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ABSTRACT. The discus is a very popular and expensive aquarium fish 
belonging to the family Cichlidae, genus Symphysodon, formed by three 
Amazon basin endemic species: Symphysodon aequifasciatus, S. discus and 
S. tarzoo. The taxonomic status of these fish is very controversial, with a 
paucity of molecular research on their population genetic structure and spe-
cies identification. Information on molecular genetic markers, especially 
isoenzymes, in search of a better understanding of the population genetic 
structure and correct identification of fish species, has been receiving more 
attention when elaborating and implementing commercial fishery manage-
ment programs. Aiming to contribute to a better understanding of the spe-
cies taxonomic status, the present study describes the isoenzymatic patterns 
of 6 enzymes: esterase (Est - EC 3.1.1.1), lactate dehydrogenase (Ldh - EC 
1.1.1.27), malate dehydrogenase (Mdh - EC 1.1.1.37), phosphoglucomutase 
(Pgm - EC 5.4.2.2), phosphoglucose isomerase (Pgi - EC 5.3.1.9), and super 
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oxide dismutase (Sod - EC 1.15.1.1) extracted from skeletal muscle speci-
mens and analyzed by starch gel electrophoresis. Monomorphic patterns, 
presumably controlled by 11 loci: Est-1, Est-2, Est-3, Ldh-1, Ldh-2, Mdh-1, 
Mdh-2, Pgi-1, Pgi-2, Pgm-1, and Sod-1 were fixed for the same alleles: Est-
11, Est-21, Est-31, Ldh-11, Ldh-21, Mdh-11, Mdh-21, Pgi-11, Pgi-21, Pgm-11, 
and Sod-11, respectively, and detected in all 60 specimens examined (27 S. 
aequifasciatus from Manacapuru and 33 S. discus from Novo Airão, Central 
Amazon). The failure in the present study to detect diagnostic loci, which 
could be very useful for differentiating S. aequifasciatus from S. discus spe-
cies, and polymorphic loci, which could also be applied for possible identi-
fication and delimitation of their stocks, does not rule out the possibility of 
there existing in other isoenzyme gene loci to be analyzed in the future. 

Key words: Discus fish; Central Amazon; isoenzymes; electrophoresis

INTRODUCTION

Since the 1950s, mainly after the discovery of the cardinal tetra (Paracheirodon 
axelrodi) in 1955 by Herbert R. Axelrod (Axelrod, 2001), the fisheries and commercial-
ization of ornamental fish in the Amazon have been increasing more and more. In the State 
of Amazonas, ornamental fish, whose major fishing ground is the middle Negro River, are 
among the main exports, and are considered to be the third largest extractive product of 
the State (Chao and Prang, 2002). According to the Amazonas data bank of 2003 available 
at the Brazilian Institute of the Environment and Renewable Natural Resources (IBAMA), 
around 20 million ornamental fish are exported annually from this region, generating 
about US$3 million for the local economy. 

Considered as a renewable aquatic resource in the Amazon, ornamental fish show 
enormous potential as a sustainable model, especially in the Negro River tributaries (Chao, 
2001). As the sustainable condition of this resource has recently been questioned (Gerst-
ner et al., 2006), research about ecological fishery impact on ornamental fish populations 
should be urgently carried out and expanded in the region. 

Having a variety of behaviors, attractive colors and moderate sizes, the cichlids 
are commonly used as ornamental fish (Kullander, 2003). Among these, the discus which 
belong to the order Perciformes, family Cichlidae, genus Symphysodon (Kullander, 1998) 
appear among the 180 species or varieties of freshwater fishes listed by IBAMA, which 
can be captured legally, commercialized and exported live from Brazil.

Discus fish are one of the most important fishery resources exploited in the Negro 
River basin (Chao, 2001). 

