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Abstract

We present a genome assembly of a specimen of common vervain,
Verbena officinalis (Streptophyta; Magnoliopsida; Lamiales;
Verbenaceae). The genome sequence has a total length of 289.20
megabases. Most of the assembly is scaffolded into 7 chromosomal
pseudomolecules. The mitochondrial and plastid genome assemblies
have lengths of 495.81 kilobases and 153.46 kilobases, respectively.
Gene annotation of this assembly on Ensembl identified 25,194
protein-coding genes.
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Species taxonomy

Eukaryota;  Viridiplantae; Streptophyta; Streptophytina;
Embryophyta; Tracheophyta; Euphyllophyta; Spermatophyta;
Magnoliopsida; Mesangiospermae; eudicotyledons; Gunneridae;
Pentapetalae; asterids; lamiids; Lamiales; Verbenaceae; Verbeneae;
Verbena; Verbena officinalis L. (NCBI:txid79772).

Background

Common vervain, Verbena officinalis L., is a herbaceous
perennial plant with opposite, deeply lobed leaves on square
hollow stems that are topped with bifurcating spikes bearing
pink to purple flowers. It flowers from June to October and
provides ample nectar for a variety of insect pollinators. It
prefers chalky soils and can be seen growing in grassland
and on rough ground, mostly in the temperate and subtropical
regions of Eurasia, Africa and Australia (POWO, 2024).

Verbena officinalis has been used in folk medicine for its anal-
gesic and anti-inflammatory properties (Akerreta er al., 2007;
Calvo, 2006; Kubica er al., 2020). It was widely cultivated as
a medicinal herb in medieval gardens, but frequently returned
to the wild, and is now found in many countries around
the world, including Britain and Ireland (POWO, 2024).

The presence of V. officinalis in Britain has been dated back
to the Neolithic, so it is one of the approximately 100 archae-
ophytes known from these islands (Preston er al, 2004;
Williamson et al., 2008). It was probably introduced from
southern Europe, where it is a component of the Mediterranean
flora. In Britain and Ireland, the species usually inhabits rough
grassland, coastal cliffs and roadside verges, field margins
and waste grounds, but it is also frequently found in urban
areas, along walls and pavements, because it thrives in hot,
dry and disturbed habitats and can be weedy in some situ-
ations (Xu & Chang, 2017). Here we sampled a specimen
(Figure 1) from the verge on Lower Ham Road along the
River Thames in Canbury Gardens, Kingston upon Thames,
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Surrey. This verge frequently floods in winter, but is dry and
hot in summer, and the population there consists of a few
hundred individuals.

The genus name Verbena comes from classical Latin, referring
to scented twigs used for ceremonial purposes. Sacred to the
Romans, V. officinalis was presented with other scented herbs
on altars dedicated to Jupiter. It was equally esteemed among
Celtic tribes, who crowned their bards with this herb to
receive divine inspiration. The association with divinity has
remained in local folklore across Europe. There are still
large Verbena celebrations in Spain in honour of local saints.
The herb has also long been used as a magic charm for
protection against the devil, witchcraft or even vampires. It
was worn in shoes or around the ankles for endurance dur-
ing long hikes in the Netherlands, Germany and Switzerland,
and in England the roots were worn around the neck to cure
lymph ailments and infections. Crusaders spread the rumour
that vervain sprouted on Mount Calvary when Jesus Christ
was crucified, hence it is sometimes referred to in England as
‘herb-of-the-cross’ or ‘holy herb’. This has led to the belief
that it has helped staunch the wounds of Jesus (Christenhusz
et al.,2017; De Cleene & Lejeune, 2000).

Taxonomically, Verbena officinalis has two accepted varie-
ties (POWO, 2024), of which the typical variety (V. officinalis
var. officinalis) is the one found in Britain and Ireland and
sequenced here. The other variety, V. officinalis var. africana
(R.Fern. & Verdc.) Munir, has more divided and serrated
lobes, as well as floral bracts half to two-thirds of the calyx
length (Munir, 2002), and is found in Africa, East Asia
and Australia.

Karyotypically, Verbena officinalis is considered to be a stable
diploid species with 2n = 14 chromosomes (Henniges et al.,
2022; Munir, 2002). Here, we present the first high-quality
common vervain genome. It is the

first for the tribe

Figure 1. Photographs of the Verbena officinalis (daVerOffi1) plant that was sampled for genome sequencing. a) habit.

b) inflorescence.

