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PHYLOGENETIC ANALYSIS OF SOME CHINESE FRESHWATER
UNIONIDAE BASED ON MITOCHONDRIAL COI SEQUENCES
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Abstract  In the present study, the mitochondrial COI sequences were sequenced for 43 unionid individuals, belonging to 13
species from 7 genera. Sequences were analyzed using Sequencer 4.05 software. Genetic distances were calculated using the
Kimura 2-parameter model. The average intraspecific distance found was 0.02623, much lower than the average interspecific
distance, which was 0.18472. The interspecific distance between Anodonta woodiana elliptica and Anodonta woodiana
pacifica was only a little higher than the intraspecific distance. This suggests that Anodonta woodiana elliptica and
Anodonta woodiana pacifica are not separable as either subspecies or species. A molecular phylogeny of the Chinese
freshwater unionidae was constructed based on mitochondrial COI sequences. The phylogenetic trees were constructed by the
minimum evolution (ME) method, in which the 13 species were divided into three groups. The first group comprised Solenaia
oleivora, Solenaia carinatus, Solenaia rivularis and Lamprotula caveata. The second group included Anodonta arcae-
formis, Anodonta woodiana elliptica and Anodonta woodiana pacifica. While Lanceolaria gladiola, Lanceolaria
grayana, Unio douglasiae, Lamprotula tortuosa, Acuticosta chinensis and Cuneopsis heudei made up the third group.
Phylogenetic analysis of the genus Solenaia shows that the Chinese endemic species Solenaia comprise not three species as
previously supposed, but four species, one of which has not yet been formally brought forward and described. COI sequences
can provide useful information for phylogenetic studies in the Unionidae, and has important implications for these animals’
conservation, especially for those considered to be endangered.
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INTRODUCTION

The Unionidae is the most abundant and widely
distributed family within the freshwater bivalve
Mollusca. It has at least 142 genera and more
than 600 species (Graf & Cummings, 2007; Bogan,
2008). The Chinese Unionidae were divided into
more than 100 species by Heude (1875), 22 gen-
era and about 41 species by Liu (1979), and
16 genera and about 57 species by Hu (2005).
Unionids have declined in both diversity and
abundance of species. The primary causes of this
are overexploitation, habitat loss, competition
with introduced species and pollution (Anthony
& Downing, 2001; Spielman et al., 2004). Many
species are in need of conservation. Researchers
have stressed the importance of shell characters
or the use of both anatomical and reproductive
features to classify freshwater mussels (Balla &
Walker, 1991; Zieritz et al., 2010). These different
schemes have sometimes led to differing and
inconsistent classifications of the unionids (Hoeh
et al., 2001), as many species display extreme
morphological plasticity. Failure to resolve incon-
sistencies in freshwater unionid classifications
could affect the conservation of these animals.
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It is essential to develop an appropriate pro-
tocol for obtaining a consistent classification, or
hypothesis for phylogenetic relationships. When
we understand genetic variation in the group
it will be easier to develop strategies to main-
tain this variation and conserve threatened taxa.
Advances in molecular technology have pro-
vided new techniques to classify and analyse
phylogenetic relationships in these animals. The
5" end of the mitochondrial cytochrome oxidase
subunit I (COI) gene was proposed as a ‘barcode’
for all animal species. The use of DNA barcoding
(Hebert et al., 2003), whereby the sequence from
a standardized region of the COI gene is used to
identify species, provides a way to analyze phyl-
ogeny consistently. Given a validated data set of
sequences obtained from morphologically identi-
fied specimens, an unknown individual may be
identified rapidly and cost-effectively. The COI
gene has been tested as a tool for species identi-
fication, biodiversity analysis and discovery for
many animals (Smith et al., 2006; Roe et al., 2001;
Campbell et al., 2008; Chong et al., 2008; Jia et al.,
2009; Graf & Cummings, 2010; Mock et al., 2010).

In this study, we sought to investigate phyloge-
netic relationships in a selection of Chinese unio-
nids and to test a classification based on partial
sequences of COI genes. These data would also
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Table 1 Species used for phylogenetic analysis in the present study.

Species

Specimen number

Localities of samples

Acuticosta chinensis
Anodonta arcaeformis
Anodonta woodiana elliptica
Anodonta woodiana pacifica
Cuneopsis heudei
Lamprotula caveata
Lamprotula tortuosa
Lanceolaria gladiola
Lanceolaria grayana
Solenaia carinatus

Solenaia oleivora

Solenaia rivularis
Unio douglasiae

WU WNDNNR, RPN EREDNDDN

Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province
Hong Lake in Hubei

Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province
Poyang Lake in Jiangxi Province

provide a useful evolutionary framework for
future interspecific and intraspecific studies of
Chinese freshwater unionids.

