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Globally, 15,521 animal species are listed as threatened by the International Union for the Conservation of
Nature, and of these less than 3% have genomic resources that can inform conservation management. To
combat this, global genome initiatives are developing genomic resources, yet production of a reference
genome alone does not conserve a species. The reference genome allows us to develop a suite of tools to
understand both genome-wide and functional diversity within and between species. Conservation practi-
tioners can use these tools to inform their decision-making. But, at present there is an implementation gap
between the release of genome information and the use of genomic data in applied conservation by conser-
vation practitioners. In May 2020, we launched the Threatened Species Initiative and brought a consortium of
genome biologists, population biologists, bioinformaticians, population geneticists, and ecologists together
with conservation agencies across Australia, including government, zoos, and nongovernment organizations.
Our objective is to create a foundation of genomic data to advance our understanding of key Australian
threatened species, and ultimately empower conservation practitioners to access and apply genomic data to
their decision-making processes through a web-based portal. Currently, we are developing genomic resour-
ces for 61 threatened species from a range of taxa, across Australia, with more than 130 collaborators from
government, academia, and conservation organizations. Developed in direct consultation with government
threatened-species managers and other conservation practitioners, herein we present our framework for
meeting their needs and our systematic approach to integrating genomics into threatened species recovery.
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An estimated 37,470 animal, plant, and fungi spe-
cies are now listed as threatened (vulnerable, endan-
gered, critically endangered) by the International
Union for the Conservation of Nature (IUCN) Red
List (downloaded August 2021) with most known
species (72%) still to be assessed (1). Species listing
on the IUCN Red List is rigorous, with multiple
assessments, reviews, and consistency checks to
ensure robustness of the global list (1). However,
global biodiversity is not evenly spread across the
globe, with just 17 megadiverse countries home to
60 to 80% of all life on earth (2). As a result, the
responsibility of conserving much of the world’s

biodiversity tends to fall upon these few nations, 15
of which are classified as "developing economies”
by the United Nations (3). The range of threats con-
tributing to the global biodiversity crisis (4) are
broad, including habitat loss and fragmentation,
invasive pest species, disease, and climate change
(5). As the human population continues to increase
and encroach on the natural world, a 10-year pro-
gram has commenced (6)—"The United Nations
Decade of Ecosystem Restoration 2021-2030"—to
help slow biodiversity loss. Fragmentation and mod-
ification of habitat reduces population size and con-
nectivity for many species and threatened species
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are typically found in small, isolated populations susceptible to
genetic risks and other stochastic processes (7). Conservation
practitioners are more frequently using conservation transloca-
tions as a restoration tool for maintaining populations of threat-
ened fauna and flora (8, 9). Yet, translocations can further
entrench small population risks because when managing a spe-
cies in a fragmented landscape, behind a fence, or on an island,
natural gene flow is reduced (7). As a result, genetic manage-
ment is becoming integral to the conservation of an ever-
greater number of species.

Genomes, and their associated downstream applications,
are powerful tools for discovery of new knowledge around spe-
cies behavior and biology. They can improve our understanding
of species’ taxonomy, provide information regarding past and
future evolutionary processes, and complement current ecologi-
cal survey and study methods (10). In 2018, of the ~13,500 ani-
mal species on the IUCN Red List, less than 0.8% of species had
published genomes on the National Center for Biotechnology
Information (11); in the past 3 y this has increased slightly to
2.4% of the 15,521 listed threatened species. Although there is
an increase in global genome consortia, such as the Earth Bio-
genome Project (10, 12), the Vertebrate Genome Project (13),
and the Global Invertebrate Genomics Alliance (14), that are
creating genomes for nonmodel species, genomic resources for
some of our most critically endangered species are still lacking.
Furthermore, developing reference genomes for species does
not impact their conservation on their own, but rather it is the
downstream applications and tools that use reference genomes
that can significantly improve species’ conservation.

