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Introduction

Our research: Using combinatorial optimisation methods to detect genes respon-
sible for diseases.

Bene�ts:

� Saving costs of gene sequencing analysis.

� Finding the genes responsible for diseases can lead to improved preventive and
curative measures.

Gene Sequencing

What is gene sequencing?

The process of determininig the se-
quence of nucleotides in DNA is
called gene sequencing. Gene se-
quencing is the �rst step in identi-
fying the parts of the DNA respon-
sible for the activities causing the
disease.

Why is gene sequencing re-

lated to combinatorial optimi-

sation?

� The gene sequencing process
is repeated multiple times
and the data obtained is
used to rule out the irrele-
vant parts.

� The process of analysing
gene sequencing results can
be written as a combinato-
rial optimisation problem.

Process of Gene Set Analysis

The �gure shows the process of gene set analysis modeled as a combinatorial optimisa-
tion problem.
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Prior Work

Previously in [2] and [3], a variant of SCP called
the Enrichment Set Covering Problem (ESCP)
has been used to solve the gene set analysis prob-
lem to identify the active genes responsible for
lung cancer, ulcerative colitis, cervical carcino-
genesis and renal cell carcinoma. Our research
has been able to prove a formal equivalence be-
tween the ESCP and the SCPR.

De�nition of SCPR
We can write the gene sequencing analysis as a combinatorial optimisation problem.
Suppose we have a universal set, U = {α1, α2, . . . , αn}, n ∈ N; a set of reasons, R =
{ρ1, ρ2, . . . , ρr}, r ∈ N; and a set of pairs of subsets E,

E = {(A1, R1), . . . , (Am, Rm)}

where Ai ∈ P(U) are called covering sets, and Rj ∈ P(R) are accompanying reason
sets. So we have E ∈ P(U)×P(R).
Then we de�ne the Set Covering Problem with Reasons (SCPR) as the problem of
�nding the minimal subset of reasons such that the covering sets Ai whose accompanying
reason sets Ri are covered, themselves cover the entire universal set U . I.e. S ⊂ R is
the minimal subset of R such that ⋃

i such that Ri⊂S

Ai = U.

Relating this to gene sequencing analysis, U is the set of genes that are important and

must be included, R is the set of the rest of the genes from the gene sequencing data,
and E is built from biological processes. The goal is to �nd a set of biological processes
that cover all of U but minimum number of genes from R using di�erent optimisation
algorithms.

Algorithms
Given the relatively recent introduction of SCPR, one of the aims of our research is to as-
certain the most e�ective algorithms for these types of problems. Our research involves
a comprehensive comparison of various exact and heuristic algorithms, including linear
programming, SAT solvers, genetic algorithm, greedy algorithm, particle swarm opti-
misation (PSO), simulated annealing (SA), and the multi-level scoring element state
con�guration checking (MLSES-CC) algorithm. We also considered a method of re-
ducing data complexity called the Beasley Reduction process. The Beasley Reduction
process reduces data complexity by removing subsets that are dominated by other sub-
sets. The results of this comparison will provide valuable insights into the most e�cient
and accurate algorithms for SCPR, thereby contributing to the development of more
e�ective gene set analysis methodologies.

Conclusions
� Gene sequencing is important for understanding biological processes that happen

in the cell.

� Understanding how gene sequencing analysis can be modelled as a combinatorial
optimisation problem is important for the development of more e�ective gene set
analysis methodologies.

� The introduction of the SCPR provides a new way to model gene sequencing
analysis as a combinatorial optimisation problem and allows us to use di�erent
optimisation algorithms to solve the problem.

� Our initial benchmarking results show that Beasley reduction saves time without
compromising on the accuracy of results.
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