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ABSTRACT. Brycon pesu is a small-sized fish distributed throughout the
Amazon and Orinoco Basins and other coastal basins of northeastern South
America. Brycon cf. pesu specimens from the Araguaia-Tocantins Basin
are currently separated into two morphotypes, Brycon spl and Brycon sp2,
owing to different coloration of their anal fin. Brycon sp2 has a reddish
margin stripe on the anal fin which morphologically distinguishes it from
Brycon spl. In the present research, nuclear and mitochondrial markers were
used to test the hypothesis that the Brycon spl and Brycon sp2 morphotypes
are distinct species. Specimens from the two morphotypes were collected
from the Lajeado Hydroelectric Plant and the Palmas River in the Araguaia-
Tocantins Basin. Thirty-five loci obtained by the amplification of five
inter-simple sequence repeat primers were analyzed but no species-specific
bands were detected. Electrophoretic profiles obtained from 5S rDNA
non-transcribed spacer amplification failed to show any differentiation
in morphotypes. These results were corroborated by nucleotide sequence
analysis of the mtDNA control region, in which 24 polymorphic nucleotide
sites, representing a polymorphism rate of only 5%, were detected. The
low rates of polymorphism detected by inter-simple sequence repeat,
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non-transcribed spacer and mtDNA D-loop markers strongly reject the
hypothesis that the two morphotypes Brycon spl and Brycon sp2 represent
distinct species within Brycon cf. pesu. Further studies are needed to
obtain conclusive data on the notion that the coloration of the anal fin is an
intraspecific polymorphism, possibly related to environmental factors.

Key words: Brycon cf. pesu; Araguaia-Tocantins Basin; Morphotypes;
Inter-simple sequence repeat; 5S rDNA non-transcribed spacer; mtDNA

INTRODUCTION

The genus Brycon comprises around 40 species and is one of the main tropical fresh-
water fish genera distributed in Central and South America (Lima, 2003). It consists of vari-
ous important migratory species, of which many are important resources for fishing. Brycon
pesu, Miller and Troschel 1845, also called “beiradeira”, is a small fish that has a standard
length of up to 12 cm. It is widely distributed in South America, being found in the Amazon
Basin, the Orinoco River Basin, and Guyana, Suriname and French Guyana Rivers (Lima,
2003). It lives in sandy and rocky areas in rapidly flowing waters (Planquette et al., 1996),
and habitually feeds at river banks, mainly on terrestrial insects. It is believed that B. pesu is a
complex of species, as the specimens found outside of Guyana, its type locality, possess some
morphological differences. However, these species have still not been described, with all of
them being identified as simply B. pesu. Therefore, in this paper, this complex of species will
be referred to as Brycon cf. pesu.

In fact, individual specimens of B. ¢f. pesu from the Araguaia-Tocantins Basin have
been separated into two morphotypes, Brycon spl and Brycon sp2, due to a difference in the
coloration of the anal fin. Brycon sp2 has an anal fin with a reddish margin stripe (Figure 1),
which distinguishes it morphologically from Brycon spl (Figure 2). Furthermore, there are
also morphologically intermediate fish which are also identified as Brycon sp2.

Genetic variability enables us to compare different specimens, populations or species. In

Figure 1. A specimen of Brycon sp2 (standard length 12 cm) from the Araguaia-Tocantins Basin.

addition to its evolutionary importance, it can also be used as an investigational tool by ecologists
and systematists in diverse areas (Avise, 2004). The basic tools used in studies on genetic variability
are molecular markers: base sequences with a unique location in the genome, whose variations can
be traced to families and populations, which may or may not be part of a gene. There is, in fact, a
great variety of these markers, enabling the study of nuclear DNA, mitochondrial DNA (mtDNA),
and even RNA. Molecular markers can be used in studies on the genetic variability of populations
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(Sofia et al., 2006; Theodorakis et al., 2006), phylogeny (Lavoue and Sullivan, 2004; Feulner et
al., 2006), taxonomy (Huff et al., 2004), and in the identification of unknown species (Sandoval-
Castillo et al., 2004; Lima et al., 2005). Morphological differences can appear in fish populations
of the same species, creating doubts in relation to their taxonomy. In this situation, analyses based
only on morphological characteristics may not be enough to say whether they are different species
or not (Oliveira, 2005; Lopes et al., 2006). However, with the use of molecular markers, more con-
sistent findings can be obtained which enable more precise conclusions to be drawn.

