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Abstract 
We present a genome assembly from an individual male Drepana 
falcataria (the Pebble Hook-tip; Arthropoda; Insecta; Lepidoptera; 
Drepanidae). The genome sequence is 326.7 megabases in span. The 
whole assembly is scaffolded into 31 chromosomal pseudomolecules, 
including the assembled Z sex chromosome. The mitochondrial 
genome has also been assembled and is 15.4 kilobases in length.

Keywords 
Drepana falcataria, the Pebble Hook-tip, genome sequence, 
chromosomal, Lepidoptera

 

This article is included in the Tree of Life 

gateway.

Open Peer Review

Approval Status    

1 2 3

version 1
10 May 2023 view view view

Kay Lucek , University of Neuchâtel, 

Neuchâtel, Switzerland

1. 

Leonardo Barbosa Koerich, Federal 

University of Minas Gerais, State of Minas 

Gerais, Brazil

2. 

Michael Hiller , Senckenberg Nature 

Research Society, Frankfurt Am Main, 

Germany

3. 

Any reports and responses or comments on the 

article can be found at the end of the article.

 
Page 1 of 12

Wellcome Open Research 2023, 8:207 Last updated: 27 MAY 2024

https://wellcomeopenresearch.org/articles/8-207/v1
https://wellcomeopenresearch.org/articles/8-207/v1
https://wellcomeopenresearch.org/articles/8-207/v1
https://wellcomeopenresearch.org/articles/8-207/v1
https://orcid.org/0000-0001-7935-6111
https://doi.org/10.12688/wellcomeopenres.19213.1
https://doi.org/10.12688/wellcomeopenres.19213.1
https://wellcomeopenresearch.org/gateways/treeoflife
https://wellcomeopenresearch.org/gateways/treeoflife
https://wellcomeopenresearch.org/articles/8-207/v1
https://wellcomeopenresearch.org/articles/8-207/v1#referee-response-82209
https://wellcomeopenresearch.org/articles/8-207/v1#referee-response-81072
https://wellcomeopenresearch.org/articles/8-207/v1#referee-response-72031
https://orcid.org/0000-0002-2253-2556
https://orcid.org/0000-0003-3024-1449
http://crossmark.crossref.org/dialog/?doi=10.12688/wellcomeopenres.19213.1&domain=pdf&date_stamp=2023-05-10


Corresponding author: Darwin Tree of Life Consortium (mark.blaxter@sanger.ac.uk)
Author roles: Boyes D: Investigation, Resources; Lewis OT: Writing – Original Draft Preparation, Writing – Review & Editing;
Competing interests: No competing interests were disclosed.
Grant information: This work was supported by Wellcome through core funding to the Wellcome Sanger Institute (206194, 
https://doi.org/10.35802/206194) and the Darwin Tree of Life Discretionary Award (218328, https://doi.org/10.35802/218328).  
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.
Copyright: © 2023 Boyes D et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
How to cite this article: Boyes D, Lewis OT, University of Oxford and Wytham Woods Genome Acquisition Lab et al. The genome 
sequence of the Pebble Hook-tip, Drepana falcataria (Linnaeus, 1758) [version 1; peer review: 3 approved] Wellcome Open Research 
2023, 8:207 https://doi.org/10.12688/wellcomeopenres.19213.1
First published: 10 May 2023, 8:207 https://doi.org/10.12688/wellcomeopenres.19213.1 

 
Page 2 of 12

Wellcome Open Research 2023, 8:207 Last updated: 27 MAY 2024

mailto:mark.blaxter@sanger.ac.uk
https://doi.org/10.35802/206194
https://doi.org/10.35802/218328
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/wellcomeopenres.19213.1
https://doi.org/10.12688/wellcomeopenres.19213.1


Species taxonomy
Eukaryota; Metazoa; Ecdysozoa; Arthropoda; Hexapoda; 
Insecta; Pterygota; Neoptera; Endopterygota; Lepidoptera; Glos-
sata; Ditrysia; Drepanoidea; Drepanidae; Drepaninae; Drepana;  
Drepana falcataria (Linnaeus, 1758) (NCBI:txid104428).

Background
Drepana falcataria, the Pebble Hook-tip, is the largest and 
commonest of the hook-tip moths (family Drepanidae) in  
Britain and Ireland. The English name of these moths reflects 
the distinctive hooked appearance of their forewings. In the 
case of D. falcataria, the pebble-like central spot on the  
forewing, combined with a purplish-brown blotch near the 
wing tip, distinguish this species from the other six Drepanidae  
species recorded in Britain and Ireland (Waring et al., 2017).

