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The goal: to digitally unify 

today’s fragmented landscape 

of European NSCs into a single 

knowledge base under 

common curation, access 

policies and practices.

170+ National Facilities,

 23 Countries

1 European Collection



Current model
Slow

Fragmented
Expensive
Inefficient

Limited to physical access

Integrated RI model
Global access
Lower costs
Faster
New insights
Optimised
FAIR data



• DiSSCo links data: DIGITAL OBJECT architecture

• And not just any kind of data: actionable, FAIR data

Digitisation
Analysis

Computation

DIGITAL SPECIMEN Actionable Knowledge Unit

FAIRdata
Findable
Accessible
Interoperable
Reusable

PHYSICAL SPECIMEN



A research infrastructure in the making...

… with a masterplan

Proposal 
Phase

Preparatory 
Phase

Transition 
Phase

Construction 
Phase

Operation



Design considerations

1. Centrality of the digital specimen - as digital surrogate of the physical object
2. Accuracy and authenticity of the digital specimen - best available digital representation
3. FAIRness - by adopting Digital Object Architecture
4. Protection of data - following legal regulations and community norms
5. Preserving readability and retrievability - including image data
6. Traceability (provenance) of specimens - store as part of the DS based on the W3C PROV framework
7. Annotation history - interpretations are part of the scientific and historical record
8. Determinability (status and trends) of digitisation - minimum information level calculated
9. Securability - authority and permissions to retrieve and/or modify sensitive information  

9 Characteristics of DiSSCo data management essential to protect 
throughout the lifetime of the infrastructure



Digital Extended Specimen - concept

TDWG MIDS: Minimum Information about a Digital Specimen
ODS: Open Digital Specimen specification

(Picture from a draft publication on DES, A. Hardisty et al., 
modified from a picture by W. Addink, global consultation on DES)



>ENA|FJ788436|FJ788436.1 Holorchis castex
NADH dehydrogenase subunit 1 (ND1) gene,
partial cds; mitochondrial.
: Location:1..459
 
GGTTTATTGCAGAGGTTTGCGGACTTATTGANGTTGATTATTAAGTTTAAGATTGCTTTT
TTTCAGGCGCGTAGGTGGCTGTCTTGGGGAGGGGTGCTTTTGTTAGTTTTCTTGTCTTGT
AGGTATTGTCTTATTTTTGCTTTTTGTCAGAGGGGTCAGAGTAATCAGACTGTGCTGTTG
TGGCTTTTGGTTATTACTAGTTTAACTGGTTATAGATTGCTTAGTGTTGGGTGAGGATCA
TATAATAAGTATGCTTTGGTGAGTTGTGTTCGGTCTGCGTTTGGCTCTATAAGGTTTGAG
GCTGTTTTTATGTGTGTTGTTATTATGGTTGGGCTGCTGTGAGGGGGTTATTATTCTTTT
CCCGGGGTTGAGCATTCTTGAATGTTGCTGTTGGTTTCACCGCTGTTGTATGCTGTTTGG
CTTGTAGGTATACTTTGTGAGTGCAACCGAACTCCATTG http://www.catalogueoflife.org/col/

 details/species/id/828cbc4eecaa24
 02b09cd9223754171e

Bray, R.A., & Jean-Lou J. "Holorchis 
castex
 n. sp. … …" Zootaxa 1426.1 (2007): 51-56.
 doi: 10.11646/zootaxa.1426.1.3