A recent review by Supple and Shapiro (15) highlighted that
the “transition to genomic technologies is only just beginning”
and that there needs to be an expansion in the available data-
sets so researchers can ask different questions applicable to
conservation. Here, we reviewed the conservation-focused
peer-reviewed literature to explore the trends in increasing use
of genomic data in studies regarding the management of
threatened or endangered species (see SI Appendix for meth-
odological details). We identified a total of 498 papers contain-
ing a variety of sequencing methods and types of studies: 263
(52.8%) used either microsatellites, SNPs, or whole genome
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data, to address population genetics/genomics; and 89 (17.9%)
were some form of review (S| Appendix, Table S1). Of the 212
papers that used nuclear DNA to address population genetics/
genomics, there has been a marked decrease in the use of
microsatellites and an increase in the use of SNPs since 2010
(Fig. 1). As expected, with genome technologies becoming
more prominent in nonmodel species after 2010, there was an
increase in using next-generation sequencing to improve the
development of microsatellite markers (2015-2020) and an
increased use of thousands of SNPs to improve genome-wide
diversity studies (Fig. 1). More recently (since 2017) there has
been a steady increase in the number of studies using rese-
quenced whole genomes (Fig. 1). Although this is not a fully
comprehensive search of all the conservation genomics/genet-
ics works currently published, we find that even in the absence
of available reference genomes for threatened species, there
has been a sustained uptake of other genomic approaches in
conservation genetic studies of threatened species, with many
leading to explicit conservation recommendations (see refs.
15-17 for more comprehensive reviews).

As Supple and Shapiro (15) (and others) point out, the suite
of genomic tools available to researchers to understand both
genome-wide and functional diversity within and between spe-
cies and populations, can be greatly expanded when reference
genome information is available, enabling more precise target-
ing of conservation measures (11, 15, 16). Indeed, we know that
conservation practitioners use genetic information in their
decision-making (SI Appendix, Table S2), particularly when it
comes to managing threatened species in small populations
within fragmented landscapes (18). However, the use of “big
data” genomic approaches presents challenges for practitioners
to access and interpret the available information.

Threatened Species Initiative

Australia is one of the 17 megadiverse nations. Separating from
other continents over 42 to 53 million y ago (19, 20) means
many of the species in Australia are unique, with 87% of mam-
mals, 45% birds, 93% reptiles, 94% amphibians, and 92% of
plants endemic to the island continent (21). However, many
Australian species have seen marked declines since European
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Fig. 1. Number of peer-reviewed publications using nuclear DNA for threatened/endangered species conservation management using micro-
satellite markers (msats only), those using a combination of microsatellites and next-generation sequence (msats and NGS) data (transcrip-
tomes, RADseq, whole-genomes, SNPs), SNPs only, and WGS between 2010 and 2020.
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Table 1.
resources for Australian wildlife and plant species

Environmental genome initiatives that have been supported by Bioplatforms Australia that have produced genomic

Initiative Start date More information

Biome of Australia Soil Environments (BASE) 2011 https://bioplatforms.com/projects/soil-biodiversity/

Great Barrier Reef 2012 https://bioplatforms.com/projects/great-barrier-reef/

DNA Barcoding 2013 https://bioplatforms.com/projects/dna-barcoding/

Marine Microbe 2015 https://bioplatforms.com/projects/marine-microbes/

Koala Genome 2015 https://bioplatforms.com/projects/koala-genome/

Oz Mammal Genomics 2016 https://bioplatforms.com/projects/oz-mammals-genomics/
Australian Microbiome 2018 https://bioplatforms.com/projects/australian-microbiome/
Genomics for Australian Plants (GAP) 2018 https://bioplatforms.com/projects/genomics-for-australian-plants/
Australian Amphibian and Reptile Genomics Initiative 2020 https://bioplatforms.com/projects/reptiles-and-amphibians/
Threatened Species Initiative 2020 https://bioplatforms.com/projects/threatened-species/
Native Grasses 2020 https://bioplatforms.com/projects/australian-grasslands/

