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1. Introduction

According to the method of Hoffmann et al. (2010), 
between 48% and 54% of turtle species in the world are 
threatened or endangered. Longevity and overlapping 
generations that characterize the group mask the problem, 
with severe demographic effects which are not yet 
observable likely to take years or decades to manifest 
(Fagundes et al., 2010). Some turtles may exhibit little 
plasticity in habitat use, in freshwater turtles this can be 
particularly serious because they generally require more 
than one environment throughout the life cycle. Despite 
this, at least in Argentina, those species receive the least 
protection within the group (Ubeda and Grigera, 2003).
Trachemys dorbigni (Emydidae) and Phrynops hilarii 
(Chelidae) are freshwater turtles widely distributed in 
South America. Neither of the two species are considered 
endangered (CITES, 2011; IUCN, 2011). Phrynops 
hilarii is well represented across its vast distribution, 
even more, the area of the species has expanded in 

recent times favoured by anthropochory, showing the 
ability to adapt to highly modified habitats (Richard, 
1999). On the other hand, according to the evaluation 
index for tetrapod fauna proposed by Reca et al. (1994), 
T. dorbigni can be considered a vulnerable species and 
there are many reasons for the current situation to be 
aggravated:  the species is being affected by the advance 
of the agricultural frontier, is capable of hybridizing with 
native species (Lavilla et al., 2000; Richard, 1999), and 
also suffers a severe pressure through egg and juvenile 
capture for illegal trafficing that supplies pet markets and 
has high levels of exploitation for consumption of meat 
and meat products (Bujes, 2010; Carreira et al., 2007; 
Fagundes et al., 2010). What is more, both species live in 
environments with polluted waterways, where there also 
have been established hydroelectric stems (Bujes, 2010). 
Ecologists have also started to become aware of the many 
deaths resulting from accidents on roads and paths (Bager 
et al., 2007; Bujes, 2010).

The necessity to update the information referring 
to population parameters, current distribution and 
conservation status of these species motivates the 
realization of this study. Mostly, T. dorbigni genetic 
studies are related to karyotypic analysis and cytogenetic 
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techniques (Martinez et al., 2009; Salas, 2011) and as far 
as is known, there are no genetic studies for P. hilarii. 
This lack of antecedents was considered sufficient to 
initiate studies of the genetic variability by comparing 
the inter and intra specific diversity. It was proposed 
to employ the methodology of two molecular DNA 
markers: RAPD (random amplified polymorphic DNA) 
and ISSR (intersimple sequence repeats ), that have 
been used successfully in other species of aquatic turtles 
(Duan et al., 2011; Zheng et al., 2008; Zhu et al., 2008; 
Zhu, 2011). Both techniques are practical, simple, easily 
reproducible and cheap, which allows researchers to 
obtain results quickly and without destructive or highly 
invasive sampling for a large number of individuals 
(Rentaria Alcántara, 2007; Rocha and Gasca, 2007; 
Zietkiewicz et al., 1994). Considering broader scales of 
work, such methodologies allowed one to obtain a large 
amount of genetic information for analysing the temporal 
and spatial distribution of genetic diversity of species, 
which is the foundation for planning accurate actions for 
species conservation (Alacs et al., 2007; Ma et al., 2007b; 
Souza et al., 2002; Zhu et al., 2005). These molecular 
markers can also be useful to determine the origin of 
organisms extracted from their habitat, to reintroduce 
them at appropriate locations (Rocha and Gasca, 2007) or 
guide the management of captive populations in reserves, 
zoos and urban areas (Amavet et al., 2009).

2. Methods

2.1 Sample collection and DNA extraction  Twenty six 
(26) blood samples were obtained from adult specimens 
(Phrynops hilarii, N = 13 and Trachemys dorbigni, N = 
13) from the Applied Zoology Laboratory: Vertebrates 
(MASPyMA / FHUC UNL) according to Olson’s 
technique (Olson et al., 1975). All the individuals used in 
this experiment were rescued during seizure operations 
and the original geographical location of each specimen 
is unknown. DNA extraction was performed using the 
technique of extraction of Murray and Thompson (1980) 
from blood samples diluted (1:10) in a lysis buffer 
(Longmire et al., 1988) for long-term blood storage at 
room temperature according to White and Densmore 
(1992). The extractions for each individual were stored at 
4 ± 2°C until to test the quality and quantity of extracted 
DNA by electrophoresis using 0.8% agarose gels, runs at 
120 V in 0.5× TBE (Tris/Borate/EDTA) buffer, stained 
with Gel Green (Biotium) and analysed in dark light 
transilluminator (Dark Reader). DNA samples were 
diluted with H2O 1:4, 1:3 and mostly 1:2. 

