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ABSTRACT

Twenty-four teeth ofursiops truncatufrom the collection of the Marine Mammals LaborgtéFURG-RS) were
analysed for their potential as DNA source for plagion genetic and taxonomic studies. All teethensarbmitted to
decontamination, grinding and demineralisation @sses. Dentin powder was weighed for DNA extractidrich
was evaluated by the amplification of two mitoch@ldyenes through PCR using universal primers.aciitome-b
gene was amplified successfully. PCR products sth@ercentrations of 3-12 ng/for dentin powder, which was
positively correlated to the quantity of dentin piewused for DNA extraction. To rule out contamimata SSCP
was carried out including positive controls, andrgdes of humans involved in the analysis. The S&@erns for
T. truncatudiffered from all others, showing also polymorphifr the region. It was concluded that dentin \&as
good source of mtDNA for genetic studies in dolghin
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INTRODUCTION probability of persistence of populations or of
whole species (Palumbi et al., 1991).
Marine mammals are usually very difficult to Taxonomic studies in cetaceans are scarce
study because of their great mobility andcompared to terrestrial mammals, and even widely
inaccessibility, making difficult their observation known species such as the bottlenose dolphin,
and catching for collecting samples. This situatiogenus Tursiops Gervais, 1855 (Cetacea,
increases the need to search for new sources Bglphinidae), are still focus of discussion. This
tissues, which will allow extending molecular genus has been the subject of a long period of
genetics studies. Molecular tools are excellent folaxonomic confusion and uncertainty due to its
understanding population genetic structure ang@reat morphological variation along its wide
division, for giving an idea of gene flow, geographical distribution, which gave rise to the
migration between wider oceanographical areaslescription of many subspecies and species (Wang
and potential barriers to gene flow (Amos, 1997)et al., 1999a,b).Tursiops truncatus(Montagu,
Knowing the geographical patterns of populationd821) was originally described for the North
it will be possible to make inferences about théAtlantic Ocean. Other species, such Tasgillii
origin  of individuals, migration routes, (Dall, 1873)and T. nuuanuAndrews, 1911, were
demographic processes and to estimate tréescribed for the East Pacific Ocean; ahd
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gephyreusLahille, 1908, for the Southwestern marine mammals for genetic analysis is a hard
Atlantic. Nowadays, all of them are consideredask, but has been partially solved by the use of
synonyms ofT. truncatus The only species still biopsy darts (Amos, 1997). Nonetheless, this
accepted as a different species Tis aduncus procedure requires previous knowledge of the
(Ehrenberg, 1832), which showed morphologicalocalisation of groups and for some mammals, this
and genetic characters that allowed it to bdéype of collection is not always possible or
distinguished fronT. truncatugRice, 1998; Wang available. Therefore, in these cases, samples must
et al., 1999a,b; Reeves et al., 2004). be obtained from dead animals, either from
T. truncatusis cosmopolitan, but shows greatstranding or from incidental captures. Other
morphological variation along its wide range ofsources of samples are preserved parts of the body,
distribution (Rice, 1998). It is one of the mostsuch as those stored in museums and personal
world-wide known marine mammal species due ta@ollections. Nonetheless, much of this material has
its adaptation to oceanaria (Leatherwood anbteen treated with chemical agents that may
Reeves, 1983). It exhibits a broad range of sizegegrade the DNA or even interfere in DNA
from 2.2 to 3.8 m in males and 2.4 to 3.7 m inamplification by PCR. Therefore, the present work
females with weights varying from 260 to 500 kgaimed to study the potential of teeth sample$.of
(Pinedo et al.,1992; Reeves et al., 2004). In theuncatus stored in collections as a source of
South-west Atlantic, this species is common irmitochondrial DNA for population genetics and
bays and coastal waters of central and south Brazdxonomic studies.

and Argentina, using also estuaries and rivers

(Pinedo et al., 1992).

Few works have dealt with cetacean population iIMATERIALS AND METHODS

Brazilian coasts. There are comparisons of

franciscana Fontoporia blainville) populations Sampling

from Rio de Janeiro and Rio Grande do SuDentin samples were obtained from teeth Tof
(Secchi et al., 1998); and for the bottlenoseruncatus specimens collected in South Brazil,
dolphin Tursiops truncatugpopulations from the which were stored dry in the Marine Mammal
southern region of Brazil (Barreto, 2000). TwolLaboratory of the Universidade Federal do Rio
subspecies of. truncatuswere identified by the Grande- FURG (Table 1). Preparation of material
last author along the Atlantic coast of Southfor storage in this collection was done by
America by means of morphological dimensionsnaceration of the skull in water, followed by
of the skull, and there are enough evidence fatleansing with detergent. Skulls were then
raising these subspecies to the species levahitened with commercial grade sodium
(Miranda and Barreto, 2002; Barreto, 2004). hypochloride before incorporating them into the
As mentioned previously, obtaining samples frontollection.

