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ABSTRACT
Considering the difficulties in the identification of tilapia species, electrophoretic analyses of enzymes and proteins
enable aquaculturists to distinguish among species throughout the world. In the present study, we used a reliable
method independent of the morphological characteristics to study the phenotype of the transgenic line of
supertilopia 1G-91/03F70. The results support the previous morphological, meristic and DNA studies, where the
1G-91/03F70 tilapia line showed high correlations with Oreochromis hornorum and suggested other experiments
to analyze a possible genetic input from O. niloticus. Genetic variation was observed at 26 loci among the
supertilapia 1G-91/03F70 population.

Key words: tilapia, isoenzymes, electrophoretic markers

Biotecnologia Aplicada 1998;15:149-153

RESUMEN
Las dificultades para la identificacién de las distintas especies de tilapias existentes en el mundo, son resueltas
por los acuiculturistas mediante los andlisis de los patrones electroforéticos de enzimas y proteinas. En el presente
estudio se utiliza un método confiable independiente de las caracteristicas morfolégicas, para conocer la natura-
leza de la linea de tilapias transgénicas 1G-91/03F70. Los resultados obtenidos apoyan los encontrados previa-
mente en los estudios morfoldgicos, meristicos y de ADN, donde la linea supertilapia 1G-91/03F70 mostré alta
correlacién con la especie de tilapia Oreochromis hornorum y sugiere otros experimentos para aclarar el posible
aporte génico de la especie O. niloticus. Se observé una variacién genética en 26 loci entre la poblacién de la

linea supertilapia 1G-91/03F70.

Introduction

Aquaculture is one of the highly perspective ways of
improving the protein balance in human feeding. In our
country. hundreds of small reservoirs were constructed
in which diverse fish species may be cultured (). The
species of high commercial value cultivated in Cuba
were introduced in the country because there were no
rapid growing native species with good reproductive
performance. Among the species introduced. one of the
largest populations was that of tilapia (2).

Several introductions have taken place in Cuba
since the “60s. with the tarming of certain species (7.
rendalli. Oreochromis mossambicus, O. anreus and
O niloticus). In 1979, two hybrids of tilapia known
as “red tilapia” and “golden perch™ were introduced
from the Philippines. More recently. the O. horno-
rum was introduced (3).

The expansion of intensive cultures and mainly of
tilapias (Oreochromis spp.) has underlined the need
of using different methods for controlling reproduc-
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tion and attaining high yiclds. The main ones are:
manual sex sclection, sexual reversion using steroids
and hybridization. The latter, either naturally, or di-
rected by man, has widely propitiated the contami-
nation of cultured stocks.

The development of molecular biology and bio-
technology has offered new methods to increase
vields in aquaculture. Gene transfer, particularly that
related with growth, has produced increases in size
and weight of transgenic tilapia (4). The use of this
technology in our country has enabled the production
of a tilapia line which is known as the line of Super-
tilapia 1G-91/03F70 (4). This line shows improved
weight gain and a genetic background of hybrid spe-
cies which have not been totally characterized.

Several authors have demonstrated the use of
electrophoretic methods for the identification of ti-
lapia specics and have reported diagnostic loci for
certain species of this group (5-8).

149

1. Gonzalez MA Policultivo de peces en
micropresas: una opcién para elevar la
eficiencia piscicolo. Bolstin de Acuicul-
tura 1989,2(6):1

2. Aguilar M, Diaz G, Arboleya Z, Ben-
como |. Acuicultura: La Revolucién azul
1995:23

3. Camacho A, Rivalta V, Villaescusa A,
Caballere R Las isoenzimos en el estu-
dio de tilapia y géneros afines existentes
en Cuba, | Caracteristicas electroforéti-
cas de seis sistemas proteinicos. Ciencias
Biologicas 1984,12.11.26.

4. Martinez R, Estrada MP, Berlange J,
Guillén |, Hernandez O, Cabrera E et ol
Growth enhancement in transgenic fi-
lopic by ectopic expression of tilapia
growth hormone. Molecular Marine Biol-
ogy and Biotechnology 1996,5(1):62-70

5. McAndrew BJ, Majumdar KC. Tilapia
stock identification using electrophorstic
markers. Aquaculture 1983,30:249-261



Reynold Morales et al.

