Wellcome Open Research Wellcome Open Research 2022, 7:225 Last updated: 10 MAY 2023

'.) Check for updates

DATA NOTE

The genome sequence of the pale mottled willow, Caradrina

clavipalpis (Scopoli, 1763) [version 1; peer review: 3 approved]

Douglas Boyes =11+,

University of Oxford and Wytham Woods Genome Acquisition Lab,
Darwin Tree of Life Barcoding collective,

Wellcome Sanger Institute Tree of Life programme,

Wellcome Sanger Institute Scientific Operations: DNA Pipelines collective,
Tree of Life Core Informatics collective, Clare Boyes 2,

Darwin Tree of Life Consortium

TUK Centre for Ecology and Hydrology, Wallingford, Oxfordshire, UK
2Independent researcher, Wytham, Oxfordshire, UK

* Deceased author

V1 First published: 12 Sep 2022, 7:225 Open Peer Review
https://doi.org/10.12688/wellcomeopenres.18103.1

Latest published: 12 Sep 2022, 7:225

https://doi.org/10.12688/wellcomeopenres.18103.1 Approval Status v
1 2 3
ADSEract
We present a genome assembly from an individual male Caradrina version 1 v ' v
clavipalpis (pale mottled willow; Arthropoda; Insecta; Lepidoptera; 12 5ep 2022 view view view

Noctuidae). The genome sequence is 474 megabases in span. The
entire assembly (100%) is scaffolded into 31 chromosomal
pseudomolecules with the Z sex chromosome assembled. The

1. Martin Pippel =, Max Planck Institute of

complete mitochondrial genome was also assembled and is 15.6 Molecular Cell Biology and Genetics,
kilobases in length. Dresden, Germany
Keywords 2. Xueyan Li "/, Chinese Academy of Sciences,,

Caradrina clavipalpis, pale mottled willow, genome sequence,

chromosomal, Lepidoptera Kunming, China

3. Yu-Shin Nai =", National Chung Hsing

University,, Taichung City, Taiwan

Any reports and responses or comments on the

article can be found at the end of the article.

Page 1 0f 13


https://wellcomeopenresearch.org/articles/7-225/v1
https://wellcomeopenresearch.org/articles/7-225/v1
https://wellcomeopenresearch.org/articles/7-225/v1
https://wellcomeopenresearch.org/articles/7-225/v1
https://orcid.org/0000-0003-1533-9376
https://orcid.org/0000-0003-0191-3920
https://doi.org/10.12688/wellcomeopenres.18103.1
https://doi.org/10.12688/wellcomeopenres.18103.1
https://wellcomeopenresearch.org/gateways/treeoflife
https://wellcomeopenresearch.org/gateways/treeoflife
https://wellcomeopenresearch.org/articles/7-225/v1
https://wellcomeopenresearch.org/articles/7-225/v1#referee-response-52736
https://wellcomeopenresearch.org/articles/7-225/v1#referee-response-55371
https://wellcomeopenresearch.org/articles/7-225/v1#referee-response-55376
https://orcid.org/0000-0002-8134-5929
https://orcid.org/0000-0003-0457-7846
https://orcid.org/0000-0003-0104-6839
http://crossmark.crossref.org/dialog/?doi=10.12688/wellcomeopenres.18103.1&domain=pdf&date_stamp=2022-09-12

Wellcome Open Research Wellcome Open Research 2022, 7:225 Last updated: 10 MAY 2023

Corresponding author: Darwin Tree of Life Consortium (mark.blaxter@sanger.ac.uk)
Author roles: Boyes D: Investigation, Resources; Boyes C: Writing - Original Draft Preparation;
Competing interests: No competing interests were disclosed.