The genus Symphysodon was previously considered as being formed by two spe-
cies: Symphysodon aequifasciatus Pellegrin, 1904 and Symphysodon discus Heckel, 1840 
(Kullander, 1996). However, Ready et al. (2006) based on color patterns, morphology 
and mitochondrial DNA (mtDNA) analyses of Symphysodon samples collected along the 
length of the Solimões-Amazon River, provided evidence for the existence of a third spe-
cies, S. tarzoo Lyons, 1959, although at the mtDNA level they did not detect a difference 
between S. aequifasciatus and S. discus. On the other hand, Bleher et al. (2007) also con-
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ducted an mtDNA analysis of Symphysodon specimens collected from different locations 
in the Amazon basin, and revealed three genetically distinct clades, S. aequifasciatus, S. 
haraldi and S. discus. 

The main point to be noted about the above data published by Ready et al. (2006) 
and Bleher et al. (2007) is that the green discus is named by Ready et al. (2006) as S. tar-
zoo, while Bleher et al. (2007) refer to it as S. aequifasciatus. The blue and brown discus 
are considered to be S. aequifasciatus by Ready et al. (2006), whereas, Bleher et al. (2007) 
treat them as S. haraldi. 

The discus species are endemic to the Amazon basin with S. aequifasciatus show-
ing an almost linear distribution from along the entire lowland course of the Amazon’s 
mainstream, to the Tocantins River basin; S. discus with occurrence registered in the 
Negro River, lower Abacaxis River (tributary of the Madeira River) and lower Trombetas 
River (Kullander, 1996; Ready et al., 2006), and S. tarzoo can be found in the Içá, Ju-
ruá, Tefé, and Jutaí Rivers (western Amazon), with a slight overlap in distribution with 
S. aequifasciatus from the Madeira River downstream of the Purus arch (Ready et al., 
2006). These fish are popularly known as discus due to their discoid shape (Axelrod et 
al., 1995). They are small in size; an average of 20 cm in the adult (Mills, 1998), and with 
the following general morphological characteristics: high-bodied, laterally compressed, 
with nine transversal dark bars on the sides (Silva and Kotlar, 1980; Axelrod et al., 1995; 
Ready et al., 2006). S. discus differentiates from the other two species, showing three of 
these transversal dark bars as much more prominent: the first one passing over the region 
of the eyes, the second over the middle region of the body, which is the widest and most 
intense, and the last on the caudal peduncle (Silva and Kotlar, 1980; Ready et al., 2006). 
The diagnostic phenotypic character of red spots on the anal fin and on the sides of the 
body distinguishes S. tarzoo from the other two Symphysodon species, which have reticu-
lations (Ready et al., 2006). Although the morphometric characters traditionally used do 
not easily differentiate the genus species, the average lateral line scale counts and melanic 
pigmentation still can be used to differentiate S. discus and S. aequifasciatus, in which S. 
discus shows a greater variation in the number of longitudinal scales, smaller number of 
rays in the dorsal fin and smaller number of abdominal vertebrae in relation to S. aequi-
fasciatus (Kullander, 1996). 

As previously mentioned by Ready et al. (2006), research carried out on variation 
in fish color patterns has resulted in the descriptions of several subspecies in different 
geographic areas in the Amazon basin, namely, S. a. aequifasciatus, S. a. haraldi Schultz, 
1960, S. a. axelrodi Schultz, 1960, and S. discus willischwartzi Burgess, 1981. Unfortu-
nately, however, the descriptions of these subspecies are based only on  a few samples of 
often uncertain origin (Ready et al., 2006).

The polemic on the taxonomic status of discus fish has persisted since the genus 
Symphysodon was first described by Heckel (1840) apud Koh et al. (1999). To this day, 
not only the validity of the existence of subspecies, but also the existence of the species 
formally described in this genus, have been frequently questioned (Mazeroll and Weiss, 
1995; Koh et al., 1999). 