Genetic background of 1G-91/03F70 supertilapias

In this paper we complete the information on the
genetic background of the line of Supertilapia in-
cluding, besides the results of the morphometric
studies and DNA analyses (9). the characterization of
the electrophoretic patterns of several enzymes and
proteins and the degree of genetic variability as well
as its comparison with the reports from the literature.
The results obtained support the hypothesis stated in
previous studies by Morales er a/ (9), where we pro-
pase a large genetic contribution of the O. hornorum
to this transgenic tilapia line. Other results do not
allow to discard the genetic contribution of the O.
nilotipus to the hybrid that constitutes the line of Su-
pertilapia 1G-91/03F70.

Materials and Methods

This study was performed with 20 non-sexed young
fish of the Supertilapia line IG-91/03F70 randomly
captured at the Guanimar experimental station in

Havana province, Cuba. The enzymatic allelic varia-
tion was examined for 26 protein loci corresponding
to 7 enzymes and 2 other proteins.

After their extraction, the samples were stored at
20 °C. The cold macerated protein extracts from the
liver, white muscle, eyes, blood and plasma were
prepared in a 1.2 ratio (weight:volume) in a Tris
phosphate buffer solution (0.06-0.03 mol/L, pH 7)
(10). The samples were submitted to a vertical elec-
trophoresis according to Davis (11), using polyacry-
lamide gels that varied according to the system under
study (Table 1). The ¢lectrophoresis were performed
with Tris-lysine buffer (0.005-0.042 mol/L, pH 8.3},
in a Truveller and Nefyodov equipment (12).

The gels were incubated with specific stains for
the development of enzymatic activity according to
Shaw and Prassad (13).

Gene frequencies and the Hardy Weinberg genetic
equilibrium for the polymorphic system, comparing
the observed and expected phenotypes by a chi

Table 1. Enzymatic systems and loci studied in different tissues of the supertilapia line

1G-91/03F70.

Classification number
of the enzyme

Enzymes
and proteins

% gel*

Locus Alleles Tissues

LDH

1.1.1.27 5.0

LDH-1
LDH-2
LDH-3

Eye, plasm

MDH

1.1.1.37 7.0

MDH-1
MDH-2
MDH-3

Muscle, liver

G6PDH

1.1.1.49 7.5

|l a ajg o a

G6PDH

SOD

1.15.1.1 7.0

Liver

SOD a, b

2.6.1.1 6.0

AAT-1

a

Est 3.1.1.- 7.5

Est-1
Est-2
Est-3 a
Est-4
Est-5 a,
Est-6
Est-7
Est-8

Muscle

(2]

AP 3.1.3.1

7.5

AP Liver

Hb - 5.0

Hb Blood

MP s

7.0

MP-1
MP-2
MP-3
MP-4
MP-5
MP-6 a

a alo|le|la e a o

o a0
oo o

Muscle

*The samples were subjected to vertical electrophoresis according to Davis {11), using pelyacrylamide gels.
LDH: lactate dehidrogenase, MDH: malate dehidrogenase, G6PDH: glucose-6-phosphate dehidrogenase, SOD: superoxide
dismutase, AAT: aspartate amino transferase, Est: esterase, AP: alkaline phosphatase, Hb: hemoglobin, MP: muscle protein.
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square test for polymorphic systems, were deter-
mined, as well as the observed and expected hetero-
zygocity, the percentage of polymorphic loci and the
number of alleles/locus.

Results and Discussion

The enzymes and proteins studied with reproducible
and clear allelic expressions are shown in Figure |
and Table 1. In the case of systems with more than
one locus. the fastest one was designated with the
number 1. In the case of polymorphic systems, the
alleles were named with a small letter starting by "a"
for that of the greatest mobility. All bands analyzed
migrated towards the anode.

