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Abstract 
We present a genome assembly from an individual Spongilla lacustris 
(freshwater sponge; Porifera; Demospongiae; Spongillida; 
Spongillidae). The genome sequence is 248.7 megabases in span. 
Most of the assembly is scaffolded into 23 chromosomal 
pseudomolecules. The mitochondrial genome has also been 
assembled and is 28.04 kilobases in length. A 14.6-megabase genome 
assembly of the green algal cobiont Choricystis sp. (Chlorophyta; 
Trebouxiophyceae) was scaffolded into 16 chromosomal 
pseudomolecules. Additionally, three bacterial metagenome bins were 
recovered from the same sample. Gene annotation of this assembly at 
Ensembl identified 30,435 protein coding genes.
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Species taxonomy: host
Eukaryota; Opisthokonta; Metazoa; Porifera; Demospongiae;  
Heteroscleromorpha; Spongillida; Spongillidae; Spongilla;  
Spongilla lacustris (Linnaeus, 1759) (NCBI:txid6055).

Species taxonomy: eukaryote cobiont
Eukaryota; Viridiplantae; Chlorophyta; core chlorophytes;  
Trebouxiophyceae; Trebouxiophyceae incertae sedis; Choricystis 
clade; Choricystis; unclassified Choricystis (NCBI:txid3025909).

Background
Spongilla lacustris (Linnaeus 1758) is a freshwater sponge 
with a Holarctic distribution (Manconi & Pronzato, 2008). It 
is one of the most commonly encountered sponges in shallow 
0–4 m depths in lakes and rivers of Europe and North America, 
where it thinly encrusts logs, sticks, rock as well as man-made 
structures such as the edges of bridges and canals. The colour  
is usually olive to bright green; when protected from light, 
it is yellow. A distinguishing feature of S. lacustris is the  
finger-like projections that can rise tens of centimetres up into  
the water (see Figure 1).

S. lacustris is uniform in cross section, with choanocyte  
chambers distributed across the full depth of the 1 cm to  
2.5 cm-thick crust. The skeleton is siliceous, with megascleres  
of smooth, slightly curved oxeas and microscleres of spined, 
slightly curved oxeas (Evans & Montagnes, 2019; Manconi & 
Pronzato, 2008). Spicules are incorporated into the overwintering  
cyst (the gemmule); these spicules, called gemmoscleres, are 
slightly spined oxeas. Gemmules vary greatly in the number 
of gemmoscleres they have, with some densely covered and  
others lacking spicules altogether.

Reproduction is both sexual and asexual. Freshwater sponges 
are gonochoristic and viviparous, with individuals producing 
sperm or eggs in mid-summer, brooding embryos through their  

development, and releasing them as larvae in July or early August 
(Saller & Weissenfels, 1985). Larvae differ from those of other 
sponges in having adult characters such as choanocyte chambers  
and epithelial-lined canals as well as a large epithelial-lined cav-
ity; at metamorphosis some of these features are retained and 
incorporated into the sponge’s aquiferous system. The end of 
summer triggers the formation of asexually produced gemmules 
into which the entire sponge is packaged as dedifferentiated  
cells called thesocytes. Thesocytes undergo karyokinesis and 
exist as binucleate cells until the end of dormancy in early spring 
(Harrison et al., 1981). Hatching is associated with a rise in 
cyclic GMP and cyclic AMP which are thought to be involved  
in mobilisation of nutrients and in ion transport that takes place  
during hatching and early development (Harrison et al., 1981).

