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Dear Editor

The number of sea turtles in the wild is decreasing because of
human activities, such as fishery bycatch (Peckham et al.
2007), oil spills, and marine pollution (Witherington 2001).
Furthermore, illegal hunting for their oil, meat, and shells are
still continuing (Koch et al. 2013). Hence, protection mea-
sures are being implemented in various countries to conserve
the endangered species of sea turtles.

In the past few decades, a major concern regarding sea
turtles in the wild has been hybridization. Interspecific hybrid-
ization has been reported in several areas of the world
(Karl et al. 1995; Barber et al. 2003; Lara-Ruiz et al. 2006).
The original sea turtle species, such as hawksbill, loggerhead,

and olive ridley, had established as independent species for
more than millions of years despite overlaps among their
habitats (Bowen et al. 1993). However, recent reports on
intensive hybridization among these species clearly indicate
that these unique original species are at a high risk of extinction
in the near future. Acquiring information about the basic genet-
ic background of these species, such as karyotype, is necessary
to understand the cause of this intensive hybridization. In this
study, we established a primary culture from olive ridley sea
turtles and determined the karyotype of the primary cells.

Since 1976, the San Diego Zoo started the preservation of
biological specimens derived from critically endangered species
in order to facilitate the use of these specimens as research
materials for the following generations; this project was named
“Frozen Zoo.” The significance of this project was internation-
ally recognized, and similar projects, such as the Frozen Ark
project in the UK, are underway. The establishment of cell
cultures from critically endangered animals might contribute
to these cryopreservation projects by increasing the stability of
cryopreserved materials and facilitating efficient expansion of
cultured cells. Since cultured cells have intact genetic informa-
tion of the critically endangered animals, the cells have a poten-
tial to be used for the genetic analysis of future generations.

The olive ridley sea turtles were maintained at the Port of
Nagoya Public Aquarium. Small (3×3 mm) dermal tissue
biopsy specimens were obtained from the flipper-like fin of
two olive ridley sea turtles. The tissue biopsy specimens were
immediately immersed in the cell culture medium. The biopsy
process was supervised by a veterinary doctor of the Port of
Nagoya Public Aquarium. For the primary culture, a six-well
cell culture dish was coated with type I collagen. The detailed
method for collagen coating has been described in our previ-
ous study (Fukuda et al. 2012). The cell culture was main-
tained at 26°C under 5% CO2 in a humidified chamber

T. Fukuda (*) :M. Katayama :K. Donai : T. Uchida : E. Isogai
Graduate School of Agricultural Science, Tohoku University,
1-1 Tsutsumidori-Amamiyamachi Aoba-ku, Sendai 981-8555, Japan
e-mail: tomofukuda@bios.tohoku.ac.jp

M. Katayama :K. Kinoshita
Japan Society for the Promotion of Science (JSPS), Tokyo, Japan

K. Kinoshita :M. Inoue-Murayama
Wildlife Research Center, Kyoto University, Kyoto, Japan

T. Kasugai :H. Okamoto :K. Kobayashi :M. Kurita :M. Soichi
Port of Nagoya Public Aquarium, Nagoya, Japan

M. Onuma
Ecological Genetics Analysis Section, Center for Environmental
Biology and Ecosystem, National Institute for Environmental
Studies, Tsukuba, Ibaraki, Japan

H. Sone
Environmental Exposure Research Section, Center for
Environmental Risk Research, National Institute for Environmental
Studies, Tsukuba, Ibaraki, Japan

In Vitro Cell.Dev.Biol.—Animal (2014) 50:381–383
DOI 10.1007/s11626-013-9715-0



containing RPMI1640 medium supplemented with 10% fetal
calf serum (FCS) and antibiotics in 1× final concentration
(Nacalai Tesque, Inc., Kyoto, Japan; product code, 02892-
54). The medium was replaced twice per week. The
cells were treated with 0.5% trypsin when they reached
confluence and were passaged in five-fold dilutions at
each passage. For cryopreservation of cells, we used a
cryoprotective medium (Cell Banker, Mitsubishi Chem-
ical Medience, Tokyo, Japan), according to the manu-
facturer's protocol. The detailed method for karyotype
analysis has been described in our previous study
(Fukuda et al. 2012).

Primary cells from the olive ridley sea turtle specimens
were observed 1 wk after the start of cell culture (Fig. 1A). The
proliferation speed of cells was relatively slow in comparison
with that of cells from mammalian species such as mouse or
cattle. The primary cells were treated with 0.5% trypsin and
passaged into a 100-mm cell culture plastic dish, as described
previously (Fukuda et al. 2012). After the cell passages,
spindle-shaped primary cells were formed, indicating that
these cells could be dermal tissue-derived fibroblasts
(Fig. 1B).

