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ABSTRACT. Marine turtles are increasingly being threatened
worldwide by anthropogenic activities. Better understanding of
their life cycle, behavior and population structure is imperative
for the design of adequate conservation strategies. The mtDNA
control region is a fast-evolving matrilineal marker that has been
employed in the study of marine turtle populations. We developed
and tested a simple molecular tracing system for Caretta caretta
mtDNA haplotypes by polymerase chain reaction-single strand
conformation polymorphism (PCR-SSCP). Using this technique,
we were able to distinguish the SSCP patterns of 18 individuals of
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the haplotypes CC-A4, CC-A24 and CCxLO, which are commonly
found in turtles sampled on the Brazilian coast. When we analyzed
15 turtles with previously unknown sequences, we detected two other
haplotypes, in addition to the other four. Based on DNA sequencing,
they were identified as the CC-A17 and CC-A1 haplotypes. Further
analyses were made with the sea turtles, Chelonia mydas (N = 8),
Lepidochelys olivacea (N = 3) and Eretmochelys imbricata (N = 1),
demonstrating that the PCR-SSCP technique is able to distinguish
intra- and interspecific variation in the family Cheloniidae. We found
that this technique can be useful for identifying sea turtle mtDNA
haplotypes, reducing the need for sequencing.

Key words: Single strand conformation polymorphism; Sea turtles;
Polymorphism; Mitochondrial DNA

INTRODUCTION

Environmental pressure caused by human interference in the form of commercial
fisheries, bycatch and habitat destruction has forced conservation agencies to declare that
most marine turtle populations are currently threatened (Lutcavage et al., 1997; IUCN,
2007). Studies have been conducted worldwide to unravel their life cycle, reproduction,
migratory behavior, and population structure. The recent tools used for this purpose have
been telemetry (Revelles et al., 2007; Lohmann et al., 2008) and genetics (Bowen et
al., 2004, 2005; Bowen and Karl, 2007; Velez-Zuazo et al., 2008). Considering that sea
turtle’s life history makes it notoriously difficult to gather information using traditional
mark-recapture strategies, these tools have been pivotal.

Nucleotide polymorphisms accumulated in each population are indicative of ge-
netic variability and of the evolutionary history of individuals. One of the most useful
molecules for genetic analysis is the mitochondrial DNA (mtDNA) control region, as it
shows a high rate of nucleotide substitutions and rare recombination events and as it is
maternally inherited (Allard et al., 1994; Lahanas et al., 1994; Norman et al., 1994; Bowen
and Karl, 1996). The relatively rapid rate of mutation allows fine-scale resolution of pop-
ulations, and for this reason, this genetic marker is used worldwide for population studies
of several turtle species (FitzSimmons et al., 1999; Bowen and Karl, 1996, 2007).

In Brazil, five sea turtle species can be found: Caretta caretta, Chelonia mydas,
Eretmochelys imbricata, Lepidochelys olivacea, and Dermochelys coriacea (Marcovaldi
and dei Marcovaldi, 1999). C. caretta (Linnaeus, 1758) is the most abundant species in
relation to the number of nesting areas along the Brazilian coast. The rookeries in Brazil
comprise the beaches of Rio de Janeiro to Sergipe States, where they are concentrated in
Bahia State (Figure 1). Under IUCN criteria, the loggerhead turtle (C. caretta), the olive
ridley (L. olivacea), and the green turtle (C. mydas) are currently considered endangered,
while the leatherback turtle (D. coriacea) and the hawksbill turtle (E. imbricata) are clas-
sified as critically endangered (IUCN, 2007).
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Figure 1. Distribution of Caretta caretta rookeries along the Brazilian coast and collection sites of Chelonia mydas,
Caretta caretta, Lepidochelys olivacea, and Eretmochelys imbricata samples. CE = Ceara, RN = Rio Grande do
Norte, SE = Sergipe, BA = Bahia, RJ = Rio de Janeiro, and SP = Sdo Paulo States.

The aim of present study was to establish a tracing system for sea turtle mtDNA
haplotypes using a quick method such as polymerase chain reaction amplification fol-
lowed by single strand conformation polymorphism analysis (PCR-SSCP). This technique
is simple to set up in the laboratory and is highly effective for mutation detection (Orti et
al., 1997; Sunnucks et al., 2000; Huby-Chilton et al., 2006).

