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Abstract e ————————
The reference genome of Androsace saussurei (Ericales: Primulaceae: version 1 v ?
Primuloideae) provides a valuable resource for understanding the 27 Nov 2025 view view
mechanisms of plant adaptations to the highest altitudes where e
flowering plants can thrive and the speciation mechanisms of plants 1. Francesco Garassino =/, Universitat Zurich,

dwelling on high alpine sky islands. The entirety of the genome
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sequence was assembled into 20 contiguous chromosomal
pseudomolecules. This chromosome-level assembly encompasses 413
Mb, composed of 253 contigs and 101 scaffolds, with contig and
scaffold N50 values of 4.95 Mb and 21.2 Mb, respectively.
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Introduction

Androsace saussurei is part of the plant family Primulaceae
(Ericales) and is endemic to the highest summits of the Alps
(Mont Blanc, Valais, Gran Paradiso, Vanoise) where it grows at
the upper altitudinal limits of vascular plant life (from 2600 to
4300m a.s.l. in the Alps). The proposed species is one of three
plant species recently described from the rooftops of Europe
(Boucher et al., 2021). This species was named after the pio-
neer, alpine scientist, Horace Bénédict de Saussure (1740-1799),
who first reported this plant in 1788 from the Mont Blanc
range, but which remained unnamed until recent scientific
explorations.

These plants form very rare and particular ‘cushion’ life forms
that are extremely long-lived (several hundreds of years) and
play a key role in plant and insect diversity at these elevations,
acting as a shelter for other species. This role as a keystone
engineer species is essential to the maintenance of multi-
trophic diversity in high alpine conditions that are otherwise
adverse to many species. The genus Androsace, encompassing
ca 173 species (POWO, 2024), is typical of high alpine and arc-
tic environments of the Northern Hemisphere, and hence the
genome of the study species constitutes a valuable resource for
studying the mechanisms and scenarios of plant speciation and
adaptation to the most extreme environments where flowering
plants can thrive.

The generation of this reference resource was coordinated by
the European Reference Genome Atlas (ERGA) initiative’s
Biodiversity Genomics Europe (BGE) project, supporting
ERGA’s aim of promoting transnational cooperation to promote
advances in the application of genomics technologies to protect
and restore biodiversity (Mazzoni et al., 2023).

Materials & methods

ERGA’s sequencing strategy includes Oxford Nanopore Tech-
nology (ONT) and/or Pacific Biosciences (PacBio) for long-
read sequencing, along with Hi-C sequencing for chromosomal
architecture, Illumina Paired-End (PE) for polishing (i.e. rec-
ommended for ONT-only assemblies), and RNA sequencing
for transcriptomic profiling, to facilitate genome assembly and
annotation.

Sample and sampling information

Sébastien Lavergne, with help from Chuan Peng and Zoé Rosa,
sampled one specimen of hermaphrodite A saussurei. from
the Aréte des Grandes Autannes, Le Tour, Chamonix, France
on 7 July 2023. The species was identified by Sébastien
Lavergne based on the recent description of the species (Boucher
et al., 2021). Sampling was performed under permit DDT-2017-
1423 issued by the Préfecture de Haute Savoie (France). Sam-
pling was performed via collection on the field, taken down
through a one-hour hike, after which leaves and buds were
picked from the plant and flash frozen using liquid nitrogen.
Until DNA extraction, samples were preserved at -80C.

Vouchering information
Physical reference material for the sequenced specimen has
been deposited in Grenoble Museum, France, herbarium code Gr
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(https://www.grenoble.fr/74-museum-de-grenoble.htm) under the
accession number GR0O05037.

Frozen reference tissue material of leaf from the same individ-
ual is available at the Biobank INRAE-CNRGYV, Plant Genomic
Center, Toulouse, France (https://cnrgv.toulouse.inrae.fr/fr) under
the voucher ID 2024-PS3939.

Genetic information

The estimated genome size, based on ancestral taxa, is
1.67 Gb with a monoploid number of 10 chromosomes, a hap-
loid number of 20 and a ploidy of four. All information for
this species was retrieved from Genomes on a Tree (Challis
etal.,2023).

