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Abstract

Prasinophytes are a globally distributed, diverse polyphyletic group of pho-
tosynthetic green algae, displaying a combination of presumably ancestral
traits for the Chloroplastida. The Nephroselmidophyceae is a prasinophyte
clade comprising small biflagellate algae that includes the marine mixoplank-
ton Nephroselmis pyriformis, which was previously shown to feed on bacteria,
particularly under low concentrations of dissolved inorganic nutrients. Given
its mixotrophic proclivities and phylogenetic position, N. pyriformis has the
potential to provide insights into early green algal evolution and ecophysiol-
ogy. In this study, we have presented a highly contiguous nuclear genome
assembly for N. pyriformis. We acquired both Illumina and PacBio long-read
data to assemble a 70.8-Mbp nuclear genome annotated with a total of 19,330
protein-coding genes. The genome is inferred to be haploid based on the base
frequency distribution at variable sites, together with prior cell biological infor-
mation from a related species. When compared with four other green algal ge-
nomes, N. pyriformis displayed a relatively large proportion of ortholog genes
shared with the Chlorophyta. The nuclear genomic data presented here will
be valuable for a range of studies, including green algal phylogenomics, ge-
nome evolution, and phago-mixotrophy.
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INTRODUCTION

Prasinophytes are a polyphyletic assemblage of earlier-
diverging green algae that constitute the Chlorophyta
together with the core chlorophytes (Leliaert, 2019;
Leliaert et al., 2012). Ubiquitous in the oceans, pra-
sinophytes usually represent the predominant green
algae and can quantitatively dominate total phytoplank-
ton communities in certain regions such as the Arctic
Ocean (Joli et al., 2017; Lovejoy et al., 2007), contribut-
ing to primary production despite their small size. Their
numerical contribution is expected to increase as global

changes affect the oceans (Li et al., 2009), which is of
significance given their well-recognized roles in primary
production and ocean carbon sinks (Bachy et al., 2022).
In addition, a growing number of studies have revealed
the presence of bacterivory among prasinophytes
(Anderson et al., 2018; Bell & Laybourn-Parry, 2003;
Bock et al.,, 2021; Maruyama & Kim, 2013; Mckie-
Krisberg et al., 2015), indicating a role as consumers,
with an influence on bacterial communities (Hartmann
et al., 2012; Zubkov & Tarran, 2008) and marine car-
bon cycling (Ghyoot et al., 2017; Glibert & Mitra, 2022;
Ward & Follows, 2016).

Abbreviations: BLAST, basic local alignment search tool; BUSCO, Benchmarking Universal Single-Copy Orthologs; HMW, high molecular weight; KEGG,
Kyoto encyclopedia of genes and genomes; ML, maximum likelihood; SNP, single-nucleotide polymorphism.
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Bacterivory has, so far, only been experimentally
confirmed for members of the prasinophyte classes
Mamiellophyceae, Nephroselmidophyceae, and
Pyramimonadophyceae (Anderson et al., 2018; Bell
& Laybourn-Parry, 2003; Bock et al., 2021; Mckie-
Krisberg et al., 2015). This capacity for bacterivory
likely originated from colorless ancestors that ex-
isted >1 billion years ago, prior to the acquisition of
plastids (Archibald, 2009; Maruyama & Kim, 2020).
Bacterivorous prasinophytes, therefore, might offer
insights into the origin and early evolution of the
Chloroplastida (aka Viridiplantae; Maruyama &
Kim, 2013, 2020). Furthermore, the phylogenetic rela-
tionships of prasinophyte lineages with each other and
with the core chlorophyta, which have yet to be fully
resolved, would undoubtedly provide insights for better
determining the common ancestor of the Chlorophyta
(Leliaert et al., 2012; Turmel et al., 2009).

