N

N

Evidence for genetic isolation among four morphological
species of Leporinus (Anostomidae, Pisces) in French
Guiana
J.F. Renno, René R. Guyomard, Thierry Boujard, Charles Bastide

» To cite this version:

J.F. Renno, René R. Guyomard, Thierry Boujard, Charles Bastide. Evidence for genetic isolation
among four morphological species of Leporinus (Anostomidae, Pisces) in French Guiana. Aquatic
Living Resources, 1989, 2, pp.127-134. hal-02718910

HAL Id: hal-02718910
https://hal.inrae.fr /hal-02718910

Submitted on 1 Jun 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://hal.inrae.fr/hal-02718910
https://hal.archives-ouvertes.fr

Aquat. Liting Resour,, 1989, 2, 127-134

Evidence for genetic isolation among four fnorphological
species of Leporinus (Anostomidae, Pisces) in French Guiana

Jean-Francois Renno‘?, René Guyomard®, Thierry Boujard ¥ and Christine Bastide (")

MY USTL/INRA Laboratoire & Hydrobiologie, BP 709, 97387 Kourou, Guyane Frangaise.
D INRA|CRJJ Laboratoire de Génétique des poissons, 78350 Jouy-en-Josas, France.

Received March 28, 188; accepted February 15, 1989,

Renno J.-F., R. Guyomard, T. Boujard, C. Bastide. Aquat. Living Resour., 1989, 2, 127-134.

Abstract Genetic differentiation was studied among Leporinus friderici, L. granti, L. lebaili and L. affinis

Résumé

steyermarki, neotropical fish of the anostomid family found in French Guiana, using starch-gel protein
electrophoresis. Fifteen enzymatic proteins representing twenty loci have been screened. This revealed
marked genetic differences between these specics, which are hardly morphologically discernable and
indicates they are reproductively isolated. Diagnostic loci for unequivocal species identification have
been found and will allow establishment of pure breeding stocks for planned aquaculture of Leporinus
species.

Keywords : South America, French Guiana, anostomid (ish, biochemical genctics.

Mise en évidence de l'isolement génétique entre quatre espéces morphologiques de Leporinus (Anostomi-
dae, Pisces) en Guyane frangaise.

La différenciation génétique a é€té étudiée entre Leporinus friderici, L. granti, L. lebaili et L. affinis
steyermarki, poissons néotropicaux de la famille des Anostomidés trouvés en Guyane frangaise, en
utilisant la technique d'électrophorése de protéines sur gel d’amidon. Quinze systémes enzymatiques
correspondant & vingt locus ont été analysés. Des différences génétiques prononcées entre ces espéces
morphologiquement peu discernables, indiquent qu’elles sont reproductivement isolées. Des locus,
diagnostiques pour unc identification sans équivoque des espéces, ont été trouvés ct permettront
I'établissement de souches d'élevage pures pour développer 'aquaculture des espéces de Leporinus.

Mots-clés : Amérique du Sud, Guyane, poissons Anostomidés, génétique biochimique.

INTRODUCTION

In the neotropical region approximately 2000 spec-
cies of freshwater fish have been deseribed, based on
their morphology (Géry, 1969). The genus Leporinus,
represented by 70 species, is widely distributed in
South America (Garavello, 1979). Leporinus friderici
is thought to occur naturally in the Amazon, Parana
(Nomura, 1984) and Orinoco (Mago-Leccia, 1970)
river basins and in the rivers of the Guyana shield.

Aquat. Living Resour. 89,03 1278 $ 2.80,© IFREMER - Gauthier-Villars

In French Guiana, L. friderici is integrated in a taxo-
nomic complex that Géry (1977) described as “the
worst chincse puzzles of characoides systematic™ and
to which belongs L. granti, L. lebaili (Géry and Plan-
quette, 1983) and L. affinis steyermarki, a new species.
Juveniles of these species have similar morphologies
and markings and are difficult to distinguish. While
the adult fish differ in colouration and in some mor-
phomeristic characters, their correct identification can
also be difficult.
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Figure 1. — Sampling points in French Guiana of the four studied species.

