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Desmodesmus costato-granulatus (Skuja) Hegewald 2000 (Sphaeropleales, Chlorophyta) is a small,
spineless green alga that is abundant in the freshwater phytoplankton of oligo- to eutrophic waters
worldwide. It has a high lipid content and is considered for sustainable production of diverse
compounds, including biofuels. Here, we report the draft whole-genome shotgun sequencing of D.
costato-granulatus strain SAG 18.81. The final assembly comprises 48,879,637 bp with over 4,141
scaffolds. This whole-genome project is publicly available in the CNSA (https://db.cngb.org/cnsa/) of
CNGBdb under the accession number CNP0000701.
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Figure 1. Genome Features and phylogenomic analysis of D. costato-granulatus. (A) Light micrograph
(Nomarski Interference Contrast) of D. costato-granulatus; (B) The table displays the summary statistics of
the D. costato-granulatus genome. (C) GC-depth plot showing the distribution between the GC content and the
average reads mapping depth. The slide window is 500bp. (D) The phylogenetic tree was constructed by using
the maximume-likelihood method in RAXML based on a concatenated sequence alignment of 76 single-copy
genes (25,277 amino acid positions; numbers on branches refer to % bootstrap values; in total 500 bootstrap

iterations).

Scenedesmus (Komarek and Fott 1983). Origi-
nally a subgenus (Hegewald 1979), Desmodesmus
is characterized by an additional, outer sporopol-
leninic cell wall layer with protrusions such as
granulations and/or ribs (Hegewald 1997). Molecu-
lar phylogenetic analyses confirmed the monophyly
of Desmodesmus and raised it to genus status (An
etal. 1999). Desmodesmusis one of the most abun-
dant coccoid green algal genera in fresh to brackish
waters globally, and is also the most species-
rich taxon within the subfamily Desmodesmoideae
(Guiry and Guiry 2019; Hegewald and Braband
2017). Most of the Desmodesmus species have
a convoluted taxonomic history with many syn-
onymic names (Hegewald 2000) and that also
applies to D. costato-granulatus (Skuja) Hegewald
(Hegewald et al. 1994; Vanormelingen et al. 2007).
Although most Desmodesmus species have one
or several spines (or dents) on the cells, species
with small, spineless, two-celled coenobia, such as
D. costato-granulatus (Fig. 1A) are also common,
from oligotrophic to eutrophic waters. The alga may
form blooms in spring and is then an important
link in the food web (Casper 1985). A strain of

D. costato-granulatus has been used as feedstock
for rotifers (Schluter and Groeneweg 1981) and
more recently, D. costato-granulatus was tested as
a potential source for algal biofuel (Kodihalli et al.
2018). The draft nuclear genome of D. costato-
granulatus (strain SAG 18.81) has been established
in the frame of the 10KP project (Cheng et al.,
2018), a phylodiverse genome sequencing plan.
An axenic culture of D. costato-granulatus
(SAG18.81; Sammlung von Algenkulturen, Uni-
versity of Géttingen, Germany) was grown in 3N
BBM +V culture medium (https://www.ccap.ac.uk/
media/documents/3N_BBM V.pdf) in  aerated
Erlenmeyer flasks at 40 umol photons m=2s~" in
a 14:10hr L/D cycle up to a volume of 1.5L. The
dense culture was harvested by centrifugation
(400 x g, 10min), the pellet rapidly transferred
into liquid nitrogen and stored at —80°C until
freeze-drying. The DNA extraction was done
on the freeze-dried samples using the CTAB
method (Sahu et al. 2012). During all steps of
cultivation until nucleic acid extraction, axenicity
was monitored by sterility tests as well as light
microscopy. Light microscopy was performed with
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a Leica DMLB light microscope using a PL-APO
100/1.40 objective, an immersed condenser N.A.
1.4 and a Metz Mecablitz 32 Ct3 flash system.