Isoenzyme markers analyzed by means of electrophoresis have been applied quite 
often to solve taxonomic problems, especially where the morphological characteristics 
overlap or where there are variables within the genus or species (see Micales et al., 1998). 
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When extracted from several biological tissues and analyzed electrophoretically, the 
isoenzymes have revealed enormous practicality for identifying species, hybrids, natural 
and cultured fish populations, and have been applied as an auxiliary tool for providing 
basic information for commercial fishery management policies (Smith and Robertson, 
1981; Smith et al., 1981a,b; Jamieson and Smith, 1987; Utter, 1991; Guyomard, 1993; 
Carvalho and Hauser, 1994; Ferguson et al., 1995; Verspoor et al., 2005), with diagnostic 
loci (monomorphic loci with species-specific fixed alleles) having been applied for iden-
tifying species and polymorphic loci for identifying and delimiting fish stocks. 

The present paper describes monomorphisms in the isoenzymatic electrophoretic 
patterns of the enzymes: esterase (Est), lactate dehydrogenase (Ldh), malate dehydroge-
nase (Mdh), phosphoglucomutase (Pgm), phosphoglucose isomerase (Pgi), and superox-
ide dismutase (Sod) extracted from the skeletal muscles of S. aequifasciatus and S. discus 
specimens from the Central Amazon. It also presents some literature research findings on 
chromosome and molecular markers applied to sort out the species taxonomic problems of 
discus fishes.

Material and methods 

Sample collections 

After authorizations provided by the Brazilian Institute of Environment and Re-
newable Natural Resources (IBAMA) (Administrative Processes: #02005.001766/04-11 
and #02005.001788//2005-26), 60 specimens of discus fish were taken from two areas 
in the Central Amazon, namely, 27 S. aequifasciatus1 from Manacapuru, Solimões River 
(03° 17’ S 60° 37’ W) on November 23, 2004, and 33 S. discus from Novo Airão, Negro 
River (02° 37’ S 60° 56’ W) on March 6, 2006 (Figures 1 and 2).  

White skeletal muscle tissue specimens sampled from both species were stored in a 

Figure 1. Discus fish species. A. Symphysodon aequifasciatus, 15.50 cm in total length and 105.60 g of weight. B. 
S. discus, 13.5 cm in total length and 75 g of weight.

1Symphysodon haraldi according to Bleher et al. (2007).
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freezer at - 25°C, in the biological tissue bank of the Fish Genetics Laboratory at Coordination 
of Aquatic Biology Research (CPBA) - National Research Institute of Amazonia (INPA). The 
S. aequifasciatus muscle sample was collected and stored in a freezer from 2004 until electro-
phoretic analyses were performed in 2006, in contrast to the S. discus muscle sample, which 
was collected and stored in 2006 and immediately tested. After removing the tissue samples, 
the fish were labeled, initially fixed in 10% formalin for 1 week and then in 70% alcohol, and 
deposited in the Fish Genetics Laboratory, CPBA/INPA. Voucher specimens were later sent to 
the collections of INPA (S. aequifasciatus: INPA 25497 and S. discus: INPA 26447). 

Preparation of protein extracts 

A day before electrophoretic analyses, the muscle samples were macerated manually 
with the aid of glass rods in 3-ml test tubes, in a proportion of one part muscle tissue to two 
parts 0.1 M Tris-HCl buffer, pH 7.1, containing 1% β-mercaptoethanol and later stored in a 
freezer at -25°C for approximately 18 h. Moments before the electrophoretic runs, the samples 
were centrifuged at 3,000 rpm for 30 min in order to obtain the soluble protein supernatants. 

Figure 2. Sampling localities where the discus fish specimens were caught in the Central Amazon: Manacapuru 
(1) and Novo Airão (2).
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Electrophoresis procedures 

The electrode buffer was 0.006 M lithium hydroxide and 0.30 M boric acid, whereas 
the gel buffer was prepared by adding 1 ml of the electrode buffer to every 100 ml 0.03 M 
Tris (hydroxymethyl) aminomethane and 0.005 M citric acid (Ridgway et al., 1970). Both 
buffers were adjusted to pH 8.20 with 1 M lithium hydroxide. Sigma starch gels at a concen-
tration of 8.35% were made up in 340 ml of the gel buffer. By means of a continuous stirring 
process performed with a simple mechanical stirrer, starch mixed in buffer was heated up to 
90°C������������������������������������������������������������������������������������������ in a 2-liter round-bottom flask supported by a heating mantle. ��������������������������The soluble protein super-
natants were absorbed into 8 x 5-mm rectangular filter papers (Whatman 3 MM), which were 
then inserted on the gels. A potential of 150 V for each gel slab was applied for a period of 5 
to 6 h with the electrophoretic migration occurring towards the anode.

