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Abstract

Objective: To document bioinformatics tasks currently per-
formed by researchers in genomics and proteomics in an effort
to recognize unmet informatics needs and challenges, identify
system features that would enhance the performance of those
tasks, and inform the development of new bioinformatics tools.
Design: A cross-sectional study of bioinformatics tasks per-
formed by OHSU investigators involved in genomics and pro-
teomics research was conducted using task analysis techniques.
Results: Four major categories emerged from 22 bioinformatics
tasks reported by 6 research laboratories. These were: 1) gene
analysis, 2) protein analysis, 3) biostatistical analysis, and 4) lit-
erature searching. Analysis of the data also raised the following
challenging issues: 1) lack of procedural documentation, 2) use
of home-grown strategies to accomplish goals, 3) individual
needs and preferences, and 4) lack of awareness of existing bio-
informatics tools. Conclusion: Task analysis was effective at
documenting bioinformatics tasks performed by researchers in
the fields of genomics and proteomics, at identifying potentially
desirable system features and useful bioinformatics tools, and at
providing a better understanding of some of the unmet needs and
challenges faced by these researchers.
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Introduction

In order to develop useful and usable systems, we have to under-
stand user needs and contexts, translate them into user require-
ments and continually take aim at those requirements throughout
the development process [1]. As Armour argued, the difficult
part of building systems is not building them, but knowing what
to build [2]; and it is the understanding of user needs that forms
the critical basis for knowing what system to build.

One approach to understanding user needs is through a better un-
derstanding of user activities. Using this approach, Stevens et al.
[3] conducted the only published study that has formally sought
to capture the requirements of a system geared at supporting the
informatics needs of researchers in genomics and proteomics.
They conducted a questionnaire survey of 35 biologists aimed at
identifying a representative collection of tasks performed by
working biologists. The authors were able to classify 315 tasks
into 15 broad categories (Table 1). Of these, three categories
(sequence similarity searching, functional motif searching, se-
quence retrieval) accounted for more than half of the reported
tasks.
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Table 1: Classification of tasks in bioinformatics

Question class Frequen-
cy
Sequence similarity searching
Nucleic acid vs nucleic acid 28
Protein vs protein 39
Translated nucleic acid vs protein 6
Unspecified sequence type 29
Search for non-coding DNA 9
Functional motif searching 35
Sequence retrieval 27
Multiple sequence alignment 21
Restriction mapping 19
Secondary and tertiary structure prediction 14
Other DNA analysis including translation 14
Primer design 12
OREF analysis 11
Literature searching 10
Phylogenetic analysis 9
Protein analysis 10
Sequence assembly 8
Location of expression 7
Miscellaneous 7
Total 315

Although this study was a positive step towards understanding
bioinformatics tasks carried out by biologists along with their in-
formatics needs, it has some limitations. First, the survey was
conducted in 1998. Consequently, the survey results may no
longer accurately reflect bioinformatics tasks currently per-
formed by biologists or their relative frequency, given the con-
tinuing rapid advances in genomics, proteomics and
bioinformatics research. Second, interviews with domain ex-
perts formed the primary source for structural analysis of the
tasks. Experts, however, are frequently not aware of all of the
steps they take in performing a task—their level of experience
causes some details to drop below the level of conscious thought.
Moreover, the description given by an expert about a task can be
misleading in that ideal rather than actual practice is provided [4,
5, 6]. For these reasons, the data for task analysis should ideally
come from actual observation of the task being analyzed and in-
teraction with experts in the field.

The overall goal of this study was to gain a better understanding
of existing bioinformatics tasks undertaken by researchers in ge-
nomics and proteomics in order to better support those tasks.
The specific objectives of the study were to 1) document the bio-
informatics tasks and provide detailed descriptions of those that
were either performed with high frequency or deemed to be crit-
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ical to the laboratories’ research efforts, 2) identify system fea-
tures and new bioinformatics tools that would enhance the
performance of those tasks, and 3) identify unmet needs faced by
biologists and challenges faced by the bioinformatics communi-

ty.
Materials and Methods

Design and Subjects

A cross-sectional study of bioinformatics tasks performed by
Oregon Health & Science University (OHSU) investigators in-
volved in genomics and proteomics research was conducted us-
ing task analysis techniques. Subject recruitment was based on
a convenience sample selected to represent a broad range of re-
search in these areas. The principal investigators (PI’s) from the
intended sample were invited to participate via e-mail. As di-
rected by the OHSU Institutional Review Board, all subjects
were asked to sign a consent form which included a description
of the study protocol, any potential benefits and risks, and mea-
sures taken to maintain security, confidentiality and anonymity.

