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1. Background

The Gene Wiki Reviews are a series of review articles published in a
partnership between GENE and the Gene Wiki Initiative. Launched in
2013 (Su et al., 2013), the series initially aimed to improve the acces-
sibility of gene-centric information by incentivizing experts to share
their knowledge in Wikipedia as one of the world’s most widely-
consulted, openly-accessible encyclopedias. The participating authors
were invited to submit two gene-specific review articles. The first sub-
mission is a peer-reviewed “article of record” written for researchers and
published in Gene. The second a “living article” written for lay audiences
and published in Wikipedia that would continue to evolve. In this
manner, the series would contribute to closing the knowledge gap be-
tween the human genome project and publicly available reliable infor-
mation about human genes. Within three years of its launch, the Gene
Wiki Reviews explored a thematic focus on cardiovascular diseases,
developed ways to link the articles and Wikipedia entries published via
the series, and surveyed authors to understand the impact of the series
on its contributors (Tsueng et al., 2016). RNA Biology and PLOS
Computational Biology ran similar initiatives. The Gene Wiki Reviews
project was endorsed with limited funding from Elsevier (publisher of
Gene) until 2021 (‘8 year benchmark’) (Fig. 1), and the project will
evolve further as an academic volunteer effort with continued involve-
ment of the authors. After nearly a decade of progress, we provide a
retrospective overview of what the series has accomplished.

2. Impact of the series

Since the start of the series, there have been 96 review articles
published along with 125 corresponding gene-specific Wikipedia arti-
cles updated. Collectively, the Gene Wiki Reviews have been cited 6412
times, viewed over 165,414 times, and accumulated 95,685 downloads.
The series’ most cited review that is available from PubMed Central is
“Epithelial sodium channel (ENaC) family: Phylogeny, structure—function,
tissue distribution, and associated inherited diseases” (Hanukoglu and
Hanukoglu, 2016). The most viewed review available in PubMed Cen-
tral is “FBN1: The disease-causing gene for Marfan syndrome and other
genetic disorders” (Sakai et al., 2016). A virtual special issue listing is
available here: https://www.sciencedirect.com/journal/gene/specia
l-issue/10VRTD18BMK.

Collectively, the Wikipedia articles updated in the series have been
viewed more than 4.9 million times since the start of the series, with the
collective size of the articles growing from about 1 million characters to
nearly 4 million characters. Average monthly page views for Wikipedia
articles updated via the series have changed from 370 in the six months
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prior to an update, to 698 in the six months after an update. Wikipedia
articles in this series grew by a median of about 20,000 characters. The
greatest increase in article length was 118,000 characters. A list of
Wikipedia articles that were improved by the series can be found at
https://en.wikipedia.org/wiki/Category:Wikipedia_articles_with_corres
ponding_academic_peer_reviewed_articles (Fig. 2).

3. Rare disease focus

The Gene Wiki Reviews were distinct and timely in reflecting the
shifting landscape of informational needs, specifically as rare disease
communities helped drive the political discourse on precision medicine
in 2015 (Saltonstall, 2015; House of Representatives of the 114th
Congress, 2015; Handelsman, 2015). In the United States, a rare disease
afflicts less than 200,000 people. Roughly 10% or 30 million people in
the U.S. are estimated to be afflicted with one or more of the estimated
7000 rare diseases. Although the human genome project was declared
complete nearly a decade before the start of the Gene Wiki Review se-
ries, its impact on the rare disease community was only beginning as the
price of genomic sequencing dropped. The urgency for gene-specific
information to be made widely and publicly available increased as
genome sequencing began providing diagnoses for previously undiag-
nosed patients.