Of the 26 loci analyzed. 19 were monomorphic,
which corresponded to the lactate, malate and glu-
cose-6-phosphate dechydrogenases. aspartate amino
transferase. alkaline phosphatase and esterase en-
zymes. The hemoglobin and certain total protein
bands of the muscle also showed to be monomor-
phic. The lactate dehydrogenase enzyme had three
loci (Figure LA, Table 1), the most anodal one, char-
acleristic of the cye. was also present in the plasma.
A similar number of loci have been reported in the
literature for representatives ot the tilapines (5, 6, 8).

Three loci were identified in the malate dehydro-
genase enzyme (Figure 1B. Table I). all monomor-
phic. McAndrew and Majundar (5) found for the
majority of the species. a pattern of 5 bands and a

(5). Also, other authors have reported three loci for
this enzyme in different specics among which are O,
niloticus and Q. mossambicus (3, 6). Sodsuk and
McAndrew (5, 8) have reported only 2 loci for this
enzyme.

The fact that the pattern obtained in the line of
Supertilapias 1G-91/03F70 for the malate dchydro-
genase, agrees with that reported for O niloticus and
that, on the other hand, the electrophoretic behavior
of the glucose-6-phosphate dehydrogenasc with only
one locus (Table 1) agrees with that reported by
Macaranas et af (6) in populations of O. niloticus and
(). mossambicus, leads to the idea that the line stud-
ied carriecs O niloticus genes. Alternanively, the
pattern of . hornorum tor these enzymes (which has
not been reported), could be similar to the patern de-
scribed for O. niloticus.

The aspartate amino transferase showed an clee-
trophoretic pattern of 2 loci. The most anodal one
was present in the muscle and the one with the lcast
mobility was found in the liver (Table 1). The dis-
tribution of the loci in tissues differed from the re-
sults obtained by Macaranas et al (6), which can be
attributed to the use of different experimental sys-
tems in these two studics.

The alkaline phosphatase presented a poorly ac-
tive locus that may agree with the acid phophatase
reported by Sodsuk and McAnrew (8). The change in
pH in the staining may be the cause of the low activ-
ity found for this enzyme in the present study.
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crilamida. Inf Cient de la Esc Sup Cienc

Bicl 1974,9 137-140
13. Shaw CR, Prasad R Starch Gel Elac-
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recipes. Biochemical Genetics 19704
297-320

A complex pattern of bands were found in the cs-
terases, that were clearly interpreted as 8 loci, five of
which were monomorphic (Figure ). Other authors
(5. 6. 8) only report 2 or 3 systems of esterases in ti-
lapia species. possibly due to the resolution of the
electrophoretic support they use which does not al-
low the clear detection of the rest.
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Figure 1. Electrophoresis on polyacrylamide gels of 6 pro-
teins of the supertilapia line 1G-91/03F70. In all cases the
anode is found at the lower part of the gel. A: lactate dehi-
drogenase (LDH).

Figure 1. B: superoxide dismutase {SOD) and malate dehi-
drogenase (MDH,).
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Figure 1. C: white muscle esterase (Est).

The clectrophoretic pattern for hemoplobin was of

4 bands. which agrees with that reported by
Camacho et af for O. horviorum and O. mossambicus
(Figure 113) (3). These authors found a different dis-
tribution of bands for the 2 species mentioned. with
the pattern of the line of Supertilapia 1G-91/03F70
agrecing with that published for O. hornorum.

Three of the systems detected with general protein
staining in the white muscle were monomeorphic and
the gencral pattern obtained largely corresponded
with that reported by Camacho (3) for tilapia rendali,
golden perch. O, hornorum. red tilapia. Q. aureus
and €. mossumbicus. Uribe ef al reported in 1989 a
similar pattern for the species Q. mossambicus, O,
hornorum and their hvbrids (14).

The other 7 loci obtained with the superoxide
dismutase and esterase enzymes and with the total
proteing of the muscle showed a polymorphic be-
havior. In all cascs. comparing the phenotypes ob-
served with those expected according to the Hardy-

Weinberg law, the differences were non significant,
thereby confirming the genetic interpretation given
to the behavior of these loci.

The superoxide dismutase had anly one locus (Fig-
ure 1B) on the same gel as the malate dehydrogenase.
This locus showed 'the greatest heterozygocity of all
the polymorphic loci. In general, this result was simi-
lar to that published by other authors (3. 5, 8).