Data Collection

Data collection for each research laboratory occurred in two
phases. First, a half-hour unstructured interview of the PI was
conducted to provide an overview of the bioinformatics tasks
that were being performed by the group and to identify the tasks
that merit more detailed description and analysis. Once identi-
fied, the person primarily responsible for each task within the
group was then asked to participate in the observational phase.
Using the talk-aloud technique, (s)he was asked to carry out the
task and verbally state what (s)he was doing without any expla-
nation as to why particular actions were being performed. In-
stead, such explanations, along with questions from the
researcher, were addressed in a debriefing session that followed
completion of the task. This verbal protocol method was chosen
to minimize the additional task-load on the person executing the
task and therefore decrease the risk of interference with task per-
formance [4, 7, 8, 9]. For each of the observed task, the research-
er also asked for any available instructional guides, operational
manuals, or procedural materials for the purpose of triangula-
tion.

Data Analysis

Analysis of the data for each task occurred in two stages. First,
hierarchical task analysis (HTA) was implemented, using the
data from the verbal protocol session, to describe the task and
provide organization and structure to its representation [10, 11,
12]. This was an iterative process involving clarification, verifi-
cation and modification, as required, of the HTA output with the
person performing the task until no amendments were made.
Once the HTA representation of the task was finalized, the sub-
tasks and actions were analyzed to identify features or tools that
either improved task performance or provided added value. This
was accomplished by relying on the researcher’s insight as well
as by utilizing the technique of goal composition to provide a
systematic framework for analysis [13]. Once developed, the
features and tools were presented to the person performing the
task for validation in a categorical manner. Last, data were ana-
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lyzed in an effort to identify recurring themes within the inter-
views and observational sessions.

Results

A call for participation in this study was sent to 9 Pls; 6 agreed
to participate. Of the three who did not participate, one did not
respond after 2 invitations were sent, one was on sabbatical leave
and one was in the midst of training new personnel to perform
the bioinformatics tasks. The research groups that did partici-
pate in the study were diverse in size, ranging from having one
staff (excluding the PI) to greater than 10.

Reported Bioinformatics Tasks

Interviews of the PIs generated an initial list of 22 tasks, grouped
into 4 large categories (Table 2). Attempts to group them using
the classification system proposed by Stevens et al. [3] proved to
be difficult and unsuccessful. It quickly became apparent that
many of their classes of bioinformatics tasks were no longer
viewed as tasks by the research groups in this study. These in-
cluded sequence similarity searching, sequence retrieval, multi-
ple sequence alignment, primer design, phylogenetic analysis
and sequence assembly. This is not to say that they were no
longer being performed; in fact, they continued to be common
activities that were now carried out as subtasks of more complex
tasks. For example, using the question classes of Stevens et al.
[3], the task of identifying and characterizing novel nucleoside
transporter protein sequences in parasitic protozoa would have
included sequence similarity searching, phylogenetic analysis,
and secondary and tertiary structure prediction. This evolution
is not surprising and likely reflects the high level of familiarity
of these tasks among the researchers such that they were now
considered so simple and automatic that they no longer warrant-
ed identification as standalone tasks.

