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Restriction 

enzymes: 

Experiment 1: full digest

Reaction time: 0:030:040:05
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Restriction 
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Experiment 2: partial digest

Reaction time: 0:030:04
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Restriction 

enzymes: 

Experiment 3: partial digest

Reaction time: 0:03
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Restriction 

enzymes: 

Experiment 4: partial digest

Reaction time:
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Cutting methods: partial digest

·Partial Digest Problem:

·Complexity?

·Disadvantages of the partial digest method:

ƁFragments between every pair of points are very 

hard to obtain;

ƁRequires performing many experiments;

ƁBig number of interpoint distances leads to high 

rate of experimental errors.
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Given a multiset of            distances between all pairs of points, find all 

point sets which realize a given multiset. 
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Multiset B

Cutting methods: simplified partial digest
J. Blazewicz, P. Formanowicz, M. Kasprzak, M. Jaroszewski, W.T.Markiewicz, 

Construction of DNA restriction maps based on a simplified experiment, Bioinformatics 17 (2001) 398-404.
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Restriction 

enzymes: 

Experiment 1: full digest

Reaction time: 0:030:040:05

8

8

30

14

12

n+1

0:010:000:02

AGTAGAGAAATAGGCCATGATTATGGCCTGGGGTGATTGAGAAATGTTTCTAGAGGCCCTCTGGCCTATTAA

Cutting methods: simplified partial digest
J. Blazewicz, P. Formanowicz, M. Kasprzak, M. Jaroszewski, W.T.Markiewicz, 

Construction of DNA restriction maps based on a simplified experiment, Bioinformatics 17 (2001) 398-404.

9 / 27

Restriction 

enzymes: 

Experiment 2: partial digest

Reaction time:
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Multiset B

Simplified Partial Digest Problem (SPDP)
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Feasible solution

Multiset A
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The goal:
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SPDP always has at least one feasible solution

Simplified Partial Digest Problem (SPDP)

·SPDP is NP-hard in the strong sense.
Ɓ J. Blazewicz, M. Kasprzak, Combinatorial optimization in DNA mapping ða computational thread of the Simplified Partial Digest 

Problem, RAIRO Operations Research 39 (2005) 227-241.

·SPDP may has exponential number of 
non-congruentsolutions.
Ɓ J. Blazewicz, E. Burke, M. Kasprzak, A. Kovalev, M.Y. Kovalyov, Simplified Partial Digest Problem: enumerative and dynamic 

programming algorithms, IEEE Transactions on Comp. Biology and Bioinformatics (2007), to appear.

·Enumerative depth-first search algorithm for the 
error-free SPDP.
Ɓ J. Blazewicz, P. Formanowicz, M. Kasprzak, M. Jaroszewski, W.T.Markiewicz, Construction of DNA restriction maps based on 

a simplified experiment, Bioinformatics 17 (2001) 398-404.

·An O(n log n) time algorithm for the case where 
bj {˰1; 2}; j = 1, é, n+1.
Ɓ J. Blazewicz, M. Kasprzak, Combinatorial optimization in DNA mapping ða computational thread of the Simplified Partial Digest 

Problem, RAIRO Operations Research 39 (2005) 227-241.
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Optimization versions of SPDP

Given a multiset A and B, find the ordering of pairs from 

the multiset A such that the multiset of corresponding 

interpoint distances B0é

·SPDP-Min:
Ɓé contains minimum number of distances not from the 

multiset B.

·SPDP-Max:
Ɓé contains maximum number of distances from the multiset B. 

·Approximation ratio ɟof an 

approximation algorithm:
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SPDP-Min

·Let the optimal solution value of SPDP-Min Fmin

= 0 (multiset B0 has no distances not from the 

multiset B). 

·Assume pseudo-polynomial algorithm H for this 

problem delivers a solution with value FH:

FH Ò ɟāFmin.

·Since Fmin = 0  => FH = 0 => H solves SPDP in 

pseudopolynomialtime.

·SPDP-Min is polynomiallynon-approximable

with any constant approximation ratio.
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SPDP-Max

·SPDP-Max is non-approximablein polynomial time with 

ɟ< 1+1ún.

·There exist a (1+nú(n+2))-approximation algorithm.

·Does there exist a ɟ-approximation algorithm such that 

1+1ún < ɟÒ 1+nú(n+2) ?
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·Let the optimal solution value of SPDP-Max 

Fmax = n+1.

·Assume pseudo-polynomial algorithm G for this problem 

delivers a solution with value FG:

FG Ó Fmaxúɟ> (n+1) ú (1+1ún) = n.

·Since FG is an integer number, we deduce FG Ó n+1, i.e. 

algorithm G solves SPDP in pseudopolynomialtime.
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A graph-theoretic model
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Multiset A Multiset B

{   ,   }3 9 {   , }5 7{  ,    }1 11 1 2 7

0 12

V = { 0, 1, 3, 5, 7, 9, 11, 12 }

U = { (0,1); (0,7); (1,3); (3,5); (5,12); (7,9); (9,11); (11,12) }

D(U) = { 1, 1, 2, 2, 2, 2, 7, 7 }

A graph-theoretic model

Reducing the search space (algorithm REMOVE):

·Prevent construction of the symmetric path;

·Delete redundant arcs and vertices.
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A path:  P = (0,1,3, 5,12)

D(P) = {1, 2, 7}

A(P) = { 1, 3, 5, 7, 9, 11 }

D(P) = B, A(P) = A ź P is feasible

Algorithms for finding paths

·Simple algorithm: PATH O(n2)

·Constructs a path from 0 to L with 

exactly n+1 arcs

·Does not guarantee feasibility

17/27

0 L

119

8

3

1

6

arcs:1

pred:0

arcs:1

pred:0

arcs:2
pred:1

arcs:2
pred:3

n = 3arcs:3

pred:6

arcs:3

pred:6

arcs:4

pred:9

arcs:4

pred:8

dominating pathobtained path

Select a candidate solution with the

maximum number of arcs having weights

from the multiset B.

Algorithms for finding paths

·Algorithm: PATH -F O(n5)

·Uses a specific rule for selecting 

dominating path
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Algorithms for finding paths

·Algorithm: PATH(x) O(n2max{n,x})

·Constructs at most x number of (0,L) 

paths and selects the best.
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Computer experiments

·Microsoft Visual Studio 2005 

·STL

·The Boost Graph library

ƁPortable PC, Intel Pentium M 2 GHz, 480 Mb 

RAM;
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Computer experiments
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Computer experiments
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Computer experiments
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Computer experiments
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