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Abstract 
We present a genome assembly from an individual male Euclidia mi 
(the Mother Shipton moth; Arthropoda; Insecta; Lepidoptera; 
Erebidae). The genome sequence is 2,320 megabases in span. Most of 
the assembly is scaffolded into 31 chromosomal pseudomolecules, 
including the assembled Z sex chromosome. The mitochondrial 
genome has also been assembled and is 15.6 kilobases in length. 
Gene annotation of this assembly on Ensembl identified 13,454 
protein coding genes.
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Species taxonomy
Eukaryota; Metazoa; Ecdysozoa; Arthropoda; Hexapoda; Insecta; 
Pterygota; Neoptera; Endopterygota; Lepidoptera; Glossata;  
Ditrysia; Noctuoidea; Erebidae; Erebinae; Euclidia; Euclidia mi  
(Clerck, 1759) (NCBI:txid938167).

Background
The Mother Shipton, Euclidia mi (Clerck, 1759) (= Callistege 
mi), is a day-flying moth in the family Erebidae, distributed  
widely across Europe and north into Scandinavia (GBIF  
Secretariat, 2021). In the UK, the moth is most common 
in the south of England where it is frequently seen in May 
and June on chalk downland, heathland, woodland rides and  
flower-rich meadows. The adult moth is most active in sunny 
weather, but is a weak flyer and is usually seen flitting short 
distances before settling. The larvae have a series of orange,  
brown, black and white stripes running the length of the body 
and feed on clovers, trefoils, and other low-growing plants.  
Loss or reduction of larval prolegs has occurred in several 
members of the Erebidae including E. mi; retention of just  
three pairs of prolegs close to the posterior of the abdo-
men allows the larva to move by looping in a similar way to  
Geometridae larvae (Byrne & Moyle, 2019). The species  
overwinters as a pupa.

The English common name, Mother Shipton, derives from 
the likeness to a face with exaggerated features traced out in  
profile by a white line on each forewing. The name seems to 
have originated in the late 18th century, since Moses Harris 
called the moth ‘the mask’ in the 1760s, but revised this to ‘the  
Shipton’ in the 1770s (Thornton, 2006). ‘Mother Shipton’ her-
self was a reclusive prophet and seller of herbal remedies,  
born Ursula Sontheil in Knaresborough, Yorkshire, England,  
in 1488, and the subject of superstition and fear in her  
lifetime. Although Mother Shipton was already a historical  
figure when the moth was named, Harris was writing at a  
time of renewed interest in her life with the release of songs, 
pantomime and satire referring to her supposed prophecies  
(Thornton, 2006). The cave where Mother Shipton lived can 
still be visited today. There is no evidence that the face-like 
wing markings on the moth are recognised as such by preda-
tors; the pattern is more likely a simple case of adaptation  
for crypsis amongst brown vegetation.

A high-quality genome sequence from E. mi and other  
day-flying moths will facilitate research into adaptations to a 
diurnal adult lifestyle, while comparison to data from other  
Erebidae will enable research into morphological evolution in  
this taxonomic family.

Genome sequence report
The genome was sequenced from one male Euclidia mi speci-
men (Figure 1) collected from a grassland area of Wytham  
Woods (latitude 51.77, longitude –1.33). A total of 34-fold  
coverage in Pacific Biosciences single-molecule HiFi long  
reads was generated. Primary assembly contigs were scaffolded 
with chromosome conformation Hi-C data. Manual assembly  
curation corrected 119 missing joins or mis-joins and removed 

seven haplotypic duplications, reducing the assembly length  
by 0.92% and the scaffold number by 15.6%.

The final assembly has a total length of 2,320.4 Mb in 303 
sequence scaffolds with a scaffold N50 of 87.8 Mb (Table 1). 
Most (99.4%) of the assembly sequence was assigned to 31  
chromosomal-level scaffolds, representing 30 autosomes and 
the Z sex chromosome (Figure 2–Figure 5; Table 2). The assem-
bly has a BUSCO v5.3.2 (Manni et al., 2021) completeness  
of 98.7% (single 96.3%, duplicated 2.5%) 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.