Endosymbiosis in freshwater sponges has been studied for 
more than a century (Brandt, 1881). Algae isolated from  
Spongilla lacustris individuals consist of different coccoid  
species, some hosting Chlorella sorokiniana/vulgaris and others  
Choricystis parasitica (Huss et al., 1986; Lewin, 1966) and a 
Chlorella-like alga, Lewiniosphaera symbiontica (Pröschold & 
Darienko, 2020). White individuals are typically aposymbiotic  
(Williamson, 1979). Algal symbionts are taken up from water 
during filtration and passed from choanocytes to other cell types 
(Saller, 1991). Physiological studies have found that although 
the algal symbionts of S. lacustris fixed more carbon than 
did algae in Hydra and Paramecium, they provided very little  
product to the host and only in the form of glucose rather than 
maltose (Muscatine et al., 1967). Nevertheless, despite this 
presumably low energy transfer from the algae, sponges with 
algal symbionts hatch faster and grow better than those without  
(Frost & Williamson, 1980; Saller, 1991). While only about  
half of Spongilla lacustris gemmules have photosynthetic 
algal symbionts (Frost & Williamson, 1980), it has been  
suggested that in harsh years, hatching of aposymbiotic gemmules  
later than those with algal symbionts might ensure survival of  
the population (Frost & Williamson, 1980).

The microbial diversity of S. lacustris was found to be limited  
in comparison to that of marine sponges, resembling that of the 
surrounding lake water (Gernert et al., 2005). Recent work 
combining microbial cultivation, metagenomics and natural  
product chemistry revealed a high potential for secondary  
metabolite production (Graffius et al., 2023). Ultrastructural 
studies have shown that the mesohyl of S. lacustris is essentially  
symbiont free (Gernert et al., 2005; Williamson, 1979).  
Bacteria were not found in any cell of S. lacustris, but digested 
bacterial pieces were found in archaeocytes (Gernert et al.,  
2005). In contrast, algae are found intracellularly in choanocytes  
and in large numbers in archaeocytes in green individuals  
of S. lacustris, but are rare in white individuals.

The wide distribution of Spongilla lacustris and its easy 
access in rivers and lakes have led to a broad range of studies  
on its cell biology (Fjerdingstad, 1961; Musser et al., 2021;  
Wachtmann et al., 1990; Weissenfels et al., 1990), physiology  
and development (Adams, 2010; Brauer, 1975; Frost, 1980; 

Figure 1. Image of a representative Spongilla lacustris 
(odSpoLacu1) specimen, similar to the one used for genome 
sequencing. Photograph by Sally Leys.
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Imsiecke, 1993; Saller, 1988; Saller & Weissenfels, 1985), as  
well as symbioses (Brøndsted & Brøndsted, 1953; Francis et al.,  
2016; Gernert et al., 2005; Graffius et al., 2023; Harrison et al., 
1981; Pröschold & Darienko, 2020). Such a breadth of knowl-
edge on one species makes this an excellent model system  
for a diversity of future work.

Genome sequence report for the host and 
chlorophyte cobiont
The genome was sequenced from a specimen of Spongilla 
lacustris grown in the laboratory at the University of Alberta, 
Edmonton, Canada (latitude 53.53, longitude –113.53). For 
the host organism, an estimated 34x coverage in Pacific Bio-
sciences single-molecule HiFi long reads was generated. For the  
Choricystis sp. cobiont, 16× coverage was obtained, based on 
the estimated genome size. In both cases, the primary assembly 
contigs were scaffolded with chromosome conformation Hi-C 
data. Manual assembly curation corrected 239 missing joins or  
mis-joins and removed 160 haplotypic duplications, reduc-
ing the assembly length by 3.50% and the scaffold number by  
77.02%, and increasing the scaffold N50 by 18.29%.

The final Spongilla lacustris assembly has a total length  
of 248.7 Mb in 70 sequence scaffolds with a scaffold N50 of 
10.1 Mb (Table 1). Most (99.73%) of the assembly sequence 
was assigned to 23 chromosomal-level scaffolds. During cura-
tion, we noted that chromosome 7 of the host assembly contains a  
collapsed repeat at 3.21 Mb that joins the chromosome arms. 
The final Choricystis sp. assembly has a total length of 14.5 Mb  
in 17 sequence scaffolds with a scaffold N50 of 1.0 Mb (Table 1).

