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plans will lead to persistence of data or their reuse. In the absence of these elements, 
principle investigators are left to make their own policies, use their own systems, and to 
finance the processes. As long as the response is piecemeal, there can be no assurances 
of interoperability, efficiency or persistence. At this time, research scientists need to be 
supported by data managers and data archivists. Institutional libraries and museums 
are well placed to shift their agendas to include data management and the preserva-
tion of digital artifacts and so may fill this gap, providing institutional, regional or 
discipline-based services. It is hoped that the ongoing NSF Data Net projects can 
contribute significantly to the infrastructure.

A new technical challenge is the lack of bandwidth to distribute data from mod-
ern data-intense technologies. The problem is illustrated by high throughput molecular 
biology with tera and petabyte scale data sets (Cochrane et al. 2009). Proposed solu-
tions include Bio-Mirror (http://www.bio-mirror.net/) which consists of several serv-
ers holding the same data, or the Tranche Project (https://trancheproject.org/), which 
shares repository functions across servers. The latter has a high administrative overhead. 
Peer-to-peer sharing systems such as BitTorrent (Langille and Eisen 2010) overcome 
potential bandwidth problems by sharing data sets without a central repository. Users of 
BioTorrents benefit from lower bandwidth use, faster transfer times and data publica-
tion. Although terabit per second line rates are on the horizon (Hillerkuss et al. 2011), 
bandwidth problems are likely to persist as part of the interplay between the evolution 
of new data-generating instruments and the limitations of the infrastructure to make 
data freely available to all. We may expect to see a growth of specialist centers that will 
offer analysis, visualization, and data transformation services on behalf of the users.

Figure 3. Technical infrastructure needed for Big New Biology to fully emerge (based on Sinha et al. 
2010).

http://www.bio-mirror.net
https://trancheproject.org
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Conclusion

There is growing pressure from scientists, funding agencies and governments to use 
new information technologies to effectively manage the increasingly vast amounts of 
data emerging from new technologies, to integrate these with smaller data sets, and to 
enhance the communal nature of science. If successful, biology will be enriched with 
data-intensive dimensions better suited to address large scale and trans-discipline prob-
lems. The transition requires many technical advances and cultural changes. Progress 
on the technical front to date clearly demonstrates that technical issues can be resolved. 
The process of sociological adaptation is less convincing. Some sub-disciplines (mo-
lecular domains) have embraced data-intensive dimensions, some (environmental ecol-
ogy) are in transition, and others (such as taxonomy) are just beginning. A much better 
understanding of the existing cultures is needed before we can promote solutions that 
will realign the traditions of each community with the common goal of shared data 
use. Training environments such as Universities need to create a new cadre of scientists 
trained in computer sciences and biology. Other pressing challenges to data integration 
relate to the development of comprehensive and agreed metadata and ontologies, and 
to the semanticization of data so that the discipline can take advantage of the Linked 
Open Data cloud. The long tail of small data sets presents a special challenge - that of 
bringing heterogeneous data sets together. At this time, the common denominators 
that are likely to be effective are georeferencing, citations, and names. All require fur-
ther investment. None of the elements of the transition will come quickly or cheaply, 
but these transformations are needed if we are to make the Life Sciences less parochial 
and more capable of responding to major research challenges.
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