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ABSTRACT
Developers construct bioinformatics software to automate crucial
analysis and research related to biological science. However, chal-
lenges while developing bioinformatics software can prohibit ad-
vancement in biological science research. Through a human-centric
systematic analysis, we can identify challenges related to bioin-
formatics software development and envision future research di-
rections. From our qualitative analysis with 221 Stack Overflow
questions, we identify six categories of challenges: file operations,
searching genetic entities, defect resolution, configuration manage-
ment, sequence alignment, and translation of genetic information.
To mitigate the identified challenges we envision three research
directions that require synergies between bioinformatics and au-
tomated software engineering: (i) automated configuration recom-
mendation using optimization algorithms, (ii) automated and com-
prehensive defect categorization, and (iii) intelligent task assistance
with active and reinforcement learning.

CCS CONCEPTS
• Software and its engineering→ Application specific devel-
opment environments.
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1 INTRODUCTION
According to the U.S. National Institute of Health (NIH), the do-
main of bioinformatics is related to research and development of
computational methodologies and software for expanding the use
of biological and medical data [22, 28]. Bioinformatics software is
used to archive and analyze biological and medical data [22, 28].
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Bioinformatics software plays a pivotal role in disease diagnos-
tics and prevention [8]. An example bioinformatics software is
‘Nextstrain’, which is used to analyze SARS-CoV-2, the new coron-
avirus responsible for COVID-19 [40]. Nextstrain is an open source
software (OSS) that is used to perform genetic epidemiology [40],
the domain where researchers investigate the role of genetic and en-
vironmental factors in disease contamination [23]. Using Nextstrain
public health experts are making informed decisions related to
travel restrictions, school closures, and lock down orders. Nextstrain
is an example of how bioinformatics software can directly impact
policy making related to public health and potentially save human
lives.

However, challenges unique to bioinformatics software usage
may hinder progress in biological science research. These chal-
lenges can delay the development and deployment of bioinformatics
software, which in turn may prevent the analysis of genetic entities,
such as pathogens that cause pandemics similar to COVID-19. As
software development is integral to modern-day bioinformatics
research [8], identification of challenges related to bioinformatics
software usage is of paramount importance. From the identified
challenges we can lay out bioinformatics-related research areas for
the software engineering research community.

One strategy for challenge identification is to investigate ques-
tions posted on Stack Overflow (SO), a popular website, where
developers seek solutions to programming-related challenges. Let
us consider Figure 1, which shows an example SO question [35],
where a bioinformatics developer seeks help to find nucleotides, i.e.,
organic molecules that form nucleic acids, such as DNA and RNA.
In prior work, researchers have documented the value of analyzing
SO questions to identify challenges related to static analysis [21],
deep learning [18], and privacy [38]. Our hypothesis is that by sys-
tematically analyzing SO questions similar to Figure 1, we also can
identify what challenges bioinformatics developers encounter.

We answer the research question: RQ:What challenges are ex-
pressed by bioinformatics software developers on Stack Overflow?

We conduct an empirical study by applying a qualitative analysis
technique called open coding [32] on 221 SO questions related to
bioinformatics. Based on our categorization, we propose future
research directions related to bioinformatics software development.
Our contribution is a derived list of challenges related to bioin-
formatics software development.

2 RELATEDWORK
Lawlor and Walsh [25]’s paper is the closest to our paper in spirit.
They [25] advocated for training software engineers with biological
expertise to deliver high quality bioinformatics software. Our paper
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Figure 1: Example SO question [35]: the SO user is seeking
help on finding nucleotides in a DNA sequence.

is also related to prior research that has investigated software devel-
opment issues for bioinformatics [6, 7, 15, 31, 39]. Russell et al. [31]
investigated the nature of contribution in bioinformatics software
projects and observed that female contribution decreases as bioin-
formatics repositories become more and more popular. Chilana
et al. [7] studied the differences in programming styles between
computer scientists and biologists, and observed that computer
scientists tend to focus more on program performance instead of
theoretical constructs of biology. Fourment et al. [15] investigated
the use of programming languages in bioinformatics software and
recommended that developers should choose a programming lan-
guage by taking performance and library availability into account.
Thireou et al. [39] investigated the availability of web resources
for developers. Cashman et al. [6] investigated how configuration
manipulation can impact behavior of bioinformatics software pro-
grams.

The above-mentioned discussion highlights research related to
education, empirical studies, human factors, and practices but a lack
of research on the challenges unique to bioinformatics software
development. Our hypothesis is: unique programming challenges
exist for bioinformatics software development, which can be iden-
tified by analyzing SO posts.

3 EMPIRICAL STUDY
In this section, we provide the methodology and results for RQ:
What challenges are expressed by bioinformatics software
developers on Stack Overflow?