The recent surge in genomic sequencing has greatly
improved our understanding of broad- and fine-scale
relationships among green algae and within the chloro-
phytes (Brouard et al., 2010; Fang et al., 2018; Fucikova
et al., 2014; Lemieux et al., 2007) and has allowed the
preliminary characterization of prasinophyte classes
(Crépeault et al., 2024; Leliaert et al., 2012; Lemieux
et al., 2014; Li et al., 2020). Plastid and mitochondrion
genomes have provided insights into the origin and
spread of organelles (Leliaert et al., 2012; Sibbald &
Archibald, 2020; Turmel & Lemieux, 2018), some-
times revealing novel relationships that have contra-
dicted morphology-based classifications (Crépeault
et al,, 2024) or single-gene phylogenies (McManus
et al.,, 2018). Whole nuclear genome sequencing can
provide additional information beyond gene sequence
data, such as gene inversions and organization, non-
coding region lengths and location, and duplications,
as well as other structural genomic features. Together,
these can strengthen or refine our understanding of evo-
lutionary relationships and processes (Li et al., 2020).

Despite an increase in the number of sequenced
nuclear genomes over the last 2 decades, there are
still relatively few prasinophyte genomes available
in public databases. Currently, the most represented
lineages among sequenced genomes are within
the Mamiellophyceae (Derelle et al., 2006; Worden
etal., 2009; Moreau et al., 2012; Dennu et al., 2023; Rey
Redondo et al., 2024) and other picoplanktonic (<2pm
cell diameter) clades, such as the Chloropicophyceae
(Lemieux et al., 2019) and Prasinodermophyceae (Li
et al,, 2020). Rarer are the genome assemblies for
nano-sized prasinophytes possessing larger genomes,
such as Cymbomonas tetramitiformis, the only member
of the Pyramimonadophyceae to have been sequenced
to date (Burns et al., 2015; Gyaltshen et al., 2023).
Genomic resources for the Nephroselmidophyceae
have so far been limited to organelle genomes, includ-
ing chloroplast genomes of Nephroselmis astigmatica

FIGURE 1 Light microscopic image of Nephroselmis pyriformis
RCC618. Algal cells were observed using a 40x objective lens

on an Axiovert 100M (Carl Zeiss) equipped with a DP73 camera
(Olympus). Cells are approximately 3.5um in length and bear two
unequal flagella.

NIES-252 (Lemieux et al., 2014), N. pyriformis MED1
(Gastineau et al.,, 2021), and N. olivacea NIES-484
(Turmel, Otis, et al., 1999b) as well as the mitochondrion
genome of N. olivacea NIES-484 (Turmel, Lemieux,
et al,, 1999a). Here, we present the nuclear genome
assembly and annotation of N. pyriformis RCC618
(Figure 1), which has been experimentally shown to
feed on bacteria (Bock et al., 2021).

MATERIALS AND METHODS

Algal culture, nucleic acid extraction, and
whole genome sequencing

The prasinophyte Nephroselmis pyriformis RCC618
(=CCMP717) was obtained from the Roscoff
Culture Collection (France). This strain was isolated
from the Galveston Channel in the Gulf of Mexico
(United States) on February 1, 1981, by L. Provasoli.
The culture was maintained in f/2-Si medium
(Guillard, 1975) at 18°C with a light cycle of 12h at
~80pmol photons - cm™ - s~'. For DNA extraction,
the alga was grown for ~10days to the highest density
in a total of 1L. High molecular weight (HMW) DNA
was extracted using the MagAttract HMW DNA
Kit (Qiagen). Briefly, the 1L of culture was gently
filtered onto 0.8-um pore-sized polycarbonate
filters (Millipore). Filters were placed in a mix of
ATL Buffer (880uL) and proteinase K (80pL) and
incubated at 50°C for ~3h for enzymatic lysis of the
prasinophyte cells. The lysate was then transferred
in 200-pL aliquots to 2-mL microcentrifuge tubes with
MagAttract beads and further processed according to
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the manufacturer's instructions. The resulting HMW
DNA was used for long-read sequencing at GeneWiz
(Azenta Life Sciences). A 20-kb PacBio SMRTbell
library was prepared with BluePippin size selection
per the manufacturer's protocol and sequenced on the
PacBio Sequel platform. An additional DNA extraction
was performed using the PureLink Genomic DNA
Mini Kit (Invitrogen) according to the manufacturer's
instructions for short-read sequencing on the Illumina
HiSeq 4000 platform (2 x 150 bp configuration). A total
of 934,311 PacBio reads and 351,609,960 Illlumina
paired-end reads were generated, corresponding to
4.4 Gbp and 105 Gbp, respectively (Table S1).

