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Abstract

Drifting, stranded, or bycaught whales are often
found in a decomposed state, which inhibits accu-
rate morphological identification. Application of
molecular technology is an alternative method used
to identify species when decomposition is extreme.
Between 2002 and 2016, six unidentified dead
whales were collected in the coastal waters of China.
DNA was extracted, and sequences of the mitochon-
drial cytochrome b (Cytb) gene or the mitochondrial
control region (D-loop) were successfully ampli-
fied for BLAST (Basic Local Alignment Search
Tool) alignment to construct a phylogenetic tree
for species determination. As a result, two Omura’s
whales (Balaenoptera omurai), three Eden’s whales
(Balaenoptera edeni edeni), and one Blainville’s
beaked whale (Mesoplodon densirostris) were suc-
cessfully identified. This is the first record of a
Blainville’s beaked whale being stranded in Jiangsu
Province, China. Identification using these molecu-
lar techniques is providing new information on ceta-
cean distribution and diversity in China.
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Introduction

Cetaceans include 89 species of whales, dolphins,
and porpoises that are globally distributed in
marine and riverine environments (Committee on
Taxonomy, 2017; Perrin, 2018). At least 38 ceta-
cean species occur in the waters of China (Zhou,
2004; Wang, 2011). Identification of whale car-
casses can provide valuable information regarding
the distribution of different species (Bijukumar
et al., 2012). However, inaccurately identified ani-
mals, particularly stranded cetaceans, have limited
such contributions in China (Sholl et al., 2013).

Molecular markers are useful tools for identi-
fying the source of samples thought to be derived
from threatened or endangered species (Jayasankar
et al., 2007). In some cases, molecular markers
are the only way to identify a cetacean when car-
casses are highly degraded (Falcdo et al., 2017).
DNA barcoding or sequencing of mitochondrial
genes, particularly cytochrome b (Cytb; Bijukumar
et al., 2012; Tsai et al., 2013; Cypriano-Souza
et al., 2016) and the mitochondrial control region
(D-loop; Wada et al., 2003; Ottewell et al., 2016),
have been used to identify cetacean species.

Six dead whales, which could not be identified
morphologically, were found in the coastal waters
of China between 2002 and 2016. The goal of this
study was to extract genomic DNA to confirm
the species identity of these stranded whales and
explore if their presence supports any expanded
distributions in China.

Methods

DNA Extraction

Samples from the muscle tissue of five whale car-
casses and from the bone residue of one carcass were
collected along coastal China (Figure 1; Table 1).
DNA was extracted using a Trelie™ Animal
Genomic DNA Kit, purchased from TSINGKE
Biological Technology (Nanjing, China), and the
bone sample was treated for 6 h for decalcification
(Lindqvist et al., 2009). The DNA from samples of
both muscle tissue and bones were then extracted
by the following procedure: Under continuous con-
cussion, muscle tissue the size of a soybean grain
was digested at 56°C in 20 ul proteinase K, 200 ul
high-purity water, and 200 ul Buffer gAl for 3 h.
Specific steps were performed according to the
manufacturer’s instructions.



