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Evolution of research

DNA Structure 1953
1 Page

2 Authors
1 Figure
no data



Human Genome 2001
62 Pages, 150 Authors, 

49 Figure, 27 tables

Evolution of research



Evolution of research
1000 Genome Project 2010

12 page, 76 Institutions, 12,145 SRA run ids



Evolution of research
Encode Project 2012
30 papers, 3 Journals



Text, data, metadata…

Authors

Molecular entities:
- Compounds
- Genes
- Proteins
- Techniques

Data & Accession
codes

Figures

SectionsRelated content
& editorial
perspective

Social media

Comments

Updates
(corrections)

Article level
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blogs
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• 3D structure
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• Open microscopy
• environment



Faceted search

Vendors & Suppliers

New sources of
relevant information

The article of the future?
Links to databases

Articles about the 
same entity

Contextual advertising

Related data files

Articles need to move from being 2D into a 3D entity in the 
information space.

Patents



Data, databases, data files
Two important factors are driving to make research data more available and
reusable:
● To ensure the scientific process is transparent and can be scrutinised and 

research results reproduced
● To speed the scientific process, lead to new insights and reduce duplicated 

and repeated work

To achieve this research data needs to be 
– Available
– Findable
– Interpretable
– Re-usable
– Citable



Data, databases, data files

● Even in NPG titles the amount of data, over the last 60 years, has 
grown phenomenally. 

● As with all publishers, very little of the research we publish is linked 
to the data underpinning it



The data problem
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• CERN high energy physics data from the Atlas, 
LHCb, CMS and Alice. These data are stored using 
the CERN designed Castor infrastructure

• Castor is also used to store data from STFC's UK 
facilities (FaC).

• ADS is the old archive with lots of small backups.

• DMF includes the preserved documents from the 
CEDA Repository at the British Atmospheric Data 
Centre, and Tesella Safety Deposit Box (SDB) 
services to preserve data collected on the ISIS, 
Diamond and CLF facilities.

Graphical illustration of the growth of biomedical 
research publications (red; current total >19 million), 
alongside the accumulation of research data, including 
nucleic acid sequences (black; current total ~163 
million), computer-annotated protein sequences 
(magenta; current total 9 million), manually 
annotated protein sequences (green; current total 
500000) and protein structures (blue; current total 
60000)



The data problem

● Fourth paradigm: science has moved into a data-intensive era1

● Data deluge: the quantity of data produced continues to increase, 
with exponential growth estimated in the near future, raising 
concerns about long term preservation:
– 30,000 human genome sequences will have been completed by end 

20112

– the amount of data stored per research project will grow from the 
megabyte-gigabyte range to the terabyte-petabyte range by 20153

– there will be 35 zettabytes4 of digital data created per annum by 2020: 
44 times the amount of digital data produced in 20095

1 Jim Gray on eScience: A Transformed Scientific Method. Based on the transcript of a talk given by Jim Gray to the NRC-CSTB1 in
Mountain View, CA, on January 11, 2007

2 A map of human genome variation from population-scale sequencing, Nature 467, 28 October 2010
3 Researcher estimates, in PARSE.Insight survey: Insight into digital preservation of research output in Europe, 2010
4 1 zettabyte = 1 trillion gigabytes
5 According to the International Data Corporation’s Digital Universe Study (2010), in Ad -hoc Strategic Coordinating Committee on 

Information and Data, Interim Report to the ICSU Committee on Scientific Planning and Review, April 2011



The data problem

Source: Eefke Smit, Opportunities for Data Exchange, Data Enters Scholarly Communication, October 2011
http://www.stm-assoc.org/2011_12_5_ODE_Report_On_Integration_of_Data_and_Publications.pdf

● As we move down the pyramid 
the exclusive relationship 
between publication and data is 
diminished

● At the bottom layer most 
datasets remain unpublished, 
hence unfindable and not 
reusable

● The data published today,  
within or with publications, is 
only the tip of the data iceberg

The linking between publications and research data is well illustrated by the 
publication pyramid