For details on these initiatives, alongside others, please see https://bioplatforms.com/projects.

settlement in 1788, with 1,774 species (480 animals; 1,294
plants, as of 2016) listed as threatened under the Australian
Environment Protection and Biodiversity Conservation Act (22).
Various recovery and other conservation plans have been put in
place by the Australian, State, and Territory Governments with
actions to address threats and support the long-term recovery
of these species. Globally, Australia has the worst record of
mammal extinctions in the world. Multiple species have faced
population declines of over 90% in the past two decades (23).
The loss of Australian mammal species is largely due to preda-
tion by introduced species and changes to fire regimes (23, 24),
with our first mammal extinction attributed to anthropogenic cli-
mate change declared in 2016 (25). Apart from managing spe-
cies in often increasingly fragmented landscapes, to address the
challenges of rapidly declining populations, many threatened
species are increasingly being managed in large, fenced areas,
in zoological/botanic garden insurance populations, and on off-
shore islands. Consequently, genetic diversity and gene flow
are reduced for many species and this needs to be accounted
for in ongoing management actions.

Conservation biologists and practitioners have a range of
technological tools at their disposal to address the various
challenges of conserving biodiversity (26). However, for many
conservation practitioners there is often an implementation
gap between research and development of new tools and
their application in conservation practice (27). One such
research implementation gap that has been widely discussed
is the use of genomics and associated tools for conservation
of threatened species (28-30). Although recent reviews (see
refs. 15 and 31-33) discuss the value of genomes for conserva-
tion and protection of biodiversity, as sequencing technology
improves, there are increasing requirements around genome
quality, bioinformatic knowledge, and handling of big data.
This creates an ever-widening research—implementation gap
between the creation of genomic resources by genome
biologists and bioinformaticians and the application of
these resources in conservation management by conservation
practitioners.

Bioplatforms Australia (Bioplatforms), a nonprofit organiza-
tion that supports Australian Life Science research by investing
in state-of-the-art infrastructure and expertise in genomics, pro-
teomics, metabolomics, and bioinformatics, has invested in a
number of genome initiatives over the past 10 y, producing
genomic resources for Australian species (Table 1). The focus of
many of these initiatives has been on reference genome
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production, comparative genomics, and phylogenomics to
resolve species taxonomy for conservation application. Building
on the success of these programs, the mission of the Threat-
ened Species Initiative (TSI), launched in May 2020, is to bridge
the implementation gap between the production of genomic
resources and their application in conservation management
(https://threatenedspeciesinitiative.com/). From the outset, TSI
has been developed in direct consultation with governmental
threatened species managers and other conservation practi-
tioners, around their needs and knowledge gaps (SI Appendix,
Table S2). It brings together genome biologists, population
biologists, bioinformaticians, population geneticists, and ecolo-
gists with conservation agencies across Australia, including gov-
ernment, zoos, botanic gardens, and nongovernment organiza-
tions (NGOs). Our objective is to create a foundation of
genomic data to advance our understanding of representative
Australian threatened species, in addition to fast-tracking geno-
mic information to conservation end-users through online
resources and open-access data. We aim to empower conserva-
tion practitioners to leverage genomic information to tackle crit-
ical biological and conservation issues, including genetic data
to inform translocations, captive breeding, seed banking, and
ongoing population management.

Studies from New Zealand/Aotearoa (28) and Australia (34)
show that conservation practitioners know the value of using
genetic data in conservation decision-making, but access to
easily interpretable information is lacking. In Australia, projects
such as Devil Tools & Tech (34) and Restore & Renew (35) have
shown that by creating partnerships between academic
researchers and conservation practitioners, the latest genome
technologies and techniques can be applied in real-time to con-
servation decision-making. It was the success of these programs
with specific species and their philosophy of open access to the
latest research data that led to the development of the TSI.
TSI's goal is to undertake applied research that has direct man-
agement applications, while ensuring the research is innovative
and novel for peer-review publication and to attract competitive
research funding.