Total RNA was collected from cultures exposed to
two different nutrient conditions (unpublished data by
Charvet and Kim). Briefly, a mixture of culture and an
equal volume of RNA/ater (Sigma Aldrich) was gently
filtered onto 0.8-pm polycarbonate filters (Sterlitech
Corporation). The filters were then incubated with 1 mL
of TRIzol (Invitrogen) for 5—-10min, after which the vol-
ume of TRIzol was used to flush each filter several
times and transferred to a 1.7-mL tube. This was fol-
lowed by the addition of 0.2mL chloroform and incuba-
tion for 2-3min. After centrifugation at 4°C for 15min
at 12,000 g, the clear aqueous phase was carefully
transferred to a fresh tube and mixed with an equal
volume of 70% ethanol before loading onto a PureLink
RNA mini kit (Invitrogen) column for washing and on-
column RNA elution per the manufacturer's instruc-
tions. Purified RNA samples were sent to GeneWiz
(Azenta) for library preparation using NEBNext Ultra
RNA Library Prep Kit for lllumina with the poly-A selec-
tion and sequencing on lllumina HiSeq (2 x 150 bp con-
figuration). Data from two libraries, each comprising 35
and 37 million paired-end reads (~11 Gbp each), were
used for gene prediction.

De novo genome assembly

The initial draft assembly was obtained using the hy-
brid assembler software MaSuRCA (v.3.2.6.2; Zimin
et al., 2013) with the combination of long reads and
paired-end short reads. Following the developer's in-
structions, the input reads were not pre-processed.
MaSuRCA was run with the default options ex-
cept for the following: USE_LINKING_MATES =1,
CA_PARAMETERS =cgwErrorRate =0.15, KMER_
COUNT_THRESHOLD=2, JF_SIZE=1,000,000,000.
The algal nuclear scaffolds were identified by using a
combination of genomic signatures and blastn analy-
ses, a method that has proven effective in other pro-
tist genomic studies (e.g., Blaz et al., 2023; Gyaltshen
et al.,, 2023). All the scaffolds were subjected to a
blastn search (v2.8.1; Sayers et al., 2025) against the
nucleotide (nt) database (v5), with which some clear
cases of prokaryotic scaffolds could be identified

(e.g., >95% identity over >90% the length of scaffold).
Using the binning software MyCC (Lin & Liao, 2016) with
the default option of 4-mer frequencies, we identified
a cluster comprising 371 scaffolds that were enriched
with algal nuclear sequences. Manual inspection of
these scaffolds using AliView (v1.28; Larsson, 2014)
revealed that 27 were entirely composed of low com-
plexity segments and were therefore discarded.
Contaminating scaffolds—including five of human and
two of bacterial origin—were also excluded, resulting
in a final assembly of 337 scaffolds. Outlier scaffolds
with elevated coverage depth, identified through visual
inspection of scatter plots (Figures S1, S2), were fur-
ther examined for phylogenetic classification based
on eggNOG-mapper annotations. All surveyed scaf-
folds contained genes affiliated with Chloroplastida
and were retained in the final assembly. The resulting
RCC618 nuclear genome assembly was evaluated two
ways: (1) by estimating completeness, using BUSCO
(v6.0; Tegenfeldt et al., 2025) with the eukaryota_
odb12 and the vridiplantae_odb12 datasets and (2)
by determining the coverage and sequencing depth.
The latter was conducted with Bowtie2 (Langmead &
Salzberg, 2013) and minimap2 (Lie et al., 2018) to map
the lllumina and PacBio reads to the full assembly, re-
spectively, followed by the output conversion into BAM
files and depth calculation at each position or scaffold
using SAMtools (v.1.20; Danecek et al., 2021) and an
in-house script (kindly provided by Dr. Narechania).

