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DSI and the Nagoya Protocol
• What we now call Digital Sequence Information was raised repeatedly during the 

negotiations (in 2004 EU supported an independent research submission on this in 
UNEP/CBD/WG-ABS/3/INF/4). But, the discussion did not go anywhere. It has now 
come back.  

• During the course of the negotiations the whole genomes of a growing number of 
organisms were sequenced. The technology for sequencing at scale has radically 
improved through Next Generation Sequencing (NGS).  The cost of sequencing has 
dropped rapidly & handheld sequencers are now available.  

• There are now over 2 trillion DNA bases in approx. 652 million sequences in GenBank. 
In 2003 when I started writing about this there were only 30 million sequences.  

• This presentation will walk through some of the basics of DSI before turning to trends, 
costs, and geographic distribution. It will conclude with discussion of key issues arising 
and potential options. 

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=1331514


Key Questions
•What are the terms and conditions under which 
international electronic transfers are made?;  

•Should electronic transfers be regulated?;  
•What are the potential costs and benefits of the 
regulation of electronic transfers?;  

•What forms of regulation of electronic transfers might 
be appropriate? (UNEP/CBD/WG-ABS/3/INF/4 at 15)



Key Issues
• Clarifying Trends 

• Clarifying the who, what, where (and where from) 

• Actual and Potential Uses 

• Questions of Value 

• Terms and Conditions of DNA Databases 

• Options for Parties and Potential Consequences 

• What else needs to be established?



The basics
• The genome of an organism is 

contained in chromosomes situated 
in the cell nucleus.  

• DNA within chromosomes are 
ordered into genes that lead to the 
expression of proteins that interact to 
perform cellular functions (which gets 
very complicated) 

• All organisms (with the exception of 
some RNA viruses) are DNA based 
and may share genes that are highly  
conserved over evolutionary time. We 
can go into that later. 



DNA & RNA
• Deoxyribonucleic acid (DNA) & Ribonucleic 

acid (RNA) molecules are the chemical 
foundations of cells and organisms. 

• DNA molecules consist of four bases (A, C, 
T & G) that bind to each other in an 
ordered way (A & T, C & G) described as 
base pairs. RNA = Uracil instead of 
Thymine.  

• There are different types of DNA and RNA 
molecules that are described in terms of 
sources such as mitochondrial DNA 
(mDNA) or functions (e.g. messenger or 
transfer = mRNA, tRNA) 



Amino Acids
• The ordering of DNA codons (arrangements 

of four bases) are associated with the 
expression of amino acids that form the basis 
for building proteins 

• There are 20 main amino acids that are 
expressed through codons.  

• So the TTTC  codon forms Leucine or Leu. 
While TTCG forms Serine or Ser. 

• DNA is transcribed into amino acids and 
structured into proteins through bonding with 
RNA as the messenger that triggers gene 
expression in the cell. 

• The important point here is that this is all 
expressible digitally as information. 



Sequence from 
the Rice Genome
• atggggcgag ggaaagtaga 

gctgaaagcg gatcgagaac 
aagataagcc ggcaggtgac 
60

• Met Gly Arg Gly Lys 
Val Glu Leu Lys Arg Ile 
Glu Asn Lys Ile Ser Arg 
Glu Val Thr 20



Sequencing
From Sanger Sequencing to Next Generation 
Sequencing (NGS)



Sanger Sequencing (1977). extract into plasmids, culture colonies, extract & clean, sequence (gel), map 



NGS
• Sanger Sequencing is accurate but 

slow. Next Generation Sequencing: 

• Allows for the construction of 
libraries; 

• No in vivo cloning and colony 
picking. Done in vitro; 

• Can be organised in arrays and 
highly parallel so can sequence 
faster and on a larger scale; 

• Approaches include: 
pyrosequencing, sequencing by 
synthesis, ligation and 
phospholinked real time sequencing; 

• Key companies include Roche, 
Illumina, Oxform Nanopore, Qiagen, 
Life Technologies, Complete 
Genomics, Helicos Biosciences, 
Pacific Biosciences.

Sanger Sequencing Next Generation Sequencing

Park & Kim (2016) Trends in Next Generation Sequencing and a New Era for Whole Genome Sequencing. 10.5213/inj.1632742.371

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5169091/


Trends
Deposits, Costs, Organisms and Actors



INSDC is made up of EMBL-EBI (EU), GenBank (US) & DDBJ (Japan) 





Source: GenBank and WGS Statistics. Note, the version of the data above uses a uniform scale.

https://www.ncbi.nlm.nih.gov/genbank/statistics/


Mb = Megabase or 1,000,000 base pairs. Source: National Human Genome Research Institute. DNA Sequencing Costs: Data. Raw data: Sequencing Cost Table. 

https://www.genome.gov/sequencingcostsdata/
http://www.apple.com


Whole Genome 
Sequencing Projects

• A growing trend towards whole 
genome sequencing as sequencing 
costs fall;  

• The Genomes Online Database 
(GOLD) is the main source of data 
on global projects; 

• Data on projects is submitted 
voluntarily and may be incomplete. 
Data fields on funding are 
incomplete and others require 
further clean up… with those 
caveats…





Genome Sequencing Organisations (raw, not validated, +3,000)



Organisations with Whole Genome Projects in the EU



Projects are 
concentrated in a 
limited number of 

species such as those 
associated with disease 

or models



Origin data not readily accessible at present for further analysis 



Scientific Publications 
in Genomics
Scientific outputs from DSI research can be illuminated using publication 
data for subjects such as genomics. This can also assist with identifying 
key areas of research and key actors.