Our approach to engineering and building a bridge for the
current genomic research—implementation gap is threefold: 1)
use genome sequencing technologies that meet the needs of
the conservation end-users while maximizing the limited conser-
vation resources available (both funding and sample access), so
genomic data can be developed for as many threatened species
as possible; 2) develop an on-line interface where TSI project
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teams can obtain protocols and use a set of established bioin-
formatic tools and workflows to provide genetic outputs in a
standardized reporting format for conservation practitioners;
and 3) open-data access, where genomic data will be open
access but other related metadata may be restricted due to
threatened species and indigenous sensitivities (36). To ensure
seamless delivery of the larger project, a pilot phase was com-
menced in August 2020, to test and bed down workflows and
pipelines to ensure outputs were fit-for-purpose for conserva-
tion management and decision-making. Eight species (two
birds: eastern bristlebird, Dasyornis brachypterus and orange-
bellied parrot, Neophema chrysogaster; two marsupials: eastern
barred bandicoot, Perameles gunnii, and western barred bandi-
coot, Perameles bougainville; two mammals: ghost bat, Macro-
derma gigas and Hastings River mouse, Pseudomys oralis; one
fish: swan galaxias, Galaxias fontanus; and one plant: native
guava, Rhodomyrtus psidioides) were selected for the pilot
phase through consultation with the Australian, State, and Terri-
tory threatened species managers. Note, the Australian
Amphibian and Reptile Genomics (AusARG) project com-
menced at the same time as the TSI and is undertaking similar
activities for reptiles and amphibians, so these taxa were not
included in the initial TSI pilot phase. The species were grouped
into five scenarios to enable comprehensive testing of the dif-
ferent stages of the TSI conservation genomics pipeline: 1) the
species has no reference genome, no population genetic data;
2) the species has closely related species with a reference
genome, but no population genetic data; 3) the species has no
reference genome, and population genetic data exists; 4) the
species has a reference genome, or conspecific genome, some
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population genetic data, and is subject to conservation action
which mixes genetically distinct populations; and 5) the species
has no reference genome, but short-read data exists, and some
population genetic data exists.

This pilot phase was followed by a “Request for Partnership”
round in early 2021, and with a second scheduled for early
2022. In the Request for Partnership academic researchers are
encouraged to select species from a preselected list of threat-
ened species, which has been prioritized by the Australian
Federal, State, and Territory government agencies. Initially it
was anticipated that the current TSI funding (AUD$1.4M) would
be able to provide genomic resources for between 40 and 50
threatened plant, animal, and invertebrate species over its 3-y
lifespan. In 2021, this goal was superseded, with 61 species cur-
rently supported by the program from across Australia (Fig. 2
and S| Appendix, Table S3), representing “extinct in the wild”
(n = 3), “critically endangered” (n = 16), “endangered” (n = 17),
“vulnerable” (n = 15), and "data-deficient species” (n = 9).
Note, one “least concern” species is supported to investigate
its value as a genetic rescue surrogate for a critically endangered
species. Participating project teams are encouraged to leverage
other funding opportunities using TSI resources as “seed” fund-
ing; this will see a multiplier effect from the base investment and
provide genomic resources for more species. Of the 61 species’
projects, there are over 130 project team members representing
government (46%), academia (35%), and nongovernment/con-
servation organizations (19%). All participating project teams are
encouraged to work with local Aboriginal nations where possible
and provide tangible on-ground conservation outcomes as part
of their projects.
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Fig. 2. Species involved in the TSI by: (A) geographical location, noting some species are found in more than one State or Territory; (B) IUCN
threat status: extinct in the wild (EW), critically endangered (CR), endangered (EN), vulnerable (VU), least concern (LC), data deficient (DD);
and (C) taxa. Base Australia map by Free Vector Maps (https://freevectormaps.com/).
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Table 2.
(dnazoo.org)

Genome assembly (publication year)

Tasmanian devil (2012)

Assembly features of Tasmanian devil (38), koala (39) and Hi-C scaffolded koala genomes