The data problem

Journal /society publishers
1. Enhanced journal articles

offering links to datasets (Elsevier, 
Springer, NPG)

2. Data publications 
akin to journal publications but focused 
on describing datasets (Giga Science, 
Earth Systems, F1000)

A variety of players have responded to the changing data landscape with 
offerings positioned at different levels of the publication pyramid, with high 
interaction between players

Data archives
Community-
specific open 
repositories 
(Dryad, 
FigShare)
Institutional 
repositories

Other service 
providers
Assigning 
DOIs to 
datasets 
(DataCite)

Information 
providers
Enhancing 
discoverability and 
citability of datasets 
(Scopus, Web of 
Science)

Source: Eefke Smit, Opportunities for Data Exchange, Data Enters Scholarly Communication, October 2011
http://www.stm-assoc.org/2011_12_5_ODE_Report_On_Integration_of_Data_and_Publications.pdf



2. Supplementary information
“ It has become a limitless bag of stuff1 ”

Emilie Marcus Editor-in-chief of Cell Press journals.

● Supplementary information (SI) is growing and contains all kinds of stuff 
(multimedia, data sets, figures, tables, experimental details…….)

● Both contains information that is only tenuously linked to the article and information 
that is ‘integral’ to the article.

● Puts additional pressures on authors, reviewers and readers
● Locked in PDF’s data is not easy to find or extract
● Different publishers/communities are approaching in different ways

– Some no longer accept supplementary information (Journal of Neuroscience)
– Some are restricting the amount of SI (Cell and NPG Nature branded life 

science journals)
– Others are more critically looking at what should be in the article and what 

really is supplemental (NPG).

1The Scientist http://classic.the-scientist.com/news/display/58027/

SI



2. Supplementary information
● Authors encouraged to submit one 

seamless paper, incorporating all of the 
essential information

● The editors will decide (with the 
referees and authors) elements that 
should be included in the paper and 
elements that should reside in the SI 
file.

● This is an experiment whose aim is to 
– make authors/reviewers/editors think 

more about data and what is integral to 
the paper

– Ensure all information is peer reviewed.

● Nature is investigating an extended 
online version of the article (html and 
PDF) which will take data (figures) that 
would have been in the SI and elevate 
them to the article.  Up to 14  figures 
and tables will be able to be included in 
the extended data version.



Supplementary information



3. External data/information

……A condition of publication in a Nature journal is that authors are 
required to make materials, data and associated protocols promptly 
available to others without undue qualifications….. 

For the following types of data set, submission to a community-endorsed, 
public repository is mandatory. 

NPG materials and data policies

Nature journals strongly recommend deposition of other types of data sets 
into appropriate public repositories that are at an earlier stage of 
development. ………



External data/information



External data/information



External data/information



Accession codes/data citation and data 
publication

Nature Structural & Molecular Biology 19, 642–649 (2012)
doi:10.1038/nsmb.230



Accession codes/data citation and data 
publication



Accession codes/data citation and data 
publication

Mooney, H, Newton, MP. (2012). The Anatomy of a Data Citation: Discovery, Reuse, and Credit.
Journal of Librarianship and Scholarly Communication 1(1):eP1035. http://dx.doi.org/10.7710/2162-3309.1035



● There are no agreed standards for 
data citation between a) publishers b) 
scientific disciplines or c) repositories

● For data to be truly discoverable and 
interoperable there needs to be both 
human and machine readable 
references to data

● There are a fledgling number of data 
publications and publishers are 
showing increased interest in this 
area.

● With the pressures to make research 
data available is this a way to credit 
those who do?

Accession codes/data citation and data 
publication



Closing remarks

● Linking publication and underlying 
research data strengthen the 
scientific record and increases 
transparency.

● Funder policies are a key driver to 
make research data more available

● Journals can and do influence data 
deposition

● Not one size fits all…..
● Partnerships will be important 

(institutions, repositories, 
publishers, researchers, funders)

● However roles are not well 
established.

● Business models are to be 
determined.