The inter-simple sequence repeat (ISSR) technique, based on polymerase chain reaction

Figure 2. A specimen of Brycon spl (standard length 8 cm) from the Araguaia-Tocantins Basin.

(PCR), uses a single primer with the internal repetitive sequence of a microsatellite, amplifying
the region that intersperses two microsatellite blocks. Consequently, the result of ISSR can be
interpreted as a map of microsatellites in the genome of the organism studied. ISSR primers with
tetranucleotide sequences have proved to be effective in the production of informative intraspe-
cific (Gupta et al., 1994) and interspecific (Fernandes-Matioli et al., 2000) polymorphic patterns.

The gene of the 5S ribosomal DNA (5S rDNA) contains a highly conserved coding
sequence (5S rRNA) and a non-transcribed spacer (NTS) of variable size according to the
species. The pattern of 5S rDNA variation, determined mainly in the intergenic spacer re-
gions, is an effective method for obtaining species-specific markers (Martins and Galetti Jr.,
2001; Robles et al., 2005).

Mitochondrial genome DNA sequences are genetic markers based on polymor-
phisms of nucleotide sites and have been used routinely in studies of genetic diversity
within and between populations of the same and different species. The control region is
the main non-coding DNA sequence, which is also the most variable mtDNA in meta-
zoans, including fish. It is characterized by the displacement loop, known as D-loop, a
segment of DNA that marks the start of the duplication of the DNA molecule. The control
region contains highly polymorphic sequences, and its nucleotide substitution rate is two
to five times faster than that observed for protein-coding genes. As mutations accumulate
more quickly in the control region, especially in the 5’ region, it is the main sequence
of mtDNA chosen for population and evolutionary genetic studies between very closely
related species and between populations of a single species, including fish (Kang et al.,
2005; Aboim et al., 2005).

In the present study, ISSR molecular markers, 5S rDNA spacer regions and mtDNA
control region nucleotide sequencies were analyzed with the objective of testing the hypoth-
esis that the Brycon spl and Brycon sp2 morphotypes are distinct species.

MATERIAL AND METHODS
Genetics and Molecular Research 7 (1): 95-106 (2008) ©FUNPEC-RP www.funpecrp.com.br




R.S. Panarari-Antunes et al. 98

Study area

The Araguaia-Tocantins Basin drains 767,000 km? of land, of which 343,000 km? belongs
to the Tocantins River Basin, 382,000 km? to the Araguaia (its main tributary) and 42,000 km? to
the Itacaiunas (the largest contributory of the lower course). Bound by the Parana-Paraguay (south),
Xingu (west), Sdo Francisco (east), and Parnaiba (northeast) Basins, and the Tocantins River, the
most southeastern tributary of the Amazon Basin, it integrates the landscape of the Planalto Central
(Central Plateau). Seventy-six percent of the basin is composed of open pastures, while the lower
courses of the Tocantins and Itacaiunas Rivers are covered by the Amazon Rainforest. Between
these two large regions, the basin crosses a transition zone of pre-Amazonian environments.

Biological material

Twelve specimens of each B. cf. pesu morphotype were collected in the fish ladder of the
Lajeado Hydroelectric Plant (09°46'S 48°21'W), built on the Tocantins River, and in the Palmas
River, its tributory, in the Araguaia-Tocantins Basin (Figure 3). Samples of muscle tissue were
preserved in alcohol. Standard material of the morphotypes Brycon spl (UMT 2281; 3099; 3102;
3115;3116;3125;3128;3133;3136; 3139) and Brycon sp2 (UMT 2282; 2286; 3097; 3101; 3106;
3108;3109; 3118; 3120; 3121) can be found in the fish collection of the Laboratdrio de Ictiologia
Sistematica (Laboratory of Systematic Ichthyology) at the Federal University of Tocantins.