The genomic DNA was used to construct an
stLFR (single-tube long fragment reads) genomics
library and sequenced by the BGISEQ-500 plat-
form. Single tube long fragment read (stLFR)
technology allows efficient WGS, haplotyping,
and contig scaffolding at comparatively lower
cost. It adds the same barcode sequence to
sub-fragments of the original DNA molecule (DNA
co-barcoding) and generates long reads using
second generation sequencing instruments like
BGISEQ (Wang et al. 2019). Paired-end reads
of 100bp in length were generated using the
BGISEQ-500 sequencer. For assembly, the low
quality and duplicated reads were first filtered using
SOAPfilter with default parameters (v2.2), and the
barcodes of the stLFR reads were changed to 10X
Genomics type. Then, the raw reads were directly
used for genome assembly by using the Supernova
software (v2.1.1) according to the manufacturer’s
protocol (Weisenfeld et al. 2017). The total genome
size was estimated as 46.6 Mb by using the K-mer
method (Supplementary Material Fig. S1). The
sequenced DNA reads were assembled to 48.9
Mb with 4,141 scaffolds covering 104.9% of the
predicted genome size with a scaffold N50 reach-
ing 196kb (Fig. 1B). The D. costato-granulatus
genome size is similar to that of “Scenedesmus
quadricauda” LWG002611 (65.35Mb; Dasgupta
et al. 2018) and some sequenced Selenastraceae
(Chromochloris  zofingiensis, =~ Monoraphidium
neglectum and Raphidocelis subcapitata), but two
other Desmodesmus species, D. armatus (115 Mb;
https://www.ncbi.nIm.nih.gov/assembly/GCA_
007449985.1) and D. obliquus (108 Mb; Carreres
et al. 2017) display significantly larger genome
sizes compared to D. costato-granulatus. An
even larger genome size has been reported for
another strain of D. obliquus (208 Mb; Starkenburg
et al. 2017). We also checked the GC bias, which
describes the relationship between GC content
and read coverage across a genome (Fig. 1C). No
contamination was identified.

Three types of repeats (DNA transposon ele-
ments, retrotransposon elements, tandem repeats)
were identified in the genome of D. costato-
granulatus. DNA transposons and retrotransposon
elements were identified using MITE-hunter and
LTRharvest, respectively. RepeatModeler (version
1.0.8) was used to search for other repeats using
the denovo approach. In addition, the Repeat-
Masker was also used for a custom library
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consisting of Repbase and a de novo predicted
repetitive elements.

For gene prediction, we used de novo gene pre-
diction methods. Briefly, the program GeneMark-
ES (version 4.32) was used to analyze the genome
by utilizing unsupervised training and the genes
having an incomplete gene structure were removed
from the predicted gene sets. The final gene set
was evaluated with two approaches. The BUSCO
(version 3; Waterhouse et al. 2018) core eukaryotic
gene-mapping approach was used to determine
the gene set completeness. For the functional
annotation of genes, BLASTP (1e —5) was used
against several known databases, such as Swis-
sProt, KEGG, COG. InterProScan (using data from
Pfam, PRINTS, SMART, ProDom and PROSITE)
was used to identify protein motifs and protein
domains of the predicted gene set. Gene Ontology
information was obtained through Blast2go (version
2.5.0).

The genomes of D. costato-granulatus were
compared with selected algal genomes. These
algal genomes were used to define orthogroups
(using OrthoFinder, version 1.1.8). Single copy
orthogroups (i.e. gene families with only one gene
member per species) were used to construct phy-
logenetic trees based on maximum likelihood. For
phylogenetic tree construction, RAXML was used
with the CAT + GTR amino acid substitution model.
The online tool iTOL was applied to edit and display
the final phylogenetic tree.

