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GENETIC VARIABILITY IN FIVE SPECIES OF ANOSTOMIDAE
(OSTARIOPHYSI - CHARACIFORMES)

Lucimara Chiari and Leda Maria Koelblinger Sodré

ABSTRACT

Genetic variability was studied in five fish species (Anostomidae): Schizodon intermedius and S. nasutus and Leporinus
friderici, L. elongatus and L. obtusidens, collected at one location on the Tibagi River (Parand, Brazil). The protein data from
seven systems coded collectively for 19 loci in the liver, muscle and heart. Nine of these loci were polymorphic. The estimated
proportion of polymorphism loci (P) varied from 16.7% in S. intermedius to 36.9% in L. friderici; the mean heterozygosity
observed (Ho) was 0.027 + 0.015 and 0.109 + 0.042, respectively. The estimated value of the genetic identity among L.
friderici and S. intermedius (0.749) and S. nasutus (0.787) suggested that these are “congeneric” species. Morphological
characteristics indicate that these species belong to distinct genera, while isoenzymatic data show that they are very similar at
the genetic/biochemical level.

INTRODUCTION jective was to determine the electrophoretic profile and
the distribution of expression in various tissues of the loci
Anostomidae is one of the most abundant fish famaf seven protein systems and to investigate and quantify
lies in the Neotropical region (Vari, 1983). A large numthe genetic variability to estimate the genetic distance data
ber of species from this family were found in a fish faunand genetic identity for the five species of Anostomidae
survey carried out at five sampling points along the Tibafpund by Bennemanet al. (1995) in Sertandpolis, PR.
River (Parana, Brazil) by Bennemaenal (1995). Five

speciesleporinus elongatus, lriderici, L. obtusidens, MATERIAL AND METHODS
Schizodon intermediuand S. nasutuswere detected at
one of these locations (Sertanépolis). L. elongatus, L. friderici, L. obtusidens, iSter-

According to Garavello (1979), the Anostomidae armediusandS. nasutuspecimens were collected monthly
characterized by a large reduction in the number of teeftom the Tibagi River at Sertandpolis region, 2 km exten-
The main character of the gerlieporinusis the presence sion, PR, Brazil, between June 1994 and May 1996. Fish
of wide teeth arranged in steps and a prominent “symphysere collected by gillnets. Samples of liver, muscle, heart,
ial” pair. Species of the gen&thizodordo not differ ex- and eye (analyzed for lactate dehydrogenase; LDH) were
ternally from the majority of species of the genusaken from the captured specimens and kept 4C-20-
Leporinus.However, the pluricuspidate teeth form a condividual samples from each tissue were homogenized in
tinuous crenulate cutting border, and are quite charact@ris-EDTA buffer, pH 7.0 (Degani and Veith, 1990), and
istic of Schizodor(Géry, 1977). centrifuged at 3.000 rpm for 15 min &Ct

Isozyme electrophoresis studies have been widely Seven protein systems, carboxylesterases (EST-
employed to analyze ontogenetic development, to quaa-C. 3.1.1.1.), phosphoglucomutase (PGM- E.C. 5.4.2.2.),
tify the genetic variability in natural fish populations forglycerol-3-phosphate dehydrogenase (G-3-PDH- E.C.
comparative analysis among populations, and also to trdcé.1.8), isocitrate dehydrogenase (IDHP- E.C. 1.1.1.42),
phylogenetic relationships, e.g. Panepetail. (1984 and LDH (E.C. 1.1.1.27), malate dehydrogenase (MDH- E.C.
[987), Basaglia (1989), Raet al. (1989), Rennceet al  1.1.1.37) and non-specific proteins (PT), were analyzed
(1989), Degani and Veith (1990), Farias and Almeida-Vaising the horizontal electrophoresis technique (Smithies,
(1992), Verneawt al (1994), Zawadzki (1996), Revaldavesl955) in starch gels (Vat al, 1981). Methodologies based
et al. (1997) and Almeida and Sodré (1998), among mangn Shaw and Prasad (1970), Harris and Hopkinson (1976)