The early exploration of a thematic (Cardiac Disease) Gene Wiki
Review series laid the groundwork to focus on rare diseases as rare
disease groups raised public support for various precision medicine and
orphan drug initiatives in 2016. Since 2016, the Gene Wiki Reviews
have thus intentionally sought authors for rare disease genes for which
the corresponding Wikipedia articles were rare or non-existent. Repro-
ducibility concerns and orphan drug initiatives to find treatments for
rare diseases have steered conversations from open access for research
papers to open access for data. Data management mandates from fun-
ders and open data mandates from journals have made it clear that this
level of transparency will be needed for science moving forward. In
anticipation of this shift, and following the evolution of the Gene Wiki
Initiative from Wikipedia to Wikidata, the Gene Wiki Reviews have
included a Wikidata component since 2018.

The Gene Wiki Reviews were always open for submission for disease-
agnostic genes as long as they met a few basic criteria: 1. The corre-
sponding Wikipedia article for that gene was either a stub article,
woefully inadequate, or missing altogether; 2. There was sufficient
literature to be reviewed (at least 30-70 primary research articles about
the gene). This literature availability criterion proved challenging,
especially for rare diseases associated with relatively unknown genes.
Rare disease genes were prioritized based on the number of families
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Fig. 1. Timeline of major events in the Gene Wiki project.
- focus from improving Wikipedia to improving Wikidata. Wikidata is a
freely accessible, machine and human-readable, open knowledge base.
Multiple research groups have worked to import biomedical data into
16 - Wikidata, enabling it to serve as a biomedically relevant knowledge
8 graph (Waagmeester et al., 2020). The Gene Wiki Reviews began
£ exploring Wikidata improvements as part of the series in 2018. Out of 96
; 121 Gene Wiki Reviews published, 15 reviews included data submissions for
E improving Wikidata resulting in the addition of 49 new entities and 250
g . statements to Wikidata. Relative to the general statements imported to
g Wikidata from other databases, the curated content added via the Gene
e Wiki Reviews is smaller in number but much more specific. For example,
44 13,000 gene-disease associations were imported into Wikidata from
Uniprot via bots by the Su research group, but these associations do not
always specify how a gene relates to a disease, or the level of evidence
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Fig. 2. The growth of the wiki articles.

affected, and the availability of literature and experts on those genes
(University of Washington, 2021). Out of 96 Gene Wiki Reviews pub-
lished, 19 were rare disease genes resulting in the expansion of 19 rare
disease gene-specific articles in Wikipedia. Collectively, these Wikipedia
articles have been viewed more than 215,000 times since 2016.

4. Contributions to open data

As members of rare disease communities shared their struggles to
understand a diagnosis, they advocated and fostered much-needed
conversations about the ethics of accessibility in publicly funded
research and highlighted gaps in existing open access models. Open-
access discussions frequently centered around tax-payers as stake-
holders resulting in mandates and compliance (Butler, 2010; Jones et al.,
2013; Schekman et al., 2012), re-use (Neylon, 2012; Schekman et al.,
2012), features and limitations of publication models (Rankin and
Franklin, 2004; Schekman et al., 2012), and the academic publishing
industry (Oren, 2008; Schekman et al., 2012). The impact of open access
remained unclear as information on the interest and use of research
articles by the general public was limited (Davis and Walters, 2011,).
New research paradigms driven by rare disease patients, families, and
advocates cleared the doubt that the public would use openly accessible
research articles (Wheeler, 2014; Might and Wilsey, 2014; Snow, 2016).

When the open-access movement shifted from ensuring accessibility
of scholarly articles to encouraging data to be findable, accessible,
interoperable, and reusable (FAIR), so too did the Gene Wiki Initiative’s

that supports this statement. In contrast, statements curated by the series
include the type of genetic association, methods of analysis and further
specific information.

5. Conclusions

Ten years after we started the Gene Wiki project, we can conclude
that our pioneering effort has succeeded in its goal of involving scientists
to author and edit Wikipedia gene records backed up by scholarly arti-
cles on common and rare diseases. The Gene Wiki project has built a
legacy of ~100 articles and contributed to Wikidata. We anticipate that
the project will continue to grow new branches with greater scholarly
community involvement to advance high-quality, openly accessible in-
formation about genes, diseases, and biomedical sciences in general.
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