We predicted 9,985 protein-coding genes. The
genome completeness analyses revealed that
about 80.4% of the assembled genome captured
the Viridiplantae BUSCO v10 dataset. Repeti-
tive elements account for 3.6% of the genome.
The long terminal repeats (LTRs) and long inter-
spersed elements (LINEs) were dominant among
these repeats, representing 167 kb and 901 kb,
respectively (Supplementary Material Table S1).
Of the predicted protein-coding genes, 5,808
(58.2%) were assigned putative functions using
the SwissProt database, and 5,361 (53.6%) were
assigned to KEGG orthologs. A phylogenetic tree
inferred from concatenated 76 nuclear-encoded,
single-copy genes supported the position of D.
costato-granulatus within Sphaeropleales and a
sister-group relationship of Scenedesmaceae with
Selenastraceae in the Chlorophyceae (Fig. 1D).

Based on KEGG pathway mapping, we anno-
tated and mapped 136 level-3 pathways which
belong to 22 level-2 metabolic pathways. A sum-
mary of the findings is presented in Figure 2A. The
largest number of sequences were those associ-
ated with global and overview maps (1,195, 12.0%),


https://www.ncbi.nlm.nih.gov/assembly/GCA_007449985.1
https://www.ncbi.nlm.nih.gov/assembly/GCA_007449985.1

4 S. Wang et al.

A Transport and catabolism{

&

Signal transduction

:I
8

Membrane transport-

Translation

Folding, sorting and degradation

4

Transcription {

Replication and repair

Endocrine and metabolic diseases

Drug resistance: Antimicrobial {

Global and overview maps 1195

Carbohydrate metabolism

Amino acid metabolism {

&

Metabolism of cofactors and vitamins

8

Lipid metabolism

Energy metabolism+{

Nucleotide metabolism |

]

Metabolism of other amino acids

Glycan biosynthesis and metabolism{
MCellular Processes
MEnvironmental Information Processing
BiGenetic Information Processing
MHuman Diseases
BiMetabolism

Organismal Systems

ism of ids and

is of other

Environmental adaptation { 3

Digestive system 17

3

Number r;?Genes -

Chromochloris zofingiensis

Desmodesmus costato-granulatus

Monoraphidium neglectum

Figure 2. Comparative analysis of the genomes of D. costato-granulatus and other Sphaeropleales. (A)
KEGG pathway mapping of annotated D. costato-granulatus genes. (B) Venn diagram showing unique and
shared orthogroups among D. costato-granulatus, Chromochloris zofingiensis, Monoraphidium neglectum and
Desmodesmus armatus. Gene numbers are given in parentheses.

followed by sequences that are involved in trans-
lation (395, 4.0%), carbohydrate metabolism (366,
3.7%), and “folding, sorting and degradation” (362,
3.7%).

Nearly 2,208 orthogroups of D. costato-
granulatus are shared with three other
Sphaeropleales used in our genome comparisons
(Fig. 2B). Of the 1,094 genes unique to D. costato-
granulatus, most are involved in ubiquitin-mediated
proteolysis, pyrimidine metabolism, and starch
and sucrose metabolism. To further compare the
gene complement between D. costato-granulatus
and three Sphaeropleales, we performed KEGG
enrichment of unique genes between D. costato-
granulatus and each Sphaeropleales. 2,388
genes were unique to D. costato-granulatus when
performing the gene family clustering between
D. costato-granulatus and D. armatus, and these
unigue genes were found to be enriched in various
categories of the biological process like purine
metabolism, ubiquitin-mediated proteolysis, and
monoterpenoid biosynthesis. 6,552 unique genes
could be identified when comparing the gene family
clustering between D. costato-granulatus and M.
neglectum, and according to the KEGG enrichment
display, these unique genes mainly participate
in taurine and hypotaurine metabolism, ubiquitin
mediated proteolysis, and starch and sucrose
metabolism. Gene family clustering between D.
costato-granulatus and C. Zzofingiensis showed

4,632 proteins unique to D. costato-granulatus,
which were highly enriched in several categories
of biological process namely plant hormone signal
transduction, taurine and hypotaurine metabolism,
and starch and sucrose metabolism.

The genome data of D. costato-granulatus pro-
vide a foundation for future genetic and genomic
research on an important component of the fresh-
water phytoplankton. To the best of our knowledge
this is the first draft genome of a spineless member
of the genus Desmodesmus.

Data Availability
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