Genome annotation report
The E. mi GCA_944739405.1 genome assembly was anno-
tated using the Ensembl rapid annotation pipeline (Table 1;  
https://rapid.ensembl.org/Euclidia_mi_GCA_944739405.1/). 
The resulting annotation includes 23,514 transcribed mRNAs  
from 13,454 protein-coding and 2,852 non-coding genes.

Methods
Sample acquisition and nucleic acid extraction
Two Euclidia mi specimens (ilEucMixx1 and ilEucMixx2) 
were collected in Wytham Woods, Oxfordshire (biological  
vice-county: Berkshire), UK (latitude 51.77, longitude –1.33) 
on 30 May 2020 by netting. The specimens were collected 
and identified by Douglas Boyes (University of Oxford) and  
snap-frozen on dry ice.

DNA was extracted at the Tree of Life laboratory, Wellcome  
Sanger Institute (WSI). The ilEucMixx1 sample was weighed 
and dissected on dry ice with tissue set aside for Hi-C  
sequencing. Abdomen tissue was disrupted using a Nippi  
Powermasher fitted with a BioMasher pestle. High molecu-
lar weight (HMW) DNA was extracted using the Qiagen  
MagAttract HMW DNA extraction kit. HMW DNA was sheared 

Figure 1. Photograph of the Euclidia mi (ilEucMixx1) specimen 
used for genome sequencing.
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Table 1. Genome data for Euclidia mi, ilEucMixx1.2.

Project accession data

Assembly identifier ilEucMixx1.2

Species Euclidia mi

Specimen ilEucMixx1

NCBI taxonomy ID 938167

BioProject PRJEB53247

BioSample ID SAMEA7520660

Isolate information male ilEuMixx1: abdomen (PacBio); head/thorax (Hi-C) 
unknown sex ilEuMixx2 (RNA-Seq)

Assembly metrics* Benchmark

Consensus quality (QV) 63.2 ≥ 50

k-mer completeness 100% ≥ 95%

BUSCO** C:98.7%[S:96.3%,D:2.5%], 
F:0.3%,M:1.0%,n:5,286

C ≥ 95%

Percentage of assembly mapped to chromosomes 99.4% ≥ 95%

Sex chromosomes Z chromosome localised homologous pairs

Organelles Mitochondrial genome assembled complete single alleles

Raw data accessions

PacificBiosciences SEQUEL II ERR9836425–ERR9836428

Hi-C Illumina ERR9820271

PolyA RNA-Seq Illumina ERR9820272

Genome assembly

Assembly accession GCA_944739405.2

Accession of alternate haplotype GCA_944738845.2

Span (Mb) 2,320.4

Number of contigs 1,835

Contig N50 length (Mb) 2.8

Number of scaffolds 303

Scaffold N50 length (Mb) 87.8

Longest scaffold (Mb) 128.5

Genome annotation

Number of protein-coding genes 13,454

Number of non-coding genes 2,852

Number of gene transcripts 23,514
*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/Euclidia%20mi/dataset/CALYKY02/busco.
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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 con-
centration 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 head and thorax tissue of ilEucMixx2  
in the Tree of Life Laboratory at the WSI using TRIzol, accord-
ing to the manufacturer’s instructions. RNA was then eluted  
in 50 μl RNAse-free water and its concentration assessed 
using a Nanodrop spectrophotometer and Qubit Fluorometer  

Figure 2. Genome assembly of Euclidia mi, ilEucMixx1.2: 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 
2,320,389,197 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 (128,449,193 bp, shown in red). Orange and pale-orange arcs show the N50 and N90 scaffold lengths (87,750,765 
and 46,627,851 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 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/ilEucMixx1.1/dataset/CALYKY01/snail.
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using the Qubit RNA Broad-Range (BR) Assay kit. Analysis  
of the integrity of the RNA was done using Agilent RNA  
6000 Pico Kit and Eukaryotic Total RNA assay.

