
“Problem formulation is normally the most 
difficult part of the process. It is the selection 
of design variables, constraints, objectives, 
and models...”

– Wikipedia :: Multidisciplinary design optimization

Problem formulations



• A problem without a solution!!

• Then specific..

• Objectives

• Constraints

• Inputs

• Outputs

• Process (may include algorithms)

Problem formulations?



• ..may not have a problem to solve.

• ..may not specify objectives/constraints.

• ..may poorly define input/output.

• ..may be vague.

A “poor” formulation..



• ..has a problem  to solve.

• ..meets all criteria  (specific objectives and 
constraints, well-defined input/output).

• ..may or may not  suggest a process to 
solve problem (ideally so, but maybe not).

A “good” formulation..



• ..a formulation..

• ..is not a bioinformatics pipeline.

• ..does not solve a trivial problem.

• ..is not written in “Biology language”..

• ..but in “CS/Math language”.

• ..but has a biological motivation.

For this class..
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Example 1 : a “poor” formulation
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BENG 2002 Winter 2009: The Case of the Missing Reads

Gaurav Bhatia

March 19, 2009

Introduction

Ultra-high throughput sequencing technology has enabled a host of studies in the field of genomics.
The technology promises to improve speed and accuracy of sequencing projects while simultaneously
lowering cost. While potential applications in genomics are clear, ultra-high throughput sequencing
now offers an alternative to microarrays to those interested in the area of transcriptomics. Several
studies now exist that have utilized sequencing technology to elucidate the expression levels of genes
in the same way as microarrays while simultaneously enabling de Novo discovery of a variety of
features (i.e. exon/alternative splicing boundaries, post-transcriptional modifications).

The Missing Reads

An interesting feature of some of these studies is the smaller than expected number of reads that
map uniquely to the genome using commodity alignment tools. We specifically look at the results
presented in two papers published in 2008. As shown in table 1, these studies mapped 40% and 21%,
respectively, of their reads to a reference human genome. Each study used a separate, but publicly
available, alignment tool with similar parameters (2 mismatches allowed). The goal of this project
is to better understand possible explanations of this phenomenon and propose methods for testing
the veracity of these explanations.

Marioni et. al. Li et. al.
Unique Mappings 40% 21%
Software Used ELAND MosaikAligner
Mismatches Allowed 2 2

Table 1: The Missing Reads

We consider three possible explanations for the missing reads. These are:

• Sequencing Errors. Larger than expected sequencing errors may result in reads being unmap-
pable to the reference genome.

• Splice Junctions. If a read spans a splice junction, it will not map to the genome with any of
the commodity alignment tools.

• RNA Editing. If post-transcriptional modifications occur more frequently than previously
thought, they will easily confound commodity alignment tools.

Note that we have considered and excluded a fourth possibility: that reads occur within heavily
repeated sections of the genome. We believe that this is unlikely to be the case as repeats are likely
to be non-functional and therefore, heavily suppressed in expressed regions of the genome.

1

Example 2 : a “good” formulation
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Figure 1: Position Profile of Illumina Error Rates

Motivation

The first goal of this project is to reject a null-model. That is, we desire to provide sufficient

evidence to support further exploration of the subject matter. We do this by showing that our

current understanding of high-throughput sequencing errors and RNA splice junctions is insufficient

to explain the observed results (low percentage of mapped reads).

Sequencing Errors

We base our model of sequencing error loosley upon that demonstrated by Chaisson et. al. 2009.

In this work, error in Illumina short reads is low (< 2%) for the first 30nt of the read and increases

rapidly thereafter. This can be seen in Figure 1. We simplify this, by considering a 2% error rate

for all of the first 30nt and a 5% error rate for each of the remaining 6nt. In this model, which we

believe to overstate the error, 93% of reads are expected to map to the genome with 2 mismatches

or less. Clearly this is well above the 40% and 21% that mapped in the studies of interest.

Splice Junctions

Our model of splice junctions is based upon whole genome statistics produced by NCBI. According

to these statistics the average exon length in the human genome is 200nt. Knowing that the read

length provided by the sequencing platform is 36nt, we conclude that

Pr(random read contains a splice junction) =
36 · (N − 1)

200 · N

This is bounded by 18%. This means that more than 80% of reads should not map to splice

junctions. We assume that sequencing error operates independently of splicing junctions. Therefore,

if sequencing error and splice junctions exist in the expected proportions we expect that 70% of reads

should map to the reference genome using up to 2 mismatches.

2Example 2 : a “good” formulation



We are left with the only possible conclusion: the null model must be rejected. Either our
assumptions about the extent of disruption caused by sequencing error and splicing junctions are
incorrect, or there are unobserved phenomena (i.e. RNA editing) that explain the low percentage of
mapped reads. Regardless of which, if any, of these turns out to be true the problem is in need of
further attention.

A First Formulation

Input:

• A set of RNA reads S = {s1, s2, . . . , sn}
Each si is a string matching {A, T, G,C}∗

• A reference genome G which is also a string matching {A, T, G,C}∗

• gap the penalty for a gap in the alignment

• intron the penalty for an intron length gap in the alignment

• length the minimum length of an intron

• match the premium for a match

• mismatch the penalty for a mismatch

Output: A set of alignments T = {t1, t2, . . . , tn}
• Each ti is a mapping from every position j in si to a position k in G or −1 indicating a gap.

• Each ti is optimal according to the objective function O.

• O(ti) is defined as follows

O(ti) = Σ|si|
k=0Score(ti, k) + Gap(ti, k) (1)

Score(ti, k) =






match if si(k) = G(ti(k))
gap if ti(k) = −1
mismatch otherwise

(2)

Gap(ti, k) =






intron if ti(k)− ti(k − 1) > length

gap if ti(k)− ti(k − 1) > 1
0 otherwise

(3)

Note that the problem formulation can be trivially modified to take into consideration consensus
intron ‘donor’ and ‘acceptor’ sequences, though we do not cover it in the above description.

Algorithmics

Producing an optimal alignment is a well studied problem. The variant of the problem which
takes into consideration intron gaps is also well studied. The dynamic programming recurrence
presented by Mott in 1997 is shown in in Figure 2. It is well known that this problem can be
solved in time O(m · n) where m, n are the lengths of the aligned strings. With k strings to
align separately we have O(k · m · n). For current high throughput sequencing platforms k > 108,
meaning that any algorithm that operates in time multiplicative in the size of the genome is likely
impossible. The dynamic programming solution to the alignment problem, while optimal, would
require approximately 108 · 109 · 36 computations. This is intractable. In order to address this, we
propose an alternate problem formulation.
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Fin



I will post these slides and
the example formulations

on the class website.



Questions?