3.1 Methodology
On SO, users ask questions related to software development [13].
Our hypothesis is that by investigating SO questions we can identify
challenges specific to bioinformatics software development. Each
question posted on SO has a title that provides a concise summary
of what the question is about [13]. The details of the question are
presented in the body, where users can describe the problem in
detail with additional references [13]. Each question has one or
many tags, which are used to identify the applicable language or
technology for the question. Scores in SO questions are indicative
of quality [3].

Dataset:We use the SOTorrent dataset [4] created on March 15,
2020. First, we identify SO questions with the tag ‘bioinformatics’
to extract bioinformatics-related SO questions. According to prior
work [14, 29], SO datasets suffer from quality issues. Similar to prior
research [14], we apply a filtering criteria to improve the quality of
the downloaded data, which is summarized in Table 1. Altogether,
we collect 221 SO questions to answer our research question.

Open coding: We apply open coding [32] on the collected 221
SO questions. In open coding, a rater observes and synthesizes

Table 1: Selection of Bioinformatics-related SO Questions
Initial question count 41,782,536

Criteria-1 (Questions tagged as ‘bioinformatics’) 2,712
Criteria-2 (Questions with at least one answer ) 2,380
Criteria-3 (Questions with score > 0) 1,377
Criteria-4 (Questions that describe challenges) 221

Final question count 221

patterns within unstructured text [32]. First, we read the question
description and title to obtain raw text, which is merged into codes.
Next, we merged the codes based on similarities to derive categories.

The first author derived the categories, which are susceptible
to bias. We verify the first author’s rating by allocating another
rater, who is the last author of the paper. The last author applied
closed coding [11] on a randomly selected set of 50 SO questions.
For each of the 50 SO questions, the last author examined if the
question maps to any of the categories identified by the first author.
We calculate the agreement rate using Cohen’s Kappa [10].

3.2 Findings
We identify six categories of development challenges for bioinfor-
matics. We describe each category with examples that are presented
in the ( 𝑃𝐼𝐷 ) format, where 𝑃𝐼𝐷 is the ID of the SO question. The
count of questions that map to each challenge is enclosed within
parenthesis. For example, 91 of the studied 221 questions belong to
the category ‘File Operations’.
I. File Operations (91): This category is related to processing files
that store bioinformatics data. Examples of file processing opera-
tions include reading and writing bioinformatics storage files, such
as BAM, FASTA, and SMILES [2]. For example, we observe a SO user
to ask how to read the content from a SMILES file, which is used to
store biomolecules ( 14826373). Conversion of one file type to an-
other file type can also be challenging: a developer sought help on
how to convert the content of a FASTA file to an ALN file, which is
typically used to store sequence alignment ( 23881801). The FASTA
file is a text-based format for representing nucleotide or amino acid
sequences using single-letter codes and is considered as the defacto
standard to store nucleotide sequence data [27]. We observe the
question creators to be unaware of existing APIs, such as ‘Open
Babel’ 1 to read SMILES files, and ‘Bio.Python.Applications’ [9] to
convert FASTA files.
II. Searching Genetic Entities (73): This category is related to
searching for genetic entities, such as𝑘-mers andmotifs. For this cat-
egory, developers search for a certain entity within gene sequence
data, which are often represented as strings or sets of strings. One
example is searching for 𝑘-mers within multiple DNA sequences
( 31769943).𝑘-mers are sub-sequences of length𝑘 containedwithin
a DNA/RNA sequence. As another example, we observe a SO user to
search for motifs, i.e., sub-sequences of a protein or a DNA sequence
that has a specific structure ( 22809820).
III. Defect Resolution (20): This category is related to understand-
ing the causes of defects in bioinformatics software and mitigating
such defects. While constructing bioinformatics software programs,
developers encounter defects related to dependencies ( 16199037),
faults ( 26592680) and performance ( 24378495). Developers seek
1http://openbabel.org/wiki/Main_Page
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guidance on how to troubleshoot and mitigate such defects. In
response, the SO community provides clues on why a defect is
occurring, and code constructs to mitigate such defects. For exam-
ple, while writing a computer program to understand gene expres-
sion and drug interactions a SO user experienced program crashes
( 24378495). Inefficient allocation of arrays attributed to the crash.
As another example, a corrupted payload downloaded from the
Internet was responsible for a dependency defect ( 16199037).
IV. Configuration Management of Bioinformatics Software
(18): The category is related to configuration management of bioin-
formatics software. When using bioinformatics software developers
are not aware of existing configurations that will provide opti-
mal results to accomplish a certain task. For example while using
BLAST [1], a software used to search for gene sequences, a de-
veloper was unaware of existing BLAST configurations that can
help to customize search results ( 1778193). Our observations are
supported by Cashman et al. [6] who also observed developers to
struggle with configurations of bioinformatics software.
V. Sequence Alignment (14): This category is related to sequence
alignment operations in bioinformatics. Sequence alignment is the
technique of arranging the sequences of a DNA, RNA, or a protein
to identify regions that are similar with respect to structure or func-
tionality [26]. Sequence alignment is used to identify homologous
genes i.e., genes that share common ancestors. From our analysis,
we notice developers to seek help when implementing an algo-
rithm to perform sequence alignment in Python ( 23400317) and
R ( 4497747). We also notice developers to ask about appropriate
data structures while implementing sequence alignment algorithms
( 21199263).
VI. Translation of Genetic Information (5): This category is re-
lated to transforming one category of genetic information to an-
other category of genetic information. We notice developers to miss
existing libraries, such as BioStrings [20] when attempting to con-
vert one category of genetic information to another ( 42986106).
For example, a developer was not aware about BioStrings, and
asked how to create a mapping between codons and amino acids
( 42986106). A codon is a 3-letter code, which corresponds to a
specific amino acid [16]. Each letter in a codon corresponds to a
chemical compound [16]. For example, for the nucleotide sequence
𝐴𝐶𝑈𝐴𝐶𝐺𝐺𝐴𝐺 the codons are 𝐴𝐶𝑈 , 𝐴𝐶𝐺 , 𝐺𝐴𝐺 . The letters 𝐴, 𝐶 ,
𝐺 , and 𝑈 respectively, correspond to four chemical compounds,
Adenine, Cytosine, Guanine, and Uracil.