The Omics
• Functional Genomics (transcription, translation, protein - protein interactions) 

• Structural Genomics (description of all proteins encoded by a genome) 

• Epigenomics (factors influencing phenotypes) 

• Metagenomics (sequencing environmental samples for taxonomy etc.)  

• Synthetic Genomics (synthetic biology, engineering new genetic components and organisms 
from scratch) 

• Conservation genomics (informing conservation decision making) 

• Proteomics (understanding the protein complement of a cell or organism) 

• Molecular Taxonomy, Cladistics and DNA barcoding 

• … yet more omics







“…it is conceivable that technological 
innovation may one-day permit the in 
situ extraction of genetic material 
and transfer of data to electronic 
form without the necessity of the 
collection, taxonomic identification 
and storage of field samples.”

- Oldham 2004: UNEP/CBD/WG-ABS/3/INF/4 at 17



Nature 2015

http://www.nature.com/news/pint-sized-dna-sequencer-impresses-first-users-1.17483


Portable Sample Preparation US$2300



Real Time Portable DNA sequencing. US $100 basic pack, US$4999



Sequencing links to cloud based analytics (note may be outside jurisdiction of provider)



Intellectual 
Property Issues

• Issues around the implications of patent 
rights have been widely debated (and 
patent regulations have increasingly 
been restricted). However, it is important 
to bear in mind that in addition to 
patents DSI as data involves  

• Copyright (in sequences) 

• Database Rights (in applicable 
jurisdictions) 

• Prepublication and data access 
agreements appear to have played an 
important role in large sequencing 
projects (e.g. human and wheat 
genome)

Source: WIPO PCT Filings 1997-2013



Implications for ABS
• Developing countries are likely to incorporate articles into national legislation 

and ABS contracts on sequence data. This is logical but the question is the 
impact relative to the gain.  

• The International Nucleotide Sequence Database Collaboration effectively 
asserts that DNA, RNA and amino acid sequence data belongs in the public 
domain (unrestricted use). That could be a good thing…but…  

• Provider countries are likely to question the legitimacy of this assertion and 
may turn to countries that are not part of the INSDC that will meet 
requirements such as renewed PIC & MAT for the use of sequence data.  

• If providers do introduce regulations on DSI (which looks fairly inevitable at 
present) the question would be how to operationalise that?



ENA has a range of 
submission forms 

with requirements. 
This is for DNA 

barcodes



Mandatory 
disclosure of Country 

and additional 
voluntary options 

available 



Previous work 
explored the use of 
creative commons 

style licensing 
models for ABS

https://www.cbd.int/kb/record/meetingDocument/62145?RecordType=meetingDocument

https://www.cbd.int/kb/record/meetingDocument/62145?RecordType=meetingDocument










The regulatory challenge
• We intend to test this kind of approach in a project with partners in Kenya… 

with the aim of finding a way forward.  

• The use of Creative Commons style licences for Sequence Data would run 
straight into the no restriction requirements of the INSDC. My understanding 
is that this policy originated from the efforts by companies to use restrictive 
licensing on genome sequence data. Science would have been the loser.  

• However. providers will be confronted with the challenge of how to protect 
their interest and at the same time promote scientific research and 
cooperations and innovation for genetic resources. A pure public domain 
argument is unlikely to gain traction…



Conclusions
• If provider countries go down the route of introducing requirements on digital 

sequence data into their legislation and MAT, this is likely to have significant 
consequences for scientific research (notably taxonomy) and over the longer term 
for innovation.  

• At the same time pursuing a pure public domain argument is unlikely (in my view) 
to succeed because it will not address provider concerns. 

• A middle ground may be possible but it would need to be simple (in terms of 
options) in order to address scale measured in terms of billions and trillions of 
bases from organisms distributed around the world. Models for this already exist 
but would need to be adjusted for ABS needs. 

• The alternative may possibly be fragmentation of DSI into multiple silos depending 
on the willingness of database providers to accept provider country conditions. 



The global public goods dimension
• Genomes and genomic databases have been treated as a global public 

good. In the context of the Nagoya Protocol it is important to emphasise the 
opportunities that may exist for international cooperation in taxonomy, 
conservation genomics, to address human health issues (e.g. neglected 
diseases) or identify strategies for adaptation to climate change that are 
enabled by genomics and DSI.  

• The investments and international collaboration that exists in genome 
sequencing and genomic research are valuable in themselves in terms of 
knowledge and technology transfer and capacity-building. Above all 
perhaps they have value in advancing knowledge and understanding of 
biodiversity and genetic resources. More could be made to highlight this at 
the expense of the perils of the pursuit of hyperownership in the context of 
the promises of biotechnology. 



https://github.com/poldham

Access the presentation and other materials at dsi

https://github.com/poldham