Table 1- Tursiops truncatusSamples used for DNA extraction. Specified dafers to the year the specimen was
added to the collection.

Collection Number | Genre | Date
LMMO0072 M 1978
LMMO0078 - 1979
LMMO0469 F 1983
LMMO0538 F 1983
LMMO0690 - 1985
LMMO0877 F 1986
LMM1089 - 1987
LMM1188 M 1987
LMM1195 F 1988
LMM1205 - 1988
LMM1310 M 1993
LMM1420 M 1993
LMM1827 F 1995

(M) male; (F) female.
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After or during the cleaning phase, teeth wer®f lisis buffer (50mM Tris-HCI, pH 7.0; 25mM
usually removed from the skull and storedEDTA, pH 8.0; 1.25% Triton-X-100; 5M
individually in plastic bags. Samples used in thislGUSCN) and incubated overnight at room
study were from teeth that were used for ageingemperature. Then, it was centrifuged at 12,500 x g
animals. The ageing process included cutting thior ten minutes at 16°C. Supernatant was collected
teeth in two halves, and while one side was useaihd transferred to a new tube, and addeqiZ@d

for ageing, the other was stored in the collectionDNA binding solution (50mM Tris-HCI, pH 7.0;

and was the one used in this study. 25mM EDTA, pH 8.0; 5M GUSCN; 1% (w/v) of
silica slurry). The mix was maintained for two

Sample Preparation for DNA Extraction hours in a rotating wheel. Afterwards, it was
centrifuged for 2 min at the same speed, and then

Decontamination Procedure the supernatant was eliminated. The silica pellet

Teeth were first decontaminated followingwith the DNA was washed three times with 70%
protocols recommended by DeGusta (1994). Firsgthanol, dried at 56°C and re-suspended witkL80
remains of an epoxi adhesive used to maintain thef TE.

teeth in the right position while cutting, were

removed from teeth by using sterilised scalpel anbNA amplification by PCR

sandpaper. Then, they were submerged in absolute

ethanol overnight, and on the next day, they werges rRNA gene

submerged for 1 h in 12% sodium hypochlorideThe amplification of 16 subunit of the
After this process, they were submitted to UVmitochondrial rRNA gene was performed by PCR

irradiation (354 nm) for 5 min on each side. (Polymerase Chain Reaction) using universal
o primers: AR 5-CGCCTGTTTATCAAAAACAT-
Grinding Procedure 3 and BR 5-CCGGTCTGAACTCAGATCAC

After the decontamination procedure, the teetlGT-3' described by Palumbi et.g1991), which
were grinded with a dentist drill or by hand with aamplify a region close to 527 bp in invertebrates.
mortar after being frozen with liquid nitrogen. Many universal primers for mitochondrial genes
Teeth that had been cut for the ageing processve provem to be useful for both vertebrates and
were already broken in the middle, while othersnvertebrates taxa, therefore these primers were
were divided on purpose by an ISOMET low-tested forTursiops The amplification was done in
speed saw. Also, some were kept entire ang reaction of 28l of final volume, using AL of
grinding started from the outside. All instrumentsextracted DNA, 1x PCR buffer, 3mM MggCl
used for crushing and grinding were cleaned witly 4mMm of dNTPs, gM of eachprimer, 0.1% of
sodium hypochloride. The powder obtained by thigriton-x-100, and 1U Taq polymerase. The
process was weighedand submitted to the thermocycler was programmed for the following

demineralisatioprocedure steps: initial denaturing step at 95°C for 3 min; 30
_ o cycles of 94°C for 20 s (denaturing), 51°C for 20 s
Demineralisation Procedure (annealing) and 72°C for 45 s (extension); and a

Demineralisation of dentin powder was done byina| extension step of 5 min at 72°C.
incubating each sample in 700 uL to 1ml of EDTA

0.5 M pH 85 for 48 h at room temperature.gpRr region of Cytochrome-b gene

Afterwards EDTA solution was descarted. A second locus was tested, an inside fragment of
_ 59 bp (without primers, 123 bp counting primers
DNA Extraction sequence) of the so called BDR region, which

corresponds to a longer sequence of the
DNA from dentin powder and from positive Cytochrome-b gene previously studied by Barlett
controls (muscle tissue) were extracted by th@nd Davidson (1991) from raw data of tunas.
Silica-Guanidinium  isothiocyanate  (GUSCN) Unseld et al. (1995) designed primers for the
method, modified from Boom et al. (1990) andinside shorter fragment of the BDR region in order
Hoss and Paabo (1993) by Hoelzel (1998)o obtain results coming from highly degraded
Extraction was initiated with 0.08 to 0.3g of dentinpNA.

