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Genome Assembly Models

» Shortest Common Superstring —

NP-hard (Gallant et al., 1980).

» Shortest de Bruijn Superwalk — NP-hard
(Medvedev et al., 2007).



Genome Assembly Models

» Maximum likelihood approach — to find
edges’ multiplicities (Medvedev and

Brudno, 2009; Varna et al., 2011).

» De Bruijn Superwalk with
Multiplicities — complexity was not

known. This talk — we prove it is
NP-hard.



De Bruijn Superwalk with
Multiplicities Problem

Find a walk in the de Bruijn graph containing
several walks as subwalks and passing
through each edge the exactly predefined
number of times.



Example
» Reads = subwalks: AAGT, AGTCA, TCAA

» Superwalk: AAGTCAGTCAAG



NP-hardness Proof Qutline

1. Reduce Shortest Common Superstring
problem to Common Superstring with
Multiplicities problem.

2. Reduce Common Superstring with
Multiplicities problem to De Bruijn
Superwalk with Multiplicities problem.



NP-hardness Proof Qutline

1. Reduce Shortest Common Superstring
problem to Common Superstring with
Multiplicities problem.



Common Superstring with
Multiplicities Problem

Find a string containing several strings as
substrings and containing each character the
exactly predefined number of times.



Example

Strings: AAGT, AGTCA, TCAA
Multiplicities: m(A) =5, m(C) = 2,
m(G) =3, m(T) =2

Solution for SCS: AAGTCAA

Solution for CSM: AAGTCAGTCAAG or
just AAGTCAAACGGT
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Reducing SCS to CSM

Given an instance of SCS with ¥ = {0,1} in
decision form ("“Is there such a string
that ..."), substitute

0 — Tp = 000111

1 — 7, =001011

and make the multiplicities of 0 and 1 equal
to 3 times the desired superstring length.



Properties of Tg and T4

» Tg and T; have the same length.

» Furthermore, number of occurrences of
each character is the same in Ty and 7.

» No proper suffix of either To or Ty is
equal to any of the proper prefixes of
either Ty or T7.



Properties of Ty and T4

As a result, all overlaps of the transformed
strings are aligned.

000111 | 001011 | 000111

001011 | 000111 | 001011




Properties of Ty and T4

Unaligned overlaps are impossible because no
proper prefix of Ty and T; is equal to any
proper suffix.

000111 | 001011 | 000111




Reducing SCS to CSM

As a result, the shortest common superstring
of the transformed strings would be equal to
the transformed shortest common superstring
of the original strings.



NP-hardness Proof Qutline

2. Reduce Common Superstring with
Multiplicities problem to De Bruijn
Superwalk with Multiplicities problem.



Reducing CSM to DBSM

Trivial reduction (X = {0,1}, k = 0):

CO0D

Strings become walks, multiplicities of
characters become multiplicities of edges.



Reducing CSM to DBSM

Generalization for any k:




Result

De Bruijn Superwalk with Multiplicities
problem is NP-hard for any || > 2 and any
k. Since the case |X| = 1 is trivial, the
problem is NP-hard for all nontrivial cases.
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Thank you! Questions?
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