MATERIALS AND METHODS

Collection and DNA extraction Specimens were
collected at different locations from Poyang
Lake in Jiangxi Province and from Hong Lake
in Hubei Province. Since freshwater unionids
exhibit aggregated distributions in suitable habi-
tats, study sites in a lake were not selected at
random. Our research objectives do not include
determinations of abundance or demographic
trends, so did not employ traditional quantita-
tive sampling techniques (Strayer & Smith, 2003).
Depending on water depth, collecting required
wading, snorkeling or dredging on the lake bed.
Collected unionids were returned to the labora-
tory rapidly and stored at -80°C until processed.
Table 1 lists the species, specimen numbers and
locality data.

Shells were opened by inserting reverse pli-
ers between the valves, and mantle tissue was
removed for DNA extraction. Whole genomic
DNA was extracted from mantle tissue in fresh
or frozen specimens using standard proteinase
K/SDS digest (Roe & Lydeard, 1998) extraction
methods followed by phenol/chloroform isola-
tion and ethanol precipitation.

PCR amplification and sequencing Mitochondrial
DNA sequences were obtained from an amplified

segment of the COI gene using the polymerase
chain reaction (PCR). The primers were COI-22me
(5'-GGTCAACAAATCATAAAGATATTGG-3')
and COI-700dy (5-TCAGGGTGACCAAAAAA
TCA-3') (Elderkin et al., 2007). Thermal cycling
consisted of the following steps: an initial dena-
turation at 94°C for 3 min, 35 cycles of 94°C for
1 min, 42°C annealing for 1 min, 72°C exten-
sion for 2 min, and a final extension at 72°C
for 7 min. PCR products were isolated on 0.8%
agarose gels and delivered to Shanghai Sangon
Biological Engineering & Technology Service
Co. Ltd. (Shanghai, China) for sequencing. This
was performed using the amplification prim-
ers with an ABI-PRISM3730 automatic DNA
sequencer.

Data analysis The sequences were edited
and analyzed using a Sequencer 4.05 (Gene
Codes Corporation), and were aligned using
Clustal X1.83 software (Thompson et al., 1997).
Phylogenetic trees were contructed by the mini-
mum evolution (ME) method with MEGA4 soft-
ware (Tamura ef al., 2007).

RESULTS AND ANALYSIS

Sequence analysis of the COI  The size of the COI
PCR amplification product ranged from 644 bp
to 685 bp. Sequence alignment of the COI gene
portions yielded 580 bp homological fragments
for 43 individuals. Two hundred and thirty sites
were polymorphic. The total number of mutations
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Table 2 Average AT and GC contents of COI PCR
product in the present study, 13 species among
580bp homological fragments,

Species AT (%) GC (%)
Acuticosta chinensis 60.7 39.3
Anodonta arcaeformis 58.9 411
Anodonta woodiana 60.4 39.4
elliptica

Anodonta woodiana pacifica 59.9 40.1
Cuneopsis heudei 59.5 39.5
Lamprotula caveata 55.8 442
Lamprotula tortuosa 58.3 41.7
Lanceolaria gladiola 59.5 40.5
Lanceolaria grayana 57.9 421
Solenaia carinatus 55.2 44.8
Solenaia oleivora 57.0 43.0
Solenaia rivularis 54.9 45.1
Unio douglasiae 59.7 40.3
Average 58.3 41.7

was 354, accounting for 61.03%. Transitionsal
pairs (si) were 46, while transversional pairs (sv)
were 37, and R (si/sv) was 1.3. Table 2 shows
AT and GC contents of COI PCR amplification
products in 13 species, with AT contents ranging
from 54.9% to 60.7%, while GC contents ranged
from 39.3% to 45.1%. The average contents of AT
(568.3%) are significantly higher than those of GC
(41.7%).

Genetic distance analysis of the Unionidae Based
on the Kimura 2-Parameter model, intraspecific
and interspecific distance were calculated. The
largest intraspecific genetic distance (Table 3)
was 0.07599 among Unio douglasiae individuals.
The largest interspecific genetic distance was
0.24697 between Anodonta woodiana pacifica and
Solenaia carinatus. The average intraspecific dis-
tance was 0.02623, much lower than the aver-
age interspecific distance, which was 0.18472.
The results suggest that COI is a useful genetic
marker for identification and phylogenetic analy-
sis of mussel species. The interspecific distance
(0.05542) between Anodonta woodiana elliptica and
Anodonta woodiana pacifica was found to be very
low, only a little higher than the intraspecific
distance (0.03737) of Anodonta woodiana pacifica.
This suggests that Anodonta woodiana elliptica and
Anodonta woodiana pacifica are not distinct and
should be regarded as a single species.

Phylogenetic analysis of the Unionidae Using COI
sequences as a molecular marker, a phylogenetic
tree of the Chinese freshwater unionids was con-
structed using ME methods (Fig. 1). Tree topolo-
gies showed that the surveyed Unionidae coprised
three groups. The first group was composed of
Solenaia oleivora, Solenaia carinatus, Solenaia rivu-
laris and Lamprotula caveata. The second group
included Anodonta arcaeformis, Anodonta woodiana
elliptica and Anodonta woodiana pacifica. While
Lanceolaria gladiola, Lanceolaria grayana, Unio doug-
lasiae, Lamprotula tortuosa, Acuticosta chinensis and
Cuneopsis heudei comprised the third group. The
tirst group belongs to subfamily Ambleminae,
the second group to subfamily Anodontinae,
while the third group belongs to subfamily
Unioninae. Thus the results were to some extent
in accordance with a more traditional morpho-
logical taxonomy (Liu, 1979; Huang et al., 2002;
Wei, 2004; Zhou et al., 2007). However, there
were some differences. The phylogenetic analysis
suggested that Anodontinae was the sister to
Unioninae, and furthermore, both were sister to
the Ambleminae.

