
MITOGENOME ANNOUNCEMENT

Complete chloroplast genome of an invasive marine macroalga Ulva californica
(Ulvophyceae, Chlorophyta)

Xuyin Lina, Wenzheng Liub,c,d , Xiu Weib,c,e and Peng Jiangb,c

aSchool of Marine Biology, Xiamen Ocean Vocational College, Xiamen, China; bCAS and Shandong Province Key Laboratory of Experimental
Marine Biology, Center for Ocean Mega-Science, Institute of Oceanology, Chinese Academy of Sciences, Qingdao, China; cLaboratory for
Marine Biology and Biotechnology, Qingdao National Laboratory for Marine Science and Technology, Qingdao, China; dUniversity of Chinese
Academy of Sciences, Beijing, China; eCollege of Life Science, Qingdao University, Qingdao, China

ABSTRACT
Species belonging to Ulva (Ulvophyceae, Chlorophyta) are one of the major members of invasive sea-
weeds. Ulva californica Wille 1899 was originally believed to be native to the Pacific coast of North
America, while in recent years it has been reported as exotic species, or new record, in Europe, the
Mediterranean, Asia, and Oceania. However, the paths of global dispersal of U. californica are unclear.
In addition, the species boundary between U. californica and a related species is somewhat disputed.
Here, we reported that the complete chloroplast genome of U. californica is 92,126bp in size, harboring
96 genes (GenBank accession no. MZ561475). The overall base composition was A (37.9%), T (37.4%), C
(12.3%), and G (12.4%), similar to those from other Ulva species. The phylogenomic analysis showed
that although U. californica was genetically closer to Ulva arago€ensis (Bliding) Maggs 2018 in [Krupnik
N et al., 2018], they were clearly distinguishable, supporting the recent opinion that they should be
separated into different species. The chloroplast genome data of U. californica would provide plenty
resources for phylogeography analysis and monitor on bioinvasion.
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Due to global warming and a variety of anthropogenic activ-
ities such as mariculture and discharge of ballast water, mac-
roalgae can spread or be introduced into new habitats, and
species in the genus Ulva (Ulvophyceae, Chlorophyta) are
one of the major members (Verlaque and Breton 2019; Xie
et al. 2020; Liu et al. 2022). Ulva californica Wille 1899 was
initially described with the type location at La Jolla, California
(Collins et al. 1899), and two other taxa, i.e. U. angusta
Setchell & N.L. Gardner 1920 and U. scagelii Chihara 1969,
were later placed into the synonymy with it (Tanner 1986).
U. californica was originally believed to be native to the
Pacific coast of North America (Scagel et al. 1989; Wolf et al.
2012), but some speculate that it may be more widespread
(Loughnane et al. 2008). Nevertheless, in recent years U. cali-
fornica has been reported as exotic species, or new record, in
Europe (Hayden and Waaland 2004; Loughnane et al. 2008),
the Mediterranean (Wolf et al. 2012; Sfriso et al. 2020), Asia
(Kawai et al. 2007), and Oceania (Heesch et al. 2009;
Kirkendale et al. 2013), even rapid local spreads after intro-
duction have been observed in Germany (Steinhagen et al.
2019), and China (Wei et al. 2022). However, the paths of
global dispersal of U. californica are unclear. In addition, the
species boundary between U. californica and a related species
is somewhat disputed. According to results of molecular
identification and hybridization examination, U. mediterranea

Alongi, Cormaci & G.Furnari 2014, which was later revised to
U. arago€ensis (Bliding) Maggs 2018 in [Krupnik N et al., 2018]
(Krupnik et al. 2018), was distinguished from U. californica
and U. flexuosa Wulfen 1803 (Hiraoka et al. 2017), while in a
later study these species were still combined into one com-
plex (Steinhagen et al. 2019). Organelle genome data from
U. californica can help clarify this controversy, and provide
sufficient molecular markers to reveal geographic origins and
dispersal routes.

Here, we sequenced the chloroplast genome of U. californ-
ica sample U484-3, which was collected from Putian, Fujian
Province, China in 2021 (25�1201700N, 119�3305100E), and cul-
tured in laboratory with Von Stosch’s Enriched (VSE) medium
at 16 �C under a light intensity of 80–100 lmol�m�2�s�1. This
kind of plant study did not need specific permissions from
the ethics committee of Institute of Oceanology, Chinese
Academy of Sciences (IOCAS), and the field collection was
carried out following the National standards of the People’s
Republic of China (2007). A specimen was deposited in
Marine Biological Museum of Chinese Academy of Sciences
(MBMCAS) at IOCAS (http://www.qdio.cas.cn, Yongqiang
Wang, bmxia@qdio.ac.cn) under the voucher num-
ber MBM287040.

The algal tissue was sent to BENAGEN Co. Ltd. (Wuhan,
China) for high-throughput sequencing. Total genomic DNA
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was extracted using a Plant Genomic DNA Extraction Kit
(Tiangen Biotech Co., Ltd., Beijing, China). The library of gen-
omic DNA was sequenced using the Illumina and Nanopore
platform. The read length for Illumina was 150 bp. The total
amount and base of reads were 30,479,638 and 4.6 Gbp for
Illumina, and 1,149,830 and 5.4 Gbp for Nanopore platform,
respectively. A short sequence assembly software Flye v.2.8.3
was used to assemble clean data (Kolmogorov et al. 2020)
and the obtained complete chloroplast genome sequence
was annotated with PGA (Qu et al. 2019).

The complete chloroplast genome of U. californica was
92,126 bp in size (GenBank accession no. MZ561475). The
overall base composition was A (37.9%), T (37.4%), C (12.3%),
G (12.4%), and the percentage of AT (75.3%) is much higher
than CG (24.7%), which were similar to those from other Ulva
species. This genome encodes 96 genes, including 68 pro-
tein-coding genes, 26 transfer RNAs genes, and two riboso-
mal RNAs genes. Using MEGA 6.0 with a GTRþGþI model
(Tamura et al. 2013), a maximum-likelihood (ML) phylogenetic
tree was constructed with 24 complete chloroplast genomes
of Ulva and one chloroplast genome of Pseudoneochloris mar-
ina as the outgroup. It was shown that, although U. californ-
ica was genetically closer to Ulva arago€ensis (Cai et al. 2017),
they were clearly distinguishable (Figure 1), supporting the
recent opinion that they should be separated into different
species (Hiraoka et al. 2017). The data of U. californica

chloroplast genomes can be used as resources for phylo-
geography analysis and monitor on bioinvasion, even risk of
green tides dominated by this species (Bae 2010).
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Figure 1. Phylogenetic tree based on maximum-likelihood (ML) analysis with 24 Ulva chloroplast genomes and one chloroplast genome from Pseudoneochloris mar-
ina as the outgroup. Numbers above each node indicate the bootstrap support value. The black dot represents the sequence from the sample used in this study.
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