Grant information: This work was supported by Wellcome through core funding to the Wellcome Sanger Institute (206194) and the
Darwin Tree of Life Discretionary Award (218328).
The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Copyright: © 2022 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, University of Oxford and Wytham Woods Genome Acquisition Lab, Darwin Tree of Life Barcoding
collective et al. The genome sequence of the pale mottled willow, Caradrina clavipalpis (Scopoli, 1763) [version 1; peer review: 3
approved] Wellcome Open Research 2022, 7:225 https://doi.org/10.12688/wellcomeopenres.18103.1

First published: 12 Sep 2022, 7:225 https://doi.org/10.12688/wellcomeopenres.18103.1

Page 2 of 13


mailto:mark.blaxter@sanger.ac.uk
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.12688/wellcomeopenres.18103.1
https://doi.org/10.12688/wellcomeopenres.18103.1

Species taxonomy

Eukaryota; Metazoa; Ecdysozoa; Arthropoda; Hexapoda;
Insecta; Pterygota; Neoptera; Endopterygota; Lepidoptera; Glos-
sata; Ditrysia; Noctuoidea; Noctuidae; Noctuinae; Caradrina;
Caradrina clavipalpis (Scopoli, 1763) (NCBI:txid987895).

Background

The pale mottled willow, Caradrina clavipalpis (Scopoli, 1763)
is a widespread noctuid moth of grassland and gardens found
across the western Palaearctic from Europe to Sri Lanka. It is
resident in the British Isles, but it is believed that its popula-
tion is boosted by immigration, as large numbers of individuals
have been recorded on nights with known influxes of migrants.
In Scotland and northern England, this species has declined,
although its British population overall seems to be stable
(Randle et al., 2019).

The adult moth is attracted to light and sugar, and also feeds
at flowers. It is thought to have two generations each year in
the UK, with adults on the wing in May-July and again in
August—October. The adult moth is quite small with a forewing
length of 12-15mm. It has mottled forewings, with a series
of dashes on the leading edge. The hindwing is pearly white.

The larvae feed on the grain of cereal crops (Graminaea) both
in the field and in storage, and also plantains (Plantago spp.).
Historic records from coal mines described the larvae as liv-
ing on the fodder of the pit-ponies (Heath & Emmett, 1983).
There are also records of the adult being infested with the
mite Cheletomorpha lepidopterum which is found in hay bales;
a previous name for this moth was the hay moth (Forgham,
2015). Larvae pupate in autumn in a robust cocoon under-
ground from which they emerge in spring. This early generation
gives rise to the second generation later in the year (Heath &
Emmett, 1983).

The genome of C. clavipalpis was sequenced as part of the
Darwin Tree of Life Project, a collaborative effort to sequence
all of the named eukaryotic species in the Atlantic Archipel-
ago of Britain and Ireland. Here we present a chromosomally
complete genome sequence for C. clavipalpis, based on one
ilCarClav1 specimen from Wytham Woods, Berkshire, UK.

Genome sequence report

The genome was sequenced from a single male C. clavipalpis
collected from Wytham Woods, Berkshire, UK (Figure 1). A
total of 43-fold coverage in Pacific Biosciences single-molecule
HiFi long reads and 35-fold coverage in 10X Genomics
read clouds were generated. Primary assembly contigs were
scaffolded with chromosome conformation Hi-C data. Manual
assembly curation corrected 1 misjoin, reducing the assembly
size by 0.35% and the scaffold number by 6.06%,

The final assembly has a total length of 474 Mb in 31 sequence
scaffolds with a scaffold N50 of 16.8 Mb (Table 1). The entire
assembly sequence (100%) was assigned to 31 chromosomal-level
scaffolds, representing 30 autosomes (numbered by sequence
length) and the Z sex chromosome (Figure 2—Figure 5; Table 2).
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Figure 1. Image of the Caradrina clavipalpis specimen taken
prior to preservation and processing.

Table 1. Genome data for Caradrina clavipalpis, ilCarClav1.1.