Among the aquacultural potential of freshwater fish
in French Guiana, L. friderici has been selected for
experimental breeding on the basis of biological criteria
(Planquctte and Rojas-Beltran, 1981; Boujard et al.,
1988). Establishing a reproductive stock from natural
populations requires knowledge of the biological status
of the specics and its population structure. The artificial
mixture of genetically different populations, or of dif-
ferent species, may lead to the appearance of undesirable
phenomena such as segregation, hypofertility and the
premature death of embryos. Identification of geneti-
cally based biochemical differences among species of
Leporinus complex would clarify the status of a specics
in a species-complex.

The present study analyses genetic differences
among L. friderici, L. granti, L. lebaili and L. aff.

steyermarki from French Guiana, using protcin
clectrophoresis to verify their reproductive isolation
and identify diagnostic genetic variants for species
identification.

MATERIALS AND METHODS

Samples

The samples were collected between January and
June 1987, and always at the same location on the
Mana and Iracoubo rivers. Adult fish were taken
with 30-60mm mesh trammel nets, while juveniles
were obtained by poisoning, introducing Rotenone

Aquat. Living Resour,
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Table 1. — Enzymatic systems and corresponding migration buffers. A: morpholine-citrate buffer (MC2), after Clayton et Tretiak (1972).
B: tris{hydroxymethyl)-aminocthane 0.1 M ajusted to pH 7.4 with Nal,PO,. C: discontinued buffer tris-citrate-borate (RID), after Ridway
et al. (1970). The molecular structure (monomeric, dimeric or tetrameric) is deduced from the phenotype of the heterozygote, (*) according

to Allendorf et al. (1977). (m): muscle, (I): liver.

Enzymatic systems Loci Buf. “Zygote™ Bands Molecule Comments
Aspartate aminotransferase Aat-1 (m) A homo. 1 dimeric*
Aat-2 () A homo. 1 dimeric*
Alphaglycerophosphate dehydrogenase Agp B homo. 4 dimeric* phenotypic
interpretation
Adenylate kinase Ak (m) A homo. 1 monomeric*
Creatine phospho kinase Cpk (m) C homo. 1 dimeric*
Esterase Est (m) C homo. 1 monomeric
hetero. I
Fumarase Fum (m) A homo. 2 tetrameric 2 times
hetero. 10 5 merged bands
Isocitrate dehydrogenase 1dh-1 (m) B homo. 1 dimeric
hetero. 3
1dh-2 (1) A homo. 1 dimeric
hetero. 3
Lactate dehydrogenase Ldh-1 (m) A homo. 1 tetrameric*
Ldh-2 () A homo. i tetrameric
hetero. 5
Malate dehydrogenase Mdh-1 () A homo. 2 dimeric* merged bands
Mdh-2 (m) A homo. 1 dimeric*
Malic enzyme Me-1 () A homo. { tetrameric
hetero. 5 merged bands
Me-2 (m) A homo. { tetrameric
hetero. 5 merged bands
6 Phosphogluconate dehydrogenase GPgdh (1) A homo. 1 dimeric
hetero. 3
Phosphoglucose isomerase Pgi-1 (m) C homo. 1 dimeric
hetero. 3
Pgi-2 (1) C homo. 1 dimeric
hetero. 3
Phosphoglucomutasc Pgm (m) C homo. 1 monomeric
hetero. 1
Phosphomannose isomerase Pmi (m) B homo. 1 monomeric*
Superoxide dismutase Sod () C homo. i dimeric
hetero. 3

into small streams. This protocol was adapted from
Boujard and Rojas-Beltran (1988). L. friderici was
captured along with L. granti, L. lebaili in the Mana
river and along with L. aff. steyermarki in the Irac-
oubo river ( fig. 1).

Fish were identified according to the keys estab-
lished by Géry (1977) and Le¢ Bail et al. (1984);
labelled according to the nomenclature of Géry et al.
(1988). The morphomeristic characters, the number
of scales along the maximum vertical, longitudinal
axes, around the caudal peduncle and colouration
(distribution of black and rcd marks), have proved
to be the most useful. Around thirty morphomeristic
data were taken for cach specimen for future study.
In uncertain cases, the specimens were preserved in
70%, alcohol for re-examination after removal of
tissue for electrophoretic analyses.