[l Araguaia-Tocantins Basin

Figure 3. Araguaia-Tocantins Basin: 1 - Lajeado Hydroelectric Plant fish ladder, 2 - Palmas River.
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Extraction and quantification of the DNA genome

DNA extraction was carried out using the phenol/chloroform method (Monesi et al.,
1998). Samples of muscle tissue, of approximately 100 mg, were ground in liquid nitrogen.
TH buffer (10 mM Tris-HCI, 60 mM NaCl, 10 mM EDTA, 5% sucrose, 0.15 mM spermine,
and 0.15 mM spermidine), PS buffer (0.2 M Tris-HCI, 30 mM EDTA, 2% SDS, and 5% su-
crose) and proteinase K (20 pg/pL) were added to the extract. The samples were then incubat-
ed in a shaking water bath at 37°C for approximately 1 h. Next, the DNA was purified through
washes with phenol/chloroform (1:1) and chloroform. The DNA was then precipitated using
a saline solution (0.2 M NaCl) and chilled ethanol. The precipitate was submitted to several
centrifugations with 70 and 100% ethanol, and finally resuspended in TE (1 mM Tris, 0.1 mM
EDTA) containing RNase. The DNA of all the samples was later quantified on 0.8% agarose
gel stained with ethidium bromide (20 pg/100 mL). Essentially, the quantification consisted of
a comparison of the amount of DNA contained in 1 pL of each sample with the known quanti-
ties of DNA in A phage (Invitrogen Life Technologies™, Carlsbad, CA, USA).

Inter-simple sequence repeat and data analysis

ISSR primers with tetranucleotide repetitions (GGAC),A, (GGAC),C, (GGAC),T,
(AACC),, and (GGAC), were selected for analysis. The amplification reaction mixture
consisted of Tris-KCl buffer (20 mM Tris-HCI, pH 8.4, and 50 mM KCl), 2 mM MgCl,,
0.46 uM primer, 0.19 mM dNTP, and 1 U/reaction of Taq DNA polymerase (Invitrogen
Life Technologies™), DNA (10 ng) and deionized sterile water to make the volume up
to 13 uL. An MJ Research PT100 thermocycler was programmed for 5 cycles of: 45 s at
94°C, 1 min at 51°C and 1 min at 72°C, and 30 cycles of: 45 s at 94°C, 1 min at 48°C and
1 min at 72°C. Negative controls were included in each PCR. The DNA amplification con-
ditions have been described by Albert et al. (1999). After amplification, 10-pL. samples
of the PCR mixture were submitted to electrophoresis on 1.4% agarose gel, stained with
ethidium bromide (20 ug/100 mL). Electrophoresis was carried out using TBE buffer
(Tris-borate), at 5 V/cm, for 3-4 h. The amplified fragments were visualized under ultra-
violet light, and the gel was photographed for analysis. The size of the fragments could be
estimated by comparison with the marker, 100-bp DNA ladder (Invitrogen Life Technolo-
gies™). Comparisons between the specimens were carried out by evaluating their genetic
diversity based on the proportion of polymorphic loci inside each group.

The 5S rDNA spacer region and data analysis

The PCR technique was used for the amplification of the 5S rDNA gene and
its spacers (NTSs - non-transcribed spacers), where the combination of initiators A (5°-
TACGCCCGATCTCGTCCGATC-3’) and B (5’-CAGGCTGGTATGGCCGTAAGC-3’) was
used. Five samples of each morphotype were analyzed. The amplification reaction mixture
consisted of Tris-KCI buffer (20 mM Tris-HCI, pH 8.4, and 50 mM KCl), 1.5 mM MgCl,,
2.5 uM of each primer, 0.1 mM of each ANTP, 2.5 U/reaction of Tag DNA polymerase, 15 ng
genomic DNA, and deionized autoclaved water to make the volume up to 25 pL. The fragment
of DNA corresponding to the spacer region was amplified in 1 cycle of: 5 min at 94°C, 1 min
at 95°C, 30 s at 63°C and 1 min at 72°C, and 34 cycles of 1 min at 95°C.

Genetics and Molecular Research 7 (1): 95-106 (2008) ©FUNPEC-RP www.funpecrp.com.br



R.S. Panarari-Antunes et al. 100

Approximately 5 uL of amplified DNA from each sample was fractionated on 1.4% agarose
gel, stained with ethidium bromide, and subjected to an electric field of 5 V/cm, for approximately 3
h. A negative control, without DNA, was included in each PCR. The pattern of bands produced was
visualized in a transilluminator and photographed under UV light for later analysis, which was based
on the comparison of the electrophoretic profile obtained for each morphotype.

