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Supplementary Materials 
 

Conservation 
pipeline 

Task or question Draft-quality 
assemblies 

Reference 
assemblies 

T2T-quality 
assemblies 

Available 
algorithms 

and 
technology  

Samples, 
assembly & 
annotation 

Acquisition and extraction of ultra-high 
molecular weight DNA required for 
assembly 

NO YES YES YES 

Fully assemble and annotate all genes NO YES YES YES 

Biodiversity 
and species 
delineation  

Fully characterize biodiversity NO YES YES YES 
Fully assemble mitochondrial DNA NO YES YES YES 
Redefine & reclassify cryptic species POSSIBLE YES YES NO 
Identify all structural variants NO NO YES NO 
Fully characterize coding variation NO YES YES YES 
Infer species evolutionary history YES YES YES YES 
Predict future speciation events YES YES YES NO 
Identify sex-specific allele fixation in 
sex-linked genes 

YES YES YES NO 

Genomic 
health 
assessment 

Fully assess allelic diversity NO NO YES YES 
Determine effective population size YES YES YES YES 
Analyze inbreeding coefficient YES YES YES YES 
Analyze outbreeding depression YES YES YES YES 
Quantify historical hybridization  POSSIBLE YES YES POSSIBLE 
Quantify current hybridization events YES YES YES POSSIBLE 
Compute runs of homozygosity (to 
assess inbreeding) 

NO YES YES YES 

Identify purging of harmful mutations YES YES YES YES 
Evolution 
inference 

Infer evolution of full genome structure NO YES YES YES 
Describe historical demography YES YES YES YES 

Heterozygosity 
Generate fully phased haplotypes NO MAYBE YES YES 
Assess linkage 
disequilibrium/reproductive isolation 

YES YES YES YES 

Species rescue 

Genetic rescue via gene editing  POSSIBLE YES YES YES 
Genetic rescue via breeding programs YES YES YES YES 
Reintroduction  YES YES YES YES 
Restore all long-extinct alleles NO YES YES YES 
Resurrect an extinct species  NO UNLIKELY POSSIBLE NO 

 
Supplementary Table 1 | Qualitative assessment of the assembly quality and new algorithms needed to address 
specific tasks in conservation associated with a mass extinction. The specific metrics for each genome assembly 
level are defined in Rhie et al 2021 (ref 4 of main text). The first two columns (purple) indicate the task or question 
that needs to be addressed. The next columns indicate the genome assembly level (green) and/or algorithms (blue) 
required to complete/answer those tasks/questions. NO indicates that data type and/or algorithms are not sufficient 
to address the tasks/questions; YES indicates that data type and/or algorithms are sufficient to address the 
tasks/questions; POSSIBLE indicates that it is theoretical to address the tasks/questions with current data type 
and/or algorithms but that this has not yet been well tested. These are qualitative assessments based on the authors’ 
experiences and general knowledge. 
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Common name Latin name Core question Genomic regions Technologies Findings Ref 
Crested ibis Nipponia 

nippon 
 

Population genomics SNPs, genes 
 

Reference 
assembly and 
WGS 
resequencing 
(Illumina) 

Population bottleneck 
with inbreeding, 
following by 
increased 
heterozygosity 

(1) 

**Kākāpō Strigops 
habroptilus 
 

Population genomics 
and mutational load 

SNPs and genome 
rearrangement 

VGP pipeline 1.5 
reference 
assembly 
(PacBio) and 
WGS 
resequencing 
(Illumina) 

Purging of deleterious 
mutations in 
endangered 
population, long term 
homozygosity 

(2) 

Killer whale Orcinus orca Phylogeography, 
taxonomy, evolution, 
and demographic 
diversity 

SNPs Reference 
assembly 
combined with 
Low-coverage 
WGS (Illumina) 

Global divergence 
from niche 
colonization, genome-
culture co-evolution, 
recurrent admixture 

(3, 4) 

Finless porpoise Neophocaena 
asiaeorientalis 

Taxonomy, adaptation 
to fresh water 

SNPs Moderate 
coverage WGS 
(Illumina) 

Critically endangered 
Yangtze River 
population is a distinct 
species 

(5) 

**Vaquita Phocoena sinus Population genomics 
and mutational load 

SNPs Reference 
assembly 
(PacBio) 
combined with 
high-coverage 
WGS of other 
individuals 

Long term small 
population size, low 
mutation load 

(6, 7) 

Chimpanzee Pan troglodytes Phylogeography, 
population genomics, 
selection, and gene 
flow 

SNPs High-coverage 
WGS (Illumina), 
genomic capture 

Genetically identified 
confiscated animals 
from wild and captive 
populations 

(8-10) 

Mountain gorilla Gorilla 
beringei 
beringei 

Population genomics 
and mutational load 

SNPs High-coverage 
WGS (Illumina) 

Low genome-wide 
heterozygosity, 
purging of deleterious 
variants 

(11) 

Orangutan Pongo abelii, 
P. pygmaeus 

Adaptive evolution, 
population 
demographic history, 
and phylogeography 

Genes under 
selection, SNPs 

Low to moderate 
coverage Illumina 
WGS  

Significant adaptive 
differences in Sumatra 
and Borneo animals 

(12, 
13) 

Island fox Urocyon 
littoralis 

Recent demographic 
history 

SNPs, genes High-coverage 
WGS (Illumina) 

Long-term small 
population sizes, 
purging deleterious 
alleles 

(14) 

Sea otter Enhydra lutris, 
Pteronura 
brasiliensis 

Historical 
demography, 
adaptation, and 
mutational load 

SNPs, genes under 
selection 

High-coverage 
WGS (Illumina, 
Chicago Hi-C) 

Low genome-wide 
heterozygosity, 
different burden of 
deleterious variants 

(15) 

Lion Panthera leo 
 

Species-complex 
including population 
structure and 
admixture 

Whole genomes, 
mtDNA/autosomal 
markers 

Illumina and 
BGISeq 
sequencing 

Cave and modern 
lions did not hybridize 
following divergence 

(16) 

Tasmanian devil Sarcophilus 
harrisii 

Population diversity 
and immune genes to 
inform captive 
breeding programs 
and disease treatment 

Microsatellites, 
immune gene 
diversity 

Low to medium 
coverage WGS 
(454, Illumina) 

Historically low 
genetic diversity 
likely contributed to 
devastating impact of 
facial tumor disease.  

(17-
21) 

SNPs: single nucleotide polymorphisms  
WGS: whole genome sequencing 
**: high-quality reference genome assemblies 
Supplementary Table 2 | Examples of how genomics has helped conservation of vertebrate species. Listed are 12 
examples of endangered vertebrate species for which whole genome assemblies have enabled researchers to 
identify key genomic regions that show the effects of dwindling population size and/or human interventions to 
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prevent it. The examples are sorted taxonomically (birds, cetaceans, primates, carnivores, and a marsupial). Several 
of these examples (ibis, kākāpō, and vaquita) are discussed in the main text. Additional examples exist in the 
literature for vertebrates, insects, plants and other organisms. 
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