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Natural History Collections in the Digital Age

• 250 years of science at Kew

• Scientific mission focused on plant and fungal diversity
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Natural History Collections in the Digital Age

• The future of herbaria, fungaria, and living/seed collections

• Preserve living biodiversity ex situ
• For re-introduction

• As a source of material for research and exploitation

• Preserved collections as bio-archives

• A measurement means nothing without material

• Irreplaceable historical record of what occurred where/when



Natural History Collections in the Digital Age

• To be useful, the collections must be digitized

• Catalogue, image what we have

• Web portals and programmatic interfaces to provide global 
access

• Molecular digitization (i.e., genomic and chemical 
characterization)

• Machine learning 
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• Genomics can tell us:

• What something is (definition, identification)

• How, and why, it is different to, and similar to, other things 
(taxonomy, evolution, function)

• The composition of communities, habitats, and population 
and how these are changing over time
• And what each species is doing in each ecosystem
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Kew Science Overview 2020

Public DNA data for seed plants

Blue = lineage not represented 
in public DNA database

Fig. from Eiserhardt et al. 2018 AJB

Tree from Smith & Brown 2018 AJB



Plant and Fungal Trees of Life (PAFTOL)

• Genomic characterisation of Kew’s collections

• Genome-scale data from each genus (ca 24,000 
genera, including ca 24,000 plants, 8,200 fungi)

• Complete genus-level phylogenies for plants & fungi

• Dynamically updated via a web interface

Magic mushroom (Psilocybe
cyanescens) 

The fungal tree of life is the 
key to understanding the 

properties and dangers of 
this iconic species

DNA/LCD/
MSB
14%

Living 3%

DNA BANK
14%

Missing 
genera

43%

Angiosperm samples at 
Kew: Total available 

genera: 57%



Kew Science Overview 2020

Angiosperms353 Probe Set

• Breadth – one kit for all angiosperms 

• Depth – works from higher to species 
level (even barcoding?)

• Effective with degraded DNA

• 353 low-copy loci (260kbp)

• Designed from 1KP transcriptome data 
(600 genera, 209 families, 80000 probes)

• 5-15 sequences selected per locus

• Median recovery: 137kbp target loci 
(max 250kbp) plus 212kbp intron

• Available now at one third of the price
of a custom bait kit

• www.arborbiosci.com/products/mybaits
-plant-angiosperms/

http://www.arborbiosci.com/products/mybaits-plant-angiosperms/
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• http://treeoflife.kew.org provides access to angiosperm data

• Release 2.0 (January 2022) contains 9834 samples, 7514 
genera

http://treeoflife.kew.org/
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• Earth Biogenome project: rationale

• Exploit biological dark matter for human benefit
• Find useful molecules (food, fuel, biocatalysts, pharmaceuticals, etc.)

• Protect ecosystems by characterising them, conserving their 
biological diversity, understanding them, and reducing 
external pressures upon them

• Accelerate scientific understanding by placing each focus of 
study within its full evolutionary context
• Genus-level sequencing is not enough: Astragalus has more than 

3,200 species
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• Earth Biogenome project

• 10-15 million eukaryotic species

• ~350,000 vascular plants

• Only 2-3 million described

• Only 2,500 sequenced

• Plan: sequence 1.5 million species over a 10-year horizon
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• Darwin Tree of Life: Pilot Phase

• Aim: sequence ~60K British species within 7-10 years

• Pump priming phase
• Aim to bank 8K species, and sequence 6K of these

• Aim for G10K/Earth Biogenome assembly standards
(3.4.2.Qv40phased  metric)
• Minimum contig N50 of 1 million bp (1Mb)

• Scaffold N50 of 10Mb

• 90% of the genome assembled into chromosomes confirmed by 2 
independent sources

• Base-call quality error of QV40 (no more than 1 nucleotide error in 
10,000 bp)