others. and Lima and Contel (1990) were used for the preparation
The present study is a part of an integrated projeat the buffer systems and the staining (Table I).
for the restoration of the Tibagi River Basin - “Aspects of The gene loci nomenclature adopted in this study

the Fauna and Flora of the Tibagi River Basin”. The olwas proposed by Shakleeal.(1990). Each locus is des-
ignated by the abbreviation of the enzyme name in italics,
followed by an Arabic number and an asterisk. The loci
and alleles which coded the most anodic isoenzyme were
Departamento de Biologia Geral, Centro de Ciéncias Bioldgicas, Universaesignated by the numbgior letterA.

dade Estadual de Londrina, Campus Universitario, Caixa Postal 6001, . .
86051-990 Londrina, PR, Brasil. Send correspondence to L.M.K.S. E-mail: BIOSYS-1 appllcatlon software (SWOfOI’d and

leda@uel.br Selander, 1981) was used for statistical analyses. The ge-
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Table | - Electrophoretic conditions and buffers used for the (Tablev). From all three species béporinusanawzed’

different protein systems. L. friderici was the one which had the smallest genetic
Protein Buffer systems Migraton  (voitsj distance fromS_. intermediusind S. na_sutu:{O.ZS; and
systems : time cm) 0.213, respectively) (TableV), which is shown in a den-
Bridge Gel (hours) drogram (Figure 2) constructed with D values by the
MDH Tris-citrate 66.7 ml of UPGMA method.
LDH pH 7.0 bridge buffer/ 17 3.5
0.155-0.043 M liter DISCUSSION
PGM TEMM 1:10 _ . . _
G-3-PDH pH 7.4 bridge buffer 6 4.0 Simultaneous analysis of three different tissues
0.22M (liver, muscle and heart) of the same individual allowed
IDHP Phosphate- 1:40 th_e detection o_f a greater number of gene loci compared
citrate bridge buffer 17 35 with other studies, even though the number of protein sys-
pH 5.9 tems was small. Three loci were detected for PGM. The
0.25-0.15 M S . S ;
majority of studies with fish describe only one locus, as
Borate Tris-citrate found by Rennet al. (1989) for four species aeporinus.
EST pH 8.0 pH 8.0 6 4.0 i 2. i i
T 3N 0.017:0.0023 M Four_lom were fognd_fqr G-3-PDH in t.h.e tvﬁrh|z_odon
species and ih. friderici, and three loci ih.. obtusidens

andL. elongatus Rennoet al. (1989, 1990) observed a
single locus irL. friderici muscle.

Almost every bony fish has tHeDH-C* locus,
netic variability was estimated by calculating the propowhich is believed to have originated through a duplica-
tion of polymorphic loci (P) (99% criterion). The observedion of theLDH-B* locus (Basaglia, 1989; Raat. al,
intralocus and mean heterozygosities (Ho) were obtaing@89). TheLDH-C* locus in bony fish shows different
by direct counting. Expected intralocus and mean heterozissue regulation patterns in different taxons. Primitive
gosities (He) were calculated according to Nei (1972). Tlmeders of bony fish have a generalized tissue expression,
Nei genetic distance and identity were also calculated lhile representatives of more advanced orders show a
BIOSYS-1, and the genetic distance values were usedsfmecialized tissue pattern (Whitt, 1975; Kettler and Whitt,
construct a dendrogram by the unweighted means metht@B86; Basaglia, 1989; Raat al 1989).LDH-C* locus
(UPGMA). activity was not detected in the tissues (liver, muscle, heart