Mitochondrial DNA and data analysis

The control region of the mitochondrial genome was partially amplified, by PCR,
from the total DNA of five specimens of each of Brycon spl and Brycon sp2. Amplifica-
tion was carried out using a pair of L 5’-~AGAGCGTCGGTCTTGTAAACC-3’ (Cronin et al.,
1993) and H 5’-CCTGAAGTAGGAACCAGATG-3’ (Meyer et al., 1990) D-loop primers. For
the sequencing, two independent amplifications were carried out. Furthermore, the two strands
of each reaction product were sequenced.

The amplification reaction mixture consisted of Tris-KCl buffer (20 mM Tris-HCI,
pH 8.4, and 50 mM KCl), 1.5 mM MgCl,, 2.5 uM of each primer, 0.1 mM of each dNTP, 2.5
U/reaction of Tag DNA polymerase, 15 ng genomic DNA and deionized autoclaved water to
make the volume up to 25 pL. The DNA fragments were amplified in one cycle of: 4 min at
94°C, 30 s at 56°C and 2 min at 72°C, 40 cycles of: 15 s at 94°C, 30 s at 56°C and 2 min at
72°C, and a final cycle of: 15 s at 94°C, 30 s at 56°C and 10 min at 72°C. The DNA samples
(of approximately 50 ng) amplified in each PCR were used directly in sequencing reactions
with BigDye™ Terminator Cycle Sequencing, in an ABI-3100 automatic sequencer (Perkin
Elmer), according to the manufacturer’s instructions.

The nucleotide sequences were aligned and analyzed with the program Vector NTI
Suite version 6.0 (Informax, Inc.). All of the mtDNA sequences were aligned with the program
CLUSTAL W. Genetic analyses of the mitochondrial sequences were carried out with the
program MEGA 3 (Kumar et al., 2004). The Tamura and Nei genetic distances between the
specimens were determined. A distance matrix was used to construct a dendrogram with the
neighbor-joining algorithm, with bootstrap analyses based on 10,000 resamplings.

RESULTS
Inter-simple sequence repeat

Eleven specimens of Brycon spl and 12 of Brycon sp2 were analyzed for the (GGAC),A
and (GGAC),T primers, and four specimens of each morphotype were analyzed for the (GGAC),C,
(AACC), and (GGAC), primers. The five ISSR primers produced from five to ten clear and repro-
ducible bands, totaling 35 loci. The amplified fragments varied in length from 300 to 1900 bp.
When the amplified loci of the Brycon sp1 and Brycon sp2 morphotypes were compared, the pres-
ence of 14 monomorphic bands was detected; in other words, the dominant allele was present in
all the specimens of both morphotypes. On the other hand, when they were analyzed within each
morphotype, there were no exclusive monomorphic loci. The Brycon spl morphotype showed 17
polymorphic loci (48.6%), while the Brycon sp2 morphotype showed 15 (42.8%). The resultant
electrophoretic profile was very similar for the two morphotypes, with only a few isolated poly-
morphisms being observed (Figure 4).
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Brycon spl Brycon sp2

Figure 4. Electrophoretic profiles of the inter-simple sequence repeat markers of the Brycon spl and Brycon sp2
morphotypes obtained with the (GGAC),T primer. L: containing molecular weight marker fragments (100-bp
ladder; Invitrogen Life Technologies™, Carlsbad, CA, USA). N: negative control, without DNA.

5S rDNA spacer region

The amplification of the spacer region of the 5S rDNA gene produced only one clear
fragment, of 600 bp. This fragment was present in all the specimens analyzed from Brycon
spl and Brycon sp2. The presence of species-specific bands was not detected, with the excep-
tion of one not very clear band of 350 bp that was present only in Brycon spl. Therefore, the
resultant electrophoretic profile did not demonstrate a marked genetic differentiation between
the morphotypes (Figure 5).