526 Lietal.
110°0'0"E 120°0'0"E 130°0'0"E
Z P
fC) N Yellow fC)
o Sea o
9] 0
™ ™
: NJNU 2010087
_ Lvsi 9 NJNU 2010088 _
c P NJNU 200210 c
= =}
S CHINA Ningbo % '\ nu2012003 S
o o
15} 15}
East
z China z
o Sea =
o e
te) 4 0
o Taiwan o
Beihai
@ NJNU 2016059
4 . P4
£ Weizhou @ NoNUwzz2016 ~ South £
2| Island Hai hina 2
o . . o
N - al Sea ® Stranding sites N
0 250 500 1,000
— — K
110°0'0"E 120°0'0"E 130°0'0"E
Figure 1. Map showing the four localities (black dots) from where the six cetacean species were sampled
Table 1. The relevant information on stranded whales in coastal waters of China
Body Body
Morphological Molecular length  weight Date
Number identification identification Sex  (cm) (kg) (d/moly) Location Remarks
NJNU200210 Unidentified Balaenoptera M 703 -- 4/4/2002 Ningbo, Drifted
omurai Zhejiang
NINU2010087 Balaenoptera edeni  B. edeni edeni - 1,080 - 14/102010 Lvsi, Fisheries
Subspecies is Jiangsu bycatch
unknown
NJNU2010088 Unidentified Mesoplodon M 395 -- 15/10/2010 Lvsi, Fisheries
densirostris Jiangsu bycatch
NJNU2012003 Unidentified B. omurai - - -- 13/3/2012  Ningbo, Fisheries
Zhejiang bycatch
NINU2016059 B. edeni B. edeni edeni F 482 1,000 2/12/2016 Beihai, Stranding
Subspecies is Guangxi
unknown
NINUWZ2016 B. edeni B. edeni edeni - - - 21/4/2018  Weizhou, Bone residue
Subspecies is Guangxi

unknown
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Polymerase Chain Reaction (PCR)

The mitochondrial Cytb and D-loop genes were
amplified by polymerase chain reaction (PCR)
using the following primers: Cytb: Forward
primer-5’-ATCTGCCTCTACGCTCAC-3’, Reverse
primer-5’-TGTCGGATGGAATACCTG-3’ (Design
by online tools; https://www.ncbi.nlm.nih.gov/tools/
primer-blast), and D-loop: Forward primer 5’-AC
ACCTCCCTAAGACTCAAGGAAG-3’,Reverse
primer-5"-TAGACATTTTCAGTGTCTT-
GCTTT-3 (Wada et al., 2003). Primers were
synthesized by TSINGKE Biological Technology.
PCR was conducted in 30 pl reactions containing
14 ul ddH:0, 0.8 pl template DNA, 0.6 ul each F/R
primer, and 14 pl (2x TSINGKE) Master Mix with
the following cycling profile: initial denaturation at
95°C for 5 min; 30 cycles of 95°C for 30 s, of 54°C
for 30 s, and of 72°C for 50 s; and a final exten-
sion step of 72°C for 10 min. If the sample did not
amplify the first time, two amplifications were per-
formed with the previous product as a template. All
the PCR products were visualized on 1% agarose
gels, and the most intense products were selected
for sequencing (Bijukumar et al., 2012).

Sequence Processing

PCR products were then purified and sequenced
using a commercial service (TSINGKE Biological
Technology; Ottewell et al., 2016). The sequences
were first edited and assembled using ‘SeqMan,’
implemented in Dnastar 7.1. Each sequence was
analysed using the Basic Local Alignment Search
Tool (BLAST) (Jayasankar et al., 2007; Sholl et al.,
2013) available on the website of the National
Center for Biotechnology Information (NCBI;
https://blast.ncbi.nlm.nih.gov/Blast.cgi). BLAST is
the most appropriate analysis tool for short input
queries, for the identification of short matches,
and for cross-species searches. Only the matches
with an E value of 0.0 were considered because
this value implies an almost zero probability of the
alignment occurring by chance (Falcdo et al.,2017).

For the phylogenetic analyses, the sequences were
aligned with the homologous sequences of differ-
ent species of cetaceans downloaded in GenBank
using ‘MUSCLE’ in MEGA 7.0. Phylogenetic posi-
tion of the query sequences was determined using
the maximum likelihood method (Ottewell et al.,
2016). The best fit substitution model selected by
MEGA 7.0 was HKY+I for Cytb and HKY+G for
the D-loop, and the branch support was evaluated
using 1,000 bootstrap replicates.

Results

Sequences in BLAST

For the mitochondrial control region (D-loop) gene
sequence, samples NJNU200210, NJNU2012003,
NJINU2010087,NINU2016059,and NINU2010088
yielded 904 bp, 903 bp, 903 bp, 913 bp, and 804 bp
of clean DNA sequence, respectively. The bone
residue of NJNUWZ2016 could not be successfully
sequenced.