and eye) analyzed for the lactate dehydrogenase system.
RESULTS The absence of theDH-C* locus was also observed by
Panepuccet al (1984) in a study on lactate dehydroge-
Of the seven protein systems, 19 loci were detectedse in several species of the Anostomidae, including those
for L. friderici and 18 were detected for the other speciesf the present study (except fBr intermedius and by
All of them exhibited anode migration (Figure 1). Rennoet al (1989) in fourLeporinusspecies (including
Analysis of each isoenzymatic system of different. friderici).
tissues from one individual sample showed differential Divergences from Hardy-Weinberg equilibrium in
expression of each locus (Table II) regarding both numbigre expected genotypic frequencies may occur due to mu-
and color intensity of bands. tation, natural selection, preferential crossing, loss or gain
Of the 19 loci sampled, nine were polymorphicof migrants, genetic drift, and/or methodological errors.
PT-1*, PGM-1*and PGM-2* for the five speciefGM- Methodological errors could explain the deviations shown
3* for the thred_eporinusspeciesPT-2* for S.nasutus, mainly by the locPT-2*, PGM-1* andPGM-3*, because
IDHP-1* for L. elongatusandEST-3*, LDH-A*andLDH-  of the difficulties in electrophoretic profile interpretation.
B* for L. friderici (Table I1). The deficiency in heterozygotes for these loci may be due
The lociPT-1*andPGM-1*in S. intermediusPT-  to errors in typing. According to Crouau-Rou (1988) (Apud
2* in S.nasutus; PGM-21n S. intermediud.. elongatus Lima, 1989), many studies have shown significant levels
andL. obtusidensindPGM-3*in the thred_eporinusspe- of heterozygote deficiency in natural populations, but these
cies were not at Hardy-Weinberg genetic equilibrium, ageficiencies are usually observed in some allozymic loci
indicated by the significantly different genotypic frequenand/or in only some samples of a species, while for other
cies (P < 0.05). loci the genotypic proportions are in equilibrium.
Leporinus fridericishowed the largest proportion In the analysis of the genetic variability data, the
of polymorphic loci (P = 36.8%) arld elongatushowed proportion of polymorphic loci (P) in the five fish species
the largest expected mean heterozygosity (He = Gt14Zrom the family Anostomidae studied varied from 16.7%
0.054) (Table IV). The greatst genetic identity value (0.962) S. intermediugo 36.8% inL. friderici. These data are
was observed betwee®. intermediusand S. nasutus in agreement with the literature. Rengioal (1989) ob-
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Figure 1 - Representation of all the alleles from different loci of the seven protein systems analyzed in five species of Anostomidae.

Carboxylesterasd&ST); nonspecific protein@T); phosphoglucomutag®GM); glycerol-3-phosphate dehydrogenéSe3-PDH).
B: Isocitrate dehydrogena$dHP); lactate dehydrogenagleDH) ; malate dehydrogena@®DH). Samples: 1-Schizodon interme-

dius, 2- S. nasutus3- Leporinus friderici,4- L. elongatusand5- L. obtusidens.
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Table Il - Tissue distribution of the expression of different loci identifie@d¢hizodorintermedius, S. nasutus,
Leporinus elongatus, L. frideri@ndL. obtusidens.