2.2 Amplification of polymorphic regions with primers 
RAPD and ISSR  Three samples for each species were 
used to screen a set of 10 primers from Promega® 
(B050-10 and B051-10) for RAPD and 13 primers from 
Operon® series for ISSR, to test amplification profiles for 
readability and reproducibility. Seven primers that showed 
the best resolution and reproducible bands were selected 
to obtain RAPD and ISSR profiles for all individuals, 
and three repeatability test samples were included in each 
amplification reaction. 

The RAPD amplification reactions were carried out at 
first in accordance to the methodology of Bardakci and 
Skibinski (1994), in a final volume of 15 μl, containing 
1.5 μl of buffer, 1.5 μl of dATP, dTTP, dGTP and dCTP 
solution (200 mM), 0.75 μl of the selected primer, 1.5 
μl of MgCl2, 0.15 μl of Taq DNA polymerase (PB-L®) 
and 50 ng of genomic DNA. Occasionally, the amounts 
of reactants were adjusted, such as varying the amount 
of primer from 0.75–1 μl and then from 1–1.2 μl. The 
amount of Taq DNA polymerase (PB-L®) must also be 
increased from 0.15–0.2 μl, but returned to settle in 0.15 
μl when it was decided to use the brand Invitrogen®. 
Amplifications were performed in a thermocycler (MPI®) 
with a program of 40 cycles of 1 min at 94°C, 1 min 
at 40°C and 1 min at 72°C, with an initial denaturation 
of 94°C for 4 minutes and a final extension at 72°C for  
10 minutes.

To amplify ISSR regions, reactions were performed 
to a final volume of 15 μl containing 1.5 μl buffer, 1 
μl dATP , dTTP , dGTP and dCTP solution (200 mM), 
1 μl of the selected primer, 1 μl of MgCl2, 0.15 μl of 
Taq DNA polymerase (PB-L®) and 50 ng of genomic 
DNA. Amplifications were performed in a thermocycler 
(MPI®) with a program of 40 cycles of 1 min at 94°C, 1 
min at annealing temperature according to the selected 
primer and 1 min at 72°C , with an initial denaturation 
of 94°C for 4 minutes and a final extension at 72°C for  
10 minutes.

2.3 Analysis of markers  For the selection of primers, 
the PCR products were visualized and analyzed by 
electrophoretic runs in 2% agarose gels, at 120–130 V 
in 0.5× TBE buffer. For RAPD: 3 primers Series A were 
selected (Table 1) and the PCR products corresponding to 
these primers were analyzed by vertical electrophoresis 
runs performed in 4% polyacrylamide gels, of 33 cm × 
39 cm, run at 220 V and 75 W in 0.5× TBE buffer for 
2:30 to 3 hours, with a 30 minutes pre-electrophoretic 
run. Gel staining was performed with silver nitrate, using 
the methodology of Bassam et al. (1991) described by 
Promega®. In all electrophoresis runs, DNA ladders (10 
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bp from Invitrogen® and 100 bp from PB-L®) were used 
to estimate the size of the amplified fragments. For ISSR: 
4 primers were selected (Table 1) and the PCR products 
were analyzed by electrophoresis runs performed in 6% 
non-denaturing polyacrylamide gels, of 10 cm × 10 cm, 
at 120V–130V in 0.1× TBE buffer. Pre-electrophoretic 
run was performed during 20 minutes, and finally the gel 
was electrophoresed for period between 2 and 2:40 hours. 
The staining was performed with silver nitrate, using 
the methodology of Herring et al. (1982). A molecular 
weight marker (O’RangeRuler®20 bp DNA Ladder) 
was used in all electrophoresis runs to estimate the size 
of the amplified fragments. All gels were observed with 
background light and photographed with an Olympus® 
C- 5000 Zoom 5.0 Megapixel digital camera.

2.4 Data Analysis  The bands are interpreted as present 
if they can be clearly detected, whether they had more 
or less intensity. Through the observation of all obtained 
bands in the gels, we built binary matrices that were 
analyzed using the program GenAlEx (version 6.41) 
(Peakall and Smouse, 2006).  