Serialized as JSON
{"type":"DigitalSpecimen","attributes":{"content":{"id":"20.5000.1025/486a7e883f14f88bba37","creationdatetime":"","creator":
"","midslevel":2,"scientificName":"Holorchis castex Bray & Justine","country":"New Caledonia","locality":"Rocher a la voile",
"decimalLat/Long":[-22.3,166.42],"recordedBy":"J L. Justine","collectionDate":"2006-06-01“,
"catalogNumber":"2006.12.6.40-41","otherCatalogNumbers":"NHMUK:ecatalogue:7072219",
"institutionCode":"NHMUK","collectionCode":"ZOO, Parasitic worms",
"stableIdentifier":"https://data.nhm.ac.uk/object/e90b81bc-1642-47ca-b587-6aa8885cd6a0/1558569600000","physicalSpecime
nId":"013258549","Annotations":"Type status = paratype. Holotype =  MNHN JNC 1848 
–D1","gbifId":"https://www.gbif.org/occurrence/1826086349","catOfLifeReference":"http://www.catalogueoflife.org/col/details
/species/id/828cbc4eecaa2402b09cd9223754171e","literatureReference":"https://doi.org/10.5281/zenodo.175744","treatment
bank":"http://tb.plazi.org/GgServer/html/03BA87825543FFBFD895FD27FAE1DDAD ","enaBiosample":"None 
available","enaSequence":"https://www.ebi.ac.uk/ena/data/view/FJ788436","LiteratureReferenceRelated":"https://doi.org/10.
2478/s11686-009-0045-z"}},"elements":[]}

digitalSpecimen
20.5000.1025/486a7e883f14f88bba37

A linked Digital Specimen

http://www.catalogueoflife.org/col/details/species/id/828cbc4eecaa2402b09cd9223754171e
http://www.catalogueoflife.org/col/details/species/id/828cbc4eecaa2402b09cd9223754171e
http://www.catalogueoflife.org/col/details/species/id/828cbc4eecaa2402b09cd9223754171e


Digital Specimen - benefits

• Enables community curation through annotations
• Researchers can build on efforts by other researchers 

to validate and enhance the data, saving time in data 
wrangling and speeding up scientific discoveries

• FAIR metadata that provides provenance and 
attribution

• Enables linking with derived and related data, usage 
tracking, better citation

• Enables AI services that speed up digitization and 
extract new information from specimens.

All of these benefits can ONLY become possible if the DES and its components 
get globally unique, persistent, resolvable identifiers such as DOIs

Figure: Lacey, E.A., Hammond, T.T., Walsh, R.E. et 
al. Climate change, collections and the classroom: 
using big data to tackle big problems. Evo Edu 
Outreach 10, 2 (2017). 
https://doi.org/10.1186/s12052-017-0065-3



FAIR design concepts

● “Data deluge” → Digitization produces too 

much data for curation by humans

● Vision: A global Integrated Virtual Data 

Collection that can be autonomously 

navigated and appropriately processed by 

machines (“Machine Actionability”)

● Enable machines to autonomously detect 

patterns in data 



A new PID for the Digital Specimen

● The objects in the collections have an ID attached that is often only locally unique, non-resolvable and 
not always persistent

● Changing the physical object IDs would be very expensive and time consuming
● Institutions make individual decisions on curation including the assignment of identifiers

Solution:
● Create a new online digital object representing the physical object with a digital object identifier
● Maintain a 1:1 relationship with the physical identifier attached to the object - one DS per object
● Use a digital object object identifier that is resolvable, persistent and machine actionable



Similar approach: BSI.Identify

 
Service from British Standards Institution 
for Manufacturers for quick, 
unambiguous identification of any 
product at the unit level

UPIN = Universal Persistent Identification 
Number (10.21/XXXXXXXX)



Every object gets a PID that needs to be…

Persistent Identifier Infrastructure



• Free for researchers  no pay for resolving or 
using the PID.

• Metadata served as part of the PID record will 
always need to be public domain (Creative 
Commons 0), to support Open Data. Note that 
the data may have a different license.

• Only one PID per object Solved by central 
authority (DiSSCo) minting the PID but requires 
a locally unique physical identifier

Core values and principles for scientific data

Figure from Gallagher, Rachael  et al (2019). The Open Traits Network: Using Open Science 
principles to accelerate trait-based science across the Tree of Life. 10.32942/osf.io/kac45. 



Handle system advantages
• Mature, scalable system, for resolvable identifiers; DOIs and other Handles
• Decoupling between URL and identifier, allowing the URL to change over time
• Central resolver
• Provenance metadata + optional other metadata in the PID record

But also:
urlappend
The value of this parameter is appended to the end of the URL used for redirection, e.g. for versioning.
e.g.: 10.22/ABC-4D5-RX7 points to latest version of the digital specimen
         10.22/ABC-4D5-RX7?urlappend=/3 points to version 3 of the digital specimen

locatt=key:value
For multiple redirection (e.g. to different landing pages or serialisations); specifies a key:value pair to determine 
the choice of redirection from 10320/loc values.