Gencetic analysis

Starch-gel electrophoresis of muscle and liver tissue
was cmployed to cxamine enzymatic variability. The
tissuc samples were removed from each fish, preserved
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in liquid nitrogen and then were transferred to the
laboratory and stored at —40°C.

After thawing, the samples were homogenized in
an equal volume of Tris/fEDTA buffer (pH 6.8). The
muscle homogenate was then centrifuged at 5000 g
for 30 minutecs, while the liver was first mixed with
an equal volume of carbon tetrachloride, considerably
improving the enzyme migration and the pattern defi-
nition. The supernatant can be frozen for storage
without subsequent alteration. The samples were then
processed by routine electrophoresis.

The enzyme cxamined and the corresponding buf-
fers used are presented in table 1. Gels were developed
according to Guyomard and Krieg (1983) and Pasteur
et al. (1987). The nomenclature used to denote the
locus and alleles is that proposed by Allendorf and
Utter (1979) and May et al. (1979). The clectro-
morphs, indicating alleles and characteristic of cach
system, are numbered in order of increasing electro-
phoretic mobility. Leporinus friderici from the Irac-
oubo river is considered as the reference population.
The most frequent alleles at each locus of this popula-
tion were arbitrarily designated as 100. The other
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Table 2, — The allelic frequences and between parentheses the number of the observed allele in the samples of L. friderici from the Iracoubo
(FI) and the Mana (FM) rivers, L. granti from the Mana (GM) river, L. lebaili from the Mana (LM) river and L. aff. steyermarki from

Iracoubo (SI) river.

Loci Al. FI FM GM LM SI

Loci Al. FI FM GM LM sI

Aat-1 090 0 0 1 1 0
100 1 1 0 0 1
(80) (1200 (26) (16) (18)

Aa12 100 1 1 | 1 1
(200 (162 (24 (16) (2
Agp 0 0 0 0 0 1

100 1 1 1 1 0
(62) (202) (26) (10) (18)

Ak 100 1 1 1 1 1
80) (172) (28) (200 (18)

Ck 100 1 1 1 1 1
(80) (194) (28) (200 (18)

Est 080 0 0 0.04 0 0

09 0 0 08 1 0

095 010 003 014 0 0

100 090 097 0O 0 1
(76) (166) (28) (200 (18)

Fum 080 0 0 1 1 0

Idh-1 000 0 0 0 0 0.62

Idh-2 025 008 002 0 0 0
050 0 002 033 0 0

150 004 002 O 0 0

Ldh-1 100 I 1 1 0.90 0
110 0 0 0 0 1
175 0 0 0 0.10 0

Ldh-2 100 1 1 1 0.95 0
130 0 0 0 0.05 1

Mdh-1 000 0 0 0 020 O
100 1 1 1 0.80 1
(80) (224) (28) (20) (18)

Mdh-2 080 0 0 1 1 0
100 1 1 0 0 1
(80) (206)
Me-1 100 078 0.77 1 I 0
200 0 0 0 0 1
300 022 0.23 0 0 0
(50) (214 () (200 (1®)

Me-2 100 1 1 ? ? 0.19
110 0 0 ? ? 0.81
(80) (220 (16)

Gpgdh 00 0 O O O 080
075 0 0 018 0 0
085 051 038 059 09 020

10 0 ©0 005 0 0
(8 (168 (22 (200 (10)

Pgi-1 000 024 034 0 0.55 0
100 0.66 0.57 1 0.05 0.94
200 010 0.09 0 0.40 0

300 0 0 0 0 0.06
(80) (224 (28) (20) (16)
Pgi-2 095 0.08 0.00 0 0.65 0

100 091 099 096 035 1
110 001 001 004 0 0
(76) (224) (28) (200 (18)

Pgm 065 003 0.04 0 0 0
0380 034 0.52 0 0 0
100 0.64 045 096 1 1

110 0 0 0.04 0 0
(80) (2200 (28) (16) (1%)
Pmi 080 007 O 0 0 0

100 093 1 0 1 1
125 0 0 1 0 0
(28) (2249) (28) (200 (19)

Sod 060 0 0 0 0 022
09 0 004 1 0 072

1000 1 09 0 1 006

(76) (184) (28) (20) (18)

alleles are given according to their relative positions
after migration.