Samples NJNU200210 and NJNU2012003
showed 99% identity to the sequences of Omura’s
whale (Balaenoptera omurai) in GenBank
(Supplemental Material 1; supplementary material
for this article can be found in the “Supplementary
Material” section of the Aquatic Mammals website:
https://www.aquaticmammalsjournal.org/index.
php?option=com_content&view=article&id=10&
Itemid=147). Similarly, the sequences of samples
NJNU2010087 and NJNU2016059 showed 99
to 100% identity to Eden’s whale (Balaenoptera
edeni edeni; Supplemental Material 2). Sample
NJNU2010088 showed 99% sequence identity to
Blainville’s beaked whale (Mesoplodon densiros-
tris; Supplemental Material 3).

Except for sample NJNU2010088, sequences
of the mtDNA Cytb gene, with effective lengths of
480 bp, 1,130 bp, 1,015 bp, 358 bp, and 346 bp, were
successfully obtained for samples NJNU200210,
NJINU2012003, NJNU2010087, NJNU2016059, and
NINUWZ2016, respectively. Samples NJINU200210

Table 2. GenBank accession numbers of the D-loop and Cytb sequences of stranded whales in this study

GenBank accession number

Sample number D-loop Cytb
NINU200210 MH844102 MH844107
NJNU2012003 MH844103 MH844108
NINU2010087 MHS844104 MHS844111
NJINU2016059 MH844105 MH844109
NINU2010088 MH844106 -

NINUWZ2016

MH&844110
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and NJNU2012003 were found to have the highest
similarity with the Omura’s whale, reaching 99 to
100% (Supplemental Material 4). Likewise, samples
NINU2010087, NJNU2016059, and NINUWZ2016
showed 100% identity to Eden’s whale (Supplemental
Material 5). The GenBank accession numbers of the
D-loop and Cytb sequence data generated in this study
are given in Table 2.

Phylogenetic Analysis
Thirty-three D-loop sequences
sequences, respectively, were

and 19 Cytb
used for the

94

97

=3
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phylogenetic analysis. Both baleen and toothed
whales can be identified by the D-loop sequence,
so the Zebu (Bos indicus), a proximal species, was
chosen as the outgroup (Figure 2). For Cytb, the
killer whale (Orcinus orca) was included as an
outgroup because only baleen species sequences
were contained. Two phylogenetic trees for Cytb
sequences were constructed for NJNU200210 and
NJNU2012003 (Figure 3) and for NJNU2010087,
NJNU2016059, and NINUWZ2016 (Figure 4)
because the sequence positions of these samples
were slightly different.

MF4092489.1 Balaenoptera borealis
MF409248.1 Balaenoptera borealis
AP006470.1 Balaenoptera borealis
AB116098.1 Balaenoptera brydei
AB207259.7 Balaenoptera brydei
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Figure 2. Clades of conspecific sequences for the five studied cetacean species showing a match between this present study
and GenBank sequences. Maximum likelihood tree based on D-loop partial sequences; the numbers on the tree branches
indicate bootstrap values.
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Figure 3. Maximum likelihood phylogram using Cytb partial sequences of the NJNU200210 and NJNU2012003 samples
compared with other reference sequences of Balaenoptera spp. in GenBank. The numbers on the tree branches indicate

bootstrap values.
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Figure 4. Maximum likelihood phylogram using Cytb partial sequences of the NJNU2010087, NJNU2016059, and
NINUBHWZ2016 samples compared with other reference sequences of Balaenoptera spp. in GenBank. The numbers on the
tree branches indicate bootstrap values.
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Phylogenetic trees using D-loop and Cytb
sequences (Figures 2, 3 & 4) were similar, and
the NJINU200210 and NJNU2012003 sam-
ples clustered with the B. omurai sequences in
GenBank (Figures 2 & 3). The NJNU2010087,
NJNU2016059, and NINUWZ2016 samples were
clustered with B. e. edeni (Figures 2 & 4). The
NJNU2010088 sample clustered with other
Blainville’s beaked whales (Figure 2).

