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Summary

Objective: Summarize the current state bioinformatics research from
the published literature in 2008.
Methods: The entire corpus of publications indexed by the National
Library of Medicine in the PubMed repository was reviewed for articles
tagged as belonging to the discipline of bioinformatics by Medical
Subject Heading or by term in the title or abstract of the article. Selected summary statistics of this corpus were then used to motivate
additional exploration.
Results: Over ten thousand articles published in 2008 populated the
bioinformatics corpus. Significantly, there were at least as many
publications in genomics and genetics that used computational
techniques but that were not identified as bioinformatics research.
Genomics and proteomics continued to be the leading application
domains of bioinformatics research but despite the proliferation of
human studies, the genes most studied in the corpus were from yeast
rather than the human organism. The growth in the genomic studies
of human disease was accompanied by a growing critical literature
regarding the methods, results and impact of these studies. Concurrently, the availability of full genome sequences at commodity prices
has increased the computational challenges of human studies by
several orders of magnitude. Further concerns were raised about the
consequences of public disclosure of comprehensive or even aggregate genomic data.
Conclusion: The impressive size of the bioinformatics bibliome is
easily dwarfed by the challenges generated by the continued increased growth of high-throughput biological data sets. The demand for bioinformatics expertise and tools is therefore likely to continue to increase, at least in the near term.
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Evidence based medicine is shifting
from being primarily based on the synthesis of expert opinions of medical
practitioners and increasingly towards
the meta-analysis of primary data. In
that spirit of evidence based analysis,
this review takes its cue from the raw
numbers of the bibliome, the collective output of peer review by medical
literature, for the year 2008. In that
perspective, bioinformatics is an extremely vibrant and active discipline.
Although the numbers will change as
late arriving publications are compiled
into the master lists of the National
Library of Medicine, the current totals
for publications of 2008 that included
a mention of bioinformatics in their
abstract or title or medical subject heading sum to 10,169. This prodigious
output included publications in 1,478
journals by 39,003 authors. The journals that hosted the most of the publications were Bioinformatics with 751
articles on bioinformatics and Nucleic
Acid Research with 353 articles on
bioinformatics. The top most topics cooccurring with bioinformatics in these
ten thousand publications were computational biology, genomics and
proteomics. Algorithms, proteins, and
software were the next 3 common occurring subjects.
Not surprisingly then, it appears that
genomics and proteomics are the chief
application domains of bioinformatics
and that these application domains take
precedence, as measured by publication
volume, over algorithms and software.
Much like the Sherlock Holmes story
“Silver Blaze” by Sir Arthur Conan
Doyle, in which the fact that a dog did
not bark provided the detective with his