Project accession data
Assembly identifier
Species

Specimen

NCBI taxonomy ID
BioProject
BioSample ID

Isolate information

Raw data accessions
PacificBiosciences SEQUEL II
10X Genomics Illumina

Hi-C Illumina

PolyA RNA-Seq Illumina
Genome assembly
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)

BUSCO* genome score

iICarClav1.1
Caradrina clavipalpis

iICarClav1 (genome assembly,
Hi-C, RNA-Seq)

987895
PRJEB50788
SAMEA8603187

Male; thorax (genome assembly),
head (Hi-C), abdomen (RNA-Seq)

ERR8575392
ERR8571682-ERR8571685
ERR8571681
ERR8571686

GCA_932526535.1
GCA_932526345.1

474
34
16.8
31
16.8
19.1

C:98.8%[S:98.5%,D:0.3%],F:0.3%,
M:0.9%,n:5,286

*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/ilCarClav1.1/dataset/

ilCarClav1_1/busco.
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Figure 2. Genome assembly of Caradrina clavipalpis, ilCarClav1.1: 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 474,197,171 bp assembly. The distribution of chromosome lengths is shown in dark grey with the plot radius scaled to the longest
chromosome present in the assembly (27,892,075 bp, shown in red). Orange and pale-orange arcs show the N50 and N90 chromosome
lengths (16,821,581 and 11,555,224 bp), respectively. The pale grey spiral shows the cumulative chromosome 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/ilCarClav1.1/dataset/ilCarClav1_1/snail.

The assembly has a BUSCO v5.3.2 (Manni er al, 2021) com-
pleteness of 98.8% (single 98.5%, duplicated 0.3%) using the
lepidoptera_odb10 reference set (n=5,286). 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 single male C. clavipalpis specimen (ilCarClavl) was col-
lected using a light trap from Wytham Woods, Berkshire,

UK (latitude 51.772, longitude -1.338) by Douglas Boyes
(University of Oxford). The specimen was identified by
Douglas Boyes and snap-frozen on dry ice.

DNA was extracted at the Tree of Life laboratory, Wellcome
Sanger Institute. The ilCarClavl sample was weighed and dis-
sected on dry ice with head tissue set aside for Hi-C sequenc-
ing. Thorax tissue was disrupted using a Nippi Powermasher
fitted with a BioMasher pestle. Fragment size analysis of
0.01-0.5 ng of DNA was then performed using an Agilent
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Figure 3. Genome assembly of Caradrina clavipalpis, ilCarClav1.1: 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/ilCarClav1.1/dataset/ilCarClav1_1/blob.

FemtoPulse. High molecular weight (HMW) DNA was
extracted using the Qiagen MagAttract HMW DNA extraction
kit. Low molecular weight DNA was removed from a 200-ng
aliquot of extracted DNA using 0.8X AMpure XP purification
kit prior to 10X Chromium sequencing; a minimum of 50 ng
DNA was submitted for 10X sequencing. HMW DNA was
sheared into an average fragment size between 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.
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Figure 4. Genome assembly of Caradrina clavipalpis, ilCarClav1.1: 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/ilCarClav1.1/dataset/
ilCarClav1_1/cumulative.

RNA was extracted from abdomen tissue of ilCarClavl in using a Nanodrop spectrophotometer and Qubit Fluorometer
the Tree of Life Laboratory at the WSI using TRIzol, accord- using the Qubit RNA Broad-Range (BR) Assay kit. Analysis
ing to the manufacturer’s instructions. RNA was then eluted in of the integrity of the RNA was done using Agilent RNA
50 pl RNAse-free water and its concentration RNA assessed 6000 Pico Kit and Eukaryotic Total RNA assay.
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Figure 5. Genome assembly of Caradrina clavipalpis, ilCarClav1.1: Hi-C contact map. Hi-C contact map of the ilCarClav1.1 assembly,
visualised in HiGlass. Chromosomes are arranged in size order from left to right and top to bottom. The interactive Hi-C map can be viewed
at https://genome-note-higlass.tol.sanger.ac.uk/I/?d=SLhcGGQnQYuPR-bMu032Q.

Table 2. Chromosomal pseudomolecules in
the genome assembly of Caradrina clavipalpis,

ilCarClav1.1.