In addition, notably absent from the classification list developed
by Stevens et al. [3] was biostatistical analysis (Table 1), which
was viewed as a critical task among our participants. Yet, some
of their question classes remained applicable to the tasks elicited
in this study, including protein analysis and literature searching.
However, compared to the study performed by Stevens et al. [3],
where protein analysis ranked twelfth on the question class list,
protein analysis was the group with the largest number of tasks
in this study (Table 2). This is not unexpected given the bur-
geoning research efforts in the field of proteomics in this post-
genomic era. After grouping appropriate tasks using these three
categories (biostatistical analysis, protein analysis, literature
searching), the remaining tasks were all related to genomic data
and were consequently grouped into the category of gene analy-
sis. Within the categories of gene analysis and protein analysis,
there were a sufficient number of tasks that warranted further
classification. Where possible, this was achieved by examining
the goal of each task and grouped accordingly.

HTA of Subset of Reported Bioinformatics Tasks

From the above list of reported bioinformatics tasks, 6 under-
went detailed description and analysis (Table 2) as described
previously. As it is not possible to present the HTA output for
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all 6 tasks, we will present here the high-level HTA result of one
task and illustrate the value of this process.

Table 2: Reported bioinformatics tasks by categories

I. GENE ANALYSIS
2 Identifying gene(s) underlying a disease/phenotype
1. Identifying and characterizing the gene(s) linked to a complex pheno-
type of
interest
2. Engineering a BAC transgenic model organism
2 Finding functional information on genes
3. Building an up-to-date database containing functional information
on all genes of a model organism on a DNA microarray
4. Identifying the putative function of gene(s) of interest in a model
organism based on information in human genome
5. Searching the expressed sequence tag (EST) databases to obtain sup-
porting
evidence for information on expression of gene(s) of interest
2 Identifying functionally important (conserved) motifs within genes
6. Searching parasite genome databases for novel NT protein sequences
7. Finding orthologous genes between human and a model organism
8. Finding common motifs in genes and gene families
9. Manipulating (i.e., introducing mutations into) sequences of genes
and
predicting their effects
2 Other
10. Finding genes with functional relationships (e.g., common metabolic
pathways)
II.PROTEIN ANALYSIS
2 Structural/functional analysis
1. Predicting secondary and tertiary protein structure based on amino
acid
sequence (e.g., identifying presence of transmembrane domains)
using
multiple algorithms
2. Predicting whether a protein is within or flanking some functional
moiety
3. Finding proteins that contain a domain that is structurally similar to a
functional domain within a known protein of interest
2 Mass spectrometry analysis
4. Identifying unknown protein(s) in samples using mass spectrometry
technology
5. Quantifying the relative “concentrations” of proteins in 2 samples
utilizing mass spectrometry technology
6. Confirming a mutation site in a protein using mass spectrometry tech-
nology
2 Other
7. Localizing protein expression at cellular level
8. Analyzing the validity of nucleotide sequences of fusion proteins from
yeast 2-hybrid screening experiments
III.BIOSTATISTICAL ANALYSIS
1. Performing basic statistical analysis
2. Analyzing results (e.g., cluster or tree analysis) gene expression pro-
file
experiments
3. Analyzing gene-gene interaction (i.e., epistasis analysis)

IV.LITERATURE SEARCHING
Italicized tasks were those that underwent HTA

Identifying and characterizing novel nucleoside transporter
(NT) proteins in parasitic protozoa

The goal here was to delineate the multigene family of NT pro-
teins in parasitic protozoa and, in the process, gain a better un-
derstanding of functionally important regions among them. To
accomplish this goal, the research group mined the emerging
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parasite genome databases for protein sequences that are homol-
ogous to known NT proteins.

As one can see from Figure 1, completion of this task involved
multiple iterations, one for each combination of every known
NT protein sequence against every available parasite genome
database. At the time of this study, there were 22 parasite ge-
nome databases and 9 known NT proteins, although this number
is likely to increase. However, due to time constraints, the group
was only searching on 2-3 of the known NT proteins against 2-3
of the parasite genome databases. Even with this limited search
strategy, it usually took half a day to complete. Therefore, a
script written to link all possible combinations of searches would
have been enormously useful. Alternatively, time savings could
have been accomplished with an algorithm that produces a de-
generate sequence from the sequences of all known NT proteins
that then could be used to search all of the parasite genome data-
bases. For this to be effective, the algorithm must allow the user
to stipulate known conserved motifs with specified order and
spacing, in addition to being capable of identifying potentially
novel conserved residues, in producing the degenerate sequence.