Loci S. intermedius S. nasutus L. elongatus L. friderici L. obtusiden:
M L H M L H M L H M L H M L H
EST-1* + +++ o+ + +++ 4+ + +++ 4+ + +++ o+ + +++ o+
EST-2* 0 0 0 0 0 0 ++ + + ++ + + ++ + +
EST-3* + +++ o+ + +++ 4+ + +++ 4+ + +++ o+ + +++ o+
PT-1* ++ 0 0 ++ 0 0 ++ 0 0 ++ 0 0 ++ 0 0
PT-2* ++ 0 0 ++ 0 0 ++ 0 0 ++ 0 0 ++ 0 0
PGM-1* 0 ++ 0 0 ++ 0 0 ++ 0 0 ++ 0 0 ++ 0
PGM-2* ++ 0 0 ++ 0 0 ++ 0 0 ++ 0 0 ++ 0 0
PGM-3* ++ +++ ++ o+ ++ ++ o+t R+
G-3-PDH-1* ++ 0 ++ ++ 0 ++ 0 0 0 ++ 0 + 0 0 0
G-3-PDH-2* +/- +/- ++ +- +- ++ +- o+~ 4+ +- - ++ 4+ H- ++
G-3-PDH-3* ++ ++ ++ ++  ++ ++ ++ o+t ++ o+ ++ o+ +4
G-3-PDH-4* ++ ++ 0 ++ o+t 0 ++ ++ 0 ++  ++ 0 ++  ++ 0
IDHP-1* 0 +++ 0 0 +++ 0 0 +++ 0 0 +++ 0 0 +++ 0
IDHP-2* +++ 0 + +++ 0 + +++ 0 + +++ 0 + +++ 0 +
LDH-A* +++ - ++ +++  H/- ++ +++ 4~ ++ +++ H- ++ - +4
LDH-B* +/- ++ ++ +/- ++ ++ +/- ++ ++ +/- ++ + +/- ++ ++
sMDH-A* + +++ ++ + +++ ++ + +++ 4+ + +++ o+ + +++
sSMDH-B* + 0 ++ + 0 ++ + 0 ++ + 0 ++ + 0 ++
mMDH* +/- +/- ++ +- - ++ + + ++ + + ++ 4+ + ++

M = Muscle; L = liver; H = heart; +++ = the locus is strongly expressed; ++ = intermediate expression; + = low expression; +/-
expression is not always observed; 0 = the locus is not expressed.

Table 1l - Allelic frequencies of the 19 loci observedSohizodon intermedius, S. nasutus,
Leporinus elongatus, L. friderieéindL. obtusidens.

Loci Alleles S. intermedius  S. nasutus  L; friderici L. elongatus L. obtusidens
EST-1* EST-1*1 1.000 1.000 1.000 1.000 1.000
EST-2* EST-2*1 e E— E— 1.000 1.000
EST-2*2 _ _ 1.000 _ _
EST-3* EST-3*1 1.000 1.000 0.692 1.000 1.000
EST-3*2 _ _ 0.308 _ _
PT-1*1 0.604 0.375 0.375 0.400 0.333
PT-1* PT-1*2 0.396 0.625 0.625 0.440 0.528
PT-1*3 e E— E— 0.160 0.139
PT-2* PT-2*1 1.000 0.800 _ _ e
PT-2*2 e 0.200 1.000 1.000 1.000
PGM-1*1 0.526 0.750 0.800 _ _
PGM-1* PGM-1*2 0.474 0.250 0.200 e e
PGM-1*3 _ _ _ 0.667 0.818
PGM-1*4 e E— E— 0.333 0.182
PGM-2* PGM-2*1 0.820 0.750 0.700 0.700 0.615
PGM-2*2 0.180 0.250 0.300 0.300 0.385
PGM-3*1 1.000 1.000 0.313 _ _
PGM-3* PGM-3*2 _ e 0.688 0.405 _—
PGM-3*3 _ _ _ 0.595 0.882
PGM-3*4 _ o e e 0.118
G-3-PDH-1* G-3-PDH-1*1 1.000 1.000 1.000 _ _
G-3-PDH-2* G-3-PDH-2*1 1.000 1.000 1.000 1.000 1.000
G-3-PDH-3* G-3-PDH-3*1 1.000 1.000 1.000 1.000 1.000
G-3-PDH-4* G-3-PDH-4*1 1.000 1.000 1.000 1.000 1.000
IDHP-1*1 1.000 1.000 1.000 0.667 1.000
IDHP-1* IDHP-1*2 e E— E— 0.250 e
IDHP-1*3 _ _ _ 0.083 _
IDHP-2* IDHP-2*1 1.000 1.000 1.000 1.000 1.000
LDH-A* LDH-A*1 1.000 1.000 0.957 _ _
LDH-A*2 e E— 0.043 1.000 1.000
LDH-B* LDH-B*1 _ _ 0.114 _ _
LDH-B*2 1.000 1.000 0.886 1.000 1.000
sMDH-A* sSMDH-A*1 1.000 1.000 1.000 1.000 1.000
sMDH-B* sSMDH-B*1 1.000 1.000 1.000 e e
sMDH-B*2 _ _ _ 1.000 1.000
mMDH* mMDH*1 1.000 1.000 _ _ _—
mMDH*2 _ _ 1.000 1.000 1.000
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Table IV - Statistical analysis of the genetic variabilitySithizodon intermedius,
S. nasutus, Leporinus elongatus, L. fridedndL. obtusidens.

