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Abstract 

The Catalan Initiative for the Earth BioGenome Project (CBP) is an EBP-affiliated project network aimed at sequencing the genome of the > 40 0 0 0 
eukaryotic species estimated to live in the Catalan-speaking territories (Catalan Linguistic Area, CLA). These territories represent a biodiversity 
hotspot. While co v ering less than 1% of Europe, they are home to about one fourth of all known European eukaryotic species. These include 
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Introduction 

The Earth BioGenome Project (EBP, https://www.
earthbiogenome.org ) is a global network of networks that
aims to sequence the genomes of the approximately 1.8 mil-
lion eukaryotic species known to live on Earth ( 1–3 ). Within
the EBP, the Catalan Initiative for the Earth BioGenome
Project (CBP, https:// www.biogenoma.cat/ ) is an affiliated
project network whose main objective is to sequence the
genomes of the > 40 000 eukaryotic species estimated to
live in the Catalan-speaking territories. These territories,
spanning across Spain, France, the Principality of Andorra
and the Sardinian city of Alguer, have historically shared
a strong cultural tradition, primarily reflected in the use of
the Catalan language. They lay at the intersection of Euro-
pean and African plates ( 4 ), and at the cross-road between
the Euro-Siberian and the Mediterranean biogeographical
regions. These territories, while covering less than 1% of
the European territory (70 520 km 

2 , 2 500 km of seashore),
harbor about one fourth of all Europe’s known eukaryotic
species. They are also characterized by an elevated number
of endemisms. Many endemic species are threatened, a trend
that will get worse in the future, as the impact of climate
change will likely be intense in the Mediterranean Basin,
particularly in mountain areas ( 5–8 ). 

Here, we describe the CBP, including the project’s rationale,
its origins and history, its current structure and status, and fu-
ture direction. Due to its global nature, the success of the EBP
is highly dependent on the engagement of scientific commu-
nities worldwide and, given its implications beyond science, it
represents a unique opportunity to engage society as a whole
to promote awareness about the relevance of biodiversity to
regional and global health. The CBP has been able to involve
many scientific, academic and societal stakeholders, and, in
this regard, is an example of bottom-up regional and transna-
tional initiatives in the field of biodiversity genomics. We also
report some features of the genome of the Balearic shearwater
( Puffinus mauretanicus ) –one of the first genomes sequenced
by the CBP— as an example of the relevance of genomics in
biodiversity conservation. 

A Catalan version of the article can be found at: https://doi.
org/ 10.5281/ zenodo.12722864 . 

Materials and methods 

To explore the patterns of population structure in Mediter-
ranean shearwaters, we used whole-genome resequencing
data of 36 individuals of Balearic ( n = 30) and Yelkouan
shearwaters ( n = 6) (Izquierdo-Arànega, Cuevas-Caballé,
et al. in preparation). Briefly, reads were mapped to the P. mau-
retanicus reference genome ( 9 ) using BWA mem v0.7.17 ( 10 )
with default parameters and variant calling was performed by
combining HaplotypeCaller in GATK4 v4.1.9 ( 11 ) and Free-
bayes v1.2 ( 12 ). We further filtered the resulting SNP dataset
with VCFtools v.0.1.15 ( 13 ) using quality (–minQ 30), cov-
erage (–minDP 5 and –maxDP 200) and missingness (–max-
d is likely to get worse as the effects of global change are expected
shwater ecosystems and mountain areas. Following the EBP model,
cientific and non-scientific partners. In the pilot phase, the genomes
vation, we highlight the genome of the Balearic shearwater Puffinus

missing 0.75) thresholds. We used the resulting VCF file to 

perform a Principal Component Analysis (PCA) implemented 

in PLINK v1.90 ( 14 ). 
To build a SNP panel for the assignment of shearwaters 

to their source colony, we selected the most differentiated 

SNPs from pairwise F ST comparisons across each colony pair 
using VCFtools. We selected a final set of 61 SNPs from 

the top differentiated SNPs within each pairwise compari- 
son, after making sure to only include each SNP once. To 

validate our SNP panel, we performed a PCA implemented 

in PLINK and we assessed genomic assignment of each in- 
dividual to their sampled colonies of origin using Assign- 
pop v1.2.4 ( 15 ) with K-fold cross-validation using the LDA 

model. 