0. Identify & characterize novel NT protein sequences in parasitic protozoa

1. Retrieve Ist known 2. Search for similar 3.Clone &
NT protein sequence sequences in st parasite characterize
from local database genome database novel NT

Iterate for each combination of NT
sequence & parasite genome database

[ 1

2.2 Analyze hits to identify
novel NT sequences

2.1 Go to Parasite Genomes blast
server at EMBL-EBI & fill
out WU-Blast2 submission form

[ 1

2.2.1 Ignore hits known to
searcher notto be novel
& hits with very high/low
probability scores

2.2.2 Analyze remaining hits (with
intermediate probability scores)
to identify those with known
conserved NT motifs

[ [ 1

2.2.2.1 Assess 2.2.2.2 Confirm that 2.2.2.3 Blast sequence
relatedness sequence codes against NCBI nr db
(phylogenetic for a protein with & ensure there are no
tree, alignment*) hydrophobic high identity matches
to known NTs stretches using to non-parasitic
using Align X BioPlot (Vector (e.g., bacterial, yeast)
(Vector NTI) NTI) sequencest

*attention to conserved residues fLeischmania db

Figure 1 - HTA diagram of the task of identifying and charac-
terizing novel NT proteins in parasitic protozoa.

At the time of this study, identification of new sequences relied
on the searcher’s memory. When searches are not performed
frequently, as it was in this case (once a month), such an ap-
proach could lead to unnecessary review of hits that have already
been analyzed in previous searches. This could be avoided by
maintaining a database of cumulative results from previous
searches to be used in filtering out old hits. The database could
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be implemented either on the client side or on the server side in
the form of an account. A more efficient strategy would be to
tag each sequence in the parasite genome databases with an ad-
dition/update date, which would allow the searcher to limit re-
trieval to sequences that had been added or updated after a
specified date (presumably the last search date). Another ap-
proach to minimizing the number of hits returned by a query
would be to equip the current BLAST algorithm with the ability
to require mandatory matching to specified (conserved) motifs
for a sequence to be returned as a hit.

Themes

Further analysis of the interviews and verbal protocols raised a
number of thematic issues, which are presented below.

Lack of Procedural Documentation

None of the laboratories that participated in the study had a writ-
ten protocol, not even a high level one, for any of the bioinfor-
matics tasks that were being performed.

Use of Home-Grown Strategies

The approaches used in all of the observed tasks in this study
were developed in-house, with no attempt to seek alternative
strategies used by other laboratories performing similar tasks.

Individualized Needs and Preferences

Despite the need to acquire tools that would achieve very similar
goals, there was very little overlap in the applications that were
used by the 6 participating laboratories. Some of this could be
attributed to the concept of individualized needs. For example,
in task 15 (Table 2), the particular needs of the laboratory pre-
cluded the use of already available applications and required the
development of an in-house application. However, this lack of
overlap was not only observed among research groups but also
among individuals within each research group performing very
similar tasks. Clearly, this also speaks to the importance of in-
dividual preferences in tool and application selection.

Lack of Awareness of Existing Bioinformatics Tools

The following is a representative quotation that highlights this
issue: “...I’m sure there are already tools out there that can do
this more efficiently, I just don’t know what they are or even
where to begin looking.” A tangible instance of this problem
arose in the execution of task 2 (Table 2), where even though the
task could have been performed more economically with an ex-
isting application, it was not, and all due to the fact that the user
was not aware of its existence.

Discussion

Themes and their Implications

The issues, described above, in turn, present challenges for not
only biomedical researchers but also for the bioinformatics com-
munity in its effort to support these researchers’ goals.

Impact of the Lack of Procedural Documentation

The pervasive lack of procedural documentation presents sever-
al challenges. One is the issue of reproducibility of the task, es-
pecially in cases where a task is performed by a number of staff
members. But even when it is performed by one person, day-to-
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day variability in carrying out that task may exist as a result of a
number of factors, such as variation in time pressures, level of
fatigue or well-being and the day of the week. This brings into
question the reliability and quality of the data retrieved without
written protocols. The lack of documentation also makes it dif-
ficult for other investigators who wish to validate the results by
applying the same strategy. Last, in this climate of short supply
of personnel with bioinformatics skill-set, the departure of the
person primarily responsible for the performance the task(s)
would make training more difficult and cause more disruption in
the absence of documented protocols.

