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Abstract 
We present a genome assembly from an individual Haliclystus 
octoradiatus (the spotted kaleidoscope jellyfish; Cnidaria; Staurozoa; 
Stauromedusae; Haliclystidae). The genome sequence is 
262 megabases in span. Most of the assembly (98.3%) is scaffolded 
into nine (9) chromosomal pseudomolecules. The mitochondrial 
genome was also assembled and is 18.3 kilobases in length.
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Species taxonomy
Eukaryota; Metazoa; Cnidaria; Staurozoa; Stauromedusae; Myos-
taurida; Haliclystidae; Haliclystus; Haliclystus octoradiatus 
(James-Clark, 1863) (NCBI txid:313498).

Background
Phylum Cnidaria is an early-branching animal group, with 
ongoing debate about whether Cnidaria, Ctenophores, Porifera 
or Placozoa form the earliest-branching clade in Metazoa  
(Redmond & McLysaght, 2021). Cnidaria are divided into 
Anthozoa (corals and anemones), Myxozoa (parasites) and 
Medusozoa (jellyfish and hydra). Haliclystus octoradiatus, the  
rainbow-stalked jellyfish, is a sessile medusozoan in the class 
Staurozoa (Miranda et al., 2016) which lives in the littoral 
and sublittoral zones attached to the fronds of kelp or other  
seaweeds. It has a short, seasonal lifecycle with both asexual and 
sexual stages, and a peak of sexual adult stauromedusoid den-
sities in the summer months (Miranda et al., 2012). The com-
mon name derives from the many different colour morphs of 
this species and its conspicuous stinging nematocysts, and was 
invented by David Fenwick following the naming of Haliclys-
tus auricula as the “kaleidoscope jellyfish” in a public competi-
tion. While H. octoradiatus is likely to be the most common  
Haliclystus species in Britain and Ireland, there are relatively few 
records, mostly from Cornwall and the south-west. The speci-
men sequenced is the first record from Cumbrae in the Clyde  
Estuary. The species is not known to be endangered, but  
comparison of recorded densities through the latter part of the  
twentieth century in Cornwall suggested a marked decline,  
perhaps linked to declines in eel-grass and other inshore algal  
ecosystems (Hiscock et al., 2011).

By sequencing the genome of H. octoradiatus we hope to both 
offer additional data that may be of utility in deep and local  
phylogenetic analyses of Staurozoa and Cnidaria, and also may 
form the foundations of a toolkit for the deployment of eDNA 
and other approaches to monitoring otherwise inaccessible  
biodiversity.

Genome sequence report
The genome was sequenced from a single H. octoradiatus  
(Figure 1) collected from Great Cumbrae, Scotland (55.79, 
– 4.91). A total of 68-fold coverage in Pacific Biosciences  
single-molecule HiFi long reads and 147-fold coverage in 10X 
Genomics read clouds was generated. Primary assembly con-
tigs were scaffolded with chromosome conformation Hi-C data. 
Manual assembly curation corrected 260 missing or mis-joins 
and removed 33 haplotypic duplications, reducing the assem-
bly length by 1.03% and the scaffold number by 80.24%,  
and increasing the scaffold N50 by 91.38%.

The final assembly has a total length of 262 Mb in 33 sequence 
scaffolds with a scaffold N50 of 29 Mb (Table 1). Most (98.3%) 

Figure 1. Haliclystus octoradiatus (sequenced specimen; 2 cm 
long). White Bay, Great Cumbrae, Ayrshire. 23 August 2020. Mark 
Blaxter.

of the assembly sequence was assigned to 9 chromosomal-
scale scaffolds. Chromosome-scale scaffolds confirmed by 
the Hi-C data are named in order of size (Figure 2–Figure 5;  
Table 2). While not fully phased, the assembly deposited is of 
one haplotype. Contigs corresponding to the second haplotype 
have also been deposited. The mitochondrial genome was  
assembled also.

The assembly has a BUSCO v5.1.2 (Manni et al., 2021) com-
pleteness of 81.5% (single 81.3%, duplicated 0.2%) using 
the OrthoDB-v10 metazoa reference set. BUSCO loci identi-
fied as fragmented accounted for a further 9.4% of loci tested. 
This low BUSCO score may be due to low conservation of  
orthologues between H. octoradiatus and the metazoan spe-
cies in the reference set, or underperformance of the BUSCO 
gene finder given the particular gene structures in this species. 
The assembly is validated by the other assembly quality metrics 
(k-mer completeness 99.9%, consensus quality (QV) 56.6)  
shown in Table 1.