Sequencing
Pacific Biosciences HiFi circular consensus DNA sequencing  
libraries were constructed according to the manufacturers’  

Figure 3. Genome assembly of Euclidia mi, ilEucMixx1.2: 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/Euclidia%20mi/dataset/CALYKY02/blob.
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instructions. Poly(A) RNA-Seq libraries were constructed 
using the NEB Ultra II RNA Library Prep kit. DNA and RNA  
sequencing were performed by the Scientific Operations core 
at the WSI on Pacific Biosciences SEQUEL II (HiFi) and  
Illumina HiSeq 4000 (RNA-Seq) instruments. Hi-C data were 
also generated from tissue of ilEucMixx1 using the Arima v2  
kit, and sequenced on the HiSeq X Ten instrument.

Figure 4. Genome assembly of Euclidia mi, ilEucMixx1.2: 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/Euclidia%20mi/dataset/
CALYKY02/cumulative.

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 scaf-
folded with Hi-C data (Rao et al., 2014) using YaHS (Zhou  
et al., 2022). The assembly was checked for contamination 
and corrected using the gEVAL system (Chow et al., 2016) as  
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Table 2. Chromosomal pseudomolecules in the genome 
assembly of Euclidia mi, ilEucMixx1.

INSDC accession Chromosome Size (Mb) GC content 
(%)

OX123181.2 1 128.45 37.5

OX123182.2 2 126.51 37.5

OX123183.2 3 125.47 37.5

OX123184.2 4 117.95 37.5

OX123185.2 5 113.17 37.5

OX123186.2 6 111.88 37.5

OX123187.2 7 99.49 38

OX123188.2 8 96.65 37.5

OX123189.2 9 91.52 37.5

OX123190.2 10 89.33 37.5

OX123191.2 11 87.75 37.5

OX123192.2 12 82.69 38

OX123193.2 13 82.28 38

OX123194.2 14 76.58 37.5

OX123195.2 15 74.94 38

INSDC accession Chromosome Size (Mb) GC content 
(%)

OX123196.2 16 73.01 38

OX123197.2 17 71.00 38

OX123198.2 18 68.46 38

OX123200.2 19 67.22 38

OX123201.2 20 62.27 38

OX123202.2 21 58.50 37.5

OX123203.2 22 54.24 38

OX123204.2 23 47.23 37.5

OX123205.2 24 46.63 38

OX123206.2 25 45.36 38.5

OX123207.2 26 38.25 38

OX123208.2 27 30.01 38.5

OX123209.2 28 25.79 39

OX123210.2 29 22.02 38.5

OX123211.2 30 21.31 39

OX123199.2 Z 67.21 37.5

OX123212.2 MT 0.02 19.5

Figure 5. Genome assembly of Euclidia mi, ilEucMixx1.2: Hi-C contact map. Hi-C contact map of the ilEucMixx1.2 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=NtoBICfoT4Gs8i6iKcjyww.
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described previously (Howe et al., 2021). Manual curation was 
performed using gEVAL, HiGlass (Kerpedjiev et al., 2018)  
and Pretext (Harry, 2022). The mitochondrial genome was 
assembled using MitoHiFi (Uliano-Silva et al., 2022), which  
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.

Genome annotation
The Ensembl gene annotation system (Aken et al., 2016) was  
used to generate annotation for the E. mi assembly (GCA_
944739405.1). Annotation was created primarily through align-
ment of transcriptomic data to the genome, with gap filling 
via protein to-genome alignments of a select set of proteins  
from UniProt (UniProt Consortium, 2019).

Ethics/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 
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 trans-
fer 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 Insti-
tute), and in some circumstances other Darwin Tree of Life  
collaborators.

Data availability
European Nucleotide Archive: Euclidia mi (Mother Shipton). 
Accession number PRJEB53247; https://identifiers.org/ena.embl/
PRJEB53247. (Wellcome Sanger Institute, 2022)

The genome sequence is released openly for reuse. The  
Euclidia mi 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. 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/zenodo. 
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. 2022
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The authors report the genome of Euclidia mi, a day-flying moth. The quality of the assembled 
genome is excellent, as expected from the Tree of Life programme and the manuscript is 
characteristically concise. Nevertheless, I appreciated that the authors included a greater 
background on biology and cultural history of this insect than most genome notes I have seen.  
 
