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Restriction Experiment 1: full digest
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j Cutting methods: partial digest

K. Dannaj D: Nathanpecific cleavage of simian virus 40-DNA-by restriction.endonuiclease of Hemophilus Influenz

N J  Proc.Natl/Acad: Scil USA 68/(1971) 2017,

Experiment 3: partial digest
Restriction (T >
enzymes: et Reaction time: 0:08
| o’ o o e
AGTAGAGAAAB&OATGATT A]&CcreGGGTGATTGAGAAATGTTTUIQGETCGGctIATTAA

AGTAGAGAAA‘B&O&TGATTACKB Ca GGGGTGA‘ITGAGAAATGTI‘TCGEGCTCGk CTATTAA

AGTAGAGAAATA CATGATTATGCA GG GGTGATTGAGAMTGWG@TCBkUATTM

AGTAGAGAAATAS CGTGA'ITKR&CI’ G GGGTGATTGAGAAATGTTT(I‘@TCEG CTATTAA
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§ Cutting methods: partial digest

K.Danna D: Nathan§pecific cleavage of simian virus 40 DNA by.reshittioncleast Hemophilufiuenzae
b 5 Proc.NatlAcad; Sci USA 68/(1971) 2817

i Cutting methods: partial digest

K.Danna( D: Nathan§pecific cleavage of simian virus 40 DNA-by.restriction-endonuclease of Hemophilus Influenz
b 5 Proc.Natl.Acad; Sci USA 68/(1971) 2817

Experiment 2: partial digest
Restriction o
enzymes: Reaction time:  0:08

AGTAGAGAAAD&O\TGATTAC&:CI’GGG GTGATTGAGAAATGTTTCB'&}ETC'G GCTOATTAA
AGTAGAGAAAB&O\TGATTA@U GG GGTGATTGAGAAATGTTFGISGETC‘B&ZCF ATTAA

AGTAGAGAAAB&O\TGATTKK} COGGG! GTGA'I'I'GAGAAATGTTTthTC'BkZCI' ATTAA

AGTAGAGAAATAG C@TGA‘I’I’FC&CI’GGG GTGATTGAGAAATGTTTCU&KETC'B&CI’ATTAA

i Cutting methods: partial digest

K. Dannaj D: Nathansipecific cleavage of simian virus 40 DNA by.estrictionendonuclease of Hemophilus Influenz
3 j  Proc.Natl/Acad: Sci, USA 68/(1971) 2817

Restriction
enzymes:

AGTAGAGAAAU&:O\TGATTKHSCUG GGGTGATTGAGAAATGTTTCIBAGETCTGGCTATTAA

Experiment 4: partial digest

Reaction time:  0:02

AGTAGAGAAATA C(ATGA'ITKRth GGGGTGATTGAGAAATGTTTGIAGETCTGGCTATTAA

AGTAGAGMA'BGC@TGATTFCECCFGGGGTGATTGAGAAATGTTTCG’&KETC'G GCTATTAA

AGTAGAGAAATA CATGATTATGCOGG GGTGATTGAGAAATGTTTG}QGETCE%CF ATTAA
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Cutting methods: partial digest

- Partial Digest Problem:

Given a multiset ogg distances between all pairs of points, find al

<
point sets which realize a given multiset.

- Complexity?
- Disadvantages of the partial digest method:

BFragments between every pair of points are ven
hard to obtain;

‘BRequires performing many experiments;

‘BBig number ofnterpoint distances leads to high
rate of experimental errors.

Cuttlng methods: S|mpI|f|ed partial-digest

) Blazewi Kasprzak; M- J ki, Wirkiewicz
Construction m DNA restriction maps based on a simplified expirinfentbatics| 17 (2001) G9604.

Restriction
enzymes:
58
AGTAGAGAAATA CATGATTATGCOGGGGTGATTGAGAAATGTTTGIAGE TCGGCTATTAA
—

AGTAGAGAATA CATGATTAIK ! LTGGGGTGATTGAC SAAAT@BTTAIAGATCTG CTATTAA
e — = -

AGTAGAGAAATA CATGATTABBCAGG! GGTGATTGAGAMTGmmmd&mM

Experiment 2: partial digest

Reaction time: 0:0@

L=72
AGTAGAGAAA'GGC(ATGATT/’CRSC@GGGTGATTGAGAAATGTI’TCUEGETC'Gh CB\TTAA
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Simplified-Partial Digest Proble@RDP)

- SPDP isNP-hard in the strong sense.
N ;:‘a‘hlenF‘(A\:;J Opne'vaal:;ns Research 39 (2005) na"i‘.DN

- SPDP may has exponential number of
nonrcongruergolutions.

3 JBlazewiczE. Burke, MKasprzakA. Kovalev, M.Y. KovalyoSimplified Partial Digest Problem: enumerative and dynamic
programming algorith#&EE Transactions on Comp. Biology and Bioinformatics (2007), to appear.