Page 3 of 15



Verbeneae, and only the third species of Verbenaceae to have
its entire genome sequenced. The other two species with
whole genomic data are Lantana x strigocamara R.W.Sanders
(as ‘L. camara’; Joshi et al., 2022; Sanders, 2006) and
Petrea volubilis L. (Hamilton et al., 2023). The output of this
work constitutes an important genome resource to improve
investigations on the biosynthetic pathways for the many
compounds that have been reported to be of medicinal value
(Kubica et al., 2020).

Genome sequence report

Using flow cytometry, the genome size (1C-value) of the
Verbena officinalis specimen was estimated to be 0.36 pg,
equivalent to 350 Mb. The genome was sequenced using
Pacific Biosciences single-molecule HiFi long reads, generating
a total of 9.37 Gb (gigabases) from 0.72 million reads, pro-
viding approximately 27-fold coverage. Primary assembly
contigs were scaffolded with chromosome conformation Hi-C
data, which produced 118.43 Gb from 784.31 million reads,
yielding an approximate coverage of 410-fold. Specimen and
sequencing details are provided in Table 1.

Manual assembly curation corrected two missing joins or
mis-joins, reducing the assembly length by 0.22%, and increas-
ing the scaffold N50 by 17.74%. The final assembly has a total
length of 289.20 Mb in 12 sequence scaffolds with a scaffold
N50 of 42.3 Mb (Table 2) with 7 gaps. The snail plot in
Figure 2 provides a summary of the assembly statistics, while
the distribution of assembly scaffolds based on GC proportion
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and coverage is shown in Figure 3. The cumulative assem-
bly plot in Figure 4 shows curves for subsets of scaffolds
assigned to different phyla. Most (99.76%) of the assem-
bly sequence was assigned to 7 chromosomal-level scaffolds.
Chromosome-scale scaffolds confirmed by the Hi-C data are
named in order of size (Figure 5; Table 3). While not fully
phased, the assembly deposited is of one haplotype. Con-
tigs corresponding to the second haplotype have also been
deposited. The mitochondrial and plastid genomes were also
assembled and can be found as contigs within the multifasta
file of the genome submission.

The estimated Quality Value (QV) of the final assembly is
63.1 with k-mer completeness of 100.0%, and the assembly
has a BUSCO v5.4.3 completeness of 97.8% (single = 92.7%,
duplicated = 5.1%), using the eudicots_odbl0 reference set
(n=2,326).

Metadata for specimens, BOLD barcode results, spectra esti-
mates, sequencing runs, contaminants and pre-curation assembly
statistics are given at https://links.tol.sanger.ac.uk/species/79772.

Genome annotation report

The Verbena officinalis genome assembly (GCA_958496215.1)
was annotated at the European Bioinformatics Institute (EBI)
on Ensembl Rapid Release. The resulting annotation includes
43,020 transcribed mRNAs from 25,194 protein-coding and
5,008 non-coding genes (Table 2; https://rapid.ensembl.org/
Verbena_officinalis_ GCA_958496215.1/Info/Index). The average

Table 1. Specimen and sequencing data for Verbena officinalis.

Project information

Study title Verbena officinalis

Umbrella BioProject PRJEB64064

BioSample SAMEA7521929

NCBI taxonomy ID 79772

Specimen information

Technology ToLID BioSample accession  Organism part
PacBio long read sequencing daVerOffi1 SAMEA7521946 flower

Hi-C sequencing daVerOffi1 SAMEA7521949 leaf

RNA sequencing daVerOffi1 SAMEA7521947 leaf
Sequencing information

Platform Run accession Read count Base count (Gb)
Illumina NovaSeq 6000 (Hi-C) ERR11679374 7.84e+08 118.43
PacBio Sequel Ile (WGS) ERR11673227 1.02e+05 1.5
PacBio Sequel IIe (WGS) ERR11673228 6.14e+05 7.86

RNA Illumina HiSeq 4000 (RNA) ERR11679375 9.13e+07 13.79
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Table 2. Genome assembly data for Verbena officinalis, daVerOffi1.1.

