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ABSTRACT We present the complete chloroplast genome sequence of an endophytic
Ostreobium sp. isolated from a 19th-century coralline red algal specimen from St. Croix,
U.S. Virgin Islands. The chloroplast genome is 84,848 bp in length, contains 114 genes, and
has a high level of gene synteny to other Ostreobiaceae.

Ostreobium Bornet & Flahault is a siphonous marine green algal symbiont with three
currently recognized species (1–3). Ostreobium plays an important role in decalcifica-

tion and providing photosynthates to the corals, especially during bleaching events (4).
Ostreobium also occurs as an endophyte in various crustose coralline algae (5, 6). Twelve
complete Ostreobium chloroplast genomes isolated from corals have been sequenced (1, 3,
7–9). We characterized the complete chloroplast genome of an Ostreobium coralline endo-
phyte to contribute to the systematics and bioinformatics of Ostreobiaceae.

The specimen analyzed here was a 3- by 3-mm coralline fragment of Hydrolithon boerge-
senii (Foslie) Foslie collected in 1892 by Frederik Børgesen from St. Croix, U.S. Virgin Islands,
and housed at ambient temperature in the Norwegian University of Science and Technology
Herbarium under voucher number TRH A14-720. The fragment was ground with a mortar
and pestle, and DNA was extracted using the DNeasy Blood and Tissue kit (Qiagen) following
the manufacturer’s protocol with two modifications: the binding step was 4,000 � g for 3
min and the DNA was eluted in 40mL Tris-acetate-EDTA (TAE) after 7 min of incubation (10).
The 150-bp paired-end library was constructed with the KAPA HyperPlus kit (Roche) and
sequenced on an Illumina NovaSeq 6000. The analysis generated 17,620,232 reads. The reads
were filtered using the default BBDuk settings in Geneious Prime 2019.1.3 (Biomatters
Limited). The chloroplast genome was assembled de novo using the filtered reads with the
default settings in MEGAHIT 1.2.9 (11). The assembly yielded 62,269 small contigs with an
N50 of 561 and GC content of 50.2%. A single Ostreobium sp. chloroplast contig with 249�
coverage was identified by Nucleotide BLAST search. The final complete chloroplast
genome was circularized by removing the overlapping ends, manually adjusting the
start position to Ostreobium quekettii Bornet & Flahault voucher CS-1386 (GenBank
accession number OK189528), and confirming its accuracy with the map-to-refer-
ence function using default settings in Geneious Prime. The annotation was performed
using the default settings in GeSeq 2.03 (12), followed by manual corrections of gene
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start and stop positions according to NCBI ORFfinder and Sequin 15.5 (13). Nucleotide
identities were calculated by BLAST search using the more-dissimilar-sequence optimiza-
tion setting.

The complete circular chloroplast genome of the Ostreobium sp. is 84,848 bp in
length and has a GC content of 31.1% (Fig. 1). The genome contains 114 genes including
80 protein-coding, 31 tRNA, and 3 rRNA genes. Seven of the genes contain one intron
(ccs1, rpl5, rpl23, rpoB, rpoC1, rps4, and ycf3). Gene content and organization are nearly
identical to those of O. quekettii CS-1386 isolated from coral from the Great Barrier Reef.
The St. Croix Ostreobium sp. chloroplast genome, however, lacked an ATP synthase CF0
subunit I gene start codon. The chloroplast genome of Ostreobium sp. has a 75.26% to
80.57% nucleotide identity to 10 O. quekettii and two Ostreobium species sequences de-
posited in GenBank. This study shows that DNA from Ostreobium can be retrieved from
museum specimens and advances the understanding of Ostreobium genomics, biogeog-
raphy, and systematics.

FIG 1 Complete chloroplast genome of Ostreobium sp. The genome was annotated using GeSeq (12), NCBI ORFfinder, and Sequin 15.5 (13), and mapped
with Chloroplot 0.2.4 (14). The center contains genome characteristics. The innermost ring shows the genome length. The second ring displays the GC content and
direction of transcription, as indicated by the two arrows. The final ring shows the genes. Genes transcribed clockwise are on the inside; counterclockwise
transcriptions are on the outside. The color coding corresponds to genes of different groups as listed in the key in the bottom left. CDS, coding sequences.
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Data availability. The complete chloroplast genome sequence of Ostreobium sp. is
available in GenBank under accession number OQ349515. The associated BioProject, SRA,
and BioSample numbers are PRJNA948419, SRS17145397, and SAMN33902323, respectively.
The chloroplast genome referenced in the text was Ostreobium quekettii GenBank accession
number OK189528.
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