RESULTS

Twenty one putative loci common to the four spe-
cies were examined. No difference in genctic determi-
nism of the species examined was found in the 15
systems studied (table1). For aGpdh several bands
appear consistently without intraspecific polymor-
phism. No reference showing several loci in muscle is
known in fish, this zymogramme is considered to be
a phenotype, without any genctic interpretation.

The allelic frequencics are given in table 2 and all
the alleles obtained of the four species are represented
in figure 2. In each species population, the Hardy-
Weinberg equilibrium among genotype frequencies is
found for each locus, indicating that the population
in cach case is likely to be panmictic.

The loci for which one or more alleles exist, and
of which the total frequencies equal 1 in one group
and O in another (alternative alleles), are considered
as the diagnostic loci of the spccics. The proportion
of diagnostic loci among those loci studied and which
loci are diagnostic for separating cach specics from
the others are given in table 3.

Aquat. Living Resour.



Genetic isolation between 4 species of Leporinus, French Guiana

131

+* \_ Aat.d * hon.2
- - - o
-
- -—— —
- -
\ L] - -
— — -— -—
- Aat.2 R (RELELECEED ...-.‘ ...............
—-— -~ - —
* L}
\— 3 - - " -
= = = -
- p—1 b=t =
= - = = + Me
[
B gl o fo o STN ET T TR RS apppaepup | :—: -------
*
(ean \——. - - -
\ - =
- - — —
*
 J —_—1 -
-— = - - -
-—
- X -
\- L - —
A3
+ bg12
[ . @
+ \.-:s—.:.= = .—n.-—! ==
3 -—
- — -—
- = ——— —
- . -
—— -— —
- -—
Tst - - bgal-
+
. » -—
-—— - -— —
-— e
-—
3
\-— - - T —
— - -— -
. . "
*
\— -— - - - N -
L -— — -
T —
*
\ -—
-— - - -
- -
- - | —
— * N R
[y o =3 =2
- . = £ = =
*
\ " l. l -
- 1 an} —
+*
V. —
\— - g - Sod
A n C D
Lansg
-

Figure 2. — Representation of all the alleles from different loci, from the four species, placed in the following order: L. friderici (A),
L. granti (B), L. lebaili (C), L. aff. steyermarki (D). The alleles labelled 100 are indicated by an arrow, the heterozygotic phenotypes are

indicated by a star (all are not represented).

The genetic variability in each population species
is estimated by the proportion of polymorphic loci
(P) and by the rates of heterozygosity observed (H)
which indicates the mean [requency of heterozygotes
in a population. A locus is considered as polymorphic
in a population when the common allele has a fre-
quency lower than 0.95. Among the four specics (P)

Vot 2, n° 3 - 1989

varies from 0.21 (L. granti) to 0.33 (L. friderici, Irac-
oubo) and (H) from 0.08 (L. granti) to 0.12 (L.
Sriderici, Iracoubo) (table 3).

The Nei genetic distances (1971) between each spe-
cies arc always greater than 0.201, while it is only
0.004 between the two L. friderici populations ( fig. 3
and table 4).
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Table 3, — Diagnostic loci for separating each species from the others, and percentage. In each species, P- proportion of polymorphic loci
(a locus is considered polymorphic when the incidence of the most frequently occurring allcle is less than 0.95), H: mean heterozygosity

observed in a population (I: Iracoubo river, M: Mana river).