insights to solve a case, it is most revealing that there are thousands of publications in genomics, proteomics and
metabolomics, for example that employ
a variety of computational techniques
but do not mention bioinformatics in
either of their title or abstract. Nor are
they codified by the expert bibliome
taxonomists at the National Library of
Medicine with the Medical Subject
Heading (MeSH) of “bioinformatics”.
Specifically there are 6,786 publications on genomics that do not fall
within the 2008 corpus of publications
in bioinformatics and likewise there are
5,370 articles on proteomics that are
similarly not classified as belonging to
that 10,169. From an optimistic vantage point, this is the reflection of the
outstanding success of bioinformatics.
The techniques of computer science and
biostatistics as applied to the fields of
biological research may be so deeply
ingrained into the culture of these domains of investigation that the use of
such techniques are not seen as relevant
tags for by the MeSH coders of the National Library of Medicine nor by the
authors writing the abstracts and providing key words associated with their
publication. It should nonetheless lend
us pause as to whether we are sufficiently supporting the discipline of
bioinformatics because it has now become so routine in a broad array of biological investigations that it frequently
goes unacknowledged as a component
of those efforts. If we were not still
grossly lacking in bioinformatics enabled investigators [1] this would be a
relatively minor point but if we are
making the case to the private and public funders of the value of the
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bioinformatics community, this lack of
acknowledgement may slow down the
institutionalization of the discipline
(e.g. the creation of department of bioinformatics, training programs in bioinformatics, graduate programs in
bioinformatics). Indeed, it is this perspective that may have motivated Lincoln
Stein to write an opinion piece [2] in
follow-up to his famous pronouncement
in 2003 that “predicted that bioinformatics as a discipline separate from mainstream biology would be gone in ten
years...” He reviews his original pronouncement, often reported as “bioinformatics is dead,” and argues that he
was only half right. For example, he notes,
in 1998 there were only 10 bioinformatics
degree granting programs listed for the
entire USA whereas 10 years later, there
are “at least 74 such programs in the
United States and Canada, and 150 worldwide.” He does report that, as expected,
part of the methodological armamentarium of bioinformatics has been
adopted by biologists comfortable with
both bench and computing and as such
that they do not even report or perceive
their investigations as being part of the
bioinformatics discipline. This may indeed be why, as documented above, so
many publications in genomics and
proteomics, which do use bioinformatics techniques, are not included in
the 2008 bioinformatics bibliome corpus. Nonetheless, a query of
GoogleTrends (http://www.google.com/
trends?q=genomics%2C+bioinformatics)
suggests that even as interest in bioinformatics (as measured however
crudely by searches for the term) appears to be waning relative to overall
search, so is the interest in related application domains such as genomics.
It remains to be seen if this trend represents a merging of what used to be
regarded as separate disciplines into a
single blended, multidisciplinary
toolkit for state-of-the-art, well-trained
biologists. The same chart also reveals
the continued globalization of
bioinformatics. The language most used
to search for bioinformatics topics was
Korean (English came in second) and
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the country from which most of the
queries came from was India (followed by South Korea).
Within the ten thousand publications,
who are the most prolific authors? They
are Matthias Mann, Helmut Mayer, and
Ruedi Aebersold. Beyond the human
interest story in their remarkable productivity, it is also quite revealing that
they all largely publish in the area of
proteomics. Whether it is an intrinsic
property of these authors, biases with
which different disciplines identify
with bioinformatics or a characteristic
of proteomic research remains to be
determined. Although 2008 is still too
recent to determine which papers have
had the most impact, we can determine
in this short interval, which have already had the most citations. The top
10 most cited publications [3-12] out
of the ten thousand have already been
cited 1,899 times as of March 1 st, 2009.
Two of these describe important and
popular bioinformatics knowledge
sources [4, 6], two describe particular
analytics or methods [5, 8], and three
address the applications of molecular
and bioinformatics techniques to human
disease [3, 11, 12].
As bioinformatics is often associated
with the study of genetics, it is revealing that out of the top 120 genes that
are studied in these ten thousand
bioinformatics publications only 4 of
120 are human genes with the remainder of the 120 consisting of yeast genes.
The top two human genes are BRBB2
and TP53, both implicated in a variety
of transcriptional control processes but
often studied in the context of malignancy. That is, from the very narrow
perspective of publications in which
there was an explicit identification of
bioinformatics as an important component and in which individual genes were
studied, genetics looks like mostly like
yeast genetics. There are certainly thousands of publications that have studied
human disease using genomics or
proteomic tools, but the essential requirement for bioinformatics techniques
for each of those studies apparently does
not rise to the level in which it is ex-