This species occurs in woodlands, gardens, heathland and  
similar habitats across much of Britain and more locally in  
Ireland (Randle et al., 2019; Waring et al., 2017). It has expanded 
its distribution significantly since 1970, but has also declined 
in abundance (Randle et al., 2019). Drepana falcataria has 
a wide distribution across western and central Europe and  
Siberia (GBIF Secretariat, 2022).

The main larval foodplants of D. falcataria are birches (Betula 
spp.) and alder (Alnus glutinosa) (Henwood et al., 2020). It over-
winters as a pupa, and adults fly at night from late April to June, 
with a second brood which peaks in August (Randle et al., 2019).  
The spring generation now appears significantly earlier in the 
year than it did in the 1970s (Randle et al., 2019). In the north, 
this species has a single annual generation, and in the north-
ern half of Scotland occurs as a distinct subspecies, scotica,  
which has a paler ground colour (Waring et al., 2017).

A genome sequence for Drepana falcataria will contribute to 
a growing data set of resources for understanding lepidopteran 
biology. The genome of Drepana falcataria was sequenced 
as part of the Darwin Tree of Life Project, a collaborative  
effort to sequence all named eukaryotic species in the Atlantic 
Archipelago of Britain and Ireland. Here we present a chromo-
somally complete genome sequence for Drepana falcataria, 
based on one male specimen from Wytham Woods,  
Oxfordshire, UK. 

Genome sequence report
The genome was sequenced from one male Drepana falcat-
aria (Figure 1) collected from Wytham Woods, Oxfordshire, 
UK (latitude 51.77, longitude –1.34). A total of 73-fold cov-
erage in Pacific Biosciences single-molecule HiFi long reads 
was generated. Primary assembly contigs were scaffolded 
with chromosome conformation Hi-C data. Manual curation  
corrected two missing joins or misjoins.

The final assembly has a total length of 326.7 Mb in 31 sequence 
scaffolds with a scaffold N50 of 11.7 Mb (Table 1). The whole 
assembly sequence was assigned to 31 chromosomal-level  
scaffolds, representing 30 autosomes, and the Z sex chromo-
some. Chromosome-scale scaffolds confirmed by the Hi-C data  

are named in order of size (Figure 2–Figure 5; Table 2). 
The assembly has a BUSCO v5.3.2 (Manni et al., 2021)  
completeness of 98.6% (single 98.4%, duplicated 0.2%) using 
the lepidoptera_odb10 reference set. While not fully phased, the 
assembly deposited is of one haplotype. Contigs corresponding  
to the second haplotype have also been deposited.

Methods
Sample acquisition and nucleic acid extraction
A male Drepana falcataria (ilDreFalc1) was collected 
from Wytham Woods, Oxfordshire (biological vice-county:  
Berkshire) (latitude 51.77, longitude –1.34) on 24 July 2021. 
The specimen was taken from grassland habitat by Douglas 
Boyes (University of Oxford) using a light trap. The specimen  
was identified by Douglas Boyes and preserved on dry ice.

DNA was extracted at the Tree of Life laboratory, Wellcome 
Sanger Institute (WSI). The ilDreFalc1 sample was weighed 
and dissected on dry ice with tissue set aside for Hi-C  
sequencing. Head and thorax tissue was disrupted using a Nippi 
Powermasher fitted with a BioMasher pestle. High molecular 
weight (HMW) DNA was extracted using the Qiagen MagAttract  
HMW DNA extraction kit. HMW DNA was sheared into an 
average fragment size of 12–20 kb in a Megaruptor 3 system  
with speed setting 30. Sheared DNA was purified by  
solid-phase reversible immobilisation using AMPure PB beads 
with a 1.8X ratio of beads to sample to remove the shorter  
fragments and concentrate the DNA sample. 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.

Sequencing
Pacific Biosciences HiFi circular consensus DNA sequencing 
libraries were constructed according to the manufacturers’ 
instructions. DNA sequencing was performed by the Scientific 

Figure 1. Photograph of the Drepana falcataria (ilDreFalc1) 
specimen used for genome sequencing.
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Operations core at the WSI on a Pacific Biosciences SEQUEL 
II (HiFi) instrument. Hi-C data were also generated from  
tissue of ilDreFalc1 using the Arima v2 kit and sequenced on  
the Illumina NovaSeq 6000 instrument.

Genome assembly
Assembly was carried out with Hifiasm (Cheng et al., 2021) and 
haplotypic duplication was identified and removed with purge_
dups (Guan et al., 2020). The assembly was then scaffolded with 

Table 1. Genome data for Drepana falcataria, ilDreFalc1.1.