- Enumerative deptffirst search algorithm for the
error-free SPDP.

3 J. Blazewicz, P. Formanowicz, M. Kasprzak, M. JaroszewskMkTewicz Construction of DNA festriction maps based on
asimpiified experimeBtoinformatics 17 (2001) 39804

- An O(n logn) time algorithm for the case where
bj. {L;25j= 1 n+le,

®' JBlazewiczM. Kasprzak in DN,
ProblenRAIRO Operations Research 39 (2005) 2241

the Simplified Partial Digest

the Simplified Partial Digest
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Cutting methods: simplified: partial-digest

J:Blazewicz, P M-Kasprzak; M
Construction of DNA restriction:maps based-on‘a simplified expirinfematics| 17/(2001) 39804

Restriction Experiment 1: full digest

enzymes: L > C D

Reaction time: 0:08

AGTAGAGAAAU& O'\TGATTAC&:CI’GGG GTGATTGAGAAATGTTTCG'&KETC'G&?CI’ATTAA
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Simplified’Partial Digest Proble®@RDP)

|MullisetA
The goal: R
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SPDP always has at least one feasible solution| 8 8 12 14 30

Optimizationwversions of SPDP

Given a multiseA andB, find the ordering of pairs from
the multisetA such that the multiset of corresponding
interpoint distance®° é

- SPDP-Min:

Bé ¢ o n miaimums number of distancesot from the
multisetB.

. SPDP-Max:
Bé ¢ o n maimuns number of distancesom the multisetB.

- Approximation ratio} of an
approximation algorithm: , aF° F*
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SPDPMin

- Let the optimal solution value &PDP-Min Pmin
= 0 (multisetB° has no distances not from the
multisetB).

- Assume pseudpolynomial algorithnH for this
problem delivers a solution with value';

POy amin,

- SincePmMn=0 => =0 => H solvesSPDP in
pseudopolynomigime.

- SPDP-Min is polynomiallynon-approximable
with any constant approximation ratio.

A graphtheoretic model

| MultisetA | MultisetB
{1} {3.9} {57} 12 7
|

L U

v={0,1,3,57911,12}

U={(0,1); (0.7); (1,3); (3,5); (5,12); (7,9); (9,11); (11,12) }
D(U)={1,1,2,2,227,7}

Algorithmsiforfinding: paths

- Simple algorithnPATH O(n?)
- Constructs a path fron® to L with
exactlyn+1 arcs

- Does not guarantee feasibility

arcs:1 dbminatihg jath arcs:3 =3

arcs:2
red:1
pu predN /preds\s arcs:4
,\ifcs arcsNrcs 3 arcs:4 pred.8
pred

9 —{1

pred 0 pred:s pred:9
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SPDPMax

Let the optimal solution value @PDP-Max
Prax = n+1.

Assume pseud@olynomial algorithnG for this problem
delivers a solution with valué®:
FEOPm™§ >((n+1)4( 1 +1éa.n) =

. SinceFCis an integer number, we dedué& On+1, i.e.
algorithmG solvesSPDP in pseudopolynomiaime.

SPDP-Max is nonapproximablen polynomial time with
}<l+da

There exist a (¥nun¢-2))-approximation algorithm.

Does there exist g -approximation algorithm such that
1+ 1 (g rOl+ning2) ?

A graphtheoretlc model

Apath:P =(0,1,3,5,12)

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

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

D(P)=B, AP)=A Z  Pisfeasible

Reducing the search space (algoritREMOVE):
- Prevent construction of the symmetric path;
- Delete redundant arcs and vertices.

Algorithms forfinding paths

- Algorithm:PATH -F o(nd
- Uses a specific rule for selecting
dominating path
Select a candidate solution with the

No symmetric points imukiggtAum number of arcs having weights
~ from the multisetB.

/1&/3\12

G 3
\4:7ﬁ\9\’11/n:3
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Candidate solutions: (P, )



Combinatorial algorithms for the errdree 12.10.2007
Simplified Partial Digest Problem

Algorithmsifor finding paths

- Algorithm:PATH(x) O(n’maxnx})
- Constructs at mostx number of (O,L)
paths and selects the best.

x=3
arcs:1 arcs:3 n=3
{1 arcs:2 ( 8\\
pu AﬁNT?%FQ P~ acsa
0) ( : )
: P> . 2 pféd:B
arcs:1 arcs:3 arcs:4
3 (9 —(11)
"/ \
pred:0 pred:6 p\ré/d:g
Computer experiments
50 runs of each algorithm; random data; 10 min
limit
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Computer experiments

- MicrosoftVisual Studio 2005
. STL
- The Boost Graph library

‘BPortable PC, Intel Pentium M 2 GHz, 480 Mb
RAM;

Computer experiments

50 runs of each algorithm; random data
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Computer experiments

Real data (43 DNAs cut by 168 enzymes);
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