Koala (2018) Hi-C koala (2020)

Scaffold genome size (Gb) 3.17 3.19 3.19
Contig genome size (Gb) 2.93 3.19 3.19
No. scaffolds 35,975 1,907 1,318
No. contigs 237,292 1,907 1,935
Scaffold N50 (Mb) 1.85 11.59 480.11
Contig N50 (Mb) 20.14kb 11.59 1.4
Gaps (%) 7.66 0 0.01

Genome Sequencing. There are more than 30 genomes of
Australian species, with ~40 draft genomes in development
through the Bioplatforms Australia initiatives. These genomes
have used a variety of sequencing technology over the
years, including whole-genome shotgun approach with Sanger
sequencing [e.g., Tammar wallaby, Macropus eugenii (37)]; Illu-
mina platform [e.g., Tasmanian devil, Sarcophilus harrisii (38)];
PacBio RS Il platform with lllumina HiSeq [e.g., koala, Phasco-
larctos cinereus (39)], and 10X Genomics linked-read sequenc-
ing on NovaSeq. 6000 [e.g., brown antechinus, Antechinus
stuartii (40)]. Some of these genomes may be now classified as
low-quality by today’s genome standards, but their conservation
application has been significant. For example, the original 2012
Tasmanian devil genome (38) (Table 2) has been used with
much success for the management of both wild and captive
populations of this endangered species (see full review, ref.
11)]. The Tasmanian devil genome allowed for the development
of conservation-based tools, such as species-specific microsatel-
lite markers, characterization of immune gene families, blocking
primers for use in metagenomics studies, as a few examples
(11). The 2018 koala genome (39) (Table 2), is permitting a
large-scale genomic survey of the species to understand both
genome-wide and functional diversity in light of the recent Aus-
tralian megafires, which saw more than 126,000 km? of habitat
burned (41). This genomic survey will inform potential future
management actions around habitat restoration and transloca-
tions for a globally recognized species. Other draft genomes for
the woylie [Bettongia penicillate ogilbyi (42)] have been used in
real-time (as the genome was assembled) to inform manage-
ment actions and translocation success for both the woylie (43),
and other cogeneric species (16), such as the boodie (Bettongia
lesueur). It should be noted that most of these genomes are
not chromosome length assemblies, although the recently
released koala chromosome assembly (https://www.dnazoo.
org/assemblies/Phascolarctos_cinereus, January 2021) has
improved the 2018 assembly (Table 2). During the 17 y between
the human genome being published (44, 45) and the chromosome-
scale, haplotype-resolved assembly being released (46), the origi-
nal genome exponentially changed human medicine and our
understanding of Homo sapiens. As a result, the TSI Steering
Committee has opted to fund long-read genome data [HiFi reads
of PacBio Sequel Il system (47)] with associated species-specific
transcriptome data for more species to meet conservation needs,
rather than focusing on producing chromosome-length assem-
blies for a few species. Project teams are encouraged to seek
funding to facilitate chromosome-length assemblies in the future
using HIiC (48) technology. Appropriately collected and stored
tissue samples are being archived where possible within Austra-
lian museum collections to ensure future assemblies use the
same specimen (49).
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Sampling requirements for high-quality genomes can be
extremely difficult to meet for threatened species, particularly
those that are listed as critically endangered (49, 50). Many
long-read technologies require nonfragmented DNA, which is
most easily obtained from tissue samples that are flash-frozen
or freshly collected. While relatively large amounts of fresh,
preferably young, leaves are required for the high molecular
weight DNA extraction needed for assembling a plant genome,
collecting leaf tissue for genotype by sequencing is less strin-
gent and requires significantly smaller amounts of silica-dried
tissue (and can even work from herbarium specimen). Given the
static nature of plants, and the small population size of many of
the most threatened species, sometimes most living individuals
can be sampled (51). For animal species, however, collecting
fresh tissue samples that need to be flash-frozen from cryptic
species is more problematic. It is also impractical in a large geo-
graphic country like Australia ~7.69 million km?, with a relatively
small human population (~25.4 million), where access to liquid
nitrogen in remote locations is logistically challenging and trans-
port networks from remote locations are limited, resulting in dif-
ficulties transporting samples to laboratory facilities in a timely
manner. Furthermore, many Australian animal species are small,
and so blood volumes greater than 100 to 500 pL may not be
achievable.