INSDC accession Chromosome Size (Mb)

OW052088.1
OW052089.1
OW052090.1
OW052091.1
OW052092.1
OW052093.1
OW052094.1
OW052095.1
OW052096.1
OW052097.1
OW052098.1
OW052099.1
OW052100.1
OW052101.1
OW052102.1

1

O 0 ~N o U M W N

o N
A W N =2 O

15

19.12
18.16
18.02
17.99
17.79
17.74
17.5
17.48
1713
17.07
16.97
16.82
16.19
16.14
16.1

GC%
373
37.6
36.9
37.6
37.1
37.4
37.4
37.1
37
37.2
37
37.2
373
373
375

INSDC accession Chromosome Size (Mb)

OWO052103.1
OW052104.1
OW052105.1
OW052106.1
OW052107.1
OW052108.1
OW052109.1
OW052110.1
OWO052111.1
OW052112.1
OWO052113.1
OW052114.1
OW052115.1
OW052116.1
OW052117.1
OW052087.1
OW052118.1

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
z
MT

15.74
15.59
14.88
14.66
14.29
14.24
13.63
13.2
13.1
11.56
11.05
9.38
8.77
8.31
7.69
27.89
0.02

GC%
37.7
37.5
37.8
37.9
37.9
37.4
38.2
37.8
38.4
37.7
38
38.9
40.5
39.5
39.8
37.6
18.6
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Sequencing

Pacific Biosciences HiFi circular consensus and 10X Genom-
ics Chromium read cloud sequencing libraries were constructed
according to the manufacturers’ instructions. Sequencing was
performed by the Scientific Operations core at the Wellcome
Sanger Institute on Pacific Biosciences SEQUEL II (HiFi),
Illumina NovaSeq 6000 (10X) and Illumina HiSeq 4000
(RNA-Seq) instruments. Hi-C data were generated in the Tree
of Life laboratory from head tissue of ilCarClavl using the
Arima v2 kit and sequenced on a NovaSeq 6000 instrument.

Genome assembly

Assembly was carried out with Hifiasm (Cheng er al, 2021);
haplotypic duplication was identified and removed with purge_
dups (Guan er al., 2020). One round of polishing was per-
formed by aligning 10X Genomics read data to the assembly
with longranger align, calling variants with freebayes (Garrison
& Marth, 2012). The assembly was then scaffolded with Hi-C
data (Rao er al., 2014) using YaHS (Zhou et al., 2022). The
assembly was checked for contamination as described previ-
ously (Howe er al, 2021). Manual curation was performed
using HiGlass (Kerpedjiev er al, 2018) and Pretext. The mito-
chondrial genome was assembled using MitoHiFi (Uliano-Silva
et al., 2021), which performs 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.

Table 3. Software tools used.

Software Version  Source
tool
Hifiasm 0.15.3 Cheng et al,, 2021

purge_dups 1.2.3 Guan et al, 2020

YaHS 1.0 Zhou et al,, 2022

longranger 2.2.2 https://support.10xgenomics.com/
align genome-exome/software/pipelines/
latest/advanced/other-pipelines

1.3.1-17-
gaa2ace8

freebayes Garrison & Marth, 2012

MitoHiFi 2.0 Uliano-Silva et al., 2021

HiGlass 1.11.6 Kerpedijiev et al, 2018

PretextView 0.2.x https://github.com/wtsi-hpag/
PretextView

BlobToolKit  3.2.6 Challis et al,, 2020
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Ethics/compliance issues

The materials that have contributed to this genome note have
been supplied by a Darwin Tree of Life Partner. The submission
of materials by a Darwin Tree of Life Partner is subject to the
Darwin Tree of Life Project Sampling Code of Practice.
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 samples acquired for,
and supplied to, the Darwin Tree of Life Project. 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: Caradrina clavipalpis (pale
mottled willow). Accession number PRIEB50788; https://identifi-
ers.org/ena.embl/PRIEB50788.

The genome sequence is released openly for reuse. The
C. clavipalpis 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 the RNA-Seq data and
presented through the Ensembl pipeline at the European
Bioinformatics 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.6418202.

Members of the Darwin Tree of Life Barcoding collective are
listed here: https://doi.org/10.5281/zenodo.6418156.