powder of each sample, to which was added 1mh order to amplify this region was used also a
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final volume reaction of 28 containing 1x PCR RESULTS AND DISCUSSION

buffer, 0.2mM of each dNTPs,uM of each

primer, 2mM MgC}, 1U of Taq polymerase and The present work showed that teeth samples of
5uL of extracted DNA. The primers used weredolphins preserved in collections were a good
described by Unseld et .al(1995) for a source of mitochondrial DNA for population
conservative region of vertebrate mitochondriapenetics and taxonomic studies. The positive
DNA Cytochrome-b gene of 123 bp: CITBF59 5'-results in obtaining DNA showed that the pre-
AAACTGCAGCCCCTCAGAATGATATTTGTC treatment of samples chosen for decontamination
CTCA-3' and CITBR59 5-GCTGGTACCTCTA from exogenous sources was efficient and did not
CAAAGAAACATGAAACA-3. Amplifications  damage totally the DNA, leaving enough DNA for
were done by the following steps in athe amplification of the region of interest.
thermocycler: 94°C for 5 min as an initial Rosenbaum et al(1997) did not succeed in
denaturing step; 35 cycles, each including @btaining DNA from Baleen plates after soaking
denaturing step at 94°C for 40 s, annealing step giem overnight in absolute ethanol, as was done in
50°C for 80 s and an extension step at 72°C for 8the present work. They were able to obtain DNA
s; an extra 7 min of extension was added. PCRnly when submitted them to a surface cleaning
products were separated by size in horizontavith this component. In the case of teeth the DNA
electrophoresis using 1.5% agarose gel and wei® localised internally surrounding the pulp cavity,
visualised with Ethidium Bromide (Qu§/ml) therefore, it may be less exposed to the ethanol.
under UV exposition. A fragment size andThe demineralization process was hecessary
concentration standard, Low DNA Mass Laddefecause it was expected that mineral compounds
(Invitrogen), was used for comparison with thewere likely to inibit the PCR, which were also
obtained products. For the BDR region, a secongesponsible for the higher preservation of DNA at
positive control was used, corresponding tghis regions. Kiesslich et .a{2002) described an
another vertebrate specie§hunnus alalunga efficient and quick method of DNA purification by
(Bonnaterre, 1788). the use of dialysis using nitrocellulose membranes.
The initial quantity of dentin powder (in g) used The silica-GUSCN protocol for DNA extraction
for DNA extraction was related to the was efficient for the present purpose of extracting
concentration of amplified DNA (ngL) througha DNA from grained teeth, showing that it was a
regression analysis, model | (Sokal and Rohhcgooo_l protocol for difficult templates as was stated
1995) using the Statistica for Windows XP, v. 6previously by Hoelzel (1998). More recently, other

2001, Statsoft Inc. authors have used other extraction protocols for
preserved part of specimens from collections, such
Analysis of SSCP as Proteinase-k for lisis, Phenol/Chloroform for

purification, and absolute ethanol for precipitation
After the amplification of the BDR region, PCR (Rosenbaum et al., 1997; Sweet and Hildebrand,

products were analysed by SSCP (Single Stranddd98) and alternatively using nitrocelulose-
Conformational Polymorphism) including mediated dialysis for purification (Kiesslich et al.,

amplicons obtained from DNA extracted from2002). The silica-GUSCN protocole has the
muscle from three different individuals of. ~advantage of providing highly pure DNA,
truncatus, from Thunnus alalungdus amplicons €liminating known and unknown PCR inibitors
from human DNA of two individuals involved in (H0SS and Paabo, 1993; Yang, 1997).

the analyses. The aim at this stage was to rule olif/® Primers used for amplifying the 16S rRNA
the possibility of contamination. This analysis wagnitochondrial gene described by Palunti al.
done by an electrophoresis of PCR products in &991) were not useful for obtaining part of this
vertical 6% polyacrilamide natural gel (Crosslink9€ne inT. truncatus Therefore, it seemed that they
75:1) at 15 Watts for 5 h. Denaturation during 5Vere not useful for vertebrates._ These primers
min at 95°C in formamide loading buffer have proven to be very useful in a variety of

preceeded electrophoresis. SSCP patterns Weiﬂ_;ve_rtebrates.(Palumbi et al, 1991; Rawson and
visualised by Silver Staining following Hoelzel Hilbish, 1995; pers. obs.). In the case of the BDR
(1998). region of the Cytochrome-b gene, the primers

tested, described by Unsadtial. (1995) for a very
conservative region of vertebrate species, were
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useful for amplifying this gene if. truncatus to 123 bp, the size observed for tunnids (Fig.1).
The fragment obtained for this species was close

