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The European Reference Genome Atlas (ERGA) (Mc Cartney et al, 2024, Mazzoni et al, 2023) demonstrates the
collaborative spirit and intellectual abilities of researchers from 33 European countries. This ambitious project,
which is part of the Earth BioGenome Project (Lewin et al., 2018) Phase Il, has embarked on an unprecedented
mission: to decipher the genetic makeup of 150,000 species over a span of four years. At the heart of ERGA is
a decentralized pilot infrastructure specifically built to assist the production of high-quality reference genomes.
This structure acts as a scaffold for the massive task of genome sequencing, giving the necessary framework to
manage the complexity of genomic research. The research paper under consideration offers a comprehensive
narrative of ERGA’s evolution, outlining both successes and challenges encountered along the road.

One of the most significant issues addressed in the manuscript is the equitable distribution of resources and
expertise among participating laboratories and countries. In a project of this magnitude, it is critical to leverage
the pooled talents and capacities of researchers from across Europe. ERGA's pan-European network promotes
communications and collaboration, creating an environment in which knowledge flows freely and barriers are
overcome. This adoption of strong coordination and communication tactics will be essential to ERGA’s success.
Scientific collaboration depends on efficient communication channels because they allow researchers to share
resources, collaborate on new initiatives, and exchange ideas. Through a diverse range of gatherings, courses,
and virtual discussion boards, ERGA fosters an environment of transparency and cooperation among members,
enabling scientists to overcome challenges and make significant discoveries. The importance ERGA places
on training and information transfer programmes is a pillar of its strategy. Understanding the importance
of capacity development, ERGA invests in providing researchers with the knowledge and abilities necessary
for effectively navigating the complicated terrain of genomic research. A wide range of subjects are covered
in training programmes (Lariviere et al. 2023), from sample preparation and collection to data processing
methods and sequencing technology. Through the development of a group of highly qualified experts, ERGA
creates the foundation for continued advancement and creativity in the genomics sector.

This manuscript also covers in detail the technological workflows and sequencing techniques used in ERGA’s
pilot infrastructure. With the aid of cutting-edge sequencing technologies based on both long-read and short-
read sequencing, they are working to unravel the complex structure of the genetic code with a level of accuracy
and precision never before possible. To guarantee the accuracy of genetic data and prevent mistakes and
flaws that can jeopardize the findings' integrity, quality control methods are put in place. Despite having a
focus on genome sequencing due to its technological complexities, ERGA also remains firm in its dedication to
metadata collection and sample validation. Metadata serves as a critical link between raw genetic data and
useful scientific insights, giving necessary context and allowing researchers to draw practical findings from
their investigations. Sample validation approaches improve the reliability and reproducibility of the results,
providing users confidence in the quality of the genetic data provided by ERGA.

Looking ahead, ERGA envisions its decentralized infrastructure serving as a model for global collaborative
research efforts. By embracing diversity, encouraging cooperation, and pushing for open access to data and
resources, ERGA hopes to catalyze scientific discovery and generate positive change in the field of biodiversity
genomics. ERGA aims to promote a more equitable and sustainable future for all by ongoing interaction
with stakeholders, intensive outreach and education activities, and policy change advocacy. In addition to its
immediate goals, ERGA considers the long-term implications of its work. As genomic technology progresses,
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the potential application of high-quality reference genomes will continue to grow. From informing conservation
efforts and illuminating evolutionary histories to revolutionizing healthcare and agriculture, it is likely that
ERGA's contributions will have far-reaching consequences for people and the planet as a whole.

Furthermore, ERGA understands the importance of interdisciplinary collaboration in addressing the difficult
challenges of the twenty-first century. ERGA aims to integrate genetic research into larger initiatives to promote
sustainability and biodiversity conservation by forming relationships with stakeholders from other areas,
such as policymakers, conservationists, and indigenous groups. Through shared knowledge and community
action, ERGA seeks to create a future in which mankind coexists peacefully with the natural world, guided by a
thorough grasp of its genetic legacy and ecological interconnectivity.