Results 

The Catalan Initiative for the Earth BioGenome 

project 

The CBP is a networked organization launched in 2019 

by the Catalan Society of Biology (SCB, https://scb.iec.cat ),
and the Catalan Institution of Natural History (ICHN,
https:// blogs.iec.cat/ ichn ), two societies affiliated with the 
Institute of Catalan Studies (IEC, https://www.iec.cat ).
IEC is the academy tasked with the promotion of science 
and culture in the Catalan territories. A white paper de- 
scribing the background, the aims and a proposed outline 
of the CBP was released by the SCB in October 2018 

( https:// www.biogenoma.cat/ wp-content/ uploads/ 2023/ 04/ 
2018CatalanBioGenomeProjectNov12b.pdf). Seed fund- 
ing to initiate the CBP’s activities came from the IEC and 

from the legacy of Leandre Cervera, a former president 
of the SCB (1935–1963) during the period when the Soci- 
ety activities were banned ( 16 ). Core funding for the first 
phase (2023–2025) is provided by the Department of Re- 
search and Universities from the Generalitat de Catalunya 
(Government of Catalonia) to the IEC. The CBP has also 

the support of the Andorran Research + Innovation (ARI,
https:// www.ari.ad/ en ). 

The CBP is an affiliated member of the EBP and a re- 
gional partner project of the European Reference Genome At- 
las (ERGA, https://www .erga-biodiversity .eu/). ERGA is the 
pan-European partner of the EBP and aims to coordinate 
the production of high-quality genomes representative of eu- 
karyotic biodiversity in Europe ( 17 ,18 ). Organically, within 

the International Nucleotide Sequence Database Collabora- 
tion (INSDC), the CBP BioProject (accession number PR- 
JEB49670) is, therefore, a direct child of the BioProjects EBP 

(PRJNA533106) and ERGA (PRJEB43510) (Figure 1 ). 
The pilot phase of the CBP was launched in the summer of 

2020, with an open call for sequencing projects, followed by 
a second open call in the summer of 2021. During this phase,
the ICHN worked in parallel to create a digitized catalog of 
the eukaryotic species living in Catalonia, building on early 
catalogs ( 19 ). As of November 2023, this catalog contains 
a high proportion of endemisms, many of which are threatened. This
to be particularly se v ere across the Mediterranean Basin, particularly 
the CBP is a netw ork ed organization that has been able to engage m
of 52 species are being sequenced. As a case study in biodiversity co
mauretanicus , sequenced under the CBP umbrella. 
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Figure 1. Data and genome assemblies submitted to the International Nucleotide Sequence Database Collaboration (INSDC) are grouped in umbrella 
projects at the species le v el, which in turn can be linked to one or more EBP-affiliated projects. Regional projects such as CBP and Darwin Tree of Life 
(DToL) ( 3 ) may themselves be grouped under larger regional initiatives, such as the European Reference Genome Atlas (ERGA). 

38 429 species, but will likely contain > 40 000 species when 

completed (Figure 2 ). At any rate, this catalog will serve as 
a reference for prioritizing genomes to be sequenced during 
the different phases of the CBP. Prioritization criteria include 
phylogenetic position and novelty, interest of local research 

groups, degree of endemism, conservation status and biomed- 
ical, agricultural or industrial interests, and adherence to the 
ERGA principles ( 18 ,20 ). 