Nomenclature 

The enzymes surveyed in the present paper were classified according to the ������Nomen-
clature Committee of the International Union of Biochemistry and Molecular Biology (2006), 
where each enzyme name is written in full and enzyme abbreviation and EC code in parenthe-
ses, as follow: esterase (Est - EC 3.1.1.1), lactate dehydrogenase (Ldh - EC 1.1.1.27), malate 
dehydrogenase (Mdh - EC 1.1.1.37), p�������������������������������������������������hosphoglucomutase (Pgm - EC 5.4.2.2), p����������hosphoglu-
cose isomerase (Pgi - EC 5.3.1.9), and superoxide dismutase (Sod - EC 1.15.1.1).

The isoenzyme loci and alleles were identified and classified numerically according to 
their decreasing electrophoretic mobilities towards the anode. 

Enzyme staining 

The revelation of isoenzyme bands in the zymograms occurred on starch gels, which 
were immersed and incubated in staining solutions containing chemical components (sub-
strates, coenzymes, electron carriers, buffer solutions, and tetrazolium salts) necessary to de-
tect enzymatic activities as described below for each enzyme system tested. 

Esterase (Est - EC 3.1.1.1)

The staining solution for detecting the enzyme esterase was prepared with 2.8 mL 1% 
α-naphthyl acetate dissolved in acetone, 70 mg fast blue RR salt, 70 ml 0.4 M sodium phos-
phate monobasic monohydrate, pH 6.55 (Ridgway et al., 1970). The gel slices were placed 
in plastic trays, immersed in the above solution and later incubated at 37°C in a laboratory 
oven for approximately 30 min or until the development of the bands. The staining solution 
was then discarded and the gels, after being washed with distilled water, were fixed in a 10% 
glycerol solution of 5:5:1 parts of water, methanol and acetic acid, respectively. 

Lactate dehydrogenase (Ldh - EC 1.1.1.27) 

For detecting the enzyme lactate dehydrogenase, the staining solution used was pre-
pared according to the method described by Alfenas et al. (1991) with modifications, where 14 
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mg ß-nicotinamide adenine dinucleotide (NAD), 2 mg phenazine methosulfate (PMS), 14 mg 
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl-tetrazolium bromide (MTT), and 7 ml 85% DL-
lactic acid were dissolved in 70 ml 0.5 M sodium phosphate monobasic monohydrate buffer, 
pH 7.0. The gel slices were placed in plastic trays, soaked in the above solution and incubated 
in a laboratory oven at 37°C for 2 to 3 h until the color development of the bands.

Malate dehydrogenase (Mdh - EC 1.1.1.37) 

The staining recipe for detecting the enzyme malate dehydrogenase was the one de-
scribed by Allendorf et al. (1977) with modifications, where 5 mg PMS, 10 mg MTT, and 5 mg 
NAD were mixed with 25 mL 0.5 M DL-malic acid buffer, pH 8.0, and 0.1 M Tris-HCl buffer, 
pH 8.5. The above solution was poured on the gel slices in plastic trays, which were then incu-
bated in a laboratory oven at 37°C for about 2 h until the development of the bands. Finally, the 
staining solution was then discarded and the gels, after being washed with distilled water, were 
fixed in a 10% glycerol solution and kept in a refrigerator for about 18 h for further typing. 