Phylogenetic analysis of the genus Solenaia ~ Solenaia
is an endemic Asian genus, mainly distributed
in China, India and Myanmar. In China, some
species are cultivated and raised commercially.
The Chinese genus Solenaia has 4 recorded spe-
cies: Solenaia oleivora (syn. Mycetopus oleivora, M.
armatus, M. recognitus, M. similis, M. succineus,
M. viridis, M. coeruleus), Solenaia carinatus (syn.
Mycetopus carinatus), Solenaia triangularis (syn.
Moycetopus triangularis) and Solenaia rivularis
(syn. Mycetopus rivularis) (Heude, 1875; Liu,
1979). Three of these are still widespread, Solenaia
carinatus, Solenaia oleivora and Solenaia triangularis
(Heude, 1875; Liu, 1979; Wu, 1991; Hu, 2005).
Solenaia rivularis is a much rarer species and
has received comparatively little attention, with
few references in the literature. The other three
species are federally listed as endangered by
the IUCN (International Union for Conservation
of Nature). There is clearly an urgent need for
effective conservation planning. In our research,
5 specimens of Solenaia oleivora, 3 specimens of
Solenaia carinatus and 6 specimens of Solenaia
rivularis were collected from Poyang Lake in
Jiangxi Province, while 6 specimens of Solenaia
oleivora were collected from Hong Lake in
Hubei Province. We were unable to collect
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Figure 1 The phylogenetic tree using the ME meth-
ods based on the mt COI gene sequences of Chinese
freshwater Unionidae: Acuticosta chinensis (AC);
Anodonta arcaeformis (AA); Anodonta woodiana elliptica
(AWE); Anodonta woodiana pacifica (AWP); Cuneopsis
heudei (CH); Lamprotula caveata (LC); Lamprotula tor-
tuosa (LT); Lanceolaria gladiola (Lgl); Lanceolaria grayana
(Lgr); Solenaia carinatus (SC); Solenaia oleivora (SO);
Solenaia rivularis (SR); Unio douglasiae (Unio).

Solenaia triangularis, which is mainly found in
Anhui Province (Hu, 2005).

From measurements of genetic distance in
these mussels, we found the average intraspe-
cific distance to be 0.02696, much lower than the
average interspecific distance of 0.18974, in the
three species. However, the intraspecific distance
of Solenaia oleivora was 0.06979, much higher than
the rest. This is explained by sampling from two
different lakes and suggests that the populations
in these lakes differ genetically i.e. two species
are present. The phylogenetic tree shows the
same result. From these results it is clear that an
additional, undescribed, Chinese Solenaia exists.

DiscussioN

Phylogeny of the Unionidae This study is the
first to evaluate the phylogeny of the Chinese
freshwater Unionidae based on mitochondrial
COI sequences. Few other studies have used
this technique for Chinese freshwater unionids.

Our molecular tree supported the relationship
and further agreed with Zhou (2007) and Huang
(2002) that Lamprotula caveata was a close ally of
the Solenaia species, and should be assigned to
subfamily Ambleminae. Lamprotula tortuosa was
shown to be very close to Aculamprotula (Wu,
1998), and assigned to the subfamily Unioninae.
In the present study, Anodontinae was the sister
to Unioninae, and furthermore, both of them
were sister to Ambleminae, which was supported
by the studies of Huang (2002). However, Zhou
(2007) has claimed that the Unioninae is the sister
to the Ambleminae, with both of them sister to
the Anodontinae. The goal of our work was to
put the phylogeny of the Chinese freshwater
unionids on a molecular foundation.

Examination of the Chinese genus Solenaia  Solenaia
represents a neglected genus of unionids and
little is known about their taxonomic and con-
servation status; perhaps due to the fact that
they have a relatively restricted distribution and
abundance. The research reports on Solenaia
have been very few (Deein et al., 2003). Only
two species, Solenaia oleivora and Solenaia trian-
gularis, can be seen on the National Centre for
Biotechnology Information (NCBI) (http://www.
ncbi.nlm.nih.gov/Taxonomy/Browser/wwwtax.
cgi?id=165459). In the present study, molecular
data indicated that ‘Solenaia oliveivora’ collected
from two lakes comprised two distinct species
rather than one, making a total of five not four,
species now known from China. The unknown
fifth species has not yet been formally brought
forward. Our work is the first report dealing
with the detailed phylogeny of Chinese Solenaia.
It should contribute towards knowledge of this
group and assist their conservation.
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