Phylogenetic assessment of the
sequenced strain RCC618

To confirm the taxonomic identity of the sequenced
strain, an 18S rBRNA gene sequence was identified
from the genome assembly by blastn searches using
the 18S rRNA gene sequence of Nephroselmis pyri-
formis strain MBIC11099 as a query. The RCC618 18S
rBRNA gene sequence was manually aligned with those
sequences from Nephroselmis and other green algal
species available in GenBank using Mesquite (v3.81;
Maddison & Maddison, 2023). The final alignment (Data
S1) included 1775 nucleotide sites and 54 sequences.
The maximum likelihood (ML) tree was constructed
using IQ-TREE (v2.1.2; Minh et al., 2020) with the best-
fit model identified by ModelFinder (Kalyaanamoorthy
et al., 2017). Ultrafast bootstrap analyses were based
on 1000 re-samplings (Hoang et al., 2018).

Genome size and ploidy estimation

To estimate the genome size, all the acquired
llumina reads were subjected to identification
and counting of 21-mers using jellyfish (v2.3.1;
Marcais & Kingsford, 2011) with the --bf-size option
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(to reduce the computational time). The output file
was fed into GenomeScope 2.0 (Ranallo-Benavidez
et al.,, 2020) to estimate genome size and repeat
content. To estimate genome ploidy, we used nQuire
(Weib et al., 2018), a statistical approach that infers
ploidy levels from NGS data. For this, base frequency
distributions at variable sites were calculated by align-
ing a subset of the lllumina reads (60,000,000 read
pairs) to the final nuclear genome assembly using
Bowtie2 (v2.3.5.1; Langmead & Salzberg, 2013). The
output alignment in SAM format was converted into
the BAM format, followed by sorting, using SAMtools
(v1.20; Danecek et al., 2021). Finally, nQuire (Weib
et al., 2018), with the denoising option, was used to
calculate and plot the biallelic SNP ratios.

Gene structural annotation

The coding regions in the final Nephroselmis pyri-
formis nuclear genome assembly were annotated
using the BRAKERS3 pipeline (Galaxy v3.0.8 + gal-
axy2; Gabriel et al., 2024) available on the Galaxy
platform (The Galaxy Community, 2024). The ge-
nome was annotated in several approaches, includ-
ing with or without soft-masking of repeat regions
and with RNA-seq and/or protein evidence. Repeat
masking was done using RepeatModeler (v2.0.3;
Flynn et al., 2020) and RepeatMasker (v4.1.2; Tarailo-
Graovac & Chen, 2009). RNA-seq evidence was
prepared by mapping the reads that were sequen-
tially treated for adapter trimming using Cutadapt
(Martin, 2011), error correction using Rcorrector
(Song & Florea, 2015), and removal of prokaryotic
reads with Kraken (Wood & Salzberg, 2014) using
the MiniKraken 2020 database. RNA-seq read
mapping was done using STAR (v2.5.3a; Dobin
et al.,, 2013). Protein evidence was generated by
selecting the Viridiplantae subset from OrthoDB
vi1l proteins (Kuznetsov et al.,, 2023). BRAKERS
utilizes GeneMark-ETP (Brina et al., 2024) and
AUGUSTUS (v3.2.3; Stanke et al.,, 2008) predic-
tion tools. Protein sequences were extracted from
the resulting annotations using GffRead (Pertea &
Pertea, 2020) and were subjected to Benchmarking
Universal Single-Copy Orthologs (BUSCO) analyses
(Tegenfeldt et al., 2025). To prevent inflation of dupli-
cated gene counts in the BUSCO analysis, multiple
isoforms were counted as a single gene. Functional
annotations were performed using eggNOG-
mapper (v2; Cantalapiedra et al.,, 2021) with egg-
NOG v5.0 database (Huerta-Cepas et al.,, 2019)
as well as GhostKOALA (Kanehisa et al., 2016)
plus the KEGGREST package in R (Tenenbaum &
Volkening, 2021). The tRNA and rRNA genes were
predicted with tRNAscan-SE (Chan & Lowe, 2019)
and barrnap (v1.2; Seemann, 2013), respectively.