Phosphoglucomutase (Pgm - EC 5.4.2.2)

The staining recipe for detecting the enzyme p������������������������������������hosphoglucomutase followed the meth-
ods described by Alfenas et al. (1991) and Brune et al. (1998) with modifications, where 2.8 
mg PMS, 14 mg MTT, 14 mg ß-nicotinamide adenine dinucleotide phosphate (NADP), 28 µl 
glucose-6-phosphate dehydrogenase (G-6-PDH), 28 mg magnesium chloride (MgCl2), and 
70 mg glucose-1-phosphate were dissolved in 70 ml 0.2 M Tris-HCl buffer, pH 8.0. The gel 
slices were then placed in plastic trays, immersed in the above solution and later incubated in 
a laboratory oven at 37°C for approximately 25 min until bands were revealed. The staining 
solution was then discarded and the gels, after being washed with distilled water, were fixed in 
a 10% glycerol solution of 5:5:1 parts of water, methanol and acetic acid, respectively. 

Phosphoglucose isomerase (Pgi - EC 5.3.1.9) 

The staining solution for detecting the enzyme phosphoglucose isomerase was modi-
fied from the following publications: Shaw and Prasad (1970), Allendorf et al. (1977) and Al-
fenas et al. (1991). Thus, 7 mg PMS, 14 mg MTT, 7 mg NADP, 28 µl G-6-PDH, 14 mg MgCl2 
and 28 mg of D-fructose 6-phosphate disodium salt were dissolved in 70 ml 0.1 M Tris-HCl 
buffer, pH 7.5. The gel slices were then placed in plastic trays, immersed in the above solution 
and later incubated in a laboratory oven at 37°C for approximately 1 h until the development 
of bands. The staining solution was then discarded and the gels, after being washed with dis-
tilled water, were fixed in a 10% glycerol solution. 

Superoxide dismutase (Sod - EC 1.15.1.1) 

For detecting the enzyme superoxide dismutase two solutions were prepared follow-
ing the method described by Allendorf et al. (1977) with modifications. The first solution 
contained 17 mg MTT and 5 mg PMS dissolved in 25 ml 0.05 M Tris-HCl buffer, pH 8.5. 
The second solution was prepared with agar (2% of the final staining solution) dissolved by 
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heating up to the boiling point in 25 ml of the above Tris-HCl buffer and left to cool down to 
a temperature of approximately 50°C. The two solutions were then mixed by stirring and the 
final solution was poured on the gel. Finally, the gel was incubated in the laboratory oven at 
37°C under light for 30 min or until development of the achromatic bands. 

RESULTS 

Starch gel electrophoresis patterns of the enzymes Est, Ldh, Mdh, Pgm, Pgi, and Sod 
were determined for 60 skeletal muscle specimens, 27 from S. aequifasciatus and 33 from S. dis-
cus, which revealed electrophoretic bands of activity presumably controlled by 11 monomorphic 
loci (Table 1). The zymogram description for each enzyme examined is presented below. 

Locus and allele	 S. aequifasciatus	 S. discus
	 Manacapuru	 Novo Airão

	 (N = 27)	 (N = 33)

Est-11	 1.00	 1.00
Est-21	 1.00	 1.00
Est-31	 1.00	 1.00
Ldh-11	 1.00	 1.00
Ldh-21	 1.00	 1.00
Mdh-11	 1.00	 1.00
Mdh-21	 1.00	 1.00
Pgi-11	 1.00	 1.00
Pgi-21	 1.00	 1.00
Pgm-11	 1.00	 1.00
Sod-11	 1.00	 1.00

Table 1. The same alleles detected at 11 fixed isozyme loci in two species (Symphysodon aequifasciatus and S. 
discus) of discus fish from two areas in the Central Amazon.

Est = esterase; Ldh = lactate dehydrogenase; Mdh = malate dehydrogenase; Pgi = phosphoglucose isomerase; Pgm 
= phosphoglucomutase; Sod = superoxide dismutase.