We estimated the genome size and ploidy using PacBio
HiFi data, analyzed with GenomeScope v2.0 and Smudge-
plot v0.2.5, respectively. We report an estimated monoploid
genome size of 237 Mb and a ploidy level of 4, tetraploid
(Figure 1)

DNA/RNA processing

DNA was extracted from 1 g of leaves using a conven-
tional CTAB extraction followed by purification using Qia-
gen Genomic tips (QIAGEN, MD, USA). A detailed protocol is
available on protocols.io  (https://dx.doi.org/10.17504/proto-
cols.io.bp21694yzlge/vl). DNA fragment size selection was
performed using Short Read Eliminator (PacBio, CA, USA).
Quantification was performed using a Qubit dsDNA HS Assay
kit (Thermo Fisher Scientific) and integrity was assessed in a
FemtoPulse system (Agilent). DNA was stored at 4 °C until
usage.

RNA was extracted from leaves (50 mg) using the RNeasy
Powerplant kit Plus Universal kit (Qiagen) following manu-
facturer instructions. Residual genomic DNA was removed
with 6U of TURBO DNase (2 U/uL) (Thermo Fisher Scien-
tific). Quantification was performed using a Qubit RNA HS
Assay kit and integrity was assessed in a Bioanalyzer system
(Agilent). RNA was stored at -80 °C.

Library preparation and sequencing

Long-read DNA libraries were prepared with the SMRTbell
prep kit 3.0 following manufacturers’ instructions and sequenced
on a Revio system (PacBio). Omni-C libraries were prepared
using the Dovetail Omni-C Kit (Dovetail Genomics, Scotts
Valley, CA, USA) after plant nuclei isolation. Briefly, flash-
frozen young leaves (1 g) were cryoground in liquid nitro-
gen and pure nuclei were first isolated following the “High
Molecular Weight DNA Extraction from Recalcitrant Plant
Species” protocol described by Workman et al. (https:/doi.
org/10.1038/protex.2018.059). Once the nuclei had been isolated,
the pellets were treated as mammalian cells and Omni-C librar-
ies were prepared according to the Mammalian Cell Protocol for
Sample Preparation v1.4. The final libraries were sequenced on
an Illumina NovaSeq 6000 instrument (Illumina, San Diego,
CA, USA) with 2x150 bp read length. In total 76.5 Gb Pac-
Bio HiFi and 35.4 Gb HiC data were sequenced to generate the
assembly.
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Figure 1. Kmer-based estimates of genome size, ploidy and heterozygosity. (Left) GenomeScope plot displaying the coverage of
31-mers (x-axis) against frequency x coverage of each 21-mer (y-axis). The black curve shows an inferred kmer distribution based on a
ploidy of 4 and the inferred genome size (len), percentage of genome within homozygous (aaaa) or polymorphic regions (aaab, aabb, aabc,
abcd), error rate (err) and unique sequence in the genome (uniq). The yellow curve shows the model based on unique 21-mers. The orange
curve shows the curve based on the error 21-mers (Right) Smudgeplot displaying the normalised coverage (x-axis) against total coverage
(y-axis) of each 21-mer in the sequencing dataset. Highlighted are elevated pairwise kmer coverage peaks, indicative of alternate ploidies.
The probability of the best tested ploidy models are shown on the right, with the tetraploid model AABB showing the highest probability

of 72%.

Genome assembly methods

The genome of Androsace saussurei was assembled using the
Genoscope GALOP  pipeline  (https://workflowhub.eu/work-
flows/1200). Briefly, contigs were assembled using NextDenovo
v2.5.1, followed by scaffolding using YaHS v1.2. The assembled
scaffolds were then curated through manual inspection using
PretextView v0.2.5 to remove any false joins and to incorpo-
rate sequences not automatically scaffolded into their respec-
tive locations within the chromosomal pseudomolecules. The
mitochondrial and chloroplast genomes were assembled as
single circular contigs using Oatk v1.0 and included in the
released assembly (GCA_964267185.2).

As the genome is tetraploid, allelic duplications were not
removed after the initial assembly. Instead, the two haplotypes
were separated during manual curation, resulting in two chro-
mosome-scale assemblies, each comprising 20 chromosomes
(GCA_964267185.2 and GCA_964267195.1). Summary analysis
of the released assembly was performed using the ERGA-BGE
Genome Report ASM Galaxy workflow (De Panis, 2024a).