Figure 5. Electrophoretic profile obtained by amplification of the spacer region of the 5S rDNA gene, for the Brycon
spl and Brycon sp2 morphotypes. L: containing molecular weight marker fragments (100-bp ladder; Invitrogen
Life Technologies™, Carlsbad, CA, USA).
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A fragment of approximately 450 bp, corresponding to the variable region of the
mtDNA D-loop, was sequenced and used for analysis (Table 1). Twenty-four polymorphic
nucleotide sites were identified distributed along the sequenced fragment. This value corre-
sponds to around 5% of the total number of sequences analyzed. The nucleotide substitutions
consisted only of transitions.

Table 1. Polymorphic nucleotide sites in the hypervariable DNA sequence (450 bp) of the mitochondrial control
region (D-loop) of Brycon spl and Brycon sp2 specimens from the Araguaia-Tocantins River Basin. Dots indicate

identity and dashes indicate indel. Polymorphic nucleotide sites are shown for specimen Bry-sp1-3.

Specimen 00 23 55 8 9 1 1 1 1 11 1 1 2 2 3 3 3 3 Morphotype
1898 09 01 0 1 2 3 4 5 6 8 2 9 1 2 4
1 2 2 3 3 4 5 0 3 2 8
Bry-spl-3 TTrTTTTTTO CT CTZ C CTOCCTTGTT C - Bryconspl
Bry-sp2-14 L . T . T . . . T  Brycon sp2
Bry-sp1-8 c . c c . ¢C C T C T C C A Brycon spl
Bry-sp2-11 . T T Brycon sp2
Bry-sp2-12 C T T Brycon sp2
Bry-spl-10 T T R . Brycon spl
Bry-sp1-2 . T T C T T Brycon spl
Bry-spl-1 c . . T T . Brycon spl
Bry-sp2-9 cc . . . . . T . T . C Brycon sp2
Bry-sp2-5 c c . C. T T T T T T C Brycon sp2

As represented by the neighbor-joining dendrogram (Figure 6) constructed from the
Tamura and Nei distance matrix, the identified polymorphism did not separate the Brycon spl
and Brycon sp2 specimens. Furthermore, low bootstrap values between the groups indicate
low genetic variability between the specimens.

13

16

il— M Bry sp2 9
42

64 | -~ @ Bry sp11
@ Bry sp12

@ Bry sp1 10
@ Bry sp13

——— H Bry sp212

M Bry sp2 11
M Bry sp2 14

0.005

M Bry sp25

@ Brysp18

Figure 6. A neighbor-joining dendrogram constructed from the Tamura and Nei distance matrix between the
D-loop sequencies of the Brycon spl (lozenges) and Brycon sp2 (squares) morphotypes. Numbers above branches

are bootstrap values, as based on 10,000 replicates.
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DISCUSSION

ISSR molecular markers have been used in various areas for genetic studies, where
their value has been demonstrated in intrapopulational (Schulz et al., 2004) and interpopula-
tional (Fernandes-Matioli et al., 2000) analyses of fish. Furthermore, the ISSR technique has
some advantages compared to other techniques, such as RAPD, for example, as it has greater
reproducibility, showing similar results even with large variations in amplification conditions
(Matioli and Passos-Bueno, 2001).

The data obtained through ISSR molecular markers demonstrated that there was a
high degree of similarity between the Brycon spl and Brycon sp2 morphotypes. The poly-
morphism found did not characterize different species. Similar results were obtained by NTS
analysis. The sizes of the fragments obtained are within the standards found for other species
of fish from the genus Brycon (Wasko et al., 2001). The data generated by the analysis of the
mtDNA control region corroborate those found by the nuclear markers. The percentage of
polymorphism detected in the D-loop sequences was low (around 5%) and within the limits
found for populations of the same species (Prioli et al., 2002; Martins et al., 2003).

The Brycon spl and Brycon sp2 morphotypes differ only in relation to the coloration
of the anal fin, which is confirmed by the presence of intermediate specimens. However, ac-
cording to the results obtained in the present study, this polymorphism is only intraspecific,
with the morphotypes belonging to the same species, that is, within Brycon cf. pesu.