Finally, the manuscript exemplifies ERGA's collaborative ambitions and achievements, capturing the spirit of
creativity and collaboration that defines this ground-breaking effort. As ERGA continues to push the boundaries
of genetic research, it remains dedicated to scientific excellence, inclusivity, and the quest of knowledge for the
benefit of society. | wholeheartedly recommend the publication of this groundbreaking initiative, offering my
enthusiastic endorsement for its valuable contribution to the scientific community.
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Evaluation round #2

Reviewed by Eric Crandall @2, 01 April 2024

The authors have done well to address both reviewers’ comments. Just a few very minor comments below.
Congratulations!

Specific comments:

P4 "are limited in scope due in large PART to a current lack of standardisation”

P8 the percentages for self-reported gender are reversed and differ from what is in Figure 2b.
P13 "To support this RECOMMENDATION we issued supporting guidance for bioanking”
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Finally, a lot of text was moved around, so | may have missed something, but | can't find the text that
was reported to have been added in Review 2 Response 12 to clarify recommendations. I've looked in the
tracked-changes Word document as well as the posted preprint. | felt that the text was a good addition, and
would like to see that it makes it into the final version.

Evaluation round #1

DOI or URL of the preprint: https://doi.org/10.1101/2023.09.25.559365
Version of the preprint: 2

Authors’ reply, 07 March 2024

Download author’s reply
Download tracked changes file

Decision by Jitendra Narayan ©, posted 04 January 2024, validated 08 January 2024
Revision !

| strongly urge the author to carefully consider the constructive criticisms and comments made by the
discerning reviewers. When writing responses, please explain the changes made in response to each critique,
elaborate on any additional data or analyses performed, and provide thorough clarifications where necessary.

Reviewed by Justin Ideozu, 11 December 2023

Title: The European Reference Genome Atlas: piloting a decentralized approach to equitable biodiversity
genomics

The article details the procedures and challenges encountered while developing a pilot infrastructure for the
production of reference genome resources. The authors mentioned that the results and insights gained from
the pilot lay a strong foundation for ERGA and offer valuable knowledge to other national and transnational
genomic resource initiatives.

Overall, the manuscript was well-written, with nice figures and rich references. However, the structure
could use some improvement to enhance readability. One way to achieve this, if it aligns with the ERGA
implemented workflows, would be to reorganize the sections into four parts: 1) Background, 2) Development
of a Decentralized Infrastructure, 3) Challenges, and 4) Future Directions.

Section 2, can also be restructured into five subsections;

Genome Team Establishment

Building a Representative Species List

Developing a Communications and Coordination Strategy
Developing a Capacity Building and Knowledge Transfer Strategy
Technical Workflows

vk W

Section 2.5, Technical Workflows: These are well described in Steps 2-9, and should be reassigned accordingly.
Step 5, should be changed to Sample Preparation or similar since it describes not only HMW DNA isolation but
also library prep considerations for each of the platforms.

Section 3, Challenges, authors can assign the challenges into broad themes/subsections; For example, authors
can assign the already described challenges into Social, Administrative and Technical Challenges or other
relevant titles. Authors could also restructure this section to decribe challenges encoutered in specific sections
of Section 2. Authors should avoid repeating titles in subsections. For example, Training and Knowledge
Transfer appeared twice.
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Reviewed by Eric Crandall @@, 07 November 2023

Summary

The authors describe, at length, the pilot program for the European Reference Genome Atlas, which is the
European node of the Earth Biogenome Project (EBP). EBP aspires to sequence the genomes of every eukaryotic
species on our planet. The authors describe in detail the selection of species, development of infrastructure,
and then nine steps toward the eventual sharing of completed reference genomes, from selection of genome
teams, through sample collection and storage, DNA extraction, sequencing, assembly, annotation analysis and
sharing of the data. They conclude with a discussion of the challenges of creating a decentralized network and
ways to address these in the future.

Major Comments

This is a well-written description of the pilot version of gigantic undertaking, which is itself large in scope.
While 98 reference genomes is nothing to sneeze at, the larger importance is that the authors have provided
a template, which can be modified and applied around the world, towards the "moon-shot” goal of the EBP.
I'm therefore glad that the authors have gone with Peer Community In, and | would suggest that they resist
pressure from reviewers or editors to shorten this methods paper. It is full of important details that will be
useful to others who try to replicate their success! The authors also clearly appreciate that it is at least as
important *who* is doing science as *how* the science is being done, and have taken major steps to be
inclusive in their science.

