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ABSTRACT:
This study aims to evaluate the temporal distribution of allele frequencies at
the codominant transferrin (Tf ) gene locus in three population samples of Amazon
turtle (Podocnemis expansa) collected from the Rio Uatumã, Rio Trombetas and Rio
Tapajós in the Amazon Basin, Brazil, over a period of 16 to 24 years ago. Confirming
previous research, the Tf locus which was analyzed by starch gel electrophoresis
showed a diallelic polymorphism with the presence of theoretically expected
genotypes (Tfaa, Tfab and Tfbb), presumably encoded by the codominant alleles (Tfa and
Tfb). A good genetic fit according to Hardy-Weinberg expectations within and among
all the population samples was also noticed. Contingency tests on the overall
transferrin allele distributions by calculating the chi-square (x2) showed no statistically
significant temporal variation (x2 = 3.05, d.f. = 5, 0.70 > P > 0.50) in the population
samples of P. expansa in the surveyed areas.
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INTRODUCTION
The community of Amazon aquatic turtles
has 14 species, of which the representatives of the
genus Podocnemis are edible, commercially
exploited, and act as an important source of protein
for local people (Vogt, 2008). The Podocnemis
species are listed in the Appendix II of the
Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES),
published as Annex II, Normative Instruction
Number 11/2005, available at the Brazilian Institute
of the Environment and Renewable Natural
Resources (IBAMA). The Podocnemis expansa
(Schweigger, 1812) known as the Amazon turtle
and the largest freshwater turtle of the genus
Podocnemis in South America (Alfinito, 1975;
Pritchard & Trebbau, 1984) is no longer threatened;
however, as it still shows low risk of extinction, it is
considered a conservation dependent species
according to the criteria of the International Union
for Conservation of Nature and Natural Resources
(IUCN). Of the three levels of biodiversity
conservation recognized by the IUCN (biological
diversity, ecosystem diversity and genetic
diversity), the genetic diversity is the result of
evolutionary history of populations, in which a loss
of genetic diversity can reduce their ability to adapt
in response to environmental changes (evolutionary
potential) (Frankham et al, 2002).
Research focusing on the population
structure of Podocnemis expansa has already been
carried out by the plasma iron binding protein,
transferrin (Teixeira et al, 1996), allozymes (Bock
et al, 2001), mitochondrial DNA and microsatellites
(Sites et al, 1999; Pearse et al, 2006).
Analysis involving temporal variations in
allele frequencies of molecular genetic markers can
be extremely useful for investigating genetic
variability, effective population size (Ne), founder

effects and processes associated with colonization
and population-genetic structure (Waples, 1989;
Kambhampati et al, 1990; Shikano et al, 2001;
Williams et al, 2003; Jacquemyn et al, 2006;
Chevolot et al, 2008; Lucentini et al, 2009).
However, this type of study has never been
performed on P. expansa.
The aim of this study was to evaluate the
temporal distribution of transferrin allele
frequencies from three population samples of P.
expansa collected from the Rio Uatumã, Rio
Trombetas and Rio Tapajós in the Amazon Basin,
Brazil.
MATERIAL AND METHODS
After obtaining license given by the
Brazilian Institute of Environment and Renewable
Natural Resources (IBAMA) through the
Biodiversity Authorization and Information System
(SISBIO License No. 13081-1 of 19/12/2007),
ninety five specimens of the Amazon turtle (P.
expansa) were collected from three geographical
areas in the Amazon region, totalizing three
population samples: Maracarana, Rio Uatumã-AM
(30); Trombetas, Rio Trombetas-PA (34) and
Monte Cristo, Rio Tapajós-PA (31) (Table 1, Fig.
1). Blood samples were taken from the femoral
artery and placed in 5 ml BD vacutainer tubes,
containing 0.5 ml of 3.8% sodium citrate as
anticoagulant, and blood plasma specimens were
separated by centrifugation at 3,000 rpm for 20
minutes and stored at -25ºC, until electrophoresis
run (Teixeira et al,1996). A rivanol precipitation
method was used for isolating plasma transferrin
molecules prior to starch gel electrophoresis
(Jamieson & Tuner, 1978), with modifications
performed by Teixeira et al. (1996), where the
blood plasma specimens were treated with rivanol
solution (2%) at a ratio of 1:1. For detecting the

Table 1. The sampling localities from where population samples of the Amazon turtle (P. expansa) were caught
in the Amazon Basin.
Locality and position of catch

Stage of
development

Date of catch

Number of specimens
tested

Maracarana, Rio Uatumã, AM
(02º13’S; 58º15’W)

Hatchling

10.01.2008

30

Trombetas, Rio Trombetas, PA
(04°04’S; 55°38’W)

Hatchling

04.02.2008

34

Monte Cristo, Rio Tapajós, PA
(01°20’S; 56°45’W)

Hatchling

30.01.2008

31

Total

-

-

95
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Fig. 1. Map of the approximate locations from which the population samples of P. expansa, were captured from
the Amazon region: Maracarana, Rio Uatumã (1); Trombetas, Rio Trombetas (2) and Monte Cristo, Rio
Tapajós (3). Map modified from Teixeira et al. (1996).