Rater Verification: The Cohen’s Kappa is 0.72 indicating ‘sub-
stantial’ agreement [24].

Limitations: We discuss the limitations of our paper below:

• Our empirical study is based on the content of 221 SO questions,
which is susceptible to external validity. Developers also ask
questions on other forums, such as BioStars 2.

• The six categories of questions are derived by the first author,
and therefore the derivation process is susceptible to rater bias.

4 VISION
We identify three future research directions:

2https://www.biostars.org/

I. Configuration Research: We have documented evidence in Sec-
tion 3.2 on challenges related to configuration management. We
advocate for research that can investigate how developers perceive
configuration management of bioinformatics software and the rea-
sons that attribute to such perception. Identified reasons can be
leveraged in constructing developer-friendly configuration tools
and documentation. Furthermore, we advocate for novel research
that will automatically tune and recommend configuration settings
well-suited for the development task of interest. For example, if a
developer wants optimal program performance, then the objective
will program execution time, for which the algorithm will find the
appropriate combinations of configuration values. Optimization al-
gorithms, such as differential evolution and sequential model-based
optimization [12] can be applied.
II. Defects Research: As shown in Section 3.2, defect resolution
is one challenge for which developers seek help on. We observe
anecdotal evidence related to dependency and performance defects,
which must be substantiated through systematic empirical inves-
tigation. We also hypothesize other defect categories to exist. To
investigate other defect categories researchers can investigate other
data sources, such as OSS repositories hosted on GitHub, along
with questions posted on BioStars and SO. In prior work [30, 41],
researchers have documented the importance of defect categoriza-
tion. Defect categorization for bioinformatics software can help
in (i) understanding the nature of defects, (ii) constructing auto-
mated defect categorization, detection, and repair tools, and (iii)
measuring bioinformatics software quality.
III. Intelligent Learning to Assist Developers: From our discus-
sion in Section 3.2 we observe developers to be unaware of existing
APIs to accomplish certain tasks, such as file operations, searching
genetic entities, sequence alignment, and translation of genetic
information. We hypothesize that developers are not always aware
of available APIs and code snippets that can help developers to
accomplish necessary tasks. We envision research that will sub-
stantiate our hypothesis related to developer awareness on existing
APIs. Future research should also rigorously evaluate how existing
automated API recommendation techniques, such as Biker [19] and
DeepAPI [17], as well as code recommendation techniques, such as
NLP2Code [5] can be adapted for bioinformatics software. Existing
research can complement novel research pursuits that will inves-
tigate how relevant APIs and code snippets can be recommended
automatically. Our vision is to create a ‘just-in-time’ technique to
recommend necessary libraries and code snippets, which will pre-
dict the task the developer is trying to accomplish, and generate
recommendations accordingly. Learning techniques, such as rein-
forcement learning [36] and active learning [33] can be leveraged
to continuously learn from developer-written source code. In active
learning, the algorithm queries an information source [33]. The
information source could be a developer accomplishing a certain
task. Reinforcement learning uses a reward-based approach [36].
Developers’ acceptance or rejection of a code snippet or API rec-
ommendation while accomplishing a task can be used to formu-
late rewarding in reinforcement learning. In other domains, such
as for web recommendation systems [37] and intelligent tutoring
systems [34], researchers have reported the usefulness of reinforce-
ment learning and active learning techniques.
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Conclusion: Despite advancements in bioinformatics software,
developers face challenges that can hinder research in biological sci-
ence. We have derived a list of six challenges that developers have
reported on SO related to bioinformatics software development.
Based on our identified challenges, we envision three research di-
rections that require strong synergies between automated software
engineering and bioinformatics.
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