Although sequencing costs in the United States, Europe, and
China are relatively low, the nature of distance and small
turnover in other parts of the world means that discounted
sequencing costs tend not to be available for many. Of the 17
megadiverse nations (2), the United States has the cheapest
sequencing. To ensure the full value of genomic resources for
the conservation of global biodiversity, it is important to invest
in local conservation communities and empower them to
develop resources within country. For many threatened and
endemic species, sending samples to the United States,
Europe, and China may be also be constrained by international
(e.g., CITES) and national (e.g., United States Endangered Spe-
cies Act; Australian Environment Protection and Biodiversity
Conservation Act) biosecurity, trade regulations, and permit
requirements. Furthermore, for many Indigenous and First
Nations peoples the natural world, and their affiliation with it,
holds cultural significance, meaning that movement of samples,
or even extracted DNA, across international borders is often
restricted. This brings to the fore potential issues with sampling
and the Nagoya Protocol on Access to Genetic Resources and
the Fair and Equitable Sharing of Benefits Arising from their Uti-
lization (52, 53). Globally we need to embed indigenous princi-
ples into genomic research (36, 54), and be able to facilitate
genome projects within nations, often where sequencing is not
cheap. This requires us to rethink what kinds of genomes we are
seeking to produce to effect change in conservation practice
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and ensure the genomic resources, and associated downstream
tools that are created, are utilized to their full potential (50).

TSl is also producing supporting population genetic data (for
up to 190 individuals) for species that require it to inform con-
servation management action (Fig. 3). This will not cover all the
population genetic data that will be required for some species,
but rather is a launchpad for coinvestment into using genetic
data for conservation management. Reduced representation
sequencing (RRS) has been selected for population genetic
data, although it does have limitations for some population
analyses, such as runs of homozygosity (RoH), identification of
alleles within species genes, or effective population sizes. For
these analyses, whole-genome resequencing (WGS) is needed
but is also currently costly for many taxa with larger genomes
(e.g., mammals, amphibians). Either double-digest RADseq (55)
(ddRAD) or Diversity Arrays Technology (56) (DArTseq), have
been selected as the sequencing methods of choice for
TSI population genetics, as both are readily available within
Australia from commercial providers and will ensure that the
bioinformatic workflows are useful across the range of taxa to
be undertaken in this project. Our current workflow can either
align RRS data to a reference genome or be used de novo (57).
Using species-specific transcriptome data to annotate the
genomes allows for conservation managers to have access to
functional data, particularly around gene families that are not
conserved between species, such as the immune genes.

To facilitate the long-term uptake of genetic data into popu-
lation monitoring and management, TSI is also trialing the use
of low-density SNP arrays, where reduced subsets of informative
SNP loci identified through the above WGS and population
genomic approaches are selected and optimized for high-
throughput automated genotyping. SNP arrays can be flexibly
designed to contain loci targeted to specific conservation appli-
cations: for example, to ascertain population structure and
monitor neutral and adaptive genetic diversity (58-60), assess
parentage and kinship (61, 62), and monitor introgression/
hybridization (63). Besides the initial investment in SNP discov-
ery and multiplex primer design, downstream genotyping costs
are highly affordable (e.g., MassARRAY iPlex system ~AUD$11
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Reference
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collects population

HiFi reference genome
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per sample per 50-plex) with minimal requirements for data
analysis, making the routine genetic analysis of populations
accessible to a wider array of end-users. Furthermore, SNP gen-
otyping systems, such as MassARRAY, are suitable for applica-
tion with noninvasive samples (scats, hair) (64), expanding the
utility of the method in wildlife monitoring scenarios. We advo-
cate for developing arrays and calling SNPs against reference
genomes to ensure future use of the data as SNP locations will
be known. As more high-quality reference genomes become
available and sequencing costs reduce, WGS will become the
norm. In the interim however, using RRS data aligned to a draft
reference genome can permit a wide-range of conservation
actions for a species [see Brandies et al. (11)].