MATERIAL AND METHODS

Tissue samples of C. caretta females were collected using 6-mm disposable biop-
sy punches in rookeries from the north coast of Rio de Janeiro, Sergipe and Rio Grande do
Norte States (Figure 1) during nesting seasons (from November to March). One sample of
incidental capture from Ceara and one from Sergipe States were also used. Supplementary
analyses were carried out using eight C. mydas samples of incidental capture from islands
on the south coast of S3o Paulo State, three females of L. olivacea from Sergipe and one
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E. imbricata sample of a stranded carcass from Sao Paulo State (Figure 1). The material
was collected by trained biologists from Projeto TAMAR-ICMBio (The Brazilian Sea
Turtle Conservation Program) and IPeC (Cananéia Research Institute). The present study
followed all ethical guidelines and legal requirements of Brazil concerning the sampling
of an endangerment species.

Genomic DNA extraction was performed according to a modified protocol from
Damato and Corach (1996). The mtDNA control region was amplified using primers
LCM15382 (5’ - GCT TAA CCC TAA AGC ATT GG - 3’; Abreu-Grobois et al., 2006)
and H599 (5’ - TGC ACG GCC AAT CAT TTT GAA CGT AG - 3’; Laurent et al., 1998),
according to the conditions described by Shanker et al. (2004). The amplified fragment
was purified using GFX™ PCR DNA and gel band purification kit (GE Healthcare). Di-
rect DNA sequencing was performed with the ET Dye terminator cycle sequence kit (GE
Healthcare) and analyzed in a MegaBace 1000 automated sequencer (GE Healthcare).

For SSCP analysis (Orita et al., 1989), the purified amplicon was mixed with
an equal volume of denaturing loading buffer (10 mM NaOH, 95% formamide, 0.25%
bromophenol blue, 0.25% xylene cyanol), incubated at 96°C for 5 min, and immediately
placed on ice. This mixture was loaded on a non-denaturing 8% acrylamide gel (99:1
acrylamide:bis-acrylamide) (Sambrook et al., 1989), and run for 40 h at 15 V/cm in a cold
chamber (4°C). Afterwards, the gels were stained with silver nitrate according to Bassam
et al. (1991) and dried, and the image was digitized. The assigned SSCP haplotypes were
checked by later direct automated DNA sequencing to confirm haplotype determination.

For each PCR amplicon, a consensus sequence was produced by the BioEdit se-
quence alignment editor, version 7.0.1 (Hall, 1999). Mitochondrial haplotypes were clas-
sified by comparison with known C. caretta and C. mydas mtDNA control region hap-
lotypes of Atlantic and Mediterranean seas deposited at the Archie Carr Center for Sea
Turtle Research database (ACCSTR, 2008).

RESULTS

To test the potential of the SSCP technique to trace C. caretta mtDNA control re-
gion haplotypes, we used samples obtained from 18 individuals representing three differ-
ent haplotypes previously known for the Rio de Janeiro and Sergipe States. SSCP analysis
perfectly discriminated the three haplotypes. Seven turtles were of haplotype CC-A4, four
of CC-A24 and seven of CCxLO (Figure 2A). These latter individuals were considered
hybrids, as they showed external morphology that resembled that of C. caretta but had
mtDNA of L. olivacea (Eschscholtz, 1829).

In order to determine if SSCP analysis could be used to discriminate haplotypes in a
blind test, we analyzed 15 samples of unknown haplotypes. As shown in Figure 2B, samples
81, 82, 85, 95, 97, 98, 99, 116, and 118 showed the same band pattern as sample 70, which
was used as a standard for the CC-A4 haplotype. Samples 96, 117, 119, and 120 were indis-
tinguishable from sample 69, the standard for the CCxLO haplotype. Sample 78 was used as
a standard for the CC-A24 haplotype. However, two new patterns could be observed on this
gel for samples 83 and 84. After DNA sequencing, they were identified as being the CC-A17
(sample 83) and CC-A1 (sample 84) haplotypes, which, up to now, had not been reported for
the Brazilian coast. The identity of all of the designated haplotypes was confirmed by DNA
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sequencing, and in all cases, there was complete agreement. These sequences were deposited
at GenBank under the accession Nos. EU365967-EU365972.

