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1. The NWR genome reaches chromosomal-level assembly for autosomes and X chromosome, contig-level assembly for Y
chromosome, and complete assembly of mitochondrial genome.

2. The quality of the genome was evaluated through metrics proposed in the VGP. All metrics have reached the VGP2016
standard and some have exceeded VGP2020 standard.

3. The high-quality NWR reference genomes confirms that gene order and chromosomes are conserved between horse
and NWR. In addition, no chromosomal-level structure variants were identified between NWR and SWR.

4. We demonstrate the possibility to generate a high quality, even gapless, reference genome for NWR and possibly for
other endangered species with nanopore sequencing
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Traditional conservation methods have failed to save the northern white rhinoceros (NWR: Ceratotherium simum cottoni), leaving only two non-reproductive females.
Scientists are exploring assisted reproductive technologies (ARTs), including artificial gametes produced from induced pluripotent stem cells (iPSCs) and somatic cell
nuclear transfer, together with Southern white rhinoceros (SWR: Ceratotherium simum simum) surrogate mothers as potential methods to save functionally extinct NWR. The
development of ARTs requires a high-quality reference genome. Fibroblast and iPSCs were cultured from a male NWR ‘Angalifu’ and deeply sequenced using four
complementary platforms. We developed an assembly strategy to generate a chromosomal-level (2n = 82) NWR reference genome, including 40 acrocentric autosomes, the X
and partially resolved Y chromosomes, as well as the mitochondria genome, that meets or exceeds the metrics proposed by the Vertebrate Genome Project (VGP). The high
quality genome not only confirms the gene order and chromosome conservation between horse and rhino, but also shows that no chromosomal-level structure variants
exists between NWR and SWR. Although gaps still exist in the generated NWR reference genome, recent development of ONT ultralong sequencing techniques has
demonstrated that a gap-less telomere-telomere NWR genome assembly is highly achievable.

II. Karyotype (“Angalifu” male)

Nola (NWR): b. 1972 (est.) – d. 2015
PC: SDZWA

NWR is functionally extinct with only two non-
reproductive females remaining

NWR genome has 40 pairs of 
autosomes and 1 pair of allosomes

III. Cells and sequencing

Fibroblast cells iPSCs

Fibroblast cells (above left) 
and iPSCs (above right) 

were cultured and deeply 
sequenced using four 

complementary sequencing 
platforms (right)

VII. Mitogenome assembly pipeline

V. ONT long-read coverage profile VI. Allosome assembly pipeline

Histogram of random ONT read coverage 
values in the first draft assembly   

The first draft assembly 
contains 41 scaffolds 

Due to 
similarities 

between the X&Y, 
part of Y was 

assembled into X

Chr X has half 
coverage
because of 
our male 

sample (X&Y)

Random
autosomes

The Y-specific gene SRY can be identified 
in the in the re-assembled chr Y

VIII. NWR reference genome and its quality

Long-reads from mitochondria were identified with bait 
sequence and assembled into a circular mitogenome

NWR genome quality 
reaches VGP2016 and 
some metrics (gaps, 
reliable blocks, etc) 

exceed VGP2020

NWR genome has 
high BUSCO scores 

(functional 
completeness) with 
different datasets

X. Comparison with SWR
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XI. Conclusions

Visualization of NWR genome

Alignment of horse transcriptome(left: horse) to NWR reference 
genome (right: NWR), genes in red were confirmed through FISH to 

anchor the scaffolds

NWR reference genome
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Generated NWR reference genome compared with SWR reference genome 
(GCA_000283155.1, GeneBank) scaffolded by optical mapping of three SWR individuals


