
The Earth BioGenome Project:  
Progress and Challenges Ahead



The Earth BioGenome Project is a 
confederated international network-of-networks 
that has the common goal of sequencing and 
annotating the genomes of all 1.8 million known 
species of eukaryotes in 10 years.

Lewin et al., PNAS, 115:4325, 2018 

What is the Earth 
BioGenome Project?

Manifesto for the project 
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Creating a digital repository of life on Earth



Blaxter et al., PNAS 2022

Why Sequence all Eukaryotes?

Discovering the trees of life

Defining the origin of eukaryotic cells

Tracking genomic changes in symbiosis

Decrypting chromosome evolution 

Revealing the deep logic of eukaryotic gene regulation

Probing the diversity of sexual systems

Exploring diversity in the genomics of speciation

Decoding the genomics of complex traits

Understanding ecosystem function, stasis, and change

Building genomics‐informed conservation



43
institutions 
members 

22
countries

The Earth BioGenome Project:

A Confederated 
International Network-
of-Networks

50
Affiliated 
Projects

+5000
Participants

Global hub and spokes model



The Earth BioGenome Project:

A Confederated 
International Network-
of-Networks

Committed to open data access and 
compliance with the Convention on 
Biological Diversity and the Nagoya 
Protocol on Access and Benefit 
Sharing (ABS)

Committed to diversity, equity, 
inclusion and justice among the EBP 
community of scientists and peoples 
of the world.

Model of EBP Network-of-Networks



International Scientific Committee (ISC)

Federica Di Palma
ISC Chair

Mara Lawniczak
Sample Collection and Processing 

Richard Durbin
Sequencing and Assembly

Paul Flicek
Annotation

Kerstin Lindblad‐Toh
Data Analysis

Xiaofeng Wei
IT and Informatics



EBP Strategy 1:  The Phylogenomic Wave

• Domains:                            3      (Eubacteria,  Archaea, Eukarya)
• Eukaryotic Kingdoms:      5      (animal, plant, fungi, chromista and protozoa)
• Eukaryotic Phyla:             70 (67)  (33 animal; 8 plant;  5 fungi; 24 chromists+protozoa
• Eukaryotic Classes:       287  (281)
• Eukaryotic Orders:      1,305 (1,383)
• Eukaryotic Families:    9,302  (9,630)                                (Phase I; reference quality, Y1‐Y3)
• Eukaryotic Genera:   160,000‐200,000 (119,000)           (Phase II, Y4‐Y7)
• Eukaryotic Species:  ~1.8 million known  (1,550,000)    (Phase III, Y8‐Y10)

Sources:  Global Genome Initiative (Jonathan Coddington & Mike Trizna);  Catalog of Life (Luisa Abucay & Yuri Roskov)
NCBI, September, 2018



• Produce a multidimensional and dynamic view of life on earth 

• Location Sampling (e.g. Ocean Sampling Day Consortium; Genomic Observatories 
Network; NEON; Critical Zone Observatory; CALeDNA)

• Sequence all organisms in a particular geographical area (e.g., within biodiversity 
hotspots);  soil, land, water and air (e.g., WythamWoods, Darwin Tree of Life Project)

• Enables studies of the effect of environmental change on biodiversity (bio‐surveillance & 
genomic ecology)

EBP Strategy 2: Ecosystem Sequencing; “Google Life” 

Produce a multidimensional and dynamic view of life on earth 



EBP Cost

$4.7B

HGP Cost

$5.4B

What will it cost and what are the expected returns?

$4.7 billion over 
10 years (globally)

ROI of the EBP will likely be 
many times more than the HGP

The Earth BioGenome 
Project (EBP)

Cost > $5.4 billion 
in 2017

ROI of the HGP estimated 
at ~$1 trillion, or 65:1 
(Battelle Report, 2013) in 
the US alone 

The Human Genome 
Project (HGP)

+ other investments in genomics = 
$14.5 billion



July 12, 2022
https://goat.genomehubs.org/

EBP umbrella (BioProject PRJNA533106)World Status EBP Contribution (BioProject PRJNA533106)*

EU
Eukaryotic Genome Sequencing: Current Status



Genomes on a Tree 
- GoaT -

https://goat.genomehubs.org
GoaT is a platform that stores genome-relevant metadata for Eukaryotic species 

Cibele Sotero-Caio, Sujai Kumar, Rich Challis, Mark Blaxter





EBP Progress: Year over Year 





• Near-complete genomes for 16 vertebrate species

• Changed what’s known about several species: discovered previously unknown chromosomes in platypus and zebra finch

• Discovered key differences between marmoset and human brain-related genes

• Discovered new insights into evolution of key neurochemicals oxytocin and vasotocin

• Gained new insights for conservation: Kākāpō, a critically endangered parrot from New Zealand; is able to purge deleterious mutations from 
its genome despite low genetic diversity (Dussex et al., Cell Genomics, 2021)

A taste 
of what’s 
to come!
28 April 2021

Erich Jarvis,
Chair



Zoonomia Consortium, 
Nature 587:240-245, 2020

Genomic diversity and threatened species statusConserve & 
regenerate 
biodiversity

Elinor Karlsson Kerstin Lindblad-Toh



Improving pandemic 
prediction & 
responsiveness



Improving pandemic 
prediction & 
responsiveness



Jon Han for The New York Times

Evolution of the ancestral mammalian 
karyotype and syntenic regions

Damas et al. & Zoonomia Consortium, PNAS, 2022 (in revision)

What was the karyotype and genome organization of the ancestral mammal?