Measures of genetic variability thrown by these 
program for each species were: original (1972) and 
unbiased Nei genetic distance (1978), percentage of 
polymorphic loci = number of polymorphic loci/total 
number of loci analyzed, He = heterozygosity expected 
(on HW equilibrium) = 2 * p * q; UHE = unbiased 
heterozygosity (Nei) = (2N / (2N-1)) * I ; I = Shannon’s 
information index = –1 * (p * Ln (p) + q * Ln (q)) 
(used in ecology to measure the specific biodiversity 
and considered robust for dominant markers when 
heterozygous loci cannot be detect); Na = Number of 
alleles and Ne = number of effective alleles = 1 / (p2 + 
q2). Keep in mind that for diploid binary data, Hardy-
Weinberg equilibrium is assumed: q = (1 – frequency 
band) 0.5 and p = 1 – q. 

3. Results 

The total number of loci (bands) analyzed with the 
3 RAPD primers was 122, with an average of 40.66 
per primer. Of the 122 bands, 104 were amplified in 
individuals of P. hilarii and 102 in individuals of T. 
dorbigni, all at a higher frequency than 5%. Numerous 
bands that appear only in one species were observed (20 
exclusive bands of P. hilarii and 18 bands in T. dorbigni), 
but these bands were not recorded in all individuals of 
the species. The total number of amplified fragments was 
866, considering 439 fragments in P. hilarii and 427 for 
T. dorbigni, with an average number of fragments per 

individual of 33.77 for P. hilarii and 32.85 for T. dorbigni. 
The size of the PCR products ranged from 352 bp to 
about 2419 bp.

The total number of loci (bands) analyzed with the 
4 ISSR primers was 117, with an average of 29.25 per 
primer. Of the 117 bands, 106 amplified in individuals 
of P. hilarii and 86 in individuals of T. dorbigni, all at a 
higher frequency than 5%. None of the 31 exclusive bands 
of P. hilarii found occurred in all individuals, on average 
these exclusive bands appeared only in 3.48 individuals. 
In T. dorbigni, only one of 11 unique bands observed is 
presented in all sampled individuals (average exclusive 
bands appear in 5.09 individuals). The total number of 
fragments amplified with 4 primers of ISSR was 1040, 
considering 470 fragments for P. hilarii and 570 for T. 
dorbigni. The average number of fragments per individual 
was 36.15 for P. hilarii and 43.85 for T. dorbigni. The 
descriptive statistics values ​​(percentage of polymorphic 
loci, genetic distance, expected heterozygosity, unbiased 
heterozygosity, Shannon index, different alleles and 
effective alleles) obtained in both species by analysis of 
RAPD and ISSR markers employing software GenAlEx 
are summarized in Tables 2 and 3.

The percentage of polymorphic loci obtained in this 
study with RAPD were similar for both species (84.43% 
for Phrynops hilarii and 82.79% for Trachemys dorbigni) 
and ​​could be considered high when compared to those 
found for other species studied with these types of 
molecular markers (Duan et al., 2011; Ma et al., 2007a; 
Zheng et al., 2008; Zhu, 2011). The estimated percentage 
of polymorphic loci based on ISSR was higher in P. 
hilarii (89.74%) than in T. dorbigni (69.23%). These 
percentages reaffirm the idea that levels of polymorphism 
within Chelonia are not as low as previously thought 
(Souza et al., 2002). It is also true that the estimates 
of polymorphism could be sensitive to a certain level 
of subjectivity during the counting of the bands, and 
somehow this would limit the possibility of making 
comparisons between different studies.

Levels of expected heterozygosity (He) and unbiased 
heterozygosity (UHE) were similar in both species, 
slightly higher in P. hilarii when compared to T. dorbigni 
for RAPD and ISSR markers. The values ​​from the 
Shannon information index (I) (0.348 ± 0.021 in P. hilarii 
and 0.327 ± 0.020 in T. dorbigni with RAPD, and 0.379 
± 0.019 in P. hilarii and 0.345 ± 0.026 in T. dorbigni with 
ISSR) and the number of different alleles (1.697 ± 0.065 
and 1.664 ± 0.067 with RAPD and 1.803 ± 0.055 and 
1.427 ± 0.082 with ISSR for P. hilarii and T. dorbigni, 
respectively) are also similar in both species, barely 
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higher in P. hilarii than T. dorbigni for both marker types. 
Only with ISSR the number of effective alleles per locus 
is somewhat higher in T. dorbigni (1.407 ± 0.037, in 
contrast with 1.370 ± 0.027 for P. hilarii). The values of 
the descriptive statistics obtained with RAPD and ISSR 
molecular markers for P. hilarii are higher in all cases 
comparing to those obtained for T. dorbigni, suggesting 
more genetic variability in this species. 