Genome assembly
Assembly name

Assembly accession

Accession of alternate haplotype

Span (Mb)

Number of contigs
Contig N50 length (Mb)
Number of scaffolds
Scaffold N50 length (Mb)
Longest scaffold (Mb)
Assembly metrics*
Consensus quality (QV)
k-mer completeness

BUSCO**

Percentage of assembly

mapped to chromosomes

Organelles

daVerOffi1.1
GCA_958496215.1
GCA_958496265.1

289.20
21
35.9
12
423
51.29

Benchmark
63.1 >50
100.0% >95%
C:97.8%[S:92.7%,D:5.1%], C>95%
F:0.3%,M:1.8%,n:2,326
99.76% >95%

Mitochondrial genome:
495.81 kb; plastid
genome: 153.46 kb

complete single alleles

Genome annotation at Ensembl

Number of protein-coding
genes

25,194

Number of non-coding genes 5,008

Number of gene transcripts 43,020

* Assembly metric benchmarks are adapted from column VGP-2020 of “Table 1: Proposed standards
and metrics for defining genome assembly quality” from Rhie et al. (2021).

*%* BUSCO scores based on the eudicots_odb10 BUSCO set using version 5.4.3. C = complete

[S = single copy, D = duplicated], F = fragmented, M = missing, n = number of orthologues in
comparison. A full set of BUSCO scores is available at https://blobtoolkit.genomehubs.org/view/

daVerOffi1_1/dataset/daVerOffi1_1/busco.

transcript length is 3,176.10. There are 1.42 coding transcripts
per gene and 5.54 exons per transcript.

Methods

Sample acquisition, DNA barcoding and genome size
estimation

A specimen of Verbena officinalis (specimen ID KDTOL10020,
ToLID daVerOffil) was collected from Canbury Gardens,
Kingston Upon Thames, Surrey, UK (latitude 51.42, longi-
tude —0.31). The specimen was picked by hand from a ripar-
ian road verge by Maarten Christenhusz. The specimen was
also formally identified by Maarten Christenhusz, and then
preserved by freezing at —80°C. The herbarium specimen

Christenhusz 9017 of the sequenced plant is deposited at the
Royal Botanic Gardens, Kew (K001400635).

The initial species identification was verified by an addi-
tional DNA barcoding process following the framework devel-
oped by Twyford er al. (2024). Part of the plant specimen
was preserved in silica gel desiccant (Chase & Hills, 1991).
DNA was extracted from the dried specimen, then PCR was
used to amplify standard barcode regions. The resulting
amplicons were sequenced and compared to public sequence
databases including GenBank and the Barcode of Life Database
(BOLD). The barcode sequences for this specimen are avail-
able on BOLD (Ratnasingham & Hebert, 2007). Following
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Figure 2. Genome assembly of Verbena officinalis, daVerOffi1.1: metrics. The BlobToolKit snail plot shows N50 metrics and BUSCO
gene completeness. The main plot is divided into 1,000 size-ordered bins around the circumference with each bin representing 0.1%
of the 289,850,359 bp assembly. The distribution of scaffold lengths is shown in dark grey with the plot radius scaled to the longest
scaffold present in the assembly (51,139,607 bp, shown in red). Orange and pale-orange arcs show the N50 and N90 scaffold lengths
(42,305,780 and 33,961,201 bp), respectively. The pale grey spiral shows the cumulative scaffold 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 in the
eudicots_odb10 set is shown in the top right. An interactive version of this figure is available at https://blobtoolkit.genomehubs.org/view/

daVerOffi1_1/dataset/daVerOffi1_1/snail.

whole genome sequence generation, DNA barcodes were also
used alongside the initial barcoding data for sample tracking
through the genome production pipeline at the Wellcome
Sanger Institute (Twyford er al, 2024). The standard oper-
ating procedures for the Darwin Tree of Life barcoding
have been deposited on protocols.io (Beasley et al., 2023).

The plant’s genome size was estimated by flow cytometry
using the fluorochrome propidium iodide and following the
‘one-step’” method as outlined in Pellicer er al. (2021). For this
species, the General Purpose Buffer (GPB) supplemented
with 3% PVP and 0.08% (v/v) beta-mercaptoethanol was
used for isolation of nuclei (Loureiro et al., 2007), and the
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Figure 3. Genome assembly of Verbena officinalis, daVerOffi1.1: Blob plot of base coverage against GC proportion for sequences
in assembly daVerOffi1.1 Scaffolds are coloured by phylum. Circles are sized in proportion to scaffold length. Histograms show the
distribution of scaffold length sum along each axis. An interactive version of this figure is available at https://blobtoolkit.genomehubs.org/

view/daVerOffi1_1/dataset/daVerOffi1_1/blob.

internal calibration standard was Solanum lycopersicum
‘Stupiké polni rané’ with an assumed 1C-value of 968 Mb
(Dolezel et al., 2007).

