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ABSTRACT
Coelomactra antiquata is a famous delicacy and a promising new candidate for aquaculture, which
belongs to the family Mactridae (Mollusca: Veneroida). The complete mitochondrial genome of C. anti-
quata (Liao Ning province, in China, LN) was finished, which is the first representative from this province.
The results showed that the total length of LN-mtDNA sequence is 16,797 bp and the content of Aþ T
is 65.01%. It encodes 35 genes, including 12 protein-coding genes, 21 transfer RNA genes and two ribo-
somal RNA genes. All coding genes are encoded on the heavy strand. Compared with the typical gene
content of animal mitochondrial genomes, atp8 and trnSer(UCN) genes are missing in the mitochondrial
genome. The complete mitochondrial genome contains 26 non-coding regions (1598 bp), one major
non-coding region consists of 1046 bp in which 4.9 tandem repeat sequences (99bp per sequence) was
observed. The phylogenetic tree showed that Liaoning population was clustered into one clade with
Shandong (Rizhao, Jiaonan and Jimo) and Guangxi (Beihai) populations, meanwhile all of them are far
from the Fujian populations (Pingtan, Zhangzhou and Changle). So, Liaoning, Shandong and Guangxi
populations have a close relationship. Actually, Fujian is located between Liaoning, Shandong and
Guangxi. So, the result challenges the previously assumed relevance between geographic distance and
genetic distance. The genetic distance of Liaoning C. antiquata and Fujian (Changle, Zhangzhou and
Pingtan) C. antiquata (0.176–0.177) is greater than the genetic distance between Mytilus galloprovincialis
and Mytilus trossulus (0.160). The genetic difference of Liaoning population and Fujian populations has
reached species level.
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Researches on cryptic species have increased quickly over the
past two decades, which is in large part resulted from the
increasing availability of molecular data (Bickford et al. 2007).
In recent years, detection of cryptic species based on com-
plete mitochondrial genomes has become increasingly popu-
lar (Iannelli et al. 2007; Krzywinski et al. 2011; Gasser et al.
2012; Burger et al. 2014; Griggio et al. 2014; Shen et al. 2014).
Generally, animal mitochondrial genomes are circular mole-
cules, containing 37 genes: 2 ribosomal RNA genes (lrRNA and
srRNA), 13 PCGs (protein-coding genes) and 22 tRNA genes
(Shen et al. 2012; Schierwater et al. 2013). Coelomactra anti-
quata is a famous Chinese delicacy and a promising new can-
didate for aquaculture, which belongs to the family Mactridae
(Mollusca: Veneroida) (Liu et al. 2006; Meng et al. 2012; Yuan
et al. 2013; Meng et al. 2013).

A specimen of C. antiquata was obtained from the Dalian
city, Liaoning province in China (N: 38.889, E: 121.707), which is
stored at Marine Museum of Huaihai Institute of Technology
(Accession number: Can-003). The mtDNA of C. antiquata was
extracted from muscle tissues using Phenol-chloroform
method. Seven pairs of specific primers were designed, includ-
ing cox1-nad6F: TGG TGA AAG AGT GTT GGA CG, cox1-nad6R:

CTA CAA ATA CGA GCA GCA GCA A, nad6-srRNAF: CTG GGC
CTG TTC TTG GTG TAT, nad6-srRNAR: GGC GGT TTG TAC GCA
TTT CA, srRNA-cytbF: AAA ACT CAA AAA GGC TGG CGG, srRNA-
cytbR: GCC TCC GCA TCA GAA TCA AC, cytb-nad4F: CAT GGT
TGG TGG GGT GTA CT, cytb-nad4R: CCT GCC AAA GGT GCC
TCT AC, nad4-nad3F: TGA GGG TAC CAA CCT GAA CG, nad4-
nad3R: TGC ATT CCC CCT CCA AAA CG, nad3-cox2F: TGA AGA
GGG TCG AAC GGT TT, nad3-cox2R: TGA CCA TGC GCT TCT
ACA CT, cox2-cox1F: GGT TGC TGG ACC TTT GTA CG and cox2-
cox1R: CTA TTG CCG GAC CAG GAT GT. The DNA fragments
were obtained by polymerase chain reaction amplification and
sequenced by primer-walking strategy. Finally, the complete
mitochondrial genome of C. antiquata (Liaoning province, in
China, LN) was finished, which is the first representative from
this province. The locations of the protein-coding genes (PCGs)
and rRNA genes were determined with DOGMA (Wyman et al.
2004). Transfer RNA genes were identified by using tRNAscan-
SE 1.21 (Schattner et al. 2005). Tandem repeats finder was used
to search for tandem repeats of the mitochondrial genome
(Benson 1999).