The karyotype of olive ridley sea turtles was then deter-
mined using the primary cells obtained from the primary cell
culture. The results of the analysis showed that olive ridley sea
turtles have a 2n=56 karyotype, which is exactly the same as
that of hawksbill sea turtles (Fig. 2A–C) (Fukuda et al. 2012).
Karyotype analysis was conducted using two independent
primary cells from two olive ridley sea turtles, and a total of
119 metaphase cells were analyzed. Of these 119 cells, 100
(84% diploid) showed a 56 chromosome pattern.

An increased rate of hybridization among sea turtle species
has been reported in several areas of the world (Karl et al.
1995; Lu et al. 2000; Barber et al. 2003). Lara-Ruiz et al.
(2006) reported on extensive hybridization among hawksbill,
loggerhead, and olive ridley sea turtles in Brazil (Lara-Ruiz
et al. 2006). Although sea turtle strains have been established
as independent species for millions of years, intensive hybrid-
ization among multiple species of sea turtles in the past few
decades indicates that the pure strains of sea turtles are at a
high risk of extinction in the near future. In this study, we
established a primary cell line and showed that olive ridley sea
turtles have a chromosome number of 2n=56, which is

Figure 1. Cell morphology of primary cells obtained from olive ridley
sea turtles. A , Low-magnification image of primary cell cultures observed
7 d after the start of cell culture. The arrowhead indicates the primary
tissue, and the arrow indicates the growing primary cells. B , High-
magnification image of primary cells obtained from olive ridley sea
turtles.

Figure 2. Chromosome analysis
of the primary cells from olive
ridley sea turtles. A ,
Representative metaphase
spreads from the primary cells
established from olive ridley sea
turtles. B , Representative aligned
karyotype of primary cells. The
results revealed a karyotype of
2n=56. C, Detailed results of the
chromosome analysis. Two
primary cells were analyzed. The
number of diploid cells per total
cells is shown. The cell number
that showed variation in
chromosome number is listed.
ND means not detected.
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identical to that of hawksbill sea turtles (Fukuda et al. 2012)
and loggerhead sea turtles (Fukuda. et al., unpublished data);
this finding indicates that hawksbill, loggerhead, and olive
ridley sea turtles have the same chromosome number, 2n=56.
Since variations in the chromosome structure and num-
ber are the factors that restrict chromosome stability, if
the chromosome number is different among hawksbill
and other sea turtles, it would have been difficult for
them to produce stable offspring after hybridization. Our
findings indicate that intercrossing between species
probably occurs under natural conditions. We showed
that recent intensive hybridization among sea turtle spe-
cies occurred because of the identical chromosome pat-
tern. These findings suggest that the original pure
strains of sea turtles might soon become extinct.

The karyotype of the olive ridley sea turtle was first report-
ed in 1986 by Bhunya et al. who established the culture from
primary spleen cells (Bhunya and Mohanty-Hejmadi 1986).
They reported that olive ridley sea turtles have a karyotype of
2n=56 (Bhunya and Mohanty-Hejmadi 1986). In this study,
we obtained identical results. In the case of Reptilia, the
determination of karyotype from total blood is difficult, since
erythrocytes have nuclei. Bhunya et al. killed olive ridley sea
turtles and used their spleen tissues for karyotyping. In this
study, small pieces of skin tissue (around 3 mm×3 mm) were
found to be enough to initiate cell culture. This study showed
that the cell culture method is useful for the determination of
karyotype in Reptilia.

We previously reported on the successful establishment of
cell culture from hawksbill turtles, and this study reports on
the culturing method of primary cells from olive ridley sea
turtles. These sea turtles belong to Reptilia, which includes
lizards. Unlike lizards, turtles have unique characteristics,
such as a carapace. The turtle genome was recently
evolutionally analyzed, and turtles were reported to be genet-
ically closer to birds than to lizards (Wang et al. 2013). For
performing genomic analyses of critically endangered ani-
mals, the preservation of biological specimens is important.
The cultured cells contain all the genetic information, such as
the nuclear genome, mitochondrial DNA, and micro- and
noncoding RNAs. Our established method for the primary
turtle cell culture might be useful for the genomic analysis of
future generations of olive riddle sea turtles.

Results of mitochondrial DNA analysis have shown
that the current species of sea turtles were established
around 10 million years ago (Bowen et al. 1993). Elu-
cidating how sea turtles have maintained their genetic
independency during the long period of evolution and under-
standing why sea turtles need to increase their hybridization
ratio in past decay are necessary.
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