TABLE 1 Nephroselmis pyriformis RCC618 nuclear genome
assembly statistics. BUSCO results were based on the use of the
eukaryota_odb12 (129 genes) and viridiplantae_odb12 (822 genes)
datasets.

# scaffolds 337

Total length 70.8 Mbp
N50 633 Kbp
GC content 64.2%

# protein-coding genes 19,330

# tRNA genes 80

# KEGG-annotated genes 8458 (43.8%) — eggNOG

8029 (41.5%) — GhostKOALA
C:90.7% [S:88.4%; D:2.3%)];
F:3.9%; M:5.4%

BUSCO eukaryota: genome

BUSCO eukaryota: C:95.3% [S:98.0%; D:2.3%];
proteins F:3.9%; M:0.8%
BUSCO viridiplantae: C:87.3% [S:85.8%; D:1.5%)];
genome F:5.8%; M:6.8%
BUSCO viridipantae: C:93.2% [S:91.2%; D:1.9%];
proteins F:4.4%; M:2.4%

Abbreviations: C, complete BUSCOs; S, complete and single-copy
BUSCOs; D, complete and duplicated BUSCOs; F, fragmented BUSCOs; M,
missing BUSCOs.

Orthologs and genome comparisons

OrthoFinder (v2.5.4; Emms & Kelly, 2019) was used
to identify and investigate the orthologs present in
the RCC618 genome in comparison with the core
chlorophyte Chlamydomonas reinhardtii (Merchant
et al., 2007) and prasinophytes Cymbomonas tetram-
itiformis (Gyaltshen et al., 2023), Chloropicon pri-
mus (Lemieux et al., 2019), and Micromonas pusilla
(Worden et al., 2009). Venn diagrams to visualize the
overlap in orthogroups shared by the various genomes
were obtained from https:/bioinformatics.psb.ugent.
be/webtools/Venn/.

RESULTS AND DISCUSSION

Phylogenetic analyses of 18S rRNA gene from
RCC618 (=CCMP717) confirmed its taxonomic
placement as Nephroselmis pyriformis (Figure S3).
The obtained nuclear genome assembly of N.
pyriformis RCC618 had a total length of 70.8 Mbp
comprising 337 scaffolds (derived from 495 contigs)
with an average scaffold length of 0.2 Mbp and an
N50 of 633 kbp (Table 1). Our assembly is close to
the genome size estimate of ~60 Mbp based on k-mer
analyses (Figure S4). The lllumina read alignment
rate onto the N. pyriformis assembly was 78.29%,
suggesting that the majority of raw reads came from
the alga. Further, read alignment results showed that
the nuclear genome was sequenced to 1115x depth
with the Illumina reads, with 99.74% of all nucleotide
positions mapped (Figure S1; Data S2). With the
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FIGURE 2 Genome characteristics
of Nephroselmis pyriformis RCC618.
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PacBiolongreads, the mapped coverage was 99.83%,
and the sequencing depth was 39x (Figure S2; Data
S3). Our newly generated N. pyriformis data thus
surpassed the recommended sequencing depth for
de novo assembly of a eukaryote genome (i.e., =50x
lllumina data and =30x long-read data for a hybrid
assembly; Chakraborty et al., 2016).

The RCC618 assembly showed high complete-
ness, with BUSCO completeness scores of 90.7% and
87.3% when analyzed using the eukaryota_odb12 and
viridiplantae_odb12 datasets, respectively (Table 1).
The BUSCO completeness values attained for the
RCC618 genome assembly were higher than those for
four other algal genomes, except for Chlamydomonas
reinhardtii, which exhibited a higher score in the vir-
idiplantae_odb12 analysis (Table S2). Based on the
eukaryota_odb12 database, the RCC618 assembly
was the most complete and had the fewest missing
BUSCOs (5.4%) among the five green algal genomes
examined. These metrics suggest that the assembly
reported here likely represents a near-complete recon-
struction of the genome.