== 400 bp

200 bp
- -

2 '3 4 52 6.7 8 9.M 10

Figure 1 - Amplified fragment of the BDR region of the mtBNCytochrome-b gene obtained
from dentin powder of preserved teeth: (1-3, 5-8atth of T. truncatus (4) muscle
tissueof T. truncatus positive control; (9) water as a negative contfiel) Low DNA
Mass Ladder (Invitrogen); and (10) muscle tisstieinnid species, positive control.

The yield of PCR product tended to increase witloxydative damage (Ho% al., 1996), which led to
higher quantities of dentin powder used for DNAchain-breaking vulnerability, as well as physical
extraction (see linear regression in Fig. 2) and nfragmentation due to enzimatic activity by bacteria
negative results were found when quantities ovehat digested the DNA (Yang, 1997). It has proven
110 mg were used. Although the correlation washat DNA decay is not linear and shows an initial
very low (= 0.492) between the quantity of dentinrapid decay shortly after death, showing
powder used for DNA extraction and theafterwards a "plateau effect" of largely reduced
concentration in ngd of the amplified fragment of damage (Yang, 1997). Therefore, the immediate
the BDR region of the Cytochrome-b gene ( post-mortem period is critical. Collection parts that
0.464 + 22.127%), the regression was significant were preserved in dry showed lower levels of
(p= 0.045) and when adjusting to an intercept oDNA damage. Hard parts of specimens, such as
zero (no DNA implies no amplified product) theteeth and bones showed better preserved DNA,
correlation increased to r= 0.816 turning it highlywhich was attributed to the interaction with
significant (p< 0.0001). mineral grains (Keil et al, 1994), with
Although enough quantity of DNA was extractedhydroxypatite (Tuross, 1994), and the presence of
from individual teeth for PCR, it yielded only few chemicals that inhibited the action of enzymes that
nanogrames after amplification. Sweet andtherwise would degrade the DNA, such as
Hildebrand (1998) recovered quantities oftocopherols and flavonoids (Eglinton and Logan,
extracted DNA up to 97\ from fresh human 1991; Yang, 1997).

molars. Of course this high yield was achievedinalysis of SSCP allowed ruling out any possible
only from fresh tissue of the pulp cavity of contamination with human and tunnid DNAs,
recently extracted teeth. After death, cells arounBecause their SSCP patterns were different from

the pulp cavity suffered chemical degradation duéhose ofTursiops(Figs. 3 and 4). Polymorphism
to hydrolitic processes (Lindahl, 1993) andwas detected for the BDR region of Cytochrome-b
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within T. truncatus where dentin samples showedgeographical regions, suggesting that this
a unique pattern, while muscle positive controlgpolymorphism might be associated to geographical
showed other distinct ones (Fig. 3Jursiops distribution.

samples were collected from different

14
12 { ]

10

@ Regression
95% confid.

0,04 0,08 0,12 0,16 0,20 0,24 0,28 0,32
Quantity of dentin powder for DNA extraction (g)

Concentration of PCR product (ng/ul)

Figure 2 - Tursiops truncatusRegression analysis for the relationship betwienquantity of
dentin powder used for DNA extraction and the cotredion of the amplicon of the
BDR region of Cytochrome-b obtained by PCR.

Figure 3 - Patterns of SSCP for the BDR region of Cytochronieiumans (1-2) and from dentin
(3-5,9-10) and muscle (6-8) dlursiops truncatusM) molecular marker of 100 bp.
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Figure 4 - Patterns of SSCP for the BDR region of Cytochrdirfieem Tunnus alalungdl); from
dentin (2) and muscle (3) @lursiops truncatusg(M) molecular marker of 100 bp.

populacionais e sistematicos. Todos o0s dentes
In conclusion, the present work confirmed theforam submetidos a processos de desinfeccao,
possibility of using dentin powder as a source ofrituragdo e desmineralizacdo. A dentina obtida foi
DNA for bottlenose dolphin population geneticspesada previamente a extragdo de DNA, a qual foi
and taxonomic studies through mtDNA analysis. avaliada através da amplificacdo de dois genes
mitocondriais, através da técnica de PCR (Reagéo
em Cadeia da  Polimerase), utilizando
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