Project accession data

Assembly identifier ilDreFalc1.1

Species Drepana falcataria

Specimen ilDreFalc1

NCBI taxonomy ID 104428

BioProject PRJEB54059

BioSample ID SAMEA10979061

Isolate information ilDreFalc1; male, head and thorax tissue (genome sequencing 
and Hi-C scaffolding)

Assembly metrics* Benchmark

Consensus quality (QV) 67.7 ≥ 50

k-mer completeness 100% ≥ 95%

BUSCO** C:98.6%[S:98.4%,D:0.2%], 
F:0.4%,M:1.0%,n:5,286

C ≥ 95%

Percentage of assembly 
mapped to chromosomes

100% ≥ 95%

Sex chromosomes Z sex chromosome localised homologous pairs

Organelles Mitochondrial genome assembled complete single alleles

Raw data accessions

PacificBiosciences SEQUEL II ERR9924616

Hi-C Illumina ERR9930691

Genome assembly

Assembly accession GCA_945859725.1

Accession of alternate haplotype CA_945859695.1

Span (Mb) 326.7

Number of contigs 34

Contig N50 length (Mb) 11.6

Number of scaffolds 31

Scaffold N50 length (Mb) 11.7

Longest scaffold (Mb) 15.0
* 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 lepidoptera_odb10 BUSCO set using v5.3.2. 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/ilDreFalc1_1/dataset/ilDreFalc1_1/busco.
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Hi-C data (Rao et al., 2014) using YaHS (Zhou et al., 2023).  
The assembly was checked for contamination and corrected 
as described previously (Howe et al., 2021). Manual curation 

was performed using HiGlass (Kerpedjiev et al., 2018) and 
Pretext (Harry, 2022). The mitochondrial genome was assem-
bled using MitoHiFi (Uliano-Silva et al., 2022), which  

Figure 2. Genome assembly of Drepana falcataria, ilDreFalc1.1: metrics. The BlobToolKit Snailplot 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 326,745,212 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 (14,982,236 bp, shown in red). Orange and pale-orange arcs show the N50 and N90 scaffold lengths (11,692,006 and 
7,634,482 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 lepidoptera_odb10 set 
is shown in the top right. An interactive version of this figure is available at https://blobtoolkit.genomehubs.org/view/ilDreFalc1_1/dataset/
ilDreFalc1_1/snail.
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performed annotation using MitoFinder (Allio et al., 2020). The  
genome was analysed and BUSCO scores generated within the 
BlobToolKit environment (Challis et al., 2020). Table 3 contains  
a list of all software tool versions used, where appropriate.

Ethics and compliance issues
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 

Figure 3. Genome assembly of Drepana falcataria, ilDreFalc1.1: GC coverage. BlobToolKit GC-coverage plot. 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/ilDreFalc1_1/dataset/ilDreFalc1_1/blob.
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the Darwin Tree of Life Project Sampling Code of Practice.  
By agreeing with and signing up to the Sampling Code of Prac-
tice, 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 samples acquired for, and supplied 

to, the Darwin Tree of Life Project. All efforts are undertaken  
to minimise the suffering of animals used for sequencing. 
Each transfer of samples is further undertaken according to a 
Research Collaboration Agreement or Material Transfer Agree-
ment entered into by the Darwin Tree of Life Partner, Genome 

Figure 4. Genome assembly of Drepana falcataria, ilDreFalc1.1: cumulative sequence. 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/ilDreFalc1_1/dataset/
ilDreFalc1_1/cumulative.
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Table 2. Chromosomal pseudomolecules in the 
genome assembly of Drepana falcataria, ilDreFalc1.

INSDC accession Chromosome Size (Mb) GC%

OX243922.1 1 14.2 38.3

OX243923.1 2 14.15 38.6

OX243924.1 3 13.64 38.1

OX243925.1 4 13.54 38.6

OX243926.1 5 13.5 38.3

OX243927.1 6 13.35 38.6

OX243928.1 7 13.11 38.5

OX243929.1 8 12.64 38.2

OX243930.1 9 12.34 38.4

OX243931.1 10 12.32 38.2

OX243932.1 11 11.84 38.7

OX243933.1 12 11.69 38.6

OX243934.1 13 11.41 38.6

OX243935.1 14 11.38 38.5

OX243936.1 15 11.05 38.6

INSDC accession Chromosome Size (Mb) GC%

OX243937.1 16 10.8 38.6

OX243938.1 17 10.75 38.8

OX243939.1 18 10.42 39.1

OX243940.1 19 9.91 38.8

OX243941.1 20 9.82 39.3

OX243942.1 21 9.48 39.2

OX243943.1 22 8.02 39.1

OX243944.1 23 7.77 39.7

OX243945.1 24 7.67 39.7

OX243946.1 25 7.63 39.6

OX243947.1 26 6.96 39.9

OX243948.1 27 5.9 40.4

OX243949.1 28 5.67 42

OX243950.1 29 5.62 41

OX243951.1 30 5.18 42.5

OX243921.1 Z 14.98 38.3

OX243952.1 MT 0.02 18.8

Figure 5. Genome assembly of Drepana falcataria, ilDreFalc1.1: Hi-C contact map. Hi-C contact map of the ilDreFalc1.1 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=f_ybUAspTj2zY-keVs2uqQ. 
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Research Limited (operating as the Wellcome Sanger Insti-
tute), and in some circumstances other Darwin Tree of Life  
collaborators.