CC-A4 CC-A24 CCxLO
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Figure 2. Single strand conformation polymorphism analysis of mtDNA control region haplotypes of Chelonia
mydas, Caretta caretta, Lepidochelys olivacea, and Eretmochelys imbricata, on a non-denaturing 8% acrylamide gel.
Samples are numbered according to the UERJ DNA database entry (CM = Chelonia mydas, CC = Caretta caretta, LO
= Lepidochelys olivacea, E1 = Eretmochelys imbricate, and CCXxLO = hybrids between C. caretta and L. olivacea).
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In Figure 2A and B, it is noted that the SSCP CC-A4 haplotype pattern is most
similar to the CC-A24 pattern. When the nucleotide sequences were examined, it could
be seen that the difference between the CC-A4 and CC-A24 haplotypes involves only
one polymorphic site (a transition). On the other hand, the CCxLO hybrid haplotype dif-
fers from the CC-A4 haplotype by 37 nucleotides (24 transitions, 6 transversions and 7
indels), and from the CC-A24 by 38 polymorphic sites (25 transitions, 6 transversions
and 7 indels). Moreover, SSCP patterns obtained for sample 83 (CC-A17) and 84 (CC-
Al) resembled each other and were quite distinct from the others (CC-A4, CC-A24, and
CCxLO). After DNA sequence analysis, we observed that the difference between the CC-
A17 and CC-A1 haplotypes is only in one polymorphic site (one transition).

To ensure that the SSCP technique could be applied to distinguish mtDNA haplo-
types from other sea turtles, eight C. mydas, three L. olivacea and one E. imbricata samples
of known sequences were analyzed (Figure 2C). Samples revealed a higher intraspecific
variability in C. mydas, with eight different haplotypes, named CM-AS, A6, A8, A9, A10,
A32, A36, and A45 according to the ACCSTR database. In contrast, L. olivacea showed
a unique pattern, matching the one found for CCxLO samples. The E. imbricata pattern
is distinct from the ones of the other three species. The difference in nucleotide sequence
between pairs of C. mydas haplotypes varies from one to three nucleotides, including
seven transitions and one transversion.

DISCUSSION

The sensitivity of the SSCP technique was demonstrated by the total congruence
(100%) between banding patterns and nucleotide sequence haplotypes assigned for the 45
samples of the four species tested. The SSCP patterns could clearly discriminate haplo-
types that differed by only one nucleotide, as observed in other studies (Orti et al., 1997,
Sunnucks et al., 2000).

With the application of the SSCP technique, we were able to identify two new
C. caretta haplotype patterns, which turned out to be new registers of known haplotypes
(CC-A1 and CC-A17) for the Brazilian coast. These haplotypes have been previously re-
ported by Bolten et al. (1998) for pelagic juvenile populations from the Azores (CC-A1l)
and Madeira (CC-A1l and CC-A17). In fact, CC-Al is one of the most frequently detected
haplotypes in western north Atlantic nesting populations (Bowen et al., 2004).

Among the C. mydas haplotypes found in the present study, CM-36 was previous-
ly observed for the East-Atlantic coast of Africa, at Sio Tomé Island rookery (Formia et
al., 2006), and reported for the first time for Brazil (Bondioli ACV, unpublished results).
CM-AS8, CM-A9, CM-A10, and CM-A32 haplotypes were already reported for foraging
grounds (Ubatuba and Almofala) and rookeries (Trindade Island and Rocas Atoll) in Bra-
zil, while CM-5, CM-6, and CM-45 were only observed at the Brazilian foraging grounds
(Naro-Maciel et al., 2007). The E. imbricata haplotype found was already reported for
Bahia, Brazil (Lara-Ruiz et al., 2006).

These results show that the PCR-SSCP method applied to the analysis of sea turtle
mtDNA control region is efficient in distinguishing species in the family Cheloniidae and
its haplotypes. This simple and fast technique could also be employed to reduce sequenc-
ing efforts.
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