4. Discussion 

Molecular methodologies used in this study proved to be 
effective for an initial screening of the genetic variability 
of these species. We were able to observe a higher 
number of variable markers than other similar studies in 
turtles. The total number of loci (bands) analyzed was 
117 with the four ISSR primers and 122 with the 3 RAPD 

primers. In Semyenova et al. (2004) the five RAPD 
primers allowed amplification of a total pool containing 
180 fragments, while Zhu et al. (2008) scored a total of 
20 population-specific RAPD fragments from 16 primers.  
In Zheng et al. (2008) 8 fragments were obtained with 
each of the 12 RAPD primers. This would be due in 
part to the use of polyacrylamide gels, which provide 
greater resolution and depth analysis. These methods 
also allow working with small amounts of DNA and it is 
not necessary to have prior knowledge of their sequence, 
furthermore, nonradioactive probes are required in the 
process (Grosberg et al., 1996; Lynch and Milligan, 1994; 
Rocha and Gasca, 2007). 

In both species for RAPD and ISSR, the numbers of 
different alleles were higher than the effective numbers 
of alleles, which might suppose that the presence of 
low frequency alleles may influence the presence 

Table 2  Descriptive statistics obtained with RAPD primers according to GenAlEx software.

Phrynops hilarii Trachemys dorbigni
Percentage of polymorphic loci 84.43% 82.79%

Genetic distance

Minimum 0.14 0.18

Maxim 0.68 0.63

Average 0.374 0.342
Expected heterozygosity (He) 0.220 ± 0.015 0.204 ± 0.015
Unbiased heterozygosity (UHE) 0.229 ± 0.016 0.212 ± 0.015
Shannon index (I) 0.348 ± 0.021 0.327 ± 0.020
Different alleles (Na) 1.697 ± 0.065 1.664 ± 0.067
Effective alleles (Ne) 1.350 ± 0.029 1.320 ± 0.029

Phrynops hilarii Trachemys dorbigni
Percentage of polymorphic loci 89.74% 69.23%

Genetic distance

Minimum 0.13 0.07

Maxim 0.56 0.56

Average 0.388 0.288
Expected heterozygosity (He) 0.238  ± 0.014 0.231 ±  0.019
Unbiased heterozygosity (UHE) 0.248 ± 0.015 0.241 ± 0.020
Shannon index (I) 0.379 ± 0.019 0.345 ± 0.026
Different alleles (Na) 1.803 ± 0.055 1.427 ± 0.082
Effective alleles (Ne) 1.370 ± 0.027 1.407 ± 0.037

Table 3  Descriptive statistics obtained with ISSR primers according to GenAlEx software.

Primer name Primer Sequence Annealing Temperature
RAPD A03 AAGACCCCTC 40 °C
RAPD A05 CACCAGGTGA 40 °C
RAPD A07 CCCGATTCGG 40 °C
ISSR UBC-7 AGAGAGAGAGAGAGAGT 54.8 °C
ISSR UBC-10 GAGAGAGAGAGAGAGAT 54.8 °C
ISSR UBC-34 AGAGAGAGAGAGAGAGYT 56.5 °C
ISSR UBC-36 AGAGAGAGAGAGAGAGYA 56.5 °C

Table 1  RAPD (Promega®) and ISSR (Operon®) primers selected to perform PCR amplifications.
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of heterozygous, causing a decrease in the genetic 
variability. 