Nucleic acid extraction

The workflow for high molecular weight (HMW) DNA extrac-
tion at the Wellcome Sanger Institute (WSI) Tree of Life
Core Laboratory includes a sequence of procedures: sample
preparation and homogenisation, DNA extraction, fragmentation

and purification. Detailed protocols are available on protocols.io
(Denton et al., 2023). The daVerOffil sample was weighed
and dissected on dry ice (Jay er al, 2023) and flower
tissue was cryogenically disrupted wusing the Covaris
cryoPREP® Automated Dry Pulverizer (Narviez-Gomez et al.,
2023).

HMW DNA was extracted using the Plant Organic Extraction
protocol (Jackson & Howard, 2023b). HMW DNA was
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Figure 4. Genome assembly of Verbena officinalis, daVerOffi1.1: BlobToolKit cumulative sequence plot. The grey line shows
cumulative length for all scaffolds. Coloured lines show cumulative lengths of scaffolds assigned to each phylum using the buscogenes
taxrule. An interactive version of this figure is available at https://blobtoolkit.genomehubs.org/view/daVerOffi1_1/dataset/daVerOffi1_1/

cumulative.

extracted using the Automated Plant MagAttract v4 proto-
col (Jackson & Howard, 2023a). HMW DNA was sheared into
an average fragment size of 12-20 kb in a Megaruptor 3 sys-
tem (Bates er al, 2023). Sheared DNA was purified by
solid-phase reversible immobilisation, using AMPure PB beads
to eliminate shorter fragments and concentrate the DNA (Oatley
et al., 2023). The concentration of the sheared and purified
DNA was assessed using a Nanodrop spectrophotometer and
Qubit Fluorometer and Qubit dsDNA High Sensitivity Assay
kit. Fragment size distribution was evaluated by running the
sample on the FemtoPulse system.

RNA was extracted from leaf tissue of daVerOffil in the Tree
of Life Laboratory at the WSI using the RNA Extraction:

i

Automated MagMax™ mirVana protocol (do Amaral er al,
2023). The RNA concentration was assessed using a
Nanodrop spectrophotometer and a Qubit Fluorometer using
the Qubit RNA Broad-Range Assay kit. Analysis of the
integrity of the RNA was done using the Agilent RNA 6000
Pico Kit and Eukaryotic Total RNA assay.

Hi-C preparation

Leaf tissue of the daVerOffil sample was processed at the WSI
Scientific Operations core, using the Arima-HiC v2 kit. In
brief, frozen tissue (stored at —80 °C) was fixed, and the DNA
crosslinked using a TC buffer with 22% formaldehyde. After
crosslinking, the tissue was homogenised using the Diagno-
cine Power Masher-Il and BioMasher-II tubes and pestles.
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b

Figure 5. Genome assembly of Verbena officinalis, daVerOffi1.1: Hi-C contact map of the daVerOffi1.1 assembly, visualised using
HiGlass. Chromosomes are shown in order of size from left to right and top to bottom. An interactive version of this figure may be viewed
at https://genome-note-higlass.tol.sanger.ac.uk/l/?d=TwrNDtIuRxew/TJmfbSgiQ.

Table 3. Chromosomal pseudomolecules in
the genome assembly of Verbena officinalis,

daVerOffi1.

INSDC accession Name Length(Mb) GC%
0Y292385.1 1 51.14 375
0Y292386.1 2 46.09 37.0
0Y292387.1 3 4414 375
0Y292388.1 4 42.31 37.0
0Y292389.1 5 35.93 36.5
0Y292390.1 6 35.45 36.5
0Y292391.1 7 33.96 375
0Y292392.1 MT 0.5 45.0
0Y292393.1 Pltd 0.15 39.0

Following the kit manufacturer’s instructions, crosslinked

DNA was digested using a restriction enzyme master mix.
The 5’-overhangs were then filled in and labelled with
biotinylated nucleotides and proximally ligated. An over-
night incubation was carried out for enzymes to digest remain-
ing proteins and for crosslinks to reverse. A clean up was
performed with SPRIselect beads prior to library preparation.