Data availability
European Nucleotide Archive: Drepana falcataria (pebble hook-
tip). Accession number PRJEB54059; https://identifiers.org/ena.
embl/PRJEB54059 (Wellcome Sanger Institute, 2022)

The genome sequence is released openly for reuse. The  
Drepana falcataria genome sequencing initiative is part of the 

Darwin Tree of Life (DToL) project. All raw sequence data and 
the assembly have been deposited in INSDC databases. The  
genome will be annotated using available RNA-Seq data and 
presented through the Ensembl pipeline at the European Bio-
informatics Institute. Raw data and assembly accession  
identifiers are reported in Table 1.

Author information
Members of the University of Oxford and Wytham Woods  
Genome Acquisition Lab are listed here: https://doi.org/10.5281/
zenodo.4789928.

Members of the Darwin Tree of Life Barcoding collective are  
listed here: https://doi.org/10.5281/zenodo.4893703.

Members of the Wellcome Sanger Institute Tree of Life  
programme are listed here: https://doi.org/10.5281/zen-
odo.4783585.

Members of Wellcome Sanger Institute Scientific Operations:  
DNA Pipelines collective are listed here: https://doi.org/10.5281/
zenodo.4790455.

Members of the Tree of Life Core Informatics collective are  
listed here: https://doi.org/10.5281/zenodo.5013541.

Members of the Darwin Tree of Life Consortium are listed  
here: https://doi.org/10.5281/zenodo.4783558.

Table 3. Software tools and versions used.

Software tool Version Source

BlobToolKit 4.0.7 Challis et al., 2020

Hifiasm 0.16.1-r375 Cheng et al., 2021

HiGlass 1.11.6 Kerpedjiev et al., 2018

MitoHiFi 2 Uliano-Silva et al., 2022

PretextView 0.2 Harry, 2022

purge_dups 1.2.3 Guan et al., 2020

YaHS yahs-1.1.91eebc2 Zhou et al., 2023
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This data note reports another high quality genome assembly of a lepidopteran species. All 
method, including version numbers of the software tools are clearly described, and the genome 
will certainly be valuable for lepidopteran comparative genomics. 
 
I only have one question on why a male (the homogametic sex, lacking chr W) was picked for 
sequencing? If this species is common, was it not possible to pick a female?
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I find the report of Boyes and Lewis, entitled: "The genome sequence of the Pebble Hook-tip, 
Drepana falcataria (Linnaeus, 1758)" to be of high quality. In the study, the authors present the 
genome assembly of the Peeble-hook-tip (Drepana falcataria), assembled in 31 scaffolds at 
chromosome level. 
 
The genome sequencing process, outlined in detail, demonstrates a rigorous and well-executed 
approach. The use of Pacific Biosciences single-molecule HiFi long reads, complemented by 
chromosome conformation Hi-C data for scaffolding, ensures high-quality assembly. The manual 
curation efforts to correct misjoins further enhance the reliability of the assembly. The assembly 
statistics, including total length, scaffold N50, and chromosomal-level scaffolds, indicate a robust 
and comprehensive genome assembly. The high BUSCO completeness score validates the quality 
of the assembly, reinforcing its suitability for downstream analyses. 
 
As an overall assessment, the rationale for the study is clearly articulated, the methodologies are 
appropriate and well-described, and the datasets are presented in a clear and accessible manner.
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The authors present the chromosome level genome assembly of a male specimen of the Pebble 
Hook-tip Drepana falcataria. The assembly consists of 31 chromosomes including the Z 
chromosome. The assembly is highly complete as revealed by the high BUSCO score but not fully 
phased. Sequencing and genome assembly follow the current state of the art and use established 
methods. 
 
Overall, the presented assembly will be of great value to study genome architecture as well as 
genome size evolution in Lepidoptera. However, as with other genome notes of the Darwin Tree 
of Life project, the genome is not yet annotated. Instead the data availability statement highlights 
that “The genome will be annotated using available RNA-Seq data and presented through the 
Ensemble pipeline at the European Bioinformatics Institute.” It would be important to update this 
genome note with the data identifier once the data is made public.
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