Esterase 

The enzyme esterase showed three major activity bands with an isozyme pattern pre-
sumably encoded by the monomorphic loci Est-1, Est-2 and Est-3, which were fixed for the 
same alleles Est-11, Est-21 and Est-31 in all specimens of discus and are, therefore, not useful as 
taxonomic genetic markers for the two species examined (Table 1, Figure 3A). The Est-1 and 
Est-2 loci were visualized near the anodic region of the gel, whereas the Est-3 locus was seen 
near the cathodic region. Several diffuse bands of low staining intensity were visualized in the 
intermediate region of the gel located between the loci Est-2 and Est-3. As these diffuse bands 
were not clearly visualized on the gels to be genetically interpreted, they may be assumed to be 
secondary isoenzymes, which usually appear in zymograms probably due to electrophoretic 
artifacts produced by post-translational modifications in the polypeptide chains, as explained 
by Harris and Hopkinson (1978). Nevertheless, the presence of these secondary isoenzymes in 
the esterase zymogram did not lead us to a misidentification of these enzyme loci. 
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Lactate dehydrogenase

Two major electrophoretic bands of lacatate dehydrogenase activity were detected 
with an isoenzyme pattern presumably encoded by the monomorphic loci Ldh-1 and Ldh-
2, which were fixed for the same alleles Ldh-11 and Ldh-21 shared by all discus specimens 

Figure 3. A. Zymogram of esterase showing the monomorphic loci fixed for the same alleles Est-11, Est-21 and 
Est-31 (Symphysodon discus: lanes 1 to 3, 7 to 9; S. aequifasciatus: lanes 4 to 6). B. Schematic representation 
of the lactate dehydrogenase zymogram revealing the monomorphic loci fixed for the same alleles Ldh-11 and 
Ldh-21 (S. aequifasciatus: lanes 1 and 2; S. discus: lanes 3 and 4). C. Zymogram of malate dehydrogenase 
showing the monomorphic loci fixed for the same alleles Mdh-11 and Mdh-21 (S. discus: lanes 1 to 5; S. 
aequifasciatus: lanes 6 to 10).
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and are, therefore, not useful as taxonomic genetic markers for the two species in ques-
tion (Table 1, Figure 3B). The Ldh-1 locus was revealed near the anodic region of the 
gel while the Ldh-2 was seen near the cathode region. Two minor staining bands show-
ing electrophoretic migrations just in front of the Ldh-2 locus were only observed in S. 
aequifasciatus, which were not genetically interpreted, as these bands are presumably 
considered to be secondary isoenzymes (see Harris and Hopkinson, 1978). The presence 
of these bands in the lactate dehydrogenase zymogram does not prevent correct identifica-
tion of these enzyme loci. One band of higher staining intensity, which appeared between 
the loci Ldh-1 and Ldh-2 located on the gel just before the Ldh-1 locus, could be one of 
the expected heterotetramers usually visualized in lactate dehydrogenase zymograms of 
nearly all vertebrate species, including fishes. This enzyme shows a tetrameric molecular 
structure, which in many cases of A and B polypeptide subunits (monomers) can combine 
to produce homotetramers (A4 and B4) and three heterotetramers (A3 B1, A2 B2, A1 B3) 
(Markert and Faulhaber, 1965; Ferguson, 1980). 

Malate dehydrogenase 

Two major electrophoretic bands of malate dehydrogenase activity were observed 
on the gels, presumably as the products of the monomorphic loci Mdh-1 and Mdh-2, 
which were fixed for the same alleles Mdh-11 and Mdh-21 shared by all discus specimens 
and are, therefore, not useful for diagnosing the species of discus tested (Table 1, Figure 
3C). The Mdh-1 and Mdh-2 loci were scored in the intermediate and cathodic regions 
of the gels, respectively.����������������������������������������������������������   It was always noticed when the muscle samples were homog-
enized in distilled water in order to obtain the protein supernatant, that there were two to 
three secondary bands distributed between the loci Mdh-1, Mdh-2 and the heterodimer, 
unlike when the muscle homogenates were prepared in 0.1 M Tris-HCl buffer, pH 7.1, 
containing 1% �����������������������������������������������������������������������β����������������������������������������������������������������������-mercaptoethanol. Mdh often shows a series of bands of different elec-
trophoretic mobilities, which appear to be due to different stable configurations and not 
caused by any difference in its primary structure (Ferguson, 1980). However, as the Mdh 
zymogram typing in the present study was based on protein supernatants prepared with 
β-mercaptoethanol as reducing agent, the appearance of the above mentioned secondary 
bands did not affect the identification of these enzyme loci.