Library preparation and sequencing

Library preparation and sequencing were performed at the WSI
Scientific Operations core. Pacific Biosciences HiFi circular
consensus DNA sequencing libraries were prepared using
the PacBio Express Template Preparation Kit v2.0 (Pacific
Biosciences, California, USA) as per the manufacturer’s
instructions. The kit includes the reagents required for
removal of single-strand overhangs, DNA damage repair, end
repair/A-tailing, adapter ligation, and nuclease treatment.
Library preparation also included a library purification step
using AMPure PB beads (Pacific Biosciences, California, USA)
and size selection step to remove templates <3kb using
AMPure PB modified SPRI. DNA concentration was quanti-
fied using the Qubit Fluorometer v2.0 and Qubit HS Assay Kit
and the final library fragment size analysis was carried out
using the Agilent Femto Pulse Automated Pulsed Field CE
Instrument and gDNA 165kb gDNA and 55kb BAC analysis
kit. Samples were sequenced using the Sequel Ile system
(Pacific Biosciences, California, USA). The concentration
of the library loaded onto the Sequel Ile was between
40-135 pM. The SMRT link software, a PacBio web-based
end-to-end workflow manager, was used to set-up and moni-
tor the run, as well as perform primary and secondary analysis
of the data upon completion.

RNA-Seq libraries were constructed using the NEB Ultra II
RNA Library Prep kit, following the manufacturer’s instruc-
tions. RNA sequencing was performed on the Illumina HiSeq
4000 instrument.
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For Hi-C library preparation, DNA was fragmented to a size
of 400 to 600 bp using a Covaris E220 sonicator. The DNA was
then enriched, barcoded, and amplified using the NEBNext
Ultra II DNA Library Prep Kit following manufacturers’ instruc-
tions. The Hi-C sequencing was performed using paired-
end sequencing with a read length of 150 bp on an Illumina
NovaSeq 6000 instrument.

Genome assembly, curation and evaluation

Assembly

The original assembly of HiFi reads was performed using
the Hifiasm (Cheng er al., 2021) with the --primary option.
Haplotypic duplications were identified and removed with
purge_dups (Guan er al, 2020). Hi-C reads were further
mapped with bwa-mem2 (Vasimuddin er al, 2019) to the
primary contigs, which were further scaffolded using the
provided Hi-C data (Rao er al., 2014) in YaHS (Zhou er al.,
2023) using the --break option. Scaffolded assemblies were
evaluated using Gfastats (Formenti er al, 2022), BUSCO
(Manni et al., 2021) and MERQURY.FK (Rhie er al., 2020).
The organelle genomes were assembled using OATK (Zhou,
2023).

Curation

The assembly was decontaminated using the Assembly Screen
for Cobionts and Contaminants (ASCC) pipeline (article in
preparation). Manual curation was primarily conducted using
PretextView (Harry, 2022), with additional insights provided
by JBrowse2 (Diesh er al., 2023) and HiGlass (Kerpedjiev
et al., 2018). Scaffolds were visually inspected and cor-
rected as described by Howe er al. (2021). Any identified
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contamination, missed joins, and mis-joins were corrected, and
duplicate sequences were tagged and removed. The process is
documented at https://gitlab.com/wtsi-grit/rapid-curation (article
in preparation).

Evaluation of final assembly

A Hi-C map for the final assembly was produced using bwa-
mem2 (Vasimuddin er al., 2019) in the Cooler file format
(Abdennur & Mirny, 2020). To assess the assembly metrics,
the k-mer completeness and QV consensus quality values
were calculated in Merqury (Rhie er al., 2020). This work
was done using the “sanger-tol/readmapping” (Surana efr al.,
2023a) and ‘“‘sanger-tol/genomenote” (Surana er al., 2023b)
pipelines. The genome evaluation pipelines were developed
using nf-core tooling (Ewels er al., 2020) and MultiQC (Ewels
et al., 2016), relying on the Conda package manager, the
Bioconda initiative (Griining er al., 2018), the Biocontain-
ers infrastructure (da Veiga Leprevost er al, 2017), as well
as the Docker (Merkel, 2014) and Singularity (Kurtzer er al.,
2017) containerisation solutions.

The genome was also analysed within the BlobToolKit envi-
ronment (Challis er al., 2020) and BUSCO scores (Manni
et al., 2021) were calculated. Table 4 contains a list of
relevant software tool versions and sources.