The snail plots in Figure 2 summarise the host and chlorophyte 
cobiont assembly statistics, while the distribution of assembly 
scaffolds on GC proportion and coverage for each assembly is  
shown in Figure 3. The cumulative assembly plots in Figure 4 
show curves for subsets of scaffolds assigned to different phyla. 
Chromosome-scale scaffolds confirmed by the Hi-C data for  
both eukaryote assemblies are named in order of size (Figure 5; 
Table 2 and Table 3).

The estimated Quality Value (QV) for the primary and alter-
nate haplotype of the host assembly are both 53.6, and for the 
chlorophyte cobiont 51.1. The Spongilla lacustris assembly 
has a BUSCO v5.3.2 completeness of 64.4% (single = 63.9%,  
duplicated = 0.4%), using the metazoa_odb10 reference set  
(n = 954). The Choricystis sp. genome shows a BUSCO com-
pleteness of 88.4% (single: 88.0%, duplicated: 0.5%) using the  
chlorophyta_odb10 reference set (n = 1,519).

Metagenome report
Three binned genomes were generated from the metagen-
ome assembly (Figure 6) of which one was classified as a 
high quality metagenome assembled genome (MAG) (see  
methods) The completeness values for these assemblies range 
from approximately 79% to 99%, with contamination below 3%.  
For details on binned genomes see Table 4.

Genome annotation report
The Spongilla lacustris genome was annotated by Ensembl 
Rapid at the European Bioinformatics Institute (Table 1;  

https://rapid.ensembl.org/Spongilla_lacustris_GCA_949361 
645.1/Info/Index). The resulting annotation includes 43,627 
transcribed mRNAs from 30,435 protein-coding and 854  
non-coding genes. Alternative annotations can be found here:  
https://github.com/Aquatic-Symbiosis-Genomics-Project/sponge_
annotations.

Methods
Sample acquisition and nucleic acid extraction
Tissues from an individual of Spongilla lacustris (specimen 
ID GHC0000126, ToLID odSpoLacu1) was collected from 
gemmules hatched and grown in the laboratory University of 
Alberta, Edmonton, Canada (latitude 53.53, longitude –113.53)  
on 2021-02-06 by using a cell scraper on a Petri dish. The 
original specimen containing gemmules was collected from 
O’Connor Lake, Vancouver Island, British Columbia, and was  
identified by Sally Leys (University of Alberta). The tissues grown 
in culture were preserved by snap-freezing.

The workflow for high molecular weight (HMW) DNA  
extraction at the Wellcome Sanger Institute (WSI) includes a  
sequence of procedures: sample preparation; sample homog-
enisation, DNA extraction, fragmentation, and clean-up, with 
all protocols available on protocols.io (Denton et al., 2023).  
The odSpoLacu1 sample was weighed and dissected on dry 
ice (Jay et al., 2023), and tissue was cryogenically disrupted 
using the Covaris cryoPREP® Automated Dry Pulverizer  
(Narváez-Gómez et al., 2023). HMW DNA was extracted using 
the Manual MagAttract v1 protocol (Strickland et al., 2023b). 
DNA was sheared into an average fragment size of 12–20 kb in 
a Megaruptor 3 system (Todorovic et al., 2023). Sheared DNA  
was purified by solid-phase reversible immobilisation (Strickland  
et al., 2023a), using AMPure PB beads to eliminate shorter 
fragments and concentrate the DNA. 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 tissue of odSpoLacu1 in the Tree of 
Life Laboratory at the WSI using the RNA Extraction: Automated  
MagMax™ mirVana protocol (do Amaral et 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.

Sequencing
Pacific Biosciences HiFi circular consensus DNA sequencing  
libraries were constructed according to the manufacturers’ 
instructions. DNA sequencing was performed by the Scientific 
Operations core at the WSI on a Pacific Biosciences SEQUEL II  
(HiFi)instrument. Hi-C data were also generated from tissue  
of odSpoLacu1 using the Arima2 kit and sequenced on the  
Illumina NovaSeq 6000 instrument.

Genome assembly
The HiFi reads were first assembled using Hifiasm (Cheng 
et al., 2021) in primary mode. Haplotypic duplications were  
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Table 1. Genome data for Spongilla lacustris, odSpoLacu1.1.