The RAPD genetic distance calculated between 
individuals of the same species showed peak (0.140–
0.680 for P. hilarii; 0.180–0.630 for T. dorbigni) and 
mean values (0.374 for P. hilarii; 0.342 for T. dorbigni) 
that​​ may be somewhat high if one takes into account 
those recorded for other species studied with RAPD. 
Duan et al. (2011) calculate genetic distances from 
0.0829 to 0.1813 and an average of 0.1327 ± 0.0299 
in Eretmochelys imbricate. For Chinemys reevesii the 
genetic distance calculated ranged from 0.168 to 0.467, 
and the average was 0.324 ± 0.0631 according to Zhu 
et al. (2005) but ranged from 0.1360 to 0.3609, with an 
average of 0.2092 ± 0.0623 according to Zhu (2011). In 
Mauremys mutica the average genetic distance among 
two populations was 0.299 ± 0.108 (Zhu et al., 2008). The 
genetic distance between individuals of the two species 
determined by ISSR markers in this study also showed a 
wide range with high maximum values (0.130–0.560 for 
P. hilarii; 0.560–0.070 for T. dorbigni). These high values ​​
suggest that individuals sampled may belong to different 
populations, situated in distant geographical locations (the 
exact origin of the rescued individuals is unknown, reason 
for which this statement cannot be tested).

The RAPD and ISSR markers may be useful to analyse 
the temporal and spatial distribution of genetic diversity in 
these species. Most amphibians and reptiles exhibit deep 
phylogeographic differentiation, basically due to their low 
vagility, understood as the distance between the point of 
birth of an individual and the point of death (constituting 
a parameter that define mobility or dispersion, referring 
to the ability or tendency of individuals or populations 
to spread, changing its distribution over time) (Fagundes 
et al., 2010; Souza et al., 2002). Based on site fidelity, 
reduced dispersal and longevity, turtles seem to be an 
interesting group to include in phylogenetic studies. 
Moreover, high levels of population structure were 
recognized, it would be possible and necessary to begin 
delineating ESUs (Evolutionarily Significant Units) that 
consider and protect long-term evolutionary potentials 
(Vázquez Domínguez, 2007). 

The ISSR technique is very useful to evaluate diversity 
in species. Given the high genetic variation between 
individuals within a population, it is possible to use 
these markers in paternity analysis and identification 
of individuals (Rentaría Alcantara, 2007; Rocha and 
Gasca, 2007). Their high polymorphism also allows to 
apply them in distinction of intraspecific varieties and 

population genetic subdivision, including complex cases 
where gene flow, introgression and hybridization is 
evidenced (Ma et al., 2007b, Schilde et al., 2004). They 
have also been used to perform genetic mapping and 
phylogenetic reconstruction including sometimes cryptic 
species distinction (Fritz et al., 2005, 2007). 

Given the high polymorphism detect by RAPDs, they 
have proven to be useful in the genetic identification 
(including clones, hybrid or mutant) and the study of 
relationship. The technique is also applied in genetic 
mapping, detection of genetic uniformity and analysis 
of intraspecific population structure at different spatial 
scales, allowing estimating effective size, reproductive 
isolation and levels of crossing fecundation (Alacs et 
al., 2007; Rocha and Gasca, 2007; Rubin et al., 2001). 
The RAPD markers facilitate the realization of fast and 
efficient analysis of genetic variability in not well known, 
vulnerable or endangered species, also in those that are 
of economic interest to subsistence of certain societies 
(Duan et al., 2011; Ma et al., 2007a; Mockford et al., 
1999; Tan et al., 2000; Zheng et al., 2008; Zhu et al., 
2008). The genetic information collected usually can be 
integrated with ecological data in advance, allowing the 
development of more effective conservation strategies 
(Souza et al., 2002). 

5. Conclusions

Estimators of genetic variability for Phrynops hilarii 
and Trachemys dorbigni were obtained from the use of 
molecular markers RAPD and ISSR, two relatively new, 
simple, fast and economical techniques, so far had not 
been used in any of the two species under study. It is also 
considered that the use of polyacrylamide gels increases 
the resolution of the analysis bands.

The usefulness and validity of RAPD is reinforced 
in this study by the fact that very similar results were 
obtained with both types of markers for all diversity 
estimators. Taking the necessary precautions (appropriate 
laboratory conditions, negative controls and repetitions, 
etc.) the lack of reproducibility that sometimes has been 
criticized for this technique can be avoided.

The results achieved encourage research in both species 
according to all the possibilities offered by these markers 
in relation to the lack of studies on them. The information 
obtained in this work can be useful as a starting point for 
phylogeographic studies at the population and/or specific 
level in both P. hilarii and T. dorbigni, suitable for the 
development of appropriate management strategies to 
protect and conserve these species in the region. 
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