The overarching aim of the pilot phase has been, how- 
ever, to seamlessly connect all the existing components to 

create the infrastructure required for streamlined production. 
Broadly following the model of the Darwin Tree of Life ( 2 ) 
and of ERGA ( 20 ), (Figure 3 ), samples from the species pri- 
oritized in each phase are collected, identified, annotated, bar- 
coded and biobanked. The biobanking structure of the CBP is 
still being defined, but the main sites include the Museum of 
Natural Sciences of Barcelona, the biobank of the Barcelona 
Zoo, the Balearic Biodiversity Centre, and the Botanical In- 
stitute of Barcelona and the Center for Research in Agri- 
cultural Genomics for plant samples. The samples are then 

subjected to DNA and RNA sequencing. The primary se- 
quencing center for the CBP is the National Center for Ge- 
nomic Analysis (CNAG). At the CNAG, sequencing is gen- 
erally performed using both short and long read technolo- 
gies, as well as Hi-C for chromosome-level scaffolding, with 

the aim of meeting EBP standards ( 21 ), including a mini- 
mum contig N50 of 1Mb, chromosome-level scaffold N50, 
and consensus quality greater than QV40 when possible. After 
data quality control, genomes are assembled ( https://github. 
com/ cnag-aat/ assembly _ pipeline ), manually curated ( https:// 
gitlab.com/ wtsi-grit/ rapid-curation ) and then annotated. The 
CBP produces its own annotation, using the CNAG pipeline 
( https:// github.com/ cnag-aat/ ), which is distributed through 

the CPB portal (see below). This should be considered comple- 
mentary to the annotation produced within the ERGA consor- 
tium, which can also be distributed through the portal. Raw 

data and assemblies are openly distributed to the designated 

public repositories. 
Additional pipelines for extended gene annotation ( 22 ), 

downstream functional analysis ( 23 ) and phylogenomic anal- 
ysis ( 24 ) already exist and are being reimplemented as scal- 
able and reproducible workflows using NextFlow ( 25 ) and 

SnakeMake ( 26 ). 
There is also significant effort within CBP toward outreach 

and public engagement. During the pilot phase, the project 
was presented to a number of international meetings and 

workshops. Numerous talks and seminars were held for the 
general public, including two DNA extraction workshops and 

an exhibition aimed at stimulating public interest in genomics 
(see www.biogenoma.cat/ en/ outcomes/ ). Street banners with 

https://github.com/cnag-aat/assembly_pipeline
https://gitlab.com/wtsi-grit/rapid-curation
https://github.com/cnag-aat/
http://www.biogenoma.cat/en/outcomes/
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Figure 2. Catalonia’s biodiversity catalog. Number of initially estimated (gray) and currently cataloged taxa from different taxonomic groups. The 
numbers refer e x clusiv ely to Catalonia, and do not include the rest of Catalan-speaking territories. 

information about the activities of the Initiative have been dis- 
tributed in Barcelona and other cities ( Supplementary Figure 
S1 ). Informative leaflets can also be downloaded from the web 

portal ( www.biogenoma.cat ). 

Current status 

As of November 2023, 52 genomes representing species from 

a variety of taxa, habitats, and ecosystems are underway un- 
der the CBP umbrella ( https:// goat.genomehubs.org/ projects/ 
CBP ), five of which have already been published ( 9 ,27–30 ) 
(Figure 4 ). The CBP has followed a bottom-up approach, 
being responsive to the interests of the local research com- 
munity. Target species at the initial phase include those be- 
longing to underexplored taxa, such as the freshwater flag- 
ellate Singekia montserratensis , an early divergent microbial 
eukaryote ( 31 ); Rare, endemic or difficult to locate species 
such as the Catalan blind scorpion ( Belisarius xambeui ), 
the monotypic Sensonatoridae groundwater amphipod ( Sen- 
sonator valentiensis ), the Catalan giant earthworm ( Norana 
najaformis ), the kangaroo shrimp ( Dugastella valentina ), the 
mustache shrimp ( Derocheilocaris remanei ), and the Balearic 
shearwater ( Puffinus mauretanicus ) (see below); Emergent 
model species such as the wall lizard ( Podarcis muralis ), 
and the sharp-snout sea bream ( Diplodus puntazzo ), are 
also targeted in this pilot phase. CBP’s aim is also to pro- 
vide genomes for endangered species, such as the Montseny 
brook newt ( Calotriton arnoldi ), the most threatened amphib- 
ian in Europe, or the iconic red coral ( Corallium rubrum ); 
Traditionally used medicinal species, such as the Pyrenean 

chamomile ( Achillea ptarmica subsp. pyrenaica ); and species 
of economic interest, such as the pearly razorfish ( Xyrichtys 
novacula ) or the tiger nut ( Cyperus esculentus ), among 
others. 