Genome annotation methods

A gene set was generated using the Ensembl Gene Annota-
tion system (Aken er al., 2016), primarily by aligning pub-
licly available short-read RNA-seq data from BioSamples:

SAMN39954916, SAMNI11835390, and SAMNI11835391 to
the genome. Gaps in the annotation were filled via protein-to-
genome alignments of a select set of clade-specific proteins from
UniProt (The UniProt Consortium, 2019), which had experi-
mental evidence at the protein or transcript level. At each locus,
data were aggregated and consolidated, prioritising models
derived from RNA-seq data, resulting in a final set of gene
models and associated non-redundant transcript sets. To dis-
tinguish true isoforms from fragments, the likelihood of each
open reading frame (ORF) was evaluated against known meta-
zoan proteins. Low-quality transcript models, such as those
showing evidence of fragmented ORFs, were removed. In cases
where RNA-seq data were fragmented or absent, homology
data were prioritised, favouring longer transcripts with strong
intron support from short-read data. The resulting gene mod-
els were classified into two categories: protein-coding, and
long non-coding. Models that did not overlap protein-coding
genes, and were constructed from transcriptomic data were
considered potential IncRNAs. Potential IncRNAs were fur-
ther filtered to remove single-exon loci due to their unreliabil-
ity. Putative miRNAs were predicted by performing a BLAST
search of miRBase (Kozomara et al., 2019) against the genome,
followed by RNAfold analysis (Gruber er al., 2008). Other
small non-coding loci were identified by scanning the genome
with Rfam (Kalvari et al., 2018) and passing the results through
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Infernal (Nawrocki & Eddy, 2013). Summary analysis of the
released annotation was performed using the ERGA-BGE
Genome Report ANNOT Galaxy workflow (De Panis, 2024b).

Results

Genome assembly

The primary genome assembly has a total length of 413,403,326 bp
in 101 scaffolds including the mitochondrial and chloro-
plast genomes (Figure 2 & Figure 3), with a GC content of
33.05%. The assembly has a contig N50 of 4,952,245 bp and
L50 of 29 and a scaffold N50 of 21,172,409 bp and L50 of
10 with a total of 152 gaps. The single-copy gene content
analysis using the Eudicots database with BUSCO (Manni
et al., 2021) resulted in 95.0% completeness (58.0% single and

Scaffold statistics
[J Log10 scaffold count (total 101)
[ Scaffold length (total 413M)

[l Longest scaffold (23.6M)
B N50 length (21.2M)

[ N9O length (17M) 'S‘r"

Scale
O 413m
@ 23.6M

Dataset: Blobdir

4
(2 2
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37.0% duplicated). 63.3% of reads k-mers were present in the
assembly and the assembly has a base accuracy Quality Value
(QV) of 53.6 as calculated by Merqury (Rhie et al., 2020).

Genome annotation

The genome annotation consists of 28,787 protein-coding
genes with an associated 43,854 transcripts, in addition to 6,389
non-coding RNA genes of various types (Table 1). Using the
longest isoform per transcript, the single-copy gene content
analysis using the eudicot_odb10 database with BUSCO (Manni
et al., 2021), run in protein mode, resulted in 90.4% complete-
ness. Using the OMAmer Asterids database for OMArk (Nevers
et al., 2025) resulted in 90.49% completeness and 89.80%
consistency (Table 2).

BUSCO eudicots_odb10 (2326)
M comp. (95%) [ Frag. (1.38%)
M Dupl. (37%) [ Missing (4.99%)

7o

Composition
[l GC (33%)
[ AT (66.9%)
N (0.01%)

W.02

Figure 2. Snail plot summary of assembly statistics. The main plot is divided into 1,000 size-ordered bins around the circumference,
with each bin representing 0.1% of the 413,403,326 bp assembly including the mitochondrial genome. The distribution of sequence lengths
is shown in dark grey, with the plot radius scaled to the longest sequence present in the assembly (23,550,734 bp, shown in red). Orange
and pale-orange arcs show the scaffold N50 and N90 sequence lengths (21,172,409 and 17,031,950 bp), respectively. The pale grey spiral
shows the cumulative sequence count on a log-scale, with white scale lines showing successive orders of magnitude. The blue and pale-
blue area around the outside of the plot shows the distribution of GC, AT, and N percentages in the same bins as the inner plot. A summary
of complete, fragmented, duplicated, and missing BUSCO genes found in the assembled genome from the Eudicots database (odb10) is

shown in the top right.
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Figure 3. Hi-C contact map showing spatial interactions between regions of the genome. The diagonal corresponds to intra-
chromosomal contacts, depicting chromosome boundaries. The frequency of contacts is shown on a logarithmic heatmap scale. Hi-C matrix
bins were merged into a 25 kb bin size for plotting.