Project accession data

Assembly identifier odSpoLacu1.1

Species Spongilla lacustris

Specimen odSpoLacu1

NCBI taxonomy ID 6055

BioProject PRJEB58940

BioSample ID SAMEA8580182

Isolate information odSpoLacu1

Raw data accessions

PacificBiosciences SEQUEL II ERR10802379, ERR10798424, ERR10802378

Hi-C Illumina ERR10786015, ERR10786016, ERR10786017

PolyA RNA-Seq Illumina ERR12708738

Assembly metrics

Genome assembly odSpoLacu1.1 ucChoSpea1.1

Assembly accession GCA_949361645.1 
(alternate haplotype: GCA_949361655.2)

GCA_958009055.1 (alternate haplotype: 
GCA_958009065.1)

Percentage of primary 
assembly mapped to 
chromosomes

99.73% 98.95%

Span (Mb) 248.7 14.5

Number of contigs 1,495 30

Contig N50 length (Mb) 0.3 0.7

Number of scaffolds 70 17

Scaffold N50 length (Mb) 10.1 1.0

Longest scaffold (Mb) 31.14 1.52

Consensus quality (QV) 53.6 51.1

BUSCO C:64.4%[S:63.9%,D:0.4%], 
F:9.4%,M:26.2%,n:954

C:88.4%[S:88.0%,D:0.5%], 
F:1.6%,M:10.0%,n:1,519

Organelles Mitochondrial genome: 28.04 kb Mitochondrial genome: 34.74 kb; 
Plastid genome: 91.10 kb

Genome annotation of Spongilla lacustris GCA_949361645.1

Number of protein-coding 
genes

30,435

Number of non-coding genes 854

Number of gene transcripts 43,627
* BUSCO scores based on the metazoa_odb10 BUSCO set using version 5.3.2. 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/CASHZP01/dataset/CASHZP01/busco.

identified and removed using purge_dups (Guan et al., 2020). 
The Hi-C reads were mapped to the primary contigs using  
bwa-mem2 (Vasimuddin et al., 2019). The contigs were  

further scaffolded using the provided Hi-C data (Rao et al.,  
2014) in YaHS (Zhou et al., 2023) using the --break option for 
handling potential misassemblies. The scaffolded assemblies  
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Figure 2. A. Snail plot summary of assembly statistics for assembly odSpoLacu1.1: An interactive version of this figure is available here.  
B. Snail plot summary of assembly statistics for assembly ucChoSpea1.1: An interactive version of this figure is available here. The  
BlobToolKit snail plots show N50 metrics and BUSCO gene completeness. The main plot is divided into 1,000 bins around the  
circumference with each bin representing 0.1% of the assembly. The distribution of scaffold lengths is shown in dark grey with the 
plot radius scaled to the longest scaffold present in the assembly (shown in red). Orange and pale-orange arcs show the N50 and N90 
scaffold lengths 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 is shown in the 
top right.

Figure 3. BlobToolKit GC-coverage plots. Scaffolds are coloured by phylum. Circles are sized in proportion to scaffold length. Histograms 
show the distribution of scaffold length sum along each axis. A. Genome assembly of Spongilla lacustris, odSpoLacu1.1: An interactive 
version of this figure is available here. B. Genome assembly of Choricystis sp. odSpoLacu1, ucChoSpea1.1: An interactive version of this figure 
is available here.
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Figure 4. BlobToolKit cumulative sequence plots. The grey line shows cumulative length for all scaffolds. Coloured lines show cumulative 
lengths of scaffolds assigned to each phylum using the buscogenes taxrule. A. Cumulative sequence length for assembly odSpoLacu1.1: 
An interactive version of this figure is available here. B. Cumulative sequence length for assembly ucChoSpea1.1: An interactive version of 
this figure is available here.

