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Two complete mitochondrial genomes of the barnacle Lepas anatifera Linnaeus,
1758 (Scalpellomorpha, Lepadidae) implying the possibility of cryptic speciation
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ABSTRACT
The barnacle Lepas anatifera Linnaeus, 1758 (Scalpellomorpha, Lepadidae) is a worldwide distributed
species. For investigating its genetic diversity in the northwest Pacific, two complete mitochondrial
genomes were determined and analyzed. The lengths of the two complete mitogenomes were
15,708bp and 15,703bp, respectively. Both of them contained typical 37 genes with an identical order
to L. anserifera Linnaeus, 1767 and L. australis Darwin, 1851 mitogenome. Except for ND1 and ND2, 11
protein-coding genes (PCGs) started with an ATN initiation codon (ATA, ATG, ATC, and ATT). Twelve
PCGs were terminated with TAA or TAG stop codon, whereas ND1 possessed an incomplete termin-
ation codon (T–). Phylogenetic analysis revealed that L. australis and L. anserifera clustered together,
and then with L. anatifera. The distinct genetic distances (0.17) based on concatenated sequence of 13
PCGs between the two mitogenomes of L. anatifera suggest the existence of cryptic speciation.
Additional samples from multiple localities should be collected and analyzed to deepen the under-
standing of cryptic diversity within the northwest Pacific.
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The goose barnacles of the genus Lepas have been found in
the surface drifters of all oceans, and are considered ideal
candidates to investigate genetic diversity and biogeograph-
ical patterns due to their cosmopolitan distribution (Schiffer
and Herbig 2016). Mitochondrial DNA sequences have been
successfully applied to identify intraspecies and interspecies
genetic variations in phylogeographical studies (Baek et al.
2016). In the genus Lepas, complete mitogenomes of L. anser-
ifera and L. australis have been reported. For the cosmopol-
itan L. anatifera, four regional subgroups (coastal Chile,
Oregon, Indo-Pacific, Atlantic) and a global group were iden-
tified using CO1 and 16S rRNA (Schiffer and Herbig 2016). To
get a better understanding of the genetic diversity of L. ana-
tifera in the northwest Pacific, two specimens were collected
from different biogeographic realms, the temperate northern
Pacific realm, and the central Indo-Pacific realm (Spalding
et al. 2007), and their complete mitogenomes were first
sequenced in the present study.

One of the specimens (voucher number: LInE-Mcr001) was
collected from a buoy in the Kuroshio Extension (KE) region
(146.10�E, 32.00�N), the other one (LInE-Mcr002) was col-
lected from the South China Sea (SCS) (119.00�E, 20.00�N),
and following policies and procedures of the Ocean
University of China bioethical committee. Two specimens

were deposited at the Laboratory of Intertidal Ecophysiology,
Fisheries College, Ocean University of China (Sha-Sha Cheng,
chengshasha@ouc.edu.cn). Total genomic DNA was extracted
using a modified cetyltrimethylammonium bromide (CTAB)
method (Ding et al. 2018), and a 500-bp paired-end library
was constructed for each specimen and sequenced using
Illumina NovaSeq 6000 platform (BIOZERON Co., Ltd.,
Shanghai, China). Total of 6.4 Gb and 6.6 Gb of 150 bp paired-
end length data, with 42,776,990 and 44,301,460 reads, were
generated for the SCS and KE specimens, respectively. These
reads were assembled separately for two mitogenomes using
GetOrganelle v1.6.4 (Jin et al. 2020) with the mitogenome of
L. anserifera as a reference (GenBank accession no.
NC_026576.1). Annotations of tRNAs and rRNAs were gener-
ated in the MITOS web server (Bernt et al. 2013). Protein-cod-
ing genes (PCGs) were annotated based on the reference
genome of L. anserifera. Bayesian’s inference (BI) phylogenetic
tree was constructed using the plug-in MrBayes program in
PhyloSuite v.1.2.1 (Zhang et al. 2020) based on nucleotide
sequences of 13 PCGs and two rRNA genes of L. anatifera
and other cirripeds using Tetraclita japonica as an outgroup.
The best-fitting substitution model and partitioning schemes
were selected using PartitionFinder v.2.1.1 (Lanfear et al.
2017). Genetic distances were calculated with the
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concatenated sequence of 13 PCGs based on the Kimura-2-
parameter model using MEGA X (Kumar et al. 2018).

The lengths of complete mitogenomes of the KE and the
SCS specimens were 15,708 bp (GenBank accession no.
ON060685) and 15,703 bp (GenBank accession no.
ON060686), respectively. Both of them owned 13 PCGs, two
rRNA genes, 22 tRNAs genes, and two non-coding regions.
The nucleotide composition of the two mitogenomes was
similar, and the Aþ T contents of the KE specimen and SCS
specimen were 66.76% and 67.52%, respectively. Except for
ND1 (start with GTG) and ND2 (start with TTG), 11 PCGs
started with an ATN (ATA, ATG, ATC, and ATT) initiation
codon. Except ND1 possessed an incomplete termination
codon (T–), 12 PCGs were terminated with TAA or TAG stop
codon. The two mitogenomes of L. anatifera shared the same
gene order as mitogenomes of L. anserifera and L. australis.
Except 10 tRNA genes (trnF, trnH, trnP, trnI, trnY, trnC, trnL1,
trnV, trnK, and trnQ), four PCGs (ND1, ND4, ND4L, and ND5),
and two rRNA genes (rrnL and rrnS), all rest genes were
encoded on the heavy strand.

The phylogenetic tree revealed that L. australis and L.
anserifera clustered together, and then with L. anatifera
(Figure 1). The interspecific genetic distances between each
two species pairs in the family Lepadidae ranged from 0.29
to 0.32, while the intraspecies genetic distance of L. anatifera
in the present study was 0.17 (Figure 1). Although the intra-
specific variation between the two L. anatifera individuals
was less than the interspecific variation, it is undeniable that
there was already a large genetic differentiation of the mito-
chondrial DNA between the two L. anatifera individuals,
implying the existence of cryptic speciation of L. anatifera in
the northwest Pacific. This result was consistent with the
result as described by Schiffer and Herbig (2016) that cryptic
speciation of L. anatifera existed in coastal Chile, Oregon,
Indo-Pacific, and Atlantic. Additional samples from multiple
localities should be collected and analyzed to deepen the
understanding of the cryptic speciation of L. anatifera in the
northwest Pacific.
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