Applied Conservation Genomics Hub. A key aim of the TSl is to
develop an online platform, an applied conservation genomics
hub, to empower nongeneticists to be able to use these geno-
mic resources in their conservation decision-making. The TSI is
committed to developing such a platform (Fig. 3). The Hub will
host protocols for sample collection and storage, in addition to
a suite of existing analytical pipelines and workflows [e.g.,
STACKS (57), dartR (65), Sequoia (66)] with a user-friendly inter-
face that has point-and-click options, rather than a command-
line interface. The outputs from these workflows can be used to
answer some of the most common conservation management
questions (SI Appendix, Table S2). Users will be able to manipu-
late their data for their specific species, but the output report
will be standardized, with different modules for different man-
agement questions. The report will be in a simple, consistent
format to ensure that conservation practitioners are receiving
the same information for their species in a standardized way so
they can become familiar with summary methods for genetic
data. Reports will include standard genetic metrics (such as het-
erozygosity, inbreeding, relatedness) in addition to an appendix
with sequencing methods used, number of filtered SNPs, filter-
ing used, and compute requirements for the datasets. Standard-
izing the reporting will assist with reproducibility over time.
Users who are creating the reports will also have the option to
add more outputs/variables if they so desire. By standardizing
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by commercial provider samples

Management
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Fig. 3. Components and the interoperable framework of the TSI. Currently, smaller working groups are supporting the development of work-
flows and protocols for sample collection and storage, bioinformatics, and standardized reporting.
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the output report, we aim to further promote the education of
the conservation practitioners in the use of genetic data in the
management practice and encourage the uptake of longer-term
genetic monitoring in-line with the Convention of Biological
Diversity targets (67, 68). This is perhaps TSI's biggest innova-
tion, because while techniques can change and initial interpre-
tations might be complex, once baseline genomic information
is developed and there is standardized management reporting,
cheap, effective, long-term monitoring tools can become
a reality.

We fully recognize that this online platform and associated
standardized reporting will not be a simple task to achieve, as
there are many nuances in the interpretation of genetic data for
management purposes. However, with the ever-widening gap
between genome biologists and conservation practitioners, we
need to develop solutions to bridge this divide. Not knowing
how to interpret and use the information, nor how it is gener-
ated or who to contact, are a few of the reasons that have been
flagged by conservation practitioners for why they are not rou-
tinely using genetic data in their management practice (28). The
platform will be a living, iterative system, which we anticipate
will start small and grow with time, use, need, and technological
development. TSI has recognized that we need to start to fill
this niche, as the gap between the genome biologists and the
conservation practitioners is widening each year as the costs of
sequencing reduce, bioinformatics becomes more challenging,
and the need for genomic resources for conservation manage-
ment increases.

Conclusion

Genomes are a powerful tool. Their downstream applications
are far reaching and can assist in answering complex biologi-
cal questions, evolutionary processes, and complement
current ecological studies. Yet, there is a gap between the

genome biologists and bioinformaticians creating reference
genomes for nonmodel species and those conservation practi-
tioners, ecologists, and policy makers for which the data are
extremely useful. Here we have presented the Threatened
Species Initiative, a new project that will generate genomes
and associated genomic resources, in addition to providing
conservation practitioners with the tools to apply the data in
their conservation actions, decision-making, management,
and policy. Over time we aim to collaborate with other inter-
national consortia to utilize the tools developed for applied
conservation management. We hope that the framework that
underpins the TSI will persist for as long as others wish to
use a multidisciplinary approach when managing threatened
species.

Data Availability. All study data are included in the main text and
Sl Appendiix.
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