Variable  S. intermedius S. nasutus L. friderici L. elongatus L. obtusidens
L 18 18 19 18 18

N 148 22 27 57 34

NA 1.2 (0.1) 1.2 (0.1) 1.4 (0.1) 1.4 (0.2) 1.3(0.1)

_E (0.99) 16.7 22.2 36.8 27.8 22.2

Ho 0.027 (0.015) 0.055 (0.031) 0.109 (0.042) 0.075 (0.036) 0.056 (0]036)
He 0.072 (0.038) 0.092 (0.040) 0.132 (0.046) 0.142 (0.054) 0.090 (0{042)

L = Number of loci shown; N = number of individuals analyzed; NA = mean number of alleles per
locus; P = proportion of polymorphic loci; Ho and He = mean heterozygosity observed and expected
(Nei, 1972), respectively; standard deviation given in parentheses.

Table V - Nei's (1972) genetic distance (below diagonal) and genetic identity (above) among
Schizodon intermedius, S. nasutus, Leporinus friderici, L. elongatlis. obtusidens.

Species S. intermedius ~ S. nasutus L. friderici L. elongatus L. obtusidens

S. intermedius —_— 0.962 0.749 0.568 0.570

S. nasutus 0.038 _ 0.787 0.581 0.588

L. friderici 0.251 0.213 —_— 0.676 0.671

L. elongatus 0.432 0.419 0.324 —_— 0.949

L. obtusidens 0.430 0.412 0.329 0.051 _
Distance

0.60 0.50 0.40 0.30 0.20 0.10 0.00

S. intermedius

]

S. nasutus
L. friderici

|— L. elongatus

—

L. obtusidens

0.60 0.50 0.40 0.30 0.20 0.10 0.00

Figure 2 - Dendrogram obtained by the UPGMA method for genetic distance (Nei, 1972) for the five species of Anostomidae.

served a P value of 33% forfriderici collected in French mean heterozygosity observed in the present study varied
Guiana. Nevo (1978) estimated from data in the literatufem 0.027 + 0.015 in Sntermediusto 0.109 £ 0.042 in
amean P value of 15.2%, for 51 species of Teleostei. Stud4{riderici, and the corresponding expected values ranged
ies carried out in fish species from Brazilian rivers show ffom 0.072 + 0.038 ii$. intermediugo 0.142 + 0.054 in
values with a wide range of variation: Zawadzki (1996). elongatusThe He values for Neotropic fish vary from
found values from 11.45 to 19.23% in three species of thel% in Hypostomus derbyia sedentary species
genusHypostomuglguacu River); Revaldavetal.(1997) (Zawadzki, 1996), to 13.2% iRrochilodus lineatus
observed 33.3% foProchilodus lineatugParana River) (Revaldave®t al, 1997). Rennet al (1989) estimated
and Almeida and Sodré (1998) observed values from 6.6l¢ at 12% forl.. friderici. Thus, the values observed in
to 20% in threePimelodidaespecies (Tibagi River). the five species of Anostomidae do not diverge signifi-
Wardet al. (1992) estimted an He value of 0.051 cantly from those observed in other fish species. The varia-
for about 150 marine and fresh water fish species. Thien in the values, according to Lewontin (1974) and Nei
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(1978), could be due to the fact that He isalyeaffected than those observed f&. intermediusa species appar-

by the choice and number of loci analyzed. ently restricted to a single locality on the Tibagi River.
S. intermediusvas the species, among those ana-