Discussion

Omura’s whale is a rare species known from a lim-
ited number of specimens and sightings (Ottewell
et al., 2016). It was formally described in 2003
(Wada et al., 2003; Ottewell et al., 2016). Before
2003, Omura’s whale and Bryde’s whale (B. e.
edeni/brydei) were described in the “Bryde’s whale
complex” (George et al., 2011; Bijukumar et al.,
2012; Cerchio et al., 2015; Ottewell et al., 2016).
Therefore, whales previously described in this
complex may have been misidentified. For exam-
ple, in 2002, a sequence submitted to GenBank
(GenBank accession number AF398372.1) was
misidentified as an Eden’s whale (Yang et al.,
2002) when, in fact, it was likely an Omura’s
whale (Figure 2; Supplemental Material 1).

The global distribution of Omura’s whale
remains unclear. The known distribution of
Omura’s whale is primarily in the tropical/subtrop-
ical Indian and west Pacific Oceans but may extend
to all ocean basins (Yamada, 2009). In China, the
Omura’s whale is found around Taiwan Province
(Wang, 2011), Zhejiang Province, Fujian Province,
and Guangdong Province (Gao, 2004; Zhu et al.,
2004; Wang, 2011). In the present study, the sample
found in Ningbo, Zhejiang Province, was also
identified as Omura’s whale, providing support
for a potential expansion of the distribution of the
Omura’s whales into Zhejiang Province.

Bryde’s whales are found mainly in the warm
waters of the Pacific, Atlantic, and Indian Oceans
(Visseretal.,2016). Along the coast of the Chinese
mainland, Zhejiang, Jiangsu, Shanghai, Fujian,
and Guangdong Provinces all have recorded
sightings of Bryde’s whales (Wang, 2011).
However, the taxonomy of Bryde’s whales has not
been resolved. Wada et al. (2003) divided Bryde’s
whale into two distinct species—B. brydei and
B. edeni—while Kershaw et al. (2013) assigned
these species a subspecific status—B. e. edeni and
B. e. brydei, respectively. Sample NJNU2010087,
from Lvsi, Jiangsu Province, was identified as
Eden’s whale, which potentially extends their
known distribution. The present study appeared
to support the taxonomic classification into two
distinct species, but further studies are needed
(Figures 2,3 & 4).

Beaked whales (family Ziphiidae) account for
25% of all cetacean species diversity, second only
to the dolphin family (Pitman, 2002; MacLeod
et al., 2006). Nevertheless, beaked whales are
one of the least known groups of large mammals.
Blainville’s beaked whales are mainly distrib-
uted in tropical and subtropical waters, and some
stranded whales have been found along the main-
land coast of China (Jefferson et al., 1993; Wang
et al., 2009), for example, in Shandong, Liaoning,
Fujian, and Zhejiang Provinces and Shanghai
(Wang, 2011). To our knowledge, this is the first
report of a Blainville’s beaked whale in Jiangsu
Province.

The causes for whale strandings are poorly
understood, but many potential explanations
exist—for example, natural causes such as weak-
ness due to old age or infection (Weisburd, 1984)
or foraging too close to the coast (Reynolds &
Odell, 1991). Alternatively, anthropogenic fac-
tors, such as ship collisions (Chen et al., 2016;
Rockwood et al., 2017), naval exercises (Geraci &
Lounsbury, 2005; Arbelo et al., 2013), marine pol-
lution (Fire et al., 2010; Letcher et al., 2010), and
fisheries bycatch (Schipper et al., 2008) have also
been suggested as causes of cetacean strandings.

To summarize, in the present study, we dem-
onstrated the accuracy and rationality of DNA
molecular techniques for identifying stranded
cetaceans. Also, the location of cetacean strand-
ings reveals a potential range expansion, thereby
improving our knowledge about the abundance
and distribution of cetaceans in China.
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