Members of the Wellcome Sanger Institute Tree of Life
programme are listed here: https://doi.org/10.5281/zenodo.
6866293.

Members of Wellcome Sanger Institute Scientific Operations:
DNA Pipelines collective are listed here: https://doi.org/10.5281/
zenodo.5746904.

Members of the Tree of Life Core Informatics collective are
listed here: https://doi.org/10.5281/zenodo.6125046.

Members of the Darwin Tree of Life Consortium are listed
here: https://doi.org/10.5281/zenodo.6418363.
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Yu-Shin Nai
National Chung Hsing University,, Taichung City, Taiwan

This genomic sequencing report is well-organized. I have only two suggestions:
1. How to validate the real chromosome number? The karyotype of the Caradrina clavipalpis
might be conducted to confirm this point.

2.In the "Methods" section, the author mentioned RNA extraction, but the purpose is not
clearly described. Besides, I didn't see the summary of any RNA-seq result or annotation
table. Therefore, the authors should carefully check this part.

Is the rationale for creating the dataset(s) clearly described?
Partly

Are the protocols appropriate and is the work technically sound?
Yes

Are sufficient details of methods and materials provided to allow replication by others?
Partly

Are the datasets clearly presented in a useable and accessible format?
Yes
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This data presents a high-quality and integrity genome assembly of a pale mottled willow,
Caradrina Clavipalpis, which updates the genome repository for Lepidoptera. The data provide a
genetic foundation for further studies on the systematics and complex phenotypic evolution of
moths even Lepidoptera. Some problems are worthy of further clarification:
1. Table 1 provides PolyA RNA-Seq Illumina data and the article also mentions, providing
annotation results for this genome will be more conducive to the extensive use of the data.

2. The abstract mentions the mitochondrial genome, but there are no corresponding results in
the main text.

3. The methods section needs to be more detailed. For example, please provide the reagent
kit or method used for DNA extraction, and important parameters for genome assembly
software.

Is the rationale for creating the dataset(s) clearly described?
Yes

Are the protocols appropriate and is the work technically sound?
Yes

Are sufficient details of methods and materials provided to allow replication by others?
Yes

Are the datasets clearly presented in a useable and accessible format?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Insect genome

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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+  Martin Pippel
Max Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany

“The genome sequence of the pale mottled willow, Caradrina clavipalpis” from Boyes et al.
describes a high-quality genome assembly based on PacBio HiFi reads, 10X Genomics read clouds
and HiC data.

The data note is well structured and based on the described methods and the publicly available
sequencing data also reproducible by the scientific community. The primary assembly has a very
high contiguity already at the contig level. Only two scaffolds consist of more than one contig and
most of them do have the telomer sequence motif at both ends.

Methods:

Genome assembly methods are a bit short and it could be hard to reproduce the assembly
without further documentation of the used program arguments. Even if all tools were run in
default mode, it would be worth mentioning. Some of the used tools, such as purge_dups depend
itself on other programs like minimap2. But those could not be found in Table 3. I could not find
any information if all variants from Freebayes were used for the error polishing or if a variant
filtering step was applied beforehand.

I do only have some minor comments and suggestions:
> I could not find the HiC read coverage in the Data Note

> the plots from figure 3 and 4 are for such a high-contiguous assembly not very informative

> additional statistics about the sequencing data (e.g. read length N50 of HiFi reads and 10X
read clouds, kmer based genome size and heterozygosity estimates) and the final assembly
(e.g. merqury QV scores, repeat content) would be nice to see as well

> error-polishing strategies of HiFi-based assemblies are currently under debate. I assume
you applied bcftools consensus on the filtered Freebayes VCF files similar to the VGP
assembly pipeline (https://github.com/VGP/vgp-assembly/tree/master/pipeline). How big
was the improvement based in the QV-score? Were the alternate contigs included in the
longranger alignment step?

RNAseq was produced but it was not used for an annotation, why?
> It is great that you also included the ccs bam file, including the kinetics information. A
further great feature would be to make the potential methylation sites (5mc in CpG islands)

available for both assemblies

Is the rationale for creating the dataset(s) clearly described?
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