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Conclusions
We developed several exact and approximation algorithms for SPDP �t combina-
torial problem modeling the simplified partial digest method, which is easier to 
implement  than the regular partial digest, and more accurate and robust with 
regard to the experimental errors. Algorithm DP was able to solve instances of 

SPDP with hundreds of restriction sites in less than one second on a standard PC. 
All proposed approximation algorithms can be considered as a good tool for 
solving real-life SPDP instances. The choice of the specific approximation algo-
rithm depends on the desired solution quality and computational time limit.
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What is the Simplified Partial Digest Problem (SPDP)?
SPDP is an NP-hard combinatorial problem which models the simplified partial 
digest method of genome mapping based on using a single enzyme which cuts 
DNA at restriction sites. SPDP aims to reconstruct positions of restriction sites 
in the target DNA which were lost during cutting process. It was proposed by 
Blazewicz et al. [1] as a simplification and improvement of the partial digest 
method [4]. In the simplified partial digest technique, only two digestion 
procedures are needed: full digestion (cutting clones of the target DNA in all 
restriction sites) and partial digestion (cutting clones in one restriction site). In 
the original partial digest method, the number of partial digestions is chosen in 
order to obtain fragments for all pairs of restriction sites (see the figure on the 
right). Combinatorial problem which corresponds to the partial digest method 
is called Partial Digest Problem (PDP) and its time complexity is unknown.

Why use simplified partial digest method?
Partial digest suffers from serious drawbacks, which prevented it from being 
broadly used in biological laboratories  [7]. Simplified partial digest is designed 
to overcome these drawbacks. Its main advantages are:

�9 Less experiments are required (in fact only two)

�9 Easy choice of the reaction times (either very short or very long)

�9 Lower level of experimental errors.
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partial digest simplified partial digest

experiment 1:
(full digestion)

Solution: a DNA map with recovered 
positions of restriction sites:

AGTAGAGAAATA GG

CCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GG

CCCTCTGGCCTATTAA AGTAGAGAAATA GG

CCATGATTAT GG

CCTGGGGTGATTGAGAAATGTTTCTAGA GG

CCCTCTGGCCTATTAA
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experiment n:
(partial digestion)

AGTAGAGAAATA GG CCATGATTAT GG

CCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGG CCTATTAA

AGTAGAGAAATA GGCCATGATTAT GGC CCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GG

CCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGG

CCCTCTGGCCTATTAA
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experiment 3:
(partial digestion) AGTAGAGAAATA GG

CCTGGGGTGATTGAGAAATGTTTCTAGA GG

CCATGATTAT GG

CCCTCTGG

CCTATTAA AGTAGAGAAATA GGCCATGATTAT GGC

CCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGGCCTATTAA

CCCTCTGGCCTATTAA

CCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGG

CCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GG

CCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGG
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experiment 2:
(partial digestion)

AGTAGAGAAATA GGCCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGG

AGTAGAGAAATA GGCCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GG

CCTATTAA

CCCTCTGGCCTATTAA

AGTAGAGAAATA GGCCATGATTAT GGC

CCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGGCCTATTAA

AGTAGAGAAATA GG

CCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGGCCTATTAA

AGTAGAGAAATA GGCCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGG

AGTAGAGAAATA GGCCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GG CCTATTAA

CCCTCTGGCCTATTAA

AGTAGAGAAATA GGCCATGATTAT GGCCCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGGCCTATTAA

AGTAGAGAAATA GG

CCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCTGGCCTATTAA
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PDPalgorithm SPDPalgorithm

AGTAGAGAAATA GGCCATGATTAT GGCCTGGGGTGATTGAGAAATGTTTCTAGA GGCCCTCT GGCCTATTAA

L=72
88301214

Comparison of two restriction mapping methods. L is a length of the target DNA 
molecule, n is a number of restriction sites.

Dynamic programming algorithm (DP)
DP is efficient when the number of distinct intersitedistances, denoted as q, is 
small (see [2]). The algorithm constructs the sets of partial solutions of the 
original problem and selects dominantsolutions from these sets such that at 
least  one of them can be extended to a complete solution of SPDP.

�‡The worst case running time of DP is O(n2q);
�‡Finds at least one solution.

Experiments and results
The simplified partial digest method was used to find a solution for the 
incomplete partial digestion data obtained in [5]. Algorithm for PDP is useless 
in this case because it does not work with incomplete experimental data. DP 
was compared with our enumerative algorithm ENUM.
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Entry in 
GenBank

Restriction 
Enzyme n q ENUM 

running time

DP 
running time

Number of 
solutions

D26561 AluI 36 35 < 10 msec < 10 msec 1

J00277 HhaI 38 31 < 10 msec 10 msec 1

J00277 HaeIII 99 63 50 241 2

NC_006852 HlaIII 128 110 < 10 msec 10 1

DQ084247 HlaIII 156 134 20 51 4

AM084415 AluI 215 158 78 402 2

Running time 
comparison of 
algorithm ENUM and 
algorithm DP.  Real 
data taken from the 
nucleotide database 
Genbank[6]. 
Simulation of the 
ideal experiment.

Approximation algorithms
Approximation algorithms SWITCH, PATH-F and PATH(x) were developed for 
optimization version of SPDP, which is to maximize the number of matches 
between the original and constructed multisetsof intersitedistances. 
Algorithms are based on our new graph-theoretic model for SPDP [3]. 
According to this model, possible restriction site positions considered as 
vertices and possible fragment allocations considered as arcs in a weighted 
digraph. The goal is to find a path between two specified vertices (ends of the 
target DNA) of the digraph. The model can be applied to reduce the search 
space for an exact solution of SPDP.
Worst-case running times:

SWITCH: O(n�|�o�}�Pn); PATH-F: O(n5); PATH(x): O(n2max{n,x}).

Experiments and results
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Number of restriction sites (n)

Solutions quality comparison of approximation algorithms, random data. 
Parameter x for the algorithm PATH(x) was set to n2.

SWITCH

PATH-F

PATH(n^2)

0

20

40

60

80

100

�î�ì���G���v���G���ñ�ì�ñ�ì���G���v���G���í�ì�ì�í�ì�ì���G���v���G���í�ñ�ì�í�ñ�ì���G���v���G���î�ì�ì�î�ì�ì���G���v���G���î�ñ�ì�î�ñ�ì���G���v���G���ï�ì�ìA
ve

ra
g
e

 p
e

rc
e

n
ta

g
e

 o
f 
e
xa

ct
 

so
lu

tio
n

s,
 %

Solutions quality comparison of approximation algorithms, real data 
(43 DNAs were cut by 168 enzymes).

SWITCH

PATH-F

PATH(n^2)

Running time comparison of enumerative algorithm (ENUM) and dynamic programming algorithm 
(DP). Random data, number of restriction sites n=1000. Algorithm DP outperforms the fastest 
enumerative algorithm (ENUM) if the number of distinct intersitedistances q is less than 10% of the 
total number of restriction sites n.
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