In annotating the Nephroselmis pyriformis genome
with BRAKERS, higher-quality gene predictions (as
evaluated by BUSCO scores) were obtained when only
RNA-seq hints were used, rather than both RNA-seq
and protein hints (Table S3). A comparable result was
also achieved when the assembly was left unmasked
for repeat regions. Therefore, we have presented the
annotations generated from the soft-masked assembly
using RNA-seq evidence only, which comprise 19,330
predicted protein-coding genes, of which 43.6% and
41.5% were functionally annotated with KEGG identi-
fiers via eggNOG-mapper and GhostKOALA, respec-
tively (Table 1). Compared to the genome assembly, the

ortholog groups are compared (g).

_mSpecies-specific single copy
M Species-specific duplicated
mGenes with 21 homolog in the

chlorophyta

predicted proteins showed a higher proportion of com-
plete BUSCOs and fewer missing BUSCOs (Table 1),
indicating that the gene annotation was of high quality.
The genome was additionally annotated with a total of
80 tRNA genes and seven rRNA gene clusters.

Suda et al. (1989, 2004) presented evidence for a
zygotic sexual reproductive cycle in Nephroselmis ol-
ivacea. The non-motile zygote represents the only
diploid stage of N. olivacea and undergoes meiosis to
produce a total of four haploid vegetative biflagellate
cells. Assuming N. pyriformis follows a similar life cycle,
the genome of the vegetative cells from which our as-
sembly was derived is haploid. This haploid state of the
genome was supported by our SNP analyses: The bi-
allelic SNP frequency histogram (Figure S5) does not
display one or more peaks between 0.25 and 0.75 ra-
tios, which would be expected for diploid, triploid, or
tetraploid genomes (Weib et al., 2018).

In comparison with nuclear genomes from the
chlorophyta, the Nephroselmis pyriformis genome
is larger than those of the picoplanktonic prasino-
phytes Chloropicon primus and Micromonas pusilla
but smaller than those of Cymbomonas tetramitiformis
and Chlamydomonas reinhardtii (Figure 2a,b). With a
GC content of 64.2%, the RCC618 nuclear genome is
comparable to that of M. pusilla and Chlamydomonas
reinhardtii (Table S2). The RCC618 nuclear genome
was characterized by 0.27 genes per kb, revealing a
gene density lower than that of two smaller genomes
(Chloropicon primus and M. pusilla), but higher than
that of larger genomes (Chlamydomonas reinhard-
tii and Cymbomonas tetramitiformis; Figure 2c). The
RCC618 nuclear genome contained 1174 unique or-
thogroups and 3449 orthogroups shared with the ge-
nomes of Chlamydomonas reinhardtii, Cymbomonas
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tetramitiformis, Chloropicon primus, and M. pusilla
(Figure 2d). Compared to Cymbomonas tetramiti-
formis, whose species-specific duplicated and single
genes represented two thirds of the total protein-coding
genes, the RCC618 genome was dominated by protein-
coding genes that had at least one homolog in other
chlorophytes, representing more than half of its gene
repertoire (Figure 2e).

Chloroplast genomes are available for Nephroselmis
olivacea NIES-484 (Turmel, Lemieux, et al., 1999a;
Turmel, Otis, et al., 1999b), N. astigmatica NIES-
252 (Lemieux et al.,, 2014), and N. pyriformis MED1
(Gastineau et al., 2021). These studies on organel-
lar genomes and nuclear SSU rDNA gene analyses
have shown that N. pyriformis is sister to the rest of
the Nephroselmis species (Yamaguchi et al., 2011), al-
though earlier phylogenies indicated that N. pyriformis
might group with the N olivacea/N. viridis clade, while
the N. astigmatica and N. anterostigmatica group
branche with other Nephroselmis species (Nakayama
et al., 2007). Our draft assembly could aid in resolv-
ing the phylogenetic relationships within Nephroselmis
when additional large-scale genomic data become
available from different Nephroselmis species.