Figure 5. Hi-C contact maps visualised using HiGlass. Chromosomes are shown in order of size from left to right and top to  
bottom. A. Genome assembly of Spongilla lacustris, odSpoLacu1.1: An interactive version of this figure may be viewed here. B. Genome 
assembly of Choricystis sp., ucChoSpea1.1: An interactive version of this figure may be viewed here.
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Table 2. Chromosomal pseudomolecules in the genome 
assembly of Spongilla lacustris, odSpoLacu1.

INSDC accession Chromosome Length (Mb) GC%

OX442415.1 1 31.14 43.0

OX442416.1 2 22.15 42.5

OX442417.1 3 17.78 43.0

OX442418.1 4 13.56 42.5

OX442419.1 5 11.34 42.5

OX442420.1 6 10.42 42.5

OX442421.1 7 10.12 44.0

OX442422.1 8 10.27 42.5

OX442423.1 9 9.18 42.5

OX442424.1 10 8.96 43.5

OX442425.1 11 8.87 43.0

OX442426.1 12 8.76 43.0

OX442427.1 13 8.68 43.5

OX442428.1 14 8.64 43.0

OX442429.1 15 8.4 43.5

OX442430.1 16 8.2 43.0

OX442431.1 17 8.08 43.5

OX442432.1 18 7.77 44.0

OX442433.1 19 7.72 43.5

OX442434.1 20 7.11 43.5

OX442435.1 21 6.92 42.5

OX442436.1 22 6.92 43.5

OX442437.1 23 6.79 43.0

OX442438.1 MT 0.03 43.0

Table 3. Chromosomal pseudomolecules in the genome 
assembly of Choricystis sp. odSpoLacu1, ucChoSpea1.

INSDC accession Chromosome Length (Mb) GC%

OY253649.1 1 1.52 69.5

OY253650.1 2 1.43 70.0

OY253651.1 3 1.27 70.0

OY253652.1 4 1.23 70.0

OY253653.1 5 1.22 69.5

OY253654.1 6 1.0 69.5

INSDC accession Chromosome Length (Mb) GC%

OY253655.1 7 0.84 69.5

OY253656.1 8 0.83 69.5

OY253657.1 9 0.82 69.5

OY253658.1 10 0.78 70.0

OY253659.1 11 0.73 68.5

OY253661.1 13 0.68 69.5

OY253660.1 12 0.68 69.5

OY253662.1 14 0.55 69.0

OY253663.1 15 0.45 70.0

OY253664.1 16 0.43 69.5

OY253666.1 Pltd 0.09 45.5

OY253665.1 MT 0.03 39.5

were evaluated using Gfastats (Formenti et al., 2022), BUSCO  
(Manni et al., 2021) and MERQURY.FK (Rhie et al., 2020).

The mitochondrial and chloroplast genomes were assembled  
using MitoHiFi (Uliano-Silva et al., 2023), which runs MitoFinder 
(Allio et al., 2020) and uses these annotations to select the  
final contigs and to ensure the general quality of the sequences.

The metagenome assembly was generated using metaMDBG 
(Benoit et al., 2024) and binned using MetaBAT2, MaxBin 
and bin3C. The resulting bin sets of each binning algorithm  
were optimised and collectively refined using MAGScoT. 
PROKKA (Seemann, 2014) was used to identify tRNAs 
and rRNAs in each bin, CheckM was used to assess bin  
completeness/contamination, and GTDB-TK (Chaumeil et al.,  
2022) was used to taxonomically classify bins. Taxonomic  
replicate bins were identified using dRep, with default  
settings (95% ANI threshold). The final bin set was filtered for 
bacteria and archaea. ‘MAGs’ were categorised as bins with  
contamination ≤ 5%, identified 5S, 16S, and 23S rRNA genes  
along with at least 18 unique tRNAs, and either ≥ 90%  
completeness or ≥ 50% completeness plus fully circularised 
chromosomes. The remaining bins with ≤ 10% contamination  
and ≥ 50% completeness and ‘MAGs’ identified as taxonomic  
replicates were categorised as ‘binned metagenomes’.