Impact of the Use of Home-Grown Strategies and Individual-
ized Needs and Preferences

Given that strategies used for all of the tasks in this study were
developed in-house with little comparative evaluation, they are
potentially sub-optimal. Moreover, their pervasive existence,
combined with the matter of individual needs and preferences,
requires development of customized tools and precludes the pos-
sibility of automating and supporting such tasks in a generalized
manner. Yet, the majority of biomedical researchers do not have
the resources to support an in-house person dedicated to devel-
oping customized bioinformatics tools, nor do they have the
monetary power that health care organizations have in the elec-
tronic health record industry to demand customizable applica-
tions from commercial vendors. This dilemma is, to a certain
extent, offset by the wide array of available bioinformatics appli-
cations and tools. This, however, leads to an almost equally di-
verse range of such tools and applications in use amongst
researchers. The multiple data formats that result from the use
of different applications by collaborators present a significant
barrier to data access and sharing, as well as the development of
common tools aimed at manipulating the collaborative data.

Impact of the Lack of Awareness of Existing Bioinformatics
Tools

This study illustrated that while existing bioinformatics tools/ap-
plications are available to better support the bioinformatics tasks
that are currently performed, they may be effectively inaccessi-
ble because of the user’s lack of awareness of their existence.
This issue underscores the great challenge faced by the bioinfor-
matics community to not only develop tools, but also to effec-
tively deliver and disseminate them.

Limitations

This study has several limitations. The data were collected in a
single academic institution from a small sample of research lab-
oratories as well as from observation of a small number of bio-
informatics tasks. As such, the findings may not be
generalizable beyond the participating laboratories and may not
apply to an industry setting. In addition, the results were based
on observation and analysis of one instance of each task, and that
instance may not have been a representative one. Further, even
though an attempt was made to minimize interference with task
performance, it is still possible that the verbal protocol had an in-
trusive effect on and therefore altered the usual procedural steps
taken to complete the observed task. Finally, selection bias
might also be a concern in that those laboratories that agreed to
participate in the study were more likely to face challenges and
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have unmet needs. However, it was explicitly communicated to
the PIs that any potentially useful features or tools identified
from this study would not be implemented as part of the study.

Possible Future Directions

Given the small sample of research laboratories as well as tasks
examined in this study, a larger study aimed at analyzing a
broader range of tasks in other laboratories, both at this institu-
tion and at others, would improve the generalizability of findings
and may uncover other important issues faced by researchers in
genomics and proteomics. With a large enough sample of tasks,
a more refined and robust classification system could also be de-
veloped and validated using a formal methodology such as that
used by Ely et al. [14]. Another natural extension of this study
would be the implementation of some of the proposed features
and tools and validation of their value with objective measures.
Some of the challenges identified in this study also present nu-
merous opportunities for future research. Assuming that the
tasks observed in this study are also performed elsewhere, devel-
opment of generalizable tools and systems to support these re-
searchers would be ideal. However, this would only be feasible
if there were at most a few generally accepted approaches to
completing a particular task. Hence, a potentially useful study
would be one that attempts to develop and evaluate such “best
practice” protocols. However, given that the need for customi-
zation will always be present, there is also the opportunity to de-
velop, implement and evaluate different models of support
services to meet individual needs and preferences.

Conclusion

Task analysis was effective at providing a low-level description
of some of the bioinformatics tasks performed by researchers in
the fields of genomics and proteomics and at identifying poten-
tially desirable system features and useful bioinformatics tools.
Moreover, it provided a better understanding of some of the un-
met needs and challenges faced by these researchers and the bio-
informatics community, with many of those challenges being
related to lack of standardization of procedures and protocols.
More research is needed to validate and generalize these prelim-
inary findings.
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