Constitutive mixoplankton, protists with permanent
plastids that have the genetic capacity for both pho-
tosynthesis and phagotrophy, such as some prasino-
phytes, are versatile, highly adaptable organisms that
tend to alternate between each trophic mode (Mitra
et al., 2016). Their environmentally driven fluctuations
between photosynthesis and predation, to limit the en-
ergetic cost of constantly using both simultaneously,
likely have significant impacts on the food webs and
biogeochemical cycles that rely on primary produc-
tion (Glibert & Mitra, 2022; Mitra & Flynn, 2023; Ward
& Follows, 2016). To better elucidate their behavior in
the oceans, we need a stronger understanding of how
constitutive mixoplankton adjust their trophic mode
in response to surrounding environmental conditions
(Anderson et al., 2018; Bock et al., 2021).

Comparative transcriptomics, essential in the study
of gene expression, has already proved useful in in-
vestigating the mixotrophic nature and feeding be-
haviors of small constitutive mixoplankton among the
chrysophytes (Lie et al, 2017, 2018), haptophytes
(Liu et al., 2015, 2016), and prasinophytes (Charvet
et al., 2024). However, assembly and annotation of
transcriptomes can be limited by the lack of avail-
able nuclear genomes (Kwon et al., 2023). Hence,
we expect that this Nephroselmis pyriformis nuclear
genome will facilitate gene expression studies of the
species, which is a known mixotroph with the ability to
ingest bacteria in conditions of low nutrient availabil-
ity (Bock et al., 2021). Interestingly, different species
of Nephroselmis seem to respond differently to the
availability of macronutrients, micronutrients, and vita-
mins (Anderson et al., 2018), highlighting the need for

further, in-depth, investigations into feeding behaviors
at the individual species level.

Our Nephroselmis pyriformis RCC618 nuclear ge-
nome represents a high-quality and nearly complete
reconstruction. This assembly not only will enhance our
understanding of N. pyriformis biology and ecology but
also lays a critical foundation for future transcriptomic
studies, particularly in the context of mixoplankton tro-
phic flexibility and environmental adaptability. As more
genomic data from related species become available,
this resource will support a range of studies, including
green algal phylogenomics, genome evolution, and
species-specific ecological strategies.
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SUPPORTING INFORMATION

Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

Data S1. 18S rRNA gene sequence alignment used to
make the phylogenetic tree presented in Figure S1.
Data S2. lllumina sequencing coverage for each
scaffold.

Data S3. PacBio sequencing coverage for each
scaffold.

Figure S1. A scatter plot showing the lllumina
sequencing depth of scaffolds.

Figure S2. A scatter plot showing the PacBio
sequencing depth of scaffolds.

Figure S3. Maximum likelihood phylogenetic tree using
18S rDNA sequences, showing the placement of the
strain RCC618 (in bold). A total of 1775 nucleotide sites
were included and the best-fit model of TIM2e +1+ G4
was selected for inference. The scale bar refers to the
nucleotide substitutions per site. Bootstrap support
values (=50%) are shown at the corresponding nodes.
Figure S4.GenomeScope profileoutput. GenomeScope
analyses based on the output from jellyfish run with the
k-mer size of 21 suggest the estimated genome size of
59.85 Mbp and the repeat content of 19.42% when the
genome is assumed to be haploid (p=1).

Figure S5. Biallelic SNP frequency distribution. The x-
axis represents allele frequency, and the y-axis shows
the count. The distribution pattern supports the haploid
state of the genome.

Table S1. Whole genome sequencing read statistics
for Nephroselmis pyriformis RCC618.

Table S2. Statistics of nuclear genome assemblies
for Nephroselmis pyriformis and four select green
algal species. BUSCO analyses were run on the
genome assemblies using the eukaryota_odb12 (129
genes) and viridiplantae_odb12 (822 genes) datasets.
Abbreviations: complete BUSCOs (C); complete and
single-copy BUSCOs (S); complete and duplicated
BUSCOs (D); fragmented BUSCOs (F); missing
BUSCOs (M).

Table S3. Comparison of predicted protein sets for
Nephroselmis pyriformis RCC618 obtained with three
different approaches. Completeness of the protein sets
was evaluated with BUSCO on the eukaryota_odb12
(129 genes) and viridiplantae_odb12 (822 genes)
datasets.
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