Assembly curation
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 primarily  
conducted using PretextView (Harry, 2022), with additional  
insights provided by JBrowse2 (Diesh et al., 2023) and HiGlass 
(Kerpedjiev et al., 2018). Any identified contamination, missed 
joins, and mis-joins were corrected, and duplicate sequences  
were tagged and removed. The curation process is documented at 
https://gitlab.com/wtsi-grit/rapid-curation (article in preparation).
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Figure 6. Blob plot of base coverage in mapped against GC proportion for sequences in the Spongilla lacustris metagenome. 
Binned contigs are coloured by family. Circles are sized in proportion to sequence length on a square-root scale, ranging from 2,309 to 
6,234,830. Histograms show the distribution of sequence length sum along each axis. An interactive version of this figure may be viewed 
here.

Table 4. Quality metrics and taxonomic assignments of the metagenome bins.

Quality Size (bp) Contigs Completeness Contamination Circular Taxon NCBI 
taxid

Medium 4,838,303 68 79.23% 0.13% N uncultured Pseudoduganella sp. 1663410

Medium 6,800,618 567 89.44% 2.18% N uncultured Undibacterium sp. 686278

High 6,359,527 1 99.65% 1.39% N uncultured Flavobacterium sp. 165435
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Taxonomic verification
Molecular markers obtained from the assembly were used to 
reconstruct the phylogenetic position of the sample. For this, 
a comprehensive dataset of all published freshwater sponge 
ITS1-5.8S-ITS2 sequences was generated (n = 358) using  
MAFFT (Katoh & Standley, 2013), including all 29 speci-
mens currently published as Spongilla lacustris from its wide 
range of its Holarctic distribution. Currently, ITS is regarded  
as most suitable marker in Spongillida molecular taxonomy  
(Erpenbeck et al., 2019). Phylogenetic Analysis with RAxML 
(Stamatakis, 2014) recovered the specimen nested among all 
other samples currently recognised as S. lacustris with 97%  
bootstrap support.

Evaluation of the final assembly
A Hi-C map for the final host and eukaryote cobiont assem-
blies were produced using bwa-mem2 (Vasimuddin et al., 
2019) in the Cooler file format (Abdennur & Mirny, 2020). The 
MerquryFK tool (Rhie et al., 2020), run within a Singularity  
container (Kurtzer et al., 2017), was used to evaluate k-mer com-
pleteness and assembly quality for the primary and alternate  

haplotypes, using the k-mer databases (k = 31) computed before 
genome assembly. The analysis outputs included assembly 
QV consensus quality values. The genome was also analysed  
within the BlobToolKit environment (Challis et al., 2020) and 
BUSCO scores (Manni et al., 2021) were calculated.

Table 5 contains a list of relevant software tool versions  
and sources.

Genome annotation method
The Ensembl Genebuild pipeline for non-vertebrate spe-
cies (Aken et al., 2016) was used to generate annotation for the  
Spongilla lacustris assembly (GCA_949361645.1) in Ensembl 
Rapid Release at the EBI. Annotation was created primarily  
through alignment 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).

Wellcome Sanger Institute – Legal and Governance
The materials that have contributed to this genome note have 
been supplied by a Tree of Life collaborator. The Wellcome 

Table 5. Software tools: versions and sources.

Software tool Version Source

BEDTools 2.30.0 https://github.com/arq5x/bedtools2

bin3C version 0.3.3 https://github.com/cerebis/bin3C

BlobToolKit 4.2.1 https://github.com/blobtoolkit/blobtoolkit

BUSCO 5.3.2 https://gitlab.com/ezlab/busco

CheckM 1.2.1 https://github.com/Ecogenomics/CheckM

checkM_DB 2015-01-16

gEVAL N/A https://geval.org.uk/

Gfastats 1.3.6 https://github.com/vgl-hub/gfastats

GTDB 214 https://github.com/Ecogenomics/GTDBNCBI

GTDB-TK 2.3.2 https://github.com/Ecogenomics/GTDBTk

Hifiasm 0.16.1 https://github.com/chhylp123/hifiasm

HiGlass 1.11.6 https://github.com/higlass/higlass

MAFFT 7.450 https://mafft.cbrc.jp/alignment/software/

MAGScoT 1.0.0 https://github.com/ikmb/MAGScoT

MaxBin version 2.7 https://github.com/jtamames/SqueezeMeta/tree/master/bin/MaxBin