Wellcome Sanger Institute - Legal and Governance

The materials that have contributed to this genome note have
been supplied by a Darwin Tree of Life Partner. The submis-
sion of materials by a Darwin Tree of Life Partner is subject
to the ‘Darwin Tree of Life Project Sampling Code of

Table 4. Software tools: versions and sources.

Software tool Version

BlobToolKit 421

BUSCO 532

bwa-mem?2 2.2.1

Cooler 0.8.11

Gfastats 1.3.6

Hifiasm 0.19.5-r587

HiGlass 44086069ee7d4d3f6f3f00
12569789ec138f42b84aa4
4357826c0b6753eb28de

Merqury.FK d00d98157618f4e8d1a91
90026b19b471055b22e

OATK 0.9

PretextView 0.2

purge_dups 1.2.5

sanger-tol/genomenote  v1.0

sanger-tol/readmapping 1.1.0

YaHS 1.2a.2

Source
https://github.com/blobtoolkit/blobtoolkit
https://gitlab.com/ezlab/busco
https://github.com/bwa-mem?2/bwa-mem?2
https://github.com/open2c/cooler
https://github.com/vgl-hub/gfastats
https://github.com/chhylp123/hifiasm
https://github.com/higlass/higlass

https://github.com/thegenemyers/MERQURY.FK

https://github.com/c-zhou/oatk
https://github.com/wtsi-hpag/PretextView
https://github.com/dfguan/purge_dups
https://github.com/sanger-tol/genomenote
https://github.com/sanger-tol/readmapping/tree/1.1.0

https://github.com/c-zhou/yahs
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Practice’, which can be found in full on the Darwin Tree of
Life website here. By agreeing with and signing up to the
Sampling Code of Practice, the Darwin Tree of Life Partner
agrees they will meet the legal and ethical requirements and
standards set out within this document in respect of all sam-
ples acquired for, and supplied to, the Darwin Tree of Life
Project.

Further, the Wellcome Sanger Institute employs a process
whereby due diligence is carried out proportionate to the nature
of the materials themselves, and the circumstances under
which they have been/are to be collected and provided for
use. The purpose of this is to address and mitigate any poten-
tial legal and/or ethical implications of receipt and use of the
materials as part of the research project, and to ensure that
in doing so we align with best practice wherever possible.
The overarching areas of consideration are:

e FEthical review of provenance and sourcing of the material

e [egality of collection, transfer and use (national and

international)

Each transfer of samples is further undertaken according to
a Research Collaboration Agreement or Material Transfer
Agreement entered into by the Darwin Tree of Life Partner,
Genome Research Limited (operating as the Wellcome Sanger
Institute), and in some circumstances other Darwin Tree of
Life collaborators.

Data availability

European Nucleotide Archive: Verbena officinalis. Acces-
sion number PRJEB64064; https://identifiers.org/ena.embl/
PRIEB64064 (Wellcome Sanger Institute, 2023). The genome
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sequence is released openly for reuse. The Verbena officinalis
genome sequencing initiative is part of the Darwin Tree of
Life (DToL) project. All raw sequence data and the assem-
bly have been deposited in INSDC databases. Raw data and
assembly accession identifiers are reported in Table 1.
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Daniel G Peterson
Mississippi State University, Mississippi, USA

Via a Data Note, Christenhusz et al. present a genome assembly for the common verain, Verbena
officinalis L.

The Background section of their manuscript does an excellent job of introducing readers to
Verbena officinalis while illuminating the species' historic and potential future value to human
beings.

The genome sequencing and assembly techniques are scientifically sound and well documented.

I have a few questions and comments. Most of my comments simply state what I hope the
authors (or others) will determine from the data.

[1]1Is the herbarium specimen Christenhusz 9017 stored at -80C or is it stored as a dried pressing
or in some other way? This is unclear.

[2] I am pleased that the authors did a genome size estimate using flow cytometry. Co-author
Leitch is one of the world's foremost experts on plant genome size variation and genome size
estimation. I hope to eventually see a version of this manuscript or a follow-up manuscript that
discusses the potential variation between the genome assembly and the flow cytometric value.

[3] Are the centromeres absent from the assembly? What makes up the repetitive part of the
genome? These are more results that I hope to learn more about when the author's publish their
results.

[4] Are their signs of ancient genome duplications? Another result I look forward to hearing
about.
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