Phosphoglucomutase 

The phosphoglucomutase enzyme was represented by an invariant electrophoretic 
zone of activity, in the proximity of the intermediate region of the gel, with a three-band 
pattern presumably encoded by the monomorphic locus Pgm-1, which was fixed for the 
same allele Pgm-11 in all specimens examined and is, therefore, not useful as taxonomic 
genetic marker for the two species tested (Table 1, Figure 4A). 

Phosphoglucose isomerase

For the enzyme phosphoglucose isomerase, two major and invariant electrophoretic 
bands of activity were detected from the vicinity of the intermediate region to the most ca-
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thodal region of the gel, presumably encoded by the monophorphic loci Pgi-1 and Pgi-2, 
respectively, which were fixed for the same alleles Pgi-11 and Pgi-21 in all specimens of discus 
and are, therefore, not useful as taxonomic genetic markers for the two species examined 
(Table 1, Figure 4B).

Figure 4. A. Zymogram of phosphoglucomutase showing the monomorphic locus fixed for the same allele Pgm-11 
(Symphysodon discus: lanes 1 to 3; S. aequifasciatus: lanes 4 to 6). B. Zymogram of phosphoglucose isomerase 
revealing the monomorphic loci fixed for the same alleles Pgi-11 and Pgi-21 (S. discus: lanes 1 to 4; S. aequifasciatus: 
lanes 5 to 8;). C. Zymogram of superoxide dismutase showing the monomorphic locus fixed for the same allele 
Sod-11 (S. discus: lanes 1, 2, 4, 5, 6, 8, and 9; S. aequifasciatus: lanes 3 and 7).

Superoxide dismutase
 
In superoxide dismutase, one electrophoretic band of activity was detected in the in-

termediate region of the gel, presumably reflecting the expression of the monomorphic locus 
Sod-1, which was fixed for the same allele Sod-11 in all fish specimens. Thus, it is not ap-
plicable in the same manner as noted for the previously described enzymes, as a diagnostic 
taxonomic marker for the two species of discus surveyed (Table 1, Figure 4C). 



802

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 7 (3): 791-805 (2008)

C.A. Silva et al.

DISCUSSION 

Potential applications of isoenzyme markers in taxonomic and population studies

The effective application of isoenzymes as molecular genetic markers for resolving 
taxonomic disputes (overlapping of meristic and morphometric characters and variation in 
color patterns) in fish, or in the most diverse types of organisms, has been unquestionable, es-
pecially, when comparison between species isoenzyme patterns shows diagnostic loci (charac-
terized by presenting species-specific fixed alleles). It is important to emphasize that normally 
just a certain variable percentage of diagnostic loci has been detected and has significantly 
contributed to the correct identification of different closely related taxonomic units, as already 
reported in plants (Angelov, 2006), parasites (Šnabel et al., 2004), insects (Scarpassa and 
Hamada, 2003), crustaceans (Gusmão et al., 2006), mollusks (Durand et al., 1998; Gallardo 
et al., 2003), fishes (Smith and Robertson, 1981; Whitehead et al., 1985; Arculeo et al., 1999; 
Renesto et al., 2000; Fisch-Muller et al., 2001; Pujolar and Pla, 2002), amphibians (Kenneth 
and Richard, 2001), and mammals (Smit and Van der Bank, 2001), among others. 