The hydrographic basins of the Neotropical region have the greatest fish biodiversity
in the world. They are also characterized by a great diversity of habitats, where species have
adapted to exploit every type of environment. However, during the process of evolution, new ad-
aptations can emerge through mutations in their genetic make up. Those that offer advantages to
individuals are selected and, through reproduction, passed to following generations, generating
uncertainties with regard to taxonomy. Morphological variability in fish can emerge in various
parts of the body as a response to diverse factors, such as buccal adaptations related to feeding
habits (Oliveira, 2005; Ruehl and DeWitt, 2005) and variations in the caudal fin as a function of
the flow of the water (Imre et al., 2002), which also affects swimming behavior and performance
and locomotor activities (Plaut, 2000). In addition, variations can occur as a result of reproduc-
tive isolation (Pakkasmaa and Piironen, 2001; Sell and Spirkovski, 2004; van Herwerden and
Doherty, 2006), mainly due to geographical barriers. According to the data obtained in the pres-
ent study, gene flow between the Brycon spl and Brycon sp2 morphotypes has occurred, as a
genetic pattern that was exclusive to only one group was not found. This, therefore, suggests that
the morphotypes do not exist in reproductive isolation.

In addition to morphological adaptations to exploit different habitats and foods, some
species of fish have distinct morphological characteristics related to reproduction. This type of
polymorphism, known as sexual dimorphism, occurs mainly in males. They may be different
from females with regard to body size, coloration and morphology of the fins (Kobelkowsky,
2004; Giacomello and Rasotto, 2005; Casatti et al., 2006).

Some fish color patterns are dependent on pigments, such as carotenoids. These are
not synthesized by the animal, but obtained through its diet. Therefore, color patterns based on
carotenoids may be indicators of the foraging ability and health of some species of fish. Fur-
thermore, coloration is also related to the choice of males by females during mating (Evans and
Norris, 1996; Grether, 2000; Grether et al., 2001) and appears to be affected by parasite infec-
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tions (Houde and Torio, 1992). In the case of the Brycon sp1 and Brycon sp2 morphotypes, no
evidence has been found that the coloration of the anal fin is related to sexual dimorphism, as
both the males and females have the two variations of color in the anal fin. Furthermore, these
characteristics were also observed outside of the reproductive period, as the collections of the
morphotypes showing the two types of fins were carried out throughout the whole year.

Fuller and Travis (2004) studied the expression of the color of the anal fin in the fresh-
water fish Lucania goodei (Atheriniformes, Cyprinodontidae), which has populations in the
Florida Peninsula, the southeast of Georgia and South Carolina. The males of this species have
a polymorphism in the coloration of the anal fin, producing yellow, red and blue colors, with
the presence of intermediates. In experiments conducted in the laboratory, the authors arrived
at the conclusion that the variation in colors is affected by genetics, the environment and an in-
teraction between the two factors. The environment exerts an influence through conditions of
luminosity; that is, the wavelengths that reach the different water depths. For example, males
with blue anal fins are more abundant in waters with low UV and blue wavelength transmis-
sion. On the other hand, males with red anal fins are more abundant in areas with high UV and
blue wavelength transmition. Despite the fact that the polymorphism occurs only in males, it
was found to be related to an autosomal locus. However, in some cases, the color pattern of the
males may result from an inheritance restricted to sex (Houde, 1992), which would explain its
absence in the females. The reddish color of the anal fin found in the Brycon sp2 morphotype
and absent in Brycon spl may be explained by environmental conditions, such as luminosity,
which in this case would affect the morphology of both males and females. Neverthless, to
confirm this notion, it would be necessary to conduct controlled experiments in the laboratory,
simulating the conditions that occur in the natural environment.

Determining the degree to which the variation in morphological characteristics is con-
trolled by genetics or by the environment is fundamental to the understanding of adaptation.
The results obtained using the nuclear and mitochondrial molecular markers used in this study
do not provide evidence that the coloration of the anal fin of the Brycon spl and Brycon sp2
morphotypes is based on genetics. However, environmental factors could be exerting an in-
fluence in the expression of such polymorphism. Due to the high genetic similarity observed
between the Brycon spl and Brycon sp2 morphotypes, it is suggested that they be identified as
a single species within Brycon cf. pesu. Furthermore, additional studies should be carried out
to determine the factors that affect the coloration of the anal fin, and whether this morphologi-
cal characteristic gives any advantage to the individuals that possess it.
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