As another reviewer noted, the assembled genome is quite large for a ditrysian moth, not that I 
think the data are erroneous, merely that it is worth noting this represents a remarkably large 
genome for the order. Together with the fact that the number of annotated genes is in line with (if 
not a bit lower than) most Lepidoptera, it strongly suggests a high repeat content in the genome. 
It would be interesting to confirm this and explore which repeat families contribute the most to 
this massive genome, but given that such analyses tend to be beyond the scope of genome 
reports, I will not suggest it here.
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expertise to confirm that it is of an acceptable scientific standard.
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This data note describes a genome assembly of the Mother Shipton moth (Euclidia mi). It begins 
with a brief description of the ecology and biology of this species as well as the origin of its 
common name. The results section gives an overview of the data generated and also describes the 
genome assembly using relevant statistics and figures. Finally, the sampling, sequencing, 
assembly, and gene annotation steps are described in the Methods section. 
 
The report is concise yet contains enough information for readers to understand how the 
assembly has been generated. 
 
One interesting detail is that this is one of the largest lepidopteran genome assemblies (2.3 Gb) 
ever generated. The authors do not comment on this, but I expect that the transposable element 
content of the genome will be analysed and described in a future publication. 
 
This data note does not require any revisions. My only suggestion would be to include the contig 
N50 (2.8 Mb) in the main text rather than only in Table 1. Contig N50 is a more representative 
statistic of assembly contiguity than scaffold N50 (87.8 Mb), which is mostly determined by 
chromosome size.
 
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
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expertise to confirm that it is of an acceptable scientific standard.
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In the article “The genome sequence of the Mother Shipton moth, Euclidia mi (Clerck, 1759) 
[version 1] the authors present a Data Note describing the sequencing, assembly and annotation 
of the Euclidia mi genome. The rationale for sequencing the genome is to facilitate research into 
day-flying moths and adaptations to a diurnal adult lifestyle. The sequencing methodology utilised 
PacBio HiFi long read sequencing for primary contig assembly, Illumina Hi-C for scaffolding and 
Illumina polyA RNASeq for use in annotation. A manual curation of the assembly was conducted to 
correct missing joins and mis-joins. The assembly statistics presented indicate a complete and 
high-quality assembly. The majority of the assembly has been assigned to 31 chromosomal level 
scaffolds. The raw data and assembly have been submitted to public repositories and the 
accession numbers for the raw data and assembly provided. The protocols and methods used are 
appropriate and technically sound. 
 
The tools used for the analysis and the software versions have been provided in Table 3 but the 
parameters have not been provided. Parameters differing from default values could be described 
in the text or added to the table to allow replication. 
 
At present there are two available accessions for the assembly ilEucMixx1.1 (GCA_944739405.1) 
which has been replaced by an updated assembly ilEucMixx1.2 (GCA_944739405.2). The latter 
assembly has a slightly larger size but it was not clear what had been changed between the two 
assemblies and occasionally which assembly was involved in a particular analysis. I have made 
specific comments below referencing the page number and section heading from the pdf version 
of the article:

Page 3 - Genome Annotation Report. Please check the numbers in this section – 23,514 
would represent total transcripts rather than transcribed mRNAs. The link in this section (at 
the time of review is to the assembly version ilEucMixx1.1) Has the annotation been 
performed on the ilEucMixx1.2 assembly and are the gene numbers the same between 
versions? 
 

○

Page 4, Table 1 – Do all Figures / statistics in this table refer to the ilEucMixx1.2 assembly? ○
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Consider if any statistics on the raw data would be useful here. 
 
Page 5 – Figure 2 – The link in the legend to an interactive plot is to an earlier version of the 
assembly ilEucMixx1.1 rather than the version shown in the figure which is ilEucMixx1.2.

○
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