A priority within the CBP is the development of bioinfor- 
matic methods to help address the data challenges of biodi- 
versity genomics projects and the commitment to the rapid 

release of data. Thus, efforts have specifically focused on de- 
veloping the BioGenome Portal ( 32 ) ( https://ebp.biogenoma. 
cat/), a customizable, web-based tool designed to improve ac- 
cessibility to data generated by the CBP or by another biodi- 
versity genomics project. 

The balearic shearwater genome: a case study in 

biodi ver sity conservation 

The genome of the Balearic shearwater ( Puffinus mauretan- 
icus ) is one of the first genomes published under the CBP 

umbrella ( 9 ). The genomic sequence of the Balearic shear- 
water and its related data can be accessed through the ENA 

(European Nucleotide Archive at https:// www.ebi.ac.uk/ ena/ 
browser/ view/ PRJNA780920 ) and the CBP portal at ( https: 
// dades.biogenoma.cat/ organisms/ 48681 ). This medium-sized 

pelagic seabird, endemic to the Balearic Islands, is listed as crit- 
ically endangered by the IUCN and its populations are declin- 
ing at an alarming annual rate of 7.4–14%. The main threats 
to the species’ survival come from human activities, especially 
accidental bycatch in longline fisheries and predation in the 
breeding colonies by invasive alien species ( 33 ,34 ). Reduc- 
ing bycatch rates of fisheries, ensuring predator-free breeding 
habitat and protecting foraging habitat are urgent conserva- 
tion measures for avoiding the extinction of the species ( 35–
37 ). The availability of a reference genome and population ge- 
nomics data for the Balearic shearwater will enhance the pro- 
posal of science-based conservation policies that contribute to 

the implementation of the aforementioned measures. 
Although limited, information from a single genome can 

provide knowledge of a species’ evolutionary history, includ- 
ing the inference of potential events that have shaped its cur- 
rent genetic diversity. By using coalescent-based methods to 

analyze the genomic diversity, it is possible to determine the 
changes in effective population size throughout history. Specif- 
ically, it could be inferred that the Balearic shearwater suffered 

a sharp population decline during the last interglacial period 

( ∼120 Kya) ( 9 ). This severe population decline would be ex- 
pected to reduce the species’ genetic diversity, and ultimately 
increase its extinction risk through genetic mechanisms, in- 
cluding the accumulation of deleterious mutations, the loss of 
adaptive potential, and inbreeding depression ( 38 ,39 ). How- 
ever, current genome-wide heterozygosity levels in the Balearic 
shearwater are roughly equivalent to those observed in other 
seabirds with larger population sizes, suggesting that: (i) this 
sharp demographic decline has not severely affected current 
levels of heterozygosity, (ii) that such levels were very high 

prior to the decline, or (iii) that admixture in-between glacial 
periods could have maintained high levels of heterozygosity 

https://academic.oup.com/nargab/article-lookup/doi/10.1093/nargab/lqae075#supplementary-data
http://www.biogenoma.cat
https://goat.genomehubs.org/projects/CBP
https://ebp.biogenoma.cat/
https://www.ebi.ac.uk/ena/browser/view/PRJNA780920
https://dades.biogenoma.cat/organisms/48681
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Figure 3. The CBP workflow (see main text for explanation). 