• Haplotype phased.
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Taxon
Species 

count 2019 2020 2021 Total
average size 

Gb total Gb 2022+

Deuterostomia 1625 145 25 400 82 553 213 1098 320 1.6 527 1299

Arthropoda 26520 544 110 1450 300 2300 540 4294 950 0.8 732 25564

Other Metazoa 7200 90 10 300 75 750 150 1140 235 1.2 285 6965

Plants 3226 120 20 345 100 350 170 815 290 1.6 473 2936

Fungi 16100 100 15 220 30 520 70 840 115 0.3 35 15985

"Protista" 5000 20 10 80 40 100 40 200 90 0.5 45 4910

Totals 59677 1019 190 2795 627 4573 1183 8387 2000 1.0 2096 57659

Darwin Tree of Life: Pilot Phase Targets

Current status: 45 genomes assembled, 3 published
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Digitisation of the Herbarium & Fungarium Specimens –
➢To digitise Kew’s 8.5 million plant and fungal specimens and create a 
complete catalogue of our internationally significant collections, making 
specimen records and images freely available online and accessible to 
researchers across the globe. 
➢The result will be a unique, world-leading resource. It will open up data from 
more than 260 years of scientific exploration, placing them at the centre of 
efforts to combat urgent global challenges such as habitat degradation, climate 
change and human health
Integrated Collection Management System (ICMS)
➢Ensure efficient and effective integrated management of the Science and Living 
Collections and the data describing them. This will allow more efficient tracking 
of the use of specimens to meet legislative requirements concerning access to 
genetic resources and benefit sharing, including the Nagoya Protocol of the 
Convention on Biological Diversity and plant health legislation.
Data Portal 
➢The data portal will provide the web-based interface to allow open access to 
our digitised Collection data 
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HERBARIUM
Y1 Y2

Total Y1-

Y2
Y3 Y4

Total Y3-

Y4
Total

Specimen Images 1,160,000 2,084,000 3,244,000 2,084,000 1,172,000 3,256,000 6,500,000

Folder Images  406,000 729,400 1,135,400 729,400 410,200 1,139,600 2,275,000

Folder Transcriptions 830,000 1,320,000 2,150,000 2,175,000 2,175,000 4,350,000 6,500,000

Specimen Label 

Transcriptions
700,000 1,320,000 2,020,000 1,990,000 1,990,000 3,980,000 6,000,000

Complete Digital 

Specimen Record 700,000 1,320,000 2,020,000 1,990,000 1,990,000 3,980,000 6,000,000

FUNGARIUM Y1 Y2
Total 

Y1&2
Y3 Y4

Total 

Y3&4
Total

Specimen Label 

Transcriptions 0 200,000 200,000 250,000 275,000 525,000 725,000

Complete Digital 

Specimen Record 0 200,000 200,000 250,000 275,000 525,000 725,000
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The Digitized Herbarium/Fungarium
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• Challenges: 1. New ways of 
working

• High quality digitization of all 
material
• A global digitized collection

• Who will pay for it?

• Sequencing of new material on 
arrival

• First pass molecular/image-
based/AI based classification

• Efficient but accessible storage of 
physical material
• What should be collected?

• What do we mean by 
“reference” material?

• How will collected material be 
used?
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• Challenges: 2. Multi-scale data integration

• Increasing large-scale, real-time analysis of the environment (remote 
sensing, metagenomics, etc.)

• How can we ground these data back into reference material?
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• Challenges: 3. Equitable benefit sharing

• Increasing disagreement around implementation of the Convention 
on Biological Diversity, especially over the sharing of sequence data

• Failure to reach agreement will likely lead to decreased sharing of 
materials and information, and decreased benefits for humanity in 
richer and poorer countries alike

• Issues:
• “Information wants to be free” versus property rights

• The most biodiverse countries are generally poorer, and will incur 
costs if they they are to preserve biodiversity

• “Benefit sharing” – but benefits can be long term and not easily 
monetizable



• PRIORITY 1: Ecosystem Stewardship

• PRIORITY 2: Trait Diversity and Function

• PRIORITY 3: Digital Revolution

• PRIORITY 4: Accelerated Taxonomy

• PRIORITY 5: Enhanced Partnerships

Our mission:

To understand and protect plants and fungi for 

the well-being of people and the future of all life 

on Earth

Five Scientific Priorities
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