Methods
Sample acquisition and nucleic acid extraction
An individual H. octoradiatus (jrHalOcto1) was collected 
from White Bay in Great Cumbrae, Scotland (latitude 55.79, 
longitude –4.91). The sample was caught by hand from a  
rockpool and identified by Mark Blaxter (Wellcome Sanger 
Institute). The specimen was identified by its morphology, using  
a dichotomous key (Hayward & Ryland, 2017). The specimen  
was preserved and shipped on dry ice.

DNA was extracted at the Tree of Life laboratory, Wellcome 
Sanger Institute. The jrHalOcto1 sample was weighed and  
dissected on dry ice with tissue set aside for Hi-C sequencing. 
The mid-body tissue was disrupted using a Nippi Powermasher  
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Table 1. Genome data for Haliclystus octoradiatus (jrHalOcto1.1).

Project accession data

Assembly identifier jrHalOcto1.1

Species Haliclystus octoradiatus

Specimen jrHalOcto1

NCBI taxonomy ID 313498

BioProject PRJEB45172

BioSample ID SAMEA7522858

Isolate information mid-body tissue

Assembly metrics* Benchmark

Consensus quality (QV) 56.6 ≥ 50

k-mer completeness 99.99% ≥ 95%

BUSCO** C:81.3%[S:81.1%,D:0.2%], F:9.4%,M:9.2%,n:954 C ≥ 95%

Percentage of assembly 
mapped to chromosomes

98.3% ≥ 95%

Sex chromosomes Not applicable localised homologous pairs

Organelles mitochondrial genome 18.3 kb complete single alleles

Raw data accessions

PacificBiosciences SEQUEL II ERR6897437, ERR6897438

10X Genomics Illumina ERR6745734– ERR6745737

Hi-C Illumina ERR6745733

PolyA RNA-Seq Illumina ERR9434978

Genome assembly

Assembly accession GCA_916610825.1

Accession of alternate haplotype GCA_916610655.1

Span (Mb) 262

Number of contigs 337

Contig N50 length (Mb) 1.5

Number of scaffolds 33

Scaffold N50 length (Mb) 29

Longest scaffold (Mb) 40

* 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 metazoa_odb10 BUSCO set using v5.1.2. 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/jrHalOcto1.1/dataset/CAKAJK01/busco.
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Figure 2. Genome assembly of Haliclystus octoradiatus (jrHalOcto1.1): 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 261,898,343 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 (39,977,743 bp, shown in red). Orange and pale-orange arcs show the N50 and N90 chromosome 
lengths (28,991,210 and 20,733,292 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 metazoa_odb10 set is shown in the top right. An interactive version of this figure is available at https://blobtoolkit.genomehubs.org/
view/jrHalOcto1.1/dataset/CAKAJK01/snail.

fitted with a BioMasher pestle. High molecular weight (HMW) 
DNA was extracted using the Qiagen MagAttract HMW DNA  
extraction kit. Low molecular weight DNA was removed 
from a 20-ng aliquot of extracted DNA using 0.8X AMpure 
XP purification kit prior to 10X Chromium sequencing and a 
minimum of 50 ng DNA was submitted for 10X sequencing. 

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 immobi-
lisation 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 
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Figure 3. Genome assembly of Haliclystus octoradiatus jrHalOcto1.1): GC coverage on the nine chromosomal molecules. 
BlobToolKit GC-position plot. CG coverage of each chromosome (indicated by its INSDC accession OU744446.1–OU744454.1) plotted in 
non-overlapping bins of 100 kb. Points are coloured blue if the region contains a match to a Cnidaria BUSCO locus. Other colours indicate 
regions with matches to other phyla. An interactive version of this figure is available at https://blobtoolkit.genomehubs.org/view/Cnidaria/
dataset/CAKAJK01/blob?plotShape=grid&position--Active=true&xField=position&yField=gc&windowSize=100000&length--Min=1220000.

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 mid-body tissue of jrHalOcto1 in 
the Tree of Life Laboratory using TRIzol, according to the  
manufacturer’s instructions. RNA was then eluted in 50 μl  
RNAse-free water and its concentration assessed using a  
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Figure 4. Genome assembly of Haliclystus octoradiatus (jrHalOcto1.1): cumulative sequence. BlobToolKit cumulative sequence 
plot. The grey line shows cumulative length for all chromosomes. Coloured lines show cumulative lengths of chromosomes assigned to 
each phylum using the buscogenes taxrule. An interactive version of this figure is available at https://blobtoolkit.genomehubs.org/view/
jrHalOcto1.1/dataset/CAKAJK01/cumulative.

