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Preface

This proceedings volume contains papers presented at the 16th Workshop on Algo-
rithms in Bioinformatics (WABI 2016) that was held at Aarhus University, Aarhus,
Denmark, August 22-24, 2016. WABI 2016 was one of eight conferences that were
organized as part of ALGO 2016. The Workshop on Algorithms in Bioinformatics was
established in 2001, and is an annual conference on all aspects of algorithmic work in
bioinformatics, computational biology, and systems biology. The emphasis is on dis-
crete algorithms and machine-learning methods that address important problems in
molecular biology, that are founded on sound models, that are computationally effi-
cient, and that have been implemented and tested in simulations and on real datasets.
The goal is to present recent research results, including significant work-in-progress,
and to identify and explore directions of future research. WABI 2016 was sponsored by
the European Association for Theoretical Computer Science (EATCS).

In 2016, a total of 56 manuscripts were submitted to WABI from which 27 were
selected for presentation at the conference. Among them, 25 are included in this
proceedings volume as full papers presenting novel results not previously published in
journals, and two are included as short abstracts of papers that are in the process of
being published simultaneously in journals. The 27 papers were selected based on
thorough reviewing, usually involving three independent reviewers per submitted
paper, followed by discussions in the WABI Program Committee. The selected papers
cover a wide range of topics from networks, to phylogenetic studies, sequence and
genome analysis, comparative genomics, and mass spectrometry data analysis.
Extended versions of selected papers will be published in a thematic series in the
journal Algorithms for Molecular Biology (AMB), published by BioMed Central.

We thank all the authors of submitted papers and the members of the WABI
Program Committee and their reviewers for their efforts that made this conference
possible, and the WABI Steering Committee for their help and advice. We also thank
all the conference participants and speakers. In particular, we are indebted to the
keynote speaker of the conference, Kiyoshi Asai, for his presentation. Finally, we thank
Gerth Stelting Brodal and the local ALGO Organizing Committee for their hard work.

June 2016 Martin Frith
Christian N. S. Pedersen
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Mass Graphs and Their Applications
in Top-Down Proteomics

Qiang Kou!, Si Wuz, Nikola Tolic’3, Yunlong Liu4’5,
Ljiljana Paga-Toli¢> and Xiaowen Liu!>®9

! Department of BioHealth Informatics,
Indiana University-Purdue University Indianapolis, Indianapolis, Indiana
2 Department of Chemistry and Biochemistry,
University of Oklahoma, Norman, Oklahoma
3 Biological Science Division, Pacific Northwest National Laboratory,
Richland, USA
* Department of Medical and Molecular Genetics,
Indiana University School of Medicine, Indianapolis, Indiana
3 Center for Computational Biology and Bioinformatics,
Indiana University School of Medicine, Indianapolis, Indiana
xwliu@iupui.edu

Abstract. Although proteomics has rapidly developed in the past decade,
researchers are still in the early stage of exploring the world of complex pro-
teoforms, which are protein products with various primary structure alterations
resulting from gene mutations, alternative splicing, post-translational modifi-
cations, and other biological processes. Proteoform identification is essential to
mapping proteoforms to their biological functions as well as discovering novel
proteoforms and new protein functions. Top-down mass spectrometry is the
method of choice for identifying complex proteoforms because it provides a
“bird's eye view” of intact proteoforms. Fragment ion series in top-down tandem
mass spectra provide essential information for identifying primary sequence
alterations in proteoforms. Extended proteoform databases and spectral align-
ment are the two main approaches for proteoform identification. However, due
to the combinatorial explosion of various alterations on a protein and the lim-
itations of available spectral alignment algorithms, the proteoform identification
problem has still not been fully solved.

We propose a new data structure, called the mass graph, for efficient representation of
proteoforms of a protein with variable post-translational modifications and/or terminal
truncations. The proteoform identification problem is transformed to the mass graph
alignment problem, and dynamic programming algorithms are proposed for a restricted
version of the problem. The proposed algorithms were tested on two top-down tandem
mass spectrometry data sets. Experimental results showed that the proposed algorithms
were efficient in identifying proteoforms with variable post-translational modifications
and outperformed MS-Align-E in running time and sensitivity for identifying complex
proteoforms, especially those with terminal truncations.

Acknowledgement. The research was supported by the National Institute of General Medical
Sciences, National Institutes of Health (NIH) through Grant ROIGM118470.



Safely Filling Gaps with Partial Solutions
Common to all Solutions

Leena Salmela and Alexandru I. Tomescu

Department of Computer Science, Helsinki Institute for Information
Technology HIIT, University of Helsinki, Helsinki, 00014, Finland
{leena.salmela, tomescu}@cs.helsinki.fi

Abstract. Gap filling has emerged as a natural sub-problem of many de novo
genome assembly projects (e.g., filling gaps in scaffolds). Several methods have
addressed it, but only few have focused on strategies for dealing with multiple
gap filling solutions and for guaranteeing reliable results. Such strategies include
reporting only unique solutions, or exhaustively enumerating all filling solutions
and heuristically creating their consensus.

The gap filling problem is usually formulated as finding an s-¢ path in the assembly
graph, whose length matches the gap length estimate. In this paper we address it with
the “safe and complete” framework proposed in [Tomescu and Medvedev, RECOMB
2016] for the contig assembly problem. In terms of gap filling, a safe solution is a path
of the assembly graph that is a sub-path of all possible s- paths whose length matches
the gap length estimate.

We give an efficient safe algorithm for the gap filling problem, running in time O
(dm), where d is the gap length estimate and m is the number of edges of the assembly
graph. To transform the safe paths into a single filling sequence usable in downstream
analysis, we fill the gap with an arbitrary filling path, in which we mark the safe
subsequences. Experiments on the GAGE bacterial datasets show that our method
retrieves over 90 % more safe and correct bases as compared to previous methods
differentiating between ambiguous and unambiguous positions, with a precision similar
to the one of previous methods.

We implemented this method as version 2.0 of our gap filler of scaffolds, Gap2Seq,
available at www.cs.helsinki.fi/u/Imsalmel/Gap2Seq/.
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Fig. 1. A de Bruijn graph (k = 31) built on S.aureus data. We represent unary paths by
numbers indicating their length. The estimated gap length is d = 3774, and there are
9216 different s-¢ paths of length d. The safe sub-paths (in black) have length 3337 and
the precision of our method on these sub-paths is 99.9 %. Notice that most of the
bubbles of this graph are caused by SNPs.
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