGCTGCATGCcAETTTCAAC
TACATGATCTTTTGATGgCcACTTGGATGAGGGAATGATGC

(d) Same as (b), but with the implanted pattern ATG-
CAACT randomly mutated in two positions; no two
implanted instances are the same. If we hide the lo-
cations as in (c), the difficult problem becomes nearly
impossible.
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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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A T C C A G C T

G G G C A A C T

A T G G A T C T

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

A T G G C A C T

Af5) 1 0o 0 5 5 0 0
% >__L> Profile T /@ o 0o o0 1 1
GN\11 6 3 0 1 o
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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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