plicitly called out in MeSH, title or
abstract. What about methodological
rather than domain focus? The topmost
specific bioinformatics technique listed
is “Sequence Alignment” (568 publications) suggesting the continued primacy of genetic sequence in bioinformatics research, certainly reinforced by
the massively increasing deluge of sequence data that so-called “next generation sequencing” is generating.
Now that we have gleaned some of what
the bibliome tells us about bioinformatics, what can bioinformatics tell us
about the bibliome? The number of investigators using natural language processing (NLP) techniques to plumb the
literature to cull knowledge about genes,
proteins, and their relationship to disease remains small but is growing (55
publications in 2008). Most obviously
reflecting these efforts is the
BioCreative workshop whose attendees
have demonstrated substantially improved performance over prior years
[13]. It remains to be seen just how
accurate these NLP-driven efforts can
be relative to trained human curators
[14]. Nonetheless, as the corpus of
available biomedical publications increases, accelerated by the NIH-mandated deposit of publications of NIHfunded research and the European mandate for EU-funded research into open
access repositories [15, 16] (even as the
publishers argue that such mandates are
contrary to the best interests of biomedical science [17]) it is likely that these
efforts will result in increasingly accurate annotations.
It is not surprising that in the era of
Internet-borne social networking, and
community-edited encyclopedias, there
has arisen an active debate in the
bioinformatics community about decentralization of information resources
[18]. Of the much larger number of
sites that cropped up in 2008, those that
were published in the peer-reviewed
literature included GENESTAT and the
RNA Wiki Project [19, 20]. Just what
funding models will be developed to
make these sites sustainable in the long
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term, if funding is required, will be of
significance when these are compared
to more centralized resources.
The information science around privacy, disclosure and genomics continued to make waves in 2008. Another
hole in our sorely misplaced comfort
in privacy was found by Homer et al.
[21] who shed new light on the disclosure risks of the public posting of even
aggregated genetic data. They did so
by showing that reporting even of mixtures at enough loci allowed one to identify which arm of a study (e.g. case vs.
control) a specific individual had participated it. Shortly after the publication of this “PLoS bomb,” multiple sites
around the world withdrew their data
from the publicly accessible Internet.
Cassa et al. [22], added to our sense of
collective responsibility by quantifying
just how much information regarding
your siblings could be gleaned by the
disclosure of your genomic data.
The disclosure directly to patients of
the potential clinical implications of
their genome-wide ascertained genetic
variants became much more prevalent
in the commercial realm with the increased activity of companies such as
Navigenics, 23andme, and DecodeMe.
This led to a very vigorous debate in
the genomics and bioinformatics, medical and ethics communities regarding
the appropriate conduct of such disclosures [23]. It became even more vivid
with the announcement of the Personal
Genome Project’s public disclosure of
a percentage of the coding genome (the
“exome”) as they ramp up to full exome
sequencing. Even while first full genome by massively parallel next generation sequencing was published in
2008 [24], Complete Genomics delivered the first full commercially available genome sequence (on a terabyte
disk drive delivered in the mail) and is
poised to deliver 20,000 more at a cost
of $5000 per genome within 18
months. The data analytic challenges of
such a pipeline can be glimpsed by the
specifications of their data center for
2010: 60,000 processors with 30
petabytes of storage. Pop et al. [25]

summarize the current perspective of
the particular methodological challenges that will result from analyzing
this tsunami of sequence data parceled
in very short reads. The maturation of
these technologies suggests that the
hybridization-based microarrays that
were so successfully used for expression profiling will now be used for comprehensive measurements of the
transcriptome as well as scans for common and rare genetic variants.
Bioinformaticians have been notoriously eff icient at promoting public
dissemination of experimental data sets,
re-interpreting these and then arguing
against the conclusions asserted by
original authors. In that spirit: On the
one hand, the tide of Genome Wide
Association Studies (GWAS) that either
replicated findings of prior studies (e.g.
in Crohn’s disease), implicated new
variants in disease or even of non-disease traits (e.g. eye and hair color) continued to rise [26-34]. On the other
hand, there were continued vigorous
debates regarding the validity of many
prior GWAS [35-37], and their clinical relevance (e.g. in pharmacogenomics [38]. With the aforementioned
commoditization of genome-wide sequencing we will potentially be able to
truly quantify the relative contribution
of common and rare variants [39], a
necessary step if we are truly to understand the dependence of phenotype and
genotype.
With regard to phenotype, there also
was increasing awareness that while our
methods in analyzing biological data
were steadily improving in throughput
and quality, there were relatively few
such comparable developments in accurately and rapidly characterizing the
medical history, current physiological
state, environmental exposures, and
family history of each subject. The consequences of such deficits have become
increasingly clear [40] and the medical
informatics community joined forces
with the bioinformatics community to
address this challenge by, for example,
using electronic health records, dissected using NLP techniques, to create

efficiently and accurately phenotyped
patient populations from the informational byproducts of the healthcare process [41, 42]. The extension of phenotyping to the agents who are most likely
to know the subjects’ phenotypic details, the subjects themselves, is a likely
consequence of the emergence of personally controlled health records as a
source of clinical data outside the traditional boundaries of the healthcare
establishment [43].
In summary, the bibliome of 2008
appears to disclose what those of us
engaged in bioinformatics research
have experienced viscerally. With so
many new forms of biomedical data
generated in ever larger, exponentially
growing, quantities the playground for
researchers in this discipline has grown
richer, more exciting and more challenging. Let’s see if we can play some
really enjoyable and productive games
there in the coming years.
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