The effectiveness of using isoenzymes as molecular genetic markers applied as di-
agnostic tools for identifying and delimiting fish stocks, or any other kind of living stocks, 
depends essentially on the detection of polymorphism, which in this case, examination for ge-
netic heterogeneity among population samples can be carried out by using statistical analysis 
such as a χ2 contingency table or exact probability test (Jamieson and Turner, 1978; Jamieson 
and Birley, 1989; Ferguson et al., 1995). Polymorphic isoenzyme loci have been successfully 
used to differentiate populations of several fish species (Chaplin et al., 1998; Poulet et al., 
2004; Verspoor et al., 2005; Hovgaard et al., 2006). 

Even keeping in mind the recent divergence between S. aequifasciatus and S. discus 
in the lower Amazon (Ready et al., 2006), the failure of the present study to detect diagnostic 
loci, which could effectively be used for distinguishing these two species and polymorphic 
loci as well as for possible identification and delimitation of their stocks, does not rule out their 
possible existence in other enzyme systems. 

Chromosome and molecular markers for determination of taxonomic status of 
discus fish 

Both chromosome and molecular markers have been applied as auxiliary tools for 
solving taxonomic problems of the discus.

Cytogenetic analyses revealed that the genus Symphysodon shows a diploid number 
of chromosomes equal to 60, but with a pronounced inter- and intra-populational variety of 
karyotypes in terms of chromosome morphology (Mesquita et al., 2002; Gross, 2006), with 10 
different karyotype formulae described for S. aequifasciatus and 6 for S. discus (Gross, 2006). 
However, the main difference between these two species was revealed by means of meiotic 
analyses (during the period of prophase I) in which S. aequifasciatus showed a chromosome 
chain formed by 20 elements plus 20 bivalents, whereas S. discus showed its chromosomes 
organized in 30 bivalents (Gross, 2006). 

Random amplified polymorphic DNA markers have already been applied by Koh et 
al. (1999) for analyzing genetic relationships between wild forms and cultivated varieties of 
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discus (Symphysodon spp). These authors pointed out that although the wild forms of S. dis-
cus and S. aequifasciata (= S. aequifasciatus) appeared to be genetically distinct, the problem 
about the exact taxonomic status of these species needs to be resolved. Recently, Ready et al. 
(2006) examined Symphysodon samples collected from several areas of the Amazon basin, 
and, surprisingly, they did not detect differences at the mtDNA level between the two histori-
cally described species, S. aequifasciatus and S. discus. When these authors combined color 
pattern, morphology and mtDNA haplotypes, they could reveal the existence of a third discus 
species named S. tarzoo, which is distinguished by the diagnostic phenotype character of red 
spots on the sides of the body. Ready et al. (2006), who showed evidence of a phylogeographic 
barrier in the genus Symphysodon, demonstrated that the S. tarzoo specimens analyzed ap-
peared mainly in the areas upstream of the Purus arch (western Amazon), and S. aequifasciatus 
specimens from locations downstream of this arch. However, most recently, in contrast to 
findings of Ready et al. (2006), Bleher et al. (2007), based on DNA sequences of partial mi-
tochondrial control regions of Symphysodon specimens collected along the central and lower 
Amazon, revealed three genetically distinct clades, S. aequifasciatus, S. haraldi and S. discus. 
Moreover, Bleher et al. (2007) presented a series of arguments against the name S. tarzoo 
given by Ready et al. (2006) to the green discus, and referred to it as S. aequifasciatus. 

Considering that the taxonomic status of the Amazon wild discus still remains com-
plex, polemic, intriguing, and at the same time very attractive, we believe that the information 
generated by molecular markers (proteins, isoenzymes, mtDNA and DNA, microsatellites) 
and chromosome markers complemented with meristic-morphometric data should significant-
ly contribute to a better understanding of this matter, and additionally provide basic support 
for the present fishery management and future conservation. In this context, the application of 
proteins and/or isoenzymes as auxiliary molecular tools must pursue a continued search for 
discovering: 1) diagnostic loci for identifying the species and 2) polymorphic loci showing 
Mendelian segregation of co-dominant alleles and significant genetic heterogeneity among 
population samples, in an attempt to identify and delimit natural stocks of discus fish in the 
Amazon region. 
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