Nanodrop spectrophotometer and Qubit Fluorometer using the 
Qubit RNA Broad-Range (BR) Assay kit. Analysis of the integ-
rity of the RNA was done using Agilent RNA 6000 Pico Kit  
and Eukaryotic Total RNA assay.

Sequencing
Pacific Biosciences HiFi circular consensus and 10X Genom-
ics read cloud DNA sequencing libraries were constructed  
according to the manufacturers’ instructions. Poly(A) RNA-Seq 
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Table 2. Chromosomal pseudomolecules in the 
genome assembly of Haliclystus octoradiatus 
(jrHalOcto1).

INSDC accession Chromosome Size 
(Mb)

GC%

OU744446.1 1 39.98 33.8

OU744447.1 2 38.98 34.1

OU744448.1 3 35.87 33.7

OU744449.1 4 28.99 33.9

OU744450.1 5 27.81 33.8

OU744451.1 6 26.96 33.9

OU744452.1 7 21.35 33.9

OU744453.1 8 20.73 33.8

OU744454.1 9 16.71 33.7

OU744455.1 MT 0.02 38.3

- - 4.49 30.5

Figure 5. Genome assembly of Haliclystus octoradiatus (jrHalOcto1.1): Hi-C contact map. Hi-C contact map of the jrHalOcto1.1 
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=etAxpojERhyq9MIacE4cPQ.

libraries were constructed using the NEB Ultra II RNA Library 
Prep kit. DNA and RNA sequencing was performed by the  
Scientific Operations core at the WSI on Pacific Biosciences 
SEQUEL II (HiFi), Illumina HiSeq 4000 (RNA-Seq) and  
Illumina NovaSeq 6000 (10X) instruments. Hi-C data 
were also generated from mid-body tissue of jrHalOcto1 
using the Arimav2 kit and sequenced on the HiSeq X Ten  
instrument.

Genome assembly
Assembly was carried out with HiCanu (Nurk et al., 2020) 
and haplotypic duplication was identified and removed with 
purge_dups (Guan et al., 2020). One round of polishing was 
performed by aligning 10X Genomics read data to the assem-
bly with Long Ranger ALIGN, calling variants with freebayes 
(Garrison & Marth, 2012). The assembly was then scaffolded  
with Hi-C data (Rao et al., 2014) using SALSA2 (Ghurye  
et al., 2019). The assembly was checked for contamination 
and corrected using the gEVAL system (Chow et al., 2016) as  
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., 2021), which 
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Table 3. Software tools and versions used.

Software tool Version Source

BlobToolKit 2.6.2 Challis et al., 2020

freebayes 1.3.1-17-
gaa2ace8

Garrison & Marth, 2012

HiCanu 0.15.3 Nurk et al., 2020

HiGlass 1.11.6 Kerpedjiev et al., 2018

Long Ranger 
ALIGN

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

MitoHiFi 1.0 Uliano-Silva et al., 2021

PretextView 0.2.x Harry, 2022

purge_dups 1.2.3 Guan et al., 2020

SALSA2 2.2 Ghurye et al., 2019
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Staurozoa is a much under-studied class of the phylum Cnidaria. The class was first established in 
2004 by Marques and Collins, and its position in the cnidarian tree was not firmly established until 
2018, also by Collins and collaborators. Thus we still have much to learn about this class. One 
other staurozoan genome assembly has been generated, from Calvadosia cruxmelitensis. It was 
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addition, the authors provide an assembly of the mitochondrial genome, which is an important 
resource. The data and analyses provided by this study are of very high quality and will be 
valuable resources for the metazoan genomics research community.
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Blaxter and colleagues report the genome sequence of staurozoan cnidarian. Staurozoa are 
sometimes called 'stalked-jellyfish'. They are significant in that they fall with the cnidarian clade of 
Medusozoa, but without actually producing a free living medusa form - in this they resemble the 
Anthozoa. A possible phylogenetic position as sister to a clade of Scyphozoa and Cubozoa1 raises 
the interesting possibility that medusae have evolved independently in Hydrozoa. Contrary to the 
first sentence of this article, Cnidaria as a whole are unlikely to be anything other than sister to the 
Bilateria, possibly with Ctenophores or Placozoans, as per the Redmond and McLysaght article 
cited (cf. Redmond & McLysaght Figure 5). 
 
The genome sequence appears excellent from the summary statistics, although possibly the 
BUSCO numbers are a little lower than one might expect. This can be further followed up when 
gene predictions are available. I was able to find a few key genes we would expect in Staurozoa 
with little trouble. All in all, this is a valuable contribution to cnidarian genomes. 
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