For example:  10.xx/xxx?locatt=view:json



example PID record{
id: "20.5000.1025/763-X5F-LQP",
midsLevel: 1,
version: 1,
created: "2022-11-14T12:40:41.994203Z",
type: "BotanySpecimen",
physicalSpecimenId: "http://data.rbge.org.uk/herb/E00113637",
physicalSpecimenIdType: "cetaf",
specimenName: "Prunella",
organizationId: "https://ror.org/0349vqz63",
datasetId: "Royal Botanic Garden Edinburgh Herbarium",
physicalSpecimenCollection: "http://biocol.org/urn:lsid:biocol.org:col:15670",
sourceSystemId: "20.5000.1025/3XA-8PT-SAY",
data:
{

dwc:sex: "not recorded",
dwc:genus: "Prunella",
dwc:county: "Nujiang Lisu Aut. Pref.",
dwc:family: "Labiatae",
dwc:country: "CN",
dwc:locality: "Gongshan Suburbs, Salween River Banks",
dwc:eventDate: "1997-09-08",

https://hdl.handle.net/20.5000.1025/763-X5F-LQP?noredirect

http://data.rbge.org.uk/herb/E00113637
https://ror.org/0349vqz63
http://biocol.org/urn:lsid:biocol.org:col:15670


● ARCHIVED 
● OBSOLETE
● FAILED
● MERGED
● SPLIT

● RESERVED
● DRAFT
● ACTIVE

PID State
Lifecycle State

Handling of the PID lifecycle 
(related to the object lifecycle)



◼ Substantial achievements, operational experience and reputation of DOI/IDF 
◼ Good uptake and familiarity of DOIs in the NSC community: journal articles, 

supplementary materials and datasets publishing
◼ Already being used by GBIF
◼ Compatible with EOSC PID Policy and FAIR
◼ Financially viable 
◼ Acceptable globally

Hardisty AR, Addink W, Glöckler F, Güntsch A, Islam S, Weiland C (2021) A choice of persistent identifier schemes for the 
Distributed System of Scientific Collections (DiSSCo). Research Ideas and Outcomes 7: e67379. 
https://doi.org/10.3897/rio.7.e67379

powered by DOI®

https://doi.org/10.3897/rio.7.e67379


20+ OPTIONS TO CHOOSE FROM  (against 10 dimensions, outcomes and 
impact, pros and cons)

Scheme:

 
DiSSCo 
modes:

 DOI
(10.)

IGSN ePIC
(21.)

CNRI
5-digit 
prefix 

New top- 
level 
prefix

Second 
level 
prefix

Three 
segment 
prefix

National-l
evel 
services

 A B C D E F G H

Ally with 
MPA

1 Possible Not
possible

Possible Deprecated Possible Possible Not 
possible

Not 
possible

Act as MPA 2 Not 
possible

Not
possible

Not possible Not possible Possible Not 
possible

Not 
possible

Not 
possible

Use existing 
RA

3 Possible Possible Possible Possible Not 
possible

Possible Possible Not 
desirable

Ally with 
RA
 

4 Possible Possible Possible Possible Not 
possible

Possible Possible Not 
desirable

Become an 
RA

5 Possible Not 
possible 
(AA 
only)

Possible Deprecated Possible Possible Possible Not 
desirable



DOI advantages 
DOIs are in use for over 20 years, it is a mature system with no signs of aging 
– a good candidate for PIDs for objects that have a lifespan of more than 100 years

Mature infrastructure: 
• > 66,500,000,000 resolutions
• DOI proxy service spread between 4 regions, autoscaled
• All requests are logged and there is a public uptime status page.

Mature organization (organised to guarantee persistence):
• Founded in 1997 and self-sustainable
• ISO 26324 Registration Authority
• 12 established Registration Authorities

Mature adoption:
• DOIs: > 238,000,000
• Widespread usage in science
• Over 5000 assigners



Thank you!

https://www.dissco.eu