What is the role of chromosome rearrangements in speciation, adaptation & disease?



Science 309, 2005



32 mammalian genome assemblies
• 13 chromosome level assemblies
• 11 C-scaffold assemblies
• 8 scaffold assemblies

Representatives for 24 of 27 mammalian orders
• All (19) Eutherian orders represented
• 3 of 7 Metatherian orders represented
• Monotremata 

Two outgroups
• Chicken
• Chinese alligator

Three independent reconstructions using human, 
sloth and cattle as the reference genome

TAXON SAMPLING

DESCHRAMBLER algorithm
Kim et al., PNAS 114:E5379-E5388, 2017

Damas et al., PNAS (in revision)



Ancestral Chromosome Reconstruction (DESCHRAMBLER)
derived from RACA method;  Kim et al., 2013

(Kim et al. PNAS, 114: 2017)



EVOLUTION OF MAMMALIAN CHROMOSOMES

2,557 syntenic segments on average 880 Kbp

The “building blocks” of all extant mammal 
genomes 

Branch
Branch 
length
(MY)

MY 
from 

present

No. rearrangements

Inversions Fissions Fusions Total

aMAM → aTHE 18 177 90 ꜛ 3 3 96 ꜛ
aTHE → aEUT 53 159 94 16 14 ꜛ 124
aEUT → aBOR 9 106 1 ꜜ 3 ꜜ 0 ꜜ 4
aBOR → aEUA 7 97 4 1 0 ꜜ 5
aEUA → aEUC 8 90 9 1 2 ꜛ 12
aEUC → aPMT 6 82 24 ꜛ 2 ꜛ 1 27 ꜛ
aPMT → aPRT 69 76 73 4 4 81
aPRT → aHSA 7 7 15 0 ꜜ 1 16
Total 310 30 25 365

Damas et al., PNAS (in revision)

ꜛSignificantly higher than average across all branches for respective lineage (FDR P<0.05).
ꜜSignificantly lower than average across all branches for respective lineage (FDR P<0.05).



EVOLUTION OF MAMMALIAN CHROMOSOMES

• Larger ancestral mammalian chromosomes (>100 

Mbp; MAM 1-6) were more affected by chromosomal 

rearrangements (fissions & inversions).

• 9/14 smaller ancestral mammalian chromosomes 

(<100 Mbp; MAM 7-19 and X) had 1:1 orthology with 

chicken & previously reconstructed avian and amniote

ancestors (conserved ~130 My). 

• MAM7, MAM14 & MAM19 most conserved.

• MAM7 was maintained as a single chromosome

for >76 My in mammalian evolution, with >95% of 

its length unaffected by inversions.

• Several MAMs conserved for ~318 My of vertebrate 

evolution.
Damas et al., PNAS (in revision)



Damas et al., PNAS (in revision)

• msHSBs are enriched for genes that have functions related to anatomical and central nervous system 
development.

• Genes within EBRs are enriched for functions primarily related to sensory perception and regulation of 
transcription 

GENE ONTOLOGY ENRICHMENT FOR MSHSBS AND EBRS

msHSBs (N=522 > 1Mbp) EBRs (N=323)



TADS IN MSHSBS, EBRS, AND OTHER GENOMIC REGIONS

Damas et al., PNAS (in revision)

• Human TADS (GM12878 dataset )

• OR of 10 kbp windows in EBRs not having a 
TAD >4.0x than msHSBs
• in human-specific EBRs, >8.5x than 

msHSBs

• msHSBs mostly overlap with TADS and thus 
appear to be core functional units of 
chromatin structure and organization, and 
play a role in coordinated transcriptional 
control of their internal genes 

• EBRs tend to locate between TADs.



Conservation of chromatin structure for 54 My of carnivore evolution

Corbo et. al., 2022. PNAS, 119:e2120555119 



Chromosome Rearrangements and Speciation  
(Chromosome Speciation Model; Quantum Speciation, Simpson, 1944)

Lineage‐specific
rearrangements,
Regulatory mutations
Speciation mutations 

Chromosome
rearrangement

Reproductive
isolation  
Recombination   
suppression

Elimination

Adaptive

Dominance or
Overdominance

Underdominance



Technical & Scientific Challenges Ahead

• Sourcing, acquiring and vouchering 
thousands of specimens

• HMW DNA and RNA isolation at scale
• Managing data workflows internationally
• Sequencing capacity and throughput
• Capturing and integrating sample 

metadata 
• Assembly and curation at scale
• Annotation at scale
• Whole genome alignments at scale
• Resolving phylogenetic relationships
• Comparative genomic analysis and 

data visualization at scale

• Sequencing capacity & throughput
• Phase I (9,300 in Y1-3)

• 9 genomes/day √

• Phase II (~180,000 in Y4-7) 
• 123 genomes/day (↑14x)

• Phase III (1.32 M in Y8-10)
• 1,205/day (↑9.8x)
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Sequencing life for the future of life 