L. lebaili L. aff. steyermarki L. granti
Aat-1 Agp Aat-1
L. friderici Est Ldh-1 Fum
Fum Ldh-2 Mdh-2
(N H=0.12 P=0.33 Mdh-2 Me-1 Pmi
(M) I1=0.11 P=0.29 20% 19% 20%%
Pmi Aat-1 Ldh-2
L. granti Sod Agp Mdh-2
Est Me-1{
H=0.08 Fum Pmi
P=0.21 10%  Ldh-1 45%
Aat-1 Me-1
L. aff. steyermarki Agp Ldh-1
Est
11=0.12 Fum
P=0.27 Mdh-2 35%
L. lebaili
H=0.11
P=0.26
L. friderici (1)
L & friderici (M)
L. grant(
L. lebaili
L. aff, steyermarki
0.60 050 = 040 o.do 020 0.10 0

Figure 3. — The dendrogram (UPGMA) deduced from the Nei genetic distances between the four species.

Table 4. — Nei genctic distances between the species; L. friderici
from the Iracoubo (FI) and the Mana (FM) rivers, L. granti from
the Mana (GM) river, L. lebaili from the Mana (LM) river and
L. aff, steyermarki from Iracoubo (S1) river,

M FI SM GM LM

FM 0 0.004 0.432 0436 0373
1 0 0.423 0411 0348
SM 0 0.742  0.860
GM 0 0.201
LM 0
DISCUSSION

The presence of loci with alternative allele, among
sympatric populations of L. friderici, L. lebaili, and
L. granti from the Mana river, and L. friderici L.,

aff, steyermarki from the Iracoubo river is demonstra-
ted. Loci with alternative alleles within two popula-
tions, show that there is not any heterozygote result-
ing from an hybridation. In nature this clearly proves
the existence of an isolation in the reproduction. If
two populations arc both in sympatry and have alter-
native alleles, it means they belong to two biological
species (Mayr, 1974). Loci with alternative alleles
can be used to identify the species they characterize
(diagnostic loci). L. aff, steyermarki was not able to
be studied in sympatry with L. granti and L. lebaili.
However, its reproductive isolation is indicated by
the large number of diagnostic loci obscrved and by
the large genetic distances which separate it from the
other species. The four species studicd are thus true
biological species.

Cytogenetic analysis has been used by Galetti et al.
(1984) 1o characterize cight species of Anostomidae.

Aquat. Living Resour,
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The slight differences in karyotype found among spe-
cics belonging to threc genera of anostomid fish,
including L. friderici, indicate an evolution of the
karyotype where the number and morphology of the
chromosomes is conserved (Galetti et al., 1981). In
contrast, the present results reveal well marked inter-
specific genelic differences with protein loci. Never-
theless a strong chromosomic polymorphism, both
inter and intraspecific, has been observed in scveral
different groups of ncotropical fishes (Foresti et al.,
1984; Scheell et al., 1971).

Given the reproductive isolation of the lour species,
breeding stocks, starting from genitors caught from
the studied geographic zone, can be established
without the risk of introducing wild hybrids or using
misidentified species. The management of populations
crossing within the same specics, or of interspecilic
hybridations, should be done taking in considcration
genetic markers of crossed forms in order to identify
the exact genctic characteristics of fry obtained during
the successive generations. The uscfulness of isozyme

and protcin markers in identifying species and their
hybrids was demonstrated by Macaranas et al. (1986)
with tilapia.

The genetic variability represents the potentialities
that could be revealed under various culture condi-
tions (Chourrout et al., 1986). In cold water finfish,
for 34 loci studied the average heterozygosity among
twenty populations of masu salmon (Oncorhynchus
masou) was 0.05 (Okasaki, 1986), and the average
heterozygosity among 6 populations of brown trout
(Salmo trutta) was 0.09 (Guyomard and Krieg, 1983).
In L. friderici, thc mean genetic variability intrapopul-
ation reach 0.12 (Iracoubo population) and thus
allows us to consider a genetic improvement pro-
gramme, However, a genetic study of an higher num-
ber of populations of L. friderici would cnable us to
appreciate the interpopulation genetic variability and
thus to rcoricntate or raise the polymorphism of
breeding stocks. This would be by the addition of
spawners  from  nature, possessing new  genetic
markers, or those which have disappeared during the
breeding process.
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