( 9 ). Nevertheless, the pressure that human activity is already 
placing on these specie’s populations could eventually lead to 

a severe loss of diversity. 
Reference genomes are also required to refine population 

genomic analyses, which allow obtaining insights into some 
critical aspects relevant to conservation. Under this context, 
whole-genome resequencing analysis of different populations 
of this species, together with that of the closely related Yelk- 
ouan shearwater ( P. yelkouan ) (Izquierdo-Arànega, Cuevas- 
Caballé, et al. in preparation) (Figure 5 A), shows a fine char- 
acterization of the population structure across colonies, en- 
abling genetic assignment of individuals to their natal colony 
(Figure 5 B). As mentioned before, bycatch in longline fish- 
eries is a main threat for the survival of the Balearic shear- 
water and one that is likely to drive the species to extinction 

unless bycatch rates are significantly reduced ( 33 ). Assigning 
Balearic shearwaters accidentally caught in fishing gear as by- 
catch back to their colony of origin would establish a connec- 
tion between threats encountered at sea and specific colonies, 
aiding in management strategies to mitigate bycatch from af- 
fected colonies. With this purpose, an SNP panel comprising a 
smaller set of highly distinct SNPs is under development (Fig- 
ure 5 c). This panel will facilitate the identification of shear- 
waters caught as bycatch and trace them back to their orig- 
inal colony, thereby aiding in pinpointing potential bycatch 

hotspots. Furthermore, this tool will allow monitoring the po- 

tential decline in heterozygosity over time, which could com- 
promise the species’ evolutionary capacity. 

Overall, to ensure the persistence of rare and endangered 

species, we need more science-based conservation actions. 
Projects like the EBP, and its affiliates, such as the CBP, are 
producing reference genomes at an unprecedented pace. These 
will enhance the use of genetic resources aimed at providing 
conservation-relevant information, and can be instrumental to 

implement effective conservation policies. 

Linguistic, cultural and biological di ver sity 

While the reasons are not well understood, there is strong ev- 
idence of geographical co-localization between biological and 

linguistic diversity ( 40 ,41 ). Unsurprisingly, threats to both liv- 
ing species and languages tend to occur in the same geograph- 
ical regions. They could be both triggered by the same so- 
cioeconomic and political processes threatening the integrity 
and survival of local cultures and the environments in which 

they live ( 40 ). Extinction of languages is even more dramatic 
than the extinction of biodiversity, with the disappearance of 
50–90% of the world’s languages predicted by the end of the 
century ( 42 ). This will have a tremendous impact in our abil- 
ity to translate knowledge gained from biodiversity genomics 
projects into applications in human health and in other areas. 
It has been demonstrated that the extinction of a language 
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Figure 4. Genome projects under the umbrella of the Catalan Initiative for the Earth BioGenome Project (CBP) by June 2023. The figure captures the 
phylogenetic position of the species, the genome size when known, the technologies employed for sequencing, and rationale behind the species 
selection. Top left is the CBP logo. 

contributes to the loss of traditional medical knowledge be- 
cause the majority of medicinal plant uses are limited to a sin- 
gle language ( 43 ). 

Beyond practical considerations, the common names of an- 
imals and plants in a given language often reflect the relation- 
ship of humans to the biodiversity inherent in the broader cul- 
ture in which the language emerged. Naming objects that peo- 
ple know is one of the first linguistic activities of any human 

society, and this also applies to living organisms. At the same 

time, names remain longer than uses and other practices, even 

when traditional knowledge erodes or is lost. 
The EBP and affiliated projects offer a unique opportunity 

to collect the common names in the local languages of the 
specimens targeted for sequencing in these projects. In this 
regard, there have been several efforts to collect the Catalan 

common names for, among others, birds ( 44 ,45 ), butterflies 
( 46 ), marine mammals ( 47 ), fishes ( 48 ,49 ), fungi ( 50 ,51 ) and 

plants, in particular the latter, given the strong ethnobotanical 
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A B C