The three esterase polymorphic Joci identified as
Est-2, Est-4 and Est-5 presented 2 and 3 alleles and
their {requencies are shown in Table 2, The esterase
polymorphic loci were reported by McAndrew and
Majumdar (5) but only for the species ). aureus, O.

Jipe and Q. niloticus. Macaranas ef al also refered to

an esterase polymorphic locus in O. niloticus but not
in O. mossambicus, that were the two species studied
by these authors (6).

The other 3 polymorphic loci corresponded to the
total muscle proteins (Figure 1E. Table 2). Macara-
nas reported in 1986 (6) 2 polymorphic systems for
the species Q. niloticus and O mossambicus tor this
marker and Camacho reported in 1984 the possibility
of finding polymorphism in the central region of the
pattern of total proteins (3).

The average heterozygocity attained for the line
IG-91/03F70 was of (.L063 and that expected was of
0.060. These heterozygocity values were calculated
for several tilapia species by McAndrew et al (5).
who obtained values ranging from 0.020 to 0.058.
‘The latter value corresponds to the Q. nifoticus. On
the other band, the average heterozygocily obtained
by Macaranas was of 0.073 for O niloticus and
0.022 for O. mossambicus (6), suggesting a certain
variability in this parameter within the same specie.
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Table 2. Gene frequencies of 7 polymorphic loci in the supertilapia line

1G-91/03F70.

Number of Gene frequency*  Expected hetero-
Locus . Alleles .
animals {n) + standard error zygocity®
0.632 £ 0.102
SOD 19 b .
e 0.368 + 0.102 G143
0.929 + 0.039
Est-2 21 b :
; a 0.071 + 0.039 0.209
0.881 z 0.050
Est-4 1 .
3 2 a.b 0.119 + 0.050 i
0.024 + 0.023
Est-5 21 a, b, ¢ 0.881 + 0.050 0.465
0.095 + 0.045
0.100 + 0.047
TP-3 20 b !
# 0.900 + 0.047 0.180
0.825 + 0.060
TP-4 2 :
@ 8k 0.175 + 0.060 0.288
0.925 + 0.042
TP-5 20 b )
o 0.075 + 0.042 38

SOD: superoxide dismutase; Est: esterase; TP: total protein.
*Gene frequency and expected heterozygocity were calculated by the formula of Nei (15).

Figure 1. D: hemoglobin {(Hb).
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ported by Shaklec in 1983 for other groups of fish
(16). The percentage of polymorphic loci was of 26,
which is inferior to that of 42.8 found by Macaranas
in Q. niloticus and O. mossambicus (5).

Finally, we can conclude that the results ob-
tained from the study of the electrophoretic pat-
terns in hemoglobin and proteins of the white
muscle for the line [G-91/03F70 support the hy-
pothesis stated in previous studies by Morales er
al (9). where we state the high genetic contribu-
tion of the O. hornorum 10 the line studied. On the
other hand, the results of the analysis of other
proteins, enzymes and parameters as average het-
erozygocity and percentage of polymorphic loci,
do not lead to the rejection of a genetic contribu-
tion of the O. niloticus to the hybrid under study
{Supertilapia 1G-91/03F70), which requires the
comparison of the values obtained with those of
the pure O. hornorum.

Figure 1. E: white muscle proteins (MP).

The average heterozygocity obtained for the line
1G-91/03F70 is found between the values obtained ACknOWIngments
for O. niloticus by the groups of McAndrew and
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between both specices, without excluding the possi-  “Acuadique enterprise” of Havana Province for the
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La cana de azdcar es un cultivo basico en muchos paises tropicales. Su importancia
econémica ha motivado el interés por aplicar en su cultivo las mas novedosas técnicas
de la biotecnologia modema y la biologia molecular.

Este libro, primero editado porElfos Scientiae en ef campo de fa biotecnologia vegetal,
serd sin dudas atif a los investigadores y mejoradores dedicados a la obtencion de
variedades de caiia de azdcar, anto por métodos tradicionales como biotecnolégicos.
Los puntos de vista que se discuten pudieran ser dtiles a especialistas dedicados al
mejoramiento de otras especies con caracleristicas similares a las de este cultivo.
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