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

MetaBAT2 version 2.15-15-gd6ea400 https://bitbucket.org/berkeleylab/metabat/src/master/

metaMDBG https://github.com/GaetanBenoitDev/metaMDBG

MitoHiFi 2 https://github.com/marcelauliano/MitoHiFi

PretextView 0.2 https://github.com/wtsi-hpag/PretextView
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Software tool Version Source

PROKKA 1.14.5 https://github.com/vdejager/prokka

purge_dups 1.2.3 https://github.com/dfguan/purge_dups

RAXML 8 https://github.com/amkozlov/raxml-ng

TreeVal 1.0.0 https://github.com/sanger-tol/treeval

YaHS 1.1a.2 https://github.com/c-zhou/yahs

Sanger Institute employs a process whereby due diligence  
is carried out proportionate to the nature of the materials them-
selves, 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 potential legal and/or ethical implica-
tions 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:

•   �Ethical review of provenance and sourcing of the material

•   �Legality of collection, transfer and use (national and  
international)

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

Data availability
European Nucleotide Archive: Spongilla lacustris. Accession  
number PRJEB58940; https://identifiers.org/ena.embl/
PRJEB58940. The genome sequence is released openly for reuse.  

The Spongilla lacustris genome sequencing initiative is part 
of the Aquatics Symbiosis Genomics (ASG) 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.
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This study by Leys and the team reports high quality genome sequences of Spongilla lacustris and 
its green algal cobiont, Choricystis sp. The sponge’s genome spans 248.7 Mb, with 23 chromosomal 
pseudomolecules and the algal cobiont’s genome is 14.6 Mb. 
One important aspect of the work is its integrative scope. Not only does the paper provide the 
host sponge genome, but it also reports a genome for the intracellular green algae and recovers 
three high quality bacterial genomes from the metagenomic data. This broad perspective reflects 
the complexity of the sponge holobiont. 
I have a couple of minor comments, the interactive metagenome blob plot is currently not 
working and the BUSCO completeness for the Spongilla genome is moderate, which may reflect 
biological complexity or technical challenges.
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The article provides a well-structured and informative background on the sponge species Spongilla 
lacustris, which was sequenced in this study. The background covers key aspects of the species, 
including its geographic distribution, macro- and micro-morphology, reproductive biology, and 
symbiotic relationships. S. lacustris represents a particularly compelling model for studying sponge 
biology and host-microbe interactions, as it can be grown under laboratory conditions. Notably, 
the sequenced specimen was derived from gemmules that were hatched and reared in the lab. 
An important contribution of this work is the simultaneous sequencing, assembly, and annotation 
of the genome of Choricystis, a chlorophyte cobiont harbored by S. lacustris. Previous studies have 
shown that these algal cells reside intracellularly, particularly within choanocytes and 
archaeocytes, adding another layer of interest to this symbiotic system. 
In addition, the authors report the assembly of three bacterial genomes, affiliated with the 
families Flavobacteriaceae and Oxalobacteraceae. However, as noted in the background, earlier 
research has characterized the mesohyl of S. lacustris as largely free of resident bacterial 
symbionts, with bacteria only observed as digested material in archaeocytes. Therefore, in future 
studies, it will be important to clarify whether the assembled bacterial genomes represent true 
symbionts or originate from transient, free-living bacteria ingested as part of the sponge’s diet. 
Overall, the article is clearly written and the genomic data provided will serve as a valuable 
resource for future studies on freshwater sponges and their symbiotic interactions. 
Minor corrections: The names Hydra and Paramecium should be italicized in the Background 
section. 
The link to the interactive version of figure 6 is not working. 
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