The results showed that the total length of LN-mtDNA
sequence is 16797 bp (GenBank accession number: KR362246)
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and the content of Aþ T is 65.01% (AT skew¼�0.1955, GC
skew¼ 0.2592). It encodes 35 genes, including 12 protein-cod-
ing genes, 21 transfer RNA genes and two ribosomal RNA
genes. All coding genes are encoded on the heavy strand.
Compared with the typical gene content of animal mitochon-
drial genomes, atp8 and trnSer(UCN) genes are missing in the
mitochondrial genome. The complete mitochondrial genome
contains 26 non-coding regions (1598 bp), one major non-
coding region consists of 1046 bp, in which 4.9 tandem repeat
sequences (AAA GAG TTT ACC CTT TGT CCT AGT ACA CCT
CCT GAA GCC CCA AGA GAT TAC CCT TGG GAT TCG GAG
GTG TAC TGG TCT AGG GGG TGC GGG AAA CCC AAC, 99 bp
in length) was observed.

Topologies constructed based on neighbor-joining (NJ) and
maximum-likelihood (ML) methods of 12 PCGs (nucleotide
sequences) are identical (Figure 1). The phylogenetic tree
showed that Liaoning population was clustered into one clade
with Shandong (Rizhao, Jiaonan and Jimo) and Guangxi
(Beihai) populations, meanwhile all of them are far from the
Fujian populations (Pingtan, Zhangzhou and Changle). So,
Liaoning, Shandong and Guangxi populations have a close
relationship. Actually, Fujian is located between Liaoning,
Shandong and Guangxi. So, the result challenges the previ-
ously assumed relevance between geographic distance and
genetic distance. The genetic differences among different spe-
cies or populations were explored based on mitochondrial
genomic sequences. The genetic distance between Mytilus
galloprovincialis and Mytilus trossulus is 0.160. However, the

genetic distance of Liaoning and Fujian (Changle, Zhangzhou
and Pingtan) C. antiquata is ranging between 0.176 and 0.177,
which is larger than that of two Mytilus species. Therefore, the
genetic difference of Liaoning and Fujian populations
(Changle, Zhangzhou and Pingtan) has reached interspecies
level.

The numbers at the nodes indicate the support values
from NJ and ML methods.

GenBank accession numbers: Coelomactra antiquata (Jimo:
KC503288, Dalian: KR362246, Rizhao: JN692486, Beihai:
KR362245, Jiaonan: KC503289, Changle: KC503290,
Zhangzhou: NC_021375, Pingtan: KC503291), Mactra chinensis:
NC_025510, Lutraria rhynchaena: NC_023384, Solen grandis:
NC_016665, Solen strictus: NC_017616, Paphia undulata:
NC_016891, Paphia textile: NC_016890, Paphia euglypta:
NC_014579, Paphia amabilis: NC_016889, Mytilus galloprovin-
cialis: NC_006886, Mytilus edulis: NC_006161, Mytilus trossulus:
NC_007687, Mytilus californianus: NC_015993, Meretrix pete-
chialis: NC_012767, Meretrix meretrix: NC_013188, Meretrix luso-
ria: NC_014809, Meretrix lamarckii: NC_016174, Crassostrea
sikamea: NC_012649, Crassostrea nippona: NC_015248,
Crassostrea iredalei: NC_013997, Crassostrea hongkongensis:
NC_011518, Crassostrea ariakensis: NC_012650, Crassostrea
angulata: NC_012648.
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Figure 1. Phylogenetic trees constructed from neighbor-joining (NJ) and maximum-likelihood (ML) methods of 12 PCGs (nucleotide sequences).
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