lyzed, with the lowest P and Ho values (Table IV). The ACKNOWLEDGMENTS

fish fauna survey carried out by Bennemahal. (1995)

at five locations on the Tibagi River shows tRatinter- The authors would like to thank Dr. Oscar Akio Shibatta

mediusspecimens were present only in Sertandpalis. and the biologist Mario Luis Orsi, from the Departamento de
friderici andL. elongatusith Ho values 10.9 and 7.5%, Biologia Animal e Vegetal of Universidade Estadual de Londrina,
respectively, could be found at Sapopema, Londrina am the identification and collection of the specimens. We also

Sertanépolis (Bennemaret al, 1995). According to wish to thank Consércio Intermunicipal para a Recuperagédo da

Bacia do Rio Tibagi (Intermunicipal Partnership for the Recu-

Zimmerman (1987), high heterozygosity levels and pol yeration of the Tibagi River Basin), Klabin Fabricadora de Papel

morphism may be expected for fish species which are distejyiose (Klabin Paper and Cellulose Factory), CNPq, and

persed among several places in one river. The suggesiiffiversidade Estadual de Londrina for financial support received
of a large population would also decrease the probabilify the execution of this study.

of inbreeding.

Thorpe (1982), using data available in the litera- RESUMO
ture, established a distribution index for the genetic iden-
tity frequencies of Nei (1972) for genetic divergence esti- A variabilidade genética de 5 espécies da familia

mates among conspecific populations (0.95 to 1.0), amoAgostomidae pertencentes aos géné&ocisizodon(S. interme-
species of the same genus (0.35 to 0.85) and among gtins e S. nasutuse Leporinus(L. friderici, L. elongatuse L.

era of the same family (0.0 to 0.60). According to thigbtusidenscoletadas em uma localidade do rio Tibagi (Parana,
index, the values of identity obtained for friderici, L. Brasil) foi analisada comparativamente utilizando dados protéicos

elongatusandL. obtusidengTable V) show that they may de 7 sistemas que codificam 19 locos no figado, musculo e

be considered genetically distinct biological species of ti§8r2g30- Dos locos identificados, 9 sao polimorficos, com valores
estimados de proporgédo de locos polimérficos (P) que variaram

same genus. The values obtalne(_:l betvézentermedius de 16.7% en®. intermediua 36.85% en. friderici, e a heterozi-
ands. nasutusompared with.. obtusidensindL. elongatus  gosigade média observada (Ho) foi de 0.82¥015 e 0.10%

(Table V) are irthe identity interval for species of the geng.042, nessas mesmas espécies. O valor estimado de identidade
era of one family. Although the identity values betwBen genética (1) entrk. friderici eS. intermediug0.749) €S. nasutus
intermediusand S. nasutug0.962) and between L. (0.787) sugere que estas sédo espécies congenéricas. As caracte-
elongatusandL. obtusideng0.949) are at the limit of the risticas morfologicas determinam que estas espécies pertencem
Thorpe’s index for conspecific populations, the morpholog# gépgros distintos, no entanto os dados de ifientida}dg e distéqcia
cal characteristics make it clear that they are distinct sysnética obtidos demonstram que essas trés especies, no nivel
cies (Géry, 1977; Shibatta, O.A., personal communicatioﬁﬁ”enco'b'oq“'m'cov tém uma maior similaridade.

The estimated identity value betwelenfriderici and S.
intermediusandS. nasutugTable V) corresponds to the
value fo_r conge_ngric species; however, they are c!assified eida, F.S.andSodré, L.M.K. (1998). Analysis of the protein variabil-

as species of dIStht, genera, and at the genetlc'bloc_heﬁml it;} in 3-species of Pi.mélc;didae (bstariophysi - Siluriformesnet.

cal level, these species share a great number of loci. The wmol. Biol. 21 487-492.

dendrogram constructed (Figure 2) from the D valu&ssaglia, F.(1989). Some aspects of isozymes of lactate dehydrogenase,
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