Figure 5. ( A ) Distribution map of the main colonies of Puffinus mauretanicus and P. yelkouan across the Western Mediterranean. ( B ) Principal 
component analysis (PCA) summarizing variation across genome-wide resequencing data from 32 Puffinus individuals, based on 1 304 832 autosomal 
SNPs. ( C ) PCA of the same individuals using only the 61 highly-differentiated SNPs. The inset in the top right corner depicts the assignment probability 
to each population (columns) of e v ery individual (circles) using our SNP panel obtained with assignPOP ( 15 ). These figures are for illustrative purposes 
only. The description of the dataset and statistical methods used will be outlined in detail in a manuscript in preparation (Izquierdo-Arànega, 
Cue v as-Caballé, et al. in preparation). 

tradition in the Catalan-speaking territories ( 52 ). In the case 
of plants, for example, there are 35 000 Catalan names corre- 
sponding to 6500 taxa ( 53 ), from traditional and academic 
sources, and the public website https://etnobotanica.iec.cat 
currently contains ca. 80 000 reports of local, traditional plant 
names for about 1600 taxa that have been quoted by nearly 
2000 people. While it is believed that indigenous cultures 
share a connection between language, cultural identity and 

land (e.g. ( 54 ), we argue that this link can still be traced in 

post-industrial societies (in particular, in those in which lin- 
guistic diversity is also under threat). Thus, the CBP has cre- 
ated a working group to coordinate the different initiatives to 

compile the Catalan names of species, and to produce stan- 
dardized descriptions of their meaning that could eventually 
be used by other EBP nodes. 

Discussion 

Sequencing, cataloging and characterizing the genomes of ev- 
ery species on Earth will lead to an unprecedented understand- 
ing of all phenomena of life as it will make it possible to 

identify the genetic events underlying the emergence of phe- 
notypes ( 55 ). The successful completion of the EBP and as- 
sociated projects requires, however, the engagement of scien- 
tific partners world-wide, and extends beyond scientific orga- 
nizations to society as a whole. Thus, we believe that the role 
of structures, such as the CBP, built also to serve as an in- 
terface between science and citizenship, is crucial to the suc- 
cess of these projects. Other examples of similar initiatives 
with widely varying geographic scopes include the DtoL ( 2 ), 
the Portuguese Coalition for Biodiversity Genomics ( 56 ) , the 
Africa BioGenome Project ( 57 ) or the California Conservation 

Genomics Project ( 58 ) among others. 
Indeed, the CBP has triggered unprecedented local collab- 

oration across research communities (from natural history to 

genomics). In the future, it can help enhance the natural his- 
tory institutions with the state-of-the-art infrastructure and 

human resources required to guarantee cataloging, preserva- 
tion of specimens, tissues and DNA, and curation of vouchers 
for future generations, as is already happening in many in- 

stitutions worldwide, to reinvigorate taxonomic research at a 
time when it is at its historical lowest (e.g. ( 59 )). 

The CBP, on the other hand, seeks to involve the entire com- 
munity based on recognition of strongly shared cultural back- 
grounds . For instance, given the heterogeneity and often re- 
moteness of the Catalan landscapes, the CBP will need the 
contribution of an extensive network of naturalist associa- 
tions familiar with the local ecosystems for streamlined access 
to biological samples. Other than just a scientific endeavor, 
we conceive the CBP as part of a world-wide transformative 
movement that raises social awareness of the threat that bio- 
diversity loss poses to human well-being, and that globally 
engages the society toward a different and more balanced re- 
lationship with nature. 

Beyond the borders of the Catalan-speaking territories, 
and within the EBP network of networks, the CBP aims to 

play a central role in the biodiversity genomic projects in 

Europe, currently organized under ERGA, and those of the 
Iberian Peninsula and the Mediterranean Basin, the geograph- 
ical regions to which the Catalan territories belong. Therefore, 
the CBP maintains strong links with ERGA-Spain, ERGA- 
Andorra and ERGA-France. Nonetheless, the CBP is open to 

collaboration and sharing resources and expertise with part- 
ners all around the world. After the pilot phase of the project, 
the CBP has been guaranteed continued funding to initiate the 
first production phase during 2023–2025. Contributing both 

with data and resources, the CBP aims to engage scientists and 

citizens in perhaps one of the most important global projects 
in the history of biology. 
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