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Abstract
In this report, the species of one complete ventral turtle shell and 33 fragmented turtle shells provided by the Council of
Agriculture (COA) dating from 2002 were identified. The partial sequence of cyt b gene from these specimens were amplified
and sequenced. There are 14 haplotypes out of the 34 sequences. For the sequences of 9 haplotypes included 20 samples, they
matched the species with the highest homology (higher than 98 %) in the EMBL databank. The overall identifiable rate was
58.8 % for the 34 fragmented turtle shells. There were 1 for Appendix I, 18 for Appendix II and 1 for Appendix III of CITES.
This showed that the species identification by this method could obtain the definite and reliable results. The rest haplotypes
showed lower similarity by searching in the EMBL databank and their exact species couldn’t be identified. This was due
to the insufficient information of the EMBL databank and it illustrated the need to expand the database of turtle for species
identification.
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Introduction
Turtle shell has been used in traditional East
Asian medicines (TEAM) and food for a long time. In
Taiwan most of the turtle shells were imported. There
are many turtle species listed on CITES (Convention on
International Trade in Endangered Species of Wild Fauna
and Flora). The trade in turtle shell is one of the main
factors for the decline in numbers of these endangered
species. To identify the species of seized turtle shell is
required for the enforcement of CITES regulations. The
limited morphological characteristics of turtle shells are
sometimes difficult to differentiate their species. It is
more challengeable to perform the species identification
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of turtle shell fragments.
Molecular analysis is a useful method for species
identification of seized turtle shells and fragmented
materials. Cytochrome b (cyt b) of mitochondrial genome
has been used in species identification of animals in
our laboratory for forensic application [1- 6]. Species
identification of Kachuga tecta also has been established
in our laboratory using this gene [7]. In this report, we
analyzed the partial sequence of cyt b gene to identify
the species of 34 seized specimens from the Council of
Agriculture (COA).
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Materials and methods
Case reports
One complete ventral turtle shell and 33 fragmented
turtle shells were provided by COA for species identification
dating from 2002 to 2008. The complete turtle shell has
been preliminarily identified as Mauremys reevesii by
morphological characteristics. The other 33 fragmented
specimens were difficult to identify their species by
limited morphology.

DNA extraction
All specimens were washed, dried and pulverized
before DNA extraction. Approximately 50 mg of
pulverized samples were suspended in extraction buffer
(0.1 M Tris-HCl pH 7.5, 3 % SDS, 60 mM NaCl) with
10 μg/μl of proteinase K and kept for 56 oC overnight.
DNA was extracted with the modified salt/chloroform
method [7]. The resulting DNA was dissolved in 30 μl
of ddH2O.

PCR amplification and DNA sequencing
DNA from all specimens was amplified with the
universal primer pair L14724/H15149 which were
designed according to the report by Irwin et al. [8]. PCR
amplifications were performed in a reaction mixture of 50
µl, which contained 5 µl of genomic DNA, 0.15 µM each
of primers, reaction buffer (10 mM Tris-HCl, pH 8.3, 2.5
mM MgCl2, 50 mM KCl, 0.01%(w/v) gelatin), 200 µM
dNTP, and 1 unit of VioTaq DNA polymerase (Viogene,
Taipei, Taiwan). The amplifications were conducted
in a thermal cycler (GeneAmp PCR System 2400,
Applied Biosystems, Foster, CA, USA) with the following
conditions: 35 cycles of 94oC for 45 sec, 50 oC for 45 sec
and 72oC for 60 sec. PCR products were checked on a 2
% agarose gel and purified with the PCR-MTM Clean Up
System (Viogene). Sequencing of the PCR products was
performed using the forward and reverse primers and the
ABI PRISMTM BigDyeTM Terminator Cycle Sequencing
Ready Reaction Kit. The products were analyzed with
POP-7 TM (Applied Biosystems) and detected by ABI
3730 DNA Analyzer.

Sequence analysis
DNA sequences were aligned using the BioEdit
software [9] and subjected to a similarity search in the
EMBL databank by the Fasta program which is available

through the website http://www.ebi.ac.uk/fasta33/
nucleotide.html.

Results and discussion
These 34 specimens were successfully amplified
and sequenced using the universal primer pair. After
excluding the primer sequences and sequences upstream
of the first codon on the cyt b gene, fragments of 405
bp were selected for sequence alignment and showed
14 haplotypes (Table 1). The species with the highest
homology of the 14 sequence haplotypes in the EMBL
databank is showed in Table 1. The search result of the
sequence of complete ventral turtle shell (haplotype 1)
matched Mauremys reevesii with a similarity of 100
% that was consistent with the result of morphological
identification. Haplotypes 2 – 9 (19 fragmented turtle
shells) matched the species with the highest homology
in EMBL that the similarity was higher than 98 %. It
showed that the species identification by this method
could obtain the definite and reliable results. There were
1 for Appendix I (Chelonia mydas), 18 for Appendix
II (Cuora amboinensis kamaroma, Orlitia borneensis,
Siebenrockiella crassicollis, Cuora amboinensis couro,
Heosemys grandis and Orlitia borneensi) and 1 for
Appendix III (Mauremys reevesii) of CITES. Haplotype
10 matched Cyclemys atripons with a similarity of
94.3 %. Maybe the sequence of this species is still
unregistered in EMBL databank. The similarity of
haplotypes 11 – 14 (13 fragmented turtle shells) with the
highest homology in EMBL was not higher than 81 %. It
indicated that the exact sequences of these species were
not registered in EMBL.
In this report, we successfully identified
the species of 1 complete ventral turtle shell and 19
fragmented turtle shells. The results provided in the
investigation of conservation and endangered turtle
species of law enforcement. Due to the insufficient
information of the EMBL databank, other 14 fragmented
turtle shells (haplotypes 10-14) couldn’t be identified to
their exact species. This illustrates the need to expand the
DNA database of turtle for species identification.

Acknowledgements
This work was supported in part by the Council of
Agriculture (COA) and Department of Medical Research
in NTUH, Taiwan, ROC.

Species identification of fragmented turtle sheels 47

Table 1 The similarity and species with the highest homology compared with DNA sequences registered in EMBL
database

Species with the highest homology
(accession number)

Haplotype

Similarity

Sample
cases

1

Mauremys reevesiia (AY434567)

100 %

1

2

Cuora amboinensis kamaromab (AY434575)

98.5 %

1

3

Orlitia borneensisb (AY434619)

99.5 %

1

4

Siebenrockiella crassicollisb (AY434571)

98.3 %

1

5

Cuora amboinensis courob (AY434581)

99.0 %

2

6

Cuora amboinensis courob (AY434581)

98.8 %

2

7

Chelonia mydasc (AF385676)

99.8 %

1

8

Heosemys grandisb (AY434566)

99.5 %

10

9

Orlitia borneensi b (AY434619)

99.3 %

1

10

Cyclemys atriponsb (AY434617)

94.3 %

1

11

Mauremys caspica ( AY434594)

80.2 %

1

12

Macroclemys temminckii (EF071948)

80.7 %

9

13

Macroclemys temminckii (EF071948)

80.5%

1

14

Mauremys caspica ( AY434594)

80.5 %

2

a

Species in CITES appendix III.
Species in CITES appendix II.
c Species in CITES appendix I.
b
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