Table 1. Statistics from assembled gene models.

No. No. Mean* gene  No. single- Mean* exons

genes transcripts length (bp) exongenes per transcript
Protein-coding 28,787 43,854 3,528 743 53
IncRNA 1,832 1,872 1,044 7 2.6
snRNA 383 383 149 383 1.0
snoRNA 540 540 116 540 1.0
rRNA 1,183 1,183 149 1,183 1.0
tRNA 948 948 74 948 1.0
Other non-coding 1,503 1,503 86 1,503 1.0

*Combined categories show the range of the mean values

Table 2. Annotation completeness and consistency scores calculated by BUSCO run in
protein mode (eudicot_odb) and OMArk (Asterids).

Complete Singular Duplicated Fragmented Missing
BUSCO 2,104 (90.4%) 1,610 (69.2%) 494 (21.2%) 74 (3.2%) 148 (6.4%)
OMArk 10,134 (90.49%) 5,829 (52.05%) 4,305 (38.44%) - 1,064 (9.51%)
Consistent Inconsistent Contaminants Unknown
OMArk 25,851 (89.80%) 1,945 (6.76%) 0 (0.00%) 991 (3.44%)
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Data availability

Androsace saussurei and the related genomic study were
assigned to Tree of Life ID (ToLID) ddAndSaus6 and all sample,
sequence, and assembly information are available under
the umbrella BioProject PRJEB77232. The sample infor-
mation is available at the following BioSample accessions:
SAMEA114552830, and SAMEA115799864. The genome
assembly is accessible from ENA under accession number
GCA_964267185.1. Sequencing data produced as part of this
project are available from ENA at the following accessions:
ERX12733449, ERX12733450, and ERX12737191. Documen-
tation related to the genome assembly and curation can be found
in the ERGA Assembly Report (EAR) document available at
https://github.com/ERGA-consortium/EARs/tree/main/Assem-
bly_Reports/Androsace_saussurei/ddAndSaus6/. Further details
and data about the project are hosted on the ERGA portal at
https://portal.erga-biodiversity.eu/data_portal/
Androsace%?20saussurei.
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I have carefully examined the manuscript and the data. This study presents a high-quality
reference genome of Androsace saussurei assembled using Illumina, PacBio HiFi, and Hi-C data.
The dataset is substantial, and the manuscript is generally information-rich and well documented.
However, a few minor issues should be addressed:

1.1 agree with the authors’ assembly and annotation workflow, and the amount of raw data
appears sufficient. However, this is an allopolyploid tetraploid genome. Based on my experience,
an assembly strategy using hifiasm followed by Hi-C scaffolding with HapHiC often yields
improved results (and with relatively short runtime). If feasible, I would like to see a comparison
between the current assembly and an assembly generated using a hifiasm + HapHiC pipeline.
2.Irecommend that the authors annotate repetitive elements, as repeat composition is an
important indicator of genome characteristics.

3. The Methods section could be described in greater detail. In particular, the authors should
report the specific command lines and key parameters used, to facilitate reproducibility. This
would substantially improve the readability and scientific rigor of the manuscript.
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Are sufficient details of methods and materials provided to allow replication by others?
Partly
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The Note by Lavergne et al. provides the scientific community with a valuable genomic resource
from a lesser studied biotope.

The provided information on the recently discovered species justifies the sequencing and
annotation of its genome. The methodology is clearly described and the essential assembly and
annotation statistics are presented. I'd like to praise the Authors for including information on
specimen availability.

While the Note is currently fully readable, I'd suggest a full proof-reading to improve the flow of
some parts of the text (e.g., sentence "These plants form very rare and particular 'cushion’ life
forms that are extremely long-lived (several hundreds of years) and play a key role in plant and
insect diversity at these elevations, acting as a shelter for other species.", while clear, comes as a
bit of a surprise following the previous paragraph). Additional citations, if available, could be
added to better circumstantiate the very interesting information provided in the Introduction.
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