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Our terms of reference

1. study on ongoing developments in the field of traceability of digital 
information, including how traceability is addressed by databases, and how 
these could inform discussions on digital sequence information on genetic 
resources (decision 14/20, para. 11 (c))

2. study on public and, to the extent possible, private databases of digital 
sequence information on genetic resources, including the terms and 
conditions on which access is granted or controlled, the biological scope 
and the size of the databases, numbers of accessions and their origin, 
governing policies, and the providers and users of the digital sequence 
information on genetic resources and encourages the owners of private 
databases to provide the necessary information (decision 14/20, para. (d))

https://www.cbd.int/doc/decisions/cop-14/cop-14-dec-20-en.pdf
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We had to report quantifiable information on DSI, 
so we used NSD as a proxy

DSI AHTEG 2018:

• The nucleic acid sequence reads and the associated data 

• Information on the sequence assembly, its annotation and genetic mapping. This 
information may describe whole genomes, individual genes or fragments thereof, 
barcodes, organelle genomes or single nucleotide polymorphisms

• Information on gene expression

• Data on macromolecules and cellular metabolites

• Information on ecological relationships, and abiotic factors of the environment

• Function, such as behavioural data

• Structure, including morphological data and phenotype

• Information related to taxonomy

• Modalities of use

Nucleotide Sequence Data = NSD
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Where to start our
database analysis?
The 1-stop annual
database issue on 
biological databases
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How many public NSD databases are there?
How many rely on the INSDC?

Only 1 of these 38 databases has 
an “access policy”

95% directly link to or download 
NSD from the INSDC

99.9% of public NSD databases rely 
on the INSDC
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The INSDC is the core infrastructure but there are 
dozens of databases & tools in these organizations

~$50 USD mil./year

-Dataset synced 
every 24 hours
-Free to all users
-No registration
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INSDC access and use policy (published 2002)

1. …uniform policy of free and unrestricted access to all of the data records their databases 
contain.

2. The INSD will not attach statements to records that restrict access to the data, limit the use 
of the information in these records, or prohibit certain types of publications based on these 
records. Specifically, no use restrictions or licensing requirements will be included in any 
sequence data records...

3. All database records submitted to the INSD will remain permanently accessible as part of 
the scientific record...

4. ..information displayed on the Web sites maintained by the INSD is fully disclosed to the 
public…

Science 298 (5597): 1333 15 Nov 2002http://www.insdc.org/policy.html

This access policy is „inherited“ by the downstream databases.
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Why do scientists put NSD in a public database for 
everyone to see and use?

1. Publishing: Journals will not publish your paper unless the 

data is in the INSDC.

2. Funding: Grant agencies very often require it.

3. Ethics: Scientific reproducibility, integrity, data security

4. Comparison: ACGTACGT means nothing without context!
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NSD comes from all branches of the tree of life & 
organisms outside of CBD scope
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There are 10-15 million total users of INSDC.
They live in every country in the world.

Costs: $3-5 per user
50% of users live in 
countries that do not 
contribute to NSD 
infrastructure costs
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Where does the original GR for these NSD come from? 
Every country in the world.

• 16% of NSD has a 
country tag

• 52% of tagged-NSD 
comes from 4 
countries
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For each country: How many users are there per 
sequence entry  in the INSDC?
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Where do ftp requests (downloads of entire INSDC 
dataset) come from?
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Private databases: 100% of interviewees download
INSDC via ftp, generate NSD, submit NSD to INSDC
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Patent NSD

1. 20% of NSD in INSDC comes from patent-associated 

NSD directly deposited by a patent office

2. NSD itself is not patented

3. No geographical information associated with this NSD

4. Patent NSD often receives a new AN
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The NSD databases are connected and data
flows in a predictable way.

What can be learned from other
traceability technologies?



Leibniz-Institut • DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

Where do scientists put their NSD?
How do they keep track of it?

https://today.uconn.edu/scho
ol-stories/papke-archaea/#



Leibniz-Institut • DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

Traceability lessons from other technologies?

• Music & video industry? passive use

– Bioinformatics analysis = highly interactive

– Types of analysis = unlimited

• Cloud genomics: closed system, defined analysis

– Perhaps useful for specialized fields, but requires prior

knowledge of what user wants to do with NSD
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Blockchain: what did we learn?

Requirements CBD challenges

Significant costs to build Funding? Users? 

Probably not compatible with INSDC Re-invent the wheel, lack of connectivity, unable to publish

Would NSD would stay in the blockchain? 
Useres perform their analyses here?

CBD users are very diverse with thousands of analyses tools. Very
difficult to know what do users want to do with data.

Size limits of the blockchain Novel NSD cannot be simplified→
Global dataset too big for Blockchain

Cost-benefit analysis Human NSD = known value
CBD NSD = unknown demand

Users need to be motivated to use blockchain
system

Bitcoin has no value outside of blockchain
NSD is still NSD outside of blockchain. Value is not lost.



Leibniz-Institut • DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

Technical observations

• 16% of entries reported country information

• 44% of entries did not report a country but should have

• 4% of NSD entries linked to GR

• Digital objects (like IRCCs) could theoretically be linked
to NSD but not PIC/MAT (unpublished docs)

• Information in patent application is not  fully transfered
to INSDC (e.g., country information)
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Key lessons learned

• Majority of NSD in INSDC is out of CBD scope

• INSDC is the core infrastructure for sequence data (99.9%)

• Database ecosystem is complex and growth of NSD is
exponential… BIG data

• Traceability in databases is possible and already being
done. After download from databases, traceability is a LOT 
harder.

• If NSD from INSDC is used in a patent application this is
not traceable

• Blockchain cannot handle size of the INSDC dataset



Leibniz-Institut • DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

Acknowledgments

Fabian Rohden
Germany / Canada

Sixing Huang
China / Germany

Gabriele Dröge
Germany

Katharine Barker, USA
Walter G. Berendsohn, Germany
Jonathan A. Coddington, USA
Manuela da Silva, Brazil
Jörg Overmann, Germany
Ole Seberg, Denmark
Michelle van der Bank, South Africa
Xun Xu, China



Leibniz Institute • DSMZ – German Collection of Microorganisms and Cell Cultures



Leibniz-Institut • DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

Databases not in the NAR issue: GISAID example

• Users must register, identify themselves and affiliation

• No data sharing with non-GISAID users

• Use/re-use requires consent and usually collaboration

• No traceability outside of database

• Thousands of users (not millions)

• Enforcement of policy is unclear

• Data silo (data analysis and comparisons limited, no data flow to 
other databases)
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https://www.covid19dataportal.org/

Why do scientists worry about “data silos“? Because you never
know when you need to connect new types of data….

https://www.covid19dataportal.org/


Leibniz-Institut • DSMZ-Deutsche Sammlung von Mikroorganismen und Zellkulturen GmbH

What kinds of data can be associated with NSD?
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The amount of country-tagged-NSD has increased
over time
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Tell me more: 16% of NSD has country information?

Number of samples Incorrect country tag Correct country tag No information

150 0 86 | 57% 64 | 43%

Is the reported country information accurate?

Number of samples Publication accessible Country could have been

reported?

Origin of these 123 entries

660 282 | 43% Yes: 124| 44%

No: 158 | 56%

48% other

46% environment

6% human microbial

If country information was missing, should it have been reported?

For these 124 non-country-tagged entries:
28% US, 12% China, 3% Canada, 2% Japan, 
3% India, 5% Brazil, 5% other

→ Looks like carelessness not deception
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DSI from every branch on the tree of life
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Entries vs. Information content

212,000,000 entries 321,000,000,000 bases