transferrin molecules, the starch gels were stained
in 1% Amido Black for five minutes (Jamieson &
Tuner, 1978). The Amido Black was diluted in a
solution composed of water, methanol and acetic
acid (5:5:1), respectively. Then the gels were
washed by successive immersions in plastic
containers containing the above-mentioned solution
(water, methanol and acetic acid) for approximately
15 hours, and the Tf alleles were identified and
classified according to Teixeira et al. (1996). At the
end of the experiments all the animals were
returned to their respective collection sites.
Chi-square (x2) and maximum log-likelihood
(G) tests for genetic balance assuming HardyWeinberg equilibrium were applied to compare the
observed and expected numbers of transferrin
genotypes within and among the Amazon turtle
Journal of Research in Biology (2011) 4: 346-351

population samples examined. Moreover, chisquare contingency tests were applied on the overall
transferrin allele distributions to compare the
population samples tested in this study with those
tested previously by Teixeira et al. (1996).
RESULTS AND DISCUSSION
The transferrin gene locus (Tf) of P. expansa
population samples (Uatumã, Trombetas and
Tapajós), which was analyzed by starch gel
electrophoresis, showed a diallelic polymorphism
with the presence of the genotypes (Tfaa, Tfab and
Tfbb) theoretically expected, presumably encoded by
codominant alleles (Tfa and Tfb) (Fig. 2). A good
genetic balance within and among all the population
samples was noticed (Table 2). The present
findings are in accordance with the previous report
348
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over a period of 16 to 24 years ago (Table 3).
Although the population samples of P. expansa
during this time have been suffering some degree of
predation for
ma i nt ena nc e a n d/ or
commercialization (Alho, 1985; Alves & Santana,
2008), the locus Tf has preserved its integrity for
Tf a
about two generations, since, according to Vogt
b
(2008) this species takes eight to 12 years to reach
Tf
its reproductive maturity. This means that in theory,
during this interval of time (two generations),
Tf a
neither the anthropogenic action mentioned above,
Tf b
nor the evolutionary processes that normally
contribute to change the genetic composition of
populations: mutation, migration, genetic drift,
natural selection, among others (Ayala & Kiger,
1980;
Hartl, 2008) were sufficient to cause
Fig. 2. Electrophoregram of Tf locus in P. expansa.
significant changes at the locus Tf in P. expansa.
The genotypes are: lanes 1 and 5 (Tfaa); lanes 2, 4 and
Apparently conservation programs of the Amazon
6 (Tfab) and lane 3 (Tfbb).
turtle are contributing to maintaining the genetic
of Teixeira et al. (1996), whose data were variability of its natural populations over time, at
consistent with a free flow of genes among the least for the Tf locus.
population samples, supporting the hypothesis of a
Routine analysis with historical series of
single stock of P. expansa in the geographic area molecular genetic markers examined so far in P.
examined.
expansa, such as, transferrin (Tf) (Teixeira et al,
Contingency tests revealed no temporal 1996), allozymes (Bock et al, 2001), nuclear and
variation on the overall Tf allele distributions in the mitochondrial DNA (Sites et al, 1999; Pearse et al,
populations samples of P. expansa in the surveyed 2006) will serve as an effective tool in obtaining
areas, when the present data were compared with information about the genetic composition of its
those previously reported by Teixeira et al. (1996) natural stocks. This kind of approach is very
Table 2. The genotypes and transferrin allele frequency distributions in three population
samples of Amazon turtle (P. expansa). Chi-square (x2) and maximum log-likelihood (G)
statistical values assuming Hardy-Weinberg equilibrium are shown. The observed numbers in
each transferrin genotype showed good agreement with expected numbers shown in

brackets.
Rio Uatumã
N = 30
Tfaa
Tfab
Tfbb

16 (16.0339)
12 (11.9322)
2 (2.0339)

Tfa
Tfb

0.7333
0.2667

d.f.
x2
P
G
P
349

1
0.001022
0.9745
0.001024
0.9745

Population samples tested
Rio Trombetas
Rio Tapajós
N = 34
N = 31
Tf genotypes
22 (22.1642)
20 (19.2787)
11 (10.6716)
9 (10.4426)
1 (1.1642)
2 (1.2787)
Tf allele frequencies
0.8088
0.7903
0.1912
0.2097
Hardy-Weinberg test
1
0.0345
0.8527
0.0355
0.8504

1
0.6332
0.4262
0.5824
0.4454

Total
N = 95
58 (57.5556)
32 (32.8889)
5 (4.5556)
0.7789
0.2211
1
0.0708
0.7902
0.0697
0.7918
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Table 3. Chi-square contingency tests used to examine the temporal distribution of the transferrin alleles (Tfa
and Tfb) among the population samples of P. expansa from three geographical areas in the Amazon region.
Expected numbers of alleles are shown in parentheses.
Rio Uatumã
Teixeira
This
et al. (1996)1
report
Tf a
Tf b
Total

46
(47.92)
14
(12.08)
60

44
(47.92)
16
(12.08)
60

Rio Trombetas
Teixeira
This
et al. (1996)2
report
85
(81.47)
17
(20.53)
102

55
(54.31)
13
(13.69)
68

Rio Tapajós
Teixeira
This
et al. (1996)3
report

Total

98
49
377
(95.85)
(49.52)
22
13
95
(24.15)
(12.48)
120
62
472
(x2 = 3.05, d.f. = 5, 0.70 > P > 0.50)

1

Sample collected in the Rio Uatumã (Balbina Hydroelectric Power Plant Dam) from 13.04.1988 to 22.05.1988
(adults).
2
Samples collected in the Rio Trombetas in 1984 (juvenile), in 24.11.1988 (adults), in 10.01.1990 and 04.01.1992
(hatchlings).
3
Sample collected in the Rio Tapajós in 04.01.1992 (hatchlings).

important for monitoring, preservation and
management programs of this species which are
now being carried out by the Chico Mendes
Institute for Biodiversity (ICMBIO) and the Center
for Conservation and Management of Reptiles and
Amphibians (RAN) in the Amazon region.

Alho CJR. 1985. Conservation and management
strategies for commonly exploited Amazonian
turtles. Biol Conserv., 32:291-298.
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