| did want to raise one important issue. The authors clearly understand the importance of ERGA's role in
the global biodiversity community, as indicated by Case Study 4. For this reason, | strongly suggest that they
use the relevant, established metadata standards and definitions whenever possible, to ensure that ERGA’s
hard won data are findable, accessible, interoperable (especially) and reusable (FAIR). Reviewing the ERGA
Sample Manifest v2.4.3 that was linked in the article, the terms used are not from either Darwin Core (DwC),
which is the relevant standard for biodiversity data, or MIxS, which is the relevant genomic metadata standard.
This will be important if ERGA wants to share their metadata into GBIF, which uses Darwin Core, and I'd be
surprised if they haven't already had issues with uploading to INSDC. Thoughtful people have put a lot of time
into developing MIxS and DwC terms and definitions, and even if they are imperfect (for example neither has a
term for permit information), the principles of precedence and standardization should be operative here. |
don't know that addressing this issue should be a condition for PCl recommendation, as it will probably take
some work and time to make changes in COPO's code. But that is also why it is important to address this issue
now, rather than later.

Specific Comments

P3 Incorrect quantifier "Biodiversity and ecosystem decline, loss and degradation raise the prospect that
*MUCH?, if not most, of the Earth’s biodiversity will be lost forever before they can be genomically explored...”

Also, | fully understand the intention of this sentence but it could be construed to mean that the only value
in a species is found in its genomic resources. | know this is not the authors’ intent but | suggest rewording.

P4 "However, the scientific enquiries that can be actualised from reference resources15 are limited in
scope due in large to a current lack of standardisation across the multitude of actors involved throughout the
production of complete reference resources.”

Great sentence! | suggest replacing "actualised” with "realised”

P6 "In other cases, *partnering sequencing* contributed their own grant funds” - sequencing partners?

P7 "Building a representative species list” - | have wondered how to go about prioritization of species. This
seems like a reasonable process, but surely phylogenetic representation could be considered. I'm curious
about how target categories were selected though. (I note from page 26 that phylogenetic representation will
be considered going forward)
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Figure 2b. | am having trouble interpreting the "International Genome Team Composition”. Are the bins the
number of countries represented on a genome team? The text on page 8 clarifies that this is the number of
international members, where "international” is defined as coming from a separate country than the sample.
But the figure legend should be clearer. Or even expressing it in terms of number of countries would be clearer
still.

P9 GDPR should be added to the glossary. As a US citizen, I'm aware of GDPR, but other readers might not
be.

P9 Step 2: Pre-sampling requirements: Taking all of this into account requires a lot of effort and | congratulate
the authors for making it a part of their infrastructure from the beginning.

P10 Thanks for making the sample manifest publicly available. Great that you are using validation rules.
| would strongly urge ERGA and COPO to adopt the Darwin Core and/or MIxS metadata standards for their
metadata to ensure their FAIRness. See major comments above.

P10 "Unique to ERGA, fields were developed to mandate important information disclosure...”

These fields are not unique to ERGA. At GEOME we have developed similar fields to accept globally unique
and persistent identifiers (EZIDs), as well as information about permits and TK/BC notices and labels. See
Riginos et al. 2021. These fields are not covered by MIxS or Darwin Core - it might be a good time to meet to
discuss standardization of this information.

P12 "All 98 of genome teams” - All 98 genome teams

P13 "To initialise these partnerships, a sequencing platform landscape assessment was conducted across
all of the countries that ERGA had council representation” - across all of the countries that had ERGA council
representation.

P14 "Here, we recommended the following data-type volumes for assembly generation: 30X HiFi or 60X
ONT, 25X Hi-C (per haplotype) and 25X (per haplotype) lllumina (in cases where ONT data was used), and the
following data-type volumes for annotation: total of 100 million reads if >five tissue types are available, or 30
million reads if tissue samples are pooled.”

I am not an expert in genome sequencing as | work more at the population level, so | can't comment on the
suitability of these recommendations. However, if these are official ERGA recommendations, there is a lot of
room for misunderstanding here. | would spend the space to make them more clear, either in a table, or using
several very clear sentences, with AND and OR statements.

P16 I've done a little work to try to understand figure 3A, but haven't made much progress. How can
annotation data be at the permitting stage?

P18 I quite like this figure, with lots of information content. While | understand the utility of ToLIDs, | wonder
if they are helpful here as I'd have to go to the supplemental table to decipher them. Just flagging a potential
issue - handle as you see fit.
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